PABOTA 76
MN3YYEHHUE NMOJYNPOBOJHUKOBBIX JUOJOB

30HHAsA TeopHs TBEPABIX TeJs. B TBepaom Tene, KpucTamie, pacCTOSHUA
MEXIy aTOMaMHt TaKOBBI, YTO KaX/IBIH N3 HAX HAXOAWUTCSA B JOCTATOYHO CHIBHOM
MOJIE COCENHMX aTOMOB. DTO NPUBOAMUT K CMEILICHUIO 3JIEKTPOHHBIX YPOBHEH
SHEpPTrUM OAMHOYHBIX aTOMOB M MX paclieluleHHi0. B pesynbrare, BMecTO
COBOKYIHOCTH OJMHOYHBIX TOXKJECTBCHHBIX YPOBHEH 00pa3yeTcs MHOXECTBO
ONM3KO PpacIoOKEHHBIX YPOBHEH, KOTOpOE HA3bIBAETCSl PAa3pEIICHHON 30HOM.
Pa3perieHHbIe 30HBI pa3/ielieHbl 30HAMH HEIO3BOJICHHBIX 3HAUEHWH JHEPIHH,
MOJYYMBIINX Ha3BaHHE 3aIlpelleHHbIX 30H. lllupruHa 30H 11 SJIEKTPOHOB pa3HBIX
obosouek HeonmHakoBa. HanbGonblee BIMSHUE 1M0JI€ KPHCTAJUTMUECKOH peleTKr
OKa3bIBaeT Ha BHEIIHNE BaJICHTHBIEC AJIEKTPOHBL. [103TOMY 3aMETHO pacIIeIUISIOTCs
JVIIb YPOBHH, 3aHMMAaeMble BAICHTHBIMH 3JIEKTPOHAMH, a Takke OoJiee BBHICOKHE
YPOBHU 3HEPIuy, HE 3aHATHIC UIMU B OCHOBHOM COCTOSTHUM aToMa. BHyTpeHnHue xe
9JIEKTPOHBI, CWJIHO CBSI3aHHBIC C SIIPOM, HCIIBITHIBAIOT JIMIIb HE3HAYNTEIHHOE
BO3MYILEHHE OT COCETHUX aTOMOB, IO3TOMY MX SHEPTETHUECKUE YPOBHHU OCTAIOTCS
MPaKTHYECKH CTOJNb K€ Y3KMMHM, KaKk M B M30JIMPOBaHHBIX aromax. lllmpuna
pa3pemIeHHBIX 1 3aMpENICHHBIX 30H 3aBUCHT OT PACCTOSHHUS MEXIY aTOMaMH B
pemeTke (KOTOpoe OIpeneNseTcss CHIOW XuMHUYecKod cBsi3u). [Ipm mocratouHO
MaJlbIX PACCTOSIHUAX MEXKAY AaTOMaMHM MOXET IIPOM3OHUTH IEpeKphITHE 30H,
COOTBETCTBYIOUINX JBYM COCEIHHM YPOBHIM HEPIHU aTOMa.

Ha ocHoBe 30HHOI TEOpHM 3JIEKTPONPOBOAHOCTH TBEPIABIX TEJ IMOIY4IEHO
ornucanue (PU3NKN METaJUIOB, MOJTYIPOBOIHUKOB U TU3JIEKTPUKOB C €MHON TOUKA
3pennsi. PasperneHHass 30Ha, BO3HMKIIAs W3 YPOBHSA, Ha KOTOPOM HaXOJIATCS
BaJICHTHBIC 3JIEKTPOHBI B OCHOBHOM COCTOSIHHMM aTOMa, Ha3bIBACTCSl BAJICHTHON
30H0H. B coorBercTBUM ¢ mnpuHuunom Ilaynau 3anojiHeHHME BaJIEHTHOM 30HBI
JIEKTPOHAMH TIPOMCXOAUT TaK, YTO HA KaXJIOM JHEPTETHYECKOM YPOBHE MOXKET
HaXOJOUThCSI HE Ooyiee IBYX 3JEKTPOHOB C TPOTHBOIOJIOKHO HAIPaBIECHHBIMU
cnuHaMu (COOCTBEHHBIMM MEXaHWYeCKUMHU MOMeHTamu). [Ipu abconroTHOM HyIe
OHEPIrusd peueTKM MHWHHUMaJlbHA. HOBTOMy BAJICHTHBIC DJJICKTPOHBLI IIOIIApHO
3aI0JIHAIOT HW)KHUE YPOBHU BaJICHTHOH 30HBI. boliee BbICOKHE pa3pellieHHbIE 30HbI
CBOOOIHBI OT 3JIEKTPOHOB. BepxHHMe ypoBHM BaJIeHTHOW 30HBI MOTYT TaKXke
0Ka3aThCs HE 3aII0JIHCHHBIMU. B 3aBUCHMOCTH OT CTETIeHH 3aIlOJHEHHs] BaJICHTHOU
30HBI U IIUPUHBI OJIMDKaMIIel 3anpenieHHON 30HbI BO3MOXKHBI TPH MPUHIUIHAIEHO
Ba)XHBIX ClTy4asi, ©1300paKeHHbIe Ha puc 1:

@) BaJICHTHAs 30HA 3aII0JHEHA JJICKTPOHAMH HE TTOJTHOCTHIO;

0) BaJICHTHAs 30HA 3aII0JHEHA HJICKTPOHAMH TTOJHOCTHIO, U IIUPHHA
3anpelieHHON 30HbI MaJla;

6) BAJICHTHAsI 30HA 3all0JHEHA 3JIEKTPOHAMH TIOJIHOCTHIO, U IIMPUHA
3apELIEHHON 30HbI BEIUKA.

