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ConpepxxaHue

FeomeTpuyeckas onTUuka.
3aKOH NPSAMOSIMHEUHOro pacnpocTpaHeHUus cBeTa
3aKoH oTpaxeHus cBeTa. [NocTpoeHne n3odpaxeHUn B NSIOCKOM 3epKarne
3aKoH npenomMmneHunna ceeta. [llokasatenb npenomMmneHuns
flBneHne nonHoOro BHyTPEeHHero oTpaXxeHusl oT rpaHulbl ABYX cpen,
JInH3a. PoKycC NMUH3LI
NMocTpoeHne nsobpaxeHus B NNH3e
dopmyna TOHKOMN JSIMH3bI. YBenn4yeHme n3oopaxeHus B JINH3e
Ontnyeckme npndbopsl. Cuctembl NNH3
NMpumepbl peweHusa 3apay



3aKOH NpPSAMOSIMHEMHOro pacnpocTpaHeHns cBeTa
OnucaHueMm, TpakTOBKOW, NpeacKkasaHMeM ABMEHNN, CBA3AaHHbLIX C hOPMUPOBaHMEM 3pUTESbHBIX 0OPa30B y YernoBeka,
3aHMMaeTcs pasgen uUsnKn, HasblBaeMbI ONTUKOWN.
B onTuke B Ka4ecTBe MCTOYHMKA CBETA pacCMaTpuBalOTCA Kak HENOCPEeACTBEHHbIE U3nyyaTtenu ceeTa
(ConHue, cBeya, namna HakanueaHu4, nasep), Tak n otpaxarenu (JlyHa, 3epkano, ocseleHHoe 3gaHme n 1.4.) (puc. 1).

Puc. 1



B Hadane XVIl B. B pu3nkKe cqpopmMupoBarcs pasger, Ha3dblBaeMbl FTEOMETPUYECKOU OMTUKOU, KOTOPbIN C NMOMOLLbIO
NPSAMOSIMHENHOTO

xofa rny4yen B OAHOPOOHOW cpefe U Ux NpernoMreHnsa Ha rpaHuLax pasgena cpeq onucbiBaeT NpuHUmMnLl opMmnpoBaHnNS
n3o6paxxeHnin Ha

ceTyaTKe rnasa unuv Ha akpaHe. Eule ogHMM OCHOBHbBIM NMOHATUEM reOMETPUYECKON ONTUKN ABMSETCH MOHATUE TOYEYHbIN

NCTOYHMK
\Y gi

CBETa — UCTOYHUK NyYen.
Puc. 2

[MOHATUA TOYEYHBIN NCTOYHUK U Nyd B reOMETPUYECKON ONTUKE IKBMBASIEHTHbI MOHATUAM TOYKa U NyY B MaTeMaTuKe.
[eomeTpryeckas onTnka He KacaeTcs Bonpoca O NpMpoae CBeTa.

CuunTaetcs, YTO O MNONOXEHMM TOYEHYHOIO UCTOYHMKA CBEeTa S YenoBeK CyANUT MO PaACMONOXEHMIO TOYKN NepeceYeHns nyyen
nonagaroLmx B 3payvok ero rnasa (puc. 2).

O606LeHnem Takoro npeacTaBneHns 0 MECTOMNONOXEHUN NCTOYHMKA CBETA SABMSETCS 3aKOH NPSAMOSIMHENHOTO
pacnpocTpaHeHns ceeTa.

OH rmacuT: B OQHOPOAHOM cpeAe CBeT pacnpocTpaHAETCs NPAMOSIMHENHO.
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Puc. 3

Yamie Bcero HpﬂMOJ’IHHGfIHOG PaCIIpoCTPaHCHUC CBCTA MbI Ha6n}oz[aeM B BOJAC UJIK B BO3AYXEC, KOTOPBIC CHUTAEM OAHOPOAHBIMU.
HpHMOHHHeﬁHOCTB PacipoCTpaHCHUs CBCTA IIPOSABIIACTCA B O6paSOBaHI/II/I TCHH OT HCIIPO3PAYHOro TCja, €CJIN €ro OCBCIIA0OT TOYCUHbIM
HWCTOYHUKOM cBeTa. Eciau ToT ke OpeaAMET OCBCIIAOT ABYMS TOUCHHBIMHA UCTOYHHUKAMU CBCTA S1uS2 (pI/IC 3) HJIKM OJHUM IIPOTAKCHHBIM
HCTOYHUKOM, TO Ha S3KpaHC BO3HHUKAIOT YUACTKH, KOTOPBIC OCBCHICHBI YaCTUYHO U HOCAT Ha3BAHUEC ITOJTYTCHHU. HpI/IMCpOM O6pa3OBaHI/I$I TCHU
U MOJIYTCHHU B IIPUPOAC ABJIILACTCA COJITHCUHOC 3aTMCHUC.



Bo3zayx u Boga MOTYT OBITh U HEOIHOPOAHBIMH, XOTSI 3TO MOXKET ObITh HE3aMETHO IS IJ1a3a.
B Takux cpenax BO3MOKHO HaOMIOACHNE PUPOTHOTO SIBICHHUS KaK MUPAXK.

Ecnu Gnaromapst CBOWCTBaM Cpeibl, B KOTOPOW PACIPOCTPAHSIOTCS JIyYH, WK C IIOMOIIBIO ONITUYECKUX YCTPONCTB JIyYH MEHSIOT CBOE
HarpaBJICHHE, TO JIyYH, BRIXOSIIUE U3 UCTOYHUKA CBETA, MOTYT Iepecekarhes (puc. 4,a) wim paccenBarhes (puc. 4,0).
MecToHaxoKIeHHE N300paKCHHUsI TOUCUHOTO HCTOYHHMKA CBeTa S1 ONpeesstoT Mo MepeceYeHu o ABYX JiydeH (puc. 4,a) WK 1O
MEPECEUCHHIO UX MPOIOIDKEeHUH (pHc. 4, 0).

Kak11p1ii JTyd OKa3bIBaeT HAIPaBIICHUE MIEPEHOCA SHEPTHU OT UCTOYHHKA. [Ipu mepeceueHnn Tydeld BOSHUKAET TOYKa, IIC SHEPTHS
KOHIIEHTpHUpyeTcs. Eciii B 3TOM MecTe OCTaBUTh SKpaH, TO Ha HEM MOXKHO HAOJIIOATh CBETAIIYIOCS TOUKY, KOTOPYIO HAa3bIBAIOT
JIEHCTBUTEILHBIM U300pakeHneM S1 TouedHoro uctouynuka S (puc. 4,0).

Ecnu myuu, uayiiye oT HiCTOYHHKA, PACCESUTUCh, TO OHU MIIYT TakK, YTO IIa3 BOCIPUHUMAET UX UIYIIMMHU U3 TOUKU S2, KOTOpas
Ha3bIBACTCSI MHUMBIM H300pakeHueM uctouHuka S (puc. 4,0).
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Puc. 4
PeanbHbIe HCTOYHHUKH CBETa UMEIOT KOHEYHBIE pa3Mephl. B 3ToM ciyyae uX paccMaTpHUBarOT Kak COBOKYITHOCTh TOUEYHBIX HCTOYHHKOB,
PaCHOJIOKEHHBIX JPYT OTHOCUTENBHO IpYTa B OMPEIEICHHOM Mopsiike. Tak, ¢ TOMOIIBIO OTAETBHBIX CBETAILIUXCS JIaMIiouek (popMupyercs
M300pakKeHNEe Ha YIUYHBIX PEKJIAMHBIX IIUTaX.
B reomeTrpuueckoil ONTHKE TakKe UCTIONB3YETCs MOHITHE MTyYOK CBETA, UJIU CBETOBOM My4OK, PEACTABISIOMINUNA COO0H COBOKYITHOCTh
Jy4ei, 3aMmoNHSIOMNUX HEKOTOPYIO 001acTh MPOCTPaHCTBA

3akon OTpa*kKeHus ¢BeTa.

IMocTpoenue u300pa:keHnii B IJIOCKOM 3epKaJie
Cpenu npocTeHInX ONTHYECKHX SIBICHUH — MOTIONIEHUE CBETA, €r0 paccessHue, OTPaKeHUE U MPeIOMIICHHUE.
[TonHOE MOTNIOIIEHNE CBETa MOBEPXHOCTHIO TeJIa Mbl BOCTIPUHIMAEM KaK YEPHBIH [[BET MOBEPXHOCTH; YACTUYHOE MOTJIOIIEHHE CBETA
MOXET BOCIIPUHUMAThCS KaK OKpAIIMBaHUE MOBEPXHOCTH B ONPEICIICHHBIN IIBET, B TOM YHCJIE U B CEPBIH.
OTpakeHue cBeTa OT HEKOTOPOH MOBEPXHOCTH, Pa3/IesIONIeii MPOCTPAHCTBO HA JIBE YACTH, O3HAYAET U3MEHEHHE HAIPaBICHUS
NepEeHOCca YHEPTUU CBETAa TAKUM 00pa3oM, UTO CBET



MIPOAOIDKAET PACIPOCTPAHATHCS B IEPBOHAYANIBHOM cpene. Ecnu my4yok mapanienbHbIX JTydel maiaeT Ha HEPOBHYIO MTOBEPXHOCTb,
TO HaIpaBIIEHUE JIydel MEHSETCS ClydailHbIM 00pa3oM, U TOBOPSAT O paccesiHUH cBeTa (puc. 5,a).
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SBneHue paccestHUs CBeTa MOXKET HAOIIOAThCS U B CUCTEME MEJTKUX YacTHII, B3BEIICHHBIX B OJHOPOIHOM cpene (puc. 5,0).

