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BBEOEHUE

Ha mpoTsokeHn#m Bcel MCTOPUU HAYYHOW MBICIH ONTHKA IO TMPaBy
3aHUMAaJIa TePEIOBbIE TTO3UIUN 110 YUCTY (DYHIAMEHTATbHBIX OTKPBITUN —
OyIp TO B MPUKIAJAHBIX BOMPOCAX WIH B pa3pabOTKe OOIIMX ONMTUYECKHUX
Teopuii. HemapoMm uMeHHO 3peHHe Ma€T HaM HauOOJBIINYI0 WH(OPMAIUIO
00 okpyxaromeM Hac mupe. OnTuka okaszaia riayOOKoe BIMSHUE Ha
MHOTOYHUCJIEHHBIE OTpaciu 3HaHus. C caMbIX HCTOKOB HayKka CTaBHIIa
BOIIPOCBI O CTPOCHUM KOCMOCAa M MECTe 4YelloBeKa BO DBcesleHHOM.
N300peTeHne TenecKoma OTKPBUIO Iepel] YEIOBEKOM MOJHBIE 4YyJlec
0e3nubl Beenennoi. C M300peTeHMEM MHUKPOCKOINA ONTHUKA BTOPIJIACH B
ouonoruto. M3obperenue dororpadun mo3BOMMWIO (HOTOXUMHUYECKUM, a
TEMeph U DJIEKTPOHHBIM MYyTEM  PETUCTPUPOBATH  HU300paKEHHE,
oOpa3oBaHHOE ONTHYECKOW cucteMoi ¢oToamnmapara. [loxanyi, yMecTHO
NOJYEPKHYTh, YTO OJHHMM M3 CaMbIX BAXHBIX JJEMEHTOB Hay4YHOU
amnmaparypbl, KOTOPOM TIOJB3YeTCS 4YEJIOBEK BO BCEX €CTECTBEHHBIX
HayKax, SIBJSICTCS] ONTHUYECKasi CUCTEMAa U COCTABJISIONINE €€ AJIEMEHTHI, K
KOTOPBIM, TIPEXKJIE BCETO, CIIEIYyET OTHECTH JUH3bL. be3 TuH3bI HE ObLIO ObI
MHUKpOCKOTa, a ©0e3 »Toro mnpubopa OECOMOIIHBI M MEAWIIMHA, U
METaJUTyprusi, U Kpuctaymorpadusi, a Takxke Bcs ¢puszuka u omonorus. bes
JUH3bI HE OBUTO OBl HU KMHO, HM TeNeBHIACHMs. be3 mpocToil JMH3BI HE
OblI0 OBl MU OYKOB, M, MOJAOOHO MPEOBIBABIIMM B OTYASHUHM CTapbIM
MOHaxXxaM B CPEJIHEBEKOBBIX MOHACTBIPSX, MHOTHE W3 HAC, MEPEBAIMB 32
ISATHISCAT JIET, OBLITM OBl BEIHYKJICHBI OTKA3aThCsl OT PAOCTEH YTCHHUS.

dusnyeckre MPUHINIGI, JIeKAIINe B OCHOBE ONTHYCCKUX SIBJICHUH,
OMMCAHUIO KOTOPBIX MOCBAILLIEHO HACTOsIIee ydyeOHOe MocoOue, K KOHILY
XIX Beka ObUTH B OCHOBHOM C(OPMYJIMPOBaHbI. BhIjatolieecs OTKpbITHE B
1900 rony M.I[1nankoM KBaHTa PHEPTUM KOPEHHBIM 00pa30M U3MEHHUIIO
CYILIECTBOBABIIIUE TMPEJCTABICHUS] 00 WCITYCKAaHUU U3IYyUYCHHUs] U €ro
MOTJIOIICHUS, HO HE OKa3all0 CYIIECTBEHHOTO BJIMSHUS Ha TMOHUMAaHUE
OpPYTuX OnTHYeckux sBiaeHuid. I[loaTomy 0000mIeHne H3BECTHBIX
MPUHITMIIOB M METOJOB WX HCIIOJIB30BAHUS B PA3TUYHBIX KOHKPETHBIX
cilydasiX MpOJOKAIUCh U MOPOJIOJDKAIOTCS CTOJb K€ MHTEHCUBHO U B
HACTOSIIIIEE BPEMSI.



[naBa 1
OCHOBHbIE CBOUCTBA 3NNIEKTPOMAITHUTHOIO NON4

1.1. DJIeKTpOMArHUTHOE MOJIe

[IpuHSATO CUMTaTh, YTO B MPOCTPAHCTBE 3aJaHO IOJIE HEKOTOPOH
BEJIMYMHBI, €CJIM B KaXKJOM TOUYKE MPOCTpPaHCTBA (UJIM B HEKOTOPOH €ro
YacTH) OIpEACICHO 3HauyeHWe HJTOW BeluuyuHbl. lloe MoxkeT ObITh
CKAJISIPHBIM WJIM BEKTOPHBIM B 3aBHCHUMOCTH OT XapaKTepa HCCIlieTyeMoun
BEJINYMHBI, CTAIIMOHAPHBIM (YCTAHOBUBIIIUMCS), €CJIU OHO HE MEHSETCS C
TEUEHHEM BPEMEHHU B KaXJ0M TOYKE MPOCTPAHCTBA, WJIM HECTAIMOHAPHBIM
(HEyCTaHOBHUBIIMMCS) B TPOTUBHOM CITy4ae.

3HaMeHuThIM aHruiickuii yuénbii [xemc Knepk Makceemn (1831
1879), ocHOBaTedb  TEOPETUUECKOM  DIEKTPOAMHAMUKH,  SIBISETCA
CO3JaTENIEM DJJIEKTPOMAarHUTHOW TEOpUM CBeTa. Pa3BuBasg WACHO
anruiickoro (Qusuka Maiikia @apages 0 TOM, 4YTO B3aUMOJEHUCTBUS
MEXIy  DJICKTPUYECKH  3apSDKEHHBIMH — TEJaMU  OCYIIECTBIISIFOTCS
IIOCPEACTBOM  dyIeKTpomarHutHoro mnons, JI.K.MakcBemn Ha oOcCHOBe
0000IIEHUSI AMMOUPUYECKUX 3aKOHOB AJIEKTPUUYECKUX UM MarHUTHBIX
SBICHUM B  IIecTUACCATHIX rogax XIX Beka chopMyaupoBai
dbyHIaMEHTaNbHBIE  ypaBHEHUSA  KIACCUYECKOW  MaKpPOCKOMUYECKOU
ANEKTPOAUHAMUKH, OINKCBHIBAIOIIME AJIEKTPOMATHUTHBIE  SIBIICHUS B
IIPOU3BOJIBHOM CpeJIE.

®u3nM4ecKrii CMBICT ypaBHEHHN MakcBeiia yJ00HO HalOMHHUT,
clie/lysl MICTOPUUECKOM MOCIEA0BATEIbHOCTH PA3BUTHUS AJEKTPOIUHAMUKHY.
Opannysckuid pusuk [Hapas Ortocren Kynon B 1785 roay ycranoBui
OJIMH M3 OCHOBHBIX 3aKOHOB 3JIEKTPOCTAaTUKH, OMNPEICISIOMNA CUITY
B3aUMO/JICUCTBUSA MEXIY ABYMs ""TOUEUHBIMH" 3JIEKTPUUECKUMU 3apsIaMH,
B BUJIE:

F=k1%2 (1.1)

r

rae [’ —cuna B3aUMOJEUCTBUA 3apsAlOB; ¢, q, — BEIUYUHBI B3aUMOJEHU-
CTBYIOLIUX 3apsAJIOB; ¥ — PACCTOSTHUE MEXKIY 3apsaaaMu; k — KodppuuueHt
IPONOPIUOHAIBHOCTHA, BEJIUYMHA KOTOPOrO OIpEAENIeTcsl BBIOOPOM
CUCTEMBI €IUHUIT (PU3NUYECKUX BEIIMYMH, BXOJIAIINUX B 3TO BHIPAKECHUE; TaK,
HampuMep, B cucTteMe eAuHuIl] udMepeHus ¢usndeckux pemnunH CI'C
(caHTHMETp, TpaMM, CeKyHHa) Kod(PQUIMEHT Kk ToJaraeTcs paBHBIM
eauHuLe. 3akoH KyioHa 1Mo3BoJIHII BBECTH NOHATHE 3JIEKTPUUYECKOTO TOJISL.
CuItbl JIEKTPUYECKOTO MO OyIyT BIOJHE OMpPEAENICHbI, €CIU B KaXI0u
TOYKE JTOrO IOJIS OIpENesieHa CUila, ACHUCTBYIOIIAsd HAa NOMEILIEHHBIA B
HEW E€IUHWUYHBIA TOJIOKUTEIbHBIM 3apsi. JTa Cujla Ha3bIBACTCS



HaAMPSKEHHOCTBIO 3JIEKTPUUYECKOTO MOl U OOBIYHO 0003HaYaeTcs OyKBOU
E.Ilpu g, =q,a g, =1 B coorBercTBUM C 3ak0OHOM KysioHa nmeeM

_ . 4
E_kr_3r’ (1.2)

TI€ ¥ — PaanyC-BEKTOp, ITPOBEAEHHBIA U3 3apsifa ¢ B paCCMaTPUBAEMYIO
TOYKY MOJISI.

JIg onmucaHusl 3JIEKTPUUECKUX MPOILECCOB B MATEPUAIBLHOU CpEle
BBOJIUTCS BEKTOP AJICKTPUYECKON MHAYKIMU D = D(E) Il GoaBIIMHCTBA
W30TPOITHBIX CPET

D=c¢cE, (1.3)
rue €= a(x, v, z) — OUDJICKTpUYECKass MPOHUIAEMOCTh (Il BaKyyma B
cucreme CI'C ¢ =1).

IIpy »>TOM MOTOK BEKTOpa JSJIEKTPUUECKOM HHIYKIUM Yepe3
MPOU3BOJIBHYIO 3aMKHYTYIO TTOBEPXHOCTD S ONPEACNISETCs JICKTPUUECCKUM
3apsIOM, HaxXOAAIIUMCS B 00bEME V, OTpaHHYeHHOM 3TON TTOBEPXHOCTHIO,
TO €CTb:

fD-dS =4n[pdV . (1.4)
S v

3neck dS =ndS, rie n —eAMHUYHBIA BEKTOpP BHEUIHEW HOpPMalIu K
TPaHUYHON IMOBEPXHOCTH, @ P — IVIOTHOCTH 3apsja B IPOCTPAHCTBE (3apsia

B €JIMHUIIE 00BEMA).

[Tognecst koMmac K MPOBOJHUKY C TOKOM, JaTrckuii (usuk XaHc
Kpuctuan Opcren B 1820 romy oOHapy»kuj, 4TO MarHMTHas CTpeJKa
YCTaHABJIMBAETCS MNEPHEHAUKYJSIPHO NPOBOAHMKY. M3 ombita Opcrena
CJIEAYET, YTO MAarHUTHOE I10JIE UMEET HANPABJICHHBINA XapakTep U JOJKHO
XapaKkTepU30BaTbC  BEKTOPHOW  BeMUYMHOW. (OCHOBHYIO  CHIIOBYIO
XapaKTEPUCTUKY MArHAUTHOTO TMOJISI HA3BAIM MArHUTHOM WHAYKIIUEH,
KOTOPYIO MPUHATO 0003Ha4aTh OykBoil B.

JIns onvcaHWs MarHUTHBIX IPOLIECCOB B CPENE BBOAUTCS BEKTOP
MarHuTHON Hamnpspk€HHocTH H = H(B) Jlst GONBUIMHCTBA U30TPOIHBIX
cpen

B=uH, (1.5)
rae Q= u(x, y,z) — MarHuTHasi MPOHULIAEMOCTh Cpenbl (Uisi Bakyyma B
cucreme CI'C p=1).

BriosiHe 04eBUIHO, YTO CHIJIOBBIC JINHUM MAarHUTHOTO TOJISI 3aMKHYTBI
camu Ha ce0d. [loaroMy st 1H0OOr0 MarHUTHOTO MOJS MOTOK BEKTOpa
MarHUTHOM WHIYKIIMU 4Yepe3 0Oy 3aMKHYTYIO TOBEPXHOCTH PaBEH
HYJIIO, TO €CTh



fB-ds=0. (1.6)
S

N3 omnplTa M3BECTHO, YTO JJII MArHUTHOTO MOJS, Kak U s
AJIEKTPUYECKOTO, CIPABEUIUB TPUHLMIT  Cyneprno3unuu: none B,
IIOPOXKIaEMOE HECKOJIBKUMHU TOKaMU, PaBHO BEKTOPHOU cymme moseil B,,
MOPOXKIAEMBIX KXKIbIM TOKOM B OTHACJIBHOCTH, T.€. B =ZBZ.. ITycTh

1
3aMKHYTBIA KOHTYP JIEXKHUT B IUIOCKOCTH, NEPHEHIUKYIAPHOU TOKY. Ilpn

3TOM LIMPKYJALUs BekTopa B no koHTypy L paBHa

4t
fB-d1=—""1,

L C
Trac 1o/ 1 cnez[yeT IIOHUMATh TOK, OXBaTBIBaeMBIﬁ KOHTypOM, HpI/I 3TOM

BCKTOP dl COBNAJACT C KacaTeJIbHOM B KaXXJIOM TOYKE KOHTYpa B

HaIIpaBJICHUH o6xoz[a. Ecin HCKOTOpBIfI KOHTYP OXBaTbIBACT HCCKOJILKO
IMPpOBOAOB C TOKOM, TO B CHIIY IpUHIHIIA CYIICPIIO3UITUN UMCCM

fB-d1=§| > B, dl:Z§BK-d1:4—“21K.
L L\ K KL ¢ K

3necy [, —anreOpanyeckass BelW4YMHA. ECM TOKM TEKyT BO BCEM

mpocrpaHctee, TO Y [ =Jj-ndS . Oror wuHTerpan Oepércs 1O
K N
IIPOU3BOJIBHOM TOBEPXHOCTH S, HATIAHYTOM Ha KOHTYp. Bekrtop j

onpenenseT IJIOTHOCTh TOKa B TOM TOYKE, IIE€ PACIOJIO0KEHA IUIOMIAIKa
dS; m — OpT MOJOKUTEIBHON HOPMaJIW K 3TOM IIomaaKe (T.€. HOpMaJH,
oOpasyromieii ¢ HampaBJIeHHEM 00XoJa KOHTypa TpHU BBIUUCICHUU
HUPKYJISIUU TPAaBOBUHTOBYIO CUCTEMY ).

ITpu sTOoM

§B-d1=4—:jj-ds.
L S

JI1st OONBIIMHCTBA H30TPOIHBIX CPEJT
J=CE+jcrp, (1.7)
rae o =0(x,y,z) — yAenbHas >MEKTPOTNPOBOAUMOCTh, jorp — IIIOTHOCT

TaK Ha3bIBAEMBIX CTOPOHHUX TOKOB, T.€. TOKOB, IIOJIJIEP>KUBAEMBIX
JT0OBIMH CHITAMH, KPOME CHUT DJIEKTPHUYECKOTO TIOJIS.

CornacHo rumnore3e J[.K.MakcBemia MarHuTHOE IOJI€ MOPOXKIAETCS
HE TOJBKO TOKAaMH, TEKyIIMMU B MPOBOJHUKE, HO U MEPEMEHHBIMHU
AJIEKTPUYECKUMU TMOJISIMU B JIMAJIEKTPUKAX WA B BakyyMme. BennuuHa,
MPONMOPUUOHAIBHAS CKOPOCTH W3MEHEHUS JJIEKTPUYECKOTO IO BO
BpeMeHM, Oblla Ha3BaHa MakcBeJIoM TOKOM cMmemieHus. Ilpu sTom



MUPKYJIAIUS BEKTOpAa MAarHUTHOW HAMpsHKEHHOCTH BIOJb 3aMKHYTOTO
KOHTypa L omnpeaensieTcss TMOJHbIM TOKOM 4epe3 MNPOU3BOJIBHYIO
MOBEPXHOCTH S orpaHquHHy}o paccMaTpUBaEMbIM KOHTYPOM, B BUJIE
jﬁH-dl— j dS+L jD ds. (1.8)
T c t
B 1826 roz[y HEMELKNN (1)1/131/11( ['eopr Cumon OM yCTaHOBHII 3aKOH,
COTJIaCHO KOTOPOMY CONpPOTHBJIEHHE R  KOHTypa ONpeAensiercs
BBIPKEHHEM

RE
1

rne E —osnexrponsmwkymas cuia (31C), paBHas paboTe, coBepliaeMoii
HaJ| €IMHUYHBIM 3apsI0M MpU 00X0JI€ UM 3aMKHYTOrO KOHTypa; [/ — cuiia

B 1831 roay Bwimaromnuiicst anriauickuii ¢usuk Maitkn dDapanei,
OCHOBOITOJIO)KHUK YUE€HHSI 00 SJIEKTPOMArHUTHOM I0JIe, ONKCal CTaBIIUI
TENEPh  KIACCHUYECKUM  OKCIIEPUMEHT, OTKPBIBIIMK HOBYHK  IJIABY
BJICKTPOAMHAMUKNA. MHOro pa3 MOBTOPSISI CBOM OMNBITHI B PA3JIMYHBIX
BapuaHTax, M.®Dapaneit npumén K BbIBOY, YTO MIPU BCSIKOM MEPECEUCHUN
MIPOBOJHUKOM JIMHUM MAarHUTHOW MHIYKIHWU B TTOCJIEAHEM IOSIBIISIETCS TOK,
Ha3BaHHBIM WM HWHAYKIUOHHBIM, IIpU OTOM IPOTEKWMWA 3apsan Ag

MPOMOPIIMOHAICH YUCIY MEPECEYEHHBIX CHIIOBBIX JIMHUNU AD U 00paTHO
MPOMOPUUOHANEH AJIEKTPUYECKOMY COMPOTUBIICHUIO MPOBOJHUKA R, TO

CCTb

RAG =1 AD.
C

JI.K.MakcBemn BBEN CBSI3aHHBINA C KOHTYPOM MarHUTHBIN ITOTOK

q):jB-ndS,

rae S — HaTsHyTas Ha KOHTYP MOBEPXHOCTh. OTOX1€CTBUB BEIUUUHY AD
c mnpupamieHnemM mnoroka @ wu yuumteiBasg 3akoH Owma, JI.K.Maxkcpemn
npuaan 3aKOHY DJIEKTPOMAarHUTHOM HMHAYKUUU M.Dapanes cCieayroluin
BU/I;

E_r/-_pdd__1d®
dt c dt
WA
J— ‘nds .
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BriosiHe o04eBHAHO, YTO HAMNPSHKEHHOCTH AJIEKTPUUECKOTO TOJIS,
ompenensiomas  HUHAYKIUMOHHBIK  Tok B ombite  M.Dapanes,
HERJIEKTPOCTATUYECKOTO MPOUCXOXKACHUS. LUpKynsiua 3Toro mojis 1o
KOHTYpy Aa€T BennuuHy DJIC, MHIyuupyeMon B KOHTYPE:

E=§E-d1.
L

IIpu sTOoM
1d

fE-d1=———[B-dS, (1.9)

) c dt
T.. UUPKYJSALUHS BEKTOpa HANPSHKEHHOCTH JJIEKTPUYECKOTO TOJS BIIOJb
3aMkHyTOro kKoHtypa L (OJC uUHAYKIHUH) ONpEeneiseTcss CKOPOCThIO
M3MEHEHHUS MIOTOKA BEKTOPA MArHUTHOM MHIYKIUH Y€pe3 MOBEPXHOCTh S ,
OTPAaHUYEHHYKD  PAacCMATPUBAEMBbIM  KOHTYPOM. 3Hak  "mMwunHyc"
COOTBETCTBYET IpaBwily JIeHIa 111 HAlIpaBJIEHUs UHIYLUPOBAHHOTO TOKA.

Ecmu cuurare, yTo Bektopa snekrpoMarautHoro noyisi E, B, D u H
SBJISIIOTCSL HEMPEPBIBHBIMUA (DYHKIIUSAMHU KOOPJAMHAT, TO, paccMaTpuBas
MOTOKM BeKTOpoB B u D d4epe3 MOBEPXHOCTH, OTrPAHUYUBAIOIIUE
OECKOHEYHO Majible O00BEMBI, M UUpKyJIsiuuu BekTopoB E um H 1o
OCCKOHEUHO MajblM KOHTypaM, MOXHO OT HHTETPaJIbHbIX YpaBHEHUU
(1.4), (1.6), (1.8) u (1.9) mepetitm k cucreme auddepeHIHaATHHBIX
ypaBHEHHM MakcBesa, XapakTepU3yOIMUX IMOJE€ B KAXKIOW TOUYKE
MIPOCTPAHCTBA.

B cootBercTBUM C ompeneIeHUEM COOTBETCTBYIONIUX (DYHKIIUN
MMEEM:

d yD-ds oD. oD, aD

——fD-dS= lim & —— =diD="*+—> 4+ "=

v { AVM AV o oy oz
OB

iifB-dSza’ivB:an—|— y+aBZ;

dv ox Oy Oz

; §H-d1

— H-dl:limL—zzn-rotH:

dsS r—=0 7

L

OH_ OH ). (aHx asz_ OH, OH,
=n - i+ - i+ -—= 1K |;
oy 0z oz ox ox oy
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i§§E-dl=n-sz:
ds

0E. O, (8Ex 8Ezj, OE, OE.
=n|| —=-——> i+ ——Z j+| —=—-—= k|
oy 0Oz oz Ox ox Oy

B paccmarpuBaemoMm ciydae guddepeHIUaNbHbIE  ypPaBHEHHS
Makcgenia NpUHUMAKOT BUI:

divD =4np, (1.10)

divB =0, (1.11)

rotH:4—nj+la—D, (1.12)
c c Ot

rotE:—lé—B. (1.13)
c ot

VYpaBuenuss MakcBemia He 00pa3ylOT MOJHOM 3aMKHYTOH CHCTEMBI,
MO3BOJISIIOILIEN PACCUMTHIBATH AJIEKTPOMArHUTHBIE TTPOLIECCHI TPY HATTUYUHU
MartepuaibHOM  cpeapl. IloaTomMmy  uX  HEOOXOJMMO  JIOTIOJHHUTH
cootHomenusiMu (1.3), (1.5) u (1.7), koTOphle HaA3BIBAIOT ypaBHEHUSIMU
COCTOSIHUS WJIM MaTE€pUATbHBIMUA YPABHEHUSAMMU.

