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BBEJIEHUME

Jia onucaHus ONTUYECKUX SBJICHUM MCHONB3YIOT Pa3IMYHBIE METOMBI.
I'eomerpudeckas onThka, OCHOBaHHAas Ha MACAIBHBIX MOHATUSAX TOUEUHBIX
WCTOYHUKOB M JIydel cBeTa, Oblila HCTOPUYECKH TEPBBIM MTOIX00M, Pa3BH-
TeiM CHemunycoM, depma U ApyruMu y4eHbIMH.

C orkpbITHEM U OOBSICHEHHEM SIBICHUM MHTEp(EpeHINH U AUPpaKIuH
cseta ['pumanbay, [oiirencom, Aparo, @penenem u @paynrodepom B XIX B.
Ha CMEHY T'€OMETPUYECKOH ONTHKE MPHIILIA BOIHOBAs ontuka. Jlxeime Kinepk
MaxkcBenn mokazan 3JeKTPOMAarHUTHYIO MPHUPOLY CBETOBBIX BOJIH. bbulo
YCTAHOBJIEHO, YTO T'€OMETPUYECKasl ONTHKA SIBISETCS KOPOTKOBOJIHOBBIM
MPEAETIOM BOJHOBOW ONTHKH, B O0JACTH KJIACCHYECKHX ONTHUYECKHX SIBIIC-
HUIl o0a yKa3aHHBIX IOIXOJAa INUPOKO HCIOJB3YIOTCS M B HACTOSIIEE
BpeEMsL.

OObsicHeHHE TPUPOABI TEMJIOBOTO M3JIyYEHUS W OTKpPHITHE B Hadaje
XX B. [InankoM KBaHTa SHEPTHUH, a TaKke sBIeHUH poTorddekra u Komn-
TOH-3QdekTa noKa3aIM KOPIYCKYISIPHYIO HPUPOLY 3JIEKTPOMArHUTHOTO
n3ny4yeHus. B pesynprare pasBUTHS KBaHTOBOM TEOPHM BO3HHMKIA KBaHTO-
Bas ONTHKA, Ii¢ HauOoiee MOoCaeA0BaTeNbHO OMMCAaHbl AIEKTPOMAarHUTHOE
W3Iy4eHHE W €ro B3aWMOJCHCTBHE C BEIIECTBOM B O0JACTH ONTHYECKHUX
SIBJICHUM.

B Hacrosmee Bpems Jl0Kka3aHa JBOIMCTBEHHas KOPIYCKYJSPHO-
BOJIHOBasl TPHPOJA CBETA. C ONHOM CTOPOHBI, OH COCTOMT W3 KBaHTOB-
(OTOHOB — YACTHUII C HYJIEBOH Maccoi, ¢ IPyrol — 3TO KIACCUYECKUE IIeK-
TPOMarHUTHBIC BOJHBI, COAEpKAIME KaK OYeHb OOJBIIOE YUCI0 (POTOHOB,
TaK ¥ OTAelbHbIE (POTOHBI, B Psijie SKCIEPUMEHTOB MPH ONPEACICHHBIX yC-
JIOBMSIX TIPOSIBJISIFOIIME BOJTHOBBIE CBOMCTBA.



1. BOITPOCBHI, BBIHOCHUMBIE HA OK3AMEH
1O PA3SJIEJTY «®U3UYECKASA OIITUKA»

1. BonHoBoe ypaBHEHHE AJIS 3JEKTPOMArHUTHBIX BOJH M €TO PELICHUs
JUIA cllydass OGHOPOAHBIX M M30TPOMHBIX Cpell. XapaKTEPUCTHKH IMIIOCKUX
MOHOXPOMAaTHYECKHX BOJIH.

2. CkopocTtb cBeTa B cpene. Onrudeckas JUIMHA MTyTH.

3. Hnurepdepenuns cBeToBbIX BoiH. [lomydeHne KOrepeHTHBIX BOJH B
onrtuke. OnTUYecKas pasHOCTh XO7a.

4. Pacuer wuHTep(depeHIMOHHOH KapTHHBI OT ABYX KOTEPEHTHBIX
BOJIH. Y CJIOBHSI MAKCHMYMOB 1 MUHIMYMOB.

5. HHarepdepeHuns cBera B TOHKHX IUIeHKax. llomockl paBHOrO Ha-
KJIOHA

6. Hudpakums cBera B mocraHoBkax @penens u PDpaynrodepa.
[punanun I'olirenca—@penens. Meron 308 Openens.

7. Hudpaxuus Opaynrodpepa Ha OJHOH LIETH.

8. HudpakumonHnas peuierka. Paspemaromas cmocoOHOCTh PEIIeTKH.

9. EcrecTBeHHBIHN U monsipu30BaHHbIA cBeT. CrocoObl MOTydeH s Mo-
JIIPU30BAHHOIO CBETA.

10. TTonspuzanus cBeTa mpu oTpaxkeHWH. 3akoH bprocrepa

11. i3MeHeHne COCTOSIHUSI MONSIPU3allii CBETa MPH MPOXOKACHUH UM
noJiIpon1oB. 3akoH Mairoca.

12. TennoBoe uznyuenue. M3myuaTenabHas U MOMIONIATENbHAS CIIOCO0-
HOCTHU. DJIEMEHTapHbIE 3aKOHBI TEIUIOBOTO U3ITyUEHHUS.

13. Buemnuii poToddeKT u ero 3aKOHbI.

14. Komnron-a¢ddexr.

15. Onrtnueckue sBiieHHS B IIpefesie OYeHb MallblX MHTEHCHBHOCTEH
CBETa U UX HCTOJIKOBaHUE.

HamoMmuuaeM OCHOBHEIE Tp€6OBaHI/I${, NpeaAbABIACMBIC K O(l)OpMHeHI/IIO
KOHTPOJIbHBIX pa60T: YCI0oBUA 3aAad CIACAYCT IepenucaTrb IOJHOCTHIO,
0e3 COKpaH.IeHHfI, 3aTCM HYXHO CHACJIAaTb KPATKYHO 3aluChb YCJIOBUA, T. €.
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JaTh CTOIOMKOM, BCE MCXOJHBIE BETMUUHBI B cucTeMe enuHun CH; BHavane
MOJYYUTh pelIeHHe 3aJaud B OOIIeM BHJE, NPOBEPUTH Pa3MEPHOCTH pe-
3y/IbTaTa U TOJBKO IOCIIE 3TOr0 NMPOBECTU BBIYMCIEHMs. Eciu ucnonb3ye-
MBbIC B PEUICHWH 3a7aydl (POpPMYJIbl HE SIBISIIOTCS (PU3NUYCCKUMH 3aKOHAMH,
TO HeoOXOoIMMO X BbIBecTH. [Ipu pacuerax HyXHO coOmoaTh MpaBUiIa
NpUOJIMKEHHBIX BBHIYMCIICHUNA. B NprBeIEHHBIX HIKE YCIOBHUSX 3a1ad M-
CJIOBBIE 3HAUCHUS 3aJaHbl JaHBI C TOYHOCTBIO 0 TPEX 3HadaIux mqudp.

B nmepuon ceccun cTyAEHTHI-3a0YHUKU TAKXKe BBITIONHAIOT ABE Jabopa-
TOpHBIE paboThI Mo paznenam «Dusndeckas ONTHKA.

Kontponbhas padora Ne 5 Bkmiouaer 8 3amau mo pasnenam «Pusuue-
cKas OoNnTHKa». J[Is1 caMOCTOSTENBHOIO U3yYEHHs 3TUX Pa3JeNoB PEKOMEH-
JIyeTcs HCIONb30BaTh OAMH M3 yYCOHUKOB U3 CIEIYIOIIErO CIIHCKA JINTE-

patypsl.

JUTEPATYPA
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mk., 1988.
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2001.
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2. TEOPETUYECKOE BBEJIEHUE U OCHOBHBIE
OOPMYVYJIbI

2.1. BoiHOBO€e ypaBHeHHe€ 151 3JIEKTPOMATHUTHBIX BOJIH
H ero pelieHus B cJIydyae OJHOPOJHBIX M H30TPONHBIX Cpes

B 1865 r. anrnwmiickuii yuensiii Jlxerimc Kiepk MakcBen BBIIBHHYI
TUIOTE3y 00 3JEKTPOMArHWTHOH IMPHUPOAE CBETOBBIX BOJIH M HMCXOAS M3
YpaBHEHUH Uil SJIEKTPOMATHUTHOIO MOJIS MOIYYUJ BOJHOBBIE YpaBHEHUS
U HATPSDKEHHOCTH E  SIEKTPUYECKOr0 M HHAYKIMH B MAarHHTHOTO
oJnei.

W3 Teopuu 31€KTPOMAarHUTHOTO TMOMS W3BECTHO, YTO B OJHOPOIHBIX U
W30TPOMHBIX MarHATHO-ANUMIEKTPUUECKUX CpelaX BEKTOPHI AIEKTPUUYECKOM

D M MarHATHOHN B HUHAYKIWMU BBIPAKAIOTCA YCPE3 HANPSIKCHHOCTU E n

H snexTpryeckoro ¥ MarHUTHOTO MOJIEH MO (popMysam
D=gegE, B=ppoH . Q)
31ech gq, g — MICKTPUUECKAst U MarHUTHAsS IIOCTOSHHEIE, & €, | — OTHOCHU-
TEJIbHBIC TUDJICKTPUYCCKass © MarHUTHAsl MPOHUIIAEMOCTH Cpeibl. MOXHO
T0KA3aTh, YTO BOTHOBEIC ypaBHEHHs s moieit £ u B B ciydae cpest
C TIOCTOSIHHBIMHM 3HAYCHUSIMHU SJIEKTPHUYECKOW M MArHUTHOH MPOHHUIIAEMO-
cTel € =const, | =cCconst uMeroT BUI
2F 25
1 0°E =9= 1 0°B
VPE-==—=0, V?B-—"—=0, )
Ve ot v2 ot
e V2= 62/6X2 +62/6y + 62/622 — onepatop Jlamiaca. B BOMHOBBIX
ypaBHEHUSIX (2) TOCTOSTHHAS » TPENCTaBIsIET CO00H CKOPOCTh CBETA B CPE/IE,
BBIPAXKAIOIIYIOCS Yepe3 CKOPOCTh CBETA ¢ B BAKYyME CIICIYIOIIIM 00pa3oM:

v=—2 -5 ©)

Jem

3I[GCI> n= /€U — IOKa3aTelib NPEIOMIICHUA CPEADIL. O):[HOMCpHOC BOJIHOBOC

ypaBHEHHE, HanpuMep ajis onst E , uMeer BuA

2F 2
PE_1PE 4 @



W3 pa3HOOOpa3HbIX penieHui ypaBHeHUs (4) ocoOblii MHTEpec mpen-
CTaBJISIOT PELICHMS B BUIE INIOCKMX MOHOXPOMAaTHYECKUX BOIH

E(x,t)=Eqcos(wt—kx—qq). (5)

[Tone (5) sBisiercs pemieHneM BOJTHOBOTO ypaBHEHUs (4) JIUIIb MPpH yc-
JIOBUH, YTO BOJHOBOE uncio K =2m/A B cpexe, 4actota @ M CKOPOCTb CBE-
Ta B Cpele L CBSI3aHBI COOTHOILICHHEM

v=2-2._°% (6)
k kon n

B nocnenueit Gpopmyie ucrons30BaHO TakxKe BOJIHOBOE YHCIO Ky B Ba-
kyyme. 13 (3) u (6) nerko nomyyarorcsi pOpMyIibl, BEIpasKarolue BOTHOBOE
4yuciao K M UIMHY BOJHBI CBETAa A B Cpelie uepe3 BOJIHOBOEC YUCIO Ky U

JUIAHY BOJIHBI }\‘O B BaKyyM¢e

) A
k=nky=n—, A=-0. )
C n
Bripaxxenue, crosinee noja 3HakoM kocunyca B (5),

@(x,t) =t —kx + g = ot — kgnx + g (8)

Ha3bIBaeTcs (a3oil BOTHBIL.

B kaxxaplii (PUKCHPOBAHHBIIT MOMEHT BPEMEHH TOBEPXHOCTH ITOCTOSH-
Horo 3Ha4yeHus (asbl (2) mpencTaBiIsOT cOOOW IIOCKOCTH X = CONst, mo-
ITOMY BOJIHBI, ONHUCHIBacMble BbhIpaKeHHAMH (5), Ha3bIBAIOT IJIOCKUMU. B
CHJIy € TOrO, YTO YacToTa ® U JmHa Boiubl A =2mn/K B (5) pukcuposa-

HBI, TAKHE BOJHBI HA3bIBAIOT €I1€ U MOHOXPOMAaTHUECKUMHU.

W3 BTOporo paBeHctBa B (8) BUAHO, YTO B Cpele C MOKa3aTeleM Ipe-
JIOMJIEHHMSI N TeoMeTpHuecKkass KOOpJAWHATa MyTH X YMHOXKaeTcs Ha N, Mo-
3TOMY IyTh, IPOXOJUMEIN BOJTHOH B cpeae, 3Q(EeKTHBHO yIIIUHSIETCS B N
pa3 1o CpaBHEHHIO C ATMHON MyTH B BakyyMe. [loaToMy Hapsimy ¢ reoMer-
pudeckoil mHON myTH |, mMpoXomuMol BONHOW B cpele ¢ IoKaszaTeseM
MIPENOMIICHUS N, B ONTHKE YaCTO MCIOIB3YIOT NMOHATHE ONTUYECKON JUIHHBI
MyTH

lomrrma =Nl 9)

MokHO MOKa3aTh, 4YTO JJICKTPHUICCKOC IMOJIC TOUCUHOT'O MOHOXPOMATHU -
YCCKOI'0 UCTOYHHKA IJJICKTPOMAIrHUTHBIX BOJIH, YAOBJICTBOPAIONICC BOJIHO-



BOMY YpaBHEHHIO (2), Ha pacCTOSIHUU I OT UCTOYHMKA MPEICTABISIET COOOM
cepruecKyio BOJHY BHAA

E(r,t):%cos(wt—kcprﬂpo) (10)

C aMIUTHTYIOH NOJIs, YOBIBAIOIIEH C PACCTOSIHUEM I' OT UCTOYHHKA Kak 1/r.

B 3axiroueHne JaHHOTO pasiena MpUBeIeM HEKOTOPBIC TOJNe3HbIC IS
JaJbHEHIIEro pacCMOTPEHHS ONTHYECKUX SIBICHUI onpeneneHus. [loBepx-
HOCTHU TIOCTOSIHHOTO 3HA4eHUs (pa3bl BOJHBI HA3bIBAIOT BOJIHOBBIMHU. Kore-
OaHMsI TOJISL BO BCEX TOYKAX 3aJaHHOI BOJHOBOM MOBEPXHOCTH HMPOUCXOMIST
B oiHOM (paze. PacnpocTpaHeHre BOJTHBI B KQXKJOM y4acTKe MPOCTPAHCTBA
MPOUCXOAUT TMEPHCHANKYISPHO BOJHOBOM IMOBEPXHOCTH. B paccMmorpen-
HBIX BhIIIE TpuMepax riocko (5) m cdepuueckoit BonH (10) BomHOBBIME
MOBEPXHOCTSMH SIBJISIFOTCS, COOTBETCTBEHHO, IUIOCKOCTH M cdepbl. YacTo
BMECTO CBETOBBIX BOJIH, OCOOCHHO B T'€OMETPHYECKOI ONTHKE, paccMaTpH-
BAIOT JIyYH WIH Iy4KH JIydeil. JIyan — 3To THMHUH, KacaTenbHas K KOTOPBIM
B Ka)XKJIO TOYKE COBIIAJAET C HAIIPAaBJICHHEM paclpoCTpaHeHUs BOJIHBL. JIy-
M MEPIICHAUKYIISPHBI BOTHOBBIM TTOBepXHOCTSIM. [110CKO# BOJTHE COOTBET-
CTBYIOT IIapaJulelIbHbIC JTy4H, chepruuecKoil BOIHE — MMy4OK paJHajIbHO pac-
XOJUSIIUXCS OT HCTOYHUKA BOJHBI JTyUCH.

2.2. Mutepdepennus cBera

WnTepdepeniust cBera mpeAcTaBisier coOOH YacTHBIA Ciiydail MHTEp-
(epeHINU BOJNH, B JaHHOM CIIydae 3JIEKTPOMAarHUTHBIX BOJH. MOXHO JaTh
clenyrolee o0lee onpeaeieHue.

HNuTepdepennneii cBera Ha3bIBaeTCsl yCTONYMBOEe BO BpeMEHH Iie-
pepacnpeejieHle JHEPIrud CBeTOBBIX BOJIH B POCTPAHCTBE, T. €. 00pa-
30BaHe MHUHAMYMOB M MAaKCHMYMOB OCBEIIICHHOCTH NPH HAJTO0KEHUH
3JIeKTPOMAarHUTHBIX BOJIH. HaOmiogaercsa 5To siBIeHHME NMpPH HAIOXKEHUU
KOT€pEHTHBIX BOJH, T. €. BOJH OJMHAKOBOM 4aCTOTHI, TOCTOSIHHOM pa3HOCTH
¢a3 u oguHAKOBOH monsipu3anuu. KorepeHTHBIE BOJTHBI MOKHO TOJIYy4YaTh
pa3MUYHBIMU CIIOCOOaMHM, HAmNpHMep JeieHueM: 1) BoiHoBoro ¢poHTa Ha
HECKOJIBKO YacTel IMpH IOMOIIM WIENeH, 3epKall, MpU3M; 2) aMIUIUTY/IbI
BOJIHBI IPY €€ OTPAKEHUH U MPEIOMIICHUH Ha TpaHUIIEe pa3/ena pa3inuHbIX
cpen, u T. 1.

[Ipu onmcanum siBNeHUH MHTEPPEPEHLUH UCIONB3YETCs TOHSITHE HH-
TEHCHBHOCTHb BOJIHBI. DTO CpeHEe O BPEMEHN KOJINYECTBO SHEPTHUH, TTe-



PEHOCUMOE BOJTHOH Yepe3 eAMHHYHYIO TUIOMIAJKY, IEpICHANKYISIPHYIO Ha-
MPaBJICHUIO PACIPOCTPAHECHUS BOJHEBL. VIHTEHCHBHOCTH, KaK U SHEPTHUS BOII-
HBI, MIPSIMO MPOMOPIIHOHANIFHA KBAAPATY aMIUTUTY bl BOJTHBL

[TokaxkeM, Kak OMHCHIBaeTCA WHTEP(EPCHIHS SIEKTPOMArHUTHBIX
BOJIH, TIPUXOJSIIUX B TOUYKY HAOJIOJCHUS OT JBYX KOTEPECHTHBIX HCTOYHU-
KOB: y TaKUX UCTOYHHKOB YacCTOTHI KOJeOaHWU TOJNEH OJMHAKOBBI M pa3-
HOCTh HayalbHBIX (a3 IMOCTOSHHA, HampuUMep paBHa Hymwo. Jlanee, ecnu
0c000 HE OroBOpeHo, OymeM Mpemnoiarath, 4TO HAMpPaBJICHUS KOIeOaHUI
MoJieii CTOYHUKOB COBIIAJIAIOT, BOJHEI, MIOPOXKIAEMbIe TAKMMU UCTOUYHUKA-
MU, SBJISFOTCS KOTepeHTHBIMU. OTMETHM, YTO B CIy4ac HAIOXKCHUS B3aUM-
HO TEPICHINKYJSPHBIX MoNel WHTepdepeHIINN HaONIONaThCI HE OYICT.
[TycTh BOJTHBI OT YKa3aHHBIX UCTOYHHUKOB, PO IBYMS Pa3IMYHBIMU Y-
TSMU, HAKJIQIBIBAIOTCS IPYT HA Jpyra. B o0macTu mepekphITHS BOJIH B KaX-
JI0¥ Touke OyAyT BO30YXKACHBI Ba KoneOaHus (OIHO BO30YXICHO BOJHOM,
WIyIIeld OT MEepBOro UCTOYHHKA, a BTOPOE — BOJTHOH OT BTOPOT'O UCTOYHH-
ka). CoriacHO MPHHIUIY CYMEPIO3UIUU I SICKTPOMATHUTHBIX TOJICH
Pe3yIBTHPYIONIEE BOJHOBOE IMOJIE PABHO CYMME IOJICH HAKIIA(bIBAOIIUXCS
JIPYT Ha Apyra BOJH.

W3BecTHO, 4TO Pe3yabTaTOM CIIOXKEHHS OJIMHAKOBO HAIPABJICHHBIX KO-
neOaHU OJHOM YacTOTHI SIBJIIETCS KOJieOaHWE, aMILTUTYAa KOTOPOTO 3aBHU-
CHT OT pa3HOCTH (a3 CKIIabIBACMBIX KOTCOAHMI

A%=(51+A2)2=Af+A22+2AlAzcos(@2—¢1), (11)
rae A, Ay — aMIUIUTYIBl CKIabIBAEMBIX KOIeOaHUM, @, — (a3bl ckia-
IbIBAEMBIX KOJIEOaHHH.

B Toukax, paccTosiHHE 10 KOTOPBIX MHOI'O OOJIBbILIE PACCTOSHUS MEXIY
ucTouHMKamMu, A~ Ay = A, aMIUIMTYIbl KoleOaHWH MCTOYHUKOB BOJIH
OZIMHAKOBBI, Toraa B cuity (11) pe3ynbTupyromas aMIIMTyia UMeeT BU

As =+2A% + 2A2 cos A = 2A cos%. (12)

U3 ypasuenus (5) 6erymeit Bonmusl E(l,t) = A(l) cos(mt —kl + ¢g) Bua-
Ho, uto daza ¢(l,t) =t -kl + ¢y xomedanus, Bo3OyxIEHHOr0 BOJHOI B
KaKOW-TM00 TOYKE, 3aBUCHT OT MyTH |, IPOIICHHOrO BOJHOW OT MCTOYHU-

“Cwm.: A.A. Xapvros, C.B. Cnymaii. ®uzuka. dnexrpomaruerusM. KoneGanus 1 BOMHSL
Vueb. nocodbue. — HoBocubupck: M3n-so HI'TY, 2004,
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Ka BOJIHBI IO MHTEPECYIOLIe HAC TOUYKM HAOMIOACHHs. JTO 3HAYHT, 4TO (a-
3bl KoJI€OaHUul @ U @y, BO30YKJaeMbIX UCTOUHUKAMU B OJHOM U TOH ke
TOYKE HaOmoAeHus, B olmeM ciaydae paznuyabl. COOTBETCTBEHHO M pas3-
HOCTb (pa3 koneGaHui A@Q =@, — ¢, BO30yXJaeMbIX UCTOUHUKAMH, B pa3-
HBIX TOYKaX 00JIACTH NEPEKPHITUS BOJIH, OyeT Pa3InIHOMN.

