JJABOPATOPHAS PABOTA Ned. 1
HCCIIEJOBAHHE ®OTOJJIEMEHTOB

ITenr pabGoTel: o3HAKOMJIEHHe ¢ BHemHUM (dorodddexkToM U (OTOIIEMEHTAMH,
OIpe/ieJIeHHe 3aBHCHMOCTH (POTOTOKA OT aHOJHOTO HAIPSDKEHWS W OCBEMIEHHOCTH, pacueT
YYBCTBHTEILHOCTH (POTORIIEMEHTOB M KBAHTOBOTO BRIXOAa oTodddekTa.

IlpuGopsl M NpHHAAJIENKHOCTH: BaKyyMHLIH M Ta3oHANONMHEHHLIH (pOTORIEMEHTEI;
ONTHUYECKAsl CKaMbs, JIaMIIa HaKaTUBAHWS, MCTOUHHK MHTAHUA 71 (POTORIEMEHTOB, BOJILTMET),
aMIIepMeTp, JTFOKCMeTp, KapeTKa JUIs (POTO3JIEMEHTOR.

BBEJAEHHE

@oTonIeMeHThl, JeHCTBHE KOTOPLIX OCHOBaHo Ha BHemteM ¢(otorddekre, ObIBaoT
BaKyyMHBIE W Ta3oHamojdHeHHbIe. llocreHMe HamoJHEHhI WHEPTHBIM Ta30oM IpH JaBICHHH
nopsyika 0,005—1 mm.pT.cT.

@oToTOK B BaKyyMHOM (oToaieMeHTe (IIpH IIOCTOSIHHOM CBETOBOM IIOTOKE) IIpH
VBEJIMUEHHH AHO/IHOTO HAIIPSKEHHs JIOCTHUraeT HacklmeHus. QOTOTOK B ra3oHaroJHEHHOM
(oTorIEMEHTE 1IPH YBEJIMYEHUH aHO/HOTO HAlpsDKEHUs IUIABHO Bo3pactaeT. IIpu HekoTOopoM
JOCTATOUHO OOJIBIIOM HANPSDKEHMH CHIAa TOKAa Pe3Ko VBEJIWYMBAeTCs, M HAIMHASTCs
CaMOCTOSITEJILHBIM pa3psia. Bo3HUKHOBEHHE CaMOCTOSITEJILHOTO pa3psifa HeJONYCTHMO, TaK Kak
IIPH 5TOM pa3pyIIaeTcsl CBETOUYBCTBUTEILHBIH CIIOMH.

Ornomenne ¢ororoka / Kk creroroMy noroky @, majaromemy Ha (OTOIIEMEHT,

HAa3bIBAKOT UY6CMEUMENbHOCMBIO (POTOIEMEHTa:
7 - L (D)
@

UyBCTBUTEILHOCTD (POTODIEMEHTA 3aBUCHT OT AHOJHOTO HAIPSLKEHUS U CIEKTPaIbHOTO
cocTaBa cBeTa. 3a e/IMHHUITY YYBCTRBUTEILHOCTH IPHHUMAIOT MUKpOAMIIep Ha JIFOMeH (MKA/TIM).

OtHomeHne 4YHuclia (OTOIIEKTPOHOB, BBUIETEBIIUX W3 KaToja, K 4YHCIY (POTOHOB
Ia/IaI0IIET0 MOHOXPOMATHIECKOTO CBETA HABBLIBACTCS  KEAHMOBLIM 6bixo0oM  (oTodddekTa d.

Uuclio BRUIETEBNIUX B OJIHY CEKYH/IY 3JIEKTPOHOB MOJKHO HAaWTH, H3MepuB GOTOTOK | B
peKMMe HACBINEHUS, a YUCII0 JOTOHOB MOMKHO OIPEJISJIMTh 3HAs MA/JA0IMUAi Ha (OTORIeMEeHT
cBeToBOM NoToK @. KBaHTOBBIM BBIXO, TAKUM 00Opa3oM, OyIeT paBeH
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IJIe e — 3apsa iekTpoHa, K,, = 683 nM/BT — cBeToBast 3p(peKTHBHOCTE MOTOKA H3TYUCHHS IIPH
A= 550 um, hV,— SHeprusi COOTBETCTBYIONIETO (OTOHA.

