Nekuus : PotoaddekT

®domoappghekm — 37O BbIOMBAHME INEKTPOHOB M3 BELLECTBA NAAAIOLWMM CBETOM.
AsneHune dotoaddekTa 6bI110 OTKPLITO NeHpuxom epuem B 1887 roay B xoae ero
3HAMEHWTbIX IKCMEPUMEHTOB MO U3NYYEHUIO 31EKTPOMATHUTHbIX BOJIH.

HanomHum, uto lNepy, ncnonb3oBan cneumnanbHbln pa3paaHuK (Bubpatop Mepua)
— pa3pe3aHHblii NON0AaM CTEPXKEHDb C NAPOI METANINYECKNX LUAPUKOB HA KOHL,AX
pa3pe3a. Ha cTeprKeHb MOAABaNOCb BbICOKOE HAMPAMKEHWE, U B MPOMENKYTKE
MeXAy LapuKaMn NpoCKakmBana Uckpa. Tak BoT, lepu, oOHapy»Xua, 4to nNpu
061yYeHUN LAPUKOB YAbTPadMONETOBbIM CBETOM MPOCKAaKMBaAHME UCKPbI
obneryanocsb!

l'epu, ogHaKo, 6bl NOrNOWEH UCCeA0BaHNMEM SNEKTPOMArHUTHbLIX BOJIH U He
NPUHAN AaHHbIM $aKT BO BHMMaHMe. [og cnycta ¢oTosapdeKT H6bin HeE3aBUCUMO
OTKPbIT pycCKUM  ¢uM3MKom AnekcaHgpom [puropbesuyem CTONETOBbLIM.
TwaTtenbHble 3KCNepMMeHTa/lbHble UccneaoBaHmsa, nposeaéHHble CTONETOBbIM B
Te4yeHue ABYX JIeT, NO3BOAMAN CHGOPMYNMPOBATb OCHOBHbIE 3aKOHbI poTO3PdEKTa.

OnbiTbl CTONeToBAa
B cBOMX 3HaAMeEHUTbIX 3KCNepumeHTax CronetoB u1cnonb3oBan (I)OTOSJ'IEM(:_‘HT1

cobCcTBEHHOM KOHCTPYKUMKU. Ero cxema nsobpaxkeHa Ha puc. 1.
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Puc. 1. dotoanemeHT CTONeToBa

B cTeknsAHHYO KONby, M3 KOTOPOW BbiKavaH BO3AyX (4Tobbl HEe mellaTb fieTeTb
3/1eKTPOHaM), BBeAeHbl ABa 3N1eKTpoAa: UMHKOBbLIN KaToa K u aHoa A. Ha Katopa, 1

1 @omosnemeHmom Ha3sbiBaeTca No6oe ycTPoicTBO, No3soalLee HabntoaaTb GoToaPdeKT.



aHopA, NoJaéTca HanpaXKeHune, BenndnHy U KOTOPOro MOXHO MEHATb C MOMOLLbIO
NOTEHLMOMETPA U U3MepPATb BOJIbTMETPOM V.

Ceiuac Ha KaToA, NoAaH «MMHYC», @ Ha aHOA, — «M/OC», HO MOXXHO CAenaTb U
HaobopoT (M 3Ta NepemMeHa 3HaKa — CyLlecTBeHHasA YacTb onbiToB CToneTosa).

HanpsaxeHuto Ha 3/1eKTpoaax NPUNUCbIBAeTCA TOT 3HAK, KOTOPbIM NOAAH Ha
aHoa’. B saHHOM c/lyyae, Hanpumep, HanpsskeHue U NoNoKUTeNbHO.

Katog ocsewgaetca ynbtpadmonetosbimm nydamm YP yepes cneumanbHoe
KBapLLeBOE OKOLWKO, CcAeflaHHOe B Konbe (cTekno nornowgaet ynbtpaduonert, a
KBapL, NponyckaeT). YabTpadumonetoBoe nsnyyeHune BblIbMBaeT C KaToga 3N1€KTPOHbI
e, KOTopble Pa3roHAKTCA HanpaxeHnem U v neTaT Ha aHoA,. BKAOYEHHBIN B Lenb
MUANMAMIEPMETP MA PEerucTtpupyeT 31eKTPUYECKUM TOK. ITOT TOK Ha3blBaeTCA
¢omomokom, a BbibUTble 3NEKTPOHbI, €ro Cco3gatolmne, HasblBaTCA
¢homosneKmpoHamu.

B onbitax CronetoBa MOXHO He3aBUCUMO BapbMpoOBaTb TPU BEJNYUHDI:
dHOAHOE HanpAaxeHune, HUHTEHCUMBHOCTb CBE€Ta WU €ro 4actoTy. HayHéEm cC
HanpAaxeHua.