[Mpoiias pasmuunblie myTH |y, |, KOrepeHTHBIE BOJTHBI MONAAAIOT B OAHY
TOYKY ITPOCTPAHCTBA (TOUKY HAOMIOACHHS) C Pa3HOCTHIO (a3

Ap=Ko(lp =) = (I =) 2n/A, (13)

rae Ko, Ao — BOTHOBOE 4MCIIO ¥ JIMHA BONHEL B BakyyMme, (I, —l) — reomer-

puuccKkad pasHOCTb XO4a. Ecmn OJlIHa BOJIHA PacCIpoOCTpPaHACTCA B CpElac C
MoKa3aTeJieM IIpeIoMIICHM Ny, a Apyras — Ny, TO

271 2n 2n 27
Ap=koly =kl =—1, —— | ==—(nyl5, — kL) =—A, 14
¢ =kaly ki k22 kll ko(zz 1l ) " (14)

rae A=nyl, —ml; HasbBaeTcs onTHyeckod pasHOCThIO Xona. Ompene-

I A , H606XOZ[I/IMO YUUTBIBATH U3MCHCHHC (1)3351 Ha 7t IIpU OTPAKCHUU OT
ONTUYECKH Oojiee IMIOTHOM Cpcabl. OTO0 HM3MCHEHHE (1)33]:1 OKBHBAJICHTHO

YBCIUYCHUIO NI YMCHBIIICHUIO OITHYCCKOHN Pa3HOCTH XO4a Ha }\.O /2.

Hcnonb3ys popmyunst (13) u (14), nerko moiaydaeM yCIOBUS MaKCUMY-
MOB U MUHUMYMOB. MaKCHMyM UHTCHCHBHOCTH MMEET MECTO B TEX TOUKaX
UHTEp(EPECHIIMOHHON KapTHHBI, KyJla BOJIHBI MIPUXOIAT B (ase, T. €. ONTH-
YyecKasi Pa3HOCTh XOAa MHTEPPEPHPYIOUIMX JIydeld paBHA IIEIIOMY YHCITY
JUTMH BOJIH, MUHHMYM — B TOYKaX, KyJa BOJHBI MPUXOIAT B MpOTHBO(dA3e,
T. €. ONTHYECKas Pa3HOCTh XOJa PaBHA HEYCTHOMY YHUCIY JUTMH MOJYBOJIH.
VY CI0BHSI HHTEHCHBHOCTH UMEIOT BUJI:

JUIS MAKCUMYMOB

A= m}\.o ) (15)
ISl MUHIMYMOB
A= % ’ (16)

rone m=0, £1, £2, ....
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IIpn pemennu 3ana4 mo teme «MHTepdepeHInsI» peKOMEHyeTCH

1) cnenaTh yepTekK, HA KOTOPOM MOKA3aTh X0 UHTEPGEPUPYIOIIUX TY-
YeH,

2) ompeneuTh ONMTHYECKYIO0 PA3HOCTh XO/ia M YUECTh KIIOTEPIO» MOITY-
BOJIHBI, €CITU 3TO UMEET MECTO;

3) 3amucarth yCI0BHE MUHUMYMOB MJTH MAaKCUMYMOB B 3aBHCHMOCTH OT
KOHKpETHOM 3a1auu.

3agaya 1. Beiuncnure KOOpAWUHATHI Yy TMOJOXKEHHA MAaKCUMYMOB H
MHUHUMYMOB B 3kcriepuMmente FOHra mo matepdepeniuu (puc. 1) ot AByx
TOYEYHBIX KOI'€PEHTHBIX HCTOUHUKOB CBETA.

y M
S
D, g
“ ry—ry=dsind
HcTounux S,

Puc. 1. Cxema skcniepumenta FOnra

Ananusz u pewernue. MOHOXpOMATUYECKHI CBET OT HEKOTOPOrO MUCTOY-
HuKa (cM. puc. 1) majaer Ha SKpaH ¢ ABYMS Y3KAMH HICTIMH Sy U Sp. OTH
JIBE IIETA MOTYT PacCMaTPHUBATHCS KaK JIBa KOTEPECHTHBIX UCTOYHHKA U3ITY-
YEeHUS, TaK KaK BOJIHBI PaCIIPOCTPAHSIIONIAECS Iajiee BIPABO OT HUX, MTPOUC-
XOAT OT YacTel OIHOrO M TOrO K€ BOJIHOBOTO (DPOHTA BOJHBI UCXOIHOTO
HCTOYHHKA.

Bribepem npousBonsHyr0 Touky P Ha 3xpane HaOmroneHus. [Tycts oHa
pacrnonoKeHa Ha pacCTOSHUHU Y OT OCH, MPOXOJIAIICH Yepe3 CepeiuHy pac-

crosHust d MeXIy UCTOYHHKaMU (cM. puc. 1). M3 reomeTpun pucyHka Jer-
KO omperernsieTcss pa3HocTh xoqa A=r, — =dSin® BOMH OT HCTOYHHKOB

Si1u S, no Touxkn P. YcnoBus mHTEHCUBHOCTH cBeTa B Touke P coriacHo
(15) u (16) umerot BUL:

12



i1 MaKCUMYMOB
dsin0=mA, m=0, +1, +2,...,

JJI1 MUHUMYMOB
dsinezyk, m=0, +1, £2,..

OObIYHO MMEIOT MecTO HepaBeHcTBa L>>d, d > A, B TakoMm ciyuae
Sin6~tg0=y/L u mis KoopaMHAT Y, CBETJBIX M TEMHBIX HHTEpdEepeH-
LHUOHHBIX MOJIOC MOMYYal0OT CIEAYIOIUE BEIPAKCHUS:

AL AL
Ym(csemn) sz' Ym(remn) ZT(m"'l/ 2). (17)

3amaua 2. CBeT ¢ AIMHOI BOJHBI Ay OTPaXKaeTcsi OT TOHKOH IIOCKOMa-
paJJIENBbHON MJIACTUHKY TONIMHOW O M3 MaTepuaia C IOKa3zaTeleM Ipe-
nomiueHus N. [lpy kakux yriax majeHus | B OTPAXEHHOM OT IUTACTHHKU
cBere OyayT HAOIOIaThCSI MAKCUMYMBI ?

Ananuz u pewenue. Ilpun najeHuN CBETOBON BOJHBI Ha TOHKYIO IIPO-
3pavyHyI0 IUIACTHHKY (MJIM TUICHKY) MPOMCXOJMT OTPakeHHE OT 00eHX Io-
BEPXHOCTEH MIacTUHKU. B pe3ynpTaTe BO3HUKAET ABE CBETOBBHIC BOJHBI,
KOTOpbIE TPU OMpEeIeNIeHHBIX YCIOBUAX MOTYT nHTepdepupoBars. Onru-
gyeckasi pa3HOCTh XOJa, MpuoOpeTaemast iyduamMu 1 U 2 10 TOro, Kak OHH

coiinyTcs B Touke C, paBHa A=nS; - Sl. Bocnons3oBaBuiuck reomeTpu-
YECKUMU COOTHOILICHUSIMH, a TAKXKE 3aKOHAMU OTPAKEHUS U MPEIOMICHUS

(puc. 2), momyuum A=2dyn? —sin?i .

[Ipu BeIuKCICHUN pazHOCTH (a3 MEXIY 1
KonebaHusMH B ydax 1 u 2 xpome on-
THUYECKOM pa3HOCTH Xofa A HYXHO
Y4eCTb BO3MOKHOCTh M3MEHEHHsI (pa3bl
BOJIHBI IIpU OTpaxkeHHH. B Touke O nmyu
1 orpaxaercs OT onTHyecku Oolee
TUTOTHOW CpeAbl, TO3TOMY ero ¢aza mpe-
TepreBaeT U3MeHeHue Ha m. Jlyu 2 Ha
HUKHEW CTOPOHE IJIACTUHKU OTPayKaeT-
CA OT ONTHYECKM MEHEE IIOTHOH cpe- Puc. 2. Vinrepdepenms npu
Ipl, To3TOMY (pasa KonebaHUI B HEM HE OTP@)KEHHH OT ILIACTHHKHU
M3MEHSETCSl MpU OTpakeHUH. B wurtore

Tl
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MEXKAY JTy4aMu 1 U 2 BO3HHKAET JOMONHUTENbHAs pa3HocTh (a3, paBHas T,
KOTOPYIO MOKHO Y4e€cTh, 10OaBUB K A (MIJIM BBIYTS U3 HEe) MOJIOBUHY JUTH-
HBI BOJNHBI B BakyyMme. B pe3ynprare 3akirodaeM, 4TO B OTPaKEHHOM OT
TUTAaCTUHKH CBETe OyIyT HaONIoAaThCs MaKCUMYMbI TIPU YIiax HajaeHus i,
YIOBJIETBOPAIOIINX, B cuiy (15), creayromemMy COOTHOLICHHIO:

A=2d n2—sin2i—%0=mxo, (18)

rae M — Npou3BOJILHOC 1IEJIOC YHCJIO. B 3akmoucHue OTMETHUM, 4YTO COOTHO-
MMCHUC MCKAY OINTUYCCKUMHU IUIOTHOCTAMU CPEO B KaXKJAOM KOHKPCTHOM
ClIyda€ MOXCT OTIMYATHBCA OT PACCMOTPCHHOIO, IMOOTOMY CICAYCT OBITH
BHUMATCIIbHBIM IIPU YUYCTC U3MCHCHUSA (1)33]:1, CBA3aHHOI'O C OTPAKCHUCM.

I[J'IH TOro 4To0bl MAaKCHMAIbEHO OCIa0UTh OTpa)KCHHBIﬁ CBCT JId Ompe-
Z[GJ'ICHHOI;’I JJIMHBI BOJIHBI, Ha MOBCPXHOCTU OIITHUYCCKUX HpI/I60p0B qacTo
HAHOCAT TOHKHEC IIJICHKH, MMCIOIIUC BaHaHHLIfI K03(1)(1)I/IL[I/ICHT mpeaomiic-
HU. HOCKOHLKy MUHUMYM OTPAKCHUA COOTBCTCTBYCT MAKCUMYMY IIPOXO-
JKACHUA, TO CBECT SaHaHHOfI JAJIMHBI BOJIHBI MAKCUMAJIBHO MPOXOAUT B OINTHU-
YECKUH HpI/I60p. Hcnonw3oBanue HOI[O6HI>IX INICHOK  HAa3bIBACTCA
«OPOCBCTIICHUCM OIITUKH.

3agaua 3. Mexay CTEKISTHHOW TUTACTUHKOM W JISKAIlled Ha Hed TUIoC-
KOBBIITYKJION JTHUH30M HAaXOIUTCS JKUIKOCTh, NTOKA3aTeNlb MPETOMIICHUS KO-
Topoii N, = 1.3. Halitu paguyc nuH3BI, ecIu pamuyc ' BOCBMOTO TEMHOTO
KOJIbIIa B OTPaXEHHOM CBeTe ¢ JIMHOW BONHBI A = 650 HM paBeH 2.0 mm.
I[Toka3arens npenomieHus cTekia pase 1.5 (puc. 3).

auo:

m = §;

r=2,0wMm;

Ao = 650 HM;

Neg = 1.5;

n,=13.
R-?

Puc. 3. YcraHoBKa 11 HaOJIIOAEHUS
konen HeroToHa

Ananusz u peuierue. B 3aa4uc UACT pC€ub O KOJbLAX HprotoHa kak yact-
HOM CJiy4ac I/IHTep(bepeHI_II/II/I CBC€TAa B TOHKHUX IIJICHKaX HCpeMCHHOfI TOJIIN-
HBI. I[J'ISI MOJIYUCHU S KOJICIL HrroTona HCHOJB3YCTCA CTCKIIIHHAA IJIACTUHA,
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Ha KOTOpOMW JISKUT IJIOCKOBBIIMYKNIAsl JIMH3Aa. 3a30p MEXAY IUIACTUHOH U
JMH30M 3alofiHeH >XHUAKOCThIo. HopmanpHO mnamaromas mapajulelibHbIM
IIy4KOM BOJIHA Ha TpaHMIIE MPO3PayHON CPEAbl ENUTCA Ha OTPaXEHHYIO U
npenoMileHHYI0. MHTepdepeHIMOHHYI0 KapTHHY HaioT ayud 1 u 2, T. e.
Jy4, OTPaKEHHBIH OT BBIIYKJIOW MOBEPXHOCTH JHMH3BI 1, U 1yd, OTpaxkéH-
HBIN OT CTEKJISIHHOM macTuHbl 2. MHTepdepeHInonHas KapTHHA JIOKaJIN30-
BaHAa Ha BBITYKJION MOBEPXHOCTH JIMH3BI U UMEET BUJI YEPEIYIOLUNXCSA TEM-
HBIX M CBETJIBIX Koyell. Ka)moe KOIbI0 COOTBETCTBYET OIpPENEICHHOMY
3HAYCHHUIO TOJILIMHEI 3a30pa d, T. €. SBISIETCS MOIOCON PaBHOM TONIIMHBIY.

Haiinem onTuueckyio pa3HOCTb Xoza Jiyueil 1 u 2 yuauTeiBas, 4To JyH,
OTPa)KEHHBIH OT CTEKISIHHOW IUIACTHHBI, MEHseT a3y Ha T, T. €. «TepserT»
MIOJTyBOJIHY,

A
A=2dn, +-2.
2
A
VcnoBue munumymoB (16) maer: A =2dn, +7O =¥7\0’ OTKyZAa
CIIETyET, 4TO
2dn, =mig. (19)

Hcnonb3ys teopemy [ludaropa u yuntsiBasi, uro d 2 0, umeem
r?=2Rd . (20)

Pemas coBmectro (19) u (20), monyuaem R = n)KI’2 /(mLq) . IIpoBepum
2 2
pa3mepHoCTh: [R]= M M.
M

]
Omeem: R=1.0 m.

KonTpoJsbHbIie Bonpockl k Teme «HTepdepennns cBera»

1. OxapakTepusyiite siBIcHHE UHTEPEPECHIIUN BOJTH.

2. BBenauTe MOHATHE KOTEPEHTHOCTH AJIs: a) KonebaHuit, 6) BosiH. [To-
KKUTE, YTO MPU HAJIOKCHUHM HEKOTEPECHTHBIX BOIH WHTEp(epeHIHnHu He
HaOIr0Jaercsl.

3.Uro Takoe BpeMsi KOT€PEeHTHOCTH U JITHHA KOTEPEHTHOCTU? Y KaXuTe
HECKOJILKO CITOCOOOB IMOTy4EHHSI KOTEPEHTHBIX BOJH.
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4. KakoB pu3uYeCKHil CMBICIT TTOKA3aTENs MPEITOMIICHUS ?

5. UTo Ha3bIBAaETCA: @) ONTHYCCKON JUTMHOW TMyTH; 0) ONTHYECKOil pas-
HOCTEI0 X01a? KakoBa CBsI3b pa3HOCTH X0JIa U Pa3HOCTH (a3?

6. 3anuimTe yCIoBUS: a) MHTEP(HEPEHITHOHHBIX MAKCUMYMOB; 0) HH-
TepepeHIIMOHHBIX MUHIMYMOB.

7. TlpuBenuTe MpUMEpPHl MPAKTHYECKOTO UCIONb30BaHUs UHTEp(epeH-
1MUY CBeTa. B yeM 3akimouaercs <IpoCBETICHUE» OIMTHKH ?

8. ITouemy mo Mepe ucnapeHus: MbUTLHOU IIJICHKH PAaCcCTOSHUE MEXKITY
MOJIOCAMH PacTeT?

9. Kak 00BsICHUTH TOSBICHHE TEMHOTO M CBETJIOTO TATEH B IIEHTPE KO-
nert HproTOHA Mpy HAOIOIEHUH B OTPAKCHHOM H ITPOXOJISAIIEM CBETE?

10. B onbite FOHra omHa W3 mienell 3aKpbiTa CHHUM CBETO(UIBTPOM,
a apyras — KpacHbIM. ByJer iu mpu TakuX ycIOBHUSX HAOMIOAAThCS Ha JK-
paHe uHTEepPEepPCHIIMOHHAS KapTHHA?

2.3. Indpaxuus cBera

Judpakius cBera — 3TO ABJICHUE YKIOHEHHS CBETa OT NPAMOIHHEIHO-
rO paclpoCTPaHEHHs WM SBIICHWE OTMOAHUS CBETOM MPEISITCTBHH, KOTO-
po€ COnpPOBOXKIAETCS MEPEPACIPENETIEHUEM CBETOBOrO IIOTOKA B pe3yJIbTa-
T€ CYMEpIO3UIIUH BTOPUYHBIX BOJIH. M3 siBNeHN# Au(paKLIUK JOTKHBI OBITH
WCKJIIOYEHBI OTKIOHEHHsI CBETA OT MPSIMOJIMHEHHOr0 paclpoCTpaHEHUs U3-
3a OTpPa)KEHHs, MPETOMIIEHHUS, HENPEPLIBHOIO U3-
MEHEHHUS IOKa3aTeNlsl MPEIOMIIEHUS U pacCeTHUS
CBETa Ha MEIKOIMCIIEPCHBIX Cpenax.

Ilo ucropuueckuM npuYMHaAM IHepepacnpe-
JieJIeHHe HHTEHCUBHOCTH, BO3HHKAIOIIEE B pe-
3yNbTaTe CYIMEPHO3ULMU BOJIH, BO30YXJaeMbIX
KOHEYHBIM HYHCIIOM JIHUCKPETHBIX KOI€pEHTHBIX
WCTOYHUKOB, NMPHUHITO HA3BIBATH MHTEP(EpPeHLIU-
el BomH. IlepepacmperneneHne HHTEHCHUBHOCTH,
BO3HMKAIOIIIEE BCIEACTBUE CYNEPIIO3ULIMU BOJH,
BO30Y)KIaeMBIX KOTEPEHTHBIMH HCTOYHHKAMH,
pacnonoKEHHBIMH HENPEPBIBHO, IMPUHATO Ha3bl-
Puc. 4 Vnmoctparmss ~ B3TP mudpakaued BomH. s 06T>$ICHGHI/I}Iv Ju-

PUHIHTIA (¢pakuuu cBeTa UCIONIb3yeTcs NpuHIMI [ 1oiiren-
IN'olirenca—®penens ca—®penens. CyTb JAaHHOTO MPHUHLIMIIA MOXHO
MOSICHUTD CIIEIYIOIIMM 00pa3oM.
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[lycTe Ha myTH my4ka cBETa HaXOAWUTCS HENMpO3padHas Iperpaja ¢ oT-
BepcrueM (puc. 4). CornacHo npuHimny [ roiirenca—®peHens, kaxmuas To4-
Ka BOJIHOBOTO ()pOHTA, Ky/a MpHIILIA BoiHA (HampuMep, Ha y4acTKe BOJIHO-
BOrO (DpOHTA, COBMAJAIONIEM CO IIENBIO), SBISETCS HWCTOYHUKOM
BTOPUYHBIX C(HEPUUECKUX BOJH. DTHU BTOPUUHBIEC BOJTHBI PACIPOCTPAHSIIOTCS
BO BCEX HAMpaBICHUSAX B MpaBylo nonycdepy (WIS HAIIEro pUCYHKa) OT
Ka)X/IOH 3JIEMEHTapHOH IJIOMAAKK BOMHOBOro (poHTa. Takum o00pazom,
aMIUTTYa Tons B Jr000H TOYKe SKpaHa HaOJIONEHUs, PACIIONIOKEHHOTO
crmpaBa, 3a ILIETbI0, MONy4YaeTcsi B pe3yiabTaTe WHTEPPEPEHLUUH CBETa OT
BTOPUYHBIX MCTOYHHMKOB. /3 CcKa3aHHOro BBIIIE CTAHOBUTCS SICHBIM, 4YTO
MPUHIUINHAATBHOTO Pa3IHyuusl MEXKIy SBICHUAMH HHTep(EpeHINH U OH-
¢paxkunu Her. Kak BuaHO 13 puc. 4, BollHAa MOXKET HaOIO-AaThCSI U B 00-
JIACTH F€OMETPUYECKOI TEHU.

C yueroMm cKka3aHHOIO MOXXHO JIaTh CIEIYIOUIYIO YIIPOUICHHYIO (hopMy-
nupoBKy mnpuHImna [roiireHca—®peHens: kaxkaas TOYKA, 10 KOTOPOii
JOLLTA CBETOBAs BOJHA HEKOTOPOH 3aJaHHOH CHCTEMBbI KOTepPEeHTHBIX
HCTOYHUKOB B JaHHBIII MOMEHT BpeMeHH, NpeACTaBJIsAeT co00ii ncToy-
HHUK BTOPUYHOI cepuyeckoil BOJHBI. CBeTOBOE 10JIe, BOSHHKAIOIIEE B
pe3yJbTaTe HHTep(epeHINMH BTOPMYHBLIX BOJH B 0oJiee MO3AHMII MO-
MEHT BpeMeHH, COBNAJaeT C MoJeM 3aJaHHOH CHCTeMbl KOTepeHTHBIX
HCTOYHUKOB CBeTa.

[purnun Itoiirenca—@peHens okazancs Ype3BbUANHO MOJME3HBIM IS
NpUOJIMKEHHOTO OMUCaHUS MHOTOYUCIICHHBIX SIBICHWH MHTEpPEPEHLUUU U
JU(PaKUUN CBETOBBIX BOJIH, CTPOrO€ e MX OMHCAHUE MPOU3BOIUTCS C HC-
MOJIb30BaHMEM YpaBHEHUH MakcBenia.

