Hean pa6oTsl

OkcnepumenmanvHoe onpeoeieHue @GOKYCHO20 pAcCmMOAHUA cobuparowel U pacceusaioujeli JauH3
PA3TUYHBIMU MEeMOoOamu, UsyyeHue chpepuyeckoll u Xxpomamuyeckol abeppayuii TuH3bsl.

Hnest sxcniepuMeHTa

OnTHueckas cucTeMa, COCTOsIIIAas U3 OQHON MIIM HECKOJIBKUX JIMH3, IO3BOJIET IIOJYUNUTh Ha 3KpaHe
YeTKoe M300pakeHUEe MCTOYHMKA cBeTa. M3Mmepsis JHHEHHBIE pa3Mepbl CUCTEMBI, MOXXHO PAacCUMTATh
(OKyCHBIE PACCTOSHUS U JPyTHE TTAPAMETPHI HCIIOJIb3YEMBIX JIHH3.

I. Teopus

§1.1.0cHOBHbBIE 110JI0OKEHUS TeOMeTPHYECKON ONTHKH

[Ipy npakTHUECKOM pACCMOTPEHUH BOMPOCOB (HOPMUPOBAHMS H300paKEHHM B ONTHYECKHUX
cuctemax Oonblliasg dYacTb pe3ylbTaTOB MOXKET OBITh TIOJyueHAa Ha OCHOBE MpeICTaBICHHIA
2ceomempuueckoti onmuky. OJHUM U3 OCHOBHBIX IOHSATHI F€OMETPUUECKON ONTHKHU SBIISETCS MOHATUE
Jlyya CBETa Kak JIMHUM, BJOJb KOTOPOM paclpoCTpaHsSeTCs dHEprus onTudeckoro usnydenus. Cpena, B
KOTOPOW PpacIpOCTPaHSAETCS CBET, XapaKTePU3YETCS aOCOMOMHbIM NOKazamenem npeiomieHus N,
paBHBIM OTHOIICHHIO CKOPOCTH pAaclpOCTpaHEHHs CBeTa B BakyymMe ¢ K (a30BOM CKOPOCTH
pacupocTpaHEHUs CBETA B Cpejie V: N = ¢/V.

OCHOBHBIMU 3aKOHAMU T€OMETPUUYECKON ONTHUKU SIBJISIOTCS:

. 3akoH mNpPSAMOJUHEHHOr0 PACNPOCTPAHEHHUS CBeTa — B OJHOPOJAHOM Cpele CBET
pacmipocTpaHsIeTCs MO MPSIMBIM JIMHUAM (OTCTYIUIEHHE OT 3aKOHA - SIBICHUE AUPPAKIIHHN).

2. 3aKOH He3aBHCHMMOCTH CBETOBBIX IIYYKOB — PAaclpOCTPAHEHHE BCAKOIO CBETOBOTO ITyyKa B
cpelie He 3aBUCUT OT HAJIMYHsI IPYTUX MTyYKOB (OTCTYIUICHHUE OT 3aKOHA — SIBIICHUE UHTEePPEPEHIINN).

3. 3aKoH oTpaKeHHsI CBeTa OT MOBEPXHOCTH pa3jesia ABYX cpel — MaJaloluil U OTPaKEHHbII
Jy4Yd CBETa JIeXaT B OJHOM IUIOCKOCTH C HOPMaJbIO0 K TpaHUIIE pa3lieia ABYX cpell B TOUKE MaJeHUs,
HA3BIBAEMOM 1710CKOCMbI0 NAdeHUs, TPUUEM YToJl TaJICHUS PaBeH YIUIy OTPaKEeHUS.

4. 3aKkoH mnpeJiOMJICHHSI CBeTa Ha TpaHMIe pa3jiesa NPO3PayvHbIX cpel — MajalolUi U
MIPEIOMIICHHBIN JIy4H JIEKAT B TIIOCKOCTU TajicHus , puYeM JUIsl yria NaJAeHUus ¢ U YIiia IpeIoMIICHHs
(2 CIIPABEIJIMBO COOTHOILIEHUE!

n; sin @ = n sin @y,
I7Ie N U Np-abCONTFOTHBIE MMOKA3aTeIH MPEIOMIICHHUSI CBETa COOTBETCTBEHHO MEPBOM U BTOPOH ONTHYECKH
OJTHOPOJIHBIX U U30TPOIHBIX CPEI.

3aKOHBI TEOMETPUYECKON ONTHKH MOTYT OBITh TOJIYYEHBI M3 ypaBHEHUH MakcBesuia, eciii JUTHHY
BOJIHBI U3JTY4YECHHUS A YCTPEMUTH K HYI0 (A—0).

Hctounmk cBeTa mpeacTaBisieTCs] KaK COBOKYITHOCTh CBETSIIUXCS TOYEK, KaKlas M3 KOTOPBIX

Aé% 7:/’ """ )
a) 0)

Puc.1. Cxema npoxoxIeHus Tydeil uepe3 ONTUYECKYIO CUCTEMY:
@) NeUCTBUTENbHBIA UCTOYHUK A, MHUMOE U300paxkeHue A’;
0) MHUMBII HCTOYHUK A, TEHCTBUTEIBHOE N300pakeHne A’.

*
OTCTyHHeHI/Ie OT OTOI'0 3aKOHa Ha6H}0£[aeTCﬂ B ABYITYUCTIPCIOMIIAIOIINX CpEeaax.
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SIBJISIETCSL  BEPUIUHOM pacXojidierocst  mydka Jy4eH, Ha3bIBAEMOI0 2OMOYEHMPUYECKUM, T.€.
HMEIOIIUM OO ueHTp . Ecnu cBeT OT TOYEUHOr0 HMCTOYHHKA MOCIE MPOXOXKIACHUS ONTHYECKON
CHCTEMBI BHOBb co6npaeTc;1 B OJIHOM TOYKE, TO ATy TOYKY Ha3bIBAIOT TOUEUHBIM WM CIMUSMAMUYECKUM
M300paXeHUEM HCTOYHMKA. /[Be TOUkM (MCTOYHHWK M €ro M300paKeHHE) HA3BIBAOTCS CONPANCEHHLIMU
TOYKAaMHU JTAHHOW ONTHYECKOW CUCTEMBI. BerencTBue oOpaTUMOCTH X0J1a CBETOBBIX JIy4e MCTOUYHHK U
€ro U300paKeHNEe MOKHO TTOMEHATh MecTaMu. M300pakeHne Ha3bIBACTCS OeticmBUmebHbIM, CIIA JTydn
JNEHUCTBUTENILHO TEpeceKkaroTcss B Touke. Eciam mepecekaroTcss HE caMmMH JIydd, a HUX HPOJOJIKEHUS,
MPOBEACHHBIE B HAMNPABJICHUH, MPOTHUBOIOJIOXHOM HAMPABICHUIO PACIIPOCTPAHEHHSI CBETA, TO TaKOE
M300paXCHUE HA3BIBAIOT MHUMbIM. AHATOTHYHO JACUCTBUTEIHHBIM M MHUMBIM MOXKET OBITh W TOYCUHBIH
WCTOYHHK cBeTa (puc. 1).

OCHOBHBIM 3JIEMEHTOM OOJIBITMHCTBA ONTHYECKUX CHUCTEM sBIsieTCsS chepudeckas jauHza —
MPO3pavyHOe OJHOPOJHOE TEJIO0, OTPAHWYCHHOE JBYMs cq)epnquKnMH MMOBEPXHOCTAMH (UJIM OJHOMU
chepruyecKkor U OHOM TUIOCKOM ), UMEIOIIIMMH OOIITY IO och . JIuH3a cuntaeTcs MOHKOIL, €CIIH €€ TOJIIINHA
MpeHeOpeKUMO MaJia M0 CPAaBHEHUIO C paJinycaMi KPUBU3HBI OIPAaHUYMBAIOIIUX MOBEpXHOCTEH. Takum
00pa3oM, TOHKYIO JIMH3Y MOKHO CUUTATh JISKAIIEH B TNIOCKOCTH.

JluHMs, TpoxoAasfmias dYepe3 IMEHTPHl KPUBU3HBI 00euX CPEepUIecCKUX IMOBEPXHOCTCH JIUH3HI,
HA3bIBAETCS 2IABHOU Onmu4eckol ocvlo. Touka nepeceyeHust rIaBHOM ONTUYECKOW OCH € TJIOCKOCTBhIO, B
KOTOpPOM pacIioyio)keHa TOHKas JIMH3a, Ha3bIBACTCS Onmuueckum yeHmpom IuH3bL. Jlr0oOoH mywy,
MPOXOASAIINN Yepe3 ONTHUYECKUN IIEHTP TOHKOM JIMH3bI, HE HMCIBITHIBAET MPEJIIOMJICHUS U HE MEHSET
HampaBJieHus1 pacnpocTpaHeHus. Jlrobasi JNMHMS, NPOXOAAIIas 4Yepe3 ONTUYECKUM IEHTP JIMH3BI,
Ha3BIBACTCS ONMUUECKOU 0CbI0 TUH3BI (HOOOYHOU ONMUUECKOU 0Cbi0).

