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HPEARCJIOBHE

CBeT BO MHOTHX CHTyallHAX MOXHO CYHTAThH 3JIEKTPOMATrHHTHOH BOJHOM.
BosHa — 310 pacnpocTpaHenHe koneGaHuil. B omiMumMe OT 3BYKOBOH BOJIHBI
3ech KONeOmOoTCd He YacTHIIBl cpenpl, a Konebmorea nons. Ha puc. 1 nokaza-
HBI. HarpHKEHHOCTh SJCKTPUYECKOTO NOMA £ (CBETOBON BEKTOP), MHEYKIHA
MAarHHTHOTO NOJA B K CKOPOCTb pacnpocTpaneHus sosisl ¥ . Hanpasnenue ko-
nebauui NEPIEHARKYAAPHO HANPABJICHAIO PaCHPOCTPaHEeHHA (yqy). DTo 03Ha-
4a€T, YTO IEKTPOMArHHTHAA BONHA ABJIMCTCH BOJNHOMN nomepevnoit.
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Pac. 1

[{BeToBOMA COCTAaB BUAMMOIO CBETAa BCEM HAM XOPOLIO 3HAKOM IO BHAY pa-
AYTH C &€ Kpasmu (HONETOBHIM H KPACHHIM. B LIKajie 31eKTpOMarHHTHBIX BOJIH
(pHc. 2) BHOMMBIH /1HaNa3oH NPEACTABEH OYEHDb Y3KHM HHTEPBAJIOM MUIHH BOJIH

OT Ao =4-1077M 10 Ay =7,6-107 M. (Banommre! A e > Ao )-
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Puc. 2

B HacTosmem umkyie 1ab60paTOPHEIX paboT H3yHaloTCH CleyiolHe ABJe-
HH3, CBA3AHHEIC C BOJIHOBBIMH CBOHCTBAMM cBeTa: HHTEpdepeHuns; nudpak-
L(MA; OIAPH3ALNS; JUCTIEPCHS.

Byaymwuse CBA3HCTEI JOIDKHEI YCBOMTD, YTO B AT PAAHOBOIH XapaKTEPHB!
3TH SBSICHHA.



Pabora 7.1

ONPEJAEJEHME JJIAHLI CBETOBOH BOJIHBI
C NOMOHIbLIO BHITPH3MBbI ®PEHEJIA

ens paborst

Lleneio paGoTel ABNAETCK H3yYeHHE HHTep(hepeHLHH CBETa H OTpeAeneHue
JUTMHEI BOJIHBI € TIOMOIUBIO Sunpusmel dpenens.

BBenenue

HurepdepeHuHeil cBera Ha3bIBACTCA TaKOE HAIOXKEHHEe IBYX (WIH He-
CKOJIBKHX) CBETOBBIX BOJIH, IPH KOTOPOM B MpOCTpaHCTBe oOpa3yrorca obnactu
¢ MakCHMyMaMH H MHHHMYMaMH HHTEHCHUBHOCTH cBeTa. EciM B Ty 4acTh Mpo-
CTPaHCTBA, IlIc HAKJIAABIBAIOTCA BOJIHBL, [IOMEMEH dKpaH, Ha HeM Habmomaercs
CHCTEMA CBET/IBIX H TEMHBIX JIHHHII — HHTEpepeHIIHOHHAad kapTHHAa. Habmone-
HUE HHTep(epeHIMOHHOM KapTHHBEI BO3MOXHO Takke ¢ nomomselo dororna-
CTHHKM HJTH 3pHTE/IBHOMN TPpyOhl.

Ycroignsas HHTEp(EepeHIIHOHHAA KapTHHA BO3HMKAET TONBKO B TOM CIIy-
4ae, eCIIM BOJIHBL, HAKJIABIBAIOMMECH APYT Ha OPYra, SBJIAIOTCH KOT€PEHTHRIMH,
T. €. TAKHMH, Y KOTOPBIX OJMHAKOBAa YacTOTa, a pPa3HOCTh (a3 HE MECHAETCH CO
BpeMeHeM. MICTOYHMKAMH KOTEPEHTHBIX BOJIH ABASIOTCA Nnasepbl. OObmHbIE Ke
HCTOYHHKH (HANpAMEp, JIaMNbl HAKATHBAHWA) NAIOT HCKOTEPEHTHBIC BOJIHBI, H
noJydeHHe HHTepdepeHHOHHOMN KapTHHEI ¢ MOMOMIBKY JBYX TAKHX HCTOYHUKOB
HEBO3MOXKHO.

2TO CBA3aHO C TEM, YTO CBEYCHHE BENIECTBA B OOBIYHBIX HCTOYHMKAX IIpei-
craejger coboif 6ecnOpANOIHYI0 MOCNIEOBATEILHOCTE OBICTPAIX 3JIEMEHTaDHBIX
AKTOB BBICECUMBAHHA OTAEJbHBIX aTOMOB (MoyieKys). B BO30yXKIEHHOM cocTOfA-
HHH aTOM CYUIECTBYET (WKHBET») ok00 107% ¢ 1 NpHMepHO 3a TAaKOe e BpeMs
aTOM IEPEXOIHT B COCTOAHHE ¢ MEHbILEH 3HEeprue#, UCIyCKas NPy ITOM NOp-
LIHIO CBETA.

OnHako B KJIACCHYECKHX OMBITAX N0 HaGmMOAeHHIo MHTep(epeHLHH (ONBIT
IOHra, 6unpusma ®penens, xomsua HeloTOHA H T. [.) HCHOIB30BATHCE 0GBIYHbIC
HCTOYHHMKH CBETa. ITO BO3MOMKHO Onarojiapa cHemyiomeMy IpPHEMY: CBETOBYIO
BOJIHY pa3fIe/flOT HA JIBE YACTH C NOMOIIBIO Heneil, 3epkan HiH npusM. JIe Ho-
BEIC BOJIHBI, KOHEUHO K€, KOTEPEHTHHI H B TOH YacTH NPOCTPAHCTRA, M OHH Ha-
KIIaIBIBaI0TCS, BO3MOXKHO HabimozieHHe HHTepPEepEeHIMOHHON KapTHHEL.

Teopemqecxoe 000CHOBAHHE METOAHKH

OnaH¥M H3 METOAOB pa3/ieficHHA ITy4YKa CBeTa Ha ABa KOTepeHTHEIX MydKa B
LeEX NoayYeHus MHTepQepeHIIMOHHOH KapTHHBI SBJIIETCA METOZ OHIIpH3MEL,
npemoxkeHHi Opexnenem.

bunpuzma ®peHens npenctaBniacT coboli JBE OJMHAKOBBHIC CTEKBIHHBIC
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MPU3MEBI C OOUIMM OCHOBaHHEM ga'b'b B ManbIM YrIIOM NpESIOMICHHS ¢ <<1 pax
(puc. 1). B ycraHoBKe HCHONB3YeTCs JHHEHHBIN HCTOYHMK CRETA: OCBEMIaeMas
JIAMNON HakalMBaHHs Y3Kad MPAMOYToJibHas WIENb B HENMPO3pPauHOM JKpaHE.
Hlens pacnonaraerTcs B MJIOCKOCTH, NPOXOJAIIEH Yepe3 OCHOBAHMA MPHIM Iia-
paensHo pebpy bb’' 6unpn3msl. Ha puc. 2 u3obpaxeHoO ceueHHe yCTAHOBKH
IUIOCKOCTERIO, IIEPIICHAHKY/IAPHOH npeoMisiomeMy pebpy.

Hiems (S)

Bunpusma ¢

a

bl

Puc. 1 Puc. 2

Jlyu, BLUNCAIIHA W3 WCTOYHMKA, IIOCNTE NPOXOKAGHUA 4Yepe3 MPH3MY OT-
KIOHAETCH K OCHOBAHHIO Ha YToX (n — 1) @, Iie n — 1OKas3aTeNsb NpesioMICHHS
crekna. Cer, BRIIEAMME K3 HCTOUHKKA S, NOCHE MPETIOMIICHHS B GUIIpH3Me
pacnpocTpaHfeTcs B BHIE JBYX NydkoB ASA  u CSC’. B 06nacth HanoxeHHs
Jydeid (Ha pHCyHKe OHA 3aT€HEHA) BO3MOXKHO

HabmoaeHHe HHTEPGEPEHIMORHON KAapTHHBL, A

MoxHO cuHTarh, 4YTO HHTEpEpPHPYIONIHE M .

MyuKk# CO3ZAHBI ABYMA MHHMBIMH KOI€PEHT-

HBIMH HCTOYHHKaMH S; H S,, pPacloNoxeH- S,

HBIMH B TOH € INIOCKOCTH, 9TO H IIENIb. B
HuTencHBHOCTD CBeTa B TOuke M, Ha- /

XOIAMIEHCA HA PACCTORHEH X OT IVIOCKOCTH / 0

CHMMETPHH CHCTeMBI (IUIOCKOCTH, IPOXOIf- C

meH depes wmens U pebpo bb' Gumpusmel) u SzL " D -

Ha PACCTOSHMH [ OT IUIOCKOCTH, COICPXKa- Puc. 3

ICH MHHMbi€ MCTOYHMKH, 32BHCHT OT Pa3HO-
CTH Xoza d sydeli S;Mu S, M, NPUXOASWMX B TOYKY M OT HCTOYHHKOB S, H

S, (puc. 3). Pacuer pa3HOCTH X013 NPH YCNOBHH d << D npHBENeH HIKE.
M3 npAMOYronsHEIX TpeYronsHukos MBS, u MCS, nomyuaeMm
S,M? =(x+d/2)* + D% SM? =(x-d/2)* + D?,
rne d — paccTOSHUE MEXK/Ty MHHMBIMH HCTOIHPKamH. [Tocie MOWIeHHOro BEruH-
TAHUA [TOTydaeM

(SyM — S MY(S,M +S,M) =2xd . (1)



B HCNOB3yeMOH IKCIIEPUMEHTANIBHON ycTaBoBke YIIEl MS\ B u MS,C
O4YeHb Malbl, NOITOMY ¢ XOpoleH TOYHOCTBIO S, M + S;M = 2D . [lockombky
Pa3HOCTh X013 fydeii §= S,M -S| M, w3 (1) nomyyaem

x = b 5.
d

Kak m3BecTHO, 718 MHTEpHEPEHIMOHHOIO YCHICHHA HEOOXOAHMO BBINON-

HEeHue ycnoBus O =kA, rae k — menoe 9ucno (k=0,tL£2,33..), A — IMHA

cBeToBOM BonHsL. [lng ocnabrenus HeoGxomumo, arobsl & = (2k + I)%. Koopau-

HaTHl TOYEK, B KOTOPBIX HabMOAal0TCd MAKCHMYMBI MHTEHCHBHOCTH CBETa, Oy-
JIyT, CENOBATENBHO,

Xk =g‘kk. (2)

KoopamMHaTh! TOYCK, B KOTOPHIX Hab/monaloTcs MHHHMYMB! HHTCHCHBHOCTH CBC-
Ta, byayr

D A v
X ='E(2k+1)‘:2‘. (2)

JIns nosTy4eHus MOHOXPOMATHYECKOrO CBETA B YCTAHOBKY BEOIAT CBETO(HIBTP.