3aBMCMMOCTb (I)OTOTOKa OT HanpAaxeHnAa

MeHAA Be/IMYMHY U 3HAK aHOAHOrO HAMPSXKEHWUS, MOXHO NPOCNeauTb, KaK
meHsaeTcA GoTOoTOK. PadmK 3TOM 3aBUCUMOCTU, HA3bIBAEMBbIN XAPAKMeEpPUCMUKOU
¢pomosnemeHma, NpeacTaB/eH Ha puc. 2.

Puc. 2. Xapaktepuctmka ¢poToanemeHTa

2 r|03TOMy NoA4aHHOE Ha 3N1EKTPOAbl HanpAXxXeHue U 4acTo Ha3bIBalOT GHOOHbLIM HaripaxeHuem.



[aBaliTe obcyaum xon NONy4eHHOW KpuBOW. Mperkae BCEro 3amMeTum, 4To
SNEKTPOHbI BbINETAOT M3 KaToZa C Pas3sINYHbIMU CKOPOCTAMU U B PasHbIX
HanpaB/NeHUAX; MAKCMMA/IbHYIO CKOPOCTb, KOTOPYH MMET (OTOI/NEKTPOHbI B
YCNOBUSAX ONbITa, 0603HAUYMM V.

Echn HanpakeHue U oOTpuUaTeNbHO M BEIMKO MO moaynto, To ¢GOTOTOK
OTCYTCTBYET. ITO NIErKO NOHATb: 3/IEKTPUUYECKOE MOJIe, AENCTBYIOLLEE HA NIEKTPOHbI
CO CTOPOHbI KaToAa U aHoAa, ABNSAETCA TOPMO3ALWMM (Ha KaToAe «NAC», Ha aHoAe
«MUHYC») n 06nagaet cTtonb 60/1bLION BEIMYNHON, YTO 3NEKTPOHbI HE B COCTOSIHUM
AoneteTb A0 aHoAa. HayanbHOro 3anaca KMHETUYECKOM 3Heprun He xBaTaeT —
3NEKTPOHbI TEPAIOT CBOK CKOPOCTb Ha MOACTYMax K aHoAy W pa3BOpavymMBaloTCA
0o6paTHO Ha KatoAa. MaKcMManbHas KMHETUYECKas 3SHeprus BblIETEBLUUX
3N1EeKTPOHOB OKa3bIBAETCA MEHbLUe, Y4eM MOAY/1b PabOTbl NONA NPU NEepeMeLLEHNN
3NEKTPOHA C KaToAa Ha aHoA;:

3pecb m=9,1 - 1073 kr — macca anekTpoHa, e = -1,6 - 107° Kn — ero 3apag,.

Byaem nocteneHHO yBenMUYMBaATb HanpaAXKeHue, T.e. ABUraTbCA CAeBa HanpaBo
BAONb ocK U 13 fanékmx oTpuLaTeibHbIX 3HaYEHUNA.

MoHayany ToKa No-NpeKHEMY HET, HO TOYKa Pa3BOPOTa 3/1IEKTPOHOB CTaHOBUTCA
BCE O6AMKe K aHoay. HaKoHel, npu AOCTUMNEHUM HanpsxkeHua Us, KoTopoe
Ha3blBAETCA 300epIUBAOWUM HANpAXeHUemM, 3NeKTPOHbl pPa3BOpPaYMBalOTCA
Ha3ad, B MOMEHT AOCTUXKEHUA aHoZa (MHaye roBops, SN1EKTPOHbI NPMObIBAIOT Ha
aHop, C HY/IeBOM CKOpoCTblo). Mmeem:

El

Takum 06pas3om, BeqAUYUHA 3a0epHUsaroue20 HAMpPAXEHUs N0380a49em
onpedenums MAKCUMAsbHYIO KUHEeMUYECKYro 3Hepauto (hpomoasnieKmpoHos.

Mpn HeboNbWOM NpPEBbIWEHNM 3a4EPKUBAIOLWLETO HANPAXEHUA MNOABAAETCA
cnabbii GoTOTOK. Ero GOopMUpPYIOT 3NEKTPOHDbI, BblIETEBLUME C MAKCMMA/IbHOM
KMHETUYECKOM 3Heprver noytM TOYHO BAONb OCU Konbbl (T.e. noyTu
nepneHaMKyNApPHO KaToAdy): Tenepb 3/1eKTPOHAM XBaTaeT 3TOM 3HEeprum, 4Tobbl
[06paTbCa A0 aHOAA C HEHY/IeBOM CKOPOCTbKO M 3aMKHYTb Lenb. OcTanbHble



91EKTPOHDbI, KOTOPblE UMEKT MEHbLWINE CKOPOCTU UAU MNMONETENN B CTOPOHY OT
aHO4da, Ha aHO4 He NonaaatoT.

Mpn nNoBbIWEHUM HanpaxeHus (GOTOTOK yBenuumBaeTcA. AHoZa AocCTUraet
6onbluee KOMIMYECTBO 3/IEKTPOHOB, BblNETalOWMX U3 KaToda noA BCE 60NbLIMMM
yriamu K ocu Konbbl. Obpatute BHMMaHME, 4YTO GOTOTOK MPUCYTCTBYET NpU
HY/J1IeBOM Hanps»KeHuu!

