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YHK 621.382
BBK 32.852
Ji12

benscrus A5, bepesosekyii B.K., Banenko B.C., Jpobor C.B., Aypae-
pa I I, Menprukos B.A,, {lyrwmna B.H., Pycakorme B H., Tkauenxo O.A.,
Xaugorus M.C. JlabopaTopHBl NPaKTHKYM MO Kypey "JNIeKTpoHHBE Npnbo-
Pot" IR CTYZEHTOR BoeX cmeipiatexocte#t Bl VHP. B 2 Y, 9 1. AXTHBHEIE KOM-
[IOHEHTHL TOXYLIPOROXHAKOBOH ek TpOHAKH. — Ma.: BI'VUP, 1999, —- 51 ¢,

JlaGopaTOpHBH OPAXTHKYM II0 XYPCy “INERTpoHHEie NpAOOPH” BIIOYa-
er 13 naGoparopuaeix paboT, BEINONHAEMBIX CTYAEHTAMY B COOTBETCTBMM C
yueGHAIME NIaRamMHi B TIporpaMMamu crienuansBocTedi BIYWP, Marepran o
Kax ol paboTe COAepXUT KENb, KPATKUE TEOPLTHUSCKHE CReABHMUS, METOHYE-
CKME YKa3aHWi M NOPSA0K BEIOICAHeHHA paboThl. '

B ItepBy10 9acTh HACTOSWIETO NPAKTAKYMA BOILIH JabopaTopHele paborsl
o HcclenoBaimo NPpHOOPOB NOMYNPOBOAHMKOBOM SnekrpoHaxs. Bropas
YacTh BKM09aeT paboTh mo WCCNeJOBAHHIO AHAIOIOSLIX H HMITYNECHLIX yoT-
pPoOHCTR.

[IpemsazHageH A ¢TYIEHTOR Beex cilellpansaocteii BI'YHP,

©  Konnexrns asTopoB, 1999



Ob6nxe MCTOAHYECKHE YKAIAHHA

JieBoparopukic 3aHATHA [O Kypcy "INEKTpOHHEBIE NPHOODLI" LPOBOAATCA
dpoHTadbHEIM MeTGOoM. Ha mepsos 3aHATHH CTyneHT AC/DECH NPOHTH HHCTPYE-
TaXK 1Mo TexHUKe 0e30nacHOCTH, 03HEKOMMTECH ¢ NafoparopHEIM CTeHIOM H mpa-
BHJIAMH BRINOJTHEHUA AalopaTropHEIX pabor.

Ilpu mogroToBre K maboparopHof pabote HeaOX0aHMO!

H3YIHTE MATEPRAN 110 PeXxoMeHyeMoH IHTepaTypeE,

BBIQTHETE HeoOX0AKMELe IIpe/RapHTENLHEIE PACYSTEL

HecregoBadngd MPOBCIATCA HE YHHBEPCATBHRX JTab0paTOpHEIX CTEHIAX,
coflepXalux HeoOXomuMEIC WIMEpHTeNbHAIE ITPHOOPEI M HUCTOUHHKMA MHTAHM.
[Ipy MOAKITIOYCHHH HIMEPHTENBHEX IIpHOOPOB, PACTIOIONEHHRX HA BePTHKANE-
HOH TaHeH cTeHdd, HeoOXouMe ofpAINaTE BHHEMAHWE Ha IOJSPHOCTE IPHGOPOB
d COOTBETCTBHE BHIODAHHOIC NpeAena niMeperli OXAAzeMOMY 3Ha4YeHAI0 H3Me-
pAcMOA BETHIHHEL.

COopga cxemsl NPOH3BONWTCA IPH BEIKIOYCHHHIX HCTOTHHKAX FATAHHA.
Haopsxelre MUTAHAS BKIMOTAETCS TONBKO [IOCHE NPOBEPKU e¢ JafopaHToM wiM
npenozabateneM. lepey BKmoycHHEM OROKa MHTAHRA PYSKH BCEX PErynHpOROd-
AKX [TOTEHIMOMETPOB JODKHEI ObITE NIOBEPHYTH! HOPOTHB YacCOHOM CTPENKW NO
yIopa.

Omacapas LOTIOTHKTENLHOK PEAHOA3MEPATEIIBHOH alHapPATY 5
(aneKTPORHEIE OCLIAMNOrPasl, FeHEPATOPHl, BOXETMETPE M NIP. ), NCTIONR3YEMOM B
paboTax, HMeroTCH Ha KaXA0M paDodesM MecTe & BHIE AHCTPYKLHH,

CxemH HccllefyeMBX YCTpOHCTB, W3MEPHTEIbHEIX YCTAHOBOK H TpadmKn
FKCTIEPAMENTANBHEIX XaPAaKTEPWCTHK BRIIOAHAIOTCH B COOTBETCTBUM C TpefoRa-
musvi BECKJL

[To xaxzo# punonnenrod naboparopiolt pabore cTyneHT moIKeH COCTa-
BHTb OT4eT ¥ NMPESCTABITH 10 NPENOIABaTeNI0 K 3alliTe HA CASMYIOIMEM 3aHATHA
B naGopaTopHi.




JJABOPATOPHAA PAEOTA Ne i
UCCNTEIOBAHHUE IOIYIIPOBOIHUKOBEIX JJTHOOOB
Llens paboth

i. ViayIuTE yeTpoHCTBO, IpHRGHN FelicTBHS, CHCTeMYy obosmadenuii, napa-
METpPHI # XapaKTEPHCTHYH NONYNPOBOAHHUKOBEIX AHOAOB, 001aCTH HX IPHMEHCHYA.

2. IKCOCPUMEHTANIBHO HCCASAOBATL BOIBT-AMICDHEIE XAPAKTEPHCTHKH
(BAX) aHofOR, YKa3aHHKX B KAPTOYKE 3alaHMs, # PACCUHTATH M0 H3MepeHHRIM
XapaKTepHCTHKAM MX TPeByeMbie TIapaMeTphl.

Kpatkue TeopeTayeckre CBeACHANA

IMonypOBOAHHKOBEIM MOROM HAIKBAIOT 3NEKTpPoONpeobpazOBaTENbHRI
mpubop ¢ oMM (MM HEeCKONEKHMM) BRNIPAMASIOUIAM JIEKTPHYECKHM IEEPeXo-
JO0M B ABYMY OMWYSCKHMH BRIBOJAME ANA DOAKMOYCHHUA K BHemHeH uenw. ITpun-
qrn pabors GONENTAMCTEA JMOAOB OCHOBEH HA HGOONH30BAHKH $H3AICCKEX HB-
JeHKHE B p-n-Oepexone.

Heoasi k1aCCHHMIMPYIOTCH: 00 MaTepaany (TepMAHUCELIC, KPeMAHEeREIE, apoe-
HHA-TAIMeREIe), CTIpPYKIype LOepexofa (TodeduHke, IUIOCKOCTHRE), HAHAYEHHED
(BBIIPAMMTE/BHEE, AMITYIIECHBIC, CTACHITATPORS H T.1.); AHANAB0HY 9ACTOT (HAZKO- |
BhICOKOYACTOTHEIS); BHIY BOMET-AMIIEPHON XapakTepHCTHIGH | 1.7,

B 32BACHMOCTH OT TEXHOMOTHESCKHX IPONECCOR, ACTIONEIYEMBEX HOpE W3NOTOBIe-
HHMM /HOMIOB, PASIAYAIOT: CTURARHEE, AHhdyIHOHNBE, TNRAPHO-3IATAKCHABHBIE IHO-
ABl H BX PasHOBHIHOCTH. Y CTPOHCTRO IIOMYIIPOBOAHAKOBOTO (A0, HITOTORICHHONO 1o

IaHAPHO-3IHTAKCAAIBHON TeXHONOTHH, DpHABe-
p-n-1epexcd IMUMMEp  pero napuc. 1.
SiQ2 BONBMEKHCTBO  IONYOPOBOJHHKOBEIX
Bba3za ZFHONOB BLIIOMHAIOT Ha OCHOBE HeCHMMET-
PUYHHX p-n-ICPEXoioB. B kadectse crpyk-
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e imici TYPHRX JNEMCHTOR NTHOOOR HCIEOITL3IYIOT TaK-
R L R T xe p-i-, D-i-IIEPEXOABI, TEpeXob MeTan-
U NOIyIPOBOARAK, P -p-, P’ -N-NIEPeXO/Hl, IreTe-
Pac. 1 ponepexoasi. H3roToBIAIOTCA TAKKE AHOUA! C

p-i-n-, p'-p-n- 1 0" -n-p-CIPYKTYpam.

Bes cTPYXTYpa ¢ SACKTPRYECKHM HEPEXO0M 3aKIIOYAcTCH B METajyrMgea-
CKHH, CTeKIAHHEIH, KepAMIIECKHH AIM [IaCTMACCOBRA KOPITYC N HeKIIOYeHAs
BIHAHAR OKpYyXatouied cpenki. llonynporoaHukoBEie THOAK H3ITOTOBASIOTCH KAK B
IWCKPETHOM, TaK K B HRTEIPANBHECM MCHONHEHHH,

" i Sl oaac. . . ML . A .
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Cucrenma obo3Hagedal TONYNPOBONHAKOBELY, AHOZ0B

Jinga MapKHUpPOBKH NONYNPOROAHHKOBRIX AHOAOB HCHOAb3Yercad OYKBEHHO-
mudposas cucTeMa yCloBERIX 0bo3Havenuit cornacro OCT 11.336.919-81.

[lepuniit aneMesT — Oykea m orpa, XapaKTepu3Iver HCHONE3YeMEIR MaTe-
paan; I'(1) - repmannii (Ge); K(2) - xpemumdi (Si); A(3)— rannmi (Ga) u ero co-
empmenus; W(4) — wrxmit In & ero coenmrenns. Bropoi aneMeHT — Gyxsa, xapax-
TepA3yeT TAN AMosa: N — srmpaMerensbif; B — Bapukan; M - Tyarenesmili 0 06-
pamersni; C — cTabMARTPOHE B cTabucrop; J1 — manyqarommi cretoqson. Tpermi
SNEMEHT ~ IM(pa, xapakTepAsyeT HazHadeHWe Owopa. Hanpuwep, ana guoaon
ipyoms ) 1 — BRMpsaMHTeNSHERE ManoMomHEEe (Tox g0 300 MKA), 2 — BEOIpAMHE-
TeNBHEE CpeHell MomHEoCcTH {TOK A0 10 A); 3 — quoxe: OoNbLHIOH MOITHOCTH (TOK
ceamme 10 A); 49 — muoas! HMIOYIRCHEIE C PasiffHRIM BPEMEHEM BOCCTAHOBNE-
#iy, YerpepTeii aneMent (2-3 updprr) — soMep paspabotka {118 crabmTposa —
HallpsokeHAe cTa0HIA3anme B JECHTRIX JOMAX BOJmTaA). Tt 31emenT — Gyxpa,
XapaKTepu3yeT BApHAHT 10 [TapaMeTpaM.

