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BBEJIEHUE

B HacTOSIMX METOIUYECKUX YKAa3aHHUSIX W3JI0KEHBI OCHOBBI pacdéTa rmapamer-
POB OUTIOJIIPHOTO TPAH3UCTOPA. JTa METOJMKA TMO3BOJSET MO 3aJaHHBIM BBIXOJ-
HBIM TapaMeTpaM MpUOOpa pacCUUTaTh €r0 OCHOBHBIC DJIEKTPHUUECKHE W T€OMET-
pUYECKHE TTapaMeTPHI.

[Ipenmonaraercs, 4To MPUCTYNass K KypCOBOMY MPOCKTUPOBAHUIO, CTYICHTHI
V3YYHITU TIPEAMISCTBYIOINE KypCy AUCIHUILINHBL «Du3nka TBepmoro tema» (s
ctynaeHToB crnenuanbHoct 210105.65), dus3nka KOHACHCHPOBAHHOIO COCTOS-
Hus» (st ctynentoB Hanpasienus 210100.624 «Matepualisl 3J1€KTPOHHOM Tex-
HUKI» U JOJDKHBI UCTIOJB30BaTh JICKIIMOHHBIN MaTepual Mo IUCIUIUTHE «TBep-
JOTENIbHAS SJIEKTPOHHUKA», & TaK K€ PEKOMEHIOBAHHYIO JINTEPATYPY.

KoHcTpykiuss OUMOJISIpHOTO TpaH3ucTopa, npemiokenHas [loxmm (puc. 1),
KaK MPaBWJIO, COACPKUT HU3KOJETHPOBAHHYIO TTOJYIIPOBOJHUKOBYIO 0a30BYIO 00-
nacte b — 51,B kotopoit hopMupyroTCs 00J1aCTH SMUTTEPA D — 52U KOJUIEKTOpa
K — 53,umeromue apyroit TN IPOBOJIUMOCTH U 00Jiee BHICOKYIO CTETICHB JIETUPO-
BaHUs 110 CPaBHEHUIO C 0a30BOM.
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Puc. 1. KoHcTpykiusi OUIOISPHOTO TPAH3UCTOPA,
3anmateHTtoBanHas [loxmu [1]

K kaxxmoi u3 obnactei mpumnanBaroTcs KoHTakThl (56, 57u 58), Takum obpa-
30M, OUTIOJIIPHBIN TPAH3UCTOP OTHOCUTCS K KJIACCY TPEXDICKTPOIAHBIX MPUOOPOB.
Tonuuua 6a3bl enaeTcsi 3HaYUTENBHO MeHblle U (Oy3MOHHON JJIMHBI HEOCHOB-
HBIX HOCUTEJIEH 3apsija.

PaboTa TpaH3uCTOpa B aKTUBHOM DPEXHUME MPOUCXOJUT B TOM CJyyae, €CiH
OIMHUTTEPHBIA TIepexoa (MEeXIy SMUTTepoM U 0a3oif) 54 BkiIou€H B NpsSMOM Ha-
NPAaBJICHUU U Yepe3 HErO MPOTEKAET NPSIMOM TOK, a KOJUIGKTOPHBIH repexo] (Mex-
ny 6a30i 1 KoJuIeKTopoM) 55 BKII0YEH B 00paTHOM HAIPaBIICHUH.
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BpixonHOM cHrHan CHHUMaeTcsl CO BKJIKOYEHHOM B LIENb KOJUIEKTOPA HArpy3KU
R.

Ecim Tox 4epe3 AMUTTEpHBINA mepexo Man (MpsMoe HampspKEHHE Mayo), B
KOJUIEKTOPHOM IIeNU MPOTEKAaeT Majblii TOK OOpaTHOCMEHIEHHOTO P—Nrepexoja
lxo. Ecmu HampspkeHne Ha SMUTTEPHOM MEPEXOJie YBEIMUYUTh, TO MPOTEKAIOIINAN
yepe3 Mepexo]l TOK BbI30BET MHKEKIIMI0 HEOCHOBHBIX HOCHUTENIEH U3 AMUTTEPA B
0a3y, 9To MpUBEAET K 00pa3oBaHMIO B 06a3e BOJM3U TPAHUIIBI C SMUTTEPOM H30bI-
TOYHOM MO CPABHEHUIO C PABHOBECHOM KOHILEHTPALIMU 3TUX HOocuTeneu. Ilox nen-
CTBHEM BO3HUKIIETO T'PAJUCHTAa KOHIICHTPAIIMM HEOCHOBHBIE HOCHUTEIH HAYHYT
nudbyHaIUpPOBaTE B CTOPOHY KOJUIEKTOpPHOTO Tepexonaa. B mporecce nuddyzun
OHM OYyIyT peKOMOMHUPOBATH C OCHOBHBIMU HocuTensiMu 0asbl. [Ipu 3Tom B Oaze
o0OpasyeTrcss HeCKOMIIEHCUPOBAHHBIN 3apsijl, Uil HEHUTpalu3alu KOTOPOro uepes
0a30BBI KOHTAKT MOTEKYT OCHOBHBIE HOCHUTEIIH, OMPEAEIISS TEM CaMbIM TOK 0as3bl.
Te HOCUTENH, KOTOPBIE TOCTUTHYT I'PAaHUIIbI KOJUIEKTOPHOI'O MEpexo/ia, Mo Jei-
CTBUEM TI0JI OYyT BTATUBATHCS B KOJUIEKTOP, MMPUBOIS K YBEIHMUYCHHUIO TOKA KOJI-
aexrtopa. Takum 00pa3oM, MpHU MOCTOSIHHOM BXOJHOM TOKE |5 uepe3 Harpysky
MPOTEKAET MPAKTUYECKH MOCTOSIHHBIA TOK, PaBHBI CyMMe OOpaTHOTO TOKa KOJ-
JIEKTOpHOro mepexoda lxo U TOKa, 00yCIIOBJIEHHOTO HWHXKEKTHPOBAHHBIMHU uepe3
OMUTTEPHBIN TIEPEXOJ] ¥ MPOIISAMTUMHU Yepe3 6a3y HOCUTEISIMHU.

Tpu npyrux pexkuma paboThl MOJy4arOTCs, Korjaa oba nepexojia BKIOYEHBI B
oOpaTHOM HarmpaBlieHUH (PSKHUM OTCEUYKH), 00a IMepexoja BKIIOYEHBI B MPSIMOM
HanpaBieHUU (PEKUM HACBIIICHHS), U KOTJAa SMUTTCPHBIA MEPeXoj] BKIOYEH B
0oOpaTHOM HaIpaBJICHWH, a KOJUICKTOPHBIA MEepeXoj] - B IPsIMOM (MHBEPCHBIN pe-

[ToMuMO pa3IUYHBIX PEKUMOB PAOOTHI PA3IMUYAIOT TPU CXEMBI BKIIFOUCHUS
TPaH3UCTOPA B BJEKTPUUYECKYIO II€Th, KOT/Ia OJWH M3 3JIEKTPOJOB OKa3bIBACTCS
OOIIMM JIJISI BXOJHOI'O M BBIXOJHOTO CHUTHANIOB. ¢ obOmied 0aszoii (OB), ¢ oOmmMm
smutTepoM (0O3) u ¢ 06muM kosmekTopom (OK).

B nannoit pabore paccmaTpuBaeTcsi BKJIIOUEHHE TpaH3ucTopa nmo cxeme ¢ Ob
(puc. 1). [TockoybKy 9acTh TOKa, MPOXOAIIECTo dyepe3 54, Ha MyTH K KOJUICKTOPY
TepsieTCsl Ha PEKOMOMHAIMIO, ITPEBPANIasCh B TOK 0a3bl, OTHOUIEHUE KOJJIEKTOPHO-
ro TOKa K TOKy SMHTTEpa OKas3biBaeTcsi MeHbine 1. CiiemoBaTenbHO, aMILTUTYIA
NEPEMEHHOr0 TOKa Ha BBIXOJIE MEHbIIIE aMILTUTYIbl TOKa Ha BXOJE, T. €. Koadhdu-
IMEHT YCUJICHUS 1O TOKY B 3TOM cxeme 4yTh MeHbIe 1. C apyroii cTopoHsl, poiib
BXOJIHOTO CONPOTHUBIIEHUA B cxeMe ¢ Ob urpaer manoe conpoTUBIEHUE OTKPHITOTO

(B aKTUBHOM pE&XXHMME) SMUTTEPHOTO IMEepexoja, U MPH HE3HAYMTEIHLHOM H3MEHe-
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HUU BXOJHOTO HAIMPSKEHUS N3MEHEHHE BXOJIHOTO TOKa OYyJIeT TOXKE He3HAYNTEIIb-
HbIM. Majnoe M3MEHEHUE BXOJHOTO TOKAa MPHUBEAET K MOYTH TAKOMY K€ M3MEHE-
HUIO BBIXOJHOTO TOKa (Ko3((HIMEHT Iepenadyn SMUTTEPHOTO TOKa OJM30K K 1).
Ecnu mipu 3TOM cOnpoTHBIEHHE HArpy3ku R BBIOpaTh 10CTaTOYHO OONBIINM, TO
JaXe Majoe M3MEHEHHE TOKA B BBIXOJHOM IEMU MPUBEAET K 3HAYUTEIHHOMY H3-
MEHEHUIO MMaJICHUs] HAMPSHKCHHSI HAa HEM, UTO U OOBSICHICT YCUIICHUE CUTHANIA KaK

