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N3yyeHne 3aKOHOB TEIUIOBOTO U3IYyYEHUsI TMPHUBEIO K Pa3BUTHIO
NpEeACTaBICHU O  TOM, YTO  HCIOYCKaHWE W  MOTJIONICHHE
AIIEKTPOMArHUTHBIX ~ BOJIH  HArpeThIMH  TelaMU  MPOUCXOJAT  HeE
HEMpPEpPhIBHO, a TMOPHUSAMU (KBaHTaMH), BEJIMYMHA KOTOPBHIX MPSMO
MPOMOPIMOHANIbHA YacToTe u3inydeHus. K uucny siBIEHUN, B KOTOPBIX
IPOSIBIISIIOTCS KBAaHTOBBIE (KOPIYCKYJISIPHBIE), @ HE BOJHOBBIE CBOICTBa
U3ITy4YEHUs, OTHOCUTCS BHEIIHUHN (HOTORIEKTpUdecKuit 3(HeKT Uiu mpocTo
dororddexr. Domorghhexmom nazvieaemca npouecc uUcCnycKanus
INEKMPOHOB8  GeULeCMEOM NOO  Oelicmeuem  INeKMmpoOMAZHUMHOZ20
U3J1yueHu.

Pasnuvaror énewnuit v enympennuit  dhorordpdexr. Ilpu BHemHEM
doTodrpdexte MEKTPOHBI OCBOOOKIAIOTCS CBETOM M3 TOBEPXHOCTHOTO
CJIOSI BEIIECTBA U MEPEXO/ISAT B APYTYIO CPENly, B YACTHOCTH B BakyyM. [Ipu
BHyTpeHHeM  GoTodpdexre ONTUYECKH BO30OYKICHHBIC 3JICKTPOHBI
OCTalOTCA BHYTPU OCBEIIAEMOro Tejla, HE Hapyllas 3JIEKTPUUYECKYIO
HEUTpaIbHOCTh mocieaHero. s oOOCHOBaHUS THUIIOTE3bl KBAaHTOBOM
MIPUPObI N3TyUYCHUS OCHOBHOE 3HAYCHUE UMEET gHeuwtHul homoidhghexm,
KOTOpBIN U OynieT paccMoTpeH fanee. Ha ero ocHoBe pa3pabaTbiBaioTCs U
BBIIMTYCKAIOTCSI MHOTOYHCIICHHBIE TIPOMBIIIUIEHHBIE ycTpoiicTBa. Cpenu HUX
MOKHO BBLICTUTh (DOTOIIEMEHTHI, HUCIHOIB3yeMbIe [JIsi PETUCTpaluu
CBETOBBIX TOTOKOB W TPHUMEHSEMBIC B PA3JIMYHBIX OOJACTAX TEXHUKH:
CBSI3M, aBTOMATHKE, TEJIEMEXaHUKE U T. 1.

®otorpdext Obut OTKpHIT B 1887 1. I'epueM, KOTOpBIA OOHAPYKUIL,
YTO TMPOCKAKMBAHWE HCKPHI MEXKIY IHMHKOBBIMHU IIApUKAMH pPa3psTHUKA
MIPOUCXOUT TIPU MEHBIIEM HAIPSHKEHUU MEKIy HUMH, €CITU OIWH W3
IIAPUKOB OCBETUTH YJIbTPA(UOIETOBHIM CBETOM. 3aHATHIH B TO BpEeMs
MCCJICIOBAHUSIMU AJIEKTPOMATHUTHBIX BOJIH, MPEJCKa3aHHbIX MaKCBEIOM,
['eput He oOpaTuin Ha 9TO SBJICHHE Cepbe3HOro BHUMaHuUA. [lepBbie
uccienoBanusi mpuHamaexatr XanbBakcy (1859—1922), Purum (1850—
1921) u B ocobennoctu A. I'. CronetoBy (1839—1896).

C 1888 mo 1889 r.r. CroysieTtoB NPOBOJUT MOAPOOHOE H3yUCHUE
JEHCTBUSL CBETa Ha 3apsHKCHHBIE Tella, Has3biBask dOTH  JICUCTBUSA
AKTUHODJICKTPUUECKUMHU sBIeHUsIMU. OcBemiasi Iyroil MeTaJuTMYecKylo
IUTACTUHKY, OH YCTaHOBWJI, YTO MPH STOM TUIACTHHKA TEPSET 3aps/ TOJIBKO
B T€X CIydYasx, KOorja oHa ObUIa MpeaBapUTEIbHO 3apshkeHa OTPUILIATEITFHO
(T. e. coeguHsANach C OTpHIATENbHBIM ToJtocoM Oatapen B). Ilpu
oOpaTHOM € BKJIIOYEHHUU OaTaped, KOIJa Ha IUIAaCTUHY ToJaBajcs
TIOJIOKUTENBHBIN 3apsa, (OTOTOK He peructpupoBaics. (Cxema ombiTa
npejcTaBieHa Ha puc. 1. Mexay oOkiiagkaMu KOHJIEHCATOpa, COCTOSIIIETO
W3 TOJHUPOBAHHON IMHKOBON MIACTUHKKM C M METaJIMYECKON CETKU Cl,
CO3JaBajach pa3HOCTb INOTEHLHUAIOB ¢ noMompio Oarapen B. Tox Iy,




BOBHHK&I-OHII/If/'I IIpu OCBCUICHUHN IINIACTUHKHU C ,HYFOP'I A, MOI' U3MCPATHCA
raJJbBAaHOMCTPOM G.
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Ha ocHoBanum cBoux m3MepeHuil CTONETOB YCTAaHOBHII CIICTYIOIINE
3aKOHOMEPHOCTH pPacCMaTpUBAEMOTO SIBICHUS. 1) ucnyckaemvie noo
OelicmeueM ce6ema C NOBEPXHOCMU Beujecmed 4acmuyvl UMeronm
ompuyamenvHulll 3HAK, 2) Haubonee 3s¢hpexmusnoe Oelicmeue Ha
domoaghghexm oxazviearom ynempaghuonemosvie yuu; 3) GeIUHUHA
UCNYWEHHO20 MeNoM  3apsda  NPONOPYUOHANbHA — NO2NOUJEHHOU UM
ceemosoll dnepeuu, 4) pomosghpexm sasnnemcs bOe3bIHEPYUOHHBIM
sa6neHuem, T. €. He OOHapyKMBAeTCS 3ama3iblBaHUE B TOSBICHUU
BBUICTAIONINX YacThI] B mHTepBaze 10™° ¢ mocne Hawama ocBemienus. B
1898 r. Jlenapa u ToMCOH M3MEPUIN OTHOUIEHUE 3apsiia K Macce 4acTHll,
nosBIstomUXcst  npu - poroaddekre, wulyyas UX  OTKIOHEHUE B
ANEKTPUUECKUX M MArHUTHBIX ToJAX. OCHOBBIBASCh HA TOJYYCHHBIX
JAQHHBIX, OHW TPUIUIM K BBIBOAY, YTO OTUMH YaCTUIAMHU SBIISIOTCS
DIIEKTPOHBI.