I'paduueckre oDO3HAYCHUA MNOMYNMPOBOAHMKOBEIX AROIOB HA DACKIpHYE-
CKHX IPHHIHITHATLABIX CXEMAX MpeAcTABAEHR HA pHC. 2.
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Prc. 2. Tpagmaeckac 0bo3HaueHAA ROTYIPOBORHAKORHX JHOROB.
1 — obmee obosnadenne (BRITPAMHTENLHEIR, HMIYALCHRIN, BRICO-
KO9aCTOTHHY AHOR); 2 — cTabmmmTpon; 3 — gByxasofHkik crabn-
NHTPOH; 4 - TYHHenRHER maon; 5 — obpamenunifi mHol; 6 — BapH-
kaf;, 7 — cheTomnoy; 8 — dotonuox

BoORbT-aMIEpPHAS XapaKTepHCTHKa, Npobol B
o0NHe DapaMeTPsl JHOTOB

Ecmi X BRBOZaM JHOAZ NONKIKTEH WCTOYHMK BHEHIHErO HANPSKEHHS
IWocoM K aﬁm, TO O} BYIeT BROTHOYSH B IPAMOM Ha-
OpapjeHEn, A 9€pe3 Hero GYAeT OpoTeKath IHAYHTENEHAIN HIDKeKUHOHHRE TOX,
A43RIBaeMBIH OpavEM ToxoM. [ipy H3MeHeHWH NOJSPHOCTH BHEMHEro HALPIKE-

HHA Ha BEBOAAX AHOMA Ha 0BPATHYIO (IUTOC Ha KATOAE, MAHYC Ha aHoye) ol Oyner
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BKIKO4EH B 00paTHOM HalpasaeHdH, B 3ToM ciydae vyepe3 AHOK NMPOTEKaeT HesHa-
yyTenbHBI MO BeMWIHHE TOK, HA3HIBASMEOE OOpatHBEIM TOKOM, 00ycxoBaeHHDIM |
SKCTpaKiiuell HEOCHOBHAIX HOCHTENEH 3apana wepes INEXTPHYCCKHH nepeXOon. :

3aBECHMOCT: TOKA, MPOTEKAIOMEro Yepe3 AHOM, 0T BeNWYHHE H NOMIPHO- )
CTA TPHIOKEHHOTO K ero BLIBOAAM BHEINHEeTO HANpRKeHHS HA3bIBAeTCH BONAT-
aMIlepHOR XapakTeproTakol qHoxa:

gu
I=14 ek —1], (1)

rae Uy = kT/q — TemneparypAui noreHiwan, pauki 26 MB npn T=300X; I -
oGpaTHEl TOK HACHIIeHEuR. YpasHernne (1) HasmBaT TeopeTEHecKol Wi WRa-
razuposanAci BAX mWopna. B HeMm He yduTeHo cyMMapHOE ConpoTHBIeHKE 0azsl,
OMMIECKHX KOHTAKTOBR H BRIBOJOB XHO/A . C Y9ETOM 3TOTO COTPOTHRICHHS pe~
aneuast BAX ndona nMeer BHn :
a(U-nl) ‘

I=13 e kT .
)

Ha puc. 3 myricrapom m3obpareHa TeopeTHISckad BAX, a CrutomInol mi- 3§
Hueit —~ peampbHag BAX. H3-3a cynlecTBEEHONO pasiy<ms 3HAUSHHAN [IPAMOTO K of- |
PaTHOTC TOXKOB H HANPMKeHHH TIpAMble B 0bpaTHHE BeTBH BAX mMeror pasimy- 3
Brii MacioraG. lpsamas Bersy BAX, xax cnepyer u3 (2), CABEMyTa B CTOopony 3
GONBIIMX IPAMEIX HampsDKerui TpH Iy, = const. Paamrane Mexry Teopermdeckol
¥ peansuolt BAX B obnacty ofpaTHeIX HanpspkeHuid oGyCNOBIeHO HeYHTEHHOK B

(2)

(1) u (2) remepauueft HocuTeneit zapana B wepexoge. Ilostomy o6, He OcTaeTes
IMOCTONHHEIM, 3 MEJEHHAO BOIPACTACT ¢ POCTOM Ugﬁp. Bonee Toro, Ipu JoCTHNKe-

HHM HEKOTOPOIO KPHTHYECKOPO SHaviedHsa Ugsp TOK Ioﬁp HAYMHAET pe3ko pactH
NPH MOYTA HCH3MEHHOM OOpATHOM HAaIpPSIKCHHH. D10 sEjiENHe HAIRBAETCA po- |
Goem nepexofia n;ﬂuna (pHc. 3, KpuBas a). 1
- PazmadaloT ABa BHIe Opobos: IMCRIPHESCKAN Mpoboii u Terronod, B caoio ]
o4epeb JMEKTPHYCCKMI Tpobol nenrTcs Ha nasﬂl{im:ﬁ A TyHHEBHED, Jlasuauent ;
npofofl XapakTepes AnNs WMpOXuX mepexoros. Eom pnwsa ceobomsoro npobers
HOcHTeRER 3apA/ia MeHbIIe MHPAHLI Bepexoja, 70 APH JOCTATOIHO GONBITHX 3Ha-
weHraX Uggp (0T 7 10 400 B) Hocrrem 3apsiia mpuoOpeTaloT KHHETHIECKYIO JHep- :
[0, HOCTATOURYIO OJIS PA3BATHE JAEMHOOOPa3HOTO NMpoHecca HOHM3AIHE aToMOs 4
IONMYNPOBOAHEKA, ITO H BEBHBACT Pe3KHH POCT TOK2 IPH MOYTH HeM3MeHHOM Uggp. |
Tyunemssui npobolt pazR¥BacTed B Y3KUX GEPEXONEX NP CHALHOM 3NCK-
TPHYECKOM TTONE 33 C¥eT TYHHEJIBHOTY NMPOHHKHOBEHWS YMepes TOHKHHA NOTeHNM-;

&




aNMBHER Gapsep 3eXTPOHOB H? BANGHTEOH 30HH oaHoil 00NACTH B 30HY TPORONH-
MOCTH Apyroi Oe3 H3me-

" dnp, MA f HEHWS IHEPTAM.

S Tennorof. .. opofiof .

BDSHHKHET . BCTCDCTBREE

ﬂepeerBa snempmecxu-

=

'TO HEpexofia TPOTEKalo-
IDM UEepes HEro TOKOM
[P HEAOCTATOTHOM Teil-
02 04 06 08 UpB noorsoge. 3a cuer TepMo-
reHepalil  HOCHTeNe#d B

MEPEXOIE PE3KO BOIPAG-

Tobp, MKA TaeT TOK, 9T0 BESIST K eLle
+ GoNBINEMY pa3orpeRy ne-
Puc. 3 pexona. Ecnm temmepary-

pa ILepexofa TIpEBLICHT

HNONYCTEMOE 3HATEHHE, CTPYKTYPa HepeXoja NpeTepuenaeT HeoDparHMble W3Me-

HEHRS, ¥ JHOA BRIXOAHT U3 ¢cTpod. Ha yqacTke Tennosore npobos (puc. 3, xpasasn 6)
Uopgp ymeHbIIacTCH p# 503pactanui Logp. 1lpa docraroaso GobImax RPAMBIX TOKAX

L TaKoKC MOKET PA3BHTECH TSILIOBOH IMPOGOH, eciTv He OrpaHHIHTh ip.

Bemrauny K, =1, /.6, =¢""/UT 551 pesumacor KO>PDHIHEHTOM Bhi-
NPAMTeHHS (XapAKTEPHIYET O{HOCTOPOHHNE XapakTep TPOBORHMOCTH TRGAR, T.K.
Inp > Togp ) -

Ha BAX mmoia cymecTREHHO BAHACT TeMIiepaTypDa OKpYXawlned cpefs

{prc. 4). C pocToM TeMIepaTypsl TOK lg Bo3pacTaeT Mo 3KCTIOHEHIMANLHOMY 33-
_AW

kony e KT , re AW — IIMpUR2 3apeIIeRsoN 30HEl MATepUANA IO IPOROHMKA,
B mreHepHRIX pacdeTax [OJIAraioT, ¥T0 TOK I ynsamsaercd Ha Kaxnwe 10 °C B

TEPMAHBEBEIX JHONAX, 8 B KDEMEMEBBIX Ha KAX{EIe 7 °C.
Temeparypﬂue H3MEREeHAN PIMOT0 TaAeHAS HATIPSDXCHA Ha SHONE OHe-

. AU,
HHBAIOT mepmypm Koo dEDEeHTOM Haupmem TKH =~ ﬁT

Irlp = gonst. B pacuerax ero NPEHAMAIOT PaBHBIM ~2 MB/°C.

Bce Ia0p] XApaKTEpH3IVIOTCE OOIIHME NapaMeTPAMH, K KOTOPhIM OTHOCATCS!
pabodiil THATA30H TeMITCPaTYD,;

HDOUYCTRAMELH UPAMOH TOK Iy makey TPH KOTCPOM TEMIEPATYpa MEpexofa
focraraer Tyaxc)

IIpH



monycrumee obparhoe HANpKeHHe Uo6p make, TPH KOTOPOM HE [IPOHCXO-

AuT npobog p-n-gepexona,
T3>T2 > Ti o6ErTHO Ugtp waxe S 0,8Urp;
NOFYCTIMAR MODIHOCTE,
pacceMBacMan Ha IUOJE

-

M Inp, MA

Tn Makc _Tﬂ

— p

Pn MARC T ' R » TAe
T

! Rt — Temnmosoe cOUpOTHB-
Ua Us Unp E neHne MEPexoAa, XapaKTe-

PM3VIOIMEE YCIOBHA TEMNO-

{JoBp, B

T1

Ta orpona, obweHo RT ompe-

HENASTCH IKCHOEPHMEHTANS-
| ot MKA HO ¥ OpPHBOOUICE B CIpa-
Puc. 4 BOTHHEAX,

' npaMoe B obparaoe

CONPOTHBIICHHA AHORA OCTOSHEOMY TOKY
Unp | _Yosp
= p — 1 ]
obp
upsAMoe H obparHoe ,umbtbepeﬂunaﬂlmme COTIPOTHRACHNA (CORPOTHBACHNAS
nepeMeHHOMY TOKY)
AU AU 564

bnp = i o8 =51

Kpome 0o0mpmx nmapamMeTpoOB HexOTOPHE BUIH AUOIOB XapaKTEpH3YIOTCH
CCLUMATLHBIMI NAPAMETPAMH, IPHCYIHMH TOIBKO 3THM IMOHaM.

R

Ro6

np ]-ﬂp

BRTpAMHETENRHEIE A0

- TipeanasHadensl is IpecbpasoaHAE [epeMeHKOrD Toxa ¢ dacTovol
or-30 e~ 26000 Tn B My TSEAPYIOLHH ToK OJHOTO HANPARICHHT H MMPOKO HC-
NONBE3YIOTCS B BCTOYHMKAX MATAHHA PaoHOIAEKTPOAHON aIliapaTyYphl PaIMIHOID
Ha3Aa4eHHd. B KayecTBe OMyIIPOBOARMKOBOI0 MaTepnana ANnd TAXuX JHUOL0B He-
HONEIYIOT KpeMHHM, pexe repMaHuii # apceH®y rayiud. IIpAHIEHO paboTel BhI-
NPAMETENPHEIX AHOAOB OCHOBAH HA BEHTHILHOM CBOMCTBe p-n-nepexoga. densres
Ha ZHOZEI Manoif, cpexseit u Oonabmol MOHIHOCTH, JIROIEl Maloi MOITHOCTH
MpeHasHade sl A0S BRIOpAMAeHnd Toxos qo 300 MA, cpefsedt i Gonpmol Mon-
HOCTH~ JUIS BLIIPSIMIIEHHHE TOKOB cooTBeTcTBenHo of 300 MA mo 10A =
ot 10 o 1000 A. TlperMyniecTRa KPEeWMHEEEHMK FHOZOR: Manue ofparnmie TOKW,

8




BO3MOMNHOCTE HCNIONBIOBAENS Npy QONge BRICOKMX TEMOEPaTyDax OKpYRAIOmEH
CpeIhl H BONBIHX SHAMCHAEX obparEHX HaupsOkesHi. 1IpcAMYINEecTBO NepMaHHe-
BEIX RHGROB — Manoe nagenne ganpawewns 0,3...0,6 B nipy HporexanHn apaMoro
Toka {0 cpaeredno ¢ 0,8...1,2 B y KpeMHAEBEIX).

B xauecTse BRHIPAMATENALHAX AHOACE MCIONB3YIOT IUIOCKOCTHBIE, CTiIAp-
Beie, THQOMYHOHEBIC K NUTAKCHALLHRIE JHOME, BHNIOJHEHHEIE Ha OCHOBS He-
CAMMCTPHIHEIX p-D-TIChexoR0e. bapbepHad eMxocTh Iepexofa ui-3a Gonpinok
TUIQINANH ReTAKA B ee IHAYCHMe JIOCTUraeT BECsTKOB NEkodapan. 'epmannebrie
XROABI MOTYT OLITE ACTIONB30BAYE NpH TeMIeparypax He Sonee 70,..80 °C, kpem-
agvessie — go 120..,150 °C, apcermp-rannuepsiec — o 150 °C.