1.2. BosiHOBOE ypaBHeHHUE
AHrimmickut MareMaTtuk Y.l aMHIbTOH BBEJ CUMBOJI

. a 0 a 8
V=i—+j—+k—,
ox "0y Oz
Ha3biBaeMblid "HaOma". [Ipu CBOEM NMPUMEHEHHH OH COXPAHSIET YepPThl Kak
BEKTOpa, Tak M omeparopa auddepeHnuporanus. "YMHOxkeHue" (T.e.

nerictBue) oneparopa ['amunbpTOoHa Ha cKaisip f W BeKTOp A (TO4HEe Ha

CKaJLIpPHOC HW BCKTOPHOC II0JIA COOTBCTCTBGHHO) IIPOU3BOIUTCA 11O
CJICAYIOIIKUM CCTCCTBCHHBIM ITPpAaBHUJIAM

Vf = ii+ji+ki f:iaf+jaf+kaf=gradf,
ox "0y Oz 0x y z
0A
VA=[iZ 4% kD i, 4 a4k )= O O g,
ox "0y Oz d ox 0y Oz

viA=|iL 4 )Lk |x (i, +jd, vk, )=
ox "0y Oz

(04, OA,\ (04  0OA, 0A, 0A,
=1 —— |+ ————= |+k| ——— |=
oy 0Oz 0z Ox ox Oy
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i i Kk
|09 O Al

ox 0Oy Oz

4, 4, A,

PaccmMoTpuM 3IE€KTPOMArHUTHOE MOJIE B OAHOPOAHOW HENMPOBOIALIEH
(G:O) cpeae B oOJlacTH MOJIsA, HE COACpPIKAIlledl HU 3apsJioB (p:O), HU
TOKOB ( j= 0). IIpu »>TUX yCIOBUSAX, HCIOJB3Ys OIleparop Haoza,
ypaBHeHnus (1.10)—(1.13) yno6Ho npeacTaButh B BUE:

VxH- L= 0 (1.16)
C

VxE -+ B=0 (1.17)
C

VB =0 (1.15)

VD =0. (1.14)

Touka Han OykBoi 03HauaeT qudPepeHIpoOBaHKE IO BPEMEHH.

HuddepennaibHoe ypaBHEHHE, KOTOPOMY JIOJKEH YJIOBIIETBOPSITH
KOKIbIA U3 BEKTOPOB TOJISI B OTACIBHOCTH, MOXHO IOJYYUTh MYTEM
uckiroueHust apyroro. [loacraBus cootHomienue (1.5) B ypaBuenue (1.17),
pa3lenuB ero Ha [I ¥ BEKTOPHO YMHOKHUB Ha OTMepaTop Hablia, moyyaem:

Vx(leEj+leI‘iL=O. (1.18)

w c

Huddepenunpys mo Bpemenu ypasHenue (1.16), umeem

Vil Lo, (1.19)
c

Beipaxxenne (1.19) ¢ yuérom wmarepuanbHoro ypaBHeHus (1.3)
no3BoJisieT BeipaxkeHue (1.18) mpeacraButh B BUaE

Vx(leEj+%F¥=O. (1.20)
1) c

B pesynbrare mnocnenyromux mnpeoOpa3oBaHuil Beipaxkenue (1.20)
MO>KHO MPUBECTHU K BUJTY:

el
sz—C—zﬁqv(lnp)x(VXE)+V[EV(1ns)]:0. (1.21)
AHaJI0TUYHO HAXOUM

V2H - LB V(ing)x (Vx H)+ V[HV(Inp)] = 0. (1.22)
C

13



2 2 2
3z[eCLV2=a +62+82.
0z

ox* Oy

B paccmarpuBaemoil yacTH INpOCTpaHCTBA cpely OyldeM CUMTaTb
omHopogHoit. B stom cimywae V(lng)=0 u V(lnp)=0. Tpu srom

ypaBHenus (1.21) u (1.22) npuHUMAIOT BUA:

sz—‘Z—gﬁz:o (1.23)
vH-Lf=0. (1.24)
C

VYpaBaenue Buaa (1.23) wmm (1.24) Ha3biBaeTCs ypaBHEHUEM
n’AnamOepa WM BOJIHOBBIM YpPaBHEHHUEM. OJTH YPAaBHEHHUS BOJHOBOTO
JBU)KCHUSI  ONPENEINSIIOT  CYIIECTBOBAHUE  AJIEKTPOMArHUTHBIX  BOJIH,

pACIIPOCTPAHAIOMIUXCS CO CKOPOCTBIO V' - BriepBbie mocTosiHHAsA ¢
Jon

Obl1a ompeneneHa Hemenkumu (usukamu Opuapuxom Konbpaymem u
Bunsreasmom BebGepom B 1856 romy m3 OTHOIICHMS 3HAYEHUW EMKOCTU
KOHJICHCATOPAa, U3MEPEHHBIX B AJIEKTPOCTATUYECKUX U DJIEKTPOMATrHUTHBIX
eauHuiax. Okazanoch, YTO OHA COBITA/IAET CO CKOPOCTHIO CBETA B BAKYyME.
Hcnonb3yst 3TOT pe3ynbTaT, MakcBeT pa3BUil CBOKO JIEKTPOMArHUTHYIO
TEOPHUI0 CBETA, MPEJCKA3bIBAIONIYIO CYIIECTBOBAHUE AJIEKTPOMArHUTHBIX
BoiH. [IpaBunmbHOCT, €ro  mpejicka3aHus ObUla  MOATBEPXKICHA
3HAMEHUTHIMH JKCTIepUMEeHTaMu Hemenkoro ¢usuka ['enpuxa [epma B
1888 rogy u pycckum ¢uszukom Ilerpom HuxomaeBuuem JleGemeBbim,
KOoTOpbiid B 1895 roay BHepBbI€ MOTYYUI U UCCIEAOBAT MUJLIUMETPOBBIE
AJIEKTPOMATrHUTHBIE BOJTHBI.

1.3. CkansipHbie BOJHBI
B onHoponHO# cpene B 001acTsX, Tie€ OTCYTCTBYIOT 3apsiibl U TOKH,
000U U3 JIEKAPTOBBIX KOMIIOHEHTOB A(r, t) BekTopoB nosist E wuin H B

coorBeTcTBUM ¢ ypaBHenusimu (1.23) u (1.24) ynoBieTBopsieT
OJIHOPOJTHOMY BOJIHOBOMY YpPaBHEHUIO

2 2

a—f—c—va - 0. (1.25)

ot~ ¢€pn

ITycTp r(x, V, Z) — paanyCc-BEKTOp HEKOTOpOoM Toukn P, a
s(sx, Sy Sz) — €AMHUYHBIA BEKTOp ¢ PUKCUPOBAHHBIM HarpasiieHueM. [lpu
ATOM Jit00oe penieHue ypaBHenus (1.25) B Buge A = A(r -s,t) onpeeIsieT

INIOCKYIO BOJIHY, TaK KaK B Kﬁ)KI[I)Iﬁ MOMCHT BPCMCHH BCJIHMYHWHA A
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NOCTOSIHHA B IUIOCKOCTSIX I -§ =const, KOTOpbIE MEPHEHIUKYISPHBI K
€AMHUYHOMY BEKTOPY §.

Y100HO BBIOpaTh Takoe TMOJIOKEHHE OCEH JIEKapTOBOM CHUCTEMBbI
koopauHat &, C, 1, 4ToObl ock O Obula Obl HampaBjeHa BIIOJL OpTa S.
Toraa B coorBercTBUH C puc.l.l nmeem

r-s=_C

HIH XS, + ys, +2zs, =C.

Z A n

X

O >

g

Puc.1.1. PacnpoctpaHeHne niiockon BOSHbI
B cucreme koopauHar x, y, z UMEEM
0% 4 .\ 0% 4 .\ 0% 4
axr oyt oz’
ITepexons Kk HOBOW CUCTEME KOOPAUHAT, ITOJy4aem

0 _0d 0 o o0 0 0

V24 =

x> =9 9_:_Sz
ox Cox oC T ay ot e o

IIpu sToM
2 4 2
VA—a (S +5 —|—52) 6124.
o’ aq

Takum oOpa3om, B cucreme koopawHaT &,C,m ypaBHeHue (1.25)
PUHUMAET BHU/I;

2 2
4 oA =0. (1.26)
JIns1 pelenus 3Toro ypaBHEHUsI EPEIUIIEM €TO B BUJIE

0 c 0| 0 c O

— | —+—F—=—14=0.
[at Jem ac;J(ar Ve acJ

BBenéM HOBBIC IMCPCMCHHBIC
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t—@C=p; t+
c

OTtcrona HaxoauM

:q.

Jei
C

C

=%(Q+p), C=%@(q—p)-

IIpu 3TOM
0 _dadt 68§ l 0 c O

op atop op 2 o JJepoc)
o _oa o _1a, c @

—+ — .
oq 8t 86] 8§ oq 2l o \Jep o
[IpuMeHUB 3TH COOTHOIICHUS K QYHKIMHU A , TTOJTydaeM

0’4 1(5214 ¢ aZAJ_

OpOoq ~4( o _Qa—gz

Ortcrona cinenyer, uTo oOiiee peiienue ypapHeHus (1.26) umeeT BU:

A=4,(p)+4(q),
rne A, u A, —1Ipou3BOJIbHBIE (QYHKLIMHU, T.e. Jr00as (QyHKUHUA OT

apryMeHra ¢+ ~—— e Q Oynet peuieHreM ypaBHenus (1.26).
c

ITycts, Hampumep, A, =0. Ilpu sToMm A=A1(t——“8“§} Jlerko
c

BUACTH, YTO B KaXJI0M IIOCKOCTHU CZCOI/ZSZL IIpyu HU3MCHCHHUUN BPCMCHHU

u3MeHseTcs U noiie. C Ipyrord CTOPOHBI, B KAl MOMEHT BPEMEHHU T10JIE
pa3InyHO JJIA pa3HbIX 3HA4eHUN KoopauHat (. BrnonHe odeBUAHO, YTO

3HAYCHHE TOJIA OyAeT OJHUM W T€M K€ JUII COYETaHWW KoOpAWHATHl ( |
MOMEHTA BPEMEHH {, YIOBIETBOPSIOIINX YCIOBHIO:

¢ t—C =const. (1.27)

Jen

[Tonoxxus B 3TOM ycnosuu ¢ =0, noirydaem —(C = const =—C,. Toraa

ycioBue (1.27) MoxHO 3anucaTh B BUJIE:

C—_
@Céo-

Orto 3HauWmr, 4yro ecau npu t=0 B HekoTopon Touke C=C(,

MPOCTPAHCTBA IMOJI€ UMEJIO HEKOTOpoe (UKCUPOBAHHOE 3HAYEHUE, TO
yepe3 MPOMEKYTOK BPEMEHH ¢ TO K€ caMO€ 3HAaueHHUE MoJie OyJeT UMETh
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c .

Ha PacCTOSIHUU, PABHOM ——{¢ OT Ha4YaJIbHOW TOYKHU B HAIPaBJIECHUH OCHU
Vep

OC. Otcroia clelyeT, 4To 3JIEKTPOMArHUTHOE MOJie PacpoCTpaHsieTCs B

c c
IPOCTPAHCTBE, Hampumep, BA0JIbL ocu OL, cO CKOPOCThIO V = —=—

Jew n’

A€ + €W =n —IOKa3aTeslb MpeIoMJIEHUs cpeabl. Takum o0paszowm,
1
byHKIUA 4, t—;@ onpeneisieT IUIOCKYI0 BOJIHY, O€ryuyro B
MOJIOKUTENBLHOM HampaBieHuu ocu Of. OudeBugHO, YTO (PYHKIUA
1
A, (t + ;C) onpeJeNsieT MIOCKYI0 BOJIHY, OETYIIYI0 B TPOTUBOMOI0KHOM,

OTpPULATENILHOM, HampasiieHuu ocu OC. B Touke r =r, NpOCTpaHCTBA
BO3MYIIIEHHE, BBI3BAHHOE BOJIHOWM, 3aBUCUT TOJBKO OT BPEMEHHU:

A(ry, )= f(¢).

BaxHbIli 4acTHBIM Ciy4ad 3JEKTPOMArHUTHBIX BOJH ITPEICTABIISIOT
BOJIHBI, B KOTOPBIX MOJ€ SBISETCS MPOCTON MEpUOIUYECKON (yHKIIHMEH
BpeMeHU. Takass BOJHA Ha3bIBAETCA MOHOXPOMATUYECKOU. 3aBUCHMOCTD
KOMIIOHEHTOB TMOJiEI OT BPEMEHM B MOHOXPOMATHYECKOW BOJIHE
ONPENEIACTCS MHOXKHUTEJIEM BHUJA: cos(oot+8), II€ ® — yIJIoBas 4acTora
BOTHBL [Ipu aTOM pyHKIIHIO [ (t) MOYKHO TPEJICTABUThH B BUJIEC:

£(t)=acos(ot+35). (1.30)
Benmnunna a (a > O) Ha3BIBACTCS aMIUTUTYJION, a apryMeHT KOCHHYCA,
. o 1
T.e. ®f+0, Ha3pBaercsd ¢azoil. Beamumna v= P =— Ha3bIBaeTCs
T

yacToTo KoneOanuii. [lpu 3amene BenuuuHbl ¢ Ha (+71 3HAUYCHHE
byakMa f (t) ocTaércss Heu3sMeHHbIM. [loaromy BenuunHa 7 sBIIsIeTCS
nepuosioM kosedanuii. BomHoseie ¢ynkumu B gopme (1.30) HazwiBaroT
rapMOHUYECKUMU (DYHKIIUSIMUA OTHOCUTEIIBHO BPEMEHH.

r-s

3amenuM B BbipakeHuu (1.30) BenuuuHy ¢ BETUUYMHOU t—7. IIpu
TOM TOJIy4aeM

A(r,t)=acos w(r—$)+8 . (1.31)

[lonyuennas BoyiHOBast (QYHKIMS ONpEIETsieT TapMOHHYECKYIO
IUIOCKYIO BOJIHY, PAacCIpOCTPAHSAIONIYIOCS B HAMNpaBJICHUH, 3aJaHHOM
€AMHUYHBIM BEKTOpoM §. PaccrosiHMe, Ha KOTOpOE€ IMepeMelaeTcs
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NOBEPXHOCTh BOJIHBI 32 BpeMsi 1, paBHOE MEpPUOAY OJIHOTO KoyieOaHws,
onpenenseT Mepuoj, U3MEHEHHUs HAINpsHKEHHOCTU MOJI B IPOCTPAHCTBE,

y 2n y
paBHbli A =VT =V —. PaccrosiHue, paBHOE A, Ha3bIBaeTCA JJIMHOU
®

BOJIHBI, IIPU 3TOM INpUBEAEHHAs K BaKyyMy JJIMHA BOJHBI A, =cT =nk.
DTa JyIMHA BOJHBI COOTBETCTBYET JIMHE PACHPOCTPAHSAIOLICICSA B BAKyyMe
rapMOHUYECKOM BOJIHBI TOM K€ 4acTOThI. JIerko yoeauThes, 4TO BeJIMYMHA
A(r, t), onpenensemMas BeipakeHueM (1.31), He U3MEHUTCS, €CITU BEIIMYUHY

r-S 3aMEHUTh BETUYMHOMN I' -S + A .

Bripaxkenue (1.31) MOXXHO MpeICTaBUTh B BUJIE:
A(r,t)=acos|ot —k -r + 8], (1.32)
rne Kk =+ks Ha3zpiBaeTcss BOJHOBBIM  BEKTOPOM HWJIM  BEKTOPOM
pacmpocTpaHeHHs] BOJIHBI B Cpele, IpH DSTOM BOJHOBOE YHCIO

o 2n 2n

=—=—=n—=nk,.

| Ao

AMIUIATYa a W HadalbHas ¢daza O IUIOCKOM MOHOXPOMAaTUYECKOU
BOJIHBI HE 3aBUCST OT I' U f, T.€. OJIMHAKOBBI BO BCEM MPOCTPAHCTBE BO BCE
MOMEHTBHI BPEMEHH, a, CleJoBaTelbHO, BbIpaxkeHue (1.32) ompenensiet
OJTHOPOJHYIO0 BOJIHY. Hukakue peanbHble BOJHBI 3THM CBOMCTBOM HE
001a1aoT.

[110CKy10 MOHOXPOMAaTHYECKYI0 BOJHY MOXXHO paccMaTpuBaTh Kak
YaCTHBIA CIydail rTapMOHMYECKUX BOJIH OoJiee CI0KHON (opMbl, B 0011IEM
BUJIE OTIPENIETSAEMbIX YPABHECHUEM

A(r,t) = a(r)cos[wt — g(r)], (1.33)
rie a>0 u g —BEHIECTBEHHbIE CKAISIPHbIE (QPYHKUNUUA TMOJOXKECHUS.
IosepxuocTH g(r)= const HA3BIBAIOT TIOBEPXHOCTAMHU TIOCTOSHHON (hazbl

WJIU BOJTHOBBIMU TMTOBEPXHOCTSIMU.

Pacuétel, cBS3aHHBIE C TAPMOHMYECKUMH BOJIHAMH, YIPOIIAIOTCS,
eCIIH UCITIOJIb30BaTh AKCIOHEHIIUAJIbHBIC byHKIAHR BMECTO
TpuroHomerpuyeckux. Ilpu stom ypaBHenue (1.33) mMoxHO 3amucarth B
BUJIE

A(r,t) =R, {U (r)exp(— ioot)} =

= %[U(r)exp(— iot)+U" (F)exp(iwt)] >

rne U (r) — KOMILIEKCHas QyHKnus Buga: U (r) = a(r)exp[ig(r)], a CUMBOIJI

(1.34)

R, o3Hauvaer, uyto Oepércs BelleCTBEHHas dYacTb. Ecimm omnepauuy,

IpOU3BOAMMBIE HaJ (PyHKUMEW A, TUHEWHbI, TO B BbipaxkeHuu (1.34)
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CUMBOI R, MOXHO OIIyCTUTb U OIEPUPOBATH HEMOCPEACTBEHHO C

KOMIUICKCHOU (pyHKIIMEH BHUJIA:
A(r,t)=U(r)exp(-iot). (1.35)
24 )
Hcnonw3yss Belpaxkenue (1.35), Haxommum, dYTO Py = —o°U(r)x
xexp(—iot), a V24 =exp(—iot)V?U(r). Tpu stom ypasrenue (1.25)
MPUHUMAET BU/I:
VU +n*kyU =0. (1.36)
ITomyyeHHOE ypaBHEHME HA3bIBAIOT ypaBHEHUEM | enbMrobLa.
Bemnuuny U Ha3bIBalOT KOMIUIEKCHOMW aMIUIMTYJIOM BOJHBL B
YaCTHOCTH, JUISl TIJIOCKOM BOJIHBI, UMEEM

g(r):mL;—S:kr-s—Szk-r—S.
pu 5tom U(r) = a(r)exp(ik -r), tae a(r)=a,(r)exp(-id).

1.4. BekTopHbI€ BOJIHbI
[IpocTeMIMM 3JIEKTPOMAarHUTHBIM TIOJIEM SIBJISIETCS IIOJIE ILIOCKOM
BOJIHBI. DJIEKTPOMAarHUTHYIO IJIOCKYIO BOJIHY OOILEro BHJA ONPEIEIIUM
BEKTOpaMu
r-s
E=E(y), H=H(y), rae y=t-s
ITpu 3TOM

_OE_0Edy _0E
ot 8\|/8t 8\|/

VE =i
6\u ox oy 0y oy 0z
1(15 +Jjs, +Kks )8E —is-a—E,
V oy Vo oy
OF, OF,
(VxE)xzaEZ— 6E oy 8\y
oy 0z 8\11 oy Oy 0z
1 OF, 10E, 1(O0E
=———"5, +— s, = ——><s ;
Voy ' ¥V oy 8\V .
BIIOJIHE OYEBHUJIHO, YTO (VxE) =— a—E><s ) (V><E)Z:l a—Exs ;
Y Vioy . Vioy ).
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1 OE

pu 3ToM VX E = ———xs.
V oy
AHaJIOTUYHO MOJTyYaeM
I&za—H, VH:—ls-a—H, VxH:lﬁ—Hxs.
oy Vo owy V oy

[ToncraBuB nogyyeHHbIE BoIpaXkeHUs B ypaBHeHUs: Makceia (1.10)—
(1.13), c yuérom matepuanibubix ypaBHenuii (1.3) u (1.5) npeoOpaszyem ux

K BH]TY:
s-a—E=0, (1.37)
oy
5-8—H=0, (1.38)
oy
8_HXS_8K8_E:0’ (1.39)
oy c oy
OF ornlOM . (1.40)
oy c oy

[lonaras TOCTOSIHHYIO HMHTETPUPOBaHUS paBHOM Hymo  (T.e.
npeHeoperas NOCTOSAHHBIM IOJIEM BO BCEM MPOCTPAHCTBE) M yUMTHIBAS,

4TO %zq/eu =n, B pe3yJpTaTe HUHTErpupoBaHus BbipaxeHun (1.37)—

(1.40) nonygyaem
s-E=0, (1.41)
s-H=0, (1.42)

£= (1), (1.43)
€

Hz—\/E(Exs). (1.44)
v

N3 Buga pasencts (1.41) u (1.42) cnenyer '"momepeyHOCTH"
ANEKTPOMAarHUTHOTO TIOJIS, TMOCKOJIbKY BEKTOpPBI AJIEKTPUUECKON U
MarHUuTHOM HaINpsHKEHHOCTH oJIst JexKaT B MJIOCKOCTH,
NEPIEeHIUKYJISIPHOM K HaIpaBJICHUIO pacrpocTpaHeHuro Tmoist.  Kak
cineayet u3 Boipakenuit (1.43) u (1.44), Bexktopel E 1 H opToroHajibHbI
Opyr Jpyry u oO0Opa3yloT BMECT€ C OpPTOM S IIpaByl0 CHUCTEMY
OPTOTOHAJIBHBIX BEKTOPOB, Kak Mmoka3zaHo Ha pwuc.l.2. Kpome Toro, u3

BoipaxkeHuit (1.43) u (1.44) cnenyer, uro E = \/EH , H= \/EE :
€ K
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B pesynbrare nonyyaem
JeE = JuH . (1.45)
H\y

S

Puc.1.2. B3anMHoe pacnonioXXeHne BeKTOPOB HanpskeHHocTn anektpudeckoro E n

marHnTHoro H noneit v Bektopa § HanpaeneHus pacnpoctpaHeHus
3NeKTPOMarHUTHOM BOJHbI

1.4.1. lNonapunsayma nnoCKMX MOHOXpPOMaTUYECKMUX BOJTH
HampaBum ock z cuCTEMBI KOOpPAWHAT X, V,Z BIOJb BOJHOBOIO

BekTopa Kk =ks. Torna y BektopoB E 1 H MoryT ObITh OTJIMUHBI OT HYJIS
TOJIBKO TPOEKIIMHA HA OCH X W ). YpaBHeHUs MakcBeiia JOMyCKaroT, B
YaCTHOCTH, TAaKO€ PEIICHHE, MTPU KOTopoM Yy BekTopa E BO Bcex Toukax B
MPOCTPAHCTBE U BO BCE MOMEHTHI BPEMEHHU OTIUYHA OT HYJISI TOJIBKO OJTHA

Puc.1.3. QnekTtpomarHutHas BosHa
MPOEKIYsI, HaIpUMeED, Ex(z,t). BcnenctBue cBOKCTBA MOMEPEYHOCTH Y
BekTopa H mpu 3TOM OTIIMYHA OT HYJS TOJIBKO NMPOEKLMSA Ha OCh V), T.€.
H y(z, t). OTH TPOEKIMH CBSI3aHBI MEXKJIYy CO0OMl COOTHOIIEHUEM
\/EEX :\/EH y- MrHOBCHHBI "CHMMOK" TaKoW BOJHBI, MOKa3bIBAIOLINI

BekTopel E m H B pasHbIX TOYKax OCM z B OAWH MOMEHT BPEMEHHU,
nokaszaH Ha puc.l.3. B 3ToM citydae roBopAT, YTO BOJHA UMEET JIMHEHHYIO
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(WM MI0CKyI0) mossipu3anro. I1oCcKOCTh, B KOTOPOMl JIEKUT BEKTOP
HANPsDKEHHOCTH AJICKTPUYECKOro moJisi BoJdHbl E u BosmHOBOM BekTop K,
HA3bIBAIOT IUIOCKOCTHIO TMOJSAPU3ALUA WA IJIOCKOCThIO KOJIEOaHMUIA.
UtoObl mpencTaBuTh ce0€ HM3MEHEHHE JJIEKTPUYECKOTO U MarHUTHOTO
MOJIEN C TEUEHUEM BPEMEHH, MOKHO CUUTATh, YTO BCA CUCTEMa BEKTOPOB,
MoKa3zaHHasi Ha puc.l.3, ABMXKETCA Kak 11eJI0€ BAOJIb OCH Z CO CKOPOCTBIO
V' (B BakyyMe CO CKOPOCTBIO C).