Puc. 6
[Tpu oTpakeHuu mMydyka cBeTa OT IJIaJKOH MTOBEPXHOCTH MOKHO OOHAPYKUTb, YTO JIyd MAJArONIUN U JIyd OTpaKeHHBIN (pHC. 6)
JIeKaT B OTHOU TJIOCKOCTH C MEPIEHIUKYIIIPOM K TPAaHUIIE pa3ziesia Cpel, BOCCTABICHHBIM B TOUKE MAJICHUs. YTOJ MMaJIeHUs (L paBeH
yIJIy OTpasKeHHUs [3:

& =p.

DTO YTBEPKICHUE HA3bIBAIOT 3aKOHOM OTPaKCHHS CBETA.

MonenpHas TIaaKas TUIOCKOCTh, OTPaXKaloIas BCe MaIarolIie Ha Hee JTyYH, Ha3bIBACTCS TUIOCKUM 3€PKaJIOM.
PeanbHBIMU TETaMu, KOTOPBIE MOTYT OBITh OMMMCAHBI TAKOH MOJIENBIO, SBIISIOTCS MOJIUPOBAHHBINA KYCOK METAJUTHYECKON TJIACTHHBI,
MTOBEPXHOCTh JKUJKOW PTYTH B IIUPOKOM COCY/IE, MTOJIMPOBAHHOE TUIOCKOE CTEKJIIO, MIOKPHITOE CJI0EM cepeldpa MITH aTFOMUHHUS.



Pacmonoxum nepen 3epkajioMm CBETAIIYIOCS TOUKY S (puc. 7,a) U IpOBEIEM U3 HEE JIBa JTyda:
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Puc. 7

OJIH — TIEPIIEHANKYISIPHO MJIOCKOCTH 3€pKaia, APYroil — Mo MPOU3BOIBHBIM yIiioM @. [1epBbiii 0Tpa3uTcs NepneHIuKyIIPHO ITOM
MJIOCKOCTH, T.€. «CaM B ce0s1», BTOPOI — MO YIJIOM, paBHBIM yIiTy najieHus . [IpomomkeHre BToporo gyya 3a IIIOCKOCTh 3epKajia 1aeT
nepeceyeHue ¢ MPOAOKEHUEM TIEPBOTO yya B Touke S1, KOTopast ABIsSeTCS MHUMBIM H300pakeHneM Touku S. Jlerko nokasars, 4To
S1 A=S A, He3zaBucuMo 0T yria @. M3o0paxeHue cBeTAIIEHCS TOYKU B TUIOCKOM 3€pKaJjie BCEer/ia PacloioKEeHO B TOUKE 32 TIOCKOCThIO
3epKaja, JexKaleil Ha MPOoAoLKEHUH MePIEHANKYIISApa, MPOBEEHHOTO U3 UCTOYHHMKA CBETa K MIIOCKOCTH 3epKalia, MPpUYeM Ha PacCTOSTHUH,
PaBHOM PAaCCTOSIHHIO OT HCTOUYHUKA CBETA JI0 3epKasia. ITO n300paxeHune GopMUpyeTcsi BCEMU JIydaMy, HAYIIMMH OT UCTOYHHKA U

OTpaKaIOIIUMHUCSA OT 3epKaja, MO3TOMY €CIH 3aKPhITh YaCTh IUNIOCKOTO 3epKajia HeMPO3payHoil TKaHbO, TO H300pakeHue OyieT
(bopMUpPOBaTHCSI BCEMH OCTaIbHBIMU JTyYaMH.

M1 N1, npudem 3T0 n300pakeHne He TOIBKO MHIMOE, HO U MpsAMOe (He IEPEBEPHYTOE) B HATYPAIbHYIO BEIHUNHY (HE YBETUYECHO U HE
yMeHblIleHo). Kora HCTOUHHKOM OTPaKEHHOTO CBETA SIBIISIETCS YEJIOBEK, paCCMAaTPUBAIOIIHI ce0sl B 3epKalie, TO BO3HUKAET JKeIaHue
HA3BaTh €r0 MEePEBEPHYTHIM, OJHAKO 3TO HE TaK: rOJI0Ba YEIIOBEKa OCTAETCS CBEPXY, MpaBas pyka OTpakaeTcs ¢ TOH ke CTOPOHBI, T/Ie
pacronaraeTcsi Mo OTHOIIIECHHUIO K I1a3aM cama pykKa.



3akoH MpEJIOMJICHHUS CBETA. Iloxka3arean MpEJIOMJICHUSA

Puc. 8

Psa BemecTB, HanpuMep BoJia, MPH MAJICHUM CBETA HA UX MOBEPXHOCTh OTPAXKAKOT JIUIIb MATYIO JIOJIO CBETA,

HO U HE MONIOMIAIOT €ro. Teia, 3roTOBJICHHBIC U3 TAKUX BEIIECTB, HA3BIBAKOTCS MPO3PAYHBIMH.

[Ipu mageHnu myyka cBeTa NEPIECHAUKYIISIPHO TPAHUIIE Pa3eiia Cpell My4YOK B HOBOM Cpelie HE MEHSIET CBOETO
HaMpaBJICHUs, a IIPUA NAJCHUH IMy4YKa CBETA I10J] HEKOTOPBIM YIJIOM K ITOBEPXHOCTH OH M3MEHSIET CBOE HAIIPABJICHHUE,
T.€. mpesiomiisieTcs (puc. 8). [Ipu 3ToM OKa3bIBa€TCs, UTO Jy4 MaJarolIui 1 JTyd IPEJTOMIICHHBIN JIeXKaT B OJHOM
IJIOCKOCTH C MEPIEHAUKYIISIPOM K TPAHUIIE pa3/ielia IBYX CPE, BOCCTABICHHBIM K TOUKE MaJeHUA. Mex Iy yrioMm
MIPEJIOMJICHHUS Y U YIJIOM TaJIeHUs @ BBITIOJIHAETCS CIIEIYIOIIEe COOTHOIIICHUE:

n1 sSin a= n2 siny
r€e N, U N, — abCOMIOTHBIC MOKA3ATENH PETOMIICHHUS IBYX CPE/l. DTO YTBEPXKACHUE HA3BIBAIOT 3aKOHOM PEJIOMIICHHUS CBETA.
AOCOJIOTHBIN MMOKa3aTeIb N NPEJIOMIIEHUS CPEbl MOKA3bIBAET, KaK Oy/leT MPeIOMIISTLCA JIyd Ha TPAHUIIE CPella — BAaKyyM.
Takum 006pazom, BaKyyM BBICTYTAET B KAY€CTBE HEKON aOCOIIOTHOM Cpefibl, KOTOPAsi HCTIONB3YETCS ISl XapaKTePUCTUKH

PasIMYHBIX JAPYIHX CPed. AGCONIOTHBIN MTOKA3aTENb IPEIOMIIEHHS CBI3aH CO CKOPOCTHIO CBETA B CPEJIE M CKOPOCTHIO
CBETA B BaKyyMe C: n=c/v



CKopocCTh pacrpocTpaHEHHs! CBETAa B JII000M cpelie MEHbIIIE, YeM CKOPOCTh PaCIpOCTPAHEHHUS CBETA B BAKyyMe, [I03TOMY

a0COMIOTHBIN MOKa3aTeb MPEeJIoOMIICHNUs JTF000H cpeibl Beeraa Oomnbliie equHuibl. Tak, Ay Bo3ayxa oH npuMepHo paseH 1,0003,

1utst Boael — 1,33. Cpenu 3BECTHBIX BEIIECTB MAaKCUMaJIbHBIN aOCOMIOTHBIN IMOKa3aTellb MPEIoMIIeHUs y aiMasa (n » 2,5).

Cpena c 6osb1IuM aOCONIOTHBIM ITOKA3aTeJIeM MTPEeIOMIIEHUS Ha3bIBAETCA ONTUYECKH OoJiee MIIOTHOM cpeoil.

AOCOITIOTHBIN MMOKa3aTeNb MPEeIOMIICHUS BEIIECTBA SBJSETCS €ro NHANBUAYATbHON XapaKTePUCTUKON U 3aHOCUTCS B CIIPAaBOYHbBIE TAOIHIIBL.
Ha pucynke 9 npuBenen xon jiydei 4yepes3 npo3pavyHoe TEN0, HaA3bIBAEMOE MIOCKOMApAIUIETbHON TACTHHOM.
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Puc. 9

CO6J'IIOI[6HI/IC 3daKOHOB IMPCJIOMJICHHUA Ha ABYX I'PAHAX TCJIa U3 OIITUYCCKHU 0oJiee IIIOTHOTO mMarcpualia, Y€M OKpYyKaromasa cpeaa,
IMPUBOAUT K COXPAHCHUIO HAITPABJICHHUA PACIIPOCTPAHCHUA JIyda.