Cepetopoit moTok @, majmaromui Ha (OTORTIEMEHT, MOXKHO HAWTH IO IMOKa3aHHIM
JIOKCMETpa, Jalollero 3HaueHHe OCBENIeHHOCTH E npu (PHKCHUPOBAHHOM pACCTOSIHMM 7, H
H3BECTHOMY JAMaMeTpy OKHa ¢oTorIeMeHTa d:

3)

OIIINCAHHIE YKCITEPHMEHTAJIBHOI YCTAHOBKHU

YcTaHOBKA  COCTOMT W3  HCTOUHHKA  THTAHUSA, JBYX
¢dorosnementor: 1) CI[B-4 — cypbMsiHO-IIe3HeBbIil BaKyyMHBIH ((DoTO
1), 2) III'-4 — 1ie3MeBbIH razoHaNOIHEHHBIN; UCTOYHHKA CBETA — JIAMIIBI
HAaKaJIMBAHHS, BOJILTMETpa U MHKpoaMmrmepMmetpa. llpu omnpenenenun




§3 JYBCTBHUTEILHOCTH (POTODJIEMEHTOB HX
C pacrmoJjiararoT Ha ONTHYECKOM CKaMbe B
r MOJBHIKHOH KapeTke, HMeIomeH
yKazaTeJb PAacCTOSHHS OT HCTOYHHKA

! MK A V : :X{FJO CRETA.

.

HcroyHuxk ceera B JIaHHOH

paboTe MOXKHO CUMTATh TOUSUHLIM, TaK

KaK pa3Mep HHTH HaKaJHUBaHUA MaJ IO

Puc 441 CPaBHEHHIO C PACCTOSHHEM 7 OT JIAMIIBI

" no  ¢Qorosnementa. Jlig  u3MepeHHst

OCBEIEHHOCTH HCHOJB3yeTcsl JiokeMeTp. IlpuGopel cobOpaHbl 10 cXeMme, I[OKa3aHHOH Ha
pucyHke 4.1.1.

N3MEPEHUSA 1 OBPABOTKA PE3YJIBTATOB

3ananue l. OnpenesleHHe 3aBHCHMOCTH TOKa (OTOYIeMEHTa OT AHOIHOI0 HATIPKeHHS
(BAX)

Pacmonoxxure BakyyMHBIH (QoTosmement CI[B-4 B KapeTke Ha HEKOTOPOM
(PMKCHPOBAHHOM PACCTOSHHHM OT HCTOYHHKA cBeTa (20 mwid 25 cM). BKIIOUHTE BBIMPSIMHTED.
[Ipu noCcTOSIHHOM CBETOBOM IIOTOKE OT JIAMITBI HAKAJTHBAHHS H3MephTe (POTOTOK, TEKYIIHI Yepes
(doTosnement, npu 10-12 3HAYEHUAX aHOJIHOTO HANPSDKEHHS (BOJIBTAMIIEpHAS XapaKTepUCTHKA
¢doTosnementa). Hanpssxkenue menstiite ot 0 j1o 120 B.

IIpoBeauTe aHaNOTHYHBIE H3MEpPEeHHMsI C Ta3oHAINOJHEHHBLIM ¢oTodaementom I[I1-4.
PesynpTaTel M3MepeHHs] CWIBI TOKa | IpH pasiHYHBIX 3HAYCHUSX AHOJHOIO HAIpPSDKEHHS
saHecute B Tabumy 1. ITo pesvibTaTtam m3mMepeHuHi moctpoiite rpaduku pyuxumit /=1 (U) ns
000uX (OTORIEMEHTOB.

