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JlaGopatopnas pabora 1. OIIPEAEJIEHUE ®OKYCHBIX
PACCTOAHUU JINH3

Leanb padoTbl: ompenencHre (GOKYCHBIX PACCTOSIHUN coOuparomeid u pac-
CEUBAIOIIEH JIMH3 MCXOJS U3 PE3YJbTaTOB U3MEPEHUN PACCTOSHUNA OT UCCIenye-
MBIX JIMH3 J0 MPEJIMETAa U €T0 U300PaAXKEHUS.

Oo01ue cBeaeHusa

®OKyCHBIM PACCTOSIHUEM TOHKOW JIMH3bl Ha3bIBAIOT PACCTOSIHHE MEXIy OI-
TUYECKUM IIEHTPOM JIMH3BI U €€ TJIaBHBIM (POKYyCOM, T. €. TOUKOM, Jexaleil Ha
IJIABHOM ONTHYECKO OCH, B KOTOPOM MEPECEKAOTCs OCIE MPEIOMIICHUS B JIMH3E
CBETOBBIE JIy4H, NaJalollie Ha JIMH3Y [apajljIelIbHO IVIABHOM ONTHYECKON OCH.
['1aBHOM ONTUYECKON OCBIO HA3BIBAIOT MPSMYIO, IPOXOASALIYIO YEPE3 LEHTPBI KpU-
BU3HBI 00€MX c(hepuyECKUX MOBEPXHOCTEH JIMH3BI.

DneMeHTapHasi TEOpHsl ONTHYECKUX CTEKOJ IPUBOIUT K MPOCTHIM COOTHOIIIE-
HUSM MEXIy (OKYCHBIM paccTossHueM F nuH3bI, paccrossHmeM O OT JUH3BI 10
npeaMeTa, pacctossauueM f oT JIMH3BI 10 H300pakeHHs PeaMEeTa, OTHOCUTEILHBIM
IIOKa3aTeNeM IMPEJIOMIICHU N MaTepuaia JWH3bl U PaJUyCaMH KpPUBH3HBL I U I

chepruueckux MOBEPXHOCTEH JMH3BIL. JIJisi TOHKON JMH3BI (TOJIUHOW KOTOPOH IO

CPaBHEHHMIO C | U I MOKHO IPEHEOPEYb) CIIPABEUINBBI CICTYIOIAE COOTHOIICHUS:

N Sy (1.1)
F d f F n n

Jljis pemieHust CIOKHBIX ONTUYECKUX 3a7ad MPUMEHSIOT ONTHYECKHUE CHUCTE-
MBI, COCTOSILLIME M3 HECKOJIbKUX JIMH3, HAaIpUMEp TEI€OObEKTUBBI, TEJIECKOIIBL,
MHUKPOCKOIIBI U T. M. Pacuer xoxa nydeil u mapaMeTpoB TaKUX CUCTEM OoJjiee cio-
KEH, YeM JIJIsl OTACIBHBIX JIMH3, HO U B 3TOM CJIy4ae AJIEMEHTapHBIN pacdyeT mpo-
m3BoaAsaT 1o (opmyne (1.1) ¢ yderoM XapaKTEpHUCTHK OTICIBHBIX ONTHYCCKUX
KOMITOHEHTOB (JIMH3) CUCTEMBI.

DKcrepuMEHTAIbHOE OMpeeieHne (POKYCHOTO PACCTOSHUS JIMH3BI MOXKET
OBITH MPOBEACHO pa3au4HbIMU criocobamu. Hanbonee npocToi U3 HUX 012 coOu-
paroweri 1uH3bl 3aKIII0YaeTCs B IMOJIYYEHUN C IOMOUIBIO UCCIIETyEMOM JIMH3bI ACH-
CTBUTEJIBHOTO U300pakeHUs yAAJICHHOro IpeaMeTa Ha kpane. [Ipenmnonaras, 4ro
Jy4d OT YAAJE€HHOTO CBETAILIErocs MpeaMera MajaloT Ha JIMH3Y MNapasuieIbHbIM
MIyYKOM, MOKHO NPHUHSTH PACCTOSHUE MEXIY COOMparoueil TMH30i 1 n300paxe-
HUEM CBETALIETroCcs IpeaMeTa paBHBIM (DOKYCHOMY pacCTOSHUIO JUH3bI. Ommnoka
OyZeT TeM MEHbIIIe, YeM JaNbIle OT JIMH3BI OYJAeT HaXOIUThHCS TPEIMET.



Jns ompenenenuss (POKYyCHBIX PACCTOSIHMN aHAJIOTUYHBIX JIMH3 CYIIECTBYET
ere psia cnocoboB. B manHOM paboTe MPUMEHSIIOT 1Ba U3 HUX:

1) coco6 ompenenennsi (GOKYCHOTO PACCTOSIHHS JIMH3BI ITyTEM HaXOXKICHUS
PaCCTOSIHUM OT JIMH3BI JI0 TIPEIMETa U OT JIMH3HI 10 H300PaKEHUS;

2) cnoco0 nepeMenieHus JIMH3bI U3 TOJI0KEHUS], TPU KOTOPOM Ha 3KpaHe Mo-
Jy4aeTcsl YBEIUYCHHOE M300paXKeHHE TpeMETa, B MOJIOKEHHE, TTPH KOTOPOM Ha
JKpaHe MOJy4yaeTCs YMEHBIICHHOE H300pakeHUE MpeAMEeTa, MpU HEU3MEHHOM
PACCTOSIHUN MKy MPEAMETOM U n300pakeHuem (puc. 1.1).
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Puc. 1.1. Xon nydeii B cobuparorieit TuH3e

Pacceusarowas 1unza He naeT NEUCTBUTEILHOTO H300pXKEHUS IIpeaMEeTa Ha
AKpaHe, MOITOMY JIJIsl ofnpeiesieHus] (POKYCHOTO PacCTOSTHUSI TAaKOW JIMH3bI UCTIOJ b-
3YIOT ONTUYECKYK) CHCTEMY, COCTABJICHHYIO M3 JIBYX JIMH3: UCCJIEIYEMON — pac-
CEHBaloIlel, U BCIOMOTaTeIbHONU — COOMparoIIeH.

PaGoTy BBIOMHAIOT Ha ONTHYECKOW CKamMbe, BIOJb KOTOPOW MOTYT Iepe-
MEILAThCS JICP)KATENIN ¢ YKPEIUICHHBIMU Ha HUX CBETAIIUMCS TPEAMETOM (HCTOY-
HHUKOM CBETA), JTMH3aMH U dKpaHoM. Ha ckambe mMmeeTcss MIJLIUMETPOBas IIKaia,
MO3BOJISIFOIIAA OTCUUTBHIBATH PACCTOSIHUS MEXIY MCTOYHMKOM CBETA M JIMH3aMH,
MEXIy JTUH3aMH U SKpaHoM. CBETSIUNCS MPEIMET, JTUH3BI U IKpaH JOKHBI ObITH
YCTAHOBJICHBI TaK, YTOOBI UX IEHTPHI HAXOAWJIUCHh HA OJHOM BBHICOTE U ONTHYECKAas
OCh JIMH3BI ObLJIa TTapaJiIeIbHA ONTUYECKON CKambe. [IpeaMerom ciy>kuT u300pa-

YKEHUE CTPEJIKK Ha CTEKJIC OKHA B METAJLTMYECKOM KOXKYXE JIAMITHI.
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Yka3zaHus mo NpoBeIeHHI0 IKCIIEPUMEHTA U 00padoTKe Pe3yabTaTOB

|. Onpeodenenue oxycnozo paccmosinus coouparoweil TuH3bl NOCPEOCmEoM
UMepeHus pacCmoanull om npeomema u e20 U300paxceHus 00 JUH3bL.

1. Ha otHOM KOHIIE CKaMbU YCTAaHOBUTH KOXKYX, B KOTOPOM HaXOJUTCS DJICK-
TpUYECKas JaMIa Tak, YTOObl OKHO ObLIO HAINpaBJeHO Ha JIMH3Y U dKpaH. Ha Heko-
TOPOM PACCTOSIHMM OT JIAMITbl YCTaHOBUTH COOMPAIONIYIO JIMH3Y, a 32 HEHl 3KpaH.
CoxpaHsisi MOCTOSTHHBIM PACCTOSIHUE MEXAY JaMIION U 3KpaHOM, MepeABUKECHUEM
JIMH3BI JJOOUTHCS MOTYYEHUS Ha SKpaHe PEe3KOro H300pakeHUs TpeaMeTa (CTPEIKU
Ha CTEKJIC OKHA B META/NIMYECKOM KOXKYX€ JIaMIIbl).

2. COuBasi yCTaHOBKY JKpaHa, MPOBECTU HAOIIOJCHUSI PACCTOSHUNA MEXKIY
JIMH30M ¥ SKPaHOM TISITh pa3, 3alUChIBas IPH KaXK7oM Habmtoenuu B Tabi. 1.1 oT-
CUETBHI 110 IIKaJe CKaMbH JUIS MOJIO0XKEHUS CTPEIIKU My, JTUH3BI Ky 1 3KpaHa M. U3

NOTyYEHHBIX JaHHBIX onpenenurs o =k —my, fi=my —k;.

Tabnuya 1.1
Onpenenenue GoKyCHOT0 paccTOSIHUS COOUPAIOIIEii TUH3BI

Ne | my, Mm ki, MM My, MM dy, MM f1, MM F, MM Ifl iAlfl, MM

3. Beraucnuts Fy mo gopmyne Fy=d;f;/(dy+ f). U3 nonyuennpix mitu
3HaueHUi F| BBIYUCINTHL BHIOOPOYHOE cpelHee F| M paccuMTaTh MOrPEIIHOCTD
AF| BBIGOPOYHBIM METOJIOM.

4. Pe3ynbrarbl 00pabOTKH cBecTH B Tabi. 1.1.

I. Onpeoenenue gpoxycrnoco paccmosinus cobuparoweli 1unH3bl N0 8eIUUUHE ee

nepemewenust. B dopmyny (1.1) mns cobuparomeii mu3bl d u f BXoaar cummer-
puuHo. Eciu npeamer, nocTaBieHHbIN HA pacCTOSHUM O OT JIMH3bI, JaeT AEHCT-

BUTEJIbHOE M300pa)KCHUE Ha paccTOsHUU f; OT Hee, TO mpeaMeT, NOCTaBIECHHbIH
Ha paccTosHuM O, = f; OT JAMH3BL, naeT AelicTBUTENbHOE M300paXkeHHE HA pac-
crosaun fyp =d; oT Hee. B ogHOM ciyuae mosryduTCsl yBEIMUEHHOE N300pakeHHe

npeaMera, BO BTOpoM — yMeHbIeHHoe (puc. 1.1). IToaTomy nipu 0JTHOM U TOM ke
paccTostHUM L Mexmy cBeTsSmuMcs OOBEKTOM M DKpaHOM (TpU YCJIOBUH, YTO
L > 4F;) no/KHBI CyIEeCTBOBATh [BA IOJIOKECHMSI JIMH3BI, IPU KOTOPBIX HA DKpaHE

OyIyT MOJy4aTbCsi pe3KUe H300pakeHUs IpeamMeTa. PaccTosHMe MeXIy STUMH
IBYMsl IOJIOKEHUAMU JIMH3bI, oueBunHO, | = f| —d;. Paccrosuue mexny mpeame-

TOM M 9KpaHoM — L = f; +d;. W3 3Tux coorHomeHnuii cnenyer
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dy=(L-D/2; f=(L+1)/2,

OTKYyZa, MpUHUMasi BO BHUMaHue Gpopmyny (1.1), momyunm

F=(2-12)/aL. (12)

3TOT coco0, B OTVIMYME OT APYTUX CIOCOOOB omnpeaeneHus: GoKycHOro pac-

CTOSIHUSA, IPUMEHUM KaK JUIA TOHKHX, TaK W JUIA TOJICTBIX JIMH3, MOCKOJIBKY HE
TpeOyeT 3HAHUSI MTOJI0KEHUS ONTUUECKOT 0 [IEHTPA JINH3BI.

1. Jlas ompeneneHus yKa3aHHBIM cIOCOOOM (DOKYCHOrO paccrosiHus Fy
npeaMeT (CTPEIIKY) U DKpaH HaJo YCTAHOBHUTh HA PACCTOSHUH, OonbuieM 4F, npyr
OT Jpyra. JTO pacCTOSHUE CIEAYET COXPaHATh HEM3MEHHBIM B TCYCHHUE OIIbITA.
JU11 OpUEHTUPOBOYHOIO €r0 ONpPENEICHHs 3HaYCHUE b ciaenyeT B3sATh U3 IPEIbI-
JYIIETO ONBITA.

2. IlepenBuras TMH3Y MEXKY JIAMIIOM M DKPAHOM, ITOJIYYUTh HA DKpPaHE HaH-
0ojiee OTUETVINBOE YBEIMUYEHHOE N300paKCHHE CTPEIKU. 3alucarbh B MPOTOKOJ
HaOMoAeHNUH 0TcUeT Ky MO LIKaje, onpelesstouil nonoxenue nun3sl. [lepensu-
HYB JIMH3Y, [TOJIYYUTh YMEHBIIEHHOE OTYETIMBOE N300paKEHUE CTPEIKU U BHECTU
B IIPOTOKOJI COOTBETCTBYIOIIUIT OTCUeT K.

3. VI3 mony4eHHBIX OTCUETOB IOJOKEHUHN CTPEIKU My, JKpaHa My, IEPBOIO U
BTOPOTO TOJIOKEHUH JIMH3BI BBIYUCIUTD paccTossHUA L=my —my, | =k, —K; .

4. OmpeneneHue BETHMYUHBI TIepeMenieHus | JTMH3bI TIPU OJTHOM U TOM Ke
pacctosiHuM L Mexay mpeaMeToM M 3KpaHOM NMPOU3BECTH MATh pa3. M3 momyden-
HBIX JIAHHBIX BEIYMCIINTB CpEjHEe 3HaueHne | 1 Bemmuuny norpemsoctd Al . ITo-
rpemHocTh AL npunsth paBHoi 1.0 Mm.

Tabnuya 1.2
Onpenenenue GoKyCHOr0 paccTOSIHUS MO BeJIMYHHE MepeMellleHHs JTUH3bI

No | my,mm | Mo, MM | Ky, MM | ko, MM | | mm | T +Al, mm | LEAL, mm | F AR, MM

5. Beruncnuts 1o opmyie (1.2) Bibopounoe cpennee Fy u paccumtats j0-
BEpUTENBbHYIO MOTPEHOCTh AF| METO0M TepeHoca IOTPENTHOCTEH.
6. PesynbpTaThl u3MepeHuit IpeIcTaBUTh B TAOTUYHOM BHe (Tadu. 1.2).
I1l. Onpeoenenue ghoxycrnoeo paccmosanus pacceusarowen aunzvl. Jjis onpe-

neneHuss (POKYyCHOTO pacCTOSIHUS paccerBarolleld JMH3bI, HE Jarolied JeHCTBU-
TEJIBHOTO M300pa)K€HUsl MpeAMeTa Ha dKpaHe, HEOOXOJAMMO COBMECTHO C 3TOH



JUH30M MPUMEHUTH BCIIOMOTaTENIbHYI0 COOMPAIOILYIO JIMH3Y, TaKyt0, YTOObI KOM-
OMHaLus 3THX JIByX JHMH3 CIyKWia coOuparouied onThyeckoil cucremon (puc.
1.2), ¢ moMoOuIBI0 KOTOPOH MOYKHO TOJIYYUTh ACUCTBUTEIBHOE H300paKEHUE
npeaMera.

[TocnenoBarensHOE COUYETaHHE COOUPATEITHHOM JIMH3BI (MIJIM CHCTEMBI JIUH3),
KOTOpasi o0pasyeT JeiCTBUTENbHOE n300paxeHue GororpapupyemMoro o0beKTa, U
pacceuBarouei JUH3bI (MM CUCTEMBI JIMH3), KOTOPasi €ro yBEJINYUBAET, 103BOJISIET
co3/1aTh JIMHHOMOKYCHBIN (hoTorpaduyecknii o0beKTHB. B TakoM 00beKTHURE, Ha-
3bIBAEMOM TEJIEOOBEKTUBOM, PACCTOSTHUE OT MOBEPXHOCTH MEPBOM JMH3BI 10 3al-
Hell (POKalIbHON IJIOCKOCTUM YMEHBIIEHO IO CPaBHEHUIO C JIMHHO(OKYCHBIMHU
OOBEKTHBAaMU JIPYTUX TUIIOB, YTO MO3BOJIIET COKPATUTh rabapuThl (HOTO- U KHMHO-
Kamep. TeneoObeKTUBBl 0OBIYHO MPUMEHSIOT IPU CHEMKE YIAICHHBIX OOBEKTOB B
KpYITHOM MacIiTaoe.
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Puc. 1.2. K onpenenenuto (OKyCHOTO pacCTOSHUS pacCEUBAIOLICH JTMH3BI

W3mepeHust mpoBECTH B CIAEAYIONIEM TOPSAKE:

1. Mexmy mpeaMeToM M 3KpaHOM MOCTaBUTh CHaudaja TOJBKO COOMPAIOIIYIO
JIMH3Y, 3a()UKCUPOBATH €€ MOJIOKEHUE K3 M OTMETUTH MOJIOKEHUE dKpaHa Mg, Ipu
KOTOPOM Ha HEM MOJIyJaeTcs ACHCTBUTEIHLHOE YMEHBIIICHHOE H300pakeHue Mpe-
meTa (puc. 1.2).

2. Mexy sKpaHOM M coOuparolel JMH30M MOCTaBUTh PAaCCEUBAIOIILYIO JIMH-
3y, (hOKyCHOE paccTositHue KOTOpou TpedyeTcs onpenenuts. B pesynbrare pacceu-
BAIOILETO IEUCTBUS JIMH3bI U300pakeHue yaanutcs. [loaToMy skpaH HE0OX0IUMO
OT JIUH3bI OTOJIBUHYThH IS MOJIYYEHHs] HA HEM BHOBb PE3KOI0 M300pakeHus Mpe-
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MeTa U INPOU3BECTH OTCUET MOJIOKEHHs PACCEUBAIOLIEH JTHH3BI K4 M HOBOrO IIO-
JI0>KEHUS DKpaHa My.

3. U3 puc. 1.2 BUIHO, YTO I pacCeUBAIOIIEH JIMH3BI H300paXKEHHE Sq, CO3-
JlaBaeMoe coOMparoniel JMH30M, OKa3bIBACTCS 3a PACCEUBAIOINICH JIMH30M, U €ro
MOKHO JUIsI BTOPOUW JUH3BI (DOPMATBHO CUUTATh «MHHUMBIM IPEAMETOM», a HU30-
OpakeHHue, CO31aBaeMO€ CUCTEMOM JIMH3 Sy, — ACHCTBUTEIBHBIM U300PaKEHUEM.
CrnenoBarenbHO, PACCTOSHUE MEXy PACCEUBAIOLIEH JINH301 U N300pakeHueM Sq
MO>KHO IIOJIOKUTh paBHbIM Oy =Mg —Ky, a paccTosHUE MEXIy pacCeHBaroIEeH
JIMH30M 1 u300pakeHueM S, paBHbIM fp =my —ky. M300paxenue S, cooTBETCT-
BYET BTOPOMY IOJIOKEHUIO dKPaHa.

4. Beruncmuts dy u fy. Ilo HuM ompenenuts Fp mo gopmyine mia pacceu-
BAIOILIEH JIMH3BI:

Fp=dafa/(f2—d2)- (1.3)

5. OnpenenuTh BEMMYMHY (DOKYCHOTO PACCTOSHUS PACCEUBAIONIEH JMH3bBI
MATh pa3 MPU HECKOJIBKUX OTIMYAIOIIUXCS APYT OT Apyra MOJIOKEHHUSIX COOMparo-

el JIUH3bL. M3 Bcex HailleHHBIX 3HAYCHUN F) BBIUMCINATH BHIOOPOYHOE CpEIHEE
F» u paccunTaTh TOBEPUTEIBHYIO NOIPEMIHOCTE AF) BBIOOPOYHBIM METOIOM.

6. CocTaBuTh TaOIMILy 3aMKcy HAOIIOICHUN M 3aHECTH B HEE JAaHHBIE U3MeE-
PEHHI U BBIYHCIICHUMN.

KonTpoJsbHbIe BONPOCHI

1. Uro Ha3pIBaeTCs TIJIaBHOM ONTHYECKON OCBHIO JIMH3BI, TJIABHBIM (DOKYCOM
JIMH3BI, POKYCHBIM PACCTOSTHUEM TOHKOM JIMH3bI?

2. Ilpu KakOM YCIIOBUH JINH3Y MOKHO CUATATh TOHKOW?

3. OT KaKuX BEJIMYMH 3aBUCUT (POKYCHOE PACCTOSTHUE JIMH3BI?

4. Kakoif u3 IByX criocoOOB ompeaesieHus] POKYCHOTO PacCTOSHUS COOMparo-
el JIMH3bI, UCTIOIb3YEMbIX B JAHHOU paboTe, 0ojiee MPEeANOUTUTENICH U IToYeMy?

5. [lokazaTs, uTo ompeneneHrne HOKYCHOTO PACCTOSHUS COOMPAIOIIEH JTMH3bI
M0 BEJIMYMHE €€ TIepeMelIeHUs] BO3MOXXHO, €CJIM paccTosiHue L Mex 1y npeaMeToM
Y DKPaHOM YZIOBJIETBOpSET yciuoBuro L > 4F.

6. KakoBoO HauMEHbIIEE PACCTOSTHUE MEXKIY MPEIAMETOM U €0 JEHCTBUTEIIb-
HBIM U300paK€HNUEM, CO3/]aBAa€MbIM C TTIOMOIILI0 COOMPAFOITIEH JIMH3BI ¢ (POKYCHBIM
paccrosiHueM F?

7. BeiBectu opmyny (1.3) nist onpeneneHus GOKYCHOTO pacCTOSIHUSI pac-
CEUBalOIIEH JTUH3bI METOJIOM, UCIIOIb3YEMBIM B TAHHOU padoTe.
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8. ITocTpouTh M300paKEHUE TOYKH, PACIIOJIOKEHHOM Ha TJIABHON ONMTHYECKOM
ocH coOuparoniel (paccenBaroIIeii) TMH3bI YEThIPbMS pa3HBIMH CIIOCOOAMH.

JlaGopaTopnas pa6ora 2. OIIPEJEJEHHUE JJIMHBI CBETOBOM BOJIHBI
C UCIIOJIB30OBAHUEM BUITPU3MbI

Leab padoTbi: onpeneneHue IITUHBI CBETOBOM BOJHBI HHTEPPEPEHIIMOHHBIM
METOJIOM.

OO0mue cBegeHust
OnauH u3 croco0oB HAOIIOICHHS] HHTEp(EpPEHIIMH CBETOBBIX BOJIH OCHOBAaH Ha
ucnojas3oBanun ounpusmsl Openens. bunpuzma ®Openens npeacrtaBisier coOoH
JIBE MPU3MBI C OYE€Hb MAIbIM NPENOMAAIOUWUM Yeaom O, CIOKEHHbIE OCHOBAHUSMHU.
Cxema HaOmI0/IeHNS] HUHTEP(PEPEHITMOHHON KapTUHBI C TIOMOIIBI0 OUIIPU3MBI MTOKA-
3aHa Ha puc. 2.1.

Puc. 2.1. Ilony4yenue nHTEpPEPEHIIMOHHON KapTHHBI

C UCITOJIb30BAHNECM 6I/IHpI/I3MLI (DpeHeJ'IH

OT ucTtouHMKa cBeTa (IIeJIM) JIy9d MaJarT Ha 00€ MOJOBUHBI OUNIPU3MBI P,
IPETOMIISIOTCS B HEW U 3a MPU3MOM PAacIIpOCTPaHSIOTCS TaK, Kak eciu Obl UCXOAH-
JY U3 IBYX MHUMbIX UICTOUHUKOB S1 U Sp. JIeHCTBUTENBHO, €CIM CMOTPETH Yepe3
BEPXHIOIO TIOJIOBUHY OUIIPU3MBI, TO CBETAILLIASACS IIENIb S OYJEeT Ka3aThbCsl pacioio-
KCHHOH B TOYKE S1, a €CIM CMOTPETh 4E€PE3 HUKHIOK MOJIOBUHY OMIIPU3MBI, TO
pacIoI0KEHHO! B TOUKE So.

3a mpu3Moil MUMeeTcs 00JIaCTh MPOCTPAHCTBA, B KOTOPOM CBETOBHIC BOJIHEI,
MIPEJIOMJICHHBIE BEPXHEN M HIDKHEH TOJIOBUHAMU OUTIPHU3MBI, TIEPEKPHIBAIOTCS (HA
puc. 2.1 ata o6aacTh 3amITpuxoBaHa). B aToit 06yacTi mpocTpaHCcTBa CBOJSATCS BO-
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€IMHO JIBE YaCTU Kaxc0020 yyea 601H OT UCTOYHUKA S, MPOIIEAIINE Pa3HbIE ONTH-
4eCKUE IIyTH, CIIOCOOHBIE IIPU BBINOJIHEHUH ycinoBusa A <l . wHTEpdepupoBarts,

rae A — pasHoCTb Xoja Jydei. JimHa korepentHocty | . ompexensercs Kak pac-

CTOSIHME, KOTOPOE MPOXOAUT CBETOBAs BOJHA 33 BPEMs, IPU KOTOPOM CIy4YalHOE
u3MeHeHue (a3bl BOJHBI HE TMpeBblmaeT 7. [Ipu mpeBblllieHnH Pa3HOCTHIO XOJa
JUTMHBI KOT€PEHTHOCTH BOJIHBI B TOUKY HaOJIOICHUS PUXOIAT CO CIy4yailHOU pas-
HOCTBIO (ha3 1 uHTep(dEepEeHIIMOHHAsI KAPTUHA NIepecTaeT ObITh BUAMMOM.
HuTepdepeniimonnas kapTuHa, Moxyqaromascs OT OUIPU3MbI, COOTBETCTBY-
€T UHTEePPEPEHIINHU BOJIH, UCXOISAIINX U3 JBYX KOT€PEHTHBIX HCTOYHUKOB, PACIIO-
JOXKEHHBIX B TOUKaX 51 U So. Ha okpaHe O, mepecekaromem 3aliTpUXOBaHHYIO

00J1acTh, TOT/1a HAOIIOIAETCS PSIJl CBETJIBIX U TEMHBIX MOJIOC, apaIeNIbHBIX peo-
py ounpusmbl. CBETIIbIE TTOJIOCH JISXKAT B TEX MECTax dKpaHa, Kyaa MPUXOJIAT BOJI-
HBI OT UICTOYHHUKOB S; M Sy C Pa3HOCTBIO X0[a,
PaBHOM 1I€JIOMY YUCIY JJIMH BOJH, TEMHBIE — B
TE€X MECTax, KyJla MPUXOJISIT BOJIHBI C Pa3HOCTHIO
X0/la, PABHOW HEUETHOMY YHCIY IOJYBOJIH.
Paccrosinue AX MexJy CBETIbIMH (MJIM TEMHBI-
MH) MOJIOCAMH HUHTEP(EPEHIIMOHHOW KapTHUHBI
COCTaBIISICT

AX=(a+b)7\.o/d, (2.1)

rac a u b — cooTBeTCTBEHHO pacCTodHnA OT HIC-

M JI0 OMIIPU3MBI M OT OUIIPU3MBI 10 SKpaHa; d —

Puc. 2.2. Xop ny4a vepes pacCTOSHUE MEXIYy MHUMBIMH HCTOYHUKAMH
N0JIOBUHY Ounpu3Mbl DpeHens

(cMm. puc. 2.1).

Jlns onpeneneHusi paccTosiHUsl 0 MeXIy MHUMBIMH UCTOYHUKAMHU PaCCMOT-
pUM XOJ JTy4a 4epe3 OJIHY U3 MOJOBUH Ournpusmsl (puc. 2.2). s Touku O B COOT-
BETCTBUH C 3aKOHOM npelomienust N=Siniy/siniy, Tae N — mokasaTesb mpeomiie-

HHS Marepuaia Npu3Mbl (CTeKsa); i W ip — YIWBI MaJCHUs W IPETOMIICHUSL.
Bcnencreie MaocTd yIiioB CHPaBEIIMBO || = Nip. AHAJIOTMYHO Ui TOYKH M
uMmeeM Iy =niz. PaccmarpuBas tpeyrompHukun OKM u ONM, MOXHO NOKa3aTh,
9TO CHPAaBEIUIMBBI COOTHOIICHHS iy +i3 =0 1 (i —ip)+(ig —i3) =¢. M3 a1HX Co-
OTHOILCHUH JUIs yrila @ OTKJIOHEHHS JydYa IOJIOBHHON OWIPH3MBI HECIOXKHO I0-

JYy4YUTh (pz@(n —1).
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Takum 00pazoM, B paMKax MCHOJb30BAHHBIX JONYIIEHUNA BCE JIy4H OTKJIOHS-
I0TCSL KQKJOW W3 MOJIOBHMH OWNPU3MBI HA OJIUHAKOBBINA yroi. PaccrosHue d, xak
BHUJIHO U3 pHUcC. 2.1, paBHO

d =2atgp=2ap=2a6(n-1). (2.2)
C y4eToM 3TOro COOTHOIIIEHUSI BMECTO BbIpaxkeHus (2.1) umeem
Ax=(a+b)rg/2a0(n-1), (2.3)
NN
Lo =2a0(n-1)Ax/(a+b). (2.4)

Bripaxkenus (2.3) win (2.4) ycTaHaBIMBAIOT CBSI3b MEXY JUIMHOM CBETOBOM
BOJIHBI U TEOMETPUUECKUMU pa3MepaMu CUCTEMBI (T. €. HICTOYHHK CBeTa — OUTIpHU3-
Ma @DpeHens — 3KpaH), B KOTOpOH peanusyercs siBjieHue unrepdepeHmu. Buau-
MOCTh MHTEP(HEPEHIIMOHHOW KapTUHBI 3aBUCUT OT pa3MepOB HMCTOYHUKA CBETA, B
9YeM HETPYIHO YOCAUTHCS, U3MEHSS MMUPHUHY ITICITH.

Jlnst uatepdepeHunoHHOro 3¢ (eKTa CylecTBeHHbI, OJIHAKO, HE CaMH I10 cede
pa3Mepsl menu, a yroa 2o (puc. 2.3) Mexay COOTBETCTBYIOIIUMHU JIydaMu, UIY-
MMM OT S Yepe3 KakIylo M3 JABYX BeTBell uHTepdepomerpa K Touke O. DTOT
yTOJ1, KOTOPBINM Mpe/ICTaBIsIeT COOOM YroJl pacKphITUS JIydel, Ha3bIBaeTCs anepmy-
pou unmepgepernyuu. EMy COOTBETCTBYET B 110JI€ UHTEPPEPEHIIUU Y201 CXOHCOEHUS
nyueli 23, BENUYMHA KOTOPOTO CBSI3aHA C YIJIOM 20 TMPaBWJIAMHU MOCTPOCHUS H30-
Opaxenwid. [Ipy HEM3MEHHOM PACCTOSIHUM J10 PKpaHa 23 Tem 0oJIbliie, 4eM OoJIbiie 20L.

—— - /
i 9=6(n-1) /
h f
%
d/2 ;
S,
< a >‘< b

Puc. 2.3. Onpenenenue anepTypsl U yIila CXOKIEHUS JTyded B ONBITE ¢ OunpusMon OpeHens

N3 puc. 2.3 BugHO, 4TO
2B=d/(a+h). (2.5)
[Toacrasnss Beipakenue (2.5) B (2.1), monyyaeM ajisi pacCTOSTHUSL MEX]y UH-
TepPepeHIMOHHBIMU MOJ0CAMU

Ax=2g/(2B). (2.6)
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N3 puc. 2.3 BUIHO TaKxkKe, 4YTO
a+B=p=0(n-1) 2.7)
u, kpome Toro, h/a=a, h/b=p. Uckiroyas u3 aByx mocieaHUX BbIpaKEHHUIl Be-

anuuHy h, noaydyaem

B=aa/b. (2.8)

N3 coBMecTHOTO paccMOTpeHUs BeipaxkeHui (2.7) u (2.8) Haxoaum
a=0(n-1)b/(a+b), (2.9)
B=6(n—-1)a/(a+b). (2.10)

OTHU COOTHOLIEHUSI OyTyT UCIIOJIb30BAThCA Jajee AJis1 pacueToB.

Bennuuna aneptypbl MHTEp(EpEHLHH 20. TECHO CBsS3aHA C JOMYCTUMBIMU
pa3MepaMy UCTOYHUKA. TE€OpHs ¥ ONBIT MTOKA3BIBAIOT, YTO C YBEJIMYEHUEM aIlEPTy-
pbl MHTEp(EPEHIIMN YMEHBIIAIOTCA JIOMYCTUMbIE pa3Mepbl IIMPHHBI WCTOYHMKA,
IIPU KOTOPBIX €I1l€ UMEET MECTO OTYETIMBAsl HHTEP(EPEHIMOHHAs KapTUHA. Y CJI0-
BHUE XOpOIIEro HAaOMI0JeHUS MHTEeP(EPEHIUMU OT MPOTSHKEHHOIO WCTOYHMKA M-
PHHBI S MOKHO 3aIICATh B BUJE!

stga <Ag/4. (2.11)
OTO ycnoBUE, HECMOTPS Ha €ro MPUOJIMKEHHBI XapakTep, MOKHO IOJIOXKHUTH B
OCHOBY PAacyU€TOB JOIYCTUMBIX Pa3MEPOB UCTOYHHKA.

B nanHOll paboTe MOHOXpOMaTHU3allMsl CBETa OCYLIECTBISIETCS C MOMOIIBIO
ceetopunbTpa. HerpyaHo HaWTH CBS3b MEXAy NOPAAKOM HHTephepeHIHH M u
HIMPUHON CHEKTPAJIbHOrO0 MHTEpBaia AA, mporyckaeMoro cBeropuiabTpoM. Jleit-
CTBUTEIbHO, UHTEpPEpEeHLIHS HE OyAeT HAaOII0JaThCs, €CId MAaKCUMyM M-TO MO-
psinka it A + AL coBnameT ¢ MakcuMymoM (M+1)-ro mopsiaka anst A: (M+1DA =

=m(A+AL), T. e. AA=A/m. Jlns Toro 4ro0bl HHTEp(HEPCHIIMOHHAS KapTHHA MPH

JAHHBIX 3HAYCHUSAX AA B A 00J1a/1asia BBICOKOW BUJIUMOCTBIO, IPUXOIUTCS OTpaHU-
YUBAThCs HAOMIOJCHUEM HHTEP(PEPEHIIMOHHBIX MOJIOC, TMOPSIOK KOTOPHIX MHOIO
MEHBIIE MPENETBHOIO My gy » ONMPENETAEMOTO YCIOBUEM
Mmax ~ 7\.0/A7L0. (212)

JKCIMEPUMEHTAIBHANL YCTAHOBKA COCTOUT M3 ONTUYECKOW CKAMbH C MEPHOM
JUHENKOH; Outipu3Mbl OpeHens, 3aKperIeHHON B JepiKarTelie; HCTOYHHKA CBETa CO
CBETOMUIBTPOM; pa3ABMAKHOM IIENIN; OKYJIApa co IMKaion. B3anmHoe pacnomnoxe-
HUE 3JIEMEHTOB YCTAHOBKH COOTBETCTBYET CXEME, MPUBEIEHHOM HA puc. 2.1.

HcTounnkoM cBeTa CIIYXKUT Jamria HakanuBanus. CBeTOoPUIBTp, pacrosio-
JKEHHBIN Tepe] JaMIIOl, MPOMYCKAET OMNPEICIICHHYI0 YacTh CIEKTpa U3JIyYEHHS
JIaMIIbl, KOTOPYIO ¥ HAJIEXKUT U3YUUTh.
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Ha ontuueckoii ckambe, CHa0KEHHON JIMHEHKON ¢ MUJUTMMETPOBOM LIKAJIOH,
MOMEIICHBl YKPEIJICHHbIE Ha JepKaTessiX BEepTHKajIbHas IIenb S, Ounpusma P u
okyysip O. lllupuHy eI MOKHO U3MEHSATH C MIOMOIIBIO BUHTA, HAXOISIIETOCS B
BepxHeil yacTu ero omnpasbl. Lllens u 6unpuszMa MoOryt ObITh MOBEPHYTHI BOKPYT
TOPU30HTAIBLHON OCH, a OMIIPU3Ma TAaKXKE€ U BOKPYT BEpTUKaIbHOU ocu. [[s momy-
YEHUS] OTYETIUBBIX UHTEP(PEPEHIIMOHHBIX MOJIOC HEOOXOIUMO, YTOOBI MIIOCKOCTH
HIESTM ¥ OCHOBAHMS OWUIIPU3MBI OBLTH MapajiedbHbl. ITO TOCTUTAETCSI COOTBETCT-
BYIOILIIUM [TOBOPOTOM OUIPpU3MBbI W/ uid menu. Okyisip O Iy uT AJis HAOII0IeHUs
uHTep(hepeHIIMOHHON KapTHHBI. [l U3MEepeHus: pacCTOSHUS MEXKIY IMOJI0CaMU OH
CHA0KEH IIKAJIOH, lIeHa MaJIOTo JieJieHus KoTopoi cocTtaniseT 0.1 mwm.

Yka3zanus no MPOBCACHUIO JKCIICPUMEHTA

1. BkitounuTth 1amny v yOeIuThCA, UTO CBET OT HEE MaJlaeT CHMMETPUYHO Ha
00e TOJIOBUHBI OUNIPU3MBIL. [[J1s1 3TOr0 paclIMpUTh LIENb U IPUIIOKUTH K OUIpU3Me
Kycok Oemnoil Oymaru. Ecnu cBeT magaeT Ha OMIPU3MY HECUMMETPUYHO OTHOCH-
TEJBbHO €€ pedpa, TO ClIeyeT NePEeMECTUTh OUNIPU3MY BIPABO HJIN BIIEBO.

2. [TomecTuTh OKYNIAp HA MAaKCUMaJIbHOE paccTosiHue OT mienu. Cy3uTh 1Ieb,
IIOCTABUTh €€ MapajuiebHO peOpy OUNPU3MBI U IOMECTUTH OMIPU3MY Ha Ompee-
JIGHHOE paccTosiHuE a OT mmieiu. PaccrosHus a u (a+b) onpenensrs mo nuHelike

Ha onTuyeckol ckambe. [lonoxkeHus mienu, OUMpPU3Mbl U OKYJISIPHOM IIKajbl OT-
MEUYEHBI IITPUXAMHU HA OCHOBAHUAX COOTBETCTBYIOIIUX JACPKATEIICH.

3. Paccmotperh MHTEp(PEPEHITMOHHBIC TMOJIOCHI Yepe3 OKYJISAp U HEOOIbIIUM
BpalleHUeM OUIPU3MblI BOKPYI BEPTHKAIBHOM UM FOPU3OHTAIILHOM OCEW, a TaKkKe

pPEryJIupys IUPUHY IIEIH, TOOUTHCS HanOOIbIIIEH YeTKOCTH JIMHUM.

Tabnuya 2.1
OnpenesieHue JJIHHBI CBETOBO# BOJIHBI ¢ HCIOJIb30BAHMEM OUNIPU3MbI
Ne | a,mm | (@+b),mm | N, men m AX, MM A, HM A+ AN, HM
1

4. Cocuntarh KojqudyecTBO N MajbIX AEJNEHUNA OKYJISIPHOW HIKaJIbl, KOTOPOE
3aKJTI0YAETCS MEXIY M TEMHBIMU TOJI0CAMHU, U 3alKcaTh UX B Ta0bnuily. Toraa
(m—-1)Ax=cN, (2.13)
rac AX — pacCTOAHHUC MCIKAY ABYMS TCMHBIMH I10JIOCAMHU, C — ICHA ACJIICHUSA OKY-
JsipHOM TIKanel. OnpeaenuTs dTuM criocodbom (M —1)AX msTh pa3, BEIOUpast Kax-
JIBIA pa3 pa3uyHbIe PACCTOSIHUS & OT ILIENTU A0 OMIPU3MBI.
5. CocunTarh 4KCI0 BUAUMBIX MHTEP(PEPEHIIMOHHBIX NOJIOC Mipay -
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Yka3zanusi mo o0padoTKe pe3yJibTaToOB

1. Ucnonbe3ys paHHBIC, IpeaAcTaBieHHbIe B Tabk. 2.1, u 3HaueHue ¢, ykazaH-
HOE€ Ha MaHellM YCTaHOBKH, Mo ¢popmyiie (2.13) paccuntarh BeIUUnuHy AX.

2. ITo ¢opmyie (2.4) mast KaXA0TO OMBITA BEIYUCIUTD JJIMHY BOJHBI A. [Ipn
pacyeTrax HCIOJb30BaTh 3HAUEHMS IOKa3aTessd MPEJOMIICHHS CTEKJa U MPEJIOM-
JISIFOIIETO yrila OMMPU3MBI, YKa3aHHbBIC HA MTaHEIH YCTAaHOBKH.

3. PaccunTaTh cpeqHee 3HAUEHHE JTHHBI BOTHE (DMILTPOBAHHOTO CBETA A U
JIOBEPUTENHHYIO HOTPEIIHOCTh AL BEIGOPOUHBIM METOIOM.

4. Beraucauts o ¢popmynam (2.9) u (2.10) 115t 01HOTO U3 OIBITOB anepTypy
UHTEp(EPEHIINH Ol U YTOJI CXOXKICHUS JTydei f3.

5. Ucnonb3ysa HepaBeHCTBO (2.11), oToOpakaroliee yclioBUE IPOCTPAHCTBEH-
HOW KOT€PEHTHOCTH UCTOYHHUKA CBETA, OLIEHUTDH JOIMYCTUMBIE pa3MepPbl HCTOUYHUKA
(IWMpUHY WEH S) s JAaHHOU arepTyphl .

