Mnockana Bo/IHA B 04HOPOAHOM N30TPONHOM cpeae 6e3 notepb

UcxogHble ypaBHeHUA
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H = yoH, cos(wt — kz + @)



CBOICTBA N/IOCKOI BO/IHbI B OAHOPOAHOM U30TPONHOM cpeae 6e3 notepb
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PacnpocTpaHeHne NA0CKOM
BOJ/IHbl CONPOBOXAAETCA BonHa aBnaetca 6erywen — pasa nsmeHseTcs
NepeHOCoOM 3Hepruu. BAO/Ib Z IMHENHO

KomnneKcHbi BeKTOp MNOMHTMHTA

UMeeT TOJ/IbKO BeLWECTBEHHYHO 4YaCTb AnnHa BoNHbI 4

—

M =Rell = 7, E2/2Z, BonHoBoe uncno k= w. [e u, = 2m/2
CKOPOCTb MEPEHOCA SHEPruu OTHOLWeHMe HanpAXEeHHOCTEN
paBHa $a30B0ii CKOPOCTH v, = vy 3NEKTPUYECKOro N MAarHUTHOIO Nosen
3

PaBHO BO/THOBOMY COMPOTUBNEHUIO Cpeabl

Z{.' — mx/Hmf — '\l.lu'El/EEl



NapameTpbl cpeapl: 0 # 0z — ¢ (1 L ) —c.(1—itgd) | [ = p,

Mnockaa Bo/HA B 04HOPOAHOI N30TPONHOM cpeae
C NPOBOAUMOCTbIO, OT/INYHOM OT HYNA

wE

a

BO/IHOBOE YMC/NO BeNMUYMHA KOMMJIeKCHas Kk = w4/ &, = f — i

A

B- KoadpnumneHT ¢asbl  a - KO3IPPMUMEHT 3aTyXaHUA

T b= Cu/d (T8¢ +1) a= o (/D) (VT+ (087 1)
., T . KomnnekcHble dMnNAnTyabl
2 e L B —memeeme b = To(Ee/\Zel)emem 4
E’/ Z. = Vhal B = (tac05 6)/ .61/ = |Z,1e1(®/2)
MrHoBeHHble 3HaYeHus
E(2) E =XoE,e cos(wt —fz)  H = Jo(Eo/|Z.]) e~ cos(wt — fz — 6/2)
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Eoe l g~ CKOpOCTb NepeHoca sHeprmn n ¢pasoBas CKOPOCTb

E e Vs =V = w/f

>\/ 7+l 4 3aTyxaHue (ocnabnenue)

cos( ot - fz - =) L =20lg(e %1/ %10} 1B




CBOICTBA N/IOCKOM BOJIHbI B 04HOPOAHOMU N3OTPOMNHOMN cpeae
C NPOBOAMMOCTbIO, OT/IMYHOM OT HYNA

BonHa aBnseTcs nonepevyHoun.

MoBEPXHOCTb paBHbIX Pa3 — NJOCKOCTb.

AMNAUTYAbl BEKTOPOB M0/A YObIBAOT MO 3KCNOHEHUMANbHOMY 3aKOHY €~ “%,
MoBEPXHOCTb PaBHbIX aMMNINTYA — NIOCKOCTb.

MoBepXHOCTM paBHbIX $pa3 MU PaBHbIX aMNINTYA COBMAAaloT.

Mexay Bektopamun & nHl ymeet mecto dbas3osbilt casur, pasHblin §/2

[MapameTpbl NJ0CKOM BOMHbI: Pa30BaA CKOPOCTb, CKOPOCTb NePEeHOCA SHEPTUU,
KO3pPUUMEHT 3aTyxaHUA, KoadduumeHT ¢asbl, ANNHA BONAHLI U AP. 3aBUCAT OT YaCTOThbl.



Nnockana BosHA B npoBOAHUKAX

a

Cpepa, ABnAeTCA NPOBOAHUKOM ecn tg§ = — > 1
We,

Kospopuumnent pasbl g = [nfu,o

KoaddbunuymeHT 3atyxaHma f = «a

da30Basn CKOPOCTb U CKOPOCTb SHEPIUU Vs = Vp = @/f = 2\/nf /.0
OnviHa BonHbl A =2n/B =2n/fu,0

LI
Bo/siHOBOE CONpoTUBAEHWNE NpoBoAALLeN cpeapbl Z, = /uw/oe's = (1 + i)/ p.w/20



JInHeiliHaa nonapusayma

—

E = XyE, cos(wt — kz + @)

BaxkHo!