Koraa HanpsaxeHue BbIXOAUT B 061aCTb NMONOXKMUTENbHbIX 3HaYeHU, POTOTOK
npoaonKaeT Bo3pactaTb. OHO M NOHATHO: 3N1eKTPUYECKOe NoJie Tenepb pasroHaeT
3NEKTPOHbI, NO3TOMY BCE 6O/blLEEe UX YNC/I0 NOYYAIOT WAHC OKa3aTbCs Ha aHoAe.
OOHako AocTUraloT aHoga noKa ewé He Bce ¢GOTO3/EKTPOHbI. Hanpumep,
3NEKTPOH, BblIETEBWMMA C MaAKCMMaZbHOM CKOPOCTbIO MEepneHANKYNAPHO OCU
Konbbl (T.e. BAO/b KaTOAA), XOTb U Pa3BEPHETCA NOJEM B HYXXHOM HanpaB/eHUH,
HO He HACTO/NIbKO CU/IbHO, YTOBbI NONACTb Ha aHoA4,

HakoHel, Nnpu AOCTAaTOMHO 6ONbLIMX NOMOMKUTENBHbBIX 3HAYEHUAX HANPSAKEHUA
TOK AOCTUTaeT CBOeN NpeaesibHOM BENNYNHDI |y, Ha3bIBAE€MOW MOKOM HACbIWEHUS,
M pAanblle Bo3pacTaTb nepectaért. loyemy? [leno B TOM, YTO HaNpsXKeHue,
YCKOpAOLLLEe 3/1EKTPOHbI, CTAHOBUTCA HACTO/IbKO BE/MKO, YTO aHOA 3axBaTbiBaeT
BOOOLLE BCe 3N1EKTPOHbI, BbIOUTblE M3 KaToda — B Kakom Obl HanpaBAE€HUU U C
KaKMMW Bbl CKOPOCTAMM OHU HE HauyuHanu apumkeHue. Ctano 6biTb, AanbHENLIMX
BO3MOXHOCTEN yBeNMUYMBaTbCA Y GOTOTOKA NOMNPOCTY HET — PEcypc, Tak CKasaThb,
ncyepnaH.

3aKkoHbl poToadPeKTa

BennuunHa [, TOKa HacblweHnAa — 370, Mo cywecrtsy, KONMM4eCTtBO 3/1EKTPOHOB,
BblOMBaEeMbIX U3 KaToda 3a O4HY CEKYHAY. Ey,u,eN\ MEHATb NMHTEHCUBHOCTb CBETQa, HE
TpOoraa 4acTtoTy. OnbIT nNOKa3sblBaeT, 4YTO TOK HACbIWEHMA meHAeTCA
nponopunMoHaabHO MHTEHCUBHOCTU CBETAa.

MepBblit 3aKOH poToaddeKTa. Yucno aneKmpoHos, 8bibuBaeMbIx U3 KAMooa 3a
CeKyHOy, NMPornopyuoHaabHO UHMeHCUBHOCMU Nadarwe20 Ha Kamoo U3/y4YeHUus
(npu e2o HeuameHHol Yacmome).

Huyero HeoXXMAAHHOTO B 3TOM HET: YeM HBonbLLe SHEPTUN HECET U3NYYEHUNE, TEM
ouwlyTumee Habargaembl pesynbTaT. 3aragkuM HauMHatloTCA Aasblue.



A uMeHHO, byaem wu3yyaTb 3aBUCUMOCTb MAKCMMA/NIbHOW KMHETUYECKOM
3Heprum ¢OTO3/IeKTPOHOB OT YacTOTbl M MHTEHCMBHOCTM Majalollero ceerta.
CpoenaTb 3TO HECNOXKHO: BeAb B cuny dopmynbl (1) HaxoKaeHUe MaKCMMaabHOM
KMHETUYECKOM 3HEePrum BbIBUTbIX 3N1EKTPOHOB GaKTUYECKU CBOAUTCA K U3MEPEHUIO
3a/1ePXKMBAIOLLLETO HAMPAMXKEHUS.

CHavyana MeHsemM 4acToTy U3IlyYeHUs vV Npu GUKCUPOBAHHOW UHTEHCUBHOCTM.
MonyyaeTtca Takon rpaduk (puc. 3):

Puc. 3. 3aBncmmocTb dHEpPrnn ¢OT03IIEI-(Tp0HOB OT 4YaCTOTbl CBETA

Kak Bnanm, cyuiectsyeT HEKOTOPAA YacTOTa Vo, HAa3blBaeMaA KpacHoU epaHuuyel
¢omosghpekma, pasgenaran Ase NPUHLMNNANBbHO pa3Hble 0biacTn rpaduKa.
Ecan v < vo, To poToadPpeKTa HeT. Ecam e v > Vo, TO MaKCMMasibHana KMHeTU4YecKasn
3Heprna GOTO3N1EKTPOHOB IMHEMHO PACTET C YaCTOTOM.