6. ITo dopmyne (2.12) oueHuth nosiocy nmpormyckanust AL cBeTouiIbTpa, uc-
M0JIb3yEMOT0 B IaHHOU padoTe.

7. BxomrouuTe B oTUeT 10 paboTe uepTex xonaa aydel (cm. puc. 2.1 u 2.3).

KOHTpOJIbHLIe BOIIPOCHI

1. Kakue BOTHOBBIE HICTOYHHUKYU HA3bIBAKOTCS KOT€PEHTHBIMU?

2. YTo Ha3bIBAETCS ONTUYECKOW PA3HOCTBIO X014 BOJIH?

3. ChopmynupyiiTe U1 000CHYHTE YCIOBUS YCHUJICHUS U OCIAOJEeHUS] MHTCH-
CUBHOCTH PE3YyJbTUPYIOIIEro KoueOaHus Mpu MHTEPPEPEHIINH.

4. Yo Takoe BpeMs KorepeHTHOCTU? JljiHa KOrepeHTHOCTH?

5. Kakyro poib B SKCIIEPUMEHTAIbHOM YCTAaHOBKE BBINOJHSET Outiprzma’?

6. [Touemy mpenoMsitoiinid yroa OurpusMbl OpeHens J0JKeH ObITh MabiM?

7. ChopmynupyiiTe NPUHIUI MOCTPOEHUS IKCIEPUMEHTAILHOW YCTaHOBKHU
JUISL TIOJTyY€HUS MHTEP(PEPEHIMOHHOM KapTHHBI OT TEMJIOBOIO HCTOYHUKA CBETA.

8. Uto Ha3pIBaeTCs anepTypoit uatepdepenmu? Yem oHa onpeaensercs?

9. Uto Takoe yroJ CXOXKICHUS JTy4eit (BOJIH) B UHTEPPEPEHIIMOHHOM OTIhITE?

10. OO0BsicHUTE MPUYMHY HCUE3HOBEHHS] MHTEPPEPEHIIMOHHON KApTUHBI TIPU
OONBIINX pa3Mepax IMIeu.

JlaGopaTopnas padora 3. UHTEP®EPEHIINUSA
NP HABJIIOJEHNU KOJIEIIl HBIOTOHA

Heanb pabGorbl: omnpeneneHrue B UHTEPGEPEHIIMOHHOM OIBITE C KOJbIIAMHU
Hprotona paanyca KpuBHU3HBI CTEKISTHHOM JIMH3BI.

14



Oo0mue cBeIeHUS

OnTrueckas cxema ajsi HaOMIoAeHU UHTEp(EePEHIIMOHHOW KapTHHBI, HOCS-
uieil HazBanue koney Hviomona, nzobpaxkena Ha puc. 3.1, a. [1nockas cBeroBas
BOJIHA OT UCTOYHHKA S, HAXOAIIErocs B (POKAIbHOM MIOCKOCTH JUH3HI L, mpoxo-
TuT depe3 ceTopmibTp @ M majgaeT Ha IUIOCKOIMApaiebHOE MOTYIpPO3payHOe
3epkaio (I113). Orpazusmucsk ot I1113, BonHa nagaet Ha iuH3y JI, YacTuuHO MIpO-
XOJIUT Yepe3 CUCTEMY «IMH3a — IUIacThHa» [, YacTUYHO OT Hee oTpaxkaercs, U
MOTAaeT B 00bEKTHB MUKpOCKoma M.

Otpaxkenue BosiH npoucxoauT B Toukax A, B, C u D (puc. 3.1, 6). Ognako
pPa3HOCTh X0J1a MEX/Ty BOJTHAMH, OTPAKEHHBIMH B TOUKax A U B (a Takke B TOYKaX
Au C, BuD, Au D), 3HauuTenbHO MPEBOCXOJUT JIMHY KOT€PEHTHOCTH JJIEKTPO-
MarHUTHBIX BOJIH, MCIYCKAaeMbIX JaMmmou. J[OCTaTOYHO Malyio MPOTSIKEHHOCTDH
UMeeT TOJIbKO 0Tpe30K BC, Tak KaK pajnyc KPUBU3HBI R JIMH3bI BHIOUPAECTCS BECh-
Ma OoJibIIMM (HE MEeHee 1 M), MOATOMY KOT€pEHTHBIMH MOKHO CUUTATh JIMIIb BOJ-
HBI, oTpakeHHbIe OT Touek B u C. Ilonanas B ria3 Habmo1aTeNs, 3TH BOJHBI U 00-
pa3yroT UHTepHEPEHIINOHHYIO KapTUHY.

[TockonbKy pagnyc KpMBHU3HBI JUH3BI B OKCIIEPUMEHTAX C KoJbllaMu HeroTo-
Ha 0OBIYHO BEJHK, TO MOKHO CYUTATh, YTO BOJHBI, AAAIOIINE HA TUH3Y HOPMAIIb-
HO, OTPAKAIOTCS TAK)KE MO0 HOPMAJIU K €€ TIOBEPXHOCTH.

OnTrueckast pa3HOCTh XOJla BOJH, OTpaXEHHBIX B Toukax B u C u uHTEpde-
PUPYIOIIKUX B OTPAXKEHHOM CBETE, OIpeAesieTcs CiaeayomumM u3 puc. 3.1, 6 coot-
HotieHneM A=2bn+Ag/2, rae b — tonmmmua 3a30pa Mexamy miacTuHoi It u

nuH30M JI; N — mokaszarenb NPEJOMIICHHS! CPElbl, 3aNOJHSIOMIEH ITPOCTPAHCTBO
MEXKIy HUMH (B JaHHOM OIbITe N = 1); Ao — JUIMHA BOJIHBI Najaroero ceera. Cia-

raemoe Aq/2 oToOpakaeT u3MeHeHHe (a3l BOJIHBI HA T IIPU OTPaXKEHUHU OT OITHU-

YyeckH 0oJiee MIOTHOM cpelibl («IOTEePIo MOJYBOIHBI) B Touke C.

Pa3HocTh X0/1a BOJIH B TAHHOM DKCIIEPUMEHTE OIPEACIISIETCS] TOJIBKO TOIIIH-
HOW BO3AYIIHOTO 3a30pa, TOPTOMY OHAa OJUHAKOBA JJII BCEX BOJIH OAHOW JTMHBI
Ao, OTPaKEHHBIX Ha OJAMHAKOBOM PAaCCTOSHUM OT I€OMETPUUECKOr0 LEHTpa CHUC-
TEeMbI (TOYKH COMPUKOCHOBEHUS JIMH3BI U IJIACTUHBI). BelneacTBue 3Toro MHTEp-
dbepeHITMoHHas KapTHHA UMEET BHJT KOHIICHTPHUYSCKUX KOJICIl. B IMeHTpe KapTHHEI,
rae b = 0, HabmogaeTcss TEMHOE IMATHO, YTO COOTBETCTBYET PAa3HOCTH XOja OTpa-

’KEHHBIX BOJIH, paBHON A /2.
0
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Puc. 3.1. Cxema mnsa HaOmoaeHUsT HHTEPPEPEHIIMOHHBIX Kojen HetotoHa (a) u oOpa3oBaHUe
KOT€PEHTHBIX BOJIH IIPU OTPAKCHHUU CBETA OT IPAHMII pa3/ieia ONTHYCCKH Pa3HOPOAHBIX cpej (6)

Pesynbrat unTepdepeHiun (moaydyeHue TEMHOTO WM CBETJIOTO KOJbIla) 3a-
BHUCHUT OT ONTUYECKON pa3HOCTH X0/1a BOJIH. CBsI3b MEXKIY paanycoM UHTEphEepeH-
LIUOHHOTO KOJIbLIA I', PaJyCOM KPUBU3HBI JTUH3BI R ¥ IJIMHON CBETOBOW BOJIHBI A

MOKET OBITh HalZileHa U3 MPOCTBIX FTEOMETPUUECKHUX cooOpaxkeHuid. 13 puc. 3.1, 6
BUJIHO, YTO b = r2/ 2R, nostomy A= % / R+Lp/2. Vcronb3yst yclnoBus yCHIICHHS
Y TallIeHHs] KOTEPEHTHBIX BOJIH, HAXOJUM PAJINyChl CBETJIBIX U TEMHBIX KOJIEIL!

o =RAo(M-1/2), 1, =4/Riom. (3.2)

B Bepakenusix (3.2) m =1, 2, 3, ... — nopsaokosvie Homepa Kkosey (KOTOpbIC

HE CJIeyeT MyTaTh C MOPSAKOM MHTEp(PEPEHIINH, PaBHBIM PA3HOCTH XOJa MHTEP-
(bepupyrOIINX JIydel cBeTa, ICJICHHON Ha JUTMHY UX BOJIHBI).

OtmeTuM, 9TO 4eTkas WHTEpPEpEeHIIMOHHAsT KapTHHA OyJeT HaOIroaaThCs
rae |

TOJIBKO ITPH BBIIIOJHCHHUHN YCIIOBUA A< — JJIMHA KOI'CPCHTHOCTH.

KOT ! Kor

Yka3zanus no MPOBECIACHUIO IKCIICPUMEHTA

1. BkarounTh namMity. YCTaHOBHUTH B TOJIE 3PEHUS MUKPOCKOIA TUTACTHHY C
3aKpeIICHHON Ha Hel JMH30M TakK, 4TOOBI OTYSTIMBO HaOIoAanach nHTepdepeH-
IIMOHHAsl KapTHHA, a €€ LEHTP (TEeMHOE MATHO) HAWITYUYIIUM 00pa3oM COBMAaal C
IEHTPOM TIOJISl 3pEHUsT MHUKPOCKoma. B oKymsipe uM3MepuTenbHOTO MHUKPOCKOMA
BHJTHA HUTH, C TIOMOIILI0 KOTOPOW OTPEICIISACTCS TOJIOKECHHE KOJICIL.

2. OnpenenuTh MOJOKEHUE IIEHTpa UHTEp(PEepEeHIMOHHON KapTuHbI. st 3TO-
r0 COBMECTUTHh HUTh M3MEPHUTEILHOTO MHUKPOCKOIIA C KacaTeJIbHBIMU K 3-My TEeM-
HOMY KOJbBI[y B JHAMETPAJIbHO IMPOTHBOIIOJIOKHBIX TOUYKAX M CIelIaTh OTCUYCTHI
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ks — mo mpaBomy u K3 — M0 JIeBOMy KOHIaM uamerpa. OTCUEThl IPOU3BO/IATCS
T0 IIKajie MUKpocKomna (1ieHa jenenust 1 mm) u 6apadany (1iena aenenus 0.01 mm).
W3mepenus mpoBectu 5 pas, pe3ynbTarhl npeactaBuTh B Tadi. 3.1. [lns uckirode-
HUS BIUSHUAS JTOPTa MHUKPOMETPUYECKOTO BHHTA HA TMOTPENTHOCTh H3MEPEHUI
HUTH TTOJIBOJIUTH K KacaTeJIbHBIM KOJIbIa BCET/Ia C OHOU CTOPOHBI.

3. M3meputhb S5 pa3 paccTosHUE OT IeHTpa HHTEPPEPEHIIMOHHON KapTUHBI 10
TEMHOT'O KOJIbIIa C MPOU3BOJIBHBIM HOMepoM (M > 10). i 3TOro coBMemiaTh HUTh
MHUKPOCKOIIA C KacaTeIhbHBIMH CJIEBA U CIPaBa K BHIOPAHHOMY TEMHOMY KOJIBITY U

MPOU3BECTH OTCYETHI K 1 K. ; IaHHBIE MPECTABUTH B Ta6IL. 3.2.

Tabnuya 3.1
Onpenesenue nenrpa kosen Herorona

kg—,MM K3, MM

1 2 3 4 5 1 2 3 4 5

CreTopuibTp m

KpacHprii 3

Tabnuya 3.2
Onpenenenue paanycoB TEMHBIX KoOJIeI]

k,fr”]f, MM
1 2 3 4 5

CetoduibTp Am Ty £ Ay, MM

Kpacusbrit

4. Usmeputb 5 pa3 mosioxeHue (pajamyc) TEMHOTO KOJIbIIa C HOMEPOM

m’ =m+Am, roe Am =7...10. Pe3ynbTaTs er{]r 3aHecTH B Ta0I. 3.2.

[Tpu npoBenenun uamepeHuit mo nim. 3, 4 HeT HEOOXOUMOCTH CUUTATh HOME-

pa KoJielr M 1 M’, T0CTaTOYHO OTMEYATh JIUIIb Pa3HOCTh AM UX HOMEPOB.

Yka3zanusi no o0padorke pe3yjibTaTOB

1. Ucnone3ys panHble Tabma. 3.1, paccuutarh KOOpAUHATY Kg LIEHTpa MHTEp-

(epenIoHHON KapTHHBL: Kg = IZO + AIZO, rIie

_ _ _ _ _.\2 —_ \2
ko =O.5(k3+ +k3_); Ako =05\/(Ak3+) +(Ak3_) .
2. BeraucnuTh pagnychl TEMHBIX Kosenr HproToHa mopsiakoB M u m':
_ - - _ 2 [ 2
Fn(m) = km(ml) —Kp; Al’m(m/) = \/(Akm(m')) + (Ako) .

Pe3ynbpTaThl pacueToB 3aHecTd B Tad. 3.2.

3. 3Has IIMHY BOJHBI KPAaCHOW CHEKTpanbHOM nuHMU (Ag= /10 HM) U Hc-

MOJIb3Ysl COOTHoIIEeHUE (3.2), paccuuTaTh pagnyc KPUBU3HBI JTUH3BI:
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R=(7%-72)/(0am).
4. BBIYMCIHTD TOJIIMHY BO3AYIIHOTO 3a30pa B TOM MECTE, IIe HaOII0JaeTcs

TEMHOE KOJIBIIO ¢ HOMepoM M: b= rr% / 2R. Hcnons3ys cootHomenue (3.1), pac-

CUUTATh Pa3HOCTh XOJIa JIy4el 10 M3BECTHOMY 3HAYCHUIO D.

5. OHGHI/ITB AJIMHY KOI'CPCHTHOCTU CBETOBOM BOJIHBI M3 COOTHOIICHUS

lor ~kg /AKO, Ipearnoaras, 4ro BeauuMHa Aldg OIpenenseTcs B OCHOBHOM

JONIUIEPOBCKUM YIIMPEHUEM CHEKTPaJbHOM JMHUM M COCTaBIsET ~10um.

CpasHutsb 3HaueHue | . C pasHOCTBIO X0/1a A JIy4del, BBIYMCICHHOMH B 11. 4.

6. Paccunrare nmoBeputensHbie TIOrpenHOcTH AR, AD, ncnons3ys n3BecTHBIE
METO/bI BBIUUCIICHHS MOTPEIIHOCTEN KOCBEHHBIX M3MEpeHHU. Pe3ynbraThl n3Me-
pEHUI IPEICTaBUTh B CTAHAAPTHOMN opMe.

KOHTpOJIbHLIe BOIIPOCHI

1. Kakue BOIHBI Ha3bIBAFOTCS MOHOXPOMATHYECKUMU?

2. Yto Takoe mvHa U BpeEMs KOTEPEHTHOCTH?

3. Urto Ha3bIBaeTCA ONTUYECKOM Pa3HOCTHIO X0Oa BOJIH?

4. Tlouemy B ycTtaHoBKe il HaOmoneHus: koisiel HploToHa ucmnosnb3yercs
JMH3a ¢ OOJIBLIINM PaJNyCOM KPUBHU3HBI?

5. ObGocHyliTe yCIIOBHs, TPU KOTOPBIX HAOJIOAAIOTCS TEMHbBIE W CBETJIbIC
KoJbLa HeroToHa.

6. PazpacHute, moueMy B LIEHTPE MHTEPPEPEHIIMOHHON KapTHHbI, HAOJI01ae-
MOI B OTPaXEHHOM CBETE, BUAHO BCETJa TEMHOE IISITHO?

7. Kakue u3MEHEeHHs] MPOU30MIYyT B HHTEP(PEPEHLIMOHHON KapTUHE, €CIU
MPOCTPAHCTBO MEXAYy JUH30M JI M muiockonapasienbHou 1actuHou IIn B ycra-
HOBKE Ha puc. 3.1, g 3alI0JHUTH XKHUJKOCTBIO C TIOKa3aTesIeM peJoMiIeHus N, ?

8. Kakast BO3HMKHET MHTEp(EpEeHIIMOHHAs KapTHHA B OTPAKEHHOM CBETE, €C-
mm nun3y JI (puc. 3.1, a) ocBemath OeIbIM CBETOM?

9. Kak HecoBepiieHcTBa noBepxHOcTer nuH3bl JI 1 miactunsl [ nposiBaTcs
B MHTep(EPEHIIMOHHON KapTruHEe?

JlabGopaTopuasi padora 4. JUPPAKIIMOHHAS PEHIETKA

Leau pa6oTbl: uccienoBanne AUQGPAKIUK CBETA HA IPO3pAvyHON qUpaKIIH-
OHHOW pEUIETKE; OINpe/AesieHue MapaMeTpPoB PEIIETKH U CIEKTPaJbHOTO COCTaBa
U3ITyYEHUS.
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Oo0mmue cBeaeHus

Judpakipeil Ha3bpIBaeTCsl COBOKYMHOCTH SIBJICHMI, HAOMIOJaeMbIX MPHU pac-
IIPOCTPAHEHUH CBETA B CPEAE C PE3KMMM HEOJHOPOJHOCTSIMHU U CBSI3AHHBIX C OT-
KJIOHEHHEM OT 3aKOHOB TeoMeTpuyeckoi ontuku. Judpakuus, B 4aCTHOCTH, TpH-
BOJUT K OTMOAHMIO CBETOBBIMU BOJIHAMM MPENSATCTBUI U IPOHUKHOBEHUIO CBETA B
001acTh TeoMeTpuyYecKo TeHu. Mexay unrepdepeHuneit u qudpaxiueit HeT cy-
IIECTBEHHOTO (pu3uueckoro paznnuus. O6a SBICHUS 3aKII0YAIOTCA B Ilepepacipe-
JIEJIEHUN CBETOBOTO ITIOTOKA B PE3YJIBTATE CYNEPIIO3ULIMN BOJIH.

PaznuuaroT nBa Buna audpaxkuuu. Ecnu myun cBera, majaroniue Ha Mpemnsit-
CTBUE, U JIy4M, UAYIIHE B TOUKY HAOJIOJIEHMS, 00pa3yloT NMPaKTUUECKU Mapa-
JeNbHbIE MyYKH, TOBOPAT 0 Audpakuuu PpayHrodepa, B IpOTUBHOM ClIyyae — O
muppakuun Openend. dudppakuus OpayHropepa BO3HUKAET, KOTJa UCTOUYHUK U
TOUYKA HaOJIIOIEHUS PACIIONOKEHBI OT MPENATCTBUSA OYEHb JAJEKO WM MPU COOU-
PaHNHU MMAPAIIIENBHBIX JIy4eU JINH30M.

[Tpu nudpakuuy Ha MHOTMX OJHOTUIIHBIX OTBEPCTUSAX B HEMPO3PAYHOM IK-
paHe mNposBIsieTCS HWHTEP(EPEHIMOHHOE B3aUMOJEHUCTBUE U(PParupoBaBIIMX
BOJIH. JloMOMHUTENbHBIA MHTEp(EepEeHIIMOHHBIN P deKkT HabIogaeTCs, eclu pac-
CTOSIHUS MEXAY OTBEPCTUSMHU PABHBI WIIH U3MEHSIOTCS IO ONPENEIIEHHOMY 3aKO-
HYy, @ OCBEUICHUE KOIepeHTHO. IIpy paBHBIX pacCTOSHUAX MEXKIY OTBEPCTUAMU
pa3HocTh (a3 Mexay Au(parupoBaBIIMMH BOJHAMHU OYIET COXPAHATHCS HEU3-
MEHHOU 1 UHTep(DEPEHIIMOHHBIN WiieH OyaeT oTaudeH ot Hyis. [Ipu xaoTrdeckom
pPacnoJIOKEHUH OTBEPCTHM pa3HOCTh (pa3 MEHSETCS CIydyailHbIM 00pa3oM, UHTEP-
(epeHLMOHHBIN YJIeH paBeH HYJI0 M MHTEHCHUBHOCTU BCEX IYYKOB, PacHpocTpa-
HSAIOLIMXCS B JAHHOM HAIlPaBJICHUH, IPOCTO CKJIAABIBAIOTCSA. AHAIOTMYHAs KapTH-
Ha Oy/IeT U NpU HEKOT€PEHTHOM OCBEILLEHUH.

[Ipo3paunas nudpakiMOHHAs peleTka MpPeACTaBiIseT COOOW IIACTUHY W3
IPO3payHOro Marepuasa, Ha MOBEPXHOCTH KOTOPOM HAHECEHO OOJIbIIOE YHUCIIO Ma-
paJICIBHBIX PaBHOOTCTOSIIMX IITpuxoB. luprna npo3paunoit monocs! (1enu) b,
paccrostHue MEKIy cepeauHamu imeser d, oodmiee uucio mieneit N. Ilycts Ha pe-
HIETKY HOPMaJIbHO MaJaeT IJI0CKass MOHOXpOMaTHYeCKasi BOJIHA U IUPPAKIIMOHHAS
KapTHHA HaOJI0JaeTCsl Ha dKpaHe O, YCTAHOBJICHHOM B (DOKAIbHOM IJIOCKOCTH
nuH3bl JI (puc. 4.1).

Crporuil pacuer nudpakUMOHHOW KapTUHBI MPOU3BOJIUTCS IO MNPUHIUILY
I'toiirenca—®peHenss UHTErPUPOBAHUEM M3JIyYECHUS BTOPUYHBIX HCTOYHUKOB B
npenenax Iejaeil pemeTkd U 3aTeM CyMMMPOBAHHS KOJCOaHWM, MPOIMIEIIINX OT
BCEX IIEJICH.
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OKOHYATENBHOE BBLIPAXKEHHE IS
l l l l l MHTEHCUBHOCTU CBETA, PACIIPOCTPAHSIO-
b d IIETOCA IO YIJIOM () K HOPMAH I1OCJIE
A =dsin o nupakuMd Ha NPABUIBLHON CTPYKTYpE
n3 N 1menen, 3aIMCcBIBa€TCS B BUIE

/ . 2, . 2

* sinu SInNod

/ Il =1 . (41
e I

rae  U=(mb/A)sing, &=(nd/L)sing.

C

D Muoxutens (Sin u/u)2 XapaKTepU3yeT

N

acrIpeaciI€eHue HWHTCHCUBHOCTHU B c-
Puc. 4.1. ludpakunonHas penierka pactipel p

3yJbTaTe TUQPPaKINK TUIOCKOW BOJHBI HA

o . . 2
KQKJOM 1IETU, 3 MHOXKHUTEIb (Sln N&/sin 8) YUHUTBIBAET UHTEPPEPEHIIUIO MEKIY
Iy4KaMH, HCXOAAIMMU U3 BCEX ILesel. 3HaueHue |y ompenenseTr 3Ha4YCHUE MOTO-

Ka SHEPIUH, U3JIy4aeMoro B HampapiieHud ¢ = 0, T. €. MOTOKa PHEpruu Heaudpa-
TUPOBABIILIETO CBETA.
[lepBrb1it MHOXUTEND B (4.1) oOpataercs B HyJlb B TOUKaX, JJIsI KOTOPBIX
bsinp=xkA, k=1 2,3, .... (4.2)

B »Tux Toukax MHTEHCHUBHOCTh, CO3/1aBacMas KaKJIOW U3 IIeJIeH B OTACIbHOCTH,
paBHa Hymi0. PacmpeneneHrne MHTEHCHBHOCTH, OOYCIIOBIICHHOE Iudpakiyend Ha
KKI0M 11eu, n300pakeHo Ha puc. 4.2, 0.

Bropoit muoxutens B (4.1) npunumaet 3HaueHust N 2 5 TOYKax, yAOBJIETBO-
PAIOIINX YCIOBUIO
dsinp=+mi, m=0,1,2, .... (4.3)
Ycnosue (4.3) onpenensieT MOJI0KEHUE MAaKCUMYMOB MHTEHCUBHOCTH, Ha3bI-
BAaEMbIX 21asHbIMuU. YMCTI0O M JaeT MOPSIOK IIIaBHOTO MakcuMyma. MakcuMyM Hy-
JICBOTO TIOPSIKA TOJBKO OAMH, MAKCUMYMOB 1-T0, 2-TO U T. JI. IOPSIKOB UMEETCS
no ABa. [Ipu BeimonHeHuu ycnoBus (4.3) aMIInTy1a CBETOBOM BOJIHBI 382 CUCTEMOM
u3 N meneit Bo3pactraer B N pa3 mo cpaBHEHHIO ¢ MHTEHCUBHOCTBIO CBETa, MpPO-

LIEIIIEr0 Yepe3 KK AYIO 11eJIb, @ ”THTEHCUBHOCTb — B N 2 pas.

D10 npsiMOi pe3ynbTaT uHTepdepeHnn AudparupoBaBIIMX IMYyYKOB, TPOUC-
Xond1en npu u(pakiuu Ha NPaBUIIbHON CTPYKTYpE.

Mexay 1ByMs TJITaBHBIMA MakCUMyMaMH (TP OJHOBPEMEHHOM BBIMIOJTHEHUU
sin(N3)=0 u sind=0) Bosuukaer N —1 wmunaumym, rae Sin(NS)=0, Ho

sind # 0. HanpaBnenue 106aBOYHBIX MUHUMYMOB OTNIPEIEISIETCS YCIOBUEM
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dsinp=+A p/N. (4.4)
31ech p TPUHUMAET BCE LIEJIOYHUCICHHbBIE
3nauenusi, kpome 0, N, 2N, ..., npu Koto-
pbix yciosue (4.4) nepexonurt B (4.3) 1 BMe-
CTO MUHUMYMa (POPMHUPYETCSI MAKCUMYM.

Ecnu cuurtars, 4TO MIENN U3TYy4arOT 1O
BCEM HAIpaBJICHUSIM OJMHAKOBO, TO UHTECH-
CUBHOCTH TJIaBHBIX MAaKCUMyMOB OyZIyT
OJIMHAKOBBIMU M PAaBHBIMH MHTEHCUBHOCTHU
HyJIeBoro Makcumyma (puc. 4.2, a). llupu-
Ha TJIABHBIX MAKCUMYMOB OIPEAEIISIETCS
yuciaoM meneil N, a ”HHTEeHCUBHOCTh KaX10-

ro M3 HUX MPONOPLHOHAJIbHA N2, Pe3ynb-
TUPYIOIIEE PACIPEACICHUE UHTEHCUBHOCTU
NPEACTaBIIET COOOM CYNEepHno3ULUI0 pac-
npee’eHni Ha OJHOM IIEeNU W Ha Mepuo-
JTMYECKOHN CTpyKType, oOpazoBanHOM N 1iie-
asimu (puc. 4.2, 6).

Hucnepcus u paspewarowas cuna ou-
@pakyuonnoi pewemxu. Ilonoxxenue rias-
HBIX MAaKCUMYMOB 3aBUCHUT OT JUIMHBI BOJI-
HbI, TIO3TOMY €CJId HU3JTYyYEHHUE COACPKHUT
pa3iuyuHbBIC AJTUHBI BOJH, BCE MaKCHMYMBI
(KpoMe IIEHTpaJbHOI0) pas3jioxkarcsi B
cnektp. Takum o0pa3om, audpakiOHHAS

& 2\ sin @
d

L L 1 1 1 1 Il L 1 L IV | >

2: sin @

Puc. 4.2. Pacnipenenenus UHTEHCUBHOCTEH

npu Judpakuy CBETa Ha MPaBUIbLHOM

crpykrype uz N menei

pelieTKa mpeicTaBisieT coO0M CreKTpaIbHbIM nMpudop. BaxkHenmumMu xapakTepu-

CTUKAaMH CIIEKTPAIbHBIX IPUOOPOB CIIyKaT AUCIIEPCUS U pa3pellaromias CUiIa.

YVenosas oucnepcus D(p onpezensercs kak Dy, = S¢p/3\ , rme ¢ — yroia Mex-

Ay HaIlpaBJICHUSAMMA Ha JII/I(i)paKI_II/IOHHble MakCMMyMBbI M-TO NOpsAJAKA, COOTBETCT-

BYIOILIME U3JIyYEHUSIM C OJIM3KMMHU AJTMHAMU BOJIH A U Ao, OA = |7\,2 —7\,1|.

VYriI0By10 JUCHEPCUIO TMPUHATO BbIpaXkaTh B YIJVIOBBIX €AUHUIAX (CEKYHIax

VI MUHYTaX) Ha aHTCTpeM (Wi HaHOMETp). M3 0CHOBHOTO ypaBHEHUS JIsl YTIIOB

mudpakun d Sine = mA , mepexos kK auddepeHimanam, IoarydaeM

D, =d¢/d%=m/(dcose)-
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Bo3MoxxHOCTE pasperieHust (pa3faebHOTO BOCTIPUSITHS) JABYX OJIM3KUX CIICK-
TPaJIbHBIX JIMHUHM 3aBUCUT HE TOJBKO OT PACCTOSIHUSA MEXKIY HUMU, HO U OT IIHUPUHBI
cnekTpasibHoro makcumyma. Ha puc. 4.3 mokasaHa pe3yJabTHPYIOIIAs WHTEHCHB-
HOCTh, HaOJItojaeMast MpU HAJIOKEHUH JIBYX OJIM3KHX MakCUMyMOB. B ciydae a 00a
MaKCUMyMa BOCIIPUHUMAIOTCS KaK OJUH. B citydae 6 MaKkCUMyMBbI BUJTHBI Pa3JIENbHO.

Kpurepuit paszpemienust Obul BBeAEH
Paneem, npeaioKuBIIMUM CUUTATh JIBE CIIEK-

1 th.ZIo TpaJbHbIC JIMHUK Pa3pCUICHHBIMM B TOM

ClIy4dac, Koraga MakCUMyM JJIsd OI[HOfI JJIMHBI
BOJIHbI 7\,1 coBragact ¢ MHUHHUMYMOM JJIA

o

P 6 apyroi A,. B aToM ciyuae (mpu paBHOMU

Puc. 4.3. nmocTtpanus kputepus Panes: HNHTCHCHUBHOCTH |0 HCCICAYCMBIX CHUMMCT-

@ — JIMHUH CIIMBAIOTCA, PUYHBIX MAKCHMYMOB) TIIyOMHA «IIPOBaJIay
O — TMHUN MOXHO Pa3pernTh
Mmexay ropoamu cocraBut 0.215. Hammuwme

TAKOro IpoBaja B HAOJII0IaMOM pE3yJbTUPYIOIIEM KOHTYpE YCTaHABJIUBAETCS
BIIOJIHE YBEPEHHO KaK MPHU BU3YaJIbHBIX, TaK U MPU 00BEKTUBHBIX ((poTorpaduue-
CKUX U JIEKTPUYECKUX) METOJIaX PETUCTPALIHH.

3a mepy paspewaroweti cnocoonocmu (paspewaroweti cunvl) R mpuHAMAIOT
0e3pa3MepHYI0 BEJIMUMHY, PABHYIO OTHOLIEHWIO JJIMHBI BOJHBI A, OKOJIO KOTOPOMH
HAXOJATCA pa3pellaeMble JUHUM, K HAaUMEHBLIEMY pa3iu4Hio0 B JJIMHAX BOJH
O\ = |?\,2 -M

Jlist onpenienieHust pa3peiaroieid Cuibl TMPPAKIIMOHHON PEIIETKH COCTaBUM

, KOTOPOE YIOBJIETBOPSET KpUTEpHIo Pasiesi: R=L/8\ .

YCIIOBHS, AAIOLIUE MTOJIOKEHUS] MAKCUMYMOB HOPsiAKA M ISl AJIUH BOJIH Ay U Ao
dsinQmax =MAq, dSINPfax = MAo.

Jlns mepexozna oT M-ro MakCUMyMa JUIsl JUIMHBIL BOJIHBL Ay K COOTBETCTBYIO-
IeMy MUHIMYMY HE00XO0MMO, YTOOBI Pa3HOCTh XO/1a H3MEHIIACh Ha Ao /N, rue
N — gucio mwTpuxoB pemerku. Takum 00pa3omM, MUHUMYM Ao HaOIHOAAETCs B Ha-
MPABJICHUH Qyip » YAOBICTBOPSIIOIIEM YCIoBHIO d SiN@min = MAs + Ao /N.

JI71s1 BBITIOTTHEHMS YCIIOBHUS Panest HyKHO MOJOXKUTD QOmax = Prmin»> OTKYAa

mAq = mMXs +7b—2 WIN }L—Z:mN.
N A —Ao

Tak kak Ay n A, ONU3KH MexXAy COOOM, T. €. OA — Mayass BEIMYMHA, TO Pa3-

peraromias cuia onpeaeseTcs BeIpakeHueM R = K/ oA =mN.
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JKCIEePUMEHTAJIbHAS YCTAHOBKA (pucC.

[y

4.4) cocTouT U3 MCTOYHHKA cBeTa 1 (pTyTHAas

Jamma), roHuomeTpa 4 u audpaxkuroOHHOU

PCIICTKHU 6. HSJ’IY‘ICHI/IG JJaMIIbl OCBCIIACT

V-

meNb 2 KOJUTUMaropa 3 TOHUOMETpa W JIH-
(GpaklMOHHYIO PEHIETKY, YCTAHOBJICHHYIO B
JepKarene S NepHeHANKYJPHO IMaIaroluM
JaydaM. 3puTeibHas Tpyoa 9 roHnomeTrpa Mo-
JKET TMOBOPAYMBATHCS BOKPYT BEPTUKAIBLHOM
ocu ToHHOMeTpa. B QoxanpHOI TUIOCKOCTH
OKyJIsIpa 3pUTENBHON TpPyObl HaOIIOIAETCS
TU(PAKIIMOHHBIN CIIEKTP. YTJIOBOE MOJIOXKE-
HUE 3pUTEIBLHON TPyObl OMNpenensercss Io

mKajge / ¥ HOHUYCYy 8 nuMOa TOHHOMETpA.
[lena nmenenus mkansl ronuomerpa 30°, HO-

Puc. 4.4. Cxema sKcriepuMEHTaIbHON
YCTaHOBKHU

Huyca — 1'. Tlockonbky Hayano orcuera IO
IKajJ€ TOHUOMETPA MOXKET HE COBIAAATh C
HalpaBJICHUEM HOPMAJU K MIOBEPXHOCTH PEUIETKH, TO Yol JU(PpaKkIuu ¢, OImpe-

AeJsieTCs Pa3HOCTBhIO IBYX yINoB (o, —0Olg), IZle O — YIoJl, OTBEYAIOUIUi LIeH-

TpasibHOMY M =0 AUPPaKINOHHOMY MAaKCUMYyMY.

Yka3zanus no MPOBECIACHUIO IKCIIEPUMEHTA

1. BxarounTs pryTHYIO Jlamny. HanmpaBuTe KOJUIMMATOP Ha PTYTHYIO JIAMITY.
HabGnrogaTte B 3puTenpHyto TpyOy Au(pakuUOHHYIO KapTuHY. [IpoBeputh, cTouT
a1 AUQpakIMOHHAs pelleTKa MEePHeHAUKYISIPHO BBIXOASIIEMY U3 KOJUIMMATOpa
MyYKY JIyYEH.

2. IloBepHYTh 3pUTENbHYIO TPYOYy MPOTHUB YAaCOBOW CTPENIKU BOKPYT OCH TrO-
HUOMETPA, HABECTH 3PUTEIbHYIO TPYOy Ha KENTYI0 CHEKTPAIbHYIO JIMHUIO 3-TO
HOpPsZIKA, ONPENENIUTh YTOJI O, 3. 3aT€M IIOBOPAYUBATh 3pPUTEIIbHYIO TPyOy IO Ya-
COBOHM CTpeJIKe, MOCIeI0BAaTEIbHO COBMEIAsi HUTh OKYJISIpa 3pUTEIBHON TPYOBI C
SPKUMH CHEKTPAIbHBIMU JIMHUAMM (3KENTOM, 3€JeHON, CHHEH, Oesoi) MOopsaKoB
m = +3; +2; +1; 0 (copaBa OT LEHTPAIILHOTO MakCUMyMa U B IIeHTpe ero). Omnpe-
JEJIATH COOTBETCTBYIOLIUE YIJIBI O, U 3alIMCATh UX 3HAYEHUS Ul KaXA0ro LBe-
Ta B Ta0I. 4.1.

3. [Ipogomxkath Jajnee moBOpauYuBaTh 3pUTENBHYIO TPYOY IO YaCOBOM CTpEJIKe

3a [IEHTPaJIbHBIM MaKCUMYyM, MTOCJIEIOBATENBHO HABOJIUTh HUTh 3PUTEIBHON TPYOBI
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Ha CHHIOIO, 3€JIEHYIO, KEJTYIO JIMHUU CIEKTPa ClieBa OT LIEHTPAIIbHOTO MaKCUMyMa
mir m = —1; =2; =3. Onpenenurs COOTBETCTBYIOLIME YIIIBI Ol_p,, PE3YJIbTATHI

MpeACTaBUTh B Ta0M. 4.1.

Tabnuya 4.1
N3mepenue yrioB audgpakuuu AJs JUHUM. .. IBeTa*
| m| 0 1 2 3
Aim
Am

4. HabGmronenus no mi. 2, 3 npojaenats 3 pa3a A MOCHeIyIoeld CTaTUCTHU-
YyecKoil 00paboTKH Pe3yIbTaTOB.

*B npoTtokosie HaOMIOIEHUN TOKHO COACPKATHCA TPU TAKUX TaOIUIIBI AJis
JIMHUH 5KEJITOTO, 3€JIEHOTO U CUHETO I[BETOB.

Yka3zanus no o0padorTke pe3yjibTaTOB

1. Paccunrats yrisl gudpakimuu @, =o, —og (M= +1; £2; £3) g Bcex
CHEKTPaIbHBIX JIMHUN, UCTONL3Ysl NaHHble TaOn. 4.1. HailTu 3HaueHus yrioBoro
ko3 dunmenra a=(Siney,)/M nuHEHHON 3aBHcHMOcTH SiNQL,=am (4.1) ms
BCEX JKCIEPUMEHTANbHBIX 3HaueHHi. OO0padoTaTh k03P UIIUEHTH a 10 hopmy-
JaM MOpsSMbIX U3MEpPEHUM, HaxoAs a M Ad I KaXIoro 1sera, Kodp@GUIHeHT
Creronenta st P=95% u N =18 mnpunsate paBasiM 2.2. B koopamHatax
{y =sinp,; X=mM} OTMETHTb NOJ0KEHNE COBMECTHBIX 3HaUCHUN {SiNQ,,; M} ms
CUHEH, 3eJICHOHN 1 YKEITOU JIMHUHA M Yepe3 TMOJYICHHYIO COBOKYITHOCTh TOUYEK TPO-
BECTH allMIPOKCUMHUPYIOIIHE MPSMBIE Y = ax.

2. Paccunrath MOCTOSHHYIO AUMPAKIIMOHHON pemeTku. |1 3Toro, ucmioiib-
3ysl 3HA4YCHHE YIJIOBOro Kkoddduinuenta a=A/d nuHEHHOH 3aBUCHMMOCTH

SiNGy, =am sl 3€l1€HOW JIMHMM M Y4YMThIBasg 3HAUCHHWE JUIMHBI BOJIHBI

A

oy = 946 HM, BbIuMCINTb 3HaueHHs d u Ad.

3. PaccunTtarh JUIMHBI BOJH M3JydeHUss A =ad M UX MOrpemHocTd AA, COOT-

BETCTBYIOLIME KEITOMY U CUHEMY Y4aCTKaM CHEKTPA PTYTHOM JIAMIIBI.
4. TTo 3KCIIepUMEHTAILHBIM JTAHHBIM M COOTHOIICHHIO (4.5) ompeneymTh yr-
JIOBYIO UCTIEPCUIO D(p TU(GPaKIUOHHOMN PEIeTKH AJIs dKEITOro, 3€JICHOr0 U CHHe-

ro y4acCTKOB crieKkTpa st m = 1; 3.
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Tabnuya 4.2
OnpenesieHue AJMHBI BOJHBI M XaPAKTEPUCTUK THU(PPAKIMOHHON pelieTKH

LIBeT criekTpanbHOM I[JEHHaEOHHH, [Topsnok D(p, R
JINHAUN AT AN, HM crieKTpa, m MUH/HM
1
Kenras
3
1
3eneHas
3
1
Cuusig
3

5. Paccuurath paspemaroniyro cuiy R pemeTku s 1udpakiimOHHBIX MakK-
CUMYMOB 1-TO 1 3-r0 TOPSAIKOB.

Pe3ynpTaThl pacyeToB A, D(p u R npencraButs B 1201 4.2.

KonTposabHbIE BONPOCHI

1. B ywem cymuHocTs 3@ dekra quppakunn? [Ipyn kakux ycioBusx gudpakiu-
OHHBIE SIBJICHUS 3aMETHbI?

2. B uem paznuune mexay 3gpdekramu uHTepPepeHnu u qudpakuun?

3. Chopmynupyitte npunnu [ tolirenca—Ppenernsi.

4. B yem npeumyiecTBo AUGPAKIIMOHHON PEIIETKH KaK CIIEKTPAIbHOTO MPHU-
Oopa Mo CPaBHEHUIO C OTAENIbHOM 1Iebl0?

5. ChopmynupyiiTe ycnoBusi HAOMIOACHUS TJIaBHBIX U J0OABOYHBIX AUdpak-
IIUOHHBIX MAKCUMYMOB 1 MUHUMYMOB JIJIsl IPO3pavyHOl TU(PPaKIIMOHHON PEIIETKH.

6. UTo xapakTepusyeT yIrjioBasi IUCIEepCHs CIIeKTpaibHOTO nprubopa? Kak or-
peneisercs yriioBas JUCIepCcus 1l peeTKn?

7. Chopmynupyiite kputepuit Pasiest paspenieHus 1ByX CIEKTPATbHbBIX JTUHUM.

8. Uto Takoe paspermaromias CiocOOHOCTh (CHIIa) CIEKTpaibHOTO Tprbdopa?
Yewm onpenensieTcs: pazpeniaronias cuia AIMppakiiMOHHON peieTku?

