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1. O0mme cBeieHNs1 O MOJTYNIPOBOAHUKAX

Bce BemectBa B 3aBUCUMOCTHM  OT HMX CIIOCOOHOCTH TPOBOJMTH
DNEKTPUUECKUH  TOK  JIETSATCS  HA  MPOGOOHUKU,  OUIIEKMPUKU U
noaynpoeoonuxku. llpoBogHuku  0051aJjal0OT  BBICOKOM  DJIEKTPUUYECKOU
MPOBOJIUMOCTBIO, TUANEKTPUKUA — HUUYTOKHO HU3KOM, & MPOMEXYTOUHOE MECTO
MEXK]ly HUMHU 3aHUMAIOT MOJIYIIPOBOJHUKHU. JTO HamOoJiee pacpoCcTpaHEHHAS B
npupoze rpymmna BemectB. K Hel oTHOCATCS: 12 XMMHYECKUX 3JIEMEHTOB, PSI
XUMUYECKUX COCIUHEHUN, OOJBIMMHCTBO MHHEPAJIOB, a TaKKe MHOTHE
opraHudeckue BemecTBa. i1 MOMYNMPOBOJHUKOB XapakTepHa 3HAYUTEIbHas
3aBUCUMOCTb JJIEKTPOIPOBOJHOCTH OT TEMIEpPaTypbl — C €€ pPOCTOM OHa
YBEIUYHUBAETCS.

Tonpko HEOOJBIIOE YMCIO MMOJYIMPOBOJHUKOBBIX BEIIECTB HAXOJUT
MIPUMEHEHUE B AJIEKTPOHUKE, MOCKOJIBKY HCXOJHBIE MaTepUajbl, U3 KOTOPBIX
W3TOTABIMBAIOT  TOJYNPOBOJHUKOBBIE  MPUOOPHI,  JODKHBI  00JajaTh
OTpeIeICHHBIMU (DU3UKO-XUMHUUECKUMU U MEXaHUYECKUMHU CBOMCTBAMU. DTHUM
TpeOOBAHUIM YJIOBJIETBOPSAIOT B MEPBYIO OYEpPEh MOHOKPUCTAJUIBI, B KOTOPHIX,
B OTJIMYKE OT aMOpP(HBIX Ted M MOJUKPUCTAIIIOB, OOECIEUYUBAECTCS BBICOKAs
MEPUOANYHOCTh KPUCTAJUTMYECKON PEIIETKH.

Cpenu nBeHaaaTd XUMUYECKHUX JIEMEHTOB HauOoJjIee MOAXOAIMIUME IS
MPOU3BOJICTBA MOJYIPOBOAHUKOBBIX NPUOOPOB sBISAIOTCA Trepmanuii (Ge) u
kpeMHuid (Si). Hapsimy ¢ HUMH B TOJYIPOBOJHUKOBOM TEXHHKE HAXOIAT
NpUMCHEHHE psAj coenuHeHuil: apceHun ramms (GaAS), aHTUMOHHJ WHJIUS
(InSb) u np.

Ha BHemHe#l snekTpoHHON o000j0uke 37eMeHToB Ge M Si HaxoAuTcs
YeThIpe BaJICHTHBIX OJJeKTpoHa. Ilpu o00pa3oBaHUM KPUCTAUIOB aTOMBI
AJIEMEHTOB PACMOJararoTcsi TaK, YTO HMX BHENIHUE JJICKTPOHHBIE OO0OJIOUKHU
MEPEKPHIBAIOTCA, M BAJIEHTHBIE BJEKTPOHBI COCEAHUX AaTOMOB CTaHOBSITCS
oOuMu, 00pa3yst koeaieHmHbvle (NMAPHODIEKTPOHHBIE) CBs3U. (OCHOBY
KpucTaummueckon pemerku Ge u Si cocTaBiseT TeTpadap — MPOCTPAHCTBEHHAS
dburypa, MeroIIast YeThIpe TPEYTroJibHbIE TpaHu. B BepimHax TeTpaspa u B €ro
IIEHTPE pacnoyiokKeHbl aToMmbl. [Ipu paccMoTpeHun (Gu3NUECKHX MPOIECCOB B
MOJIyIPOBOJHUKOBBIX ~ MaTepuajax  yAoOHee  MOJIb30BaThCAd  IJIOCKUM
HKBUBAJICHTOM TETPAdAPUUECKON PEIIETKU, TJe KaXIAblii aTOM COEIUHSACTCS
MAPHOAICKTPOHHBIMU CBSI3IMHU C YETBHIPbMS OJIIDKAWIIMMU aTOMaMM, Kak 3TO
MOKa3aHo Ha puc.l i u1eaqsbHOTO0 MOHOKpUCTAILIA.

[Ipu abconoTHOM HYyJIE€ TeMIepaTypbl BCE BAJICHTHBIC DJEKTPOHBI B
KPUCTALTMYECKON pelieTke CBsizaHbl (puc 1a), CBOOOAHBIX SJEKTPOHOB HET, U
TaKOUW KPUCTAJUI SIBIISICTCS AUDIICKTPUKOM.

C moBBIIIIEHWEM TEMIIEPATyphl TEIJIOBBIE KOJIEOAHUS aTOMOB PEIIETKH
MPUBOMST K Pa3pbIBY AJIEKTPOHHBIX CBsi3el (puc 10). DIEeKTpOHBI, TOKUHYBIITUE
CBOM KOBAJICHTHBIE OPOUTHI, CTAHOBATCS CBOOOIHBIMU. [losiBIEeHHE CBOOOIHBIX
AJIEKTPOHOB COIMPOBOXKIAETCA 00pa30BaHUEM ObIPOK — BAaKaHCUM, T. €. MyCTHIX
MECT B aToMax, KOTOpbI€ MOKUHYNI 3JIEKTpOH. /lvipka eedem cebds nodoodmo
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yacmuye ¢ INEMEHMAPHBIM HOJOHCUMETbHBIM 3aAPA0OM, DABHBIM 3aApA0Y
anekmpona. 1o AeWCTBHEM BHEUIHETO 3JEKTPUYECKOTO MOJIS AJIEKTPOHBI U
JBIPKH HAYWHAIOT JBUTAThCS HABCTpEUy IPYTr JAPYry, oOpas3ys AJIEKTPUUYSCKHUI
TOK.

B otnuuune ot aneKkTpoHa, KOTOPBIN MOXKET OJyK/1aTh, 3aHUMAasl B PEIICTKE
m000€ MOJI0KEHUE, JbIPKa MOXKET MEePEeMEIIaThCs OT OJJHOTO aToMa K JIPyroMy
TOJBKO 3a CYET TOro, 4YTO pa3opBaHHAas KOBAJIEHTHAs CBS3b 3aMeEIacTCA
AJIEKTPOHOM OJIHOTO W3 COCEAHUX aTOMOB, TJ€ TMPHU ATOM 0O0pa3yeTcs HOoBas
apipka u T. 1. [lodToMy CIMOCOOHOCTH AJIEKTPOHOB W JABIPOK JBUTATHCS TIOJ
JNEUCTBUEM DIIEKTPUUYECKOTO TOJIs, HA3bIBAEMBIE UX NOOBUIHCHOCHbIO, PA3TTUYHBI.
B Ge u Si mogBMKHOCTB AJIEKTPOHOB B 2 — 2,5 pasa BbIIIe, YeM TOJIBIKHOCTD
JBIPOK.

[TossBUBIIMCH OMHOBPEMEHHO CO CBOOOJHBIM 3JEKTPOHOM, JABIPKA B
TEYEHHE HEKOTOPOr0 BPEMEHM MEPEMEIIACTCA, a 3aTEM CJIMBACTCA C OJHUM U3
CBOOOJJHBIX AJIEKTPOHOB. B cranmoHapHOM pekuMe 00pa3oBaHHUE TaKUX Map —
2eHepayusi 1 UX HWCUE3HOBEHUE — pekomMOUuHayus HAXOIATCS B JTUHAMHUYCCKOM
PaBHOBECHH.

[IpyuunHOM pa3pbiBa 3JEKTPOHHBIX CBSA3CH, MPUBOAAIIAX K TOSBJICHUIO B
MOJIYIIPOBOJHHUKE TIap BJIEKTPOHOB U JBIPOK, CIYXKAT HE TOJIBKO MOBBIIICHUE
TeMIrepaTypbl, HO TakKe OOJIydeHHWE CBETOM, pajuallds W JpyTHe SBICHUA,
CBSI3aHHBIE C YBEJIMYEHUEM BHYTPEHHEN SHEPTUU KPUCTATUTMYECKON PEIIETKH.
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Puc.1. Monenb KpUCTaNIN4YECKOH peleTKy 11ealIbHOTO MOJIYIPOBOTHUKA

(O — npipka, ® — cBOOOTHBII AIEKTPOH):
a) TUIOCKUH SKBUBAJICHT KPUCTAJUIMIECKON PEIIETKH;
0) nosiBIeHHEe CBOOOAHOIO AJIEKTPOHA U ABIPKU

3onHas TEOPHUH. AHanm3 IIPOLIECCOB, IIPOUCXOIAIINAX B
MOJIYTPOBOJHUKOBBIX ~ Marepuaiax M  IOJYIPOBOJHUKOBBIX  IpUOOpax,
OCHOBBIBAETCSI HA 30HHOU Meopuu meepooco meid, YYUTHIBAIOIIEH Pa3IuvHbIe
KBaHTOBOMeXaHuueckre d3@dektol. CormacHo 3TOM TEOpUH, BJIEKTPOHBI B
KaXIOM YEIWHEHHOM aTOM€ MOTYT 3aHUMaTh BIIOJIHE OIPENEICHHbBIC
pa3pelIeHHbIE JHEPreTHUYEeCKue YypoBHU. B cucreme aroMoOB 3TH  YPOBHH
pacIlerUIstoTes, 00pa3ys sHepeemuueckue 30Hbl. Pa3zpelieHHbIe SHEPreTHYeCKue
30HBI OTZEJICHBI APYT OT ApPYyra 3alpelleHHbIMA JHEPreTUYECKUMHU YYaCTKAMH —
3anpewerHbiMu 30Hamu. VIX mmpuHa onpenensercss CTPOCHUEM U COCTOSTHUEM
aTOMOB, 00Pa3yIOIIMX MOHOKPHUCTAILI.

Jis paccMoTpeHusi (U3MYECKUX MPOLECCOB B MOJYNPOBOJHUKAX U
MOJIYITPOBOJJHUKOBBIX MPUOOpax MHTEPEC MPEICTaBISAIOT TOJIBKO TPU BEPXHHUE
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OHEPreTHYECKUEe 30HBL: BAleHmHAs, 3anpeweHHas WU c680000Has — 30HA
npoeooUMOCmU (puc. 2). Nmenno 9TH 30HBI 00yCIaBIUBAIOT
AIIEKTPOTIPOBOTHOCTh  TIONYNMPOBOJHUKA. [IpudeM OJHMM W3 BaKHEUIIMX
napaMeTpoB  TOJYIMPOBOAHMKOBOTO  MaTepHalia,  ONPEACISIONUM  €ro
AIIEKTPUUECKUE CBOMCTBA, SIBISICTCS IIMPUHA 3anpenieHHoi 30ub1 4E. 3Hauenue
3TOTO MapaMeTpa ONpeessieT MPUHAJIC)KHOCTh BEIIECTBA K TOTYIPOBOTHUKAM
WIH K TUAJIeKTpuKaM. Tak, K MOoTyImpoOBOAHUKAM MPUHITO OTHOCUTH BEIIECTBA C
AE < 3 3B, a x ausnexTpukam Bemectsa ¢ 4E > 3 3B.

30Ha
npoBOANMOCTMU —

—_—
. —_—r
3anpeljeHHada
IAE P IAE
—_—— ——
—— _—
° e BarieHTHasdA 30Ha °
— _—
[ — ——
T=0 T#0

Puc. 2. BepxHue sHepreTuyecKre 30Hbl MOJYIIPOBOHUKA

[Ipu TemmnepaType aOCOIIOTHOTO HYJsl BaJCHTHAas 30HA 3aloJHEHa
IEKTPOHAMHU  LEJIMKOM, a 30Ha  IPOBOJUMOCTH  IIyCTa,  IO3TOMY
JIEKTPOIIPOBOIHOCTD ITOJIYIIPOBOJHUKA paBHa HyJt0. C poCTOM TemIeparypbl
JIEKTPOHBI MEPEXOAAT B 30HY INPOBOAMMOCTH, IIPU 3TOM B BAJICHTHOM 30HE
00pa3yroTcst CBOOOIHbIE YPOBHU U MOSBIIAETCS BO3MOKHOCTh IEPEX0/ia Ha HUX
AJIEKTPOHOB.

Bonpocut u 3a0anua

1. B 3aBUCHMOCTH OT KaKOTO CBOWMCTBA BEIIECTBA JCISATCS Ha MPOBOJHUKH, TUICKTPUKA
U TIOJTYIPOBOJHUKH?

2. Kaxoii sBisieTcs yeKTpryecKasi IpOBOIUMOCTH MOTYIPOBOTHUKOBOTO KPUCTAJUIA TIPH
a0CcoOTHOM HyIe Temrneparypbl? O0bIcCHUTE ouemMy?

3. Kak w3MeHseTcss MpPOBOIUMOCTh MOJIYMPOBOJHUKOB C POCTOM TeMIepaTypbl?
OOBbscHUTE IOYEMY?

4. Yro takoe «1plpka»? Kak oHa BezeT ce0s B AIEKTpUUYECKOM 1osie?

5. Kakue TteopeTnueckue TMpeACTaBIECHUS JIeXaT B OCHOBE aHajM3a IPOLIECCOB,
MPOUCXOSIINX B  TOJYIPOBOJAHUKOBBIX ~MarepuajaXx U  TOJXYIPOBOJHHKOBBIX
npubopax?

6. Kakme »sHeprerndyeckne 30HBI HCIOJIB3YIOTCS TMPH PACCMOTPEHUU (PUIUIECKUX
MIPOIIECCOB B MOJIyNpoBOoAHMKAxX? Kakoil mapameTp mojaynpoBOJHHMKOBOIO MaTepuasa
OIIPEEIISIET €T0 IEKTPHUUECKHE CBOICTBA?



2. CoOCcTBEHHbIE M IPUMECHBbIE NOJYIIPOBOIHUKH

CoOcTBeHHbIE TOJYNPOBOAHMKM. B  a0ComMOTHO YHCTOM, Tak
Ha3bIBAEMOM COOCHIBEHHOM TIOJYIIPOBOJHUKE  KOJUYECTBO DJJICKTPOHOB U
JBIPOK OJUHAKOBO. TO €CTb KOHUEeHmpauuu ce0000HbIX IJIEKMPOHOB 6 30He
npoeodumocmu Ni U c60000HBIX ObIPOK 8 6AICHMHOU 30HE Pi 8 COOCMBEHHOM
noaynposoonuke paenst (I ot INtrinSiC — «COOCTBEHHBII») U B COOTBETCTBHH C
30HHOW TEOpHUEH TBEPJOTO TeJa ONPEACISIFOTCS BHIPAKCHUEM:

ni = pi = AT%2exp(-A E/2KT). (1)
31ech A — 9HCIIOBOI MHOXKHTEIb, COJICPKAIINN YHUBEPCATbHBIC KOHCTAHTHI; 1 —
TeMIepaTypa B rpajaycax keiabBuHa; K — mocrosinHas bonbiiMana; A E — mmpuna
sanpeménnoil 3086 pu T = 0 K, paBHas MUHUMAaIbHOW SHEPTUHU, KOTOPYIO
HY)XKHO COOOIIUTH DJIEKTPOHY, YTOOBI BBIBECTH €r0 M3 BAJCHTHOW 30HBI B 30HY
npoBoauMocTH; KT — cpeHsis TerioBasi SHEPrus AJICKTPOHA.

[MpuBencunas ¢opmyiaa (1) ykasplBaeT Ha CHIBHYIO 3aBUCHMOCTH
KOHIIEHTpAluik N W Pi OT TemmepaTypbl | © OOBSICHICT YMEHBIICHHUE
COTIPOTHUBJICHUS TIOJIYITPOBOTHUKOB C POCTOM TEMIIEPATYPHI.

[TapameTpsl TIOJTYTIPOBOTHUKOBBIX MaTepHaJIOB, MOJTYYHBIITUX
HanOOJIbIIIee TPUMEHEHHUE JIJIT M3TOTOBJICHUS IOJYIIPOBOIHUKOBBIX MPUOOPOB,
npuBeaeHsl B Tabmuie 1 (s T = 300 K).

Tabmuma 1
[TapameTtp Kpemuuii I'epmanuit | Apcenun
raJuIis
ATOMHBII HOMEP 14 32 —
DNEeKTPOHHBIE 000T0UYKU 2, 8, 4 2,8, 18, 4 —
[TrotHOCTH atoMoB, N , cM 3 5::10%2 4.,4:10% 2,2:10%
V1ebHOE CONPOTUBIIEHHE, Oi, OM&EM 32108 0,6 7 5:10°
JluanekTpudeckasi IpOHUIIAEMOCTb, €, OTH. €. 12 16 11
lupuna 3anpenieHHoi 30861, AE, 5B 1,12 0,67 1,43
KOHIIeHTpaIms 2eKTPOHOB, Ni, (IBIPOK, Pi), cM™ 21010 2,510 1,8::10°
IToABMKHOCTB 3JIEKTPOHOB, CM ’/cB 1500 3900 8500
TToIBUKHOCTE JIHIPOK, cM 2/CB 450 1900 400
Koaddunment quddys3un snexrponos, Dn, cm/c 36 100 290
Koadhdurment muddy3un apipok, Dp, cm/c 13 45 12
Juddy3nonHas JuiMHA AbIPOK, MM 03 + 15 01 +~05 —

IIpumecHble MOIYNPOBOAHMKHU. JIt0ObIe TpUMECH B TMOIYIPOBOJAHHUKAX
IIPUBOJAT K CYILIECTBEHHOMY M3MEHEHUIO UX CBOMCTB. B 4acTHOCTH, U3MEHAETCS
AIEKTPONIPOBOJHOCTD IOJIYNPOBOAHUKA. [Ipumecnvle TOIYyIPOBONHUKH, B
KOTOPBIX KOHILICHTPALlMU JJIEKTPOHOB M JBIPOK 3HAYUTENIBHO Pa3jIMyaroTCs,
UTPalOT TJaBHYIO pOJb B TOJYHIPOBOJHMKOBOM 3JEKTpoHUKE. KoOHUEeHTpanuu
HOCHUTEJIeW 3apsiia O00OMX 3HAKOB B JIIOOBIX MPUMECHBIX MOJYIPOBOJHUKAX

YIOBJIETBOPSIET COOTHOIICHHIO
np = ni = pi2 =A?T3exp(—A E/KT). (2)



[Ipu 3amaHHON TemmepaType 3TO MPOU3BEICHUE SIBIAECTCS MOCTOSHHON

BEJIMYMHOMN
np = const = ni? = pi. (3)

[Ipumecu, co3nawomme U30BITOK B3JIEKTPOHOB B  KPUCTAJUIMUECKOU
peleTke, Ha3bIBalOT Odonophbimu (0T JONOr — «KEepTBOBATENbY»), a MPUMECH,
CO3/IAI0IINE MX HEXBATKy, T.€. U30BITOK ABIPOK B KPUCTAUIMUECKON pEIIeTKE—
axyenmopnuimu (0T t0 accept — «npuHuMatey»). Ymoobdvt npumecs cyujecmeenno
61UANA HA GEAUYUHY NPOBOOUMOCMU NOTAYNPOBOOHUKA, KOHUEHMPAUU
npumecu 001)CHA O0blmMb HA NOPAOOK UIAU HECKOIbKO HOPAOKOE 0O0.1buie
COOCMEEHHOU KOHUEHMPAUUU C60000HBIX HOCUMmeEel.

B kauecTtBe JOHOPHBIX TpPUMECEH HCMONB3YIOT MSITHUBAJICHTHBIC
XUMHUYECKUE dJeMEHThl. Tak, eciu B KpEeMHUU BBECTU aTOM MSTHUBAJIECHTHOTO
dbocdopa, TO YeThIpe M3 €ro BaJCHTHBIX DJIEKTPOHOB OOPA3yIOT C YETHIPbMS
AIEKTPOHAMHU COCEIHUX aTOMOB KPEMHUSI KOBAJICHTHBIE CBS3U. [IATHIN 3JIEKTPOH
OKa3bIBaeTCAd CJa00 CBS3aHHBIM C SJPOM M TPU CaMbIX HE3HAYUTEIbHBIX
TEIJIOBBIX KOJIEOAHUAX PEIIETKH TMOKHAAeT aTOM M CTaHOBUTCS CBOOOJIHBIM
(puc. 3a), yBenmuuuBas MPOBOJUMOCTH Kpuctaiia. [lpu stom amom npumecu
npespawiaemcs 8 NOA0HCUMEIbHbIIL UOH ¢ eOUHUYHBIM 3apadom. 110CKOIbKY
MPUMECHBIC SJIEKTPOHBI cilabee CBSI3aHbl C SPOM, MX KOHIEHTpALUSI MOXKET
3HAQUUTELHO TPEBBIIATh KOHIEHTPALUI0 COOCTBEHHBIX DJIEKTPOHOB, a
CJIEIOBATEIbHO, W KOHIEHTPAUMIO JBIPOK. llomynmpoBOOHWMKM C JTOHOPHOM
MPUMECBHIO HA3BIBAOTCS HOAYNPOBOOHUKAMU C INEKMPOHHOU NPOBOOUMOCHIBIO
WIH hoJAynpoeooHukamu N-muna (0T negative — «OTPHIIATEILHBIN).
OCHOBHBIMHM HOCUTENSIMU 3apsiia 3/1€Ch SIBISIOTCS JIEKTPOHBL, @ HEOCHOBHBIMH —
JIBIPKH.

~@, @, @D, @,
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Puc. 3. Mojienu KpUCTAIIMYECKAX PELIETOK MPUMECHBIX MOTYIPOBOIHHUKOB:
a) N-Tumna;
0) p-tuna

Ecnu B mosynpoBoaHMKE N-TUIA KOHIEHTpalus AOHOpHOUM mpumecu Np
HACTOJBKO BbICOKA, 4To Np >> nj, TOorga KOHIIEHTpaIus SJIEKTPOHOB Nn
3HAYUTEIBHO MPEBBIIIACT KOHICHTPALMIO ABIPOK Pn (Nn >> pn), OpudyeM c
yaeToM (3) umeem:

Nn~= Np, (4)
pn= (N nn ) = (ni?/ Np ). (5)



B kadecTBe aKIENTOPHBIX TPUMECEH WCIONB3YIOT TPEXBAJICHTHBIC
XUMHUYECKUE DJIEMEHThI. Tak, eciii B KPEMHUU BBECTU aTOM TPEXBAJIEHTHOTO
O0opa, TO JUIsl BaJICHTHOM CBSI3W OOpa C YETHIPbMS OMKaWIIUMU aTOMaMu
KPEMHHUS HEOOXOIMMBI YEThIPE BAJICHTHBIX 3JIeKTpoHa. HegocTarommii 351eKTpoH
oTOMpaeTcss W3 OCHOBHOM pEIIeTKH, U TOorja aroM Oopa MpeBpalaeTcs B
OTpULIATEIBHBIM HMOH, @ Ha MECTE MOKMHYBIIETO aTOM KpPEMHHs 3JIEKTpOHA
obpaszyercsi awipka (puc. 30). IlosynmpoBOAHMKHM C aKIENTOPHON ITPUMECHIO
HA3BIBAIOTCSA  MOJNYAPOBOOHUKAMU ~ C  ObIPOYHOU  NPOBOOUMOCIIbIO  WIH
noaynpogsoonuxkamu P-muna (0T POSitive — «ITOJOKHUTEIBHBIN»). OCHOBHBIMH
HOCHUTEJISIMH 3apsifa 37eCh SBISIOTCS JBIPKHA, @ HEOCHOBHBIMU — JJICKTPOHBI.