CBeT, B KOTOpPOM TIPEJCTaBJICHbI BCE HAMpaBJCHUS KoJieOaHUI
BekTopa E B IIOCKOCTH, NEPHNEHIUKYJSPHOW K  HaMpPaBICHUIO
pacrpoCTpaHEHUs, HA3bIBAETCS E€CTECTBEHHBIM CBETOM. M3mydenue
OOBIYHBIX  MCTOYHHUKOB  CBeTa  HE  MOJSIPHU30BAHO. JInHenHo
MOJISIPU30BAHHBIA  CBET IOJYYalOT, IPOMYCKash €CTECTBEHHBIA uepe3
ONTHUYECKUE TOJAPU3ATOPHI, IEMCTBUE KOTOPHIX OCHOBAHO Ha Pa3IUYHBIX
dbuznueckux npuHOunax. C uX MOMOIILI0O MOXXHO HE TOJBKO TOJYUYUTH
JIMHEWHO MOJIIPU30BAHHBIN CBET, HO U BBISICHUTh, UMEET JIU UCCIETyEMOE
U3JIydYeHHE JIMHEHHYI0 TMoJispu3anuio. BeIMojHsIONEe TaKylo poib
MOJISIPU3AIMOHHOE YCTPOMCTBO HA3BIBAIOT aHAIM3AaTOpOM. B oTinume oT
OOBIYHBIX UCTOYHUKOB CBETA U3ITyYEHUE ra30BOT0 Ja3epa, OKHA Pa3psIAHOM
TpyOKH KOTOPOTO HAKJIOHEHBI Ha HEKOTOPBIA yroi K €€ ONTUYECKOU OCH
(yron bproctepa), obnagaeT IMHEHHOM MOISIpU3AINECH.

YA

I

=
% s g

J ez

A

X
»
>

Puc.1.4. CnoxeHune oByX 3neKTpOMarHUTHbIX BOMH

B o6mem ciyudae Bektop E MoxeT umeTh J0Oble HaAMpaBlICHUS B
IUIOCKOCTH, TMEPHEHIUKYISIPHOW K HANpPaBICHUIO PACIPOCTPAHCHHUS
BOJIHBIL. [lycTh Hapsigy ¢ BOJIHOW, MONSPU30BaHHOM B Iiockoctd x(Oz, B
TOM >K€ HalpaBJICHUH (B HANPABJIECHUHU OCH Zz ) PACIPOCTPAHSACTCS JIpyTas
BOJIHA TOM € YaCTOThl (O, HO MOJAPHU30BaHHAS B IUIOCKOCTH YOz, KaK

noka3zaHo Ha pwc.l.4. BcneactBue JIHMHEHHOCTH ypaBHEHUN MakcBesuia
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TAKOE HAJIOXKCHHE (CYNEPIO3ULMA) BOJIH TaKXKe SBISCTCA PELICHUEM
ypaBHeHHH. B 3aBMCHMMOCTH OT pa3sHOCTH (Da3 CKJIaJbIBAEMBIX JIMHEHHO
IOJIAPU30BAHHBIX BOJIH PE3YJILTUPYIONIAs BOJIHA MOKET UMEThH PA3IHIHYIO
TIOJIIPU3ALIHUIO.

PaccmoTtpum siektpuueckoe nosie E(z, ¢) BoTHBI, Bo3HUKaromIei mpy

CIIOKE€HUU JIByX BOJIH OJIMHAKOBOM 4YacTOTBl C OPTOrOHAJIbHBIMU
HAaIpPaBJICHUSIMU JIUHEWMHOM MOJISAPU3ALINN:

E (z,t)= E,, expli(kz — ot)]|= 4, exp(—ip, )expli(kz— wt)] (1.46)

E, (z,t)= E,, expli(kz — wt)| = 4, exp(— i, )exp[i(kz ~ot)]. (1.47)

[Ipy 0aMHAKOBBIX (MW OTIMYAKOLIUXCS HA N7, TAE 1 — LEJI0€ YUCIO)
}azax ¢, ¥ @, KOMIUICKCHBIX ammuutyl E, u E,, B KaXI0il TOYKe

IPOUCXOAUT CIOKEHHUE B3aUMHO MEPIEHANKYJISIPHBIX KOJeOaHU B OAHOM
¢daze, uro ma€r KoseOaHMEe B HOBOM HalpaBieHUHU. Pe3ynpTupyromas
BOJIHA OyAeT JNMHEWHO nonsgpu3oBaHHOW. Hampasnenue e€ momspusanun
3aBHCHT OT OTHOLICHUS aMIUIUTY I A, U A, , KaK MmoKa3aHo Ha puc.1.5.

A,=24,
(py :(px—l_n

Punc.1.5. 3aB1MCMMOCTb HanpasneHusi MIMHENHO NONAPU30BaHHON BOSHbI OT
OTHOLLEHUS aMNNuTy CKnagbliBaeMblX BOSH

[lycTp BoHA, ONIApU30BaHHas B miiockoctu )0z, orcTaér no ¢dasze Ha

1 .
ETE OT BOJHBI, MOJXIPU30BAHHONU B IINIOCKOCTH XOZ, T.C. @, —(Py ZETE.

Ecnyn amMImutyabl 3TUX BOJIH OJUHAKOBBI (Ax =4, = A), TO BekTop E B

a000#1 Touke z OyneT Bpamarbecs B MIOCKOCTH x0y NPOTHUB 4YacoBOM

CTPCJIIKH, OCTAaBasACh HCU3MCHHBIM I10 MOIYIIIO. HaHpHMep, B Touke z=0
HNMEEM

E_(t)= Acos(wt+¢,) (1.48)
Ey(t):Acos(ootJr(px—%njzAsin(cot+(px). (1.49)

Takyto BOJHY Ha3bIBAIOT MOJISIPU30BAHHOM O KPYTY WJIHA HUPKYJISIPHO
nosisipuzoBaHHoM. Kornma mpu HaOMIOJEHUM HABCTPEUy BOJIHE BpaIllCHUE
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BekTopa E B (QUKCUpPOBAHHOW IIJIOCKOCTH TPOUCXOJUT TakK, Kak B
paccMOTpeHHOM Tipumepe npu z =0, T.€. MPOTUB YACOBOM CTPEIKH, TO
TOBOPAT O BOJIHE JIEBOM KpPYroBou mnoJisipu3zanuu. [IpaBas kpyrosas
MOJIIpU3AIUsl COOTBETCTBYET BpAIllEHHWIO BeKTOpa B (UKCHUPOBAHHOU
IJIOCKOCTH Z = cOonst B HANPABJICHUU YaCOBOM CTPEIIKU:

E_(t)= Acos(ot +¢,) (1.50)

Ey(t)zAcos(oat+(px+%n):—Asin(wt+(px), (1.51)

1
T.C. BOJHA E (t) oIepexaer 1o ¢ase BOIHY £ (t) Ha En.

Ha mpaktuke s npeBpalieHus: JUHEHHO MOJIIPU30BAHHOTO CBETA B
CBET C  KPYrOBOM  TNOJSPU3ALMEH  MCIOJB3YIOT  AHU30TPOIIHBIE
KPUCTAJTIMYECKUE TUIACTUHKH, B KOTOPBIX JIBE BOJIHBI C OPTOrOHAJIbHBIMU
HaIpaBJICHUSIMHU JIMHEWHOW TOJSIPU3AIMU HMMEIOT pa3finuHble (Pa30BbIC
ckopocTu. [Tog0opoM TONMIIMHBI JIACTUHKA MOKHO TOJIYYUTh Ha BBIXOJIC
3aIaHHYI0 Pa3HOCTh (Da3 PTUX BOJH U T€M CaMbIM TPEOYyEMOE COCTOSHHUE
MOJISIPU3AIU Y.

IIpu ncnonp3oBaHuM KoMmIuIekcHOU 3anucu B Buje (1.46) u (1.47) nns
CKJIaJIIBAEMBbIX BOJH C OPTOTOHAJIBHBIMU HAaNpPaBICHUSIMU JIMHEHHOU
NOJISIPU3ALMU PE3YJIbTUPYIONIAs BOJIHA MMEET JIMHEHHYIO MOJISPU3AIUIO,
€CJM OTHOIICHWE KOMIUICKCHBIX aMIUMTYR £, K E;, BbIpaxaercs

BEIIECTBEHHBIM YHCJIOM. Pe3ynpTHpylomas BOJHA HMMEET KPYTOBYIO
MOJISIPU3ALNIO, €CJIM OTHOLICHUE KOMIUIEKCHBIX aAMIUIMTY] OIPENEIACTCS

E

0 .U .

MHHUMBIM YHUCJIOM, 110 MOJAYJIIO paBHBIM CIWHUIIC. HpI/I —r = eXp ZE =1,
0x

E
0 :
BOJIHA OyJeT MMETh NPAaBYI0 KPYrOBYIO MOJSPHU3ALMIO, A IIPH — > = —i —

0x
neByto. B oOmieM ciiydae mpu HaJIOKEHUM CBETOBBIX KOJIEOAHHWH BO
B3aMMHO TEPIECHAUKYISPHBIX IJIOCKOCTSIX KpUBasi, KOTOPYIO OIKCHIBACT
koHel] BekTopa E B mpon3BoJibHOM (PMKCUPOBAHHOM MJIIOCKOCTU Z = COnst ,
ABJISIETCA T€OMETPUYECKMM MECTOM TOYEK, KOOPJIUHATHI KOTOPBIX
ONPENEISIIOTCS YPaBHEHUSIMU BUA!

E.=A_cos(t+o,) (1.52)
E, =4, cos(r+(py) (1.53)
E_=0. (1.54)

3necey T =kz —ot.
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Jlnst Toro, 4ToObl MCKIOUMTH T W3 ypaBHeHuu (1.52) u (1.53),
MepenuIleM UX B BUJIE:

A—x = COSTCOS(, —SINTSINQ, (1.55)
E, o

—= =C0STCOS(, —sIinTsingQ,. (1.56)
y

ITpu sTOoM

ﬂsin(p —ﬂsin(p :cosrsin((p —(p)

A, Y 4, ¥ yooma

ﬂcoscp —ﬂcoscp :sinrsin((p - )

Ax y Ay X y X

Bo3Benss B kBajpaT JIeBYyI0O W MpaByl0 YacTU STUX YpaBHEHUH U

CJIOXKHUB ITOTYyYEHHBIE BEIPAKECHHSI COOTBETCTBYIOIINX YacTeH, UMeeM
2 2
E E E . E "
4] 2 =272 YcosS=sin"J, (1.57)
x v x Ay
rie 3=¢,—0¢,. Bopaxenne (1.57) mperncrasuser coOoil ypaBHEHHE
KOHWYECKOro  cedyeHus. M3BectHo, 4YTO  KBaapaTuyHas  Qopma

Ax* +2Bxy+Cy* = H O6Oymer OIUIMNTHYECKOHM, €CIH AHCKPHMHHAHT

dbopmbl D = AC - B >0.B paccMaTpuBaEMOM CIIy4ae COOTBETCTBYIOIIUN
JTWCKPUMHUHAHT PaBeH

2 .2
1 cos“d sin” 9o
T2 42 4242 242

A4, A4, A4,

Takum obpazom, ypaBHeHue (1.57) onmuchIBaeT 3JIIUIIC, BIMCAHHBINA B

MPSAMOYTOJBHUK, CTOPOHBI KOTOPOTO MapaJUICIbHBI OCAM KoopAauHat Ox u
Oy n umeroT amuesl 24, u 24, kak nokasaHo Ha puc.l.6. Ilonxoxus B

>0.

ypasaenun (1.57) Bemnmumny E, = 4, nonydaem E, =4, cosd, a mpu
E,=4, mnonyyaem E, =A,c0sd, T.. OIIUNC Kacaercs CTOPOH
IPAMOYTOJIbHUKA B TOYKAX (i A.,t A, cos 8) u (i A, coso, £ Ay). B srom

cillydyae TOBOPST, UYTO BOJHA, onuckiBaemasi ypaBHeHusimu (1.52)—(1.54),
JUTANITUYECKH TOJsipu3oBaHa. B oOmeM ciaydae ocu 2juIdIica He
napamiesbHel ocsim Ox u Oy .

25



24

A\

y //
vOON
24 \

X

< »
-« Ll

Puc.1.6. Snnuntuyeckn nonapmnsoBaHHasa BOMHa
ITycte Op 1 Ov — HOBBIE OCH, COBIIQJIAIONIME C OCSIMH DJUIWIICA, a

V) (O <y < 71:) — yroJI My OChl0 OX W HampaBJCHUEM TIIaBHOW ocu O,
KaK MoKa3aHO Ha pucyHke. [Ipn sTom KomroHeHTHl E, u E| CBf3aHBI C

KOMIOHCHTaMU £, 1 E,, COOTHOLICHUSIMH
E, =E cosy+E, siny (1.58)
E,=-E siny+E cosy. (1.59)
Ecmu 2a u 2b (a>b) — Anuub! ocei duMIca, To ypaBHEHHeE JIUTHTICA
OTHOCHUTENBHO ocell O u OV MOYKHO 3allucaTh B BUJIE:
E, =acos(t+q,) (1.60)
E, =bsin(t+q,). (1.61)
YToOB! ONpenenuTh aMIUIUTYAbl a U b, IpUpaBHIEM B pa3BEPHYTOM
Bujie npaBbie yactu ypaBHeHuu (1.58) u (1.60) u ypaBHenuii (1.59) u
(1.61). ITpu sTOM, yuntsiBas Beipaxenus (1.52) u (1.53), monydaem
a(cos TCOS (P, —SIn Tsin (po) = cos 1|4, cos, cosy + 4, cos@,, sin \|/)—
—sin 1:(/1)C sin@, cosy + A, sin@,, sin \p),
b(sin TCOS (P +COS TSIN @, ) = COS I(Ay cos @, cos\y — 4, cos ¢, sin \p)+
+ sin ’C(Ax sin@, siny — 4, sin@, cos \u).

[IpupaBuuBas K03GGUIIMEHTHI IPU COST U MPH SIN T, UMEEM

acos@, = A, cos@, cosy + A, cos@,siny, (1.62)
asin@y, = A, sine, cosy+ 4, sine, siny; (1.63)
bcos@y = A, sin@, siny — A4, sing, cosy, (1.64)
bsin@y =—4,cos@, siny+4,cos¢, cosy. (1.65)
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Bo3Benst neBble W MpaBble 4YaCTU ATUX YpPaBHEHUW B KBaApar u
MOCJEA0BAaTEIbHO CKJIQ/IbIBasi MOJYyYEHHBbIE 4YacTH ypaBHeHuil (1.62) wu
(1.63) u ypaBHenuii (1.64) u (1.65), Haxoaum, 4TO

a® = A’ cos® y + Ay2 sin® y — A, A, sin 2y cos?,
2 2 2 2 2 -
b” = A; sin” y+ A4, cos” y— A, A, sin2ycosd,
rae 6 =¢, —,. Orctoza cnefyer, 410
2, 2 2, 42
a”+b" =4, +4,. (1.66)
IlepemHOXUB JieBbIe U TpaBbie 4yacTu ypaBHeHu# (1.62) u (1.64) u
ypaBHeHuit (1.63) u (1.65) W CJHOXHMB COOTBETCTBYIOIIME YacTHU
MOJTYYECHHBIX BBIPAXKECHUM, UMEEM
tab=A,A,sind. (1.67)
Hannuue nByx 3HakoB B ypaBHeHUHU (1.67) onpenensieT BO3MOKHOCTh
JBYX HallpaBlieHUW BpamieHusi Bektopa E, KOHEI KOTOpOro ONMCHIBAET
AILTHIIC.
[lonenuB JsieBble W mnpaBble YacTu ypaBHeHud (1.64) u (1.65)
COOTBETCTBEHHO Ha JIEBbIE€ W MpaBbie 4yacTu ypaBHeHui (1.62) u (1.63),

[0JIy4aeM
N b Asmoe,siny—A, sine,cosy _

a A, cosp,cosy+A4,co80,siny

— A4, cos, siny + A, cos@, cosy

A, sing, cosy + 4, sin@, siny
Ortcrona cnenyer, 4ro
2 .2 . . . .2
Ay sin" @, sinycosy+ A, A, sme, sing, sin” y —
. . 2 2 .2 . .

— A, A, sin@, sin@, cos” y — A, sin” ¢, sinycosy =

2 .2 - 2
=—A, cos” @, sinycosy + A, A4, cosp, cosp,cos” Y —

. 2 2 2 -

— A, A, cos@, cos@,sin” y+ 4, cos” @, sin\yCosy.
[IpeoOpa3zoBaB 3TO BeIpaXKEHUE, OJIyIaeM
(Af — Ai ) sin2y =24, A4, cosdcos2y.
Ortcrona cienyer, 4To

g2y = s (1.68)
=—> 2 cosd. .
0O603HaYNM A—y =tgo, e 0< o < g

X
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[Ipu 3ToM ypaBHeHue (1.68) MOKHO IpeCTaBUTH B BUJIE:

2t 2si
tg2\|/=i(§c058= szmoccc.)s;x CoSd
l-tg”a cos“a—sin” a
WU
tg2y =1g20.cos0. (1.69)
N3 Beipaxenuii (1.66) u (1.67) caenyet, uto
2 24,4, | 2 . . .
+— ab > =— y2 smS:LOZLsmS:%macosocsmS
a”+b" A +4, l+1g7a
WU
2ab
+——— =sin2asinJd. 1.70
a’ +b? ( )

4
yroj, MpU H3TOM YHCICHHOE 3HAUYECHHE [(g) ONpEAeNsieT BEIUYUHY

b T o .
O6o3HauuM *+—=tgy, TIe Y |—-——<yx< Z — BCIIOMOT'aTE€IbHBIN
a

OTHOILIEHUSI OCEH AJUINICA, a 3HAK NPU Y XApaKTEPU3YET JIBa BapUaHTA,

KOTOpbIE MOKHO HCIIOJB30BaTh MpHU ONMucaHuu suuica. [lpu sTom
BeIpaxkeHue (1.70) MOXKHO MpeICTaBUTh B BUJIC:
sin 2y = sin2asind. (1.71)
Wrak, ecin 3amaHbl BeJIWYMHBL A, WU Ay, OTHOCSAIIIECST K

. T
IPOU3BOJILHOMY TOJIOKEHUIO oceid, pa3HoCcTh ¢a3 O u ecau 0 <o < 5 TO

[JIaBHbIC TIOJIYOCH BJUMIca a W b u yron v (0 <y < n), KOTOPBIU
OombIIas OCh IITUIICA 00paszyeT ¢ ockio Ox, onpenenstoTcs GopMyIaMu:

a’ +b* =47 + A4; (1.72)
tg2y =1g20.cos 0 (1.73)
sin 2y =sin 20sin . (1.74)

C npyroit CTOpOHBI, €CJI U3BECTHBI JUIMHBI OCEH a@ U b M OpUeHTalUs
sunrnca (T.€. 3aJlaHbl BEJIMYUHBL @, b U ), TO 3TU POPMYJIbI MO3BOJSIOT

HaWTH aMIUIUTYIbl A, U Ay 1 pa3HocTh (a3 . CyIIecTBYIOT ONTHYECKUE
YCTPOWCTBA, KOTOPBIE IMO3BOJISIIOT OMNPEACISATh 3TH BEIUYHHBI TPSIMBIM
CITOCOOOM.

B mpenenpHBIX Clydasx 3JUIHIC MOJISPHU3AlUA BBIPOXKIASTCS OO0 B
npsIMyt0, JU00 B OKpYKHOCTh. CorjacHo BeipaxkeHuto (1.57) smnumnc
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BBIPOXKIAETCSL B OpsMyto mpu d=¢, —@, =mn, rae m=0,t1 £2,K.
E A

I1 — =(-1)" =
Py OTOM — (-1) y

X X
B stom ciiydae mmeeM JIMHEWHO IMOJSPU30BAHHYIO BOJHY. B TOM
Cllyyae, KOIJa DIUIMIIC BBIPOXKIAETCA B OKPYXKHOCTb, UMEEM KPYTOBYIO
NOJIIPU3ALMIO BOJIHBI. BIIOJIHE OYEBUIHO, YTO YCIOBHUEM JTOTO SABIIAECTCA
npeoOpa3oBaHME ONHUCAHHOIO INPAMOYIOJbHUKAa B  KBajapar, uYTO
DKBHBQJICHTHO BBIPAaBHHBaHUIO aMruntyn: 4, =4, =A. Kpome Toro, B

ATOM CJIy4ae OJIMH U3 KOMIIOHEHTOB BEKTOpa E TOJKEH PaBHATHCS HYIIIO,
KOrJla APYrod JOCTUTaeT MAaKCHUMaJbHOrO 3HaueHud. [locimennee ycimoBue

SKBUBAJICHTHO PABEHCTBY: O = P, =0, = i(2m — l)g, rne m=1,2,3,K .

[Ipu cobOnroneHnn Ha3BaHHBIX yCaoBUM ypaBHeHuE (1.57) npuHuMaet BUA
YPaBHEHUSI OKPY>KHOCTH:

2, 2 2
E +E, =4".

B cimydae nmpaBoii nonsipuzanuu sind > 0.
ITpu sToM

8:g+2m7c,rz[e m=0,+1,+2,K ;
E. =acos(r+(px),
T .
E, =acos(1:+(px+§+2mnj=—asm(r+(px).

[Ipu neBoit momsipuzanuu sind < 0.
IIpu 3TOM

6:—§+2mn, rme m=0,+1, +2,K ;
E. =acos(t+¢,),
e .
E, =acos(r+(px —E+2mnj=asm(r+(px).

Ecmu BMecTO BCIICCTBCHHOI'O IMPCACTABJICHUA KOMIIOHCHTOB BCKTOpPA

E wmcnonp30BaTh KOMILJIEKCHOE:!
Ex = Ax eXp[i(T + (px)]’
E, =4, exp[i(r + (py) , TO
E A A
E_y = A—yexp[i(r +Q, —T— (px>]= A—yexp(iéi)

x X X
nJIn
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E A4
E_y = exp(id).

X X
3HAU€HHUE HTOr0 OTHOLICHUS TO3BOJISIET Cpa3dy K€ ONpPEaeiNTh
XapakTep MOJApU3ALINU:
— JMUHEWHAs MOJIIPU3aIus AIEKTPOMAarHUTHOW BOJIHBI, €Cld O = £mT,
roe m=0,1,2,K ; npu 3Tom
E A

Y (=)L
E)C ( ) Ax,

— IIpaBasa KpyroBasd IIOJIAPHU3AIUA BJICKTpOMaPHPITHOﬁ BOJIHBI, CCJIN

4,=4, 6:g+2mn,rﬂe m=0,t1,£2,K ; npu 3TOM

E, .(TE j (n] :
—==exp|i| —+2mn ||=exp|i— |=i;
E, { 2 2

— JIeBasl KPyroBas NOJISIpU3anus JIEKTPOMArHUTHOW BOJIHBI, €CIIN

4, =4,, 8=—g+2mn,rﬂe m=0,+1,+2,K ; npu 3TOM

Ex ‘( TC j ( .ch .
—~=exp|i| ——+2mn | |=exp| —i— |=—1.
E, 2 2

MoXHO MoKa3aTh, 4TO B OOLIEM cCllydae JJid MPaBOM JITUINTUYECKON
E

noJiApu3anu MHHUMAasA 44CTb OTHOIICHMUA —L IIOJIOKUTCJIbHA, TOTrJa KaK

X
JUIsL JIEBOM SJUTUNTUYECKON TOJsipyU3alvu oHa oTpuuarensbHa. Ha puc.1.7
MOKa3aHbl AJUTUIICHI TTOJISIPU3AIINU TIPU Pa3HBIX 3HAYCHUSX O .