PaccmoTpuM B 00IIMX 4epTax MEXaHW3M BHIOMBAHUS DJICKTPOHOB MPHU
dboroaddexre. Ilpm HSTOM OrpaHUYMMCS  PACCMOTPEHHUEM  TOJBKO
MeTaindeckux Ted. CorimacHO SIEKTPOHHOM TEOPHH DJIIEKTPOHBI B
MeTauie (TOYHee, BaJIGHTHBIC JJCKTPOHBI, 3aHUMAIOIINE BHEITHUE
000JIOYKH) HAXOJATCA B MPSAMOYTOJIHHOM MOTEHIUAIBHON sSIME KOHEYHOM
BBICOTHI Epp (puc. 2,a). [Ipu temmepatype adbcomornoro uHyns 7' = 0 K onun
3aMOJHSIOT B COOTBETCTBMM ¢ mpuHOunoM llaynu  pasnudnbie
HHEPTreTUYECKUE YPOBHU BIUIOTH O HEKOTOPOTO MAaKCHUMAJIBHOTO (HEPTHS
TOTO  YpOBHS  Ha3biBaeTcs odHepruerd Depmu), 00pasys 30HY
MPOBOAUMOCTH. M3 pUCyHKa BHUAHO, YTO PAa3HOCTh MEXKIY BBICOTOU
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MOTEHIUAJIBHOTO Topora Ey Ha rpaHune Metaiia u sHepruen depmu Er
paBHa padome @vixooa A, T. €. MUHUMAJIbHOW HEPTrUU, KOTOPYIO HAJO
3aTpaTUTh, YTOOBI JJIEKTPOH C BEPXHETO YPOBHS BBIBECTH 3a MPEICIIbI
MeTajia.

I[Io CcOBpeMEHHBIM MPEICTABICHUSM DJIJIEKTPOHBI MOJIYMHSIOTCS
cratuctuke @epmu - J[upaka, a UX pacrpeneseHue MO dHEPreTUYeCKuM
YPOBHsIM onHchiBaeTcs QpyHkuueit pacnpenencuus @epmu f(E). Bua stoit
byHkuuM TOKa3aH Ha puc. 2,0. CTymneHuatas KpuBash COOTBETCTBYET
pacnpeneneHnio 31eKTpoHOB mnpu temmeparype I = 0 K. Takoin Bua
KPUBOM 03HAYAET, YTO BCE DHEPTETUUECCKUE YPOBHU, PACIIOTIOKECHHBIC HIKE
ypoBHsi Depmu Ef, 3aHATHI 35ekTpoHamu moiHOCThIO [(f(E) = 1 s E <
Er)], a ypoBHu, jexariue Bbilie ypoBHs Depmu, aOCOIIOTHO CBOOOIHBI
[(f(E) = 0 mna E > Ef)]. dyig METaluIOB THUIWYHBIC 3HAYCHHUS JHCPTHUU
®epmu nmonagaroT B MHTEpBAI 3—6 3B.

[Ipu oTnmyHOM OT HyJs TeMnepaType 1 rpaHula MEXIy 3aHSITHIMUA U
MYyCTBIMU JHEPreTUYECKUMU YPOBHSIMHU 30HBI ONpEJACIIEHAa HE PE3KO
[(mnaBHast kpuBas f(E) Ha puc. 2,0)] u3-3a TOSABICHHUS TEPMHUYCCKH
BO30YKJICHHBIX AJIEKTPOHOB. TEIIOBOE «Pa3MBITHE» TPAHUIIBI 11O MOPSAKY
Beanunbbl paBHo 2KT u mpm komuatHo# Temmeparype I° = 300 K
cooTBeTcTBYeT npuMepHo 0,05 3B, T. €. cocTaBiseT sl METAIIOB OKOJIO
1 % »>neprum E.

[TokMHYTh MOTEHIMANBHYIO SIMYy U YUTH 3a Tpeeibl MeTaaia MOTYT
TOJBKO T€ AJIEKTPOHBI, KOTOpbIE 00JIalal0T JOCTATOYHOM HSHEpPrueit ajis
TOTO, 4YTOOBI MPEOJOJIETh MMOTEHUUAIbHBIM MOpor BhICOTH E;. Ilpu
KOMHATHOM U 0OoJjiee HHU3KOW TemIepaTypax »dJEKTPOHbI HE MOTYT
CaMOITPOU3BOJIbHO TMOKUHYTh TMOTEHIMAIBHYIO sIMYy, TOCKOJBbKY paboTa
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BbIXOJIa A JUIsi METAJJIOB paBHA HECKOJIbKO 3B. UTOOBI 3TO mpou3ouuio,
ANEKTPOHAM,  HAXOJAlUMCA B sIME€,  HEOOXOAMMO  COOOIIUTH
JOTIOJIHUTENBHYIO HEPTrUI0. JTO MOYKHO CHAENaTh, HANPUMEP, OCBEIIAs
METajl CBETOM, y KOTOpPOTO 3Heprus kBaHToB &=hv Ooibiie paboOThbI
Bbixona A. IlonyduB OT majgaroniell CBETOBOW BOJIHBI JIOMOJIHUTEIBHYIO
DHEPIUI0, HEKOTOPBIE AJNEKTPOHBI MOKUHYT METaUl U OyIyT ABUTAaThCS C
pa3HbIMU CKOpOCTAMH. CKOpPOCTh 3JIEKTpOHA MpH 33JaHHOW YacToTe V
OOJIyJaroIiero CBeTa 3aBHCHUT OT TOTO, C KAKOTO SHEPTreTUYECKOTO YPOBHS
OH OB BBIOWT.

OcHOBHBIE = 3aKOHOMEPHOCTH  (GoTodPdeKTa MPOSABIAIOTCA IMPHU
U3YYEHUU 3aBUCUMOCTEM  KOJIMYECTBA MCIYCKAaEMbIX  OCBEILEHHOMN
MOBEPXHOCTHIO MeTa/ia (POTODICKTPOHOB (BEIMYHMHBI (POTOTOKA) M HX
KMHETHYECKUX DJHEPruii OT MHTEHCHUBHOCTHM M 4YacTOTHI I1A/IAfOIIETO
MOHOXpOMAaTHYECKOT0 cBeTa. Takum oOpa3oM, MpU HCCIEAOBAHUU
dorordpdexra HEOOXOAUMO YCTAHOBUTH CBS3b MEXAY XapaKTEpUCTUKAMU
NAJalolero CBeTa W XAPAaKTEpPUCTHKaMU  IOTOKA  BBUICTAOIINUX
(OTORIIEKTPOHOB. VYIPOIIEHHAass CXEMa YCTAaHOBKH, KOTOPYIO MOKHO
UCIIOJIb30BaTh AJ1s u3yueHus potosddexra, mpuBeaeHa Ha puc. 3.