Ecnu B monmynpoBoAHMKE P-TUIIA KOHLIEHTpAIUsl aKIENTOPHOM MpuMecu
Na >> pi, Torma W KOHIEHTpAlMs JAbBIPOK Pp 3HAYUTEIHHO IMPEBBIIIACT
KOHIIEHTPAITHIO AJIEKTPOHOB Np (Pp >> Np), mpudem ¢ yueToM (3) nmeeMm:

Pp = Na, (6)
Np = (Ni?/ pp) = (Ni?/ Na). (7)

J{Bu:xkeHue HocuTeseil 3apsina. HampapieHHoe IBMXKEHHE CBOOOHBIX
AJEKTPOHOB M JBIPOK B TIOJYIMPOBOAHUKAX OOYCIIOBJIICHO SIBICHUSAMH UX
mubdy3un u npeida.

Jugpghy3usa — nepemenieHue CBOOOTHBIX HOCHTENEH 3apsga OT MECT C
OOJIBIIIEH KOHIIEHTPAIMEN K MecTaM ¢ MEHbIIIeH KOHIIeHTpanren. HerpeMeHHbIM
ycioBueM qudy3un SBIsSIeTCS HAMYUE TPaJMeHTa KOHIEHTpalUid HOCHUTENeH
3apsana. OCHOBHBIM TapamMeTpoOM »JTOTO TIpoliecca CIYKHUT Kodpduyuenm
oughghy3uu, CBA3BIBAIONTUHN TPATUEHT KOHIIEHTPAIIMN CBOOOHBIX HOCUTENIEH C UX
MOTOKOM. JIpyrum mapaMeTpoM 3TOTO ABUKEHUS SBISETCA Ougdysuonnas
OnuHa — CpeaHee pacCTosiHue, Ha KOTOPOM KOHIIGHTpalus HOCUTeNeH
YMEHBIIIAETCS B € pa3.

/lpeiigh — HampaBieHHOE JIBUKEHHUE CBOOOJHBIX HOCUTENICH 3apsiia Mo
JICHCTBHEM BHEIIIHETO 3JIEKTpUYecKoro mojsi. HempemeHHbIM ycioBueM npeiida
ABJISIETCA HAJW4yue TPaJUEHTa MOTEHIHMaNa 3JIEKTPUYECKOoro mnois. OCHOBHBIM
rnapaMeTpoM npetigoBoro JIBH>KEHUS ABJISIETCSA NOOBUINCHOCD,
XapaKkTepu3ywIias CKOpPOCThb, MPUOOpETaeMyl0 CBOOOJHBIMU HOCHUTEISIMU
3apsijia B 3JCKTPUYCCKOM T10JI€ SAMHUIHOMN HANPsDKEHHOCTH, Hapumep 1B/cwm.

Huddysus wu apeiid) -HIEKTPOHOB M JBIPOK B MOJYIPOBOJTHHKAX
COTNIPOBOKJIAE€TCS MpoLleCCaMU TeHEpallii U PEKOMOMHAIIMYA HOCUTEIICH 3apsija.

YuciaeHHbIN npumep. ITpuBeném YHCJICHHBIE JTaHHEIE,
WJUTIOCTPUPYIOIIUE PACCMOTPEHHbIe MoHATHA. IInotHOCTH atoMoB N B 1 cM® B
TBEPAOM Tene umeer Benuuuny nopsaaka 102 —1028em3 (8 SiN = 5:10%2¢m3, B
Ge N = 4,4-10% cm3). KonueHnTpanus cBOGOIHEIX SIEKTPOHOB N IPH KOMHATHOM
TemIieparype cocTasisier: B MeTamie N = 1022 cm3; B qudnektpuke N = 1072 em3;
B COOCTBEHHBIX MOTynpoBoAHuKax B Ge Ni =2,5-10% cm3, B Si ni=2:10¥%cm 3,

[TycTh B MPUMECHOM TOJIYIPOBOIHUKE Si KOJHUUECTBO BBOJUMBIX aTOMOB,
HanpuMmep, ToHopHoU mpuMecHu cocTaniisieT Bcero 0,0001% (1 atom npumecu Ha
| MuImMOH atoMoOB HcXoAgHOTo Mmatepuana). ClieoBaTelbHO, KOHLEHTPALIMS
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npumecu Np paBaa Np = N-107° = 5-10° cm 3. IIpu koMHaTHOM TeMnepaType Bee
aTOMbI IPUMECH MOHM3MPOBaHbI U 1aayT Nn = Np = 5:10%° cm~2 snektponos. B
cootsercTBUH ¢ (popmynoii (5) umeem pn = (N? nNn ) = 4-102°/ 5-10% = 0,8-10%.
Crneq0BaTeNbHO, B PACCMOTPEHHOM NIPUMEPE KOHIEHTPAIMs SJIEKTPOHOB B 30HE
NPOBOJMMOCTH Nn  TPEBBIIAET KOHIEHTPALMIO JIBIPOK Pn B BAJEHTHOI 30HE
oosnee, yeMm B 10*2 pa3!

N

Bonpocul u 3a0anusn
Kakue nonynpoBoAHUKY HAa3bIBAIOT COOCTBEHHBIMH, KaKUe€ — IPUMECHBIMU ?
Kakue nmpumecu Ha3bIBAIOT TOHOPHBIMHU, KAKUE — aKIENITOPHBIMU?
[Ipy kakoMm YCJIOBHU MPHUMECHh CYIIECTBEHHO BIMSET Ha BEIHYMHY MPOBOJUMOCTHU
IOJIyTIPOBOIHUKA?
Kakue Hocutenu 3apsiga B NMPUMECHOM MOJIYIMPOBOAHHKE Ha3bIBalOT OCHOBHBIMH, a
KaKue — HEOCHOBHBIMU? Kak COOTHOCSITCSI UX KOHIICHTPALIMH?
Kakumu sBrieHus MU 00YyCJIOBIEHO HANpPaBIEHHOE ABM)KEHUE DJIEKTPOHOB U ABIPOK B
MOJTYIIPOBOTHUKAX ?
Kpucrann repmanus Ge nerupoBaH TpeXBaJICHTHbIM HHAWEM In Takum oOpa3om, 4To
Ha oauH aroM In mpuxomutcs 2 mwuimoHa atomoB Ge. Bo ckoibko pa3 Bo3pacter
KOHIIGHTPAIMS JBIPOK, eciy IIoTHOCTh aToMoB Ge N = 4,4-10%% cm™, a koHIeHTpanus
JBIPOK B COOCTBEHHOM MOTYNpOBOAHKKE — Pi = 2-10% cm3?
[Ipu ouunctke Kpuctaia KpemHuss Si oT ¢ocdopa P mocTturnyra KoHLEHTpauus
TIPEMeECH, IPU KOTOPO#i Ha oauH atoM P mpuxomurcs 10 atomos Si. Bo ckomnbko pas
KOHIIEHTpAllMsl JJIGKTPOHOB B TaKOM KpHUCTAJUIE BBIIIE 10 CPaBHEHUIO C
KOHIIEHTpAIHeil 3IIeKTPOHOB B 9HCTOM KpeMHuH Si, ecu N = 2-10'% em™ ? IMnotHOCTH
aromoB kpemuus Si N = 5-10%% cm2.
Kpucrain yuctoro kpemMHusi Si HEOOXOAMMO MPEBPATHTH B MOIYIPOBOIHUK P-THIIA C
p = 10Y cm® nyrem nermpoBamms ero Gopom B. Haiitm cooTHOmeHMe MexXmy

KOJINYECTBOM aTOMOB Oopa B u KoimuecTBOM aTOMOB KpeMHHUs Si B €HHUIE 00beMa,

ecin TI0THOCTH aToMoB Si N =5-10%¢em™,

B mpouecce paboThl MoIynpoBOAHUKOBOro IMpuOOpa Ha ocHoBe repmanus Ge ero
temneparypa mogusuiack ¢ T1 = 300 K go T2 = 320 K. Bo ckoibko pa3 yBeIHIUTCS
KOHIICHTpAIUs COOCTBEHHBIX HOCUTENEH 3apsaoB, eciu AE = 0,67 3B, kT1 = 0,025 5B
(k =1,38-102 JIx/K, €0 = 1,6-1071° Km)?



3. DJIeKTPOHHO-AbLIPOYHbIH Mepexo/

[lepexomuplii cmoil MeXxIy O0JacTSIMH TBEPIOTrO Tejla € pa3IuYHbBIMU
TAMIAMU WA 3HAYCHHUSMU  DJIEKTPUYECKOW MPOBOJMMOCTH  HA3bIBACTCS
INNEKMPUUECKUM NEPEXOOOM.

DNeKTpUYECKUd Mepexo] MEXAy OO0JACTIMHU NOJYNPOBOAHUKA, OAHA M3
KOTOPBIX HMMEET NPOBOJUMOCTh N-TUNA, a JApyras — P-TUNa, Ha3bIBAIOT
INEeKMPOHHO-0bIPOYUHBIM WU P-N  nepexodom. Ceoiicmea 3ImMozo nepexooa
uzpaiom UCKIIOYUMEIAbHO GAMNCHYI0 POlb 6 3IJIeKMPOHUKE, MAK KAK OHU
NOJ10)ICEHbL 6 OCHOBY NPUHUUNOE PAOOMbL PA3AUYHBIX NOIAYNPOEOOHUKOBHIX
npuoopoe.

[To COOTHOLIEHUIO KOHLIEHTPALMi OCHOBHBIX HOCUTEIIEH 3apsioB B P- U N-
00JIacTAX Mepexoia pa3invyaroT cummempuynsie P-N nepexoodslt, KOraa Nn = P,
U HecumMmempuuHvle P-N nepexoowl, Korna Nn > Pp Win Ny < Pp. B mocieannx
ciayvasx pazauure MoxkeT coctaBiarh 100 — 1000 pa3 m Torma oGmactb ¢
OoJibllIe KOHIEHTpAllUe MPUMECH Ha3bIBAIOT 2MUmMMmMepoM, a C MEHbIIEH —
oa3zoii.

B 3aBucuMocTH OT Imoniaav nepexona P-N mepexoabl pasAcisitoTcs Ha
moueyHvle U NJIOCKOCMHble. B 3aBUCUMOCTUA OT TOJIIIMHBI 00JACTH U3MEHEHUS
KOHIIGHTpAIlMU MPUMeCH BOJIHM3U TPaHUIIBI TIEpexojia P-N — Ha pe3Kue nepexoowvl
U nasHvle nepexoobi.

[lepexonpl, o0Opa3oBaHHbIE MEXAY JBYMSA IOJYIPOBOJHUKAMHU C
Pa3IMYHON [IMPUHON 3alPEIIEHHON 30HbI, HA3bIBAIOTCS 2emeponepexo0amu.

3.1. PaBHOBeCHOE COCTOsIHME Mepexoa

PaccMmoTpum nieanu3upoBaHHbBIN TOTYTIPOBOIHUKOBEIN MPUOOp € Pe3KOn
IJIOCKOM TpaHuied P-n mepexoma. Topisl mpubopa CHAOXKEHBI KOHTaKTaMU,
MOCPEJICTBOM KOTOPBIX K HEMY MOXKET ObITh IPUIJIOKEHO BHEIIIHEE HAIIPSIKEHUE.

PaBHOBECHOE COCTOsSIHME TE€peX0jia, OKPECTHOCTh TpaHULbl paszaena
KOTOpPOTO TMpEeJCTaBieHa Ha pHUC.4, COOTBETCTBYET HYJIEBOMY BHEUIHEMY
HanpspkeHuto. [T0CKoJIbKY KOHIIEHTpAIMS JIEKTPOHOB B N-00J1aCTH 3HAYUTEILHO
Oonpiie, yem B P-obnactH, (Nn >> Np), YacTh JJIEKTPOHOB U3 N-00JacTH
mubdynaupyer B p-odnacts (puc. 4a). [Ipu aTtom B p-o0nactu BOIM3U mepexoia
MOSIBATCS M30BITOYHBIE AJEKTPOHBI. VX pekoMOWHAIMs ¢ JbIpKaMU MPUBEACT K
MOSIBJICHUIO HECKOMIICHCUPOBAHHBIX OTPHULIATENIBHBIX 3apsiioOB aKIIENTOPHBIX
noHOB (puc. 40). C apyroil CTOpOHBI OT TpaHUIBI — B N-00JIaCTH OOHAXATCS
HECKOMITCHCHPOBAHHBIE TOJIOKUTEIbHBIC 3apsibl TOHOPHBIX HOHOB (puc. 40).
[Tocnennee siBleHNE YKBUBAJICHTHO yXOAy — Mu(Qy3un IeIpoK u3 P-00JacTu B
N-o0nactb. MoHu3aus aToMOB TMPUMECH 3apsijaMu, MEPECeKIIMMHU TPaHUILY
pasjena, CHIXKAET B P-N Mepexojie KOHIICHTPAIUIO TOJIBH)KHBIX HOCHUTEJICH
3apsna, GopMupys cioil ¢ MOHMKEHHOU SJIEKTPOTPOBOAHOCTBIO — 0OEOHEeHHbll
caot (puc. 4B).
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O O O1>e0 @ o
Pooo<te o o N .
020%°%°T2%6%6%® a) M3navanbHas BcTpeuHas aud@y3uss OCHOBHBIX HOCHUTENCH
<1T® 6 & ©
0o oo~ @ o @ 3apsia yepes rpaHulily pasjaesa
I I
P % il I 1%nN
0269211 T 1%.% 0) HakoruieHue B nepexo/ie HECKOMIIEHCUPOBaHHBIX
©coo,-| + e e IPOCTPAHCTBEHHBIX 3aPSI0B HOHOB IPHUMECH
n
5 ANP nn
np D B) Pacripenenienre KoHIIEHTpaIil HOCUTENEH 3apsiaa
p
T (Pp>> Np, Nn>> pn)
0 X
Adnp
+ 1 r) Pacnipenienenue B nepexo/ie MIOTHOCTH MPOCTPAHCTBEHHBIX
to X 3apsiI0B HOHOB MTPUMECH
\E
X n) Pacnipenenenue B mepexoie MEKTPUYECKOTO OIS

e) Pactipenenenue B nepexo/ie moTeHnuana

Puc. 4. SIpnenus B P-N nepexojie B pAaBHOBECHOM COCTOSTHUU

Takum o0pazom, B pesynbrare aud@y3uu CBOOOIHBIX AJIEKTPOHOB U
IBIPOK HO 00e CMmOpOHbBl ZPAHUUbL pa3deid HAKANIAUEAIOMCA PAGHbBIE NO
6eluyuUHe U  NPOMUGONONOINCHbIE NO 3HAKY HECKOMNEHCUPOBAHHblE
npocmpancmeennvle (00vemmuole) 3apaovl (puc. 4r), oopazys € P-N nepexooe
0BOIUIHOUl IIeKMPUYECKUI C/0U PAZHOUMEHHO 3aPANCEHHBLIX UOHO08. B >TOM
CJI0€ C MOHUKEHHON KOHUECHTPAIMENW MOABUKHBIX HOCUTEIIEH 3apsiaa, HUMEIOIIEM
TonmuHy okojo 104 — 10° cm, e6o3HuKaem 3nekmpuueckoe noie,
HaIpaBJICHHOE U3 N-00y1acTH B P-001acTh (puc. 41). HanmpskeHHOCTh 3TOTO MOJIst
cocTaBisier BenuuuHy 1opsaaka 10° B/m. 3a  mpememamu  mepexona
MOJIYTPOBOJHUKH P- U N-00JacTeil dJMEKTPUYECKA HEHUTPAIbHBI, U TOJE B HHUX
OTCYTCTBYET.

Bo3nukmee B P-N mepexojie AJAEKTPUUECKOE TI0JIE€ TMPEIMSITCTBYET
nanbHeime nud@y3un OCHOBHBIX HOCUTENEH 3apsiioB, BHITECHSS U3 MEpexoa
CBOOOJIHBIC DJIEKTPOHBI B N-00J1aCTh, a ABIPKUA — B P-00J1aCTh.

OnHako TO K€ caMoO€ TMOJie SIBISETCS YCKOPSIONIUM JJIsi HEOCHOBHBIX
HOCHUTEJICH 3apsoB — JBIPOK B N-007acTH W CBOOOJHBIX BJIEKTPOHOB B ]-
obnmactu. IlpoucxomuT wuX mnepemenieHue uepe3 P-N mepexon — opetig,
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BO3HHMKAIOT jAperioBbie TOkW. JIBMKEHHE 3apsioB TMPEKpAIIaeTcs, KOTaa
HACTyMaeT TUHAMUYECKOE paBHOBECUE — dpelighosvie u oughghysuonnvie moku,
HanpaejieHHble Hascmpeuy o0pyz Opyzy, ypasnugawomca. IlodTomy npu
OTCYTCTBHM BHEHIHEro MOJisl Pe3yJbTHPYIOIIMHA TOK 4epe3 P-N mepexon
PaBeH HYJIIO.

[TossBuBIICECST BOMM3M MeEpexojia SJIECKTPUUYCCKOE ToJIe O0yCIIaBIUBACT
nOMeHYUaNbhblli bapvep (KOHMAKMHY0 pasHoCmb nomenyuanos) Qo (puc. 4e).
Ero Bennuuna cocrasiser s repmanns Ge ¢@o = 0,3 + 0,4 B, mis kpemuust Si
@o =0,7 + 0,8 B.

3.2. HepaBHOBeCHOe COCTOsIHHE IIE€peExoaa

CocrostHuE TIepexoJa CTAaHOBUTCS HEPABHOBECHBIM, KOTJA K IEPEXOIy
MPUKIIAABIBACTCS GHewHee HanpsaxceHue. B 3aBUCHMOCTH OT TMOJSPHOCTHU
BHEIIIHETO HAMNPSDKCHUS] TOTCHIMAJBHBIA Oapbep (P TOBBIMIACTCS  WIIU
MOHMXAETCS TI0 CPABHEHUIO C €r0 BEJIMYMHOM (Po B PABHOBECHOM COCTOSIHUMU.

[ToakroueHNEe BHENTHETO MCTOYHHUKA HANPSHKCHHS TUTFOCOM K P-00JacTH,
a MMUHYCOM — K N-o0mactu (puc. 5a), Ha3bIBAIOT BKIIOYEHHEM P-N Tmepexoja 6
npamom Hanpaeénenuu. Hampsokenune U, TpUIOKEHHOE K MEPEXOy TaKUM
oOpa3oM, HaszbiBaeTcs npsamuiv U = Upp, a npoTekaromuid yepe3 Hero 1ok | —
npamvim mokom | = lgp. YBenuueHue npsamozo HanpsxceHuss YMEHBIIAET U
HaIPSHKEHHOCTh AJIEKTPUYECKOTO MOJIsl, 1 KOHTAKTHYIO Pa3HOCTb MOTEHIIMAJIOB
(@ = @o— Unp). OOeTHEHHBIN MOJIBHKHBIMH HOCHUTEISIMH CJIOW HCTOHYACTCS M
ucuesaetr. Hauunaemces oughpyzua ocnoenwvix nocumeneil 3apa006 — 6 nepexoo
C 08yX CHMOPOH NOCMYRAOM 3J1eKMPOHbL U ObIPKU Ouhysuonnozo moka,
conpomuenenue nepexooa YMeHbUlaemcs, 6elUYUHA NPAMO20 MOKaA
yeenuuugaemcs.

A d losp AN
p O 0O O

<—0<—0<-0
/AR
\Z/
-
3
3

<—0<—0<—0
O 06—0—>0—> 0

Ne e e e

!
!

a) 6)

Puc. 5. HepaBHOBECHOE COCTOsIHUE ITEPEXOJA:
a) BKJIIOUYEHHE NIepexo/ia B IPSIMOM HalpaBlieHUH,
0) BKJIIIOUEHHUE Mepexo/ia B 00paTHOM HaIlpaBICHUU

Ecim  monsipHOCTh  MOJKIIOYEHUS ~ MCTOYHMKA  U3MEHUTh  Ha
MPOTUBOIIOJIOXKHYIO (puc. 50), Toraa P-N mepexoa CTaHOBUTCS BKJIIOYEHHBIM B
oopamuom Hanpasiienun. Hanpsokenue U, mpuiiokeHHOE K IMEPEexXoay TaKuM
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oOpaszom, HazbIBaeTcs oopamuuvim U = Uosp, a poTEKaOMuUi 4epe3 Hero Tok | —
oopamuwvim moxom | = losp. YBenuueHune obpammnoco HanpsdceHus yCUIIBaeT
B TIEPEXOJe DJICKTPUUYECKOE TI0JIe, YBEIUYMBAET KOHTAKTHYIO Pa3HOCTh
noTeHIHaIoB (¢ = @o+Uosp) U TONIIMHY OOCTHEHHOTO CiosA. B aTOM ciyuae
ouggyzua ocHoenvix HOcCumeneili 3apada uepe3 nepexoo OmcCymcmeyem u
npoucxooum Ikcmpaxkyus (0T extract — «u3BJICYCHUC») HEOCHOBHBIX
Hocumenell 3apA0a, YCKOPSIOUUXCS B CyMMapHOM I0JIe KOHTaKTHOW Pa3HOCTH
MOTEHIIMAJIOB M BHEIHErO0 HMCTOYHWUKA HamnpsbkeHus. Hx opeiigp cozdaem
oopammnulit mok P-N nepexooa. Ilpu ysenuuenuu oopamno2o Hanpax3ceHus 00
HEKOmOopoil 6eluYUHbl MOK He yeerudugaemcs, Tak Kak B P- U N-o0nacTsIx
YHUCJIO HEOCHOBHBIX HOCHUTEIEH B E€IUHUILy BPEMEHU OIpPENeNseTcs JUIIb
TEMIIEPATyPOH.

Bonpocwt u 3a0anun

1. Yro Takoe p-n mnepexon? Kakue napamerpsl P-N NEPEX0l0B ONPEACIAIOT UX
pa3Hoobpasue?

2. Kakoe cocrosHMe P-N  mepexoga Ha3biBaeTcs  paBHOBecHhIM? Kak  oHO
YCTaHaBIIUBAETCS?

3. Kakoe cocTosiHue p-N nepexoaa Ha3bIBaeTCs HEPAaBHOBECHBIM? UTO MPOUCXOAUT B P-N
nepexoe Mpy NPUKIIAJAbIBAHUN BHEIIHETO HAIIPSDKEHMSI B IIPSIMOM HAIPAaBICHUN?

4. Yto mpoucxoauT B P-N mepexoie NpU NPUKIAJbIBAHUM BHEIIHET0 HANpPSIKEHUS B
00paTHOM HarpaBJICHUU?

3.3. BoabT-aMnepHas xapakTepucTuka pP-N nepexoaa

3aBUCUMOCTh TOKa 4epe3 mepexon | OoT MNpUIoKEHHOTO K HeMy
HanpspkeHust U, BbIpakeHHas Tpaduuecku, Ha3bIBACTCA 601bM-AMNEPHOI
xapakmepucmukou (BAX). Ilpumep xapakrepnoit BAX p-n mepexona
MpUBEJIEH Ha puc. 6.

