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BBEJAEHHUE

[lag OOBSICHEHHUS CBETOBBIX IBACHUI B (PU3HKE HCIIOAB3YIOTCS
[Be TEOPUH CBETa — BOAHOBASA U KOPILYCKYASIpHAL:

1) mo BOAHOBOH (3A€KTPOMAarHUTHOMN) TEOPHH CBETOBOE H3AyUe-
HUEe IIpeAcTaBAgeT CO0OH asekmpomazHUMHblEe 80/IHbL, JAMHA KOTO-
PBIX AexHuT B npenesax or 0,38 Mk mo 0,77 MK; 6oaee KOPOTKHE U
foaee NAWHHBIE BOAHBI HE BBI3BIBAIOT B 3PUTEABHOM OpPraHe YeAOBe-
Ka CBETOBOE OIIyIIleHHE W BOCIPHUHHUMAIOTCS CIEIMaAbHOH ammapa-
TYPOH;

2) 110 KOPIYCKYAIpPHOH ((POTOHHOH) TEOPUU CBETOBOE HU3AyUe-
HUE IIpencTaBAgeT co00H nomox ocobblx uacmuy — ¢pOmMoHO8, KazK-
Jasi U3 KOTOPBIX 00AaaeT OIpeleAeHHOM SHeprueil, Maccoffi U UM-
IIyABCOM (KOAWYECTBOM [IBUZKEHUSI).

[Tpu romoI BOAHOBOH TEOPHU OOBACHIIOTCSH 3aKOHBI PaCIIPoO-
CTpaHEeHHus CBeTa (OTpaskeHHe, IPEAOMACHHE, MHTeP(EPEHIINs, TH-
dpakiyg cBeTa W T.I1.); OIPU IOMOIIM (POTOHHOH TEOPUU — 3aKOHBI
B3aHUMOOEHCTBUS MEXKAy CBETOM M BEIIECTBOM (IIOTAOIIEHHE U pac-
cedgHHE CBeTa 3AeKTPOHAMH, HU3AVUEHHE M IIOTAOIIIEHHE CBeTa aTo-
MaMu U T.II.). OrpaHUYUTBECH TOABKO OOHOM M3 3THUX Teopud mad
00BSICHEHHUSI BCEX SBACHHH H3AYYEHHS, PaCIpPOCTPaHEHHs U IIOTAO-
LIeHus CBeTa He yaaeTcd. TakuMm o0pa3oM, B CBETOBBIX SIBACHUIX
HabAOmaeTCcd CBOeOOpas3HbIH Oyaniu3m BOAHOBBIX U KOPITYCKYASIPHBIX
CBOHCTB. 3aMeTHM, 4TO 4YacToTa KoaeOaHHH, KoTopad IIPHCYIla CBe-
TOBOM BOAHE II0 BOAHOBOM TEOPHH, OIIPEAEAAET DHEPTUIO £p, MACCY
Mg U UMIIYABC P (POTOHOB, U3 KOTOPBLIX COCTOHUT ATOT CBET II0 KOpP-
IIyCKyASIPHOH TE€OPHH.

Onmcanug AabopaTOpPHBIX PaboT BKAIOYAIOT: TEOPETHYECKYIO
4acTh, 3a[aHUd, PETAAMEHTHUPYIOIIHE [TOCAEOOBATEABHOCTH PabOThI
CTYZAEHTOB IIPHU NPOBEAECHUH U3MEPEHUM, KOHTPOABHBIE BOIIPOCEHI.

AabopaTopHasg yCTaHOBKA, Ha KOTOPOH IIPOBOAATCH H3Mepe-
HUS, COCTOUT U3 PA3AMYHBLIX IIPUCIIOCOOAeHUE, ImpemHa3HAYEHHBIX
oasa cOopa ONTHUYECKHX CXEM, IIPUBEIECHHBLIX B ONHCAaHUAX Aabopa-
TOPHBIX padoT.

[Ipu BBITIOAHEHUH AAOOPATOPHBIX PabOT HEOOXOAMMO MOAPOO-
HO pazobpaThbcd B yCTpoiicTBe IIpHMeHdeMoH annapartypbl. Paboty c
HE3HAKOMBIMH ITpHOOpaMH HAYHHAIOT II0CAE€ H3y4YeHHs HeoO0XOomu-
MBIX HHCTPYKIHH, ¢ cobAlofeHNEM BcexX TpeboBaHU 110 6e3omacHo-
ctu. B Tex caydagx, Koraa CTYAEHT He MOXKET B 3TOM pa3o0paThcs
caM, caeayeT obpaIaTeCs K IIPErogaBaTeAlO.

B mnporecce BeINOAHEHHS pPaboT HEOOXOAMMO IIPEIOXPaHATH
OpubOPBI U IMPUCIIOCOOAEHUS OT TOAYKOB, YOAPOB U MEXaHHUYECKUX
HoBpexXAeHuH, obeperaTh MOBEPXHOCTH HIPHUOOPOB M ONTHYECKHX
SAEMEHTOB OT IapallvH.



JlabopamopHas pa6oma N1
OINNPEJAEJTEHUE PAZNYCA KPUBHU3HbI JINH3bI
CIIOMOI1IbIO ABJIEHUA UHTEP®EPEHLIUN

Ilenws: n3yueHne IBACHHUS HHTEP(MEPEHIINH Ha IIpUMepe
KOAEI] PaBHOHM TOAIIWMHBI U OIIPEAEACHHE paauyca KPHUBU3HBI
IIOBEPXHOCTH AHUH3BI HHTEeP(EPEHITMOHHBIM METOIOM.

ObopyodosaHue: Aa3ep, BBIIYKAO-BOTHyTas AHWH3a B
OIIpaBKe, KpaH C KOOPAWHATHON CETKOM, ONTHYeCcKas CKa-
Mbsl, PEUTEPEI.

TeopeTnyeckue cBeeHUA

[Ipy HarOKEHUH OABYX HAU 0OA€E CBETOBBIX IIyYKOB APYT
Ha Apyra HabAIOaeTcd YCHUACHHE CBeTa B OJHHUX TOYKAaX IIPO-
CTPaHCTBa U ocArabAeHHEe B APYTHUX. JTO IBA€HHE HA3BIBAETCH
uHTepdepeHnued cBeTa. YCTOMYUBYIO HHTEpPEePEeHIHNOHHYIO
KapTHHY MOTYT AaBaTh TOABKO KO2epeHmHble 80JHblL, T.€. Ta-
KHe, KOTOpble UMEIOT O00UHAKO8YH UACMOmy U NOCMOSIHHYHO
pasHocmb ¢a3. [aa 1oAydeHUs KOHTPACTHOM HHTepgepeHIIH-
OHHOM KapTHUHBI HEOOXOAMMO TaKiKe, YTOOhI MX HHTEHCUBHO-
cTH OBIAM COM3MEPHUMBI U IIAOCKOCTH KoAebaHUil BeKTOpa

—

HaIIPS?KEHHOCTH 3A€KTPHUYECKOIO II0AS E COBIIaZIaAH.

OOuH U3 METONOB ITOAYYEHUSI KOTE€PEHTHBIX BOAH OCHO-
BaH Ha pa3deA€HHU Ha [IB€ YaCTHU BOAHBI, U3Ay4YaeMOW OJHHUM
HCTOYHUKOM. OTH BOAHBI [I0 IIONIaJaHUsS B 3aJaHHYIO TOYKY
IIPOCTPAHCTBA IIPOXOAAT PAa3AUYHbIE PACCTOSHHUA (MAM OOHUHA-
KOBBIE PACCTOSHHSA B Cpelax C Pas3sAHUYHBIMH II0Ka3aTeASMU
IpeaoMAeHUsI). Mexkay HHMH BO3HHUKAaeT IIOCTOSHHas pas-
HOCTb (pa3, BCAEACTBHE YETrO IIOAyHaeTCs HHTeP(epEeHITNOHHAT
KapTHHA.

Ecam pasHocths a3z Ap B maHHOH TOYKE ITPOCTPAHCTBA
paBHa 2mz, TAE M — IIEAO€ YHCAO, TO B 9TOM MECT€ IIPOHCXO-
OUT YCHUAE€HHE KoAeOaHUil (MaKCHMyM OCBELIEHHOCTH), €CAH
XKe pas3HoCcTb (pa3 paBHa (2m + 1)z, To OymeT HabAOOATHCS
ocaabaeHHe KoaeOaHUM (MHHHUMYM OCBEILIEHHOCTH).

Onruyeckass pas3HOCTb Xoza Ay cBd3aHa C Pa3HOCTHIO
da3 Ap cCOOTHOUIEHUEM

Ay = 2 ag, (1.1)
2
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YTO IIO3BOALET IIOAYYUTH YCAOBHA MaKCHMyMa M MHUHHMYyMa B
BHUIOE

Ay = mi; (1.2)
A
Ay:(2m+1)5, (1.3)

rae A — mAWHa BOAHBI MHTepdepupylolero csera, m = 0, £1,
12, £3,... — IOPSO0K IIOAOCHI.

CaemyeT OTMETHTH, UTO HHTepdepeHIud OymeT HabAro-
[aTbhCsI, €CAU OIITHYECKas Pa3HOCTh XO[a HE IPEBBINIAET ONU-
HY KoeepeHmHocmu H3AydeHUus. [IAMHa KOTepPeHTHOCTU €CTh
TakKas IIpeleAbHasl ONTHYecKas PasHOCTh XOo/a, IPHU KOTOPOH
pPas3HOCTb (pa3 IPU HAAOKEHUU ABYX BOAH U3MEHHAETCHd He CNY-
yaiiHo ¢ TedeHueM BpeMeHH. C yBeAMYeHHUEM HOMepa II0AOCHI
«mM» Pa3HOCTBh XOJa PacTeT U IIPHU OOCTUKEHHUH €€ BEANYNHBI
JAVHBI KOT€PEHTHOCTH HHTepdEepeHIIMOHHAas KapTHHa HCYe-
3aeT. B kadecTBe mpuMepa yKaxKeM, 4YTO JAMHa KOIe€pPEeHTHO-
CcTU lx IAs He Aa3epHBIX MCTOYHHKOB CBeTa IIPEeACTaBASET Be-
AWYHUHY Iopsiaka 1 MM M MeHbIlle. B cayyae aa3epHBIX MCTOY-
HUKOB [k JOCTUTAeT HECKOABKUX CAHTHMETPOB U BBIIIIE, BIIAOTh
10 AECATKOB METPOB.

OnucaHue MmeToaa namepe}mﬁ

B Hacrogme#i aabopaTopHoii paboTe MHTepP(EepPeHIINOH-
HYIO KapTHHY IIOAYYaIOT CAeAyIONMM obpasoMm. Ecau ocBeTuTh
BOTHYTO-BBIITYKAYIO AHH3y TIAOCKOH CBETOBOl BOAHOM C 6OAB-
IIO¥ OJAWHOM KOT€PEHTHOCTU (OT AQ3€pHOTO HMCTOYHHKA), TO
3Ta BOAHA YaCTHYHO OTPA3UTCHd KaK OT IEPEAHEN BBIIIYKAOU
IIOBEPXHOCTH, TaK U OT 3aHEN BOTHYTOM IIOBEPXHOCTHU AWH3BI
(puc. 1.1).

[lBe oTpazkeHHbIe BOAHBI HHTEP(EPUPYIOT APYT C OPY-
oM, U UHTEP(MEPEHIINOHHYIO KapTUHY B BHE KOHIIEHTpHYE-
CKHX TE€MHBIX U CBETABIX KOAEIl HaOAIOIAIOT Ha 3KpaHe. ITH
KOABLIA BAFIOTCS IIPUMEPOM NOJI0C pasHOU MmoauuHsl. Panmy-
CBhI KOA€Il I'm 3aBUCAT OT PaAUyCOB KPHUBU3HBI AMH3BI Ri, R u
pPacCcTogHUA MEXAy AUH30M U 9KpaHoM L.
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Takum oOpazoM, U3MEPUB PaAUYChl HHTEPPEPEHIIHOH-
HBIX KOAEIl U PaCCTOSHUE MeKAy AMH30M U 59KpaHOM, 3Has pa-
OUYC KPHUBH3HBI BOTHYTOU IIOBEPXHOCTH AWH3BI Ro = 30 MM,
MOXKHO OIIPENEANUTh PaANyC KPUBHU3HBI BBIIIYKAOH IIOBEPXHO-
CcTU AWH3BI. [IOCKOABKY OuaMeTp Aa3epHOro Iy4yKa OOBIYHO
MHOTO MEHBIIIE Pa3MEPOB AHH3BI, TO IPHU BBIBOAE paboueit
dOpPMyABI MOIKHO HCIIOAB30BATh NPUOAMIKEHHE ITapaKCHaAADL-
HBIX Ay4Yel, T.e. AydeH, IPOoXOoASINX BOAN3H FAaBHOH OCH AWH-
3pl. B IapakcHaAbHOM TIPHOAMIKEHUH HHTepPgEepPEeHIIMOHHAS
KapTHHa Ha 3KpaHe MOXKEeT paccMaTpHBATBLCSI KaK pPe3yAbTaT
uHTEpEPEHINH OABYX CPEPHIECKUX BOAH OT HCTOYHHKOB,
dOopMUPYEMBIX ITOBEPXHOCTAMH AUH3BI R U Ry.

Ecau ortudeckad pa3HOCTh X04a 3THUX Ay4YeH M0 SKpaHa

g-g:@m+n§, (1.4)

TO B KakKOH-AHOO TOYKe Ha 3KpaHe OyaeT HabAIOAaTbCI MUHU-
MyM HHTEPPEPEHITUOHHON KapTHUHBI, T.€. TEMHOE KOABIIO.

[IpenBapuTeAbHbIE pacyeTbl IIOKA3bIBAIOT, YTO Haber
pasHocTu (pa3 npu ynaseHuu ot Touku O Ha 95% dopmupyet-
cd 3a CYeT M3MEHEHHUd TOAIIMHBI 9TOH TOHKOH AWH3BI U cAabO
3aBHUCHUT OT SIBAEHHH IIPEAOMACHUS U IIE€PEOTPaKeHUs BHYTPU
AVH3BI. [IAS yTIPOIIEHUS KOHEYHBIX (POPMyA OyAeM CYHTaTh,
YTO ONTHYECKad Pa3HOCTh XoJa Ay4deH [0 9KpaHa B TOYKE I'nm
OIIPENEASIETCS TOAIIIMHON AMH3bI B TOYKE d.

