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3.2. B3PbIBHAA SMUCCUA

Kak mpaBmio, TOKM 37IeKTPOHHBIX ITyYKOB, MCIONb3yeMbIX B MOLJHBIX
97MeKTpoHHBIX npubopax CBY, coCTaB/IAIT OT HECKOBKUX eIVHNUL] 10 He-
CKOJIBKIMX ecATKOB amIiep. OpHako nosasienne Hosoit BeTBu CBY anexTpo-
HUKM — TaK Ha3bIBaeMoit pensatuBuctckoii CBY anextponnku, morpe6oBano
paspaboTku mpuboOpoB ¢ yckopsomymu HanpspkeHusmn U~1-10 mera-
BOIbT U ToKamu I~1-10 xkmumoammep (Hepr,T_LHO MOACYUTATh, YTO MOIII-
HOCTb COOTBETCTBYIOILETO 3/IEKTPOHHOIO ITy4Ka MOXKET TOIJA JOCTUIATh
10°-10"" Br). Takue cucTeMbl BOCTPeOOBAHBI B YCKOPUTENIbHON TEXHMUKE,
CIICTeMaX HAaHOCEKYH/IHOJ pafiMO/IOKALIMM BBICOKOTO paspelleHNs U psfe
opyrux. Peammsanusa Takmx TOKOB CTaja BO3MOXKHOI IIOCTI€ OTKPBITUS Ha
pybexxe 70-X rOfOB IPOLITIOTO CTONETHs sIBJIEHVSI B3PbIBHON SMICCHY, I10-
CITY>KMBIIIETO OCHOBOJ /IS pa3pabOTKM TaK Ha3bIBAEMBIX KOAKCHMATbHBIX
muonoB ¢ MarHuTHON m3onsnueir (KOMW). KIMMU npepcrasnsier us ceds
CUIbHOTOYHBIN YCKOPUTETIb 97eKTPOHOB, CXeMa KOTOPOTo M300pakeHa Ha
puc. 25.

MA3MA 13 MOHOB
W 3NEKTPOHOB
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- TPAHULIbI
OBIIACTb B3PbIBHOM BNEKTPOHHOrO
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«MIOEAMNbLHAS» NOBEPXHOCTb TBEPAOTO TENA

(6)

Puc. 25. Cxema KIIMJI (cnesa) u npouecc 83puiéa s1emMeHmMapHo20 0CMpus Ha no-
sepxrocmu meepdoeo mena (cnpasa). Kpacnvim noxazano nonoxcerue 6edy-
wietl Cun080L TUHUU MAHUMHO020 noas B

PaccmoTpuM cHawanma moppoOHee, YTO NPOUCXOAUT B 30HE SMMCCUN
(puc. 25 6). Karop (K) B KIMI umeer ¢popMy MOIOro UMIMHAPA, CLETaH-
Horo u3 Mepy. Kak BupHO u3 puc. 25, KpoMKa KaTofia UMeeT YITIOBYIO TOUKY
C MaJIbIM PaiycOM KpUBU3HBL [10aTOMY Ipy mofjade yCKOPSIOIIETro HaIps-
YKEHN: Ha aHOJ (A) 57IeKTpOHHOI IYIIKM B 06/1aCTH KPOMKY KaTofa popmu-
PYeTcs OYeHb CYIbHOE 37IeKTpIYecKoe Ioj1e. JIeTKO OL[eHNTD, YTO BeTN4IHA
cpennero nons E_(paccuMTaHHOTO [T «MIea/TbHOIM», T.€. T/IA/IKOi OBEepX-
HOCTM) IIPM YKa3aHHBIX Ha puUC. 25 pa3Mepax ¥ HaIpsDKEHNAX IIPeBbIIIaeT
10% B/m, 4T0 60/BIIIE YeM TEXHUYECKIIT TIOPOT, IPU KOTOPOM BO3HMKAET 3a-
MeTHas aBTO3JIEKTPOHHAs aMuCcyA. PeasbHasA MOBEPXHOCTD KAaTOAA COCTO-
UT U3 MUKPOOCTPUIL MaJIOTO pafiyca KpUBU3HBL (puc. 25 6), 1oaToMy mose
Ha ITIOBEPXHOCTY OCTPUA OKAa3bIBAETCA ellle, II0 KpailHeil Mepe, Ha MOPSIOK
6onbie, yem E_ . B pesynbrare, Ipu nogade yckopsitontero Hanpsokerns U ¢
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OCTpWMII HAYMHAETCA aBTONEKTPOHHaA aMuccu. [1o sakony JI>koynsa-Jlenma
IpOTeKaHNe TOKA BBbI3bIBaeT Harpes ocTpud. [loaTomy moMmmo 4mcro as-
TO/IEKTPOHHOM SMIUCCUY BO3HUKAeT TaK Ha3bIBaeMas MepMOasmodniex-
MpoHHAaA smuccus (BCIeNCTBIE HaTpeBa MOABJIAIOTCS 37IeKTPOHBI, IMeIolIyie
9Hepruio, Bblllle YpoBHA PepMu; UM Jierde TYHHEIMPOBATb CKBO3b 6apbep,
IIOCKOJIbKY YeM OOoJIblile 9HEepIs, TeM OH TOHbIue). OcTpue, B IEPBOM IpH-
OmkeHny, uMeeT GOpPMY LVJIMHAPA C MA/IBIM ITOTIepeYHbIM cedeHreM. [10a-
TOMY «CTeKaHIe» TeIlIa 3aTPyJHEHO U IPOMCXOANUT MellJIeHHO. B pe3ynbrare
IPOMCXOINUT OYeHb OBICTPBIN Pa30rpeB OCTPUS U Yepe3 BpeMs mopsiika 1 He
TeMIlepaTypa HOCTUraeT TOYKY IUIaBieHus. KpoMe Toro, ObICTphIil Harpes
BBI3bIBAeT OOJbINNE TePMOMEXaHMYECKIe HANPSDKEHUS B TBEPHOM TeJle.
B pesynbrare mocie MOCTVDKEHNSA TeMIIEPATYpPhl IUIABIEHNA IIPOUCXOAUT
B3pbIB OCTpUS U 06pasyeTcs IIOTHAs IIa3Ma, COfep)Kallasi 3/IeKTPOHbI U
MOHBI C KOHIeHTpanueli nopsigka 10" cm? .OTMeTHM, 4TO B TBEPHOM Tele
KOHIIeHTpausI 9MIeKTPOHOB Mopsifka uncina Asoragpo (10 cm™), T.e. Bcero
Ha 4 nopsiznka 6osbiie. [T0aTOMY IPOUCXOAUT BHIOPOC C TOBEPXHOCTH TBEP-
[IOTO Te/la OTPOMHOTO YMC/Ia 97E€KTPOHOB. BOMM3M KpOMKM OCTpus nmMeert-
Cs1 IpofobHasl (BIOMb OCK Z) KOMIIOHEHTa 9JIEKTPUIECKOTO HOJIsI, KOTOpast
CHOCHT 9/IEKTPOHBI BIIPABO, B IEPEXOAHYI0 00/1aCTb. 3[€Ch OHM MOAAIOT B
00671aCTb CMJIBHOTO MarHUTHOTO TI0JIsI, CO3[[aBaeéMOr0 COJIEHOM/OM, IT09TOMY
IBUTAIOTCSA BJO/Ib MATHUTHBIX CHJIOBBIX IMHUIL B pesynbrare popmmpyercs
IPSAMOJIMHEIHBIN 97IEKTPOHHBII ITy4OK ¢ TOKaMy nopAfKa 10 KA n sHeprus-
MU 9aCTUI[ HECKO/IbKO MOB.

