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JIABOPATOPHAA PABOTA Ne 1
W3MEPEHUE IMOKA3ATEJIEN ITPEJTOMJIEHUSA KUJIKOCTEN

Llenv pabomwvl — 03HAKOMHUTHCS C YCTPOMCTBOM M HMPUHIMIIOM Jeii-
cTBUs pedpakromerpa AOOE; ONpeAeTUTh C €ro MOMOIIbI0 MOKa3aTeln
nipesiomiierust pactBopoB riunepuna (C;03;Hg) B Boze.

Ipubopwr u npunaoaesxcHocmu. peppakromerp Ao66e, HaOOp Kamenb-
HUI, COJEpPXAIMX pPACTBOPHI TJHIEPUHA pA3IMYHON KOHIICHTPAIUH,
¢uIbTpOBabHAS OyMara.

Kpartkue cBeenust u3 teopuu

TTokazatenb MPEIOMIICHHS 71 BEIIECTBA — OJTHA M3 BAYKHEHIIIMX €ro OI-
THYECKUX xapakTepucTHK. OH MOKa3bIBACT, BO CKOJBKO pa3 (ha3oBasi CKO-
POCTH V PACIPOCTPAHEHHS DICKTPOMATHUTHOTO M3IyUYEHHUS B CPEJie MEHb-
1Ie, 4eM B Bakyyme (¢):

n=clv . (1.1)

ITokazaTenu mpenoMieHUs] OOJBITMHCTBA BEUIECTB B BUAMMOW 00JIa-
CTH cBeTa JIeXar B npeaenax 1 < n <2,5. 3HaueHus nokasaTeleil ImpeaoM-
JICHWsI HEKOTOPBIX BENIECTB, KOTOPBIE OOBIYHO OTHOCAT K JKENTOM JIMHUU B
crektpe Hatpus ( A=589,3 nm) npu 20°C:
JUCTUILTMpoBaHHas Boga n = 1,3330;
CIUPT STUIIOBEIN 1 = 1,3612;
riunepud n = 1,4730;
ONTHYECKHE CTEKNIA
ot 1,4874 (nérkuii KpoH),
70 2,1862 (cBepXTSDKENBIN (PIIUHT);
amMas n = 2,417.

®azoBasi CKOPOCTh — MOHATHE CKOPEE MaTeMaTHYECKOe, YeM (H3ude-
CKO€, TaK KaK OHA HE CONpSDKEHA C JABWKEHUEM KaKOro-mubo MaTepualb-
HOro 00BEKTa. JTO CKOPOCTh ABMXKCHUS JTIO00N TOUKH HUKOHUM 00pa3oM
He 1e(hOpMHUPOBAHHOM, UACAIFHON CHHYCOH/IBI, OTBEUAIOIIEH MOHOXpOMa-
TUYECKOU BoJIHE. ECTeCTBEHHO, UTO Ha HEE HE PACIPOCTPAHSIETCS OrPaHU-

x
K rpymnme KpoHOB OTHOCSTCS HATPHEBO-CHIIMKATHBIE CTEKIIA, a K Tpy1ne (QiInH-
TOB — CTEKJIA, COAEPIKAIIIE CBUHELI.
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YyeHue: 00s3aTeNIbHO OBITh MEHBIIIE CKOPOCTH CBETa BakyyMme. B neiicTu-
TEJIBHOCTH, OHa HE TOJBKO MOJXKET, HO 4acTo M ObIBaeT OoJbLIe, YeM

c=3-10° w/c. Tak, HampuMep, BO3MOXKHOCTh IPHEMA JATEKO PACIIONO-
JKEHHBIX PaJIMOCTaHIUM 00yCcIOBIEHAa UMEHHO TEM, 4TO (pa30Basi CKOPOCThb
panuoBoNH B MOHOc(epe 3emian Oojblie ¢, a MOKa3aTeldb MPEIOMICHUS
MEHBIIC ¢ANHUIEL. braronapss IMEHHO 3TOMY CBOICTBY MOHOC(EPHI, CHT-
HAaJI pacTIpOCTPaHSETCS He MPSIMOIMHEIHO, a OTHOAeT 3eMITIO0.

Kpome }azoBoit ckopocTu, CymiecTByeT MOHATHE IPYNNOBOI CKOpO-
cta U . [lockoNbKy WIcaTbHO MOHOXPOMATHUECKIX BOJNH B IPHPOJIC HET,
mro0ast peaybHas BOJHA IPEACTaBIsIeT co00i HaOOp BOJH C OJMM3KHMH Ya-
CTOTaMM — I'pyIITy BOJIH, KaXJas U3 KOTOPBIX B CPEIC, OTJIMYHOH OT BaKy-
yMa, JIBHXKETCS CO CBOeil (a3oBOH CKOpPOCTHIO. 3aBUCUMOCThH (ha3oBOU
CKOpOCTH (IOKa3aTelsl MPETOMIICHUS) OT YacTOTH (JTMHBI BOJIHBI) Ha3bI-
BaeTCs TUCHEPCHENt.

Touky, B KOTOpOW BCIEIACTBHE CIOXKEHHUS (MHTep(EpEHIUH) BCEX
BOJITH B ITOH TPYHIIe BOSHUKACT MAKCUMYM aMIUIUTYABI PEe3ybTHPYOICH
BOJIHBI, HAa3bIBAIOT yeHmpom epynnvl 601H. CKOPOCTb MEepPEMEILEHUs 3TOr0
IICHTPA U €CTh 2PYNN06asl CKOpocms. I pymIioBas CKOPOCTh — 3TO CKOPOCTh
MepEeMEIICHUST B IPOCTPAaHCTBE SHEPTHH M HMH(OpMANWH, NEPECHOCHMON
BOJIHOI, 3Ta CKOPOCTb HUKOTJ]a HE MOKET IPEBBICUTh C.

Kpome mucnepcun, cpena, B KOTOPOH pacmpocTpaHsieTcsi CBET, o0ia-
JacT B TOW WJIM MHOM CTENEHH IOTJIOMICHHUEM, T.C. HHTCHCUBHOCTH CBETA
0 Mepe MPOXOKICHUS TONIIH BEMIECTBA MANacT. B TakWX yCIIOBHSX ITOKa-
3aTCJib MPEJIOMJICHHUA CTAHOBUTCA KOMIUICKCHBIM YHCIIOM, MHUMAas 4acCTb
KOTOPOTO OTBEYAET 3a MOrJomeHne. TakuMm oOpa3oM, B OOIIEM ciydae
MOKAa3aTelb MPEIOMIICHAS MIPEACTABIIET CO00H KOMIUIEKCHOE YHCIIO, Iei-
CTBUTENIbHAsI YacTh KOTOPOrO MOXET OBbITh Kak OOJbllIe, TaK U MEHBIIE
CIMHUIIBL.

Tak Kak CBET — 3TO ANEKTPOMArHUTHASI BOJHA, TO MOKAa3aTeNb IIpe-
JIOMJICHUSI IOJKEH OBITh CBSI3aH C AJICKTPUUYECKUMU U MATHUTHBIMU CBOIi-
CTBaMH BECILECTBA, 3a KOTOPHIC OTBEYAIOT AUAIICKTPUUCCKAsl € M MAarHUT-
Has [L IPOHHUI[AEMOCTH. DTa 3aBUCUMOCTh UMEET BUA N = /€. DopMaiib-
HO KOpEHb MOXKET MMETh 00a 3HaKa: U ILTIOC, B MUHYC. [IprpoaHbM MaTe-
pHazaM OTBEYaeT MOJIOKHUTENbHBIN MOKa3aTeNb MPEIOMIEHHs, HO OKa3a-
JIOCh, YTO YpaBHEHUSIM MakcBellIa He IIPOTUBOpPEUaT M €ro OTPHIATEIh-
HbIE 3HAYCHUS .

* Cm. Becenazo B.I'. DJEeKTpOANHAMUKA BEIIECTB C OAHOBPEMEHHO OTPUIATENb-
HbIMHU 3HauYeHusMH € U W //VOH. 1967. C. 517-526.

4



B mocnennue montopa jecarka JeT ObUIM HCKYCCTBEHHO CO3/AHBI U
MHTEHCHBHO HCCIEAYIOTCS 0COObIe MaTepHaibl (MeTaMaTepHalibl), UMEIO-
IMe OTPHIATENbHBIA MOKa3aTelh MPEJOMJICHHS U OONa/arolie yHH-
KaJgbHbIMU cBoMcTBaMu. C IOMOILBIO MeTaMaTepUalloB B IEPCHEKTUBE
BO3MOXKHBI TIPEOJIONICHIE AU(PAKINOHHOTO Mpeera Mpy CO3TaHUM OITH-
YEeCKHX CHCTEM («CYIEPIUH3bI»), TIOBHIIICHUE pa3pelarolieii cCriocoOHo-
CTH MHKPOCKOIIOB, pa3paboTka MHKpPOCXEM HaHOMAacIITaba, ITOBBIIICHHE
TUTOTHOCTH 3aITUCH HH()OPMALIUU HA ONTHICCKUE HOCUTEIH U T.11.

Uro jxe KacaeTcs HE MCKYCCTBEHHBIX, a MPUPOJHBIX BEIIECTB, TO U
UL HAX OIIpEIeTICHNE MTOKa3aTelIsl MPEeJIOMIICHIS (pepakTOMETPHsI) UMe-
eT OoJIpIIOE 3HAYCHHE B XUMHHU PACTBOPOB M CTEKOI, B OPTAITEMOJIOTHU U
ONTOMETPHUH, TMPH aHalu3e MPOMBIIUIEHHOH U CeNbCKOXO03AWCTBEHHON
MPOAYKIWHU. SIBICHUE TPEIOMIICHHUS CBETA JISKUT B OCHOBE pabOTHI MHO-
TUX HAayYHBIX W OBITOBBIX NMPHOOPOB: TEIECKOIOB-pepakTopoB, OMHOK-
neit, 00beKTUBOB (OTO-, KUHO- U TeJIEKaMep, MUKPOCKOIIOB, YBEIUYUTEb-
HBIX CTEKOJ, OYKOB, MPOEKIMOHHBIX MPHOOPOB, MPUEMHUKOB U TIepeaar-
YUKOB ONTHUYECKUX CUTHAJIOB, KOHLEHTPATOPOB MOIIHBIX CBETOBBIX ITyY-
KOB, TIPU3MEHHBIX MOHOXPOMAaTOPOB U CHEKTPOMETPOB U APYTHX ONTHYE-
CKHX TIPUOOPOB, COCPKAIIMX JIMH3BI U MPU3MBL. Pedpakiueit B atmocde-
pe 3eMiu OOBSCHSIOTCS MHOTHE 3pHTelbHBIC 3QdekTrl. Hampumep, Mbl
HaOmromaeM Bocxox ColTHIIA HECKONBKO pPaHBIIE, a 3aKaT HECKOJIBKO IM03-
K€, YEM 3TO IPOUCXOIUIIO Obl O€3 BIUSHUS aTMOC]EPHL.

Paznen onTudeckoil TEXHHWKH, MOCBAIIEHHBIM METO/aM M CpPEACTBaM
HU3MEpEeHHS TTOKa3aTeNeH MPEIOMICHHS TBEPABIX, XKUIKAX U Ta3000pa3HbIX
Cpell B pa3iIMYHBIX y4acTKaX CIEKTpa ONTHYECKOro HM3JIydeHus (cBera),
Has3bIBacTCs pedpakroMeTpuei. M3MepsroT mokaszaTelb NPEeTOMICHHUS C
TIOMOIIBI0 MHTEPPEPOMETPOB U PEPPAKTOMETPOB PA3THIHON KOHCTPYK-
uuu. B naHHo#i naGopaTopHoil pa®oTe AJsl ATOM LeNH HCIONB3YETCs pe-
ppaxmomemp A66e™ dupmsr Kapn Leiice (Mena)™.

OyukmonupoBanue pedpakromerpa AO6OE OCHOBaHO Ha YacTHOM
Cllydae 3aKOHA IPEIOMIICHUSI CBETA — NOJHOM GHYMPEHHEM OMPAdiCEHUU.
OTO sIBJICHUE, BIICPBHIC ONMMCAHHOE HEMEIKUM (PH3MKOM, ONTHKOM H acCT-
pornomom Uorannom Kemnepom (1571-1630) B 1600 T., MO3BOISET OHATH

* Cwm., manpumep, https://elementy.ru/nauchno-populyarnaya_biblioteka/430392/
V_poiskakh_superlinzy

** Dpucr Kapn A66e (1840-1905) — HeMelLkuii (PU3UK-OITUK, ACTPOHOM, CO31aTeNb
pedpakromerpa (1869), aBTop Teopur 00pa3oBaHus H300paKEHUI B MHKPOCKOTIC.

*** Kapn Ieiicc — BceMUpHO H3BeCTHAst (pUpPMa ONTHYECKUX MPUOOPOB, BHIPOCIIAS
13 MacTepckoii, coznanHoi (1846) ynusepcurerckiuM mexanukoM Lleiiccom (1816—1888).
B nepuog ¢ 1889 no 1903 rr. pupmy Bosrnasisit AGGe.
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MIPUPOTY MHOXKECTBA (PH3MUYECKUX MPOIIECCOB: OT BOSHUKHOBEHHS PaJyrd U
MEpaXXel 10 paclpoCcTpaHeHHs U3TyIeHHsI B cBeToBoaX. ONTHKa — BechMa
JIpEeBHsS HayKa. 3aKOH OTpaKeHHUs cBeTa Obul copmynupoBaH emé Kias-
nueM IItonemeem Bo Il B.H.3. OH AKCIIEPUMEHTHPOBAT U C IPEIOMIICHUEM
CBETa, OJIHAKO 3aKOH TPEIIOMJICHUS B COBPEMEHHOM ero gopme ObLT Tpej-
JIOXEH TOJIbKO B 1621 T. FONJIAHACKMM MaTEMaTHKOM, (PU3UKOM H aCTPOHO-
MoM Bumne6popaom Cremtom (Cremmmyce, 1580 — 1626).

Jns reoMeTpryeckod ONTHKH MOKHO C(HOPMYJIHPOBATH IATH OCHOB-
HBIX 3aKOHOB:

® HE3aBUCHUMOTO pacHpOCTPaHEHUS JIyueH;

MPSIMOJIMTHEHHOTO PacIpOCTPaHEHNUS CBETA,
OTpa’KEHUS CBETA;

MIPETOMIICHHS CBETA;

06pPaTUMOCTH CBETOBOTO Jy4da .

Opannysckuii Matematuk [Ibep @epma (1601-1665) chopmynuposain
(GyHIAMECHTANBHBIN MPUHIMAN — NpuHyun HaumeHvuieco epemeru (1662),
COTJIACHO KOTOPOMY JIyd CcBeTa Bcerda OyAeT NBUTAThCs MO TPAeKTOPHUH,
TpeOyromeil MUHIMATBHOTO BpeMeHH. V3 3Toro 00Imero mpuHINIa MOTYT
OBITH TIOJTYYCHBI BCE 3aKOHBI TEOMETPUICCKON ONTHKH M UX CICACTBUSL.

Pegppaxmomemp A66e. I1ycTs yd cBeTa MajaeT Ha TPAHUILLy paszerna
JIBYX CpeJl C MOKa3aTelsMH MPeIOMICHUS 7| U 7y COOTBETCTBEHHO MOJ
HEKOTOPBIM yrioM ¢. Toraa no 3akoHy npejomienus CHena

nisino = npsing, (1.2)

rze B — yron npenomnenus . KapTuna, nmokasanuas Ha puc. 1.1, otBeuaer
YCIIOBHUIO 71, > 1y, IPH KOTOPOM IS JIOOBIX YIIIOB o < 90° yroi mpenom-
JICHWsI Bceraa MeHble yria majaeHus (puc. 1.1). Eciau yd mycTuth B 00-
patHOM mopsiike (0T D K A), TO B COOTBETCTBHH C 3aKOHOM OOPaTUMOCTH
JIy4yeid, TpaeKTOpHs Jyya He U3MEHHUTCA, HO Temephb Yroia B cTaHeT yrioM
MaJieHusd, a yroji o — YoM IpejoMiIeHus. B sToMm ciydae, kKak BUAHO U3
puc. 1.1, Bcerna Haiinércsa Takol npefenbHbI Yrod PBupes, U KOTOPOTO
MPEeTOMIIEHHBIH JTyd OyAeT CKOJIB3UTH MO TpaHulle pasjena MexIy ooenMu

* CorsacHO 5TOMY 3aKOHy, JIy4 CBETa, IBMTABIIMICS 10 ONPENeIEHHON TPaeKTo-
pHUH B OJJHOM HAaIlpaBJICHUYU, B TOYHOCTH IOBTOPUT CBOM XOJ U IIPH PACIPOCTPAHCHUU B
00paTHOM HalpaBJICHUH.
ok o
INoka3zarens nmpenoMieHNs HHaYe HAa3bIBAIOT ONMUYECKOU NJI0MHOCTbIO BEIllE-
CTBa.
*okok
Bce yriibl B onTHKE H3MEPSIFOTCSI MEXKLy COOTBETCTBYIOIIUM JIydOM U MEPIIeH-

JUKYJISPOM K MOBEPXHOCTH.
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cpegamu (o =90°). st Beex yrioB P> Bupe; MPENOMIEHHBIN JTyd HE BbIN-
JeT 3a TPaHULly pasjelia, a OTPAa3UTCs OT He€ — 9TO U eCTh MONHOE BHYT-
peHHee oTpakenue (puc. 1.2).

C /A
o
I
2 |
:
Dy |E
Puc. 1.1. IlpenomieHue cBeta Puc. 1.2. [lonHoe BHyTpeHHEE OTpakeHHE

JUI CUCTEMBI CTEKJIO-BO3QYX

Takum 00pa3oM, IpH Eepexo/ie CBETa U3 CPEIbl ¢ OOTIBIICH ONTHYECKOM
IUIOTHOCTBIO B CPEIy C MEHBIICH ONTHYECKOW IUIOTHOCTBIO BCETAa MOYKHO
JOOUTECS TTIOJTHOTO BHYTPEHHETO OTPaKEHMUS; TIPH STOM KO PHUIMEHT 0Tpa-
skeHHUs poxomut noutu 1o 100%, T.e. oTpakeHue AEHCTBUTENIBHO IMOJHOE.
Ecim npu U3BECTHOM 71, 3KCIIEPUMEHTAIBHO W3MEPUTD IPEACTbHBIA yroJl, Mo
ypaBHEeHHUIO (1.2) MOKHO OIIpENENTUTh HEM3BECTHBIM MOKA3aTEINb MPEIOMITES-
Hust 1. Ha aToM npuHIumne u ocHoBaHa paboTa pedpakromerpa Ao0e.

Onrryeckast cxeMa pedpakToMeTpa mokaszana Ha puc. 1.3. CBer oT uc-
TOYHHKA S TIOCIIe OTPAKEHHUS OT 3epKaiyia M, rmoragaeT Ha MaTOBYIO I'paHb ed
npusMel P,. ITocne aud@ysHoro paccesiHUs Ha 3TOM IpaHU CBET MO BCEBO3-
MOKHBIMH yTJIAMH TIaJaeT HA TPAaHMITY pa3zena «CTEKIO—HCCIeayeMast K-
KocTb». [IpH 3TOM 1S YTTI0B, OONBIIIX MPEACTHFHOTO0, HAOMIOAACTCS TIOJTHOE
BHYTpPEHHEE OTpaKCHHE, JTyUH, MIYIIUC MOA MCHBIINMH YIJIaMH, YaCTHIHO
oTpakaroTcs. B pesynsraTe B mose 3peHust TpyOsl pedpakTomMeTpa JIMH3AMU
JI, n JI, hbopmupyetcst TpaHUIIa cBeTa U TeHH (puc. 1.4).

SIBIIeHUE QUCTICPCHH CBETA NIENIACT Ty TPAHHUIY IBETHOW W HEPE3KOH,
pa3HBIE COCTaBIISIONIME OEJIOro CBeTa MMEIOT Pa3iIMYHbIE OKa3aTelH Ipe-
somneHus. st yCTpaHeHHs! pa3MBITOCTH TPAHUIIBI, BEI3BAHHOM JHCIICPCH-
eif, IPUMEHSIOT KOMIIEHCATOP, B BU/E Npu3Mbl AMuun” (puc. 1.5).

IIpusma Amuum (Ipu3ma NpsIMOTO 3pEHMS) CKICeHa U3 TPEX TpEéx-
TPaHHBIX MPU3M (pHC. 1.5), U3TOTOBIEHHBIX U3 CTEKOI pa3HOTro copTa. Jis
NPOU3BOJICTBA JBYX KpallHMX NPH3M HCIIONB30BaH KPOH, a CpeqHell —

* IxoBanuu B. Amuun (1786 — 1863) — urainbsHckuii ACTPOHOM, ONTHK M OOTaHHUK.
7



. ok
(T, Takas npu3ma, He MEHSII HAIIPaBICHUS JKENTHIX JTy4eH , OTKIOHSIET
CHHME U (DHOJIETOBBIE JTy4Ud B CTOPOHY OCHOBAaHHS CpeIHEH MpU3MEL, a
OpaH’KEBBIC U KPACHBIC — B CTOPOHY €& BEPIIHHBL

I

Puc. 1.5. Xon nyueit B npuzmMe AMuuu

* TeM caMbIM y1aETCs IPUBECTH U3MEPSEMBbIE TI0KA3aTENH NPEJIOMIIEHHUS K CTaH-

JAPTHBIM 3HAYCHUSIM JUIsl JKENTOH crieKTpasibHOi D-muHun Hatpus (A = 589,3 HMm).
8



Ecnu Ha myTH BBIXOAALIETO U3 M3MEPHTENHbHON MPU3MBI IMy4YKa LIBET-
HBIX JIy4el YCTaHOBUTH MPU3MY AMHYH TaK, YTOOBI €€ AUCTIEPCHS OKa3anach
pPaBHOM IO BEIMYMHE U NPOTUBOIOJIOKHON IO 3HAKY IUCIIEPCUH U3MEpH-
TEBHOW TIPU3MBI, TO CyMMapHas Iucnepcust OyneT paBHa HYIIO, a ITy4OK
[BETHBIX JTydel cobepércs B Oenplii ayd. OHAKO MPAKTHUECKH yIoOHee
UCIIOJIb30BATh HE OJIHY, a JABE MPU3MBI PSMOTO 3pEHUs, OOLIYIO TUCTIEPCUIO
KOTOPBIX JIETKO PETYJIMPOBaTh, Bpalllasi UX JPYT OTHOCUTENILHO ApYra B IBYyX
B3aUMHO-TIEPIICHIUKYIISPHBIX HAMPaBJICHUSIX, YTO U CJeNaHO B pedpakTo-
Metpe A66e (mpusmsl [1; u I1, Ha puc. 1.3).

OO6muit Bua pedpakromerpa A6Oe, HCTIOIB3YEeMOTO B JTaOOPATOPHOU
paboTe, mpuBeaeH Ha puc. 1.6, rme / — ocBeTUTENbHASA Mpu3Ma (TIpu3Ma
EFK Ha puc. 1.7), runoreHy3Has rpanb KoTopoii EK clienana MaToBOM Jis
paccerBaHus MaJalonIero oT 3epkana Z Ha npusmy EFK cBera (puc. 1.7).
W3mepurensHas npusma ABC 3akperieHa, npusMa EFK MOKET BpallaThCs
OTHOCHTEIBHO TOPU30HTAIBHON ocH. O0e IPU3MBI COSIMHEHBI MEXKIY CO-
00i1 1 pacIoyI0KeHbI THITOTEHY3HBIMH TPaHsAMH JPYT K ApyTy. BmecTte oHn
00pa3yroT IaBHYIO 4acTh IpHOOpa — MPU3MEHHBIH 0JIoK. Mexay npu3ma-
MU uMeeTcst 3a30p okoio 0,1 mm.

Puc. 1.6. Brewnnit Bun pepakromerpa Puc. 1.7. Ilpu3mennslii 6510k
A606e (Kapa Leiice, Mena) pedpakromerpa

Bo Bpems paboThl Ha mprOOpe Ha OCBETUTEIBHYIO MPU3MY, YCTaHOB-
JICHHYIO B TOPU30HTAJIbHOE IMOJIOKEHNE, HAHOCUTCS HEOOJBIIOE KOIHUYe-
CTBO HMCCIEAYEMOH *KUIKOCTH, TOCIIE YEro 3Ta MpU3Ma CKPEIIIETCS ¢ U3-
MEPHUTENIbHOMN MPU3MOH C TIOMOMIBIO 3aMKa 2; 3 — PEryIsaTop KOMIIEHCaTo-
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pa nucnepcun; 4 — TpyOKa AT TEPMOCTaTUPOBAHUS IMPU3MEHHOTO OJI0Ka
(B oTolf mMabopaTOpHOW pPabdOTE TEPMOCTATUPOBAHHEC HE HCIIONB3YETCS);
5 — 3putenbHasg TpyOa ¢ OKyJISIpOM Ha KOHIIE; 6 — IIKaJjia 3Ha4eHHU mokaza-
TeJIsl IPEJIOMIICHHST; 7 — JyHa AJsl CHATHS MOKa3aHUM CO HIKaJIbl MPHOOpa;
8 — pyKosITKa BHHTa OBOPOTa MPU3MEHHOTO OJI0Ka (BpalieHUEM 3TOH py-
KOSITKH JOOHWBAIOTCSI COBMEIICHUS TPaHUIBI pa3ieia ¢ IepeKPEeCTbeM BH-
3UPHOTO KpecTa).