B cinydae @ 531eKTpOHBI 3alOJNHSIOT BAJICHTHYIO 30HY HE IIOJIHOCTBIO.



PaccTosHMe MEXKIy YHEPreTHIECKHMMHU YPOBHSIMH BHYTPH 30HbI Mano (10> — 10
5B). [TosToMy npu Temmeparypax BbIIIe aOCOJIIOTHOTO HYJISI SHEPTHs TEIJIOBOTO
JIBIDKEHUSI WM BHEIIHETO 3JIEKTPHUYECKOro MOJS OKa3bIBAETCS JOCTATOYHOM Uis
MepeBOla YacTH HJIEKTPOHOB HA Ooiiee BHICOKHE YPOBHH BCE TOH K€ BaJCHTHOU
30HHBI. TBepaoe Teno ¢ MogOOHOM CXEeMOI YHEPTETHUECKUX YPOBHEH MPEICTABIIICT
coboif Meram. BaneHTHyI0 30Hy MeTa/ula HA3bIBalOT 30HOM MPOBOIMMOCTH, a

BAJCHTHBIC DIIEKTPOHBI — CBOOOJHBIMH DJJEKTPOHAMH WM 3JCKTPOHAMHU
MIPOBOJMMOCTH.
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B cnydasx 6 u 6 BaJieHTHas 30Ha IOJIHOCTBIO 3aII0JIHEHA dJIEKTpOHaMU. YToOBI
SIIEKTPOHBI MOJTYYMIH BO3MOXKHOCTh HEpPEMENIaThcsl, HEOOXOAUMO COOOIIUTD UM
SHEPrui0, HE MEHBIIYI0 IIUPUHBI 3amnpeuieHHoN 30HbL [lpum 3THX ycnoBusX
3EKTPUUECKUE CBOICTBA KpHCTaIa ONPECIISIOTCS [UPUHON 3aIPEIeHHON 30HbI
AE. Ecnu 3Ta mupuHa HeBEIMKa (TIOPsIKa HECKOJIBKUX JECSTHIX 3JEKTPOH-BOJIBT),
SHEPrusl TEIUIOBOTO JIBM)KEHHS OKa3bIBAETCS JAOCTATOYHOM Uil NepeBOjia 4acTH
AJIEKTPOHOB B CBOOOJIHYIO BEPXHIOIO 30HY. B KpuCTaiiie mHosBsTCS CBOOOIHBIC
JJIEKTPOHBI, YHUCJO KOTOPHIX OBICTPO pAacTEeT C YBEIWYEHHEM TEMIIEPaTyphbl.
CBoOo/Has 30Ha JUTS HUX OKa)KeTCsl 30HOH mpoBoanMocTd. OJJHOBPEMEHHO CTaHET
BO3MOXKHBIM TEpEX0J 3JIEKTPOHOB C HIDKHMX YPOBHEH BAJICHTHOW 30HBI Ha
OCBOOOJIMBIIIMECS] BEPXHHWE YPOBHM 3TOH 30HBI. Takoe BEIIECTBO HA3BIBACTCS
IOy IPOBOTHIKOM.



Ecnmn mmpuna 3ampenieHHoit 30HBI AFE  Benuka (TOpsAKAa HECKOJIBKUX
AJIEKTPOH-BOJIBT), SHEPTUs TETUIOBOTO JIBHXKCHUS OKa3bIBAETCS HEJIOCTATOUHOM ISt
IepeBoJia 3aMETHOT0 YHCiIa 3JEKTPOHOB B CBOOOAHYIO 30HY. Takoe BEIIecTBO
Ha3bIBAIOT JMAJICKTPUKOM (HM30JISTOPOM). JIM3IEKTPHUK MOYTH HE HIMEET CBOOOTHBIX
JIEKTPOHOB U ITO3TOMY HE IPOBOJHT 3JIEKTPUIECKOTO TOKA.

Pacripenenenne 3IEKTPOHOB 1O YPOBHSM BAJEHTHOM 30HBI M 30HBI
MIPOBOIMMOCTH OTHCHIBaeTCs PyHKIMeH pacnpenenenus Oepmu-/lupaka:
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Ora (QyHKOUS JISKUT B OCHOBE KBaHTOBOW cratucthku Pepmu-/lupaxa.
YacTHIipl, TOAYMHSIONINECS 3TOW CTaTUCTHKE, Ha3bIBatOTCS (pepMuoHamu. K HUM
OTHOCSITCSI DJIEKTPOHBI, MPOTOHBI, HEWTPOHBI U JPYTME YACTHUIBI C MOy LEIbIM
cuuHOM. J[1s1 ()epMHOHOB XapakTEpHO TO, YTO OHU HHUKOIJAa HE 3aHUMAIOT
COCTOSIHMSI, B KOTOPOM YK€ HaxoauTcs ojaHa dactuia (npuHoun Ilaymm).
[Mapamerp Er HazpBatoT ypoBHeM PDepmu. B meramnax mpu abconmoTHOM HyIe
ypoBeHb depMu coBIagaeT ¢ BEpXHUM 3arlOJHEHHBIM 3JIEKTPOHAMH YPOBHEM. Y
XMMHYECKH YHCTHIX IOJYIPOBOJHHKOB ypoBeHb @epMu pacnonaraercs
TTOCPEMHE 3aMPEIICHHON 30HBI.