74

0=0

AN

O0=T n<6<3—n 8:3—TE 3—71'-<8<27r
2 2 2

Puc.1.7. SnavnTuyeckas nonspusaums Npyu pasnuuHbiX 3HaYeHnsX pasHocTu das O
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1.4.2. XapakTtepuctmka COCTOSHMA nonspusaunmm C  NOMOLLbIO
napameTpoB CTOKCa

JIns  XapakTepUCTUKHM HIUIMICA MOJSpU3alMd  HEOOXOJUMBI TpHU
HC3aBHUCHMBIC BCJIMYHMHBI, K KOTOPBIM H3 YK€ PACCMOTPCHHBIX MOKHO
OTHECTH aMIUTUTY/bl A, U A, ¥ pa3sHOCTb (a3 & MM Manyro U OOJbIIYIO

MOJIyOCH DJIJIUTICA @ W b W yroa , XapakTEepU3YIOUIUNA OpPUEHTAIUIO

unca. Jins mpakTUYecKUX UeNed COCTOsHUE NOoJspu3aluuu  yA0OHO
XapaKTepu30BaTh NapaMeTpamu, 00JaJalouMMI OJUHAKOBOM (pu3nueckon
pa3MepHocThio. Takue mapameTpbl ObLJIM BBEIEHBI aHTTIMHCKUM (PU3HKOM
u mareMatukoMm Jxxopmxem ['abpuenem Ctokcom B 1852 rogy mpu ero
UCCIIEIOBAaHUAX YaCTHUYHO MOJIApU30BaHHOTO cBeTa. [lapamerpamu Crokca
JUISL TUIOCKOW MOHOXPOMATHMYECKOM BOJHBI CIYKAT CIEAYIOIIME YEThIPE
BEJINYMHBI:

So=A; + A (1.75a)
sy = Ay — A (1.756)
Sy =24, A4, cosd (1.758)
$3=2A4,4,sn3. (1.751)

JIumb TpU U3 ATUX BEJIWYMH HE3aBUCUMBI, TaK KakK CIPABEIUBO
TOXJECTBO
2_ 2,2, 2
N3 Beipaxkenus (1.75) cnenyer, 4yTo mapameTrp s, MPONOPLIMOHAIEH
WHTEHCUBHOCTH BOJIHBI.

Hanomuum, uTo A_y =tga. [Ipu a3Tom u3 cootHomenus (1.75) nmeem

X
2

so= 2| 142 |2 £14ig70)
X
ITomyyeHHOE  COOTHOIIEHWE  MO3BOJISIET  BhIpakeHue  (1.74)
npeoOpa3oBaTh K BUAY:

AZ

COS2 o

_ 5 _ , A A, 4,4, sind
sin 2y =2cos” ougosind =2cos” o.——=sind=2————.
YuuteiBas npu 3ToM BeipaxkeHue (1.75r), nonyyaem
Sy =8,sIin 2y . (1.77)

B pesynbrate mnoxacraHoBku cootHomenuit (1.750) u (1.75B) B

BbIpaxkeHue (1.68) umeeM

S, = S|tg2y . (1.78)

So
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[ToncraBum cootHotenus (1.77) u (1.78) B Beipaxkenue (1.76):

S¢ = S{ +s7tg? 2y +s; sin® 2y

OTcroga HaXoIUM, YTO

§] =8, C0S2y cOos2y . (1.79)
[1pu 5ToM BeIpaxkenue (1.78) MOKHO MPeEICTABUTh B BUJIE:

S, =S, C0S 2y sin 2y .

Hrak,

§; =8, COS 2y COS 2y (1.80a)
§, =8, COS 2y sin 2y (1.800)
Sy =8, sIn2y. (1.80B)

Orcroga ciemyer, 4To mapameTpsl §;, S, U S3 JOCTaTOYHO NMPOCTBIMU
T T
COOTHOIIICHUSIMU CBSI3aHBI C YIJIOM Y —ZS X< Z , XapaKTEpU3yIOIHUM

IUTANITUYHOCTH TOJISIPU3AIlMU W HaIlpaBJI€HUE BpAIEHUS DJIEKTPUUYECKOTO
BekTopa, M ¢ yrmoM  (0<\y <T), XapaKTepH3yIOIUM OpPHEHTAIIHIO
AIUTUIICA.

o\

X

Puc.1.8. lNpencraBneHne CoOCToAHUS nonsipmMsaumm MOHOXPOMAaTUYECKOM BOSTHbI MO
MyaHkape (cdepa NyaHkape)

[Tonyuennsie Boipaxenus (1.80a)—(1.80B) ompenensitoT BO3MOXHOCTh
IPOCTOTO0 TE€OMETPUUYECKOTO TPEACTABJICHUS PA3IMYHBIX COCTOSHHUM
noJysipusanuu: napamerpsl Crokeca s;, s, U §; MOXKHO paccMaTpuBaTh Kak

JI€KapTOBbI KOOPAMHATBI TOUKU P Ha cepe X paauyca S, IPUIEM YIJIBI
2y U 2y SABISAIOTCS CPEPUUYECKUMHU YTJIOBBIMH KOOPJAMHAaTaMU 3TOMH

TOYKH, KaK Moka3aHo Ha puc.l.8. Takum oOpazom, KaxkI0My BO3MOKHOMY
COCTOSIHUIO TOJISIPU3ALUU TIJIOCKOM MOHOXPOMATUYECKOW BOJIHBI 38 IaHHOU
HUHTECHCUBHOCTHU (SO :const) COOTBETCTBYET OJHA TOYKa Ha cdepe X H
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HaoOopoT. Tak Kak 3HAK yryia 7y OIpeaeseT HalpaBlIeHUE BpaICHUS

BEKTOpa, TO, Kak cieayeT u3 BoIpakeHus (1.80B), mpaBas mossspusaiius
NPEACTABIISIETCS. TOYKAMU HAa TOBEPXHOCTH X, JEXKAIIUMHU BBIIIE
HKBATOPUATBHON IIOCKOCTH (TUIOCKOCTH X)), @ JI€Bas MOJSpU3ALUs —

TOYKaMH Ha MTOBEPXHOCTHU X, JIEKAIUMH HUKE ITON TIIOCKOCTH.

JIJist AMHENRHO TOJISIPU30BAHHOTO CBETa Pa3HOCTh (a3 O paBHA HYIIO
WIM 4YuCily, KpaTHoMy 7. B coorBerctBuM ¢ BblpaxeHueM (1.80B)
napamerp Crokca s, paBeH Hymo, ecin y=mmn, tae m=0,+1,£2 K .
Takum oOpa3oM, JHMHEHas TMOJSIpU3alMg MPEJACTABIACTCA TOYKAMHU
OKPY>KHOCTH B 3KBATOPHAIBHOW IUIOCKOCTH. JJIsi KpyroBOM MOJISIpPU3ALUU

o T o
A, =A, ¥ TpH MPaBOA MOJSIPU3ALUH YrOJ 625, a nOpu JIEBOH

T
MOJISIPU3AIUMN YTONl O = 5 [Ipu 3TOM B COOTBETCTBUH C COOTHOLIEHUEM

(1.74) sin2y =+1. CnegoBaTenbHO, IpaBas KpyroBas NOJISIpU3ALUs
TPEJICTABIISETC CEBEPHBIM TMOMOCcOM (s, =s, =0,5,=5,), a JeBas
KPYroBas HONAPH3AIMS — I0XKHBIM HOIOCOM (s, =5, = 0, 53 = —5, ).

PaccMoTpeHHOE = reoMmeTpuyeckoe — MPEACTABICHUE  PA3IMUYHBIX
COCTOSTHUU TIOJIIpU3allMM  TOYKaMHU Ha cdepe ObUIo  MpeayioKeHO
dbpaHy3ckuM MaTeMatukoM, (uszukom u dumocodhom Kronem AHpu
[Tyankape. OHO Ype3BBIYAMHO TMOJIE3HO B KPUCTAUIOONTUKE IS
ONpeAeNieHUs]  BIMSHUS ~ KPUCTAUNIMYECKUX  CpPed Ha  COCTOSIHUE
noJisipu3aluu mpoxopsmero udepe3 Hux cBera. Cdepa X HaszbiBaeTcs
ctepoit [Tyankape.

1.4.3. XapakTepucTmKa COCTOSHMUA nonsapusaumm KBasmMoOHOXpoMa-
TUYECKOW CBETOBOM BOJTHbI C MOMOLLLI0 NapameTpoB CTokca

HNrak, cTporo MOHOXpOMAaTUYECKHU CBET BCErAa IOJSPU30BAH, T.€.
KOHEI[ 3JICKTPUYECKOro (WJIM MArHUTHOTO) BEKTOpa B KaXIOM TOYKe
INPOCTpaHCTBA ABHMIKCTCA ICPUOAUMYCCKHU, OIIMChIBAA JJLIMUIIC, KOTOpBIfI B
0COOBIX ClIydasax HCpCxXoJUT B KPpyr WK IPAMYIO JIMHUIO. B tom ciydac,
KOraa KOHCIH, BCKTOpPa ABHIKCTCA COBCPHICHHO HCPCIYJIAPHO M HHKAKHC
CBCTOBBIC KOJIeOaHus HE HNMCIOT HHUKAaKNXx NPpCUMYIICCTBCHHBIX
HANpaBJICHUH B IUIOCKOCTH, TNEPIEHINKYJSIPHOM K  HAIPaBJICHUIO
paclpoOCTpPaHEHHUs], CBET HA3bIBAETCS HEMOISPU30BAHHBIM. JTH JBA CIy4dasi
OTHOCATCA K SKCTPCMAJIbHBIM. B O6IJ_IGM CJI1ydaC USMCHCHHEC BCKTOPOB I10JIA
HC ABJIACTCA HHW BIIOJIHC PCTYJIAPHBIM, HHM BIIOJHE HCEPCTYJAPHBIM; IIPpHU
9TOM MOJKHO CKa3aTb, YTO CBCT YACTUYHO IIOJISIPHU30BAH. OOBIYHO TakKoOM
CBCT MOJYYACTCA U3 HCIIOJIAPHU30BAHHOI'O ITPH OTPAKCHUU HUJIN PACCCSIHHUU.
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PaccMoTpyM KBa3MMOHOXPOMATHYECKYIO CBETOBYIO BOJIHY CO CPEHEN
9aCTOTOM  CBETOBBIX  KONEOAHMH  V,  pacHpOCTPAHSAIOUIYIOCA B
MOJIOKHUTENFHOM Hampasiennun ocu z. Ilyetes E (t) n E » (t) — nBa

B3aMMHO OpPTOTOHAJIBHBIX KOMIIOHCHTA OJICKTPHUYCCKOI'O BCKTOpa B

HEeKoTOpoll  Touke (O,  TNEPHEHIUKYJISPHbIE K  HaIpPaBJICHUIO
pacrpocTpaHEHHUS.
ITpu 3TOM
E(t)= A,()explifo. (1) - 2ve] | (1.81)
E,(t)= 4,(t)explilp, () - 2nv] | (1.82)

B O0onbIIMHCTBE U3BECTHBIX MPUJIOKEHUHN CIEKTPAIbHBIE aMIUTUTYIbI
CBETOBBIX KOJICOAHUW 3aMETHO OTJIMYAIOTCS OT HYJS JIUIIb B YaCTOTHOM
VMHTEPBAJIC IUPUHON AV, MaJOM I10 CPABHEHHIO CO CPEIHEN YaCTOTOM V.

1
[Ipu 3TOM AfAvV ~4—, riae At —BpeMsi KOTEPEHTHOCTH CBETA. 3aMETHUM,
T

yTo TIpu  Av zK BeIMUMHA Af omnpenenser IMTEIbHOCTh OJHOTO
t

BoJHOBOrO Ityra. IIpu Af — oo wacToTHbIl uHTEpBan Av — 0, T.e. mpu
3TOM HMEEM MOHOXpoMaTuyeckuii cBeT. Ecim Obl cBET OBLT CTpPOTO
MOHOXPOMATHYECKMM, TO Benanuudsl A, A, ¢, #u ¢, ObuM OBl

IIOCTOAHHBIMUA. JJI1 KBa3MMOHOXPOMAaTUYECKOU BOJHBI 3T BEJIUYUHBI
3aBUCSAT TAaK)K€ OT BPEMEHU f, HO 3a JII000N MHTEPBAJl BpPEMEHH, MaJblid O
CPaBHEHUIO C BPEMEHEM KOIE€PEHTHOCTH, UX HU3MEHEHUE OTHOCUTEIILHO
HEBEJIUKO.

IIpennonoxkum, 4TO 3amas/bIBAHNEe KOMIIOHEHTA E |, 3JIEKTPUYECKOro

BCKTOpa OTHOCHUTCIIbHO KOMIIOHCHTA E x paBHO &, YTO MOXHO

OCYIIIECTBUTHh C TIOMOINBIO TMpHOOpa, HA3BIBAEMOI'0 KOMIICHCATOPOM, H
ONpPEAEIUM UHTEHCUBHOCTDH [ (9, 8) CBETOBBIX KOJIEOaHMI B HaAIPaBJICHUH,

KoTOpoe oOpa3yeT yroys 0 C MOJOXHUTEIbHBIM HalpaBICHUEM OCH X.
Takue konmebGaHusT MOXKHO  BBIICNUTH, TPOIMyCKass CBET  uepes
COOTBETCTBYIOIIIUM 00pa3oM OPHEHTHUPOBAHHBIM ToJisgpu3aTop. Bmonne
OYEBHJIHO, YTO CKBO3b IMOJSPU3ATOP MPOUIYT KOJeOaHUs, OnpeaeiseMbie
NPOCKUUSIMH KOMIIOHCHTOB £, M £, Ha COOTBETCTBYIOLIECE HAIPABICHHE,

T.€. MOZIYJb 3JIEKTPUYECKOTO BEKTOPA IOCIIC BBEICHHUS 3alla3[bIBaHUA &
MOYHO 3aIHCaTh B BUJE:
E(t;0,e)=E, cosO+E, exp(ie)sin®, (1.83)

IIpu 3TOM HHTCHCHUBHOCTB CBCTA
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1(6,¢)= <E(t; 0,e)E"(t; 0, 8)> =J, cos’ 0+, sin’ 0+

(1.84)
+J, exp(— ig)cosOsin O + J expl(ie)sin O cos 0,
rae J,. ,K —53jeMeHTBl MaTpulbl
. (E.E})E,E)) i
(E,E)E,E,) (1.55)
(42) (4.4, explilo, - 0.)]) |
(4.4, expl-i{0, -0, )]) (43)

3nech CKOOKamu <> 0003HAYEHbl YCpPEIHEHHBIE 10 BPEMEHU

BCIIMYHNHBI.
I[I/IaFOHaHBHLIC JJICEMCHTHI MaTpHuIbI J BCILICCTBCHHBI u

NPEACTABIIIOT  COOOM HMHTEHCUBHOCTH KOMIIOHEHTOB FE. U Ey

3JIEKTPUYECKOro Bekropa. CiieqoBaTesibHO, Wiyp S,J 3TOH MaTpHLBL, T.C.

CymMMa €€ JHArOHAJIBHBIX JJIEMEHTOB, PAaBEH IIOJHOM HWHTEHCUBHOCTHU
CBeTa:
* *

S, =J o+, =(EE)+(E,E)). (1.86)

HenuaronaiibHble 37€MEHTHI B OOIIEM Cilyyae KOMIUIEKCHBI, HO OHU
ABIISIIOTCS  KOMIUIEKCHO-COTPSKEHHBIMU.  3aMETHUM, YTO MaTpula, s

s * . . ~r .o

KoTOpoH J,; =J,; Tpu BceX i M j, Ha3bIBAacTCA ISPMHUTOBOU. BBeném

HOPMHPOBKY CMEIIAaHHOTO WieHa J,,, moJyaras

exp( xy) r \/7

Hcnons3yss HepaBeHcTBO IlIBapiia, MOXHO MOKa3aTh, YTO ‘ny

o =My

<1.

KoMruiekcHbIi  KOOQGHUUMEHT — KOppeIsSIMA [,  CIYXHT  MEpOii
KOpPpEISIIUA MEXIY X- U ) -KOMIOHEHTAMH BJEKTPUUYECKOIO0 BEKTOpa.

CITy)KMT MEpO¥ X "CTEIeHH KOrepeHTHocTH", a (asa f,,

Monaynb ‘ny
3Toro ko3ddunmenta — mepoir ux "sdpdextuBHON pazHoctH  (Daz".

Marpuna J Ha3bIBaeTCAd MaTPUIECH KOTE€PEHTHOCTH CBETOBOW BOJIHBI. Tak
Kak J,. u J 5y HE MOryT OBITh OTPHUIATEIbHBIMH, TO NPHUBEIEHHBIC

COOTHOIICHUA O3HAa4Yar0T, 4YTO OHpe,Z[eJII/ITCJ'IB MaTpulbl KOI'CPCHTHOCTU

HEOTpULIATENEH, T.€. ‘J‘ ey =yl 0. DIEMEHTHI  MaTpHIBI

KOT'CpCHTHOCTH BaI[aHHOI/I BOJIHBI MOXHO OIPCACIUTL C€ IIOMOIIBIO
OTHOCHUTCJIbHO IIPOCTBIX JSKCIICPUMCHTOB. I[J'IH 9TOTI0O H€O6XOI[I/IMO JINITb
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U3MEPUTh HWHTEHCHUBHOCTH JUISI HECKOJBKHX PA3JIMYHBIX 3HAYCHWH O
(opueHTanuu mnojspuzaTopa) W € (3amazAbiBaHUs, OOYCIOBJIEHHOIO
KOMITEHCATOPOM) M PEIINTHh COOTBETCTBYIOIIHNE YPAaBHEHWS, TOTyICHHBIC
u3 BoeipakeHus (1.84).

Ilycts [ (9, 8) 0003HaYaeT pe3ysibTaT U3MEPEHUS, COOTBETCTBYIOIINI

OnpeIeIEHHON Mape 3HaYeHUH yIiioB O U €, KOTOPYIO 0003HAYUM B BUJIE:
{6, £}. Y106HO HCIIOTB30BATH CIEYIONIHE HX 3HAUECHHS:

0°,0%, {45°, 01, {90°, 0%, {135°, 0%, 4450, =1 J1350 U
2 2

N3  Beipaxenuss (1.84) cremyer, dYTO BJIEMEHTHI  MaTPUIIbI
KOTEPEHTHOCTH BBIPAXKAIOTCA YEPE3 HWHTCHCUBHOCTH, IIOJIYyYECHHBIE B
pe3yJibTaTe M3MEPEHUM MNpU IIECTH COYETAHMSX YKa3aHHBIX 3HAYCHUU
BeJmunH O U € B BUIE:

J.. =1(0°,0),

J,, =1(90°,0),

| 1 T T
J. =—|[1(45°0)-1(135° —i| I 45°,— |- 1| 135°, —
2[( s ) (35 70)]+2l_ ( 5 ’2) (35 ’2)_

-

Xy

(1.87)

yx

1 1] T )]
J,,=—=[1(45°,0)-1(135°,0)|——i| 1| 45°, = | = 1| 135°, — | |.
Jlitase.0)-1035%.0]1-Ji 1 452 3 =135, 7|

/

Otcrona cienyer, 4yTo Uil ONpEeACIICHUs dJIEMEHTOB MaTpuuel J, ., J w

M BELICCTBCHHOW 4act J,, (wnu J, ) HEOOXOIMM JIMIIb MOJISPH3aTOP.

Bemmuunbl J,, u J,, MOXHO OIPENCIHUTH, HCIONB3YS PE3yIbTAThI
U3MEPEHHI C MOJISIPU3aTOPOM, OPUEHTUPOBAHHBIM TaK, YTOOBI MPOIYCKATh
KOMIIOHEHTbl ¢ asumyramu 0=0° m 0=90° coorBercrBeHHO. Jliid

TMONYYCHUs] BELICCTBCHHOW YacTh J,, HEOOXOAMMBI H3MEPeHHS C
MOJIIPU3aTOPOM, BHAUaje OPUEHTUPOBAHHBIM TaK, YTOOBI OH MPOITyCKall
KOMIIOHEHTY ¢ a3uMyToM 0=45°, a 3aTeM — KOMIOHEHTY C a3UuMyTOM
0 =135°. Jlnst onpesesiennst MEAMO¥ dactu J,, (Win J ), COTIacHo ABYM
nociaeaHuM cooTHouieHusM B (1.87), HE0OXOIUM KOMIIEHCATOP, KOTOPBIit
BHOCHJI OBl Pa3HOCTH (pa3 B 4ETBEPTH MEPHOAA MEXKTY KOMIOHEHTaMU E
u E, (Hanpumep, 4eTBEPTHBOIHOBAs IUTacTuHKa). [lomsipusatop mpu stom
BHauaje JOJDKEH OBbITh OpPHUEHTUPOBAH TakK, YTOOBI OH MPOIYyCKal
KOMIIOHEHTY C a3uMyToM 0 =45°, a 3aTeM — KOMIIOHEHTY C a3UMyTOM

6 =135°. Ilocneanue ABa U3MEPEHUS HYKHBI JIsl UACHTU(GUKAIIUU TTPaBOi
Y JIEBOM KPYTrOBOM IOJIAPU3ALIHH.
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WNrak, mid XapakTepUCTUKA KBAa3UMOHOXPOMATUYECKOM ILIOCKOM
BOJIHBI, BOOOIIIE TOBOPs, HEOOXOAMMBI YEThIPE BEIIECTBEHHBIEC BEJINYUHBI,

Hamnpumep, J,.,J,, , BELIECTBCHHas M MHHUMas 4yactu J,, (wm J yx). B

CBOMX HCCJEAOBAHUAX, OTHOCSIIMXCA K YACTHUYHO TMOJSIPU30BAHHOMY
cBeTy, CTOKC BBEN HECKOJIBKO OTIMYHOE MPEACTABICHUE XapaKTEPUCTUKU
COCTOSIHUS TMOJSpU3AlMA KBa3UMOHOXPOMATHYECKOM BOJIHBI YETHIPhMS
napameTpamu, TECHO CBsI3aHHOE ¢ paccMoTpeHHbIM. [Tapamerpamu Ctokca
00111eT0 BUJIA SIBISIOTCS CIAEAYIOIIUE YEThIPE BEIUUUHBI:

sp=(47)+(47),

= (4)-{4)

(1.88)
§, = 2<AxAy COS 8>,

Sy = 2<AxAy sin 8> ,

e, KaKk u mpexnue, A, u A, — MTHOBEHHbIC aMIUIMTY/BI JBYX B3aHMHO
NEPIEHAMKYISPHBIX KOMIIOHEHTOB SJIEKTPHYECKOro Bekropa E, u E, a
0=¢, — ¢, —pasHOCTb UX (a3. /{11 MOHOXPOMATHYIECKOTO cBeTa A4,, A,

U O HE 3aBUCIT OT BpEeMEHH, IpU 3ToM BhipakeHus (1.88) mepexondar B
napametpsl CTOKCa MOHOXPOMATHYECKOW  BOJIHBI, OMpEACNIIeMbIC
cootHomenusimu (1.75a)—(1.75r).