HurepdepeHunoHHas KapTHHA B ToJie 3peHHA TPYOBl HMeeT BHI 4Yepe-
OYIOIAXCA TEMHBIX H CBET/BIX HOJIOC, MApAUIENBHBIX HCTOYHHKY CBETa (menn).
KOOpAHHATH! LIEHTPOB CBETILIX K TEMHBIX 10JIOC OTIpeAeNsioTes No GopMynam
(2) u (2') cooTBETCTBEHHO. PaccTOSHAE a MEKAY LIEHTPAMH COCEAHMX CBETIIBIX
TIOJI0C COIMIAcHO (2) paBHO:

a=xk+1~xk=-3*l(k+l—k)=—37». (3)

TakuM Xe ABIAETCA PACCTOAHHME MEXAY LCHTPAaMH COCENHHX TEMHEIX IiO-
noc. Kak caexyer u3 (3), BeIHUMHA g HE H3MEHACTCA C YHAJICHHCM OT ILUTIOCKO-
cTH cumMeTpun. ViaMepHB a, d ¥ D, MOXHO OTPE/S/THTB [UTHHY BOJHBL CBETa A

ad
A=—. “4)
D

Onucanue naGopaTopHoii ycTaHOBKH. MeToa H3MePeHHH

Ha puc. 4 nokasaHo pacnonoxesue mem S, Gumtpa @, 6unpusmer b 1
3pHTENBHOM TPYOBL. Mexny spurensHoii TpyGoit n 6nunpu3mMoil BBe/ICHA paMKa C
nposonoxoit [Tp. UCTOYHHK ocBemaeTcs JaMmmol HakanusaHus 1, pa3MeleHHOMA
B QOKATBHOH IWIOCKOCTH coOHpalome THH3E! 2. '

HM3MepeHHe PAacCTOSHMA @ MEXAY LCHTPAMH COCCIHHX CBETNBIX (HIH TCM-
HBIX) MHTEP(EPEHLUMOHHEIX MOJIOC MPOM3BOJMTCA MPH NMOMOIIK OKYJIPHOH
IIKANs 3pUTeNbHOR TpyOBl MHKpockona. Ecii, HampUMep, PACCTOSHHME MEXIY
UEHTPaMH KaKHX-TO TEMHBIX 0JIOC COCTABIAET N Ne/ICHHHN MIKaNLI OKYJIApa ¥ Ha
TOM PAcCTOAHMH YKNANbIBAETCA 7 CBETbIX HHTEpEpEeHIHOHHBIX MOJIOC, TO
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PACCTOSHHME @ MEXIY LIEHTPAMH COCEIHWX TEMHBIX HHTEPPEPEHIMOHHEIX MOJIOC
paBHO

N
a=—~G
G, )

rae G — [leHa MaJIoro JefieHus OKYNsApa, yKa3aHHad Ha paboueM mecte.

Ip
® b B 3purensHas
s h TpyGa
> ——
2 V
D H
Puc. 4

Paccrosine D or mHTEp(dEpPEHUHOHHON KapTHHBI, BHAWMOH NPH JaHHOM
NONOXKEHNH 3PHTENBEHON TPYOHI, IO MCTOYHMKA CBETA .S MOXET OBITH HAWOCHO
cnexyomuM obpazom. Mexay 3puTensHoit Tpy6oi H THH30H BBOIAT MPOBOJIO-
Ky. ITepeMemas npoBOJIOKY BAONB ONTHYECKOH CKaMbH, HAXONAT TaKOe €€ Mo-
JIOXEHHE, MPH KOTOPOM KaK NPOBOJIOKA, TaK H MHTEPHCPCHUHOHHAL KapTHHA
OTHETIMBO BHAHBI B 3pHTENBHYIO TpyOy. IIpH 3TOM, OYEBHIHO, NPOBOJIOKA Ha-
XOIMTCA B TOH JKe ILTOCKOCTH, B KOTOpPOiH pacnojiokeHa HHTepdepeHIHOHHAs
KapTHHA, HabmoaaemMad B 3pHTEIIEHYIO TPYOy. Paccrosune D H3MepAIOT N0 OT-
CYETHOM IIKANE OITTHYECKOH CKAMBbH.

JIna HaxoXEeHWs pacCTOAHUA d MEXITY MHHMBIMH HCTOYHMKAMH S; H §;

NOCTYNAT caeayomum o6pazoM. Mexay GunpHamoi H 3pHTenpHOH TpyOoH
BBOIAT COOHpATENbHYIO JIMH3Y P.

L

v

S,

I}
i
|
f
]
|
1]
e >

Puc. 5
Ha puc. 5 nokasaH XoZ Jiyue# ot AByX MHHMEIX HCTOYHHKOB S; # S, , npe-

NOMJIEHHE 3THX JTydel B iH3e P u obpa3zoBande ABYX H300pakeHH# S u S™" .
TpH nepeMeIneHHH JHH3BI BOONL ONITHYECKOH CKAMLH IIOJIOXKEHHE H300pa-
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XKeHHH TaKkxke nepememaerca. Ecny n3o0pakeHns S H S’ OTISTANBO BUIHBI B
3PHTENBHYIO TPYOy, 3HaYMT, OHH HAXONATCH B TOM IUIOCKOCTH, B KOTOpOM Ha-
bmonaerca uHTEpdEpERIMONHAA KAPTHHA B KOTOPOH PacnioNokeHa NMPoBOJIO-
ka. Ha puc. 4 nokazaHo Takoe NojoXeHHE: PacCTOSHHE MIIOCKOCTH H306paKe-
HHH OT IUIOCKOCTH HCTOYHHKOB paBHO D. PaccrosHue Mexay H306pakeHHIMH
MHHMBIX HCTOYHHKOB d’ NO/DKHO OBIT M3MEPEHO NpH NMOMOILIH 3PUTEILHON
TPYOb! TaK ke, kak GbUIO HIMEPEHO PACCTORHHME @ MEKIY COCEIHHMH HHTepdhe-
PCHUMOHHBIMH JIHHHAMH. [TyCTs B NENEHHAX OKYJAPHOM MIKANBI 3TO PACCTOSHHE
paeHo d’. Torna B MeTpax oHO paBHO G-d’". UTo6bl HalTH HCKOMOE PAcCTOAHHE d

MCXIOY MHHMBIMH HCTOYHHKAMH S] H Sg » CNCAYET BOCHONMB30RATRCA U3BECTHHIM

COOTHOLIEHHEM [UIA TOHKOH JIHH3BI: OTHOLEHHE pasMepa d Kk pasMepy d’ paBHO
OTHOIIICHAIO PAcCTOAHHA L AHH3BI OT MCTOYHHMKA K PACCTOAHHIO L; JMH3EI OT
U300paxKeHuUs.

Jnuna L u3Mepsiercs mo IuKase ONTHYECKOH CKaMbH, a nmHaly = D— L,

Torna paccrosnue d MeXay MHIMBIMH HCTOYHHKAMH S, M S5 GyIeT paBHO

d=—=_46. ®)
D-L
Bocnons3oBaBUIKCE NOTYyYEHHBIMH BRIpAXKEHUAMH (5) 1 (6) 114 BEIHIAH g
H d, nosydaeM U3 (4) BHIpaXEHHE VA JUTHHBI BOJIHE CEETA
2 NLd'

A=G2—-224 7
© nD(D-L) )

Hopsgok BeINOAHEHHS PAGOTHI

OcaetHrens co memnsio, prikTp, GHNpH3Ma K 3puTenbHas Tpy6a yike ycTa-
HOBJICHB! Ha ONTTHYECKOH CKaMBe,

BHHMAHHE! He Tporafite mwens ¥ GunpusMy. Ecia M3sMeHHTCS HX B3a-
HMHO€ pacrofoxeHue, nabopaHTy NPHACTCA NOBTOPHTH TPYAOEMKYIO NpOLETy-
PY FOCTHPOBKH (HACTPONKH) ONTHYECKOH CHCTEMBL.

1. BnouuTs ocBerHTens. YoeauThCS, 9T0 B 3pHTENbHYI0 TpYOy Habmoma-
€TCA MHTCPGEPEHIIHOHHAA KAPTHHA B BHAEC HECKOJLKUX BEPTHKANBHBIX CBETIIBIX
M TEMHBIX T10JIOC.

2. Hanamuts nonoxeHue 3puTenbHOM TpyOb], IPH HEO6XOTHMOCTH MOKHO:

- HaKIOHATH BIICBO — BIIPABO JEPXKATENb 3PHTENBHON TpyOH!, uTOOH Ha-
bmonaeMas KapTHHA OKa3a1ach B LIEHTPE MOJA 3PCHHA;

- TIOBEPHYTh OKYJIAP 3PHTENLHOH TPyOBl, 9T00B BEPTHKAIBLHAA JIMHHA T~
PCKPECTHA OKa3aIACh NapauiebHOH HHTEp(EPEHLIHOHHEIM T10J0CaM.

3. MiaMepHTh B MANBIX JENSHMAX WIKAILI PACCTOSHHE N MEXIy LEHTpaMH
ABYX MaKCHMAIBHO YHQIEHHBIX OPYr OT Ipyra TE€MHBIX monoc. OnpexenuTh
HHCIIO 7 CBETJIBIX MOJIOC, 3aKNIOYECHHBIX MEXIY HHUMH. BefuduuHel # ¥ N 3amu-
carb B TabnuIry.

4. U3meputs paccrosnde D OT mend S 10 IIOCKOCTH, B KOTOPOH pactio-



NoxeHa UHTep(epEHIMONHAS KapTHHa, Ha0moaaemas B 3pHTENbHYIO TPYOY. Jins
3TOr0 YCTRHOBHTH HA ONTHYECKYK) CKAMBIO paMKy ¢ NpoBosiokof I1p, kak moka-
3aHO Ha pHC. 4, W TIEPEMELIATh PAMKY O TeX NOp, NMOKA B 3PUTENLHON Tpyde
H306paeHHe MPOBONOKH HE CTaHeT HauGonee YeTKHM. [IPOM3BECTH OTCHET M0~
JI0KEHH IPOBOJIOKH 110 JTHHEHKe ONTHIECKOH CKAMBH. JTO H3MEPEHHE CIICAYET
clenaTh MATh Pa2, KAXKIbA pas cAUrad NpOBOJIOKY H BHOBB YCTaHABIMBAd HaH-
60bOIYIO YETKOCTD.

5. MiamepuTs paccTosnAe d MEKLY MHHMEIMH HCTOGHHKAMU S, ¥ ;. Jina
3TOT0 YCTAHOBHTH HAa ONTHYECKYIO CKAMBIO COGHPATE/BHYIO IMH3Y, NPEABApH-
TENLHO CHAB CO CKaMbH PaMKy C ApOBOJIOKOH. IlepeMemars JIMH3Y 10 TEX NOP,
IIOKa B 3PHTEIIbHYIO TpyGy He GYXyT OTYCTINBO BHIHEI H306paxkeHus ' u 8"
MHMMBIX MCTOYHHKOB. M3MEDHTh B MAJLIX AENCHHAX OKYIAPHOM HIKankl pac-
crosaMe d' MexHy 3THMH u3obpaxkeHuAMH. OTMETHTE TORCKCHHE NHH3BL N0
JIMHEHKE ONTHYECKON CKAMBHM M 3AlIMCaTh PacCTOAHME L OT wenH 1O JHH3BL
3TH U3MepeHHs CleAyeT NPOU3BECTH AT Pa3, KAXKIBIA pa3 3aHOBO ONPEAETIA
MONOXKEHHE, NPH KOTOPOM H300paXkeHHA MHUMBIX HCTOYHHKOB Hanbonee oTueT-
nMBEL PesynsTaThi u3MepeHHit 3aHECTH B Tab/HALy .

3apaHne k paGore

1. lNoxacuuTaiiTe cpenune 3HaueHns D , d', L , OTKNOHEHHA OT CPEOHHX JUIX
3THX BEJIHUHH H KBAJIpaThl ITHX OTKIIOHEHHH.

2. Tlo MoNy4eHHBIM CpeaHMM 3HadeHHAM no ¢opMyne (7} noacHuTaiiTe
JINHY BOJIHEI CBETA.

3. PaccuuTaiite 26CO/IOTHYIO ¥ OTHOCHTENbBHYIO MOTPEIIHOCTH. Pe3ynbTar
NpPEACTABbTE B BHE JOBEPHTEIEHOIO HHTEPBANA 1A HAHACHHOH JUTWHBI BOJTHBI.

Iser ¢pmeipa

Ypeto HETEpdepeHIMOHHLIX TON0C

Yueno geneHuit N mKambi

Hepesoauoi MEoXk#HTEM G, M/AEN.