PaccmoTpuM onTHYECKyr0 CHCTEMY, COCTOSIIYIO W3 OOHOM TOHKOM JnH3BL IlycTh cBeT oOT
HMCTOYHHUKOB MaJaeT Ha JIMH3Y cieBa. Toraa nojJynpocTpaHCTBO CJIEBA OT IJIOCKOCTH JIMH3HI (T.€. OTKyAa
UIyT Jy4d) HAa3bIBAIOT APOCMPAHCMBOM UCMOYHUKO6 (WU TIPEIAMETOB), CIpaBa - NPOCMPAHCIEOM
uz0opasiceHuil.

Ecnu Ha nuH3Yy HanmpaBUTh MYYOK JIy4el, MapajuiebHbIX IVIABHOM ONTHYECKOM OCH, TO MOCIE
MPOXOXKACHHUS JIMH3bI BCE JIy4H COOEpPYTCS B OJHON TOYKE, HA3bIBAEMOU 2nasHubIM (POKYCOM IUH3HL.
®DoKyC JTMH3BI MOXKET OBITh KaK JEUCTBUTEIBHBIM, TAK U MHUMBIM. POoKyCcHbIM paccmosinuem F TuH3BI
HA3BIBAETCS PACCTOSIHUE OT IEHTpa JIUH3BI 70 ee (okyca. DokycHoe paccTosiHHE CHEepPUUECKON JTHUH3BI

MO>KHO HaiiTu 1o gopmyre:
1 1 1
Lo Lo
F R, R,

rae Ry u R, - pannycel kpuBU3HBI cPepruiIecKUX MOBEPXHOCTEH JIMH3BI; Ny| - OTHOCUTENBHBIN MOKa3aTeNb
NPEeJOMJICHUSI MaTepuaia JIMH3bI, DPaBHBIM OTHOLICHWIO aOCONIOTHBIX TMOKa3aTelaed MperIoMIICHUs
MaTepuaia JHMH3bl U OKpYyXkKatouiei cpeasl. [Ipu a3Tom, eciau moBEpXHOCTH JIMH3HI BhIyKJas, To R>0, ecnu
BoruyTasi, To R<0, a ecnu miockasi, To R=w . JIuH3a, y KOTOpOi (HOKYCHOE PACCTOSHHUE TOJIOKUTEIHHO,
Ha3bIBAaeTCS cobupaiowjel, JHWH3a C OTPULATEIbHBIM (OKYCHBIM PACCTOSHHUEM  Ha3bIBaeTCA
pacceusaioweti. Takum oOpazom, Tpu ny;>1, ecnu 06€ TOBEPXHOCTH JTUH3BI - BBIMYKIIbIE, TO F>0 (IrH3a
coOuparo1as), eciiv BOrTHyThle, To F<0 (JinH3a pacceuBaroiias).

Kaxxgas nuH3a MMeeT /1Ba TIaBHBIX (OKyca, HaXOIAUIMXCS Ha OJIMHAKOBOM PAacCTOSIHUU OT LIEHTpa
auH3bL. DOKyC, pacnonararmIuicss B MPOCTPAHCTBE UCTOYHUKOB, HA3bIBAIOT NepeoHUM (DOKYCOM JINH3HI,
a (okyc B mpocTpaHCTBe M300pakeHU — 3a0Hum ¢hoxycom. B cinydae coOuparomieil JUH3BI JIyYH OT
OCCKOHEYHO yMaJleHHOTO MCTOYHWKA OyayT cobuparbcss B 3amHeM (okyce (m300pakeHue
NEHCTBUTENBHOE), a B CIydyae pacceuBarollell IWH3bI B mepeaHeM (okyce OyayT coOuparbes
MIPOAOIDKEHHS Ty4el (M1300pakeHrne MHIMOE )

[TnockocTh, MepreHANKYISpHAs TIIaBHOM ONTHYECKOH OCH W HAXOJAINAsCs OT LEHTpa JMH3BI Ha
paccTosiHuM, paBHOM |F|, Ha3bIBaeTCs @)oxkanvbHou NiIOCKOCMbl0 NWH3BL. TakuxX TMJIOCKOCTEH 1B —
nepefHsst ¥ 3aaHs4. Ecnu Ha NMH3Y BIOJNb KakoW-1uOO ee ONTHYECKOH OCH HamlpaBUTh MapajuleIbHBIN
My4YOK CBETa, TO BCE JIyYH WIIA UX MPOIODKEHHS COOEPYTCS B TOUKE IMEPECEUCHHS ITON OCH C POKATHHOM
TJIOCKOCTBIO JIMH3BI (COOTBETCTBEHHO, TIEPEIHEH UITH 3a]THEH). .

ok o o
Onrrueckas CHUCTEMA, B KOTOPOU COXPAHACTCA TOMOLUCHTPUIHOCTD ITYYKOB, Ha3bIBACTCA UOCANIbHOLL.
*
JInH3EI MOT'yT OBITh TAKXKE Hapa6OHI/I‘{CCKPIMPI, MUINHAPUYICCKUMUA U T. 1.
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BBomuTcs Takke MOHSATHE OnmMu4eckoll cunbl JauH3bl D Kak BEJIMYMUHBI, OOpaTHOU
(dbokycHOMYy paccTosiHuI0 F, BeIpakeHHOMY B Metpax: D = 1/F. Onrtuyeckas cuiaa u3MepsieTcs B
ouonmpusx (1 qotp = 1/m). Ana cobuparommx nun3z D>0, ans paccenBaromux D<0.

B pamkax reoMeTpuyecKOM ONTHKM OrPAHUYMBAIOTCA, KaK MPAaBWIO, PACCMOTPEHHEM
LIEHTPUPOBAHHBIX CHUCTEM M TapakCHUadbHbIX Jydeidl. Cucrema Ha3bIBACTCA YEeHMPUPOBAHHOU, €CIH
LIEHTPHl KPUBU3HBI BCEX CPEPUUECKUX TMOBEPXHOCTEH PACIONOKEHBI HA OJHON TPSIMOW, T.C. TJIABHBIC
ONTUYECKUE OCH BCEX JIMH3 COBNAAAIOT. [lapakcuanbrbvimy HA3bIBAIOTCS Y4, 00pa3yoIIue Majble YIIIbI
C IJIABHOM ONTUYECKOW OChIO U HOPMAJISIMH K MPETOMIISIFOIIUM MTOBEPXHOCTAM CUCTEMBI. J{J1s1 naeanbHbIX
LIEHTPUPOBAHHBIX CUCTEM MOKHO JIOKa3aTh, UTO JIIOOOW UCTOYHUK B BUJIE NIOCKOCMU, NPAMOU UTU MOUKU
Oyner maBaTh HM300pa)X€HUE TAKXKE B BHJIE COOTBETCTBEHHO WJIOCKOCMU, NPAMOU UIU MOUKU, 32
WCKITIOYEHHEM MCTOYHUKOB B (DOKATBHOM MIOCKOCTH.

JJist TOHKOWM TMH3BI CIIpaBeNIMBa Cienytomias popmyiia, Ha3siBaeMast )opMyI0U MOHKOLU JUH3DL:

e O
TJIe a - PaCCTOSIHUE OT UCTOYHHKA JI0 JIMH3BI, b - paCCTOSIHUE OT JIMH3BI 10 N300pakeHus. BeanunHel a u
b MOryT OBITh KaK IMOJIOKHTEIHHBIMH, TaK W OTPHUIATCIBHBIMUA. ECIIM MCTOYHHK M €ro MU300paKCHHE
SIBJISIFOTCST ICHCTBUTEIBLHBIMH, T.€. ICTOYHUK PACIIOJIONKEH B MTPOCTPAHCTBE HCTOYHUKOB, & N300pKCHHE -
COOTBETCTBEHHO B MPOCTPAHCTBE U300paxkeHui, To >0 u h>0. Eciu e UCTOUHMK WK ero 300paKeHue
- MHUMBIE, TO ¥ COOTBETCTBYIOIINE 3HAUCHUS @ WK b OTPHUIIATEIHHBI.