Tenepb, HA060POT, PUKCUPYEM YACTOTY U MEHAEM MHTEHCUBHOCTb cBeTa. Ecam
NPU 3TOM V < Vg, TO $0TO3dPEKT HE BOZHUKAET, KaKOBa O6bl HX Bbl/1a MUHTEHCUBHOCTD!
He meHee yamButenbHblt GakT 0OHapyKMBAETCa M NPU V > Vo: MaKCMMabHan
KMHeTUYecKana aHeprua GOTO31EKTPOHOB OT MHTEHCUMBHOCTM CBETA HE 3aBUCUT.

Bce 31 daKTbl HalWM OTPaXKeHMe BO BTOPOM U TPETbEM 3aKOoHax poToadpdeKTa.

BTtopoin 3akoH ¢oToadpdekta. MaKcumanbHAaA KUHEMUYECKAA 3SHepa2us
¢pomosneKmpoHo8 AuHeliHo 8o3pacmaem ¢ Yacmomodl ceema u He 3a8ucum om
e20 UHMeHCUsHoCcmu.

Tpetnit 3aKkoH poToaddekTa. 19 Kax0020 sewecmaa cywecmayem KpacHas
epaHuya ¢omoahpekma — HAUMEHbWAA Yacmoma ceema Vo, rpu Komopol
chomoagppekm ewé soamoxeH. lpu v < vohomosaggpekm He HabaroOaemcs HuU rnpu
Kakoli UHmeHcusHocmu ceema.



TpyAHOCTM Knaccnyeckoro obbAacHeHUA poToadpPeKTa

Kak MOXHO 6b110 6bl 06bACHUTL GOTOIPDEKT C TOUKM 3PEHUS KNACCUYECKOMN
3NEKTPOANHAMMKM N BOIHOBbIX NPEeACTaBAEHUN O cBeTe?

MN3BecTHO, YTO ANA BblpblBaHMA 3/1EKTPOHA U3 BelecTBa TpebyeTca coobwmTb
eMy HEKOTOPYHO 3Hepruto A, Ha3blBaemyto pabomol 8bix00a 3NeKTPoHa. B cayuae
cBobOAHOro 3/71€KTpOHA B MeTanne 3To paboTa nNo nNpeoaoseHuo nona
NONIOXKUTENBbHbIX MOHOB KPUCTA/I/IMYECKON PELLETKM, YAEPKUBAIOLWErO 3/1EKTPOH
Ha rpaHuLe meTanna. B cnyyae anekTpoHa, Haxoasaleroca B atome, paboTa Bbixoga
ecTb paboTa No pa3pbiBY CBA3W 3/IEKTPOHA C AZAPOM.

B nepemeHHOM 3/1EKTPMYECKOM Mojie CBETOBOM BOJIHbl 3/IEKTPOH HauyMHaeT
coBeplaTb KonebaHua. N ecnm aHeprns konebaHuii npesbicUT PaboTy BbIxoaa, TO
3NEKTPOH byAeT BbipBaH U3 BeLLECTBa.

OO0HAKO 8 PAMKAX MAKUX rnpedcmasneHuli He803MOMHO MOHAMb 8mMopol U
mpemull 30KOHbI omosgpekma. [AeNcTBUTENbHO, NOYEMY KUHETU4YecKas
3HEepPrmna BblIOUTLIX 3/1IEKTPOHOB HE 3aBUCUT OT MHTEHCMBHOCTM M31y4yeHUA? Beap
yem 6onblle MHTEHCUBHOCTb, TeM H60oNblUe HANPAXKEHHOCTb 3/IEKTPMUUYECKOro NoNs
B 9/1EKTPOMArHUTHOM BOJIHE, TemM Bosiblle CMMa, AENCTBYIOWLAA Ha 3/1EKTPOH, TEM
bonblie aHeprua ero KonebaHum m ¢ tem 6oNblIEN KMHETUYECKOW 3Hepruemn
3NEeKTPOH BbIIETUT M3 KaTogda. JlormyHo? JlormyHo. Ho aKkcnepMmeHT noKasbliBaeT
NHoe.

Hanee, oTkyaa 6epétca KpacHasa rpaHuua ¢otoadpdpekTa? Hem «NPOBUHUANUCHY
HU3KMe 4YacTtoTbl? Kasanocb 6bl, C POCTOM MHTEHCMBHOCTM CBeTa PaCTET U CUNa,
AENCTBYIOLLAA HA 3N1EKTPOHbI; NO3TOMY AaxKe Npu HU3KOM YacToTe CBETA 3/1EKTPOH
paHO MKW NO34HO ByaeT BbIpBaH U3 BELLECTBA — KOrAa MHTEHCMBHOCTb AOCTUTHET
A0CTaToO4HO 6onbworo 3HayveHmsas. O4HAKO KpaCHaa rpaHMuUA@ CTAaBUT XECTKUM
3anpeT Ha Bbl/IET 31EKTPOHOB NPU HU3KMX YACTOTaX NafatoWEero U3ny4yeHus.