MoHOXpOMAaTHYECKHII CBET C YacTOTOM V M HUHTEHCUBHOCTHIO J
IIPOHUKAET Yepe3 KBAPIEBOE CTEKIIO B OTKAYaHHYIO KOJOy uepe3 Tpyoky T
u ocBemaer karox K, W3roTOBIIEHHBIM W3 MCCIEAYEMOrO MaTepuana.
HcnymenHsle KaTogoM (OTO3IEKTPOHBI MEPEMEIIAIOTCA O JIEUCTBUEM
AIEKTPUYECKOTrO oM K aHoAy AH. B pesynbprare B 3JEKTPUUYECKOM LENH
HOABIAETCS (POTOTOK, BENUYHMHA | KOTOPOTo M3MEPSETCS TalbBaHOMETPOM
A. Hampsokenne V' Mexay aHOAOM W KaTOJAOM  U3MEHSETCS
MOTEHIIMOMETPOM R 1 u3mepsieTcst BOIbTMETpOM V.,
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DKCIEepUMEHTAIBHO OBbLIM YCTAHOBJICHBI YEThIpe 3aKoHa GoTorddexTa.

CornacHo mepBOMY 3aKOHY, Ha3blBaeMoMy 3akoHOM C(ToJeToBa,
senuuuna pomomoka |y npamo nponopyuonanvna unmencusnocmu J
naoawuwiezo na kamoo ceema: lg = a J. Ha puc. 4 npencrasieHa
NHMHEHHas 3aBUCUMOCTh (oToTOKa |, oT mMHTeHcuBHOCTH J. JlaHHYIO
3aBUCUMOCTb MOJYYalT CIEAYIOIIHAM 00pa3oM.
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Karon ocBemarwT MOHOXPOMATUYECKUM CBETOM MpPU  MOCTOSIHHBIX
3HAQUYEHMUSIX YaCTOTHI V U HampspkeHus V Mexay kaToaoM u aHoiom. [lpu
3TUX YCJOBUSX U3MEPSIOT BEIMYMHY (POTOTOKA |4 IIPHU pa3HBIX 3HAYEHUAX
MHTEHCUBHOCTH J MaJIal0IIEro CBeTa.

Bropoii 3akoH ¢oroddexkTa yTBEPKIAAET, UYTO 014 KaAHCO020
seuiecmea Kamooa Cyuecmeyent HauMeHbuas Yacmoma v,, naoau,ezo
ceema, HUuIce KOMoOpou pomorphpekm ne nadawoaemcsa. Ita 4acToTa
Has3bIBAacTCA KpacHoW rpanuuen Qorosddekra. KpacHas rpanmna vy,
pasiinyHa AJis pa3HbIX MATEPUAJIOB U SIBJISIETCS UX XapaKTEPUCTUKOM.

Ili'“ J uV -const

Puc.5
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BrinosiHEHNE AAaHHOTO 3aKOHA TPOBEPSIETCS IMYTEM MOCTPOCHUS
CIIEKTPaJIbHOM XapaKTEepPUCTHKH l4(V), T. €. 3aBHCUMOCTH BEIUYUHBI
(oToTOKa |3 OT YACTOTHI V NAJAIOILETO CBETA IIPH IMOCTOSIHHBIX 3HAYEHHUAX
WHTEHCUBHOCTHU J Majaroniero cBeta u HampsbkeHus V MexIy KaToJoM U
aHojoM (puc. 5).

Bun xpusoii 14(v) 3aBUcHT 0T MaTepuana kaTona. Bennunna poroToka
lo MOXKET U3MEHATHCA ¢ U3MEHEHHEM YacTOThl V CBETA MOHOTOHHO WJIU
UMETh MaKCUMyM IIpH OMNpEJEICHHON YacToTe, yMEHbIIAsCh MO 00e
CTOPOHBI OT MAKCUMAaJIbHOTO 3HAYEHUSI.

Tperunit 3axkoH (orodddexra roBOpUT 0 TOM, YTO MAKCUMATIbHAA
Kunemuueckasn Inepeusa Ty pomornekmponos (HavanvHas ckopocmas)
He 3aeucum om uHmeHcugHocmu J naoarwouiezo ceema.

AHanu3 BONBT-AMIEPHBIX XapaKTEPUCTUK, & UMEHHO 3aBUCUMOCTEU
BeIMUMHBl (poToToka | oT HanpskeHust U Mexay KaroaoM M aHOJOM JJis
HECKOJIbKMX 3HAUEHWUNW MHTEHCUBHOCTH J TMaJaroliero cBeTa Ipu
HEU3MEHHOM 3HA4Y€HMM €ro 4YacTOTbl V, TIO3BOJSET HOATBEPAUTH
BBIMIOJIHEHHE 3TOr0 3akoHa. [IpuMepHBI BHJ MOJOOHBIX 3aBUCUMOCTEN
MIPUBEJICH Ha puc. 6.
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VYyactok AB rtpaduka COOTBETCTBYET TOKY HACBIEHUS |y
dboroannementa. Ilpu sTom cuna Toka mpu V>V,  He 3aBUCUT OT
HaIpsHDKEHUST MEXKIY KaTroJAOM M aHOJIOM, MOTOMY YTO BCE€ 3JIEKTPOHBI,
BBIOMTBIE CBETOM B OOJACTh MPOCTPAHCTBA MEXIY KaTOJAOM U aHOJIOM,
JOCTUTalOT aHOJ1a.

[Ipn nanpsbkeHusx V<V 3JEKTPUYECKOE MOJE MEXAY KaTOAOM U
aHOJIOM HEJOCTATOYHO [iJIi TOr0, YTOOBl MpU JaHHOW TIeOMETPUH
dotornemenTa cobpaTb Ha aHOJAE BCE BBIOMTHIE 3NIEKTPOHBI. CHila TOKa



CTaHOBUTCS MeHbIIE |y, [Ipydem mnpu HyneBOM M J1ake OTpULATEIHLHOM
HaIpsHKEHUW HA aHOJIE CHJIA TOKA OTIMYHA OT HYJS. OTO OOBACHSETCS TEM,
YTO HEKOTOpbIE BBIOUTHIC (DOTOHAMM AJIEKTPOHBI (Npu &=hv) oOnamaroT
JIOCTaTOYHBIM 3allacOM KHMHETHYECKOW SHEPIuM [JIsl TOro, YTOOBI Jaxe B
TOPMO3SIIIEM TT0JIe AOCTHYb aHo/aa (y4acTok rpaduxa CD).