[IpoBoaAMMOCTE MNONYHNPOBOAHMUKOB. [lOMynmpOBOXHMKAMH SIBISIOTCS
KPHUCTAJUINYECKHE BEIIECTBA, Y KOTOPHIX BAJEHTHAs 30HA NPH a0COIIOTHOM HyJle
MIOJTHOCTBIO 3aIlOJIHEHA IEKTPOHAMHM, a IIMPUHA 3aIPEIleHHOM 30HBI HEBEIMKa
(puc. 16). CBouM HazBaHMEM OHM 00s3aHbI TOMY (aKTy, YTO IO BEIHUYHHE
JIEKTPONPOBOLHOCTH 3aHUMAIOT IIPOMEKYTOUHOE HOJIOKEHHE MEXKAY MeTalaMu
H IUDJICKTPUKaAMU. O}IHaKO XapaKTCPHBIM JJId HUX ABJISACTCA HC CTOJILKO BEJIMYMHA
9JIEKTPOIIPOBOAHOCTH, a TO, YTO UX MPOBOJAMMOCTb YBEINYNBACTCS C POCTOM TEM-
neparypsl. K IpyruM 0coOEHHOCTSIM ITOJIyITPOBOAHUKOB OTHOCUTCS TO, YTO HX
AJIEKTPOIIPOBOAHOCTH OCYIIECTBIISIETCS IBYMSI THIIAaMH HOCHTEJNIEH TOKa U CHIIBHO
3aBUCHT OT mpumeceil. Ilo TuUmy MPOBOAMMOCTH MOJYNIPOBOAHWKH NENATCA Ha
cOOCTBEHHBIC M IPUMECHBIC.

CoOcTBeHHAsT NPOBOAUMOCTh. [IpOBOAMMOCTD XMMHYECKH UHCTBIX II0-
JYIPOBOJHUKOB HAa3bIBAETCS COOCTBEHHOW IIPOBOJUMOCTBIO, a CaMH MOJy-
MIPOBOJHUKY — COOCTBEHHBIMH ITOIYIPOBOAHUKAMH. [Ipu abCONIOTHOM Hylle OHH
BEOyT ce0s KaK IUAJICKTPUKH. ODJEKTPUYECKOe II0JIE HE MOXKET IMepeOpOoCHTh
3JIEKTPOHBI U3 BaJICHTHOU 30HBI B 30HY MpoBoAUMOCTH. [Ipu TemmepaTypax BbIIIe
aOCOJIIOTHOTO HyJIl 4acTh 3JIEKTPOHOB IOA JICHCTBUEM TEIJIOBOIO BO30YKACHUA
MEPEXOAUT C BEPXHHUX ypOBHeﬁ BAJICHTHOM 30HBI Ha HIDKHHE YPOBHH 30HBLI
MPOBOIMMOCTH. B 3THX yCIOBHSIX SJIEKTPUYECKOE I0JIE MOJTYy4aeT BO3MOXKHOCTB
W3MEHSTh COCTOSHHE DJIEKTPOHOB, HAXOJIIMXCS B 30HE MpOBoguMoOcTH. Kpome
TOTO, OCTAaBIIHECS OSJIEKTPOHBI BAJICHTHOH 30HBI MOTYT MOJ IEHCTBHEM MOJA
MepexoJuTh Ha OCBOOOIMBINHECS (BaKaHTHBIE) YPOBHHM 3TOM 30HBI M TaKXKe



co3faBaTb B KpHUCTalle SJEKTPUUECKUHd TOK. BakaHTHple MecTa NpuU 3TOM
MepEMEIAOTCA B HAMPABICHUH MPOTUBOMOJIOKHOM ABMXKEHUIO DIIEKTPOHOB, T.€.
BEIYT ce0sl B JJICKTPUYCCKOM TIOJNE KaK ITOJIOKUTEIHHO 3apsHKCHHBIC YaCTHUIIHL.
Takue (QUKTUBHBIC YACTHUIIHI HA3bIBAIOT ABIPKAMHU.

B coOcTBEeHHOM MONYNpPOBOAHUKE IMPH JOCTATOYHO BBICOKOHM TeMmepaType
YT OJHOBPEMEHHO JBa MPOIecca: POXKISHIE MOMapHO CBOOOIHBIX JIEKTPOHOB U
JIBIPOK ¥ PEKOMOMHALMS, TIPUBOAIIAS K MAPHOMY HCUE3HOBEHHUIO AJIEKTPOHOB U
IbIpOK. PaBHOBECHass KOHLIGHTpalMslT HOCUTENEH 3apsgoB s Kaxaou
TeMIEepaTyphl OKa3bIBACTCS BIIOJHE OMpPEICNICHHON W MEHSAETCS C TeMIlepaTypoi
II0 DKCIIOHCHLIMAJIbHOMY 3aKOHY. lIpM OTCYyTCTBMM BHEUIHETO 3JIEKTPUYECKOrO
I10JI14 3J'ICKTp0HI)I HpOBO}lI/IMOCTI/I u }IprKI/I Z[BI/I)KyTCH XaOTHYCCKHU. HpI/I
BKJIIOYEHUU TIONS HA XAOTHUYECKOE MABMKEHUE HAKIIAJbIBACTCS YHOPSAOYEHHOE
JIBIKEHHE DJIEKTPOHOB TMPOTUB TOJI U JBIPOK B HAaMpaBjeHUH TOJS.