TeopeTnuecknil aHaJIN3 PaCCMOTPEHHBIX BBIIIE SBJICHUN B P-N IIEpexoe B
PAaBHOBECHOM M HEPABHOBECHOM COCTOSIHUAX MPUBOAUT K AHAIUTHYECKOMY
BbIpakeHnio BAX:

=1, (exp(U/g; )-1), (8)
rne lp — Tok, oOycioBieHHBIN Apel(doM HEOCHOBHBIX HOCHTENECH 3apsna,
p;=kTleo — Ttepmuueckmii moreHmman, (€0 — 3apsa daekrpoHa). [lpum

xomHatHoi Temmneparype (T = 300 K) ¢, = 0,025 B. IlpuBenennas ¢popmyina

xopo1o onuckiBaeT yyacTku 1 u 2 BAX, ykazanuble Ha puc. 6.

[Ipu mpsimom HampsixkeHun (ydactok 1), xorma U > 0,1 B, Tok |
BO3PACTAa€T MO HSKCIIOHEHTE M MOXET MPEBBIIaTh 3HA4YeHHE lo Ha MHOTrO
MOPSIIKOB. DTOT TOK |, 00YCIIOBJIEHHBIN MPU NPSIMOM BKJIIOYEHUU OCHOBHBIMU
HOCHUTEJISIMHU, MOKET JOCTUIaTh OOJBIINX 3HAUYEHUM, T. K. OCHOBHBIX HOCHUTEJEH
3apsiia B 00J1acTSIX N ¥ P MHOTO.

[Tpu obpaTHOM BKIFOUEHHUH (Y4aCTOK 2) TOK OBICTPO JOCTUTAeT 3HAYCHMUS,
paBHoro lo. Ilpu onpeneneHHol tTemmnepatype TOK lo — BeJMYMHA TOCTOSITHHASA,
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3aBUCSIIAS TOJIBKO OT KOHIEHTPAIIMM HEOCHOBHBIX HOCUTENEH Np U Pn. 3HaUCHUE
NOCJENHUX ONPENENIAETCS TOJIBKO TEMIIEPATYpPOU IMOIYNPOBOAHUKA, MOATOMY
TOK lo Ha3bIBAIOT TEIIOBHIM TOKOM.

Yuactku 1 u 2 BAX WUIIOCTPUPYIOT 6adcHeuniuiee ceoucmeo pP-N
nepexooa — e20 00OHOCHMOPOHHIONW npogodumocms. Conpomuenenue P-n
nepexooa 6 npamom Hanpaenenuu mano (nopsjaka 10 Om), a 6 oopamnom
nanpaenenuu — eenuro (10° — 10° Om).

| 4
) } Huddy3us
OCHOBHBIX
HOCHUTEJICH
@ sapaa N R
P S
f °c v I
@) |Apeiid 1
~— \] HEOCHOBHBIX C
| HOCUTENeH
(4) | 3apana
a) 6)

Puc. 6. p-n nepexoxn:
a) BOJIbT-aMIIEPHAsi XapaKTEPUCTHKA;
0) SKBHUBAJICHTHAs CXeMa

IIpoGou p-n mnepexoma. Ilpu panbHeillieM yBEIUYEHUU OOPATHOTO
HaIMpsOKEHUST MPOUCXOUT PE3KOE YBEIMYEHUE TOKa 4yepe3 MEepexo]l — npoboiu
p-n nepexoaa (ydactok 3 Ha rpapuke BAX). CylecTByIOT Tp OCHOBHBIX BHAA
po00st: myHHebhblll, 1asunnblil (JeKmpuyecKkuil) i meniosoi.

TynuenvHolli npoboll CBSI3aH C MYHHEIbHbLIM 3Phexmom — TEPEexXoaoM
AJIIEKTPOHOB CKBO3b MOTECHIIMAIbHBIN Oapbep 0€3 N3MEHEHHS YIHEPTUH.

Jlasunmnwiii npoboii CBsI3aH ¢ 00pa30oBaHUEM JIaBUHBI HOCHTENEH 3apsiia
Mo/, ACMCTBUEM CUJIBHOTO 3JIEKTPUYECKOIO MOJIsl, B KOTOPOM HOCUTEIH Ha JJIMHE
cBOOOHOTO Tpobera MpHOOPETAIOT SHEPTHI0, JTOCTATOYHYIO Il 00pa3oBaHMS
HOBBIX DJJIEKTPOHHO-JIBIPOYHBIX TMap MyTEM yAapHOM HWOHU3ALMU aTOMOB
MOJYNPOBOJAHMKA. TyHHENbHBIM W JABUHHBIM MPOOOU HE COMPOBOXKIAOTCS
paspylieHueM P-N nepexoa.

Tennosoti npoboii BO3HUKAET W3-3a TMEeperpeBa P-N mepexoja Win
OTJAEJIBHOTO €ro y4dacTka. [Ipu 3ToM mpoucxXoAuT MHTEHCUBHAS TeHepalus nap
AJEKTPOH—AbIPKA. TOK YBEJIMYMBAETCSA, BbI3bIBAs JAJbHEUIIMKA pPa30rpeB
nepexoqa.  OJTOT  MPOIECC, TakkKe  JIABUHOOOpPA3HBIM,  3aBepinaeTrcs
pacIuUIaBJICHHEM TEPErpeToro ydacTtka P-N mepexona M BhIXOJO0M TIpubopa u3
ctpos (4 Ha rpadguke BAX).

Emkocts p-n mepexoga. Hamuume npu oOpaTHOM BKIIIOUEHHH pP-N
nepexona (ydactok 2 Ha rpaduke BAX) crmosi, 00€IHEHHOTO MOJIBHKHBIMU
HOCUTEIISIMA 3apsifla, M 3aBUCUMOCTb TOJIIMHBI 3TOrO CJIOS OT BEIUYUHBI
oOparHoro HanpsokeHuss Uosp  CBUAETEIBCTBYIOT O MPHUCYIIEH MEpexoay
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DIIEKTPUYECKOM  €MKOCTH,  Ha3blBaeMOW  Oapwvepnoti. Ee  BennuuHa
anmnpOKCUMUPYETCS BBIPAXKEHUEM

Csap (U osp) = Csap(0) / (1-U osp 1 o)™, (9)
rnie m=0.3+0.5.

[Ipr npsmMoM BKIOYEHMH P-N IepexoAa CYLIECTBEHHOW CTAHOBUTCSA
ougpysuonnas emxoctb Cao, 00YCIOBICHHAS U3MECHCHUEM 3apsiia HEOCHOBHBIX
HOCHTEJIEH, TPOUCXOSILIEH B pe3ynbTaTe uX JudPpy3uu.

Bce ywacTkm BONBT-aMIIEpHOM XapaKTEPUCTUKH PACCMOTPEHHOTO P-N
Iepexo/ia HaXoAAT IPUMEHEHHUE TP CO3/IaHUU MOJIYIPOBOIHUKOBBIX IPUOOPOB,
BBIMOJHAIOUIMX T€ WIM HHble ¢QYyHKOUM. YyacTok BAX p-n mnepexona,
UCIOJIb3YEMBIH B KOHKPETHOM Ciydae, Ha3blBaeTCsd pabOYMM. DKBUBAJCHTHas
CXeMa pealbHOro P-N Mepexoja, YYWTHIBAKOMIAs OE€3bIHEPLMOHHYIO MOJIEIb
nepexoja, eMkoctb C = Cpap + Cgo u conpoTuBicHue 06a3bl Rp, MpeacTaBieHsl
Ha puc. 606.

Ilepexoanbie mpomeccbl B P-N  mepexoge. JIEKTPOHHO-IBIPOYHBIN
Mepexoj] 9acTO HMCIOJB3YeTCS B HMITYJbCHOM PEXHME, KOTJA MOJIIPHOCTh
BEeJTMYMHA BHEIIHETO HAMPSHKEHUS MEHSIOTCS CKadyKoOOpas3Ho, a JIUTEIBHOCTH
UMITYJIBCOB MaJjbl. [Ipr 3TOM IpOSBIISIETCS MHEPITMOHHOCTH P-N mepexoma. Ecnu
YCTAaHOBJICHHE NPSIMOTO HAINpsDKEHUS — omnupaxue P-N mepexona — u3-3a
00JIBIIOr0 TOKa lmgp mpoucxoauT OBICTPO, TO MEpeKNIoYeHue P-N mepexoja
OoOpaTHBIM HANpPSKEHUEM — €ro 3anupanue — TPOUCXOIUT C 3aJCpPiKKOH,
OOyCIJIOBJIEHHOH, TJIaBHBIM 00pa3oM, paccachlBAaHUEM HEOCHOBHBIX HOCUTENEH
3apsia, HAaKOTUICHHBIX B TIEPEXOC MPH MPOTEKAaHUH TPSIMOTO TOKA.

Bonpocwt u 3a0anusn
. UTo mpoucxouT B P-N nepexoe MpH €ro BKIIOYEHUH B IPSIMOM HalpaBiIeHUU?
. Uto nmpoucxoaut B P-N nepexo/ie MpH ero BKIIOUYEHUH B 00paTHOM HalpaBiIeHUN?
. Kakue Buab1 mpo6os npucymu p-N nepexomy?
. Korna npoucxonut naBuHHBIN po0oil P-N nepexona?
. Kakue emxoctu npucynm p-n nepexony?
. YTO mponcxoauT B P-N NepeXoe B UMITYJIbCHOM pEXUME?
. Ucnonb3yst BeIpaxkenue (8), paccumrtaiite BAX p-n mepexoma, HaXOIsAIIErocs MpU

~NOoO oTh~ WN B

koMmHaTHO# Temmeparype (T =~ 300 K, @ =0,025 B, lo = 10°° A), B Iuama3oHax

3HayeHuit HampspkeHust U: ot —6 B 10 0 B ¢ untepBanom AU = 0,5 B; or 0,10 B no

+0,60 B ¢ untepBanom AU = 0,05 B. [Toctpoiite rpadpuxk BAX.
8. Ucnonb3yst pe3ysibTaThl BBIUMCIECHUH, BBINOJHEHHBIX B TMPEIbLAYIIEM YIPaXHEHUH,
paccuMTaiiTe 3HaUeHUs cTaTH4YecKuX Rer u muddepeHnmanbiblx Rame conmpoTHBIEHUH

p-N mepexojia B YKa3aHHOM JMana3oHe 3HaueHmii Hampsokenus U mo  Qopmymam
Rer = U/l, Raue = AU/ALL
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4. Inoabl

PaccmoTpenssii B 1. 3.1 moaynpoBOIHUKOBBIN MpUOOP, coaepKaiui P-n
MEepeXoJl W JBa BHEUIHHUX BBIBOJIA, SIBISIETCS OUOOOM — JBYXJIEKTPOIHBIM
ANEKTPOHHBIM  TPHOOPOM, OOJAMAIONIMM  PA3IMYHON MPOBOAMMOCTHIO B
3aBUCHUMOCTH OT HaMpaBJCHUs »JJEKTpuueckoro Toka. [IpuHimmn paboThl
OOJBIITMHCTBA TOJYIIPOBOJHUKOBBIX JHOJIOB OCHOBaH Ha WCIOJIB30BAaHUU
(U3UYECKUX SBJICHUN B SJIEKTPUUICCKUX TIEpPeXoaax: B P-N mepexoie, B KOHTAKTE
MeTajijla C MOJIyIPOBOJAHUKOM U Jp. [IoynmpOBONHUKOBBIA JUOJA KaK JIEMEHT
ANEKTPUYECKOU LU SABJISIETCS HEJIMHEUHBIM JBYXITOJTFOCHUKOM,
NPEACTABISEMbIM PA3JIUYHBIMU 3KBHUBAJICHTHBIMU CXEMaMH, COJICPKAIIUMH B
o0111eM ciTy4yae COMPOTUBIICHUS, EMKOCTH U MHAYKTUBHOCTH.

B ocHoBy knaccudukanuyd AUOAOB TMOJOKEHBI pPa3IMUHbIC MPU3HAKU —
BUJI DJIEKTPUUECKOTO Mepexoaa, PU3NYeCKrue MpOoIEecchl B mepexoie u T. . B
CIIpaBOYHUKAX IO TMOJYNPOBOJHUKOBBIM MpUOOpamM OOBIYHO MPUBOIUTCS
KJ1accuuKalus AU0JI0B MO MPUMEHEHHUIO B PaIMOAJIEKTPOHHOM ammaparype uin
1o HazHaueHuto. [Ipu 3ToM Kiaccudukaius oTpaykaeT IPUHIUIT UCTI0JIb30BAHMS
CBOMCTB JJIEKTPUUECKOTO TNEpexojia, Auana3oH paboyux 4YacTOT, HMCXOIHBIN
Marepuan. Bce 3TM JaHHBIE HAXOASAT OTPAXKEHUE B CUCTEME HA3BAHUW W
YCIOBHBIX  OOO3HAYEHUW  COBPEMEHHBIX  IOJYMPOBOJHUKOBBIX  JHOJIOB.
CrpykTypa peasbHOrO IHOJA COAECPKUT OJWH WA HECKOIBKO JJIEKTPUUYECKHUX
[IEPEXO/I0B.

4.1. BoinpsiMUTeJIbHBIE THOABI

BeinpsaMuTe/bHbIE HHM3KOYACTOTHbIE aMOAbI. (OCHOBHOE CBOMCTBO
IUOJIOB —  OOHOCHIOPDOHHAA  NPOBOOUMOCHMDb —  TIO3BOJSIET  pelllaTh
MHOTOYHMCJIEHHbIE 3a/Jaud, B TOM YHUCJIE€ MpeoOpa3oBaHUE NEPEMEHHBIX
HanpsoKeHU (TOKOB) B TOCTOSIHHBIC HamNpshKEHUs (TOKHM), OCYIIECTBIISIEMOE
guinpAMUmMenaMy B UICTOYHUKAX NMUTaHUs. Mcnosb3yemble B 3TUX LENSIX JUOIbI
Ha3bIBAIOT GbINPAMUMENbHLIMY. BBITPAMUTEIbHBIE TTOJYIIPOBOJHUKOBBIE THObI
COCTaBJISIIOT OOJNBINONM Kiacc mnpuOopoB. HaumbOosbiiee uCHONb30BaHUE B
PaAMOAIEKTPOHHOM almapaType HalUId KPEMHHMEBBIE JHMOJABI, T'€pPMaHHEBBIC
amoael W auoasl ¢ Oapeepom IloTku. OCHOBOM mMOCHEIHUX —SIBISETCA
BBITPSAMIISIIOIIUN KOHTAKT METAJUI-IIOIYIIPOBOIHHUK.

PaGounit yuactrok BAX wu ycnoBHble o0003HaYeHHMs] Ha cxemax
BBIIPSMUTEIBHOIO Moa U nuonaa ¢ Oaprepom LloTku mokasaHel Ha puc. 7.

OCHOBHBIMU cmamuyeckumu napamvempamu HU3KOYAaCTOTHBIX
BBINIPSIMUTENBHBIX JUOJIOB SIBJIAETCS MNpSAMOE MajeHue HamnpstkeHuss Upp npu
3aJIaHHOM MPSMOM TOKE lrp U MOCTOSIHHBIN 0OpaTHBIN TOK losp TIpHU 3amaHHOM
oOparHom HampsbkeHud Uosp. K OCHOBHBIM Ounamuueckum napamempam
OTHOCATCA CpPEIHHME 3a MEPHOJl 3HAYEHUS: BBIIPSIMICHHOTO TOKa, MPSMOTO
MaJeHUusl HapsDKeHHs, OOpPAaTHOrO TOKa, OOPATHOrO HAIpPSKEHUS U T'paHUYHas
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4acTOTa, Ha KOTOPOM BBIIPSAMIIEHHBIA TOK JMOJAa YMEHBIIAETCS 10
YCTAHOBJIGHHOTO  ypoBHsA. [lapaMeTpamMu  SKCIUTyaTallMOHHBIX  PEXKUMOB
SBJISIIOTCS.  MaKCUMaJIbHBIE 3HAYCHUs NPsAMOro TokKa |lmgp.makc, oOpaTHOrO
HanpspkeHus: Uosp.makc, MOIITHOCTH, paccernBaeMoit 1uoaoM P makce, u np.

rpPa

| e MAX""""; VD, VD,
} VD VD VD,
f! S‘Z #Z VD
VD, VD, 2

Uosp max O U
a) 6) B) r) n)
Puc. 7. BeimpsaMmurenbHbi AUOA:
a) paboumii yuactok BAX;
0) ycroBHOE 0003HAYCHHE HA CXEMaX;
B) yCJIOBHOE 0003HaUeHHeE Ha cxeMax 1uoj10B ¢ baprepom IlloTku;
I) COSIMHECHUE JTMO/IOB [0 MOCTOBOM CXEME;
1) TIOCJIEIOBATENIbHOE COeIMHEHNE TUO0B

Hapsny C OJIMHOYHBIMH BBIIPSIMUTEIbHBIMA ToaaMu
MPOMBIIUIEHHOCTBIO BBIITYCKAIOTCS BBIIPSMUTENbHBIE OJIOKH, B KOTOPBIX TUOJbI
UMEIOT pa3iu4Hble cXeMbl coequHeHud. Haubonee wacto BcTpedaroTCs
COEMHEHMsI JTMOJIOB MO MOCTOBOM cxeMe (puc.7B) M TO CXEME YABOCHUs
HanpspkeHus (puc. 7r).

Paboty mpocreiiiiero BeIMPSIMUTENSI MIUTFOCTPUPYET CXEMa, MPUBEACHHAs
Ha puc. 8a. IlepemenHoe HampspkeHUe, MEeUCTByrolee B nenu ¢ auoiaom VD,
MOJIYBOJIHOM OJHOTO 3HaKa BKIIIOYAET IMOJ B MPSMOM HampaBieHUH. B 3Tom
clly4ae €ro CONpOTUBIIEHHE Mayo. Uepe3 HEro u CONpPOTUBICHUE HArpy3Ku Ry
TE4ET TOK, CO3/JaBas MAJCHHE HaNpsOKCHHs, 3apspkaromiee konaeHcartop C.
[ToryBonHA HampspKEHUs JAPYroro 3HaKa BKIIOYAaeT JUOJI B  0OpaTHOM
HaIlpaBJI€HUU. B 3TOM cilydyae CyIEeCTBEHHO BO3pPOCLIEE CONPOTUBIEHUE JAHOJA
NPENSATCTBYET NPOTEKAaHUI0 TOKA OT MCTOYHMKA HAIPSOKEHUS. 3apspKCHHBIN
panee koHaeHcatop C HayMHAET pa3psKATHCS Yepe3 CONMPOTUBIICHUE HArpPy3KH
Ru. TlonspHOCT, HampsbKeHHsT Ha Harpy3ke COXpaHseTcs, a BeJIMYMHA
nocterneHHo yobiBaeT. C MPHUXOJIOM OYEpPETHON MOJIYBOJIHBI BCE MOBTOPSETCS.
Tako# BeIPAMHUTEIb, HA3BAHHBIA 0OHONOIYNEPUOOHBIM, TIIMPOKO UCTIOIB3YIOT B
MaJOMOILIHBIX HCTOYHMKAX IWTaHWA M B PpaJUONPUEMHHKAX B KadyeCTBE
aMIUTMTYJHOTO JIETEKTOpa — YCTPOMCTBA, BBIIEISIOIIETO W3 IEPEMEHHOTO
HaIpsHKEHUS ¢ U3MEHSIOLIEHCS aMIUIMTYAOW 3aBUCUMOCTb aMILTUTYII OT
BPEMEHHU.
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a)

Puc. 8. OtHOIIOMYIEPHOAHBIN BBIIPSIMHUTED:
a) cxeMa BBIITPSIMHTEIIS;
6) rpaduxu Upx(t) u Uppix(t)

Ha pucyakax 9a wu 90 mpuBeIeHBI CXEMBlI O08YXHOAYNEPUOOHBIX
BhIIIpAMUTENEN. PUCyHKM 9B M 9T MIUIIOCTPUPYIOT CXEMBI BBIIPSIMUTENECH C
YABOCHUEM M YMHOXEHUEM HaIPSKEHUH.

T VD, T

Ul‘ TUZ C“’_l_ R, xusb/x Ul‘

o

VD2 a)
T
Cl VDz +
' |——l>|—_L—° ulx IUZ vD,&VDP. XvD X VD,
o[ B XA
L L o W IICz IIC4 *4U2MAX
- o

Puc. 9. Cxembl BBITIpSIMHATEIIECH:

a) IBYXIIOJYIEPUOAHOTO C HYJIEBBIM BBHIBOJIOM,
0) IBYXIOIYIIEPHUOIHOTO MOCTOBOTO;

B) C YZIBOCHUEM HaNpsHKEHUS;

') C yMHOXEHHEM HaIPsHKEHUS

BeimpsiMuTe/IbHbIE  BBICOKOYACTOTHBbIC  JMOABI.  OJTH  JHOJBI
IpeIHa3HaueHbl JUIsl HEJIMHEHHOTO IpPeoOpa3OBaHUs CUTHAJIOB C 4YacTOTOM 0O
COTEH M ThICSY Merarepil. B paguo3neKTpOHHBIX YCTPOMCTBAX OHHU IIMPOKO
UCIOJB3YIOTCS B CXEMax JETEKTOPOB U  IpeoOpa3oBaTesied  4acTOThI
BBICOKOYACTOTHBIX CHUTHAJOB, B CXE€Max OTpaHUYUTENEH W KOMMYTalluu
CUTHAJIOB U JPYIMX MHOTOYMCIIEHHBIX MPUIOKEHUsAX. Bo Bcex mepeuncieHHbIX
MPUMEHEHUSX CUTHaJI mpeoOpasyercss 3a cueT HenuHenHoctH BAX muona.
BhINpsAMUATENBHBIE BBICOKOYACTOTHBIE JUO/IbI YHUBEPCAIbHBI IO IPUMEHEHUIO U
MOTYT BBINOJHATh BCE (DYHKUMH, MEPEUUCIICHHBbIE BbIlIE. BBICOKOYACTOTHBIE
CBOMCTBAa JHOJOB JOCTHUTAIOTCS HMX KOHCTPYKTHBHO-TEXHOJIOTMYECKUMU
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OCOOEHHOCTSIMHU, CHIKAIONTUMHU €MKOCTh TEepeXojia, COMPOTUBIEHUS P- U N-
o0nacTeil, a TakKe BpeMsl )KU3HU HEOCHOBHBIX HOCUTENEH.

PabGounii yuyactok BAX, ycioBHoe o0o3HaueHHEe Ha CXeMax U
CTATUYECKHUE TMapaMeTPbl BBICOKOYACTOTHOI'O BBIIPSMUTEIBHOTO AUOAA TE XK€,
YTO U Y HU3KOYACTOTHBIX BBIIPSIMUTENBHBIX TUO0B. OCHOBHBIM JUHAMHYECKUM
napaMeTpoM SIBJISIETCSI TpaHUYHAasi paboyas 4acToTa.

NMmnyjbcHble AUOABLI. DTH JHOJbI B OCHOBHOM IpEeAHA3HAYCHBI IS
paboTHI B OBICTPOJICUCTBYIONIUX UMIYJbCHBIX cxeMaX. Kak u BhICOKOYaCTOTHBIC
BBINPSIMUATENIBHBIE JUOAbI, OHU HUMEIOT Pl KOHCTPYKTUBHO-TEXHOJIOTHYECKHUX
OCOOCHHOCTEH, CHIDKAIOMNUX OapbepHYI0 €MKOCTh W HAKOIUICHHBIM 3apsj
HOCHUTEJIEH B MIEPEXOJE.