Makcumannnoe ofpaTHoe HANPAKEHAE MATOMOIGHRX HHZKOYACTGTHRIX Bhi-
IPAMUTENEHRIX JHOLOB JIEKHT B IIPEHENax OT HECKONbKHX JeCATKOB Ao 1200 B.
Ha Oonee BEICOXME AANPSAKCEMS NPOMBIOUICHHOCTLIO BROTYCKAIOTCH BEIIPAMME-
TenbHBle CTONOLI, HCHOILIYIOMpE NOCIGIOBATEHHOS coefHHeHue AHoaon. O6-
paTHEIE TOKH He mpeBanuraioT 300 MKA And repManRueBHIX JHONOE M 10 MxA mos
KpeMHHEBHIX

Momgsie {CHNOBbE) AMOK PARTAYAIOTCE IO HACTOTHRIM CBOWCTAAM M pa-
GOTAIOT HA YacTOTAX B JMAMA30HE OT JECHTKOB repll 0 OeCATKOB KHIOrepn H H3-
rOTABIHBAIOTCA NPEHMYIICCTBCHHO H3 KpeMHNA,

PaboTa npr GONBAX TOKAX B BHCOKHX OOPATHEIX HAIPSOKEHWIX CBA3AHA ¢
BBLACNEHHEM 3HAYHTEILHONH MOTTHOCTE B p-n~itepexoie. [lostoMy B ycTanorkax ¢
AHOKAME cpeHed H Oonpoi MOOIHOCTH HCTONE3VIOTCH OXIANMTENHM - PATHMATO-
PEL C BO3AYLIHEM ¥ XHAKOCTREIM OXNaxieHEMeM, [Ipy BO3IAYITHOM OXIaXNCHHK
TEILI0 OTBOAMTCA ¢ YOMONING pasdaTopa. TIpy aToM oxnaxnenue moxer OBITH ec-
TeCTBEHHAM (32 CYET KOHBEKITHH BO3MYXA) MR MPHHYAHTENLHLIM (¢ HCMOIR30Ba-
HueM o6xyBa xopmyca mpuOOpa M pajuaTopa ¢ NOMOMLID BeHTHIATopa). lipn
KAZKOCTHOM OXNAXICHUH B PaAHaTOp MO CHEHATLGHLM KaHamaM MPOonycKaeTed
TEIIOOTBOIAINRS XHAKOCTh (Boja, aHTHPH3, TPAHCHOPMATOPHOS MACAG, CHHTE-
THYCCKHE THINEKTPHIECKHE KAIKOCTH ).

K OCHOBHEIM I1apaMeTpaM BRIPSMHTENLHEIX JHOACE OTHOCHTCA:

MaKCHEMATBHO AOTTYCTHMEL BpSMOl TOK I maxcs

ApAMOC NazeHIe Hanpsbkerns Ha mroAe Uy (0p# kp mawe);

MaKCUMANBHO JORYCTHMOoE 00paTHOe Hanpaxerne Uygp maxcs

oOpaTHELA TOK NpH 3a1aNHOM 0OPATEOM HATIPAKCHHH lo.ﬁp {npn U,_,Ep MAKE )}
AHana0H paboTux TeMTIepaTyD OKpYXaromeil cpeas;

Ko3pdHnAeHT Barpsmitenna Ky,

npeAelbHad JasTOTA BHOPAMACHNA, COOTBETCIBYOIAY YMEHBLIIEHHMIO KO-
a(dHIpeHTa BRITPAMACHAA B 2 pasa.



A BricoxouacTOTHRE (HEeTEKTOPHEIE } THOIBI

flpennasAadess Zus BuiIPAMACHHSA 3MCKIPHICCKMX CUTHANOB BEICOKOH
"gacToTel. OB03HAYAIOTCA W MapKUPYHOTCS TAK XKe, KaK ¥ BEMIPSMRTEIBHEE HU3Ko#
YacToThL. MCHoNsayiorcs B paiHOTIPEEMHOH, TEJIEBU3ROHROHR U Mpyrofl annapary-

pe (B gmerexTopax u AeMomynaropax). TpeboBamue mo BenuuuHe Ustp make #

Inp maxe SHAYHTCHABHO HUMNE, 4eM B BLINPAMWTENSHEIX HA3KOYACTOTHHIX. Jinu BRi-
COKOYACTOTHHIX AHONOE CTPEMATCA HOMYHHTh MEHHMAIGHOS 3HAYCHHe coDCTBeR-
HOH €MKOCTH, TOCKOMLKY H2 ROCTATOMHO BRICOKHX HacTOTaX PERKTHBHOE CONpo-
TUBJIEHHE TCH eMKOCTH CTAHOBHYCR COHIMEPHMEBIMH ¢ 00PATHAIM CONMPOTRRICHH-
eM p-n-nepexoia auona, T.e. PpGEKT BRIIPAMICHHA (JCTCKTHPOBAHHMA) DPE3KO
cHkaercy. Jng yMCHBIIEHWA INOMARW P-N-DEPEX0Aa, a CASAORATENHHO, W €1
EeMXOCTH HCIIONB3YIOT TOYedHYo KOHCTPYKIGIO AROAA. baphepHads eMKOCTE ToUey-
HEX IHOZOB He rpepriwaeT | 0, a pabodas yactora cocrapnser 150 Mi'n u Gonee.

EMixocts Daoma ciaracrcd H3 €MKOCTH KOpIYca H €MKOCTH pP-N-NEpexona

(Cy=Cy + Cp). YMensmenne eMKOCTH xopoyca Oy NOCTHraeIcs NpUMEHEHHEM
KOPHYCOB CIEHHANBHOH KOHCTPYKIHNA. C 3TON e UeNsi0 BRICOKO9ACTOTHEIE JHO-
Jbl 9ACTO BHIIONHAIOTCK BoobGmie 6e3 KOpIyca, T.c. MpAMeHgeTcH GeckopmycHas
KOHCTPYKIEHS. :

Ipsmas BeTBE BAX TOUECWHOTO JHOAR MMPAKTHUCSCKH He OTIHYAETCd OT pe-
ankioil BAX p-n-niepexona, a o0paTHas® BETBL HE AMEET YIACTKA HACBINEHMHE, 9TO
OOBACHIETCA MPOLSCCAME FCHEPAIME HOCHYenelf 3apafia B HEONHOPOITHOM IONe
TOYEHHOTO KOHTAKTA, BEI3BAHHOY JIABHHHAIM YMHOXCHHEM.

BRICOKOQACTOTHEIE 1UGiLI X3PAKIEPH3YIOTCS B OCHOBHOM TEMH K¢ mapa-
METPaMH, 2T0 ¥ BEOIPAMHTENLHEIEL,

.- HMMAOYILCHEIE AHOE

[Ipexnasnadens Ang paboThE B TAQPOBBIX # APYTHX YCTPORCTBAX HMIIYIhC-
Hoit TexHukn. Q003HAYAIOTCA TaX 3Ke, KK H BRIMPAMATENBHEIE, MMEIOT MATYIO
JMUTEREHOCTD NIEPEXOAREIX npoieccos. Ot ﬁmnpmm HHOZOB OTNAYAOT-
¢ MaJBIMH EMKQCTIMM p-n-fepexcia (Aomm ﬁﬂkﬂd}apa,u) H p4710M OapaMeTpos,
ONpEACAIOWIMK NEePEXOAHRe XAPAKTEPHUCTHKH AHOAR. YMCHBIICHHE eMKocredl
HOCTHIaeTCA 34 CHeT YMEHbIICHHEA IUIOMAJH p-N-NIepexona, NOITOMY NOMYCTHMBIE
MONTHOCTH PacCesHuA y HHX HeBelHKH (30...40 MBT).

Ha paboTy AMITYRECHERIX JHEOAOB BIRAIOT HPpPEKTEl HAKOIUIEHNS W Paccachi-
BAHMA HOCATENeH 3apsza. Iipn poapeficTewy Ha XHOL KOPOTKEX TIO BPEMERN HM-
OyNLCOB HEUMHAET CKa3hBaThCAd HHEPUHMOHHOCTE NPOIECCOR PACCACHIBAHMSA HOCH-
TejdeH R IepesapAna ¢ro eMKOCTH. Bpema YCTaHOBICHHS CONPOTHB/ICHHA IpS-
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MOBKMIOYEHHOTO P-N-UePeXofid MHOAR tycy ONpeHeneTcs HHKexuuell HocuTeneit
sapsfa, WX AU dYIUOEHRM llepeMelieHreM B MIy0h 6asel, KOTOPOe YMEHBIIAET
oOBeMHOe conpoTHBNEHMe 08351 NHOAA B0 CBOEIG CTAMHOHAPHOrO COCToAREA, [lo-
cli¢ OKOHZARAS HPAMOYTOIBHOID HMOyNbCAd OPH OOPATHOM BKIIOTEHHHM pP-1-
Tiepexoa IEPBOHAYANLHO Pe3X0 YReMUYHKBAeTcH BejuduHa obdpaTHoro Toka
BCHCACTBHE HETEHCUBHOMO PACCACHBAHHA HEeDABHOBeCHEIX HOCHTENel ¢ Ilocne-
AYIOMLHM £ro J3KCIIOHEHTHANILHEM YMCHBINCHHEM O CTAUHOHADHOrO 3IHAYCHHHA

TeiwtoroTo ToKa 1o B dopmyae (2).

BpeMs BoccTaHOBNEHHS aDpaTHOrC CONPOTHBIEHUS [EPEXCUa tyoe OO CBO-

€0 HOpMANTEHOIO 3HAYCHHA ONPEICIRCTCA IO CbﬂpM}'HE

¢ W
BOG ’
vnp + Ypm{

TAE Vap B Vpeg — CKOPOCTH Apeiida 1 pexoMOHHAIAM HOCHTENEH B CTPYKTYPE, ONI-
peAe/AioMHE CKOPOCTE paccacKBanin HOCHTeleH, W — OpOTameHHOCTh CTPYKTY-
PHL JIHOZA MeXny ero BeBofaMu. CkopocTh apehda HocHTened 3aBWCHT OT Ha-

OpKeHHOCTH TOMNA, CPABHHTENBHO HEBENMMKA U AMeeT CBOH Npeuen V.. Jns

YMEHEINEHUA ty,. HEOOX0MMMO YMEHRIIUTE O0BeM IMIYIPOROMHHKOBOM CTRYKTY-

| . PHl M YBENHYUTL CKOPOCTE PeKOMOUMHAIHH HeOCHOBHEIX HOCHTENEH, 9To AOCTHTa-

eICH TeXHOJIOTHEeH H3roTOBACHWA HMIYNLCHEIX JHOAOH: BBEICHWEM B HCKOMHENA
maTepran HeRrpambHeIx npumeceil, wame Bcero 3omota (Au), s CO3MAHEA Tax
Ha3EIRAEMEIX "JIOBYHICK” — LIEHTPOB PEROMOH NI,

[MapaMeTpel AMIYIBCHEX AHOZOB TE XK, YTO M Y BEICOROTACTOTHEIX IHO-
AoB. Kpome Toro, K RuM 1odanmseoTey cuelmgueckue mapaMmeTpst:

obnias eMKOCTE gH03a Cp (JecaTrie JOAY. .. €AMHEIE THKodapan);

MAKCHMANBHOE HMITYAbCHOE ApsiMoe Hanpaxeue Unp yaxc 13

MaKCHMATEHG JOOYCTHMEIA HMITY ILCHSHE TOK Inp make us

BpEMA YCTAHORZCHHA NpiAMOTO BANDAKEHHE 1y, — AHTEPBLI BDEMEHW OT
MOMEHTA T0Jia4uu EMITYILCA MPAMOTO TOKA HA OHOI A0 AOCTHXCHHSA 3aAadHOre
IPAMOTO RANTPMKENHAA (0 HAHOCEKYH. . . IO MAKPOCEKYH);

BpeMs 00paTHOrO BOCCTAHOBJICHUAS AUONA thoe — BPEMA NCPEKIOICHES HHO-
Oa ¢ 3afaHHOr0 NpAMOro TOKa Ha 3aiaHH0eé obpaTHoe HaNpKeHHe 0T MOMEHTa
IPOXORAEHHA TOKA 9eped HYNEBOS 3HAYCHME 10 MOMEHTA JOCTIRERNs OOPaTHRIM
TOKOM 3aAHHOTO 3Ha"eHH {JI0M HAHOCEKYHY ... A0MH MHKPOCEKYHE).