SIBJjIeHME MOJTHOTO BHYTPCHHEI'0 OTPAKCHHUS OT 'PaHUIBI IBYX CPE

Puc. 10



Ecin MCTOYHHK CBETa HAXOIUTCS B CPEIE C MOKasareseM npenomiieHus n, (puc. 10), To uCIycKaeMble UM JIy4H, JOCTUTAs TPAHUIIBL

JIAaHHO# CPEJIBI CO CPEJION, XapaKTePU3yeMOH IT0Ka3aTelIeM MPEJIOMIICHHS 1, < N, TIPEJIOMIIFOTCS TaK, YTO YroJjl NpeNoMIIeHuUs Y Oobiie

yria nazgenust 4: . [Ipu 5TOM 4acThb Majlatoliero CBEeTa, KaK Ha JI000! IpaHuIe pasjiesia, OTPAaXKaeTes B CPeLy C MOKa3aTelleM IPEeIOMIICHHS 1, .
Ecnu 3Hauenue yrna najeHus & up TAKOBO, UTO YIOJI MPEITOMIICHHS Y | = 90°, TO CBET HE BBIXOJUT B CPeAy C MOKa3areieM MPeoMIICHUS
n,<1n,, a HOJHOCTHIO OTPAXKAETCS B CPEJLY, [/I€ HAXOAUTCS MCTOYHUK. Takoe sIBICHUE HAa3bIBACTCS SBJICHUEM [OJIHOTO BHY TPEHHETO
OTpakeHHs, a yroJ dnp, COOTBETCTBYIOIIUHU yIiTy TipesiomsieHus Y = 90°, Ha3bIBaeTCs MPEEIbHBIM YIJIOM ITOJTHOTO BHYTPEHHETO OTPAXKEHUS

U ompenenseTcs paBeHCTBOM . [loHOe BHyTpeHHee oTpakeHue HaOII0IaeTcs U P BCeX yriiax MajeHus o> dnp, YTO U O0BSACHSET Ha3BaHUE

OTOTI'0 yIjia KaK InpeacJIbHOIO.

I[JIH mepexoaa CBCTa U3 BOALI B BO3AYX . OTKpBIB IJ1a3a 1moJq BOHOﬁ H paccMarpuBada €€ IMMOBCPXHOCTD I1OA YIJIOM,
OOJILIITAM 3TOTO S3HA4YCHMH:A, BbI HC BUAUTC IIPCAMCTOB Hal BO,HOﬁ, IMOBCPXHOCTHb BOABI CHHU3Y KaKCTCs 3€pKaHBHOﬁ.
HpI/I HaIIpaBJICHNUHA B3I 4ad U3-1101 BOJAbI OJIKe K BCPTHUKAJIX Bbl MOKCTC YBUIACTDb BCC, UTO PACIIOJIOKCHO HaA HEH.
SIBJIEHME OJIHOTO BHYTPCHHCTO OTPAXKCHUS ITUPOKO UCITIOJIB3YCTCA B COBpCMGHHOﬁ KOMHBIOTGpHOfI TCXHUKC I
OopraHu3anuun OIITOBOJIOKOHHOM CBsI3U. Ee OCHOBY COCTAaBJIAICT IIHYD, CO6paHHBII>’I 13 TOHKUX CTEKJISTHHBIX HUTEH
(BOJ'IOKOH), BIOJIb KOTOPBIX CBCT PACIIPOCTPAHACTCA C HEOOJIBIITUMH IMOTCPAMHU N3-3a €TO IMOTTIOIICHUA. HOKI/IHYTB
BOJIOKHO 4Y€pC3 60KOBy10 IMOBEPXHOCTHb CBCT HC MOKCT.

JIunza. @oKyc JTMH3bI
JIuH3a sBIsIeTCs OMHUM U3 BeIMYanux n3o0peTeHnit yenoBedyecTna. JInaza mo3ponmia emie B X VII B., ¢ 0mHON CTOPOHBI, CO31aTh
TEJIECKOI U pa3pyLIUTh MPEACTAaBICHUS O TOM, 4TO 3eMiis — LIeHTp BcenenHoil, ¢ apyroii — co3naTb MUKPOCKOI M OTKPBITh MUKPOOPTaHU3MBI.

Jg




Yamie Bcero BcTpeyaercs ceprudeckas JMH3a, KOTOpas MPeACcTaBisieT cOO0H OAHOPOIHOE MPO3PAaYHOE TEJI0, OTPAHUYCHHOE JBYMS
chepuyecknmu nosepxuHoctamu (puc. 11). Jlunus O, O,, coenunsromas LEHTPbI cep, OrpaHNIMBAOIIKE TTOBEPXHOCTD JIMH3bI,

Ha3bIBaCTCsl INIABHOM ONTHYECKON 0ChI0 nH3bL. [lnockocts JI, JI, mpoxozsinas yepes IMHUIO MepecedeHus cthep, OrpaHUYMBAIONINX JTUH3Y,
Ha3bIBAETCS INIOCKOCTHIO JUH3BI. [I710CKOCTD JIMH3BI NEPIIEHANKYIISIPHA INIABHOM ONTUYECKOM ocH JuH3bI. Touka O nepecedeHus MI0CKOCTH
JIMH3BI U €€ TIIAaBHOW ONTHYECKONW OCH Ha3bIBACTCS LIEHTPOM JHMH3bI. OTPE30K ONTUYECKON OCH, 3aKIIIOUEHHBIN MEX1y cepamu,

DR EA PLHY ARG TSR R b hSrBH B SHRSTH Saar B BeA dBIs P HShap ot thx S panmunpatowmx nuHay,
TS et Bae PR L TRy A U QI TR o R A S R B BB PR Y SR B I b OB B T b 3B o 1Lmx

NOCTPOUTb
n306paxxeHne NCTOMHMKOB CBETA B 3TOW NNH3eE.

Ha pucyHke 12 npegcraeneHbl NPOCTENLLNE NPOMUIN CTEKNAHHBIX NTMH3: NNOCKO-BbINyknas (puc. 12,a), ABOAKOBbLINYyKNas
(puc. 12,06),

nnocko-BorHyTtas (puc. 12,8), n aosikoBorHyTtas (puc. 12,r). lNepBble ABE U3 HUX B BO3AYXE SABMAKTCS COBMpaowLmmm
nYH3amu,

a BTOpble ABe — PaCCENBAOLLMMU. DTN HA3BAI "~ "=~~~ = =~* ==~ = ~~E:or e [INH3E NYY, NPENOMIISSCH,
OTKIIOHAIETCS B CTOPOHY — —
ONMTUYECKOI OCK, @ B paccemBatoLLein Haobope /| /\ Y W

Puc. 12

Jlyuu, uayume napajijieibHO INTABHOM ONTHYECKOM OCH, OTKJIOHSIOTCS 3a cobuparoiei nuH30i (puc. 13,a) Tak, 4To COOMPAIOTCS B TOUKE,
Ha3bIBaeMoii (hokycoM. B paccenBaronieii 1MH3€ JTy4d, HIyIIUe MapauIeIbHO INIAaBHON ONTHYECKON OCH, OTKJIOHSIOTCS TakK, 4To B (hOKyCe,

HaXOASAIIEMCS CO CTOPOHBI A/IAIOIINX JTy4Yel, cCOOMparoTcst ux npopoinkenus (puc. 13,0). PaccTosiaue 10 GOKyCOB ¢ OIHOM U Ipyroi
CTOPOHBI TOHKOH JIMH3BI OJMHAKOBO U HE 3aBHCUT OT MPOMUIIS TPaBOM U JIEBOM MOBEPXHOCTEH JTHH3HI.

|

a Puc. 13 6



Jlyu, naymuit uepes neHTp auH3bl (puc. 14,a — coOuparomias auH3a, puc. 14,0 — paccenBaromias JIMH3a), HE MPEIOMIIICTCS.

e
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s Puc. 14 g

Iyun, naywme napanneneHO Apyr Apyry, HO He NapannenbHO rMaBHOM ONTUYECKOW OCU, NMepeceKkatoTCa B TOUKE
(mo6oyHoM hokyce)

Ha ¢ooKasibHOM NSTIOCKOCTKN, KOTOpasa NPOXOANT Yepe3 (POoKyC nepneHanKynsapHO rmaBHOM ONTUYECKON OCK

(puc. 15,a — cobuparowasa nuH3a, puc. 15,6 — paccenBatoLast NMMH3a).