PabGounii yuactok BAX, yciaoBHoe oO003HaueHHME Ha CcXeMmMax H
CTATUYECKHUE MAPAMETPHI UMITYJIbCHOTO JHO/IA TE K€, YTO U Y BBIIPSIMUTEIbHBIX
nuonoB. K XxapakTepHbIM HUMITYJIBCHBIM HapamMerpaM AUOJOB OTHOCSAT €MKOCTh
JIMO/Ia MEXKJy €ro BBIBOJIAMU IPH 3aJaHHOM OOpAaTHOM HAIPSKEHUU, BpeMs
YCTaHOBJICHUSI PSAMOTO U 0OPATHOTO CONMPOTUBIICHUH U JIp.

Bonpocwt u 3a0anusn

Kakoe cBoiicTBO P-N nepexo/ia UCHOIb3YETCS B BHIIPSIMUTEIBHBIX AUOAAX?

2. YKaXWTe OCHOBHBIC DPAa3HOBUIHOCTH BBINPSIMHUTENBHBIX IHOJOB, MX Ha3HAuCHHE U
napameTpbl?

3. Hauepture cxemy 0JHONOIYIIEpHOAHOTO BoIpsimuteds (puc. 8). [Tosicaute ero padbory.
Paccunraiite cpeHIOI0 MOIIHOCTb, BBIIEISIONIYIOCS Ha collpoTuBieHUN Ry, onupascek
Ha [PEANOoJIOKEHHUE, YTO IPSIMOE CONPOTUBIICHUE J110/1a OECKOHEYHO Majo (UM MHOTO
MeHble Rpy), o0patHoe — OeckOHEYHO BeNuKo (Miu MHOro Ooibine Rpy), a emxocts C

=

npene6pexkumo Mana. Bxommoe mnanpsokenne Uzy = ASIN@t umeer ammmmryny
A=10B, Ry =25 Om.

4. HauepTuTte cxemy ABYXIOJYHNEPHOTHOIO BBINPSMHUTENS, MpeIcTaBleHHy Ha puc. K
3TOMy ymnpaxkHeHuto. [losicaure ero paboty. Paccuuraiite cpenHIO0 MOIIHOCTb,
BBIJIETISIIOLIYIOCST Ha CONpOTHBIEHMH Ry B mpouecce paOoThl, UCHOJIb3Ysl Takue xKe
MMPECAITIOJIOXKCHUA U UCXOJHBIC TaHHBIC, KaK B HpGI[BII[yHICI\/JI 3aJa4de.

Uo| X ¥
D L
X
FQH
U

BbIX
JIByXIIOIyTIEpUOAHBIN MOCTOBOM BBIIPSIMUTEIb

5. Hageptute cxemy BBIIPSMUTENS C yABOeHUEM HampsbkeHus (puc. 9B). [losicaute ero
pabory.

6. Hageptute cxemy BBIIPSAMUTENS C YMHOXKeHUEM Harpsikenus (puc. 9r). [losicaute ero
pabory.
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4.2. CTaOMJIUTPOHBI

[ToynpOBOTHUKOBBIE AMO/IbI, BOJBT-aMIIEPHBIE XapaKTEPUCTUKN KOTOPHIX
UMEIOT Yy4YacTKH, TJI€ 3HAYUTEIbHBIM W3MEHEHMSIM MPOTEKAIOIIEro TOKa
COOTBETCTBYIOT HE3HAUUTENbHbIE W3MEHEHUs TNPUIIOKEHHOTO HaIpsKEHUS,
UCIOJIB3YIOT JJI cTabuiu3anuu HanpspkeHus. Crienuanu3upoBaHHbIE JUOJIbI, B
KOTOPBIX HCIOJIB3yeTCs] TAJaIONIUi  y9acTOK XapaKTEPHCTHUKU B 00JacTu
BKJIFOYCHUS P-N  mepexoga B  oOpaTHOM  HalpaBiICHUHW, Ha3bIBAIOT
cmadunumponamu, a ITUOJABI, B KOTOPBIX ISl CTaOWIM3allUM HAIMPSHKCHUS B
cXemax UCIob3yeTcs npsimasi BeTBb BAX, — cmaducmopamu. B o6oux cioyyasx
UCIIOJIB3YEeTCS Hepa3pyIIAroNii JJAaBUHHBIN AeKTpudeckuii mpobdoi. Ha puc.10
npencTaBiieHbl pabounit yyactok BAX u ycinoBHOe 0003HaYeHUE CTAOUIUTPOHA
Ha cXemax.

Cxema craOunu3aropa HalpsOKEHUST HAa CTAaOWJIMTPOHE NpHUBEACHA Ha
puc. 10B. Bxonmnoe nHampsbkenne Upx, mpeBbimaromee 1o BeaumduHe Upgsix,
pacmpenenseTcs MEXIy OTrPaHWYHBAIONINM  CONPOTHBICHHEM Rorp u
napajuieIbHO BKIOYEHHBIMH CTaOMIUTPpOoHOM VD UM CONMPOTUBIIEHUEM HArpy3Ku
Rp. [lpu npaBuiibHO BeIOpaHHBIX 3HaueHusx, Uswix, Rorp 1 Ry ucnonb3yercs
pabounii yuactok BAX mpubopa u BenmuunHa Uppix HE BBIXOJIUT 3a MpEACbl
AUcr. PaccMmoTpenHbii cTabuinzaTop HaIpsKCHUS Ha3bIBACTCA
napamempuyeckum. OH HaXOJIUT MIMPOKOE MPUMEHEHHE B PAAMOIIECKTPOHHBIX
YCTPOMUCTBAX.

A

~ =

:)o - R Rore
UOBP: | 0 U VD Ug, + +
I VDA R,|| [Up=Uq
i1 AUCT
_____ |7 max
a) 0) B)

Puc. 10. Crabunutpos:
a) paboumii yuactok BAX;

0) yclioBHOE 0003HAUYCHHE HA CXEMaX;
B) MapaMeTPUUECKUN CTAOUIN3ATOP HAMPSHKEHUS

Bonpocwt u 3a0anusn

1. Kakoe siBneHuEe HCMONb3yeTcsi B cradbmwimtpoHax? HadeptuTe cxemy crabumim3aTopa
HanpsbkeHus Ha crabuutpone. [loscHute ero padory.

2. HaiifTu TOK, MpOTEKAIOIIUKA 4Yepe3 CTaOWIMTPOH B MapaMETPUUYECKOM CTaOHIIN3aToOpe,
n3o0paxxeHHoM Ha puc. 10 B, ¥ MaKCHMaJbHO JOMYCTUMBIA TOK HArpy3KH, €CIIH
Usx = 6B, Rorp = 1,5kOM 1 Ry = 7,5kOM. yig 3TOT0 HEOOXO0IMMO TpadudecKu
pEUINTh CHUCTEMY YpPAaBHEHUMN, HCIHOJb3ysd MPUBEICHHYIO HHUXE BOJIbT-AMIIEPHYIO
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xapakTepucTuky crabunutpona KC7713. MakcuManbHO IOMYCTUMBIH TOK Harpy3Ku
COOTBCTCTBYCT TOYKC MUHUMAJIBHOI'O TOKa CTa6I/IJII/ITpOHa Ha y4aCTKC CTaGI/IHI/I3aHI/H/I.

- KC113

Bonbr-ammepHas xapakrepuctuka ctabunmurpona KC113

3. Ucnonp3ys rpaduk BOJIBT-aMIIEPHOW XapaKTEPUCTHKU CTAOWIIMTPOHA, MPUBEICHHBIN B
npeAbIayIIed 3a/iaue, HATH MakCUMallbHOe 3HaueHue Rorp, pu KOTOpPOM BO3MOXKHA
pabora crabunuzaropa. Cuntaem, uto Ugx =5 B, a Ry >> Rorp.

4. 3BecTHO, 4TO BOJIbT-aMIIEpHAsl XapakTepucTruka crabunurpona npu Uct = —10 B umeer
Y4acTOK PE3KOro HapacTaHus Toka oT BenuuuHbl 1 MA 10 20 MA. Haiitun makcumaiibHOE
U MUHUMAaJbHOE 3HAUEHUS COMPOTHBICHUS HArpy3KH [UIsl CXEMBbI, MPUBEICHHOM Ha
puc. 68, ecmu Ugx =25 B, Rorp = 500 Om.

5. Haiftu Bennuuny Rorp nns cxembl, NpUBEACHHON Ha pHC. 6B, €ClIM BOJbT-aMIepHas
xapaktepucTrka ctabumutpona npu Uct = —12 B umeer y4acTok pe3Koro HapacTaHHS
TOKa OT BenuuuHbl 2 MA 110 20 MA, Ry = 2 kOM. BeixogHoe HampsikeHHne TOMKHO OBbITh
CcTaOWIBHO TpH KosebaHusx BxogHoro HanpsbkeHus Upx B mpenenax ot 16 mo 24 B.

4.3. ®oToanoanl

[Mpunnun  geiictBust  (OTOAMOAOB  OCHOBAH HA  GHYMIPEHHEM
domorgpgpexme, cocroslmieM B TEHEpalUMM IO JCHCTBMEM CBETa Iap
AJIEKTPOHOB W JBIPOK B P-N mepexojie, B Pe3yJIbTaTe YEro YBEIUYUBAETCS
KOHIICHTpAIMsi OCHOBHBIX W HEOCHOBHBIX HOCHUTEJIEM 3apsiia B €ro o0beMe.
OO6patHbiii  TOK (OTOAMOMA OMNPENENAeTCS KOHIIEHTpallMed HEOCHOBHBIX
HOCHUTENIEH U, CleoBaTeIbHO, MHTEHCUBHOCTHIO oOayueHus. BAX dortoaunona
(puc.1la) mOKa3BIBAIOT, YTO KAXKIOMY 3HAUECHHUIO CBETOBOIO IOTOKa @
COOTBETCTBYET OIpPEICIICHHOE 3HAUeHHE 00paTHOTO TOKA. Takoi pexuM padoThI
nmpuOopa Ha3bIBalOT (OTOAMOAHBIM. YCIIOBHOE oOo03HaueHHe (oroauona Ha
cxemax JaHo Ha puc.100, a cxema BKIItoueHHs — Ha puc.10B.
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Puc. 11. ®oroauon:
a) pabouast obmacts BAX;

0) ycioBHOE 0003HAYCHHUE HA CXEMaX;
B) CX€Ma BKIIIOUCHUS

Hapsany ¢ dboToanonHbiM pexuMoM padboThl B MpuOOpax, Ha3bIBAEMbIX
¢omosrnemenmamnu, UCIIONb3YETCS ¢omocanveanuuecxuii pesxcum,
3aKII0YAIOLIUICA B TOM, YTO IPH OCBEUIEHUH HEMOCPEICTBEHHO P-N mepexoja
oOpa3zyroluecs B HEM Maphl JJIEKTPOHOB U ABIPOK PaA3JIEISAIOTCS AIEKTPUUYECKUM
moJyieM, 00pa30BaHHBIM KOHTAKTHOM Pa3HOCTHIO MOTEHIMAIOB. B pe3ynpTaTe Ha
BbIBOZIaX (POTORJIEMEHTA MOABISAETCS (POTOAIEKTPOJBIKYINASI CHIIA, & TIPH €T0
BKJIIOYEHHH B 3aMKHYTYHO I€lb — DOJIEKTPUYECKUM TOK. OTOT PEXKUM
UCIIONIB3YETCSI U B COJIHEYHBIX Oamapesax — TpeoOpa3oBaATENSAX COJTHEYHOU
SHEPrUM B DAJEKTPUUYECKYIO, HCHOJIb3YEMYIO ISl TIUTaHUS  Pa3IUYHbIX
YCTPOMCTB. 3aBUCUMOCTH TOKa (POTORJIIEMEHTa OT CBETOBOTO IOTOKa MpHU
Pa3JIMUHBIX COMPOTUBICHUSIX IIEMH, YCJIOBHBIE 00O03HaueHUsi (PoToraeMeHTa u
COJIHEUHOW OaTapeu Ha CXeMax, a TaKKe CXeMa MX BKJIIOUCHHUs MPUBEACHBI Ha
puc.12.
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Puc. 12. ®oTosnemeHT (comHeuHast 6arapesi):
a) paboune XapaKTepUCTHKH,

0) yciioBHBIC 0003HAYEHHS HA CXEMaX;

B) CX€Ma BKIIIOYECHUS

Bonpocwt u 3a0anusn
1. Kakoe siBneHue ucronb3yercs B GoToanoaax?
Kakoe siBneHue HCTONb3yeTcsl B COTHEYHBIX OaTapesx?
3. Conneunas Oarapes coctouT m3 10 mociemoBaTeNbHO BKIIOYCHHBIX KPEMHHEBBIX
dotornemenToB. Kakoe MakcuMmanbHOE HAIMpPsHKEHHE MOXET OBITh TOIYy4Y4eHO Ha
BBIXOHBIX KJIEMMax TaKOW COJTHEYHOH Oarapew, ecim Juia kpemuus Si AE =1,12 5B?

N
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4.4, CBeToanoabl

[Tpu momaue mpAMOro HaAMpsHKEHUS B HEKOTOPBIX P-N mepexoiax u3-3a
WHTCHCUBHOW WHXEKIUU (0T INjeCt — «BIPBICKUBAHUE») DICKTPOHOB B
p-o6sacTh, A€ OHU PEKOMOMHUPYIOT C JIbIPKaMM, HNPOUCXOAUT HUHTEHCUBHAs
UHMICEKWUOHHAA J1eKmpotomunecyenyua. 1lpn pexomOMHauu CBOOOIHBIN
AJIEKTPOH TEPSIET CBOIO NMOTEHUHUAIBbHYIO SHEPIUI0, KOTOpasi U3Jy4yaeTcsi B BUJIE
¢dotoHa. SIBIeHHE HWHKEKIIMOHHOW AIIEKTPOIIIOMUHECLEHIIUN HCIIOJIb3YeTCS B
ceemoouoodax, NpPeoOPa3yIINX SHEPTHIO SJIEKTPUYECKOIO0 TOKA B 3HEPTHUIO
BUJMMOTO WJIM UH(pakpacHoro n3nyueHus. Pabounii yaacrok BAX cBeroanona,
€ro ycCIIOBHOE OOO3HAUEHHWE Ha CXEMax M CXeMa BKJIOYEHHUs IPUBEICHBI Ha
puc.13a-B.

CBeroanoapl MIMPOKO HCIOJNB3YIOT B HWHANKATOPHBIX YCTPOMCTBAX,
ONTUYECKUX JIMHUAX CBSI3U, ONTONapax u T.1. Tak, B YaCTHOCTH, COBMELICHHUE B
OJTHOM KOpIyce CcBeToauoAa U (POTOUYBCTBUTEIBLHOTO 3JIEMEHTa, HalpUMeEp
doToarona, TMO3BONSIET OCYIICCTBISATH DICKTPUYECKOE (ralbBAaHUYECKOC)
pasJesieHue Lenel B yeTpoiicTBax nepenayn nHpopmanuuu. Takue 3J1eKTPOHHBIE
npuOOpbI HA3bIBAIOTCS ONMPOHaAmMU. Y CIIOBHOE 0003HAUEHUE IUOAHOTO ONTPOHA
Ha cXemax IPUBEJEHO Ha puc. 13r.
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a) 6) B) r)
Puc.13. CBeronnon 1 ONTPOH:

a) paboyast XxapakTepUCTHUKa CBETOIUO/A;

0) ycioBHBIE 0003HAYEHHS HA CXEMaX CBETOJMO/IA;

B) CXeMa BKJIIOYEHUS CBETOAMO/A,;

I') YyCIIOBHOE 0003HaYEHHE Ha CXEMax JAUOAHOIO ONTPOHA

Bonpocwl u 3a0anusn
1. Kakoe sBieHHME WCIONB3yeTcs B cBeroamonax? Hadeptute cxeMy BKITIOUYCHHS
CBETOJIMO/IA.
2. Oueprust potoHOB BUIUMOTO cBeta (A =0,4+0,7 MKM) nexut B npenenax 1,3+1,8 sB.

Kakoli 1nogynpoBOJHMKOBBIM MaTepuan TOJUTCS JUIsl H3TOTOBJIEHHUS CBETOIHMOMOB
BHUJINMOI'O CBETA — I'€PMAaHMUM, KPEMHUM WM apCeHWJ Tajulvs, eCIU AEGe =0,67 7B,

AE =1120B, L, =1,435B?
3. Kakue sBienus HUCIIONB3YIOTCS B OIITOIIapax — AUOJTHBIX onTpOHax?
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4.5. Bapukansl

[Ipu momavye oOpaTHOrO HANpsHKEHHS P-N MEpexoi MPeACTaBIseT coOoi
KOHJIEHCATOp, JUAJIEKTPUKOM KOTOPOILO CIIYKUT 6bICOKOOMHbBLIL 3anupaloujuil
C0U C HU3KOM KOHUEHTpAlMEeW HOCUTENEH 3apsia, a JJIEKTPOJaMH — CIIOU
MOJIyIPOBOJTHUKOBOTO MaTepuana Mo 00e CTOPOHBI OT HEro, COXpPaHSIOIINE
BBICOKYIO MIPOBOJIUMOCTh. EMKOCTBIO TaKOTO KOHJIEHCATOpa SBJSIETCS OapbepHast
€MKOCTh P-N mepexojia, 3aBHCSIas OT BEIMYMHBI 00paTtHOro HampspkeHus. C
YBEJIMUEHUEM JTOT0 HANPSIKEHUS 3alUparolvil  CIoM  pacimpsercs, 4YTO
PABHOCUJIBHO YBEJIMYEHHUIO PACCTOSIHUS MEXKIY dJeKTpojaMu. PaccMOTpeHHbIH
npuOOp HA3BIBAIOT GaApUKAnoM. 3aBUCUMOCTh €MKOCTH Bapukanma Cpg oOT
NPUJIOKEHHOTO  OOpaTHOTO  HAamNpsDKEHHWsT  BbIpaxkaercss  gopmynoit  (9),
MpuBeICHHON BbImIe. J[Ji1 P-N mepexonoB ¢ pe3kod rpaHulieid 3ta Qgopmyna
IIPUHUMAET BUJ

Csar(Uosp) = Csar(0) / (1- Uosp /¢0)°°. (10)

Bapukanbel  HCHONB3YIOT, TIJaBHbBIM  00pa3oM, Il  yHPABICHHS
napameTpamu KoJieOaTelbHbIX KOHTYPOB B CHCTEMAaX aBTOIOACTPONKU YaCTOTHI
PaAMONIPUEMHBIX YCTPOMCTB, a Takke B BO30yAHUTENAX MEpEeHaTYUKOB C
YaCTOTHOM MOJYJISIIUEN U B TApaMETPUUECKUX YCUIIUTEISX.

Pabouast xapakTepucTuka U yCIOBHOE 00O3HAUCHHE BapHKalla Ha CXemax
BapUKarnoB AaHbl Ha puc.14. Tam e npuBeeH NpUMep CXEMbI C ITPUMEHEHUEM
BapHKara JJjisl IepecTpOrKU Ko1eOaTeIbHOTO KOHTYpA.

Ca

6) B)

Puc. 14. Bapukar:

a) paboyasi XapaKTepHUCTHKA,

0) yciioBHOE 0003HAYEHHE;

B) KoJieOaTeNbHbIH KOHTYP C AJIEKTPHUECKON MepecTpOorKoi

Bonpocwt u 3a0anusn

Uro Ttakoe Bapukan? Kakoe siBlI€HHE UCTIOIB3YETCS B BapuKanax?

2. Ucnone3ys ¢opmyny (10), paccumraiiTe paboudyl0 XapaKTepHCTUKY BapHKama B
nuranasoHe oopatHbix Hanpsbkenui 10 —5 B, ecimu: Cpap(0) = 150 nd, ¢o = 0,75 B.

3. Bapeepnas emkocTh Bapukamna paBHa 150 nd mpu nojgavye oopatHoro HampsbkeHus 1 B.
Kakoe TpeOyercs o6paTHOE HANpsKEHUE, YTOOBI YMEHBIIUTh eMKOCTh 10 50 md?

4. Tlepectpoiika paguoNpHEMHUKA TIO YaCTOTE OCYIIECTBISETCS M3MEHEHHEM EMKOCTH
BapHKara, BKIIOYEHHOTO B KojeOaTelnbHBIH KOHTYp. MakcuManbHass ¥ MHUHHMAaTbHas

=
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4acTOTHI pabodero auana3zoHa oTiauuarores B 2 pasa. Ilpu U, =2 B paguonpueMHuk

HACTPOCH Ha MHUHHMAaJIbHYIO 4dacrory auanasona. Haiitm U; 45 mist Hactpoiikm Ha

MAaKCUMAJIbHYIO 4aCTOTY pa60qero Juaria3oHa.

4.6. TyHHeJIbHbIE M 00OpAIEHHBIE TUOABI

[IpuHuMn JOEWCTBUS MYHHEABHBIX OUOO06 OCHOBAH HA SBJICHUU
MYHHENbHO020 Ihekma B BICKTPOHHO-ABIPOUYHOM Iepexojie, 00pa30BaHHOM
MOJIYIIPOBOJJHUKAMH C BBICOKOM KOHIIEHTpAIlMed MNPUMECH — GblPONHCOEHHbIMU
noaynpogoonuxamu. TyHHENbHbIH >PGEKT MPUBOAUT K TMOSBICHUIO yYacTKa
OTPULIATENBHON mpoBoaAMMOCTH Ha BAX nuoma mpu mpsiMOM HalpsKEHHUH.
TyHHENBHBIE HOABI TMPUMEHSIOT JJISI YCWIEHUA W  TE€HEpUPOBAHUS
DNEKTPUUECKUX  KOJIeOAHWM  CBEPXBBICOKMX  4YacTOT.  BosbT-ammepHas
XapaKTepUCTUKA TYHHEJIBHOrO MO/, €r0 YCIOBHOE 0003HAUCHHE HA CXEMax U
CXeMa aBTOreHepaTropa TapMOHMYECKUX KOJICOAaHWI Ha JIUOJE MPHUBEICHBI HA
puc.15a—B.

Pa3HOBUIHOCTBIO TYHHENBHBIX JHOJIOB SIBISIOTCA 0OpaujeHHble OUoobl,
KOTOPBIE TaK)XE€ M3TOTABIMBAIOT U3 BBIPOXKICHHBIX MMOJYNIPOBOJHUKOB, HO C
HECKOJIbKO MEHbIIEH KOHUEeHTpamnueil npumeceil. [Ipm oOpaTHOM BKIIIOUEHUU
oOpallleHHbIE JUOABl XOPOIIO MPOBOASAT TOK, a MNPHU MPSIMOM BKIIOUCHUU
(mo Upp = 0,3 — 0,6 B) Tok HeBenuk. OOpallieHHbIC IHOABI MUCIONB3YIOT KaK
BBITIPSIMUTENBHBIC 7151 00pabOTKK CUTHAJIOB Maion aMruTy sl (1o 0,3 — 0,6 B).
BonbpT-amnepHas xapakTepuCTHKa OOpaIlleHHOTO JuUoJa UM €ro YCJIOBHOE
0003HaYeHNE Ha CXeMaxX MPUBEJAEHBI Ha pUC.15T—1.

