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HN3yuyenue BHemnHero ¢gorodggexra
HEJIb PABOTDBI

1. 3yunts BHemHUM GoTOdPdEKT;
2. [TocTpouTh BOIBTAMIIEPHYIO XapaKTEPUCTHKY (DOTOIIEMEHTA,

3. 3KCHepI/IMeHTaJIBHO OIIPCACIINTD 3HAYCHHNC 3aJICPKUBAOIICTO ITOTCHIIUAJIA,

S

. Onpenenuth KpacHyto rpanuiry ¢hotodddexra

HNPUBOPHI U TIPUHA VIEZXKHOCTHU
YcerpoiicTBo u3mepuTensHoe, 00seKT nccneaopanust OIIK10.

TEOPETHYECKOE BBE/IEHUE

BHeminum  ¢orodiexkTtpudyeckum 3ddexkrom (PorodddexTtom) Ha3bIBaeTCA
UCITyCKaHHE JJIEKTPOHOB BEIIECTBOM II0J JCWCTBHEM DIIEKTPOMAarHUTHOTO
U3ITyYEHHUS.

CyIIHOCTb 3TOTO SIBIEHUS 00BACHAETCS KBAHTOBOM Teopuel nznydeHus. CorinacHo
OWHILITENHY, CBET HE TOJBKO U3JIy4aeTCs, HO U PaCIPOCTPAHAETCS B IPOCTPAHCTBE
U TOIJIOIIAETCS BEIIECTBOM B BHUJAE OTIEIbHBIX IMOPLUUNA DHEPrUM — KBAaHTOB
AIIEKTPOMArHUTHOTO H3Iy4eHuss — (POToHOB. JIIsI MOHOXpPOMATHYECKOrO
U3TYYEHHS C YaCTOTOM V Bce (DOTOHBI 00J1aat0T OJMHAKOBOW SHEPTHEH:

£ =hv
rmue h — nmocrossauas [Tnanka.

C KBaHTOBOW TOYKM 3pCHHS TIpU ITaJICHUU CBETa HAa IOBEPXHOCTh MeTajlia
IPOUCXOTUT CTOJIKHOBEHHE (DOTOHA C 3JICKTPOHOM MeTauia. DHeprust GoToHa
nepeaeTcs MEKTPOHY M (POTOH MpeKpalnaeT CyIIeCTBOBAHUE. DTa SHEPTUS UACT
Ha TO, dYTOOBI BBIPBATH J3JIEKTPOH W3 MeTa/lla W COOONIUTH 3JIECKTPOHY
KAHETHUYECKYIO JHEPrHI0. JHEPreTHYECKUi OallaHC ATOr0 B3aWMOJCHCTBHS IS
(OTORIIEKTPOHOB (B COOTBETCTBUH C 3aKOHOM COXPAHEHUS SHEPTUU) OIMHUCHIBACTCS
ypaBHeHueM JiiHmTelina 1yt BHenHeTo dhoTodddexra:

2
hv = A + 720 (1)

rIe
A — paboTa BbIXOJIa 2JICKTPOHA M3 METaJlJla — MUHUMAJIbHOE 3HAUYCHHUE SHEPIHH,
JIUIS1 BHIOMBAHUS AJICKTPOHA U3 METaIa;



mvrznax
2
MeTajuia,

M — Macca 3JCKTpOHa.

— MaKCHUMaJIbHasd KHMHETHUYCCKAsA DHCPIHUA OJICKTPOHA IIOCJIC BbIXOAA M3

VYpaHerrne (1) mO3BOJSET OOBSCHUTH BCE OCHOBHBIC 3aKOHBI BHEIIHETO
dotordexra:
1. 3axon Cmonemoga: Uucno (HOTORIEKTPOHOB, BBUICTAIONIMX B EIUHUILY
BPEMCHH C  TIOBEPXHOCTH TIpu  (UKCHPOBAHHOHW  YacTOTe  CBETa,
NPOTIOPIIMOHAILHO MHTCHCUBHOCTH cBeTa (cuia (OTOTOKA HACHIIICHUS
IPOTIOPIIMOHANIFHA OCBEIIIEHHOCTH KaTO/a).
2. MakcumalibHass HadallbHass CKOPOCTh  (DOTORJICKTPOHOB  OIPEICIISCTCS
Y4aCcTOTOM CBETa M HE 3aBUCHUT OT €r0 MHTEHCHBHOCTH.