I, e

Puc.
15

doxycHoe paccTosiHUE f — paccTosHIE OT LIEHTPa JMH3bI 10 (OKyca — 3aBHCUT TOJIBKO OT ITOKa3aTelIs MPEeJIOMIICHHS N MaTepHraia JIUH3bI
¥ paJInyCOB KPUBHU3HBI Cep, OTPAaHNINBAIONINX TOBEPXHOCTD JIMH3BI: HAIPUMED, IS TBOSKOBBITYKIIOW COOMPAIOIIEH JIMH3HI,
OrpaHu4eHHON chepamu ¢ paauycamu R, 1 R,
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IHocTpoenne u3odpakeHus B JINH3E
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ITpu noctpoenuu (puc. 16) n3odpaxeHus Kakoi-mmd0 TOUKH (HampuMep, KOHYUKA CTPENIKH )C TIOMOIIBIO COOMPAIOLIEH JINH3BI,

13 3TOW TOYKH BBIITYCKAIOT JIBa JIyya: MapajlieldbHO IIaBHON onTUYecKol ocH U yepe3 neHTp O nuH3bl. B 3aBUCMMOCTH OT paccTOsTHUS
OT CTPEJIKHU A0 JIMH3bI MOXKHO MOJIyYUTh YETHIPE TUIA U300PAKEHUS, XapaKTEPUCTUKH KOTOPBIX onucaHbl B Tadauie 1. [Ipu nocrpoenuu
1300paxKeHUsl OTPe3Ka, MEPIEHINKYISIPHOrO INIABHON ONTUYECKON OCH, €ro N300pakeHUE OKa3bIBAETCS TAKKE OTPE3KOM,
NEPIEeHIUKYISPHBIM [NIABHOM ONTHYECKOH OCH.

Tabmuna 1
Paccrosinue a XapakTepucTHKA H300paKeHu st
OT NpeaMeTa /10 JTUH3bI

0<a<F MuumMoe, yBETMYEHHOE, PSIMOE

F<a<?2F JlelicTBUTENIbHOE, YBEIIMUEHHOE, IEPEBEPHYTOE
a=2F JeiicTBUTENIbHOE, B HATYPAJIbHYIO BEJINYUHY,

NEepPEBEPHYTOE

a>2F JleiicTBUTENIbHOE, YMEHBIIIEHHOE, IEPEBEPHYTOE




B cnyyae paccenBatoen nnuH3bl n3obpaxeHve npegMmeTa MOXeET MONyYMTbCA TONbKO OQHOMO TMna — MHUMOE,
YMEHbLUEHHOE, NpsiMoe.
B aTtom nerko yb6egnTtbes, npoBeas aHanornyHble NOCTPOEHUS KOHLA CTPENKN C MOMOLLbI ABYX nyyen (puc. 17).

dJopmyna TOHKOW JIUH3bI. YBenu4yeHue M306pa>|(e|-w|;| B JINH3Ee

PaccmatpuBas reoMeTpu4eckn Xo4 nyden B TOHKOW cobupatoLlen nuHse (puc. 18), MOXXHO nokasaTb, YTO pacCTosiHUE a OT
TOYEeYHOro

MCTOYHMKA OO NIMH3bl CBA3aHO C paccTosHMeM b oT nNnH3bl 40 ero n3obpaxeHns n QoKyCcHbIM paccToaHneM f NH3bI
COOTHOLLIEHNEM. 1 1 1

OTO COOTHOLLEHME U Ha3bIBAKOT (OOPMYITON TOHKOW NUH3bI. 3HAK «—» B HEW CTaBUTCS B Clly4ae MHUMOro
n3odpaxkeHus.

Benuuunna i L
Ha3bIBaETCS ONTMYECKOM CUION NUH3bI. ECnn gookycHoe paccTosiHue f BbipaxkeHO B MeTpax, TO onTudeckasi cuna nuH3bl D nonyu:

anonTpusax (anTp). 1 1
Ecnu paccmatpuBaTtb paccemBatoLLyto fIMH3Y, TO hopMyna TOHKOM NUH3bI 3anuLeTcs T_]aK;_ e %

a b f

rae a, b, f cooTBeTCTBYIOMIME PACCTOSIHUS (ITOJIOKUTENBHBIE YUCIIA).



a b

Puc. 18

OnTtunyeckasa cuna pacceMBarou.leﬁ JIMH3bI CHUTaETCA D a3 _i < O

ORI GORYEH0& PaccTosHme paccemsatoweii nuHabI, cumTatoT oTpuLaTensHbIME
dopmyna TOHKOW NUH3bl U NPOBEAEHHbIE NOCTPOEHMS NO3BOMNAIT cAenaTb BbiBO4 06 OTHOLLEHWUM NMHENHBIX pa3mMepoB
MPOTSXKEHHOTO
N306paKeHns K NMMHENHbIM pa3mMepam NPOTSXKEHHOro UCTovHUKa. OTHOLEeHMe pasMmepa n3obpaxkeHns B HanpasneHun,
neprneHauKynsipHOM faBHOW ONTUYECKOW OCU, K pa3mepy npegmMeTa B 3TOM HarpasfeHUn HasblBaeTCS JIMHENHbIM
yBenuyeHnem
npegmMeTa B TOHKOW nNuH3e (06o3HavaeTcsa byksow [M). [Ing TOHKOM NMH3bl MOXHO AoKa3aTb, YTO Npu Nobom Tune
n3obpaxeHus )

= 1
JINHENHOE yBEJTMYEHNE PABHO. ]‘ — b

(]
a

b
a

r7e a u b — pacCTOsHUS OT IPEAMETa J10 JIUH3bI U OT U300pa)KeHUsI 10 JIMH3bI, KOTOPbIE CBsI3aHHbIE (POPMYJION TOHKOM JIMH3BI.
[TomuepkHeM eme pas, 4To pedb UAET TOJIBKO O JIMHEWHOM pa3sMepe Y3KOro MCTOYHUKA, CTOSAIIErO NEPIEHANKYISIPHO INIABHON
onrtuyeckoi ocu. Hammpumep, nzo0OpakeHueM KBajpara, 0/lHa U3 CTOPOH KOTOPOTO HAIpaBJieHa B/I0JIb ITIABHOW ONTUYECKON OCH,

B TOHKOM JTuH3€ OyzAeT Tpaneuus. Takum o0pa3om, yBeIHMUeHUE AJIUH pa3HbIX CTOPOH KBaJipaTra MOXKET ObITh COBEPILIEHHO Pa3IMYHBIM.



Onruyeckue npudopbl. CucTEeMbI JIMH3

B tabmurie 2 nmpuBeaeHbI MPUMEPHI UCTIONH30BAHUS COOMPAOIIECH W PACCEUBAOIICH JIMH3 B IPOCTEHUIIINX, COACPIKAIITUX OTHY JTHH3Y,
ONTHYECKUX MPUOOpax.

Taoauma 2

HpI/IMep HCIIOJIBb30BaHMs JIMH3BI Twun nuna3E1. PaccTossHrE a OT HCTOYHUKA J0 JIMH3bI 1
pacCTOSAHUEC b oT MUH3EI a0 I/I306pa)KeHI/I$I

Jlyna

Coouparwmas: 0 <a<f,b>a

OO0b1yHO b = d » 25 ¢cM — paccTosiHMe HAMJTYY1IEro
BU/ICHHS.

HN300paxkenne MmEMMOE

IIpoexunoHHbBINH anmapar

CooOuparwomas: f <a <2f, b > 2f,
b >>a.
HN300paxenne 1elCTBUTEIbHOE




dorToanmnapar, BuaeoKamepa

CooOmnparwomas: a > 2f, f <b <2f.

B pe:xxnMe MakpochbeMKH BO3MOKHO
f<a<2f.

HN300paxenne neiicTBUTEIbLHOE

JBepHOIi rna3ok

PacceuBarwmas: a > 2|f]|.
HN300paxenne MHUMOE

Tna3

CooOunparwmas: a > 2f,
f<b<2f.
HN300paxkenne neiicTBUTEILHOE




Korna MbI mons3yeMcst JIyToit Uit YTeHUs] MEJIKOTo mpu@Ta B KHUTe, Mbl BUAMM U300pa)KeHHE 32 JIMH30M, T.€. C TOW CTOPOHBHI,

e HaXOAATCA OyKBBI-MCTOUHUKHU M300paxkeHus. [Ipu 3TomM n3obpakeHne OyKB MHIUMOE, IIPSIMOE M YBEIMYEHHOE.

B ¢oroanmnapare, Bugeokamepe, NpOEKIHOHHOM almapare Heo0OX0IUMO MOIYYHUTh I€HCTBUTENbHOE H300pakeHHE.

B ¢oroanmapare nim Bugeokamepe coOUparomasics B K10 ToUKe n300pakeHHs SHEPTHs CBETa JOJHKHA BBI3BATh XUMHUYECKYIO
PEaKLUIO WU 3JIEKTPOHHBIN CUTHAIL.

SIcHo, uTO B Kaape (OTOIMIICHKH, pa3Mep KOTOPOTO paBEH HECKOJIBKUM CAHTUMETpaM, OOBIYHO TOITY4al0T YMEHBIICHHOE

n3zobpaxkenue ¢pororpadupyeMbpIX IPEAMETOB, PACIOIOKEHHBIX HA OOJBIINX PACCTOSHUSAX OT JIMH3BI (XOTS C MOMOIIBIO (hoToanmapara
MOJTYYaroT ¥ YBEIUYCHHbIE (hoTOrpadun HACEKOMBIX ).

