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TUNOBOW PACYET MO ONTUKE
N ATOMHOWN ®U3NKE

HomMmep 3aaa4u - nopsi/IKOBbIN HOMep CTYZeHTA M0 KypHaJly rPyIIIb.

3apava 1. UHTepdpepeHumna ceeTa

1.

JAuadparma ¢ AByMS OTBEPCTUSMM OCBellaeTCsd MOHOXPOMaTU4YeCKHM CBETOM C
JUTMHOM BOJIHBI A = 0,4 MKM. PaccTosiHue Mexly oTBepcTusaMu d = 1-:10-3 M, paccTto-
sIHHe OT OTBEpPCTUU 0 3KpaHa L = 3 M. HalTn nosioxkeHue TPEX MepBbIX CBETJIbIX
110J10C (OTHOCUTEJIBHO LIeHTPaJIbHOM M0JIOCHI) Ha 9KpaHe.

Bo CKOJIbKO pa3 yBEJIMUUTCS PACCTOSTHUE MEX/Y COCeTHUMH UHTepdepPeHIITUOHHbI-
MU 110JI0CaMH Ha 3KpaHe B onbITe HOHTa, eciu 3e1€HBIN CBETOPUABLTD (AJMHA BOJI-
HbI ponyckaHus A1 = 0,50 MKM) 3aMeHUTb KPacHbIM (AJIMHA BOJIHBI MPONYCKaHUS
A2 =0,65 Mmkm)?

B onbiTe IOHra Ha nyTu ofHON M3 HUHTepdepHUPYIOIIUX BOJIH MOMelleHa TOHKas
CTeKJITHHas MJIaCTUHKA, BCJIe[CTBHE Yero LieHTpaJibHas (HyJieBasi) CBeTJas roJsioca
CMeCTHJIaCh B NIOJIOXKEHHeE, IepBOHAYaIbHO 3aHATOE NMATOU CBETJ/ION 10J10COU. Boi-
Ha najaeT Ha IJIACTUHKY lepleHAUKyAApHO. [loka3aTesb npesoMieHUs J1aCTUH-
KU h = 1,5, ;yinHa BoJsiHbl A = 0,6 MKM. HaliTH TOJIIIMHY IJIACTUHKU.

[l1iockasi MOHOXpOMaTHYeCKasi CBeTOBasi BOJIHA MaJlaeT HOpMaJibHO Ha Auadparmy
C IByMS Y3KMMHM IIeJIIMH, OTCTOSALIMMHU JPYT OT Jpyra Ha pacCTOSIHUM d = 2,5 MM.
Ha skpane, pacnosio)keHHOM 3a auadparmor Ha /=100 cM, o6pa3dyeTcsa cucteMa
MHTepdepeHLIMOHHBIX oJioc. Ha Kakoe paccTosiHUE U B KaKyl CTOPOHY CMECTSTCS
3TH NOJIOCHI, €CJIU OJIHY U3 LieJiel MepeKpbITh CTEKJISHHON MJIACTUHKOM C MOKa3a-
TeJieM npesiomyieHus n = 1,5 u ToamuHo h = 10 MkM? CYyUTaTh, YTO B MJIACTUHKE
CBET pacnpoCTpaHseTCcs NepHeHJUKYJISIPHO TPaHsIM.

B uHTepdepeHIIMOHHON cxeMe ¢ GUnpu3Moil PpeHesisi pacCTOSTHUE MEX/Ay MHU-
MBIMM MCTOYHHUKaMU d = 0,4 MM, a UX paccTOssHUE 0 3KkpaHa L = 2 m. lllupuHa uH-
TeppepeHIIMOHHbIX 10J10C HAa 3KpaHe Y = 3 MM. HaiiTu AJ1MHY CBETOBOU BOJIHBI.

B omnbiTe ¢ 6unpusmoi @peHesis MMpUHA UHTePPEpPEHIIMOHHBIX MOJIOC HA 3KpaHe
Y=0,15MM. PaccTosiHMe OT 1esH, CayKalled HCTOYHUKOM CBeTa, [0 3KpaHa
L =60 cm. HailTu paccTossHHMe MeXJly MHUMbIMH UCTOYHUKaMHU. [lJIMHA CBETOBOU
BOJIHBI A = 6328 A.

HaliTu mwinpuHy uHTepdepeHMOHHBIX MOJIOC HA 3KpaHe B UHTeppepeHIMOHHOU
cxeMe ¢ 6unpusmonr OpeHesisi, eC/iM pacCTOSIHUE MEX/Jy MHUMbIMHA MCTOYHHKAMU
d =0,5 MM, a ux pacctosiHue J10 3KpaHa L = 3 M. UCTOYHUK HCNyCKAaeT MOHOXpPOMa-
TUYECKHUH CBeT ¢ AJIMHOM BOJIHBI A = 700 HM.

B onbiTe Jlnoiza nHTepdepeHIMOHHAsA KapTHHA HAabJI0[aeTcs Ha 3KpaHe, yAaléH-
HOM OT MOHOXPOMAaTH4YeCKOro MCTOYHHMKA (AJIMHA BOJIHBI U3ay4eHUsA A = 600 HM)
Ha pacctosiHue L = 2 M. PaccTosiHMe OT UCTOYHMKA [J10 3epKaJia h = 3 mMm. HailTu miu-
pUHY UHTeppepeHIIMOHHbIX [10JI0C Ha 3KpaHe.
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Kosbyja HbloToHa Hab6/0Aal0TC B OTPAXKEHHOM CBETE C MOMOLIbI0 CTEKJISTHHOU
(nmokasatesb npesomeHus n=1,51) NI0CKOBBINYKJIOU JIMH3bI C POKYCHBIM pac-
cTossiHUeM F =76 cM, Jiexalled Ha MJI0CKOW CTEeKJISAHHOM macTuHe. Paguyc naroro
TEMHOTO KoJiblia s = 0,9 MM. HaliTu 1JIMHY CBETOBOM BOJIHBI.

YcraHoBKa JAJis moJiyueHUs1 KoJsiel, HbloToHa ocBelaeTcsi 6esibiM CBETOM, Mafalo-
MM HOpMaJibHO. Pajiyc KpuBU3HBI JIMH3bI R =5 M. HaliTu: paguyc 4eTBEpPTOro
TEMHOro (QUOJIETOBOr0 KoJbla (AJMHA BoJHBI A1 =400 HM); paguyc TpeTbero
CBeTJIoro KpacHoro koJiblia (A2 = 630 HM). Paguyc kakoro koJsbia 6osblie? Cpe-
JIaTb BBIBOJ, O Ha6JII0laeMOCTH 3TUX KoJiell. HabstozeHue BeZiéTcs B OTPaXKEHHOM
CBeTe.

YcTaHoBKa AJs1 moJsiydyeHUs KoJsel, Hpi0TOHa ocBellaeTcssi MOHOXPOMAaTH4YeCKHUM
CBETOM C JJINHOM BOJIHBI A = 550 HM, aZial0l{UM HOpMaJbHO. [IpocTpaHCTBO Mexay
JINH30M U IJIOCKOIIapaJ/ljle/IbHOU IJIACTUHKOM 3aJIUTO KUJKOCThIO C IIOKa3aTeJseM
npeJsioMyieHus n = 1,2; nmokasarTeJsb NpejoMJeHus cTeksaa n' = 1,5. Paguyc kpuBus-
HbI JIMH3BI R = 5 M. HaliTu paguyc 4eTBEPTOro TEMHOI0 KOJIBLA.

[IiocKoBBINYKJIasl TUH3a chePHUUECKON MOBEPXHOCThIO JIEXKUT HA CTEKJISTHHOM IJ1a-
CTUHKe. HanTu To/IqUHY /10 BO3AyXa TaM, e B OTPAXXEHHOM CBeTe C JJIMHOU
BOJIHBI A = 0,6 MKM BU/IHO MepBOE CBETJIOEe K0JibL0 HbloTOHA.

PaccTtosiHue Mex/y nepBbIM U BTOPbIM TEMHBIMHU KOJibLlaMy HbIOTOHA B OTpaKéH-
HOM cBeTe Ar; = 1,0 MM. HaiTu paccTosiHUe MexXAy AeBATbIM U AeCATbIM CBETJIBIMU
KoJibllaMu HbloTOHa.

YcTaHoBKa i1 HabJloJeHUsl KoJiell HbloTOHA ocBelllaeTcss MOHOXPOMAaTUYECKUM
cBeToM. [locsie TOro Kak NpoOCTPaHCTBO MEXAY JIMH30M U CTEKJISHHOU MJIaCTUHKOU
3aMOJHUWJIN XUJKOCTbIO, palyChbl TEMHBIX KOJIel| B OTPAXKEHHOM CBeTe YMEHbII -
Juch B k = 1,25 pasa. HaiiTu nokasaTe/ib NpeoMJIEHUS KUJAKOCTH.

Paccrosinue mexay 10-M 1 15-M TEMHBIMU KoJiblJaMUd Hbl0TOHA NpU HAGJII0/IEHUH B
OTPaXXEHHOM MOHOXPOMATUYeCKOM CcBeTe (JJiMHA BOJIHbI A = 546 HM) Ar = 0,74 MMm.
Ha¥iTy pagyyc KpMBU3HBI JIMH3BI, JIeKalllel Ha MIJIOCKOH MJIaCTHUHE.

