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QU 9.1 3aranbHi NOHATTA
& 9.1.1 Tunu xBunb

Ak Bigomo (nigpo3ain 6.2), enekrpoMarHiTHI XBuni MoXKHa po34inuTu Ha ABi
rpynu. [lo nepwoi rpynu HanexaTtb Ti, WO MakTb NULLe r1onepeyHi CKnagHuku —

e napu: E,.—H, | E,—H,, a M03006xHi BIACYTHI. OCKINbKu € nuwie ronepeyHi
CKNagHWKW, TO Taka XBWNMA Mae Hassy xBuna muny T, abo nonepedqHa
enekmpomazHimua (TEM).

OpHak, sk Bunnueae 3 piBHAHb MakcBenna, B 3aMKHEHOMY MNpPOCTOpI
MOXYTb ICHYBaTW | XBWUNI IHWOI rpynu, Tob6TO XBWUNI, 4O CKNagy AKUX BXOAATb
CKNagHWKNW H, TaE,. AKWO H.=0, ane E,=0, abo sKWo E. =0, ane H.=0. Ll
XBWNI, BIANOBIAHO, MaKTb Ha3BYy M03006XHI XBUNI munyH, abo nonepe4yHo-
enekmpuyHi (TE) Ta no3dosxHi xBuni muny E, abo nonepedHo-mazHimHi (TM).

Hukdye nokaxemo, SKMM YMHOM NOLUMPIOKTBCA eNEKTPOMAarHiTHI XBUni Hag,
lAeanbHO- NPOBIAHOK NOBEPXHEK 3 YpaxyBaHHAM rpaHuYHUX yMOB.

o6 HaBunTUCh NobyayBaTu CTPYKTYPY Nona Xeuni Oyab-aKkoro nopsgky
AOUINbHO MNOuYWHaTWU 3 XBWUNb Hadnpocmiwux munis. H,, H , E,. Ona yboro

HGOGXiAHO Ao4epPiKyBaTUCh Takux npaeun.

— Ha CTIHKax XBUNEBOAY 3aBXAN BUKOHYIOTLCS rPaHNYHi YMOBMU:
E, =0, E,#0, H, #0, H,=0;
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\> 9.1.2 [NoHATTA pyXOMOI Ta HepyXoMol XBuni

Hexan Ha igeanbHO NPoBiAHY NOBEPXHIO(FNMMOUHA NPOHUKHEHHSA piBHA
HEeCKIHYeHHOCTI) Nnafae o4HopigHa riacka rorepedyHa xBuns (xsunsg tuny 7).
[Maparoya xBMNa NOBHICTHO Bidib’eTbCA.

PesynbTytounit BEKTOP: Il e = 5, +1,, (9.1)

|3 3MiHOO KyTa nadiHHSA ¢ 3MIHKETLCA PO3NOAIN CKNagHUKIB eHepril
erIeKTPOMarHiTHOro nons:

. o o 9.2
Mg = —Ulgantk s, 9:2)
ﬁBi,ZL — iﬁBiﬂ-I-EﬁBiﬂ (928)

Pexunm, 3a 9Koro € nepeHeceHHs eHepril — xausibosul pexxum (pyxoma
XBUSIS), @ PEXUM, 3a AKOro HeMae NepeHeceHHs eHepril — KosiugasibHUU

pexum (CToa4a XBuns).
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PucyHok 9.1. lNpouec noxnnoro nagiHHA enekTpoMarHiTHOI XBuni
Ha igeanbHO-NPOBIAHY NOBEPXHIO




W\ 3B’A30K MiX AOBXMHOK XBUIli Ta il CTOAYOI0 Ta PyXOMOKO
CcKnaaosol

A, = (9.3)

N o 7 0 A =— 9.4
\() y \<*" P sing (9.4)
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O1xe, 9KWo ¢ = 0, To pyxomol xBusi. AkWwo ¢ = 90, TO HeMae CTOSA4YO0! XBUII.
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PucyHok 9.2. 3anexHoCTi A0BXWH XBUNb Bid KyTa NagiHHS




