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OYHOH M 3204HOM (HOpMBI OOYUEHUS

ureanc 2024


http://techn.sstu.ru/Documentation/Umo/Проекты2020-2021/Очное/1/09.03.04-ПИНЖ-1к.15.05.20.xls

N3y4yenune BHemiHero ¢porodddexra
HEJIb PABOTBI
1. M3yunts BHemHMA GoTodddeKT;

2. IlocTpouTh BOIBTAMIIEPHYIO XapAKTEPUCTUKY (DOTOIIEMEHTA;
3. DKCIEpUMEHTAJIBHO OIPENIEINTh 3HAUCHUE 3aJEPKUBAIOLIETO MOTEHIINAIA;

4. OnpenenuTh KpacHyIo rpaHuity ¢pororddexra

HHPUBOPHI U TPUHA VIEXKHOCTH
YerpoiicTBo nzmeputenbHoe, 00bekT ucciaeaopanus GOIIK10.

TEOPETHYECKOE BBE/IEHUE

BHemitnum  ¢ortodiiekTpudeckuM IPppexkrom (poroaddexTom) HazbIBaeTCA
UCITyCKaHHUE JJIEKTPOHOB BEIIECTBOM II0J JEWCTBUEM 3JIEKTPOMArHUTHOIO
U3ITy4YEHHUS.

CyniHoCTb 3TOTO SIBJICHUSI 00BSICHSETCS KBAHTOBOU Teopuei uzmydeHusi. CoriacHo
DUHIITENHY, CBET HE TOJIBKO U3IIyYaeTCsl, HO U PACIIPOCTPAHSIETCS B POCTPAHCTBE
Y TIOTJIOIIAETCSl BELIECTBOM B BHUAE OTACIBHBIX IOPLUHUM JHEPIrUM — KBAHTOB
AJEKTPOMArHUTHOTO M3NydYeHuss — (OTOHOB. J[J11 MOHOXPOMATUYECKOTO
U3ITyYEeHHsI C 4aCTOTOM V Bce (POTOHBI 00J1a1at0T OJAMHAKOBOM SHEPTHUEH:

= hv
rIe h — mocrosinnas Iinanka.

C KBaHTOBOW TOYKM 3pEHHs] TNpU INAJCHUM CBETA HAa IOBEPXHOCTh MeETAJLIA
IPOUCXOANUT CTOJIKHOBEHHE (POTOHA C 3NEKTPOHOM MeTajuia. DHeprus (oroHa
nepesaeTcs MEKTPOHY U (DOTOH MPEKpaIaeT CyIIeCTBOBaHUE. DTa SHEPTUs UIACT
Ha TO, 4YTOOBI BBIPBaTh JJIEKTPOH U3 MeETalla M COOOIIMTH DSJIEKTPOHY
KUHETUYECKYI0 JHEPruio. DHepreTudyeckuil OamaHc 3TOro B3aMMOACHCTBUS IS
(OTORJEKTPOHOB (B COOTBETCTBUU C 3aKOHOM COXPAHEHUS] SHEPTHUH) ONKCHIBACTCS
ypaBHeHueM JiiHIITeliHa /U1 BHEIIHero ¢poTodddexra:

2
hv = A+ 724 (1)

rjae
A — paboTa BbIXO/Ia JIEKTPOHA M3 METaJlJla — MUHUMAJIbHOE 3HAUYCHHUE SHEPIHH,
JIJIsl BHIOMBAHMS DJICKTPOHA U3 METAILIA;



mvrznax
2
METaJliIa,

M — Macca 3JICKTpOHaA.

— MaKCUMaJIbHasA KHHCTHUYCCKAA OHCPTHA JJICKTPOHA IIOCJIC BbIXOJdad H3

VYpaBHerne (1) mO3BONSET OOBSICHUTH BCE OCHOBHBIC 3aKOHBI BHEIIHETO
dboroaddexra:
1. 3axkon Cmonemosga: Yucio (HOTOIEKTPOHOB, BBUICTAIOMIMX B EAUHHILY
BPEMEHH C  TIOBEpXHOCTH Tpu  (UKCHUPOBAHHOW  YacTOTe  CBETa,
MPOIOPIIMOHAIEHO HMHTEHCHUBHOCTH CBeTa (cmia (OTOTOKA HACHIMICHUS
IPOMOPIIMOHANIbHA OCBELICHHOCTH KaTO/1a).
2. MakcumasibHasi HavalbHass CKOPOCTh (POTOARIEKTPOHOB OMpPEHEIsIeTCS
JaCTOTOM CBETA M HE 3aBHCHUT OT €r0 HMHTEHCUBHOCTH.