Yemw | D | oD | (DR ]| @ | Ad [(ad¥| L | AL | (ALY

Cpenmee

Jama oxHel A

KoHTpoJibHBIE BONIPOCHI
1. Yro Konebnercs B CBETOBOM BOJIHE?
2. UTO TaKk0€ ANMHA BOHBI?
3. Kaxo#i cBeT Ha3blBaeTCH MOHOXPOMATHYECKHM?



4. Yro Takoe uHTepdepeHIHs caera?

5. Kakue BOTHEI HA3BIBAIOTCA KOTEPEHTHEIMH?

6. IlosichuTe cMBICH BCeX (H3HUECKHX BEMYHMH, BXOAAMMX B pabouyio
Gopmyny.

7. Tlokaxure, 4TO Jyd, BBHUCHUIHN H3 HCTOYHHKA, MOCAE NPOXOXICHHSA
4Epe3 CTEKIHHYIO NIPH3MY ¢ MaJIbIM YITIOM MPEJIOMIIEHHS (¢ OTKIOHAETCH K OC-

HOBaHHIO NPH3MEL Ha yrost (1 —1), TIe n — OKa3aTeNnb NPEJIOMIIEHHS CTEKIa.

PaGora 7.2

ONPEJXEJEHHE PAIRYCA KPUBH3HEI JIHH3BI
IIPA NOMONINA KOJIEIY HBIOTOHA

Heaw paboTni

3HAKOMCTBO C OtHOH M3 KIaCCHYECKUX CXEM HAGMIONEHHA MHTepdEpEHIMH
cBera. Hcrone3oBanue ee Ui OMTHIECKHX H3MEPEHHE.

Brenenne

HuTepdepenuns ceeTa — 310 HaNOMNKEHHE OBYX KOTEPEHTHLIX BOJIH, [IPHBO-
Jsliee K YCTORYHBOMY PacrpeseNieHHiO B NPOCTPAHCTBE MAKCHMYMOB H MHHH-
MYMOB HHTEHCHBHOCTH (CM. BBeAeHHE pabotsl 7.1).

OnHMM K3 METO/IOB Pa3/ieNICHHd CBETA HA J1BA KOTEPEHTHBIX My4Ka ABJIACT-
CA OTpaXEHHE MOHOXPOMATHYECKOrO CBETd OT BEpXHEH M HIDKHEH MoBepXHO-
CTeH IUIoCKONapaIeNbHOM IacTHHLL [TycTh HAa IWIOCKONAPAIENBHYIO LA
CTHHY NajfacT Napaie/IbHbIH My4YOK CBeTa NMoJ yrioM i. [IpH 3ToM M3 Kakmoi
TOYKH OCBEIIECHHOH# IOBEPXHOCTH B HANPABNECHHUH 3ePKATBHOTO OTPAKECHHA HAYT
BOiHA |, OTpaXeHHas OT BEPXHEH INOBEPXHOCTH, H BONHA 2, OTPMKEHHAA OT
HIDKHeH NOBEPXHOCTH (pHC. 1). OHH HMEIOT MOYTH ONMHAKOBYH) HMHTCHCHB-
HOCTb [, = /,, CNICHOBATENBHO, OHM MOTYT 3 (EKTHBHO YCHIMBATL WM OCHab-
JIATH JpYr ApYyra B 3aBUCHMOCTH OT ONTHYECKOH Pa3sHOCTH Xoaa myueii J.

YToOk! onpenenuTs ONTHYECKYI0 Pa3HOCTh X0/1a, MOCTPOUM BOJTHOBYIO MO-
BEpXHOCTH AC npesioMenno BomHst (BIT Ha puc. 1). Orcrasanue no dase xo-
nebauuii, npumenmmx B Touky C BAONL Jyda /, OMPENENsETCH IMHON JIoMa-
HOH JIMHMHA €O CTpelikaMH BHYTpH MiactuHel 40+ 0C. H3 BcomoraresnsHOro
TNIOCTPOEHHA Ha pHC. 1 BHIHO, YTO €€ /IHHA, T. €. FCOMETPHYECKasd PasHOCTh XO-
Aa myyeH, paBHa AB=2dcosr. 3nech d~ TONMUHA ILIACTHHBL, r— YroJ Mpe-
noMieHHs (i — yron nageHus). C y4eroM MoKasarens NpenoMIEHHS 7 BEIecTRa,
H3 KOTOPOTO CAeNaHa IUIACTHHA, IOJyYaeM CleQylomee BRIPRKEHHE i OTITH-
9eCKOHM Pa3sHOCTH X0a JIydeii:

6=2dncosr+~)2£. (D
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. A
3meck A— UIHHA CBETOBOM BONHBI B Bo3dyxe. Jlobaska P obycnosnena

TeM, YTO MpU OTPOKEHMH CBETA OT ONTHYECKH Oosee ruioTHoH cpeasl (T. €. OT
BepXHell IPaHHUB! IUTACTHHBI) BO3HHKACT JOMOMHUTENbHAS pasHOCT: Gas B 7

n"i

3
\
\

|
0y |
|

- —

B
Puc. 1

(pam). Ecom & okazanace KpaTHOMH
IJTHHE BOJHBI (d=4kr, rae
k=1, 2, 3,...— uenoe 4uca0), To Oy-
AET MPOMCXOUTh YCHIEHHE OTPAKER-
Horo csera. OcnabneHue cBera mpo-
HCXOJHT [PH YCJIOBUH

M
=(2k+1)=.
$=(2k+1)Z

Cnenyer HMeTh B BHAY, YTO HH-
TepdepeHIHA OTYETNIHBO Habmonaer-
Ci TONBKO Ha TOHKHX ILTACTHHAX
(neHKax), TONMMMHHA KOTOPBIX COM3-
MEpHMa C JUTHHOHR BOSHEE A [1].

B wmacroameii paGore u3ywatrorcs
konbua HetoToHa, T. €. HMHTEpQEpeH-
IMOHHA KAPTHHA, BOHHKAIOMAA NpH
OCBEIEHHH BHIMYKNOH CTEKIAHHON
muH3bE GOMBIHOTO PRRMYCA KPHBH3HBI

M TOJNCTOH CTeKNIHHOM mnacTHHEL [IpH HOPMANEHOM NANEHHH CBETA HA TAKYHKO
CHCTEMY HAbMONA0TCH CBET/ILIE H TEMHBIE KOJIbLA ¢ OOIMM LEHTPOM B TOYKE

CONMPHUKOCHOBEHHUA JIMH3b! H IIACTHHBI.

PaccMoTpuM 00pa3oBaHHE Kojel
HeloToHa B OTpaXKeHHOM cBere. Ponb
TOHKOH IVIEHKM MIPacT BO3AYIUHKIA 3a-
30p MeXIy THH30H U mnacTuHoi. -
TephepHpYIOT BONHEL, OTPaXKEHHBIE OT
BepxHeH (C HHTCHCHMBHOCTBIO/]) H

HIDKHEH (C MHTEHCHBHOCTBIO[,) Ipa-

HHLI 3330pa, KaK II0KA3aHO Ha pHc, 2. B
CBA3H C OTHOCHTEC/ILHO MayloH TOJILXH-
HOH BO3AYMHOTO 3a30pa NpeHebpexeM
W3MEHEHUEM HAIpPaBIECHHA CBETOBBIX
nyYeil Ha Fpanuuax pasiena Bo3ayxa v
CTeKna.

B HemocpeAcTBEHHOH OMM30CTH

'{1

bbb

1

:

LI
r

(W8]
(30
—
)
[S—y
[\

;lmm.mnm.
L.
R

1
|
b
|

i
—m

Puc. 2

OT OCH, IJI¢ TOMIMHA 3330pa MHOTO MCHEIIE JJTHHBI BOJIHBI CBETa d << A, dop-
MyJla Ui OITTHYECKOH PasHOCTH XOJa OTPOXKEHHBIX BOJH cornacho (1) npuunu-

It



A
MaeT BHY & = ' ToaTOMY B LEHTpE B OTPAKECHHOM CBETE HAOMOAAETC TEMHOE
nATHO. Ha HEeKOTOPOM PacCTORHHH P, OT OCH CHCTEMBI Pa3HOCTE XOAa ITHX ABYX

BOJIH OKA3LIBAETCA PaBHOM §, = 31. Taxum o6pasoM, B Touke 1 oTpakeHHbIC
153 P

BOJIHEI OCcNabnMoT Apyr Apyra. [TockoneKy cucreMa o0JiaiaeT OCeBOH CHMMET-
pHeil, TONMIHHA 3330pa OCTaeTCA OMHAKOBOH IJI% BCEX TOYEK, OAMHAKOBO yaa-
neHHsIx ot ocH. I1o3TOMy B OTpayKEHHBIX My4¥aX HaOMOAAeTCs MEpPBOC TEMHOE
konsio HeloTOHA pammycoM p,. Ha HexoTopoM paccTOfHHM P, OT OCH TOJIIHHA

. 5
3a30pa CHOBA CTAHOBHTCA «ocnabnsromeit» (Touka 2). 3neck 8, = El H BO3HH-

KaeT BTOpoe TeMHoe Konblo HeroTona. Jlanemie npd HEKOTOPOM pj; ONITHYECKad

7
Pa3HOCTb X012 OTPWKEHHBIX BOJH OyaeTr &3 = El U T. I

OnpenenuM pandycel TeMHBIX KoJjiell HEI0TOHa B OTpaKeHHOM CBETE.
OnrHueckast PasHOCTs XOHA Jydel, OTpaXEHHBIX OT BEpXHEH W HUKHEH
TpaHMIl BO3AYIUHON MPOCTOMKH, NPH HOPMANLHOM MajicHH# cBera (i=r=0)

pasHa (cM. opmyy (1)) A

8 =2dy +=, ()
rae d,~ TOJNIIMHA BO3XYUIHOH MPOCNOMAKH B MECTe HaOMOAeHHs KONbLA C HO-
MepoM k.

Yenoue B3aUMHOTO 0CnabeHus OByX BoaH 8 = (2k + l)%. IIpupaBHHBas

npaBble YacTH, moaydaeM 2d, = kA, Win
kA

dy = ok (3)

I[To TEeopeMe [Tadaropa (puc. 3)
R =p% +(R—dk)2, roe R— pamuyc Kpu-
BH3HBE MH3BL. OTCIONA

2Rd, =p} +d} ~p?. 4)

3peck yureno, aro d; << p;. [loxacrasndd
(4) B (3), mosmyanm

Prc. 3
’ o2 =2R%= REL.
OxOHYATENEHO A PAAUYCOB TEMHBIX KOJIEI NOJTy4aeM
op =VRA  (k=0,1,2,..). (5)

12



MeTtoauka BBINOIHEHHS paboThl

Cxema yCTaHOBKM Npe/ICTaB/IeHa Ha puC. 4.