CJ'ICZ[OBaTCJ'H)HO, coOcTBeHHAas QJICKTPOIIPOBOAHOCTH MOJIYIIPOBOAHUKOB
06YCJ'IOBJII/IBaGTC$I HOCUTCIISIMU 3apAO0B KakK OBI JABYX 3HAKOB — DJJICKTPOHAMHU H
AbIpKaMU.

[IpuMmecHass TPOBOAMMOCTE. I[IpOBOAMMOCTD TOIXYHIPOBOAHHUKOB, 0OYyC-
JIOBIICHHAs TPUMECSMH, HA3bIBAETCS IMPHUMECHON MPOBOIUMOCTBIO. DTOT BHI
MIPOBOJIUMOCTH BO3HHKAET, €CIM HEKOTOpBIE aTOMBI JAHHOTO MOJYIIPOBOIHHUKA
3aMECTHTh aTOMaMH, BAaJCHTHOCTh KOTOPBIX OTJIMYAeTCsI Ha EAWHHUIY OT
BAJIECHTHOCTA OCHOBHBIX aTOMOB. THUIHWYHBIMU MOJYIIPOBOAHUKAMU  ABJIAIOTCA
KPHUCTAJUIBl TEpMaHus U KPEMHHUS.

[Mpeamonoxum, 4YTo B pELIETKE TIepMaHUs YacTh aTroOMOB 4-BaJEHTHOTO
repMaHus 3aMelleHa aTroMaMH S-BaJieHTHoOro ¢ocdopa. s obpasoBaHus
KOBWJICHTHBIX CBS3ed C aToMaMW TepMaHHs NpUMecHoMy aroMy ¢ocdopa
JIOCTaTOYHO YETHIpeX OJIEKTPOHOB. I[IATHI 3JEKTPOH OKa3bIBaeTCsd Kak Obl
JUIIHUM, JIETKO OTIICTUISETCS OT aToMa 3a CYET YHEPTHH TEIUIOBOTO IBIDKCHUS U
cTaHoBUTCS cBOOOMHBIM. OOpa3oBaHie CBOOOIHOTO AIIEKTPOHA B ATOM Cllydac HE
MIPUBOANT K 00Pa30BAaHUIO ABIPKH, TaK KaK M3OBITOYHBIN IMOJIOKUTEIHHBIN 3apsiT
CBS3aH C aTOMOM NPUMECH W TIePEeMEIIaThCs IO peIIeTke He MOXKeT. Takum
obpa3oM, y repMmaHds ¢ TpuMechio (ocdopa obpa3yercss TONBKO OIUH BHI
HOCHUTENEH TOKa — JJIEKTPOHBIL. Takoi MOJYNpPOBOIHHK OO0JIQJAeT 3JIEKTPOHHOU
NPOBOJIMMOCTBIO W HAa3bIBAaeTCsl IOJYIPOBOAHMKOM n-Tuma (negative —
OTPHUIATENBHBIN). ATOMBI MPUMECH, MOCTABIAIONINE 3JIEKTPOHBI MPOBOAMMOCTH,
Ha3bIBAIOTCA JOHOPAMHU.

[IpennonoxuM Termepb, 9YTO B PEIICTKE TePMaHUS YacTh aTOMOB T'epMaHHUS
3aMelleHa aToMaMHu 3-BaJleHTHOTO ©Oopa. Tpex JJIeKTpOHOB HE XBaraer JuIs
00pa30BaHMs CBSI3€H C YETHIPHMSI COCEIIIMH, HEAOCTAOIINIA AIEKTPOH MOXKET OBITh
[M03aMIMCTBOBAaH y COCEIHET0 aroma repMaHus. Pa3zopBaHHas CBs3b OyneT
MIPEJCTABIATh COOOU NBIPKY, KOTOpas CIOCOOHA IMEepEeMEIIaThCs M0 KPHCTAILTY.
BOuu3u atoma nmpuMecd BO3HHMKAET WM30BITOYHBIN OTPHULATENBHBIN 3apsill, HO OH
CBS3aH C JJaHHBIM aTOMOM W HE MOJKET CTaTh HOCHTENeM TOKa. B manHOM ciydae
TakKe BOZHHKAIOT HOCHUTENH TOKAa TOJIBKO OJHOTO 3HAaKa, HO TEMeph — 3TO IBIPKH.



Taxkas MMPOBOAUMOCTL HA3bIBACTCS HLIpO‘IHOfI, a NOJYIOPOBOJHUKH HA3bIBAIOTCHA

MOJYIIPOBOTHUKAMHU p-THIa (positive — TIOJIOXKUTENBHBIN). ATOMBI TpPUMECH,
OTOMpAIOIIE 3JIEKTPOHBI MPOBOAWMOCTH Y TIONYNPOBOJHUKA, HAa3BIBAIOTCS
aKIENTOpPaMH.