§1.2.Cnoco0b1 moCTpOEeHUs1 M300paKeHUsl B TMH3AX

[Ipu moctpoeHUM H300paXEHUsST TOUYEYHOTO HMCTOYHHUKA, IOTY4aeMOTO0 C TIOMOIIbIO JIMH3HI,
HE00X0AMMO IPOBECTH KaK MHHMMYM JIBa HE COBNAJAIONUX APYr C APYroMm Jyda, UAYIIHX OT 3TOTO
UCTOYHHKA, TOTJla TOYKA MepeceueHus Jydyeil (WM MX NMPOJODKEHUI) AACT MOJIOKEHUE H300pakeHust
(mefcTBUTENBHOTO WM MHHMOTO0). OOBIYHO HCIOJIB3YIOT T€ JIyYd, HANpaBiICHHUE PaCIpPOCTPAHEHUS
KOTOPBIX ITOCIIE TIPOXOKACHNUS JTHH3BI U3BECTHO. J[JIsl TaKMX JTydeit MOXKHO C(OPMYITHPOBATD CIIEIYIOIINE
IIpaBUIIA:

1) ny4, mnmapajulenbHbI TJaBHOM ONTHYECKOH oOcH, TOcie TMpeJoMJIeHHs B coOuparomeit
(pacceuBaroleil) TMH3E IPOIIET uepes ee 3aAHui (epeHuii) Gokyc;

2) nyd, WOyIUi Yepe3 ONTHYECKUW IEHTP JIMH3BI B JIFOOOM HANpaBICHWH, HE HCIBITHIBACT
IIPEJIOMJICHHUS U IPONET O€3 U3MEHEHUs HallPaBIICHMUS;

3) nmyd, mpoxoAsmui uepe3 mepeaHuidl (3aaHuil) Gokyc coOuparomieil (pacceuBaroIeii) JTHH3BI,
MOKJIET MAPAIJIEIBHO TJIABHOM ONTUYECKOU OCH;

4) ny4, mapajuleNbHBIM KakoW-IMOO ONTHYECKOH OCH coOmparomeil (paccenBarolieii) JIHMH3EI,
MPOMIET Yepe3 TOUKY MepecedeHust ITOM OCH ¢ 3aaHel (mepeanei) poKabHON MII0CKOCTBIO.

A 1 A

Puc. 2. I[loctpoenue nzodpakeHus B caydae cOOMpPAIOLICH JTHH3HI.

Ha puc. 2 m 3 s cobuparomieil W paccewBaromieldl JIMH3 TPUBEICHBI CXEMbI MOCTPOCHUS
M300pakeHUsl ABYX TOUYEYHBIX HCTOYHMKOB A M B, omumH u3 kotopeix (B) HaxomuTcs Ha ThaBHOM
onTudecko ocu. Ha kaxxnom M3 Jyyed, MAyHUX OT MCTOYHUKOB, yKa3aH HOMEDP OJHOIO W3 BBIIIE
MIEPEUNCIICHHBIX IPaBWJI, B COOTBETCTBUU C KOTOPBIM OH MOCTpoeH. [Isi ucrouHnka A MpOBEIEHBI
TOJBKO Jy4Hu 1-3, KOTOpbIE MEpeceKarTcsa B OAHOM Touke. J[ns mcrtounuka B, pacmosioxkeHHOro Ha



-4 -

TJIAaBHOM ONTUYECKOW OCH, JIy4dH 1-3 coBmajaroT C DJTOM OCBIO, MO3TOMY [JI1 HAXOXKICHHUS
M300paKeHUs CIIeAyeT BOCIOJIb30BaThCs MpaBwioM 4. [[ns 3Toro cieqyer mpoBecTH OT HMCTOYHHKA
MPOM3BONBHBIA Jyd (Iyd 4), mepecekaroluil MIOCKOCTh JUH3BI B Touke By, 3areM mpoBecTH
napajuieNbHBIA eMy Jy4, IPOXOISIINNA Yepe3 LEHTp JIMH3bI (Ha TaHHBIX PUCYHKAX ATOT JIy4 COBIAJAET C
aydom 2). Touka mepecedeHus: 3Toro jiyda ¢ (pokaabHOW IUIOCKOCTHIO (Ha pUCYHKaxX 00o03HaueHa By) m
Oyzner TOW TOYKOH, B KOTOPOW COOEpyTCs BCE JIy4yH, NMapajuiebHbIC Jydy 2, B TOM YHCIEe U Jy4d 4.
Coenunss Touky Br ¢ Toukoil By, mosmy4nm, 4To TOUKa nepeceueHus 3TON NpsMOH C INIaBHOM ONTHYECKOU
OCBIO U JJaCT MOJIOKEHHE n300paxkeHus B'.

A ) A\

v : :
Puc 4. Iloctpoenune n300pakeHust B CJiydae MHUMOTO HCTOYHHKA JJISI COOMPAIOIIEH 1 paccenBaroniei
JIMH3:
A - MHUMBIN UCTOYHUK, A’ - u3oobpaxkenue, F - hokyc aTuH3EL

C nomo1pko Tex ke npaBui 1 - 4 MOXKHO MTOCTPOUTH U300pakeHUE B ClIy4ae MHMUMOI'O UCTOYHHUKA.
Ha puc.4 npuBeneHsl mpuMepsl TaKOro MOCTPOCHHUS Ui COOMpArollel U pacceuBarollel JUH3, KOraa
MHHUMBI HCTOYHUK A HAXOAUTCS B NPOCTPaHCTBE HU300pakeHWHd. i MOCTpOoeHHs H300pakeHust
IIPOBEJIEM Uepe3 TOUKY A JBa Jiyya, OJUH U3 KOTOPBIX MapajlieieH INIaBHON ONTHYECKOM OCH, a BTOPOU
MIPOXOAMT Yepe3 LEHTP JMH3BI (COOTBETCTBeHHO Jyun |1 u 2). Mcnons3ys npaBuia 1 u 2, MOXHO HAWTH
nojioxkeHue uzoOpaxkeHus A’ touku A. Kak BHIHO M3 puUCyHKa 4, B ciyyae COOHMpAroImied JIMH3bI
n3o0paxeHue OyaeT AeMCTBUTEIbHBIM, @ B CIIy4ae PacCEenBaOILIEH - MHHMBIM .

Kak ormeuanoces Bbllle, I MNPOTSHDKEHHOTO MCTOYHUKA B BHJAE OTpE3Ka MPSMON JIMHUU
M300paXE€HUEM SIBIISIETCS TAKXKE OTPE30K MPSIMOA, MO3TOMY JJISl €0 HaXOXKACHHSI TOCTATOYHO MOCTPOUTD
M300paXeHUs IBYX KpPalHUX TOYEK MCTOYHHKA, a 3aT€M COCIMHUTH MX MpsMOW. Ecimu mpsMonnHenHbIi
WCTOYHMK PACIOJOXKEH IapajuIebHO IUIOCKOCTH JIMH3BI, TO M €ro H300pakeHue Takxke Oynaer
napajuieNibHbIM 3TOW TIOcKOcTU. OTHOIIEHHWE TMOMEPEUHBbIX pa3MEpPOB H300paXKeHUs] W HMCTOYHHKA
HA3BIBAIOT yeenuuenuem cucmemvl. HeTpyAHO MOTYUYUTh, YTO JUIsl YBEIMUEHUs d cripaBeAnuBa opMya:

b
- @
a
B 3aBHCHMOCTH OT COOTHOIICHUS MCXKIAY paCCTOAHHUAMHA OT UCTOYHUKA OO0 JIMH3BI a U @OKYCHOFO

paccTosiHUs JIMH3bI [ n300pa’keHHEe MOXKET OBbITh JCUCTBUTEIBHBIM MM MHHUMBIM; YBEJINYEHHBIM,
PaBHBIM HMJIM YMEHBIIECHHBIM; MPSAMBIM WM OOpaTHBIM (HEMEPEBEPHYTHIM WM TNEepeBEpHYTHIM). B

d

¥
) B cnyyae cobupatowleri nNnH3bl n3obpaxeHne Bcerga OyaeT OeWCTBUTENbHBIM, @ B Cryyae pacCcemBaloLlen - MoXeT ObiTb Kak
MHUMbIM, TaK U EWCTBUTENBHBIM (CM. HUXE).



Tabiaurax

Tabnuna 1. Xapakrepuctrka n300pakeHUs ICTOYHUKA B 3aBUCHMOCTH OT TIOJIOKEHUIN HCTOYHHUKA
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1 u 2 npuBoadrca JaHHBIE O
TTOMOIIIbIO COOMpAIOIIEH U PACCEUBAIOIICH JTUH3.