[Ipy  HEKOTOPOM  ONPENEIICHHOW  Pa3sHOCTM  IOTEHLUAJIOB
3aJIep KUBAIOLIETO MMOJsI V3 HAcTyHaeT COCTOSIHUE, KOrja Jake CaMble
DHEPrUYHbIE W3 JETEBIIMX K aHOJY 3JEKTPOHOB, HE KOCHYBILIHCH €rO,
oTOpachIBalOTCS Ha3aj K Karoay. Tok dYepe3 (OTO3IEMEHT IMPU 3ITOM
CTaHOBUTCSl PaBHBIM HYJIO (Touka D rpaduka). PaboTa cun Topmossiero
AIIEKTPUYECKOTO TMOJIS HaJ 3JIEKTPOHAMHM C MAKCUMaJIbHON KMHETHYECKON
DHEPruer B MOMEHT UX OCTAHOBKHM OKOJIO aHOJIa paBHA MPUPAILIECHUIO 3TOU
DHEPIUU:

mv?
0— =< = eV, (1)

B peanbHOM (hOTORNIEMEHTE aHOJ U KATOJ MOTYT OBITh M3TOTOBJIEHBI
U3 pa3nuuHbIX BewiecTB. [losToMy MeXay HHUMH, KpPOME pPa3HOCTH
NOoTeHIHaIOB V, 00yCJIOBIIEHHONM BHEIIHUM HMCTOYHHKOM, BO3HUKAET TaK
Ha3blBa€Masi KOHTAKTHAs pPa3sHOCTb NOTEHUHANOB Viuy. BolbTMerp,
BKJIIOUEHHBIA B CXEMY, UBMEPUTH V oy HE MOXKET. Clie1oBaTeIbHO, TOUKE
D rpadguka cooTBETCTBYET HCTHHHOE HAIPSIKEHUE

Vp =V, +V _ (2)

KOHmM

OcoOeHHOCTBIO PEICTaBICHHBIX Ha pHC. 6 KpuBbIX |4,(V) sBISeTCA TO, UTO
3HaueHue V, ocTaercs TMOCTOSIHHBIM, a 3HA4YUT, Tpax HE 3aBUCHT OT
WHTEHCUBHOCTH J TIaJatoIero CBeTa.

YerBeprhiil 3ak0H (poT0dQdeKTa YyTBEPKIACT, YTO MAKCUMATbHAA
Kunemuueckan Inepun Tn,, pomosnekmponoe (nauanvnas ckopocms)
3aéucum Om 4acmomsl v naoawouieco ceéemda, npuyem 3a6UCUMOCHLb
A61Aemces AUHEUHOU.

BreimonHeHne 3TOro 3akoHAa MOXKHO TMPOBEPUTh, TMOCTPOUB BOJBT-
aMIIEPHYIO XapaKTEPUCTUKY JJIsi (PUKCUPOBAHHBIX, HO Pa3HbIX 3HAYCHUM
YacTOT V MaJIal0IIEro CBeTa U MpU €ro HeM3MEHHOM MHTEHCUBHOCTH J (pucC.
7). W3 mnpuBenennbix kpuBbIX 14(V) BHOHO, YTO MakcUManbHas
KUHETHYECKasi SHEPTUS Tmax (POTOIIEKTPOHOB, CBSI3aHHAS ¢ BEUYUHOM V),
M3MEHAETCS MPU U3MEHEHUU YacTOThl vV mMajaromiero ceera. [Ipuuem uem
OombIlie yacToTa, TeM OOJbIlle KMHETHYecKas sHeprus. (3Haduenuio Vo Ha
puc. 7 COOTBETCTBYET BelnunHa V3, IpecTaBiIeHHAs Ha puc. 6.)
OTKIIOHEHHE JKCIEPUMEHTAILHON BOJBT-aMIEPHOM  XapakTe-
PUCTUKH OT JUHEHHONM Ha ydactke OoT Vo 10 Vs (T. €. oT TOoukH
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BO3HHMKHOBCHUI (1)OTOTOK3 BIIUIOTH A0 HAYaJIbHOI'O Y4aCTKa TOKa
HaCBIHIGHI/ISI) 00BACHSACTCS BO3HUKHOBCHHCM BO3JIC q)OTOKaTOI[a

OTPULIATEIBLHOTO OOBEMHOTO 3apsijia, COCTOAIIETO U3 (HOTOIIEKTPOHOB
MaJIbIX YHEPTHUM.

J 1 » -const

Puc.7

B nuneitHoMm xapaktepe Tmax(V) MOXHO yOETUTHCS, €CIIU MOCTPOUTH
3aBUCHUMOCTB a0COJIFOTHON BEJIMUMHBI 3aITUPAIOIIETO HAMIPSIKCHUS |V0| oT
gacToThl V. 11 yOeauTenbHOCTH Ha puc. 8§ MpeAcTaBlieHa MOJI00Has
3aBHCHUMOCTh KUHETHUeCKOH SHeprud (Tma=eU,) (dOTO3IeKTpOHOB OT
YaCTOTHI.

U
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W3 rpaduka JIerko ONMpeaesIsaioTCsA M KpacHas TpaHMIla, W pabora
BBIXOJIa, U TocTostHHAs [lmanka. OTMETHM TOJIBKO, YTO yroJl 0. HaKJOHA
NpsSIMO¥ HE 3aBUCHT OT MaTepHralia, M3 KOTOPOro u3rotosiieH karoa (tga=h).
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Heobxoaumo 3aMeTuTh, YTO B paMKaxX KJIACCHYECKOTO BOJIHOBOTO
MOAX0Ja K HM3JIYYCHHIO HEBO3MOXXHO OOBACHUTH 3aKOHBI (hoTorddekra.
CornacHoO BOJIHOBOM TEOPHH 3JEKTPOHBI B METAJUIE, U3 KOTOPOro CIEJIaH
KaTo/l, IO/ JIEWCTBUEM MAaJArolIel dJIEKTPOMATHUTHOW BOJIHBI COBEPIIAIOT
BBIHYKJICHHbIE KOJICOAHUS ¢ aMILUIUTYAOU, MPONOPIUOHAIBHON aMILIUTY/E
3TOil BOJHBL. [Ipu pe3oHaHce MeEXTy COOCTBEHHBIMU KOJICOAHUSIMU
JJIEKTPOHA M KOJICOAHMSIMHU TaJaloliedl BOJHBI aMIUIMTYAa KoJeOaHMi
AJIEKTPOHA CTAHOBUTCS OOJIBIION, YTO MOXET MPUBECTU K Pa3phIBY CBSI3U
AJIEKTPOHA C METAJJIOM U BBIXOAY €r0 HapyXy ¢ HEKOTOPOW CKOPOCTBIO V.
Kunernueckas sHeprus 1, DJIEKTPOHA, ONPEAENSIOMIAs 3Ty CKOPOCTH,
3aMMCTBYETCS Y MAJIAIOIICH BOJIHBI, & €€ BEJIMYMHA HAXOAUTCA B MPSIMOU
3aBUCUMOCTH OT WHTEHCHUBHOCTH J 3TOH BosiHBL. HO 3TO mpoTuBOpeuuT
JEUCTBUTEITLHOCTH, MOCKOJIBKY OT MHTEHCHUBHOCTH J Tajaronieil BOJIHBI
3aBUCUT TOJBKO YHCJIO BHIOMBAaEMBIX (DOTORNIEKTPOHOB (MEPBBIA 3aKOH
dbotoddderra), a KUHETHYECKASA IHEPIrUs IJEKTPOHOB He 3aBHCHT OT
UHTeHCUBHOCTH _J (Tpetwii 3akoH). Kpome Toro, c¢ mno3uinmii
AJIIEKTPOMArHUTHOM TEOPUU CBETa HEJb3sI OOBSCHUTH U BTOPOW 3aKOH
dboToaddexra.