10 HaprDKeHI/IIO, TaK U I10 MOIITHOCTH.
3AJJAHME M UICXOJHBIE JAHHBIE

3agaHue Ha KypCcOBYIO pabOTy MpelycMaTpuBaeT pa3paboTKy HU3KOYACTOTHO-
ro OUIOJIAPHOTO TPAH3UCTOPA, BKIIOYAs BHIOOP HMCXOJHOIO Marepuaia, BbIOOp
TEOMETPUHU CTPYKTYPHI, pacueT KOHCTPYKTHUBHBIX MapaMeTPOB M COCTaBJIEHHUE 3C-
KM3HOTO 4YepTeka CTPYKTypbl. B Xoze BBINMOIHEHUS pabOThl CTYJIEHTHI JOJKHBI
MOCTPOUTH 30HHBIE YHEPTETUUYECKHUE TUArPAMMBbI pa3padaThIBAEMOTO OUTIOISIPHOTO
TPaH3UCTOPA B OTCYTCTBHE BHELIHUX HANPSHKEHUM M B aKTUBHOM PEXUME PabOTHI.
Jlst Tpan3ucTopa, paboTaOIIET0 B aKTUBHOM PEXXUME U BKIIFOYEHHOTO TI0 CXEME C
o01ieit 6a30l, PacCUYMTHIBAIOTCS AJEMEHTHl (PU3NUECKON SKBUBAJICHTHOW CXEMBbI.
Jnst 5TOM K€ CcXeMbl BKJIIOYEHHUS NPOECKTUPYEMOTO TPAH3UCTOpPA BBIMOIHSIETCS
pacyeT BBIXOJHBIX CTATUYECKUX XapaKTEPUCTHK.

VcxoHBIMU TaHHBIMU JJISL pacueTa OUIOIsIpHOTO Oe3apeiihoBOTO TPAH3UCTO-
pa ABISAOTCS KOA(PPUIMEHT Nepe/layd TOKa B PEKUME MaJIOro CUTHANIA B CXEME C
obmwM smuTTepoM hyyy, TpaHmuHas yactoTa KoddduimeHta mepegaun TokKa B

cxeMe ¢ o0mmM SMUTTEpoM f_ , MaKCHMaIbHO JOMYCTUMOE MOCTOSHHOE Harpsi-

rp )
KEHUE «KOJUIEKTOp—0a3a» U g may, MAKCUMAJIbHO JTOMYCTUMBIA MMOCTOSHHBIN TOK
KOJUIEKTOPA | axs MAKCHUMalIbHAs TeMIIEpaTypa KOJUIEKTOPHOIO Inepexoza lyj.

Jlnst pacuera 37eMEHTOB (DPU3UUECKON HKBUBAJICHTHOW CXEMbI U MOCTPOCHHUS 30H-
HBIX YHEPTeTUUYECKUX JUarpaMM 3aJaeTcsl peXKUM IO MOCTOSSHHOMY TOKY, COOTBET-
CTBYIOUIUN aKTUBHOMY pPEXHMMY paboThl mpubopa. i mocTpoeHuss KpuBOM H0-
MyCTUMOW MOIIIHOCTH HAa CEMEMCTBE BBIXOJIHBIX CTATHUYECKUX XapPaKTEPUCTHUK 3a-
JTAeTCsl 3HAUeHHE MAaKCHUMAaJIbHO JIOMYCTUMOW pacceruBaeMOM MOIIHOCTH KOJUIEKTO-

pa B max-



YKA3AHUSA 11O PAIITMOHAJIBHOMY BBIITIOJIHEHUIO PABOTHBI
Bb10op maTepuaJjia 1y U3roTOBJIEHUS] TPAH3UCTOPA

HuskouacToTHbIil 0e3npeiioBbIil TpPaH3UCTOP MpEACTaBIIAeT cO00Il BBICOKO-
OMHYIO 0a30BYIO IIACTHHY, B KOTOPOIl METO/IOM BILIABJIECHUS NpUMecei chopmu-
pPOBaHbI CHUJIBHOJIETUPOBAHHBIE 00JacTH 3MUTTEpa U KouiekTopa. [lpu gopmupo-
BaHWH DJIEKTPOHHO-IBIPOYHBIX IEPEXOJ0B 3TUM METOJOM B KAaueCTBE JIETHPYIO-
IIMX MATEPHUAIOB HMCIIOJIB3YIOT YMCTHIE METAUIBI M CIUIABBI, HA3bIBAEMBIE DJIEK-
TPOAHBIMU. DJNEKTPOAHBINA MaTepual JODKEH 00JaiaTh CIOCOOHOCTBIO CO3/1aBaTh
B TOJYIPOBOJHUKOBOM Marepuaie (reépMaHuu, KpEMHHU) OOJACTH C TUIIOM 3JIeK-
TPOIIPOBOAHOCTH, IMPOTUBOMOJIOKHBIM HCXoaHOMY. Kpome Toro, oH oOpa3syer c
UCXOJHBIM TOJYTIPOBOJHUKOM 0a3bl IBTEKTUUECKHM CILIaB.

Ha nepBom 3tamne ¢popMupoBaHus CIUIABHOI'O p—IHIepexoaa Mpou3BOJIsAT Ha-
rpeB 0a30BOH IIACTUHBI C HABECKAMH U3 JIEKTPOAHOIO MaTepuana A0 TeMIepary-
pBI IJIABJIEHUS 3BTEKTUKU. Ha MOBEpPXHOCTH MOJYNPOBOJHUKA IPU ITOM 00pazy-
IOTCSL CBSI3M MEXIY aTOMaMM TBEPAOTO MOJIYNPOBOJHUKA 0a3bl U aTOMaMU pac-
IUIABJICHHOTO 3JIEKTPOJIHOIO MaTepHalla, KOTOPBIE 3a CYET CBOErO TEIJIOBOTO JIBU-
YKEHHsI BBITATUBAIOT aTOMBI ITOJIYIIPOBOJHUKA U3 KpucTaia. [Ipoucxonut nmpouece
pacTBOopeHHUsl MaTtepuaia 0a3bl B paciuiaBe HaBecku. OXJakeHUE MJIaCTUHBI MIPU-
BOJUT K PEKPUCTAIIM3ALMN UCXOIHOTO MOJYNPOBOJHUKA U3 pacTBopa. [Ipu atom
KOHIIEHTpaLUsl IPUMECH B PEKPUCTAJUIN30BAHHON 00JaCTH OIPENEseTCs] TEMIIe-

paTypoil BIiaBieHus T, =¥ NpeneabHON paCTBOPUMOCTBIO JIETUPYIOIIEH IPUMECH

B UCXOJHOM ITIOJIYIIPOBOAHHUKCE.

Tabmuma 1
[TonynpOBOAHMKOBBIE SJIEKTPOIHBIE MATEPHUAIIBI, UCIIOJIb3yEMBbIE
JJIs1 U3TrOTOBJICHUA CIIJIAaBHBIX 6I/IHOJ'I$IpHI)IX TPAH3UCTOPOB
Ucxonubiin DNEeKTPOAHBIH t, . °C No, on™
OJIyIPOBOJHUK MaTepual
n-Ge In-Ga 450 ... 650 2010
p-Ge Pb-Sb 650 ... 750 110"
n-Si Al 1100 ... 1250 2110
p-Si Sn-P 900 ... 1200 110%

B 1a6n. 1 npuBeneHbsl HEKOTOPBIE YACTO MCIOJIb3YEMBbI€ JIEKTPOAHbIE MaTe-
pHUaibl, COOTBETCTBYIOLME UM TEMIIEPATYPhl BIUIABICHUS U KOHLICHTPALUU IIpU-
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MECU B PEKPHUCTAJUIN30BaHHBIX 00nacTax smurrepa N5 u komnekropa Ny, mpu
3ToM Ny = N..

Marepuan noxynpoBOAHUKOBON CTPYKTYphl BHIOUPAIOT 1O 3aJaHHOH Makcu-
MaJIbHO! TeMIIepaType KOJUIEKTOPHOTO nepexoaa I: MPUHATO CYUTATh, YTO HJIEK-

TPOHHO-BIPOYHBIN TIEPEX0]] U3 TepPMaHMs YCTOHYUBO pabOTaeT N0 TEMIIEePaTyphl
85 °C, a mepexon u3 kpemuus — 10 125 T. Tun 31eKTponpoBOIHOCTH UCXOIHOTO
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KoHnuenTpanus npumecH, eM>

Puc. 2. 3aBucuMocTh HanpspKeHUst Mpo0ost OT KOHIIEHTPALUU
MpUMECH B c1ab0JIerupoBaHHOM 0ase.