[ToMuMO 37IeKTPOHOB IJIa3dMa COIEP>KUT TaK)Ke MOHBL. VIOHBI — YacTu-
LBl TSDKeJIbIe, I09TOMY MarHUTHOE II0JIe Ha HUX IMPAKTUYEeCKN He IeVICTBY-
eT. B Toxxe BpeMs Ha IrpaHMIle IIa3Mbl, KaK U B OOBIYHOM rase, CyLeCTByeT
CIIa laB/IeHNs IUTa3Mbl, HAIIpaBJIeHHasA B CTOPOHY aHofa. Bemencrue aTo-
TO MOHBI I/Ia3MBbl HAUMHAIOT MOHMMATELCA K aHOAY 1 Yepe3 BpeMs IOopsAgKa
20-100 HC ONMHOCTHIO 3ATOHAIOT IIPOMEXYTOK KaTOJ-aHOf, T.€. IIePEMbI-
KaIoT 9TOT IIPOMEXXY TOK, YTO BBI3bIBaeT KOPOTKOe 3aMbIKaHMe. [lociencTs
KOPOTKOTO 3aMbIKaHII BO BHEIIHE el MOXKHO YCTPaHNUTD IIOCTABUB CO-
OTBETCTBYIOIIVIE CONPOTHUBJICHN S, OFHAKO KOPOTKOE 3aMbIKaHNe IIPUBOUT
K OKOHYaHMIO MMITy/Ibca ToKa. [109TOMy IpubOpbI ¢ B3PBIBHON 3MUCCHEN
MMEIOT MaJIble INTETbHOCTY VIMITY/IbCa, He ITPEBbIIIA0IIye HeCKOIbKIX CO-
TEeH HaHOCEeKYH/I.



4. BTOPUYHAA SNIEKTPOHHAA SMUCCUA

4.1. BTOPUYHAA DJIEKTPOHHAA SMUCCUA U3 METAJIJIOB

BTopu4HOI1 971eKTPOHHOI 9MICCHEN Ha3bIBAETCA MPOIECC BBIXO/A 7IEK-
TPOHOB U3 TBEPAOTO Tena (puc. 26) 1MOJ BO3LelCTBYMEM 60MOapANPYIOLIEro
MIOBEPXHOCTD IEPBMYHOTO 9MEKTPOHHOTO My4Ka C TOKOM I . B pesynbrare
TAKOTO BO3JENCTBYUSA 00pasyeTcs BTOPUYHBIN ITOTOK 3}I€KTPOHOB C TOKOM
I . BaxxHeiiei XapaKTepUCTUKOM BTOPUYIHOI SIMUCCUY SIBIIAETCS KOI(-

8Mop

chLU/[eHT BTOPUYHON 9MUCCUN

InepB/IBTop.

Koadpunment BropryHoit saMuccuy 3aBUCUT KaK OT SHEPTUU IEePBUY-
HBIX 9/IeKTPOHOB (rmoreHunana U), Tak u OT yryIa nageHns ¢. CooTBeTCTBY-
I0l[1e 3aBUCUMOCTH IPEACTAB/IEHbI Ha pUC. 27. [I/1 MeTa/I/IOB 3HAYeHUE 0,
KaK TPaBU/IO IUIIIb HEMHOTO NPeBbIIIaeT 1, a coorBeTcTByomiee U~ He-
CKOJIBKO COTEH BOJIBT.

Inepe

MNOBEPXHOCTb TBEPOOIO TENA

Puc. 26. K onpedenenuto koapunuenma o. Ilynkmupom nokazana ouazpamma Ha-
NPAseHHOCMU 0715 6MOPUHHBIX INIEKMPOHO8

o

75° 90°

Puc. 27. 3asucumocmu K03Puyuenma sMmopuuHoii SMUCCUL O IHEPeUU NAOAIOUAUX
uacmuy, u yena naoeHus



34 B.H. MAHYWNJIOB

SKCHCPI/IMGHTa}IbHO YKa3aHHbI€ 3aBMCUMMOCTI M3Y4alOTCA Ha YCTaHOB-
Ke puc. 28. ra Xe yCTaHOBKA IO3BOJIAET MCC/IENOBATh SHEPreTUYeCKNUi
CIIEKTP BTOPMYHBIX 3TIEKTPOHOB. DJIEKTPOHHAA MyIIKa (GOPMUPYET IMOTOK
NIePBUYHBIX 9IEKTPOHOB ¢ 3Heprueit U. [lanee yKasaHHBII TOTOK BXOUT Ye-
pes oTBepcTIe B cepruecKuii KOJUIEKTOP 1 MOMaJaeT Ha MUIIEHb Ma/IoOro
pasmepa d<XR, rie R - paauyc komaekropa. Ecnmu moreHnyan KommekTopa
U, >U, TO BCe 9/eKTPOHbI JOXOAAT IO KOJIEKTOPA U TOTNA, MeHss U, Mbl
MO>KeM CHATb 3aBUCcUMOCTb 0(U). Ecu >xe MbI Oy/ieM MEHATH Yo/ HaKIOHA
MMIIEHM IPY TOCTOAHHBIX Un U, TO MOMTyYUM 3aBUCUMOCTD 0(¢).

Ecmi ke U <U T0 MEXy MULIEHDIO U KOJUIEKTOPOM BOZHUKAET Pajii-
a/IbHOE TOpMO3siliiee I0/Ie U 10 KOMIEKTOpa JOMAYT TO/IbKO Te 3/1eKTPOHBI,
Kotopele umerT sHeprmo W>|U-U_ |=U, - Topmossmiero moTeHImana
MEXIY MUIIEHBIO 11 KOJZIEKTOPOM. Tok atux 9JIEKTPOHOB MOJKET OBITH BBI-
pakeH Yepe3 pYHKIVIO pacIipefie/ieHNs 91eKTPOHOB 110 S9HEePIUAM KaK

* dl

I = —dW . 14
KoJ1J1 UT dW ( )

3aBucumoctb I(U,) HasbIBaeTCsA KPUBOIT OTCEYKM KOJITIEKTOPHOTO TOKa.
Torpa, muddepennnpys serpaxkenne (14) mo U, momydaem, 9To QyHKIMSA

Algonn Al
dur aw’
T.€. PaBHa IIPOM3BOJHON OT KPUBOV OTCEYKN KOJITIEKTOPHOTO TOKA.