B TepMuHax 30HHOH TEOPHH 3TH MPOLECCH MOKHO MPEACTaBHUTh CIIEAYIOIINM
obpazom. [Ipumecn McKaXarloT MOJIE PENIETKH, YTO NMPHUBOJUT K BOSHUKHOBEHHUIO
IIPUMECHBIX YPOBHEH, PAaCIIOJIOKEHHBIX B 3allPELICHHON 30HE KpucTauia. B cioyuae
HOJTYyTPOBOJHUKOB N-THUIA HNPUMECHBIE YPOBHH Ha3bIBAlOTCA IOHOpHBIMH. OHHU
pacroylaratorcsa BOJM3M [JHA 30HB npoBogumoctd En = 0,01 3B (puc. 2a).
[IpumecHble  ypOBHM  Ha3bIBAIOTCS  AKLENTOPHBIMA M PAacIIONIararoTcs
HETIOCPEJICTBEHHO y BEpPUIMHBI BAaJCHTHOH 30HBI B Cly4ae IIOJIyIIPOBOIAHUKOB P-
tuma Ey = 0,01 3B (puc. 26). B oboux ciaydasx 3HEprusi TEIJIOBOTO JIBMKCHHUS
Jlayke TIpU OOBIYHBIX TEMIIEpaTypax OKa3bIBaeTCs JIOCTATOYHOH, YTOOBI IEpEeBECTH
9JIEKTPOH C JOHOPHOTO YPOBHS B 30HY IPOBOJMMOCTH (puc. 2a) ¢ 00pa3oBaHHEM
TaM 53JIEKTPOHOB MPOBOAWMOCTH WM W3 BAJICHTHOW 30HBI Ha AKLIENTOPHBIA
YpOBEHB ¢ 00pa3oBaHUEM JBIPKH B BAIICHTHOI 30HE (pHC. 20).
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VYposenp depMu B MOMYNPOBOJHUKAX N-TUIA PACIONaraercss B BepXHEH
MIOJIOBUHE 3alPELICHHON 30HBI, a B TONYyHNPOBOJHHMKAX pP-THUMNA — B HIDKHEH
MOJIOBUHE 3alpelieHHOM 30Hb1. [Ipy MoBbILIeHNN TeMepaTypbl ypoBeHb DPepmu B
MOJYIPOBOTHUKAX OOOMX THIOB CMEIIAETCs] K CEPEIMHE 3alpeIieHHON 30HbI, TaK
KaK KOHLEHTpPAIWs NPHUMECHBIX HOCHUTENEH OBICTPO IOCTHTaeT HACHILCHUS H
HAuMHACT Mpeo0safaTh KOHLEHTPAIMs COOCTBEHHBIX HOcuTenel. B ormmume ot
COOCTBEHHOW MPOBOJUMOCTH, OCYLIECTBIIOIIEHCS ABIPKAMH M 3JIEKTPOHAMHU
OJHOBPEMEHHO, TPUMECHas MPOBOAMMOCTb OOYCIIOBIIEHAa, B OCHOBHOM,
HOCHTEJISIMU OJHOTO 3HaKa. DTH HOCUTENH Ha3bIBaIOTCA OCHOBHBIMHU. Kpome HUX,
MOJTYNPOBOJHUK  COJCPKUT HEOCHOBHBIE HOCHUTENM, HaJIU4Me KOTOPBIX



00yCTIOBIICHO COOCTBEHHOH MPOBOAMMOCTEIO; B ITOTYIIPOBOTHUKE N-THITA — JIBIPKH,
B  TONyIPOBOJHWUKE  pP-THIMA —  3JCEKTPOHBL. WX  KOHIIGHTpamus B
ITOJTYTIPOBOTHUKOBBIX MPHOOPax, KaK MPaBWIO, OKA3BIBACTCS 3HAYUTEIHFHO HIDKE
KOHIICHTPAILIMU OCHOBHBIX HOCHUTEIICH.

KoHTakT ABYX NOJNYNPOBOAHHKOB N- M p-THIA. BempsmieHue
MEPEeMEHHOTO TOKa MOYKHO OCYIIECTBHTH TPH TIOMOIIM TMOIXYIPOBOJHHUKOBBIX
YCTPOMCTB, HA3bIBAEMBIX MOJYIPOBOJHUKOBBIMH AHOJaMU. B ocHOBe paboThI
MTOJTyTIPOBOTHUKOBBIX JIMOMIOB JIKHT TaK HA3BIBAEMBIH P-N-TIEPEXOMd, KOTOPBIN
MpeaCcTaBisieT co0Oi TOHKHH TEPexXONHOW CIIOM Ha TpaHUIE pasfena IBYX
oOnacTeil OJHOrO W TOrO JKE KpHCTaia. OTH 00JacTH OTJIHYAIOTCS THIIOM
npoBoAUMOCTH. J{upPyHIUpYys BO BCTPEUHBIX HANpPABICHUAX 4Yepe3 MepeXxoaHON
CJIOH, IBIPKH W DJCKTPOHBI PEKOMOMHHUPYIOT JAPYr ¢ aApyroM. [loatomy p-n-
MEPEX0J] OKa3bIBACTCS CWJIBHO OOCIHEHHBIM OCHOBHBIMH HOCHTEISIMH TOKAa U
npuoOpeTaeT GOJIBIIOE CONPOTHBIICHUE.