Matepuana (p Wiu N) 3aaeTCsl THIIOM DJIEKTPOIPOBOTHOCTH 0a3bl pacCUUTHIBAC-
Moro TpaHsuctopa. KoHmenrpamuio npumecu B 6a3e BHIOMPAIOT UCXOAS U3 3aJaH-

HOI'0 MAaKCHUMAaJIbHO JOIyCTUMOIo HampspKeHHs Uypnmax TaK, 4TOOBI 0OECIEUnTh

npobusHoe Hanpspkenne nepexona U 6 = (13— 2)U gpmay- 1 peskoro Hecnm-

MCTPHUYHOI'O CINIABHOI'O IMEPCX0/Ja 3aBUCUMOCTDb U ¢ OT KOHICHTpaluKu IIPpUMECH

po
B ciaboserupoBaHHol 0ase [2] mpuBeneHa Ha puc. 2.
3Has KOHIEHTpanuio npumecu B 06ase Ng, MOXXHO paccuuTaTh KOHIIEHTpA-

LIMI0 HEOCHOBHBIX HOcHUTeNen 3apsana Ngy .



HeoOxoaumbie miist pacyeTa CBEASHUS MOXHO HaiTh B mpui. 1. Jlnst ompe-
JEJICHUS MOJBWKHOCTH |lg;; HEOCHOBHBIX HOCUTENEH 3apsia, MOXKHO BOCIOJB30-

BaThCsI TAHHBIMH, TPUBEICHHBIMH Ha puc. 3 [2].
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Puc. 3.TlogBmwkHOCTH HOCHUTENEH B TEPMaHUU M KPEMHHUHU B 3aBUCHMOCTH OT
koHIeHTpanuu npumecu pu 7' = 300K

JIJist 3a7aHHOTO THTIA SJIEKTPOTIPOBOAHOCTH 0a3bl MOKHO OTIPEICTUTh YETh-
HOE COIPOTHUBIICHUE Pg, UCIIOJIB3YsI TaHHbIE [2], mpuBecHHBIC Ha puc. 4.

[Tpu 3TOM OHO TOJKHO OBITH HE MEHEE 3HaYEHU s, HAWJEHHOTO TpadUIecKH.

[To ynenbHOMY COMPOTUBIICHHUIO BEIOUPAIOT MapKy MOTYIPOBOAHHUKA 0a3bl U
onpeaensaoT AupQy3noHHYIO JUIMHY HEOCHOBHBIX HOCHUTENEH 3apsina B Oaze Ly

(cM. Taou. I1.2.3). 3Hast MOABMIKHOCTD, Haxo AT Kodddumment nuddy3un Heoc-
HOBHBIX HOCHUTEIIEH B 6aze:
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Puc. 4.V nenpHo€ CONPOTUBIIEHNE B TEPMAaHUU U KPEMHUU B
3aBUCUMOCTH OT KoHIeHTpanuu npumecu ripu 7 = 300K

3areM, UCTIOJIb3Ysl HalleHHOe 3HaueHue Ly, no opmyie
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PaCCUHMTHIBAIOT BPEMSI )KM3HU HEOCHOBHBIX HOCHUTEIICH B 0ase.
OnpeneneHue pa3MepoB 3JI€MEHTOB TPAH3UCTOPHOI CTPYKTYPbI
[Inomane SMUTTEPHOIO NEpexoja OLEHUBAIOT MO 3aJaHHOMY TOKY |y . M

JIOIyCTUMOM IIOTHOCTH MPAMOTO TOKA i) may UEPE3 HIEKTPOHHO-ABIPOYHBIA Me-

- _ 2 - _

pexoa. [ns mpubopa u3 repmaHus Jup max = 100A/cM”, U3 kpemHHA Jup max =
2 . _

200A/cm”. Cuyuras, yTo HaHMOONBIIMN TOK IMUTTEPA | oy = |k maxs OTIPEAEIISIIOT

HIDKHUH Mpejies 0 SMUTTepHOro nepexoaa [3]:
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Ha puc. 5 npuBenensl BapuaHThl CTPYKTYp CIUTABHBIX TPAH3UCTOPOB. BbIOOp
TOTIOJIOTUU U JIMHEHHBIX pa3MepoOB SMUTTEpa CIIEAyeT MPOBOAMUTH C Y4E€TOM 3-
¢dexTa BBITECHEHHs TOKa WHXXKEKIHU Ha nepudepuro smurrepa [3]. B pesynbrare
npoTeKaHus 6a30BOTO TOKa Ha 00BEMHOM COMPOTUBICHUM 0a3bl BOSHHUKAET Tajie-
HUe HanpspkeHus. OHO YMEHbIIAeT NPSAMOE CMEIICHHUE TOM 4acTh SMUTTEPa, KOTO-
pas HanOoJee yaaneHa oT 0a30BOro KOHTaKkTa. B pesynbraTe TOK MHKEKLIUN YMUT-
Tepa CMEIAeTCsl Ha ero Kpai, oOpaIlieHHbIil K 6a30BoMy KOHTakTy. [Ipunsro cuu-
TaTh, 4TO 3((HeKTHBHO paboTaeT JUIIb YaCcTh SMUTTEPHOIO Mepexoja MIUPHHOM

nopsiaka 1M Qy3MoHHOMN IIIMHBI HEOCHOBHBIX HOcUTENen B 6aze L.

Ecnu B ocecUMMETpUYHON CTPYKTYPE paAnyC SMUTTEPA IO PACUYETy OKa3JICA
Oonbie Ly, To cienyer BBIOpaTh CTPYKTYPY C KOJIBLIEBBIM AMHUTTEPOM, IpUUYEM

IIMpUHA KOJbla HE JOJDKHA NpeBblmarh Ly . o TeM ke npuunHaM B MOJIOCKOBOU

CTPYKTYpE MEPEXOASAT OT OAHOIMUTTEPHOM K MHOTO3MUTTEPHOW KOHCTPYKIIHH,

IpY 3TOM LIMPUHA SMUTTEPHBIX [10JIOC BEIOMpPAETCS MEHbLIEH, ueM L.

Kondurypanuio KoaIeKTOpHOTO Nepexojia BhIOUparoT Tak, 4ToObl obecrie-
YUTh HanboJsee MOTHOe COOMpaHne MHKEKTUPOBAHHBIX B 0a3y HEOCHOBHBIX HOCH-
TEeJeW, He YBETUYMBAsl MIPH I3TOM Oe3MepHO OaphepHYI0 €MKOCTh KOJIIEKTOPHOTO

nepexoaa. OObIYHO BEIOUPAOT Sy 2 (23) K-

PacyeT TonmmHbI aKTUBHON YacTH 0a3bl MPOBOAAT MO 33JaHHON TPAHUYHOU
yacTore KoddduimeHTa nepegayn Toka 0asbl, T. €. IO YACTOTE, MPU KOTOPOl MO-
oynab Kod(dduurenTta nepenayn Toka 6as3pl B cXxeMe ¢ OOIIUM 3MUTTEPOM CTaHO-
BuTcs paBHbIM 1 [4]. YacroTHast 3aBUCHMOCTH Kod(ddHIMEeHTa Iepegayd TOKa
OIMHUTTEPA O MPUOJMKCHHO OIMCHIBACTCS BRIpOKEHUEM [4]

() =—>

1+ j2
(DG
JInst CIUTaBHOTO TPAaH3MCTOPAa OCHOBHBIM MPOIIECCOM, OTPEACIISIONIAM €ro
ObIcTposeiicTBrE, sBIsIeTCS TU(PQPY3NOHHOE JBHKCHHWE HEOCHOBHBIX HOCHTEICH
gyepes 06a3y. BpeMst 3TOro IBHKEHHS MOYKHO OLIEHUTH 10 opmyiie [4]
W
toos =0 = .
bk 2Dgy
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Puc. 5. CrpykTypsl  CIUTaBHBIX
TPaH3UCTOPOB!
MIOJIOCKOBBIE

a —C OJIHUM SMUTTEPOM,

0 —C AByMSI DMUTTEPAMH,
0CECUMMETPHUYHBIE

8 —C KPYTJIBIM SMUTTEPOM,

2 —C KOJIIIEBBIM SMUTTEPOM,;

1 —>muTTeED;

2 —KOJIJIEKTOD);

3 —0a3oBas IUIaCTUHKA,
4 —axTHBHAA 4acTh Oa3bl;

5 —maccuBHas yactp 0a3bl.



ITockonbky fFp =(*)a/ 2Tl, Ul OLIEHKHM TOJIIMHBI aKTHUBHOW YacTu 0a3bl

MOJXHO BOCIIOJIB30BAaTbCs1 COOTHOICHUCM
(1)

PaccMoTpenue paboThl TpaH3UCTOPa B aKTUBHOM PEXXHUME MPOBOISAT HA OCHO-
BE OJIHOMEPHOH WeaTu3npOBaHHON TeopeTrueckod monenu [4]. Koaddumment
nepeaayu TOKa AMHUTTEpa O MOXKHO NPEJCTaBUTh B BUIEC NpOU3BeAcHUs [2]:
a=ya M, rne y —xo3pdunuent s3¢pdpexruBHOCTH dMHUTTEPA, O, — KOIPDULHUEHT
nepeHoca HEOCHOBHBIX HOcHUTeNel uepes 6a3y, M — ko3hHULMeHT JaBUHHOTO yM-
HOKEHUSI HOCUTEJICH B KOJUIEKTOPHOM TIEpeXO/Ie.