3. JIuig Kakoro BeIecTBa CYIIECTBYET KpacHasi rpaHuna gorodggexra,

T.e. MUHHMAajbHas 4YacTOTa CBETa, MPU KOTOPOW eIe BO3MOXXEH BHEIIHUI
dotordp ekt (Vo 3aBUCUT OT XMMHUECKOH MPUPOJbI BEIIECTBA U COCTOSHUS
MOBEPXHOCTH).

st uzyuenus ¢hotodrdpdexra 0ObIYHO UCTOTB3YIOT YCTPONUCTBO, MPUHIIUITHATIBHAS
CXeMa KOTOPOro MpeAcTaBiicHa Ha puc. 1.

+ +
| L
51 52

Puc. 1. OnoeiT CTosieToBa

BakyymHuast TpyOka comepxxuT karoj K W3 ucciaegyemMoro meramia U aHon A.
Hanpsoxkenne mexny K m A perymmpyercs moTteHmuomeTrpoM R u u3mepsieTcs
BosibT™MeTpoM V. JIBe Oatapeu b1 u b2, BKiltoueHHBIE «HABCTpeuy APYT IPYTy»,
MO3BOJISIIOT U3MEHSTH C MOMOUIBI0 R HE TOJIBKO a0COMIOTHYIO BEJIMYUHY, HO U 3HAK
U (yckopsitoniee u 3ajaepkuBaroliee HanpspkeHusi). DoToTok  u3MmepsieTcs
MUKPOAMIIEPMETPOM U BO3HHUKAET MPH OCBEIICHWU KAaTOJa MOHOXPOMATHYECKHM
CBETOM 4epe3 KBapleBOE OKOIIKO TPYOKH.



Ha pwue.2 npuBeneHsl KpuBble 3aBUCUMOCTU CHIIbI poToToKa | oT Hanpskenus U
(BoJbTaMIEpHbIE XapaKTEPUCTHKH (POTO3(PQeKTa), COOTBETCTBYIOIIUE JABYM
pa3IMYHBIM OCBEUICHHOCTAM Karona Ei u E;. Yacrora cBeta B 00OMX Clydasix
OJIMTHAKOBA.

CymecTtBoBanue (HoTOTOKA B 00JIaCTH OTpUIIATENbHBIX HampsokeHnid oT 0 mo —Ug
CBUJETEIBCTBYET O TOM, YTO (DOTOINEKTPOHBI, BBIOMTHIE M3 KaToza, 00JanaroT
HAaYaJIbHOM KUHETHUYECKON HSHEeprueil. 3a cyeT YMEHBIIEHUS JTOW SHEPIuH
AJIEKTPOHBI ~MOTYT COBEpIIaTh pabOTy NPOTHUB CHUJ  3a/€pP>KUBAIOIIETO
IIEKTPUYECKOTO MOJIS U TOCTUTaTh AaHOJA.

HAnps

x
R
z
3
oV

Puc. 2. Bonsramnepnas xapakrepuctuka pororpdexra

nst Toro utoObl I cmano pasro (), HEOOXOAUMO TIPUIIOKHUTH 3aJEPKUBAOIIICE
Hanpspkenne Up (3aaepxkuBaromiuil moteHiman). Ha rpaduke 3aaepxxuBatoiiee
HaIpsHKEHUE OTKIIabIBaeTCs co 3HaKoM “munyc”. [lpu U= Uy H1 ouH 351eKTpOH

HC MOXKCET IMPCOAOJICTD 3aACPKUBAIOIICC ITOJIC U JOCTUYb aHOda. O‘ICBI/II[HO, qTo

2
MVnax
—_— = eUO (2),
r7Ie € ¥ M — 3apsI U Macca dJICKTPOHa.
N Ttax, mpu 3anepxkuBaroiieM Hampspkennn Ug (wmm menee) ¢ototox  1=0

N3mepuB skcniepuMeHTanbHO Up, MOXXHO OIpenenuTh MaKCUMaJIbHbIC 3HAYCHUS
CKOPOCTH M DHEPTUH (POTOIJIESKTPOHOB.
[Tpu Bo3pactanuu U GOTOTOK NOCTENEHHO PAcTET U JOCTUTAET HACKIEHUS |gcuy

T.C. BCC JJICKTPOHEI, BBIOUTEIC U3 KaTtoga, A0CTUTI'alOT aHOdaA.