Tabmumna 1

U,B 0 10 |20 [30 |40 |50 60 |70 80 |90 100 | 110 | 120
CIIB-4 | I, MxA
ar-4 | I, mxA

3aganue 2. OnpeesieHHe 3aBUCHMOCTH TOKA (OTOYIEMEHTA OT OCBEIIEHHOCTH KATO/IA

VYcranopute ¢otornement CI[B-4 B KapeTky Ha ONTHYeCKOH CKaMbe Ha
(PMKCHPOBAHHOM PACCTOSHUHM OT Jammbl (cM. 3ajanue 1). [IpH MOCTOSSHHOM CBETOBOM MOTOKE
naMmIibl nojaiite Ha (OTORIEMEHT aHOJHOE HANPSUKEHHe, COOTBETCTRYIONIEE PEXKHMY TOKa
Hacelmenus. llepemenas kapeTKy ¢ GOTODIEeMEeHTOM IO ONTHYECKOM CKaMbe ¢ IIaroM B 5 cM,
H3MepbTe (POTOTOK 1T 6-8 moToKeHHH GOTORIEMEHTA.

[IpoBeauTe aHaoruaHeie U3MepeHus ¢ gotoatemenToM 11'-4. Pe3ynpTaTel H3MepeHHH
saecure B Tabmamy. Iloctpoiite rpaduxm Qymkumii  [=f(1/r)) A BaKyyMHOTO H
ra30HAIOJHEHHOTO (DOTO3JIEMEHTOB.

Tabmuma 2
r, CM
1r, em?
CIIB-4 | I, MxA
-4 | I, MxkA

3aganue 3. PacyeT YYBCTBHTEIHLHOCTH (POTOIIEMEHTOB

ITpu noMomu JIHOKCMETpa HU3MepbTe OCBeNEeHHOCTh £ okHa (oTtosneMenTa. s sToro
OTOJBHHLTE KapeTKy (poTonseMeHTa B KOHeIll ONTHYECKOH CKaMBH, PAcIIOIOKUTE IMPHEMHHK
JIOKCMEeTpa Ha ONTHYECKOH CKaMbé Ha PACCTOSHHHA OT HCTOYHHKA CBETA, HCIIOJIB3YEMOM B
3aj1aHud 1. YeraHopute npesen uzmepeHudt arokeMerpa S00 jk (co CHATOM MAaTOBOH KPBIMKOM).




HnmepbTe 3HaYeHHE OCBEMEHHOCTH B JAaHHOM TOUKe.

[loap3ysice dopmyioit (1), paccuuTaliTe UyBCTBHTEIBHOCTL (POTODIEMEHTOB. PacdeT
qyBCTBUTEILHOCTH [JIS1 BAKYYMHOTO (pOTORJIEMEHTA IMPOU3BEAUTE MPH TOKE, COOTBETCTBYIOMEM
TOKY HACHIMEHHSL.

Jaganue 3. OumeHka KBaHTOBOIO BhIX0/1a poTordpdperra /isi BAKYYMHOI 0 GoTod1eMeHTa

Hcnonwayst popmysiet (2) u (3) 4 3HaUSHHE TOKA HACHIMICHHS, [TOJIYUCHHOE B 3aJaHHA 1,
paccunTaiiTe KBaHTOBBIH BBIXOJ (oToddpdexta I8 CYPHMAHO-IE3UEBOTO BAaKYYMHOTO
(doTo3IEMEHTA.

BOITPOCHI I YIIPAKHEHHU S
1. Tlouemy B oTo3IIEMEeHTAX, PAOOTAOMIKMX B 00JIACTH BHUMOTO CBETA, CBETOUYBCTBHUTEILHBIN
CJIOH JealoT U3 MEeJOYHBIX METaJUIoB?
2. Kak OOBSICHHTH pa3THUHBIH XapaKTep 3aBHCUMOCTH (OTOTOKA OT OCBEIEHHOCTH B
BAKYYMHOM W ra30HANOJIHEHHOM (OTO3/IeMeHTax ?
3. IIpu KaKOM TOKe pacCUUTHIBAETCS TyYBCTBUTEIILHOCTD ra30HAIIOJIHEHHOTO (poTORIeMeHTa?
4. Tlepeuncidre >MIMpUUECKUe 3aKOHOMepHOCTH (oToddderra. Kakue 3akoHOMepHOCTH He
yJaeTcsi OOBSCHUTE C TO3UIMK BOJIHOBOHM TeOpHH cBeTa?
5. Uto HazbIBaeTCA KpacHOH rpaHunei Gpotorddexra u 0T 4eTo 3aBHUCHUT ¢€ 3HAUCHHE ?
6. IloueMy KBaHTOBBIH BBLIXOJ MHOTO MEHBINE €AUHHILI? MoKeT JIM KBaHTOBBIM BBIXOJ
¢doToaddexra ObITE GOILIIE STHHUIILI?
7. Kakue skcriepuMeHTANIbHBIE (PAKTHI CBHJIETEIILCTRYIOT O HE/IeJIMMOCTH YHepTHH poToHA?