UK osinn

KONNEKTOP
IKOI'I

DJ __________________

MWULEHDb
SNEKTPOHHAS MYLK

Puc. 28. Cxema 0715 usyueHust 8MOPUUHOLL IMUCCUU U IHEPLEMULECK020 CHeKmPa
8mMopuUHbIX nekmponos. Cnpasa nokazax npumep pacuema GyHxyuu pac-
npedeneHus No U36eCHOLL KPUBOU omceuxu (CUMSL KPUsas)

Vsmepenus, BBINOTHEHHbIE I BTOPUYHONM 3SMMCCUY, IIOKAa3bIBAIOT,
4TO COOTBETCTBYIOILee pacrpenenenne dI/dW uMeeT BUA, 1300pakeHHBIN
Ha puc. 29. Pacripefienenne nmeer Tpu XxapakTepHbIX MakcumyMma: A, B u C.
[Tpryem, paccToAHMe MeXTy MaKCUMyMaM A U B 1711 OTHOTO 1 TOTO Xe Ma-
Tepuasa He 3aBUCUT OT 9HEPTUM IEPBIMYHOTrO ITyYKa, a IPU U3MEHEHUY SHeP-
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TN TIEPBUYIHOTO ITy9Ka MaKCUMYyMbl AuB CMHXPOHHO CIBUTAIOTCA BIIPaBO,
npnieM MaKCUMyM A ouenb y3KI/II7[ " BCerga COOTBETCTBYET SHEPIUM II€p-
BIYHOIO ITy4Ka. ITO MO3BOJISAET CHEIaThb BBIBOM, YTO 3/IEKTPOHBI 3 MAaKCH-
MyMa A -3T10 IIPOCTO YIIPYrO OTPpa’K€HHbIE OT IIOBEPXHOCTN 3JIEKTPOHBDI.

A,
N A
aw T
B -
| !
| !
N
B: | <!
AN WS
A
] . W/e
T
Uo Uo

Puc. 29. Pacnpedenenue 8MopusHvlx S1eKMPOHOB O IHEPIUIM NPU PASHLIX YCKOPSTIO-
UUX HANDANCEHUAX NePBUHO20 NYUKA

C TOYKM 3peHMs KIACCUYeCKOl MEeXaHUKM TaKUX 37IEKTPOHOB OBITh He
MO/DKHO, T.K. IPOLIECC TPOHMKHOBEHMA 9/E€KTPOHA B TBEPHOE TEIO — 3TO
HajieHye YacTULbl B IOTeHIMANbHYI0 AMY. OJTHaKO 9/IEKTPOH — 3TO BOJIHA-
YaCcTHUIIA, a MOTEHIMANbHbIM Gapbep /1A BOMHBI — 3TO HEOTHOPOTHOCTD.
ITosToMy MMeeTCs HEKOTOpask BEPOSTHOCTb OTPa’KeHMA YacTUIBI Ha3a[
(puc. 30 a). ITpu 60/1bIIMX SHEPTUAX MATAIOLINX IIEKTPOHOB (COTHM BOJIBT)
TaKasg BEPOATHOCTD mopsapaka 1%. Termepp ocTaHOBMMCS Ha MaKcuMmyMe B.
OJIeKTPOHBI 13 9TOTO MAKCMMYMa HAa3bIBAIOTCA YIPYLO OTPA>KEHHBIMU C
XapakTepucTuieckumy norepsamyu. OH BO3HUKAET 1O ABYM IpU4YMHAM. Bo
HepPBbIX, TaKMe /IeKTPOHDI YIACTBYIOT B IIPOLleCCe MOHM3ALNM aTOMOB Be-
mecTBa (puc. 30 6) 1 BBIOMBAIOT 3NIEKTPOHBI IPEX/je BCETO C MOTOJIKA Ba-
neHTHOM 30HBI (puc. 31). ITockonmbKy Bce 9HepreTMYecKye ypOBHY BIUIOTH
no ypoBHA PepMu y>xe 3aHATHI 37IEKTPOHAMI IIPOBOIUMOCTHY, TO SHEPIUA
MOHM3AIMM JO/KHA HECKOIDKO IIPEBBILIATh CYyMMY ypoBHA PepMu u mmpu-
HBI 3anpelenHoit 3oub — W + W, (puc. 31). Bropas npuunta kBaHTOBaH-
HOCTH XapaKTepUCTMUYECKNX IOTepb 3aK/II0YAETCS B TOM, 4TO 3JIEKTPOHBI
MOTYT BO30Y>XJaTh KO/IeOaHN 1Ie/I0i TPYIIIBI 97IeKTPOHOB IIPOBOMMOCTH
(rax HaspIBaeMble IUIa3MEHHbIE KOeOaHus). DHeprus TaKuX KojaeOaHui
OKAa3bIBAETCSI TOXKE KBAHTOBAHHOIL.

JleBee MmakcumyMa B Haxoputcs 6onblast TpyIina He YIPYro OTPaXKeH-
HBIX 3/IEKTPOHOB, COBEPUIMBIINX MHOTO MOHM3ALMII Iepefl TeM Kak IIO-
KUHYTb TBepfjoe Telo U BbIATU 0OpaTHO B BakyyM (puc. 30 c). Hakonern,
3/IeKTPOHBI 13 MaKcuMyMa C — 3TO MCTMHHO BTOPUYHBIE /IeKTPOHBL, B 3TOM
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CIy4ae COOTBETCTBYIOIIYE NEePBIYHBIE 3/IEKTPOHBI COBEPIIAIOT TAK MHOTO
MOHV3ALVII U IIPOHUKAIOT TaK ITyOOKO B TBEpHOE TENIO, YTO He MOTYT BBII-
T 00paTHO 1 ocTalTcsA B TBepaoM Tente (puc. 30 d). Touka sxcrpemyma C
COOTBETCTBYeT SHepIruu nopsnka 2—-4 B, a 3a rpaHNIY UCTMHHO BTOPUYHBIX
9JIEKTPOHOB IIPMHUMAIOT BETMYNHY NopsAzaKa 50 B.