Ha cko/1bKO M3MEHUTCS paAuyc NepBoro TEMHOTO KoJsiblia HbloToHa, Habt0jaeMo-
ro B OTPaXXEHHOM CBeTe C AJMHOM BOJIHBI A = 0,64 MKM, eCJIU IPOCTPAHCTBO MEXY
NJIOCKOM MJIACTUHOW U JIMH30M 3an0oJIHUTh BoAoK? [loka3aTe b NpesioMJIEHUS BOJbI
n =1,33, nokasaTesib npejoMmyeHus ctekysa n’' =1,50. Paauyc chepuyeckoil mo-
BEPXHOCTH JIMH3bI R = 1,0 M.

Kosibiia HeloTOHa Ha6J/1104AI0TCS B OTPAXKEHHOM CBeTe (IpU HOPMaJIbHOM Ma/leHUH
Ha CTEKJISTHHYIO JIMH3Y), CoJiepKallleM JiBe sSIpKHe JIMHUU: KPACHYH (J/JIMHA BOJIHBI
A1 =610 HM) U ProseTOBO-CHHIOIO (A2 = 436 HM). Pasnyc naTOro KpacHoro KoJibla
ri1=5,0 MM. HaiiTu pasuyc KpUBHU3HBI JIMH3bI, €€ ONTHUYECKYID CHJIYy U PaAUYCh
3-ro ¥ 5-ro $H0/IeTOBO-CHHUX KoJlell. [loka3aTe b npesioMyieHus ctekaa n = 1,51.

Kosibija HeloToHa Ha6J/1I0/Jal0TCsl MEX/AY ABYMS MJIOCKOBBINYKJIBIMU JIMH3aMH, Ka-
CaloIIUMHUCA JPYT Apyra CBOMMU BbINYKJIbIMU IOBEPXHOCTAMU. Pasinycbl KpUBU3HBI
NOBepXHOCTeM paBHbI R1 ¥ Rz. HaliTu paguyc m-ro TEMHOro KoJiblia B OTpaXXéHHOM
MOHOXPOMaTH4Y€eCKOM CBeTe (/IJIMHa BOJIHbI paBHa A).

Ha MbuibHy0 nmiéHky ToauuHou h= 0,10 MKM najaeT Gesiblii CBeT MOJ, YIJIOM
i = 60°. B kako# 1BeT OyJieT oKpalleHa yéHka? [lokasaTesib NpeioMIeHUs JIEHKU
n=1,3.
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[ln1ockass MoHOXpoMaTHhueckKass BoJHa (AJyinHa BoJsiHbl A = 0,60 MKM) mnajaeT Ha
MBUJIBHYIO IUIEHKY, I[OKasaTesb IpeJIoOMJeHUs KOTopod n=1,3, yros najaeHus
i = 30°. [Ipu Kako¥ HauMeHbIlIeN TOJIIUHE JIEHKU OTPa>KEHHAs BOJIHA OyJeT MaK-
CUMaJIbHO Oc/1abJieHa UHTeppepeHel; MaKCHUMaJbHO ycuieHa?

TéMHON WU CBETJION OyAeT B OTPaXXEHHOM cCBeTe (MPHM HOPMaJIbHOM NaJeHUH)
MbLJIbHAs MJIEHKA TOJLHUHON, B k = 10 pa3 MeHblel AJIMHBI BOJHBI? [IIEHKA HaXo-
JIUTCS B BO3/JyXe, IOKa3aTeJb IpeJoMJIeHUs MJIEHKU n = 1,3.

ToHkas MJIEHKA OCBelIAeTCI MOHOXPOMATHYECKHM CBETOM C [AJUHOW BOJIHBI
A=0,6 MkM. [Ipu KaKO¥ MHUHMMaJIbHOM TOJIIIMHE MJIEHKW OHA OyAeT OKpalleHHOM?
[lokasaTesnp npesnomseHusi MmaéHku n=1,2. HabawoaeHve BeAé€TcA MOJ yrjaaMu
i=0° 30°.

Ha mnoBepxHOCTHM JIy>KM pacIJ/bLIOCh MacjsiHOe MSATHO, MpeACTaBJsloliee co60i
TOHYAWIIYIO IJIEHKY. ToslyMHA MJIEHKU B TOM MeCTe, I/le OHAa KaXKeTCs 3eJIEHOU
(aivHA BosiHbI A = 550 HM), h = 0,11 mkM. HabsiroeHue BeaéTcs noj yrioM i = 60°.
HaliTu mnokasaTesnbp mnpesnoMmseHuss Macja. [lokasaTesb mnpesoMJeHUS BOJbI
n' =1,33.

Ha TOHKUH CTEeK/JIAHHBIN KJIMH NaJlaeT HOpMaJbHO MOHOXPOMAaTUYECKUU CBeT. /IBy-
TPaHHBIA YroJl MeXJay MOBEPXHOCTSAMH KjauHA [ = 2'. [lokazaTesb NpesoMJIeHUS
creksa n = 1,55. PaccTosiHue Mex/ly coceIHUMU UHTEPPEPEHIIMOHHBIMUA MaKCUMY-
MaMH B OTpaxkéHHOM cBeTe Ax = 0,3 MM. HaliTu 1/1MHY CBETOBOM BOJIHHBI.

CBeT ¢ AHOM BOJIHBI A = 0,55 MKM najlaeT HOPMaJIbHO Ha MOBEPXHOCTb CTEKJISAH-
HOTO KJIMHA. B 0TpakéHHOM CBeTe pacCTOAHUE MeXJy COCeJHUMHU TEMHBIMU I10J10-
camu Ax = 0,21 mM. HaliTu yros Mexay rpaHsiMu KjuHa. [loka3aTesib npejoMJeHHUs
crexkyaan =1,5.

Ha TOHKMM CTEKJIIHHbIA KJIMH MaJaeT HOPMaJIbHO MOHOXPOMATHYECKUU CBEET
JaMHOU BoJiHBbI A = 630 HM. [loka3aTesib npesoMaeHus ctekaa n = 1,50. Ha paccro-
sauuu [ = 2,0 MM nipu HabJIIOJIEeHUM B OTPAXXEHHOM CBeTe YKJajbiBaeTcsd N =5 UH-
TeppepeHIIMOHHbIX M0J0C. HaliTH ABYrpaHHbIN YyroJl MeXAy MOBEPXHOCTSMU KJIH-
Ha.

Mexy 1ByMsl CTEKJISIHHBIMU LIJIMGOBAHHBIMU MJIACTUHKAMM MPOTSHYT BOJIOC TaK,
4yTO 06pa3oBaJics BO3AYIIHbIN KAWH. JuameTtp Bosioca d = 0,05 mm. [Ipy HopMasib-
HOM MaJIeHUH Ha MJACTUHKY JIY4d C JJIMHOM BoJHBI A =500 HM Jal0T B OTpaXKéH-
HOoM cBeTe N =8 uHTepdepeHIMOHHbIX mojsoc Ha Al=1,0 cM JJMHbI MJIACTUHKU.
HaliTu paccTosiHUe OT BoJiOCa 10 BEPLIWHBI KJIWHA.

Ha moBepxHOCTb CTEKJISHHOrO 06beKTHBa (MOKa3aTesb IpesiomyeHuss n=1,33)
HaHeCeHa TOHKas NpOCBeT/ALasA MJEHKa. [I[py Kako¥ HauMeHbLIEW TOJILHHE
IJIEHKU HabJI0[jaeTcsl MaKCMMaJlbHOe 0c/labJieHue OTPaXXEHHOTO CBeTa JJIs IJIMHbI
BOJIHBI HaWIy41iero BujieHust A = 555 um?

HalTu MHUHUMaJIbHYIO0 TOJIIIMHY IJIEHKHA C [OKa3aTeJieM IpeJsiomJieHus n = 1,33,
IpU KOTOPOU CBET C JVIMHOW BOJIHBI A1 = 0,64 MKM He OTpa)KaeTcsl COBCEM, a CBET C
JUTMHOM BOJIHBI A2 = 0,40 MKM HCIBIThIBAa€T MaKCHMaJIbHOE OTPakeHue. YroJ naje-
HUs cBeTa i = 30°.

Ha nsiockoy cTekJISHHOW MOBEPXHOCTU O0Opa3oBaHa TOHKAasA Mpo3payHasd IMJIEHKA
TosuHoM d = 0,396 MkM. Kakyto okpacky npuMeT Mj€HKa NpU OCBelleHUU eé Oe-



JIBIM CBEeTOM, NnajawiuM noj yriaom I =30°? [lokasaTesb MpesiOMJIEHUA MJIEHKU
n = 1,324; nokasaTeJib NpejioMJieHUs cTekaa n’' = 1,753.

3apava 2. ilndpakuma ceerta
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[Tof kKakuM yrJiOoM HabJII0/JaeTcs TJIaBHbIA MAaKCUMYM TPEeThero nopsi/ika /AJjsi CBeTa
C AJMHOW BoJiHBbI A = 840 HM, majawuero Ha AUPPaKUOHHYI0 PELIETKY C MepHOo-
aomd = 2,35-10-3 cm?