B 1905 r. DiHmTENH MMOKa3aj, 4TO BCE OCHOBHBIE 3aKOHOMEPHOCTH
doTodpdexra erko oOBACHIIOTCA C KOPIYCKYJISIPHOW TOYKM 3PEHHS Ha
usnydyenne. OH pa3Bui ujaen [lnanka v npuien K BEIBOAY, YTO U3IIyUYECHHE
UCITyCKAeTCs, PACHPOCTPAHSIETCS M TMOMVIONIAETCS TOJBKO KBaHTaMHU C
sHeprue AE = hv. IHBIMHU CJI0BaMH CBET YaCTOTOH V HE TOJBKO IMOKUIACT
aTOM B BHJI€ NOPUMM DHHEPrud, paBHOW hv, HO W B JanbHelIeM
pacnpocTpaHsieTcsi B MPOCTPAHCTBE M BCTYNMAET BO B3aMMOJCHCTBUE C
BEIIECTBOM B BHUJE TAKOW IMOPIMH, JIOKAIIM30BAHHON U MEPEMEIIAIOIICHUCS
KaK II€JI0O€ CO CKOpPOCThIO CBeTa. Takue 4YacTullbl NPHUHATO HA3bIBATh
domonamu.

OHeprus (poToHa 3aBUCUT OT €ro 4acToThl U paBHa hv. C sHeprueit €
dboTOHa HeEpa3phIBHO CBS3aHA €ro macca M, TPUYEM YHCIECHHOE
COOTHOILICHHE MEXIy € M M gaercs BepaxeHmeM e=mc”. Ha stom
OCHOBAaHMH Macca (POTOHA ONPEAEISIETCS BBIPAXKEHUEM

m=hv/c?.

Tax kak (OTOH HBIKETCS CO CKOPOCTBIO  CBeTa, TO OH oOOJiajgaer
UMITYJIbCOM C a0COJIFOTHOM BETUYMHOM

P=mc=hv/c
U HallpaBJICHHEM, COBIAJAIONIMM C HaIlpaBJICHUEM PpaclIpOCTPAHEHUs
BOTHBL. TakuMm oOpa3om, sHeprus ¢oToHa paBHa hv, ero macca paBHa
hv/c?, BenmunHa ero uMmyssca pasta hvl/c.
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[To runore3e DUHIITEHHA B MOHOXPOMATHYECKOM CBETE YaCTOTOU V
BCE KBaHTBl MMEIOT OJMHAKOBYIO 3Hepruto e€=hv. [lornomienue nopuuu
CBETAa TPEJACTABISCTCS Kak TMOIJIONIEHUE OJHOro (OTOHA OJHHUM
anekTpoHoM. [Ipu 3ToM (HOTOH mepenaeT BCIO CBOIO PHEPIHUIO AIIEKTPOHY
(cuuTaercsd, 4TO BEPOSITHOCTh MOTJIOLIECHUS 3JIEKTPOHOM OJIHOBPEMEHHO
IBYyX U Oonee (POTOHOB HUUTOKHO Masia).

B3auMozaeiicTByss ¢ JIEKTpOHOM  MeTaia, (OTOH  MOXKET
OOMEHHMBATBCS C HHUM DJHEPIHE U UMITyJIbCcOM. Takod mporecc
B3aMMOJICUCTBUS HANIOMHHACT yAap MIapoB, W TO3TOMY €ro o0pa3HO
HA3BIBAIOT cmoakHoGeHUueM. DoTod(hGheKT BO3HUKACT TPH HEYHpPy2om
cmoaknosenuu PoToHa ¢ IeKTpoHoM. [Tpu TakoM cTonKHOBEHNU (POTOH
MOTJIONIACTCS, a €r0 DHEPTus IepemaeTcs IEKTpoHy. TakuM oOpazom,
AJIEKTPOH MPUOOpPETAeT KWHETUYECKYI0 DHEPrui0 HE TMOCTENEHHO, a
Cpazy—B pe3yJibTaTe€ E€JUHOT0 aKTa CTOJKHOBEHHUS. DTHUM U OOBSCHACTCS
bezvinepyuoHHocms hoTodrdhdexra.

OHeprusi mnoriomnaeMoro (OToHa MOXXET 3aTpaurBaThCS HAa OTPHIB
ANEKTPOHA OT aroMa BHYTpU MeTauia. OTOpBAHHBIM JJIEKTPOH MOKET
B3aMMO/JICHCTBOBaTh C aTOMOM BHYTPU METajuia, TEPSs CBOIO SHEPTUI0 HA
Ter1o. MakCuMalbHOW PHEPryuei BbUICTEBIINN 3JIEKTPOH OyJeT 00y1anath
JIUIIb, €CJIU BHYTPHU MeTaJljia oH OyJieT CBOOOEH, T. €. HE CBS3aH C aTOMOM,
a Mpu BbBUIETE HAPY)Ky HE OyAeT pacxoJoBaTh HHEPrUIO0 Ha Temio. B atom
cllyyae KHUHETHYecKass JHEprusi dJEKTPOHA TPaTUTCS TOJBKO Ha
MPEOIOJICHUE 3a/ICP’KUBAIOIIUX CHUJ, JEHUCTBYIOIIUX B IMOBEPXHOCTHOM
CJI0€ METallia, T. €. Ha pabomy 8blxX00d.

Bo3Hukaer BOMpoc: Kak MOMXKET «CBOOOJHBIM 3JEKTPOH B METAJLIE»
nornotuth (HoToH? JlaHHOE YTBEP)KIEHHE HECOBMECTHMO C 3aKOHaAMU
COXpaHEHHUs PHEpPruu U uMmiyibca. Ha camoMm zene mpoTUBOpEUHs HET, Tak
KaK «CBOOOJHBIN AJIEKTPOH B METAJIe» B JICUCTBUTEIHLHOCTA HE CBOOO/IEH.
OnH kak OblI 3amepT B MOTCHIMAIBLHOM SIIUKE, BOJM3U CTEHOK KOTOPOTO
JIEeUCcTBYET 3anepxuBaroiee nosue. OTOH B3aMMOAEHCTBYET HE TOJBKO C
AJIIEKTPOHOM, HWMEET MECTO B3aMMOJIEUCTBHE OO0EUX HJTUX YaCTHI[ C
MeTaUIOM B 1enoM. lIpu B3amMOAEHCTBUH K€ TpEX TEN 3aKOHbI
COXPAHEHHSI PHEPIUU W HUMIYJbCAa MOTYT BBINOJHATHCS OJHOBPEMEHHO.
Nmnynbe ¢GoTOHAa BOCHPUHUMAETCS KakK JJIGKTPOHOM, TaK M METaJIOM,
SHEPIuUs Ke NEPEAACTCS TOJBKO AJEKTPOHY, TaK KaK Macca METAJJIa MOXKET
CUMTATHCSI OECKOHEUHO OO0JBILIOMN.

