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IMIPAKTUKYM ABPUTYPUEHTA

[ eomeTprHeckad
ONTMKa

A.HELLIEB

PN OIIMCAHUM MHOTUX ABJIE-

HUI, CBSI3aHHBIX C PaCIpOCTpaHe-
HUEM CBETOBBIX BOJIH, YA0GHO MOJIb30-
BaThCs IPOCTBIMH TEOMETPUYECKUMHU
[IPEe/ICTABJIEHUSIMU CBETOBBIX BOJIH B BU/IE
y3Koro 1yuka (J1yya), HalpaBjeHue KO-
TOPOTO OIpE/esisieT HalpaBJeHue pac-
MIPOCTPAHEHUS BOJIHBI.

CgeroBoil nyuok (ay4), nagaiomuii
Ha IPaHUILy pa3jieJia IByX Cpejl, Mo/ uu-
HSIETCS 3aKOHY OTPaKEHHsl, COTJIACHO
KOTOPOMY yTOJ TaJieHusi O paBeH yriy
oTpaskeHus Y :

a=y,
1 3aKOHY IIpEJIOMJIEHUA, B COOTBETCTBUU
C KOTOPbIM

sina :7’2_2

)

sinf  n,

rje 3 — yroJ mpesoMJIeHust, n, U n, —
TIOKa3aTeJsI! [TPeJIOMJIEHHUSI TIEPBOii 1 BTO-
pOii cpe/i COOTBETCTBEHHO.
YHUKAJIbHBIM ONITUYECKUM TTPUOGOPOM,
OCYNIECTBJISIIONINM TIpeo6pasoBanue Jy-
veit, sipisiercst muu3a. [Ipu aToM cripaBe-
JINBa TaK HasbiBaeMast (popMyJia JTUH3BI

11 1

—_ 4t — = —

d f F

rae d — paccrosiHme OT IIpeaMera [0
JIMH3DI, [ — PacCTOSHUE OT JIMH3BI JI0
JlaBaeMoro ero msobpaxenus u F — ee
¢oxycHoe paccrosinue.

A Temepb — HECKOJbKO KOHKPETHBIX
3ajad.

3agavya 1. B omsepcmue paduycom
R =1 cm, coenannoe 6 mouxotl nenpos-
paunoti nepezopoodxe, 6cmasiena pacce-

usaiowast aunsa. Ilo oony cmopony ne-
pezopooKu Ha 2/1A6HOT ONMUYECKOU OCU
AUH3bL PACNOLO0KEH MOUCUHDBLI UCTHOY-
Hux ceema. Ilo dpyzyto cmopony nepe-
20podxu na paccmosnuu L = 24 cm om
nee naxodumcs sxpan. Paduyc ceemo-
20 namua na dxpane pasen r, = 4 cm.
Ecau aunsy yopamo, mo paduyc nsmnda
na sxpane cmarem r, = 2 cm. Onpedenu-
me paccmosinue om UCMOUHUKA 00 JAUMH-
3vL U POKYCHOE paccmosaHue JUH3bL.

[IycTb S — TOYeUHBI NCTOYHUK, a S
— ero MHHMOe H300pakeHHe B JIMH3e
(puc.1). Tlo dopmyne nUH3bI,

1 1 1

- -

d f F
rae d — pacCTosiHUE OT UCTOYHHKA S /10
JIMH3BI, [ — DPACCTOSIHUE OT JIMH3BI [0

D N
A /Cr,
Y I
ST P o] B
<3,
N d - L

,
nzo6paxkenus S, F — GokycHoe paccTo-



(Hayano cm. Ha c.31)

sHYMe JMH3bL. V13 mogo6ust TpeyrobHI-
xoB SAO u SCB caenyer, 4to

d R
d+L
Orcona
L
d=——=24 cMm.
r,/R-1

AHaOruYHO, U3 TOA0GUST TPEYTrOJIbHU-
* *
koB S AO u S DB Haxoaum

Haxoner, na ¢opmyJibl JauH3b! 17151 Po-
KYCHOT'O PACCTOSTHHSI TIOJTy4aeM
d
F= —f =12 c™.
d-f

3agaua 2. Toueunwiii ucmounux ceema
S pacnonoxen mna paccmosmuu d =
=40 cu om cobuparoweti un3vL Ha ee
221a6MHOU onmuueckoll ocu. Onmuuecxkast
cuna aunzot D =5 onmp. IIpu nosopome
JUHZbL HA HEKOMOPBLL Y20Jl OHOCUME.Lb-
HO OCU, NepneHOUKYISAPHOL NIOCKOCTRU
PUCYHKA U Npoxo0swelt uepe3 onmuuec-
KUtl 4eHmp Jun3vl, U300Paxenue ucmoy-
nuxa cmecmunocv Ha Al =10 cm. Haitou-
me Y201 NOGOPOMA JIUH3bL.

