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K unrarensim cepun nocoduit
«YHUBEPCUTETCKHHU KYPC OBILIEN ®U3UKHN»

Ha xadenpe obweit pmzuku dpusnueckoro daxymsrera MI'Y um. M.B. Jlo-
MOHOCOBa CO3/1aH M TOTOBHTCSI K H3JAHUIO «YHUBEPCUTETCKUH Kypc oOriei
¢u3MKM», TperHa3HAaYEeHHBIH /I CTYICHTOB (M3MYECKHUX CIELHAITbHOCTEH
BY30B.

Kypc oxBaTpIBaeT uetbipe paszmena: «MexaHukay, «MonekynspHas ¢u-
3UKay, «DIeKTpoMarHeTusmM» u «Ontukay. OTIMYUTENBHON O0COOSHHOCTHIO
JAHHOTO Kypca SIBIISIETCS TO, YTO B HEM B METOJMUYECKOM OTHOLIEHHH OCYIIECT-
BJIGHO €IMHCTBO OCHOBHBIX (popM 00y4eHus: pusuKe: JEKUUH, JTabOpPaTOpHbIC
paboTHl M ceMUHApHl. B cucremMe yHHBEpCHTETCKOrO 00pa30BaHMs TEOpETHYE-
CKHMI MaTepuall U3JIaraeTcsd B OCHOBHOM B JIEKIIMOHHBIX KypcaX, a YMEHHUE pe-
1IaTh 3aJa4d 0TpadaThIBaeTCs Ha CEMMHApPCKUX 3aHATHsIX. Pa3BuTHE HABBIKOB
9KCIEPUMEHTA U aHaJIM3a €ro Pe3yJIbTaTOB IMPOMCXOAUT B MPOLIECCE 3aHATHH B
ob1mem (u3MUecKoM NpakTHKyMme. B CBsI3u ¢ 9THM, KaXIblil pa3nen Kypca co-
CTOUT W3 4YeThIpex mocoouit: «Jlekuum», «JIeKIMOHHBIA 3KCIIEpUMEHT», «Jla-
0OpaTOPHBIN MPAKTUKYM» U «MeToauKa peieHus 3a1aqyy».

Kaxnast rimaBa nocobust «JIexumm» conepxuT Marepuan 6a30BOro ypos-
Hsl, COOTBETCTBYIOILETO MPOrpaMMe Kypca, M OTPaXKaeT COBPEMECHHBIE TEHJICH-
MM ¥ TEXHOJIOTHH (U3MUECKOro oOpazoBaHus. Jlekunu 1mo Kaxmpoi teme co-
MPOBOXKIAIOTCS AEMOHCTPAIEN OCHOBHBIX (PM3MYECKUX IKCHEPHMEHTOB, OIH-
CaHUE KOTOPBIX MPEICTABIECHO B MOCOOUH «JIEKIIMOHHBIHN SKCTIEPUMEHTY.

ITocobuem, MO3BOISIONIMM Pa3BUBaTh YMEHHE pelarh (QU3HMUECKHE 3a-
nauu, siBisieTcss «MeToquKa penieHus 3aiad», KOTOPOE COCTABIEHO C TaKHM
pacderoM, 4TOOBI UM MOKHO OBUIO ITOJIB30BAThCS VISl CAMOCTOSTENILHOM pado-
Thl. Bech Marepuan pazour Ha riaBel. Pa30op 3anay Bcex riiaB IPOBOJUTCS MO
€/IMHOH cXeMe, IIPHYeM KaXXIylo INIaBy MOXXHO NPOpadaTeiBaTh HE3aBUCHMO OT
JPYTHX.

Heorbemnemoii gacTbio Kypca oOmmed (U3UKH CITy>KHUT J1abopaTOpHBIH
npakTuKyM. Marepuansl mocobust «J[abopaTopHBIA MPAKTHKYM» IOCTATOYHBI
JUISL CaMOCTOSTENIBHOM TOATOTOBKH K BBITIOJHEHHIO paboT. B cBsi3m ¢ 3THM B
MOCOOMHM MMeEeTCsT Kak o0IIee TeoOpeTHIecKoe BBeIeHHE, TaKk U OoJiee moapoo-
HOE M3JIO’KEHUE TEOPHH K KaXIoi JaboparopHoit pabote. Kpome Toro, B Kax-
Joit pabore copMyIHpOBaHBI LENb M WASS IKCIEPUMEHTA, NaHO OIHMCAaHUE
YCTAHOBKH M TI0IPOOHOE M3JI0KEHHE MOCIIEI0BATEILHOCTH POBEICHUS dKCIIe-
prMeHTa 1 00pabOTKU pe3yIbTaTOB.

Bce noxenanus 1 3ameuyaHusi o NocoOusM Kypca OyayT ¢ OyiaroiapHo-
CTBIO TIPUHATHI U PAcCCMOTpPEHBI Ha Kadeape oOmiel ¢pu3ukn Gusndeckoro da-
kynerera MI'Y um. M.B. JlomoHOCOBa.

Caneykuti A.M.
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IMPEAUCJIOBHE

IIpemnaraemoe mocodue SBISETCS COCTABHON YaCThIO cepud yueO-
HO-METOJIUYECKUX pa3paboTok Kadeapsl obOmield Gpu3nku (HU3NIECKOro
thakymereta MI'Y um. M.B.JlomoHOCOBa «YHUBEPCUTETCKUI Kypc 00-
e pu3uKm.

ConepxaHue 1mMocoOusi pas3felieHo Ha TJaBbl ¢ MaKCHMAaIbHO BO3-
MOJKHOW TIPHBSI3KOH K JEHCTBYIOIEMY TEMaTHUECKOMY IUIaHy CeMHHa-
POB TI0 ONITHKE B Kypce oOImert Gpu3uku mist cTyAaeHToB 2-ro Kypcea. [lo
TPaJIUIIUK KaXK]asl TJIaBa B MOCOOMH HAYMHAETCS C KPATKOT'O U3JIOKEHUS
COOTBETCTBYIOIIETO TeME TEOPETHYECKOT0 Marepralia, KOTOpOe COMpo-
BOXKJAeTCI HEOOXOIMMBIMHU C METOJMYECKON TOYKH 3peHUs] KOMMEHTa-
pusMH U TOSCHeHHMSMH. B pazmen «3amadu ¢ pemeHussMu» B IEPBYIO
ouepenb ObUTM OTOOpaHBI T€ 3a/1a4M, O3HAKOMJICHUE C NpeAaraeMbIMH
pelIeHusIMI KOTOPBIX (Kak U B ClIy4ae C THUIOBBEIMH 3agadyaMu) OyneT
CIOCOOCTBOBATH MO MHEHHUIO ABTOPOB JIYyUUICMY IMOHMMAaHWIO U YCBOC-
HUIO Y4eOHOTO MaTepuala. B xoHIe Kakao# ri1aBbl NpUBEACHBI POpPMY-
JUPOBKHU 3a/1ad JJIsi CaMOCTOSITENIFHOTO PEIIeHUs, a TakKe CITUCOK pe-
KOMEHIyeMOU yIeOHOM TUTEPaTyPHL.

[Ipu paborte Hag mocoOuMeM aBTOPBI MOCTAPATUCH MaKCUMAalbHO
y4ecTh MHOTOJISTHHI OIIBIT MPeToAaBanus Kadeapon Kypca obmei du-
3K M BBIPAXAIOT MCKPEHHIO OJaroapHOCTh CBOMM KOJUIETaM 3a
HOJIEPKKY, YdacTHEe B OOCYKICHHUSAX COJCpIKaHUS MOCOOUS M TOJe3-
HBIE 3aMEYaHN.

ABTOpHI 3apaHee PU3HATENBHBI TAK)KE BCEM, KTO MOCITOCOOCTBYET
YIIYYIIEHUIO B JATbHEHIIIEM 3TOT0 Y4eOHO-METOINIECKOT0 TTOCOOHSI.
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I'maBa 1

IF'EOMETPHYECKAS OIITUKA
N IMPOCTBIE OITUYECKHUE CUCTEMbI

1.1. TeopeTuyeckoe BBegeHHE

MHorue onTHYecKue SBICHUS, UMEIOIINE BaXKHOE MPAKTUIECKOe
3Ha4YeHHe, yIaeTcsi OOBACHWUTh B paMKax T'€OMETPUYECKON ONTHKH, B
KOTOPOH paclpoCTpaHEHHE CBETa OMUCHIBAETCS C IMOMOIIBIO CBETOBOTO
JTy4ya — JIMHUM, KacaTelbHas K KOTOPOW B KaXIOW TOYKE COBIMAJAET C
HalpaBJIeHUEM paclpOCTPaHEHUs CBETOBOH 3Hepruu. [lostomy perme-
HUE 3a/la4 TeOMETPUYECKOW OINTHUKU CBOJHUTCA K OIPEACICHHUIO XOJa
CBETOBBIX Jy4del B ONITUYECKUX CUCTEMaX.

K ocnoenvim 3axonam reomeTpudeckoi ONTHKN OTHOCAT:

1. 3axon npsamonumnerino2o pacnpocmpanenuss céema: B OAHOPOI-
HOM cpejie CBET paclpOoCTpaHIETCs MPSIMOIUHEUHO.

2. 3axon ompasiceHus: Ha TpaHULIE pa3fiesia IByX Cpea JIyd MaJaro-
it (1), myd otpaxennsiit (1') u Hopmanb (V) K oTpaxkarolei moBepx-
HOCTH B TOuKe mageHust O nexar B OAHOW MIOCKOCTH; Yroil majeHus 6,
paBeH yrity oTpaxenus 0y (puc. 1.1):

61 =90. (11)

TAR
I
3. 3akon npenomnenus ceema: Ha !
|
|
]
|

TpaHUIE pas3fesia IBYX Cpel JIyd Mauaro- 6 | 6o
it (1), yd npenoMieHHBIH (2) U HOp-

Maih (N) K IPETOMIISIONIEH TTOBEPXHOCTH 0
B Touke majeHns O nexaT B OJHOM Ioc- @

KOCTH; YroJl MajeHus 0; U yroi mpenom-

neHust 0, CBS3aHBI COOTHOIIICHUEM (CM.

puc. 1.1):

_____Nq:‘__ _
b

Puc. 1.1. OrpaxeHnue u mpe-
JIOMJICHHE CBETOBOrO JIyda Ha
TpaHuLe pasfena IByX Cpen

(nl <n2)

ny -sin@; =n, -sin6,, (1.2)

Ie n) U np — I0Ka3aTellu IpeJIOMIICHUs
COOTBETCTBEHHO IIEPBOU U BTOPOU CPEL.

4. 3axon nesasucumozo pacnpocmpa-
HeHUsi C6emOoGuIX Jiyyell: JIydd He BIUAIOT APYT Ha Jpyra U paclpocTpa-
HSIOTCS HE3aBUCHMO.
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Ilpenomnenue ceema na cghepuueckoil cpanuye pazoena 06yx cpeo

[lycth chepuueckas moBepxHOCTh, paauyc koropoit OC =R, pas-
JICJISICT CPeJbl C TIOKA3aTeIsIMK TPEIOMIICHUS 1y | 1, (puc. 1.2 u 1.3). B
napakcuanrbHom npubaudxcenuyu (TPU MaJbIX yTiIaX MEXAY CBETOBBIM
Jy9OM U ONTHYECKOH 0ChI0 Ox) X-KOOPAMHATHI TOUEK S| (MpeaMeT) u S,
(1300pakeHue), OTCUMTHIBAEMbBIC OT BEPIIMHBI OBepXHOCTH O, CBA3aHBI
COOTHOIIICHHEM:

m| A | = | 1|, (1.3)

Nnin
n no_nm—n

(1.4)

Xs

R R

Jins onTUYecKOM CHCTEMBI, NOKa3aHHOM Ha puc. 1.2: n, >ny,
R>0, x5, < 0, Xs, > 0; 1T ONTHYECKOW CHCTEMBI, TIPEICTaBICHHOM

Ha puc. 1.3: ny >n, R<0, xg <0, x5 <0.

QD FooAY ; QC
|
./
|

Puc. 1.2. Ilpenomnenue yueii Ha chepudeckoid TpaHulle pazaena aAByX cpel (1, > ny)

Bennuuna

ny,—n
21 (1.5)

R

HA3bIBACTCS ONMUYEeCcKol cunou chepudecKor MpeToMISIONIEH MOBEpX-
Hoctu. Ecmt @ >0 (puc. 1.2), To ny4 2, napauieabHbIA TJIaBHON OI-
trueckoit ocu Ox, mocite npenomiteHns (Jryd 2') mepecekaeT ee B TOUKe
F, (3amauii doxyc), a myu 3, mpoxoxsumii yepe3 nepennuit okyc Fy,
nocie npenomiienus (Jiyd 3') mapajuieneH onTh4eckoil ocu. B cimywae

b=
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® <0 (puc. 1.3) 3aguuii (F,) u nepennuii (F;) Goxycsl cooTBETCTBYIOT
TOYKaM IEPECEeUEHUs C ONITUYECKON OChIO MPOAOLKEHUM yueit 2' u 3.

Puc. 1.3. Ilpenomienue srydeii Ha ceprdecKoil rpanune aByx cpen (1, > ny)

ITomaras B dbopmyne (1.3) moodepemaHo Xg, =0 M Xg =00, JUIA

(hOKYCHBIX pacCTOSHHI C()EepUIecKOll NPETOMIISIOIIECH MOBEPXHOCTH
MIOJTyYUM COOTBETCTBEHHO:

n R
Y = z_éz_n—l’
(1.6)
n, n-R
fy=x ==
2 @ n-1
e n="2 — OTHOCHTENBHBI NIOKA3ATEID npenomieHus. Kak crnemyer
m
u3 (1.6),
fr=-n-fi. (1.7)

IlnockocTH, MepreHIUKYJISIpHbIE ONTHYECKOW OCH M TepeceKaro-
e ee B TOYKaX S; U S;, Ha3bIBAIOT CONPANCEHHbIMU, & TIapaJlJIeIbHbIe
UM IUIOCKOCTH F| 1 F, — COOTBETCTBEHHO TEpeIHEH U 3aHel (hoxaib-
HOU NIOCKOCMbBIO.

C yuetom (1.6) dhopmyiy (1.4) MOKHO MPECTABUTH B BUJE:

£+i=l.

X5, X,

(1.8)

2
KpOMe TOr0, CIpaB€AJINBO COOTHOIICHUEC!

(xsl—fl)'(xsz—fz):ﬁfz- (1.9)
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I Ompasicenue ceema om chepuueckozo

A 3epkana
Ecmun B Qopmyne (1.4) ans myda, oTpa-
l . R KEHHOTO OT cepHyecKoll MOBEpXHOCTH pa-
N puyca R, HONOKHTH 1, =—py, TO TOJTYYUM
0 F C x dopmyny cghepuueckoeo 3eprana.
o1 2 (1.10)
Xg, Xs, R

Puc. 1.4. Otpaxenue j1yda 2
o ceprueckoro sepkara M1 KOTOPOro (hOKyCHOE PacCTOSHUE PaBHO (CM.
puc. 1.4)

@Efzi. (1.11)

Dopmynvt 011 UEHMPUPOBAHHOI ONMUYECKOU CUCHEMbL

CoBMeCTHM KOOPIMHATHYIO OCh (X C 21a6HOU ONMuYecKkdas oOcbio
CUCTEMBI — IPSMO¥U JIMHUECH, HA KOTOPOH JIeXKaT IEHTPBI KPUBU3HBI BCEX
NPETOMIISIOIINX TOBEPXHOCTEH.

XapakTepuUCTUKU TaKOH yeHmpuposanuoli ONTHYECKON CHCTEMBI
MOYKHO TIOJIHOCTBIO OIUCATh, 3a/1aB TOJOKEHUS €€ KAPOUHATbHLIX dTe-
menmos — enasnvix (Hy u Hy) n ¢oxanvnuix (Fy n F,) mnockocTeit, Ko-
TOpBIE MEPIIEHIUKYIISPHBI TJIABHOW ONTHYECKONW OCH U MEPECEKAr0TCs C
HEl COOTBETCTBEHHO B 2nasuwvix mouxax (Hy m Hy) u B goxycax (F; u
F,), a Taxoke y3n06vix mouex Ny u N, (eM. puc. 1.5).

1

Puc. 1.5. KapaunansHble 31eMEHTHI LICHTPUPOBAHHON ONTHYECKON CHCTEMBbI
U X0 Jyueil B Hel

Ecmu xoopmaunatel x Touek ¢ maAekcoM 1 (S, F; u N;) oTcunTsI-
BaTh OT TIaBHOI Touku H;, a koopauHaThI X' Touek ¢ uHAeKcoM 2 (S,, F;
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1 N,) — oT raBHO# Touku Hj, TO B mapakcHaabHOM MPUOTMKEHUH IS
EHTPUPOBAHHOM ONTUYECKOI CHCTEMBI CIIpaBeinBa (hopmyra:

B2 Mo, (1.12)
xSZ xSl
rae
o="2-_" (1.13)
*F, X

— onmuueckas cuia LEHTPUPOBAHHOM CUCTEMBL, 1| U K, — IO0Ka3aTelu
MIPEJIOMJIEHHSI CpeJl COOTBETCTBEHHO CJIEBA U CIIpaBa OT KpalHHUX Ipe-
JIOMJISIFOIIMX TIOBEPXHOCTEN ONTUYECKON CHCTEMBI.

Koopaunate! y3moBsix Touek N; u N, (uepe3 HUX MPOXOIAT IMPo-
JOJDKEHHS MapaienbHbIX ayderd 3 u 3' Ha puc. 1.5) MoryT ObITH Haiine-
HBI TI0 (hopmyam (puc. 1.6):

_ '
XN, = Xp, + X, (1.14)
! !
xN2 :xF2 +x1_-1 . (115)
F H, H, F
i
s I~
F1i \H1EN1 sz in X, x'

T
| : ! :
i = = i
1 x‘N.! JCN2 ! 1

Puc. 1.6. [Tonoxenus y3:10BbIX ToUek N U N, HEHTPUPOBAHHON ONTHYECKON CUCTEMBI

Ecmm Xp :_x'F2 , TO y3yioBble TOUKH N; U N, COBIaJalOT C COOTBETCT-

BYIOIIMMHU TIaBHbIMU ToukaMu H; u H,.

Toacmasn aunza
Hoist mansen TomuuHoR O,0, = d (ToJCTas TMH32), H3TOTOBICHHOM

W3 Marepuana ¢ rmokasaTenieM mpenomieHus n (puc. 1.7), onTuyeckas
cuna @ Haxomutes o Gopmyie:

c1>=c1>1+c1>2—%c1>1c1>2, (1.16)
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rae @, u @, — onruueckue cwibl (1.5) chepuaecKux MPETOMITSIOIIIX

MIOBEPXHOCTEH JINH3BI.
H H;

RO

Puc. 1.7. Cxemarndeckoe npeACTaBICHUE TOJICTOM JMH3BI

Koopnunater Bepiuns auH3b1 O 1 O, OTCUNTHIBAEMbIE COOTBETCT-
BEHHO OT aBHbIX Touek H, u H, (puc. 1.7), moryT ObITH HaiiieHBI MO
dhopmymam:

__ 49

Y077 g (1.17)
_d D

XOZ—;‘E.

Jlmnza HaswBaeTcsa cobuparoweti, eciiu O > 0, U pacceusarouyell,
eciu @ < 0.

Tonkue nun3ol
B cnayuae monxoii munsel (d =0) w3 mMaTepuana ¢ ToKazareiaem
TIpeJIoMJICHHS 11 €€ onThdeckas cuina @ paBHa

O=0,+0,, (1.18)
e
(Dl:n_nl,
R
n,—n
D, =2 —.
2 R2

Ecnu ToHKast TMH3a OKpYXKEHa Cpe/loi C IoKasaTesieM MPEeIOMIICHUS 7,
TO B 9TOM Clly4ae:

qD:(n—nO)- R%_RLZ . (1.19)
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I'maBHBIC 1 Y3JI0BBIE TOYKHU TOHKOM JIMH3EI COBITAJAIOT C €€ ONITUYCCKUM
IIEHTPOM.

I[J'IH cucmemsl U3 Oeyx MOHKUX JIUH3 C OIITUYCCKHMHU CHUIIaMH (I)l n
CI)Z:

[
(D:CD1+CDZ __(DICDZ’ (120)
o
rae [ — paccTosSHHE MEXAY JHMH3aMH, 1y — TOKa3aTelb CPEAbl MEXIy
HHUMMU.

1.2. 3agaum ¢ pemieHUSIMU

3agaya 1.2.1. B kakux mpesenax MOXeT MU3MEHSATHCS YTOJ OTKJIO-
HEHHS JIyda ¢ TPU ero MPOXOKACHUH Yepe3 CTEKISTHHYIO TIPU3MY C TIpe-

nomssiiomM - yriioM oo =60°?  TlokasaTenb MPENOMIIEHHsS CTEKIa
n=15.

Pemenue

B cooTBeTCcTBHH € 3aKOHOM mpenomieHus (1.2) myd, magaroumii Ha
OOKOBYIO TpaHb MPHU3MEI 1Moy yriioM 0, (puc.l.8), mocie IByKpaTHOTO
MPEJIOMIICHHSI BBIMIAET W3 HPU3MBI
noJ; yriiom 6,’, OTKIOHUBIIUCH OT
MEepPBOHAYAJILHOTO HampaBleHUs] Ha
yToJI .

Tak kak cymMMa BHYTPEHHUX
yIIIOB deThIpexyroiapbauka ABCD
paBHa 27, TO

0,+05+(n—¢)+(n—a)=2n,
W

Puc. 1.8. Xox nyda uepe3 CTEKISIHHYIO
IpU3MY

0=0,+6,-a,

a C y4eTOM 3aKOHa MPEeJIOMIICHHUS i COOTHOLIeHUs 0] +0, = o :
¢ = arcsin(nsin 0, ) +arcsin[z#sin(a — 0,)]—a.  (1.21)

JUis TpU3MBI € TPENOMISIOIMM yriioM o =60 u3 yciaoBuii
sin(o—0,) <1/n 1 n-sin0; <1 nomyuaem 18,2° <6, <41,8°.
IIpoussoanas
0p  n-cosO, n-cos(o—0,)

E_ \/1—(1’1‘Si1'162)2 B \/1—[n'SiIl(OC_62)]2
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obpamaercss B Hymb, ecin o—60,=60,, Te. mpu 0, =0/2=30°
(npenmomuiennsIit iya AC nmapasuiesieH OCHOBAaHHIO TIPU3MBI).
IMoacraBus B (1.21) 3Hauenus 0, =18,2°, 30° u 41,8°, nomyuum

¢ =~58°, 37° 1 58° COOTBETCTBEHHO.

Taxum 00pa3oM, yTroJl OTKIOHEHHS JIyda MOKET U3MEHSTHCS B TIpe-
nenax ot 37° mo 58°, a ero MUHUMANbHOE 3HAYCHUE (i CBSI3aHO C YI-
JIOM O. COOTHOIIICHHUEM:

) o+ .o
s1n(me=n-sm—.
2 2

B yacTtHOCTH, [UIS CTEKIITHHOM IPU3MBI @i = O, €CIIK O ~ 83°.

3amaua 1.2.2. CBeToBOW JIy4 mamaeT Ha BBITyKJIoe cheprudaeckoe
3epkano (puc. 1.9 a; F — dokyc, OO' — ontuueckas och). C MoMOIIBIO
reOMEeTPUYECKHUX MMOCTPOCHUH HaWTH HalpaBlieHHE OTPAXXEHHOTO JIyda.

Pemenue

IToctpouMm BcrioMoraTenbHbIN Ty4 2, MaJaoliiil Ha 3epKajio napai-
nenbHO J1y4y | «c mpunenoM Ha dokyc F» (puc. 1.9 ). OTpakeHHBIi B

touke B myu 2' momkeH ObITh apaieneH ontuieckoit ocu OO'.
2

Al s

a 1 7]

Puc. 1.9. 3aganHoe HampaBiIeHHE JTy4a, aJAI0IIETro Ha BEITYKIIOE 3€pKajio ¢ (POKYCHBIM
paccrostueM F (a), n moctpoenne otpaxenHoro sryqa 1' (6)

IIponomxkenue yda 2' (BJIeBO) mmepecekaeT GOKATbHYIO IIOCKOCTh
F B Touke A. CnenoBarenbHO, oTpakeHHBIN B Touke C myu 1' gomkeH
JeKaThb Ha MPSIMOI, nepeceKaronen ¢bokanbHYIO
IUIOCKOCTb F' B TOH k€ TOUKe A.

3apaya 1.2.3. HaiiTu ¢ NOMOIIBIO F€OMETPUUYECKUX MOCTPOCHUI
MOJIOXKEeHHE cepruIecKoro 3epkajia u ero ¢okyca, ecim P u P' — comnpsi-
skeHHbIe TOUKH, a OO' — onrtuueckas ock (puc. 1.10 a).
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Pemenue
IIpoBenem uepes3 Touku P u P' npsamyto aunanio 1. OHa mepeceuet
ONTHUYECKYIO OCh B Touke C, ABJIAIOMIEHCS LIEHTPOM KPUBU3HBI 3€pKaa.

3
... P
3 = ‘-~..: i -
-~ :‘E/’/
PI 0 B /,//] F C e 0
0 0 2_//PD
a o

Puc. 1.10. [Tonoxenus conpspkeHHBIX Toyek P u P’ otHocuTenpHO ontndeckoit ocu OO’
chepudeckoro 3epkaia (¢) ¥ BCIOMOTraTelbHbIE TIOCTPOCHHUS IPH OTIPEACICHUH TIOJI0-
JKEHUS 3epKajia u ero ¢okyca (6)

W3 Toukm P omyctum mepneHAMKyNsp Ha ontudeckyr och OO’
(puc. 1.10 6) u npogomxum ero go touku P, (PB=BP,). [Iposenem

yepe3 Touku P' u Py mpsimyro 2 B HampaBieHun Ha BepiuuHy 3epkana O.
Taxkum o6pa3om, Touka P' — MHUMOE M300pakeHne TOUYKU P B BEBITTyK-
moMm chepuaeckom 3epkane ¢ paamycom O,C. Jlyu 3, mapaienbHBIN
OITUYECKOU ocHu 00/, OTpaXkaercs B HaIlpaBJICHUU
my4a 3', KOTOpBIM JIEKUT Ha MPSIMOM, Mpoxoasdiiel depe3 Touky P’ u
tdoxyc F.

B cootserctBuu ¢ popmyinoii (1.11): O,F=FC=R/2.

3apaua 1.2.4. JIyu cBeTa nmajaer U3 BO3AyXa Ha CTEKISIHHYIO IIa-
CTUHY co ceprudeckoit moBepxHOCTHIO (prc.1.11 a; ToukaMu OTMEYEHBI
noJjioxkeHus: HokycoB). C OMOIIBIO TEOMETPUUECKUX MTOCTPOCHUHN Hak-
TH HaNpaBJICHUE NPEIOMIICHHOTO JTyYa.

Pemrenue

B coorBercTBum ¢ (1.5) onTHueckas cuiia chepudIecKor MperIoM-
JISIOILEH TOBEPXHOCTH

q)zn—l

<0,

MocKoJIbKy R <0 (Iyd majaeT Ha BOTHYTYHO C(EpPHUYECKYIO MOBEpPX-
HoCcTh). CrieoBaTenbHO, 3aaHuii (okyc F' HaxomuTcs ciea OT BepIu-
HbI O IpeToMIIIIONIeH MOBEPXHOCTH, a mepenuuii pokyc F — cmpasa
(puc. 1.11 6).
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a

Puc. 1.11. [Nagenne yya cBeTa 1 Ha CTEKIAHHYIO CHEPUIECKYIO TIOBEPXHOCTH H TOJIO-
JKeHUsI (POKYCOB (@); ITOCTPOCHUE MPEIOMIICHHOTO JTy4a 1’ ()

[IpoBenem nyy 2 mapajuienbHO 3aJaHHOMY Jydy | B HalpaBIeHUHU
Ha niepenauii ¢pokyc F. [Ipemomnennslit nyy 2' Oyaer napajuieieH riaB-
HOW ONTHYECKOH OCH, a €ro IpOoJODKEHHE (BJIEBO) IepecedeT 3aJHIO0
(hokampHYI0 TIOCKOCTh F/B Touke A. MickoMerit iyd 1' OymeT jiexkats Ha
npsimoit AB.

3apmauya 1.2.5. ToueuyHBId UCTOYHUK CBETAa S HAXOIUTCS Ha pac-
cTtogHuU a = 20 cM OT mepeiHed MOBEPXHOCTU CTEKJISHHOM CHMMET-
PUYHON  NBOSKOBBIMYKJIOW JHH3BL (puc.l.12 a): TonmuHa JNHUH3BI
d =5 oM, pamuyc KpuBu3HBI TOBepxHOCTell R =5 cm. [lokasarens
npenomienus crekiaa n = 1,5. Ha xakoMm paccTosHUM OT 3aJHEH MOo-
BEPXHOCTH JINH3bI HAXOIUTCS U300paKeHNe NCTOYHHKA?

Pemenue

1-i1 cnocod. Ilycth poMexyTouHOE M300pakeHue S' Touku S, na-
BaeMO€ TEpPBOM MPETOMIISIONIEH MOBEPXHOCTHIO, HAXOJUTCA Ha pac-

crostann b = 0,S" ot Bepumubl Oy (puc. 1.12 a). Honaras B popmyie

(1.3) xg, =bu Xg, = —a , HOIyduM:
L (1.22)
b a

rie O =(n —1)/ R, >0 — onrtuueckas cuia mepBOd HPeTOMIISIOIICH

HoBepXHOCTH (R =R >0).
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o
[d b
\

\

o

0 0 *
| 3 S
Puc. 1.12. a — npuHsATBIE 0003HAYCHNS;
b 6 — TIOJIOXKEHUE KapJUHAIBHBIX TOYEK
/ OINTUYECKOM CUCTEMBI

a
+2ent [lem| -2em
S Fy 0, H, H, 0, F, g*
o
[oncrasmsis B (1.22) 3navenHus a, R v 1, moxyvaem:
a-n-R
b=——=30cm.
a-(n—-1)—-R
st BTOpOH IpeloMIISIIOLIEH MOBEPXHOCTH C BEPIIMHOM B TOUYKE
022
1 n_
b' a' 2
17071
p=—" (1.23)
D,a"+n

*
rme b'=0,S , a'=0,8=0,S'"-d =b—d =25cm (S' — MHEMBIIT 110
OTHOIUEHMIO KO BTOPOH NPEJOMISIONIEH MOBEPXHOCTH HCTOYHHK),

1-n o o
®, =——>0 — onTHYecKas CUJIa BTOPOM MPETOMIIAIOLIEN TTOBEPXHO-

R,
ctu (R, =—R<0).

B cootBetctBHu ¢ (1.23) u300paxkeHue S To4euHOro MCTOYHMKA S
HaxOJIUTCS Ha paccTossHuM b’ =6,25 cM OT 3ajJHEH MOBEPXHOCTH JIMH-
3B

2-11 cnocod. Haiinem nonokeHUs KapJUHAIBHBIX TOYEK OINTHYE-
ckoit cuctemsl (puc. 1.12 6).
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[MockoJIbKy ONTHYECKUE CHITBI TIPETOMIISIONIAX TUIOCKOCTEH paBHBI
®, =®, =(n—1)/R=10 antp, T0 cormacHo (1.13) onTuyeckas cuna ®

TOJICTOM JIMH3BI ToMmuHOM d =5 cM m3 crekna (n=1,5) pasHa
d
n

Cornacuo (1.14) paccTosiHUs OT IJIaBHBIX IJIOCKOCTeH Hi 1 H, cOOTBET-
ctBeHHO 110 BepmuH O u O, paBHsI (puc. 1.12 6):
d O, _

xol :Hl()]:_n —_2CM,
u
X0, =H202=%-%= 2 cMm.

B coorBerctBuum ¢ (1.6) nepennnii (F,) u 3agawmii (F,) doxyckl oTcTosAT
OT COOTBETCTBYIOIIMX TJIABHBIX INIOCKOCTeH (H 1 H,) Ha pacCTOSTHIH

n
fl:_ESZ —6cMm

Ny
=—=6c¢cM,
) ®

T0 ectb OF; =—4 cm, O,F, =4 cm.
3Has TIONOXKEHHUS KapIUHAIBHBIX TOYEK ONTHYECKOW CHCTEMBI,

MOYHO HaiiTu nonoxenue b = S*O, nzobpaxenus S':

! —L D, roe

SH,=—a+H,0,=-26 cm, S'H, = O,H, + b, u b = 6,25 cm;
6) no anasorun ¢ (1.8), A LEHTPUPOBAHHOH ONTHYECKOM

cncremst: 22—+ 1 ,u b'=SH,-O0,H, =6,25 cm;
S*Hz SH]

a) B cootBercTBHU C (opmynoit (1.12):

6) no amanoruu ¢ ¢opmysoit (1.9): SE-S'F, = f;- f,, HO ToOrma

Omeem: 6,25 cM.

3apaya 1.2.6. C moMOIIBbIO TOCTPOSHUN HAWTH MOJIOKEHNE TOHKOH
CTCKJISIHHOH JIMH3BI B OJHOPOIHOM cpefie U ee (DOKYCOB, €CIIA U3BECTHBI
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TTOJIOKCHHSI COTMPSDKEHHBIX TOYeK S W S* OTHOCHTENHHO ONTHYECKOM
ocu OO' (cMm. puc. 1.13 a).

Pemenne

[IpoBemeM uepes Touku S u S mpsAMyro 1 0 mepeceueHus ¢ OChIo
0O0O' B Touke O; (puc. 1.13 6). Tak xak A TOHKOW JHMH3BI B
omHOpomHOUW cpeme y3moBeie (N; u N,) m raBasie (H; u Hy) Toukm
COBIIAJAI0OT C HEHTPOM JIMH3bI, TO TOUKA 01 " ABJIACTCS TaKOBBIM.

-

Puc. 1.13. [Tonoxenue conpspkeHHBIX ToUek S 1 S* otHOcuTenbHO ocu OO’ (a);
X0 y4ell Py MpeIOMIICHUH B TOHKOW CTEKIISTHHOU JTHH3E (0)

[TOCKONBbKY MCTOUHHUK S ¥ €r0 H300pakeHue S* HaXOAATCSA 110 OJIHY
CTOPOHY OT JIMH3BI U, KPOME TOTO, PACCTOSIHUE OT UCTOYHHKA JI0 JIMH3BI
Oomplie, 4YeM OT H300pakeHHWs A0 JIMH3BL, I[O3TOMY JIMH3a —
pacceuBaromias. Jlyuy 2, mapamiensHomy ocu OO', cCOOTBETCTBYET
HPETOMIICHHBIN JIyd 2', IPOAOIDKEHNE KOTOPOro MPOXOAUT Yepe3 TOUKY
S i mepecekaer ock OO' B 3axHeM dokyce F' mum3bL. Jlist ompeneneHus
NOJOKEHHsT TlepefHero  (okyca F  mposenem depes Touky S
napamiensHbiii ocu OO' myu 3', a yepe3 UCTOYHMK cBeTa S — Jyd 3,
poAoIbKeHue KoToporo nepecekaetr ock OO' B Touke F. Tak kak mo ooe
CTOPOHBI OT JIMH3BI CPE/ia O/IHA U Ta XKe, TO |F'Ol| =FO,.

3apava 1.2.7. C moMoImp0 TOCTPOCHUH HANTH X0 JIy4ya 2 TOocie
mpeloMJIeHHss B coOWparolield TOHKOW JIMH3e, HaXOHmAIlIelcs B
OIHOPOIHOM Cpele, €clii W3BECTHO IIOJIOKEHWE JIMH3BI (U ee
ontuueckoi ocu O0'") u 3aman xon ty4a 1 (puc. 1.14 a).

Pemenne

[IpoBenem uepe3 ontuyeckuid HeHTp O; JNHH3BI BCIOMOIAaTENbHbIN
nyd 3, mapamienbHeiii ayay 1. Jlya 3 mpoxoauT depe3 JMH3Y, HE
MpeNoMIIsisiCh, W TiepecekaeTcss ¢ JydyoMm 1' B 3aaHedl (OKAIBHOM
wiockoctu F' (puc. 1.14 6). Jlna HaxoxneHus nyda 2' MOCTPOUM
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BCIIOMOTATEILHBINA JTy4 4, mapajuIeIbHEIN Tydy 2 U MPOXOIAIINA depe3
ontuyeckuit reHtp suu3bl Of. Jlyu 4 nepeceuer hoKanbHYIO IJIOCKOCTh
F' B TOUKe, yepe3 KOTOPYIO JOJKEH MPOXOAUTH U JIyd 2.

(%]

a
Puc. 1.14. TlonoxxeHne TOHKOM coOmparomieii TuH3EI U Xox ny4a 1 (a); mo-
CTPOEHHE X0/1a Ty4a 2 3a JTHH30H (6)

3apaua 1.2.8. /[Be TOHKHME CUMMETPUYHBIE JIMH3BI C OJUHAKOBBIMU
paarycamul KpUBH3HBI IPEJIOMIISIONIMX TOBEpXHOCTEH R =5 cM (oqHa —
cobuparomasi, u3 kponrmaca SKI1 ¢ mokaszareneM MpeIOMIICHHS
n =1,61, a apyras — paccewBarolias, M3 KBapUEBOIO CTEKIAa C

n, =1,46) mpwKaaM BIJIOTHYIO JPYT K APYTYy M HOIPY3HIIH B BOAY C
ng =1,33. Haiitu poxycHoe paccTosHue fITOM ONTHYECKON CUCTEMBI.

Pemenue
B cootBerctBuu ¢ hopmyiioit (1.19) onTuueckas cuia KaxIou u3
TOHKHUX JINH3 B BOJIE:

®, - 2-(m —no) @, __2:(mp—ng)
R R
Cornacuo (1.20):
O =D, +D, —i-cpl -D,.
Ny
Ilonaras d =0, 111 ONTHYECKOU CUJIBI CUCTEMBI IOTYYaeM:
oo 2m=m)
R
B cootercTBuu ¢ (1.6):
f=los MR cu.
O 2(n —ny)

Omeem: f[=2272cMm.

3apaua 1.2.9. Tpy6a [anmnes npenactariseT coOoit TexecKommye-
CKYIO CHCTEMY M COCTOMT U3 coOuparoiieii (00beKTUB) U paccenBarolIei
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(oxymsap) mun3. Ilpu ycTaHOBKe Ha OECKOHEYHOCTH TpyOa MMEET IIHHY
[ =70 cM u maer 15-kpaTHOe yrioBoe yBenwdeHue. Onpenenutsb: a) Go-
KYCHBIE PAacCTOSHUSA OOBEKTHBA M OKyJIsIpa TPyOBI; 6) Ha Kakoe pac-
cTositHre A/ HaJO0 TEepelBUHYTH OKYJISAp TPyObI, YTOOBI YETKO BHIETH
MIPEeIMETHI, HaXOISIIIHeCs Ha pacCTOSTHUHA a = 50 M?

Pemenue

a) IIpn ycranoBke Ha GeckoHeuHOCTD 3anHMT Pokyc F s oObexTn-

Ba coBMelleH ¢ nepeaHuM ¢dokycom F, okymsapa (cm. puc. 1.15 a). Ec-
i [ — nvHa TpyOBl, TO

1= fis = fo- (1.24)
06. 00,
Ok T Ox.
T 1 /’T”’]EZI '
\I-‘_—l‘- q L} : Sl
Fox FoxFoﬁ l Fox l Fox Foﬁ
~
W
a 6

Puc. 1.15. OnTtrueckas cxema TpyObI ['anenest (a) ¥ K Bonpocy 00 onpeeraeH!: yIiio-
BOTO yBeIHuaeHus TpyOsI I (0)

Yrnosoe yBenuuenue TpyOst (cM. puc. 1.15 6)

e fos
tgo fox

PaBHO OTHOIICHUIO (POKYCHBIX PacCTOSIHUI 00BEKTHBA M OKYJISIpA.
U3 (1.24) u (1.25) nonyvaem:

(1.25)

1
=——= 5c¢M,
fo =7

Jos =T fox = 75 cm.

0) Ilomoxkenne maBaeMOro OOBEKTHBOM H300pa)KCHUS TIpEaMETa,
HaXOJISIIIErocst 0T 00OBbEKTUBA HA PACCTOSHUM @, MOXXHO HAWTH C TIOMO-
mipto popmysl (1.9):

1

Jo6 '

1 1
_+_—
X a
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Orcrozia paccTosTHAE X PaBHO

x= M = 83,1 cm.
a=Jo6
CrnenoBaTesibHO, 4YTOOBI YETKO BHUICTH NPEIMET, HEOO0XOIUMO
OTOJIBUHYTh OKYJISIP oT 00BEKTHBA Ha paccrosiHue
Al=x-f,s=13,1cm.
Omeem: a) f.s=75cMm, f,, =5cM;
6) Al=13,1cm

3amaua 1.2.10. 3putencHas TpyOa Kermmepa cocTouT W3 ABYX
coOuparomux JnuH3 — o0bekTMBa M oOKymsapa (puc. 1.16). Haiitu
yBennueHne I,  nmaBaemoe

- A . TpyOOHl TIpM yCTaHOBKE Ha
F AA 0ECKOHEYHOCTb, €CITH TUaMETP
D B ok B-’_ d D ompaBbel  00BeKTHBa U
Fos - maaMeTp  d - M300paKeHus
hq OTIPaBbI, KOTOPOE JaeT OKYJIsIp,
2 Ok. -
06 cootHOcaTcs Kak d = 0,05 D.
Pemenue

Puc. 1.16. OnTuyeckas cxema TpyOb1 Kemiepa

I[lpu  ycraHoBke  TPyOBI
Kemrepa ©Ha 0OeCKOHEYHOCTH
saquuii pokyc obOwvextnBa F)s coBmagaer ¢ mepenHum  (okycom
okyisipa Fo. Cormacuo (1.25) yBenuienue TpyObI paBHO

r:@.

Kaxk Bugno u3 puc. 1.16,

Omeem: T" = 20.

3apaua 1.2.11. /[Be TOHKME JUH3BI U3 CTEKJA C MOKA3aTEIEM Ipe-
momiteHus # = 1,5 u paguycamMul KpUBU3HBI C(HepUIECKUX TTOBEPXHOCTEH
Ris =1 cM u Ryx = 5 CM UCTHONB3YIOTCA B Ka4€CTBE COOTBETCTBEHHO
00BEKTHBA U OKYJISIpa MUKPOCKOIIa, aaromiero yeennyenue I = 50. Ilo-
CJIe M3MCHEHUS PACCTOSHUS MEXIy OOBEKTHBOM U OKYJIpoM Ha Al
yBeJM4eHue crayo paBHbM [ =60 . Onpenenuts paccrosiaue Al .
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Pemenue
ITpu HAOMIOIEHNN C TTIOMOIIBI0 MUKPOCKOIIA MaJIOpa3MEepPHBIX 00b-
ekToB npeametr AB pacmonaratot BOIM3M nepeHero Pokyca 00bEKTHBA
Fys (puc. 1.17). O0bekTHB naer

06. Ok.
YBEJIIMUCHHOEe  JICUCTBUTEIILHOE T
epenepHyToe H300paxkeHne AF“ T Fis B Fo o
A'B" BOmm3um ¢oxyca okymspa BEg. O -1 m
Fo. B cBOIO ouepens OKymsp Iie- ‘t—) ————— E——H—‘—“;,A.’—’ l
pesoautr A'B’ B yBemuueHHoe b7
A

MHHMOE n300paxkenue A'B”, ko-
TOpPOE HAXOJUTCA HA PACCTOSHUU
HAMITy4LIEro 3peHHsl OT OKyJspa

(rmaza): O'B* =L, = 25 cm. Pac-

crostHue X Mexay Toukamu Fg u Fo HasbBaroT onmuyeckou OnuHol

Puc. 1.17. Xon myudeit B MUKpOCKoIIe

mukpockona. TIpu pacyetax NPUHUMAETCS, YTO PACCTOSHUE OT IpPeaMe-
ta AB 110 00bEeKTHBAa MPHOIIKCHHO PaBHO (DPOKYCHOMY pPACCTOSHHIO
00BEKTHBA fo5, @ paccTossHUE OT M300pakenus A'B' mo okymspa paBHO
(hOKYCHOMY PACCTOSIHUIO OKYJISAPA fox.
W3 nogo6us tpeyronpankoB AOB u OA'B’ cienmyer, 4To 1aBaeMoe
O6’BCKTI/IBOM YBCINYCHUC PAaBHO
A'B’ +X
r z—szG—:l—i-X-CD , (1.26)
00 AB 00
foﬁ

rae 5 =1/ fi5 — onTHueckas cuna OObEKTHBA.

% *
U3 ono6us tpeyronbhauko A'‘O'B’ u A’ O'B maxonum ysennue-
HUE, IABAEMOE OKYJISIPOM:

B'AY L L
ok = -0 ~ =0 _ LO .O
BA" OB f

OK

oK *

CHeZIOBaTeHbHO, HUCXOOHOC YBCIIMYCHUC T MHKPOCKOIIa paBHO
F=Ty Ty =(1+X D) Ly D, .

HpI/I N3MCHCHUU PACCTOAHUA MCKAY 00BEKTUBOM H OKYJIApOM Ha Al
YBCINMYCHUC MHUKPOCKOIIA CTAHOBUTCS PaBHBIM

I'=[1+(X +Al)-® 5] Ly Do =T+ Al Ly - D - D, .
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Taxum o6pazom,
r-r

ANl=—
LO 'q)06 '(I)OK

(1.27)

Cormacuo (1.19), onTudeckue CwIbl KaKIOHM M3 TOHKHX JIUH3
PaBHBI COOTBETCTBECHHO

2.(n-
GD‘“% (1.28)
00
n
2.(n-
®0K=—(; ") (1.29)

OK
C yuaerom (1.27)—(1.29) oxoHYaTETBHO MOTYYaeM:
(I'"=T) RysRox

Al = >
4L, (n—no)

=2cM.

Omeem: Al =2 cMm.

3apaua 1.2.12. HaiiTu ¢ mOMOIIBI0 TEOMETPUICCKUX MOCTPOCHUI
MOJIOKEHUS (DOKYCOB M TJABHBIX IUIOCKOCTEH IS TOJCTOM BBIMTYKIIO-
BOTHYTOH JIMH3BI TOJIIUHOW d = 4 CM C TTOKa3aTelleM MPeJIOMIICHUS 1 =
1,5, ecnmu onTHYECKHE CHIIBI MPETOMIISIONINX MOBEPXHOCTEH JHH3BI B
Bo3ayxe paBHbl @) =50 antp, ©, =-50 gurp (puc. 1.18, a).

Pemenne
Tak xak mo ycnosuro @, =-D,, To B coorBerctBun ¢ (1.5)
n—1 , n
R =R, = =1cwm, a B cootBetctBuH € (1.6) f, =1, =—¢T= 2 cMm,

1 1

A=5Hh =:Il)—0 = 3 cwm. [lonoxenue GokycoB chepuIecKUX MPETOMIITIO-
1
X noBepxHocteit 1 u 2 nmokaszano Ha puc. 1.18 a.

[onoxenune nepennero F u 3amnero F' doxycoB nuH3BI HalineM c
TIOMOIIIBIO JTy4el, MaaloliuX Ha JHH3Y NapajuieIbHO TJIaBHOHM ONTHYE-
ckoit ocu OO'. ITonoxenne rinaBHbIX wiockocted H u H' Oynem uckats,
UCXOJsI U3 TOTO, YTO OHU — CONPSDKEHHBIC, 8 KO (DUITUCHT MOIePEYHO-
TO YBEIIMYCHHS 11 HUX PaBeH 1.
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1 2
d® / Puc.1.18. a — ontruyeckas cxema TOJICTOU
, BBIITYKJIO-BOTHYTOH JINH3BI,

0 FI Fé F] ]:‘2 0 6 — XO# JIy4yell uyepe3 TOJCTYIO BBIIYKJIO-

\ BOTHYTYIO JIMH3Y

a
lIl
p 1 2

Hanpasum sy 1 (puc. 1.18 6) napaimienbHO TITaBHOW ONTHYECKON
ocu. Ilocne mpenomiieHuss Ha MOBEPXHOCTH 2 OH HEpeXoAuT B ayy 1',
KOTOPHIH Kak Obl BEIXOIUT U3 pokyca F,. [lapammensHo mydy 1' moctpo-
UM JIy4 2', KOTOPBII TiepeceKaeT ONTHIeCKyo och B (hokyce F'y u mocie
MIPEJIOMIIEHHS Ha TMOBEPXHOCTU | MepexoiuT B Jayd 2", mapanenbHbIi
ontuyecko ocu. Tak kak nyuu 1' u 2' — napansensHble, IOITOMY

a) nmyu 1" mepecekaercs ¢ ny4om 2" B pOKaIBLHOU TUIOCKOCTH F, a ¢
[JIABHOW ONTHYECKOH oChbi0 — B (hokyce F auH3bI,

0) myu 2 (a TOYHEEe — €ro MPOJIOJHKCHUE) TMIEPECCKACTCS ¢ ONTHYE-
ckoii ocbto B pokyce F', ¢ mpomomkenuemM iayda 1 — B pokanbHON TLIOC-
KOCTH F'%, a ¢ IpomospKkeHreM Jryda 2" — B riaBHO#M mrockoctn H'. Ta-
KuM oOpa3om, Tuiockoctu H’'u F'5 coBmamaror. COBIamaOT M TUIOCKO-
ctu H u Fj, IOCKONBKY UM NPUHALIEKUT TOUKA IIEPECEUEHUS IIPOJOII-
JkeHus ayda 1 umyqa 1”.

Jia uitocTpaliMi BO3MOXKHOCTH MCIIOJIB30BAaHUS APYTHX JIydeH,
Ha puc. 1.186 nokazan xop myda 3.

OtHocutensHO BepmuHbl O KOOpauHATHI HalaeHHBIX Touek F, H,
H' u F' paBHBI cooTBeTCTBEHHO — 3,5 ¢cM, —2 cM, + 2 cM U + 3,5 cM. OTH
Pe3yAbTATHl MOATBEPXKIAIOTCS pacueTaMu M0 COOTBETCTBYIOMINM (hop-
MyJaMm.
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3amaua 1.2.13. HaiiTi ¢ TOMOIIBI0 TEOMETPHUICCKUX MTOCTPOCHUI
TOJIO’KEHHE TOUKH S, COTIPSDKEHHOM € TOUKOM S, eCclu JIsl OMTHYECKOU
CHUCTEMBI B BO3AYXE 3a/IaHbI MOJIOKEHUS TNIaBHOU ontudeckoit ocu 00",
MepeNHel TIaBHOW IUIOCKOCTH H W CONpsOKEHHBIX Todek P u P*
(puc. 1.19 a).

Pemenne

[Tockonpky cpena mo 06e CTOPOHBI OT ONTHYECKON CHCTEMBI O/THA U
Ta ke (BO3IyX), TO Y3JIOBBIE TOUYKH COBMANAIOT C TJIABHBIMH.

p ! a0 45
" NS
| 3 F' .
0 E o O X « 9
S : -P* _— =
v 5 L4
I | | 2' l.
a 0

Puc.1.19. Ilonoxenus rinaBHoit ontudeckoit ocu OO', nepeHeit ri1aBHOM MII0CKOCTH H,
.

TOYKH S U CONPSDKCHHBIX Touek P u P (a); mOCTpoeHHs Ui HAXOKIACHUS MOJOKCHUS

ToYKH S*, CONpsUKEHHOI ¢ TouKoit S (6)

Hanpasum u3 Touku P nBa nmywa: nmyd 1 — B HanmpaBiieHHH Ha TJaB-
HyI0 Touky H, B KOTOpO#i TiaBHas IIIOCKOCTb H IepeceKaeTcsl ¢ OChIo
00, a 1yu 2 — mapannensso ocu OO'. [IposeaeM uepes Touky P iy
1", mapannenshpiii ayqy 1. Jlyu 1’ nepeceder ock OO' B y3110BOH TOUKE
N’ (ona xe — riaBHast Touka H', nexamas B riaBHON miIockocTu H).
Jlyu 2 nocne nepecedenus ¢ miockocteio H' moiiner kak nyu 2' B Ha-
npasneHny Ha Touky P*. Touka nepecedenns nyda 2’ ¢ ocsto OO' co-
nagaet ¢ ¢poxycom F'. UtoOsl HaliTh monoxkenne gokyca F , HampaBum
u3 Toukn P’ 1yu 3 mapamnensro ocu OO' 10 IepecedeHus ¢ TIaBHOM
mnockocteio H. Torma ayu 3', HampasneHHBI Ha Touky P, mepeceder
ock OO' B poxkyce F cucremsr.

HaiiieM MonoxeHHe TOUKH S, CONMpsUKEHHOM ¢ Toukoit S. Jlyu 4,
BBIXOJIIMM U3 Touku S mapamiensHo ocu OO', mocie nepecedyeHus ¢
TJIOCKOCTRIO H' M3MEHHUT HalpaBiIeHHE W TonmeT depe3 dokyc F' (myq
4"). JIy4d 5, BBIXOJSAIIMK U3 TOUYKH S B HAINPaBJIEHUH HA TJIaBHYIO TOUKY
H (ona xe — y3moBas Touka N), MO3BOJISET MOCTPOUTH MapaIICIHHBIN
eMy JIyd 5', BRIXOIAITHI 13 riaBHOM Toukd H' (0Ha jke — y3JI0Bas TOUKa
N"). Jlyun 4' u 5' mepeceKaorcs B TOUKE S .
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3amaua 1.2.14. C moMONIbI0 TIOCTPOCHUA HANTH ITOJIOKEHUE H30-
OpaxeHus S' TOYKH S, €CIH I ONTUYECKOH CHCTEMBI 33JaHO OTHOCH-
TeNbHOE pacnoyiokenue Touku S, pokycos F' u F, a Taxxke miockocreit
Hu H' (puc. 1.20).

~]zs

H
5

Puc.1.20. IToctpoenue nzobpaxenus S' TOUKH S

Pemenue

UToOBI HAWTH TOJIOKEHUE U300paKeHUs S' TOUYKHA S TIOCTPOUM J[Ba
BCIIOMOTATENbHBIX JIy4Ya, HCXOSAIINX U3 TOYKU S: JIyd 1, IpoXomsmmii
yepes okyc F, mocne mepecedeHus ¢ miockocThio H Oy et mapaieneH
ocu OO' (ityu 1'); myu 2, mapamnenbrbiit ocu OO', mmocie nmepecedeHus ¢
IJIOCKOCTBIO H' U3MEHUT CBOE HANpaBlICHUE Tak (Iyd 2'), 4YTO MPOJIOJI-
xeHue syda 2' mepecekaer ock OO' B dokyce F'. Touka mepeceueHus
mydeit 1' m 2' maeT ©CKOMOE TIOJI0’KEHHUE N300paskeHns S'.

3agaya 1.2.15. llenTpupoBaHHas ONTHYECKAasi CHCTEMa COCTOUT M3
IBYX TOHKHX JIMH3 C (OKYCHBIMH PACCTOSHHUSMU fi U f>; paccTOSHUE
MEXIy JIMH3aMu paBHO d. Haiitu monokenue u GokycHoe paccTrosiHue f
TOHKOH JIMH3BI, KOTOpasi MpH Jr000M MoJ0KeHHH 00bekTa OyaeT obec-
NEeYUBaTh TAKOE K€ IMOIEPEYHOE YBEIWYEHHE, KaK U CHCTEeMa M3 ABYX
JIVIH3.

Pemenue

Cornacao (1.17) ontmueckas cuina @ cCHUCTEMBI U3 JBYX TOHKHX
JIMH3 B BO3/lyX€ paBHA

O=0,+D, -d-D;-D, =i+i— d .
h f S
Nzobpazum 31y cuctemy (puc. 1.21), 3a1aB MOMOKEHUS TIIaBHBIX
wiockoctedd (H u H') u doxycos (F u F'). Kak BugHO U3 pucyHKa,
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Puc.1.21. Cxemaruueckoe npeacTaBieHue ONTUYECKON CUCTEMBI U3 ABYX TOHKUX JIMH3

IMONCPEYHOC YBCINYCHUEC, TaBAEMOC OIITHYECKOM CHCTGMOﬁ, paBHO
S’ 1
F =—= i

= 2
S x xO
rzae S — momepeyHslit pazMep 00beKkTa, a S’ — MOMEPEUHbIH pa3Mep U30-
Opaxenus. [loaTomy, ecii B3ATh TOHKYIO JIMH3Y C ()OKYCHBIM PaccTOs-

HHUEM

o fi+f,-d
Y IOMECTUTH €€ B NIEPEAHEN MTaBHOW MJIOCKOCTU H ONTHYECKON CUCTeE-
MBI, TO OHa OyJeT oOecleunBaTh TaKOe e IMOINepeYHOe YBEIHMYeHUE,
KaK ¥ CHUCTeMa U3 IBYX JInH3. B cooTBercTBHHU ¢ (1.14) riaBHas 1mioc-
KOCTh H HaXOJUTCs OT NEPBOM JTUH3HI HA PACCTOSTHUU

le_ f1f2

Al=lg P24 |

Q| [f+fr-d
Omeem:f=i=M
O fit+fr-d

3amauya 1.2.16. Ha ckompko pamnyc KPWBU3HBI R| BBIIYKJIOH TIO-
BEPXHOCTH BBINYKJIO-BOTHYTOM CTEKISHHOU (7 = 1,5) TUH3BI TOMIMHOMN
d = 3 cMm gomxeH ObITh OONblIe paanyca KpUBU3HBI R, BOTHYTOH MO-
BEPXHOCTH, 9TOOBI B BO3IyXE JIMH3a ObIIa TEIECKOMNICCKOM?

Pemenue

Toncrast BBIMYKIIO-BOTHYTas CTEKJISHHAs JIMH3a B BO3IyXe OynmeT
TEJeCKOMTUYECKOH P YCIOBUU:

n
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rie O, u @, — onTuueckue CHIbI CHepUIecKUX MOBEPXHOCTEH JIMH3HI,

d— TOJIIMHA JIMH3BI, /1 — IMOKa3aTCJIb MPEJIOMIICHUA MaT€puaia, U3 Ko-
TOPOIo CACJIaHA JIMH3A.

n—1 1-n
ITockonexky @y =—— u ®, =——, TO, pemas ypaBHEHHE, II0-

1 2

nyauM AR=R; —Ry =———==1cMm.
n

Omeem: Ha 1 cMm.

3amaua 1.2.17. Temeckommdeckass cucreMa oOpa3oBaHa IBYyMS
CTEKJISIHHBIMH IIapaMH, PACCTOSTHUE MEXAY LEHTpaMH KOTOPHIX PaBHO
L =9 cm. Panuyc 6onbmioro mapa paseH R =5 cm. Haiitu paguyc R,

MAaJIOTO I1apa U yBEIIMYCHNE CUCTEMBI, €CITH 0OBEKTUBOM CITYKUT 0OJh-
moi map. [TokazaTens npenomienus crexkna n = 1,5.
Pemenue
Cucrema u3 IByX IapoB OyIET TEIeCKOMMYECKOH, eciu 3aqHui ¢o-
KyC TIEPBOTO IIapa COBIAIAET C MepeTHUM (OKYCOM BTOPOTO.
Cornacuo (1.16) onTrueckas cuia mapa (Kak TOJICTOM JMH3BI) paB-
Ha
2R
n
rae @; u @, — onTUYECKUE CUIIBI PEJTOMIISIIOLIMX TOBEPXHOCTEH:
n—1 l1-n n-1
O)=——; Oy=—"=——=0,.
R -R R
ITosTomy
_2n-1) 2R(-1)* 2(n-1)
R nR? nR
B cootBerctBun ¢ (1.17) u (1.6) paccTosHUSA OT KaXXAOW W3 BEPIIUH
chepuyecKoi TOBEPXHOCTHU 110 OJMKaiiiero pokyca paBHbI COOTBETCT-
BEHHO:

O

2R, ®;, 1 nR (_& n—lj_R1(2—n)

1T 0 T 20-D0 n R )T 200
. x, =27
2(n—1)

Taxum 00pazoM, paccTossHEE L MEX Iy IEHTPaMHU IapoB paBHO
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2(n—1)
OTCIOZ[EI paanyc Majioro 1mapa paBeH
20 (n-1)
h=———-R; =1 cm,
n

a ICKOMOE YBEIMUYEHHUE TEIECKOMUYECKONH CHCTEMBI:
szl/fz =R1/R2 =5.
Omeem: R, =1cm,['=5.

1.3. 3apaum 1Ji1 CAMOCTOSITEILHOTO PelieHust

3agayva 1.3.1. [{na TpéXrpaHHON MPU3MBI C IPETIOMIISIONIUM YTIIOM
0 =60° yroys HaMMEHBIIET0 OTKJIOHCHHS Jy4da B BO3AYXE Pmin = 37°.
Haiitu yron HauMeHbIIEero OTKJIOHEHUS JJIsl 3TOW MPU3MBI B BOJIE.
Omeem: 8,7°.

3agaua 1.3.2. C noMouso0 0o-
CTpoeHuM HailTu xox jyda 1 mocie
OTpakeHUs B BOTHYTOM cdepuue-
ckoM 3epkaine (puc.1.22; F — dpokyc,
OO' — onrTHYecKas oCh).

Puc. 1.22. Hanpasnenue siyya 1 npu nane-
HHH Ha BOTHYTOE ChepHIecKoe 3epKaio

3agaya 1.3.3. C momomipio MOCTPOCHUH HAWTH TOJIOKEHHE Cheph-
YeCKOTo 3epKayia u ero gokyca, ecnmu P u P' — conpspkeHHBIE TOUKH, a
OO' — onrtyeckas och (puc.1.23).

3amaua 1.3.4. JIyd cBera magaeT U3 Bo3ayxa Ha CHePUIECKYIO TI0-
BEPXHOCTb cTekna (puc. 1.24, ToukaMu OTMEUEeHBI IOJ0XKEHUs (POKYCOB
Fu F'). Haiitu ¢ moMo1pr0 NOCTPOCHMUIT PEIOMIICHHBIH JTyY.

Puc. 1.23. K 3agaue 1.3.3 Puc. 1.24. K 3agaue 1.3.4
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3amaua 1.3.5. M3ob6paxenune npeamMera, HaXOIAMIETOCs Tepea BbI-
IIyKJIOM TOBEPXHOCTBIO CTEKIISIHHOM BBIITYKJIO-IIOCKOW JIMH3BI TOJIILH-
HOU d= 9 cM, oOpa3yeTcs Ha IIOCKOH MOBEPXHOCTH JMH3BL Pammyc
KPHUBH3HBI BBITYKIION TTOBEPXHOCTH JIMH3EI R = 2,5 cM. Haiitu momeped-
HO€E yBenudeHue V.

d (l’l - 1) - SI
Omgem: V =1—-———==-0,2.
nR

3apaua 1.3.6. Haiitu noctpoenuem
ITOJIOKCHUEC TOHKOH JIMH3bI B Puc.1.25. Ilonoxenue comps-
OJTHOPOJHOM cpezie M ee POKYyCOB, €CJId ~ KCHHBIX ~ Touek S nm S
\ .
M3BECTHBI TONIOKCHHS COMPSDKEHHBIX ~ OTHOCHTENBHO ocn OO' TomKoi
, JIMH3BL

Touek S uw S OTHOCHUTEJBHO

ontuueckort ocu OO’ (puc.1.25).

3agaua 1.3.7. ITocTpouts
MPOAOJDKEHHE JTyda 2 33 PacCenBaIoIIeH
TOHKOW JIMH30M B OJHOPOJHOM cperne,
€CIIM M3BECTHBI MONIOXKEHUE JIMH3BL U pyc | 26, Hanpasenns nyueii | u

xon ay4a 1 (puc.1.26). 2 OTHOCHTENLHO TOHKOI paccen-
BaIOMIEH JIMH3bL

3agaya 1.3.8. llenTpupoBanHas

cucTeMa U3 TPeX TOHKHUX JIMH3 HaXOIUT- A 5 cu Y 5 cu 1‘

cs B Bo3ayxe (puc.1.27). Haiitu: a) mo- )
JIO’KEHHE 3a1Hero (OKyca CHCTEMBI U 0) O -0
paccTosiHUE OT MEPBOH JIMH3BI 10 TOUKU v
Ha OCH CJIEBA OT CUCTEMBI, IIPU KOTOPOM +10 antp -10 aotp -+10 antp
9Ta TOYKa U ee U300paKeHUe Pacrolio-
KEHbl CHMMETPHYHO  OTHOCHUTEIIEHO
CHCTEMBI.

Puc.1.27. lleaTpupoBaHHas cuc-
TeMa U3 TPEX TOHKHX JIMH3

Omeem: a) cnpaBa OT TPEThCW JUH3BI HA PACCTOSHUH 3,3 CM;
6) 17 cm.

3agaua 1.3.9. 3purenpHas Tpyba ¢ GOKyCHBIM pacCcTOSIHHEM 00b-
ektuBa [ = 50 cM ycraHoBieHa Ha OeckoHeuHOCTh. Ha kakoe paccros-
HUe Al HaZio TepeABUHYTH OKYJISIp TPYOBI, YTOOBI SICHO BUIETh MpeaMe-
ThI Ha paccTosgHuu 50 m?

Omeem: Al = 0,5 cMm.
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3amaua 1.3.10. 3putenpHyto TpyOy KEIIEPOBCKOTO THIIA C
yBenuuenneM ' = 15 morpysunu B BOXy, KOTOpas 3alojHHMIA U €€
BHYTPEHHIOIO 4acTh. YTOOBI cHCTeMa NP TeX K€ pa3Mepax cTajia OmsTh
TETIECKOITMIECKON, MOTPEeOOBANIOCH 3aMEHHTH OOBEKTHB Ha IPYTOM.
Haiiti HOBOE yBenmmuenue [ TpyObI B BofI€.

(F—i—l)(n—no)

-1=3,1.
o (n=1)

Omeem: ' =

3agaya 1.3.11. B Mukpockone oObeKTUB ¢ (POKYCHBIM PACCTOSHHU-
eM fi=1 cM u OKyIsAp ¢ GOKYyCHBIM PAacCTOSTHUEM f>=3 CM HaxOmATCs Ha
paccrosinuu d = 20 cM apyr ot apyra. Ha kakoM paccrosiHuu /; 0T 00b-
eKTHBa JOJDKEH HaXOIUTHCS OOBEKT, YTOOBI JaBaeMO€ MHUKPOCKOIIOM
N300pakeHre HaXOAWIIOCh Ha paccTossHUM [, = 25 cM ot rina3a? Kakoso
IpY 3TOM ToTiepedHoe yBenndenue [T Mukpockona?

L (f2+12)f12 _ .
Omegem: || = f, +(d—f1)(f2 +12)—f212 =0,06 cm;
Fz—fld =150.
d(h=fi)=hh

3agaua 1.3.12. Haiitu nonoxxeHne TI1aBHBIX IIOCKOCTEH, OKYCOB
M Y3JIOBBIX TOYEK ABOSKOBBIMYKJIOHW TOHKOW CHMMETPHUYHOH CTEKJISH-
HOM JIMH3bI C PaJINyCOM KPUBHU3HBI MOBEpXHOCcTeW R = 7,5 cMm, ecnu ¢
OJIHOM CTOPOHBI OT TMH3BI — BO31yX, a C APYToi — BoJa.

Sagaua 1.3.13. Haiitu ¢ nomo-
1IBI0 MMOCTPOEHUHN TIOJIOKEHUS 3a/IHE-
ro ¢okyca F'wu 3aaHeidl riaBHO# TOY-
ku H' onrudeckoil cucrembl B BO3- iy
JyXe, ©CIM W3BECTHBI MOIOKEHUS Puc.1.27. H(?nomeﬂne conpsmceHHLDf
FIABHOH omTmueckoii ocn 00' H co TOYeK S U S’ OTHOCHTENBHO TJIABHOM

onruueckoi ocu OO’
MPsDKCHHABIX TodeK S u S'(puc. 1.27).