3. JIns xaxkzmoro BemiecTsa CylmieCcTByeT KpacHas rpaHuna ¢porodggexra,

T.e. MUHHMMAajbHas 4YacTOTa CBETa, NMPU KOTOPOW e€IIe BO3MOXEH BHEIIHUH
dbotoaddext (Vo 3aBUCUT OT XMUMHUYECKOW MPUPOJILI BEIIECTBA M COCTOSHUS
MOBEPXHOCTH ).

st uzyuenus ¢potodrpdexra 0ObIYHO UCHOIB3YIOT YCTPONUCTBO, MPUHIIUITAATBHAS
cXxema KOTOpOro IpejicTaBlieHa Ha puc. 1.

+ +
1l It
I| Il
51 52
Puc. 1. Oneir CtosieToBa

Bakyymuas tpybOka comepxkut katon K w3 mccimemyemoro meramia U aHopd A.
Hanpsiokenue mexny K u A perynupyercs noTeHHHMoMeTpoM R u u3mepsiercs
BojsTMETpoM V. JIBe OGatapen bl u b2, BKIItOUeHHBIE «HABCTPEUy JPYT APYTY»,
MO3BOJISIIOT U3MEHSTH C TIOMOIIBI0 R HE TOJIBKO a0COJIIOTHYIO BEIMYMHY, HO U 3HAK
U (yckopsitomee U 3ajep)KuUBaroiiee HamnpsokeHus). DOTOTOK  u3MepsieTcs
MHUKPOAMIIEPMETPOM M BO3HUKAET MPH OCBEUICHUM KAaTOJa MOHOXPOMATUYECKUM
CBETOM Yepe3 KBapIIeBOE OKOIIKO TPYOKH.



Ha pwuc.2 npuBeneHsl KpuBble 3aBUCUMOCTU CHIIbI GoToToka | oT Hanpskenus U
(BoJbTaMIIEpHBIE XapaKTEPUCTHKU (POTOdPdeKTa), COOTBETCTBYIOIIUE ABYM
pa3IMYHBIM OCBELICHHOCTSM Katoaa E; u E,. Yacrora cBeta B 00OMX Clyyasx
OJIMHAKOBA.

CymectBoBanue ¢oToToKa B 00JaCTH OTpULIATENbHBIX HampshkeHuit ot 0 mo —Ug
CBUJETEIBCTBYET O TOM, YTO (DOTOIIEKTPOHBI, BBIOUTHIE M3 KaToJa, 00JadaroT
HAa4aJIbHOW KUHETHUYECKOW HSHEeprueil. 3a cyYeT YMEHBUIEHUS 3TOW SHEPIruH
ANIEKTPOHBI MOTIYT COBEpIIaTh pabdOTy MPOTUB CHJI  33JCPKUBAIOLIETO
AIIEKTPUYECKOTO MOJIS ¥ IOCTUTaTh aHOJA.

QY

HOCWW

Puc. 2. Bonbrammepnas xapaktepuctuka ¢potordpdexra

Jiis Toro utoOsl I cmano pagno (), HEOOXOAUMO MPUIOKUTH 3aACPKHUBAIOLICE
Hanpspkenue Ug (3aaepxuBaromiuii moteHiman). Ha rpaduke 3aaepxuBaroriee
HaIpsDKEHUE OTKIaAbIBaeTCs co 3HaKoM “Munyc”. [Ipu U= Uy Hu ouH 31eKTpoH

HC MOXKCT IMPCOAOJICTh 3aACPKUBAOIICC ITOJIC U 1OCTUYDb aHOAA. O‘-IGBI/II[HO, qTo

mv?
Mhar oy, (2),
rac eumm-— BapHI[ 1 Macca SHCKTPOHa.

W tak, npu 3aaepxwuBatonieM HanpsbkeHun Uy (uam menee) ¢orotok 1=0 .
N3mepuB skcnepumeHTanbHo Ug, MOXKHO ONpPENeIUTh MAaKCUMAJIbHbIE 3HAYCHHS
CKOPOCTH U SHEPTUH (POTOIIEKTPOHOB.

I1Ipu Bo3pactanuu U GpOTOTOK MOCTENEHHO PACTET U AOCTUTAET HACBIIECHUS |,yucpmy

T.C. BCC JJICKTPOHBI, BBIOUTEIC U3 KaTtoaga, 10CTUTaOT aHOAA.