CymiecTByeT HECKONBKO MOCTAHOBOK SKCIEPUMEHTOB IO AW(paKuIuu
cBera, Haubonee W3BECTHBIE M3 HUX: audpakuusa PpeHens — «B Hemapai-
JeNbHBIX ydax» u auppakuns Opayrrodepa — «B mapamienbHBIX JIydax».
B mepBoMm ciy4yae MCTOYHHK CBETa W KpaH HaOJIONEHHS PacHoNararoTcs
HeJlaJIeKO OT MPEMATCTBHS, TaK 4TO MaJafolIre Ha MPEnsTCTBHE U AU paru-
pPOBaBIIKME OT HETO BOJHBI HE SBIAIOTCS IJIOCKUMHU U COOTBETCTBYIOLIHE
9THM BOJIHAM Jy4M CBETa HE MapajuieqbHbl. Bo BTOpOM ciydae MCTOUYHUK
CBeTa M DKpaH HAOMIOAEHHS PAclojiaraloTcsa AAleKO OT MPEMsTCTBHs, Ma-
Jaromas BojdHa U TudparupoBaBiuasi BOJHA, MPUXOAAIIAs HA SKpaH HaOIIo-
JIeHHs, IJIOCKKE, UM COOTBETCTBYIOT NapajuIeNbHbIE TyUH.

[Ipaktudeckn mia ocymectienus audpaxuuun Opaynrodepa Toued-
HBI MCTOYHHK CBETa MOMEIIAIOT B (OKyce coOuparomield JWH3BI, MOy-
YaroIMiics mapajielbHbIH My4oK CBeTa JU(parupyer Ha KaKOM-TO MPeETsT-
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crBud. JudpakunonHas kapTuHa HAOMIOAaeTcs B (POKAIBHOW IIIOCKOCTH
JIMH3BI, TOCTABJIEHHON Ha MyTH ITU(GParupoOBaBLIErO CBETA, WIH B 3pUTENb-
HYIO TpyOy, YCTaHOBIIEHHYIO Ha OECKOHEYHOCTh.

2.3.1. ugppaxuyus @penens. Memoo 3on Ppenensn

Paccmorpum Gonee nonpobHo audpakuuro OpeHens ¢ UCMoIb30BaHU-
€M CBeTa OT TOYEYHOTO HCTOYHHMKA HA MPEMATCTBUSX, UMEIOMUX (popmy
KPYIJIOrO OTBEPCTHSI WM AucKa. MTak, mycTh B TOYKE S pPAacIoJOXKeH TO-
YEeYHBI UCTOYHUK CBETA.

PaccunTtaem aMIUIUTYy 3JEKTPUYECKOTO MO U MHTEHCUBHOCTH BOJI-
HBI, JIoUIeIIeii OT UCTOUYHMKA B TOUKY HaONIoJeHus: P cHayala B OTCYTCT-
BHE MPENATCTBUsL. ECIM MCTOUYHMK CBETa TOYCHHBIH, TO HUCIyCKaemas UM
BonHa — cepuueckas. JIo06as BOIHOBAs MOBEPXHOCTh TAKOH BOJHBI — ce-
pa ¢ LIEeHTPOM B TOUKeE S.

Pa300péM BOJTHOBYIO MOBEPXHOCTH Ha KOJNBLEBBIE 30HBI TaK, YTOOBI
paccrosHue OT TOYKH P 10 kKpaéB coceqHUX 30H OTIaMuanoch Ha A2. Jlns
3TOro yBenu4uM JutnHy b orpeska OP Ha A/2 1 npoBenéM HOBBIM OTPE3KOM
OKPYKHOCTb Ha BOJHOBOHM IOBEPXHOCTH. B pe3ynbTaTe MOIYyYUM MEPBYIO
30Hy Openens. 3aTeM yBeIHYUM [UTMHY 3TOrO OTpe3ka emé Ha A/2 U BHOBb
npoBenéM OKPY)KHOCTh Ha
BOJIHOBOM THoBepxHOCTHU. [lo-
Jy4uM BTOpYIO 30HY Dpene-
ast (puc. 5).

IIpomomxas  moctpoe-
HUE, TIOJIy4YUM COBOKYITHOCTB
30H ®penens. B coorserct-
BUM C NpHUHLIHIOM ['roiren-
ca—®peHenst BCe TOYKH BOJI-
HOBOH TIOBEPXHOCTH Tpe.-

Puc. 5. Tloctpoenue 301 Openers CTaBIIAIOT COOOH HMCTOYHHKH

BOJIH, KojeOmonecss B OJ-

HoW ¢aze. Paccrosnue ot

TOYEK, PACIIOJIOKEHHBIX Ha BHEIIHEM Kpae COCEAHMX 30H, 10 TOYKU P OT-

JaM4aeTcs Ha A2, 03TOMY BOJIHBI, IPHIIEANINE OT dTHX TOYEK B TOYKY P,

COo311aayT B HE 1moJis, Konedomuecs B mpoTuBogase. TouHo Tak xe OyayT

COOTHOCHUTBCS 1O (haze KoneOaHUsl mojel, BO30YXAEHHBIX MCTOYHUKAMH,
OJMHAKOBO yJaJIEHHBIMH OT BHELIHETO Kpasi COCEIHUX 30H.
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[ToaTOMy MOXXHO CKa3aTh, YTO COCEAHHME 30HBI BO30YXKIAaIOT B TOUKE
HAOJIOACHHS JIEKTPUUYECKHE MOl C MPOTHUBONOJIOKHBIMH (pazamu. Pesyib-
Tupyouee noine E B touke P or N 308 @penens MoxKeT GBITh HAiIEHO Kak
BEKTOpHAs CyMMa IOJIel, CO37]aBaeMBbIX OTJEIBbHBIMHU 30HAMH,

E=E1+E2+...+EN, (21)

TJIc BEKTOPBI CTOSIIMX PSIOM MOJIEH IPOTHBOMOIOKHBI BBUY CIIOCO0a I10-
cTpoenus 30H dpenens.

®penenem ObLIO T0KAa3aHO, YTO aOCONOTHBIC 3HAUCHUS TIOJICH B CyMMe
(21) mennenHo yObBIBarOT ¢ Bo3pacTaHueM Homepa 30HbI. Eciu B cymme (21)

yopath mone E1 u moGaButh mone EN41, TO, O4EBHIIHO, TTOTYYEHHOE BbI-

pakeHue OyaeT NpuONMKEHHO paBHO moito —E |
Ez—Ez—Eg—...—ENﬂ. (22)

B Takom cnyuae u3 (21) u (22) naxogum: 2E~E1—-ENy1~E1+EN, o1-
KyJa OKOHYATEJbHO IMONyYyaeM OYeHb MOJIE3HYIO Ul MPUMEHEHUI MeToza
30H PpenHens popMyny s ons B Touke HabmoxeHus P, mopoxnaemoro N
30HAMH,
E~ELrEN
2
MOoXHO TaKke MoKa3aTh, YTO BKJIaJ 30H ¢ OOJIBIIMMH HOMEpaMH, pac-
MOJOKEHHBIX HA TPOTUBOIOJIOKHONW OT TOUYKH P 4acTu BOJHOBOH MOBEpX-
HOCTH, T. €. IPH CTPEMJICHHH yTJia 0. —> T, C BO3pacTaHWEM ee HoMepa 30HbI
N crpemutcs k Hymo. TakuM 00pa3oM, HMOITHOCTHIO OTKPBITasi BONHOBAs
MOBEPXHOCTh BO30YXKIAaeT B TOYKE HAOMIOACHHS KOJeOaHUs, aMIUTUTYAA
KOTOPBIX paBHA MOJIOBHHE aMIUIUTYABI KolebaHui, BO30YKIEHHBIX MEPBOii
30H0M Dpenens,

(23)

E-= 5 (24)

2
Ecan na IIyTU BOJIHBI TIOCTABUTH Her03pa‘{HBII71 OKpaH C KpYIJIbIM OT-
BCPCTHUCM, B KOTOPOC BKJIAABIBACTCA JIUIIb OAHA IICpBas 30HA queHeJ'DI, TO
pe3yaBTUPYIOIIEE MOoJie OYAET paBHO MO0, BO30YKJaeMOMY B TOYKE Ha-

6J'IIOZ[€HI/I$I TOJIBKO HepBOI/I 30HOM quCHCHH (BCC OCTAJIbHBIC 30HbI 3aKPbIThI

U HE BO30YXKIAIOT KOJIEOaHUH B TOUKE HAOIIOICHHUS), T. €. E =E1. 910 03-
HavaeT, YTO aMIUINTyna KojeOaHWi B Touke P Bo3pocia B ABa pasa Mo
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CPaBHEHUIO C MpepIylel cuTyannuel. IHTEHCUBHOCT NTPU 3TOM BO3pOC-
11a B ueThIpe paza !

OTOT BBIBOJ| HE 03HAYAET, YTO, TOCTABUB MPEMITCTBUE HA MTyTH CBETA,
MBI CHUJIbHEE OCBETWJIM BeCh dKpaH. Jlyuw, mpolmeamme yepe3 OTBEPCTHE,
OyayT uHTEpepupoBaTh. ITO MPUBENET K IMEpepaclnpereieHUuI0 YHEPruu
BOJIHBI, TMpULIEAIIEH Ha 3KpaH. B pe3ynbprare mpoTHB LIEHTpa OTBEPCTHS
Oyzer MakCUMyM HHTep(depeHIIMH U TOuka P OKa)XeTcs OCBEIIEHHOH To-
paszo sipue cocennux. [lo mepe ynanenust or TOuku P sIpKOCTh cBeTa OyaeT
YMEHBIIATHCS, TaK YTO To4uka P OyaeT OKpyKeHa TEMHBIM KOJBIIOM. 3a
TEMHBIM KOJIBLIOM OYy/IET pacroiioxKeHo Oonee spKoe U T. 1.

Ecmu yBennuuth paguyc oTBEpCTHA 10 paanyca BTOpoi 30HbI Openens,
TO pe3yJbTUPYIOLIEE TTOJIE B COOTBETCTBUH ¢ (23) Oyaer paBHO CyMMe MOJIEH,
BO30yX/IaeMbIX B TOYKE HAONMIOACHMS ABYMsSl TMEpBbIMU 30HaMu Dpene-

1. E =E1 + E2. Kak Obu10 oTMeueHO BbllIe, aOCOMIOTHBIE 3HAYEHUS IT0JIEH
JIBYX COCEIHHX 30H OUEHb MAJIO OTJIMYAIOTCS TI0 BEIMYMHE, a (Das3bl MPOTHBO-

IMMOJIOKHEI, T. €. BCKTOPLI E]_ n E2 B JIFO00H MOMEHT BPEMCHU MMPOTUBOIIO-

noxHbI, TodToMy E =E1+E2 0. CnemoBarensHo, Mpu TaKOM OTBEPCTUH
TouyKka P mpakTudecku He ocBenieHa. OOpaTuTe BHUMaHHUE. BBHIBOJ KacaeTcs
TOJIBLKO TOUYKH P. BOKpYT TOUKH, Kak U B MpeIpIAyIIeM IpuMepe, OyayT pac-
MOJOKEHBI T (PPaKIMOHHBIE MAKCUMYMbI 1 MUHUMYMBI KOJIBLIEBOH (POPMBI.

Ecnu B oTBepcTum ykianpiBaeTcs mesnoe ymcio 30H PpeHens, To pe-
3yABTHPYIOLIas aMIUIUTYJa MOJis B TOUKe P paccuuThiBaeTcs mo (opmyne
(23). U3 ckazaHHOrO BBILIE CIEAYET MPOCTOH BHIBOJ. Touka P Oyner sipko
OCBEIICHA, €CIIM B OTBEPCTUH YKJIaAbIBaeTcsl Heu€THoe yrcio 30H Openens,
1, HA000pOT, ToUKa P mpakTuye-
CKM He OyzAeT ocBelleHa, €Cli B
OTBEPCTHH YMECTUTCA UETHOE
guciao 30H @penens. nsa Toro
9TOOBI ONPENETUTh, CKOJIBKO 30H
YIOKHUTCS B KPYIJIOM OTBEPCTHUH,
HEOOXOJMMO PAacCUUTaTh PAIHYC
300 @penensa. Haiiném Bbipaxe-
HUE JJIsl ero pacuéra.

Ha puc. 6 uzoOpaxena i-s
3oHa @penens. CumBonamu 000-
3HAYEHBI CJICAYIOIINE BETUYHHBI

Puc. 6. Pactionoxxenue i-il 30HbI

®penens ot kpast 30HbI OpeHens
Ha oTpe30K SP

VIHTeHCHBHOCTH NMPONIOPIIOHANBHA KBAAPATY aMILIHTYIBL.
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S — HCTOYHHK CBETa, & — PaJAnyC BOJTHOBOI MOBEPXHOCTH, b — paccTosiHue
OT TOYKH P 10 BOJTHOBO# MOBEPXHOCTH, I, — paauyc i-it 30ub1 Openens, hj —
JUIMHA OTpe3Ka, COeNUHAIONIET0 TouKy O M TOYKY IepecedyeHus MepreH u-
KyJIsipa, OMYIIEHHOT 0 OT Kpasi 30Hbl PpeHens Ha oTpe3ok SP.

W3 pucynka BUIHO, 4TO

2 zaz_(a_hi)Zz(b”%JZ_(bJrhi)z,

rae | =1, 2,..., oTKyaa NpHOJIMIKEHHO, 0TOpAaChIBasi MaJlble cllaraeMble Tmo-

psika h? 1 A%, HaXOUM
|

o= Dh s [ (25)
2(a+b) a+b

[ony4ueHHOE BBIpaXKEHUE MO3BONSIET HAUTH paguyc 1000l 30HE Dpe-
HeJsl U OLIEHUTDH pe3yNbTaT AU(paKkuuy Ha Pa3THMUHBIX MPEMSTCTBUAX KPYyT-
70# HopMmBI (FKpaH ¢ KPYTIIBIM OTBEPCTHEM, HEMPO3PAYHBIN JIHCK).

3agaua 4. Jlna mudpaxuumn DpeHens Ha OTBEPCTHIX PaHyCOB
R; =0,5 MM 1 Ry, = 0.7 MM ompenenuts, 9td OyaeT B TOUKE HAOMIONCHHS

P Ha 3KpaH€, paCHOJ’IO)KeHHOM Ha paCCTOHHI/II/I b =1 M OT OTBepCTI/ISI. Pac-
CTOSAHHUE OT TOYCYHOI'O HCTOYHHKA CBE€Ta A0 OTBGpCTI/I}I paBHO a=1 M,
2=05-10"° m.

Ananusz u pewenue. Cornacno (25) nns paguyca nepBoii 3061 OpeHens

i =\/O,5‘0,5‘1O_6 =0,5-10_3M. CrnenoBaTenbHO, €CIU B HEMPO3PAYHOM

sKpaHe czenath orBepctue pammycoM 0,5107°M, To Touka P Gyner spko
ocBemieHa (MakcuMyM nudpaximu). Eciu sxe paguyc oTBepCTUs yBEITHYUTh

B \/5 pasa, 10 Ry =0,7 MM, TO Touka P OyneT mpakTHUECKH HE OCBEILEHA.
2.3.2. lugppaxyus @paynzoghepa na wienu
Kax 6b110 0T™MeueHo BhIte, qudpakipelt OpayHrodepa Ha3bIBAOT JU-
(paxiyio B mapauielbHbIX JTy4ax. JpyruMu cioBaMu, 3T0 TuGPaKIus Iio-

CKUX BOJIH, T. €. BOJH C IJIOCKOM BOJHOBOW MOBEPXHOCTHIO. Paccmorpum
mudpakuuio Opaynrodepa Ha y3kod anuHHON mwenu. [IycTs nMeercs y3kas
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VY Y oy JUTMHHAS MIeNb, IUPUHON a, Ha KO-
: _ a_ TOPYIO MEPHEHIUKYISIPHO €€ IIOCKO-
1o soma 2+ soma ;ST CTHU IaJacT My4YOK MapajicIbHBIX JIy-
0 Z A 4ell ¢ ITTUHON BOJHBI A .
~/| Tlunsa Kaknas Touka OTKPBHITOTO IJIOCKO-
T'O BOJHOBOTO ()pOHTA SIBIISIETCS HCTOY-
HUKOM BTOPUYHBIX BOJH, KOIeOIo-
mmxcst B ogHOH (¢aze. Jlmnza coOupaer
BCE NapajUieNbHBIE Jy4Yd B TOYKY Ha
0, 0 9KpaHe, yCTaHOBJICHHOM B (hoKanbHOU
TIOCKOCTH JIMH3BL (puc. 7). Jlunza no-
Puc. 7. indpakuus Ha e TIOJTHUTENBHON Pa3HOCTH XOJa HE JIaeT.
B Touke O Oymer MakcMMyM HHTEH-
CHBHOCTH, TaK Kak MapajuleNbHBIA My4OoK Jdy4ed uaer mon yriom 0=0 x
HOPMaJIi, ONTHYECKas AJIMHA ITyTH BCEX JIyuel OAMHAKOBA, U OHH MPHUIYT B
3Ty TOUKY B (aze, a CIeAOBaTENBHO, YCHUIIAT ApYyT Apyra. PaccMorpum, uTo
Oyzaer B Touke O;, ecu JIyuyd UAYT MOJ MPOU3BONBHEIM yriioMm 6. Ilpose-
JeM TIOBEPXHOCTb MEPHEHANKYJSIPHO paccMaTpuBaeMbIM Jydam. Ontude-
CKasl Pa3HOCTh XOAa MeXAy KpaHumu Jiydamu A =asin® . Illeas MoxHO
pa3dute Ha 30HBI @peHens. Pa3HOCTh X0Ia OT COOTBETCTBYIOIIMX TOYEK
JBYX COCETHMX 30H paBHa A/2 (ycioBue mocTpoeHusi 30H OpeHers), moITo-
My JY4H OT JABYX COCEIHHUX 30H MPUXOIAT B JaHHYIO TOUKY B IPOTHBO(dase
U racAT Apyr apyra. Takum o0pa3oM, pe3ynbTaT HHTEpGEPEHIHNH B TOUYKE
O, ompenensiercs TeM, CKOJIbKO 30H DpeHens yKiIaaplBaeTcs B ILENU MPH
HAOJIOICHHUH €€ M0J] COOTBETCTBYIOLIMM YIJIOM. Eciu 4rcio 30H 4eTHoe, TO

OkpaH

. A

< asmezzmzzmk, m=12,3,... (26)

| y, sin@=2\a .
‘ < u HaOmromaercs auQpaKIUOHHBII
{ 9 L MUHUMYM. Ha TNpuBEICHHOM BBIIIC

| y1 sinf=»\a o

a I % 0 sin0=0 puc. 7 mokasaH ciuyd4ai, korma A = A u
m \ _ Ha IIENU yMemaercs ABe 30HbI Dpe-
<-y1 sinf =-/a Hens. 'paduk MHTEHCHBHOCTH -
, L 0 sino=_21/a (PparupoBaHHOro Ha LIENU CBETa MHO-
i KazaH Ha puc.8. MakcUMyMbI
< MHTEHCUBHOCTH, KaK IIOKa3bIBaeT 00-

Puc. 8. Pacnipenenenue HTCHCUBHO- JIeC ACTAJIbHBIM pacdeT, paciojiara-

T cBeTa npu Au(PaKLUA Ha e I0TCSl TPUOTU3UTENBHO TIOCEpEeIUHE
MEKAY MUHUMYMaMH.
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3amgaua 5. Cer ¢ puHo# BoaHBl A =580 HM majaer Ha MIENb NTUPH-
Ho#t 0,300 mm. Dkpan HaOmroneHus (cM. puc. 8) pacroiaokeH Ha paccros-
HuM L=2.00 M or menu. Beruucnure KOOpAUHATHI Y, MONOXKEHUU IH-

(bpaKIMOHHBIX MUHIMYMOB.
Ananuz u pewenue. V3 cootHomenus (26) onpenensieM yrioBble KOOp-

JUHAThI em MHUHUMYMOB HWHTCHCHUBHOCTU I[I/I(l)paFI/IPOBaBHIGFO Ha IICIn
CBCTa
sinf, =mi/a.
3ateM U3 reoMeTpuu 3anaud (cM. puc. 8) HAXOAUM KOOPIHMHATHI Y, MOJO-
’KCHUU MUHUMYMOB:
Ym = Lsin0y, = Lmi/a,

m=+1, +2,..

B YaCTHOCTH, IJIA KOOpAWHAT yil MHWHUMYMOB II€PBOI'0 MopsaaKa, uc-

MOJIb3ysd NaHHBIC YCIIOBUSA 3aJa4H, MOJIYyYacM CICAYIOIINC YUCIIOBBIC 3HAYC-
HUA.

Yy =Lsin0, =+L1/a=+3.87x10"3m.

2.3.3. Augppaxkuyuonnasn pewremka

Judpakionnass peeTka — 3T0 COBOKYIMHOCTb MapajuICbHBIX APYT
ApYTy IIeiell OMMHAKOBOW LIMPHHBI ¢, PACIONOKEHHBIX Ha paccTosHUH d
apyr oT npyra. Tak ke Kak ¥ UIsl OXHOW Iuenu, AU(paKIrOHHAS KapTHHA
HaOmo1aeTcss Ha dKpaHe, HaxoasmieMcsl B (POKaJbHOW TIOCKOCTH JIMH3BI.
[Ipu 3TOM KpoMe mUPaKIUU OT KaxKIOH

OTACIBHON HIETW MPOMCXOAUT eule CIo-
JKeHHe KojeOaHWH CBETOBBIX MYYKOB, R ;
MPUXOAALIMX Ha SKpaH OT BCeX IIeneH. 8 A

Ecnn obmee yucno meneir N, To u uH-
teppepupytoT N mydKoB.
Paccmorpum  mnHTepdepenumio N

MOHOXPOMATHUYECKHX IYYKOB. Pa3HOCTH ﬂ H

X0[a MEX/y IBYMSI COCCTHHMH MyYKaMH M ”

(Ha PHUCYHKE IY4OK IIOKa3aH OmHAM dy- <= S
YOM) OMPEACISICTCS MOCTOSHHON peler- Puc. 9. Tudpakuus na mad-

ki d 1 yriiom 0, mojx KOTOphIM TIPOU3BO- PAKLHOHHOM PCILICTKE
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autes Habmonenue (yron mudpakmuu). A=dsing, rae d — nocrosHHas
(TIeproT) pelIeTKy.