€N 9 1.3, dasosa1a rpynoBa LWBUAKOCTI

Hexaiy MOMEHT ¢ hpOHT XBUNI, L0 Nagac, € y Touli 0', a Yyepes iHTepsan

At— 0" (puc. 9.3). 3rigHO BU3HAYEHHK, (PPOHT OAHOPIAHOI Nnackoi XBuni €
NOBEpPXHEK oAHaKkoBuX haz. Tomy nepeMileHHA PPOHTY XBUNI eKBIBANEHTHO
nepeMileHH gesaKoro ha3oBoro CTaHy 3 TOYKUM O', B TOUKY O" 3i LUBUAKICTIO Y

AienekTpuky v=1/Jeu .
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PucyHok 9.3. [1o BU3HA4YeHHA NOHATb LWWBUAKOCTEW eNeKTPOMAarHiTHOI XBU
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3 puc. 9.3 Bunnueac, Wo UK WBUAKICTb € WeUOKIcmI0 hpoHmMy XBUni, AKy
BU3Havae coopmyna:
Vep = 151 (9.5)
OckKinbku oTpumMaHa XBWUNA 3MIWYETbCA B3JOBX OCI z, 3Haxogumo
LWBUAKICTb 3MILeHHSA ha3oBoro pOoHTY XBUII B UbOMY Hanpami — To0To ghasosy
weudkKicme:

(9.6)
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3’acyemo ABei cuTyauii: KyT ¢ =0, ToAl — PPOHT XBUNI «KNnacko» nagac Ha
NNowuHy, To6TO AOTUKAETLCA A0 Hel BCiMa ToYKaMu Ta ¢=/2— (PPOHT XBUNI
PYXaeTbCA B3AOBXK MMNOWWHKN, a ha3oBuUil CTaH Y AOBIMbHIN TOYLi HA NMOLWMWHI
3MIHKETBCA 3i LUBUAKICTIO CBITNA (Y BINbHOMY NpOCTOPI).

BusHaummo WBKAKICTb pyXy eHeprii, Aka Mac Ha3By 2pyrosa weudkKicms.
Hexan B MOMEHT 7 B TOuLi O' MAEMO NEBHUI 3anac eHeprii. 3a NPOMIKOK Yacy Ar
LS eHepria aMICTUTbCA B TOUKY 0" B3A0BX OCI z 3i LUBUAKICTHO:

v _=%=—i=\'- sing . (9.7)

Lla wengkicTe He nepeBuLlUyE LUBUAKICTb CBITNAa. 3aneXHOCTI 3Ha4YeHb
WBWAKOCTEWN vy, Vs, V. BIA KyTa NafiHHA ¢ HaBeAeHO Ha puc. 9.5.

3 (9.6) Ta (9.7) maemo:
R s U (9.8)

Takum 4nHOM, y HaniBoOMeKeHOMY MPOCTOPI €NeKTPOMarHiTHy XBUMKO
XapakTepusywTb TpU LWBUAKOCTI: ¢hpoHmy, ¢hasu Ta 2pyrnosa. Y BINbHOMY
1 s M

NpPoCTOopi v, =c=

Eoldy c
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Vp=1Ken

: JUIs BUIBHOT'O IPOCTOPY

c=1/\Jegto

0

PucyHok 9.4. 3anexHiCTb WBUAKOCTEN v...v_.v,, BiA KyTa NagiHHA ¢




N\ 9.2. Cmpykmypa esieKmpomMaz2HimHo20 noJsisi
&P Hao i0easibHOM NMPO8IiOHOI MOBEPXHEID

[MOHATTA «CTPYKTypa NoNA» BU3HAYaE CYKYMnHICTb Y NPOCTOPI BEKTOpIB E Ta
H cchopmoBaHoi xBuni. HeobxigHo 3’'acyBaTu CTPYKTYpPY NONs enekTpoMarHiTHol
XBUNI ANA ABOX CUTYyaUii:

— BEKTOp E XBWSI, WO nagae, nepneHguKynapHui nNowwvHi NnagiHHS;

— BeKTOp E XBWNI, WO nagae, napanenbHuii NNowuHi nagiHHS.