Torma MoxkHO 3anucaThb

Ay =24 (1.5)
2n
6



re m — IMOPAOOK TEMHOM IIOAOCHI; A — JAMHA BOAHBI Aa3€PHO-
ro usaydeHus (650 HM); n — KO3(P(PUIIHEHT ITPEAOMAEHHUS CTEK-
AA AUH3BIL.

[ToCKOABKY TOBEPXHOCTU AMH3BI SIBAFIOTCS Cpepamu, HC-
oAB3yst popMyAy (1.5) U ypaBHEHHE OKPYKHOCTH, MOZKHO II0-
AYYUTDH 3aBHUCHUMOCTb MEXKAY I'm U A.

PaccMmoTpuM 3aBHCHMOCTE KBapaTa paguyca rm TEMHBIX
KOAEI Ha 9KpaHe OT HoMepa KOAbIla. KOABIIO ¢ MUHHUMAaABHBIM
paguycoM HMeeT MUHHMAABHBIM HOMEP, COOTBETCTBYIOIIIMH
HaAVMEHbBIIIEeH pPasHOCTH xona. TeMHoe IIATHO B CEepenuHe HUH-
TepPePEeHIINOHHOY KapTUHBI He y4UTbIBaeTcsd. [lag 3Toro
HeoO0XOQUMO Ha dKpaHe U3MEPHUTh PaIUyChl TEMHBIX KOAEIL T
U IIOCTPOUTH rpadHK 3aBUCHUMOCTH r2(m) = Km (puc. 1.2).

i

0 1 2 3 4 m
Puc. 1.2

IToayyeHHada 3aBHUCHMOCTBH IBAGETCI AWHEWHOW U OAd
JaABHEHIIINX pacyeToB HEOOXOAMMO OIPEAEAUTH YTAOBOHM KO-
acppurment K.

Omyckas HpoMeXKyTOYHBIE pPacdeTbl, BEIYHCANM BCIIOMO-
raTeAbHBIN ITapaMeTp:

R,

b= (1.6)
2(2L + R)

TOI‘I[a pPagnyCc KPpUBU3HBI BBIHyKAOfI IIOBEPXHOCTHU AMHSIEBI
OIIPEAEAUTCHA, KaK

1-p

R (1.7)

1



Onucanve yCTaHOBKU

CxeMa yCcTaHOBKU IIpeAcTaBAeHa Ha puc. 1.3.

Puc. 1.3

O6o3HaueHus Ha puc. 1.3:

e 1 — MOAYIIPOBOAHUKOBEIHM aazep A = 0,65 MKM;

e 2 — BOTHYTO-BBIIIyKAAsI AMH3a B OIIPAaBE;

e 3 — U3MepPUTEABHBIH 5KpaH;

e 4, 5 — IOCTUpPYEMBIE AePKATEAN OIITUKHU.

UzayueHue aazepa I HampaBadeTcd Ha AHMH3Y 2 CO CTO-
POHBI BBIITYKAOH nToBepxHOCTH. CTekao K-8, 13 KOTOPOro U3ro-
TOBA€HA AMH3a, UMeEeT II0Ka3aTeAb IIpeAaoMAeHUd n = 1,5. [lau-
Ha KOI€PEHTHOCTH [k M3AYYEHHS HCIIOAB3YEMOIO Aa3epa OoAbIIle
[BYX MaKCHMaABHBIX TOAIITMH AMH3BI (B IAHHOM cay4dae I = 3 Mm).

Ha skpane HaHeceHa KOOpAWHaATHAas CETKAa, C IIOMOIIbIO
KOTOPOH MOZKHO U3MEPUTH AUAMETPHI (PaauyChl) TEMHBIX HH-
TepdePEeHIIMOHHBIX KoAell (puc. 1.4).

23 45 6 1
Ny

Puc. 1.4



I0cTupoBKa J1a60paTOPHON YCTAHOBKH

[asa BU3yaau3alluu Ha 3KpaHe 3 HHTePPEePEeHIIMOHHOMH
KapTUHBI HEOOXOAUMO BBIIIOAHUTDH CAEAYIOIINE OIIEPAIIHH:

1. BkarouuThb Aa3zep.

2. C roMoIIpi0 FIOCTUPOBOYHBIX BHHTOB S5 AepzKaTeAsd Aa-
3epa I HaIpaBUTh AA3EPHOE H3AYYEHHE IPHMEPHO Ha LEHTP
AVH3bI U HaOAIOOATh B OTPAKEHHOM IIOAE€ [Ba PACLINPEHHBIX
IIy4Ka cBeTa, COOPMHPOBAHHBIX OTPaKEHHUEM OT IepenHer u
3anHeY IOBEPXHOCTEN AMHS3EI.

3. IOcTtupoBoYHBEIMH BUHTaMH AepxKateaett 4 u 5 po-
OUTBHCH COBMEIIEHUS 3TUX IIyYKOB Ha d9KpaHe 3. XapaKTepHbIM
OPU3HAKOM 3PPEKTHBHOCTH COBMEIIEHHUS SBASETCH 00pa3zo-
BaHMHe UHTEPPEPEHITNOHHON KapTHHBI.

4. FOcTupoBOYHBIMHY BHHTAMU AepkaTesel 4 u 5 Hampa-
BUTb U3AYUEHHE Ha 9KpaH 3 B 00AaCTh KOOPAHMHATHOH CETKHU.

MeToauKa 1Ja60paTOPHOro 3KCIEPUMEHTA

1. FOcTUpOoBOYHEIMU BUHTaAMU AepiKaTeas 4 MO3UIIMOHU-
poBaTh HHTEPPEPEHIHOHHYID KapPTHHY CHUMMETPUYIHO KOOP-
JOUHATHOM IITKAABI.

2. C nomoIpio AMHEHKH U3MEPUTh PacCTOdHUE L OT AUH-
3bI 2 10 3KpaHa 3.

3. 3MepuTh 10 ITKaAe KOOPAMHATHI TEMHBIX KOAEIl CAe-
Ba W CIIpaBa OT LIEHTPa MHTEPPEPEHIIMOHHON KapTUHBI U 3a-
HEeCTH UX B Taba. 1.1.

Tabaunma 1.1
Homep konbua m 1 2 3 4 5

KoopauHaTtb! konew cnesa
HbloToHa, MM cnpasa

[unameTp konbua D, Mm

Paguyc konbua rm, Mm

4. IlocTpouTh rpauK AMHEHMHON 3aBUCHUMOCTH rn2 = Km
(cMm. puc. 1.2).

5. BeraucauTs 1o rpaduKy yraoBoi kKoddpurueHT K.

6. Paccuurate o gopmyae (1.7) paguyc KpUBHU3HBI BbI-
IIyKAOM ITOBEPXHOCTU AWH3BI R;.

7. HaiiTm moBepHuTeAbHBIH WHTEpBaa AK M paccuuTathb
JOBEPUTEABHBIN HHTEPBAaA JAG paglyca KPUBHU3HbBI AUH3BI Ri:

9



A

Ap =—% R,
K

3ammcaTe OKOHYATEABHBIH pe3yAbTaT B  BHIE

8.
R, = R, £ A, U CIHEAATh BBEIBOJ.

IIpoBepKa pe3y/IbTaTOB 3KCIIEPUMEHTA

[Ipr HEOO6XOAMMOCTH MOXKHO IIPOBEPHUTH IIPABUABHOCTH
pacdeTa R.
JAg TOHKOM AWH3BI CIIPaBEIANBO

11
D=(n-1) —+—|
R2

1
3uad, 4yto R2=-130 MM u D=-0,5, MO3KHO ITOCYHUTATE:

(n-1)-R,

R =—— 2
D-R,-n+1

1

KOHTpOJIbele BOIIPOCHI

1. Yto npencraBasgeT coboit cBeT?

2. Yo Ha3bIBaIOT HHTEP(EPEHIIHEH?

3. Kakue Ay4m HaioT yCTOHYHBYIO MHTEP(PEPEHITNOHHYIO
KapTHHY?

4. TlpuBenuTe HOpUMeEpPbl HHTEPPEPEHIUU B MIPUPOLIE,
IIPaKTUYECKOIO UCIIOAB30BaHUL 3TOTO IBACHUM.

5. [latiTe ompeneseHUEe ONITHYECKOH Pa3HOCTH XOJa CBe-
TOBBIX Ay4€EH.

6. Kak cBg3aHa pa3HOCTh a3 C ONITUYECKOH Pa3HOCTBHIO
xoga?

7. BpinuinuTe yCAOBUS MaKCUMyMa (MHHHMyMa) IPH UH-
TepdepeHIIH.

8. B "yem coctout criocob moaydeHUS HHTEP(EepPEeHITHOH-
HOM KapTHHBI, IIpearokeHHON HproToHOM?

9. MO3XHO AM IIOAYYUTH CBETAOE IISITHO B LIEHTPE HHTEP-
pepeHIIMOHHOM KapTUHBI B OTPasKEHHOM CBeTe?

10. ITokaskuTe, KaK C IIOMOIIBIO KoAell, HbroToHa MOXKHO
OIIPENEAUTH PAANyC KPHUBHU3HBI AMH3EI.

11. Kak MOXHO omnpeneAuTb OAWUHY BOAHBI MOHOXpOMaAa-
TUYECKOT'O CBeTa C IIOMOIIBI0 Koaell HroToHA?

10



JlabopamopHast pa6oma Ne2
U3YYEHHUE JUPPAKIIUU CBETA

ITenws: HabAroneHNEe AU PaAKIINN CBeTa Ha AN(PPaKIINOH-
HOM pemIleTKe, oIpeneseHUe Iepuona AU(PPaKIIMOHHOU pe-
IIETKH U 00AaCTH IIPOILyCKAHUS CBETO(MHUABLTPOB

ObopyoosaHue: mUPPaKIIUOHHbIE PELIeTKH, SKpaH C IIe-
ABIO, OIITHYECKasl CKaMbsl, HCTOYHHKU CBeTa (PTyTHad AaMIia,
AaMIla HaKaAWBaHUL).

Teope’mqecxne CBeAEeHHuA

[ugpparxyueli Ha3bIBaeTCsd SBACHHE OTHOAHHS BOAHAMU
npensaTcTBUM. [IpUMEHUTEABHO K CBETOBBIM BOAHaM Audpak-
IUs O3Ha4vaeT IIPOHUKHOBEHHE cBeTa B 00AACThH reoMeTpHye-
cko¥ TeHrn. OgHUM B3 Hauboaee PACIPOCTPAHEHHBIX TeXHUYe-
CKUX CPEACTB [Ad CO3MaHUd AUQPPAKIIMOHHBIX 3(PPeKTOB
CAYRUT AUQPPAKIIMOHHAS pelneTKka. JuppaKkyuoHHOl peuem-
Kol Ha3bIBaeTCs TOHKasd CTPYKTypa, colepzKallas psm I1apas-
AEABHBIX PABHOOTCTOLIIMX U OAM3KO PACIOAOXKEHHBIX APYT OT
Apyra IIeAei.

PaccrosHue d mMexxay cepefiuMHaMU COCENHUX IleAed UAU
cyMMa ITPO3padHOM a M HEImpo3padHoOU b gacTedl Ha3bIBaeTCs
IIOCTOSSHHOM AnpakIIMoOHHON pelnieTkKu d = a + b (puc. 2.1).

777 R 777 R 77/ R 7
“ oIN\O

e

Puc. 2.1

IIpy mazmeHWH TIAOCKOM CBETOBOM BOAHBI Ha PEILIETKY
KaXXObI¥ 35A€MEHT €€ IIOBEPXHOCTH CTAHOBHUTCH HCTOYHHKOM
BTOPHUYHBIX KOI€PEHTHBIX BOAH. Pe3yAbTHpyIOIllce CBETOBOE
KoAaebaHMe B AIOOOM TOYKE IIPOCTPAHCTBA ONPENEASeTCs CO-
raacHo npunyuny IrolizeHca-DPpeHenss cymMMHUpPOBaAaHUEM BTO-

11



PUYHBIX BOAH, IPUXOLSAIINX B JAHHYIO TOYKY OT BCEX 3AECMEH-
TOB PEIIETKH, C YIYETOM UX aMIIAUTYA U as.

Ecam Ha myTH BOAH 3a PEIIeTKOH ITOCTaBUTH COOHparo-
IIyI0 AMH3Y, TO B (DOKAABHOM ITAOCKOCTH OymeT HaOAIOIAaThCS
nudpakIiuoHHas KapTHuHa (puc. 2.2).

!

/\

m=-2 m=-1 m=0 m=1 m=2
Puc. 2.2

[OudpakimoHHyI0 KapTHUHY MOXKHO HabAOOaTh HEIo-
CPENCTBEHHO TrAa30M, BOCIIPHHHUMA AY4YH, IIPOIIEAIIINE CKBO3b
pemeTKy. PoAb AMH3BI B 3TOM CAydae UTpaeT XpPyCTaAUK raasa.

['raBHBIE AU(PAKIIMOHHBIE MAKCUMYMbL BO3HHUKAIOT B
TeX HaIlpaBA€HUSX, A KOTOPBIX OITHYECKas pas3HOCTh Xoda
AydeHr, UOAyIMX OT COCENHUX IIEA€H pEeLIeTKH, paBHA IIEAOMY
YHCAY OAWH BOAH A:

Ay =m - 4.

W3 puc. 2.1 BHUOHO, YTO OIITUYECKAS PA3HOCTL XOMA AY-
yel, MAYIIMX OT ABYX COCEOHMX IIEeA€i Mom yraoM audpak-
nHuun g,

Ay =d -sin ¢. (2.1)

Takum o0pasoM, yrabl AOuUPPAKIHHU, I10 KOTOPBIMU
HaOAIOMAIOTCH MAKCUMYMBbI, OIIPEZIEASIIOTCS YCAOBHEM:
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d-singp=m-24, (2.2)

3nece m= 0,+1,+2... — mopaaoK AUDPAKIIMOHHOTO MaKCHMyMa.