9. Kak B manHo# paboTe onpenemnsIiuch JJIMHbBI BOJH U3ITy4YCHHUS ?

JlaGopaTopHas padora 5. HC?JIEI[OBAHPIE I[PIQIiAKI.IPIPI CBETA
HA OTPAXKXATEJIBHOU JU®PAKIHMOHHOMU PEHIETKE

Hean padoTsl: ucciaegoBanue Tupakivu Ha OTpaKaTEIbHOU TUPpPaKIIUOH-
HOM pEIEeTKE U ONPEICIICHUE CIIEKTPAIIbHOTO COCTaBa HEOHOBOM JIAMIIhI.

Oo01mue cBeaeHusa

Hudpakius cBeta MOXKET HAOMIOAATHCS MPU OTPAKEHUH CBETOBBIX BOJH OT
MEPUOIUYECKON CTPYKTYPhl — MOBEPXHOCTHU, OJIHU YYAaCTKM KOTOPOUM OTpPaXKaroT,

JpyrHe — MOMJIOMIAI0T WM NPOMYCKAIOT AJIEKTPOMarHuTHele BOJIHBL. [Ipumepom Ta-
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KOI CTPYKTYpBI CIIY’KUT OTpa)kaTesibHas JU(PPaKIMOHHAS PEIIeTKAa — COBOKYITHOCTb

OOJBIIIOTO YHCTIA Y3KHUX 3ePKATbHBIX MMOJIOC IUPHHOW D, OTIeNeHHBIX APYT OT Apyra

MI0JI0CaMH HE OTpaKarolIel MOBEPXHOCTH MUPUHOH a. Paccrosiaue d mexmy cocen-
HUMM I10JIOCAMU — IIOCTOSIHHAS TU(PPaKIMOHHON peleTkH (cM. puc. 5.1).

Ecnu 1muiockas MOHOXpoOMaTHuYecKas

l l l l l l BOJIHA I3/Ia€T HA OTPAKaTEJIbHYIO PELIETKY

Pl [T [ [ HOJ] YIJIOM O., TO B HANpPAaBJICHUSX MOJ yT-

- JJaMH @ K HOPpMaJIM K PCIICTKE, YIAOBJIC-

A
\J

b~ d TBOPSIOIIMX COOTHOLIEHUIO
| A=AC-BD=d(singy —sina) =Kk, (5.1)
ai rae k=0;+1;+2; ..., co3qaI0TCA YCIOBUS
ok \B g JUIl BO3HMKHOBEHMS IJIABHBIX JU(PPaKIIH-
77777777 S OHHBIX MakcuMyMoB. Ilpu mageHuu Ha OT-
oS paXkaTeIbHYIO pELIETKy 0eloro cBera Ipo-

HCXOANUT C€ro pas3jioKCHUC B CIICKTP, IIO-
Puc. 5.1. OrpaxarenbHas
CKOJIbKY, COTJIacCHO cooTHomeHuto (5.1),
T paKIMOHHAs pelIeTKa

KaXIa0n OJIMHE BOJIHBI A OTBEYAIOT OoIIpcac-

JICHHBIE YTIIBI Q) IU(QPAKIHOHHBIX MAaKCUMYMOB.

OtpaxkarenbHble AUGPAKIMOHHBIE PEIIETKH CO CHEIHATbHBIM MPOoduUiIeM
IITPUXOB, KaK, HapUMep, Ha puc. 5.1, O3BOJIAIOT CKOHIICHTPUPOBATH BCE HM3ITY-
YeHHE B MAKCUMYME TOJILKO OJHOTO MopsiaKka (B JaHHO# padoTe mis K = 3).

OTtpakarenpHas pelieTka, Kak U «0OBIYHAS» MpO3padyHasi, XapaKTepU3yeTcCs
YIJIOBOM JUCTIEPCUEH D(P U paspelarnieil crnocooHocThi0o R. DTH mapaMeTphl

ONPEIENSIOTCA TOYHO TaK ke, KaK U JJIsl IpOo3pavyHoil TU(PaKIIMOHHON PEIIETKH.

JKCHEePUMEHTAIbHAN YCTAHOBKA (pHC. 5.2) COCTOUT M3 MCTOYHUKA cBeTa 1
(HeoHOBas Jlamma), ToHHOMeTpa 4 U audpakIHOHHON perieTku 6. M3mydyenue ot
JaMIbl TPOXOAUT MIEeNs 2 KoJTMMaTopa 3 TOHMOMETpa M 3aTeM NapauieTbHBIM
MyYKOM MaJlaeT Ha IU(PAKIMOHHYIO PEIIETKY, YCTAaHOBJICHHYIO B JEpKaTene O.
3putenbHas TpyOa / TOHHOMETpPa MOXKET MOBOPAYMBATHCS BOKPYT BEPTHUKAIHHON
ocH ToHnomeTpa. B gokanbHOM MIIOCKOCTH €€ OKyJisipa HaOmoaaeTcs: TudpakimoH-
HBIA CIIEKTP. YTJIOBOE TMOJIOKEHHUE 3PUTEIHLHON TPyObl onpeensiercs no mkaine 9 u
HOHMYCY 8 TuMOa rOoHHOMETpA.

["onnometp (puc. 5.3) COCTOUT U3 aBTOKOJTUMAIIMOHHOUW 3PUTEIILHON TPYOHI,
KOJUIUMAaTOpa M YIJIOMEPHOTO OTCUETHOrO yCTpoHcTBA. OOBEKTHB 3pUTEIBHOMN
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TpyOBbl OJIMHAKOB C OOBEKTUBOM KOJLIH-
Matopa. PsjoM ¢ okymsipoM 3pUTENbHOMN
TPyOBI PACIIONOKEH OKYJSP OTCYETHOTO
YCTPOWCTBA.

Ha mnoBepxHocTH nuM0Oa HaHeceHa
miKasia ¢ geneHusMu. JIumO paszzienex Ha
1080 gemenmii. Ilema pgenmenms 20
OnudpoBka AeneHHd TPOU3BEICHA Ye-
pe3 1°. llpu mepeMemieHMn mKaibl Ha
600 neneHWil BepxHEE M300pAKEHHUE
HITPUXOB JUMOA CMEIAaeTcd OTHOCHU-
TeJIbHO HUXKHEro Ha 10'.

B mousie 3peHuss OTCYETHOIO MUKPO-
CKOIIa Ka)KJ0€ JEJICHUE MIKAJIbl COOTBET-
ctByet 1/600 ot yrna 10', 1. e. 1”. B ne-

BOM OKHC Ha6JIIOIIaI-OTC5I I/I306pa)K€HI/ISI

,,

e

. / ‘ -
./’/// OO

-

-

—

o F—7
‘~-.\\ . /1.1_7__‘7_“_7 . o

/

noT——

i n

Puc. 5.2. Ycra"HoBKa I HCCIIEAOBAHUS
TudpakIuy CBETa Ha OTpakaTeIbHOU
TU(PPaKINOHHON peleTKe

AUAMCTPAJIbHO IIPOTHBOIIOJOXHBIX YYaCTKOB aMba u BCpTHKEIJ'IBHBIfI HHACKC OJIA

OTCUCTa I'paayCoB, 4 B ITPaBOM OKHC — ACJICHUA IIKAJIbI OTCYCTHOI'O MHUKPOCKOIIa 1

FOpI/ISOHTaJIBHBIﬁ HHACKC I OTCYCTAa MUHYT U CCKYHI.

3putenbHas Tpyda IMoBoporHei  KommumaTop
HaBoxaxa Ha CTOJIMK
PE3KOCTH
Perynuposka ens
B BBICOTBI
OtcueTHbIi
OKYJISIp —— o
MaxoBuk
MukpomeTrpudeckuit

BUHT IIE€pEMEIIECHUS
3pUTENBHON TPYOBI

Puc. 5.3. Yerpoit

CTOnopHBIN BUHT

CTBO 'TOHUOMCTpa
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BepTHKATbHEL YToObl CHATH OTCUET MO JUMOY, HEOOX0I11-

HJIEKC MO TOBEPHYTh MAaxXOBHMK OINTHYECKOTO MHUKPO-
CKOIla TaKUM 00pa3oM, YTOObI BEPXHUE U HUXK-
HUE U300paKEeHUs IITPUXOB JIMMOa B JIEBOM OKHE
TOYHO COBMECTWJIMCH. UMcCIO IpamycoB Oyner

paBHO BUIMMOM Ojmkaiiied JeBOW OT BEpTH-

180 179

KaJIbHOTO HWHJEKCAa BEepxHEH Iumdpe, Ynucio Je-
CATKOB MHUHYT — KOJWYECTBY HWHTEpBaJOB, 3a-
KJIIFOYEHHBIX MEXKJYy BEPXHHUM IITPUXOM, COOT-
BETCTBYIOIIMM OTCUMTAHHOMY YHUCIY T'pPaaycoB,
Puc. 5.4. Orcuer yrna
U HUXHUM OIM(PPOBAHHBIM IITPUXOM, OTIH-
YaloMMcs OT BepxHero Ha 180°.

Yucino equHUI] MUHYT OTCUMTHIBACTCS M0 IIKAJIE MUKPOMETpPA B TPABOM OKHE
T10 JICBOMY PsIJIy YHUCEJ, YUCIIO JIECATKOB CEKYH]l — B TOM K€ OKHE I10 MPaBOMY psi-
ny yucelsl. Yucno euHuIl CEeKyHI PaBHO YHCITY JICJICHUN MEXy IITPUXaMU, COOT-
BETCTBYIOIIMMH OTCUETY JIECATKOB CEKYHJ M HEIMOJBUKHBIM TOPHU30HTAIbHBIM HWH-
JICKCOM.

[Tonoxenue, mokazanHoe Ha puc. 5.4, coorBeTcTByeT oTcuery 0° 15" 36".

YKa3aHus 10 NPOBEAECHHUIO IKCIIEPUMEHTA

1. I3MepuTh yroa yq HalpaBJIeHHs PaCIpPOCTPAHEHUS ITy4YKa CBETa OT JIAMIIBI.
Jl71st aTOTO OCINA0UTh BUHTHI epxKaTenst 5 (cM. puc. 5.3) u CHATh TU(PAKIIMOHHYIO
pemieTky co ctojinka. COBMECTUTh HUTh OKYJISIpa 3pUTEIBHOM TPpyObl C M300paxke-
HHUEM ILENH KOJUIMMATOPa ¥ IMPOU3BECTH OTCUET yIia Y1 MO IIKaJe U HOHUYCY Io-
HUOMETpa. Pe3ynpTaThl mpeactaButh B Ta0. 5.1.

2. [TocTaBuTh pemeTky 0OpaTHO Ha CTOJUK M 3aKPEMUTH €€ MOJIOKEHUE C T0-
MOIIIbIO BUHTOB Jep>Karess. YCTAaHOBUTH NUPPAKIIMOHHYIO PEHIECTKY U 3PUTEIb-
HYI0 TpyOy B MOJIOXKEHUE, TPU KOTOPOM YroJI MaICHUs JIyda CBETa Ha PEIIETKY CO-
CTaBJsIeT 0KOJI0 60°, a OTpaKEHHBIN JIyd TPOXOIUT YEpe3 3PUTEIBHYIO0 TPYOy (CM.
puc. 5.2). B 3putenbHOl TpyOe AOHKHO HAOMIOIATHCA 3€pKaJIbHOE M300paKeHUE
nienu koyutumMaTopa. COBMECTHTh HUTh OKYJIIpa 3pUTEIBLHON TPYOBI ¢ 3epKAIbHBIM

N300paKeHUEM ILEIH U U3MEPUTh COOTBETCTBYIOIIMNA Yrona Yy, . Pe3ynbrarel 3aHe-

ctu B a0 5.1.

3. I3MepuTh yrisl v, HalpaBICHUN HA YETKO BUAMMBIC JIMHUU CIEKTpa. i

9TOI'O IIOCJICAO0OBATCIBHO COBMCIIATh HUTH 3pI/ITeJIbHOI>’I Tp}I6LI C APKUMM JIMHHUAMHA
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Tabnuya 5.1
HN3mepeHnue yrios

Vron . Ha@“gﬂe“e 3 TEAY, ..° A+ AT, ...°
11
Y2
Tabauya 5.2
H3Mmepenue yriaos audpakuuu
Lser Var o Ya LAY, P TAQ;, d+Ad, AtAN,
1 2 3 2L° 2L° MKM HM

1

1

2

COOTBETCTBYIOIIEH LBETHOCTH U ONPEAEIATH YIJIOBOE IIOJIOKEHUE 3PUTEIBHOM
TpyOBI MO IIKaJe U HOHUYCY TOHUOMETpa. Pe3ynbTaTsl MpeACcTaBUTh B Ta0I. 5.2.

3ameuanue. B nanpHeWIIMX pacderax NOTPeOYIOTCS pa3sHOCTU 3HAYEHUH H3-
MEPEHHBIX YTJIOB: Y9 —Y1 H Y3 —7Y1. ECIM IPH U3MEPEHUU yria yq MOJy4UIoCh,
Hanpumep, 291° 10" 25", a npu usmepenuu yria yo — 6°28' 46", To B mpoTOKOI
HaOMIONEHUH Ui yriia yo CIEAyeT 3amucaTh 3HaueHue Yo =360°+6° 28 46" =
=366° 28" 46".

4. HaGmronenus no nm. 1-3 nposectu 3 pasza.

Yka3zanusi no o0padorTke pe3yjibTaTOB

1. OnpenenuTs cpeaHUE 3HAYEHUS U JIOBEPUTEIbHBIE MOTPEIIHOCTH IS Y-
JIOB Y1, V2, V-

2. BpruncnuTe yron o naZeHus CBETA HA PEMIETKY: Ol = (TE - (y2 - yl)) / 2.

3. Beluncauts yrisl gudpakiuu @) A BceX HaOMIOAABIIMXCS CHEKTpallb-
HBIX JTUHHUH: @) =TT — O — (y;b - Yl)- Pe3ynbTaTel BBIMHCIIEHUI CBECTH B TAOIHIIBI.

4. C wucnonb3oBanrueM cootHomieHus (5.1) paccuutarh moctosiHHyO d 1u-
dbpakimonHoit pemietku. [Ipu pacdyerax UCMOIL30BaTh SKCIIEPUMEHTAIBHBIC JaH-
HbIE JJIs1 HanboJiee SPKO OpaHKEBOU JIMHUM, IJIMHY BOJTHBI 7‘0p =585umuk=3.

5. Paccuntarh cpeaHme 3HAYCHHUs JIMH BOJH I BCEX HAOIIOIABIIUXCS
CHEKTPAJIBHBIX JUHUA M JOBEPUTENIbHBIE MOIPEUIHOCTH, PE3YyJbTaThl CBECTH B
Tabn. 5.2.

6. Ucnonb3yst cooTHouienue (4.5) mpenpiayiiei padoTel, paccyuTaTh YIJo-
BYIO JUCTIEPCHIO TSl TPEX CIEKTPAIbHBIX JTUHUHN pa3HbIX 11BeTOB. Ilpu pacuerax
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npussTh K = 3. CpaBHUTH pe3ysIbTaThl pacyeTa COIJIacHO MEPBOMY M BTOPOMY pa-
BeHcTBaM (4.5).

KoHTpoJibHBIE BOIPOCHI

CoxpaHsI0T CHly BCE BOIIPOCHI, chopMynrpoBaHHbIE K J1a0. pald. 4, a Takxke:

1. Kak yctpoena otpaxarensHas nudpakuunonnas pemerka? Chopmynupyii-
T€ YCJIOBHE HAOJIIOIEHNUS TJIABHBIX AU(PPAKIIMOHHBIX MAaKCUMYMOB B PEILIETKE.

2. B uem paznmuuue nudpakimoHHbIX 3G (HEKTOB Ha OTpa)kaTeIbHOM U MPO-
3payHoOi penieTKax?

JlabopaTopuas padora 6. U3SMEPEHUE IIOKA3ATEJIA ITPEJIOMJIEHUSA
O YI'JIY HAUMEHBIIETI'O OTKJIOHEHUSA JIYUA B ITPU3ME

Leap padoThbl: M3MEPUTH NOKA3ATENb IPEIOMIIEHUS CTEKJIA IIPU3MBI METO-
JIOM HAMMEHBIIETO OTKJIOHEHUS JTy4ya B IIPU3ME.

Oo0mmue cBeaeHus

CKOpOCTh pacnpOCTPaHEHUsI CBETA 3aBUCUT OT CBOMCTB CpENbI, Ye€pe3 KOTO-
PYIO IPOXOJHUT CBET, ¥ OT JUIMHBI BOJIHBI PACIIPOCTPAHSIOIIEr0Cs U3ITYyYCHUS.
[TokazaTens mpenoMIIeHUs 7S pa3IHMYHBIX JUTMH BOJIH HEOAMHAKOB: N =N(A),

Y €CJIM JIy4YW Pa3JIMYHbIX LIBETOB MaJAl0T HA TPAHUIy pa3zelia ABYX Cpell Mo OJ-
HUM U TE€M K€ YIJIOM O, [TOCJE MPOXOXKACHHS TPaHULIbl pa3fena OHU MOUIYT MO
Pa3IMYHBIMH YTIIaMU (SIBJICHUE Oucnepcuu céema). ITUM OOBSICHICTCS Pa3JioikKe-
HUE MPU3MOH 0€JI0ro cBeTa Ha CIIEKTpaIbHbIE COCTABIISIOLIHE.

[Ipy NpoXOoKAEHUU CKBO3b TPEXIPaHHYIO NpusMy (puc. 6.1) cBetoBol yu
npejaomisieTcst ABaxAbl: Ha rpaiu OA u Ha rpaHu OB. YTon ¢ Mexay 3TUMHU Tpa-
HSIMU Ha3bIBAIOT NPELOMIAIOWUM YeIoM TIPU3MBbL. Yeon omknonenus d, T. €. yroiu
MEXy HaIlpaBJICHUSMHU BBIICAIIETO U Ta-
JIAIOIIET0 Ha MpusMy Jiydamu (puc. 6.1),
3aBHCHUT OT yTJja MaJieHus, NpeJoMIIsIomie-
TO yria TPU3MBI U JJUHBI BOJHBI TaIaf0-
IIETO CBETA.

MoHO J0Ka3aTh, YTO OTKJIOHEHHUE

Jdy4a Npu3Moil OyJeT MUHUMAIbHBIM, €CIIH
yroia najeHus o Ha rpanb OA Oynet paBeH

YTy TpejioMJIEHHUs ¥ JIyda Ha BTOPOH Tpa-
uu OB npusmbl. B Takom ciywae myud A B

BHYTPH MPHU3MBI UICT MapajuIeIbHO €€ OC- Puc. 6.1. Xop nydeii B mpuszme
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HOBAaHMHIO. HpI/I 9TOM Y20/l HAUMEHbULECO OMKIOHEHUS

Omin = 20— Q. (6.1)
Tora, UCONB3Ys 3aKOH MPETOMIICHUS, TTIOJYYHUM
n=sin[ (8min +¢)/2]/sin(¢/2). (6.2)

CrnenoBaTenbHO, JUIsl TOTO YTOOBI HAWTHU MOKAa3aTellb MPEJIOMIICHHS BELIECTBA
IPU3MBI, HEOOXOIMMO U3MEPHUTH YIoJl HAMMEHBIIIETO OTKJIOHEHHs JAaHHOTO JIyda U
IPETOMJISIOIIUI YTOJl PU3MBI.

[Tpenominsomuii yroia nmpusMbl U yroJl HAUMEHBIIETO OTKJIOHEHHUS KaXKJI0To
Jdy4a U3MEpPSIOT MPU NOMOIIY TOHUOMETpPA, IOPSAAOK pabOThl C KOTOPBIM OIMCAaH B
nab. pab. 5, puc. 5.3. [lns onpeaeneHus NpeOMIISIONIEro yria Mpu3Mbl OHa ycTa-
HaBJIMBAETCS HA CTOJIMKE TOHMOMETpPA Tak, YTOOBI MperoMIstoliee pedpo ee ObLIo
oOpaIieHo B CTOPOHY KOJUIMMATOpPa U MO BO3MOXHOCTH MapaieIbHO OCH Bpallle-
HUS 3pUTEIBHON TPYOHI (puc. 6.2).

[Ipy TakoM MOJOXEHUHM MPHU3MBI MOJIOBHHA MAPAUICIBHOTO Iy4yKa JIy4ei,
BBIXO/SIILIUX U3 KOJUIUMATOPa, OTPA3UTCs OT JIEBOW IPaHU MPU3MBI, a Apyras Mojo-
BHHA — OT IPaBOM I'PAHMU.

3puTenbHas TpyOa yCTaHaBIMBAETCS M0 HANPABJICHUIO Jy4yell, OTpa)KEHHBIX
OT OJIHOM W3 I'paHel MPU3MBbI, TaK, YTOOBI B MOJIE 3pEHUS TPYObl OBLIIO BUJHO U30-
OpakeHue wenu koyummMmaropa. Ecnu Tenepb MOBEpHYTh 3pUTEIbHYIO TpyOy Ha
yroa \, To, Kak BUJHO U3 pucC. 6.2, B 1oJie 3peHUs TpyObl MOMaaeT U300pakeHne
HIeNU KOJUIMMaTopa, o0pa3zyeMoe JiydaMy, OTPaKeHHBIMHU OT JIPYroW I'paHu Mpu3-
Mbl. I3 TOTO K€ pUCyHKa SICHO, UTO J = 2.

JUis ompeneseHus yriaa HauMEHBIIETO OTKIOHEHUS Opj, NMPU3MY Halo IIO-

CTaBUTh Ha CTOJIMK TOHMOMETPA B TAKOM MOJIOKEHUH, YTOOBI ITyUOK JIyueH, BBIXO-
JAIIMX U3 KOJUTMMATOopa, Majajil Ha OJIHY U3 OOKOBBIX rpaHel mpu3mMbl (puc. 6.3).

Torpa B mosie 3peHust TpyObl, yCTAHOBJICHHON MO HANPABJICHUIO BBIXOASIIUX
U3 MPU3MBI MIPEJTOMJIEHHBIX Jy4yeH, OyJaeT BUIAEH psii U300paKeHUH 1IeTu KOJUIH-
MaTopa pa3JudHbIX [[BETOB.

VYcraHoBKa MpU3MBI B MOJIOKEHUE HAUMEHBLIETO OTKJIOHEHUS MPOXOASIIMX
yepe3 Hee JIydel MPOU3BOIUTCS CIEAYIOIUM 00pa3oM.

[TonyuuB B moJie 3peHust TpyObl psil CIEKTPAIbHBIX JTUHUM, HAJO MEIJICHHO
MIOBOPAYMBATh CTOJIMK C MPU3MOH, HaOItoAas B TpyOy 3a mepeMerieHueM JTMHHA.

Cronuk crnefyeT Bpallath TakK, YTOObI CIIEKTpaJibHAs JTUHUS NpUOIMKaIach K
MOJIOKEHUIO HE OTKJIOHEHHOTO JIy4a, T. €. K OCH KoJuiuMaropa (Ha puc. 6.3 — BIeBO).
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W3 xomuMaTtopa W3 xommumaropa

B 3puren
3pUTEIBHYIO
TpyOy
Puc. 6.2. K onpeneneHuto npeaoMIIsomero Puc. 6.3. K onpenenenuto yria
yIJla IpU3MBI HaMMEHBIIIEr0 OTKJIOHEHHUS

[Ipy HEKOTOPOM TNOJIOKEHUH CTOJMKA C MPU3MOM OJIHA U3 CHEKTPAIbHBIX JIH-
HUWA «OCTAHOBUTCS» W IIPU NAIBHEUILEM ITOBOPAYMBAHMM CTOJIMKA HAYHET JBU-
raTbCsi B 0OpaTHOM HampaiieHUHd. CTOJIMK CIIEyeT OCTAHOBUTH M 3aKPEMUTH B TOT
MOMEHT, KOrJa CIEKTpaJIbHas JIMHUA U3MEHSAET HAlPABJICHUE CBOErO JIBWKCHUS.
OTO MOJOKEHUE IPU3MBI U COOTBETCTBYET HAUMEHBIIEMY OTKJIOHEHUIO JIy4eHl
naHHoro nsera. Hute TpyObl noikHA OBITH HaBeJEHA Ha UCCIEAYEMYIO JIMHUIO.
Ecnu teneph CHATh MPHU3MYy CO CTOJIMKA TOHUOMETPA U YCTAHOBHUTH 3PUTEIBHYIO
TpyOy IO HampaBJICHUIO HE OTKJIOHEHHBIX Jy4el, TO yroJy, Ha KOTOPbIM Mpuaercs
MOBEPHYTh TPYOy, U CTAHET YIJIOM HAMMEHBUIETO OTKJIOHEHHS.

Yka3zanus no MPOBECIACHUIO IKCIICPUMEHTA

1. HanpaBuTh KOUIMMATOp HA PTYTHYIO JIAMITy U YCTaHOBUTH TPyOy IO Ha-
MPaBJICHUIO BBIXOJAIIETO M3 KOJUIMMATOpa IMydka jydeld. [JoOUThCS OTUETIMBOIO
U300pKEHUSI HUTH B OKYJISIPE M OTYETIIMBOTO U300paXKEeHUS eI KOJUTUMATOPa.

2. IlocTaBuTh mMpHU3My Ha CTOJMK B IOJIOKEHHE, YKa3aHHOE Ha puc. 6.2, u
yOeIUThCsI, 9TO U300paKEHHE IIEJIA MOXKET OBITh MTOJIYYSHO B TOJI€ 3pEHUS TPYObI
pU OTpaKeHUU OT o0eux rpaHeil. Ecinu n3o0paxeHue mienu B 3pUTeNbHON TpyoOe
MIOJIy4aEeTCA HA Pa3HOM BBICOTE IMPU OTPAXKEHUU OT JIEBOU U ITPABOU I'PaHE, TO 3TO
yKa3blBaeT Ha HeEMapalielbHOCTh pedpa MPU3Mbl U OCH BpAILEHUS TPYObI. DTOT
HEJIOCTATOK YCTPAHSETCS C MTOMOIIBI0 YCTAHOBOYHBIX BUHTOB, KOTOPHIMU CHA0KEH
CTOJINK TOHUOMETPA.

3. HaBectu HUTB 3pUTENBbHON TPYOBl Ha H300paKEHUE, TTOJIYICHHOE OT JIEBOM
rpanu npusmbl. CaenaTs OTCUET YIIa O TIOJIOKEHHs TPpyObl Mo HOHUYcy. Ommca-
HUE YCTPOWCTBAa TOHMOMETPA U CIOCcO0a OTCYETA YIJIOB C €ro MOMOIIbIO MPUBE/IE-
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HBI B J1a0. pa0. 5. COBMECTUTh HUTh C U300PAKEHUEM IIEIH, TOJYYEHHBIM OT Ipa-
BOI TpaHu MPHU3MBI, IPOU3BECTH OTCUET yria [} MOJOoKeHHUs TPyObl MO0 HOHUYCY.
W3mepuTth yriel o 1 3 Tpu pa3a ¥ JaHHbIE 3aHECTH B Ta0. 6.1.

4. YCcTaHOBUTH PU3MY B IIOJIOXKEHUH, YKa3aHHOM Ha puc. 6.3, 1, HaBOIs 3pH-
TEJNbHYIO TPYOY IO HaIllpaBJICHUIO BBIXOJSIIETO U3 MPU3MBI ITy4YKa CBETA, IOJIYYUTh
B I10JIE€ 3pE€HUSI TPYOBI CIEKTP NapOB PTYTH (KENTYIO, 3€JICHYIO U CHHIOIO JIMHUM ).

5. HaliTu mojioKeHue HauMEHBIIET0 OTKIIOHEHHUs JIy4yed MPU3MOH, KaK OIu-
CaHo B OOIIMX CBEICHUAX MO JAHHOW paboTe, A KaXI0M U3 TpeX CHEKTPaTIbHBIX
auHuid. CoBMenas HUTh TPYObl C COOTBETCTBYIOIIEH JTMHHUEH, MTOJIYyYUTh OTCUETHI
G1, Op U O3 IOJOXKEHHs TPyObl Ul BCEX TPEX CHEKTPAJIbHBIX JMHUHI IIPH Hau-
MEHBIIIEM OTKJIIOHEHHWH COOTBETCTBYIOLIEro Jyva. [IponsBectu nuzmepenus ais Ka-
YIOU TMHUU TPH pa3a U Pe3ysbTaThl 3aMUCATh B Ta0M. 6.2.

6. CHATh NPU3MY CO CTOJIMKA U HABECTU HUTh TPYOBl HA M300paxKeHHUE LIeNN
KosumaTopa. OnpenenuTs nokasanue 6 HoOHMyca, XapakTepU3yIoLIee MOJI0KEHNE
TpyObl. HaBosiKy TpyObl MPOM3BECTH TPU pa3a U pe3yJbTaThl 3aHECTH B Ta0I. 6.2.

Yka3zanusi no o0padorTke pe3yjibTaTOB

1. Ucnonb3ys nanHbie Tabdi. 6.1, HaAlTH cpeHHME 3HaYeHUs O U 3 U paccuu-

TaTh MOTPEITHOCTH Ad U Af.

Tabnuya 6.1
H3mepenue npeomMJsiioIIero yrja npu3sMbl
Otpaxkenue ot sieBoi rpanu | OTpakeHue OT MpaBoi rpaHu
- o o+ AT B B+AB YAy | §EAP
1
2
3

2. Beruucnursb: \le‘&—ﬁ‘; A\T/:\/(AO_L)Z +(AB)2; ¢ =0.5y; Ap=0.5Ay.

3. Ucnonb3ys naHHble Ta0n. 6.2, HAWTU cpeaHKe 3HadeHud 0 U Gj U paccyu-

TaTh JOBEpUTENbHEIE HorpemHocTH AD 1 AG; (i =1, 2, 3).

4. BeIUMCIIATD YTJiIbl HAUMCHBIICTO OTKIIOHCHUS:

Smini =‘§—C_Fi‘; Agmin i =\/(A6)2 +(Ac_$i )2 (I =1, 2, 3).

5. IloxcTaBUTh @ M Oy UL KaXKJIOW CIIEKTPaIbHOM THMHUU B (popmyiy (6.2)

M BBIYMUCIINTDL ITOKA3aTCIN ITPCIOMIICHUSA N 1J1s D TUX JIMHUM.
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6. BeiBecTr (popMysibl M BBIYUCIUTH OTHOCHUTENBHYIO M aOCOJIOTHYIO IO-
IPEIIHOCTH U3MEPEHUS TOKa3aTelNs MPEIOMIICHUS.
Pe3ynbTaThl H3MepeHsl MPEICTABUTH B TaOIMuHOM Buje (Tadi. 6.1-6.3).

Tabauya 6.2
N3mepenue yriia HamMeHb11ero OTKJIOHEHHSA
IIset cniexrpanpHoi Juauu | Homep orcyera c 6t AG Omin £ Admin
1
Kenras
1
3eneHas
1
Cunsis
0 0+ A0
1
[Ipsimas HaBoKa
Tabnuya 6.3
3aBucHMOCTD MOKa3aTesl NPeJJOMJICHUS OT AJUHbI BOJHBI
I[BeT criekTpasibHOM JTUHUU A, HM n+An
Kenras 576.0
3eneHas 546.1
Cunsst 435.9

Ilpumeuanue. OTYET 1O NaHHOW pabOTE JOJKEH COJAEPKATh PUCYHOK B3aUM-
HOT'O PacIoJIOKEHUsI MPUOOPOB MPU OMPEACIICHUHN MPEIOMIISIONIETO yTrila MPU3MbI

H yI'jla HAUMCHBIICTO OTKIIOHCHUS C 0003HaYECHHEM Xo04a queﬁ.

KoHTpoJibHBIE BONIPOCHI

1. B uem 3akmrodaeTcs sIBICHHUE AUCIIEPCUU CBETA?

2. Yem 0OBsICHSIETCS pa3sioKEHUE MPU3MON Jyuel Oesioro cBera Ha UX CIEK-
TpaJbHBIE COCTABIISIOIINE?

3. UTo MOHUMAIOT MO YIJIOM OTKJIOHEHHS JTyda MPU3MOI?

4. B NIMHHOBOJIHOBOM WJIM KOPOTKOBOJIHOBOM 00JIacTH CHEKTpa HauOoJiee
BBITOJITHO HCIIOJIb30BAHKE MTPU3MBI B KAUECTBE TUCIIEPIUPYIOLIErO 3EMEHTA?

5. TlokaxxuTe, 4TO MPU CUMMETPUYHOM XOJI€ JIydel uepes npusmy (T. €. Korjaa
a =7y (puc. 6.1)), cnpaBennusa Gopmyna (6.1).

6. BreiBenure hopmymy (6.2).
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JlaGoparopnas padora 7. HCCJIEJOBAHUE
JIMHEUHO ITOJIAAPU30OBAHHOI'O CBETA

Iesn padoThi: TpoBepKa 3aKkoHa Maittoca; onpeelicHHe CTENCHH MOJIIpr3a-
IIUH CBETA.

OO01mue cBeaeHUs

B 35€KTpOMarHuTHOW BOJIHE, PACHpPOCTPAHSIOLIEHCS B O€3rpaHHMYHOM IPO-
CTPaHCTBE, BEKTOPBI HAIPSHKEHHOCTH 3iekTpudeckoro E u marautHoro H nosnei
MEPIEHAUKYJISIPHBL IPYT APYTY W JIEXKAT B IUIOCKOCTH, NEPHNEHAMKYISPHOW Ha-
NPABJICHUIO PACIPOCTPAHCHUS BOJIHBI, OMPEACIICMOMY BOJHOBBIM BeKTOpoM K,
T. €. BJIEKTPOMAarHuTHasi BOJIHA SIBJISIETCS nonepeyHor. [IockocTh, B KOTOpO Jie-
xat BekTopbl E u K, Ha3bIiBaeTCs niockocmuio konebanuil, a NepreHAUKYIIpHAs
eil TIOCKOCTh, B KOTOPOi#t JiexkaT BekTopel H u K, — nrockocmouio nonspuzayuu. Ec-
JIM TIOJI0KEHUE TUIOCKOCTH KOJIeOaHWH HEM3MEHHO BO BPEMEHH, TO BOJIHA Ha3bIBa-
€TCS IUIOCKO- WJIW JUHEWHO-TIOISIPU30BAHHON. BO3MOXKHBI U Ipyrye THUIBI MOJIS-
pHU3alMK MTONEPEYHON BOJIHBI, TPU KOTOPHIX KoJsieOaHusi Bektopa E, ocraBasch B
IJIOCKOCTH, MEPHNEHIUKYISIPHOW HAMpPaBICHUIO PACHPOCTPAHEHUS, UMEIOT OoJee
CJIOXHBIN XapakTep (KOHEI] BEKTOpa OMHUCHIBAET IUIUIC WU OKPYKHOCTh). BonHa
MMEET TOTAA SLIUNNMUYECKYTO WA KPY208YI0 NOJIAPUZAYUIO.

CBeTOBBIE BOJHBI CYTh 3JIEKTPOMAarHUTHBIE BOJIHBI ¢ JiauHaMu BoJIH oT 400 10
760 uM. CBeT OT OOBIYHBIX (HE Ja3epHbIX) UCTOYHUKOB (HApUMeEp, OT HUTH HaKa-
JIMBAHUA JIAaMIT) TIPEICTABIISIET COOOM COBOKYITHOCTH OOJIBIIIOTO YHCIIA BOJIHOBHIX
nakemos (yye08 6onH), KQXKIbIA U3 KOTOPBIX SIBJISETCS PE3YJIBTATOM CIUHHYHOTO
aKTa UCIYCKaHUS AJIEKTPOMArHUTHOTO M3JIyYEHUS aTOMOM BEIIECTBA. DJIEKTPO-
MAarHUTHAas BOJIHA B Ka)KJIOM BOJIHOBOM MAaKETE JUHEUHO MoJispu3oBaHa. OTCyTCT-
BHE B3aMMOCBSI3H MEXK/y aKTaMU UCITYCKAHUS Pa3IMYHBIX aTOMOB ITPUBOJUT K TO-
My, 4TO IUIOCKOCTH KOJIEOAHUN pa3IMYHBIX BOJIHOBBIX IMAKETOB OPUEHTHUPOBAHBI
ciy4aiiHeiM 0o0pa3oM. TakoW pacrpoCTPaHSIONIMICS OT UCTOYHHKA CBET Ha3bIBa-
€TCSL ecmecmeeHHbIM. B €CTECTBEHHOM CBETE BCE OPUEHTALIMM B3aMMHO IEPIICH-
TUKYJISIpHBIX BEKTOpoB E m H B IUIOCKOCTH, MEPHEHIUKYISIPHOM HAIPABIICHUIO
pacnopoCTpaHEHHs] BOJHBI, PABHOBEPOSATHBI U TIJIOCKOCTh MOJSPU3ALNAN MEHSIETCA
XaoTnuecku. Eciii mookeHne TIOCKOCTH KOJIeOaHWH B CBETOBOM BOJIHE KaKHUM-
1100 00pa3oM yIopsI0YCHO, TO CBET noaspu306an (Yacmuuno noaispuzosan).

[Tony4yeHune moOISIPU30BAHHOTO CBETA BO3MOXKHO MPH PA3HOOOpA3HBIX (PU3H-
yeckux 3 dexTax — NpoX0oKIACHUS CBETA Yepe3 aHU30TPOIHbIE CPEJIbl, OTPAKEHUU

OT AUDJICKTPHUKOB M AP. YCTpOﬁCTBa AJI1 TOJIYYCHUA TTOJIAPU30BAHHOI'O CBCTA HaA-

35



3BIBAIOTCS MOJsipu3aTopaMu. [lomsipu3aTopsl MPOITYCKAOT KOJIeOaHusI, apalijieiib-
HbIE MJIOCKOCTH, HA3bIBAEMOMN TUIOCKOCTBIO MOJISPU3ATOPA, U MOJTHOCTHIO UITU Yac-
TUYHO 33JIEPKUBAIOT KOJIeOaHUsI, NEPICHANKYISIPHBIE 3TOU IIOCKOCTH.

Tonapuzayus npu 08otiHom yyenpenromieHuu. Eciam 3neKTpoMarHuTHas BOJI-
Ha [MaJaeT Ha IpaHully pas3zelia IByX U30MmponHsiXx Cpell, TO BO BTOPOU Cpelie uMe-
€TCSl TOJIbKO OJIHAa BOJIHA, PACHpPOCTPAHSIONIAsACA MO «OOBIYHBIMY 3aKOHAM Ipe-
aomiieHus. Ecnu BTopas cpena anusomponua, T. €. €€ CBOWCTBA (B YaCTHOCTHU JH-
AIIEKTpUYECKasi MPOHUIIAEMOCTh) Pa3JIMYHbI BJOJIb PA3HBIX HAMPABICHUW, TO BO
BTOPOU Cpelie PacCIPOCTPAHSIIOTCS 08e PA3INYHO MPETIOMIICHHBIX BOJIHBI (0ObIKHO-
BeHHASl 1 HEeOObLIKHOBEHHAs) C PA3HBIMU CKOPOCTSIMH. DTO SIBIICHUE HA3bIBACTCS
08otinbiM ayuenpenomieruem. OObIKHOBEHHAs] U HEOOBIKHOBEHHAs! BOJIHBI JIMHEH-
HO TOJISIPU30BAHBI, U IIOCKOCTH MX KOJIEOAHMWI B3aUMHO MEPIEHIUKYISPHBL. -
(GbeKT NBOMHOrO Jy4denpesOMJICHUS CBETa HaOII0JIaeTcsl B MPO3payHbIX aHU30-
TPOIHBIX KpUCTAIIaX. Y OJTHOOCHBIX KPUCTAJIOB (MCIAHACKUN IIMNAT, TYPMAaJIUH)
MMEETCsl HampaBjieHUE (onmuyeckas ocb), BIOJb KOTOPOro 00€ BOJHBI pacmpo-
CTPAHSIIOTCS C OJJMHAKOBOM CKOpOCTHIO. [110CKOCTh, IpOBEIEHHAS Yepe3 ONTHYe-
CKYI0 OChb KpHUCTajjla U HalpaBJE€HUE PACHPOCTPAHECHHS CBETA, HA3bIBACTCS 21A6-
Hoim cedyenuem kpuctaia. Konebanus Bektopa E B 0ObIKHOBEHHOU BOJIHE TEp-
MEHIUKYISIPHBI TUIOCKOCTH TJIABHOTO CEUEHUS KPUCTala, B HCOOBIKHOBEHHOW —
COBEPIIIAIOTCS B TNIOCKOCTH TJIABHOTO CEUEHUSI.

OmHUM W3 IHUPOKO PACHPOCTPAHCHHBIX IMOJSIPU3ATOPOB CBETA SIBISICTCS
npusma Huxons (puc. 7.1), U3rOTOBIICH-

A Has CHEelUalibHBIM 00pa3oM W3 HCIIaH]-

CKOrO IIIIaTa TaK, YTO HEOOLIKHOBEHHAS €

—> » BOJIHA MPOXOAMT Yepe3 MPU3MY, a OOBIK-
o ¢ HOBEHHAsI 0 TpeTepIeBacT Ha MPOCIOUKE

C ol AA’ 13 Ka”HaACKoOro Oajp3amMa MOJHOE OT-

PaKCHUC MW IIOIJIOIIACTCSA Sa‘IepHCHHOfI
Puc. 7.1. Monsipuszarop (mpusma Hukos)
rpanbio A'C.

B HCKOTOPBIX KpPHUCTALUIAX OJHa M3 MPCIIOMJICHHBIX BOJH IIOTIJIOIIACTCA
Oonbinie, yeM apyras (serexue Oouxpousma). TypMmaivH, Hampumep, MOTJIOMAET
MOYTH TOJTHOCTHIO OOBIKHOBEHHYIO BOJIHY B cjlo€ ToJIIMHOW 1 mMMm. SIBieHue nu-
Xpousma II0JIO)KCHO B OCHOBY I/IOJlﬂpOMaOG — OOHOIo M3 BHAOB IIOJIAPHU3ATOPOB.
Hcnonb3yembie B 1aOOPaTOPUM MOISPOUIBI MPEACTABISAIOT COOOM TOHKHE LEIUTY-
JJOUAHBIC MIJIEHKNW C BBCACHHBIMU B HUX WU OJAWHAKOBBIM O6p330M OPUCHTHUPOBAH-

HBIMHM KpPUCTaJUIMKaMU CyJib(aTa HOAMCTOrO0 XMHUHA. B Takux moisipoujax ojHa
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U3 TJIOCKOTIONSPU30BAHHBIX BOJIH TIOTJIONMIAETCS TPH TOJIIUHE TIJICHKH OKOJIO
0.1 mm. IlneHka 3amimeHa OT MEXaHWMYECKHX TOBPEXICHUN W JCHCTBHS BIIArH
IUTACTUHKAMHU U3 CTEKJIA.

