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[loHATHMe O cBeTOBOM nyye

[1IMHbI BOMH ONTUYECKoro AvanasoHa nopsaka 10°'m, noatomy
ONs pelleHnst MHOrMx 3agay MOXHO OTBJIEYbCH OT €ro
BOJTHOBOW NpUPOAbl U B NEPBOM NPUOBNMXKEHUN NonaraTtb, YTO
CBET pacnpoCcTpaHAETCA BOOMNb y4Yen — HEKOTOPbIX JIMHUMN,
BOSb KOTOPbIX NEPEHOCUTCS cBeTOBasd aHeprus. B
npenenibHOM criyvae, nomnarasi, YTo AsiHa BOSfHbl CTPEMUTLCA K
HYITH0, MOXHO CCPOpMYnMpoBaTh 3aKOHbLI OMTUKN Ha A3blKe
reomeTpmn. COOTBETCTBEHHO 3TOT pasgen doyaeT Ha3blBaTbCH
reOMEeTPUYECKOUN ONMTUKOMWN.

OcCHOBY reoMeTpnyeCcKon ONTUKU COCTaBMAOT 4 3aKOoHa.

1.3aKoH NpAMONMHENHOrO PacnpoCTPaHEeHNs CBeTa: «B
ONTUYeCKN OQHOPOAHOU CpeAae CBeT pacnpocTpaHsieTcs
NMPAMOSIMHENHO». OTOT 3aKOH NMPUBMMXEHHBLIW, TaK Kak,
HanpuMep, Npu NPOXoXaeHun Yyepes Mmarsble OTBEPCTUS
HabrogaeTca OTKNOHEHME OT NPAMOSTIMHENHOCTMN.

2.3aKOH He3aBUCMMOCTW CBETOBbLIX Ny4Yen: «Js1y4uum npu

nepece4yeHun He Bo3MyLaloT gpyr gpyra». OH cnpaBeanve
NPy He CIMLLIKOM OONbLUNX NHTEHCUBHOCTSX.

3.3aKOH OTpa)XXeHus CBeTa.
4.3akoH npenomneHns ceeta (3akoH CHennuyca).



Ontnyeckas annHa nyTtu. NMpuHunn Pepma

B ocHOBY reoMeTpuyeckom ONTUKU MOXKET ObITb NOMOXEH NPUHLNM
depma: «CBeT pacnpocTpaHAeTCA MO Takomy NyTu, Ans
NPOXOXAEHUA KOTOPOro eMmy TpedbyeTcsd MMHMManbLHOE BpeMsi».
(D10 dopmynuposka camoro Pepma)

[na npoxoxaeHunst ydactka nyTu ds cBeTy Tpebyetca Bpems di=ds/v,
rae v — CKOpoCTb CBETa B AaHHOW Touke cpeabl. CnenoBaTensHo,
BpeMs, HEOOX0aMMOE CBETY A1 NPOXOXAEHMA MYyTU OT Toukn1 oo
TOYKU 2, paBHO )
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Ha3blBaeTCs ONTUYECKOU ASIMHOM NyTU. B OI'ITI/NeCKll/I oAHOpOAHOM
cpene L =ns

Tak kak t=L/c, To MOXHO npuHumnn ®epma cpopmynnposaTtb
crnegyrowmm obpasom: «CBeT pacnpocTpaHAeTCA NO TaKoOMy NyTw,
onTUYyecKas AriMHa KOTOpPOro aKcTpemaribHa (T.e. MMHMMarbHa,
MakcumarsibHa, Unu ctaumoHapHa- oanHakoBa OS19 BCEX MYyTEN)».



3aKOH OTpaXxXeHusa cBeTa

e [lycTb cBeT nonagaet n3 Toukn A B
TOYKY B oTpasusBwnCh OT
NOBEPXHOCTU, TaK Kak NpsiMou
NyTb HEBO3MOXEH M3-3a HaNU4uns
9KkpaHa. Cpeoa onTuyecku
ogHopoaHa. 'eomeTpuyeckasd
ONnHa NyTM paBHa ONTUYECKOU
anvHe

L=+a*+x +J(b—x)2 +a’
o CornacHo npuHuuny ®depma oHa
OOMKHa MMETb SKCTPEMYM:

@ " (o %) =sinf —sind’ =0

dx \/az + x° _\/az +(b—-x)°

« Ortciona cneayer,uto @ = 0’



