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1. HEJIb PABOTHI
[lenpto paboOTHl sABISETCS HM3ydeHHE BHYTpeHHEro (HoTod(-
¢dekTa Ha OCHOBE M3MEPCHHS CBETOBOW XapaKTEPUCTUKH IOJIYIIPO-

BOJIHUKOBOI'O (hOTODJIEMEHTA.

2. KPATKAS TEOPUA

Buaytpennum ¢oToadpexTtoM Ha3bIBaeTCs Nepepacrpeierne-
HUE DJIEKTPOHOB TIO0 YHEPreTHUYECKUM COCTOSHHSM B TBEPIBIX H
KUJIKAX TIOJYIPOBOJHUKAX M JIUAJICKTPUKAX, MPOUCXOIAIICE IO/
nericreueM cBeta. OH TPOSBISICTCS B W3MEHEHHWHM KOHIICHTPAIIMH
HOCHUTEJICH TOKa B cpejie U MPUBOIUT K BO3HUKHOBEHHIO (hOTOIPO-
BOJUMOCTH WUJIM BEHTUIILHOTO (oTo3PdekTa. POTONMPOBOIUMOCTHIO
HA3BIBACTCSl YBEJIIMUCHHE DJIICKTPUUECKOM MPOBOJAMMOCTH BEIIECTBA
noj aeiictBueM cera. BentuwibHbIM (hoTodddexTom (PoTorddek-
TOM B 3alUpArOIIEM CJIO€) Ha3bIBA€TCS BO3HHUKHOBEHHE MO JCH-
ctBueM ceta DJIC (dboto-3/IC) B cucreme, cocTosiie n3 KOHTaK-
TUPYIOIIUX TOJYNPOBOJHUKA W METalla WIH ABYX Pa3HOPOIHBIX
MOJTIYTIPOBOAHUKOB (HarpuMep, B P-N mepexoe).

B3anMoselicTBue cBeTa ¢ IMOMYNPOBOJHUKAMHU IIPEACTABIISET
co0ol J0CTaTOYHO CIIOKHOE sBJIeHHE. KadecTBEHHO MOXXHO pac-
CMOTpETh MpOCThie ciaydan. K (PoTonpoBOAMMOCTH MPUBOIAT Clie-
TYFOIIME BUIbI TIOTJIOMICHHSI CBETA:

CoOCTBEHHOE HJIH d)VHI[aMeHTaJIBHOe INOTJIOMCHUEC CBCTA IIPHUBO-

IUT K TIEPEXO/Y JIEKTPOHA U3 CBA3AHHOI'O COCTOSHMS B CBOOOJIHOE.

T.e. 2JIEKTPOH MOJ IEMCTBUEM CBETA MEPEXOAUT U3 BAJIEHTHOU 30-



Hbl B 30HY MPOBOAUMOCTH. COOCTBEHHOE MOIJIOLIEHUE BO3MOMXHO
JMIIb TPU YCJIOBHUH, YTO IHEPIrUsl KBAHTA CBETA MPEBBIIAET LIUPH-
HY 3aIpeieHHON 30Hbl. OHO MPUBOJUT K MOSIBIICHUIO 3JIEKTPOHOB U
JBIPOK, YYACTBYIOIIUX B CO3JaHUU MPOBOJUMOCTH IMOJYIIPOBOIHU-
Ka.

IIpuMecHOE MOTIOUICHUE BBI3BAHO HOHHB&HHGﬁ aTOMOB IIpHUMC-

CH, T.€. MIEPEXOJIOM DJIEKTPOHA C MPUMECHOTO YPOBHS B 30HY MPO-
BOJIMMOCTH WJIM W3 BAJEHTHOW 30HBI HA ypOBEHb mpumecu. lIpum
ATOM TaK)X€ BO3HUKAIOT HOCUTENM 3apsifa, YYaCTBYIOIIUE B MPOBO-
JUMOCTH.