[Ty4ok mydeii, UCIyCKaeMblii HCTOYHUKOM cBeta S; (puc. 1.7), ¢ mo-
MOMIBIO 3€pKajia Z HampaBiseTCs Ha rpaHb K OCBETHTENBHOW MPU3MBI
EFK. TlockonbKy rpanb EK caenaHa MaTOBOM, TO JIy4dH, AocTHras e€, pacce-
UBAIOTCA B UCCIELYEMOM JKUAKOCTH U MOJ Pa3HbIMU YIJIaMH IONAJaloT Ha
rpanb AB wamepurenbHON npu3mMbl ABC. Hanbompmmii BO3MOXKHBIN yroi
MaJieHus CBETa CO CTOPOHBI JKUIKOCTU Ha IpaHb AB COOTBETCTBYET Jy4y,
CKOJB3AIIEeMy BIONb He€. V3MepeHue NpeesbHOr0 yIia IPelOMIICHHS
MPOU3BOJIT C TIOMOIIBIO 3PUTENBHOI TpYyOBI J, YCTAHOBJICHHOW Ha OEcKo-
HEYHOCTb. JIyuu, BBIXOJSIIUE U3 U3MEPUTEIBHON MPU3MBI, IONAJAI0T B 3pU-
TENBHYIO TpYOy U (POPpMUPYIOT IpaHHUITy CBETa M T€HH (CM. Takxe puc. 1.4).
OTO MpOUCXOANT clenyromuM obpazoM. [Ipn ycTtaHoBKe Ha OECKOHETHOCTD
3pUTeNnbHas TpyOa coOMpaeT B COOTBETCTBYIOIIUX TOYKaX CBOEH (oKanbHON
TUIOCKOCTH JIy4YH, BBIXOZSIINE MapajUIeIbHBIMU ITydykamu 4epe3 rpanbp AC
MU3MEPUTEIBHON NPU3MBI IOA Pa3IM4YHBIMU yrilamMu. B HampaBneHusx, 3a-
JAHHBIX YIJlaMH, MEHBIIUMH, YeM NpeAeIbHbIA, COOTBETCTBYIOLUIMNA CKOJIb-
3dIeMy YTy TaJieHus Ha rpaHb AB, cBeT He pacmpoctpansercs. [loatomy,
HABOJIS KPECT HUTEH OKYIsIpa 3pUTENBHOM TpyOBI Ha TPAaHHMILY pa3zielia CBeTa
U TEMHOTBI, MO>KHO U3MEPUTH 3TOT IpeAesbHblid yroiu. [Ipu atom, ecnu omn-
THUYECKasi OCb TPyOBl OylIeT COBMAAaTh C HANpaBJICHUEM, 33JaHHBIM STHM
YTJI0OM, TO HIDKHSISI TIOJIOBHHA TOJIS 3peHUs OYy/IeT COOTBETCTBOBAThH HAIPAB-
JICHUAM JIy4del, HAyIux 0o OOJbIIUMH YIJIaMH, a BEPXHA — 101 MEHbIIH-
MU. 3puTenbHasi TpyOa COeMHEHA CO MIKaIoh 6 pedpakToMeTpa, C KOTOPOi
CUMTHIBAIOTCA 3HAUCHHS TIOKA3ATEIs IPETOMIICHHS.

To, 4To, HECMOTpPSI Ha HAJIMYKE JUCTICPCHU, TIPHOOP TO3BOIISET pado-
TaTh ¢ OEJIBIM CBETOM, SIBJISIETCS CYLIECTBEHHOW OCOOEHHOCTBHIO pedpakTo-
MeTpa A6Ge”.

Merton ompeneneHuss HEN3BECTHOW KOHIIEHTPAIINH ¢, JTF00OTO pacTBO-
pa Mo U3MEpEeHHsIM ero IMoKaszaTens MPeJOMJICHHUS # OCHOBaH Ha TOM, YTO
3aBHCHMOCTb 7 = f(c), KaK IIPABHIIO, JIMHEI{HA B IIMPOKOM JHANIA30HE 13-

MCHCHHA KOHHCHTpaHHfI. Bo3moxxHOCTH HU3MCPCHUA TTOKA3aTCIIA IMPEJIOM-

* CM. Hoghgpe B.B. Peppaxtomerpudeckue MeTosl xumun. 3. 3-¢, mepepab. J1.:
Xumus, 1983. 351 c.
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JICHUS XKUJIKOCTH C TIOMOIIBI0 pedpakTomMeTpa AGOe oOecrieunBaeTcs, Kak
YK€ TOBOPWIIOCH, SIBJICHHEM TIOJIHOTO BHYTPEHHETO OTPaXKCHHS.

W3mepeHus mokasatensi MpeIOMJICHHsT pacTBOpa INIHMLEPUH—BOAA pa3-
JUYHBIX KOHIEHTpPAIMi TPOBOAATCS Ha pedpakromeTpe AbOOe (puc. 1.6).
PacTBOpBI IMIIepHHA B JUCTH/UTHPOBAHHON BOJE C PA3INYHBIMU MacCOBBI-
MH KOHIIEHTPAIMsIMH (B POLICHTAX ) TIOMEIIEHBI B INIACTHKOBBIE EMKOCTH, C
3aBUHYMBAIONMMUCA Kommadkamu (puc. 1.8), roe H,O — quctnmmposanHas
Boma, 100 — guctenii rmmnepud (100%), ¢, — pacTBOp, KOHIIEHTPAIHS KOTO-
POTO MOIEXKUT OIPEEITEHHIO).

Puc. 1.8. HaGop pacTBOpOB riHIepuH—BOgA
C Pa3IMYHBIMH MacCCOBBIMH KOHILICHTPALUSAMHU

IMopsxok BbINOJHEeHUsI Pa0OThI

1. IlporepeTh rHIIOTEHY3HYIO TPaHb MOABIKHON NMpU3MBI [ pedpak-
TomeTpa (cM. puc. 1.6) dunbTpoBanbHOWM Oymarol, mocje 4ero NpuBeCTH
e€ B MOJIOKEHHUE, OJIM3KOE K TOPU3OHTAIILHOMY.

2. AKXKypaTHO CHaBIMBasl KaleJIbHUILY, IIOMECTUTh OAHY (!) Karuto
JUCTUJUIMPOBAHHOW BOJBI M3 KameJlbHUIbl ¢ 3TUKeTKOH «H,O» 1 mioTHO
3aKPBITh OJIOK C IPU3MaMH € TIOMOIIBIO 3aMKa 2.

3. TloBOpOTOM PYKOSITKH § MIOCTABHTH JIEPIKATEIb JTYIbI / BOJIH3H OT
Hayvaja IIKaibl 6.

4. Tnsags B okynsip 5, ZOOUTHCS C TOMOIIBIO PYKOSATKH KOMITEHCATO-
pa 3 oTYETIINBOI BUIMMOCTH HEOKpAIIeHHOW (YEpHON U TOHKOM) rpaHUIIbI
paszzena cBeTa U TEHHU.

5. Bpaias pykosTKy 8, COBMECTUTH YETKYIO TPaHHUILy pasjiesia cBeTa
U TEHHU C NIEPEKPECTHEM BU3HUPHOTO KpecTa.

6. Tlonp3ysch Jaymnoil 7, CHATh 3HaU€HHE MOKa3aTess MPeJIOMIIeHUS 1
CO LIKaJIBI 6 C TOYHOCTBIO 10 YETBEPTOTO 3HAKA MOCTIE 3aMATOM.

UeTBEPTHIi 3HAK IOCTE 3aISITOH (PUKCUPYETCs Ha IJIa3 KaK 9acTh Ma-
JICHBKOTO JIeNICHHUSL.
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3HaueHHUE MOKa3aTes MPEJIOMJICHUS BOJbI HC TOJIBKO CIIYXKUT OJHOM
U3 TOUYCK O6IHCI71 3aBUCUMOCTH n :f(c), HO, I'IaBHOC, IIO3BOJIICT OTKa-

TUOpPOBATH IIKATY pePpPaKTOMETPa, IOCKOIbKY H3BECTHO TOYHOE 3HAUCHHE
n (H,0)=1,3330 npu 20°C".

7. 3aHecTH 3HAa4YeHHE NOKa3aTelsi MPEJOMIICHHUs BOJBI B CTOJNOEI
H,O Tab6n. 1.1.

8. TloBepHYB PYKOSTKY & HAa HEKOTOPBIA YTOJI, OTBECTH TPaHHUILY pasmc-
JIa CBETa M TEHH OT MEPEKPECThsi BUSUPHOTO KPECTa, IOCIE Yero CHOBA TIOBTO-
PUTD IEHCTBUS, TIEpPEUMCIICHHBIC B 1. 5 U 6.

9. TloBroputs amelicTBus MO I. 8§ nmBa pasa. B pesymbprate B crombue
H,0 nomxHO 0Ka3aThCs TP 3HAUCHHSI TOKA3aTENs MPESIOMIICHHS BOJIBL.

10. OTKpHITH IPU3MEHHBIN OJIOK ¥ TIOBTOPUTH BCe JeicTBuA (Tim. 1-9),
yYKa3aHHBIE JJIsl BOJIBL, CO BCEMH OCTAIEHBIME PaCTBOPAMH.

Taonumal.l
3KCHCpI/IMeHTaJIbHLle JaHHbIE

c, % H,0 20 30 50 70 80 100 Cy

m

ny

n3

Nepenn.

O0paboTka pe3yabTATOB IKCNIEPUMEHTA

1. Omnpenenuth cpegHUe 3HAYCHUS MOKA3aTeedl MPETOMIICHUS s
KaXXJI0T0 U3 HCCIEeIOBAaHHBIX 00Pa3IoB.

2. BpluucmuTe pasHuLly An  MEKAY OKCIEPUMEHTANBHBIM  Hlepemn
u tabamyabM 7 = 1,3330 3HAYCHUSMH TMOKa3aTeis MPETOMIICHUS YHCTON
BOJIBL

3. 2106aBI/ITL K CpCAHMNM 3HAUCHUAM IOKa3aTeyIsd MPEJIOMIICHUSA BCCX
pPacTBOPOB MOTYUYUBINYIOCS pa3sHUIy An (CO CBOMM 3HAKOM), OTKOPPEKTH-
POBaB TeM caMBIM IIKaITy pedpakToMeTpa.

4. TocTpouTh NpeaBapUTENbHbI rpaduk 3aBucuMoctd n = f(c) (1o

OTKOPPEKTUPOBAHHBIM JaHHBIM) Ha JICTE B KIIETOUKY WM HA MUJUIUMET-
pOBOIi Oymare cpa3y mocJje BhINOJTHEHHs N3MepPeHui.

* Temmeparypusie  KODOOUIMEHTEI  MOKAa3aTens  TPENOMIEHHS  BOIBI
-1 -1
(-0,0001 rpax) u rmunepuna (—0,0002 rpax ) orpunarensHel. TaGnudHbIe 3HAYCHHS
MOKa3aTelisl TPETOMIICHHS TIIUIEePUHA PENepHBIMH TOYKAaMH CIY)KHTh HE MOTYT, TaK
KaK, B OTJIMYME OT JAWUCTHJUIMPOBAHHOM BOJbBI, OHH MEHSIOTCS B LIMPOKHX IIpenesax:
1,4729 — 1,4744.
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Ecnu n3MepeHus mpoBeACHBI BAYMYHUBO U aKKypaTHO, rpaduk Oyner
MOX0K Ha HWICANTBHYIO MpsAMyto. Ecnn okakeTcs, 9TO KaKHe-TO SKCIEepH-
MEHTAIBHBIC TOYKH CIHIIKOM CHJIBHO OTKJIOHSIOTCS OT HPSIMOH, TO, IPExK-
JIe BCETO0, CJICAYET MPOBEPHUTH MPABUIBHOCTh MIEPCHECCHUS UX 3HAYCHUH U3
Tabmuiel Ha Tpaduk. Ecimm npoBepka mpobiemy He pemnimiia, W3MEPEHHUs
IUTSL pACTBOPOB C 3TUMH KOHIICHTPAIMSIMUA HEOOXOIUMO TIOBTOPUTD.

5. IlocTpouts OKOHUYATENBHBIA TpadUK 3aBUCUMOCTH 1 = f (c) Ha

MUJUTAMETPOBOM Oymare B ¢opmare A4. OmnpeaenuTh 1o rpaduky Hews-
BECTHYIO KOHIIEHTPALIUIO ¢y M €€ TIOrPEeIIHOCTb.

Bomnpocel 1 3agaHus 17151 I0MYCKa K JIa0OpPaTOPHOii padoTe

1. Coopmynupyiite ycioBus, NPH KOTOPHIX HaOIIONAeTCs TOTHOE
BHYTPEHHEE OTpakeHHE.

2. Yto Takoe KOMIICHCATOp AUCIEPCUH, B YEM COCTOUT €ro AeicTBre?

3. Kparko chopmynupyiite npuniun pabotsl peppakromerpa Adoe.

Bonpocs! 1 3a1aHud K 3a10MTe J1a00PaTOPHOH padoThI

1. CopmynmpyiiTe OCHOBHBIC 3aKOHBI TEOMETPHUSCKON ONTHKH.

2. [Touemy B pedpakToMeTpe HEb3sI BECTH U3MEPEHHS IIPENESFHOTO yTiia
6e3 3putenpHoi TpyObI? KakoBa ee posnb?

3. [Ipoananu3upynTe MOTydYCHHBIE PE3yIbTATHI.

JIABOPATOPHAA PABOTA Ne2

OMNPEJEJEHUE JITMHBI CBETOBOM BOJIHbBI
ITPU IOMOIIIU BUITPU3MbI

Llens pabomwr — paccuuTaTh HHTEP(HEPEHLUOHHYIO KapTUHY Ha
9KpaHe OT JBYX KOI'€pPEHTHBIX UCTOYHHMKOB CBETA, ONPEAEIUTD JUIMHY CBE-
TOBOH BOJTHBI.

Tlpubopul u npunadnexcHocmu. NICTOYHNK CBETA, CBETOMHIBTD, MIETb,
ournpusmMa, codOupaTeIbHas JIMH3a, BAHTOBOM OKYJISPHBIH MUKPOMETP.

Kpartkue cBenenus n3 Teopnu

ITon wHTEepdepeHnuell cBeTa MOHUMAIOT KPYT SIBJICHUH, B KOTOPBIX
IIPU HAJIOKEHUU IYYKOB CBETa PE3yJIbTUPYIOLIAasi HHTEHCHUBHOCTb HE paBHA
CyMM€ MHTEHCHUBHOCTEH CKJIaJbIBa€MBIX MyYKOB, a Iepepacrnpeaessercs B

13



MIPOCTPAHCTBE TAKMM 00OpPA30M, YTO BO3HUKAIOT YEPEAYIOUIHECs CBETIbIE U
TEMHBIC 00JIACTH — MAKCUMYMBI 1 MUHAIMYMBI HHTEHCHBHOCTH.

[lycTb B HEKOTOPYIO TOUYKY MPOCTPAHCTBA MPUXOAT ABE JIEKTpOMAr-
HUTHBIE BOJHBI, HANPSXKEHHOCTH JJIEKTPUYECKOTO TOJSI KOTOPHIX PaBHBI
E’l u E , COOTBETCTBEHHO. COIrIacHO MPUHLMILY CYNEPIO3ULHMHA HAIPs-
KEHHOCTh PE3YJIbTHUPYIONIETO MO B TOYKE HAONIOACHHS paBHA
E=E |+ E , - OnTnyeckne KonebaHus UMEIOT OYCHb OOJIBIIYIO 4aCTOTY

(~1015 c'l), M03TOMY HamlpsKEHHOCTh E HEeBO3MOXHO HU3MEPUTH HETIOCPEI-
CTBEHHO. Bce cymiecTByrone IpUeMHUKH H3TYyUCHUST H3MEPSIIOT DHEpre-
TUYECKUE BEIUYUHBI, IPUYEM YCPEAHCHHBIC 32 BpeMsl, OOIBIIOE TIO CpaB-
HEHHUIO C TIEPHOIOM ONTHUYECKHX Kojebanuil. [ToaToMy sKCriepuMEeHTAEHO
HaOII0JacMble BETMYMHBI (HAapUMep, MHTCHCUBHOCTD CBETA) MPOITOPITHO-
HAIBHBI CpPEJHEMY IO BPEMCHH 3HAUCHHIO KBaJpaTa HAMPSIKCHHOCTH
ANEKTPUYECKOTO MOJIS:

(E)? = (E1)? +(E,)* + 2(E,E,),
I~(E)?,
I=11+12 +]12,

rae Ji, = Z(Elﬁz) — unHTepdepenimonnsiii wieH. Ecmu [, = 0, To pe-
3yJILTHPYIOIIass MHTCHCHBHOCTb paBHa CYMME MHTCHCHBHOCTEH W HHTEp-
depenrus orcyrcTByer. Takum 00pa3oM, HEpaBEHCTBO HYIIO HHTEp(E-
PEHIIMOHHOTO YEHA SBISETCS HEOOXOMUMBIM YCIOBHEM BO3HHKHOBEHHUS
HHTEeP(hEPCHITUH.

PaccMoTpuM cityuaii Cymneprno3uiii ABYX JTHHCHHO-TMOISPH30BAHHBIX

n B

BOJIH OJTMHAKOBOW YaCTOTHI, B KOTOPHIX KOJICOAHUS BEKTOPOB £ 5

1

TOYKE HAONIONEHUS MPOUCXONIAT B OJHOM HaIpaBlieHHH. MOXXHO TOKa-
* (v}

3aTh , YTO B 3TOM Ciydae MHTEpGEPCHIMOHHbBIA wieH [, = 2,/I;1, cosd

U COOTBETCTBEHHO

I=1+1,+2I1,cosd, 2.1

rae 0 — pa3HoOCTh (a3 CKiIaAbIBaeMbIX kKoseOanuii. Ecnu 3a Bpemst HaOm0-
JIeHUsI pa3HOCTh (Pa3 XaoTWYEeCKH H3MEHsJIach, TO CpelHEe 3HAYCHHE
(cos8) = 0. Taxue BOJHBI Ha3bIBAIOTCA HEKOTEPEHTHBIMH. J[JI BO3HHK-
HOBEHUsI MHTEp(EepeHIIMN HE00X0IMMO, YTOOBI pa3HOCTh (Da3 CKiIaabIBae-

" Cm. Bopu M., Bonsgh 3. OcuoBsl orrrukn. M.: Hayka, 1973.
14



MBIX KOJIGOaHUH COXpaHsia CBOE 3HauCHHE 3a BpeMs ycpenHeHus. Takue
BOJTHBI HA3BIBAIOTCS KozepeHmHubimu (OT JTATUHCKOTO cohaerens — HAXO-
JISIITUICS] B CBSI3H).

5

ITycTh ckiaabiBaeMble BOJHBI uMerOT BuA E; = Egcos(wt — kq7y) u
2 »_2mo, . -

E, = Eycos(wt — k,7y), tne k = ~_ T — BOJIHOBOW BEKTOP, 7 — €/IMHUY-

HBIIl BEKTOp, HAMpaBJCeHHE KOTOPOro COBMAACT C HAIPABICHHEM PACIpO-

CTpaHCHU BOJIHBI, 7 — paanuyC-BEKTOpP TOYKH Ha6J'IIO,I[eHI/ISI OTHOCHUTCIIb-
HO MCTOYHHKA BOJHBI. PasHOCTH (1)33 KOJ'Ie6aHI/II\/'I, BbI3BAHHBIX 3THUMH BOJI-

7T > T o>
HaMU B TOYKe HaOmIoAeHUs, paBHa § = k,7, — k.74 . Torma yuurteiBas, 94to
k¥ =kr, v k7, =k,r,, pasnoctb da3 unreppepupyroumx Konedanui

HUMCCT BU

o

7.

2

Ly

),

Bemnmunna A=r, —1, — ceomempuueckan pasnocme xo0a. CBsi3b

MCXKIAY Pa3sHOCTBIO (1)8.3 u FeOMeTpPI‘-ICCKOﬁ Pa3HOCTBIO Xo4a

o= zi(rz -7 ) = kA . AHanu3upys BbIpa)K€HUE U1 CyMMapHOW MHTEH-

cuBHOCTH (2.1), momyyaeMm ycloBHsI BOSHUKHOBEHHUS:
¢ MaKCHMYMOB HHTCHCHBHOCTH:

0=2mm u A=mA, (2.2)

¢ MHUHHUMYMOB MHTCHCUBHOCTH!
§=2m+1)r n A=2m+1)(M2), (2.3)
rane m=0, £1, £2... — nopsAA0K UHTEPPEPEHIIMOHHOTO MaKCUMyMa MU

MHHUMYMa.
Iycts S; 1 S, — 1Ba KOTePEHTHBIX UCTOYHHUKA CBETA C JUTMHOW BOJHBI
A (puc. 2.1), pacroyio)keHHBIC Ha pacCTOSHUM d OpyT OoT npyra. Ha paccto-
SHUM [ OT HHMX ynalneH 3kpaH J. 3amaauM MPOU3BOJNBHYK TOYKY Ha
9KpaHe, KOOPIHHATA KOTOPOU Y, YIOBIETBOPSIET YCIOBHIO y << /.
Ecnu pa3sHOCTh X0/a JIydeid, IPUIIEANINX OT KOTSPEHTHBIX HCTOYHHU-
KOB B JJaHHYIO TOUKY 9KpaHa A, a tgp =sing = ¢, 10 y/[ = A/d . Pa3Hoctb

XOJIa JTy4el [Tl pa3IMYHbIX TOUEK IKpaHa ecTh (yHKIHUSI KOOpAWHATH ). B

TOYKaX JKpaHa, YAOBIETBOPAIOMHUX ycIOBUsSM (2.2) u (2.3), BO3HHKAIOT

UHTEp(PEPCHIIMOHHBIE MAKCUMYMBI 1 MUHUMYMBI MHTCHCUBHOCTH. Takum

oOpa3oM, JUIs CBeTa C JJIMHOW BOJIHBI A HWHTEp(EpEHIIMOHHAS KapTHHA Ha

9KpaHe MpeCTaBisaeT co00il YepeayIOIIHecs CBETIbIe U TEMHBIE TOJIOCHL.
15
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SFA ' Ay

7
3

Puc. 2.1

[TonoxxeHue m-ro MaKkCUMyMa U MHHUMYyMa (m — TOPSIOK WHTEpde-
PCHIINH) ONPEACIICTCS N3 YpaBHECHUN

Ymmax = MMUd), yumin= 2m+ D(A2d), m=0,1,2,3,... (2.4)

[[IupunHoit monockl Ay Ha3BIBAIOT PACCTOSHHUE MEKIY OCSIMHU JBYX CO-
CEeTHUX MaKCUMyMOB Wiu MUHUMYMOB (puc. 2.1). U3 (2.4) cnemyer, 4ro
LUIMpPUHA MTOJIOCH Ay paBHa:

Ay = MU/d),

OTKYZa JJInHa BOJIHBI

A= (Avd)/l. 2.5)

ITo cnocoOy momydeHus: UHTEPHEPEHIUOHHOW KapTHHBI Pa3n4aioT
HHTEp(EPEHITNIO, MTOTYYSHHYIO JIeJICHHEM BOJTHOBOTO (hpoHTa (ombIT FOH-
ra, Ousepkana Openens, ounpusma Openens, 3epkano Jlmoinma u jap.)
U JeleHueM aMIUIMTyAbl (MHTepdepeHluss B TOHKUX IJICHKaX, KOJbLa
HeroTona, naTepdepeHns Ha KIWHE | T.11.).

Onucanue yCTAHOBKH

B onTmke mis momydeHHs IBYX CHCTEM KOTEPEHTHBIX BOJIH CIIy)KaT
pa3iMyHble YCTPOWCTBA, OCHOBAaHHBIE HA 3aKOHAX OTPAKEHHUS U TPEIOM-
neHust cBeta. B maHHOI paboTe /Ui MOMydeHHs] TaKUX HCTOYHUKOB HC-
none3yercs OunpuszMa @OpeHens. bumpusma mnpencrtaBisieT coOOW JBe
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MMPU3MbI C MAJIBIMH MPCJIOMIIAIOIINMHA yTIJIaMU, CJIIOKCHHBIC OCHOBAHUAMU.
IMangaromuii oT 1ienu my4dok ceera (Iefdb MEPHEHANKYISIPHA MIIOCKOCTH
gepTexa) IMOCie MPEIOMIICHHS B OWIIpU3ME Pa3eIUTCs Ha JBa MEPEKpPhI-
BarOIIUXCA MMy4dKa, UCXOOAIIUX U3 IBYX MHUMBIX 1/1306pa>}<eH1/H71 miejanu Sl u
S, (puc. 2.2).

PaccrosiHre MeXIy MHUMBIMUA HCTOUYHHKaMH S| U S, PABHO

d=2a(n-1)-8

TJIe @ — PacCTOSIHUE OT UCTOYHMKA JI0 OMIPU3MBI; 71 — II0Ka3aTelb MPEeIoM-
JICHUS BEIIECTBA OMIPU3MEL; [ — MPETOMIISIOIINI yroi K0! MOJIOBHH-
KU OUNPHU3MBL.

B npoctpancTBe 3a 6unpu3Moii B 1000 IIIOCKOCTH, IepeceKarommeit
JIy4d B OOJIACTH TIEPEKPBITHS ITyYKOB, OyleT HaOmoaaThcs HHTEpdEpeH-
UOHHAS KapTHUHA, IPEICTABILIIONIAs COOOH CHCTEMY YepeayIOIINXCS TEM-
HBIX ¥ CBETJIBIX MOJOC (Ha puc. 2.2 IpUBEICHA KPUBAsi HHTCHCUBHOCTH HA
JKpaHe).

=
\Y 1 f/,/-// <
[ S > by ___—= =
A T —
22 =
- a - h -
Puc. 2.2

OOmmit BUJ yCTAaHOBKY IpUBeJIeH Ha puc. 2.3. bunpusma B nomenia-
ercst Ha paccrosiHuM 60...70 cMm ot menn S. Ha paccrosauu 20...30 cMm ot
OUITPU3MBI HAXOJUTCS BUHTOBOM OKYJISIpHBINA MUKpoMmeTp OK.