Jng YMeBEIIEHHS tpoe TPAMERTIOT ClIeIHANBHAE PA3HOBHINOCTH HUMITYILC-
HEIX j@ofes: auosik ¢ 6apeepoM Ilotkn (JIBLL), fuonni ¢ HakOWICHMEM 3apana

11



(IH3). B JAblll mepexon BEIIOAHEH Ha OCHOBE BEIIPAMINIONMEro KOHTaKTE Me-
TaJUI-IIOJI}’IIPUBO}.[H]{K, B KQTOROM paboTa BLIXOAR A3 MeTalIa Gonkme, YeM pabora

BEIKOAA HA 11C enyrggommmxa. ¥ 5TVX JHOTOB H¢ 3aTPaYHEARTON- Bpess-Fa-RaKoy:.

nesue. -#-pASCackBanmne sapafoB B Oaze, Ux GucTponeficTBHE 32BUCHT TOIBRKO QT
CKOPOCTH Hponécca mepesapiada OapoepHoh eMrocTn. KoHerpyrtupHo JIBLT BiI-
TIOMHAIOTCR B BHAC IUIACTAHE HIBKOOMHEOLI'O KPCMHMS, H3 KOTODYH) HAHECCHE BhI-
COKQOMHAT IATAKCHSITRHAL [INeHKa ¢ JCKTPONPOBOIHOCTRIC TOFQ KE THIA. Ha
IIOBEPXHOCTE TUIEHKE BakyyMHBIM HANEUICHHEM HaHecem crmo#t metawna. Huepnu-
oaaocTs JIBIL B ocHOBHOM OlIpeleAReTCs EMKOCTHIO BRIIPAMISIOEro KOHTAKTE,
koropad moxer 6brts MeHRIE 0,01 0d.

B AH3 623a H3roTOBNASTCS HEPABHOMEDHO JISTHPORAHACH Do KimHe. Y Ta-
KAX AMOHOB KOHLEHTPAUHA NpUMecH B Ga3e OpR NpHGIIDKEHMIO K P-N-NEPEXOLY
YMEHBIHAETCH, OITOMY HepasHOMEPHON OKAa3LIBAeTCH ¥ KOHIEHTPALEA OCHOBRARIX
HocHTeNelt 6a3kr — DMEKTPOHOB, ¢cil Daza HMeeT IPOBOAMMOCTE N-THMA. 3a CUeT
ITOTO BNEKTPOHK NBPHYEIBRPYIOT 8 CTOPOHY p-N-HepeXOAa, OCTamss B rybune
Gashl H30WTOYAKHA HTONOKUTENRHLI 3aps 4TOMOB NOHOPDHOH OpuUMecH, a BOIH3K
fepexoja M3OHTOYHEIL 3apaj IMeKTPOHOB. MeXRy S>TRMu 3apsnaMi BOSHHKAET
aneKTpHWIecKoe [100e, HanpaBleHHOE B CTOPOHY {epexona. lloa pelicTeweM 3TOrQ
TIOui% HRIpKH, MEKEKTHPOBARHEe B fa3y TipH UPpAMOM BRUTIOGEARH 11003, KOBIIRH-
TPUPYIOTCA (Hakarumparorca} B Oasze y rpammmml Hepexofa. Tipe mepexmouennm
DHONa ¢ TPAMOTO Ha O0parmoe HanpanjpeHwie 3TE FHPKE NMOXK AcficrareM Nous
BHYIPH mepexona ORCTPO yXOmaT B3 6a3sl B IMHTTED, H BpEMA BOCCTAHORNCHES
OGPATHON0 CONPOTHRACHUA YMeHLmIAeTes. [{Ng WIroToRISHUN TAKUX AHONOR TpK-
MEHSIOTCE Me3a- H SNMHTAKCHAILHAS TeXHOIOTHS.

Crabrnurposs!

LlonynpoBOMHUKOBRMHE CTAORMHTIPOHAMY HAZMBAKIOT JRCGHH, YIPEHHAIHA-
YeHHEE ONA CTabAmMM3alfR YypOBHR HallpseHHua B cxeme. Ipanipir paboTh cra-
ORIUTPOROE OCHOBAH H2 HCUOTMLIOBANAR 3nmrpm-=cmm BEa apolof p-i-
nepexoaa 1TpH o0paThoM CMEINCHIH.

Ha oBparnoli serbit BAX amecTca yiacToR co ctaboil 3aBUCHMOCTEIO Ha-
NpsKEH#T OT BenMmIMEsl 00paTHOrO ToKa (Y4acToK ¢ 3IEKTpRYecKHM npoboeM p-
n-nepexona). B xavecrpe CTabWwiIHTPOHOB HCIOMLE3YIOTCA IUIOCKOCTHBIE KpeMEHe-
shie gEONE. BAX cra0unurpoHs m3obpaxeHa Ha puc. 5. Bejuwunma o6paTHoTo
HANPWKEHAA, IPH KOTOPOM HaMMHAaeT PassiBaTLCA MIexTpHYeckii npoboi, B 3Ha-
YUTCOBAON CTEUCHH 3aBACKT 0T YAIBHOND CONPOTHANEHHS HCXOZHOI'C MaTepHa-
na, onpeAeAeMOr0 KOHICHTPAlHeR TPHMECH.

ITpu sanpgxendiz MeHee 6 B B pn-rrepexone Anoga npeoboagaer TyHHENb-
HEE Opo6oil. B axamazone ot 6 jio 12 B safimonaioTes o0a BHAA 2IIeKTPHILCKOIG
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npobos — TYRHETEHBE W NaBAHHEN, & BRuue 12 B npeobragaer napuHHBE po-

Goit. C WiMeHEHHEM TemIepaTypsl Hanpsxesne crabmimzanuu Uy, M3sMeHRETCH.

Hm3koponeTHrIe H BBIGOKORQIBTHEIE CTAOMAHTPOHB! HMEHOT TTPOTHBONOIGKELIE

H3MEHERRA HANPIKEHMA CTAORANMIAIAA NIPH YBETHICHAR TeMIIepatypsl. [Ipy TyH~

HENEHOM [IPoGoe ¢ poCToM TeMIIeparyphbl Uyr YMEHBIIIETCA, a ITPH RaBAHHOM — BO3Pac-

taeT. [ HanpspxenuH ot 6 1o 12 B smiiare TeMiiepalyphi HESHAMHTEIBHO, T.K. B e~
| PEXOfie CYHIeCTRYIOT 00a BHAa NpoboL.

T np OcHOBHRIMA TapamMeTpamd crTabe-
AUTPOHa ABIMOTCH:
Hanpawende crabmnpsanEd Ug, —
Allom MafncH#e HAIDSOKEHHWR Ha CTabWIHTPOoHe
Eimm_ﬁgm UM IPH OpOTEKeHHH 3aJaHHorg ToKa CTab#d-

—————— fomuuy Unp JIESAIE,
MHHHMATEHLIA op'yuy B MAKCH-

MATEHL ioy maxe TOKHM CTADANHTPOHE;

______ fem iz TeMIePATYPREIT KO3(hMunMenT Ha-
4 Jotip NpsoKeHns cTabE M3 aLEA
Puc. 5 'I‘RH:—-—ﬁU“ 100 %:
U, AT

AU,
madepeHAaEHOE COMPOTHRACHHE cTabunutpora I, = o cripese-

’ T

NReMOe Ha YIACTRE 1pobos; "
UQT ROM
CTATHIECKOE COTTpoTHANISHHE Ry = ———— |

[NoxyOpoBOAHUKOBEIE HOXL!, NPUMEHMeMEe MU CTAOHIAAME HATPKES-
gl Menee 1 B ¢ BonomssosandeM npaMoit BeTeE BAX, HaskBaioT cralHCIOPAMH.
Ang waroToBAeHHA cTabHECTOPOB MCNONMLIYETCH KPEMHAN ¢ BRICOKOH KOHIEHTpA-
mHel npuMecH nubo cenen.

+ Bapuxamns

B Bapuxamax #RCHONBIYETCA 3ABHCHMOCTE OApLEepHOH eMKOCTH p-ii-
nepexona OT o0paTHOre Haopmxcans. Oum AeNSTCH HA TIOACTPOSYHBIE, WIH Bapu-
Kankl, # YMAOXATENbHEIS, HIH BADAKTOPLL. BapRkalibl HCHOMEB3YIOTCH OIS H3Me-
BEHAA peSOHAHCHOHK RACTOTRI KONEeHaTenbHLIX cucteM. BapakTophl IPAMEHAIOTCH
i YMHOKEHHSA 98CTOTH.

OCHOBHEIMH ClICMUANBHEEIMHE 11apaMeTPAMH BaPHKATIOR NB/SIOTCH:
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HOMBHATLHAY eMKOCTE Cp, B3MEPEHHER TP 38AaHHOM 00PaTHOM Hapske-

ua Ugsps

Cli MAKT
xoarbdmmenT nepekphTHA o eMKOCTE K¢ =———— — OTHCmEHHe eMKo-
B MHH

cTel sapuKana NpE ZBYX 3aBaHHBIX sHA9EHWAX 00paTHOro HanpKeHAs,

COBPOTHBIEHAE NOTEPE Iy — CYMMADHOE akTHBHOC CONPUTHBACHHE, BKIIO-
qalOINee CONPOTARNICHNE KPHCTALIA, KOHTAKTHEIX COCAUNEHUH H BEIBOJIOR;

X
noBpotHotTs Q, = —C — OTHOMIEHHE PEaxTHEHOTO CONPOTHBICHHS BAPH-
rII

KAIT4 Ha 3aJaHHOH 4acTOTe TEPEMEHHOrO CHYBala K mnpnmnenmn HOTEPS;

"}’
TeMIICpaTYDHBIH KO3)GALHEHT ©SMKOCTH e ZEEE C) OTHOMICHHE

OTHOCHTCNILHOTO HIMEHeHHUY eMKOCTH K BHIZhIBABIIEMY eI'0 aGCONIOTHOMY HIMe-
HEHMIO TEMIEPATYPL! OKPYKaomeH cpens.

KpoMe paccMOTpeHHBIX IHOROB BBITYCKATCK TYHHEIBHBE JHOIE, TNO/LI
['aHHa, IABHHHO-IIPONETHE MHOIL!, YCIteInHe pafoTalontie B AMAllazoHe CREDX-
ppicokmx gactor (0,3...300ITm). a Takke GOTO- H HITYYATEALREE AHONEI, HC-
HOMB3yCMBie B POTOICKIPHHNECKHX M OIITOMICKTPOHHELX NIPUOOPAX H B XKa4ecTBe
CBeTOMHAMKATOPHEIX YCTPOHCTS.

Tiopsaaok runoHeRAR paOOTH

1. OBHAKOMETECH C AMEKTPHICCKUME LAPAMETDAMA {HMOL0B, IDEBE¢ACHHELIX B
KapTOUuXe 344aHHA, H onpeneiTe obacTy DesonacHbix pexkumoB paboThl uccle-
IYEMBIX JHOOB.

Bagpmvaune!!! Hag npesoTBpamienus 3ACKTPHICCKROTE OORPCKALHURA
AWOACE MIMEPEHHS IPOROAATYEL TONLKO B 00AACTH 103B0/IeHARIX PeKBMOR pa-

. A\ .o ot
£=0..18B YVD  E=0.108B VD
- +
- + &
a b
Puc. 6

GOTHI, He BRIXOAH 33 ¢e TPAHAALIL
2. Cobepure cxemy (puc. 6,2) u Heenenyiime npaMeie Bersu BAX gHoaos,
YKA3aHHRIX B KAPTOUKE 3aNAHHS.
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3. Cobepure cxeMmy (prc. 6,0) 1 dccnenyiite obpaTHele BeTBE BAX AWOKOR,
TIOUIERATX HIVICHHIO.
4. Tlo nocTpoeHHEM NIPAMEIM BeTREM BAX nmonoB OIpemensTe: CCIPOTHR-

TeHMEe JMOAA TIOCTOSHHOMY TOKy Rpp ¥ AUQQEpeHIBANEHOS CONPOTHBICHHS

Cnm np B TOWKE Iy = 8 MA,
5. Ans cTabRNMTPOHOB PaceMKTaiTe 0 HaMepeHHEM BAX craTEdeckoe Ry

M (uQdepeRIHATLHOS COMPOTHBISHHE Yoy

Coptepxague oTqeta

1. 3nexTprraecke cxemMu! 1,11 mamepennd BA X nojyITPOBC IEHKOBLIX JUOFOR,
2. I'paduku BAX HecnegoBagisIX AHO/I0R.