3axon Manoca. Ilyctb Ha moNIpU3aTOp MaAaeT IJIOCKOMOJISPU30BaHHAS
BOJIHA C aMIUTUTYIOH HANPSKEHHOCTH 3JIEKTPUUYECKOro monist Ej, INIOCKOCTh KO-
nebaHuii KOTOpoH (BOJIHBI) 00pa3yeT C IMIOCKOCTHIO TJIABHOTO CEYSHUS MOJISIpU3a-

Topa yroa ¢ (puc. 7.2). IHTEHCMBHOCTh MaJarOIIe BOJHBI IPOMOPLIMOHAIbHA

KBaapaTy HAIIPsAKCHHOCTHU JJICKTPHYCCKOTO IT0JIA |1 ~ E12 B cBeToBOM BOIHE Ha

BBIXOAC IIOJIAPU3ATOPA aMIUINTyAdd HAIIPSKCHHOCTU JJICKTPHUYCCKOI'O IIOJIA 6yzxeT

paBHa Fj COS@, a FHTCHCMBHOCTb CBETa NPONIOPIHOHabHa (£, COS (p)z.

Takum o6pazom, 0 l
AY
| = |:|_COS2 Q. (7.1) \(/—‘i Hanpasyenue
Cootnomenue (7.1) mpencraBiser pacipocTpaHeHus
coboti 3axon Manioca. cpeta
Ecnu Ha monsipuzaTop mnajmaeT ecre-
CTBEHHBI CBET C MHTEHCHBHOCTBIO |, "|_Tlonstpuzarop
[
TO BCE 3HAYEHUS () PABHOBEPOSTHHI U |
|OHTI/IquKa;I 0Ch

A0JIs1 CBCTA, HpomeaAmero 4cepce3 IoJid-

[Inockocrs  1O1SpH3aTopa
pusatop, OyAeT paBHa CpeAHEMY 3Haye- TJIABHOTO CEUCHUS
MOJIIPU3ATOPa
HUIO COSZ(p, T.e. 1/2. Ilpu Bpamenuu P P
MOJIApH3aTOpa BOKPYT HAlpaBleHUs ec- Puc. 7.2. K 06ocHOBaHMIO 3aK0Ha Mairoca

TECTBEHHOTO JIyda UHTEHCHUBHOCTH IIPOLIEIIIETO CBETA OCTAECTCA MOCTOSHHOM, a U3-
MEHSIETCS JIMIIb OPUEHTAIMS TUIOCKOCTH KoJleOaHH CBETa, BHIXOAALIET0 U3 Mproo-
pa. THTEHCUBHOCTh NPOLIENLIET0 CBETA, PErMCTPUpPYEMAs IETEKTOPOM, IPH 3TOM
OcTaeTcsi IOCTOSIHHOM U paBHO (/2. Eciu mociie mepBoro moJisipu3aTopa ycTaHo-
BUTH BTOPOM OJHOTUIIHBIN MOJISIPU3ATOP, HA3BIBAEMBIN aHAIM3aTOPOM, TO HHTEH-
CUBHOCTb |o Ha BbIXOJ€ aHAIU3aTOpa OyIeT U3MEHSThCS 10 3akoHy Mamoca (7.1):

1, = lycos? = (1g/2)cos? g,
rae lg u |l — MHTEHCUBHOCTH €CTECTBEHHOIO M TMHEWHO-TIOJIAPU30BAHHOIO CBETA
Ha BXOJI€ TIEPBOTO M BTOPOTO MOJISIPU3ATOPOB COOTBETCTBEHHO; (0 — YTrOJ MEXKIY
TUIOCKOCTSIMM TTOJISIpU3aTOpa U aHAJIU3aTopa.
Yacmuuno noaapuzoeannvi céem. Cmenenv noaspuzayuu. VIneanbHbIX MO-
JSIPU3AIMOHHBIX YCTPOUCTB HE OBIBACT, M TIOJIYYCHHBIEC C TIOMOIIBIO peaTbHbIX MO-

JAPpU3allMOHHBIX YCTpOﬁCTB CBCTOBLIC ITYYKH BCCrJa YaCTHYHO ITOJISIPHU30BAaHBI,
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T. €. IPCACTABJISAIOT co0ol cMech MMOJIPU30BAHHOT'O U HCIIOJIIPHU30BAHHOI'O CBCTA C

WHTEHCUBHOCTSAMH | U oo . JUid XapakTepuCTUKU YaCTUYHO NOIAPU30BAaHHbIX

TI10J1
CBETOBBIX MyYKOB BBOJST MOHSITUE CMEneHU noasapuzayuu, oJ KOTOpoil moHuMa-
FOT OTHOIIEHHE WHTEHCUBHOCTHU IOJSPU30BAHHOM COCTABISIOMIENM K MOJIHOM WH-

TCHCHUBHOCTHU CBCTOBOI'O ITYYKa:

P= IHOJI/(IHOJI + IGCT)'
DTOMy BBIpaXXEHUIO MOKHO MPUAATh Apyrou Buia. Eciau Takol 4acTUYHO MO-

JIIPU30BAHHBIN CBET MPOITYCTHTh Yepe3 aHaIU3aTop, TO MPH BPALICHHH MPHOOpa
BOKPYT HAIPABICHUS Jyda HHTCHCHBHOCTD CBETA HA €ro BBIXO/E OyIeT H3MEHSTH-
cs B mpenenax oT |max = lyon + leer/2 20 Imin = leer/2 TpU MapauiensHBIX U

B3aMMHO MEPNEHANKYJISIPHBIX IJIOCKOCTSX MOJIIPU3aTOpa U aHAJIM3aTOpa COOTBET-
cTBEHHO. IIpu 3TOM ydTeH TOT (akT, 4TO €CTECTBEHHAs COCTABIAIOLIAs OCIA0IIsA-
€TCsI IIPYU MIPOXOXKACHUH Yepe3 aHAJIM3aTop B JIBA Pas3a, a MOJSIPU30BAHHAS — B CO-
OTBETCTBUU C 3aKOHOM Maroca:

(@) = lron COSZ(P"‘ leer/2. (7.2)

Beipazus |, 1 l... 4epe3 | ¥ lyin, TOIMYYHM IPYroe BHIpaXKEHHUE IS

JI T

CTEIEHH MOJIAPHU3ALH:
P:(lmax_lmin)/(lmax"‘|min)- (7.3)

J1st III0CKOMOIApU30BaHHOrO cBeTa i, =0n P = 1.

JKCHepUMEHTAIbHASI YCTAaHOBKA (puc. 7.3) COCTOUT M3 UCTOYHUKA ECTECT-
BEHHOTO cBeTa S (Jlamma HakanuBauwus), nuadparmel D, nuH3bI L, CMEHHBIX CBe-
todpuibTpoB C, noysgpuzaropa P, ananmuzatopa A, ¢otosnementa @ U MUKpoaM-
nepMerpa PA. YToi ¢ MeXy TJIaBHBIMU CEYEHUSIMU MTOJISIPU3aTOpa U aHaJIMu3aTopa
MO’KHO M3MEHSTh BpallleHHEM aHaJM3aTopa BOKPYT OCH, COBIAJAIOLICH ¢ onThye-

—

D ~ b

L P / A \/K_

/

— \

\ NC\\\ \
AN

N

Puc. 7.3. YcranoBka Ji1st MpOBEpKH 3aKoHa Maitoca
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CKOM OCBIO0 YCTAHOBKH. YTJIOBOE IIOJIOKEHUE ITIABHOI'O CEYECHMS aHAIINM3aTOpa OIl-
penensercs no mkajie, HaXoAsAUENncs Ha ero KOpIryce.

Cuna Toka B e (poTodeMeHTa MpormopIroHaTbHa HHTEHCUBHOCTH CBeTa |,
najaromero Ha ¢GorosneMeHT. MHTEHCHBHOCTh CBETA, MPOIIEIIIET0 Yepe3 aHalu-
3aTOp, UBMEPSIETCS B YCIOBHBIX €AMHUIAX (JICJICHUSX MIKAJIbl MUKPOAMIIEPMETPA).

Yka3zanus no MPOBEACHUIO IKCIICPUMEHTA

1. Bximrounts namiy S. [ToBopaunBasi aHanu3aTop, HaWTH TOJIOKEHHS, COOT-
BETCTBYIOIME€ MAaKCUMAJIbHOMY U MUHUMAJIbHOMY MOKa3aHUSM MHKpPOaMIIEpPMET-

pa. 3anmucarh 3Ha4E€HUS YIIIOB PBa U Pmin MO LIKAJIE aHAIW3aTOpa U MOKa3aHUs
MHUKpoaMnepmerpa |y U lpyip (B IENEHUAX IIKaJIBD).
2. Msmenss yroi B ot 0 1o 360° ¢ marom B 10°, 3anuceiBath B Tad. 7.1 3Ha-

YCHUsA OTCUYCTOB B n (1)OTOTOKa . B Ta6JII/III€ (bHKCHpOBaTB TAKKC ITOKa3aHMA

MUKpOaMIepMeTpa | o U | iy ¥ BCE COOTBETCTBYIOIINE UM YIIIBI Brax A Bmin -

Tabnuya 7.1
IIpoBepka 3akona MaJiioca
B,...° 0 10 20 ... 360
|, nen.
|/|WBX(3KCHepHMeHT)

(P:|B—Bmax|’ el
1(9)/ 1 max (Teopms)

3. BoikitouuTh JaMiry. 3anucaTh 3HAY€HUE «TEMHOBOT0» TOKa (POTORIEMEHTA
B JICJICHUAX WLIKaJIbl MUKpoamnepmerpa. VMCKIOYUTh 3Ty CUCTEMAaTHYECKYHO I10-
IPELIHOCTh U3 JaHHBIX Taoi. 7.1.

Yka3zanusi no o0padorTke pe3yjibTaTOB

1. TlockonbKy MakcHUMallbHasi MHTEHCUBHOCTh CBETA Ha BBIXOJI€ aHAIM3aTOpa
HaOJIoaeTCsl MPU COBIAJEHUU TJIABHBIX CEUEHUU MOJISIpU3aTOpa M aHalIM3aTopa

(T.e. mpu @ = 0), onpenenuTsh YyIribl (P:‘B_Bmax‘° Pe3ynbpraThl npencTaBUTh B

tabn. 7.1.

2. Ilo u3MepeHHBIM 3HAUYEHUAM | U | iy BBIYHACINTBH CPEIHHE 3HAYEHUS

Imax+ Imin ¥ ZoBepuTelbHbIE HHTEPBAIBL Al gy » A lpin - BeiBecTr dopmyiiel u
paccuuTaTh MONAPU30BAHHYIO | . ¥ €CTECTBEHHYIO |,., COCTaBIAIOIIME WHTECH-

CHUBHOCTH CBCTA.

3. PaccunTaTh HOPMUPOBAHHBIE YII0BbIC 3aBUCUMOCTH | (¢)/lyax : TEOpETH-

yeckyto 1o popmyne (7.2) u 3KCepUMEHTaNbHYIO COTJIaCHO Tabu. 7.1, naHHbIe 3a-
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nucats B tabn. 7.1. Hoctpouts rpadux sasucumocta (1/1nax )Teop = f1(9), Ha

ITOM ke rpaduKe HAHECTH IKCIIEPUMEHTAIbHBIEC TOUKU (I /1 max )BKCH = fo(p) .

4. CpaBHUTbH pacUETHBIC U DKCIIEPUMEHTAIbHBIC JAHHBIE, 1aTh 3aKIIOUYCHHUE O
CIIpaBEIJIMBOCTH 3aKOHA Mairoca B HCCIIeIOBaHHOM CUTYaIlUH.

5. Cuuras aHanu3aTOp UJICATBHBIM, ONPENEIUTh UcX0 s U3 (7.3) cTeneHsb mo-
JISIpU3aIluy CBETa, MPOIIEIIIETO Yepe3 MoIpu3aTop:

P :(lmax - Imin)/(lmax + Imin)-
6. BoiBecTr ()OPMYJ1y M BBIYHCIIUTE JOBEPUTEILHEIN UHTEPBAI AP.
7. IlpecTaBUTh PE3yNILTATHI U3MEPEHUS CTEIEHHU HOISIPU3ALUU CBETA B CTaH-
napTHo# dhopme.

KOHTpOJIbHLIe BOIIPOCHI

1. B ueM oT/IM4ME €CTECTBEHHOTO CBETA, NOJSPU30BAHHOIO U YACTUYHO MOJIs-
PU30BaHHOTO cBeTa?

2. Kakoil cBeT Ha3bIBAETCA IUIOCKOMOJISAPU30BaHHBIM? [losIIpu30BaHHBIM 1O
KpyTy; MO dJUTUICY?

4. Yrto Ha3bIBAIOT CTENEHBIO NoJsipu3anuu ceera? Kak oHa onpenensiercs?

5. KakoBo Ha3zHaueHHE MOJIApU3aTOpa U aHAIU3aTOpa?

6. JlaiiTe onpezaeneHue MOHATUIO «TJIaBHOE CEYEHHE MOJIIPU3aTOPa».

7. Pa3bsicHuTE NpUHLMT IEWCTBUS NOJISIPOUIA.

8. Bynert 51 BBIONHATHCSA 3aKOH Maittoca npu MpoXoXACHUH Yepe3 aHalIu3a-
TOP YACTUYHO MOJISIPU30BAHHOTO CBETA?

JlaboparTopHnas padora 8. UCCJIEJOBAHUE
YACTUYHO NNOJAPU30OBAHHOI'O CBETA

IHeau padoThI: KCCIIEIOBAHUE HECOBEPIICHHBIX MOJSPOUIOB; ONPEICICHUE

CTCIICHM ITOJIsIpU3aliKu CBCTA.

Oo0mue cBeIeHUS

Ecau na BXO/J[ MMoJsIipu3aTopa 1nocTtynacTt €CTECTBCHHBINA CBET C MHTCHCHUBHO-

CTbIO |0 , TO HHTCHCUBHOCTDb CBCTA Ha BBIXOJC ITOJIAPHU3aTOPA MOKHO IIPCACTABHUTDH

CYMMOM JIBYX COCTABJISFOIINX

1 =051t +05lgts =15 + 1) =0.515 (1 +15), (8.1)

rne Igl) = O.5I01:p — MHTECHCUBHOCTb CBETOBOM BOJIHBI, IIJIOCKOCTh KOJIEOAHUH KO-
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o 1
TOPO# MapajienbHa MIOCKOCTH TJIABHOTO CEYCHHUSI MOJBIPU3ATOPa; Ty = I%) / I EO)
— kK03hPUIMEHT MpomyCcKaHus MoJisipU3aTopa AJi BOJIHBI C TaKOW MOJSIpU3aIUeH;
Iél) =0.513Tg — MHTEHCUBHOCTbL CBETOBOW BOJIHBI, INIOCKOCTh KOJI€0aHUM KOTOPOH

HEPIEHIUKYJIIPHA IIOCKOCTH TJIABHOIO CEYEHUS IMOIAPU3ATOPA; Tg = Iél) / |§O)_

KO3 GUIIUEHT MPOIMYCKaHUs OJIIPU3aTOpa 71l BOJIHBI C 3TOM MOJSpU3AIHEH.
Y uieanbHOro moimsipusaTopa T, =1, 14=0, mM03TOMY Ha €ro BHIXOJAC CBET

JINHEHHO MOJISPH30BaH. Y peanbHOro nomspusaropa tp< 1, 14> 0 u cBer Ha ero

BbBIXOAC HOHHPHSOBaH JIMIIIb YaCTHUYHO. CTCHGHB HOJIHpI/ISaHI/II/I CBC€Ta, HpOHIeI[HIe-
IO 4epe3 MOISAPU3ATOP, ONPEAEIAIOT COOTHOLIEHHEM
®_ O _
IHOJI _ I I p IS Tp~%s

_ max — !min _ — .
: 1 1
lnon + lecr  Tmax * Imin |§g)+|§) TpT7Ts

P=

(8.2)

KOB(l)(l)HI_II/IGHTBI ITPOITyCKAaHHUA ‘Cp H Tg IOJIPHU3ATOPA 3aBUCAT OT IJIMHBI

BOJIHBI A CBETA, IOATOMY M CTENEHb MOJISIPU3AI[MU CBETA TAKKE 3aBUCUT OT JUIMHBI
BonHbl: P =P()).

[Ipenmonoxxum nanee, 4To BBIXOIAIINNA U3 MOJSIPU3aTOpPa YACTUYHO MOJISIPH-
30BaHHBIN CBET MPOXOIUT YE€PE3 BTOPOU TAKOM K€ MOJISIPU3ATOP, TVIABHOE CEYEHUE
KOTOPOr0 NOBEPHYTO HA YIOJI () OTHOCHUTENIBHO I'JIaBHOT'O CEYEHUS NIEPBOTO MO -
puszaropa. Torma Ha BXoZEe BTOPOIO MOJIIPU3ATOPAa MHTEHCHUBHOCTH CBETA, IJIOC-
KOCTh KOJIEOAHHS KOTOPOTO MapajuielibHa MIOCKOCTU TJIaBHOTO CEYEHHsI BTOPOIO

nojsipu3aropa, oyner |§)1) c052(p+ Is(l)sinch. NHTEHCUBHOCTH CBETA, MIIOCKOCTh

KOJIEOaHUI KOTOpPOTO MEPHNEHAUKYISIPHA TIOCKOCTH TJIABHOTO CEYEHUS BTOPOTO
(D gjpn2 D 052

MoJIsIpU3aTOpa, coctaBmieT |j7sin“ @+ Ig7 cos™ ¢. CrnenoBarenbHO, Ha BBIXOZC

BTOPOIO MOJsipu3aTopa 0yJ1eM UMETh

Il(oz) =(I§)1) cosch+ Iél) sinch)rp, (8.3)

IS(Z) :(Ig)sinzqw Iél) cos? (p)rs. (8.4)

[Ipeanonaraem pganee, 4TO MOJSIPU3ATOPBI MACHTHYHBI (MX KO3 UIIMEHTHI
MPOMYyCKaHus 0JIMHAKOBHI). 13 Beipaxkenuii (8.1), (8.3) u (8.4) nmonyyaem toraa

|§)2) = |O(TpCOSZ(p+TSSin2(p)’Ep/2,
|§2) = Io(rpsinch+rs COSZ(p)rS/Z.
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CyMMapHasi UHTEHCUBHOCTh CBETa Ha BBIXOJIE BTOPOIO MOJSpU3aTOpa CO-

CTaBJIsIeT
12 =19((<2 +12)cos? g + ZTptSSinz(p)/Z, (8.5)
OHa MakcuMaibHa mpu @ = 0:
Ir(nzgleo(r%+r§)/2, (8.6)
Y MHHUMAJIbHA TIpU @ = T1/2:
Ir(nzl)n =lgTpTs- (8.7)

CrerneHp MOJSAPHU3AIMU CBETA, MPOIISAIIETO Yepe3 MEePBHIN MOJIIPU3aTOp, B
COOTBETCTBHH C BhIpakeHUsIMU (8.2), (8.6) u (8.7) onpenensiercs: hpopMmynon

1/2
P:rp—rsz Ir(nzgx_lr(nzi)n 8.9)
tptts (13, +1@ | |
max " "min

3Ha4YeHUS Tp U Tg MOTYT OBITh HAWJEHBI, UCXOsI U3 BhIpaKeHUH (8.6) u

(8.7):

1

rp:ﬁ(\/uggx+|rﬁ>n+\/|r<,$gx_|r<nzi>n), (8.9)
1

rszﬁ(\/&gﬂgﬁn _Jhgfgx_”ﬁ)n). (8.10)

BennunHa WHTEHCHBHOCTH MaJalONIET0 €CTECTBEHHOI'O CBETAa MOXKET OBITh
HaliJIeHa Ha OCHOBE BhIpakeHuit (8.2), (8.6) u (8.7):

2(10)°

lg=—o—
12, 113

(8.11)

JKCIepUMEHTAJIbHAS YCTaHOBKA (puc. 8.1) COCTOUT U3 UCTOYHUKA €CTECT-
BEHHOTO cBeTa S (Jlamma HakanmuBauwus), nuadparmer D, muH3bI L, CMEHHBIX CBe-
ToduiabTpoB C, IBYX HACHTUYHBIX MOJSPOUJIOB: Mojsipu3aTopa P U aHanu3aropa
A, poroanementa @ u mukpoamnepmerpa PA. B paboTe UCHONB3yIOTCS HECOBEP-

LICHHBIE TTOJISPOUIBI (rp< 1, t5# 0), mooTOMy CBET Ha BBIXOAE ImoisipusaTopa P

YaCTUYHO MOJIIPU30BaH. IHTEHCHBHOCTh CBETa 3a aHAIU3aTOpoM A OIUCHIBaeTCA
cooTHoIIeHueM (8.3). YToa ¢ Mexay ri1aBHBIMU CEUYCHUSIMU TOJIIpU3aTopa U aHa-
JU3aTOpa MOKHO MEHSTh BpallleHHEM aHalIu3aTopa BOKPYT OCH, COBIAAAOIIEH C
ONITUYECKON OChIO0 YCTAHOBKH.
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Puc. 8.1. YcraHOoBKa /17151 aHAIM3a YaCTUYHO MOJIIPU30BAHHOTIO CBETA

Cuna Toka B (0041 @OTOBHCMCHT& IMPpOIIOpIUOHAJIbHA MHTCHCHUBHOCTHU CBCTA |,
magaromero Ha (1)OTO3J'ICMCHT. NHTEeHCUBHOCTH CBCTa, MMpomecaAmero 4€pe3 aHaliu-
34TOP, UBMCPACTCA B YCIIOBHBIX CAHMHHILIAX (I[GJ'ICHI/IHX ITKAaJIbI MI/IKpOElMHepMeTpa).

Yka3zanus no MMPOBCACHUIO IKCIICPUMECHTA

1. Bxmtounts mammy S. [lepeximtouatens cBETOQUIBTPOB YCTAHOBHUTH B IMOJIO-
xeHue 0e3 cetouibTpa. Y aanuTe nosspusatop P ¢ onTHUYeCKOl CKaMbu U W3-

MEpPUTh WHTEHCUBHOCTH 1@ MPOLLIEIIEr0 Yepe3 aHaIU3aTop CBeTa (B JEICHUSIX

IIKaJIbl MUKPOAMIIEPMETPA).

2. IloBTOpUTH M3MEPEHHS] UHTEHCUBHOCTHU I(l), MOCJIEAOBATEIBHO YCTAHAB-
JuBasi CBETODWIBTPHI HA ITyTH CBETOBOTO MyYKa.
3. [loBTOopuTh HAOMIOAEHUS 10 TMl. | ¥ 2 TATH pa3. 3aHECTH pe3yibTaThl Ha-

Oxronenui B Tao0s. 8.1.

Tabnuya 8.1
OnpeneneHne HHTEHCUBHOCTEI cBeTa
| e [0 @09 [ 000 | i@ead, | 1800
1. 1

4. YcraHoBUTH Toysipu3aTop P Ha onTudeckyr ckambplo. llepeximouaTtens
CBETOGUIHLTPOB YCTAHOBUTH B TOJIOXKEeHUE 0e3 cBeToduibTpa. [loBopaunBas ana-
JN3aTOpP, HAUTHU MOJIOKECHUSI, COOTBETCTBYIOIINE MaKCUMaJIbHOMY M MHHUMAJIbHO-
My TIOKa3aHHSM MHUKpOaMIlepMeTpa. 3amucarth TMOKa3aHUS MHUKpOaMIepMeTpa

|r(§gx U Ir(nzl)n (B IeJIEHUSX LIKAJIBI).

2 2
5. IloBTOpHUTH M3MEPEHHUSI HHTEHCUBHOCTHU Ir(ngx " Ir(ni)n’ I10CJIEI0OBATEIBHO
yCTaHaB/IMBasl CBETOQMIBTPHI HA IIyTH CBETOBOI'O Iy4yKa. 3aHECTH PE3yJIbTaThl Ha-

Osronenuii B Tad. 8.1.
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Tabnuya 8.2
OnpeneneHue cTeneHn NOJIAPU3ANUH CBETA

O Y > o) ) - [ = — = =
a0 | 1@ @ | 1@ 2al@ | PLAP | TptATy | tgEAt

6. IloBTopuTh HAOMIONEHHA IO NI 4 ¥ 5 NATH pa3. 3aHECTU PE3yNIbTaThl Ha-
Onronenuii B Tabi. 8.1.
/. BeIKITI04NTH J1amIly. 3anucaTbh 3Ha4EHUE «TEMHOBOIo» Toka lg ¢oroane-

MCHTA B ACJICHUAX HIKAJIbl MUKPOAMIICPMCETPA. HckmounTthb 9Ty CUCTEMATHYCCKYIO

MOTPEIIHOCTh U3 JaHHBIX Ta0. 8.1.

Yka3zanusi no o0padoTke pe3yjibTaTOB

l. I[JBI KaXXJ0ro M3 CBGTO(bI/IJII)TpOB BBIYUCIUTE CPCIHHUC 3HAYCHUA |(1)’

|r(nza)x ) Ir(nzl)n Y UX JIOBEpPUTEIbHbIE NHTEPBAIBI Al @) , Alr(nzgx , Alr(nzi)n

. Pe3ynbTartsl

MpeacTaBuTh B TaoOI. 8.1.
2. 3amucaTh B Ta0i1. 8.2 CKOPPEKTUPOBAHHBIE MHTEHCUBHOCTH ITyTEM HCKIIIO-
YeHHsl CHCTEMAaTHYECKOMU IOTPEIIHOCTH «TEMHOBOIO» TOKa | M3 maHHbIX Tabm. 8.1.

3. Cuurtas nmojsipu3aToOp U aHAJIU3ATOP MACHTUYHBIMHU, ONPEACIUTh, UCXOMS
u3 (8.8), creneHp NOJSPU3ALUU CBETA, MPOIIEIAIIEr0 Yepe3 Mosipu3aTop, A Uc-
CJIETOBaHHBIX YYaCTKOB CIEKTpa.

4. BeiBecTu (pOpMyJy U BBIUMCIUTH JOBEPUTENbHBIN HHTEpBaaI AP 1is oaHO-
IO U3 UCCIIEJOBAHHBIX YYACTKOB CIIEKTPA.

5. IlpencraBuTh pe3yiabTaTbl M3MEPEHUS CTEIEHU IOJSpHU3alUU CBETa B
Tabm. 8.1 B cranmapTHol hopme.

6. Onpenenuts KO3 OUIMEHTHI MPOMYCKaHUs JJIs1 BOJH C MOJIsIpU3aIneil, na-
pajuIeNbHON M MEePIEeHIMKYJISPHON IJIaBHOM MIOCKOCTH MCCIENYEeMOTO MOoJIspr3a-
TOpa JIs1 UCCIIEAOBAHHBIX YYaCTKOB CIEKTPA.

7. BeiBecTu GopMyity sl JOBEPUTEIBHOIO MHTEpBasia KO GUIIMEHTOB IPO-
MYCKaHMS U BBIYMCIUTH UX AJI OJTHOTO U3 HUCCIEAOBAHHBIX YUYAaCTKOB CIEKTPA.

8. Iloctpouth Ha rpaduke 3aBUCUMOCTb KOI(P(GUIHUEHTOB MPOMYCKaHUS OT
JUTUHBI BOJHBL. [IpoaHann3upoBaTh NOTYYEHHYIO 3aBUCUMOCTb.

KoHTpoJibHBIE BONIPOCHI

1. Yto Ha3BIBAIOT CTENEHBIO NoJisipu3ainuu ceeta? Kak oHa ompenensercs?

44



2. B ueM oTinumne ecTECTBEHHOIO CBETa OT mossipu3oBaHHoro? Ilnockomnoss-
PHU30BAHHOIO OT YACTHUYHO MOJISIPU30BAHHOIO CBETA?

3. Kakoli cBeT Ha3pIBaeTcs MIOCKOMOIApu30BaHHbIM? [lonsipr3oBaHHBIM TIO
KpyTY; 1O JUIHICY ?

4. KakoBO Ha3HAauYEHUE MOJISIpU3aTOpa U aHaIM3aTopa’?

5. UTo Ha3bIBAIOT IJIOCKOCTHIO KOJIEOAHUH 2JIEKTPOMAarHUTHOM BOJIHBI?

6. PazpsicHuTEe MpUHIUN NEHCTBUS OISPOUIA.

7. Bynert 5u BBINIOJIHATBHCSA 3aKOH Maittoca 1pu MpoXoXACHUH Yepe3 aHaIu3a-
TOP YACTUYHO IMOJISIPU30BAHHOTO CBETA?

8. BeiBeaute Boipaxkenust (8.8)—(8.11).

JladopaTopnas padora 9. UCCJIEJOBAHUE IMOJIAPUSALINN CBETOBbBIX
BOJIH ITPU OTPA’KEHUU OT ITIOBEPXHOCTU ANDJIEKTPUKA

Ieau padoThl: U3y4YeHUE XapaKTepa MOJSPU3ANUNA CBETA, OTPAXKECHHOTO OT
CTEKJITHHOM TUTACTUHBI; UCCIAEAOBAHNUE 3aBUCUMOCTH KOA(PGDHUIIMEHTOB OTPaKCHHS
OT yTJIa MMaJICHUS CBETa Ha IJIACTUHKY; OTNpeeieHue yria bprocrepa u mokaszaress
MIPEJIOMIICHHS CTEKIIA.

OO0mue cBeaeHus

Honapn:;auml BOJIHBI MOKCT BO3HUKATH IIPU OTPAKCHHUUN U ITPCIOMIICHHUU OT

rpanuusl pasgena cpel. IlycTb ecTecTBEHHBIN CBET MagacT Mmoxa yriaom 6, Ha mo-

BEPXHOCTh pazfiena JBYyX M30TPOMHBIX AUDIIEKTPUKOB C MOKA3aTEIISIMHU MPEIOMIIe-
HUS N ¥ Ny (puc. 9.1). O603HaunM Hamps-

YKEHHOCTH DJJIEKTPUYECKOrO IOJISI B NAJaro-
IEH, OTPAXKECHHOM M NPEJIOMIIEHHOW BOJIHAX

1
cootsercrenno E, EW EG@) O

[Tapgaromyro BOJIHY MOXHO MpeAcTa-
BUTh CYNIEPIIO3ULIMEN IBYX JJMHEUHO MOJIAPH-
30BaHHBIX BOJIH C B3aUMHO MEPIEHIUKYIISAP- @
HBIMU TUIOCKOCTSIMH KOJIEOAHUI: B OIHOW U3 0, B

BOJIH IUIOCKOCTH KOJI€OaHUM coBIIagacT C )
EJ_ k2

IJIOCKOCTBIO MAJCHUsI, B IPYrou — IIEepIICH-

AUKyIsipHa ed. HampspKeHHOCTSM IOJIGH B Pyc. 9.1, [TajeHue 51eKTPOMarHATHOI
TaKuX BOJIHAX COOTBETCTBYIOT Ha puc. 9.1 BOJIHBI Ha TPAHHITY pas/iciia Cpea

COOTBETCTBEHHO MHCKCHI «|[» 1 «L». Jlnst ecrecTBeHHOro cBera Ej=E, . AMmm-
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TyJIbl HANPSKEHHOCTEH SIEKTPUUYECKOTO MOJsl B OTPaKeHHOMN (E”(l) u E l(l)) u

MIPEIIOMJICHHOM (E”(Z) uk L(Z)) BOJTHAX ONPEACIIOTCS hopmynamu Ppenensi.

JI71s1 XapaKTepuCTUKH TepepacipeiesieHUs MHTEHCUBHOCTH T1a/1al0IIe BOJIHBI
MEXIy OTPaKEHHON M MPEIOMIICHHOW BOJIHAMHU BBOJST KO3puyueHmvl ompa-
orcenus R u nponyckanus T, paBHbIE OTHOIIEHUSM WHTEHCUBHOCTU OTPAXEHHOU U
IPEJIOMJIEHHOM BOJH K MHTEHCHBHOCTH Majaromieil BoiaHbL. C HMCHOJb30BaHHUEM
dbopmyn dOpenenst MOXKHO MTOKa3aTh, UTO

2 2
1 -
R = EII( ) _ t92(91—92) T E||(2) Ny,cos0, 4coszels|n292 _
” B tg2 (6, +05) | B | mcosb sin?(6;+6,)cos?(6;—0)
? 2 9.1
R E M _sin%(0,-0y) - £, D[ nycos6, 4cos20;sin26, (®1)
J_: = — —

- ' 1 - )
E; | sin?(0,+0,) Ey, | mcosO;  sin?(6y+6,)
rjae 0o — yroja npenoMyeHus.
Ha puc. 9.2 nokaszansl 3aBucuMocTH Ko3ddunmentos Ry, Ry, Tyu T, or yrma

nazneHus 0; Ha rpaHULly pas3zena JBYX IUIEKTPHUKOB.

R, TA
T

01 S /40 V A

0 0 w2
Puc. 9.2. 3aBucuMocTb K03((PUIIMEHTOB OTPaKEHUS U MPOXOKICHUS
BJ'IGKTpOMal"HI/ITHOI\/'I BOJIHBI OT yrIJla MagCHHA Ha 'paHUIy pa3Jciia ABYX AUIJICKTPHUKOB
13 dopmyn (9.1) Buano, uto npu 61 + 6o =7/2 K03DPUIHMEHTBI OTPaXKESHHS
R;=0, R, =0. CrnenoBarenpHo, B 3TOM CIIydae OMPAXCEHHAs 60JHA JUHEUHO NO-
JIAPU306aHa B TUIOCKOCTH, IEPIEHIUKYIIIPHON TUIOCKOCTH naaeHus. I[Ipoxonsimas
BoJIHA 1IpH 0 + 0, =7t/2 nonsipuzoBana yactuyHo; 11 Hee ) > 7. CooTHOLIECHHE
sin®;/sin0, =n, /ny (3axon Chennuyca) cogutes K Bumy tg0;=n, /ny . Ipu ny =1
46



tg 91 = tg GB =. (92) 1*

[Tocnennee pPaBCHCTBO  OIIPCACIIACT

yron magenus 0 =0 (puc.9.2), npu Ko- I

TOpoM Kod(puuueHT orpaxenus R;=0;

ATOT yTOJ Ha3bIBAIOT yenom bprocmepa. <P
JKCIMEPUMEHTAIBHASL  YCTAHOBKA

(puc. 9.3) cocToUT U3 MCTOYHHMKA CBeTa 1, 5
roHuomeTrpa 4, CTEKISIHHOW TIJIACTHUHBI O,
noisipousia 7, gorodneMeHTa 9 U MHUKPO- :
amriepmerpa. Cer oT ucrounuka 1 mpoxo- I N
JUT 4yepe3 1Iesib 2 KoJTMMaTopa 3 TOHHO-

MeTpa H Jajiee mapayjIeIbHBIM ITyYKOM T1a- oy oLy 9
JTAeT Ha CTEKJISTHHYIO TJIACTUHY S, YCTaHOB-

JICHHYIO Ha MTOBOPOTHOM cTojimke 6. Otpa-

o Puc. 9.3. YcTaHoBKa 11g aHaiIu3a
KCHHBIN OT IINTIACTHHBI CBCT PCIHCTPUPYCT-

IoJsIpu3anuunu OTp&)K@HHOﬁ oT
csi ¢oTorsieMeHTOM 9, YCTaHOBJICHHBIM Ha

JAUDJICKTPUKA CBETOBOM BOJTHBI
BBIXOJIE 3pUTEIBHONU TPYOBl 8 roHHOMETpa
Y COCIMHEHHBIM C MUKPOAMIIEPMETPOM.

Mexny CTeKJISITHHON IJIACTUHON U (POTORIEMEHTOM PaCIOJIOKEH MOJISIPOU 7,
ciyKamuid aHanuzatopom. llomsipont MOXKHO MMOBOpauMBaTh B IIJIOCKOCTH, IEP-
NEHIUKYJSIPHON onTHYeckoi ocu. OmnrcaHue yCTpoWCTBa TOHHOMETpaA U crocoda

OTCYETa YIJIOB C €ro MOMOIIBIO MPUBEAEHBI B J1a0. pald. d.

YkazaHus 10 NPOBEAEHUIO IKCIIEPUMEHTA
IIpn BbIMOIHEHMU PAOOTHI HAIIECKUT HEOAHOKPATHO OINPENENATh yribl O

najiIeHUs! CBETa Ha TUIACTHHY (CM. puc. 9.3), 71 4ero ClieyeT:

1. OcnabuTh yCTaHOBOYHBIE BUHTHI U CHSITh C MOBOPOTHOTO CTOJIMKA CTEK-
JITHHYIO TUIACTUHY D. Y CTaHOBUTH 3pUTEIBHYIO TPYOy 8 MO HampaBJICHHIO IMaJ1at0-
niero U3 koyummmaropa 3 cBera. [IpaBHIIBHOCTh YCTAHOBKH KOHTPOJIUPYETCS IO
MHUKpPOAMIIEPMETPY, IMOKa3aHWE KOTOPOro JOHKHO OBITh MaKCUMaJbHBIM. Y Oe-
JUTHCSI, YTO MTOBOPOT MOJISIPOM/IA HA JIFOOOW YroJl HEe BIMSET Ha MOKa3aHUsI MUKPO-
aMmriepMeTpa. 3anucarb MoKa3aHUue MUKpoaMIrepMmeTpa (B JIENECHUSIX MIKaJbl), Ipo-
MOPIIMOHAIFHOE MHTEHCUBHOCTU | magaroiero ceeta. OTMETUTH MPU 3TOM YIJIO-
BOC IOJIOKEHHUE O.f 3PUTEIBHON TPYOBI IO OTCYETHOMY YCTPOICTBY TOHHOMETPA.

NHCTpyKLIMS IO yCTPOMCTBY TOHUOMETPA U CHSTHUIO MTOKA3aHUN YTJIOB MPUBEJICHA
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B 71a0. pab. 5. C moMoIIbi0 CTOMOPHOTO BUHTA 3a(pUKCHUPOBATH MOJIOKEHUE 3pU-
TEJLHOU TPYOBHI.
2. [locTaBUTh Ha CTOJMK U 3aKPENUTh CTEKISHHYIO IUIACTUHY O. Y CTaHOBUTH

3pUTENbHYIO TPYOy B MOJOKEHUE, COOTBETCTBYIOIIEE YTy |0c2 —oc1| =20°. Yron
najgeHus, Kak 3TO BHIHO U3 puc. 9.3, onpexpemnsercs BBIPAKCHUEM

01 = [n —(ap — ocl)] / 2. IloBepHYTh CTEKJISIHHYIO IJIACTUHY TaK, YTOOBI OTpasKeH-

HBIi OT HEe CBET Majall Ha 3pUTEIbHYI0 TpyOy ((hHUKCHpOBATH MO MOKA3aHUAM
MHUKpOaMIIepMeTpa). 3anucarh B IPOTOKOJ €€ YIJI0BOE MOJIOKEHUE Olp. 3a(UKCH-

POBATH ITOJIOKCHHUC 3pHTCJILHOﬁ TPY6I)I C IIOMOIIBIO CTOIMIOPHOI'O BUHTA. 3anucarhb
IMOKa3aHusg MHUKpOaMIICpMETpPa IMPH JABYX ITOJIOKCHUAX IMOJIpOonaa: MaAKCUMAJIbHOC

1
IMOKa3aHUEC MUKPOaAMIICPMETPAa COOTBCTCTBYCT MHTCHCHUBHOCTHU IJ(_) OTPaKCHHOI'O

CBCTA, IIOJLIPU30BAHHOI'O B IINIOCKOCTH, HGpHGHI[HKYJIHpHOﬁ IINIOCKOCTH ITaACHUA,

1
MUHHMaJIbHOE (TIpY MOBOPOTE MOJSAPOM A HA yroJl 1t/2) — HHTEHCUBHOCTH II? ) or-

PaKECHHOT'O CBCTA, INOJIAPU30BAHHOI'O B IINIOCKOCTH ITAACHUS.
Tabnuya 9.1
Omnpenesienue yriia bprocrepa

01 o2 oty —ay| 01 Imax Imin Ry R

4. [ToBTOPUTH M3MEPEHMUS 1. 2, MCHSS YTOJI ‘az — ocl‘ ot 30 7o 140° uepe3 10°.

5. IlpoBecTn U3MEpEHUs 110 11. 3, MEHsS yroJl ‘ocz - 0(1‘ ot 50 mo 80° uepes 2°.
DTO COOTBETCTBYET yIiiam nageHus ot 65 1o 50° B okpectHocTH yriia bprocrepa.
PesynpTaTel HaOMIOAEHNH 10 1M1, 3—5 TIpeaCcTaBUThL B Bue Taom. 9.1.
Yka3anus mo o0padoTKe pe3yJibTaToOB
1. BerunciuTh yriasl 0 majeHus CBeTa Ha IUIACTUHKY, IPU KOTOPBIX MPOBO-

AUIINCh U3MCPCHUA.