Caet oT namnel 1, npoiins GuneTp 2, oTpakaercs MOJYNPO3pa4YHbIM 3€pKa-
JTIOM 3 M BEPTHKAIbHO IIANaeT Ha JIHH3Y C IUIACTHHOH. JIMH3a B IUIacTHHA 3aKpe-
IUeHsl B o6Iei onpaee 4. Mcrounnk 1 pacno-
noxeH B dokyce cobupatomeil AL 6, MO~
ITOMY OIpaBa 4 OCBEIIACTCA NAPAIUIEIEHLIMH
Jyyamu ceeta. OTpasHBIONCE OT BepxHed H
HIDKHEH rpasull BO3AYIIHOTO 3a30pa MEKIY
JIMH30¥ M IUTaCTHHOM, CBET mocTymaer B 00BeK-
THB 5 MHKpockona. (Ha Hexoropbix nabopa-
TOPHEIX YCTAaHOBKax jammna, GHIsTp # NOJy-
NpO3pavyHOe 3€PKai0 BMOHTHPOBaHbI BHYTDB
MHKPOCKONA; MPH 3TOM OCBEHICHHE JIMH3LI ¢
IUVIACTHHOH MpoM3BOAUTCA Yepe3 oOvekTHB). [lepeasuras mo Beprukamu TYOyC
MHKPOCKONA, MOXHO NOOHTECA OTYETIHBOW BUIMMOCTH HMHTepdepeHUHMOHHBIX
konen Helorona. JInuHa BOAHLI cBETAa A, MPOIMycKaeMOro GHALTPOM (WM €ro
4acToTa v =c/A), ykasaHa Ha paboueM MecTe,

Ana onpeneneHua paguyca KpHBH3HBI JIHH3BE R B COOTBETCTEHH ¢ (5) moc-
TATOYHO H3MEPHTh PajHyC TEMHOro KOMbLA ¢ U3BECTHHIM HOMepoM k. Ho mue-
ATLHOTO COTPHKOCHOBELHA CEPHYECKO#H M IUTOCKON MOBEpXHOCTEH NOOHTLCH
HEBO3MOXHO: JehopMallHi CTeKIa IPHBOAUT K TOMY, 9TO BO3/AYUIHELA 3a30p Ha-
YHHAETCA HA HEKOTOPOM YAUICHHH OT OCH CHCTeMBL. B pesynkTare aToro sMecto

COOTHOWIEHH P = R\ , IpescKa3biBaeMoro GopMynoii (5), okasniBaercs copa-
BCUTHBLIM COOTHOILEHHE

p7 = const + RKA. (6)

C yuerom aroro B Hacrosueii pabore npeniaraercs NOCTPOHTH IKCIEPH-

MEHTANMBHYI0 3aBHCHMOCTh p% OT kA H ONpPENENHTE MNA Hee Yoo koaddu-
LIHEHT, KOTOpBIi 0JDKeH ObITh paBeH HCKOMO#H BenHe R .

»

Hopsaox Boimoaaenus paéorsl

1. BIOYHTE OCBETHTENb. Bpamas pydky BEpPTHKAILHOTO TNepeMemEeHHs,
HOOHTECA HaHMyqIIeH pe3kocTH HabmoaaeMoi UHTepEPEHUHOHHON KapTHHEL

2. Jina maMepeHus paadycoB kosient HeioTOHA B ycTaHOBKe ofecriedeHa
BO3MOXKHOCTD 20PU30HMANBHOZ0 TIEPEMEILEHHA OIIPABHI C JIHH30iE.

IIpexne yeM HaYHHATH H3MEPEHHA, CEAYeT BPYYHYH) HIIH C HOMOIIBIO Fo-
PH30HTAILHBIX NMOJBHAKEK BBHICTABHUTH ONPABY B TAKOE MOJIOKEHHE, YTOOHI B TIE-
PEKpEeCTHH OKyJ/1Apa OKasacs LEeHTp KoJew. [Tocne 3Toro ¢ noMoums ropH3oH-
TATBHOH NOJBHXKH HEOOXOAMMO CMECTHTH KapTHHY, BKIZOYAd NATOE TEMHOE
KOJIBIIO B NPaByK> CTOPOHY OT IEPEKPECTHA OKyJNApa. 3aTeM, IUIABHO BpPAINas

13



PY4KY FOPH3OHTAJIBHOH NMOABWKKH B OOpaTHyi0 CTOPOHY, NMOJBECTH NMOX fepe-
KpecTHe cepenuHy TeMHOH HHTepdepeHIIHOHHON MONOCHL, COOTBETCTBYIOLIEH
JICBOMY KPAl0 MATOrO TEMHOro KOJblia. 3amucate B Tabn. 1 orcyer Zses. [Ipo-
JOJDKAA MOBOPOT MHKPOMETPHYECKOIO BHHTA B Ty XK€ CTOPOHY, HOMBECTH MOJ
NepeKpecTHe JIEBbIH Kpail 4eTBepTOoro TEMHOIO KOJIBLIA M CHATE HOBHIH OTCueT
Zanes. Tax mocnenoparensHo 3amucate B TaGN. 1 KOOpAHHATHL Z NEBEIX Kpacs
NEPBBIX NATH TeMHLIX Konel. IltaBHO nepeiing 4epes ueHTp UHTEPdEPEHIIHOH-
HOHM KapTHHbI, BBIBECTH B MEPEKPECTHE OKYJIAPA NMpaBhId Kpaik caMoro MajleHb-
xoro koibua (k = 1) u 3anmcare orcder Zinpas B COOTBETCTBYIOIHIA CTONOEL]
Tabu. 1. [Iponomkas cMewaTs Onpasy ¢ JIMH30H, MOC/EIOBATENEHO 3aMHCATD B
Tab1. 1 KOOpAUHATEI PAaBLIX KPAaeB BCEX MATH KOJell,

BHHUMAHME! Beck mpoxon emons uHTepdepeHIHOHNHON KapTHHBI (OT
k=5 no k=1 ¢ nepoii cropoHs! ¥ maneiie ot k=1 10 k=5 c npaBoit CTOPoHkHI)
AOQJDKEH OCYHMIECTBIATECH [TOBOPOTOM MHKPOMETPUYECKOTO BHHTA MONLKO 8 00-
Hy cmopory. HHaue mmoQT ropu30HTANBHON NOIBIKKH BHECET CYIIECTBEHHELIE
HCKAXCHUSA B H3IMCPEHHE KOOPIHMHAT. '

3. 3amucaTh B NPOTOKON AIMHY BOJIHBI A = A + AA (MM 9acToTy V), yKa-
3aHHYI0 Ha pafodeM MecTe, H NOrpeHOCTh OTCUETa MO WIKAIE FOPH3OHTATLHOMH
NOIBHXKH AZ (UCHA JETeHHA HOHHYCHOMN HIKAITHI).

Tabmmia 1
, Orcaer 1o mxane Z
Homep xomena k
JieBaiit kpaii TpaBLE Kpaii
5
4
3
2
1
Hopsaox 06paboTku pe3ynLTaToB
1. Jins Bcex u3MepeHHbIx Koselt Hp10TOHA BBIMHCINTE PaguyCEl
1
Pr = 5 Zk e ™ anpan
2. Jins reex k BorauciuTe X, = kA, y, =pj.
Pesynrrare: . 1 1 2 3anucarts B Tabn. 2.
Tabnuma 2
— 2
Homep xomsma k| Pamuyc xonema p, X =kA Vi =P}

el LA RS RV
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3. Ioctpours rpadux 3aBucHMocTH y(x). ITo yrmopomy k03 duitHenTy

NIPAMOH, aNMNPOKCHMHPYIOIEH HOMYYEHHYI0 3aBHCHMOCTH, OHEHHTH PAIHYC
A

KPHBH3HEI JIHH3BI (pHC. 5) R=Ey' p%

4. MOXHO ONpPENENHTE pamdyC KPHBH3HEBI 4
JIMH3bl, HCTIONE3YA METOJ HAaHMEHBIIMX KBajpa-
TOB. (O MeTole HAHMEHBIINX KBAXPATOB MOKHO
npoyurate B Merommdeckux ykaszaHmax - [2]).
Cuwras, 9ro 3aBHCHMOCTH 3(x) ABNAETCH JH-

HelfHOH: y = y, + Rx, BEMHCIHTS Kod(dHUMEHT

n n n
ankyk - Zxk 2V
'R’ _- k=1 k=1 k=l
n 2 n 2
nY.xg=| XX
k=1 k=1
H €ro JJUCIIEPCHI0

, Ipun=>5,

Fn " 2 b
, 'nny—[Zyk)

k=1 k=1
(n-2)

-R

n n 2 |
n%x,f —(Zka

S% =

k=1

B a1Hx opMynax n — YHC0 U3MEPEHHIL,

5. 3anaBas OMNpeneNeHHOE 3HAYECHHE JOBEPHUTENLHOH BEPOATHOCTH O
(caMOCTOATENEHO HIIH 1O YKA3aHUIO MPENONABATEN), OLEHATH Clly4aiHyo no-
TPEIIHOCTE

ARy = oz
s s
e ¢, s — koappumeHT CTeioneHTa.

6. OUCHUTS CHCTEMATHYECKYIO MOrPELIHOCTD AR o V1% H3MEPEHHA C Hau-

OonbmmM konbloM (k = 5), cauTad, 9TO B COOTBETCTBHH ¢ (5) paboueit tdopmy-

Jiok ABiseTca R = % B atom ciysae

tha-(221] (%T;

Ecnu na pabouel ycranoske 3anaHa 4acToTa, To AL/ A 3aMeHAeTca Ha Av / v.
- 7. OnpeaensTs NONHYK NOTPEHOCTh

AR:\/Achy-;"'AR«.?ncr'
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8. 3anmcath OKOHYATENbHBI pe3yasTar B BHIE R =R + AR, yka3aB Ha-

pARY C NOBEPHTENLHBIM HHTEPBANIOM OTHOCHTEIBHYIO MOrPEUIHOCTh SR = % .

KoHTpoabHbIe BONPOCHI

1. Yro Takoe unrepdepenuua caera?

2. Kakue BOJTHBI Ha3bIBAIOTCK KOTEPEHTHRIMU?

3. Pacckaxure o6 HHTEpdEpEHUHMH CBETA HA TOHKOM CJI0E.
4. Yro Takoe konsua Hprotona?

Paboxra 7.3

ONPEAEJIEHHE AJIMHBI BOJIHBI U CTENEHH NOJIAPH3AIINU
JIASEPHOT O H3JTYYEHUSA

[ean paGornt

H3yyeHne BONHOBLIX CBOWCTB cBeTa (andpakumuy, WHTepdepeximy, nons-
pu3aumu). [pakTHaeckoe 3HAKOMCTBO C NTA3EPOM KaK ¢ HCTOUHHKOM CBETOBOTO
HUTYYEHHS,

Beenenne

HAndpaxupa — 310 ornbaHHe BONMHAMH TPENATCTBHMA, HE CBA3AHHOE C OTPa-
KEHHEM HIH mpenomieHHem BoiH. Judpaxuus npossnserca ocoGeHHO oTyeT-
JIMBO, KOrza pasMepsl NPENATCTBHI COMMEPHME! C JVTHHOM BOJIHEL.

PaccmotpuM mudpakumonnyio pewieTky (puc. 1), T. €. CHEKTpanbHbii NpH-
Gop, cocToAlIHi H3 PaBHOOTCTORIUMX APYF OT
IOpyra MNpO3payHbIX TIIPOMEXYTKOB (1eneii)
IUHPHHOH @, Pa3ACNIEHHBIX HENPO3PAYHLIMH
NMPOMEXyTKaMH (IITPHXaMH) WIHPHHO#H b. Be-
nuyHHa d = a + b Ha3bIBAETCA MEPHOIOM, HIIH
NOCTOSHHOH pelleTKH.

[TpeanonoxuM, 4yto Ha QUPPaKLUHOHHYIO
pelleTKy HOPMANBHO MAJAeT IUI0CKas MOHO-
XpPOMarH4eckad BOJHA C JUIMHOH BOJIHBI A.
Tak xak pasmepsbl wWieael g coM3MepHMbI C
JNHHOA BOJIHB! CBeTa A, HA KAOXKIOH WETH

Puc. 1 TIPOHCXOANT NHU(pPaKUMs, M BOJHBI PaCIpo-

CTPAHAIOTCA MOCIE PEIETKH B PavIMYHBIX Ha-

npasieHuax. JlydH, OTKIOHAIOIWMECK NOA OAHMM H TEM K& YrIOM IH(PAKLMM
¢, € MOMOLIBKO NHH3EI L cobHpaioTca B OAHOM Touke $OoKanLHOM IIOCKOCTH F,
TAE€ MPOHCXOAMT WX HHTepdepeHuus. BonHel OT cocenHMX iened,
PAcnpOCTPaHAIOIIMECH TIOA YTJIOM ¢, HMEIOT Pa3HOCTh X0Aa A = d'sin ¢ (MOXHO

16




NoKasark, YTO JIMH3A HE BHOCHT JOTIONHHTENLHOrO BKIAaJa B Pa3HOCTh X044 MMy-
yeit). B3auMHoe ycuienne BoiH Gyner NPOHCXOAHTE TOrAa, KOrJa 3Ta BeJIHYHHE
PaBHa LENIOMY QHCITY MMH BOJIH. OTCiona BBITEKAET YCNOBHE BO3HHKHOBEHHSN
FIaBHBIX MAKCHMYMOB:

dsine=4kA, k=0,£1,+2,+3..., (1)

rAe uesoe YHCNO k HassIBaeTCH MOpAakoM criekTpa. Ha axpane, pacnonoxexnom
B GOKANbHOH IVIOCKOCTH NHH3BI, HabMoxaeTcs unTepdepeHUHOHHaN KapTHHA —
CBETJIBIC MOJIOCH! OAHOro HBera. Ecny Ha pemierky maaaer CBET, HMEIOLHH
CJIOXKHBIA CNIEKTPaNbHBIA COCTaB, TO, Kak cieayer u3 (1), BONHBI C pasTMYHBIMH
3HAYCHHAMH A GyAYT YCHUAMBATBCA NIPH PANTMYHBIX YINaX @ H KOKAOMY 3Haye-
HHIO k Ha KkpaHe Gy/IeT COOTBETCTBOBATEL CHCTEMA MHTEPEPEHIMOHHBIX NOJIOC,
OKpallleHHBIX B Pa3iHYHbIC LBETA.