VD

6)
—> BbIX
\%

D L
§ ¢ e
B)

Puc. 15. TyHHenbHBIN 1 00pallleHHBIA JUOIBI:
a) pabounii yuactok BAX TyHHEIBHOTO U0/,
0) ero ycioBHOE 0003HAUYECHUE,;

B) aBTOI'€HEPATOP HA TYHHEIBLHOM JHO/IE;

r) pabounii yaactok BAX o0OpaiiieHHOTO a10/13a;
1) ero ycIoBHOE 0003HAYCHHE

VD

a)

n)
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Bonpocul u 3a0anusn
Ha xakoMm siBIeHMM OCHOBAH MPUHIIMI AEHCTBUS TYHHEIbHBIX JUOAO0B?
Kaxkue monynpoBOTHUKY Ha3bIBAIOT BHIPOXKICHHBIMU?
KaxoBbl ocoberHOCTH BAX TyHHENBHBIX M OOpaIICHHBIX AHOI0B?
B kakux 1memnsx UCIMOJNIb3YIOT TYHHEIbHBIC U O0palICHHBIC JHOBI?

Il .

4.7. Tupucropsl

Tupucmop — noaynpoOBOTHUKOBBIN MPUOOP, MPUHUMAIOIINNA OJTHO U3 JIBYX
YCTOWYHMBBIX COCTOSIHUN: OTKPBITOE, MPU KOTOPOM COIPOTHUBIEHHUE MpUOOpa
Majo, M 3aKpbITO€, MPU KOTOPOM OHO BEJIHUKO. JTO CBOMCTBO oOecreunBaeTcs
coequHEHHEM Tpex u Oomnee P-n mepexonoB. [lo ycTpoHCTBY THUPUCTOPHI
NOJIPA3NIETSAIOTCS Ha OUHUCMOpPbL, mMpuHucmopsl U cumucmopsi. BAX Bcex
TUPUCTOPOB UMEET YUACTOK OTPUIIATEIILHOTO COMPOTUBIICHUSI.

Crpykrypa nuHucTOpa (IMOJHOTO THPUCTOpa) MOKa3zaHa Ha puc.l6a. B
HEW CONEPKUTCA TpU P-N mepexoaa. IIEKTPOJ, MPUMBIKAIOIINN K KpallHen pPi-
00J1acTH, Ha3BIBAETCS aHOJOM (@); IJICKTPO/, MPUMBIKAIOIINKA K KpalHeH  No-
obnmactu — karonoMm (K). IlomkimroueHHoe K JUHHUCTOPY HampsbkeHue U,
YKa3aHHON Ha PUCYHKE MOJSPHOCTH, PACHPEICTUTCA MEXAY P-N mepexoigamu
[11, T2 u [13, mpuyeM mpu MaJIbIX 3HAYEHUSX 3TOTO HAIMPSDKEHUS €ro OOoJbIast
yacTh OyZer mpuiiokeHa K mepexony [z, Tak Kak s HETO OHO SIBIISIETCS
obOpatubM. [loctenennoe yBenuuenne HanpsokeHus: U MPUBOANT K YBEIHUEHUIO
KOHLIEHTPAllMd HEOCHOBHBIX HOCHUTENEH B Ni- U P2-00JACTAX U K JIABUHHOMY
AIIeKTprYecKoMy Tipoboro nepexona [1z. Ilpu 3ToM compoTUBICHHE TUHHCTOPA
CTAaHOBUTCS MallbiM, M TOK | B Ilemu HapacTaeT, MOKa €ro BeJIMYMHA HE
OTPAaHUYUTCS CONMPOTHBJICHHEM Harpy3ku Rp. 3amepers IWHUCTOP MOXHO,
MpEKpaTUB TOK .

Ecnmu y aguHmMcTOpa crmenath BBIBOJ W3 O0JIACTH N1 WX P2, KOTOPYIO
HA3BIBAIOT YMPABJISIONINM 3JEKTPOIOM, TO, MEHSSI TOK B ero memnu ly, MOXHO
VOPaBJISITH BKJIIOYEHHUEM THpUCTOpa Tpu JoOom Hamnpsokenun U. BAX
TUPHUCTOPOB U MX yCIOBHBIE 0003HAYECHUS HA CXeMax MpUBEEHBI Ha puc.16.

I

L Knu%jgizjxiz

a) 0) B) r)
Puc.16. Tupucropsr:
a) CTPYKTypa JUHUCTOPA,;
0) paboumii yuactok BAX nunucropa,
B) YCJIOBHOE 0003HaUY€HUE AUHUCTOPA;
I') yCJIOBHBIE 0003HAYEHHS TPUHUCTOPOB
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[TomynpoBOIHUKOBBIN TPUOOp, PeaTU3yIONIN BCTPEYHO MapajlieabHOE
BKJIFOYEHHUE JBYX THUPHUCTOPOB, HA3bIBACTCS CUMHUCTOPOM WM CHUMMETPUYHBIM
TUPUCTOPOM. B OTKpBITOM COCTOSSHUM CHMHUCTOP IPOBOAMT TOK B 000MX
HaIIpaBJICHUSIX.

JIMHUCTOpBI, MAaJOMOLIHBIE TPHUHHUCTOPBI M CHUMHUCTOPBI  SIBIISIIOTCSA
BOKHEUIIUMU 3JIEMEHTAMU B IIEPEKIIIOYAIOIINX aBTOMAaTUYECKUX YCTPOMCTBAX, B
CXeMax TEHEpPaTOpOB pEJIaKCAallMOHHBIX KoJeOaHWW, B MpeoOpa3zoBaTEsAX
CUTHAJIOB U JPYTMX YCTPOWCTBAX MUMITYJIbCHOM TEXHUKHU. TPUHUCTOPHI CpEAHEN
¥ OOJIBIION MOIIHOCTH HCHOJIB3YIOTCS B 3JEKTPOCHIOBBIX YCTAHOBKAaX [JIst
BBIIPAMIICHUS TOKA, JIsl TEHEPUPOBAHUSA TOKOB OOJBIIION MOIIIHOCTH M BBICOKOM
YaCTOTHI.

Bonpocel u 3a0anus
1. Kaxoe cBoiicTBO npucyuie tupucropam? Yem oHo obecrieunBaeTcs?
2. KakoBa ocobennocts BAX tupucropa?
3. VYkaxwuTte pa3HOBUIHOCTH TUPHCTOPOB U OOIACTH UX MIPHUMEHEHHS.
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S. Tpanzucropsl

WCKTIOUNTENNHO BaXXHYIO pPOJb B COBPEMEHHOW TEXHUKE HUIPAIOT
JIEKMPOHHbBLE NPUOOPDL, AGNAIOWUECA PEYSIAMOPAMU NPOMEKAIOU|e20 MOKa.
Benuuuna conpomuenenun smux npudopoeé 3agucum oOm HANPANCEHUA,
RPUTIONHCEHHO20 K UX YRPAGIAIOWEMY IJIEKMPOOY, U MONCEm UIMEHAMbCA 6
wiupokux npeodenax. HavMeHblllee CONPOTUBIEHHUE 3JIEKTPOHHOrO Mpubopa
COOTBETCTBYET €r0 OTKPBITOMY COCTOSHHUIO, HaumOOJblllee — 3aKPBITOMY
(3amepToMy) COCTOSHUIO. «JIErKOCThY» yHpaBi€HUS CONPOTHUBIECHUEM TaKHX
npuOOpOB M, KakK CJIEICTBUE, MPOCTOTA YNPABICHUS MPOTEKAIOIMINM Yepe3 HUX
TOKOM TIO3BOJISIIOT OCYIIECTBIIATh BAXKHEUIITUE B PAJUOAIEKTPOHUKE MPOIECCHI —
ycuieHue CUZHaN08, 2eHEPUPOBAHILE KO1eDARUIL, MOOYIAUUIO KOTeOAHUT U JIP.

K umcny Ttakux mnpuOOpoB OTHOCSTCS DJIEKTPOHHBIE JIaMIIBI U
TpaH3UCTOphl. [losiBIEHHE TPaH3UCTOPOB OOECHEUMIO BO BTOPOM MOJOBHUHE
IPOLUIOTO BEKa CTPEMUTENbHBIN HAyYHO-TEXHUUYECKUH mporpecc. B Hacrosiee
BpEMSl  HCIOJNB3YIOTCS  CIEAYIOIIME WX  Pa3HOBUAHOCTH:  OUNOJApHbIe
MPAH3UCMOPbL, NOJLeble MPAH3UCMOPLL € YHpaeiawwum P-N  nepexooom,
nojegvle MpaH3UuCmMopvl ¢ UHOYYUPOBAHHBIM KAHANIOM U NOJiesble MPAH3UCTIODbI
CO 8CMPOEHHBIM KAHATIOM.

5.1. bunoasipHbie TPAH3UCTOPBI

Bunonapusiit mpansucmop — noynpoBOJTHUKOBEIN TTPHOOp, B KOTOPOM
JUIS  PETYJIMPOBKU TPOTEKAIOIIET0 4Yepe3 TPaH3UCTOP TOKa HCIOIb3YIOTCS
SIBIICHUS UHIICEKYUU U IKCMPaKyuyu HEOCHOBHBIX HOCHUTENEH 3apsiaa. TpaH3ucTop
UMEET TPEXCIOWHYIO CTPYKTYPY C AByMs P-N mepexomamu. OmHa W3 KpaHUX
obmacteit — amummep (0T eMit — «UCIyCKaTh, BBIIEISTE») MPEIHA3HAUCHA TSI
WH)KEKIIMW HOCUTEJICH 3apsijia B CPEIIHIO 00J1acTh, Ha3bIBAEMYIO fa3ou. Jlpyras
KpaiiHss o0nacth — Kosttexkmop (ot collect — «cobuparey») npeaHa3HaueHa IS
AKCTpAKIIMM HOcuTened wu3 0a3zoBoi obOmactu. Ilepexon »smutTep—Oaza
HA3BIBACTCS IMUMMEPHBIM, & TIePeX0]1 0a3a—KOIJICKTOP — KOJLIEKMOPHLIM.

BiaumopeiicTBue Mexay mepexogamMu 00ecreYrBacTCs CICTYOIIUMA
oOcTosTensCTBAMHU. BO-TIEpBBIX, paccTOSHUE MEXKIy TepexonaMu (TOJIIHHA
6a3bl) MHOTO MeHbIIe TUh()Y3HOHHON JJITMHBI HEOCHOBHBIX HOCUTEIIEH 3apsiI0B B
0a3e. Bo-BTOpBIX, KOHIICHTpAIUSI OCHOBHBIX HOCHTEJICH 3apsioB B OMUTTEpE
CYIIECTBEHHO MPEBBINIACT KOHIICHTPAIIMIO OCHOBHBIX HOCUTEINICH 3apsioB B 0ase,
910 00ecreYrBacT OJHOCTOPOHHIOI WHXKCKITMIO HOCHUTEJICH 3apsioB B 0a3y.
Kpome TOro, miomazs SMUTTEPHOTO MEpexoja OOBIYHO MEHBIIE ILIOMIAIN
KOJUIEKTOPHOTO TIepexo/ia.

O6nactu mpubopa SMUTTEp, 0a3a U KOJJIEKTOP CHAOMXKEHBI KOHTAKTaMH.
Yepes HUX K TPAH3UCTOPY MOIKIIOYAIOTCS BHEITHHE NCTOYHUKH HampspKkeHus. B
3aBUCUMOCTH OT MPOBOJUMOCTEH HYEpPEeHyHOIIUXCS O0JIACTeH  pa3inyaroT
TPAH3UCTOPBI THIA N-P-N U THA P-N-P. YCI0BHBIE 0003HAYCHUS OUIOISAPHBIX
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TPaH3UCTOPOB Ha CXeMax IMpeacTaBieHsl Ha puc. 17. [lpuHuun paboTel
TPAH3UCTOPOB OOOUX TUIIOB OJMHAKOB.

KOJIIEKTOP KOJIIEKTOP
IK Y KOJIEKTOP VT VT
IE j n BA3A BA3A
AN
s
+ | Fasal < oo p +
C)U C) UKQ
- b3 OMUTTEP _ OMUTTEP OMUTTEP
n-p-n p-n-p
a) 6)

Puc. 17. bunonspHslil TpaH3UCTOP:
a) CTPYKTypa TpaH3ucTopa N-p-N-Turma,
0) ycioBHbIE 0003HAUYECHHS HA CXEMax

[Tosicaum mpuHIUTT pabOTHI OWITOISPHOTO TPAH3WCTOpPAa Ha TIPUMEPE
paccmoTpeHust ogHoro u3 ero tumnoB. Ha puc.l17a mpencraBieHa CTpykTypa
TpaH3UCTOpa N-P-N-THTA.

B akTuBHOM pexume, KOTOPBIN SIBISIETCS. OCHOBHBIM JUIsSl YCHIJIMTEIbHBIX
CXE€M, K SMUTTEPHOMY TMEPEeXoay NPHIOKEHO mpsimoe HampstkeHue Uss (1s
TpaH3UuCTOpoB N-P-N-tuna Uss > 0), a K KOJJIEKTOPHOMY IEPEXO0y — 0OpaTHOE
Hanpspkenue Usk (U1 Tpar3ucTopoB N-p-n-tumna Uks > Uss > 0, => Upk < 0).

Yepe3 SMUTTEPHBIM MEpPEeXoJl MPOUCXOIUT HWHKEKIHS DJICKTPOHOB U3
smMuTTepa B 0a3zy. MXx KommuecTBO omnpeenseTcss MNPUIOKEHHBIM K 0aze
HanpsbkeHueM Ups, oOecnednBarolmuM MpsiMOE BKIIIOUEHHE [P-N  mepexoja.
HNmxekTupoBaHHbBIE B 0a3y 3JEKTPOHBI ABIKYTCSA K KOJUICKTOPHOMY TIEPEXOY.
DTO IBUXEHUE SIBISIETCS COBOKYMHOCThIO mupdy3un u apeiida. Juddy3nonnoe
JBI>KEHUE OOYCJIOBJIEHO 00Jiee€ BBICOKOW KOHIIEHTpAILME 3JIEKTPOHOB B 0ase
OKOJI0O DJMHUTTEPHOTO TIepexoja BCICACTBHE WX WHXCKIUA W HU3KOH
KOHLIEHTpalMel 3JEKTPOHOB B 0a3e OKOJIO KOJUIEKTOPHOrO IMepexoja M3-3a UX
OKCTpPAKIIMKM TIOJIeM JToro rmnepexona. J[lpeiidhoBoe IBIKEHHUE JIIEKTPOHOB
BBI3BIBACTCS BHYTPEHHUM AJICKTPUUECKUM TI0JIEM B 0ase.

DONEeKTPOHBI, JOCTUTAIOIINE KOJJIEKTOPHOTO TEpPEeXojia, BTITUBAIOTCA B
HEro JJIEKTPUYECKUM T0JIEM U TTepedpachIBalOTCs B KOJUIEKTOP. Takum oOpa3om,
B AaKTUBHOM PEXKHME KOJUIEKTOP «COOMpAeT» WHKEKTHUPOBAHHbIE B 0azy
9JIEKTPOHBI, YTO U OTPAXKEHO B ero HazBaHuu (Collector — «cOopinky).

B akTHBHOM peXMMe TOKHM KOJUIEKTOpa M SMHUTTEpA MOYTH OJUHAKOBHI, a
WX Pa3HOCTb PaBHA TOKY Oas3bl.

KonnekTopHbIF TOK TpakTHYECKHM HE 3aBHCUT OT  HANpsHKCHUS Ha
KOJIJIEKTOPHOM TI€pPeXo/Jie, MOCKOJbKY MpU JII0OOM 0OpaTHOM HAIpsKEHUU BCE
AJIEKTPOHBI, TOCTUTAIONIME B 0a3e KOJUJIEKTOPHOTO Mepexojia, MoMmaaarT B €ro
YCKOpSAIOILIEE TIOJI€ M yHOCATCS B KoJulektop. Ilo »3ro mpuyuHe
nuddepeHnanTbHOe COMPOTUBIICHUE KOJIJIEKTOPHOIO TMEPEeXojia OYeHb BEIUKO,
YTO XapaKTepHO I P-N mepexo 0B, BKIOUEHHBIX B 00paTHOM HarpaBjieHU. B
TO ke Bpems auddepeHnnanTbHOe CONMPOTUBIEHWE AIMHUTTEPHOTO TEPEX0ja,
BKJIFOYEHHOTO B MPSMOM HaIIPaBJICHUH, OUYE€Hb MaJo.
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OmnucaHHbIe MPOLECCHI, MPOUCXOIAIINE B TPAH3UCTOPE, MPEICTABISIIOTCS
IBYMsI CEMEUCTBAMU cmamuueckux eonvm-amnepnvix xapakmepucmuk (BAX),
npuBeneHHBIME Ha puc.18. IlepBoe ceMEHCTBO KPUBBIX  OMpeeseT
3aBHCHMOCTH TOKa 0a3bl |s oT HampsbkeHui Ha 6aze Uss u Ha komutekTope Uks,
npexacraBieHnyio rpadpukamu |ls = fi(Uss), toe Uks sBusercs mapamerpom
ceMelicTBa. DTH XapaKTePUCTUKH HA3bIBAIOT 6XOOHbiMU (WITH  0OA308bIMLL).
BTtopoe cemeiicTBO KpUBBIX ONpeesieT 3aBUCMMOCTh TOKa KOJIEKTOpa |k oT Tex
ke Hanpspkenuid Uss u Uks, npeactasnennyio rpadpukamu lx = f2(Uks). 3aech
nmapaMeTpoM SBIETCS HamnpsbkeHue Ha 0aze Ups. OTH  XapaKTepUCTHKHU
HA3bIBAIOT 8bIX0OHbIMU (WU KOJIEKMOPHBIMU).

U, =0
| 4 K3 | )
UK3>U53
UK3>>U53
1) J
U 53>U B3
J
U 53>0
0 0 Ueg=0
I -
U53 UK3
a) 6)
Puc. 18. CemeiicTBa BOJIBT-aMIEPHBIX XapaKTEPUCTUK OUITOIIIPHOTO
TpaH3HMCTOpa:

a) BXOJIHBIC XapaKTCPUCTUKH;
0) BBIXO/IHBIC XapaKTEPUCTHKHU

Bxonnble xapaktepuctuku TpaHsuctopa (puc. 18a) dopmupyrorcs
onucaHHbIMU BhIMIE (11. 3.3) mporeccaMu B P-N mepexoie MpHu €ro BKIIOUYEHUN B
npsiMoM HampaieHuu. Ecau  Hampsokenue Ugs =0, TO B TpaH3UCTOpE
OCYIIECTBISICTCS AUOAHBINA PEXUM padOThl, U TOTAA BXOJHAS XapaKTEPUCTHKA
coBmagaeT ¢ ydactkoMm 1 Ha rpaduke BAX p-n mepexojna, mpencTaBIeHHOM Ha
puc. 6, u onuceiBaetcs dopmynoi (8). Ecnu nanpsoxkenue Uks > 0 1 nipeBbITiaet
no BenuurHe Ups, TOT1a KOJUIEKTOPHBIN P-N Mepexo, BKIIOUYEHHBIH B 00paTHOM
HAIpPaBJIEHUHU, CBOMM 3JIEKTPUUECKUM I0JEM B Mepexojie odecreunBaeT apend
HEOCHOBHBIX HOCHUTEJIEM — DOJIEKTPOHOB — u3 obnactu 0a3bpl B 00JacTh
KoJutekTopa. [Ipoucxoaurt nepepacnpeneseHue HOCUTENEN 3apsaoB — MPU TOU
’Ke BEJMYMHE HamnpspbkeHus Ha 0a3ze Ups 1Mo Mepe yBelWYeHHs] HaNmpsDKeHUs Ha
kojuiektope Uks Tok 0asbl |5 ymenbmiaerca. COOTBETCTBYIOIIME KPUBBIE Ha
rpaduke MPOXOIAT HIKE MEPBOM 3aBUCUMOCTH, COXPaHsIsi CBOM BH/I.

BreixonmHbie  xapakTepucTuku TpaH3ucTtopa (puc.186) ompenenstorcs
mpoieccaM B KOJUIGKTOPHOM P-N Tiepexoje, KOTOPhId TMpH  yKa3aHHBIX
YCIOBHSIX BKJIOYEH B O0OOpaTHOM HampaBieHuu. Tok komtektopa I,
OOyCJIOBJIEHHBIN JIpeiihOM HEOCHOBHBIX  HOCHUTENEH (DJEKTPOHOB), €00
3aBUCUT OT KOJUIEKTOpHOro HampsbkeHusi Uks U ompenensercs HanpsKeHUeM
Uss, mpuiioxkeHHbIM K 6azoBomMy mepexony. [Toatomy npu Uks > Uss rpaduxu
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UMEIOT TOPU3OHTAIbHBIE YYAaCTKH, KOTOPBIM M COOTBETCTBYET BBICOKOE
nuddepeHnranbHOe COMPOTUBIICHHE KOJIJIEKTOPHOTO Mepexo/ia.

Takum o00pazoM, MpU YKa3aHHBIX MOJISIPHOCTSX BHEIIHUX HCTOYHUKOB
HalpsHDKEHUsT B IENsAX 0a3bl U KOJJICKTOPA UZMEHEHUEM HANPAMNCEHUA HA
nepexooe Imummep—0a3za OUNONAPHO20 MPAHIUCHOPA MONHCHO PECYIUPOBANb
6e/1UYUHY MOKA 6 KOJINEKMOPHOU yenu.

Bonpocut u 3a0anusn

1. Kakoe OCHOBHOE CBOWCTBO, IPHCYIIEE TPAH3UCTOPaM, IIMUPOKO HKCIIOIB3YEeTCsS B
pPagno3JeKTPOHUKE?

2. Kakue sBieHHs B P-N TEpexojie MCIHOIB3YIOTCS B OWIMONSPHBIX TPAH3UCTOpPAX IS

PEryJINPOBKYU MPOTEKAIOLIETO TOKA?

3. Kakumu oOctosarenbcTBamu obecrieunBaeTcsi 3(h(PEKTHBHOE B3aUMOJCHCTBHUE MEXITY
nepexojamu’?

4. YKaxuTe pa3HOBUAHOCTH OMMOJSPHBIX TpaH3ucTopoB. Haueptute B paboueil Terpaau
UX YCJIOBHBIE 0003HaUEHUs Ha cxemax?

5. Kakue HampspkeHHsl MO TMOJSIPHOCTH M COOTHOIICHUIO BEJIIMYMH TPUKJIAJIBIBAIOTCS B
AKTUBHOM PEXKUME K OMHUTTEPHOMY M KOJUICKTOPHOMY IIepexojaM OHUIOJISPHBIX
TPaH3UCTOPOB? YKa)KUTE 3HAKU TOJIIPHOCTH HAIPsDKEHUH Ha 0a3ze W Ha KOJUIEKTOPE
OTHOCHUTEIIEHO AMHUTTEPA TPAH3UCTOPOB THIIOB N-P-N 1 P-N-P.

6. [ToueMy KOJUIEKTOPHBIN TOK MPAKTUICCKU HE 3aBUCHUT OT HAMPSIKCHUS HA KOJJICKTOPHOM
nepexoze, a ONpeAeseTCs, B OCHOBHOM, HANPsKCHUEM, ITPHIIOKESHHBIM K Oa3e?