Ecnu 5Ta pa3HOCTh X0/a paBHa IeJIOMY YHCIY BOJIH, TO Ha dKpaHe Oy-
JeT HaOMIoMaThC MAKCUMyM OCBEICHHOCTH. TakuM 00pa3oM, yclioBHE
MaKCHMYMOB MOXXHO 3aITHCaTh B BHJIC

dsin6=mx, 27

roie m=0,t1, £2,... — nopsanok mMakcumyma. [Ipu Beinonnenun (27) imyun
OT ILeJIeH MPUXOIAT B TOUKY HAOMIOAEHHS B ONHOHN (a3e U yCUIMBAIOT APYT
npyra. Pasmiume B MHTEHCHBHOCTSIX MaKCHMYMOB Pa3HBIX MOPSIKOB (HO
COOTBETCTBYIOLIMX OJHOHM JUITMHE BOJHBI) CBSI3aHO C KOHEYHOW IIMPUHON
miernel B AM(pakUMOHHOM perieTke. boree neranbHOE pacCMOTpEeHUE A0Ka-
3BIBAET, YTO Orudaromas HHTeHCUBHOCTEH (popma ee mokazaHa MyHKTHPOM
Ha PUCYHKE) — CBOS ISl KaXJIOW JUIMHBI BOJHBI; OHA INPOMOPIHOHATBHA
(8 N? pa3 unTencuBHee) (pPAKLIHUOHHON KAPTHHE OT OJHOM MIETH C IIHPH-
HOU TaKoH ke, Kak y meneil 1uppakinoHHON PEIIeTKH.

[Ipu ocBemeHnn pemieTKH OENbIM CBETOM, a OeJblii CBET SIBIACTCS CMe-
IICHUEM LIBETOB, JUISl Pa3HbIX 3HAYCHUI JUTMHBI BOJHBI (Pa3HBIX IIBETOB) ITO-
JIOKEHHUSI MAKCUMYMOB OJIMHAKOBOT'O TOpsAKa HE OyAyT COBHAIaTh IpPYT C
apyroM, kpome neHtpanbHoro (m=0). [To3ToMy HEHTpaabHBIII MaKCHMyM
uMeeT BUJ OeJIOf TONOCH, a BCE OCTalIbHbIE — Paay>KHbIE TIOJIOCHI, HAa3bIBac-
MbI€ TU(PPaKIMOHHBIMU CIIEKTPaMH MIEPBOTO, BTOPOTO H T. 1. TIOPSIIKOB.

Judpakpronnas penieTka XapakTepu3yeTcs pa3pelaroeil crocooHo-
CTBIO, KOTOpasl YKa3bIBaeT, KAKHE CIIEKTPAIbHBIC JINHUK C MaJIOH pa3HOCTHIO
JUTUH BOJTH MEXKJY HMMH peIleTKa elle MOXKET Pa3pelnuTh, T. €. MO3BOJISET
YBHUIETH UX pa3zaenbHo. Eciu pasHOCTh IJIMH BOJH COCEIHUX JUHUU AL, TO
pasperaromas cnocoOHoctb R =L/AM, rae A — cpeHss JJuHa BOJIHBL pas-
peraeMbIx TUHIH. MOXKHO MOKa3aTh, YTO ISl JUHUH MaKCHMYMOB TIOPSIIKa
M paspemaromasi criocoOHocTs perrerkr ¢ N mensmMu (ITpUXxamMu) UMeeT
BHJ

R=A/AL=mN . (28)

2.3.4. lughpaxuyus penmezenosckux ayueil na Kpucmasnie

Kpucraian MOXHO NpenCTaBUTh KaK TPEXMEPHYIO AU(PPaKIUOHHYIO
pEeleTKy, B KOTOpOil HaOmogaeTcss MEepUOAUYHOCTh B TPeX H3MEPEHUSX.
Ponp «menu» wrpaer sneMeHTapHas s4eiika Kpuctawia (B mpocTediiem
cinydae — atroM). HaGmoieHrne aupakiuy oT KprcTauia BO3MOKHO JIMIIb B
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TOM ciydYae, eclii JUIMHAa BOJHBI A HE MPEBHI-
IaeT MOCTOSHHYIO pemerku d. Dtomy ycio-
BUIO YIOBJIETBOPSIOT PEHTTCHOBCKUE JTydd (A
~1-107 m).

[TycTs mapanienbHbI My49OK PEHTTEHOB-
CKMX Jydedl majaer Ha KPUCTaJl TOA YIIoM
CKONBXEHHs O (yron Mexzy JydoM U MOBepX-
HOCTBI0). OTpakeHHE JTydel MPOMCXOAUT OT
KPUCTAJUTMYECKUX  IUIOCKOCTEH, OTCTOSIINX dsing
Jpyr oT apyra Ha paccrosauu d (puc. 10). I/Es Puc. 10. Jinppaxius
pPUCYHKa BHAHO, YTO Pa3HOCTb XOJa Jy4eH,
OTPa3UBILUXCS OT ABYX COCEAHUX MIIOCKOCTEH,
paBua 2dsin®. BosHukaromue anppakuHoOH-HbIE MAKCHMYMBI JOJKHBI
YIOBIETBOPATH ycno-Buto Bynbga—bperra: 2dsinf=miA, rme m = =1, 2,
3... — IOPSIOK TUPPAKIMOHHOTO MaKCUMyMa.

[6g=")

) 620
> o
o g /
<
) o\c
> o 0

7
N\

Ha KpUCTaJlic

3amava 6. Ha nudpakioHHYIO peIIeTKy B HalpaBJICHHH HOPMaJU K
ee MOBEPXHOCTH TaJaeT MOHOXpOMaTHuecKkuii cet. [lepuon pemerku d =
2 mMxM. OmpenenuTb HauOOIb-IHK MOPSIIOK AU(PPAKIUOHHOTO MAaKCUMY-
Ma, KOTOpBIil MaeT 3Ta peuieTka B ciaydasx kpac-Horo (A; = 0.7 MkMm) u
¢duonerosoro (A, = 0.41 mxm) cBera.

Ananuz u pewenue. Y13 hopMyIbl, onpenensromeid MOI0KeHUE TIaB-
HBIX MaKCHMYMOB TU(PAKIIMOHHOIN PEIIETKH, HaileM MOpsIoK ITu(paKiy-
OHHOro Makcumyma M=2dsinf/A, rae d — nmepuon pemerkyu; 0 — yron
nudpakuuy; A — JUIMHA BOJIHBI MOHOXPOMAaTHYECKOro cBera. Tak Kak Sin 0
HE MOXeT ObITh Oombiie 1, yuciao m He Moxer ObITh Ooiblre 2d/A, T. e.
m < 2d/A. TloacraBuB B opMyiy 3HaUCHHUS BETHYHH, TomyduM M < 4/0.7 =
= 5.72 (mns kpacHbIX dy4eit); m < 4/0.41 = 9.76 (anst GpuoneToBBIX ITydei).
Ecnu ydects, 94TO MOPSIIOK MAaKCUMYMOB — LIEJIO€ YUCIIO, TO IS KPacHOTO
cBera M = 5 u ans guoneroBoro m = 9.

KonTposibHbIe Bonpock! k Teme «/Indpaknus cBera»

1. Kaxkoe sBreHHE B ONTHKE Ha3bIBaeTCs IuQpakuueil ceera?

2. B uem 3akmouaercst npuHiun [ roiirenca—®penens? Kakoe momon-
Henue BBen Openens B npuHuun [roiirenca?

3. OxapakTtepu3syiiTe TU(paKkLnIo cBeTa B mocTaHoBKe DpeHernst.

4. Oxapakrepu3syiiTe TuQpakLuuio cBera B moctanoBke dpaynrodepa.
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5. Onummre cyts Merona 30H Openerns.

6. M3 mpocThix (U3NUECKHX COOOpakKeHWH MOIyYUTE YCIOBHE MUHU-
MyMOB nipH qudpaximu OpayHrodepa Ha OTHOMN IIENTH.

7. Uem ornmuaercs mpu auppaxuun @PpayHrodepa audpakiauoHHAS
KapTHHA Ha pelIeTKe OT AU(paKIMOHHON KapTUHBI HA OAHOM LIen?

8. 13 mpocThix puznyeckux cooOpakeHH MOTYIUTE YCIOBHE TIaBHBIX
MaKCUMYMOB NpH IU(pPaKLUUK CBETa Ha pelieTke B moctaHoBke PpayHro-
depa.

9. IlosicHUTE KayecTBEHHO, TIOUYeMY JU(paKIMOHHAsI pelIeTKa pasjara-
eT maJalouIuii Ha Hee OeNblil CBET Ha IBETHBIE COCTABJIAIOLIHE.

10. Kakumu nmapameTpaMu XapakTepusyercss TupakIuOHHAs perieTka
KakK CIeKTpanbHblid npubop? UTo Takoe paspemaromasi CriocoOHOCTh Ju-
($paKunOHHOHN pemeTKu?

2.4. Tlonspu3anus cBeTa

2.4.1. EcmecmeenHblil u nOAAPUIOEAHHBLIL CECHL.
Buowt nonapusayuu. 3axkonvt Mantoca u bprocmepa.
Henenue ogynyuenpenomnenusn

[Monsipu3oBaHHBIM Ha3bIBACTCS CBET, KOJCOAHUs CBETOBOrO BeKTopa (Ha-
NPSDKEHHOCTH 3JIEKTPUYECKOro TONISI) B KOTOPOM YIIOPSIOYEHBI KaKUM-THOO
oOpazom. Tak, HanpuMmep, B IMHEWHO MOJISIPU30BAaHHOM CBETE KOIeOaHuUs BEK-
topa E mpomcxomsT B omHOi mmockocTH. COOTBETCTBYIOIAS ILIOCKAS
BOJIHA HA3bIBAETCS JMHEWHO MOJSPHU30BAHHOW, WJIN IJIOCKOMOJISPHU30BaH-
HOI, €CITH DNEKTPUYCCKUI BEKTOp E B Takoi BONHE BCE BPEMS JIGKHT B
OJIHOH TJIOCKOCTH, B KOTOPOH PacHoioKeHa TakKe HOpMalb K ()pOHTY BOJI-
HBL. DTO MJIOCKOCTH KONEOaHNH, WM TUIOCKOCTD MOISIPU3aLHH.

OT nonsApHU30BaHHOrO CBETA CIENYET OTJIMYATh €CTECTBEHHBIH CBET, B
HEM PaBHOMEPHO MPEACTABJICHB! KOJIEOAHUS C Pa3IHYHBIMHU IUIOCKOCTAMHU
nosnspu3anyy. JINHEHHONOMAPU30BAHHBII CBET JIETKO MOMYYNUTh, IPOITYCTHB
€CTECTBEHHBI CBET uepe3 IIAaCTHMHKY TypMajWHa, BBIPE3aHHYIO Mapai-
JIeNBHO ero Kpucramiorpaduyeckoi (ontudeckoit) ocu. TypmaianH CHIIBHO
MIOIJIOIIAET CBETOBBIE JTY4H, B KOTOPBIX DJEKTPUUECKUIA BEKTOp MEpPIEHAN-
KyJIIpeH ONTHYecKoM ocH. Ecnmu e ayeKTpuueckuil BEKTOp HapalijieieH
OINITUYECKON OCH, TO CBETOBBIE JIyUH MPOXOAAT Yepe3 TYPMaIMH IMOUTH Oe3
norsomeHus. 110aToMy ecTecTBEHHBIN CBET, MPOXOIAIINNA YepE3 IIaCTUHKY
TypMalMHa, HANOJIOBUHY IOTJIONIAeTcd M CTaHOBUTCA JIMHEHMHOMOISAPU30-
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BAHHBIM C JJIEKTPHIECKAM BEKTOPOM, OPHEHTHPOBAHHBIM ITAPAJUIEIBHO OIl-
THYECKON OCH TYpMAJTHHA.

TakuMm e CBOWCTBOM 06JIAIAI0T TOJISPOUIBI, Oosee yaoOHbIe B 0Opa-
IIECHUH, KOTOPBIE TMPEACTABISIIOT COOOM HCKYCCTBEHHO MPUTOTOBJICHHBIC
KOJUIOW/THBIE TUICHKH, CITYKAIlUe JUIS TONYYEHUs TIOISIPU30BAHHOTO CBETA.
BooOue, Besikuii mpubop, CIyKAIMA Ul TIONyIEHHs TTOISIPU30BAHHOIO
cBeTa, Ha3bIBaercs nossipusaropom. ToT ke mpubop, HO UCTIONB3YEMBbIH IS
HCCIIEIOBAHMUS TIOJSIPU3ALIMN CBETA, HA3hIBAETCS AHATM3ATOPOM.

[Ipu naJeHUuu JIMHEWHOTIIO-

JISIPU30BAHHOTO CBETA HA HWJICAIIBHBIN Ocs

HOJSIPU3aTOpP  CKBO3b  HEro  Oec- ToNApU3AIIN |
OPEMSTCTBEHHO MPOXOIUT JIHIIb KOM- \ W o
MOHEHTA CBETOBOTO BEKTOpA, Mapal-
JeNbHAs ONTHYECKONH ocH (OCH MmoIs-
pU3alyK) MOISPU3aTOpa, a KOMIIO-
HEHTA MOJIsl, NEPIECHIUKYIIAPHAst dTOM
OCH, TIOJIHOCTBIO 3ajiepkuBaeTcs (puc.

11): E,, =E,,Ccos¢. Torma wHTeH-
) Baux BX ¢ A Puc. 11. TIpoxokieHHe II0CKOIIO-
CUBHOCTH TIPOIICAIICTO CBETA, IPO- JIIPU30BAHHOI'O CBETA Y€PE3
IOpLUOHATIbHA KBAAPaTy aMILIUTY bl HOJIAPU3ATOP
oJIsl, JaeTcsl 3aKOHOM Maitoca
_ 2
I =15 COS“@. (29)

BBIX

ot CBETOBOM
BEKTOP

HpI/I NnagCHUu CCTCCTBCHHOI'O CBCTA HA MOJAPU3ATOpP JIA Ka)K,Z[Oﬁ nu3

BO3MOJKHBIX IIOCKOCTEH MMOoJIsIpU3alui MPOXOXKACHUC TTOJIA E omwuceiBaer-
Cs1 3aKOHOM Mamoca, MO3TOMY IJIsI HAXOXKACHUSA MHTCHCUBHOCTHU ITPOLIC/-
mIero CB€Ta HCO6XO,I[I/IMO OPOUHTCIPUPOBATH BKIIAJbl IO BCCBO3MOXKHBIM
TMMOJIOKCHHUAM IJIOCKOCTU MOJIAPU3ALH MMaJa0IICro CBCTa

I 21 1
| __ 'ex(ecrecTB) J‘ 0032 odo = . |

BeIx (€cTeCTB) — o
0

[ToMrMoO M3MEHEHNSI HHTEHCUBHOCTH, CBSI3aHHOTO C PacCOriIacoOBaHUEM
TUIOCKOCTEH MOJIApHU3anny, ocaabieHne HHTeHCUBHOCTH MIPOILEAIIEro CBeTa
TaKXe 3aBUCHUT OT OTPAKEHHS W TOTJIOLICHHS, YTO HaOMoAaeTcs B ciaydae
peasbHbIX (HeHJeaIbHBIX) MOJSIPH3aTOPOB.

Bx(ecrecTB) *
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3agauya 7. YacTHYHO MONSIPU30BAHHBIN CBET MPOITYCKACTCS Yepe3 He-
anpHbIH nonsipusatop. [Ipu moBopore monspuzatopa Ha 45° 10 OTHOIIEHUIO
K MOJO0KEHHUIO, COOTBETCTBYIOIIEMY MaKCUMaTbHOW MHTEHCUBHOCTH BBIXO-
JIIIEro IMyYKa, MHTEHCUBHOCTH cBeTa yMeHbInaercs B 1,5 paza. Onpenenu-
T€ OTHOIICHUE UHTEHCUBHOCTH €CTECTBEHHOT'O U MOJSIPU30BAHHOIO CBETA B
MaJaoleM MyJKe.

aHo" Ananus u pewenue. VIHTEHCUBHOCTb IM1aJAIOLIEr0
loodl =15 MydKa CKIAJBIBACTCS M3 MHTCHCHBHOCTEH €CTECTBEH-
A = 450 HOW W momnspu3oBaHHOM uyactedl. Korma momsipusartop
CTOMT B IOJIO)KEHUH, COOTBETCTBYIOLIEM MaKCHMallb-

HOH SIPKOCTH BBIXOISIIETO My4YKa, €CTECTBEHHAS YacTh
lo/lion = ? ocnabiseTcs MOoIIPU3aTOpOM BABOE (TaK KaK €CTeCT-
BEHHBII CBET, MPOXOs Yepe3 MOospru3aTop, CTAHOBHT-

Csl HE TOJIBKO TOJIIPU30BAHHBIM, HO M TEPSET MHTEHCUBHOCTD BJIBOE), @ TO-
JSAPU30BaHHAs MPOMYCKAETCS MOMHOCTBIO sy =0,519 + 1, . IIpu moso-
pote nonspu3aTopa Ha 45° MHTEHCHBHOCTh BBIXOJSILETO MyYKa, CBsI3aHHAS
C €CTECTBEHHBIM CBETOM, Mo-TpexkHemy paBHa 0,5lp, a ”HTEHCHBHOCTH TO-

JApU30BaHHOTO M3MeHuTcs (mo 3akoHy Mamoca) | =0,515 + 1., cos® .

[o ycnoBwuro, Ima= 1,51, cnenoBatensHo,

0,519+ 1., =1,5(0,51 + I, oS> 45°) . Tlonyuaen lo = lyon.
0 0 ya

1011 1011

Omeem: lo/l o= 1.

[Momnstpu3zamust MOJKET BO3HUKATD TAK)Ke MPH MaJACHUH CBETa Ha TPaHHILY
paszena IBYX OUAJIEKTPHKOB, €CJIM YTOJNl MajeHusi oTiudeH oT Hyns. [lpu
3TOM B OTPaKEHHOM Jyde IpeoliiafgaroT KojaeOaHus, MepHeHIUKYISpHbIC

) TUIOCKOCTH TasieHus (Ha puc. 12 obo3Haue-
I HBl TOYKaMH), B TPEIOMIICHHOM JIy4ye TIpe-
obmagaloT  KonmebaHus,  MapajuleNbHbIC

¥ %; TUIOCKOCTH TajeHust (Ha pHCyHKe u300pa-

JKeHbl crpenkamu). CTerneHb Mospu3aliu
3aBUCHT OT yria najenus. IIpu onpenenen-
HOM yrje IaJeHHusd, paBHOM TaK Ha3bIBae-
MoMmy yriy Bprocrepa ipp, OTpaxkeHHbIH Tyd
Puc. 12. IlaneHve BOIHBI HA MOJHOCTBIO TOJNISIPU30BaH (OH COIEPIKUT
I'paHHIly pasieia AByX Cpea TOJIBKO KOJeOaHMs, TMEepHeHIUKYIISpHBIE K
TUIOCKOCTH TAaJICHUs), CTEMNeHb IOoJspu3a-
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LUU MPETOMJIEHHOIO JIyya MPU 3TOM JAOCTUraeT MaKCUMaJIbHOIO 3HA4YCHUS.
Vron Bprocrepa i, taercst 3akoHom bprocrepa

tg in =M =Ny / N, (30)

rae Ny — MoKa3aTeNb MPEIOMICHUS. BTOPOH (M0 XOy JIy4a) cpeapl OTHOCH-
TENBHO TMEPBOH, Ny U Ny — aOCOMOTHBIC TTOKA3aTeN NPEJOMIICHHS TIEPBOA U
BTOpOH cpen. Jlerko ybemuTbcs B TOM, YTO NPH MafEHUH CBETA MOJ YIJIOM
Bprocrepa oTpaskeHHBIH 1 MPETOMIIEHHBIN JTy4d B3aUMHO MEPIICHANKYIISPHBL.
Mexanu3m crocoba MONSpU3ALNK CBETA, OCHOBAaHHBIN Ha SIBJICHUH
Bproctepa, 3akmtouaercs B ciaeayromeM. IlycTe Ha MOBEpXHOCTH AMAIEK-
TpHKa NaJaeT CBET B COCTOSHUU MOISAPU3ALNH, ABISIOMIEMCS CYNEPIO3UIIN-
el BOJH, MOJNAPU30BAHHBIX B IJIOCKOCTH NaaeHus. IIpenomnennas u orpa-
’KeHHasl BOJIHBI OyIOyT COAEp)KaTh, BOOOIIE TOBOPS, T€ K€ COCTABIISIOIINE

nons E kak B IutockocTH TMajeHus, TaK W MEPICHIUKYISPHO K Heil (cM.
puc. 12).

Konebanus Bektopa E BBI30BYT KoneOaHHs 3JIEKTPOHOB BEIIECTBA.
KonebaTenbHoe OBMKEHHE SIBIISIETCS YCKOPEHHBIM. Kak M3BEeCTHO, 3Iiek-
TPOMarHUTHBIC BOJHBI MCITYCKAIOTCS 3apsaaMHu,
IBIDKYIIMMUCS — yckopeHHo. CremoBaTenbHO,
HaYaBLIMECS KOIEOaHUS JIEKTPOHOB B BELIECTBE 1(6)
MOPOAAT 3JEKTPOMAarHUTHBIE BOMHBL [Ipumep-
HBIA BHJI UarpaMMbl HAIPaBICHHOCTH H3ITyYe- 0
HUS KoJleOdromerocs 3apsaga NpUBEAEH Ha pHC.
13 (mBYCTOpOHHEH CTpeNKOW MOKa3aHO Harpas-
JieHne KonebaHuit 3apsma, miuHa 1(0) mpormop-
IMOHANbHA WHTEHCHBHOCTH H3JIyYeHHs B Ha-
npaBieann  0). I[lo nmarpamme BHIHO, 4TO
MaKCHUMaJbHOE H3JIyYeHUE DIIEKTPOMAarHUTHBIX Puc. 13. Jlnarpamma
BOJTH OyIeT MPOUCXOIUTH B HAINPaBIICHUH, Tep- HAIIPaBJICHHOCTH H3-
MEeHIUKYIAPHOM — HANpABICHHIO  KoTebammii  JIydeHHs KoneGmome-
3JIeKTpOHa. B HampaBieHnu ke, COBIAAAIOIEM C rocs sapsia
HampaBlIeHHEM KoJeOaHUH, SHEprus He H3Iyya-
ercs. IMEHHO Tak BO3HUKAET OTPaKEHHBIN CBET.