N3 dopmyas! (2.2) caemyeT, 4TO €CAM NAAAIOIIHI CBET
COIEP3KUT HECKOABKO PA3AUYHBIX JJAUH BOAH, TO pelleTKa pas-
AOXKUT €ro B CIEKTpP (puc. 2.3).

O®uon Kp @On On  Kp ®uon

=-2 m=-1 m=0 m=1 m=2
Puc. 2.3

B HampaBaeHMH HaYaABHOTO PAaCIIPOCTPAHEHHS CBeTa
(¢ = 0) Bo3HHKaeT MakKCUMyM HyAeBoro nopgaka (m = 0).

CropaBa U caeBa OT HEr0 BO3HUKHYT CIIAOLIHBIE MAM AHU-
HeW4yaTble CIEKTPBhl PAa3AMYHBIX MOPAAKOB (m = +1, £2...). B
KaXKIOM M3 CIIEKTPOB MaKCHMyMBbI 00A€e KOPOTKHUX JAUH BOAH
pacrioaararoTcs 6AHMKe K IIEHTPaAbHOM I10AOCE.

Yanoeoil oucnepcueii criekTpasbHOTO Ipudopa D, Ha3bI-
BalOT BEAWYUHY

b, -
di
rae de — yrAOBOE PACCTOSHHE MeXKAy OAM3KHMH CIEKTPaAb-
HBIMH AHMHUSMH; dA — Pa3HOCTh JAHMH BOAH 3THUX CIIEKTPAAb-
HBIX AUHUMH.
[ag HaxoXIEHHWS KOHKPETHOITO BHIa BbIpaxkeHUus D,
npoauddepeHIupyeM ypaBHeHUe (2.2). Torna moAydum

m
D

?  dcos ¢ ’
rae m — MakKCHMaABHBIH IIOPAOOK CIIEKTPA, KOTOPBIA MOXKHO
OAYYHUTH C IIOMOIIBIO PEmIéTKU; d — IEePUoM PEIIeTKH; ¢ —
yIroA MeKAy HOPMaAbI0 M HallpaBA€HHEM Ha M- IIOPSIoK
CIIEKTPA (IASL MAABIX @ UM€eM D, =m /d ).

AuHetliHoU Oucnepcueli Ha3bIBAIOT BEAWYHUHY, YHCACHHO
PAaBHYIO OTHOIIEHUIO paccTogHusa dl Ha sKpaHe (MAM poTomaa-
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CTHUHKE) MeXKay OAN3KHUMH CIIEKTPaABHBIMU AUHHUSIMH K Pa3Ho-
CTH dA JAWH BOAH 3THUX CIEKTPaABHBIX AMHHUMH:

dl
D, = —.
dAi
U3 puc. 2.4 caenyeT, 4TO IIPU MaABbIX @ OTPe30K dl = fdg,
rae f— raaBHOe (POKYCHOE paccTosiHME AMH3EBI. Toraa

p,-f%
l_fdl_f(p'

/ dl
Puc. 2.4

OnucaHue yCTaHOBKM

Onrhyeckas cxeMa yCTAaHOBKH IIOKa3aHa Ha puc. 2.5.
Bce saeMeHTBI yCTAHOBKH IIOMEILIAIOTCS B CTOMKax Ha ONTH-
YECKOH CKaMBeE.

1 4 53
2

e !]

Puc. 2.5

CseT oT ucTO4YHUKA I, Ipoias depes3 LIeAb 2, IolajgaeT
Ha OU(PaKIMOHHYI0 peuieTky 3. JudpakiuoHHAd KapTUHA
HabAIOaeTcsT HEIOCPeACTBEHHO rAa3oM Ha 29KpaHe 4. Makcu-
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MYM HYA€BOTO IIOpglKa (IeHTPaABHBIH) COBIIAOAET CO ILIEABIO.
[To obe CTOPOHBI OT HEE PACIIOAOKEHBI T'AABHbIE MaKCHMYMBI
IIepBOro, BTOPOIo U T.A. NOpsAKoB. Ha 3kpaHe HaxoguTcs OT-
cueTHasl AMHelKa. M3 puc. 2.5 BUAHO, 4YTO
. l
sin ¢ = ——, (2.3)
L* +1°

rae L — paccTrosgHHUE OT 3KpaHa a0 AUPaKIIMOHHONH PEIIeTKH;
[ - paccTosiHUE OT ILIEAN 10 MaKCUMyMa C YTAOM JUMDPAaKIIIU (.

[ToncraBasgsa 3HaYeHHE CHUHyca B ypaBHeHHe (2.2), moay-
qaeM aad d:

d=mX=*" g (2.4)

3amanue 2.1. UccaemoBanHue AMHeHYaTOro CIEKTpPa
(ommpeneaeHUE MOCTOSHHOM AU(PPAKIIMOHHON PEIeTKH).

1. Ha omtuyeckyio ckambio (cM. puc. 2.5) yCTaHOBUTH
PTYTHYIO AaMITy 1, JAIOIIyI0 AMHEHYaTBhIM CHEeKTp, 9KpaH 4 co
IIeABIO 2 U AUPPAKIIMOHHYIO PELIETKY 3.

2. IloogkarouuB PTYTHYIO AQMILy K «BAOKY ITUTaHHUS AQMII»
B pa3péM «PryTHaa aaMmmna», BKAIOUHUTH PTYTHYIO AaMILy U, IIe-
pemerriasa meAb UAW AU(PPaAKIIMOHHYIO PEIIeTKY B BEPTUKAAb-
HOM HAaIpaBACHHUH, NOOUTBHCH IIONAAAaHHUS CBETOBOTO Ayda Ha
OUDPAKIIMOHHYIO PEIIETKY.

Brumarue! Ecan mocae BKAIOUEHUST KAABUIITU BbIKAIOYA-
TeAd PTyTHas AaMIla He 3arOpHUTCsl, HEMEOACHHO BBIKAIOYUTH
OAOK IIMTaHUS, AATh AAMII€ OCTBITH U 3aTE€M IIOBTOPHO BKAIO-
YUTH PTYTHYIO AQMILY.

3. Habaromate duepe3 aU(PPaKIUOHHYIO pPELIeTKYy Ha
9KpaHe CO IIKaAOH AuPaKIMOHHYI0O KaPTUHY B BHUAE AHUHEH-
4aTbhIX CIEKTPOB. Peryaupys paccrosHue MeXAy PenIeTKod u
LIEABIO, TTOAYYHTH YeTKOe H300pakeHHe CHEeKTPoB I u 2 mo-
PSAKOB.

4. V3mepuThb pacCTOssHHE MeXAy AUudPaKIIMOHHOH pe-
IETKOU U SKPaAHOM.

S. INo mkaae BAeBO ! ¥ BIIpaBo [” OT LIEHTPAABHOTO MaKCH-
MyMa OIIPEAEAUTH IIOAOXKEHHE IIePBOM (PHOAETOBOH AWHUU B
cnekTpe I u 2 mopsaka U pe3yAbTaThl 3amIucaTh B Taba. 2.1.
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6. AHAAOTHYHBIE U3MEPEHUS IIPOBECTU OAS APYTHUX IPKUX
AVHHHY CIIEKTpa PTYTH U PE3yAbTaThI 3aHECTH B Taba. 2.1.

7. Ilo moAy4€HHBIM JAHHBIM AT KasKIOW AMHHUU CIIEKTpPa
paccuuTaTh eé CpeaHee PACCTOSHUE | OT IEHTPAALHOTO MakK-
CHUMyMa U OCTOSHHYIO OU(PPAKIIMOHHON pelleTKU 10 opMy-
Ae (2.4). HaiiTu cpeqHee 3HAYEHHME BEAMYHHEI d .

Tabauriia 2.1
L= MM
h Mopsiaok Otcyét no Lwkane o I+ 1 P O d), o - a7,
, HM cnekTpa B‘neBO BI"IpaBo = ) MM Iy . -
[, Mm [, MM
CUHSIS 1
(Apkast)
435,8 2
3enéuas 1
(Apkas)
546,1 2
1
xéntas
577,0
2
CpenHee Cymma

8. PaccunraTth MOBEpPHUTEABHBIHA HHTEPBaA Ad (CM. TIPHA.).

9. BamnucaTh OKOHYATEABHBIH pe3yAbTAT U CAEAAEM BBI-
BO/IBI.

Bananue 2.2. lccaenoBanue cBeTOUABTpPa (omIpenese-
HHe 00AaCTH, IIPO3PAYHOCTU CBETO(UABTPA B BHAUMOHN 4YacCTHU
CIIEKTpa C IIOMOIIIBI0 AU(PPAKIITNOHHON PEILETKH).

YacTh CHAOIIIHOTO CHIEKTpa, [OAS KOTOPOM [OJaHHBIN
dUABTP ImIpo3padeH, HAa3bIBAETCS O0AACTBIO IIPO3PAYHOCTU
CBETO(PUABTPA HMAU IIOAOCOH ITPOIIyCKAHUS CBETO(PHABTPA.

lleAb maHHOIO yHpaskKHEHUS — OIPEeNeAUTH 00AaCTb IIPO-
3padyHOCTU PUAbTpA. [IAd 3TOr0o HaA0 HAUTH KOPOTKOBOAHOBYIO
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Ax W [OAMHHOBOAHOBYIO Ao TPaHUIIBI O0AACTH IIPO3PAYHOCTU
¢uarTpa. O6AACTE IIPO3PAYHOCTU HAXOAUTCH MEXKIAY Ax U Ao.

1. Ha omTuyeckyro cKaMmbio (CM. pHUC. 2.5) yCTaHOBHUTH
AaMIly HaKaAuBaHU4 [, OAIOLIYIO CIAOIIHOH CIIEKTDP, 9KpaH 4
co IIeAblo 2 U AU pakIHoHHYyI0 peileTkKy 3. [locrogHHasa pe-
IeTKH yKa3aHa Ha ee KopIlyce.

2. TlomkarO4YMB rasOr€HOBYIO AaMIly K «BAOKy IHTaHUA
AaMID» B pa3béM «['aaoreHoBasi AaMIla», BKAIOUUTDH I'AaAOTE€HOBYIO
AaMIIy U, IlepeMelasd LIeAb HAN JUPPAKIIMOHHYIO PELIETKY
BEPTUKAABHOM HaIlpaBA€HUH, NJOOUTHCS MOIIalaHus CBETOBOTO
Ayda Ha IUPaKIMOHHYIO PEILIETKY.

3. HabOarogatey depe3d au@pPaKIHMOHHYIO pPeIIeTKy Ha
9KpaHe CO IIKaro¥ 4 AUPPaKIIMOHHYIO KapTHUHY B BHIE
CIIAOIITHBIX CIIEKTPOB. Peryaupysa paccrosHue Mexay aAudpak-
IIMOHHOM PEIIeTKON U IIEeAbIO, IIOAYYUTDH YeTKOe HM300paskeHre
CIIEKTPOB I U 2 IOPAAKOB.

4. YcTaHOBUTH HUCCAEOYEMbBIM CBETOHABTP S (pHC. 2.5) u
3armcarThp ero I1BeT B Taba. 2.2.

5. U3meputh paccrogHue L MexRay AUPPaAKIIMOHHON pe-
IIETKOU U 3KPaHOM.

6. Habaropmathb cnekTpbl IepBoro nopsaaka. [lo 1mkaase
caeBa ' U cropaBa " OT LIEHTPaAAbHOIO MaKCHMyMa OIIpene-
AUTH IIOAOKEHHE KOPOTKOBOAHOBOH TI'PAQHHIIBI IIPOIIYCKAEMOIO
CBETOOUABTPOM cBeTa (puc. 2.6) ¢ ToyHOCTHIO 7m0 1 MM. Pe-
3yABTATHI U3MEPEHHS 3aHECTH B TabA. 2.2.

Tabauria 2.2
L= uw, d=(a+bh)= m
[panuLa 0bnacti NpospayHoCT
Mopsiaok KOPOTKOBONHOBAS Ak | [NMHHOBONHOBAS Ao
LI'BeT OTCYET MO LKane, MM
dunsTpa cnekTpa
m Brieso | Bripaso I'+1" | Bneso | BrpaBo Il
4 I /K = I I Iﬂ =
2 2
1
2
cpeaHee _ Bl
3HaveHne A, HM A = As

7. Haititu cpenHee 3HadeHue [ ¥ o opmyae (2.4) pac-
CYHUTATh KOPOTKOBOAHOBYIO A TPAHHUILY CIIEKTPA.

8. AHaAOTHMYHBIE HU3MEPEHUs U PaCUeThl IIPOBECTHU AL
CIIEKTpa BTOPOTO Iopsaka. M3 AByX IOAYYEHHBIX 3HAYEHHH Ay
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nad 1 u 2 TIOpAOKOB CIIEKTpa B3ATh cpenHee. OTo U Oyzer
OKOHYATEABHBIM 3HAYE€HHEM KOPOTKOBOAHOBOM I'PaHUIIBI IIPO-
IIyCKaeMOIr0o CBETO(OUABTPOM CBETA.

9. IloBTOPUTE II. 6—8 HAS HAXOXOEHUS OANHHOBOAHOBOM
IPaHUIbI IIPOIIyCKAaeMOTO CBETO(UALTPOM cBeTa. PesyabTaTbl
M3MEPEHHH U pacyeToB 3aHECTH TakKKe B Taba. 2.2.

10. CoeaaTs BBIBOIBI.

11. AHansormyHble H3MEPEHHd U pacdeTbl o 1. 6-10
IIPOBECTU AL APYTHUX CBETO(PHUALTPOB.

1 1 1 ' "

a2 K2 !

"

K| /ﬂl Ko a2

60 50 40 30 20 10 0 10 20 30 40 50 60
M mmnnmnn

m=- m=-1 m=0 m=1 m=2
Puc. 2.6

KOHTpOJIbele BOIIPOCHI

1. Kakoe sBaeHUEe Ha3pIBaeTCs AU paknuel ceBera?

2. B yem 3ararogaetrcd npuHUUN [tolirenca-dpeneaa?

3. Kakoe oramume mudpaknuu PpayHrocgepa oT aoU-
dpaknuu Ppeneas?

4. Banumunure QOPMYyAY, OIPEAECATIONIYIO II0AOXKEHHE
FAaBHBIX MAKCHMYMOB HHTE€HCHBHOCTH CBETA.

5. KakoBo ycaOBHE MUHUMyMaA JIAS PEIIETKH?

6. [atiTe ompeneseHNe YTAOBOM AUCIIEPCHH U pas3pelia-
IOIIEH CITOCOOHOCTHU PELIeTKH.