2. Beraucnuts KodQ@uiueHTs otpaxenus Ry 1 R cBera OT IIaCTHHKY:

1 1
Rien=10@p /1, R (60=10 (/1.
Hoctpouts rpaduku 3aBucumoctedr Ry u R or yria 6, magenus ceera Ha ma-

ctuHy. CpaBHHUTH 3KCIIEPUMEHTAIBHBIC PE3YJIbTAThI C PACYCTHBIMH BBIPAKESHUSIMU
(9.1), puc. 9.2, 06CyIUTh COOTBETCTBUE PE3YJIbTATOB.
3. Ilo rpadukam R (61) onpenenuts yron Bprocrepa. Tlo dopmyie (9.2) pac-

CUMUTATDb IMOKA3aTCJib IMPCIIOMIICHHA CTCKIIA.
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KoHTpoJibHBIE BONIPOCHI

1. KakoB cmbicn yria bprocrepa?

2. KakoBa mosisipu3aliysi OTpaKCHHOTO CBETA, €CJIM YTOJI MAJICHHUS PaBEH YTy
Bbprocrepa?

3. KakuMu npuyrHamMu Bbl OOBSICHUTE PACXOXKICHUE PACUCTHBIX M IKCIICPH-
MEHTaJIBHBIX 3aBrucuMocteil R)(0) u Ry (01)?

4. KakoBa mossipu3anus npexoMiIeHHOTo Jiyda? Byaet mu oHa MEeHSIThCS, eCIH
MJIACTUHY 3aMEHUTh Ha0OPOM CIIOKEHHBIX BMECTE CTCKJISTHHBIX IIACTHH (CTOIOM
Cronerosa)?

JlaGopaTopHasi pa6ora 10. HCCJIEJOBAHUE 3AKOHOMEPHOCTEM
TEINJIOBOT'O N3JIYYEHUS HATPETOI'O TEJIA

Ilesin padoOThI: SKCIIEPUMEHTAIBHOE MCCIIEIOBAHNUE 3aBUCUMOCTH MOITHOCTH
TEIJIOBOTO M3JIYYEHUsI OT TEMIIepaTypbl; IpoBepka 3akoHa Ctedana—bosbiimana.

OO0mue cBenennst

TemmoBoe u3y4YeHHE MPEACTABIISICT COOOH SIBIICHUE TCHEPAIUH DJICKTpOMATr-
HUTHBIX BOJIH HarpeThiM TenoM. OCHOBY 3¢ (eKTa COCTAaBIIAIOT MPOIECCHl MPeoo-
pa3oBaHUS TEILIOBOW DHEPTHU MaKPOCKOIUYECKOW CHUCTEMBI (HArpeToro Teia) B
SHEPTHIO JIEKTPOMArHUTHOTO TIOJISI.

B kauecTBe Mepnl IpeoOpa3oBaHUs SHEPIHMH OOBIYHO HCIOJIB3YETCS MOIII-
HocTh P =dW/dt, rme dW — Konu4ecTBO 3HEPTUH, KOTOPOE B TCUCHHE HHTEPBAJIA
Bpemenu dt mpeobpasyercs U3 OAHOTO BUAA B IPyroil. B cBsa3u ¢ Tem, 4TO M3Iyde-
HUE DJICKTPOMATHUTHBIX BOJIH MMPOUCXOIUT C TIOBEPXHOCTH TeJa, & MOIIHOCTD TETl-
JIOBOTO M3JIy4eHHs P mporopliMoHaibHa IIOMAAM MOBEPXHOCTH S, B KayeCTBE
XapaKTEPUCTUKHU UCTIONB3YIOT UHMESPAIbHYIO IHEPLeMUYECKYIO C8eMUMOCTIb Tella
(BT/ M2 ):

1 dw
S dt
[TpaBas yacth paBenctBa (10.1) 3amaeT cyMMapHyO IJIOTHOCTD MIOTOKA YHEP-

Ry (10.1)

' SJICKTPOMAroMTHBIX BOJIH BCCX YaCTOT, HCHYCKaeMOﬁ IIOBCPXHOCTBIO HAIrpc-
TOIro T€ja.
I{HH XApaKTCPHUCTHUKH 3aBUCHUMOCTH CBETUMOCTH HArpeTOoro Tc¢ja OT 4aCTOTHI

BBOIATCA CnEKmMpallbHble JIyYeucnycKkameibHble cnocobrnocmu I‘w T H r;h T TEJAa.
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r _ dRT _ dRT _dRT di _ZTEC dRT . 271C
oT "o ' M0 T dn do 22 do 2 el

rac dRT — CYMMapHasd INIOTHOCTDb IIOTOKa SHCPIHUH, HGpCHOCI/IMOﬁ BOJIHaMH, 4acC-

(10.2)

TOTBI KOTOPBIX HAXOAATCS B y3KOM HHTepBaie (® ...+ dw) wm (A... A +dA).
Hapsiny ¢ u3iaydeHreM MOXKET MPOMCXOJIUTh M OOpaTHOE MpeoOpa3oBaHME
DHEPIUM: SHEPTUA ANEKTPOMATHUTHOIO U3JIYYEHUS NOTIOMIAETCS BEMECTBOM, T. €.
TpaHCHOPMHUPYETCS B TEIUIOBYIO SHEPTHI0 MaKPOCKOMUYECKON CcHCTeMbl. Mepoi
oOpaTHOro mpeoOpa3oBaHUs PHEPIUU CIYKUT CHEKMPAalbHAs HO2NOWAMeNbHAS

CnocoOHOCMb O, T , OTIPEAENAEMas CIIETYIOINM 00Pa3oM:

Oy, T = dCD(co,T)HOFH/dCD(m,T)HaH, (10.3)
riae dO(w, T)pory — MOTOK SHEPrUH, KOTOPBIH normomaercs tenom, dd(w, T)y,, —

BCIIMYHHA ITAJAIOIICro IoToKa B UHTCPBAJIC 4aCTOT ... W+ do.
TGHO, KOTOPOC IMOJHOCTBIO IMOTJIOIIACT SHCPIUI0 SJICKTPOMAIrHUTHBIX BOJIH

(mpu o, 1 =1), Ha3bIBAIOT abconromuo uepHbim menom. Eciu moriomarenbHas

CIIOCOOHOCTh B HEKOTOPOU 00JIaCTH YaCTOT MEHBIIE €AWHUIBI U HE 3aBUCUT OT
4acTOThI, TO B ATOM 00JIACTH CHIEKTPA TEJIO CUUTACTCS CEPbIM.

W3nydeHne U MOTJIONICHUE BEIIECTBOM 3JIEKTPOMArHUTHBIX BOJH IMPECTaB-
JSI0T co00i (hOPMBI MPOSIBICHUS CIIOCOOHOCTH YaCTHI] BelllecTBa (aTOMOB, MoOJIe-
KyJl) K B3aUMOJEHCTBUIO C 3JEKTPOMArHUTHBIM mnoseMm. Ob6a s3ddekra cocymniect-
BYIOT HEpPa3pbIBHO. DTO YTBEP)KICHHUE COCTABISIET OCHOBY 3akoHa Kupxeogha. ons
06020 mena OMHOWEHUE JYHEUCNYCKAMENbHOU CROCOOHOCIMU Ty, T K NO2I0Wa-

MENBHOU CNOCOOHOCMU Olgy T MENA — INO YHUBEPCALbHASL (PYHKYUSA, apeyMeHmamu
KOMOpOoU Ae1A0Mcs memnepamypa T u yacmoma o 21eKmpOMASHUMHOU 60IHbL:
rm’T /OL(D’ T= f ((D, T) . (104)
Teopus >¢dekra TernoBoro u3nyyeHus, co3aannas M. [lnankom, onpene-
JSIeT 3Ty (PYHKLHUIO B CIEAYIOUIEM BHIE:

hod 1
472c? exp(ho/kT)-1"

VYuausepcanbaocts Gyakimu (10.5) cBs3aHa ¢ TeM, 4TO B €€ COCTaB BXOJST

f(o,T)=

(10.5)

TOJIbKO (hyHIaMEHTaIbHbIE (PU3NYECKHE KOHCTAHTHI: (ha30Basi CKOPOCTh AIEKTPOMAr-
HUTHOM BOJIHBI B BaKyyMe ¢, moctostnHast [Imanka 7 , mocrosiHHas bonbivana K.

Otmerum, uto pyskiwms f(w, T) He cComepKUT mapaMeTPOB, KOTOPBIE HECYT

nH(popMaro 06 aToMax ¥ MOJIEKyJIax BEIIECTBa, a Takke 0 (hopMe Tena.
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TennoBoe u3nmyueHue o01agaeT IByMsi OCOOCHHOCTSIMU: yBEJIMYCHHE TEeMIIe-
paTypsl IPUBOJIUT K PE3KOMY BO3PACTAHUIO SHEPTETUUCCKON CBETHMOCTH Tella U K
M3MEHEHUIO I[BETHOCTU M3JIyUYE€HHUS OT TEMHO-KPACHOTO 0 sipko-Oenoro. MaTtema-
TUYECKOE OOOCHOBAHME 3ITHX 3aKOHOMEpHOcTed (3axonvr Cmegana—bonvymana
(10.6) u Buna—I onuyuna (10.7)) mano B Teopun M. [TnaHka s aOCOIOTHO Yep-
HOroO (01, T =1) TEMA:

Rr = | f(o,T)do=cT?, (10.6)
0
Am =b/T, (10.7)

rie o= (n2k4 )/ (60C2h3) ~5.67-1078 BT/ (M2K4) — nocmosinnas Cmegpana—

Bonvymana; op =2nC/Ay —4acTora, npu Kotopoil ¢yskims f ((D,T) MMEET
MaKCHMallbHOe 3HaueHue; b =hc/(4.96k) =2.9 103 m-K — nocmosmnas Buna.

I/Icc.ﬂeuyeMue 3aKOHOMEPHOCTH

B cocraB 3KCIEpUMEHTAIBHOM YCTAHOBKH BXOJIWT HArperas J0 BBICOKOU
(T ~ 1000 K) TemriepaTypbl TOHKasi METAJUTMYECKAs UTACTHHA C TUIOMIA b0 TIOBEPX-

Hoctn S =0.25cm?. Tlo CYIIECTBYIOIIEH KiIacCHU(UKAIIMU TIACTHHA OTHOCHTCS K
quciny cepblix Teid. llornomarenpHass CIOCOOHOCTH INIACTHHBI MMEET 3HAuYCHUE

a(®,T)=ay=0.92. B npouecce IKCIEPUMEHTA H3MEPSIOTCS. MOLHOCTD TEIIOBO-
ro uanyudenus P, ,, co3qaBaeMoro IacTUHOM, U ee TeMneparypa I.

J{nst u3MepeHusi TEMIEepaTyphl MJIACTUHBI B pad0Te UCIIOIB3YETCS HEKOHTAKT-
HBIM TepMoMeTp (omThueckuii mupomeTp). Uepes oKymsip 3pUTENbHONU TPYObI MH-
pometrpa Habmogatens BuanuT (puc. 10.1, @) cBeTsmyrocs HUTH (OCHOBHASI 4acThb
MUPOMETpa) Ha (POHE CBETAIICHCS MOBEPXHOCTH UCCIIEIYEMOTO Teja. Y BeTuYeHHUEe
CUJIbI TOKA B HUTH TUPOMETpPA MPUBOJIUT K BO3PACTAHUIO €€ TeMIIepaTyphl U SPKO-
ctu cBeueHus. llpu onpeneneHHOW SPKOCTH HUTH CTAHOBUTCA HEBUAUMOM
(puc. 10.1, 6) na done cersmeiics nmoBepxHoctu. Eciu Ob1 00a Tena (HUTh U Mia-
CTUHA) SIBJSUTHCH ObI aOCONIOTHO YEPHBIMH TEJIaMH, TO OJMHAKOBAs SIPKOCTHh HX
CBEUCHMS CBHUJETEILCTBOBANA Obl O PaBEHCTBE TemIepaTyp. B skcmepuMeHTalb-
HOM K€ YCTaHOBKE HUTh MMUPOMETPA SIBJISETCS SKBUBAJIIEHTOM a0COJIOTHO YEPHOTO
TeJla, a HarpeBaemas IUIACTUHA OTHOCUTCA K KJIACCY CEPBIX TEI.
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el e

a o

Puc. 10.1. Bugumoe n3o0paxxeHue HarpeToil HUTH 2 Ha (pOoHEe CBETAIICHCS TOBEPXHOCTH

uccieayemMoro tena 1 npu pasHoii (a) U 0JMHAKOBO# (6) CBETMMOCTH Tel

SIpkocTh onpenensercs Kak CyMMapHas IUIOTHOCTh ITIOTOKA SHEPTHUH, IEPEHO-
CUMas DJIEKTPOMAarHUTHBIMM BOJHAMM pPa3HbIX YacTOT, B IPEIENax TEJIECHOIO
€AUHUYHOTO yTJa:

B==[a(0,T)f (0, T)do. (10.8)
7T

OI[I/IHaKOBOS CBCUCHHC HHUTH C TGMHGp&T}’pOﬁ TH " IUIACTHUHBI C TCMIICPATY-

poii T, 3auKCHpOBAaHHOE HAOIIIOATETIEM C TIOMOIIBI0 TUPOMETPA, CBUICTEIICT-
BYET O BBIITOJIHCHUU PaBEHCTBA

1 o1 +A® 1 o1 +A®
e j f(oT)do== j (o, T)f (o, T)do. (10.9)
T o1 —Aw T o1 —Aw®

3ech UCHOIBb30BaHbI CICAYIOIIHE 0003HAYCHHS: ) = 27IC/A — LEHTpaIbHAsI
4acToTa CBETOMMIBTPA, BXOISIIETO B COCTaB MUPOMETPA; A® — IMOJIOCA YacTOT
mpornycKkaHus cBeTopunbTpa (A << ay); oq(®,T) — mormomarensHas crocoo-
HOCTh ITOBEPXHOCTH IUTACTHHBI HA YacToTe 4. /s kpacHoro cBeroduiabTpa mnu-
pOMEeTpa AJMHA BOJHBI B BAKyyME COCTaBIIAET Ay = 665 HM, ISl XKEITOrO Ay =
=600 am. MaremaTudeckue npeoOpa3zoBanus papeHcTBa (10.9), BhIMONHEHHBIE C
Y4eTOM MajoCTH OTHOMICHHS Aw/®; << 1, IpHBOAAT K aireGpandeckomy BbIpa-

YKEHHIO, CBA3BIBAIOIIEMY UCKOMYIO TEMIIEPATypy IUIACTUHBI I’ ¢ U3MEPEHHBIM 3Ha-
YEHHUEM TEMIEPATyphl [, HUTH:
-1

L P R (10.10)
hay

(e8]
OcHOBY MeTOnMKU H3MepeHus momHoctu P, =S I o(ow,T) f(o, T)do us-

0
JYYCHHUS TUIACTHHBI COCTABISICT YCl08Ue Menio8oeo pasHosecusi. B cocTosHun
TEPMOJMHAMHYECKOTO PABHOBECHS BBITIONHSACTCS OallaHC MEXIy HMpHOOpeTacMoin
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Y TEPSEMOM B €MHHUIY BPEMEHM DHEPTUEU. Y CIIOBHE PABHOBECHS, YUUTHIBAIOIIEE
OCHOBHBIE MEXaHU3Mbl OOMEHA YHEPTUEN MEX]y TUIACTUHOW U OKPYKAIOIIUMU TE-
Jamu, GOpMyIHpyeTCs B BUJIE PaBEHCTBA

P+R

ora — PT.H +

P

TCILT !

(10.11)

rac P - MOIIHOCTD I[)KOYJDI—.HGHH&, BBIACIAIOIIAACA B INIACTUHC IIPHU IIPOTCKAHHUHN
QJICKTPUICCKOI'O TOKA, PHOFJ'I — norjomacmas ILUIACTUHOM MOITHOCTBH TCIIJIOBOI'O

U3JIyYEHUsl, TEHEPUPYEMOE OKpY)KaroIuMHu Tenamu; P

ey — MOIIHOCTB TEILIO-

MPOBOJTHOCTH, KOTOpPAasl MEpeaeTcsi OT IUIACTHHBI K APYTHM y3JlaM 3KCIIEPUMEH-
TaJlbHOM YCTAHOBKH 3a CUET ME€XaHHW3Ma TEIUIONPOBOJAHOCTH, HATPUMEP COCIUHU-
TEJIbHBIX MPOBOJHUKOB. ECIM IJIONIab MOBEPXHOCTU IUIACTUHBI S BEJIUKA IO
CPaBHEHMIO C IIOLIAJIBIO MTONIEPEUHOTO CEYEHUsl S; MPOBOJHUKOB (S << S) u Tem-

nepartypa IUIACTHUHBI | IPEBBINIAET TEMIIEPATYpPy 1p OKpYy)Kalollel cpelsl B He-

CKOJIBKO pa3, TO (T /To )4 >>1, a MOIIHOCTh M3Iy4eHHs ILIACTUHBI P, cyecT-
BEHHO IIPEBBIIIAET MOIIHOCTh PAJUALMOHHOIO IOIJOIIEHH P, X MOIIHOCTH
TEIIONPOBOJHOCTU. B 3TOM cilydae MOIIHOCTh M3IydeHHs P, coBmagaer c
motHocThio Jxkoyna—Jlenna P =Ul . Orcioga B cooTBercTBUM € 3aKk0oHOM Creda-
Ha—bonwivana (10.6) momydaem
P=P,,=0acST% (10.12)
Ha ocHoBanum teoperndeckoro nporuosa (10.12) uccnemyemasi 3aBUCUMOCTb
MOIIIHOCTH U3JTyYEHUs OT TEeMIEPaTyphl TJIACTHUHBI JOJIKHA COOTBETCTBOBATH CTE-
nexHoit dynximu P(T)=AT", B KoTopoii N — mokasarens creneHn; A= oocS —
KO3(GUIIMEHT MPOMOPIMOHATBLHOCTH, COJCPIKAIIUNA IUIOMaAh S IOBEPXHOCTH

IJIACTHUHBI, TIOTJIOMIATEIPHYIO CIIOCOOHOCTh o W mocTosHHyro Ctedana—
bonenmana c.

BBomsi  GespasMepHBIE  BENMUMHEI P = P/ Br), A= A/ (1 BT/ K4),
T=T /(L K) u nponorapuMupoBas, moryIum

INP=nInT +InA. (10.13)

[TonyueHnHass 3aBUCHMMOCTh uMeeT Bua Y=nX+b, rme y=In P: x=InT;

b=InA, u JOIyCKaeT 00pabOTKy METOJOM HAUMEHBIIHMX KBaApaToOB (JTMHEHHOMN
perpeccun).

Cxema JKCIIepUMEHTAJIBLHOI YCTAHOBKH mipescTaBieHa Ha puc. 10.2. B ¢o-
Kyce oObekTrBa O 3pUTENbHON TPpyObl MUPOMETPA PACIOJIOKEHA HUTH L, N30THY-
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Tast B popme nomyokpyxuoctu. Uepes okysip Ok u kpacHslii cBeToduibTp O Ha-
OJroaTenb BUAUT CPEAHIOI0 YacTh HUTH HA ()OHE MOBEPXHOCTHU Tella, TeMIEepaTy-
py Kotoporo TpeOyercs onpeaenuTs. C moMoIpio moteHimoMerpa R ocymiecTs-
JSI€TCSl PEryJIMpOBKa TOKAa B HUTH U SIPKOCTH €€ cBeueHus. [lociie BKIHOYEHHUS
kHONKOW K HarpeBa HUTH, TOK, TPOXOASIINN Y€PE3 HUTh MUPOMETPA, PETYIUPYIOT
JI0 T€X TOp, TTOKa OHA HE CTAHOBUTCS HEBUJIUMOM Ha ()OHE MIIACTHUHBI.

OnTuyeckuii MUPOMETP NPOKATMOPOBaH MO abCOMOTHO YepHOMY Teiy. Lllka-
Ja aMIepMeTpa, U3MEPSIIONIEro CUy TOKa B HHUTH, oludpoBaHa B rpagycax Io
mikasne Llenbcust u onpenenseT rTemnepaTtypy HUTH (a0COIOTHO YEPHOTO Tea).

Ilnactuna

B ] Hutno
)OK D ’1 L
L I

@_

Puc. 10.2. Cxema 3KCriepUMEHTaIBHON YCTaHOBKU

DnexkTpudecKas cxema HarpeBa IIACTUHBI COJEPKUT UCTOYHUK TOKA, aMIlep-
meTp PA 1715 uaMepeHust cuiibl TOKa | B IIacTUHE, BEIMYKMHA KOTOPOTO PEryIupy-
eTca noTeHuuoMeTpom R;, n BonbT™MeTp PU niist onpeneneHus najgeHus HampsiKke-

HUd Ha wiactuae U.

3axaHue o NOAroTOBKE K padore

1. O3HaKOMHTCS C TEOpUEW TEMJIOBOrO M3JIYYEHHUS U METOAMKON 3KCIEepu-
MEHTaJIbHOT'O UCCJIEI0BaHNs 3aBUCUMOCTH MOIIHOCTHU U3JIyYE€HHS OT TEMIIEPATYPhI
HarpeToro Tena.

2. Tloctpouts rpaduk 3aBucuMocT MomHocTu [xoyms—Jlenna P, kotopas
HeoOXoaMMa Ui HarpeBa IUJIACTUHBI /10  MPOU3BOJIBHOW — TeMIepaTypbl

T €[300;1000] K . Jinst pacyera P(T ) ucronb3oats QyHKIHIO
P = Pyomn + Pow =(T =To)/Rr +SacT?,
B KOTOpOH Ty — Temreparypa OKpy»Karolleh cpelbl, Rt — TemIoBoe COpOTUBIIE-

HHUEC COCIAUMHUTCIIbHBIX IIPOBOAOB. Pacuetnl IMPOBCCTHU IIPU CIACAYIOINIHNX 3HAYCHUAX

napametpos: To =300 K, Ry =0.35 Br/K, S =0.25 cm?, a.=0.92.
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3. OueHUTh TPAHUYHOE 3HAYEHUE TEMIEPATyphl IIACTUHBI T, , IPH KOTO-

pOﬁ IMoTepAa TEILIOBOM OQHCPIUK 3a CUCT TCIUIOMPOBOAHOCTU COCTABJIACT

Prenn = 0.01P; ;. Tlonmyuenubiit pesynbrat T, OTMETHTb Ha rpaduke P(T) .

Yka3aHus K BbIIOJHEHUIO padoThl
1. BpamenueM pyKOATKH IOTEHIUOMETpa Rj yCTaHOBUTBH CHIy TOKa

| =2A B miactuHe. YCTaHOBUTH AMana3oH uaMepenus temneparypsl 1400 °C u
COOTBETCTBYIOIIUNA €My KeNTbld cBEeTOGUIbTp. BKIIIOUUTh HAaKal HUTH C TMOMO-
b0 KHONKM K, KoTOpas B mporecce M3MepeHni JOJKHA HAXOAUTCS B 3aMKHYTOM
NOJIOKEHUU. Perynupys cuiay Toka B HUTH, JOOUTHCS NCYE3HOBEHMSI BUUMOTO €€
n300pakeHHs Ha (DOHE CBETSIIENCS TOBEPXHOCTH IIAaCTHHBL. Pe3ynbTaTel usmepe-
uuii temmeparypsi t,; (°C), cuiisl Toka B wiactune | u Hanpsbkenust U na neit 3a-
nucath B Tadu. 10.1.

2. TloBtroputh mukiI u3mepenuit (cm. m. 1) mpu apyrux 3HadeHusx (ot 2.5 1o
5.5 A c marom 0.5 A) cusel Toka | B mmactune. [Ipu npeBbIIeHUN TeMIIepaTyphbl
1400 °C auanazon usmepenus nepexiatodnTh Ha 2000 °C U yCTaHOBUTH KPACHBIM
cBETOQMWIbTP. Pe3ynbTaTbl COBMECTHBIX H3MEPEHUN (PU3MYECKMX BEJIWYMH U,
I, U, a Takxe 1BeT cBeTO(UIbTpa 3aNMcaTh B TAOJIUILY.

Tabauya 10.1
3aBMCUMOCTH MOIIHOCTH M3JIyYeHHs OT TeMIepaTypbl

Temneparypa HUTH

ILA| UB P, Br L.°C T K Temneparypa niactunsl T, K

3. HW3mepenne Temmneparypsl 1o 1. 2 POU3BECTHU JIBa pa3a B PEKUME YBEIIHU-
YEHUS U J[Ba pa3a B PeKUME YMEHBIIICHHS CUJIbI TOKA B HUTU. Pe3ynbTaThl usmepe-

HUI TeMreparypsl ty,, bl Toka B mmacTuHe | u Hanpsbkenns U Ha Helt 3anucartb

B TaOJIHILY.

Yka3zanus 1iis 00padoTku pe3yibTaToB

1. Wcnonesysa cootnommenue (10.10) u uamMepeHHOEe 3HAYCHUE TEMITEPATYPHI
HUTU T, ONpENenuTh TeMIlepaTypy [j IacTuHbl. IlomydyenHsle pe3ynbTaThl 3a-

nucath B Tabm. 10.1.
2. Ompenenuts MOUIHOCTH TEIUIOBOTO M3IydeHus miactunsl B = I U;, xo-

Topble OblIM 3a(uKCcUpoBaHbl B dKcniepumeHTe. Ilomyuennsle pesynbratel P 3a-

MUCcaTh B TAOJIHILY.
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3. Bsectu Gespasmepuste Bemuunbl T; =T; /(1K) u B =R /(1Br) u npo-

norapuMupoBath UX. Pe3yapTaThl BEIUUCICHUH Xj = In(TI ), yi = In(P,) 3aIiCcaTh
B TaOHILY.
4. ANmpoKCUMHPOBaTh COBOKYIHOCTH IKCIICPHMEHTANBHBIX JAHHBIX Xj, Yj

muHeHon Qynkmmen (10.13) merogoM nmuHEHHON perpeccuu (METOIOM HAaUMEHbB-
IMX KBaJpaToB) [4], Haxoms mapaMeTpsl (N, A) Ha OCHOBE 3aBUCMMOCTH Y = NX +b.

5. Omnpenenuth MoKazaTeiab cTeneHd N+ An u mHoxuTtenb A+ AA. Paccuu-
TaTh 3HaYeHHe noctossHHoM Ctedana—bonbiiMaHa, yUYUTHIBas, YTO IUIOLIAAL Ijia-
ctuHbl S =0.25 CM2, oq =0.92. Omnpenenuts cpenHee 3HAYEHUE IapaMmerpa
C=Yy—4X B TeopeTu4eckoil 3aBucuMocTH Y =4X+C, nonaras B (10.13) n=4 B

COOTBETCTBHUHM € 3akoHOM Credana—bonbplmMaHa.
6. CoOBOKYMHOCTb dKCIEPUMEHTAIBHBIX JaHHBIX Xj, Yj HAHECTH Ha rpaduk.

3/mech K€ MPEICTaBUTh TpaUKH anmpoKCUMHUPYIOMUX (GYHKIUHA Y=nX+b u
y =4X+C, mapameTpsl N, A, ¢ KOTOPBIX ONpeeaeHbl B Il 4 u 5.

7. CdhopMynupoBaTh 3aKJIIOUYEHUE O COOTBETCTBUM AKCIEPUMEHTAILHON 3a-

BucumoctH P(T) 3akony Credana—bonbimMana.
KoHTposbHBIE BONPOCHI

1. JIBa Tena UMEIOT OJJUHAKOBYIO SIPKOCTH CBEUCHUS B Y3KOM JTUAMa30HE YacCTOT.
[Tpu KaKMX COOTHOIICHUSIX MEXIY MOTJIOMIATEIbHBIMU CITIOCOOHOCTSMHU TET BO3MOXK-
HBI CJIEYIOIINE BAPHAHTBI HEpaBeHCTBA TeMueparyp: Ty >T,, Ty <T,, Ty =T,?

2. ]IBa Tena UMEIOT OJIMHAKOBYIO TeMIiiepaTypy. [Ipu ucnonbp3oBaHuU 3€51€HO-
ro cBeroduiIbTpa HAOIIOMAECTCS OJMHAKOBAs SPKOCTh cBeueHus Ten. [lo kakoi
MPUYHUHE MOXKET HAPYIIUTHCS PABEHCTBO SPKOCTU CBEYEHHUS 3TUX TEJI, €CIIA 3aMe-
HUTB 3€JICHBIN CBETOPUIBTP CHHUM?

3. lllap u ToHKas TUIACTUHA UMEIOT OJIMHAKOBYIO Maccy. [Ipu mpomyckanuu
AIEKTPUYECKOTO TOKA B HUX BBIJICIISIETCA PABHOE KOJWYECTBO TEIUIOTHI. Temriepa-
Typa Kakoro TeJjia JIOCTUTHET OOJIbIIETO 3HAYEHUsI B COCTOSIHUU TEPMOJIMHAMUYe-
CKOT'O paBHOBECHS?

4. KakuM METOJIOM U3MEPSIOTCS TeMIIepaTypa IIACTUHBI U SIPKOCTh CBEUCHUS
ee TIOBEpXHOCTH B TaHHOU paboTe?

5. O0BsicHUTE, B UM 3aKTI0YANIACh «yJIbTpadronaeToBas kKaractpoday TeOpun
Panes—/{xunca. KakoB Obln mipesiokeHHbId [TaHKOM METOJ perieHuss HeCOOT-

BETCTBUSA?
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6. TermoBoe u3IyyeHUE aOCONIOTHO YEPHOTO Tejla MPOXOJUT YEPE3 CBETO-
¢bunbTp. Ha xakoii yacToTe mponyckaHus cBeToPuiIbTpa OyieT HaOI0qaThCs MaK-

CUMaJIbHAasA MTHTCHCHUBHOCTD IMPOMICAIICTO I/IBJIy‘-ICHI/IH?

JlabopaTopuas padora 11. UCCJIEJOBAHUE BHEIIHET'O
OOTOIDDEKTA

Iesn padoTsl: HccaenoBaHue 3aKOHOMEpHOCTeN 3PdexTa HoToAIeKTPOHHOK
smuccuu (BHeHIHero ¢orodddekra); u3MepeHre padboThl BBIXOAA 3JIEKTPOHA U
KpacHOi rpaHutisl a3gdexTa g MaTepuana GoToKaToaa.

Oo0mmue cBeaeHus

®DoTOANEKTPOHHAA IMUCCUS (BHEIIHUIA (HOTO3(PPEKT) — 3TO MOTOK INEKTPO-
HOB, KOTOpPBI BO3HUKAeT NMpPHU OOJIyUEeHHWU CBETOM MOBEPXHOCTH METajUla U Ha-
IpaBJ€H BJOJb HOPMAIHM K MOBEPXHOCTU. B pe3yibTare 3MUCCUU 3JIEKTPOHOB B
(GoTORIIEMEHTE HU3MEHSETCS, HAapUMEp, AJIEKTPONPOBOJIHOCTh BAKYyMHOI'O IPO-
MEXYTKa MEXJy IBYMs METAUNIMYECKUMHM AJIEKTpoJaMu. M3MepeHue Cuiibl TOKa,
IPOTEKAIOLIEr0 B 3TOM IIPOMEXKYTKE MPU Pa3HOM OCBELIEHHOCTH (hOTOKaToAa, PU
pa3HOM CHEKTPAJbHOM COCTaBE M3IyYEHUS U T. 1., COCTABISIET OCHOBY METOAA
HKCIEPUMEHTAIBHOIO UCCIIEI0OBaHMs BHEIIHEro (oTodddeKTa.

B doToaddexre nposiBasieTcss KOPMYyCKYISIPHbIE CBOMCTBA JIEKTPOMAarHUTHO-
ro U3JIy4eHUs. B KBaHTOBOW TEOPHUH JIEKTPOMATHUTHOE U3TyUYEHUE MTPEACTABIISIFOT
B BHUJE MOTOKa dYacTull ((POTOHOB), IABUKYIIUXCA C IMOCTOSIHHOW CKOPOCTBIO

¢ =3-10% m/c. Doton nmeer HYIICBYIO MacCy MOKOsi, 00magaer sHeprucii Eg =hv
M MMITYJIbCOM Py, =hv/c. Heympyroe cronkHoBenue (mornomieHrne) (HOTOHA C

AJIEKTPOHOM TPOBOJAMMOCTH MeTajia o0ecrneurBaeT HEOOXOIUMbBIC YCIOBUS ISt
BBIXOJIa DJICKTPOHA 3a Tpejeiasl oobema BemiecTBa. [Ipu TakoM B3anMMOJICHCTBUN
(hoTOHA C JIEKTPOHOM BBITIOJIHIETCS 3aKOH COXPAHEHUS YHEPTHUU:

Ee1 + E(b =Egr, (11.1)

rae Ep — sHeprus snekTpoHa; HHAEKCHI | ¥ 2 COOTBETCTBYIOT MOMEHTAM BPEMEHH

70 ¥ mocie crojakHoBeHus. Ilocie B3aumoneicTBus ¢ (OTOHOM NPUOOPETEHHAs
DHEPIus JIEKTpoHa Ego 4aCTMYHO pacxomyeTcs Ha NMPEOAOJICHUE NMOTCHIUAIBHO-
ro Oapbepa, yIep KMBAIOIIETO 3JIEKTPOH BHYTPU MeETallja, OCTABIIASCSA 4acTh CO-

CTaBJCT €0 KHHCTUYCCKYIO OHCPIHIO!:
hv = A+Wk y (112)
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rac A - pa60Ta BBIXOJIa JJICKTPOHA U3 MCTallla, Wk — KHMHCTHUYCCKasA SHECPIrus BbI-

memmero 3yekTpoHa. CoorHomenne (11.2) HOCHUT Ha3zBaHue ypaBHEHUS A. DifH-
mreitHa it potoadpdexra. Ipu sreprusx GoToHa, MaIBIX IO CPABHEHHUIO C SHEPTH-
€M TTOKOS AJIEKTPOHA, KHHETHUECKYIO SHEPTHIO0 MOKHO HAWTH 10 HEPEIISITUBUCTCKOMN

popmyne W = mgv / 2. U3 (11.2), B vacTHOCTH, CIEAYET, YTO TOJIHKO TPHU TTOTJIOIIE-

HUK OTOHA C SHEprHei hv > A 31eKTpOH MOXKET BBIMTH 3a MPEICiIbl BEIIECTBA.

[Ipu potordpdexTe muie Manas 0 MaJaroNUMX Ha MeTaul ()OTOHOB IMPHU-
BOJUT K BBIOMBAHUIO JIEKTPOHOB U3 00pasiia. ITO CBSI3aHO, MPEXKJIE BCEro, ¢ Ma-
JI0# TITyOMHOM BBIX0/a (POTORJIEKTPOHOB, KOTOPasi 3HAYUTEIBHO MEHbBIIIE TITyOUHbI
MIOTJIONICHHSI CBETa B MeTaslie. bONBIIMHCTBO (POTOINEKTPOHOB PACCEUBACT CBOIO
HHEPIHIO J0 MOAX0/1a K IOBEPXHOCTH U TEPSET BO3MOKHOCTb BBIUTU Hapyxy. [Ipu
sHeprun (GOTOHOB BONM3U mopora ¢poTodddexra OOIBIIMHCTBO (HOTOIIEKTPOHOB
BO30y KIaeTcs HIKE padOThl BBIXO/A U HE JaeT BKJIaJa B (POTOAMUCCUOHHBIN TOK.
Kpome Toro, koahpuimeHT oTpaxkeHust B BUAMMONW U OmmkHer Y @-o0nacTsax Be-
JMK, U JUIIb Majias 4acTh W3JIy4yeHUs MOIJIOIIAeTCs B MeTayie. Yuciao sMUTHPO-
BaHHBIX AJIEKTPOHOB B pacuere Ha OJuH (OTOH, MAAAIOIINNA Ha TIOBEPXHOCTH TEa,
Ha3bIBaeTCsl KBaHTOBBIM BbIx0si0oM K. Bennuuna K onpenensiercss cBoiicTBaMH Be-
IIECTBA, COCTOSTHUEM €T0 MOBEPXHOCTU U JHEPTHel (JOTOHOB.

B pesynbraTe Koim4ecTBO BbILIEAIMX MeKTPOHOB ON, OKa3bIBaeTCs IpO-

MOPIHOHATBHO Komn4ecTBY hoToHOB ANy, , MaarolyX Ha MOBEPXHOCTH METAILIA B

TEUYCeHUE MHTEepBaia BpeMeHu dt:
dNg /dt =K dNg, /dt. (11.3)

OcgemeHHOCTh @, ompenensieMas Kak KOJUYECTBO SHEPTHH, MAJAONIEH HA eau-
HUILY TUIONIAU S TOBEPXHOCTH B €MHUILY BPEMEHH TIPU OOJyYCHHH MOHOXpOMa-
THYCCKUM CBETOM MPOMOpPIHOHaTbHa TOTOKY dNg, / dt ¢oronos

hv dN
o= ¢
S dt
[ToTok 21EKTPOHOB, MHAYIIUPOBAHHBIM CBETOM, HEPA3pPHIBHO CBSI3aH C TMOTO-

(11.4)

KOM 3JIEKTPUUYECKOTO 3apsija OT MOBEPXHOCTH METalllla B OKpY’Karolee NpoCTpaH-
ctBo. M3 (11.3), (11.4) caenyeT, 4TO KOJIMYESCTBO 3apsijia, IEPEHOCUMOIO B €AMHH-
Iy BPEMEHH 3a cueT (OTOIIEKTPOHHON IMHUCCHH, MPOTIOPIITMOHAIBHO OCBEIICHHO-
CTH MIOBEPXHOCTH MeTaJlja:

dN, Ny  eKS

dt dt  hv
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Cootnomenue (11.5) uzBectHo kak 3akoH CToJIETOBA.

I/IccnenyeMLIe 3aKOHOMEPHOCTH

s uccnenoBanust BHemHero gorodddexkra B paboTe MCHONIB3YETCS BaKy-
ymHBIA 1roa (hotosnement CIIB-4), comepxamuii 1Ba METAIUTMYECKUX AJICKTPO-
Ja (aHOJ ¥ KaTo/) BHYTPHU CTEKJISIHHON 00osouku. [Ipn KOMHaTHOM TemiiepaType B
BAKYYMHOM MPOMEXYTKE MEXKIY AJIEKTPOJAMU COJEPKHUTCS HE3HAUUTEIbHOE KO-
JIMYECTBO AJIEKTPOHOB, BO3HUKaIOIIEE 3a cueT A deKkTa TePMOIICKTPOHHOM dMHUC-
cuu Metaiua. OcBeleHne MOBEPXHOCTH KaTOAa MPHUBOJIUT K YBEIMYECHHUIO YUCIa
CBOOOJIHBIX AJIEKTPOHOB B ATOM 00JIACTH.

3aBUCUMOCTh cHJIbl TOKa | oT HampspkeHuss U Ha (poTo3IeMEHTE UMEET HENH-
HEWHbIN xapakrep. [IpyumHa HEITMHEMHOCTU BOJIBTAMIIEPHOM XapaKTEPUCTUKU
I(U) — HEomHOPOIHOCTh pachpeieiieHusl MO0 CKOPOCTSM BBIMISANIMNX M3 KaTona
JIEKTPOHOB BCJIEJICTBHE MX TEIJIOBOIO ABWXKEHUA. B cilydae oTpuuaTeiabHOU mo-
JSIPHOCTU TOJKJIIOYEHHS] BHEIIHETO HMCTOYHHMKA K 3JIEKTpoAaMm (OTORIEMEHTa ¢
poctoM HampspkeHuss U yMeHbLIaeTcsl J0Jisi 3JIEKTPOHOB, MMEIOIIMX KUHETHYe-
CKYIO SHEPI'HI0, JOCTATOUYHYIO JJIs TOCTHXKEHHS aHO/a, U yMeHbluaercs Tok |. [Ipu
HEKOTOPOM 3HaueHun oOparHoro Hampsbkeusa U =U, momydenHoi mpu ¢oto-
JIEKTPOHHOM 3MHUCCHHM KHMHETHUYECKOW 3HEPrUH 3JIEKTPOHOB OKAa3bIBAECTCS HEJO-
CTaTOYHO, YTOOBI MPEOJOJETh TOPMO3SIIee NEUCTBUE MOJSI U CUJIa TOKAa, MpPOTe-
KaloIero uyepes GporodneMent, oopamaercs B Hoib | (U,) =0. Dro ycinosue noc-
TUTAETCS IPU PABEHCTBE KUHETUYECKOW SHEPTUel POTOAIEKTPOHA U3MEHEHUIO €r0

HOTCHHH&HBHOﬁ QHCPI'UHU IIpU IICPCMCIICHNUHN OT KaTOAd K aHOAY:
?/
eU, =mgov°/2. (11.6)
3anuparoniee HanpsbkeHue U, B OKCIEPUMEHTE M3MEPSETCS NPSMBIM METO-

JIOM ¥ ¢ TOYHOCTBIO JIO TIOCTOSTHHOTO MHOKHUTENIS e (2JIEMEHTApHBIN 3apsiT) COBIA-
JaeT ¢ KWHeTHYeCKoM sHeprueit ¢poroanekrpona (11.6). Teopus Ditnmreitna (11.2)
MPOTHO3UPYET JIMHEHHYIO 3aBUCHMOCTD 3allUPAIOIIETO HAMIPSHKEHUS OT YaCTOTHI V
AJIIEKTPOMArHUTHOTO U3TyYCHUS:

U3(v):h%—§:g(v—v0), (11.7)

rae vo=A/h — MUHEMaNbHAs YaCTOTA MU3IYYCHHS, TPU KOTOPOW BO3MOMKEH BBIXO
AJIEKTPOHA M3 HCCIEIyeMOro MeTaula. ANMPOKCUMALMs pe3yIbTaTOB U3MEPEHUS

U, (v) muneiinoii ¢pynkimeit (11.8) mo3Bossier HaliTn ee mapamerpsl (puc. 11.1): pa-

00Ty BBIXO/Ia DJIEKTPOHA A, TPAaHUUYHYIO YaCTOTY V() M OTHOILICHHE KOHCTaHT h/e.
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Cuia TOKa CKBO3HOM IPOBOJMMOCTH
/  (otosnemenTa mpu OONBLIOM MOJIOKUTENb-

hAv/e

HOM HAIIPs’KCHUUN OIIPCACIIACTCA TOJIBKO TO-
KOM q)OTOSHeKTpOHHOﬁ OMHUCCHH, BCINYHNHA
KOTOPOIr'o HC 3aBUCUT OT IIPUJIOKCHHOI'O HaA-

npsokenus (11.6) u npeacTaBiseT coO0i TOK
HachlllleHus1 |, — acUMIITOTy BOJbTaMIep-

vo=Ale

Puc. 11.1. 3aBUCUMOCTD 3aITUPAIOIIETO
HaMpspKeHUs Ha (OTORIIEMEHTE OT YaCTOThI

“———— , Hoil xapakrepucruku |(U) porosnementa.
Av DnekTpuyeckas cxemMa JIKCHepUMeH-
TAJIbHOW YCTAHOBKH TIPCICTABICHA Ha

3JIEKTPOMATHUTHOTO U3ITy4EHUs puc. 11.2. Tlepekmouatens Sz npenHasHa-

YEH ISl YNPABJICHHS OCBEIICHHOCThIO @

(bOTOKaTOIIa. OH oOecnieunBaeT IMPOTCKAaHUC TOKa pa3Hoﬁ BCJIMYMHBI B HUTHU JIaM-

IIbI HaKaJIMBaHUWs ‘Hl' C IIOMOIIBIO IICPCKIIOYATCILA 82 oOecrnieunBaeTcs IIpsAMOC

WM 00paTHOE MOAKII0YeHUE (oToznemMeHTa @D K UCTOYHUKY HAIPSKEHHUS.

o P °
S+ Crabunu-
~220B 3aTop Ry Ry, — S2
£ 25B — |
S1 R3 B "

R
'—':l Rs ' ( % )
S | — ey 3

Puc. 11.2. Dniektpudeckasi cxeMa YCTaHOBKH JJIs UCCIIeIOBaHMsI BHEITHETO (hoTodd hekTa

JI71st “3MEHEeHuUst MPSMOTO U 00PATHOTO HANIPSHKEHUS MEX Y AIekTpogamu DD

DJIEKTPUYECKAs CXeMa COAEPIKUT, COOTBETCTBEHHO, MMOTEHIIMOMETPBI Ry 1 Ro—Rj3.