Bektop £ B TeueHue nepuopa ocraetca napansienbHbiM GUKCUPOBAHHOMN NMHUU OcK X
Mnockoctb XOZ, copepKalian Bektopbl E n Bektop II, HasbiBaeTcA NN0OCKOCTbIO
nonApusaumu . MAOCKOCTb B NPOCTPAHCTBE 3aHMMAET HEM3MEHHOE MONOMKEHME.



Kpyrosasa nonapusauusn

il

= XoEox cos(wt) + yoEoy cos(wt +m/2) E, = E,, cos(wt) E, = Ey,, cos(wt + /2)

AMNNUTYAbI COCTAaBAAIOWNX OANHAKOBbI  Eg, = Eoy,
da3bl OTINYALOTCA Ha yron /2

z E= |Ei+E; 6 =arctg(E,/E,) = wt—kz

Yron 6 nameHAeTcA BO BpeMeHU 1 NPOCTPAHCTBE, NJIOCKOCTb NOMAPU3aLIUM

BpawaeTca. NMpu z = const BekTop E Bpauwaerca c yrnoBown yactoton ¢,
e ero MoZly1b OCTaeTcA HEU3MEHHbIM U PaBHbIM

E = |E2+EZ

Pa3nunyatoT npaByto KPYrosyo U
NEBYHO KPYroByto Noaspusaymm.
Mpasas — BexkTop E BpaLwaercs
MO YaCOBOW CTPesIKe, ecnun X
CMOTpPETb BAO/Ib HanpaB/ieHUA
pacnpoCcTpaHeHUA BOJIHbI 3
(Bponb ocu z).
NeBasi - BekTop E Bpawaercs
NPOTMB YaCOBOW CTPESKMN.
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ANnnnTnYecKas nonAapumusauuna

il

= XoEox cos(wt) + yoEoy cos(wt +m/2) E, = E,, cos(wt) E, = Ey,, cos(wt + /2)

AMNANTYAbl COCTABAAOWMX HE PaBHbl Egy # Egy, da3bl
OTAINYALOTCA Ha yron /2.
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Yo Yron 6 nameHAeTcA BO BpeMeHU 1 NPOCTPAHCTBE, NJIOCKOCTb NOMAPU3aLIUM
BpawaeTca. Mpu z = const BEKTOP E BpallaeTca C 1 YyactoTon ¢
a ero Moay/b MeHAeTcs B TeueHue nepuogda F = |E2 + EZ
Mpu nponssonbHOM caBure a3 BOHA TaKKe ByAeT 3/1IUNTUYECKM
NONSIPU30BAHHOMN, HO U3MEHUTCA NPOCTPAHCTBEHHOE MOJIOXKEHME INNNNCA.

Pa3ninyatoT NpaByto 3/IIMNTUYECKYHO U
JIEBYIO 3/IIMNTUYECKYIO NONAPU3ALIUN.
[lpaBasa — BeKTOp E BpallaeTcA

MO YaCOBOW CTPEJIKE, ecnu

CMOTPETb BAO/Ib HanpaBaeHus
PacnpoCTPaHEHUA BOJIHbI

(Boonb ocu z). H 4
JleBan - BEKTOp E BpallaeTca npotms Y

4aCoBOM CTPENKM.
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BonHoBble ABNEHUA HA rpaHuULLe pasgena ABYX cpes,

A X

lNapatowas BonHa

OTpaxeHHas BofHa
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MapannenbHo U HOPMaNbHO NONAPU30BaAHHbIE BO/IHbI. KoadpdpuumeHTol PpeHens

MapannenbHo Nonspu3oBaHHasA BOIHA

HopmanbHO Nonspu3oBaHHas BOMHA

X 4 X4
Enab Eomp Hnaf) Homp

~ ~ I:inaa Hna() Homp En:; Hna() E Homp
gali ll’lal (1) (p\ 7 gal’ Il’lal 1) % omp 7
€a2r a2 3 €a2r Haz H,

v = v
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B Z-qcos @—Z .5 cosy
| Z-q1cos@+Z .5 cosy

~ 2Z.5cos @
Xl Z-1cos@+Z .5 cosy

R
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= En, orp(X = O)/Emna.ﬂ(x =0)
— Emnp(x — O)K’E-rmna,ﬂ,(x — 0)