B kuHOMpoekTope cBeT nomnajgaeT Ha TOYKH 3KpaHa, co3aBasi n300pakeHne KaJpa KUHOIIEHKU Ha KHHOKPAHE.

C moMoImIpI0 KHHOMIPOEKTOPA MOTYYaroT H300paKeHNE MaJICHHKOTO KaJjpa KHHOIUICHKH Ha OOJIBIIIOM dKpaHe KHHOTEaTpa.
Jli1s 3TOTO CaM Kajp pacroaraiot 6Jn3Ko K GOKycCy JMH3bI IPOEKTOpA.

[Ipocreiimas cxema ra3a COAEPKHUT TOJIBKO OJIHY COOMPAIOLIYIO JIMH3Y — XPYCTaIHK. 3a CueT U3MEHEeHHsI ero (JOpMbI Ha
CeTyaTKe — HKpaHe — MOoIydaeTcs JeHCTBUTENbHOE YMEHBIIEHHOE H300pakeHUE YIaIeHHbBIX U OJU3KHUX IPEIMETOB.
B3misiHyB B IBEpHOM I1a30K HA HEMPOIIEHHOTO FOCTS, Mbl BUJIUM €T0 MPSIMOE YMEHbILIEHHOE, MHUMOE U300paKeHHE.

B peanpHBIX ONTHYECKUX CHCTEMaX OOBIYHO MCITONB3YIOT CHCTEMY JIMH3, H300paKEHNE B KOTOPHIX TMOIYYAIOT IIOCTPOCHHEM
XOJIa JIy4a B MEPBOI JIMH3E, a 3aTEM BO BTOPOM H T.J.

Ha pucynke npuBeneHs! poTorpaduu OIKOIEHOTO TEIECKONa i COBPEMEHHOTO ONITHYECKOTO MHUKPOCKOIIAa ¢ BMOHTUPOBAHHOM
U (POBOI BUACOKAMEPOU, @ TAKKE CXEMBl VA2 minmaif n nmmrv manfanav

Fr FF




Oxkynsp

W3obpaxeHue 2
npeamera,
co3gasaemoro F2
obbvekTnsom Oxkynsip
Bl
ObbexkTnB A X1
ARIVIA
Mpeamer y ObbekTue
K
F
1 Bl
h

MogceeTka B A,



hd

pOFOBI/ILI,eIZ N XpyCTaJInkoM, Npo3payHbIiM XpALLOM CaMOro Xpycrtarimka m )KeJ'IeO6pa3HbIM CTeKnoBmMaHbIM TeJ1O0M rfa3Horo

q0noka.
Ecnn popma xpyctanuka no TeMm Unu nHbIM NpUYMHaM He MOXET U3MEHUTBLCS TakK, YTOBbI chopMmnpoBaTh YETKOE

n3obpakeHne Ha
ceTyatke, TO AN KOPPEKLMM 3PEHNSA MCNONb3YIOT OYKM UM KOHTAKTHbIE NIMH3bI. Ha pucyHKax nokasaH npuHUmMN NoCcTpOeHns

xoga

nyyen B CUCTEME NIMH3, MOogE T . o T T s T T annK gaeT nsobpaxeHue
yAaneHHbIX

OT rnasa NpegMeToB BHYTPU )paxeHme
BrM3kopacnonoXeHHbIX

npeamMmeToB 3a ra3HbiM gHON

-
= —_— -
CxeMa YnNnna I'I\IUQI\;i R CIACTANMA NMRV/Y AIMHA2 nﬁLCI(‘I-ICII-nIIIQCI {'h\ll-lll‘lll/ﬂ-n NUKNR MnNia
onusop
1
- —
Fy
-~ —%E’ F’ -
Cxema xofa ny4den B cucteme AByX NnMH3, 00bACHAOLAA OYHKLUIO O4KOB Npu
[anbHO30PKOCTU

B ynpoiienHoi Moienu, Koria CUYuTaeTcs, 4YTo ONTHYECKasi CUCTeMa IJ1a3a COCTOUT U3 OAHOTO XPYCTallKa, a JMH3a OYKOB BIUIOTHYIO
MIPKUMAETCS K I1a3y, MO)KHO CUUTaTh, YTO ONTHUYECKAs CHCTEMa «OUKH—TJIa3)» UMEET ONTUYECKYIO CHITY
D = Drnaza + DoukoB, Tak Kak 3TO COOTHOIIEHHE BEPHO I JBYX JIMH3, IPHKATBIX IPYT K IPYTY.



CoOopHuk 3a1a4

Onpeneaurts yribl npejaoMjeHus Jjgyden 1, 2, 3 npu nepexoae ux U3 cpeabl ¢ NoKa3arejeM MpeJOMJICHUSA
nl = 1,5183 B Bo3ayx ( n2 = 1), ecau aus 3tux ayueii el = 00, e2 =200, e3 = 350.

Onpeneauts Takxe e4, ecau e'4 = 900.

Pemenne

B cootBercTBUM ¢ 3aKOHOM IpeomiIeHus, mpu h = 1 sin €' = n/e
Orcrona, nns myueit AO1 , AO2 u AO3 nonyuum e'l = 00, €2 =31017', ”'0””0‘3 SHympennee ompaenue
¢'3 = 60034', 1
Ecnn yron npenomnenus €'4 = 900, T.e. npeaoOMIIEHHBIN JIy4 CKOJIB3UT
BJI0JIb IOBEPXHOCTHU pazfielia JIByX cpell, TO yroi naaeHus oynet (iayd 4)
sin e4 = sin ¢'4/ nl = 0,65863;

e4 =41012".

IIpu yBenuueHuu yria najaeHus NpeaoMICHHs HE IPOUCXOIUT, U JIy4YH
CBETa OTPAXKAIOTCS B Ty XKe caMylo cpefy (cM. Jiyd 5). Yron e4 sBisercs
IIPEENIBHBIM YITIOM IIOJTHOTO BHYTPEHHETO OTPAKEHUS




[lBa 3epkana HaknoHeHbl APYr K Apyry U o6pa3yoT ABYyrpaHHbIA yron a. Ha HUX nagaet nyy, nexaiiun B
NNOCKOCTH,

nepneHaUKYNApHOM K pebpy yrna. Hantu, Ha kKakon yron noBepHeTCA OTPaXXeHHbIN Jy4 Nocsie OTPaXXeHUs oT
obounx sepkarn.

Y%FEWTa OTpaX€eHHOoro Jyiy4a OTHOCUTENbHO NajatoLero Y201 nosopoma ompaxcennozo iyua 6 y2oaKo6om ompaxcamesne
0603Ha4nm f.

N3 3akoHOB oTpaxeHua i1 =i'1;i2 =i'2 . U3 reomeTpnyeckmnx ' /

coobpaxxeHui i

BUOHO, YTOo @ = i1 +i2 . Yron f - BHELHWI yron TpeyronbHuKa, 1 /

npudem f = 2i1 +2i2 = 2*(i1 + i2 ). CnegosateneHo, f = 2a n \

He 3aBWUCUT OT yrna nageHus nyvya.

BeprukajabHblii KoJbIIIEK BbICOTOM h = 1 M, mocTaB/IeHHbIH BOIM3H YIHYHOTO (pOHAPS, OTOpaChIBaeT
TeHb AyHOM 1, = 0,8 M. Ecan nepenectn kosbimek Ha d =1 M 1aabiure oT (oHapsi (B TOH e MIOCKOCTH), TO OH 0TOpachIBaeT
TeHb AynHOM 1, = 1,25 M. Ha kakoii Boicote H noaseniex ¢ponaps?

Tenv om Konviwika

PELWWEHNE |

O0603Ha4MB PacCTOSHUS OT KOJBIIIKA JI0 CTOJI0A B IEPBOM CIIyYae X,
MOXXHO U3 1oao6us TpeyroinbHukoB OAB u CDB Hammcars:
Hh=x+1)1, D D

a u3 nonodwus tpeyronsaukos OAB, uC D B - H l
H/h=(x+d+L)L. \
Ucknrouas U3 3TUX ypaBHEHUM X, HailieM h

H=h(d+1,-1)/(1,—-1).
Orcroma, H=3,2 m. C C B B,

L




CBeTFILI.IyI'OCFI TOYKY, HaXxoasdLWyrCA B cpene C nokasarerieM nperiomMmrieHns n1, paccmatpuBaroT

HeBOOPY>XXEeHHbLIM rina3om

N3 cpeabl C NoKasaTesiemMm npenomrieHnsa n2. KakoBo 6y,qu Kaxyljeecs pacCTossHUEe TOYKU OT rpaHunubl

pasgena cpea,

€CInn ToYKa HaXxo4uUTCH OT 3TOM rpaHuLbl Ha PpacCTOAHUU h1, a rnas pacnofioXxeH Tak, YTO B Hero nonagaroT

nyum,

naparolime Ha rpaHuuly pasgena nog He6onbwumu yrnamu? Habniogarenb HaxoauTCsl B ONTUYECKU MeHee

nroTHOM

cpene ( n1 > n2).
Bbibepem 13 nyyka ny4ven, nonagaroLlimx B rna3 Habnwogarens,

REdlLityHHBEOC 1 AOD. MNMepBbin nyy nagaet nepneHankynsapHo
rpaHuLe pasgena cpeq v MaeT Bo BTOPYH cpeay He

n:

Kascyweeca paccmoanue mouxu om zpanuyw pazoena cpeo:
nabnodamens lﬁflxodumcu 6 onmuyecKu menee niomHol cpeoe.