3aKOH COXpaHEHMS SHEPruu IPH MOIJIOMEHUH (OTOHA BBIpAXKAETCS
YpPaBHEHHUEM, KOTOPOE€ HA3bIBACTCA ypaBHEHHWE OUWHINTEWHA  [JId
doTtordexra:

hV:P1+ PZ + TKuH ) (3)
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rae Py — Heprus oTphiBa dJEKTPOHA OT aroma (dHEprus MOHU3aluu), P, —
paboTa BBIXOJIa DJJIGKTPOHA 3a TMpeAesibl TMOBEPXHOCTU Tena, Iy
KHUHETUYECKask dHeprus 3eKTpoHa. CorjacHO 3TOMY YpPaBHEHHIO SHEPTHUS
(GboTOHA, MOTJIONIEHHOTO 3JIEKTPOHOM, TPATHTCS HA OTPHIB DJIEKTPOHA OT
aToMma, Ha paboTy MO BBIXOAY AJIEKTPOHA 3a MpeJIebl TOBEPXHOCTH Tela U
Ha  COOOIIEHHE  DJIEKTPOHY  KUHETHYECKOW  SHEpruu.  MeTtaisl
XapaKTEPU3YIOTCA TEM, YTO y HHUX HMeeTcs OO0JbIIOE KOJIHYECTBO
CBOOOJHBIX 3JIEKTPOHOB, MOATOMY cuutaercs, uro P; = 0. O6o3naunm P,
gepe3 A, Toraa sl MeTauioB U3 (3) OKOHYATENBFHO CIICAYET MPUBBIYHAS
s Hac ¢opMa 3amMcd ypaBHeHMsl JiHIITEHHA Ui BHEIIHEro
(porodekTpuyeckoro g dexra:

hv=A+T . (4)

Onunpasch Ha KBAaHTOBBIM MOJAXOJ K W3JIyYECHUIO U YPAaBHEHUE DWHILITEHHA,
MOXHO CJICAYIOIHUM 00pa3oM OOBICHUTH 3aKOHBI PoTodPdekTa.

llepsvlil  3aKOH: KOJIMYECTBO BBIOMTBHIX 32 €IUMHULY BpPEMEHH
(OTORJEKTPOHOB, OMPEESIAIONUX BeIUYMHy (HoTOoTOKA |, TOMKHO OBITH
IPsIMO MPOTOPIIMOHAIIBHO KOJIMYECTBY MaJarolIuX 3a 3TO BpeMs (POTOHOB,
KOTOPbIE XapaKTepU3yIOT UHTCHCUBHOCTh U3IyUYEHUS J.

Bmopoii 3axon: $otordHekT uMeeT MECTO TOJILKO MPHU YCIOBUH, UTO
hv > A (ans meramia). DT0 03HAYaeT, YTO CYHICCTBYET MHHHUMAJIbHAs
4acToTa Vi, (KpacHas TrpaHuma) hvg, =A, 1 KOTOpOH eIe MOXeT
HaOmr01aThes HOTOIPDEKT.

Tpemuii u uemeepmbvii 3aKOHbl: U3 YPABHEHUA ODUHILITEWHA BUJHO,
YTO KUHETUYEeCKass DSHEeprusi Tma DJIEKTPOHOB HE  3aBUCUT  OT
MHTEHCUBHOCTU J, a 3aBUCUT OT YacTOThl V MAJAIOLIEro CBETa, MPUYEM,
JIMHEWHO.

OtmeTnm, 4TO ypaBHEHUE OWHIITETHA JOITyCKaeT
AKCIIEpUMEHTAJIbHYI0 MpoBepKy. HawmOonee TouHas mnpoBepka Oblia
BBINIOJTHEHA JIYyKHUpCKUM M 3aKiIioyanach B TOCTPOCHHM 3aBUCHUMOCTH
aOCOJIIOTHOM BEJIMYMHBI 3alAPAIOIIETO HAMPSHKEHUS |V0| OT YacCTOThI V
TMaJIarolero ceeta (cM. puc. 8).

OpHoit M3 BaXHEWUIIUX XapaKTepUCTUK Qorosmutrepa (T. €.
dboTokarona) sABIAECTCS €ro KBaHTOBasi 3(PeKTHBHOCTH (KBAHTOBBIH
BbIxoa) Y . Ilycte Ha QoToAMUTTED TagaeT B €AUMHUILY BpeMeHu N >> 1
¢otonoB. Torma YHCIO  DJIEKTPOHOB Ng,  HUCIYCKAEMbIX  ATUM
(GOTOPMUTTEPOM 32 €AUHUILY BPEMEHHU, PABHO

n,=Yn. (5)

e
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Ecimu »sHeprus (oToHa MeHBINE 3HAYCHHUSA, COOTBETCTBYIOIIETO
KpacHoU Tpanurie ¢oTtodddeKkra Vo, KBAHTOBBIM BBIXOJ PaBEH HYIIIO
(@ddext He HaOmomaercs). Ilpuw yBemWueHMM dYacTOTBI CBETa V>V
KBAHTOBBIM BBIXOJI OBICTPO PACTET, JOCTHTas MaKCUMyMa MPH HEKOTOPOU
4acTOTE V1, 3aT€M YMEHBINACTCS; TIPH €1lle OOJIBIIEM POCTE YaCTOTHI MOXKET
OIISITh HAOMIOMATHCS MEIJICHHBIH POCT KBAHTOBOTO BBIXOJA. YKa3aHHBINA
XapakTep 3aBUCHMOCTH Y (V) CBs3aH C JHEPreTHYCCKHUMH COCTOSHHSIMHU
CBOOOJHBIX AJIEKTPOHOB U HaO/r0AaeTcs y MetaiioB. s OonblIMHCTBA
METAJIJIOB MaKCUMaJbHOE 3HaueHHe BenuuuHbl Y He mpesbimaer 0,1 mpu
sHeprun  ¢otoHa hv=(10—20) »B. Kpome Toro, kpacHas TrpaHHIIA
dotorddexra AN METOYHBIX METAJUIOB COOTBETCTBYET 3Hepruu (HoToHa

& ~3+55B, a mnd ocTambHBIX MeTawoB eme Oonbire & *10+15 »B.

Cka3zanHoe 03HAYaeT, 4TO METAJUTNYECKHE (boTOPMUTTEPHI
HEe(OTOUYBCTBUTEIbHBI B BUJIMMON 00JIaCTU CHEKTpa U, KPOME TOTrO,
MMEIOT MaJblii KBAaHTOBbIM  BbIxoA. Ilo3TOMy dYuCTBIE MeETaJUIbI
NPAaKTUYECKA HE HUCHOJB3YIOTCS B  KadecTBE (POTOIMHUTTEPOB B
AIIEKTPOBAKYYMHBIX MTPUOOpaX.

O¢ddextuBHble  POTOAMUTTEPHI B  BHAUMOM M OJMKHEH
yIbTpadUOICTOBOM  00JacTAX  CHEKTpa  CO3laHbl  HAa  OCHOBE
MOJIYNPOBOJHUKOBBIX MaTepuayioB. [Ipu 3TOM clenyeT OTMETUTb, 4YTO,
nepexoiss OT METAUIOB K TMOJYIPOBOJAHUKAM, HYKHO MPUMEHSTH B
ypaBHEHUU DUHIITEHHA BMECTO pabOTHI BbIX0JIa Ag Apyryto sHepruto W —
nopor ¢orodpdexra :

hV= W+ EKI/IH MaKc (6)

OT0 CcBs3aHO ¢ OoJiee CIOXKHBIM, YEM Y METaIOB, XapaKTEpPOM
DHEPreTUYECKUX  COCTOSHHMM  DJIEKTPOHOB,  CIIOCOOHBIX  TOKHUHYTh
nonynpoBogHuk 1pu  dorodddexre. CylllecTBEHHOE BIHMSHUE Ha
(dboTOAIMHUCCHIO OKa3bIBAIOT MPUMECh, JOOABJICHHAs] B MOJYMPOBOAHHK, U
COCTOSIHHME €T0 MOBEpXHOCTU. [Ipu HMCTONB30BaHUM TOYTPOBOIHUKOBBIX
(OTOAIMUTTEPOB yAAaETCA YBEIUYUTh MaKCHMAIIbHOE 3HAUEHUE KBAHTOBOTO
BbIX0J1Aa Ymax 10 0,5 npu nopore gpororpdexra W =1+2 3B.