Koaddumment a3 pextnBHOCTH SMHUTTEpA MOKA3ZBIBACT JIOJTIO TOKA WHIKECKIIUN
HEOCHOBHBIX HOCUTENEH B 0a3y B MOJIHOM TOKE 4Yepe3 SMUTTEpPHBIN nepexo. Ilo-
CKOJIbKY KOHIIGHTpAalMs IMpUMeceil B SMUTTEpE Ha HECKOJIBKO MOPSAKOB OOJIbIIE,
yeMm B 0a3e, Ha MPAKTUKE 3HAYEHUE Y MAJIO OTJIMYACTCS OT €MHUIIBI U IS WHKE-
HEPHBIX pacueToB MOXxHO monarath Y = 1. Eciu Tpansucrop paboTtaeT npu OTHO-

, MOKHO

CUTEJILHO MAJIOM KOJJIEKTOPHOM HAINpPSHKEHUU, TaK YTO ‘UKB‘ <‘UKnpo6

cuutath M = 1.
Koa¢ppunuent nepenoca 0, XapakTepu3yeT PEKOMOMHALMOHHBIE MOTEPU

HEOCHOBHBIX HOcuTeneil B 0aze. OObEMHBIE TOTEPU YUUTHIBAIOTCS BBIPAKEHUEM,
NOJIYYEHHBIM JUIsI OJHOMEPHOM HJI€aJTU3UPOBAHHON MOJENIHM TPaH3UCTOPA Ha IO-

CTOSIHHOM TOKE.

2
o
B
C ydeToM peKOMOMHAIIMM Ha MOBEPXHOCTU 0a3bl KOIPPHUIIMEHT MepeHoca MOXKET
ObITh 3amucaH B Buje [4]:

2
o =1- W) SBW 2)
2\ls) S0y
CKOpOCTh TTOBEPXHOCTHOM PEKOMOHMHAIIMM S OIpPEACNIIeTCS MaTepHaIOM
TPaH3UCTOPA U TEXHOJOTHEH 00pabOTKHM MOBEPXHOCTU. B TepMaHUEBBIX TpaH3H-
CTOpax THIHMYHBIC 3HAYeHHs S Jiexar B auanazoHe ot 50 qo 500cwm/c, B kpemHue-
BbIX — 0T 20 10 2000cMm/c. B dopmyne (2) S, — abdexTuBHas miomanb MOBEPXHO-
CTHOI1 pexoMOMHaMY. [l CIJIaBHOTO TPAaH3UCTOPA MPUHATO CUUTATh [4], uTo §
OTIPEIEIISAETCS TUIOMIA B0 TIOJIOCHI, MPUJIETAIOIICH K IMUTTEPY, IIUPUHON MOPSIAKA
-12 -



TOJIIMHBI TACCUBHOM 4acTH 0a3bl W, = W+ W, , TO3TOMY
rae I, —nepumerp smurrepa. @opmyna (2) cipaBeuinBa IPH BBHIIOIHEHUN YC-
noBuss SW, <0,2D0;;. [Ipu 3anaHHOM 3HAUEHMM S TONLIMHY 0a30BOH IJIACTHHBI

ciaenyer BBI6I/IpaTB TakK, YTOOBI JaHHOC YCJIOBHC BBIIIOJIHAJIOCH, YUYMTBIBAs IIPpU

3TOM, YTO ITyOMHBI BIUIABJIEHHS DMUTTEPA M KOJUIEKTOPA OJMHAKOBBL: Wh = W .
Vcnons3ys BelpaxkeHue g kodpduipenta o (2), ciexyer OLEHHUTh TONIIHHY

0a3bl W, UICXO/S U3 ONPEAEIIEHHOTO 3a/laHieM K03 puLeHTa Nepeaadyn Toka 0a3bl

_a
hp —a
Ecm a=a, To
o =1-—T 4)
hpp +1

Wcnonw3ys BeipaskeHnue it 3pbekTuBHOM wiomaau pekomounanuu (3), koaddu-
IIMEHT IepeHoca O ¢ yuéroM (2) MokeM 3anucaTh B BHC:

o, =1-Bw - AW w W), (5)

rae A=&, B= 0,5/ L2]3 . 3 (4) u (5) nerko mosryyaeTcs B KBaIpaTHOE ypaB-
H

HEHHUE OTHOCUTEIBHO W.
(A+B)w + Aw —( by, +2) "0

pelniasi KOTOpoe ONpeeTuM TONIINHY aKTUBHOM YyacTu 0a3bl

_ 1 | 4(A+B)
"aare M

PaccunTaB m mocTpouB 3aBUCHMOCTH W= f(Wa), MO>KHO BBIOpaTh TOJILMHY aK-

TUBHOM 4acTu 6a3bl Tak, 4TOOBI OHA COTJIACOBBIBAJACH C PE3YJIbTATAMHU BBIIIOJIHEH-
HOMW paHee OLIEHKU W 10 3HAUEHUIO IPAaHUYHOMN YaCTOTHI.
Teneps cineayer BbIOpaTh TOJIIMHY aKTUBHOW 4acTH Oa3bl Tak, YTOOBI Ipa-

HHU4YHasA 4aCToTa frp " 11apameTp h213 ObLIIN HE MCHbIIC, YCM HUX 3HAYCHUS, YKa-

3aHHbIE B 3a7aHUU. [103TOMY W BBIOMpaIOT HAMMEHBUIEH U3 IBYX 3HAYEHUH, MOy~
YEHHBIX MPU TAHHBIX OLICHKAaX.

[Ipu BbIOOpE TONIIMHBI AaKTUBHON 4acTu 0a3bl HEOOXOJUMO HMMETh B BUIY,
YTO CO CTOPOHBI MaJIbIX 3HAUYEHUN W Tak)K€ OrpaHUuY€Ha. B CIUIaBHBIX TpaH3UCTO-
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pax co ciabojerupoBaHHON 62301 BO3MOXXHO CMBIKAHHE SMHUTTEPHOTO U KOJUICK-
TOPHOT'O TMEPEXO0JI0B, MPUUEM TOJIIMHA KOJUJIEKTOPHOIO MEpexojia MPOCTUPAETCS
Ha BCIO TOJIITUHY aKTUBHOW YacTu 0asbl. [loaToMy mpu HanmpspKeHUH Ha KOJUIEKTO-

pe, paBHOM HANpPSHKEHUIO CMBIKaHUS nepexooB U MO>KHO 3amucaTh IpuOIIu-

CMK '’

KEHHOE COOTHOIIEHHUE [3]

_ WogNg
CMK ZEHSO !
rae q = 1,610"° Kit — 3apsiq onextpoHa, €, — AHAICKTPUYECKas IPOHHIIAEMOCTh
MOJIYTIPOBOJIHUKA, € = 8,8910 Y dlem.
TonmuHy akTUBHOM 4yacTH 0a3bl BBIOMPAIOT TaKUM 00pa3oM, YTOOBI HAmpsi-
KEHHE CMBIKaHUS MEPEX0A0B ObLIIO HECKOIBKO OOJIBIIE MAKCUMAIILHO JIOMYCTHMO-

o HalIps>KCHHUA Ha KOJUICKTOPHOM IIEPEXOJEC U KEmax .
ix3 (¢1< + ‘U Kb max‘)
aNg

[Tpu BBIOOpE TONIMIMHBI AKTHBHOW YacTU 0asbl CIJIABHOTO TPAH3UCTOpPA CIEAYET

TaK)kK€ UMETh B BHJY, YTO M3TOTOBJICHHE TPAH3UCTOPA C TOJIIIMHON aKTUBHOW Yac-
TH 6a3bl MeHee 20 MKM SIBJISIETCSI TPYIHO BBHITIOJTHUMOM TEXHOJIOTHYECKOMN 3aauei.

[Tocne Toro, Kak OKOHYATENBHBIN BHIOOp TOJIIMHBI AKTHBHOM YacTH 0a3bl W
ClIeTIaH, CIeyeT YTOUYHUTh COOTBETCTBYIONINE BEIOPAHHOMY 3HAUEHHUIO W TpaHHY-
Hyto uyactoty f,, mo dopmyne (1) u xoapdunuent nepenaun Toka 6a3sl hyyy MO
Gopmynam (4), (5). YTounennsle 3Hauenus f, u hy1p — cienyer ucnonb3oBaTh s
JabHEUIINX PacYeTOB.

