IpakTyeckne 3aHATUA MO TUCHUILIHHE «OCHOBBI ONITHYECKOT0
NPUOOPOCTPOCHUS

o Cdepuueckoe 3epkano (IOCTPOSCHUE N300PaAKEHNS)

o [Ipenomistomniasi TOBEPXHOCTH (MIOCTPOCHHUE N300paKEHUS)

e Temeckonuueckre CHUCTEMBbl (YCJIOBHE TIOMYYCHHUS TEIECKOMUYECKOTO
n3oopaxkenus, cucrema Kerutepa, cucrema ["amwest)

3amaua 1. CBeTOBOI JTyd mamaeT Ha BHITyKJIOe chepuaeckoe 3epkano (puc.la; F —
doxyc, OO' — ontudeckas och). C MOMOIIBI0 TEOMETPUIECKUX MOCTPOCHUM HATH
HaIpaBJIEHUE OTPAKEHHOTO JTyYa.

Pewenue

Ilocmpoum ecnomozcamenvHulli 1yy 2, nadarowull Ha 3epKaio napaiieivho ayyy 1
«c npuyenom na gokyc F» (puc.1 6). Ompadsicennwiti 6 mouxe B nyu 2' donoscen
ovims napannenern onmudecxkou ocu OO0,
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Puc.] 3aganHoe HampaBieHME Jyda, MAJAIOIIET0 Ha BBINYKIOE 3€pKaio C
¢dokycHbIM paccTosinueM F (a), 1 mocTpoeHne oTpaskeHHOTo Jiyda 1' (6)

[Iponomxenue yyda 2' (BeBO) mepecekaeT (OKaIbHYIO IUIOCKOCTh F B Touke A.
CrnenoBarenbHO, OTpakeHHbIM B Touke C nyd 1' nOoJpKeH Jiexkarb Ha MPSMOU,
nepecekaroiiei pokaabHyI0 MIOCKOCTh F B TOM ke Touke A.



3amaya 2. HailtTu ¢ 1OMOIIBIO TEOMETPUYECKUX TMOCTPOCHHUM TMOJIO0KEHUE
chepuueckoro 3epkaia u ero dokyca, eciu P u P' — conpspkennsie Touku, a O0' —
ontudeckas ochb (puc.2 a).

Pewenue
IIposeoem uepesz mouxu P u P' npsamyro aunuro 1. Ona nepeceuem onmuuecxyro
ocb 8 mouke C, a61s10ujelics yeHmpom KpUBU3Hbl 3epKad.

Puc.2 TlonoxeHusi conpskeHHbIX ToYeK P u P’ oTHOCMTENBHO ONTHYECKOW OCH
OO’" cdepuyeckoro 3epkana (a) ¥ BCIOMOTaTeIbHBIE TOCTPOEHUS TpHU
OIpEICIICHUH MTOJIOXKCHHMS 3epKaiia u ero (okyca (6).

M3 Toukn P omyctum mnepneHaukynsip Ha ontuueckyro ock OO' (puc.2 6) u
poA0KuM ero 1o Touku Py ( PB = BPy ). I[IpoBeneuepes Touku P' u Py npsmyro 2
B HampaBJIeHUMM Ha BeplMHy 3epkana Oji.Takum oGpazom, Touka P' — mHUMOE
n3o0paxenue Touku P B BoilykiioM cepuueckom 3epkane ¢ paguycom O1C. Jlyu
3, mapamienbHbld ontudyeckol ocu OQO', oTpa)kaeTcss B HampaBieHUM jayda 3',
KOTOPBIH JISKUT Ha NPSIMOM, ipoxoasiiei yepe3 Touky P’ u gpoxkyc F.

B cootBeTcTBUU ¢ popmyrioit chepuueckoro 3epkana: O;F =FC =R 2.



3amaua 3.

Jlya cBera mamaer W3 BO3AyXa Ha CTCKISIHHYIO IDIACTHHY CO cQepuuecKon
MOBEPXHOCTHIO (PHUC.3 @; TOYKaMH OTMEUYCHBI MOIOkKEeHUS (OKYyCcOB). C MOMOIIBIO
TEOMETPUUYECKHUX TTOCTPOCHUH HANTH HAMPABIICHUE MTPEIOMIICHHOTO JTyYa.