[TycTs Ha MOBEPXHOCTH AMAJICKTPHUKA MAJacT IUIOCKOMOSPU30BaHHBIHN

ceer. Ilycth miockocte koneOanuit BekTopa E coBmamaer (puc. 14)
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C ILIOCKOCTBIO Ma/ieHust Ty4a . Eciu BbIOpaTh Takoii yron majeHus ipy, , npu

KOTOpOM HampaBlieHHE OTPaKEHHOTO JIyda COBIANaeT C HalpaBlIeHUEM KO-
nebaHuil 37IEKTPOHOB B JAUAIIEKTPUKE, TO OTPAKEHHOTO CBETa, OYEBUAHO, B
CHJTY TPOBENIEHHOTO paccMOTpeHus, He OyzaeT. IIpu 3ToM, Kak BUJHO U3 pU-
CyHKa, HalpaBlieHHE OTCYTCTBYIOIIETO OTPaXEHHOIO Jyda MEepHeHIHUKY-
JISIPHO TPEIOMIICHHOMY JTY4Y.

[Iycts Temeps MIocKocTh KojeOaHMH BekTopa E mepnenaukymspHa
(puc. 15) mimockocTu najgeHus. B aTom cinydae oTpak€HHBIN J1yd Oyner npu
M000M yTrile maJieHus CBeTa, TaKk KaK HalpaBJIeHHE KOJeOaHUH 3JIEKTPOHOB
B AMDPJIEKTpUKE OylneT MeplIeHAUKYISIpHO JI000MYy  HampaBJIEHUIO

aopexsamopmey &s)puc. 15).

i
p a
.,

\ \

Isp

Puc. 14. H.':l,ueHI/Ie IUIOCKOIIOJIS- Puc. 15. Tlagenue mioc-
PU30BAaHHOM BOJIHBI Ha IPAHALLY KOONAPH3OBAHHOH BOJI-
pasnena cpen: E HBI Ha TPaHUILy pa3jena

B IUIOCKOCTH TIaJICHUS —
cpen: E wopmanen k

INIOCKOCTH IMaJACHUA

[TosToMy mpu OTpa’)kEHUU ECTECTBEHHOI'O CBETA OT AMDJIEKTPUKA BO3-
HUKAeT YaCTUYHO MOISIPU30BaHHBIN cBeT. B orpakénHoM cBere OyzaeT mpe-
00nagaTh CBET ¢ BEKTOpOM E , KoneOmommmcest B INIOCKOCTH, MepIeHINKY-
JSApPHOM IJIOCKOCTH MajeHud. Ecinu ke ecTecTBEeHHBIM CBET HajaeT Ha
IOM3JIEKTPUK 1oA yriioMm bprocTtepa, oTpak€HHBIN cBeT OyAeT MiIOCKOMOs-
PHU30BaHHBIM, YTO UILTIOCTPUPYET pHc. 16.

*
[T1ockocThIO TaZeHNUST HA3hIBAIOT INIOCKOCTH, 00Pa30BaHHYIO MaJafOIIAM JIyIOM 1

TICPIICHOUKYJIAPOM K IIOBEPXHOCTHU B TOYKE ITAICHUA.
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CyIIecTBYIOT M JPYTHE CIIOCOOBI IONTyYe-

HUS MOJIAPU30BaHHOrO cBera. ONUH M3 HUX OC-

HOBaH Ha BJICHUH JIBOMHOIO JIy4EIIPEIOMIICHUS.

B amopdubIX MaTepuanax, TakMX KakK CTEKJO, i%
CKOPOCTb PAaCIpPOCTPAHEHHUsS CBETA OJJHA M Ta XK€

BO BCEX HAIPaBJICHUSAX.

Hanpotus, B HEKOTOPHIX KPHCTaJULIMYECKUX \‘
MaTepuanax, TaKuX, HalpuMep, Kak KaJabLHUT WU Puc. 16. Tlanenue ec-
KBapll, CKOPOCTb CBETA 3aBHCHUT OT HANPABICHUS  TECTBEHHOTO CBETA HA
ero pacmnpocrpaHenus. Takue MaTepuanbl Xapak- — IPaHHMIy pasjena cpen

TEPHU3YIOTCS IBYMS NOKA3aTEISIMH TIPEIIOMIICHUS
Y Ha3bIBAIOTCS JIBOSIKOMPETIOMIISIOIIMH.

Korzma Henmonsipu3oBaHHBIH CBET MONAAaeT B KPHUCTALI KaJbLUTA, OH
pacIierisieTcss Ha JIBe JIMHECHHONONsIpU30BaHHbIe BOiMHbI (iyda) (puc. 17),
PacIpOCTPaHSAIOMINECS C PA3IMYHBIMU CKOPOCTSMH, COOTBETCTBYHOLIMMH
JBYM pas3lIM4YHBIM MOKa3aTeasiM npenomieHus. OnuH u3 nydel (BOJiH), Ha-
3BaHHBIN OOBIKHOBEHHBIM (O-I1yd), XapakTepusyercsi MoKa3aTeleM IMPeoM-
JeHUS Ny U UIMEET OJJHY U Ty K€ CKOPOCTb PACIPOCTPAHEHUS Vo =C/ Ny Ui

BCEX HampaplieHHH. BTopo# u3 noisipu3oBaHHbIX Jy4eil (BOJIH), Ha3BaHHBIH

Kanpiur

................... Y S — .

O-ny4

Puc. 17. T1agenue BOJIHBI
Ha JBYIYYIESHPEIOMIISIONUN KPUCTAILT
HEOOBIKHOBEHHBIM (E-1yd), B pa3ivuHbIX HAMPABICHHIX PACIPOCTPAHICTCS
C HEOJIMHAKOBBEIMH CKOPOCTSAMHU Vg = c/ Ng M XapakTepu3yercs IoKa3aTe-

JIEM MPCIOMIJICHUSA nE y 3aBUCAIIUM OT HAITPpaBJICHUA PACIIPOCTPAHCHHA CBC-

Ta (puc. 18).

Ha puc. 18 moka3anbl cxemMa BO3HHMKHOBEHHS JIBYX JIyded W OIHO U3
HAIpaBJCHUI B KPUCTAJUIE, HA3bIBAEMOE ONTUYECKOI OChI0 KpucTaiia. [Ipu
pacnpoCTpaHEHHH CBETa BJOJNb ONTHYECKOH OCH OOBIKHOBEHHBIH M He-
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OOBIKHOBEHHBIN Jydad HUMCIOT OJWH W TOT KC IOKAa3aTCib MPCIIOMIJICHUA
no = nE . Pazmuune B CKOpPOCTAX OOBIKHOBEHHOI'0 Y HEOOBIKHOBEHHOIO JIy-

IToBepxHOCTH
A xpucramia B

Eo
Onrtuueckas

0oChb

Puc. 18. CxeMa mageHus BOJIHBI
HA JIBYITYJCTIPEIIOMIISIONINAN KPHCTAIUT

4Yell MakCHMalbHO TIPH Ppacipo-
CTpaHEHWH B HaIpaBJICHUH, IIEp-
MEHIUKYJISPHOM ONTHYECKOH OCH.
Eciu nomecTuTh TOUEUHBII
WCTOYHMK CBETa BHYTPU KPUCTAILIA
KaJbLHTA, TO OH [TOPOAUT JABE CBE-
TOBBIC BOJHBI. OOBIKHOBEHHYIO —
CO Ccdepudeckoll BOTHOBOW TIO-
BEPXHOCTBIO, U HEOOBIKHOBEHHYIO
— C BOJIHOBOH MOBEPXHOCTBIO, Ce-
YeHUEe KOTOPOW MPEACTaBISIET CO-
oot smumuric (puc. 19). Ha pucynke

IIOKa3aHO TAaKXK€ OOHO H3 HaHpaBHeHI/Iﬁ B KpUCTAJUIC, HA3BIBAEMOC OIITHYC-
CKOH OCBIO KpucrTajjia. HpI/I pacipoCcTpaHCHU CBCTAa BAOJb ONTHYCCKOU

OCH OOBIKHOBEHHBII H HEOOBIKHOBEHHBIN
Jy4d HMMEIOT OJWH M TOT e IOKa3aTelb
npenomieHus Ng = Ng . Paznuuue B ckopo-
CTSIX OOBIKHOBEHHOIO U HEOOBIKHOBEHHOI'O
JMydel MaKCUMaJbHO MpPH PaCIpOCTpaHe-
HUW B HANPaBICHHUH, TMEPICHIUKYISIPHOM
onTu4eckoi ocu. Hampumep, uist KaabiuTa
No =1,658 — g [UIMHBI  BOJHBEI

A=589,3uM; ¢ Ng, U3MEHAIOUMUMCS OT
3HaueHus Ng =1,658 — mpu pacnpocrpane-
HUU BJIOJb ONTHYECKOH OCH, N0 3HAUCHUS

Onrtuyeckas ocb  E

HUK BHYTpH JIBYJIy4enpe-
JIOMJISIFOIET O KPUCTAILIA

Ng =1,486 — npu pacnpocTpaHEHUH NEPIEHIUKYISIPHO ONTHYECKON OCH.
Takum 06pa3oM, IpoITycKasi eCTECTBEHHBII CBET Uepe3 ABOSIKOMPEIOM-

JSIFOLIMA KPUCTAJUT U OTAEISS TPU 3TOM OIMH M3 Jydeill (OOBIKHOBEHHYIO

WIN HEOOBIKHOBEHHYIO BOJIHY), MOXXHO TOJYYHUTh JTHHEHHOIOISIPH30BAH-

HBIN CBET.
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2.4.2. Bpawenue niocKocmu noaapu3ayuu RiocKo-
ROJIAPU30BAHHO20 C6EMA NPU RPOXOHCOCHUU UM CUPOMPORHBIX CPEO

[Ipu npoxoXkAeHNN MIOCKOMOJIIPU30BAaHHOIO CBETa YEpe3 TMPOTPOI-
HbIe (CIOCOOHBIC TOBOPAaYMBATh IIOCKOCThH ITOJISPU3AIMU) CPEIbI MOXKET
MIPOUCXOINTH BpallleHNE €ro INIOCKOCTH nondpu3anuu. I1ycts Booas ocu Z
MEPIEHANKYISPHO TUIOCKOCTH X, Y THUPOTPONMHOM cpenpl, UMEroIIel pas-

JIMYHBIC TIOKA3aTCIIN MPCIOMIICHUA n+ u N_ JJd BOJH, IIpaBO- U JICBO-

MOJISIPU30BAHHBIX 110 KPYTY, HA Cpeay MaJaeT CBET, JIMHEWHOMOSPU30BaH-
HBI{ TapaJuIeIbHO OCH X.

JIMHEeHONONAPU30BaHHYIO MapajuIeIbHO OCH X HEMOCPEACTBEHHO Iie-
pel THPOTPONHON cpeoi BOTHY MOXKHO IMPEACTABUTH B BUAE CYIEpPIO3H-
UM JBYX IPaBO- U JICBOMOJSPU30BAHHBIX MO Kpyry BoiH (cM. puc. 20).
[Tpy NpOXOKACHUHM TAaKMMU JBYMsI BOJHAMHU OOBIYHOH (HErHpOTPOITHOI)
M30TPOMHOM Cpeabl pa3HOCTh UX (a3 paBHA HYJIO, a CyMMa UX IOJIeH AaeT
noje, KojaeOaHUs KOTOPOro MPOHCXOIST MapajuleibHO OCH X, HHKAKOIro
BpalLlCHUs TUIOCKOCTH MOJSPU3ALMHM HUCXOIHOW BOJHBI IPU 3TOM HE Oyner
(puc. 20,a). nas kapTuHa HaONIOJACTCS MPU MPOXOXKICHUH TOJSPU30BaH-
HBIMU MO KpPYTy BOJIHAaMH THPOTPOIHOW Cpelpl, B 3TOM ClIy4ae, B CUIY
N, #N_ pa3HOCTb (a3 JEBO- U MPABONOIIPU30BAHHBIX 10 KPYT'y BOIH OT-
JIMYHA OT HYJIS

O —0_= kO(n+ - I’L)Z . (31)

Puc. 20. TIpoxox/ieHrE CBETA Yepe3 HErUPOTPOITHYIO ()
U THPOTPOIHYIO (6) cpepl
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B peE3yabTaTC OAHO U3 noneﬁ, CKaXeEM, E C IMOKa3aTeCJIieM IPCIOM-

JIEB !

JICHUA n+ MMOBOpAYUBACTCA IO CPAaBHCHHUIO C ITOJIEM EHpaB C ITOKa3aTcCJIEM

NpeIoMJICHHA N_ Ha NPOTSHKCHUHU JIJIMHBI | FHpOTpOHHOﬁ CpCabl Ha yroi,

pasHbIi @, —@_ =Kg(n, —n_)I . Cymma Bextopos E ., + EnpaB, npeJcTaB-
Asromas codoi momne nocne erOTponHoﬁ CpEZIbl, OKa3bIBAETCs MOBEPHYTON
MIPH 3TOM Ha yroi A¢ = / 2 (puc. 20,6),

Ap=(o, /2 ko(n, —n)I/2=al . (32)

[TocTositHHYIO 00 B (pOpMyJie YacTO HA3BIBAIOT MOCTOSHHON BpalleHHUS
IUIS. TAHHOW TUPOTPOMHOM cpenbl. [ MpOTPONHBIMU CBOMCTBAMH 00JIaJaioT
pacTBOpBI caxapa M HEKOTOpbIE aHW3O0TPOMHBIC IJIACTUHKH, HallpUMeEp M3
KBapIia.

KOHTpOJIbeIe BOIIPOCHI K TEMeE «l'[o.mpmaunn CBETaA»

1. B uem 3akmoyaercs siBieHue noisipuzaunu? Kakoil cBer Ha3bpIBaeT-
Cs: @) €CTECTBEHHBIM; 0) YaCTHYHO MOJSIPU30BAHHBIM; B) MOJIHOCTBIO MOJIS-
PHU30BaHHBIM?

2. Yrto Ha3bIBaeTcs IJIOCKOCTHIO MaJCHHS CBETa, IJIOCKOCTBIO Koyeha-

HUs BekTOpa E , mmockocThio momspisamun? M306pasute rpaduuecky -
HEIHONONAPU30BAHHYIO BOJIHY.

3. OxapakTepu3yiTe HU3BECTHBIE BaM CIIOCOOBI TONTYYEHHs MOJSPU30-
BAaHHOTO CBETA.

4. Yo Taxkoe mpaBo- U JICBONOISPHU30BAHHBIN 110 KPYT'y CBET?

5. Ha myTu myuka ecTeCTBEHHOIO CBeTa CTOUT moiisipu3arop. Kak Oyzer
MEHATHCS MHTEHCUBHOCTH CBETa 3a MOJSPHU3aTOPOM IPH BPALIEHUH TONS-
pu3aTopa BOKpyr HampasieHus igyda? Kak Oyaer MeHSThCS HHTCHCUBHOCTD
3a aHAIM3aTOPOM, €CJIM €ro MOCTaBUTh 3a MOJIAPU3aTOPOM M BpalllaTh aHa-
JIU3aTOP, OCTABIISIS MOJISIPU3ATOP HETIOABUKHBIM?

6. Cdopmynupyiite 3akoH bprocrepa. Kak cBszan yron Bprocrepa c
MoKa3aTelleM IMPEIOMIIEHUS CpPEAbl, OT KOTOPOW MPOUCXOAUT OTpaKEHHE
cBera?

7. KakoBa HHTEHCUBHOCTH OTPaKEHHOTO OT MOBEPXHOCTHU JU3JIEKTPHUKA
Jy4a, TaJaromiero moj yriioM bproctepa, eciu OH MOJSIPH30BaH: a) B IUIOC-
KOCTH TaJieHus; 0) B INIOCKOCTH, MEPIECHANKYIISIPHOM TNTIOCKOCTH MaICHUS ?
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8. B uem 3akmioyaercsi sBIIEHHE ABOMHOro nydenpenaomieHus? Omnu-
LIMTE Pa3Inius B TIOBEICHUH OOBIKHOBEHHOTO U HEOOBIKHOBEHHOT'O JIy4deH.
B kakux cpenax HaOmogaeTcs sSBJICHUE JBOHHOTO JTydeTpeTOMIICHUS ?

9. Chopmynupyiite 3akon Mamtoca 1 MPOMJUTIOCTPUPYHTE ero Tpadu-
yeckd. MOYKHO JIM MCTIOJIb30BaTh aHAJIM3aTOp B KAyeCcTBE MONSIpU3aTOpa, U
Ha000pOoT.

10. INosicuuTe CyIIHOCTD SIBJICHUSI BpALIEHHs TUIOCKOCTH MOJISpU3aIMN
B TUPOTPOIHBIX cpefax. OT 4ero 3aBUCHUT yrojl BpallleHUs TIOCKOCTH MOJs-
puzanuu?

2.5. TensioBOE N3TyYeHHE

3H€KTpOMaFHHTHO€ H3JIYUYCHHUC HA3bIBACTCA TCIJIOBBIM, €CJIM OHO HC-
IMIyCKacCTCsd TCJIOM 3a CUCT Y6I>IJ'II/I TOJIBKO €ro BHYTpeHHCfI OHCPIrUH, Xapak-
TCpHBYIOMCﬁCH TeMnepaTypoﬁ TCia. Kam;[oe TCIO MOXCET HC TOJBKO HC-
IMyCKaTh, HO W MHOIJIOIIATh TCIJIOBOC H3JIYUCHHUC APYTUX TCII. Bce TCIa,
HUMCIONINEC HCOANHAKOBBIC TEMIICPATYPhI, YIaCTBYIOT B TEIIO00MEHE n3ny-
yeHneM. B YCII0BUAX I/IBOJII/IpOBaHHOfl CHCTEMBI TEIJIO0OMEH H3TYyYCHHUECM
MNPUBOAUT K BBIPABHHBAHWIO TCMIICPATYPhI BXOAANIUX B HEC TCII. Kor/:[a TEC-
mI1000MeH MMpeKpamacTCsa, TEMIICpaTypa TCIa OCTACTCA IIOCTOSIHHOHN U oau-
HaKOBOM JJI1 BCEX TCII. Takoe TemioBoe H3JIYYCHHC HA3bIBACTCA PAaBHOBCC-
HbIM. PaBHOBECHOE TEILIOBOE H3JTyUYCHUC BCCrjia MMECT CILIOIIHOH CIICKTP
qacCToT.

2.5.1. Konuuecmeennsle XapakmepucmuKku menuio8ozo usiydyeHus

TennoBoe M3JIy4CHUEC UMCCT CICAYIOIMNEC OCHOBHBIC XapaKTCPUCTUKU .

dE
a) O, =$ [BT] — motok sHepruu (MOLMIHOCTh M3IYYCHHUS), T. €.

KOJIMYCCTBO DHCPIUH, HCHYCKaeMOﬁ TCJIIOM B CIWMHUIY BPCMCHU BO BCEM
Juana3oHe JJIUH BOJIH,

parype T (sSBisieTcsi MOTOKOM DHEPTHHU, HCITYCKaeMbIM SIUHHICH TOBEPX-
HOCTH M3JTY4YaIOIIEro Tena);

[Br/M°] — sHEpreTHUECKas CBETMMOCTh TeNa IPH TeMIIe-
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dR
B) It =—T [Br/M°] — ucmyckaTenbHas CrmocoGHOCTH Tedma (Criek-
’ dr

TpaJibHasd IIJIOTHOCTb BHCPFCTHQCCKOIZ CBGTI/IMOCTI/I), YUCJICHHO paBHasd
MOIIHOCTHU M3JIYYCHHUA C CAUHHUIBI IJIOMAAN TCIa B CAUHUYHOM MHTCPBAJIC
JUIMH BOJIH B OKPECTHOCTHU AJIMHBI BOJIHBI A apu TEMIICPATYpPC T; y

do
T (moru)
=———— — HnorjomartecjiabHas CHOCO6HOCTB TeEia, IIOKa3bI-

r) &= 40

T (max)
Baromias, Kakas AOOJIS1 MOTOKAa DHCPTHUHU, MAaAaromiero Ha TCIO0, MOTJIOIIACTCa
npu TEMICpaType T B OKPCCTHOCTH JIMHBI BOJIHBI )\. B HMHTCPBAJIC IJIMH

BOJIH dA .

AOCOII0THO YCPHBIM TCJIOM HA3bIBAIOT MACAIU3NPOBAHHYIO CHCTCMY,
norjiaomarciabHast CIIOCOOHOCTD KOTOpOfI am- =1, T. €. HE 3aBUCHUT OT A U

T . Takoe TeI0 MOIHOCTHIO MOrjomacT rnmagaroniee Ha HEro U3JIy4CHUeC.

2.5.2. 3axonvt mennoeozo uznyuenus

Jlnsi paBHOBECHOTO TeIUIOBOro u3iydeHus Kupxrod ycraHoBun Ha-
3BaHHBII €r0 IMEHEM 3aKOH: OTHOIIEHNE NCIYCKATEIbHON U MOTJIOMATENb-
HOH CIIOCOOHOCTEH TeN He 3aBHCUT OT UX HMPUPOJBI U SBIISETCS IS BCEX Tel
YHHUBEPCAIbHOW (PYHKIMEH TeMIepaTyphl U AJIHHBI BOJIHBI, U PABHO HCITyC-

o 0
KaTEeIbHOM CIIOCOOHOCTH r;f-l) a0COIIIOTHO YCPHOr'o TCiia

r
f(,T) =a*—'T= 9. (33)
AT

3akoH Kupxroda siusercs ciieacTBueM BTOPOrO 3aKOHa TEPMOAMHA-
MUKH, B CHJIy KOTOPOTO TEIJIOBOE PAaBHOBECHE, YCTAHOBUBIIEECS B M30JIH-
POBaHHOHM cHCTeMe, He MOXeET OBITh HApYIIEHO MPOCTHIM OOMEHOM Teria
MEXy 4acCTSIMH CUCTEMBI.