7. B uem oranuyne auU(PaAKIMOHHOM KapTHHBI IIPU
HaOAIOOEHUN B MOHOXPOMAaTHYECKOM U OeaoM cBeTe?

8. UTo Takoe mopaoK crekTpa?

9. YTo HasbIBaeTCd 00AACTBHIO IPO3PAYHOCTH CBETOPUAB-
Tpa?
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JlabopamopHasi pa6oma Ne3
HU3YYEHMUE ITOJIAPU3ALIUU CBETA

Ifens: nccaeioBaHUE IIOASPHU3AIUU CBETa IIPH OTpPazKe-
HUH OT MOUDAEKTPHKA, OIpeNeA€HHE yraa IIOAHOH IoAsdpH3a-
nuu. MccaemoBaHue IIPOXOKAEHUS CBETA Yepe3 MOATPOHIEI.

ObopyodosaHue: criellHasbHasl YCTAHOBKA, OCBETHUTEAD,
U3MEPUTEAb HHTEHCUBHOCTHU CBETA.

Teope’mqecxne CBeAEeHUuA

I3 5AeKTPOMAarHUTHOM TEOPHUU CBeTa CAEAyeT, UTO CBe-
TOBass BOAHA dABASETCH IIOIEPEYHOH, T.e. TPHU BeEKToOpa:

HaIIpS2KEHHOCTh JACKTPHYECKOI'O IIOAd E , HaIIpPsSAXXE€HHOCTH

MaTHUTHOIO IOA H U CKOPOCTH PaCIpOCTpPaHEHUd CBeTa c
B3aHMHO IIEPIEHAUKYAIPHBI. CBET OT OOBIYHBIX HCTOYHHKOB

COCTOHT M3 MHOXKECTBA I[yTOB BOAH, CBETOBOH BEKTOpP E KO-
TOPBIX OPHUEHTHUPOBAH CAYYaWHBIM 00pa3oM, a KoAeOaHUs pas-
AVWYHBIX HAIIPABAEHHUH PaBHOBEPOSTHBI. Takol CBeT Ha3bIBa-
€TCsl €CTECTBEHHBIM.

CBeT, B KOTOPOM HAaIlpaBA€HHUsS KOAEOAHHI KaKHM-AHOO
00pa3oM ymropsiioYeHbI, HA3BIBAETCS NOJSPUI08AHHBIM, TIPOLIECC
TIOAYY€HHs TTOASIPHU30BAHHOTO CBeTa Ha3bIBAeTCHd NOsipu3ayueli.
Ecau koaebGaHUsS BEKTOpPA IIPOUCXOAAT B OJHOM ITAOCKOCTH OTHO-
CHUTEABHO Ay4a, TO CBET CHHTAETCS N/IOCKONOSPUI08AHHBIM.

JacmuuHO NOASPU308AHHLLUL CBET — CBET, B KOTOPOM
HMeeTCs IIPEeUMYIIECTBEHHOe HaIllpaBA€HUE KOAeOaHUM BEKTO-

pa E. OTH cAydYau CXeMaTH4YeCKH H300pakeHbl Ha puc. 3.1
(Ay4 mepneHANKYAIPEH IIAOCKOCTH PUCYHKA).

* K

Yactrnuno

EctecTBeHHbli IInockononspu3oBaHHbIi .
[OJIIPU30BAHHbII

Puc. 3.1
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[TAOCKOCTB, B KOTOPOH KOAEOAETCS 3AEKTPUYECKHH BEK-

TOp E , HA3BIBAETCH NJIOCKOCTMbIO KONEOAHUL, UAU TIAOCKOCTBIO
IIOAPU3AIIUH.

[Toaggpu3salniya cBeTa HaOAIOLAETCS IIPU OTPAKEHUH, IIpe-
AOMAEHHUHM U IPH IPOXOKIAEHUH CBeTa 4depe3 aHU30TPOIIHbIE
BerecTBa. [IpubOPHI AT ITOAYYEHHS IIOASIPHU30BAHHOTO CBETA
Ha3bIBaAIOTCA nosspusamopamu. BU3yasbHO IOAIPHU30BAHHBIN
CBET HEAB3d OTAHYUTH OT HEIOAIPHU30BAHHOIO. AHAAU3 IIOAL-
PH30BaHHOTO CBETa [EAAIOT C IIOMOIIBIO ITOAIpU3aATOPa, Yeped
KOTOPBIH IIPOIYCKAIOT HCCAENYEMBIN ITOAIPH30BAaHHBLIA CBET.
B Takux cay4asx moagpusaTop Ha3bIBAIOT AHAIUSAMOPOM.

[ag g9BA€HUS HOAIPHU3ALUH CIPAaBEIAUBBI CAEAYIOIIHE
3aKOHBI:

1. Ilpu oTpazkeHHUH CBETOBBIX Ay4YeH OT IIOBEPXHOCTH
H30TPOITHBIX [HUIAEKTPHUKOB, HAIIpUMEpP, OT IIOBEPXHOCTHU
CTeKAQ, BOABI U T.HO., OTPaskKeHHBbIE AyYM OKAa3bIBAIOTCH 4Ya-
CTUYHO NOAIPU30BAHHBIMH B IIAOCKOCTH, MHEPIIEHANKYAIPHOH
IIAOCKOCTH ITafieHHd. CTeleHb MOAIPU3aIlUU OTPaKEHHBIX AY-
4yell MeHsleTCs IIpU HU3MEHEHHU yraa naneHusd. OTpazkeHHBbIH
AyY OyZEeT nNJ/IoCKONONSPU308AH MOJIbKO B TOM CAydae, ecaiu
YTOA TIaIeHUs UMeEeT OIIPEeNEACHHYIO BEeAUYUHY @5p, Ha3blBae-
MYIO Yya/ioM noanHol noaspusayuu (yanom Bprocmepa). Teopus
U OIIBIT IIOKa3bIBAIOT, UYTO YIOA IIOAHOH IIOASIPH3AIIMH B 3TOM
CcAydae yOOBAETBOPHAET YCAOBUIO

gy = -2, (3.1)

n,

rmeé n, 1 n, — abCOAIOTHEIE ITOKA3aTEAN IIPEAOMACHHUA HCpBOfI

U BTOPOH Cpeibl COOTBETCTBEHHO. ITO 3akoH Bprocmepa.

[IpeAOMAEHHBIH CBET BCETia YaCTUYHO ITOATPHU30BaH.

2. Ecan Ha aHaan3aTOp HazaeT IAOCKOIIOASPHU30BaHHBIN
CBET, IIAOCKOCTDH ITOASIPH3AIIMH KOTOPOI'0 COCTaBASIET YTOA & C
TIAOCKOCTBIO TTOASPU3AIUU Aydel, IPOIyCKaeMbIX aHaAU3aTO-
pOM, TO HMHTEHCHUBHOCTH MPOIYIIEHHOTO UM cBeta i Oynmer
OIIPEIEAITHCS COOTHOIIIEHHUEM

I,=1I,cos’a, (3.2)

30ech Iy — MTHTEHCUBHOCTDH CBETa, Iaalollero Ha aHaAu3aTop;
3T0 3arxoH Manroca.
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Ecan 9acTHYHO HOAIPHU30BAHHBIN CBET MPOILyCKaTh dYe-
pe3 aHaAu3aToOp, TO UHTEHCHUBHOCTD s IIpOIIeaInero ceera 0y-
OET MEHATBCA B 3aBUCHMOCTH OT ITIOAOXKEHHS ITAOCKOCTH ITOASI-
puzanuu aHaauzaropa ([IITA). Ora gocTuraeT MakCUMaAbHOTO
3HA4YEHUS Inax, €can IIIIA M IIAOCKOCTBH IIPEUMYIIIECTBEHHBIX
KoAe0aHUH 4aCcTUYHO ITOASIPH30BaHHOI'O CBeTa coBIlanaeT. Ec-
AW 3TH HAOCKOCTH NEPIEHAUKYASIPHBI OAPYr APYTY, TO HHTEH-
CHBHOCTBH CBeTa, IIPOIIEIIEr0o Yepe3 IIoAIpU3aTop, OyaeT MHU-
HUMaABHOH Inin.

Jasi XapaKTePHUCTHUKH IIOAIPHU30BAHHOTO CBETA BBOAUTCS
BEAMYHHA, Ha3bIBacMad CmeneHsblo noaspusayuu ceera P

1 -1

P = —mex _min 3.3
I + 1 ( )

max min

OueBUOHO, YTO O < P < 1. [IAd eCTeCTBEHHOI'O CBeTa
P =0, T.K. Inin = Inax, 8 A9 TIAOCKOIIOASIPU30BaHHOTO cBeTa P =1,
T.K. Imln = O.

OnucaHue YCTaHOBKH

Iaga uccaemoBaHHUSI 3aKOHOB Bprocrepa m Maarca uc-
IIOAB3yeTCd CIIeI[HaAbHAsl YCTaHOBKA, KOTOpasd KpENIUTCS Ha
OIITUYECKOMN cKambe. CxeMa ee IIpuBeaeHa Ha pUc. 3.2.

Puc. 3.2

CBeT oT aaMmmibl I 4Yepe3 OTBEPCTHE B KOPIIYCE AAMIIBI
najiaeT Ha CTEKASGHHYIO IIAAQCTHHY 3, IIOMEIIEHHYIO B (pUKca-
TOPBI IIOBOPOTHOTO CTOAMKA. VM3MeHeHMe yraa maJeHHus cBeTa
OCYIIECTBASIETCSI IIOBOPOTOM CTOAWKA CO CTEKASHHBIMHU IIAQ-
ctruHaMu. CTpeaka 6 IIOBOPOTHOTO CTOAWKA yKa3bIBaeT YTOA
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rmafeHus cBeTa. K ycTaHOBKe IIpHAaraeTcss HaboOp CHEMHBIX
CTEKASTHHBIX TIAACTHH, 3aKPENAEHHBIX B 000¥MMEI (1o 2, 4, 6, 8
mITyK). OTpaskeHHBIM OT IAACTHHBI YaCTUYHO ITOATPU30BaHHBIHN
CBET uepe3 aHaau3aTop 7 IonazaeT Ha (POTOdAEMEHT 8, Mom-
KAFOUEHHBIN K U3MEPUTEAI0 MHTEeHCUBHOCTU cBeta (UIC) 9.

[Toxazanusa UHVC nponoplioHaAbHBI CBETOBOMY IIOTOKY,
rnornagarmmeMy Ha oTolaeMeHT. [loroKeHHe IIAOCKOCTH IIO-
ATpHU3alld aHaAu3aTopa oTMedaeTcs Io mikase 10 ¢ momo-
IIBI0 YKa3aTeAs.

Y3ea aHaan3aTOpP-POTOIAEMEHT 3aKPENAEH Ha KOPOMBIC-
Ae 11, KoTopoe MOXKET II0BOpadYNBaThCH BOKPYT BEPTUKAABLHOMN
ocu Ha yroa oT 50° mo 180.

OTpaxkaroniad HAaCTHHA 3 MOXKET BpalmaTbCd BOKPYT
BEPTHKAABHOH OCH, U Y OTPAzKEHHOTO OT HEE YACTHUYHO IIOAd-
PH30BaHHOTO CBeTa IIAOCKOCTH IIPEHMMYVIIECTBEHHBIX Koaeba-
HUl BepTuKasbHa. Ha doTosaemeHT 8 nomamaer CBETOBOMH IIO-
TOK, 3aBUCSLINM OT moaoxkeHus II[TA 7 — o Oymer MakcH-
MaapHBIM (moKazanme MUC 9 markcmmanrHOo), ecam [1TIA Bep-
THUKaAbHa, U MHUHUMAaAbHBIM, ecAn [IITA ropuzoHTaspHa. Kak
CAeNyeT U3 TEOpPeTHUYECKUX IIPeACTaBA€HUN, WHTEHCHUBHOCTH
3THUX [OBYX COCTaBAMIOIINX (& cAegOBaTEAbHO, U IIOKa3aHUS
BOABTMETPA), HOAIPHU30BAHHBIX BO B3aMMHO HePIEHIUKYAIP-
HBIX ITAOCKOCTSIX, OyZIeT MEHATHCS B 3aBHCHMOCTH OT yTAa Ia-
[eHUd CBeTa ¢ B COOTBETCTBHU C I'pacpuKoM Ha pHc. 3.3.
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O
T T T T T —
0° 30° 60° 90°
Puc. 3.3

N3mensas yroa maacHud CBE€Ta Ha ITAaCTHHY W oTMEYdad
IIOKa3aHHd BOABTMETpPA, MOXKHO HaMUTHu yeon NOAHOU nossipu-
3ayuu AU yeos Bprocmepa.
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aa mn3ydeHUd 3akoHa Maaroca HCIIOAB3yeTCda OOIIOAHH-
TE€ABHBIH IIOAIPHU3ATOP 12.

3HaAKOMCTBO C YCTAHOBKOU M OATOTOBKA YCTAHOBKHU K pa6oTe

1. PazobpaTbCcsl C OCHOBHBIMHU y3AaMH U 3AEMEHTaMU
YCTaHOBKHU:

e U3MEHEHHE yraa MaflcHHd CBeTa Ha IIAACTHHY;

e 3MeHeHuUe rmoaoxkeHus I1ITA;

® y3€eA aHaAN3aTOP-(POTOIAEMEHT.

2. BRAIOYHUTB HMCTOYHHK CBETa H, Bpalllad €ro BOKpPYT
BEPTUKAABHOH OCH, OOOUTBHCH, YTOOBI CBETOBOH AyY OBIA
HaIlpaBA€H BIIOAb OIITHYECKOH CKaMBbH.