METO/IUKA U TEXHUKA S9KCIIEPUMEHTA

Jlis npoBeneHus abopaTopHoi paboTsl ucnoab3yercs yctanoBka DIIK-10 (puc.
3). VYcraHoBKa MO3BOJSET HCCIEN0BAaTh BOJbTAMIIEPHBIE XAPAKTEPUCTUKH B
IIMPOKOM  HHTEpBaJie  OcBellleHHocTed. Ilpexenbl  u3MepeHuss  aHOJHOTO
HanpspkeHus: B npsmMoMm pexume 0 - 5 B, B obpatHom — 0- 2,5 B. Ilpenens
n3Mmepenus gorotoka ot 0 10 9,99 MKA.

YcTaHOBKa COCTOMT M3 OOBEKTa MCCIIECIOBAHUS U U3MEPUTEIBHOTO YCTPOWCTBA,
BEHITIOJITHCHHBIX B BHJIC€ KOHCTPYKTHUBHO 3aKOHYCHHBIX M3/EIHH, yCTaHABINBAEMbIX
Ha Ja0OpaTOPHOM CTOJIE U COCIMHEHHBIX MEXKIy COO0M Kabeem.

OObeKT uccienoBaHUsl KOHCTPYKTHBHO BBHITIOJHEH B BHJAE COOPHOrO KOpIyca, B
KOTOPOM YCTaHOBJIEHBI OCBETUTENb (PTyTHas JamIa) ¢ HWCTOYHUKOM MUTaHMUS,
070K HMHTEp(EPEHLIMOHHBIX CBETOGUIBTPOB 1-4 U yCTpOHCTBA PEryJIHMPOBKU
ocBemieHHOCcTU.  [lonoxkenne «0» Onoka CBETO(QUIBTPOB COOTBETCTBYET
MIOJIO’KEHUIO CBETa 0€3 CBETO(QUIIBTPOB, a MOJOKEHHE «5» — MEPEKPHIBAET JIAMITY U
UCIIONB3YETCsl Uil yCTaHOBKM HyJsa. K koprycy ¢ NOMOIIBIO KpOHIITEWHA
OPUKPEIJICH  YCUJUTENh  (OTOTOKA, Ha  BEPXHIOK  KPBIIIKY  KOTOPOTO
yCTaHABJIMBAIOTCSI CMEHHbIE (oTOnpueMHUKH ¢ (orornemeHtamu ®-8 u D-25.
[Tpu ycranoBke (POTOMPUEMHUKOB WX MPUEMHOE OKHO COBMEIIAIOT C BBIXOTHBIM
OKHOM OCBETHTENS M 3aKPBIBAIOT MIPH MOMOIIN OJICH/IBI.

Ha nepenneit nanenn oObeKTa UCCIEI0BAHUS HAXOJUTCS CETEBOW BBIKJIIOUATEIND C
WHIUKATOPOM BKJIIOYEHHS ceTH. Ha 3anHeld maHenum OO0BbEKTa HCCIEeI0BAHUA
PaCIIOJIOKEHBI KJIEMMa 3a3€MJICHUSA, JIEpPXKATEIU IPEIOXPAHUTEIIEN U CETEBOU
HIHYp ¢ BUIKOM. Ha O0KOBOH CTEHKE pacrojoKEeHO BBIXOJIHOE OKHO OCBETUTENS U
YCTPOMCTBA JUIsl CMEHBbI MHTEPPEPEHIIMOHHBIX CBETOPUIBTPOB PETYIHPOBKH
ocBelleHHOCTH. Ha OOKOBBIX MOBEPXHOCTAX YyCHIIUTENS (POTOTOKA PACHOIOKEHBI
COEIMHUTEBHBIN IIHYP C pa3beMOM JUIsl MOAKIIOUEHUsI 00BEKTa UCCIEAOBAHUS K

U3MEPUTETTLHOMY YCTPOMCTBY M peryistopbl Oamanca ycunutens [PYBO wu
TOYHO.