METO/IUKA U TEXHUKA DKCIIEPUMEHTA

Jlia npoBeneHus tabopaTopHoil paboTsl ucnomibiyercs yctanoBka OIIK-10 (puc.
3). VYcraHoBKa MO3BOJSET HCCIENOBAaTh BOJBTAMIIEPHBIE XapaKTEPUCTHKU B
IIMPOKOM  HHTEpBaJIe  OCBellleHHOCcTeW. llpenenbl uW3MepeHHs  aHOJIHOTO
HanpspkeHus: B npsamoMm pexume 0 - 5 B, B obpatHom — 0- 2,5 B. Ilpenensr
u3mepenus gororoka ot 0 10 9,99 MKA.

YcraHoBKa COCTOUT M3 OOBEKTa MCCIEIOBAHMS U WM3MEPHUTEIHLHOTO YCTPOWCTBA,
BBHITIOJIHCHHBIX B BHJI€ KOHCTPYKTHUBHO 3aKOHYCHHBIX M3JEIHM, yCTaHABIMBAEMbIX
Ha JaOOpaTOPHOM CTOJIE U COCTMHEHHBIX MEXKIy OO0 KabeseMm.

OOBeKT uccienoBaHUsl KOHCTPYKTHUBHO BBINIOJHEH B BUAE COOPHOTO Kopmyca, B
KOTOPOM YCTaHOBJIEHBbI OCBETUTENb (PTYTHas JiamMIia) C MUCTOYHUKOM IHTaHMS,
0510k MHTEep(hEepEeHUMOHHBIX CBETOQUIBTPOB 1-4 U yCTpoWcTBa pEryJlUpOBKH
ocemieHHOCcTU.  [lomoxkenne «0» Onoka  cBETOQUIBTPOB  COOTBETCTBYET
IIOJIO’KEHUIO CBETa 0€3 CBETO(YUIIBTPOB, a MOJIOKEHUE «5» — IEPEKPHIBAET JIAMITY U
UCIIOJIB3YETCSl I YCTaHOBKM HyJs. K kopmycy ¢ IOMOIIBIO KpOHUITEHA
OPUKPEIJIEH  YCUJIUTENb  (POTOTOKA, HA BEPXHIOK  KPBIIIKY  KOTOPOTO
yCTaHABIMBAIOTCA CMEHHBIE (QoTompueMHUKU c (oTtodnementamu O-8 u D-25.
[Tpu ycraHoBKe (OTONPUEMHUKOB UX MPUEMHOE OKHO COBMEIIAIOT C BBIXOJHBIM
OKHOM OCBETHUTEJIS U 3aKPBIBAIOT MTPU MOMOIIU OJICH/IBI.

Ha nepeaneit nanenu o0beKTa UCCIIEIOBAHKS HAXOIUTCS CETEBOM BBIKJIFOYATENh C
WHIUKATOPOM BKJIIOYeHHS ceTh. Ha 3amHell maHenu oOBEKTa WCCIEIOBAHUS
pACHOJIOKEHBI KJIEMMaA 3a3€MJICHUS, AEpKaTelld NPEAOXPAHUTENCH U CETEBOU
IHYyp ¢ BUIKOH. Ha G0KOBOM CTEHKE PacmoJIOKEHO BBIXOJHOE OKHO OCBETUTEIIS U
YCTPOMCTBA JUIsi CMEHBI HHTEPHEPEHIIMOHHBIX CBETOQUIBTPOB PETYIUPOBKU
ocBenleHHOCTH. Ha GOKOBBIX MOBEPXHOCTIX YCHIIUTENS (POTOTOKA PACIIOIOKEHBI
COCJIMHUTETBHBIN IIHYP C pa3beMOM JJIS MOJKIIOUECHUS 00bEKTa UCCIICIOBAHUS K
U3MEPUTEILHOMY YCTPOMCTBY W peryistopel Oananca ycuiutens [PYBO u
TOYHO.



ki — | ) Pyukcu “rpybo” ,“rouno”
sw® "