Uso6paxenue (S™) ncrounuxa (puc.2)
CcHAvaJsa pacroJio’KeHo Ha TIaBHOW OTITH-

o /i

Puc. 2

YECKOH OCH JIMH3BI HAa PACCTOSHUU [ OT
sunabl. [To ¢gopmysie uH3bI,

1 1
_+_:D7
d f
OTKy/1a
f:L:Oy4 M.
Dd -1

IIpn mosopore JuH3BI Ha yroa O ee
rJlaBHasl OLTHYECKas OCb TOXe [10BOpa-
ypBaeTcsd Ha yronx O, a m3o6paskeHue
(S}) cmemaercst na Al W3 pucynka 2
BHAHO, 4TO d, dcosa U f,
= (f + Al)cosa . @opmyia JIMH3bI B ITOM
cJIydae IpUMeT BUJL

1 1

—+—=D.

d 1

NPAKTUKYM ABUTYPUEHTA

Ortciona s yriia O HaxoauM
d+f+4l
Dd(f + Al)

cosa = 0,9,

a = arccos0,9,

3agaua 3. Illap u3 onmuuecxu npo-
3PAUH020 MAMEPUANA NOMEUWEH 68 NAPATL-
aenvnoiil nyuox ceema (puc.3). Yezon
nadenusi 00H020 U3 Jyuell Ha Nosepx-

Puc. 3

nocmo wapa § = arctg(4,/3), a yzon ezo
OMKJAOHEHUSL OM NEPEOHAUAILHOZO HA-
npas.aenus nocie 08Yx npeioMieHUTl Hd
nosepxnocmu wapa 0 = 2arctg(7,/24).
Hatidume noxasamenv npeiomienus ma-
mepuanra wapd.

JIyu csera 1A (puc.4), nagaomuii Ha
mwap noa yrioM § , mpoXoauT B mape no

Puc. 4

guann AB, coctapisionieir yriasl ¢
paguycamu AO un BO, Tak, 4T0o
sin ¢
=n
sin 3
[lnsg BoIXOomsmiero m3 Imapa Jyda B2
uMeeM

sinf 1

siny n
Pacemorpum tpeyroabnuk ABC. Oue-
BU/IHO, YTO OH PaBHOGEAPEHHDIN U yToJI
0 sBJISIETCS €T0 BHEITHUM YIJIOM; CJIe/IO-
BaTeJIbHO,

7
8 =2(¢ - B) = 2arctg —,
24

NI
7
tg(¢-B)=—.
24
Orciozia, MCIOJIb3YSl U3BECTHYIO TPHIO-
Homerpuueckyio dopmyay tg(d —B) =
= (tg¢ —tgPB)/(1 + tg dtgB), mosyumm

3
tgp=—.
4
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OKOII‘IaTeJIbIIO, JJIA TTIOKa3aTreJssd Ipe-
JIOMJIEHUA HaXOAUM

osing J1+1/tg’p
sinf3 \/1+1/tg2¢

3anauva 4. Tonxas pacceusarou,as iun-
3a ¢ poxycuvim paccmosmuem F =15 cm
npuKpenjiena Kk cmenke axeapuyma, 3a-
noanennozo 60dotl (noxasamenv npe-
aomaenus 600vi n=4,/3). Ha runsy nod
yenom O nadaem napaiiesvHvli nyuwox
ceema. HMzeecmmo, umo ayu, npouieo-
Wil cK603b AUH3Y Ha paccmosinuu h om
ee onMmuUUecKozo ueHmpd, He usMeHsiem
ceoezo nanpasaenus. Haioume h, ecau
tga =0,08.

IIpoBenem siyu 1A, najaomuii Ha JIMH-
3y B TOUKe A Ha PACCTOSIHUH /2 OT TJIABHOI
OITHYECKON OCH, KOTOPAs [IEPECEeKaAeTCs]
aTHM J1y4oM B Touke C Ha paccrosiHun d
ot siu3bl (puc.5). V3 reoMerpuu pucyH-
Ka BUJ/IHO, YTO

4
3

h

tg(x.