B cnektporpade ycraHoBjeHa AudpaKLMOHHAsA peLETKa, [EePUOJ KOTOpPOM
d=1000 HM, a gaurHa pabouelt yactu [=100,0 MM. DOKyCcHOe pacCTOsIHUE OObEK-
THUBa cnekTporpada F= 1,000 m. Ha cnekTporpa¢ najgaeT cBeT OT JiaMIlbl HAKaJIU-
BaHUA. HalTu [AJIMHY BHUAMMOrO CIIEKTpa MepBOro MOpsAKa, MOJIY4Yarllerocsa Ha
doTonsacTUHKE, YCTAaHOBJIEHHON B (OKaJIbHOW MJIOCKOCTU 00beKTuBa. OLeHUTb
paspelamiyo cCnoco6HOCTh Npubopa.

JudpakuuonHasa pewméTtka uMeet n = 7500 mtpux/cM. KakoBa poyxHa GbITH MU-
HUMaJIbHasl WIMPUHA PELIETKU AJ1s1 pa3pellieHus xKENToro AybseTa HaTpus (JJIUHbI
BosiH A1 =589,00 HM u A2 = 589,59 uMm)? HailTu paspelnarolnyi CIOCOOHOCTb pe-
HMIETKU B 3TOM CJIy4ae.

JudpakuuonHas pemétka uMeeT n = 5000 wTpux/cM. CieKTpbl KaKOTro nopsigka
MO>KHO HabJ1t0/1aTh IPU OCBELIeHUHU eé 6esibIM CBETOM?

To4yeyHbI MOHOXpPOMAaTHYECKHUIH HUCTOYHHUK CBeTa C AJIMHON BOJIHbI A = 550 HM no-
MellléH Ha pacctossHuu a = 1,00 M nepej, Henpo3pa4yHOU Nperpajol C OTBEPCTUEM
paauyca r = 0,50 mM. 3a nperpazsoi ycTaHoBJieH 3KpaH. [Ipy kakoM pacCTOSIHUM OT
OTBEpPCTUSL [0 3KpaHa MOKET 0Ka3aTbCsd B YCJOBUAX JAHHOM 3aJayd OTKPbITOU
TOJIBKO OZJHA LleHTpaJibHasA 30Ha PpeHesna?

CBeT OT MCTOYHMKA NaZiaeT HOPMaJIbHO Ha JUPPAKLIUOHHYIO PELIETKY, UMENIIYI0
n=1,0-103 wtpux/cM. JIMHUKM mNepBOro MNopsijika HaOJIOAAITCI IMOJ YrJjaMHU
@ =298';37,7";39,6'; 48,9". Hal'Tu COOTBETCTBYIOLIME AJUHBI BOJIH.

To4yeyHbI MOHOXpPOMATHUYECKHUM UCTOYHHUK CBETA C AJIMHOMN BOJIHbI A = 500 HM mo-
MellléH Ha pacctossHuU a = 0,500 M nepej, Helpo3payHOU Nperpajioi ¢ OTBEPCTUEM
paguyca r= 0,500 MmMm. HaliTu paccTossHMe OT mperpajbl [0 TOYKH, AJi1 KOTOPOU
YUCJI0 OTKPbIBaeMbIX 0TBepcTHeM 30H PpeHesia m = 1; 5; 10.

[Ipu ocBelleHUH AUPPAKIUOHHON PELIETKU CBETOM C JIIMHON BOJIHBI A = 650 HM
MaKCMMYM TPeThero nopsijika HabJoJaeTcsa noj, yrjaom ¢ = 12°. Hail'Tu nocTosiH-
HYI0 PEIIETKU U YUCJI0 LUTPUXOB HA MUJIJIUMETP.

MoHoOXpoMaTUYECKHUH CBET C AJUHOW BOJIHbI A =589 HM majaeT Ha IeJb. YTOJ
MEeX/y MePBbIMU CBETJIBIMHU M0JIOCAMHU N0 00€ CTOPOHBI OT LIEHTPAJbHOTO MAKCH-
MyMa o = 33,0°. HallTH IUpPUHY 11eJH.

CKOJIBKO IITPUXOB Ha 1 MM J10/>KHA UMeTh AUpaKIMOHHAs PELIETKa, eCJIU CIEKTP
BTOPOTO NOpsifika OTCYyTCTBYET B BUAUMOMN 06J1acTU?

Ha miesnb mupunsbl b = 2,00 MM, ycTaHOBJIEHHYI0 HA paccTossHUM L = 2,00 M oT 3Kpa-
Ha, MaJlaeT 10 HOpMaJiM MJI0CKas cBeToBas BoJIHA € JIMHOW A = 500 HM. HaliTu mu-
pUHY LIEHTPa/IbHOU M0JIOChI HA 9KpaHe.
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[Tagaromuil Ha AUPPAKIMOHHYI0 PEIIETKY CBET COCTOUT W3 [JIByX PE3KUX CIEK-
TpaJbHbIX JIMHUM C AJMHAMU BoJIH A1 =490 HM u A2 = 600 HM. [lepBbId TJIaBHBIA
JAUPaKLMOHHBIM MaKCHUMYM JIJisl JIMHUM C AJWHOW BOJIHBI A1 pacmoJiaraeTcs Mo/
yrJjioM @1 = 10,0°. HaliTu yriioBoe paccTosiHhe MexXy JIMHUSIMU C JVIMHOW BOJIHBI A1 U
C IVIMHOU BOJIHBI A2 B CIIEKTpe BTOPOro nopsijka (C 0AHOW CTOPOHBI OT LJeHTpPaJb-
HOr0 MakKCUMyMa).

Kakoe 4HC/Io IITPUXOB J0/KHA UMETh AU paKIMOHHAsA pelIéTKa JJisl TOTO, YTOObI
pa3pelnTh B CIIEKTPE MepBOro NopsiiKa JUHUU KEATOro Ay6JseTa HaTpUs (AJTHUHBI
BOJIH A1 = 589,00 HM U A2 = 589,59 HM)?

JlBe 3Be3/bl, HaxXoAsAUMecsd Ha pacCcTOAHUU L =10 cBeTOBBIX JieT OT 3eMJIH, e[Ba
pa3peuidMbl C NMOMOUbI0 TeJeCKomna, AuaMeTp 3epKasa kotoporo D = 2,5 M. Oue-
HUTb PacCTOSIHUE MeX/y 3TUMHU 3B€37jaMHu. /lsiMHa BoJiHbI cBeTa A = 550 HM.

OueHUTh MaKCUMaJIbHOE BO3MOXKHO€ 3HauYeHHe YIJIOBOW JUCIepCHU (IepBOro mo-
psAaka) JUPpPaKLIMOHHON peléTKH, /il KOTOPOM 4eTBEPThIM IJIaBHbI MaKCUMYM
JLJ1S CBeTa C JJIMHOM BOJIHBI A = 550 HM HabJ110[aeTcs oJ, yrjoM @1 = 15°.

Ha Hempo3payHyto mnperpagy ¢ orBepctueM paguyca r=1,000 MM magaeT MOHO-
XpoMaTHh4yecKad IJIOCKasg cBeTOBad BoJiHA. Korjga paccrosiHMe oOT mnperpazbl [0
YCTAHOBJIEHHOTO 3a HeW 3KpaHa paBHO b1 =0,575M, B LeHTpe AUPpPaAKIIMOHHON
KapTHHBI Ha0/I10aeTCs MaKCUMYM UHTEHCUBHOCTH. [Ipy yBeJIM4eHUU paccTOAHUA
Zo bz = 0,862 M MakKCUMyM MHTEHCUBHOCTHU CMeHsIeTCSI MUHMMyMOM. HaliTu AnuHy
BOJIHBI.

HailTh MakcMMa/IbHBIM NMOPSAAOK CIEKTpa, NOJy4eHHOro oT AUdpaKLMOHHOU pe-
WETKU ¢ nepuosoM d = 5-10-3 MM npu HOpMaJIbHOM NaJIeHUU Ha Heé MJIOCKOW MO-
HOXPOMaTU4Y€eCKOU BOJIHBI C IVTMHOU BOJIHBI A = 6:10-7 M.

MoHoxpoMaTH4YecKUH CBeT (AJiMHA BOJIHbI A = 500 HM) najjaeT Mo HopMaJu Ha He-
po3pavyHylo Mperpajy, B KOTOpoW uMeeTcs 1esab mMpuHbl b = 0,200 mM. 3a npe-
rpaZioy pacrnoJsioKeH 3KpaH. PaccrossHue mexay nperpagou v s3kpaHoMm L =1,00 m.
HaiiTu yrioBy1o U JUHEWHYIO IIMPUHY LIeHTPaJbHOr0 JUPPAKIIMOHHOTO MAaKCUMY-
Ma U pacCTOsIHME MeX/y cepelMHaMu 1-ro ¥ 2-ro AU paKLIMOHHbIX MAaKCHUMYMOB (C
O/IHOM CTOPOHBI OT LIeHTPaJIbHOI'0 MAaKCUMyMa).