7. Kakue niporieccsl GOpMHUPYIOT BXOTHBIC H BBIXOHBIC BOJIBT-AMIICPHBIC XapPAKTEPUCTUKU
OUMOISPHBIX TpaH3UCTOPOoB? HauepTute rpaduiku 3TUX XapaKTEPUCTUK. Y KaXKUTE, YEM
TaKWe XapaKTePUCTUKU OTIIMYAKOTCS y TPAH3UCTOPOB TUIOB N-P-N 1 P-N-p.
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5.2. IToJsieBbI€ TPAH3UCTOPHI

Ilonesont mpanzucmop — TONYNPOBOJHUKOBBIM MPUOOP, COACPKAIIMMA
TpU 00JIACTH OJHOTO U TOTO K€ TUIA MPOBOJAUMOCTHU: UCMOK, KAHAL U CMOK, a
TaKXe YIPABJISIOMINAN 3JIEKTPOJ — 3aME0p.

B TpaH3ucTope wucCHonb3yercs IBHKEHUE HOCHUTENIEW 3apsia TOJbKO
OJIHOTO 3HaKa (OCHOBHBIX HOCHTEJIEH), KOTOpbIE M3 HCTOKAa Yepe3 KaHaj
OBUXKYTCS B CTOK TMOJ JCHUCTBUEM MPOAOJBHOIO JJIEKTPUYECKOTO IOJIA
(HampaBJIEHHOTO BJIOJIb KaHAJIa), CO3aBAEMOT0 HANPSHKEHHUEM MEXKIY CTOKOM U
HUCTOKOM. DJIEKTPUYECKOE TO0JI€, BOSHUKAIOIIEE MPU MPUIIOKEHUU HAIMPSKCHUS
MEXJYy 3aTBOPOM M HMCTOKOM, HANPAaBICHHOE MOIEPEK KaHalaa, U3MEHSET €ro
IIPOBOAUMOCTB U, CIEA0BATEIBHO, PETYIUPYET TOK YEPE3 TPAH3ZUCTOP.

[ToneBpie TPaH3UCTOPBHI PA3JIMYAKOT MO THUILY IPOBOJUMOCTH KaHaJIA:
TPAH3UCTOPBI C KaHAIOM N- win P-tuna. CTPYKTypbl MOJIEBBIX TPAaH3HCTOPOB
BeCbMa PpPa3HOOOpa3Hbl M MOJAPOOHO PACCMATPUBAIOTCS B  CIEHHUAIBLHON
JIATEPATYPE.

5.2.1. IlosieBbIe TPAH3UCTOPBI € YIPABJSIIOIIUM P-N MepexoaoM

OTO MOJIYNPOBOJHUKOBBIE MPUOOPHI, B KOTOPBIX MPOTEKAIOUIUN uepes
TPAH3UCTOP TOK OCHOBHBIX HOCHUTEIIEH 3apsia YHOpaBIsETCA MOMNEPEYHbIM
ANEKTPUYECKUM TIOJIEM, HW3MEHSIOIIMM TOJIIMHY 3alUparollero cjios B
OKpECTHOCTH P-N mepexona.

N3o0paxkeHne CTPYKTYphl MOJICBOTO TPAH3UCTOpA C YHPABJISIOMIMM P-N
MEepexoIOM U YCJIOBHBbIE O0O0O3HAYEHUSI OSTUX TPAH3UCTOPOB HA CXeMax
MpeACTaBJICHbI HA puc. 19a—B.

ot U,,=0
VT crox VT crok ,SM
+ 3ATBOQ® 3ATBO&® U <0
DUCM MCTOK MCTOK U’ <U’%,

= 5

n-kaHan p-kaHars
a) 6) B)
Puc. 19. TloneBo#i TpaH3UCTOP € YIPABISIOMIIM P-N MIEPEXOA0M:
a) CTPYKTypa TpaH3KUCTOpa ¢ KaHAJIOM N-THUIIa,

0) ycrnoBHbIe 0003HAUCHHS Ha CXEMaXx;
B) BOJIbT-aMIIEPHbIC XapaKTEPUCTUKU

Tpansucrop MPEICTABIAET coboit TOKOIIPOBOASALLINN KaHall,
BBITIOJTHEHHBIN U3 MOJYNPOBOJHUKA N- WK P-TUNA (B TaHHOM Clly4ae — N-TUMa).
Ero Topubpl — ucmoxk w cmox — cHaOXeHbl KOHTakTamMu. Yepes HUX K
TPAH3UCTOPY  MOJKIIOYACTCS  BHEIIHWMM  UCTOYHUK  HanpsbkeHus  Ucy,
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o0ecneunBaOIUN ABMKEHUE OCHOBHBIX HOCHUTENEH 3apsA/aa Mo KaHaly OT UCTOKa
K cToky. Ha OOKOBYIO MOBEpXHOCTh KaHalla HAHECEH 3ameop — CJOou
MOJIYIPOBOJIHUKA JIPYrOoro THMNA MPOBOAUMOCTH (B JTaHHOM Cly4yae — P-THIIA).
Mexay 3aTBOpOM M KaHAJIOM pacroiaraerca P-N mepexoj. 3aTBOp CHaOXeH
KOHTAKTOM, Yepe3 KOTOPhIA K HEMY MOAKIIOUAETCS UCTOYHUK HanpspkeHust Uspyr.

Hcrok siBAsieTCS MHXKEKTOPHBIM AJIEKTPOJOM. 3/1€Ch OCHOBHBIE HOCUTEIH
3apsa HAuYMHAIOT JBIWKeHHEe B KaHale. CTOK CIYXHUT KOJUJIEKTOPHBIM
ANEKTPOJOM. 3JE€Ch OCHOBHBIE HOCHUTENM 3apsija 3aKaHUYMBAIOT JABUKECHUE B
KaHalie. 3aTBOP — BJIEKTPOJI, YIPABJISIOMUNA BEIMUUHON MOMEPEYHOIO CEUCHUS
KaHaa.

Hcrounnk ynpasismoomero HanpsbkeHuss Usy, NEHCTBYIOIIHMA MEXITy
3aTBOPOM M MCTOKOM, OO€CIIeuMBaeT BKIIOYEHHE P-N Iepexona B 0OpaTHOM
HaIpaBJICHUU. YBEJIWYEHUE OOPATHOTO HANPSDKEHUS YBEIMYMBACT TOJIIMHY
3alMPAIOIIEro CJIOS, YMEHbIAsI TEM CaMblM cedyeHHe KaHana. COnpOoTUBIEHUE
KaHaJIa YBEJIMYUBAETCS, U MIO3TOMY TOK OCHOBHBIX HOCUTEJIEH 3apsia (B JaHHOM
cllydae — 3JIEKTPOHOB) B KaHAJIe YMEHBIIAECTCS.

[Iporeccel, mpouCXoasIIne B TPAH3UCTOPE, MPEACTABISIOTCS CEMEHCTBOM
8bIXOOHbIX (WM CMOKOBbIX) XAPAKMeEpUCmuK, ONPEACISIIOIINM 3aBUCHMOCTD
TOoKa cToka |lc or Hanpspkenuit Ha ctoke Ucy u Ha 3atBope Usy. I'paduku 3Toro
cemeiictBa kpuBbiX lc = f(Ucy ), rme Usy — mapamerp, mpeicTaBieHbl Ha
puc. 19s.

Ecmu nanpsoxkenue Usgy = 0, To npu Maneix 3HadueHusx Ucy Tok lc
U3MEHAETCS TMPUMEPHO MPSMO MPOMOPIMOHATBHO H3MEHEHHUSM HaIpPsKEHUS
Ucu. Ilpu cymectBeHHoM yBenuuenuu Ucy 3anuparoiiuii cioi P-N nepexona co
CTOPOHBI CTOKa pacCIIUPSETCS, CyXas CTOKOBBIA y4acTOK kaHama. Poct Toka lc
CHayYaJla 3aMeJIsIeTCA, a 3aTeM TOK JJOCTUTaeT 3HAUYCHUS HACBIIIEHUS, OCTIE YEro
OCTaeTCss TPUMEpPHO TNOCTOSIHHBIM. [lpu nmanbheitmem yBenumueHuun Ucy
BO3HUKAET JICKTPUUYECKUM (JJABUHHBIN) MpOoOOii.

[Ipu otpunarensHom Hampsbkennn Uszy < 0 ucxomHas MPOBOAUMOCTH
KaHajla yMEHbBIIAETCs, MO3TOMY HAYaJlbHbIM YYacTOK JaHHOW CTOKOBOU
XapaKTEPUCTHKU CTAHOBUTCS OoJiee mojoruM. Kpome 3Toro, mepexoj K pekumy
HACBHIIIEHUS HACTYNUT NPHU MEHBIINX 3HAYCHUSIX HANIPSIKEHUS U TOKA CTOKA.

Takum oOpa3oM, MpU YKa3aHHBIX MOJISIPHOCTSIX BHEIIHUX HCTOYHUKOB
HaIpsHKEHUS B LENSAX 3aTBOPA U CTOKA UIMEHEHUEeM HANPAX}CEHUs HA 3ameope
mMpau3ucmopa ¢ yYnpasaalwum p-n nepexooom MOMNCHO pecyiuposams
6eIUYUHY MOKA 6 CHOKO0BOIl Uenu.

5.2.2. I1oJsieBble TPAH3UCTOPBI ¢ MHAYUHPOBAHHBIM KaHAJIOM

OTO MOJIYNPOBOJAHUKOBBIE MPUOOPHI, B KOTOPBIX MPOTEKAIOIUNA dYepes3
TPAH3UCTOP TOK OCHOBHBIX HOCHUTENICH 3apsifa YNpPaBISETCA MONEPEYHbIM
ANEKTPUYECKUM MOJIEM, MU3MEHSAIOIUM TOJNIINHY HaBEJCHHOTO
(MHAYLIMpPOBAaHHOTO) KaHala. B  oTiauyuMe OT TMOJIEBOTO TPAH3UCTOpA C
YOPaBISIOMIMM P-N MEPEeX00M 3TOT TPAH3UCTOP UMEET U30JIUPOBAHHBIN 3aTBOP

33



U TIO3TOMY COXPAHACT BBICOKOC BXOJHOC COIPOTHBIICHUC HCE3ABUCHUMO OT
IMOJIAPHOCTH YIIPABJIAIOIICTO HAIIPSIKCHUA Ha 3aTBOPC.

CtpykTypa TpaH3UCTOpa, B KOTOPOM HHIYIHPYETCS KaHal N-TUMa U
YCIIOBHbIE 0003HAYEHUS] TPAH3UCTOPOB C KaHAJIAMH N-TUIA U P-TUIA HA CXEMaX,
nokasansl Ha puc. 20. B nmacTuHke, Ha3pIBa€MON 10010#CKOU, BHITIOJTHEHHON U3
NOJIYIPOBOJHUKA N-WIKM P-TUna (B JaHHOM Ciy4yae P-TUIa), CO3JAIOTCS IBE
o0JilacTh JIpyroro THUma MPOBOJMMOCTH (B JAaHHOM cCiyyae N-THUMA) C BBICOKOH
KOHIIEHTpAaIlMell OCHOBHBIX HOCHUTelNeH 3apsiaa. OIHa U3 HUX SIBISIETCS UCHOKOM,
npyrasi — cmoxom. [10BepXHOCTb MOMJIOKKHU MOKPHITA TUIJIEKTPUUECKUM CIIOEM,
U30JUPYIOLIUM 3JIEKTPOJT 3amEopa, PACTIONOKEHHBIN MEXKITy UCTOKOM U CTOKOM.
[Toanoxkka, MCTOK, CTOK M 3aTBOp CHa0XKeHbl KOHTakTamu. Yepe3 HUX K
TPAH3UCTOPY MOAKIIOYAIOTCS BHEIIHME UCTOYHMKU HampsikeHuss Ucy u Uspy.
IlepBbiit u3 HUX — Ucy oOecrieunBaeT JBUKEHUE OCHOBHBIX HOCHTENEH 3apsia
[0 KaHally OT HCTOKa K CTOKY, BTOopol — Usy mpeaHasHaueH AJii CO3/aHUsA
KaHajla W yOpaBjieHuss ero ImupuHON (cedeHuem). [lomnoxky oOBIUHO
COEUHSIOT C UCTOKOM. B MCXOJHOM COCTOSIHUHU, IPU OTCYTCTBUU HaNpsSKEHUS
Ha 3atBope (Uszy = 0), TOKOMPOBOASAIIMN KaHall MEXIY HCTOKOM U CTOKOM
orcyrctByeT. [lpu monmade Ha 3aTBOp ympasistoniero Hampspkerus Usy > 0 B
npuJieraroleld K 3aTBOpy 00JIacTH MOSIBISIETCs djekTpuueckoe nose. [lo mepe
YBEJIMYEHUS] HANPSOKEHUSI HA 3aTBOPE ATO IOJIE BBITECHSET U3 MpHIIETalonie K
3aTBOpPY OOJACTM OCHOBHBIE HOCHUTENU 3apsia B TOUIOKKE — ABIPKU — U
NOJTATMBACT HEOCHOBHBIE HOCHUTENM 3apsga — 3JeKTpoHbl. I[Ipu HexoTopoMm
MIOPOrOBOM HAIPSKEHUU Ha 3aTBOPE B MOBEPXHOCTHOM CJIO€ MOJJIOXKKH THII
MPOBOJIMMOCTH HM3MEHSIETCS C JBIPOYHOM Ha 3JEKTpoHHYH0. Ilpu 3TomM 1Be
00J1aCTH N-TUIA OKAa3bIBAIOTCSA COEAMHEHHBIMU JIPYT C JPYIOM MOCPEACTBOM N-
ciosi, oOpasyrouiero kaHajl. B 3ToMm KkaHajme OT MCTOKa K CTOKY JBHXKYTCS
HOCHUTENIU 3apsfa — JJeKTpPoHbl. [Ipu nanbHeiieM yBEIMYEHHH HAINPSIKEHUS
Usy KaHa paciiupsieTcsi, ero ConpoTUBiieHuEe yMeHbIaercsi. OHO U onpeaenser
BenuuuHy Toka lc mpu Ucy = const.

I OAJIOXKKA
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3ATBOP %’ Cj'-U NCTOK UCTOK
12 "o c
St [ | M = =
u, DTN b ] ]
n-KaHarsn p-KaHar
a) 6) B)

Puc. 20. [ToneBo# TpaH3UCTOP C HHAYLIMPOBAHHBIM KaHAJIOM:
a) CTPYKTypa TPaH3HCTOpa C KaHAJIOM N-THIIA;
0) ycioBHBIE 0003HAYCHHS HA CXEMax
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5.2.3. Ilos1eBble TPAH3UCTOPBI CO BCTPOCHHBIM KAaHAJIOM

OTH  TPaH3UCTOPHl ~ OTJIMYAETCA  OT  MOPENbIAYIIUX  TEM,  YTO
TOKOIIPOBOSIINN KaHAJI CO3/1al0T — «BCTPAMBAIOT» TEXHOJOTUYECKUM IMyTEM B
BUJIC TOHKOTO TMOJYHIPOBOAHUKOBOIO CJIOS, COSAMHSIONIET0 MCTOK U CTOK. B
3aBUCUMOCTH OT THIIa MPOBOJAUMOCTU TMOJIOKKH TPaH3UCTOp OyAeT HMETh
KaHaJl N-Wiu P-TUna. YCJIOBHBIE HM300paXeHHUsS! MOJIEBBIX TPAH3UCTOPOB 3TOM
Pa3HOBHUIHOCTH MPECTABICHBI Ha puc. 21.

- T B N

UCTOK

n-kaHar p-KkaHan
Puc. 21. YcnoBHbIe 0003HaUYEHHUS HA CXEeMaXx IMOJIEBOI0 TPAH3UCTOPA CO
BCTpOGHHI)IM KaHaJioOM

CemeiicTBa CTOKOBBIX XapaKTEPUCTUK, OMPEACISIONINX 3aBUCUMOCTh TOKA
lc oT Hanpspkennit Ucy 1 Usy, y Bcex pazHOBUAHOCTEN TMOJIEBBIX TPAH3UCTOPOB
CXOMHBI W OTJIMYAIOTCS TOJBKO TOJAPHOCTSIMH BHEIIHHX HCTOYHHKOB
HaIPSHKCHUS B TETISX 3aTBOPA M CTOKA.

Takum 00pa3oM, uzmMeHeHueM HANPANCEHUA HA 3AMeEope No1e6020
mpaun3ucmopa 1000l  pAcCMOMPEHHOU  PA3HOGUOHOCMU  MOXCHO
pecyiuposams 6e1UYUHY MOKA 6 CHLOKOBOU Uenu.

O6o0menne. IlogBoAass WTOr  PACCMOTPEHHBIM  Pa3HOBUAHOCTIM
TPaH3UCTOPOB, OTMETHM, YTO BCE OHM (KaK, BIPOYEM, U JPYTHE DIECKTPOHHBIC
pPUOOPHI, SIBISIONINECS PETYIATOPaAMU MPOTEKAIOIIET0 TOKA, B IEPBYIO OYepe/ib
— DJICKTPOHHBIE JIAMITBI) UMEIOT TPU OCHOBHBIX JJICKTPOAA — UHIHCEKMOPHDLIL,
Koniekmopuulii M ynpagaarowiuil. 1lepBblil U3 HUX CIYKUT JJI1 BHECEHHS —
«uHMcekyuuy» (BIIPBICKWBAHUS) HOCUTENEH 3apsaa B pabouyro 001acts mpudopa,
BTOPOM 3JIEKTPOJ COOMPAET — «KOJLIeKmupyemy» 3T HOCUTENH 3apsna, TPEeTUu
ANEKTPOJ PErYJIUPYET MX KOJIUYECTBO — «YHpasisemy MPOTEKAIOIUM TOKOM.

OcHOBHOM XapaKTEPUCTUKOM, OnpeAesIoIIEen CIOCOOHOCTH
PETYIMpPOBaTh MPOTEKAIOMUNA TOK, MOXET CIY)XKHTh 3aBUCHMOCTH TOKa B
KOJUIEKTOpHON 1enu |k OT HampspkeHuss Ha ympasisoomeM sjektpoae Uy,
OTCUUTHIBAEMOTO OT HWHXXEKTOPHOTO JJIEKTPOJa, @ OCHOBHBIM MapaMeTpoM —
kpymusHa 3Toi xapaktepuctuku S = Alk/AUy B BbIOpaHHOW TOYKE HCXOIHOTO
COCTOSIHUSI aKTUBHOTO PEKHMA.

[Ipn aHanm3e TPaH3UCTOPHBIX CXEM, paOOTAIOIIMX B JIMHEHHOM pPEKHUME
WIM B PEXKHUME OJIM3KOM K JIMHEHHOMY, KOTJa CHUTHAJIBI JOCTATOYHO MAJIbI,
TPaH3UCTOPHI 3aMEHSIOT CXEMaMH, TIPEICTaBJICHHBIMHU Ha puc. 22. X Ha3bIBaIOT
cXeMaMH 3aMelleHusi (ManocurHanbHbIMU). Cxembl puc. 226 u puc. 22n,
MPUTOHBIC TIPU MCCIICTOBAHUN HU3KOYACTOTHBIX MPOIECCOB, MOIYYaOT IMyTeM
dbopMallbHOTO ~ aHaliM3a  CTATHYECKUX  BOJBT-aMIIEPHBIX  XaPaKTEPUCTHK
TpaH3uctopoB. [lapamerpamu »3Tux cxem sBISIOTCA auddepeHIuanbHbIC
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npoBomumoctd Gpx, Gpy um kpyrm3Ha S. Cxembl puc. 22B u puc. 22e,
MPHUTOJHbIC TMPU HCCIACIOBAHUU BBICOKOYACTOTHBIX IPOIECCOB,  MOJYYarOT
myTeM ydera (HU3MYECKUX SIBICHHI B P-N  mepexojax TPaH3UCTOPOB.
[TapamerpamMu 3TUX cxeM, Hapsay ¢ auddepeHInaTbHBIME TPOBOIUMOCTIMU
KPYTH3HOH S, SIBISIOTCS MEXDJICKTPOJHBIC EMKOCTH TPAH3HCTOPOB M BXOJIHOE
conpoTuBieHue 6a3pl Rs- OUTIOISAPHBIX TPAH3HCTOPOB.

K
; —i
Rs' 5
3 5 K o} 1 oK
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a) ~ 6) B)

r) A) e)
Puc. 22. TpaH3ucTOpsl U UX YKBUBAJICHTHBIE CXEMBI:
a), ') yCJIOBHBbIE 0003HAYEHUsI TPAH3UCTOPOB;
0), 1) GopMaIbHBIE MAJIOCUTHAIBHBIC CXEMbI 3aMCIICHUS
B), €) (U3HUYECKHE CXEMbI 3aMEIIECHUS

Bonpocwt u 3a0anusn

1. Kak ocymiecTBisieTcs yrpaBiieHHe IPOTEKAOIIUM TOKOM B IOJIEBBIX TpaH3UCTOpax?

2. Ilepeuncnute OCHOBHBIE Pa3HOBHIHOCTH TTOJIEBBIX TPaH3UCTOPOB. HauepTuTe n ycBoiiTe nx
yCJIOBHBbIE 0003HAUEHMS.

3. IlocpencTBoM Yero peryaupyercs NpPOTEKAOIIWH TOK B IOJIEBBIX TPAH3UCTOpaxX C
YIPaBISAOLUM P-N niepexoaom?

4. Kak MpOUCXOIUT YIpPaBICHHE TOKOM, IPOTEKAIOIIUM B TOJEBBIX TPaH3UCTOpax C
MHIYLUHMPOBAHHBIM U BCTPOCHHBIM KaHaJIaMu?

5. Kak opMupyroTcst cTokoBbl€ BOJIbT-aMIEpHbIE XapaKTEPUCTHKH IOJIEBBIX TPaH3UCTOPOB?
Uro oOuiero u B 4eM OTJIMYUE ITHX XApaKTEPUCTHK y Pa3HOBUIHOCTEW TPaH3UCTOPOB.
Haueptute rpaduku CTOKOBBIX XapaKTEPUCTUK Pa3HOBUIHOCTEH MOJIEBBIX TPAH3UCTOPOB.

6. Kakue HampspkeHUS 1O TOJNSAPHOCTH W COOTHOIICHHIO BEJMYMH TPUKIIAIBIBAIOTCS B
aKTUBHOM PEKUME K IJIEKTPOJaM TOJEBBIX TPAH3UCTOPOB? YKaKHUTE 3HAKH TOJSPHOCTH
HaIpsDKEHUHN Ha 3aTBOPE U HAa CTOKE OTHOCUTEJIBHO UCTOKA TPAH3UCTOPOB € KaHAaJIaMH N- U
p-THIIOB.

7.1loyeMy BXOJHBIE CONPOTUBJICHUS BCEX PA3HOBUIAHOCTEH TIOJEBBIX TPAH3UCTOPOB
SIBJIIFOTCSI BBICOKUMU?

36



6. TpaH3MCTOPHI B CXeMAaX PAJHOIIEKTPOHHBIX y3JI0B

CrpeMuTenbHO€  pa3BUTHE  PAJUODIEKTPOHHBIX  CPEICTB U HX
MOBCEMECTHOE HCII0JIb30BAHNE KaK BO BCEX OTPACISAX HAYKU M TEXHUKHU, TaK U B
o0uxofe MTpHUBEIO K OOJBIIOMY KOJIWYECTBY Pa3MUYHBIX (YHKIHOHAIBHBIX
y3JI0B PaJMO3IEKTPOHHOM anmapatypbl. B CBSI3W ¢ 3TUM TpaH3UCTOpHAas
CXEMOTEXHHUKA SIBJISETCA CTOJIb MHOTOOOpa3HOM, YTO B 3TOM IOCOOMH MOXKHO
yKa3aTh TOJbKO Ha HECKOJBKO (PyHIaMEHTAIbHBIX IPUIIOKEHUH.