XapaKTEPUCTUKE N300paXKEHNUS, TT0JTy4aeMOro C

1 U300pakeHus B ciryyae cobuparomei TuH3bl (F>0).

Ne| TIlonoxxenue ITonoxxenue XapakTepucTuka
HMCTOYHMKA, n300pakeHus, M300pakeHus
a b
1 a>2F F<b<2F O6parHoe,
JIEHCTBUTENBHOE,
YMEHBIIECHHOE
2 a=2F b=2F O6parHoe,
JEHCTBUTEILHOE, PABHOE
3 F<a<2F b>2F O6parHoe,
JIEHCTBUTEIIBHOE,
YBEIHUEHHOE
4 O0<a<F b<0 [Ipsimoe, mEUMOE,
YBEJIMUEHHOE
5 a<0 b>0 [Ipsimoe, aeiicTBUTENBHOE,
YMEHBIIEHHOE

Tabnuna 2. XapakrepucTrka n300pakeHUs ICTOYHUKA B 3aBUCHMOCTH OT TIOJIOKEHUIN HCTOYHHUKA
1 N300pakeHHs B CIydae paccenBaromieit JImH3bl (£<0).

Ne| TIlonoxxenue ITonoxxenue XapakTepucTuka
HCTOYHMKA, n300pakeHus, n300pakeHus
a b

1 a>0 b<0 [Ipsimoe, MEHUMOE,
YMEHBILIEHHOE

2| -|Fl<a<0 b>0 [Ipsimoe, aeiicTBUTENBHOE,
YBEJIUYEHHOE

3| 2|F|<a<-|F] b < -2|F] Ob6patHoe, MHIMOE,
YBEJIMUEHHOE

4 a = -2|F] b=-2|F]| Ob6patHoe , MHUMOE,

paBHOE

5 a <-2|F| 2|F| < b <-|F] O6patHOE, MHUMOE,

YMEHBUIEHHOE

Ecnu onrtuueckass cucreMa COCTOMT W3 HECKOJIBKHMX JIMH3, TO IpPHU IMOCTPOEHUHM H300pa)KeHUs
MO’KHO TOCTYIUTh cleayromuM obpa3zoM. CHauyana cTpouTcsl M300pakeHHe B MEPBON JIMH3E, KOTOpOe
3aT€M CTaHOBHUTCS «UCTOYHUKOM» JUIsl cledymoomed auH3el U T.4. Ha puc.5 npuseneH npumep
MIOCTPOEHUS HM300pa)K€HMsI JUIsl CUCTEMBI, COCTOAILIEH W3 coOuparomie U pacceuBarolle JHH3.
CoOuparomas 1uH3a ¢ POKYCHBIM paccTOsiHUEeM F| aeT oOpaTHoe JeiicTBUTeNbHOE n3o0pakeHue A'B’
uctrounrka AB. PacceuBaromas nuH3a ¢ (OKYyCHBIM paccTosiHHEM [, yCTaHOBJIEHA TaKMM 00pa3oM, YTO
Ui Hee «UCTOYHMK» A'B’ sBnsercs, Bo-mepBbiXx, MHUMBIM (a<0), u, BO-BTOpHIX, |a|<|F>|. Torma
nzobpaxkenne A""B” MHuMOro «uctouHuka» A'B’, BBIIOJTHEHHOE aHAJOTHYHO IOCTPOCHHUIO,
MIPOBEJIECHHOMY Ha pHc.4, OyneT AeWCTBUTENbHBIM. Takas OoNTHYecKas CHUCTEMa IO03BOJISIET PACCUUTATh
(OKyCHOE pacCTOSHME PpacCeMBAlOIIEH JMH3bI IO pe3yjibTaTaM H3MEPEHUs pPAacCTOSIHUH  OT
pacceuBarouiei JuH3bI 10 Touek B’ u B”.



Puc.5. Tloctpoenue n300paxeHust sl ONTUIECKONW CUCTEMBI, COCTOSIIIEH U3
coOuparoiel U pacCeUBaOIICH JINH3:

§1.3.0npenenenne GoKyCHOro pacCTOTHUSA JTUH3BI

1.3.1. CoGuparomias uH3a

CymecTByeT OOJBIIOE KOJMYECTBO METOJOB OKCIICPUMEHTAIBLHOTO OIpeaeeHHs] (OKYCHOTO
paccTtosiHus JUH3bl. OCTaHOBUMCS JIMIIb HA TPEX M3 HHUX, MPUMEHSEMBIX MpPU BBHINOJIHEHUU JAHHOMN
paboTHI.

Meton I. @okycHOoe paccTosHME JHMH3BI F MOXKHO ONpenenuTh, ucxons u3 dopmynsl (1) mns
TOHKOW JINH3bI:

=4t 3)
a+b

BenuuwHabl @ U b ompenensroTcs HEMOCPEACTBEHHBIM H3MEPEHHEM DPACCTOSHUM OT JIMH3BI JI0
HMCTOYHUKA CBETA M ero m300pakeHus. Tak Kak Ha dKpaHEe MOXHO HAOJIFOJIaTh TOJIBKO JICHCTBUTEIHLHOE
n300pakeHHe, TO JJIsi COOMPAFOIICH JIMH3BI IOJDKHO OBITH BBITIOJIHEHO ycioBHue a>F (cM. Tabi. 1).

HenocraTtkom Takoro cmoco0a ornpeaeneHus sIBIsETCS TO, YTO HAa caMoM jJelne yrobas JIuH3a He
SIBJIICTCS. TOHKOW, W PACCTOSIHHS CIIEAYET OTCUUTHIBATH OT COOTBETCTBYIOIIMX TJIABHBIX IJIOCKOCTEH
JIMH3BI, OTIPEICIICHUE KOTOPBIX JIOBOJBHO 3aTPyTHUTEIHHO.

Metoa II. Ecnu ucTOYHMK cBeTa W JKpaH HaxoAsTcs Ha pacctosHun L, Oosnee yem B 4 pasa
npeBbllIaioniee F, To Bcerga HaWayTCs J1Ba TaKUX TOJIOXKEHUS JUH3bI, MPU KOTOPHIX Ha IKpaHe OyIeT
HaOII01aThCS YeTKOe u300paxkeHue. Tak Kak

L=a;,+b,=a,+b,,
TO, UcX0s u3 hopMysl (1), MOXKHO IOTYUYUTH, UYTO
a;=b, u a,=b,.

O06o3HauuM dYepe3 s pacCcTOSHUE, Ha KOTOpOE CIeIyeT MEepeMEeCTHTh JIMH3Y JUIsl Tepexoja OT

MIEPBOTO M300paKEHUSI KO BTOPOMY:

s=a,—a,; ui  s=b,-b,
(mycTh 7151 ONPENIEICHHOCTH dp>a;). Torja u3 COOTHOLEHUN

L=a,+b,=a;,+s+b,=2-a;+s
u

L=a,+b,=b,+b,—5s=2-b, -5
CIIETyeT, YTO

L-s L+s
a= u b= .
2 2
Torna u3 GopMyIbl TOHKON JIMH3BI IOy YUM:
poL=s)(L+s) 4)
4L

OmnucaHHbIl c10cO0 ABISIETCS HanboIee O6I_I_II/IM U NPpUT'OAHBIM KaK IJIS TOHKUX, TaK U AJI TOJICTBIX
JIMH3, T.K., B OTJIMYUC OT IICPBOI'0 cnoco6a, HU3MCPAIOTCA HC paCCTOSAHHA OO JIMH3LbIL, 4 €€ IICPEMCIICHUC.
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Merox III. Eciu npu nposeneHuu U3MEPEHUH BTOPBIM CIIOCOOOM yMEHBIIATh
paccrosiaue L mMexmy oObeKTOM M SKpaHOM, TO 00a MOJI0KEHUS JIMH3BI, JAIOIIHE YeTKOE M300pakeHHeE,
OynyT conmxkatbes, u npu L=4F conblotes apyr ¢ apyrom. Haiing 3To nonosxkeHue, MOKHO TakKe HaAWTH

(hoKyCHOE pacCTOsSHUE:
r=L. (5)
4
OnHako BU3YalbHO Pa3IMYHUTh CIy4yad, KOTJa MpH NEepeMEIICHUH JIMH3bI OyneT HaONIoNaThCsl TOJIBKO
OJTHO H300paXCHHE WM JBa OJIM3KO pACIONIOKEHHBIX H300pa)keHUsI, JOBOJBHO 3aTpPyIHHUTEIBHHO,
MOSTOMY TPH HM3MEpPEHHsIX, MPOBOJUMBIX YKa3aHHBIM CIOCOOOM, BO3MOXKHBI ~CYIIECTBEHHBIE

MOTPEIIHOCTH.