[erTasice HaiiTh OOIIMIT BHI HCITyCKaTENBHON CITOCOOHOCTH a0CONIOTHO
YEpHOT0 TEJNa, COTIACYIOUINCsA ¢ OonbITOM, [IMaHK BEIABMHY THIOTE3Y 00
WCIYCKaHHUH TEJIOM HOPLUUN SHEPTUHU — KBaHTOB ¢ 3Heprued E =hv . [Inank
noay4ns (opMyIy TEOPETUUIECKOM 3aBUCUMOCTH HCITyCKaTENbHON CcI1oco0-

0
HOCTH I’}ET) a0COIIIOTHO YCPHOr'o TCjia OT JJIMHBI BOJTHBI
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0) 2mhc® 1
i = e @)
KTy

r7ie ¢ — CKOpOCTh cBeTa B Bakyyme; h — mocrosuuas Ilnanka; kK — moctosH-
Hast bonbiimana.

Ucnons3yst dopmyny Ilnanka, MOXKHO MOMYYUTh 3aKOHBI H3ITYYCHUS
a0cooTHO YepHOoro Tena. Ecnu npoauddepeHImpoBars 1o UIMHE BOJIHBL U

(9)

MPUPABHATH HYITIO ()YHKIIHIO: drx T /dA =0, To mONyYuM 3aKOH CMEIICHUS
Buna

b
kmax = ?v (34)
rae b=0,0029 m-K . Takum 06pa3oM, HAXOAUM, YTO JUTHHA BOJIHBI, HA KO-

TOPYIO TPUXOOUTCS MaKCHUMyM H3JIydeHHs, OOpaTHO MPONOPLHOHAIbHA
TeMmIepaType.

o0 o0
VYuuTeiBas, 4TO R-l(-o) = J‘rk(OT)dk = j f (A, T)dA wu unrerpupys f(A, T),
0 0
n3 (33) momydaeM yCTaHOBJICHHBIH DKCIIEpUMEHTANBHO 3akoH Credana—
Boabpnmana

RO =614, (35)

raec = 5,67-10‘8 B1/M*K* - mocrostHHas Credana—bonprnmana.

Hapsiny ¢ morsiTHeM aOCOIOTHO YEPHOTO TeJla UCTIONB3YETCs U Ipyras
WjeaTu3upPOBaHHAs MOJETh pealbHBIX Tl — cepoe Telo. Teno Ha3bIBaeTCs
CEpBIM, €CITU €ro MOTJIoNaTelbHas CIOCOOHOCTh OJIMHAKOBA JUIS BCEX JUTHH
BOJTH ¥ 3aBHCHUT TOJIBKO OT T B oTimuue oT uepHoro Tena a(7) < 1. Duepre-
TUYECKasi CBETUMOCTB JIJISl CEPOT0 Tela

Ry = Ta(T)erT dx=a(T)RY. (36)
0

Jlig m3MepeHus TeMIIepaTyphl pacKaJIeHHBIX TN UCIOJIb3YIOTCSA MHPO-
MeTpel. PaguanyoHHble TUPOMETPHI MO3BONIAIOT ONPEAETUTH paaualiioH-
HYI0O TEMIIEpaTypy, T. €. TaKylo TeMmiepaTypy aOCOJIOTHO YepHOro Telna,
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o 0 .
IIpHU KOTOPOU €ro SHECPIreTUICCKAaAA CBETUMOCTD R—I(- ) paBHA SHEPIrCTUICCKOU
CBCTUMOCTHU HCCIICAYEMOTI' O TCIA.

3anayva 8. /lnMHa BOIHEL, HA KOTOPYIO IPUXOJUTCA MaKCUMYM SHEPIUU
U3JTy4eHUs] aOCONIOTHO YEPHOI0 TeNa, Amax = 0,58 Mxm . Onpenenuts:

1) sHepreTHYECKyIO CBETUMOCT Ry IOBEPXHOCTH Tea.

2) CIEKTpaIbHYI0 IUIOTHOCT I(A,7) ODHEPIreTHYECKONH CBETHMOCTH,

pacCUNTaHHYIO HAa UHTEPBAI AIUH BOIH AL =1 HM, BOIU3U Ay -

(0)

Ananuz u pewenue. 1. DHeprerudeckas cBeTuMocTh Ry’ abcomoTHO
YepHOrOo Tena B COOTBETCTBHMM ¢ 3akoHOM Credana—bonbimana

RO = oT*. Temmeparypy MOXKHO BHIMHCIHTE C TOMOIBIO 3aKOHA CMELI[C-
Hus Buna Ao =b/T . Torga Ry =o(b/ kmax)4- [ToncraBuB B opmyiy

0
YHCIECHHEIC 3HAUCHHS, HAX OJUM R§ ) = 3,54-107 BT/M2 .

2. MakcuMyM CHEKTpabHOW TUIOTHOCTHU MOonxyduM u3 Gopmyiel [1nan-
Ka, MOACTaBUB BMECTO JJIMHELI BOJHBI A €€ 3HAUECHHUE U3 3aKOHA CMEIIEHUS
Bumna,

2rhc? 1 27hc?T® 1 c
(r>\.,T )max = 5 : hC = b5 . hC :C T 3
max T
oPmaxkT _q ebk _1

TJIe C '=1,3‘10_5 Br/m2K>. [IpousBons  BBIYMCIECHUS,  HAXOAUM
_ 13 3
(T )max = 4.0-10° Br/m°.

KonTposbHbIe Bonpockl k Teme «TensioBoe n3ay4eHune»

1. KakoBa npupoja TCIIJIOBOI'O U3JIYYCHUSA U J'IIOMI/IHCCI_ICHI_II/II/I? Kakoe
U3 OTUX I/IBJ'Iy‘ICHI/If/’I SABJIACTCA paBHOBeCHLIM? OObsCHHTE.

38



2. JlaiiTe onpeeneHus TOHATHIA: a) SHEPIreTHUSCKOH CBETHMOCTH Tela
Ry ; 6) ucrmyckarensHON Iy 1 ¥ HOIJIOIIATENBHOW @; T CIOCOOHOCTEH Ha-

TpeToro Tena.
3. Kaxoe Teno Ha3biBaeTcs: a) aOCONIOTHO YEPHBIM; 0) cepbiM?
4. Moxuo 1 CoHIle cunTaTh aOCOTIOTHO YEPHBIM TEJIOM?
5. Chopmynupyiite 3akonsl Crepana—bonsimana u Buna.
6. M300pasute rpaduK 3aBHCUMOCTH HCITYyCKATENbHOW CIIOCOOHOCTH

0
ré-l-) a0COIIFOTHO YCpHOro Tejia OT AJIMHBI BOJIHBI ITPU HECKOJIBKUX MMOCTOSH-

HBIX 3HAYCHUSAX TEMIIEPATYPBHI.
7. Kakyto runoresy BoiaBunyn M. [Inank npu BeIBoge GopMyibl 1is

o 0
HCITYCKATCIbHOU CIIOCOOHOCTHU I’}ET) a0COIIIOTHO YCpHOTO tena? Kakos

CMBICI ocTosHHOoM [Tinanka?
8. OOBsCHUTE TOCIENOBATEIHPHOCTh U3MEHEHUS IIBETA TBEPJOrO Tela
MIpU €T0 HarpeBaHUMU.

2.6. ®oTorpdexT

[Ipu 0oOmyYeHUM METAJIOB AJIEKTPOMArHUTHBIM H3TyYCHHUEM MOXKET
MPOUCXOUTH BBIPHIBAHUE BJICKTPOHOB C WX IMOBEPXHOCTH. DTO SBIICHHE
HasbIBaeTcs BHEMHUM (hotodddextom. OCHOBHBIC HA0IIOJaeMbIE CBOMCTBA
(dhoroaddexTa momyunau 00bICHEHNE B 3aKoHax DiHIITelHA U CTOIETOBA.

3akoH OHHINTEHHA CBS3BIBACT MAKCHMAJBHYIO KHMHETUYECKYIO DHEp-

THIO BBIPBIBAEMBIX 3JIEKTPOHOB mv?/2 ¢ SHepruei KkBaHrta cBera €=hv,
MaJarollero Ha MOBEpXHOCTh METAIIA,

mv2/2=hv—-A,., (37)

rac A- pa60Ta BbIXO/J1a 3JICKTPOHA U3 MCTAJlIA.

3akon CrTojeroBa CBS3BIBACT (1)0TOTOK HACBIIICHU, TPOIIOpHHUOHAIb-
HBII YHUCITy BBIPBAHHBIX 3JICKTPOHOB, C BCIIMYMHOM CBETOBOrO ITOTOKA (1),
KOTOpLIﬁ, B CBOIO O4YCpC/ib, ITPONOPLHUOHAJICH YHUCITY MaJar0INX Ha IMOBCPX-

HOCTh MeTaJuia KBaHTOB cBeta (poroHos) N,
I ~O~N. (38)

HaChII]

VpaBuenue DiiHmureiiHa (37), B 4aCTHOCTH, OOBSICHIIO HAOIIIOAEMOE
CBOMCTBO (QoTodddeKTa: NMpH YacTOTE NaJaAIOMIEro Ha MeTaul CBeTa
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v<vg=A/h (vg— «xpacHas rpanuna ¢oroddpexra») 31EKTPOHEI HE BbI-

PBIBAIOTCA, a JJI NPCKPALICHUA (bOTOTOKa HeO6XOI{I/IMO MMPUJIOKUTH 3aACP-
JKMBAIOMIYIO PAa3HOCTh MOTCHIHAJIOB, B KOTOpOﬁ SJICKTPOHBI MOJHOCTBIO

TEPAIOT CBOIO KHHETHUUYECKYIO SHEPTHUIO: mv2/2= qQU,an

2.7. ddp¢pextr KomnTona

O6J'Iy‘~la$[ pas3iindyHbIC BCIICCTBA PCHTICHOBCKUMU JIydaMH (SJ'ICKTI)O-

MarHUTHBIE BOJIHBI, JUIMHA KOTOPBIX A ~ 1070y )- A. KoMnToH 00HapyxuI,
YTO B PACCESTHHOM HM3JIyUYE€HHH MPHUCYTCTBYIOT BCEBO3MOXKHBIE JUTMHBI BOIH
A'< A, mpHYeM 3TH JJIMHBI BOJIH CBSI3aHBI C HallpaBlieHneM paccesaust. O0-
Hapy>KeHHbIH 3((eKT HeoOBSICHUM C TOYKH 3PEHUS KIACCHUYECKOH TEOpUHr
AJEKTPOMAarHUTHBIX BOJXH MakcBemia. KoMnTon npenmnonoxwui, 4ro B yc-
JIOBUSIX SKCIEPUMEHTa B3aUMOJACHCTBHE 3JIEKTPOMAarHUTHOW BOJHBI C Be-
LIECTBOM MOXHO OMHUCATh C TIOMOLIBIO MTPEJCTABICHHUS BOJTHBI B BUAE TIOTO-
Ka KBaHTOB cBeTa — (oTOoHOB. DaKTUYECKH KaKIbIi aKT paccesHus
PEHTI€HOBCKUX JIy4el €CTh aKT yIPYTroro CTOJIKHOBEHHSI IBYX YaCTHII: CBO-
001HOT0 3NIEKTpOHA U (HOTOHA.

PaccmoTpumM Takoe cronkHoBeHHe Oonee moapoOHo (puc. 19). Ilycts
Ha MEPBOHAYAIIBHO MMOKOSLIMKCS 3JIEKTPOH HajeTaeT (POTOH ¢ SHeprued hv

u umnynbcoM hkK/27m, roe v —vacrora ¢porona, k =2/ — BOTHOBOIT BEK-

Top (uncno) GpoToHa. DHEPrHs JIEKTPOHA JIO CTOIKHOBEHHS paBHA mc?,
HUMIIYJbC paBEeH HYJIO.
[locne CTONKHOBEHHUSI AIIEKTPOH Oy-

JIET UMETh SHEPTUI0 E2 =m2c* + p202 u
HAMITYJTBC 6 OHeprus U UMIYIbC POTO-

Ha IOCJIC CTOJIKHOBCHUS PAaBHBI COOTBCT-

creenHo  hv' wu  hk'/2m. 3axons
Puc. 19. Dpdexr Komnrona COXPAHEHMS PEIITUBUCTCKUX DHCPTUM H
HMITyJIbCa Jal0T

hv +mc? = hv’+«/m204 + pzcz,
hk /2 =hk'/ 2+ .

U3 BTOPOIr'o0 YpaBHCHUA HAXOAUM
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p? =(h?/4n?)(k —=K')? = (h® /1 4n®)(k? +k'®> —2kk'cosB).  (39)

IlepenuceiBast mepBoe  ypaBHEHHME B  BUJE! m204+p202=

= (hv—-hv'+ m02)2 , PacKpbIBasi KBaApaT U MPOM3BOJ COKpAILEHUs, HaXO0-
auM (yauThiBas, 4to v =Kkc/2m)

p% =(h?/4r®)(K? +k'2 — 2k’ + 2mc(k —k')2r/ h) . (40)

Pemas  coBmectHo  ypaBHenums (39) wu  (40), momyuaem
4damc(k —k")/h =2kk'(L—cos0) . Ilepexoas oT BOTHOBBIX uucen K K miu-

HaMm BOJH K =2m/A u BBOmsA obo3HaueHne AL =A"—), mpuxomum K dop-
Myne Komnrona

Ak:(h/mc)(l—cose)=(2h/mc)sin2(9/2). (41)

Bennunna A, =h/(MmC) Ha3bIBaeTCs KOMNTOHOBCKOH IUTMHOM BOJIHBI
1151 3NeKTpoHa. HakoHern, paccMOTpuM 3a1aqy, WITIOCTPUPYIOLIYIO 3 dexT
KomnTona.

3amaua 9. B pesynsrate a3 dexra Komnrona ¢oron nmpu coynapeHuu c
3NEKTPOHOM OBLT paccesH Ha yron 6 = 90°. Dueprust paccesHHOro oToHa
¢'=0,4 MaB . Onpenenuts SHEPruio GOTOHA € IO PaCCESTHHUS.

Ananuz u pewenue. JIns ompeneneHusi SHEPTUHU NEPBUYHOrO (OTOHA
Bocrone3yemcs Gpopmyrnoii Komnrona (41). Beipazum B 9100 opmysie u3-
MCHEHHE [UTHHBI BOJTHBI AL =)\'— A depe3 SHEPrHH &' U & COOTBETCTBYIO-
umx (HOTOHOB, BOCIONB30BaBIIACH (opmyioi & =hc/A. Tlocine mpocThix

npeobOpasoBanuii Haxomum: hc/e'—hc/e= (hc/m02 )ZSin2 (6/2) . BrIpazum
U3 3TOH (OPMYJBI MCKOMYIO DHEPTHIO 8=8'm02/(m02 —Zg'sinz(elz)).
Brrurciienus ynoOHO MpoaenaTh BO BHECHCTEMHBIX SAWHUIIAX. JHEPTHs MO-

KOS DJIEKTPOHA, BBIPaKCHHAS B AJIEKTPOH-BOJIbTAX, paBHA mc? =0,51 M»B.
[ToacraBnsist B KOHEUHYIO (POpMYITy YHMCIEHHBIE 3HAUCHUS! M3BECTHBIX BEJIM-

YUH, HAXOAUM 8=(0,4-0,51)/(0,51_2.0,4Sin245°)= 1,85 M»aB.
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KoHTpoJibHBIE BONIPOCHI K TeMe
«KBanToBasi npupoaa u3ay4eHus»

1. B yem cocrout siBiaeHue BHenTHero ¢poroadderra? Chopmynupyire
3aKkoHbI (poTrorddexra. Kakue nmporuBopeuns Oblin 0OHAPYKEHBI MTPH Kilac-
crueckoM onucanuu porosddexra?

2. 3anmmmte ¢popmyny DitHmrelHa 15 Gorosddexra. YTo Ha3bIBaeT-
cst paboTOl BBIXOAA W OT Yero OHA 3aBUCHT?

3. Ilpu xakoM ycnoBu# BO3HHKaeT (oTod(pdeKT, YTo Takoe KpacHas
rpanuna ¢orodddexra?

4. Yem ompenensiercss MaKCUMajbHasi KHHETHUECKAsi JHEPTHUS DIEKTPO-
HAa, TOKMHYBIIETo BemecTBo? YTo Takoe 3a1epKUBarouiast pasHOCTb MOTEH-
uanoB?

5. Kak m3MeHHTCS BONBT-aMIlepHasl XapakTepHCTHKa (DOTOIIEMEHTa,
€CIIH

a) HEe M3MEHSIS JUTMHBI BOJHBI TaJa0IIEro CBETa, YBEIUYUTh CBETOBOM
MOTOK,

0) HE U3MEHSIS BEIMYMHBI CBETOBOTO OTOKA, YMEHBIINTD JUTMHY BOJHBI?

6. Hapucyiite rpaduk 3aBUCHMOCTH BEJTMYMHBI 3alMparoniero (3amaep-
JKHBAIOIIET0) HAMIPSHKCHHSI OT YaCTOTHI MMAJaI0IIero Ha (POTODIIEMEHT CBETa.
Kak Oyzmer u3meHsaThca BuJ rpadka Mpyu U3MEHEHUH pabOThI BBHIXOJa Me-
TajIa Karona?

7. Ilokaxute, kak B 3dexre KomnToHa mposBiIsIIOTCS KOPIYCKYJIISP-
HBIE CBOICTBa cBeTa. KakoBbl ocoOeHHOCTH 3TOr0 3 dexra? Uto Ha3pIBacT-
¢l KOMIITOHOBCKOM JIMHOM BOJIHBI?

8. D¢ dexr Komnrona Habmronaercss mpu paccesHuM (POTOHOB Ha CBO-
0omHBIX AyIeKTpOHaX. Kakue 3JeKTpOHBI B BEIIECTBE MOKHO Ha3bIBAThH CBO-
00aHBIMU?

9. Ilouemy 3¢ dexr KomntoHa He HaOMOAAETCS IPH PACCETHUN BHUIH-
Moro cera?
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3. TABJIMLIA BAPUAHTOB KOHTPO.JILHOM
PABOTBI Ne 5

CTyIeHT-3a04HUK TOJDKEH PEeLIUTh BOCEMb 3aad U3 pas3i. 4 3Toro mo-
cobusa. Homep BapuanTa coBmazaer ¢ nocieaned nudpoii mmdpa cryaenra.

KonTtponbHyto paboTy BBHINOTHSIOT YEPHUIAMH B OOBIYHOW MIKOJBHON
TeTpany, Ha 00JI0KKE KOTOPOI MPUBOIATCS CBEICHUS IO CIEAYIOMEMY 00-
pazny:

Kontponbhas padora Ne 5 o ¢pusuke
cryzaenTa 2 kypca 30TO HI'TY
[lerpoBa Huxonas MBanoBn4a
Mudp 12345678

Anpec: 656000, r. bapuayn, yn. Coerckas 10, kB. 15

s 3amMedanuii penoaaBaTens Ha CTpaHUIaX TETPagd OCTABIIIOT MO-
151 mmpuHoi 3 cM. Kaknyio cieqyronnyro 3a1ady HAUMHAIOT C HOBOM CTpa-
HULp!. [Ipy BEIMOTHEHNN KOHTPOIBHOM pabOThl YUUTHIBAIOT OCHOBHBIE TpE-
OoBaHMA, KPATKO M3JIOKEHHBIE B pasd. 1 mJaHHOrO y4yeOHO-METOAUYECKOro
nocobus. [locie pemenns Bcex 3aaad cieayer yka3aTb, KaKUM y4eOHBIM
1OCOOMEM BBI MOJIH30BAUCH NIPU M3YYCHUH Kypca Gu3nku (Ha3zBaHue y4eo-
HHKa, aBTOPA, TOJI U3AAHHS).

Bapuant Howmepa 3amau

501 511 521 531 541 551 561 571
502 512 522 532 542 552 562 572
503 513 523 533 543 553 563 573
504 514 524 534 544 554 564 574
505 515 525 535 545 555 565 575
506 516 526 536 546 556 566 576
507 517 527 537 547 557 567 577
508 518 528 538 548 558 568 578
509 519 529 539 549 559 569 579
510 520 530 540 550 560 570 580

[y

QlO|O|N[O|Oo|B~WIN
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4. 3ATIAYM KOHTPOJIbHOM PABOTBI Ne 5

Kparkoe conep:xxanne KOHTPOJIbHOI padoTsl Ne 5

WnTepdepenius cBera OT JBYX KOT€PEHTHBIX HCTOYHHKOB.

WnTepdepenius B TOHKUX IDIACTUHKAX M TUICHKaX 501-510
WnTepdepenius B KIMHOBUIHBIX MIACTHHKAX.

Konsna HerotoHa. 511-520
3onsl @penens. Judpakuns Ha 0OJHOH menH 521-530
Hudpaknuonnas pemerka 531-540
[Monspuzanus 541-550
TemnoBoe u3nyyeHue 551-560
Buemmuii porosddext 561-570
Addexr Komnrona 571-580

B 3a0auax 501-510 paccmampusaromces unmepgepenyus om 08yx uc-
MOYHUKO8 U UHmMepdepeHyust 8 NI0CKONAPAaLIeNbHblX naacmunkax. /s pe-
weHus 3a0a4 ciedyem coenams PUCyHOK, Ha KOMOPOM YKA3amb UCHIOYHUKU
ceema, x00 uHmep@epupyrowux ydeil, moyky Habaodenus. Badxcuwo no-
HAMb, KaKue JyYu uHmep@epupyiom, om KaKux Nno8epxHocmel u epaHuy
pazoena OHU OMPANCAIOMCs U He B03HUKAem U OONOIHUMENbHO20 CO8Uea
@a3zvl npu ompadicenuu. B umoee 0na onmuyeckoil pasHocmu xooa nydeu
3anucwvléaemcs yciosue Makcumyma (MuHumMyma).