JABOPATOPHAA PABOTA 4.2

OIIPEJEJIEHHE IIOCTOSHHOII INIAHKA
METOJIOM 3AJTEPKIBATIOIIET O IIOTEHITHAJIA

Iems paGoTsr: ompe/ieneHne KpacHoi rpaHuIsl poToaddexta u moctosuHo# [ImaHka.

IIpuGops! H IPHHAIISKHOCTH: BaKyyMHBIH doTosrmeMenT CIIB-4, MoHOXpoMaTop, J1JaMIia HaKa/IHBAaHH,
BOJIBTMET], UYBCTBHTENBHEIH MHKpoaMmepMeTp (D-195), HaGop cBeTOUIBTPOR, BHIIPSIMHTETD.

Juteparypa: [7, § 9.1, 9.2]; [34, r. IT]; [39, uw. 1, m1. 1, § 2].

Beeaenue

HpP[ BBaHMOHeﬁCTBHH (1)0TOH.‘:l C DJJICKTPOHOM, HaXOQ/JIAMIHMCS B BCIIECCTBES, BBIIMOIHACTCI 3aKOH
COXpaHCHHA SHCPIHH. B PE3VJIBTATC IIOIVIOMICHHA CBCTA SHCPI'HA JJICKTPOHA BO3pacTacT Ha BCIIMUHHY, PaBHYIO
SHEPTHH (l)O'DOHa. Ecau s10 M3MecHeHHE SHEPTHH IPEBBIMIACT pa60Ty BBIXO/JIa 3JICKTPOHAa H3 BCEIISCTBA, TO
SICKTPOH MOXKET MOKHHYTh BCIIECTBO H CTaTh CBOGOI{HBIM. Taxkoi SJICKTPOH Ha3bIBaCTCH (1)0T03J'IGKTPOHOM.
I[J'ISI (l)omsnempona MOKHO 3aITHCATh 3aKOH COXpaHCHHS B BH/IC

.
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—E=hy—A4_ (D)
BBIX
2
[JC Vmax — MAKCHM&IBHAS CKOPOCTb BBUICTEBIICTO 3JICKTPOHA; A — paboTa BBIXOAA; D — YacToTa

MOTTIOIIEHHOTO CBETA.

OT0 COOTHONICHHE Ha3BIBaeTcs ypasHenuem liHummetina. Ecmm (oTO3IEKTpOH OTIAET 4YacTh CBOSH
HHEPTHH aTOMaM BEIIECTBA, TO €0 CKOPOCTh MOCIE BhIIETA OYIET MEHBINE, UEM Vy... HI3 ypaBHeHHS (1) BHTHO,
YTO BBUIET HJIEKTPOHA BO3MOXKEH, €M SHeprud oroHa Oyaer Gomplie, yeM paboTa BbIXoAa. MHUHHUMAIBHYIO

4acToTy cBeta V OpH KOTOpoH Bo3MOeH (poTo3(heKT, Ha3bIBAOT KpacHoH rpauuneii gorosddekra.

ep o
Bemiuuna v;‘p HaXOJHUTCA H3 YCIIOBHA

hv;'p :A BEIX (2)