9. 2.1. Bekmop E neprieHOUKynsipHUU 00 rnjowuHu

naoiHHs y

PucyHok 9.5. CknapoBi nonsa 3a
YMOBMW, AKLLO BEKTOP E
nepneHauKynapHum  go NNOLLMHN
nagiHHA
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B3aeMHa opieHTaliA BEKTOPIB XBWII, LLIO Nanae €:

B =JEm (9.9)
- - S (9.10)

Ha nigcrtaei rpaHU4YHUX YMOB, 3 ypaxXyBaHHAM TOro, WO Ha NOBEpXHi
IAeanbHOro NPoBigHUKa E, =0 MaeMo:

(9.11)
E . =-E. - (9.11a)
3HaK «MmiHyc» B (9.118) o3Hayae, Lo HanpAMm BIiAOWUTOro BekTopa E_

3MIHIETLCA Ha NPOTUNEXHUN.
BignosigHo g0 HanpAMy BekTopa [1oWHTIHra 77, 3anuiiemo H_ .

S - (9.12)
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‘ OTpumaHe B pesynbTaTi 3HAYeHHA E,__, BU3HAYMMO, [0[aBaHHAM

MUTTEBUX 3HAYEHb BIANOBIAHUX NPOEKUIW XBWII, LLIO Nafae Ta BiAOUTOI XBUIII.
Hexan y Touli x =0 MaeMo:

E . =E_  cosot (9.13)
E . =-E_ cosot (9.13a)
Toal, B TOYKaXx O Ta O' BIANOBIOHO:
E,..(0)=E, cos(wt+pI) , (9.14)
E ..(0")=-E_ cos(wt-pI) . (9.19)

HanpyXeHICTb E Yy OOBINbHIW TOYLI BU3HAYMMO goaasaHHAM (9.14) Ta
(9.15). Haragaemo: 4[cos(a+ B)—cos(a-B)]=-2Asinasing . TOAL
E _.=-2E_ sin[ 2! )sinor . (9.16)

yom | 2 |
\

L A )
I3 ypaxyBaHHAM, WO /=xcos@, MAeEMO.

. (2xcosp ).
E . =-2E_ sinf ——x|snot . (9.16a)

\ A




\‘ 3BEpHEMOCH [0 CMNIBMHOXHWKA, L0 He 3aneXuTb Bif 4yacy — BIH BU-
&4 31auac avnnityny:

\-

faimas (9.17)
\ A )

TakuMm YyMHOM, aMnniTyda nona 3anexuTb Big KoopauHatv x. Ha oci x
ICHYIOTb TOYKW, OEE, ... =0, WO MawTb Ha3By 8y3/iu, Ta nyyHocmi -—

E, max =2E,,, TODTO B3A0BXK OCI x cchopMoBaHa Hepyxoma XBunsa (puc. 9.6).

[ 27 co

w

E =—2F sin

-\ﬁ.:.l Q_'b

X
BY 4L = n}"!THQCTi
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PucyHok 9.6. InocTpauia Hanpy:»KeHocTi nona y oopmMmi HEPYXOMOI XBUTI
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] By3anu HanpyxeHoOCTI nona € 3a YMOB (27 cosga)“% =nr, [e
n=0,1, 2 3., TODOTO
X, = ot SO (9.18)
2cos@

[10BXXMHa HEPYXOMOI XBUMI — AnB. hopmyny 9.3.
1N BU3HaYeHHA CKNaOHWKIB BEKTopa A MOXHa ABoMa criocobamu:
— BUKOHaTW yCi onepauii, AK i3 BEKTOPOM E;
— BUKOpUCTATK CNIBBIAHOLWEHHA MIXK £ Ta A 4yepes3 XBUNbOBUIA IMNe-
AaHcC.
CKOPUCTAEMOCH OCTaHHIM; 3 ypaxyBaHHAM, LLI0 CepeloBULLIE — Biflb-
HWI NPOCTIP, ANA AKOro XBUIMNbLOBUW IMNEeNaHC — akTUBHUW | Z;, = ,},uc /gy =1207 .
BusHauyMMO cniBBIgHOLEHHA MIXK CKNalHUKaMu E Ta H,.