3. 3akpenuTh B AepxKarese 000OUMY C YeTHIPbMS IIAACTU-
HaMH. YCTAHOBUTH [epKaTeAb TaKUM 00pa3oM, 4YToObI yKasa-
TeAb yTAQ IIOBOPOTA CTOSIA HA HYAEBOM OEAECHHM U OTPaKEHHbBIH
CBETOBOHU AyY ObIA HAITPAaBAE€H BIOAb OIITHYECKOM CKaMBbH.

KouTpoanpoBaThk IpPaBHABHOCTH YCTAHOBKH OCBETHUTEAST
JOOIIOAHHUTEABHO MOXKHO II0 OTPasK€HHOMY OT IIAACTHHBI CBETY:
IISITHO CBETa, OTPaKEHHOE Ha OCBETUTEAb, JOAXKHO OBITH CHUM-
METPHUYHO OTHOCHTEABHO BBIXOJHOI'O OTBEPCTUS OCBETUTEAS.

4. O3HAKOMHTBCSI C YCTPOHUCTBOM M PabOTO aHaAAH3aTO-
pa ¥ gaTyMKa HHTEHCHUBHOCTU cBeTa. [lasd 3TOro IIOBEPHYTH
KOPOMBICAO y3Aa aHaAW3aTopa TakK, YTOObI CBET, IIPOIIeNIIHH
4yepe3 IIAACTHHY, IIOIaA Ha aHaAu3aTop U (POTOIAEMEHT.
Brarounts UUC u nomkaouuTh K HEMY oTodaeMeHT. MeHdas
nmoaozxenue [1TTA or 0° mo 180°, oTmMedaeM, YTO BEAUYMHA CHUT-
Hajra IIpakTHYecKu He MeHsieTcss. CaeoBaTeAbHO, CBET, IIPO-
LIEOINUN Yepe3 MMAACTUHY, HEIIOAAPHU30BaH.

5. IloBepHYB OTpazKarolllylo IIAACTHHY, 3aaTb yroA IIa-
neHus cBera ¢ = 25°-80°. [loBopayuBass KOPOMBICAO, HOOHUTH-
c4 onasiaHusd OTPaskeHHOTO CBeTa Ha (pOTOIAEMEHT.

YcraHoBKa rotoBa K pabore.

3anmanue 3.1. VccaemoBaHue IOASIPU3AIINN OTPaKEHHO-
ro cBeTa.

1. BcTraBuTh B AepKaTeAb 000HMy C 4eTbIPbMs ITAACTH-
HaMU U yCTaHaBAUBaeM yroa nazaeHus cBera 25°. [ToBopauu-
Bad KOPOMBICAO, MOOHUTBHCS MONamaHUd Ha (POTOIAEMEHT OT-
paskeHHOro cBeTa. M3MepUTh UHTEHCHUBHOCTHL CBeTa IIPU IIO-
aoxeHnax [IITA 0° u 90°. AHasorHYHBIE U3MEPEHHSI [IPOBECTH
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OAS OPYTHX YTAOB ITafeHus (YyKasaHbl B TabaA. 3.1) 1 pesyabTa-
TBI 3aHECTH B Taba. 3.1.
2. IloBTOpUTE BCE U3MEPEHHUM €Ille ABaKABI U HAUTU CpPem-
Hee 3HaueHMe nokaszaHuiit UM C nas Kaskaoro yraa raeHusl.
3. [Iad KaxX[oro yraa majieHud pacCYuTaThb CTEIleHb I10-
ASIpU3aIIUH OTPasKEHHOI'0 CBeTa:
I -1

P = max min

I + 1

max min

4. TlocTpouth rpauKu 3aBUCUMOCTH: Inax = flp) 1 P = F{gp),
II0 KOTOPBIM HaMWTH yroa bBprocrepa.

S. Mo dopmyae (3.1) paccumTaThk IIOKa3aTeAb ITPEAOMAE-
HUS N MaTepuasa IIAACTUHBI (CTEKAQ).
6. CmeaaThb BBIBODI.

Tabauma 3.1
25 30 | 35|40 | 45|50 |53 |55|57 |50 |62|65]|70]|75

Yron napeuus @,
rpag

Imax, MB

CpenHee

/min, mB

CpenHee
CreneHb
nonspusauum P

Yron bptocTepa ¢sp = Moka3aTenb NpenommneHns n =

Banauue 3.2. liccaenoBaHme moAsspr3aIliy IPOIIEIIIETO
4yepe3 IIAACTHUHY CBeTa.

1. BcraButh 0b6oiiMy c aByMms IaactuHamu (N = 2) u
YCTAaHOBUTBL yroAa IIaJeHUs CBeTa, paBHBIM yray Bprocrtepa,
HalileHHOMY B 3amaHuu 3.1.

2. YcraHOBUTHL (POTOSAEMEHT [OAS PETUCTPAIlMH WHTEH-
CUBHOCTH IPOIIEAIIEr0 Yepe3 IIAaCTHHBI CBETA.
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3. Hs3MmepuTh HWHTEHCHBHOCTBH IMIPOILIEAIIETO dYepe3 IIAa-
CTHUHBI cBeTa IIpU ABYX IoAoKeHUAX I[ITIA: Inax — mpum 90° u
Inin — IIpu 0°.

4. AHanroruyHBIE H3MeEpeHHd IpoBecTH gad N = 4, 6, 8
rnaacTuH. Pe3yAbTaThl BceX U3MEPEHUH 3aHeCcTH B Taba. 3.2.

Tabauria 3.2
Yuerno lMokasanusa BonbTMeTpa, MB
CreneHb nonsipusauum P
nnactuH N T i

2
4
6
8

5. PaccunTaTh CTeNeHb IOAIPHU3AIIMM CBeTa OAd BCEX
CAy4daeB U IOCTPOUTH Irpacduk P = f(N).

6. CneAaTh BBIBOMDBI.

3anmanue 3.3. ll3yuyeHue 3akoHa Maaroca.

1. CHATB C yCTaHOBKU 000¥MYy C IIAACTHHaMH, KOPOMBIC-
AO y3Aa aHaAU3aTOP-(POTOIAEMEHT YCTAHOBUTH B IIOAOXKEHUE
180°, Mmexkay UCTOYHUKOM CBeTa U YCTAHOBKOM IIOMECTUTH I10-
aspusatop 12 (@omm = 0°).

2. YcTaHOBUTH HIOASIpU3aTOp U, MeHds moaoxkeHue [IITA
(prma) or 0° mo 180° uepe3 15°, ormeTuTh nokazauus UNUC I
(MHTEHCHBHOCTb CBETAa, IIPOILEAIIEr0 Yepe3 IIOASpPHU3aTOp U
aHaAu3aTop).

PesyabTaThl BCceX U3MepeHUN 3aHecTH B Taba. 3.3.

Tabanna 3.3

onma | O [ 15130 | 45 [ 60 | 75 | 90 | 105|120 [ 135 | 150 | 165 | 180

onnn=0°
In

cos2¢ 1,00{0,93(0,75/0,500,25]0,07 0,00 (0,07 {0,25|0,500,750,93 | 1,00

4. TlocTpouTh rpadrK 3aBUCUMOCTH I, = f(cos  a).
S. Coeaath BBIBO/I.

KoHTpoJIbHBIE BONIPOCHI

1. YeMm oTAMYaeTcd ecTeCTBEHHBIH CBET OT IIAOCKOIIOASI-
PU30BaHHOTO U YaCTUYHO ITOASPU30BAHHOTO?
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2. MoryT AM IIPOLOABHBIE BOAHBI OBITH ITAOCKOIIOASTPHU30-
BaHHBIMHU?

3. IlepedncanTe CIIOCOOBI IIOAYYEHHS ITOASPHU30BAHHOTO
cBeTa.

4. B ueM COCTOHUT SIBAEHHE IBOMHOIO AyUEIIPEAOMAEHUS?

5. CdopmyaupyiiTe 3akoH Bprocrepa.

6. YKaKuTe€ IIOAOXKEHHE IIAOCKOCTEH IIOAIpHU3aIUU OT-
PasKEHHOIO U IIPEAOMAEHHOIO CBETA.

7. TlokaxkuTe, 4TO OTPazKEHHBIN U IIPEAOMAEHHBIM Ay4H
pu cobarogeHun ycaoBusd Bprocrepa OyayT B3auMHO NepIIeH-
OUKYAIPHBI.

8. Cpopmyaupyiite 3akoH Maaroca.

9. IloueMy mpu AOOOM TIIOAOKEHHH aHaAH3aToOpa dYa-
CTHUYHO IIOASIPU30BaHHBIN CBET IIPOXOAUT Yepe3 HEro?

Jla6opamopHas pa6oma N24
HU3YYEHHUE JUCIIEPCHUU CBETA

Ienw: riccae0OBaTh 3aBUCHMOCTD OIITUYECKOM CHABI AMH-
3bl U KO3(p(pHUIIMEeHTa ITPEAOMAEHHS CTEeKAA OT JAUHBI BOAHBI
HCCAEIyEeMOT0 CBETa

ObopyodosaHue: UICTOYHUK CBeTa, HAOOp CBETO(HUABTPOB,
HccAeyeMasi AMH3a, 9KpaH, cAai, ANHeHKa.

TeopeaneCKue CBeJeHuA

[ucnepcus cBeTa — 3aBUCUMOCTD ITOKa3aTEAs IIPEAOMAE-
HHUs CBETa B BEIIECTBE OT JAWHBI BOAHBI cBeTa. CaencrBue
[VCIIEPCHU CBETa — PAa3AOXKEHHE B CIIEKTP IIydKa 6eAoro cBeta
IIPU IIPOXOKIAECHUH €ro CKBO3b IPHU3MY M OAWH U3 CEPHE3HBIX
HEOOCTATKOB OIITHYECKHX CHCTEM — XPOMATHU3M IIOAOXKEHHUA
nzobpazkenus (puc. 4.1).

¢uon

OenbIi |/

CBET

A\ 4

\4




OTO 3HAYHUT, YTO HEXPOMATHUYECKHUH IIy4OK HMEET COBO-
KYIIHOCTE (POKYCOB, PACIIOAOKEHHBIX B/IOAB OIITHYECKOH OCH.
Vam, npyruMu CAOBaMH, AMH3a AaeT PAn HYeTKHUX H3o0pazke-
HUH IpeaMeTa, PaclOAOKEHHBIX Ha Pa3HbIX PacCTOAHHSAX OT
AVWH3BI, €CAU H300paskeHUd MpeaMeTa IIOAYy4aloT B HeXpoMa-
THUYECKOM CBETE.

Onmuueckas cuna TOHKOH AMH3bI CBA3aHa C IIoKas3aTe-
A€M TIPEAOMAECHHA N MaTepHaasa, U3 KOTOPOTO H3rOTOBACHA
AWH3a, U paauycaMy KPUBHU3HBEI R U Ry IIOBEPXHOCTEH AWHS3BI
(puc. 4.2) popmyaoii

D:(n—l)RLl+RL2. 4.1)
Ry R,
O 0.
W/
Puc. 4.2

TaxkuMm ob6pa3zoM, oIpeseAsas SKCIEPUMEHTAABHO OIITHYe-
CKYIO CHAY AWHS3BI JIAS PA3AMYHBIX YaCTEH ONTHYECKOTO CIIEK-
Tpa, MOXKHO HMCCA€NOBATh 3aBUCHUMOCTBH OT IIOKas3aTeAsl IIpe-
AOMAEHUS IAUHBI BOAH (QUCIIEPCUIO CBETA).

ONOTHYECKYI0 CHAYy AWH3BI JOCTATOYHO IIPOCTO PaCCYHU-
TaTh IO ITOAOXKEHHIO H300paskeHUs H, IOAyJaeMoro C IIOMO-
mIbI0 AWH3EI (puc. 4.3) ot npeamera h:

D=—+—. (4.2)
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Onucanue YCTAaHOBKH

OnTudyeckasl CUCTeMa YCTAHOBKHU HM300paskeHa Ha puc. 4.4.
O6o3nauenus Ha puc. 4.4: OC — onTudeckasd CKaMbs C HaHe-
CEHHOM Ha Hel mKkaaoii; BC — uCTOYHHUK Geaoro ceera; P —
oboiima c HabopoM cBeTOUABTPOB; I1 — mpeameT; /A — Uccae-
oyeMasl AMH3a; O — 9KpaH.

*
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Ll 1 [ 1

Puc. 4.4

Ecan Ha onTuyeckKoil CKaMbe PaCIIOAOXKHUTH Ha OIIpefe-
A€HHOM paccTossHHUU d (6oablie F) OT AMH3BI IIPEAMET, TO, IIe-
peMeliasg 3KpaH B/IOAbL CKaMbH, MOXKHO IIOAYYHUTH Ha 3KpaHe
4eTKOoe N300pazKeHHe 3Toro IpeaMera.

HOpH[[OK BbIIIOJIHEHHU A paﬁoThI

1. YcTaHOBUTH UCCAEAYEMYIO AMH3y Ha OIITHYECKYIO CKa-
MBIO U 3aKPEIUTE €e.

B Taba. 4.1 3amucath 3HaYEHUS PAOHUyCOB KPUBHU3HBI
IIOBEPXHOCTEH AMH3BI U OAWH BOAH, IIPOIIyCKAa€MBIX CBETO-
duABTPaAMH.

2. YcraHOBUTH B pabouee IIOAOXKEHHE OOHH U3 CBETO-
dpUABTPOB (Hampumep, KpacHbli). [lepemewiass 3KpaH BIOAb
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OIITUYECKOM CKaMbH, MOAOOpPATh TAKOE €r0o ITOAOXKEHHE, IIPHU
KOTOPOM IIOAYYAETCSI CaAMOe uemroe usobparkeHue npeomema.
ITIpumeuaHrue: 0cCOGEHHO YAEAUTH BHUMaHHUE TOMY, UTO-
ObI TIAOCKOCTBL BKpaHa U HpeaMeTa ObIAM MepPHeHIUKYASTPHBI
OIITUYECKOM OCU AMH3EI.
Tabauna 4.1
M

R1= M Ro= M; d
Dcp n

>
=
5]

-
o

M= HM

As

HM

Ac HM

WDCINN [~ WO (NN~ W (N~

3. BadukcupoBaTh €ro oAOXKeHHEe U U3MEPUTH PACCTOSI-
HUdg d U fi (cM. puc. 4.3) ¢ BO3MOKHO OOABIIIeH TOYHOCTHIO. Pe-
3yABTaTHI 3aIlucaTh B TabA. 4.1.