B 3puTesibHy10 TpyOy paccMaTpUBaIOT JIYHHYI0 NOBEPXHOCTb. /luaMeTp 06'beKTHUBA
Tpy6b!l D = 4,00 cM. [Ipy KakOM MUHHMMaJbHOM PAaCcCTOSIHUU MeX/y [AByMsl KpaTe-
paMU UX MOXXHO YBHUJETb pasfesbHo? /[[JIMHY CBETOBOU BOJIHBI HAOJIIOJE€HUS NPU-
HATb paBHOM A = 600 HM.

Besbiii cBeT ¢ AyiMHaMU BOJIH OT A1 = 400 HM z0 A2 = 700 HM najjl@aeT HOpMaJibHO Ha
AUpaKIMOHHYI peléTKy, uMmeromyw n=38000 wTpux/cM. Ha paccrosgHuu
L =2,20 M oT pelIéTKM HAaXO0AUTCA 3KpaH. HaWTH IMpUHY crieKTpa nepBOro nopsasa-
Ka Ha 3KpaHe.

Ha wenp mupuHo#t b =1,0-10-2 MM najiaeT HOpMaJIbHO IJIOCKasi MOHOXpOMaTUye-
CKasl BOJIHA C JJIMHOM BoJIHbI A = 500 HM. HaliTH yryiioBoe noJioxkeHue nepBoro Mak-
cMMyMa AMPpPaKIIMOHHON KapTUHBI.

CBeT ¢ A/iMHOM BOJIHBI A = 750 HM MPOXOUT Yepes Iiesb IMUpUuHoU b = 1,0-10-3 MMm.
HaliTh yrjioByi WHPUHY LEHTPAJIbHOTO MaKCUMyMa M UIMPUHY LEHTPAJIbHOIO
MaKCUMyMa Ha 9KpaHe, HaxXo/is1eMcsl Ha pacCcTossHUM L = 20 cM OT 11eJy.
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Yemy paBHa IIMPHUHA LIEHTPAJbHOr0 AUPPaKIMOHHOTO MaKCUMyMa Ha 3KpaHe, pac-
M0JIO)KEHHOM Ha pacctosiHuM L = 5,50 M 3a miesnbto mmpuHo# b = 0,101 MM, ocBelja-
€MOW MOHOXPOMAaTUYECKUM CBETOM C AJUHOU BOJIHbBI A = 400 HM?

JudpakuuonHas peméTtka cogepkuT n = 10000 mwTpuxoB Ha 1 cM. BbIUMCAUTD yT-
Jibl, COOTBETCTBYIOIIMEe JUPPAKLUOHHBIM MaKCUMyMaM NEPBOr0 U BTOPOro MOpS/-
KOB JIJ1 CBeTa C AJIMHAaMHU BOJIH A1 = 400 HM U A2 = 700 HM.

CBeT c AiMHOM BoJIHBI A = 680 HM najaeT HaA 1eb WUpUHOU b = 0,0245 mMm. HaiiTu
YTJIOBYIO LIUPUHY LEHTPAJbHOT0 AUPPAKLIMOHHOTO MaKCUMYMa.

HaiiTu yr/ioByw paspeliamlly CIHOCOOHOCTb OUHOKJA (AUaMeTp OObeKTHUBA
D =21 MM) B 3eJ1EHOM cBeTe (JyiMHA BOJIHBI A = 550 HM).

[Ipu kaKoOM yCJI0BHM M-1 IJIaBHBIM MaKCUMYM JJ151 AUPPAKIMOHHON PELIETKH C 1e-
puoaoM d ¥ IMPUHOM 11eid b ucuye3aeT?

HmMeeTcsa 3puTenbHas Tpyba ¢ fuameTpoM oobekTuBa D = 5,0 cM. HaiiTu paspema-
IOLYI0 CIIOCOOHOCTb 00'b€KTHUBAa U MUHUMAJIbHOE PACCTOSIHUE MEXAY ABYMS TOY-
KaMH, HaXOJSIIMMHUCS Ha PAacCTOSSHUU L = 3 KM OT TpyObl, KOTOpasi OHAa MOXET pa3-
pewinTh. CYUTATh AJUHY BOJHBI Hab/04eHUsI paBHOU A = 0,55 MKM.

Ha menp mwnpuHoit b = 0,06 MM HOpMa/JIbHO MajlaeT MapaJsljieJibHbIM NMYy40K CBETa
(a1uHa BosHBI A = 6328 A). Jluppakuuonnas kapTvHA mpoeLUpyeTcs Ha 3KpaH,
pacnoJiokeHHbIA Ha pacctoAHUU L = 0,6 M oT wenu. HauTu yrjioByw U JUHEHWHYIO
IIUPHHY eHTPaJbHOT0 AUPPAKLUOHHOI'0 MaKCUMyMa.

Ha kpyrsioe oTBepcTue paguyca r = 0,7 MM najiaeT HOpMaJIbHO NapaJljieJibHbIN My-
YOK CBeTa C JJIMHOU BoJsiHbI A = 550 HM. Ha nyTu ny4ka, npouie/iiero yepes oTBep-
CTUe, TOMEIAIT 3KPaH Ha paccTosiHUU b = 90 cM oT oTBepcTusi. TEMHOE UJIH CBET-
Jloe NAATHO Oy/ieT HabJ/1104aThcs B IileHTpe JUPPaKLIMOHHON KapTUHbI? HalTh yuciio
30H @peHeJis, KOTOPOE OTKPbIBAET OTBEPCTHE.

3apaua 3. Nonapusauua ceeta. Bsammopaeiicremue cseta C BeLEeCTBOM

1.

HUmeeTca mpo3payHas miactuHa ToJiuHOXA a = 10,0 cM. [ligd HEeKOTOpOW JIJIMHBI
BOJIHBI KO3QPHUIIMEHT NOIJIOLeHUS BellleCTBa MJIaCTUHbI U3MEHAETCSA JIMHENHO OT
3HavyeHusd k1 = 0,800 M1 y ojHOU MOBEPXHOCTU MJIACTUHBI A0 k2 = 1,200 m~1 y apy-
roit noBepxHoctu. HaliTu ocsabsieHue (B NpoleHTax) MHTEHCUBHOCTU MOHOXpOMa-
THUYECKOT'0 CBeTa JaHHOM JJIMHBI BOJIHBI IPY IPOXOXKAEHUU UM IIJIAaCTUHBI.

Ha myTy 4yacTH4YHO MOJIIPU30BAHHOTO CBeTa NOMECTUJIMN U/leaIbHbIHM M0JsprU3aTop.
[Ipu moBopoTe moJsisspusaropa Ha yroJ 6 = 60° U3 NoJ0KEHHS, COOTBETCTBYIOLIETO
MaKCUMyMy NPONYyCKaHUsl, UHTEHCUBHOCTb MPOLIEJUIEr0 CBETA YMEHBUIMJIACh B
k = 3,0 pasa. HaiiTu cTeneHb noJispu3al vy najarllero cBeTa.

[lof KaKUM yrJIOM cjeJlyeT PacloJIOKUTh TJIaBHble MJIOCKOCTH JIBYX HJeaJbHbIX
MOJIIPU3AaTOPOB, YTOObI MHTEHCUBHOCTb MAJIAIOILIEr0 HEMNOJISIPU30BAaHHOI'O CBETa
yMeHbIuaach 10 1/3; 1/10 Haya/iIbHOW UHTEHCUBHOCTHU?

HaiiTu yros Bpioctepa jis cTek/aa (mokasaTesb npejioMmjaeHus ni = 1,56), norpy-
»KEHHOTro B BoAy (n2 =1,33).

HeupeanbHblii mosisipu3aTop MpONyCKaeT B CBOel rJyiaBHOUM miockocTtu 11 = 0,90
WHTEHCUBHOCTH COOTBETCTBYIOILIEr0 KoJieOaHHs, a B MEPIeHJUKYJISPHON MJIOCKO-
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cti - 72 = 0,10 UHTEHCUBHOCTU COOTBETCTBYIOIEro KoJsebanus. Ha nonsgpusarop
naJlaeT eCTeCTBEHHbIM cBeT. HalTU cTeneHb NOJAPU3ALMHU CBETa, IpoLIeJLIero ye-
pes3 noJIApU3aTop.

CTeneHb MoJisspU3aldy YaCTUYHO MoJsspu3oBaHHoOro ceeta P =0,25. HaliTu oTHO-
lIeHMe MHTEHCUBHOCTHU MOJIIPU30BAaHHOM COCTaBJISAIOLIENd 3TOr0 CBeTa K UHTEH-
CUBHOCTH €CTeCTBEHHOM COCTaBJIAIOIIEMN.

Ha onTuyeckoil ckaMbe CTOAT [Ba UJeabHbIX OJISIpU3aTOpPa, IJIaBHbIE IJIOCKOCTH
KOTOPBbIX OPUEHTUPOBaHbI NoJj yrioM 6 = 34,0° npyr oTHocuTesbHO Apyra. CBeT,
N0JIAPU30BaHHBIN N0 yrJIoM Go = 17,0° OTHOCHTE/IbHO IJIABHOM IJIOCKOCTH KaXK/0-
ro noJispusaTtopa, NpoxXoAUT yepe3 oba moJsspusatopa. HailTu, Bo cKoJIbKO pas
0CJ1a6/151€TCI UHTEHCUBHOCTD CBETA.