NPENOMIIAACH. c
BTopow nydy, nepexoasa BO BTOPYKO ONTUYECKU MEHEE MIOTHYIO P /
cpeny, | =
OTKJTOHSIETCS OT CBOEro HavasnbHOro HanpasneHus. Jlyuu, s
BblLLeaLLIne ;
n3 Toukn AO , KaxyTcsa HabngaTento BbIXOAAWMMN U3 ToUkM A1, Al
SABMAKOLWENCA MHUMbIM M300paXeHNEM TOYKM

Ao

nOCTpOVITb M306pa)|<eHMe OTpe3Ka - npeamMeTa AB, pacnosfioxXeHHOro nepen NJIOCKUM

38prgooa, YTo NnpeameT AB napanneneH 3epkany. NpoBegem M3 TOYKM
PELLUEHUWE
npegmeTa ABa nyya: AM1, nagatowwmi nepneHankynapHo K aepkany, 1
AO,
obpasytowmn ¢ Hopmanbsto NN yron e. MNpu atom Touky O BbIbepem
Tak,
410661 M10 = M1M2/2 = AB/2. lNocne oTpaxeHus oT 3epkana nyd
AM1

A

nonget B obpaTtHoM HanpasneHnn M1A, a nyd AO oTpasuTtca noa y
yrnom €'

n nponget Yepes Touky B. MNMpogomkeHns nydyen M1A n OB

nepecekyTcs B 2
Touke A'.

AHanornyHo nosny4yaetcs n3obpaxeHue Toukm B.
N3ob6paxeHne npegmeta A'B' aBnseTca MHAMbIM
(T.K. obpasoBaHO NPOAOIHKEHUAMN NyYen), paBHbiM npeamety AB.

Ilocmpoenue uzobpascenus npeomema ¢ nnocxom 3epkane.

¢

®



JAIMHHAA 04YeHb TOHKAs HUTh-CBETOBOJ M3rOTOBJICHA U3 NIPO3PAYHOI0 MaTepHraJia ¢ MoKa3arejeM MpeJoMJIeHHs n.
OauH U3 KOHIIOB HUTH MPHKAT K HCTOYHHUKY PACCESTHHOTO cBeTa S. JIpyroii KoHell HUTH pa3MellleH Ha paccTtosiHuM L ot 3xkpana.
Haiitu ntuametp D cBeToBOro nsiTHa Ha 3kpaHe. CUuTaTh, 4TO AMamMeTp cBeToBOoAa d<<D.

3aoaua o ceemogooe

PEILEHUE

Ha nieBplii TOpen cBETOBOIA MOIAIAKOT JIyYM PA3HOTO HalpaBJIEHUs,

OJTHAKO MPOMIYT CBETOBOJ TOJBKO TE JIyYd, KOTOPBIE NAJAIOT HA €TO B
OOKOBYIO TOBEPXHOCTD MO YIVIOM f, IPEeBBILIAIONIEM YTOJI TOTHOTO

oTpaxkeHus. OCTaJIbHBIE TyYd TPU KaXKIOM OTPaKEHUU OyIyT TepsTh ¥y
SHEPIUI0 BCIEACTBUE MPEIIOMIIEHUS U 10 KOHLIA CBETOBOJIA HE IOMIYT. -
Ha skpane OyneT HaOmOAaThCs KPYIIIO€ OCBEIICHHOE MISTHO, TPAaHUIIbI A C
KOTOPOTO ONPEAEIISIIOTCS JIyYaMU, UIYIIMMHA BHYTPH CBETOBOZA O] T ‘ B
MIPEIeTbHBIM YITIOM MOTHOTO OTPaXeHUS f ¥ BRIXOISAIIMMH U3 TOPIIA
CBETOBOJIa y OOKOBOW MOBEPXHOCTH. DTHU JIy4H MOCIE MPEIOMIICHUS
MMOKUHYT CBETOBOJ MO/ YIVIOM g IO OTHOLIEHUIO K TOPLEBOU MIIOCKOCTH.
Jlyun, uayuime BHYTPH CBETOBO/A MO YIIIOM Oobliie f, mpu BeIXoAe U3 o e - \
CBETOBOJIa OYyT UMETH YTOJI MIPEIIOMIICHUSI MEHBIIIE g, T.€. OHU OyIyT
CO3/71aBaTh OCBEUIEHUE dKpaHa BHYTPH IISITHA. ‘
3aKoH MpeIoMICHHS ISl Ty4uel, 00pas3yIoiX TpaHully IsTHA,

3anuIIeTCs Kak

sing = nsina.

B cBoro ouepenp,

sina = cosf = (n2 - 1)0,5/n.

3Ha4uT,

g = arcsin (n2 - 1)0,5.

U3 tpeyronsauka ABC umeem D - d/2 = Ltgg.

Ho nockonbsky d<<D, To MOXXHO 3amucarb, 4TO

D = 2Ltg(arcsin (n2 - 1)0,5).

D/2




KONbKO U300paxeHnmn OJ}yHaETCﬂ OT cBeTALWlencs TO‘IK%\, HaxoasAwWwencs Mexay ABYMSA NIIOCKUMU
8§nam@w 3epkanamu 11 2 oMecTuTb CBETSLLYIOCS TOYKY A,

EH ROHBIR MR LIRANGH PHASPERA ﬂ%}%ﬁa, MHOTOKPATHO
TP@XaTbCs OT HUX PACXOASLMMACS NYUKaMVT, [1dBast BCKWIA Pa3 HaTocmpoenue uzobpasicenuii ¢ y2o1kosom ompancamene
CHOEE APIEIOIKEHUN MHUMblE U306paXKeHNSI.

[nsa pelweHns MOXXHO OrpaHNYUTLCA CXeMaTUYECKUM MOCTPOEHUEM,
yuuTbIBas TO, YTO MHUMOE n3obpaxeHue, AaBaemMoe OQHUM 3epKasiom,
MOXHO CYMTaTb NPeaAMETOM 4SS BTOPOro.

PaccmoTtpum nyyok nyyen, nagatowmnx na todkm A0 Ha 3epkano 1.
[Mocne oTpaxeHust OH MAET K 3epkarny 2 Tak, Kak ecnu 6bl BbIXxoamn

n3 Toukm A1, asnstoLlencsa nobpaxeHnem npeametra A0 B nepsom

3epkane. Kpome oTpakeHHOro ryyka, Ha BTopoe 3epKarno nagaet nyyok 1

nyyen, Bbixogawmx HenocpeactseHHo n3 A0 . Oba aTu nyyka

OTpaXxarTca Tak, YTO Ha UX NPOAOITKEHUM nonyyarca Toukm A2 n A3 ,

KoTopble saBnstoTcs nsobpaxeHmem Todek AO n A1 B 3epkane 2.

Jlyumn, oTpaxkeHHble OT BTOPOro 3epkasia, BHOBb nonagatrT Ha nepBoe, 0Tpa>Karo1l<;br obpaxeHus A4 n A5, ona

KOTOpPbIX '

npegMmetTamm asnanuck Todkn A2 n A3 . [Ina HarnsagHoCTU v yaobcTBa NOCTPOEHMI nnodkoctn sepKarr‘ha yepTexe NPoaormKeHbI
3a NMHUI0

nx nepeceveHus. Toukn A4 n A5 MOXHO paccmaTpmBaTh Kak NpegMeT Ans BToporo 3epkana. VIx nsobpaxeHnsimu B 3ToM
3epkane cnyxat

CummeTpuyHble ToYkM A6 1 A7 , Haxogsawmecs No Apyryto CTOPOHY 3epkana 2. HeTpyaHo 3aMeTuTb, YTO Npy pacnosioXeHNN
3epkan

noa yrnom 450 apyr K Apyry nonyveHHble nsobpaxenuns 6yayT nocrnegHumu. OTpaxeHHble OT BTOPOro 3epkarna yyu, Ha
NPOAOIHKEHNN

KOTOpPbIX NonyyaroTcst To4kn A6 n A7 , nayT Takum ob6pas3om, YTO Npu CBOEM OTPaKEHUM AaloT n3obpaxeHnd, coBnagaroLme ¢
paHee

nonyyeHHbIMn. Becero B 3epkanax, yCTaHOBMNEHHbIX nog yrnom 450 opyr K gpyry, nony4aeTcsa ceMb U306pakeHui.