IloryoiieHue cBeTa CBO6OI[HBIMH HOCHUTCJISIMU 3apsiaa. SHGKTPI/I-

YECKOE T0JIE CBETOBOM 3JIEKTPOMArHUTHOW BOJIHBI MOXKET YCKOPSTH
CBOOOJHBIE HOCUTEIHU 3apsjia, MPU 3TOM MPOUCXOAUT €€ ocnadle-
HHUE. DTOT BUJ MOTJIOMICHUS HE NMPUBOJIUT K U3MECHEHHUIO KOHIICH-
Tpalii HOCUTEJIEH 3apsija, OJHAKO MPHU 3TOM HApPYIIAETCS PaBHO-
BECHOE paCHpEICIICHUE HOCUTEIEH 3apsiaa mo cocTosHusM. OHu
CTAHOBSATCSL 00JIee «TrOPSUYUMU», U UX TOJIBUKHOCTh YBEJINYUBACT-
Csl, YTO MPUBOJUT K U3MEHEHHIO MPOBOJIUMOCTH.

B mo6om ciydae, M3MEHEHHE DJSKTPUYECKOTO COMPOTUBIICHUS
MOJYyIPOBOJIHMKA, MOYKHO ONMMCATh BEJIMYMHOW CBETOBOW MPOBOIU-

7., =€b -An+ ebIO - Ap. 2.1)

TJE € — DJIEMEHTAPHBIN 3apsij,

bn, bp — IIOABHIKHOCTH 3JICKTPOHOB U JBIPOK COOTBCTCTBCHHO,



AN u AP - n30bITOYHAS] KOHIICHTPALIHS DJIEKTPOHOB U JBIPOK, CO-
3/1aBacMasi CBETOM.

Ecnu ypes yBETMUMBAETCS TIPU OCBEIICHUH CBETOM, TO ATO IOJIO-
KUTEIbHBIN (OTOPE3UCTUBHBIN 3P(DEKT, €Cin yMEHBIIAeTCs, TO —
OTPHULIATEIIbHBIN.

OcHOBHasi MPOBOJMMOCTb MOJYNPOBOJHUKA OOYCJOBJIEHA TeEIM-
JIOBBIM BO30Y>KJI€HUEM U Ha3bIBaeTCs TeMHOBOM pr. [lonHas nmpoBo-
JTUMOCTB Y MOKET OBITh MPEJICTaBJI€HA B BUJIE CYMMbl TEMHOBOU U

CBETOBOM MPOBOJIUMOCTEN:

7/:ebn(n +An)+ebp(p+Ap):7/T T7 o (2.2)

rie N U P — KOHIIEHTPAIUU AJIEKTPOHOB U JIBIPOK B OTCYTCTBHUE
CBETa.

OKCIEpUMEHTAJIBHO J0Ka3aHO, YTO KOJUYECTBO OOpa3yrOUIUMXCs
3apsigoB, a, CJIEIOBATEIbHO, U MPOBOJUMOCTh MPOMOPIIMOHATBHA
CBETOBOMY IOTOKY.

Asnenne BHyTpeHHero ¢otodddexra ucnonabiyercs B GOTOANO-
nax. [Ipu ocBemeHnn p-N nepexo1a, BO BHEIIHEN LENU MOABISAETCS
$hOTOTOK, OOYCIOBICHHBIM POXIACHUEM JIOMOJTHUTEIBHBIX HOCHUTE-

JIEeU 3apsja.

3. OITMCAHME SKCIIEPUMEHTAJIBHON YCTAHOBKH
B pabote ucnonb3yercs poroauos (P-N mepexon), BKIIOUCHHBIH

B 00paTHOM HampaBJIEHUH, KAK 3TO MOKa3aHo Ha puc.3.1.



Ru |

Pucynok 3.1 — Cxema BkJItOueHUs POTOANOA.
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Pucynok 3.2 — Tunuunoe cemeiictBo BAX i1 pa3nuyHbIX cBe-

TOBBIX ITOTOKOB

[Ipu TakoMm BKJIIOUEHHH TOK depe3 P-N mepexoj] MOXKHO Mpe/cTa-
BUTH B BUJIE CYMMBI JIByX COCTaBJISIIOIIUX: oToTOKa |y onpenense-

MOTO OCBEILIEHHOCTBIO 1 TEMHOBOT'O 00OPAaTHOTO TOKA lygp.