6.1. TpaH3UCTOPBI B 3JIEKTPOHHBIX YCUJIUTEJIAX

Ycunenue cucnanose saBnseTcs HambOonee BaXHBIM U CaMbIM
pacIpOCTPaHEHHBIM TMPOLECCOM B PAIHOICKTPOHUKE, MPUYEM CUTHAIOM, Kak
NPaBUJIO, SIBIIETCS HaANpsDKeHHWe U, M3MeHsmomeecs BO Bpemenu U(t). Ilpu
YCUIeHUU CUZHANA npoucxooum yeenuuenue e2o nepzuu, T. €. Wapixc. >
Wax.c. YcrpoiicTBa, KOTOpbIE OCYHIECTBISIOT OSTOT TPOIECC, HAa3bIBAIOT
yCunumenamu.

Ecmm BX0omHO# M BBIXOAHOMW CHUTHAJIBI CBSI3aHBI JIMHEHHOM 3aBUCHMOCTBIO
uswkix(t) = K usx(t), ycunenune Ha3bIBAIOT JIUHEHHBIM.

Ilpunyun 2I1eKMPOHHO20 yculeHUsa 3aKII0Uaemcs 6 YHpPAaeieHUuu
nOCpeOCcmeom IJIEeKMPOHHBIX NPUOOPOE  IIEKMPUYECKUMU MOKAMU U
HANPAMCEHUAMU, CO30A8AEMbIMU 6 YCUIUMENbHOU UEenu CHOPOHHUM
UCMOYHUKOM IHEPUU — UCHMOYHUKOM RUMAHUA. DTOT TPUHIUII TMOSICHSIIOT
puc. 23 u puc. 24.

B nenm puc. 23a, cocTaBieHHON M3 MOCIEIOBATENBHO COSTMHEHHBIX TBYX
pPE3UCTOPOB C CONmpoTHBIEHUSIMHM Ri1, Rz ¥ HUCTOYHHMKA MOCTOSIHHOTO
HanpspkeHus E, oOpa3yromux KOHTYp, TeUeT TOK |, BeTHMunHa KOTOPOrO paBHA
| = E/ (Ri+R2). Tlamenue HanpsokeHuss Ha pesucrtope Ro ompenensiercs
dopmynoit U = R2E / (R1+R2). uarpamma puc. 230 WUTFOCTPUPYET BEIUIHHY
HanpspkeHuss U mpu pa3nmuuHbIX cooTHomeHusx Ri m Rz, M3 Hee BUAHO, 4TO
U3MEHEHHE COIPOTHBIICHUS R2 NpHBOAWT K W3MeHeHHIo HampspkeHus U B
npeaenax ot 0 10 BeTUUIHHbI, O1M3KO0i E.

U
ol I ror [ R>>R,
E R1=R2___________ L
2
0 R<R, R,<<R,
a) 6)

Puc. 23. Pactipenienienue HanpsoKeHHSI B PE3UCTOPHON TIeTTH
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Ha pwuc.24 nmpencraBieHsl CXeMbl  MPOCTEHIIMX  DJIEKTPOHHBIX
ycunurtened. Ponb ynpasnsemoro pesucropa Rz B cxeme puc. 24a BBIIOJHSAET
Kakoi-nm6o Tpanszuctop VT, (B cxeme puc. 2406 3To, B 4aCTHOCTH, OUIIOJISPHBII
TPAH3UCTOP, & B CXeME pHUC. 24B 3TO MOJIEBOM TPAH3UCTOP C YHPABIAIOMUM P-N
nepexo1oM). ICTOYHNK TOCTOSTHHOTO HAIPsDKeHUS E B 3THX cXeMax — HCTOYHHUK
nuTanus, 0003HaYeHHBIN Kak Epn. IMEHHO OH SIBISIETCS MCTOYHWUKOM SHEPTHU
IpU YCWJIEHUU CUTHANOB. Ponb mocTostHHOTO pe3uctopa Ri B 3THX cxemax, B
JaCTHOCTH, BBITIOJHSIOT PE3UCTOPHI, 0003HaYeHHBIE Kak Rk 1 Rc, Ha3bpIBaeMbIe
Haepy3xkamu TpaH3UCTOpoB. DnemeHThl ycuwiutens VT, Rx m Ep coenuHeHbI
nocJieI0BaTeIbHO, 00pa3yst KOHTyp. Bennunna Toka |k B KOHType perynupyercs
TPAH3UCTOPOM B 3aBHCHUMOCTH OT 8XOOHO20 CUCHALA — BXOJHOTO HAIPSKCHHUSI
Usx. IMlocpencTtBom Harpysku TpaH3uctopa — pesucropa Rk (Rc) m3MeneHue
TOKa TIpeoOpasyeTrcsi B 6bIXOOHOU cucHan — HamnpsbKeHUue Uppix. DHEPTHS,
KOTOPYIO CIIOCOOCH BBIICTUTh BBIXOAHOW CHTHAT Wapix.c, TPEBOCXOIUT
Heprut0  BxogHoro curHana Wasxc, 3aTpayeHHYI0 Ha  yIpaBJiCHHE
TPaH3UCTOPOM.

I

K

UBX? n

Puc. 24. DnekTpoHHbIE YCUIINTEIN:
a) 000011IeHHas CXeMa YCHIINTENS,

0) cxeMa yCHJIMTEIIs Ha OUTIOJISIPHOM TPaH3UCTOPE;
B) CXeMa YCUJIMTENSI Ha TI0JIEBOM TPaH3UCTOPE

3amMeTHM, 4TO B ATHX CXEMax YCHUIIUTENS )GeluueHue HanpsHceHus Hd
ynpaeusiowem 31ekmpode, OTKPBIBAIOIIEE TPAH3UCTOp (YMEHBIAOIIEE €ro
CONPOTHUBJICHUE), NPUBOOUM K YMEHbULCHUIO HANDSNCeHUs. HA KONIEeKMOPHOM
anekmpooe. Eciii 5TH U3MEHEHHUS MPOUCXOMIT B TIpe/esiax JUHEHHBIX o0iacTei
BOJIbT-aMIIEPHBIX XapaKTEPUCTUK TPAH3UCTOpPA, TOrAA MIPOLECC YCUICHUS
CUTHAJIOB SBIIAECTCS JIMHEHMHBIM. [lOSICHUM €ro clieayroolmuM YIpOUIEHHBIM
aHasm3oM. Ilycte BxomHo# curHanm momyvaer mnpupamenue AUpx. Torma
KOJUICKTOPHBIN TOK mosyyaer mnpupamienne Alg = SAUsx.  BwixogHoe
Hanpsbkenne Uswix = En — Rilk mostyuaeT npuparienue
AUBix = —RkAlx = —RkSAUgx.
OTHoIIeHUE MPUPANCHUH HanpshkeHn Ha Bhixone yeuurenss AUppix M Ha ero
Bxoje AUgx onpeneisiet koaghgpuyuenm nepedauu cxemvl R0 HARPAIHCCHUIO
Ku = AUBuix | AUBx = —SRk. (11)
N3 aT0if dopmMynbl cleayeT, U4TO BBIXOJHON CUTHAN UHEEpMUpPYemcs, T. €.
MEHSET CBOK IMOJSIPHOCTh HAa NPOTUBOIOJIIOKHYID W YCUIUGAEMCA —
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YBEIMYHUBACTCSl MPOMOPITUOHAIEHO 3HAYEHUSAM KPYTHU3HBI S W COMPOTUBIICHUS
KOJUIEKTOPHOU Harpy3ku Rk.

Takum oOpa3oM, OCHOBHBIMH  4YacTSMH, TMPUCYIIUMH  KaKIOMY
YCUIIUTEINIO, SBIAIOTCS: UCIOYHUK NUMAHUSA — UICTOYHUK YHEPTUU; 21eKIMPOHHDbILL
npubop, PEeryaupyroIni pacxo] 3TOM HEpruu (B JaHHOM Cliydyae TPaH3UCTOP
VT); maepyska saekmponnoco npubopa (B HaHHOM ciydae pesuctop Rk),
MIOCPEACTBOM KOTOPOW M3 KOHTYpa pacxojia SHEPTHH U3BIIEKACTCS YCHUIICHHBIN
CHUTHAJ.

B coBpeMeHHOW CXEMOTEXHHKE YCHIUTEIBHBIX YCTPOWCTB B KadecTBE
AIIEKTPOHHBIX TPUOOPOB UCIIOIB3YIOTCSI TPAH3UCTOPHI, BBITOTHO OTIMYAIOIINECS
OT TIPEAIICCTBYIOMNUX MM JJICKTPOHHBIX JaMmN. Pa3HOBHIHOCTH TpaH3HWCTOpa H
€ro THUIT BHIOMPAIOT C YYETOM XapaKTEPHUCTHK CUTHAJIOB. B KauecTBe Harpy3ku
TpPaH3UCTOpa HapALy C PE3UCTOpPaMH HCIOIB3YIOT KojeOaTelnbHbIe KOHTYPHI,
TpaHCHOPMATOPHI U APYTHE PATUOKOMIIOHCHTHI.

Ha puc. 25a—B mpencraBiacHbl peallbHBIC CXEMBl yCHIIUTCIICH Ha
OWITOIIPHOM  TPaH3HUCTOpE, IPEIHA3HAYCHHBIC [UIS JIMHEHHOTO YCHJICHHUS
CUTHAJIOB. JKUPHBIMH JIMHUSMH Ha HHX OTMEUYCHBI OCHOBHBIC 3JICMCHTHI
yeumutens: VT, Rk, Ck, Lk. Octansubie s1eMeHTsl — Rp, Rps1, Rs2, Ro u C
ABISAIOTCS  BernomorarenbHbIMM. C  HMX  IOMOIIBIO  00ECIeYMBaeTCs H
CTaOWJIM3UPYETCS HCXOJHOEC — «IPHOTKPBITOE» COCTOSHHUE TpaH3UCTOpa |
OTJCIICHHUE TICPEMEHHOM COCTAaBIIAIONICH HAIPSHKCHHS — BBIXOJHOTO CHUTHAJA —
OT MOCTOSIHHOW COCTABJISIOLIEH HANPsKEHUS Ha KOJUIEKTOpe TpaH3ucTopa R.

+E g—En
R, R,

BbIX BbIX
BX

BJ1
o En 1 E
a) 6)
+E,, JgEn

[e}

Puc. 25. CxeMbl ycumiinTesei Ha TpaH3UCTOPAX:
a),0),r),/1) pe3UCTOPHBIC YCHITUTEIH,
B),€) PE30HAHCHBIC YCUITUTEITN
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KonnekTopHbIMU Harpy3kamMu TPaH3HCTOPOB Ha puc. 25a,0 ciayxaT pPe3ucTOphI
MO3TOMY TaKUE€ YCWINTEIH Ha3bIBAIOT pe3ucmopHuvimu. KomnexkTopHo
Harpy3Kol TpaH3WCTOpa Ha pucC. 25B CIyXHT KosebaTenbHbId KOHTYp Cklk.
[Ipucymiee emy siBIeHHE PE30HAHCA MOCTYKHIJIO TTOBOJOM Ha3bIBaTh MOJOOHBIC
YCUITUTEIIN pe30HaHcHbimu. Puc. 25r—e WILTIOCTPUPYIOT CXEMbl YCHIIUTENCH Ha
MOJIEBBIX TPAH3UCTOPaX, AHAJIOTHYHBIC CXEMaM YCHIIMTENCH Ha OWITOJSIPHBIX
TpaH3ucTopax (puc. 25a—B).

Bonpocu u 3a0anusn
1. KaxoBa cytb npornecca ycusieHusi curHasioB? [Ipu kakoMm yciIoBHH yCUJICHUE SIBIISIETCS
JIUHEUHBIM?
ChopmynupyiiTe NPUHIKI 3JIEKTPOHHOTO YCHIICHUS CUTHAJIOB.
3. IlepeuncnuTe OCHOBHBIE YaCTH JJIEMEHTAPHON YCHIMTEIHHON LEMU. YKaXKUTE HX
Ha3Ha4YCHHUE.
[losicHuTe, KaK TPOUCXOUT YCUIIEHUE CUTHAJIOB B AJIEKTPOHHOM YCHIIMTEIE?
[ToBTOpSIsE YNpPOIIEHHBI aHAIN3 YCHWIIMTEIBHBIX CXEM, IMPHBEICHHBIX Ha pHUC. 23,
nosiyaute GopMyiy, Onperesonyo KoahdUINEeHT nepeaud HampsHDKeHUsI CXEMBI B
peXuMe JIMHENHOTO YCUIICHUS.
6. Kakue ycunutenu Ha3bIBAIOT pe3uUCmopHbiMu?
7. Kakwue ycunurenu Ha3bIBalOT pe3oHaHcHbimMu? HauepTure cxemy Takoro yCHIIMTEIIS.

N

ok~
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6.2. TpaH3ucTopbl B aBTOreHepaTopax

I'enepuposanuem Konebanuil B paliodIEKTPOHUKE HA3bIBAETCS MPOLIECC,
OpyU KOTOPOM DSHEpPrusi MCTOYHUKA NUTaHUS (Yalle BCEro HCTOYHMKA
MOCTOSIHHOTO  HANpsDKEHHs) MpeoOpa3yeTcsi B DJIEKTPUYECKHE KoJeOaHus
3aJaHHOW (OPMBI M YACTOTHI. YCTPOMCTBA, B KOTOPBIX OCYIIECTBIIECTCS STOT
npolecc, Ha3bIBAlOTCA aemozenepamopamu. OHU TPEACTABIAIOT COO0OH
CUCTEMY C JIOCTaTOYHO CHJIBHOM TIOJIO)KUTEIIbHOM OOpaTHOM  CBS3bIO,
00ecCIeynBaoIIe UCXOJAHYI0 HEYCTOMYMBOCTH 3TOM cucTteMbl. OTCyTCTBHE B
HEW MHBIX YCTOMYUBBIX COCTOSIHUM MPUBOJINUT K BOSHUKHOBEHUIO B 3TOM CUCTEME
aBTOKOJICOAHUH.

OOBIYHO B TaKoil CUCTEME B KaueCTBE OJHOTO U3 3BEHbEB — OCHOBHOTO —
UCIOJIB3YIOT KaKOM-TMOO YCHUIIUTENbHBIM Kackal, a B KadyecTBE JpYyroro —
[IACCUBHYIO ILIENb WIH €Il OAWH YCWUJIMTENbHBIM Kackan. Popma M dacTora
aBTOKOJNIeOaHnii omnpeaensroTcs snemenTamu L, C u R, BXomsmmmu B COCTaB
3BeHbEB. Huke npuBeieHbl IPUMEPBI CXEM TPAH3UCTOPHBIX aBTOI€HEPATOPOB.

Puc. 26a—B ummoctpupyet cxembl LC-aBTorenepaTopoB rapMOHUYECKHX
KoJieOaHWi ¢ MHIYKTUBHOM (TpaHchopmaTopHOil) oOpaTHO#M cBsi3blo. OCHOBa
THX aBTOT€HEPATOPOB — pe30HaHCHblEe ycunuTenu. OOparHas CBsI3b 3/€Ch
OCYILECTBIISIETCS] IOCPEACTBOM B3aUMHOM MHAYKTUBHOCTH LcB, «CBSI3bIBAIOLICH)
BBIXOJl M BXOJ YCHUJIMTENBHOTO Kackajaa, npuyeMm Lcs moakioyaercs K BXOAY
TaK, YTOObl CKOMIIEHCUPOBaTh MHBEPCHUIO KOJE€OaHUs, MPOUCXOSAIIYIO MPU €T0
YCUJIEHUU B OCHOBHOM 3B€HE. B 3THX cxemax 3JeKTpOHHbIE IPUOOphl paboTaroT
B KJIIOYEBOM peXHME, a KoiyiebarenbHble KOHTYphl LC oTpuibTpoBBIBaIOT

TapMOHUYECKYIO COCTABIISIONIYIO0 PE30HAHCHOM 4acTOThl Wp = 1/ \/E . ImeHnno
Ha ATOM YaCTOTE BBIMOJHSETCS yciioBHUe OanaHca ¢a3 — CMH(Pa3HOCTh CUTHAJIOB
Ha BXOJIE Y BBIXO/JIC YCUIIUTEIBHOTO KaCKaia.

Puc. 26r wunmoctpupyer cxemy RC-aBTOreHEeparopa TapMOHHUYECKUX
KojeOanmii ¢ JectHUYHOW (hazozamaromieit RC-mempro. OcHOBa  3TOTO
aBTOr€HEpaToOpa — PE3UCTUBHBIM YCUIIMTEIb, MPEACTABICHHBINA BBIIIE CXEMOU
puc. 24r. OOpatHasi CBS3b 3]I€Ch OCYIIECTBIISICTCS IOCPEICTBOM TPEX3BEHHOM
RC-menn, «cBsi3pIBarolIei» BBIXOJ HM BXOJ YCWIHTEIBHOTO Kackaja,

obecrieunBas Ha yacrtore wr= 1/ RC\/E CUH(a3HOCTh CUTHAJIOB HA €ro BXOJE U
BBIXO/IE.

Puc. 27 nnmrocTpupyer cxembl aBTOT€HEPATOPOB PEJIAKCALMOHHBIX, T. €.
«HEerapMOHHUYecKux» KoseOanuid. IlepBas u3 HUX (puc. 27a) — TpaH3UCTOPHBIN
MyJIbTUBHOpaTop. MDakTUYeCKH 3TO ABYXKACKAIHBIM PE3UCTOPHBIN yCHIIUTEID,
BBIXOJT KOTOPOTrO COeAMHEH co BXojaoM. Kaxaplii Kackajy WHBEPTUPYET
YCWJIMBAEMbI cUTrHaN, obecrneurBas CMH(A3HOCTh CUTHAJIOB HA €ro BXOJE U
BBIXOJIE B IIMPOKOM JaMana3zoHe 4dactoT. dopma KojaebaHWil HampspKeHHs] Ha
KOJUIEKTOpax — MpsIMOYroJibHasi, Ha 0a3ax — TpeyroibHas. Bropas cxema
(puc. 276) mpencTaBiseT TPAaH3UCTOPHBIN OJIOKHHT-TEHEpATOp. 3/1ech oOpaTHas
CBSI3b OCYIIECTBIISIETCS IOCPEICTBOM TpaHcopmaTropa, KOTOPbIA, Kak U B
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npenslayled cxeme, obecrneunBaeT CHH(A3HOCTh CHUTHAJIOB HA €ro BXOJE U
BBIXO/IE B IIMPOKOM Auana3oHe 4actoT. dopma KojaeOaHWN HANpsHKEHUsS Ha

BBIXOJIC TpaHChoOpMaropa — HMMIYJIbCHI Majo (M0 CPaBHEHHUIO C IEPHOJIOM
KOJIeOaHU) JUTUTSIIHHOCTH.

Puc 26. CxeMbl aBTOreHepaTOpOB rapMOHUYECKUX KOJIeOaHU:

a) o0o6menHas cxema LC aBToreHepaTopa ¢ HHIYKTHBHOU CBS3BIO;
0) BapuaHT ATOW CXEMbI Ha OUITOJIIPHOM TPAH3UCTOPE;

B) BapHUaHT 3TOH CXEMBI Ha MTOJIEBOM TPAH3HUCTOPE;

r) RC-aBroreneparop

[ ] O
Ry [I]Rm [I]Rsz Ry {ZBE”X
VT C, >< VT

o —1- o

a) 0)
Puc. 27. Cxembl aBTOr€HEpaTOPOB peIaKCallMOHHBIX KOJICOaHUH:
a) TPaH3UCTOPHBIN MYITBLTUBUOPATOD;
0) OJIOKWHT-TeHEepaTOp

QL
g
X

Bonpocwt u 3a0anusn
1. Kakoii cucremoii siBisiercst aproreneparop? Uem siBsieTcs: ero OCHOBHOE 3BEHO?
Kaxkwue sBnenns ucnonbsytorcs B LC-asroreneparopax?
3. YKaxuTe, KaKUMHU CITIOCOO0aMU OCYIIECTBISIETCSl (pa3upoBaHUe KOJCOaHUI Ha BBHIXOAE U
BXO/I€ OCHOBHBIX 3B€HBEB B CX€MaX, MPECTABICHHBIX Ha puc. 26 u puc. 277
4. Vkaxute, 4Yro oOmero ©“ B UYEeM pa3IMyue MEXIy aBTOr€HEepaToOpaMu,
MIPEJCTaBICHHBIMH Ha pUCYHKaX 260 u 2767

N
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6.3. TpaH3ucTopsl B MOAYJIATOpPax

Mooynayueit B paguo3JeKTPOHUKE HA3bIBAETCSA MPOLECC, IMPU KOTOPOM
ungopmayuonnwviti cuenan (UC) «Hanocurcs» Ha Hecyuee xonedbanue (HK). B
KauecTBEe IOCJIEIHEr0 OOBIYHO MCIOJB3YeTCsS TapMOHUYECKOE KoyieOaHue.
[IpunynurenbHOE HM3MEHEHHE €ro aMIUIMTYIbl, 4YacTOThl, WK  (¢a3bl,
BBITIOJIHIEMOE B COOTBETCTBUU C MHPOPMAIIMOHHBIM CUTHAJIOM, OCYIIECTBIISETCS
B Moodyaamopax. B nuana3zoHax paguodacTOT B Ka4eCTBE UX OCHOBBI MOKHO
UCIIOJIb30BaTh  MPEJCTABJICHHBIC  BBINIE  PE3OHAHCHBIC  YCUJIUTENH U
aBTOTEHEPATOPbI TAPMOHUYECKUX KosiebaHuil. CXeMbl TaKUX MOJYJIATOPOB JaHbBI
Ha puc. 28.

AmmmutynHas  monaynsuus (AM) B TpaH3UCTOPHOM PE30HAHCHOM
YCHJIUTENIE MOXKET OCYIIECTBISITHCS JINOO IMMyTeM OJTHOBPEMEHHOM MOoJjauu Ha €ro
Bxogq HK u UC (puc.28a), nmubo mocpencTBOM H3MEHEHUs HaIpsHKEHUS
nutanust, nodasiss MC x En (puc. 280).

YactotHas moxymsinus (UM) MOXKET OCyIIECTBIATHCS B TPAH3UCTOPHOM
LC aBrorenepatope MmyTeéM H3MEHEHHS YacTOThl €r0 I'e€HEepalud C MOMOUIbIO
Bapukana, J00aBiigsl €ro €MKOCTh K €MKOCTH KOHJEHCATOpa, BXOASIIEr0 B
KoJie0aTenbHbIN KOHTYD (puc. 28B).