3aKOH npenomMrneHus ceeTa

e« Hangem Touky, B KOTOpOU
OOIMKEH NPENIOMUTBLCS Ny,
pacnpocTpaHsdack oT A K B,
4TOObI ONTUYECKaa AfnHa
Oblnia aKcTpemaribHa.

e [1Nna npoun3BoOSibHOIO ny4a
onTn4yeckasa anvHa nyTu
paBHa

L=ns +n,s, = nl\/az1 + X

dL n.x n,(b—x)

A

+n2\/(b—x)2 +a,”

e Takmm obpasom

dx \/;12 + x° _\/a§+(b—x)2

=n,sinf —n,sinf" =0

n,sin@ =n, sinf”



1Jl\{TOXpOHHOCTb
e CTauroHapHOCTb ONTUYECKMX JTy4El MMEET MeCTo Mpw

npoxoxaeHun Yyepes nuHay. Jlydy POP’ nmeeT cambiin KOPOTKNN
NyTb B BO34YXE U caMbll ANUHHBLIA NyTb B cTekne. Jlyd PQQ'P’
nMmeeT boree ONMNHHLIN NYTb B BO34yXe, HO boree KOPOTKNK
NyTb B CTeKne. B utore ontu4yeckne OnuvHbl yden okasblBakOTCA
CTaLMOHapHbIMK, a Ny4Yn TayTOXPOHHbLIMU. Jlyun cxogdarca B
ogHou Toyke. IMeHHO No3aToMy BCce KonebaHunst NpuxodsT B
dase, ycunueaga gpyr apyra, n BO3HUKaET nsobpaxeHue.
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LleHTpupoBaHHasa onTu4yeckKkasa cucrtema

o CoOBOKYNHOCTb Ny4ven obpasyet ny4vokK. Ecrnm nyum npm cBoem
NPOAOSIKEHMNN NepeceKanTCcs B 0O4HOM TOYKe, Ny4YOK Ha3biBaeTCH
roMmoueHTpuyecknm. EmMy cooTBeTCTBYET Chepunyeckass BOrIHOBaS
NOBEPXHOCTb. [OMOLUEHTpUYECKOMY NYy4YKY napannenbHbIX Ny4yeu
COOTBETCTBYET MNOCKad CBeTOBad BOSHA. Ecnn ontnyeckaga
cCucTtemMa He HapyLlaeT rOMOLEHTPUYHOCTU NYYKOB, TO Ny4u
BblLLeLne U3 ToYKM P, nepecekyTcsa B Apyron To4ke, ABndalOLLEencs
ornmuYyeckum usobpaxxeHuem To4kun P.

o Ecnu nobas Touka npegmeTta nobpaxkaercsl B BUAE OQHOMN TOUKH,
TO U300paxeHne Ha3blBaeTCA TOYEYHbIM UM CTUTMATUYECKUM.

N3obpakeHne HasblBaeTcs
AEeNCTBUTESIbHbLIM, ECITN CBETOBbIE
nyyu B Touke P’ nencremutensHoO
nepecekatotcs. M13obpaxeHune
Ha3blBAETCA MHUMbIM, ECITN B TOYKE
P nepecekaroTcsa NpoaoimkeHns
CBETOBbIX Nly4en, NpoBeAEHHbIE B
HanpasneHnn obpaTHOM
pacrnpocTpaHEHMIO CBETA.
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LleHTpupoBaHHaa onTu4yeckKkasa cucrema
(npoaonxeHue)

o Bcnegcrteue, 0bpatMoOCTM CBETOBLIX JTy4en MCTOYHUK U
n3obpakeHne MoryT noMeHATbLCs pornamMmu. o aTon npuynHe
TOYKM P 1 P’ Ha3bIiBalOTCA CONMPAXEHHbIMM.

o OnTnyeckasi cnctema, KoTopas gaeT cTurmaTndecKkoe
n3obpakeHne, reoMmeTpmyeckn nogobHoe npegmery,
Ha3blBaeTCAa naeanbHon. TOYKKN, NpsiMble N NSTOCKOCTU B
NpPoCcTpaHCTBe NpeaMeToB OHO3HA4YHO COOTBETCTBYIOT
TOYKaM, NPAMbIM M MNOCKOCTAM B MPOCTPaAHCTBE
N300paxeHNU. 3TO HA3bIBAETCHA KONMSIMHEeapPHbIM
COOTBETCTBUEM.