KopmyckynsipHsie cBoiicTBa (pOTOHA HE JOJKHBI 3aCJIOHUTH TOT (hakKT,
YTO JJIS OTPOMHOTO KpyTa SIBJICHUI BOJHOBBIC MPEICTABICHUS OKa3aJIUCh
B BBICIIIEH CTEMEHU TIJI0JIOTBOPHBIMU, TaK Kak W B siBIeHUU (HoTod(dekTa
€CTh  4YepThl, TOBOPAIIME B TMOJb3y KIACCUYECKUX  BOJIHOBBIX
NpPEJCTaBICHUA O CBETe. DTU YEepPThl OCOOCHHO OTYETIMBO MPOCTYIMAIOT
MIPU KCCIEAOBAHUH 3aBUCUMOCTH CUJIBI (DOTOTOKA OT JUTMHBI BOJIHBI. J[7st
WCCJICIOBAHMUSI  3aBUCHMOCTH CWJIBI  (JOTOTOKa OT JUIMHBI  BOJIHBI
HEOOXOMMO OTPENETUTh CUITYy TOKa HACBHIIICHUS, KOTOpas COOTBETCTBYET
BIIOJIHE OMPEEICHHOW SHEpruu naaarouiero ceera. Ecim mo ocu opauHat
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OTJIOKHUTL CHJIY TOKA HACBINICHUA, OTHCCCHHYIO K HOFHOIueHHOﬁ Hy‘{I/ICTOﬁ
9HCPIUH, a 110 OCHU 3.6HI/ICC —/JIMHBI BOJIH , TO JaHHas 3aBUCHUMOCTDB 6y,Z[€T
UMCTb BU/, HpCHCTaBHCHHLIfI Ha puc. 9.

A.

M~

Domamon

Puc.9

W3 mpeacrtaBieHHOT0 pHUCYHKa BHAHO, YTO KpacHas TpaHUIA
COOTBETCTBYET A=A¢ W C YMEHBIICHHEM JJIMHBI BOJHBI CHJIAa TOKAa Ha
€IMHUILYy TIOTJIONMIEHHONW PHEPTHH BO3pacTaeT. JTO O3HAYaeT, YTO CBET C
Oonee KOPOTKOM JUIMHOW BOJHBI Oosiee 3¢ddextuBeH. Ilpu sTOM
HEOOXOJMMO TPUHATH BO BHUMAHHE W TOT (DaKT, 9TO YeM KOpodYe JIhHA
BOJIHBI aJJalOIIETO CBETA, TEM MEHbIIE KBAHTOB COACPKUTCS B €AUHMIIC
HOTJIOUICHHON SHEPIUH.

OpHako ONBIT MMOKA3aJl, YTO X0/ 3aBUCUMOCTH, U300paKeHHBIN Ha pucC.
9, He Bcerja UMeeT MecTo. Y psja METALIOB, OCOOSHHO IMICIOYHBIX, IS
KOTOpBIX KpacHas TpaHHUIa  JIOKUT JaleKo B BUAMUMONM M Jaxe
uHppakpacHoil  o0jacTM CHEKTpa U KOTOpbIE,  CIIEJOBATEIbHO,
YyBCTBUTEIbHBl K INUPOKOMY WHTEpBaly [JIMH BOJH, HaOmIOmaeTCs
Clleyromas OCOOEHHOCTh: CHJIa TOKa MMEET pEe3KO BBIPAKEHHBIN
MaKCUMyM JJisl OTPEACIEHHOTO CIEKTPAIbHOTO ydacTKa, OBICTPO crajaas
1o 00e ero CTOPOHbI (cesteKmueHlil, U uzoupamenvuwlil, GotodhPexr,

puc.10).
4

N\

Somomor
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CeleKTUBHOCTDh (POTODIEKTPUUECKUX SIBIICHUH OUYEHb HAIOMHUHACT
pe3oHaHcHble A(hdekThl. [leno oO0CcTOMT Tak, Kak OyATO SJEKTPOHBI B
MeTaJie 00JaaroT COOCTBEHHBIM IEPHOJOM KojeOaHWud, W 10 Mepe
NpUOJIFKEHUST Y9acTOTHl BO30YXKIAIOMIETO CBETa K COOCTBEHHOW YacTOTE
DJIGKTPOHOB aMIUIATY/Ia KOJICOaHW WX BO3pacTaeT M OHH IMPEOIOJEBAIOT
paboTy BBIXOJA.

OTtMmeTuM, OHAKO, UTO SBJICHUE CEIEKTHBHOTO (oTOd(PdeKTa CHIILHO
3aBHCUT OT HAIpaBICHUS NOJSpHU3AIMM CBEeTa W yrua maaeHus. Eciu
NaJalouid  CBET TMOJIAPU30BAaH TaK, 4YTO DJIIEKTPUUYECKHI BEKTOP
napajuienen 1miockoctd nanenus (Ej), Tto sddekr pesko yCHIHBAETCS
(puc.11.). HaoGopoT, npu noBopoTe MIOCKOCTH MOJISIpU3alUKA HA 90° (EL)

S O

Puc.11

CEeJIEKTUBHBIN (PoTord(dexT ncuezaer. B mepBom ciydae 3JIEKTpUYECKHI
BEKTOP  MMEET COCTaBIIAIONIYI0, MEPHNEHIUKYISIPHYIO K TMOBEPXHOCTH
MeTasuia, BO BTOpOM—HeT. Jlerko 3aMeTuth, 4uTo 3Ta cocTaBistomas Eg
BEKTOpA JJIEKTPUYECKOTO mois E|, mepnenaukyiapHas K MOBEPXHOCTH
MeTaia, TeM Oousblie, 4eM OJKe yroi majieHus CBeTa K IpSIMOMY, U
CJIEIOBATENIbHO, BEJIMYMHA CEJIEKTUBHOTO MAaKCUMyMa PE3KO BO3pPACTAET MO
Mepe yBEJIUYEHUS yIJia NaJeHus.