3apaua 1.3.14. HaliTu ¢ noMOUIbI0 TOCTPOCHUM IOJIOXKEHHUE H30-
OpakeHus S' TOUKH S, €CIH ISl ONTHICCKON CHCTEMBI 3a7aHO OTHOCH-
TenpHOE pacnonoxkenne Touek: F',H', S, H, F.
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3apaua 1.3.15. CucteMa COCTOUT M3 TOHKOH CHMMETPUIHOM COOH-
parolieil CTekJITHHON JMH3BI (paguyCc KpUBU3HBI TOBepxHOcTel R = 38
CM) M IUIOCKOT'O 3€pKaja, pacloyIOKEHHOTO NePHeHINKYIISIPHO ONTHYE-
CKOM ocw JWH3EL. PaccrosHre Mexmy JMH30M W 3epkajioM [ = 12 cM.
Haiitu ontuueckyro cuiny @ 3TOH CUCTEMBI, €CIU IIPOCTPAHCTBO MEXKIY
JIMH30M U 3€pKaJIOM 3all0JIHEHO BOJOM.

Omeem: © = 3,0 autp.

3agaya 1.3.16. [Ipu xakoii TommuHe d TOJCTasT BBHITYKIO-BOTHYTas
CTEKJISTHHAS JIMH3a B BO3AyXe OyAeT UMETh ONTHYECKYIO cuity —1 amtp,
€CIT paJInyChl KPUBU3HBI €€ BBHIMYKJION U BOTHYTOM MOBEPXHOCTEH paB-
HBI cooTBeTCTBEeHHO 10 11 7,5 cM?

Omeem: d =3 cm.

3agaua 1.3.17. Halitu moyioxxeHue TaBHBIX IIOCKOCTEH, (OKyC-
HbIE PACCTOSIHUS U 3HAK ONTUYECKON CUJIbI BBITYKJIO-BOTHYTOM TOJCTOM
CTEKJISTHHOM JIMH3bI B BO3/AyX€, TOJIIHWHA KOTOPOH paBHA d, a paauyChl
KPUBH3HBI IOBEPXHOCTEN OJJUHAKOBBI U PABHBI R.
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I'maBa 2

YPABHEHUS MAKCBEJUIA. QJIEKTPOMATI'HUTHBIE
BOJIHBI. ”THTEHCUBHOCTbDb U IABJIEHUE CBETA

2.1. TeopeTnyeckoe BBeJleHHE

OCHOBHBIC CBOIMCTBAa CBETa KaK PACIPOCTPAHSIONUXCS B MPO-
CTPAHCTBE DJIIEKTPOMATHUTHBIX BOJIH BBITEKAIOT M3 (DyHIaMEHTaIbHBIX
3aKOHOB JUIsl DJICKTPOMArHUTHOTO Tous (ypaguenus Makceenna) u co-
OTHOIICHUH, OMUCHIBAIOIINX OTKIHK CPelbl HA BO3ACHUCTBHE DIICKTPO-
MarHUTHOTO U3JTy4CHUs (Mamepuanvhvle yPasHeHUs1).

B cucreme CU ypasnenus Maxkceenna (B nuddepeHimanbHOMU
(dhopme) UMEIOT BHI:

roth—a—B, 2.1)
ot
oD
rotH=j+—, 2.2
i+ 2.2)
divD=p, 2.3)
divB=0, 24)

rae E u D, H u B — Hanps>KeHHOCTh M MHAYKLMSI COOTBETCTBEHHO 3JIEK-
TPUUYECKOTO M MarHUTHOTO TIOJIEH, P U j — TUIOTHOCTH DIIEKTPHUIECKOTO
3apsa ¥ ToKa IPOBOJIMMOCTH.

B coorserctBum ¢ (2.1) u (2.2) mepemenHoe MarHuTHoOe mose B
MOPOXKAAET suxpesoe ekTpuueckoe noje E, a ucrounukom nons H,
HapsAIy C TOKaM{ MPOBOAMMOCTH j, MOXXET OBITh W M3MEHSIOIIEECS BO
BpeMeHu noJjie D.

B unTerpanbpHoii (hopMe B3aMMOCBSA3b XapaKTEPUCTHK DIICKTPOMAr-
HUTHOTO TOJIs (B TOM YHCIIE H B CPEJIE) OTPAXKAIOT CIIEAYIOIINE 3aKOHbI:

3aKoH dekmpomazhumnou unoykyuu Papades:

d
({)Edlz—aJE‘Bds

— nupKyJsanus Bekropa E no 3aMkHyTOMY KOHTYpY L paBHa C IPOTHBO-
MIOJIO’KHBIM 3HAKOM CKOpPOCTH M3MEHEHHs MOTOKa BekTopa B uepes mo-
BEPXHOCTD X, OTMPAIOIIYIOCS Ha 3TOT KOHTYD;

meopema o yupkyaayuu eéexkmopa H:

G HAL = [(j+ jo )ds
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— mupkysiys Bekropa H Ha 3aMKHYTOM KOHTYpe L paBHa CyMMeE TOKOB
MIPOBOJTUMOCTH M CMEIICHHS Yepe3 MOBEPXHOCTh X, OMUPAIOIIYIOCS Ha
. oD
3TOT KOHTYD (], = & IIOTHOCTH TOKAa CMEIIICHHUS );
’ ¢
meopema I aycca ons eekmopa D:

¢ Dds = [ pdv
z Y

— MOTOK Bektopa D depe3 3aMKHYTYHO TIOBEPXHOCTh X paBeH 3apsiay B
o0BeMe V, orpaHUYEHHOM MOBEPXHOCTHIO X;
aHayor meopemot I aycca ons eexkmopa B:

@Bdszo
z

— oTpaxkaeT (pakT OTCYTCTBHSA B MPHUPOJIE MAarHUTHBIX 3apsioB (JIMHUU
MarHUTHOW WHAYKITMU B Bcerma 3aMKHyTHIC).

Mamepuaﬂbnbte ypaeHeHun OOBITHO 3aIHCHIBAIOT B BHJC:
D=¢E+P, (2.5)
B=p,(H+J). (2.6)

B »3TuX ypaBHEHMs OTpa)ke€Ha CBSI3b MEXIY XAPaKTEPUCTUKAMM DJIEK-
TPOMAarHUTHOTO TIOJIS B CpPele M OTKIMKOM cpenbl (mossipuzauusi P u
HaMarHW4YeHHOCTH J) Ha BO3JEHWCTBHE CO CTOPOHBI MOJIS.

Ecnmu MarHuTHBIE CBOWCTBA Cpellbl MPOSBISIFOTCS HAMHOTO cliabee,
9YeM DIIEKTPUYECKUE, TO B MIEPBOM HPUOIMKEHUH MOXHO CUUTATh, YTO
J =0, uTtorma

B=p,H. (2.7)

Kax u3BecTHO, Ha ABMXKYIIUICS CO CKOPOCTBIO V TOUEUHBIH 3apas g
CO CTOPOHBI AJIEKTPOMATrHUTHOTO OIS AeHCTBYeT cuna Jlopenya:

f=¢(E+[v,B])

[lycte cpena — anekmpuuecku neumpanvuas (p = 0, divD=0).
ITox neiicTBrEM 3IEKTPUUECKOTO TOJISl B TAKOU Cpe/ie MOTYT MHIYIIUPO-
BaThCs TMOJSPU3AIHMOHHbBIC (CBA3aHHBIC) 3apsiibl ¢ 00BEMHOU TUIOTHO-
CTBIO Pcp. [IOTHOCTH Py M ANEKTPUYECKHIA JAMIIONBHBIA MOMEHT 3THUX
3apsJIOB B pacueTe Ha eIUHUIly 00beMa (BekTop moJsipusaimu P) cBs-
3aHBl COOTHOIICHUEM:

Peg =—divP.
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M3MeHeHne MIOTHOCTU Pe; BO BPEMEHMU ONPEAEISIET IUIOTHOCTH TOKA
CBSI3aHHBIX 3aPSNOB J.; !

= oP
CB at *
CB#3b MEXIY o M Py ONIUCBHIBACTCS YPAGHEHUEM HENPEPLIBHOCTIL:
.. .0
divj, + P _g.

[To xapaxrepy 3aBucumoct P(E) pa3znuuaroT cpenpl THHEHHBIE U
HEJIMHEHHbIE, N30TPOIHBIC U AHW30TPOIHbIE, AUCIEprupyromue u 0e3
JUCTIEPCHUH, OTHOPOJIHBIE U HEOTHOPOAHBIE U T.JI.

Cpena HazwsiBaeTCs unetinol, eciu ee oTkmk P(E) ~ E, wm

P=¢yE, 28

re y — JIMHEWHAas! OudieKmpuieckas 60CHPUUMUUGOCHb CPENbl, HE 3a-
Bucawmas ot E. B atom cinyuae ypaBHenuss Makcpernia nuHeissl no E u
H, u ux pemeHus yIoBIETBOPSIOT npunyuny cynepnosuyuu. OcoOblid
uHTEepec npencrasiser ciydai, korna E(r,f) u H(r,f) 3aBucsart ot Bpe-
MEHH IO 2APMOHUYECKOMY 3aKOHY.

B cunvubix cBETOBBIX HOJAX (HampuMep, JIA3€pHOTO H3IIYdIEHUS)
BOCIIPUUMYHUBOCTE CPebl X MOXeT 3aBuceTh OT E (Takue cpelsl Ha3bl-
BAfOT HEAUHEUHbIMIL).

B mpocreiiiiem ciydae, koraa JaunelHas cpena — uU30MmMponHas w
00HOPOOHAs, €€ BOCTIPHUMYUBOCTD ¥ — CKAIAPHAA BEIWYNHA, HE 3aBU-
csmas ot r. Jnsg uzorponssix cpen (2.5) MoKeT ObITh 3aIIMCaHO B BUAE

D=¢;E, 2.9

(e =14y — mudnexTpuuecKas NPOHUIAEMOCTh cpefbl), TO ecTb P || E ||

D.

Ecmu otkmuk cpenst P(r,f) 3aBucut Tonbko ot E(r,f) B TOM e TOUKE I H
B TOT )K€ MOMEHT BPE€MEHHU ¢ (OTKIIUK JIOKANbHLIL W MEHOBEHHbII), TO
cpena — Heoucnepeupyrouas.

1. Bonnoevie ypasnenusn ona E u H
[Ipomuddepenupyem ode yactu ypaBHeHUs (2.2) 1O BpEMEHH ¢:

(GHJ dj 0°D
rot | — |=—+——.
ot ) ot or?
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CoracHo (2.1),

cH 1
—=——rotE,
a  u
MIOATOMY
oj o°D
—rot rot E = —+—.
”‘)L}t 6t2}
Ilycte & ©e 3aBucutr or r, uw p = 0. VYuureBasg, dTO

rot rot E =graddiv E - AE (A — omeparop Jlamnaca), a divE =0, mo-
JIy4yaeM ypaBHEHHE:
1 oD 1 0§

AE - - ,
8002 6t2 80C2 8l‘

(2.10)

TAC Yy4YTCHO TAKXKE, 4YTO [y = Ecmu & He 3aBucur ot BpEMCHU t, TO

goc?
CpeZia Ha3bIBACTCS CIMAYUOHAPHOLL, 1 B OTOM CITydae
e ’E_ 1 §
o gyt
Amnanornyno, muddepeHnupys mo ¢ ypasHeHue (2.1), morydmm
ypaBHEHUE:

AE (2.11)

2
AH—%a—Hz—rotj, 2.12)
c? or?
e y4TeHO, 4TOo It HeMaruuTHow cpeasl div H=0.
VYpauenus (2.11) u (2.12) Ha3BIBAIOTCS 80IHOGLIMU YPABHEHUAMU
st BektopoB E u H B nuneiHOM, 0AHOPOJHOM, U30TPOMHOM, CTAIHO-

HApHOM, AJIEKTPUYECKU HEUTPAIbHON, HEMAarHUTHOM cpene.

2. DnexmpomazHummble 6071HbL 8 OUIIEKMPUUECKOTL
Henpoeooawell cpede
Ecnmu cpena — menposoodsiyas (j = 0), TO BOJHOBBIC YpaBHEHUS
(2.11) u (2.12) npUHUMAIOT BU;

2

AE-%%:O, (2.13)
2

AH—C%%:O. (2.14)

PemennsiMu 3THX ypaBHEHUI MOTYT OBITb, B YAaCTHOCTH, HIOCKUE
monoxpomamuyeckue gonnst D(r,t), E(r,t) u H(r,f) Tumna
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A(r,f) = Ag(r)cos(oz — kr + @) (2.15)

C HE 3aBHCAILICH OT BpEMEHH aMIUIUTYI0N Ay, KPyrOBOH 4acTOTON ® U
2n .

BOJIHOBBIM BEKTOPOM k=7 e, (A — nnuHA BONHBI, €; — €JUHUYHBIN

BekTOp). Ecnn ammumntyma Ay = const, TO €CTh HE 3aBUCHUT OT ¥, TO BOJI-
Ha (2.15) HazwpiBaeTca oonopoonoti. BoaHoBo# BekTop k meprneHauky-
nsipeH GPOHTY BOJHBI (TTOBEPXHOCTH OJWHAKOBOH (ha3pl) M, Kak U A,
XapaKTEPU3yeT IIPOCTPAHCTBEHHYIO MEPUOJAMYHOCTD I10JIs1 BOJHBL. I110-
CKUI1 ()pOHT BOJIHBI MepeMelacTcs B HanpasieHnH Bektopa k ¢ dazo-
BOM CKOPOCTBHIO

()
v e (2.16)

3ameyanue. Ypauenus (2.13) u (2.14) gomyckaioT Takxke U pele-
HHS B BUJIE, HAIPHMED, cheputieckux TApMOHNYECKHUX BOJIH:

A(r,f) = Ay(r)cos(wt — kr + @),

rae Ag(r) = Ao(1)/r.
ITmockue rapmonndeckue Boaabl D(r,¢), E(r,f) u H(r,?) Tuma (2.15)
SIBIISIIOTCS. pelleHns MU ypaBHeHui (2.13) u (2.14) nums npu yciioBuw,

27
YT0 k= — U ® YJOBJIETBOPSIOT OUCNEPCUOHHOMY YPABHEHUI):

K="e, 2.17)
C
NiIn
k=20, (2.18)
C

rae n=+le — nokasamenv npenomnenus cpeapl. C yuerom (2.18) dazo-
Basi CKOPOCTb BOJIHBI 3aBHCHUT OT 71:
v="Le. (2.19).
n
OTUM, B YaCTHOCTH, MOKHO OOBSICHUTH OTpPaKE€HHE W IpeIOMIICHHE
BOJIH Ha TpaHMLE OBYX Cpell C Pa3HBIMH TOKa3aTeNlsMH HPEIOMIICHUS
(cm. L. 7).

Uro6s! Haiitu cBsi3b Mexay D, E u H B tutockoil rapMoHHUYECKOM
9MEKTPOMAarHUTHOW BOJIHE C YaCTOTOH ), MOJICTABUM pEIIEHHUS BOJHO-
BbIX ypaBHeHu#t D(r,t), E(r,f) u H(r,f) B Buzge (2.15) B ypaBHeHHUst Mak-
ceeiia (2.1)—(2.4). Ilpu j = 0 momyunm:
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[k E]=— 1, g
€C
[k, H]=—wg(E, P
(k, E)=0, y .~k
(k, H)=0. ,H/ ;E

CormnacHo 3TUM (QOpMyJiaM, BEKTOPHI
E, H u k (a Taxxe D, H u k) B paccmar-
pUBacMOM cpeie B3aHMHO OpPTOTOHAJIBbHBI
(oOpa3yroT Tak Ha3bIBaeMylo MpaBYyIO
Tporky", cM. puc. 2.1), a dazer D(r,z),
E(r,¢) u H(r,f) coBmamaror.

AMIuMTy 161 BOJH £y 1 H) B TMHEHHOM M30TPOMTHON Cpe/ie CBSI3aHbl

COOTHOLICHUEM
”SOSEO = \“”LOHO . (224)

[1noTHOCTH MOTOKA HEPTUH B MOJIE ANEKTPOMArHUTHOU BOJIHBI Xa-
pakrepusyet Bektop IloiitHTHHIa

Puc. 2.1. HanpaBneHus BekTo-
poB E,H un k B OGerymeit
3NIEKTPOMArHUTHO} BOIHE (B Ba-
KyyMe)

S=[E.H]. (2.25)
g paccMatpuBaeMoil cpenbl
S =gyeE?v, (2.26)
IMO3TOMY MHTCHCUBHOCTD paBHA
2
I= <\s\> _ St 2.27)
T 2

IInoTrHocTh MoTOKa MMHYyJbca G, NEPEHOCHMOrO 3JIEKTpPOMAr-
HUTHOM BOJIHOM, U BeKTOp II0OMHTHHTa CBS3aHbI COOTHOILIEHUEM:

G=" (2.28)
19

Ecmu cpema — eaxyym (¢ = 1), TO ISl TUIOCKOH TapMOHHUYECKOM
BOJIHBI C aMIUIUTYA0U Ey:
Ve Eo =+/RoHp > (2.29)

CS()EO = Ho, (230)
a HUHTCHCHUBHOCTB BOJIHBI paBHa

i
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1=(s)), = 8°2E§ c. @.31)

B cpene ¢ mucnepeneii € =¢(®) (asoBas CKOPOCTb rapMOHHHE-

CKOM BOJTHBI 3aBHUCHT OT YaCTOTHI: L = (cM. 1. 8). DTO TIO3BOIISIET

c
n(o)
Ha TPAKTHKE OCYIIECTBISTH MPOCTPAHCTBEHHOE Pa3JieIeHHE CBETOBBIX
BOJIH 110 4YacTOTe (HAmpuMep, ¢ MOMOINbI0 Tpu3Mbl). OHAKO B TaKOM
cpele TO Mepe pacIpoCTpaHEHHs BOJHBI €€ aMIUIUTyAa JOJDKHA
yMeHblIaThest. Ecnu mucnepeust cpeibl He odeHb Oolblmasi, TO 3aryxa-
HUE BOJHBI — claboe, U cpefja OTHOCUTENFHO MTPO3pavHasl.

Ecnu nusnekTtpuueckas cpena JIMHENHA, HO aHuzomponta, 1o P =
&y E, rae ¥ — TeH30p ONTHYECKOH BOCIPHUMYHBOCTH. B Takoit cpeme
Hanpasnenune P 3aBucut ot Hanpasnenus E (cM. ri. 9).

3. Dnekmpomaznumnule 6071HbI 8 NPOGOOAULEH cpede (€= 1)

B sTom ciiyuae ypaBHeHust MakcBeia UMEIOT BU:
OH

rot E=—py—,
Mo o

. OE
rot H=j+¢g, Pt
divE=0,
divH=0.
ITonaras, 94To IPpUMEHUM JIOKATLHBIH 3aK0H OMa:
j=oE, (2.32)

IJie G — YIeNbHAs DIEKTPUIeCKast IPOBOJUMOCTD CPEJIbI, TIOIYYHM BOJI-
HOBBIE YPaBHEHHS:

1 *E_ o 0E

AE- 92 9 %
c? 0?7 gy o

10°H_ o ¢H
¢z a2 gyc? ot

YpaBHEHHUS TaKOTO THIIA HA3BIBAIOT MeNecpaQHbIMU YPAGHEHUAMU.
Ecnmu mHTEpecoBaThCsl PEMICHUSIMH B BHJIE TapMOHUYECKHX BOJH, TO
YMECTHO BBECTH B PACCMOTPEHUE KOMHAEKCHYIO OUINEKMPUUECKYIO
NPOHULAEMOCTb:

e(0)= ¢ —ig" (2.33)
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rae & onpenenser Gpa3zoByr0 CKOPOCTh, a £” 00yCIOBIEHa MPOBOUMO-
CTBIO M ONIpEeJIeIsIeT Auccunanuo. B Hamem cirydae
. ©
g(o)=1-i—, (2.34)
80(0

T.€. QUDIIEKTPHUYECKAsT BOCIIPHIMYHBOCTD X(a)) — 9UCTO MHUMasI.

Hcnonp3yst KOMIUIEKCHYIO (hOpMY 3amucH, ypaBHEHHE BOIHEI (2.16)
MOJXHO IPEACTaBUTH B BUAC!:

A(r,t)=Re{1~soexp[i(mt—kr):|} , (2.35)
rae KO =A, exp(i(p) — KOMIUJIEKCHasl aMIUIUTyJla. Takoe mpejcTaBiie-
HUE 3HAYUTEIHHO YTPOIIAET BBITOJHEHHE omnepannu TudepeHnpo-

0 .
BaHUs, TIOCKOJIbKY E:N'co; div = (—ik),; rot =[-ik].

[Mnockue Bomuel E(r,f) u H(r,?) B Buzge (2.35) OyayT pemieHusiMu
TesierpadHbIX YpaBHEHUH IPU YCIIOBHH:
2

2 (O}
k —zzﬁ(m), (2.36)
rac BOJIHOBOH BCKTOp Kk Mmoxer 6LITL MMPEACTABJICH B BUJC!:
k=k —ik". (2.37)

Ecnu cpena ogHopoaHas v u3oTpomnHas, To Bektopsl k' u K" koi-
nuHeapHbl U coHamnpasieHbl. [loncrasmsas (2.37) B (2.36) u yuurtbiBas
(2.34), momyuunm:

2

. (V) .0®
k'? — k" —21k'k"=—2—l—,
C €oC
2
K2 -k =2
C2 '
i
k/klr_ oW
=—.
800

® ®
Ionarast k'=—n" u k" =—n", mony4aem:
c

() =) =1,
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PemienneM 3TOi CUCTEMBI YpaBHEHUI SABIISIOTCS TaKue JEWCTBU-
TeNbHas (n') Y MHUMas (n") YacTH KOMIUIEKCHOTO TIOKa3aTels IpeioM-

neHust n=n'—in", 3aBUCUMOCTh KOTOPBIX OT YaCTOTHI (@ OTIPENENSIETCS
hopmymamu:

(n')zzé 1+ — | +1},

(n")2=l 1+ 2| —1].

2 Q)
C yuaerom (2.37) ypaBuenus ans Bond E u H npencraBumer B Bue:
E(r,1)=Eq(r)-efl® k"), (2.38)
H(r,)=H,(r)- (k0. (2.39)

Awmruaty el BoH (2.38) u (2.39)
Eo(r)=Eje™*",
— -k'r
HO (l‘) = Hoe
JKCTIOHCHIIMATRHO yOBIBalOT B HampasieHnn Kk”. da3zoBas CKOpOCTh
BoJH (2.38) 1 (2.39) onpenensiercs: NeHCTBUTENHHOMN YacThIO MTOKa3aTe-
JIs TPETIOMIICHUSL:
c
V=— €,

!

TOrJa Kak MHHMas YacTh XapakTepH3yeT IIyOMHy A NPOHMKHOBEHHS
BOJIHBI B IPOBOISIIYIO CPEAy:
1 c
v e (240
Ecnn 6 = const, To o Mepe yBeIMYEHHUS YaCTOTHI  IIOKAa3aTellb
n” yObIBaeT, CTPEeMsCh K HYJIO, U MPO3PAYHOCTh HMPOBOJSILIECH CpeIb
HOBBIIIACTCS.
B cootBercTBum ¢ (2.36) u (2.37) BexTOp Kk BelnecTBeHHBIH, ecu

MIPOHUITAEMOCTh s(oa) BEIIICCTBEHHAS W TOJNOXUTEeNbHAsE, miu K' 1K”
(kak B ciyyae TMOJHOTO BHYTPEHHErO OTPKCHUs CBETAa HA TPaHUIIC

cpex, cM. 1. 7). Eciin Bektops! k' u K" HexonmnnHeapHbI, TO TUIOCKHE
BOJTHEI (2.38) 1 (2.39) HeooHopoOHbie.
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UtoOb1 HaliTH CBs3h MeXXIy E 1 H mi1s 2JIeKTpOMarauTHON BOJTHEI
B TpoBojsmiei cpene, moactaBuM (2.38) u (2.39) B ypaBHeHus Mak-
cBeiuia. B pesynbTate nomyuum:

[k, H] = 0gE| 1-i— |,
€90
()
kE|=—-H,
[ ] 80C2
(k,E)=0,
(k, H)=0

Takum 06pa3om, U B 3TOM CiTydae dJICKTPOMArHUTHAsI BOJIHA — TIO-
nepeunast, T.e. Bektopsl E, H i k (k' TTK") B3aumuo oproronaisusr,
oxnako BonHa E onepexaer mo ¢ase onny H Ha

_ n”
¢ = arctg—.
n
"

c n T
B wactnoctu, ecmut —>>1, 10 —~1n @=—.
G n 4

B cootBercTBuH ¢ popmynoii (2.24):

JioHo =nfe Ey,
JioHy = \/go () + (") o

HMHTEHCHBHOCTh CBETOBOH BOJHBI B TPOBOIAIIEH cpele yOBIBaeT IO
3aKOHY

I

I = [Oe—2k"r ,
rac
s+
0= CosQ-cC.

2

C ¢opmanbHOM TOUKH 3pEHHUS 3aTyXaHHE BOJHBI HIMEET MECTO, €C-
mu &" # 0. B nuanextpudeckoii cpene 6e3 mucnepcun nosipusaims P (a
CJIEIOBATEIbHO, U CMELICHUE CBS3aHHBIX 3apsOB U3 IOJIOXKECHUS PaB-
HoBecHs) u nose E m3MenstoTes cuH(pazHO, a CKOPOCTh 3apsfaoB u E
CABHHYTHI 1O (pase Ipyr OTHOCHTENBHO Japyra Ha 7/2 . [lostomy cpen-
HSISl IO BPEMEHHU MOILHOCTH CHJI DJIEKTPUYECKOro MOJs paBHA Hymo. B
Cllydae K€ MPOBOJIIEH Cpelbl CKOPOCTh CBOOOAHBIX 3apsanoB U E u3-
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MEHSIOTCS B (pase, MOITOMY 3aTyXaHHE BOJH OOYCJIOBJIEHO TaK Ha3bl-
BaEMBIMU «IIOTEPSIMU Ha JHKOYJIEBO TEILION.

4. dnexmpomaznummsie 60aHbL 8 NPOBoOAUIEl cpede (€ # 1)

B aTOoM cityuae

. . C
e(o)=¢—ie"=(1+y)—i—.
€90

Jns nedcTBUTENBHOM M MHUMOW 4acTe KOMIUJIEKCHOTO MOKa3aTe-

st npenomiernst (n=n'—in" ) umeem:

(}1’)2=l g2+ = | +¢'|,
2 O]

(H'I)ZZ% e+ 80% —¢

3ameyanue. Eciu ¢"=0, a ¢ <0, 0 kK'=0, a k"#0. B sTtom
clly4ae TUCCHUIIAIS SHEPIHU OTCYTCTBYET, OJHAKO BOJIHA BIUIYOb CPE/IbI
He pacrpocTpansercs (Kak, HalpuMep, B CIIydae OTPaKEHHUS OT TUIA3MBI
npH HU3KKX dacToTax). Ecmum ke &" #0 (MHEpIHOHHOCTh OTKIINKA Cpe-
JIB1), TO 3aTyXaHHUE WHTEHCHBHOCTU OyIeT 00YyCIOBICHO paboTOM diiek-
tpudeckoro mnoist E, 3aTpaunBaeMoil Ha HHIYIIUPOBAaHHE TOKOB CBSI3aH-
HBIX 3apsJI0B.

2.2. 3aga4u ¢ pelieHUSIMHA

3agaya 2.2.1. B BakyyMe pachpocCTpaHsieTCsl MIOCKas 3JEKTpo-

marsuTHas BomHa E =e, Ejcos(wf—kx) ¢ gactoroii o = 1,5-10% ¢,

rae e, —opt BAoib ocu y. Haiitu aMmmuTyny E, HalpsuyKeHHOCTH SJIeK-
TPUUECKOTO OJIA BOJIHBI B TOUYKE c KOOPAUHATOMN
x =10 M B MoMeHT ¢ =40 HC, €CIU B TOH )K€ TOUYKE U B TOT K€ MOMECHT
Bpemenn H=0,2 e,JA-M'].

Pemenne

B cootBercTBuu ¢ (2.30):

cegly =H,.

ITockonbky BekTop K opueHTHpOBaH BJOIb OCH X, TO
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H=e,Hcos (ot —kx)= ezHocos(wt — ij =e,H,cosp,
C

rme o= m(z‘ —fJ =1,5-108 (40-10‘9 — 10 J =1, W clIegoBaTeIbHO,
c 3-108
cos@ = 0,54.
Taxum oOpazowm,
H
H, =u= 0.2 =0,37 A/m,
cosp 0,54
a UCKOMasi aMIUIUTY/Ia:
0,37

E, = =139 B/m.
07 3.108.0,885-107!!

Omegem: E,=139 B/m.

3apaua 2.2.2. [lap, Haxonsmwmiicss B HEMarHuTHON cpene C Au-
3JIEKTPUYECKON MPOHUIIAEMOCThI0 € =4,0, 00y4aercs MIOCKOM 3JieK-

TPOMArHUTHOHM BOJIHOHN ¢ amrumuTymor £y, = 200 B/M. Haiitn pagmyc
mapa R, ecnu 3a Bpemss Af=1 MHUH Ha HEro mnaJaerT >HEPrus
5 kJIx. JlnuHa BOIHEI A << R.

Pemenne

DHeprus, Majaromias Ha map 3a Bpemsi At , paBHa

W=1-SAt,

r/ie ] — HHTEHCHBHOCTb CBETOBOI BONHBI, S = 7R — IIOMAb GOJIBLIO-
ro kpyra mapa. CornacHo (2.31) HHTEHCUBHOCTh CBETOBOW BOJHBI paB-
Ha

sosEg
2
rae v = c/ \Je — ckopocts cBeta B cpeste. Takum 0GpasoM,

2w
R= | ——————,
TtAtsox/EEgc

.5.103
Rz\/ 2:3:10 =0,5m.
3,14-60-8,85-10712.2.4.10%-3-108

Omeem: R = 0,5 M.

1

b

nIn
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3amaua 2.2.3. HccrnenoBaTh CTPYKTYPY CBETOBOTO IIOJISL, CO37a-
Bac€MOro AByMs IIJIOCKHMMH, JIMHEWHO MOJIAPHU30BaHHBIMU, KOI'CPECHTHLI-
MU BOJTHAMH, OCTYIIUMH B BaKyyMe IO/ YTIIOM ¢ IPYT K JIPYTY.
Pemenue

[Tycts BonHOBBIE BekTOophl k| 1 K, jJexaT B KOOpAMHATHOM IUTOC-

z koctu xOz mopn yraom 6 k ocu Oz
J (a.=26, cm. puc. 2.2). Torna
k, = {kxa 0, kz} >
E, k2={—kx,0,kz},
O\E * rtoe k,=k-sin®, k. =k-cosf,
! k=2n/A=w/c, ¢ — ckopocTb cBeTa

Puc. 2.2. OpueHramyss BOJHOBBIX B BAKyyMe.

YpaBHeHus miiga komnoHeHt E u
H xaxoif u3 BOJIH MOTYT OBITh 3a-
MUCaHBI (MPH COOTBETCTBYIOIIEM BbI-
Oope Havaa oTcueTa) CASAYIOMHIM 00pa3oM:

i(ot—Kqr i(ot—Kkqr
E, =E,pe/( %) H, = H, el k)
i(or—K,r i(or—Kk,r
E2:E20€( 2),H2:H206( 2).
PaccmoTpum cHauana ciiy4daidl, Korja IUIOCKOCTH TOJISIpU3allUU

o0enx BOJIH coBmafaroT ¢ Iutockocthio x0z (puc. 2.2). Tak kak a3iek-
TPOMarHUTHBIE BOJHBI — ONIEPEYHBIE, TO:

E o ={Eycos6, 0, — Esinb},
E, ={Eycos, 0, Eysinb}
H,, ={0, H,, 0},

H,, ={0, Hy, 0},

BEKTOPOB k1 u k2 B I1ockoctu x0z

npuueM  H, = /fl_OEO =cg,E,. Ilockombky Kkir=kx+k,z u
0

k,r =—k x+k,z, To npoexuuu BekropoB E u H Ha xoopauHaTHbIe
OCH:

E, =E,, +E, =E,cos0- (e + k). eilork:z)

E =E_+E,, = Osine'(eikxx _e—ikxx)'ei(wt—kzz) ,
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Hy :Hly +H2y = H, (eikxx +e—ikxx)_ei(wt—kzz) )
[Tepexons OT KOMILICKCHON (DOPMBI 3alIUCH K BEIIECTBEHHOM, I10-
JYYUM:
E, =2Ecos0-cos(k,x)-cos(wr —k,z),
E, =-2Esin®-sin (k. x)-sin(ot —k,z),
H, =2H,cos(k,x)cos(wt-k,z).
DTH ypaBHEHHS TO3BOJISIIOT pacCMAaTpPUBaTh PE3yJbTUPYIOIIEE T0-
Jie KaK CYNEpHO3HLUHIO JBYX BOJIH: HeooHopoowou (E,,H )-BoiHbl,
Geryweit B1oab ocu 0z, u cmosueti (E,, H ) -BONHbL

Ha puc. 2.3 nokazana opuenraius BekTopoB E 1 H B HEKOTOpHIX
TOYKaX IUIOCKOCTH x(0z B MOMeHT Bpemenu t=0. da3oBas CKOPOCTbH
eryweit (£, H ,)-BonHbl

® ® c

v, =—

ok, " kcosO  cosO

Oonbiie ckopoctu cBeta (mpu € #0), a CKOPOCTh MEpPeHOCa DHEPTHH
BI0oJb ocu Oz
u, =c-cost
MEHBIIIE CKOPOCTH CBETA, IPHYEM U, -V, =2, Bekrtop IloiinTHHra, Xa-
PaKTepU3YIOIIN MTHOBEHHOE PacIipe/ieIeHre TUIOTHOCTH TTOTOKa YHep-
TUU B IPOCTPAHCTBE:
S=[E.H]={\-E.H,,0,EH,|,
JIKUT B IIIOCKOCTH X0z U U3MEHSIETCSI C YABOCHHOM YacTOTOM 2®:
S, = E,H,sin0 -sin(2k,x)-sin| 2(ot - k.z) ],

S, =4E,H cos0 - cos? (k.x)-cos? (of —k,z).

JIJis COOTBETCTBYIOLINX HANPABICHUN MHTCHCUBHOCTD IOJISl paBHA!
1, =(S,), =0,
- _ 2
1, =(S.), =2E,H,cos0-cos® (k,x).
Takum oOpa3oMm, [, [OOCTHTaeT MaKCUMyMa B IDIOCKOCTSIX
k. x=0,tm, = 2x, ... (cM. puc. 2.4), KOTOpbIE ABISIOTCSA Y3IOBBIMH IS

crosiuet (E,, H y) -BOJIHBI, T.€. IS 3THUX IUIOCKOCTEM TaHTCHIIMAJILHas

cocrapisronas E Bcerma paBHa HyJTIO.
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Puc.2.3. Opuenranus BektopoB E 1 H B pa3snuuHbIX TOYKAaX MPOCTPAHCTBA B MOMEHT
BpemeHu =0

1;4

/
::‘ e ==

O 2n k.x

Puc. 2.4. Pactpe/iesieHie NHTEHCUBHOCTH CBETOBOIO 110J1s1 , BIOJIb OCH X

OTa 0COOCHHOCTb CTPYKTYpBI 3JIEKTPOMArHUTHOrO IOJI B pac-
CMaTPHUBAEMOM CIIy4ae MOXKET OBITh MOJIOKEHA B OCHOBY aHallM3a pac-
IPOCTPAaHEHMs BOJIH B METAIUIMUECKUX BOJHOBOJAAX (KoHIenuus bpui-
nr09Ha). B yacTHOCTH, pH UKCUPOBAHHOM PACCTOSHUU @ MEXY ABY-
Msl y3JIOBBIMH IUIOCKOCTSMM HE3aTyXalolllee pPaclpOCTPaHEHHE BOJIH
BI0/b ocU (z BO3MOKHO, TOJIBKO €CJIH sin(kxa)z 0, T.e. W11 TUCKpeT-
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. 2n .
Horo Habopa k, =nl (n=1,2,..). A tak xak k, =ks1n6=7ns1n6 u
a

. na
sind =— <1, TO IOaMHAa BOJHBI HE MOXET OBLITH Ooiyblle 2a. Eciau
a

A<2a, 10 10 QUKCUPOBAHHBIX @ M A yroi 6 MOXXeT NPUHUMATH JIHMLIb

. 2a 2a
7, IUCKPETHBIX 3HAYCHUHU: n,, = o ([ ] — uenas yacthb N ).

B cnyuae, korga sekropel E; u E, mapamiensusl ocu Oy, cTpyk-

Typa CBETOBOTO MOJISI aHAJIOTUYHA OMHUCAHHOM BbIIIE, HO KOOPAMHATHI X
Y3JI0BBIX IIOCKOCTEW CTOsSTuei BOJHBI OKa3biBaroTCsi mHbIMU. (Haiinure
UX CaMOCTOSITEIHHO!)
Paccrosiane Mexmy AByMsI COCETHUMH Makcumymamiu [, (puc. 2.4)
paBHO:
T A A
ksin®  2sin@  2sin(ay/2)’

a pH MaJBIX yriiax o — Ax ~ Afa.

Ax =

I
kx

3anaua 2.2.4. Haiitu cuny naBneHust F' IUTOCKOH CBETOBOM BOJIHEI
Ha IIap pagnycoM R, €CIIM MHTCHCUBHOCThH BOJIHBI paBHa /j, a MOBEpPX-
HOCTh IIIapa PacCeWBAET IMaJalollee M3ITydeHHe PAaBHOMEPHO IO BCEM
HaIllpaBJICHUAM.

Pemenne

PaccmoTpumM cHawana cirydvaid, KOTzia TUIOCKasi CBETOBAsk BOJHA T1a-
JTaeT Ha IUIACTUHKY IUIOMIAAbI0 © IO yrioM 0 (puc. 2.5).

Tak kak MHTEHCHBHOCTb CBETOBOW BOJIHBI paBHa [, TO CpeaHEe

3HaYeHHe OOBEMHOW ILIOT-
HOCTH DHEPTUU DJEKTPO-
MAarHUTHOTO TIOJIS:
_h
b

c
IJie ¢ — CKOPOCTh BOJHEI, a
cpenHee 3HAYCHHE OOBEM-
HOM TJIOTHOCTH UMITYJIbCA!

w

]0 w Puc. 2.5. Tlapatommii ¥ OTpa’k€HHBIH CBETOBBIC

WP C2 ? : IIYYKHU U CUJIBI, I[eﬁCTByIOH.[PIe Ha IUNTAaCTUHKY 11
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CrnenoBaTensHO, 32 BpeMsl Af BOJHA «IIPUHOCUT» K IIACTHHKE UM-
MyJIbC

I
AP =wp -cAt-(ocos)-e; =0 AtccosO-¢e;,
c

rJe €, — €MHUYHBIA BEKTOP B HAIIPABJICHUH PACIIPOCTPAHEHUS CBETA.

Ecnu cBeT, mafalomuii Ha MIACTHHKY, HOJIHOCHIbIO NO2IOWAEMCH,
TO HA IUIACTHHKY OyZIeT IefCTBOBATh CHIIA
AP ]
fy=—=-"ccos0 ¢,
At ¢

MIPOEKIINU KOTOPOil Ha HAMpaBJIeHUS N U T PaBHBI COOTBETCTBEHHO

Jn = focosO u fr = fysin0,

a 1aBJICHUC CBCTA HA IJIACTUHKY':

1
=f—”=—ocos29.
c
Ipu wacmuunom ompasxcenuu CBeTa OT IUIACTUHKU IO Yriiom 0

(I =ply, p<1 — xoddpduryeHT oTpaxkeHHs N0 UHTCHCUBHOCTH) ILIa-
CTHHKa OyIeT MOJy4aTh NONOJHHUTENIBHBIA HMIYJbC («HMITYJIBC OTIa-
qmy), IpHIEM

Jr=1fy.

B pesyabrare cuna nasnenus f (cm. puc. 2.5) paBHa
f=f,+f,,

a (GopMyJibl Ui TPOSKIUN 3TON CHUJIBI Ha pa3jMuYHbIC HAPaBICHHS
MMEIOT BUT:
1,
0 2
1 =(f,en)=(1+p)?ccos 0,
I, sin20
fe=(f,er)=(1-p)Lo
T T .
(f.ec)=(1-p) 20"
B ciyuae paccesnus TACTUHKOM MaAlOIIEro Ha Hee CBETa Pa6HO-

MepHO no eécem Hanpaénenusm cuna f,. (B cuily CHMMETpHH IeOMETpUH

paccesinust) OyneT HampaBleHa BAOJb HopManu n . Halizem Benmuuuny
9TON CHIIBI.



1. 2. Ypasuenus Maxceenna. Dnexmpomacuumuble 60JIHbL. 51

ITycTh MIACTHHKA TLIOMIAIBIO P8, ¢)
G paccenBaeT 3a BpeMsa At \ T
sHepruio AW paBHOMEpHO IO i
BCEM HAMpABJIEHHAM B TEIECHOM 7 a9 i
|

yrie 2m (JIeBoe TOIyNpOCTpaH- ;

cTBO Ha puc. 2.6). B Hampasie- | 0 ° . -
HUH (0,(p) B TeENECHBIH Yrox AP I'\ ] 0 ’f,
dQ= sinf-d0-d¢ 3a 3T0 Bpems \\\ :
«YHOCHUTCS» UMITYJIBC \\\\ i
dp ( P (P) = ﬂ@ee- Puc. 2.6 Pacce;I;I;eJnanafomero Ha IlJ1a-
cAt 2m N

CTHHKY CBeTa B HarpasJieHuu (0, ¢)
Cymmupys npoekunu dP nHa
HalpaBICHUE HOPMAIH N, MOJNY-

YUM:
2n /2 n/ZAW 1 AW

AP=J IdP-cost f—sin@-cos@-dez——.
00 0 ¢ 2 c

(9) (0)
CHC}Z[OBaTeJ'ILHO, HpI/I paCCGHHI/II/I CBCTa CuJjia «oTaaumn» paBHa
P AP 1AW
"UUAt 2 et

Y HalpasJIeHa BJIOJb HOPMald N K IUIACTHHKE.

Tenepp a1 monydeHuss OTBETa Ha BONPOC, c(hOpMyIMPOBAHHBII B
3agade, pacCMOTPHUM 3JIEMEHT MOBEPXHOCTHU Ilapa, OPUEHTHPOBAHHBIH
nont yriioM 0 k Bektopy Iy (cMm. puc. 2.7). [Inomanps 3T0r0 1eMeHTa pas-
Ha

dc = R%sin0-do-de.

Tak kak snemMeHTOM dG 3a BpeMsa Af pacceMBaeTcs >HEPrus
AW =1, -doc-cos0-At, To Ha HETO AEHCTBYET CUIIA:

df = df,, +df,.,

npu4eM

1
dfy ="dccos e,
c
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1
df, =l—0dc5cos9-e,,.
2 ¢

OueBuaHO, 4TO pe3yabTupyromas scex df, paBHa

Puc. 2.7. PaccesiHue 3Heprun 371eMEeHTOM MOBEPXHOCTH IIapa, OPUEHTHPOBAHHOM
nox yrioMm 0 k Bekropy I

Cuny F,. naiinem, cymmupys npoekuuu cui df, Ha HampasieHue

IO 10 BCEM JJICMCHTaM OCBGH.IeHHOﬁ MMOBCPXHOCTHU:

2nm/2

ZTC‘E/ZI I
F,:j Idfr.cosez [ j_ORZSine-cosze-de-d(pzlnRZ_o.
0 0 2c 3 c
00
Taxum o6paszom,

I
F=FO+F,=§7IR2—O.
C

4 1
Omeem: F =—nR>-2 .
c

2.3. 3agayu AJ1sl CAMOCTOSITEILHOTO pelieHust

3apaua 2.3.1. DnekTpudecKkuii TpoOoi B BO3AyXE HACTYIAET, €CITH
HAIpPSDKEHHOCTD IIEKTpUYecKoro noist gocturaet 3 MB/m. [pu xakoit
MUHUMaJbHOW TUIOTHOCTH TOTOKAa SHEPTMM IUIOCKOW 3JIEKTPOMarHuT-
HOH BOJIHBI MOKHO HAaOJIIOJaTh MOSIBICHUE UCKPHI B BO3AyXe?
10
Omeem: 1,2-10" Br/m’.
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3apaua 2.3.2. HaliTn aMIDIUTYI6I HAIPSDKEHHOCTEH DIIEKTPHIECKO-
T0 U MarHUTHOTO TOJIEW B TJIOCKON JIMHEWHO-MOJISPU30BAHHON BOJIHE,
€CIIH IIOTHOCTH TIOTOKA SHepriu paBHa 1 Br/v’.

Omeem: 27,45 B/m; 0,073 A/m.

3agaya 2.3.3. Haiitu naBieHue p U30TPOMHOTO U3ITyYeHHs C IJIOT-
HOCTBIO SHEPTUHU W Ha HICATbHOE 3epKaJIo.
Omeem: p=w/3.

3apaua 2.3.4. B BakyyMe pacmpocTpaHsIeTcs II0CKas 3JIEKTpoMar-
HUTHAas BoJiHA ¢ yacToTod v = 100 MI' 1 aMIIUTy10i 3JIEKTpUYECKOM
cocraBisitoleit E,= 50 MB/m. Haiitu cpennue no BpeMeHH 3HaueHHs

MOJyJIs IUNIOTHOCTH TOKa CMELEHHs < jCM> ¥ IUIOTHOCTH TIOTOKA BHEp-
U1 <S>
Omeem: <jCM> =4gyvE, = 0,18 MA/V’; <S> = 3,3 MKBT/M’.

3agaua 2.3.5. Haiitu npoekuuto Bekropa IloitHTHHra Ha OCh X U ee
cpenHee (3a TEPUOMA CBETOBBIX KoOJIeOaHWI) 3HAUEHWE ISl TUIOCKOM
3IEKTPOMArHUTHON BONHBI E = E,c0Sskx cOS®? B BaKyyMe.

3agayva 2.3.6. JlazepHslil umnynsc aaurensHocThio 7 = 0,13 Mc ¢
sHepruer W =10 JIx magaer HOpMaJIbHO HA IJIOCKYIO MOBEPXHOCTH C
koaddummenrom otpaxenus p = 0,5. Haiitu cpennee 3HaueHHe
JIaBJIECHUS < p> JIA3€pHOTO UMITyJIbCa Ha TMOBEPXHOCTh, €CIHU TUAMETpP

CBETOBOTO MsTHA paBeH d = 10 MKM.

Omeem. <p> = % ~ 5,0 MIla.

3anaua 2.3.7. KopoTkwuii cBeTOBOM UMITyIIBC C 3HEprueu W = 7,5 JIx
magaer mox ymioM O = 30° Ha IUTACTHHKY ¢ KO3(G(OHUIIMEHTOM
otpaxenus p = 0,6. Haiitu umnynsc P, nepenaHHbIN IIIaCTUHKE.

Omegem: P = E\/l + p2 +2p cos20 =35uH-c.
¢

3agaua 2.3.8. Ha ocu kpyrioi, 3epKajlbHO OTpakKarollel MiIacTuH-
KW HaXOAUTCSI TOUYEYHBIH M30TPONHBIA HCTOYHUK CBETA C MOLIHOCTBIO
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uznyuyenust P. PaccTosHue MeXxay MCTOUYHMKOM M IJIACTMHKOHM B 77 pa3
Oonbure ee panuyca. Haiftu cuiny f cBeTOBOro JaBieHHs Ha IUIACTHHKY.
P

Omeem. fzm
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I'maBa 3

ABYXJUIYUEBAA NHTEPO®EPEHIINA.
UHTEPO®EPEHIIMOHHBIE CXEMBbI

3.1. TeopeTuyeckoe BBeieHHE

WnTepdepenuneil cera Ha3pIBaeTCs SIBICHHEC BO3SHUKHOBEHHS yC-
TOMYMBOr0, IPOCTPAHCTBEHHO HEOJHOPOIHOTO PACIPENEICHUS NHTCH-
CHBHOCTH BOJIHOBOTO 3JIEKTPOMAarHUTHOTO MOJISL B 00J1aCTH MepeKphIBa-
HUS CBETOBBIX ITyYKOB.

PaccmoTpuM BHauane mpocTedmmii cimydail — MHTEpQEepeHLUIo
W3IY4YEHHs OT ABYX TOUYEYHBIX MCTOYHUKOB. [lyCTh 1BE KOrepeHTHBIE,
JIMHENHO MOJISIPU30BAHHBIE B OJIHOM HAIIPABJICHUHM, JIEKTPOMArHUTHBIE
BOJIHBI, HHTEHCUBHOCTH KOTOPBIX PaBHBI /| U [, , BO30Y>KIalOT B HEKO-

TOPOM TOYKE MPOCTPAHCTBA CBETOBBIE KOJieOaHus, (ha3bl KOTOPBIX OTIIH-
yaroTcs Ha . Torga MHTEHCUBHOCTB CBETA B JAHHOM TOUKE paBHA
1211+12 +2 Il-IZCOS(p, (31)
15807
1=21, (1+cos<p), 3.2)
ecma [} =1, =1.

Hns nByX jgyden OT OJHOTO TOUYEUHOI'O0 MCTOYHUKA, NPUXOASIINX B
TOUYKY HAOIIOJICHUSA C pA3HOCMbio Xx00a Ar = ri — rp, CIBHUT 10 (ase
paBeH:

Ar
¢= 2n— )
A
rae A — amuHa BomHEL [Ipw pacmpocTpaHeHHH cBeTa B cpene C MoKa3a-
TEJIEM MPEJIOMIIEHHUS 71 JINHA BOJIHBI paBHa A' = A/n u

Ar n-Ar A

¢p=2m X 21 2n . kA, 3.3)
roe k= 27[//1 — BOJTHOBOE 4HuCNO, A = n-Ar - onmuyeckas pazHocme
xooa.

C yuerom (3.3) popmyiy (3.2) MOKHO 3amicaTh B BUIE:

I=21,(1+coskA). 3.4)

B ombiTax mo AByXiy4eBoil HHTEpEPEHIIMU CBET OT UCTOYHUKA S
JIeIUTCs Ha JBa Iy4YKa, KOTOPbIE Pa3HBIMU IIYTAMH JOCTUTAIOT HEKOTO-
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poit obmactu mpoctpancTBa (obaacme unmepgepenyuu). Ilo cnocody
pa3neneHust UCXOJHOTO MMyYKa pasiudaroT: 1) MEeToH denernus 80IHOB020
¢dpouma (3amaum 3.2.1-3.2.6) u 2) METOI Oenerus amnaumyovl GOJHbL
(3amaum 3.2.7-3.2.12). B mepBoM cimydae HHTEPHEPUPYIOT JTyIH, KOTO-
pBI€ HIYT OT HCTOYHMKA K TOUKE HAOIIO/ICHHS Pa3HBIMU MY TSAMH (CXEMBI
IOnra, ®penens, buiie, JInoiina). Bo BTopom — cHauana gy4 OT HCTOY-
HUKa JAETUTCS 110 aMIDIUTYZAe (B pe3yibTare, HalPpAIMep, OTPAKEHUHA WITH
NpEeTOMIICHUI) Ha JIBa Jy4a, KOTOPbIC 3aTeM MPUXOAAT B TOUKY HaOIr0-
JieHusl pa3HbiMu Ty TssMu (cxembl [Tons, MalikenbcoHa u 1p.).

3.1.1. Unrepdepenunonnas cxema lFOura
(MeTox AesieHHsI BOJTHOBOIO ()POHTA)

B kagectBe nmpumepa HHTEp(EPEHIIMOHHOI CXeMBI, B KOTOPOH pea-
JM3YETCsl METOI JIeTICHUs BOTHOBOTO (hpoHTa, paccMoTpuM cxemy FOHra
(puc. 3.1). Ecnu B cxeMe UCTIONB3YETCS MOYeyYHbIU UCOYHUK C8emd, TO

AS B A*
sl =0 1 S, ] =@ P
= e = SO —— 4
Of o™ =~2 x| Z2Tme" "0 &
+ .
3 ;

Puc.3.1. Unrepdepennmonnas cxema IOura (MeTox neneHus GpoHTa BOJIHBI) UL TOYEU-
HOI'0 UCTOYHMKA CBETa

st mydeit 1 u 2 onrudeckast pasHocTh xona A= SS; — SS; (ot ucrou-

HUKa S g0 meneit S; u S, Ha dkpaHe B cooTBeTCTBEHHO) paBHa (IIPU
ycnoBun &g << L)

g
Agzd-eézd'%zQ&S, (3.5)
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rae d =SS, — paccrosHue mexny wemsmu (6aza unmepgepenyuu),
Q=d[L — yenosas anepmypa unmeppepenyuu; 0 =E/L — yrom,
0JT KOTOPBIM MCTOYHHUK S BUCH U3 IIEHTPA 3KPaHa CO IICIISIMH.
AHaNornyHo, onTuyeckas pasHocts xona A, = S,P — S|P ot meneit
S, 1 S, 10 TOYKM HAOTIOACHUS P(x) (npu ycnoBuy, 4T0 X, <</ ) paBHa

szd.exzd-xTPza-xp, (3.6)

rae 0, =xp/l — yromn, mox KOTOpeIM BHIHA TO4Yka HaOmoaeHus P u3
1eHTpa 9Kpana B co mensmu; o ~d/l — yron cxoxnenus uarepdepu-
pyromux jgy4eit 1 u 2 B Touke P.

B urore ontuueckas pazHocTh xoma A mydeit 1 u 2 ot uctounuka S
10 TO4kH HaOroneHus P paBHa

X
A=A, +A, =d(9§+ex)=d[%+ij=Q§S +axp. (3.7)

a) ToueuHbIN UCTOUHUK S —MoHOXpoMamuieckull (IJTMHA BOJTHBI ).
B cootBercTBuM ¢ (3.4) pacrpeneneHre UHTCHCUBHOCTH CBeTa / BJIOJb
ocu x (puc. 3.2 a) onuceBaeTcs HOPMYIION:

I(x)=2Iy[1+coskA],

rae IO — HMHTCHCHUBHOCTBH CB€Ta B TOYKC P, Koraga ogHa u3 menen 3a-

kpeita. Ecnii mnst toukm HaOmomenus A=mA (m=0, £1, £2, ...—
nopaodok unmepgepenyuu), To I =1, =4I,. Ecin ontuyeckas pas-

HOCTh X0J1a A paBHA HEYETHOMY YHCTY A/2, T.€. TyYH MPUXOJST B TOUKY
P co caurom no daze p=+n, 10 [ =1 ;, =0. Llentp unreppepenuu-
OHHOM KapTUHEI ( m =0 ) HAXOAUTCS B TOUKE C KOOPAMHATOMH

Xo =—§sz=—§sg- (3.8)

Iepuon nHTEpHEPEHIIMOHHON KapTHHBI OMPENENIACTCS KaK PacCTOSHUE
(Wm yTro) MeXIy COCETHUMH MaKCUMyMaMH (MJTH MUHUMYMAaMH ):

A=|x AL (3.9)

|
m
d o

m+l
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=30 =20 -10 0 10 20 30 A
7] R
H{A)
Iy

0 . .
-30 -20 -10 0 10 20 30
8

b3 ]

Puc. 3.2. PactipeneneHre MHTCHCUBHOCTH B MHTEP()EPEHIIMOHHON KapTHHE AJIS TOYeU-
HbIX MCTOYHHKOB CBETa: MOHOXPOMATH4ECKOro (&), KBa3MMOHOXPOMATHYECKOIO C He-
MPEPHIBHBIM CIIEKTPOM (0) M CO CTIEKTPOM U3 IBYX ONM3KHUX CHEKTPAIbHBIX JIMHUH (6)

A
AB, =[0,,,1—0,|~=. (3.10)

d
0) Ecim ToueuHBI UCTOYHUK S K6a3uMOHOXpomamuyecKuil N 13-
JydaeT pagHoMepHo 6 ouanazone O) BOJIM3W HEKOTOPOH JUTMHBI BOJHBI

A (ycnoBue KBa3MMOHOXPOMATHYHOCTH OA<<A), TO pacrpeneneHue
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WHTEHCUBHOCTH [ BJIOJIb OCH X IMEET BHUJI, TTOKa3aHHLII Ha puc. 3.2 0, u
OTnuMCHIBaeTCsl OPMYIIOi

I(x)=2I[1+y(A)-coskA ], (3.11)
rae
y(A)zsinc[Sk A)zsinc[nﬁ} (3.12)
"
. sinx
sincx = .
X

Kak BugnO U3 puc. 3.2 0, mo Mepe yBenuueHuss A pa3sHOCTb MEXKAY
MaKCUMAJIBHBIM [, 1 MUHUMAIBHBIM [, 3SHAYCHUSIMA HHTCHCUBHOCTH
BOJM3M TOYKHA HAOMIONEHUS yMeHbIIaeTcs. Buodnocms V, Xapaktepu-
3yIoIasi KOHTPACTHOCTh HMHTep(EpEHIIMOHHON KapTWHBI B TOYKE Ha-
OmoeHus1, onpeaenseTcs Kak

()= Znas Lo (3.13)
] max + ] min
Y CBSI3aHAa C y(A) COOTHOILLCHHEM

v (x)=|v(a). (3.14)
HJ’IH paccMaTpuBacMOro KBAa3MMOHOXPOMATUYCCKOI'0 HMCTOYHUKA
BUIHOCTD V(x) NepBHIN pa3 oOpamiaeTcs B Hyjlb, KOT/Aa

KOr °

22
=2
S
rae Lo, — Tak HasplBaeMas OUHA KO2epeHmHOocmu W3lydeHus. PasHo-
¢t X011a A = [or COOTBETCTBYET HOPSI0K HHTEPHEPEHIINH
m _ ZKOI‘ _L
max - '
L B
Ecnu cnekTp m3iydeHHs MCTOYHMKA — O06€ Y3KUe CHeKmpaibHble
MuUHUUN U A, , IpUUEM OA = |k1 - X2| << Ay, Ay, TO B hopmyre (3.11)

(3.16)

(3.15)

y(A)=cos ok -A

B 3toM citydae BumHOCTS MHTEP()EPECHIIMOHHON KapTHHBI V(A) MepHo-
IU9ecKu n3Mensiercs ot 1 mo 0, mepBbIit pa3 o0paiasch B HyJb, KOTAa
7\‘2
4|

- 3.17
280 3.17)
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YTO COOTBETCTBYET MOPAAKY UHTEp(EpeHINH
A
20\
[Ipoananuzupyem Tenepb UHTEPPEPEHIMOHHYIO KapTHHY B CXeMe
Ownra ¢ npomsoicennvim ucrouHukoM cBeta S. Ecnu nuHelHbIN paszmep

my

HCTOYHMKA BJIONb ocH & paBeH D :|é’;1 -&,|, a caM HCTOYHHK — COBO-

KyITHOCTb TOYCYHBIX MOHOXPOMATHYECKUX, HO HE KOT€PEHTHBIX UCTOY-
HUKOB (puc. 3.3), To

I(x)=2I,[1+y(Ap )coskA ], (3.18)

Puc.3.3. UnTepdepennmonnas cxema FOHra ¢ mpoTsHKeHHBIM HCTOYHHKOM CBETa

rae A — ontuyeckas pa3HOCTh X0Ja Jiyuel 1 u 2, BBIXOISIIUX H3 IICH-
TpanbHOM TOYKU O HCTOYHUKA,

y(AD)zsinckAzD , (3.19)
a Ap =Ag —Ag) ¥ MOKHO CYHTATB, YTO
ADzDszQ-Dzd~‘P, (3.20)

roe ¥ = D/ L — yron, noa KOTOPbIM BUAEH UCTOYHHUK S U3 LIEHTPA K-

paHa B co mensamu; A; 3agaercs dpopmynoit (3.5). B aTom ciayuae Bua-
HOCTh } MHTEep(EPECHIIMOHHON KapTHHEBI HE 3aBUCHUT OT X U MEPBBIHA pa3
obpariaercst B HyJb, KOT/1a

Ap=A. (3.21)
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3.1.2. UnrepdepenuuonHas cxema I[losas
(MeToA Nes1eHus] AMIUTUTY/AbI BOJIHbI)

Paccmotpum cxemy onwvima [lons, B KOTOPOM pealn3oBaH Memoo
Oenenusi amnaumyost (puc. 3.4). TodedHbIIT MOHOXPOMATHIECKAN HC-
TOYHHMK S HAXOJWUTCSA HAJ TOHKOW MPO3padyHON IUIOCKOMApaJICIbHON
ruracTuHKOM. i mro6oit Touku HaOmroneHus P ecTh 1Ba JTyda, KOTOpEIC
OPUXOAAT B HEE, OTPA3UBIINCH COOTBETCTBEHHO OT BEPXHEH U OT HIDK-

HeM IMOBEPXHOCTH IIJIACTUHKH.
P

b
S
Q
a|B \
1
1 < s
1 ' 7
1~ ~
St v
1
2h Sgg 2h-sinB

Puc.3.4. Unrepdepenunonnas cxema [Tomns
(MeTon neneHus aMIUIUTY bl CBETOBOW BOJIHBI)

CrnenoBarensHo, 00nacTh MHTEp(EPEHIUH — BCE MOIYNPOCTPAHCTBO
HaJl IUTACTHHKOM, TO eCTh MHTep(EpEHIIMOHHAsI KapTUHA He JOKAIU30-
eéana. Ha ynaneHHOM sKpaHe, MapajylelbHOM IJIACTMHKE, MOXKHO Ha-
OmonaTe MHTEPGEPEHIMOHHYIO KAPTUHY B BHJE KOHICHTPUYECKUX KO-
Je.

Ecnu TonmmHa miacTuHKU A << a+ b, TO yroi a CXOXIEHHUS UH-
TepdepupyIomux JIydeld J0CTaTOYHO MaJjl, TaK e KaKk U yroa {2 Mexmay
3TUMH JlydaMU Ha BBIXOJe U3 UCTOYHMKa. [loaTOoMy monepedHsie pazme-
pPBl MCTOYHHMKA MOTYT OBITH B MNPUHLMIIE AOCTATOYHO OOJBIIUMH

(D<NQ).
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[Ipu mHabmonenuu B omnbiTe [lons uATEphEPEHITMOHHON KapTHHEBI
Ha OCCKOHEYHOCTH (HampuMmep, B (OKaIbHOM MJIOCKOCTH COOHMpAOIIei
JMH3BL, CM. pHC. 3.5) aneprypa untepdepenuun Q ~ (0, yro o3Havaer
OTCYTCTBHE OTPaHWYEHUH Ha pazmep D uctounuka. B sTom ciyuae, ¢
y4eToM 3aKkoHa mpesnomieHus (nsin®’ =sind), omTuveckas pa3HOCTbH
xoJ1a mHTepQepupyronmx rydei 1 u 2 paBHa

A =2nhcos®’ = 2h\n? —sin%0 (3.22)

" HC 3aBUCHUT OT yIJa 0 ¥ OT IOJIOKEHHS UCTOYHUKA S.

Puc. 3.5. Cxema HaOII0ICHNS JIOKAIN30BAaHHON Ha OCCKOHEYHOCTH HHTEP(EPEHIIHMOH-
HOM KapTHHBI B OIBITE C IJIACTUHKOM

C yueToM u3MeHeHHs Ha T (a3bl BOJIHBI TIPH OTPAKEHUH OT BEpX-
Hei rpaHubl (Jyd | oTpaskaeTcsi OT ONTHYECKH 0oJiee TUIOTHOM Cpebl),
U1 pazHocTH (a3 ¢ uHTepdepupyoIuX Jydeld HMeeM:

(p(e):kAinz%\/nZ —sin20+ 7. (3.23)

CooTBeTcTBYOmAs HHTEPPEPEHITONHAs KapTHHA TOMyYHIa Ha3BaHHE
"nonoc pasnoeco naxnona".

B cnyuae mpoTsyKEHHOTO MCTOYHHMKA WHTEPQEPEHIIMOHHAS Kap-
TUHA JIOKAIU308aHa 6 beckoneunocmu. Ecnu, omgHAKO, TUTACTUHKA JIOC-
TATOYHO TOHKas, TO MOXKHO HaOIIt0OaTh WHTEP()EPEHIINOHHYIO KapTUHY
601U3U nepednell ompadxcarowell nosepxnocmu naacmunxu (puc. 3.6).
Jnsa mydeti 1 u 2 pa3aocts a3z ¢ B Touke P (mpu ycnmoBum 4 << a) Mo-
JKET OBITh OLIEHEHA C MOMOIIBIO (hopMyJibl (3.23) sl pa3IMYHBIX TOUYEK
MPOTSHKEHHOTO MCTOYHHKA. Bripouewm, eciin O n3MeHseTcs B 10CTATOY-
HO Y3KOM HMHTepBasie AB, T0 ¢ = (p(h) , @ HabmoaeMyto UHTEpdepeH-

UOHHYIO KapTHHY Ha3bIBAIOT "nonocamu paenou moawunsl". B Gemom
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CBETE ITOJIOCHI OKpAIEeHBI (IIBETa TOHKKUX IUICHOK). HabmomaroT moaocs
PaBHOM TOJIIUHBI MO0 HEBOOPYKEHHBIM TJIa30M, JHOO C MOMOIIbIO

JIynbl UJIM MUKPOCKOIIA.
PI

Lo

a

Puc. 3.6. Cxema HaOmogeHHs MHTEPPEPEHLIUH CBETa OT MPOTSHKEHHOTO HMCTOYHHUKA
CBETa, JIOKAJIM30BAaHHOM BOJIM3M MEpEIHEH OTpaskaromeil MOBEPXHOCTH

YroObl Ha MPaKTUKE 00ECHEUUTh YCIOBHE ManocTd A0, MOXKHO
BecTH HabmroneHue B HanpasieHun 0~ 0. Ecnu HabmoneHue BeneTcs
O[] YIJIOM, TO CIIEAYET OrPaHUYMBaTh BXOAHOW 3padok oObekTuBa. [lo-
3TOMY, HalpuMep, BUAHBI HEBOOPY)KEHHBIM IJ1a30M paAy>KHBIEC IBETa
MAaCJISIHBIX IISITEH Ha TIOBEPXHOCTU BOJBI.

3.2. 3ajga4u ¢ pelieHUsIMU

3amaua 3.2.1. CBeT OT MPOTSHKEHHOTO MOHOXPOMATHYECKOTO HC-
TOYHHMKA S pazMepoM D =1 MM MajgaeT Ha HEMPO3PadHbIN dKpaH O, B
KOTOPOM MMEIOTCS JBa MAJICHBKHX OTBepcTus (puc. 3.7). MUnrepdepen-
IUsl CBETa, MPOIIEAIIEro 4Yepe3 OTBEpCTHs, HaOmogaeTcs B Todke P.
Hcrounmk cBeta S v ToUKa P HaXomaTCs HA OTMHAKOBOM PACCTOSIHUH L
oT 3KkpaHa. Eciu cMmenats BepxHee OTBEPCTHE, YBETNUNBAs PacCTOSTHUE
d (d << L), To HUHTCHCUBHOCTh B TOYKEe P mepuognuecku yObIBaeT u
Bo3pacTaeT. OnpenenuTb pacCTOSHUE ) MEXKIY OTBEPCTHAMH, KOTOPO-
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My COOTBETCTBYET |-l MHHMMYM WHTCHCHBHOCTH B Touke P, ecrmu am-
IUTUTY1a OCLJLIALMI yMEHbIIAeTCs 10 HyJs npu d, =20d, .

Pemrenue
B cootBerctBum ¢ popmymamu (3.18) u (3.19) mHTEHCHBHOCTE [
cBeTa B Touke P paBHa

k '2AD -coskA} ,

I1(P)=21, {1 +sinc
TJIe COOTBETCTBYIOIIast pa3HocTh xoaa (3.7)
2
=L
L

[lepBblii MuUHMMYM B Touke P Oyzer Torma, korma ajist Jy4ei, BBILIE.-

A
MINX W3 IEHTPa UCTOYHUKA S, pa3HOCTh X013 A = 7 MO3TOMY

P

- L 2
?//-j\ C npyroil CTOpOHBI, CO-
D] > > P rmacuo (3.20) u (3.21):

1
A
1

iG] =
|

dy-D_,
L

Puc. 3.7. Cxema HabmroneHus HHTEpEpeHINN
CBETa OT MPOTSHKEHHOTO HCTOUHHKA S U3 neyx mocnennnx ¢op-
MYJI IIOJIyYaeM:

d,=10D=1cm..
Omeem: d, =1 cm.