1.3.2.PacceuBaronias 1uusa

N3 tabmuiel 2 ciemyer, 4To ¢ TOMOIIBI0 PACCEMBAOIICH JIMH3BI JIEHCTBUTEILHOE M300paKCHHE
MO>KHO TMOJIY4UTh TOIBKO Korna a<0 u |a|<|F]|, T.e. ICTOYHUK CBETa JOJHKEH OBbITh, BO-TIEPBBIX, MHUMBIM,
Y, BO-BTOPBIX, HAXOAUTHCS OT JIMH3BI HA PACCTOSHWHU, MEHbIIEM ee (pokycHoro paccrosHus. J[oOuThCs
BBITIOJTHEHHUSI 000MX YCJIOBHM MOXXHO, €CITU Tepe]] PacCEHBAIOIICH JIMH30M YCTaHOBHUTH COOMPAIOIIYIO
(puc.5). Dta nuH3a AacT HeHCTBUTENbHOE n300paxkeHne A'B’, KOTOpoe CTaHeT «MUCTOUYHUKOMY CBETa IS
paccemBaromieii TUH3bI. EcCiM yCTaHOBUTH pPAacCEWBAIONIYIO JIMH3Y TaK, 4YTOOBI OBUIM BBIMOJTHEHBI
BBIIIICYKa3aHHBIC YCIOBUS, TO OyaeT chOpMHpPOBAHO NeHCTBUTENbHOE H300pakenne A''B'’, xoropoe
MO>KHO Ha0JII0aTh Ha 9KpaHe. VI3MepHuB pacCTOSHUS OT pacceuBalomiel JUH3bI 10 Touku B’ (0003HauUM
ero a, ipu 3ToM a<0) u 1o Touku B’ (06o3Haumm ero b, mpu 3toM b>0), U3 GopMysIbl TOHKOU JTUH3BI
TIOJTYYHM:

a-b ‘ﬂh

a+b: b-

(6)

a

T.€. (POKYCHOE PACCTOSIHUE PACCEUBAIOUICH JTMH3BI OTPUIIATEIHHO.

§1.4. AGeppanuu onNTHYECKUX CUCTEM

B peanpHBIX ONTHYECKUX CHCTEMaxX MOJTy4aeMble N300pakeHUs] OOBIYHO HE TOYHO COOTBETCTBYIOT
MCTOYHMKAM, HE BIIOJHE OTYETJIMBBI, OKA3bIBAIOTCS OKPALICHHBIMU U T.1. Takue UCKa)KeHUs] Ha3bIBAIOTCS
2eomMempuyecKkumMy I Jy4yesbiMu abeppayusmy ONTHYECKOW CHUCTEMbI. Pa3muyaioT HECKOIBKO BUIOB
abepparnui:

1)acmuemamusm — mpoleamas oT TOYSYHOTO MCTOYHUKA BOJIHA MEpecTaeT ObITh chepruecKoi,
T.€. N300pakeHUE HE SIBIIICTCS CTUTMATUYHBIM, a MPEJICTABIISIET COOOH JIBE B3aUMHO TMEPIICHANKYIISIPHBIC
JIMHUH, PACHOJIOKEHHBIE B Pa3HBIX IUIOCKOCTSX Ha HEKOTOPOM PACCTOSHUU APYT OT jApyra (moapoOHee
cm. [1], §83);

2)xoma — U300pakeHNEe TOUYEYHOIO0 UCTOUYHUKA, PACIOJI0KEHHOT0 HE Ha TJIABHOM ONTHYECKO ocu
CHCTEMBbI, IMEET BHJ] HEPAaBHOMEPHO OCBEIIEHHOTO MATHBIIIKA, HATIOMUHAIOIIETO KOMETY (TIoipoOHee cM.
[1], §82);

3)cghepuueckan abeppayus — WUCTYIIEHHBIE OJHOW TOYKOW Jy4H, MPOIIEIIINE BOIH3U TIIABHOU
OINITHYECKOI OCH CHCTEMbI U IPOLIEAIINE Yepe3 OTHAICHHBIE OT OCH YacTH CHCTEMBI, HE COOMPAIOTCS B
OJIHY TOUKY;

4)xpomamuyeckaa abeppayusi — abOeppanys, CBs3aHHAs C 3aBHCUMOCTBIO ITOKa3aTells
MPEIOMJICHNSI MaTepuasa JIMH3bI OT JJIMHBI BOJHBI CBETA.

B nanHo#t pabote n3ydaroTcs cepuueckasi 1 XpoMaTuueckas abepparuu.

1.4.1. Cdepuueckas abepparius

Ecin Ha nMH3Yy HampaBUTh IIyYOK CBETa, MAPAJUICJIbHBIN TJIaBHOM ONTHYECKOH OCH, TO JIy4H,
MPOIIEIINE Yepe3 pa3InYHble YYacTKU JUH3BI cOOEpyTCs B pa3HbIX TOUKax Ha ocH (puc.6). [Toaromy Ha
JKpaHe, YCTaHOBJICHHOM MEPIEHIUKYISIPHO OCH, JIaXe B Cllydyae HACATbHOTO TOYEYHOTO HMCTOYHHKA
OyayT HaOmogaTbes M300paKEHHUs B BHJIE JUCKA C HEOJHOPOJHBIM PACIpeAEICHUEM OCBEIIEHHOCTH .
Ecnu nepex nuH30M MOMECTUTh MackKy, MMEIOLIYI0 (hopMy Y3KOro Kosblia, TO cepuueckas adbepparus
IIPAKTUYECKH HCYE3HET, HO CYILIECTBEHHO YMEHBIIMTCS W HMHTEHCUBHOCTHh IIpOLIENLIEr0 cBera. B
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KayecTBe Mephl Ui ceprueckoil abeppanuu 0epyT pa3HOCTh (DOKYCHBIX PACCTOSHHMA JTHH3BI
IUISL ee IEeHTPAIbHOW YacTH (Macka B 3TOM ClIy4ae MMEeT BHJ HEOOINBIIOTO OTBEPCTHSA) M IJIS 30HHI,
pacrosio’keHHOM Ha kpato JnH3bl. Cdepuyeckas abeppalusi CUIbHEE MPOSBISAETCS s JIMH3 C MajbIM
(OKYCHBIM pacCTOSHHEM, INpPUYEM OHa, B OTIMYMM OT BCEX JpYrux abeppauuii, coxpaHseTcs B
MOHOXPOMATHUYCCKOM CBETC OAXKC IPHU PACHOJIOKCHUN HACATIBHOIO TOUCYHOI'0O MCTOYHHMKA CTPOro Ha

[JIAaBHOM ONTHYECKON OCH CUCTEMEL.
1 4

Y

\

v
Puc.6. Chepuueckas abepparus B JTHH3E.

1.4.2. XpomaTudeckas abepparus
B npo3paunbIx cpefax nokasareib NPeJOMICHHS N PACTET ¢ YMEHbIICHUEM JJIMHBI BOJIHBI CBETA A.
B BuamnmMoii o6macTu ciekTpa CyIecTByeT aMnupuyeckas popmyna:

n:A+E+£+...
7\‘2

7\‘4
rae A, B, C, ... - KOHCTaHTbI, XapaKTEpHbIE Il TAaHHOTO BEILIECTBA.
4
i) F .
v

Puc.7. Xpomatuueckas abepparius B JTUH3E.

Tak xak B ¢opmyiy Uit (OKYCHOTO PacCTOSHUS JIMH3BI BXOJHUT MOKAa3aTellb MPeJOMIICHUs, TO F
aBisiercs QyHKued ot A. I[loaToMy M300paxkeHne TOYEUYHOIO0 HEMOHOXPOMATHYECKOIO MCTOYHHUKA YIKe
HE SIBJIIETCSI TOUEYHBIM, a MPEACTaBISAET COOOH COBOKYIMHOCTh MPOCTPAHCTBEHHO Pa3/ENICHHBIX TOYEK
pa3HbIX 1BETOB (puc.7). s MpOTSHEHHOT0 MCTOYHHMKA 3TO MPHUBOAMUT K TOMY, UYTO Kpas M300paKeHus
OKpamuBaroTcsi. B kauecTBe Mepbl XpoMaTHUecKOW abeppaluy MPUHIATO OpaTh Pa3sHOCTh (POKYCHBIX
pacCTOSIHUM JIMH3BI VI KpaiHUX IBETOB BUJMMOIO IMana3oHa (KpacHOro U (pMoJIeTOBOTIO).