Kpome TOro, HeAcHa 6e3biHepyuoHHocms ¢oToadpdekTa. UmeHHO, npwm
OCBeLeHMN KaToaa U3NyYeHUeM CKOJIb YrogHO c/1abo MUHTEHCUBHOCTM (C YacTOTOM
BbllWe KpacHoM rpaHuubl) ¢oToappeKT HaumHAeTcd M2HOB8EHHO — B MOMEHT
BK/IOYEHUA oOcBeweHuA. Mexay Tem, Kasanocb Obl, anekTpoHam Tpebyetca
HeKoTopoe Bpema A4N1A «PacllaTbiBaHUA» CBA3EM, YAEPKMBAIOWNX UX B BELLECTBE,
M 3TO BPEMSA «PACKauYKM» AOMKHO ObITb Tem 6onblue, Yem cnabee nagaroLLniA CBET.
AHanorua TaKkasa: yem cnabee Bbl TONKAETe Kayenu, Tem JONblue npuaétca ux



pacKauMBaTb A0 3aAaHHOW aMNAUTYAbl. BbIrnaanT onATb-TakM NOTMYHO, HO ONbIT —
€4MHCTBEHHbIN KPUTEPUI UCTUHDBI B PU3MKe! — 3TUM f0BOAAM NPOTUBOPEUMT.

TaK Ha pybexe XIX n XX ctonetmn B pu3nKe BO3HMKNAA TYNMKOBAA CUTyaumA:
3NIeKTPOAMHAMMKA, NPeACKa3aBLIAA CYyLLeCTBOBAHUE 3NEKTPOMArHUTHbIX BOJIH U
BeAMKoNenHo paboTatowas B AMana3oHe paAuoBOH, OTKasanacb OOBACHATb
AsBneHne potoadpPeKra.

Bbixoa, n3 aToro Tynmka 6oin HanaeH Anbbeptom dHWTenHom B 1905 roay. OH
NpPeanoXXua NpocToe ypaBHeHWe, onucbiBatowee ¢otoapdekt. Bce Tpm 3aKoHa
doTo3ppeKTa OKa3annUcb cNeAcTBUAMU YPaBHEHNA DUHLWITENHA.

lNaBHAA 3acnyra JMHWTEMHA COCTOANA B OTKase OT MOMbITOK MCTONKOBATb
$0TO3PPEKT C NO3NLUIM KNACCUYECKOM INEKTPOAMHAMUKN. INHWTENH NPUBNEK K
AEeNy CMenyto rmnoTesy o0 KBaHTaX, BbiCKazaHHY Makcom [1aHKOM NATbIO rogamu
paHee.

f'mnotesa lNnaHKa 0 KBaHTax

Knaccmnueckas anekTpoaMHaMMKA OTKasasacb pabotaTb He TO/IbKO B obnactu
doTtoapdekta. OHa TakKe pJana cepbésHbld cboi, Korga eé nonbITasnuch
MCNONb30BaTb A/1A OMWUCAaHWA W3y4YeHWs Harpetoro Tena (Tak HA3bIBAaemoro
TENZI0BOTrO U3Ny4YeHUR).

CyTb npobnembl coctoAna B TOM, 4YTO MpoOCTad WU  ecTecTBeHHan
NEeKTpoAMHAMMYECKaa  MOAeNb  TEenJIoBOro  WM3/lydeHUA  npuBogunaa K
6eccmbicieHHOMY BbiBOAY: Nt060e HarpeToe Teno, HeNPEPbIBHO U3/1yYasn, A0MKHO
NocTeNeHHO NOTEPATb BCHO CBOH SHEPIUI0 U OCTbITb A0 abCOMOTHOrO HyNs. Kak Mbl
NPEeKpacHO 3HaeM, Huyero nogobHoro He HabaogaeTcsa.

B xoze peweHuna aton npobaembl Makc MNaHK BbICKa3as CBOK 3HAMEHMUTYIO
rmnoresy.

[MnoTtesa O KBaHTax. 3/7€KmpOMC72HleHC7FI HepeuAaA ussnyvyaemca U
nocsowaemcAa He HeripepoieHO, a4 omoesibHbIMU HeoeauMbIMU nopyuamu —
KeaHmamdu. 3H€p2UFI KeaHma ripornopyuoHarsibHa Yyacmome ussy4YeHuA:

E = hv. (2)



CooTHoweHMe (2) HasbiBaeTca ¢opmynoli [laaHKa, a Ko3apOUUMEHT
NPONOPLMNOHANLHOCTU h — nocmoAHHOU [11aHKa.