N3 Beipaxkennit (1.88) u (1.85) crmenmyer, uto mapameTrpsl CTOkca u
9JIEMEHTBI MATPHUILIBI KOTEPEHTHOCTHU CBSI3aHbI COOTHOIICHUSIMU

So =St s )

1= 1.89
S2 :ny+‘]yx’ ( ) )
sy =ild =, );
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Jxx _l(S0+Sl)9
1
yy __(SO_S1)9
1 > (1.90)
ny =—(S2+iS3),
J =l(s —isy).
VX 7 2 3

J

Kak u »1eMeHThl MaTpHIlbl KOT€PEHTHOCTH, MapameTpbl (CTokca
1000 MIIOCKON KBAa3UMOHOXPOMATHYECKOW BOJHBI MOKHO OMNPEACIIUTH C
MOMOII[BI0 MTPOCTHIX IKCIEPUMEHTOB. 1 B 3TOM cliyyae 0003Ha4YUM uepes
1 (9, a) WHTCHCUBHOCTh  CBETOBBIX  KOJICOAHMW B  HaIpaBJICHUH,

obpasyromem yroan 6 ¢ oceto Ox, KOrja KOMIIOHEHT K, 3amasiplBacT Ha

BCIIMYHMHY € II0 OTHOIOCHHMIO K KOMIIOHCHTY E X Torz[a Ha OCHOBAHUH
cootHotienuit (1.87) u (1.90) umeem
so = 1(0°,0)+1(90°,0),
s; =1(0°,0)—1(90°,0),
s, = 1(45°,0)—1(135°,0),

5y = 1(450,8 - 1(1350,2).

[TapameTrp s, ompenenseT IMOJHYKH HHTEHCUBHOCTb. llapamerp s,

| (1.91)

paBE€H Pa3HOCTM WHTCHCHUBHOCTEW JIMHEWMHO TMOJIIPU30BAaHHOTO CBETA,
MPOIIEAIIETO Yepe3 NoJsapu3aTopsl ¢ azumyTtamu 0 =0° u 6 =90°. Tak xe
UHTEPIPETUPYETCS U MapaMeTp S,, HO i a3umMyToB 0=45° u 0 =135°.
Hakonen, mapamerp s; paBeH pPAa3HOCTH HHTEHCUBHOCTEH CBETa,
IPOLIEAIIET0 Yepe3 npudop, MNPOMYCKAIMIMK KojaebaHusi ¢ MpaBou
KpYroBOil moJisipu3aiivieil, W CBeTa, MPONISAIIEro dYepe3 mnpudop,
MPOMYCKAOIIUN KOJIEOaHUs C JIEBOM KPYTrOBOM MOJIsIpU3AIUEH.

WUcnons3ys coorrnomenust (1.90), yenosue J, J,, —J,,J, 20 MOKHO
IPEJICTABUThH B BUJE:

Sg = S;+85+ 53 (1.92)

[lpn cynepno3unuu HECKOJIBKUX HE3aBUCHMBIX CBETOBBIX BOJIH,
pacIpOCTPAHAIOMIMXCS B OAHOM HaIlPaBJIEHUH, MaTpUlla KOI€pEHTHOCTH
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pPE3YJABTUPYIONICH BOJIHBI paBHA CyMME MAaTpHUIl KOTE€PEHTHOCTU JIst
OTACIBHBIX BOJH. YTOOBI J0Ka3aTh 3TO, PAaCCMOTPUM KOMIIOHEHTHI
AIEKTPUYECKUX BEKTOPOB (B OOBIYHOM KOMIIJIEKCHOM IIPE/ICTaBICHUH)

OTAeNbHBIX BomH E, wu E, (n=1,2,K,N). KommoHeHTHI

NEKTPUYECKOTO BEKTOpA PE3YIbTUPYIOIICH BOJIHBI PABHBI

N N
E. :Z_;Exn , E, = Z_;Eyn ,

d, 3HA4YUT, OJCMCHTBI MAaTpHUIbl KOICPCHTHOCTU [JIA 9TOM BOJIHBI
OIpCACIIAIOTCA BBIPAKCHUECM

Sy = (B )= 23 (Bl = Z B+ B (i)
n=l m= n n+m

Tak kak npeamnojaaracrcsa, 4ro BOJIHBI HC3aBUCHMEI, Ka)KI[I)II\/’I YJICH
HOCHGHHeﬁ CYMMbI paBCH HYIIIO H, CJIICTOBATCIILHO,

I :Z'jkhw (1.93)

* ~
rae Jy, =<EknE,n> — DJIEMEHTHI MATPUIBI KOT€PEHTHOCTH 71-OH BOJIHBI.

N3 dopmysr (1.93) cnexyer, 4To MaTpuIila KOTEPEHTHOCTH ISl CIIOKHOM
BOJIHBI paBHA CyYMME€ MaTpHUIl KOT€PEHTHOCTH IJII BCEX COCTaBIISIOIIUX
BOJIH.

CeT, KOTOpbhI 00nagaeT TEeM CBOWCTBOM, 4YTO HWHTEHCUBHOCTH
a000r0  €ro  KOMIIOHEHTa, NEPHEHJUKYJSIPHOTO K  HalpaBJICHUIO
pacrnpocTpaHeHUs, OJMHAKOBA, MPU HTOM Ha STy HHTCHCUBHOCTH HE
OKa3bIBA€T BIIMSHUS HUKAKOE MPEIbIAYIIee B3aUMHOE 3ara3/iblBaHUE
NEPIEeHIUKYJISIPHBIX JPYr APYry KOMIIOHEHTOB, Ha KOTOPBIE MOYHO
Pa3NoXUTh CBET, HA3bIBAETCA IMOJHOCTHIO HEMOJISIPU30BAHHBIM CBETOM.
Jpyrumu cjoBamMu, NpU TakOM CBETE€ JOJDKHO COONIOAATHCS YCIIOBHE
/ (9, s)zconst npu Bcex 3HaueHMsXx O u €. Ero wacro HaswIBaroT

€CTECTBEHHBIM CBETOM.
Kak cnenyer wu3 Beipaxkenus (1.84), uHTEeHCUBHOCTH [ (9, 8) HE

3apucut ot O w g mpu J,, =J, =0 u J, =J, . [lpu atom

10,€)=J, +J, =1

B  coorBerctBum ¢ ¢dopmynoin  (1.89) anga  monHOCTHIO
HETOJIIPU30BAHHOIO CBETA UMEEM: S, =1, 5, =5, =5, =0.

B ciryyae CTpOro MOHOXPOMaTH4ECKOTO (TIOJTHOCTBIO
MOJSIPU30BAHHOT0) CBETA BeMWYMHBL A, 4,,¢, W ¢, B BBIPAXCHUSIX

(1.81) m (1.82) mHe 3aBucsaAT oT BpemeHud. Ilpu »3TOM Marpuia
KOT€PEHTHOCTH UMEET BU:
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AZ 4.4, exp(—id)

J = ,
4.4, exp(id) A’

¥
TAC 0=¢Q, =@, .
Jlerko BHWAETh, YTO B OTOM CJIydYae ONpPEACITUTEIh MaTpPHIIBI

KOI'€PEHTHOCTH PaBEH HYIIIO, T.€. ‘J ‘ =J oty —J o/, =0. Tlpu oTOM, Kak

cieayet u3 cootHomeHuu (1.90), umeem

S¢ = S{ +S55 +57.

PaccmoTpum Tenepps pasznoxkeHue HEKOTOPOM IPOW3BOJILHOW BOJIHBI
Ha B3aUMHO HE3aBUCUMBIC MOJISIPU30BAHHYIO U HETOJSIPU30BAHHYIO YacTH,
UCIMOJIb3Ys TMpenacTaBiieHue dvepe3 mapamerpbl Ctokca. COOTHOUICHUS
(1.93) u (1.90) no3BOJSAIOT cAENIATh BBIBO O TOM, 4TO napamerpsl CTokca
CUCTEMbl HE3aBUCHUMBIX BOJIH pPaBHbI CyMME€ COOTBETCTBYIOIIUX
napametpoB (Crtokca oOTIenbHbIX BOJH. Kak Obul0 moOKazaHo, JyIst
HENOJIIPU30BAHHOM BOJHBI CIPAaBEIIMBO COOTHOIICHHE: §; =S, =83 =0.

O06o3HauuMm yetbipe napamerpa CTokca s, S, S, U Sy OJHHUM CHMBOJIOM S .

Torma 11 BOJHBI, XapaKTepu3yIOLIEHCs MapaMeTpoM s, Tpedyemoe
Pa3JIOKEHHE MOXKHO 3alKcaTh B BUAE:

S =S(l)+S(2), (1.94)

rae s(l)zso—1/s12+szz+s32,0, 0,0; (1.95)
s@ = \SE 85 455,80, 8,55 (1.96)

1 . 2
[TapameTp s COOTBETCTBYET  HEMOJSPU30BAaHHOM, a s@
MOJISIPU30BAHHOM YacTH BOJIHBI. Clie1oBaTENbHO, C TIOMOIIBIO TapaMeTPOB
Crtokca cTerneHp NoJapu3alui UCXOIHOW BOJIHBI MOKHO BBIPa3UTh B BUJIEC:

2 2 2
po lnowp _ ST HSIHS (1.97)

1 NnoJH S 0

C nomompbro mapamerpoB (CTOKCa MOXHO TaKXKe 3alucarh
BBIpOKEHMs,  omnpeAensionme GopMy W OPHUEHTALMIO  DJUIMIICA
MOJIIPU3ALINH, CBSI3aHHOTO C MOJIIPU30BAHHONW YaCThIO BOJHBL. ECiu, Kak u
paHbIIe, COOTHOLIECHUE

b T T
to—toy |- Z<y< =
a gx( 4" 4)

OTpe/eIIsIeT OTHOIICHHE MAJION M OOJIBIIION OCEH AILTUTICA TTOJSPU3AIN U
HaIlpaBJICHUE BpaICHUS JJICKTPUIECKOTO BEKTOpa, TO HA OCHOBAaHHH
cootHotienuit (1.808) u (1.96) umeem
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S3

sin 2y = . (1.98)
Js 452452
Yron vy (0 <y < TE) MEXy OOJBIION OChI0 U OChI0 Ox ompeaesieTcs

B COOTBETCTBUHU C BhIpakeHUsiMU (1.78) u (1.96) cooTHOIIEHHEM

s
tg2y =2, (1.99)
S
Wrak, mapamerpsl CTOKca, KaK W MaTpHIla KOTEPECHTHOCTH, CIYy>KaT
MOJIC3HBIM HMHCTPYMEHTOM IS CHCTEMATHYCCKOTO aHaju3a COCTOSHUS
HOJIAPU3ALUN KBA3UMOHOXPOMATHYCCKOM BOJIHBI.

1.5. 3ak0H coXpaHeHHs IHEPIrUHU IEKTPOMATHUTHOIO TOJIA
YMmuoxum ypaBHenue (1.12) ma E, a ypaBuenue (1.13) na H u
o0pa3yeM pa3HOCTh MOJMYyUYEHHBIX MTPOU3BEACHHIA:

E-rotH—H-rotE:4—nj-E+lE-a—D+lH-a—B. (1.100)
c c Ot c¢ Ot
3amMeTuM, 9To
divExH) =i %k nigxH +j ok miexM,
0x 0x oy oy
+k a—E><H+E><5—H.
Oz 0z

N3 cBOMCTB CMEMIAHHOTO TPOU3BEICHUSI BEKTOPOB CIEAYET, YTO

a—ExH =H ixa—E ,
ox ox

i Exﬁ—HJ = —i(a—HxEJ = —E(ixa—H U TaK Jiajiee.

i o

ox ox ox

B pesynprare noimyuaem

div(ExH)zH(ixa—E+jxa_E+kxa_E _

ox oy 0z

-E ixa—H+jxa—H+k><a—H =H-rotE-E-rotH.
ox oy 0z
[TomydyeHHOE BEKTOPHOE TOXIECTBO I03BOJIsieT BbhIpaxenue (1.100)

MPEICTABUTh B BUJIE

l(E-aD+H-6Bj+4—nj-E+div(E><H):0. (1.101)
C

n ot ot
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Cc
VMHOXHB 3TO BBIPpAKCHUC Ha 4— H IIPOHUHTCIPUPOBAB II0
T

IIPOU3BOJIBHOMY 00BEMY, MOTYUAEM
b [ 6_D 0B
ot ot

B cooTtBercTBHM € TEOpEeMOM OCTpOFpa,Z[CKOFO -I"'aycca numeem
[div(ExH)dV = $(ExH)dS,
V S

JdV+JJ EdV+—jdw (ExH)dV =0.
47:V

rae S —3aMKHyTas MOBEPXHOCTh, OrpaHnuuBaroias oobsém V . Ilpu sTom
Honyqeﬂﬂoe BBIPAKEHUE MOXKHO TMPEJICTABUTH B BUJIE

£.%0, y.%8 dV+jJ EdV +
4TEV ot ot
(1.102)

c
—|(ExH)dS =0.
+4ﬂ'[( g )

Hcnons3ys Marepuanbibie ypaBHenus (1.3) u (1.5), nomydaem
E- a_D:Eé(gE) 19 ( Ez):li(E D),

ot ot 20t 20t

0B 0 10
H—=H—(uH)=——(H-B

or ~ 1, )= 5, (H-B)

O003HaUYUM

LE-D:we, LH-B:wm, I(We+wm)dV=W.
87 8n

[Tpu sToMm Beipaxkenue (1.102) npuHrMaeT BU:

dW j, EdV+—j(ExH)ndS 0. (1.103)
4m

HJ’IOTHOCTB TOKa j B ypaBHEHUSIX MakcBesia MOXKHO MPEJICTaBUThH B
BHJIE CYMMBbI TOKOB

=i+, (1.104)
r/i€ TUIOTHOCTh TOKa MPOBOJUMOCTHU

j. = oK,
a TUIOTHOCTh KOHBEKIITMOHHOTO TOKA

ir =pV,
rae V — CKOpoCTh KOHBEKIIMOHHOTO JABUKEHUS 3aps/ia.

OO0o03HauMB CKOpPOCTh JBHMXEHMs 3apsna ¢, uepe3 V,, OyaeM

cuurath, 4to V, <<c, IZl€ ¢ —CKOpOoCTb cBeTa B BakyyMe. Cwuia,
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NEUCTBYIOIIAsA CO CTOPOHBI TOJIS (E, B) Ha 3apsAn ¢, ABWXKYIIUHCS CO
CKOpPOCTBIO V , OIIpelIEIISIETCS TaK Ha3bIBAEMbIM 3aKOHOM JlopeHTua:

F=q{E+%(VxB)},

OCHOBAHHBIM Ha SKCIICPUMCHTAJIbHBLIX JaHHBLIX. OTCIOI[a CJIeaycCT, 4YTO €CJIN
BCC 3apAabl qr 3a  BpCMA ot CMCIHIAOTCsA Ha  pacCTOsAHUC

Ox =V, 0t (k=1, 2,K), TO IOJIHas paboTa, BBIMOJIHEHHAs MPH HTOM,
paBHa

k k

tak kak V,(V, xB)=0.
Ecau 4ncio 3apsyKEHHBIX YaCTHI BEJIMKO, TO PACIPENEIEHUE 3aps10B
MO>KHO CYMTaTh HenpepbiBHBIM. IIpu sToM g, =pdV , rae p — MIOTHOCTB

3apsAaa0B. Tor):[a IMOCJICAHCEC PABCHCTBO MOKHO IIPCACTABHUTL B BUIC
84 =5t[pV-EdV, (1.105)
V

IpU 3TOM HHTETPUPOBAHUE BBIMOJHIETCA IO MPOU3BOJBHOMY OOBEMY.

Bripaxkenue (1.105) yo6HO npeicTaBuTh B BUJIE
Y|

—=1J, -EdV. 1.106

5 i v (1.106)

Onpenenum BekTop G u ckansap () COOTHOLICHUSAMU

G="ExH (1.107)
47

0=|j.-EdV = [cE*dV . (1.108)
v 4

PasenctBo (1.102) um cootHomenus (1.106)—(1.108) mo3BOIsIOT

npeacTaBuTh Boipaxkenue (1.103) B Buge

d—Wz—a—A—Q—jG-ndS. (1.109)

dt ot S

Ecnu 3amkHyTas MOBEpXHOCTh S MpEACTaBisieT COOOM TIpaHUYHYIO
NOBEPXHOCTh IIOJHOIO TOJIA, TO MOTOKOM 3HEPruu 4Yepe3 T'PaHHUYHYIO
MOBEPXHOCTb MOXKHO MpeHeOpedb, UTO HKBHUBAJIEHTHO PABEHCTBY
IG-ndS = (0. Jlus HenmpoBoOAsIIEH Cpenbl (G: O) BesimunHa O =0. Ilpu
s
sToMm BeipaxkeHue (1.109) B pesynapTare MHTETPUPOBAHUS TIPUHUMAET BUI:
W+ A=0. CrnenoBarenbHo, B 3aMKHYTOW CUCTEME B HEMMPOBOISALIEH CpEE
(T.e. TpU OTCYTCTBMU IMOTEPh HSHEPIHM) YBeJIUYEHUE BSHepruu W B
EAVHUILy BpPEMEHHM OIpeaesseTcss pabdoTol MO MEepEeHOCY 3apsioB B

43



TeueHne d3toro BpeMeHu. llpm o#0 BenuumHa (), Ha3bpIBaeMas

JKOYJIEBBIM TEIJIOM, OIPENEIAET KOJMYECTBO TEIJIOTHI, BBIIEIIEMON B
€IUHUILYy BPEMEHHM B MPOBOJHHUKE U3-32 HAIUYHS BJIEKTPUUYECKOTO
conpotuBieHus. Eciu 3aMKHyTasi MOBEPXHOCTb HE OXBAThIBAET COOOM
MIOJIHOTO TOJIsL, TO MOJIE JIOCTUTAET 3TOM MOBEPXHOCTH U B COOTBETCTBUU C
BoipaxkeHuem (1.109) mpoucxoaut JONOJHUTEILHOE YMEHBIICHUE
SHEPruu, T.€. MOBEPXHOCTHBIN UHTErpal B BeipaxkeHuu (1.109) onpenensiet
MIOTOK HEPTUM YEPE3 3Ty MOBEPXHOCTh. TakuM oOpazom, BenuuunHa W
oTpeeNsieT MOJHYI0 SHEPTHI0, 3aKII0YEHHYIO0 BHYTPU 00BEMA.

B HempoBonsmeld cpene, CBOOOAHOW OT 3apsioB U TOKOB, B
COOTBETCTBUU C BbipaxeHuem (1.109) umeem

d—Wzi (We+wm)dV=indV=—IG-ndS.
it dr; dry !

CJICI[OBaTeJ'IBHO, BCJIMYUHY W, MOXHO OTOXACCTBUTH C IIJIOTHOCTBHIO
SHCPruM OSJCKTpHYCCKOro mojasi, a w, —C IUIOTHOCTBIO JSHCPIUuH

MAarHUTHOTO TTOJIS.

IIIOTHOCTP  TOTOKAa  BHEPIrUM  JJIEKTPOMArHUTHOTO  TOJIA
ONPENEIAETCSA TAK HA3BIBAEMBIM BEKTOPOM Y MoOBa-IloiiHTHHTa, paBHBIM

G="ExH. (1.107)

4t

3amMeTuM, 4YTO BIIEPBBIE BEKTOpP IJIOTHOCTHU IOTOKA JIOOOTO BHUIA
sHeprun Obul BBenE€H B 1874 romy pycckum ¢usukom Huxonaem
AJlekceeBUYEM Y MOBBIM.

HampaBnenne  BekTtopa  YmoBa-lloWHTHHTa  NEPHEHAUKYJISPHO
Bektopam E uw H wu coBmamaer ¢ HampasieHUEM pacnpOCTpaHECHUS
AJIEKTPOMArHUTHOM JHEPruM, a €ro BEJIWYMHA paBHA DHEPIUU,
MIEPEHOCUMOW B €IMHUIY BPEMEHH 4Yepe3 EIAUHUYHYKO IUIOIIAAKY,
MEPIEeHINKYISpHYI0 BeKTOpy G .

B onrtrke HanOonbIINA HHTEPEC MPEACTABISACT YCPEIHEHHBIM BEKTOD
YwmoBa-IloHTrHTa. BennurnHa €ro Ciy»KUT MEpOM MHTEHCUBHOCTH CBETA,
a HampaBJICHUE YKA3bIBAET HAIIPABIICHUE PACTIPOCTPAHECHUS CBETA.

1.6. Dy1eKTPOMATrHUTHOE MOJIEe HA TPAHUIlE Pa3/eia IBYX Cpe/

JIrobass onrThueckas cHcTeMa MPEACTaBIsSeT CcO00Ml  cucrtemy
IIOBEPXHOCTEW paszjaena JBYyX Cpel C pa3jIn4HbIMU  CBOWCTBAMHU,
XapaKTEPU3yEMbIMU BEIMUMHAMU € U [l. YPaBHEHUS AJIEKTPOMATHUTHOTO
NoJIsI MOXHO TIPUMEHUTh K KaXKIOM cpeae C y4€TOM 3HAYCHHM
ANEKTPUYECKUX M MArHUTHBIX MapamMeTpoOB, XapAKTEPU3YIOIIUX KaKIYIO
cpeny. OnHako, HEOOXOAMMO HUMETh CHCTEMY TPAHUYHBIX YCJIOBHIA,
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KOTOpbIE€ CBA3BIBAIM Obl Ha TpaHULE pa3fesa JIBYX Cpell JBa PELICHUS
YPaBHEHUH AJIEKTPOMATHUTHOTO TOJIA, KaXKA0€ U3 KOTOPBIX CIIPAaBEIINBO B
OTHEJIBHOCTM IO OJHY CTOPOHY OT TpaHMIBl pasaena. Beienem
COOTHOILICHMS, OIMCHIBAIOIINAE NEPEXO] JIEKTPOMArHUTHOIO IOJISI Yepes
TaKy0 IIOBEPXHOCTh paszena.