4. Tlepemelass 3KpaH, IIOAYYHUTH YETKOE H300pazKeHHe
peaMeTa C 3eA€HBIM M CHHHM CBeTO(HABTPaMU. [asd KazKaoro
dpUABTPa U3MEPUTH PACCTOSHUS f; U 3arucaTth ero B Tada. 4.1.

S. Emre nBazkabl IpoBECTU U3MepeHus (1. 3) ¢ KaKObIM
U3 UMeIonMXcd B Habope (PUABTPOM U 33aHECTH PE3YAbTATHI
U3MEPEHUsI PACCTOSTHUS f; OT AMH3BI 10 9KpaHa B Taba. 4.1.

6. [Iag KasKIoro CBeTO(PUABTPA PACCYHUTATH ONTHYECKYIO

1 1 o
CHUAY AHWH3BI D = 34- ?, HaWTHU €ro Cpe€aHeEEc 3HaA4YCHUE Dcp

(pacueTbl BBINOAHATH C TOYHOCTBIO OO YeThIPEX 3HaAYaIIlUX
nudp, Hanpumep, 6,243).

CroeaaTb BBIBO/I.

7. Paccunrarh o dopmyae (4.1) mokazaTeAb IpeAOMAE-
HUS CTeKAQ n OAS KaXXOoro (pHUABTpPa, IIOCTPOUTH I'paduK 3a-
BHCHMOCTH IIOKa3aTeAs] IPEAOMAEHHsS OT JAHMHBI BOAHEI (pac-
YeThbl BBIIOAHSTE C TOYHOCTBIO [0 YEeThIPeX 3Hadalmx nudp,
Hanpuwmep, 1,521). CoeaaTh BBIBOA.
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JlabopamopHas pa6oma Ne5
UCCJIEJOBAHUE XAPAKTEPUCTHUK
BAKYYMHOTI'O ®OTO3/IEMEHTA

Ilens: cHATHE BOABT-aMIIEPHON XapaKTEPUCTUKH (POTO-
9AEMEHTa, OIpeAeAeHHe KpacHOM rpaHullbl QoToadderra,
paboThI BBIXOZIA SAEKTPOHA U IIOCTOIHHOM [1aaHKa.

ObopyodosaHue: BaKyyMHBIH (POTOIAEMEHT, TI'aAOI€HOBad
Aamria, HabOp CBETO(PUABTPOB, IAEKTPOHHBIM OAOK IIPHOOPOB
(BKAIOYAET MUKpPOAMIIEPMET]P, BOABTMETP, UICTOYHHUK ITUTAHUS).

TeopeTnyeckue cBeeHUA

BrewHum gpomosgppexmom Ha3bIBAIOT MIPOIIECC HCILyC-
KaHUs SAEKTPOHOB C MOBEPXHOCTH MeTaAAa IO AeHCTBHUEM
cBera. CoraacHO KBAHTOBOM TEOPHUHU, BCAKOE TEAO MOIKET IIO-
TAOIIIATH M HCIIYCKATb JHEPTHIO IOPIIMSIMH, COAEPIKAIIUMU
IIEAOE YHCAO JAEMEHTAPHBIX IIOPIIUH — KB8AHMO8 ISHepaul.
Ouepruga PoToHA £ OIpeneAdeTcs o ¢gopmyne IInaHka:

& =hv,

rae h= 6,626 -10-34 [I>x-c — mocTrogHHas [IaaHka.

3aKoH COXpaHEeHHsd HEPTHUH IIPH HEYIIPYrOM B3auMoaeh-
cTBUH (POTOHA CO CBOOOMHBIM BAEKTPOHOM MeTasAd BBIpazKa-
eTcd ypagHeHuem SiHwmeltHa:

my 2

hv = A+ (5.1)

W3 ypaBHeHHus OHHIITEHa BHAHO, YTO MaKCHMaAbHAS
KUHeTH4YecKasd SHeprud (poTOIAEKTPOHA 3aBUCUT HE OT MHTEH-
CHUBHOCTH CBeTa, a OT €ro 4acToThbl M paboTwl Bbixoma A. [Ipu
YMEHBIIIEHUH YaCTOThl CBETa CKOPOCTH BBIOUTHIX IAEKTPOHOB
YMEHBIIIaeTCd U IIPHU HEKOTOPOH YacTOTe Vo CTAHOBUTCH pPaB-
HOM HyA0. HacToTy 1o, HUXKE KOTOPOoH (poTod(pPeKT y JaHHOTO
MeTasra He HabAlofaeTcd, Has3bIBalOT 2PAHUUHOU uacmomoil
gomoagpexma:

hv, = A. (5.2)

Oco0eHHOCTH (POTOIAEMEHTOB OIIPEACASIOTCS HUX CIIEK-
TPaAbHOH U BOABT-aMIIEpHOM XxapakTepuctukamu. Cnek-
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mpanvHas xapakmepucmuKka oIpenesseT o0AacTb CIEKTpa, B
KOTOPOH MOZKET ITPUMEHATHECS (POTOIAEMEHT.

BoarT-ammnepHaa xapakrepuctuka (BAX) dorosasemeHTa
(puc. 5.1) BrIpazkaeT 3aBUCHUMOCTHL (POTOTOKA Ip OT pPasHOCTU
noreHaroB U mexnay saekrponamu. C yBeamdenuem U doTo-
TOK PacTeT A0 OIIPeNEeACHHOTO IIPEAEABHOTO 3HaueHud Iy — ToKa
HaCBIIIEHNU, KOTOPbIH, COraAacHO 3aKOHY CTOA€TOBA, ITPOIIOPILIM-
OHAA€H CBETOBOMY IIOTOKY P, maziarolleMy Ha KaTo[:

Li ~ . (5.3)
A Iq) R MKA
L,t----2
U, B
| »
U, 0
Puc. 5.1

@OTOTOK IIOAHOCTBIO IIPEKpAaIaeTcd IIPU CO3NaHHUH 3alep-
>KUBAIOIIETO HaIpsKeHus: Us o0paTHOM ITOASPHOCTH II0 CpaBHe-
HUIO ¢ yckopsonwM. [Ipu U = Us KuHeTHYecKad SHEPTrUd BCEX
POTO2AEKTPOHOB CHHZKAETCH 10 HyAd IO AEUCTBHUEM SAEKTPU-
YEeCKOTO I10Ad, T.K. paBHa paboTe, COBEPIIIaeMOi II0AEM:

U, = . (5.4)

MeToa n3mepeHnit

B coorBercTBHU € ypaBHeHUsIMH (5.1) u (5.4) umeem:
U,=—v-—. (5.9)

OTO COOTHOIIEHHE yKa3bIBA€T Ha BO3MOKHOCTH JKCIIe-
PHUMEHTAABHOTO OITpeleA€HHs PaboThl BbIXOAA A U IIOCTOSH-
HoU [laaHKA h 110 3aBHCHUMOCTH 33JICP3KHUBAIOIIETO MOTEHITHA-
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aa Uz oT 4acToThl v magamiiero Ha gorolaseMeHT cBera. Co-
TAQCHO ypaBHEHUIO (5.5), 3aBUCUMOCTE Uz = f{v) mpeacraBageT
co0o IIPSAMYIO AMHUIO (PUC. 5.2) ¢ yTAOBBIM KO3 (PHUIIEHTOM,

h
paBHBIM — . Ha ocu opamHaT mpssMas oTceKaeT OTPE30K, paB-
e

. A
HbIM —.
e

Al -
B

Puc. 5.2

OTtoT criocob onpeneseHUs A OCHOBAH Ha SKCTPalOASIIINHU
rpacduka go 3HadeHus v =0.

H3yuenne 3akoHa CToAeTOBa COCTOUT B IIOCTPOEHUU
rpadrKa 3aBUCHMOCTH (POTOTOKA HACBHIIIEHUS [y OT CBETOBOIO
noToka @, mazmarorero Ha poTokaron. IIpu n3MeHeHUN HaKa-
AQ AAMIIbI U3MEHSIETCS U CIIEKTPAABHBIN cocTaB cBeTa. [1oaTo-
My Oad u3MeHeHud @ B paboTe HM3MEHSIOT PacCTOSHUE OT
AaMIIBI 0o poTodAaeMeHTa. Ecan aaMIly cHUTATh HU30TPOIIHBIM
HCTOYHHKOM CBETa C CHAOU cBeTa I, TO Ha pPaCCTOSSHUHU I OT
HEe OCBEIIIEHHOCTb:

-l (5.6)

2

~

CBeTOBOH IIOTOK, IAAONTHE Ha DOTOKATO/I, C TIAOIIAIBIO S,

1,8

5 *
r

d=E-S =

(5.7)

CoraacHO 5TOMy BBIpaxkeHHIO, 3aKOHYy CToaeTOBa COOT-
BETCTBYET IIpgMasi ANHUSA Ha rpaduke 3aBUcuMocTH [ = f(1/12).

32



OnucaHue yCTaHOBKHU

dPoToapdekT U3ydyaroT Ha yCTAaHOBKE (puc. 5.3), cOCTOsI-
e u3 poTodAeMEeHTa U AaMIIbl HaKaAUBaHUs, pa3MellaeMbIX
Ha OIITUYECKOM CKaMbe, a TaKXKe IU(PPOBBIX MHKpOaMIIEP-
MeTpa U BOABTMETPA, KOHCTPYKTHUBHO 00BbeqIUHEHHBIX BMECTE
C peocTaToM B OJWH 3AEKTPOHHBIH 0AOK mpubopoB. Bakyywm-
HBIM (POTOSAEMEHT 3aKAIOUEH B 3aIllUTHBIM KOXKyX C OKHOM H
IpescTaBAgeT cOO0OM CTEKATHHBIM 6aAAOH, TTOAOBUHA KOTOPOTO
U3HYTPH IIOKPHITA TOHKHM CAOEM IIEAOYHOI'O MeTasrad. IOTOT
CAOU gBASIETCS KaToOOM (poTosseMeHTa. AHOZIOM CAYZKUT Me-
TAAAMYECKOE KOABIIO, PACIIOAOXKEHHOe B IeHTpe GassoHa. Hc-
TOYHHUKOM CBETa SIBASETCS I'aAOT€HOBad AaMIla HaKaAMBaHU,
HalpgKeHHe Ha KOTOPOH MOXKET PeryAupoBaThbCs PYUKOH,
pa3MeIleHHON B A€BOM YacCTHU AHIEBOH ITAHEAH 3A€KTPOHHOTO
0aoKa. MoHOXpOMaTHUYECKOE U3AYYEHUE ITOAYYAIOT C IIOMOIIBIO
CBEeTO(PHALTPOB, 3aKPENACHHBIX BO Bpamiarmneiica ompase (4
IPOILyCKaHUs CBETO(UALTPOB yKa3aHbI Ha ycTaHOBKe). PoTo-
TOK U3MEPSIOT IIN(PPOBBIM MHUKpoamIiepMeTpoM. HampszkeHnne
Ha (poTO2AEMEHTE MOKET M3MEHATHECS BpallleHHueM PYYKH Peo-
crara U U3MepdeTcs IIU(PPOBBIM BOABTMETPOM. [IAS IIE€PEKAIO-
YeHHUs PEKUMOB 3a/IePKUBAIOIIETO M YCKOPSIOIIEr0 HallpsKe-
HUH CAYKHUT CIIEIIHAABHBIH IT€PEKAIOYATEAb ITOASIPHOCTH, pPac-
TIOAOXKEHHBIH B HUXKHEH YaCTU MaHEAH 9AEKTPOHHOTO OAOKA.

—
3]
(O8]

o
Ox; @

i 5. U

VYekopsiroiiee & 3anepxuBaroLiee
Puc. 5.3

OOo3HauyeHUs Ha CXEM€ YCTAaHOBKH: | — AaMIla HaKaAH-
BaHUud; 2 — CBeTO(UABTPHI B oIpaBe; 3 — POTOIAEMEHT; 4 —
peocrtart; 5 — IEePEKAIOYATEAb IIOASPHOCTH.
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IlopsA 0K BbINOJTHEHUS PAGOTHI

3anmanne 5.1. [locTpoeHne BOABT-aMIIEpPHOU XapaKTepH-
CTUKHU.

1. Ha omTu4eckoll CKaMbe€ PacCIIOAOXKUTH HCTOYHUK CBE-
Ta, HA0OP CBETO(PHUABTPOB U (POTOIAEMEHT KAK MOXKHO OuxKe
dpye K opyay.

2. BKAIOYHUTH DAEKTPOHHBIM OAOK IIpUOOPOB M yCTaHO-
BUTH PEXHUM YCKOPSIOIIEro HalpsXKeHUd. BpiOpaTh oguH U3
CBETOPUABTPOB M IoAoO6paTh TaKOW HaKaa AaMIIbl (CBETOBOH
OTOK), 94T00BI poToToK 1Ipu U= 0 661A 0,05-0,2 MKA.

3. YBeAnuHnBaTh HaIIpsisKeHUe Ha (POoTO’AEMEHTe, KaK I10-
KazaHo B TabA. 5.1, uaMepsaTh (POTOTOK OO MOMEHTA HACTYII-
A€HUS TOKa HACBIIIEHUS.

PesyarraTh! 3anucatk B Taba. S5.1.

Tabauna 5.1

Hanpsixenue U, B 0 1 2 3 5 8 12 16

doToTOK /, MKA 0

4. Ilpu ToM 3Ke CcBeTOOUABTPE MEPEKAIOYUTH PEKUM pa-
00TBI Ha 3a/ep:KUBAIOIIEe HaNPIKEHHE, OIIPEeNeAUTH 3alep-
KUBAIOUIUH IIOTEHIIHMAA (T.€. MUHUMAaABHOE HaIlpsKeHUe, ITPU
KOTOPOM (POTOTOK cTaHOBHTCSH paBHBIM O) M pe3yAbTaT 3aIlH-
caTh B IIepByIo rpady Taba. S5.1.