I1. DxcniepuMenT

§2.1.Cxema 3KCIIepUMEHTAJIBHON YCTAHOBKH

Ha ckambe cranimoHapHO yCTaHOBJICH UCTOYHUK CBETA (JIaMITa HAKAJIMBAHUSA), HA KOPIYCEe KOTOPOTO
3aKpEIUICH CHEIUaTbHBIA JAepKaTeNb 111 00BEKTOB (puC.8). OOBEKTHI MPEACTABISIIOT CO00M HAHECCHHBIC
Ha NPO3pa4YHON IUICHKE C ITOMOILBIO JIA3€PHOr0 IIPUHTEPA PUCYHKHM — CIIAMbI, BCTABJICHHBIE B PAMKHU.
Hp03pa‘-lHI)I€ Y4aCTKHU CHaﬁHOB BBITIOJIHATOT POJIb HCTOYHHUKOB CBCTA IMPU MPOBCACHUHN SKCIICPUMCHTOB. B
paboTe NCTIOIB3YIOTCS Pa3IMYHbIC CIIAi b, BRIOUpaeMble B COOTBETCTBHUH C 3aaHHeM. JlepikaTenb TaKxke
MMEET THE3JI0 [Tl yCTAHOBKH CBETO(HIIBTPOB.

Cobupaiowas
qunza _ Jlepacamens 06vexmos

K u unompos Hemovnux
\ ceema
L] L] E |

Puc.8. Cxema s3kCiepuMeHTaIbHON yCTaHOBKHU

P(ICCE?HGGF()HMH
JIUH3A

AN

Okpan

=

[epoicamens maco
L’J/

Onmuveckan cKamva

[lo ckambe MOTYT MepeMeIaThCsl PEUTEPHI, B KOTOPBIX 3aKPEIUIAIOTCS JIMH3bI (B KOMIUIEKT BXOJAT
IBe coOuparoliye W OJHAa paccerBaromias) B CIEIUAIbHBIX ONpaBaxX M JKpaH IS HaOIrOAeHUsS
n3o0pakeHus. Jyis u3ydeHus cheprudeckor abeppainuy Ha OMpaBe OJHON W3 JIMH3 MOTYT pa3MemaThCs
MAcCKH, TO3BOJISIFOIIME BBIIENIATh ONPEACICHHBIC YYaCTKH JIMH3bI (LEHTPAIBHYIO WIH Nepu(epHitHyo
yactu JTuH3bI). KpoMe 3TOro, mMeercs Macka, MpeACTaBIAIONIas cOOOH MaJeHbKoe, CACTaHHOE WIJION,
OTBEPCTHE B YSPHOW HEMPO3pavyHOil Oymare.

Bce 00BEeKTHI JOIDKHBI yCTaHABIMBATHCS TAKMM 00pa3oM, YTOOBI MX IIEHTPHI HAXOAWINCh Ha OJTHOU
BBICOTE, TUIOCKOCTH JIMH3 U 3KPaHbl ObUIM TICPICHIUKYJISPHBI K ONTHYECKOW CKaMbe, T.C. ONTHUYECKAs
cucTeMa JO0JDKHA OBITh IEHTPUPOBAHHOW. PaccTosiHume Mexay OObEeKTaMHu ONpejaessieTcs Mo IIKaje
(maciTady), yKpeIIeHHON Ha CKaMbe.

§2.2.I1poBenenue 3KcnepuMeHTa

[lepen HauamoMm HW3MEpeHUH NPOBEIAUTE HEOOJBIION SKCIEPUMEHT. YCTAaHOBHTE B JIep)KaTellb
Kakoi-1100 U3 CIaliJIoB U BKJIIOUUTE JIaMIly HakanuBaHus. [lomecture skpaH Ha paccrosiuuu 10-15 cM oT
crnaiina. Bo3pMuTe Macky ¢ MaJeHbKMM OTBEPCTHEM B UEPHOM Oymare ¥ OMECTUTE €€ MEXKIY CIaloM U
skpaHoM. Ha nskpane Oynmer HaOMIOAATHCS TMEPEBEPHYTOE H300pa)KeHHE, pasMep KOoToporo Oyjaer
U3MEHSATBCA C HM3MEHEHHUEM pACCTOSHUS MEXAy Mackoil W 3KkpaHoM. Ha ocHoBe mnpeacTaBieHHi
TeOMETPUUYECKOM ONTUKU, OOBSICHUTE HAOII01aeMbIe SIBICHUS.

Ynpaowcnenue 1. Haxoxaenne (poKyCHOro paccTosiHusI COOMparoeii JTUH3bI.
B nanHOM ympakHeHHH ompenensercss (OKyCHOe paccTosiHue F coOuparoiei JIMH3bI Tpems
METOJ1aMH, ONMCAHUE KOTOPBIX MpeacTaBiaeHo B §1.3.

Onpedenenue (hokycrhoco paccmosiHus coouparoweri TuH3bl Nepebim MemoOOM.
1. YcranoBute B fep)katesib HA HCTOYHHUKE CBETA CJIAM] C JATUHCKOM OyKBOM F.
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2. YcTa”HOBUTE HAa OITHYECKOM CKaMbe Ha paccrosHun a =10+20 cm oT crnaiga
(oObekTa) OAHY U3 COOMpPAIOMIMX JIMH3, HA OINpaBe KOTOPOH OTCYTCTBYET MPHUCIOCOOTCHHUE IS
3aKpeTICHUS] MACKH.

3. IlepemMernnas 3KpaH MO ONTHYECKOH CKaMbe, TIOJTYYUTE YETKOE H300pakeHHEe O0BEKTA.

4. VI3amepbTe ¢ MOMOIIBIO JIMHEHKN Ha ONTHYECKON CKaMbe pACCTOSTHUE OT 00OBEKTA JI0 JTUH3BI @ K OT
JUH3BI 10 n300paxeHus b. [lomyueHHbie pe3ynbTaThl 3aHecuTe B Tab0m.3.

5. He MeHsis MONOXKEHHS JIMH3BI, CMECTUTE SKpPaH BIOJb CKaMbU, & 3aT€M BHOBb HalJUTE YETKOE
n3o0paxkeHue o0bekTa. Onpeaenure paccTosiHue b.

6. IToBTOopuTE (A7 MOBBIMIEHUS TOYHOCTH) U3MEPEHUA 1.5 He MeHee 3—5 pa3. M3 momy4eHHbIM
pEe3yNbTaTOB HM3MEPEHHUN OMpeAeNuTe CpeaHee 3HaueHue <b> U OICHUTE CPETHEKBAIPATUIHYIO
MOTPEUTHOCTH Ob.

7. Tlo popmyne (4) BeuuciauTe (POKYCHOE PACCTOSHUE JUH3BI F U OILEHUTE MOTPEIIHOCTh OF.
Pesynbrars! 3anummure B Tab01.3.

Tabnuua 3. Pe3ynbTarsel n3MepeHui sl HaX0xkJIeHHUs! (POKYCHOTO paccTOsIHUS COOMparoLei TMH3bI
pa3NUYHBIMH METOJAMH

Mer [N |Ycranas N3mepsembrit Cpennee u onienka| ®okyc
on (U3 |m. napamerp MOTPEIIHOCTH
M. |mapamer
Y
a b <b> ob F |3F
I 1
L s <s> ds | F|dF
Im |1
2
L <L> SL F | 8F
1 | L1 ]

8. CMmecTuTe JTUH3Y BIOJb ONTUYECKOW CKaMbH Ha paccTostHue a~20+30 cM ot cnaiina (00beKTa) u
MOBTOPUTE M3MEPEHUs] U BBIUUCICHHUS B COOTBETCTBUU C MM. 3—7 AN 3TOTO MOJOXKEHUS JUH3BL
Pe3ynbpTaTsl n13MepeHuii ¥ BBIYUCICHUM 3anuiuTe B Ta01.3.

9. IIpoBeauTe cpaBHEHUE MOTYUYEHHBIX PE3YyJIHTATOB.

Onpeodenenue (hoxycHozo paccmosiHus coouparowell 1uH3bl MOoPbIM MemoOOM.

1.YcranoBure 3kpaH or crnaiiga (o0wbekTa) Ha pacctosiuue Lx4F+(40+50) cm, tne F - doxycHoe
pacCTOsIHUE JIMH3BI, ONIPEICTICHHOE TIEPBBIM ClIOCOO00M. 3Ha4YeHHE L 3anmumuTe B Ta0.3.

2.Ilepememiass JTUH3Y BIOJb CKaMbHM, HAaWIUTE JABa TAKUX IOJOXKEHHS JIMH3BI, MPU KOTOPBIX

n3zobpakenue OyaeT yeTkuM. OnpeaenuTe pacCTOSHUE MEXK/ITY STUMH MOJIOKEHUSIMH JTMH3BI § = |a1 - a2| .

3.IToBTOpuTe WM3MepeHUs He MeHee 3—5 pa3. Beruwmciaure cpemHee apudMmeTHdeckoe <s> U
OLICHUTE CPETHEKBAIPATUYHYIO MTOTPEITHOCTH OS.

4. Tlo pe3ynpTaraM HU3MEpeHUil ¢ MoMoIblo (GopMyinbl (4) BeMHCIUTE (HOKYCHOE PACCTOSIHHUE
JUH3BI F' ¥ IOJyYnTe OIIEHKY MOTPEITHOCTh n3MepeHus OF. Pe3ynbratel BHecuTe B Ta0:1.3.