B __E =0 i (9.19)

32T
ek

H -H__sing sing

x nagm




3 (9.19) Ta (9.19a), AKWwo BBaXaTH, WO R, — OINCHa goAaTHa BenU4iu-
Ha (3a YMOB BINIbHOro NPOCTOPY), BUNMUBAE, LLIO NONEPEYHi CKNaaHUKN ernek-

” TPUYHOro Ta MarHiTHOro NoniB XBWri, WO nagae, Ta BiabUTOI, ogHakoBi, TODTO
3MIHKTbLCA 3a TUM CaMUM 3aKOHOM.

Toni:

G M (9.20)

Ha nigcrael rpaHUYHUX YMOB ANA TaHreHulanbHUX

BusHauMmo H, .,

CKINagHWKIB BEKTOopa H Ha Mexi po3noainy 3 igeansHUM NpoBigHUKOM. HK BU-
[HO 3 puc. 9.6 TaHreHuianbHUW CKNagHUK nicna BiAOUTTA HE 3MIHKETHLCA,

TOOTO:




)

. 2\
‘ H _=-2H cosgcos| — X [sinet
. \ ,

-

(2xco

A
(27 cosgp ) .

=—2H,,; cOS| ————x |sinox. (9.21)

A

Y cniBBIAHOLWWEHHAX MK E Ta H ANnA Dyab-AKOI TOYKU NOnA B3Q0BXK OCi
z ONA KOHKPETHOrO 3HayeHHA KoopauHaTWM MaeMo [A04aTKOBUWM 3CyB 3a (ha-
300 Bz=2xz/A.

3anuwiemMmo cniseigHowWweHHA (9.16a), (9.20), (9.21) 3 ypaxyBaHHAM [0-
NAaTKOBOro 3cyBy 3a pa3o TakMM YMHOM:

. (2xcosp ). , &
E . =-2H_ sin| = ;\‘ x |sin(et - Bz) ; (9.22)'
v i |

- - 7

[2xcosp

H, _=2H__sin| ' x';sin('_wt—,Bz] : (9.23)

x-
y

~

\ A

\‘

(2xcosep |\ ;
H __=-2H__cos| — x |cos(wt—Bz) (9.24)

= om m = | 'l
\ A
-
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” ®OpMYEMO CTPYKTYPY MOMA B MOMEHT ¢=0. [INA LbOro BUKOHYEMO TaKe:

1) npurMaemo 3a OCHOBY (hOpMYNKM CKNaaoBUX NONA y340BXK OCen x
Ta z (9.22...9.24);

2) YMOBHO BM3HA4YaEMO 3HaKMU CNIBMHOXHUKIB Y310BXK OCEer x Ta z 3
ypaxyBaHHAM 3HaKIB B hopmynax (9.22...9.24) apryMeHTy (ot - S2):

3) NOYMHAEMO YKNaAEHHA CTPYKTYPWU MOMA 3 OCI z: Ey(2).H,(2).H.(2)
(puc. 9.8a);

4) HaBOOUMO E,(x).Hy(x). H,(x) B30OBX oci x (puc. 9.86);

) NEPEMHOXKYEMO CKNAAHWUKW: E, (x)E, (2) ; Hy(x)H,(2), H.(x)H,(z) Ta Ha-
BOAWMMO 30pPIEHTOBaHI KpUBI Ha puc. 9.8e;

6) neplia nepesipka — NiHIT BeKTopa HF 3aMKHEHI, Apyra nepesipka —
NiHIT BEKTopa # cnpAMOBaHI B3[0BX MEX — € JOTUYHUMMU;