[ paguoBoJiH ¢ yactoTod v =100 MI'y nokasaTesb npesoM/eHUsT MOHOCHEPHI
n =0,90. Hal'TH KOHI|eHTpal1I0 CBOOOAHBIX 3JIEKTPOHOB B HOHOCHepe.

dazoBasi CKOPOCThb CBETA U 3aBUCUT OT JAJIMHBI BOJIHBI 110 3aKOHY U = aA™, rje A -
JUIMHA BOJIHbI CBETAa, d — pa3MepHas KOHCTAHTA, a IMOKa3aTeJsb CcTerneHU m < 1.
HaiiTu rpynmnoByoo CKOpOCTb CBETa.

[Iydyok cBeTa c giauHaMu BoJsH A1 =500,0 HM 1 A2 =712,0 HM najilaeT Ha NOBepX-
HOCTb cTekJsa noj yryom I=35,00° [lokasaTeny npesoMJyieHUs CTeKJa JAJs1 3THUX
JUIMH BOJIH PaBHbI COOTBeTCTBEHHO N1 = 1,4810 u ny = 1,4742. HaliTu yrosa Mmexay
JABYMsl JIy4aMH, [IPOIIEeAIIMMHA Yepes3 rpaHully pas/esia BO34yX-CTEKJIO.

HemnoJsisipu30BaHHBIN CBET MPOXOAHUT Yepe3 JBa HJiea/bHbIX MoJisipusaTopa. [J1aB-
Hasl IJIOCKOCTb OJJHOTO M3 HUX BepTHUKaJIbHA, a IJIaBHas MJIOCKOCTb Apyroro obpa-
3yeT ¢ BepTUKaJbio yroJ 6 = 60°. HalTu cTeneHp nossspusanuu nNpoluieuero cBeTa
Y OTHOILEHHe UHTEHCUBHOCTU MPOILEeAIIero cBeTa K MHTEHCUBHOCTH Ma/jalollero
CBeTa.

Henossspr3oBaHHbIN cBeT npoxoAUT dyepe3 N =5 nocjiefoBaTe/NbHO PaClOJIOXKeH-
HbIX NOJIIPOU/OB. ['JIaBHasA MJIOCKOCTD KaX/J0ro noJisipou/a (Ha4yMHas co BTOPOTro)
o6pasyeT yroJ 6 =45° ¢ rj1aBHON MJIOCKOCTbIO Mpeabiayinero. HaiTu oTHoIIEeHHe
MHTEHCUBHOCTH NPOLIEAIIEr0 CBeTa K UHTEHCUBHOCTH Ma/Ialollero CBeTa.

[Ipn kakoM yriie naZileHus1 COJIHEYHBINM CBET OTPaXKaeTCA OT MOBEPXHOCTH CTeKJIa
(mokasaTesib npesioMJeHus n = 1,5) IMHENHO NoOJSpU30BaHHbIM? UeMy paBeH NpuU
3TOM yroJi npeJyioMJieHus?

EcTecTBeHHBIN CBeT MajaeT Ha CUCTEMY M3 TPEX NOCJAeJ0BaTeJbHO PACIOJIOXKEH-
HBIX OJJMHAKOBBIX M0JIAPU3aTOPOB, IPUYEM IJIaBHAA IJIOCKOCTb CpeJHEero MnoJsipu-
3aTopa cocTtaBJjseT yroJ 6 = 60° ¢ IJIOCKOCTSIMU MPONYCKaHUSA JIBYX APYTUX MOJIf-
pusaTopoB. Kax/blil mosisspu3aTop 06/1a/laeT TaKUM IOTJIOLeHUeM, YTO NPU naje-
HUM Ha Hero JIMHEWHO MOJISAPU30BAaHHOI'O0 CBeTa MaKCHMaJbHbIM KO3)PUIIMEHT
nponyckanuda t = 0,81. HaliTH, BO CKOJIBKO pa3 YMeHbUIUTCA UHTEHCUBHOCTb CBETA
110CJIe NPOXOXK/AEHUS ITOU CUCTEMBI.

[Ipu majieHUU eCTeCTBEHHOTO CBETa HAa HEKOTOPBIK MOJIIPHU3aTOp Yyepe3 Hero npo-
xoauT 71 = 30% CcBETOBOr0 MOTOKA, a Uepe3 JiBa TaKUx NoJjsipusaropa - 72 = 13,5%.
HaiiTu yros Mexxay riiaBHbIMHM IJIOCKOCTSIMU 3THUX MOJISPU3aTOPOB.

Ha myTu ny4yka ecTeCTBEHHOTO CBETA TOMECTHJIM JIBA HeU/lea/IbHbIX MOJISIPU3aTopa.
Okazasiochb, YTO MPHU MapaslyieJIibHbIX TJIaBHBIX MJIOCKOCTSX MOJISIPU3AaTOPOB 3Ta CH-
cteMa nponyckaeT B k= 10,0 pa3 6oJiblile CBeTa, YeM NMPU CKPEIeHHbIX IJIaBHbIX
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IJIOCKOCTAX. HaliTU cTeneHb noJsisspU3alvu CBeTa, poLIeJIIero yepes: a) NepBbId
noJ1IIpyU3aTop; 6) BCIO CUCTEMY NPU NapasljieIbHbIX IJIaBHbIX MJIOCKOCTAX MOJISIpU-
3aTOPOB.

EcTecTBeHHBIN CBET Ma/laeT Ha MOBEPXHOCTb CTEKJITHHON IJIACTUHBI (II0OKa3aTeslb
npesiomsieHusi n = 1,7) nox yriom bprocrepa. HaliTu cTeneHb noJjisipusaliu CBETa,
npouejuiero o6e NOBEpPXHOCTH IJIACTHHBL [lor/ioneHneM cBeTa npeHe6peyb.

[Ipy 30HAMPOBAHUY pa3peKEHHOW IJIa3Mbl PaIMOBOJTHAMU PA3JIUYHBIX YaCTOT 06-
HapY>XWJIYU, YTO PAJHMOBOJIHBI C JJIMHOW BOJIHBI, peBbIatIend Ao = 0,75 M, Ucbl-
TBHIBAIOT MOJIHOE BHYTPEHHEE OTPaKEHUE NMPHU NaZleHUU Mo/, yrjaaMu boJiee inp = 30°.
HaliTh KOHIIeHTpallMI0 CBOOOAHBIX 3JIEKTPOHOB B 3TOU IJIa3Me.

M3 HekoTOporo BellecTBa HW3rTOTOBUJM [JBe IUJIACTUHKUA: OJHY TOJIIIMHOHU
di = 3,8 MM, apyryto - dz = 9,0 MM. BBeis1 moouepéHO 3TU MJIACTHUHKHU B My40K MO-
HOXPOMAaTHUYECKOTO0 CBETa, OOHApYyXKWJIM, UTO I[epBas IJIACTUHKA MPOIYyCKaeT
71 = 0,84 cBeTOBOrO NMOTOKA, BTOpas — 72 = 0,70. HallTu IMHENHBIMA NOKa3aTeJ b MO-
rJI01eHUd 3TOro BeujecTBa. CBeT najaeT HOpMaabHO. BTOPUUYHBIMU OTpaXKEeHUSMHU
npeHebpeyb.

['1aBHBIE MJIOCKOCTHU JIBYX HJl€aIbHBIX MOJIIPHU3aTOPOB OPHEHTHPOBAHDI M0/ YTJIOM
0 = 45° npyr oTHOcuTeNbHO Apyra. Ha mepBbId mosisspyU3aTop NajlaeT ecTeCTBEH-
HbIM cBeT. HaliTHM OTHOLIEHWe UHTEHCUBHOCTH MpPOLIE/LIEro CUCTEMY CBETa K HUH-
TEHCUBHOCTH Ma/]Al0IIEero CBeTa.

[Tox kakuM yrjioM ctouT COJIHIE, KOT/Ia CBET, OTPAXKAIOLIUNCS OT TJIaJKOU MOBePX-
HOCTH 03epa, MoJIAPU30BaH 0COOEHHO CU/IbHO? [loKasaTesib NMpesoMJIEeHUs] BOJIbI
n=1,33.

Haiitu yron Bproctepa AJisi rpaHHUIbl BO3/AyX-CTeK/IO (MOKa3aTesb MpeOMJIeHHs
n=1,56).

EcTecTBeHHBIM CBeT majaeT Ha CUCTEMY M3 [JBYX OJWHAKOBBIX NOJISAPHU3ATOPOB.
Yrosa mMexJy ux rjaaBHbIMU MJI0CKOCTAMU O = 60°. [Ipy 9TOM UHTEHCUBHOCTH CBETa
yMeHblaeTcs B k=10 pa3. HaliTu k03pPULIMEeHT MOrJIOMEeHUsI KaXK/J0ro U3 MoJs-
pH3aTOpPOB.

[log kakuM yrioM Ha TIpaHMLyY pasfesa CTekaa (IoKasaTesJb IpeJOMJIEHUSA
ni1=1,41) u Bogbl (n2 = 1,33) najaeT CBET, €C/IM OTPAXKEHHBIM CBET MOJHOCThIO MO-
JISpU30BaH?

CBeT majilaeT Ha rpaHUIly pa3jesia KUJKOCTH U CTeKJIa oA yrjiaoMm i = 50°, oTpakéH-
HbIM CBET MOJIHOCTBIO MOJIIpU30BaH. HaWTH nokasaTesib N.peIOMJIEHUS KUIKOCTH.
[Toka3aTeJsib IpesioMJieHUs cTekaa n = 1,51.