S. TITocTpouTts rpaduk 3aBucumoctu I = f{U).

6. B BrIBOzEe crmeaaTh aHaau3 noaydeHHo# BAX dortosne-
MeHTAa.

Banmanune 5.2. OnpeneseHue paboThl BBIXOIA U ITOCTOSIH-
Hoti [Iaauka.

1. Ha omtu4eckoil CKaMbe€ PacCIIOAOXKUTH UCTOYHUK CBE-
Ta, HabOp CBETO(PHABLTPOB U (POTOIAEMEHT KAK MOXKHO Oauxe
dpyez Kk Opy2ay. YCTaHOBUTH B AaMIle HaKaAWBaHUA MaKCHUMAaAb-
HBIN TOK.

2. B Ttaba. 5.2 3anucaTh OAUHBI BOAH A, IIPOILyCKaeMBIX
CcBeTOPHUABTPaAMH, B IOPSAKE X YMEHBIIIEHU.
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Tabauma 5.2

LiBeT cBeTOUNbLTPa

A, HM

v, x1014 Ty

3apepxuBatowumii noteHuuan Us, B

CpegHuit L73 ,B

3. IToMeHaTh TTOASPHOCTDh HAIIPSAKEHUs Ha (POTOIAEMEH-
Te. [JAS 3TOrO IePEeKAIYHUTDH TYMOAEp B HUKHEH YacTH IaHEeAH
SAEKTPOHHOTO OAOKa B PEXKHUM 33/I€PKUBAIOIIEr0 HaIIpsizKe-
HUSI.

4. [IanaBHO Bpallad pydKy peocTara (IIpaBad 4acThb IIaHe-
AU), OIIpeNeAuTh 3aJepxRKUBarolmi rmoreHnuaa (I = 0 MxKA) gag
KasK0ro U3 CBETO(OUALTPOB (HE MEHee TPeX pas) U cpemgHee
Us. PesyabTaTe! 3anucath B TabA. 5.2.

S. IocrpouTk rpaduk AWHeEHHON 3aBucuMocTu Us = f(v).
OKCTpanoAupoBaTh MPSIMYIO OO0 IIepPecedeHus C OChbI0 OpAUHAT
(cMm. puc. 5.2).

6. Ilo rpadhrky HalTH I'paHUYHYIO 4acTOTy W U 3aaep-
JKUBarollee HanpsikeHue Us = A/e.

7. Tlo cpopmyae A = Uz-e (3B) = Us-1,6-10-19 (1K) BbIYHC-
AWUTH PabOTy BBIXOJA SAEKTPOHA A.

8. BeraucauTh nnocTossHHYI0 [IaaHRA h = A/A).

9. BBIYUCAUTE OTHOCHUTEABHYIO ITOTPEIITHOCTD:

5, = m_
hTABA

TabangHoe 3Ha4YEeHHE IIOCTOSIHHOU [Taauka
6,626 -10 ! Ix -c.
10. BBIYHMCAUTE a0COAIOTHYIO IIOTPEITHOCTD!
Ah = h'5h.

11. B BeIBOZE OTPaA3UThE BO3MOXKHOCTH METOJA AT U3Me-
peHus omHOU M3 (PyHAAMEHTAABHBIX (PU3MYECKHX KOHCTAHT —
rmocrogHHoH IIaaHKa.
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Banmanne 5.3. l3yuyenune 3akoHa CroaeToBa.

1. YcTaHOBUTE peXUM yCKOPLAIOIIETO HATIPSAKEHUH.

2. PazmecTuThr Ha ONTHYECKOM CKaMbe AaMILy HaKaAHBa-
HUS U (POTOIAEMEHT KAK MOXKHO Ouske opye Kk opyey (~185 Mm).
YCcTaHOBUTE HaIpsKeHHe Ha (POTOIAEMEHTE, COOTBETCTBYIO-
miee Hadaay 3deKkTa HaChIeHUd (CM. Taba. 5.1).

3. YcTaHOBUTE MaKCHMaAbBHBIM HaKaA AaMIlbl. M3MepUTH
doTOTOK.

4. OronBurasg QOTOIAEMEHT KaXKAbIH pa3 Ha ~20 MM (u
COXPAHSISL NPU 9MOM OPUEHMAUUIO hOmoslemeHma Ha UCmou-
HUK ceema), U3MEPUTH (POTOTOK ITPHU PA3AUYHBIX PACCTOSHHUSIX
r OT UCTOYHUKA cBeTa N0 poTo3AeMeHTa. Pe3yabrTaThl n3Mmepe-
HUH 3amucaTtsb B Taba. 5.3.

Tabauna 5.3

Pacctosinne r, m

Benuuuna 1/r2, m2

®oTOoTOK IH, MKA

S. IlocTpouTts rpaduk 3aBucuMocTH Iy = f(1/12).
6. B BeIBOZE OTpa3uTh, €CTb AU COOTBETCTBUE IIOAyUIEH-
HOM 3aBUCUMOCTH 3aK0oHYy CToA€TOBA.

KOHTpOJ’Ithle BOIIPOCHI

1. Yro Takoe CBETOBOU IOTOK?

2. CBg3b MEXIy OAWHON BOAHBI, YaCTOTOM M CKOPOCTBIO
cBeTa.
. Yro Takoe PpoTOH (KBAHT cBeTa)?
. Yemy paBHa 3Heprud ¢poToHa?
. B yem 3akarouaeTrcsa aaeHue poroddpderra?
. Chopmyaupytitre 3akoHBI CTOAETOBA OAS (poTodhdeKTa.
. CchopmyaupyiiTe 1 OOBACHUTE YpaBHEHHE DHWHIITEHHA
nas poroacpdekra.

8. Yto Takoe rpaHUYHAad dacToTa?

9. Yo moHMMaIOT IOl KpacHoM rpanulieit ooroacpdperra?

10. O6BsacHUTE TEPMHUH «33Aep3KUBAIONIAsS Pa3HOCTD IIO-
TEHIIHAAOBY.

11. Kak HaliTH 3a1ep>KUBAIOMIUY ITOTEHITHAA?

12. Kak 3aBUCHUT 33€P>KHUBAIOIIHMH ITIOTEHIINAA OT 4aCTO-
TBI I1JAIOIIIETO CBEeTa?

N OOt~ W
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13. Ot gero 3aBHUCHUT CKOPOCTH (POTOIAECKTPOHOB?

14. Yemy paBeH yraoBoi KO3(P(PHUIIMEHT 3aBUCHMOCTH
Us = flv)?

15. YTo Ha3pIBaeTcd CIEKTPAAbBHOM M BOABT-aMIIEpPHOM
XapaKTepUCTHKaMHU (POTOIAEMEHTA?

16. Kakoll B UMeEET BOABT-aMIIEpHAS XapaKTEPUCTHUKA
IIPHU OCBEIIEHHUH €I0 CBETOM:

a) ¢ yacToToii, OoabIIel IrPaHHUYHOM;

0) c yacToTOM, MEHBIIIEH I'PaHUYHOH;

B) paBHOH¥ rpaHUYHOM yacToTe?

17. Kak ycTpoeH BaKyyMHBIH (POTOIAEMEHT?
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NNPUJIOKEHUA

IIpunoxenue 1

I'PA®HYECKOE NPEACTABJIEHUE
1 OBPABOTKA PE3YJIbTATOB U3MEPEHU I

1.1. IlocTpoeHune rpapuKoB

Haznayenwve rpacguka — HaArASgHO MHPEACTABUTH PE3yAb-
TaThl OIIbITA IIPU U3YYEHUU 3aBUCHUMOCTH OMHOU BEAUMYUHBI OT
apyro#i. 'paduk mo3BoadgeT YBHUAETH OCOOEHHOCTU HCCAEOye-
MO¥ 3aBHUCHUMOCTH, BBEIIBUTH €€ XapaKTep (AMHelHass, KBaapa-
THUYHAsI WAW 3KCIIOHEHIIMaAbHAasl 3aBUCHUMOCTB) U OIPEIEAUTH
HapaMmeTpbl. Bce 3To cTaHOBUTCS AOCTYIHBIM IIPU IPaMOTHOM
OPUMEHEHUH rpaUIecKoro METOAa, a A 3TOr0 HEOOXOIUMO
CAEIOBAThH ONPEeNEeACHHBIM ITPAaBUAAM ITOCTPOEHUS IPadpUKOB U
HCIIOAB30BaTh METOIBI UX 00PabOTKH:

1. Bribop KOOpAMHATHBIX Oced. ['padUK BBIITOAHSIOT Ha
AVICTE€ MUAAUMETPOBOH Oymaru pazMmepoM okoao 150 x 150 mm
U KOOpAWHATHBIE OCH OepyT IMpPHUMEPHO PaBHOM OAWHEBI. [opu-
30HTaAbHasI OCh OTBOOUTCS apryMEHTY, T.€. BEAMYMHE, 3Hade-
HHEe KOTOPOM 3a7aeT caM 3KCIEPUMEHTATOP, a BEPTUKaAbHAas
och — PyHKIIMU. B KOHITe KaXkJ0H¥ OCH YKa3bIBaIOT CHMBOA Be-
AUYWHBI, [OECITUYHBIM MHOXKHUTEAb W €QUHUILy BEAWYUHBI.
[Ipu atom MHOXkUTeAb 10k, rme k — IleA0€ YHUCAO, ITO3BOASIET
OIIyCTUTH HyAU IIPU HAHECEHWU IIKaAbl, HAIIpUMep, Iucath 1,
2, 3 ... Bmecto 0,001; 0,002 u T.1.

2. Bribop unTepBaroB. MHTepBaabl YHCeA Ha KaXKIOH
OCH BBIOMPAIOT HE3aBHCHMO JAPYr' OT ApyTra, IpHUYeM TakKue,
9YT0OBI KpUBad 3aHdAAA BCE MOAE depTexka. [IAS 9TOTO T'PaHHUIIBI
UHTEPBAAOB OepyT OAM3KHMHU K HAWUMEHBIIIEMY U HaHOOABIIIE-
My Cpeau H3MEpPeHHBbIX 3HadeHUl. Hadaao orTcuera dyacto
HAYHHAIOT He C HyAd. HyaeBy0 TOYKYy HOMeELIAIOT Ha IpaduKk
AVIIIbL B TOM CAydYae, €CAM OHa OAM3Ka K JKCIEePHUMEHTaAABHO
HCCAEIOBAHHOM 00AACTH.

3. Bpibop maciraboB u mkasbl. Macurtab qoAXKeH OBbITH
IIPOCTBIM U YAOOHBIM OAsI HaHECEHUd TO4deK Ha rpaduk. 3a
eUHUILy Maclurraba IpUHUMAIOT OTPE30K OCH, KpaTHBIHA S5, 10,
50 mau 100 MM, YTO IIO3BOASIET AETKO OTCUYHTHIBATE JOAHU OT-
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pe3ka. TakoMy OTpPe3Ky COOTHOCST «Kpyraoe» uucao (1, 2, 5) enu-
HUI U3MEPIEeMON BEANMYHUHBI. [leA€HUS IIIKaabl Ha KaxKAOM OCH
HoaOHpPAarOT HE3aBUCUMO, B COOTBETCTBHH C MacCLITadOM, MpPH-
4yeM HaIIIUCH 10l AEA€HUSIMH HAaHOCAT 800./b 8cell ocu. YToObI
IIKaAa AETKO YHUTAaAaCh, JOCTATOYHO yKa3aTh Ha ocH 3-5 dHceA.

4. Hamecenue To4eK. ONBITHBIE JAaHHBIE HAHOCSAT Ha IIO-
Ae TpaduKa B BUIAE YETKUX 3HAYKOB, He NOONUCHLLBAs. UX YUC-
A€HHBIE 3HAYEHHs — OHH IIPUBOASTCS B Tabauine. Pasubie
3HAYKU (CBETAbIE U TE€MHbIE KPY3KKH, TPEYTOABHUKU U Op.) UC-
IIOAB3YIOT A 0003HAYEHUS NAaHHBIX, OTHOCSIIHUXCS K pa3And-
HBIM YCAOBHUSM.

S. IlpoBeneHue 3KcIIepUMeHTaARHON Kpuboii. Kpunyro
IIPOBOAAT TOHKOM naeHol, HenpepuleHOlU AWHUEH (TaKOBbI
00BIYHO (pU3UYECKHEe 3aBUCUMOCTH), YTOObI TOYKH HaXOIHUAUCH
paBHOMEPHO II0 00€e CTOPOHBI KPUBOM KaK MOXKHO OAMXKe K
Hel. Ecau BUA 3aBHCHMOCTH H3BECTEH 3apaHee, TO IIPOBOAAT
3Ty TEOPEeTHYECKYI0 KPHUBYIO. B caydae AMHeNWHOI 3aBUCHUMO-
CTU IIPSIMYIO IIPOBOASAT 4Yepe3 CPEAHIOI TOYKY, KOOPAHWHATHI
KOTOPOI:

— 1 — 1
X n Z xp y n Z yi’
T7e n — obIlee YHUCAO TOUEK Ha rpadHKe.

6. 3aroaoBok rpadguka. 'paduK CcOnmpoBOKIAIOT HA3BA-
HHUEM 3aBHCHUMOCTHU, B KOTOPOM IIOSICHAIOT CHMBOABI II€EpEMEH-
HBIX, yKa3aHHble B KOHIle oceil. Kpome Toro, B moammcu K
rpaduKy pa3zbsSICHAIOT O003HA4YEHUS OIIBITHBIX TOYEK U KPHU-
BBIX, €CAM HUX HECKOABKO. 3aroAOBOK IIPHUHATO pacloAaraThb
BBIIIIE TpaduKa, AHOO MO IrPaPHUKOM.