7) HAaBOOMMO BEKTOpPU H TaK caMO: BOHUM € B NMOLIWHI, O NepneHau-
KynapHa NnoLwuHI apkywa (puc. 9.88).
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POpMYNHEMO BUCHOBOK. OCKINbKW € pe3yribmami CUNoBI NiHIT Hanpy-
)KEHOCTI MarHiTHOro Nona MalTb CKTaOHUKU H, Ta H. TO 3 XBUni muny T,

chOpPMOBAHO 103008XKHI0 XBUMIKO TUNY H , aDo nonepeyHy eneKkTpUyHy XBUIHO
—TUNY TE AKWO BEKTOp E neprneHOuKynapHUl NOWWHW NagdiHHA.
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PucyHok 9.7. CTpykTypa nona 3a YMOBMU, WO E nepneHauKynApHUIA MNOLWWHI
naaiHHA:
a — CKNagHWK1 B3[0BX OCI z ; 6 — CKNagHWKM B3J0BXK OCI x; 8 — pe3yNbTUBHE
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& 9.2.2. Bekmop E napanesnbHuUU naowuHi nadiHHs1

=%
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PucyHok 9.8. CknagHUKK nons 3a YMOBM, AKLIO BEKTOp £ napanenbHUi Nro-
LLIWMHI NagiHHA
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Harapaemo — rrowjuHa nadiHHA € NNOLWWHOK 3 8EKMOopOoM ﬂoUHmUH-f
2a Ta Hopmarno 0o mexi cepedosuwy. B Uivi cuTyauii Bektopu £ Ta A XBuni,
O Nagae, MakTh Takl CKNaaHUKK:

H.=JH,,

(9.25)

E_<IE +kE_ . (9.26)
Y uboMy BUNaOKy BeKTop A Ha niactasi rpaHUYHUX YMOB ( Hr=0) Ha

MEXI NoAINY Mae He HYMbOBE 3HAYEHHA, MOro HanpAm nicna BiabuTTa He 3Mi-
HIOETLCA (puc. 9.9). Tomy y chopmyni AnA Hy s 38 BICCHO x MOBWHHa OyTH

YHKUIA cos, apKe cos0=1; 3a YacoMm PyHKUIA Mmoxe DyTKn Dyab-AKa, Hanpu-
Knaj TakoX cos :

(27cosp

'.\ % ,cos(wt—,Bz) : (9.27)

.~ = 7

=)
H, ., =2H_ cos

CKnagHUK1 eneKkTpu4yHoro nona E;pes PA3OM 3 H, . dOopMYHOTb pYyXO-
MYy XBWIIKO Y3[0BX OCI z, BOHU € Y «pasi» (I, =0), TOOTO 3HOBY BMKOPUCTO-

BYEMO (PYHKLIKO cos:
cos@

”

L A

(2x
E _.=2E_, cos|

o=

x\'; cos(@t — B2) (9.28)

o

ne E  =E sing .

i x\.;sin(a)t =82 , (9.29)

f
=p: mzx | ”
?’ A
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PucyHok 9.9. CTpyKTypa nons 3a yMOBU, WO £ napanensHUiA NOoLWKWHI Na-
OIHHA:




W
#4 BUCHOBKMN

s |- ENexTpomarHiTHi XBuni MoxHa po3ainutu Ha Asi rpynu. [lo nepLioi rpynu Hanexatb
Ti, O MatoTb finile nonepeyHi CKnagHuku - ue napu k£, — H), 1a Ey, — H, , @ NO3[0BXHI
BIACYTHI. Taka xBuna mMae Ha3By XBUns tuny T abo nonepevyHa enekrpoMarHiTHa
(TEM).

= 2. OpgHak, sik BunnuBae 3 piBHAHb MakcBenna B 3aMKHYTOMY MPOCTOPI MOXYTb
ICHyBaTW | XBUMI IHLWOI rpynu, TOOTO XBWUMI, A0 CKragy SIKUX BXOASATb CKNagHuku E, Ta
H,:axkwo H, # 0 > E, =0,abo E, # 0 » H, = 0. Lli x8uni, BignoBiAHO, MalOTb Ha3BYy
xBuni Tvny , abo nonepeyHi enekTpuyHi (TE) Ta xBuni Tuny , abo nornepeyHi MarHiTHi
(TM).