3agaua 3.2.2. B uaTEepdepeHnonHoii cxeme (puc. 3.8) HCIONb3y-
eTcs KBa3MMOHOXPOMAaTHUYECKHH UCTOYHMK cBeTa S. OTpakaroiue 3ep-
Kajia pacroyioKeHbl CHMMETPUYHO OTHOCUTENIBHO MCTOYHMKA S U dKpa-
Ha D, Ha KoTopoM HaOmogaercss nHTepdepenuus. Llupuna nntepde-
PEeHIIMOHHON mosiochkl Ha 3KkpaHe D paBHa A = 0,02 mm. Ilapamerpsl
cxembl: L =1 m; d = 2,5 cm; W = 20 cm. Haiitu: 1) cpennee 3HaueHue
JUIMHBI BOJIHBI A H3Jy4YEHHUS! MCTOYHHKA; 2) 001acTh JIOKAJIU3aLUHU 110-

JI0C Ha DKpaHe; 3) MAKCUMAIbHBIA 71, W MUHMMAJBHBIA M

ops -

Kku uHTepdepeHtny u unciao N HaOIIogaeMBIX T0JIOC; 4) CTETIeHb HEMO-
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HOXPOMAaTHYHOCTH OA, IPH KOTOPOM YMCIIO HAONIOAaeMBIX TOJIOC MaK-
CHUMAIIbHO; 5) OIyCTUMBIN pa3Mep UCTOYHHKA D.

Puc. 3.8. Cxema HabmroneHus HHTEP(EPEHIIMOHHON KapTUHBI OT UCTOYHHKA CBETa S

Pemenne

1) TTockonbKy yroi CXOXkIeHUs HHTEPHEPUPYIOIINX Tydeh
a~d/L,
To ¢ yderoM (3.9) mepuon mHTepPEpEeHIIMOHHOW KAPTHHBI HA DKpaHe
paBeH

~ ~
~ ~

d

b

X AL
a

a CJICAOBATCIIbHO,
Ad 2-1075:2,5:1072

A=— =5-10"7 m =500 uMm.
L 1
2) Kak BumHo 3 puc. 3.8,
|xmaX| _ d/2
W L+w/2’

IMO3TOMY 00J1acTh JIOKaJIM3alvu1 MOJIOC Ha SKpaHE:

<2 _2320007 5
S 2(L+w/2)  2(1+0,1) ’ ’

_ |xmaX |
max ~

3) OueBunHO, 4TO M =115 u m_, =0, a yncno Ha-

OIr01aEMBIX T10JI0C:
N=2m =230.

4) Tak kak B cooTBeTcTBHU C (3.15) MakcMManbHOE 3HAYCHHE |A|

max

OOJDKHO YAOBJICTBOPATH YCIIOBUIO
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XZ
|A|max < IKOF = a

b

a B HallIEM CJIy4ae —

| |max =h- Minax >
MO3TOMY
A
m <—,
max 67\,
WA
-9
oL < A = 500-10 ~ 4,35 M.
m 115

max
5) Cornacuo (3.20) u (3.21), nomycTUMBI pa3Mep UCTOYHHKA MO-
KT OBbITh HAl/ICH U3 yCIOBUSI

D-Q< A,

d
roe Q= Z — aneprypa uaTepdeperiu. CienoBaTenbHO,

D<= ~Z=A=2.107mm
d «
Omegem: 1) le—d=500HM; 2) |X|Sd'—Wz2,3MM;
L 2(L+W)

X,
3) m :%MIS, m.. =0, N~2my, =230;

A AL

4) §r< ~ 4,35 um; 5)DS7z2-10_2MM.

max

3agaua 3.2.3. B unTepdepeHnnonHoi cxeme ¢ ousepkaiom dpe-
HeJst yrosl Mexky 3epkanamu @ =12 (puc. 3.9). Paccrosiaus ot Gusep-
Kajla 0 MCTOYHHUKA CBeTa S M DJKpaHa J paBHBI COOTBETCTBEHHO
a=10 cm u b =90 cm. lllupuHa uHTEPPEPEHIIMOHHBIX MTOJIOC HA SKPaHE
paBHa A = 1 mM. Haiiti: 1) anuHy BOJHBI A M37y4YeHHs UCTOYHUKA M
yrcno N uHTep(EpEeHIMOHHBIX MOJIOC Ha 3KpaHe; 2) CABUT OX UHTepde-
PEHITMOHHOW KapTHHBI HAa DJKpaHe TP CMEIICHWH HWCTOYHHKA Ha
6/ =0,1 MM o myre paamyca a ¢ meHTpoM B Touke O Ha pedpe Om3ep-
Kana; 3) mupuHy D UCTOYHHKA, PU KOTOPOH ITOJIOCH! Ha dKpaHe OymyT
HaOJIFOAThCS €IlE€ JOCTAaTOYHO OTYETIIMBO.
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Puc. 3.9. Unrepdepenimonnas cxema ¢ ouzepkanom dpenens

Pemenue
1) Kak BugHO u3 puc. 3.9, B ieHTpe 3kpana I (touka O,) unrepde-
PUPYIOIIHE TyYH CXOISATCS MO YIIIOM
WSS _a20
a+b a+b
C ydgerom (3.9) mepuon uHTephEPSHIIMOHHONH KapTHHEI HA dKpaHE pa-
BCH

A Ala+b
y ik Hash)
a a2
TOSTOMY
Aa?2
A =297% _ 696 um.
a+b
Yucao HabIrI01aeMBIX Ha SKpaHe HHTEP(PEPEHIIMOHHBIX TTOJIOC:
2-x
N ~ max 5
A
I€ Xmax — HOJYIIUPHHA HHTEP(PEPCHIIMOHHOW KapTUHBI. Tak Kak
Xpax *D- @, TO
No2be o
A

2) [lpu cmemennn uctoyHmka S Ha O/ (Hampumep, MO YaCOBOI
CTpesKe), H300paskeHus S; U S, CMeCTSTCs MO Jyre Ha TaKoe e pac-
CTOsTHHE (HO MPOTUB YacoBOU cTpeikH). B pesynbrare ueHTp nHTEpdE-
PEHIIMOHHOM KapTHHBI Ha SKPaHE CMECTUTCS BHU3 OTHOCUTEIHHO TOUYKH
O, Ha paccrosiHue
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b
ox~dl-—=0,9 Mmm.
a
3) B cootBetcTBUU ¢ popmyrnamu (3.20) u (3.21)
D<A/Q.
YroObl MONOCH HA 3KpaHe HaOMIOJAMCh JOCTATOYHO OTYETIIMBO, IO-
TpeOyeMm, YTOObI
D<l.
20
ITockonbky
Q ~ a_‘b ,
a

TO, IOACTABJIAA IMOJIYYCHHOC paHEC BBIPAXXCHHUE JIA &, IIOJIYUUM!

a
Q=20p|1- )
(p( a+bj

CormacHo YCJIOBHIO 3a1a4M MOKHO CUHTATh, UYTO a << b , IOOTOMY

DSL=0,16MM.
40
AaZe =696uM, N = 2b-¢
a+b A

2) 8xz61-2=0,9MM; 3) DSL=O,16MM.
a 4¢

Omeem: 1) \=

~6;

3anaua 3.2.4. IlapamrensHBII IyYOK CBETa C JJIMHOW BOJIHEI
A =500 HM magaeT Ha GUIPU3MY C IPETOMIISIONIM yrioM ¢ = 107 pax
U MMpUHON H = 2 cM, CAETaHHYIO U3 CTEKJIa C MTOKa3aTesIeM MpesioMIe-
Hus n = 1,5 (puc. 3.10).

Puc. 3.10. Habmonenne naTephepeHIIMOHHON KapTHHBI ¢ TIOMOIIBI0 OHITPU3MBI
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1) Ha xakoM paccrosHuu [ OT OWIPU3MBI CIEAYET PAaCIIOIOXKHUTH
3KpaH, 4TOObI HA HEM MOXHO ObLTO HAOJIOJaTh MAaKCUMAJILHO BO3MOXK-
HOE YMCII0 HHTEPPEPEHLIMOHHBIX MOJIOC?

2) OeHUTh NOMYCTHUMYI0 HEMOHOXPOMATHYHOCTH OA CBETa, IMPHU
KOTOPOH MOHO HaOII0J1aTh Bce MONOCHL. 3) OLEHUTH JOMyCTUMBIH yT-
JIOBOH pa3Mep Yy UCTOYHHKA B ATOM HHTEP(EPEHITHOHHOM OTIBITE.

Pemenue

[Tocne mpoxoxkaeHUs depe3 MpU3My HUCXOMHBIN MyYOK pa3IeNnTCs
Ha JBa MapajuleTbHBIX Ny4yka, HAYIMHX 3a NPHU3MOH MOX YTIIOM
o= 2(n - 1)(p IpyT K ApyTy.

1) U3 puc. 3.10 BUAHO, YTO IIMPHHA 30HBI HHTEPPEPEHITNH MaKCH-
MaJIbHa Ha PacCTOSTHUU

[:H_/ZZL =1m.
a 4(n-1)e

CornacHo (3.9) nepuon nHTepEPEHIIMOHHON KapTUHBI paBeH

A A

Ao M 5073w,
a 2(n-1)o

MO3TOMY MaKCUMAaJIbHBIA TOPSAOK HHTep(hepeHIINH:
_H/4

max

=100.

2) B cootBerctBum ¢ (3.15) momycTtrMas HEMOHOXPOMATHYHOCTH
cBeTa O\ paBHa

Sh=—= =—— =5HM.

3) B cootBercTBuu ¢ popmynamu (3.20) u (3.21) nyis 1omycTUMOro

YTJII0OBOTO pa3Mepa HCTOYHHUKA MOTyqaeM:
y< 2 ;
d

rze d — paccTOsIHUE MEXIY IBYMs TOUKAMH OUIIPU3MBI, YEpe3 KOTOPbIE
NPONAYT JIyuH, MpUIIEIINE B LEHTPAIbHYI0 TOUKY 3KpaHa (CM. pHC.
3.3).

Tak kak d =o-/=H/2, 10

A 20 =5
<—=—=5-10" pan.
I%; p
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—H =1m;2) dA <= —47bA =5 HM;
4(n—1)(p H

20
Nw<E==5-107° pan.
v 7 p

Omeem: 1) [ =

3apaua 3.2.5. bununa3a buiie M3roTOBNIEHA W3 ABYX IOJOBHHOK
TOHKOW coOuparomieil MuH3b ¢ (hoKycHBIM pacctossHueM f =10cM. Ha

pacctossann a =3 f / 2 OT Hee MOMEIIEH UCTOYHUK CBETA B BUE IIEIH,

OCBEIIaeMON IIHPOKOYTOJbHBIM IIyYKOM CBETa C JJIMHOH BOJIHBI
A=5790 A. Dxpan mns HaGMrONEHNS MHTEPPEPEHIMOHHBIX MOJIOC YC-
TAQHOBJIEH C HPOTHBOIIOJIOKHONH CTOPOHBI OWJIMH3bI Ha PacCTOSHUM
L =330 cm ot nHee. [Ipu kakoli MUHUMaIbHOMN LIMpPUHE IeTU D HUHTEp-
(hepeHIIMOHHBIE TOJOCH Ha 3KpaHe mponanyt? CuuTarh, YTO pasinud-
HBIE TOYKM IIEIHM M3JIy4aloT CBETOBBIC BOJHBI HEKOrepeHTHO. Paccros-
HUE MEXAY TOJOBUHKaMHU OMIHH3EI = 0,5 MMm.

Pemenue

B cootBercTBHE ¢ (hOpMYITOi [UIT TOHKOW COOMPAIOIIEH JTHH3HI:

I 1 1

—_—t—=— ,
a b f

No3TOMY 3a OMNIMH30W Ha paccTossHuM b =3f ¢dopMHUPYIOTCS OBa Nei-
CTBHTEIBHBIX, [EPEBEPHYTHIX, YBEIUUEHHBIX B [ =b/a=2 pasa u3o-

opaxenns S| u S, memu S. C yuetrom popmynst (3.9) mepuoa unrepde-
PEHIIMOHHOM KapTUHBI Ha YKpaHe PaBEeH

At
o
e o=~ 3h —i TOJ CXOXKICHHSI MHTePPEPUPYIONINX TTydeit
L—b L-3f y ppepupy y

(cm. puc. 3.11).
B cootBerctBuu ¢ dopmynamu (3.20) u (3.21) s MHHUMANTBHOMN
HIMPHHBI 1enu D umeeM:

p<e,
d

rae d — paccTosHuE MEXIy ABYMS TOUYKaMU OMIIMH3BI, yepe3 KOTOpbIe
MPONAYT JIy4H, BBIMIEININE U3 [EHTPAJbHOW TOYKM MCTOYHUKA M NpH-
HIE/IINe B HEHTPAIbHYIO TOUKY 9KpaHa (cM. puc. 3.3).
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a L

Puc. 3.11.Cxema HaGmoneHnst HHTEP(HEPEHIIMOHHOH KapTHHBI
¢ moMo1sio 6unH3b! buite

N3 puc. 3.11 cnenyer:

del o= 3hL ,
L-3f
HO3TOMY
ha(L-3
D, = M ~ 0,052 Mmm
3hL
ha(L-3
Omegem: D,,;, =%z0,052 MM.

3anmaua 3.2.6. CBeT OT JaJIeKOr0 TOUYEYHOTO MCTOYHHKA S IMajgaeT
Ha QoronpuemMauk (DII) HEmoCcpenCTBEHHO U MMOCIe OTPAXKEHUS OT TO-
pu3oHTANBHON MTockocTH (puc. 3.12). [Ipy BepTUKAIEHOM IEepeMelnie-
Huu ucroynuka PII perucrpupyer nepuoaudeckoe U3MEHEHUE HHTEH-
CUBHOCTH TOTNAJAONIero B Hero cBera. OIEHUTh yToJI o BO3BBIIICHHS
WCTOYHHKA HaJI TOPU30HTOM, IIPH KOTOPOM H3MEHEHHUs (POTOTOKA ITpaK-
THYEeCKH Hcye3aroT, eciu nepen PIT ycranopnen ceerodpuiabtp CD ¢
nonocoit nponyckanus Av =3-1011Tu. Bxognoe orBepcrue ®IT Haxo-
JIATCS Ha BeICOTE /1 =1 M Haj OTpakaroIei II0CKOCTHIO.

Pemenue

Kax BugHO 3 puc. 3.12, mannyto cxemy (aHanor ombita Jlmoiina)
yAOOHO aHAM3UPOBATh, WCHOIB3Ys] COOTHOIICHUS, MOJTy4YeHHBIE IS
cxembl FOHra, ecnu paccMaTpuBaTh HCTOYHUK S U €r0 MHUMOE H300pa-
JKeHue B 3epkane S kak menu S; u S, B onbite IOHra (mpu sToM
Ag = 0). B aToM ciryuae m3MeHEHHE yTriia o BO3BBIMICHUS UCTOYHUKA S
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HaJl TOPU30HTOM CJIEJyeT paccMaTphBaTh Kak WU3MeHEeHUe 0a3bl WHTEp-
(depennuu d B cxeme FOnra.
5

Puc. 3.12. Cxema u3MepeHust HHTEHCUBHOCTH ((hOTOTOKA) B HHTEphEPEHIIMOHHON Kap-
THHE OT TOUYEYHOTO UCTOYHHKA CBETAa S C MCIOJIB30BaHUEM INIOCKOTO 3epKaja

B cootBercTBHu ¢ popmyIoii (3.6) pa3zHOCTb X01a A paBHa
A, =20-h.
CornacHo YCJIOBHIO 3aJlayd OHAa HE JIOJDKHA TMPEBBINIATh JUIMHY KOTe-
PEHTHOCTH [ TpoIIeauero yepe3 GuibTp cBera:

C
lKOF = °
Av
Taxum 00pa3oM, NCKOMBIH YTOJT BO3BEHIIIICHIS HCTOYHHKA PAaBEH
c
o=——-= 0,05 pan.
2h-Av

3ameyanue. B onbite Jlnoiina aneprypa untepdpepenunn (2 3aBu-
CHUT OT IIOJIOKEHHS X TOUKH P Ha 3KkpaHe. DTO clemyeT y4uThIBaTh MpH
OLIEHKE BUJHOCTH V' MHTEepPEepPeHLIMOHHON KapTHHBI, €CJIH UCIONb3YeT-
CSl IPOTSDKEHHBIA MCTOYHUK.

Omeem: o= 0,05 pan.

3agaya 3.2.7. VMcTouHMK cBeTa S pacmojoXKeH Ha PacCTOSHUU
H =1 M OT TOHKOH CIIOASHON IUIACTUHKHU ToiiuHon 2 = 0,1 MM ¢ mo-
kazateneMm mnpenomiienus n = 1,4 (puc. 3.13 a). JAns HaOnrogeHus: WH-
Tep(hepEeHIMOHHBIX MOJO0C Ha TAKOM K€ PACCTOSHUM OT TIACTUHKH pac-
NOJI0KEeH HeOONBLION 3KpaH O, OPUEHTHPOBAHHBIM NEPHEHIUKYIISIPHO
OTpaKeHHBIM Ny4aM. YTon 6= 60°. 1) HaiiTu TonmmuuHy miacTuHKY 4 U
mvpuHy /4 UHTEp(EepEeHIMOHHBIX IMOJIOC Ha JKpaHe D, eClu MOPSIOoK
nHTep(EPEHIIMOHHON TOJIOCH B IIeHTpe 3kpaHa paBeH m = 500. 2) Orue-
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HHUTb JOIYCTUMBIH pasMep D U TOMyCTUMYO HEMOHOXPOMATHYIHOCTD S\
HCTOYHHKA, eciti A = 600 HM.

he |

Puc. 3.13. Cxema nonyueHus: HHTEPGEPEHIIMOHHON KAPTHHBI OT TOUYCYHOTO HCTOYHHUKA
S ¢ mOMOIIBIO TOHKOW CIIOASHON IIACTUHKH (a); XOA JIy4el B IUIacTUHKE (0)

B cootBeTcTBUH ¢ popMmyoii (3.22):
A B mh
2\/n2 —sin’ 0 \/n2 —sin’ 0

CornacHo (3.9) mmpuHa nHTEp(HEPEHIMOHHBIX IT0JIOC PaBHA

h= ~ 0,14 mm.

_A
a b
a YroJl CXOXKACHUS UHTEPHEPUPYIOIIUX Ty UCH:
o
o —
Hlcos 0

rae (cm. puc. 3.136)
d=h-tgh -cosO.
C y4eToM 3aKoHa MPETOMICHHUS

sinO = nsind’
MOJIy4aeMm:
S—1 sin0 - cosO
n? —sinZ0 ,
. 2
azi sin®-cos” 0 z0,27-10_4pa;[
H \[4? _sin0
U
A= & ~ 2,2 cM.
o

2) CornacHo (3.20) u (3.21) nomycTUMBIi pa3mep UCTOYHHKA!



74 OITUKA. METOIUKA PELIEHUA 347744

p<k,
Q
rae Q — ameprypa uHTepdepeHiuu. [lockoapKy B CHIly CHUMMETPUHU
Q=aqa, T0
D<A=22cm.

B cootBerctBumM ¢ (3.15) nomyctumass HEMOHOXPOMATUYHOCTH MCTOY-
HUKA!
2
6k=x—=& ~1,2HM.
m

3ameuanusn

1) B ciyyae Tode4HOTO MOHOXPOMATHYECKOTO MCTOYHWKA WHTEp-
(hepeHIMOHHAs KapTHHA He J0KAIU308AHA.

2) Ilpu H >> h cupaBemmuBo 2 — (0, MOTOMY NPHUHITUTTHATHHBIX
OTpaHMYCHHUI Ha Pa3Mep UCTOUYHHUKA HET.

Omeem: 1) h=0,14 mm, A =22 cm;2) D <22 cm; Oh = 1,2 HM.

3agaua 3.2.8. C momomipio 3puUTENBHOW TPYOBI, YCTAHOBJICHHOM
«Ha OECKOHEYHOCThY, HAOIIOIAI0T HHTEPEPEHIIMOHHBIC TIOJIOCH B TOH-
KOH MJI0CKONapasieIbHON CTEKIISTHHOM IJIaCTUHKE TOJIIMHON /1 C TIOKa-
3arejieM npeyiomyieHust n = 1,4; Ipu 3TOM yroy HaOJoaeHus 0 MOXKeT
m3MeHATses oT 0° mo 90° (puc. 3.14). 1) Haiftu TOMMMHY IUIACTHHKH /1,
€CITM Pa3HOCTb MEXIY MAaKCHMAIBHBIM iy, 1 MUHUMAIBHBIM My, T10-
psakamu uHTepdepenuun paHa Am = 300. 2) OUeHHTH AOMYCTHMYIO
HEMOHOXPOMAaTHYHOCTb OA HCTOYHHKA, TIPH KOTOPOH OyAyT JOCTATOUHO
YeTKO HAOJIOMAThCS BCe WHTEP(EpEeHIIMOHHBIE MONOCH. 3) KakoB m0-
MYCTUMBIA pasMep D HCTOYHHMKA CBETa B 3TOM HHTEpPEPECHIMOHHOM
skcnepumenTe? Mcmonb3yercst cBeT ¢ JNIMHON BOMHBL A = 600 HM.

I N/

K |

Puc. 3.14. Habmonenne naTephepeHINOHHON KapTHHEI B OIBITE ¢ TOHKOH IJIOCKOIIa-
paJIeNIbHOM CTEKIISIHHOM IJIaCTUHKOM
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Pemenue
1) B cootBerctBuu ¢ (3.22) nna nyueit 1 u 2 (cM. puc. 3.14) onrtu-
gyecKasi pa3HOCTh X0/1a paBHA

Ay, =2h\/n* —sin?0 .

ITpu usmenenun O ot 0° 10 90° A, usmensercs or A, =2nh

10 A =2hyn? —1. CrenoBatensHo,

A 2nh
Mmax = r;ax :T’
oA 20n? -1
min 7\’ }\,

ITosTomy
2
Am=my, —m :Th(n— n? —1),

a UICKOMas TOJINIMHA IIJIAaCTUHKHU

he— A 001 M.

Z(n— n? —1)

2) Cormnacao (3.15) gormyctumas HEMOHOXPOMAaTHIHOCTh UCTOYHH-
Ka paBHa
A A2

=——= 0,64 am.

2nh

3) B cBsi3u ¢ TeM, uro aneptypa uHTepdepeniun Q << 1, npuHIHU-
MUAJIbHBIX OFPAaHWYCHUH Ha pa3Mep UCTOUYHHUKA HET.

Omegem: 1) h = 0,21 mm; 2) 61 <0,64 HM; 3) OrpaHUYCHUH Ha pa3-
Mep UCTOYHHKA HET.

Oh =

mmax

3agaua 3.2.9. UnrepdepeHIIMOHHBIE IMOJOCH PABHOW TOJIIHUHBI
HaOMIONAIOTCA Ha IIOBEPXHOCTH BO3AYIIHOTO KIMHA MEXIY IBYyMS
CTEKJISTHHBIMH TIJIACTUHKAMU € yTJIOM Tipu BepimHe € = 1'. [Tonmocker mo-
Jy4aloTCsl B CBETE 3€JICHON JIMHUM PTYTH C AJMHOHN BOJIHHL A = 546,1 HM
u mmpuHoi Ok = 0,01 am. Onpenenuts: 1) paccTosHue A MEXITY IBYMS
COCEHUMHM II0JIOCaMH; 2) MaKCHMaJIbHOE 4MCIO N TO0JIOC, KOTOpbIe
MOYHO ObLI1O OBl YBUIETH, €CH OBl Pa3Mephl KIMHA He ObUIN OrpaHHye-
HBI; 3) paccTOsSHUE X OT BEPLIMHBI KJIMHA 10 MOCIeAHEeH HabmogaeMon
TTOJIOCHI ¥ TOJIIIIMHY /4 KIIMHA B 3TOM MecCTe; 4) MaKCHUMAaJILHO JTOTTYCTH-
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MO€ YTJIIOBOE PACXOXKICHHE OPpay JIyUEH, P KOTOPOM BO3MOXHO Ha-
OmozeHue Bcex MoJoc.

Pemenne

Bynem cuutarh, yTO HaONIOJEHHE TOJNOC HA TOBEPXHOCTH KJIMHA
BEZIETCsI IIPU €r0 OCBELICHUH HapaluIeiIbHBIM IIyYKOM CBETa, epIeHIH-
KYJISIPHBIM TTOBEPXHOCTH (CM. puc. 3.15).

1) Tak kak yroa Mexxay UHTEp(epUpyOMUMH Tydamu 1 1 2 paBeH

a=2¢,
To cornacHo (3.9) paccrosHHe MeXIy ABYMs TojocamHu HHTepdepeH-
LMOHHOH KapTHHBI Ha TOBEPXHOCTH KIIMHA PABHO
A:&:£:O,94 MM.
o 2t

2) IlockoibKy HMCTOYHHMK CBETAa — KBAa3MMOHOXPOMAaTHYECKUH, TO
MaKCHUMaJbHBIA MOPSAAOK MHTepdepeHIH (a 3HAYUT, 1 MaKCHUMaIbHOE
YHCJIO T0JIOC) paBeH

I 2 by
m,,, =— =~ 54600 .
O\

3) Ilocnennsas u3 HabIO-

JaeMbIX MOJIOC OTCTOUT OT

LY
0 5 ————J¥_______ °x BepUIMHBl KIMHA Ha paccTos-

HHUH

Puc.3.15. ®opmupoBanue uHTEpHEPCHIIMOH-

HOW KapTHUHBI Ha KJIMHOBUIHOM BO3/YyIIHOM X =My, A=~=513m,
3a30pe ¢ YIJIOM € MEXIy ABYMs CTEKJISIHHBI-

MM IIJTAaCTUHAMHU a TOJIIIWMHA KJIWHA B OTOM MEC-

TE€ paBHaA

o B
T 2.8\

4) MakcuManbpHO JOILyCTUMOE YTIJIOBOE PACXOXKICHUE Tydell O¢,, .

h

~14,9 cm.

HAliJIeM U3 yCIIOBHSL:
2h(1—cosdp) <A,
I

2};%(&;))2 <.

C yuetrom HopMyIIbl UTst i OKOHYATETBHO TTOTyYaeM:
2.0\

o ~

max

=21,
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Omeem: 1) A= 3 =0,94 mm; 2) N=L ~ 54600 ;
2¢ oA

2

A
Nx=m,,, -A=51,3m; h=——=14,9 cMm;
) e 251

2.0\

4) 8@ max * =21

3agaya 3.2.10. HaGmonarorcst "Mosiockl paBHOM TOJIIKHBI" B BO3-
OYUIHOM KJIMHE MEXIY IBYMs IUIOCKONApaUICIbHBIMU CTEKJISTHHBIMH
wiacTuHkamu. KimH ocBemaercsi paccessHHbIM cBeToM. HaOironenue
BEJIeTCA HEBOOPYKEHHBIM IJ1a30M C PACCTOSHUS SICHOTO 3peHus L, =25
CM B HaIlPaBJICHUH, IEPIIEHANKYIISIPHOM K TOBEPXHOCTH KJIMHA, TPUIEM
IJIa3 MOXKET CMEIAThcs MEPHEeHANKYIApHO peOpy kinuHa. 1) OueHuTsb
MaKCUMaJbHOE 4nciI0 N MHTEep(EPEHIIMOHHBIX T10JIOC, HA0II0JaeMBbIX B
MOHOXPOMAaTHYECKOM CBETE, ecliu Auamerp 3pauka d = 5 mm. 2) Orre-
HUTh CTCIICHb HEMOHOXPOMATHYHOCTH CBeTa OA, IPU KOTOPOH MOXKHO
HaOII0IaTh TAKOE€ MaKCHUMAJIBHOE YUCIIO MOJIOC.

Pemenue

B cooTBercTBUM € ycl0BHEM 3aa4M HEBOOPYKEHHBIH I71a3 PErucT-
pUpYEeT MHTEHCHBHOCTb CBETOBBIX KojeOaHUil B Touke P Ha mepenHeit
MOBEPXHOCTH KJIMHA (cM. puc. 3.16), popmupyst ee uzobdpaxkenue P’ Ha
ceTyarke.

Kak BugHOo u3 puc. 3.16, B hopmupoBanun uzobpaxenus: P’ Oymyr
y4acTBOBaTh JIy4YH, BBIXOIAIIME M3 Touku P mon yrmamu o ot 0 mo
d/2Ly. Tlo mepe ynanenust ot pebpa kiuHa (Bmois ocu 0x) BHIHOCTD
UHTEePPEPEHUMOHHON KapTHHBI YMEHBIIAETCS W CTAHOBUTCS PaBHON
HYJIIO, KOTJIa IPY M3MEHEHUH YIJla OT HYJIS A0 Ol Pa3HOCTh X0/a HUHTEp-
(epupyromux ydeil n3MeHseT-

cd Ha P’
A(0)—A(a) =% . —
C yuerom dopmyssl (3.22) ol Ly
2nh(1-cosa) =2, P N
. o T X
WJIK IIPpU MaJlbIX O
b h£=k Puc. 3.16. HaGmonenne wuHTEphEpeHIINOH-
n 2 > HOH KapTHHBI Ha IOBEPXHOCTH KIIMHA

rnen=1.
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CreoBaTelIbHO, MaKCUMaJIBHOE YHCJIO TIOJIOC N OTpenensieTcsl COOT-
BETCTBYIOIIUM IMOPSAKOM HHTEPPEPEHIINU:
2h 2 8I3
N:mmax :—z—zz—z
A d
Takoe 4rcio mojaoc MOXKHO Ha6JHOI[aTB IIpU yCJIOBUMU:
O 1 d?
< =——~0,5:104.
Aom 815

~2-104.

max

Omeem: N =2-10%; %g 0,5-1074.

3agaua 3.2.11. Kakyto mmmpuny D MOKET UMETh UCTOUYHUK CBETa B
uHaTepdepoMerpe MalikenbrcoHa TIPH HAOIOACHUH TIOJIOC PaBHOM TOJI-
HIMHBI, €CIM 3epKalia HHTep(epoMeTpa PacroiIoKeHbl Ha HEOMHAKO-
BBIX PACCTOSHHUSAX OT ICNUTEIBHOW IuTacTHHKH (Al = 2 cM)? Dokyc-
HOE pPacCTOSHUE KOJUIMMaropa paBHO f =25 cM; IjMHA BOJHBI CBETA
A =0,5 MKM.

Puc. 3.17. Ontrdeckas cxema uHTepdepoMeTpa MaiikenbcoHa

Pemenue
Kax BugHO u3 puc. 3.17, cBET OT UCTOYHUKA TaaeT Ha 3epKaio 3
uaTepdepomerpa moxa yrimamu ot 0 no o = D/(2f). Kak moka3aHo B pe-
nrenun 3agauu 3.2.10, BUOHOCTh UHTEP(PEPCHIMOHHON KapTHHBI paBHA
HYJIIO, €CIT
2
2012 =
2

Taxum o0pa3oM, nHTepEepeHIMOHHAs KapTHHa HaOJI0JaeTcsl IpU yc-
JIOBUH:



. 3. Jlsyxayuesas unmepdepenuus. Humepgepenyuonnvle cxempi. 79

al,|—.
Al

OTC}O,I[a JonmyCcTuMas mrupuHa KCTOYHHKA!

DSZf,/%zZ,S MM.

Omegem: D <25 Mm.

3agaya 3.2.12. /[Be TOHKHE CUMMETPUYHBIE JIMH3BI (IBOSKOBBITYK-
Jas ¥ JBOSIKOBOTHYTasl) MPUABHHYTH BIUIOTHYIO ApPYyT K Apyry (puc.
3.18 a). BOmm3u TOYKM WX CONPHUKOCHOBEHHS B OTPAKEHHOM CBETE C
JMHOW BONHBI 0,5 MKM HaOMIOAAIOT WHTEP(PEPECHIIMOHHBIC KOJIbIA
Hetorona. Haiftu paguyc 4eTBepTOro TEMHOTO KOJbLa, €CIM ONTHYe-
CKas CHjla CHCTeMbI U3 ABYX JMH3 paBHa 5,0 aurp. O0e JTHH3bI CAETaHbl

13 Matepuana ¢ kodhdumrentom npemomireHus n = 1,5.
1

..1\!

a 7]

Puc. 3.18. OnTryeckas cucTeMa U3 IByX TOHKUX CHMMETPHYHBIX JINH3 (@); K BOIPOCY
00 ompenereHUN TOIIHUHEI 3a30pa /i (6)

Pemenue

Tommuna 3a30pa 4 (cM. puc. 3.18 6) Mexny cepudeckor U TUIO-
CKOH MOBEPXHOCTSIMU Ha PACCTOSIHUM 7 OT TOYKU UX CONPHKOCHOBEHHS
IPH YCIOBHH 7 << R TIPHOJIMKEHHO paBHA

rae R — paguyc KpUBU3HBI chepudeckoi mopepxHocTH. [loaTOMY TOJ-
IIMHA 3330pa MEXy JTUH3aMHU
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TemubIe I/IHTep(bepeHHI/IOHHLIe KOJIbIIa HaXOoOATCA TaM, I'I€ ONTUYCCKasa
Pa3sHOCTh XOJa I ABYX leqeﬁ, OTPa’XXCHHBIX OT PA3HBIX I'PAHUI] BO3-
AYHIHOrO 3a30pa MCXKAY JIMH3aMH, paBHA LCJIIOMY YUCITY JJIWH BOJIH!:

A(r)=2h(r) =mh .

C nmpyroii CTOpOHBI, ONITHYECKAsl CHJIA CHCTEMBI U3 JIBYX TOHKHX
CHMMETPUYHBIX JIMH3, IPUKATHIX BILUIOTHYIO APYT K APYTY, paBHa (CM.
riaBy 1)

D:DI+D2:z(n_1)£i_LJ.

Rl RZ
Takum 00pa3om, Ist paanyca m-ro TEMHOTO KOJIbIla MOJyYacM:
2 (n — 1) mh
Ty =4|—————.
D

ITo ycnoButo 3amaun n = 1,5, m =4, A = 0,5-10°m, D= 5,0 nntp. Io-

3TOMY
2-(1,5-1)-4-0,5-1076 _3
Ty = 5 ~0,63-10™ M.
Omeem: 1y = 0,63 Mm.

3.3. 3agauu AJ1s1 CAMOCTOSITEILHOIO PellieHus!

3agaua 3.3.1. [lomyueHHOE MPU MOMOIIY JTHH3BI ¢ (POKYCHBIM pac-
crosaueM f = 50 MM m3o0pakeHue CoOJHIIA B TOYHOCTH COBIAIAET C
OTBEPCTHUEM B IKpaHe, 32 KOTOPHIM PACIIONIOKEH APYTON dKpaH C ABYMS
Y3KUMHU TapajuleIbHBIMU  IIeNsMU. PaccTosiHMe MEXIy IIensMu
d =1 mm. Ilpu kakoMm paccTossHUM L MeXIy dKpaHaMH MOKHO HaOITO-
JIaTh WHTEPGEPESHITMOHHBIE TOJIOCH 33 dKPAHOM CO IMesIMu? YTIOBOU
nuametp Conxua y = 0,01 pan.

Omeem: L > de\V ~ 100 cMm.

3apgaua 3.3.2. B untepdepenunonnoit cxeme (cm. puc. 3.19) uc-
nojb3yeTcs KBazuMoHoxpoMaTtuyeckuid (A = 0,5 mMxM; OA = 2,8 HM)
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MPOTSHKEHHBIN MCTOYHUK cBeTa S. OTpakaroliee 3epKaio 3 pacioiioke-
HO CUMMETPHYHO OTHOCHUTEIHHO MCTOYHUKA S M Touku O Ha 3kpaHe D.
Haiitu: 1) mupuny A mHTepdEpEeHITNOHHBIX ITOJIOC HA dKpaHe; 2) KOJIH-
gecTBO N HAOIIOMaeMBIX TIOJIOC; 3) 00JIacTh JIOKaIU3auy Ax T0JI0C Ha
9KkpaHe; 4) MaKCUMATTbHBIA M,y 1 MUHUMAIBHBIN My, TTOPSIKA UHTEP-
(hepeHIMOHHBIX MOJIOC; 5) TOMyCTUMBIN pazmMep D UCTOUHHKA.

Puc. 3.19. UHTepdepeHonHas cxema

Omeem: 1) A = 0,05 mm; 2) N~ 100; 3) - 0,4 cMm < x < 0,1 cm; 4)
Mumax = 180, My = 80; 5) D < 50 MKM.

3apgauya 3.3.3. Ilmockass cBeToBas BOJHA MajaeT Ha OH3EpKaIo
Opererns. Yron Mexay 3epkaiamu paBeH 2'. lllupuHa maTepdepeHIm-
OHHBIX IOJIOC Ha 3KpaHe paBHa 0,55 MM. OnpeaenuTs AJIUHY BOJIHBI
CBETa.

Omeem: ). = 0,64 MKM.

3agauya 3.3.4. B untepdepeHnnonHoi cxeme ¢ oumnpuzmont Opene-
ns (mpenomutsiromuii yron € = 20, mokaszaTens npenomiieHus n = 1,5)
9KpaH ¥ UCTOYHHK cBeTa (A = 600 HM; OA = 20 HM) HAXOAATCS HA OJU-
HAKOBBIX PAaCCTOSHUAX OT Oumpusmbl. 1) Omenuts uncio N uHTEpde-
PEHITMOHHBIX TTOJIOC Ha 3KpaHe. 2) Ha kakoMm paccTossHUM Ax OT IIEHTpa
UHTEepPEPCHIMOHHONH KapTUHBI WHTEP(EPEHLIMOHHBIE TOJIOCH Pa3Mbl-
BatoTcs? 3) KakoB nmomycTumsblii pasmep D UCTOYHHMKA, IPU KOTOPOM
MOJKHO HaOIIto1aTh Bce MHTEP(HEPEHIIMOHHBIE ITOJIOCHI?

Omeem: 1) N = 60;2) Ax ~ 6 mm; 3) D <0,2 mm.

3agaya 3.3.5. 13 ToHKO#H coOuparomieii auH3bl quamerpoM 50 cm
BBIpE3aHa HEHTPaJIbHAS MOJIOCKA IIUPUHON 5 MM, TIOCIIE Yero o0e MoJIo-
BUHBI JIMH3BI CBHHYTHI 10 CONPUKOCHOBEHUs. VICTOYHUK cBeTa C JUTH-
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HO# BoJHBI 500 HM HaXOIUTCS Ha OCH CHCTEMBI B (POKAIBHOMN ILIOCKO-
ctH JuH3bL. 1) Ha kakoM paccTosiHMM # OT OWIIMH3BI CISIyeT Paciolio-
JKUTh KPaH, 4TOOBI HA HEM HAOII0JaTh MAKCUMAIILHO BO3MOXKHOE YHC-
710 MHTEePPEPEHIIMOHHBIX MMoyioc? OnpenenuTs mUupuHy A uHTepdepeH-
IIUOHHBIX TOJOC M UX 4ucio N. 2) OUueHUTh JOIMyCTHMYI HEMOHOXPO-
MAaTHYHOCTH OA MCTOYHHKA CBETA, YTOOBI MOKHO OBLIO HAOIIOJATH BCE
1moJIOCKL. 3) OLIEHHUTH JOIMYCTUMBIN pa3Mep D UCTOYHHKA CBETA.

Omeem: 1)r=~1wMm A~=005mm, N=200, 2)0A<5HM,
3) D <25 MkMm.

3agava 3.3.6. PaccesdHHBII MOHOXpPOMAaTHYECKUN CBET C JJIMHOMN
BonHbl 0,06 MKM majgaeT Ha TOHKYIO CTEKISIHHYIO IUIACTHHKY C
nokaszareynieM —mpenomiieHus 1,5.  YTIIoBoe  pacCTOSIHHE — MEXIY
COCEJIHUMH MaKCUMyMaMH, HaOJIOIaeMbIMU B OTPa)KCHHOM CBETE I10]1
yriiaMu, OIM3KUMU K 45°, paBHO 3°. OTpeenuTh TONIUHY TUIACTHHKH.
Omegem: 15 Mxm.

3agaua 3.3.7. [lonockl paBHOI TONIIMHBI, MOJIYYAIOIIMECS MPHU
OCBEIIEHNH TOHKOTO CTEKJIIIHHOTO KJIMHA (IOKa3aTellb MPeIOMIICHHS
1,5) paccesHHbIM MOHOXPOMAaTHYECKHM CBETOM C JJMHOW BOJIHBI
500 uM, mpoeuupyroTcs JUH30M Ha 3kpad. [lepen nuH30M HaxoguTCs
KBajpaTHas AuadparmMa co CTOPOHOH 1 cM, KOTOopas OTCTOUT OT KIIMHA
Ha paccrosHun 50 cMm. ['naBHas omTHyeckas OCh TNPOELHUPYIOLIEH
CHCTEMBbl NPUOIM3UTENBHO MEPNEHANKYJIIpHA MOBEPXHOCTH KIMHA.
Uemy paBeH MaKCUMAIBHBIA TOPSIOK WHTEPPEPEHIIMOHHON KapTHHBI
Ha dKpaHe?

Omeem: ~ 5600.

3agaya 3.3.8. Cer ¢ mmHOI BoyHBI A = 550 HM OT yjAaneHHOTo
TOYCYHOT'O MCTOYHHUKA TaIacT HOPMaJIbHO Ha MOBEPXHOCTh CTEKIISTHHO-
ro KiuHa. B oTpakeHHOM CBeTe IIMPHHA WHTEPPEPEHIIMOHHBIX TOJIOC
Ha TTOBEpXHOCTH KiuHA paBHa 0,21 mM. Haittu: 1) yron Mexmay rpadsmMu
KITMHA; 2) CTEeIeHbh HEMOHOXPOMATHYHOCTH CBeTa OAA, eciiu uHTEepde-
PEHIIMOHHBIE TIOJIOCHl MCUE3AI0T Ha pPacCTOSHUM 1,5 ¢M OT BEpIIMHEI
KITUHA.

Omeem: 1) 3';2) 0,014.

3apaua 3.3.9. C noMoImIbIo ITOCKOBBITYKIION JTUH3EI U3 MaTepuaia
¢ ToKasareneM mpenomiieHus 1,6 HaOmromaT Kosbiia HeloToHa B OT-
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paXEHHOM CBeTE ¢ JUTHHOW BOJHBI 589 HM. Halitu dokxycHOe paccTos-
HUE JIMH3bI, €CJIIM paJuyC TPEThEro CBETJOr0 KOJIbl[A pPaBeH
1,1 mMm.

Omeem: 137 cMm.
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I'maBa 4

JUDOPAKIIUA OPEHEJIA

4.1. TeopeTnueckoe BBeAeHHE

[Ipu pacnpocTpaHeHHMH MOHOXPOMATHYECKOH CBETOBOM BOJIHBI C
JOCTaTOYHO IIMPOKUM (IO CPAaBHEHHIO C JUIMHOW BOJHBI) ()POHTOM B
OJTHOPOAHOM cpezne popma GpoHTa BOIHBI IPAKTHUSCKH HE U3MEHSETCH.
Ecnu Ha myTH Takoil BOJHBI BO3HHKAIOT MPEIMSATCTBUS, KOTOPBIE MOJU-
(urupyoT GpoHT BONHEI (110 (hopMe WK pa3Mepy) WIH MOAYIHPYIOT
ero 1o ¢asze, TO CTpyKTypa CBETOBOTO IIOJIA 32 TAKUMH OOBEKTaMHU MO-
JKET CYIIECTBEHHO OTIIMYAThCS OT TOM, KOTopast Oblia Obl B X OTCYTCT-
Bue. Takue siBIeHHS OOYCIOBIICHBI BOJIHOBOW HPUPOAOH CBETa, U UX
MIPUHATO OOBEAMHATH OOLIMM Ha3BaHUEM — Oudpaxyus ceema.

Tounoe pemeHue 3axa4n 0 JUQPPAKLIUK CBETA JaKe B MPOCTCHUIINX
ClIydasiX CONPSDKEHO ¢ OoipmmMMu TpyaHocTsMu. Ilostomy mmpokoe
NpUMEHEHUE HallUT MPUOIIMKEHHBIE METO/IBI pacdeTa AU(PaKIUOHHOM
KapTUHBI.

Cpenyn Takux METONOB MOKHO BBIIEIUTH METOX 30H Dpenens. B
€ro ocHoBe — npunyun Ilotieenca, COTJIACHO KOTOPOMY KaKAas TOUYKa
BOJIHOBOT'O ()pOHTA MOXKET PacCMaTPUBATHCS KaK MCTOUHMK BTOPHYHBIX
(cpepuueckux) BonmH. DpeHenb AOMNOIHWI 3TOT MPUHIUI YCIOBHEM,
YTO BTOPUYHBIC BOJHBI KO2EpeHMHbl U TIOTOMY MOTYT uHmep@epupo-
eéamb IPYT ¢ npyroMm. TakuMm oOpa3oM, coriacHo npunyuny I ioticenca—
@Dpenens 111 HEKOTOPOW TOYKHM HaOJrofeHUs P neficTBUe cBeTsIIEHCs
TOYKH Py SKBHMBaleHTHO AEHCTBHIO MCTOYHHKOB BTOPUYHBIX BOJH Ha
000 BOTHOBOH MOBepxXHOCTH (puc. 4.1).

OTtHocuTENbHO TOYKM Habmonenus P chepudeckuii GpoHT cBETO-
BOI BOJIHBI MOKHO MBICIIEHHO Pa30UTh Ha TaK Ha3bIBAEMBIE 10.IVE0AHO-
svie 30Hbl Ppenens (cM. puc. 4.1). B aTom cirydae BOJTHBI OT BTOPHYHBIX
MCTOYHHUKOB, HaXOIAIIMXCA Ha rpaHunax 30H Openens, OyayT npuxo-
IUTh B TOUKy HaOmonenus P co ciBurom no ase, paBHBIM 7, a HHTCH-
CHUBHOCTH CBETa B TOYke P Oyzer 3aBUCETh OT YHCIa OTKPHITHIX 30H
®peHens (CM. HUXeE).

[punsto paznuuath Jugpaxyuro @Ppenens (M mudpaxIuo B
OmkHEH 30HE), KOTIa ISl TOUYKH P OTKpEBITEI oHa U 60jee 30H PpeHe-
18, U ougparyuro Ppayneoghepa (M TUPpakuuio B JadbHEW 30HE),
KOTJa OTKPBITA JIMIIb YacTh IEPBOU 30HBI (B 3TOM ciiyyae Oudparupo-
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BAHHBIM CBET XapaKTepU3yeTCs YCTOMUMBOM YIJIOBOW CTPYKTYpPOMH, CM.
I 5).

Puc. 4.1. Iloctpoenue 301 Openens

IlycTh MeXAy TOUYEYHBIM HCTOYHHKOM Py MOHOXpOMaTHUECKOTO
CBETa C JJIMHOM BOJIHBI A U TOYEYHBIM IPUEMHUKOM H3IydeHus P pac-
MOJIO’KEH HETPO3PavyHbIil 3KpaH C KPYyTJIbIM OTBEPCTHEM paauyca R,
LEHTP KOTOporo HaxoauTcs Ha iuHuu PoP (puc. 4.2).

Puc.4.2. PacnpoctpaHeHue cBeTo-
BOM BOJIHBI OT TOYEYHOT'O UCTOYHH-
ka P, uepe3 oTBepcTue B 3KpaHe
paauyca R

Ecmu pagnyc cdepudeckoii BOJTHOBOM MOBEPXHOCTH X, Kacarollen-
Csl TPaHHIIBI KPYIJIOTO OTBEPCTHS B dKpaHe, paBeH 7y, TO KOMIUIEKCHAs
ammntyaa Us CBETOBOTO MOJIsI, BO30YKIaEMOT0 HCTOYHUKOM Py, B j110-
00l TOUKE Ha MMOBEPXHOCTH X paBHA
Uy KTy

)

b

Uy

rae U() — BCJIMYMWHA, YMCJICHHO paBHas aMIUJIUTYJAC BOJIHbBI Ha CIUHHNY-
HOM pacCcCTOSIHHUU OT UCTOYHHKA, k= 27'5/7\, — BOJIHOBOC 4YHCIJIO. BKJ'Ia,Z[ B
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ammutyay noist U B Touke P oT snemMenTa miomaau do Ha MOBEpXHO-
CTHU X paBeH

eiks
dU(P) = UZ .

dc-K(x), 4.1)
s

Ile s — PaccTosiHKe OT deMeHTa do 10 Touku P, K () — yrioBoii ko-
3¢ GUIMEHT, yUYUTHIBAIOUINNA 3aBUCMOCTb aMILIMTY/ {bl BTOPUYHBIX BOJIH
OT yrIyia ¥, MEeXIy HOPMAaJbIO K BOJHOBOMY (PPOHTY M HampaBiIeHUEM Ha
Touky P. B coorBerctBuu ¢ npuHnunom [rolirenca—®penenss KoM-
IUIEKCHAs aMIUIMTY1a ToJs B Touke P paBHa

~ UO . ezkro elks

U(P —K(y)do. 4.2
(7)== [k (1) 42

B cdepuueckux koopauHaTax
do=rgsin®-do-de, (4.3)

a 10 TCOPEME KOCUHYCOB!

S2 =r02 +(l"0 +S0)2 _27’0 (I’O +SO)COSO .

NN

2s-ds==2ry(ry +s9)-d(cos8)= 21y (1 +50)sin0-d6 . (4.4)

IToactasmss (4.3) u (4.4) B (4.2), monyyum:

U . ik}"o iks
U(P)zLJe K(x)- 0 sdsdo=
h ¥ s 1y + 5o
U . ikro SR .
~20¢ . h 27 | K(y)-e®ds.
{0 tSo s

Ecmu mnsa touku HaOmromeHust P OTKPBITHI BCETO HECKOJIBKO 30H
OpeHenss, TO B TEPBOM NPUONMKEHHH MOXHO CYHTaTh, YTO

K (x) =K, =const, nosromy

ikro 1 . SR
2n-Ky-—et| =
i

S0

U(P)=Uy—

N +S0
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:Uoﬂzﬂ‘KO ..ieikso .(eik(SR—So) _1) .
Ty + 5o ik
ITycts As =sp — 5, — Pa3HOCTb XOJa JUIsl KPaifHero M LEHTPaIbHO-
ro JIyd4eil, IPUXOJIINX B TOUYKY P cooTBercTBeHHO M3 Touek A u O, a
w =k-As — coorBercTBYMOIIAs pa3HOCTh (a3. Torna

ikro . .
U(p):er_.KO.%_”.elkSo.(el\v_l):
N +SO ik
ik(ro-+50) W _q
U S—— Ky | S |=CT, @5)
N +S0 1
ik(VO+SO) i\v_ )
e C=U0K0-7»-e—, a er—'lzi-(l—e"") —  azoBbIit
o + 5 i

MHOKHTEIb, KOTOPBI Ha KOMIUIEKCHOH MIOCKOCTH H300pakaeTcs CyM-
MOW ABYX €IUHHYHBIX BEKTOpOB (puc. 4.3): Bekropa O1 u BekTopa C
HayasioM B Touke (0, 1), HanmpaBieHHe KOTOPOro 3afaercst yrioM ¥ (OT-
CUUTHIBACTCS OT BEPTUKAIBHOW OCH B HAIPaBJICHUM NPOTHB 4YacOBOH
CTPEIIKH).

Kak Bugo wus puc. 4.3, eciu JIm I
Vimax =T 3T, ST,.., n(2n+1), WA

Vmae M 3L 5L A
—max 2022 2 Z(2n+1
max k27272 2( )

, TO |F|=2 (Bextop OOy), npu 3TOM

As

KOMIIJIEKCHAsl aMIUIUTYAa BOJIHBI MaK- = -
CUMajbHAa M paBHA =2C. Ecmu Re I

Umax

Wmin =2m, 4n, 6m,.., 2nn, WM Pa3- Puc. 4.3. [pencraBneHne MHOXHUTE-

. 151 I Ha KOMILIEKCHOM IIIOCKOCTH
— min

HOCTh XOJa paBHa AS ;. = 5 =An,
TO aMIUTUTY/1a BOJIHBI B TOUKe P paBHa HyIIrO.

C YUE€TOM IOJIYYCHHBIX PE3YJIbTATOB MOYXHO BBIIIOJHUTL CJICOAYIO-
miee nocrpoerue (cM. puc. 4.1). [octponm KoHUEHTpHYECKHE cepbl ¢
ueHTpoM B T. P u pamuycamu s,, s, +A/2, s,+2(A/2),.., s,+n(A/2),
KOTOpBIE pa300bIOT CHEPHUYECKYIO TIOBEPXHOCTh X Ha KOJIBIIEBBIC 30HEI,
HazbIBaeMble 30Hamu Ppenens. COOTBETCTBYOIIME rpaHuaM 30H Ope-
HeJs 3HAYCHUS pasHoCTH ¢a3 \ OynyT paBHBI
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v =m, 2x, 3w, 4m,.., nm,.... Ecnu nns T. P oTBepcTHE OTKpHIBAaET HEYeT-
HOe ymcio 30H DpeHens, TO aMIUIMTya BOJHBI B T. P Oyxer makcu-
MaJibHa, €CITU JK€ OTKPBITO YeTHOE YHCi0 30H DpeHens, ToO aMIUTUTyAa
paBHA HYJIIO.

a b

< A
w .

Puc. 4.4. K BoiBoy hopMyJibl ajist paauyca 30H OpeHens

Haiinem paauyc R, n-it 301 @peHens Ipu 3aJaHHBIX PACCTOSTHUSAX
a (ot ucrounuka Py mo sxpana) u b (ot ’kpana no npuemanka P). [Toma-
rasg R <<a,b, momyuum:

r=\/R2+a2 =

2
s=VRZ+b* ~b 1+R—2 ,
2b

26 2 b
TJE ¥ U § — COOTBETCTBEHHO PACCTOSIHUS OT MCTOYHUKA Py ¥ OT mpuem-
HUKa P 10 BTOpUYHOIO MCTOYHHKA, PACHOJIOKEHHOIO B IJIOCKOCTH 3K-
paHa Ha paccTosHuM R oT ocu PyP; Asp — pasHocTs xona no Touku P

2 p2  p2
ASRZ(I"-l-S)—(a-}-b):];—-l-R —R—(l+lj, (4.6)
a a

JUIS1 KpaiflHETO Y LEHTPaJIbHOIO JIy4eil.
Jns myda, uaymero oT BHEIIHEH rpaHulibl n-i 30HbI Dpenens,

A
Asp=n B MIO3TOMY

R2 _ na
" 1a+1/b’

Ortcrona mouaapb n-il 30u61 Openens

(4.7)
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M Yav b Va+i/b) 1a+ib

HE 3aBHUCHUT OT HOMEpa 30HbI, a 3HAYMT, IJIOMAIu Bcex 30H DpeHesns
onuHakoBbl. C yueToM (4.6) MOXKeM 3amnucaTh:

kR* (1 1
Vg =k Asg == (fb)’ (4.8)
T.€. Pa3HOCTh (a3 i A KpaWHEero W IEHTPAIBHOrO Jydel Mpomop-
UOHANIbHA KBaJpaTy paguyca orBepctusi. Gopmyny (4.8) MoxHO mpe-
00paszoBaTh K BUAY:

2 2 2
WR=ki(l+lj=ﬂ(l+lj=nR—=”S£- (4.9)

2 \a b A \la b R121

Pazo0bem Tenepn nepByto 30Hy dpeHens Ha 10CTaTOYHO OOJNBIIOE
YHUCIIO M TOA30H TakuM obpa3oM (puc. 4.5), 4ToObl pa3HocTh (a3 dy,
JUTS JTydel, UAYIUX OT COCeTHUX MEXKITOJ30HHBIX TPAHUIL ObLa paBHA

-1)x
SnzrtR,f—TtR2 —n( nh _(n )j T = const

Tak xak B coorBercTBUH C (4.8) dy ~ d(Rz) =R-dR, TO Ipu TaKkoMm

pa30HeHNH TUTOIIAAN BCEX TTOI30H OYIyT OAMHAKOBEI.

O ]J\

Puc. 4.5. IloctpoeHue BeKTOpHOH nua-
rpaMMbl JJII HAXOXICHHUS aMIUTUTYIbI
CBETOBOTO M0JIs B TOUKe P

Ha BektopHO#1 muarpamme (puc. 4.5) BkJIamaM B aMIUTHTYAy AH-
(paruposasieii BOIHBI OT 1-#, 2-#, ..., m-i TOM30H COOTBETCTBYIOT
BekTOpel OA|, A/A,,.., A, ,0,, KOTOpbIC UMEIOT OJUHAKOBYIO JJIUHY
(BcnencTBHE paBeHCTBA IUIOLIAeH MOA30H) U MOBEPHYTHI APYT OTHOCH-
TEJNBHO JpYyra Ha OJMHAKOBBIN yroji dy,, (u3-3a pazouenus nyru OO, Ha
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m paBHBIX qacTeil). IIpu YBEJIIMYECHUU m JIoMaHas
OAA;..A,,.10; MOXeT OBITh 3aMEHEHA COOTBETCTBYIOIICH IOJYOKPYXK-
HOCTBIO.

BeimonHsas ananorudHoe pa30MeHHE BTOPOW 30HBI, MOJyYUM BTO-
PYI0 JTOMaHyl0, KOTOpast 3aMKHYJIa Obl IEPBYIO, €CIIH OBl JAJIMHBI COCTaB-
JSIFOIUX €€ 3JEMEHTAPHBIX BEKTOPOB ObUIM paBHbI. HO mockonbky mpu
yBenmuueHnn Yy KodduuumeHT K()) MOHOTOHHO YMEHBIIAETCS, TO
YMEHbIIaeTCd ¥ aMIUIUTYyAa BTOPUYHBIX BOJIH. [lo3TOMy KOHel jioma-
HOM i1 BTOpOoH 30HBI (Touka O,) He coBmagaer ¢ Toukoi O, a cymmap-

HBIN BKJIaJd OT BTOpOﬁ 30HBI NPEACTABJIICH BEKTOPOM 0102 s JJIMHA KO-
TOPOIr'0 4yTh MCHBIIC JJIMHBI BEKTOpA OO] . Tak xax HaIIpaBJICHUS BCK-

topo OO0, u 0,0, nporuBononoxusl, cymmapuslii Bknag 8 U(P) ot
nepBoii M BTOopod 30H DpeHens HUYTOKHO Man (AJMHA BEKTOpa
00, mHoro Menste, uem amunsl Bekropos 00, u 0,0,).
OueBuAHO, YTO YUMTHIBas BKJIAAbl OT BCEX APYTHX 30H, IMOIYyYUM
BEKTOPHYIO IUarpaMmy, KOTopasi UMeeT BUJ CKPYUHBAIOIICHCS CIIUpaIn
(cnupans @penens) 00,0,05...0, ¢ nentpom B Touke O,. BexTtop
0O, COOTBETCTBYET CiIy4aro, KOTAa Uil TOYKH P OTKPBHITHI Bce 30HBI

Openens. Kak Bumno u3 puc. 4.5, mmuHa Bektopa OO0, B aBa pasa

menbIne JuiHbl Bektopa OO, . CrnenoBarenbHo, eciny s TOUKA P oT-
KpPBITA TOJBKO TIepBasi 30Ha DpeHens, TO aMIUIUTYAa 3IEKTPUYECKOTO
nojs B Touke P B 1Ba pasa Oonblle, 4eM B OTCYTCTBUE NPENATCTBHSA, a
MHTEHCHBHOCTh — B YEThIPE, TAK KaK HHTEHCUBHOCTb CBETA MPOMOPLIHO-
HaJIbHA KBaJPaTy aMIUIUTYIbI SIEKTPHIECKOTO TOJIS.

ITockonbky npu R —> o0 kospdumuent I' —i, a B oTcyrcTBHEe
TIPETSTCTBHS aMIUIUTY/Ia BOIHBI B Touke P paBHa

eik(7‘0+S0)
U(P) =Uy———
) +SO
u3 Gpopmyiisl (4.5) HaXoAUM:
1 i
Ky=—=——.
T

Teneps cTaHoOBUTCS NOHATHOHN poib koddpduuuenta C B Gopmyie

(4.5): Mmonmynb |C| paBeH aMIUTUTYJE, a KBaapaT MOIYJIs |C|2 MPOTOp-

MOHAJICH MHTEHCUBHOCTH /) TIOJIS B TOUKe HabmroneHus P B oTcyTcTBHE
npensarctusd. Kpome toro, mmmHa Bekropa OO Ha puc. 4.5 paBHa
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|C| '. Eciu 4MCIO OTKPHITHIX 30H (DpeHens OTHOCHTEIBHO HEeGOMBIIOE
(n~5+10), TO MOXXHO CUYHTATh, YTO PAAUYC CIHPAJIH MPHOIMKEHHO
paBeH |C| , M HTHTEHCUBHOCTE B TOUKe HaOmoAeHus P paBHa

I=1, -|r|2 :
Hnst 3aganubIX a, b 1 R o hopmyie (4.8) Haxonum yr. Kak BugHo

u3 puc. 4.5,
Rel =siny

ImI'=1-cosy,
II0YTOMY
|1“|2 =sin®y+(1 —COS\|/)2 =2(1-cosy),
a CJIeI0BaTeIbHO,
I(\V) =21, '(1 —cosw) .
Kak Oyner mokasaHo HMXxe, ¢ IOMOUIBbIO criupanu PpeHenst 4acTo

YAaeTCs CYHICCTBEHHO YIIPOCTUTL PCIICHUEC 3a1aY 110 ,Z[I/I(i)paKI_II/II/I CBCTa
Ha KPYTJIBIX OTBEPCTUAX U JUCKAX.

4.2. 3agauu ¢ pelieHUAMH

3agaua 4.2.1. luapparma c KpyribIM OTBEpCTHEM paanyca R Ha-
XOAMTCS] MEXIY TOUEYHBIM MCTOYHHKOM CBETa M 3KPAaHOM, Ha KOTOPOM
HaOMonal0T AMQPaKUMOHHYI0 KapTuHy. HaiiTu 1yiuHy BOJIHBI A M3ITy-
YEeHUS! UCTOYHMKA, €CIIM NPU CMELIEHUU SKpaHa B CTOPOHY AuadparMsl
OCBEIICHHOCTh B IICHTPE OU(PPAKIMOHHON KapTHHBI OCHHUIMPYET H
JOCTHraeT MaKCUMyMa, KOTJa paccTOsIHHE OT dKpaHa A0 Auadparmel
paBHbl by u by (b > b).

Pemenue

B cootBeTcTBUH ¢ hopMyoii (4.7):

K Tl
a b2

= T ,

=
+7
a b

' B nansHeitmem nus ynpomenus samucu amuHy Bektopa OO, Gynem 060-

3HAYaTh |C | = \/E
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OTKyJ1a
(n+2)sz2(l+iJ, (4.10)
a b2
nlsz(l—i—iJ, (4.11)
a bl

Borunras (4.11) uz (4.10), st ©ICKOMOW JJTMHBI BOJIHBI ITOJTydaeM:

_R (11
20k b )

3angaua 4.2.2. [Inockas cBeroBas BojHA ¢ JIMHOH A =0,48 MKM H
MHTEHCUBHOCTBIO /) MajaeT HOPMaJIbHO Ha 3KpaH C KPYIJIbIM OTBEPCTH-
eMm pamuyca R=0,6 mM. HaliTh MHTEHCUBHOCTh B IIEHTpe IU(PaKIH-
OHHOI KapTUHBI Ha paccTosHUH b =1,5 M OT 3KpaHa.

Pemenue
1-ii cnocod. TlockonbKy mazgaroliasg Ha SKpaH BOJIHA — IUIOCKas

(1/ a= 0) , To (hopmymna (4.7) npruHUMAET BUI;
R2 =nhb,
OTKyJla

2
2 0,6-10m
S L
Ab 0,48-10°Mm-1,5M

O
Puc. 4.6. OHpeHeHeHHe KOMILJICKCHOM Puc. 4.7. OHpeHeHeHI/Ie KOMIUIEKCHOH aM-
aMIUIUTYIbl CBETOBOTO IIOJISI INEPBBIM TUIATY Bl CBETOBOI'O IIOJIA BTOPBIM CIIOCO-

CIocooom oom
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Tak kax n~R2, TO JejaeM BBIBOJ, YTO JJid TOYKU P OTKpbITa
BHYTPCHHsISI TIOJIOBUHA (710 niowadu) nepBoil 30H6 DpeHens. DToMy
CIIy4ar0 Ha BEKTOpHOW auarpamme (puc. 4.6) COOTBETCTBYET BEKTOD
00, 5, AnMHA KOTOPOro B V2 pa3 Oompmie mamuHBl BekTOopa OO .

CrnenoBaTellbHO, UHTCHCUBHOCTD B IIEHTPE AU(PPAKIIMOHHON KapTUHEI B
2 pa3a GoJblie, YeM UHTCHCUBHOCTD /) TIaJaroIIeit BOJIHBI.
2-ii cnocoo. B cootBeTcTBUM ¢ hopMyoii (4.8) pazHOCTE da3

2 2
w-r(1 1 r

= —+—|=1—=0,57,
YR=75 [a bj

YTO COOTBETCTBYyeT Touke O s Ha BEKTOpHOU nuarpamme (puc. 4.7). Jla-
Jiee pemaTh Kak 1-M cnocobom.
Omeem: [ =21,.

3amaua 4.2.3. Ilimockas MOHO-
XpOMaTHUEeCKasi CBETOBasi BOJIHA C MH-
TEHCUBHOCTBIO /) MazaeT HOPMAJIbHO
Ha 9KpaH C¢ OTBepcTHEM, (hopma KOTO-
poro mokaszaHa Ha puc. 4.8. Xapak-
TEpHBIE pasnychl 0OOBEKTa PaBHbI CO-
OTBETCTBEHHO 7 =R, 1, =\/§R1 )

r;=-3R,, TAe R; n R, — paauychl

nepBoil u BTopo 30H @penens. Haii-
TH WMHTCHCHBHOCTb [ CBETa B TOYKE Puc. 4.8. Gopma oTEepCTHS
HaOJII0ICHHS. B DKpaHe
Pemenue
Hatinem Ha BekTOpHOI muarpamme (puc. 4.9) MOIOKEHUS TOUEK A,
A, 1 Az, COOTBETCTBYIOIIUX palycaM i, ¥, U r3. B COOTBETCTBUU C ycC-
JIOBHEM 3a/laduM, TO4Ka A; COOTBETCTBYET I'paHHIle MepBOil 30HBI Ppe-
Heud. [lockonbKy MIomane OTBEPCTHA paguyca r; paBHA

S(4,)=mr =2nRE =28,
a cormacHo (4.9)
KR2(1 1) ar*(1 1 R* S
"’R:T(TZJZT(TZJ”R?:“E’

MTO3TOMY
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__S(4) _
Y, =n————==2m,
Sl
U CIIe0BaTEIhHO, TOYKA A, COOTBETCTBYET IPaHUIIC BTOPOil 30HEI Dpe-
Hens. AHaJIOTUYHO,

S(A;)=my =3nR; =35, =65,

Y TOYKa A3 COOTBETCTBYET IpaHuIle 1IECTON 30HbI DpeHets.

A 10
Puc. 4.9. ®parment ciupanu Openens u Puc.4.10. Pa3bucnue oTBepcTus B
MOJIOYKEHUE Ha HEeHl ToUeK Aj, Ay, Aj JKpaHe Ha MPOCThIC OOBEKTHI

HcxonHoe oTBepcTHE MOXKHO paccMaTpUBaTh KaK COBOKYIHOCTh
KOJIbIIa U TomyKoJbla (cM. puc. 4.10). M300pazum ¢ MOMOIIBIO CIMpaIn
®peHenst BEKTOPBI, COOTBETCTBYIOIINE BKJIAJaM OT OTAEIBbHBIX y4acT-
KOB BOJTHOBOTO (PpOHTA.