Puc. 30. BosmoscHble mpaexmopuu nepeutHoix s1eKmpoHo6 Hoce NPOHUKHOBEHUS
6 meepdoe meno (kpacHvle kpusvle). Kopuurnesvimu mouxkamu 0603HaueHv
ANEKMPOHDL, NOABAAIOUUECS NPU UOHUALUY AMOMOB KPUCMATITUMECKOTE
pewemxku. IIynkmupom 0603HaueHa epanuya meepoozo mesna

W ?
F 3 30HA MPOBOAMMOCTH

Ws

3AMPELLEHHAA 30HA

VIR —_—

BAJIEHTHAA 30HA

Puc. 31. Suepeemuueckuii nepexod npu UOHUIAUUL AMOMA KPUCIATIUYECKOT pe-
uemxu

[yt Toro, 4T06Bl OOBCHUTD BUJ 3aBUCUMOCTeN KO3 duimeHTa BTO-
PUYHON SMUCCUM OT SHEPIMM MAJAIOMINX YAaCTUL] U yI/Ia afieHns (puc. 27)
006paTUMCsl K OMHAMUKe V3MEHEHNUs SHePrUy MPOHUKAIOIIETO B TBEPHOe
TeJIO IIePBUYHOrO 971eKTpoHa ( cM. puc. 30 d u puc. 32).
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Puc. 32. 3asucumocmo snepeuu nPoOHUKarOU4ee0 8 meepooe meso aneKmMpoHa om Ko-
0pOUHAMbBL X, OMCHUMbIBAEMOTE 80070 MPAEKMOPUU NEPBUHHO20 ITNEKHIPOHA.
Ilynkmupom KauecmeeHHO HOKA3AHO YUCTIO 603HUKAIOUAUX NPU UOHUSAUUL
I7EKMPOHOB

B Havasie, KOTrZia 57IeKTPOH TONIBKO BOILIEN B TBEPAIOE TENO, €0 SHEPINs I
CKOpOCTD BE/IMKI, IO9TOMY OH IIOYTU He B3aMMOJENCTBYeT C MIOHAMMU KpU-
CTaJUINYECKOJI pemeTkn (Mao BpeMs IIpo/ieTa MUMO JIOHA) , BEPOATHOCTD
MOHM3AIMM Majla ¥ SHeprus 4acTUIbI IOYTH He MeHsAeTcs. [lanee, mo mMepe
IPOHNMKHOBEHNA B TBEPOE TEI0 €r0 CKOPOCTH MajieT (a BpeMs B3auMOeli-
CTBMA PacTeT), 37IeKTPOH HAUMHAET NHTEHCUBHO MOHN30BATh MOHBI PelIeT-
kn. HakoHel, ero sHeprus CTaHOBUTCS MeHbllle IIOTEHLMATAd MOHU3ALUN
aToMa, U MOHU3ALMM NIpeKpalaoTcs. Eciu Mpl 6yfieM OTCYMTBIBATD KOOP-
BUHATY X BEO/b JIOMAaHOI1, IO KOTOPOJ IBVOKETCA MEePBUYHBIN 3NTeKTPOH,
TO 13 HAlIeTO Ka4eCTBEHHOTO OIMCAHNS IIpoLjecca ABVDKEHNA BHYTPU TBEp-
TOTO TejIa C/IeffyeT, YTO SHeprus /MeKTPOHA JO/DKHA MEHATbCA TaK, KaK I0-
KasaHo Ha puc. 32. OueBuaHO, 41ci0 dN 00pasyoOIUXCs B CTI0€ TOMIVHDI
dx 37IeKTPOHOB NPOIOPLVIOHATBHO HOTEPSM S9HEPTUY IEPBIYHOTO 37IEKTPO-
Ha, T.C.

aw
dN~——dx,
dx

¥ OCHOBHOE YJCIO 97IEKTPOHOB 00pasyeTcst Ha HEKOTOPOM PaCcCTOSHUM
X,,,OT TOUKI BXOJIa 971€KTPOHA B TBEP/O€ TE/IO (cm. puc. 30 d m puc. 32). Oge-
BI/II[HO, qucino I/IOHI/ISaLU/H/I HPHMO HpOHOpHI/IOHaHbHO 3HeprI/H/I IIagamniero
anextpoHa (morenrmany U). B o sxe Bpems, yem 6ompiue U, Tem 6ombIme x| .
Y OCHOBHasl Macca 97IEKTPOHOB 00pasyeTcsi Bce IIybKe BHYTpU TBepnoro
terna. [IoaTOMy BO3pacTaloT MOTepyU Ha TPAHCIOPT K MoBepxHOCTH. Haunm-
Hasg C HEKOTOPBIX HEPIMil BTOPOI (aKTOpP CTAHOBUTCS CU/IbHEE IIEePBOTO,
103TOMYy Ha KpuBoit o(U) HabmofaeTcst MaKCMMyM. AHaJIOTMYHO 0O bsCHS-
eTcs M 3aBUCUMOCTD 0(¢). Kak nerko BumeTpb 13 puc. 33, Ipu HAKIOHHOM
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HaJleHNN PacCTOsIHME OT MecTa 06pa3oBaHMsA OCHOBHOI MaCcChl BTOPMYHBIX
3/IEKTPOHOB JI0 MIOBEPXHOCT YMEHDIIAETCS, IOTEPY HA TPAHCIIOPT HaAI0T,
noatomy o pacteT. Ho ecru yrbl ¢ craHoBATcA 673Ky K 90°, TO 37eKTPOH
IPOCTO YIPYTO OTPaXKaeTcsA OT IOBEPXHOCTU 1 0->1.

Loy

Xopt1

Puc. 33. K o6vsacnenuto sasucumocmeii om suepeuu u yena. Ilynkmup — zpanuya
meepdozo mena. U,> U,. Osanom 06031axero mecmo 06pasosanus 0CHOBHO-
20 KOIUHeCea 6MOPUHbIX ITIEKIPOHOE

4.2, OCOBEHHOCTU BTOPUYHOW NIEKTPOHHOW 3MUCCUN
13 AUINEKTPUKOB U NONTYNMPOBOAHUKOB

B pusnexkTpukax M MOMYINPOBOSHMKAX YMCIO 3/IEKTPOHOB IPOBOM-
MOCTHM Ha HECKOJIBKO MOPAJKOB MEHbIIE, 4eM B MeTajtax. IlosTomy 3Ha-
YUTEIBHO TAJIAIOT MOTEPU HA TPAHCIIOPT U BEIMYNHA O, YBETUYNBAETCS
mo 10-30,a U - mo 1000-1200 B (cm. puc. 34). [lnsa nMaNeKTPUKOB 1
HOTYTIPOBORHMKOB Ha rpaduke o(U) BBIAEIAIOT TaKKe 0c000 [Be TOUKI,
rge o=1 . OTu 3HaYeHNA HA3bIBAIOTCA COOTBETCTBEHHO IEPBBIM M BTO-
PBIM KPUTHYECKUM INoTeHImanamu (puc. 34). JIpyroit 0coO6eHHOCTBIO
IV3IEKTPUKa ABIAETCA €ro IUIoXas MPOBOAUMOCTb M BCIIEICTBYE 3TOTO
— BO3MOXXHOCTb 3aPsDKaThCS Y IO/ITO COXPAHATD 3apsif. Ta 0COOEHHOCTD
MOXXeT OBITDb VICIIONIb30BAHA I JUCTAHILMOHHOTO YIIPaB/IeHNUs TIOTEHIU-
a7ioM AManeKTpuka. IIpocTeiimmii BapuaHT TaKOll CHUCTeMbI M300pakeH
Ha puc. 35.