IlocTpoeHne 30HHBIX JHEPreTHYECKHUX AUATPAMM

JI71st TOCTPOEHMST 30HHBIX PHEPreTUUYECKUX AMarpaMM MPOEKTUPYEMOM TpaH-
3UCTOPHOU CTPYKTYphl HEOOXOIMMO PACCUMTATh KOHTAKTHYIO PA3HOCTh TOTEH-
[MAJIOB JIF0OOT0 U3 p—N-IEPEXOI0B TPAH3UCTOPA

(I) :E nM.
K q ni2

Mupuna cios 00BEMHOTO 3apsiia Pe3K0 HECUMMETPUYHOro p—lHiepexoaa mnpu
nojlaye Ha Hero HanpsbkeHus U onpenensieTcs BIpaKeHUEM

2e.€0(d —U)
aNg

d=

(6)
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['myOuna 3aneranust ypoBHsa @epMu Er MO OTHOIIECHUIO K CEpeIUHE 3armpe-
IIeHHOW 30HBI E; 6a30BOro MOJYNmpoOBOJHUKA OUIOJISIPHOTO TPAH3UCTOPA MOXKET
OBITh paccuMTaHa Mo OJHOM U3 POopMYyII:

BB KT Ny
q g n
U1l IOJYTIPOBOIHUKA p-THIIA;
E = H In M
q g n
JUIS TIOJTYTPOBOIHUKA N-THIIA.

[Ipu 3agaHHOM TOKE SMUTTEpA HANPSIKEHUE HA SMUTTEPHOM IEPEXO0JIE MOXK-

HO OIICHHUTPH U3 COOTHOIIICHUS [4]:

Pacuyer 3s1eMeHTOB (pU3MYECKON IKBUBAJICHTHOU CXEMBbI.

CBolicTBa TpaH3MCTOpa — YCHIIUTEISI MaJIOTO IEPEMEHHOTO CHI'HAjla B 3aJaH-
HOM PEKUME 10 TIOCTOSTHHOMY TOKY - TIPUHSITO OIKCHIBATH C TMOMOIIBIO (pr3mue-
CKOW DKBUBAJICHTHOW CXeMBbI. Pacuer mapamMeTpoB SKBUBAJIICHTHOW CXEMBI ITPOBO-
IST Ha OCHOBE aHAIM3a OCHOBHBIX (PM3UYECKUX IPOIECCOB, MPOUCXOSIINX B
TPaH3UCTOpE, C YYETOM CXEMBbl €ro BKIIOUEHHs. bynem paccmMarpuBaTh 3KBHBA-
JICHTHYIO CXE€MYy TPaH3MCTOpa, BKIIOYEHHOIO MO cxeme ¢ olmieil 6a3oil u pado-
TAIOIETO B AKTHBHOM PEKUME.

dusnueckasi SKBUBAJICHTHAS CXE€Ma TPaH3UCTOpPA B COOTBETCTBUU C WCATIH-
3UPOBAHHOM MOZETBIO [4] COCTOUT BCEro u3 ABYX 3JIEMEHTOB OCHOBHBIM U3 KOTO-

pBIX sIBJIAE€TCS TeHepaTop Toka Ol . OH oTpakaeT MepeHoC TOKa U3 IMUTTEPHOI
LIENIA B KOJUIEKTOPHYIO U YCWJIMTENbHBIE CBOWCTBA TpaH3ucropa. IlapamnensHo re-
HepaTopy Toka Ol, JOKHO OBITh BKJIIOYEHO CONPOTHUBIEHUE KOJUIEKTOpa Ik. Ilo
OIIpCACIICHUIO
K =
0Us),,

=const

B maeanu3upoBaHHOM TPaH3UCTOPE TOK KOJUIEKTOPA |lx HE 3aBHCHUT OT KOJ-
JexkTopHOro HampsikeHuss Uyg, MOATOMY Ik = 00 U 3TOT 3JIEMEHT B DKBHBAJICHTHOU
CXEME HJICaJTM3UPOBAHHOTO TPAH3UCTOpPA OTCYTCTBYET. BO BXOHOM LieNM TpaH3H-
CTOpa CTOUT COINPOTUBIIEHUE 3MUTTEPA I, KOTOPOE MpeACTaBisieT co0oil nudde-
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PECHIOHUAIIBLHOC COIIPOTHUBIICHHUEC OTKPBLITOI'O SMUTTCPHOTO IICPCXOJa. HCHOJ’IBBYH BBbI-
PAXKCHUC JIsI BXOOHOI'O TOKa

_ QU5 )
I~ =1 exp—=-1|,
2 30( kT

A 'y MOXXHO NOJIy4YHTh.

_0U,, KT 1
D=

9 lugg=const q s
ITepexo/as K SKBUBAJIEHTHON CXEME PeallbHOrO TPAH3MCTOPA, IPUBEICHHOM Ha
Puc. 6,a, otMeTuM, YTO B peasibHBIX CIUIABHBIX TPAH3UCTOPAX HEOOXOIUMO Y4UH-

TBIBaTh 00BEMHOE CONPOTHBIICHUE ClIa00JIerMpOBaHHOI 0a3bl Iy . B maeanusupo-

BaHHOM MOJEJIM OHO IToJlaraeTcs OECKOHEYHO MajibIM. B 3KBHBaJE€HTHOH cXxeme
pEaNbHOTO TPAH3UCTOPA 3TO CONMPOTHBIICHUE SIBISIETCS 3JIEMEHTOM OOpaTHOM CBsI-
3M I10 HAMPSHKEHUIO BXOIHOM M BBIXOAHOM 1iemneit (cM. puc. 6,a, 6). [Tockonbky Oa-
30BBIi TOK B OCHOBHOM OTIPEEISETCS MPOIECCaMi PEKOMOMHAIINY HEOCHOBHBIX
HOocuTeNiel B 6a3e, OH MPOTEKAET MEePIEeHIUKYIIPHO OCHOBHOMY TU(dYy3MOHHOMY
IIOTOKY HEOCHOBHBIX HOCHUTEJIEW OT 3MUTTEPA K KOJUIEKTOPY. ba3oBhIM TOK Teuer

al,
e e} MBKUKB ﬁ\l\\:) K e e _@_ K
o—+— S—o oI e O
rk | =T
L1 r's :
I e |
I 1 I
e o] e [k
_____ -
b Bg
a o

Puc. 6. DxBUBaNICHTHBIE CXEMBI OUIIOISPHOTO TPAH3UCTOPA
JUTSL MaJIOTO TIEPEMEHHOTO CUTHaa

MapajuielIbHO MOBEPXHOCTSM 3MUTTEPHOTO U KOJUIEKTOPHOTO p—IHIEPEXOJ0B U
3aMbIKaeTCs depe3 0a30BbIN BBIBOJ. Hampumep B 0CECHMMETPUYHOUN CTPYKTYpeE,
0a30BBIM TOK TEUET paguaibHO OT LEHTPA CTPYKTYPhI K 6A30BOMY KOHTAKTy Ha €&
nepudepun.
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[Ipu pacyere Iy CIOXHbIE KOHpHUIypanuu 0a30BbIX 00JacTeill pa3dUBaIOT Ha
IPOCTBIE 3JEMEHTHI, AJIsi KOTOPBIX JIETKO PacCUUTaTh COMPOTHBIICHUE IS 3aJaH-
HOTO HampaBJIeHUs NPOTeKaHus Toka. CONPOTUBIICHHE [, ONMPENEISIOT KaK CyMMY
COMPOTUBIICHUN HECKOJBKUX YYaCTKOB MPOCTON T€OMETPHUYECKON (POpPMBI, BKIIIO-
YEHHBIX MOCJIEOBATEIBHO BAOJb HAIpaBJCHUs MpPOTeKaHUs 0a3oBoro Toka. B
TabJ1. 2 npUBeICHBI (OPMYIIBI JJIsl pacuyera OOBEMHOIO CONPOTHBICHHS If JUIs

IPOCTBIX TEOMETPUYECKUX (OPM; KUPHBIMH CTpEJIKaMH yKa3aHbl HaIlpaBJICHUS

HpOTCKaHI/I}I 68,30BOI‘O TOKaA.
Tabmauma 2

['eomeTpuyeckue GopMBbI 3JIEMEHTOB Oa30BBIX 00IacTeH

Konduryparus Kondurypanus

®opmyna s I‘]'3 ®opmyna s I‘]'3

0a30B0i1 o0acTH

\:l )
ph p
3wl 8Stw

LTI

0a30B0ii obOacTn

f

b _ph Pk
' 12wl A4Tw

T
\' p_h l'/ P n r2
wi 2TW

4/
]
3

B peanpHBIX TpaH3UCTOpaxX MPOUCXOMUT MOMYISAIUS TOJIIUHBI 0a3bl KOJ-
JICKTOPHBIM HAMpPSHKEHUEM: C YBEIMYCHHEM OOpaTHOTO CMEIICHHS Ha KOJIICK-
TopHOM niepexoae Uyg mupuHa cinosi 00beMHOT0 3apsiia KOJUIEKTOPHOTO Mepexoaa
BO3pAcTaeT B OCHOBHOM 3a cUeT cyiaboserupoBaHHoi 6a3bl. Ha puc. 7310t adhdekr
IPOWUTIOCTPUPOBAH HA TpHMEpe TpaH3ucTopa P—N—prtuma. Ha stom pucyHke
MOKa3aHO pacrpeielieHue KOHIICHTPAIM HEOCHOBHBIX HOCUTENEH B 0a3e B aKTHB-
HOM peXuMe padoThl TpaH3KUCTOpa (HampuMmep, pacupeaeieHue 1).
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DOMHUTTEp MHXKEKTHUPYET B 0a3y HEOCHOBHBIE HOCHUTENTU. MIX rpaHWYHAs] KOH-
LIEHTpaLys Ha SDMUTTEPHOM I1€peX0/ie