HamepuTensroe yoTpoiicTBO

puc. 3 Ycranoska ®I1K-10

YCTpoCTBO M3MEPUTENBHOE BBINOJHEHO B BUAE KOHCTPYKTUBHO 3aKOHYEHHOIO
m3genusa. B HeM  NpUMEHEHa  OJHOKpHUCTallbHass  MUKpo-OBM ¢
COOTBETCTBYIOIIMMH  JONOJIHUTENBHBIMA  YCTPOWCTBAMH,  IO3BOJSIOLIMMU
IPOM3BOAUTH HM3MEPEHHs] TOKa (POTORJIEMEHTa, YCTAaHOBJIEHHOTO B OOBEKTE
UCCIIEJOBAHMsI, YCTAHABIMBATh U M3MEPSITh IUTAIOLIEE HANpPSOKEHHE Ha
doTornieMeHTe, a TaKXkKe OCYIIECTBIATh PYHKIMH YIPaBJICHUS YCTaHOBKOMN
(ycTaHOBKa pEeXUMOB IIPSIMOTO WJIM OOPATHOTO U3MEPEHHUS U T. 11.).

Ha NepeaHen Ma”eau U3MEPUTEIILHOIO YCTPOKCTBA pa3MeELIEHbI
CIEIYIOIIME OpraHbl ynpasieHus u unaukanuu: kHonka [IPAMAA-OBPATHAA ¢
COOTBETCTBYIOIIMMHU UHAUKATOPAMH — IIPEAHA3HAUYEHA /ISl BKIIOUEHHUS MPSAMOTO U
00paTHOrO PEKUMOB HU3MEPEHUsI; KHONKHU «+», «-» 1 CBPOC — npeaHazHavyeHbI
JUISL PETYJIUPOBKM HampspDkeHus: Ha (OTORJIEMEHTE W ero cOpoca B HOJIb;
UHJIUKATOpbl B M MKA — mnpenHa3sHayeHbl JJIsI UHAUKALIMU 3HAYECHUN BEIWYUH
HamnpspbKeHus Ha (oTodsieMeHTe U (DOTOTOKA B Mpoliecce padOThI.

Ha 3amHenl maHenmn WM3MEpPUTENBHOIO YCTPOWCTBA PACIIONIOKEHBI BBIKJIIOUYATEND
CETb, «xnemMa 3a3emJieHUsA, JIepKaTelld  MpPEJOoXpaHUTeNne  (3aKpbIThI
MPEIOXPAHUTENILHON CKOOOM), CceTeBOM IIHYp C BUJIKOH H pazbeM s
NOJKIIOYEHHUS] 00BEKTA UCCIEAOBAHUS.

N3MmeputenbHOE yCTPONUCTBO MpH MOMOIIN CETEBOrO IIHYpa MOAKIIOYAETCS K CETH
220 B, 50 I's.

BBIIIOJIHEHUE PABOTbI
1.1. BkirouuTh puOOpPHI B CETh.
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1.2. VYcraHoBuTh B TOJOXKEHHE «5» OJOK CBETOQWIBTPOB U PETYIATOpPAMHU
OalaHca YCUJIMTENS «TPy00» U «TOYHO» OTPETYIMPOBATH MOKA3aHUS BOJIBTMETPA
¥ MUKpOaMIIepMeTpa 10 HyJIsl.

1.3. JlaTb namre ocBETUTENS IPOTPETHCS B TCUCHUE 5 MUHYT.
1.4. YcranoButh cBeToPuibTp 1 (A=407 Hm).

1.5. CHATBH BOJBTaMIIEPHYIO XapaKTEPUCTUKY IPH MAKCUMAIbHON OCBEIIEHHOCTH
(kpailHee MOJIOKEHHE KOJIbLIa YCTPOMCTBA PETrYIMPOBKU OCBEIIEHHOCTU IMPH €ro
IIOBOPOTE I10 YACOBOW CTPEJIKE) AJIs IPSIMOTO HAIIPSHKEHMS, JaHHBIE 3aHECTH B Tao.
1.

Tabmura 1

u,B |0 05 |10 (15 |20 |25 (30 |35 |40 (45 |50

l,
MKA

1.6. Haxatp KHONKY «COpOC» U yCTaHOBUTH OOpaTHOE HAIPSHKEHHUE.

1.7. Omnpenenuts 3anuparoniee HampspkeHue Ug (Korja TOK CTaHET pPaBHBIM
HYJIIO).

1.8. CHATH BOJBTAMIIEPHYIO XapaKTEPUCTUKY TIPH MAKCUMAJIHLHOW OCBEIIEHHOCTH
JUTs1 OOpPaTHOTO HAMPSDKEHUS, JaHHBIC 3aHECTH B TA0II. 2.