Ha rpanmiie nByx oOmacteid BO3ZHHKAeT IBOWHOW AIIEKTPUUCCKHH CIOM,
00pa30BaHHBIN OTPHUIIATEIIEHBIMA HOHAMH aKIIENTOPHON MPUMECH, 3apsia KOTOPHIX
Tenepp He KOMIICHCHPYETCS NBIPKAMH, M TOJOXXHUTEIbHBIMA MOHAMHU JOHOPHOU
MPUMECH, 3apsii KOTOPBIX HE KOMIIGHCHUPYETCS SJIEKTPOHAMHU. ODIEKTPUUECKOE
0JIe HAMpPABJIECHO TaK, YTO OHO MPOTHUBOJCHCTBYET JalbHEHIIIEMY MIEPEX0ay Yepe3
CJIOl OCHOBHBIX HOCHTENEH. DTO MPUBOIUT K MOHMKEHUIO BCEX IHEPTETUYECKUX
ypoBHeil, B ToM uucie u ypoBHs depmMu B n-o01acTH W TOBBIMICHHIO UX B P-
obnactu. PaBHOBecue JocTHraeTcsl IpU TaKoil BBHICOTE MOTEHIMAIBLHOTO Oapbepa
eUg, mpu kotopoir ypoBHn @Pepmm oOeux oOnactedl pacrmonararoTcs Ha
OJIMHAKOBOH BBICOTE (pHC. 3).
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W3rnbanme »sHepreTMdecKMX 30H B 00JAacTH TNepexoia BBI3BAHO TEM
00CTOSATENLCTBOM, UTO MOTEHIINAJ P-00IaCTH B COCTOSHUN PaBHOBECHS HIDKE, YEM
noteHnuan n-oonactu. CoOOTBETCTBEHHO, MOTEHIMAIBHASI SHEPTHUsI DIIEKTPOHA B P-
obmacti Oorpirie, 4eM B n-o6yactu. HrKHSAS TpaHUIa BaJCHTHOW 30HBI TACT XOJ
KpUBOM  NOTEHLUUANbHOM  HSHEPruM  JJIeKTpoHa FEp; B HalpaBlICHUH,
MIEPIICHANKYISIPHOM Tlepexony (CIutomHas KpuBas Ha puc. 4a). 3apsm ABIPOK
IPOTHBOIIOJIOKEH 3apsilly SJIEKTPOHA, MO3TOMY MX NMOTEHIMalIbHAs dHeprus Epy
Oouibllle TaM, T1e MeHblle Fpy U, HA000pOT (MyHKTHpHAs KpuBas Ha puc. 4a). B
COCTOSIHUM PaBHOBECHSI HEKOTOPOMY KOJIMYECTBY OCHOBHBIX HOCHUTEJEH, 3HEPIHs
KOTOPBIX BBIIIE BEJIMYHHBI TOTEHIMAIFHOTO Oapbepa, YAaeTcs IIPeooJieTh
Oapbep, BCIEICTBHE YEro 4depe3 Mepexoi TeYeT TOK OCHOBHBIX HoOcuTeded Io.
HeocnoBHble HOcHTenn (IOBIPKH B N-00JIacTH, 3JIEKTPOHBI B P-00JaCTH) MOTYT
CBOOO/IHO TEPEXOIUTDH Yepe3 p-N-Iepexo, TaK Kak OHH MEePEMENIaloTCs TIPH 3TOM
¢ OoJiee BBICOKOTO SHEPTETHYECKOTO YPOBHS Ha Ooyiee HU3KWH, W 00pa3yloT TOK
HEOCHOBHBIX HoOcuTened [y. BennuumHa 3TOro TOKAa 3aBUCHUT JMIIb  OT
KOHIIEHTPALlMK  HEOCHOBHBIX  HOCHTeNeHW.  J[MHammueckoe  paBHOBECHE
YCTaHaBJIMBACTCS IIPH TAKOW BBICOTE IMMOTEHIMAIBLHOTO Oapbepa, IpH KOTOPOi 00a
TOKa /o U [y KOMIIEHCUPYIOT APYT ApYra.
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Puc. 4

BrinpsMmasiomee aeiictBue p-n-nepexona. Ilogamum Ha Kpucramn
BHEIIIHEE HANPSHKCHHE TAKOTO HAIpaBICHUs, YTOOB "MUTFoc” OBIT MOIKITIOYEH K P-



obmactn, n "mMuHYC" K n-obmacté (IpsAMOe HampapieHHE). DTO NPUBOIWUT K
BO3PACTaHUIO MOTEHNUANa P-00JacTH, TO €CTh YBEIMYEHUIO Epy U yMEHBIICHUIO
Ep;, W TOHIDKEHHMIO IIOTEHIMana n-o0JIacTH, TO €CThb YMEHBINCHUIO FEpy U
yBenmuueHuto FEpy (puc. 46). B pesynprare, BBICOTA MOTEHIMAIBHOTO Oaphepa
YMEHBIIUTCA, U TOK [o BO3pacTer, a Iy OCTaHeTcs Heu3MEHHbIM. I[loHMKeHue
MOTEHIMATBHOTO  Oaphepa, paBHOe eU, NPONMOPIMOHAIFHO MPHIIOKEHHOMY
HanpspkeHuto U. Eciau Npuinokute K p-n-Iepexopy BHELIHIOK pa3HOCThb
moteHiagoB U B oOpaTHOM HampaBieHHH (puc. 46), TO 3TO TPHUBEAET K
MOBBIIICHUIO IOTCHIHAIBHOIO Oapbepa M COOTBETCTBYIOIICH YOBUIM TOKa
OCHOBHBIX Hocutenel Ip. PesynpTupytomnii o0paTHbIil TOK JOCTUTaeT HACHIILICHUS
(T.e. mepecraet 3aBuceTh OT U) U CTAHOBUTCS PaBHBIM .