Cuna Toka CKBO3HOM 3JEKTPOIPOBOAHOCTH (POTOZIEMEHTA U3MEPSAETCS MUKPOAM-

nepMetrpoM PA, a HampsiKEHHE MEXIY €ro 3JIEKTPOJIaMU KOHTPOJIUPYETCS BOJBT-

metpom PU.
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3ajanue 1Jis MOATOTOBKHM K padore
1. Onpenenuts cuiy Toka HacelieHusa |, npu ocBenieHuu (pOTOKaTOJA M3-

JydeHueM ¢ niauHou BoiHbI A =540 mM. [Ipu pacuere ucnonb30BaTh CAEAYIOMINE

3HaveHus napamerpos ¢pyukiuu (11.5): K =0.01, @ :1BT/ M2, S= 45-107* M2,
2. Wcionb3yst JaHHBIC I1. 2, MOCTPOUTH I'papMK 3aBUCHMOCTH TOKA HACHIIIIE-
HUS (POTORIEMEHTA OT JIMHBI BOJIHBI U3JIYUYCHUS A BHIUMOTO JHaIra3oHa.

Yka3aHusl K BbINIOJHEHUIO PadoThl

1. Mexxny nammoil u (POTOIJIEMEHTOM YCTAaHOBUTH CHHE-3€JICHBIN CBETO-
¢uibeTp. Ilepexmouarens S mocTaBUTh B MONOKeHUE «+». Ilepexiouarens Sz

«OcBeTuTenby» IMOCTAaBUTh B MOJI0KCHUE 2, IIpU KOTOpPpOM oOecreynBaeTcsi OCBe-

IIEHHOCTh TOBepXHOCTH (oTokatoga P, =1.0 BT/ M2 N3meputh 3aBUCUMOCTH
cuibl Toka | ot Hanpsbxkenust U npu 3a)UKCUPOBAHHBIX 3HAYEHUAX OCBEIIEHHOCTH
(dorokatona @, M 4acTOTE NANAIOLIETO U3ITy4eHHs Vo. I 3TOro pekoMenayercs
U3MEHATH HanpshkeHune Ha (oTtornemente oT 0 1o 24 B ¢ marom AU = 1.0 B u u3-
MepsATh CUIIy TOKa CKBO3HOM 3iekrponpoBognoctu | (Py) doTtornemenTa npu ka-
koM 3HaueHuu U. Pesynbrate! usmepenuit |(d,), U 3anucars B Tabmn. 11.1.

Tabnuya 11.1
BosbTamnepHasi XapakTepUCcTHKA

U, B

I(Dy), MKA

[(P3) , MKA

1(Dy), MKA

2. Ilepexitogarenb S3 MOCTaBUTh B IMOJIOKEHHUE 3 U NOBTOPUTH M3MEPEHUS

o 1. 1 nmpu ocsemenHocT S3 porokaroga @ = O3=0.6 BT/ M.

3. Ilepexitouarens MOCTaBUTH B MOJOKEHUE 4 ¥ TOBTOPUTH U3MEPEHUS T10 II.

1 npu ocBemennoctu porokatona G = dy =0.3 BT/ M2 .

4. Mexny namnod U (POTOIIEMEHTOM YCTAaHOBUTH CHHE-3€JIEHBIM CBETO-
(GuIbTp, 3HAUCHHE LEHTPAIBLHON YacTOThl INPOIMYCKAHUS Vo KOTOPOIrO yKa3aHO Ha

ycraHoBke. IlepexnrouaTens Sy MOCTaBUTH B MOJIOKEHHE «—». Ilepeximodarens Sg

«OcBeTuTENbY) MOCTABUTH B MOJIOKSHHUE 2, KOTOpPOC o0ecIieunBaeT HU3BCCTHYIO OC-

BEIIEHHOCTh MOBEPXHOCTH (oTokaroma: Py =1.0 BT/ M2 . VCTAaHOBHTE HanpsKe-
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HHe Ha (oroantemenTe U,, IpU KOTOPOM CHJIA TOKA CKBO3HOW IPOBOJMMOCTH IIPH-
HuMmaeT Hynesoe 3HaueHue |(U,)=0. PesymbraT usmepenus U, 3amucaTb B TaOll.

11.2. HpOBGCTI/I ILITUKPATHOC U3MCPCHUC BCIIMYWHBI 3aIIMPAOIICTO HAITPAKCHUA.
Tabnuya 11.2
OnpeneneHue 3aNMPaOIIero HANpPsKeHU st

CeerodunbTp A Us,B
1 2 3 4 5
Cunnit
3eneHbIl

5. Mexny nammnoil U (OTORIEMEHTOM YCTAaHOBUTH 3€JCHBIA CBETO(PHIBT,
3HAUEHHE JUIMHBI BOJIHBI IIPOIIYCKaHHUA Ay KOTOPOIrO yKa3aHO Ha YCTaHOBKE, U I10-

BTOPUTb U3MEPEHHUS 110 I1. 4. Pe3yabpTaThl NATUKPATHOIO U3MEPEHUS BenuuuHbl U,

3anucarh B Ta0i. 11.2.

Ykazanus no o0padorTke pe3yabTaroB

1. ITo pmanubiM Tabn. 11.1 moctpouth rpaduku 3aBUCUMOCTH CHJIBI TOKa
CKBO3HOM AJICKTPOIIPOBOTHOCTH (DOTORTIEMEHTA OT HAMPSOKCHUS ISl TPEX 3Hade-
HUN ocBernieHHoCcTU (oTokarona. st KaxaoW BOIBTAMIEPHON XapaKTEPUCTUKHU
OIIPEJENIUTh CUITYy TOKA HaChIIEHUs | .

2. Iloctpouts rpaduk 3aBucuMoctd |, (D) Toka HACHILEHNUS OT OCBEIIECHHO-
ctu potokarona. CoBOKYIMHOCTh pe3ynbTaroB naMepenuit {1, ®} ammpoxcumu-
poBath JIuHEWHON pyHKImel |, =ad u onpenenurs ee napaMmerp a.

3. OnpenenuTh KBAaHTOBBIA BBIXOJ 37ekTpoHOB K = hva/(eS) Ha ocHoBaHuu
JIAHHBIX O YacToTe u3nydeHus (tadmn. 11.1), 3Hayenun nmapamerpa a (1. 2) u 1mwio-
1aJu oCBelaeMoi MoBepxHOCTH (poTtokaTona S =4.5- 107*m2.

4. TIpou3BeCTH CTAaTUCTUYECKYI0 OOpaOOTKY PE3yJbTaTOB M3MEPEHUM 3aru-
paromero HanpspkeHus (Tabm. 11.2) nns u3nydeHus ¢ 4acToToll vq U ¢ 4acTOTOM

Vo. OKOHYATENBHBIN PEe3yabTaT U3MEPEHUIN NPEJCTaBUTh B CTaHIAPTHON (hopme
U3(Vi)=U3(Vi)+AU3.

5. [1o u3BeCTHBIM 3HAUEHUAM YACTOTHI M3nMydeHus (tabn. 11.2) u m3mepeH-
HbIM 3HadeHusM U, (1. 4) onpenenuts paboTy BeIxoga Ay, 3IEKTPOHOB.

6. IlocTpouTs rpauk 3aBUCMMOCTU 3alHparoliero HanpsbkeHus U, ot gac-
TOTBl V=c/A. ANNPOKCUMHUPOBATh dKCIICPUMEHTAIbHbIC AaHHble U, (V) JIHHEN-

Holl pynkuuen U,(v) = mv + N u onpeaennuTs ee napamerpsl M, N.
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7. Ucionp3yss monydeHHOEe B 1. 6 3HAYeHHWE YriaoBoro koddduimenrta
m = dU, /dv = h/e, ouennts nocrostuuyio Ilnanxka.

8. Ucnonb3ys ducieHHoe 3HaueHue koddourmenta N =hvg/e (1. 6) ompe-

JICITUTh TPAHUYHYIO YACTOTY Vip, doTtorpdexra 11t MmaTepuana poTokaToja.

KOHTpOJIBHLIe BOIIPOCHI

1. Ha moBepxHOCTh 00pa3lia HampaBlIEHO MOHOXPOMATHYECKOE H3IIy4YCHHE.
Bo ckoibpKo pa3 U3MEHHUTCS MOTOK (DOTOHOB MPHU YBEIMYEHUHU B TPU pa3za YaCTOTHI
AIEKTPOMATrHUTHOTO U3TyYEHHUS U HEU3MEHHOM OCBEIIEHHOCTH MOBEPXHOCTH?

2. KakoBa TeHJeHIIHsI U3MEHEHHSI CUITBI TOKA (POTORIEKTPOHHOM SMUCCUU TIPU
YMEHBUIEHUHU YaCTOTHI MAJAOMIEr0 MOHOXPOMAaTHYECKOT0 U3ITy4eHUsI U HEU3MEH-
HOM OCBELIEHHOCTHU ITOBEPXHOCTHU?

3. Kakoii oOynactu cnekTpa 3J€KTPOMAarHUTHOTO H3JIyYE€HUS NPUHAIIIEKUT
($hOTOH, MpU MOTJIOIIEHUH KOTOPOTO 3JIEKTPOH MOKUAAET aTOM Bojopoaa?

4. Kaxoil yncioBoil 00JacTH NMPUHAAJIC)KUT OTHOIICHHUE pabOT BBIXO/AA AJIEK-
TPOHOB JJISI METAJUIOB?

5. [lepeuncnure mpu3HaKku OTINYUS (POTOHA OT IEKTPOHA.

JlaGoparopuas padora 12. UCCJIIEJOBAHUE
BHYTPEHHEI'O ®OTO2®PP®EKTA

Heab padoThl: H3yyeHHUE 3aBUCUMOCTH (POTOTOKA B CEPHUCTOM CBHHIIE OT

HaIIPAKCHUA 1 OCBCIICHHOCTH.

Oo0mmmue cBeaeHusa

SIBNIeHNE YMEHBIIEHUS JIEKTPUUYECKOTO CONMPOTUBIICHUS! BEIIECTBA MOJ JEii-
CTBHEM M3JIydeHUs ObLI0 OTKpbITO B 1873 r. Ero npuymHoii siBisieTcst iepepacipe-
JIeJICHUE AJIEKTPOHOB MO YHEPIETUYECKUM COCTOSIHUSM B TOJYIIPOBOJHUKAX U JU-
AIIEKTPUKAX, MPOUCXOSIICE MO JCUCTBUEM CBETa, KOTOPOE BIIOCIEICTBUU OBLIO
Ha3BaHO 6HYMPEHHUM (homosghgexmom.

CocTosiHHS TIEKTPOHOB B aTOME XapaKTEPHU3YIOTCSI TOJIBKO BIIOJHE OIpeEJie-
JICHHBIMU 3HAYEHUSMH YHEPTUU, KOTOPBIE HA3bIBAIOT SHEPTETUUCCKUMHU YPOBHIMU.
B TBepaom Tene oTnenpHbIE YPOBHH YHEPTUHU JIEKTPOHOB B aTOMaxX TPaHCHOPMHU-
PYIOTCSl B 9Hepeemuyeckue 30Hbl, UMEIOINE KOHEUHYIO YPHEPTreTUUECKYIO IIIHUPUHY.

30HY PHEPTU, COOTBETCTBYIOIIYIO HAUBBICIIEMY 3aIIOJTHEHHOMY 3JIEKTPOHAMU
YPOBHIO, Ha3bIBAIOT 8AIEHMHOU 30HOU, TAK KAK COCTOSIHUSI C 3THUMH 3HAYEHUSAMHU
SHEPTUU 3AMOJIHSAIOTCS BAJICHTHBIMU 3JIEKTPOHAMHU aTOMOB. biimkailnyro K BaJeHT-
HOM 30HE€ SHEPTEeTUUYECKYIO 30HY, COOTBETCTBYIOLIYIO HE 3aHSATOM 3JIEKTPOHAMHU pa3-
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30Ha TPOBOAMMOCTH ~ PEIIEHHOW COBOKYITHOCTH COCTOSIHWM, HA3bIBAIOT 30HOU

npogooumocmu. O0JIACTU pa3pelICHHbIX 3HAYEHUN SHEP-

{_) ' OTACJICHBI APYI OT JApyra o0JracTsIMu 3aIlIPpCUICHHBIX

& T . . .
¢ ? 3HAYCHNH, HA3BIBACMBIX 3anpeu|eHHOU 30HOU.
Agg 3anperieHHas 30Ha SHCKTPOHI)I B 30Hax € IIOJHOCTBIO 3aIIOJIHCHHBIMHU
P | COCTOSAHMAMHA HC Oar0T BKIIaAa B JJICKTPOIPOBOAHOCTH
Vv { + )

KpucTaaia, TaKk KaK BCC PAa3pCIICHHBIC COCTOAHUA B 30HC

BatenTHAs 30Ha 3aHATHI U NEPEMEILIECHUE U3 OJHOrO0 MECTa B JIPYroe He-

Puc. 12.1. Ctpykrypa BO3MOXKHO. Ecu aHepreTrdeckas 30Ha 3amojHeHa JICK-
JHEPIre€TUYECKUX 30H TPOHaMM HC ITIOJIHOCTBIO, TO €€ 3JICKTPOHLI IIPKU HAJIOKC-
HUW DJICKTPUYECKOTO IOJIsT MOTYT co3JaBaTh TOK. Ilpu
nepexoie U3 BaJICHTHOW 30HBI B 30HY MTPOBOJIMMOCTH 3JIEKTPOH CTAHOBUTCS HOCH-
TeleM Toka (OTCrojla M Ha3BaHMe 30HBI). OgHako M 00pa3oBaBIIeeCsS MPH ITOM
CBOOO/IHOE COCTOSIHME BAJICHTHOM 30HBI (Obipka) BeAET ce0s KaK CBOOOJHBIN HO-
CUTEJIb TOKa. 3aIlOJIHSSACH DJICKTPOHAMHU C HUKEJISKAIIUX YPOBHEH, JBIPKU Iepe-
MEIIIAFOTCS 10 HAIPABJICHHIO TIOJIS KaK MOJIOKHUTEIbHBIC 3apsiabl (+€).

Uto06bl 00ecreunTh 3JICKTPONPOBOIHOCTh TOJYIPOBOAHUKA, HEOOXOIUMO
COOOIIUTh AJEKTPOHAM HEKOTOPYIO IHEPTHIO, KOTOpasi ONPEAEseTcs IIUPUHOMN
3amnpeIIeHHoN 30HbI. Tak Kak IIMpHHA 3alpenieHHON 30HbI MOJYIPOBOHUKOB HE-
BEJIMKA, TO JaXe B OTCYTCTBHE OCBEIICHUS B TOJYIIPOBOJHUKE MPOMCXOAUT HE-
MpepbIBHAS TEHEPAIIHS JIEKTPOHOB M JBIPOK, 00YCIOBICHHAS TEIJIOBBIMHU KoJieOa-
HUSIMU pelieTku. Hapsimy ¢ reHepainueil Hocutenel ToKa OCYIECTBIseTCS U 00-
paTHBIN Mpolecc — peKOMOUHAITHUSA, T. €. IEPEX0/1 AICKTPOHOB U3 COCTOSTHUI 30HBI
MIPOBOJIMMOCTH B COCTOSIHUSI BAJICHTHOM 30HBI.

B pesynbpTaTe 0JHOBPEMEHHO NMPOTEKAIOIIMX IPOIIECCOB TEIJIOBOM IeHepa-
MU U PEKOMOWHAIINY B TIOJYTPOBOAHUKE YCTaHABINBACTCS paBHOBECHAS KOHIICH-
TpaLysl NEKTPOHOB N U ABIPOK pj, 3aBHUCALIAs OT TEMIEPATypbl U LIMPUHBI 3a-
npenieHHoN 30HbI. [[71s1 COOCTBEHHOIO MOMYNPOBOJIHUKA (T. €. TMOJYIPOBOJAHUKA,
CBOOOJIHOTO OT MPHUMECEH) 3TH KOHIICHTPAIIMM MOKHO CUHMTATh paBHBIMU. CoOCT-
BCHHAsI KOHIICHTpAIUsl HOCHUTEJEH 3apsiga oOyCIOBIMBACT TaK Ha3bIBACMBIN TEM-
HOBOM TOK (TOK B OTCYTCTBHH OCBEILEHUS).

DJIEKTPONPOBOTHOCTh MaTepPHUAIOB (BeTWYMHA, 00paTHasl yAEIbHOMY COIPO-
THBJICHHIO G =1/p ) 3aBUCHUT OT KOHIIEHTPAIIMU ¥ MOABMKHOCTH CBOOOIHBIX HOCH-

TeJieu 3apsaa0B. st NOIyNPOBOAHUKOB G ONPEAEISAETCS BBIPAKECHUEM

Gze(unn"'upp):e(up"‘Un)n,
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rpe e — BHCKTpI/I‘ICCKI/Iﬁ 3apsaa 3JICKTPOHOB, P U N — KOHLCHTpalus AbIPOK H

3JICKTPOHOB B ITIOJIYIIPOBOIHHUKE, L p H P, — HDOABMIKHOCTL JBIPOK U 3JICKTPOHOB,

U YYTCHO, YTO B CJIy4ac COOCTBEHHOM IIPOBOAUMOCTH P=1I.

[Ipu ocBemieHWU TMOJYNPOBOJHUKA CBETOM C JHeprued  (GOTOHOB
hv > A&, =&, — &, NosBIAETCA NONOJHUTENBHBI MEXaHU3M I'eHEpallud HOCHTE-

Jeit 3apsna — poToreHepaius, KOTOPhI MPUBOIUT K BOSHUKHOBEHUIO U30BITOYHON
KOHIICHTPALUU 3JIEKTPOHOB AN U IBIPOK AP, OTHOCUTEIIEHO PaBHOBECHOU Nj U pj,
Y, CJIEIOBATEIBHO, K YBEJIMYEHUIO ITPOBOAMMOCTH ITOJIYIIPOBOAHUKA. Y BEIUYECHUE
IIPOBOJIMMOCTH MOJYNPOBOAHUKA MO IEWCTBHEM CBETa HA3bIBACTCA (hOmMonposo-
oumocmyio. BennunHa (HOTONPOBOIUMOCTH COOCTBEHHBIX MOIYIPOBOJAHUKOB OII-
penensieTcs BhIpaKEHUEM:

G@:e(uerun)An. (12.1)

OpHako Jajieko He Kaxablid (POTOH, MaJarollii Ha TOBEPXHOCTh IHOJIYIPO-

BOJIHHKA, TTOPOIUT (POTO3JIeKTPOH. YacTh (POTOHOB OTpaXkacTCsl OT MOBEPXHOCTH

MOJIYIIPOBOJIHUKA. 3HAYUTEIIbHAS YacTh (POTOHOB OTJAET CBOIO SHEPIHIO OCTOBY

KPUCTALTMYCCKON PEIIETKH, T. €. IPEBPAMAcTCs B TEIUI0. TOJBKO He3HAYUTEIIbHAS
JacTh MaJa0IIHMX (DOTOHOB IMMOPOKIACT (POTOIICKTPOHEI.

B pe3ynpTare KOIMUYECTBO BbILIENIINX 31eKTPOHOB ON, oOKa3bIBaeTcs Ipo-

MMOPIHHUOHAIIBHO KOJIMYCCTBY (1)0TOHOB dN(b , IaJar0IMuX Ha ITIOBCPXHOCTh MCTAJIJIA B

TeUeHHe MHTepBajia BpeMeHu dt:

dNe = KdN(b = g(bdt )
rae K Ha3bIBalOT K8aHmoswvim 6vixodom GHoTodddexTa, Og — UHMEHCUBHOCDIO
gdomocenepayuu. OcBemIeHHOCTh E, omnpezensemMas Kak KOJIMYECTBO dHEPrUH, Ia-

JAIoIIeH Ha €IWHUITY TUTOIIAA S MMOBEPXHOCTH B CAWHUITY BPEMEHU TpH 00ITyde-
HUU MOHOXPOMATHYECKUM CBETOM, TPONOPLUOHANIbEHA MIOTOKY dN(b / dt ¢oronos

v Ny
S dt
OTcCr0/1a MHTEHCUBHOCTH (DOTOTr€HEpauu
O¢ = KSE/(hv) (12.2)

TaK)Ke MPONOPIHOHAIIbHA MajjalollieMy cBeToBoMy nmotoky @ = ES.
[Iepexo 37IE€KTPOHOB B 30HY NPOBOAMMOCTH ITPOMCXOAUT HE TOJBKO IOJ
JICICTBUEM KBAaHTOB CBETA, HO WU MOJ JACHCTBHUEM TEIUIOBOW 3Hepruu. CKOPOCTh
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WU3MCHEHUS KOHIICHTPAIIMKM JJICKTPOHOB (JBIPOK) OIPEACISETCS BBIPAKCHUEM:
dN;/dt=g, + ¢, TA€ §; — MHTCHCHBHOCTH TCPMOTCHEPALMH, T. €. IHCIO SIICK-

TPOHOB, KOTOPbIE MEPEXOIAT 32 OJHY CEKYH/Iy B 30HY TPOBOJAUMOCTH B PE3YyJbTaTE
TEIJIOBBIX KOJIEOAHUI PEIIeTKH.

Kak orMeuanoch paHee, OJHOBPEMEHHO C MPOLIECCOM T'€HEpaluy CBOOOJHBIX
AJIIEKTPOHOB UJET MPOLECC PEKOMOMHAIIMU AJIEKTPOHOB U JBIPOK, T. €. BO3Bpalle-
HUE AJIEKTPOHOB U3 30HBI MPOBOJAMMOCTH HAa CBOOOJHBIE MECTA B BaJICHTHOW 30HE.
PekoMOuHaIMs 3JEKTPOHOB U JBIPOK COMPOBOXKAAETCS YMEHBUICHUEM KOHIICH-
Tpaluu CBOOOJHBIX HOcUTesel 3apsgoB. CKOPOCTh PEKOMOMHAIMU IPOMOPIUO-

2’1,

HaJIbHA YHCITy JBIPOK U YHCIY CBOOOIHBIX 31eKTpoHOB. 0N, /dt =onp =an®, rae

o, — KO3(PUIMEHT peKOMOUHALIIH.
B cranmoHapHOM COCTOSSHUM CKOPOCTHU T'€HEpaIMi U PeKOMONHAIIUN PaBHBI:

gT+g(b =Otn2.

B temHoTe J¢ = 0. [ToaTOMy MOKHO 3aIKCcaTh, 4YTO TEMHOBAs PABHOBECHAs KOH-

IIEHTpaIUss CBOOOAHBIX BIIEKTPOHOB N, =./0./o. Torma kouuenTpauus (HoTo-

AIEKTPOHOB:

V91 99
An=n-n, = 1+ —-1}|. (12.3)
o Or

PaccMoTpum ABa npenenbHbIX Ciydasl.

1. Ceetooii notox mai. Toraa gy /gr <<1 u J1+ J¢/9r <1+ g(b/(ZQT).

[Toncrasnss nocnenHee BoipaxkeHue B (12.3) u, Bocmonb3oBaBmuCh (12.2), momyyaem:
An = LS E.
2hv, /o,

Tornma uz (12.1) nist GOTONPOBOAMMOCTH MOJTYIIPOBOAHUKA MOJTydaeM:

6 ~ e(up+pn)KS

E. (12.4)
2hv/ag,

Takum o6pazom, ipu c1ab0¥ OCBEMIEHHOCTH TOIYPOBOAHUKA (OTOMPOBO-
JUMOCTB TIPSIMO TIPOTIOPITMOHAIFHA MTaIAI0IIEMY CBETOBOMY TIOTOKY.
2. VIHTEHCHBHOCTb CBETOBOTO IIOTOKA BENIMKA, J4>>Q,. Torma us (12.2),

(12.3) cnenyer:

An = /KSE/(ahv) . (12.5)
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[Toncrainss (12.5) B (12.1), nonyuum:
KS JE, (12.6)

S ze(up +Hn) v

T. €. hOTONPOBOAUMOCTE Gy, ~JE.

OnHako npu OONBUIMX CBETOBBIX MOTOKaX BHYTPEHHUH (oTOd(PPEKT conmpoBo-
KIAeTCA Pa3IMYHBIMA BTOPUYHBIMU SIBJICHUSIMU, TAKXKE MOPOKIAOIMIMMHA HEJIMHEH-
HOCTb 3aBHCUMOCTHU (peKOMOUMHAIIMENH HOCUTENEH TOKa B 00bEME U Ha MOBEPXHOCTH,
3aXBaTOM HOCHTEJICH, Me)eKTaMH PEIICTKH U JIp.), KOTOPBIC HE YUYUTHIBAIKNCH B pac-
cmotpenuu. [loaromy (12.6) cripaBeAsIMBO JIMIIE B IEPBOM HMPUOJIMKEHHUH.

Takum oOpa3zom, KOHIIEHTpaIrus (HOTOINEKTPOHOB (JbIPOK) AN 1 (HOTOIPOBO-

JIMMOCT G4 MpOHopunoHanbusl E', roe E — OCBEIICHHOCTD, a 3HAUYCHHUE Y JICKUT
CI) 5

B nipenenax oT 0.5 1o 1.0. KoadduimeHt y MOKHO ONpeIeTuTh SKCIEPUMEHTAb-
HO TIO0 3aBHCHMOCTH CTallMOHAPHOTO (DOTOTOKA B MOIYIMPOBOJAHHUKE OT €ro OCBe-
HICHHOCTHU, TaK KaK (DOTOTOK MPOMOPIIMOHATICH KOHIICHTPAIUKA HOCUTEJICH 3apsiia.

I/Icc.ﬂeuyeMue 3aKOHOMEPHOCTH

OOBEKTOM HCCIIEIOBAHUS SBIISIETCS homoconpomusnenue (puc. 12.2) — TOH-
Kuil cioii 1 mosynmpoBOJHHUKOBOrO Marepuaia, HaHECEHHBI Ha W30JIHPYIOUIYIO
mIacTHHKY 2. Ha Kkpasx ciost pacmosioKeHbl AIeKTPoabl 3. Bes KOHCTpYKIHsI MOH-
TUPYETCS B MJIACTMACCOBBIN KOPITYC 4.

[Ipu oTcyTCTBMM OCBELIEHUSA B LENU MPOTEKAET TEMHOBOW TOK |, 3aBHCH-

IIUH OT MPUJIOKEHHOTO HANPSIKEHUSI U TEMHOBOTO conpoTuBiieHus. [Ipu ocseie-
HUU TOK | B 11enmu GoJbIlie TEMHOBOTO TOKa. Pa3HOCTH MEXIy TOKOM MPH OCBEIIIE-

HHHM 1 TCMHOBBIM TOKOM COCTaBJISICT (bOTOTOK I‘b .

XapakTepucTuKkaMu (OTOCONIPOTUBIICHUS SBJSIOTCS WHTErpajbHAsi 4UyBCTBU-
TEJIbHOCTh, 3aBUCUMOCTh YYBCTBUTEJILHOCTH OT JJIMHBI BOJHBI MMAJAIOMIET0 U3ITY-
YeHHs (CIEeKTpaJibHas XapaKTepUCTHUKAa) U OT OCBEHIEHHOCTH (CBETOBas XapakTe-
pucTHKa), padouee HaNps>KEHUE, TEMHOBOE COTIPOTHUBIICHUE.

WuTerpanbHas 4yBCTBUTEIBHOCTh B O0ILIEM CiIy4ae 1 2
BBIYHCIISICTCS KaK OTHOIICHHE (POTOTOKA |g) K OCBEIICH- /

Hoctn E: I'= 1y, /E. N/ N 4

Ecmu ¢doTtoconpoTuBienrne uCmonb3yeTcst s pe-

TUCTpalvi HU3JIYUCHHA BHIMMON YaCTH CIICKTPa, YyBCT- Puc. 12.2. Yerpoiictso

BUTEIBLHOCTh BBIPAKAIOT B aMmIiepax (4aiie MUKpOaMIie- ¢oToconpoTUBIEHNs
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pax) Ha JroMeH. [[0CKObKY 4yBCTBUTENIBHOCTh (POTOCOTPOTUBIICHUS 3aBHCHUT OT
CHEKTPAIBHOTO COCTaBa MAAlOIIET0 U3IyUYeHHUs, MIPU ONpPEACIICHUH YyBCTBUTEIb-
HOCTH HEOOXOJMMO YKa3bIBaTh, KAKUM HUCTOYHHUKOM CO3/1aBAJIOCh M3mydeHue. J[is
OTIpEJICICHHS] YyBCTBUTEILHOCTH (DOTOCOMPOTUBIICHHS B BUIUMOM YacTU CHEKTpa
WCTOYHUKOM H3JIYyYEHHUS OOBIYHO CIY)KHUT JlaMIla HaKaJMBaHWS C BOJb(PpamMoBOi
HUTHIO TIpu TemnepaTtype 2840 K.

Bennuuna GoToTOKA 3aBUCUT HE TOJBKO OT JIYYHCTOTO MOTOKA, HO U OT MPH-
JIO’KEHHOT'O HAIPSKEHUs, TO3TOMY MPHU 33JaHUHM YYBCTBUTEIBHOCTU HEOOXOAMMO
an00 yKa3bBaTh pabodee HampspkeHue U, MO0 MONMbh30BaTHCS MOHITHEM YACITb-
HOM 4yBCTBUTEILHOCTH

Iy =14 /(UE). (12.7)

I[JBI TOYEYHOI0 MCTOYHHKA E = J/r2 , TJC J — cua cBera ucrtouHuka. Ilo-
9TOMY 3aBUCUMOCTD CI)OTOTOKa OT OCBCIICHHOCTHU MOXKCET OBITH MMpCaACTaBJICHA KaK

Y

ly =Ug/R=UgScy /1 =CE¥ =C(3/r?)",
re S — IUIoIaab CeYeHus MOMyNPOBOIHMKOBOTO ciios; | — paccTosHue Mexry
snextponamu. OGosnavas CJ¥ =Cy, nomyuum |y = Cyr 2" . Hocne norapudmu-

POBAaHHA UMCEM HHHGﬁHYIO 3aBUCUMOCTD:
Inlgp=-2yInr+InC;.

[To »TO¥ 3aBUCUMOCTH HaxoAUTCS Y (OLIEHUBAETCS MO rpaduKy WU BbIUKC-

JSIETCSI METOIaMH HAaUMEHBIINX KBAJPAaTOB MIIM MAPHBIX TOUYEK).
JKCNepPUMEHTAJIbHAS YCTAHOBKA Il UCCIICOBAaHUSI BHYTPEHHETO (POTO3d-

¢ekrta m3o0paxena Ha puc. 12.3, rae ®C — dortoconporusienue (tuna ®C — Al);

PU — BoneT™metp; PA — Mukpoamnepmerp; R — peocrar; S, — sTanonnas jaMna Ha-

KaJInBaHUA. cDOTOCOl'Ilf)OTI/IBJ'IeHI/Ie H JIaMIla YCTaHOBJICHBI HAa OINTHYECKON CKaMbE.

Yka3zaHus 1o BbINOJHEHUIO pa0oThI

1. TIpukpbITh MWTOPKON (POTOCONPOTUBIECHUE U CHATH BOJHTAMIIEPHYIO Xa-

PA -
S,

~220 B i @9 @DDC:—_ ®~220 B
—

Puc. 12.3. Cxema ains uccienoBanusi BHyTpeHHero poto3addexra
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PaKTEpPUCTUKY TEMHOBOTO TOKA, U3MEHSI HANPsDKEHNUE Ha (POTOCOMPOTUBICHUH OT
0 no 15 B uepes 3 B.

2. YcraHOBUTH (DOTOCOTIPOTHRBIICHHE HA PACCTOSIHUU @ = 20 CM OT JamIibl,
NOJHSTH IITOPKY U CHSTH BOJIbTAMIIEPHYIO XapaKTEPUCTUKY (DOTOTOKA, M3MEHSsS
Hanpspkenue ot 0 go 15 B. Pesynbrarhl u3mepenuit npeiactaBuTh B Tabm. 12.1.
[TonoGHBIE U3MEpEHUS CIeNaTh Takxke Uit paccTosiHus 10 cM.

Tabnuya 12.1
BoabTamnepHasi xapakTepucTuka ()0TOCONPOTUBIIEHUS

Hanpsxenne, B
I, MKA 0 3 b 15
Temuosoi, |,
ITpu ocsemienum, |
DoToTOK, lg
a= cM; E=...1K
Tabnuya 12.2
CaeToBbI€ XapaKTePUCTHKH (POTOCONPOTUBJIEHHSI
Hampsxenune | MKA Paccrosnue a, cm
U,B ’ 10 15 20 25 30 35 40
Temuosoi, |,
10 [Tpu ocBemienuw, |
DoTOTOK, Iy,
TemuoBoi, |,
15 ITpu ocsemienum, |
DoTOTOK, Iy,
OcBeleHHocTs £, K

3. CHATb CBETOBBIE XapaKTEPUCTUKH (POTOCOMPOTUBIICHUS MPU HAIPSHKEHUU
10 u 15 B. [l sToro, moanep:KuBasi HalpsKEHUE MOCTOSIHHBIM, U3MEHSTh pac-
CTOSIHHE @ MEXIY (OTOCONMPOTUBIEHHEM U UCTOUYHUKOM cBeTa OT 10 mo 40 cMm ue-
pe3 5 cm u u3MepsaTh Tok |. Pesynbrarel uamMepenuit 3anucars B Ta0. 12.2.
Yka3zanusi mo o0padoTKe pe3yJibTaTOB
1. ITocTpouTts rpaduku 3aBUCHMOCTH TEMHOBOTO TOKa U (POTOTOKA OT Hampsi-
YKEHUS MPHU JABYX 3HAUEHUSX OCBEIICHHOCTHU (TPU KPHUBBIE PACIIOIOKUTH HA OJTHOM
2
yeprexke). OCBEIIEHHOCTh BBIYUCIATH 10 hopmyne E =J / a“, rne J — cuna cBeta
(yka3zaHa Ha mpuOOpe); @ — paCCTOSIHUE OT JIAMIIBI 10 (POTOCOMIPOTUBIICHHUSL.

2. Berauenuts |y =1 — ;.. TloctpouTs rpaduk 3aBUCUMOCTH (HOTOTOKA lg ot

ocBelleHHOCTH E u1s AByX HanpspbkeHud (10 u 15 B).
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3. BoruncnuTh yaenbHy0 4yBCTBUTENIBHOCTD (oToconpoturieHus (12.7) npu
pabouem HanpspkeHun U = 15 B u ocBemennoctu E = 500 k. [Tnomanp ceuenus
MOJTYITPOBOTHUKOBOTO CJIOSI S yKa3aHa Ha YCTaHOBKE.

4. IlpnHsB 3a ) MHUHIMAIBHOE PACCTOSHUE fyjn , a 33 g GOTOTOK mpr 3TOM

I(b r
MUHUMAaJIbHOM PAaCCTOSHUH, TIOCTPOUTH 3aBUCHMOCTh In| —— (= f| In| —
I o o
Tabnuya 12.3
OnpenesieHue 3aBUCUMOCTH (POTOTOKA OT OCBEIIEHHOCTH

o= Imin= lpo = lg max=
r, cMm r/ro In r/rg I, B lg /1po | (g /1g0)

5. Ucnonp3ys 3KCHEPUMEHTAJIbHBIE 3HAYEHHS, COOTBETCTBYIOIIME JIMHEMHO-
My YYacTKy 3aBUCHMOCTH, BBIYUCIUTh Y U €ro NOrpemHoCTb. Pe3ynbTaThl pacue-
TOB 3aHECTHU B Tab. 12.3.

7. CoenaTp 3aKII0YEHHUE 110 MTOTYYECHHBIM PE3yJIbTaTaM.

KOHTpOJIbHLIe BOIIPOCHI

1. Yro Takoe BajeHTHas 30Ha, 30Ha MPOBOAMMOCTH U 3ampelleHHas 30Ha?

2. Yto takoe (HOTOPE3UCTOP U KaK MEHSIIOTCSI €ro CBOMCTBA MOJA JACHCTBUEM
cBera’?

3. Kakue 3aBUCUMOCTH HCCIIEYIOTCS B JaHHOM padboTte?

4. KakoBa 3aBUCUMOCTh ()OTOTOKA OT OCBEIIEHHOCTH?

5. Kax onpenensiercss KoahOUIIMEHT Y U €ro MOrPeirHOCTh?

JladopaTophasi padora 13. UCCIIEJOBAHUE YO®®EKTA 3EEMAHA
METOAOM UHAYHUUPOBAHHBIX KBAHTOBBIX IIEPEXOJ10B
SJEKTPOHOB B ATOME

Ilesin padoThI: onpeeneHne 3aKOHOMEPHOCTH PACLIETIIIEHUs] MATHUTHBIM T10-

JICM QHCPI'CTUICCKOTO YPOBH: aTOMA, OIPCACIICHNC MAIrHUTHOI'O MOMCHTA aTOMa.

O0mmue cBegeHns
DNEeKTPOHBI aTOMa CO3/Aal0T B OOJACTH MPOCTPAHCTBA BOJIM3M HETO MarHuT-
HOE 1oJIe. B 3KBHBAJIEGHTHOM INPEICTaBICHUU aTOM OTOKJIECTBISIOT C MATHUTHBIM
JTUTIOJNIEM, T. €. C MPOCTEHIIMM UCTOYHMKOM MarHuTHoro mnosis. HenyneBoe 3Have-
HUE MAarHUTHOTO MOMEHTa W JWIIOJIS CBUJIETENIBCTBYET O CIHOCOOHOCTH atoma K

MarHMTOCTAaTHYECKOMY B3aumonaencTBuro. MomeHT cun M=puxB wu sHeprus
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BSaHMOHCﬁCTBHﬂ E Z—MB COSa ABIIAKOTCSA OCHOBHBIMHM MEpaMH BOSHﬁﬁCTBHﬂ Ha

aTOM MarHUTHOTO MOJIA ¢ MHAYKIuen B.

Cyneprno3uIus MarHUTHBIX TTOJICH, CBSI3aHHBIX ¢ OPOUTALHBIM JIBHKCHUEM U
CIIMHOM AJIEKTPOHOB, ONPEEIsAeT pe3yabTUPYIollee MaruHuTHoe mnoje aroma. Co0-
CTBEHHBII (CIIMHOBBINA) Ng WM OPOMTANBHBI W MAarHUTHBIE MOMEHTHI 3JIEKTPOHA

IMPUHUMAKOT TOJIBKO JUCKPCTHBIC (KBaHTOBaHHI)IC) 3HA4YCHUA:

s = (en/mg)+/s(s+1) =2up+/s(s+1), (13.1)
w = (eh/me ) I +1) = pg 1 +1) (13.2)

IJ1€ € — 3JIEMEHTAPHbIM JIEKTPUYECKUH 3apsl; My — Macca IOKOs DJIEKTPOHA; S —

CIIMHOBOE KBAaHTOBOE YHCIIO; W = eh/ (Zme) ~0.927-100° A- M — AJIEMEHTAap-

HBI MArHUTHBI MOMEHT (MaraeToH bopa); | — opOuTaibHOE€ KBAHTOBOE YUCIIO.

ITpoekuy BEKTOPOB Pg, W Ha OCh Z, BAOJIb KOTOPOH HalpaBieHa HHAYKIUA B,

TAKIKC ITPUHUMAIOT TOJIbKO JUCKPCTHBIC 3HAUCHUA:

Hsz =2pgMs, (13.3)
iz =ugmp, (13.4)
rnie m=-I;, =1+1 ...; O; ...; +1 — opOuTambHOE MarHUTHOE KBAaHTOBOE YUCIIO,

Mg =+1/2 — ciMHOBOE MarHUTHOE KBAaHTOBOE YHCIIO.