3. PacueT napaMerpoB HECNeAORARHLIX JHOMOB.

4. Teoperuaeckan BAX pmoza, paccumrapnat mo Qopmyne (1} upw

ig= 0.01 MxA u U, = 0,026 B.

KourponsHeie BOMpoCcsl

1. UTo HE3KBAIOT IFONYIPOBOIHHKOBEIM IRCZOM?

2. Kakue BHARI 2NCKTPAZECKHX NMEPEXOAOE HCIONB3YIOTCH B IIONYOPOBOI-
HHKOBRIX THOMEK? .
1 3. Uem ornuuaercd BAX peanstoTo AMoaa oT MeanMsnpopabeod BAX npu
HpAMOM H OOPATHOM BIIIOYEHNA?

4. Kax BAEser uaMeiienne TeMnepaTypil sa BAX nuoxa?

5. Kaxue cymecTeyroT BHEs! rpobosi p-n-nepexoma K B YeM WX OTAxdHe?

, 6. Kakue mmamgeckde SBICHAY B CBOKCTBA BRIIPAMIUTIOIINX 2eKTPHYECKUX
nﬁpexonuﬂ HCIOAL3YIOICA B BREIIPIMHTEIRHMX ¥ HMIIYVIBCHEIX THOIAX, B eTadu-
NATPOHAX ¥ BapHKarax?

7. OcHOBHRE TApaMETPL! BRIIPAMETEIBHLIX, HMIIYALCHBIX AHGHOB, cTabu-
NHTPOHOB, BAPHKALIOB,

Jlurepatypa

1. BnekTporkkte npubope / [Tox pen. I'.1. Hiamxaaa, — M.: H3gatenscrso
MAMW, 1996.

2. bamviner B A. DaexTponasie npuboper. — M. Bueny, wk., 1980.

3. T'veer BT, I'ycer HO.M, Bnexrponska, — M, Beicly, k., 1991.

4, Txauenko ®©.A., Xamporwa M.C. Vuel, mocobme 1m0  Kypcy
"Anextponune uprbops”. — Mu.: BI'YUP, 1997,

5. llomyrmposonspxoesie nprOopal: JHOME!, THPHCTOPE], OITO3REKIPOHHEC NIPH-
Gopsl. Criparosink / [og obm, pen. HLH. I opronosa. —M.: Dxeproaromazar, 1983
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JJABOPATOPHAS PABOTA Ne 2 _
UCCAEAOBAHHE BATIO/ASIPHEIX TPAHIHMCTOPOB
Lgne pabothl

1. H3yqrTh yeTpoHCcTRO, KiaccHHRAUMIc, peXHME! paloThI, HPHHUHI JeH-
CTBHA ¥ CXEMBI BKIIOYSHHA OHIIOMAPHBEX TPAR3HCTOPOB P-n-P+ H N-p-N-THIQB.

2. JKCTIEPAMEHTANLHO BCCACHOBATh CTATHICCKHE XADBKTEPHCTHKH TPAH3H-
cTopoB B cxemax ¢ obmeil bazolt (Ob) u obmumM smiaTrepom (OD) 7 oupeaemTs
AHHAMIIECKUE IAPAMETPH B 3&1aHHOH paboueil TouKe.

KpaTkHe TeopeTHYECKHE CBEACHUN

BHTIOIAPHEIN TPaH3HCTOP — NOAYNPOBOARNKOBEIN pubop ¢ HBYMa B3aUMO-
TEHCTEYIOIMHMH p-n-TIEPEXOHaME B TpeMA BAM foyee BEIHORAMM, VCHIHTEIbHEIE
CBOHCTBA KOTOPOIo OOYCNORICHE! ABNCHUAME MIDKEKIHMHE ¥ DKCTPAKIHK HOCHTE-
RSH 3apsia, B TPUrodnid I YOUnesHa MOIUHOCTH SACKTPUTECKRX CHTHANOB.

B 3aRHCHMOCTH 0T HOpPANKA YepenoBaHAs oblacTel momynpoBojJHHKA,
HMEIONIMX PAIHYHO (IPOBOJKMOCTS, PA3NKYIAT TPAH3HCTOPSE P-N-p- B N~pP-N-THOA
(puc. 1,a,6). IIpuunem HX pabOTEl OHWHAKOB, PATIHYIHEE 3aKTIOYAETCE TOMLKC B MO~
ASPHOCTH HCTOYHHKOB BHEIIHHX HAIPSOKEHUH B B HATPABNEHHH NMPOTCKAHHA TO-

KOB Hepe3 SHeKTPOIEL
2 K <) K

T

Prc.1

Knaccugukanug B cucteMa obozHadennit SUIOATPHEX TPAHIUCTOPOR .

[Mo MOmMHOCTH, PacccHBACMON KOJIGKTOPHEIM NepexodoM, TPaHIXCTOPH
Gemator: Manoi Mommoctr P < 0,3 Br; cpemseli mommoctn 0,3 Br<P< 1.5 Br;
borsriol MomgocTa P > 1,5 Br.

[lo wacToTHOMY ZHANR3OHY TPAHSHCTOPE! JEIATCA Ha: HHIKOIACTOTHGIE |
frp <3 Ml cpexmevacrorsze IMIu< f,, <30MIn; REiCOKOTaCTOTHEIE

30 Min < fnp < 300 MI'; ceepxBricOXO4aCcTOTHRE fyp > 300 MI'n.
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Jns Mapkppobky OMNONRPHEIX TPaH3RCTOPOB Henomssyered Oyksenwo-
uugipORas cHCTeMa YCHOBHEIX 0BosHaderu#t cornacHo OCT 11.336.038-77. Obo-
3HAYERHe OHIIONSEPHBIX TPEHINCTOPOS COCTONT U3 HIECTH KITH CEMY 2/18MEHTOB.

TTeppbiit 3mement — OyKBa way uhpa, YKa3KBaioMad KCXOAHGIA MaTepHan:
(1} — repmannii, K(2) — kpementii, A(3) -~ apceBRy raIHAS,

Bropo# sieMeHT — OYKBA, YKAIHIBAIOIAS HA THIl TpaniucrTopa: 1 -~ Oumo-
IApHEIH, 1] — moneBoi. ]

Tperuit anemeHT ~ MHPPa, YKasEBAIOMAi Ha JaCTOTHLE CBONCTBA A MOID-
HOCTh TpaxsucTopa (Tadd. 1)

Tabmna 1
Yacrota i Mommocts
Manas CpexHas Bonpinas
Hmzkas 1 4 7
Cpegsis 2 5 8 ]
Bricoxan 3 6 9

YerBepThIA, HATHIL, (10eCToil) 3MeMeHTH — OH(PEL, YKa3hIBAjOMIle [OPAIKO-
BRI HOMEpD paspaboTKH.

Ilecro#t (cempmoif)} anemenT — GyxBa, yKa3wBalomas Ha pajHOBHAHOCTS
TPam3HCTOPa M3 JaHHoA rpynnkl. [Ipumepn obo3pauenns tpaszucTopon: KT315A,;
KT806B; 'T108A; KT3126.

[Ipuxuun geRcreus TpaHsHCTOPA

Oney ¥3 xpalinnx obaacteli TpaHIACTOPHON CTPYKTYPS! JETHPYIOT CHIILHER,
€€ HCTIONLAYIOT 0ORMEG B pelkiMe HHKEKIHH ¥ Ha3plBAOT SMATTepoM. TIpoMeKy-
TouHYyj0 00IaCTE BA3KBAIOT 0a30H, 8 JPYTYIO Kpalinroxy obuacTh ~ KOILNEKTOPOM,
KoinextopHas oBJIRCTE npejiHazHadeHa s IKCTPAKIME HOCHTENEH 3apsaaa U3 ba-
30808 00JacTH. DNCKTPOHHO-ABIPOTHEIR TIepexo] MeXy IMHTTepHOH U GasoBoi
00NacTAMA HA3EBAIOT IMHTTEPHRIM, 8 MEXAY KOLTeKTOpHOH K Haz0B0#H ~ Koanek-
TOPHEIM.

Paznu4aroT clefyroumHe peskEmsl pabDoTE TpaH3AcTOpA:

AKTHRHEIH peXMM — HANPWKCHME HE 3IMUTTEPHOM IEpPEeXoJe NpsMoe, Ha
KOIUIEKTOPHOM 00paTHoe (3arMparomiee);

peskum frcevxn — Ha oboux nepexonax ofipaTHoe HanpaXeHwe;

PEXHM HacENEHAS — Ha 000X Depexoax NpAMOe HAMPAAESHIUC,

MHBEPCHRE PEXBM — KONIEKTOPHEIH Iepexol CMeEIeH B [PAMOM Hanpas-
NSHHM, SMHTTCPHEH — B 00paTHOM.
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B 3aBHCUMOCTH OT TOTO, KAKOH W2 BRIBOJOB TPAaH3UCTOPA SRNAETCH OOIRHM
U BXOHOM M BEIXOIHOH HeMH, PAsTHEaioT TPH CXEMEI BKITFOUEHUA TPAaH3¥CTOpa!
¢ obmett Gazolt (OB), ¢ obmmm 3muTrepoMm (03) B ¢ obmmMm xoinrekropom (OK).
Ha puc. 2 noxa3aHb TIOJAPHOCTH BHEIIHUX HCTOYHHUKOB HAIIPSDKEHHS W HAUpaBiie-
Hi% TOKOB TPAHIMCTOPE, COOTRETCTRYIOWINS AKTHREOMY PexkMy paboTei, Ang Tpex
CXeM BKTIOYeHHA.

Ob 03 I, OK B .
s fx N
+ o—-’_@::’_q - I K Is 2
— B -—

Uss Urs - Llkea - - Use

b Ues 3 Llei K
- o+ o —L) = + o= o -

a & B
Puc. 2

Hpuspn pabore: OMMONspHOTO TpaH-
34CTOpa Hambonee ymo0HO paccMarpuBaTh B
AKTHBHOM DEKHME IiA CXeMRl ¢ obmei §azol
{puc. 3). Ilpu yBEIMYEHHH UPAMOTD CMEIICHENY

Uss Ha SMUTTEPHOM Mepexose CHPEKACTCH €T0
IIOTEeHIHANEHEIA Daprep, YTO BAIZAIBAET HH-
KEKIIHIO JBIPOK H3 IMATTepa B Gasy B 37ex-

fopex| | | In60 TPOHOB M3 0as3kl B 3MuTTEp. [loCcKONLKY KOH-
!
| + - = LCHTPalHs OPUMECH B DMHTTEPE MYOFO OOMb-
Uss Ui OI¢ XOHIEHTPALMH TIpuMecH E  Oaze
Puc. 3 (xORueHTPaIHd OCHOBHEIX HOCHTENEH 2MHT-

Tepa MHOTO OONBOIE XOHIEHTPAIMH OCHOBEERIX
HOCHTENeH 6a3bl), TO MENKEKUFA ABIPOX M3 MHTTEPE B Gazy ZOMMHHPYET HAK MH-
KEKIHEH 5MeKTPOHOB K3 6ashl A aMuTTep. Yepes sMATTEPHEIH HEPEXO TPOTEKAET

TOK HHACKLHH, HMCIOTIHH B¢ COCTARIAIOIINE: FHPOUHYIO Iy H 3IEKTPOHHYIO Ly,
Ilpoitecc  HMHXEKIHMH  Xapaktepmsyercs  xoo(dHIMEHTOM  KHKeKLHH
(3ppexTABHOCTEIO SMHTTEPHOTO Oepexoaa) ¥ = by, /(Lyy +15, ), MokaskBatomm,
KaKy1o 00 COCTABISET OT OOINEro ToKa 3MATTepa TOK HIDKEKTHPOBAHHEIX B Hasy
HOCHTENEH.