[logapum Ha MeTa/IMYECKYIO IMOMIOXKY IIONIHBINA YCKOPAIOWUIA T0-
TeHuuan U, , a 97eKTPOHHYIO ITYIIKY MOKa BK/IIOYaTh He Oyzem, T.e. U =0.
Torma, BcencTBMe HaMM4INA TOKOB YTEUKN B OVSNEKTPUKe (CYIIECTBYeT
XOTb U HU3Kas1, HO KOHEYHas IIPOBO/IMIMOCTD) Yepe3 HEKOTOpOe BpeMs II0-
TeHIMAJI ANSTeKTPUKA CTaHeT PAaBHBIM MOTEHIVATY MOJIOXKKM. Temepb
nofa MM Ha anop mymku Hanpsykenne U #0. Torga Ha MuIIeHb MovimeT
IIOTOK 3JIEKTPOHOB C TOKOM Impﬁ. PaccMOTpUM HECKONBKO BO3MOXKHBIX
CIy4aeB, OTIMYAIUXCA BeMMINMHON U 10 OTHOWIEHUIO K IEPBOMY U
BTOPOMY KPUTUYECKMM IOTEHIMAIaM.
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O'Ak

v

Puc. 34. 3asucumocmo K0apPulenma 6MoOPUUHOL SMUCCUL OTH IHEP2UL NAOAIOULUX
271eKMPOH06 0715 OusneKmpuxa. Yxasanvl senuuunvl nepeozo (U) u emopozo
(U,) kpumuueckux nomenyuanos. XKenmvimu mouxamu ommeuern. 603mMOx-
Hole pabouue Mouku

Ukonn
[
W‘
MYLKA KONMEKTOP
Um<0
lemop

Inepe
- P Errrrrrrrr) SRR METAJ/IMYECKAS
— NOANOXKA

AWIANEKTPU

| Uo
an -I|+
d

Puc. 35. Cxema 07151 ynpasneHuss nOMeHyuanom OUdIeKmpuxa

Ecin Uo<U1’ TO 0<1 1 Ha MUILIEHb NIPUXOANUT 6onblie 97IEKTPOHOB, 4€M
YXOIMT. B pe3ynbTraTe MUIIEHb HAYHET 3aPsDKAThCA OTPULIATEIbHO, CTIeI0Ba-
TE/IbHO, ee MOTEHIINAJ yIIa/ieT, TOT/A O ellje 60/Iblile YMEeHBIINTCS, ellie 60b-
1Ie 37IeKTPOHOB OCTAHETCS Ha AM3/IEKTPUKE, IOTEHIMAI ellle CHU3UTCA... U
T.1. B pesynbrare pabouas Touka Ha puc. 34 OygeT CABUraTbCs BOIb KpH-
Bolt 0(U) B/eBO U BHM3, ITOKA TOTEHLIMAT JUIIEKTPUKA He CTAHET PaBHBIM
HYJIIO.

Ecmn U =U, To 6=1 1 pa6o4as Touka ocTaHeTcs Ha MecTe. OffHAKO, KaK
JIETKO BUZETD, 3Ta TOYKA HEYCTONYMBAA: €CIM B pe3y/abTaTe (UIIOKTyalnun
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HanpsbkeHnsa U, cTaner menbure U, TO peanmsyeTcs CTydai, OMMCaHHbIN
BBIIIIE, /U XKe OymeT obpaTHas cutyauus (cM. fanee), To pabodas TO4YKa
HAYHEeT CMeIaThCsI BIIPABO.

Ecmn U >U,, T0 0>1, T.e. yXOIUT 3/1EKTPOHOB OO/IbIIIE, YeM TIPUXOIUT, 1
HOTEHI[MA/T ANINIEKTPUKA HaYHET PacTi, pabodasi TOYKa HauHeT ABUTAaThCS
BpaBo (puc. 34). [Jo Kakoil BeTNINHBI YBETUINUTCA MOTEHIMAT TMITIEK-
Tpuka? IIycTb y Hac BBINIOTHEHO YC/IOBUE

U1 < UW< UH.

Torga nmoteniuan 6yeT yBeIMIMBATbCSA O TeX MOP, ITOKA He JOCTUTHET
Bermaubbl U . VI nanee MEHATHCS He Oynert. leno B ToM, uto ecnu U cTaHeT
6onpime U, To MeXTy MUAIIEHDIO 1 KOJUIEKTOPOM BOSHMKHET TOPMO3IIee
1ojsie, KOTOpOe He JacT BTOPUYHBIM 57IeKTPOHAM IIONACTb HA KOJIIEKTOP.
Takum 06pa3oM, MeHssI 9IEKTPOHHBIM 00pa3oM MOTEHLMAT KOIIEKTOpPa,
MO>KHO JIMCTAHI[MOHHO MEHATD ITOTEHIIAT IUIIeKTPUKa.

Jlerko Bupetp, uto ecnu U >U,, 10 pabouas Touka OymeT ABUIaTbCS
BIIPAaBO, [IOKa He NOCTUTHET 3Havenust U=U,, .



5. OOTO3JIEKTPOHHAA SMUCCUA

5.1. O®OOTO3JIEKTPOHHAA SMNCCHA N3 METAJIJIOB

doroanexTpoHHasT amuccus 6buta oTKpeiTa lenpruxom lepriem emre B
1897 1. 1 3aK/TI0YAETCSI B TOM, UTO €C/IM OO/TydaTh METajlI CBETOM, TO MeTasl-
JIMYeCcKoe TeIo HauMHAeT VICIYCKATh 7IEKTPOHBI (puc. 36).

hv
i

FPAHWLIA TBEPAIOTO TENA

Puc. 36. BosnukHoserue pomosgpexma

Yxe BCKOP€ ITOC/I€ OTKPBITUA 3TOTO ABJIEHMA CTA/IN USBECTHDI TP OCHOB-
HBIX 3aKoHa poToaddexTa.
1. 3akoH CTomeToBa MM 3aKOH TNHEITHOCTH: POTOTOK i 4 TIPOTIOPITIO-
Ha/IeH MHTEHCUBHOCTN ITAJAI0LIEro N3TyI€HN L

i ~1.
é
2. 3akoH JIfHIITelTHA: MAKCUMa/IbHASA KMHETUYeCKas SHepIisa SMUTTI-
POBAHHBIX 9/IeKTPOHOB ABJIACTCSA IMHENHON (PyHKIME YaCTOTHI V :

muv?
(T)max =a+bv.