= 3. 3a yMOB NafiHHA enekTpoMarHiTHOI XBuni Tuny T Ha igeanbHO MNPOBIAHY MOBEPXHIO

YTBOPKOETLCA BiAOUTA XBUNS, NPU LbOMY pe3yrnbTUBHE MOsie CNpsiMOBaHO B3[0BX

iqeanbHOI NPOBIAHOI NOBEPXHI.

= 4. Pe3ynbTUBHUN BEKTOP Tl Mae [Ba CKMagHUKW:
- Y3OBX OCi X (XapaKTepusye pexum CTOAYOl XBUIi);
- Y3[OBX OCi Y (XapakTepusye pexum pyxoMoi XBuIi).
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= 5. 3a OoBiNbHMX 3Ha4eHb KyTa ¢ pe3ynbTUBHE Mone Mae ABa CKNagHUKU: PyXoMy, SKa

|
MNOLUMPIOETLCA Y A0AATHOMY HanpsIMKy OCi Z, Ta CTOSYYy B34OBX OCi X.
* 6. Y HaniBOOMEXEeHHOMY MPOCTOPI eNeKTPOMarHiTHa XBUNSA XapakTepusyeTbCs TpbOMa
. _ U(bp . _ .
LLIBUAKOCTAMU: PPOHTY vy, PAM vy, = Sing Ta rpynoBol vy, = vy,Sing (3ayBaxumo,

WO Vs Vpp = Vgp?). Y BIMbHOMY NPOCTOPI Vg, = C.

= 7. 3aymoB nagiHHa EMX Ha igeanbHy npoBigHYy NOBEPXHKO AOUINIbHO BBECTU MOHATTS
XapaKTePUCTUYHOro onopy R.j, SKMA BU3HA4YalOTb Yepe3 XBUIbOBUW iMnegaHc Z,, Ta

KYyT NagiHHA: R, = Z,,/sing.
= 8. CTpyKTYpM NONiB enekTpUYHUX Ta MarHiTHUX BEKTOPIB Pi3Hi 3@ YMOB Pi3HOI
opieHTaUil BekTopa E xBuni Tuny T, Wwo nagae:
- SIKLLO BeKTOp E, NepneHavKynsipHUin A0 NMOWMUHU NafiHHS - B Pe3yrnbTaTi YTBOPIOETHCS
xsuna Tuny H (TE);

- SIKLLO BeKTop E, napanenbHuii A0 NAOWMHA MafiHHS - B pesyrbTaTi YTBOPETHCA XBUNS
Tvmny E (TH).




W :
#¢ KOHTPOnNbHI NUTaAHHA Ta 3aBOaHHA

s 1- OxapakrepuayiTe NOHATTS i NapameTpy hasoBoi Ta rpynoBoi LUBUAKOCTI XBUI.

= 2. Oxapaktepusynte NOHATTS | NnapameTpn PyxXoMol i CTOSAYOI XBUSI.

= 3. HasBiTb BMAM enekTpoOMarHiTHUX XBWUIb, B 3aneXHOCTI Bif CKnagHWKIB nons H, Ta
E,.

= 4. [JanTe BM3HA4YEHHA KONMMBAribHOMY Ta XBUITbOBOMY PEXUMY , 3@ AKUM HaNpPsMKOM
30INCHIOETLCA NEPEHECEHHSA EHePrin Nif Yac NOLMPEHHA XBUITb?

= 5. Haeenitb Bektopu NovMHTUHra Ans nagar4dol Ta BiAdUTOI XBUMI B NPOEKUIAX Ha
KOOpAUHATHI OCli

= 6. [Jante BU3HAYEHHS MOHATTIO «OOBXUHA XBUII» .

= 7. HaBenitTb CNiBBIAHOLWEHHS, SIKi ONUCYKOTb 3anNeXHICTb MK AOBXUHaAMMU CTOSIHOI A,
pyxomoi A, Ta nagato4oi xsunb A.

= 8. CchopmyrnonTe 3BA30K MK PEXMMOM XBUMi Ta KYyTOM 1I NagiHHS.

= 9. Oxapaktepusynute aBuLLe NafiHHA OQHOPIAHOI MMOCKOI XBUMi Ha igeanbHO MpoBigHY
MOBEPXHIO.