Yrnoeo# Mcriepeuedl ciexTpansHOro NpuSopa Ha3blBAcTCA BETHYHHAE,
XapakTepH3YI0lias YIJI0BOE PACCTOAHHE MEXULY ABYMA JIHHHAMH, Pa3HOCTD LIMH
BOJIH KOTOpPHIX dA =1 A

=40
= @

B ciyuae nnépaxunonnod pewerku, uexoaa n3 (1), wm yrioBoi aucnep-
CHM MOXXHO MOJTYYHTh BHIpAXKEHHE
ﬂf___ 3)
dcoso

CnekTpankHbie THHAY, NOMYYaEMEIE C MIOMOIBIO AMGPAKIMOHHOM pelueT-
KH, MMCIOT KOHEYHYI® LWIHPHHY. [103TOMYy NMHHH ¢ GMM3KMMH [UIHHAMH BOJIH
MOIYT C/IHTECA B OHY NHHHIO. Paspeuralomas cnocobHocTh (T. €. crnocofHOCTE
pasaensHo GOpPMHpOBaTL GNH3KHE CNEKTPaibHBIE JIHHMH) IHPPAKUHOHHON pe-
HIETKH OTIPEJENIAETCA COOTHOMICHHEM

A A +A
R=— A=—1-—"2" Ar=1 —JL],
A ( 2 2
rae Ay ¥ A, ~ MIHHBEL BOJH ABYX HauGonee GMM3KHX APYT K APYTY CNEKTpaIL-

HBIX IUHHHA, KOTOPBIC PEIICTKA MOXET paspeilHTh (No3Bonser HabmonaTs pas-
JeBEHO). MOXHO nokKa3arh, YTo

D=

R=kN, (4)
rae & ~ NOpAnOK CieKTpa; N — MONHOE WHC/IO IITPHXOB PELLIETKH.
Hpe cocentue criexTpanbHbie IMHKUK C JUIHHAMH BOJIH A\ H A, GyayT pain-

A
YHMEIMH, €CJIH BBINOTHACTCS YCIOBHE o <kN.

A GOLIIMHCTBA HCTOYHHMKOB XapaKTePHO HCIYCKAHHE €CTECTBEHHOMO
CBETA. B TakoM CBETE PaBHOBEPOATHBI JIIOOBIE HANpPaBIEHHA KonebaHui BeKTOpa

E B nnockocrs, NEPNEHIUKYIAPHON BEKTOPY cKopocTH cBeta V. O1o 06ycnos-
JIEHO TEM, YTO HITYUCHHE CO37aeTCA OOBLINM YHCAOM ATOMOB, K&XABIH H3 KO-
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TOPLIX HATy4a€T HE3ABHCHMO OT APYIHX, T. €. HATYMCHHMS OTAEIbHBIX aTOMOB He
COrnacoBaHbl HH 1O (baae, HH N0 NOMApH3AIHH.

Ecan Bextop E(u cooTBeTcTBeHHO BekTop /1, KOTOpLIl €My NepneHauKy-
NAPEH) COBEPWIACT KoNeGaHHA CTPOro B OXHOM HAMNPABIEHHH (MepeHIHKY/IAp-
HOM BEKTOpY I7), TO TaKOH CBET HA3LIBACTCA JIMHEHHO-MONAPH3IOBAHHBIM (TLTOC-
KOMIONAPH3OBaHHbIM). [N JNHHEHHO-NOMAPH3OBAHHOIO CBETA ILIOCKOCTh, CO-
AEPXKAIIYI0 BEKTOP E M JyY, Ha3bIBAIOT IUTOCKOCTBIO nonapusanky. Ecnu cser
HE ABIACTCA JIMHCHHO NONAPH3IOBAHHBIM, HO CYUIECTBYET NpPEHMYINECTBEHHOE

HanpassieHHe konebanuii BekTopa E, To Tako# cBeT Ha3LIBAETCA YACTHYHO MO-
JIAPH3OBAHHBIM.

TonspuzaTopom HasbiBaeTca ycTpoiicTso, kKoTOpoe npeobpasyer moboe
HITy4eHHE B JIHHEHHO nongpusosaHHoe. [LnockocTs, B KOTOPOIt npoHcxoasT

Ko/ebaHH BeKTOpa £ Ha BBIXOJE H3 NONAPU3ATOPA, HA3BIBACTCA MIaBHOM ILIOC-
KOCTBIO NOJIApH3aTOpa.

Ecnn Ha nonsapu3aTop nanaeT ecTeCTBEHHbIA CBET MHTEHCHBHOCTHIO /), TO
HHTCHCMBHOCTbL CBETA Ha BBIXOJE H3 MNOJIAPH3ATOpPa COCTARIAET NONOBHHY
1y (konebanna, NEpNCHIMKYAPHBIE [aBHOH TLTOCKOCTH MOJIAPH3ATOPA, MOIJO-
LIAKOTCA MOJIAPH3ATOPOM )

1.
2
H NIPH MOBOPOTE NOJAPH3ATOPA BOKPYT JIyua HE H3IMEHACTCA.

Ecnn Ha nonapusarop nagaer THHeHHO NOMAPU3OBAHHEIH CBET HHTEHCHB-
HOCTBIO /|, TO HHTEHCHBHOCTb CBETA Ha BbIXOZie M3 NoNsApu3aTopa [, H3MEHSET-
Cs COrNIacHo 3akoHy Mamoca

1l=

I, =Icos’ . (5)
3necs @ — yron Mexny HanpaeneHHsMH xonebGaHuii BexTopa E na sxoze v na
BBIXOAE MOAAPH3aTOpa. JIpyrHMu CioBaMM, @ — 3TO Yrofl MEXHIY TUIOCKOCTBIO
NOJAPH3ALHY CBETA, NAJAIONIEro Ha NOJAPH3ATOP U MNIABHOM IUTOCKOCTBIO MONA-
pu3aropa. I1pu nosopote nonspusaropa {, namenserca or 0 1o .

Ecan Ha Monapu3aTop najaer YaCTHYHO MONSPHIOBAHHBINA CBET HHTEHCHB-
HOCTBIO /|, TO NpPH TIOBOPOTE MOJAPH3ATOPa HHTEHCHBHOCTL cBeTa /5 Ha ero
BbIXOAE H3MeHAeTCA OT [y ni0 [, (mpuuem 0 < [, <J, . <)) u crenens
MOJIAPH3AUMH P YaCTHYHO MONAPH3OBAHHONO CBETA ONPENEIAETCH COOTHOLICHHEM

P= Imax _Imin . (6)
Imax +Imin

Hns ecrecTBeHHOrO cBeTa P =0, a g AMHeHO-NoMpH30oBaHHoro P =1.

Eciu nonspu3aTop HCNomb3yeTes JUis HCCIeA0BaHKS XapaKTepa MoispH3a-
HHH CBETA, B TOM YHCNE I ONPENENEHHS CTENCHH NOAAPU3ALMH CBETA, TAKO#
NOMAPH3ATOP HA3BIBAIOT AHATH3ATOPOM.

-
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Omucanue naGopaTopHoii yeranosxn. Meron namependit

B nanHoit paboTe W% HCCNEAOBaHHA PaIHYHBIX ABJIEHHHA BOJTHOBOH ONTH-
KH HCOOAB3yeTcd Nrasep. HamyucHHE Nlazepa OTIHYACTCA PALOM 3aMedaTe/lbHbIX
0COOEHHOCTEH, B TOM YHCHE CTPOroi MOHOXPOMATHYHOCTHIO, BHICOKOH cTene-
HBIO TO/IAPHU3ALMH H MAIOH pacXOAMMOCTBIO IyduKa, Osaronaps quy AOCTHTa~
eTcq Oonblnas KOHLEHTPAUMs JHESPrHH B JIyH4e.

VcTaHoBKa WIS MCCAEOBAHUS ABICHHH BOJTHOBOH ONITHKH COCTOHMT H3 Cle-
JIYIOHMX OCHOBHBIX YacTeil: 1) HCTOUHMKA H3Ty4E€HUS — Ja3epa; 2) ONTHYECKOro
YCTpOHCTBA A MCCIENOBAHMSA CBETA, MOMEIEHHOrO Ha IyTH JIA3epHOro Ny4a,
3) npubopa UIA PErHCTPALHMH IPOLIEIINEro HIITyYSHHA.

Pabota cocToMT U3 ABYX 4acTel,

B nepso#f wactH paborhl Ha

MyTH Jy4Ya jla3epa yCTaHaBlIHMBACTCA Iﬁ—z

Ju¢pakiHOHHAS pemeTka (puc. 2). < — v )
Ha »>xpane 6yner Habmonatscs 2 ) / 1 /0 7 1/i2

IMdpaKkiHOHHAX  KapTHHA. LEH- @ ))/

TpaibHAs ApKad MOJOCKA (MAKCH- ap

MYM HyJIEBOrO MOpPAMKA) B TOM MeC- Nys

T€, Ky/ia TIPHXOAST HEOTKIOHEHHBIC ypyqare L

MY4YH, H PacrojiOXeHHLIC CHMMET-
PHYHO OTHOCHTENHLHO NEHTpPa IBa
MakKCUMyMa HNEpBOro MopflKa, ABa M B

MAKCHMYMa  BTOpOro  NOpSAKA, Puc. 2
TpeTrero W T. A. M3aMepHB paccros- ’

Hue L ot mudpaxumonHoii pemetky (JP) no 3kpana (3J) H paccTOAHME y MEKIY
JIeBHIM H MPaBhLIM MAKCAMYMaMH OJHMHAKOBOIO NOPS/IKE, MOXHO BBEMHCIHTH
yron Angpaxiug

Y
¢ = arctg 3L (7)
[oncraeus nomydeHHoe 3HaueHHe @ B GOPMYJTY IUIs ITTABHBIX MakcHMYMoB (1),
BBIYHCIISIOT UTMHY BOJIHBI CBETA A

Bo BTOpoii qacT paboTel H3yuaeTcs 3akoH Mamoca.

JUis 3TOro Ha IyTH Jiy4a jiazepa BMECTO PEIICTKM NOMEIIAECTCA AaHATH3ATOP,
BBINO/IHEHHBI K3 TONApOMAHOH MneHkH (nosmspown). [IpueMHHKOM CBeTa B
3TOM IKCTICPHMEHTE ABJIAETCS KpeMHHEBEIA GoToanemMenT (O Ha pHe. 2). Ytobm
peNOTBPaTUTH TONajaHue Ha (OTOINIEMEHT NOCTOPOHHErO HIMYYeHHd, OH
CMOHTHMPOBaH B CBETOHEIIPOHUIIACMOM KOXYXE, HMEIOLIEM BXOJROE OKHO [lua-
METPOM B HECKO/ILKO MHSUIAMETpoB. POTOTOK, BOSHUKAKOUMI B QOTOITEMEHTE
MOj JCHCTBHEM CBETd, M3MEpAeTcs YYBCTBHUTEIbHBIM raisaHomerpom. Ilo-
CKOMTbKY B ONIBITE HY)XKHBI He a0COJDOTHBIC 3HAY€HHA UHTEHCHBHOCTH CBETA, & HX
OTHOCHTE/ILHBIC BEHUMHBI, BMECTO HHTEHCHBHOCTH CBETA U3MEPACTCH BENHUH-
Ha, il NPONOPLUMOHATBHAA, — CHIA TOKa J. Bpaimas aHanu3aTop BOKpYT Jiy4a Jia-
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3cpa, OMpeAeNAIOT TOKH, COOTBETCTBYIOIIHE MHMHHMANBHON M MAaKCHManbLHOIM
HHTCHCHBHOCTH NPOIIE/INIET0 CBeTa H N0 (GopMyne (6) pacCUMTLIBAIOT CTENCHD
NOJIAPH3AUHH JIA3CPHOro HATyUeHH .