Pewenue

Benuuuna @ = (ny - Nyy/R nasvieaemcs onmuueckoii cunoii cgpepuyeckou
npenomnsrowen nosepxnocmu. Ecau @ > 0 (puc. 3.1), mo nyy 2, napannenvHuiii
enasnot onmudeckou ocu Ox, nocie nperomnenus (nyy 2') nepecekaem ee 8 mouxe
F, (3aonuii ghoxyc), a nyu 3, npoxooswuil yuepes nepeonuii gpoxyc Fi, nocie
npenomaenus (ny4 3') napaninenen onmuueckou ocu.

B ciyuae @ < 0 (puc.3.2) 3a0nuti (F) u nepeonuii (F1) gpoxycet coomeemcmayrom
MOYKAM nepeceyenusi ¢ ONMUYECKOl 0Cbio NPooodcenuti ayyeu 2' u 3.
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Puc.3.1 [penomnenue nyueil na cghepuueckoil epanuye pazoeia 08yx cpeo (nz > Ny)
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Puc.3.2 [lpenomnenue nyueil na cghepuueckou epanuye 08yx cpeo (nz > Ny)

T.x. onTrueckas cuina chepuuecKon MPEeToMIISIONICH MOBEPXHOCTH MTOBEPXHOCTH
®=n-1/R<0,

To R < 0 (Iyu mamaeT Ha BOTHYTYI0 chepruUYeCKyI0 MOBEpXHOCTh). CiienoBaTebHO,

3anuuid ¢pokyc F' HaxoguTcs cneBa oT BepiinHbl O IpesoMIISIONIEH MTOBEPXHOCTH,
a nepeanuii pokyc F — cpaa (puc.3 6).



o
Puc.3 Ilanenue myda cBeta 1 Ha CTEKISTHHYIO C(OEPUUECKYIO TOBEPXHOCTh U
1oJio’keHus (POKYCOB (a@); TOCTPOCHUE IpeIoMIICHHOTO Jy4a 1’ (6)

[IpoBenem nyu 2 mapajulesbHO 33JaHHOMY JIydy | B HanpaBIeHUMM HA NEpPEIHUN
doxkyc F. Ilpenomnennsiii gyu 2' Oynetr napajuiesieH rJIaBHOW ONTUYECKON OcH, a
€ro MpojoikeHue (BJIE€BO) MepeceyeT 3a/iHI0 (POKaIbHYIO IIOCKOCTh F' B Touke
A. Uckowmpbiit myu 1' Oyner nexarb Ha npsimoit AB.

3anauva 4

JIBe TOHKME CHUMMETPHUYHBIC JMH3bl C OJMHAKOBBIMH paJdyCaMHU KPUBU3HBI
MPEIOMJISIONIMX TIoBepxHOCTe R = 5 cM (ogHa cobuparomias, u3 kpounriaca SK1 ¢
nokaszareneM npesnomiieHus N; = 1, 61, a npyrast — paccenBaroiias, U3 KBapleBoro
cTekna ¢ Ny =1, 46) mpwkanu BIUIOTHYIO JIPYr K JIPYry ¥ MOTPY3WIH B BOAY C
no=1,33. Haiiti pokycHoe paccrosiaue f 3T0i ONTHYECKON CHCTEMBI.

Pewenue

B coomeemcmesuu ¢ hopmynoti (1.19) onmuueckas cuna kaxrcoou uz MOHKUX JTUH3 8
gooe:

@1:2(n1'n0)/R

@2:-2(n2-n0)/R

s monkou aunzer @=d,+d,= 2(n;-n,)/R
CoomHowernue mexncoy ¢hoKycom u Onmuyeckol cuiou auH3sl. f=ny/d

f=noR/2(ny-ny) = 22,2 cm.

OtBer: =222 cm



3amaua 5
3putenpHas TpyOa Kemmepa cocTouT M3 IBYX COOMpPAIONIMX JUH3 — OOBEKTHUBA U
okyJsipa (puc.4).

Haiitn yBennuenue I', maBaemoe TpyOoOi mpu ycTaHOBKE Ha OECKOHEUHOCTb, €CIIU
nuametp D ompaBel 00bekTHBa U muameTp 0 n300pakeHus: OMpaBbl, KOTOPOE AET
okyJsip, cootHocsTes kak d = 0,05 D.

Pewenue
= A
B Fm\' g o
D , B —|d
Fo() >
\7
= OK.
00.