R,

X1

KO3PPUUMNEHT OTPaKeHUA

KO3OPULUMEHT NPOXOXKAEHUA

Z.ocos@—Z_ qcosy
Z-ocos@+Z-qcosy

2 7.5 COS g

2o cos @+ 2. cosy



YcnoBue NONHOrO NPOX0XKAEHUA BOMIHbI BO BTOPYIO cpeay (yron bprocrepa)
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Cpeabl ABAAIOTCA HEMArHUTHbIMU ANINEKTPUKAMU  lay = Uao = g Ea1 F a2

Mnockaa napannenbHO NONAPU30BAHHAA BOJIHA LIe/IMKOM MPOXOANT BO BTOPYHO cpeay
N
npu yrne NafeHna o = oo = arctgy/e,, /e

BarkHo! [10CcKaa HOpMaibHO NONAPM30BAHHAA BO/IHA OTPAXKaeTCcA Npu tobom
yrne nagenHus.



NMonHoe oTpaxeHue OoT rpaHulbl pasaena AByX ANIINNIEKTPUYHECKUX Cpea

Cpeabl 6€3 NOrNMoWEeHNA, 3HAUUT k, k, BENUYMHbI BEWECTBEHHblEe k; k.
MNyctb k; 6onbwe k, - nepBascpena «ONTUYECKM bonee NioTHaAY.
X a X a
K, K, 9=0, SiN@wp _ k2
Eas by ¢ 7 |Eu b ‘ z sin 1
Eazr o = et 4/,,,;27 . ks o
K, ~ K, > s sin @y, = siny =1
Xa P = qup
% sing > 1
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He HanpeTca Bel,ecTBeHHOro
yrna npesioMieHnsa — NpomucxoamT
MNOJIHOE OTPaXKEeHMe OT
HEeNor/NoWaKrLWen cpeabl

NP HAaKNTOHHOM NaAeHUMN.



dopmunpoBaHme HanpaBaAeMOii U NOBEPXHOCTHOI BOJIHbI
Ha rpaHuLe pagena AU31EKTPUYECKUX cpes,

Cpepa 1 o
K B cpene 1 n3-3a nHTepdpepeHuUmnm naaatoLLein
L Hanpasnsemas N OTpaXKeHHOoM BONH popmunpyeTca BoAHa
. My q BOMHA Z p p py )
P " ==> Mosepxocian | KOTOPaA pacnpoCTpaHAETCA BAONb OCK Z —
K, =y sofa NN0CKass HEOAHOPOAHAA BOMIHA. ITY BONHY
Speadie Ha3bIBalOT HaNPaBAAEMO.
[Mpn NonHOM OTpa*KeHnn BOHbLI B cpeay 1 ogHOBpeMeHHO
X co3gaeTcs none B cpeae 2. Bo BTopoi cpeae obpasyerca
A PacnpeneneHve

amnnuTyael nons srons BOJTHA € NJIOCKUM GPOHTOM, NepneHAUKYNAPHbIM OCH Z,
N oo Xocpene1- M MeHAILLENCA BAOb 3TOr0 GPOHTa aMNANTYL0M —

onTun4yeckn donee

4~ nnotHoi N/10CKaA HeOAHOPOAHAs BOMHA, Ha3blBaemMas
NOBEPXHOCTHOMN.
< JKCNOHeHLUMaNbHOE YObIBaHME aMNINTYAbl NONA B
N Ea() cpefe 2 He CBAA3aHO C NoTepsAMM B Hel (noTepu He

»

yunTbiBatoTcA!), a onpeaenaloTca Tem, 4To
B CpeHeM 3Heprua us cpeapl 1 B cpeay 2 He NepexoaumT.
PacnpeneneHue o
amnnuTyAbl Nons BAOMb Magatowasa BosIHA NPOHMKAET B cpeay 2, npoxoaunT B HEN
X 2. .
o KaKOM-TO MyTb M NONHOCTbIO BO3BpalLaeTca ob6paTHO

MnoTHoOM B cpeay 1.