Jba nposepku 3akoHa Mamoca (5) HyxHo 3KCIMIEPHMEHTAIBHO ONPEACITHTE
OTHOCHTE/IBHBIC MHTEHCHBHOCTH CBETa, MpOMICALICIO Yepe3 aHAITH3ATOpP, NHpPH

PaHYHBIX YIJIaX ¢ MEXAY BEKTOPOM £ B JIyue, BHIXOASLIEM W3 Jlazepa, u
TJIaBHOH ILUTOCKOCTBIO aHanu3aropa. JUis 3Toro H3MEpAIOT TOK B UMM ¢dotosne-
MCHT2 UPH PAINMHYHBIX MOJI0KEHHAX aHANH3aTOpa, PUKCUPYEMbIX N0 MIKANTe no-

BOPOTHOTO YCTPOHCTBA.

Hopaxox BemonmueHns paGoTsl

Yacrtel

1. 3anuiukre napamerpbl AupakiKoHHON pemerky: nepuon d ANy /.
OHH yKazaHbl Ha paGodeM MecTe.

2. BxmounTe nasep. [N 3TOro JOCTATOUHO NOCTABHTE Tymbisiep Ha Gnoke
muranna (bIT na puc. 2) 8 nonoxerue «BKJL».

3. MaMepeTe MIMPHHY J1a3¢pHOTO MATHA Ha SKpaHe lpaﬁ.

4. IocrassTe HA MYTH NIa3epHOrO JTy4a JHGPAKIMOHHYIO peuetky. Ha sk-
Pane nomkHa Habmonarscs audpakmmonHas kapTiHa, PaGoyas moBepXHOCTH
PCIICTKH H IUIOCKOCTh JKPaHA JO/LKHBEI ObITH BBICTABICHBI TaK, 4TOOHI Jyd,
HIYUMHA OT nasepa, najan Ha HUX [0 HOPMAIH.

5. Mi3MepbTe pacCTOAHHE y; MEXIY JIEBLIM M MPABHIM MAKCHMYMAMH Tep-
BOrO NOPANKA, y; ~ MEXKIY MAKCHMYMaMM BTOPOTO MOPAAKA H y; — MEXAY MaK-
CHMYMaMH TPETBETO NOPAIKA.

H3MeprTe paccTosHue L OT pelleTKH 0 IKpaHa.

6. TloeTopuTe H3MepeHns m. 5 eme NpH JABYX 3HaueHusx L. Pesynsrarsl
3THX NIPAMEIX H3MEPCHHIH 3aHecHTe B Tabn. 1.

Tabnuma 1

Ne . . .
v L |y sy A | y Isingy A | y3 [singy A Aep

1
2
3

Yacte2

1. Yopas mupaxunonmyro pemerky, nepeBepHHTE KpaH, MOACTABHE MO
JIyd J1asepa BXOJHOE OkHO ¢oToaneMenTa. [loaxmoynre HOTOINEMEHT K ratbBa-
HOMETDY.

2. Perynupys no BEICOTE nonoxenue POTOINEMEHTA U IIPH HEOOXOIMMOCTH
OCTOpOXKHO CM€mas iasep BIpaBo MM BJeBo, HobelfTech onrTuMansHOro nona-
AaHU CBETOBOTO Jiy4ya B OKHO (orosneMenTa. [IpH 3TOM ralbBAHOMETD O/DKEH

20



TIOKA3BIBATh TOK, OJIH3KHI K MAKCHMANBHOMY 19 JAKHOTO raJibBaHOMETpa.

3. IlocraseTe Ha ITYTH JIA3EPHOTO JIyda NONSPOMI C TIOBOPOTHBIM YCTpOii-
CTBOM. B aHHOM onerre oH Gyner urparts poss aHanuM3aTopa. Bpamana aHanusa-
TOp BOKpYT JIy4a J1a3epa, ONPEACIIHTE MaKCHMAIBLHOE Jin,y H MHHHMATBHOE Jipin
3Ha4seBHd QotoToka. Uamepenna cnenaifre 3 pasa M pe3ylbTaThl 3aMIUMTE B
Tabn. 2.

Tabnuna 2

4. 3apukcupyiite mo mkane Ne
MOBOPOTHOTO YCTPOWHCTBA TAKOE IIO- | H3MEPEHHA

P

Jmax Jmin

TIOXKEHWE AHANTH3ATOPA, NPH KOTO- 1
POM HHTECHCHBHOCTH NPOLIECALIETO ::'
cBeTa MakcuMasibHa. [Ipu 3ToM yron

Cpennee

© MCKIy BeKTOpoM E B mapaso-

HIEM Ha aHAHM3aTOp JIyYe M ITIABHOMH IUIOCKOCTEIO aHATTH3ATOPa PAaBEeH HYJTIO.
IloBopaumeas ananmmzarop, H3mMeHsiiTe yron ¢ ot 0° o 180° Yyepes KaKIpIe

10°. Iins xaxporo yraa ¢ usmepsre $poToTok J . Pe3ympTatsi H3MEpEHHU 3anu-

wHre B Tabm. 3.

Tabnmua 3
() 0° 10° 20° 90° 180°
J
)
Jmax / 3KCIE
cos? ©

O0paborka pe3yaLTATOB H3MEPEHHI

1. IMo naHubM Tabn. 1 BHIYHCIHMTE A Kaxaoro mopaaka & = 1, 2, 3 (npu

KaXJIOM 3HaueHHH L) IVIMHy BOJIHBI CBETA Jia3epa U HaliHTe CpeHee 3HAYCHHE
T MHAy+A5 4.+ Ay '
. 9

2. PaccuuTaiite aGCOIIOTHYIO H OTHOCHTENHHYIO IOTPEIIHOCTH JUTHHBI BOJI-
HBI A. v
3. Onpenenure yrnosyio muctiepcuio D pemerxy 1o dopmyne (3) i nep-
BOTO H BTOPOI'O NOPAZKA. '

4. Haiianre paspemiatoltyio cniocoGHOCTh PEIIETKN JUIa IEPBOTO H BTOPOro
nopazaka (k= 1 u k = 2). Ee MakcCUMansHo JOCTHKHMOE 3HAYEHHE Ry, ¥ 3HAUE-

HHE, pEanH30BARHHOE B JAHHOM 3KCHEPHMEHTE Rya6, B COOTBETCTBMH C GopMyJIoit
(4) MOXHO BEIYHC/IMTE CITEAYIOLIHM 06pazoM:
! [paﬁ
Rma_,(:kN:kE, Rpaﬁ =kNpa5 =k—d-,
rae / — noisas JMHA peleTKd (Ha Heif yKianeiparoTes N meneit); Ipa6 — H1HHA
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OCBCIIIEHHOM 9aCTH PEIUCTKH (Ha Hell YKIaaplBaloOTCA Npas Wienei).
5. Ilo nmaHHbIM Tabn. 2 BLMMCIMTE CTENEHb NMONAPH3ALMH P nazepHOro
Iyqa.
6. I'o naxHeM Tab1. 3 MocTpoiiTe Ha OHOM rpadMKe JBE KPUBEIC:
J 1
file)= (T—) u fr(9)= (}—J =cos® g.
max /sxen max /reop

I'paduku nocTpoiiTe B IEKapTOBLIX H B NONAPHBIX KOOPAMHATAX.

KoHTpoasHBIe BONPOCH

L. Onumsre cTpYKTYpy IMGPaKUMOHHOM KAPTHHEI APH HOPMAIIGHOM Haje-
HHH CBETA Ha JHPPAKIHOHHYIO PELICTKY.

2. Jlafite ompenencHMe YITIOBOM JMCHEPCHH CIEKTPANBHOTO npubopa.
YKaKHTE ee 3aBHCHMOCTH OT NEPHOAA JH(PAKUMOHHON PEIETKH M OT YIia M-
$paxumm.

3. Jaitre onpenenenue paspemaromeii cnocoGHOCTH CIIEKTPANBHOTO TIPH-
Gopa. YkaxHTe €e 3aBHCHMOCTE OT MOJHOTO HHCJA mIeNel B Ju(pakiMoHHOH
pemerxe.

4. OOBACHUTE OTNIHUHE JIMHEHHO-TIONIPHIOBAHHOIO CBETA OT ECTECTBEH-
HOro

5. Chopmynupyiite 3akoH Mamoca.

PaGorta 7.4

ONIPEXEJIEHUE KOHIEHTPAIIMM BOJHOTO PACTBOPA CAXAPA
C IOMOHIbIO HOJIAPHMETPA

Iean paboTer

HSylleHHe ABJICHHA MOJIAPH3ALMH CBETA H NPOXOXKISHHA CBETA 1E€pe3 ONTH-
YCCKH aKTHBHBIC BCILIECTBA.

BBenenne

Bo/BWMHCTBO MCTOUHKKOB cBeTa (COMTHIE, IaMITbI HAKATHBAHUA M 1I.) HC-
MyCKAIOT eCTECTBEHHBIN CBET. ECTeCTBEHHEIN (HENOMAPH30BAHHLIN) CBET — ITO
ONTHYECKOE HITYHEHHE C OBICTPO M DeCIOPANOYHO M3MEHAIOLUMMHCS HATIPaBJIe-
HHAMH KOJeOaHWH HampmKEeHHOCTeH IEKTPOMarHHTHOrO Moi. B TakoM ceere
BCE HANpaBneHus KoneGaHuii BekTopa £, NEpIeHAUKYJIAPHBIC JTydy, PaBHOBe-
POATHBIL

EctecTBeHHBIH CBeT MOXHO mpeobpasoBarh B JMHHEHHO-NIONAPH3OBAHHBIN
(IIOCKOMIONAPH30BAHHEI), T. €. B TaKOI CBET, B KOTOPOM CBETOBOH BEKTOp B
npoLecce konebaHuil Bce BpeMs ITapaniesieH OSHOMY H TOMY K€ HAlpPaBICHHIO.
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TL10CKOCTH, MPOXO/MINAs Yepe3 HANpaBICHHE KoneGaHH CBETOBOIO BEKTOpA H
CBETOBO#H JTyY, Ha3pIBAETCH TVIOCKOCTHIO NOMAPHIALHH.

IMpubop s nonydeHHs MNOCKONOAPHIOBAHHOIO CBETA M3 ECTECTBEHHOTO
Ha3bIBaeTCs noApH3aTopoM. [InockocTs mongpusaimy CBeTa, BHIXQMALNIENO H3
NOJIAPH3ATOPA, Ha3bIBACTCA IIaBHOM ILTOCKOCTHI0 NONAPH3ATOpa.

Haubonee pacnpoCTpaHEHBl IONAPU3ATOPHl ABYX THITOB: TIPH3MEHHBIH
(npu3sMa Hukons) ¥ rneHouHsli (nossipoun). B ocHoBe UX nediCTBHA JieKar Ta-
KHe ABJIICHUA, KaK JBOHHOE JIyYeNnpeNOMICHUE, NONHOE BHYTPEHHEE OTPAKEHHE
u quxpousm [1].

PaccMOTpuM BOTIpOC 00 M3MEHECHHHM MHTCHCHBHOCTH €CTECTBEHHOIO CBETa
NPH €0 MOCEA0BATENBHOM IPOXOXKAECHHH Yepe3 ABA NOJIAPH3ATOpa.