Puc.4 Onmuueckas cxema mpyowr Kennepa

Ilpu ycmanoske mpyowr Kennepa na beckoneunocms 3a0Huil hokyc oovekmuea
F'o6 cosnaoaem c nepeonum ¢poxycom oxynsapa Fox. Yeenuuenue mpyowvl pagro

F:ﬁm/fog
Kaxk 6uono u3z puc. 4
I'=d/D=0,05

Otset: I'=0,05



3amaua 6. Tpyba ['ammmes mpencraBiseT cOOOW TEIECKONMUYECKYIO CHCTEMY WU
COCTOUT M3 coOuparomei (00BEKTHB) W pacceuBaromiei (okymsip) aunH3. [lpu
yCTaHOBKE Ha 0eCKOHEYHOCTh TpyOa mMmeeT miauHy | = 70 cM u maet 15-kpatHoe
yriaoBoe yBenuderune. Onpenenuts (HOKyCHbIC pPacCTOSTHUS OOBEKTHBA U OKYJISIpa.

Pewenue

Ilpu ycmanoske na b6eckoneunocms 3a0uutl poxyc F'ob oovexmusa coemewer ¢
nepeonum ghoxycom Fok oxynapa (puc.5). Ecau | — onuna mpyouel, mo [ = foo — fox

06 06.
/ Ok. N Oxk.
S N BS=
\~,‘_> ——-—"'—-ﬂr—(z_-v 1 u| 1 S
Fm\' Fm( Fo6 l-m\' l h)h‘ Fo6
N\
v Y
a 4]

Puc. 5 Ontuueckas cxema Tpyosl ['anenes (a) u k BOnpocy 00 onpeiesIeHUH YIiio-
BOTrO yBesm4eHus Tpyost [ (6)

YrnoBoe yBenuduenue TpyOsI (puc. 56):

I'=tga / tga = fob/fok

PaBHO OTHOIIEHUIO (DOKYCHBIX PACCTOSTHUI OOBEKTUBA U OKYJISIpA.
foob/fox=(l - fox)/ fox =15

fox=5 cm
fo6=75 cm

OtBeTt: f06 =75 cMm, foxk =5 cm



3amaga 7 Ha ckonmbko pamnyc KpuBH3HBI R; BBITYKJIOW MOBEPXHOCTH BBHIMYKIIO-
BOTHYTOH CcTeKIAHHOM (N = 1,5) auu3bl ToNMmuHON d = 3 ¢M I0JDKEH OBITH OOJIbIIE
paanyca KpuBH3HBI R; BOTHYTOW MOBEPXHOCTH, YTOOBI B BO3AyXe JIMH3a ObLIA
TEJIECKOMUYECKOMN?

eleCKONU  4ecKdas. —Onmu 4ecKdas —cucme Ma —  ONMUYeCKas — cucmema,
npeobpaszylowas  napaiiebHbill  C6emO80U  NYYOK 8  NApALleNbHbli  ice.
Ilpeonasnauena 2nasnvim 0bpazom 05t HAOAOEHUs YOANEHHBIX 00BEKMO8.

Pewenue
oicmas BLINVKNI0-B0SHYMAsL ~ CMEKIAHHAs ~ JIUH3Ad 8  B8030yxe  Oyoem
menecKONU4ecKol npu yCcao8uu.

d5=d51+d52—d/n®1*®2=0,

20e D1 u D, — onmuueckue cunsl cghepuyeckux no8epxXHocmetl TUH3bl, d — MOIUWUHA
JIUH3DL, N — NOKA3AMelb NPeloMIeHUS MaAmepuand, U3 Komopoz2o cOeland JIUH3d.

B cnyuae monkoti munzel (d = 0 ) uz mamepuana ¢ nokazamenem nPeioMAeHUs N ee ONMUYECKAsL
cuna @ pasna Y = @1 + Dy,

20e @1=(N-N1)/Ry u @ = (N2-n)/Rz Ny u ny — noxazamenu nperomnenus cpeod coomeemcmeeHHo Cleed
U Cnpaea om KpaiiHux nperomMiAIoWux NOGepxXHoCmell ONMUYecKotl CUCIEMbL.

Ecnu monkas nunza OKpYotceHa cpedoﬁ C noxkasameiiem npejlomieHus no, mo 6 snom ciyvae.
®=(n-no)/(1/R1-1/R2)

[TockosbKy

CD1=(n-l)/R1

® ,= (1-n)/R,, To, penias ypaBHEHHE, TIOTYIUM
AR=R1-R2=d(n-1)/n=1 CM

OtBer: Ha 1l c™m



3anava 8. HaliTu ¢ MOMOILBIO FEOMETPUUECKUX MMOCTPOEHUH M0JI0KEHUS (POKYCOB
IUISL TOJICTOW BBIMYKJIO-BOTHYTOM JIMH3BI TONIIMHOW O=4cM ¢ moka3aTenem
npeiaomiieHus N=1,5, eciim ONTHUYECKHE CHJIbl MPETOMIISIOIINX MOBEPXHOCTEU
JMH3BI B Bo3yxe paBHbl @1 = 50 anrp, @, = —50 aorp.