Ecnu cepenuna menu, OUnpu3Ma U OKyJISIPHBIM MUKPOMETP YCTaHOB-
JIEHBI Ha OJHOM BBICOTE, A ILENb JOCTATOYHO Y3Kas M CTPOro napajeiibHa
pebpy Ounpu3Mbl, TO HabioaeMas B OKyJIsIpe-MHKpOMETpe HHTepdepeH-
IIMOHHAs KapTHHa OyaeT Hanbonee OTYETIHBOW. OTUCTIMBOCTD KapTHHBI
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Jlajiee MOKHO YIIYYIIUTh IyTeM MoAOOpa MIMPUHBI MISTH M TOJO0XKCHUS
BHUHTOBOTI'O OKyJIspa-MUKpoMeTpa Ok Ha CKaMbe.

Mesx 1ty MICTOYHHUKOM CBeTa / U LIEBIO S MmoMelleH CBeTO(UIbTp, M03-
BOJISIFOIIHIA BBIJICIUTH ONIPECIICHHYIO 00JIACTh CIIEKTPA.

Ox L B S I

Puc. 2.3

Iopsinox BbINOJIHeHUS] PabOThI

1. Habmonast uHTepdepeHIMOHHYI0 KapTUHY B OKyJisipe Ok, BHIOpaTh
HavaJbHYIO (He 00s3aTeNbHO MEPBYIO) M KOHEUHYIO (HEe 00s3aTelIbHO TO-
CJICJTHIOI) TEMHYIO (CBETIYIO) MOJIOCH. 3a)MKCHPOBATh YHCIO MHTEpde-
PEHLMOHHBIX MOJIOC /1, PACHOJIOKEHHBIX MeXay HUMH. COBMECTUTH mepe-
KPECThE OKYJISIpa-MUKPOMETPA C HAYAIBHOM MOJIOCON U CHATh 3HAYCHHE &€
MOJIOKEHUST V| ¢ ITOMOIIBIO OKYIsIpa-MHKpoMeTpa. IlomydeHHbIe TaHHBIE
3amucaTh B Ta0m. 2.1. BpaijeHueM TrojIOBKM BHHTa CTPOr0 B OJAHOM
HANPaBJIEeHUM TIEPEMECTUTH MEPEKPECThE OKYISAPa OT HAYATbHOMN MOJIOCHI
K KOHEYHOH, CHATh 3HaueHWe N,, pe3ynbTaT 3aHecTd B Tabn. 2.1. AHano-
THYHBIC U3MEPEHUS POBECTH €IIIe YSTHIpE pasa.

Taonuma 2.1

OTcueTsI 1Mo BUHTOBOMY

Ne OKYJISPY-MHKPOMETPY, MM AN =N; — N,, " Ay, = AN
/1 | gayansHblil KOHCYHBIH MM ' n
oTcueT Ny otcuer N,
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2. IloMecTUTh Ha ONTHYCCKYIO CKaMBIO MEXKAY OMIPU3MON M BHHTO-
BBIM OKYJISIpOM-MHKpoMeTpoM Ox cobupatensHylo JHH3Y L (puc. 2.3).
JloOuThCS TOSBIIEHHS BYX IEUCTBUTENBHBIX M300pakeHu# menn S (Imo-
TMy4yaroTcsl IBa M300pa)KeHUs, MOCKOJIbKY MEXAY JHH30H L W menpo S
HAXOAUTCS OurpusMa B) B INIOCKOCTH HUTEH NEPEeKpPecTbs BUHTOBOTO OKY-
Jpa-MUKpPOMETpa. DTO JOCTUTAeTCs MyTeM MEPENBUKEHUS JIMH3BI 10 TEX
mop, Moka 06a M300pakeHUs ILENM HE CTaHyT OTYETIIMBO BUIHBI Yepe3
BUHTOBOHM OKYJISIp-MUKpOMETp Ok (OCTaJbHBbIE YaCTH YCTAHOBKH JTOJIKHBI
0CTaBaThCS B MPEKHEM TOJOKECHUH ).

C noMOIIBI0O BUHTOBOIO OKYJIIpa-MUKPOMETpPa M3MEPUTh YBEIHYCH-
Hoe paccrosiHie d' Mexay u300paxeHusmu tienu. [Iporenypa u3Mepenuit
Ta ke, YTO U B MpeAbaylieM ciiydae. HeoO0XoauMo BBIOIHUTH ISATh U3-
MepeHui. Pesynbratel 3aHecTr B Tabm. 2.2.

Tabnuma 2.2

OTcueThl 10 BUHTOBOMY
OKYJISIPY-MHKPOMETPY, MM

Ne i/ d'=M, - M,
Ha4YaJIbHBIA OTCUET KOHEYHBII OTCUET
M, M,

3. U3Meputh paccTosiHUS a OT Imenu S 10 JuH3bl L, b OT JHH3BI
0 TUIOCKOCTH HHUTEH BHHTOBOTO OKyJIsIpa-MHUKpoMmeTpa Ox H paccTos-
HHE OT e S A0 IUIOCKOCTU HUTEH HEepeKpecTbs BUHTOBOTO OKYJIS-
pa-MHKpoMeTpa [/, TOJNB3ysACh IIKAIOW ONMTHYeCKOW ckambH. Iy ompe-
JeNCHHsT 3HAUeHUH b ¥ [ W3MEPHUTh PAacCTOSHHE IO yKa3aTelsl, YCTaHOB-
JeHHorO Ha aepkarene Ox u mpubaButh 40 MM (paccTOsiHME OT yKasa-
TeIsl O IUIOCKOCTH HHTEH MEePEKPecThsS BHHTOBOTO OKYJISIpa-MHKPO-

MeTpa).

19



Oo6paboTka pe3yabTAaTOB U3MeEpPEHUs

1. BeluucnauTe MIMPHUHY HHTEPGHEPECHINOHHON ITOJIOCH Ay; 1o JaH-
HeIM TaO71. 2.1. Haiitu ee cpennee 3Hayenue A) U OLEHHTH aOCONIOTHYIO
TIOTPEIIHOCTD A(Ay) KaK [OrPEIIHOCTb NPSIMBIX U3MEPEHHH.

2. Boruucauth d' — yBETHUCHHOE PACCTOSHUEC MEXIYy MHHUMBIMH HC-
TOYHHKAMU S| ¥ S, 0 JaHHBIM Ta0IL. 2.2.

AHANMOrUYHO M. 1 OIEHUTH MOTPEITHOCTH d.

3. Beruucnuts JIMHY BOJHBI

, = Byad’
b/

BEMHCINTE OTHOCHTENBHYI0O W aOCONIOTHYIO MOTPEIIHOCTH JUTHHBI
BOJTHBI A KaK MOTPEITHOCTh KOCBEHHBIX U3MEPCHHUH.

Bomnpocel u 3aganus 17151 I0MYyCKa K JIa0OpaToOpHOii padoTe

1.B 4em 3akmrovaercs sBieHue uHTepdepeHimu? KorepeHt-
HBIC  BONHBI, CIIOCOOBI  IIONy4CHHS  KOTEPEHTHBIX  HCTOYHHKOB
CBETa.  YCIOBHS  HWHTEP(PEPCHIMOHHBIX MaKCHMyMOB W  MHHH-
MYMOB.

2. BeiBectn (opMyiy HaXOXKICHUS IMUPUHBI HHTEPHEPCHIUOHHOMN
TOJIOCHI.

3. Kpatko copMmynupoBaTh CyTh METOA, TPUMEHSIIOIIETOCS B 1a00-
paTopHoii pabore.

Bonpocs! 4 3a1aHus K 3a10MTe J1a00PaTOPHOIi padoThI

1. UYro Takoe 31eKTpOMarHuTHas BoJiHA? 3alUIINTE YpaBHEHHE TUIOCKOM
ANEKTPOMATHUTHOM BOTHEI. UTO TaKOe CBETOBOU BEKTOP?

2. UYro takoe omrmyeckas pasHOCTh xoma? KakoBa CBs3b ONTHYECKOU
Pa3sHOCTU X0Aa UHTePPEPUPYIOIIUX JIyuel ¢ UX pa3HOCThIO (pa3? s
4ero B JaHHOM paboTe MPUMEHSIOTCS OUIpU3Ma U JTUH3a?

3. BeiBecTu QopMyity HaXOXKIEHUS PACCTOSHUS d MEXITY MHAUMBIMHU HC-
TOYHHKAMH B CiTydae Ounpu3Mel OpeHers.
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JIABOPATOPHAA PAFOTA MNe 3

N3MEPEHMUS C IOMOIIBIO MTHTEPOEPEHITMOHHBIX
KOJIELIl HBIOTOHA

Llenv pabomsi — U3MepUTH paanychl koiel HploToHa B OTpaXKeHHOM
CBETE U ONPEIEINUTh C UX MOMOUIBIO PaJNyC KPUBU3HBI MIJIOCKO-BBIMYKION
JIMH3BI U JTUHY BOJIHBI CBETA.

Ilpubopvr u npunaonexcnocmu: yCTaHOBKA JUI1 HM3MEpPEHHs KOJIeL
Heiorona, usmeputensublii Mukpockon MUP-12, namna, cBeTopUILTPHL

ITepen BbImonHEHUEM pabOTHl HEOOXOAUMO O3HAKOMHUTHCS C KPATKH-
MU TEOPETUUCCKIMH CBEICHUSMH, TIPUBEICHHBIMU B J1a0. padote Ne2.

KpaTKne CBCACHUSA U3 TCOPUHU

Konbra HproToHA mpepcTaBisiFoT co0Oi YacTHBIA Citydail MHTEpde-
PCHIIMOHHBIX ITOJIOC PaBHOW TONIIMHEI, HAOMIOZAEMBIX MPH HHTEpEpeH-
IIUM CBETA, OTPAKEHHOTO OT JIBYX MOBEPXHOCTEH, OTpaHUUUBAIOIIUX TOH-
KM CJIOM Bo3IyXa (PKUAKOCTH M T.J.) IIEPEMEHHOH TOJIIIMHBI ¢ KPYyTrOBOH
cummerpueil. OHM BO3HMKAIOT, HAIPUMED, IPU OTPaXKEHUU CBETa OT ABYX
OIU3KUX MOBEPXHOCTEH: HIXKHEH BBINMYKIION MOBEPXHOCTU TOJICTOI Iioc-
KO-BBIITyKJIOH JIMH3BI C OOJIBIINM PaAnycoM KpUBHU3HBI (JIyd / Ha puc. 3.1)
U BEpXHEH MOBEPXHOCTH TOJICTON CTEKJISTHHOM IUIaCTUHBI, KOTOPAas COIpHU-
KacaeTcs ¢ JuH30H (Jiyy 2 Ha puc. 3.1). DTOT ciloil Bo3myxa MOCTENEHHO
YTOJIIIAETCS OT TOUKU COIPUKOCHOBEHHSI 00EHUX MOBEPXHOCTEH K KPasiM.

1!]2

R

-

h

Puc. 3.1

W3 puc. 3.1 MOXHO HAlTH 3HAYCHUE TOJIIIUHBI BO3AYIIHOTO CJIOS /1 Ha
PAcCTOSIHMH » OT TOYKH CONPHKOCHOBEHHUs cephl pamuyca R C IMIOCKO-
cTbh10. TommHa ciaos
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2
r
IIpn — << 1 umeem
R2

h=—. G3.D

Ipu mageHnn cBeTa, OJIM3KOM K HOPMaJIbHOMY, ONTHYECKAs Pa3HOCTh
Xoma Jiyded, HWHTepOEPUPYIONMX B OTPAXKEHHOM CBETE, paBHA
A=2h+ A2, rae BTopoe cliaraeMoe y4MThIBAET n3MeHeHue (asbl Ha Ipo-
THBOIIOJIOXKHYIO IPH OTPAKEHHH OT IUIACTMHKHU, HUMEIOMIEH OONbIIniA mo-
KazaTellb PEJOMIIEHHS, Y€M BO3AYIIHBIN CI0M (ITOTEPS IOIYBOIHBD»).

MUHMMYMBl HHTEHCHBHOCTH JOJDKHBI YIOBIETBOPSTH YCIIOBHUIO:
A=Q2m+ 1)(M2),tnem=0,1,2,..., uim

2h=mA. (3.2)

B paccmarprBaeMoM ciydae TeOMETPHUECKOE MECTO TOUEK, B KaKIOH
U3 KOTOPBIX WHTEHCHBHOCTh MHHHMAIIbHA, MPEICTABIACT COOOH KOHIICH-
TpUUYECKUE TEMHBbIE KoJblia. MexXly HUMH PacloIOKEHbl CBETIbIE KOJIbLIa
(MakCUMyMBI WMHTEHCUBHOCTH). YuuTbiBas ¢opmyiay (3.1), BelpaxeHue
(3.2) MoXxHO TIepenHcaTh ISl paguyca r,, TEMHOTO KOJbIa C HOMEPOM Hi:

7, =+2Rh, =mRA. (3.3)

Takum 06pa30M, 3Hasd paanycC Kojbla 7, W JJIMHY BOJHBI IMaJaromic-
TO CB€Ta, MOXXHO BBIYHCIIATH paiuyC JIMH3bI R.

Z[J'I}I 0OJIBIIEH TOYHOCTH OPpU BBIYUCICHUAX OOBIYHO HCXOIAT U3 pa-
JAUYCOB ABYX COCCIHHUX KOJICI] C HOMEpaMHu m U m+1 COOTBETCTBEHHO:

r.o=mRA, r, . =(m+1)RA, ., —r’=RA,

m

HnIn

R — rmH m . (34)

W3 dhopmynsl (3.4) mo 3agaHHON ATUHE BOJHBI CBETA A MOXKHO OIpe-
JETUTh PagiyC KPUBHU3HBI JTUH3E! R. IIpy M3BECTHOM Xe pamuyce JIFH3HI,
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HU3MEPUB PaANYChbl KOJICIT HLIOTOHa, MOXXHO pacCUUTaThb JJIUHY BOJIHBI
CB€Ta:

A= M (3.5)
R

Onucanne yCTAHOBKH

Ha cTOiIMK M3MEpUTENBHOr0 MMKPOCKOIA MOMEUIAIOT CTEKJIITHHYIO
1acTUHKy O, Ha KOTOPOU MPH MOMOIIY CIIEHUAIBHOM OMpaBbl ¢ 3aXKUMa-
MU yKperuieHa nuH3a L (puc. 3.2). Han auH30# moMelieHa CTEeKJISHHAs
mw1actuHka G, KoTopas pacrosaraercs 1noJ yriom 45° kK ropu3oHTaabHON
noBepxHocTu IactTuHku O. IlnactuHka G ocBelaeTcst jamioil, cHaO-
JKEHHOU cBeTOoQUIbTpoM. Te Jryun cBeTa, KOTOphIEe NONAJAr0T Ha IIACTUH-
Ky G nox yriaoMm 45°, oTpaxkascs, NEPIEHIUKYISPHO MaJaloT Ha JUH3Y U
mwiactuHKy O. OTpa3HBIINCh YACTUYHO OT CHEepUIECKON BO3IYITHOHN MPO-
CJIOMKH, OOpasylomencs Mexay JTUH30M U TUIACTUHKOW (O, 4aCTHYHO OT
caMmoli miactuHKu O, CBETOBBIE BOJIHBI, NIPOMAS Yepe3 IIacTUHKY G, mo-
MaIaloT B MUKPOCKOI M ¥ OTTyZa — B TJ1a3 HaOIIOJaTeIs.

Puc. 3.2
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B pabote ncnonsiyercst n3MepuTenbHbI Mukpockon MUP-12. B no-
1e 3peHus OyAyT BUIHBI Koiblla HpIOTOHA B OTpa’k€HHOM CBETE U Iepe-
KpECTbe HUTEU MUKPOCKOIIA.

Jist u3aMepeHus paanyca Koiblla €ro He0OXOAMMO HaBECTH Ha Iepe-
KpecTbe HUTEH. DTO MPOU3BOAUTCA MEPEMEIICHHEM TyOyca MHKPOCKOIA B
TOPHU30HTANBHON MIOCKOCTHU MPHU MOMOILU MUKPOMETpHYECKOro BUHTA. [1o
TOpU30HTANBHON mIKane npubdopa MIUP-12 oTcuuThIBaIOTCS IEIBIC MUII-
JUMETPEI, a T0 6apabaHy MUKPOMETPUIECKOTO BUHTA — AECSTHIE U COTHIE
JOJH MUJUTUMETPA.

Iopsinox BbINOIHeHUs] pa0OThI

1. Bkmounts mammy. [loctaBuTh 3eneHblid  cBeToQmiabTp. M3me-
HSS HAKJIOH IUTACTUHKU G, HOOUTHCS PABHOMEPHOTO OCBEILEHHUS MO
3peHusl.
2. [TepemenieHneM THa3HOW JIMH3BI OKYJsIpa C(OKYCHPOBATH €ro Ha
YEeTKYIO BUIUMOCTH ITEPEKPECThsl HUTEH MUKPOCKOTIA.
3. BpamenneM 0o0BEKTHBA B TyOyce MHKPOCKOIA MOIYYHUTH UETKOE
n3obpaxenue koner HeroToHa.
4. BeiOpaTh clieBa OT IEHTPATBHOTO TEMHOTO TISITHA OJTHO M3 KPalHUX
TEMHBIX KOJIeIl, KOTOPOE OTYETIMBO BHAHO B OKyJsp. Bpamas Oapaban
MHKPOMETPUIECKOTO BUHTA, TIOABECTH HUTH
N i NZ Ha CepeluHy BHIOPaHHOTO KOIBIIA, CHSATH
OTCYET IO IIKaJie MUKPOCKONA U pe3yIbTaT
3a"ectu B Tabm. 3.1 (orcuer N;) (puc. 3.3).
[Ipogomxkas Bpamate OapabaH B TOM XKe
T e —— | —  HampaBlICHUH, aHAJOTHYHO CHATH OTCUETHI
UL  BCEX OCTaJbHBIX TEMHBIX KOJEIl,
BIJIOTH JI0 HEHTPAIBHOTO TEMHOTO MATHA.
CHATBIE OTCUETH U HOMEpa KOJIell 3aHOCUTh
Prc. 3.3 B Tabm. 3.1 (oTcuetsl N;). Bpamats 6apaban
HYXHO TOJBKO B OJHOM HaINpPaBJEHHH,
WHAYe BO3HUKHYT TpyObIe OMMOKHM 3a cYeT JodTa BUHTA KAPETKH MUKPO-
ckorma. [lepeiins MeHTpaNnbHOE TSTHO, U3MEPHUTH TONOKEHHS CEPEIUH TeX
K€ KOJIeI] C IpaBoi CTOPOHBI (0TcueTsl N, Ha puc. 3.3). Pesynbrars! 3amm-
catb B Ta0m. 3.1
5. 3aMeHUB 3€JeHBIN CBETOMMIBTP HA KPACHBIN, IPOM3BECTH U3MEpe-
HUS, YKa3aHHBIC B 1. 4, U pe3ylbTaThl 3aHECTH B TabMN. 3.2, WACHTUYHYIO
Tabm. 3.1.
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Taonuma 3.1

Homep 3esieHblil cBeTOGUILTP
KOJIbLa N, MM N,, MM d =N, — N;, MM r=d/2, Mmm 2, MM
1
2
3
Tabnuma 3.2
Homep KpacHuelii ceeTopunstp
KoIlbla | N MM N,, MM d =N, — N;, MM r=d/2, mm 72, MM?
1
2
3

O0paboTka pe3yJbTaTOB U3MepPeHUii

1. Beruucnuth quamMeTpsl d, paiuychl 7 U KBaAPaThl PaguyCcoB KOJeI]
HrioToHa B 3emeHOM U KpacHOM cBeTe. Pe3ynbTaThl 3aHecTd B Tabm. 3.1
1 3.2 COOTBETCTBEHHO.

2. KoMOMHUpYS MOMapHO paguyCchl COCEAHHUX KOJEI, H3MEPEHHBIX B
3€JICHOM CBETe, JJIS KKJOW TMaphl PacCUMTaTh BEIUYHHY rnil — r”f. Ilo
dopmyne (3.4) paccunTaTh 3HAYEHUS Pajilyca KPUBU3HEI JIMH3BL Pe3yib-
TaThl BEIYUCIICHUH 3amucath B Ta0J. 3.3.

3. Paccuutath cpenHee apupMeTHUECKOe W3 TMOJYUYSHHBIX 3HAYCHHN
paanyca KpuBH3HBI JTUH3BI. OLIEHUTH MOTPEITHOCTD OIPENEIICHUs pajnyca
JIUH3BI KaK MOTPEITHOCTh MPSMBIX MHOTOKPATHBIX U3MEPCHHU.

Taonuuma 3.3

3emneHslil CBETOMIBLTP

Howmepa xoner m u m+1 N 5
rm+1 - rm R
1-2
2-3
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4. AHAJNOTUYHO, KOMOMHHUPYS TMOMApHO PaJMyChl COCEIHUX KOJIell,
U3MEPEHHBIX B KPACHOM CBETE, JJIS KaXKIOW Mapbl pacCUUTaTh BEIUYHHY

2
rm+1

- rnf. Hcnonp3ys momydeHHOE 3HaUCHUE Paanyca KPUBHU3HBI JIMH3HI,
no ¢opmyne (3.5) paccuuTaTh 3HAYCHUS IUIMHBI BOJHBI KPACHOTO CBETA
Aip. Pe3ynbTaTel pacueToB 3aHecTH B TN, 3.4.

5. BeruncnuTh cpenHee apupMeTHIeCKOe U3 MONYYCHHBIX 3HAYCHUM
Ap. OnpenienuTh MOrpeHOCTh JUIMHEL BOJIHBI A, KaK MOTPENIHOCTh Mps-
MbIX MHOTOKPATHBIX H3MEPEHHUI.

TaoOonumna 3.4

KpacHslii cBeTOGHIBTD

Howmepa xoneu m u m+1 > >
Vot — T ;‘Kp
1-2
2-3

Ap(ep) =

Bomnpocel u 3aganus 17151 I0MYyCKa K JIa0OpaTopHOii padoTe

1. B dem 3aximouaercs siBieHue WHTephEepeHIuu? Y CloBus, HEOO-
XOUMBIe /TSl HaOIroIeHNs] HHTephEePCHIHH.

2. Kparko chopmynupoBats CyTh MeToAa. BeiBectu hopmymy s
pamuyca TeMHOTO KoJiblla HpI0TOHA B OTpaskeHHOM CBETE.

Bonpocsk! 1 3agaHus K 3anuTe Ja06opaTopHoii pa6oThI

1. OcymiecTBiIcHAE KOTEPEHTHBIX BOJH B ONTHKE: METOX JACICHHS aM-
muTyabl. Jlokamu3zarus nHTep(EPEHITMOHHBIX TOJIOC.

2. Tlouemy mpu HaOmrogeHWH Kojel Hpl0OTOHa B OTPakKEHHOM CBETE B
IIEHTpE KapTHHBI 00pa3yeTcsi TEMHOE MSTHO?

3. Konpua HeroToHa B OTpaskeHHOM U MpoxofsiieM cBere. OnucaTth OT-
JUYUS TOTYYaroIIuXCs KapTHH.
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JIABOPATOPHAA PABOTA Ne 4

AAPPAKIIAA HA YIIOPSTOYEHHOM U XAOTHYECKOM
MHOXECTBAX NPEIIATCTBUU

Llenv pabomer — onpeneanTh Mo AUGPaKIHOHHONW KapTHHE MEPUOJBI
JTUHEHHON U CKpeleHHON AU(PaKIUOHHBIX PEIIETOK, a TaKXKe TUaMETPh
IIAPUKOB, 00PA3YIOIINX XAOTHUECKOE MHOXKECTBO.

Ipubopwt u npunaoaes’cHocmu. NOTYTPOBOTHUKOBBIN J1a3ep, JTHHEH-
Has IU(PAKIMOHHAS PEIIeTKA, CKpeIleHHas AU(PAKIUOHHAS PEIIeTKa,
TUTACTHHKA C JINKOTIOANEM, dKpaH, JIUCT OyMarm.

Kpartkue cBeenust u3 teopuu

Judpakiys cBeTa MPOSBISAETCS B OTKJIOHEHUM CBETOBOH BOJHBI OT
TPSIMOJIMHEHHOTO PacTIpOCTpaHEHH BOJM3HM TPAHUIl HETPO3pPauyHBIX TEl.
Judpakiwst IpUBOANUT K OTKIIOHESHHIO OT 3aKOHOB T€OMETPHUYECCKON OTITHKH
U MOMAJIaHUIO CBETa B 00JACTh IeoMETpUuecKoil TeHu. B ocHOBe perieHus
TU(PaKIMOHHBIX 3ama4 JexuT npuHoun [roirenca (1629-1695), 0606-
mernbiil B XIX B. @penenem (1788—1827). CormacHo [foiireHcy, KaxmIyro
TOYKY, B KOTOPYIO IIPHUIILIA BOIHA OT UCTOUHHMKA, MOXKHO IIPUHATH 33 UCTOU-
HHUK BTOPUYHBIX BOJH. Orubaromias 3TUX BTOPUYHBIX BOJH (puc. 4.1) maer
(pOHT BOJIHBI B CIIEIyIONIHEe MOMEHTHI BpeMeHu. [Tpunamn [rolireHca mos-
BOJISICT BBIBECTH 3aKOHBI TEOMETPHUYCCKOW onTHKU. DpeHenb BIOXKWI B
npuHIun [foiireHca ¢usnueckoe copepxaHue: BTOPUUYHBIC TOYCUHBIC HC-
TOYHUKH SIBIISTIOTCSI KOTEPEHTHBIMH, TaK KaK IMPOUCXOMISAT OT OJHOTO HACTO-
AIIEr0 HMCTOYHHKA; CBETOBOE IIOJIE B IIOCICAYIOIINE MOMEHTH BpEMEHH
MOXHO pPaccMaTpUBAaTh KaK pe3yNbTaT UHTEP(EPEHIIUH BTOPUUHBIX BOJIH.

t+ At

|
(YA

Puc. 4.1

HaunOonpmmii mpakTHUCCKU HHTEpEC MPEACTAaBIAIOT TU(PPAKIIMOH-
HBIC ABJICHMS, HAOMIOJAOIIUECS NPH MAICHUM Ha TPENSATCTBHE (MIH Ha
OTBEpCTHE B SKpaHe) MapauleNbHBIX JTyder cBeTa. B pesynbrare mudpak-
IIUY JTyYH OTKJIOHSIOTCS] OT MEPBOHAYAIBHOTO HAIIPABJICHUS, U BO3HUKAIOT
JudparnpoBaBIIne (TakKe MapaienbHbIe) JTydH, KOTOPbIE PacipocTpa-
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HSIOTCSL B Pa3IMYHBIX HAINpaBleHUsAX. Takoe sBICHHE HAa3bIBACTCS -
¢pakuuerr ®dpaynrodepa (1787—1826). Jlns monydeHHs MapaiedIbHBIX
ay4yed MOXKHO MOMECTHTh TOUYEYHBI HCTOUYHUK B (PoKyc cobuparomieit
nmuH3bL. [Ipy UCTIOIB30BaHNU Jla3epa HeOOXOJUMOCTh B COOMpAroIIei JIHH-
3¢ OTMAJAeT, TaK Kak JIa3epHBIN JIyd 00JIagaeT O4eHb MaJOi pacxXoIuMo-
cTpr0. Habmonate nupakiInOHHYIO KapTHHY CIEIyeT Ha yIAICHHOM OT
MPETATCTBUS dKpaHe, YTOObl MapajuieNbHble TYYH COLUIMCH, WIH COKY-
CHPOBATH JIydHl Ha SKpaH C IIOMOIIBI0 cobmuparomiei muH3bL. [Audpaxunio B
HeTapaJuIeNbHBIX JIydaxX (B TOM YHCIE, TUPPAKIHIO BOIHBI OT TOYCYHOTO
UCTOYHHKA) HA3bIBAIOT Audpakiucii OpeHens.