Ceeropunsrps (0-5)
Per, oceemenrocTH

- — ’ Pyukn “rpy6o” ,“rouno”
%
HamepuTebHOC YCTPOHCTBO

puc. 3 Ycranoska ®ITK-10

Y CTpoiCTBO M3MEPUTENIBHOE BBHITIOJIHEHO B BUJI€ KOHCTPYKTUBHO 3aKOHUYEHHOIO
u3aenus. B HeM — IpuUMEHEHa — OJHOKpHCTalnbHas  MHKpo-OBM ¢
COOTBETCTBYIOIIUMHU  JIOTIOJHUTEIbHBIMU  yYCTPOMCTBAMH,  MO3BOJISIONIUMU
MPOU3BOJIUTh H3MEPEHUs TOKa (HOTORIEMEHTA, YCTAHOBIEHHOTO B OOBEKTE
UCCIICIOBAHUsI, YCTAaHABIMBaTh W H3MEPATh NUTAIOIICE HAINpsSOKEHHE Ha
dboTodsieMeHTe, a TakKe OCYIIECTBIATh PYHKIMH YIpaBICHUS YCTAaHOBKOM
(ycTaHOBKA PEKUMOB MPSIMOTO MU 0OpAaTHOTO U3MEPEHHUS U T. II.).

Ha nepeaHen ITaHEIN VU3MEPUTEIIBHOTO YCTPOUMCTBA  pa3MEIICHbI
cieAyroume opraubsl ynpasieHus 1 uHaukanuu: kHonka [TPAMASA-OBPATHAS ¢
COOTBETCTBYIOIIMMH MHIUKATOPAMH — MIpEeIHA3HAYEeHa I BKJIFOUECHUS IPSIMOTO U
00paTHOTO PEXUMOB M3MEPEHUS; KHONKH «+», «-» 1 CbPOC — mpeaHa3zHayeHb
JUISL PEryJIMPOBKU HampspkeHUsT Ha (¢oTodJIeMeHTe W ero cOpoca B HOJb;
UHIUKaTOphl B u MKA — mpenHa3HauyeHbl ISl MHAUKAIIMK 3HAYCHUN BEJIWYUH
HamnpspKeHus Ha (oTodsieMeHTe U (DOTOTOKA B Mpoliecce padoThI.

Ha 3amHeil maHenu W3MEPUTEIBHOIO YCTPOMCTBA PACIOJIOKEHBI BBIKIIOYATEIb
CETb, «xnemma 3a3eMyeHuUs, Jep)KaTeld MpelaoXpaHuteneil  (3aKpbITHI
NPEIOXPAHUTENBHOM CKOOOM), CeTeBOM MIHYp C BWIKOM U pa3zbeM s
MOJKIIOYEHHUS] 00BEKTa UCCIEAOBaAHUS.

N3mepuTenpbHOe YyCTPOMCTBO MPHU MOMOIIM CETEBOr0 MIHYPa MOAKIIOYAETCA K CETH
220 B, 50 I'n.

BBIITIOJIHEHUE PABOTbI
1.1. Bkirouuth npubOpHI B CETh.


https://pandia.ru/text/category/funktcii_upravleniya/
https://pandia.ru/text/category/organi_upravleniya/

1.2. VYcraHOBUTH B MOJIOKEHUE «5» OJIOK CBETOPUIBLTPOB M PErysiSTOpaMu
OalaHca YCUIIMTENS «TPy00» U «TOYHO» OTPETYIMPOBATH MOKAa3aHUS BOJHTMETPA
¥ MUKpOaMIIepMETpa 0 HyJIS.

1.3. JlaTh J1aMIie OCBETUTENSI IPOTPETHCS B TCUCHUE 5 MUHYT.
1.4, YcranoButb cBeToduiabTp 1 (A=407 uM).

1.5. CHATH BOJABTAMIIEPHYIO XapaKTEPUCTUKY MPU MAKCUMAIbHOW OCBEIICHHOCTH
(kpailHee MOJIOKEHHE KOJIbLIa YCTPOMCTBA PETrYJIMPOBKU OCBEIICHHOCTU MPHU €ro
IIOBOPOTE IO YACOBOW CTPEJIKE) AJIS IPSIMOIO HAIPSLKEHUS, JaHHbBIE 3aHECTH B TaO.
1.