60 -40 -20 U,B
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Puc. 5

BosHukatommee B p-n-miepexosie  DIEKTPHYECKOE TI0Jie  TMPH  MPSIMOM
HaNpsDKeHWH  "MOJPKUMaeT" OCHOBHBIE HOCHTENH, BCIICJCTBHE YEro INUpUHA
MIEPEXOIHOTO CIIOS dj COKpAaIlaeTcs. DTO MPUBOAWT K YMEHBIICHHIO CONPOTHB-
JeHHsl Tiepexoia, MpUYeM TeM CHiIbHee, YeM Oouibllie HampsbkeHue. M Haobopor,
pU TPWIOKSHUH OOPAaTHOIO HANpsHKEHHUS LIMPUHA MEPEeXOJHOTO CJos d
BO3PACTaeT, 4YTO MPUBOAUT K YBEIMYEHHIO CONPOTHBICHHS pP-N-TIEpexona.
BonpramMnepHast XapaKTepUCTHKA TUIIMYHOTO IOJYIPOBOJHUKOBOTO AUOAA MAJION
MOIIHOCTH (3aBUCUMOCTb CHIIBI TOKA / OT MPHJIOKEHHOTO K HeMy HanpspkeHus U)
IpUBEJCHA Ha pucC. 5.



Brmpsimitstoniee JieiicTBre p-n-riepexojia XapaxkTepu3yercs
K0o3pPHUIMEeHTOM BBINPSIMICHUS, PaBHbBIM OTHOIICHHIO IPSIMOTO TOKa K
o0paTHOMY, U3MEPEHHOMY IIPH OJMHAKOBBIX MO BEJMYHHE MPSIMOM M OOpaTHOM
Hanpsokeann: k = Igp / Iopp (U = Const). C yBenmn4eHHeM HaNpsHKCHUS
KOX(pUIHMEHT BBIIPSAMICHHS OBICTPO pPACTEeT, AOCTHTas MaKCHMyMa, a 3aTeM
YMEHbIIAeTcs. Y MeHblIeHre K03()(GHUIMEHTa BHIIPSMICHUS BBI3BIBACTCS OBICTPHIM
HapacTaHHeM OOpaTHOTO TOKa BCJIEACTBHE 3JCKTPUYECKOro Mpolosi mepexoia
00paTHBIM HANPSKEHUEM.

Heo6xoanmMo OTMETHTH, YTO TOK HEOCHOBHBIX HOCHUTENEH (T.€. 00paTHBIN TOK)
OBICTPO pacTeT ¢ POCTOM TEMIEPATyphl, TaK KaK C yBEJIMYEHHUEM TeMIIepaTyphl
KOHLIEHTPAlsi HEOCHOBHBIX HOCHTENICHl AKCIIOHEHIWanbHO pacrter. [lpu
JIOCTaTOYHO BBICOKMX TEMIIEpaTypax OH JIOCTHIaeT TaKOW BEJIMYHHBIL, YTO
BBINPSIMIISIONIEE JICHCTBIE P-N-TIEpeX0/1a HCUe3aeT.

B pabore wuccnemyroTcss BOJbTaMIEPHbIE XapaKTEPUCTUKH KPEMHHEBOTO H
repMaHUEBOTO JAHOJIOB.

3amanue 1. HccnemoBaHne BOJIBTAMIIEPHBIX XapaKTEPHUCTHK IHOIOB C
TTOMOIIIBIO BOJIETMETPA U aMIIepMeTpa.

1. CoOparth 3J1eKTpUUECKYIO IeTlb 110 CXeMe, IPUBEICHHOW Ha puC. 6, Tie B -
BBINIPSIMUTEINH (MCTOYHUK TOCTOSIHHOTO HAaIlpsHKEHUsI), R — MOTEHIIMOMETp, mA
MIJUTHAMIIEPMETpP JUIA HW3MEPEHHS CHIIBI TOKa B TPSMOM HAmpaBIeHUH, PA —
MHKpOaMIIepMeTp Ul U3MEPEHUs] CHIIBI TOKa B OOpaTHOM HampasieHuu, [1
MepeKiIoyarTenh HampaBieHusi Toka, K — mepexmodarens auoaos, J; u I —
KPEMHHEBBIH ¥ TepPMaHHEBBIN THOIbI.

Puc. 6

2. YcraHOBUTH Ipenes U3MepeHus: BoJbTMETpa Ha 3 B, a MuimnamnepMerpa Ha
MaKCUMaJIbHBIA Tpenen u3MepeHus cuwibl Toka. [loctaButh nepekitouatens 1 B
MOJIOkKEeHHe 1, 4TO COOTBETCTBYET MPSIMOMY HAINpPaBICHUIO TOKA Yepe3 IHUOI.
Moxkmounts kpemaueBbiid muon Jl; (xwirou K mepeBectm B mojnoxeHue 1).
[otentmomeTp R MOTHOCTHIO BBIBECTH (R = R,yy.). BKIFOUNTS MCTOYHUK MTUTAHUS
B B ceTp mepemenHoro HanpsokeHns ~ 220 B.



3. TlocremenHo yBenWuwWBasi INPH IIOMOLIM NOTCHIHOMETpAa R BEIUYUHY
MoAaBaeMoro HampsbkeHus: yepes kaxaeie 0,2 Bonbra ot 0 10 3 B, cHATH OoTYeTH
MOKa3aHMsI BOJILTMETPa U MIJITHAMIIEPMETpa.

4. TlocraButh nepekirodatens [1 B mogoxeHne 2, 9T0 COOTBETCTBYET 00paTHOMY
HampasJeHnIo Toka. [Ipm momomm MoTEeHIMOMETpa MOAaTh Ha JHOA TaKHE K
3HAQUEHWsA HAmpsHKCHWs, Kak W B MPSIMOM  HANpaBICHWH, 3alHCHIBas
COOTBETCTBYIOIINE 3HAYCHUSI CHIIBI TOKA [0 MUKPOAMIIEPMETPY.

5. Tloapxmrounts repManueBblii aumox [,. [ns srtoro kmou K mnepeBectu B
nonoxkerne 2. IIponenaTs m3MepeHus mo myHKTaM 2, 3, 4 Ui repMaHHEeBOTO
nuona Jl,.