®azoBag monyianus (OM) MoOKeT OCYIIECTBIATHCS B TPaH3UCTOPHOM
PE30HAHCHOM YCUJIUTENE IyT€M HW3MEHEHUS YacTOThl €ro HAaCTPOMKU C
NOMOILIbIO BapuKama, JA00aBisisi €ro €eMKOCTb K €MKOCTHM KOHJEHCATopa,
BXOJISIIETO B KOJieOaTeIbHBIN KOHTYp (puc. 28r).
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Puc. 28. Cxemsl mogynsitopoB AM (a, 6), UM (B) u ®M (1)

Bonpocwt u 3a0anusn
VYkaxnTe Ha3HAYCHHUE DIIEMEHTOB CXEM MOJYIISTOPOB, IPECTABICHHBIX Ha pHC. 28.
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6.4. Tpan3uctopsl B HM(ppPoBBIX cxeMax

[lepenauy, mpuem oO0pabOTKy M XpaHeHHEe HHGOpMaIUU B HUGPOBOM
dbopme oOecrieunBaeT uugposas mexHuka — WHTCHCUBHO pa3BUBAIONIAs
oTpacib HAayKM W TEXHHUKH, TECHO CBS3aHHAs C PpPaTUOIICKTPOHUKOU B
CUHTETPAJIbHOMY» HUCIOJHEHUH — MuUKpodnrekmponukou. Wudopmanuio B
upoBOM TEXHUKE 3aKJIIOYAIOT B 4YEpeIOBaHUE JABYX YPOBHEH HoOcUTeNeH
curHasia. Tak, dYamie BCEro OHa COJEPKHUTCS B UYEPEAOBAHWH JBYX YPOBHEH
HAIPSDKEHUS — «HU3KOTOY», OJu3Koro K 0 U «BBICOKOTOY», OJu3koro K +Enq. s
00pabOTKM M YCUJICHUS TAKUX CUTHAJIOB MCIOJIB3YIOT CXEMBI, B KOTOPBIX THOMIBI
U TPAH3UCTOPHl — «KIIOYW», MPUHUMAIOIIUE OJHO M3 JIBYX BO3MOXKHBIX
COCTOSIHUM: omkpvimoe (0THEpPTOE) U 3axkpvimoe (3ameptoe). B OTKpbITOM
COCTOSIHUM MX cOnpoTuBieHue mMano (mopsaka 100 Om), B 3aKpbITOM — BENUKO
(10° — 10%0Om). TeopeTrueckoii 0cHOBOH HU(POBOIl TEXHUKH ABISETCS anredpa
noruku (byneBa anrebpa), B KOTOpod Haa ee OO0BEKTaMU OIpEIeieHbl TpU
onepanuu: jaocuveckoe ompuyanue (vuHepcus, onepauuss HE), nocuueckoe
cnoycenue  (nu3bloHKIMs, onepauus W), naocuueckoe ymnorcenue
(xonbroHkMs, onepauus M). U 3tu aneMeHTapHbie, U Apyrue 0oJiee CI0KHbIE
OTIEpallUd  OCYIICCTBIISIOTCS B JIOTHYECKUX JJIEMEHTAaX, HW3TOTABIMBAEMBIX
CpPEICTBAaMH  MHKPODJEKTPOHHUKHA B PA3IUYHBIX  CEPUAX  ITUPPOBBIX
WHTETPaAIbHBIX MUKpOCcXeM. B kadecTBe 6a30BBIX JJOTUYECKHUX IJICMEHTOB B PAJIC
cepuii BeicTynaroT sneMeHTel MJIM-HE u UW-HE, BhimonHeHHBIE Ha OCHOBE
TPAH3UCTOPHBIX YCUIIUTEICH MU(PPOBHIX CUTHAJIOB.

CymectByeT O00JBIIIOE MHOTOOOpa3We CXEMHBIX peIIeHHH 0a30BBIX
JIOTUYECKUX DJIEMEHTOB, OPHEHTHUPOBAHHBIX HA pa3JIMYHBIE TEXHOJOTUU
M3TOTOBJICHUSI MHTETPAbHBIX MHUKPOCXEM. 37ech, Ha pHC. 29 mnpeacTaBiIeHbBI
MPOCThIE TIPUMEPHI CXEM YCWIHTENIeH, KOTOPbIE HCIOIB3YIOTCA MPU CO3/IaHUU
0a30BbIX JIOTHUECKUX JJIEMEHTOB. JTO YCHJIUTENH, WHBEPTUPYIOIINE CUTHAIIBI
(cM. puc. 23), BBIMOIHSAIOT B IIUPPOBBIX cxeMax omnepanuio HE. Cxema puc. 29a
Ha OWIOJSPHOM TPAH3UCTOPE COAEPKUT B Lenu Oa3bl pe3uctop Reg,
OTpaHUYMBAIONINN €€ TOK MPH BBICOKOM YPOBHE BXOAHOTO cuTHayia. Ha cxeme
puc. 290 Ha TIOJIEBOM TPAH3UCTOPE CTOKOBOW HArpy3Kou CIIyKHT pe3uctop Rc, a
cxemMe puc 298  3TOT  pE3WCTOp 3aMEHEeH  TpaH3uctopom VT2 ¢
MIPOTHUBOIIOJIOKHBIM IO OTHOIICHUIO K TpaH3UCTOpPY V11 THIIOM IPOBOIUMOCTH.
Taxue TpaH3UCTOPHI HA3BIBAIOT KOMNIEMEHMAPHBIMU.
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Puc. 29. Cxems! ycumnurenei mupoBbIX CUTHAIIOB, BRIMOJHONINX onepariio HE
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[Tocnenusisi cxema, BBINOJTHEHHAss Ha KOMIUIEMEHTApPHBIX TPAH3UCTOPAX,
o0JafiaeT CyIECTBEHHBIM MPEUMYIIECTBOM [0 CPABHEHHUIO C MPEIbIAYIIMMHU
(puc. 29a,0) — Tok uepe3 TpanzucTopsl VT1 u VT2 TedyeT TONbKO TOraa, Korja
MU3MEHAETCSI YPOBEHb BXOJHOTO CHUrHaia. [Ipu ero BBICOKOM ypOBHE HMXHUUI
TpaH3ucTop VT2 OTKPHIT, €r0 CONMPOTUBIICHHE Majo, a BepxHUl V11 — 3aKphIT,
€ro COIMpOoTUBIEHHE Beauko. (OOIee COMpOTHBIEHHWE BEIMKO — TOK Mal.
BpIXOgHOW cHUTHanm MMEET HHU3KUM ypoBeHb. [Ipy HHM3KOM YypOBHE BXOAHOTO
CUTHaJa COCTOSHHE TPAH3UCTOPOB HM3MEHSETCS HA IMPOTUBOIOIOXKHOE. OmsTh
oOliee CONMPOTUBJICHUE BEIMKO — TOK Maj, WU BBIXOJHOW CUTHAJI MPUHUMAET
BBICOKUH ypoBeHb. B cpeaHem motpedieHue Toka OT UCTOYHUKA MUTAaHUS MaJo.
Takoli BapuaHT CXEMBbI, BBITOJAHO OTJIMYAIOIINI €ro OT Apyrux cxem (puc. 29a,0),
COCTaBJISIET OCHOBY KOMHJIEMEHMAPHOU JI02UKU, TIpeAcTaBieHHOW Ha puc. 30
6azoBeiMu 25ieMenTamMu U-HE u UJIM-HE.

+U n +U n +U n
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Puc. 30. Ba3oBble 351eMEeHTbI KOMIZIEMCHTAPHOM JIOTHKH:
a) sanement U-HE;

0) ero SKBHUBAJICHTHAS CXEMa,

B) anemeHT UJIM-HE

JIBa snementa HE, coenqunennbie TakuM 00pa3oM, YTO BBIXOJ KaXJIOTO U3
HUX TMOJAKIIOYEH KO BXOJYy Jpyroro, oOpa3ylT CHCTEMY C CHJIbHOU
MOJIOKUTEIBHONM OOpaTHOM CBSA3bIO. DTUM B CXeMe O0ECleuMBaeTCs HaJU4ue
JBYX YCTOWYMBBIX COCTOSIHUM, KOTJA OAWH U3 TPAH3UCTOPOB 3aKPBIT, 4 IPYTrOU
OTKpPBIT, WIM Hao0opoT. Takue cxembl, Ha3bIBAEMbIC mpuUzeepamu Wiu
oucmabunvHblMu  AYeElKAMU, COCTABISIOT OCHOBY psia  BaKHEHIIMX
(YHKUHMOHAJIBHBIX — y37I0B  LU(PPOBOM TEXHUKU (CUETUMKOB HMMIIYJIHCOB,
PErHCTPOB NaMSTH, MOJYIPOBOJHUKOBBIX 3alIOMUHAIOLIUX YCTPOWCTB M [p.).
[IpuMepbl cxeM TpUITEpOB NpeacTaBieHbl Ha puc. 31. FIX ocHOBa — 3JI€MEHTHI
HE, cxembl koTOpBIX MpuBeaeHbI HAa puc. 29a u puc. 29B.

B umdpoBoil TeXHHKE CaMOro pPa3jIM4yHOIO0 Ha3HA4YE€HHs] B HACTOSILEE
BpeMs Bce Ooblliee WCIOJB30BAaHUE TMONYYalOT  HOJAYHPOEOOHUKOGbLE
3anomunawwiue  ycmpoiicmea,  cojaepxamue — OONbIIOE  KOJHMYECTBO
3ANOMUHAIOWUX IJIEMEHMOE, W YCTPOWCTBa JOCTyna K HUM JJIs 3alUCU U
CUMTHIBaHUS WMH(GOpMALKU. 3aIOMUHAIOIIUM 3JIEMEHTOM IOIYIPOBOAHUKOBON
«IaMSITH» MOXET CIIYy)KUTh, HampuMmep, NpejcTaBlicHHas Bbime (Ha puc. 310)
OucrtabunpHas syeiika, AomojHeHHas aapecHoil mmHou (Alll), paspsaHbIMU
mHamu (PII) u Tpan3uctopHbiMu kiatoyamu. Cxema Takoro 3anoMHHAIOLIETO
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aJeMeHTa npeacTasieHa Ha puc. 32a. Koraa Bo30yxaaercs aapecHas muHa Alll,
tpan3zuctopsl VT1 u Ve moaxiatoyaroT OUCTaOMIIBHYIO SUEUKY K pa3psiIHbIM
muHaMm PllI«1» u PII«0». B pexxuMme 3anucu mocpeacTBOM ITUX IIUH CUTHAJIBI
YCUJIUTENS 3aITUCH YCTAaHABIMBAIOT SIMEUKY B TO WJIM MHOE COCTOSTHUE, B PEKUME
CUMTBIBAHMS YEpE3 T€ K€ IIMHBI COCTOSHUE SUEUKH MEPENaeTCs B yCHIIUTEIb
CUMThIBaHM. HemocTaTkoM 3TOro 3alOMHHAIOLIETO 3JEMEHTA  SIBISIETCS
OOJIBITIOE KOJTMYECTBO MCITOJIB3YEMBIX B HEM TPAaH3UCTOPOB (6), Ompenensronee,
B KOHEYHOM UTOTE, pa3MepPbl 3aIIOMUHAIOIINAX YCTPOMCTB.

CxeMbl 3allOMHHAIONIMX AJIEMEHTOB C MEHBIIMM YHUCJIOM TPAH3UCTOPOB
naHbl Ha puc. 320-r. OCHOBHBIMH 3JIEMEHTAMH, COXPAHSIOMIMMU WH(OPMALIHUIO,
3/1eCh CIIy’aT €MKOCTH, a TPAH3UCTOPHI BBIMOIHSIIOT (PYHKIIUU BBIKIIOYATENIEH.
Hanuuue unm oTcyTcTBHE 3apsiia B EMKOCTH OIPEAEIIIeT COCTOSIHUE STYSUKU
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Puc. 31. buctabmibHbie STYeHKH (TPUTTEPHI): a) HA OUIOISPHBIX TPAH3UCTOPAX;
0) Ha KOMIUIEMEHTApHOM Mape MOJIEBbIX TPAH3UCTOPOB
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Puc. 32. 3anoMuHaromue 371eMeHTHI TUPPOBON TEXHHUKH: a) IECTUTPAH3UCTOPHBIN;
0) 4eTBIPEXTPAaH3UCTOPHBIH; B) TPEXTPAH3UCTOPHBIN; T') OAHOTPAH3UCTOPHBIN
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Bonpocel u 3a0anun

. Kakue normueckue sneMeHTHI B psijie cepuil IMHU(POBBIX MHUKPOCXEM HCIIOJIB3YIOT B

KayecTBe 0a30BBIX?

. Uto siBsieTcs OCHOBOM U(POBBIX CXEM, BBHINONHIOMUX onepannto HE?
. Haueptute cxemy wuHBepTepa UUGPOBBIX CHUTHAJIOB Ha KOMIUIEMEHTApHOM Iape

TPaH3UCTOPOB.

. Haueptute cxemy 6a3zoBoro anementa U-HE kommnementapHoii goruku. [losicHuTe, Kak

oHa paboTaer.

. Haueptute cxemy 6aszoBoro oanementa WJIM-HE xoMmrmimeMeHTapHOW JIOTUKH W

HKBUBAJICHTHYIO CXEMY 3TOro 3j1emenTa. [loscHure, kak oHa paboTaer.

. KakoBa ponp TpurrepoB B uudpoBoii TexHuke? Hauepture cxemy Tpurrepa Ha

KOMIIEMEHTaPHOM Mape MoJeBbIX TpaH3ucTopoB. IloscHuTe, kak oHa paboTaer.

. KakoBa ponp 3aroMuHamux yCTporucTB B UG POBOIl TeXHUKE?
. Haueptute cxeMy MIECTUTPAH3UCTOPHOTO 3alIOMUHAIONIIETO 3JIEMEHTAa CTaTHYECKOTO

3alIOMHHAIONIETO YCTPOIMCTBA C POU3BOJIBHOM BBIOOPKOH (puc. 32a). [ToscHuTe, Kak oHa
paboraer.
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7. lyMBbI MOJIyNIPOBOJHUKOBBIX IPUOOPOB

OO0mme cBeaenusi. TOKM W HampsHKEHHsT B MOJYIPOBOJIHUKOBBIX
npulopax TMOJBEPKEHbI CIy4YalHBIM HM3MEHEHHSIM, HAa3bIBAEMBIM U MAMU.
Hlymur npucywu 6cem 231eKMPOHHBIM npubopam 0e3 UCKIIOYEeHUA U
RPUHYURUATLHO HeycmpaHumbl. [IpUUrHBI BOSHUKHOBEHUS IIIYMOB Pa3jINYHbIL:
CIIOHTaHHbIC (DIYKTyalluu CKOPOCTEW reHepaluu U peKOMOWHAIMK HOCUTEJEH
3apsna, CiydailHble pachpelesieHUuss HOCHUTENeM M0 3JIeKTpoAaMm mpudopa,
baykTyauun ckopocteil nuddys3uu, GIyKTyalluu MIOTHOCTH HOCHUTENEH U JIp.
[IIymbl TpUOOPOB OTrPaHUYMUBAIOT HMXKHHUM MPEJEN CUTHAIOB, KOTOPHIE MOXKHO
OOHApY>XUTbh, YCUIUTh U U3MEPUTH, T. €. WYMAMU ORpEOeIAencsa nopo2osasn
yyecmeumenabHocmy npudopa. YactoTHbIA COEKTP IIYMOB BCErJa MPEBBIIIAECT
JMaria3oH pabo4yux 4acToT npudopa.

B anekTpoHHBIX TpHOOpax IIyMbl pacCMaTpUBAIOTCS KakK CIy4ailHO
nu3MeHsmomascs GyHkius Bpemenu X(t) — cmoxacmuueckuti npoyecc, KOTOPBIH
cmayuonaper. OCHOBHBIMM  CTATHUCTHUYECKMMH XapaKTEPUCTHKAMHU IIYMOB
ABJISIIOTCS:  Oucnepcusi — wiyma  —  CpPeAHMM  KBaapaT  (QIIyKTyalui,
XapaKTEepU3YyIOMIMI  SHEPIUI0  IIyMA;  A8MOKOPPENAYUOHHAS — (DYHKYUSL,
XapaKTepU3yIoIas B3aUMOCBS3b MEXIy IByMsl 3HaueHMsMA (yHkmuu X(t),
OTJIEJIEHHBIMU MPOMEXKYTKOM BPEMEHH; CHEKMPAlbHAs NIOMHOCHb MOWHOCMU,
OMpENENSIomasl CPEeIHIO CHEKTPAIbHYIO COCTABISIOIIYIO IIIyMa Ha 4acTOTE B
noJioce yactot 1 I

HUcTroynuku 1mymosB. Haubonee uacto B MOJYIPOBOJHUKOBBIX
ANEKTPOHHBIX MpPUOOpax BCTPEYAIOTCA TaKWE BUIbl IIYMOB: TEIJIOBOM,
ApoOOBOH, TreHepalMOHHO-PEKOMOWHAIIMOHHBIN, HHU3KOYAaCTOTHBIM, a TaKxke
IIYMbI TOKOpPACIIpeeIeH s, MUKPOIUIa3MEHHBIH 111yM, (POTOHHBIH 1IyM U Jp.

Tennoeouu wym — 3T0 (QUYKTyallMM TOKa WIM  HaIpsHKEHMS,
0OyCIIOBJICHHbIE TEIJIOBBIM JBMKEHHEM B Cpelie CBOOOAHBIX Hocuteneil. Mx
Xa0TUYECKOE JBUKEHHE NMPUBOAUT K (PIYKTyallud KOHLUEHTpPALUU HOCUTENEH, a
CJIEIOBAaTEIbHO, TOKA, MpoTeKammero B cpene. ChnekTpajbHas IJIOTHOCTh
terioBoro nmyma N7(w) He 3aBHCHT OT 4acTOTHI M OTPEACISACTCS BBIPAKCHUEM
Nr(w) = 4kTR, rtme R — axtuBHOe comnpotuBneHue. 7Tennosou wym —
HeyCmpanumoe sA6jieHue 6 11000M pe3ucmueHom mamepuaie. B 31€KTPOHHBIX
npuOopax ero 4Yacto MpPeACTaBISIOT B BUAE SKBUBAJICHTHOIO IIIyMOBOIO
conpoTtuBiieHUs1. OCHOBHBIM CIIOCOOOM CHMKEHUS TEIJIOBBIX IIYMOB SIBJIETCS
YMEHbIIIEHNE aKTUBHBIX IOTEPh B MPUOOPE U €T0 OXJIaXKICHHUE.

JIpo6oebiii wiym SICKTPOHHBIX MNPUOOPOB CBSI3aH CO CTATUCTHYECKUM
XapaKTepoM Mpolecca MPeo0IeHUs] HOCUTENSIMU MTOTEHIMaIbHOro Oapbepa. B
MOJIYITPOBOJHUKOBBIX MPUOOpax dTOT Oapbep BO3HMKAET NPHU KOHTAKTaX
MaTepuaioB C Pa3IU4YHbBIM TUIIOM MHPOBOAUMOCTH. J[poOOBBIN ILIym sBIsieTCS
BOXKHEHUIIIEH COCTaBJSIONICH IIIYMOB DJIEKTPOHHBIX NpuOOpoB. OH, Kak
TEIJIOBOM, HMeeT paBHOMEpPHbIM crnekTp. CpeaHekBaJpaTUYHOE 3HAYEHUE
HWCTOYHUKA IIYMOBOTO TOKa, OOYCJIOBJIEHHOTO JpPOOOBBIM  3(deKToM,
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onpenensercs Beipaxkenuem |2gu= 2el_Af, rue |- — mocrosHHas cocrapsomas
toka; Af — mosyoca JacTor.

I'enepayuonno-pekomounayuoHHblil IyM IPUCYIIL
MOJTyTIPOBOHUKOBBIM cpefaM. OH 00ycioBieH (UIyKTyalHsIMH KOHILIEHTPALUU
HOCHUTEJIE B pe3yJbTaTe CTAaTUCTMUYECKOTO XapakTepa akTOB TeHepaluu u
pexomOuHaiuu. CrnekTpalibHas IIOTHOCTh 3TOTO IIyMa, OJ00OHO TEIJIOBOMY U
IpoOOBOMY IITyMaM, HE 3aBHCHUT OT 4acTOThl. Ha BBICOKHMX 4acTOTax MOIIHOCTb
T'CHEPALMOHHO-PEKOMONHAIIMOHHOTO IIIyMa COCTaBJIACT NPUOJIM3UTENBHO 2/3
MOIIHOCTH JPOOOBOTO IIIyMa.

Huszkouacmomnotit  wiym  (uzovimounvtit, pauxxepuotit, 1/f-uym)
HabOmoaeTcss B 00JAaCTH HHU3KHUX YacTOT BO BCEX MarepHaliaXx M 3JIEMEHTaxX
AIIEKTPOHHBIX MPHUOOPOB, B YaCTHOCTH, B MOJYMPOBOAHHKAX M AIEKTPUUECKUX
nepexonax. ChekTpanbHas  IJIOTHOCTh ~ 3TOTO  IIyMa  yYMEHbIIAETCS
NPUOJIM3UTEIEHO 00PaTHO MPOTOPIIMOHAIBLHO YacToTe 1o 3akoHy A/f* | rme A —
HeKoTopast koHcTaHTa, a @ =0,8+ 1,4 — xoaddunment. B obmactu HHU3KHX
gactot (go 10° — 10° ') 1/f-mrym Ha 1 — 2 mopsaka IpeBbIMIaeT IIyMbl IPYTUX
Bu0B. [loaTomy 1/f-tirym wacto Ha3bIBatOT U30BITOYHBIM.

Illymbr mokopacnpedenenusn SBISIIOTCS Pe3ylAbTaTOM CTaTHCTUYECKOTO
XapakTepa paclpelleleHusl HOCUTeNed Mexay aiekTpoaaMu npubopa. Crextp
3TOrO UIyMa OJIM30K K pABHOMEPHOMY.

Mukponnazmennolii uiym BO3HUKAET B CHJIBHOM 3JIEKTPUYECKOM IIOJIE,
HaIpUMep, B P-N Mepexo/ie MpH HapsHKEHUH, OJTIM3KOM K HAIPsLKEHUIO TPO0Os.

Domonnstit wiym Habmonaerca B (POTOIIEKTPHUUECKUX W ONTPOHHBIX
npubopax U 0OyCIIOBICH TUCKPETHON MPUPOJONW MPUHUMAEMOTO HM3Iy4YCHHS U
¢doHna.

[Ipu omeHke WIYMOB OJJIEKTPOHHBIE MPUOOPHI PACCMATPUBAIOT Kak
JUHENHBIE JBYX- WM YETHIPEXIOMIOCHUKH. X TIyMOBBIMU MapaMeTpamMu
SBISIIOTCS.  wymosas  memnepamypa  lw, omHocumenrvHas — ULYMOBAS
memnepamypa tw = Tw | To, tne To = 300 K — cmanoapmuas (koMHaTHas)
memnepamypa; K8UAIeHMHoe Wymogoe conpomugienue Ry v sxeueanenmuas
wymosas npogooumocms G — aKTUBHBIC CONPOTHBIICHHE W IPOBOJUMOCTb,
KOTOpBIE MPH CTaHJAPTHOU Temrieparype [o MMEIOT TaKyIO K€ CIIEKTPAIbHYIO
IUIOTHOCTh UCTOYHHMKA IIIYMOBOT'O TOKA WJIM MCTOYHHKA IIIyMOBOT'O HAMPSKEHHUS,
KaKk M peadbHbld nOpubop Ha yacrore . IllymoBele cBOMCTBa
YETHIPEXTIOIIOCHUKOB Yallle OLIEHUBAIOT KOG Puyuenmom wyma.

Bonpocwt u 3a0anun

5. KakoBa poJib IyMOB 3JIEKTPOHHBIX MPUOOPOB B PaAHO3TEKTPOHHBIX YCTPOHCTBAX?

6. IlepeuncnuTe OCHOBHBIE CTATUCTUYECKHE XapAaKTEPUCTHKH LITYMOB.

7. IlepeuricnuTe MCTOYHUKM U OXapaKTEPU3yWTE€ OCHOBHBIE PAa3HOBHIHOCTU IIYMOB
3JIEKTPOHHBIX TPHOOPOB.

8. IlepeuncnuTe OCHOBHBIE IITYMOBBIC TAPAMETPHI AIIEKTPOHHBIX TPHOOPOB.
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