Tabmuma 2

u, B 0 0,05 0,1 0,15 0,2 0,25 0,3 0,4 0,5
l,

MKA

1.9. Iponenats mynktel 1.5-1.8 01 MUHHMAalbHOW OCBELIEHHOCTH (KpaiiHee
IIOJIO’)KEHUE KOJIbLIA YCTPOMCTBA PETYJIMPOBKU OCBELIEHHOCTU IPU €0 MOBOPOTE
IIPOTHUB YaCOBOM CTPEJIKH).

1.10. TIloctpouts rpaduku 3aBucuMocTH I=f(U) nns  MakcumambHOW |
MHHUMAJIBHON OCBEIICHHOCTEM.

1.11. VcranoBuTh CBETOPMIBTD 4.

1.12. TIlponmenate mnyHktel 1.5-1.7 wu 1.9-1.10 nmna cBerodunstpa 4
(A= 578 um).

1.13. CpaBuurtb ains cBeTopmibTpoB 1 u 4 Toku HaceimeHus npu U =5 B.




1.14. Onpenenuth KHHETUYECKYIO SHEPTrUt0 PoTO3IeKTpoHA /IJ1s 1 cBeTouIbTpa
o ¢popmynie T=eUy, rae e — 3apsin snexrpona, Uy — 3anmparoriee HarpsKeHue.

1.15. OmnpenenuTh MakKCUMaJIBHYIO CKOPOCTh (poTodIekTpoHa it 1 cBeToduibTpa

2eU
1o Q)opMyne Vmax = ’ - 9 , A€ m — Macca 3JICKTPOHa.

1.16. Omnpenenuth paboTy BbIXoAa (OTOANEKTpOHA U3 MeTaia s 1
hc
ceetouiabTpa 1o Qopmyne A =7—eU0, rie h — mocrosiunas Ilnanka, C-

CKOPOCTh CBETa B BAKyyMe€, A — JJINHA BOJIHBI.
A
1.17. Omnpenenuth KpacHyto rpanuiy Gotodddexra no popmyne vy = e

[Tpumeuanus:

1. JInuHBI BOJIH MPOMYyCKaHUs WHTEPHEPEHIIMOHHBIX CBeTOGMILTPOB: 407 HM (1),
435 am (2), 546 um (3), 578 am (4). B ckoOkax yka3aHbl HOMEpPA CBETO(UILTPOB,
yKa3aHHBIC Ha YCTAaHOBKE.

2. 3HaK «MHUHYC» TIpU 0OPATHOM PEKHUME U3MEPEHHS HE MHANIIHUPYETCH.

3. Pexxum padoThl YCTAHOBKH NPEPBIBUCTHIN — 4epe3 Kaxable 45 MHHYT
padoTHhI AesiaeTcs nepepoiB Ha 15-20 MUHYT.

KOHTPOJIBHBIE BOITPOCHI

1. Kakoii hoTord ekt HazpiBaeTcst BHEITHUM? OCHOBHBIC 3aKOHBI BHEIITHETO
doTorpdexra.

2. OOBSICHUTD 3aKOHBI POTOIPPEKTa C TOUKU 3PSHHSI KBAHTOBOM TECOPHH.

3. MoxHO 11 00BACHUTH (HOTOADH(PEKT ¢ TOUKU 3pEHUS KIIACCUISCKOM
ANEKTPOANHAMUKH ?

4. Ha3BaTb TUIIBI POTOIIEMEHTOB.

5. JlaTh omnpejiesnieHnsi CBETOBOT'O MOTOKA, OCBEIIEHHOCTH, CUJIbI CBETA.
CdhopmynupoBaTh 3aKOHBI OCBEIIIEHHOCTH.

6. Uto Takoe BTOpuYHast 31eKTpoHHas smMuccus? KoHcTpyKuus GOTOANEKTPOHHBIX
YMHOXHUTEIIEH.

JIMTEPATYPA

N.A. Kopocrenena T.K. Tonkynosa “U3YUEHUE ABJIEHMA BHEIIIHEI'O
DOOTOODDEKTA” Xabaposck N3paTtenbctso ABIYMNC 2009.
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