Bo ckoJsibko pa3 ocsabJsisieTcs eCTeCTBEHHbIN CBET, MPOXOAAIIMU Yepes3 Ba MOJis-
pU3aTopa, eCJiM B KOXK/J0M U3 N0JApU3aTopoB TepseTtcs 11 = 10% nazgaroiiero Ha He-
ro CBETOBOrO IOTOKa? Yros MexAy TIJIaBHBIMU IIJIOCKOCTSIMU IMOJIAPU3AaTOPOB
0 =30°.

VNHTEHCUBHOCTb €CTECTBEHHOT'O CBETA, MPOLIELIEr0 Yepes3 MoJsprU3aToOp U aHAIH-
3aTop, MeHbllle TepBOHAYa/IbHOU B k = 7 pa3. [loTepu sHepruu B KAKJOM U3 IMOJIs-
pusaTopoB 1 = 5%. HaliTu yros Mexay riaBHbIMHU IJIOCKOCTSIMHU MOJISpU3aTOpa U
aHaM3aropa.
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EcTecTBeHHbIN CBET MaZjlaeT HAa CUCTEMY U3 YETBhIPEX HJealbHbIX MOJSPHU3ATOPOB,
rJlaBHasl MJIOCKOCTb KaXK/JI0TO U3 KOTOPBIX MOBEPHYTA Ha yroJ 6 = 15° oTHoCUTeb-
HO TJIaBHOW IMJIOCKOCTH NpeAbiayilero. HauTu oTHoleHMe WHTEHCUBHOCTEW NpPO-
HIe/IIero v najjarliiero Ha 3Ty CUCTeMY CBeTa.

Ha MyTHU YaCTHU4YHO ITOJIAPU30BAHHOI'O CBETOBOI'O IIy4YKa l'IOMeI.LléH HﬂeaﬂbeIﬁ Imo-
JIAPpHU3aTOop, KOTOprﬁ BpalllalOT U U3MEPAKT MHTEHCUBHOCTD IIpouieguIero my4kKa.
MakcuMasibHasi HHTEHCUBHOCTb 60Jibllle MUHUMaJIbHOM B k = 5 pas. HaliTu cTeneHb
MNoJIApHU3alyHu MMagaruero CBeTa.

EcTecTBeHHbIN CBeT NaJaeT Ha CUCTEMY U3 [IBYX UJea/IbHbIX OJSpU3aTOpoB. BHa-
yasie yroJ MexAy I'JIJaBHbIMU IIJIOCKOCTSIMU MOJIIpU3aTopa ¥ aHa/iu3aTopa OblL1 pa-
BeH 0. 3aTeM aHa/iM3aTop NoBepHyJHU Ha 90°, NpU 3TOM MHTEHCUBHOCTb NPOILIE[-
HIero cBeTa yMeHbIIUAaCh B k = 3 pa3a. Haittu yrou 6.

3apava 4. KBaHTOBble CBOMCTBA cBeTa. BonHbl ae bpoiina. CooTHoweHuA
HeonpeaenéHHoCcTen

1.

2.

JHeprus $oTOHA peHTreHOBCKoro usaydyenus W= 0,10 MaB. Yroa paccesanus ¢o-
TOHA HAa CBO6OIHOM 3jieKTpoHe O = 90°. HaliTu u3aMeHeHUe 3HepTUU GOTOHA.

Ha 4épHyto noBepxHOCTb (110 HOPMaJIu K Hell) MaZjaeT CBET OT MOHOXPOMAaTHU4eCKo-
ro UCTOYHMKA (Z11Ha BoJHBI A = 407 HM). CBeTOBOe AaBsieHue p = 3-10-8 [Ia. HaitTu
4yucao GoTOHOB, NaJAIIIUX B €JUHUYHBIA IPOMEXYTOK BPEMEHHU Ha Y4acTOK IIO-
BEPXHOCTH eJUHUYHOM MJIOLIA/IH.

HaliTu MakcuMaJibHYyI0 CKOPOCTb (OTO3JIEKTPOHOB MPHU 06JYYEHUN MOBEPXHOCTH
Me/lU MOHOXPOMaTHYEeCKUM CBETOM C JJIMHOM BoJiHbI A = 100 HM. KpacHas rpaHuia
dotoadpdekTa Ao = 280 HM.

JlokazaTb, YTO CBOGOJHBIN 3JIEKTPOH HE MOXET NOIJI0OTUTb POTOH. (YuecTb, UTO
KOHeuYHasl CKOPOCTb 3JIEKTPOHA MOXKeT ObITh CPaBHMMA CO CKOPOCTbIO CBETa.)

KaTtox ocBemaercis MOHOXpPOMAaTHYECKUM HW3JIyYeHHEM C JJIMHOW BOJIHBI
A =300 HM. POTOTOK MpeKpauiaeTcs NpU 3aJep>KUBarolleM norteHnuyase U=2 B.
HaiiTu kpacHywo rpaHuny ¢otoaddekta A MeTasia, U3 KOTOPOTO H3TOTOBJIEH
KaTo/I.

Jlamna HakanvMBaHUsA NOoTpebdssseT MowHOCTb P = 60 Bt. HaliTh ynciao ¢poToHOB, Uc-
NyCKaeMbIX CIIUPaJIbIO JIAMIIbl B €IMHUYHbIA IPOMEXYTOK BpeMeHU. [IpUHATB, 4TO
BCSl SHEPTHUS UJET HA U3JIydYeHWEe U MOIJHOCTD JIaMIIbl pacCEMBAETCs OJJMHAKOBO BO
BCeX HalpaBJIEHUSX B BU/Ie U3JIyYEHUS CO CpeiHel AJIMHOW BOJHbI A = 1,7 MKM.

’KenesHbiil kaToA 06Jiy4aeTci MOHOXPOMATHYeCKHMM CBeTOM. [Ipu 3TOM Makcu-
MaJIbHasg CKOPOCTb POTO3JIEKTPOHOB Umax = 5,0:103 m/c. HaliTu A/qMHY BOJIHBI H3-
Jay4yeHus. Pabora Beixoza A = 4,31 3B.

HalTu 4acToTy, HMKJINYECKYI0 YaCTOTY, MacCy, 3HEPTHI0 U UMNYJIbC GOTOHA, AJUHA
BOJIHBI KoToporo A = 100 A.

JHeprusa ¢potoHa W = 1,0 3B. HaiiTu yacToTy, UMKJINYECKYIO YACTOTY, AJUHY BOJIHBI,
MMIYJIbC U Maccy 3TOoro ¢poToHa.
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Ha useasibHOe 3epkajio HOpMaJIbHO Na/laeT My4y0K JIa3€PHOT0 U3JIYYEeHUSs], JUAMETP
kotoporo d=0,5cM. 3a Bpemsa t=0,13 Mc J1a3ep usaydaeT sHepruro W=10 [Ix.
HaliTu naBiieHre U3/1ydeHUs Ha 3epKaJio.

MHTEHCUBHOCTb UMITyJIbCa U3JydeHus Jasepa [ = 1,0-1015 Bt/M2. [liiHA BOJIHEI J1a-
3epHOTO U3JyyeHUs A = 694 HM. HaliTu n10THOCTh OTOKAa GOTOHOB (YKCI0 POTO-
HOB, MPOXOJALIUX Yepe3 eAUHHUYHYIO MJIOIAJKY B €JUHUYHbINA MPOMEXYTOK Bpe-
MeHHU) B umnyJibce. Kakoll aMIInNTy/le HAaNpsSH>KEHHOCTU 3JIEKTPUYECKOr0 MOJIsl CO-
OTBETCTBYeT 3Ta BeJINUUHA?

HailTu MakcHMaJsibHYI0 CKOPOCTb 3JIEKTPOHA, BbLIETAIEero M3 Lie3MeBOW Ija-
CTUHKHU TPHU OCBELIeHUU €€ MOBEPXHOCTH CBETOM C JJIMHOU BoJiHBI A =400 HM, a
TaK)Xe KpacHyto rpaHuny ¢otoadpdekra. Pabora Beixoga A = 1,89 3B.

PenTreHoBckuii poTOH ¢ AarHOU BosiHbl A = 0,10 HM pacceuBaeTcsl Ha €J1abo CBS-
3aHHOM 3JIEKTPOHE MO/, NPSMbIM yTrJIoM. HaliTu n3MeHeHUe JJIMHBI BOJIHBI pOTOHA
Y SHEPIHUI0 3JIeKTPOHA OT/[a4uH.

HaiiTy paboTy BbIX0o/ia 3JIeKTPOHA C MOBEPXHOCTH HEKOTOPOr0 MeTaJllIa, eC/Iu NpH
004YepéJHOM OCBELIeHUH ero 3JIeKTPOMarHUTHBIM U3Jy4YEeHUEM C JJMHAMH BOJIH
A1=0,33 MKM U A2 = 0,54 MKM MaKCUMaJIbHble CKOPOCTHU POTO3I€KTPOHOB OTJIMYA-
10Tca B k = 2 pasa.