3. 3akoH KpacHoi rpaHuibl. PotosddekT HAOMIOAETCA TOMBKO eCn
JINHA BO/THBI T1aJAIOIETo CBEeTa MeHbIIle HEKOTOPOTO 3HAYEHNA A, :

A<A,.

Teopernyeckoe 06 bsACHEHNE IOC/IETHNX IBYX 3aKOHOB ObIIO TaHO DTH-
mrerHOM emle B 1905 rongy. OH npefnonoxni, 94To KBAaHT CBETa C SHEpruei
hv mornomaercs ogHUM 37eKTpoHOM. Kak jerko BujeTbh U3 9HepreTmdye-
CKOI1 fuarpaMmbl MeTajuia (puc. 37) , 60bliie BCETO 97IEKTPOHOB HAXOIUTCS
BO/MM3n ypoBHs Pepmu (Tam HanOObIIIAsA IIOTHOCTD COCTOSIHMIT). VIMEHHO
3TV 37IEKTPOHBI B IIEPBYIO OYepefib I YIACTBYIOT B (POTOIMICCHNL.

OHepruIo 371eKTPOHOB JIO IIOI/IOIIEeHM I KBaHTa CBETa TOT7ja MOYKHO IIpe-
CTaBUTD KaK

W=W,+dW,

rne §W=kT - TenoBas sHeprus s1eKTPOHOB.
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BbIXOASALUA ®OTOINEKTPOH

We

3ANPELLEHHAS 30HA

BANEHTHASI 30HA

Puc. 37. duepeemuueckas Ouazpamma memanna npu gpomoagddexme
ITocre mornomieHnsA KBaHTa CBeTa 9HEPIUA 3NIEKTPOHA YBEININBAETCA [IO
W=W_+d6W+hv.

Jlanee s7MeKTPOH [O/KEH MONTHU O MOBEPXHOCTH, IOTEPSAB IPU ITOM
qacTb 9Hepruy AW Ha CTOJIKHOBEHMeE C 3JIeKTPOHAMM IIPOBOAMMOCTH (IO-
TepU Ha TPAHCIOPT). Y IIOBEPXHOCTH €To SHeprus Oymer

W=WF+6W+hv—AW.

Haxownen, 4To6bI BBIATU U [jaTh BKIAf B (POTOTOK, 37IEKTPOH HO/DKEH
TIPeofoeTh MOTEHI[MATbHbI 6apbep BbICOTON W . B pesynbTaTe y BbILIE]-
IIETrO 97EKTPOHA OCTAETCA KMHETUYIECKasA 9HEPIUs

2
mv
—= = Wp + W +hy= AW =Wy = hy= (W = Wp) + W = AW = hv= g+ W — AW .

ITockonbky TerioBast sHeprust  W=kT<K ¢, TO €10 MOXXHO IIpeHeOpeyb.
MakcumanbHass KMHeTU4IeCKas QHEPTNA JOCTUTAETCA /1A IJIEKTPOHOB, I10-
ITIOTMBIINX KBAHT CBETA Y caMon IIOBEPXHOCTH, TA€ IIOTEPU HA TPAHCIIOPT
PaBHBI HYJIIO, IO3TOMY IIO/Ty4aeM, YTO

muv?
( 2 )max = hV_(/’.

T.e. Mbl moTyunnn 3akoH JiHIITeNHA. [lomaras Tenepp, YTO MaKCUMAJIb-
Hasl KMHETIYeCKasA SHEPIYA paBHA HYJIIO, TOTy4aeM 3aKOH KPACHOI TPaHUIIbI

V=1 =71,

" h

Otcropa ymHa BOTHBI A , COOTBETCTBYIOIIAs KPACHOJ TPaHNIIE
¢ _hc 126004

BEE T e (19
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3mech paboTa BBIXOJIa BRIPAXKEHA B 9/IEKTPOH-BOJIBTAX.

ITockonbky paboTa BBIXOJA 3aBUCUT OT BHEIIHETO 9/IEKTPUIECKOTO IOLA,
IPIIOKEHHOTO K Katoxy (cM. adpdekt IloTTKM), TO KpacHasA rpaHMIIA TaK-
e OyJeT 3aBMCeTh OT BeTNMYNHBI 3TIeKTPIIECKOTO IO/, IPIIOKEHHOTO
K () OTOKATONY, €C/IM 3TO NOJIe FOCTATOYHO CHIbHOE.

5.2. CRNEKTPAJIbHbIE ®OTO3JIEKTPUYECKUE XAPAKTEPUCTUKUN
METAJIJ10B

Xapakrepuctukamy (GpoToKaTofia, MO3BOMAKIUMU CYIUTh O €ro 3-
¢dexTMBHOCTM U pabodeM AMaNasoHe I/IMH BOJH SB/IAIOTCA KBAHTOBBIN
BBIXO]| Y M CHIEKTpanbHasi YyBCTBUTENBHOCTD §,. Bermunua Y o onpepe-
JICHUIO PaBHa OTHOLICHNIO YMC/IA BBUIETEBIINX ITpU HOTOdhPeKTe 3IeKTPO-
HOB 71, K 4MCTY POTOHOB 71, , T.€.

ne
Y = _~ (16)

[TockonbKy KBaHT CBeTa IOIJIOIAETCSA O HUM 3/IEKTPOHOM, 4 B CUITY CHM-
MeTpUM 3afiaull HallpaB/IeHVs «BBEPX» U «BHU3» paBHONPaBHBI (puc. 38), To
MaKCUMa/IbHOE 3HaYeHMe KBAaHTOBOTO Bbixoga Y = =0.5.

hv

/

FPAHWULA TBEPAQOIO TENA

~
~
~
N

Puc. 38. K onpedenenuio MakcumanvHoll 6enU4UHbL KBAHINOB020 BbIX00A

CnekTpanbHas YyBCTBUTETBHOCTD S, IO ONpENIeIeHNI0 PaBHA OTHO-
118(S3507800) q)OTOTOKa K MOIIIHOCTU ITagaromiero I/ISY‘ICHI/IH C ,E[TH/IHOIZ BOJ/IHbI )\
(qacToToit v)

g
S, =—.
AT P

Mexpy S, n Y cyniectByer pocCTast CBA3b. YMHOXKXUM YUCTUTEND U 3HA-
MeHartenb B (16) Ha ehv. Torga
ehwn, Qhv igthv hviy hv
T eW  eW eP e *

3nech Q - 3apsi]| 9MEKTPOHOB, BBIXOIAIINX IPYU HOTOIMMCCHUM 32 BpeM £,
W - sneprus cera.

ne
Y = — =
ng ehwng
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Benmuuna S, 3aBucnT Kak OT 9aCTOTHI U3TyYEHNs, TaK U OT MOAPU3A-
LM majamoulero ceera (cM. puc. 39). Pasuble nomsipusauy UMerT pasind-
Hble K09 PUIMEHTDI OTPaKeHNA OT IIOBEPXHOCTI META/I/IA, II09TOMY OT/IN-
YJAIOTCS I COOTBETCTBYIOIIYE CIIEKTPa/IbHbIE YyBCTBUTE/IbHOCTIL.