3aMEHHUM MOBEPXHOCTH paszfena cpel S TOHKHM MEPEXOIHBIM CIOEM,
BHYTPH KOTOPOTO € U W OBICTPO, HO HEMPEPHIBHO MEHSAIOTCS OT 3HAUYCHHUIA,
XapaKTEPHU3YIOIIKNX CPENY C OJHOW CTOPOHBI MOBEPXHOCTH, JO 3HAYEHUU C
Ipyrou €€ CTOpPOHbl. BHYTpM 3TOro Cj0osg TOCTPOUM  LWJIHHID,
OTPAaHUYCHHBIM C OOKOB YAaCTOKOJIOM HOpMaJIiell K MOBEPXHOCTH S B
npeaenax MajibIxX IJIomManok dS; u 0S,, NapauleNbHbIX HOBEPXHOCTH S U
CJIy’KalllUX OCHOBAHWSIMH LIMJIMHAPA C KAKIOW €€ CTOPOHBI, KaK IMOKa3aHO
Ha puc.1.9. [TockosibKy BO BCEM HWIMHAPE BEKTOp B 1 ero mpou3BogHbIE
HEIMPEPBIBHBI, MBIl MOKEM NPUMEHHUTH TeopeMmy Octporpaackoro-I'aycca k
UHTErpaiy ot divB, B3ATOMYy M0 00bEMY LMIIMHpPA, B BUJE:

fdivBdV =§B-ndS =0. (1.110)

v S

nljk

e

Puc.1.9. K BbIBOAY rpaHNYHbIX YCMOBUIA ANst HOpMarbHbIX KomroHeHToB B n D

31ecCh N — €AUHUYHBIA BEKTOP BHEIIHEW HOPMAJIA. 3aMETUM, YTO
BTOpPOW HWHTErpan Oepércs Mo BCEHl MOBEPXHOCTH HMIMHIpa. Tak Kak
IIOWANKU dS, U dS, NpeanonararoTcsi MajIbIMU, MOKHO CUMTATh, YTO HA
HUX BEKTOP MarHUTHOM WHAYKIMKW B NpHUHUMAET NOCTOSHHBIC 3HAYCHUS
B, u B,. Toraa Beipaxxenue (1.110) MOKHO 3aMEHUTH BBIPAKEHUEM BUA:

B, -n,0S, + B, -n,0S, +4ééad 10 nodiie =0. (1.111)

Ecnu BbicoTa nunuHApa dh CTpeMUTCS K HYJIIO, TO IEPEXOAHBIA CION
MEPEXOJUT B MOBEPXHOCTh, a BKJIAJ OT CTCHOK LMJIMHJIpA HUCUE3ACT MPHU
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YCJIOBHUH, YTO OTCYTCTBYET IMOBEPXHOCTHBIM IMOTOK MAarHUTHOM MHIYKIIVH.
Takoil MOTOK HMKOTrJa HE HAOMIOAaeTCs M, ClieIoBaTelbHO, B Mpeiese
NMEEM

(B,-n,+B,n,)35 =0, (1.112)
rae  O0S —IUIomaas TMOBEPXHOCTHM IEPECEUCHHsS] PacCMaTpUBAEMOTO
LHWINHAPA C MOBEPXHOCTHIO S . Ecinu n,, — €IMHUYHBIIA BEKTOP HOpPMaJH,
HAIPABJIEHHBI U3 NEPBOM CpeAbl BO BTOPYIO, TO Ny =—N;,, a N, =N,.
[Ipu sToM cooTHomeHue (1.112) npuHumaeT Bu:

n,(B,-B,)=0, (1.113)
T.. HOPMaJIbHAas COCTAaBJIIOIIAsl BEKTOpPAa MArHATHOW  MHIYKIMHU
HEIPEPBIBHA HA IIOBEPXHOCTH pa3leia ABYX CPEN.

[Tono6HBIM 00pa3oM MOXKHO HCCIEAO0BATh 3JIEKTPUUECKOE IOJIE Ha
rpaHuue paszaena AByX cped. OmHako, B 3TOM Ciydae IMpPU HATUYUHU

3apsiioB  cieayer yuyecTth BeIpakeHue (1.10). Ilpm 3ToM aHamOru4yHO
BbIpaxeHuto (1.110) nomyyaem

fdivDdV ={D-ndS = 4nfpdV . (1.114)
V S

[Tpu cousiHum momanok 85, u 65, 00bEMHAs MIIOTHOCTh 3apsA0B P
IEPEXOJUT B TIOBEPXHOCTHYIO IUIOTHOCTH 3apsjioB P, ONpEaSIsIeMyIO
COOTHOIIICHUEM

lim [pdV =[pds . (1.115)
v N

5h—0
AHanmorndHo O00bEMHAasT IJIOTHOCTH TOKAa j  TMEPEXOAUT B

MMOBEPXHOCTHYIO TUIOTHOCTH TOKA j :

lim [ jdV =[ jdS . (1.116)

0h—0

v

Ecnu mmomanky 6S u BeICOTY 04 BBIOpaTh JIOCTAaTOYHO MaJIbIMHU, TO
BoIpaxkeHue (1.114) MOXHO 3aMEHUTH BBIPAXKCHUEM BHUA!

Dl 'n16S1 + D2 * n26S2 + éééélé ib ﬁbéiié — 4TC56S .

Bxnang OT CTEHOK NIpH yMEHBIICHWH BBICOTHI O/4 yMEHBIIIAeTCH,
MPUOIMKAsACh K HYJIIO U MIOATOMY B Ipejienie npu 604 — 0 mnoiaydaem

n,(D, -D,)=4np, (1.117)
T.€. MPU HAJWYUN Ha MOBEPXHOCTH pazjielia CPea CJIO0sl ¢ TTOBEPXHOCTHOM
IJIOTHOCTBIO 3apsiia P HOPMAaIbHBIM KOMIIOHEHT BEKTOPA AJIEKTPUIECKOTO

CMEIIEHUSI TIPU TIePEXO0/Ie Yepe3 ATy MOBEPXHOCTh HCIBITHIBAET CKAYOK,
paBHBIA 47 .

Uccnenyem Tenepp TMOBEACHUWE TaHTEHIMAIBHOW COCTaBIISIONIEH
BEKTOPOB 3JICKTPUUYECKOTO M MArHUTHOTO Iojed. 3aMEHUM ITOBEPXHOCTh
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pazzaena cpell MepeXOJHbIM CIOEM, a UWJIUHAP, MOKAa3aHHBIM Ha puc.l.9,
MPSAMOYTOJBHON  IUIOMIAAKOM, CTOPOHBI KOTOPOM MMApAJUICNIbHBI U
MEePIICHAUKYJISIPHBI IOBEPXHOCTHU S , KaK oKa3aHo Ha puc.1.10.

1y T

Puc.1.10. K BbIBOOY rpaHNYHbIX YCNOBUW ANSA TaHreHumanbHbIX KOMMNOHEHTOB

EvH

[lyctb T — €IUHUYHBIA BEKTOP, MNEPHEHAUKYISPHBIA MIOCKOCTH
paccMmaTpuBaeMoro mnpsmoyroibHuka. Hcmnonb3yst ypaBHenue (1.13), B
COOTBETCTBUU C Teopemoil CTokca nMeem

jrotE-rdS:ifE-dr:—éjl&-rdS. (1.118)
S L S

3necb TEpBBIM W TpPeTUH HWHTErpayibl OepyTcs MO  TUIOHIAAM
IPSIMOYTOJIbHUKA, & BTOPOM — BIOJIb €ro rpanull. Ecim nnunsel BQ, =0/, n

P,Q, =06/, manpl, TO Ha KaXJOW M3 3TUX CTOPOH BEKTOp E MOXKHO

3aMEHUTHh MOCTOSHHBIMU BekTopamu E, u E,. IIpu >ToM u BekTop B

MOYHO CUMTATh MOCTOAHHBIM. Toraa Beipaxenue (1.118) MOXKHO 3aMEHUTH
BBIPAKEHHEM BUJA!

E, -t8] +E, t,0], +488ad 1o éiioia = —%ﬁc 315k, (1.119)
n

rae O/ — TMHEWHBIN AJIEMEHT, M0 KOTOPOMY MPSAMOYTOJBHUK MEPECEKACTCS
C TOBEPXHOCTHIO pasfena, t — eIUHUYHBIA BEKTOp KacaTelbHOM K
TIOBEPXHOCTH.

Ecnu Teneph MOCTENEHHO yMEHBIIATh BBICOTY MPSAMOYTOJIBHUKA, TO
BKJIaA OT KoHIOB AP, u (Q,0, Oyner yMeHbIIAaTbCs, NPHOIMKAACH K

Hyao. [IpeqmonoxuM Take, uto Bekrop B mpm oToM  ocraéres
koHeuHbIM. Toraa B npenene npu 64 — 0 monyyum

(E,-t,+E,-t,)5/=0. (1.120)
B cooTBeTCTBUM C PUCYHKOM
t,=—t=—1TxXn,, t, =t=1TxXN;.

IIpu sTom Beipaxkenue (1.120) npuHuMaeT BU/I;

T[nlz X(Ez _El)]= 0.

Tak Kkak oOpueHTalus TMPSIMOYroJibHUKA, a, CJIEeI0BaTebHO, W
€IMHUYHOTO BEKTOpa T, MPOU3BOJIbHA, TO
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n,x(E,-E,)=0, (1.121)
T..  TaHTCHUMAJIbHAs  COCTABJISIIONIAA  DJICKTPUYECKOTO  BEKTOpa
HETpEepbIBHA HA TOBEPXHOCTH pasjeia ABYX Cpel.

AHaJOTUYHEIN aHaAJIN3 IIOBEICHUS TaHTEHIIMAILHON COCTaBISIONIEN
MAarHUTHOTO BEKTOpPa MO3BOJISIET TMOJYYUTh BBIPAKECHUE, AHAJOTUYHOE
BbIpaxenuto (1.119), Bupa:

H, -t,0/, + H, - t,0/, + 4é€aa 10 €1ivia =

- 1.122
=l~l&-1816h+4—nj 181, (1.122)
n C
B pesynprare npeaenabHOro nepexoaa (8h —> O) IoJIyyaem
47~
nlzx(Hz—H1)=7,. (1.123)

Nrak, ©3 TNONYyYEHHBIX COOTHOLICHUW CJIEAYET, YTO BEKTOPBI
HAIPSKEHHOCTH AiieKTpudeckoro E m marmutHoro H 1miosier U BEKTOPBI
anekTpuyeckon D w  MarHuTtHOM B HMHAYKOMM  YJIOBJIETBOPSIOT
CIIEAYIOIAM I'PAHUYHBIM YCIIOBHUSIM:

1. TaHreHIIMAIbHBIE COCTABJISAIONINE HANPSHKEHHOCTH JIEKTPUUECKOTO

nons HenpepwiBHBI, T.e. E, =E, , Ha TpaHuie pasnena AByX cpen, rie

dbu3HYecCKue CBOMCTBAa CpElbl, XapaKTepu3yeMmble 3HAUCHUSIMH € U |1,
V3MEHSIOTCA CKAYKOM.
2. HopmasibHblE KOMITOHEHTBI BEKTOpa SJIEKTPUYECKOW WHIYKIUHU

HenpepsIBHEL, T.¢. D, =D, , IpA OTCYTCTBUN HOBEPXHOCTHBIX 3apsI0B Ha

rpaHuLe pa3zaesia cpell.
3. TanreHnuanbHble COCTaBISIONIME BEKTOpAa HAMPSDKEHHOCTH
MarHuTHoro moist HempepeiBHel, T.e. H, =H,, mnpum orcyrcrum

ITIOBEPXHOCTHBIX TOKOB HA TPAHHUILIE pa3fena Cpe.
4. HopMmanbHble COCTaBIAIONIME BEKTOpAa MArHUTHOW WHIYKIUU
HeTpepeIBHBL, T.¢. B, =B, .

1.6.1. Tlnockass BONMHa Ha rpaHuue pasgena OBYX OLHOPOAHbLIX
N30TPOMNHbIX cpea

[IpymMeHUM  COOTHOLUEHHS, KOTOPBIM  YAOBIIETBOPSIIOT  BEKTOPBI
QJICKTPOMAIHUTHOI'O IIOJIA HA IIOBCPXHOCTIAX, I'AC (bHBH‘-IeCKI/Ie CBOﬁCTBa
Cpeapl MPETEPHEBAIOT pas3pbiB, K HWCCIECHOBAHUIO PACOPOCTPAHECHUSA
TUIOCKOW BOJIHBI, MAJAIONIEAd Ha IUIOCKYI0 MOBEPXHOCTh, Pa3CIISIIONLYIO
JIB€ OJTHOPOIHBIE N30TPONHEIE CPEBI.

Ecim Ha rpanuny paszaena JIByX OJHOPOJHBIX CpEN C Pa3HbIMU
OINITUYECKUMHM CBOUCTBAMMU magacT IIJIOCKas BOJIHA, TO OHA pasaciIsACTCs Ha
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JIIBE€ BOJHBI. TMPOXOJSIIYID BO BTOPYHD Cpely U  OTPaKEHHYIO.
Cy1ecTBOBaHHE JBYX BOJIH OMPEACISIETCS HEOOXOIUMOCThIO COOJIIOCHUS
FPAaHUYHBIX  YCIOBUM  MPOXOXKICHUS  DJIEKTPOMATHUTHBIM  TIOJIEM
MMOBEPXHOCTHU pazjeiia IByX cpeld. llpenamnonoxnm, 4Tto 3T BOJHBI TAKXKE
SABIISIIOTCA TUIOCKMMH, JJI1 KOTOPBIX CIEAYET OMNPEACIUTh 3HAYCHUS
aMIUTATYJ] ¥ HampaBJeHUN pacripoctpaHeHnus. Unnexkcamu i, » u ¢t Oynem
0003HaYaTh MAaJAIIYI0, OTPAKEHHYIO M MPOXOAAITYI0 (IIPEIOMIEHHYIO)
BOJIHBI.

Inockast BoHA, pacnpOCTPaHSIONIASICA B HAMPABICHUH €IUHUYHOTO
BEKTOpA s(i), MOJTHOCTBIO  OMNPENEJICHA, €CJIM M3BECTHO IOBEICHUE
BO3MYILIEHUSI BO BPEMEHHU B OJJHOM TOYKE MPOCTPAHCTBA, MOCKOJBKY, €CIU
F (t) MPEJCTABISAECT 3aBUCUMOCTh BO3MYIIECHHUSI OT BPEMEHM B KAaKOW-TO
OIHOU TOYKE, TO 3Ta 3aBUCUMOCTbh B IPYTOM TOYKE, OTCTOSIIEU OT MEPBOU

r.s(i)

Ha PacCTOSIHUH, ONPEAEIISIEMOM BEKTOPOM I, OyaeT F| 7 —

VpasHenue, onpenensiontee Hanpskénnocts E(r, #) snexTpudeckoro
mosist MM MHAYKIMIo B(r, 1) MarHUTHOTO MO, MPEICTABUM B BHIE:
A(r,t)=A, exp[— i(of -k -r)],
rae A, =aexp(ip), mpu >TOM TIepeMeHHas 4acTh (Ha30BOTO MHOKHTENS B

BBIPDAKECHUH,  OMNPEACISIIONEM TapMOHUYECKYIO  DJIEKTPOMArHUTHYIO
IJIOCKYIO BOJIHY, paBHA

r:mt—k-rzo)(t—g),
%

rA¢ § — CAMHUYHBIA BEKTOp HAIIPaBIICHUS PACIPOCTPAHCHUS BOJHBI; V —
cKopocTh ((hazoBast) paclpoCTpaHEHUS BOJIHBI.

Ha rpanune aByx cpen BTOpHUUHBIC OIS OyAYyT TaK K€ U3MEHATHCS BO
BPEMEHH, KaK U MEPBUYHOE T0JIe TaaroIieii BojaHbl. Clie1oBaTenbHO, €CIU

s u st - €AUHUYHBIE BEKTOPHI B HAIPABJICHUU PaCIPOCTPAHEHUS
OTPaXEHHOW W TMAJArolled BOJIH, TO, NPUPABHUBAs APTyYMEHTBHI TPEX
BOJIHOBBIX (DYHKIMH B MPOU3BOJIBHON TOUYKE r(x, v, z) Ha MOBEPXHOCTH
paszena IByX Cpell, IoIy4aem

() res) r.s®)

o, t— =, |- =, t- :
14 V.

1 1 2

rae ¥V, u V, — CKOpOCTH PacIpoOCTpaHEHUs BOJIH B IIEPBOW U BO BTOPOH

cpenax. UYtoObl rpaHUYHBIE YCIOBHUS COONIOAAINCH B JIIOOOH MOMEHT
BpeMEHHU, KO3(PQUIMEHTHI Tpu ¢ B TNEpeMEHHOM dacTu (pa3oBOro
MHOKUTEJS JOJKHBI ObITh OJIMHAKOBBIMU ISl BceX TPEX BOJH. [losTomy
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YaCTOTBl OTPAXEHHOM U IMPEIOMICHHOW BOJH PAaBHBI YacTOTE @,
najaromen BojHsl. [Ipu stom
r-s? r-s”) r-s)
t— =r— =r—
" " V
BriOpaB B KauecTBe IMOBEPXHOCTH pazjena cpei IIocKocTh z =0,
cootHoteHus (1.124) MOXXHO NpeICTaBUTh B BUJIE:

(1.124)

(i) (i) (r) (r) (r) (1)
XSy +ys xXs '/ +ys XSy +ys
x TH Eh Ty 2 T (1.125)
4 4 V
PasenctBa (1.125) momkHBI BBIMOJHATHCS U1 JIFOOBIX 3HAYEHUH X U
y Ha TIOBEPXHOCTH pazjielia, a IodTOMY
i r (i) (r) (r)
s sV s s 80 sy , (1.126)
nonmonr o,
[TmockocTh, onpeaensemMas BEKTOPOM ) u HOPMAaJIbIO K IIOBEPXHOCTH
paszenia, Ha3bIBAeTCsl IUIOCKOCThIO majaeHus. M3 coorHomenuit (1.126)

CIIENyeT, 4YTO U BEKTOPbI s") 1 s nexar B sroit mIOCKOCTH. CHnTas
IUIOCKOCTh Xz IIJIOCKOCTBIO NaJeHus U 0003Ha4as yepe3 0,,0, u 0, yrisl,

KOTOPBIE BEKTOPBI s(’), sv) st oOpa3yet ¢ ocbto Oz, B COOTBETCTBUU C
puc.l.11 nmeem

(1.127)

zZ
4 T, .
A
) p A
VAR 4
2 / /A0Y Vil 4 / >
IN NS NN
0, :
S
R, R

Puc.1.11. lNnockas BonHa Ha rpaHuLe pasgena AByX OOHOPOAHbIX U30TPOMHLIX cpes
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Ecnu BonHa pacnpocTpaHsieTcss U3 MNEepBOM cpeabl BO BTOPYIO, TO
OpOEKUUsI BEKTOpa § Ha ocbk Oz TOJOXKWUTEIbHA, a €Clu B
MPOTUBOIIOJI0KHOM HaIpPaBJICHUU — TO OTpullatesbHa. Takum oOpaszom,

s =cos0. >0, s") =cosh, <0, s =cos0, >0. (1.128)
[ToncraBuB cootHomieHus (1.127) B TepByr0 CHCTEMY paBEHCTB
(1.126), monygaem
sin@, smn0, sino,
nooh
Otcroma cnenyer, uro sin@, =sin0,, mpu 3TOM, Kak CileIyeT u3

(1.129)

cootHomenu (1.128), cosO, =—cos0O,. CnenosarenbHo, 0, =mn—0,.

[locnenHee COOTHOIIEHHE BMECTE C yTBEPXKJICHHEM, YTO HOPMAJlb sv) k
OTPKEHHOW BOJIHE JIGKUT B IUIOCKOCTH MAaJICHUSI, COOTBETCTBYET 3aKOH
OTPAXKEHUS TIJIOCKOW BOJIHBI OT TJIOCKOM MTOBEPXHOCTH pasjielia JIByX Cpel.

HamoMuuM, 4TO B cpejie, XapakTepu3yemMoll BelWYMHAMU € U |,

c
Vel
CKOPOCTh PacIpOCTPAHEHHUs BOJHBI B BakyyMe. VCrionb3ysi COOTHOLIEHUE

MakcBemia, COTJlacCHO KOTOpOMY T[OKa3aTelb MPEeJOMIICHUS Cpeibl
n = /€W , U3 COOTBETCTBYIOLIErO paBeHcTBa (1.129) HaxoguMm, uTo

CKOpPOCTb pacIpOCTPAHEHUS JIEKTPOMArHUTHOM BOJHEL V' = , Thne ¢ —

s%nei :ﬁ: &1, :”_2:,112' (1.130)
sinf, V, gy M

Crnenyroniee 0TCIO1a COOTHOIIICHUE
n,sin0; =n,sino,

BMECTE C YTBEPKICHUEM, YTO HOPMAJIb st k IIPOIIEANIEN BOJIHE JIEKHUT B
IUIOCKOCTH MAaJICeHMs], COCTABIIIET 3aKOH IpesnoMiieHns (3akoH CHenmyca-
JlekapTa) MIOCKOI BOJHBI HA TPAHUIIE pa3jiesia JBYX CPe.

Ecmm n, >n;, 10 n,>1. Illpuy 3TOM TOBOPAT, YTO ONTHYECKAs

IUIOTHOCTh BTOPOM cpelibl O0JbLIE, YeM NepBoil. B aToM cityyae, yunTeiBas
BoipaxeHue (1.130), umeem

sin 0, = Lsin 0, <sin0,.
L)
OpnHako, eciau BTOpas cpela ONTHYECKH MEHee TUIOTHAs, YeM IepBas
(T.e. ecmu ny, <1), To yron 0, npuoOpeTacT BEIECTBEHHOE 3HAYECHUE NPU

TOM YCJIIOBHH, YTO

: sin 0,
sin 0, = -<1.

n,
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Takum oOpazom, npu n,, <1 yroa 0, mpuoOpeTaeT BeIIECTBEHHOE
3HAYEHUE JIMILIb JJIs TaKUX YIJIOB najeHus 0, 1 KoTopbix sinO; <n,.
Ilpu sinO, >n;, HaOmoOmaeTcs Tak Ha3bIBAEMOE IIOJHOE BHYTPEHHEE
OTpa’KEHHUE.

1.6.2. dopmynbl OpeHens

OnpenenuB  HampaBlEHHUs  PacOpOCTPAHEHUS  OTPAKEHHOM U
IPEJIOMIIEHHOMN BOJIH, OIIPEAEIINM UX aMILIUTY JIBI.

[Ipeanonoxum, uYto o0e cpeabl (OAHOPOAHBIE W HU3OTPOITHBIC)
0o0JafaloT HyJE€BOM MIPOBOJMMOCTBIO U, CJIEIOBATEIbHO, COBEPIICHHO
po3pauHbl (HET BBIJECIECHUS HKOyJeBa TEIJia, a, CJIeJ0BATENIbHO, HET U
NOTEPh 3JIEKTPOMAarHUTHOM »Heprun). VX MarHuTHBIE TPOHUIIAEMOCTH
(dakTH4ecKku OyIyT OTJIMYATHCS OT €AUHUIBI HAa MPEHEOPEKUMO Majble
BEJIMYMHBI, a IOATOMY OyZEM CUUTaTh, 4TO W, =L, =1.