@®OTOH peHTreHOBCKOro u3iydyeHus (AsvHa BosHbl A= 0,020 HM) B pe3sysbTaTe
KOMIITOHOBCKOI'O pacCesiHHUSA Ha 3JIEKTPOHe U3MEHMJI HallpaBJIeHHe CBOero pacnpo-
cTpaHeHUs Ha yroJ 6 = 180°. HaliTH aHepruio U UMMYJIbC 3JIEKTPOHA OTJAYH.

®oTtoH ¢ gauHout BosiHbl A = 0,020 HM B 3¢ dekTe KomnToHa paccesisica Ha yroJ
0 =90°. HailTu yros MexJy HamnpaBJieHHUEM MePBUYHOTO (POTOHA U HMMIYJIbCOM
3JIEKTPOHA OT/AAYH.

HaiiTu aHepruo v umny/ibc OoTOHA C JJUHOM BOJIHBI A, paBHOH: a) 555 HM (BUAM-
Mblil cBeT); 6) 0,1 uM (pentren); B) 0,001 HM (ramma-usiaydyeHue). CpaBHUTb 3TH
BEJIMYUHBI C 3HEPrUed U HUMIYJIbCOM 3JIEKTPOHA, JBWXKYILETroCs CO CKOPOCThIO
ve=1-103M/c.

[TapansiesbHBIN MYYOK cBeTa (AJIMHA BOJIHBI A = 662 HM) najaeT noj yrJjom i = 60°
Ha IMJIOCKOe 3epKasio ¢ Koapduuuentom orpaxkenus p =0,90. KosmmyectBo poTo-
HOB, €XXeCeKyHJHO morJiolaeMbiX 1 cM? nmoBepxHOCTH 3epkasa, N = 1-1022 cm-2-c-1,
HaliTu naByieHre cBeTa Ha 3epKaJio.

[l10cKkas a/1leKTpOMarHMTHasl BoJIHA NaaeT Ha Mperpajy, pacnooKeHHY0 MOJ, yT-
JioM a = 30° K HanpaBJIEHUIO pacrpocTpaHeHUs1 BOJHbL. KoadpduumeHT oTpakeHUs
p=0,9; aMmuTya HAaNpPsPKEHHOCTU MAarHUTHOTO MOJisi BOJIHbI Hpy = 3,0-10-4 A/wm.
HaliTu flaB/ieHMe BOJIHBI Ha Iperpajy.

[Ipy KakoW CKOpPOCTH 3JIEKTPOHA €ro MMIyJbC COBNAjAaeT C MMIYJbCOM POTOHA,
JUIMHA BoJsiHbI KoToporo A = 0,001 HM (raMMa-usay4yeHue)?

[ly4ok 3J1IeKTPOHOB Na/iaeT HOPMaJIbHO Ha Auadparmy c AByMsl y3KUMHU IL[eJISIMH, 3a
KOTOPOM Ha paccTOsIHUM L = 75 cM pacnoJiokeH 3KpaH. PaccTosiHue MexAay 1easaMu
d = 25 MKM. PaccTosiHue Mexy coceJHUMH MaKCUMyMaMM Ha 3KpaHe Y = 7,5 MKM.
HallTh KMHeTHYeCKYyI0 S9HEepPTrHIO 3JIEKTPOHOB.

[Ipu Kako¥ KMHETUYECKOM 3HEpruu 3JIeKTPOHA ero JebpomJieBcKas AJMHA BOJIHBI
paBHAa KOMIITOHOBCKOW JIJINHE BOJIHbI?
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JJIEKTPOH pa30rHaH B 3JIEKTPUYECKOM MoJie € pa3HOCThI0 noTeHuuasnoB U =100 B.
Haittu anuHy BosiHBI e Bpoiisis ajieKTpoHa.

OueHUTH HeONpeAe/JEHHOCTb CKOPOCTH 3JIEKTPOHA B aTOMe BOJOpOJa, IoJaras
pa3mep atoMa r~ 0,1 HM. CpaBHUTb MOJYYEHHYI HEONpeAeJEHHOCTh CO CKOpPO-
CThIO 3JIEKTPOHA Ha epBOM OOPOBCKOU OpOUTE.

Bo36yx/1€HHBIN aTOM ucnyckaeT $OTOH B TeueHUe BpeMeHHU T = 0,01 mkc. [yinHa
BOJIHBI U3ay4yeHus A = 600 HM. HaliTy, c KakOM TOYHOCTbIO MOTYT OBITb U3MepPEHbI
3Heprus, AJIMHA BOJIHbI U KOOpAUHATA GOTOHA.

C moMolLbI0 COOTHOILLIEHHUS HEONpPeeJIEHHOCTEN OLLEHUTh MUHUMAJIbHYI0 SHEPTHUI0
3JIEKTPOHA B OZJHOMEPHOM NMOTeHLIMa/IbHOM siMe IUpPUHOHU [ = 1 A.

HaiiTu aavHy BOJIHBI e Bpoiisis 3/ieKTpoHa, MPOTOHA M LIAapHUKa Macchl m = 1 Mmr,
JIBIDKYIIMXCS C OJJTUHAKOBOM CKOpocThio v = 105 M/c.

BbIUUCIUTD AJIMHY BOJIHBI Jle Bpoiis A5l @-4acTullbl, HEUTPOHA U MOJIEKYJIbI a30-
Ta, ABWXKYLIMXCS C TENJIOBOM CKOPOCThIO NpU TeMmneparype t = 25°C.

HalTyn pessaTUBUCTCKOe BblpaKeHHe [/ JJIMHBbI BOJIHBI Jie Bpolia 3/eKTpoHa,
YCKOPEHHOT0 B 3JIEKTPUYECKOM I10JIe, eC/IM YCKOpAMIllee HallpsKeHue paBHoO U.

®oT03pPeKT NMPOUCXOAUT MOJ AeUCTBUEM CBeTa C AJUHOU BoOJIHBI A =500 HM.
AnopHoe HanpsikeHue U =5 B. PaboTa Bbixosja dpoTokatoa A = 2 3B. HallTu MUHuU-
MaJIbHY0 Z1e6pOHJIEBCKYIO IJIMHY BOJIHBI 3JIEKTPOHOB BOJIM3U aHO/A.

3apaya 5. HeKotopble KBaHTOBOMEXaHMUYECKUEe cuctembl. Tennosoe

usnyyeHume

1. HailiTu HOMep U pajinyc 60POBCKOM OpOUTHI aTOMa BOAOPO/A, HA KOTOPOU CKOPOCTh
aJleKTpoHa v = 734 kM/c.

2. BblUMCIUTB AJMHY BOJIHBI, YaCTOTY U LUKJIWYECKYI0 YAaCTOTY, COOTBETCTBYIOILYIO
nepBou JIMHUU cepun basibMepa noHa resius He*.

HaliTu sHepruwo MoHM3aLMu MoOHa JUTHUA Litt.

4. BpIYHUCAUTH AJIMHY BOJIHBI, YaCTOTY U IIMKJIWYECKYI0 YaCTOTY, COOTBETCTBYIOLIYIO
TpeTbel JIUHUU cepuH [lalieHa aToMa Bogopoja.

5. B cnekTpe aToMa BOJi0po/ia UMeeTCS JIMHUS, AJMHA BOJHbI KOTOpo# A =432 HM. K
KaKOW CHEeKTPa/IbHOU CepUU OTHOCUTCS 3Ta JIMHUS U KaKUM TJIaBHbIM KBaHTOBbIM
YUCJIOM XapaKTePHU3YITCA UCXOAHOE U KOHEYHOE COCTOSIHUSA aToMa?

6. BbluucaUTbh MOJYJib OPOUTAJIBHOTO MOMEHTA 3JIEKTPOHA B COCTOSSHUU 2d. Bbruuc-
JIUTh MOJ1yJIb COGCTBEHHOT'0 U NOJIHOT'O MOMEHTOB.

7. llepeyrcavuTh 3HAaYEHUS] KBAHTOBBIX YHCEJ KaXKJ0T0 3JIEKTPOHA B OCHOBHOM COCTO-
SIHUM aToMa HaTpus (Z = 11).

8. DJJIeKTPOH, HAXOJSIIMUKUCSA B OECKOHEYHO IJyOOKOM MOTeHIMaJbHON SIMe IIHUPUHOU

[=1A, nepemén u3 Bo30yKJAEHHOTO COCTOSIHUSA € n =3 B OCHOBHOe. HaWTu gyiunHy
BOJIHBI U IUKJIUUYECKYIO YACTOTY U3JY4YEHHOTO MPU 3TOM POTOHA.
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JeKTpOH c aHepruer W= 1 3B HaseTaeT Ha NPSAMOYTOJIbHBIA NOTEHIIMAIbHBIN 6a-
pbep BbicoToM U =5 3B u mmpuHo#t [ =2 A. Hall'TH BeposITHOCTb OTpPaKeHUs 3JIeK-
TPOHa OT 6apbepa U ero NPOXOXK/AeHUS CKBO3b bapbep.

HekoTopasi yacTuna HaxoAUTCd B 00JIaCTU NMPOCTPAHCTBA, IZle UMEETCS NMPSAMO-
YTOJIbHBIN MOTEeHLHAIbHBIH 6apbep. lllupuHa Gapbepa 1 = 5 A, ero npospayHocTb
D1 =3-10->. HailTu npo3payHOCTb 6apbepa TOU >Ke BBICOTHI /Il TOM Ke YaCTHUILbI
npu mwupune I = 3 A.