S,

(a) (6)

Yo Vinax
Puc. 39. Bosmosvie nonspusayuu nadaiouiezo usnyuenus (cneea) u coomeemcmey-
roujue KauecmeenHole 3A6UCUMOCIU CHEKMPATLHOT 4Y6CMBUMENbHOCTU
om wacmomui. K - 8onno060ii sexmop, E - 8exmop anexmputeckozo noJis.
Cnowroil Kpusoti ¢ npasa HAPUCOBAHA 3ABUCUMOCIL S, 0N NOLAPUSA-
yuu (a), nynxkmupom — ong nonspusavuu (b)

5.3. TEOPUA ®OTOSMUCCUAN

Teopusa ¢porosmuccun Buepsbie 6b1a HocTpoeHa Paynepom eme B 1931
romy. KpaTKO OCTaHOBMMCA Ha OCHOBHbBIX IIPEANIIONIOKEHMAX M BbIBOOAX
Teopun. Paynep pacCMOTpeNn OTHOCUTENBHO Y3KMII YaCTOTHBINM AMalla3oH
4acToT v=[v, 1.5v ], 9TO MO3BOMN/IO UCTIONB30BATh NPEMIOIOXKEHNE O He-
3aBUCVYIMOCTU BEPOATHOCTU ITOIJTIOIIEHNA & KBaHTa CBETA OT YaCTOTHI ITajia-
IOLIEero u3rydenns. Jlasee OH IPENIIONIOKIIL, 9TO 3/1EKTPOHBL, TOIJIOTUBIINAE
KBaHT CBETa, MMEIOT TO Xe pacupeneneHne Oepmu, TOIBKO CABUHYTOE IO
OCH 9HepIuii BBEPX Ha BeIMUNHY 9Hepruy KBaHTa hv. HakoHer, Tak >ke Kak
" B TeOpun TepMOSHeKTpOHHOﬁ[ 9IMUCCUN, MOXXHO CYNUTATh, YTO €C/IN 9HEP-
TV 9NIEKTPOHA HVMIKE BBICOTHI IIOTEHIVA/IBPHOI'O 6apbepa, TO BEPOATHOCTDH
€ro IIpeoyoNIeHNA paBHa HYJIIO, @ €C/IM BhIIIe — TO OHa O/M3Ka K 1 1 MoXeT
OBITh 3aMeHeHa Ha HEKOTOpoe cpefiHee 3HaueHMe p=0.97-0.98. C yderom
3THX IPEeJIONOXKEeHNI PYHKINA pacIpefene s 3/IeKTPOHOB 10 SHEPTAM

a MHTETPUPOBaHMe B COOTHOIIEHNN JI/I INIOTHOCTY TOKa (1) Hy»HO Be-
ctu B ipepienax [ Wa-hv, eo]. OKOH4YaTeNbHO TOTZA HOTyYaeM

hv

J=AT*f(x), f(x) = foxln(l +eb)dt x = 7T
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5.4. CBOWCTBA METAJUIMYECKUX ®OTOKATOZIOB

Mertanmryeckue poTOKaTOAbI 00/1a1AI0T HU3KIMI SMUCCHOHHBIMM Xa-
paKTepuCTMKaMu. B MeTalax o4eHb MHOTO 3/1eKTPOHOB B 30HE IIPOBOAN-
MOCTH, TI03TOMY Be/IVKI IOTEPM Ha TPAHCIIOPT ¥ KaK pe3y/IbTaT, BeIN4IHA
KBaHTOBOT'O BBIXOfia HaxoguTcs B mpepnenax 102-10%. [Tomumo atoro, me-
TaJUIBl XapaKTePUSYIOTCA JOCTATOYHO BBICOKOIT PaboTOI BHIXOAA (HECKOMb-
KO 9/IeKTPOH-BOJIBT), I0O9TOMY KpacHas rpaHua ¢Gorosddexra HaXOAUTCA
yKe B yIbTpaduo/IeTOBOM AMalNa3oHe, a XelaTebHO paboTaTb B BUAVMOM
AnanasoHe AIMH BoH. HakoHel, 60/bInast IpOBOAMMOCTD META/IIOB IIPH-
BOJIUAT K TOMY, YTO OHI UMEIOT 6O/IBIION K09 ULMEHT OTPaXKeHNs U JINIIb
Malas YaCTh MOIIHOCTY Ma/JAl0IIeTo M3TyYeHN IPOHNKAET B TBEPAIO€ TeI0
Y MOXXeT MHUIMVPOBATD (POTOIMICCHIO.

[na GoToKaTOROB BBOAAT ellle TaKoe IOHATIE KAK TEMHOBOI TOK — 9TO
TOK B OTCYTCTBUE OCBelleHNA. PU3ndecKoli IpIYMHOI /I TEMHOBOTO TOKa
ABJISIETCA TEPMOYTEKTPOHHASI IMMCCUA, ITOCKONBKY (OTOKATOf, BCerna
uMeeT XOTs Obl KOMHATHYIO TeMIleparypy. KoneuHo, 3To BennunHa Mana —
MUKpoamiepsl. Ho HOCKOIBbKY /151 MeTa/IoB pOTOSIEKTPOHHAsI paboTa BbI-
XOfja paBHa TEPMOITIEKTPOHHOIL, 9Ta BE/IMYMHA OKAa3bIBAETCS y>Ke 3aMEeTHOI
Ha (poHe ToKa (OTOIMMCCUY U IPUBOANT K CYI[ECTBEHHOMY 3alLlyM/IEHNIO
curHaja. Bee mepeuncienHble 0COOEHHOCTI IPUBOAAT K TOMY, YTO MeTasl-
JM4YecKye KaTofbl Ha IPAKTUKe, KaK IIPaBIJIO, He UCIIONIb3YIOT. B pesynbraTe
y Hac OCTaeTcsA /1Ba BO3MOXKHBIX K/IAcCa TBEPABbIX T/l [/IA UCIIOIb30BAHNUA B
¢dboToKaTONAX — MOTYIIPOBOHIKY U JVITEKTPUKIL.