5.CmectuTe 3KpaH BAOJAL OCU B mnojoxkeHue L=4F+(20+30) cM U NOBTOpPUTE H3MEPEHUS WU
BBIYMCIICHUS B COOTBETCTBUH C II.2—4 JIJ1s 3TOTO MOJIO0KEHUs dKpaHa. Pe3ynbraTel BHecute B Tabm.3.

6. CpaBHUTE NOJYyYECHHBIE PE3YIHTATHI.

Onpeodenenue (hoxycHo2o paccmosiHus coouparowelt 1UH3bl mpemvum MemoooM.

1.YMeHbIIasi paccTOSTHUE MEXKAY dKPAaHOM M OOBEKTOM, HAWJWTE TaKOe MOJOXKEHHE dKpaHa, Mpu
KOTOPOM YeTKOe W300pakeHWe OyAeT HaONIOJAThCS JUIIb NMPU OJHOM TIOJOXKEHUH JIMH3BI. 3MepbTe
HailIeHHOE paccTosiHuE L.
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2.IIpoBeaute u3MepeHus He MeHee 3—35 pa3, HailguTe CcpeaHee 3HaueHWe <L>u
OLIEHUTE MOTPEIIHOCTh U3MEPEHUH OL.
3.ITo ¢opmyne (5) BbamcauTe (GOKYCHOE PACCTOSIHHE JMH3BI F M OICHUTE IOTPEIIHOCTh
n3MepeHuit OF. 3anumure pe3yabTaTsl B Tabm.3.

CpaBHuTe 3Ha4eHUsS (HOKYCHOTO PACCTOSHUS COOUpAOIICH JIMH3BI, OIPEACICHHBIE TpeMs
crocobamu (Tab6i.3). B cioydae HecoBmangeHus pe3yiabTaTOB MOCTApPANTECh NaTh OOBSICHEHHE dTOMY U
BBICKOKUTE MHCHHE O TOM, KAKOMY M3 PE3yJIbTATOB CIICAYET OOJIbIIE JOBEPATH.

Ynpaosicnenue 2. 3ydyenne cpepudeckoii abeppaunu JUH3bI

1. YcranoBute B AepiKaTenb Clail]] c JaTUHCKOW OyKBOil F.

2. YCTaHOBHUTE Ha MPOU3BOJIBHOM PACCTOSIHUM OT Cllaia cOOMparoIyto JIMH3Y, Ha ONpaBe KOTOPOM
€CTh MPUCTIOCOOICHUE IS 3aKPETUICHUS] MACKH.

3. Ilepemenast oKpaH, NOJTYYUTE YETKOE U300pakeHUE 0OBEKTA.

4. YcTaHOBHTE Ha TMH3Y MAacKy B BHJIE KPYTJIOTO OTBEPCTHUS (IuadparMpl) MaJIoro 1uaMeTpa TakKuM
o0pazoM, 4YTOOBI OCH JHMH3BI M OTBEpCTHs coBMaganu. [lomyuuTe yeTkoe H300pakeHHe OOBEKTA.
OO0bsacHuTe HAOII0JaeMOe U3MEHEHHE YETKOCTH M OCBEIICHHOCTH M300pasKeHUSI.

5. Haiinute QokycHOE paccTOSHHE JTUH3BI C MAcKOW, BOCIOJIb30BABIINCH JIOOBIM U3 CIIOCOOOB,
MpEI0KEHHBIM B ynp. 1.

6. [lepememas Auadparmy B HalpaBICHUU, NEPIICHIUKYISIPHOM K TJIABHOM OCH JIMH3bBI, 00paTuTe
BHUMaHUE Ha U3MEHEHHE YETKOCTU U300paKeHUsI U JaiiTe STOMY OOBsICHEHHE.

7. He MeHsIsI MONOXKEHMS JIMH3bI, YCTAHOBUTE MACKY, OTKPBIBAIOIIYIO NepH(epuilHble y4acTKU
nuH3bl. [lepeaBuras sKpaH BIOJb CKaMbH, 00paTUTE BHUMAHUE HA TO, YTO M300paskeHHE pa3IBauBaCTCs.
OO0bscHuTe HAOMIOAaeMBbIi d(PQEKT.

8. Haiinute momoskeHue sKpaHa, MpH KOTOPOM H300pakeHue OyaeT yetkum. Haiinure ¢oxycHoe
paccTosiHUE JIMH3BI C JAHHOW MacKOU, BOCIIOIB30BABILHUCH JIIOOBIM M3 CIIOCOOOB, MPEITI0KEHHBIX B yIIp. 1.

9. Paccuuraiite BenuuuHy cdepudeckoid adeppalMy JHMH3bBL, PAaBHOM Pa3HOCTH (POKYCHBIX
paccTosHUM AJI HEHTPaIbHOrO U Nepu(epuitHOro y4acTKOB JTMH3BL.

Ynpascnenue 3. 3yuyenne xpoMaTH4ecKoi adeppanuu JMH3bI

1. YcTanoBute B Aepkarens criaif ¢ OykBoii F.

2. YcTaHOBUTE Ha HEKOTOPOM pACCTOSHUM OT Claija CcoOMparollyl0 JHMH3Y C MAacKOM,
OTKpbIBaIoUIeH nepudepuiiHble y4acTKH JIMH3HI.

3. YcraHoBuTe CHHHUN CBETOQWIBTP M, MEpeMeIias SKpaH, MOJYYUTE YETKOE H300paKeHHE
oObekTa. Tak Kak B 3TOM CHEKTPaJbHOM JAMAana3oHe Majbl KaK WHTEHCHUBHOCTh H3IIy4YECHUS JIAMIIBI
HaKaJMBaHUS, TaK M YYBCTBUTEIBHOCTb CETYATKH TJla3a, TO TIIOJIy4EHHE HYETKOr0 H300pakeHus
3aTPYyIHUTENBHO. YCTAaHOBJIEHHAs MacKa MO3BOJSET B Ka4€CTBE KPUTEPHs MPABUIBLHOTO ONPEIEICHUS
MECTOTIOIOKEHHSI 3KpaHa BbIOpaTh OTCYTCTBUE Pa3ABOCHUS U300paKeHHUS.

4. IIpoBens u3MEpPEHUE PACCTOSIHUM OT 00BEKTA 10 JUH3BI @ U OT JUH3BI IO IKpaHa b ¢ MOMOIIIBIO
dbopmyel (3) BeruucuTe HOKYCHOE PacCTOSHUE JIMH3BI s (PUOJIETOBOTO 1BEeTa F ¢ (ITMHA BOJIHBI OKOJIO
420 nanometpoB). M3mepeHus mpoBecTu He MeHee 3—5 pa3. Beumcnurte cpemnee 3HadeHue <Fc> H
OLIEHUTE MOTPEUIHOCTb OF ¢.

5. YcraHoBHUTE BMECTO CHHETO CBeTO(miIbTpa KpacHbId. [Ipu 3TOM n300paxkeHue J0KHO HEMHOTO
pasnBouthes.  Ilepememiast akpaH, JoOelTech TOJMYyYEeHHs YEeTKOTo u3o0paxkeHus. I[IpoBens
He600X0oANMbIE U3MEpPEHUs, paccunTaiiTe (JOKyCHOE pacCTOSIHHUE JIMH3BI JUIsl KpacHOTo 1BeTa Fyp (IIrHA
BOJIHBI OK0J0 680 HaHomeTpoB). M3mepeHus mpoBectu He MeHee 3—5 pa3. Belumcinurte cpeanee
3HaueHue <Fyp> M OLEHUTE MOTPEIIHOCTH OF kp.

6. PaccunTaiiTe BenMUMHY XpoMaTH4YecKOW abeppaluu JIMH3bI, PAaBHOW pa3HOCTH (HOKYCHBIX
pacCTOSTHUM ISl CHHETO M KpacHOTo 1IBETOB AF=|Fxp - F(|.

Ynpascnenue 4. OnpenesieHue (POKYCHOIr0o pacCTOSHUA paccenBalolleil JUH3bI
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1. VYcraHoBuTe Ha IPOU3BOJIHLHOM paccTosIHUM OT 00BEKTa OJTHY M3 COOMPArOIINX
auH3 (TIPU KETAaHUM MOKHO TaK)K€ YCTaHOBUTH CBETO(DHMIBTP W (WJIHM) MAacKy) M, TepeMelas dKpaH,
MOJIy4uTe YeTKoe H300paxkeHne oObekTa. Jlyig Toro, 4yToOBl MOCHEAyIoIIMe U3MepeHHsl Obliu Oosee
TOYHBIMH, 9TO H306PAKCHHE TOJDKHO OBITh YMEHBIICHHEIM .