B pesymsraTe MIDKeKIME JRIDOK W3 3MHETTepa B 0asy BOSPACTAET MX KOHileH-
TpaL¥A BOMH3H SMUTICPHOIC Mepexogs. 3T0 MPHBOIMT K AubbyIHOHHOMY ABYDKe-
HUI0 ZHPOX uepes Gasy K KORNeKTopHOMY Tiepexony. IIocKoibky mmMpnda 6a3m sHa-
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TUTENEHO MeHsare aAthdyIHOHHOH IRHHL FEPOK, TO He3HAYHTEILHAS HX JacTh pe-
KOMOPHHpYeT ¢ cOOCTECHHEIMA HOCHTENsME 0a3kl — 3NIEKIpOHaMH, CO3NARAT DEKOM-

OUHMALIHORHYIO COCTABLIONUIYIO TOK2 0a3sl 1§ pex. HipoLiece nepeRoca HEOCHORHBIX HO-
cutenci gepes Oasy ¥apakrephayeres KoopummentoM neperoca & = lgp/lsp, Tite Iyp —
TOK JBIPOK, JOINEIHAX J0 KOMLIeKTOPHOTO NMepexoa B 00aacTy Hasnl,

Jatpxu, noflome/inre kK 00paTHOCMEINEHAOMY KOJMAEKTOPHOMY Mepexony,
nonaraeT B yckopsioinee noxe Ugg H 3KCIPAHPYIOT B XOIJeKTop, co3fasas
YHIPABIIIEMYIO COCTABIAIOMIYIO TOKA KOMNEKTopa Iy yrp.

DKCTpakIMa ABIPOK MOMET CONPOBOKIATRCH YAAPHOH HOHM3IANKER aToMob
NIOYIIPOBOJAHKKA H JIABHHHLIM YMHOKEHWEM HOCHTENEH 2apsia B KOJJIEKTOPHOM
NEPEXOZE. ITOT [POHECC OLCHEBALTCH KOIDOHULHMEATOM MABMHHOIO YMHOXEHHA

M = I yrp/lyp- B MaBHBHEIX Tpau3pcTopax M > 1.

Tox KoJUTeKTOpa, BRI3BAHHLIA MIDKCKUHEH OCHOBHEIX HOCHTENEH depes
SMMTTEPHEIN  Hepexol, Ha3blBaloT  yNpasBiAEMBM  TOKOM  KOJUIEKTOPA

Ix yop = YeMI,, Toe yeM =hg g <1 HaswBaloT cTaTHUECKUM KO3GDHIHEHTOM Ne-
penadd Toka MerTepa. Yacto hpig 0603nagaroT Kax o. 3HaueHHsa hyip Jexar B
muamazone 0,95...0,999.

Kpome ynpasIsgeMoro TOKa KOIAEKTOPa Ig ypp Yepe3 KOMICKTOPHLIA mepe-

X0f nMpoTexaeT obpaTHRIE HEYIIPABIASMBIH TOK ks, 0OYCHopAeHHRH IKCTpAKIINEH
cOBCTREHHLEX HEOCHORHEIX HocHTeNeH fazm (appok) u kontexTope (AnekTpontoe):

I, = h215]; + Ixs0- (1)

OOpaTHBIA TOK KOMNEKTOPHOTrO Tiepexolda [ygp coBlRN@eT no HAIPARIEHHID
C YOpaBNISeMEM TOKOM KONNEeKTOpPa Iy ypp, a B Oemu Bain Iig) APOTHBOMONOXEH
ToKy pexoMOMHanHy I = I pex — lys0. Benmanua Iygp Anst repMarmensIx TpéH:iH-

CTOPOB COCTABJACT AECATKM MHUTHAMIED, 8 KPEMITHEBRIX TPAH3UCTOPOR ~ COTHH
HAHOAMIIED, IPHYEM CHILHO 32BUCHT OT TeMIEPATYPEI,

Wz mpuHina paGorsr BUAHO, 10 I, paseernasercs ma Tox Gaser Ig # KO-
JEKTOPHELH Tok I

L =I5+ 1 (2)
310 BRIPKEHHE HA3BIBAIOT BHYTDEHHHM YPaBHEHHEM TPAHIHCTOPA.

Chsizb MeXIy BHIXOMHEIM TOKOM l; M BXOJHAM TOKOM lg TpaH3HCTODa,

BKNKI9EHHOTO 0o cxeMe ¢ O3, MoxkHO moryanrts W3 (1) K (2):
I
1 =_Bae g, L

=1h l—“ﬂﬂ— =hyalg +{hain + Digge = hanls + ke,
—hag —hs 5
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rac  hyyu/{1—hop )= by >> 1 — cTarEveckuit xo3duuHeRT Nepeaatn ToKa
bazel (mpyroe obosmaxenme ); Iigo/(1—hj1p) = oo — HauanbEbLl (cKBO3BOH)
' TOK TpamsucTopa. KoaddmumenT hyys IpUHAMAST 3HAYCHAS JECATKY. ..COTHH. Ho-
ITOMY TPAHZHCTOP, BRIOMEHHEIH T10 cxemMe ¢ O3, sMRIMeTcs XOpoipmM YCHIIMTENEM TOKA.
Tpausucrop, BXmOoZeRHE no cxeme ¢ OB, XoTs M He YCHTHBAaeT TOK
(hy} < 1), YCHAMBAET BXOAHOW CHIHAN N6 MOIMHOCTH. B aKTHBHOM pexuMe T0KH
KOJUTEKTOPA H 3MHTIEpa MOYTH PaBHEL, a4 TOK Oa3hi paseH HX pasHoctH. Koex-
TOpHBH TOK NPaKTHYECKA He 3aBUCHT OT HANDKEHHA HAa KOUIEKTOPHOM IEpexo-
U
kK

OYEeHk BEIMKO ([Iepexof BKIIOYeH B oOpaTtHoM HanpaeneHun ). B nens KowieKkTopa
MOXHO BRIHYATH HATPY3KY C HOCTATOIHO GONEITMM colipoTHBIeHHEM R,,, Mpak-

ge. JinddepeHINAALHOS CONPOTHRICHHE KOMMEKTOPHOID HEPEeXoja I, =

THIECKH He H3MEHAN TOK Kolnekropa. Jubdepennmranbaoe cOPOTHBIEHUE TPSA-

U
MOCMEIIEHHOT O 3MWTTCPHOIC NepeXola I, = 20

OYEHE MANO I, << 71, . Ilpn
3

A3MEHEHHH BXOJHOro (3M¥TTepROrQ) Toka Ha Al,, MpakTHYECkH H& TAKYIO Xe Be-
AV9AHY BO3PACTRAET KOJUIEKTOPHBIH TOR. OIHAKO H3MeHeRHe NoTpebnseMoll Moi-
HOCTH B Llem aMATTepa AP, = Mfra IHATUTENBHO MEHBME HIMEHEHAT MOIHG-

CTH B BBIXOAHOH memu APy, = MKERH ﬁMazRH, T.¢. TPaH3HCTOp cnocofen

yrpaniATh GONBMOH MOETHOCTEIO B KOMIEKTOPHOH el 1TpH Hebonbmzx 3aTpaTax
MOLTHOCTH B 3MUTTepHON Uem.

Cratrecke XapakTepHCTHKH OHTIOMSPHEIX TPAH3ACTOPOB

CraTHyecKie XapakTePHCTHKH TPAaH3ACTOPa OTPAXANNT 3ABHCHMOCTE MEKIY
TOKaMK M HANDSKEHESIMUE Ha €10 BXoHe M Bhixone, Bulpas B kavecTne aprymenTa
3HAYEHWA BXOAHOTO TOKA H BEIXOJHOTO HANPAKEHANA, 3 QYHKIHAME 3HAYSHUA BhI-

XOHOTO TOKA H BXOHONO HIPReHEA gy, Unx = f(Upupe Tpx), MOXKHO nomyTHTS
4ETRIPE CEMEHCTBE (BXOAHBIX, BRIXOARKIX, IPAMOH NepepaqH mo TOKY W obpaTHOR
CBA3H [I0 HAIPAKEHHIO) XaPaKTEPUCTHK I JHODOH CXeMhl BKMOYECHHA Tpau3-

cropa Ha puc. 4 4 prc. 5 OpHBeAcHN ceMeiicTRa CTATHYECKHX XAPAKTEPHCTHK ANIA
cxeM sTIog9eHER ¢ Ob w O3,

Onpenenenne h-napaMeTpos N0 XapaKTEPHACTHKAM

CraTHyeckHe XapakTePHCTUKH TIOIBOIMIIOT ONPELEANTE OCHOBHEIE [TapaMeT-
pHl TparsucTopa. s olMcasia CBOHCTE TPAHIHCTOPA 110 NIEPEMEHHOMY TOKY Ua-
¢ BCETO HMCHIONEIYETCH CHCTEMa h-TrapaMeTpoB, KOTOpas IIPEACTABNAETCH clie-
AYIOLEMY Y PARHEHAAMM:
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diu; = hydly + hyadUs;
diz = hy1dl} + haadUs.

ITpu BaxoxaeHsd h-TapaMeTpoB 1D CTATMYECKEM XapakTEPHCTHKAaM ndd-

depeHLHANR 3aMEHSIOTCA KOHSYHEIMA (IPHPAIICHHAMH, TOrAA!

AU,

— BXOJTHOE COMPOTHRIICHHE,

— k0>ddHUIHERT 00PATHOHR CEAH MO HANPAKCHHIO,

— x03gdAIMEHT NEPENAYH IO TOKY,

~ BRIXOHAA OPOBOIUMOCTE.

{j=const

Jing onpeaenenus h-nmapameTpoB BOCIIONE3yeMCs cemMeHCTBAMM BXONHBIX H
BBIXOIHKIX XapakTepHcTHK Jsa cxeMsl ¢ O3 (prc. 5,a, puc. 5,6). B 3anannoit tou-
K¢ A Ha JHHEHHOM YJaCTKE CeMeliCTBA BXOFHEIX XapAKTCPHCTHK CTPOEM Tpe-
YIO/IBHHK, TIPOBEAA PAMBIE TAPALICTLGHO OcH abCHMCe H OPAMHAT N0 nepecede-
Hud ¢0 caexyiomel xapakrepactako. Ilpapamierns TOKOB H HaOpsDKeHHIE 1103B0-

HRIOT ONPEASNATE NapaMeTpsi by 15 1 hy st

by, = Vs _Ug,"Ugs' ,
Mg |y meonst 16™16" luu,e
_ﬂUﬁa Uﬁaﬂ"Uﬁali

P AUl s Yo"V lgutg

[Mapametpur hiys, his, OmpeaensiOTCH 110 BRIXOAHALIM XapAKTCPACTHKAM.
O6pareTe BAAMAHAE HA PALIEYAe B 00038aveAHRE cTaTHIeCKOre xoddhdunn-

eHTA nepegadn uo TOKY B cxeme ¢ 0 hy13 » apddepeRnuaLBOT0 HAPAMET-

pa b3y, Yepes Touxy A', pexAM KoTOpOH COOTBETCTRYET TOUKE A, IPOBOAHUM BEp-
THKAJILHYIO IPAMYIO 10 OEpPecedeHns C COCeRHeH XapakTepueTHROR, 3a1aBas pH-

pamenHa Hanpkenna U, Haxoma:

Al 1
hl]a = 1IR
6 U gy =const

AL

h
223 — r‘_‘:U

I it '[‘

"-1g’

Up=Ug
L1
Us~Ups

K3 | =const

g1
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AJIANMOTHIHO ONPEICIMCTCA h-IapaMeTpi i cxembt ¢ OUb.

110 BRMACHCHHBIM h-napamMerpaM MORHO HONYIUTE TIapaMcTphl T-06pastoit
IKBHBANTCHTHOH CXeME TPaH3HCTOpa, MJIEMEHTR! KOTOPOH HOCTATGYEC OOAHO OT-
pakardT CBOJCTBZ Peancioro TPpan3AcTopa Ha HA3KHX IAcTOTaX, 9To Heobxommmo
ANS AHANN3A TPAHBACTOPHEIX CXEM.

h216-ts OxagpanentHas T-obpajias  cxema
CS OHIOMIPHOIO TPAHAMCTONE, BRLIOUEHHOIO B
fa L cxemy ¢ obmued 0az0Wl, NS HH3KHX Hac)1oT
3 —__ 1=K npeAcTasieHa Ha puc. 8, rie
s 5 Uxe Ix = h“!'"‘; Is = ':SLE‘E"
220 226

1y = hyys — {1+ hass )rs

B uRTerpansHoit cXeMOTEXHHKE B Ka-
Pac. 6 YecTBE HONYTIPOBOMHUKOBEIX JHONOB He-
. EOAB3YIOTCH BXOASILINE B COCTZE MONYTIPOBOIHUKOBEIX MHTETPAILHEIX MAKPOCKEM
TPAHIHCTOPHBIE CTPYKTYPS! B JHOMHOM BKOMEHHH (puc. 7).