N3yuenue dotorddexra 3akmroyaeTcss B MOATBEPKICHUH JIH-
HEHWHOMN 3aBUCUMOCTU MEXKIY (GOTOTOKOM | M CBETOBBIM MOTOKOM,
najgaromuM Ha Gotoanoa. M3MeHsATh CBETOBOM MOTOK MOYKHO H3-
MEHEHUEM PACCTOSIHUS I MEKy UCTOUHUKOM CBETa U (POTOIMOJIOM.
HeiictButenbHo, ecau N — 4ynciio pOTOHOB, MCITYCKAaeMbIX TOYEY-
HBIM UCTOYHHMKOM CBETA B €UHUILY BPEMEHHU, TO YUCJIO POTOHOB D,
norajarmux Ha GoToanoj (KOTOpoe MpOHOPIIMOHAIBHO CBETOBO-

My MOTOKY) paBHO

N
D= A
Arr? S (3 )

rae S — ocBelaemas Imiomaip P-N nepexona.
T.0., 3a1a4a CBOJUTCA K MOATBEPKIACHUIO JIMHEUHOW 3aBUCH-
lp u 1/r? -
MOCTH MeEX1y (poToToKOM lp 1 , IOCKOJIbKY KO3(D(ULIMEHT Tie

1/r? 3.1 ool
pen 1/r- B Belpaxkenun (3.1) mpencrtaBisieT coOOMl KOHCTaHTY B
YCJIOBUSIX MOCTOSIHCTBA HaKajia HICTOYHHKA CBETA.

KOHCTpYKTHBHO MakeT BBITIOJHEH B BHUjEe OJI0Ka, M300paKeH-
HOTO Ha puc. 3.3. B pabore ucnons3yrorcs BoikiodaTenan 1 «CeTby,
2 «Bp100p paboTh», nepexirouarensbl3 «Hamp.-Tok», 16 «< >»,
kHonka 10 «Ilyck», pykosatka 15 «/cTouHUK cBeTa», pyKOsITKa IO-

TEHIIMOMETpa 7 U u3MepuTeNbHbie mpuodopsl 11, 12.
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Pucynok 3.3 — BHemnuii Bu1 yCTaHOBKU

4. TIOPAOOK BbITTOJIHEHUA PABOTHI
4.1. Tlepen HauasioM paOOThl MOBEPHYTHh BCE MOTEHIIMOMETPHI MPO-
THUB YaCOBOHM CTPEJKW B KpaifHee ToJIoKeHHe. Bce KHOMKHM TocTa-

cC 9

BUTh B MOJIOXKEHUE “-”, T.€. «BBIKJI». BKIIOYUTH YCTAHOBKY KHOII-
kol «CeTb» 1, IpH 3TOM 3arOpUTCS CUTHAJbHAS JIAMIIOYKA.

4.2. KnHomkoii 2 BRIOpaTh COOTBETCTBYIOIIYIO padOTYy.

4.3. Yoenurtbcs, 9to pykositka 15 «VcTouHHMK cBeTay MOCTaBJICHA
B MoJyiokeHue «Bpikny». Bpaias pyKkosSTKy IMOTEHUUOMETPA 7 CHSATH

3aBUCUMOCTS (7-10 ToUek) TOKka OT HampsHKEHUs: Ha GOTOIUOE, T.€.



TEMHOBYIO BOJIbTAMIIEPHYIO XapaKTepUCTUKY. Pe3ynbraThl u3mepe-
HUW 3aHecTH B Tabin. 4.1. Ilpu 3ToM HampspKeHHE CUMTHIBACTCS B
MUWJIJTMBOJIbTaX ¢ u@poBoro npudopa 11 ¢ ucrnoap30BaHUEM MHO-

x)utenss X5 MB, a TOK B MHKpoaMImiepax CUHUTBIBAETCS HEMOCPEH-

CTBeHHO C mpubopa 12. Pekomenmamms. [TockonpKky TEMHOBOM TOK
MaJl, pEKOMEHYETCs BBICTABIIATh HanpsokeHue B uaTepBasie 0+1 B
U PETUCTPUPOBATH MOKA3aHUs TOKOBOIro mpudopa. Cienyetr UMeTh B
BHUJIY, YTO H3MEPEHHS MPOBOAATCA Ha OOpaTHOM BETBU BOJIBTaM-
MePHOM XapaKTEPUCTUKHU TUOAA.