% pOXT E MK AL

«OnTnyeckas cuctema
obpasoBaHHas chepnyeckMMn
NOBEPXHOCTAMU HA3bIBAETCH
LLeHTPUPOBaHHOWN, ECINU
LEHTPbI BCEX NOBEPXHOCTEN 0 ! |
riexart Ha ogHom npsMon. JTy : ) = N ¢
NPSAMYIO Ha3bIBaOT [ S~

OMNTUYECKOU OCbLIO.




KapﬂMHaﬂbele TOYKMN N NMITOCKOCTMH

TOYKM N NNOCKOCTU, obnagatoLwme ocodbiMy CBOUCTBAMMU,
Ha3blBalOT KapAnHanbHbIMU. K NX 4yncrny oTHOCATCS
dookarnbHbl€, rMaBHbIE U Y3M10BbIE TOYKMW.

3agHeun hoKanbHOM NMOCKOCTLIO CUCTEMbI HA3bIBAETCS
NSTIOCKOCTb, COMPsXEHHasi ¢ Haxoasuencs Ha 6eCKOHEYHOCTU B
NMPOCTPaHCTBE NPeaMeTOB NITOCKOCTbIO S_, NeprneHanKynapHOM
K onTU4eCcKkon ocn cuctemsbl. 1 Haobopor.

Touyka nepeceyvyeHUa 3agHeN POKaribHOU NMIOCKOCTU C
ONTUYECKOU OCbI0 Ha3biBaeTcs 3agHUM (POKYCOM CUCTEMbI. U
HaobopoT.

OTHOLLIEHNE NNHENHBIX Ppa3MepPOB N300paXxeHns U npeamMmeTa
Ha3bIBaETCS JIMHEUHbIM UNX NonepeYvyHbIM YBeSIUYEeHUEM:

[Ipaoe o obpakerse ObpaTroe :mobpakerce
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[ mMaBHbIE TOYKU U NITOCKOCTMU

CyLlecTBYIOT ABE COMPsKEHHbIE NMITOCKOCTU, KOTOPLIE OTODpaXkatoT Apyr
apyra ¢ nMHenHbIM yBenuveHnem +1. 3T NnocKoCTU Ha3blBaKOTCH
rmaBHbIMU. [110CKOCTb, NPUHaANexalwas NpoCcTpPaHCTBY NPeaMeTOB,
Ha3bIBaeTCH NepeaHen rmasHou nnockoctbo H. lnockocTs,
NpuHagnexatuas NpoCcTPaHCTBY N300paXXeHNN, Ha3blBaeTCH 3adHEN
[naBHon nrockocTbo H'. Toukmn nepecevyeHus rnaBHbIX MTOCKOCTEN C
OMNTUYECKON OCbIO Ha3blBaKOTCA FraBHbIMU TOYKaMU cucTeMbl. B
3aBMCMMOCTW OT YCTPOMCTBA CUCTEMbI [MaBHble MIIOCKOCTU U TOYKU
MOTYT HaXo4MUTbCA KaK CHapyXXu, Tak N BHYTPU CUCTEMbI. BO3MOXXHO,
HaKoHeL, 4YTo 0be nrockocTn ByayT nexaTb BHE CUCTEMbI MO OAHY N TY
)X€ CTOPOHY OT Hee. V3 onpeneneHus rmaBHbIX NNOCKOCTEN BbITEKAET,
4yTO Nyd 1, NnepecekarOW M NepegHIoo rmaBHYO MNIOCKOCTbL H B To4ke Q,
NMEET B Ka4eCTBE COMNPSXKEHHOro ny4d 1°, KOTOPbIN NepecekaeT rMaBHYH
NSI0CKOCTb B To4Yke Q.
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doKycHoe paccTosiHme. OnTuyeckas cuna

PaccTosHue ot nepeaHen rnasHom Toukn H oo nepeaHero gokyca F
Ha3blBaeTcd nepeaHUM poKycHbIM pacctossHueM f. PacctoaHne H'F’
Ha3blBaeTcHd 3agHUM (POKYCHbIM paccTtosiHueMm f'. POKyCHbIE pacCTOSHUSA
anrebpanyeckue BennymHbl. OHN NONOXUTESbHbLI, €CNN AaHHbIN POKYC
CUCTEMbI NEXUT CnpaBa OT COOTBETCTBYIOLLEN MMAaBHOMN TOYKN, U
oTpuuaTtesribHbl B NPOTUBHOM Criyyae.