Tak xak IIpH 9aCTOTC CBCTA, HpeBbIH_IaIOH_IGI;'[ KpacHYIO I'paHHuNy, (I)OTOBJIGKTI)OHI:I 06na;[a10T HSKO”DOpOﬁ

CROPOCTHIO, TO YCpe3 (1)0T03J'IGM6HT 6y):[eT MPOTCKATh (1)0TOTOK H IIPH HalIPSKCHHSX, ITPH KOTOPBIX aHO/ 6yz[eT

HMCTDb OTpHL[aTeHbeIﬁ IMOTCHIIHAJI OTHOCHTCJIBHO (I)OTOKa'IU,[[a. Takoe

Ik / HaNpPsDKEHHE HA3HIBAIOT 33/IEPKHBAIONIHM, IIOTOMY YTO BJIEKTPOH
g OTTAJIKHBAETCA OT aHOJA M, €CITH €ro CKOpPOCTh HEBEITHKa, TO MOXKET
// BEpHYThes Ha poToKaTox. OOIMHA BHI BOJIBTAMIEPHOH XapaKTEPHCTHKH
A BakyymMHoro ¢otosiementa m3oOpaxen Ha puc. 4.2.1. OrpHnaTeibHbie
c HATIPSDKEHHS TPE/ICTABIACT 007TacTh  3a/ISP’KUBAIONIHX HampspkeHuit. [Ipu
/ HEKOTOPOM HAMPSDKEHHU (POTOTOK oOpamiaercss B HyIb. 3HAYSHHE 3TOTO
B_~ »  HAIPSDKSHUS OLIPEJEIIIETCS COOTHOEHUEM
U; U
U, 3 my” 3)
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H ypaBHeHHE DHHIITEHHA JIS 3TOTO CIydast IPUHHMAET BUT
Puc. 4.2.1 - hv ‘4BLIX (4)
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I'paduk 3aBucumMocT U, OT HACTOTH MAJAIOMIEr0 Ha (OTOKATON CBeTa HpejacTaBicH Ha puc. 4.2.2. U3
HTOTO rpayHKa MOXKHO OTIPEICTHTH MOCTOSHHYO | [TaHka
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HyJIb IIPH YaCTOTAX CBETA V1 H V2 COOTBETCTBEHHO.
Puc. 4.2.2



Onucanue 3KCHepI/IMeHTaJIbH0ﬁ YCTaHOBKH

B paborte wmcmonmp3yeTcs BaKyyMHBIH (oTosneMeHT @D, KaTog KOTOPOTO CJAENAH W3 CYpPhMSHO-
LE3HEBOI0 CIUIABA. DJIEKTPUYECKAsA CXEMA YCTAHOBKU H300pakeHa Ha pHc. 4.2.3, oOnmit BUJT yCTAHOBKH — HA

¢oro 1.

P

M 20 -

Puc. 4.2.3

Ui ompenencHus KpacHO#l rpaHuIBL ¢oTodderTa ¢oTodIeMeHT 3akpemrierca B matpome (C
YUETOM IIOJIAAPHOCTH), xak mokazaHo Ha ¢poTo 2, W BCTaBIIETCS B CIEIHANBHBIH KOXKYX Ha BBHIXO]IE
moHoxpomatopa (cMm. ¢oto 3). Benbiit cBer or mamipl HakaauBanusa [ (puc. 4.2.4) HampaBisiercs depes
KOHJICHCOp 2 Ha BXOJHVIO Ieh 3 OHOXpOMATOpa H MPOXOIHT MpH3My 4. B pesymbTate pazmokeHHs Gemoro
CBETa B CIEKTP HA BBIXOJHYIO INEIIb 6 MOHOXPOMATOpa, KOTOpas HPOIMYCKAeT cBET K (poTodaeMeHTy DO,
MOMAAeT H3IVICHHE CPAaBHUTEIBHO V3KOTO CHEKTPaJbHOTO JIHANA30HA: TIHPHHA BTOTO JIHATA30HA
onpe/ieNsieTcs MHPHHOH BRIXOTHOH MICITH, KOTOPAas MOXKET PETYITHPOBATHCS CIICT[HATPHBIM BHHTOM.