4.4, Tlpu momomu nepekntouarenss 16 u kHonku 10 yCTaHOBUTH

dboToanoa MaKCUMaIbHO OJM3KO K MCTOYHUKY CcBeTa. PaccTosiHue r

BBIUUCIUTD 10 opmyse =1, — 4,9cM | rie Yoy — PacCTOSIHUE, CUH-

TanHoe 1o mkane 17 (Puc. 3.3). 3anucaTh 3HAYEHUE PACCTOSIHUA I B
Tabnuiry 4.1 ¥ BKIIIOUUTH JaMITy HaKaJIUBaHUS, IOCTABUB PYKOATKY
15 B nonoxenue «Jlammy». CHATh BOJBTAMIIEPHYIO XapaKTEPUCTHUKY
dboToauona.

Pexomennanus. M3mepenus npoBoAUTh B IUAINIA30HE TOKOB OT HYJIA

10 MakcuMasibHOro. MiMeTs B Buy, 4TO ()OTOTOK paBEeH HYIIO MPH
MOJIOKUTEILHOM HampsiKeHUW Ha auoje. [lockonbky Xapakrepu-
CTHMKA pPE3KO HEJIMHEWHA, TO B €€ Hadaje CIEAyeT YCTaHAaBJIUBATb
TOK W U3MEPSTh HAMPSIKEHUE, a 3aTEM JIeJIaTh HA00O0POT.

4.5. Tlosroputh m.4.4 nns 5-6 npyrux 3HAYEHUN PACCTOSHUS, U3-
MeHsg ux yepes 0,5 cum.

4.6. Ha omHoM rpaduke MOCTPOHWTH CEMEHCTBO BOJIbTAMIIEPHBIX

xapakTtepucTuk ¢doroauona. Ins Kakmoro 3HaY€HUS PACCTOSHUS



onpeaenuTh GOTOTOK | HA ydacTKe HACHIICHHS IS OJHOTO B TOTO
e HanpspbkeHust U, BeiunTas TEMHOBOM TOK U3 TTOJTHOTO.

4.7. Tloctpouts rpadguk B koopamHatax le¢ u 1/r. Yoenurscs B
HaJIMYMHU JTUHEHMHONW 3aBUCHUMOCTH MEXIYy (DOTOTOKOM M OCBEIICH-
HOCTBIO.

4.8. Cnenathb BBIBOJBI 11O padoTe.

Tabnuua 4.1 — BonbTamnepHble XapakKTEPUCTUKH (POTOAUONA JIS

PA3JIMYHBIX OCBEMIEHHOCTEN.

TemnoBast |r,cM= |[f,cM= |lL,cM= |I,CM= r,cM =
1/r?= 1/r?= 1/r?= 1/r?= 1/r?=
u, I, u, |l U, (I, U, [, U, I, u, |l

MB |MxA |[MB |MxA |[MB |MkA |[MB |MxA |MB MKA |MB |MKA

5. KOHTPOJIBHBIE BOITPOCHI

5.1. Yto Ha3bIBatOT BHYTpeHHUM (poTOIhPeKTOM?

5.2. UeMm BHyTpeHHUN POTOAIDPEKT OTAMUAETCS OT BHEUTHETO?
5.3. Kakue BU/bI OTJIOMIEHUN TPUBOJIAT K MOSIBICHUIO (hOTOIPO-
BOJINMOCTH?

5.4. [Tosicaute npuHIUN padoThl (OTOAUOIA.

5.5. I'ne MOKHO UCTIOIB30BaTh (POTOIMOIBI?

5.6. CymiecTByeT i1 KpacHasi rpaHuiia BHyTpeHHero ¢horosdpdexra?
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