Jugpppaxuyua @paynzoghepa na onunnoi wenu

PaccmoTpuM HOpMasibHOE MaJeHHE IUIOCKOH MOHOXPOMAaTHUYECKOM
BOJIHBI Ha AuadparMy ¢ ATUHHON mIenbio mupuHbI a. [lo npuauumy ['roi-
renca—®peHens cBeTOBOE IOJE 3a LIEIbI0 MOXHO HAWTU Kak pe3ynbTaT
uHTEep(EpeHIINH KOTePEHTHBIX BTOPHYHBIX BOJH, HCXOISIINX OT pa3ind-
HBIX TOYEK BOJIHOBOTO ()POHTA, MPOILEAIIETO B LIEIb.

Bonna, pacnpocTpaHsmomascs OT TMOJOCKH IIENH IMUPUHONH Ay
(puc. 4.2), mpuHECET B TOYKY HaOJtoicHNs P KojeOaHue

E, cos(wt —kr)Ay = E,Ree" "™ Ay,

TJIe ¥ — PAacCTOSIHUE OT TOJIOCKH 10 Touku P. [TosHOe KonebaHue B Touke P

al2
E= [E,Ree“ ™ dy 4.1

—-al2

€ro MHTEHCUBHOCTb / MpONOpLUOHAIbHA £ ’,

Ay sin &

Puc. 4.2
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Meton 30H DpeHess MO3BOJIAET ONPEAETUTh YITIbI 0, COOTBETCTBYIO-
IIHe MUHMMYMaM HUHTEHCHBHOCTH CBETOBOM BOJHBL Pa300beM BOIHOBOI
(pOHT B 1IEIM Ha TOJOCKH IMMPUHOM Ay TaK, 4TO Pa3HOCTh X0 BOIH OT
JBYX COCCIHHUX MOJOCOK M0 TOYKd P Aysin@ = A/2. Takue monocku

Ha3bBaloTCa 30HaMu Openens. KomebaHus oT 1ByX COCEIHUX 30H MPHIYT
B TouKy P B mpotuBodase (co casurom ¢assl TT) U MOTracAT ApYr Ipyra.
Taxum 06pa3omM, eciy 1o MHUPUHE LIETH YKIIaIbIBACTCsl YETHOE YHCIIO 30H
Openens

asin@=mAl, m==%1,+2, ..., 4.2)

B Touke P HaOiroJaeTcs MHHUMYM C HyJIEBOM MHTEHCHBHOCTBIO. Mexay
KaXJI0¥ Mapoii MUHUMYMOB — MAaKCUMYM JU(DPAKIINOHHON KapTHHBL.

U3 (4.2) ciemyer, 4TO IEHTPaJbHBIH MakCHMyM B JiBa pasa IIUpE
OCTalbHBIX. Bbruncnenue unrterpana (4.1) maer pacnpeneneHUEe HHTEH-
CHUBHOCTH B 3aBUCUMOCTH OT yTIJ1a AU(PAKLINH:

X 2
sin
I1=1, ﬂﬁ ,
ma sin @ .
rne f= T, Vi ( — MHTCHCHBHOCTbH B HAIPABJICHUH MAJAMOLICH BOJI-

Hbl. Ha nenTpanbHblil MakcuMyM mpuxoautcs 90% cBETOBOTo MOTOKA.

Jugppaxuyus @paynzoghepa na 6oavuwom uucie
00UHAKOBBIX OMeepCmuil

Oco0b1ii uHTEepec npeacrasiseT audpaxuus PpayHrodepa Ha 60Ib-
IIIOM YHCJIe OJMHAKOBBIX OTBEPCTUH (Mu mpensitcTBui). [Ipu perynspaom
PAcCIONIOXKEHUN OTBEPCTHUH, KOTAa MX OPUEHTAIMS U PACCTOSHUS MEXITY
HUMU OJJUHAKOBBI, pa3HOCTb (1)33 MCXKXIY BOJIHAMU, lII/I(bpaFI/IpOBaBHII/IMI/I Ha
COCEHUX OTBEPCTHUSX, UMEET ONpeAeIeHHOe 3HaueHue. B pesynbrare uH-
Tep(epeHIIMN ITHX BOJH B HANpaBICHUAX, UII KOTOPBIX Pa3sHOCTH (a3
KpaTHa 27, aMIUIATYyJa Pe3yIbTHPYIOMEH BOMHBI B N pa3 0oJble, a ee
MHTEHCHBHOCTB B N~ pa3 GOJbIIE, YeM OT OJHOrO OTBepCTHs. IIpumep Ta-
KOH perynsapHoil CTpyKTypsl — AU pPaKIUOHHAS PEIIeTKA.

IIpu xaoTudeckoMm, OECIOPSIOUHOM PACIIONIOKEHUH OTBEPCTHH pas-
HOCTH (pa3 MEXIy BOJHAMH OT OTHEIBHBIX OTBEPCTHH MEHSIOTCS MPOH3-
BOJIBHO. B pe3ynbTaTe MpoOUCXOJUT MPOCTOE CI0KEHHE MHTEHCUBHOCTEH.
Ot N oTBepcTHil BO3HMKACT Takas ke Au(paknMoHHAs KapTHHA, KaK OT
OJIHOr'0, HO YCHUJIEHHAs 110 MHTEHCUBHOCTU B N pas.
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Hugpaxyuonnas pewemxa — TIOCKas CTEKISHHAs WM MeTajUIdye-
CKasl MOBEPXHOCTh, HA KOTOPYI0 HAHECEHO OYCHb MHOTO (JI0 COTEH ThICSY)
IPSMBIX PABHOOTCTOSIIMX MITPUXOB. PemreTka mpeacraBiseT coboil yepe-
JIOBaHHUE HIeNeH NIUPUHON ¢ U ITPUXOB IMUPHHOU b, BemmunHa d=a + b
HA3BIBACTCS MEPUOJOM WM IMOCTOSHHON perreTkd. Ha CTeKISHHBIX pe-
oICTKax Ha6.HIO,Z[eHI/I$I MOJKHO MPOBOAUTH KaK B MPOXOAAIICM, TaK U B OT-
paXXeHHOM CBETe, Ha METAJUIMYECKUX — TOJIBKO B OTPKCHHOM.

[Ipu HOpManbHOM MAaNCHHM HA PEUICTKY IUIOCKOW MOHOXpOMAaTHYe-
cKoil BostHEI (puc. 4.3) pa3HOCTh (ha3 JJis BOJH OT JIBYX COCEIAHUX IIENIeH

5:kdsin19:2jdsin19-

d

a bt
1

Puc. 4.3

O6o3HaunM yepe3 £ moje B TOUKe HAONIOACHUS, H3ITydaeMoe Iep-
BOM mienbio. Torza mosHoe moje, U3Iyd4aeMoe BCEMHU ILENISIMH, TPEACTaB-
JISIETCSl CYMMOM

; s s l—e™ SIN(NS/2) _nns
E=E+Ee”+Ee™ .. +Ee""" =E, —=F ,( )e’(”’ norz
—1 B
l-e sin(o/2)
rae N — obmee uncio mieneid. NHTeHCHBHOCTD BOJIHBI, PaclpoCTPaHsIO-

weiics oz yriaom 3, NponopuroHanbHa ‘ E‘z U paBHA

sin(N5/2) (4.3)
sin(6/2) )’
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I, — UHTEHCUBHOCTH BOJIHBI OT oHOM mienu. [Ipu

O0/2=mnr wumn dsin$=mAi, m=0,+1,+2,... 44

dynkuus (4.3) JocTHraeT MaKCUMyMOB, paBHEIX [ = N2J , - Ycnosue (4.4)

JIaeT IJIaBHbIE MAaKCUMYMBI TU(PAKINOHHON PEIIETKH, 71 — MOPSA0K MaK-
CHUMyMa WU MOPSAAOK CIIEKTpA.

Mexny Kaxaodl napoil INIaBHBIX MAaKCUMyMOB pPacHoJIOKeHbl N - 1
MUHUMYM (puc. 4.4), THTEHCUBHOCTh KOTOPHIX paBHA HYJIIO. MHUHHUMYMEI
OIIPEAEISIOTCS YCIOBHEM

dsin 9 = m+% A, m =12, N-1.

m m+ 1

(N - 1) munumymos

Puc. 4.4

Mex 1y MUHIMYMaMHE PacION0KEHBI T00aBOYHBIE MAKCUMYMBI.

[lonmoxeHue TIABHBEIX MaKCHMYyMOB, 33 HCKIIOUCHHEM MAaKCHMyMa
HYJIEBOTO MOPSAKA, 3aBUCUT OT JUIMHBI BONHEI (4.4). [Ipu nagenuun Ha pe-
IETKY OENOro CBETa BCE MAKCUMYMBI IIPH ‘m‘ >1 HMEIOT BHJ IIBETHBIX

MOJIOC, B KOTOPBIX BCTPEYAIOTCS BCE LBETa pamyru. Takum oOpa3om, Tu-
(bpakunoHHas peleTka — CHeKTPaNbHbIA MpUOOp, CITyKalui Ui pasio-
JKSHUsI CBETA B CIIEKTP U U3MEPECHUSI TTHHBI BOJIHBI

JlBymMepHast unu CkpelieHHas Au(pakInOHHAas PelIeTKa IOoIydaeTcs B
pe3ylibTaTe HAJIOKEHUS JBYX ONHOMEPHBIX DPEIIETOK, IITPUXH KOTOPBIX
MePeceKaroTcsl Mo YoM (0OBIYHO 1O/ MpsAMBIM). JndpakiuoHHas Kap-
THHA OT TaKOH CTPYKTYpbI MOXKET OBbITh MOJyuYeHA MyTeM HaJOXKCHUS JH-
(paKUHOHHBIX KAPTHH OT OJHOMEPHBIX PEIIETOK.
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Jugppaxuyun @paynzoghepa na xaomuueckom muoicecmee
npenamcmeuil

XaoTH4eckoe MHOKECTBO N OJIMHAKOBBIX IPETATCTBHM CO3/a€T Ta-
KyIO ke TU(PPaKIHOHHYIO KapTHHY KaK OTHO NPEISTCTBUE, HO YCHICHHYIO
M0 MHTEHCUBHOCTU B N pa3. PaccmoTpuM nudpakuuio Ha N KpOLIEUHBIX
mapukax (AuaMeTpoM HECKOIBKO JIECITKOB MUKPOMETPOB).

JudpaknnonHas KapTHHA Ha MIApHUKe 00J1aaeT OCEBOW CUMMETPHEH
U MMEET BHJ KOHICHTPHYCCKAX TEMHBIX M CBETJIBIX KOJNEN. JTa KapTHHA
paccunThIBaeTcs 1o npuHmiy Iroifrenca—@dpenens, Tak ke Kak audpax-
IUsl Ha TIeTH (HO TOPa3/Io CIOXKHEe MAaTeMAaTHYeCKH); YIIIbI JU(PPaKIAU
IUTSL TEMHBIX U CBETJIBIX KOJICI] PABHBI COOTBETCTBEHHO

o, =allr u f =bAlr, 4.5)
rje ¥ — paauyc niapuka, 3HaueHUs! KOO UIUCHTOB a; ¥ by TPUBEICHBI B
Tabm. 4.1.
Taonuua 4.1

k 1 2 3
0,61 1,12 1,62
b 0,81 1,33 1,85

IIpu xopomem 000OpyIOBaHUHM B IICHTpE AU(PAKIMOHHONW KapTHUHBI
BHJIHA CBETJIas TOUKa — msaTHO Aparo-Ilyaccona.

IMopsinok BbINOJIHEeHUs PadOThI

1. YcTaHOBUTh HA ONTHYECKOW CKaMbe Jla3ep, pedTep C JIMHEWHOM
IuPaKIMOHHOHN PEIIeTKOM U 3KpaH C YUCTHIM JTUCTOM Oymaru (puc. 4.5).

I'4

I lpelmim'mﬂuc Axpan
- Aunenas oudp. pewemxa

- Ckpewjennas oup. pewiemsa

= Mnaacmuna ¢ IIHKOFIO()H(’VU

Puc. 4.5
32

Jasep



2. BxmrounTs na3ep, 3amucarh JUIMHY BOJIHBI ero u3iydenus. llepe-
JIBUTAsE pedTep W YCTaHABIMBAsl TUIOCKOCTh PEIIETKH TEPICHANKYIAPHO
ny4y, JOOUTBCS YETKOW TU(PPaKIIMOHHON KapTUHBI Ha dKpaHe. V3MepuTth
paccrosiHue / oT peiitepa 1o skpana (I ~ 50 cm).

3. 3apucoBath IU(PAKIMOHHYIO KapTHHY, OTMedash OCBCUICHHBIC
MaKCHUMYMBI.

4. 3aMeHUTH IMHEHHYI0 AUPPAKIUOHHYIO PEIIETKY Ha CKPELUICHHYIO U
MOBTOPUTS I 1-3.

5. 3aMeHUTH TUQPAKIMOHHYIO PEMIETKY Ha INIACTHHKY C JIMKOIIOIHEM
(MKomOMH WM CEeMEeHa IUIayHa — KPOXOTHBIC INApUKH JHAMETPOM
~ 30 MKMm).

6. [loproputs mm. 1-2. 3apucoBaTh KOJbLa TEMHBIX MUHUMYMOB U
CBETJIOE MATHO B LIEHTPE.

O0paboTKa pe3yJbTaTOB H3MepPeHUii

1. VYrael mudpakiuu A MaKCHMyMOB JalOT COOTHOIIEHHS (4.4).
[ockonpKy It Manbix yrioB sind = 9 = x/[, rme x — KOOpauHaTa Ha
9KpaHe, KOOPIMHATHI CBETIIBIX MAKCUMYMOB X, = mAl/d, m =0,+1,£2...

2. PaccrosHHE MEXIy COCeAHUMH MakcuMyMaMu Ax = Al/d.

Wsmeputh Ha audpakMOHHOW KapTHHE PACCTOSTHUE MEXITY KpaiHH-
MH YeTKO BHIUMBIMH MaKCHMyMaMd W ompenenuTh Ax. IIpoBeputs, uTo
PaCCTOSHUST MEXKIy COCETHNMH MaKCHMyMaMH COOTBETCTBYIOT IOJIy4YCH-
HoU BenuuuHe. OnpenenuTh MOCTOSHHYIO AUGPAKIUOHHON pereTku d,
OLICHUTH TTOTPEUTHOCTb.

3. IIpoBecTn aHAJOTMYHOM pacdeT A CKPCIICHHOW Mu(pakIHoH-
HOM PEIISTKH U OIPEICIUTH JBE €€ MOCTOSHHEIE.

4. JIna nuppaknuoOHHOM KapTHHBI HA JIMKOMOMUH IS KaKIOTO
KOJIbIIa M3MEPHTH IISTh 3HAYCHUN AHaMeTpa, HAlTH cpelHee 3HAUeHHe pa-
JIyca U MOTPEIIHOCTb.

Jns ManbIx yriioB AM(pPaKLIUM paguyCchl TEMHBIX KOJEI[ Ha SKpaHe
CBSI3aHBI C UX YTJIOBBIMHU PainyCcaMH COOTHOUICHUSIMU

Xp= 10, =a, Nl /r.

OnpenenuTs paanyc MIAPUKOB JHUKOMOIUS (M €ro MOTPEUIHOCTh) 0
mapameTpaM Kakaoro Koisbla. CpaBHUTD HONTyYCHHbIC 3HAUCHHUS.
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Bonpocs! u 3aaanus Ajs qonycka k jabopaTtopHoii padote

1. SABnenue qudpakunu. Judpakuus Openens u @payHrodepa.

2. [Ipunuun ['olirenca u BEIBOJ 3aKOHOB T€OMETPHUECKOM ONTHKH.

3. Ilpunnun I'oitrenca-dpenens.

4. Kparko chopMyIupoBaTh CyTh METOJIa, IPUMEHIEMOTO B J1abopa-
TOpHOM pabore.

Bonpocs! u 3aaHus K 3a1[uTe J1a00paTOPHON padboThI

1. JludpakiyoHHas peuieTka. Y cIoBUsl AT TIaBHBIX MAKCHUMYMOB U JIO-
0aBOYHBIX MHHIMYMOB.

2. XapakTepUCTUKH TU(PPAKIIMOHHOM pEIIeTKH KaK CIEKTPalIbHOTO
npubopa (yriioBass ¥ JIMHEHHAs IUCIICPCHM, pa3peliaromas CIo-
COOHOCTB).

3. Judpakmus OpayHrodepa Ha KPYIiIoM MPEMATCTBHUA M XAOTHIECKOM
MHOXECTBE TaKUX MPENATCTBUI.

JIABOPATOPHAA PABOTA Ne5

JANDOPAKIIUA OPPAYHTODEPA
HA JJIMHHOU NPAMOYI'OJIBHOU IHIEJIN

Lenv pabomer — uccnenoBaTh JUQPPAKIUIO OT IENHU, BBITOIHUTH I'pa-
JTYUPOBKY IINPUHBI CIIEKTPAIBHOMN MIETH 110 AU(YPAKINOHHON KapTHHE.

Ipuboper u npunaonedxcnocmu: NOTYNPOBOAHUKOBBIA Ja3ep, LIENb,
3KpaH, JTUCT OyMaru.

Ilepen BbImomHEHUEM pabOTHl HEOOXOAMMO O3HAKOMHTBLCS C KPATKH-
MH TEOPETUUECKUMHU CBEJCHUSMH, TIPUBEICHHBIMU B J1a0. padote Ne4.

Onucanue yCTAaHOBKH
[TapannenbHBIN MTy90K MOHOXPOMATHYECKHUX Jy4ell C AJIMHON BOJIHBI

A, UCIYCKaeMBbIi MOJYNPOBOAHUKOBBIM JIa3€pOM, HOPMAaJbHO MagaeT Ha
1IeNb, YCTAHOBIECHHYIO Ha peiiTepe,” MpH MPOXOXKICHAHM KOTOPOH OH HC-

* TlonBMXHAas MOJCTABKA, EPXKATeNb I KPETICHUS ONTHYECKHMX yCTPOICTB, 1e-
Tajei, y3J10B Ha ONTUYECKON CKaMbe.
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neiThiBaeT audpaknuio. Ha skpane (puc. 5.1) Habnromaetcst AudpakinoH-
Has KapTUHA: 3HAYUTECIHHOE YHCIIO TUCKPETHBIX MU(PPAKIIMOHHBIX MaKCH-
MYMOB U MHHUMYMOB.

Tak kak mupuHa TUGPAKIUOHHON KaPTHHBI MHOT'O MEHBIIIE PacCTOsI-
HUS OT INENH JI0 3KpaHa (x,,<< [), To yrasl nudpaknuu mMansl (puc. 4.2),
ypaBHeHHE (4.2), OIMHUCHIBAafomIce MOJOKEHHE MU(PPAKIIMOHHBIX MUHIMY-
MOB OT OJHOM IIEJIH, MOKHO 3aIIMCaTh, 3aMEHUB Sind ~ O :

a®=mi, m==%1,%2,..., (5.1

IZie a — IUpHHa Iend, 0 — yrox nudpakuuy, HarpaBJIeHHBIH Ha m-H MH-
HUMYM JU(PPaKIIMOHHON KapTHHEI.

Hleavn Jlazep

>

[ 4

Puc. 5.1

B cBoro ouepens, yron 6 MoxxHO HaiTH (pHc. 5.1):
tgb =0 =x,,/2L 5.2)

CootBercTBeHHO ¢ ydetoM (5.1) u (5.2) 3HaueHHE MIUPUHBI MIENU d
oTIpenernseTcs Mo GpopMyIe

a=2mM/ x,,. (5.3)
ITo TeM e COOOPaKEeHHUSM X,;, PABHO:
X, = 2m(xm+1 —x, )= 2mAx.

OxoHUaTenpbHOE BBIPAXKCHUC JIA HAXO0XICHHUA HCTUHHOIO 3HAYCHUA
IIUPUHBI IS HMCCT BU
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a=2M/ Ax. (5.4)

B paboTe Hy)XHO COMOCTaBUTH UCTHHHBIC 3HAYCHUS MIMPHUHBI IIEITU C
HOMHUHAJIbHBIMH, 3a(1)I/IKCI/IpOBaHHI)IMI/I C NOMOIIIBIO MHUKPOMETPHUYCCKOTO
Oapabana.

IMopsok BbINOJHeHUs PadoThI

1. W3meputs paccrosuHue / OT menu a0 dkpaHa. Ha skpane mome-
CTHTB JIUCT OyMard.

2. BxmrouuTs nazep.

3. VOeauTbcs, UTO IENb MOJHOCTHIO MIEpeKphITa. Bparienuem Gapa-
0aHa HAYaTh MEAJICHHO OTKPBIBATH INENb N0 MOSBICHUS OTYCTIIMBOU -
(paKkIMOHHON KapTHHBI. YCTaHOBUTH Ha OapabaHe 3Ha4YeHUeE, OynKaiilee
K HAalJICHHOMY B CTOPOHY yBenudeHus u KpaTHoe 10 MKM. AKKypaTHO Ka-
paHIamoM IIepepHCOBaTh MUPPAKIMOHHYIO KAapTUHY. 3amucatb HOMHU-
HaJIbHOE 3HAYCHHE MIHMPHUHBI e (10 MHUKpOMETpudeckoMy Oapabany).
[Ipu mepexone K KOMHPOBAHWIO OYEPEHTHOW MUMPAKIIMOHHOW KapTHHBI
MIAPHUHY TIeTH YBETUIUTh Ha 10 MkM. V3-32 BO3MOKHOTO JIFO(Ta, MUKPO-
MeTprueckuid 6apabaH cieIyeT Bpamarh CTPOro B OJTHOM HAIPaBICHHH.

4. W3wmepenust BommonHstoTcs npu 13...14 TONOKEHUSX UIMPHUHBI
TICJTH.

Oo6paboTka pe3yJbTaTOB H3MepPeHMIt

1. JIuneiiko U3MEPUTh X,, — PACCTOSTHHE MEXIY KpaHUMHU YETKO
BUAUMBIMHU MUHUMYMaMH OJHOI'O IOPsJKaA IO obe CTOPOHBI ICHTPAJIBHOT'O
TG PaKIMOHHOTO MakcuMyMa (puc. 5.1).

2. 3anonHUTH TabMd. 5.1, IpUMEHSs U HaXOXJISHUS UCTHHHOTO 3Ha-
YeHUs UPHUHBI e Gopmyny (5.4). yinHa BOJHBI A yKa3aHa Ha ycTa-

HOBKE.
Taonuma 5.1

[=..cm
Ne
W Ayion, MKM Xm » MM 2m Ax = x,,/12m, MM a, MKM

3. Iloctpouts rpaduk @ = f{dyoy), BEIOPAB IO OCSM OJMHAKOBEHIN Mac-
mrTad (3KCIepUMeHTalbHas mpsAMas). M3 Hayama KOOpAMHAT MPOBECTH
TEOPETUUYECKYIO MPSIMYIO C HAaKJIIOHOM 45°.
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4. CpaBHHUTbH TEOPETUUECKUH M HAKCIIEPUMCHTANBHBIN IpapuKu U Ipo-
aHAIM3UPOBaTh MONyYEHHbIE PE3yNbTaThl. JId IBYX MPOM3BONBHBIX 3Ha-
YEHUIl MMPUHBI IeNU HalTH aOCOIMIOTHYIO U OTHOCUTEIBHYHO MOTPELIHO-
cTH (MOTPEUTHOCTh KOCBEHHBIX U3MEPECHUN ).

Bomnpocsl u 3agaHus 17151 I0MYCKA K JIa0OpPaTOpHOii padoTe

1. Jlaiite onpeneneHne andpaknnu Kak ¢uizngeckoro siaeHus. [Ipu-
BEAUTE NMpUMeEPHI IposiBieHus audpaxkuuu Openens u gudpaxmun OpayH-
rodepa.

2. Ilpunnun I'tolirenca-dpenens U ero NpUMeHEHUE Ul pacueTa Ju-
(paKIMOHHOHN KapTUHBI OT OHOH 1menn. 3006 Dpenens Ha (HPOHTE BOJIHBI
TpH TUQPAKIAN OT IIEIH.