Pewenue
Ilo ycnosuio @1, = —D, , mo 6 coomsemcemauu ¢ popmynou @ = (n-1)IR

Ri=R, = (n— ])/@1 = Ilcm,
f1 =Ny, =2cm
fg =Ny/D, =-2 cm

Tlonooicenue poxycos cihepuueckux npenomnsarowux nogepxHocmeti 1 u 2
nokazamo Ha puc. 1
Tlonooicenue nepeonezo F u 3aoneco F' hoxycos nun3vl nouyuarom ¢ nOMoubio
JIydell, naoarwux Ha TUH3y napaiienvHo anasuou onmudeckou ocu OO0,

F, F>F

O, O,

6
Puc. 1 a — ontnueckas cxema TOJICTON BBIITYKJIO-BOTHYTOW JIMH3HI;

O — X071 JIydeil yepe3 TOJICTYIO BBITYKJIO-BOTHYTYIO JIUH3Y



Jlya 1 nampaBneHn (puc. 1 6) mapamienbHO TJIaBHOM omnTudeckoi ocu. Ilocie
MPEJIOMIICHUSI Ha MOBEPXHOCTH 2 OH NEPEXOIUT B Jy4 ', KOTOPBI BBIXOOUT U3
dokyca F2. IlapamrensHo nyay 1' moctpoeH myd 2', KOTOpBIH TIepeceKaeT
onTuueckytro och B ¢okyce F'l m mocme mpemomieHuss Ha TOBEPXHOCTH |
nepexoauT B Jayd 2", mapauienbHbld onTtuyeckor ocu. Tak kak myum 1' m 2' —
napajuieibHbIe, CI€10BaTEIbHO

a) nyud 1" mepecekaercst ¢ iydom 2" B ¢okanbHOU miiockoctu F1, a ¢ rinaBHOM
ONTHUYECKOU OChIO — B (pokyce F nnH3bI;

0) nyd 2 (a TOUHEe — €ro MpPOJOJIKEHHE) MEPECeKaeTcs C ONTUYECKOW OChIO B
dokyce F', ¢ mpomomkenuem nyda 1 — B ¢okampHOM miockoctn F 2, a ¢
poJoJbKeHreM nyda 2" — B riaBHOM 1iockoctu H'. TakuM 00pa3om, MIOCKOCTH
H wn F "2 coBmapator. CoBmagaror u 1wiockoctd H u F1, mockoiabky um
MPUHAJICKUT TOYKA IepeceueHus] NpoaobkeHuss nyda | wm mywa 17, [us
WJUTIOCTPAIIMA BO3MOKHOCTH MCIIOJIb30BaHUS JAPYTUX JIydel, Ha puc. 1 6 mokasaH
X0J Jy4a 3.



3amaga 9 JIBe TOHKME CHMMETPUYHBIE JIMH3bl C OJMHAKOBBIMU DPaJUyCaMH
KPUBH3HBI MPEJIOMIISIOIMX MoBepxHOocTed R = 5 cm (ogHa — coOuparomasi, w3
kponrinaca SKI1 c¢ mnokazarenem mnpermomieHus N; = 1,61, a ngpyras —
pacceuBaroIlas, U3 KBapLUEBOro cTekia ¢ N, =1,46) nmprkaiu BIUIOTHYIO JIPYT K
Ipyry W morpy3winu B Boay ¢ Ng =1,33. Haiitu ¢oxycHoe paccrosiaue f stoit
ONTUYECKOU CUCTEMBI.

Pemenue

® =(n — ny)(1/R;-1/Ry) — dopmysa TOHKON aUH3BI (N — I JHH3BI, Ng — I
Cpebl).

B cootBeTcTBUY ¢ (hOpMYyII0i TOHKOM JTMH3BI B CpEJIe C TIOKA3aTeIeM PEIIOMIICHUS
Ny OIITUYECKAS CUJIa KaXKI0M U3 TOHKUX JINH3 B BOJE:

ch = 2(n1'n0)/R
d, = -2(n2-n0)/R

T.x.
O =P+ Dy —d Dy Dy /N — 1714 TOACTOM TUH3EI

[MTomarast d = 0 , 1151 ONTUYECKOM CHJIBI CHCTEMBI TIOIyYacM:
o= 2(n1-n2)/R
B cootBercTBuu ¢ T = ng/d = ng R/2(N1-ny) = 22,2 cm

Omeem: f= 22,2 cm.