Touka AO 1 Bce ee nsobpaxkeHnsi pacnonoxeHbl No kpyry pagnycom OA6 ¢ LEHTPOM B Touke nepeceveHus 3epkan O.

B atom nerko yb6eauntbces, aokasaB paBeHcTBa /OA0 / = /OA1 /= ... =/OAn /.

Ha ocHoBaHUKM NpoBefeHHbIX NOCTPoeHn, 0606LLas NonyYeHHbIM pesynbTaT Ha cryyan, Korga 3epkana nocTtaBreHbl Apyr K
Apyry non

yrnom a (a ectb uenbin genutens 3600 ), hopmyny Ans yncna n3obpaxeHnn npegmMmeTa, NOMELLEHHOMO MeXay 3epKanamu,
MOXHO 3anucaTtb Tak:

n = 3600 /a -1

Ons a = 45° bopmyna paer:

n=3600/450-1=7

Mpun a = 1800 , kKoraa 3epkana pasBepHyTbl N hakTUYECKN NpeacTaBnAoT oaHo 3epkano, n=1. Ecnma =0



MocTpouTtb n3o6paxeHne oTpeska - npeameta AB, pacnonoxeHHOro nepea BOrHyTbIM
3epKanow,

cane: d >
TaK YToO paccTosiHUe OT npeaMmeTa Ao 3epkana d > 2F. ITocmpoenue uzobpaxcenus 6 6ozrymom 3epkane: d > 2F

ELUEHWE
peoMeT HaxoauTca 3a ONTUYECKUM LIEHTPOM BOTHYTOrO

3epkana: nsobpaxeHve gencTBUTENbHOE, NepeBepHyToe,
yMeHbLUeHHoe. F - dookyc 3epkana, C - ero ontuyeckum
LEeHTp

JAunamMeTp oTBepCcTHS BHINMYKJIOr0 chepuueckoro sepkaja paauycoM R paBen D. C kKakoro MUHMMAJILHOTO PACCTOSIHUSA

YeJI0BeK MOKeT BUAETh ce0sl BO BeCh POCT, ecJid ero poct pasexn H?
Manenvxoe chepuueckoe 3epkano

PEINEHUE

YtoObI B 3epKalie MUHUMAJIBHBIX Pa3MepoB ObLIO BUIHO U300pakeHne S
npeameTta AB, HyHO, 4TOOBI B I1a3 HAOIIOIATENs MOMAJaIH JTy4H, K
Jarorue n3oopaxkenue ero koHIOB Al u B1. Jlomyctum, 4T0 4emoBek M/
(mpenmet AB BricoTOM H) HaxoauTCst IEpe T BEITYKIIBIM 3€PKaIoM - A

paauycom R u quamerpom otBepcTHs D Ha TakoM paccTosiHuu d, H ANF-__ C
s sl s s s et st il = s ——]
YTO M3 TOYKHU A, TJIe HAXOAUTCS T71a3, OH BUAMT ce0s1 BO BECh POCT. N[~ -

=

Torma manMoe m3o00paxenue Al1B1 genoreka Beicotoit HI momkHO S i
OBITH PACIIOIOKEHO OT 3epKajia Ha TAKOM PAcCTOSIHUH f, YTOOBI TOUKH /
A, M, Al u A, N, Bl nexanu Ha NpAMbIX JTUHUSIX. /
Ha noctpoenuu 3epkano 10CTpOEHO, TaK KakK 000U JTyd, BHIXOISIIIHIA B

U3 A, Tociie OTpakeHUs TOMa aeT CBOMM MPOIoJKeHHEM B Al. d f
MoxHO 3anucaTh OCHOBHBIE YpaBHEHUS I BBITYKIIOTO 3€pKasia, YUYUThIBas
3HAKU OTPE3KOB:

-1/F=1/d-1/fu HI/H = f/d.

JlomoTHUTENBHOE YPaBHEHHUE COCTABIISIEM UCXO/sl U3 Toro, 4To TpeyronbHukn AA1B1 1 AMN nono6Hs1. (Mamoi kpuBu3HOU 3epkaia MN

npeHedperaem.) [10CKoIbKY BBICOTHI B 3THX TPEYTOJIbHUKaX PaBHBI cooTBeTcTBeHHO d 1 d + f, TO
D/ H1 =d/(d + f). Pemas ypaBuenus otHocutenbHo d, Haxomum d = F(H - 2D)/D




IHoayunnuHapuyecKoe 3epKaJjio, HonepeyHoe ce4eHne KOTOporo npeacrasisieT Co00M MOJyOKPYKHOCTh, IOMECTHIH B
IIMPOKHMI IIyYOK CBETa, Napa/lleJbHbIN ONTHYeCKOH ocH 3epkaJia. HaiiTn Han0oJabIIMI yroJ1 MeKay JJy4aMH B OTPaKeHHOM
OT 3epKaJia Iy4YKe cBeTa (YroJ1 pacxoxIaeHust).

Yeon pacxoacoe
PELLEHUE p TR

Haiinem cpenu mydei, nagaromux Ha 3€pKajio, Takou jiyd EA, koTopsii

MOCJIe OTPaKEHHS MpoIIes Obl uepe3 KpaitHioto ToukyB 3epkana. I1o

3akony orpaxeHusi POAB = POAE = a u POBA = POAB = a, Tak kak
TpeyroabHUK OAB - paBHOOeapeHHBIN. [109TOMY UCKOMBIN YTOJ pacX0XKICHHS
Nydeii paBeH yasoenHoMy yrry OCB u pasen 2(90° - a)

[TpoBenem otpe3ok CD, nepnenauxyisapabiii AO. Torma OC =r/(2 cosa)
(mpuaem PAOC = PEAO = a xak Hakpecr nexamngie; AD = DO =1/2).

OC/OB = tga = 1/(2 cosa), otkyna sina = 0,5, a = 30°.

Uckomslii yron 2(90° - a) = 120°.

MocTpontb n3obpaxxeHne B cobuparoLien nmH3e NNocKoro
npeameta AB,
HaKNOHEHHOrOo K rMaBHOW ONTUYeCKOMN OCW.

PELWEHNE

IIpeomem AB pacnonodcen noo y2iom K 21aeHoi ORMULECKoil ocu

A

CHauana crpoum nzo0paxkeHue Al Touku A, B3sB JBa Ty4a, UCXOISAILIUX

u3 9ToM ToukM: J1yd AC, nayniuil napauienbHo ONTUYECKON ocH, 1 1yd AQO,
UAYIIM yepe3 ontudeckuit eHTp. [locne npenominenus IUH30i 3TH Ty4n
nepeceKaroTcs B Touke Al, sBmistomieiicss u3o0OpakeHueM Touku A. 3aTtem
CTPOUM XOJ JIByX UCXOASAIIMX U3 Touku B myueit: BO, unymero Brosb
[JIaBHOM onTHYecKoi ocu, 1 BD, HanpaBneHHOTO Mo HEKOTOPBIM YTIIOM K
A Heil. [Tonyuaem nzo6paxenne A1BI.




SRR R ARG DR AR oA B ARSI TSRS By EAR AR B AR AR AR AR e Bt
OonTU4YeCKoun ocu.

Hantn paccTtosiHue OT JINH3bl, HA KOTOPOM COGprTCFI Jy4um cBeTa. CDOKyCHoe paccTtosiHMne nNuH3bl B BoAe paBHO F,
npunyem F > h. Noka3saTenb npesnomMmneHunsa BoAbl paBeH N. CuutaTtb, YTO yrbl Mexay nydyaMmm n rmaBHOW ONTUYECKOMN

OCbl0 Malnbl. Ilonas 0eoaxkoeoznymasn nunsa

PELIEHWE ﬂ

lMonasa oBOSAKOBOrHyTas NMH3a HaxXo4AUTCS B ONTUYECKU S

BGonee NNoTHOWM cpeae, cneaoBaTeribHO, NMH3a OOMKHA -

6bITb cobupatowen. NapannenbHbI Ny4OK, NagatoLmnn — A
Ha Hee ormkeH 6bin 6bl cobpatbes B dokyce F, Ho, N T ,6'~ ~—__

npenoMnAsach Ha rpaHuue pasgena AB, oH nonager B & AT~
Touky F'. Yron nageHuna paBseH a, yron npenomsieHuns pl — B F' F
paBeH b: — —
sina/sinb = 1/ n, - —
tga = AB/BF, tgb = AB/BF"',
BF/BF' = tga/tgb @ 1/n, — —
BF'=(F-h)/n. -
Mckomoe paccTosiHme

Mpin poToEFddipoa i ygneHHOro o6bekTa nepen cooroannapatomM Ha TPOMHOM (POKYCHOM pacCTOAHUMU

o6beKkTuBa

NOMECTUINMN TOHKYIO NIMHENKY ANMUHbI 2]. TNOCKOCTb JINHENKU NeprneHANKYNnspHa ONTUYECKON OCHU

¢oTtoannapara.