CenextuBHBIM (HOTOIPGEKT ABISIETCS MPSMBIM IKCIEPUMEH-
TaJbHBIM CBHUJIETEIBCTBOM NPUMEHUMOCTH TIOHATHS TNOJSpHU3ALUHU K
otaenbHOMYy (oTOHY. DOTOH HENb3s MPEACTaBUTh cede KaK MPOCTPaHCT-
BEHHO pacIpeesIeHHbI 00BEKT, pa3InYHbIE YACTH KOTOPOrO HAXOMSTCS B
pa3nuYHbIX 00JacTAX (MM TOYKax) MpocTpaHcTBa. Henb3s mpeacTaBuTh
cebe (POTOH KaKk HEKOTOPYI0 00JacTh MPOCTPAHCTBA, 3aIlOJHEHHYIO
AIIEKTPOMArHUTHBIM moeM. Henb3st cooTHecTH ¢ (POTOHOM HANpPSKEH-
HOCTb AJIGKTPUYECKOTO MJIM MAarHUTHOTO TOJISl, KOTOPBIMU XapaKTepu3yeT-
Csl DNIEKTpOMarHuTHas BosiHa. OH sBIsETCS KBAaHTOBBIM OOBEKTOM, KOTO-
pbiii Henb3s ce0e NPEeACTaBUTh C IOMOIIBI0 KIACCHYECKHX OOpa30B.
[ToaroMy MBI BBIHYXKIEHBl ONMCHIBaTH (POTOH C HCIOJIB30BAHUEM



15

KBaHTOBOM MoJeNH, KOTOpasi MpaBWIbHO ONMCHIBAET HE TOJIBKO
OTHENbHbIE (u3nueckue (akTbl, HO M BCIO COBOKYIHOCTbH SIBICHHUU
aTOMHOTO M Cy0aTOMHOI'O MHUpa.

B 3aknrodyeHue paccMOTpUM pelIeHHE JBYX THUIOBBIX 3aJad IO
JTaHHOU TeMe.

3agaya Ne 1. Ompenenutb CKOPOCTHh (POTOAIEKTPOHOB, BHIPHIBAEMBIX
C TIOBEPXHOCTH cepebpa yibTpadHuoIECTOBBIMH JIy9aMH C JUTHHOW BOJHBI
A=0,155 MkMm u y-mydamu ¢ anuHON BOHBI A,=0,001 HM.

Pemenne. CkopocTh (HOTOZJIEKTPOHOB MOYKHO ONPEIACIUTh W3
ypaBHeHUs DiHIITeHA 1151 poTodrddexTa:

hv=A + T

1. Omnpenenum »sHepruto (oroHa mo dopmyne: ¢=hc/A. s
ynbTpaduoneToBbix Jyded (A=0,155 MkM) 3Ta »HEprusi OKa3bIBaeTCs
paBHOU

6,62-10°*.3.10°
& = -
155-10
Tak xak nosiyueHHasi sHEpTrus (OTOHA MHOTO MEHBIIE SHEPTHH MOKOS
anekTpoHa (0,51 M»aB), To kuHeTnyeckast 3Heprusi GOTOINEKTPOHA MOKET

Tie=1,28-10" Jac =8 »B.

2
mgyVv
OBITh BbIpOKEHa IO KJIACCHYECKOW Qopmyre 5 > OTKyJa
2(81 _A) o
L= m— NnJIn ITIOCJIC IIOJACTAHOBKHA YHUCIIOBBIX 3HAYCHUU
0

okoHuaTenbHO momyanm: V=1,08*10° m/c.

2. BbIuucIuM 9Hepruio (poToHa y-mydeit: £=1.99*10" x=1,24 M»B.
PaGora BbIXOma dotoanekrpona (A=4,7 3B) npereOpexxumMo Mana 1o
CpPaBHEHUIO C DHEprueil (QoToHa, TMMOITOMY MOXKHO MPHUHATH, UTO
KMHETHYECKasi SHEPTHU JIEKTPOHA paBHA dHEPTruu GoToHa. Tak Kak B 3TOM
cilydae KUHETHYECKas YHEPTUs AJIEKTPOHA OOJIbIIE ero dSHeprun nokos Eog,
TO JUIi  BBIYUCJICHHUS CKOPOCTH  (POTORJIEKTpPOHA  CIIEyeT  B3STh
PENATUBUCTCKYIO (DOPMYITy KHHETHYECKON YHEPTHH:

1 (2E,+T)T
r=k, (—2 -1 , OTKyla CIJeIyeT, 4To — = . ¢
1— 9 / ) EO +T
C

[TocIie OACTaHOBKU YUCIOBBIX 3HaYennii —Vv=2,85*10° m/c.

3apaua Ne 2. B sBnenuun dortodddexra 37IeKTpOHBI, BEIPHIBAEMBIC C
TMOBEPXHOCTH MeTala H3dydeHmeM dactoToi 2*10"° T, momHOCTBIO
3aJ€P>KUBAIOTCS TOPMO3SIIIUM IIOJIEM MPU PA3HOCTU MOTEHIMaIoOB 7 B, a
npu uactore 4*10" I'i—npu pasHocTH noTeHimanoB 15 B. Ilo sTum
JTAHHBIM BBIUMCIUTH NOCTOsIHHYIO [1nanka.
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Pemenue. Tak kak BBUICTEBIINE C IMOBCPXHOCTHU MCTAJLJIa 3JICKTPOHBI
IMOJIHOCTBIO 3aJACPKUBAIOTCA TOPMOIAIIUM ISJICKTPUYICCKUM IIOJIEM, TO

U3MEHEHHE HX KHHETUYECKOM OHCPIUKU PABHO pa60Te AJICKTPUICCKOT'O
2

I1OJIA: =eU . VYuureBas 3TO O6CT05IT€JILCTBO, 3allUCbIBACM YPABHC-

HUE DWHIITEHHA ISl IBYX paccMaTpUBaeMbIX cirydaeB Gpotodddekra:
hv,=A +eUy,
hv,=A +eU, .
Pemrass  COBMECTHO 3Ty  CHCTEMY  ypaBHCHMH,  HAXOIHUM:
_ e(U 2 U 1)
Vo=V
nomyanm: h=6,4*10"* Ixc*c.

h

. Ilocae IIOACTAaHOBKHM YHCJIOBBIX 3HAQUCHUIN OKOHYATEIHLHO

KoHTposbHBIE BONPOCHI

1. Yro Takoe BHentHuM GoTodrdpdext?

2. Kakoe ypaBHEHHE TTPEIITIOKEHO ISl KBAHTOBOTO OTIMCAHUS BHEIITHETO
dbororddexra?

3. [Nouemy mpu GpotodddexTe IPKO MPOSBIAIOTCS KOPIYCKYISIPHBIE
CBOMCTBA CBETA?

4. OObsicHUTE BCE OCOOCHHOCTH BOJIBT-aMIIEPHOIN XapaKTEPUCTHKU MPU
dbotoaddexre.

5. Chopmynupyiite 1 00BSICHUTE 3aKOHBI BHEITHETO (hoTodPdekTa.

6. B ueM mpenmyIiecTBo MOJIyImPOBOJHUKOBBIX (POTOIMUTTEPOB MeEpe]]
METAJUTUYECKUMU?

7. Kakue n3aMeHeHus B ypaBHEHUE DWHINTEHA HAJI0 BBECTH, €CIIU OHO
MPUMEHSIETCS K MOTYIPOBOTHUKOBOMY (DOTOIMUTTEPY?

8. OObscHuUTE sABJICHUE CEICKTUBHOTO (poTorddekra.
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