5.5. OCOBEHHOCTU ®OTO3MUCCUU U3 NONYNIPOBOAHUKOB
N AUINEKTPUKOB

B AVIIEKTPUKAX U HO}'Iyr[pOBOI[HI/IKaX 9JIEKTPOHOB B 30HE IIPOBOAVIMO-
CTU MaJIo, MO3TOMY (POTOIMMCCUA OCYIIECTBIAETCSA 33 CYET 3TeKTPOHOB,
HaXOogAIINXCA B6HI/I3]/I MOTOJIKA BaJIEHTHOW 30HBI. Torna JIETKO IIOHATDH, YTO
s PexTuBHaA PoTOINEKTPOHHAA paboTa BHIXO/A Il TAKOTO HOTOKATOZIA
paBHa CyMMe [IMPVHBI 3aNpeleHHoi 30Hbl W, 1t BbIcOTBI W IIOTEHI{MaIb-
HOro 6apbepa:

p=W_+W.

[uaneKTprKamuy, IO OIpe/ie/IeHNIO, Ha3bIBAIOTCS BEIIeCTBA, Y KOTOPBIX
W, >2 3B. Kax Mbl Bujienn 13 NpenpInymux pasnenos, sennunna W >1 3B,
HOC—)TOMY JULsL IMATIEKTPUKA ¢ > 3 3B, U COOTBeTCTByOINI (l)OTOKaTOI[
onATh Oymer paborarp B y]Ipra(l)I/IOJIeTOBOM muamasoHe (cM. popmyry
(15)), uTo HeyROOHO ¢ mpaKTIIecKoit Touky 3peHus. [loaTomy Bce poroka-
TOABI IEMAIT U3 MOTYNPOBOXHUKOB. [TomynpoBogHIKOBEIE (POTOKATOABI
00/TaaloT C/IeAYIONUIVIMY IIPEVMYIIIeCTBAMIA:
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- Moryt paboTaTbh B BUAMMOM [Valla30OHe JJIMH BOJH BCIIEACTBME OT-
HOCHUTEIbHO MasIoit GOTOIIEKTPOHHOI PabOTHI BHIXOJA.

- Y HMX IPaKTUYECKU OTCYTCTBYIOT 9/IEKTPOHBI IPOBOAVMOCTH, II03-
TOMY OHV MMeIOT OOJIbIIIO} KBAaHTOBBII BbIX0 Y=0.3-0.4, 61m3Kmii K
Teoperndeckomy npepeny (0.5).

- CseT HocTaTO4YHO ITyOOKO MIPOHMKAET BHYTPb TBEPAOro Tenma (Maa
IPOBOAVMOCTD), IO3TOMY Be/INKa BEPOSATHOCTD ITOITIOIEHN o KBAaH-
Ta CBeTA.

B pesynbrare monynpoBOAHUKOBBIE (POTOKATOAbI 00ECIeUNMBAIOT OCTA-
TOYHO BBICOKYIO BETMUMHY TOKA (POTOIMMUCCHUN Y CIIEKTPA/IBHYIO YYBCTBUTE/Ib-
HOCTb. KpoMe TOro, mpu COOTBETCTBYIOLIEM BbIOOpe TUIIA IIPOBOLVMOCTI,
IOy IIPOBOHUKOBBIE (POTOKATOAbI HAIOT MAIYI0 BEIMYNHY TEMHOBOTO TOKA.
ITokaxxeM ato. TeMHOBOII TOK omperensercs 3¢ deKTUBHOI paboTOoil BBIXOAA ¢,
a GOTOTOK — (POTOINNEKTPOHHOIT PabOTOIl BBIXOZA @ 4 1109TOMY CPaBHUM STH
BEJIYMHBI /151 HOTOKATONOB € PA3IMIHBIM TUIIOM ITPOBOAUMOCTH (puc. 40).

BAJNIEHTHAS 30HA o BAJNEHTHAS 30HA

hv
w,
_______ x
¢ OHOATOMHARA NMNEHKA
LENOYHO-3EMENBHOIO METANNA

30HA POBOAMMOCTH

MONYMPOBOAHWK P-TUNA

Puc. 40. Suepeemuueckue Ouazpammul nOLYNPOBOOHUKOS C PASTUHHBIM MUNOM NPOEO-
oumocmu (cobcmeenblil, N-muna u p-muna) u ycmpoicmso $omoxamooa

BAJNEHTHAS 30HA

Kak BupiHO 13 puc. 40, 151 COGCTBEHHOTO IOy IPOBOAHNUKA ¢ 59t W2,
JU1A IOy IPOBOJHUKA N-THUITA COOTHONIEHME ellle XysKe: ¢, ~p+W . Hammyy-
1Iee COOTHOLICHIE JOCTUIAETCA LS P-THUIIA, 371ech ¢, ~¢. [loaTomy doTo-
KaTo[bl AeNAI0T U3 NOTYNPOBOTHUKOB P-THUIIA.

Texumdaeckn GOTOKATON BBHIIONHACTCA B BIJIe TPEXC/IOMHOTO «IMPOTa»
(puc. 40). CHavaa MaeT IMOJIOKKA, jajiee — CI0J MOTyIIPOBOHIKA P-TUIA
1 HaBepXy — OJHOATOMHas IUIeHKaA (CM. pa3fert, MOCBAIIeHHbI L-kaTony).
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DOTOKATOABI UCIIONB3YIOTCS, IPEXIE BCETO, B OTOTEMEeHTaX AJIs Peru-
CTpaIyy MEHSIOIET0CsI BO BpeMeHM CBeToBOro notoka. Cam 1o cebe ¢poto-
a¢dexT mpakTudecku OesnHepILOHeH (M0sABIeHNe (POTO3IEKTPOHOB IIPO-
ucxoaut 3a Bpemsi Meee 107% ¢). Ogaako 6pIcTpOAericTBIe HOoTOdIEMEHTA
OIIpefiesIeTCs, IPeX/ie BCEro, BpeMeHeM MPO/IeTa 3JIeKTPOHA OT KaTOAa JI0
anopa. [TpuMeM /st IPOCTOTHI IJIOCKYIO Mofienb ¢oropmopa. ITockonbky
TOKM (POTOSMUCCUY MAJIbl, MbI MOXKEM IIpeHeOpeub BVAHNMEM MPOCTpPaH-
CTBEHHOTO 3apsifia Ha MPOL[eCC IBVDKeHNMs 97IeKTpoHa. Toraa s7eKTpoH [BU-
XKeTCs OT KaTofla K aHOLY PAaBHOYCKOPEHHO 1 TI09TOMY BpeMsI ITpojieTa

d 2d

T= =

Vcpenn V2 77Ua ’

3nech d — 3a30p aHOA-KATO[, U - aHOJIHO€ HAIpsDKEHUE, 1] — YIe/TbHbII
3apsiji 9MeKTpoHa. B coBpeMeHHBIX (OTO9TEMEHTAX BeMMUIMHA T OOBITHO CO-
crasisieT 107°10° c. B cBepXOBICTPO/IEIICTBYIOMINX OHA MOXET TOXOANUTD 10
101 c.
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