ITocne npoxoKaeHns 4epe3 NEPBhIid MOIIPH3aTOp CBET CTAHOBHUTCA ILIOC-

1,
KOTIOJIAPH30OBAHHBIM, a €r0 HHTEHCHBHOCTE [; = ?", rne [y — HIHTEeHCHBHOCTS Na-

haiomero (ecTeCTBEHHOIO) CBeTa. BTOpoil monsipusaTrop, Ha KOTOpBIi mazaer
YK€ TOJIPH3OBAHHAIH CBET, Ha3LIBAIOT aHANM3aTOPOM. Ya

HHrTeHcHBHOCTE [, CBeTa, BRIXONAILETO M3 aHANM3ATOPA, =
onpejensiercs 3akoHoM Mamoca: I, = I; cos®> @, tie ¢ — E\FD\,
’
YyroJi MexXIy IJIABHBIMH IUIOCKOCTAMH NOASpH3aTopa H I I" '
a"anuzatopa. [Ipn ¢ =0 ananM3aTop NONHOCTHEIO HPOMYC- 4
KaeT najarolidid Ha Hero cBeT ([, = 1)), a npn ¢=90° '

CBET MOJIHOCTHIO 3aaepxusaerca ([, =0). JiBa nongpuza-  /
TOpa, INaBHBIE IUIOCKOCTH KOTOPBIX B3ayMHO MEpreHAM- 7 Puc. 1
KyASPHBI, Ha3bIBAKOTCA CKPEIICHHBIMH.

B npupone cymecTByeT MHOTO BEBIECTR, TBEPAbIX H KHAKHX, 00J1a1ar0Iux
CBOHCTBOM BPAIIATE IUIOCKOCTD HOJIAPH3aIMH MPOXOMAILET0 Yepe3 HUX JIHHERHO
NOJIAPH30BAaHHOIO CBETA. TaKUE BEIIECTBA HA3BIBAKTCH ONMUYECKY QKMUGHBIMU.

SIRneHHe BpalICHMA TUIOCKOCTH INMOJIAPH3ALMH CBETA 3aKIIOYaeTcsd B Clle-
JywmieM. Jiyd nonapu3oBaHHOIO CBeTa, MajaloWMA NEepHeHIHKYIApHO Ha MMo-
BEPXHOCTH ONTHYECKA aKTHBHOIO M3OTPOIHOIO TENd, BRIXOAUT H3 HErO, HE Me-
Hsif HANpPABJICHHA, OAHAKO IUTOCKOCTE KONeCaHWii CBETOBOIO BEKTOpA OKA3bIBaA-
€TCsl MOBEPHYTOM BOKPYT Jiy4a OTHOCHTE/IBHO HCXOJHOIO HANPAaBMeHUs Ha HEKO-
TOpBI yron o (pHc. 1).

Bpaulexnne IUI0OCKOCTH NONAPU3ALMH MOXXHO OOBACHMTH, NPEACTABUB JIU-
HEeHHO MOJMPH3OBAHHYIO CBETORYIO BOJIHY KaK CYMMY IBYX LHPKYJAPHO IOJA-
PH30BAHHBIX BOJIH, PACIPOCTPAHAIOMMXCS B OJHOM HanpaBlcHWHW, B KOTOPBIX
BekTOphl &, # E, ¢ OJHHAKOBEIMH MOYIsMH (IEII = |EZI) BPAIAIOTCA ¢ OIHHA-
KOBO#i yIJIOBOI CKOPOCTBIO B FIPOTHBOIOJIOKHBIX HanpasjieHHsX (puc. 2).

Ecnu TakHe UMPKYJAPHO MNOJAPH3OBAHHBIC BOJHLI PACHPOCTPAHAIOTCA C
OMHAKOBEIMH CKOPOCTAMM, TO B KOKAOH TOYKE BEIECTBA MONYHACTCA PE3yiib-

THpYyIowee KosebaHHe, HMEOWEe BCIONAY OTHO M TO K¢ HANMPABICHHE (BEPTH-
KanbHOE Ha pHC. 2).
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[IpencrasuM Temepb, 4TO 3ITH ABE LHPKYIAPHO IOJIAPH30BAHHBIE BOJIHEI
PacmpoCTpaHAIOTCA B ONTHYECKY AKTHBHOM BelecTse. BekTop aMIuIMTyael Ko-

JiebaHnii B majgaromefi Ha KPHCTAUI IUTOCKONOJIAPH30BAHHON BOJIHE £ pazio-
’KHM Ha JIBa BeKTOpa: E; u £,, H3 KOTOPEIX MEPBHIH BpalllacTCA HATIPABO, 2 BTO-
poii HasieBo.

—

E
EQ' \\El
N
'd \
’ N
’ \ -
]
)] H I o
t ]
\ ’
" L’

E

. Puc. 2
CkopocTH pacnpoCTpaHeHHs IPaBO-~ H JIEBO- HHPKYNAPHO MOJAPH3OBAHHEIX
BOJTH B ONTHYECKH aKTHBHOM KDHCTaJUIE pa3Hbie. [103TOMy NOCHe TOro KaK CBeT

=~ i
APOIAET TOMMHY KpHcTanna /, BonHa £ u3meHHT dasy Ha a, = 27rx— , @ BOJI-
1

Ha E‘z — Ha O, =2n%, rae A\H A,— AJHHBI BOJH B KPHCTALIE, COOTBETCT-

2 ,

By1oiHe 000MM BHIaM KoseOaHMi (AIMHON BOJMHEI TAKOIO CBETA HA3HIBAETCHA

Kpardailuee pacCTOSHME MEXIYy JBYMS TOYKAMH yda, B KOTOPBIX CBETOBOIA

BEKTOp B KKALIH MOMEHT BPEMEHH HANPABIICH
OJTHHAKOBO).

ITpeanonoxuM, 4TO TOJIIMHA TUIACTHHKH Ta-

KOBa, 4TO yron o, kpareH 2a. Torna pextop E|
33HMET CBOE NpPEKHEE MOJOKEHHE, 2 BEKTOD E& ,
JUI KOTOpOIO O # 0y, 3aliMET HEKOTOpOE HOBOE

TIOJIOKEHHE, MOBEPHYTOE OTHOCHTENBHO CTaporo
Ha YToJ

1 1
Aa=a, -0, =28l ———|.
b [7‘-1 Ay J
PesynsTHpylomuii BeKTop 3aiiMeT Takoke HOBOE NOJIoKeHne ', MOBEPHYTOE OT-
HOCHTENLHO K Ha yron
a=t g 114 | (1)

Beenem nokasatesi NPEaOMICHUA 1y M My VA BOJIH, PABO- M JICBO- IHp-
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' Ao Ao
KyNSpHO NONAPH3IOBAHHBIX BOJIH, TOFAAa Ay === W Ay =—2, rae Ay — MuHa
iy "
BOJIHBEL PaCCMATPHBACMOTO CBETA B IyCTOTE. [IOACTABIAS 3TH 3HAYCHHA A H A,
B (1), HaiineM
/
' o=n—I(m—n,).
Ao
Takum 06pazom, yron OBOPOTa IVIOCKOCTH NMONAPH3ALMH O ONPEASIIETCA

PasHOCTRLIO NOKa3aresiedl MPeNIOMIIEHAA 1y K 1, JUIA IPaBO-~ M JIEBO- LMPKY/IAPHO
NOJIAPH3OBAHHBIX BOJIH,

Onucanne naGopaTopHOM ycTaHOBKH. MeTox H3MepeHHit

OmuuM #3 ONTHYECKH akTHBHEIX BemecT (OAB) senserca BomHbIi pac-
TROp caxapa (C\,H,,0; ). Jlna onpeaenenms KOHUEHTPALHK KCIIONL3YETCH AB-

JIEHHE BPALICHHA IUIOCKOCTH MOMApH3aIMH. Eciu nyd mOAApPH3OBaHHOro CBeTa
NpoHAeT Yepe3 COCYA ¢ BOMHBIM PACTBOPOM Caxapa, TO IJIOCKOCTD MOJAPH3AIHH
TTOBEPHETCA BOKPYT JIy4a Ha yToa L.

B ommoponHoM pacTsope yroin o IOBOpOTa BekTopa E yIOBIETBOpsET
clleayomemMy COOTRONICHHIO:

a=kel, (2)
T ¢ ~ KOHUEHTpalUa pacTsopa; / — IjIHHa IyTH JIy4a B pacTBOpe; k — koapdpu-
L{HEHT NPONOPIHOHATEHOCTH.

3anageit HacTosMEH paGoThI AB/AETCA ONpeNe/ieHHe KOHICHTPALMH BOIHO-
IO pacTBOpa caxapa.

Pabora semonnseTcs Ha npHOope, HazbIBACMOM KPYTOBBIM MIOAAPHMETPOM.
CxeMa nonspHMerpa npeAcrasicHa Ha puc. 4. Jlydn cBera oT HCTOYHMKA S, yc-
TAHOBJICHHOTO B riaBHOM (okyce nmH3BI JI, MPOXOAST Yepez XKENTHIl cBETO-
¢wneTp O M nonanaoT B mosApu3aTop I1.

: o A [_0AB K g oO )
RN vk
Puc. 4

Ipo¥na yepes nonspuzarop I1, cBeT Oka3pBaeTcHd MOJAPUIOBAHHLIM B HE-
KOTOpO# IUTOCKOCTH. 32 NMOMAPH3ATOPOM YCTaHOBJIEHA KBapresas rnacTHHa K,
KOTOpas 3aHHMAeT NOJOBHHY TIONA 3peHUA. B pe3yjsTare 3TOro ogHa NoJXOBHHA
CBETOBOIO NMOTOKA NPOXOAMT Y€pe3 KBapLEBYIo MIacTuHKy K u aHanusarop A, a
Jpyrafd NOJIOBHHA — TONBKO Yepe3 aHANH3aTop A. KBapl sBIsSeTCE ONTHYECKH
AKTMBHBIM BEIIECTBOM, MOITOMY IUIOCKOCTH INONAPH3ALMH NIEBRIX H IIPABBIX
MY4YKOB CBETOBBIX JIy4yel OKa3blBalOTCA paziMyHbIMU. COOTBETCTBYIOL{HE BEKTO-
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pa Enpan u E,, 06pasylT pasHEe yrisl Prpas * Qres © [V1ABHOH («@pomyc-
Kaome») TUIOCKOCThI0 aHanusaropa A. [lpu 3ToM cornacHo 3akoHy Ma-
MOCA HHTEHCHBHOCTH CBETa, Jolledmiero A0 Habmwonarens, OKaXercs pas-

HOH Ipas # Ines. [loNe 3penus, HaGmonaemoe B okysap O, pasjensieTcs senes-
CTBHE 3TOr0 Ha JB€ CMeXHbIe JacTH (pHC. 5, a, B). [ToBopausBas aHaHU3aToOp BO-
Kpyr onTHYecKo# OCH U HabmoAas npu 3TOM H3MEHEHHe KOHTpacra B IoJe 3pe-
HHS, MOXHO C 6OJIbIUOH TOYHOCTBIO BBICTABHTL aHANHM3ATOP B TAK HA3HIBAEMOC
«HYJIEBOE TIOJIOXKEHMEN, NIPH KOTOPOM MHTCHCHBHOCTH 0Demx wacTed moyA 3pe-

HHA OIKHAKOBB! Iipag = Ineg (pHC. 5, 6). Jlerko NOHATH, ITO 3TO MPOHCXOAMUT TO-
rIa, KOrJa IJIaBHas IUIOCKOCTh aHAIM3aropa YCTaHOBJICHA CTPOro MOCEPETHHE

MEXIY BEKTOpaMH  Eppp H Enes.