3. B kakux ciyuasx, HCClleflysl CBETOBOW My4OK 3a MPErpagoi, MOXKHO
UCIIONIb30BATh 3aKOHBI I'€OMETPUYECKON ONTHKH, a Korja HeoOXOoAUMO
YUUTHIBATh BOJTHOBBIC 3((EKTHI — TUDPAKIHIO?

Bonpocs! 4 3a1aHus K 3a10MTe J1a00PaTOPHOIi padoThl

1. Monyuntrs GopmMysly MHTEHCUBHOCTH JU(PParMpoOBAHHOTO MyYKa MPH
JudpaKIuy OT TIEIH.

2. Caenath BBIBOA O HaIM4YUK (OTCYTCTBHH) CHUCTEMATHYECKHUX OLIHMOOK
MIpY  ONpEJCIICHUH IMUPHUHBI Mmend. Ecmu chcreMaTHyecKkas TOTpel-
HOCTh UMEET MECTO, YKa3aTh CIIOCOOBI ¢ YCTPaHCHHUSI.

3. Kak Bausiet Ha BUJ TUQPAKIIMOHHON KaPTUHBI yBEJIUUCHUC:

a) MUPUHBI TIEITH;
0) JUTMHBI BOJIHEI CBETA.

JIABOPATOPHAA PABOTA Ne 6

MU3YUYEHUE CBOMCTB OTPAKATEJBHOMN
JUDOPAKIIMOHHOM PEIIETKHW U ONPEJEJEHUE
C EE IIOMOIIBIO JJIUHBI CBETOBOM BOJIHBI

Lenu pabomyi: onpeaencHNe JUIMHBL BOJIHbI 3€JICHON JIMHUM CIEKTPa
PTYTH C TIOMOIIBIO JU(PPAKIMOHHONW OTPaXaTEIbHON PEIICTKH; M3y4CHHE
CBOWCTB MU(PPAKIIMOHHON PEIICTKH KaK CIIEKTPaIbHOTO proopa.

IIpuboper u npunaonexcrnocmu: ronuomerp I'1,5, pTyTHas nammna, oT-
pakaTebHas TU(PPAKIIMOHHAS pEeIIeTKa.
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Ilepen BbImomHEHUEM pabOTHl HEOOXOAUMO O3HAKOMHTBCS C KPaTKH-
MH TEOPETUUECKUMHU CBEJCHUSMH, TIPUBEICHHBIMU B J1a0. padote Ne4.

KpaTtkue cBeqeHUs N3 TeOPUH
Kak mokazano B ¢opmyse (4.3), mpH HOPMAIBHOM TAaJCHUN HA M-

(GpaKIMOHHYIO PEHIeTKY MJIOCKOH MOHOXPOMATHUECKOW BOTHBI MHTEHCHUB-
HOCTH CBETa, PacIpOCTPaHSIOMIETrocs Mo yriioM 4, paBHa

. 27 . 2
No6/2
L=1 sin u SlI'l( ) , 6.1)
u sin(o/2)
. 2
I =1 SINU |\ _ yHTeHCHBHOCTH BOMHBI OT OJHON IIeH, /) — HHTEHCHB-
! u

m .
HOCTb B HaIIpaBJICHUU Haz[a}omeifl BOJIHBI, U = ISIHQ .
IIpu
O0/2=kr wm dsin3=kA, k=0,x1,%2,... (6.2)

ynkums (6.1) nocruraet MakcuMyMoB, paBHbIX [, = N : I,. Ycnosue (6.2)

JlaeT TIaBHbIE MAKCUMYMBI TU(PPAKIUOHHON PELIeTKH, k — IOPANIOK MAKCH-
MyMa WIH HOPSAOK CIEeKTpa. IHTEHCHBHOCTD k-T0 TTIaBHOTO MaKCHMyMa

sin’ (wak/d)
(ak/d )’
IIpu nagenuu myueit cBeTa Ha OTPAXKATENbHYIO PEMIETKY MO YIJIOM
(puc. 6.1) onTryeckas pa3HOCTh X0/1a

A=AD-BC=d(sing, —siny),
1 YCJIOBHE 00pa30BaHMs INIABHBIX MAKCHMYMOB (6.2) IpUHUMAET BUJT

d(sing, —siny) =kA, (6.3)

I, =N,

rae ¢ — yron audpakmuu, T.. HalpaBICHHE, B KOTOPOM HaOIIOmacTCs
IU(PaKIMOHHBI MakCUMyM. B 3Toil ¢opmyre cremyer y4ecTb MpaBHIIO
3HAKOB JUISL YIJIOB W U QO YTOJl Yy MOXKHO BCEI/la CUMTATh MOJOXKHUTENb-
HBIM; YTOJI (O TIOJIOXKUTEJICH, €CIIU ¥ U () PACIOI0XKEHB! IO Pa3HBIE CTO-
POHBI OT HOpPMaJH, U OTPULIATENIEH, €CIIU Y U @ — MO OAHY CTOPOHY OT
HOpMAJIH.
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U3 paBenctna (6.3) cnenqyer, 4To
. kA .
sing, ==~ +siny" (6.4)

[TonoxxeHue TJIaBHBIX MaKCHUMyMOB, 32 HCKJIIOYEHHEM MaKCUMyMa
HYJIEBOT'O NOpsiAKa, 3aBUCUT OT AJIMHBI BOJHBI. [Ipu najgeHuu Ha pemeTky
Oenoro ceera Bceé MaKCUMYMBI MPU ‘k‘ >1 UMEIOT BUJ LIBETHBIX MOJOC, B

KOTOPBIX BCTPEUaroTCs Bce I[BeTa pagyru. Takum oOpa3oM, nupakinoH-
Hasl pelleTKa — CIEKTPaIbHbIA IPUOOD, CITyKalUi Ul pa3lokKEeHUs CBETa
B CIEKTP M M3MEPEHUs JIMHBI BOJHBL. 3HA4YCHUIO k= (0 COOTBETCTBYET
yron aubpakuud (g =\, HE 3aBHCAIIMA OT JUIHHBI BOJHBI A, T.C. B
HaNpaBICHUU Qo =\ HaOIOAATCS MaKCUMyMbl A BCEX JUIMH BOJH.
D10 HyneBo#l (HeokpalleHHbIH) MakcuMyM. CripaBa U cjeBa OT HYJIEBOTO
MaKCHMyMa PACHOJI0KaTCs CHEKTPBI, COOTBETCTBYIONINE OJAMHAKOBBIM MO
3HAYCHHUIO U MPOTHUBOMIOJIOKHEIM T10 3HAKY K.

OCHOBHBIMH XapaKTEpUCTUKAMU AU(DPAKIUOHHON PEIIETKU KaK JIo-
00oro cmekTpagpHOTO MpUOOpa CIyKaT yIJoBas AWUCIEPCHS, JHHEHHas
JHCHepCus W pa3pelaronias criocOOHOCTh. YTJIOBas W JIMHEHHas IHCIep-
CHUM XapaKTEpU3yIT CIOCOOHOCTh CHEKTPAILHOrO NpHOOpa IpPOCTpaH-
CTBEHHO pa3/eNATh IMy4KH Jydel pasIuuHbIX JUIMH BOJH (puc. 6.2). Me-
POl yTJIOBOM JUCIIEPCHHU SIBJISAETCA OTHOLIEHHE YITIOBOTO PACCTOSHUA d@

MEXIY ABYMS CIICKTPAJIbHBIMU JIMHUAMH K PAa3HOCTH UX JJIMH BOJIH dh:
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p 499, (6.5)

" dA
[poxuddepentmpyem (6.4): cos@,dp, = kjﬂ,
D¢:dccl>{sq) B k KA (6.6)
‘ d\/l—(sinl//+dj '

N3 dopmynsl (6.6) ciuemyer, 4TO yriioBas IUCIEPCHS PEIIESTKH BO3-
pactaeT mpW YBEIMYCHUH YIja MAJCHHs Jy4eld Ha PElIeTKy M MOpsaKa
crieKTpa k.

CriekTp yacTo HaOOJA0T Ha dKpaHe Wwin ororiacTuHke. [loaTomy
VTJIIOBOE PAacCTOsIHHE d¢@ ObIBaeT yJOOHO 3aMEHUTH HA JIMHEHHOE PaccTos-
Hue d/ (puc. 6.2).

do

A\ \A+dA

d/

Puc. 6.2

Jluneitnas nucniepcust mpudopa
dl
D =—:
di
Ecnu criektp mpoenupyeTcsi Ha 9KpaH C MOMOIIBIO0 JIMH3BI C (POKyc-

HBIM paccrosiuueM f, 1o dl = fdp u D, = f;{f =/D,.

Hanuure 3HaunMTeNnhbHOW AMCIIEPCUU €Ille HE 00ECIIeUYnBaET BO3MOXK-
HOCTb Pa3JICIIBbHOTO HAOIOICHUS IBYX OJNU3KHUX CIIEKTPATLHBIX JIMHUH, TaK
KaK Mepexoj OT MAKCUMyMa JiJIsl JAHHOW JITMHBI BOJHBI K MUHUMYMY TIPO-

40



UCXOOUT Bcerna mocteneHHo. Ilpubop paspemaer nBe ONU3KUE JHUHUH,
€CJIM TIpY 3aJIaHHOM PACCTOSHUH MEXIy MaKCUMyMaMH KOHTYpPBI 00enx
JIMHUHN JTOCTaTOYHO pe3kue. B kauecTBe WiumOCTpanuu Ha puc. 6.3 ciesa
MIpUBEJICHHl OTHOCHTENBHBIC pacrpeelieHHss MHTEHCHBHOCTH, CO37aBae-
MBbI€ JIByMS OJIN3KHUMH CIICKTPAIGHBIMU JIMHUSAMHE C JUIMHAMY BOJH A B A,
OJIMHAKOBOM MaKCHUMaJbHOM MHTCHCUBHOCTH /).

.

Puc. 6.3

PaccrosHus MEXIy STHMHU JTHHUASME Ha KpaHE OJMHAKOBEI, a IIHPH-
HBI KOHTYpOB JIMHUH pasHble. Ha maHensx cmpaBa IMoKa3aHB CyMMapHBIC
KOHTYPBI, CO3/IaBaeMble dTHMU JTUHHUSIMU. BUHO, YTO CHEKTpajbHBIC JIU-
HUH, TIOKa3aHHBIC HA HIDKHEH MaHeNH, Jal0T CyMMapHBIH KOHTYp C IBYyMs
MaKCUMyMaMH ¥ HaOIIOAAIOTCS IIO3TOMY pa3feibHO (T.C. pa3peraroTcs
npudopoM), B TO BpeMsl Kak JIMHUU Ha BEpXHEW MaHeNu CIMBAIOTCS B OJIUH
0o0mIMii MaKCUMYM U HaOMIOAAI0TCA KaK OJ[HA CIIEKTpaibHast TUHHSA (T.€. HE
paspemaroTcs IpudopoM).

Paspemaromiasi cmocoOHOCTh MpubOOpa ompeaessercs OTHOILIEHHEM
CpeHel JUIMHBI BOMHBI A JBYX ONU3KHX CIEKTPAIbHBIX JTMHUNA K MHHHU-
MaJIFHOMY HMHTEpBANy IUIMH BOJMH OA, IPH KOTOPOM OJTH JIMHHHU €I
HaOJI0aeTCs pa3ieNnbHO:

R=X/8\. (6.7)
41



CormnacHo KpUTEpHIO, MIPEIOKEHHOMY PaneeM, 1Be NMHUM OAMHAKO-
BOW WHTEHCHBHOCTH OYIyT pa3pelleHBI, eCIH MaKCHMYM OJHOH W3 HUX
COBIIAJAeT C MEPBBIM MUHUMYMOM JpyToii (puc. 6.4). [IpoBan Mmexay mak-
CUMyMaMH B CyMMapHOM KOHTYpP€ COCTaBISE€T NpH 3ToM ~ 20% oT Makcu-
MaJIbHOH MHTCHCHUBHOCTH W TIO3BOJISICT BOCIIPHHUMATE JIMHUHU Pa3/IeIbHO.

Puc. 6.4

Kputepuit Panes maer mia pasperaromnieil criocodHoctu audpakiu-
OHHOM pEIIETKHU CIEAYIOLIEe COOTHOIIECHUE:!

R=M\/8\=kN, (6.8)

rae N — MOTHOE YHCIIO IITPUXOB PELICTKH.

TakuM 00pa3zoM, MPH YBETUUCHHUU TOPSIKA CICKTpa pa3peliaromas
CroCOOHOCTh PEIIETKH, KaK U ee yrioBas aucrepcus (cM. popmymy (6.6)),
YBEJIMYUBACTCSL.

Onucanue YCTaAaHOBKH

Wzmepenne yriaoB mudpakiuy Mpou3BouTcss Ha roHmomerpe ['1,5
(cM. mpunoxenue). IcTouHUKOM cBeTa ABNseTCS pTyTHas Jiammna. Ontude-
CKasi CXeMa yCTaHOBKH IMOKa3aHa Ha puc. 6.5. CBeT OoT ucTouHuKa S, mpou-
Il KOJUTIMATOPHYIO IIEeNb M KOJJITMMATOPHBIH OOBEKTHB TOHUOMETpa, Ma-
JacT MapajuieNbHBIM ITyYKOM Ha AU(PaKIHOHHYIO pemerky D, yCTaHOB-
JICHHYIO Ha CTOJINKE ToHMOMeTpa. HaOmiomaTe AM(PaKIUOHHBIN CIIEKTp
HYXXHO 4epe3 3pUTEIbHYI0 TpyOy TOHHOMETpa. YTIIOBOE IOJIOKCHUE KaX-
JIOW CIIEKTpaJbHOU JIMHUU ONpEAEIIsieTCs ¢ MOMOLIbI0 OTCYETHOTO YCTPOM-
CTBa TOHHMOMETPA (CM. IPUIIOKEHHUE).

Ha puc. 6.5 yrioBomy MoJI0O)KEHUIO HEOTKIIOHEHHOTO ITydYKa (Tu(pak-
LIMOHHAs PelIeTKa BbIBEJECHA U3 IIyYKa) COOTBETCTBYET OTCUET MO TOHHUO-
MeTpy No; YIIIOBOMY IMOJIOKEHUIO MAKCUMyMa HYJIEBOTO TOPsIIKa — OTCUET
Noi, YTTIOBOMY TOJIOKEHHIO HEKOTOPOTO0 MaKCHMyMa k-TO TIOpsiiKa — OT-
cuetr N.
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Puc. 6.5

Yrom  MeXAy ~— HampaBICHHEM  HEOTKIOHCHHOTO  CBETOBOTO
My4YKa ¥ HAMpaBICHHEM HA CIEKTPAIbHYIO JUHHIO k-TO TOPSAKA pPaBEH
ar = 180° - (y + @f). Yrom Mexay HampaBJIeHUEM HEOTKIOHEHHOTO IyYKa
W HalpaBliCHWEM Ha JIMHUIO HYJIEBOTO MoOpsiaka paBeH [ = 180°- 2y.
Otcroma yron majeHusi cBeta Ha pemetky y = 90° - /2, a yron audpax-
muu ¢ = 180° - (y - o). Taxum obpazom, 3aaya CBOJUTCA K H3MEPEHUIO
YIJIOB 0 M [3, T.e. K HAXOXKICHUIO HAMPABJICHUI HEOTKIOHEHHOTO My4YKa

Ny, MakxcuMyMa HyJIEeBOTO Topsiiika Ny, U CIEKTPAIbHOMN TMHUU N.
Iopsanok BbINOJIHEHUSI pAadOTHI

IIpu noaroroBke kK padore HEOOXOAUMO H3YUUTh MPUHIIUI ACHCTBUS
TOHHOMETpa (CM. TIPHUIIOKCHHUE).

1. Bxmounts B ceTh ~220 B pTyTHYIO TaMIly ¥ MOJCBETKY TOHHOMET-
pa.

2. Ecmm mudpakmunoHHas penieTka YCTaHOBJICHA HAa CTOJIMKE TOHHO-
METpa, CHATH €€ FJIM BEIBECTH U3 CBETOBOTO ITyYKa.

3. VYCTaHOBWTH 3pUTENBHYIO TPYOY BIIOJIb MPOJIOJHKSHUS OCH KOJLIH-
Mmatopa. [Ipu 3ToM B mose 3peHus nosBiseTcst n3oopakenue mein. [ToBo-
pauuBas BUHT 4 (cM. puc. 11 B npuiioKeHnn), TOOUTHCS PE3KOro n300pa-
skeHust menu. CPokycupoBaTh OKYJIsIp 3pUTENbHOM TpyOs! 5 (cM. puc. 111
B NIPIJIOKCHNH) HA YETKOE BHICHUE MEpeKpecThs HUTeH. COBMECTUTH Te-
PEKpecTbe ¢ EHTPOM H300paKeHUS IICTIH.

4. CdoxycupoBarh OKYJISIp OTCUETHOTO ycTpoiicTBa 7 (cM. puc. 111 B
MPUJIOKEHUH) Ha pe3Kkoe BujeHHe MKaibl. CHATH OTcueT Ny M 3aHECTH
pe3ynbTar B Tab. 6.1.
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Tabonuma 6.1

Ny Noy k JIuans N B \ Ol ot Iy

Cunsist
3eneHas
Kenras 1
Kenras 2
Cunsist
3eneHas
Kenras 1
Kenras 2
Cunsist
3eneHas
Kenras 1
Kenras 2

-3

5. TlocTaBuUTh pelIETKY HA CTOJHK M MOBEPHYTH €ro TaK, YTOOBI yro
MaJeHus ¥ Jydel Ha pemetky Obu1 ~ 70°. M3o00pakenue mienu (HyneBoi
MaKCHMyM) M CIIEKTpajJbHBIC JHHUH OyIyT MPU 3TOM XOPOIIO BHIHBI Ha
peleTke HeBOOPYKEHHBIM TIa30M.

6. IloBepHyTH 3pUTENBHYIO TPYOy M HABECTH IEPEKpECTHE HUTEH Ha
HyJeBor MakcuMyM. CHSITh OTCHeT Ny 1O IIKaje OTCYETHOTO YCTPOHCTBA,
3aHECTH pe3yJibTaT B Tao. 6.1.

7. TloBopaumBas 3pHTENbHYIO TPYyOy, HABOJHUThH MEPEKPECTHE HUTEH
MOCTIIOBATEIILHO Ha CEPEIUHBI CIIEKTPAILHBIX JIMHUKA (CHHEH, 3eJICHOW U
JIBYX JKENTHIX) B CIIEKTpax mopsakoB k = —1, =2, —3. B xaxmom mopsiake
CIEKTpa MPOU3BECTU OTCUCTHI N [T KAKION JIMHUU U 3aHECTH 3HAYCHHS B
Tabin. 6.1. [Tocie kaxmoro MOBOPOTa 3pUTEINBHON TPpyObl HEOOX0AUMO (O-
KyCHPOBaTh H300paKeHUE IIEeNN ¢ TOMOIIbIo BUHTA 4 (cM. puc. I11 B pu-
JIO’)KCHUN).

O0paboTka pe3yJbTaTOB U3MepPeHUit

1. Haiitu yros nageHus CBeTa Ha PEIIETKY:
v =90°-B/2,rne B=Ny— No.
2. JnA KaKJOW CIEKTPaJIbHOM JIMHUYU B Ka)IOM MOPSAAKE CHEKTpa
OIIPEAENUTD YTIIBI JU(PAKIHH:
@r = 180° - (W - 0y), Tme o= Ny— N.

3. BruucnIuTh IIMHBI BOJIH CHEKTPAIBHBIX JUHUN B KXKIOM TOPS/I-
KE CIIeKTpa:
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A = d(singy - siny) / k.

IocrosHnas audpakunonnoit pemerku d = 1/600 MM. Pe3ynbrarsl
BBIYHCIICHHUI 3aHeCTH B Tabm. 6.1.

4. Jlns 3e7€HOM JIMHUM CIIEKTpa PTYTH 10 TPEM MOTYUYESHHBIM 3Haue-
HUSM BBIYUCIUTH cpeiHee apupMeTnueckoe. OUEHUTh MOTPEUIHOCTh PU
OTIpe/ICTICHUU JJTUHBI BOJHBI 3€JICHON JIMHUM CIIEKTpa PTYTH MO pa3dopocy
TpeX 3HAYCHHM.

5. 3anectu B Ta0y. 6.2 3HAYEHUS YIJIOB TUPPAKUHUU JUIS HKEJITHIX
nuHUN. BeraucnuTe yrimoBoe paccrosiHue AQ; MEXIy 3THUMH JIMHHUSIMH B
Ka)XIIOM TIOPSIIKE CIIEKTPa U YIIOBYIO JHCIEPCHIO MO (opMyIie

Dyen = A(Pk AN,

rae AA — pa3HHIA JUIMH BOJH JKEITBIX IUHHH, Ay =576,960 HM u
A2 = 579,066 HM cniexTpa pTyTu. Pe3ynbTarhl 3aHecTd B Ta0I. 6.2.

Tabnuma 6.2

k JIunus Qk A(Pk DaKcn DTeop

sxenTas 1
sKeaTas 2

xkenras 1

-2
JKenras 2

sxenTas 1

-3
JKenTas 2

6. Ilo dopmyne Dieop=k/dcos @  paccuuTaTh TEOPETHUYECKHE
3Ha4YeHMA YTIIOBOM Jqucniepcuu. Pe3ynbTaThl 3aHecTd B Ta0I. 6.2.

7. Iloctpouts rpadukn 3aBUCUMOCTEN Doy M Dieop OT NOpAAKa
cuekrpa k. CoOIOCTaBUTH 3KCIEPUMCHTANBHBIC Dy M TCOPETHUCCKHE
D:eop 3HaueHUs. Crenath BBIBOJ, O 3aBHCHMOCTHU YIJIOBOM IHCIEPCHU pe-
IIETKH OT MOPSAKA CIIEKTPA.

Bomnpocsk! u 3agaHus 1J1s1 I0MYyCKa K JIa0opaTopHOii padoTe

1. B uyem 3akirouaercs sBienue audpaxuauu? CdopmynupoBatb
npusnun I'roiirenca-®peners.

2. YcroBue TIaBHBIX MaKCUMyMOB AU(PaKIHOHHOH PEIICTKH MpPU
HOPMAaJBHOM W HAaKJIOHHOM IaJCHUM CBETa. PacmpesieneHue WHTEHCHBHO-
CTH CBETA I10 TJIaBHBIM MaKCHMYyMaM.

3. Kparko chopmymupoBaTh CyTh METOJIa, UCIIOIB3YEMOTO B Jabo-
paTopHoii pabore.
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Bonpocsk! 1 3agaHus K 3anuTe Ja060paTopHOii pa6oThI

1. Andppakaus @payaropepa Ha omHOH M ABYX mensx. CpaBHEHHE IH-
(paKIMOHHBIX KapTHH.

2. YrnoBas W JuWHeWHas mucrepcus Au(pakiuoHHOW pemieTku. JlaTh
OTIpEIICNICHHS, TIEPEIUCITUTE (PAKTOPHI, OT KOTOPBIX OHU 3aBHCST.

3. Paspemaromast cuna AU(PAKUUOHHON pemieTku. JlaTh ompeeleHue,
MEPEUUCIUTh (PaKTOPBI, OT KOTOPBIX OHA 3aBUCHUT. Kputepwuii Panest.

JIABOPATOPHAA PABOTA Ne 7

ONPEAEJEHUE KOHUEHTPAIIUU PACTBOPA
ITPA ITOMOIIHA ITOJTYTEHEBOI'O CAXAPUMETPA

Lenv pabomer — U3MEPUTH KOHLEHTpanuo C, pacTBoOpa caxapa IpH

BpallleHUH UM IUIOCKOCTH TOJSIPU3allii U CPaBHUTH C BpalleHHEM ILI0C-
KOCTH TIOJISIpU3aIliU pacTBOPOM caxapa ¢ H3BECTHOM KoHieHTparueit C.
Ilpuboper u npunadnescnocmu: caxapumerp CY-3, Tpu KIOBETHI
(c AMCTUIIMPOBAHHOM BOJIOM, C PaCTBOPOM caxapa C U3BECTHON W HEU3-
BECTHOW KOHIICHTpAIUCH).
PexomenmyeTcst mpeaBapUTENbHO O3HAKOMUTBCS C KPAaTKHMHU CBEZe-
HUSMH U3 Teopun nad. pad. Ne 8.