Tadomura 1

uB |0 05 (10 |15 |20 |25 |30 |35 (40 (45 |50

l,
MKA

1.6. HaxxaTh KHOIIKY «COpOC» U yCTAaHOBUTH OOPATHOE HAIPSIKEHUE.

1.7. Omnpenenuth 3anuparoiee HampspkeHue Up (Korja TOK CTaHET paBHBIM
HYJIIO).

1.8. CHATH BOJIBTAMIIEPHYIO XapaKTEPUCTUKY MPH MAKCUMAIIbHON OCBEIICHHOCTH
JUIsL 0OOpaTHOTO HAINPSKEHUS, JaHHbIE 3aHECTH B Ta0I. 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. Tlpomenats myHKTHI 1.5-1.8 mIsi MHHMMAaIbHOW OCBEUICHHOCTH (KpaifHee
IIOJIO’KEHHUE KOJIbIIA YCTPOMCTBA PEryJIMPOBKU OCBELIEHHOCTU IIPU €r0 IOBOPOTE
MIPOTUB YAaCOBOM CTPEIKH).

1.10. Iloctpouth rpaduku 3aBucumoctu I=f(U) nns  makcumanbHOH |
MHHUMAJIBHON OCBEIICHHOCTEM.

1.11. VcranoBuTh cCBETOQMIHTP 4.

1.12. Ilpomenats myHkTHl 1.5-1.7 wm 19-1.10 ngna cBerodpunsTpa 4
(A= 578 um).

1.13. CpaBuurtb st ceeToPmibTpoB 1 u 4 Toku HackimeHus mpu U =5 B.




1.14. OmnpenenuTh KHHETUYECKYIO SHEPTHIO (poTodekTpoHa it 1 cBeToduabTpa
no ¢popmyne T=eUo, r1ie e — 3apsia snexrpona, Ug — 3anuparoriee HanpsKeHue.

1.15. OnpenenuTh MaKCUMAIBHYIO CKOPOCTh (hOTO3JIEKTpOoHA A1t | cBeTOGUILTpa

2eU
110 (I)OpMyJIe Vimax = ’ - 9 , TIC M — Macca 3JICKTpOHa.

1.16. Omnpenenuts paboTy BbeIXOJAa (OTOICKTPOHA U3 MeTamwia s 1
hc
ceeropmwibTpa mo dopmyne A =7—eU0, rie h — mocrosHHas Ilnanka, C-

CKOPOCTh CBETa B BaKyyMe, A — JINTHHA BOJHBI.
A
1.17. Onpenenuth KpacHyto rpanuiy ¢potodrddexra no popmyie vy = e

[Ipumeuanus:

1. JJmuHBI BOJTH MpOITyCKaHUs UHTEpPEpPEHITMOHHBIX cBeTOGUIbTpoB: 407 M (1),
435 uMm (2), 546 um (3), 578 um (4). B ckoOkax ykazaHbl HOMEpa CBETO(QUILTPOB,
yKa3aHHbIC Ha YCTaHOBKE.

2. 3Hak «MHHYC» IIpH O6paTHOM PCKHUMC UBMCPCHUA HC HHIULNUPYCTCA.

3. Pexxum padoThl YyCTAHOBKH MPEPBIBUCTHIA — 4epe3 Kaxable 45 MHHYT
padoThI Aesiaercs nepepoiB HA 15-20 MuHYT.

KOHTPOJIBHBIE BOITPOCHI

1. Kakoit hotorddext HazpiBaeTcs BHEIIHIM? OCHOBHBIC 3aKOHBI BHEIIIHETO
dboToaddexra.

2. O0BsACHUTD 3aKOHBI (POTOIPHEKTa C TOUKH 3pEHUST KBAHTOBOU TEOPHH.

3. MoxHO 7111 00BsICHUTH (HOTOIPGEKT ¢ TOUKHU 3PEHUS KIACCUIECKON
ANEKTPOAUHAMUKHU ?

4. HazBatb UMbl (hOTOSJIEMEHTOB.

5. JlaTh onpeiesieHusi CBETOBOT'O MOTOKA, OCBEIIEHHOCTH, CUJIbI CBETA.
CdopmynrpoBaTh 3aKOHBI OCBEIIICHHOCTH.

6. Uto Takoe BTOpu4Hast 31eKTpoHHas sMuccus? KoHcTpyKius (OTOANEKTPOHHBIX
YMHOXHUTEIIEH.

JINMTEPATYPA

N.A. Kopocrenesa T.K. Tonkynosa “U3YUYEHUE ABJIEHWA BHEIITHETI'O
DOOTOODDEKTA” Xabaposck N3pgaTtenbctso ABIYMNC 2009.
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