ITycTe E, = Aexp(~it,), riue A — amnuTyaa BEKTOpA
JJIEKTPUYECKOTO TOJIs MaJarollel BOJHBI, KOTOPYK OyJIeM CUMTaTh
KOMILJIEKCHOM BEIMYMHOM ¢ (ha30ii, paBHON MOCTOSIHHOM YacTh apryMEHTa
BOJIHOBOM PyHK1MU. [lepeMeHHas e€ yacTb UMEET BUA:
st xsin0, +zcosH,
= t—

4 4

Pa3noxkuM Kaxabpli BEKTOp HAa COCTaBIISIONIME KOMIIOHEHTHI:
napauieIbHbIN (C WHIAEKCOM ||) U TMEepNeHAUKYJISPHBIA (C MHIACKCOM | )
IUIOCKOCTH  MaJieHus. BbpIOOp TMOJIOKUTENBHBIX HANpaBiICHUN A
NapaJyIebHbIX M MEPHEHAUKYJSPHBIX COCTABISIFOIIMX KOMIIOHEHTOB
BEKTOpa Mojs mokazaH Ha puc.l.l11. IIpu 3TOM cocraBistomne BEKTOpa
AIIEKTPUYECKOTO TMOJS MaJarolleld BOJIHBI B JIEBOW CHCTEME KOOPAMHAT
MO>KHO 3aIIUCaTh B BUJIE:

EW=— 4, cos0, exp(-it;),

EW =4, exp(-it,), (1.132)

T, =0 - (1.131)

EY) = 4, sin 6, exp(—it,).

z

BekTop MarHuTHOrO TOJISI OmpeAensercss cooTHoueHuem (1.44),
KOTOpOE IpH L =1 MOKHO MPEACTAaBUTh B BUE:

H:\/Est.
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Bripasus Bektopa E 1 H yepe3 ux npoekuuu Ha KOOpAUHATHBIE OCH,
I10J1y4aeM

Hi+Hj+Hk=elsi+s,j+sk)x(Ei+Ej+EKk)

IIpu sToM
U= 60— 1),

~
~

HO = \E(SQ ED 50 Eg)),
Y = g, (sOED _s0E¢
C yuérom cootHomenun (1.127) wu (1.132) HaxoguMm, 4YTO
COCTABJISIOIIME BEKTOpPAa MArHUTHOTO TOJS IAJAOIIEW BOJIHBI B JIEBOU
CHUCTEME KOOPAVHAT PaBHBI

H)(C) =—A4, cos0,./g, exp(~it;),

Hy’ =—4+/&; €xXp (~it,),

Hg’) = A, sin®, /g, exp(—it,).

AHaJOrnyHo, eci 7' 1 R — KOMIUIEKCHBIE aMIUTUTYAbI POLIEAIIEN U

OTPOKEHHOM BOJH, TO COOTBETCTBYIOIIME COCTABIISIIOIINE BEKTOPOB
ANIEKTPUUYECKOTO U MATHUTHOTO TOJIEH PaBHBI CIAETYIONIUM BETUYNHAM.

~
~—
\_—/

Ilone npoweouwieti 601HbI

E)(C) :—T| cos© exp( ),
EY =T, exp(~it
Eﬁ’) = Q sin© exp( ' ); [ (1.133)
Hz) =-T cos0,,/¢, exp(—lr ) .
1 =7 e expli, )
H(t) =T, sin®, /e, exp(-it,), )
() i i
e rtzoo(t—r s ):O{t_xsmet+zsm9t | (1.134)
v, V,

llone ompadsicénnou 6onnwl

E%; R, cosH, exp(-it, ),
Ey R eXp( r)’
Egr):—RH sin®, exp(—it, );
H() —R, cosH \/7exp it,),
yr —R|‘\/76Xp —iT,

Hﬁ”) =R, sin Grﬁexp( it,.),

(1.135)
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() . :
re Tr:@(t_r s J:(D(t_xsmer+zsm9r} (1.136)
4 4

I'pannunsie ycnoBus (1.121) u (1.123) TpeOyroT, 4TOOBI Ha TpaHUIE
paszena JIBYX Cpel TaHTeHIMaldbHbIE cocTaBistomue BektopoB E u H
ObLTM HenpepbIBHBL. ClieI0BaTENbHO, TOJKHBI BBITIOJHSITHCS COOTHOIICHUS

E(i) _|_E(”) — E(f) H(i) _|_H(F) — H(f)

E](Ci) +E)(CV) — E)(Cf), H)(Ci) _|_H)(Cr) ZHJ(CI)’ (1.137)

y y yo y y y o
IPU 3TOM YCJIOBHS JJI1 HOPMAJIbHBIX COCTaBJSOMUX BekTopoB B u D,
onpenensembie BoipaxkeHusiMu (1.113) u (1.117), ectecTBeHHBIM 00pa3zoM
BoITIONTHAIOTCA. [lojmcraBuB B cooTHomieHus (1.137) cooTBeTcTByroOMIME
3HaYeHMs BceX cocTaBisronux BekTopoB E m H w yumteiBas ToT (hakr,
4to c0s0, =cos(m—0,)=—cosh,, mpu T, =T, =T, IOTyYaeM CIIeTyIONIHE
YeThIPE COOTHOIICHUS

4+ R”)cos 0, =T, cosb,, ]

A +R =T,
\/871(/& — R, )cosO, =./e,T, cos,,

Vel =R )= e T,

Kaxnoe w3 ypaBHeHuit (1.138) coaepKUT  COCTaBISIOIIUE
KOMIIOHEHThI BEKTOPOB ToJisi ojaHoro Ttumna. CieaoBaTeabHO, BOJHBI
paccMaTpUBaeMbIX JIByX THIIOB HE3aBUCUMBI JIpYT OT JApyra. Beipazum u3
ypaBHeHut (1.138) cocraBisironie KOMIOHEHTHI BEKTOPOB  IOJISA
OTPaXXEHHOM M MPOLIEANIEH BOJH YEPE3 COCTABIAIOIIME KOMIIOHEHTHI
BEKTOPOB T0JIsI MAaI0IIEeH BOJIHBI.

Hcrnons3ys cooTHoueH st MakcBema n = /e (n=1), momyuaem

> (1.138)

N

2n, cos 0,

I = 4y

n, cos0, +n, cosO,

> (1.139)
2n, cos0,
TJ_ = AJ_‘
n,cos0, +n, cos0, )
n, cos0; —n; cosO
R|| —_ 2 i 1 tA||9
n, cos0; +n, coso,
(1.140)
n,cos0, —n, cosO,
RJ_ —
n, cos0, +n, cosO,
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Hcnonb3yst nmoay4eHHbIE COOTHOIICHUS U MaTepUaIbHbIE YpaBHEHMUS,
JETKO yOeauThCsl B TOM, 4TO TpaHuuHbie yciaoBus (1.113) u (1.117) ans
HOPMAaJIbHBIX COCTABIISIONIMX BEKTOPOB MOJISI COOTIOIAKOTCS.

Cootnomenust (1.139) u (1.140) nazpiBatotrcs popmymnamu Openens.
B HeckonbKko MHOM MeHee 00IIeM Buae AT (HOPMYJIbI ObLIU MOJTYYEHBI
®penenem B 1823 rony.

YMHOXHUM YHCIIMTENh U 3HAMEHATEeNb MepBoro u3 ypaBHeHui (1.139)
Ha sin 0, :
2n,cos0,sin 0, 2sin 0, cos 0,

4=

2s1n 0, cos O,
sin©, sin O, (sin 6, cos O, +cosH, sin O, )+ cosO, cosO,(sinO, cosO, +cos O, sin O, )

]ﬂ:

4=

n,sinO, cosO, +n,sin O, cosO, sin 0, cos0; +sin 0, cos O,

2sin 0, cos 0,
x A = 4.
sin(0, + 0 )cos(e -0,)

AHanoruyHo npeoodpaszyercs BTopoe u3 ypaBHenuit (1.139).

Tenepp yMHOXXHMM Ha Sin0, 4uCIHTENb M 3HAMEHATEIb IEPBOTO U3
ypaBHenui (1.140):
P sin, cos0; —n, sin O, cos O, 4= _sinb; cosB; —sin 6, cosH, 4 -

| n,sin@, cosO; +n,sinO, cosO, | sin 9, cosH, +sin O, cos O, I

_ sin©, sin 0,(sin®, cosB, —sin 0, cos O, )+cos O, cosO,(cosH, sinO, —sin O, cos Oi)x
sin(0, +0, )cos(0, - 0,)

sin(6; -0, )eos(0,+6,)  _ 1g(6,-9,)

sin(0, +0,)cos(6, -0,) | 1g(6,+6,)" "

AHanorn4yHo mnpeoOpasyercss BTopoe u3 ypaBHenuit (1.140). B
pe3ynbTate npeodpazoBanuil ypaBHeHus (1.139) u (1.140) mpuoOperatot
OOBIYHO MPUHSATYIO hopmy:

2s1n 0, cos 0,

XAH - —

N

T, =
- sin(0, + 0 )cos(@ -0 )Aﬂ, (1.141)
_ 2sin0,cosO; .
sin(0, +0, ) - ]
_1g(6,-6,) |
R0, + )/M»
(1.142)
sin(0, —6,)
R =——+—%4,.
sin(0, +0,) ]
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Tak xak yrasl 0, u 6, BemecTBEeHHHI (Ciydyail OJTHOIO BHYTPEHHETO

OTpaXEHMUsI IOKAa HCKIIOYAaeM), TO TPUTOHOMETPUYECKUE (PYyHKIMH,
crosiimie B mpaBod yactu ypaBHenuit (1.141) wu (1.142), Takxke
BelllecTBeHHBI. ClieioBaTenbHO, (pa3a KaxJaoro KOMIOHEHTa OTpaXKEHHOU
U Tpolleamned BoJH JuO0 paBHa (aze COOTBETCTBYIOIIETO KOMITOHEHTA
Majaronieid BOJIHBI, 1100 oTiInyaeTcs oT He€ Ha 1. Tak Kak 3HaKH Yﬂ uTf,

COBMAJAIOT €O 3HaKamu A u A, pasa nporueiiienl BoJHBI paBHa (ase

nagaromeil. Ilpm HopmampHOM majgeHuM BoJHBL yroa 0, =0, a,
cienoBatenbHo, u yroa 0, = 0. Ilpu 3tom cootHomenus (1.141) u (1.142)
MPUHUMAIOT BUJL;

T|—ni1A||»
(1.143)
2
TJ_:— 1
n+1 )
R|—‘::A||=
1 & (1.144)
n_
R =-"""4 .
= n+1 1
re n="2, [lpp oSTOM pasjguuue MeXIy HapaulelbHBIM 1
m

NEPIEHIUKYJISIPHBIM KOMIIOHEHTaMu ucuesaeT. M3 cootHomenuii (1.134)
clieyeT, uyTo (a3za OTpaKEHHOM BOJIHBI OTIAMYAETCA OT najgaromieit Ha . C
JIPYroi, CTOPOHBI, B Ciydae OTpPaXEHHOM BOJHBI (a3a 3aBUCUT OT
OTHOCHUTEINIbHBIX 3HaueHuil yriaoB 0, u 0,. Ecin onTuueckasl miIOTHOCTh

BTOpOU cpenbl OouiblIe, YeM MepBoil (T.e. €, >¢,), To 0, <0,. IIpu 3tom,
cornacHo cootHomeHmwsM (1.142), sHaku R 1 R, OTIIMYHBI OT 3HAKOB 4,

u A, T.e. ¢pa3pl najaromeil 1 oTpaxkEHHON BOJIH oTMyatoTes Ha mt. [lpu
Tex ke oOcrosTenscTBax 3HadeHne £g(0,—6,) ToNOKUTETBHO, HO
tg(0,+0,) B 3HAMeHaTeNe BHIPAKEHHS, ONMPEIEIIAIONIETO BETUUHHY R,

T
npu 0, +0, >— CTaHOBUTCSA OTpPHUIATEIBHBIM; B 3TOM ciy4ae (a3sl
1 t 2 ’

T
KOMIIOHEHTOB R, u A4, cosmajgaior. 3ameruM, 410 mpu 6, +0, =5

BEJIMYMHA RII = O-Aﬂ =0.
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1.6.3. KoappumuuneHTbl oOTpakeHus WM nponyckaHus cBeTa Ha
rpaHvue pasgena gByx cpef

NHTEeHCUBHOCTH CBETa (MJIOTHOCTH IIOTOKA DHEPruu
AJIEKTPOMArHUTHOTO TOJIs1) B COOTBETCTBUU C BbipaxkeHueM (1.107) paBHa

G=""En="S 2= g,
4 4\ p 4
[Ipennonoxum, 4yto o00€ cpeapl (OAHOPOAHBIE U H3OTPOIIHBIC)
o0nafaroT HyJIEBOM MPOBOJMMOCTBIO U, CJIEIOBATEIbHO, COBEPIICHHO
npo3pauHbl. VX MarHWTHbIE TPOHUIIAEMOCTH TMPAKTUYECKH OyayT
OTJIMYAThCS OT EIWHUIIBI Ha TNPEHEOPE)KMMO MaJlble BEIUYUHBI, YTO

ITO3BOJIACT IPHUHATD L = L, = 1. HpI/I 9TOM MHTCHCHBHOCTB CBCTA PaBHA

G="p? (1.145)
4r

[ToaToMy CBETOBOW MOTOK MAJAIOIICH BOJHBI, KOTOPBIM IAaJacT Ha
€IUHUILY TUIOIIAI TOBEPXHOCTH paszeia Cpell 3a OOHY CEKYHY, PABEH

JV =G cos 0, = ﬂ‘A‘Z cos0,.
4n

CBeToBOM MOTOK OTPAXKEHHOW M MPETOMIEHHON BOJIH, MOKUIAOIICH
€IUHUILY TUIOLIAIA ITOBEPXHOCTH pa3jieiia 3a OAHY CEKYH]Y, ONPEAEIseTCs
MOJ0OHBIMHU K€ BBIPAKEHUSAMH, @ UMEHHO:

I =G cos, = ﬂ‘R‘Z cos6;;
4n

JW =G coso, =%\T\2 cos0,.
4t

OTtHOIIEHNA
J(r) ‘R‘z
= 1.146
P J(l) ‘A‘2 ( )
51
_JY _mcost, |Tf (1.147)

JO 0y cos6, 4
Ha3bIBAIOT KOA(PUIIMEHTAMU OTPAKEHHS U POITYCKAHUS COOTBETCTBEHHO.
2 2 2 2 2 2 2 2 2
3nece |4 =|4| +|4, " [R] =|R[ +[R,", 1] =[1|” +1.]".

9
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Ucnonb3ys Beipaxenus (1.141) u (1.142), nonyuaem

0 tg*(6, -0
)=+ ok -8 0
1 i g ,+6
+Sin2(9i_9z)‘AL‘2+4”_20039r sin® 0, cos” 0, M‘ N
n, cos0; sin*(0, +0, )cos’ (9 -0,)

sin®(0, +9,)
n, cos, sin” 0, cos’ 2 2
e ‘Ai‘ MI‘ +dAy "
n, cos0; sin (6 +0,)

Orcroga cnemyer, 4To p + T = 1. DTOT pe3ynbTaT HEMNOCPEICTBEHHO
CJIEIyeT U U3 3aKOHA COXPAHEHUS SHEPIHH.

+4

1.6.4. lNonapusauns ceeta Ha NOBEPXHOCTM pasfena AByX cpen

OTpaxkeHne M NPONMyCKaHWE CBETAa HAa MOBEPXHOCTH pas3feia ABYX
Cpell 3aBUCUT OT TOJApU3allMK Tajaromed BoJaHbL — Onpenenum
KOd(POUIIMEHTH OTPAXKEHUS W MPOITYCKaHWUS CBETa, IMOJIPHU30BAHHOTO
MapajuvieIbHO U NMEPIECHAUKYIJISPHO MIIOCKOCTH NAJICHUS.

ITycts BekTop E maparorieit BoJHBI 00pa3yeT C MIIOCKOCTBIO TaJICHUS
yroa o, . Torna

A =Acosa,;, 4 =Asina,;.

ITycte, nanee,

J||(")—Cn1 ‘A\I‘ cos0, = = JW cos? a,,

JE") :%‘Aﬂz cos0, = JWsin? o;;
4r

0 =R [ cosH,,
4

JY) = Z—’z‘RLf cos ..

Tornma

JO g g gl J)
= : = cos’ o +—7v sin? o, =
6) J<>

J(i) J(l) JH

p=
(1.148)

_ 2 2 .2
=pjcos”a,; +py sin”a,

rae
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o = J|| ‘RH‘ 9 —0 )
‘ s (1.149)
Jf ‘RJ_‘ sinz(Gi -6,)
PL= 7 - 2 .2 :
! ‘AL‘ sin”(6, +9,)
[TomoGHBIM ke 00pa3oM MorydaeM
(¢)
r:%zrncoszai+rlsin2ai, (1.150)
rae
(1) 2 . . )
o Ji nycosh, ‘T|‘ s1n29 sin 20,
= () — 2
J, n sin” cos”(0, -0
1 meostds |4 #0,)eos’(0,-0) | (1.151)
Jit) _ n,cos6, ‘TL‘ _ sin 26, sin 26,
O in> '
Ji on ‘ sin”(0, +6,)

Jlerko y6CI[I/ITI>C$I, YTO ¥ B 3TOM CJIydae

[1py HOpMAJIBHOM TIaJICHUH BOJHBI Pa3IMunUe MEXy NapauieIbHbIM 1
NEPIECHIUKYJISIPHBIM KOMIIOHEHTAMHU MCYE3aeT, IMPU 3TOM, HCIOJIb3Ys
cootHoteHus (1. 143) (1.144), (1.146) u (1.147), nonyuaem

_(n 1)
P n+1

(1.152)
= 4n
(1)
3ametum, uyto limp=0, limt=1. Bnomae ouyeBuaAHO, dYTO

n—l n—1
AHAJIOTNYHBIC PE3YJIbTAThI IIOJIYYAIOTCA W I IIPCACIIBHBIX 3HAYEHUH
R,TyuR.,T,.

59



Z A

Puc.1.12. K onpegeneHnuto yrna nonHon nonsipusaunn (yrna bptoctepa)

o
Becema BaxHOe sBineHHe HaOmomaercs npu 0, +0, = B srom

ciyuae tg(ei +6t)=oo, a, CJIeI0BaTEIbHO, B COOTBETCTBUM C MEPBBIM M3
Beipaxkernuit (1.149), Benmunna py =0. Kak cnexyer u3 puc.1.12, mpu

T . o .. o
0,+0, = 5 OTpaKEHHBIA U MPENIOMIIEHHBIN JIy4H NEepIEeHAUKYISIPHBI pYT
apyry. U3 3akoHa npenoMieHus ciemyer, 4To
: (T :
n,sin0, =n, sm(— - Gij =n,co0s0;, =n,;sin0,.
2

IIpu 3TOM

1g0. =n. (1.153)

VYron ©O;, ompenenseMblil 3THM BBIPa)KEHUEM, Ha3bIBACTCA YIJIOM
NOJIHOM MOJIsIpU3alMy Uin yriaom bprocrepa. Ero BaxHOCTh BepBbie ObLIa
ormeueHa [laBumom bprocrepom B 1815 roay. Eciin cBeT magaer noa 3Tum
YIJIOM, DJJIEKTPUYECKUM BEKTOP OTPaXEHHOM BOJHBI HE  HMEET
COCTABJIAIOLIEH B TUIOCKOCTH I1aJICHMUS.
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1,0

y ]
i

\\
[

0,6 /
0,5

\\

0,4 /
0,3 27 / /
032 /a,\ "
(a) // ) /
0,1 | (A v
\ a
6, =0° 10° 20° 30° 40° 50° 60° 70° 80° 90°

Puc.1.13. 3aBucnMMOCTb OoTpakaTenbHOM CNOCOBHOCTM OT yrra nageHus:
1
@-pL;©®- E(P| + Pi); (B) - P

3aBuCHMOCTh KO3 (UIIMEHTa OTPAKEHHUS CBETa IMOBEPXHOCTHIO
crekna (crexso mapku bK6 ¢ nmokasarenem npenominenus n,; =1,53998) or

yriaa nagenus 0, mokasana Ha puc.l.13. 3gecs mpencraBieHbl KPUBBIE:

(a)—p, =p,(0,), (6) - %(p” +pL)=p||+L(9i), (B)—p = pH(Gi). 3HaueHus

COOTBETCTBYIOIINX BEJIWYWH, BBIUMCICHHBIC C HWCIOJB30BaHUEM (HOpMYII
(1.149), npuBeneHbI B TaOIUIIE:

X 0 20° 45° 57° 70° 80° 90°
Kpupas
(a) 0,045 | 0,053 | 0,101 | 0,165 | 0,316 | 0,554 | 1,000
(0) 0,045 | 0,045 | 0,056 | 0,083 | 0,178 | 0,394 | 1,000
(B) 0,045 | 0,038 | 0,010 0 0,041 | 0,234 | 1,000

Jlst kpuBoit (0) umeem

PZE

1

Otcroza cienyer, 4To
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1 . 2
5(pj_ —p”): (PL _P||)Sm ;-
) 1
IIpu »stoM sin“ o, =—. Takum oOpasom, kpuBas (0) Ha puc.l.13
2
COOTBETCTBYET yrily o.; =45°.
HampaBnenue konebaHuii B €CTECTBEHHOM CBETE OBICTPO M3MEHSIETCS
OecropsI0YHbIM, CIydalHbIM 00pa3oM. COOTBETCTBYIOIIEE 3HAYCHUE
ko3 uImenTa oTpaxxeHus P MOXKHO TOJYYUTh MYTEM YCPETHEHHS TIO

22
BCCM HAIIPABJICHUAM. CpeJIHee 3HA4YCHHUC (1)YHKI_II/II/I SiIn- O paBHO:
T T

2 2 1

sin’ g,y _2 sin® audo. = —2_|.\/1—c0s2 ad(cosa)zzfx/l—x2dx =
To To To

1

2( 1 nj 1
=—|0+——|=—.
o T 22) 2

2
Cpennee 3HaueHne PyHKIIUU COS~ 0L PaBHO:

2 1 w2 1
cos” a, =1—sin occp—z.

mt\ 2

= %(lxv 1—x? +%arcsinxj

. 2 2 1
Tak kak CpCAHHUC 3HA4YCHHA SIn G0 M COS O PpPaBHBI 5, TO OJId

CpPEIHUX 3HAYCHUU .]||(i) u JE) MOJIy4yaeM

i i 1 i
=30 =5J<). (1.154)
Opnako, 1 OTpakKEHHOTO CcBeTa 00a KOMIIOHEHTA B OOLIEM cllydae

HEOJMHAKOBHKI. JIefICTBUTENBHO, UCTIONIB3YS cooTHOIIEHUs (1.154), umeem

[Ipu »>ToM KOA(DPUIUEHT OTpax)KEHUsI OINPEIACTUTCA BbIPAXKECHUEM
BHUA:
30 30 +3

P=" =" 0 =§(p||+m)> (1.155)

T.€. U B 3TOM CIIy4ae 3aBUCUMOCTb KO3((pUIIMEHTA OTpakeHUs OT yria 0,

OyJleT onuchiBaThCs KpuBoOi (0) Ha puc.1.13.
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B o0miem cinydae oTpak€HHBIN CBET YaCTUYHO MOJisipru3oBaH. CTeneHb
€ro nojsipuzanuu P MOXHO ONPEACIIUTh BEIPAXKEHUEM BUJIA!
P—PL
p=-L ==
P tPL
Yuuteias popmyny (1.155), 3To BbIpaxeHne MOXKHO MPEICTaBUTH B
BUJIE:

pP= 2%{‘9” - pL‘}-

BoipaxkenueM B QurypHsIx  CcKOOKax  ONpENEsioT  MHOTJa
NOJIIPU30BAHHYIO YaCTh OTPAKEHHOIO CBETA.

AHAJIOTUYHBIE COOTHOIIEHUS MOKHO MOJYYUTh W ISl MPOXOJSAILIErO
cBeta. MOXHO TMOKa3aTh, 4YTO JUISI €CTECTBEHHOIO CBETa TaKKe
CIIPaBEJIMBO PABEHCTBO: P+ T =1.

B cnydae nMHEWHO NOJIAPU30BAHHOIO MATAXOLIETO CBETA OTPAKEHHBIN
U MPOLIEAIINNA CBET OCTAETCA JIMHEWHO IOJSPU30BAHHBIM, TaK KakK HX
da3pl MO0 HE M3MEHSIOTCH, MO0 wu3MeHsoTcs Ha 7. OjHako,
HaIlpaBJ€HUs KOJIEOaHH B OTPaXEHHOM M NPOXOMSIIEM CBETE
U3MEHSIOTCSI OTHOCUTENIBHO HaIlpaBJieHMs KOoJeOaHUM B Ma/alolleM CBETE
B IIPOTUBOIIOJIOKHBIE CTOPOHBL. [IokaxkeM 3T0.