Mo>XHO OoKa3aTb, YTO MeXay POKYCHbLIMWU PaCCTOAHUAMM u,eHTputéoBaHﬁoﬁ
OMTNYECKOU CUCTEMbI, UMEETCHA COOTHOLLEHME ’ /

OTctoga crneayeT, YTo ecrnn nokasaTtenu NPerioMiIeHNst paBHbl, TO POKYCHbIE
paccTosiHUS OTJ'II/ILIaIOTCFI TONbKO 3HAKOM:

" _ !/
oon f=—f
BenunynHa Vf Ha3blBaeTca onTudyeckom cunon. Ontnyeckasa
cuna namepsaeTtcd B oviontpuax [antp=1/m]. Ecrin >0 cuctema

cobuparowasa — napannernbHbIn Ny4YoK NpeBpaLllaeTcs B cxogswmmncs. Ecnu
<0, TO pacceumBaroLLas.




Popmyna HbHOTOHA

KapauHasnbHble NI0CKOCTU N TOYKM MOSTHOCTLIO ONpeaensatoT CBOUCTBA
ONMTUYECKON CUCTEMbI — NO3BOSIAOT CTPOUTb ONTUYECKNE N30BpaXKeEHNUS.
Bo3bmem oTpesok OP, nepneHanKynspHbIn K ontudeckon ocu. ng
NPSIMOYTOSibHbIX TPEYIONIbHUKOB C 00LEN BEPLUMHON F MOXHO 3anucatb

COOTHOLLEeHune: )p y — x AHanoruyHo gnga TpeyronbHUKOB C
p— ; j—
HB h% f H y f
obwen sBepwnHon F’ nmeem: oF —y ¥
ObbeanHMB 3TN COOTHOLLEHUS, MOSTYYNM: xx' = ﬁf’
OTO paBeHCTBO Ha3blBaeTcs popmyrion HeloTOHA.
Ecnun n=n’, T0 cbopmynaj . " - i
NPUHMMAaET crneayrownn =
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®PopMyrna TOHKOW NIUH3bI

13 pucyHka BuaHo, yto (—x) = (—5) — ( AN x'=s' f MNoactaBsue
9T Bblpa>KeHl/I$I onsa x B doopmyny  xx :ﬁ” nonquM

ef)’& sf y(f,’ PacKpoeM CKODKM: g _fS fS —
asu Ha SS nTon f f’ . Wnnnpuf=

/
T _, A S
e S S f Ecnn TonwuHon NMH3bl MOXHO NpeHebpeYb N0 CpaBHEHUIO C
MEHbLUUM U3 paanycoB KPMBU3HbI NTIMH3bI, TO NTMH3a Ha3blBaeTCA TOHKONW. B
9TOM Crly4ae rmaBHble NIIOCKOCTM MOXHO CYMTaTb COBMaAaloLLUMm 1
NPOXOAALLIMMN Yepes LIEHTP NIUH3BbI.
o [1ns DOKYCHBIX PACCTOSHWIN TOHKOVA , . ny RR,
ITMH3bI MOJyYaeTCs BblpaXeHue: JiEay = R _R
rae n- nokasarterb MNPenoMeHuUs n—n, &, =&
IMH3bI, N, — NOKasaTerb NPerioMeH1s
cpedbl, OKpyxatollen nuHay, R, n R, n
DAANYChl KPUBM3HBI NMOBEPXHOCTEV! P
NnnH3bIl. Paguyc KpMBU3HbLI cunTaeTcs R a—ht
MNONOXUTEMNbHBIM AJ1A BbIMYKITOM ] N y , , o
NOBEPXHOCTU, €CNWN LIEHTP KPUBU3HBI 5 f '
NIeXUT CrpaBa OT BEPLUNHbI fINH3bI. 24 v
N HaoboporT. [1ns BorHyTon 1 X2
NOBEPXHOCTU PaanNyC HY>XXHO S PR I A 1
cyMTaTh oTpULIaTENbHbLIM, ECMU LIEHTP A
KPUBU3HbI NEXUT CreBa.
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