6. Ilo momy4eHHBIM JaHHBIM BBIYHUCIUTH KOA(PQUIIMEHT BBIIPSIMIICHUS k
=Inp/ Iopp (mpu U = Const) u conpoTuBiieHue quoja Ry. 3aHeCTH Bce 3HAYEHUS B
TaOJINIYy ¥ IOCTPOUTH CIIETYIONINE XapaKTePUCTHKH:

D 1=/ (U), 2R =£ () u 3 k=1 ().

Hpumeuanne. TokM U HAMPSDKEHUS, TIPIIIOKCHHABIE B MPSIMOM HAIPaBICHUH,
CUHTAIOTCS TOJOXUTEIBHBIMU TIPH TIOCTPOCHWH XapakTepucTuk | m 2, a B
OoOpaTHOM  HampaBICHWH — OTpUIATENbHBIMU. [Ipu  mocTpoeHun 3-ei
XapaKTepUCTHKH HANpsDKEHHE OTKJIAAbIBACTCS TOJNBKO B  IOJIOKUTEIHFHOM
HamnpaBJieHWU. 3HaUEHUs MPSMOTO TOKAa OTKJIAJbIBaTh B MA, a 00paTHOTO TOKa — B
MKA.

3ananue 2. HabmroneHne BOJBTAMIEPHBIX XapaKTEPUCTHK JHUOJOB IIPH
TIOMOIITH OcIIuIorpada.

Tp| K

220B

Puc. 7

1. CoOpath 3/MeKTpUUECKYIO IIeTb 110 CXeMe, MpUBeIeHHON Ha puc. 7, rae Tp —
Tparchopmarop, R — peocrar, [, u [, — wucciuemyemble KpeMHHEBBIH U
repMaHMeBbIl muoasl, K — xrrou mams nmomkmroderns muonoB M, wmu [, 90 —
AIEKTPOHHBIN OCIFILIOTpad.



HanpsoxeHne Ha CONpOTUBIEHUM R, MPONOPIHOHAIBLHOE CUIIE TOKA 4epes
JIVIOJ1, TIO/IBOJTUTCS K KIIEeMMaM BEpTHKAJIBHOTO BXona ociiorpada. Ilepemennoe
HampspkeHne ¢ TpaHcdopmaropa TOAaeTcs Ha TOPU3OHTAIBHBIA — BXOJ
ociyutorpaga. IloaroMy Tpu CBOEM IBIDKCHHH MO 3KpaHy JJIEKTPOHHBIM JIyd
"BEIMUCHIBAaCT" HCCIIENyeMYI0 XapakrepucTuky / = f(U) B cucteMe KOOpAMHAT: IO
TOPU30HTAJIN — HANIPSDKEHNE U 110 BEPTUKAIN — CHJIA TOKA.

2. Ilepesectn ocuumiorpad B YCHIMTEIBHBI peXUM (BBIKIIOYHTH €TI0
rereparop pasBeptku). Kimtou K mocraBuTth B monokeHue 1, 9To COOTBETCTBYET
MIOJKJIFOYEHUIO [T UCCIIEI0BAaHMS KpEeMHHEBOro auoaa Jl;.

3. Bxitouuts ocusuiorpad u TpaHcopMaTop B CETh EPEMEHHOTO HANPSDKEHUS
~ 220 B. Ilpu nmoMoum pydeKk YCHJICHHs MO BEPTHKAIH U FOPU3OHTAIH JOOUTHCS
yIoOHOI 17151 HAOMIO/IeHNST KapTHHBI. 3apHCOBATh XapAKTEPUCTHUKY.

4. Kmou K nocraBute B NOJOXKEHUE 2, MONyYUTh M 3apUCOBAaTh HA HDKPaHE
ociutorpaga BoJIbTaMIIEPHYIO XapaKTEPUCTUKY T€PMaHUEBOTO JTHOAA.

Bomnpocs Aisd NOATOTOBKH.

1. 3oHHasg Teopus TBEPABIX TEIL.

2. CoOcTBeHHas NPOBOJUMOCTB IOJTYITPOBOAHUKOB.

3. IlpumecHas MPOBOIMMOCTH IIOMYIPOBOAHHMKOB. JIOHOpHBIE M aKLENTOPHBIE
YPOBHH.

4. KoHTakT IBYX MOJIYNPOBOJHHKOB C PA3IMYHBIM TUIIOM ITPOBOAMMOCTH:

a) TIOIy4eHHe p-n-nepexona; 0) paBHOBECHOE COCTOSIHUE P-N-TIEPEX0Aa;

B) BBIIPSIMIISIFOLIEE ICHCTBUE P-N-TIEPEX0/1a; T') IPSIMON M OOpaTHBIN TOK.

5. BombpramnepHas xapakTepHCTHKa IOJIYTTPOBOIHUKOBOTO ANOIA.

6. Ilpo0oii p-n-nepexoxna. IloTepst BHIIPSAMIISIONINX CBOMCTB p-n-liepexoza Mpu
BBICOKUX TEMIIepaTypax.

7. TlpuHUMT pPaOOTBHI JJIEKTPHYECKHX CXEeM: a) ISl CHATHSA BOJNbTAMIEPHBIX
XapaKTepUCTHK IHOAOB; O) Ui HAOMIONCHHWS BOJNBTAMIIEPHBIX XapaKTEPHUCTHK
JIOJIOB Ha ociiiuiorpade.
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