Ilpumeuanue. MOXHO B YNpOIUIEHHOM INOnspHMeTpe (€3 KBapLeBOH IUia-
CTHHEI HAGNIOAATE PABHOMEPHO OCBEHICHHOE MOJIE 3pEHHA. 3aTeM MyTeM MOBO-
pOTa aHATHM3aTOpa MCKAaTh B KAYECTBE HYJICBOTO MOJ0KEHHMA TAKOE COCTOSHHE,
KOT/Ia BCE MOJE 3PEHMA OKAKETCS MAKCHMANIBHO 33TEMHEHHBIM. SICHO, YTO 3TO
CIyYHTCS NPH yrie 90° Mexxay INIaBHBIMH TUIOCKOCTAMH [0JIPH3aTOPa H aHAIH-
3aTopa (HBa MOAAPH3ATOPa HAXOAATCA B CKPEIEHHOM COCTOAHMH). Ho cybbex-
THBHAA OIMMOKA TIPH 3TOM COCTABIAET NPHOMM3UTENBHO +5°, JUNa NoBbIIEHHA
TOYHOCTH OO 3HaueHWH +0,05° coznaHsl MONyTEHEBBIE MOJAPHMETPBI, TAKHE KaK
HCNOJE3yeMBlii B Haweil pabore nomapumerp CM-3. B HUX HCNIONB3yeTCd CBOH-
CTBO YEJIOBCUECKOrO I/1a3a ¢ BHICOKOH TOYHOCTBHI) CPaBHHBATh HHTEHCHBHOCTH
IIBYX OJJHOBPEMEHHO HabyoaeMbIx 11OJIEH.

M HaxoOHEILl, ITaBHOE: Kak
M3MEPAIOT YTON ¢, Ha KOTOPBIA
noBepHyncs Bextop E B pe-
3yJIbTaTeé TNPOXOXKIEHHMA CBETa
ckso3p OAB? Cuauana mnoas-

a) 6) B) pUMETP BBICTaBJAIOT B HYJICBOE

Puc. 5 : TI0IOXKEHHE B OTCYTCTBHE TPYO-

ku ¢ OAB, 3aTeM mnDOMEMAIOT

MEXAIY [HOJIAPH3ATOPOM H aHamm3aropoM Tpybky ¢ OAB u, moBopavHBas aHaIH-

3aTOp, BOCCTAHABAMBAIOT HAPYIMICHHOE PABEHCTBO HHTEHCHBHOCTEH B MONE 3pe-

HHSA OKYJIApa, T. €. HAXOAAT HOBOE HYJIEBOE TIONOMKEHHE. YO/, HA KOTOPHIH NpH
FTOM IPHUIIIOCE OBEPHYTH AHAIW3ATOP, ¥ €CTh KCKOMBIA yIOJ o .

Mopagox BHINOJHEHHS PAGOTHI

1. Brmo4sTh HCTOMHHUK cBeTa. [1o/10Knate 5 MUHYT, 9TOOH! JaMna Mporpe-
nace. Yepes oxymap momspaMerpa pasriimets QoromerpHueckoe nose. Ilipu
YIOM OKYJIAP CJICAYET YCTAHOBHTH BpallaTe/ibHBIM ABIDKEHHEM TaK, YTOOBI BH-
JETh pe3koe H300pKEeHHE pasAciaoLieH THHUY ABOHHOrO NOMNA 3peHHA.

2. MnaBHBIM BpalleHHEM AHATH3ATOPa JOOMTLCS PABHOMEPHOTO 3aTeMHE-
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HHA BCEro nojim 3peHms. Caenars OTCHYET &y AeNEHHH OCHOBHOW IIKATH! ¥ HO-
HHyca depe3 syrty Ne 1 (cneBa ot okyiapa). Mi3MepeHHs NpPOBECTH HE MEHeEe
TpeX pas.

3. IMomecTuTe B KaMepy npubopa TpyOKy ¢ pacTBOpOM caxapa H3BECTHOH
KoHUeHTpauus C; M BOCCTAHOBHMTH PE3KOCT: H300paXKeHHd, Bpamas Kopryc
okyiuipa. [ToBoporoM aHanuzaropa JOGHTECA PABHOMEPHOTO 3aTEMHEHHS IBOM-
HOTO ToJiA 3peHus. CHSATh NOKazaHus o no OCHOBHOH MIKane M HOHHYycy. Ilpo-
IIeNaTh OIBIT HE MEHEE Tpex pas. PaccuuTars cpeHee 3HaueHue o .

4. BEIpasHTE Yroj NOBOPOTa TUIOCKOCTH MOJSPH3ALHAHN CBETa KaK PasHOCTh
OTCUETOB O H O

oy =o' —ag.

5. TlosTopHTh H3MepeHHsA ¢ apyroit TpyOkoif, conepxainesi pacTsop HeH3-
BeCTHO# KOHLCHTpauH Cs.

6. BEMHCIMTL Yroil MOBOPOTA IUIOCKOCTH MOJAPH3AUMH O) =0 —Qy B
310} TpybKEe M ONpEeAc/MTs HEU3BECTHYIO KOHIEHTpammio o ¢gopmyne (3), ko-
Topas nomydaerca u3 GopMyJisl (2):

G =Gt 22, 3)

3mece ¢; — MmHA TPYOKH C pacTBOPOM H3BECTHOH KOHUEHTpauwHH C ;

£, — AnMHa TPYOKH ¢ PacTBOPOM HEH3BECTHOMH KOHuUeHTpauu C, .

JlasHbIe H3MepeHnii B BRIMHUCIIEHHH 3amHcaTh B Tab. 1.

7. PaccyuTars aOCOMOTHYIO H OTHOCHTEJIBHYIO NOTPEUIHOCTH B OIpeneiie-
HHAY KOHHEHTPALMH pacTBOpA.

Tafmuna 1
Tpybka ¢ pacTBOpOM TpyOka ¢ pacTBopoM
bes TpyOkr H3BCCTHOM HEH3BECTHOM KOHUCHTPALHN
KOHHCHTPALTHH
a o, rpa'l1 ﬂ.', I'pa.I[ a, Cls a”’ I‘pazl @ 2, Cz,
» rpaa; % _|rpan} %
1 2 3 cp | 1 2 3 |cp 112]3]|ep

KoHTpOJIbHEIE BOIIPOCHI

1. Yo xosebierca B CBETOBOM BONHE?

2. [pomoneHod WAM MONEPEYHOH ABJIAETCA: a) CBETOBasd BOJHA;
6) panuosonna?

3. Uem OTIHYAETCS MUIOCKOMOAPH3OBAHHEIH CBET OT €CTECTBEHHOIO CBETa?

4. Kakofit yron (yron Mexmy 4eM H 9em) GHTypHpYeT B 3akoHe Mamoca?
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5. Korna nBa nonspH3aTopa Ha3eBaloT CKPeIIEHHBIMH?

6. Kakoe BeLIECTBO HAa3BIBAIOT ONMTHYECKH aKTHBHEIM BEIIECTBOM?

7. Uem nosspHMETp MOAyTEHeBOH (C KBapueBoil INIaCTHHKOM) mywule rio-
NAPMMETPA ¢ POBHO OCBEIICHHBIM M0JIEM 3peHus (6e3 KBapLieBO# NIACTHHKH)?

Pabora 7.5

H3YYEHHE ABJEHHA IMCIIEPCHH CBETA
ITPH NOMOIIH 'OHHOMETPA

Heas paGoTsl

HccnenopaHHe 3aBHCHMOCTH NOKa3zarens NpEeNoOMICHMA CTEKIIa OT JUTHHBI
BOJIHB! CBCTA H 3HAKOMCTRBO C pa60Toii TOHHOMCTPA.

BBenenue

Hucnepcreli cBeTa Ha3biBAcTCA 3aBHCHMOCTh IIOKA3ATENA MpENOMICHHA
BELIECTBa OT UIMHBI CBETOBOM BOJIHBL PacCMOTpHM IUIOCKYIO MOHOXpPOMATHYC-
CKYIO BOJIHY ¢ 4acToToH 0, WIMHOH BOJIHBI A, PaclpOCTPRHAIONLYIOCH BAONB
ocCH Z: E(z,t)=Eyjcos(wt—kz), rme « — UMKTHYIECKAs YacToTa,

T
k= T — BOTHOBOE YHCIIO.

®a30Bas CKOPOCTL L — ITO CKOPOCTh pPacnpoCTpaHeHHd MOBEPXHOCTH ITO-
CTOAHHOI# ¢a3sbi:

¢(z,t) =t — kz = const. 1)
DTy ckopocTh HaiineM, nponrddepeHIMpoBas (1) MO BPEMEHH £
V= -4-—2-— = 9)— . (2)
d k

Onnako jrobas peanbHas BoMHA (BOJHOBOH HMITYJIBC) HE ABASETCS MOHO-
XpPOMaTHUECKOMH, OHa NpeACTaBseT co00ii Cynepro3HIMIO BOJH, OIM3KMX ApYT
IPyry 1O IIMHE BOJHBI, T. €. IPYILNy BOJMH WIH BOJTHOBOMH nakeT. [Ipu 3TOM CKO-
POCTE PacRPOCTPaHEHMs TOYKH ¢ MaKCHMATbHOH aMIUIMTYZO#H B 3TOH rpynne
BOJTH Ha3bIBAETCA IPYNIOBOH CKOpPOCTRIO /.

B TeopuM [MCHEpCHH XOPOIUO W3BECTHA CBA3b MEXTY IPymnoBo# u ¢daso-
BOH CKOpOCTAMH:

U=v- l-@ . 3)
dA

H3 onpenenenna nokasareins nNpeloMIEHH Kak OTHOUIEHHA CKOPOCTH CBe-

c
Ta B BAKYYMe ¢ K CKOPOCTH CBETA B BEILECTBE 1= — CIEHYET:
. L
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Lo )
d D
INoncraramM aTo BEIpXEHHe B thopayny (3):
U= ul+j-'~-ﬂ]
dA

du dn
—a{), —=a{, Coegoserenseo, Uso, T.
BOITHE A a ~ 0 U =uv, 1. 2. dasosan H roymmonas

CEUDOCTH COBIIANAIOT, H BONHOBOH IHERET, PAcOpOCTpaHEsCch, HE MEANCT CROCH
GOpME.
b
Tlpa HAMMYHH AMCTICPCHH E#—‘U TPYTIOBAY CKOPOCTE MOEST OHTEH GOME-
mmmuenmqmmnoﬁnsmmmm%
€BOCM PACTIPOCTPAHCHHE PACILILIBACTTH,

Ha@opm(:}}n@)cnemrer,mm%}ﬂ,m <o H%-{ﬂ.

» H BOEQEDH MakeT npw

CheaoBaTENLRO, TOKAATCTE MPEOMICHES /f YMCHLIIACTCA ¢ YBEIHICHACM
JULHEE! BOJTREL JTY 3ABHCHMOCTS B OT A Ha3MBAIOT HopManmeHOH amcnepcredi
Hopupmsas [HCFEpCHA HaOMIOASCTCA IPH DPOXOKICHHN CRETA Uepes OO~
IpagHEe GecIBETHRIC Cpeas.

EC/H BeimecT»o NOrIoiiAeT CBET B Kakoii-mGo o0macTs coexTpa, To B 3T0H

dv

obnatTy 2 <0 (cnyqali anoMamsEol AUCTEpCHH).

B sactomme# paboTe IKCOSPHMEHTANLHO HCCHOAYRICE HOPMAILHAN ARG
IIEpCHN CRETA B CTEKENHHOH npmimMe. [14 kaknol cliexrpansaQif naHHN, HA-
Gmoneenoil Tepes 3TV NpRIMY, mepammﬁymmmmum'
HAA Jpp H BALISHCIACTCH TIORA3RTONE npenﬂun BN COUTBETCTBYEOINCH
JULHHES BOJTHEL

Brisoa paliozell opary.mx

PaccMOTPHEM XOH JTy9a MOHOXPOMATHUECKOr'O CESTA YEPEs NPHIMY, HAXO-
TELTYIOCE B BOSIYXE (Mg = 1). M3 pec. lnmu,mymmuﬂemmﬁ
mmwmwﬂﬂnpm

=(a;~B)+(ar-Pa)=u +as - B +p2), (6)
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