MMeeTca KBAaHTOBBIM FapMOHUYECKUH OCLUJIIATOP B COCTOSHMUH C N = 2, 3HEPrus
koTtoporo W=43B. HaiTu Hy/JeByl 3HepPrui0 OCLHUIATOPA U MAaKCHMaJbHYIO
JUJIMHY BOJIHBI POTOHA, KOTOPBIM MOXET MepeBeCcTH 3TOT OCLU/JIATOP B pyroe co-
CTOsSIHME.

Paccrosnue Mexay AByMs COCeJHUMU SHeEpPreTUYeCKMMU YPOBHSAMHU rapMOHHUYe-
ckoro ocuusisiTopa AW = 2 3B. HaliTu HyJIeBy10 3HEPIUI0 OCLUAJLIATOPA U COOTBET-
CTBYIOULIYIO [UKJIUYECKYIO YaCTOTY.

JlinHa BOJIHBI J1a3epHOro usaydeHus A = 830 HM. CneKkTpasibHas MJIOTHOCTb U3Jy-
YyeHHUS Ha 3TOM JJinHe BoJHbI U = 4,0 [x-c-M-3. Kakoil TeMnepaType 4épHOro Teja
COOTBETCTBYET U3JIy4YeHHUe 3TOro Jia3epa?

HaiiTu sHepruto, KoTopyto u3JydaeT 3a 1 ¢ KpacHasa 3Be3za AHTapec (a Ckopnuo-
Ha). MakcuMyM crnieKTpaJbHOM U3J1ydyaTeJbHOU CIOCOOHOCTH 3Be3/bl COOTBETCTBY-
eT JuiMHe BoJiHbl A = 880 HM. Paguyc AnTapeca paBeH 530 paguycam CosiHua. Cuu-
TaThb 3B€3/1y YEPHBIM TEJIOM.

JlokasaTtb c noMouibto ¢popmynbl [lnaHka, 4TO MakCcUMaJ/ibHas CeKTpasibHas MJ0T-
HOCTb 3HEPTUH PABHOBECHOTO TEIJIOBOr0 M3Jly4YeHHs MPONOpIMOHAJbHA KyOy ab-
COJIIOTHOU TeMIlepaTypBhl.

3Be3na n OpuoHa umeet temnepatypy T = 2,3-10% K. HaliTu uBet 3Be3/ibl. CUMTaTh
3Be3/1y YEPHBIM TEJIOM.

3Be3sa Apktyp (a Bosionaca) umeet temnepatypy T =4000 K. Paaguyc 3Be3ab! pa-
BeH 26 paguycaMm CosiHna. HaiTu aHeprumwo, usjaydaeMyro 3Be3/0M B eJMHUYHBIN
IpOMeXyTOK BpeMeHU. CYMTaTh 3Be3/ly YEpPHBIM TEJIOM.

3Be3ga Cupuyc A (a bosbuoro Ilca A) no cBeTUMOCTU (3HEPTrUH, U3JIydaeMoOW B
eIMHULy BpeMeHU) B 61 pa3 mpeBocxoauT CoJiHIE, a O paguycy - B 2,4 pasa.
Hayity, Bo ckosibko pas Cupuyc ropsadee Cosnua. CuuTaTh 3BE3/bl YEPHBIMU TeJa-
MHU.

BBIYUCIUTD COJIHEYHYIO NMOCTOSHHYI0 — MOJIHYK) MOILHOCTb M3JIy4eHHs, KOTOpoe
najlaeT Ha eJMHUYHYI0 IJIOILA/KY, IOMEIEHHY0 BHe aTMocdepbl 3eMJU Ha Cpej-
HeM paccToAsHUM 3eMiid oT CostHIa. CuuTaTh COJIHIE YEPHBIM TEJIOM.

BcesleHHasa 3amo/iHEeHa paBHOBECHBIM TEIJIOBBIM H3JydYeHHEM, Ha3blBa€MbIM pe-
JIMKTOBBIM u3aydeHHeM. Temneparypa atoro usaydenuda T = 3 K. OuenuTsb naBJie-
HHE PeJIMKTOBOIO U3JIy4eHHUs.

HaiiTu Temnepatypy Cupuyca B (a Bosbiioro I1ca B). Paauyc Cupuyca B coctaBis-
eT 2,6:10-2 paauyca CoJsiHIIa, a 3HEPTHUS, KOTOPYIO OH U3Jly4aeT B eHWHUIY BpeMe-
HHU, - 2,6:10-3 aHepruu, usnydaemon CosHueM. CduTaTh 3B€3/ bl YEPHBIMU TEJIAMH.
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YeMy paBHa UHTerpasibHasl U3JiydyaTesbHasl ClIOCOOHOCTh YEPHOIO TeJia, MAaKCUMYM
CIEeKTpPaJIbHOM M3JIydyaTeJbHOM CIOCOOHOCTH KOTOPOro MHPUXOJAUTCS Ha AJUHY
BOJIHBI A, = 1000 HM?

Ucnonb3ys dopmyay IlnaHka, mokasaTh, YTO MaKCUMaJsibHasl CIeKTpaJibHasl U3Jy-
yaTeJibHasl CHOCOGHOCTb YEPHOTO TeJia '), T U3MEHSIeTCs MPONOPLMOHAIBHO MATOM
CTeneHu abCOIIOTHOM TEMITEPATYPHI.

Oxylaxk/ieHre YEPHOIo TeJia MPOUCXOAUT TOJIbKO 3a CYET U3JIydyeHHs. MaKCHUMyM
CIEeKTPaJIbHOM H3J1y4aTeJbHOM CIOCOOHOCTU TeJsia CMeCTUJICS ¢ GUOJIeTOBOU I'pa-
HULbl crnekTpa (A1=400 HM) g0 eé KpacHOW rpaHuubl (A2 =780 HM). HaliTH, Ha
CKOJIBKO I'paJlyCoOB T€JIO OCThLIO.

MydodenbHas nedyb notpebsisieT MowHOCTb P = 0,5 kBT. TemnepaTypa eé BHyTpeHHEH
NOBEPXHOCTHU (IIpU OTKPBITOM OTBepcTUH guaMeTpoM d =5 cMm) t=700°C. Kakas
4acTb NOTPeO/IsIEMON MOIIHOCTU pacceuBaeTcsl cTeHKaMu? [IpUHATBH, YTO OTBep-
CTHe U3Jy4yaeT KaK YépHOe TeJIo.

MakcuMyM crneKkTpa/bHOM M3JydyaTesJbHON crnoco6HOCTU COJIHIIA COOTBETCTBYET
JIUIMHE BOJIHBI A = 500 HM. [IpruHuMas CoJiHLie 32 YEpPHOe TeJsio, HAUTH: 1) TeMnepa-
Typy noBepxHOCTH CoJIHLA, 2) UHTErpabHYIO0 U3JIyYyaTelbHY0 Cl1ocO6HOCTb COJH-
113, 3) 3Hepruto, usaydyaemyro CosHIIEM B eJUHUYHBIN IPOMEKYTOK BpEMEHHU.

HaiTy, Ha ckosbKO yMeHbIMTCA Macca CosiHL@ 3a rof BCJIeACTBUE U3JIyYeHHS.
TemnepaTtypy noBepxHocty CosHLa npuHATH paBHOM T = 5800 K.

BcesiencTBre oxJaKAeHUSI YEPHOTO TeJla MAaKCUMyM €ero CleKTpaJbHOW H3Jyda-
TeJIbHOW CIOCOOHOCTH cMecTuica ¢ A1 = 0,8 MKM Ha A2 = 1,2 MkM. Bo ckoJibKO pas
M3MeHHWJIach MPU 3TOM MHTerpasibHasi u3Jjy4yaTesbHasi ClIOCOOHOCTh U MaKCHMaJlb-
Has CeKTpasibHas U3JIydaTesbHasi CIOCO6GHOCTh?

B 3aMKHYTOM M30/IMpOBAaHHOM 00'bEMe HAXOAWUTCA UJeas/IbHbIM ra3 Npu TeMmIlepa-
Type T=300K. [Ipy kakoi KOHLEHTpaLHUHU MOJIEKYJ ra3a o6’béMHasi IMJIOTHOCTb
KMHETUYEeCKOU 3HEepryuu NMOCTYINaTeJbHOr0 JABMKEHUS MOJIEKY/l paBHa 00bEMHOMU
IJIOTHOCTY 3HEPrUU U3JydyeHUs 4€épHoro Tesa? YeMy paBHO IIpU 3TOM JaBJIeHHUE
rasa’?

Bo ckoJsibKkO pa3 MU3MeHMWJIach Obl 3Heprusd, usaydaemas CosHLEeM, ecu Obl TeMIe-
paTypa nos0BUHbI oBepxXHOCTU CosiHA yBesnuuaack Ha AT =100 K, a Temnepa-
Typa BTOPOM ITOJIOBUHBI HAa CTOJIBKO Xe YMeHbIINW/Iach? TeMnepaTypy NOBEPXHOCTH
CosiHua npuHATbL paBHOU T = 6-103 K.
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