501. Haiitu yrioBoe paccTOsSIHUE MEXKILy COCETHHUMH MOJIOCAaMH B OIIbI-
Te FOHTa, ecnu M3BECTHO, YTO SKPaH OTCTOUT OT KOI'€PEHTHBIX MCTOYHHKOB
ceera Ha 1,00 M, a mATas cBeryas Moioca Ha JKpaHE PacHoNoKeHa Ha
1,500 MM ot nenTpa nHTepHEepEeHIIMOHHON KAPTHHBL.

502. B Touky 4 skpana ot ucrounuka S (A = 0,500 MkM) npuxoaut aBa
Jy4a: MEepBbIH — NEPHEHAMKYISPHO 3KpaHy, BTOPOH — OTPa)KEHHBIH OT
TUIOCKOTO 3epKaiyia (MPeICTaBiIsIomero co00il OIXHOPOIHBIA IMAIICKTPHK,
IpU OTPAKEHHU OT KOTOPOTO MPOMCXOAUT TOTEPsl MOJIYBOJHBI), PacIoio-
JKEHHOT'0 TapalIelbHO HepBoMy Nyuy. Jlyun oOpasyror paBHOOeIpeHHBIN
TpeyronsHUK ¢ BbicoToi h = 2,00 mm. Haumensbiee paccrosuue L ot uc-
TOYHMKa 710 3KkpaHa paBHo 1,00 m. Onpenenuts, 4t0 OyAer HAOMIOAATHCS B
TouKe A 3KpaHa — yCUJIeHUE WK ocialieHe OCBEIIEHHOCTH.

503. ITyuok mapamrenbHbix dyueid (A = 0,600 MkM) majgaer moa yriom
I = 30° Ha mpuTbHYO TUIeHKY (N = 1,30). [Ipu kakoii HaMMEHbILEH TONIIMHE

44



TUIEHKH OTpa’keHHbIE JTydr OyAyT MakCHMAIbHO OClabiieHbl MHTepdepeH-
nuei? MakcuMaibHO YCHIICHBI?

504. Haiiti yrioBoe paccTOSIHHE BTOPOrO MHHHMyMa Ha JKpaHE B
onbite FOHra, ecnu sKkpaH ygalieH oT KOrepeHTHBIX UcTouHNKOB Ha 1,00 M,
a MATBIA MakCHMyM pacrhoiokeH Ha paccrosiHuu 2,00 MM OT meHTpa HH-
Tep(hepeHIIMOHHON KapTHHBI.

505. Ha nytu omHOoro u3 MHTepEpUpPYIOMMX JIydeid B ombiTe FOHra
MOMeIaercsl CTEKIAHHAS TulacTuHKa TonmuHoi 12,0 mxm. Onpenenuts, Ha
CKOJIBKO TI0JIOC CMECTUTCS HHTEp(EpEHIIMOHHAS KapTHHA, €CIH TIOKa3aTeb
npenomienus crekia N = 1,50, nnmura BomHbl cBera A = 0,750 MM U cBer
najaeT Ha MIACTUHKY HOPMAJIBHO.

506. KakoBa HanMeHbIIas BOZMOXKHAsI TONIIMHA TJIOCKONAPaIIEIbHON
TUTACTUHKH C TOKa3aTeneM mpenomienus N = 1,50, ecnu mpu ocsenieHnn
OerbiM cBeToM mof yriioMm iy = 45,0° u i, = 60,0° ona kaxkercs kpacHo# (A =
= 0,740 mxm)?

507. HaiiTi paccTrossHUE MEXIY TPETbUM M TISITHIM MUHUMyMaMH Ha
skpaHe B onbiTe FOHTa, ecnu aBa KorepeHTHBIX uctouHnka (A = 0,600 Mxm)
orcrodat ot 3kpaHa Ha 2,00 M, paccrosaue Mmexy ucrounnkamu 0,200 Mm.

508. B touky A skpana ot ucrounuka S (A = 0,500 MxMm) npuxomsT aBa
Jy4a: MEepBbIH — NEPHEHAMKYISPHO JKpaHy, BTOPOH — OTPaKEHHBIH OT
TUIOCKOTO 3epKaiyia (MpeICTaBiIsIomero co00il OIXHOPOIHBIA IMAIICKTPHK,
IpU OTPAKEHHU OT KOTOPOTO MPOMCXOAUT TOTEPs MOJIYBOJIHBI), PacIoio-
JKEHHOT'0 TapalIelbHO HepBoMy Nyuy. Jlyun oOpasyror paBHOOeIpeHHBIH
TpeyronbHUK ¢ BbicoToi h = 2,00 mm. Haumensbmee paccrosaue L ot uc-
To4HHKa 70 dKkpaHa paBHo 1,00 M. Onpenenuts, 4T0 OyaeT HAOIIOAATHCS B
To4Ke A SKpaHa — yCUJIEHUE WU OClIa0lieHne OCBEIIEHHOCTH, €CIIU Ha ITyTH
MIEPBOTO JIy4a MEPIEeHANKYIIPHO K HEMY IIOMECTUTH ILIOCKOMapaIETbHYIO
iacTuHKy u3 crexia (N = 1,55) romumnoii d = 6,00 MxM.

509. Ha tonkyto MbUIbHYIO ieHKY (N = 1,30) Tommuuoit 1,25 Mk
HOpPMaJIbHO MaJaeT MOHOXPOMAaTU4YecKUi cBeT. B oTpakeHHOM cBeTe IIeH-
Ka Ka)XeTcs MaKCHUMaJIbHO cBeTJoM. Kakolf MMHHMManbHOM TONIIMHBEI Hal0
B3Th TOHKYIO TUICHKY ckumuiapa (N, = 1,48), 4roObl OHa B 9THX Ke€ yCII0-
BUSX Ka3ajach TEMHOMN?

510. B ompbiTe FOHra Ha myTH OHOTrO W3 MHTEPHEPUPYIOUIUX JTydeh
MOMEIAINCH TOHKYIO CTEKISIHHYIO TUIACTHHKY, BCJICACTBUE YETO LIEHTPANIb-
Hasi CBeTJiasi MoJjoca CMellajach B IOJOKEHUE, MEPBOHAYAIBHO 3aHATOC
ISTOW CBETIION MOJOCKOM (He cuuTas eHTpaibHO). Jlyd mamaer Ha ruia-
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CTUHKY nepreHauKyispHo. [lokazarenp mpemomueHus rmiactuaku 1,50.
JlmnHa BOJIHEL 6,00-10~" m. KakoBa ToMIIMHA MIACTUHKU?

B 3a0auax 511-520 paccmampusaemcs unmepgepenyus ceema 6 nia-
CMUHKAX NepPeMEeHHOU MONWUHbI, NAACMUHAX U NPUCMABIEHHBIX K HUM
JIUH3GX, NOJYYEHHbIX PAsHbIMU cnocobamu. /s pewenus 3aday ciedyem
coenamov pUCYHOK, Ha KOMOPOM YKA3amb UCMOYHUKU c8emd, X00 unmepge-
pupyrowux ayueti, mouxy HaOaooenus. Badcho nowsmv, Kakue ayuu uH-
mepgepupyiom, om Kakux no8epXHOCmel U SpaHuy paszoeid OHU Ompaxicd-
IOMCsL U He BO3HUKAem JU OONOJHUMENbHO20 cO8uea (asvl npu ompa-
JceHuu. B umoce 0nsa onmuyeckoll pasHOCMu Xo0d jiyuell 3anucbléaemcs
yenosue makcumymos (munumymos). Obpamume GHUMAHUE: PAZHOCHb X00A
ayyel Oisl COCEOHUX NONOC OMIUYAEmCs HA OOHYy OIuHy 601Hbl. llepevim
koavyom Hovromona cuumames memmnoe (ceéemnoe) nsamuo 6 mecme conpu-
KOCHOBEHUsL IUH3bL U NAACMUHKUL.

511. Ha tonkwmii crexissHHbIA KiuH (N = 1,52) ¢ yriom 1° HopmanbHO
MajaerT My4yoK MOHOXPOMAaTHYECKOro cBera ¢ juHoW BomHBI 0,591 mxwm.
Ckonbko TeMHbIX mosioc nmpuxonutcs Ha 1,00 cMm kimHa?

512. Mexay CTEKISSHHOHM IUIACTHMHOM M JIeXKAIlleH Ha HEel IUIOCKOBHI-
MYyKJIOM JMH30M HaXOOUTCA KUAKOCTh. HaliTh mokaszaTens mperoMIIeHUs
JKUJIKOCTH, €CITU PaiiyC TPEThEro TEMHOro Koybiia HeroToHa mpu HaOIO-
JICHUM B OTpPaXXEHHOM cBere ¢ juuHOW BomHBI A = 0,600 mMxMm paBen
0,820 mm. Paguyc xpusuznas! tua3b1 R = 0,500 M.

513. Ha CTeKIsIHHYIO TUIACTUHY BBITYKJIOH CTOPOHOHN TMOJ0XKEHA TII0C-
KOBBIITyKJ1as JinH3a. CBEpXY JMH3a OCBEIICHa MOHOXPOMATHYECKUM CBETOM
¢ nuHoi BonHb! A = 500 HM. Haiiti paanyc R auH3bI, ecnu paanyc 4eTBep-
Toro konbiia HeroToHa B oTpaxkeHHOM cBeTe I = 2,00 Mm.

514. Mexay AByMs IIOCKONAPaJICIbHBIMU CTEKJISSHHBIMU TUTACTHH-
KaMH TIOJIOXKHIIM OYCHb TOHKYIO MPOBONOYKY. [IpoBoJIOUKa HaxomuTcs Ha
paccrosauu L = 75,0 MM OT JINHUM CONMPUKOCHOBEHUS TUIACTUHOK U i Ta-
pamenbHa. B orpaxennom cBete (A = 0,500 MkM) Ha BepxHEH IIaCTHHKE
BHJTHBI MHTEPPEPEHIIMOHHBIC MTOIOCHL. OTPEACIUTh TOJIIIMHY ITPOBOJIOYKH,
eciu Ha npotspkeHnu d = 30,0 MM HacuuThIBaeTcst M = 16 CBETIIBIX MMOJIOC.

515. MbuibHAS TUIEHKA, PACTIONOKEHHAs BEPTUKAIBHO, 00pa3yeT KIIHH.
WuTepdepennus HaOmomaeTcs B OTPAXKEHHOM CBETE Uepe3 KPacHOE CTEKIIO
(Ak = 6,31-107 cm). PaccTosHHE MEXKIY COCEIHHMH KPACHBIMH MOIOCAME
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npu 3ToM paBHO 3,00 MM. 3aTeM 3Ta e MiIeHKa HaOMogaeTcs Yepe3 CHHee
crexio (Ac = 4,00-10_5 cM). Haiiti paccrosiHue MEXKAY COCSTHUMU CHHUMU
MOJIOCaMH.

516. IlnockoBbimykias auH3a ¢ (oKycHbIM paccrosHueM f = 1,00 m
JISKUT BBIYKJION CTOPOHOM Ha CTEKISHHOM IUIacTMHKe. Pamuyc msToro
TeMHOro Kojibla HeloToHa B oTpaxenHoM cBete I = 1,10 mm. Onpenenuts
JUINHY CBETOBOH BOJIHBI A.

517. Jluametphl OByX cBeTabIX Kousell Hetotona dn = 4,00 mmM, d, =
= 4,80 mM. [TopsiakoBeIe HOMEpa KoJel He ONPEAessUIiCh, HO U3BECTHO, UTO
MEXKAY ABYMsI M3MEPEHHBIMU KOJIbIIAMU PACIIONOKEHO TPU CBETIBIX KOJIb-
11a, KOJbIla HaOIronamich B oTpaxkeHHOM cBeTe (A = 500 um). Haittu pamu-
yC KPUBHU3HBI INTOCKOBBIMYKIIOH JTMH3BI, B3STOM JUISI OIBITA.

518. Ilnockas mIacTUHA W JIMH3a MPUMEHSIOTCS JUIS HaOMIOJCHUS KO-
nen Hprorona. OnpenenuTh TOMLMHY BO3IYLIHOTO NPOMEKYTKA MEKIY
JIMH30M W TJIACTHHKOM B TOM MecTe, TJe HaOII0JaeTcs MATOoe TEMHOE KOJb-
no. Kaptuna HaOmogaercs B OTpakeHHOM cBeTe. JiMHa CBETOBOM BOJHBI
0.656 MKM.

519. Bo ckonbko pa3 u3MeHuTcs paamyc kojen HeioroHa, ecnu mpo-
CTPaHCTBO MEXIy IUIOCKOBBIMYKIION JIMH30M M TUIOCKONApaIeIbHON I1ja-
CTHHKOH 3aI0THUTH CEPOYTIIEPOIOM C MoKa3aTerneM mpenomienus 1,607

520. JIunza u3 xponriaca (N; = 1,51) nexuT Ha MJIOCKONApAILICIBHON
riactuike u3 ¢uunrnaca (N, = 1,80), mpocTpaHCTBO MEXAY HHMH 3arioj-
HeHo Oenzonom (N = 1,60). IIpu HaGmogeHuu B oTpaskeHHOM cBere (A =
= 0,590 MKkM) pasryc IIECTOro CBETJIONO KOJbIa OKa3aics paBHbIM 5,00 MM.
OmnpenenuTh paanyc KPUBU3HBI JIMH3HL.

B 3a0auax 521-530 paccmampusaemces ougppakyus ceéema Ha Kpyeiom
omeepcmuu 6 nocmanoske Openens u ouppakyus ceema Ha weiu 6 no-
cmanoexke @payneoghepa. s pewenus 3a0ay Ha ou@paxkyuio céema 6 no-
cmanogke Openeist HeOOXOOUMO HEeMKO NPeOCmAsIAmyb, KaK ciedyem pas-
oenums NOCIAEOHIO HEBOZMYWYEHHYIO BOJIHOBYI0 NOBEPXHOCHb HA 30HbL
Dpenenst u KaK CyMMUpyrloOmest 6Kaaobl Om 3mux 30H 8 MoyKe HaOIOeHUs.
IIpu pewenuu 3a0au na ougparkyuro ceema Ha wenu 6 nocmanoske Ppaym-
eoghepa HeobOX0OUMO NPeOCMAsIsmMb KAPMUHY, HAOTO0AeMyI0 HA IKPAHE
npu oupakyuu Ha weau, a makxice NOHUMAMb, KaK Yeliosvle Xapakmepu-
CMUKU MAKCUMYMOB CE3AHbL C UX NOJONCEHUEM HA IKPAHE.
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521. Ha xpyrnoe otBepctue paguycom 1,00 MM B Henmpo3pauHOM dKpa-
HE HOPMAJIBHO MAaJaeT MapajuIeNbHBIA IyYOK CBETa C JUIMHOW BOJHBI
0,500 mxm. Ha mytu mydeii, nmpomeammx 4epe3 oTBepCTrE, NOMEIIAIOT JK-
pas. OnpenenuTs MaKCUMAaIbHOE PACCTOSHUE OT OTBEPCTHUS A0 dKpaHa, MpH
KOTOpOM B LEHTpe IU(PaKIUOHHONH KapTHHBI emie OyaeT HaOmomaTbes
TEMHOE MSATHO.

522. Ha menp mmpunoit 0,100 MM HOpManbHO magaeT mapaulenbHbIN
MYYOK CBETa OT MOHOXpomaTuyeckoro ucrounuka (A = 0,600 mxm). Ompe-
JIENUTh MUPHUHY LEHTPAIBHOIO MakKCUMyMa B IU(PaKIUOHHOH KapTUHE,
MPOEKTUPYEMOI MPH MOMOIIM JIMH3BI, HAaXOMIIEHcs HEeMmOCPEACTBEHHO 3a
IIENBIO, HAa 9KpaH, OTCTOSINUHN OT JInH3bI Ha pacctosanu L = 1,00 m.

523. Monoxpomatudeckuii cBet (A = 0,500 MKkM) HOpMaNTBHO Ma/IaeT HA
kpyrioe orBepcrre nuamerpom d = 1,00 cm. Ha xakom paccTosHHM OT OT-
BEPCTHsI JOIDKHA HAXOAUTHCA TOYKA HAOJIOAEHH, YTOOBI B OTBEPCTHH MO-
Memanack ogHa 3oHa Openens? nse 30Hb1 Openens?

524. Ha mwenp mmpunoii d = 0,100 MM HOpMaJTbHO TaJjaeT MOHOXpOMa-
tuueckuit ceer (A = 0,500 wmxm). Uro BumuT Trna3 HabmomaTens,
PaclooKEHHOr0 32 IIEeNbI0, €CIH OH CMOTPUT B HaNpaBiICHHUH,
00pasyroIeM ¢ HOpMalbio K MIOCKOCTH Iienu yroi: j; = 17,0°; j, = 43,0°?

525. Ha xpyrnoe orBepctue quamerpom d = 4,00 MM HOpManbHO Hajia-
eT napaienbHbli my4ok gydeit (A = 0,500 mxm). Touka HaOIrOCHHS HaXO-
IUTcs Ha ocH oTBepcetus Ha paccrostHid R = 1,00 M ot Hero. CKoibKO 30H
OpeHenst yKJIaAbIBAeTCS B OTBEPCTHH. Te€MHOE WM CBETJIOE ISTHO MOJY-
YUTCS B EHTPE TUPPAKIMOHHON KapTHHBI, €CIIM B MeCTe HAOIIOACHHS 1O-
MECTHUTH dKpaH?

526. Kaxo#i momxHa OBITh IIMPHHA IS 8, YTOOBI MEPBhIA TU(PaAKIH-
OHHBIM MUHUMYM Habmogancs nox yriom 90,0° mpu ocBenieHnu: KpacHbIM
cseroM (A = 0,760 mkm), curum cBerom (A = 0,440 Mxwm).

527. Ha xpyrnoe otBepctue paguycom 2,00 MM nmagaeT miockasi MOHO-
XpoMmaThueckas BoiiHa. HaliTu IyiMHY BOJHBI CBETA, OCBEIIAIOIIEro OTBEp-
CTHE, €CIM B HEM YKJIaJbIBacTCs MATh 30H PpeHens U U3 TOYKH Hadoze-
HUSI OHO BUIHO o1 yriiom 5,00°.

528. Ha mens mupunoit 0,100 MM nagaer HOpMaJIbHO MapauIenbHbIA
ny4ok Oernoro ceera (0,400-0,800 mkwm). Haiitn mmpuHy TpeThero Makcu-
MyMa Ha dKpaHe, oTcTosieM ot ey Ha 2,00 m.

529. Pammyc uerBeproii 30HBI DpeHens A TMIIOCKOIO BOJIHOBOTO
¢dponTa r; = 3,00 Mm. Oripenienuts paguyc ABaANATH MSATOW 30HBL.
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530. Ha y3kyto mens magaeT HOpMaJIbHO MYYOK MMapajuIeNbHBIX JTyden
(A = 0,490 Mkm). IndpakimoHHas KapTUHA, JaBaeMas Iebio, HaOIraeT-
Csl Ha DKpaHe ¢ MOMOILBIO JIMH3H ¢ GokycHbIM paccrosiaueM 40,0 cm. Om-
penenuTh IMUPUHY LIETH, €CIH PAcCTOSHUE MEXAY CepeAnHaMH II0JIOC
CIIEKTPOB TIEPBOTO M BTOPOT'0 MOPSAKOB Ha dKkpane paBHO 7,00 Mm.

B 3a0auax 531-540 paccmampusaemcs ouppaxyus ceéema 6 nocma-
Hoske Dpayneoghepa na ougpaxyuonuou pewemxe. /[ peutenus 3a0ay
HeobxXo0umMo npedcmasisims KapmuHy, HAOM00AeMyr HA 9Kpane npu Ou-
@paxyuu Ha OUGPaAKYUOHHOU peutemKe, NOHUMAMb, KAK Yelo8ble XapaKme-
PUCMUKU MAKCUMYMOB CEA3AHbL C UX NOJIONHCEHUEM HA IKPAHe.

531. Ha mudpakunoHHYIO pelIeTKy HOpMaJIbHO MafaeT My4oK cBera. B
noJjie 3peHust mox yrioM ¢ BuaHa JuHus A = 0,440 MKM B crieKTpe TPEThEro
nopsiaka. byayT nu BHAHBI O STHM K€ yIJIOM KaKue-TuOo Ipyrue crek-
TpaJibHbIE JIMHUH, COOTBETCTBYIOIIKE JUTMHAM BOJH, JISKAIIUM B Ipeenax
Buaumoro crekrpa (ot 0,400 mxm 1o 0,700 mxm)?

532. Ha mudpakaioHHYIO peleTKy HOpMalbHO NaJaeT My4yoK CBETa OT
paspsaHoil TpyOKH, HamoJdHEHHOH renmveM. Ha Kakyio JTUHHIO B CIIEKTpE
TPEThEro Mmopsiaka HakiaaasiBaeTcs KpacHas nuHus remus (A = 0,670 mxm)
CIIEKTpa BTOPOr'o mopsiaxa?

533. Ha mudpakunoHHYIO pemeTky HOpMalbHO MajaeT My4dOK CBeTa.
Vron mudpaxuun s HatpueBor mHuK (A = 0,589 MkM) B ciekTpe mepBo-
ro nopsagka paseH 17°8'. Hekoropas nTuHHS aeT B CEKTpe BTOPOro MOpsia-
Ka yron audpaknuu, paBHeld 24°12'. HaiiTu AMMHY BOJHBI 3TOW JIMHUM U
yrcio mTpuxoB Ha 1,00 MM pemeTky.

534. Ha mudpakinioHHYO pelieTky HOPMalbHO MafaeT My4OK MOHO-
XpOMaTHYECKOr0 cBeTa. MaKCUMyM TPEThETO MOpsiAKa HAOIIoAaeTcsi MOA
yrinom 36°48' x Hopmanu. HaliTu MOCTOSIHHYIO pELIeTKH, BBIPOKEHHYIO B
JUIMHAX BOJIH Majaromiero ceera. CKONbKO MaKCUMYMOB JIa€T MPH 3TOM -
¢ pakunoHHas penierka’?