Tak kak B LIEHTPE dKpaHa — HEMPO3pPauYHbIi JUCK panuyca R, TO
yuactok criupanu OA; "He pabotaer”. Konblio ¢ paguycamu r| U r, OT-
KPBITO MOJHOCTBIO, YTO COOTBETCTBYET y4YacTKy CIMpaiu OT A; 10 A;
(Bextop A,A,). OGnacTs OT r, A0 r3 OTKPHITA HANOJIOBHHY (110 Ana-
MeTpy). HamomanM, 9to mipu BeIBoie (GopMyIIbI (4.5) BBHITOTHSIIOCH UH-
TErpupoOBaHUE IO YITY ¢, W AJS TOJHOCTBIO OTKPBITOH 00JacTé 3TO
JaBajl0 MHOXHUTENb 2m. B paccMaTpuBaeMoM cilyuyae MHTEIPUPOBAHUE
0 () JaeT MHOXKUTEIb T, IO3TOMY [UIMHA COOTBETCTBYIOLIETO BEKTOPA B
IBa pa3a MEHbIIIE, YeM JIuHA Bektopa A,A;.Takum o0pa3zom, aMIuIH-

tyaa U(P) B Touke HaOIIOCHUS OTIPEALIIIeTCS CYMMOM IBYX BEKTOPOB:

[ockonbky |AjA,|=2|00,,| 1 |A,A;|~0 (W11 HECKONBKUX MEPBBIX

30H OpeHens paguyc CUpad CYNTACM HEM3MEHHBIM ), HHTCHCUBHOCTD
B TOYKE HAOJIOICHHUS paBHa!
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I(P)=4I,.
3ameuanue.
PazOuenune Ha mpocThie OOBEKTHI MOXKHO '
BBINIOJTHUTE U MO-Ipyromy (puc. 4.11). B atom /
ciryuae \
1 1 |
UP)= —A/A, +—AAs,
P) S A1A2 T D AA; L
YTO NPUBOJUT K TOMY XK€ pe3yibTaTy, IO- Puc.4.11. PasoucHuc
CKOIBKY A /A, = AA,. OTBEPCTHS B OKPAHE Ha

MPOCTHIE OOBEKTHI

Omeem: [(P) =41,.

3agaua 4.2.4. [Inockasa cBeToBasg BOJHA C JJIMHON A U HHTEHCUBHO-
cTei0 [y TTagaeT HOpMaimbHO Ha 3KpaH (puc. 4.12). Ilepenm sxpanoM Ha
HEKOTOPOM DPACCTOSHUU b YCTAaHABIMBAIOT CTEKIISIHHYIO IJIACTHHKY pa-
muyca R ¢ mokasarteneM mpenomiieHus n. Halitu paccrostaue b u Ton-
MMHY IUTACTUHKU d, TIPH KOTOPBIX WHTEHCHBHOCTH AU(PAKIIMOHHON
kapTuHe B Touke P: 1) makcumanbHa; 2) paBHa HYJIO.

—_——i

o~
e

=~
S —

S B

\
.
O
\'\
~

s

Puc.4.12. ®opmupoBanne nudppakuuoHHoi kap-  Puc.4.13. OmpeneneHue KomIuieKc-

THUHBI HpI/I HaJIMYuun CTCKJ'ISIHHOI71 IIJIaCTUHKHU HOfI aMHJII/ITyﬂbI C IIOMOLIBKO BCK-
TOpHOfI I[I/IarpaMMI)I JUIsL cnyqasl
m=1,5

Pemenne

Jns Toukn P nmacTuHKa nepekpsiBaeT m =R2/(lb) 30H @penens u

BHOCHT JIOTIOJIHMTEIBHYIO pasHOCTh $a3 Ay =k(n—1)d = %(n -1).
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CrenoBaTeNbHO, Bapeupys b U d, MOXKHO TIOJIYUYUTH JIIOOBIC 3HAUCHUS 1
u Ay,

[lycTtb, HapuMep, TUTACTHHKA 3aKpbiBacT m 30H Openens. Eciu B
OTCYTCTBHE IIACTUHKHM KOMIUICKcHas amruutyaa monst U(P) mpencra-
BUMa B Bujie CyMMbI (Ha puc. 4.13 m=1,5):

U(P) =00,,+0,0,=00_,
TO JONOJHUTENBHYIO Pa3HOCTh ()a3 MOKHO y4YecTh, MOBEPHYB BEKTOD
00,, poTHB YacoBoOii cTpesku Ha yroa Ay (konen Bektopa OO), Oy-

=100’ |). ITosTomy mnociue
|00,,)) y

JIET JIeKaTh Ha OKPY>KHOCTH pajuyca |00m|

YCTaHOBKHM TUIACTHHKH aMIUTATY A OIS U'(P) paBHa:
U'(P)=00,, +0,,0,.

1) Amnnuryzaa U'(P) Oyzer MakCHUMaJbHOM, €CIIM, BO-TIEPBBIX,
Bektopsl OO0, u 0,0, coHamnpaBIeHBI, U BO-BTOPBIX, [UTHHA BEKTOPa

00,, makcumanbHa (JuinHa BekTopa O, O, IpHu ManbIX m HE 3aBUCUT
OT m U BCET/a paBHA |OOOO| =1y ).

CrenoBarebHO,
m=1,3,5,.,2[+1,...(/=0 1, 2,..),
|00,,|=2|00,,|=2{/1, .
4 Ay =m, 3m, 5n,...,n(2q+l),...
(¢=0,1,2,3, ...).
Orcrona
R? R?
______ O,____1 == == (=0, 1, 2 ..),
Am k(2l+1)
AM2g+1
Om Op d:M(qzo, 1,2 ),
2(n —1)

BV )

PRCal: AN I = (2T 1 )| =91,
Puc.4.14. JIBa BO3MOXHBIX CITy- 2) Amnautypa U’(P) OyIeT MMHH-
qast HarpaBJICHUS BEKTOpa
00,, 1 00,, MayibHa (paBHA HYIIIO), €CIIU, BO-TIEPBHIX,

sektopsl OO’ u 0,,0,, HanpasieHbl B

MIPOTHBOIIOJIOKHBIE CTOPOHBI U, BO-BTOPHIX, UX JUIMHBI paBHBL Ha puc.
4.14. moka3aHbl 1Ba BOBMOXKHBIX CITydast:
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mo=t2l 4l (Lior] im0 12 ),
33 3 3

my=12,32,52 [12420] (=0, 1, 2, )
33 3 3

(tpeyronsuuxu 00,0, u 00,,,0, — paBHOCTOpOHHHUE). OTCIOA

Ay, =§n+2nq (g=0,1, 2,..),

Ay, =%n+2nq (g=0,1, 2,..),

2 2
Omeem: 1) b=R—=R— /=0, 1, 2, ..),
Amo A(20+1)
AM2g+1
-2 )(qzal,z”¢
2(n—1)
2 A
2) b1,2_ R ’ d12_ * ' Y12
m12 n— 27'(:

3anaua 4.2.5. [litockas MOHOXpOMaTHIeCKasi CBETOBAs BOJTHA C WH-
TEHCHBHOCTBIO /) TIaJaeT HOPMaJbHO HAa HEMPO3pauHBbI 3KpaH C KpyT-
JIBIM OTBEPCTUEM panuyca ry. st Toukn HaOmoneHus P, Haxomsmerics
Ha PacCTOSIHUH b OT dKpaHa, OTBEPCTHE OTKPBIBAET TPH 30HBI DpeHes.
B oTBepcTHe BCTaBWIIM TOHKYIO COOMPAIOIIYIO JINH3Y C (POKYCHBIM pac-
crostHueM f. Haiitu:

1) uHTEeHCUBHOCTH cBeTa B Touke P, ecu: a) f=b; 0) f =2b; B)
f=b/2;

2) pacrmipeneneHue HHTCHCUBHOCTH BJIOJIb OCH JIMH3HI, eciid f =D .

Pemenue

1) [ng BTOPUYHOTO MCTOYHMKA, HAXOJSIIETOCAd B IJIOCKOCTH OT-

BEPCTHUS Ha PACCTOSIHUU » OT €ro LIEHTPa, pa3HOCTh Xo/aa Asy(r) B COOT-
BeTCTBUH ¢ (4.6) paBHA:

(11 r?
w005 {3)5

(m7s1 IITOCKON BOJIHBI @ = 0 ).
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VunthIBas, 4TO COOMpAIOIIas JMH3a BHOCHT JAOMOJTHUTEIBHYIO Pa3-
HOCTb X0J1a
2
p
As,, (r) =-—<0
2f

(TIOCKONTBKY TOJIIIMHA COOMparolell JTMH3BI B IMEHTpe Ooblle, 9eM Ha
nepudepun), Iuisi CyMMapHOH pa3HOCTH X012 TIOTy4aeM:

As(r) = ﬁ[l—lj .
2\b f
la) Ecmu f=b, T0 mist 6cex BTOPUYHBIX UCTOYHUKOB Pa3HOCTH
xoma As, (r) =0, T.e. yuactok cnupan OOz «BBITIHYT» B NPSMYIO JIH-
auto 00;, (puc. 4.15). [lomaras, yTo paguyc cupaiu R MpOropIHoHa-
JeH \/E u anmuHa ydactka cnmpanu OO; (a me Bektopa OO, ) paBHa

37zR, NSl IHTEHCUBHOCTH B Touke P (B (hOKaNbHOM MIOCKOCTH JIMH3BI)
HOJIyYaeM:

I, =(37R)’ =972 - I, ~891,.

03a

Puc. 4.15. OnpeneneHue HHTEHCUBHOCTY CBETa
B TOuKe HaOJoeHus P 1 pa3yinuHbIX 3Haue-
HUH (OKYCHOTO PACCTOSIHUS JINH3BI

|
16) Eciiu f =2b, T0 pa3HOCTb X01a (IpU ¥ =1 ):

21 1Y g As(r) 13

AS6(]/'0):— _——_—— :—:—:——’
2\b 2b) 4b 2 22

a COOTBETCTBYIOIIAS Pa3HOCTH (a3 —
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k-As(r 3
\|/6(r0):k'AS6(7’0):T(0):7n

Tak KaK OTBEpCTHE OTKpbIBaeT Tpu 30HBI Dpenens. CrenoBarenbHO,
yuactok criupanu OO; "packpytutcs” (HO HE 10 KOHIA, puc. 4.15), npu
stom anuHa ayru OO;s ocTaHeTcs paBHOU JuiuHe yyacTka criupanu O0;
(94nCII0 BTOPUYHBIX UCTOYHUKOB HE M3MEHIIIOCH). UTOOBI HAWTH aMILTH-
Tyny As B Touke P (ona paBna nnmue Bektopa OO;5), HE0OX0AMMO

b

HaWTH panyc Rs Ay COOTBETCTBYIOLIEH OKPYKHOCTH:

3R :3_TER6 ,
2

oTKyna Rg =2R.

Jlnist AIvHbL |OO36| MoJyYaeM:

_(2n- . .
|OO36|=2R6 .sm( nZ\VGj:4R.Sln%:4R._2=2\/§R ,

NG

MO3TOMY TIpU [ = 2b MHTEHCUBHOCTH B TOYKe P paBHa
2
I5 =|0036|" =81,
18) Ecnm [ =b/2, 10
2 2
Asy (1) = &(l_gj =-L ——Asy ()
2\b b
Vs (1) =W (1) =-3m.
Kak Bumno u3 puc. 4.15, B aTroMm ciydae yyactok cnupaiun OO; "nepe-
packpyumBaercs'”, u cnupainb OO;, IPeacTaBIsIeT COO0H CHMMETPUIHOE
otpaxenue crupainu OO; OTHOCHUTENBHO TOPU30HTAIBHOHN och. [1o3TO-
My
R, =2R, I, =41,,
T.€. ”HTEHCUBHOCTb TaKasl )K€, KaK U B OTCYTCTBUE JINH3BI.
2) JIns uccnenoBaHus pacipeesieHHs] MHTEHCUBHOCTH CBETa BJOJb
OCH JIMH3bI BBIOEPEM B KaueCTBE Havaja OTCUETa Ha OCH X (COBMHAlaeT ¢
OCBIO JIMH3bI) TIOJIO)KeHHE TOYKH P. B oTCyTCTBHE JIMH3BI 3aBUCHMOCTD
pasHocti a3 y(x) i KpaiiHero W LeHTpanbHOro nydeii (4.8) mpu

x>—b umeer BUL;
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k- r02 nr02
rae \|!(O) =7 :E — pazHocTh (a3 B Touke P (x=0). Ha ciimpamn
Openens (puc. 4.16 a u 4.16 6) sToit pazHocTH da3 \y(x) COOTBETCTBY-
eT Touka O,.
L
. x>0
0.
x<0 AN
r’x.'|l \\
/o \‘
// fl,." N
/ ,-"fl \ ‘I’(x)
/ . I,-' \ __ __{ _____
V') : 0,
,--——————--:.-*'f O\ ™~ -
. v -.'i-'.'_.%" - }
) 0%
A b

Puc.4.16. K Bonpocy o pa3Hocty (a3 a5 KpaifHEero u HeHTPAIBHOIO JIyyel ¢ y4eToM
neiictBust TH3EE X < 0 () mx > 0 (0)

[Tpu ycraHoBKe JUH3BI C OKYCHBIM PACCTOSTHHEM f =bh BO3HU-

KaeT JNONOJHMTENbHAA pasHoCcTh (a3 y, =—k7f / (2b)—=-y(0)<0,

[I03TOMY CyMMapHasi pa3HocTh ¢a3 \|1’(x) CTaHOBMTCSI PaBHOI1
X

b+x’

TIPH 3TOM \u'(x)>0,ecn1/1 -b<x<0,mn \V'(x)<0,ecm/1 x>0.
Yuactok crimpanu OO, "packpyturcs" (puc. 4.16) u Tpanchopmu-

pyetcst B nyry okpyxknoct OO'.. Tak kak mmmubel gyr OO, u OO/

OJIMHAKOBB! (YMCIIO BTOPHYHBIX HCTOYHHUKOB HE M3MEHMWIIOCH), TO VIS

pamuyca R'(x) myru OO, nomnydaem:

v(x)
v'(x)

V' (x) = w(x)+v, =-v(0)-

_r.2.
[

R'(x)=R~
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Ammutyna A'(x) pasra muae Bekropa OO’ , moatomy

A'(x)=2R'(x)-sin v'(x) =2R-ﬁ-sin \V(O)-ﬁ =
:R'W(O)'bix'sz(({)g)’
rae o(x)= W(O)-ﬁ-

Tak Kak 110 ycinosuto 3agaun y(0) =37, TO 1l HHTEHCHBHOCTH
Ha OCH JIUH3bI OJTYYaeM:

2/ . 2
b sin @(x)
I1=1,- ,
b+x o(x)
3aMeTUM Harepell, YTO MOX0Kask 3aBUCUMOCTh HMEET MECTO B CIy-

yae qudpaximn Opaynrodepa Ha menu. [[puMepHbIil BUJ 3aBUCUMOCTH
I(x) mokazan Ha puc. 4.17 a. JIng cpaBaeHms Ha puc. 4.17 6 mpuBeacHA

3aBUCHMOCTB /(x) B ciyuae y(0)=157.
¥ty

e 1, =912 -1,.

Y(0=3r

” PRTAN

f(x)

y(0)=15n

— f

Puc. 4.17. Pactipenienenne MHTEHCUBHOCTH /(X)



102 OITUKA. METOIUKA PELIEHUA 347744

Pasmep H (BA0ib ocH Xx) SApKOTr0O MUGPAKIIMOHHOTO MaKCUMyMa B
(hoKaNBHOM MIOCKOCTH JIUH3BI (x = 0) MOJXKHO OIICHHTB, UCXOJIS U3 YC-

JIOBHSA (P(x12)=iﬂ', (X, — KOOpIMHATHI OMMKANUIINX K MaKCUMyMy

MHUHHAMYMOB):
2b -2b
X =—-————>0; x,=————<0;
"2 o) -2 272 Jb)+2
2
4b'% 4b-m
Hle _X2 = 5 = B 5
,,02 m-—4
— | -4
Ab

rae m=y(0)/n. Ecium =3, 10 H =2,4b; eccnu m=15, 0 H =0,27b.
C poctoM m pasmep "mATHA" CTPEMUTCS K HYJIIO 110 3aKoHy: H ~ 4b/m .

Omeem:

2 =1, 1) (et ]
“ \b+x o(x) )

3agava 4.2.6. Ilnockas MoHOXpoMaTH-
YyecKasi BOJTHA MA/IaeT Ha 30HHYIO NIACHUHKY
— DKpaH C TOCIEJOBATEIIEHO YepeayOIIH-
MHUCS TPO3PAaYHBIMM U HEMPO3PaYHBIMU
KombliaMu (puc. 4.18), mmomaan KOTOPBIX
OJIMHAKOBHI W paBHEI Sy. MccnenoBats oco-
OCHHOCTH JU(PAKIUK CBETa HA TAKOM 00b-

CKTC. Puc. 4.18. 3oHHas mIaCTHHKA
Pemenune

Ilycts neHTpasibHas 30Ha IUIACTUHKM Tpo3pauHa. Haitmem pac-
CTOsSIHME b; OT TUIACTMHKHM, HAa KOTOPOM 3Ta 30Ha i Touku P Oyner
COBMAJATh ¢ TiepBoii 3000 Dpenens (puc. 4.19).

B cootBeTcTBUH C hopMyoii (4.7):
,,12

bl =

A

re 1 =4/Sy/m — pamuyc LEHTpPaIbHON 30HBL BKIaJl B KOMILICKCHYO

b

ammuntyny U(P) monmst oT 3TOro yd9acTka ONIpeNensercss BEKTOPOM
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00, . Tak kak IUIOMmAAN BCEX KOJEI 30HHOW MIACTHHKU OJHHAKOBBI,

TO JUIsl TOYKU P OyIyT OTKPBITH BCe HeUeTHBIE 30HbI DpeHerns u 3aKkphl-
ThI Bce YeTHBIC (puc. 4.20), mosTomy

U(P) = 001 +0203 +O405 +...+02m_202m_1 5

TA€ m — YHMCIO NMPO3pPAavyHbIX KOJEll B IUIACTHHKE. Bce 3TH BEKTOPHI
UMEIOT OJHO U TO K€ HalpaBJICHHE, a UX JJIMHY MOKHO CUMTAaTh NpH-
OJIM3NUTENBHO paBHOW YJBOGHHOMY paauycy R cnmpanu ®penens (Ha-
IIOMHHM, 4TO PafuycC cIupaiu R npornopuuoHaneH /1, ).

A

h
O 0;
Os
- 5 LS.
Og
b . >
A5 O
Puc. 4.19. Ilonoxxenue Touku P orHOCH- Puc. 4.20. ®parment criupanu dpe-
TEJIHO 30HHOM IJIACTUHKH Hens
CrenoBarebHoO,
|U(P)|~2mR ,

I(P)~4m? Iy >> I,

T.€C. 30HHasd IJIaCTHHKa ,Z[eflCTByeT KaxKk CO6I/IpaIOH_Ia$I JIMH3a C (I)OKyCHLIM
pPacCcToOIHUCM f = bl .(33MCTI/IM, OOHAKO, YTO B CJIy4ac JIMH3bI TAKOI'O K€

pasMepa MHTEHCHUBHOCTH Oy/eT B T2 pa3 Gomblie.)

Ecmu mpubnmkate TOUKy HAONIONEHWS K 30HHOW IUIACTHHKE, TO
yrcno 30H Openens B npejenax MEHTPaJIbHON MPO3pavyHOi 30HBI ILIa-
CTHHKHU OyJIeT BO3pacTaTh M Uil HEKOTOPOH Touku P; mocTurHer Tpex.
A 3T0 3Ha4WT, 9TO AJs TOYKH P; mepBoie Tpu 30HBI DpeHemnss OTKPHITHI,
CIIEYTOINeE TPU — 3aKPBITHI, U T.1I.

U(P3)2003 +O6O9 +012015 +....

Touky P; Taxke Ha3pIBarOT (HOKYCOM 30HHOW TUIACTUHKH:
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2
PR
b
3n 3
OAHAaKO MHTCHCHUBHOCTBH CBC€TA B TOUYKEC P3 6yz[eT MCHBLIIIEC, YEM B IICPBOM

hokyce.
[lpu panpHeimem npuOMIKEHHH TOYKM P K 30HHOM TUTaCTHHKE

MOYKHO OOHApYXUTh U ApYyrue GOKYCHI, U1 KOTOPBIX LIEHTpaIbHAas 30Ha
IUTACTUHKHU OTKPHIBAET HEUYETHOE YHCIIO NEPBbIX 30H DpeHers:

f
=—2  m=12,..
I 2m—1

3agaua 4.2.7. Ha paccTossHUM a OT TOYEUHOI'O MOHOXpOMAaTHue-
CKOTO HCTOYHHMKA CBETa PACHOJIOXKEH HENPO3PadyHbI JKpaH C y3KOH
mienpl0 MUpHHON d<<a. JudpakiHOHHYIO KapTHHY HAOIIOAalOT Ha
9KpaHe, KOTOPBIH HAXOJUTCS 3a LIeIbI0 Ha PacCTOSIHAN b=a.
1) IIpm kakoii JJIMHE BOJHBI A UCTOYHHUKA B LIEHTPE KapTUHBI OyIeT
HanOoJiee UHTEHCUBHBIH MaKCUMyM?
2) UeMy paBHO OTHOIIEHHE MHTEHCHBHOCTH B LIEHTPE KapTUHBI U
Ha rpaHULIE TEOMETPUIECKOMN TeHN?
3) Kak u3MeHHTCS MHTEHCHBHOCTH B LIEHTPE KapTHHBI, eciu b
YMEHBITUTH B JIBa pasa?
Pemenue
Cxema dKcriepuMeHTa NokaszaHa Ha puc. 4.21 (Py— HCTOYHHK CBe-
Ta, P — ieHTp nudpakuoHHON KapTHHBI, A| U A, — TPaHUIIEI meaH, P; —
rpaHHLla TEOMETPUYECKOW TEHU Ha DKpaHe, & — KOOPAMHATHI TOYEK B
TJIOCKOCTH TIEITHN ).

g
= V7.
Po P
A [z
a ) v 0 TTm P,

Puc. 4.21. Cxema sxcniepumenTa
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Jis HaxoxXIeHus aMIUIMTYZAbI ot B T. P, kak u npu paccmorpe-
HUH TUQPPAKIUK HAa KPYTJIOM OTBEPCTUH, pa300beM IIeNb Ha paBHBIE IO
TUIOLIA/I TIOA30HBI B BHJIE Y3KHX OECKOHEYHO JJIMHHBIX TOJOCOK OJH-
HAKOBOM MIMPHUHBI AL,

B sTOM citydae BEKTOpBI, XapaKTEepU3YyIOLINe BKIA KaKI0H HOA30-
Hbl B KOMIUIEKCHYIO aMIUIUTyAy 10 B T. P, OyayT uMeTh OJMHAKOBYIO
JUIMHY, OJHAKO Pa3HOCTh (a3 AJsi COCEAHUX MOJ30H yxKe He Oyner ol
HOH M TOH Xe, KaK 3TO ObUIO IpH pacdere JU(pakIyyu Ha KPYyIJoM OT-
BEpPCTHH. DTa Pa3HOCTH (a3 OyaeT MPaKTHIECKH paBHA HYIIO JJIS TOJI-
30H, OJHM3KUX K IIEHTPY LIETH, ¥ PacTeT Mo Mepe yAaleHus oT Hero. B
pe3yJbTaTe BEKTOPHAs IUarpaMma uMmeeT Buj cnupanu (puc. 4.22), Ha-
3pIBaeMoid cnupanvio Kopuro. C nomonisto cimpanu KopHio focrarouno
IPOCTO PAaCCYMTHIBATH PACHPEAETICHUE OIS HE TOJIBKO IIPU JU(PpaKIuu
®peHensd Ha ILeNH, HO U Ha Kpae dKpaHa, IPOBOJIOKE.

> (i)) =15 B

07 e

06 P
05 A(Cs” \

04 N/
03 o

02 //
01 5 /A

AV ,

jN
=
N
N
O3]
N
)]
)]
]
(o]

8 -07 05«45 -04 -03 -02

AN

o N

™
N
5

D

|y
D

D

N ¢ B

D

&S
%

Puc. 4.22. Cnupans Kophio

Crmpans KopHro 3amaercss B mapaMeTpu4eckoM BHJE C MOMOIIBIO
unmezpanoe Ppenens:

C(co)zi(ijcos[%tzjdt,
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(]
S(w)zjsin(ﬁrzjdr ,
0 2
rae ® — mnapamerp crmpanun KopHio (000CHOBaHHOCTH MPUMEHEHUS
9THX QopMyT A TUPPAKIUH B JAaHHOM CIIydae MOXXHO HATH B JHTe-
partype). MnTterpansl @peHens He MOTYT OBITh BBIYMCIICHBI aHAIUTHYE-
CKH, JUISl HUX CYIIECTBYIOT TaOJIHIIBI.

Crupans KopHio ctpoutcs cienyrommmM oOpazom. B kauectse ne-
KapTOBBIX KOOpAMHAT OepyTcs 3HaueHus: uaterpanoB C(m) u S(w). Bei-
Oupaercsi IPOU3BOIBHOE 3HAYEHUE (), BBIUUCIAIOTCS 3HAYCHUS HHTE-
rpaoB @peHenst, TeM caMbIM HaXOIUTCS TOUka ¢ koopauHaTtamu C(m) u
S(w), koTOpas u siBIsETCA TOUKOH Ha cnimpanu. [lapameTp © nzMmenser-
sl Ha Bcel unciioBoil ocu. ITockonbpky

C()==C(=0) =35 (o) ==5(==) -

totoukn O w0~ ¢ KOOpIWHATAMH l,l H (—l,—l SIBJITFOTCS
22 22

goxycamu cnmpanu Koparo. Kak Bunno u3 puc. 4.22, cnupans KopHro
MPOXOANT 4Yepe3 Hadallo KOOPAMHAT W aCHMMETPHUYHA OTHOCHUTEIHHO
obenx oceil. OHa MMeeT ABE BETBU (ITOJIOKHUTEIBHYIO M OTPHIATEIIb-
HYI0), K&XJ1asl U3 KOTOPBIX BBIXOJIUT U3 Hayalla KOOPJUHAT ¥ MPUXOTUT

Tak kak crupanb o0pa3yeT BEKTOPbHI, COOTBETCTBYIOIINE BKJIaJ[aM
OT COOTBETCTBYIOIIUX IOJ30H, TO JUIMHA y4YacTKa CIIUpald OT Hadaia
KOOpJIWHAT 10 JII000H ee TOYKH MPOIMopIHOHAIbHA KoopauHaTe & (CM.
puc. 4.21) B iockoctu 1meian. MoXHO Toka3aTh, YTO Oe3pa3MepHBIT
IapameTp ® paBeH JUIMHE Y4YacTKa CIHUPaJIA, OTCUUTHIBAEMOM OT Hadaja
KOOPJIMHAT, TIPH 3TOM OH CBSI3aH C KOOPJIUHATOU & CIEIYIONMM COOT-
HOIIIEHHEM (BBIBOJ] 3TOTO COOTHOIICHHS MOKHO HAalTH B IUTEpPAType):

(4.12)

1) s HaXxOK/eHHsI aMILTHTYIbI TIOJIST B LEHTpe AU(PPAKIIMOHHON
KapTUHBI TIOCTYNAIOT CIEAYIOMUM 00pa3oM. [k W3BECTHBIX 3HAUYCHHH
koopauHat & u &, Touek A; u A, Ha Kpasx menu no dopmyne (4.12)

HaxoZsAT COOTBETCTBYHOIIME 3HAYCHUS MApaMETPOB ®; U ;. ,Z[J'II/IHa
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BEKTOpa, COCOUHSIOLIEIO 3TM TOYKH Ha CIHpaIH, MPONOPIUOHAIbHA
aAMILTUTYJIE TIOJISl B IEHTPE TUPPAKIIUOHHON KapTHHBI.

o ycnoButo 3aaun B ueHTpe AUPPaKLIMOHHON KapTUHBI Hanboee
WHTEHCUBHBIN MakcumyM. U3 puc. 4.22 crmemyer, 9TO B 3TOM Ciydae
Kpast e J0JDKHBI COOTBETCTBOBATH ToUkaM B u B' Ha crimpanu Kop-
HIO ¢ KoopauHatamu o; ~*—1,25 u ®, ~1,25. Tak xak & =-d/2,

&, =-E =d/2, a=b, 10 u3 dopmysi (4.12) nomyunm:

2 2 2 2
xzz.(lJrlj. 153 :f[ij 164 :0,64d_,
a b ™, a \ 2,5 25a a

2) B otnuune ot cnimpanu @penens, cnupaib KopHio mo3BoisieT
HaXOJUTH I0JIe B IIOOOH TOUKe IU(pakKUMOHHON KapTuHBI. Halimem mo-
Jie B TOUKE P}, COOTBETCTBYIOIIECH TPaHUIIE TEOMETPHUICCKON TeHU (pHC.
4.21). CoenunuM Touku Py 1 P U HalaeM TOYKY INepecedeHus: 3TOoi
OpsSIMON € TUIOCKOCTBIO IIENH (B JaHHOM cliydae 3TO OyAer Touka A;).
Tak kak d<<a,b, TO MOXXHO CUMTATh, YTO NpsiMas PyP; meprneHnuKy-
JsIpHA TUIOCKOCTHU IIEJH, [IO3TOMY pa30HeHHe Ha MOJ30HBI U IOCTpOe-
Hue cnupanu KopHio crieayer HadaTh UMEHHO OT TOYKH NEpPECEUEHMS
A,. C 3T0#l TOYKOW MOXKHO COBMECTHTh M Hauano KoopAauHaT ocu OE,
T.e. £,=0. Torna HOBbIE 3HAYEHNS KOOPAUHAT KpaeB Lieau OyIyT paBHEI
cootBeTcTBeHHO &1y =0 u &=d, a cnegoBarensHo o, =0 u

®y, =2m, =2,5. (OT™METHM, YTO M), —®, =® — O, T.K. YUCIO OT-
KPBITHIX TIOJJ30H OCTAJIOCh HEM3MEHHBIM. )

W3mepuB IuHENKOHN UIMHBL OTPE3KOB OT o) ~—1,25 mo o, ~1,25
uor o,=0 10 o, ~2-1,25=2,5, xoTopele NPONOPUUOHAIEHBI aM-

TUTMTY1aM TI0JIA B TOukax P u Py, IUIsl OTHOIIEHUS] HHTEHCUBHOCTEH T10-
TyYUM:

ITHz (0.41)* ~0,17.

3) Eciu b, = a/2, To cOOTBETCTBYIOLIAs KOOPAUHATA ® Ha CIHpa-
JI1 MOKET OBITh HalifieHa ¢ TOMOIIEIO (4.12) 13 OTHOIICHMS:

—r = [T =1,5=1,2; o'=<12-125=15.
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W3mepuB anuHbl OTPE3KoB OT o) #—1,25 mo ®, =125 u or
03 = —-o'~-1,5 no Wy = ®' ~1,5, KOTOpbIE MPOMOPIIMOHATLHBI AMIUIH-

TyJaM TIOJIS B IIEHTPE KapTHHBI, Ui OTHOIICHUS MHTEHCHUBHOCTEH TO-
TyYUM:

I'/1~(0,89)" ~0,78.

2 '
1
Omeem: 1)\ =0,64d— ;2) 7“z0,17; 3)17z 0,78 .
a

4.3. 3agauu 1J151 CAMOCTOSITEILHOIO PelieHus!

3apaua 4.3.1. Ilnockass MOHOXpOMaTHYECKash BOJHA MaJaeT HOp-
MaJIbHO Ha HEMPO3PayHBIA SKpaH C OTBEPCTHEM pajuyca r, KOTOpOe OT-
KpBIBaeT 1 TOukH HabmoneHus P nepsyro 300y @penens. Kak cinemy-
€T U3MEHUTh PaJNyC OTBEPCTHS, YTOOBI B Touke P HaOmronancs: a) mep-
BBIil MUHUMYM; 0) BTOpOil MAKCUMyM?

Omeem: yBEIUYUTH JIO Q) 2 ; 0) 3.

3apaua 4.3.2. Ilnockass MOHOXpOMAaTHYECKash BOJHA MaJaeT HOp-
MaJbHO Ha HEMPO3PAvHbIA AWCK, 3aKPBIBAIOIIUIN IS TOYKU HaOIOJIe-
Hust P nepsrie Tpu 30HbI @penens. Kak W3MeHUTCS] MHTEHCUBHOCTH B
Touke P, ecru paccTosiHME 1O TUCKA: a) YMEHBIIUTE B TPU pasa; 0) yBe-
JUYUTH B J1Ba pa3za?

Omeem: He N3MCHUTCS B 000UX CITyJasiX.

3agaya 4.3.3. ToueuHslit HCTOYHUK Py MOHOXpOMaTHYECKOTO CBETa
C JUTMHOM BOJIHBI A HAXOAWTCS HA PACCTOSHUU ¢ TIEpe] HelPO3padHbIM
SKPaHOM C KPYTJIBIM OTBEPCTHEM, a TOYKa HaOmoeHus P — 3a axpanom
Ha pacctogHnu b. Kakum momxeH ObITh MHHMMABHBIN pagmyc OTBEp-
CTHS, YTOOBI HHTEHCHBHOCTh B TOUKe HabroeHns Oblia TaKoi ke, Kak
U B OTCYTCTBHUE dKpaHa?

Omeem: hearb .
3 (a + b)

3anaua 4.3.4. [luck U3 cTeKia ¢ moka3aTeleM NpPeJOMIICHUS 71 3a-
KpBIBae€T BHYTPEHHIOI MOJIOBHHY (10 TUIOIIAAN) TiepBOi 30HBI DpeHe-
ns. [Ipm xakoi TommuHe d MUCKAa OCBEUICHHOCTHh B IEHTPE KapPTHHBI
OyJeT MUHUMAIIbHOM?
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A (7/4+m)

n—

Omeem: ,m=01,2,...

3agaya 4.3.5. [1nockasd cBeToBas MOHOXpOMAaTHY€ECKas BOJIHA C MH-
TEHCHUBHOCTBIO [/, MaJaeT HOPMAJIbHO HA JOCTAaTOYHO OOJBIIYIO CTEK-
JSHHYIO TUTACTHHKY, Ha 33/IHEH CTOpPOHE KOTOPOH cAenaHa KpyrJias BbI-
emka. s Touku HaOmroneHus P paguyc BEIEMKH paBeH paauycy Iep-
BEIX monryTopa 30H ®Ppenens. Kakoe MuUHMMaibHOE 3HAYEHHE HHTEH-
CHUBHOCTH MOXHO TIOJTYYUTh, U3MEHSS TTTyONHY BBIEMKH?

Omeem: (\5—1)2 Iy ~0,17-1,.

3agaua 4.3.6. InTeHCUBHOCTH CBETa B TOUKE P B OTCyTCTBHE Ka-
KUX-TH00 TpensaTcTBUi paBHa [,. Ha myTu cBeTOBOrO Iyuka CTaBsT
KOJIbLIO, BHEUIHUI Kpail KOTOPOIrO COBMNANAET C KpaeM IEpPBOM 30HBI
Openens nus Touku P, a muiomanb Kosblia paBHA MOJOBUHE ILIOIIATU
niepBoi 30HbI Openensi. BepxHsis mojloBUHA KOJIblla ClieflaHa U3 HEMpo-
3pavyHOro Marepuala, a HIXKHsS — U3 MaTepuaia, BHOCSILErO JOMOIHU-
TETHHYIO Pa3HOCTh Xona A/2. HaiT HHTEHCHBHOCTH CBETa B TOUKe P.

Omegem: 2,5-1.

3anaua 4.3.7. Ilnockass MOHOXpOMAaTHYECKasi BOJHA MajaeT HOp-
MaJIBHO Ha HEMPO3PauHBIA 3KpaH C KPYTJIbIM OTBEPCTUEM, OTKPBIBAO-
M TSI TOUKY HaOronennst P mepBeie Tpu 30HBI @perens. Kak m3me-
HUTCA MHTCHCHUBHOCTH B TOYKC P, €CJIn B OTBEPCTUEC BCTABUTH JIMH3Y C
(hOKYCHBIM PacCTOSIHHUEM, PAaBHBIM PACCTOSHUIO OT OTBEPCTHS J0 TOUKH
P?

Omeem: yBEIUIUTCS B 97r2/4 pas.

3amaua 4.3.8. Ilnockas cBeroBas BOJHA IagacT HOPMAJBLHO Ha
Kpyrioe orBepctue. Eciiu yBennunBaTh paguyc OTBEPCTHS OT HYJIEBOTO
3HAUEHHUS 10 ¥, UHTEHCUBHOCTb CBETa B TOUKE HAOIIOAEHUs BO3pacTa-
€T J10 3Ha4eHus [, paBHOrO MHTEHCUBHOCTHU NaJalOLIEro U3IyYeHUs B
oTcyTcTBHe mpensarcTus. Haiitu Onmxaiiinee k 7, 3HaueHue paauyca r
OTBEPCTHS, PH KOTOPOM HHTEHCHBHOCTH B TOYKE HAOIIOICHWS BHOBb
OKAQXETCS PaBHOU [ .

Omegem: r = 1;, J5.



110 OITUKA. METOIUKA PELIEHUA 347744

3apaua 4.3.9. ToueuHbIli MOHOXPOMATHUECKH UCTOYHUK CBETA U
TOYKa HAOJIOACHUS HAXOAATCS Ha OJMHAKOBBIX DPACCTOSHHAX d IIO
pasHble CTOPOHBI OT HEMPO3PayHOro JKpaHa C KPYIJBIM OTBEPCTHEM,
OTKpBIBAIOIIMM IS TOYKH HaOmoneHust m 30H OPpenemst. Kak
WU3MEHHTCS YHCIIO OTKPBITHIX 30H DpeHens, eciy 3KpaH NepeBUHYTh B
HanpaBJI€HUU UCTOYHHUKA Ha pacCcTosHUE a/27?

Omeem: yBennuntcs B 4/3 pas.

3apnaua 4.3.10. Ilnockas MOHOXpoMaTH4YecKash BOJHA TaaaeT
HOPMAJIbHO Ha Y3KYIO JJIMHHYIO I1eNb. B 1ieHTpe TudpakimoHHON Kap-
THHY, HaOIfoaeMol Ha dKpaHe, PacHoJIOKEHHOM Ha PacCTOSHUH b OT
IUIOCKOCTH ILEJIH, HAXOIUTC HaubOoee TiyOookuit MuHumMyM. Ha kakoe
PacCcTOSHUE U B KAKOM HAINpPaBJICHUU CJICIyeT MePEMECTUTh IKPaH, UTO-
OBl B IIEHTPE KAPTUHBI OKa3ajcs HanboJee HMHTEHCUBHBIA MaKCUMyM?

Omeem: Ab=5>b

max

2
~b=b- (‘”m—mj ~1[>0, rae o, ~1,25,

O‘)max

(Dmin ~ 1,9 .

Jluteparypa

1. Jlanocoepe I'.C. Ontuka. — M.: @®usmarnut, 2003, rnasa VIIIL.

2. Cugyxun J[.B. O6mmii xypc ¢m3uku. Ontuka. — M.: Hayka,
1980, §§39 -43.

3. Mameees A.H. Ontuka. — M.: Beicmr. mik., 1985, §§31,32.

4. bymuxoe E./. Ontuka. — M.: Beic. mk., 1986, §§61,62.

5. Tunsoype B.JI., Jlesun JI.M., Cusyxun /[.B., Yemsepuxosa E.C.,
Aroenes U.A. CoopHUK 3a7a4 110 oOmiemy Kypey pmsuku. B 5 1. Ka. IV.
Ontuxa/ [Ton pen. J.B.CuByxuna. — M.: ®U3MATIIUT; JIAHb, 2006,
§4.

6. COopHUK 3a/1a4 110 001IeMy Kypcy dusuku: Yuebd. mocooue: s
By30B. B Tpex wactax. U. 2. DnekrpudecTtBo u MaraHetusMm. OnTuka./
ITox pen. B.A.OBunnakuHa. — M.: M3a-80 MOTH, 2000, §6.

7. Upooos U.E. 3anaun no obmeit ¢pusuke. — M.: BMUHOM. Jla6o-
paTtopus 3HaHui, 2006, §4.3.

8. Unvuuesa E.H., Kyoesapos [0.4., Mameees A.H. Metonuka pe-
menuns 3ana4d ontukw/ [lox pen. A.H.MarseeBa — M.: M3n-Bo Mock. yH-
Ta, 1981, paznen V.



. 5. Jugpaxuus Ppayuzodepa 111

I'maBa 5

JUDOPAKIIUA PPAYHI'ODPEPA

5.1. TeopeTnueckoe BBeAeHNE

Hudpaknmio cBera B ganbHEH 30HE, T.€. HA TAKHX PACCTOSHUAX OT
00beKTa, KorJa A TOYKH HaOJroIeHHs OTKPHITO MEHee OIHOM (mep-
BOi1) 30HBI DpeHens, Ha3bIBAOT Jugpaxyueii Opayneogepa. OTnun-
TEeTBHOW 0COOCHHOCTRIO mudpaknmu DpayHrodepa SBISCTCS YCTONIH-
BOCTb YIJIOBOTO pacmpelelieHHss UHTEHCHBHOCTH B moiie Audparupo-
BaBIIIErO CBETA. B 3TOM CBA3M OOBIYHO UCTONB3YIOT COOMPAOIIYIO JTUH-
3y, B (DOKaTBHOM IUIOCKOCTH KOTOPOW M HAOMIOMAI0T MU(PaKIHOHHYIO
KapTUHY.

IycTh mockass MOHOXpOMATHYECKAsI CBETOBasl BOJHA C JUTUHOM A
najzaeT HOpMajJbHO Ha SKpaH, B KOTOPOM BBIpE3aHa y3Kas ONUHHAS Welb
HIMPHHBI b ¢ MPSIMBIMH TapajUiebHBIMU TpaHuiiamMu (puc. 5.1). Pa3zo-
0beM MPOCTPAHCTBO MIEH HA N 3JIEMEHTaPHBIX JUTMHHBIX MTOJIOCOK OJTH-

HaKOBOM 1upuHsl dx =b/N . Kax-

IyI0 U3 TaKUX IOJIOCOK MOXKHO pac-
CMaTpuBaTh KaK HMCTOYHHK BTOPHY-
HBIX (LMIMHIPUYECKUX ) BOJH.

Bxiag B KOMIUIEKCHYIO aMILIH-
Ty[ay IO B TOUKe HabOmronenus P (B
(hOKaTBHOM IUIOCKOCTH JIMH3BI) OT i-
0if mojocku OyneT M300pakaThCcsl Ha
— KOMIUIEKCHOH IUIOCKOCTH BEKTOPOM
dA;, AnMHA KOTOPOTO IPOINOPIHO-

HaJbHA MPOU3BEICHUIO aMILTUTYIbI
Ha,I[aIOI_Heﬁ BOJIHBI Ha HIUPUHY II0-
Puc. 5.1. HaGmonenne mudpaxumn  JOCKH dx (puc. 5.2). Ilpu atom pas-

®paynrodepa Ha WEMH ¢ TOMOWEBIO  HOCTh (a3 d\y MEXIy BOTHAMH, H3-

coOuparomei JTMH3bI
JIydaeMbIMU COCCIHHUMHU TI0JIOCKaMH

MOJ YIJIOM ¢ K HalpaBlICHUIO Ta-
JTAIOIIel BOJIHBI, OyJeT paBHa
dy=k-dx-sing, 5.1
r/ie kK — BOJIHOBOE YHCIIO.
KommexkcHas aMmmuTyaa noss A((p) paBHa CyMME BEKTOPOB:
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A(o)= ZdAi :

B nentpe mudpakimoHHON KapTHHEI ((p = O), KyJla BTOPUYHBIE BOJIHBI

MpUXOAAT B oxHOW (asze(puc. 5.2, a), Mmoxayns Bekropa A(0) makcuma-
JIeH, a ero 3HaueHHe MPOTOPLUHUOHAIFHO aMIUTUTYAE Malarolled BOJIHEI
Y IIMpHUHE 1enu b.

L dAl dAi ]

0
Ay a

dA;
Alp)
dA;
YW

0 da,
0 dai

0 8
Puc. 5.2. BexropHbIe OMarpaMMbl: g — Ui LEHTpa AU(PPAKIMOHHOH KapTHUHBI
((p = 0) , 0 — I yriia audpaxkuuu ¢ , 6 — A HaIpaBJIeHUs ¢, Ha IU(PAKIHOH-

HBIA MUHUMYM m-T0 NopsaKa

Jns yrna qudpakuun ¢ KaxIslid U3 OIUHAKOBBIX IO JJTMHE BEK-
TOpoB dA; OyAeT MOBEPHYT OTHOCHUTENBHO IPEIBIAYINEro BEKTOpa Ha
OIIMH | TOT ke yron dy (puc. 5.26). B pe3ynprare momyduBmiasics e-
MOYKa BEKTOPOB 00pa3zyeT AyTy OKPY>KHOCTH, AJIMHA KOTOPOW MpHMEp-
HO paBHa Ay, a yroa \y MeX1y KpaiHUMH BEKTOPAMH PaBEH

y=k-b-sing. (5.2)
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Xopaa, CTAruBaroIiasi MOJIY4MBLIYIOCS Oyry, U OyAeT SBIATHCS
KOMIIJIEKCHOM aMIUIUTYAO0M MO A((p). U3 puc. 5.20 HECIIOXKHO MOITY-

YUTH BBIPAXXCHUE IJId aMIJIUTY IbI:

Sin(kbsin(p)

i 2

A((p):2R~sin(\y/2)=2%'Sin(\lf/2):AO'Sm\j(/\/VZ/):AO' kbsmz(p :
2

ITockonbKy MHTEHCUBHOCTH cBeTa [ ~ AZ, TO
[(@)zl(o)sincz[nm%j. (5.4)

I'padmk 3aBucumoctu [/ ((p) nmokaszaH Ha puc. 5.3. B nenrpe nudpaximu-
OHHOHNl KapTHHBI MHTEHCUBHOCTH [ (0) MaKCHMalbHa W TPOIMOPLHO-
HallbHA KBajpaTy wupuHbl wemn. Oyukius /(@) obpamaercs B Hylb

IpU YCJIOBUH
. A
SN, =+m—, (5.5)
b
KOTOPOE COOTBETCTBYET 3aMBIKAHUIO JyTd (PUKCHUPOBAHHOM JUIMHBI A
B OKPY>KHOCTB HOCJIE 711 000POTOB, IIPHU 3TOM PAa3HOCTh (pa3 MeXIy BOJI-
HaMH, MOyIIUMHU OT KpaWHHX TOYeK LIeNu, paBHA Y, =27m (CM.

puc. 5.26).

sing

\h\-//-\\ T T T 1
B A 0 A 2v 3
b b b b b b

Puc. 5.3. 3aBucumocTs MHTEHCHBHOCTH [ (sing) 1pu nudpaximu Ppayrrodepa

Ha IS
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[Mpn nudpakuy MIOCKOH BOIHBI C IJIMHONW A U HHTEHCUBHOCTBIO /)

Ha Kpy2iom omeepcmuy pagmyca R, yIiIoBoe pachpeneieHne HHTSHCHB-
HOCTH TIOJIS 32 OTBEPCTHEM B JAJLHEH 30HE OMUCHIBACTCS (POPMYJIION:

I(o)=1 (0){‘“(5;—%} : (5.6)

rae J; — dynkius beccens nepBoro nopsjaka, a [ (0) ~ IonRz. Yanosoti

paouyc UEHTPATbHOTO AH(PPAKIIMOHHOTO MaKCHMyMa B 3TOM CITydae
paBeH
A
Ay =0,61—. 5.7
R
[Ipu HOpMaTBPHOM MaJIEHUH IJIOCKOH MOHOXPOMATHYECKOM BOJHBI Ha
Oughpakyuonnyo pewiemky 3aBUCUMOCTh HHTEHCHUBHOCTH OT yIJia (0 B

JanbHeil 30He AU(PaKIME UMEET B
. 2 . 2
sinu sin No
I(o)=1, - . . 5.8

((p) O(uj(sinéj (>-8)
Bnece u = (kbsing)/2 =(nbsin@)/A; &= (kdsing)/2=(ndsing)/\ ;
b — mpuHa menu; d — nepuos pemeTku; N — YHCIo 3aJeHCTBOBAHHBIX
WITpUXOB (1Ieneii); /, — MHTEHCHBHOCTh B [IEHTPE KAPTHHbI, €CIA OTKPHITA

TOJBKO ontHa 1iensb. ['paduk 3aBucumoctu [ ((p) O0Ka3aH Ha puc. 5.4).

1

sing@

AN

0 2 A

g b

Puc. 5.4. 3aBucumocts nHTEHCHBHOCTH [ (sing) Tipu audpaximm OpayHrodepa
Ha Tu(PaKIHOHHON pemeTke ¢ N=3 mensiMu.

3amMeTuM, 4TO IOCKONIBKY [ ~ b*, 1o I(p=0)= N210 ~ (Nb)2 .
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5.2. 3aga4u ¢ pemieHUsIMHA

3agaya 5.2.1. OqHy MONOBUHY JUIMHHOHM Y3KOH IENW IMPHHOW b
MEePEKPHIBAIOT TOHKON MPO3PAuYHON TMJIACTHHOM C IMOKa3aTeyieM MpeaoM-
JeHust n. B pesynbraTe MHTEHCHBHOCTH CBETA B IIEHTPE MU(PPAKIUOH-
HOW KapTUHBI YMEHbIIaeTcs B 1Ba pasa (puc. 5.5.). Haiitu Tonmuny d
IUTACTUHBI 1 HHTEHCHUBHOCTH CBETA B HANPABJICHUSX, COOTBETCTBYIOIINX

HaIlpaBJICHHUAM Ha ,Z[I/I(bpaKI_II/IOHHBIC MHWHHUMYMBI B OTCYTCTBUE ILIIaCTH-
HBEI.

Pemenue
Ilpu HaMUYMKU CTEKJISSHHOW IJIACTHHBI BOJHBI OT MEPEKPHITHIX €I0
BTOpI/I‘-IHI)IX HNCTOYHHUKOB HUCIIBITHIBAKOT )Z[OHOJIHI/ITCHBHYIO 3a)1ep>i<1<y 110

thaze Ha & =kd (n - 1) . CnenoBarensHO, 1 yriaa audpakauun ¢ =0 Ha

BEeKTOpHOU auarpamme (puc. 5.6) Bexktop O;0,, paBHBI MOJIOBUHE BEK-
topa O0,, cienyeT MOBEpHYTh HA YTOJ § MPOTHB YaCOBOM CTPEIKH.

Tak kak 1Mo yciaoBuio 3aaaud [ ’(q):O):IO /2, TO B LIEHTpe KapTHUHEL
aMIUIMTY 1A TOJsl TOJDKHA OBITH B V2 pa3 MeHblle, 4eM B ciydae 0e3
'

IUIACTHUHBL, T.€. AnuHa Bektopa OO0, B V2 pa3 MEHbIIIE AJMHbBI BEKTOpa

00, . U3 puc. 5.6. BUIHO 4YTO,

6=£+nm,
2

) 1+2m
d= = 2 (m=0,1,2,..).
=) anop) e (m=02)

|
|
- e — = 4 !
£ |
— . 1
/ ’ k. B
£ d ol -
0, o »
i N\ 0 0 0,
Puc. 5.5. Cxema HabmroneHus Audpakuum Puc. 5.6. BekrtopHas auarpamma Aais
Opaynrodepa Ha menn yrina audpakuun ¢ = 0

IMo aHamoruu JUisi MPOU3BOJILHOTO yriia AUGPAKIHUKA ( HAa TAKOW IKe
yron & cieayer nmosepuyTh Bektop 0,0, (puc. 5.7a, 6), npu 3TOM Ju-
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(hpakIMOHHAsT KapTHHA OKAXETCS HECUMMETPUYHOW OTHOCHUTEIILHO
(puc. 5.7a cooTBeTCTBYET ciy4daro ¢ >0, puc. 5.76 — cmydaro ¢ <0).

B oTcyTcTBHE TUTaCTHHBI 1S HANIPaBIEHUI Ha MEPBBIA AUQpaKIy-
OHHBIH MHUHHMYM (sin@.) =+A/b) BeKTOpHas AuarpamMma MMeeT BHJ
OKPY>KHOCTH, JJTHHA KOTOpOH paBHa jymHE BekTopa OO, Ha puc. 5.6, u,
CIIEZIOBATEIHHO, MPONIOPIMOHANBHA aMILIHTY/IE TIOJISI B IEHTPE KAPTUHBI
A, . Ilpn Hanu4My IUIACTHHBI, KaK BUAHO U3 PHUC. 5.76, aMIIIATY 1A TIOJIA

paBHa
4, = 2\/§R1 >

rae R :2ﬁ —paanyc OKpPY>KHOCTH BEKTOPHOW nuarpammbl. J[ns wH-
T

TEHCUBHOCTH [, nomyuum: [, = Ail =8R12 =21, / .

000,

8 2

Puc. 5.7. BekTopHble nuarpaMMbl: JJsl TIPOU3BOJIBHOTO yria auppakiuun ¢ >0 (a) u

¢ <0 (6), a5t HaTIPaBIICHUIA Ha TIEPBBIH (6) U BTOPO# (2) ANPPAKLNOHHBIH MUHUMYM

Jns  HampaBneHWH Ha BTOPOH IUPPAKIUOHHBIE MHUHHUMYM
(sin Qiy = iZ(k/b)) aMIUIATY/A TIOJISI OCTAeTCs paBHOM HYIIO, TaK Kak

Ha BeKTOpHOU auarpamme Touku O, O; u O, coBmagatot (puc. 5.72).
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AHaNOrnu4yHo, U1 BCEX HOCIEAYIOINX HEYETHBIX «MUHUMYMOB
(m — HOMEp MUHUMYMA):

21
Iim :A‘_%m :8R31 :—02’
(mm)

a Juist BeeX YeTHbIX /4, =0.
21,

2 b
mT

Omeem: 1., = €CJIU 11 — HEUETHOE;

1., =0, eciu m —ueTHOE.

3anaua 5.2.2. IIpu BeIBoAe (opMyn, OMMCHIBAIOMIMX IUPPAKIUIO
OpayHnrodepa, 00BIYHO paccMaTpuUBalOT (GopMUpoBaHuE AUPPaKIHOH-
HOW KapTHUHBI B (JOKAIFHOW TNIOCKOCTH cobuparorieii TuH3bl. OHAKO B
peaNbHBIX JKCIEPUMEHTaX 3adacTyio obxomarcs Oe3 Heé. Ha kakom
paccrossHUM OT 00beKTa (IIeNb, OTBEPCTHE) CIIeAyeT YCTAHOBUTh YKPaH,
yToObl AU(PAKIMOHHAS KapTHHA Ha HEM OIMCHIBAJIACH TeMHU ke (op-
MyJIaMH, KaK U B ClIydae C JIMH30H?

Pemenne

PaccmoTpuM mudpakuuio MiIOCKOW MOHOXPOMAaTHYECKOW BOJHBI,
HanpuMep, Ha y3Ko# menu. Eciam i nomydenus andppakunoHHON Kap-
TUHBI HCTOJNB3YyeTCs COOMparomias JHH3a, TO JY4YH OT BTOPUYHBIX HC-
TOYHHKOB HPUXOIAT B POKyC JUH3EI B onHOH (aze. Ecnu nun3y yOpath,
TO PAa3HOCTh XO0Ja Ul LEHTPAJIBHOTO U KpaiHero Jry4deil OyaeT paBHa

2 2 2
dsy = |[L* + L ) PP A —Lzb—,
2 2\ 2L 8L
rae b — mmpuHa menu, L — paccTosTHUE OT IIeNd 0 dKpaHa (puc. 5.8).

[IpuHsTO CUMTATh, YTO AMIUIUTYJIA TIOJS B IICHTPE KApTHUHBI U3MeE-
HHUTCS Majlo, €CIM Pa3sHOCTb XOJa dSy CYIIECTBEHHO MEHbIIE JUIMHBI

BonHbl A. Tak, Hanpumep, ecmu ds,=A/8, TO CIPaBEIUBO COOTHO-
menne b < \/H = R;, rae R, — paauyc nepsoii 3006 OpeHelns.

JU1st IpOU3BONIBHOTO yIila AUGPAKLMU @ Pa3sHOCTb Xozxa As, ((p)
MEXAY KpallHUMH JIy4aMU IIPY HAJIM4YKMK JIMH3BI paBHA

Asg ((p) =b-sing.
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X
(-]2| ""I' 02 SZ___ R _..———:_—/_.'_ |P
i : _iV—L N o |

Sy

_¥ L M 0 -
O] \‘\. T
Sh.

Puc. 5.8. ®opmupopanue nuppakimon-  Puc. 5.9. K pacuery pasnoctu xoma AS()
HOW KapTUHBI OT 1NN B JaJIbHEH 30HE B OTCYTCTBHE JMH3bI

Paccuntaem passocTs xo1a As(@) B oTCyTCTBHE IHH3BI (PHC. 5.9).
Tak kak

b)Y b n h)?
S2 =82 +| = | +28,=-cos| ——@ |= SZ +| = | +S,b-sin
1,2 0 (2) 02 (2 (Pj 0 (J 0 ¢

u
ST =53 =(8,=5,)(S) +S,)=2S,b-sing,
TO
28, :
As(9)=58-8, = 5 +(392 b-sing.

C npyroii CTOpOHHI,

2 2
S12=80,/1+ b iisin(pzSO 1+l b iisin(p ,
’ 28, So 2 28, 28,

MI03TOMY

b2
S1 + Sz = ZS() +—
45y
u
28, b
As(p)=——0 — p.sing ~|1—-—— |-b-sing.
(e) 28, +b%/(45,) ( 8S§J
2 2
CuenoBarenbHo, As(@)~ Asy(¢), ecan L 190 yCIIOBHE
8sZ 8L

aBTOMATUYECKU BBINOIHAETCA IpH b <~/LA =R,.
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CrnenoBatenbHo, npubmmkerne dpayrrodepa TPUMEHNMO, €CITH
JUTS TAHHOTO L XapaKTepHBI pa3Mep 00beKTa MEHbIIE IIMPUHBI IEPBOI
30HbI DpeHers.

IIpn Hanuuuu nuH3El AUQPAKLUMOHHAs KapTHHA JIOKAJIM30BaHa B
(okanbHOI TUIOCKOCTH. B 3TOM cilydae mpu mafieHu# IUIOCKOH MOHO-
XpOMAaTHUYECKON BOJIHBI HA MPEISTCTBUE PaANyC MepBOi 30HBI DpeHes
OECKOHEYHO OOJBIION, W MPH JOOBIX pa3Mepax MPEensITCTBHA «padoTa-
e npudmmkenne @paynrodepa.

Takum 00pa3oM, UCKOMOE paccTosiHHE L ompenensercs U3 ycio-
BUSI:

B2
L>—.
A

Hanpumep, npu audpakunu csera ¢ JJIMHON BOIHBL A = 0,5 MKM Ha
00BeKTE C XapakTepHBIM pazMepoM b =100 MKM, dKpaH CIIEIyeT ycTa-
HaBJIMBaTh Ha PacCTOSIHUU He MeHee L =2 cMm, a ipu b =1MM paccrosi-
HHE L OT MpemsTCcTBUS A0 SKpPaHa JOJDKHO OBITh HE MEHee 2 METPOB.

3ameuanue. Ilpy OTCYTCTBMHM JIMH3BI PACIIpe/ie/IEHUE MO Ha K-
paHe MOXeT OBITh OIlEHEHO ¢ TMoMoIbio cimpanu Kopwio (puc. 5.10).
ITonoxxeHne TOUKU HA CIUPANIN 3a/1a€TCS TAK HA3BIBAEMBIM [1aPaMETPOM
CIIMPAJIU (, 3HAYEHHE KOTOPOI'0 PABHO JUIMHE JYT'M CIIMPAJIH, OTCUUTHI-
BaeMOii 0T Havana koopAuHat (Touka O Ha cnmpann). MoXHO NoKa3aTh
(cM. 1. 4), 4TO eciu IIMpHHA LIEIN PaBHA pajuycCy nepBoi 30HbI Ppe-
HEJIA, TO BEKTOP, XapaKTEepU3yIOIMI aMIUIMTY 1y TI0Js B LIEHTPE KapTH-
HBI, COEAMHSET TOUKU @) = —l/\/i U )= 1/\/5 (puc. 5.11a), npu
5TOM aMIUIMTY /1A 110J1s (A7AMHA BEKTOpa) MPUMEPHO PaBHA aMILIUTYJIE B

OTCYTCTBHE MPEMATCTBUS (JJIMHE BEKTOpa 00", coenunstomero ¢bo-
KYCHI CTIHPAJIH).
[lepBomy audPaKIMOHHOMY MHHUMYMY COOTBETCTBYET BEKTOD,

COEIMHAIOIINI TOYKH (M, = 1/ V2 u w3 = 3/ V2, 51 Touku pacnionara-

IOTCS Ha COCCJIHUX BUTKaxX CKPYYHBAIOIICWCS YacTH cCHHpaiu (puc.
5.116). JlnvHaa BekTOpa MPUMEPHO HA MOPSIOK MEHBIIE JIWHBI BEKTO-

paO~O" U COOTBETCTBEHHO, HHTEHCUBHOCTh MEHBIIE Ha JBA HOPAIKA,

XO0Td JIMHA y4YaCTKa CIIMpaJId Takas XKE (0)3 —Wy) =0y —M = \/E )
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Y

Puc. 5.10. Cnimpans Koparo

(M,

N A
|' - 7N
\_" )y /nJ &\ &)

(1) T},
2 6 O

Puc. 5.11. BexTopHbIe quarpaMMbl, XapaKTepU3YIOLINE aMIUINTYAbI OIS B LIEHTPE AU-
¢dpakiroHHo# KapTuHsl (a), B epBoM (6) U BTOpoM (8) audpakiMOHHOM MUHUMYyME B
cllydae, KOT/ia MIMPUHA IEeTH paBHA paguycy nepBoil 30Hb6 Openerns

BropoMy nu¢pakimOHHOMY MHHUMYMY COOTBETCTBYET BEKTOP MEXIY
TOUKAMH (03 = 3/ V2 un 0y =5/ V2, o1 Toukn pacronararoTcsi yepes
OJIMH BHTOK Ha CKpyd4HBarouielcss yactu crupanu (puc. 5.116). dnuna
3TOTO BEKTOpa 3HAYUTENHLHO MeHbIe IMHBI Bektopa O O, xoTa

JUIMHA y4acTKa CHHPAJH MO-IPEKHEMY TaKas ke (o, — M3 = V2 ). Yme-
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CTHO OOpaTWTh BHUMAaHHE Ha CXOJCTBO BEKTOPHBIX AHMArpamMM, MOIY-
YEHHBIX ¢ TToMoIIbI0 ciipanu KopHio u B xoze pemeHus sadauu 5.2.1.
2
Omeem: L > o

3apaua 5.2.3. Ilnockas MOHOXpoMAaTHuyecKass BOJHA C JJIMHON
A =0,6 MkM uHTeHCHBHOCTHIO [ = 10 MBT/cM® mamaer HOpPMaJIbHO Ha
Y3KYIO JUIMHHYIO MeIh IpruHO#H b = 60 MKkM. OIIeHUTh HHTEHCUBHOCTH
B IICHTpE AU(PPAKIIMOHHON KapTHHBI HA SKpaHe, KOTOPhIN HAXOMUTCS 3a
I1eJIbI0 Ha paccTossHuM L = 60 cM.
Pemrenue
[TockonpKy TIpH 3aJaHHBIX B YCJIOBHHW IapameTpax YHCIO OTKPHI-
ThIX 30H Dpenens
2
m= LA =0,01
AL
MHOTO MeHbIIe 1, To cnpaBeyMBo npudmmkeHne Opaynrodepa. Yrio-
BOIl pajinyC EHTPaIHLHOTO MaKCUMyMa (HYJIEBOTO TOPs/IKA) PaBEeH
Ap~A/b,
MO3TOMY IIMPHHA 3TOT0 MAaKCUMyMa Ha SKpaHe paBHa:
Ax=2L-Aop.

B emunuity BpeMeHu depes mienb (B pacueTe Ha eAUHUILY JTUHEI
IIEJTN) CBET MEPESHOCUT SHEPTHUIO

W=b-10.

Tak kak 6onee 90 MPOIIEHTOB SHEPTUH COCPEAOTOUYCHO B IICHTPAILHOM
MaKCHMyMe, TO B IEPBOM MPUOIMKEHUN

1 L\
Wz%ﬂlewp LA = Lo s

rae 1, — MHTCHCHBHOCTB B LICHTPE 9KpaHa. ( Ly, / 2 — «cpenHee» 3Ha-

YCHHUEC MHTCHCUBHOCTHU B ITpE€aAciax MaKCI/IMYMa)
Taxkum o6pa30M, AJI1 OUCHKW MHTCHCHUBHOCTU B LICHTPEC 3KpaHa

MOTyYaeM:
2

=ly-—=m-1,.
7Y

W3 momydenHo#l ¢GopMynBl clemyeT, 4TO €CiH INMPHHA IIEeNH
paBHa paguycy mepBoil 30HbI DpeHens, TO WHTEHCHUBHOCTh B IEHTPE

IKp
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JKpaHa paBHA HHTEHCUBHOCTH MAJAIOIICH BOJIHEL. JTOT BBIBOJ] COTIIACY-

eTcs ¢ pe3yJbTaTaMu, MOIyYeHHBIMU NIPU peleHnn 3adauu 5.2.2.
2

Omegem: I, =1, -aszO - 0,1 MBr/em?

3anaua 5.2.4. OueHUTh MAaKCUMAJIbHOE PACCTOSIHUE, C KOTOPOTO
eITe MOTYT OBITh BHIIHEI pa3IeIbHO CBETsIIHecs (papbl aBTOMOOWIIA.

Pemenue

['ma3 genoBeka MOXHO paccMaTpHBATh KaK ONTHYECKYIO CHUCTEMY,

COCTOSAIIYI0 W3 KPyIJIOH amadparMel (3padka muaMeTpoM d OT 2 IO

8 MM), coOmparoIiei IMH3bI (XpycTaMKa ¢ (POKYCHBIM PaCCTOSHUEM 0
2 cM) W 3KpaHa i1 HaOJIroaeHns (CeTdaTku riiaza). M3obpakeHue yma-
JICHHOTO 00beKTa (hopMuUpyeTcst BOJIU3U (HOKAIBHOM IIOCKOCTH XpyCTa-
nvka. B TpUOIMKEHHHM TeOMETPHYECKON ONTHKH YIJIOBBIC pPa3sMephI
00BeKTa 1 N300paKEHUS OJTMHAKOBEI U PABHBI:
no=2.
L

rae D— nomnepeuHslii pa3mep 00bekTa, L — paccTosHUE OT 00BEeKTa J10
rnasa. Benencteue mudpakiiuy Ha 3padke yriioBOW pasMep H300pake-
HUSI yBEITUUUBACTCSI.

Tak xak B cOOTBETCTBUH C (5.7) yTIOBOM pamuycC IEHTPAILHOTO
JTUPPaKIITOHHOTO MAKCUMyMa PaBeH

A
Ay =1,222
v d

TO Al HaOiromaTensl JBE CBETALIMECS HEKOTEPEHTHbIE TOYKH OymyT
CJIUBAThCA B OJHY, €CIIU
AB <L Ay .
Takum oOpazom, Qapbl aBTOMOOWIIS OYQYT BUIHBI Pa3leNbHO C
paccTosHUS
L<= bd .
1,22A
Hampumep, ipu d=3 mm, D =1 m u A =0,6 MKM MakCHMaJIbHOE pac-

crosuue L ~ 4 kM.
Dd

1,22A

Omeem: L <=
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3anpaua 5.2.5. JludpakmmonHoe N300paKeHHE YIaJICHHOTO TOYeU-
HOT'O MCTOYHHUKA TOIYYE€HO B (POKANBHOW IUIOCKOCTH 00BeKkTHBa. Ore-
HUTb, KaKk HM3MEHHUTCS OCBELICHHOCTh B LIEHTPE H300pakeHUs, eciu
IUaMeTp BXOAHOM nuadparMbl yBeTUYHTH B IBa pasa.

Pemenue

Tak kak B IIEHTp M300paKeHUS M3ITyYEHUE OT BCEX BTOPHYHBIX HC-
TOYHHMKOB MPUXOAUT B (a3e, TO aMIUIUTY1a TOJISA B 3TOW TOUYKE IPOIOp-
UOHAJIFHA TUIOIAAM BOJHOBOW TOBEPXHOCTH, OTKpbIBaeMol auadpar-
Mmoii. Ilpu yBenmmdeHum amaMeTpa BXOMHOHM aumadparMbl B JBa pasa
TUIOIA/Ib BO3PACcTaeT B YETHIPE pasa.