[Ipu pacuere pe3yabTUPYIOIMIETO MArHUTHOTO MOMEHTa MHOTOAJIEKTPOHHOTO
aTOMa WCTOJB3YIOTCSI KBAaHTOBBIC YHWCIIA, XapaKTEPU3YIONINE BCIO COBOKYITHOCTH
AJIEKTPOHOB: CIIMHOBOE S, opOuTanbHoe L u momHoe J kBaHTOBBIC umcia. JIis jer-
KUX aToOMOB (MOJZIeJb paccelib-CayHJIEPOBCKOW CBSI3M) KBaHTOBBIE ymcia L u S
JIOJDKHBI YIIOBJIETBOPSATH CleAyromuM TpedoBanusiM. KBantoBoe uucio L pesynb-
THUPYIOIIETO OpOUTATHPHOTO MOMEHTA MMITYJIbca MOYKET MMETh TOJIBKO IIeJI0e 3Ha-
YeHUE WK HYJb. Pe3ynpTupyroliee ClIMHOBOE KBAHTOBOE YUCIIO S MOXKET IIPUHU-
MaTh IIeJI0€ MW TIOJYIIeNIOe 3HAYCHHE, B 3aBHCUMOCTH OT KojmdecTBa N 3eKTpo-
HOB B aToMe. Ecnu N yeTHO€ umciio, To S MpUHUMAET IIEJIOYHMCIICHHBIE 3HAYCHUS B
npeaenax ot (1/2)N ngo wyns (manpumep, mist N =6; S = 3; 2; 1; 0). B mpotuBHOM
ciaydae JUisi S pa3pelieHbl TOJBKO TONyIEble 3HAYEHUS W3 HWHTEpBaja
(1/2)N...1/2. Tlpu dbukcupoBaHHBIX BeauunHax L U S KBaHTOBOE 4YMCIIO J MPUHU-
MaeT OJIHO U3 Pa3peIICHHBIX 3HAYCHUN:

J=L+S; L+S-1, ..; ‘L—S‘. (13.5)

CoBOKYMHOCTh KBAHTOBBIX uucen L, S, J onpenenser BO3MOXHbIE 3HAUYCHUS

MOJIYJIA BEKTOpa PE3YyJIbTUPYIOLIETO MAarHUTHOT'O MOMEHTa aTOMa Mj W €ro Ipo-
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CKIIMH Ha HAIIPaBJICHUC BHCITHCIO MAaIrHUTHOT'O IIOJIA [ g, .

ny =-gupyJ(@ +1); py; =-gugmy, (13.6)
rae g — MEOXUTENb (pakrop) Jlanme:
N JAJ+1)+S(S+1)-L(L+D)
2J(J +1)

my=-J; -J+1 ..; O0; ...; +J — MarHMTHOE€ KBAHTOBOE YHCJIO MHOIOJIEKTPOH-

=1

, (13.7)

HOro aroma. OTMETUM, YTO IKCIEPUMEHTAIBHBIE MCCIICI0OBAaHUSI MAarHUTHBIX MO-
MEHTOB aTOMOB, BriepBbie BbinosiHeHHbIE [lITepHom u ['epraxom (1922), noarsep-
IWJIM JUCKPETHOCTD 3HAYEHUN (PU3MYECKOM BETMYMHBL [, .

MHOXHTENb  CONEPKUT HHPOPMAIIHIO O PO OPOUTATILHOTO JBUKEHUS UITU
CIIMHA JICKTPOHOB B (POPMUPOBAHUU PE3YIHTUPYIOIIETO MArHUTHOTO MOJIS aToMa.
Jlnst atomMa, MarHMUTHBIA MOMEHT KOTOPOrO OOYCIIOBJIEH TOJIbKO OpOUTAIbHBIM
JIBIDKEHHUEM AJIEKTPOHOB (S = (), KBAaHTOBOE YUCJIO J U MHOKUTEIh { IPUHUMAIOT
cinenyromue 3HaueHusi: J=L; g =1. [Ipu onpeneneHHoil kKoHUTypaLIUU DJICK-
TPOHOB B aTOME BO3MOXKHA MOJIHASI KOMIIEHCAIUsI OpOUTAIbHOW KOMIIOHEHTHI Mar-
HuTHOTO 1oJst L = 0. B aToM citydae pesynbTupylolee nojie aroMa o0ecreyuBaeT
CYTIepIo3uliAsi COOCTBEHHBIX MArHWTHBIX TOJIeHd 3JeKTpoHOB: J =S, a dakTop

Jlange mpuHUMaeET 3HaYCHHE 2.

I/ICCJIeIlyeMbIe 3aKOHOMEPHOCTH

3HCpFI/IH E COBOKYITHOCTH 3JICKTPOHOB aTOMa INPHUHHUMACT TOJBKO JHCKPET-

Hble 3HaueHHsA. llepedeHb BO3MOXHBIX 3HaueHWi { Ej} HasbIBaroT snepeemuue-

CKUM CREeKmpOM amoma, a KaXJ0€ 3HAYCHUE DHEPIUU B HEM — OHEp2emuyecKum
VpogHeM.

Bo3nelicTBre MOCTOSHHOIO MarHUTHOTO MOJISI, BEKTOP UHAYKIUU B KoTOpOTO
HaMnpaBJICH BJAOJIb OCH Z, IPUBOJUAT K U3MEHCHUIO PHEPIrUM aTOMa Ha BEIIMYUHY,
PaBHYIO SHEPTUM MAarHUTOCTATUYECKOrO0 B3aUMOIEUCTBUS

AE=py,B=gugmyB. (13.8)
B 3aBrMCHMOCTH OT 3HaKa KBAaHTOBOI'O YHCJIa Mj IpHUpAaIleHUuE SHEPTuu AE MOXKET

OBITh KaK MOJIOXKUTEJIbHBIM, TaK U OTpULIaTeNbHbIM. Ha sHepreTrueckoil auarpam-
Me Takasi 0COOCHHOCTh MPOSIBUTCS CleqyromuM obpazom. Kaxnaplili sHeprernde-
CKUW YpPOBEHb, COOTBETCTBYIOIIMNA HAa0Opy KOHKpETHbIX 3HaueHuil L, S u J#0,
pacuieruiieTcss B MarHUTHOM Tmosie Ha 2J + 1 moaypoBeHb, Kak ITOKa3aHO Ha
puc. 13.1. DddekT pacuenieHuss CueKTpaibHbIX JUHUN (IHEPreTHUYEeCKUX YpOB-
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Hel aroma) MarHUTHBIM ToJieM (13.8) BrepBrie Ob1T 00HapY)eH 3eemanoM (1896)
P KCCIIEIOBAHUU CIIEKTPa TEIIOBOTO U3IIYYEHHS Ta3000pa3HbIX BEILIECTB.

Pucynox 13.1, ¢ mumocTpupyeT paciieryieHne MarHUTHBIM TTOJIEM SHEPTeTH-
yeckoro ypoBHs J =S =1/2 aroma HaTpus Ha JBa 3€€MaHOBCKUX IOIYpPOBHSI.
KBaHTOBBIE MEpexX0/Ibl € MOMJIOMIEHUEM U U3JIYYEHUEM KBAHTA AJIEKTPOMArHUTHOTO
MOJISL YKa3aHbl CTPEJIKAMU, HAIIPaBICHHBIMU, COOTBETCTBEHHO, BBEPX U BHU3.

HccnenoBaHue CIEKTPAIbHOTO COCTAaBA M3JYYEHHMs WM TMOIJIOIICHUS Bellle-
CTBOM JHEPrUU AJIEKTPOMArHUTHOTO TOJISI COCTAaBJISIET OCHOBY IKCIIEPUMEHTANb-
HBIX METOJIOB U3YYEHUS CTPYKTYPhI IHEPTreTUUECKOrO CIEKTpa. ATOM MOIJIOMIAET
KBAaHT DHEPTUU 3JICKTPOMArHUTHOTO moyis hv mpu mepexojae Ha OoJiee BBICOKHIA
SHEPreTUYECKUN YpOBEHb M M3JIy4aeT KBAHT PHEPrUM B MPOIECCE Mepexojia 3
BO30Y>KIECHHOT'O COCTOSTHUSI B OCHOBHOE.

N3nydarenpHbId IEPEXO] aTOMa C OJJHOTO Ha JPYTroM 3€€MaHOBCKUN MOLYpPO-
BeHb (puc. 13.1) BO3MOKEH, €CIU BBINOJIHIIOTCS 3aKOHBI COXPAHEHMS SHEPTUU U
MOMEHTa MMIYJbca. B KBaHTOBOW MEXaHUKE 3TO YCJIOBHE COOJIOAAETCS, €CIU
KBAaHTOBBIE YUCJIA Mj yPOBHEW OTIMYAIOTCS HA €NMHULY: Amy =11,

[IocnenHee 03HA4YaET, YTO YHEPIU KBAHTOB M3Iy4a€MOI'O WIH IOIJIOIIAEMO-
ro II0JISA COBIIAJAET C SHEPreTUYECKUM 3a30pOM MEXKIY COCEAHUMHU 3€€MaHOBCKMU-
MH MOYPOBHSIMH:

hv=guBB((mJ +l)—mJ):ngB. (139)
I/I30HHp0BaHHBH‘/JI dTOM IIorjiomacT u I/I3quaeT SHGKTpOMaFHI/ITHOG I10JIC Ha

ctporo ¢ukcupoBanHoi (13.9) gacrore. Ecam COBOKYITHOCTH aTOMOB oOpasyeT
TBEPJIO€ TEJO, TO MOTJIOMICHHE AJIEKTPOMArHUTHOTO IOJSI MPOUCXOJUT Ha BCEX

Um A N2 1/2 =E P A
! m [}
0 _(I =1 Mg
— o N
. it Zl £| = 05 o
\ > "
\ <
R, -
Lo B=0 ——- Ay
B=0 ” Vi Vg V2 v
a O 8

Puc. 13.1. 3eemaHOBCKOE pacillelIEHHE SHEPTreTHUECKOro ypoBHs J = 3/2 U30JUpOBaHHOTO
aToma HaTpus (a), SHEPTeTHUECKHUE 30HBI JIJIs1 36€MaHOBCKUX MO TypoBHEH aroMoB Na B TBep1oM
TEJIE (6) M 4aCTOTHas 3aBUCUMOCTb MHTCHCHBHOCTHU IMOITIOMICHUS SHEPIUH DJICKTPOMArHUTHOT'O

T0JIS1 TBEP/IBIM TEJIOM (6)
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4acTOTax, NMPHHAMICKAIIUX y3KOMy Av <<vy HHTepBaly. Takas OCOOCHHOCTb

CIIEKTpa IMOTJIOMICHUS CBSI3aHA C TEM, YTO MPH MEPEeXoe K CHUCTEME B3arMMOICHCT-
BYIOIIMX aTOMOB DHEPTeTUYCCKUN YPOBEHb W30JIMPOBAHHOTO aTOMa TpaHC(hHOpMHU-
pyeTcss B COBOKYITHOCTh OJIM3KOPACIIONOKEHHBIX MOMypoBHEH (puc. 13.1, 6), T. e.
BO3HUKAET 30HA pa3pelICHHBIX 3HAYEHWH 3Hepruu. MomHOCTh P morniomeHus
DHEPTUU SJIEKTPOMArHUTHOTO TIOJISI TBEPJABIM TEJIOM 3aBHCHUT OT YacTOTHI V. ['pa-
¢uk pynkmum P(v) (puc. 13.1, 6) nMeeT BU pe30HAHCHOW KPHUBOW, MAKCHMYM KO-
TOPOH COOTBETCTBYET YaCTOTE V() Pe30HaHCHOTO noriomenus (13.9).

NuaynupoBanHblii MarHUTHEIM TIosieM 3@dexT (13.9) pe3onancHoro morio-
IICHHUS BELECTBOM SHEPrUU 3JIEKTPOMArHUTHOIO MOJS paguojauana3zoHa (3Jek-
TPOHHBIN NapaMarHuTHbIA pe3oHanc, JI1P) 6pu1 oTkphIT E. K. 3aBoiickum B 1944 1.
B HacTosiiee Bpems 3J€KTPOHHBIM apaMarHUTHBIA PEe30HAHC HIMPOKO HUCIOJIb3Y-
eTCsl JUIsl U3MEPEHU MHAYKIMM MarHUTHOTO MOJIsi, MarHUTHOTO MOMEHTa U (hak-
Topa Jlanae atoma.

B coctaB cooTHomenus (13.9) BXomaT MHAYKITNS BHEITHETO MAarHUTHOTO TI0-
J1 ¥ 4acTOTa 3JIEKTPOMArHUTHOIO I0JIs, MOMVIONIEHUE KOTOPOTO COIPOBOXKIAETCS
KBaHTOBBIM NEpeXoAOM. B mponecce 3KcnepuMeHTa KaXIyl0 M3 3THX BEJIHYMH
MOYKHO H3MEHATh JJIS TOro, 4TOOBl 0OECHeUuTh BBINOJHEHHE paBeHcTBa (13.9).
Pa3paboTranbl 1Ba MeTOJa KOCBEHHOTO M3MEPEHHs] SHEpreTHueckoro 3azopa AE
MEXIy 3€€EMaHOBCKMMM MOAYpPOBHAMM. IIepBblii OCHOBaH Ha U3MEPEHUU YaCTOTHI

V() PE€30HAaHCHOIO IOMIOLIEHHA NpU (UKCHPOBAHHOM 3HAYEHMM WHAyKIHMU B
MAarHuTHOTO MOJIS

AE =hvg; (13.10)
BTOPOW — Ha U3MEPEHUH UHAYKINU By, pyu KOTOpOI HAOII0AAETCS MAaKCUMYM IO-

TJIOLIEHUSI DJIEKTPOMArHUTHOTO T10JIs1 (PUKCUPOBAHHON YaCTOTHI
AE =gugBy. (13.11)
YcranoBka uccieaoBaHus 3PpPexTa pe30HAHCHOI 0 MOTJIOIIECHUS,
HHAYUHUPOBAHHOTO0 MATHUTHBIM IOJIEM

UccnenoBanne rdexra pacmenaeHuss JHEPreTHIeCKOro YPOBHSI aToMa Mpo-
BOJUTCS B c1aboM MarHUTHOM nojie B= 1...3 MTn ¢ ucnonb30BaHUEM CIIEKTPO-
metpa JIIP, nmpuHIUNUanpHas cxema KOTOporo npuBeneHa Ha puc. 13.2. Tepaoe
BCIIIECTBO 5, cojepiKalee MapaMarHUTHBIE aTOMBI, 3alOJIHSET BHYTPEHHEE IpO-

CTpaHCTBO cosieHona 4. ['enepaTop BEICOKOYACTOTHOTO (V ~107 ['n) HanpspkeHus 6,

MOIKTIOYEHHBIA K COJICHOUY, CO3/IaeT B MCCIIEIyeMOM 00pa3lie dJIECKTPOMArHuT-
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HOE M0JIe, MHAYLHUPYIOIIEEC KBAHTOBBIE MEPEXOIbI

aTOMOB MCXKAY 3CCMAaHOBCKUMHU ITOAYPOBHAMMU.

[Ipn mporexkannn Toka B Koublax ['enbMm-

rojiplia 2 U mape Karymek 3 BO3HUKAET, COOTBET-
CTBEHHO, IIOCTOsSIHHas By U mnepemeHHas Bg (t)

KOMIIOHEHTBl ~MarHuTHoOro mnois. Bekrtopel By,
B (puc. 13.2) HampaBieHBl BAOJIb OCH, IPOXO-

JSIEed 4yepe3 TeoMETpPUUYECKHE LEHTPhl KOJell
['enpmronbia u katymek 3. PesyiasTupyroriee mo-

JI€ C UHIYKIHUEH
B=B;+Bg(t) (13.12)

pacmiCiusI€T SHCPreTUYCCKUEC YPOBHHM aTOMa HaA

CUCTECMY 3CCMAHOBCKHUX HOI[YpOBHCI?I. KOJIBIIa

FCHBMFOHBHa IMOAKIIIOYCHBI K PCryJmpycMomy
HCTOYHHKY 1 mocrostHHOTO TOKa. B OKPCCTHOCTH Puc. 13.2. Cxema cnektpomeTpa

FeOMETPUUECKOTO LEHTPa ABYX KOJel co3paercs AT HCCICIOBAHNS PE3OHAHCHOTO
IMOTJIOIICHUS SHCPIUHU

OJHOPOAHOC MAIrHUTHOC II0JIC, MHAYKIHSA KOTOPO- 3JIEKTPOMATHHTHOTO OIS

To OHpeI[eHSIeTCﬂ COOTHOIIICHUECM paaunoanaliasoHa
B,=9-10""nl/R, (13.13)
rae N =200 — ynrcio0 BUTKOB HA OJHOM KOJible, | — cuila MOCTOAHHOIO TOKA;

R =0.097 m — cpennuii pagnyc KoJblia.

Cnexrpometp DIIP peructpupyeT 3aBUCUMOCTb YJHEPTUH JJIEKTPOMATHUTHOTO
1oJIsl, MOTJIOLAEMOro O0pa3loM, OT BPEMEHM MpPU CKAHUPOBAHUM C YaCTOTOM
Q =50TIn momymsamuonHoro noist Bg(t) =B, SinQt, kotopoe cozmaercs mpu
MOMOIIHM JTOTIOJTHUTENBHBIX (MOIYJSIIMOHHBIX) KaTylIeK 3, MpUYeM aMIUIATYna
monymsiuuu By, >8B/2. U3 puc. 13.3,a BHAHO, YTO 3a MEPHOI MOIYISLMH
T'=0.02 ¢ pe3oHaHCHOE MOIJIOLIEHUE IIPU BBIMOJIHEHUU paBeHcTBa hvg = gupgBy
BO3HMKAET JBaXKIbl MEXKy MOMEHTaMU BpeMeHU 1y U ty, t3 u ty, puc. 13.3, 6.

ConeHoupi ¢ uccieayeMbiM 00pa3iioM 5 BXoauT B coctaB LC-koHTypa reHe-
patopa (aBToAMHA) c1abOro BRICOKOYACTOTHOTO HanpsbkeHus 6. [lepectpoiika yac-
TOTBHI V T€HEpaTopa HAIPSDKEHUS TOCTUTAeTCs 3a CUET U3MEHEHHUS AIIEKTPUUYECKON
emMKkocTH C TPOUCXOAUT MPHU YBEIWYCHUH OUAJIEKTpuyeckux mnorepb B LC-koH-
Type. B 0OBIYHBIX ycioBUsAX (BHE pe30HAHCA) aMIUTUTYAa KOJeOaHW aBTOJIWHA
HensmeHHa (puc. 13.4, a). Ilpu BXOXII€eHUH B PE30HAHC YACTh DHEPTHUH IJIEKTPO-
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MArovuTHOI'O IIOJIA KAaTYHIKH ITOTJIOIACTCA 06pa3u0M, IIpu 9TOM YMCHbBINACTCA
I[06pOTHOCTI> LC-KOHTypa, a CJICOO0BATCIbHO, IIPOUCXOANUT YMCHBIICHUC aMIIJIUTY-
JAbl CUI'HaJIa aBTOAHHA.

A Whiorn | Whorn ULc

i

a o
Puc. 13.3. Jlunamudeckuit MeTox Puc. 13.4. Hanpsbxkenue na LC-konType:
peructpanuu curaanon JI1P a — BHe OI1IP, 6 — npu npoxoxnenuu DI1P

[Tpu neproanyecKoM IPOXOKACHUN PE30HAHCA, KaK MMoKa3aHo Ha puc. 13.3,
HanpsokeHne Ha LC-xoHType aBTOAMHA CTAHOBHUTCS MOIYJIMPOBAHHBIM (pHC.
13.4, 6) ¢ ammumTynoit mogymauuun Uq,. DOTO NEpEeMEHHOE HANpsKEHUE MOCie
YCWJICHHS TOJaeTcsl Ha Y-Bxoja ociuiorpada 8; pasBeprka ocuuiuiorpada CUH-
XPOHU3UPOBaHA C TOKOM MOYJISIIMOHHOTO TeHepaTopa 7.

3agaHue AJs NOATOTOBKH K padoTe

1. JleTanbHO HM3Y4YUTh 3aKOHOMEPHOCTH CJIOKEHUS MEXAaHMYECKUX M MarHUT-
HBIX MOMEHTOB AJIEKTPOHOB B aTOMax M npuHUuIsl JI1P.

2. [Ipoananu3upoBath OJOK-CXEMY 3KCIEPUMEHTAIbHON YCTAHOBKU U METOJ
HAOIIO/IEHUS] CUTHAJIIOB PE30HAHCHOTO MOTJIoNIeHUs. [[03HAaKOMHUTBCS ¢ TTOPSIKOM
paboThl ¢ momolsio MarauToMerpa 1111-1, yactoromepa, ynpapiasieMoro HCTOYHH-
Ka HaIpsDKECHUS.

3. OLEHHUTh YaCTOTY PE30HAHCHOTO MOIJIOIICHHS V = /27 3JIEKTPOMArHUT-
Horo moutst ipu 1BYX (B = 0.3 Ti; 3 MTo) 3HaYeHUSX MHAYKITUH MarHUTHOTO TIOJIS.
Pacder npoussectu ¢ npumenenuem cootnomenwuii (13.10), (13.11) npu 3HaueHUH
daxTopa Jlanne g =2.

YKa3aHus no BINOJHEHHUIO HAOJIIOAeHU
1. BximtounTh puOOpHI M BBIEPKATh MPUOOPHI BKIFOYCHHBIMU TEpe Hada-
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JIOM U3MepeHuit S...10 muH.
2. YcraHoBUTh pyukoil «Monynauus» Ha naHenu npubopa II1-1 ypoBenb
50 nen., mpu KOTOPOM aMIUIATYJa MOAYJIHMPYIOLIETO MO UMEET 3HaUCHUE By, =

=1mTn u 3Ha4YeHHS MHIYKLUUU TOJISI, OTOOpakaeMmble Ha dKpaHe ociuuiorpada

BJI0JIb OCH X, pUHaJyiexkat uarepsaiy (—1...1) mTo.

3. [lepexnrouarens «ObpaTHas cBsi3b» Ha npubdope 1lI1-1 nmocraBuTh B mosno-
xkeane IV u perymstopom «YactoTtay ycTaHOBUTH MakcuMaibHyiO (~ 30 MI')
4acTOTy Ie€Hepalud aBTOJWHA. 3HAYEHUE V( B YCIOBHBIX €IWHUIAX (IEICHUS

IIKaJbl) WK, P HAJIUYMH 4acCTOTOMEPA, B a0COMIOTHBIX BemuuuHax (MI'm), 3a-
nucath B Ta0a. 13.1. Ilpocneauts, 4TOOBI aMILIUTYAa TE€HEPUPYEMOTO HaIpsDKe-
HUs, U3MEPSEMOr0 UHAMKATOpoM B coctase 1111-1, He BrIXoauna 3a mpenensl nH-
tepBaia 1...3 nen.

4. YCcTaHOBUTH CUIy TOKa B Karymkax ['ensmronsna |y (7o 0.5...0.7 A), nmpu

KOTOPOM B LICHTPAJILHOM 00J1acTH KpaHa ocLyuiorpada BOSHUKHYT JIBE€ OCLIMILIO-
rpaMMbl pe3oHaHcHOro nornouieHus. [lonoOpaTs onTUManbHY0 aMIUIUTYly TeHe-
pauuu aBTOJMHA, [P KOTOPOM HA 3KpaHe HAOMIOAAEeTCs JBa YETKO PAa3IUYUMBbIX
Ha (oHe mrymoB mMakcumyma (yHkuun Up, . Pydkon «®asza» wa npubdope HI1-1
00ecreyuTh HaJO0KEHHUE rPapUKOB MPSMOT0 U 0OPAaTHOTO X0Ja MOAYJISLUOHHOTO
1oJIsl B LIEHTpe dKpaHa (cM. puc. 13.3, 6). [lonydyeHHoe 3HaueHue cuia Toka lq 3a-

micarhb B Ta0i. 13.1.
Tabnuya 13.1
HccaenoBanue DIIP

I, A
VQ, A€
vo, MI'n
By, Tn

5. [ToBTOpUTH M3MepeHus 1. 4, MOCIENOBATEILHO YMEHbIask TOK | B Karyi-
kax ¢ marom 0.05 A ot 3HaueHMsI, COOTBETCTBYIOIIETO HAUOOJIBIIIEH YacTOTE aBTO-
nuHa, 10 ypoBHs 0.05 A, wiu 10 ypOBHS, IPU KOTOPOM CUTHAII TPYJHO Pa3IMUUM
CpeIu IIyMOB U moMeX. JIJisi Ka)K710ro HOBOTO 3HAUYCHUSI TOKA U3MEHEHUEM YaCTOThI
aBTO/IHA YCTAHABIIMBATh CUTHAJIBI PE30HAHCHOTO MOTJIONICHHS B IEHTPE Pa3BEPTKU

ocumitorpada. Pesynerarel namepenus |, 1 4acTor vp, 3anucars B Tada. 13.1.

6. U3MeHuTH HarpaBJICHUC TOKAa B KaTyHIKax FCHBMFOHBHa Ha IIPOTHUBOIIO-

JI0KHOE ¥ TIOBTOPUTH U3MepeHus 1o 1. 3-5. Pe3ynbrate! n3mepenns |y, von 3a-
nucate B Ta0m. 13.1.
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7. Ucrionb3yst TpagynupoOBOYHYIO 3aBUCUMOCTh Ha JIMIIEBOW TMaHEIW Mpuoopa
[II1-1, mepeBecTH YCIOBHBIE €IUHUIIBI U3MEPEHHBIX YACTOT (IEJCHUS IIKaJIbl) B
merarepiisl. Pe3ynbrarel 3amucars B Tabm. 13.1.

Yka3zanus no o0padoTke pe3yjibTaTOB
1. Ucnions3ys cootHomenue (13.13) u 3HaueHus cuiibl TOKa |j, ©3MepeHHbIE

B . 5, 6 yKa3aHU! IO BBIIOJIHEHHUIO HAOIIOJEHUH, ONPENeIUuTh UHAYKLIUIO B;

MarHuTHOIO noJisd. JlanHele 3amucaTh B Ta0m. 13.1.
2. Ilo pesynpTaTaM COBMECTHBIX M3MEPEHUN YaCTOTHI PE30HAHCHOTO IOIJIO-
IIEHU ¥ MHOYKIUU MarHUTHOTO MoJsi By mocTpouTts rpauk 3aBUCUMOCTH dHED-

IeTUYECKOro 3a30pa AE Mexny 3¢eMaHOBCKUMM ITOAYPOBHAMM OT MHAYKIUU By .
3. ATIMpOKCUMHUPOBATh JIKCIEPUMEHTAIbHBIC JaHHBIC JHMHEWHON (QyHKIHEH
COIJIACHO METOJly HauMEHBIINX KBaJpaToB (JMHEHMHON perpeccur) U ONpeneIuTh
napaMeTpsl a+Aa u b+ Ab nuneitnoil 3aBucumoctu B =avg +Db.
4. Tlo yrnoBomy KO3(Q(pUUIMEHTY & MOJIYYEHHOW MPSAMON ONpPENEIUTh Cpea-
Hee 3Ha4YCHHE d(Q(EKTUBHOIO MATHUTHOIO MOMEHTA [y = gUp = h/a u mosepu-

TEJIbHBIN NHTEPBAJ Altyg, -

5. [lo naitnennomy B 1. 3 mapametpy b+ Ab TUHEHHON 3aBUCMMOCTH WHIYK-
MM MarHUTHOT'O TOJISI OT YaCTOThI ONPEIEIUTh TOPU3OHTAIBHYIO COCTABIISIFOLIYIO
MHYKIMU MarHUTHOTO 10JIs JJabopaTopuu B, .

6. O1eHUTh TOPU3OHTATBHYIO COCTABISIONIYI0 MHIYKIIUM MAarHUTHOTO TOJIS
3emMiau B MeTomoM 3KCTpamosiuuM annpoKCUMHUPYIOIUX NPAMBIX 0 Iepecede-
HUS ¢ OCbio abciuce (MHAyKIun). CpaBHUTH MOJYyYEHHBIE B M. 5, 6 pe3ynbTaThl C

U3BECTHBIM 3HaueHueM Bz =0.01 mTa.

7. OnpenenuTh YUCICHHOE 3HaueHUE (aktopa JlaHme: ¢ = Had / ug . Cnenars

BBIBOJABI O HpCHMYH_[CCTBeHHOﬁ poOJin CIIMHOBOI'O U Op6I/ITaJ'IBHOFO MAarHmTHOIO MoO-

MeHTa B OPMUPOBAHNN COOCTBEHHOTO MAarHUTHOTO TIOJISI MCCIIETyEMbIX aTOMOB.

KoHTpoJibHBIE BONIPOCHI

1. Yto cocTaBiseT OCHOBY »3JEKTPOHHOIO IAapaMarHUTHOTO pPE30HaHCa
(OI1P)?

2. YKaXUT€ UCTOYHUKU MAarHUTHOTO MOJIsl aToMa.

3. Bo ckonbko pa3 paznuyaroTcs CIMHOBOE M OpOUTAIBHOE THPOMATHUTHBIC
OTHOUIEHUS JJIs DJIEKTPOHA?

4. Ha3zoBuTe KBaHTOBBIC YKCIIa aTOMOB. [losiIcCHUTE NX (PU3UUIECKUI CMBICIL.
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5. Kakue m3MeHeHus: HEepPreTHYecKoro CIeKTpa aroMa BO3HUKAIOT IPU BO3-
JeCTBUM MarHUTHOTO T10JIsA?
6. Kakue 3Hauenust Mmoxxet npuHuMats daxtop Jlanae? Uro oH xapaktepusyer?

JlabopaTopuas padora 14. UCCJIEAJOBAHUE ATEPHOI'O
MAT'HUTHOI'O PE3OHAHCA U OIIPEJAEJIEHUE MATHUTHOI'O
MOMEHTA SAIPA ATOMA

Hean padoThl: N3ydeHUE SIBJICHUS SASPHOTO MAarHUTHOTO pe3oHaHca (IMP);

1 o 2 -7
OIIPCACIICHUC MAIrHUTHBIX MOMCHTOB AACP IIPOTHUA H , ACUTCPUA H”™ u mutms LI .

OO01mmue cBegeHUs M UCCIeAyeMble 3aKOHOMEPHOCTH

K sao0epuomy macnumnomy pezomancy (SIMP) OTHOCST COBOKYMHOCTH SIB-
JICHUH, CBA3aHHBIX C MHAYLHMPOBAHHBIMHU MEpEXOfaMH MEXKAY IHEPreTHUEeCKUMU
MOTypOBHSIMU aTOMHBIX siiep B MarHUTHOM TioJe. [IposBiennem sddexra siaepHo-
IO MarHUTHOTO PE30HAHCa CIIY>)KUT M30MpaTeNbHOE MOTJIOIEHUE SApaMU aTOMOB,
o0maaronmx cOOCTBEHHBIM (CTMHOBBIM) MarHUTHBIM MOMEHTOM, SHEPTHUH BHEIII-
HETO0 3JIEKTPOMArHUTHOTO MOJISl pauoiuana3oHa.

ATOMHOE S1pO IpelCTaBIsieT co00i CuCTEMY B3aUMOAEHCTBYIOLIUX AJIEMEH-
TapHBIX YaCTHUI] — HYKJIOHOB (IIPOTOHOB M HENTpoHOB). HykioHbl o0naaaoT coo-
CTBEHHBIM (CIIMHOBHIM) MarHUTHBIM JUMOJIHHBIM MOMEHTOM. HeHTpoHBI U mpoTO-
HbI XapaKTePU3YIOTCSl CIHUHOBBIM KBAHTOBBIM YHCIOM S=1/2 u maccoit my, ~

~my =1.67 10 xr.

Mepoii BO31EHCTBUS BHEIIHET0O MAarHUTHOro mnosst B, opueHTHpoBaHHOTO
BJIOJIb OCH Z, HA MAarHUTHBIN JUIIOJIb C JUITOJIbHBIM MOMEHTOM W SIBJISIETCS DHEPTUs
B3aMOJIENCTBUSA

Ep =-nBg =—1,By, (14.2)
rI€ [, — IPOEKUUA JUIIOJBHOIO MOMEHTA Ha HAIPABJIEHUE MArHUTHOTO IOJIA.

Cynepno3uius MarHuTHBIX MOJIE HYKJIOHOB, BXOJSIIIIUX B COCTaB sApa, OIl-
pelesaeT pPe3yJbTUPYIOLIEE MAarHUTHOE IOJIE Aapa aToMa. MarHUTHBIA JHUIOJIb-
HBIA MOMEHT $/Ipa MPUHUMAET TOJIBKO TUCKPETHBIE 3HAUECHUS:

i = 01| LT+ = gy T D) (14.2)
p

—27 .
0 KI' — Macca MpoToHa; | — sigepHoe KBaHTOBOE YMCIIO (CIIUH

rae My =1.67-1
aapa); My :‘e‘h / (2my)=5.05 10727 A2 — dusndeckas MOCTOSIHHAS, Ha3bIBae-
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Mas sIIepHBIM MarHeToHOM. bespasmepnsblii koagduiment g (g-daxrop) otpa-

KaeT UHIUBUAYATbHYI0 OCOOEHHOCTh KOHKPETHOTO Spa.

VY noBieTBopuTenbHOE OOBICHEHHE HEKOTOPHIM CBOWCTBAM ATOMHBIX SIIEP
JAeT Mooenb s0epHblx obonouek, pazpadborannas J[x. I'. baptinerom B 1932 r. Co-
IJIACHO 9TOM MOJEIN, MOMEHT UMITYJbCa S/Ipa, KOTOPBIA B €IMHUIIAX MOCTOSHHOM
[Tnanka /i Ha3BIBAIOT cHUHOM A0pa, OTPEACNACTCS BHYTPEHHUMH MOMEHTAaMHU HM-
MyJIbCOB MPOTOHOB, BHYTPEHHUMHU MOMEHTAMHU UMITYJIbCOB HEHTPOHOB M OpOU-
TaJbHBIMH MOMEHTAMH HWMITYJIbCOB HYKJIOHOB B siIpe. YUHUTHIBAs 3TU TPU BKIIAJA,
MOXHO OOBSCHUTH 3HAUYCHUS CIIMHOB MHOTHUX CTaOMJIBHBIX SJEP, BCTPEUAIOITUXCSI
B MpUpojie. Y YETHO-YETHBIX saep (4Yrcia MpoTOHOB Z U HEHTpoHOB (A-Z) — ueT-
HBIC) CIIMH paBeH Hymo. HeueTHo-ueTHbIC sipa (Z — HedeTHbIe U (A—Z) — YeTHbIC)
UMEIOT ITOJIYICNIBIA CIIUH U, HAKOHEI, Y HeUeTHO-HEeUCeTHBIX saep (Z u (A-Z) — He-
YETHBIC) CITUH IEJI0YNCIICHHBIN.

B Ta0n. 14.1 npuBenens! criuHel sapa | u pakTopsl §| A1 HEKOTOPBIX AIEP.

Tabnuya 14.1

XapaKTepHCTHRH HeKOTOprX ﬂ)lep
Spo | HE H? Li Be’ N o’ 2 A
| 172 1 32 32 1 5/2 172 5/2

of 5.5854 | 0.8574 | 2.17086 | —0.78493 | 0.40347 | —0.75748 | 5.2572 | 1.4566

[Ipoekuus siA€pHOr0 MarHUTHOIO MOMEHTA Ha BbIOpaHHOE HalpaBjieHue (Ha-
HpUMep, OCh Z) MOXKET MPUHUMATh TOJBKO TUCKPETHBIC 3HAYCHUS, ONPEICIIICMbIC

CIIMHOBBIM MAarHUTHBIM KBAHTOBBIM YUCJIOM M,
Hiz =giuNm. (14.3)
Jns snep CIMHOBOE MarHMTHOE KBAHTOBOE 4MCIO mpuHUMaeT 21 +1 paznuyHoe
3HaYEHHUE, IpUHAMIeKamue uarepsairy my =—I, -1 +1, ..., +l.
ITox nericTBMEM MarHMTHOIO IOJIA C MHAYKIMeNn Bg oHeprus sapa atoma us-
MEHUTCS Ha BEJIMYUHY:
AE pm =—12Bp = -9 1My Bo.

ATOMHOE SAPO MOTJIOIIAET KBAHT SHEPTUH 3JICKTPOMArHUTHOTO 0JIst NV Tipu
nepexoze Ha 00J1ee BRICOKHI DHEPTETUIECKUN YPOBEHD M M3Ty4aeT KBAaHT SHEPTUU
B Mpoliecce epexo/ia U3 BO30YKISHHOTO0 COCTOSIHUS B OCHOBHOE. M3myyaTenbHbIN
MEePEXO siApa BO3MOXKEH, €CJIA BBITIOJHSIIOTCS 3aKOHBI COXPAHEHUSI YJHEPTUU U MO-
MEHTa UMMyJibca. B KBaHTOBOI MeXaHUKE 3TO yCJIOBHE COOJIOIACTCS, €CJIM KBaH-
TOBBIEC YKCJIa M| YPOBHEW pasnuyaroTcd Ha eauHuny: Am; ==x1. PasHocTs dHep-
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Ul AEp COCEIHMX NOAYPOBHEH, pa3auyaromuxcs Ha Amy =41 npu mo0ObIX 3Ha-

YCHUAX I, IMPUHUMACT 3HAYCHUC!
AEp =g N Bo. (14.5)

HpI/I BBIIIOJIHCHHUHM PAaBCHCTBA BHGPFGTHHCCKOﬁ CJin SHCPIUM KBAHTOB

hog = AEp MHAYLUUPYETCA MEPEXO sAApa C OAHOIO SHEPTETUUECKOTO YPOBHS HA

JPYTOi, CONMPOBOXKIAIOIINICS MOTJOIIEHUEM YHEPTUU 3JEKTPOMArHUTHOIO TOJIS.
Crnenyer OTMETUTh, YTO YaCTOTHI SJEPHOTO MATHUTHOTO PE30HAHCA U AJIEKTPOHHO-
ro napamMarHMTHOTO PE30HAHCa CYHIECTBEHHO paznuuarotcs (~2000 pa3) uz-3a

pa3yInyuns Macc MPOTOHA U DJIEKTPOHA.

SnepHblii MarHWTHBIM pE30HAHC ObUI BIEPBBIE OOHAPYKEH aMEPUKAHCKUM
¢usukom M. A. Pabu B 1937 1. B 1946 r. rpynmnoit amepukaHCKux (PU3HKOB, BO3-
rinaBnsgemor @. broxom u . [lapcemnom, Obul pazpaboTaH MeTOA HAOIIOACHUS
SIMP B KOHZIEHCUPOBaHHBIX cpenax. Meros sIepHOro MarHUTHOTO pPEe30HAHCA HC-
NIOJIB3YETCSl ISl DKCIIEPUMEHTAJIBHOTO ONPEEICHUS] MAarHUTHBIX MOMEHTOB SIJIEP.
V3MepeHre MarHUTHBIX MOMEHTOB IIPOU3BOIUTCS Ha OCHOBE cooTHOMICHHS (14.5)

IIyTeM COBMCECTHOT'O H3MEPCHHS YaCTOTbl Oy PE30HAHCHOI'O IIOIVIOINCHHS W HH-
AYKOUKU MArduTHOI'O IIOJIA Bo, COOTBCTCTBYIOIINX MAKCHUMYMY SAACPHOPC30HAHC-

HOT'O TOTJIOLICHMUS.
IJKCNepUMEHTAJbHASL YCTAHOBKA M MeToaAuKa HaOmoaenus AMP. Uccre-
noBanue SIMP ocyiiecTBisieTcs Ha 1aOOpaTOPHOM MaKeTe CIEKTPOMETpa, cxema
KOTOPOTo IpejcTaBicHa Ha puc. 14.1.
MarnuTtHOe nosne ¢ uHAyKuuei By co3maercs snekrpomarHuToM 1, KOTOpBII

MOJIKJTFOUEH K PEryIUPyeMOMY HCTOYHHUKY MOCTOSIHHOTO TOKa 5.

DNEKTPOMarHUTHOE TOJI€ YaCTOThI (® CO37aeTCsl B KAaTyIIKe 3, MOAKITIOUYSHHOM
K TeHepaTopy BbICOKOH uacToThl 9. Mccnemyemoe BemecTBo 2 MOMEMIAIOT B Ka-
TYIIKY UHAYKTUBHOCTH 3, KOTOpas siBiisieTca yacThio LC-KoHTypa reneparopa BbI-
COKOM 4acToThl ® — aBToauHa 9. [lornomnieHne s3HEprun 3MEKTPOMATHUTHOTO TOJIS
npu SIMP npuBOAHMT K yMEHBIIEHUIO TOOPOTHOCTH KATYIIKW WHIYKTUBHOCTH 3.
B pesynbraTe conportusienue LC-konTypa renepatopa 9 Bo3pactaer, 4To NMPUBO-
AT K YMEHBIIICHUIO aMIUTUTYbl TeHEpUPYEeMbIX Kojebanuii. i3MeHeHne amIuin-
TyJIbl TEHEPUPYEMBIX KOJeOaHUM MpeoOpa3yeTcs Mocie AeTeKTUPOBAHUS B CUTHAII
IIEPEMEHHOI0 TOKa — curHai IMP, KOTOpBII MOC/IE COOTBETCTBYIOIIETO YCUIICHUS
(6mox 8) momaercs Ha Y-Bxon ocimuiorpada 7. Momymnsiivs MarHUTHOTO TIOJIS
OCYIIIECTBISIETCS C MOMOIIBI0 MOAYJISIIIMOHHBIX KaTyIekK 4.
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Puc. 14.1. baok-cxema AMP cnektpomeTpa

ABTO/MH, JE€TEKTOP, YCUIUTEIb, MOAYJISIIUOHHBII IreHepaTop U ocIuiorpad
ABJIAIOTCSL COCTABHBIMU AnieMeHTamu npudopa 11-1. Moaynsiuuonssie kaTymku 4
U KaTyllka 3 ¢ uccieayeMbpIM 00pa3iioM 2 0popMiIeHbI KOHCTPYKTUBHO B BUJIE OT-
JEJIBHOTO CMEHHOIO Aaryuka. OObEeKTaMu UCCIIEOBAHMsl CIyXKaT BEIIECTBA C -

paMu BOgopoaa Ht (matuuk 3), TUTUS Li’ (matuuk 4) u nentepus H? (matuuk 5).
[Tornomienue sHEPTUX IEKTPOMATHUTHOTO TOJS SJIpaMU MOKHO HaOJI0aTh
JBYMS CITIOCOOAMHU.

1. IIpyn HEM3MEHHOM 3HAYEHHUH MHIYKIHUM IO0JA By HENPEpBIBHO U3MEHSIOT
4acTOTy M DJACKTPOMArHUTHOIO MOJs. SIIE€pHBIA MarHUTHBIA PE30HAHC HACTYIIA-
eT IPH BBHIIOJIHEHUH PaBEHCTBA ® = wy = )My By /7.