535. Ha mudpakumoHHYIO pemeTky HOpMajdbHO IMajaeT My4dOK CBeTa.
Kpacnas muaus (A = 0,630 MKkM) BUIHA B CHEKTPE TPETHErO MOPSAKA MOX
yriom ¢ = 60°. Kakast ciexTpanbHas TUHUS BUJHA TIOJ] 3TUM YTJIOM B CIIEK-
Tpe uerBepToro nopsaka? Kakoe uucio mrpuxos Ha 1,00 MM JuiMHBEL IMeeT
JU(paKkIIOHHAs pereTKa?
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536. Ha nu¢pakumoHHyIO pelmeTKy HOPpMajibHO K €€ MOBEPXHOCTH Ma-
JaeT MmapajuleNIbHBINA My4yoK Jtydeil ¢ mmmHoi BoiHbl A = 0,500 mxm. ITome-
HIeHHas BOMM3H PEIeTKH JHH3a MPOSKTUPYET AU(PPaKIHOHHYIO KapTHHY Ha
TUTOCKMHA DKpaH, yaajdeHHbId oT nuH3bl Ha L = 1,00 M. Paccrosinne mexnay
IBYMS MakCHMyMaMH IIEpBOTO TOpsAKa, HaONIOJaeMbIMH Ha DSKpaHe,
¢ =20,2 cM. Ompenenuth MOCTOSHHYIO HU(DPAKIMOHHOM PEIICTKH, YUCIIO
mrpuxoB Ha 1,00 cM, MakcUMaNbHBIA Yroi OTKIOHEHHUs JIyueH, COOTBETCT-
BYIOLIMX TMOCIeTHEMY AU(PPaKIHOHHOMY MakCUMyMy. CKOJIBKO MaKCHUMY-
MOB JJa€T MpH 3ToM AU(PaKINOHHAS pereTka?

537. CBer 0T pPTYTHOH JaMIbl HOPMaJbHO MajaeT Ha IUIOCKYIO IH-
($pakunoHHYIO pemerky, mupuHa kotopoit 5,00 cm. OOmee uncio mwTpu-
xoB pemerku 10 000. Onpenenute yronm mexnay ¢uoneropeivu (A =
= 0,405 mkm) u xkenreiMu (A = 0,577 MKM) JyuyamMH B CIIEKTpE TIEPBOTO I0-
psiaKa.

538. Omnpenenuth HauOONBIMIMK TOPSIOOK AUPPAKIHOHHOTO CIEKTpa
JUTSL CLIEKTpaNbHON TuHUK ¢ AnuHOM BoiHB! 0,405 MKM npu HAOIIOCHUN C
romoIpko pemrerkd, umeromeit 500 mrpuxos Ha 1,00 mwm.

539. Ha xakoM paccTossHHM JpyT OT Apyra OyAyT HaxOAUTHCS Ha dKpa-
HE JIBE IMHUU crieKTpa pTyTH ¢ anuHamu BonH 0,577 n 0,588 MM B criek-
TpE MEPBOro MOPSAIKa, TOTYYEHHOM C TIOMOIIBIO TU(PPAKIUOHHON PelIeTKH
¢ nocrossaor d = 4,00 Mkm ? DoKyCHOE paccTOSHHE JIMH3BI, MPOCKTH-
pytoreii criekTp Ha 3kpaH, paBHo 60,0 cm.

540. Ha mudpaxumonnyto pemerky, cogepxkanryro N = 600 mrpuxos
HAa MHJUTUMETP, HOpPMalbHO mHazaer Oenblii cBeT. CHeKTp Mpoeunupyercs
MOMEIIEHHOW BONM3M pEleTKH JIMH30M Ha dKkpaH. OINpemenuTs AIHHY
CIEeKTpa TEpPBOrO IMOpsAKa Ha JKpaHe, eClM PacCTOSHUE OT JIMH3BI 10
skpana L = 1,20 m. I'panuner Bugumoro cnekrpa: 780 um > A > 400 awm.

B 3a0auax 541-550 paccmampusaiomes 603HUKHOBEHUE NOAAPUZOBAH-
HBIX BOIH U UX NPOXOIHCOCHUS Yepe3 NOAAPUIAMOPbL U AHU3OMPONHbIE Nia-
cmunxu. Heobxooumo 3namv, npu Kakux yciogusx 603HUKAEM NOAAPU30-
BAHHAA BOAHA, NPEOCMAGIAMb, YMO NPOUCXOOUM NPU  NPOXOAHCOEHUU
NOSPUOBAHHBIX GONIH Yepe3 NONAPU3AmMOopuvl, WIACMUHKU Kéapya U Uc-
JIGHOCKO20 WNAama.

541. Yroa MakCUMaJIbHOM MONSPU3ALNH TIPH OTPAXKCHUH CBETA OT KPH-
cTayia KaMeHHOU conu paBeH 57,0°. OnpenenuTs CKOPOCTh pacpocTpaHe-
HUS CBETA B 3TOM KpHCTaIC.
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542. [TapannenbHbIA My40K €CTECTBEHHOTO CBETA MEPEXOIUT U3 TIIHIIE-
pHHA B CTEKJIO TaK, YTO OTPAKEHHBIH OT TPaHHUIBI paszena My4oK MaKCH-
MaJIbHO MoJisipu30BaH. OnpenenuTs yroil MeXIy MaJaroliM 1 IpeToMIIeH-
HBIM ITy4KaMHU.

543. TlpenenbHBIA YoMl MOTHOTO BHYTPEHHErO OTPaKEHHS AJIST HEKO-
Toporo BemiecTa paseH 45,0°. Uemy paBeH yron MolHON NONSPU3ALAN IS
3TOTO BelIecTBa?

544. Tlon KakMM YIJIOM K TOPH30HTY HOJDKHO HaxoauThesi CorHIle,
9TOOBI €ro Jy4YH, OTpa)KeHHBIE OT MOBEPXHOCTH 03epa, ObLIN MAaKCUMAaJIbHO
nosApu30BaHbI? (Ngomy = 1,33.)

545. Yemy paBeH moKazaTeNb NPEIOMIICHHS CTEKIIa, €CJIN OTPaKeHHBIN
OT HEro B BO3AYX Jy4 OyJIeT MOJHOCTHIO MOJSIPU30BAaH MIPH YIJIe MpenomIe-
aus 30,0°?

546. [1y4oK MIOCKOIOISPU30BAHHOTO CBETA, AJIMHA BOJHBI KOTOPOTO B
BakyyMme 589 HM, majaeTr Ha IUIACTUHKY MCIIAHJCKOTO IIMAaTa MEepreHUKY-
JSIPHO €ro onTu4eckod ocu. HaliTw mIMHBI BOMTH OOBIKHOBEHHOTO M He-
OOBIKHOBEHHOI'O JIydeil B KpHCTaJJe, €CIM MOKa3aTelrd MpPeTOMIICHHUS HC-
JIAH7ICKOT'O IITIaTa COOTBETCTBEHHO paBHBI Ny = 1,66 1 ne = 1,49.

547. Yron Mexay IUIOCKOCTSIMH MPOIYCKaHHs MOJSPU3ATOPOB PaBeH
50°. EctecTBeHHBIH CBET, MPOXOAA Yepe3 TaKyl0 CHUCTEMY, OClIadisercs B
8 pas. [Ipenedperas morepsiMu P OTPAKEHUH, ONPENeNnuTh K03 puument
HOTJIONIeHUS K CBeTa B MOJIsipu3aTopax.

548. [ly4ok cBeTa mociaenoBaTeNbHO MPOXOAUT Yepe3 ABa MONIpPU3aTo-
pa, MWIOCKOCTH MPOITyCKaHUS KOTOPBIX 00pa3yroT Mexay codoit yron 40,0°.
[Tpunumast KO3(QPULIKUEHT MOTIOMICHUS KaXAOTO TMOJISIPU3aTopa PaBHBIM
0,150, HaiiTH, BO CKOIBKO pa3 My4YOK CBETA, BBIXOISIINI U3 BTOPOTO IOJIS-
pu3zaTopa, ocnabieH Mo CPpaBHEHHUIO C MyYKOM, MaJarolliiM Ha TEPBBIA I10-
JSIPU3ATOP.

549. Mexay CKpeleHHBIMH TMOJSPU3aTOPaMi MOMECTHIIN TUIACTUHKY
kBapua toaumuod d = 3,00 MM, B pe3yabTaTe 4ero moje 3peHus Moispu-
MeTpa CTajl0 MaKCHUMAJIbHO CBETIBIM. OTpenenTh MOCTOSHHYIO BpalICHHs
KBapIia.

550. Tlpu kakod HaUMEHbICH ToOMIMHE Omin KBapIEBO IMIACTHHEI,
MOMEIIEHHON MEXIy CKPELICHHBIMH IOJIIPU3aTOPaMH, IOJie 3peHus Oyaet
MakCUMalbHO mpocBeTiieHo? [locTossHHAs BpalleHWsT JUIS  KBapua
27.0 rpag/mm.
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B 3a0auax 551-560 snemenmapHvle 3aKOHbI MENIOB020 U3LYHEHUS
NPUMEHsIIOmcst OJisl 8bIYUCIEHUSl PA3IUYHBIX XAPAKMEPUCTUK MENI08020
uznyyenusi Hacpemolx mei. Heobxooumo uemxo nonumamsv ¢huzuyeckuil
CMBICT (PU3UYECKUX 8EIUYUH U 3AKOHO8, XAPAKMEPUSVIOWUX MENTI080e U3TY-
yenue.

551. DnekTpuueckas nedb noTpedisier MomHocTs P = 500 Bt. Temme-
parypa ee BHYTPEHHEH MOBEPXHOCTU IPH OTKPHITOM HEOOIBLIOM OTBEp-
ctun guamerpoM D = 5,00 cm paBna 700 °C. Kakas gacTb moTpebisieMoit
MOIIHOCTH PACCEUBACTCSI CTEHKAMHU ?

552. OmpenenuTh SHEPTETHYECKYI0 CBETUMOCTh AR, abCcomoTHO uep-
HOTO TeJla, MPUXOAALIYIOCS Ha Y3Kui mHTepBai aiauH BoiH AA = 10,0 A,
COOTBETCTBYIOIINH MaKCUMYMY CIEKTPAIbHON TIOTHOCTH YHEPTreTUYECKOM
ceerumoctH nipu temmnepatype 7= 3000 K.

553. Tlpunss ConHue 3a abcomoTHoe Teno ¢ Temmnepartypoi 6000 K,
OIpEIETHTh MOIIHOCTb, H3mydaeMyto ¢ 1,00 M° ero MoBEpPXHOCTH, IIHHY
BOJTHBI, COOTBETCTBYIOIIYI0 MaKCUMyMY HCITyCKaTelIbHOW CIIOCOOHOCTH, U
MaKCHUMaJIbHYIO UCIYCKaTENbHYIO CIOCOOHOCTD.

554. Kak 1 BO CKOJIBKO pa3 M3MEHHUTCS MOTOK M3JIy4eHHs aOCONIOTHO
YEpHOTO TeJIa, €CIM MaKCUMYM DHEPTrUU M3JIydeHHUs MePEeMEcTUTCS ¢ Kpac-
HOW rpaHuinbl BuauMoro cnekrpa (A; = 780 um) Ha ¢uonerosyro (A, =
= 390 um)?

555. BcenenctBue U3MEHEHHs TEMIIEPATyphl a0COMIOTHO YEPHOTo Tema
MaKCUMYM HCITyCKaTenbHOU crmocoOHoctn cMmectuics ¢ 2,40 MkM Ha
0,800 mxm. Kak 1 BO CKOJIBKO pa3 M3MEHIINCH YHEPTETHYECKAs CBETUMOCTh
1 MaKCHMYyM HCITyCKaTebHON CIIOCOOHOCTH?

556. TemmepaTypa abCOIIOTHO YEPHOT'O TENla YBEIUYMIach B 2 pas3a, B
pe3ynbTaTe 4ero AJMHA BOJIHBL, Ha KOTOPYIO MPHUXOAUTCS MAaKCHUMYyM HC-
MyCKaTeNbHOM crmocobHocTH, ymMeHnblmmiack Ha 600 aMm. Ompemenuts Ha-
YaJbHYIO TEMIIEPATYPY Tela.

557. PackanmeHHas MeTayuTMyeckash MOBepxXHOCTh Imiomansio 10,0 cm
usnyuaer B 1 mun 4,00-10° [Ix. Temneparypa nosepxsoctu 2500 K. Haiiru
OTHOLICHNE YHEPTETUUECKIX CBETUMOCTEN ITOH MOBEPXHOCTH B a0COTIOTHO
YEepHOro Teja MpH JaHHOW TeMIeparype.

558. IIpu HarpeBaHUM aOCONIOTHO YEPHOI'O Tea AJMHA BOJHBI, Ha KO-
TOPYIO MPHUXOAUTCSI MAaKCUMYM M3y4aTelbHONW CIOCOOHOCTH, M3MEHMIIACh
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ot 690 mo 500 am. Kak 1 BO CKOJIBKO pa3 H3MEHHIIACH DHEPTETUIECKAs CBE-
TUMOCTB Tena’?

559. Kakyro Temnepatypy JOIKHO UMETh TEJIO0, YTOOBI OHO MPH TEMIIe-
parype okpyxaromet cpenst t = 17,0 °C uznydgano B 100 pa3 6omnbiie 3Hep-
T'HH, YEM TIOTJIOAI0?

560. AGCONIOTHO YepHOE TeI0 HaXOAuTcs NpH Temiiepatype T1 = 2900 K.
B pesynbprate ocTeiBaHMS TeNa JIMHA BONHBI, HA KOTOPYIO MPUXOAUTCS Mak-
CUMYM UCIYCKATEIIbHOW CIOCOOHOCTH, m3MeHmnach Ha AL = 9.00 mxwm.
Jlo xaxoli TeMIepaTypbl OXJIaJiI0Ch TEI0?

B 3a0auax 561-570 gpopmyna Diinwmerina ucnonv3yemcs 0is 6bluuc-
JIEHUSL PA3IUYHBIX XAPAKMEPUCIUK 8Heune2o pomodghgexma. Ilpu peue-
Huu 3a0ay Heobxooumo: 1) nomuume, Kax ces3amvl medxicoy coboil CKo-
POCMb  MOHOXPOMAMUYECKO20 C8emd, e20 YACMOoma U ONUHA BOJHbL;
2) noHUMAamb, YMO MAKoe 3a0epAHCUBAIOUAS. PAZHOCTb NOMEHYUANI08 U pa-
boma 6viIxo0a 015 INEKMPOHO8, KAK 3A0EPAHCUBAIOWAS PASHOCHb NOMEH-
YUANo8 CESA3aHA C KUHeMUYEeCKOl dHepeuell Gbliemaruux 1eKmpoHos, d
paboma 6vix00a dNeKMPOHO8 — ¢ KPACHOU eparuyeli homoappexma.

561. Haiftu paboTy BBIXOAA 3JEKTPOHA C MOBEPXHOCTH HEKOTOPOrO
Mmarepuala, eClM TpH OO0JXydeHHH ero sxentbiM cBetoM (A = 590 HM)
CKOPOCTb BHIOMTBIX 2IIEKTPOHOB paBHa 2,80-10° m/c.

562. Kpacnas rpanuna ¢orodddexra ais nesus A,~ 653 uM. Haiitn
CKOPOCTb (DOTO3TIEKTPOHOB, BBHIOUTHIX MPHU OO0NYyYEHUH 1e3usl (PHOIETOBBIM
cseroM (A = 400 HMm).

563. Ha unHKOBYIO MJIAaCTUHKY HalpaBlIeH MOHOXPOMAaTUYECKUH y4I0K
cBera. DOTOTOK MpeKpamaercs Npu 3aACPKUBAIOLIEH Pa3HOCTH MMOTEHIINA-
soB U = 1,50 B. Onpenenuth AMuHY Magarolicii BOIHBI, €ClIi padoTa BBIXO-
na pasaa 4,00 3B.

564. Ie3uii (pabora Bbixoaa 1,88 3B) ocBemiaercs crekTpaibHOM JH-
Huerr Bomopona A = 0,476 mMkM. Kakylo HauMMEHBILIYIO 3aJ€pP’KHUBAIOLIYIO
Pa3HOCTh MOTEHLUAIOB HYKHO IPUIIOKUTH JJIs IpeKpalieHust Gpororoka?

565. Ompenenuth nmoctosHHyto [lnanka h, ecam u3BectHO, 4TO PoTO-
SIIEKTPOHBI, BBIPBHIBAEMBIE C IMOBEPXHOCTH METalja CBETOM C YacTOTOH
v = 2,20-10® T'u, monzocTHIO 3a/IepP’)KUBAIOTCS OOpAaTHBIM HAIPSHKCHUEM
6,60 B, a BeIpbIBacMbIe CBETOM ¢ gactoToi 4,40-10% (1/C) — HanpsvkeHneMm
16,5 B.
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566. Kanuit (pabora Beixona paBna 2,20 3B) ocBemnaercs 3eeHbIM CBE-
toM A = 509 M. OnpenenuTs MaKCUMajdbHO BO3MOKHYIO KHHETHYECKYIO
SHEPIHI0 (POTOIICKTPOHOB.

567. PyOuamii m HaTpuil oONydarOTCd CBETOM C JJIMHOM BOJIHBI
0,620 mxwm. (PaboTa BBIXO/a 2JIEKTPOHOB U3 ITUX BEIIECTB COOTBETCTBEHHO
1,50 u 2,48 5B.) OmpenenuTh MaKCUMaJIbHBIE CKOPOCTH (POTOIIICKTPOHOB.

568. Ompenenuth MakCHUMajibHbIC AJMHBI CBETOBBIX BOJH, IPH KOTO-
PBIX BO3MOXKEH (oT0o3((eKT y MIaTHHBI U 11e3us1, paboTa BBIX0Ja dIEKTPO-
HOB JIJIsl KOTOPBIX paBHaA cooTBeTcTBeHHO 6,30 1 1,88 3B.

569. Ha moBepxHOCTh MeTayula MajaeT CBET C [UIMHOH BOJHBI A =
= 0,100 mxm. Kpacnas rpanuna ¢orospdekra A, = 0,300 mxm. Kakast mons
SHEPTUU Najaromero (JOToHa pacxoAyercss Ha COOOLICHHE AIIEKTPOHY KHHE-
TUYECKON PHEPTrUuu?

570. PyOuamii, ne3uii u HaTpuil 0OTY4aIOTCSl CBETOM C JJIMHOW BOJHBI
A = 0,620 Mxm. PaboThI BEIXO/Ia 3JEKTPOHOB Y 3TUX METAJUIOB paBHHI 1,53;
1,87 u 2,48 3B coorBercTBeHHO. OmpenenuTh MaKCUMaJIbHBIE CKOPOCTH
(hOTOIIEKTPOHOB B 3TOM OIIBITE.

B 3a0auax 571-580 paccmampusaemcs s3¢pgpexm Komnmona. B 3aoa-
Yax UCNONL3YIOMC KOPHYCKVISAPHO-BONIHOBbLE NPEOCMAsieHus 0 Gomone.
Cnedyem nomuums, 4umo OJis ONUCAHUSL CMOJKHOBEHUSL (DOMOHA C IeKMPO-
HOM He0OX00UMO UCNONb3068AMb 3AKOHbI COXPAHEHUS PETSMUSUCICKUX UM-
RYIbCA U SHePeUU CIATKUBAIOUUXCS HACTIUY.

571. ®oTOH, CTONKHYBIIKCH CO CBOOOTHBIM 3JICKTPOHOM, OBLIT paccesH
Ha yron 0 = /2. Onpenenuth ummyinsc P (B8 MaB/c), nproOpeTeHHbIi dJiek-
TPOHOM, ecliu 3Heprust poToHa A0 paccesHus paBHsIack € = 1,02 MaB.

572. Pentrenorckoe m3nyduenue (A = 1,00 HM) paccenBaeTcs 3IEKTPO-
HaMH, KOTOpbIE MOXKHO CUHTATh MPAKTHUYECKH CBOOOTHBIMH. OmNpenenuTh
MaKCHUMaJIbHYIO JUITMHY BOJIHBI A’ PEHTT€HOBCKOT'O U3IYUYCHHSI B PACCETHHOM
my4Ke.

573. Kakas nonst snepruu ¢orona npuxogurtcs npu 3¢gdexre Kommro-
Ha Ha JIEKTPOH OTAa4H, eciii (JOTOH paccesuics Ha yrou 0 = w/2? Dueprus
¢dorona no paccesuus € = 0,510 MaB.

574. OnpenenuTh MakCHUMajbHOEC U3MEHEHUE JJIMHBI BOJIHBI AL mpu
KOMIITOHOBCKOM DAacCesiHHM Ha CBOOOJHBIX 3JEKTPOHAX M CBOOOIHBIX
MPOTOHAX.
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575. ®otonH ¢ muHON BomHEI A = 15,0 HM paccesuics Ha CBOOOJHOM
anekTpoHe. [lnuHa BomHBI paccessHHOro ¢otoHa A' = 16,0 um. OnpenenuTs
yrou 6 paccesHusI.

576. ®oron ¢ sueprueit € = 0,510 MaB 06wt paccestH npu 3ddekre
Komnrona Ha cBoOogHOM 3nekTpone Ha yroi 6 = 180°. Onpenenuts KuHe-
TUYECKYIO SHEpTHIo T 3JIeKTpOHA OTAAYH.

577. B pesynbrate 3¢ddexra Komnrona ¢oron ¢ sueprueii € = 1,02
M>bB paccestH Ha cBoGomHOM diekTpore Ha yron 6 = 150°. Omnpemenuts
SHEPIHIO € PacCeSIHHOTO (OTOHA.

578. Onpenenuts yron 6, Ha KOTOPBI OBLT paccesH GOTOH C HEpruen
€ = 1,53 Mb1B, ecnu kuHeTHUecKas SHEPrHsl HJIEKTPOHA OTHauu 1 =
= 0,51 M»B.

579. Haiiti sHepruio Hayerarouiero (OToHa, ecial M3BECTHO, YTO IpHU
paccesnuu oz yriaom 0 = 60,0° Ha cBOGOIHOM DIIEKTPOHE MOCIIEAHUHI TIPH-
obpen kuHerndeckyto sHepruro 7' = 0,450 M»sB.

580. ®oton ucnbITan paccesHrue Ha cBOOOTHOM dJekTpone. Halitu um-
MyJabCc HalleTaBIIero ()OTOHA, €CIM SHEPIrHs paccesHHOro (oToHa paBHA
0,200 M»3B u yron paccesiaust 6 = 120°.
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