MpuHATME 3TOM rMnoTesbl No3BoAMAO [MNaHKy NOCTPOUTb TEOPUIOD TEMJIOBOTO
M3NY4eHMsi, MNPEeKPaCHO cornacyluwycs C 3KcnepumeHTom. Pacnonaras
M3BECTHbIMW M3 OMbITa CNEKTPaMW TEenJioBOro wu3nyyeHus, [naHK BblYUCAUN
3HayYeHue cBoeK NOCTOAHHOM:

h=6,63-102*0x-c. (3)

YcnewHocTb runoTesbl [1aHKa HAaBOAWAA Ha MbIC/Ib, YTO 3aKOHbI K1aCCUYECKOM
GOU3NKM HEMPUMEHUMbBI K MasibiM 4acTULAM BpoAe aTOMOB WM 3NEKTPOHOB, a
TaK¥Xe K AB/IEHNAM B3aMMOENCTBMA CBETA U BelLecTBa. [loaTBepKaeHnem JaHHOM
MbIC/TN KaK pa3 1 NOC/yXnno AasneHne potoapdekTa.

YpaBHeHue InHwTenHa gna ¢potoadpdeKra

f'MnoTtesa [lnaHKa roBopwia O AUCKPETHOCTU U3/1y4YeHUA W 0270WeHus
3NEKTPOMArHUTHbIX BOJIH, TO €CTb O NPEepbIBUCTOM XapaKTepe B3auMoAenCcTBuA
cBeTa c BelecTBom. Mpu 3Tom MAaHK cumTan, YTo pacnpocmpaHeHuUe cBeta — 3T0

HeﬂpeprBHbllz npouecc, l'lpOI/ICXO,EI,ﬂIJ.I,MVI B NO/IHOM COOTBETCTBUUN C 3aKOHaMU
K/lacCUYeCcKom INEKTPOANHAMUKN.

SMHWTENH NOLWEN eweé panblue: OH NPeAnoNoXKUn, YTo ceem 8 npuHyune
obs1adaem npepsisucmoli cmpykmypol: He MosbKO U3s1y4YeHue U rnoasaoueHue, Ho
MakKkxce U pacrnpocmpaHeHue ceema npoucxooum omoesnbHbIMU MopUuasMU —
KeaHmamu, obnadarowjumu sHepauel E = hv.

MnaHK paccmaTpuBan CBOK TMMNOTE3Y /INWb KaK MAaTeEMATUYECKUI TPIOK U He
PELINACA OMNPOBEPrHYTb 3NEKTPOAMHAMMKY MPUMEHUTENIBHO K MUKPOMUPY.
®Pun3nyeckom peanbHOCTbIO KBAHTbI CTaN Baaroaaps INHLWTENHY.

KBaHTbl 3/11€KTPOMArHUTHOrO M31y4eHUA (B YACTHOCTM, KBAHTbl CBeTa) CTanu
BMOCNEeACTBUM HA3bIBATbCA homoHamu. Takmum ob6pa3om, CBET COCTOUT U3 0COObIX
yactuy, — GOTOHOB, ABMMKYLLMXCA B BaKyyMe CO CKOPOCTbiO C. Kaxabi PpoToH
MOHOXPOMATUYECKOrO CBETA, MMEIOLLLErO YacTOTy V, HECET SHepruio hv.



®OTOHbI MOTYT 0BMEHMBATLCA IHEPIUEN N MMMYAbcoM3 c YacTMLAMM BELLeCTBa;
B TaKOM C/ly4ae Mbl TOBOPUM O CMOsIKHO8eHUU GOTOHA U YacTuubl. B yacTHOCTY,
NPOUCX0AMUT CTONIKHOBEHME GOTOHOB C 3/IEKTPOHAMM MeTasN1a KaToaa.

MornoweHne cBeta — 3TO noraoweHne @OTOHOB, TO €CTb Heyrnpyzaoe
CTONIKHOBEHME POTOHOB C YacTMLAMM (aTOMaMU, 3NeKTPoHamm). Mornowasncb npm
CTOJIKHOBEHUM C 3NEKTPOHOM, GOTOH NepeaaéT emy CBOIO 3Hepruto. B pesynbraTe
3NEeKTPOH NONYy4Y4aeT KMHETMYECKYID 3HEpPrMio MrHOBEHHO, a He MOCTEMNeHHOo, U
MMEHHO 3TUM 0bbACHAETCA Be3biHePUMOHHOCTb PpoToaddeKTa.

YpaBHeHne DuHWTeNnHa Ana ¢otoadpdeKTa ecTb He YTO MHOE, KaK 3aKOH
COXpaHeHua 3Heprnu. Ha uTo MAET aHeprva ¢oTOHa hv npu ero Heynpyrom
CTOJIKHOBEHUM C 3NeKTPOHOM? OHa pacxoAyeTca Ha coBepleHne paboTbl BbIxoAa
A NO W3BNEYEHWUID 3SNEKTPOHA M3 BelecTBAa M HA MNpPUOAHME 3S/IEKTPOHY
KMHETMYECKOMN 3Heprum mv>/2:

B .

Cnaraemoe mv?/2 O0Ka3blBaeTCA MAKCUMA/AbHOU KUHETUYECKOW 3Hepruen
$0oTO3/1eKTPOHOB. Moyemy MakcMmanbHOM? ITOT Bonpoc TpebyeT Hebonbloro
NOACHEHMUS.