_n) — qUng
pnB (X - O) - pnBO exp kT . (7)
KoJ1eKTop 3KCTparupyeT HEOCHOBHbIE HOCUTENM U3 0a3bl, I03TOMY MX IPaHUYHA

KOHIIEHTpAIMsi CO CTOPOHBI KOJUIEKTOpa B 0aze pnB(X= W) =0. B ToHko#i 6a3ze

KOHIICHTpAIUsl HEOCHOBHBIX HOCUTEJNIEH CMaJaeT BAOJb OCH X MO 3aKOHY, OJIM3KO-
My K smHerHoMy [4]. Auddy3noHHBIH TOTOK HEOCHOBHBIX HOCHTEJCH B HaIpaB-
JIEHUM KOJJIEKTOpPA ONPEAEISAETCS TPAAUEHTOM NX KOHLIEHTPAUH

—_ — pnB ( x=0
Iy =—0S; DngrathB( )9‘_(45 @H—W ,
TI09TOMY TIPU TIOCTOSIHHOM TOKE dMUTTEPA HAKJIOH pacIpejie]eHns] KOHIIEHTPAIUH

N—

HEOCHOBHBIX HOCHUTENEH B 0ase

Pn
OCTAeTCs HEU3MEHHLIM IIPH JIFO- L ——
c 4 g |5 =const =\
BIX KOJUIEKTOPHBIX HAIPSHKEHU- ——
sx. Ha puc. 7 BMIHO, 4TO pOCT é -m1e- —— N
00paTHOro0 CMEIIEHUS Ha KOJIIEK- %7/ . % 2
g ! R g
TOpE MPHUBOAUT K CYKEHHIO 0a3bl £ <
S
<
oTr W 10 W u nanee 1o W' . Ilo- 3 S
X

CKOJIbKY 0a3a cy)KaeTcs 3a Cuer
pacuMpeHus KOJJIEKTOPHOIO Tie-

pexona, To
ow _ ddg
0Uy; Uy
[IponuddepennupoBaB BbI-

ufuguntnimguinguoMuigamonuouuMinon

I, St

AU AT T T OO,
o A A R R

_

" [ X
w w w

Puc. 7. Pacnpenenenre KOHIIEHTPAIIMA HEOCHOBHBIX
PKEHUC UL TOJNINHHBI KOJUICK- HocHUTelNel B 6aze Pp—N—PTpaH3ucTOpa
TopHOTO TIepexona (cM. hopmyiry

(6)) o U, mpu ycnosuu U yg| >> ¢, momyanm

ow _  dg

U 2Ui

CY)KCHI/IC 0a3ml 1o g ,Z[CﬁCTBPICM BO3pacCTaromero KOJJICKTOPHOTO HAIIPSXKCHUA

(8)

IPHUBOJIUT K pocTy Koddduimenta nmeperoca Oy (cM. popmyay (2)) 1 k pocty KoJI-
JIEKTOPHOTO TOKA'
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Ik =aly +1ggo,
31€Ch | g —O0OpaTHBI TOK KOJUIEKTOPHOTO nepexona npu |4 =0.
ConpoTHuBIIeHHE KOJUIEKTOPA fy PEaJbHOTO TPAH3MCTOPA BBIYMCILIIOT C yde-

TOM 3 PeKTa MOYIAUUA TOJIIUHBI 0a3bl KOJUIEKTOPHBIM HAIIPSKEHUEM
1 | Ja ow
=ly— ,
I
M ow 0Uyg

[TockonbKyY Ui CIUTABHBIX TPAH3MCTOPOB O = O, To A0/OW Ha OcHOBaHUU (op-

MyJibI (2) ¢ yaeToM (3) MOXKHO 3amucaTh Kak

oa _ ﬂ+SH3(2W+ W)

ow |12 SOy

Y, OKOHYATEJBHO,
I ﬂ+sl'[3(2w+w5)
Mk Z‘UKB‘ LZB S, By

B pE3YJIbTATC MOAYJIAINWH TOJIIWHBI 0asbl KOJUICKTOPHBIM HAIIPSAKCHUCM B

TPAH3UCTOPC BO3HHUKACT OTPHULATCIIbHAA O6paTHa}I CBA3b IIO0 HAIIPAKCHHUIO, YTO
YUYUTBIBACTCS B APKBHUBAJICHTHON CXEME ICHCPATOPOM HAIIPAKCHUA HKBU K5 B OMHUT-

TEpHOI 11en (CcM. puc. 6,a). BosHUKHOBEHHE OTpUIIATEILHON 00paTHOM CBSI3U IO
HaIpsHDKEeHUIo0 TosicHsieT puc. /. CpaBHHMB paclpesielieHue KOHLEHTpAaIluu Heoc-
HOBHBIX HOCHTeNeH B 0a3ze Uig JBYX KOJJICKTOPHBIX HAMpsKEHUHM MPHU YCIOBUU
| y=const,nerko yBUAETh, YTO POCT OOPATHOTO CMEIICHHUS Ha KOJJIEKTOPE BBHI3OBET
YMEHbIIIEHNE TPAaHMYHON KOHILIEHTpAallMM Ha 3MHUTTEPHOM MEpexojie, W, ClenoBa-
TEJIbHO, YMEHBIIEHUE IMUTTEPHOTO HAIIPSKEHUS.

Koadhdumment oOpaTHOM CBSA3M TT0 HANIPSDKEHUIO MOXKHO TIPE/ICTABUTH B BHJIC
Tpex auddepeHInaion:

HKB = aUgB = 6U3B apnB ( X= O) aW .
ou KB |1 =const 6pn]S (X: 0) ow aUKB

Hatins w3 (7)
0Uys KT 1
apnB(X=0) q pnB(X:O)
U3 T10JI00MSI TPEYTOJILHUKOB Ha pUc. 7

0P (Xx=0) _ p(x=0)
ow w
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a Taxoke UCToIb30BaB (8), s [y MOXHO OKOHYATEIHHO TTOJTyYHTh:

__KTg 1

Uin = —_
g w2Ug|

Jlia omucaHust 3TOW OOpaTHOM CBS3M 4alle BMECTO T'€HepaTopa HamnpsyKEeHUs B

SMHTTEPHOI 11X BKJIIOYAIOT COMPOTHBICHUE I B 0a30ByI0 Lemb (cM. puc. 6,6):

b = "Hgrlk -
aIK |y =const aUKB aIK

3ameHa reHeparopa HanpspkeHus: MgsUygp conpoTuBieHueM I; B 0a30BOil menu
NPHUBOAUT K N3MEHEHHIO COMPOTHBIICHNUS dMUTTepa. Ero HOBoe 3HaueHue Iy MOX-
HO OIpPENENNUTh, CPABHUB IIEPEMEHHOE BXOJHOE HampsbkeHue U,y A1 ABYX KBHU-
BAJICHTHBIX cxeM (puc. 6,a, 6) B pe)KUME KOPOTKOTO 3aMbIKaHHS 110 IEPEMEHHOMY
ToKy Ha Bbxone Uy =0:
R
Usg = lor5 +15 (1-a)rg,
1 — 0 . ) _ 1 "
Usg =I5r3 +15(1-a)(rg +g).
N3 ycnoBust HEU3MEHHOCTH BXOTHOTO HATIPSIKECHHUS
mo_ _
ry=rh-rg(1-a).
BapbepHast eMKoCTh KomuieKTopHOro nepexona Cy ga, MOXET ObITh paccun-

TaHa 1o opmyIie s pe3KOro HECUMMETPUIHOTO Tiepexoa [4]

C — 8HSOqNE
K Gap 2(¢K +\UKB\) :

HpI/I pa60Te TPaH3HUCTOpPA B KAUCCTBC YCHJIIMTCIIA MAJIOro CUrHajla Ha aKTHBHYIO

Harpysky (cm. puc. 6,6) nemnouka Iy Cy 6ap LWLYHTHDPYET COIPOTHBICHHUC HATPY3KH

Ry. C poctoMm 4acTOThI LIYHTHpYIOIIEE JeHCTBHE BO3PACTAET, YTO NMPHUBOIUT K
CHIDKEHUIO Kod((HIIMeHTa yCUIeHHs M0 MOIHOCTU. YacToTa, Ha KOTOPOil K03(-
(ULMEHT yCHJIEHHUsS MO MOIIHOCTH CTAaHOBUTCS paBHBIM 1, Ha3bIBaeTCs MAaKCH-