Yron o MeXIy IJIOCKOCThIO KOJIEOAaHMM U IJIOCKOCThIO TaAeHUS,
HA3bIBAEMBIM a3MMYTOM KoJieOaHUs, OyJleM CUMTATh MOJIOXKUTEIbHBIM,
€CJIM IIOCKOCTh KOJEOAHUI MOBOPAYMBAETCA 110 YaCOBOW CTPEJIKE BOKPYT
HaNpaBJICHUSI PACIHPOCTPAHEHUA, KAaK NOKa3zaHo Ha pwuc.l.14. MoxHo

T
MpCAIIOJI0KUTh, YTO a3UMYT KoieOaHus N3MEHSETCS B npeaciax oT — 5 J0

T o . o o
5. I[J'ISI magaromc, OTPAKCHHOW W IPOMICAIICH BOJIH J3JICKTPHYCCKOI'O

I10JId UMECEM
AJ_ RJ_ TJ_
tgo, =L 1ga, =L, tgo, =L
o 4 ¢ | o T
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Z A

(i) (r

Puc.1.14. K onpefeneHunto 3HakoB a3nMyTarbHbIX YriioB

Ucnonwsys popmynsr Openens (1.141) u (1.42), nonydaem

r _ cosl O)g a;, (1.156)
cos( 0,)
tga., = cos(0, — 0, )tga;. (1.157)
Tak xak 0<0, Sg 0< 9<§(Hp1/1n>1) TO
rgot, | > (1.158)
riga, | <|iga,|. (1.159)

3HaKk paBeHCTBa B cooTHoileHuu (1.156) cnpaBemiuB Juiib MpU
T
HOPMAJIBHOM WJIM CKOJIB3SIIEM NajeHun cseta (0, =0, =0 wmm 0, = 5), a

B cootHomieHun (1.157)—numbe npu HOpMalbHOM majeHuu. U3
HepaBeHCTB (1.156) u (1.157) cneayer, 4To mpu OTPAXKEHUU YTOJT MEXKTY
IUIOCKOCTBIO KOJIEOaHU M IUIOCKOCTBIO MAJICHUs YBEIUYMBACTCS, a MpU
IPEJIOMJICHUN OH YMEHBIIAETCS.

B tom cimywae, korjga yroia najgeHus paBeH yriy bprocrepa, T.e. mpu

0,+6, =g, B COOTBETCTBHU ¢ (opmyion (1.156) fgo, =co mpu sro0om

3Ha4YeHUM yria o, . V3 3akoHa bproctepa ciemyer, 4To CBET MOSpHU3YETCS

NpU MaJCHUU €ro Ha TpaHuIly paszjiena JBYX cpena noj yriioM bprocrepa.
OpnHako, [0S OTPaXEHHOrO MPU 3TOM CBETA CPABHUTEIBHO Maja.
[lonsipu3oBaTh mMmajmarmImMii cBeT 0€3 W3MEHEHUs HAMNpaBJICHUS €ro
pacrpoCTpaHEHHs MOXHO C MTOMOUIBIO CTOTIBI TOHKHUX
IJIOCKOTNIApaJIIEIbHBIX MJIACTUHOK.
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Ucnons3zyss Bblpakenuss (1.151), Haxoaum, 4YTO OTHOUIEHUE
MHTEHCHUBHOCTH JABYX KOMIIOHEHT BOJIHBI IIOCJIE MPOXOXKACHUS uepe3 o0e
MOBEPXHOCTH IJIACTUHKY ompezensercs Gopmysoil Bua:

2

L =cos*(0,-0,)<1.
Y

Takum oOpazoMmM, TpH BBIXOJE U3 IUIACTUHKUA MapaJlIeIbHBIN
KOMIIOHEHT TIpeo0iaiaeT Haja MEPHeHIUKYISIPHBIM, NPUYEM CTETICHb
noJsipu3anuy TeM Oosblie yeM Oonbiie yroa 0. Eciu yron 0, paBeH yriy

T
bprocrepa, To 0, = 5 0,, a 1g0, = n; Ipu HTOM NOJTy4aeM

2

4 4
TL | =sin*20, = —Ztgezi :( 2n2) :
T| 14170, 1+n

ITpu n,; =1,56889 (ctexno mapku bK10) momydaem 2N =0,675.

gl
CJ'IC,Z[OBEITGJ'IBHO, €CJIn CBCT HpOXOI[I/IT, Haan/IMep, qepe3 IIATh IINIACTHUHOK,

TO 3TO OTHOIIICHUE PABHO 0,657° =0,14.

Hcropust OTKpBITUS TOJIIPU30BAaHHOTO CBETAa BEChbMa WHTEPECHA.
JIBolHOE JTyyenpeoMiIeHue, KOTOPOe BO3HUKAET MPU MPOXOKICHUN CBETA
yepe3 KpUCTAUl MCIAHACKOTO IIMaTa, BIEpBbIE HAOIIOAan JAaT4aHUH
Opasm bapronunu B 1669 rogy. X.I'tolirenc moapoOHO HCCIIENOBal ATO
SBJICHHE U OMHUCAJ €ro 3aKOHOMEPHOCTH C MOMOIIBIO BECbMa OCTPOYMHOI,
x0T u QopManbHoM, Teopuu B 1690 romy. IlepBoe B uctopuu Hayku
(EHOMEHOJIOTHYECKOE OlpesieseHrue nojsipuzanuu ceeta Aan M.HploToH.
OH e BBEN MOHSATHE OOBIKHOBEHHOTO W HEOOBIKHOBEHHOrO Jiyyei. Cam
TepMuH ''monsApusarus cBeta' ObUT BBeAEH (paHIy3CKUM (PU3UKOM
D.MantocoM, KOTOPBIN OoJiee cToieTusi crycTs mociie padot X.['roireHnca
OTKPBUI SIBJIEHUE TMOJSPU3ALUNA CBETA NPU OTPAKEHUU OT IMOBEPXHOCTH
CTEKJIa U BOJBI.

JIBOWHOE MpEIOMIIEHHE CBETA B KPHUCTAUIaX MOKHO HCIOJIb30BaTh
JUIslL TIPEBpPAILIEHHUs] E€CTECTBEHHOI'O0 CBeTa B MoOJsipu3oBaHHbIA. Camu
paciienuBIIMECS B KPUCTAUIE KOMIIOHEHTHI JINHEWMHO NOJIsipru30BaHbl. Jlis
pasnmeneHuss oOpa3oBaBmIMXCA TydkoB Jyded B.Hukons BmepBwie
OPEIOKWI  OCTPOYMHOE  YCTPOMCTBO,  HCIIOJB3YIOIIEE  PA3IUUME
MoKa3aTeyied MPeJOMIICHUS I 3TUX Jiydyed. OHO MOJIyYyuJI0O Ha3BaHHE
npu3mbl  Hukoma. CeromHs pa3iauyHbIX MOJAPU3ALUOHHBIX PU3M
CYILIECTBYET JOBOJIbHO MHOT0. O/1HaKo, npu3ma HuKkos ceirpana B ONTHKE
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OOJIBIIYIO POJIb U CTajla HACTOJIBKO MOMYJIAPHOM, 4To cerofHs "Hukonp" u
"MOJIApU3aLMOHHAS TTPU3MA" — CHHOHUMBI.

B Hacrosmee Bpemss HaubOojee yOOOHBIM METOJA  IMOJYYEHUs
MOJISIPU30BAHHOIO CBETA 3aKJIFOYAECTCS B UCIIOJb30BAHUM TAK HA3BIBAEMBIX
MOJIIPOUIHBIX TUIEHOK. VX N€MCTBHE OCHOBAaHO HA CBOMCTBE, U3BECTHOM
KaKk JuxpousM. BemiectBa, oOiamaroniue STHM CBONCTBOM, HMMEIOT
pasznyHble KOd(PGUIIMEHTHI MOTJIOMICHUS ISl CBETa, MOJISIPU30BAaHHOTO B
pa3IMYHBIX HarpasieHUsX. Hamnpumep, MOXKHO HM3rOTOBUTH IUIEHKU U3
MOJIMBUHWJIOBOTO CHUPTA C BHEAPEHHBIM HOAOM, KOTOPBIE IMPOIYCKAKT
noutu 80% cBeTa, MOJISAPU30BAHHOIO B OJHOM IJIOCKOCTH, U MeHee 1%
CBETA, NOJIIPU30BAHHOI'O B MEPIIEHANKYISIPHOM HAIIPABJICHUU.

1.6.5. [NlonNHOE BHYTPEHHEE OTpaxeHue
[Ipu pacnpocTpaHeHHH CBETa M3 ONTHYECKU OOJiee IJIOTHON Cpejbl B
Cpelly C MEHBIIEN ONTUYECKOU MIIOTHOCTBIO, T.€. KOTa

n g,
_ . _Mh &l
n=n,=—=_|—=

n &1tk
sin0,=1 mnpu sin0,=n,, npu stoM 0O, =90°, a HanpaBieHue

<1,

pacrpoCTpaHEHHUs] CBETAa COBIAJACT C KacaTeIbHOM K TOBEPXHOCTHU
pasgena. Eciou BenmnumHa yria 0O, IpeBBINIAET MPEIEIIBHOE 3HAYEHUE

(sin®, > n,,), To CBET He BXOAHUT BO BTOPYIO cpely. Bech manaromtuii cBer

oTpaxaeTcsi oOpaTHO B MEPBYIO Cpely, T.€. B 3TOM cllydyae HaOII0JaeTcs
MOJIHOE€ BHYTpPEHHEE OTpakeHHe. TakuMm o0pa3om, MOTOK SHEPTUH uepes
IpaHUIly pas3dena JBYX Cpel OTCYTCTBYET, OJIHAKO, TEM HE MEHEE,
ANEKTPOMArHUTHOE II0JI€ BO BTOPOM Cpele HE pPAaBHO  HYJIIO.
JleiicTBuTenbHO, ecnu B (a30BOM MHOXHUTEJE MPOIIEANICH BOJHBI,
onpenaesieMoM BbipaxeHuem (1.134), monoxuTh

. 1.
sin@, =—sin6;, cosO, =i (1.160)
n
TO HOJIY4IUM
exp(—ir ):exp — i t—w eXp u%
’ nV, v, ’
n

B pesynbrare nmeem
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E(’)zTeXp(—irt)zfexp —10) t—L;ei , (1.161)
nv,

-2
sin” 0,
——1|mpu n<l1.

rae TzTexp u%
V. n

2

Beipaxxenne (1.161) onuceiBaeT HEOJHOPOJIHYKO BOJIHY, KOTOpas
pacupoCTpaHsAeTCs BAOJb IOBEPXHOCTH pasdena cpel B IUIOCKOCTH
najieHusi (T.e. B HAMNPABJICHUM OCU X) U MEHSETCS SKCIOHEHIMAIBHO C
M3MEHEHUEM PACCTOAHUA z OT 3TOM MOBEpXHOCTH. HarmoMHuM, 4TO BOJIHA
HA3bIBACTCS HEOJHOPOJHOM, €CIIM MOBEPXHOCTU IMOCTOSSHHOM AMILIUTYbI
HE COBMAJAIOT C MOBEPXHOCTSIMU MOCTOSIHHOU (pa3bl.

[Ipu nonoxuTENHHOM 3HaKe Tepes] KopHeM B BbipaxeHuu (1.161) mpu
YBEJIUYCHUU PACCTOSHUS Zz OT TMOBEPXHOCTH aMIUIUTyAa pocia Ol
HEOTPAaHUYEHHO, YTO IIPOTUBOPEYMUT ONbITy. IIpu oTpuUATENBHOM 3HAKE
aMIUTUTYJl1a OYeHb OBICTPO YMEHBINAETCS C MIYOMHON MPOHUKHOBEHHS Z,

, 0z n n z
npuuéM —=2nv—z=2n—z=2n—, T.6. J(ddekTuBHas TIIyOUHA

v, c Ao
IIPOHUKHOBEHHUSI TIOPSIKA JITTUHBI BOJIHEI.

DOKcnepuMeHTalbHas TMPOBEPKAa HAIMYMS BO3MYIICHHUS BO BTOPOM
(MeHee TIUIOTHOM) Ccpele MpeacTaBisieT JOBOJBHO TPYAHYIO 3aaady,
MOCKOJIBKY ~ JIF000€ yCTPOWCTBO, HCHOJIB3yeMOe JUisi OOHapy>KEHUS
BO3MYIIIEHUS, OyAeT Hapymarh TpaHW4YHbIe ycioBus. [ pyboe
MOATBEPXKJICHUE  MOXKHO  MOJY4YUTh, €CIM  IOMECTUTh  BTOPYIO
PEJIOMJISIIOIIYIO CPEAy Ha PACCTOSHUHM OKOJIO YETBEPTH JJIUHBI BOJHBI OT
MOBEPXHOCTH pa3zelia, Ha KOTOPOH MPOMCXOAUT TIOJHOE BHYTPECHHEE
OTpakeHue, U Hab01aTh MPOHUKHOBEHUE M3JIYyUYEHHUS BO BTOPYIO Cpeny.
W, TeM He MeHee, MPOHUKHOBEHHUE TOJISI BO BTOPYI (MEHEE IUIOTHYIO)
cpeay HaOOJaI0Ch B O4eHb TOHKUX onbiTax JI.M.Mannenbimirama emié
1914 rony.

YtoOb1l puMenuTh dopmynbsl Openens (1.142) k ciydar MOJTHOTO
BHYTPEHHET0 OTPAKEHMUS, IEPETUILIEM UX B BUJIE:

R __sinb, cosH; —sinB, cosH, 4
™ sin 0, cos0; +sin0, cosO, I’
_ . (1.162)
R __sinb; cos6, —sinB, cos O,
+ sin0; cos0, +sin B, cosO;

[TogcTaBUB B 3TH BBIPAKCHHS 3HAYCHUS BEIWYWH, OIPEIACISIEMBIX
dbopmynamu (1.160) (Opu MOJOXKUTEIHLHOM 3HAaKE TNeEpes KBaJpaTHBIM
KOpPHEM ), TOJTy4aeM

67



R n cos6 —l\/SIIl 0, —n?
| =~ 4,
n cos@ +11/sm 0, —n?

R cos 0, —zﬁsm 0, —n?
L=
cos 0, +zw/s1n 0, —n? )

CrnenoBateibHO,
R|=|4 (1.164)

T.€. JUISl KaXJIOr0 KOMIIOHEHTa MHTEHCHUBHOCTb CBETA, OTPAXKEHHOTO IPHU
IIOJTHOM BHYTPEHHEM OTPAXXE€HHWHM, pPABHA HWHTEHCHUBHOCTH IIAJAOLIETO
cBera. Takum 00pa3om, XOTs BO BTOPOM CpeJie MOJI€ OTIIMYHO OT HYJIsA, HO
IIOTOK DHEPTUU Yepe3 MOBEPXHOCTh OTCYTCTBYET.

Mo’xHO MoOKa3aTh, YTO XOTSA B OOIIEM CIy4yae KOMIIOHEHT BEKTOpa
YmoBa-IIoiHTHHTA B HAIIPpaBJIE€HUH, HOPMAJIBHOM K I'PaHUIIE, KOHEYEH, €T0
3HAYEHUE, YCPEAHEHHOE N0 BPEMEHH, PAaBHO HYJIFO. JTO O3HAYAET, YTO HE
CYyLIECTBYET IOCTOSTHHOTI'O IIOTOKA BO BTOPYIO CpPEeNly, a SJHEPIUs TEUYET Tya
1 00paTHO.

W, nakoHen, onpeneauM U3MEHEHHE (a3 KOMIIOHEHT OTPaKEHHOU U
najatonieil BosiH. Ha ocHoBanuu cootHoieHuit (1.164) MOXHO TPUHSATS,
4TO

R

I - R, -

i 5, ), ~L = S ).
exp(z ”) exp(id, )

| 1

> (1.163)

R |=

. KR
CornacHo cootHomeHusM (1.163) kaxgoe W3 OTHOIIEHUA — U ——
4 A

L1
onpenenseTcs: BeipaxkenreM, umeronuMm gopmy yly | . CrnenosarenbHo,
€CJIM O — apTyMeHT y (T.e. Y = aexp(ioc), TIe @ U O BEIIECTBEHHBI), TO

exp(iS) = \|/(\|/*)_1 = GXp(ZiCX), T.C. tgg =fgol, a IOdTOMY

N

1 sin® @, —n’
tg_6|| =— ) ’
2 n” cos0,
(1.165)
1 \/sin” 0, —n’
tg_SJ_ = — .
2 cos0;

J

OTCIOI[a Ciaeayer, 4To 00a KOMIIOHEHTa HCHBITBIBAIOT CKAYOK (1)2131:1
pa3H0171 BCIIMYUHBI. BCJ'ICI[CTBI/IG ATOr0 JIMHEHHO l'IOJ'IHpI/ISOBaHHHﬁ CBCT
IIpu IOJHOM BHYTPCHHCEM OTPAXCHHH  OKa3bIBACTCSA ITOJIAPH30BAHHBLIM
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anmunTHIecKu. [Ipn 9TOM 171 OTHOCHTENBHON pasHOCTH (a3 6 =0, —9,

NMCCM

1 1
t1g—0=

1 1.
l+tg—-0,tg—9d
g2 J_g2 I

[ToacTaBuB B 3TO BBIpaxeHue cootHomeHus (1.165) u npeodbpaszonas,
noJiy4aem

0.+/sin’ 0, —n?
tg%SzCOS A e B (1.166)

sin”® @,

DTO BbIpaXeHUE oOpaliaercss B HyJb MPU CKOJB3AIIEM NaJAeHUU

~

T L~
(Gi =5) U IIpU NAJCHUM CBETa IIOJ KPUTHUYECKUM yriIoM O, (sm 0, = n)

Mex 1y STUMH IBYMS YIJIAMU JIEKUT YTOJl, COOTBETCTBYIOIIUA MAaKCUMyMy

OTHOCUTENBHOM pa3zHoCTH ¢da3. OH onpeaensieTcss ypaBHEHUEM:

d (1) 2n°—(1+n)sin?6,

—(tg —Sj = ==0.

do;\ 2 sin’ 0,+/sin” 0, —n°

[Ton0XUB YKCIUTENb IPOOU PaBHBIM HYJIIO, TOJTy4aeM
2n*

1+n*

[TonctaBuB »3TO cooTHoHIeHWE B Bblpaxenue (1.166), momydaem
(dopMyity, OIPENEIAIONYI0 MAKCUMAJIbHYIO BEIUYHUHY O, OTHOCUTEIbHOU
pa3HoctH ¢a3, B BUJIE:

; 1 5 — 1-n*

82T Ton

Emeé ®dpenenem ObUIO MOKA3aHO, YTO TP TOJHOM BHYTPEHHEM OTPAKEHUM
MOYKHO U3 JIMHEMHO TIOJIIPU30BAHHOIO CBETA TOIYYUTh CBET, TOJSIPU30BAHHBIN 10
Kpyry. BeiOupasi HarpariieHre nosspu3aliy Majjarollield BOJHbI 1ol yriioM 45° k
IUIOCKOCTH TajieHus (T.e. o, =45°), nomy4aeM paBHbIC aMIUIATYIbI KOMIIOHEHT:

sin> 0, =

(1.167)

(1.168)

‘AH‘ =|4, |. Torma B coorsercraum ¢ pasercrsam (1.164) uveem: ‘RII‘ =|R,|. 3arem

NOOMpaeM BEIMUMHBL 72 U O; TakiuM 00pa3oM, YTOObI OTHOCUTEIIbHAS PasHOCTb (a3
O Obuta paBHa 90°. Jlnst MOMyYeHUs TAKOTO 3HAYEHUS O TMPU OJHOM OTPAXKEHUU
HE0OXO/IMMO, YTOOBI B COOTBETCTBUHM ¢ COOTHOIICHHEM (1.168)

t E—l—l_n2
g4 2n
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IIpu sTOM n = J2-1=0,414. Orcrona CIEQyEeT, YTO IOKa3aTesb

IPENOMIIEHUS. 7, =— 0OJee IUIOTHOM CpEeIbl OTHOCHTENBHO MEHEE
n

IJIOTHOM JIOJDKEH OBITh, MO KpaifHel mepe, He MeHee 2,41. D10 3HaueHue
MOKa3aTeyisl MPEJIOMJICHUS] JIOBOJBHO BEJIMKO, XOTS HEMOTJIONIAOIINE
BEILIECTBA, MOKA3aTeIb MPEIIOMJICHUSI KOTOPBIX MPHUOIMKACTCA WU JaxKe
MPEBBIIIAET €70, CYIIECTBYIOT.

dpeHesb UCTOb30BaN JBa MOJHBIX BHYTPEHHUX OTPAXKEHUSI B CTEKIIE.
Korma n, =151, To, cormacHo coorHomenussm (1.167) u (1.168),

MaKcHMallbHass OTHOCHTENbHast pasHocTh (a3 o, =45°56" momyuaercs
npu yrie nanenuss 0., paBHom 51°20°. IlosToMy B COOTBETCTBHH C

ypaBHeHueM (1.166) 3naueHne O =45° MOXHO MOJYYHUTh MPU OJHOM W3
CJIEAYIOIIUX YTJIOB ITaJICHHUS:

0, =48°37', 6, =54°37".

[Ipu sTOoM pa3zHocte (a3 B 90° BO3HHMKaeT B pe3yibTaTe ABYX
MOCJIEIOBATEIbHBIX TOJHBIX BHYTPEHHUX OTpaXeHUH NpH J000M U3
NpUBEAEHHBIX yrioB. Jlisi monydeHus Takod pa3HocTy (a3 MpUMEHSETCS
CTEKJISIHHBIM OJIOK, M3BECTHBIM Kak poMO DpeHens, TJIABHOE CEUYCHUE
KOTOpOro MOKa3aHo Ha puc.1.15.

JInaenHO
. Caer,
MOJISIPU30BAHHBIN i .
] MOJISIPU30BAHHBIN
CBET |
I 0 Kpyry
|

54°3 7&/

Bnonne oueBuaHo, uro poMO DpeHens MOXKHO HCIONB30BATH s
MOJIYYECHUs DJJUIMIITUYECKA TOJSPU30BAHHOTO CBeTa. B 3TOM cCityuae
a3UMyT TMajaromero (JUHEMHO TMOJIPU30BAHHOTO) CBETa JOJDKEH
oTIn4YaThest 0T 45°. MOXKHO Takxe ¢ moMOIsI0 poMOa DpeHenst moJy4yuTh
JIUHEWHO  MOJSIPU30BAHHBIA  CBET M3  CBE€Ta, IOJAPU30BAHHOIO
DTN TUYECKH.

W3MepeHne npeesbHOTO  (KPUTHYECKOTO) 3HaueHus yrama O,

Puc.1.15. Pomb ®peHens

MO3BOJISIET yAOOHO © JOCTAaTOYHO TOYHO OMNPEACIsITh TOKa3aTelb
IPEJIOMJIEHHS, UCIIONB3Ysl paBeHCTBO 7 =sin0,. [Tpubopel, ucnonb3yemsele

JUISL 9TOM LI€TIM, HAa3bIBAKOTCS pe(PpakTOMETPAMH.
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