INEeKTPOHbI B MeTanne MOryT 6biTb cBOOOAHbIMM U CBSAI3aHHbIMU. CBOGOAHbIE
SNEKTPOHbI «TY/IAKTY MO BCEMY METAN/Y, CBA3AHHbIE 3/IEKTPOHbI «KCUAAT» BHYTPU
CBOMX aTOMOB. Kpome Toro, 3neKTPOH MOXKET HaxoANTbCA KaK B6/IM3N NOBEPXHOCTH
MeTanna, Tak u B ero rnybuHe.

ACHO, YTO MaKCMMabHaA KMHETMYECKana sHeprua GoTO3/IEKTPOHA NOAY4YNTCA B
TOM c/yyae, Korga GoToH nonagét Ha CBOOOAHbLIN 3N1EKTPOH B NMOBEPXHOCTHOM
cnoe meTanna — Toraa Ans BblOMBAHMA 3N1EKTPOHA A0CTAaTOMHO OAHOM NULb
paboTbl BbIxOAA.

Bo Bcex gpyrmnx cnyyaax npuaéTtca 3aTpaymMBaTb AOMNONHUTE/NbHYIO SHEPTUID —
Ha BblpblBaHME CBA3AHHOIO 3/1E€KTPOHA M3 aToOMa WM Ha «NPOTACKMBaHWE»
rNyBUHHOrO 3/1IEKTPOHA K NOBEPXHOCTU. ITU INLLHME 3aTpaTbl NPUBEAYT K TOMY, YTO
KMHETUYEeCKana 3Heprua BbleTEBLUETO 3/IEKTPOHA OKaXKEeTCA MeHbLLE.



3ameuaTenbHoe No NpocToTe U GU3NYECKOIM ACHOCTU ypaBHeHMe (4) coaepKuT
B cebe Bcio Teoputo ¢otoadpdekTa. [aBanTe MNOCMOTPMM, KaKkoe 0b6bACHeHue
No/ly4atoT 3aKOoHbl POTOIPPEKTA C TOYKU 3PEHUA YPaBHEHUA DUHLLTENHA.

1. Ynucno  BbIOMBAEMbIX  3/MIEKTPOHOB  MPOMOPLMOHANbHO  YMUCAY
MOrNOWEHHbIX GOTOHOB. C yBENNYEHUEM UHTEHCUMBHOCTU CBETA KOJIMYECTBO
¢doTOHOB, nNagaloWMx Ha Katod 3a CcekyHay, Bo3pacTtaer. CTano 6ObiTb,
NPONOPLUMOHANAbHO  BO3PaCTaeT 4YMCAO  NOTNOWEHHbIX (GOTOHOB W,
COOTBETCTBEHHO, YMC/O BbIOUTbLIX 32 CEKYHAY 3/1EKTPOHOB.

2. Bbipasum 13 popmynbl (4) KWHETUYECKYHO SHEPTUIO:

-ﬂ,eﬁCTBMTeano, KUHETUYEeCKan 3Hepruns BblOUTbIX 3N1EKTPOHOB

JIMHENHO paCTéT C YaCTOTOM U HE 3aBUCUT OT MHTEHCUBHOCTM CBETA.

3aBUCMMOCTb KUHETUYECKOM 3SHEPrum OT 4YacToTbl MMEET BUA, YPaBHEHUSA
npamoi, npoxogsauwen yepes Touky (A/h,0). 3TUM NONHOCTbIO OOBACHAETCA XOA,
rpadumKa Ha puc. 3.

3. Ona Toro, 4ytobbl Hayanca ¢otoadpPeKkT, saHeprum ¢OoTOHA AO0/IKHO
XBaTUTb KAaK MMHMMYM Ha coBepLueHune paboTbl Bbixoga: hv > A. HanmeHbluas
4yacToTa Vo, onpegenaeman PaBeHCTBOM

hvo= A,

KaK pa3 n byaeTt KpacHo rpaHuuein potoadpdekta. Kak BUAUM, KpacHana rpaHuua
doToaddpekTa vo = A/h onpegenseTca ToNbKO paboToi BbiXxoaa, T.€. 3aBUCUT N1LLb
OT Bew,ecTBa 06/1y4aemor NOBEPXHOCTU KaToAa.

Ecam v < vo, To poToadpdeKkTa He ByaeT — cKObKO Hbl GOTOHOB 33 CEKYHAY He
nagano Ha KatoAd. CnenoBaTtenbHO, MHTEHCMBHOCTb CBETA POJIN HE UFPAET; FNaBHOE
— XBaTaeT M OTAeNbHOMY GOTOHY 3HEPrum, YTobbl BbIOBUTb 3NEKTPOH.

YpaBHeHue IiHWTerMHa (4) p[AET BO3MOMXHOCTb  3KCMNEPMMEHTA/IbHOro
HaXOXAeHUA NocToAHHOM MnaHKa. [1na 3Toro Hago nNpeaBapuUTenbHO onpeaenunTb
4acToTy M3ay4eHUA U paboTy BbiIxoAa MaTepuana KaTtoda, a TaKKe U3IMEepPUTb
KMHETUYECKYHO SHEPTU0 GOTOINEKTPOHOB.