YuuThIBasi, YTO UHTEHCUBHOCTD MOJIs1 MPONOPLMOHAIbHA KBaApaTy
aMIUTATY B, JIeIaéM BEIBOJI, YTO OCBEIICHHOCTh B IICHTPE KapTHUHBI
YBEMUUUTCSA PUOTU3UTENBHO B 16 pas.

[o-gpyromy: mpu yBeNIWYEeHUH IHaMeTpa BXOJHOH nuadparmsl B
JIBA pasza CBETOBas dHEPTHsl, MPOXOAAIIas yepe3 0ObEeKTUB, YBEININBa-
eTcs B YeThIpe pasa. Tak Kak MpH STOM YIJIOBOH pa3mep H300pasKeHHs
YMEHBIIIAETCS B /IBa pa3a, TO B YETHIPE pa3a yMEHBIIUTCA IJIOMAAb H30-
Opaxenns. [lockonbKy OobIIas 4acTh SHEPTUH COCPEAOTOUYEHA B IEH-
TpaJdbHOM AW(PAKLIUOHHOM MaKCUMyMeE, TO OCBELIEHHOCTb B LIEHTpE
KapTHUHBI YBETTUIHUTCS PUOIM3UTENBHO B 16 pas.

Omeem: OCBEUIEHHOCTh B IIEHTPEe W300paKeHUS YBEIHMUUTCS
B ~ 16 pas.

3apaua 5.2.6. Ilnockas MoHOXpoMaTHuecKas BOJHA MaaaeT HOp-
MaJbHO Ha 00BEKT ¢ (DYHKIMEH MPOITy CKaHHS

. [ 2mx
sin| — |, |x|£b/2,
’E(x)z b
0, |x|>5/2.

Haiitn pacnpenenenne WHTEHCUBHOCTH B (POKATBHOW ITOCKOCTH
YCTaHOBJICHHOH 3a O00BEKTOM coOuparolneid JuH3bI ¢ (DOKYCHBIM pac-
CTOSTHHEM f.

Pewmenue

[lo ompenenenuto, komnaexcrol @yuxyueti nponyckanus o0beKTa
(x, y) HA3BIBAIOT OTHOLICHHE KOMIUIGKCHOW aMIutuTymsl E, (X, y)
CBETOBOI'O MOJSI Cpa3y 3a NPEMsITCTBHEM K KOMIUIEKCHOW aMIUIUTYZAE
E, (x, y) Ma/Iaf01Iei BOJTHBI HETIOCPECTBEHHO Mepe 00BeKTOM (00BEKT
cunTaercsi 0ECKOHEUHO TOHKHM). B cityuae mudpakiiny mioCKOH BOJHBI
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¢ ammuTy10if U, KOMIUIEKCHAS aMILTATY /1A TOJIsl HEMOCPEICTBEHHO 3a
o0bexToM ¢ (yHkimeii nporyckanus t(x) pasna t(x)-U, (tam, rae
7(x) <0, pasa BONHBI MEHSICTCS HA Tr).

JIyun, uymmge OT BTOPUYHBIX HCTOYHUKOB 32 0OBEKTOM 107 HEKO-

TOPBIM YIJIOM ( K NEPBOHAYAILHOMY HalpaBJICHUIO, COOEPYTCS B HEKO-
TOPOMl TOUKe N(p (hoKaTBEHOM TUIOCKOCTH JIMH3BL. BKiIamx B aMIUTHTYIY

1OJIsl B 3TOW TOYKE OT HEKOTOPOTO 3JIEMEHTa BOJHOBOM MOBEPXHOCTH
IUPUHON dx MOXET OBITh TpecTaBieH B Buje (mpubmmkeHne OpeHe-
na-Kupxroda, cm. 11 4):

ik:
s

dU (N, )=1(x)-Up- —dx-K (o)
k0

~1(x)-Up- K, -eik(sfso)dx,
So
rae (s—sy)=x-Sin@ — Pa3HOCTb X0 JUIsl JIyYeH, BHIXOAAIIMX COOT-
BETCTBEHHO M3 TOYKU C KOOPIMHATOH X M U3 Hadaia koopauHat. Kpome
TOTO YYTEHO, YTO MPU MajbIX yrimax ¢ kodpduumeHt K ((p) ~K,, a
5= Sp).
Wurterpupyst o Bceil MOBEPXHOCTH X 00BEKTA, MOIYUHM:

iks, © - . .
U(N(p)zUo,esoo K, 'L)T(x)-e’kxsm‘pdx =A'_f ‘C(X)'e’kxxdx,

Takum ob6pazom, U (N(p) MOKHO paccMaTpuBaTh KakK npocmpau-

cmeennoe npeobpazosanue Pypve s GYHKIMH TPOITY CKaHHS T(x) o
«IPOCTPAHCTBEHHBIM YacToTaM» ky =k -sin¢g.

J1g 3amaHHON B YCIOBUY 337a9U (PYHKIIUA r(x)

U(N )z A- b'/'.z sin (2—mj'eikxxdx
P ) b )

ITockonbky
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b/2 ) iyx b/2 iyb/2 _ —iyb/2 : b/2
I elyxdx:e._ =2 .e =2s1n(y / )=bsinc(ﬁj=
b2 Tl g ! 2

g U (th) MOJIy4aeM:

/
U (N(p) = % ) _b]!'; (ei(kx+2n/b)x B ei(kx—Zn/b)x )dx _

o o)
2 o2 (2221

B uwactHOCTH, PN AN(PAKINHU TUIOCKOH BOJIHBI HA ILENU LIMPHHOM
b 3aBUCHUMOCTD aMILJIUTY bl OT YIJIa TUPPAKIIUA UMEET BHUI:

b2 ik nthsin
Up(Ng)=4- [ " dx=ab -sinc(—(pj .
-b/2 A

[Tosromy rpadwuk mns HaiineHHOW 3aBUcHUMOCTH U (th) MO>XKHO

HOJIy4YHTh, CIIOXKUB J1Ba Tpaduka ¢pynkun U, (N(p) C BJIBO€ MEHBIIINM

3HAaUYCHHUEM B MAaKCUMYME€ U CABUHYTBIX OTHOCHUTCIIBHO sin(p:0 COOT-

BETCTBEHHO Ha sin@=1A/b (cm. puc. 5.12).

[
Yy
N | 2
1
1
i
i - -
T \-_/.i"'_/i 0 \ 2 ,’M'—-”ﬂ sin @
b b '.‘ 'b !.- b b b
1 1 i
1 F
Y| NS
2

Puc. 5.12. T'paduxu ABYX GyHKIMH THIA Uj)(sin¢) , CyMMa KOTOPBIX OIpeJeseT

¢dynkimo U (sin (p) .
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AJ(sin @)
e : : e T LA
0 A 2h sin @
b b

Puc. 5.13. I'paduk 3aBucumocty /(sin¢g)

PacnpeneneHI/Ie HMHTCHCHUBHOCTH OIIMCBIBACTCA (I)OpMYHOﬁZ

2
I(th):‘U(N@)‘
Y IIOKa3aHo Ha puc 5.13.

3agaya 5.2.7. Ilmockas MOHOXpOMaTW4ecKash BOJHA C JUTUHOW A
nasaeT HOPMajdbHO Ha MPOCTYI0 AU(MPAKIMOHHYIO peuieTky. dudpak-
UOHHAsA KapTUHa HaOrogaeTcs B (OKaIbHOM MIOCKOCTH YCTaHOBIICH-
HOW 32 PemeTKor coOONparoIeii TNH3bI.

A. Haiitn, kak m3MeHUTCS mudpakinoOHHAsS KapTHHA, €CITH YBEIH-
9UTh B ABa pas3a 1) umcmo meneid N; 2) mmpuny memu b (2b<d); 3)
NepUOJ PeIeTKH d; 4) ATMHY BOJHBEI A.

b. Kak u3menutca nudpakiuoHHas KapTHHA, €CIM CBET OyJne ma-
JaTh Ha PeLIeTKy oA yriioM 6 ?

Pemenue

B cootBercTBHH C (5.8) yrioBoe pacnpenesieHie MHTEHCUBHOCTH 32
TUGPAKIIMOHHON PEIIeTKON OIMCHIBAETCS (hOPMYIION:

[ _[sinu 2 sin No 2
¢~ 70 u sind ’

rae /I ~b?. B s10il dbopMmysie Tak Ha3bIBACMBIA OU@paKyuoHHbll CO-

2
Sinu
Lougp = 1o (TJ

MHOXHUTCIIb

OMHCHIBaeT MUGPAKIMIO HA OJHOM I IUPUHOH b, a unmepgeperyu-

OHHbBIY COMHOXKUTEID
) 2
I sin No
UHT — .
sind
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OIIMCHIBAaET MHOTOJTYYEBYIO HHTEP(PEPEHITHIO H3IYISHUS OT N IIeTei.
XapakTepHbIMU dJIEMEHTaMH IU(PPaKIMOHHON KapTHHBI B 3TOM
Clly4ae SBJISIOTCS:

1) rnaBHBIE TUPPAKIHOHHBIE MUHUMYMBI (sinu = 0), HaIlpaBJICHUE
Ha KOTOPKIE omnpeenseTcs u3 ycioBus bsinp=mA , m=0,1,2...;

2) rnaBHbIE OUPPAKINOHHBIE MaKCHUMYMBI (sin8 = 0) B HaIlpaBJie-
HUSIX, A5 KOTOPBIX dsing=mA (m=0,1,2...);

3) IONONHUTENBHEIE UHTEPPEPEHIIHOHHBIE MHHUMYMBI
(sinN8=0, sind+0), HanpaBneHHe Ha KOTOPHIC OTBEYACT YCIOBUIO
Ndsinp=mA, m=1,2..,.N-1,N+1,....

Mex 1y TIaBHBIMH MakCUMyMaMH Haxomutcsi N —1 JOTOTHHUTEb-
HbIX MMUHUMYMOB. HamnpasneHus ©,, i, Ha MUHHUMYyMbI, TPHUMBIKAIO-
HIye K m-My TJIaBHOMY MakCUMyMy, HaXOAATCs U3 ycnoBus sin No=0,
OTKyJa

dsing,, i =(m+1/N)A.

Iox yenoswvim pasmepom A@,, MakCUMyMa m-ro HOpsKa IOHUMa-
IOT YroJl MeXIy HamlpaBleHHEM Ha MaKCUMYM W HallpaBJeHHEM Ha
O KAl K HEMY [OIOJIHUTENbHBII MUHHUMYM. BblpakeHue st
A@,, MOXeET OBITh NOJIy4IEHO, €ClU B3ATh Au(depeHiuan oT ooenx yac-
TeW yCIOBHS Ul TJIABHOT'O MakcuMyMa d sin@=mA IO NMepeMEHHbIM
¢, ¥ m IpU NOCTOSIHHBIX d U A

d-3(sing,,)=m-A.
Tak kak 3(sing,, ) =cos@,, -A@,, u dm=%1/N, 10
A

Ap, =——.
P Nd coso,,

i HampaBlleHU# Ha TTIaBHBIE MaKCHMYMBbI HHTEp(EepPEHIIMOHHBIN
sin No

2
e j - N2 , IOOTOMY MHTCHCHUBHOCTL B LIECHTPEC U~
sSin

COMHOXUTECIIb (

. 2
(bpakMOHHON KapTHHBI NPUOIU3UTENBHO B N° pa3 Golbllle HHTEHCHB-
HOCTH [ .

A. Ha puc 5.14 g B xayecTBe NpuMepa NpUBecHa KapTHHA pacipe-
JICTICHHUS] MHTEHCUBHOCTH MpH Audpakimu Ha N = 4 1mensx.

1) [Ipu yBenmnueHnH dncia mesei B aBa pasa (puc 5.14 2):

— TIOJIOXKCHHE TJIABHBIX MAKCUMYMOB HE MEHSIECTCS,
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— YHCJIO AOMOJHUTENHHBIX MHHAMYMOB yBennumBaercs ¢ N-1 1o
2N-1;

— YIJIOBOM pasmep A@,, MaKCHMyMa #1-TO HOPAIKa yMEHBIIAETCS
B JIBa pasa;

— HHTEHCHUBHOCTH B IEHTpE NUPPAKIUOHHONW KapTHHBI yBEIUYH-
BaeTcd B 4 paza.

0 ]
e

Puc. 5.14. PacnpeneneHne NHTEHCUBHOCTH CBETa NpH JU(pakuy Ha 4 memnsx (@), Ipu
YBEJIMYEHHUH NepHoJia PelIeTKH d B J1Ba pasa (0), IpH yBEIMUCHUH IIUPUHBI IeIu b B
IBa pasa (8), IpU yBEIMYCHUH YHCIIa LIeJed B ABa pasa (e), IpU YBEJIMYCHUH IJIHMHBI
BOJIHBI CBETA B JIBa pa3a (0) U IPH HAKJIOHHOM IaJCHUH CBETa Ha PEIIETKY (e)

2) Ilpum yBenuueHun MMPHUHEI 1Ieau b B ABa pasa (puc 5.14 g):

— TOJIOKeHHE UHTEP(PEPEHIMOHHBIX MAKCHMYMOB U MUHHMYMOB,
UX YHUCJIO U YII0BOHU pa3Mep A¢Q,, MAKCUMYyMOB HE MEHSIOTCS;

— T[JaBHBIE OU(PPAKIHMOHHBIE MHUHUMYMBI CIBUTAIOTCSI K LIEHTPY
KapTHHBI;
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— UHTEHCHUBHOCThH B IEHTPE ANQPPAKIMOHHON KAapTHHBI yBEIHIH-
Baetcs B 4 paza (I, ~ b°).

3) Ilpu yBenuueHnH nepuoja peeTky d B 1Ba pasa (puc 5.14 6):

— TJaBHBIE MAaKCHMYMBI CIBHTAIOTCSI K IIGHTPY KapTHHBI (€CIH
sing,, ® @,,, TO YITIbl (,, YMEHBIIAIOTCS B J[Ba Pa3a);

— 9HCII0 JOOABOYHBIX MUHUMYMOB HE MEHSETCS;

— YIJIOBOM pasmep A@,, MaKCUMyMa #1-TO HOPAIKa yMEHBIIAETCS
IPHMEPHO B J1Ba pa3a ( oS @,, U3MEHACTCS] He3HAUUTEIBHO);

— UWHTEHCHUBHOCTH B LEHTPE MU(PAKINOHHOW KapTUHBI HE MCHS-
eTcH.

4) [lpu yBennyeHnH JIIMHBI BOJIHEI A B 1iBa pa3za (puc 5.140):

— TJIaBHBIE MAaKCUMYMBI CIBUTAIOTCS NIO HAIMPABJICHUIO OT LEHTpPA
KapTHHBI (€clu sing,,  ¢,,, TO yIIIbl (,, YBEIUUUBAIOTCA B J[Ba pa3a);

— 9HCII0 J0OABOYHBIX MUHUMYMOB HE MEHSIETCS;

— YIIIOBOM pasMep A¢@,, MaKCUMyMa m-ro IOpsAKa yBeIN4UBaeT-
Cs1 IPUMEPHO B JIBa pa3a ( cos @, U3MEHAETCS HE3HAUUTEINIBHO);

— WHTEHCHUBHOCTb B LIEHTPE AU(PPaKIHMOHHON KapTUHBI HE H3Me-
Hs1eTCs (TIPH YCIIOBUU HEM3MEHHOW HHTCHCHBHOCTH MCTOYHUKA).

b. IIpu HaKIOHHOM TNaJeHHU IJIOCKOW BOJHBI HA TU(PPAKIHOH-

HYI0 pemeTky (rmox yriioM 0) HeoOXOAWMMO YYHTHIBATH JOTIOTHHUTEIb-
HYI0O pa3HOCTh XOJa M Jyd4el, HAYMHX OT COCEJHHMX UIETICH:

Aspon =—dsin®. B oToM ciydae BhIpaxeHns s u H O B popmyie

(5.8) mpuHUMAIOT BUL:
kb(sin(p —sin 6) 3 nb(sin(p —sin 9)

‘e 2 B A ’
5= kd(sin(p—sinE)) _ nd(sin(p—sinE))
- 2 - A ’

a yCJIOBHUE AT HaNpaBieHUi (YIJI0B ¢, ) Ha TIaBHbIE MAKCUMYyMbI —
d-(sing,, —sin®)=mi .

Tak kak a1 yrioB qudpakIui ¢ , OJM3KuX K 0,
sing ~sin®+cos0-(¢—0),

TO
d-cos6-(p,, —6)~mh.

AHAIOTHYHO, JUTS HApaBIeHUH Ha AU(PAKIIMOHHBIE MHHUMYMBI:

b-cosGo((p—e)zmk.
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Taknm 00pa3oM, IpH HAKJIOHHOM IaJICHUH MaKCHMYyM HYJIEBOTO
nopsiika AUQPaKIMOHHOW KapTHHBI OyJeT HaONromaThCs MOJ YIIIOM
¢=0 (puc. 5.14 e), a mapamMeTpbl KAPTUHBI — KaK B CIIy4ae HOPMaJILHO-

o MaJeHHs Ha petIeTKy ¢ nepuoaom d, =d cosO < d u mupHHOH menu
b,=bcosO<b.

5.3. 3agayu A9l cAMOCTOSATEILHOTO pelieHust

3agaya 5.3.1. Haiitu oTHOLIEHNE MHTEHCHBHOCTENH B MaKCUMyMax
NEPBOrO W HyJEBOro MopsiakoB npu audpaxkuuun dpaynrodepa Ha wmie-
.

Omeem: 0,047.

3apaua 5.3.2. ITnockass MmoHoXpomaTudeckas BomHa (A = 0,5 MrM)
majaeT HoOpMaJIbHO Ha DKPaH C y3KOH mienbro mmpunoit b=0,1 mm. Haii-
TH YIJIOBYIO W JIMHEHHYIO IIUPUHY MaKCUMyMa HYJIEBOTO MOpPSAKa B
(hoKkaNbHOI MIOCKOCTH JTUH3BI ¢ GOKYCHBIM paccTostareM F = 20 cM.
Omeem: 0,005 pam; 2 Mm.

3anpaua 5.3.3. Ha skpan ¢ y3Ko0#i IMenbi0 MAPHHOW b=3 MKM ITaiaeT
TIOJT TIPSIMBIM YTJIOM TIIOCKas MOHOXpoMaThaeckas BostHa (A = 0,5 MkMm).
Kakoe uncno nudpakiimoHHBIX MaKCHMyMOB MOXKHO Ha0OronaTh B Qo-
KaJbHOM TUIOCKOCTH JIMH3bI?

Omeem: 11.

3anaua 5.3.4. [Tnockas MoHOXpomaruueckas BosHa (A = 0,5 MkM)
najaeT HOPMAILHO Ha y3KYIO IIenb mupuHoil b. B nienTpe nudpaxim-
OHHOM KapTHUHBI Ha DKpaHE, PacloJIOKEHHOM Ha paccTosiHuu L=1 M oT
IeNId, UHTEHCUBHOCTH B 7=5(0 pa3 MEHbIIle HHTCHCUBHOCTH Maaromeit
BOJIHBL. OTICHUTD NIUPUHY IICIH.

Omeem: 100 MxM.

3apauya 5.3.5. Ilnockass MOHOXpOMAaTHYECKash BOJHA MAJaeT HOp-
MaJbHO Ha Y3KyIOo Ienb. JndpakimonHyo kapTHHy HaOMI0AaoT B (o-
KaJTbHOW TIOCKOCTU cOoOMparomiel JIMH3bl. PaccTossHue MEXIy MaKcu-
MyMaMH HYJIEBOTO ¥ TIEPBOTO MOPSIAKOB paBHO 3 MM. CUHTast, 4TO YTIIbI
Iu(paKkIMKA MalTbl, OIIEHUTh PACCTOSHHE MEXITy MAKCHMyMaMH TIEPBOTO
1 BTOPOTO TTOPSIKOB.

Omegem: 2 MM.
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3apaua 5.3.6. Ha mudpaknmoHHyI0 pemeTKy ¢ ITOTHOCTBIO IITPH-
X0B 50 MM ', majaeT HOPMaTbHO MAPAILICIbHBIH MyYOK GEIOro CBETa.
HaiiTi yron Mexy HarpaBJIeHUEM Ha MEPBBIA MAKCUMYM JJIs1 KPACHOTO
ceeta (A, = 0,76 MKM) M HampaBlIEHHEM Ha BTOPOHl MakCUMyM s
¢buonerosoro cera (Ay = 0,4 MKM).

Omeem: 0,002 pan.

3agaya 5.3.7. [Ipu KakOM COOTHOIIEHUH MEXIY MEPHUOIOM peIIeT-
KA d W UIMPUHOM 1eNu b MHTEHCHBHOCTH TJIABHOTO MaKCUMyMa m-TO
nopsizika OyeT paBHa HyIt0?

Omsem: & =" 51 n=1.2.3 ..,
n

3apaua 5.3.8. ITnockas moHoxpomarudeckas BomHa (A = 0,5 MKM)
nmagaeT nox yriaom 0 = 30° Ha mudpaKIMOHHYIO PEIICTKY C MePHOIOM
d = 6,2 MxMm. Kakolf MakCHMaNbHBIM MOPAJOK CIIEKTpa MOXHO HabIro-
JaTh?

Omeem: 18.

Jluteparypa

1. Jlanocoepe I'.C. Onrtuka. — M.: ®usmartnut, 2003, rmasa VIII

2. Cugyxun J[.B. O6mmii kypc ¢uszuku. Onruka. — M.: Hayka,
1980, §§39 -43.

3. Mameees A.H. Ontuka. — M.: Beicir. mik., 1985, §§31,32.

4. bymuxoe E./. Ontuka. — M.: Beicr. mk., 1986, §§61,62.

5. Tunzbype B.JL, Jlesun JI.M., Cugyxun /1.B., Yemsepuroea E.C.,
Aroenes U.A. CoopHEK 3a/1a4 110 001memMy kypcy ¢usuku. B 5 1. Ka. IV.
Ontuka/ [Tog pen. JI.B.Cuyxuna. — M.: ®DUIMATIIUT; JIAHB, 2006,
§4.

6. COopHuK 3aja4 110 ob1ieMy Kypcy ¢pusuku: Yued. mocodue: s
By30B. B Tpex uactsx. . 2. DnekrpuuecTBo u MarHeTusM. OnTuka./
ITox pen. B.A.OBunnakuHa. — M.: U3a-80 MOTH, 2000, §7.

7. Upooos U.E. 3anaum no obmeit pusmke. — M.: BUHOM. JIa6o-
paTtopus 3HaHui, 2006, §5.3.

8. Unvuuesa E.H., Kyoespog FO.A., Mameees A.H. Metonuka pe-
mrenus 3agad ontuku/ [log pen. A.H.MatseeBa — M.: U3n-Bo Mock. yH-
ta, 1981, pazgen V.



132 OITUKA. METOIUKA PELIEHUA 347744

I'maBa 6

CIIEKTPAJIBHBIE IIPUBOPbI
C ITIPOCTPAHCTBEHHbBIM PA3JIEJIEHUEM CIIEKTPA

6.1. TeopeTnueckoe BBeAeHNE

Wzyuenne aToMOB M MOJIEKYJN, aHaIW3 CBEUYCHHs Pa3IMYHBIX Be-
IECTB TPEOYIOT 3HAHUS UX CIEKTPOB MCITyCKaHHUS WM MOTJomeHus. B
9KCIEPUMEHTAX Pa3jI0KEHUE CI0KHOTO U3Iy4EHHs B CHEKTP OCYLIECT-
BJISIETCS C MTOMOILBIO CIIEKTPAILHBIX MPUOOPOB, NEHCTBHE KOTOPBIX MO-
XKeT OBITh OCHOBAaHO Ha Pa3HbIX (huznueckux npuHUMNax. OCHOBHOI
YacThIO CIIEKTPAIBbHOTO IPUOOpa ABISIETCS OUCHEP2UPYIOWULL dNeMEeHm,
KOTOPBI OCYIIECTBIISIET IMPOCTPAHCTBEHHOE pa3JelicHHe W3ITyUeHHs
Pa3HbIX AJIUH BOJH.

CrnexTpanbHble TPUOOPH! TOAPA3ACISIOT Ha 3 TPYIIIIHL

1) B npusmennvix cieKTpadbHBIX MPHOOpaxX MCHOIB3YETCs 3aBUCH-
MOCTb [TOKa3aTeNs MPETOMICHHS OT AJMHBI BOJIHBI (JUCIIEPCHST).

2) JlucneprupyromuM 3JIeMEHTOM OuU@pPaKyuoHHbIX CIIEKTPaIbHBIX
MPUOOPOB CITYKAT AUGPAKITHOHHAS PEIIETKA.

3) B unmepgpepenyuonnvix npubopax ¢ BBICOKOW pa3pellaroiiei
CHJION MCTIONIB3YETCs] MHOTOTy4eBasi HHTEp(epeHIus.

[IpunnunuanpHas cxema CIEKTPaJbHOIO Npuldopa NpeacTaBiIeHa
Ha puc. 6.1. Mcrounuk u3nydeHus L uepe3 oCBEeTUTENBHYIO CUCTEMY (B
HameMm ciy4vae 370 Juna3a O;) ocBelaeT y3Kylo BXOAHYIO LIeb S, HaXo-
Jsyroca B GOKanbHOM IIIOCKOCTH 00bekTuBa O, (HA3bIBAEMOTO KOJ-
aumamopHuim). IlapamienbHelil My4oK CBEeTa IaJaeT Ha JUCIEPrUpyIo-
muit snemeHT D. C momoipio 00bekTrBa O3 (Ha36IBAEMOTO KAMEPHLIM)
MOJIY4al0T MOHOXPOMAaTHYECKHE N300paXKeHUsl Ienr B ero (oKanbHON
IUIOCKOCTH P.

e N
.*__ -
0 o6 D o ©»

Puc.6.1. [lpuHnMnManbHas cxema CIeKTpalbHOro Ipubdopa

- 7
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B manHO# r7aBe MBI OyaneM paccMaTpuBaTh TOJBKO IU(PaKIHOH-
HBbIE U HHTEP(EPEHIINOHHBIE CIIEKTPaIbHbIE PUOOPHI.

OCHOBHBIMH XapaKTEpUCTUKAMH CIIEKTPAIbHBIX HPUOOPOB SIBILS-
IOTCSl y2lio8ads W JMUHEeUHAs OUCNEPCUsl, pa3peuanuas cnocoOHoCHsb N
o0baacmov c80600HOU OUCnepCulL.

Jucnepcusi mpuGopa XxapaxkTepusyeT
W3MEHEHHE YIJIa OTKJIOHEHHS CBETOBOTO A l
Mydka B TpUOOpe MpPH W3MEHEHWH JUIHHBI AN0.21, ]
BOJIHBL. Paznuuaror yenogyro u aumelnyro
JUCTIEPCHIO TIPUOOpa.

VYrinoBast amcrepcus mpubopa orpene- I
JSIETCSl OTHOILICHHEM

_de
?odn’ *
rae d¢ —yrojx MexAy JIydaMu C JTHHAMH M Xy

BOJH A U A+tdA B (OKanbHOM MIOCKOCTH  Puc. 6.2. Paspemaromas crio-
KaMEpPHOT0 00BEKTHBA COOHOCTB CIIEKTPAIbHOTO
. npubopa no Panero

JIuneiinas nucnepcus pUoop
_dl
)
dh
rac dl — PacCTOAHUC MCIKAY CICKTPAJIbHBIMU JIMHUAMUA C JJIMHAMHW BOJIH
A U AtdA.

Pazpemaromas cuja wiM paspemialomas cnocoOHOCTb Npudo-

D,

pa. Tak Ha3wpIBaeTCsA OTHOIICHUE JJIMHBI BOJHBI A K HAMMEHBIIICH pa3-
HOCTH OA JUJTHH JIBYX MOHOXPOMATHYECKHX CHECKTPAIbHBIX JIMHHUN, TPH
KOTOPOH CIIEKTPATLHBIM MPHOOpP eIle MO3BOJISIET HAONIoAaTh WX pas-
nenbHO. [ cpaBHEHHS pa3pemraonuX CHII pa3IHdHbIX CIIEKTPATEHBIX
MpUOOPOB HUCHONB3YIOT Kpumepuil Panes, corimacHO KOTOPOMY JBe
CIEKTpajJbHbIE JMHAW CUYUTAIOTCA pa3pelieHHBIMH, €CIIM MaKCHMyM
pacrpeienieHrsi ”HTEHCUBHOCTH OJHOW JTMHUU COOTBETCTBYET MEPBOMY
MUHAMYMY npyro# (puc.6.2). Eciu 3T JIWHAM WMEIOT OIMHAKOBYIO
WHTEHCHBHOCTb, TO TIPOBAJ MEXAYy HUMH IOJKEH ObITh He MeHee 20%
OT MaKCHMAaJIbHOI MHTEHCHUBHOCTH.

Oo0JacTh cBoOoaHON Aucnepcun (BakHA UId MHTEp(EpEHIOH-
HBIX CHEKTPaIbHBIX MPUOOPOB C BBHICOKOW pa3pelaromieil CHiIoi) cooT-
BETCTBYET Pa3HOCTHU JUIMH BOJH AM, IpU KOTOPOH HACTyHaeT MepeKphl-
THE UHTEPPEPEHLMOHHBIX MOJIOC COCETHHUX MOPSAKOB.



134 OITUKA. METOIUKA PELIEHUA 347744

JAudpaxuuonnas pemerka. [Ipu qudpakimm Ha AUGPAKITHOHHON
pelIeTKe YrioBOe pacipeieeHe HHTCHCUBHOCTA UMEET BU/I:

N2 2
I(P:IO‘(smuj '[smNéj 61

u sin d

e

b

. kbsing mbsing 5= kdsing mdsin@
2 A 2 A

27
k =— — BOJIHOBOE YUCIIO; b — MIMPUHA IIEIH; d — IEPUO peleTku; N

— 4YHCIO IUTPUXOB (Lenel) pelerky; ¢ — yron audpakuuu; [, — HH-
TEHCHBHOCTb B LIEHTPE KapTHHBI MpU AU(PAKIUN HA OJHOM ILENH IIH-

puHOH b.
YcnoBue 00pa3oBaHus TIIaBHBIX MAKCUMYMOB IIPH ANGPAKIMN HA

peuieTke:
dsinp=mh, (m=0,1,2...). (6.2)

Hanpasnenus Ha riaBHble AU(PAKLINOHHBIE MAKCHUMYMBbI (YIJIBI
() MOTYT OBITH HaliieHbI rpad)nuecKy, KaK IMOKa3aHo Ha puc. 6.3.

0o 1 2 3

»
T »
2 3 d
A 20 3 mA
Puc. 6.3. I'padiaeckoe onpeseneHne HANpaBIeHUi Ha IMIaBHbIC TU(PAKIMOHHEIE
MaKCUMYyMBbI PELIETKU
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Tadauua cneKTpaJabHbIX XapaKTePUCTUK
npudopa ¢ 1uppakuMoOHHON pelieTKoi
(mompoOHee cM. B peLlIeHHUH 3a/1a4)

YcnoBue At HaX0XKACHUS TUPPAKIUOHHBIX MAaKCUMYyMOB ITprOopa
¢ Tu(PaKIIMOHHON PEIIETKOM:

dsing,, =m\

ITapametp | Koncrantsl | IlepemenHbie Dopmyibl
Vrioas d, m 0 d-3(sing,,)=m-5x
JHCTIepCust
D, d-cos®,, -0¢,, =m-0O\,

_ 3¢, __m
8 dcoso,
Yriosast d L @, m d-8(sing,, )="r-8m
HIMPHHA .
nudpaxmy- d-cosQ,, -Ap,, =A-—
OHHHOTO N
MaKcHUMyMa Ao — A
Ay, Om = Nd cos ¢,
Pazpe- d ¢ m, A 0=md\h+ Adm ;
TIakoIas dm=—1/N;
CIoco0- A
HOCTb R Rz_z_ﬂ’
oA om
sh =20 A
D(p mN
R= i = Nm
OA
CBobOoHas d ¢ m, A 0=mAA+Aom ;
o01acTh om=-1;
JUCTIEPCUU mA+AN) =(m+1)h,
Al N
A\ =—

m
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HNurtepdepomerp ®adpu—Ilepo

WHTEHCHMBHOCTD MOHOXPOMATHUYECKOTO H3IIyUEHHS, HpOUeouleco
gyepe3 unreppepomerp @adpu—Ilepo (MPII), onucriBaeTcs Gpopmyioit
Diipu:

1y
1= .
4R . 5,87 6.3)
1+72-s1n —
(1-R) 2
rae R — xoddhduIHeHT oTpaxkeHUs (II0 WHTEHCUBHOCTH) KaKIOTO U3
2 47
3epkan uHTEpdepomerpa'; 6=7n‘2hcos9= T hcosG — Pa3HOCTh

(a3 MEeXIy COCETHHMH JIydaMH; /A — PacCTOSHHE MEXTY 3epKajamMu
(nmm 6a3a UDII); 6 — yrom najeHus CBeTa Ha 3epKaa.
Hanpapnenus 0,, Ha MHTeppEpPEHLUOHHBIE MAaKCHMYMbI MOTYT

OBITH HAWJICHBI U3 YCIOBHSI:
2h-cos0,, =mh, (m=12..,my, = {%} ). (6.4)

Hampasnenuss Ha wHTEphEpEeHITMOHHBIE MaKCUMYyMBI (YTl 0,,) B
NPOXOJISIIEM CBET€ MOTYT OBITh HalZieHbl Tpaduueckd, Kak MOKa3aHO

Ha puc. 6.4.
m m- m-
A
1 //

1 2

A\ 4

e
0 A 21 >

Puc. 6.4 I'paduueckoe onpeeseHre HapaBiIeHHe Ha HHTEPHEPEHIIMOHHbIS
MakcuMymbl UDIT

" Ecin k03 UIMEHTBI OTPaKeHHs 3ePKaT PA3IMYHbI K PABHBI Ryn Ry, TO

R=\R ‘R, .
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Tadauua cneKTpaJabHbIX XapaKTePUCTUK
uHTepdepomerpa ®adpu—Ilepo
(mompobOHee cM. B pellIeHHH 3a/1a4)

YcnoBue A HAXOXKICHUS HHTEP(EPEHIIMOHHBIX MAKCUMYMOB B UH-
tepdepomerpe Pabpu—Ilepo:

2h-cos0,, =mh
ITapamerp Koncrantel |[lepemenHble DopMybl
Vrnosas auc- h, m 1.0 2h-sin0,,-60,, =m-J\,
nepeus Dy de,,  m
7 dn  dsin®,
Vrnopas - h, A 0, m 2h-sin0,, -AO,, =0m-A
puHa mudpak- 1 (1 _ R)
ITMOHHHOTO om=—=
MaKCUMyMa F mJ/R
A(1-R
AG, s, - +0=R)
27 hsin®,, R
Paspemaro- h,© m, A 0 =mo\ + Adm ;
mas  CImocoo- (1 - R)
R om =-—==
HOCTb n\/}
R= _p
oL om
CBobOoaHas h, 0 m, A 0=mAA+\om ;
o0yactp Juc- om=-1;
nepcun A\ m(h+ALN)=(m+1Ar,
2
A?\. = & ~ }\l = }\l—
m My, 2h

6.2. 3agayu c pemieHUAMHA

3amaua 6.2.1 Kakoii nomkHa OBITE MHHUMAJTbHAS ITAPUHA Ly, TH-
(hpaKkIIMOHHON PEIIETKH C TIEPHOIOM d =2 MKM, YTOOBI C €€ IIOMOIIBIO
MOKHO ObLIO paspemuTs Ase auHUU Ay =500 HM B A, =500,05HM BO

BTOPOM HOPAAKE CHGKTpa?
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Pemenue

B cooTBercTBUE ¢ KpuTepueM Panest 1Be cieKTpaibHbBIC THHUN MO-
TYT OBITH pa3pelieHbl, €Cli TIaBHBI MAaKCUMyM OIHOM JIMHUM COBIIA-
JaeT ¢ OMKANIINM K TIIaBHOMY MaKCUMYMY ITEPBBIM MHHUMYMOM JIJIS
Ipyroi nuHUAU. B 5TOM citydae yrinoBoH pasmep A@,, MaKCUMyMa 7m-TO
HOpsAZKAa PAaBEH YIIIOBOMY PACCTOSIHUIO O¢,, MEXIy MAaKCUMyMaMH m-
ro mopsaka UL JOByX ~ ONU3KMX  JUIMH  BOJIH M u
Ay (Akzkz -\ << lz,kl).

VYIIoBYIO0 IUCTIEPCUIO PEIIETKU D(p =d@/d)\. MOXHO HaiiTH, B3SB
maddepeHran oT o0enuX 4YacTel YCIOBHS IS TIaBHBIX MaKCHMYyMOB
dsin@ = mA 10 NEPEMEHHBIM @,, U A IPU OCTOSHHBIX d U m:

d-3(sing,, ) =m-5h.
CnenoBateinbHO,
0 __m
P e dcoso,,
a YIJIOBOE pacCTOSHUE MEXKIAY ABYMS OJHM3KUMH CHEKTPATBHBIMH JIH-
HUsIME (AL <<A) B m-M HOPSIIKE CIIEKTPA PaBHO:
m- AL

8¢,, =Dy - AL = .
dcoso,,

¢

I'oBopst 006 yrnosom pasmepe A@,, MakCUMyMma /m-ro HOpsAJKa,

UMEIOT B BHUJly YIOJI MEXIy HallpaBICHUSIMHM Ha MAaKCUMyM U Ha Onu-
Kalmuid K HeMy MUHUMYM. B 3agaue 5.7 (rnaBa 5) mokaszaHo, 4TO Ha-
NPaBIEHUSA @, . HA MHHUMYMBI, ONMKaifIIne K INIAaBHBIM MaKCHMY-

MaM, HaXOJSITCS U3 YCIOBHSL:
. 1
d -sinQ,, nin = miﬁ A.

Tak xak Ag,, =|(Pm ~ ®,min

yacTeil yCIoBHs AJISl TIIABHOTO MakCHMyMa dsin@ =mA TIO TepeMeH-

, T0, B3sB auddepeHiman ot odenx

HBIM @, U 7 TIPH HOCTOSIHHBIX d U A, OJTy4UM:

d-3(sing,, )=dm-A.
. 1
IockonbKy 8(sing,, ) = cosg,, - A@,, u dm = s

TO
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A A
Ndcosp,, Lcosop,,

Ao,

rae L = Nd — mmpuHa nudpakiMOHHON PEeIeTKH.

W3 ycnosus Ag,, =0¢,, norydaem:
Ad
o =——=10MM.
T AL
Omeem: L ; =10 MM

3agaya 6.2.2 Haiitu pa3pemaroniyto crmiocoOHOCTs R nupakimnoH-
HOHM pemIeTKku, coaepkamied N IMTPUXOB, B m-M TMOpSAKe TUDPaKIINH.
CKOJIBKO IITPUXOB JOKHA UMETh PeleTKa, YTOOBI B MEPBOM TOPSIKE
MOXHO OBUIO pa3pelmuTh [BE ONM3KUE CIEKTpajbHbIC JIMHUU
A =600HM 1 A, = 600,12 HM?

Pemenue

Pazpemaromas cmoco6HOCTh R CHEKTpalbHOTO MpUOOpa onpeaes-
eTcs Kak OTHOIIEHHE JIJIMHBI BOJHBI A K HaWMEHBIIEH pa3sHocTH Al
JUIMH BOJIH JIBYX CHEKTPaJbHBIX JHUHUH, KOTOpPBIE MOTYT OBITH pa3pelie-
HBI B COOTBETCTBUH C KpuTepuem Panes:

R=2
AN

[Ipu pemennu 3amaun 6.2.1 OBUTO MOTYYEHO, YTO JBE JIMHUU pa3-

pelIeHbl, €ClIM YIJIOBOH pasmep A@,, AH(PAKIMOHHOTO MaKCUMyMa

m-ro TOpsJKa HE IMPEBOCXOAUT YTJIOBOTO PACCTOSHHSA O@,, MEXIY

JIBYMs OJTM3KUMH JIMHUSIMA. M3 COOTHOILICHHI:

89, = DAk = _mAL_
dcoso,),
u
A
A, =———
Ndcoso,,

CIIEyeT, YTO pa3penraronias CIocOOHOCTh TUPPAKIUOHHON PEIeTKH
paBHa
AL Ao, / D,
3TO ke COOTHOLIECHHE MOXKHO IOJNyYWTbh, B3SB OU(QepeHunan ot
o0enx yacTeil ycjoBUSI Ul TJIaBHBIX MakCHUMyMOB (dsing =ml\ ) 1o

mN .
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HEPEMEHHBIM /1 U A TIPU TMOCTOSHHBIX d U @, (HanmpaBieHus ¢,, Ha
MaKCHUMYM JUIsl Ay ¥ MMHHUMYM JUIsl A, COBINAJAIOT):
8(dsing,,)=0=m-3\+8m- L,
Otcrona
A m
R=—=—=mN,
Al dm
TaK Kak dm=—1/N .
Jnst paspemenus AByx nuHuil A; =600HM u A, = 600,12 H™M pa3-
pearomas crnocoOHOCTh PEIIETKH JOKHA OBITh HE MEHEE, YeM
Ay + A A
=—2—1_~—~1_=5000,
2(hy—=np) Ay —2y
a ClIeI0BaTeNIbHO, IpU paboTe B MEPBOM MOPSAAKE YHUCIO IITPUXOB pe-
LIETKA OOJDKHO OBITH He MeHnee 5000.
3ameuanue. Pazpemiaromas crrocoOHOCTh TU(PPAKIIMOHHON pemeT-
KM HE 3aBUCHT OT MEPUOJia PEIIETKH d, a OnpeaessieTcsl KonnuecTBoM N

3aJICHCTBOBAHHBIX IITPUXOB PEIICTKU.
Omeem: R=mN; N =5000.

3agaya 6.2.3. Ha puc. 6.5 npuBeneHbl CIEKTPbI UCTOUYHUKA, U3ITY-
Yalolero JBe ONM3KME CHEKTpalbHble JHMHUM A; U A,,

(Alz << Kl,Kz) , TIOJly4eHHBIE C TIOMOLIBIO TPEX Pa3MYHBIX JUQpak-

UOHHBIX perreTok. CunTas MopsaKd TUQpPaKIA OJTUHAKOBBIMH, a YT-
71 TUPAKIUN MAJIBIMU, CPABHUTH NTAPaMETPhI PELIETOK:

1) uncno mrpuxoB N;

2) mepuoa pemeTky d;

3) mumpHHy perneTku L;

4) yrIoByI0 HUCHEPCHIO pemmeTku D, ;

5) pa3pemamiryo crrocoOHOCTh R..

a Az

LA AL AA

Puc. 6.5. CHCKTpI)I HUCTOYHHUKA, U3JTYyHarOICTO ABC Onu3Kue CIICKTPAJIbHBIC JIMHWUH, I10-
JIYUYCHHBIC C IIOMOIIBIO TPEX PA3JIMYHBIX ,HI/I(i)paKHI/IOHHBIX PEHIETOK
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Pemenue
W3 puc.6.5 BuaHO, 4TO yriaoBble pazMepsl AQ,, AUPPaKIMOHHBIX

MAaKCUMYMOB CBSI3aHbl COOTHOLICHUCM:

A
A(pml = A(me = 2M3
A
Tak xak Ag,, =———=——, a mupuHa pemerku L =Nd , 10
Ndcosp,, Nd
Nldl :N2d2 :2N3d3, (65)
WU

B cBoto ouepenp, yriioBble pacCTOSHUS O@,, MEXIy AByMs OIH3-

KUMH JIUHUAMU A; U A, CBSI3aHBI COOTHOIIEHHEM (CM. pUC.6.5):

8(pml = 28(pn12 = 8(Pm3 .

Tak xak 8¢, = DpAk = mAk ~ mAk ,
dcoso,, d
HUcnonezys cootHomeHue (6.5) u3 (6.6), momydyaem:
Nl = 2N2 = 2N3

Tockomnbry D, =m/d , 10

Dy =2Dy; =Dy
Tak kak paspemaromas CrocoOHOCTh TUPPAKIIMOHHON PpEIIETKH
paBHa R = Nm , TO
R =2R, =2R;.
Omeem:
) Ny =2N,=2N3; 2) dy=d,[2=dy; 3) Li=L,=2Ly; 4)

Dy =2Dgy = Dy35 5) Ry =2R, =2R;.

3agaua 6.2.4. [ludppakuronnas pemierka coaepxut # = 200 mrpu-
XOB Ha MWUIMMETpP JJIUHbL. HallTu 3aBUCMMOCTH YTJIOBOW AMCIEPCUU
pelieTKH OT JUIMHBI BOJHBI B MIEPBOM TOpPSAKE AU(PaAKIUU, €ClIU CBET
MajaeT Ha PeIIeTKy: a) HOpMalibHO; 0) mox yriom 6=45° k Hopmau.



142 OITUKA. METOIUKA PELIEHUA 347744

Pemenne
IIpy HaKITOHHOM MAJEHWU CBETA HA PEIIETKY YTIOBOEC MOJIOXKEHUE

¢, TIABHBIX TH(PPAKIMOHHBIX MAKCMMYMOB HAXOIUTCS U3 YCIIOBHS:
d(sing,, —sin®) =m, (6.7)

T.€. PA3HOCTh X0JIa MKy JIy4aMH OT COCETHHX IIMEeJeH KpaTHa MeJIOMY
qucity JiiH BOJH. [1o ycrmoBuio 3a1auu mepruo perieTky paBeH

d= 1 =5 MKM.
n
[Ipu mocrosiHHBIX d 11 m U3 (6.7) cienayer, 4To
d-3(sing,, —sin®)=m-8,
OTKyJa JJIs yTJIOBOM ANCIIEPCHH TIOJTydaeM:
b B0 __m

? 8\ dcoso,,

2
COs®,), lel—sinz(pm :\/1—(sin9+m7kj ,

Tak kak

TO

m
[Ipu HOpManbHOM NaeHUH B PHOIMKESHUT (7 << 1)

D@(o)z%{né-(’%)z].

Jna Bunumoro auamnazona (A=0,5 MKM) B IEpBOM MOPSAKE mk/ d=0,1.

CnenoBateinbHO,

D, (0) ~—=mn=200MM ',

n
d
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T.€. YIJIOBas AUCHIEPCHS HE 3aBHCUT OT JJTUHBI BOJHBI.
Omegem:a) D, (0) ~200 MM

6) D, (450 ) =

3amaua 6.2.5. DxpaH ¢ METBI0 HAXOAUTCS B (HOKATHLHOM TIOCKOCTH
coOuparoleil THH3bI 00beKTHBA ¢ (POKYCHBIM paccTosiHueM F. 3a 00b-
EKTHBOM PACIOJIOKeHA AU(PAKIIMOHHAS PEIIeTKa C NEPUOJOM d U YUC-
oM mTpuxoB N. [lpu kakoit mwmpuHe b mend OyJeT MOJHOCThIO HC-
MOJIb30BaHA paspelniarmnmas CIocOOHOCTh PENIeTKH Ui JJIUH BOJH
BOMIIM3H A7

Pewenue

[Tpu KOHEYHOM 3HAYEHHH LIMPUHBI IENU b CBET OT PA3JIMYHBIX TO-

b
YeK MIENH IMajaeT Ha PemeTKy IMoa yriamMud 0 B auama3zoHe |69| SF.

Ilpy HaKJIOHHOM NAJIEHUH CBETA HA PELIETKY YCJIOBHE JUIS TJIaBHBIX JIH-
(paKIMOHHBIX MAKCHMYMOB HIMEET BH:

d(sing,, —sinb)=m.,
M0JTOMY JIMANa30H U3MEHEHUs O@,, YIJOBOIO MOJIOKEHHS @,, MAKCH-
MyMa m-T0 TIOpsAika U 86 CBS3aHBI COOTHOLICHUEM:

cos®,, - 6¢,, —cos0-60=0,
WIIH

cos0 ' cos0 E

3¢, = 80 = .
cosQ,, cosp,, I
C napyroil cTOpOHBI, yIJIOBOM pa3Mep MaKCHMyMa /m-ro Iopsjka
(cm. 3amaay 6.2.1)

A

A, =———
P Ndcoso,,

U HE 3aBUCHUT OT yIJia MaICHUSI.
MOXHO cYMTaTh, YTO pa3pelaromas CIoCOOHOCTh PEIIETKH HC-
TI0JIb30BaHa IOJHOCTBIO0, ecin 8¢, < A@,, . Ilonaras, uro cosO~1, no-
Jy4UM
pe M _F
Ndcos6 Nd L

b
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rae L=Nd — mmpuHa nudpakunOHHOU pemieTkd. B crmekTpockonuu
HallIeHHOE 3HAa4YeHUe b MPUHATO HA3bIBATH HOPMAALHOU WUPUHOL TLIE-
.

Omeem: b< kTF

3agaya 6.2.6. Vcnonms3ys dopmymny Diipu (6.3) mns uaTepdepo-
Metrpa ®adpu—Ilepo, momyInTsH:

1) ycnoBue MakcCUMyMa;

2) yTI0BO# paanyc;

3) yrioByro MHUpUHY HHTEPHEPEHITMOHHBIX KOJIEIT;

4) yTIIOBYIO JUCTIEPCHIO;

5) pa3penaoIinyo criocOOHOCTS;

6) cBOOOIHYO 00JIACTH TUCTIEPCUU HHTEPPEpOMETpa.

Pemenue

CornacHo ¢opmyne DHpu, HHTEHCHBHOCTH MOHOXPOMAaTHYECKOTO
W3ITy4YeHwus, poiresmero yepe3 uarepepomerp Padbpu—Ilepo (MDII),
paBHa:

_ Iy
I= 4R .20
1+72-sm —
(1-R) 2

rae R — xodddunuent orpakeHus (10 HHTEHCUBHOCTH) KaXKIOTO H3
3epkast mHTEpdepoMeTpa; & — pasHOCTh (Da3 MEXKITY COCETHHMH JIyda-
Mu. B cBoro ouepensn,

21 dn-h

d=kA=—" 2hcosO = cosO, (6.8)
A A

rjae 4 — paccTosiHue MEexXIy 3epkanamu (wiu 6aza) UDII, 6 — yrox ma-
JleHus ceera Ha 3epkana MOII.
VHTEHCMBHOCTL MaKCUMallbHA U paBHa [, ecim sin(§/2)=0, T.e.

korna (2mh/X)cosd =mn. OTcrona nonyyaem yClOBUE Ui HAIPABIIE-

HUif 0,, Ha MHTEP(EPCHIIMOHHBIE MAKCUMYMBI:
2h-cosB,, =mh , (6.9)

roe m= 1,2, 3,.. — mOpAIOK HHTEPPEPEHIINH.
[Ipu BHIMOTHEHUH YCIOBUS sin2(8/2) =1 3HaYeHHE MHTEHCHUBHO-
CTU MUHUMAJIBHO U PaBHO
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(1-R)’
5 -
(1+R)
B peanbHbIx uHTEpdepomMeTpax KOIPPHUIMEHT OTpaKEeHHUs 3epKal
R Onu3ok k enuHuLE, nodtomy /., — 0, a uHTepdepeHIMOHHAas Kap-

I .

min

=1,

THHA OT MOHOXPOMAaTH4ECKOr0 MCTOYHMKA IPEACTaBIsAeT cOOOil COBO-
KYITHOCTh KOHLIEHTPHUYECKUX CBETJBIX M TEMHBIX KoJel. PacmnonokeH-
HOE B IIEHTpPE CBETIO€ KOJIBLIO (MM CBETJIOE MATHO) COOTBETCTBYET
MaKCHMAaJIbHOMY HOPSJKY UHTepOEPEHIUH m,,,, , PABHOMY I€JI0H Yac-

TH oTHOwWEHUsT 2//A . Bce apyrue KonblLa COOTBETCTBYIOT MEHBLIMM
nopsiaKaM: (M, —1) IS BTOPOro KOubla, My, —2) — A1s TpeThbe-
ro, ¥ T.4. Takum o0pasom, B cooTBeTcTBHHU ¢ hopMyIoii (6.9) yrinosoii
panuyc 0, 7-ro CBETJIOro Kojbla yI0BIETBOPSET YCIOBUIO:
(Mo —n+1)A

2h

T'oBOps O MMPUHE KOJEL, MOAPAa3yMEBAOT IIMPHHY O0JIACTH MEXK-
Jly HaxOIALIMMHUCS 110 Pa3HbI€ CTOPOHBI OT MAKCMMyMa TOYKAMH, B KO-
TOPBIX MHTEHCHBHOCTh YMEHBIIAeTCS B JBa paza. U3 dopmynsl (6.3)
CIIEly€eT, 9TO JUIsi TPAHUIL 3TOM 00JACTH CIIPABEIMBO COOTHOIICHHUE:
_ 4R .sin? § =1.
(1-r? 2

3amnmcaB BeIpaKEHHUE IS Pa3HOCTH Pa3 O B ATHX TOYKAaX B BHIE:

0,, = arccos (6.10)

§=8, t—=2mm+=,
2 2

MOJTyYUM COOTHOIIIEHHE IS TOTIOJIHUTENEHOM pa3HOCTH a3 € :

(5, £¢/2)] (1-R)

sin =

2 | 2R’

sin[i%) =%.

Ecmu R=~1, 10
2(1—R)
\/E .

VYrinoBas murpuHa dem MakCcumMyma m -ro MnopsgakKa HaxOodUTCd U3

eE=

cooTHomienus (6.8):
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An-h

e=dd= sin,, -d0,,,

_ €A
m = . .
4m-hsin®,,
Tak kak U3MEHEHHIO Pa3sHOCTH (a3 Ha 27T COOTBETCTBYET M3MEHeE-

HHE NOpsiIKka HHTep(EepeHIMH Ha €AWHUIY, TO AJISl pasHOCTH ¢a3, paB-
HOHU € << 27, ©3MEHEHHUE MopsAaKa Om COCTaBISIET

do

sm—5 U8 (6.11)

21 n\/ﬁ .
Ora ¢opmyna Oyler B JanbHEHIIEM HCIOIb30BaHA ISl HAXOXKJe-
HUS CHEKTPaTbHBIX XapakrepucTuk WOII. BemmunHy, oOpatHyio om ,
Ha3bIBAIOT pe3kocmyio nojoc F:

1 n\/ﬁ

dm (1-R)
[ns ananuza cnektpanbHbIX XapakrtepucTuk MOl moctynmum Tak

Ke, KaK B cliydae ¢ Tu(pakIMOHHON pPelIeTKon. 3amuIieM yCiaoBre 00-
pa3oBaHus HHTEPPEPEHIIMOHHBIX MAKCUMYMOB:

2h-cos0,, =mh . (6.9)

(6.12)

B3sas muddepentman o 00enx gacTel 3TOr0 COOTHOIICHHUS 110 TIe-
pemeHHbIM 0,, u A, 111 yenoeoii oucnepcuu UDII Dy noxydum:

2h-sin®,, -d6,, =m-di,

e, m
d\  2hsin®,
Kak BunmHO 13 dopmynsl (6.13), yrimoBas qucnepcuss MakCHMaibHa

Dy = (6.13)

B LIEHTPE UHTEPPEPEHIINOHHON KapTHHBI (De — o0, eciu 0,, > 0).
Yenosyio wupuny narephepeHInoHHOro Makcumyma A0,, Haiinem,

B34B nuddepeHnnan oT odenx yactel cCOoTHOmeHus (6.9) mo nmepeMeH-
HBIM O, U m:

2h-sin®,,-AB,, =06m-A
C yuetom (6.11) momydaem
e A_ A(1-R)
" 4m-hsin®,, 2m-hsin®,, VR

AO
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UToOBI ONIEHUTDH paszpeutarouyio cnocoornocms R DI, Bo3pMeM
muddepennuan or obenx vacreil cooTHomeHus (6.9) Mo mepeMeHHBIM
Aum:

O=m-OL+A-0m,
rae Om TOo-TIpexHeMy ompeaensercs gopmyinoii (6.11), a S — nana-
Na30H JJIMH BOJH, paspemaeMslii nHTepdepomerpom. OTcrona mnoiyya-
eM:

by .

R=—=—"—=—=mF, (6.14)

oL A-Om Om
rae [ — pe3skocTs moJoc.

®opmyna (6.14) umeer cxoacTBo ¢ hopMyIoil 1S paspemiatoneit
CIIOCOOHOCTH TU(PPAKIIMOHHON PEUISTKH: Rle =mN . HamoMHuM, 4TO

JUI TIOBBILIEHUS pas3periaroniell criocoOHOCTH PELIeTKH HEeoOXOAUMO
YBEIUUUTH o0Iee ynucino mrpuxoB N (00bruHO pabota Benercs B mep-
BoM mopsiike m =1). ng UDIT R MOXKHO MOBBICUTH, YBETUUHBAS TOJI-

2
HIMHY WHTEepdepoMeTpa (mmax :Thj n(unv) K03Q UIMEHT OoTpaxke-

/R
(1-R)

OpHolt u3 BakHBIX xapaktepucTuk M®DII kak ciekTpanbHOTO MpU-
Oopa sBIsieTCS 0Oracmb €80000HOU Oucnepcuu, T.€. TUAMAa30H JITHH
BOJIH AL, JUIE KOTOPOTO HE MPOUCXOUT EPEKPBITUS COCSTHHUX MOPSI-
KOB uHTepdepeHun. BriBon GopMysbl aHAOTHYEH BBIBOLY JJIS CITY-
yast Tu()PaKIIHOHHON PELISTKH:

O=mAL+Adm ; dm=-1;
m(h+AL)=(m + 1A,

Hus 3epkal | F =

Akziz A =ﬁ. (6.15)
m My, 2h
Omeem:
1) Hanpapnenus 0,, Ha nHTEepdepEeHIIUOHHBIE MAKCUMYMBI:
2h-cosO,, =mh ,

2) yrnoBoi paguyc 0, 7-ro CBETJIOro KOJbla PaBeH

en = arccos[M] s
2h
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3) VYrnoBas mupuHa TU(PPaKITHOHHOTO MAaKCUMyMa:

L-(1-R)
AB,, = : ,
2n-hsin®,), - \/E
4) VYrnosas qucnepcust Dy = & = L ,
d\  dsinb,,

A
5) Paspematomas cioco6HOCTh R = y =mkF,

A
6) CBoOojHas 00JaCTh TUCHIEPCUU AA = —=—
m

3anaua 6.2.7. M3nyyeHue oT TOYEUHOIO MOHOXPOMATHYECKOTO HC-
TOYHHMKA CBeTa ¢ MIMHON BONHBI A =500 M magaer Ha UDII ¢ Oasoit
h=1 mMm. MHTEephEpEeHIIMOHHYIO KapTUHY HAOMI0NalT B (HOKAIBHON
TUIOCKOCTA O0OBEKTHBAa ¢ (OKYCHBIM paccrosiuuem F =80 mm. Haiitu
panuyc 73 TPETHETO CBETIIOrO KOJIbLA.

Pemenue

MaxkcuManbHbIH HOPSIIOK HHTEpGEPEHINN M, PABEH LEeJION Jac-

max
i oTHOWIEHUS 24/} . Tak Kax
2k 2-0,001
A 500-107°
— LEJNOe YMCIO, TO B LEHTPE MHTEP()EPEHUMOHHON KapTHHBI OyeT

=4.10°

CBETJIOC TISATHO TIOPSIAKA =4.10°. Cumtas 5T0 MATHO TIePBEIM

max
CBCTJIBIM KOJIBLOM, IJIA 71 -T'O KOJIbIla MOJIYYUM

M, =My —(n—1).

VrnoBoii paguyc 0, 7-ro CBETIOro Koiblia HaigeM no gopmyie

(6.10):
—n+1)A -1
0, =arccos (MJ = arccos[l — MJ :
2h 2h

Ipu ycnoBuu A << h paguyc r, n-ro Kojiblia paBeH:
1

“1=
2
cos“0,

r,=F-1g0, =F-
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IToacraBisis ©CXOMHBIE JaHHBIC, TSI PaRyca TPETHETO KOJIBIIA 110~

Ty4aem:
-9
r; =80- 2:500:10 7 Mm =80-1107 MM ~2,5 Mm.
0,001

Omeem: r3~ 2,5 MM.

3agaua 6.2.8. Ompenenuts napamerpsl U®II, obecneunBatomero
BO3MOXKHOCTh HCCIIEJIOBaHUSI y4acTKa CrieKTpa mmpuHOH AA=0,2 HM
BOMM3M UIMHBI BOJNHBI A ~500HM C pa3pemieHueM HeE XyxkKe

oA =0,001uMm.

Pemenue

Oo6macte cBobomnoit aucnepcun MPII nomkHa OBITH OOMBIIE MIH-
PHHBI HCCIIEyEeMOro CIEeKTpa (B 3TOM ciiydae JUisi BceX JUIMH BOJH Mak-
CHUMaJIbHBI TOPAAOK HMHTeppepeHunu OyAeT omHUM H TeM xe). Mc-
noJe3yst popmymy (6.15), ans 6a3s1 HHTEPGEPOMETPA TTOTY UM

2

T2AL 2:0,2
Paspemaromas cnocobnocts DI nomkHa ObITH HE MEHBIIIS
> & 600 ¢ o5
oL 0,001

Cornacuao dopmynam (6.14) u (6.12),
2h wWR L =
& (1-R) M (1-R)’
OTKyaa sl KO3 PHUITHEHTA OTPAKESHIS 3€PKaIT ITOTydaeM:
o
AL (1-R) &0’

@-nZI—R;
Al

Re1-h 5oy 000
AL 0,2

Omeem: [1apamerpet UDIT: 7=0,9 Mmm, R=0,984.

-3,14~0,984 .

3agaua 6.2.9. Uuarepdpepomerp Dadbpu—Ilepo ucnosin3yercs B Ka-
YEeCTBE ONMTHYECKOTO PEe30HATOpa ja3epa, U3IyYaroIIero Ha JJIHHE BOJ-
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HBl A~632 HM. 3epkana U®DII c¢ xodpduureHTaMu OTpakeHHS
R, =99,8% u R, =98% pacnonoxeHnsl Ha paccrosHuu L =1m. Ompe-

JICJIUTh YaCTOTHBINA MHTEpBan Av (B Merarepiiax) MeXIy ABYMs COCEII-
HUMHU ITPOAOJIBHBIMUA MOJaMH U3JIYUCHUS, a TAKXKE IUPUHY 6\/ (B Mera-
repuax) Kaxmaoi MObl.

Pemrenue

B ciyuae onrtmueckoro pe3oHaropa Jiazepa yciosue (6.9) mus Ha-
XOXIIeHHS UHTEeP(PEPEHIIMOHHBIX MAKCUMYMOB IPUHAMACT BUI:

Lzmﬁ

(Ha mMHE pe3oHaTopa MOJHKHO YKIIAIbIBATHCS IEI0€ YHCIIO MOIYBOIH).
B sToMm cirydae B pe3oHaTope (popMHPYIOTCS CTOSYHE BOJHBI, Ha3bIBae-
MBbI€ TTPOAOIBHBIMU MOJAMHU, IPUIEM

2L
Ai=—, (6.16)
m;
rae m; — NOPSNOK UHTepdEpeHUHH st i -i Moasl, m; ~ 2L/, . Uc-

NOJb3Yysl COOTHOLLICHUE MEXAY AJUHON BOJHBI A M 4acToTo v (¢ —
CKOpOCTh CBETA)

c
A=—,
v
3amuiIeM cootHorieHue (6.16) B Bume:
v c
=M o —
1 ] >
2L

Tak xak s cocenHux Mon Am=m; ; —m; =1, mo3TOMY JUI 4Yac-
TOTHOT'O MHTEpBaia Av MeXIy NPOJOJIbHBIMA MOJAAMH TTOJTy4aeM:
¢ 3-10°
2L 21
IMTockonbKy amst Anana3oHa AIWH BOJMH OA (WM AWAra3oHa 4acToT
Ov ), mmydaeMsbix (paspemaembix) DI, cnpaBeyinBo COOTHOIICHHE:

Av

=150 MI'y (6.17)

3L dv om

TO B COOTBETCTBHH ¢ (opmyioit (6.12), onpenensromel pe3KOCTh HH-
Tep(HEePEHIIMOHHBIX TOJIOC, ISl IIUPUHBI OV H3IYUYCHUS KAKIOW MOJIBI
MOy IHM:

mF,
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¢ 1 ¢ (1-R)
2L F 2L 1R
Omeem: Av =150 MI11, ov=0,5MI11

.i:0,0035-150 MI'=0,5MTI'n.

3agaya 6.2.10. OnTuueckuii pe3oHATOp Jiazepa, U3Iy4arollero Ha
JJIMHE BOJHBI A ~ 632 HM, umeer anuHy L., =0,7m. IlogoOpats na-

pametpsr UDII ans mcciieqoBanns CIEKTPaIbHOTO COCTaBa M3ITyYEHUS
nasepa, 9ToObl YUCIIO pa3pemaeMbIX IPOJOIBHEIX MOJ JTa3epa ObLIO He
MeHee N=7.

Pemenne

CornacHo ¢opmyne (6.17) anst MEKMOZOBOTO PacCTOAHUS AV ..

JIa3epPHOTO M3JIy4eHUus, 00JacTh cBOOOAHON mucnepcuu Av  UOII
JIOJDKHA OBITH HE MEHEe

c N-c
Av = 2N-Av ., = .
2LI/Id)l'[ 2Lna3
CrnenoBatenbHo, 6a3za DI nomkHa yIOBIECTBOPATH YCIOBUIO:

L

Pazpematomas cmocobrocts UPII momwkHa obecrneunBath paszpe-
IICHUE OTICILHBIX MPOIOJILHBIX MOJI JIa3epa, T.€.

2L
RI/[(DH 2 6\::133 — VJ'Ia3 . J1a3 . (618)

a3
C mpyro#i cropoHsl, cornacHo Qopmyne (6.14) nns paspemaromeit
cnocoonoctu UDIT:

2Lyon F= 2Ly *Vias . /R ‘
A as c (1-R)
ComocraBisis hopmydsl (6.18) u (6.19), momyumm:

R — 2Lyon * Ve . TC\/E > Vias * 2Ly .
et c (1-R)" ¢
ﬁ\/ﬁ > L., _N.

(l—R) Lyon
’R 2 9 n
—22(1—R) ; R7 -2 l-i——2 R+1<0.
N 2N
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Tak KaK 7> / (2N?)~0,1, TO KOPHH KBAAPATHOTO YPABHEHHS PaB-
HBI:
RL2 =11+1,21-1~1,1+0,45,

OTKy/1a
R>0,65.
Omegem: L, . <0,Im;R>0,65.

oIl —

6.3. 3agauu 1519 CaMOCTOSITETHHOI0 PellleHUs

3agauva 6.3.1. Ha nudpakiinoHHyI0 pemieTKy HajaeT MOHOXpOMa-
THYECKas BOJHA C JUIMHOHN BONHBI A = 0,5MkM. Haiitn yritoByto mucmep-
CHIO pelieTKy i yriaa qudpaxmum 30°.

Omeem: 1,15 MM

3agaua 6.3.2. Ha nmudpaknuoHHyr0 pemieTky ¢ mnepuogoMm d =
=2 MM, umeronryro N = 25000 mTpuxoB, najaeT MOHOXpoOMaTHYecKas
BOJIHA ¢ JUTMHOHM BomHBI A = 0,5 MxMm. Haiitu paspemaromniyto croco0-
HOCTB pelieTKH mpu yrie nudpaxwm 30°.

Omeem: 5-10°.

3agaua 6.3.3. [ludpakuuoHHas pemieTka C YHUCIOM IITPUXOB
N=1000 ocBemraercs napanieJbHbIM ITy4KOM CBETa OT HATPUEBOH JaM-
nbl. B KakoM MUHHMAaJIbHOM TMOPSAKE CIIEKTPa MOXET OBITh pa3peLicH
KenTeIit gyonet Hatpus (589,0 am u 589,6 am)?

Omegem: B IEPBOM.