Ecuu 6b1 B akBapuyMe He ObLIO BOJBL, TO
JIyd CBeTa IIOCJIe IIPeJIOMJIEHUS JIMH3O0M
notiresi Gbl B HaripaBjenun A2. B cayuae
3aI10JTHEHHOTO BOJIOI akBapuymMa, 1o yc-
JIOBUIO 33/1a4M, OH U/ET B HAIPABJIEHUH
A3, He U3MEHSS CBOETO TIEPBOHAYAIBHO-

Puc. 5

ro HarnpasJienus. [Tycts B — yros Meskry
JIyaoM A2 W ONTUYECKON OCBhIO JIMH3bI U
BO = f. OueBuzHo, 4o sin B/sina = n,
WM, TaK Kak yriel B u O MajeHbKue,

tgB _

——=n

tga
Kpowme Ttoro,

h

tgp

B coorserctBun ¢ HOPMYIIOit JUH3DI,

1 1 1

d f F
Pemas cucremy mnoJiydeHHBIX 4YeTbIpex

YPaBHEHUH, 7151 ICKOMOI BeJIMYNHbBI M0-
JyqaeMm

h=Fn-1)tga =04 M =40 cm.
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3anaua 3. B xomname na cmo.ae Jie-
JKUM NAOCKOE 3epKao, HA KOMOPOM
HAXO00UMCs. MOHKAsL NJOCKOBbINYKAASL
aun3a ¢ goxycroin paccmosnuem F =
=40 cm (puc.6). ITo nomoaxy noazem
Myxa co cxkopocmwvio v = 2 cm/c. Pac-
cmosnue om nomoaxa 0o sepxara h =
=220 cm. Ha xaxom paccmoamuu om
3epKANA HAXOOUMCsL U300PAKEHUEe MYXU

C < M
v
h
JI
G %l 7y 7
[77777T77777777777Y7777777777777777
3
Puc. 6

6 dannoi onmuyueckou cucmeme? Yemy
PABHA CKOPOCMb U300PAKEHUS MYXU 6
mom Momenm, Koz0a oHa nepecexaem
enasnyio onmuueckyio oco aunsvl (6
mouxe C)?

ITocTponm n3o6pakeHne MyXH B OTITH-
4YeCcKOil cucTeMe JIMH3a — 3epKaJo —
ymunza. Ha pucynke 7 touka M| — mep-
BOe M300pa’KeHNe MyXH, /1aBaeMoe JIMH-
3001, a M, — nsobpaskeHue MyXu, JaBa-
eMoe JIMH30H TI0CJIe OTPAKEHUS JIydei OT
3epkaJja. 3anuiieM (GopMyJTy JTMH3BI IS
MIEPBOTO CJIyYast:

11 1

—_—t — = —

h a F

7 %

A\
N

v 7 i
7N

e —m m e e e — Y

IS

Puc. 7
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U JIJIs1 BTOPOTO:
11 1

a b F
Orciofia HaXOAUM UCKOMOE PaCCTOSTHHE:
Fh
b=——=22cMm.
2h - F

N3 nopo6usi tpeyrosbHukos OCM u
ODM,, umeeM

DM, ubt b

rJie ¥ — CKOPOCTh M300PAKEHUST MYXU.
Takum o6pazom,

b
u=v—=02 cm/c.

3agaua 6. Ha znasHoii onmuueckoi
ocu monKot cobupaiouweti TuH3bL ¢ Po-
Kycuoim paccmosinuem I = 20 cm pacno-
JI0KEHO NAOCKOe 3epKanvue Hd pac-
cmosiue L = 3F om aunsvt (puc.8).
3epranvue epawaemcs ¢ Yai060i CKo-
pocmwio W = 0,1 ¢ eokpye ocu, nep-
NeHOUKYNAPHOU NAOCKOCIU PUCYHKA U

Puc. 8

npoxodsuweti uepes mouxy A. Ha pac-
cmosnuu d = 5F /4 om aun3ot Haxooum-
ca moueunwvii ucmounuxa ceema S. Ha
KaKkom paccmosanuu om mouxu A nony-
YUMCSL U00PAKEHUE UCTNOYHUKA 6 CUC-
meme AUH3a — 3epKaivle 6 pe3yivmame
O00HOKPAMHOZ0 NPOXOXKOEHUS IYUetl om
ucmounuxa yepe3 aun3y? Haioume cxo-
pocmv (MOOY.Ib U Y20 MeKIY 6eKMOPOM
CKOPOCTU U 2]IABHOU ONIMUYECKOLL OCHI0)
IMo20 U300paAXKeHUss ¢ MOMEeHM, K020d
Y20 MeXKOY NIOCKOCMbIO 3ePKAIbUA U
221a68HOU Onmuyeckoll ocvto 0 = 60°.