NMonHoe oTpaxeHue OoT rpaHuLbl
naeasibHoro nposoaAHuKa

[unanekTpuk

Pe3ynbtaTt MHTEpPdEpEeHL UM
nagaroLwen n oTparKeHHoOW BOJIH
X A

AnanekTpuk

Hanpasnsemas
BOJSIHA

\ AN

MaeanbHbI NPOBOAHUK

NaoeanbHbIn NPpOBOAHMK
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5 _ 7., COS @ — Z 5cos1 B =1
" /.1 COS @ + Z.,COSY)

—_— T
ZCE = \I’Iﬁtazm/gglz =0

\\ PacnpegeneHue

aMnnUTyabl Nons BAOIb
4« ocu X B OUN3NEKTpuKe

E,, (%)

B ngeansHoMm npoBogHuKe
none oTcyTcTByeT




MageHue NN0CKOM BONHbI Ha rPaHULY NoraoLaoLei cpeabl

X
1 . ki
siny) = =—sing@ Yron { ABNAETCS KOMMNNEKCHbIM.
o=0 ke,
k NCTUHHBIN (AeNCTBUTENbHbIN) Yron ;
1 510 npenomneHuna tgy, = k;sin @/Rﬁ\jkz —k,%sing
Z
k~ P4 -\ ______ [MPA — NNOCKOCTb PaBHbIX aMMNINTYA,
2 MP® — NA0CKOCTb paBHbIX da3
o#0 g?c" Y, MP® 1 MNP He cosnagatoT
BonHa, byayuun nnocKkon, HeoaHOPOAHA

Mone B cpen, 1 cknaabiBaeTca U3 NaAAOWEN U OTPAXKEHHOM BOIH U HE UMEeT MPUHLMMNANbHbBIX
OT/INYMIN NO CPABHEHUIO C NOJIEM, BO3HUKAIOLMM NPU OTPAXKEHUN BONHbI OT rPaHuLbl pasaena
NBYX ANINEKTPUKOB — 3TO MNJIOCKaA HeoA4HOPOAHAas BOJIHA, Nepemellatowancsa Bao/ib OCH zZ.

[Mone B cpene 2 ybbiBaeT B HAaNpPaBAEHMM HOPMAAKM K rpaHuLe pa3gena no
3KCNOHEHUMaNbHOMY 3aKOHY. 1o mepe pocTa NpoOBOAMMOCTU cpeabl 2 HanpaBaeHne
PAcnpoCTPaHeHMA BOMHbI NPUBAUIKAETCA K HOPMaaKM FPpaHuLe pa3gena cpesd He3aBMCcMmo
OT 3Ha4YeHuA yrna nageHuna ¢.



3atyxaHue (ocnabnenune) BonH. MybuHa npoHMKHOBeHUA. CKUH-3PPeKT.

IvonexTpuk Mone B cpeae 2 B NPAKTUYECKM BAaXKHOM C/yyae,
HanpasnsieMas Koraa |k,| « |k,|, Hanpumep, korga cpeaa 2
e XopoLuo nposoadAwas (metann), dopmupyerca
np’;‘;‘g::ﬂaﬂ BO/IHOW, PACMPOCTPAHAIOWENCA NPAKTUYECKM
(:gfaﬂan} BA0OJ/Ib HOPMaN K NOBEPXHOCTU pa3aena
(HE3aBMCMMO OT 3HAYEHUN YyI/1a NageHns @ ).
AMNAUTYAbl BEKTOPOB NOJA B MeTanne bbIcTpo
R E.(x) ybbIBalOT C yAaneHnem oT rpaHuLpbl pasaena u
BOJIHA CYLLECTBYET /INWb B TOHKOM c/i0e B6113HM
NOBEPXHOCTM pa3gena.
3aKoH ybbIBaHUA amnanTyable

Kospdununent ocnabnenns ¢ = [nfuo
PaccTofiHMe Ha KOTOPOM aMNINTYAA NOAS

¥y

3aryxatowwasn
BOMNHA

-
<
-

i E (x=0
x=0 ’”(TI )

o

X

E,(x=0) _ 27 yMeHblUnnach B € ~ 2,72 pas HasbiBaeTca
E,.(x =47 rMyObUHOM NPOHUKHOBEHUA MNOA B METANN U
201“&;?7@)?)’ o5 - 3aTyXaHwue. obo3HayaeTtca KakA®. Mpumep: 3aTyxaHUe BOHbI
o WX

B MeAM Ha paccToAHUM 1 mm nNpum 4acToTe
1 MTy, npumepHo 2,67 MUNTMOHOB Pas, T.e. N0J1e NPAKTUYECKM HE NMPOHUKAET B rybb meau.