3amaua 6.3.4. Haiitm mupuHy CHEKTpaJbHOH JMHUW BOJOPOIA
(A =656,3 HM) Ha HeraTWBe CIIEKTPAJILHOTO MPHOOpa, B KOTOPOM HC-
MOJIb30BaHbl pelieTka MUPUHON L= 3 cM B 00BEKTHB ¢ (JOKYCHBIM pac-
cTosHueM £ =15 cm.

Omeem.: ~3,3 MKM.

3agayva 6.3.5. VY najeHHbIN NPOTSKEHHBIN NCTOYHUK UCITyCKAaeT 1B
omuskue crekrpanbHbie auHUA A;=500,0 HM u A;=500,2 HM paBHOI
MHTeHCUBHOCTU. OLEHHUTH YIJIOBOM pa3Mep HCTOYHHMKA, IPU KOTOPOM
JIMHUY MOTYT OBITh pPa3pelIeHbl.
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Omeem: \y = b= ~ 0,0004 paz.

cpen

3agaya 6.3.6. baza uareppepomerpa Dadbpu—Ilepo pasHa A=1 cm.
Ompenenuts ob6nacth quctiepcuu UPIT 1 MakcHMambHBIA TOPSIIOK WH-

TepepeHIIH T JITUHBI BOIHBI A=600 HM.
Omeem: 0,018 am; 33333.

3agaua 6.3.7. baza unTepdepomerpa ®adbpu—llepo u xo3pPumm-
€HT OTPaXCHHS €ro 3epKal paBHBI COOTBETCTBEHHO A=1 MM m R=0,9.
Kaxoli MUHUMAJIBHBIN OUAa30H MIMH BOAH OA B obOmactd A=500 HM
MO>KHO Pa3peluTh ¢ HTOMOuIb0 Takoro UOIT?

Omegem: 410 HMm.
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I'maBa 7

OIITUYECKUE SABJIEHUSA HA TPAHUILE PA3IEJIA
JAUDJIEKTPUKOB

7.1. TeopeTnuecknii MaTepua

B sTo0ii TIaBe paccMaTpUBalOTCS JIMHEHHBIE U30TPOIHBIE TUAIIEK-
TpUUYECKHE CpeIpl, MPOo3padHble B ONTHYECKOM [uama3oHe. B Takmx
cpeaax MOTYT paclpOCTPaHIThCA AI0CKUE 2apMOHUYecKue dIeKTpoMar-
HUTHBIC BOJHBI (CM. T);

E(r, t)=ReE¢/(* k),

. (7.1)
H(r, £)=ReH¢/(®' k),

rie Ey u H; — xommnekcHele ammumutyasl Bektopos E u H Casase

MEX]ly YaCTOTOM ® W BOJTHOBBIM YHUCIIOM k B popmyrax (7.1) onpenens-
€TCs B COOTBETCTBUU C OUCHEPCUOHHBIM YPABHEHUCM:
o o
k=—n=— (7.2)
c v
IJie 7 ¥ € — IEHCTBUTEIbHBIC MTOKA3aTEINb MPEIOMIICHUS U TUJICKTPUYC-

c
CKasi TPOHUIAEMOCTh CPEBI (l’lzx/g), v =— — ¢a3oBas CKOPOCTh
n

BOJTHBI B Cpe/Ie.
Bekxroper E, H m k B BomHax (7.1) B3amMHO OpTOTOHAIBHBI,
pUYEM:

[k E]=—"5H.
€pC

ITycTh NMUHEHO-ONSPU30BaHHAs CBETOBAs BOJHA
i(or—kr
MaJaeT Ha IUIOCKYIO FPaHMIly paszesia ABYX Cpell ¢ MOKa3aTelsIMHU Mpe-
JOMJIEHUS 11 U 1y NOA YraoM 0; (yroa MexIy BOJHOBBIM BeKTOpoM K,

U HOpPMAaJlbl0 K TpaHule pasnena). Ecnu niockocmo nonspuzayuu na-
Jaroleil BoaHbI (B KOTOpoi siexxaT BekTopel E; u k) opuenruposana

nox yrioM o (asumym noaspusayuu, —1/2 <oy <m/2) K niockocmu

naoenus (B KoTopoil nexat Bektop k; u Hopmans 0z), To:
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N S .
Elo = EIO + Efyo 5 ElO = EIOSIHOLI N El% = ElOCOS (X.l
(KOMHOHCHT& Efo MNEPICHAUKYJISIPHA K INIOCKOCTU MaACHUA, KOMIIOHCH-

Ta Ef’o — JIGKHWT B TUIOCKOCTH TIAJICHUS).

P [ £1<8&y
EDO
5
E'OO
x,' ]\(0
I AY
FEA
' \
' 1
e X
i | !
h ho Y
A |
: ,\;/
k2
5 4
Byt Exo

Puc.7.1. OTpa)KeHI/Ie U MPEJIOMJICHUE CBETA Ha I'PaHUIIC pa3aeia ABYX CpE

C IIPOHUIACMOCTAMH €1 < %)

R

E;| 0 Ef Eoo

010y

Y
Puc.7.2. OTpaxkeHue 1 IpeIoOMIICHHE CBETa Ha TPAHHMIIE Pa3zena JByX Cpe

C MPOHUIIAEMOCTAMU 81 > 82
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B obmem crmyda manmaromias BosiHa (7.2) MOpPOXKITAeT IBE IPYTHE
BOJTHBI (CM. puc. 7.1 u 7.2): oTpaxeHHYIO
i(ot-Kor
Y IPEJIOMJICHHYO
i(of—K,r
E, (1, 1) = By R (7.4)
Bcenencreue  HENPEpBHIBHOCTH  TAHTE€HIMANBHBIX  COCTABJIAIOIIMX
BekTopoBE u H Ha rpanune nsyx cpen (epanuunvie ycio6us) BOJIHO-
BeIe BeKTOpH K, ko u Kk, manmaromei, oTpaK€HHON W IPEIOMIICHHON
BOJIH JIEXKAT 6 00HOU haockocmu x0z ¢ HOPMaJblO K NOBEPXHOCTH pas-
JeNa U, KPOME TOro,

klx = kOx = ka : (7'5)
Orcrona cienyer:
0, =0, (3axon ompadicenus) (7.6)
u, ¢ yaerom (7.2),
ny -sin@; = n, -sin®, (3axon nperomnenus). 7.7
3aMeTuM, YTO MOCKOJIBKY
klx = kOx = 9nl : Sinel = L
c v, /sinb,
u
®
by, =——,
27y, /sind,

TO B cOOTBEeTCTBHH ¢ (7.6), paBHBI U CKOPOCTH pacIpocTpaHeHus (a3
najaoneil, OTpa)keHHON M MPEIOMIIEHHOM BOJIH BJIOJIb TPAHUIIBI (B Ha-
MIPaBIEHUH OCH X).

Ecmu Bonua (7.3) magaer Ha TpaHUILy CO CTOPOHBI ONTHIECKUA Me-
Hee IUIOTHOU cpeabl (& <€,), TO HpU J0O0M yriae mnageHus 0,
(0<0, <m/2) BO BTOPO Cpesie pacIpOCTPAHAETCS MPETOMIIEHHAS BOJI-
Ha (7.4). Ecnu e cBeT mamaer W3 ONTHYECKH Oojee IUIOTHOW Cpemmbl
(& >¢;), To npu yrinax magenus 0, 20, = arcsin(n, /n; ) Oyzxer umers
MECTO HOJIHOE 6HYympeHHee ompadiceHue (TPEIIOMIIEHHOW BOJIHBI HET).
Tak, mna rpanunsl "crexino — Bo3nyx" (m =15; ny, =1) kpumuueckui
Y201 IOJIHOTO BHYTPEHHEIO OTPaKEHUS GKp ~41°.

CoOTHOLIEHUSI MEXY aMILIUTyAaMu Ey, Eg U E>) B 3aBUCUMOCTH
oT 01, €| ¥ & HA3BIBAIOT hopmynamu Ppenens:
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_Ew _h:=ky; (7.8)
Els() klz +k22

N

, (7.9)
’ Els() klz +k22
ke ko
- Ego _& & W, Uy, (7.10)
p Pk k U+, '
ElO £+ 2z 1z 2z
g &
zki
EX 2
e e Y (7.11)
Eb h: Ky \ey wptuy,
g &

TO€ Fyp U Ly, — aMIUIUTYJHbIE KOI(QQUIMEHTHI OTPAKEHUs U IPOITyCKa-
HUsl, U =®/k — JyueBas CKOPOCTH (CKOPOCTh MEPEHOCA IHEPTHUN).

YuutsiBas aucnepcroHHoe cooTHotneHue (7.2), dopmynsr Opene-
JIs1 MOKHO 3aITUCaTh B BUJIE:
ny -cosb; —n, - cosO,
V.=

, (7.12)
n, -cos0; +n, -coso,

= 2ny - cosb, , (7.13)
n, -cos0; +n, - cosO,

) -c0s0; —n; -cos0, ’ (7.14)
P ny-cos; +ny -cosd,

20, -
(= ny -cosO; (7.15)

n, -cosO; + n; - cosb,

HaKOHeLI, MOCJIC TPUTOHOMETPHUUICCKUX npeo6pa3013aHI/Iﬁ (C yueTOM
3aKOHa HpeHOMJ’IeHI/IH) nojry4gacm:

__sin(el—Gz) (7.16)
Sin(el + 92) ’ ‘
= 2cos6; -sinb, (7.17)

sin(0,+0,)
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tg(0, -
r _M’ (7.18)
P tg(6,+6,)
2cosH); -sinb, (7.19)

t, = .
P sin(0;+0,)-cos(0,-0,)

[Ipumepnsbie rpaduxu 3aBucumocteit (7.12)—(7.15) npuBeneHsl Ha
puc. 7.3 (n; <ny) upuc. 7.4 (n; > n,).

nt

=~56°
1
w5 b
-
L RN
ANS
AN
Y
\\\*
by
0 t + t +
20 80 | ©1,mpan
43
rS
-1

Puc.7.3. Kosdppurmentsr otpaxenus r u
NPONYCKaHUs ¢ UL BOJH C §- U p-
ToJIIpHU3alveil B 3aBHCHMOCTH OT yIJIa
nmajgeHuss O; Ha TOBEPXHOCTH pasjeia
IOBYX cpef (n) <ny, ny=1,5ny)

r,‘ 0:‘)”410 lP

i [ S—

Opp~34°

Puc.7.4. Koshduuuentsl otpaxkenus r u
NPONYCKaHUst ¢ 11 BOJIH C S- WU p-
MoJIpHU3alMeil B 3aBHCUMOCTH OT yIia
najeHus 0; Ha OBEPXHOCTh pasziesa ABYX
cpen (ny >ny,ny = 1,5 ny); @p 1 ¢ — HAbET
(ba3bl Py IOJHOM BHYTPEHHEM OTpaxe-
HHH.

B caydae np <n, Ha TpaHulE pasaena (1)2131,1 KOMILICKCHBIX aMIIJIN-

tyn EvP w EJ;P Beerna cosnanator, daser Efy u Eg npu moGsix 0,
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ornnuaroTcss Ha W, a ¢asel Ef) m Ef, ommuaorcs Ha m, ecin
0<0,<05,, wu copmamaior, ecmum O, <0, <m/2.  Vron
0, =arctg(n, /n; )= Opp, (0,+0, = 7/2) waseBalOT yenom bpiocmepa

UiIn yeiom NOAHOU noadapusayuu OTPaXCHHOI'O CBETA. HpI/I naaCHHUHN
BOJIHBI Ha TIpaHUIly pasacia IoJ 3THM YIJIOM p-KOMIIOHCHTa BOJIHBI

E? (r,t) HE OTpaXkaeTcs u, kpome toro, 0, + 0, =n/2. Tak, aus rpaHu-
bl "BO3AyX — crekno” Og, ~56° (puc. 7.3).

Ecnu ny > n, (puc. 7.4), To Ha rpaHuLe cpel (pas3bl aMILIUTY [ Els(;p

. [ n
" EZS(’)p , a TaKxKe E1So n E(fo coraaiot, ecmu 6, <6, =arcsin =2,

m
TorJa Kak (a3bl KOMIUIEKCHBIX aMILTUTY/I El’(’) u E (fo COBITQJIAIOT, €CJIHN

0) <Oy, , u oTMyaroTCst Ha T, ecau B, <6 <6, .

b =G, = 2 u (o -siv0y ). (720)

ITockonbky

10 11IpA ) >0, :

n - Sinel >n,,

ky, =+ ig\/(nl -sinE)l)2 —n3 =+ ik}, (7.20a)
c

M ypaBHCHHME MPEIOMICHHOH BOJHBI C BOJHOBBIM BEKTOPOM
k, =k e, —ik;_ e, umeer Bux:

E,(r,7)= Ezoe_kﬁzzei(wl_k‘xx) . (7.21)

(3Hak «+t» B popmyse (7.21) orOpoineH 1o HU3HYSCKUM COOOpaKEeHH-
SIM.)
TakuM 00pa3oM, MpH TOJHOM BHYTPEHHEM OTPAKEHHH IMPETIOM-

neHHas BonHa E, (r,t) — 3TO TUIOCKas HeoOHopooHas BonHa (7.21), Oe-

rymas BAONb OCH X ¢ (ha3soBOM CKOPOCTBIO VL, =@/k;, . AMIUHTY12

9TOH BOJHBI 3KCIIOHEHIIMAIBHO 3aTyXaeT BIOJb OcH z. [ myOuna Az mpo-
HUKHOBCHHS CBETA B CPENY C M, < 1, COOTBETCTBYIONIAs] YMEHBIICHHAIO
aMIUIUTY/IbI B € pa3:
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L ¢
k2 m\/(nl -sin@, )2 —n3

B cootBerctBum ¢ dopmynamu (7.8) u (7.10) mpu mosHOM BHYT-
PEHHEM OTPaKCHHU:

(7.22)

_ klz +ik£z _ iq)

= —E==e ¥, (7.23)
klz_lkZZ
kliz*_l@
_ & € _ g,
r,=———==¢ ", (7.24)
Pk Rk
€] €

T.€. IPH JIFOOOM a3uMyTe MOJIAPU3ALMH 0, TaAarOIEN BOIHEL
|rs| :‘rp‘ =1.

Opnako, cormacHo (7.23) u (7.24), Mexay OTpakKeHHOW W Taaaromiei
BOJTHAMH Ha TPAHMIIE BOSHUKAET CABHT 10 ¢aze (cM. puc. 7.4):

&:@: \/(l’ll -Sin91)2 —n22
2 kl nl . COSGI

tg : (7.25)

z

. 2 2
mAl( 1 -sinB, ) —n
LA P o sind ) - . (7.26)

2 g 2 n3 -cosd,

Jua onpenenenus KodpGUIMEHTOB OTpakeHUsI R W MPeTOMIICHHS
T 1o sHeprum IpH MPOXOXKJICHUU CBETA Yepe3 TPAaHMILy paslieiia IBYX
CpeJl MMOCTYIUM CJISYFOIIUM 00pa3oM: BEIOEPEM Ha 3TOW TPaHUIIE €/TH-
HUYHYIO TDIOMIAJIKy W CPAaBHUM SHEPTUU TAJAOMIEH, TPETOMICHHON U
OTPaXXEHHOM BOJIH B IIPEJIesiax 3TOM IUIOIIAIKH.

ITo 3akoHy coXpaHEHUS SHEPTUU ISl HOPMAIBHBIX KOMIIOHEHT BEK-

topa Ioiinrnara S =[E,H | cipaBeyinBo cooTHOIICHHE:
Sln = SOn + S2n :
Tak Kak MHTEHCHBHOCTH CBeTa / paBHA CpeHEMY 110 BPEMEHH 3Ha-
yeHuo BekTopa lloiHTHHr, TO:

1, -cosO; =1 -cosO, + 1, -cosb, ,
WM
cos0,

cosh;
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ITo onpenenenwnro, kKo3hHUIHEHTH OTpakeHHUS R 1 ipenomiteHust 17
PaBHBI OTHOIICHUIO SHEPTHUU COOTBETCTBCHHO OTpa)KeHHOI\/'I " 1IpeiIoM-
JICHHOM BOJIH, MOKUJIAIOLIUX TUIONIAIKY Ha TpaHUIle pa3jena, K SHepruu
BOJTHBI, TI/IAOMIEHN Ha ATY TUIOIIAAKY:

_le_o , (7.28)
Snl 11

_Swp _1p-cos0y (7.29)
S 1; -cosb,

nl
Kak moxazano B 3amaue 7.2.2, kodhPUIHMEHTH OTpaxkeHUs R U
npormyckanus 7 (10 SHEPTUur) HAXOJATCS IO POpMYJIam:

R=Sm0 2 (7.30)
Snl
1/1
S .
T:ﬁzw.ﬂ. (7.31)
Snl m COS@I
IIpu sToM
1,
0_,2=R (7.32)
1y
I/I
1
_2:]".%:”_242. (7.33)
1 cosf, m

Honcramsst popmyiiel DpeHenst i s- U p-KOMIOHEHT B GOPMYJIbI
(7.30) u (7.31), MOXXHO yOEUTHCSI B CITPABEIJIMBOCTH COOTHOIIICHUS:
R+T=1.
B cOOTBeTCTBHHM € OINpENCIICHUEM CTEINCHU MONSApU3aluu A , s
OTPaKEHHOTO CBETa

2 s 2
s )4 LS P
_[0—10 o I " 1

A, = , (7.34)
I+10 12+ 1
a I IIPEJIOMJICHHOT'O —
ny 2 gs 2 gp
L1 nl'(ts R ) t7- Iy —t5 - 17
A, = = = (7.35)
Lty 22— 60—ty 1f
m
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Ecnu Ha rpaHuily paszjena MajaeT  eCTeCTBEHHBIH  CBET
(1{ =17 :11/2) , T0:

2 2
v, —7r
A =%, (7.36)
Iy +ry,
2 2
2t
Ay ==—L. (7.37)
f+1,

7.2. 3apa4um ¢ penmieHUSAMHA

3agava 7.2.1. Mcxons HEMmOCpeACTBEHHO M3 TPAHMYHBIX YCIOBUH
s E u H Ha rpanuiie AByX IUAJICKTPUKOB HAUTH KOA(P(OUIIUCHT OT-
pakeHus: R 1 KO3QPUIHEHT MporycKanus 1 Ipyu HOPMaIbHOM MaIeHUU
CBeTa.

Pemenne

Ilycte mmockas JHMHEHHO — moJsIpu3oBaHHas BonHa E; manmaer

HOpPMAJIBHO Ha TUIOCKYIO TPAHMILy pa3jeia JABYX Cpel C TMOoKa3aTesiMHu
MIpEeJIOMJICHHST 1, U N1, (PUC.
7.5). VIHTEHCHBHOCTH JTOM

BOJIHBI:
E, 2 2
- 8081E10 C 80E10
@ to e T
k, _E, m
E, *  Tak Kak (B CHJIy TPaHUYHBIX
YCIIOBUH) JOMKHO  BBINOJI-
kY HATBCS:
Y- Elx =E 2x

TO eciau Obl CyHIeCTBOBAJa

Puc. 7.5. Cxema pacnonoxeHus BEKTOPOB TONBKO MpeNoMJIeHHAs BOJIHA
ki, ko, Ko 1 aMIuTy 1 2JIEKTPUYECKOTO OISt E
B Majaouiel, OTpaXXeHHO! U IIPEIOMIICHHON 2, MHTCHCHBHOCTE CBETA BO

BOJTHAX BTOpO# cpene (mpu
E,y = E;, ) Oblna ObI paBHa

7’
12 2—11 >11,
n
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YTO MPOTHBOPEYMT 3aKOHY COXpaHeHusl sHepruu. OnHako Bce CTaHO-
BUTCA HAa CBOM MECTa, €CJIM 4aCTh SHCPruun Ha):[aIOHIeﬁ BOJIHBI YHOCHUTCA
orpaxxeHHoi BonHol E, (k, =-Kk;), ammnuryna koropoit £, =-rE;, a
oTpakartenbHas cnocobHocTh 7 (0<r<1) ompenensercsa U3 yCIOBUs:
SHEpreTHYecKoro OanaHca:

I =Iy=1,,
1501050
nl(l—rz):nz(l—r)z,
OTKy1a
o s (7.38)
m + ny
C yuaerom (7.28):
2
r=lo_,2_[m=m | (7.39)
]1 nl + }’lz
T=1-R=—41m . (7.40)
(ny +n;y)

B wactHOCTH, MU rpaHMIBI «BO3ayX—Boxa» (n; =1 u n, =1,33)
R=0,02 u 7=0,98, a an1 rpaHuisl «BO3LyX—CTeKso» (1, =15)
R=0,04 uT=0,96.

3ameuanue 1. Ilpu HOpMAIBHOM MaJEHUN CBETAa HA TPAHUILY pas-
JieNia JIBYX JTUAJICKTPUKOB KOA(PQPUIMEHT OTpaKeHHss R HE 3aBUCUT OT
HaNpaBlICHHUS NEPEX0/1a TPAHHIIBI.

3ameuanue 2. Gopmyna (7.32) MOXKET OBITH MONyUEHA HETIOCPE-
cTBeHHO u3 (7.12) nmu (7.14), ecnu nonoxuts 0; =0, =0.

2
I —
Omsem: R=-0=;>=| 17"
I n +ny
T=1-R=—1"
(ny +ny)

3agaua 7.2.2. [lonyuuts dopmynsl DpeHens, UCIONB3Ys TaK Ha-

LAl

3BIBACMBIN ""DHEPTeTHICCKHIT" TTOIXO0I.
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Pemenue
Ecnmu Ha rpaHumy ABYyX MpO3payHBIX Cpel MajgaeT IIocKas MOHO-
XpOMaTHUEeCKasi CBETOBasI BOJIHA, TO B COOTBETCTBUU C 3aKOHOM COXpa-
HEHHUS DHEPTUH:
Sjc0s0;-6—S5,cos0,-c=35,cos0, -G,
rae S=[E,H] — Bekrop lloifHTHHTA, G — IUIOMIaah YYacTKa TPAHHIIBI
(puc.7.6).

€1

€2

Puc. 7.6. OtpaxkeHne u mperoMJICHHE CBETa Ha I'paHUIIE

pasjiena JIByX Cpejl C HPOHUIIAEMOCTAMH €] < €9

[TockonbKy A7l SNEKTPUUECKOW U MAarHUTHOM KOMIIOHEHT BOJIHBI B
OJHOPOJIHOM U30TPOITHON TUAIIEKTPUUECKOH cpeie
nk ~H,
MOAyJib BekTtopa [lolfiHTrHra
S ~nk*
WIIN
S~n'H,
a CJIEZIOBATENbHO, AN MOIYJISi HOPMAIBHOM (IT0 OTHOLIEHHWIO K T'paHU-
11€) KOMIIOHEHTBI 3TOI'0 BEKTOPA:
S. ~k.E,
WIN
S. — w.i’,
e U =c/n — 1yueeas CKOPOCTh BOJHEI (HE MyTaTh ¢ (ha3oBoii!).
Kax nmokazano B 3agaue 7.2.1, B ciyyae n; < n, Ipd HOPMaIbHOM
nagenuu (0,=0):
E —Ey=E,,
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no3TOMY AJ1sl KO3 puureHToB DpeHens » 1 ¢ oIyvaeM:
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m—n

VE = ,
m +n2
2ny

tp = ,
n1+n2
_Un —1/n,
Cn +1/ny

_ 2/m
" Un +1/n,

_ klz —
Iy = b
klz + kZZ

2k,
ts = ,
k]z +k22

[Ipu aTOM yuuTHIBanock, 4yTo B ciaydae 0,=0 t =1—r.
Ecim 0, # 0, TO U151 TMHEHHO NOJIIpH30BaHHOM s-BOJIHBI (E || 0y)
k2z

U, —Up,
b

) —

P
U, +y,

21/!12

t, = .
p
U, + Uy,

a s p-sonusl (H || 0y):

3agaya 7.2.3. HaiiTu a3uMyT oy OTpak€HHOW BOJHBI U a3UMYT 0O
NPETOMIICHHOM BOJIHBI, €CITM a3UMYT MaAalouleld BOJIHBI 0, a YroJl ma-

Pemenne
S Eg
tgogy = , tgo,=
p p
Ey

JEHUS U yTOJI IPEJIOMIICHHUS paBHBI COOTBETCTBEHHO 0, 1 0.
ITockonbky
S
£y
o
0

tg oy i
i

TO, ¢ yuetoM popmyn Openens (7.16)—(7.19), nomyyaem
cos(6, -6
- ( 1 2) tg o,

nE
cos(0, +6,)
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t,E

=cos(6,-0,)-tga,.
t,El

tg Ay =
Tax Kax |cos(91 +0, )| <1, 10

|tg (xz| <|tg 0L1| <|tg (x0| "

a, CJICA0BATC/IbHO, IIPU OTPAXXCHUU a3UMYT NOJIApU3allviuid YBECINYNBACT-
Ci, TOrJda Kak Mpu npejIoMJICHUN — YMCHBIIACTCA.

cos(6;, —6,)
cos(6,+6,)

tg o, =cos(6;,—6,)-tg ay

Oteer: tgoy,=- tg oy,

3amaua 7.2.4. EcTecTBeHHBIN CBET C MHTEHCHUBHOCTLIO / IagaeT
noa yriioM bprocrepa u3 Bo3lyxa Ha MOBEPXHOCTh CTEKJIA C MOKa3are-
nem npenomieHus n =1,5. Haiitu: a) koapdurmenT otpakenus R cBe-
Ta; 0) cTereHp NOoIApU3annu A PEITOMIIEHHOTO CBETA.

Pemenune

Tak KaKk eCTECTBEHHBIN CBET MOJKHO pPacCMaTpuBaTh KakK CYIEPIIO-
3UIUIO ABYX HEKOT€PEHTHBIX BOJIH OJIMHAKOBOW MHTEHCHUBHOCTH, ILJIOC-
KOCTH MOJIIPU3aIIMU KOTOPBIX B3aUMHO MEPIEHIUKYIISIPHBI, TO

I’ =17 = £ .
2
a) [pu 6, =6, :

T
0,+0,=—,
1Ty
cos0, =sinb;,
tg91=n—2=n.

m
[Toatomy B cootBetcTBHU C (7.14) u (7.12):

r,=0,
n* -1
r.o=— .
S
n? +1

CHCILOB&TCHI)HO, HWHTCHCUBHOCTL OTPAKCHHOT'O CBETA:
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1 n*-1
=1y =r’l =—| 5—| 1,
2{ n°+1
a K03 puIMEeHT OTpaXKeHUS:
2
I, 1{n*-1
R="0-—|~ =0,74.
I 2 n?+1
6) ITo OMpPEACICHNUIO, CTCICHb MNOJIAPU3ALUN TPEIIOMIICHHOTO
CBCTa.
A=zl
L+17

Taxk kak /> =(ts)2 nly, 1§ =(tp)2 nlf u I =1, 10:

Hocxkonbky npu 6; =0, :
t, = t,= !
Y ol+n?’ n’

B UTOTE TOJIyYIacM:

4n* —(n2 +1)2

A=——"—>5=-0,08.
4n? +(n2 +l)

Omeem: R=0,74,A=-0,8

3amaua 7.2.5. EcTecTBeHHBLIN CBET C MHTEHCUBHOCTLIO / IagaeT
noji yriaom bprocTepa u3 Bo3AyXa Ha IIOCKOINApasUIeIbHYH CTEKJISH-
HYI0 IUIACTUHKY C [OKa3aTelieM IIpe-
jgomnenus n=15. Halitu wuHTEHCHB-
HOCTb U CTEINEHb MOJIAPU3AIIANA KAXKIOTO
u3 my4ukoB 1-4 (puc. 7.7).

Pemenune

PaccmatpuBas ecTecTBEHHBIN CBET
KaK CYNEpIO3ULHUI0 JABYX HEKOTE€pPEHT-
HBIX BOJH OJMHAKOBOH MHTEHCHUBHOCTH,
IUIOCKOCTU MOJISIPU3alUU KOTOPBIX B3a-
MMHO MEPIEeHANKYISPHBI, MOXKHO 3aIlu-

Puc.7.7. Xonm mnyueit uyepes
IJI0CKO-TIAPAJLIENLHYIO  CTEK-
caTpb JITHHYIO TUIACTUHKY
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70) _ (0) _

1
s p _E'

Ha rpanuue 6030yx-cmexio npu 6; =0, :

cosf, =sind;, tg
ITosTomy B cooTBeTcTBHU ¢ hopMynamu DpeHers:

_m—ny-tghp nlz—nzz _l—n2
s = =TT 2
m +n2 tgel n +}’l2 1+n
2my 2nf 2
tS: = 2 2::
m +n2 tgel m +n2 1+n

2 B

n, —n -tgd
r, = 2~ 18 L_g,
n2+n1-tg91
2n n 1
t L =1

P ny + n - tgel ny n ’

Ha rpanune cmexno-6030yx npu 9; = O'BP =0,:

' 2 TT
61"‘62:—,
2
cos0, =sinf,,
roon 1
tg91=—1=—.
n2 n
AR 2n? o/
r.= = cr, = =n
N 9 b 9
1+ n? 1+n? 7 b
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st myaka 2:

2 VI 17
S R (e | Y (I S NP I
1+n> 2 n 2

2
2 2
an” +(1+n°) Iy _1+6n’+n* 1y

- n2(1+n2)2 2 n(1+112)2 2

O_0 2 p 4 —(n? 1)
A(2):’s2 ]fz s T (" —=—0,08
]£)+Ip) Iy +1, 4n2+(n2+1
st myuka 3:
19 =13 1) = () )2 13 +(r, )2 YO
=n(r;)2-t2 IS(O)—i-n(r;J)z't; 10 =
2
W21 7 2 I I, Zn(n —1)
) ) 27T i tos
+n I+n (1+n2)
2 2
o1
14 )

2 2 (an)“ 2

4
2 4 2
_[ 2an ( 5 jz I,y 16" 1)
Y (R | U T Gl A
I
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1 124

1§4) w1t (4 )2 2+(1, )2 12

22 Y (2 YV
. — 4
1+n° (lJrnZj 1_16"4_(1+”2)
2 B 4
{2;12} ( 2 )2 16n4+(1+n2)
. 5| +1

1+ n? 1+n

S——
—_
VJN
S —
S
VzNN
|
—
~
=t
~_—
S
~
AS I S)

A _

=-0,16.

Ecnu Ha myTH mydYka €CTECTBEHHOTO CBETa YCTaHOBUTh N TaKuxX
wiacTuHOK (cTtoma CToJIeTOBA), TO CTENECHb MOJIAPU3AIUH MTPOIIE/IIIe-
ro cBeTa OyIeT paBHa:

(t’ )2N 2N —(t' )2N 12N ) (4n2)N —(1+n2)4N

5 s P P ‘
! (t_;)ZN-sz+(t;j)2N-t§N (4n2)N+(1+n2)4N
Omeem: 1(1):[1—112}2'1_0 A(l):l
1+ n? 2’ ’
[ 1o ant o) e
n(lJrnz)2 2
2
1(3) _ 2n(n2 —14) I, A(S) —1
(1+n2)
/@) _ 16”4+(“jz) Iy A __g16
(1+n2) 2

3agayva 7.2.6. Haiitu TonuuHay d BO3AYIIHOTO 3a30pa MEXIY ABY-
Ms IPAMOYTOJFHBIMU IIPU3MaMH U3 cTekia ¢ n=1,5 (cm. puc. 7.8), npu
KOTOPOH MOJSIPU30BaHHOE MEPIEHAUKYJIAPHO IUIOCKOCTH MaAEHUS Ja-
3epHOE M3NIYUYCHHE C UTMHOM BOJHBI A = 0,63 MKM ITPOXOIUT Yepe3 HUX

C MOTEPSIMU aMILIMTY bl He Ooee ueM B 2,7 pasa.
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Pemenune
Tak Kak I TpaHULBl «CTEKIO — BO3AYyX» KPUTHYECKUH yroi

0,, =arcsin(1/n) ~42° menbiue, yeM 6=45°, T0 M MajAOLIErO HA

p
TpaHuIly 2 Jy4ya BBINOJIHAIOTCS YCJIOBHSA IMOJHOTO BHYTPEHHETO OTpa-
JKEHUS.

OueBuIHO, YTO AMIUIUTYIHBIH KOA(QOUIHMEHT TPOITyCKaHUS BCei
CUCTEMBI:

t=t-|ts||t0]-|ta] 14

B cootBerctBumM ¢ (7.13)
IpH HOPMAJBHOM  ITaJI€HUH
cBeTa Ha rpaHusl 1 u 4:

2
H=—=038;
1+n
2n
ty=—=12;
1+n Puc. 7.8. IIpoxoxneHue a3epHOro U3IIyYeHUS
a TSt TPAHMI 2 U 3: yepes JBe MPSIMOYTOJIbHBIX TPU3MBI C 3a30pOM
2ncoso
|t| ==—=1.9;
n* -1
2.0 2
24/n"sin“6—1
|t3| =——=0,63.
n"—1
CornacHo (7.22) ans BO3AyIIHOTO 3a30pa 2-3:
to] =%,
A
roe A= =0,28 MKM.

21y n’sin’0—1
Tax kKak 1o yCIIOBHIO 3a/1a4u: f > 1/ 2,7,

TO MOJIy4acM:
d=A-In[2,7-4;-|ty]-|tz] -5 |~ 0,32 maxcm.

Omeem: d ~ 0,32 MKM

3agaua 7.2.7. Haiitu ¢a3oBeld cHBAT ¢ MeXIy p- U S-
KOMIIOHEHTaM{ OTPaXKEHHOH BOJIHBI IIPH [IOJTHOM BHYTPEHHEM OTpaXe-
HUH.
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Pemenue
[Ipu mosHOM BHyTpeHHeM otpaxkennu (60, > arcsin(n,/ny)) casur
no ¢asze p- U S-KOMIIOHEHT OTHOCUTEIBHO Majalomieil BOJIHBI MOXKET
OBITH paccunTaH 1o Gopmynam (7.25) u (7.26):
. 2 2
(O (nlslnel) —ny

tg_ = »
2 nicos

(pp m (nlsinel )2 - n%

tg——=
2 n3cos6,
Hcnons3ys Gopmyy:
? )
tg—L —tg 2
N C B
2 P Py
l+tg—tg—=
& 2 & 2

JUIS ICKOMOTO C/IBHTa @ =@, — (¢ TOIydaem:

N

o @ coslelsinzel—ngl (7.41)
g = .

2 Sin291 ,
e ny =ny/ny .
[ 2 2
cosfy4/sin“0; —n
Omeem: tggz ! — L 21
2 sin“9,

3agaya 7.2.8. Ilpu KakoM yrie MOJIHOTO BHYTPEHHEIO OTPasKEHUS
(a30BbIi CIBUT MEXIY p- U S-KOMIIOHEHTAMH OTPa)KEHHOM BOJHBI MaK-
cumaieH?
Pemenue
B coorsercTBuM ¢ opmyioii (7.33):
® cos@l,/sinzel —nzzl

tg—= >
2 Sin291

rae arcsin(ny /n )< 0, <1/2, ny =ny/m <1. Tak kak @(6,)=0 npu

0, =arcsin(n, /n;) m 6, =n/2, o uccaenys e(6;) Ha IKCTpEMyM, MO-
JTy4YHM, YTO MAaKCHMAaJIbHOE 3HAUCHHE!
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2

-n
Qmax = 2arctg 21 (7.42)

2”121

JOCTHIaeTCs PH yTJIC aACHHUS:
2
.| 2m
01 max = arcsin 2L
1+ Ny

B 4acTHOCTH A7 rpaHULIBI CTEKIO—BO3AYX (75 = 1/ L,5):
Qrax =45°36" npu 0, =51°20",
a 0=45°=n/4 npu 0, =(48°37 u 54°37').
UtoOBl IpH OAHOKPATHOM IIOJHOM BHYTPEHHEM OTPaXCHHUHU CBETa
nocTHYL @ > 7/2 , HEOOXOAUMO MMETh MaTepuan ¢ n>2,41 (y anmasa
n=2,42).

2
2n
. _ : 21
Omeem: O, =arcsin, | —=—
1 + n21
3agaua 7.2.9. Paccunrars npenomisitonuii yroin 0 ans mapasiene-
nunena dpenens, caenaHHoro u3 creknac n=1,7.
Pemenue
Jlyd cBera, mpoxons depes mapamienenunen OpeHens, NCIBITHIBA-
€T ABYKpaTHOE IMOJIHOE BHYTPEHHEE OTPa’KEHHE Ha TPAHUIIC «CTEKJIO —
Bo3ayx» (puc. 7.9). Yron 6 BoiOupaeTcst TakuM, 4TOOBI B BBIXOASALIEM
Jydye pasHoCTh daz 20 =@ p~ s = m/2, T.e. IPU OJHOKPATHOM OTpa-

KeHuu: O =1/4.

Puc.7.9.IIpoxoxxaenue nyda cBera yepes napamienenunen Openens

Ucnone3ys popmyiy (7.33), morydaum ypaBHEHHE:

2

. n-+1 T . 1 i

s1n4(9——2cos2 —-s1n2(9+—2c0s2 —=0,
n 8 n

penieHue kotoporo npu n=1,7:
0=38°42"u 60°32'.
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Omeem: 0=38°42" u 60°32'.

3agaua 7.2.10. KakuM nomKkeH ObITh MUHUMAIBHBINA ITOKA3aTeNb
MpeIoMJICHHST Yy MaTepuana il napamwienenunena DpeHens, 4ToObI
obecreunTh Ha BBIXOAE CABUT (a3 MEXIY p- U S-KOMIIOHCHTAMHU
P=9, ¢, =31/2?

Pemenune

Cornacuo (7.34), nns mMaTepuaia ¢ IoKa3aTeleM TPEJIOMIICHUS 7
NPU OJTHOKPATHOM TMOJHOM BHYTPEHHEM OTPAXKCHUU HA TPAHUIIE C BO3-

JyXOM Pa3HOCTh (a3 He MOXKET MPEBbIMIATh 3HAYCHUS:
2

n°—1
¢y, = 2arctg ,
2n
AU
2
n°-—1
tg (plm —
2 2n
Pemas nocnennee ypaBHEHUE OTHOCUTENBHO /1, IOTYUYHUM:
1+sin Pim
n=
Pim

cos
[TOCKOMBKY TIO YCIIOBHIO 3a1a4u @y, =@/2 =31/4, 10

. 3m
1+sin—
n=— 8 _5008.

3n
cos—
8

(MarepuasnoB ¢ TakuM 3HAYEHUEM 71 B OIITHYECKOM JHara3oHe HeT!)
Omeem: n=>5,028

7.3. 3apa4u AJ151 CAMOCTOSITEILHOIO pelieHHs

3agava 7.3.1. [log xakuM yrjioM HyXHO OTpPa3uTh CBET C €CTECT-
BEHHOW TOJSApU3anuell oT KpucTauia kaMeHHol comu (n = 1,544), uro-
OBl IIOJIyYNTh MAaKCUMAJIbHYIO CTEIIEHb MOJIIPU3ALUN OTPAXKEHHOI'O CBE-
Ta?

Omeem: 57°05'.
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3amaua 7.3.2. Y3Kkuil My90K HEMOISIPH3OBAHHOTO CBETA MAAAET IO
yriiom bproctepa Ha crtomy CToneToBa, COCTOAIIYI0 W3 N TOJICTHIX
TUTOCKOTAPAIIICIIbHBIX CTEKIISHHBIX IJIaCTUH. HalTu creneHb Mmoyspu-
3aIiy mporreaero ceera, ecmu N=1,2, 5 u 10.

Omegem: 0,16, 0,31; 0,67 u 0,92.

3agaua 7.3.3. [Ipu kakux yclnoBHAX JIyd CBETa, MaJaoNIuil Ha 6o-
KOBYIO TPaHb MMPO3PAYHON M30TPOITHOW MPHU3MBI C MPETOMIISIOIINAM YT-
noM 60°, IpoxoauT vepe3 Hee Oe3 MOTeph Ha OTpaKeHHe?

Omeem: 1) CBET MOJSIPU30BaH B IUIOCKOCTH TAJCHHUS; 2) MOKa3a-
TEJb MPEIOMIICHUS IPU3MEI paBeH 1,73.

3agaya 7.3.4. Henonsspu3oBaHHbIHM cBeT nanaeT nox yriaoM 45° Ha
MMOBEPXHOCTH CTEKJIA ¢ TTOKazareneM mperomienus 1,53. Haiitu crerneHp
MOJISIPU3AIMY OTPAKEHHOTO CBETA.

Omeem: 0,82.

3agava 7.3.5. Haiftu creneHp mosspu3aliiyl JIyda, MPOIIEAIIETO
4yepe3 CTEKISHHYIO IUIACTHHKY C ToKaszaTesieM mIpeiomieHus 1,5 mpu
yriax nazaenus 20, 45, 60 u 80°, ecnu U3HAYAIBLHO CBET HE ObLT MOJIS-
pU30BaH.

Omeem: —0,015; —0,091; —0,176; —0,402.

3apmaua 7.3.6. Kakoil mokasarens MmpeaoMIICHHS IODKEH OBITh Y
BEIIECTBA, YTOOBI B pe3ylibTaTe OAHOKPATHOTO IOJIHOTO BHYTPEHHETO
OTpaXeHUS HA €ro TpaHUIle C BO3AYXOM JHHEWHO-ITOJISIPH30BAHHBIN
CBET C a3UMYTOM Toysipu3aunu 45° npeoOpa3oBBIBAIICS B HUPKYJISPHO-
MOJIAPU30BAHHBIN ?

Omeem: ~2.41.

3agaya 7.3.7. Ilpu kakoM mokKa3zaTese MPEIOMIICHHUS 1 CPEAbI
K03 (PUIIMEHT OTpaskeHHsT HENONAPU30BAHHOTO CBETa JOCTHraeT
MUHHAMYMa JJis1 yT0B majaenus oT 0 go 90°?

Omeem: n > 3,732.
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I'maBa 8

JUCHEPCHUS CBETA. 3ABUCUMOCTD ITIOKA3ATEJIA
HPEJOMJIEHUSA U KOOOP®UITUEHTA IOI'JIOIEHUA
OT YACTOTBI. ®A30BAA U I'PYIIIIOBASI CKOPOCTH

8.1. TeopeTnueckoe BBeJeHUE

Kak yxe orMmeuanoch B I'l. 2, B OJHOPOJHON JTHHEWHON H30TpOII-
HOH cpeie MOTYT paclpOCTPAHSTHCS IUIOCKHE MOHOXPOMAaTHUYECKHE
3JIeKTPOMAarHUTHbIE BOJHBI:

E(r, t) = Eoei(m_kr), @)
H(l‘, t) _ Hoei(mt—kr), ’ .

MpUYeM 4aCToTa O 1 BOJIHOBOH BCKTOp Kk cBs3aHBI ApyT € ApyromMm auc-
MNEPCUOHHBIM COOTHOLICHUCM:

k? =w—8
Cz ’
50107%0
k=2y, (8.2)
C
rac
e=¢ —ig" (8.3)

— KOMIUIEKCHas (B OOIEM ciydae) MUDICKTPUUECKas MPOHHUIAEMOCTb
cpenbl, a

n= \E =n'-in" (8.4)
— KOMIUJIEKCHBIH MTOKa3aTeNb MPETOMIICHUS.
B cBsa3m ¢ Tem, aro D, =¢,eE , MOAYIb IPOHUIIAEMOCTH
0 08L&

& =(&) +(&")? (8.4)

oTIpesieNIsieT aMIUIHTY Ay JeKTpudecKord HHAyKuu Dy, a

"

tgd=—— (8.5)
&

xapakTepu3yeT pa3HocTh (a3 mexny D u E (6 — Tak Ha3pIBaeMbIil yroi
JUDJIEKTPUUECKUX MTOTEPD).
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B cootBercTBUm ¢ (8.3) BomHOBOW BekTOop K MOKeT OBITH mpen-
CTaBJICH B BUJIC:
k=k"-ik", (8.5)
0} 0}
rne k' =—n' uk"=—n"
c c
C yueroMm (8.5), ypaBHEeHHE IJIOCKON BOJHBI, (Hampumep, st E)
MIPUHAMAET BH/I;
_ —k'r_i(wr-k'r)
E(r, t) =Epe " e . (8.6)
CornacHo (8.7), miiockass MOHOXpOMaTHUYEeCKasi BOJTHA PaclpOCTPaHsIeT-
cst B HanpasyieHud K’ ¢ hazosotl ckopocmvio
o C
0= P € = —, €y, (87)
n
TAe n’— nokazameib NPEIOMNEHUSL.
Bekrop K" ykaspiBaeT HampaBieHHE MaKCHUMAaJbHOTO W3MEHEHUS

"

aMIUTHTY bl BOHBL [Ipu n" = ——> 0 amMmiuTya BOJHBI SKCIIOHEHIIU-
)

aJIbHO YMEHBILIAETCS B HANPABIECHHUH €y, TI0OITOMY 1" HHOTA HAa3bIBAIOT
nokazamenem nO2NOUeHUs.

IToCKOJIBKY MHTEHCHMBHOCTH [ BOJNHBI B CpPEJE MPONOPIMOHAIBHA
KBAJIpaTy €€ aMILUTUTYIbI, TO B cirydae n” > 0:

I =1y e %", (8.8)

o)
rae o = 2— n"— koaguyuenm no2nowenus, He 3aBUCSIIMNA OT HHTEH-
C

CHUBHOCTH CBETOBOM BOJHEI (3akoH Byzepa).
B coorserctuu ¢ (8.3) u (8.4):

n' - in" =g’ - ie"
(n')2 =%8'- V1+1tg28 +1

MIO3TOMY

(n")2 =%8" J1+tg?8 -1



I 8. Jlucnepcus ceema. Dazosas u 2pynnosas CKOpocmu 179

Ecmu tg28 <<1 (cpema — pgudnAeKTpUK), TO n'~e W

n" =%\/§|tg8

!N ”: 8_’
n'=n ‘/2|tg8|.

COBOKYITHOCTb SIBJICHHIA, 00YCIIOBIIEHHBIX 3aBHCHMOCTBIO XapakTe-
PUCTHK cpebl n' U 1" OT 4aCTOTHI (0 CBETOBOM BOJIHBI, OTYyYnIa Ha3Ba-
HUE Jucnepcuu ceemad.

OCHOBHBIE 3aKOHOMEPHOCTH PAacCIPOCTPAaHEHHUSI CBETAa B cpeie 3a-
YacTyl0 yAAE€TCS ONMCATh C MOMOILUBIO MTPOCTON KIACCUYECKOW MOJENH,
B KOTOPOM cpela paccMaTpHUBaeTCs Kak aHCaMOJIb TApMOHHYECKHX OC-
MAUIATOPOB (MoOdenb Jlopenya).

B pamkax 3TOil MOAENH 3aBUCUMOCTD JIMHEMHOW ONTHUYECKOW BOC-
MPUUMYHUBOCTH Y CPENbI OT YACTOTHI (® UMEET BU/I:

(DZ

o)=¢(w)-1=——L | 8.9
X() () 0)%—0)2+1T03 ®9)

; eciam tg26 >>1 (cpema — TIPOBOJHHK), TO

rae oy u ['— coOcTBeHHAs YacToTa U KOA(PHUIMEHT 3aTyXaHUs] SHEPTUH
KOJIe0aHni OCHMIIIATOPOB (Kak npasmio, I' << @), 0, — Tak Ha3bIBae-
Masl nIa3MEeHHAs YacCmoma:

ol =2 (8.10)

e m— 3apsaa 1 MacCa OCHUJIATOPOB, N—ux KOHUCHTpalus.
I[J'ISI paspeosicerHHvlx  ra30B BOIIH3U pe30HaHCHOI>i HaCTOThbI

(|w—w0|<<m0):

2
©p ) —®

400 (o, —co)2 +T2/4 ’

n'(w)=1+

I'padmku 3aBucuMocTeit n'(®) 1 a(®) npruBeaeHBI Ha puC. 8.1.
Kax BuaHo wu3 pucyHKa, BHE TMOJOCH TMOMJIOMICHUS (IIHPHHOMN
Ao ~T <<®,) npoussoanas On/dw>0 — 06macTs HOpMmaNLHOU Ouc-

nepcuu.
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Ecimn o << ®y, To B cooTBeTcTBUM € (8.15):

2 2

(O]

n-1s—2|1+2 :A[H%j (8.11)
2wy On A

— nUcriepcuoHHast gpopmyna Kowu, KOTOpas XOpOIIO ONMMCHIBAET IMC-
nepcuto ra3oB B Buaumoi n MK-obnactsx cnexrpa.

Juis naomusix cpen B 00IacTu npospauHocmu (|c0—c00| >>1") 3a-

KOH JMCIIEPCUH XOPOILIO OMHUCKIBAETCS ghopmyaoi Jlopenya—/lopenya:

e B S (8.12)

Tak xak, cormacHo (8.10),

a(o) 2 N '82
i 0 = , @ TUIOTHOCTH BeIlle-
i p
| Egm
1
i ctBa p~ N, To yaenbHas ped-
1
b paKIMsI BEIIeCTBRA:
1
[ 2
A n-—-111
o r=|= = (8.13)
0V o (= n+2) P
[
H’ (@) Lo HE JOJKHA 3aBHCETHb OT IUIOTHO-
:' H :' CTH.
H i H B obGnactu ewicoxux uacmom
e N (0o
P o?
b n*=1-—L. (814
< P @
0 —w, ) B ciywae kouoencuposanHuix

cped (N = 10% CM ) COOTBETCT-
ByIOIIasl IUIa3MEHHOW  4acTOTe
JUTHHA BOJTHBI

Puc. 8.1. 3aBucuMOCTH Ol B 77’ OT YaCTOTEI

2
A, = 0,3 MM (YD-006macth criekTpa), moatoMy npu A < 0,1 MKm

p
@p

U3YUYCHHE U BEIIECTBO B3aUMOJICHCTBYIOT CJ1a00.

Hnsa  uonusosannozo easa (nnasmur): oy =0, Ng=N,,

m, << Moy U
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(@)
n?=1-—L2 (8.15)
()]

ITockonbKy ¢azoBas ckOpocTh (8.7) 3aBHCHT OT IOKa3aTeNsl Ipe-
JIOMJIGHHS 7', TO B cpejie ¢ aucneperei n=n(w):

c ®

v=0(w) (o) ¥ (o) (8.16)
A 3TO 3HAYUT, YTO NPH PACHPOCTPAHEHUH CBETOBOI'O MMILYJIbCA KOHEY-
HOHM INTEIHLHOCTH B Cpelie C AWCIepcrueil ero ¢hopMa MOXKET CyIIecT-
BEHHO MCKaXaThbCsl.

Jna ysxononocHeix CUTHANOB B npospaunsix cpenax (n"<<1) BBo-
JUTCS TIOHSITUE SPYNNOBOL CKOPOCHIU:
_do

dk
KOTOpasi XapakTepU3yeT CKOPOCTh IBIKCHMS OTrMOarouieil BOJIHOBOIO
nakerta (a clIeloBaTeIbHO, H CKOPOCTh MEepeHOca BOJNHOW SHEPTHH), KO-
Topasi, BOOOIIe TOBOps, oOTIMYaeTcss OT (Ha30BOM CKOPOCTH (CM.
puc. 8.2). Kpome toro, ¢ mo3umuii ¢popmanusma (8.17) B obmactu aHo-
MalbHOU JUCTIEPCUH (dn/ do< O) TpyMIIOBasi CKOPOCTH U TOJKHA OBITH

u

: (8.17)

OoJblle CKOPOCTH cBeTa B BakyyMe. OIHAKO M3-3a CHIIBLHOTO TOTJIONIE-
HUS CBETa B JTOH OOJIACTM TIOHSATUE TPYIIIOBOW CKOPOCTH TEPSET
CMBICIT.

B ciydae naasmer qucnepcHoHHOE ypaBHEHHE, ¢ yderoM (8.15) u
(8.16), nmeeT BHL:

2k = w? —wlzn.

L u
c’¢C

0

Puc. 8.2. 3aBucuMOCTH HOPMHUPOBAHHBIX U H U OT YACTOTHI



182 OITUKA. METOIUKA PELIEHUA 347744

Ecmn o< ®,, TO IPpOHUIIAEMOCTh & =c*k? / w® < 0, a ciegoBarTebHO,

p’
k =—ik" w BoiHa B Iuiasmy He NpoxoiuT (oTpaxkaercs). B oGmactu

MPO3pavHOCTH (M > M p ) da3oBast CKOPOCTh

c
v=—>c
n
(mockosbKy n < 1), a TpymmoBas CKOpocTh
2
LG - (8.18)
dk v
W
u-v=c*, (8.19)
Taxk kak B 00I1IeM CiIy4ae:
ck = om(m) ,
TO
cdk=dw- n(co) + mdn(m)
u
1 dk 1 ( dn j
—=—="{n+o0—|,
u do c do
WITH
u= v; (8.20)
B odn’ '
1+ ——
ndon
Ecnu 3akoH mucniepcuu 3aiad B BUAE: D = 1)(/1) , TO
u=0-— k@ (8.21)
d\
— gpopmyna Pazes.

8.2. 3amaum c pemieHUsIMHU

3apaua 8.2.1. Onpenenuts MOKa3aTenhb MPEIOMICHUS YTICKUCIIO-
ThI TIPU HOPMAITbHBIX ycnoBusaX. [lonspusyemocts Monekyibl CO, pas-

Ha $=3,3-107% .
Pemenue

IToka3zarenb NPEeOMIICHUS 1 U TUDIICKTPUUECKAs IPOHUIIAEMOCTD &
CBSI3aHBI COOTHOIICHUEM (8.4):
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n=le.
B cBoto ouepenn

e=1+7y,
a JUAJIEKTpUYECKass BOCIHPUUMYMBOCTH Y TMPONOPLUUOHAIBHA KOHLIEH-
Tpauuu N MOJIEKYJI rasa:

xX= N- B >
rze 3 — moasipu3yeMocTb OJJHOH MOJIEKYJIbI.
Taxum o0pazowm,

n=41+Np.

IIpn HOpMaNbHBIX YCIOBUSX KOHIEHTpauus wmonekyn CO, paBHa
N=2,687-10 M, mosromy

n= \/1 +2,687-10% -3,3-10" % =1,00044 .
Omeem: 1,00044.

3apaua 8.2.2. [Ipn HOpMAaTLHBIX YCIOBHUAX IIOTHOCTH T'a3000pa3-
Horo Bogopozna p, =0,0000896 r/ oM’ , @ €ro MoKa3aTelb MPeJIOMICHUS
n, =1,000138. Onpenenurs IUIOTHOCTb XKUJKOTO BOJOPOAA Py, €CIH

€ro nokasarenb npenomiueHus n, =1,107 .

Pemenune

ITockonpKy B 007aCTH MPO3PAYHOCTH yAeTbHAs pedpakius Bere-
CTBa MNPAKTUYECKU HE 3aBUCUT OT IUIOTHOCTH, TO B COOTBETCTBUM C
(8.13):

OTCIO,Z[B. nojry4gacm

I
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((1000138)° +2] ((1.1107)" 1)
= — —-0,0000896 = 0,07 r/cm’ .
((1000138)° -1} ((11107)° +2)

Omegem: p,, = 0,07 /e’

3amaua 8.2.3. Konnentpanwust >nekTporoB Ha COHIIE Ha paccTos-
Huu r=0,06R ot rpanuisl porocdepsr (R=6,95- 108m — pamuyc
ConHua) nmpuMepHo paBHa N =2- 10" M. Haiftu MaKCHMAaJbHYIO JIJTH-
HY BOJIH, KOTOpBIE MOTYT JOCTHTaTh 3eMiu 13 3Toi oonactu ConHua.
Pewmenue

B cootBercTBUH C (8.15) rpanuma o6racTi MPO3PavYHOCTH IIIIa3MBI
MOJKET OBbITh HaliJIcHa U3 YCIOBHUS:

rae o, =—— — IJJa3MEHHasg  4acToTa, e=16- 107" K,
Som

£ =0,885-10""" ®/m, m=0,9-10""xr.
Taxum o0pazom,

Ne?
(x)Zcop =, |—,
80}7’[
AN
2me
A<—=23M.
@p

Omeem: 2,3 M.

3agaya 8.2.4. MccnenoBaHus MpoX0oXKIEHUS MIOCKON 3JIeKTpomar-
HUTHOM BOJIHBI 9acTOTOW v =8 MI 1 uepe3 mIocKuil OHOPOIHBIN CIIOH
IUIa3MBI ¢ KOHIIEHTpaueld cBOOOTHBIX 3JEKTPOHOB N = 10" M~ moxa-
3aJId, 9TO IPH yBEINYEHUU TOJIIHMHBI CI0s d B My =2 pa3a dHEpreTH-
4ecKuil Kod(PUIMEHT MPOIyCKaHus T u3MeHsercs B 1, =10 pas. Ilpe-
HeOperas OTpa)XeHHEM BOJHBI Ha TPaHHIAX, HAMUTH TOJIIMHY d CIOS

IUIa3MBL.
Pemenune
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B cooTBercTBUY ¢ 3akoHOM byrepa (8.8):

I(d)=1pe™™

I(T]dd) = Ioeiandd .
0‘) n
rie o=2—n" —kK03(pPHUIHUEHT MOTTOMEHHS.
c

Mo ycnosuio 3aiauu:
1(d)
—_— = n‘[ .
I(nyd)
[Ipu xoHIEHTpaMKU CBOOOJTHBIX AJIEKTPOHOB N = 1027 mas-
MEHHasl 4aCTOTa paBHa:

®, =———=+/N =56,7JN =56,7-10°¢ .
Egm

Tak kak wactora BOJHBI o =27y =50,3-100¢, 10 TIADJICKTPHYC-
CKasl MPOHHUIIAeMOCTH IIJIa3MBI Ha 3TOH "9acToTe, cornacHo (8.15), paBHa

mz
g:l——§=—0,272<0,

®
cnenoBarenbHo, n' =0, n" = ‘8‘
Taxum 00pazom,
g=1my_ IO 5y
ngo @ o

c
Omeem: d =~13,5 m.

3agaya 8.2.5. MnynscHOE U3TydeHHE OT OAHOTO U3 MyJIbCapOB Ha
yacrore v; =80MI'm nocruraer 3emnu Ha Af=7C IO3KE, 4YEM HM-
myJbC Ha yacTtore v, = 2000 MI'n. OueHuts paccrosHue L 1o Imyibca-
pa, eciu cpeaHss KOHIEHTpalus 3JEKTPOHOB B MEXK3BE3JHOM IIpO-
crpancTtee N ~0,05cm .

Pemenne

B coorBerctBun ¢ (8.18) B oOmacTH mpo3pavyHOCTH IJIa3Mbl

(o> p= 56,7</N ~2,0 k['1) rpynmoBasi CKOPOCTh H3IIyYEHUSI B MEXK-

3BEC3AHOM IMPOCTPAHCTBC paBHA:



186 OITUKA. METOIUKA PELIEHUA 347744

u:c-n(co),

e n’ =1—(vp/v)2.

CrenoBatenbHO, 3a7epiKKa At MEXTy HMITYILCaMU:

1 1 L{1 1
NP )
U Uy c\m ny

a pacCTOAHUC N0 ITyJibCcapa:

I c-At
1 1
noom
Tax xak v;,v, >>v,,, TO
2 2
v 1 v
nzl——p2, —zl+—p2,
2v n 2v
u
22
c-At 2viv
L= 5 -21—22z7-1018Mz7OOCB.neT.
Vp Vo) =V

Omeem: L ~7-10"m ~700 cB. ner.

3apaua 8.2.6. Haiitu 3aBucumoctu ¢a3oBoii V(A) U rpynmnoBoi u(A)
CKOPOCTEH OT JUTMHBI BOJIHBI [UIS CICAYIOIINX 3aKOHOB JHCIEPCHU:

a) o’ = gk (U1 TPaBUTAIIMOHHBIX MOBEPXHOCTHBIX BOJIH Ha TITy-
0OKOIf BOJIE, g — YCKOPEHHE CBOOOIHOTO TIAJCHWS);

c
0) o’ ==k (11 KamWIUISIPHBIX BOJH, G — KOA(QQHUIUEHT TOBEPX-
HOCTHOTO HaTSHKEHUS, P — ITIOTHOCTH KHUIKOCTH);
h .
B) ® =2—k2 (mst BoH ne bpoiins, 7 — nocrostanas [lnanka, m —
m

Macca YaCTHIIBI).
Pemenune

k k \2xn

1 1 g 1\/§ 1 |g
u= = = = |— =— _}\4,
dkldo 20/g 2Jgk 2Nk 2\2n
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. v
T.€. TPYIIIOBasi CKOPOCTH B JIBa pa3a MeHbIle (Ha30Boil: u =—

2 3
\ & Pk

_do_30k 3o k2 3o, 3 [o2n
T dk 2po® 2p G ,3 2\ p
p

3
CrnenoBaTenbHO, U = 51) .

o h h 2m h
B) V=—=—hk=—"-—"=——;
k 2m 2m A 2mh
h L h
m m?»
Takum obpazom, u =2v.
Omeem:

a)D: g_}\‘, _l :
\ 2n 2\2n
_ o2, _3 |02,
oA 2\ p A7

T u .
2mA mh\

3apaua 8.2.7. Haiitu rpynnoByr0 CKOPOCTb # PEHTIEHOBCKOTO U3-
Jy4EHUs! B CPEAEe, €CIU MPENeNIbHBIN YIroJl MOJIHOTO BHYTPEHHETO OTpa-
JKEHMs IS TpaHuLb "cpena — Bo3ayX" paBeH Oyp,.

Pemenue

JUii  peHTreHoBCKOro wu3inyueHus (o>>w>>1") mnpumeHuma

(hopmyna (8.14):

n?=1-

SN | %8'\’

B oGmactu rpospadHoCTH Cpesbl (0> ©,):

n<l,
mo3TroMy (ha3oBasi CKOPOCTh
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C
v=—>c,
n

a TpyIIoBasi CKOPOCTh paBHA
u=c-n,
MMOCKOJIBKY coritacHo (8.19):

M'U=C2.

Jis TpaHUIBI «BO3AYyX—Cpenay Mo 3a-
KOHY ITPETIOMIICHHS:

Rgosn

. . T
-8inf, = n-smz,

Puc. 83. K mompocy o6 @ TaK KaK o, =1, 10 n=sinb n, cue-
n3rube Jiyda cBeTa BOIH3H

MOBEPXHOCTH 3eMIIU

BO3Q
Z0BaTENbHO:
u=c-sinb,, .

Omeem: u =c-sind,, .

3amaua 8.2.8. CBeTOBOI JIyd pacpoCTpaHSETCs MapauIeIbHO TT0-
BCPXHOCTHU 3eman. Cunras BO3QYyX HCIOABHWUXXHBIM, HaWTH OTKJIOHEHUE
ayda Ah Ha mytn L =1KM, eciiu JaBieHHe Bo3ayXa p, =laTM, Temme-

parypa T =300 K, a ko3¢ ¢punmeHT npenoMieHus Bo3ayxa B 3THX ycJIo-
Busx n=1+3-107*.

Pewmenue

B onTtuuecku HEOMHOPOIHOMU cpene n = n(r) JIy4 CBETA HE IPIMO-
JMHEEH M u3rubaercs B 001acTh ¢ OOJIBIIMM 3HAYEHUEM IIOKa3aTeleM
npenomieHns. Paanyc KpuBM3HEI R, Jy4a B Takod cpeze obpaTtHO
MIPONOPLMOHANIEH TPAAUEHTY MTOKA3aTelNs MPETOMIICHHUSL:

1 |VA

Rep 1

s Bo3ayxa mokasatens npenomierus (cMm. 3amaqy 8.1):

N(h)B
2
rae N — KOHIIEHTpAIysi MOJICKYJ BO3/[yXa Ha BBICOTE /i OT MMOBEPXHOCTH
3emiy, 3 — MONMAPU3yEeMOCTh BO3JyXa B pacueTe Ha OJHY MOJeKyny. B

COOTBETCTBHH ¢ ODapoMeTpuIecKkon (hopmytoit:

(8.22)

n(h)=1+

b
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N(h)zzv(o)e‘g,

rae | — MoJsipHas Macca Bo3ayxa, N (O)zlf—;. VYuuThiBas, 4TO

ugh 28-107-10-10°

=28 r/mMoib , ~ ~0,11, a mo yciosuio 3aaa-
h=281/ RT 8,3-300 Y
qn Bﬂ =3.107* , MOXKEM 3aIucaTh:
2kT
_Hgh
n(h)zHE.@e RT 14 B Pofq_pgh)
2 kT 2 kT RT
a
V| =| 9|~ B8 B Po
dh| RT 2kT

B cootBercTBum ¢ (8.22) paanyc KpUBU3HBI CBETOBOTO JIyda Ha BBI-
core /i

1+Bﬂ
n 2kT _ 2kT RT

R =—— = =~
P A Bo po vg  Bopy b
2 kT RT

rae Ry =6,4- 10°m — paauyc 3eMIIn.

~30-10°m > Ry,

[Ipu mpoxXokIEHUH CBETOM PacCTOSIHUSA L =1KM €ro OTKIIOHEHHUE
10 HAMMPAaBIIEHUIO K MOBEPXHOCTH 3emiid (M. puc. 8.3) cOCTaBUT:

0’ L 10

Mri=Rg(1-cos0) = Rey == =—— ¢

~1,7 cMm.

Omeem: Ah =17 cwm.

3apaua 8.2.9. [loka3zarens mperoMIICHHS HEKOTOPOU MPO3padyHoi
A

2
[ORON

*
Cpeibl BOJIM3H YaCTOThI ® M3MEHSCTCs 110 3aKoHy n(®)=rng —

rae ny =15, o, =4.10" ¢, A=const, o< . Yepes cnoii Takoro
BEIIIECTBA TOJIIHWHON /=3 CM IPOXOAUT KOPOTKHI CBETOBOW MMITYJIBC,

o « Ao Ao
CIICKTPAJIbHBIM COCTAaB ( o — 7 ,0 + 7 ) KOTOpOTO J0CTAaTOYHO
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*
Y30K: Ao << ‘(,0 —(,00‘ . OI_IGHI/ITL BpEMs T MPOXOXKACHUA UMITYJIbCA Ye-

o * _ *
pes3 ci10i, eciu ‘co —mo‘ ~10%c¢ " u n(co )—no =0,01.
Pemenune
Tak xak uckomoe Bpems
)
T=—,
u

IJie ¢ — TPYINIOBasi CKOPOCTh CBETa B CpeJie, TO BOCHOIb3yeMcs hopMy-
ot (8.20):

C
u=

*
n+o —
do

I/ICHOJ'H:BySI JAaHHBIC U3 YCJIOBUA 3aa4u, IOJIYyUNUM!:
dn _m=n"_001
do o - o 10"
o = Wy = 4-10M ¢,
B stoMm HpI/I6J'II/I)KeHI/II/I rpynmnoBasa CKOPpOCTb paBHA:
3-10° C3.10° w

u= = —,
1.5+4-10%.107% 55 ¢
a UICKOMOC BpEMA MPOXOKIACHUA UMITYJIbCA Y€PE3 CJIOM:

0200355 5510,

3.10%

Omeem: 1= 5,5-10_10c.

=107 c,

3amaua 8.2.10. [T1azma 3anoHAET MOIYIPOCTPAHCTBO X >0, B KO-
TOPOM KOHIIGHTpAIUs DJIEKTPOHOB HapacTaeT Mo 3akoHy N (x) =X
(p=const ). DIEKTPOMArHUTHBIN BOJHOBOM IAKeT CO CpeIHEH 4acTo-

TOH " MajgaeT HOPMANbHO HA TPaHHIY X =0, IPOXOMT B ILIA3My H
BO3BpallaeTcs Yepe3 HeKoTopoe BpeMs 1. Haiitu 3To Bpemst.