ITocTpoenne M306paXkeHIs NCTOUHNKA
B JIAHHOI OITUYECKOIl crcTeMe oKa3aHo
Ha pucynke 9. 31ech S, — usobpaxenue
MCTOYHHKA, JlaBaeMoe JIMH30ii, S, — N300~
pa)keHue «UCTOYHMKa» S| B 3epKaJiblle.
W3 dopmyibl THH3BI

11 1
—_ 4t — = —
d f F
HaXO/UM
Fd
f=———=5F=100 cm.
d-F

N
-

Puc. 9

N3  coo6paskeHUi  CHUMMETPHUHU
AS, = AS,,a AS, = f — L. Orciona na-
XO/IUM MCKOMOE PaCCTOSTHUE:

AS, =f =L =2F =40 cu.

BekTop ckopocTH N306pasKeHust v Tep-
HEHMKYIIpeH 0Tpe3Kky AS, u ¢ onTu-
YEeCKOI OChI0 COCTABJISIET yTOJI

B=2a-_=30°

2
Mojysib cKOpOCTH U300pa’KeHNsT PaBeH
AB Aa
v=—AS,=2—AS, =
At At

= 2wRF =8 cM/c.

Yupaxxuenuns

1. Tonkas cobuparomas JH3a ¢ (OKyC-
HBIM paccrosareM F = 15 ¢M mpuKperieHa K
CTEHKE aKBapryMa, 3all0JTHEHHOTO BOION (17 =
=4,3). Ha smnsy mox yriom 0O muajgaer
napaJiieJibHblil Iy4oK cBerta. V3BecTHO, 4TO
JIy4, TIpOMIeAmuil CKBO3b JIMH3Y HA PacCTOs-
UM i OT ee ONTHYECKOTO TIEHTPA, HEe U3MEHsI-
eT cBoero HampasJjenus. Haiigure yron o,
ecan h = 5 MM.

2. TovyedyHbIil HICTOYHUK CBETA PACIIOJIOMKEH
Ha TJIaBHOH ONTHYECKOW OCH paccemBalomeit
nuH3bI B ee pokyce. Onrnyeckasi cuia JUH3bI
D =4 nnTp. Ha xakoe paccTosiime cMeCTUTCS
n300pakeHne CTOYHNKA, €CJIH JTUH3Y OBep-
HyTb Ha yron O = 30° oTHocuTeJbHO OCH,
TIePIIeH/INKYJIIPHOIl TJIOCKOCTH PHCYHKa M
MIPOXO/IATIEN Yepe3 ONTUYECKH IEHTD JINH-
3b17?

3. Ha riaBHOU ONTHYECKONH OCH TOHKOI
pacceuBaioneii JMH3bI ¢ (POKYCHBIM PaccTosi-
mmeM F = 10 cM pacmosioxeHo IJI0CKOoe
3epKaJibile Ha paccrosinuu L = 4,2F oT TuH3bI

(cM. puc.8). 3epkablle BpaIaerTcs ¢ yrjio-
BOil ckopocTbio W = 0,05 ¢! BOKDYT OCH,
TIePIIeH/INKYJIAPHOIl TIJIOCKOCTH PHCYHKa M
npoxojsueit uepes Touky A. Ha paccrosuuu
d = 4F or /MH3BI HaXOJUTCS TOYEUHDII
ucToyHUK cBeta S. Ha kakom paccrosiHuu ot
TOUKN A NOTyYnTCst H300pakeHne NCTOYHUKA
B CHCTEMe JIMH3a — 3epKaJiblie B pe3yJibTare
O/IHOKPATHOTO TIPOXOXK/EHUSI JIydeil OT uc-
TOYHUKA dYepe3 Jmu3y? Haiimure ckopoctb
(MO/LyJIb U YTOJT MEK/TY BEKTOPOM CKOPOCTH U
IJIaBHOIT ONITUYECKOH 0ChIO) 3TOr0 M300pasKe-
HUSI B MOMEHT, KOT/Ia YrOJI MEX/y IJIOCKO-
CTBIO 3epKaJIbIla M IJIABHOI ONITHYECKOIT OCHIO

o = 40°.