Ba)xHo! HanpsKeHHOCTb NoAA BHYTPU MeTan/ia CBA3aHa C NIOTHOCTbIO TOKa MPOBOAMMOCTH
] = 0E | 3HauuT B61M3M NOBEPXHOCTM COCPEeaoTauYnBaAETCA NPAKTUYECKM BECH TOK —
3TO NOBEPXHOCTHbIN 3PPEKT NN CKUH-3IPPEKT.
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MpubaunkeHHble rpaHuYHbIe ycnosua JleoHtoBuya-LLlykuHa

BexTopsi nons B Ipanmua pasaena OTHOWeEeHMNe TaHreHUNaNbHbIX
«OMTUYECKW NPO3PaYHOI» «OMTUYECKMN NPO3PaYHOI» cpefpl o
cpene " «onmqecxw NNOTHOM» cpeabl COCTaBAAWMNX HA TPAHNYHOWN

C noTepsiMu

NOBEPXHOCTU 7, = Z_ HA3bIBAIOT
NOBEPXHOCTHbIM UMMEAAHCOM.
Ncnonb3oBaHMe rPpaHUYHbIX YCA0BUMA
E. JleoHTOBMYA ynpowaeT peleHue 3aga4mn
BekTopbl nong
Ha rpaHmLie onpeaeneHna Nona B NPUCYTCTBUM

pashena cpen mMmeTannnyeckmx ten. OHM No3sonatoT
HAaNTU HANPAXEHHOCTb NOAA Ha

Bekropbi nonsi B . noBepxHOCTN NPOBOAHMUKOB, 3HAA
 epere ¢ noepam / E, NOBEPXHOCTHbIN MMneaaHc. Mpu 3Tom

3HayYeHne H,_ 0BbIYHO CYMTAETCA TaKUM

v i e KaK Y naeanbHOro npoBoAHMKa, KOraa
a = <o

I

!

ﬂm'
l

E,

Lt
Il
oL
Il
pt
TI.

: 3HaueHue |E;| 06bluHO Mano, Tak Kak
mano 3HaueHue |Z,|, Ho |E;| HyxHO
0653aTeNbHO 3HATb, YTOObLI oNpeaenunTb
NoTepu B NPOBOAALLEN cpeae.




INEeKTPOMArHUTHOE 3KPaHUpPOBaHUe

A 5}
Cpepa 1 Cpepa 2
Elnat) —
Eanad E3
, . R I
20mp
Hlnad Lomp Hanad § 3
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MNone, E1 g
nagatoLlee omp
Ha SKpaH Mone, s
oTpaxeHHoe S
OT 3KkpaHa = T
o
8 <
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Cpepa 3

Mone,
npowlegwee
yepes aKpaH

JKpaHUPOBAHNE MPOUCXOAMNT MO PAAY NPUUMH:

1. OTparkeHue oT 3KpaHa ( BHewHAa ctopoHa A)
2. 3aTyxaHue BHYTPM 3KpaHa ( mexxay A u b).

3. OrtparkeHune OoT BHYTPEHHEN CTOPOHbI b

BakHo! BonHa, oTpaxKeHHaa OT BHYTPEHHEN
CTOPOHbI 3KPaHa, 3aTyXan, MOXET BEPHYTbCA
K BHYTPEHHEN CTOPOHEe A 1 BHOBb OTPa3unTbCA
B HanpaB/aeHUM CTOPOHbI b 1 T.4.



MNapgatowee

none

PaccesHHble nonsa

Andpakuma sneKTpoOMarHUTHbIX BOJIH

AndpakunMoHHaA 3a4a4a — 3a4a4a onpeseneHums
B/IMAHUA Pa3/INYHbIX 0OBEKTOB Ha CTPYKTYpY IMIT.

[MNapgatoliee none — nepsuU4yHOE noe.

PacceAHHble n |CI,I/I(I)paKLI,l/IOHHble nonAa — BTOPUYHbDbIE.

MpoBoaAMMOCTb Tena Andpakunm obbliyHO
cunTaeTca naeanbHomn. Ecnm aTo ycnosue He

BbIMNO/IHAETCA TO peweHne 3aaa4m CywectBeHHO
YCNTOXKHAETCA.

MeToabl pelieHna andpakuMoHHbIX 3agad

Ctporuve
YncneHHble
MpnbnmxeHHble
MeTtoa MeTton "eomeTpuyeckas MeTton
reoMeTpuyeckomn dousmnyeckomn Teopus KpaeBblX
ONTUKN ONTUKN andpakumm BOJH