Pewmenue

B cootBerctBEM c (8.15) rmyOnHa Ax TPOHWKHOBEHMsI TakeTa B
UIa3My ONpeAessieTcsl 3HaueHHeM KPUTUYEeCKOW KOHIICHTPAI[MH dJIeK-
TPOHOB Ny, IPU KOTOPOH o = W,
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2
b :u-Ax-e _o*?

p Som ’
OTKyJa
2
Iy 0)
Ax ==
e
ITockonbky
dx
dt=—,

a I 1J1a3MbI:

TO I KICKOMOT'O BpEMCHU T MOJTy4YacM:

Ax DA d 4 ggmo”
t=2fdi==| =
0 ¢o C pe
ke
Somm
480mco2
Omeem:r:——2.
C pue

8.3. 3agaum 11 CaMOCTOSATEIbHOIO PelIeHUs

3agauya 8.3.1. Haiitu nokazarens mpenoMieHus aTMocgephl Ha To-
BepxHOCTH Bereprl. ATMochepa BeHepsl COCTOHUT U3 YTIIEKUCIIOTO ra3a,
TOJIIPU3yEMOCTh MOJIEKYJI KOToporo pasna 3,3-10% m’. JlaBienue Ha
Benepe 100 atM, Temnepatypa 500°C.

Omeem: ~ 1,015.

3amaua 8.3.2. Onpenenuth unciao N; CBOOOAHBIX JJICKTPOHOB (B
pacdere Ha aTOM) B IUIEHKE cepedpa, eciay OHa Ipo3padHa JUIsl yJIbTpa-
duonera, HaumHas ¢ sHepruu 5 5B. IlnotHOCTH cepebpa 10,5 r-em
atoMHas Macca 108 r/morb.

Omeem: N\~ 1/6.

3apmaua 8.3.3. s pammoBoiH ¢ wactorod 10 MI'TT mokaszaTenb
npenomMieHuss noHocdepsl paBeH 0,9. Haiitn ¢a3oBy0 U U TPYIIIOBYIO
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Y CKOPOCTH JUIsl 3TUX PAJMOBOJIH, a TaKXKE KOHIIEHTpauo N 3JeKTpo-
HOB B HOHOC(eEpe.
Omeem: v~3,310° m/c; u~2,7-10° m/c; N~ 2,4-10° M.

3apaua 8.3.4. Y3Kkuil my4yoK peHTI€HOBCKOIO M3IY4YEHUs C AJIUHON
BOJTHBI 62 TIM MPOXOAWT Yepe3 ATFOMHUHUEBBIN IKpaH TOJITUHON 2,6 CM.
Kaxkoit TommmHbl JOMKEH OBITH CBUHIIOBBIM 3KpaH, YTOOBI OCIabIATh
STOT MYyYOK B TOM ke cTerneHn? MaccoBble TIOKa3aTean OCiIa0IeHns st
Al u Pb paBnsI coorBeTcTBeHHO 3,48 1 72,0 eM7T.

Omegem: 0,3 MM.

3apaua 8.3.5. Haiftu rpynnoByro CKOpOCTh # AJIs1 BOTHOBOTO MaKe-
Ta (A, dA<<)), ecau 3aBHCUMOCTH (ha30BOI CKOPOCTH U OT JUIMHBI BOJI-
HBI A IMEET BUI:

a) v =a = const;

0) v= a/L ;

B) U= a/ Ji ;

r) v=a/\;

o) v= Ve + 5702 (c — CKOpOCTh CBETa B BakyyMe, b = const).
Omsem: a) u=a; 6) u=aJr/2; 8) u=3a/QJ1); 1) u=2a/%;

02

) U = —F—.
Vet + 202

3agaya 8.3.6. Haiitu paguyc KpuUBH3HBI CBETOBOTO JIyua,
MyIEHHOTO TOPU30HTAILHO BOIHM3H MOBEPXHOCTH BeHeprl. YckopeHue
cBoGoHOTO majeHus Ha Benepe pasro 0,84 g (g = 9,81 m/c?).

Omeem: =~ 1145 xm.

3amaya 8.3.7. Ha mI0CKO-BEIIYKIYIO CTEKISHHYIO JIMH3Y C
pamuycom KpuBH3HBI moBepxHocTH 100 cM magaer IuIOcKas
MOHOXpPOMAaTHYeCKasi BOJHA, 4aCTOTa KOTOPOH BO3PACTaET CO BpEMEHEM
no sakony o=y (l+at), (0—wy)/wy <1, k=1 Mxm. Onpenenuts

MOCTOSIHHYIO @, eclii ()OKYC TIepeMenIaeTcsi CO CKOpPOCThIO 3 KM/C.
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IMokazarensy mnpemomueHust nuH3BL n(Ag) = 1,5; nucmepcus JHUH3BI
dn _

=10 eml

dA

Omeem: a = 0,75-104 ¢

3anauya 8.3.8. Onpenenuth BpeMsi TPOXOXKICHUS CBETOBOIO WM-
MyJibCa Yepe3 CJIOHM MPO3pavyHOTo BEUIECTBa TOJIIUHOM 1 cM, It KOTO-
POTo TOKa3aTellb MPEIOMIICHNsT BOJTM3U CpellHEH YacTOThl O MMITYJIbCa:
n(®)=ng—A(@-w,), rae ny=1,5; A = const, a wy = 410" ¢! — pe-
30HAHCHAS 4acTOTa JJIs aTOMOB BEIeCTBAa. PaccMOTpeTh ciyyaii, Korja

o < M, |(Ta—c00|z1012 ¢,

n ((T)) - n0| ~(,]; cnekTpajbHas IIKUpPUHA
uMIyabca Ao << |c_0 - (DO| .
Omeem: ~ 1,4 Hc.
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I'maBa 9

PACITPOCTPAHEHUME CBETA B AHU30TPOIIHBIX CPEJAX.
ONTUYECKHUE CBOMCTBA OJTHOOCHBIX KPUCTAJLJIOB

9.1. TeopeTnueckoe BBeeHHE

Kax yxe oTmMeuanoch B IU1.2, B TUAICKTPUUECKON Cpeie MOTYT pac-
MPOCTPAHATECS naockue eapmonuyeckue eoanvt D(r,t), E(r,t) u

H(r,?) Tuna
A(r,t) = Ay(r)cos(ot —kr + @) 9.1)
C HE3aBUCSILEN OT BPEMEHH aMILUIUTYZON A .
Ecmu noacrasute D(r,?), E(r,f) u H(r,?) B Buze (9.1) B ypas-
Henus Maxkcsemna (2.1) — (2.4), To moryduMm:

[k.E]=—"5H ,
e

[k, H]=-oD ,

(k,D)=0,

(k,H)=0.

Orcrona ciemyet, uTo BekTopsl D, H u Kk B3anMHO OpTOTOHANIBHEI,
BekTop E nepnenpukynsaper sexropy H, a kpome toro, Bektopel D, E u
K ¥ yZOBIETBOPSAIOT YPaBHEHHIO:

0)2

8002

F*E-(k,E) k- D=0. 9.2)

Ecnu cpena auneiinas u uzomponnas, TO €€ BOCIPUHUMYHUBOCTH ¥ H
IPOHUIIAEMOCTD € =1+ — CKaJsIpHbIE BEJIMYMHBI, TOATOMY:

D=¢,E, 9.3)
a xpome Ttoro, D|E. B cpene 6e3 mucrmepcun assl  BOJH
D(r,?),E(r,t) m H(r,?) coBmamator. KpyroBas gactora ¥ BOJHOBOE

yrcio k B (9.1) cBA3aHbl AUCIEPCHOHHBIM yPaBHEHUEM:
2
—€, %4

a (a3oBas CKOPOCTh BOJIHEI (B HAIIPAaBJICHUH BOJIHOBOTO BekTopa K)
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v=SN (9.5)
n

3aBUCHUT OT IOKAa3aTells MpPETOMICHHS n=+le (N=e; — enuHnuHbIi

BEKTOP BOJHOBOW HOpMann). Eciu cpena u3orponHast, To ga3oBasi Cko-
pOCTb HE 3aBHCHUT OT HampaBiieHUsI N paclpOCTpaHEHHUs] BOJHBI U CO-
CTOSIHUS €€ TOJIIPU3AIUH.
B ciywae anuzomponnoii cpenst csizb Mmexay D u E B o0mmem ciry-
yae OoJiee CIoXKHas:
D=¢gyE, 9.6)

e ésaij — BEIECTBEHHBIN (€CIIM HET AWCIIEPCUH) CUMMETPUYHBIN

(& =€ ;) mensop Ousnekmpuueckol npoHUYAeMOCHY BTOPOTO PAHTa.

B BounHe, pacnpocTpaHsitoieiicss B TakOi aHU30TPOIHOM Cpelie, BEKTO-
pel D u E He o0s3aTenbHO KOJUTMHEAPHBI, HO JIEKAT B OJHOW IIOCKO-
CTH — NIOCKOCMU NOAAPU3AYUY CBETOBOM BOIHBI C BOJIHOBBIM BEKTOPOM

k u Bexropom IloiiHTuHra S = [E, H] =| [E, H] |><s , TIe § — eAUHUY-
HBI JTyYeBOW BEKTOP B HANPABJIICHUHU MOTOKA dHepruu (puc 9.1).

Puc. 9.1. B3aumnas opuenranus BektopoB E, H, D, k npu pacnpoctpanenun cBeto-

BOI1 BOJIHBI B aHU30TPOIHOM cpeie

COOTBGTCTByIOH_II/IM BLI60pOM HeKapTOBOﬁ CUCTCMbI KOOpAHWHAT
CI/IMMeTpI/I‘{HLII‘/'I TCEH30p Sl'j MOJKET OBITH NPpUBCACH K AHAroHaJbHOMY

BHIYy. B 3TOM cilyyae KOOpAMHATHBIE OCH COBINAJAIOT C TaK Ha3bIBae-
MBIMM 21A6HbIMU HANpaeleHuamy cpesibl (kpuctauia). B mpoexuusx Ha
9TU HAlpaBJIEHUs BEKTOPHOE MaTepuaabHOoe ypaBHeHue (9.3) pacnana-
€TCs Ha TPH CKaJISPHBIX:
D; =gpg;E; . 9.7
3HaueHus MaroHaabHbIX KOMIIOHEHT TEH30pa €; HA3bIBAIOT €r0
2NAGHBIMU 3HAYEHUAMU VIIU 21A6HbIMIU OUITIEKMPUYECKUMIU NPOHUYde-



196 OITUKA. METOIUKA PELIEHUA 347744

Mmocmamu. Ecin €, # €, # €, , TO Cpejia HasbIBaeTCst dgyochotl. Ecnu
e, =€,#¢&, (g, =¢,=¢€,, & =¢g|),T0cpeaa o0noocras (nonoxcu-
melbHas, €CIH €| > € , K Ompuyamensras, eciu g <e, ). B ciydae

M30TPOIHON CPEMbL: €, =€), =€, .

C yuetoMm (9.4), (9.5) u (9.7) u3 ypaBHEeHH (9.2) MOKET OBITH TI0-
Jly4eHa CUCTEMA YPaBHEHUI:

02

(NE)N, -| 1-T¢; |E; =0
C
MM
(N, E)N;
p; = o NE)N; 9.8)

rae N; — HanpapJsIOIIKe KOCHHYCHl BOaHOBOW HopMaim N . ITockois-

Ky (N, D) =0, u3 cucremsl (9.8) MOKHO NOJTYYUTH YpaBHEHUE

S =0, ©9)
i v°-v;

KOTOPOE OMHUCHIBAET 3aBUCUMOCTH (Pa30BOH CKOPOCTH U TIIOCKOH MOHO-

XpOMAaTUYECKOH BOJHBI OT HanpasieHHs N U XapaKTepUCTHK U; aHHU30-

TPOMHOW cpenbl. YpaBHeHue (9.9) HA3BIBAIOT ypaeHeHueM BONHOBbIX

HopManeﬁ @peueﬂﬂ. Tnasnvie CKopocmu  0; EC/ s KaK U cllaeHvle

i

nokaszamenu npeiomileHus niz,lsi , SABJAIOTCA XxXapakmepucmuxamu

cpednr.”

Anamu3 ypaBaeHust @penens (9.9) mokaspiBaeT, 9To B 00IIEM CITy-
4yae B aHu3omponHou Cpejie B 3aJaHHOM HampaBieHun N MOTYT pac-
NPOCTPAHATHCS TUIOCKHE BOJIHBI JIUIIE C ONIPEISIICHHON MOJspu3aIiiei.

Jnst onmcaHWsl ONTUYECKUX CBOWCTB aHU3OTPOIHBIX Cpell YacTo
UCIIOJIb3YIOT BCIIOMOTATEIbHBIC MOBEPXHOCTH — ONTHYECKYIO HHIIH-
KaTpucy, sumuncons; OpeHes, Ty4eByI0 OBEPXHOCTh H JIp.

[Mockonbky B cooTBeTcTBHH C (2.25) cpenHee 3HaueHHEe 00bEMHON
TUIOTHOCTH SHEPTHU B CBETOBOI BOJIHE PABHO

WZSO(E, D)
2

b

* ~ .
) OTMGTI/IM, 4qTo Ui €CTb CKOPOCTH BOJIHBI, n0IAPU306AHHOU BOOJIb I-T'O TJIaBHO-
TO HarpaBJICHUA



I 9. Pacnpocmpanenue ceema 6 aHuz0mponHulx cpeoax 197

TO B CUCTEME IJIaBHBIX OCCH:

w=—| —+ +
2 e, &g, g
)5010%0
2 2 2
X Z
Z+l eI, (9.10)
ny onyoon
_ X
rae x = U T.I.

V2w

VYpasuenue (9.10) onmuceiBaeT MOBEPXHOCTh 3JUIAIICOHMA C TOIY-

OCSAMH Ny, N, N,, KOTOPBIA MONYYNIT Ha3BaHHE onmu4eckol uHou-

kampucul. LleHTpanbHOE CEUeHHE AIUTUIICOUIA TUIOCKOCThIO, IEPIEHIN-
KyJISIpHOM 3aJlaHHOMY HarmpaBieHuto N, — 3Juturic (B YaCTHOM Cliydae —
OKPYKHOCTb), TJIaBHBIE OCH KOTOPOTO H OIPENEISIOT IBE BO3MOXKHEIC
(B3aMMHO OpTOTOHATBFHBIE) OPUEHTAINH BeKTopa D B TUIOCKO# BONHE, a
JUTMHA KaKIOW U3 TIOJyOocel paBHA MMOKA3aTeN0 MPeIOMIICHNS IS BOJI-
HBI C COOTBETCTBYIOLIEH Mmonspusanueid. Eciu u3 HexoTopoil Touku (Kak
W3 Havaja KOOPAWHAT) B KaXKJAOM HANpPAaBICHWH OTJIOXHUTH OTPE3KH,
JUTMHBI KOTOPBIX PaBHBI 3HAYCHHUSIM (Pa30BBIX CKOPOCTEH BOJIH, TO MOJY-
YUM JABOMHYIO NMOBEPXHOCTb — TaK HA3bIBAEMYIO HOGEPXHOCHb HOPMA-
neu. CnenyeT OTMETUTh, YTO KaXKJaas U3 ABYX TAKUX MOBEPXHOCTEH HE
SIBJISIETCSI AJUTUIICOUOM.

ITockonbky B aHu3zoTponHoi cpeae Bektopsl D u E xonnnHeapHsl
TOJIBKO TOTAA, KOTJa IJIOCKAasl BOJHA PACIPOCTPAHSAETCS BAOIL OJHOIO
13 TJIABHBIX HaNpaBIICHWH, TO B 00mIeM ciaydae ¢a3oBas CKOPOCTh V (B
HamnpaBJIeHHH BOJHOBOM Hopmamu N) W JydeBas CKOpOCcTh u (B Ha-
TIPaBJICHUH JTy9E€BOT'O BEKTOpA §) HEKOJUTMHEAPHBI (cM. puc 9.1), npuuem
B OTCYTCTBHE JUCTICPCHUH:

VZH(N,S)ZU'COSOL, 9.11)

TOC O — Y20 NOJAPU3AYUU.
Juisa 3amaHHOTO HampaBieHUs S OpHeHTanus Bekropa E moxer
OBITH HaliJIeHA C TIOMOIIBIO ALIUNCOUOA TYHeBbIX CKOpOCmell, Ha3hIBae-

MOTO TaKXe 21uncoudom Ppenens:

e.x° +e,)" +e.2° =1, (9.12)

8OEJC

V2w

rac x = U T.AO
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Ypasuenune (9.12) onmuchBacT MOBEPXHOCTH JJUIMIICOHUIA C TTONY-
ocamu 1/n,, l/ny ¥ 1/n,, KOTOPBIH TOMYYHII Ha3BaHHE SLIUNCOUOA

ayueswix ckopocmeti. LleHTpanbHOE ceueHHEe ATOTO IUTUIICOUA TIIOCKO-
CTBIO, MIEPIICHIUKYIISPHOW Jydy §, SIBJISETCS B OOINEM Cllydae SJUTHII-
COM, TJIaBHBIE OCH KOTOPOTO OIPENeISIOT BO3MOXKHYIO OPHEHTAIINIO
BekTopa E, a JuIMHBI OIyocei mpOonopIMOHAIBHEI COOTBETCTBYOLIIM
Jy4eBBIM CKOPOCTSIM.

[To anamoruu ¢ ypasHenuem (9.9) s Ga3oBbIX CKOPOCTEH, MOKHO

NOJYYHTh YypasHeHue OJisl IyUegblX CKOPOCHel:
2 .2

IR (9.13)

iU —=v;

Y TIOCTPOUTHh TaK HA3bIBAEMYIO JI)yYe8)i0 HO8epXHOCMb. B oTiindme OT

MOBEPXHOCTEN HOpMayiel, KaxxJas M3 JIBYX JY4YeBBIX IMOBEPXHOCTEH

umeer (opMy utuncouga. MoXHO TOKa3arh, 4TO Jy4yeBas MOBEPX-

HOCTB SIBJISIETCSI TIOBEPXHOCTHIO PAaBHBIX (ha3 ISl BOJH, UCXOASAIIUX O

HOBpPEMEHHO U3 IIEHTPa AIUINIICONIAa BO BCeX HampaBieHusX. [loaTomy ¢

MOMOIIIBIO JIyU4EBOUW MOBEPXHOCTH YJIOOHO peIlaTh 3ajauyd Ha MOCTpOe-
nue ['tolirenca (cM. 3agauy 9.2.4).

B oo0noocroui cpepe (¢ TIaBHBIMHA 3HAYEHHSIMH IMPOHHUIIAEMOCTH

€, =€, =€ W &, =g) BLOIb ONTHICCKON OCH (T.C. BIOJIb OCH Z) MO-

TYT PaclpoCTPaHsAThLCS TIOCKHE BOJIHBI ¢ JII000H nossipuzanmeid. OnHa-
KO B HampaBieHnu N 1oj yIJIoM (¢ K ONTHYECKOH OCH MOTYT pacipo-

CTPAHSTHCS TOJLKO BOJIHBIL, INHEWHO MOJSIPU30BAHHBIC B OJTHOM U3 JABYX
BO3MOXHBIX (B3aMMHO TEPIICHIUKYJISIPHBIX) HApaBICHUN: nepnenou-
KVAAPHO NJIOCKOCMU 2NA8H020 ceyeHus (B KOTOPOU JieKaT ONTHYECKast
0Ch U BEKTOP BONHOBON HOpManu N) — o6bikHOGenHas BOTHA ¢ (a30BOM
CKOPOCTBIO

Vg =—= (9.14)

U B TUIOCKOCTHU TJIABHOTO CEUCHUS — HeOObIKHOGEeHHAs BOITHA C 3aBUCSH-
e ot ¢ (a30BO CKOPOCTHIO

v = C
© on(e)’
50050
- 2 2
v, (¢)=c PR P 5P 9.15)

SH €



I 9. Pacnpocmpanenue ceema 6 aHuz0mponHulx cpeoax 199

Ha puc 9.2 mokasanbl ceueHUs (DIUTUTICHI) OnmMuy4eckol UHOUKam-
PpUChl TIOCKOCTBIO TIIABHOTO CEUEHHS IUIS 0OHOOCHbIX (a4 — TIONOXKH-
TENBHOTO, 6 — OTPUIIATEIBHOT0) KPUCTAILIOB.

JI
D y
D ,x ¢ ,—@
-~ ~.
£
O "__-@‘- N \\\ N
/\’/ ¢ o OH [\ © !
/ n ~
‘r (p \II - Ir 1] (P'|
, 0 ‘e 2 ] . -
L 4 T
N e 1l | ) le—” z
~ e |
U A—— \‘ },
b
[y !
\ !’
\\ ,;
A o

Puc. 9.2. Ceuenns ontuyeckoit nHAUKATpUCH (OW) 11 OMTHOOCHBIX MOT0KUTEIh-
HOTO (@) ¥ OTPULATEIHHOTO (0) KPHCTAIIIOB

Puc. 9.3. CeueHus SIUTHIICOMA TTOKA3ATENsl MPEITOMIICHUS I OTHOOCHBIX MOJIOKUTEIb-
HOTO (@) U OTPHIATENHHOTO (0) KPHCTAIIIOB

Ecnu moBepHYTHh CeueHMe ONTHYECKON WHAMKATPUCHI IIIOCKOCTHIO
xOz Bokpyr ocH y Ha 90° (0cH CUCTEMBI KOOPAUHAT HPU STOM OCTAIOTCS
Ha MECTE), TO MOJIYYUM CEUCHUE IAIUNCOUOA NOKA3AMEs NPEeNOMIEHUs.

n(9) (puc. 9.3). HoxoGHsIii emy smnconn k(o) =9n((p) Ha3bIBAIOT
c

INAUNCOUOOM BOJIHOBLIX 6EKNMOPO86. C ero IIOMOIIBIO YI[OGHO OIIMCBIBATh
MMPCIOMJICHUC BOJIHOBBIX BCKTOPOB Ha I'paHUIC C aHHBOTpOHHOfI cpe-
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JI0H, KaK 3TO TOKa3aHO Ha puc 9.4 g ciaydas OTPUIATEILHOTO KpH-
ctayia (ontudeckast och Oz NEXKUT B TUIOCKOCTH TaIEHUs).

®
'/ - 1
@ ~

Puc. 9.4. Onucanue npeaomMiIeHHs CBETA Ha TPaHUIIE OTPULIATEIBHOIO KPUCTAJIa
C TIOMOLIBIO JUTUIICON/IA BOJTHOBBIX BEKTOPOB

Ecnu ans1 HeoOBIKHOBEHHOH BOJIHBI 33/1aHO HampasiieHue (Yyroa ¢)
BOJIHOBOH Hopmamu N, (a 3Hauut, u BekTopa D, ), TO HampaBieHue
(yrom 0) Bektopos E, m S, s 3T0if BOJTHBI MOXXHO HaWTH C MOMO-
MIPI0 ONTHYECKON WHIAMKATPUCH WM DIUIAIICOMIA TIOKa3aTeNs MpeIoM-
JIeHHsl COOTBETCTBEHHO (puc. 9.5): Bekrop E, mepnenaukyispeH mioc-
KocTH AA, Kacarwlleics onmuueckol UHOUKampucsl B TOUYKE ee Tepe-
ceueHus ¢ HampasineHueM D, (puc 9.5 a); B cBoro ouepens 1yu S,
nepneHIuKyJsipeH miockoctu bb, kacaromeiicst aauncouda nokazame-

JIsL npeloMieHUss B TOUYKE ero MepeceueHrs: ¢ HalpaBiIeHUEM HOPMalu
N (puc 9.5 6).

D, A
E,
kL8
,‘ T
// i. \\\ ‘.B
ANl %
i N A
Aemz J: l't ?...:._B.___--Vse
o b
; I
1 \ i
\\_\ 3 ;
/s /
OH“ /'u T BHH“-F”\\\“ ///
L d-
a o

Puc. 9.5. Onpenenenne opuenranun BektopoB E, n S, ¢ nomomsro ontideckoi

WHAAKATPUCH! (@) M DJUIMIICOUAA TIOKa3aTeNsl MPeJOMIICHHS (0) IS OJI0KUTETEHOTO
KpHCTasIa
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Tak kak JJIsL HEOOLIKHOBEHHOM BOIHBI yrjibl ¢ U 0 cBs3aHBI COOT-

HOLIEHUEM:
D o E €
tgp=—2=—0z _ o, (9.16)
Dx 8OSJ_Ex €
TO JUIS y2ia noApu3ayull o, UMEEM:
tgp—tg0 (& —&L)ted
tga=tg(@—0)= £~ 18 =( )2 (9.17)
1+tgotgd ¢, + gtg 0
WK

2
g +e g o

Ha puc 9.6 mokasaHbl IEHTPAJIbHbBIC CEUCHUS (DIUTHIICHI) JIYYe8020 -
auncouoa

SL(X2+)/2)+8HZ2 =1

IUISL OOHOOCHBIX KPUCTAIUIOB (@ — TIOJIOKHUTENBHOTO, 6 — OTPUIIATEIEHO-
r0) ¥ B3aUMHas opueHTanus BekTopos E, u S, .

(9.18)

(9.19)

X
E|@)!
4 \\\ Sg Ee )x

?

/\8 \ .
RN ‘. ey S,
(e 9 z el CI

| —1 - // \\
L0 1) ;@) o\
y ! 1 [ =.|
0 WD
\\\ //,’ H3 -+ \“--.‘_-_ _._'_,”r[:_)u_”
a

Puc. 9.6. Ceuenus Jy4eBoro sIMncouza 1 B3auMHas opueHrauus sekropos E, u S,

JUISL TIOJIOXKUTEIIBHOTO (@) U OTPHLATEIBHOTO (0) OAHOOCHBIX KPHCTAJLIOB

Kak cnenyer u3 (9.19), mpu y =0

slsinze + ch0529 =g,

(9.20)
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MIO3TOMY 3aBUCHUMOCTb JIy4€BOM CKOPOCTH HEOOBIKHOBEHHOM BOJIHBI U,
or yria 0 (Mexny S, ¥ ONTHYECKON OCBIO z ) MMEET BU:

c (10.21)

e (0)=
J

g sin’0 + € cos0

OueBWIHO, YTO €CJIM TOBEPHYTh CEYEHHUE JIyUeBOTO DJUIUIICOMIA
mWI0CcKOCThI0 XOz BOKpyr ocu Oy Ha 90° (ocu CUCTEMBI KOOpAUHAT MPHU
9TOM OCTAKOTCS HA MECTE), TO MOJIyYUM CEUCHHUE ILTHUIICOHU A, TOJ00HO-
TO SIUNCOUDY YHesbIX CKOpocmell ISl HeOOBIKHOBEHHOM BOJHBL. BMme-
cre co chepoii pammyca u,(0)= c/ \JE| DTy CIOXKHYIO MOBEPXHOCThH
HA3BIBAIOT J1Y4€8Oll.

Ha puc 9.7 nmoka3zanbl cedeHus 1yueqoli nogepxnocmu 1iist IOJI0XKHU-
TETHHOTO (@) W OTPHUIATEIILHOTO (6) OHOOCHBIX KPHUCTAIIOB, a TAaKKe
CIoco0 OIpeeNIeHNs] ¢ MOMOIIBIO JTY4YEeBOH MOBEPXHOCTH OPUEHTAIMH
D, (mmn N, ), ecnu u3BectHa opuentanus E, (uim S, ).

X
N.
D, ™
- //’ Ee \\\
¢ N N N S
T o e
i’ - ‘f_, = ‘
o o [+ AN
;/ 9 ue A
r ]i -
L 0 C z
W A=
\\\\\ ’//!IJEJ_
SR B S
\ z
S I/’
"HHH___‘_‘,’/.H“"“'"
a 6

Puc. 9.7. Ceuenus ny4eBbIX TOBEPXHOCTEN JUIS HONOKUTEIBHOTO (a) U OTPULATEIEHOTO
(6) OIHOOCHBIX KPHCTAJLIIOB

HamomuumM, 9to B cootBercTBuu ¢ (9.11):
L =1u,Ccosa ,

rae, kak BugHO U3 (9.17) u (9.18), yrox nojspu3anud o 3aBUCHT OT O
(nmu Q).
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9.2. 3aga4u ¢ pelIeHUSAMHA

3agaua 9.2.1. Haiiti ($a30Bble CKOPOCTH IUIOCKUX TaPMOHHUYECKUX

. 3 1
BOJIH C 4aCTOTOH V , Oerymux B HampasieHuH N =7ex +§ey B aHU-

30TPONHOM MaTepuasie C IJaBHBIMHU AUIEKTPUYECKUMH MPOHULIAEMO-
crsiMu €, =2, &, =2,5, €, =3 . 3anucaTh ypaBHCHMUs ITUX BOJIH.
Pemenue
Tak kak no ycnosuro 3amaun N, =0, ypaBHeHHe HopManel Ppe-
Hens (9.9) mpeoOpa3yercs K BULY:

N)%(v2 —UJ%)(UZ—Ug)-FN}Z)(Uz—Ui)(Uz —03)20,

C v = C v = C
B y - B z
NEN JEy NS

— HaIlpaBJIAIOUINE KOCUHYCHI.

rae v, = — riaBHble ckopoctd, N, u N,

s dazoBoit ckopocTu L To-
JyJyaeM J1Ba 3HAYCHHUS:

Y

Puc.9.8. Pacnionoxkenue sekropos D, u D,

OTHOCHUTEJILHO ONTHYCCKOM UHIUKATPUCHL

Taxum obpasom, D; = Dje_, a Bextop D, nexut B miockoctu xOy
nox yrimom ¢ =30° x ocu Oy (cM. puc 9.8). IlosToMy ypaBHEHUS BOJIH
MOXXHO 3aIltucaThb B BH/JIC:

NS

SSX4y

D, =Dse, cos| 2nv g2 2" ,

Ly
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3

1
2 2y

3]

1
D, =D, —Eex+73ey cos| 2mv| t —

Omeem: v, =c/ V3 (Bomna HOJApU30BaHA BAOJIb OCU Z),

v =cy/1,7 / 2 (BoiHA IMHEHHO MONAPU30BaHA B MIOCKOCTH XOY).

3agayva 9.2.2. J[n1 HEKOTOPOH cpeabl ypaBHEHUE IIUIICOUAA BOJI-
HOBBIX  HOpMasied  (ONTHYECKOW  WHIMKATPUCHI) HUMEET  BUL:
2 yz 72 ) )
By 2—5+— =1. HaliTu JiyueBble CKOPOCTH BOJIH C YaCTOTOM V B Ha-

IIpaBJICHUU S = 1 3arucaTb YpaBHCHUA [JIA BOJIH BEKTO-

! e + ! e
——e, +——
2 2
pa E.

Pemenune
B cooTBeTCTBHHM ¢ yCIOBHMEM 3aJaud TJIABHBIC JUAJIEKTPUICCKUE

MPOHHUIIACMOCTH CPeJibl PaBHBL €, =2, &€,=2,5 U &, =3, a IIaBHbIC

_ C _ C _ C
CKOpPOCTH — UX—F, Uy—r, UZ—F.
x v z

BCKTOpP S C HalpaBIAOIMMMH KOCHHYCaMH S, = Sy = 1/\/ 2 JICXKHUT B

Iockomeky s, =0, TO

wiockoct xOy, a ydeBoe ypaBHeHHe Ppenens (9.13) npuBoautcs K
BULY:
2,2( 2 2\(,2 .2\, 22(2 _2\(2 _2\_
sxvx(u —vy)(u —vz)+syvy(u —Ux)(u —vz)—O
Pemas ero, momyuum 1Ba 3HaYCHUS:
c

1
u1=vz=—, u2: 5
A 1[s§/v§+s§/vi

B cBasu ¢ tem, urto E; =FEje,, a Bektop E, JE€XHUT B IIOCKOCTH

xOy mon yriioM 45° x ocu Oy (cm. puc 9.9), To ypaBHEHHS BOJH MOKHO

3amucaTh B BUJE:
E, = Eje, cos| 2nv Z—M ,
U
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J2(5x+4y)

1 1
jx cos| 2nv|t ———= ||,

MOCKOJIBKY (cM. puc 9.10):

U

D E
tgp=—% = Exliy zg_xtgezo,S,
D, &k, ¢,
a
(N-r) _xcoso+ysing xiptgg  N2(5x+4y)
v, Uy CoS QL uy (cosO—sin6- tgp) U, '
b, Y g
N
N
Ay
\\ S
\\ 2
5
\\
“2\\ N,
\\ y
N \
\\\ VZ\\
N i N -

Puc. 9.10. K Bompocy 06 yriax
¢ ua

Puc. 9.9. OTHOCUTENBHAS OPUEHTALMS BEKTOPOB
EI’EZ’NI’Nz’Sl u Sz

Omeem: u; = c/ NG (BOJHA JIMHEWHO MOJIIPU30BAHA BJOJIb OCH Z),

Uy = 2c/ 4,5 (BoJHA TMHEWHO MONIPU30BaHA B IIIOCKOCTH xOy).

3amaya 9.2.3. J[ns1 aHM30TPOIHON CpEJlbl C ITIABHBIMH JMDJIEKTPH-
YCCKUMHU MPOHUI[AEMOCTAMH €, =3, &, =2, €, =2,5 HailTh Harnpas-
JIeHHUs, BJIOJIb KOTOPBIX JIydeBas CKOPOCTh U HE 3aBHCHT OT OPHEHTAINH
BekTopa E .
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Pemenue
Ceuenne nydeBoro aumnconna (9.13), nepneHAUKYISIPHOE HCKO-
MBIM HampaBJICHUSM, JODKHO HMETh (OpPMY OKPYKHOCTH. Tak Kak

€, <&, <&, OIUIUICOHI C IOIyOCSIMH I/JSX ;tl/‘/sy :tl/JSZ UMEET

JIBa TaKUX cedeHUs (paanycaMu 1/ \J€, ), HOpMaJIU K KOTOPBIM JIEKaT B

riockoctu xOy o yriaamu Ty k ocu Oy (cM. puc.9.11).

g S
l/ng L
E, %
““\-. !,r; \\
Ve v \
L Y™ ‘~. R
0 I/JE_X X

Puc. 9.11. Cedenne y4eBOro 3JUIMIICOUA IIOCKOCTBIO X0y

Tak kak KOOpIMHATHI TOYKH HepecedeHus Bekropa E, ¢ mydeBbM
aumATIcOuAOM (cM. puc. 9.11) paBHEBI

1 I .
X=——=cCosy; y=+——=siny; z=0,
\E VE.
TO B cooTBeTCTBHH C (9.12):
(sxcoszw+8ysin2\|1)/sz =1,

OTKyJ1a

Haiinennbie HanpaBiIeHUsI SBISIOTCS J1Yy4e8biMU ONMUYECKUMU OCS-
MU TByOCHOTO KpUCTaJLIA.

Omeem: y =145°.

3agaua 9.2.4. VY3Kkuil My4OK HEMOJIIPU30BAHHOIO CBETA MAJacT
HOPMAaJIbHO Ha IUTACTUHKY HCJIAHICKOTO INmaTa, ONMTHYECKas OCh CO-
CTaBJISIET C IIOCKOCTHIO TuTacTUHKH yroi vy (0 <y <90°), u 3areM HOp-

MaJIbHO Ha BTOPYIO TAKYIO K€ IIJIACTUHKY, I'IaBHAA IJNIOCKOCTh KOTOpOﬁ
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o0pasyeT C TJaBHOM IUIOCKOCTBIO TMEpPBOW IMJIACTHHKH yroia o =30°.
Haiitu oTHOCHUTEIBHBIE HHTEHCUBHOCTH JIy4€il 32 BTOPOI MJIACTUHKOM.

Pemenue

B Bepxmueit wactu puc 9.12 mokazaHO pa3ABOCHHE Y3KOTO ITydKa
CBETa MU MPOXOXKACHUU MEPBOM IIACTUHKU. VIHTEHCHBHOCTH IyYKOB
0, U e OJVHAKOBBI U PAaBHBI IIOJOBUHE MHTEHCUBHOCTU I1aJAIOLIETO
nyudka. Ilocie nmpoxokiaeHuss BTOPOM IUIACTMHKHU KaXKIbld W3 IIy4KOB
ele pa3 pa3AeiuTcs Ha J1Ba My4YKa, U Ha BbIXo/AE OylleM UMETh YeThIpe
y4yKa: 0,05, 01€;, €0, U €€, , B3aUMHOE PACIIOJI0XKEHUE KOTOPBIX I10-

Ka3aHO B HIDKHEN gacTu puc.9.12.

Y

0] ¥ 8]
Puc. 9.12.PaznBoenue mydka CBeTa IpU IIPOXOXKIe- Puc. 9.13. HanpaBnenue nomuspu-
HUH TTACTHHOK 3aIUH ITyYKOB CBETA IT0CIIE TIPO-

XOXKACHHUS TIEPBOI U BTOPOI Ii1a-
CTHHOK

B coorserctBuu ¢ puc 9.13 (H; nu H,— nuHuu nepeceyeHus rias-

HBIX IJIOCKOCTEH IUTAaCTHHOK C MOBCPXHOCTIAMU HHaCTI/IHOK)l

ly,, 1,, :1,, :1,, = cos?a:sin? o :sin? ozcos? o =3:1:1:3.
12 9% 9% 9%

Omeem: 3:1:1:3.

3agaua 9.2.5. Habnromarenb cMOTPUT Ha ONHM3KWN TpeaMeT uyepes
TUTOCKOTIApAITIeNbHYTO TIACTUHKY W3 MCIaHAcKoro mmmaTta. Korma mex-
Iy TUTACTUHKOW W MPEAMETOM IOMEIeHa coOuparomias jua3a (Ha pac-
CTOSHUU @ =4 CM OT TpeaMeTa), OH BUIUT JIBa MPSIMBIX YBEIHMYEHHBIX
u300pakeHus npeameta. [lociie Toro kak K JIMH3€ BILIOTHYIO MTPHIIOKH-
JI1 OYKOBOE CTEKJIO C ONTHUYECKOW cwiod D =+ 5antp, cramo BUIHO
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TOJIBKO OJTHO M300pakeHme npemmera. Haiitn doxycHoe paccrosHue f
JIH3HI.
Pemenne
Ecnmn mabmrogarens cMOTPUT depe3 Takyko IUTACTHHKY Ha OJM3KO
PACTIONIOKEHHBIN MPEIMET, TO B pe3yJbTaTe ABYIYUCHPEIOMICHHS (CM.
3agauy 9.2.4) Ha ceTuaTKe riaza OyaeT OpMHpPOBATHCS IBOMHOE H30-
Opaxenne npeamera. CoOupatromas JTMH3a MEXAY IUIACTHHKOW H TIpe.I-
METOM HTPaeT POJIb YBEIMUUTEIHHOTO CTEKIIa (JIyIbl), KOTOPOE KaK OBl
«OTO/IBHTAET)» TpEeAMET Ha
__S' DacCTOSHUE  HAWJIy4IIEro

s ____’_,d--—""" 3penust L (cMm. puc. 9.14).
y P I Cormacio  (opmyie
0 F TOHKOM JINH3BI:
| 1 1.1
s a Ly f '

Ly
Puc. 9.14.Cxema HaOnroeHNS IBYX MPSMBIX YBe-
JIMYCHHBIX N300paKeHHH NpeMeTa

B coorBercTBuM ¢ yc-
JOBHEM 3aJadd ONTHYe-
cKas cucreMa (JMH3a + 04-
KOBOE CTEKJO) JOJDKHA «OTOJBUraTh» NpeIMeT OT HaOmrojarens Ha
JOCTaTOYHO OOJbIIOE paccTosiHue L, . DTOT BBIBOJI MOXKHO CJeNIaTh Ha

TOM OCHOBAHHH, YTO TI0 MEpE YBEIMUYCHHUS PACCTOSHHSA 10 S’ YMEHb-
[1aeTCs MaKCHMAJbHBIN Yrojl MEeXIy JydaMH, UCXOJAIIMMU U3 JII000i
Toukd S’ ¥ y4aCTBYIONIMMHU B (DOPMHUPOBAHUM €€ N300paKEeHHs Ha CET-
yaTKe IJ1a3a, a CJeJI0BaTelIbHO, YMEHBIIACTCA Pa3IBOCHHOCTh M300pa-
xkeHus. g yganeHHOTo mpeaMeTa 3Ta Pa3BOSHHOCTh M300pakeHUs
MEHBIIIE YTIIOBOTO pa3pelieH s riasa.
s cucteMsl «JiuH3a + 0YKOBOE CTEKIION:
1 1 1

———=—+D.

a L, f
Ilonarasa L, — 0, nonydaem

11,

f a
OTKyJa

4
f=-12 0,04 _ 4 05um.

“1-aD 1-0,04-5
Omegem: 0,05 M.
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9.3. 3agayu AJ15l CAMOCTOSITEJILHOTO pelieHust

3agava 9.3.1. Jlyu cBera magaer HOpManabHO

Ha npusMy Bommactona (puc. 9.15), caemanHyIo . e e .
U3 ucnanjackoro mmara (n, = 1,658, n, = 1,486). [N + 4
IIpenommstomuii yroa mpu3Mel paBed oo = 15°. Ha c e
Kakoil yron OyIyT pa3Be/icHBI JiBa Jyya Ha BBIXO- ' o
L]
L]

Jie U3 IPU3MBbI?
Omeem: 5°17'.

3amaua 9.3.2. IlapamienbHBIH ITy90K CBeTa Puc. 9.15. Tlpusma Boa-
MajaeT HOPMAJILHO Ha IJIACTUHKY U3 UCIIAHJCKOTO JT1aCTOHA
mmarta (n, = 1,658, n, = 1,486) TommuHou 0,03
MM, BBIPE3aHHYIO MMapaJUICIbHO €r0 ONTHYIECKO ocu. OmnpenenuTs pas-
HOCTB X072 JUIsi OOBIKHOBEHHOI'O M HEOOBIKHOBEHHOT'O JIydel Ha BBIXOJIC
U3 IJIACTUHKH.

Omeem: 5,16 MKM.

3agaya 9.3.3. /[Be mossipu3alMIOHHBIE IPU3MBI C BO3AYIIHOM Mpo-
CJIIOWKOM M3TOTOBJICHBI M3 HCIaHACKoro mmata (n, = 1,658, n, = 1,486).
B onHoii mpusMe onTHuecKas OCh MapajuledbHa OCHOBAHHUIO TPHU3MBI
(puc. 9.16,a), a B npyroii — nepneHaukyisipHa (puc. 9.16,6). [Ipu ycno-
BUM HOPMAJBHHOTO MAaJCHUS €CTECTBEHHOTO CBETa HAa TpaHb MPHU3MBL: 1)
Kakum omkeH ObITh MPETOMIISIOIIUN YToJ o, YTOOBI HA BBIXOJIE Kak-
JIOW W3 TIPHU3M CBET ObLT IMHEHHO noispr3oBan? 2) Kakoil myd BIXOIUT
u3 kaxmoit mpu3mel? 3) Kakas u3 mpusm mpormyckaet 0oJbie ceTa?

Omeem: 1) s obenx mpusMm 37°6'< a0 < 42°18’; 2) HEOOBIKHOBEH-
HBI; 3) BTOpas.

54
3agaua 9.3.4. Ompe- qe
JeTNTh ~ MAaKCHMAJbHOE =i —-
3HaYCHHE yTia O MEXIY
a 6

HamnpaBJicHUEM Jiy4a |
HANpPaBJICHUEM BOJHOBOM
HOPMAaJX B HCIAHJICKOM
mmare (n, = 1,658, n, =
1,486).

Puc. 9.16. [lonsgpuzanroHHBIE IPU3MBI U HAIIPAB-
JICHUE TaJIeHNs CBETa

2 2

Omeem: tgd = fo "l 0,13.

2n n

o'’e
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3amaua 9.3.5. I'maBHBIC 3HAYCHUS TADJICKTPAIECKON
INPOHULAEMOCTH Cpelbl: € = 2; €, = 2,5; €. = 3 (n =1). Kak gomxna
OBITH TOAPH30BaHA BONHA wacToToil v = 10" I'i, utoGbI ee (azopas
CKOPOCTh B ATOW cpeze Oblta MakcuMmainbHa? HallTH cooTBeTCTBYIOIIEE
9TOM monsipu3auu 3HaueHne (pazoBoil ckopoctu. Hamucars ypaBHEHUsI
atoi BoiHb! (Ans BekropoB E, D u H), ecnin ammmrysna BekTopa
3NIEKTPUUECKON MHIAYKIUU paBHa D).
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Kak cnenyert u3 (9.19), mpu y =0
slsinze + ch0529 =g, (9.20)
HI03TOMY 3aBHCHMOCTBD JIY4€BOIl CKOPOCTH HEOOBIKHOBEHHO BOJIHBI U,

oT yria 0 (Mexay S, ¥ ONTHYECKOU OCBIO z ) UMEET BUJ:
c
. (10.21)

u, (0)=
‘ \/sHsinzeJrsL cos’0

X
ity




212 OITUKA. METOIUKA PELIEHUA 347744




T 10. Honspuszayus ceema. Mnmepdepenuusi noispuz08anubix NY4Kos 211

I'maBa 10

HOJIAAPU3ALINA CBETA. UHTEP®EPEHLIUS
HOJIAPU30OBAHHBIX ITYUYKOB

10.1. TeopeTnueckoe BBeAeHNE

B BakyyMe wiv B OTHOPOJHOHN U30TPOITHOM cpejie (0e3 Aucrepcun)
MOTYT PaclpOCTPAHATHCSA ITUIOCKHE MOHOXPOMATHUYECKHE CBETOBBIC
BOJIHBI, ypaBHEHHS KOTOPHIX UMEIOT BH/I:

E(r,t) =E, cos(cot—kr-Hp) ,
H(r,t) =H, cos(oat—kr+(p).

Bexrops! HanpsikerHoctTn E 1 H anmexTpryeckoro u MarHuTHOTO TIO-
Jelt B3aMHO opTOoTOHATRHEI (puc. 10.1) u mexat B niockocmu 6011080~

N 21
2o ¢pouma. BonHoBoit Bektop k :Tek (A — nyMHA BOJIHBI) TIEpIICH-

JUKYJSIpeH (PPOHTY BOJIHBI M YKa3bIBaeT HAIpaBJIEHHE PacHpocTpaHe-
HUS BOJHBI ¢ Pa3oBoii ckopocThio (2.17):

_w
V—;ek,

KOTOpasi 3aBUCHUT OT CBOMCTB Cpellbl: L = 0)/ k= c/ Je , TIe C — CKOPOCTh
CBETa B BaKyyMe, €& — AMIJIEKTpUYECKas IPOHUIAEMOCTh CPEJbl,
n=+/& — moka3zatens npeaomieHus. [I10ckoCTh, B KOTOPO#t JIeKaT BEK-

topsl E u k, Ha3pIBaoT nrockocmuvio noaspusayuyu BONHBI (OHA Iep-
neHaAuKyasipHa Bektopy H).

B mpocreiimem ciydae, xorma B 000N

H TOYKE BOJIHOBOTO IOJSI OPHEHTAalUs BEKTOpa

AMIIIUTY bl EO CO BpPEMCHEM HE MCHACTCH,

E BOJIHA HA3BIBACTCS JUHEUHO HNOAAPUI0BAHHOU
(wmu  naocko-noaspuzosannoil). Ecmu  Takyro

> 2
goeky

k BomHy ¢ uHTEHCHBHOCTBIO [( = v (cMm.

Puc. 10.1. Opuenranus
BekropoB  E,H,k B
CBETOBOM BOJIHE

(2.25)) mporryctuts 4epes udeanvuuiii (6€3 10-
TEph HA OTPAKEHHE U IOTJIOIIECHHE CBETA) HO-
aspuzamop (MOJSAPOUI), TO TOIYyYHM BOJIHY,
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MOJSIPU30BAaHHYI0 B IUIOCKOCTH IIPO-
nyckaHus. UHTeHCUBHOCTh [, B COOT-
BETCTBUHU C 3akoHoM Manioca, paBHa

1(0) = 1,cos?0, (10.1)
180° | o° rme 0 — yroja Mexay IUIOCKOCTBIO IIO-
JApU3al BOJIHBI U TJIOCKOCTBIO IIPO-

myckaHus monsipuzaropa (puc. 10.2).
3aMeTHM, YTO CyMMa MHTEHCHBHOCTEH

90°

270° 1 (6) ul (9 tn/ 2) MPOIIEIIErO Yepes3

nojipou CBETa IpU ABYX B3aMMHO
NEPNCHAUKYJSIPHBIX OPUCHTALUAX I10-
JAporJia paBHa UHTCHCUBHOCTHU IO nma-

Puc.10.2. 3aBUCHMOCTb MHTCHCHB-
HOCTH CBETa OT yIJla MeXAY IUI0C-
KOCTBIO TOJSIPU3ALUH M IUIOCKO-

CTBIO IIPOITyCKaHMA MOJIsIpU3aTopa IaroIero Ha HO_]]HpOI/IZ[ CBETa.
B obmem ciywae norrocmsio no-
JAPU306AHHOL BOJIHBI CBETOBOM BEKTOP
E (xax u Bextop H ) B m1060#f TOUKEe BOJHOBOTO IOJIS Bpallaercs C
YIIIOBOM CKOPOCTBIO ® B IJIOCKOCTH BOJHOBOTO (PPOHTA, a €ro KOHEI]
OTMCBIBAET BJUIUIC (TaK Ha3bIBae€MBIN siunc noaapusayuu). B 3aBucu-
MOCTH OT HANpaBJICHUS BPAIIEHHsI CBETOBOI'O BEKTOpa pa3nyaroT BOJI-
HBEI C Jteeoul U npaeoul moispusanuer ( E Bpamaercs coOTBETCTBEHHO
npomue 4aCoOBOW CTPEJIKM U 1O YaCOBOHM CTpENKE, €CIU CMOTPETh Ha-
BCTpEUyY BOJIHE).

Bribepem nexapToBy CHCTEMY KOOPAMHAT Tak, YTOOBI BOJTHOBOM
BEKTOp ObULT HampasieH Boib ocu Oz : k={0, 0, k}. B aTom cnyuae B
MO00H TUIOCKOCTH z = const (TUIOCKOCTh BOJHOBOTO ()pOHTA) KOMIIO-
HeHTHI BekTopa E OymyT n3aMeHsAThCS BO BPEMEHH 10 3aKOHY:

E =E jcosmt,
(10.2)
E, =E cos(ot+9),

npuaeM @(f)=const.
B cootserctBuu ¢ (10.2) ypaBHeHHE TPAGKTOPUH IBUKEHHUS KOHIIA
BekTopa E B IJIOCKOCTH BOJIHOBOTO (DPOHTA UMEET BH:

2 2
[fj +[ZJ 2 cose =sinZp, (10.3)
a b ab

I'Jle BBEIEHb!I 0003HAYEHUS: X = E.,y=FE,  a=FE,, b= Eyo.

Ypasuenne (10.3) onmuceBaeT 3maurnc (cM. puc. 10.3), TiraBaBIe OCH
kotoporo (Ox' u Oy') opueHTUPOBaHBbI O] YyIJIOM 0 K OCSIM JeKapTo-
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Boil cuctemsl koopauHat (Ox u Oy). Ecmu ¢ = 0 unu ¢ = w, TO 3JIIHIIC
BBIPOJKAACTCS B OTPE3OK MPSIMOH (uHelHas noaspuzayus): TIOCKOCTb
HOJIIPU3AIIMY TaKOH BOJIHBI OPHEHTHPOBAHA IT0JT YTIIOM O K ocH 0x:
b
tga=+—. (10.4)
a

Ecmu ¢ = £n/2 n a = b, ypaBaenne (10.3) onmuchBacT OKPYKHOCTh

(xpyzoseas nonspuzayus).
vy YA

Puc. 10.3. Tpaekropus 1BUXeHUs KOHLA BekTopa E B BoHE ¢ a/IMnTHYECKOM NOJISpU-
3anuei

B nonsipHO#i cucteme xoopauHaT (x = r cosB, y = r sinf) ypaBHe-
aue (10.3) umeeT Bu:

2 . 2 .
2 [cos@j . [smej _ sin20 cosp | =sinp.  (10.5)
a b ab

Ecmu npomuddepenmupoBats 06e wactu (10.5) mo 0 u yduecTs, 9T0

B HANpaBJICHWHW TJIABHBIX OCEH 3Jumrca moispusanuu (0, u 0, + 1/2)
or

IMpoOUu3BOaHAaA % =0 , TO IIOJIYYHUM:
2
1926, = %oow, (10.6)
o

nJIn

tg20, =tg2a. - cos. (10.7)
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IIpu mepexone k cucreme kKoopauHaT x'O)y’, TOBEPHYTOW OTHOCH-
TenbHO xOy Ha yron Oy, ypaBHEHUE JIIIHUICA MOJIAPU3AIUK Tpeodpasy-

€TCs K BULY:
e N 2
= +| =] =1, 10.8
(55 s
npuyeM
A +B*=da* +b* =" ~ I, (10.9)
AB = ab|sing|, (10.10)
(B)z_l—\/l—sin22a-sin2(p (10.11)
4 1+\/1—sin220t-sin2(p
Ecmu 0603HauUTh:
B
—=tga’, 10.12
Ve (10.12)
TO
sin20 =sin2o -sing. (10.13)

PaccmoTpum ciydaii, KOra iuHetiHo noaapu308anHds MOHOXpOMa-
TUYecKasi BoJHA (TIOJy4YeHHAs, HallpuMep, ¢ MOMOIIBI0 MOJSPHU3aTopa)
MajaeT HOPMAIBHO Ha IJIOCKOMApalIeNbHYIO TUIACTUHKY TOIIIWHON d,
BBIPE3aHHYI0 M3 OJHOOCHOTO KpHCTa/ula (C pasHOCTBIO IOKazaresel

npenaomienus An=n,—n, i HEOOBIKHOBEHHOH M OOBIKHOBEHHOM

BOJIH) MapajuIeJIbHO ero onTh4eckoil ocu. COBMECTHM ILIOCKOCTH XOy
JIEKapTOBOM CHUCTEMBI KOOPIMHAT C TepeAHeN MOBEPXHOCTHIO MIaCTHH-
K{, HampaBuB ock Ox MapauielbHO ONTHYECKOM OCH KpHcTaia (pHc.
10.4). [Iycth yron Mexay IJIOCKOCTBIO MOJISPH3AIMHA BOJIHBI M TIOCKO-
CTBIO 21a6H020 ceyeHus (T.€. yroll Mexay BeKTopoM ammutyasl Eqg u

ocbio Ox) paBeH o . Torma Ha BBIXOJE W3 IDIACTUHKU MOJYYUM SJUTHTI-
THYECKU TIOJSPU30BAaHHYIO (B OOIIEM ciydae) BONHY, B KOTOPOH KOM-
MIOHEHTHI CBETOBOTO BekTOopa E M3MeHSI0TCS 110 3aKOHY:

E =acoswt,
(10.14)
E, =bcos(ot+¢).

rae a=Eycosa; b= Eysino; Ej—aMIUINTyAa JMHEHHO HOJSPU30BaH-
HOHW BOJIHBI MIOCJIE TIONSApHU3aTopa; @ =k A — pa3sHOCTb (a3 MexIy He-
0OBIKHOBCHHO (£, ) 1 00bIKHOBCHHOH ( £, ) BomHamu. A =d(n, —n)

— OINTUYCCKAasA pasHOCTb XOJa. Ecnu BHOCHMMAas MmIacTHHKOM Pa3HOCTh
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das o=17n/2+nn (n=0,£1,42...), TO €€ HA3BIBAIOT YETBEPTHBOJIHO-
BOI» (WM «IUTACTUHKON A/4 »); ecnu @ =7+ 271, TO IIACTUKY Ha3bl-

BAIOT «TIOJTYBOJIHOBOIY (MJIM «ILTACTHHKOM A/2 »).

Y
(0) OnTuueckas
b A [ b 0Ck -
A& P
7 | a
/ (0]
a =

(e) -

Puc.10.4. TIpoxoxaeHre TUHEHHO TMOISPU30BAHHOTO CBETA Yepe3 KPUCTAILT

Ecnu mpeneOpeysr moTepsMy, UMEIOIIMMU MECTO TPU MPOXOXKIIe-
HUUM CBETa 4Yepe3 peajbHYI0 TUIACTUHKY, TO MHTEHCHUBHOCTH BOJHBI Ha
BBIXOJIE€ U3 IUIACTHHKH Oy/IeT paBHA HHTEHCHUBHOCTH TaNaloIIel Ha IJa-
CTHUHKY BOJIHBI, TaK KakK OOBIKHOBEHHAsI M HEOOBIKHOBEHHAS BOJIHEI JIH-
HEWHO MOJSIPU30BaHBl B MEPHEHAUKYISIPHBIX HampaBieHusx. Eciu te-
Mepb Ha IMyTH MPOIMIEIIET0 Yepe3 TUIACTUHKY CBETa MOMECTHTh MOJIs-
pOMII-aHATTN3aTOp, HAIpaBJIEHHE MPOIMYCKAHUS KOTOPOTO COCTABIISET
yron 0 c¢ ocsto OX, TO MPOEKIUU KOMIIOHEHT E, u E,, Ha 510 Hanpas-

nenue (EycosO u E ysinﬂ COOTBETCTBEHHO) OYIyT unmepgepuposams.

B pesysbraTe MHTEHCUBHOCTH [ JIMHEWHO IOJISIPU30BAHHOTO CBETA Ha
BBIXOJIC U3 aHAJIM3aTopa OyAeT 3aBUCETh OT YIJIoB o ¥ O u pa3HocTH a3

Q:
I(a,ﬂ,(p)zlox

x| cos2 o - cos? 0 +sin? a - sin? 9+sin2oc-sin(9-cos@(1—2sin2 gj

W
1(0,6,9)=1yx

x{(cosa-cos@+sina-sin9)2 —sin2a-sin29-sinzg] (10.15)
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Ha puc. 10.5 nyHKTUpHBIMHU JIMHUSIMUA TIOKa3aHbI 3JUIMIICHI TTOJISIPU-
3auuu Bonnbl (10.14) npu @ =7/2 anst cnyuaes tga =b/a=1/3 (cnesa)
u tgo.=b/a=2/3 (cupasa). CILIOLIHBIMY JUHUSMH [OKA3aHbl rPAQUKH
3aBUCHMOCTH [ (9), COOTBETCTBYIOIINE ATUM CITydasiM.

BBoas B paccMoTpeHue yroi

B=a-6 (10.16)
MeX]ly HaIpaBIEHUSIMH IPOITyCKaHHs MOJISIpU3aTOpa W aHalM3aTopa,
TOTyYaeM:

I(a)=1, [0052[3 —sin 20 -sin2 (o —B)-sin g} . (10.17)

270°

Puc. 10.5. Dnmurnce nossipu3anyy BONHB (ITyHKTUP) U YTIIOBAst 3aBUCHMOCTH HHTEH-

cuBHOCTH /(0) TMHEHHO MOIIPU30BaHHOTO CBETa HAa BBIXOJE M3 aHAIMU3aTOPa (CILIOLI-
HbIC JINHUH)

B wactHocTH, eciu B = 0 (0 = o, T.e. HaNpaBJICHUS TPOITYCKAHUS
HOJISIPU3aTOpa U aHAJIN3aTopa COBMAAIOT), TO

J =10[1—sin22a-sin2ﬂ, (10.18)

aecm B =+ /2 (6 = o + /2, T.c. HaNPaBJIEHUS TPOITYCKAHUS TOJSIPH-

3aTOpa U aHaJIu3aTopa B3aUMHO OpTOFOHaﬂBHBI), TO
I, =Iosin22a-sin2§. (10.19)

Kak u caemoBaio oXuaaTh,

Kaxk BugHO u3 puc. 10.6, npu 3aganHo#i pazHocTy a3 ¢ 1S KOM-
MIOHEHT CBETOBOrO BeKTopa £y m E y (10.2) unrencuBHOCTh [, Mak-
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I/,
04 1
S~
0,5- 0.5 1/ X\/
N
14 ﬁ ‘%—3
MLy o 30° 60° 90°

Puc. 10.6. 3aBucumoct WHTEHCUBHOCTH ()

(HopMupoBaHHOW Ha lp) I 3HaYCHUH pa3HO-

cru das ¢: /3 (1), ©/2 (2)u 27/3 (3)

CHManbHa, a [ — MuHH-
MajbHa, eciu o = T/4
(Exo =Ey0). Kpome Toro,

npu o = T/4 WHTEHCHBHO-
cu [, wu [ uHaubosee

YYBCTBUTCJIBHBI K 3Ha4de-
muro @  (ma puc. 10.6
o =73, @,=m/2 u
0y =2m/3).

Ha puc. 10.7 npusene-

Hbl TpadUKd COOTBETCT-
BYIOIIMX  3aBUCHUMOCTEH

I (0)u ] (o) B IOMSIPHBIX KOOPAMHATAX JJI YKa3aHHBIX BBIIIE 3HaUe-

HUM @ (CIJIONIHAA JTMHUS — IJIS1 CKPEIIEHHBIX TOJISPONIOB, IyHKTUPHAS
— JIJIsl TAPAJIJICIIBHBIX ).

Puc. 10.7. 3aBucumoctu IH ((x) (mTpuxoBble JIMHUN) U [ 1 (OL) (cromIHEIe TMHUM) B

TOJSPHBIX KOOP/WMHATAX JUlsi pasHocTeit a3 1/3(a), 1/2(6) u 2n/3(s)

Ecnu cBeroBast BoHAa — HEMONSIPU30BaHHAS (TaK HAa3BIBAEMBINA ec-
mecmeenHulll ceem), TO (O(t) N3MEHIETCS BO BPEMEHH CITy4JailHBIM 00pa-
30M B MHTEpBaJie OT —7 110 +7. [Ipu mpomyckaHny eCTECTBEHHOTO CBETa

C MHTCHCHUBHOCTBIO ]0 qepe3 nojiIporua Ha BBIXOJAC MOJTYyYUM JIMHEHHO

THOJIIPU30BAaHHBIN CBET C HHTEHCUBHOCTBIO /() /2.

Cmenens nonspusayuy CBeTa XapakTepU3yIOT apaMeTPOM:
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pe—tn (10.20)
ICCT + IH

rae Il'[ — HWHTCHCHBHOCTH ITOJIHOCTBIO HOHHpI/I3OBaHHOI>'I KOMIIOHCHTBI

CBETOBOM BOJIHEI, 1 — HMHTCHCHBHOCTDH HGHOJ’IHpHSOBaHHOﬁ KOMIIO-

ecT
HCHTHEI.

10.2. 3apga4yu ¢ pemieHUsIMH

3apaua 10.2.1. Onun nonsipous npomyckaeT 30% ecTeCTBEHHOTO
ceta. [locne mpoxokaeHUs cBeTa Yepes JBa TAKUX IOJIAPOU]A UHTEH-
CHBHOCTbH magaeT 10 9%. Haliti yrona 6 mMexay riaBHBIMH HalpaBiie-
HUSIMU TIOJISIPOHIOB.

Pemenue

[Tockonpky uaeanbHbIN noxsspous nmponyckaer 50% ecTeCTBEHHOTO
CBETa, TO B CIIy4ae HCIIOJIb30BAHUS HEHWIICATHHOTO IONSIPOUIA WHTEH-
CHUBHOCTb JINHEHHO MOJIIPU30BaHHOTO CBETA HA €r0 BBIXOJIE paBHA

[1 :O’S'y'[ecw
re Y — K03 PHUIHUeHT U30TPOITHOTO MPOITyCKaHU MaTepuana, u3 KOTo-
POT0 M3TOTOBJIEH MOAPOHA. Tak Kak MO yCIOBHIO 3a/1a4H
1,=03-1.,,

T0 ¥=0,6.

C yuerom 3akona Maitoca (10.1) HHTEHCHBHOCTH CBETa Ha BBIXOJIE
BTOPOTO TOJIAPOUIa paBHa

I, =v-I,cos?0,
rae 6 — yroj Mexay TJaBHBIMU HalpaBJICHUSIMH IMOJISPOHIIOB, a 1O yC-
JIOBHIO 33/1a41

1,=0,091,,.
Taxum 00pazoM, TosryIaem
cos20=0,5,

a MCKOMBII yroil 6 MexIy TJIaBHBIMU HANpaBJICHUSMU TOJSIPOHUIIOB pa-
BeH 45°.
Omeem: O = 45°.

3apaua 10.2.2. CMech €CTECTBEHHOTO CBETA C JUHEHHO MOJIAPU30-
BaHHBIM aHAIM3UPYETCS C TIOMOIIBIO HUKOMS (ITOJSIpU3AIlIOHHAS TTPU3-
Ma). OmnpenenuTs CTENEeHb MOJSIPU3allid CBETa P, eclu MpH MOBOPOTE
aHanm3aTopa Ha yroa o=60° U3 MOJIOKEHHS, COOTBETCTBYIOIIETO MaK-
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CUMYMY TPOITYCKaHUs, HHTEHCHBHOCTh CBETA 32 HUKOJIEM YMEHbBIIAETCS
B 1 = 2 pasza.

Pemenue

C ydeToM CBOICTB HAEaTbHOTO MOJSpHU3aTOpa U 3akoHa Maimoca
(10.2) MHTEHCHBHOCTH CBETa 332 HUKOJIEM paBHA

1(0)=0,5Io, +1, -cos®0,

€ leer M I, — MHTEHCUBHOCTH COOTBETCTBEHHO HETOJSAPU30BAHHOU U
JUHEWHO TONSIPU30BAaHHONH KOMITOHEHT, 0 — yToJ MEXIy IIOCKOCTHIO
MOJIAPU3AINH JIMHEWHO TMOJISPU30BAaHHOW KOMIIOHEHTHI W TJIABHBIM Ha-
MIpaBJICHUEM HHUKOJIS.

CrnenoBaTenpHO:

I =1(0=0)=0,5-T, +1,,

1,=1(0=0a)=0,5Io,, +1,-cos’a

I7ie o — yroJjl, Ha KOTOpbI I0OBOPaYMBatOT aHAINU3aTOP.
Tax xak 1o yclIoBHIO 3a1a4u

Iax =M1y
rae n=2, 10
2
Ter _ 2 (1 ncos oc) |
1, n-1
u, B cootBercTBUH C (10.20), cTeneHs MOIIpU3aluA CBETA:
1
pP=—"~"2—=05.
€CT + IJ'I
Omeem: P=10.5.

3apaua 10.2.3. HekorepeHTHas cMech JUHEHHO MOJISPU30BAHHOIO
CBETa W CBETa, MOJIPU30BAHHOTO IO KPYyTy, paccMaTpUBaeTCs depes
nonsipoua. Ilpu moBopoTe monsipouaa M3 IMOJIOKEHHUS, COOTBETCTBYIO-
eT0 MaKCUMYMY WHTEHCUBHOCTH TIPOIIIEAIIETO CBeTa, Ha yroa o = 30°
MHTEHCUBHOCTH cBeTa yMeHbInaercs Ha 20%. Haiitu oTHoOlIEeHUE HH-
TeHCUBHOCTEH I U I, COOTBETCTBEHHO LIUPKYJISIPHO U JIMHEWHO MOJSIPU-
30BaHHBIX KOMITOHEHT.

Pemenne

C yueToM CBOWCTB HJ€alBbHOIO MOJIIpU3aTOopa U 3akoHa Mamroca
(10.1) MHTEHCUBHOCTH CBETA 3a TOJISIPOUIOM paBHA

1(8)=0,5-I,+1,-cos*0,
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rae Iy u [, — THTEHCUBHOCTH COOTBETCTBEHHO ITUPKYJISIPHO M JIUHEWHO
MOJIIPU30BAHHBIX KOMITIOHEHT,  — yroy Mex.y IIOCKOCTBIO MOJIsIpH3a-
WU JTUHEHHO MOJSPU30BAHHON KOMIIOHEHTHI U TJIABHBIM HamlpaBlICHU-
€M TIOJISIPOH/IA.

CrnenoBaTenbHO:

Lax =1(0=0)=0,5-1 +1,,
I,=1(0=0)=0,5-I +1I,-cos’a
U 110 YCJIOBHIO 3aJla4un

I, =021,

ax _IQ
Tak kak o=30°, To
1.,=05-1,.

I
Omeem: = =0,5.
Iﬂ

3anaua 10.2.4. Cmech €CTECTBEHHOTO CBETa M CBETA, IMOJIAPU30-
BAHHOT'O 110 KPYTY, MPOIYCKAETCA YepPe3 YeTBEPTHBOJIHOBYIO IIIACTUHKY
U HUKOJb. [Ipy BpamieHUM HUKOJIS BOKPYT OCHU CBETOBOIO Iy4YKa Mak-
CHMallbHasi MHTEHCUBHOCTh Ha BBIXOJE OOJIbIIE MHHUMAILHOW B m=3
pa3a. HaliTu oTHOLIEHNE HHTEHCUBHOCTEN [ U [oc; COOTBETCTBEHHO IIUP-
KYJISIPHO MOJIIPU30BAHHOM U €CTECTBEHHON KOMITIOHEHT CBETA.