2. YCTaHOBHUTE pPACCEMBAIOIIYIO JIMH3Y MEXKAYy coOuparomieil JuH30M W dKkpaHoM. Ormnpenenure
paccTosiHUE OT PacCcerBaIOIIE JIMH3BI A0 IKpaHa a.

3. Tlepememiasi skpaH, MOMyYHUTE UYETKOE H300pakeHUEe oObekTa. OmpenenuTe paccTOsSHUE OT
paccemBaroiieil TUH3bI 10 w300pakeHuss b. Paccumraiite mo ¢dopmyne (6) dokycHoe paccTosHUE
pacceuBarorieit JIMH3LI F. OLeHUTEe MOTPENTHOCTH ONpeAeIeHHs] (POKYCHOTO pacCTOSTHUS OF .

4. IlpoBeauTte U3MEpPEHUS U BBIUMCICHUS COTJIACHO M.2,3 AJIs JPYTroro MOJIOKEHUS pacCerBaroIeH
JIH3BI.

5. I[IpoBeauTe M3MepeHus U BRIYUCICHHSI COTJIacHO Mit. 1—4 ¢ npyroi cobuparomeii TUH30M.

6. CpaBHUTE MOJTYUYEHHBIC PE3yJIbTAThl U3MEpPEHUs (HOKYCHOTO PACCTOSHUS PACCEUBAIOIIEH JTMH3BI C
WCIIOJIb30BAHUEM PA3IMYHBIX COOMPAOIINX JTUH3.

Ynpaoscnenue 5. OmnpenesieHue pa3mMepoB 00beKTa MO pa3MepaM ero HM300pakKeHUs [1JIA
Pa3JHYHBIX ONTHYECKUX CHCTEM

Onmuyeckas cucmema u3z 0OHOU JUH3bl

I. YcranoBute B aepxaTenb Clai] C TEKCTOM Majioro pasmepa. [Ipu kelaHuum MOXXHO Takxke
YCTaHOBUTH CBETOPHIIBTY.

2. 3Hasg (QOKYCHOE pacCTOSHUE OJHON W3 COOMPAIIIUX JIMH3, PACCUYUTANTE MECTOMOJOKEHUS
JMH3BI U 9KpaHa, IPH KOTOPBIX KO OUIIMEHT yBenudeHusI d OyIeT MPUHUMATh 3HAYCHUE B JUAITa30HE OT
5 1o 10 (TouHO€ 3HAUYECHHE BHIOUPACTCS CAMOCTOSITEIIBHO).

3. Ycra"HoBuTe JNMH3Y M OJKpaH B TOJOXKEHUS HA ONTUYECKOM CKamMbe, COOTBETCTBYIOIIUE
paccuuTaHHBIM 3HaueHUSM. [Ipu MpaBUIBHOCTU PACUYETOB JOJDKHO HAONIONATHCS YETKOE YBETUYCHHOE
n300paxkeHne 00beKTa.

4. 3mepbTe BBICOTY OyKB Ha M300paKCHUU U 3HAsA KOADDHUIIMEHT yBETUUCHUSI CUCTEMBI, HAHIUTE
BBICOTY OyKB B TeKcTe ciaiia. OleHnuTe NOrpeurHoCTh U3MEPEHHI.

Onmuueckas cucmema u3 08yX JUH3

1. IMomyuure ¢dopmyny st pacuera Kod(Q(UIMEHTAa YBETHUEHHS  CHUCTEMbI, COCTOSILEH H3
cobuparomieid u pacceuBaronieil auH3 (Kak B ymp.4). Ompeaenure TMOJOXKEHUs JUH3 M JKpaHa, MpU
KOTOPBIX 3TOT KOA((PHUIIMEHT MpUHUMAET 3HaUeHUE B Auana3zoHe ot 5 10 10 (mo BeIOODY).

2. YcraHoBWUTE JHMH3BI U OKpaH B TOJOXKEHUS Ha ONTHYECKOHW CKaMbe, COOTBETCTBYIOIIKE
paccuMTaHHBIM 3HaueHUsAM. [Ipu MpaBMIIBHOCTH pacueToOB JOJDKHO HAONIOJAThCA YETKOE YBETHYEHHOE
n300paxkeHne 00beKTa.

3. U3mepbTe BBICOTY OYKB Ha M300paXeHUU | 3HAs KOIPOUIIMCHT YBEIUUYCHHSI CUCTEMbI, HAMINTE
BBICOTY OyKB B TekcTe ciaiga. OleHnuTe NOrpeurHOoCTh U3MEPEHHI.

Onmuueckas cucmema gopmupyrowas npamoe uzoopasxcerue 00vexma.

1. JIns ONTHYECKHX CHUCTEM, PACCMOTPEHHBIX BBIIIE, H300pakKeHHE SBISETCS OOpPATHBIM
(mepeBepHyThIM). [IpemnoknuTe Takyl0 ONTHUYECKYIO CXEMY, COCTOSIIYIO M3 JIFOOOTO0 KOJMYECTBA JIMH3,
WCTIOJB3YEMBbIX TPU BBHIMIOJIHEHUH AaHHOW 3aJaud, YTOOBI BO3MOXKHO OBLJIO IMOJYYUTh YBEIHUYECHHOE
npsiMoe u3o0paxkenue. Paccunraiite ko3 PUIIMEHT yBEIUYCHUS TAHHOW CUCTEMBI.

2. YcraHoBHUTE IIHMH3BI U OKpaH B TIOJIOKCHHA Ha ONTHYECKOU CKaMbC, COOTBCTCTBYIOIIUC
paccuMTaHHBIM 3HAYeHUSM. [Ipu MPaBUIBHOCTH PACYETOB JIOJDKHO HAOJFONATHCS YETKOE YBEITUYCHHOE
n300pakeHue 00BEKTA.

3. 3mepbTe BBICOTY OYKB Ha M300pak€HUH U 3Has KOA()(GUIIMCHT YBEIHMUYCHHUS CHCTEMbI, HAHINUTE
BBICOTY OYKB B TeKCTe ciaiifa. OLeHUTe MOTrpeiHOCTh H3MEPEHHIA.

*
B ClIy4da€ HE BBIIIOJTHEHUS 3TOT'O YCIIOBUS U3MEHUTE ITOJIOKECHUE JINH3BI.



- 13-

B oruere 0 BBIIOTHEHHH JaHHOT'O YHOPaXHCHUA OJOJIPKHBI OBITh MMpEaACTAaBJICHBI PE3YJIbTAThI
I/ISMepeHI/Iﬁ pa3mepa 6yKB B TCKCTC, NMPOBCACHHBIC TPEMs CHOCO6aMI/I, C YKazaHHEM IIOIrpCIIHOCTH, a
TAaKXC CXEMBI XO0Ja queﬁ B OIITUYCCKUX CUCTEMAX, IPUMCHACMBIX JISI KaKA0T'0 U3 CII0COOOB.

OcHOBHBbIE HTOTH PaGOThI
B npoyecce svinonnenus pabomul 001cHbl 661Mb Onpedeiensbl POKYCHble pacCmosaHus cooupaowen u
pacceusaroujell JUH3 HECKOIbKUMU Memooamu. ODKCNePUMEHMANbHO OO0NHNCHbL OblMb  UCCIEO08AHb
cepuyeckas u xpomamuieckas abeppayuil peaibHbIX ONMUYECKUX CUCTIEM.

KonTpoabHbIE BONPOCHI

1. JlaiiTe onpeneneHne ONTHIECKON OCH, (POKATLHON TNIOCKOCTH U TIIaBHBIX (DOKYCOB JIMH3BIL.

2. llpm KakWx YCIOBHUSX CHCTEMa W3 coOuparomeld H pacceuBarolieil JuH3 OyAeT aaBaTh
NEHCTBUTENHHOE N300paXkeHHE?

3. Jlnst kakux Jiydei npuMeHnMa GpopmyJia JTUH3bI?

4. B uem 3akimrouaeTcs SIBICHHE XpOMATHUECKOHN abeppanuu, chepudeckoit abepparu?

5. Jlns xakoi menu mpuMeHstoTcs npu GororpadupoBanun cBEeTOPUIBTPHI?

6. OnummuTe METOUKY U3MepeHHs POKYCHOTO PACCTOSIHUS JUIsl pACCEHBAIOIICH JTUH3BI.

7. Tlokaxwure, 4TO €CIIM PACCTOSHUE MEXIy OOBbEKTOM M 3KpaHOM TpeBblmaeT 4F, To u300paxeHue
Ha 9KpaHe MOKET OBITh TOIYYECHO MPH JBYX PA3THMUHBIX ITOJIOKEHUSX JIMH3HI.
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