O61beKTUB - TOHKas NnMH3a gnameTpa 2r < 2l. Hantu gnNuHy TeHn Ha nneHke, T.e. pa3mep obnacTn, B KOTOPOWU

JINHEeUKoOMn Tenv na pomozpapuu
OyayT 3aTeHeHbl Bce ny4un, ucxopswme ot ortorpacdmnpyemoro o6t -

PELWEHWE

l-r

[MocTponm n3obpaxxeHnsa TeHW, y4nTbIBast, YTO NeHKa B
doToannaparte ¥y TR o
pacnoroXxeHa B pokarnbHOW nnockocTtu. N3 noctpoeHus
cnenyer, uTo

x=(I-r)/3. 3F F

4F Y




Haomronaresis ¢ HopMaabHBIM 3peHHeM paccmaTpuBaeT JIyHy B Tesleckon, 00beKTHB U OKYJISIP KOTOPOro MMelT (oKycHbIe
paccTosiHusl, COOTBeTCTBeHHO paBHbIe F00 = 2 cm u Fok =5 cM. Ha cko0/1bK0 Hy’KHO pa3aBHHYTH TPYOY, YTOOBI OJYYUTH
n3odpaxxenue Jlynol Ha 3xkpaHe Ha paccrossuuu f'2 = 25 cMm ot okyasipa? KakoBa Oynetr npu 3ToM BeJIMYMHA H300paKeHUs!
JlyHbl, eciin HeBOOPY:KEHHbIM IV1a30M ee BH/HO NoJ yriom a = 30'?

L Teneckon

PEILIEHUE 1

B 3pUTEJIbHBIX TPyOaxX JOCTATOYHO UCIIOJIB30BaTh JIULIb JIyY, IPOXOASIIHIMA
yepe3 ONTUYECKUN LIEHTP 0OBbEKTHBA, YUUTHIBASL, YTO MOJIOKEHUE B 3TOM h
CIIy4ae BCETJa U3BECTHO - IPAKTHYECKU OHO JIEKHT B €10 (POKAIBHOMN IJIOCKOCTH
[TpomexyTouHOE H300paxeHue, JaBaeMoe 00bEKTUBOM, MOXKHO pacCMaTpPUBATh
KaK IpeAMET JJIs OKYJIsIpa, MOCKOJIBKY OT 3TOr0 U300pakeHusl, HalpuMep OT
TOYKH Al, Ty4u UAYT Ha BTOPYIO JIMH3Y PACXOASIIUMCS ITyYKOM, KaK €CIH Obl
OHU BBIXOJWIN U3 IEHCTBUTEIBHOTO UCTOUHHKA. A
Jlnst mpoeunpoBanus n3o0paskeHus JlyHbl Ha SKpaH JIMH3Y OKYJIsIpa HY>KHO

CMECTHUTh OT NMPOMEKYTOYHOT0 H300paxkeHust A1B1 Tak, 4ToObl OHO MOMAJIO t
MeXTy (POKycoM M JBOWHBIM (hoKycoM okyisipa. Eciu peskoe nzobpaxenue ! f
A2B2 npoenupyeTcst Ha 3KpaH, OTCToALIMH oT uH3bI L2 Ha paccrosuum {2,

OKYJISIp HY’KHO OTOIBUHYTH OT 0OBbEKTHBA HACTOJIbKO, 4TOOBI peamer A1B1

Haxoauscs oT uH3bI L2 Ha paccrosinuu d'2, ynoBIEeTBOPSIOIIEM YPaBHEHUIO

1/Fox = 1/d2 + 1/1'2.

Kak BuHO U3 uepTerxa, OKyJIsIp sl 3TOro HeOOXOAMMO MEPEIBUHYTh BIIPABO

OT HA4YaJIbHOT'O MOJIOKEHUS Ha PACCTOSHUE

x=d72-d2

Jlunelinble pazMepbl n300pakeHust JIyHbl Ha SKpaHe MOXKHO ONPEAETUTh U3

(bopMyIbl yBETMUEHUS JIMH3BI, 3Has1 YToJI a, 0/ KOTOpbIM JIyHy BUITHO

HEBOOPY>KEHHBIM I71a30M, U (POKyCHOE paccTosiHue oObekTuBa Fok:

h2 =h1*{2/d"2

Ho hl = Fo6*tga (@ Fo6*a (mockoibKy yros a OueHb Maj), HIO3TOMY MOKHO 3alliCaTh:

h2 @ Fo6*a*f2/d"2.

Pemas ypaBaenus orHocutensHo d2 u d'2, monyuum: d2 = f2*Fok/(f2 + Fok); d'2 = f2*Fox/(f'2 + Fok), orkyna h2 =7 cm.

L
Z[J'IH IMMOCTPOCHUS IMTPOMEKYTOYHOT'O 1/1306pa>1<eH1/1;1 YAAJICHHBIX IPEAMCTOB * ﬁ A 2

x

Ty

~
~




3puTesb ¢ HOPMAJIbHBIM 3peHHEM CMOTPHUT Yepe3 TeaTPaJibHbIil OMHOKJ/Ib HA ClIeHY, HAXOASIIIYIOCSl OT Hero Ha
3HAYMTEJIbHOM paccTosHuu. OnTHYeckas cwia odbektuBa 1/Fod = 5 anrp, okyaspa 1/Fok = -25 antp. Ha kakom
PACCTOSAHMH 10JKHBI OBITH PACIO0JI0KEeHbI 00bEKTUB M OKYJISIP OMHOKJISA, YTOOBI 3pUTE/Ib YeTKO BUAEJ CHeHYy?

PEINEHUE

UtoOBI 3pUTETH C HOPMAJIBHBIM 3PEHUEM XOPOILO BUJEI B
TeaTpaJibHbIi OMHOKIIb CIIEHY, HEOOXOUMO, YTOOBI
OKOHYaTeIbHOE U300pakeHUe MpeIMeTa NoIyqaaoch

Ha paCCTOSHUN HaMJIy4IIero 3pCHU. Taxk xak ciieHa HaXOgUTCS

Ha OueHb 0OJIBIIOM paccTosiHUM 0T 3putens (d1 >> Fob), To
uzo0paxenue A1B1, naBaemoe oobexTuBoM L1, momydaercs
Ha HUYTOXKHO MaJIOM PACCTOSHUM OT (POKAJIBbHON TIIOCKOCTH
nun3s (f1 @ Fob).

A1B1 MOXXHO paccMaTpuBaTh KaK MHUMBIN IPEAMET IS
OKYJIsIpa, OTCTOSIIUI OT Hero Ha pacctostHuu d2 = Foo - 1.
[Tocne npenoMieHus B OKyJsipe JIyd, UIylue B Touky Al,
MOWUIYT pacXOAALIMMCS IyYKOM U Ha CBOEM MPOAOJIKEHUHN
JatyT OKOHYaTeIbHOE MHUMOE n300pakeHne A2.
Paccrosinue d2, a cnenoBarenbHo, U paccTosHue 11 10mKHbBI
OBITH TP ITOM MTOJOOPAHBI TaK, YTOOBI H300paKEHUE CLIEHBI
A2B2 nony4anoch B oKylsipe Ha pacctosHuu {2 = 25 cm.
N3o6paxxenre maMMOro npeamera A1B1 B okymsipe siBisieTcst

MHUMBIM, ITIO3TOMY (bopMyna pacceI/IBa}omeﬁ JIMH3BI JJIA 9TOIO

ciaydast naet 1/Fox =-1/d2 - 1/2,

B

otkyna d2 = f2*Fok/(f2 - Fok) = 4,76 cm; 1 = Fo6 - d2 = 15, 24 cm.

2

Bbunokne

\

L

f




OnTuyeckas cuctemMa cCoCcToUT U3 ABYX cobuparwmx nMH3 1 u 2 ¢ pokycHbIiMU pacctostHuaMmn F1 =10cmumn F2=5
CM,

HaxoaAwmMxca Ha pacctossHuu L = 35 cm apyr ot apyra. NMpeamMeT HaxoAUTbLCA Ha paccTtosiHuu d1 = 25 cm oT
nepBOM NINH3bI.

Onpepenutb, rge HaXoAQUTbLCA U300paxeHue, NONMVYEeHHOEe C NOMOLLLID TAaKOW cUcTeMbl. YemMv baBHO vBenuyeHue,
haBaemoe

Takou cuctemon?

PELIEHVE 2

U3 popmynbl TUH3BI HAXOAUM:
f1 =F1d1/(dl - F1)=16,33 cm. B>

VBenuueHne, 1aBaeMoe JIMH30M: Al, . Fi A .2F2 .Fz
k1 =f1/d1 =0,66 unu A1B1 = 0,66 cm. 2F, F, F, A>

W3 pucynka sicHO, 4TO:
d2=L-fl=1833 om. / B
CornacHo GopmyJie JIMH3BI: i

£2 = F2d2/(d2 - F2) = 6,875 cm, di | fi | d> ' f
3HAQUUT. L L

k2 = f2/d2 = 0,375,

T.C.

A2B2 = 0,375 A1B1 = 0,25 AB.

NuapiMun CJIOBaMH, YBCIIMUYCHHUEC CUCTCMbI

k = A2B2/AB = k1k2 = 0,25.