Pemennue:

Tak kak macTUHKa A/4 HEe W3MEHSET COCTOSHUE TOJSAPU3AIAN €C-
TECTBEHHOTO CBETA, a MUPKYJSIPHO TOJIIPU30BAHHEIN CBET IpeodpazyeT
B JIMHEHHO MOJISPU30BAHHBINA, TO MPU COOTBETCTBYIOIINX OPHUEHTAITUSIX
HHKOJIS:

Imax =05 'IeCT +IK >
=0,5-1

I min ecT »

rne I, u I, — MHTEHCHMBHOCTH COOTBETCTBEHHO €CTECTBEHHOW M IIO-

JISIPU30BaHHON MO KPYTy KOMITOHEHT.
ITockoiibKy IO YCIIOBHUIO 33/1auu
L. =m-I

max min >
TO UCKOMOE OTHOIIICHUE UHTEHCUBHOCTEN:
I _m -1 1

I 2

€CcT
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3amaua 10.2.5. HekorepeHTHass cMeCh €CTECTBEHHOTO, JIMHEHHO
MOJISIPU30BAHHOTO W IUPKYJISIPHO TONSAPU30BAHHOTO CBETA aHAIIU3UPY-
€Tcs ¢ MMOMOILBIO OBICTPO BpalaroIerocs Moisipu3aropa ¢ GoTonpueM-
HUKOM. ['myOmHa Momymsunu (pOTOTOKA, MPOTMOPIHUOHATFHOTO HHTEH-
CHUBHOCTH CBeTa, OKa3ajnachk pasHou m=0,1. Eciu cBet nmpeaBapurensHo
MIPOITYCTUTH Yepe3 IIACTHHKY A/4, OpHEHTHPOBAHHYIO TaK, YTO HA BBI-
xojie OyleT Mo-TIpeKHEMY HEKOTepeHTHAasi CMeCh HETOJISIPH30BaHHOTO,
JUHEWHO MOJIIPU30BAHHOTO W TOJSAPU30BAHHOTO TIO KPYTYy CBETa, TO
rryomHa Momynsmuu (GoToTOKa craHeT paBHOUW m,=0,2. OnpenenuTsb
CTCIICHDb MOJIApHU3alluu P HNCXOOHOI'0 CBETOBOI'O ITyYKa.

Pemenne

[Ipu BpameHN# NONSAPOUIa BOKPYT OCH CBETOBOTO ITy4Ka C yTJIO-
BOM CKOPOCTBIO () MHTEHCHBHOCTD cBeTa (M QPOTOTOK) OyJeT U3MEHSTh-
Csl TI0 3aKOHY:

1(t)=1o(1+mcos2Qx),

rae ly — UHTEeHCUBHOCTh HEKOT€PEHTHON CMECH CBETOBBIX BOJH, M —
riryOuHa MOIYJISLIUY.
BHauasie ”HTEHCHBHOCTB CBETA 3a aHAJIU3AaTOPOM

I, =0,5I,., +0,5I_+1,cos’0,
50050
I, =0,51

cer 70,51, +0,51 (1+cos28),

rzae 6 — yroia Mex.y MmiIOCKOCTBIO TOJISIPU3AIMY JTHHEHHO OIS PU30BaH-
HOM KOMITOHEHTHI U TJIaBHBIM HarpaBieHueM mnossponaa (0 = Qf). Ilo-
3TOMY

m = _ .
lToor + 1 +1,
B cooTtBeTcTBUM C YCJIOBHUEM 3aJiadyu, IIOCJIC MNPOIMyCKaHUs CBCTa
qepe3 MIACTUHKY 7\,/4 HUPKYJSAPHO MOJIAPU30BaHHAA KOMIIOHCHTA CTa-
HOBUTCS JINHEHHO HOHHpH30BaHHOﬁ, a JUHEWHO MNOJIApHU30BaHHad — I10-

JSIpU30BaHHON 10 KpyTy. ClenoBaTensHO,

I
m2 =— K .
Iooo +1 +1,
HOCKOHBKy 110 onpez[eneHI/Ho CTCIICHb HOJISIpI/I3aHI/II/I CBCTa paBHa
B I +1,
- )
Ioor +1 +1,

OKOHYATECJIbHO IMOJy4acM:
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P:m1+m2 :0,3.
Omegem: P=073.

3agaya 10.2.6. ['opu3oHTaIBHBIN NapauIeNbHbIN MyYOK MOHOXPO-
MaTHYECKOTO, SJUIMITUYECKH TOJIIPU30BAaHHOTO CBETA IPOIYCKAETCS
yepe3 miIacTUHKY A/4. IIpu onHOW OpHEHTAalWH MJIACTUHKH CBET BBIXO-
JTUT JTUHEHHO MOJSPU30BAHHBIM IO yTIOM 0;=23° K HEKOTOPOMY BBI-
JIeJICHHOMY HaIlpaBJICHUIO B BEPTUKAJIBbHOM IuIocKocTH. Ecnu mmactus-
Ky TIOBEpPHYTh BOKPYT OcH Myuka Ha 90°, TO CBET OKa3bIBaeTCs JTMHEHHO
MOJIIPU30BAHHBIM TIOZ YTJIOM 0,=83° K 3TOMy HampaBieHuio. Haiitu
OTHOLICHUE JUIMH IOJIyOCeil 3JUIMIIcCa HOJSIpU3aluu cBeTa U yroa 0O
MEXAY ero OOJBIION OCBIO U OChIO KOOPAMHAT X.

Pewmenue

YroOBl ¢ MOMOILIBIO IUIACTHHKHA A/4 TOJIYYHTh W3 SJUIMITHYECKU
MOJISIPU30BAHHOI0 CBETA CBET C JIMHEWHOMW MOJSpU3AlME, HY>KHO OpH-
EHTUPOBaTh TJIABHBIC HANpaBJICHHs IUIACTHHKUA BJOJIb TJIABHBIX OCEH
aunca noyspusaiyn. B aTom cirydae (cMm. puc. 10.8):

2a0=0, -0y =60°,

rze 200 — OCTPBIA YroJl MEXIY AUArOHAISIMU TPSIMOYTOJIBHUKA, JJTHHEI
CTOPOH KOTOPOTO PaBHBI JUIMHAM TJIaBHBIX OCEH 3JUTUIICA MOJISPU3ALIH.
B cootBerctBum ¢ (10.12), mnsg me- ¥
KOMOTI'O OTHOLICHUS JJIMH I0JIyOCei

OJUIAIICA MTOJIAPU3AUH ITOJTydacM:

b g

—_= =—,

a 3
CJIE[I0BATENBHO, YTOJl MEXKIY 0O0JIb-
IO OCBIO DJLIMIICA H OCBIO KOOp-

JMHAT X PaBEH
oy +0ay
0y =———2

=53°.

Puc. 10.8. Diurc nonsipuzauuu
CBETOBOI BOJIHEI

Omeem: 6, =53°.

3apaua 10.2.7. [Inockas MOHOXpOMaTHUECKasl BOJHA C SJUIUITHYE-
CKOM ToJIsipu3alfeil MpoIycKaeTcsl yepe3 KpUCTANIMYECKYIO TIIaCTHH-
Ky, 32 KOTOpPOM YCTaHOBJIEH WACAIBHBIN aHanu3atop-nosspous. Ilpu
HEKOTOPON OpHEHTAIlMU IJIACTUHKA HHTEHCHUBHOCTH CBETA, PETHCTPHU-
pyemasi IpUEMHHUKOM, YCTAHOBJICHHBIM 33 aHAIU3aTOPOM, HE 3aBUCUT OT
OpUEHTAlLMU MOCIETHEr0 U paBHa /1. B oTCyTCTBUE MJIACTUHKU MaKCH-
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MajbHasi MHTEHCUBHOCTb, PETUCTpUpyeMas NPUEMHUKOM, paBHa Iy.
Haiit oTHOIIEHUE NIMH NOJyOCEH AIUIUIICA TOJSIPU3ALIUH.

Pemenne

ITycTh HHTEHCUBHOCTb UCXOJIHOM BOJIHBI paBHa /;. B cooTBeTCTBUU
C YCJIOBHMEM 3aJla4yM CHavaja 3JUIMIITHYECKH MONIIPU30BaHHbIIN CBET Ipe-
o0pazyeTcs IIIaCTUHKOW B CBET C KPYTOBOM MOJSIpU3alUEH, TOITOMY

21, = Iy ~ A* + B,
rine A u B — 1uyiiHbI OOJBIIION U MaJIOH TOJIYOCEH 3IUTUIICA TTONSIPU3alluU

JUTSI ICXOAHOM JTMHBI BOJTHBI CBETA.
B orcyTtcTBUE MIIaCTUHKU

I, ~ A (pm ycnosuu 4 > B).

CleioBartenbHO,
21 -1, ~ B*.
Taxum 06pa3oM, HCKOMOE OTHOIIIEHHE PABHO
B = 2h _ 1<1.
A 1,
Omeem: B = ﬂ—1 .
A 1,

3anaua 10.2.8. MoHOXpOMaTU4YeCKUN CBET, MPOMYIICHHBIN Yepe3
MOJISIPU3aTOp, MajaeT Ha BBIPE3aHHYIO MapajlIeNbHO ONTHYECKOW OCH
KPUCTAJUIMYECKYIO TUIACTHHKY, BHOCSIIYI0 MEXIy OOBIKHOBEHHBIM H
HEOOBIKHOBEHHBIM JIy4aMH pa3HocTh a3 ¢ = 60°. ['maBHas MmIOCKOCTH
MOJIApU3ATOPa COCTABISIET yroia ¢y = 45° ¢ OlHUM U3 TJIaBHBIX HAIPaB-
JIeHUW TacTUHKU. HallTh OTHOLIEHHE JUIMH MOJYyOCEW 3JuMIca moJis-
pHU3aIy CBETa Ha BBIXOJE M3 IJIACTUHKH M OpHUeHTanuto 0, aHaau3aTo-
pa OTHOCHUTENBHO TJIaBHBIX HAIPABICHUN IUTACTUHKH, IPU KOTOPOU UH-
TEHCUBHOCThH CBETa MAaKCHMAJIbHA.

Pewmenue

st pemenust 3amadu BocmodibdyeMcsa puc.10.3, Ha KOTOpOM OCH
Ox u Oy OpUEHTUPOBaHBI BAOJL INIABHBIX HAMpPaBICHUH MIacTUHKU. U3
ycnoBust Y = 45° cnemyeT, 94To

a=c-cosy=b=c-siny

tgazézl, o=45".
a
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B cootBercTBUH ¢ hopmyoii (10.11):

[Ejz B 1—\/l—sin22a-sin2(p
4 1+\/1—sin220c-sin2(p

b

OTKyJa
B 1
4 3
VHTeHCHBHOCTD MPOMICAIIET0 Yepe3 aHaIM3aTop CBeTa MakKCH-

MallbHa, €CITM TJIaBHOE HAalpaBliCHWE aHaJIM3aTopa COBMAJaeT C 0OJb-
e 13 TIIaBHBIX OCeil ayuwrca mospuszanuu. B coorserctsuu ¢ (10.7):

tg20, =tg2a - cosp =0,
OTKyJa
90 = 450 .

Omeem: %zL; 0, =45°.

NG

3apaua 10.2.9. Ha mnockuiil sKpaH, COCTOSUIUI U3 IBYX MOJIAPOUI-
HbIX monyrmiiockocter I} u Il,, HanpaBieHUs OpPOIMYyCKaHUS KOTOPBIX
OpPTOTOHAJBHBI, MalaeT HOPMAJIBHO MapaUIebHBINA MyYOK HUPKYISIPHO
TIOJIIPU30BAaHHOTO CBETAa C MHTEHCUBHOCTHIO /) (puc. 10.9). Haiitn un-
TEHCHUBHOCTB CBeTa / B TOUKE P U COCTOSIHUE €T0 MOISpU3aLUU.
Pemenue
Bocnons3yemes pesynbra- l l l l
TaMHU pELICHUs 3aJadyd O Ju-
(bpakmuu  TUTOCKOH, JTHHEHHO R L
MOJIAPU30BAHHONW  BOJIHBI ~ Ha
Kparo MpsIMOJIMHENHOTO 3KpaHa:
WHTEHCUBHOCTh [ B Touke P 3a 4P
9KpaHoMm paBHa [y/4, tme [y —
WHTEHCUBHOCTh BOJIHBI IEpes
9KpaHOM. Puc. 10.9. Ilnockuil 3xkpaH u3 AByX MOJIs-
Tak Kak LUPKYJIAPHO IO- POWIOB I1; n I, ¢ opTOrOHaIBHBIMH HAIIPaB-
JIAPU30BAHHYIO BOJHY C HHTEH- o UMH HPOMyCRanHA
CHUBHOCTBIO [y MOXKHO paccmart-
pUBaTh KaK CYIEPIIO3UITHIO IBYX BOJH PaBHOH WHTCHCUBHOCTH [o/2,
MOJIIPU30BAHHBIX JTMHEHHO BO B3aUMHO NMEPHEHIUKYISIPHBIX HaIpaBie-
HUSIX, TO TOCJIE NPOXOXKACHUS 3TUX BOJH depe3 mosspouast I1; u I,

=¥

Zy
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BKJIAJT K0 u3 HUX B [(P) ymensmmtcst A0 1y/8. [TocKoIbKy 3TH BOJI-
HBI MOJISIPU30BAHBI JITHEWHO BO B3aMMHO TNEPIICHANKYIISPHBIX HarpaB-
neHusix (Hampumep, Baoiab Ox u Oy, kak Ha puc. 10.8) u cBeTOBBIE KO-
neGaHMs B HUX CABHHYTHI IO (aze Ha /2, cBeT B Touke P OyzAeT mos-
PHU30BaH 10 KPYTy, IPHYEM

I
Omegem: | = TO , CBET IOJISIPU30BaH I10 KPYTy.

3apaua 10.2.10. IInockas MOHOXpoMaTHUECKasi BOJIHA C KPYTrOBOM
MOJIIpU3alleld U UHTEHCUBHOCTBIO /) MAaJacT HOPMAJIbHO Ha JWCK, BbI-
Ppe3aHHBIN U3 UAEAIBHOrO MOJSIPOUAA ¢ MOKa3aTeNeM MPEJIOMIIEHUS 11 U
3aKpbIBAIOIIMK A1 HEKOTOpoW Touku P onHy 30Hy @Dpenensa. Kakosa
JOJKHA OBITh TONIIKHA d AMCKA, YTOOBI HHTEHCUBHOCTH / CBETa B TOUKE
P 6pina MmakcumanbpHONU? UeMy paBHA HHTEHCUBHOCTD .7 JlmiHA BOII-
HBI paBHA A.
Pemenne
Bonna ¢ kpyrosoil momspusanueil U UHTCHCUBHOCTBIO /) MOXKET
paccMaTpHuBaThbCA KaK CyNEpIO3ULMS BYX BOJH C OJMHAKOBBIMH HH-
TEHCUBHOCTSIMH [y/2, JIMHEWHO TOJSPU30BaHHBIX BO B3aWMHO IEPIICH-
JUKYJSApHBIX HaNpaBieHUsAX. s BOJIHBI, MOJSPU30BAHHON MepHeHAN-
KyJSpPHO TJIaBHOMY HAalpaBICHHUIO MOJISIPOU-

--‘.:.ﬁ_&_i Ja, JMCK "racutr" BKIaa A, OT NEPBOH 30HBI
' Openenst (puc. 10.10), mosToMy ee HHTEH-
A : CHBHOCTb B TOUKE HaOIIOJCHHUS:
-1 ; 2 2
A _: Iy~ (A,) ~(4),
g TO €CTh
J)
L
2
Puc. 10.10. T'paduueckoe UTo0b! yCHIINTH B TOYKE HAOIIOAEHUS 110
BEIMHCICHUC  Pe3YJIBTH-  nNakCcHMalbHO BO3MOXKHOIO 3HAUEHUs MHTEH-
pytoen AMILIUTY bl ) .
BomibL, npoxopsmeii ue-  CUBHOCTB [ BOJHBI, TIOJIAPH30BAHHON BOMb
Pe3 JIMCK 13 TOJLIpOora [JIABHOTO HAaIpaBJieHHsl MOJsIponza, HeoOXo-

JUMO TIOBEPHYTh BEKTOpP A; Ha yroi ¢ = T,
3n, St u T.1., TO €CTh 00eCeYuTh IS MepBOil 30HEI DpeHeNns T0moi-
HUTEIHHYIO PA3HOCTh XO7a
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d(n-1) =&,+ﬁ,2... =(2m+ 1)&,
2 32 2

rnem=0,1,2, ..

CrnenoBaTenbHO, UCKOMAs TOJIIIMHA JIUCKA PaBHA

d=[m+l) 2 w012,
2)n-1
IIpu 3TOM
2 2
WIH
91,
5
Taxum 00pazom, MakcHUMaIbHast THTEHCHBHOCTh CBETa paBHA
Toax =1, +1H =51, .

I =

Omeem: d = (m +%j

,m=01,2,...; I

max

2510

n—1

3amaua 10.2.11. Mexay CKpeleHHBIMU HUKOJISIMU TTOMEICHA TIIa-
CTUHKA, BBIPE3aHHAs W3 KBapla MapajyieJbHO €ro ONTHYECKOW OCH.
IInacTuHKa OpHEHTHPOBAHA TOJ YTIOM o = 45° K TJIaBHBIM Hampasiie-
HUsSM HuKoned. [Ipu kakoif MUHUMAaNBHOH TONIIKHE d TIACTUHKA OIHA
JUHHS BOJIOpoaa A= 656,3 HM OyJeT CWIBHO ocliabliicHa, a Apyras —
A= 410,2 HM OyIeT UMETh MaKCHUMAaJIbHYI0 MHTCHCUBHOCTb, €CJIU IS
kBapua An = 0,009?

Pemenue

B coorsercTBum ¢ hopmymnoii (10.19):

I, = Iosin22a -sin’ % ,

a TIOCKOJIBKY o = 45°, T0o

I, = Iosin2 @
2

Tak kak 1Mo ycJIOBHIO 3a/1audl JUISl JIMHUH C UTMHOM BOJHBI A ILIa-
CTHHKA J0JDKHA BHOCUTB PA3HOCTb (a3 ¢ = 27tm, a JUIs JIMHAU Ay — Py =
7 + 27m, ONTHYECKast pa3HOCTh X0/1a /sl OOBIKHOBEHHOTO ¥ HEOOBIKHO-
BCHHOT'O JIyYei B IUIACTHHKE JOJDKHA YJOBJIECTBOPSATH OJHOBPEMEHHO
JIBYM yCIIOBHSIM:

d-An=ml
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n
A
dAn=—22 +m2)\.2,

rae m;u m, — HaTypajbHbIE YUCIA, B OOILEM Cllyyae HEpaBHBIE APYT
apyry. U3 paBeHcTBa IpaBbIX 4acTell mepeOOopoM HaXOAUM MUHHMMAllb-
HEIC BO3MOJKHBIC 3HAUCHUS 1y =4, m, =6

W3 5THX ABYX YpaBHEHUH OIIPEENsAEM Ba HEU3BECTHBIX:

I
2(%1 -XA; )
Orcrona d _mby wm  d zM

An An
Omeem: d = 0,29 mmM.

m=

~ 0,29 Mmm

3agaua 10.2.12. Kinua u3 omHOOCHOTO Kpuctaima (1, = 1,54; n. =
1,55) nomemien Ha myTH MOHOXpomMaTHueckoro ceera (A = 500 M) ¢
KpyroBoi momspu3anueir. OnThdeckas OCh KIMHA TapajlielbHa ero
pebpy. 3amHss MOBEPXHOCTh KIMHA PacCMAaTPUBACTCS Yepe3 MOJSPOUI,
TJIAaBHOE HaIpaBJIEHUE KOTOPOTO COCTaBIIET yroi o = 45° ¢ pedpom
kiuHa. CKOJIBKO TEMHBIX TO0JOC MOXHO HaOJIOJaTh Ha MOBEPXHOCTH
KJIMHA, €CJIM ToJIIMHa ero ocHoBanus d = 0,05 cm?

Pemenue

Jlyis HaOMrOACHUS Yepe3 IMOJIIPOU]] TEMHOM MOJIOCKI HEOOXOAMMO,
YTOOBI CBET Ha BBIXOJIC U3 KIIMHA B 3TOM MECTE ObLI JMHECHHO IMOJISIPU-
30BaH, a TJIABHOE HaIpaBlieHNe HUKOJIS OBLIO MEepIEeHANKYISIPHO TII0C-
KOCTH ToJisipu3aliuy cBeta. ECiii onTuveckas TOJIIMHA KIMHA U3MEHS-
€TCS Ha OJIHY JUIMHY BOJHBI, TO CYIIECTBYIOT JBa BO3MOXKHBIX MECTa
BBIXOJIa W3 KJIMHA JUHEWHO MOJSPU30BAHHOTO CBETA, YIOBJIETBOPSIO-
[IUX YCIOBHUIO:

d(ng —ny)=mh+Mr/4
WA
d(ne—no)zmknL%,

MpUYEM B OJHOM CJy4ae IUIOCKOCTH IMOJIIPU3AIK OyIeT COBIAAATh C
IUIOCKOCTBIO MPOITYCKaHUS MOJISIPOH/IA, a B JPYTOM 3TH IUIOCKOCTH Oy-
JIyT OPTOTOHAJIBHEI.

CrnenoBaTenbHO, ICKOMOE YMCIIO TEMHBIX TOJOC MOXET OBITh Olle-
HEHO 110 hopMyIe:
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Mo = ———2=10.

Omeem: m ~10.

max
10.3. 3agauu 11 CAaMOCTOSITEIHLHOTO PellleHU s

3amauya 10.3.1. YacTudHO TOJMAPU3OBAHHBIN CBET (CTENEHB IOJIS-
puzarun 0,5) mpomyckaioT depes moyspusarop. Kak u3sMeHuTCss HHTCH-
CHUBHOCTH CBETa 3a MOJISIPU3aTOPOM IIOCJIE €ro MoBOpoTa Ha 60° u3 mo-
JIOKEHUS], COOTBETCTBYIOIIETO MAKCUMYMY MPOIYCKaHHA?

Omeem: yMeHbIINTCA B 2 pasa.

3agaua 10.3.2. HexorepeHTHasi cMech JJUHEHHO MOJSPU30BAHHOTO
CBETa W CBETa, NMOJSIPU30BAHHOTO IO KPYyTy, PACCMATPUBAETCS 4epes3
nosigpuzarop. HaiieHo mosiokeHue nossipusaTopa, IpU KOTOPOM HH-
TEHCUBHOCTH INpPOIIEAIIET0 cBeTa MakcuMaibHa. IIpn moBopote moms-
pHU3aTOpa U3 TOrO IMOJIOKEHUS Ha HEKOTOPBIA YroJl BOKPYT OCH ITy4Ka
WHTEHCHBHOCTh IMPOIIIEIIET0 CBeTa YMeHbIaeTcs B 2 pa3a. Haiitu ot-
HOILIEHNE HHTEHCUBHOCTEW KOMIIOHEHT C Pa3IMYHOMN NOJspu3anuei.

2
Omeem: = =—.
1

ud

3agayva 10.3.3. [TapaniensHbIi My4OK MOHOXpPOMAaTHYECKOTO CBETa
NPOXOIUT Yepe3 [1Ba MOJISIPU3aTOPa, TTIaBHbIE MJIOCKOCTH KOTOPBIX OpH-
eHTHpOoBaHbI 1oj yrioMm 20° apyr k Apyry. Mexny nomnsipuzaTopamMu
MOMEINAIOT MIacTUHKY A2. [Ipu KakoM yriie MeIy TIIaBHBIM HarpaB-
JICHHEM IIE€PBOTO IMOJSPU3AaTOPa U ONTHYECKOH OCHIO IUIACTHHKU CBET
gepe3 CUCTeMY He TTPOXOIUT?

Omeem: — 35° u + 55°.

3agaua 10.3.4. Mexny AByMsI CKpPELICHHBIMH IMOJISIpU3aTOpPaMU
MMOMEIIEHa KpHCTaJUIMdeckas IutacTuHka ToimuHor 0,045 mwm. Ilma-
CTHHKA BBbIpPE3aHa M3 KPHUCTAUIA C TOKa3aTeNsIMHU MPEIOMIICHUS n, =
1,54 u n. = 1,55 napannenbHo €ro ONTHYECKOW OCU KPUCTaIa U OPUEH-
TUPOBaHa TaK, YTO YIrOJ MEXAY IVIaBHBIM HaIpaBICHHEM IIEPBOTO IO-
JSIpU3aTOpa U ONTUYECKOM OChlo miuacTuHKUA paBeH 30°. Ha cucrtemy
najacT HOPMAJIbHO HETOISPU30BAHHBIA CBET C UTMHOU BOJHEI 0,6 MKM
U MHTEHCUBHOCTBIO [j. HailTu MHTEHCUBHOCTB [ CBETa Ha BBIXOJAE W3
CUCTEMBI.
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Omeem: 1~0,191,.

3amauya 10.3.5. Ha myTH TI0CKOM BOJIHBI MOHOXPOMATHYECKOTO,
NOJSIPU30BAaHHOIO IO Kpyry cBeTa C [UIMHOW BOJHBI A H
MHTEHCUBHOCTBIO /) CTaBAT OOJBINYIO TUIACTHHY WACATBHOTO TOISPOUaa
¢ mokazatenem mpenomienus n (cm. puc. 10.11). Haittu Tonmmny d
IUIACTHHBI, MpPHU KOTOPOH HHTEHCHBHOCTH CBETa B TOuke P Oyner
MaKcUMaTbHOU. UeMy paBHA /.y ?
—»
—»

—

Koo e e o SR PTe;
— P
—

e

Puc. 10.11. TIpoxosxaeHue CBETA C JUIMHOM BOJIHBI A Yepe3 IJIACTHHY UACATBHOIO MOJIs-
pouna

Omeem: d:m—xl,rz[em= 1,2,3, .5 Toax z%]o.
n_

3amaua 10.3.6. Ilnockas BoHA MOHOXPOMATHYECKOTO CBETa C
WHTCHCUBHOCTBIO [ TOJIIpU30BaHa MO Kpyry. Ha myTu BOJIHBI CTaBST
IBe OOIbIIME, CONPHUKACAIONIMECS TOPLIAaMHU IUIACTUHBI A4, TIaBHEIC
HANpaBJICHUS ~ KOTOPBIX  B3aMMHO  MEPICHAUKYJSpHBL  Halitu
WHTEHCUBHOCTh / CBeTa B TOUKe P, yexaiield Ha MepreHIUKyIspe K
JIUHUU CONPUKOCHOBEHUS TutacTuH (puc. 10.12).

—
—

L | 1 1
_,_, P

—
—-

Puc. 10.12. TIpoxosx/eHUE CBETA C JUIMHOM BOJIHBI A Yepe3 JIBE IUNIACTUHKU A/4
C B3aUMHO HEPIeH/IUKYSIPHBIMHU [TIABHBIMH HANPABJICHUSIMHU

Omegem: [ ~0,5].

3agaya 10.3.7. Kpyrioe oTBepcTHe B HENPO3pauyHOM 3KpaHe
OTKpBIBaeT sl TOYKM HaOmoxeHus P ogHy 3oHy ®penens.
BHYTpeHHIOI0O W BHENIHIOI TOJOBUHBEI (IO IUIOIIAIM) OTBEPCTHS
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3aKpBIBAIOT HMACATBHBIMU CKPEUICHHBIMHU TIOJSIPOMIAMH, WMEIOIUMHI
(opMy HMCKa W KOJIbLIA COOTBETCTBEHHO. OTBEpPCTHE OCBELIACTCS
MOJIIPU30BAHHBIM 110 KPYTY CBETOM C HHTEHCHUBHOCTHIO [y. Onpenenursb
WHTEHCUBHOCTH I cBeTa B TOUke P.

Omegem: [ =21,.

3agaya 10.3.8. [IlapannensHbli NOy4oK HENOJIAPHU30BAHHOTO
MOHOXPOMATHYE€CKOI0 CBETa MajaeT Ha MIACTUHKY A2. IHTEHCUBHOCTH
CBETa B HEKOTOpPOW TOuke HaOmromeHWss P 3a IUIacTUHKON paBHa .
Haiitit mETeHCHBHOCTE / CBETa B TOUKE P, €ClIM 9acTh IUTIAaCTHHKU B BHJIC
JINCKA, 3aKpbIBAIOLIErO0 MJii TOYKM P ToJaTOpel 30HBI DpeHens,
MMOBEPHYTH BOKPYT OCH Iy4Kka Ha yrox 90°.

Omeem: [ =51, .
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T'maBa 11

TEIIVIOBOE U3JIYYEHUE

11.1. TeopeTndeckoe BBeieHUE

Bce narpeTble Tena M3NMydaroT AJNEKTPOMAarHUTHBIC BOJHBEL. Takoe
W3Iy4YeHHe, UCITyCKaeMOe BEIIECTBOM 3a CUET CBOCH BHYTpEHHEH DHep-
THH, UMEET HenpepvleHblll YACMOMHbII CHeKmp W Ha3bIBACTCS menjo-
evim. TernoBoe U3MydeHue, HaxosIeecs B TePMOIMHAMUYECKOM PaB-
HOBECHH CO CBOMMH HCTOYHHMKAMH, HA3bIBACTCA PAGHOGECHbIM. PaBHO-
BECHOE U3JIYUYCHHE U30MPONHO, OOHOPOOHO U HE NONAPUZ0BAHO.

Cornacao 3axony Cmegana—bonvymana, o0ObeMHas IUIOTHOCTb
9HEPTUH U PaBHOBECHOTO TEIIOBOTO HM3JIyUCHHS OMPENENsIeTCs] TOIBKO
TeMIiepaTypoil 7' OKpy>KaroIuX TeJ:

u(T)=al*, (11.1)
rae a =7,56-10"" oxem K™,
Pacnpe):[eﬂeHI/Ie OHCPTHUU HU3JIYUCHHA IO YaCTOTaAM (0 XapaKTCPU3Y-
0T CnekmpafleOﬁ NIOMHOCMDbIO USTIYHUEHUSA Uy, .
du(o,0+do)=u,do, (11.2)

riae du — IIOTHOCTh YHEPIHU M3IYYEHHs, TPUXOIAIIAACS HAa WHTEPBA
YacTOT OT ® J0 ®+d® .

C y4eToM TOro, 4TO JJTHHA BOJIHBEI A U €€ YacTOTa (O CBSI3aHbI COOT-
HOILIEHUEM:

A=2ms, (11.3)
(0]
dhopmyity (11.2), MOXKHO TIEpeNKCaTh B BUC:
du(?»,?»-kd?u):uxdk, (11.4)
2
ukzm—um. (11.5)
2mc

I'. Kupxrog, ocHOBBIBasiCh Ha 3aKOHAX TEPMOAMHAMHKH, MPHUIIET K
BBIBOJIY, YTO CIIEKTpaJbHAs TUIOTHOCTh PABHOBECHOTO HM3JIYYEHHUS U, —
yHHBepcanbHas (GyHKLUS, 3aBUCALIAA TOJBKO OT YaCTOTHI ® U TeMIIepa-
Typsl 7.

B.Bun ycranoBui, 4yTo
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um(T)zoff(%j, (11.6)

rae f — yHuBepcaibHas (pyHKIHUS TOJNBKO OHOTrO aprymeHTa. C yuerom
(11.5) u (11.3) popmymny (11.6) MOKHO IIPEICTABUTH B BH/IE:

o(1T)
uy (T)= 5 (11.7)
C poctoMm temrieparypbl 7' MaKcUMyM GYHKIHH u;, (IpH A = A

max )
cMemiaercs (OTCIOJ]a HAa3BaHHE «3aKOH CMEIICHHUS») B KOPOTKOBOJIHO-
BYIO 00JIaCTh CIIEKTPA, MPUUEM:

T =, (11.8)

rae b = 0,29 cm-K. CootHomenne (11.8) HA3BIBAIOT 3aKOHOM CMewyeHUs
Bumna.

AHanu3upyst OTKPHIThIE paHEE 3aKOHOMEPHOCTH JUISl TEIUIOBOTO U3-
nydenusi, M.ITnank BBIABUHYT cunomesy 0 OUCKPEMHOCHIU BOZMOKHBIX
3HA4YEHUI 3HEPruM OCLUWUIATOPOB — HCTOYHHMKOB TEIUIOBOTO H3Iyde-
Hust. MM Obiia npeanoxeHa (reHuanbHO yragana!) cienyromas Gopmy-
Ja AJ1sl CIIEKTPalIbHON INIOTHOCTH PAaBHOBECHOTO TEMJIOBOTO H3ITYyYEHUS

Uy:

2
Uy =3 Z‘(‘; , (11.9)
e exp()—l
kT

roe h = 2i =1,05-10734 Jx-c (h — nocrosinHas Ilnanka), k = 1,38-10723
T

Jx-K™' — nocrostanas BonblMaHa, ¢ — CKOPOCTb CBETa B BaKyyMe.
@opmyna [nanxa (11.9) Hamia moATBEPKIEHNE U BCEX TOCTYITHBIX B
9KCIIEPUMEHTE JINana30HOB 3HaUeHUH o u 7.

B xmaccuueckom mpenene (o << k7, T.e. Ipu BBICOKUX TeMIlepa-
Typax) ¢dopmyna Ilmanka (11.9) cormacyercss ¢ moiydeHHOH paHee
dopmynotl Panes—/icunca:

Uy =——KkT (11.10)

anpu o >> kT (T.e. Ipy HU3KUX TeMIIepaTypax) — ¢ ghopmynou Buna:
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Uy = 3exp(——j, (11.11)

KOTOpasi B CBOE BpeMsI IIO3BOJIMIIA Pa3pelInTh IpodiieMy KIacCHYeCKOH
TeopuH, npeapekasiie "yaprpaduoneToByto karactpody" (u,, ~ o’ ).

Ha puc. 11.1 npusenens! rpaduku 3aBucumocteii (11.9), (11.10) u
(11.11).

T T T T

Uy 2

L)
-
B

hw
kT

ho
Puc. 11.1. I'paduxu 3aBucumoctet U, ot 4 » COOTBETCTBYIOIIHE ¢dopmymnam: 1 —

(11.9),2 - (11.10) u 3 — (11.11)

Ecnu B o6acTé MpoCTpaHCTBA C M3Ty4YE€HHEM MBICIIEHHO BBIICIUTH
HeOONBIIYIO TUIOIAAKY dG, TO 32 BpeMs dtf depes 3Ty (MPO3padHyro IS
M3JTy4eHUs) TUIOIIA/AKY B OJJHOM HAIIPaBICHUHU ITEPEHOCHTCS SHEPTHS

dW =P, -dt, (11.12)
rae P;; —nomok snepeuu (WIH MOIIHOCTB) M3TyUESHHUs Yepe3 ILIomal-

Ky dc. B cBoro ouepesp,
P, =1-do, (11.13)

rae I — IIOTHOCT MOTOKA SHEPTUM (UM UHMEHCUSHOCTID).
CocraBHas 4acTh noToka F;; — noTok d P;; mox yriaom 6 k HOp-

MaJli B TEJIECHBIH yroi d{) paBeH
dP;s(0,9)=L-dQ-(do-cosb), (11.14)

rne L :L(O,(p) HE 3aBUCHUT OT pa3MEpoOB IUIONIAJAKUA M XapaKTepU3yeT

npocmpancmeenHyro cmpykmypy usiaydeans. B coorBerctum ¢ (11.13)
u (11.14); nHTEHCUBHOCTE [ (MOITHOCTH M3TYUYEHUS, MPOXOISIICTO Ue-
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pe3 eMHUYHYIO IUIOLAJKY B OAHOM HanpasieHun) u L=L(0,p) ces-
3aHbI COOTHOIIIEHHEM
I= j L-cos®-dQ, (11.15)
Q=2n

rae dQ=sin0-d0-do.

B cmity M30TpOmHOCTH M OZHOPOAHOCTH PaBHOBECHOTO H3ITy4EHUS,
XapaKTepUCTUKA €ro MPOCTPAHCTBEHHOH CTPYKTYphI — QyHKIus L — He
3aBucHT 0T O 1 ¢ (3akoH JlambGepTa) U, Kpome TOTO:

u
L=—c, 11.16
4r ( )

rae ¥ — o0beMHas MIOTHOCTh SHEPTHUH PaBHOBECHOTro m3nmyudeHus. Ilo-

O9TOMY MHTCHCUBHOCTH PABHOBECHOI'O U3JIYUYCHUS paBHA
Y

21 2
zzfd(pjsine.de.L-cosean. (11.17)
0 0
50)0%0
c-u
I=—. 11.18
y ( )

®dopmyna (11.18) HamomuHaeT GopMysy Ui YKCia YIapoOB V aTOMOB
UJICaTBHOTO Ta3a O CTEHKY cocyaa (B pacyere Ha CIUHUILY TUIOIIATN U
32 CAVHUIY BPEMCHH): V =Un/ 4, rae n — paBHOBECHA KOHIICHTPAIIHSI,
U — CpemHss CKOPOCTh JBUKCHUSI.
C y4eToM HenpephIBHOCTH CHEKTPa TEIIOBOTO U3ITYUCHHS:
dl(0,0+do)=1,do, (11.19)

rae [, — cnekmpansHas nIOMHOCMb UHMEHCUSHOCMU. B cOOTBETCTBHH C
(11.18), o paBHOBECHOTO M3IIyYCHMsI CHEKTpalibHbIE TUIOTHOCTH [, U
U, CBA3aHBI COOTHOILIEHUEM:
1,= 4‘0. (11.20)
ITycts HEKOTOpOE TEJIO HArperTo 10 TeMnepaTypbl 7 U HaXOAUTCS B
TEPMOAMHAMUYECKOM PAaBHOBECHM C TEIUIOBBIM H3iIydeHHeM. B 3Tom
CIIy4ae sHepzemuuecKkas 0ceéeujeHHocmy £ TOBEpXHOCTU PaBHA MHTEH-
CHBHOCTH MaJAlOIIETO HA MIOBEPXHOCTh TEJa U3ITyYEHHS
c-u

E=—o0. 11.21
y (11.21)
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B obmiem ciryuae yactb 3T0i SHepruu, paBHylo of (0<a<l), Te-
no mornoriaer. KosdduimeHnt morjounieHuss o 3aBUCUT OT MPUPOIBI
BEIIECTBA U TEMIIEPATyphl. Tell0 Ha3BIBAIOT aOCOMOMHO OenblM, eCIH
o =0, u abcorromno uepnvim, ecnu o, =1.

B ycnoBusix TEpMOIUHAMUYECKOTO PABHOBECHUSI IHEPIeMUYECKdsl
Cc6emMuUMOCMb € TIOBEPXHOCTU (T.€. MHTCHCHUBHOCTh H3IYYECHUS C TIO-
BEPXHOCTHU TeJa) U OCBEIIEHHOCTh 3TON MOBEPXHOCTH CBSI3aHHBI COOT-
HOIIICHUEM:

e(T)=a(T)-E(T). (11.22)

B cuny npunnuma demanvHozco pagrogecus NS TEPMOJAUHAMMYC-

CKU paBHOBecHOU cucteMsl u3 (11.21) cnenyer:

Em:":‘w, (11.23)
rae E, — cuekTpaiabHasl IJIOTHOCTh OCBeIeHHOCTH, U3 (11.12)
€, =04 Ey, (11.24)

TIe €, — UIyyamenvHas cnocobnocms Tena (T.e. CHeKTpalibHas IUIOT-
HOCTb JHEPreTUYECKOW CBETHMOCTH €r0 MOBEPXHOCTH), O, — €ro Ho-
enowamenvras cnoCOOHOCMb.

Kak cnenyer u3 (11.24), B yclnoBusix TepMOJINHAMHYECKOTO PaBHO-
BECHs OTHOLIEHHE HM3JIy4aTelIbHOW CIIOCOOHOCTH Telia K €ro moriomnia-
TEJIFHOW CIIOCOOHOCTU OJMHAKOBO ISl BCEX TEN M SABJSIETCS YHUBEp-
canbHOM QyHkumerd © u T (3axon Kupxeogha). Jlns abCOMIOTHO YEPHOTO
Tena (o, =1):

eo (T)=E,(T), (11.25)
IIO3TOMY

£y (T) _.0

a(T) =g, (7). (11.26)

3HepreTquc1<a${ CBETUMOCTbH a0COJIFOTHO YCPHOT'O TEJIa:

e (T)=[€(T)do (11.27)
0
3aBUCHUT TOJBKO OT Temneparypsl 7. Cormacuo (11.25), (11.23), (11.2) u
3akony Credana—bonpimana (11.1), sHepreTHyeckass CBETUMOCTh a0-
COJTIOTHO YEPHOTO TeJIa 3aBUCUT OT TEMITEPATYPHI 110 3aKOHY:

e’ (T)=oT*, (11.28)



236 OITUKA. METOIUKA PELIEHUA 347744

rae 6=5,67-10"° Br-m 2K™. Kpowme Toro, ¢ yaerom (11.17) u (11.18):

c-u
e (T)=nL’=—, (11.29)
4
rac LO — JHepeemuyeckas sApKocnmv U3JTYUYCHUSA C MOBEPXHOCTHU abco-
JIFOTHO YCPHOT'O TECJIa
u
=—c.
4n

Joruuano, uto I° u L u3 (11.16) 0MMHAKOBSI.

11.2. 3agauu ¢ pemieHUsIMHA

3agaya 11.2.1. Ompenenuts MOITHOCTh H3IYy4YeHHS aOCONIOTHO
YepHOro Tena, Harperoro a0 temnepaTtypsl 1000 K, ecnu nnomans ero
noBepxHocTH S paBHa 10 M”.

Pemenue

[Tockonbky MOIIHOCTD Ps 1 MHTEHCUBHOCTD [ U3ITy4EHHsI CBSA3aHBI
cootHomrerueM (11.13), To:

P.=1-5.
Coracuo (11.28) mst aBCOIOTHO YEPHOTO Tela:
I=£0(T)=GT4.
ITosToMy nckomasi MOITHOCTH Ps paBHa
Py =oT*S =5,67-107°(1000)" -10=5,67-10° Br.
Omeem: 567 xBT.

3anaua 11.2.2. YepHas miactuna, ocBeraemas CoJiHLIEM, OpUEH-
TUPOBaHa IMEPIEHIUKYISIPHO ero jydam. OmpenenuTh OCBEIEHHOCTh
IIJIACTHHBI, €CJIU ee Temiieparypa pasHa 300 K.

Pemenune

Cormacro (11.12) u (11.13), KOTHYECTBO CBETOBOW DHEPTUH, Tia-
JIAFOIIEH Ha MOBEPXHOCTH MJIACTUHBI MJIOMIAIM S 32 BpeMsi Af, paBHO
AW . =E-S-At,

nan
rie £ — OCBeIIeHHOCTh TUIACTHHEI.

[TockonpKy IIacTHHA YepHAs, TO YHEPTHs, U3TydaeMas TNIACTHHON
¢ 00enx MOBEPXHOCTEH 3a TO e BpeMsi, paBHa
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=g".25 A,

e € — CBETMMOCTh aGCONIOTHO YEPHOTO Tela, KOTOpas 3aBHUCHT OT
TeMmepaTypsl 1o 3akony (11.28):

AW,

n3J1

e (7)=0T*.
B ycTaHnoBuBIIEMCS pEXUME:
AWnazL =P, M3 °
1001
E-SAt=c-T*-25-At,
OTKyJa

E=206T*=2-567-10"(300)" ~ 919 Briv’.
Omesem: E = 919 Br/m’.

3amaua 11.2.3. OnpenenauTh MOITHOCTh H3IYUEHHUS aOCOIIOTHO
YEPHOr0 Teja, €CJIM IUIOINAb M3JIydarolleil MOBEPXHOCTH Tejla paBHA
3M%, a MAKCHMYM CIIEKTPAIbHON [TOTHOCTH M3Iy4eHHs IPHXOIUTCS Ha
IUIUHY BOJHBI 0,58 MKM.

Pemenmue:
MommHocTs Ps U3Iy4eHHs] Y4epHOT0 Tela ¢ IO MOBEPXHOCTH S
paBHa

P =¢"(T)-S,
rae, cornacHo (11.28), cBETHMOCTH aOCOIIOTHO YEPHOTO Tela!
e (7)=0T*.
C yuetoMm 3akoHa cMmemieHus Buna (11.8):
Amax] =b
HAXOJUM MOIITHOCTh U3TY4YeHHS a0COIFOTHO YEPHOTO Tela
4 4
P :c( b j .§=5,67-10"° % -3~106 MBr.
max 0,58-10

Omeem.: Ps—=106 MBT.

3amaua 11.2.4. C garpeToll 10 HEKOTOPOH TeMIIepaTyphl MTOBEPX-
HOCTH Tena M3iydaercs sHeprus 175 Br-cM . IIpu 5TOM OTHOLIEHHE
JHEPreTUYECKON CBETMMOCTH 3TOH MOBEPXHOCTH s(T ) K CBETHMOCTH
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MOBEPXHOCTH aGCOMOTHO YepHoro Tenag’ (7)), HArpeToro Jo Toil xe

e(T)

e"(7)

TEMIIEPaTyphl, paBHa O = =0,5. Haiitu Temneparypy nOBEpXHO-

CTH TCJ1a.

Pemenue

Cornacuo (11.28) snepreTnueckasi CBETUMOCTh ITOBEPXHOCTH Yep-
HOTO TeJia ONPEAeIIeTCS ero TeMIepPaTypoii:

SO(T)=GT4,

rme 6=>5,67-108Br-Mm2 - K. CruenoBatennsHO,
0
T=4%
c
Taxk KaK 1o ycioBHio 3agaun: €° (7)=2-175=350 BT/CM2 , TO

Omeem: T= 2800 K.

3agaya 11.2.5. Omnpenenuth MUIOTHOCTh MOTOKA 3HEPTUU COJHEU-
HOTO WM3Ny4YeHusi Ha 3eMHOi opbOute. Temneparypy CosiHna cuuTatb
pasnoii 6000 K. ConHeuHbIi TUCK BUAEH ¢ 3eMJIH IO yriiom 32'.

Pemenue

[Monaras, uro ComnHile U3ay4yaeT Kak aOCOJIOTHO YEPHOE TEJO, I

MOTOKA TEMJIOBOr0 U3JYYCHUS C €ro MOBEPXHOCTH MOYKEM 3aIUCATh:
Py =¢"(T)-S=oT*-nD?,
rae D — quamerp Connua. Ecnu npeneOpeub noTrepsiMu SHEPTHU U3ITy-
yeHus Ha myTd ot ComHna A0 3emiid, TO Ha 3eMHOI OpOUTe MCKOMast
TUTOTHOCTH MOTOKA SHEPTHU paBHA
1(R)=—5.
47mR

rae R — paccrosiaue ot 3emiu 10 CoNHIIA. YUUTBIBASI, YTO 110 yCIOBHUIO
D/R =0 =32, nony4yaem:

2
](R) —oT* (gj ~ 0,16ﬂ=1’6K_BT.
2 2 2
cM M
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Omeem: | :1,6K—BZT.
M

3agaya 11.2.6. [IBe OobIre MOJIOCTH C 3€PKATLHO OTPAKAOIIUMHU
HapY)XKHBIMH TIOBEPXHOCTSAMH WMEIOT OTHOCHTEIHHO Majble KPYTJIbIe
OTBEpCTHs AMaMeTpoM d =2 cM, KOTOpPBIE PacCIoJIOKEHBI IPYT HAIpO-
TUB JipyTa. B o1HON U3 MOJIOCTEN MOAIEPKUBAETCS TIOCTOSIHHAS TEMIIe-
parypa 71} =2000 K, B Ipyroil moJOCTH B yCTAHOBUBILEMCS PEXUME

temneparypa paBHa 7, =400K. Onpenenurs paccTosHHE MEXIy OT-

BEPCTUAMH.

Pemenue

Bbynem paccmarpuBaTh OTBEpCcTHE B IMOJIOCTH | Kak 3JIE€MEHT IO-
BEPXHOCTH aOCOJIOTHO YEpPHOro Tena, MMeromero temmneparypy 7;. B
cootBercTBHH C (11.28) 1 (11.29), spKOCTH U3MyUEHUS C TAKOH MOBEPX-
HOCTH:

4
L_oht
T

a cornacHo (11.14), moTok >HEpruy, NONaAAIOMINNA B OTBEPCTHE OJIOC-
TH 2, paBeH

2
B, =ﬂJ‘Lcose-dQ ,
4
rae ) — TeJNeCHBIH yro, Mo KOTOPHIM OTBEPCTHE B IOJIOCTH 2 BUAHO C
TIOBEPXHOCTH OTBEPCTHS B MOJOCTH 1. Bhlumcisas mHTErpan B mpesl-
nyiiei popmysie, oaydum:
22 0 2 4 02
B, =i j d@chosesinG -d0 =ﬂ nﬂe— ,
40 % 4 T 2

rue 0 ~d/(2]). Takum 0Gpasom,

2 2
nd 4 d
P, =2 o1t L | .
27y (2L)
C nmpyroii CTOpOHBI, TIOTOK HEPTUU U3 TIOJOCTH 2 4epe3 OTBep-

CTHE B HEMl:

2
md 4
1)2 :TGTZ .

B ycraHoBuBIlIEMCS peKUME:
P,=Ph,
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1 CIIEI0BATENBHO,
2
d
2L
ITosTOMY HCKOMOE PaCCTOSHUE MEXKAY OTBEPCTUAMU

2 2 2
_ar? 2 o)
2T 2 (400)

Omeem: L =25 cMm.

3agauya 11.2.7. [lokazats ¢ nomomsto popmynsl Buna (11.6), uro
MaKCHMaJbHOE 3HAYECHUE CIEKTPAIBEHOMN IIOTHOCTH YHEPTHU TEIIOBOTO
M3JTyYeHHs IPONOPIHOHATBHO T°.

Pemenue

Cornacuo ¢opmyie Buna (11.6)

3 (O]
Uy (T)=o f(;}
ITpu dukcupoBaHHOI TemInepaType NpOU3BOHAs

au—“’=3(x)2f+oo3L
0w T

obparmaercs B HyJIb, €CITH
3f (o
O= 0, = —T—Jj( max) :
f ((Dmax)
Taxum o0pazom,
Omeem: (um )max ~T3.
3ameuanue. JIns cHeKTpanbHOH IJIOTHOCTH u; (opmyna Buna
umeet Bup (11.7):
o(1T)
25

uw, (T)=

b

MO3TOMY C y4eToM 3akoHa cMmemeHus (11.8):
5
(l/l;\’ )max ~T.

3agaya 11.2.8. Meansiii mapuk auamMeTpoM d TOMEIIeH B OTKa-
YaHHBIA COCYJI, TEMIIEPATypa CTEHOK KOTOPOTO MOAISPKUBACTCS OTN3-
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Kol K abcomroTHOMY HyIt0. HaganbHas Temmieparypa mapuka 7o = 400
K. 3a Bpems Ar=4 uaca Temmeparypa IIapUKa YMEHbBIIAETCA B 1 = 2
paza. CuuTas MOBEpXHOCTh IApUKa aOCOIIOTHO YEPHOU, OMPENeNIUTh
ero auameTp d.

Pemenue

[Tpu Temnepatype T 3a Bpems df ¢ MOBEPXHOCTH IIApUKa H3TydaeT-
Cia 3H6pFI/I$I
aw =cT* nd? -dt.
B pesynbrare 3TOro BHYTPEHHSS 3HEPrus 1Iapyuka U3MEHSETCS Ha
BeJ'II/I‘lI/IHy

dU =c-m-dT,
TJe m — Macca LIapuKa, ¢ — yIeJIbHas TEMI0EMKOCTb.
ITomaras
dW =dU ,

MOJyYaeM ypaBHEHHE:
3
oT* nd? -dt=c-p-%-dT,

I7ie p — INIOTHOCTH LIapuKa.
Paznensist mepeMeHHbIe U MHTETPUPYS 1O ¢ U T, HAXOIUM:

At = cpd (n3—1).

18675
JIx r
Tak kak misg menu ¢ =390 u p=38,9—-, To Wia nuamerpa d
kr-K CM3
noJayvyaemM
18-Ar-G-T 18-4-60-60-5,67-1075 (400’
d= = 5 ~0,55cm.
(n*=1)ep (8-1)*-390-8,9-103

Omeem:d = 0,55 cm.

3agaya 11.2.9. Haiitu ¢ nomompto ¢opmynst [Inanka aucno doTto-
HOB dN B eanHuLe oObeMa npu Temneparype 7 Ui CHeKTPaJIbHbIX UH-

TEPBAJIOB (co,oa+dco) u (7»,?»+d7»).

Pemenue
Corumacho (11.2):
du(co,m + dco) =u,do,
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T7e B COOTBETCTBUH ¢ popmyoit [Tmanka (11.9):
2

) ho

Yo =337 1o

nc o
expkT —1

Tak kak 2Heprus (OTOHA C YACTOTOH ® paBHA h®, TO
du(®,0+do)=dN-ho.

CnenoBarenbHO, 4UCI0 (POTOHOB B €IMHUIIE 00BEMa IPU TeMIepa-
Type I:

2
® do
dN (0,0+do)= 23 e E D ]
[enast 3amMmeHy epeMEHHBIX:
o=2nc/A
u
|dol :%dk,
st uatepeana (A,A +dA) nomyunm:
8t di
dN(?»,+d7u) :}\l_4—27'66h
e kTh _1
Omeem:
2
iN(o,0+do)="2——92_ " ayoasan) =22
e ® 7\‘4 2nch
ekl _1 e kTh _1

3apaua 11.2.10. Ilpu xakux TeMmIepaTypax PacXOoXKICHHE MEXKITY
3HAYEHUSIMH U, pAacCUNTaHHBIMU 10 (popmymam Buna (11.11) u dop-

mye [Imanka (11.9), mist BUANMON 9acTH CIIEKTPa (400 <AL750 HM)

He npeBbimaet 1%?

Pemenue
o dhopmyne Buna (11.11):

3
_ I holr)

a o ¢popmyne [Inanka (11.9):
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y - w’ ho
© = 23 o) _|
IToatomy
uBI/IH _ ex _1
UTnank e’
ho  he
e x=—=——.
kT M\kT

ITo ycnoButo 3anauu:

UTlnank — YBun :i< 0.01
x 70

Unanx 4
CJIEIOBATENbHO,
he
T<———=~4150K.
Mk In100

Omegem: JIns Bunumoii yactu crektpa (400<A <750) 77< 4150 K
it A = 750 aM.

3anaua 11.2.11. CeToBasi MOIIHOCTh U3TYUYEHHUS TOUYECYHOI'O H30-
TPOIHOTO MOHOXpoMaTH4yeckoro (A = 589 Hm) ncrounuka pasua 10 BrT.
Haiitu: a) cpenHIO0 MIOTHOCTH MOTOKAa ()OTOHOB HA PACCTOSIHUH 7 =
=2 M OT UCTOYHHKA; 0) paccTositHMe R OT HCTOYHHMKA 10 TOUYKHU, TIe
cpe/iHss KOHIEHTparus (pOTOHOB paBHa 100 cv .

Pewmenue:
a) B coorBerctBum ¢ (11.13) Ha paccTOSHUW » OT TOYEYHOTO HC-
TOYHUKA UHTCHCUBHOCTbH U3TYUYCHHS PaBHA
1(r)=—2_.
4mtr
rae P — usnyyarenbHasi MOIHOCTh UCTOYHHKA.

TTockonbKy 3Heprust oaHOTO (HOTOHA paBHa &= hc/), TO cpemuss

TUIOTHOCTH TMTOTOKA )OTOHOB HA PACCTOSIHUM 7 OT NCTOYHHKA:
. Ph
(r)=1—5 -
4% he
[pur=2m
(j)=6-10"m7% ..

0) B ciryqae TouedHOTO UCTOYHUKA MOYKHO CHHTAThH, YTO
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(j/(R))=n(R)-c,

TIe n(R) — KOHIIEHTpanus (GOTOHOB HA PACCTOSHHHM R OT MCTOYHHKA.

ITosTomy
R= |2
4ncn
wopu n=100 cm:
R~9 wm.

Omeem: a) <j>z6-1017M_2 ol 0) R~9 m.

11.3. 3agauu 1J1s1 cCAMOCTOSITETHLHOTO pPelleHunst

3apaua 11.3.1. B cnektpe HEKOTOPOU 3BE3/1bl MAKCUMYMY U3ITyue-
HUS COOTBETCTBYeT yactoTa ~10"° I'. Haiftn TeMmepaTypy HOBEpXHO-
CTH TOT0 KOCMHYECKOT0 O0OBEKTA.

Omegem: =10 000 K.

3agava 11.3.2. Haiitu TeMmmneparypy 4epHOTo Tena, €CIM AJUHA
BOJIHBI, COOTBETCTBYIOIAsI MAKCUMyMY €T0 M3JIy4aTeJIbHOH CIIOCOOHO-
cty, Ha A = 0,5 MKkM Oomblie, ueM npu Temmeparype 2500 K.

Omeem: =~ 1750 K.

3agaua 11.3.3. [lpu kaxoif [yIMHE BOJHBI W3TydaTelbHas CIoco0-
HOCTh abCOJIFOTHO YEPHOTO Teja C YHEePreTHYecKoW CBETUMOCThIO 3,0
Br/cM® MakcuManbHa?

Omeem: 3,4 MKM.

3agaua 11.3.4. MznyuatenbHas crnocoOHOCTh CONHIIA MaKCHMajibHa
BOMM3M niuHbl BosHb! 0,48 MkMm. B npennonoxenun, uro CoiHLe H3ITy-
gaeT Kak a0COJIOTHO YEepHOE TEJO, OIEHHUTH: 1) KaKyro Maccy TepseT
ConHue eXeceKyHAHO 3a CHeT TEeIUIOBOIO M3NMyuYeHHs? W 2) 3a Kakoe
Bpemst Macca CoJHIIa 1O/ KHA yMeHbIIaThes Ha 1%7?

Omegem: 1) 0,5 10" xr/c; 2) ~10"" rer.

3amaua 11.3.5. UepHbIii TOHKOCTEHHBIH METAUTMYECCKHH COCYI,
umeronmii popmy Kyba, 3amoIHeH BoJoi, Harperoit 1o 50°C. 3a xakoe
BpeMs cocya ocThiHeT A0 10°C, ecnu OH HAXOAUTCS BHYTPHU 3aMKHYTOMH
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OTKauYaHHOW YEpHOM TOJIOCTH, TEMIIepaTypa CTEHOK KOTOpOH momajep-
s)kuBaetcsa Ha ypoBHe 0°C. Macca Boabl B cocyae — 1 kr.
Omeem.: ~1,64 4dac.

3agaya 11.3.6. Haiitu ™MomHOCT P 3IEKTPUYECKOTO TOKa,
HEOOXOAMMYIO JUISi HAaKaJIMBaHUS METAJUTMYECKON HHUTH JUAMETPOM
1 MM u mmuHOM 20 cM mo temmeparypsl 3500 K. Cumrarh, 9T0 HUTH
U3JIy4aeT B COOTBETCTBHU ¢ 3akoHOM Credana-bonbimana. [lorepu Ha
TEIUIONPOBOIHOCTh HE YUUTHIBATb.

Omeem: P = 5350 Br.

3apaya 11.3.7. Ilpu 7 = 3500 K oTHOIIEHUE SHEPreTUYECKOMN
CBETUMOCTH BOJb(paMa K IHEPreTHIEeCKOH CBETUMOCTH aOCOIOTHO
geproro Tena pasHo 0,35. Haiitu: 1) pagmanmnonnyio temmepatypy 1,
(Temmeparypy 4YEpHOro Tella, dHEPreTUYecKas CBETUMOCTh KOTOPOTO
paBHA DHEPreTUYECKOW CBETUMOCTH Bosib(ppamMa Tpu  JaHHOH
TemMmepaTtype) W 2) MOIIHOCTh JJIEKTPUYECKOro Toka P ;s
BOJIb()PAMOBOI HUTH U3 TIPEABIAYIICH 3a1auu.

Omeem: 1) T, ~ 2690 K, 2) P~ 1870 Br.
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Crp4
B 3arosioBke I'aBer 2 BMecTO «JlaBiieHHe M HHTEHCHBHOCTH CXEMBI»
yuTaTh: « THTEHCUBHOCTD U IaBJICHUE CBETa»

Ctp.8
B crpoxke nan puc. 1.2 Bmecto «na puc 1.3: 1y < 1y,...»

YUTaTh: «Ha puc 1.3: 1y > Ny,...».

Ctp.9
B moanwmcu k puc. 1.3 « 1y <ny»

YUTATh: « 1, > ny».

Ctp.13
B HIKHUX CTpOKax BMECTO:

«Jlist MpU3MBI € MpENOMISIONMM yriaoM o =60° u3 ycnoswii sin(o—0,)<1/n u n-sinO <1
noiydaeM 18,2°<0; <41,8°.»
YHUTATh:

«J1151 IPU3MBI C IPEOMIISOIIUM YIIIOM o, = 60° U3 yCIoBHiA Sil’l(OL -0 2 ) <1/n u nsin® 2 <1
nonyuaem18,2°<0, <41,8»

Crp.17
Ha puc. 1.126 wurartse: paccrosiane H,0,=-2 cm; paccrosiaue H,O,=+2 cm.

Ctp.18
B 8-i1 crpoke cuusy Bmecto: «SH;=-a+H;0,=-26cm»
guraTh: «SH;=-a+H,0,=-22cMm»

Crp.21
Bwmecro:
«U3 (1.24) u (1.25) noxy4daem:
7 1
= »
I+l
YHTATh:
«U3 (1.24) u (1.25) noxy4daem:
7 [
=—»
I+l
Crp.21
B HmxHeli ctpoke cebuika He Ha popmyiy (1.9), a Ha popmyity TOHKOI JTUH3BI.
Crtp.22
Bgepxy BmecTo:
a .
x=—=% =831lcm
a-— f 00
YHTATh:

a.
=— 790 —761cm
a—Joe



Crp.24
B ycnoBum 3anaun 1.2.12 cnenyet ykasats:
«TI0Ka3aTeNb MPEJTOMIICHHS BO31yXa np=1»

B pemennu 3anaun 1.2.12 cnenyer 4urars:

' ny ’ n
=fr=—"="2cm, fi=f,=—=3cm
hi=12 @, fi=12 &,

Crp.31

B 3agaue 1.3.13 HeoOX0AMMO B YCIIOBUM U Ha PUCYHKE 3a/1aTh MOJIOXKEHUE nepeaHero gokyca F.
Crtp.32

B 3amaue 1.3.5 He0OXOIUMO B YCIIOBHH 337aTh IOKAa3aTeNb MPEIOMICHHUS cTeKIa n=1,5.

Crtp.39

dopmyny (2.28) unTats:

Crtp.50
B ¢dopmyne Bmecto:

YHUTATH:
fr = pfO :
Ctp.51
B ¢dopmyne Bmecto:
AW dQ
dP(0,p)=————¢
0.9) cAt 21 "
YHUTATh:
dP(6,9)= M@eo
c 2m
Crtp.80

B ycnoBun 3anaun 3.3.1 cnenyer ykasarb:
«IJIMHY BOJIHBI U3JIy4Y€HUs cUMTaTh paBHOU A=0,5 MKM»»

Crp.81
B kon1e ycnosust 3agaun 3.3.2 uuTaTh:
«5) momycTuMblil pazmep D ncTodHMKa, TPH KOTOPOM MOKHO HaOJIOAaTh BCe HHTEP(EpEHIIMOHHBIC

ITIOJIOCEL. »

Ctp.81
OrTBerT Kk 3agaue 3.3.2 yuTarh:
«1) JI=0,05 mm; 2) N=40; 3) -1,1cm <x< 0,9cM; 4) Moy =120, my;, =80; 5) D <100 MrM.»

Ctp.81
B ycnoBun 3anaun 3.3.5 yurars:
«W3 ToHKO# coOuparorieii JINH3bI JUaMeTPOM 2 ¢M B (POKYCHBIM paccTosiHieM 50 cM BbIpe3aHa...» -

AaJiee 10 TCKCTY.

Crp.102
B orsete 3anaun 4.2.5. B 1. 16) unrare: {5 = 81,.

Crtp.109
B otBete 3anauu 4.3.4. BMecto 7/4 yurarb: 7/8.



Crtp.126
B crpoke «b. Kak...» oneuarka: OyneT.

Crp.127
B crpoke «1) raBHble AU(PAKIMOHHBIE MAKCHMYMBI. ..» YHTaTh: M =1,2,...

Crp.137
B Tabnune GopmMyiy Il yrioBOW AUCIEPCHU YATATD:
_do, m
7 an  2hsinG,,
C1p.149

B ycnoBun 3anaun 6.2.8 BMecTo «A=500HM»
quTaTh: «A=600HM).

Ctp.150
B ycnosun 3agauun 6.2.9 Bmecto «R1=98%»
guTaTh: «Ry=98%.

Ctp.154
JBaxnel Bcrpeudaercst ¢opmyina (7.2), B pe3yabTaTe HEOOXOOHNMO B CIIEAYIONIEM W3TaHUH
IIPOM3BECTH MIEPEHYMEPALHIO.

Ctp.157
Dopmyny (7.11) unrtath:
2 klz
P
[o= Ezo _ & i_ 2”12 (7.11)
p _— - - .
El% &4_2 & U TUy,
€ €,
Ctp.157
B dopmyite (7.14) mocine 3HaKka paBeHCTBA MOCTABUTH 3HAK «MUHYC).
Crtp.158
B dopmyiie (7.18) mociie 3Haka paBeHCTBA MOCTABUTH 3HAK «MUHYC».
Ctp.170
2N 2N
e ) () (ea?)”

Popmyy Av =T 2N 2NN (42 )Y 24V

"2l PV () + 1+ n?)

(ZY)ZN 2 —(t;, )2N t;N (4n2)2N _( +n2)4N
YUTATD: A, = =

B0 S O A LT M B

o) e+, ) )" +1+n

Ctp.172
. 2 2
) o sy 2
OpMyITy tg—= 7
2 n; cosd,
. 2 2
Jnsme —n

YUTATh: tgﬁz ( ! 1) 2

2 n; cos 6,



Ctp.175
B otBere k 3amaue 7.3.2. Bce BEIUUUHBI JOHKHBI UMETh 3HAK «MHUHYCY, T.€.
Omeem: -0,16; -0,31; -0,67 u -0,92.

Crp.188

I'paguent o6p1aHO0 0603HauaT He An, a V.

Ctp.197

®opmyny (9.11) yurars:

|V|:|u|-(N,S):|u|-cosoc. (9.11)

Crp.206
) sin T e SN !

OopMYJa = =ITr—

pMyITy [ Ay
YUTaATh:
siny = €. "8 _ 1
e, —e, 2

Cr1p.209

Crpoky L,—>0

YUTaATh:

Crp.212
B CEepCANHE CTPpAHUIBI UCIIPABUTL OIICYATKH!
«OpOCKIHsA €Tro KOHI@ Ha IUIOCKOCTb, IMCPICHAUKYIAPHYIO BEKTOPY k, OIINCBIBACT
DJUINUIIC. . . »:

Ctp.226
®dopmyity B BEpXHEH CTPOKE UUTATh:
d(n-1)= &,+3—,ﬂ... = (2m+1)&,
222 2
Ctp.227

B xonne pemenns 3agaun 10.2.11 yOpaTh npeasio:xkeHue:
«M3 3THX OBYX ypaBHEHUN OMpenensieM ABa HEU3BECTHBIX:

A
2(21 - ﬂ“z)-

Ctp.228

B ycnoBun 3anaun 10.3.2 npearnocneanee npeio)keHue YUTATh:

«Ipu moBOpOTE MOJAPU3ATOPA U3 ITOrO MOJOKEHUS HA HEKOTOPBIA YTrOd BOKPYT OCH ITy4Ka
WHTCHCUBHOCTh TPOIIEAIIETO CBeTa YMEHbIIaeTcs B 2 pasa, HO OcTaeTcs B 2 pasza Oojblie
MHUHHAMAaJIbHOM. »

Ctp.247
Bwmecto «Mutnn Hrops BacunbeBuu»
yuTaTh: «Mutun Urops Bragumuposua»
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