N

Puc. 7

b o - o 5

Ilopsanok BeIROTHERNS paloTH

1. Tunw necnenyemsix TPRHIUCTOPOE TIPHBEJCHLI B KapTouke 3amaHps. Me-
NOAL3YA HACMOPTHEIE F@HHEIE TPAH3NCTOPOEB, ONPSIEIHTE O0JACTH IEKTPHYECKH
De3olTacHEIX PEXMMOB PaboThl XN KEXKAONO HCCNETYeMOro NpEOOpa U HAHECTH Ipa-

HyEl 9ToH 0OACTH B CHCTEME KQOPAWHAT TOK-

fc T \ HanpskeHWe, Kak NMoKa3aHo Ha pHc. 8.
I maxc / 5 Bapmanne!!! Hira npegorspamenus
J =--’-‘E’—’“’ JAEKTPHYECKOTO NOBDEKALHHSN TPAHIACTO-
3

POB H3IMEPEHHN HPOBOINTE TONLKO B 0bJac-

TE DO3BOJAEHHLIX PLAHMOB paGoTns, B¢ BLI-
X044 34 ee rpanvObl, h

~ / ! 2. Cobpath CXeMy IUIA HCCIeZOBaHHA Xa-

>  paKTepuCTMK TpaH3ucTopa B cxeme ¢ Ob

Yo wave Uico {puc. 9). OOpaTHIL BHHUMAHRE Ha CTPYKTYPY
Puc. 8 UCCASNYEMOT0 TPAHIACTOPE H HCNONLIOBATEH

23



BAPHAHT (&) JAH P-N-P-TPAHINCTOPOR H BapRaHT (6) And n-p-n-TPag3HCTOPOE.
2.1, Cusrs ceMefCTBO BXouEx xapakrepuctuk I, = f{U,g) npu Ugg = const.

2.2. Cusrs cemeicTBo BEIXOAHEX XapakTepucTik I, = {Ugs) npu i, = const.

2.3. CHATh cemeHcTRO xapaXrepHCTHK NPSAMOR nepegayn 1o Toky Iy = f{1,)

] "
(V) E>=0..10B
+
1 —o +
a
—0 -+
Ex=0.. 108
—iy —
6
Pnc. 10
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mpn Ugs = const.

2.4. Caats ceMelfcTBO
XApaKTePHCTHK 0OPATHON CBAIH
O HATPSHKEHKIO

Uy =1f{Uys) npn 1, = const.

2.5. Caate cemeHeTBo
BLIXOIHBIX XAPAKTEPRCTHK
TPAH3ACTOpA R HOUBCPCHOM
BKIIOUCHHH _

I = f{Uyp) mpw I, = const.
Hnas obecnedenus HHBEPCHOIO
BKIFOYEMMA TPAH3HCTOpA AOCTa-
TOYRO B CXEME NOMEHRThH Mec-

TaMJ3 SMHTTEP H KOJLIEKTOP.
2.6. 1o HOXYIeHHEIM

NAaHHLIM TIOCTPOHTD XApaxTepH-
CTHKH TPAH3HCTOPA H paccyd-
Tare h-mapaMerprl. J[Jua HH-
BEpCHOTD BKJNIOYEHHS DPACcCHH-

TaTh hy 64 = Al/Al.

2.7. PaccamTaTy  Uapa-
MeTpul  T-00pasHoH  3KBHEa-
JIEHTHOM CXeME!,

3. Cobpars cxemy ana
HCCHeNOBAHHA XAPAKTEPHCTHK
TPEH3IACTOPA, BKIOYEHHOTO TI0
cxeme ¢ O3 (puc. 10). nx p-n-
pP-TPAHIHCTOpa  MCICIL20BATE
BapHaHT (4), Ang n-p-n — BapH-
aHT (0).

3.1. Cusams CEMCHCTRO
BXOIHBIX XAPAKTEPHCTAK TPAHIH-
cropa Us, = {lg) opa Uy, = const.




3.2. CHATE CeMEHCTRO BRIXONKAIX XapakTEpRCTAK TPAHIHCTOPA

I = f{Ui,) mpr Ig = comnst.
3.3. CHaTL cemeiictao XapakTepPHCTHK HpﬂMUﬁ Iepefaus 1o TOKY

= {{Ig) mpy Uy, = const,

3.4. CHATE CeMEHCTBO BBEIXORHLIX XaPaKTEPHCTHR TPAHIHCTOPA B UHBEPCHOM
skmodennn I, = f{U,) opu Ig =const. [jna ofecnedenna HHBepCHOTO BKTIOYERES
TPAH3BACTOPA JOUIATOMHO B CXEME NIOMEBTTH MECTaMM IMATIED | KOMICKTOD.

3.5. [lo HOTYYEHHEIM JIAHHLIM TOCTPOHTE XAPaKTEpHCTHXH TPRHIUCTOp2 M

DACCUWTaTh h-niapameTphi. [N HABEPCHOTO BRIIIOYEHES DACCHUTATE N7 14, = Al/Als.

Coaepkanue 0THeTa

1. ITacnopTHEIE JAHHKE HCCNEMYEMOT0 TPAH3uCTOpA.

2. CxeMEI HecieIoBanss OMNOIAPHOre TPAHIKRCTOA.

3. CemelicTpa cTATHISCKI XAPAKTEPHCTHE TPAH3HCTOPOB B cxemax ¢ OB u 0D,
4. PacaeT h-napamerpon ana cxeMm ¢ OB 1 02, :

5. Packer napamMerpos T-06pasHOH 3K BUBATH THON CXEMEL

KoHTponsHEIE BONPOCH

1. Yro Taxoe GHIIOIPHLIH TpaH3HCTOP?
2. IMoyeMy B GHIONUPHOM TPAHIACTOPE MPOKCXOAHT YCHACHHE INeKTpHYe-

cxpx xoyeQanut 1o MOITHOCTH? )
3. TToyeMy TpaH3MCTOp B cxeMe Bmoderua ¢ OO moxeT obecnewnTs ycH-

NeHue IO TOKY, 4 B cxeMe ¢ Ob met?
4. Yro coboli npeacTaBifioT BXOOHEIE M BEIXOJHHC XADAKTEPHCTHKH TpaH-
suctopa ¢ Ob B 0397 Kag o0BACHETE XapaKTeD TORSAEHKA JTHX XAPAKTepHCTHK?
5. TlepedncIuTs OCHORHBIE pexkyMsl paboTel bT 1 yxasate HX Ha BEIXOOHBIX
xapaxtepucTukax B cxemax ¢ Ob # 0.
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JABOPATOPHAS PABOTA Ne 3
UCCIEIOBAHME ITOJIEBLIX TPAHSHCTOPOB
I{ens paGotal

1. H3yanTe cTpyKTYPY, MPWHIKL JeHCTEHN NONEBRX TPaHIUCTOpos, & TAKKe
0OyacT WX IPHMEHSHHA.
2. DxXcnepUMeHTANEHO HCCHe0BaTs CTATAYECKAE XapaKTEepHUCTHKHE M onpe-

AenETh THddepeHIEANTRHBIE TapaMeTphl MOKCBEX TPAHIHCTOPOS.

Kparkie TeopeTiiecKHe ¢BeACHHS

[loneprMH {YHHOOKIPHEIMH) TPAH3NCTOPAMH HA3BIBAIOTCA IIONYIIPOBO/IHH-
KOBbIe IPHOODH), B KOTOpBIX JNEKTPHUECKKH TOK CO3JAeTCR OCHOBHEIMH HOCHTE-
JIAME 3apAfta Nog ASHCTBHEM MPOJOALHOrC 3AEKIPHISCKONC N0, a MOAYIALAS
TOKE OCYILNECTRIAMETCH HNONEPCIHBIM MEKTPHYECEMM II0JIEM, COINABACMEIM HA
YHPABIAIOMEM 3IEKTPOJE.

ObnacTs TONYNPOBOIANKS, TI0 KOTOPOH MPOXOIUT yhpasnaeMbll TOK, Ha-
ILIBACTCR KaHanoM. JNEKTPo/, A3 KOTOPOro HOCHTENH 3apsa BXOAYT B KaHal, Ha-
ILBACTCA HCTOKOM, a 37eKTpO/, Yepe3 KOTOPRIA OHM YXOUAT M3 KaHana, Ha3HBaeT-
CA CTOKOM. JJICKTPOJI, HCIOAE3YEMEIH A7 YIIpaslieHHA BeTHIHHON MonepedHoro
cedeHHs KaHasa, HA3hIBAeTCH 3ATBOPOM. 3aTBOD JIOMMKEH ObITh 3AEKTPHUECKHE H3O0-
MHpOBAH OT KaHAMA. B 3aBECHMOCTH OT CII0CO0a HAONANKE PasTHIAIOT:

TPAH3HCTOPH C YPaBJAIONIHM pP-D-IIEPEXOOM;

TPAHIHCTOPDI ¢ H3OMHPOBAHIEIM 32180poM (MTT-Tpan3ncTopE),

Crpyktypa noneBoro TPaH3ACTOPA ¢ YNPABIMIOMMM p-n-TIEPeXOoaoM M Ka-
HAJIoM N-THIIA IpKBejeHa Ha puc. 1,a. Ha noanoxke #3 p-xpeMHRsS co3/138TCA TOH-
K#i#l ¢Hoil AOJIYNPOBOAHMKA N-THIIA, BRICIHAOMMEN QYHKIME Kadata, T.6. TOKO-
NpoBOAAIICH OONacTH, CONPOTHBICHHE KOTOPOH Peryidpyercs 2AeKTPHIeCKAM
nosieM. C NOMOMEI HEXHEIO P-N-TIEPEX0ia OCYINECTRIIIETCH HIOMALAA KaHa4a OT
NMOETOKEKH H YCTEHOBKA HAYAIBHOH TOMIMHAL] KaHana.

[pAAAN paBoTsl HONEBOTO TPAHZKUCTOPA ¢ YIIPARIAIOIHM P-n-HEPEXOI0OM

OCHOB3H HA M3MCHEHUN COTIPOTHBICHHA AKTHRHOFC. CHO4 (XaHana) MyTeM pacing- .

perus p-n-Iepexva PY NO4aYe HA Hero obparHoro Hanpsxerus. Haubonee xa-
pakTepHOH YepToM MOJEBEX TPAH3MCTOPOB ABAACTCH BHICOKOE BXORHOE COHpO-
THBISHHE, T.K. TOK 3aTBOPa Mall, IO3TOMY OHM YIPABIRIOTCH HanpshkeHueMm. Ypr

U,y =0 conpotHaacnne xapalla MuBMMaTsHe R, =pl/hw, roe p — yzersmoe

CONPOTURRSHUES NONYNPOROIHAKE; i, W — JMHa % WMYPHEKS KaHalis CoOTBeTCTBeH-
HO, h -- paccTosiime MeXAY MCTAILTYPIra4ecKHMA I'PaHHIaMA n-cios. YeM Gobine

obparHoe Halpshkenre Ha 3atBope Uy, TeM Impe p-n-Nepexofs B TOHSINE KaHail.
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TTpy HeKOTOPOM HATIPADKCHIE 3aTBODA KaHAM IIONHOCTHIO IEPEKPRIBAETCH. JTO Ha-

Y U

n+ " 1p+ / n+

nI;I 7

5
/./f////)(f{

S
UIITUDY IO I p KaHan

p-n-nspexod

n+ Dt n+

n - l

U - ucmok; 3 - sameop; C - cmok; - nodnoxwa

A Puc.t

¢ -‘f

manmsHAIH TOK L pake = Ucen mac/Rx 1

: _3
ﬁ l'-j ::

NpOKEHHE Ha3kBacTCA BAlPH-
HeHReM oTceudxki Usy ore.