MaJIbHOW YaCTOTOM T€HEPALUU:

af, a frp

8T|.T1’; CK 6ap 1-a 8T|T11) CK 6ap

max

H ABJBICTCA OOHUM H3 IIaPpaMCTPOB, XAPAKTCPUIYIOIIHNX YACTOTHBIC CBoOlicTBa OU-
MMOJIPHOT'O TPpAaH3UCTOPA.
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Pacuer snemMeHTOB (hHU3MUECKON SKBHUBAJICHTHON CXEMbl U MaKCHUMAJIbHOUN
YaCcTOThl T€HEPALMU CJIEAYET BBINOJIHUTH B pabodel TOUKe, ONpeAeseHHON 3a1a-

HHEM, C Y4€TOM YTOUHEHHbIX 3HaueHuil mapamerpos f, 1 hops.
PacueT BBIXOJHBIX CTATHYECKUX XapaKTEPUCTUK

[Ipy npoBeneHUN MHKEHEPHBIX PACUETOB A0 CUX IMOP MPEAIONarajoch, 4To
TOJIILIMHA aKTUBHOW YacTu 0a3bl paBHA pacCTOSHUIO W MEXAY METaulypruuecKu-
MU TPaHHIIAMU p—HIEPEXO0J0B SMUTTEpa U Koyuiektopa (cM. puc. 5, 6). OmHako
OoJyiee MpaBUJIILHO B KAyeCTBE TOJIMHBI AKTUBHOM 4YacTh 0a3bl UCIOJIb30BATh
TOJIIUHY €€ IEKTPOHEUTPATHLHON 00JIaCTH, 3aKITIOYCHHON MEXKIY CIOSIMU 00BEM-
HOTO 3apsi/ia SMUTTEPHOTO U KOJUIEKTOPHOTO MEPEX010B (CM. puc. 7):

W = W= G — 0.

Jlia pacueta BBIXOJHBIX XapaKTEPUCTUK OUMOJSPHOIO TPAH3UCTOPA, BKIIIO-

YEHHOTO0 10 cXxeMe ¢ 0011eit 0a30ii, MOKHO BOCIIOIB30BaThCS (PopMyIioi

OOpatHBbIi TOK KOJIEKTOPA | o IPU OTKIIFOUEHHOM 3MUTTEPE ONPENENIETCS

AKCTPAKIIMEH HEOCHOBHBIX HOCHUTENECH M3 KBa3UHEUTPaAIbHBIX OOJIaCTEH, Mpuiie-
ralolux K KojulekropHoMy nepexony. [lockoneky Ny >> N, TokoM 3kcTpakiyuu
HEOCHOBHBIX HOCHTEJIEH M3 KOJJICKTOPHOW 00JIaCTH MOKHO MPEeHEeOpeyhb MO CpaB-
HEHUIO C TOKOM dKCTpakuuu u3 6a3pl. OnHako mpu ycaoBuu Wy << Ly komnekrop-
HBIM nepexon 3(pQPeKTUBHO cOOMpPAET BCE HEOCHOBHBIE HOCUTENM, BO3HHUKIIUE B
pe3yibTaTe TEIUIoBoM reHepanuu B 6asze [4]. CkopocTh TEIJIOBOW I'eHepaluu He-
OCHOBHBIX HocHTened B 6aze Ngy/Tg, 00beM, B KOTOPOM MPOMCXOIHUT TEIIOBast

reHepanus S¢ W, o3TomMy

o =S MNeu b (10)
53
C yueToM Mpo1eccoB reHepaluyd HOCUTENECH B KOJUIEKTOPHOM MEPEX0/1e
lkso =lko +1 ek (11)
a TOK reHepaiuu | gx paccuutsiBaercs mo Gopmye [4]:
Lok =Sk %- (12)

-21 -



JIns mOoCTpOEHUs BBIXOAHBIX CTATHYECKUX XAPAKTEPUCTHUK IPOEKTHPYEMOIO

TPaH3UCTOpa TOJILIMHA aKTHMBHOW 4acTH 0a3bl Wy paccUUTHIBAETCS O€3 yueTa u3-

MCHCHUS HAIIPSDKCHUS Ha OMUTTCPHOM IIEPEXOJiC. MIMPUHA CJIO 00BEMHOTO 3aps-

12 Ha SMUTTEPHOM Iepexoze mpu aodom U, nmonaraercst paBHoi dy (ero mmpuse

npu U =0):

W5 = W=t ~ Q.

(13)

Pacuer xapakTepucTUK MPOBOAUTCS B MPEAMNOJOKEHUH, YTO TeMIlepaTypa Moiy-

IPOBOJAHUKOBOTO KpucTaiia coorsercTByeT 300K.

Ajroput™m pacuera 6asupyercs Ha dpopmyinax (2), (6), (9) — (13)dus Beimo-

HEHHS pacyeTa CleyeT HCII0JIb30BaTh HCXOHbIE NaHHbIe (Tabm. 3) .

Tabnuma 3
Hcxomubie JaHHBIC K pacyeTy
Enununa
I'pynma BBoaumas BenuunHa O6o3HaueHUE
U3MEpEeHUs
| KoHnuenTtpanus Hocuteneil B 6ecripuMecHOM n o3
|
MOJTYTIPOBOTHUKE
KoHneHnTpaius HEOCHOBHBIX HOCHUTEJEH 3apsaa -3
NBH cM
Bpemst )xu3HU HEOCHOBHBIX HOCUTEINEH B 0a3e . .
b
Huddy3nonnas aiMHa HEOCHOBHBIX HOCUTENCH
LB cM
B Oaze
Koaddumument auddy3nn HEOCHOBHBIX >
o DBH cMm/c
HocuTesel B 0aze
Il CKOpOCTh MOBEPXHOCTHON PEKOMOMHAITUN
S cm/C
[Tmomaae smutTepa 2
S cM
[Tmomaap KoIekTopa 2
S cM
D¢ dexkTuBHAS IJI0IIA b TOBEPXHOCTHOH pe- S o
KOMOMHAINN
1l TosmuHaa akTUBHOM 4acTH 0a3bl
w CM
KoHTakTHas pa3HOCTH MOTEHIIUAJIOB o B
K
Ha p—nmepexoe
[[upuHa p—rtnepexona B OTCYTCTBUE BHEIIHUX q
. 0 CM
HANPSOKEHU T
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Bce ncrnonb3yemblie BeTUUMHBI pa30UThl HA TPU TPYIIIIHI.
[Ipu pacuere CTaTUYECKHX XAPAKTEPUCTUK HE3aBUCHUMOW NEPEMEHHOW SIBIISA-
eTcsl KOJUIEKTOpHOe HampsbkeHne Uy, a mapaMeTpoM — Tok sMutTepa |, 11 Ko-

TOPOTO 3aJAF0TCS TPU 3HAYCHUS.
I'padux nomxen coxepxars He MeHee 15 map Touek (U, | ): cempb u3 HUX

COOTBETCTBYIOT aKTUBHOMY pexxumy padoTsl (U >0); ceMb — pexxuMy HacblIIIe-
s (U <0); n Uy =0 —rpannyHoe HampsHKeHUe U1 9THX PEXKUMOB B CXEME C

o01ieit 0a3oii.
I'padyikr MOKHO CTPOMTH C ITOMOIIBIO JIFOOBIX ITPOrpaMMHBIX cpeacts (Excel,
MathCad, MATLABwu np.)

HHOPAJOK 3AIIIMTHI U TPEBOBAHUA
IPU 3AIIIUTE KYPCOBOM PABOTBI

3a BpeMsi KypcOBOTO MPOEKTUPOBAHMS MPOBOJAATCS JBE KOHTPOJBHBIE MPO-
BEPKH JIJIsI 00CCTICUCHHS] CUCTEMATHIECKON paboTh CTyIeHTOB. CPpOKU U CoaepIKa-
HUE KOHTPOJBHBIX MPOBEPOK YKa3aHbl B 3alaHUM. VX pe3ynbTaThl 3aHOCITCA Ha
KapTy KOHTPOJISl U YYUTHIBAIOTCS MPHU BBICTABICHUH UTOTOBOM OIICHKHU 33 KypCO-
BYIO paboTy.

BrimonHenHas cTyAeHTOM KypcoBasi paboTa MpeACTaBIseTCS HAa MPOBEPKY
PYKOBOJIUTEINIO B CPOK, YKAa3aHHBIN B 3aJJaHUU.

3amuTa KypcoBOil paboThl MPOBOJUTCS TEpesl KOMUCCHEH, Ha3HAYeHHO 3a-
BeayrommM kadenpoit. [Ipu 3amuTe paboThl CTYASHT JODKEH YMETh 00OCHOBATH
BBIOOP TOTO WJIM MHOTO PEIICHUs MPH MPOEKTUPOBAHUHU MpHOOpa, MOHUMATH (Pu-
3UYECKUI CMBICH PACUYETHBIX (POPMYNI M 3HATH JOIMYIIEHUS, IPU KOTOPHIX OHH
CIIPaBEIJINBHI.