1.2. 'paduyeckuii aHa/IU3 ONBITHBIX JAHHBIX

CpaBHeHHe C TeopHeH. PYHKIHOHAABHBIE IIIKAABI.
[Ad TIPOBEPKH TEOPETUYECKOH 3aBHCHMOCTH Ha TIpaduk
HaHOCST ONBITHBIE TOYKHU (HEPEAKO C yKaszaHHEeM HX IIOTpelll-
HOCTH), a TEOPETHYECKYIO KPHUBYIO IIPOBOAAT dYepe3 TOYKH,
paccuyuTaHHBIE 10 YpaBHEHHIO. Ecam Teopud maeT AHIIb BUL
3aBHUCHUMOCTH, a IIapaMeTpbl €€ HEU3BECTHBI U HUX HAJACXKUT
OIIPENEAUTH W3 OIBITA, TO SKCIEPHMEHTAABHYIO 3aBHUCHMOCTDH
cTapaloTcsl HPUBECTU K AMHeHHOMY BUAY (T.K. IapaMeTpbl
npsamoil HadTh HeTpyaHO). C 3ToH MEeAbI0 HPU ITOCTPOECHHH
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rpauKa IO OCIM OTKAQIBIBAIOT HE CAMH H3MEpPEHHBIE BEAU-
YHHBI, 4 TaKue (PYHKIIUU 3THUX BEAHMYUH, KOTOPBIE ITI03BOASIIOT
AVMHEapHu30BaTh 3aBHCHUMOCTb. PaccMoTpuM nmpumep.

OmnbIT MOKa3bIBaET, YTO PaauycC Koaell HEI0TOHA pacTer C
YBEAHYEHHEM HOMepa MHTEP(PEPEHIIHOHHOTO KOABIIA 10 3aKO0-
Hy (cM. aAabopaTopHyto paboty Nel):

, 4L’(n-1)a
r, = ———m

2 +2L°%.
Rn

OmpITHAd 3aBUCHUMOCTE I'm = f(m) mpeacTaBUTCS Ha rpa-
duke B Buae npsamoii y = kx + b, ecAu IpUHATE Y =12, 2 X = m.
Ormpeneads riapaMeTp 3ToH npsaMoH

4L%A(n - 1)
Rn ’
MOJKHO HAWTH pPaanyC KPUBU3HBI AMH3BI R.

OnpeneAeHHE IIapaMeTpPOB AHHEHHOH 3aBHCHMOCTH.
PaccMoTpuM NpUOAMZKEHHBIM METOH OIPENEACHUS IlapaMeT-
POB IIPAMOIA.

[TycTs m3MepeHHbIe BEAWYUHBI X U Y CBSI3aHBI AMHEHHOM
3aBHCHMOCTBIO BUAA Y = kx + b U HyKHO OIpPEOEeAUTH ee Iia-
pamMeTpsl k ub.

JIAST 2TOrO OMBITHBIE TOYKH HAHOCAT Ha rpaduK U MIPO-
BOIAT HPSMYI0 AMHHIO, PYKOBOACTBYSICH IIPaBHAAMH IIOCTPOE-
HUg rpacduka. Ha KoHIIaX AWHHU BBIOHPAIOT ABE ITPOU3BOAbB-
HbIE€ TOYKHU a U 0, ynoOHbIe nasa pacdeTta. [Jag IpoCTOTHI pacde-
Ta W CHUXKEHUS MOTPEUTHOCTH OTCYeTa II0 rpaduky ymo0HO
TOYKY a B34Th Ha OAHOH M3 ocel, a TOYKY 06 Tak, YTOOBI IIpH
pacdetre Kk OTPE30K (X — Xq) IIO3BOASIA OOOHTHUCE 0€3 MHUKPO-
KaABKYASITODA.
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ya ¢ (XG Xa )

o
(@)

Omnpepenenue
rapamMeTpoB MPSAMOi

CpenHee 3Ha4YeHUE YTAOBOTO KO3((HUIIMEHTA K BBIYHC-
ASIIOT KaK OTHOIILIEHHE, OIIPEeNeATIONIee HAKAOH IIPSIMO:

_ (YUs —ya).

(xo' - xa)

k (1)

[TapameTp b AuHeWHOP 3aBHCHMOCTH HaxXOoAsT II0 TI'pa-
dbUKy KakK OpAWHATY TOYKH IIepecedeHUs MPsMOH C ocbhio Y.
BeanunHy b MOXKHO HaWTH M II0 YpaBHEHUIO IIPSMOH, IOJI-
CTaBASd KOOPAWHATHI CpeaHeH TOYKM rpaduka:

b -7 -kx. 2)

Cay4aligble IIOTPEIIHOCTH IIapaMeTPOB OIIPENEATIOTCS
pPa3zbpocCoM OITBITHBIX TOYEK OTHOCHTEABHO IIPOBEAEHHOM Mps-
MOH. [lad HIPOCTEUIEN OIEHKH 3THX IIOTPEIITHOCTEH mocrta-
TOYHO HaWTH Ha rpaduke BEAUYHHY Ay — OTKAOHEHHE OT

IIPSIMOM AMHUM Haubosee yIareHHOM TOYKH, U (y, - y,) — HH-

TepBaA, Ha KOTOPOM CIAEAaHBI U3MEPEeHHUs (JAMHA OCH Y). AGco-
AIOTHad CAydaiiHasa IIOTPEIIHOCTh napameTrpa b

A, =A,. (3)
as yraoBoro KoadppuueHTa IIpsaMoii kK cHadaAa BBIYHC-

AAIOT OTHOCHUTEABHYIO ITIOTPEIIHOCTE!
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A
S = ———. (4)
(y Ny — Y1 )

dopmyaa (4) IpUBAEKAET TE€M, 4YTO IIPH pacueTe OTHOIIIe-
HUS OJHOTO poJa MOIKHO B3ATh UX B AIOOBIX eqUHHIAX (ymo0-

Hee — B MUAAUMETPAaX IIIKAaABI 110 OCH Y).
HamomMHuM, 4TO B BeAWYHHE IIOrpeHrHocTeidl MMmeeT 3Ha-
4yeHHe, KaK IIPaBHUAO, OfHA ILHdpa, a II0OTOMYy A0CTaTOYHAS
TOYHOCTb OTCYETa OTpe3Ka (y, —y,) — ¢KPYTAOE UHCAO»,

Hanpumep, 90, 100 nau 120 mmM.
3aTeM HaxoadaT aOCOAIOTHYIO ITOTPENTHOCTh BEAUYUHEI K:

N (5)

KOTOpasl II03BOALET 3alllCcaThb JOBEPHUTEABHBIH HHTEepPBaA AT
HCKOMOTO IHapameTrpa k:

k=k+A,. (6)

ﬂOBepHTeABHaﬂ BE€POATHOCTDb P B ommcaHHOM MeTode
OLI€EHKH HOI‘pCH.IHOCTCfI (HO MaKCHMAaABHOMY OTKAOHEHMHIO Ay)

3aBHCHUT OT YHCAA OIBITHBIX TOYEK N — 4eM OOABIIIe n, TeM
BBIIII€ HAOEXKHOCTH pe3yAbTaTa:

P=1-(1/2)"". (7)
IIpuioxenue 2

CTATUCTHYECKAS OBPABOTKA PE3YJIbTATOB U3MEPEHU !

2.1. IIpaMble u3MepeHUus

Ilpambimu CYUTAIOT U3MEPEHUd, B KOTOPBIX BEAHUYUHY
OIIPEIEASIOT HENOCPEeNCTBEHHO M0 InKaae Ipubopa. Ilyctb
npoBeaeHO N U3MEPEHUN BEAUYUHEBI X. IloAy4YeHHBIH IIPHU 2TOM
pe3yAbTaT NPHUHATO YKas3blBaTh B BUIE 008epUMENbHO20 UH-
mepesa/ia 3Ha4YEHUN U3MepdeMO BEAUYUHBI:

x=Xx*tA_, (8)

rae A, —abcoAloTHas IOI'PENIHOCTh BEAMYHHBI X (TpaHHUIla J0-
BEPUTEABHOIO HHTEPBAAQ).
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B ogHOM M3 mpoCTEHIINX METOAOB OLIEHKM IIIHPHUHBI [10-
BEPUTEABHOIO HHTEPBasa B KadecTBEe I'paHUIl OepyT MHHH-
MaAbHOE M MAaKCHMaABHOE H3 IOAYYEHHBIX IIPH H3MEPEHHUIX
3HAYEHUH X, T.€. Xmin U Xmax. [IPH 3TOM BeAUYHNHA abCOAIOTHOM
IIOT'PEIITHOCTH

A, = (Xpm — Xmn)/2- 9)

TakoMy mOOBEPUTEABHOMY MHTEPBaAy COOTBETCTBYET
BIIOAHE OIIpeAeAeHHAasl JOBEPHUTEABHAT BEPOATHOCTH, KOTOpAas
BBIYHCAsIETCS 110 (popMyae (7). DTO BEPOSATHOCTH TOTO, UTO UC-
THUHHOE 3Ha4YeHHE H3MepsieMOM BEAMYHHBI HAXOAUTCS BHYTPH
JaHHOI'O MHTEepBaaa.

PacripocTpaHeHHBIH c1OCO6 3alIMCH JOBEPUTEABHOTO HMH-
TepBasa

xX=xz4, (10)

rae 6 — cpenqHekBaapaTudeckoe otkaoHeHue (CKO).
[oBeputeabHOMy uHTepBasy (10) mpu OGOABIIIOM YHCAE
namepenuit (N >100) cooTBeTCTBYEeT OOBEPUTEABHAS BEPOSIT-
HocTh P= 0,68.
CKO umeeT cayd4aliHyl0 U CHCTEMATHUYECKYIO COCTaBAL-
rouryro. Cucremarudeckas (mpubopHas) cocraBagromag CKO

slag]=1/3ag,

rae A, — IpefeAbHad NpHOOpHAasd MOTPEIIHOCTh, BEAUYHHA KO-

TOPOH IIPUBOAUTCH B IACIIOPTE NMPUOOPA HAU ONPEAEATIETCH 110
€T0 KAACCy TOYHOCTH j ,

max

rae x,_, — IIpenea U3MEepeHHH 1o IIKaase IIpudopa.

Ecam Kaacc TOYHOCTH ITpHOOpPaA HEU3BECTEH, TO IPEaeAb-
HYIO IIPUOOPHYIO IIOTPEIIHOCTh HIPUHUMAIOT PaBHOH IieHe [e-
AeHmuda mikaabl. Caydaibinaa cocraBagmomas CKO paccuuTbsiBa-
eTcd 1o popmMmyae

5.1a]- (11)
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ITo Beamynne CKO MOXKHO HaWTH TPaHUILy OOBEPUTEAb-
HOI'O MHTEpBasa A, C HeEOOXOAUMOM NOBEPUTEABHOM BEPOST-

HOCTBEIO. Hepecqu IIPOU3BOAAT, HCIIOAB3Yd 3aKOH pacIIpenc-
ACHHA CTBIOI[CHTa, II0 COOTHOIIIEHHIO

A, =6, -t

P,N>

rae t, , — Kooddumuent CTeIoqeHTA.

Ero 3HaueHus, Kak (pyHKIUS BeAUdYuH P u N, IpuBeAeHbI
B TabAHIIE.
Koaddbuuunenrs: CThrozeHTa tr,n

1 Hucno JloseputensHas BeposSTHOCTE P -

| wavepenmii N | 0,50 | 0,60 | 070 | 080 [ 090 [ 095 | 0,99
2 1,00 | 1,38 2,01 31 [ &3 | 127 63,5
3 082 | 1,06 | 131 19 | 29 4,3 9,9
B 077 | 098 | 125 | 1,6 | 24 | 32 [ 58
5 0,74 094 | 1,20 1,5 | 21 | 28 4,6
6 0,73 092 | 1,16 1,5 | 20 2,6 4,0
1 072 | 090 | L13 | 14 | 19 | 24 | 37
8 0,71 090 | 1,11 14 | 19 24 | 35
9 0,70 0,88 LIt | 14 19 | 23 3.4
© 0,67 084 | 101 | 13 1,6 | 20 2,6

2.2. KocBeHHble U3MepeHus

PesyapTaT KOCBEHHBIX HW3MEPEHUH BEAUMYHHBI Z BBIYHC-
ASIFOT TI0 J@HHBIM ITPSMBIX U3MEPEHUN BEAWYHH X C IIOMOIIBIO
KakoH-anbo dopmyanl. [Ipu 3ToM B (POPMyAYy IIOACTABASIIOT
CpeqHHe 3HAYEHU:

z = f(x,, Xp,00, X,).

[ag onpeneseHUsS NOBEPUTEABHOIO MHTEPBasa BEAHYNHA
Z CHayasa HaxXOOdAT €€ OTHOCHTEABHYIO IIOI'PEIIHOCTH 110 hop-
MYAE:

5. - Zm:(ﬁlanxi] , (12)

1 ox;

KOHKPETHBIH BH/J KOTOPOM 3aBHCHUT OT BUAA (PYHKIINH f, T.€.
OoT pacdeTHO? (POPMyABl BEAWYHHBI Z. B cAydyae cTeneHHOU
dyuKIIIHN hopMmyaa (12) numeeT caenyroui BUI:
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(13)

Ie a, — HOKa3aTeAb CTEIIEHH NpPHU x;; 5, — OTHOCHTEAbHAas
HOTPENIHOCTh BEAUYHUHBI X, .

IIpy BBIMUCACHUSIX 110 popMyAae (13) MOrpentHoCcTH 5, , Be-
AWYUHA KOTOPBIX MeHee 1/3 oT MakCHMaAbHOM, MOXKHO HE y4H-
TBIBATh KaK HE JAI0II[e 3aMETHOIO BKAAIa B BEAMYUHY &, .

AGcoAroTHaAsI MOT'PEIIHOCTh BEAHMYMHBbI Zz, HaleHHas II0
dopmyae:

A, =2z-5,,
II03BOASET 3aIllHCaTh JOBEPUTEABHBINM MHTEPBAA AT BEAUYHHBI
Z B BUE:

z=ztA,.

OToMy OBEpPUTEABHOMY MHTEPBaAy COOTBETCTBYET TaKasl
K€ MJOBEPUTEAbHAS BEPOSTHOCTb P, KaK U [AS Pe3yALTATOB
IIPSMBIX U3MEPEHUH BEAHUYHH x,, UCIIOAB30BAHHBIX B pacuerTe.

Ecan xe HUHTEPBAABL (xl. + AX) HMEIOT pa3HbI€C 3HAYCHUA P, TO

AAd BEAUYHHBI Z IIPUHHUMAIOT HAHMMEHBIIYIO U3 3THUX OOBEPH-
TEABHBIX BCpOHTHOCTCﬁ.
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