2. Ilpn (puKCHMpPOBAHHOM YacCTOTE ) 3JIEKTPOMATHUTHOIO HOJIs HENPEPHIBHO
U3MEHAIOT MHAYKOMIO MarHutHoro mnonst B. Ilpm wmupyknum moms B =By =
=hmg/(gMy) BbIIOIHSETCS paBeHCTBO (14.5) M BO3HMKAIOT MHAYLUPOBAHHbIC
KBAHTOBBIE MTEPEXO/IbI.

B ocHoBy paboTsl ciektpomerpa SIMP monoxken BTopoii crioco0, moapodHoe
OIMMCAaHKE KOTOPOTO MPECTaBICHO B J1a0. pad. 13.

3ajanune M0 NOATrOTOBKE K padoTre

1. Onenuts 1o cootHoeHuO (14.5) yacToTy pe30HaHCHOTO NOITIOIIEHHS V(y =

=g /21 sapamu Hl, H2, Li’ npH 3Ha4eHUsAX MHAyKuun nosst By = 0.3 Tur; 3 mTo.
2. Paccunrtats no ¢opmyne (14.4) 3HaueHUs MarHUTHBIX MOMEHTOB [l B

SJIEPHBIX MAarHETOHAX JJI YKa3aHHBIX B Ta0. 14.1 siaep.
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YKa3aHusd mo BHINOJHEHUIO HAOJIIOAeHU

1. Ilepen HauasioM 3KCHIEpUMEHTA BBIAEPKATh NPHUOOPHI BKIFOUEHHBIMU B T€-
yeHuH S...10 MUH. Y CTaHOBUTD HANPSHKEHUE TEHEPUPYEMBIX KOJIeOaHUM, COOTBET-
ctBytouiee 4...10 nenenusim crpesouHoro neaukartopa. Pyuky « YCUJIEHUE» yc-
TaHOBUTh TaKUM 00pa3oM, yTOObI Ha SKpaHe ocuuuiorpaduueckoil Tpyoku Ha-
OJrofanach «IIymoBasi JOpoxKa». YcTaHoBUTh mepekimtodatenb «KOHTPOJIb
YPOBHS» B nonoxenune « MOAYJIALMA». Pyukoit « MOAYIIALUSA» ycrano-
BUTb TOK MOJIYJISILIUHA, COOTBETCTBYIOINN 10 IeIeHnsIM CTPEIOYHOr0 HHAMKATOPA.
Y CTaHOBUTH TOK AJIEKTPOMArHuTa, yKa3aHHbIN Ha MaHeIu npuodopa.

2. Ilepexmrouarens «OBPATHAS CBA3b» ycranoButh B mnojioxenue |ll.
Mennenno Bpamas pyuky «HACTOTA» ot 6.2 no 7 MI', 1oOUTHCS MOSIBICHUS
Ha ’KkpaHe ocumwuiorpada curana IMP. OtnuuutenbHO 0COOEHHOCTHIO CUTHA-
Ja SBJISETCS €ro MCYE3HOBEHHUE IPU M3MEHEHUM HANpsDKEHUS HMCTOYHHMKA HaA
2...4 B. Ilepexmtouarenem «MOJAYJIALUSA» ymMeHbIIUTS MOAYISIIMOHHBINA TOK
710 3Ha4YeHHs, Ipu KotopoM curHain JAMP naOmronaercs Ha SKpaHe OCLUJIIOTpa-
¢da. Pyukoit «DA3A» n0OUTHCA HANOKEHUS PE30HAHCHBIX KPUBBIX MPSIMOTO U
oOpaTtHoro xoja Toka moayisiuuu. Pyukoit «HACTOTA» cOBMECTUTH MAKCUMYM
PE30HAHCHBIX KPHUBBIX C IIEHTPOM TOPH30HTAJIBbHOM pPa3BEpTKU OcCLMILIOrpada.
OmnpenenuTs 4YacTOTy reHepaTopa Mnpudopa Mo rpaJiyupoBOYHON KpHUBOW Ha Ie-
peaHel nanenu npubdopa I11-1.

3. CHATH 3aBUCUMOCTH TPOTOHHOW PE30HAHCHOM YaCTOTHI OT CHUJIBI TOKA |,

AJEKTpOMarHura. J[Jist 3Toro u3MepsATh CUITy TOKa JIEKTPOMArHUTA B MPEAEax U ¢
IaroM, yKasaHHbIMU Ha TaHenau npuoopa. I Kakaoro 3Ha4YCHHUS TOKA Ompejie-
JIMTh 3HAYEHUE PE30HAHCHOW YaCTOTHI V(i .

4. Jlnsg mpoTOHOCOepKaliero odpasiia yCTaHOBUTh 4acCTOTY T'€HEpaluy aB-
TOAUHA v'01 = 7.5 MI'. I3MeHsisi TOK B AJIEKTPOMArHutTe, JOOUTHCS MOSBICHUS
curana SIMP nHa skpane ocuusuiorpada. Oba rpaduka cOBMECTUTH B LIEHTPE K-

pana. OnpenennuTs 3Ha4€HUE TOKA dJIeKTpomarHuTa |, . 3MepeHus moBTOPUTH

IIpH IBYX APYTUX 3HaYCHUAX 4acToThl v = 8.5 MI'n, v = 9.5 Ml

Yka3zanusi mo o0padoTKe pe3yJibTaToB
1. Ucnonw3yst cootHorenne B = 0.023487v (B — MarHuTHast MHIYKIUS TTOJIS
B Tn, v — yactora reHepaTopa-aBToauHa B MI'11), mo JaHHBIM 1. 3 MPEabIAYIIEro
nojipasziesia OMpPEeNeIUTh 3HAUYCHUE WHAYKIIMM MArHUTHOTO TOJS JUIsl KaXKJIOTO
3Ha4YeHHs TOoKa >1ekTpomaranTa. [Toctpouts rpadux B =f (1,,,).
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2. OmpenenuTh 3HaUeHUE MHAYKIMU By ¢ UcIoab30BaHUEM IpayupOBOYHO-
ro rpaduka B = f (1,,,) 1 u3MepeHHbIX B nII. 4, 5 3HAUCHUH CHIIBI TOKA B DIIEKTPO-
MarHmre.

3. Jlns xaxo¥ mapsl 3HaUeHUH vp; U Bpj 1o cootnHomenusm (14.3) u (14.4)
paccUYMTaTh MArHUTHBIN TUITOJIBHBIA MOMEHT SIpa.

4. OnpenenuTh MarHUTHBIA MOMEHT HccleayeMoro siapa. Pesynprar mpen-

CTaBHUTb B CTaHIA THOM (hopMe = +A . BeIpa3uth mojayyeHHBIC 3HAYE-
I I I

HUSL 1| B SJEPHBIX MAarHETOHAX.
5. O6GCyauTh COOTBETCTBHE HM3MEPEHHBIX MATHUTHBIX MOMEHTOB [L| C pe-

3yJibTaTaMH1 pac4dcTa II0 II. 4 3aJaHus 110 ITIOATOTOBKE K pa60Te.

KoHTposbHBIE BONPOCHI

1. Kakue siBneHus Jie’kaT B OCHOBE SIZIGPHOTO MAarHUTHOTO pe30HaHca?

2. B uem paznuuue siIepHOTO MAarHUTHOTO PE30HAHCA M JIEKTPOHHOTO IMapa-
MarHUTHOTO pe30HaHca?

3. dns xakux neneit ucnosnszyerca merog AMP?

4. YTo xapakTepHU3yeT sIEPHOE CTMHOBOE YUCIIO?

5.[Ipy BBHIMOMHEHUWH KaKUX YCIOBUA MOXXET HaOIIOAaThCS MOTJIOUICHUE
HHEPrUM ANEKTPOMATHUTHOTO MOJIS AAPOM?

6. B kaxoii Bug npeoOpa3yeTcsi SHEpPTUsI DJIEKTPOMATrHUTHOTO TOJIS TIPHU sSIIEP-
HOM MarHMTHOM pe30HaHce?

JlaGopaTopuas padora 15. UCCIIEJOBAHUE TYHHEJIBHOI'O
IPDEKTA B BBIPOKJIEHHOM p-n-IIEPEXOE

Hean padoThl: H3yUeHHUE 2JIEMEHTOB TEOPUM TYHHEJIBHOTO 3¢ (deKTa; uccie-
JIOBaHUE MPOSBJICHUN TYHHEIBHOTO d(DPeKTa B TYHHEILHOM JHOJIE.
Oo0mue cBeIeHUS

Ecnu B HekoTopo# 0051acT MPOCTPAHCTBA UMEETCS TOTCHITUAIBHBINA Oaphep
KOHEe4HOH BBICOTHI Uy 1 mmpuns! | (puc. 15.1), To mo k1accuyeckum mpeacrasiie-

HUAM YacThua c¢ sHeprueil E >U( Bcerna mpeononeBaer 6apbep, TOrzna Kak dac-
THUIIA ¢ SHepruei, Mensiueil Uy, 6appepoM 3epKanbHO OTpaXKaeTcs.

B 1eMCTBUTENBHOCTH CYIIECTBYIOT OTJIIMYHBIE OT HYJSI BEPOSITHOCTH OTpaXke-
HUs OapbepoM uacTulbl ¢ dHeprueil E >U, n IpoHMKHOBEHHS CKBO3b Oapbep

(myHnnenupoeanus) yactu ¢ 3Heprueil E <Ug. Ilpeononenne Mukpouactuuei no-
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TCHIHNAJIBHOT'O 6apLepa B ClIydac, Korga €€ U

TIOJTHAsl dHEprusi (ocTaromasics MpH TyHHe- E>U,

JTUPOBAaHUHM HEM3MEHHOW) MEHBIIE BBICOTHI 0 (;0’ _____ ~

Oappepa, HA3bIBAETCS TYHHENBHBIM 3 eK- E<U,

ToM. TyHHenbHBIH 3(PQEKT — sBICHUE HC- « o > >
KJITFOYUTEBEHO KBAaHTOBOM TPUPOIBI, HEBO3- 1 b 3
MOJKHOE B KJIACCHYCCKOM MEXaHHUKE. o T x

TyHHenbHBIA 3HOEKT MOXKHO 00BsIC- Puc. 15.1. OaHOMEpPHBIiT IPSIMOYTOJIBHBIH
HUTh COOTHOIICHHUEM HEOIPEICICHHOCTEH, MOTEHIHATbHbIN Dapbep
3anucaHHOe B BUIE AXAPy =71, OHO IIOKA3bIBAET, YTO IPU OTPAHNYCHUH KBAHTOBOM
YaCcTUIIBl TI0O KOOPJIWHATE, TO €CTh YBEIMYCHHUU €€ OIMPENEICHHOCTU MO X, €€ UM-
IyJIbC Py CTAHOBUTCS MeHee omnpezenacHHbIM. CilydaliHbIM 00pa3oM HEOIpEIeNIeH-

HOCTb UMIIYJIbCa ApX MOXKCT I[06aBI/ITI> qaCTHUIC SHCPIruu I IIPCOTOJICHUA 6apLe-

pa. TakuM 00pa3oM, ¢ HEKOTOPOI BEPOSTHOCTHIO KBAHTOBAsl YaCTHIA MOXKET MpPO-
HUKHYTb uepe3 0apbep, a CpeAHsIsl SHEPTHsL YACTUIbI OCTAHETCS HEM3MEHHOIA.
BeposTHOCTh TIPOXO0KIEHUS MUKPOYACTHUIBI Yepe3 MOTEHIUAIBbHBIN Oapbep
MOJKET OBbITh HaliJleHa Ha OCHOBE pelieHus ypaBHeHus Lllpeaunrepa
2
9L 2N ey (x))y =0 (15.1)
dx®>  #?
C MOTCHIIMAIBHOW dHEpPTrUel 3aaHHOro BHUa (cM. puc. 15.1).
B pasnuunbix obnactsax mpoctpaHcTBa (obmactu 1, 2, 3 Ha puc. 15.1) ypas-

Henuto [lIpenunrepa (15.1) y1oBIETBOPSIOT CIEAYIONINE BOJTHOBBIC (DYHKIIMU:
w1 = A exp(ikx) + By exp(—ikx);
y = Ayexp(Bx)+ Byexp(—Bx); (15.2)
w3 = Agexp(ikx),

rae k=+2mE/h; p=.2m(Ug—E)/n.

ITepBoe cimaraemoe B (yHKIMHU \yq ONHKCBHIBAET BOJIHY, CBA3AHHYIO C MHKPO-
YaCcTUIICH, MaJarolleldl Ha MOTEHUMAIbHBIA Oapbep, a (YHKLIUS Y3 ONHUCHIBACT

BOJIHY, CBSI3aHHYIO C JBMIKEHHEM MHKPOYACTHIIBI, TPOIIEANIed uepe3 Oaprep u
MPOAOJIKAIONICH ABMKEHUE B MOJOKUTEIBHOM HaIpaBJIE€HUHU OCHU X. BTopsie cna-

racéMbI€ B BBIPAKCHUAX Y1 U Y9 MOXHO HHTCPIPECTUPOBATH KAK INIOCKUE BOJIHBI,

JBIKYIIHMECS B OTPULATEIHLHOM HAMPABIEHUU OCH X.

JIist XapakTepUCTUKN BEJIMYMHBI TYHHEIBHOTO 3 (deKTa BBOAUTCA KOIDDu-
yuenm npospaunocmu 6apbepa, paBHbIA MOJYJII0 OTHOLIEHUS IUIOTHOCTH MOTOKA
OpOLIeIINX YacTHI K IJIOTHOCTH MOTOKa YacTUL, MNaJaroluX Ha Oapbep:
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D=|j3|/ | Jl| [InoTHOCTP MOTOKA 4YacTHIl Ompenernserca 1Mo  Qopmyne

in|oy" 0
=5 | vt
2m\ ox OX

peleneHus IUIOTHOCTM IOTOKA 4YacTHLl Jy, DaJalolux Ha Oapbep, U

y" |. TTomcTaBmsis B 5Ty GopMyITy Yy = Aiexp(ikx) JUTSL OTl-

Y3 = A3exp(ikx) IJIs1 OLpesieNeHNs IJIOTHOCTH IOTOKAa YacTUL| |3, MPOIIEALINX

. 2 2
yepe3 Oapne Hanacm D= . Bocnonp30BaBIIMCh T'PaHUYHBIMU YCIIO-
9

BUSIMU HEMPEPHIBHOCTH BOJIHOBOM (DYHKIIMU U €€ MPOM3BOHON Ha TpaHulaX Oaphb-
epa u BbIpasuB cHauana Ay u By uepes A3z, a 3ateM 4 udepe3 Az, At kodddu-

ueHTa npo3paddoctu D npu yenosun [l > 1 momydnm BeIpaskeHHe

E E 2l
D=16"—{1- exp[—?/zm(u0 - E)}. (15.3)

0 0
N3 (15.3) BUAHO, YTO BEPOSITHOCTh TYHHEIMPOBAHUSA CUIIBHO 3aBUCUT (TIO
AKCTIIOHEHIIMATILHOMY 3aKOHY) OT IIMPUHBI MOTEHIMaIbHOTO Oapbepa |, oT mpe-
BBILICHUS BBICOTHI Oapbepa HaJl dHepruel Hanetaromen yactuusl Ug — E, a Taxke

OT MAacChl YaCTHIIBI M.

TynHenbHbIN 3(()EKT cocTaBIsIET PU3HNUECKYIO OCHOBY AEHCTBUSA OOMIMPHOTO
KJIacca TMOJIYIIPOBOAHUKOBBIX MPUOOPOB — myHHeabHbix ouooos (TH). Ipuniun
paboTsl Tl MOXHO MOSICHUTH, UCIIONb3Ys NMPEACTABICHUS O 30HHOU dHepeemuye-
cKoU cmpykmype TBepJoro Tena. B mpouecce o0pa3oBaHus TBEpAOro Teja 3JIEK-
TPOHHBIE SHEPTETUUYECKUE YPOBHHU OTHENIbHBIX aTOMOB BCJIEJCTBUE B3aUMOICHUCT-
BUSI QJIGKTPOHOB CMEIIAIOTCS M 00Pa3yIOT SHEPreTUUYCCKHE MOJIOCH (paspeuienHule
30HbL), YEPEIYIOUINECS C 30HAMU DHEPTUH, 3HAYCHUH KOTOPBIX JICKTPOHBI IPUHU-
MaTh HE MOTYT (3anpewjernvimu 30Hamu). DHEPreTUIecKas IMUPUHA Pa3pEIICHHON

W 3alpelieHHON 30H mopsjka eauHull 5B (~10_19 k). DHepreTuyeckui 3a3op

MEXIY OTICIbHBIMUA YPOBHSIMHU pa3perieHHOW 30HBI ~107%% 5B (~1O_41 JIx);
M03TOMY OOBIYHO CUMTAIOT, YTO IHEPIETUUYCCKUH CIIEKTP IJICKTPOHOB BHYTPHU pa3-
PCIICHHON 30HBI MPAKTUYCCKU HempepbiBeH. Hanbosiee CHIIBHO pacIICIUIAIOTCS
DHEPreTHUSCKUE YPOBHU BAJICHTHBIX AJICKTPOHOB, 00pa3ys Tak Ha3bIBacMbIC 6d-
JIeWMHYI0 30HYy U 30HY HPOBOOUMOCHIU.

MHorue 371eKTpohU3HIeCKre CBOWCTBA TBEPBIX TEJ CBSI3aHBI C JICKTPOHA-
MU B YaCTHYHO 3aIIOJTHEHHBIX 30HAX, TaK KaK B MPEJEIIax 3THX 30H 3JICKTPOHBI MO-
I'YyT U3MCHATH CBOIO DHEPIHIO MO JCHCTBHEM BHEUIHUX (DaKTOPOB M CIIOCOOHHI, B
YaCTHOCTH, YYACTBOBATH B MPOIIECCE IICKTPOIPOBOIHOCTH.
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BeposTHOCTh 3aceseHus AIeKTPOHAMH SHEPreTHUECKUX YPOBHEH B 30HaX OI-
penensiercss cmamucmuxou @epmu—/{upaxa, ONMCHIBAIOIICH SHEPTETHUECKOE pac-
npe/e/ieHUe YacTHIl, TOUUHSIOMMXCS npunyuny Ilayiu. BeposSsTHOCTh TOTO, YTO
COCTOSIHUE C dHeprued £ mpu temmnepatype T 3aHATO JICKTPOHOM, OTMPEAeIseTCs
@ynxyueti Pepmu

w(E, T)= {exp[(E —Eg )/(kT)] +1}_1.

Benmnununy Ep Ha3wBarot owuepeuei (yposnem) ®Pepmu. Jlerko BUAETH, UTO
npu T =0 K pynxmuns W(E, 0) =1, ecmu E <Eg, u W(E, 0) =0, ecm E > Eg. IIpn
00011 Apyroi Temmneparype sHeprusi epmMu COBNATAET C SHEPTUEH TOrO YPOBHS,
BEPOSTHOCTD 3aIOJIHEHUsI KOTOpOro paBHa 0.5.

TyHHENbHbBIE TUOMBI IPEACTABIISIIOT COOON IMIIOCKOCTHBIE HOJIBI C BHICOKOJIE-
TUPOBAHHBIMU N- M P-00yacTaMu. B OOBIYHBIX AWOAX MPUMEHSIIOTCS IOIYIIPO-

BOJHUKHU, COJAEpIKAIINE KOHIEHTPAIUIO JIETUPYIOIIUX aTOMOB He Oosee 105 v

(HeBBIPOKICHHBIN TTOTYIPOBOAHUK). [0y pOBOIHUKH, UTYIIIHE HA U3TOTOBJICHHE

TYHHEJIBHBIX JIUOJIOB, COJEp>KaT OOJBIIYI0 KOHILEHTparuoo (~ 10%4..10%° M_3)
JIOHOPOB U aKIENTOPOB (BBIPOKACHHBIN MOIYITPOBOIHUK).

M3-3a 00JIbIION KOHLIEHTPALUU JIETUPYIOIIEH MPUMECH TOHOPHBIE U aKLeMN-
TOpPHBIE YPOBHHU 00pa3yloT HE OJMH Y3KUI SHEPreTHUECKU YPOBEHb, a LENIYIO 30-
Hy. Kaxkmas takas 30Ha u3-3a OJIM30CTH K pa3pelieHHON YHEPreTUYECKOM 30HE OC-
HOBHBIX aTOMOB KpHUCTaJllIa CIMBAETCS C HEil. JJoHOpHBIE YPOBHU MEPEKPHIBAOTCS
C 30HOM MPOBOJAUMOCTHU N-00JIaCTH, & AKUENTOPHBIE YPOBHU MEPEKPHIBAIOTCS C Ba-
JICHTHOW 30HOW P-o0yacTu. 3a CUET ATOTr0 YMEHbINAETCS IIMPUHA 3allpelieHHON
30Hbl. TomnmuHa pP—N-mepexojila OKa3bIBaeTCS Majiol (€IUHUIIBI HAHOMETPOB) 3a
CYET BBICOKOM KOHUEHTPALUU JIETUPYIOLINX IIPUMECEM.

[Ipu cnussHUU TPUMECHBIX U OCHOBHBIX SHEPreTUYECKUX 30H ypoBeHb Depmu

EEp pacnonaraercs BHyTpU COOTBETCTBYIOLIEH pa3pelIeHHON 30HbI: B P-001aCTH —
Ha HEKOTOPOM PACCTOSIHUHM HIDKE TOTONKa Ey, BasleHTHOI 30HBL, a B N-001acTé —
BbIlIE 1Ha Ec 30HBI mpoBOAMMOCTH. B pesynbrare 3TOro mpu KOHTakTe N- U p-
obnactell 1HO E- 30HBI IPOBOAMMOCTU N-00JACTH OKAa3bIBAETCS HUXKE IOTOJIKA
E\, BaseHTHOI 30HBI P-00JacTU, U 3IEKTPOHBI B N- U P-00IACTAX OKa3bIBAIOTCA

pa3JeIeHHBIMU MOTEHIMAIBHBIM 0aphepoM, BbICOTa KOTOPOIO ONpPEAEIsAeTCs pas-
HOCTbIO 3Hepruil Ec — Ep, a mmpuna — TommuHO#M p—N-niepexona (puc. 15.2).
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YacTb 31EKTPOHOB B 30HE MPOBOJAUMOCTHU MOJYNPOBOAHUKA N-TUIIA pacroja-
raeTcs Ha ypOBHSX C DHEPIUsIMH, PaBHBIMU DHEPIHSIM 3JIEKTPOHOB B BaJECHTHOM
30HE MOJYNPOBOJAHHUKA P-TUIA. AHAIIOTMYHO YacTh JEKTPOHOB B BAaJEHTHOM 30HE
p-o0iacTu pacnojyiaraeTcsi Ha YpoBHSIX C 3HEPIUsMHU, paBHBIMU SHEPIUSIM YPOBHEH
B 30HE MPOBOAMMOCTH N-00JacTh ModynpoBogHuKa. HeOonbmas mupuna p-n-
nepexojia JIeJaeT BO3MOKHBIM ITPOHUKHOBEHHUE 3JIEKTPOHOB YEpPE3 ITOT MEPEXO]
Omaromapst TyHHEIbHOMY 3¢ dekTy. OmHako HeOOMbIas MUPUHA — HETOCTATOYHOE
yCIOBUE AJI MPOTEKaHHs Toka. HykHO, 4TOOBI MPOTHB 3aHATOrO 3JIEKTPOHAMU
HHEPreTHYECKOTO YPOBHS MO OJHY CTOPOHY P—N-miepexoia 611 CBOOOAEH YPOBEHb
10 JPYTYIO €r0 CTOPOHY.

Jliis Toro 4ToObl pa3o0paThbCsi B TOM, KaK BBIIOJIHSAETCS 3TO MOCIEAHEE YCI0-
BUE, PACCMOTPUM PaCHPECIICHUE AIEKTPOHOB 110 SHEPIETUYECKUM YPOBHSM B BbI-
POXKJIEHHOM IOJYIPOBOIHUKE. JUJI ONpPEAEeIIEeHHOCTH PAaCCMOTPHUM IOJYyIPOBOI-
HUK N-Tumna. KoHIeHTpaius 37eKTPOHOB Ha YHEPreTHYECKOM ypoBHE E mpu Tem-
nepatype T MOKeT ObITh BhIYUCIIEHA O (hopmyJie

n(E,T):G(E)W(E,T), (15.4)
rne G(E) — mioTHOCTB dHEpreTHyeckux cocrostauit; W(E, T) — BeposTHOCTS 3arioui-
HEHHUSI DJIEKTPOHAMU ypoBHs ¢ 3Heprueit E npu tremnepatype T. C xopomieit Tou-

HocThio G(E) MOXKHO 3amucaTth B BUIC
3/2
G(E)=—5| 2] (E-Ec )2 (15.5)
2n°\ h
rae m —s@deKkTruBHas Macca IEKTPOHA.

N3 (15.5) cnepyet, yTo BOJIM3M AHA 30HBI MPOBOAUMOCTH 3HEPreTHUYECKUE
YPOBHU PacMojOXKeHbI peXe, UeM B €€ BEpXHEW UacTH, OCKOJIbKY, KaK y»Ke OTMe-
4aJIoCh, B CUITy OOJIBIIION KOHIIEHTPAIIMU MPUMECEH AJIEKTPOHHBIN ra3 B MOJIYyIPO-
BOJIHUKE BBIPOXKJICH.

AHaNOrMuYHbIe pe3yNbTaThl CHPABEUIMBBI U Ul MaTepuaia P-THIA C TEM
OTJINYMEM, YTO SHEPTHUs OTCUMUTHIBACTCS OT MOTONKAa Ey\; BajleHTHOW 30HBI B CTO-

pony yoObiBanus (puc. 15.2). I[To ocu opaunat Ha puc. 15.2 oTnoxena sHeprus E
3NICKTPOHOB B ToyrnpoBojaHuke. [lo ocu abcrmcc ornoxkensl BenuuuHbl: G(E),
W(E, T), n(E, T) wiu p(E, T) (koHIICHTpalKs IbIPOK CBOOOJHBIX YPOBHEH B MOJTY-
npoBojgHuKe P-tumna). [Iponecc popMupoBaHusi BOJbTAMIIEPHON XapaKTEPUCTUKU
TyHHeJbHOTO Aroaa (puc. 15.3) MoxkHo npocneauTs mo puc. 15.4. Ecnu nanpsike-
HUE Ha JMO0JI€ PAaBHO HYJIIO, TOK Y€pe3 MO/ TAKXKE PaBeH HYJIIO, TaK KaK B yCIOBU-
X paBHOBecHs (Kak moka3zaHo Ha puc. 15.2 u puc. 15.4, a) yposau @epmu B N- U
p-00J1acTSIX COBMIANAIOT.
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G(E)

>/ |
w(E,T), n(E,T)

Puc. 15.2. 3anonHenne ypoBHEH 3JEKTPOHAMH B 30HE TIPOBOAMMOCTH

M B BaJICHTHOH 30HE N- I/Ip'O6JIaCTeI71 TYHHCJIBHOI'O INOJa

CrnenoBaTeNbHO, AJIEKTPOHBI C paB-
HOM BEPOSTHOCTHIO MOTYT MEPEXOJIUTh U3
30HBI TTPOBOJUMOCTH TIOJIYITPOBOTHUKA N-
TAMIa Ha CBOOOJHBIC DHEPTETUYCCKUE
YPOBHH B BaJICHTHOH 30HE IOIYIPOBOI-
HUKa p-TUTIa ¥ HA000pOT. B paBHOBECHBIX
YCIIOBUSIX OOJIBIIMHCTBO 3aHSITHIX DJIEK-
TPOHHBIX COCTOSTHUH (T. €. COCTOSIHUH,
CBOOOJHBIX OT JBIPOK) B OOJACTH p-TUNA
JICKUT MPOTHUB 3aHATHIX JICKTPOHHBIX CO-

I

max

min

-

|
|
0/ Vmax Vmin
Puc. 15.3. Bosnbrammneprast
XapaKTePUCTHKA TYHHEIIBHOTO AHOA

CTOSIHMI B oOnact N-tuna. [loaTromy MeXay HUMH BO3MOKHO OY€Hb HEOOJIBIIOE

yuciao oOMeHOB aiekTpoHaMmu (puc. 15.4, a) u Tok yepe3 p—N-nepexos OJIU30K K

HYJIIO.

n P n
a o

p n p

Puc. 15.4. 3ouHbIE AuarpaMmbl TYHHCIJIBHOTO JUOAa IMTPHU HYJIICBOM

cMmeleHnH (a), MpsIMOM CMEIICHUH (6) U 00paTHOM CMEIICHUH ()
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Eciu k p—n-nepexony NpUIOKUTH HANpsDKEHUE B MPSMOM HalpaBICHUU
(«mmroc» K p-o0JacTH, a «MHUHYC» K N-00JacTH), TO BbICOTa IMOTEHIMATBHOTO
Oapbepa OyIeT yMEHBIIATHCS, NMOCKOJIBKY MOTOJIOK Ey; BaJeHTHOW 30HBI MOIY-

IMIPpOBOJHHKA p-THIIA WU JHO EC 30HBI IIPOBOAUMOCTHU commarca. KommuecTBo

AIIEKTPOHOB, TYHHEIUPYIOIIUX U3 N-00JIaCTH AHOAa B p-00J1acTh, CTAaHET OOJIbIIE,
YeM MEepexXoAsIiuX B 0OpaTHOM HaIpaBJIEHWH, TaK KaK 3allOJHEHHBIE COCTOSHUS
30HBI TPOBOJAUMOCTH N-005acTu (Jexkamue Bblmie YpoBHS Depmu p-0071acTH)
OKa)KyTCsl TPOTUB HE3AMOJHEHHBIX COCTOSIHUM BaJCHTHOM 30HBI p-o6nactu. Coot-
BETCTBEHHO TOK B IPSIMOM HalpaBJICHUU HAYHET pacTu. MaKcUMalbHBIM 3HaUCHHE
3TOro Toka lmg (puc. 15.3) Oyzmer Torna, korga yposens depmu MaTepuana N-

TUTA U MOTOJOK BAJIEHTHOW 30HBI coBnanyt (puc. 15.4, 6). Ilpu s3TOoM y 31eKTpo-
HOB, MEPEXOANIUX U3 N-00J1aCTU B p-00J1acTh, OYIyT CBOOOJIHBI SJIEKTPOHHBIE CO-
CTOSIHUSA C TOM K€ DHEPTHUEM.

Jpyrumu cioBamMu, TYHHEIBHBIH TOK OyJIeT MaKCUMAaJbHBIM, €CIIM MAaKCH-
MyMbl QYHKIUNA pacripesienieHus (CBETIble TOYKU Ha puc. 15.2) OyayT NpuxoauTh-
Csl HA OJJHH M T€ K€ 3HAYECHMS DHEPIruu. DTO MPOUCXOAUT IIPH HANPSHKEHUU Vipay
NPUIIOKEHHOM K uofy (puc. 15.3).

JanpHeliliee yBEIMYEHUE MPSIMOTO CMEIMICHUS NPUBOAUT K YMEHBIICHHIO
TYHHEJIBHOTO TOKa (CMAJalolIMi Y4acTOK BOJBTAMIIEPHOM XapaKTEPUCTHUKH Ha
puc. 15.3), Tak KaK YUCJIO 3aHATHIX COCTOSSHUH B 30HE IMPOBOJUMOCTH N-00JIaCTH,
JIeKAIUX HAMPOTUB CBOOOJHBIX COCTOSIHMI B BAJICHTHOM 30HE P-00JaCTH CTaHO-
BUTCSl MEHBIIIE U3-3a TOTO, YTO 3HAUMTEJIbHASL YaCcTh UX OKa3bIBACTCS MPOTHUB 3a-
IpEeLIeHHON 30HbI P-00nactu. HakoHen, npu TakoM HanpspkeHUu Vi , IPH KOTO-

pPOM Hucue3aeT nepekpsIThe 30H (puc. 15.4, 6), T. e. nonoxenue qHa Ec 30HBI mpo-
BOJMMOCTH N-00JIaCTH COBIIAIAET C MOJIOKEHUEM MoTojKa B\, BaneHTHOI 30HBI P-

00J1aCTH, TyHHEJIbHBIE IIEPEXObI IPEKPATATCSA ¥ TOK JOCTUIHET MUHUMYMA.

Otnunune ot Hys ToKa |yin (puc. 15.3) u nanpHeiee yBeauueHUe MpsiMoro
TOKa 0 MEpE BO3PACTaHMs HAINPSHKEHUS OOBACHAIOTCA OOBIYHBIM MEXAHHU3MOM
WHXKEKIIMA HOCUTENeH 3apsaoB. MHXKEKIMOHHBIA TOK 4epe3 P—N-mepexon o0y-
CIIOBIIEH HaJ0apbepHBIM IEPEXOJOM OCHOBHBIX HOCHTENEH 3apsja, Kak B OObIU-
HBIX TUOJaX.

JKCcHepUMeHTa/IbHasi ycTaHOBKa. B pabote uccienyercst BojbTaMIepHas
XapaKTEPUCTHKA TEPMAHUEBOT0 TYHHEIBHOTO Anoa (Hanpumep, tuna ['M 305 unu
POJICTBEHHBIX €MY), TEOPETHUECKH U IKCIIEPUMEHTAIBHO OMNPEEISAETCS MOJIOXKeE-
HUE DKCTPEMAJIbHBIX TOYEK XapaKTepUCTUKU. IIpoBoanTcs oneHka sueprun Pepmu
Y SHEPTUH, COOTBETCTBYIOIIEH MaKCUMyMaM (PYHKIMH TUIOTHOCTH paclpeaeieHus
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HOCHUTEJIEH B 30HAX MaTepHaja TyHHEIbHOro nuoja. CHATHE BOJILTAMIIEPHON Xa-
pakrepuctuku T/l oTnmyaercs psAnoM OCOOEHHOCTEH, OOYCIIOBICHHBIX OTpPHIA-
TCJILHBIM JIMHAMUYECKUM CONPOTUBIICHUEM JMOJA HA MaJarolIEM Y4acTKE Xapak-
TEPUCTUKH OT gy 10 Imin -

Ecan BHYTPCHHCC COIIPOTHUBIICHUC

HMCTOYHUKA CMEIICHUs1 OOJIbIlEe, YeM OT-
pHULIATENIBHOE JAMHAMUYECKOE CONPOTHUB- 1.2x
aeaue TJ[, TO BMECTO CTaTUYECKOMU
BOJITAMIIEPHOW XapaKTEPUCTUKU OyaeT
HAOMIOAAThCSl KpUBasg TUCTEPE3UCHOTO
TUna (TOYKH /...5 W MITPUXOBBIE MPSMbIC '
Ha puc. 15.3). Cxema yCTaHOBKH JJIsl CHS- @ 6

THUA BOJIbTaAaMIICPHBIX XapaKTCPHUCTUK

npeAcTaBiieHa Ha puc. 15.5. BriroueHue
Puc. 15.5. Cxema yCTaHOBKH JJISI CHSTHS

T/l uepes SMUTTEPHBIA [OBTOPUTEIND T10- IPSAMBIX BOJIBTAMIICPHBIX XapaKTEPUCTUK
3BOJISIET YMEHBIIUTH 3(()EKTUBHOE BHYT- TYHHENBHBIX JMOJI0B

PEHHEE CONPOTHUBJIEHWE HCTOYHUKA CMe-

nieHus. Vi3aMeHeHneM ConpoTUBIIEHUS pe3ucTopa R MEHSIOT HampsbkeHue Ha O6ase
tpansucropa 1137, nmpu atom mensiercst Tok T/, KOTOpPBIN KOHTPONIUPYETCS MUILIHU-
amriepMeTpoM PA B koiuiekTopHo# nenu tpan3ucropa KT605. Hanpsixenue na T/J

u3Mepsercs BoabT™Merpom PU.

Yka3anus 10 NOATOTOBKeE K padore

1. M3yuuTh Teopuio TYHHEIBHOTO 3(QeKTa sl IPSIMOYTOJIBHOTO MOTSHITH-
anbHOrO Oapnepa. Ilomyunts Beipakenue (15.3) mns kosdduimenta npo3pavyHo-
CTH MPSIMOYTOJILHOTO Oapbepa.

2. Ouenuts sHepruto Gepmu B MaTepualie TePMaHUEBOTO TYHHEJIBHOTO JHO-
na w3 cienyronmx npenacrapineHuid. [Ipu T = 0 K ¢pynkuus @epmu W(E, 0) = 1 mos
Bcex oHepruii E < Ep. Torma KoHLEHTpauus HOCUTENEH (M3BECTHAs) CBSA3AaHA C

Ep
sHepruerr @epmu cootHomeaneM N = I G(E)dE . Ucnonb3ys Beipakenue (15.5),
Ec

3/2 2(n 2 2/3
h
nomydaem N __Lfam (EfF —Ec )3/2, otkyna Egp — E¢ = (3*N) . IIpu

3n2 h2 2m
O25 M_3.

pacuerax NpUHATH KOHIIEHTPALIMIO 3JIEKTPOHOB U JIBIPOK paBHOU 8-1
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3. Haiitu sHepruto E,,, COOTBETCTBYIOLIYIO MaKCUMyMYy (DYHKLIUU pacipee-
JICHUS DJICKTPOHOB B 30HE MPOBOIUMOCTH, MCCIICIOBAHUEM Ha IKCTPEMyM (yHK-
uua (15.4); dn/ dE‘E_E =0. Jlna camMonpoBepKH 37eCh MPUBOJIUTCS Cpaszy KO-

—=m

HeuHblll pesynbraT: Ep —E, =1.1KT.

4. Ouenuts 3Ha4eHUS U U Uiy BOIBTaMIIEPHON XapaKTEPUCTUKU Tep-
MaHMEBOI'0 TYHHEJIBHOI0 Anoja. PacueT Bectu no gpopmynam

Umax =2(EF —Ep)/e; Umin = 2(EF —E¢)/e.

Pe3ynbTaThl CpaBHUTH CO CIPABOYHBIMU 3HAYEHUSMHU COOTBETCTBYIOUIHMX Ta-
paMeTpoB I UCCIEAYEMOT0 TYHHEILHOTO AUO/A.

5. Hcnonb3ys TUNMYHBIE MapaMeTpbl I'€PMAHUEBOIO TYHHEJIBHOIO JIHOJA
(wupuHa 3amperieHHon 3oHbl Eg =0.67 5B, Tommuza mepexoxga | =2Hwm, mio-

maabp nepexoga S ~10em? ), mo dopmyine (15.3) olEHUTH BEPOATHOCTH TYH-
HEJIBHOTO TIEPEX0/1a DJIEKTPOHOB 4Yepe3 Oapbep. DHEPrui0 YacTUIbl MPUHSITH
paBHoii E=E,, —Ec =Ep —Ec —1.1KT, BeIcOTy Oapbepa omnpenenTh BbIpaXkKe-
nuem Ug =2(Ep —Ec) + Eg.

6. ITo popmyne |max =eSND\/( Em — Ec )/ 2M OLEHUTh TOK B MaKCUMyMe

BOJIBTAMIIEPHOW XapaKTEPUCTUKU AMOJA. Pe3ynpTar CpaBHUTH C DKCIIEPUMEHTAIIb-
HBIM 3HaYEHUEM |5y ZUIS HCCEMYEMOTO MO,

Yka3zanus no BLINOJHEHHUIO HAOII0AeHHI

Bxmrounts ycraHoBky. 3meHsis moteHiimoMeTpoM R (pyuka «CMernieHue» Ha
MaHeIu Mpruoopa) TOK JU0/Ia, CHATh BOJIBTAMIICPHYIO XapaKTEPUCTHKY Auoaa. MH-
TepBaji npsamMeix Hanpspkennid Ha auoze (0...0.5 B) pa3outs Ha 15-20 3HaueHui, B
KQKJI0M TOYKE YCTAaHABIWBATh 10 BO3MOYKHOCTH HEM3MEHHOE HaIpshKeHUE (C 1o-
IPEITHOCTHIO, JOMYCKAaeMOW BOJBTMETPOM), MO MUUITHAMIEPMETPY OMPEAeIsiTh
TOK nuoxaa. [IoBTOPUTH CHATHE BOJIbTAMIIEPHON XapakKTEPUCTHKHU S...7 pa3 B o0e
CTOPOHBI (MPW YBETWYCHUH W YMCEHBIICHUU HAMNpsOKeHWs Ha auone). [lanHbie
npeacTaBuTh B Buje Tabimibl. Ocoboe BHUMaHHE oOpamarth Ha (PUKcanuimo pe-
3yJIbTaTOB B OKCTPEMAIBHBIX TOUKAX.

Yka3aHusi 10 00padoTKe pe3yabTATOB H COAEPKAHUIO OTUETA

1. ITo pe3ynbTaTam U3MEpeHUN MOCTPOUTH I'paPUK 3aBUCUMOCTH TOKa AMOJA
OT HAaIpPSHKEHUsI CMEUIeHUs (BOJIbTAMIIEPHYIO XapaKTePUCTHUKY). s Kaxa0ii mapsl
3HAYEHUH TOK — HaIlpsDKEHUE yKa3aTh Ha rpaduKe T10BEPUTEIbHbIE HHTEPBAJIBI.
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2. U3 rpaduxa Haiitn 3Ha9€HUSA U oy, Umin B Imax - OLEHUTH 1OBEpUTENb-

HYIO IIOTPEIIHOCTb 3TUX PE3YJIBTATOB.
3. ITo nmonyuennsM pesynbTataM Umax, Umin ¥ Imax OLEHHUTH IOJI0XKEHUE

ypoBHsI DepMu, MaKCUMyMa TUIOTHOCTH PacIpe/eeHUs JICKTPOHOB B 30HE IMPO-
BOJMMOCTH TI0 OTHOIICHHIO K JHY 30HBI MPOBOJIUMOCTH Ec, a Takke BEpOSTHOCTD
TYHHEJIMPOBAHUS AJIEKTPOHOB Yepe3 p—N-Tepexol. DKCIePUMEHTATIbHBIC PE3YIlhb-
TaThl CPABHHUTH C PE3YIbTaTaAMH MPEIBAPUTEIHHBIX PACUCTOB.

4. ChopmynupoBaTh BBIBOJIBI IO paboTe.
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