KypcoBast paboTta oreHuBaeTcss MO CIEYIOUIEH COBOKYIMHOCTH (aKTOPOB:
riyOuHa 3HaAHUH, MPOJAEMOHCTPUPOBAHHBIX CTYICHTOM BO BPEMS 3alIUThI paOOTHI,
00BEM M KauecTBO MPOJEIAHHOW pabOThl, CUCTEMATUYHOCTh PAaOOTHI, aKKypaT-
HOCTb B €€ o(popmIIeHU .
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OBIIUE TPEBOBAHUSA K COAEPKAHUIO U
O®OPMJIEHHIO KYPCOBOM PABOTHI

['otoBasi kypcoBas paboTa JOKHA COACPKATh IMOSICHUTENIBHYIO 3alUCKy H
rpaguvecKyro dacTh. [losICHUTENbHAS 3aMyCKa BKIIOYAET TUTYJIBHBIN JUCT yCTa-
HOBJIGHHOT'O 00pa3iia, OrjaBJieHHUE, 3aJlaHKe, NepeueHb MPUHATHIX B paboTe 000-
3HAYEHUH, OCHOBHYIO YacTh paOOThl U CIIUCOK JIUTEPATYpPhl, UCIOIB30BAHHON MpHU
€€ BBIIIOJIHCHUH.

OcHoBHas 4yacTh pabOTHI TOJDKHA COJEPKAaTh KPaTKOE BBEJCHHE C MOCTaHOB-
KOM 3aJ1auu, MoJpoOHBIN pacuyeT U 000CHOBAHUE BHIOOpPA KOHCTPYKIIUH AJIEMEHTOB
MIPOCKTUPYEMOTO TTprOOpa U 3aKITIOUEHUE.

[TosicHuTENBHAS 3aMMCKa BBITIOJHIETCS HA OJHOM CTOpoHE jucta Oymaru ¢op-
mata A4 (210x 297).

['paduyeckas yactb KypcoBOM pabOThI JOJDKHA COCTOSITh U3 ACKM3HOIO YepTe-
’a CTPYKTYpPHhI, BBITOJIHEHHOTO B JIBYX MPOCKIUAX (BHI CBEpXY U pa3pe3), 30HHBIX
SHEPreTHYECKUX auarpamMm (B OTCYTCTBHE BHEIIHMX HAIMPSKCHHH WM B 3aJaHHOM
PEKHUME TI0 TTIOCTOSTHHOMY TOKY) M BBIXOJTHBIX CTATHCTUYCCKUX XapaKTCPUCTHK.
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[TPUJTIOKEHUA

1. OcHoBHbI€ 1eKTpodU3HYecKHe TAPAMETPHI FTePMAHUS U KPeMHUSA

Taomnuma I1.1
Marepuan [upuna Konuenrpauus Hocutenen JuanekTpudeckas
3anperieHHoN 30HbI B OecripuMecHOM MIPOHHUIIAEMOCTb £y
npu T = 300K, »B MTOJTYITPOBOTHUKE, I, M
I'epmaHnii 0,67 2,410 16,3
KpeMmmuii 1,12 1,910" 11,7

2. MOHOKpPHCTA/UIHYECKUIT TepMaHuii

['epMaHnii MOHOKPUCTAJUIMYECKUN TTPOU3BOJUTCS B BUJIE CIUTKOB C N-TUIIOM

3JIEKTPONPOBOTHOCTH (JIESTMPOBAHHBIX CYPbMOW) M C p-TUIOM (JIETMPOBAaHHBIX

raJiTieM).
[TpuMepb! yCIIOBHOTO 0003HAYEHHSI MAPOK TePMaHHS:
I'9C 511,
Ar 545,

rne mnepsas OykBa ' o0o3HauaeT repmanuii; Bropas Oyksa 3 (wmm [[) o6o3Hauaer
THII 3JIEKTPONPOBOAHOCTH; TpeThsi OykBa C (uu [') — merupoBaHHbIN CYypbMO HITH
rajulieM; 5 —HOMHMHAJ YAeNbHOro comnportuBieHus, Omldm (cm. tadu. 11.2.3); 1, 1
(nmm mpyrue OyKBBI) — pa3Opoc yaeiabHOro compoTuBieHus; 1, 5 — 3HaueHue

IUIOTHOCTH JUCJIOKAIHN.

Tabmuma I1.2.1

Homunansr YACIABHOTO COIIPOTUBJICHHUA I'CpMaHUA

Wurepsan ynenpHoro | Illar usmMeHeHrs HOMHHATA YACIEHOTO
conpotusieHus, Omldm conpotusieHus, Omldm
0,0001 ... 0,001 Yepes 0,00005
0,001 ... 0,01 Yepes 0,001

0,01...0,1 UYepes 0,05

0,1...1,0 UYepes 0,01

1,0...10 UYepes 0,5

Bonee 10 UYepes 1
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Taonuua I1.2.2

Juddy3noHHas JyIMHa HEOCHOBHBIX HOCUTENEH B FrepMaHuun

VY ienpHOE CONPOTUBIICHUE, Huddy3nonnas qinHa, MM, HE MEHEe
Owmldm TIBIPOK JJIEKTPOHOB
0,24 ...0,5 0,3 0,3
0,5...09 0,4 0,5
0,9..25 0,5 0,6
25..4,2 0,8 0,8
4,2 ...16,0 1,0 1,0
16,0 ... 36,0 1,2 1,2
Csoiie 36 3,0 3,0

Tabmauma I1.2.3

[TapameTphl CIUTKOB MOHOKPHUCTAUINYECKOTO T€PMAHHUS

Paz6poc ynensHOTO [TnoTHOCTH
NHTepBan HOMUHAJIOB .
Jlerupyromas | compotunenus, %, JOHUCIOKAINH,
YOEIBEHOIO 5
pUMeCh He Ooltee cM -, He Oostee
conpotusienus, Omldm
a|l0| B |r|nQo 1 5 6
0,003 ... 0,01 Cypema | - | 20| - |15| - | s;0 - -
0,01...0,1 -l 20 - |15| - | sm0Q* | s50C° | -
0,1...6,0 -l 20 - |15] - - 510° | 10
6,0 ... 15,0 -| -| 17,515| - | sm@* | 5010° | 10
15,0 ... 45,0 2520 - |15 - - 510° | 10
0,0001 ... 0,001 Tannumit - |20/ - |15/10| sm0 - -
0,001...0,1 - 20 - |15/10| s510* | 5110° | 10
0,1...6,0 -l 20 - [15/10] - 510° | 10
6,0 ... 15,0 -l 20 - |15/10] - 510° | 10
15,0 ... 45,0 -l 20 - [15/10] - 510° | 10
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3. MoHoKkpHcTANIMYeCKHMIT KpeMHMii

B coBpemMeHHOM MPOM3BO/ICTBE OCHOBHBIM METOJIOM ITPOU3BOJICTBA MOHOKPH-
CTAJTMYECKOTO KPEMHHSI OOIINEero Ha3Ha4YeHHs sBiIeTCd MeToJ YoxpalbCKoro
(p < 2500Mmldm). DTHM METOJIOM BBIPANTUBAIOTCS CIIMTKHA KaK C N—THUIIOM, TaK H C
P—THIIOM 3JIEKTPOIPOBOHOCTH.

[Tpumeps! ycIOBHOTO 0003HAUEHUST MApOK KPEMHUSI:

1A5K/Ib 7,5/0,1-40;

1A4 KDd 5/0,1-40,
rae 1A —mapka kpemuus; 4,5 (@ apyrast nugpa) — rpymmna mapok; K — kpemHwmii;
D (wm 1) — taun snektponpoBogHocTH; b, @ — mpumeck 6opa wim docdopa;
7,5 (m gpyrue 1udpbl) — HOMHHAI YAEIBLHOrO compotuBieHus, Omldm;
udpbl, CTOAIINE MOCIE KOCOM 4epThl — MUHUMAaJbHOE 3HaueHue nuddy3noHHON
mHbl (Muddy3uoHHas UTMHA HEOCHOBHBIX HOCHTEJCH 3apsijia JJisi BCEX MapoK
KpeMHus MokeT npeBbimath 0,11m60 0,2 MMm); nudps, crosmue mocite neduca, —
JUaMETP CIIUTKA, MM.

Tabmuma I1.3
MOHOKpHUCTAIITMYECKUI KpEMHHI 00I1eT0 Ha3HAuYCHUS
Hurepsai yneapHoro | Pazopoc ynens-
[InoTHOCTH Jlerupyromas
Mapka | I'pynna CONPOTUBJIEHHS], | HOTO COIPOTHB- .
JUCIIOKALUN, CM MIPUMECH
OmMmldm nenust, %

1 15 10’ - 210*

2 15 2010°
1A 3 1...15 20 10°- 210° docdop, 60p

4 20 2110°

S 20 10

6 15 10

1 20 10° - 210"
2A 2 15 ... 25 15 2010°

3 20 10
2b 1 25 ... 40 20 5010* docdop
2B 1 40 ... 75 20 510
2r 1 50 ... 150 25 510
211 1 100 ... 250 30 510"
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