Kpartkue cBeenus n3 Teopuu

MHorue BenecTBa 00J1a1al0T CIOCOOHOCTBIO BPAIATh HI0CKOCHb HO-
aapusayuu (TOCKOCTh, B KOTOPO# KoneGieTcs cBeToBoil BekTop E B
TUTOCKOIIOJISIPH30BaHHOW BoyHE). OHH HA3BIBAIOTCS ONMUYECKU-AKMUG-
HulMu gewjecmeamu. JIF060e ONTUYECKU-aKTUBHOE BELIECTBO CYILECTBYET B
MpHUPOJIE B IBYX MoAu(HKaUAxX (TpaBOBpalIalONIeH U JICBOBpAIAIONICH),
KOTOpBIE XUMHYECKH HEPA3ITNIUMBI, HO BPAIIAIOT ITIOCKOCTH MOJISIPU3AIIH
B MIPOTHUBOIONIOXKHBIE CTOPOHBI. OHU MOTYT OBITh KaK B TBEpAOH, TaKk U B
KUAKOU (haze. PacTBOPBI TakMX BEIIECTB TaKKE BPAIIAIOT TUIOCKOCTH TO-
nspu3anuy. BparieHne o0ycIoBICHO aCHMMETPUYHBIM CTPOCHHEM MOJIe-
KyJI, He UMEIOIINX HU EHTPa CUMMETPHUH, HU TNIOCKOCTH CUMMETPUH.

s 00bsicHEeHMsI BpallleHUsI II0CKOCTH monsapu3anuu Openens npe-
MIOJIOKWJI, YTO B ONITHYECKU-aKTHBHBIX BEIIECTBAX Jy4H, IOJISIPU30BAHHBIC
[0 KPYTY BIPABO U BIICBO, PACIIPOCTPAHSIOTCS C HEOJHMHAKOBOH CKOpO-
cThio. [1I0CKONONAPHU30BaHHBIN CBET MOXHO MPEACTaBUTh KaK CyNepIo-
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3ULIMIO IBYX IOJISIPU30BaHHBIX IO KPYTy BOJIH, IIPaBOW U JIE€BOH, C OAMHA-
KOBBIMH 4YaCTOTaMH M aMIUIMTyJaMu. JIEHCTBUTEIBPHO T€OMETPHYECKAs

cymma E  CBETOBBIX BEKTOpOB FE, u E,, NOIAPU30BAHHBIX IO KPYTy

BOJIH, B K&XbIi MOMECHT BpeMEHH OY/ET JIekKaTh B OAHON U TOH *Ke IIoc-
koct P (puc. 7.1). Ecniu ckopocT pacmpocTpaHeHusi 00eux BOJIH OKa-
XKYTCsl HEOMMHAKOBBIMH, TO 110 MEpe MPOXOXKICHHUS Yepe3 BEIIECTBO OAUH

U3 BEKTOpoB [, unm £, Oymer oTcTaBaTh B CBOEM BPALIEHUH OT JPYTOro
BEKTOpa, B PE3YNBLTATE YETO IUIOCKOCTh P’ B KOTOPOU JNEKHUT Pe3yNbTH-

pyromuii Bektop E , OyJaeT moBOpaYMBaThCSA OTHOCUTEIBHO MEPBOHAYAID-
HOH IJIOCKOCTH P.

Puc. 7.1

Yron ¢ mMOBOPOTa MIOCKOCTH MOJSPU3AIUU PACTBOPOM ONTHYECKH aK-
TUBHOTO BEIIECTBA OnpeiesieTcs BeipaxkenueM (3axoH JK.b. buo, 1815 1.)

¢ =aCl, (7.1)

rae KOod(pQUINEHT NMPONOPUUOHAIFHOCTH (f  HA3BIBACTCS NOCHIOSHHOU
sépawjenusi NJAaHHOTO BemecTBa; C — gecoeas KOHYenmpayus pPacTBOpa;
| — nnuHa MyTH, TPOWAEHHOTO JIMHEHHO-TONAPU30BAHHBIM JY4OM B pac-
TBOpe. BecoBasi KOHIIEHTpaIUs pacCUUTHIBACTCS TIO GOpMyIIe

C = my/(mg + my),

TJe M, — Macca pacTBOPEHHOTO BEIIECTBA; M, — Macca JKUAKOCTH, B KOTO-
POIi pacTBOPEHO BEIIECTBO; My, + My — Macca pacTBopa.

3aBUCHMOCTh TTOCTOSIHHOM BpamieHHUs 0 OT JUIMHBI BOJHBI CBETA,
Ha3bIBAIOT 8PAUANMENbHOU OUCHEPCUEH.

Boipaxenue (7.1) MOXHO HCIIONB30BaTh Ui M3MEPEHHUS BECOBOM
KOHIICHTPallU¥ PacTBOpa ONTHUYCCKU-aKTHUBHOTO BemectBa C, IO yriy

MIOBOPOTA (@, ITIOCKOCTH MOJIIpU3ayu. /st 3Toro HeoOX0AnMO ISl KaKoii-
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HUOYIb M3BECTHOH KoHIeHTparmu C ompeneiuTs 3HaueHue o= @/Cl/ u
TIOACTaBUTH €ro B BEIpaxeHne C, = ¢./al.

[IpnOopsl, B KOTOPBIX SBJIEHHE BPaIaTeIbHON JUCIEPCHH HCIONB3Y-
eTcs A M3MEepeHHs OObEMHBIX KOHIICHTpPAIMH PacTBOPOB, HA3BIBAIOTCS
nonapumempamu. Ecan ompenensiercd KOHIEHTpAIMA caxapa, HpHOOpEI
Ha3bIBalOTCA caxapumempamuy. CaxapuMeTp COCTOMT W3 IOMEIN[aeMOil
MEXIY MOJSIPU3ATOPOM U aHAIN3ATOPOM TPYOKH (KIOBETHI) C NMPO3PAYHbI-
MH OCHOBaHHUSIMH, B KOTOPYIO HAJIHUT PACTBOP caxapa.

B mpocreiinryro ycTaHOBKY AJIst ©3MEpeHUs yria ¢ (puc. 7.2) BXOAAT
S — nucrounuk cBera, /1 — nomspusarop, 4 — aHanuzarop, K — KioBeTa ¢
PacTBOPOM ONTHYECKU-aKTHBHOTO BEIlECTBA, O — IKpaH.

o )

S —|
I

Puc. 7.2

Ecnu npu OTCYTCTBHH PacTBOpa MOJISPU3ATOP U aHAIU3ATOP CKpelle-
HBI (YTOJ MEXIY TTOCKOCTSMH MOJSIPH3ALUY TOISIPH3aTOpa U aHATH3aTO-
pa paBeH 90°) u, Kak cieayeT HanmpsAMyro 13 3akoHa Maitoca (cM. hopmy-
ny (8.1) B 1.p. Ne§), 3a aHanM3aTOpOM CBETA HET, TO MPHU MOMEIICHUN pac-
TBOpa caxapa, BCICACTBUE TIOBOPOTA UM IUIOCKOCTH TMOJIIPU3AIIH 32 aHa-
JIM3aTOPOM BO3HHMKAET CBET (IOJIEe 3PEHHUs MPOCBETISIETCS, TaK KaK CBETO-

BOH BEKTOP E MOBOpaYuBaeTcsl Ha yroi ¢). [loBoporom aHanuzatopa B
CBOCH TUIOCKOCTH MO>KHO CHOBa JIOOMTHCS TEMHOTHI, CKOMIICHCUPOBAB Ta-
KHM 00pa30M YToJjl MOBOPOTA TIOCKOCTH MOJIAPH3AIMH, U H3MEPHUTH €TO.

OrmpenienieHue (¢ TOCPEACTBOM JIBYX YCTAaHOBOK HA TEMHOTY (TIpU OT-
CyTCTBI/II/I U HAJINYUU OINITHUYCCKH-AKTUBHOI'O BeHIeCTBa) JOBOJIBHO HETOY-
HO. TOYHOCTH M3MEPECHUH MOBBIIIACTCS TPU UCIIOJIH30BAHUH MOy TEHEBBIX
YCTPOUCTB, B KOTOPBIX yCTaHOBKAa IMPOU3BOJUTCS HE HAa TEMHOTY, a Ha
paBHOE OCBEIEHHE NIBYX IOJIOBHH MOJS. DTO CBSA3aHO C TE€M, YTO TJia3
OYCHb YYBCTBUTEICH K MAJICUIIIMM Pa3jIMYUsiM B SIPKOCTH UMEHHO CMEX-
HBIX YaCTCH TMOJIS 3PCHUS.

Tonymenegas noaapuzayuorHas npusma COCTOUT W3 JIBYX TOJOBUH,
TUIOCKOCTH TOJIAPU3AIMH KOTOPBIX COCTABISIOT MEXIy co00i HeOOIbIIOH
yrou. [IpocTeiiinyro MoJyTeHEBYO MPU3MY MOXHO MOJTYYUTh, €CIIA O0OBIY-
HYI0 TIOJIIPU3AIMOHHYIO0 MPU3MY pa3pe3arh BIOJIb IIOCKOCTU TOJSPHU3a-
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n A4, couumugoBaTh y KKI0H U3 MONOBHH 110 KIMHOOOPa3HOMY CIIOIO
0kouo0 2,5° 1 BHOBB CKJICHTB (puc. 7.3, rae A1A — IIOCKOCTh MOJSPU3ALUU
JIeBOW TONOBHHBI, AyA — mipaBoil). [lomyTeHeBble MONSIPU3AITUOHHBIC
MIPU3MBI HCIIONB3YIOT B KAUECTBE MOJSIPH3AaTOPa MM aHAN3aTopa B 3aBH-
CHUMOCTH OT KOHCTPYKIIUH prOopa.

A

4 A,

Puc. 7.3

Ecnu mocie ycTaHOBKH MpHOOpa Ha PaBEHCTBO OCBEHICHHOCTEH IBYX
MOJIOBUHOK MOJISl 3pEHUsI MIOMECTUTh MEXIY IOJIYTEHEBBIM IMOJISIPU3ATO-
POM U aHATU3aTOPOM HCCIEAYEMOE BEILIECTBO, TO, OUCBHIHO, HAPYIIUTCS
PaBHOMEPHOCTb UX OCBelleHus. [[11 BOCCTaHOBIIEHHS pPaBEHCTBA OCBE-
LIEHHOCTEN aHaJIM3aTOp HY>KHO MOBEPHYTh Ha YTOJl (), paBHBINA yIily MOBO-
pOTa MIOCKOCTH MOJIIPU3ALMK AKTUBHBIM BEILIECTBOM.

B caxapumerpe aHanu3aTop HE BpallaeTcs, 03TOMY OCBELICHHOCTb
YPaBHUBAIOT KIUHOBUOHBIM Keéapyevim kKomnencamopom (puc. 7.4). OH
COCTOHT U3 KBapleBOH INIACTHHBI JIEBOrO BpameHus (/) 1 IBYyX CKOJNb3s-
KX JIpYyT OKOJIO Jpyra KiuHbeB (/71 u [12), 00pa3yromux IUIaCTHHY Ie-
PEMEHHOH TONIIUHBI IPABOT0 BpalLlEHUS.
[lepeMerienneM Maioro KJiIMHa BJOJb
OONBIIOTO MEHSIOT TOJIIUHY CJIOS, MPO-
XOJMMOI'O CBETOM, U3MEHSS TEM CaMbIM
($a30BBId Yron MPOXOASIICH BOJHBI, U
BOCCTaHABJIMBAIOT PAaBHYI0 OCBEILCH-
HOCTb TI0JIeH 3pEHHUS.

Ha ocHoBanum Qopmynsr  (7.1)
MOXHO 3armucath @ =oCl u @, = aCy,
torga C, = Co,/¢. C y4eToM TOro, 4TO yroJI BpalleHHs TUIOCKOCTH TIOJISI-
pHU3aLMK MOKHO HalTH MO Pa3HOCTH JIBYX OTCUETOB IO LIKaJe caxapuMeT-
pa, moiydaem:

111

JI I12
Puc. 7.4
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K -K, (7.2)
K -K,

C =C—-—

rae Ky — OTcueT, COOTBETCTBYIONINI BRIPABHUBAHUIO SIPKOCTH TIOTYIIONEH,
KOT/Ia B CaxapuMeETp IOMEIIECHAa KIOBETa C AWCTHIUIMPOBAHHOW BOJIOM;
K — oTcuer, COOTBETCTBYIOIIHMI YCTAHOBKE B IPUOOP KIOBETHI C PACTBOPOM
caxapa u3BecTHOM KoHueHTpauuu C; K, — aHaJIOTMYHBIM OTCYET, Koraa B
mpuOOp yCTAaHOBJIICHA KIOBETA C PAaCTBOPOM caxapa HEHU3BECTHON KOHIICH-
tparuu C,.

Onucanue YCTaAaHOBKH

B nacrosmeli paboTe KOHIIEHTPALKS CaXapHOTO PACTBOPA U3MEPSIETCS
yYHHBepcanbHBIM caxapuMmerpoM CVY-3. Ero ontudeckas cxema IpUBeIcHa
Ha puc. 7.5, rme /| — HCTOYHHUK CBeTa (DIEKTpUYECKas JIaMIouka); 2 —
cBeTo(hUIbTp; 3 — MaTOBOE CTEKIIO; 4 — KOHJASHCOPHAs JIMH3a; 5 — MoyTe-
HEBOH MOJISIpU3aTop; 6 — KIOBETa C MCCIEAYEMbIM pacTBOpoM; 7 — KBaplie-
BEIIl KOMITeHcaTop; & — aHanu3atop; 9 — OOBEKTUB 3PUTECIHLHOU TPYOBHI;
10 — okyJsAp 3pUTENBHOM TPYOBI; /] — oTpaxarenbHas npusma; /2 — cBe-
TohunbTp; /3 — mKana; /4 — HOHUYC; 15 — Jyna A HaOJIOICHHS IIKAJIBI
U HOHMYyCa; P — pyKosATKa Ui MepeMelleHHs MOABMKHOTO KBaplEBOTO
KJIMHA ¥ CBSI3aHHOW C HUM IIKAITBL.

13
12 11
« -
15 14
8 5 ?
10 9 6 I:I
g 91 — [/ 1r
T =7t
4
7
Puc. 7.5
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CBeToBOI MOTOK OT JaMIOYKHM HAaKalnUBaHUs [ MPOXOAUT YEpE3 CBe-
TOGWIBTP 2 WM MAaTOBOE CTEKIIO 3, KOHACHCOP 4 U TOyTEHEBYIO TIPH3MY-
MOJISIPU3aTOp I, KOTopas mpeodpa3yer ero B MOSIPU30BAHHBIN OTOK CBe-
Ta YU pa3fessieT Ha JIBE MOJIOBUHBI JIHHHEH pasaena. Ilomspusarop ycra-
HABJIMBAIOT TAKHM 00pa3oM, 4TOOBI IMIIOCKOCTH MOJIAPU3AIMH 00CHX TI0JI0-
BUH CBETOBOTO MOTOKA COCTABILUTH OJWHAKOBHIC YTIIBI C IJIOCKOCTBIO ITO-
nspu3anuMu aHanusatopa 8. Eciam kioBeTa ¢ pacTBOPOM OTCYTCTBYET, a
TOJIIIMHA TPaBO- U JICBOBPAIIAIONINX [UIACTHH KBApIICBOTO KOMIIEHCATOPA
7 OIWHAKOBAa, TO B OKyJsipe /(0 3puTenbHON TpyOBl HAONIOMArOTCs ABE
PaBHOOCBEIIEHHBIE MTOJIOBUHBI TIOJIs, Pa3/ielICHHbIE TOHKON JTUHHUEH.

OnTHyuecKkn akTHBHBIM PacTBOp 6 HapyIIaeT PaBEHCTBO OCBEIIEHHO-
cTeil. PaBEeHCTBO OCBEIICHHOCTEH BOCCTaHABIMBACTCS KBAPIIEBBIM KOMIICH-
catopoM 7 mipu u3MeHeHuu TonumHel [11-112 (puc. 7.4) ¢ moMOIIBIO pyKO-
ATKU P, KOTOpas IepeMeIlaeT MOIBM>KHBIN KBapLIEBbli KJIMH U CBSI3aHHYIO C
HUM Inkany /3. JluHefiHOEe mepeMeleHne KIMHa MPOMOPIUOHATIBHO YTITY
MOBOPOTAa TUIOCKOCTH MOJISAPHU3ALMH, TO3TOMY MPHOOP MpOrpaaydpoBaH B
TaK Ha3bIBAEMBIX epadycax °S MeaicoyHapoOHOll caxapHOU WKAtbL.

100°S coomeemcmeyem 34,62° yenosvim. Caxapumemp nokazvieéaem

100°S, xoeoa npu 20°C ¢ 200-muniumemposoii Krogeme HAXOOUMCS 800-
Hblll pacmeop, cooepaicawuii 6 100 e’ 262 xumuuecku wucmotl cyxou
caxaposvl, 636eUleHHO 8 6030yXe TaAMYHHBIMU 2UPAMU.

OTtcueThl MOKa3aHWH IIKajdbl MPU MOMOIIM HOHHWYCA TMPHUBEACHHI Ha
puc. 7.6. Ha puc. 7.6,a moka3zaHO TMOJIO)KEHHE IIKAJIbI U HOHUYCA, COOT-
BeTcTBYytomee orcuety + 11,8°S (Hyns HOHHMYyCa pacIoiIoXeH paBee Hys
mKanbl Ha 11 MONHBIX AENeHU, U B MPaBOM 4acTH HOHUYCA C OJHUM H3
JISJICHUH TIKaJIbI COBMEIICHO BOChMOE JIelieHWe HoHmyca). Ha puc. 7.6,6
OTCUET COOTBETCTBYeT -3,2°S (Hynb HOHHMYyCa pacCIOJIOKEH JIeBEe HYIS
LIKaJIbl Ha TPU MOJHBIX JEJIEHUS, U B JIEBOW YacTH HOHMYCA C OJHUM M3
JISJICHUH ITKaIbl COBMEIIASTCSI BTOPOE JIeJICHUE HOHUYCA).

! v 0 0
|

. ,;lﬂ!{; ﬂthhﬁ'lff ﬁ""l
20

0 » 10
Puc. 7.6
51



0)
0 0 10
|
l llllllllllllll |'|'|||'|'|' '|||'|' | 'I'n i)
10 +

|
- 0 10

Puc. 7.6 (okoH4yanue)

Iopsiaok BbINOJIHEHUS] Pa0OThI

1. BrmounTs caxapuMeTp B CETh MEPEMECHHOIO TOKa C HANPsLKEHUEM
220 B; TymOiep «ceTh» Ha MprOOpe MEepeBeCcT B BEPXHEE MOJIOKCHHE.

2. Bpamiast onpaBbl okysspa /() 3puTenbHON TpyOB! U ymIbl /5 MIKaJIbI
(puc. 7.5), ycTaHOBUTh MaKCUMAJIBHYIO PE3KOCTh M300paXKEHUsI TAKUM 00-
pa3oM, 9TOOBI OBDIa YETKO BHOHA BEPTUKAIBHAS JIMHUS, Pa3IeisIoNIast
MoJie 3peHHs] Ha JBE MOJOBMHBIL, a TAaKKe IITPUXH U LUUGPPHI LIKAIBI U
HOHHYCA.

3. [Ipu oTcyTcTBHM B KaMepe KIOBETHI YCTAHOBUTH OJAHOPOIHOCTH II0-
7S 3peHus, Bpamas pykoarky P. [Ipu 5ToM HyneBble JeNeHUs LIKalbl U
HOHHWYCA JIOJDKHBI COBITAIATh.

4. BIOXUTh B KaMepy MOJSIPUMETPHICCKYIO KIOBETY C MCCIIEITyEMBIM
pacTBOpPOM, COTHAB ITy3bIPEK BO3yXa B IEHTP KIOBETHI. Bpaimas pyKosTKy
P, no0UTBCS OAHOPOAHOCTH MO 3peHus. [Ipu MallbIX TOBOPOTAaX PYKOST-
K{ B OIHY U APYTYIO CTOPOHY JOJDKHA HAOMIOOAThCSl CMEHA OCBEIICHHOCTH
MIOJIOBUH 3PCHUS:

—

IToBopoT pykosiTKM P KOMIIEHCAaTOpa MPONOPIUOHANIEH YIIIy TTOBOPO-
Ta TUIOCKOCTH TOJIAPU3AIMA PACTBOPOM caxapa JaHHOW KOHICHTPAIIWH.
TIpousBectu otcuetsl Ky, K u K, 1o mikanae npu MOMOIIM HOHUYCA C TOY-
HOCTBIO 10 O,IOS.

5. V3MepeHust KaXaoro OTcueTa MOBTOPUTH ISITh Pa3 U 3aHECTH B
Tabi. 7.1, pe3ysIbTaThl YCPESTHUTD.
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Tabonuma 7.1

Homep usmepenui Ko K K,
1
2
3
4
5

CpenHee 3HauCHHE

O0paboTka pe3yJbTaTOB U3MepPeHUit

1. Konuentpanuto caxapa C, B HCCIEIyEMOM PAcTBOPE OMPEHCIHUTH
o popmyite (7.2).

2. Paccunrtarh OTHOCHTENBHYH) MHOTPEHIHOCTH OMNPEICICHUS HEn3-
BECTHOW KOHIICHTPALUH 0 (hopMyIie

2

AC. [chz AK? AK? AK, (K, -K
f= ]l — | + . + +

C, C (k, -k, (k-k,) (K,-K,JK-K,)
rae abcomoTHble oumOKu AKy, AK u AK, HaiiTu 1o pa3dpocy 3HaueHHH
Ko, Ku K, a U1 OTICHKH aOCOTIOTHON ONTMOKH OTpeeTICHHsI KOHIICHTpa-
uu AC, eclii OHa He yKa3aHa, MOYKHO B3STh IOJIOBHHY paspsjia Mmocjel-
Hell 3Havariel nudpsl.

Bonpocek! 1 3agaHus AJ1s1 10MyCKa K JadopaTopHoii padote

1. OOBSACHUTP SIBIICHHE MOJSPU3AIINHN CBETA.

2. 3akoH buo. SIBnenne BpamareaTsHOM TUCTICPCHH.

3. Kpatko copmynupoBaTh CyTh METOJA, IPUMEHSIIOIIETocs B 1a00-
paTopHOil paboTe IS OmpeaeNeHHsT KOHIICHTPAIIMKA PAacTBOpa caxapa Ipu
TTOMOIIY TIOJTyTEHEBOTO CaXapuMeTpa.

Bomnpocsk! 1 3aaHus K 3a1uTe J1a060paToOpHOii pa6oThI

1. OmnucaTh mpOCTEHIYI0 CXeMy AJsl MU3MEPEHHUs yria MOBOpOTa IIOC-
KOCTH TOJISIPH3AIIHH.
2. Kak ycrpoena nmomyTeHeBast oJsipU3allnOHHAs Mpu3Ma’?
3. Jlns dero ucnomib3yercs B paboTe KIMHOBUAHBIN KBapLEBbIii KOMIICH-
catop?
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JIABOPATOPHAA PABOTA Ne 8
N3YYEHME 3AKOHOB ITIOJIAPU3AIINA CBETA

Llenv pabomwvl — IpOBepUTH 3aKOH Malrtoca; ONMpeaeInTh MOKa3aTeib
TPETOMIICHHUS TIPO3PATHOTO JIAIEKTPHKA.

IIpuboper M npunadnexcHocmuy: MAKPOAMIICPMETp, ONTHUYECKas CKa-
MBS, Ha KOTOPOH YKpEIUICH HCTOYHHK CBETA, MOJSPH3aTOp-aHAIN3ATOP
(mpusmbl Hiikons®) u cesneHoBBIH (GOTOIEMEHT; TUMO , KPAacHBIH TOIy-
MIPOBOIHUKOBBIH JIazep, CTCKIISTHHAS TIPU3Ma, OeNbIil SKpaH.

KpaTKne CBEACHUS U3 TCOPUHU

CormacHo TCOPHUHN MaKCBeJ’IJ’Ia, CBCTOBBIC BOJIHBI SABJISIFOTCS IMOIICPECU-

HBIMU: BEKTOPBI HAMPSIKEHHOCTU 3JIEKTPUYECKOTO E w MarHutHoro H
MoJIe B3aMMHO OPTOTOHAIBHBI M KOJEONIOTCS TMEPICHANKYISIPHO CBETO-
BOMY Jydy (HampaBJIEHHIO PaclpOCTpaHEHHs] CBETOBOW BOJHBI). B mpo-
Ieccax B3auMOICHCTBHS CBETA C BEIICCTBOM OCHOBHYIO POJIb UTPACT 3JICK-

TPUYECKUHI BEKTOP E ™, ero HaspIBAIOT C6emMosbIM 6EKMOPOM.

CBeT Ha3bIBaCTCs ecimecimeeHHbIM, €CIIU B INIOCKOCTH, NMEPHEHANKY-
JSIPHOM JIydy, UMEIOT MECTO BCE BO3MOXKHBIC HAIIPABJICHUS KOJIeOaHMUH CBe-
TOBOTO BEKTOPA C XAOTUYECKH MEHSIOIMMUCS HadadbHBIME (pazamu. Ecin
CYIIECTBYET HEKOTOPOE IIPEUMYIIECTBEHHOE HAMPaBJICHUE KONeOaHUIl Bek-
TOpa E 1o TOBOPSAT, YTO CBET YaACMU4HO nouapuzoéan. 1IMockocTs, B KOTO-
poil koneOseTcst CBETOBOM BEKTOp B ILIOCKOMOJSIPU30BAHHOI BOJIHE, Ha3bl-
BACTCS NIOCKOCMbIO KOAeOanuii WA HAOCKOCmblo noaspusayuy. Ecom B
IUIOCKOCTH, IEPIEHAUKYJISIPHON JIydy, U3 BCEX BO3MOJXKHBIX HallpaBJICHHUN
KOJeOaHUI CBETOBOTO BEKTOpPA COXPAHSETCSl JMIIb JBA B3aUMHO-
NEPHIEHJUKYIAPHBIX HalpaBICHUS C IIOCTOSIHHOM BO BPEMEHHU Pa3HOCTbIO
(a3, Takoi CBET Ha3bIBACTCS ILIUNMULECKU-NONAPUI08AHNBIM. 3]IECH TpPa-

eKTOpHSI, ONHCHIBAEMas KOHIIOM PE3yIhTHPYIOLIEr0 BEKTOpa £ B IIOCKO-
CTH, MePIeHIMKYJISAPHOI JIydy, Npe/cTaBisieT co0oi B 00ILIeM ciiydae dii-
JIMTIC, KOTOPBIA MOXET BBIPOXKIATHCS B OKPYIKHOCTD (YUPKVISAPHO NONAPU3Z0-
6AHHbIL CBET) WJIH B OTPE30K MPSIMOM (IUHEUHO-NONAPUZ08AHHDLIL CBET).

* Ipusma Hukons (Wid OpocTo — HUKOJb) NPEACTABIAET COOOM JIBE OJUHAKOBEIE
TPEYTOJbHBIC MPU3MbI U3 MCIAHACKOTO IINAaTa, CKJICCHHBIC TOHKUM CIIOEM KaHaJICKOTO
Oanp3ama.