B xoze Taknx onbIToB 66110 NOYYEHO 3Ha4YeHUe h, B TOMHOCTM COBMaAatoLLee C
(3). Takoe coBnageHue pe3ynbTaTOB ABYX HE3ABUCMMbIX 3KCMEPUMEHTOB — Ha
OCHOBE CMEeKTPOB TEMJIOBOrO M3/lyYEHMA W ypaBHEHMA DHHWTENHa Ans
doToappekTta — 03Ha4yano, YTo OOHaApy)KeHbl COBEPLUEHHO HOBbIE «NpaBMNa
Urpbl», NO KOTOPbIM MPOUCXOAMT B3aMMOLENCTBME CBETa M BewecTBa. B aton
obnacTn Knaccmyeckasa GU3UKa B MLE MEXaHMKM HbIOTOHA M 3N1EKTPOLAUHAMUKM
MakKcBenna ycTynaeT MecTO KB8aHMoBoU (hu3uke — Teopum MUKPOMMPA,
NOCTPOEHNE KOTOPOI NPOAOIKAETCA U CEroAHA.

DOTOHDI

B pe3ynbTaTe nccnenoBaHma ABNEHUIN, CBA3AHHbIX C B3aMMOAENCTBMEM CBETA U
BewecTBa (Tennosoe usnyyeHne n potoapdeKr), PU3nMKM NpULAK K BbiBOAY, YTO
CBET COCTOUT M3 OTAENbHbIX MOPUMIA 3HEPrMM — ¢pomoHo8. N3nyyeHune ceeTa, ero
pacnpocTpaHeHue U NOrnoLWeHne NPOUCXoAUT CTPOTo 3STUMKU NOPLUAMM.

doToHbl 06napatoT IHEpruer U MMMNYAbCOM U MOryT OOMeEHMBATbCS UMK C
YacTULAMM BeLLecTBa (CKaXKeM, C 3/IEKTPOHAMM UM aTomamMu). Kak Bbl MOMHUTE,
Takolt 06MeH MMNYNbCOM M SHEPrMen Mbl Ha3blBaeM CMosIKHo8eHUeM GOTOHA U
YyacTuubl.

Mpwn ynpyrom CTO/IKHOBEHUWU POTOH MEHSET HanpasBNeHUe ABUKEHUA — CBET
paccemBaetca. [pn Heynpyrom CTONKHOBEHWM GOTOH MOr/OWAETCA OTAENbHOM
4acTMLEN WK COBOKYMHOCTbIO YacTUL, BeW,ecTBa — TaK NPOUCXO4MT NoraoLLeHume
cBerta.

CnoBom, pOTOH BeZET ceba KaKk YyacTvua M NO3TOMY — Hapsay C 3/IEKTPOHOM,
MPOTOHOM W HEKOTOPbIMU APYrMMM YacTULAMKU — MPUYUCIEH K paspagy
3/1eMeHMAapPHbIX Yacmuy,.

dHeprua poToHa

BblpameHme ANA 3Heprnmn d)OTOHa C YaCTOTOM V Mbl y*e 3HaeM:

E = hv. (5)

YacTto 6biBaeT yaobHO paboTaTb He ¢ 0ObIMHOM YacTOTOM V, @ C UMKANYECKOM
YyacToTom w = 2mtv. Torga BBOAAT APYryto NOCTOAHHYO MAaHKa «all ¢ YepTomn»:



.

BoiparkeHue (5) gna sHeprum ¢oToOHa NpUMeT BUA;:
E="w.

®OTOH ABWMKETCA B BaKyymMe CO CKOPOCTblO CBeTa C W MOTOMY ABAAETCA
peaamusucmckol YacTnuen: onncoliBas GOTOH, Mbl S0/1XKHbI NPUBAEKaTb GopmMy bl
TEOPMM OTHOCUTENIBHOCTU. A TaM MMeeTcA Takaa Gopmysia /18 SHepPrumn Tesa macchbl
m, ABUXKYLLLErocs CO CKOPOCTbIO V:

(6)

Ecnn npegnonoxutb, 4to m 6= 0, To popmyna (6) npnuBoAUT K BeccmbicneHHoMY
3aK0YEHUNIO: dHepruAa POoToHA [O0/KHA ObiTb HeckoHeyHoW. YTobObl M3beaTb
3TOro NPOTUBOPEYMA, OCTAETCA MNPU3HATb, YTO MAcCca (OMOHA PABHA HY/HO.
dopmyna (6) nosBonseT caenaTb U bonee obWMIA BbIBOA: MOaAbKO beamaccoeas
yacmuya moxcem 08U2amsCA CO CKOPOCMbIO ceemMa.

3ALAHUSA

CocTtaButb I'IO,CI,pO6HbIl\/'I KOHCNEKT C NO/IHbIM MOHUMaHUEM MaTePUana K 3 MapTa.