** JIuMO — KOJIBLO C PABHOMEPHO PACIIOJIOKEHHBIMHU INTPHXAMH (IEICHUAMH).

" H<<E, Tax kax H/E~ ’zo/uo.
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YCTpoiicTBO, C IOMOIIBI0 KOTOPOI'O €CTECTBEHHBIN CBET IIPEBpAILacT-
csl B JIMHEHHO-TIONAPU30BaHHBIN, Ha3bIBaeTcs norapusamopom. Ilpnbop,
MO3BOJIAIOMINN OOHAPYKUTh, YTO CBET JMHEHHO MONAPU30BaH, U ONpe/e-
JWUTH IJIOCKOCTh TOJSAPU3ALUY — @HAIU3AMOp, YCTPOCHHBIH aHAJIOTUYHO
MOJIIPU3ATOPY U B HEKOTOPHIX CITydasX B3anMo3aMeHseMblil ¢ HuM. [loss-
pU3aTOpaMM M aHAJIM3aTOpaMHU MOTYT CIIy>KUTb, Hampumep, npusmsl Hu-
KOJIsl, HOMSApounbl . TToMeleHnble BCea OJMH 3a JPYTMM Ha MyTH ecTe-
CTBEHHOT'O CBETa, OHU 00pa3yIOT CUCTEMY HOISIPH3aTOP-aHAIN3ATOP.

3axon Manroca

IIpu BpammeHuu aHaiIM3aToOpa B CBOEH IJIOCKOCTH, KOTAA Harpasie-
HHUE €T0 MPOITyCKAaHUS MEPICHIUKYISIPHO HANPABICHUIO KOJICOAHHUHA B JIH-
HEHHO-TIOJISIPU30BaHHOM CBETE (QHAJIM3ATOp CKPEIlEeH C MOJSApU3aTOpOM),
3a aHAIM3aTOPOM TEMHO. MakcuMasbHasi MHTCHCUBHOCTH 33 aHAIH3aTo-
POM HMEET MECTO, KOTJja HalpaBJieHHUE MPOIyCKaHHsl aHaJIM3aTopa COBIIa-
JIaeT C HalpaBJIEHUEM KOJIeOaHUH B MOJIIPU30BAHHOM CBETE. 3aBUCUMOCTh
WHTEHCUBHOCTH [ BhiLIenuero u3 ananuzaropa A (puc. 8.1) cBera ot yria
(¢ MeXJIy HampasiieHueM / KojeOaHui B TMHEHHO-TIOIIPU30BAaHHOM CBETE,
BBIILIE/IIEM U3 NoJsipu3atopa [/, ¥ HampaBlIeHUEM 2 NMPOIYCKaHUs aHaJIU-
3aTopa A, noguuHsAeTcs 3akony Manioca

I=1,cos’ o, 8.1

e [, = 1/ 2], — MHTCHCHBHOCTb BBILIEALICTO U3 mojsipusaropa /1 cse-

Ta, ]eCT — MHTCHCHUBHOCTb €CTCCTBCHHOI'O CBCTA.

Puc. 8.1

* v .
IMonstponn npexacTaBiser coOOH TOHKYIO HOJSIPU3YIOLIYIO IUIEHKY, 3aKJICCHHYIO
JUISL 3aIIMTHI OT MEXaHWYECKOTO TIOBPEXJICHUSI U JEHCTBUS BIaru M PacloioKeHHYIO
MEXKy ABYyMs ITPO3pPayHbIMU IUNIACTUHKAMH (TIEHKAMMU).
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3axon bpiocmepa

[Tpu oTpakeHUH OT TPaHMIBI pa3jea ABYX MPO3PAYHbIX JHAICKTPH-
KOB ©CTECTBEHHBIA CBET MPEBPAINACTCS B YaCTHYHO MOJISIPU30BAHHBINA C
MPEUMYIIECCTBEHHBIM HAMpPaBICHUEM KoJeOaHWH, MEePICHANKYIIPHBIM
WIOCKOCTH mazeHus. Koraa yron majeHus CBeTa Ha 3Ty TPaHHIly CTaHO-
BUTCSl PaBHBIM HEKOTOPOMY 3HAUYCHHUIO, Ha3blBaeMOMY yeiom Bprocmepa
WIK YIJIOM TIOJIHOW MOJISIPU3AIMU, TO OTPAKCHHBIA CBET CTAHOBUTCS JIH-
HEHHO-NIOJISIPU30BAaHHBIM C HAIpaBJICHHEM KoJeOaHuil, MEepHCHIUKYIISp-
HBIM TUTOCKOCTH TiaJieHus (puc. 8.2).

Vron BprocTepa i onpeaenseTcs BhpaKeHHeM

tg ig = n/no, (8.2)

rJie n — MOKa3aTeNlb MPEIOMIICHHS CPEIbl, B KOTOPYIO JIyd BXOIHT; Hy —
MOKAa3aTellb MPEIOMIICHUS CPEbl, U3 KOTOPOH Jiyd Bhxoaut. COOTHOIIE-
Hue (8.2) HOCHUT Ha3BaHUE 3aKoH bpocmepa.

Puc. 8.2

[TpemomieHHBIH cBeT NpH TI000M yTiie aACHUS HA TPAHUILy paseiia
BCErza YaCTUYHO MOJISPU30BaH U, B YaCTHOCTH, Iipu yriie bproctepa. Ilpe-
UMYIIECTBCHHOE HAIpAaBJICHUE KOJICOAHHUH B IPEIOMIICHHOM JIyye HaXo-
JUTCSL B INIOCKOCTH IaJleHUs.

Onucanue yCTAHOBKH

B nepeoit uacmu pabotel mpemaraercsl SKCIEPHUMEHTAIBHO MPOBE-
pUTh 3aKOH Maitoca, BBIIIOJHEHHE KOTOPOTO CBUAETENBCTBYET O JIMHEH-
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HOI mossipu3anuu n3nydeHus. Cxema yCTaHOBKHU INpHUBEZeHa Ha puc. 8.3,
rae S — UCTOYHUK cBeTa; /1 M A — MONSApU3aTOp M aHAIU3ATOpP (MIPU3MBI
Huxkons); F' — ceneHoBbIi (POTORIEMEHT, B LIeNb KOTOPOTO IS U3MEPEHUS
(OTOTOKA BKIIOUYCH MHUKPOAMIIEPMETP ULA.

-

I A

s 7 _ S/
g —

Puc. 8.3

®oTOTOK i B IeTTH (POTOIEMEHTA F IPONOPIHOHAIICH HHTEHCHBHOCTH
cBera /, BBILIEALIEr0 M3 aHanu3aTopa. Bpamas ananuzatop 4 B cBoeit
TUIOCKOCTH, U3MEHSIEM yToll ¢ U, CIIe0BaTeIbHO, HIHTEHCUBHOCTD CBETa /,
BBIIIE/IIIIETO U3 HETO M MaJalomero Ha (poToieMeHT F. YTroa IoBopoTa @
OTCYMTHIBAETCA 1O JUMOY.

Bo émopoii wacmu paboTsl HY)KHO ONpPEeNuTh MOKa3aTellb MPeIoM-
JIEHUsI MPO3pPayHOIo AMIIEKTPUKA Ha OCHOBE 3akoHa bproctepa, T.e. mo
HallICHHOMY U3 ONbITa YTy NOJHON MOJISIpU3aLUL.

Puc. 8.4

IIpubop (puc. 8.4) coctout u3 numoba, Ha €ro OCH 3aKperieH JiepKa-
TCJIb, HAa KOHIIC KOTOPOI'0 HAXOAUTCSA UCTOYHUK CBCTA S - KpaCHLIﬁ ToJy-

IIPOBOHUKOBBIN J1a3zep. BbIxogHOH curHan jazepa NoJspU30BaH B IJIOC-
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KOCTH TMajicHus. B meHTpe 1uM06a yKpeIusieTcs npu3Ma mn U3 Mpo3pavyHo-
ro JUIJIEKTPHUKA, MOKa3aTelb MPEIOMIICHHS KOTOPOro Tpedyercs ompene-
JTUTH (BMECTO MPHU3MBI MOKHO OBLIO OBI MOMECTUTH JIFOOYIO TMPO3PAYHYIO
IUIACTHHKY). [IpK oTpakeHHH OT BepXHEH rpaHH MPU3MBI MOJSIPHU30BAHHO-
ro (B IUIOCKOCTH MaJCHHs) JIA3ePHOTO Jiyda Ha OENoM 3KpaHe, Pacrolio-
JKCHHOM CIIeBa OT Tpubopa, HaOIIOAAeTCs KPacHOe TOYCUHOE IATHO, UH-
TEHCUBHOCTh KOTOPOTO MEHSETCSA B 3aBUCHMOCTHU OT YIJia MAJCHHUS JIyda.
VYriuel majeHdss OTCUMTHIBAIOTCSA MO JUMOY OT HyNS JO OCH JIa3epHOU
TpyOku. HaGmronass mzoOpakeHHE OTPa)KCHHOTO JIA3ePHOTO JIyda, HAWTH
TaKoe MOJIOKEeHHE Jiazepa (yroi majeHus ig), YTOOBI IPKOCTh H300paKEeHNUS
Obuta HauMeHblIeil. MUHUMAaNbHAS SIPKOCTh OTPaXKEHHOTO JIyda B 3TOM
ciydae OOBSACHSIETCS TEM, UTO MPH YTIJIe MAJACHUS iy OTPAKCHHBIN CBET JIH-
HEWHO MOJNSIPU30BaH C HAMpPAaBICHUEM KOJICOAHUHA, MEPICHANKYIIPHBIM
TUIOCKOCTH TaJICHHUS], OIHAKO BBIXOJIHOM CHUTHAJI Jla3epa M3HAYAIBHO TOJIs-
PH30BaH B INIOCKOCTH MaJACHHUS.

Iopsiaok BbINOJIHEHUS] PabOThI
JKcnepumenmanvnan npoeepka 3axkona Manwca

1. BxIIOYMTH MCTOYHMK CBETA. YCTAaHOBUTH AHAIU3ATOP Ha Yroji
¢ =90°. DTOMYy COOTBETCTBYeT MHHHMAallbHAs OCBEUICHHOCTH (POTOAIIC-
MCHTA ¥ HAUMCHBIIIEE OTKIOHCHHE CTPEIKH MHUKpOaMIIepMeTpa. 3amnmcarb
BEJINYMHY MUHUMAIIEHOTO (POTOTOKA inin, BBI3BAHHOTO IO JaHAEM ITOCTO-
POHHeEro cBeTa Ha (POTOIIEMEHT,

2. Bpaienuem aHanM3aTopa yCTaHOBHTb €TI0 HYJIEBOE IOJIOKEHHE
¢=0° mpu KOTOpPOM HAINpaBJICHUE €ro IMPONYCKaHHS COBMAJAET C
HaIpaBJICHUEM KOJCOaHNH B IMHEHHO-TIOJIIPU30BAHHOM JIyYe, BBIICAIIICM
U3 TOIApH3aTopa. IJTOMY COOTBETCTBYET MAaKCHMAIBHOC OTKIIOHCHHE
CTPEIKA MUKPOAMIIEpMETpa.

3. Tlepemerias Mo ONTHYECKON CKaMbe KakK JKECTKOE IIeJioe JAepiKa-
TeJIb ¢ HUKOJISIMU, JIMMOOM U (DOTO3JIEMEHTOM Tak, 4TOoOBI ciiell cPoKycupo-
BaHHOUM HUTH JIaMITbl IPUXOAMUIICA HA BXOJHOE OTBEPCTHE HUKOJIEH, TOOUTh-
csl, 9YTOOBI MAaKCUMAbHOE OTKJIOHEHHE CTPEIKH MHKpOaMIIepMeTpa OBLIO
HanOompIM. OTpeIeTINTh MAKCUMATBHYIO BETHINHY (POTOTOKA iiax-

4. TloBoporom aHanmm3aropa A B CBOEH MIIOCKOCTH B mpenenax 180°
uepe3 Kaxaple 10° n3MepuTh BennuuHy GOTOTOKA Ig,.

5. Pesynbrarhl u3MepeHui 3aHecTH B Ta0J. 8.1 ¢ y4eToM HOIMpaBKU
Imin» TA€ 0= Imax = Imin U [ = i(b - Imin-
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Tabonuma 8.1

Homep usmepenuii 0, ° cos’ i i/iy
1 0
2 10
3 20
19 180

OnpeOeJleHue nokaszameiist nPpejiomMiaeHuAs npo3paiHozo 0u3ﬂel<mpul<a
Ha OCHOé6¢e 3aKOHa Bpiocmepa

1. TlpomsBecTu IOCTHPOBKY MpUOOpa MPpHU HOPMAIHLHOM TaICHHUH Ja-
3epHOro Jiyya (HyJeBOW OTCUET Mo JUMOY), JOOUBAsCh CTPOTO TOPH3OH-
TaJbHOT'O MOJIOKEHUS BEPXHEH OTpakaroLie rpaHy IPU3MBL.

2. 3anaBas pa3HbIC YIJIbI NAJACHUS, HAWTH TaKoW yrou (ip), MPH KO-
TOPOM BHAWUMAS SPKOCTh U300pakeHHsI OTPaKEHHOTO JIa3epHOro Jyda Ha
OeroM 9KkpaHe (TOYEHYHOE KPAacHOE MATHO) OyZeT HAaUMEHBIIEH HITH Ucues3-
HET COBCEM. 3HAUEHHE iy 3aHECTH B TAOII. 8.2

3. OmnbIT NOBTOPUTH NATH Pa3, pe3ysbTaTbl U3MEPEHHUH 3aHECTH B
Tabm. 8.2.

Tabnuma 8.2

Homep usmepenmii ip
1
2
3
4
5

CpenHee 3HaUeHUE

O0paboTka pe3yJbTaTOB U3MepPeHuit
IKcnepumenmanvnasn npoeepka 3axkona Manwca

1. Tlomy4yeHHBIC pe3yNbTaThI MIPEICTABUTE B BHJC Tpaduka (Ha MUII-
JTUMETpoBOl Oymare) 3aBucumoctu [I/ly =i/iy oT yrma ¢ (10 JaHHBIM
Tabu. 8.1).

2. ComocTaBUTh C TEOPETHYCCKMM TIpapUKOM 3aBUCHMOCTHU
A9) = cos’p, KoTopHIii cieyeT 13 3akona Maoca (8.1).
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Onpeoeﬂenue nokazameisa nPpejioOMiaeHUA RPO3PAUHO20 0u3ﬂe1<mpul<a
Ha OCHO6¢€ 3AKOHA Epiocmepa

1. Tlo pa36pocy 3HaueHH! i ONMPEAEIUTh a0COMIOTHYIO OIINOKY A ip
yraa Bprocrepa.

2. PaccunTarh moxa3zarenb MPETOMIICHHUS BEIICCTBA IPHU3MEBI 7 II0
¢dopmyie (8.2) ¢ yueTom Toro, uTo 1y~ 1.

3. Tlo ¢opmyne ommOOK KOCBEHHBIX H3MEPEHHA HAWTH OTHOCH-
TENFHYI0 M a0CONIOTHYIO IIOTPEIIHOCTH OIpEACICHHUS IMOKa3aTelsl IIpe-
JIOMJICHUS .

Bonpocs! u 3aaanus aAjs qonycka k jabopaTtopHoii padore

1. Yem oTiinyaercs NOISPU30BaHHBIN CBET OT €CTECTBEHHOTO?

2. Kparko copmysmpoBaTh CyTh METOJIa, TPUMEHSIONIETOCS B 1a00-
patopHoii paboTe, s SKCIIEpIMEHTAIBHOM MPOBEPKH 3aKoHa Mairoca.

3. KpaTtko ommcaTh MeTOJ Al OHNpeAeieHUs MOoKa3zaTels MperoMie-
HUSI TIPO3pPavyHOTO AMAJICKTPHKA Ha OCHOBE 3aKoHa bpioctepa B maHHOU
nabopatopHoit paboTe.

Bonpocsk! 1 3agaHus K 3anuTe Ja6opaTopHOii pa6oThI

CriocoObl oTyueHHs NONSIPU30BaHHOTO CBETA.

VIHTEHCUBHOCTh €CTECTBEHHOT'O CBETA, MPOITYIICHHOTO Yepe3 ABa Io-
Js[pU3aTopa, yMEHBIIMIACh B BOCEeMb pa3. Kak opreHTHpoBaHbI MOJA-
pu3aTopsl?

3. Ilokasarh, YTO NpH BBINOJHEHUM 3aKOHAa bprocrepa oTpaykeHHBIH U
HPETOMIICHHBIH JTyYH B3aUMHO TEPHIEHANKYIISPHEL

N —

JIABOPATOPHAA PABOTA Ne 9
MN3YYEHUE JUCHHEPCHUHU CBETA

Lenv pabomwbl — ONIPeICTUTL 3HAYCHUS TTOKA3aTENs MPETIOMIICHUS Be-
miecTBa MpU3MbI B (Da30BBIX CKOPOCTEH IS Pa3NUYHBIX JIMHUNA CIIEKTpa
PTYTH; TOCTPOUTH 3aBHCUMOCTH (Pa30BOH CKOPOCTH M TIOKa3aTems Ipe-
JIOMJICHHS OT JUIMHBI BOJIHBI; Ipa)UyecKu ONMpeaesuTh (Ha30ByHO W IPYII-
MOBYIO CKOPOCTH JIJIS ITMHBI BOJHBI A = 500 HM.
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Ipubopwr u npunaorexcrocmu: roHuometp ['1,5, pTyTHas namma,
mpu3Ma.

KpaTRne CBCACHUS U3 TCOPUHU

YpaBHEHHUE TIOCKOH MOHOXPOMATHYECKOW BOJHBI, OEryIel B MoJo-
JKUTEIEHOM HAaIlPaBICHUH OCH X, IMEET BUJI

E(x,t)=E, cos(ot —kx),

e ® — MUKIAYecKas 4acToTa BOJIHBI, k =2m/A — BOJHOBOE YHCIIO;
A — INTMHA BOJHBL. APryMEHT KOCHHYCa Ha3bIBACTCS (ha30il OHbI.

Jto6ast MIOCKOCTh, MEPNECHANKYJISAPHAS OCH X, TpEeACTaBisieT co0oit
MOBEPXHOCTh MOCTOSHHOM  (a3sl (WM  BOJHOBYH  MOBEPXHOCTH):
®f — kx = const. BoJHOBas MOBEPXHOCTh MEPEMEMIACTCS BIONb OCH X CO
CKOPOCTBIO

v = dx/dt = o/k,
KOTOpAasi Ha3bIBACTCS (ha30801 CKOPOCMbIO PACTIPOCTPAHCHHUS BOJHBL

JIrobas peanpHas BOJHA CTPOTO MOHOXPOMATHYECKO HE SIBIIACTCS, HO

€€ MOKHO NPEACTAaBUTL B BUAC CYNCPIO3UITHUU MOHOXPOMATHUYCCKUX BOJIH
Pa3IUYHBIX YaCTOT:

E(x,t)= TEW cos(wt — k(w)x)dw -

Ecnu ammmutyast  E,, CYLWIECTBEHHO OTJIMYAIOTCA OT HYJS TOJBKO
JUIS Y3KOTO MHTEpBajia 4acTOT, TO TPYyIMIa BOJH 00pa3yeT Tak Ha3bIBae-
MBIii BOJHOBOM TMakeT (CUTHAaJN), aMIUIUTyJa KOTOPOTO OTJIWYHA OT
HYJISI TOJNIBKO B HEOONBIION 00JacTH HpocTpaHCTBAa. B BOJIHOBOM make-
Te KaXgas MOHOXPOMATHYECKash COCTaBJIIONIAs —pacIpOoCTPaHACTCS
co cBoeil (a3oBoil CKOpPOCTHIO. [Ipm 3TOM MakCHMyM BOJHOBOTO MaKeTa
HEPEMEIIAETCSI CO CKOPOCTBIO U, KOTOpasl Ha3bIBACTCSl 2PYHNOBOU CKOPO-
cmblo (CKOPOCTh TIEpEeMEIIeHUsl MakeTa KakK IEeJIOr0 WJIW CKOPOCTh CHUT-
Haja).

[TosicHIM 3TO Ha TIPUMEpPE CIOKEHHS ABYX MOHOXPOMATHYECKHUX BOJIH
C OJMHAKOBBIMH aMIUTUTYIAMH W OJM3KAMH YacTOTAMH M BOJHOBBIMH
YHCTIaMU:

E, =E, cos(wt — kx),
E,=E, cos((w+Aw) —(k + Ak)x),
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npudueM Aw << @, Ak << k. Torna mpu cl0)KeHUH BOJIH MOTy4aeM

E=E +E,=2E, cos(Azwt—Azkx)cos(za);Aa)t— Zk;Ak xj~(9-1)

B cnry manocti Ao 1 Ak B CpaBHEHHH CO 3HaYCHUSMH O H K, B ap-
TYMEHTE BTOPOTO KOCHUHYCa 3THMHU CIaraéMbIMU MOXXHO IpeHeOpeub. To-
r1a BeipaxkeHue (9.1) npumer BuI

E=E+E, =2E, cos(Aza)t - Azkx) cos(at — kx)-

[omy4eHHBIN pe3yabTaT MOKHO PacCMaTpUBaTh KaK MOHOXPOMATH-
YECKyI0 BOJIHY C IUKJINYECKOM YacTOTOH » M BONHOBBIM uuciioM k. Ho

Ak

. Aw
ammuTyaa JToit BomHel A =2FE COS(TZ—T)C) HE IIOCTOSHHA U

MEJUICHHO B CPaBHEHHH C MeproaoM 1 =27/ ¥ ATMHON BOJHBI A MCHS-
€TCsl BO BPEMEHH U B TIpocTpancTse (puc. 9.1).

U

Puc. 9.1

CKOpOCTh TEpEeMEIIECHUsI OIpEAEICHHOW aMIUIUTYABl 3TOW BOJIHBI
paBHa TPYNIIOBOH CKOPOCTH. 3ahUKCHPYyeM 3HAUCHUE AMITIHTYIBI:

Ao Ak
—1t——Xx =const
2
dx Aw dw
Ortcrozia rpyImoBas CKOpOCTb y = j ="—— WM B IpeJeNe U = T
t

VYuureiBas, uto © = kv u k= 27/A , monmy4aem:
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dw dv

u= EU + ka,
k2
dk ~  dk
Takum o6pazom,
dv
Uu=v-— )la. (9.2)

Cootnomenue (9.2) HazpiBaeTcs Gpopmyiioit Pames.

3aBuCHMOCTE (h)a30BOI CKOPOCTH V OT JJTHHBI BOJHBI (4aCTOTHI) HA3bI-
BaeTcs oucnepcueii. HopmanbHomy XOmy NUCIIEPCHU COOTBETCTBYET yBe-
nudeHue GpazoBoil CKOPOCTH C POCTOM JJIMHBI BOJHBI (MJIM YMEHbIICHHEM

dv o dv
YacTOTHI), T.€. T >0 uu <v Cnyuaii, korma T <0 w u > v, Ha3BIBaeTCSA

aHomManvbHOU NUCIIepcHell. B nucneprupyromux cpefax pa3indHble MOHO-
XPOMaTHYECKUE COCTaBIISIOMINE, 00pa3yroNie BOJHOBOW IAaKET, pacHpo-
CTPAHSIOTCS C PA3IMYHBIMH CKOPOCTSIMHU, YTO TPHBOJAUT K €r0 pacIiIbIBa-
HUIO, T.€. UCKaXXCHUIO (opMbl. [103TOMY O IpynmoBoil CKOPOCTU MOKHO
TOBOPHUTH TOJIBKO IIPU OTHOCUTECIIBHO Manoi AUCIICPCUN. CusipbHas 3aBUCH-
MOCTh (ha30BOI1 CKOPOCTH OT JUIMHBI BOJIHBI (YaCTOTHI) MPUBOIHUT K CYIIe-
CTBCHHBIM HCKa)KCHHSM (DOPMBI BOJNHOBOTO ITaKeTa, YTO IETaeT HEKOp-
PEKTHBIM PACCMOTPEHHUE CKOPOCTU €r0 PaclpOCTPAHEHMS KaK EIUHOTO
IEJIOTO.

CBeToBasi BOJTHA B BaKyyMe MPEACTABISICT COOOH IMEPEMEHHOE dJIEK-
TPOMAarHuTHOE II0Jie BBICOKOM YacTOTHl (A1 CBETOBOTO JAMana3oHa
mopsaaka 10" '), pacmpocTpansiomnieecss ¢ MOCTOSHHON CKOPOCTBIO
¢ = 2,9979-10° m/c, He 3aBUCAIICH OT YACTOTHL. IIpu pacnpoctpaneHun
cBeTa B cpelie (pazoBast CKOPOCTh paBHA

v = c/n, 9.3)

r7ie n — MoKa3aTellb MpeJoOMJICHHS BemecTBa. Tak Kak ¢a3zoBas CKOPOCTh
3aBUCHUT OT YaCTOTHI (IUTMHBI) BOJHBI, CIEIOBATEIHHO, U TIOKA3aTeNb Mpe-
JIOMJICHHUS BEIIECTBA 3aBUCUT OT YaCTOTHI (JJIMHBI) BOJHBI (AHCIIEPCHS).
Knaccuueckasi 3JeKTpOHHAS TCOPHS JUCIIEPCHN OOBSICHACT 3Ty 3aBH-
CUMOCTh B3aMMOJICHCTBHEM BHEITHHUX CJ1a00 CBSI3aHHBIX C SIIPOM BJICKTPO-
HOB aTOMOB C NEPEMEHHBIM 3JIEKTPUUYECKUM IOJIEM MaJarolied 3JIeKTPO-
MarHUTHOH BOJIHBI. BHEIIHUH 3JIEKTPOH B aTOME B IIEPBOM NMPUOIMKEHUH
MOXHO paccMaTpuBaTh KaK 3aTyXaloIWNA OCIHUISITOP C COOCTBEHHOW Ya-
CTOTON ), HAXONAIIMWICS B TOJOXEHUM paBHOBecus. I[lox nelicTBueM

SJICKTPUYCCKOr'0 IOJIA Mmajaromeil CBeTOBON BOJIHBI QJICKTPOH COBCPIIACT
63



BBIHYXJIEHHbIE KoJeOaHus. [l mpoCTOTHl pacCMOTPUM OJHOPOJHOE Be-
IIECTBO, aTOMBI KOTOPOTO CONEPKAT TOJBKO OIUH CIA0OCBSI3aHHBIN JJIEK-
TPOH. YpaBHEHHUE ero JBMKEHUS UMEET BUJL

P+ 287 + wlr =%E(t),

IJie 7 — CMENICHHE DIICKTPOHA M3 TOJIOXKEeHHs paBHOBecus F = Egsinwt —
AJIEKTPUUECKOE TI0JIe BOJHBI; B — K03 PHUIMEHT 3aTyXaHus, 3aBUCSAIIMHA OT
BEILIECTBA; ¢ U M — 3apsijl U Macca dJeKTpoHa. PelieHne ypaBHEHUs TIPEI-
CTaBJIICT COOOHM yCTaHOBHUBIIIEECS KOJICOaHNE 7 = 7, sin @t ¢ aMIUIATY /101

ek

— 0
m 2
m\/(a)o2 —a)z) +40’ B
JIMTONBHBIN MOMEHT, MPUOOPETAEMBIN ATOMOM B PE3YJIbTAaTe B3aMMO-
JIEHCTBHSA C DIIEKTPOMArHUTHOH BOJIHOM, MOKHO 3aIlucaTh B BUE

e’E, sin ot e’E
p=er= 2 2\ 2 02
m\/a) a))+4a)ﬂ \/(a)o—a))+4a)ﬁ’
[TonsipuzoBaHHOCTH BEII[ECTBA paBHa npu 3TOM
NezE _
P — Np _ rae N KOHICHTpAaNusa aTOMOB.

m\/ a) '+ 40’ B
CornacHo KjaccHuecKoM 3JIEKTpoAMHaMHUKe MakcBeia

Ne* | e,m (9.4)

P
=g=1+——=1+ =
&,k \/(a)(f—a)z) +40’ B’
[Ipoananmusupyem BoipaxkeHue (9.4). Ecnu yacToTa majgaromieii BOJTHBI
3HAYMTEIILHO OTIIMYACTCS OT COOCTBEHHOM 9aCTOThl ¢ (T.€. BBIIOJIHACTCS

ycnosue 2@ff << ‘6002 -’

Ne* | e.m
n' =1+ =25, (9.5)

(wo - )
Ecmit @ < @, , MOKa3aTesb NPENOMICHHS GONbIIIE CIUHUIIb H TIABHO
BO3PACTACT C YBEIMUCHHEM 4acTOThL. IIpH @ > v, MOKa3aTesb mpenomie-

HUS MEHbLIE €JUHULBI U TOXKE pacTeT MPH MOBBILIEHUU YacTOThl. YBEIU-
YeHre TI0Ka3aTelsl IIPEIOMIICHISI 1, T.€. YMEHBIIeHHe (pa3oBOi CKOPOCTH
C YBEJIMYEHHEM YacTOTHl (@ COOTBETCTBYET HOpPMajbHOM aucnepcuu. Ta-
KAM 00pa3oM, HOpMaJbHAs TUCIIEPCHS UMEET MECTO IPH YacTOTax, Aajie-
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KHUX OT COOCTBEHHBIX YaCTOT (W, T.€. BJAJH OT MOJIOC MOTJIOIICHHS Bellle-
CTBa.

AHOMaJbHas TUCTIEPCHs HAOII0AaeTCs B TeX 00JACTSIX, TIC BEIIECTBO
CHJIBHO TIOTJIOIIAET CBET (T.€. BOJNIM3U 4acTOT @y), U BhIpaxeHue (9.5) cra-
HOBHUTCSI HETIPUTOHBIM.

Xo/1 KpUBOH TUCIIEPCHH ITOKAa3aH Ha puc. 9.2.
ka? KOHTYp !: \

TI0JIOCBI >
TOIIOIIECHUA

(6] 0 W

Puc. 9.2

[Tpo3payHoe HEOKPAILICHHOE CTEKJIO UMEET JIBE TIOJIOCHI MOTJIOIICHHUS:
BOJMIM3H A; = 2 MKM (HH(ppakpacHas obnacts) ¥ A, = 0,36 MM (yieTpadu-
oNeToBasi 00JacTh), T. €. B BUAUMON YacTH CICKTpa B TAaKOM CTEKIIC
HAOTFOIACTCs TOJIBKO HOPMAJTbHASI IUCIICPCHSL.

CrekisiHHAs TpU3Ma SBJISETCS XOPOLIMM CHEKTPAIbHBIM MPHOOPOM.
Ecnu Ha omHy ee rpaHb mamaeT MapajuleNIbHBIA My4YOK OENoro CBeTa, TO
BHYTPU MPHU3MbI BOJHBI Pa3HBIX YaCTOT PACHPOCTPAHSIOTCS C Pa3HBIMU
CKOPOCTSIMU M MPEIOMIISIIOTCS B HeW 1mo-pazHomy. 1o BbIXozie U3 MPU3MBI
Jy4d yKe He OyAyT mapajuieibHbL: CBET PACKIAIBIBACTCS HA COCTABIISIO-
[I¥e pa3HbIX JUIMH BOJH (puc. 9.3).

oesbIil
CBET,

Puc. 9.3
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HaGumromaercsi criekTp, Ha3bIBa€MbI JUCIIEPCHOHHBIM, TaK KaK IPH-
YHHA €r0 MOSBJICHUSI — 3aBUCHMOCTH MOKa3aTellsl PEIOMIICHHUS BEIIECCTBA
MPU3MBI OT JIHHBI BOTHBL. C MOMOIIBIO MPHU3MBI MOXKHO M3MEPUTH MOKa-
3aTeNb MPEJIOMJICHUS BEleCTBa JJIs PAa3HBIX JUIMH BOJIH.

Crroco0 n3MepeHHs 1MoKa3aTes MPEeJIOMICHUS] OCHOBAH Ha Ompeaese-
HUH yTiIa § OTKIOHEHUS Jy4del OT IMepBOHAYAIBHOTO HAIPABICHHS MOCIE
IpelnoMIICHUs Tpu3Moi. BenwumHa yrima § 3aBHCHT OT IOKasaTelns Ipe-
JIOMIICHUSI TIPU3MBI 71, TIPETIOMJISIIOIIETO YTJIa TPU3MBI Y, TUTHHBI BOJHBI U
yria majieHus o Iy4eit Ha npusmy (puc. 9.4).

Ilpn cuMMeTpuYHOM XOJie JIy4a, T. €. KOTJa JIyd paclpoCTpaHsIeTcs
napajuie]IbHO OCHOBaHHWIO Mpu3MbI (puc. 9.4), yron oTkiIoHeHHs & Oymer
HanMeHbIM. [Ipu 3TOM KadecTBO criekTpa OyIeT HAWTydIIUM, TaK Kak
Omin HE OyIET 3aBUCETH OT yIJIa MaaeHus . B aToM ciydae

min

rot g dmt?,

2 2

Puc. 9.4

CoryiacHO 3aKOHY MpesioMIIeHHs cBeTa sina =nsinr . Torna

y+0

SlIl min

5. (9.6)

Takum oOpa3oMm, ans ompeaenaeHus Kod(pQUIMEHTa MPeTIOMIICHUS
BelllecTBa MPU3MBbI HEOOXOUMO M3MEPUTHh YTIJIbI HAUMEHBIIETO OTKIIOHE-
HUS.
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Onucanue YCTAaHOBKH

VYTribl HAMMEHBIIETO OTKJIOHEHHUS TOCTe MPENIOMIICHUS B MPU3ME H3-
MepsiroT Ha ronnomerpe I' 1,5 (cm. mpunoxenne). IcTOUHUKOM CBeTa SB-
nsieTcst pryTHas namia. Cxema yCTaHOBKHY MIpHUBEICHA Ha puc. 9.5.

*Wn

Puc. 9.5 >

CBeT OoT UCTOYHHKA .S, TPOHIS KOJUTMMATOPHYIO LIENb M KOJTUMATOpP-
HBIH OOBEKTHB TOHHOMETPA, NaacT NapauIeIbHBIM IYIKOM Ha mpusMmy /7;
npenomisomuil yron npusMel y = 60°. IlpusMa 3akperieHa Ha CTOJMKE
TOHUOMETpA TakK, 4TO €€ MOXHO II0BOPayMBaTh BOKPYT BEPTUKAIBHOM OCH,
9TO JTaeT BO3MOKHOCTh BBIBOJIUTH €€ M3 ITydka cBeTa. Habmonats aucmep-
CHUOHHBIN CIIEKTP MOXKHO 4Yepe3 3pUTEJIbHYI0 TpyOy ToHHOMETpa. YTI0BOE
MIOJIO’KEHUE Ka)KIOW CIIEKTPaJbHOW JIMHUM OIPEIEISIOT 10 OTCYETHOMY
YCTPOMCTBY TOHMOMETpA. YT0J HaUMEHBIIETO OTKIOHEHUS BBIYUCIIIOT T10
dbopmyne

Omin = N - Ny, 9.7

riae Ny — OTcueT 1o 1MMO0y TOHHOMETpA, KOTJla B 3pUTEIbHYI0 TpyOy momna-
JaeT CBET U3 KOJUIMMATOpa B OTCYTCTBUE NMPHU3MBI, N — OTCUET 1O JTUMOY
TOHHOMETpA, KOI/la Ipu3Ma YCTaHOBJIEHA B IIOJIO’KEHHE HaUMEHBIIETO OT-
KJIOHEHUS 7151 TaHHOMN JJIMHBI BOJIHBIL.

Iopsaaok BbINOIHEHUS] PAGOTHI

IIpu moAroToBKe K padboTe HEOOXOAMMO M3YYUTh MPUHITUI NCHCTBHS
TOHHOMETPA (CM. IPUITOKEHUE).

1. Bxmrounts B ceTh ~220 B miaHr nutaHus MoJCBETKU TOHHOMETpa
1 TyMOJIEp TIOJICBETKH.

2. BKJIIOYUTH PTYTHYIO JIaMITy, OCBEIAOIIYIO b KOJLTMMATOPA.
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3. Ecnu mpu3Ma CTOUT Ha CTOJIMKE TOHMOMETPA, CHAThH €€ WU BBIBE-
CTH U3 CBETOBOI'O Iy4Ka.

4. YCTaHOBHUTDH 3PUTENBHYIO TPYyOy BIOJb MPOAODKEHHS OCH KOJUTHU-
Matopa. [Ipu 3ToM B mosie 3peHus nosgBiseTcst n3o0pakeHue menu. [ToBo-
pauuBas BUHT 4 (cM. puc. 11 B mpuiiokeHnn), TOOUTHCS Pe3KOro n3oodpa-
sxenust mend. CPOKyCHpOBaTh OKYJISAP 3pUTEIbHON TpyObl 5 (cM. puc. I11)
Ha YETKOE BUJICHUE MepeKpecThs HUTe. COBMECTUTH MEPEKPECThE C IECH-
TPOM H300paKESHHUS LIICITH.

5. CdokycupoBath OKYJISIp OTCYECTHOTO ycTpoiicTBa 7 (cM. puc. I11) Ha
pe3Koe BuIeHHE MKaIbl. CHATh OTCUeT Ny U 3aHeCTH 3HaueHue B Tab. 9.1.

6. BBectn mpu3My B CBETOBOH ITy4oK. MeIeHHO Bpaiasi 3puTeNIbHYI0
TpyOy, JOOUTHCS TOTO, YTOOBI B MOJIE 3PEHHUS TTOSIBUIICS JIMHEHYATHIHN CIIEKTP
napoB pryTu. OCTaHOBUTH TPYOY B MOJIOKEHHUH, KOTJIA B MOJIE 3pEeHUS BUIHA
onHa yuHUs. HaOmoaas 3a 9Tol JMHUEH B 3pUTEIbHYIO TpyOy, OYeHb MeJ-
JICHHO TIOBOPAYMBAaTh CTOJMK C MIPU3MOM B TAKOM HaIlpaBJIEHUH, YTOOBI 3Ta
JUHUS TPUOIMKANAch K JIMHUU MPOJIOJDKEHH OCH KojuinMaropa. Eciu mpu
9TOM JIMHUS YXOIUT U3 TOJIS 3PEHHUSI, HY’)KHO OJHOBPEMEHHO CO CTOJIMKOM
TIOBOPAYMBATh U 3PUTEIBHYIO TPYOy, YTOOBI IMHKS BCE BPEMS OCTaBaIach B
nosie 3penus. [Ipu TakoM MeIeHHOM BpallleHHH CIEeKTpajibHas JIUHUS, ABU-
rasch B MOJIE 3PECHUS, OCTAHOBUTCSA, a MPU JaJbHEHIIIEM JIBMKCHUU CTOJIMKA
B Ty K€ CTOPOHY M3MEHHT HalpaBJeHHE JBIKCHUS HA 0OpaTHOe. MOMEHT
W3MEHEHUs] HalpaBlieHUs ABWXKEHUS JMHUU COOTBETCTBYET MOJIOKEHHUIO
NPU3MBL, TPH KOTOPOM JIyYyd JAaHHOW JUIMHBI BOJHBI HUCTIBITHIBAIOT
HauMeHblliee OTKIOHeHHe. Haling nosojxeHue OCTaHOBMBIUEWCS JIMHMU,
COBMECTHTH ITIEPEKPECThE 3PUTEIBHON TPYOBI C IEHTPOM JIMHHU M CHSTBH
orcyeT N Mo HIKaje OTCUYETHOTO ycTpoiicTBa. Pe3ysbraT 3aHectu B Tadm. 9.1.

7. TloBTOpUTh W3MEpPEHHUsA, ONHCAHHBIE B II. 6, JUISI KaXIOH CHeK-
TpanbHOU JInHUK. [Ipu mepexole K KaXIOW CIeIyrolled JTUHUH Heo0Xo-
JuMO (hOKYCHPOBATh 3pUTENbHYIO TpYOY BUHTOM 4 (cM. puc. I11).

Taonuma 9.1

CHeKTpaHLHaSI JIMHUSA

Otcuer Ny | Otcuetel N | Opin n )
W €€ JIJIMHA BOJIHBI

Kpacnas (690,75 HMm)

Kenrast 1 (579,07 um)

Kenrast 2 (576,96 um)

3enenas (546,08 Hm)

Tony6as (491,61 um)

Cunss (435,83)

Ouonerosas (404,66 HM)
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O0paboTka pe3yJbTaTOB U3MepeHUit

1. TTo dopmyne (9.7) HaiiTu Oy, 7S BCEX JIMHUU CIEKTpa MapoB
PTYTH.

2. 3Has NpeNoMIIOUM yroa npusmsl Yy = 60° 1 yIiibl HAUMEHBIIIETO
OTKJIOHCHHS  Opin, BBIUMCIHUTE MOKA3aTEIN MPEIOMIICHUS UL BCEX JJIMH
BOJIH 110 (hopmydie (9.6).

3. IlocTpouTh rpaduk 3aBHCUMOCTH TOKA3aTeNs MPEIOMICHUS 72 OT
JUTMHBI BOJIHBI CBETA.

4. Ina xaxaoii 1uHum 1o ¢popmyie (9.3) BeIYUCAUTD 3HaUeHUE (hazo-
BOM CKOpPOCTH.

5. Iloctpouth rpaduk 3aBUCUMOCTH (Ha30BOH CKOPOCTH OT JIJTHHBI
BOJTHBI CBETA.

6. Hcmonp3yst MOCTPOCHHBIN TpaduK v = f(A), HAUTH BEMUYUHY TPYII-
MOBOH CKOPOCTH A IUIMHBI BoiHBI A =500 HM. [l sTOrO, corimacHo
dopmyne (9.2), Hy)KHO TPOBECTH KacaTeJbHYIO0 K TpaduKy CKOPOCTH B
Touke A = 500 HM U ONpenenuTh TOUKY NepeceueHus ATOM KacaTeabHOH ¢
OCBIO CKOPOCTH

v(A)

L)

Bomnpocsl u 3agaHus 17151 I0MYCKa K JIa0OpaTOpHOii padoTe

1. Jlate onpeneneHus: (pa3oBoi H IPyMIIOBONA CKOPOCTEH.

2. B yem 3aximrouaercs SBICHUE TUCIICPCUH?

3. Kpatko chopMmymupoBats CyTh METOJA, MPUMCHSIOMIETOCS B Ja-
OoparopHoii padote. Beiectu popmyiy (9.6).
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Bonpocsk! 1 3agaHus K 3anuTe Ja060paTopHOii pa6oThI

1. ChopmynupoBaTh OCHOBHBIE MOJOKEHHS JIEKTPOHHON TEOPHH AUCTIEp-
CHH.

2. OcoOCHHOCTH HOPMATEHOW W aHOMAJILHOM JICTICPCHH.

3. OcoOEeHHOCTH THUCTIEPCUOHHOTO CIIEKTpA.

Buébnuozpaghuueckuii cnucox

1. Cagenves U.B. Kypc ¢uzuxu B 3-x 1. CII6.: JIans, 2008.

2. Bymuxoe E.W. Ontuxa. CII6.: Jlans, 2012.

3. Jlanocoepe I'.C. Onruka. M.: ®uzmatiut, 2006.

4. Cusyxun /I.B. O6mwuit kypc ¢pusuku B 5-1u T. M.: ®usmariur, 2002-2005.

5. Upooos U E. Bonnossle nporiecchl. OCHOBHBIE 3aKOHBI: yueOHOe mocodue. M.:
JlaGopartopust 6a30BbIX 3HaHMH, 1999.
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NPUITOXEHUE

Onucanue ronuomerpa I'l,5

T'ornomerp — npubop, ciyKaImuii Ui U3MEPEeHHsT ABYTPAaHHBIX yIIIoB. BHenHui

BUJ TOHUOMETpPA IIPUBEACH HAa PUC. Hl
/l / 2

Puc. 111

OCHOBHBIMH y3JIJaMH TOHHOMETpa SIBJISIFOTCSI KOJUIMMATOP, 3pUTebHAs TpyOa, oc-
HOBaHHUE C OCEBOM CHCTEMOW M OTCYETHOE YCTPOMHCTBO.

Komumatop / obpaiier oHOW CTOPOHOW K MCTOYHUKY cBeTa. C ATOH CTOPOHBI
KOJUTUMAaTOpa HaXOAWTCS pa3/BIDKHAS ILIeNb, IIMPUHA KOTOPOH PErynnupyeTcs BUHTOM
2. OOBEKTHB KOJUTUMATOPA CO3/IACT MapaUIeIbHBIN Iy9OK CBETA, BBIXOAAIINN U3 HETO.

3putenbHas Tpyba 3 ycTaHOBJIEHA Ha MOJIBM)KHOW 4acTH MpHOOpa, HAa3bIBaEMOMN
anupanoit. JIyan n3 xoymmaTopa najgaioT Ha OOBEKTHB 3pUTENBHOM TpyOBl U cobupa-
I0TCS B €ro (pOKaJbHOHN INIOCKOCTH, TZi¢ M HaOIIoJaeTcs pe3koe M300pa)keHHe IIeu.
VYcraHoBKa Ha Pe3KOCTh M300PaXKEHUSI LIENN IPOM3BOIUTCS] BUHTOM 4, HAXOSIIIUMCS C
NPaBOil CTOPOHBI 3pPUTENILHOM TPYOBI. B (hokambHON MI0CKOCTH 00BEKTHBA 3PUTEIBHOM
TpyOBI pacrosokeHo nepekpectue Hureil. IlepekpecTne HUTEH U M300paKEHUE IICIH
paccMaTpHBaIOT Yepe3 OKyJsip 5. BpaieHueMm oxyisipa 100MBAIOTCS YETKOW BHIMMO-
cTh. [l COBMEIIEHHS NEPEKPECTHS M N300paKEHHUS e 3pUTETbHYI0 TPyOy cliexyeT
MOBOPAYMBATh PYKOH IPH OT>KATOM BUHTE 6.

B cpenneii vacTn ocHOBaHHS IPUOOPA KECTKO 3aKpETUICHA IIIITHHAPUIECKAs OCh,
Ha KOTOPOH yCTaHOBJIEH CTEKJISHHBIN MO B ompase. OH SBISIETCS OCHOBHOH YacThIO
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OTCUETHOTO yCTPOHCTBA JUIsl M3MepeHns yriioB. OnpaBa MOTHOCTHIO 3aKPHIBACT IUMO H
CHapy>XH OH He 3ameTeH. JInmOb paznenen Ha 1080 menenuii, ciexoBaTenbHO, IieHa Je-
nennst mumba cocrasisier 20'. Ludpsr Ha mumbe HaHeceHbl uepe3 1°. Ilpu momomim
CHUCTEMBl IPU3M M300paKCHUS ABYX JUAMETPAIbHO NPOTHBOIOIOXKHBIX YYacCTKOB
nuMba (0HO M300paskeHue TPsIMOe, APyroe — 00paTHOE) MOIANAl0T B OKYJISIP OTCUET-
HOT'O YCTPOMCTBa 7, PACIIOJIOKEHHBI HEMOCPEICTBEHHO IO OKYJSIPOM 3pUTEIIbHOU
TpyOsl. [1IKkana oTCUeTHOro yCTPOHCTBA TOCBEYEHA PACCESHHBIM CBETOM.

Mesxay 3puTenbHON TPpyOOl M KOIITMMAaTOPOM HAXOAWUTCS CTONMUK &8, MPeICTaBIIsi-
oM co0oi KpyTJIblii AUCK, YCTaHOBJICHHBIN Ha ocu npubopa. Ha cromuke pacmona-
raeTcs CIeKTPAIBHBIA IpHOOp (IpU3Ma WK AU(GpaKIHOHHAs permeTka). CTOINK MOXeT
0CTaBaTHCSl HETIOJBIKHBIM OTHOCHTEIIBHO 3PUTENBHON TpyOBI MO0 MOBOPAYHBATHCS
BMeCTe C Hell u anujaiou.

Hsmepeuue Y2noe6 ¢ nOmMouiblo conuomempa

IToBopoTom 3puTenbHONH TPYOBI JOOHUTHCS COBMEIICHHS MEPEKPECThsS HUTEH C
LEHTPOM HCCIICAYEMOW CIEKTPalbHOW JMHUM U 3a)KaTh BHHT 6. BpameHneM okyisipa
OTCUETHOT'O yCTPOHCTBA 7 JOOUTHCS YETKOTO BHCHUS IIKAIIBI.

B oxymsipe oTcueTHOTo ycTpoiicTBa HaOIMIOAIOTCS M300pa)KeHHs IHaMeTPaIbHO
HPOTHBOIIOJIOXHBIX yYacTKOB JUMOa U BepTHKanbHas 4epra. YTOOBI CHATH OTCUET IO
MOy, HEOOXOIUMO IOBEPHYTh MAaxOBHK 9 ONTHYECKOIO MHKPOMETpA TaK, YTOOBI
BEpXHHE M HIDKHUE ABOWHBIE IITPUXH COBMECTHIHUCH. IIpu 3TOM MaxoBHK HEJb3s MO-
BOpa4yMBaTh JI0 ymopa. Ecimu mpu BpalieHHH MaxOBHKa B OJHY CTOPOHY LITPUXH He
COBMEIIAIOTCS, Hy’KHO TIOBEPHYTh €T0 B IPOTHUBOINOJIOKHYIO CTOPOHY.

OtcueT o mKane CHUMAeTCsl CIeAYIOmMM 00pazoM. brrkaiimee qncio ciesa ot
BEPTUKAIFHON YEpTHI HAa BEPXHEH HIKaJle TaeT YHCIIOo IelbIX rpaxycos. Ha puc. I12 ato
4HCIIO paBHO 59°.

59°62'13"

59 60

M
iLIIIHH
T

o

<

Puc. I12
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OTcueT MHUHYT MPOM3BOAUTCS OTAENBHO IJISI AECATKOB WM eauHHIl. [ oTcueTa
JIECATKOB MUHYT HEOOXOAMMO Ha HIDKHEH (TlepeBepHYTOH) IIKaie HaWTH BCIIOMOTa-
TEJIBHOE YHCIIO, OTIMYAloIeecsi OT CHATOrO OTCUeTa IIeNBIX rpagycoB Ha 180°, T.e.
OKaH4YMBaroIIeecs Toif ke undpoit. Ha puc. I12 BcmomorarensHoe uncino 239°. Yucio
JIECATKOB MHHYT PaBHO YHCIIy MHTEPBAJIOB, 3aKIIOYEHHBIX MEXK/Y YHCIIOM I'pagyCcoB U
BcrioMorarenbHeIM yncaoM. Ha puc. I12 mexnay umcnom rpagycoB 59° u Bcromora-
TENbHBIM YUCIOM 239° mATh UHTEPBAJIOB, T.e. B oTcdyere 50'. Yucao equHUI] MUHYT H
CEeKyHJ] CHUMAeTCs 110 BEPTUKAJIBHOHN IIKalle OTCIETHOTO yCTPOMCTBA, XOPOIIO BHUAH-
MOH, €CITH B3TJISIJ CJIETKa CMECTHTH OT OCH OKYJISIpa BIpaso. [IpoTHB ropu3oHTansHOTO
MHJIEKCa 110 JICBOM CTOPOHE IIKajbl CUMTHIBAETCS YHCIIO eauHMI] MuHyT. Ha puc. I12
ot0 yncno 2" To ects cymmapHo umeeM 50'+2" = 52 Ilo npaBoil cTopoHEe BepTHKAIb-
HOM 1IKaibl cHUMaeTcst yuciio cekysa. Ha puc. I12 stot orcuer pasen 13".

Takum oOpasom, nokazanue npudopa, u3o0paxeHHoe Ha puc. I12, cocraBiser
N=59°52"13".
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