Ilpg nogade Ha CTOK
TIONOKATENBHONO HaNpAKCHUS

Uen (puc. 1,6} B xamane BoO3-

HHKaeT TOK I; H BIONE KaHajga
NofBIieTc MAleHke HAIps-
wenns Uy, BEMHYHHA X0TOPOro
3aBHCHT OT PACCTOAHHA A0 MG~
TOKA. 3TC NPHBOAWT K BO3-
HHKHOBCHHIO HAOPIDKeHHA, 3a-
MHPAKOIEr'Y p-n-niepexod Me-
KAy crokoM 4 3aTBOPOM Ugs,
TOAIMMHHE KaHalia CTAHOBHTCH
HEePeMEHHOH. Hockoabky
eyl > {Usyl, T0 vaman cunsuee
cyxaercs BOmmsu croka. Ilpm
HEXOTOPOM HanpaKCHAH
Uen = Ugnpac— Xanan mepe-
kphmaerca (puc. 1,0). Conpo-
THRACHHE KaHala IpH JTOM
Ry« # 0, oHO GonpHIe HadYanh-

ore Rip, ¥ nom pAclcrEMeMm
HANPSKESHHA RAChLOIEHHI dJe-
pe3 KaHAl HPOXOJUT MAKCH-

- .,
) _I':I.._..,-"‘*. .
- e

TparzHCTOpk! ¢ H30IHPOBAHHKIM 3aTBopoM (MII-TpaH3ucTopsi)

XEPHKI‘EPHGE OTJHYHE HOJCBLHIX TPAHIHCTOPOB C HIOAWPOBAHHARIM 3aTBODOM
COCTOMT B TOM, 9T0 ¥ HEX MOKLY MCETANNWMECKHW. 38TBOPOM W OGRACTRIO Y-

NPOBOJHHKAE HAXOJWTCH CHON ARITEKTPHKA — ABYOKHCH KpeMHHA S10-. ITosToMy
TIONEBEIE TPAHIRCTOPBL ¢ HAOIHPOBAHEKIM 3aTBOPOM HaakiBalores MJTT (Meran:i-
AUAIeK TPHK-TIONYIPOBOAHKK) K MOIJI (MeTajur-oKHCen-11onynpoBoTHIK). Bhi-
myckaroTer MTI-Tpar3acTopul ¢ MHAYIMPOBAHHEIM H BCTPOSHHEM KaHATIOM.

B ocrome mefictis M/I1-Tpamzucropa nexwT adgdexT moas, mpencran-
nsnome#é cooll H3MeHeHne BEIHYHHSEL M THIIA MSKTPOIEPOBOHOCTH HONYTPOBO-
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HHKa BONMBAA €ro CpaFdiE ¢ JHSACKTPHXCM NOJ DelCTBHeM IpdIOXKESHHOIO Ha-
npskexus. Ecnp x 38TBOpY NPRIOKHTR OTPHLATEBHOS HAOPMXEHHE, TO OHpKA

OV IyT NPUTATHBATECE K AMDICKTPHKY Si07 ¥ Ha NOBEPAHOCTH NOIYNPOUBOAHEKE
ofipa3yeTcs CIOH ¢ BBICOXOM HX XCHUEHTpauued. Takod pexuM HalbipaeTcd pe-
*HUMOM ofoTameHud Kanana. |ipn MoZaye Ha 3aTBOP MONOKATENBHOTC HAmpsKe-
HUs IBIPKH BBITANKHBAOTCH 0T HOBSPXHOCTH TIONYNPOBOLHKMKA H obpazyeTcs cioH
¢ yMeHBIMIeHHO# KOHOeHTpauud MEIpoK. Takol POKMM HA3LIBARETCA PEXHMOM
oGenHeRHsN. DNEKTPOHE! H3 TGHYIIPOBOJHMKA P-THNA OyayT NPHTAHBATECH K EA-
IEKTPUKY, H Y MOBSPXHOCTH NONYRPOBOAHHKA p-TANA olpasyercs CJIoH ¢ snex-
TPOIPOROIROCTHIO N-THIIA, Takum 00pasoM, MeWKIY BCTOKOM ¥ cTOKoM obpasyer-
cs obnacTs n'-n-n" THOa. Takoi peXHuM HASKIBAETCA MHBEPCHEHN 3/IeKTpolpoRol-
HocTH. MisMeHad HanpaskeHRA Ha 3aTBOPE, MOXHO HIMEHATH COTPOTHBIICHNE KaHaNa.

- {su + = eyt + Usy - - Ueut
3 $
% 3 C

PSR K AR RN K

nt

SR
T
o
—
=3
+

) 1
BLIMPOeHHLI
M - ucmox; 3 = 3ameop; C - cmox; [T - noonoxika KaHai
a 6
Prc. 2

B MJIII-Tparancrope ¢ HHAYLHHPOBEHALIM KAHAIOM N-Tuma (puc. 2,a) npA
HaOpAXKeHHd Ha satpope U,y = 0 kanan orcyrereyeT U mpy Ugy > 0 Tox croka Oy-
Her paBeH HyJHO. [IpH YBETHYERHH HOS0KHUTENBHOIO HApMKEHAS Ha 3aTBOPE, Ha-
YHRad ¢ HexoToporo 3HaueAns Uy, nop HACTYIIAET HHBEPCHS SJIEKTPONPOROIHOCTH
A -nporcxonyT oGpazoBanue KaHana (puc. 2,a). 310 HanpsKeHUe Ha3nBacTCd Mo-
poroebiM. B criparoyHsKax 0ORYHO B KadecTBE MOPOrOBOTD TPHBOATCA 3HAYCHUS
Usy, npu koTopmx Tok cToka lo=10MKA. TIpH Usy>Uygnep 3 M-
TPaH3¥CTOPaX ¢ N-KAHATOM YBENWYeHHe HANDOKEHHS Ha 3aTBope GyneT TpuBo-

AHTE X YMEHSMIEHHIO COMPOTHBICHAN KaHalla 3a ¢deT oforaineHus MOBEPXHOCTH
KaHana 3JIeKTPOHAMH, TOX CTOKA HpH 3ToM GyaeT ypemmupsarhes, Orcioga BAONHO,
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gre MJII-Tpan3dcTop ¢ uBEQYHAPOBAaHHEIM KABAIOM paloTaeT TONBKO B PEXuMe
oborameRy.

B MA{I-TparsucTope co BCTPOCHHEIM KaHANOM D-THTE (pHC. 2,0) yxe nMe-

£TCH TeXHOIOTHISCKHEM yTeM cospanuaii xapan, u rnpa Uy = 0 1 Uy > 0 mpore-
KaeT ToK croka. IlpH yBemuuyesHy NONOKUTENRHOTO BAUPAXKEHHA Ha 3aTBOpE 06-
JFACTH KaHana oforaaercs SIEKTPOHAMM, H TOK CTOKA BospacTaet. IIpH yBenwge-
HEH OTPALEATEIRHOIO HANpAKEHHA Ha 3aTBOpE KaHax obegHiercs, # TOX CTOKa
ymeHbAeTCH. Takum ofpazom MITI-TpaHsHCTOPE: GO BCTPOCHHEIM KaHANOM pa-
GoraioT B pexuMax oforamenus 1 0GCTHEHEA.

TNonesble TPAH3ACTOPH BXAGIAKOTCH IO cXeMam ¢ obmmEM 3atBopom (O3)
{pnc. 3,a), o6 uctorom (OH) (pHe. 3,6), o6mem crokoM (OC) (puc. 3,8). Hau-
fonee 9acTO HCHOIB3YETCH cxema smoderas ¢ ON,

03 o OC
fus le C | I3 fu
. o2 M_C—r:H_ I _.,f.,_:._'_ o= A
-c*_ b

Uua (1:) Ues ™ 3\"""’:11 Ueu Use Uue
C

- O & G - +o o - + O- 0 +
a 6 8

Poc. 3

CraTH9eCkae XapaKTePHCTHRKY FONEBRIX TPAH3HCTOPOB
OcHOBHKME XaPAKTEPHCTHRAMM NOJEEOT0 TPAHINCTOPA SHISMOTCH. BRIXOA-
uxte (cToxoBale) — [ = f(U ) npu U,y = const v XxapakTepUcTAKY Nepefaud (CToK-

satBopHbie) — [ = f(Usp) npu U, = const.
Ha puc. 4 npusesens BAX nonepsix TPAaR3HCTONCB, BKIOYEHHEIX TT0 CXEMe

¢ OW: ¢ ynpasimfomusm p-n-nepexonoM (a, 6); MAlI-rpansncropa ¢ uuaymupo-
BAHALIM KaHAIOM (B, ) ¥ MIII-TpansucTopa co BCTPOSHHEIM KaHAOM (I, €) (8ce
TP THIIA TPAHE3HCTOPOB MMEIOT KaHAM N-THHA).

dudpdepeHnpansublie TapaMdeTpsl 0NEBEIX TPAH3HCTOPOS

OCHOBHRIMA AR(GGEPCHIMATEHEIMA 1apaMETPaMHA TONEBRX TPAHIHCTOPOB
ABJEIOTCH

dl |
KpyTHiHa § = —F ;
d Uy U o =const
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Puc. 4

BHyTpennee (IudipepeRUHaTEHOS ) CONIPOTHEICHAE

R, = d U, '
dI_ U, =const
. dyU
CTATHYCCKHH KOYPQUIHEHRT YCUNEHHA p = ; Ucu

311 =const



Bee Tpu napamerpa cas32Kb] ypaBHeHHeM [ = SK;;
[MapameTphl TPAHIWCTOPOB MOXHO OIIPEASIATE 110 CTATHYECKHM XapaKTepw-

CTHKaM, XakK Irokalano Ha puc. 5. [Ing paboueit vouk A (U, Ve, Uy kpyTisea v

ANndHepeHIHATLROS COIPOTHBRCIIHE ONPEASIAKTCS
e % CREOYIOIHMHA BRIPAKCHARMHA:

_ Al
AUq,

_ I”Ic"_rn:

U"m ___UI

|

Uen =UTCH SHIU g =U'ey
_AU,|

_ U”CH—UTCHI
bAl -1, |

€ Wap=U'sy

> lIlupokoe pacOpoCTpaHeHWe NOXYYAnT ILo-
AeBbie TpamicTopsl ¢ 6aphepom LHotku. Ieperex-
Prc. 5 THEHBIMHA TPAH3UCTOPAMM HRASIOTCA HOSCBHE TPaH-
3HCTOPH Ha apceHRAe MU, paboTatolme Ha Yac-
Totax Jo 20 TTU, KOTOpEie MOXHO HCHOONB30BATE B MATOLIYMSHIAX YCUITUTEIAX
CBY, ycunurenfiX MOITHOCTH M TeHEpaTOpaX. YCIOBHOe 0003HAYEHHE RONEBRIX
TPAHIHCTOPOE Ha NPHHIMITHAMLHRIX CXEMaX i pexxuMal paboTE! npuBeneHE B TaOM. 1,
A MapKMpPOBKH OHNONAPHEIX TPaH3#CTOPOB HCIONLIYETCH OyKBEHHO-
uadponas cucTeMa YCIOBHBIX 0003Hagermii cornacHo OCT 11.336.038-77, takas

Ke, Kak | ;g GHMONAPHEIX TPAH3HCTOPOB.

el
el
l'e

Topsaox BEMOJAEHKA paboTh]

. THIIE HCCREAYEMBIX TPAH3MCTOPOB IIPHBEACHE! B KapTO4Ke 3ajaHud. Mc-
NONB3YA NMacnOpTHele [JaHHEIE TPAHZHCTOPOR, OIPEAEMMTH 0018CThE NIEKTPHUECKHE
DezomacHRIX pex¥MOB paboTh A8 KAKAOTO HecneAyeMoro ITpHbopa i HAHECTH Ipa-

HALRE 3TOR 006s1aCTH B CHCTEME KCGOPIFIHAT TOK="
ic T HanpKCHEE, KAK AOKA3aHO Ha puc. 6.

Bagmauwme!l! Jna npegoTepanienns
JMEKTPHYECKOT() HOBPEeKIeHAR TPAHIHCTO-
POB M3MepenHs NPCBOAHTL TOALKO B 06aac-
- TH J03BOJICHHLIX PEXKHMOB paboTil, HE BhI-
3005 32 ee rpadHNbL.

/ 2. CoOpath cXeMy I HCCHESOBAaHHS
Uy mane L}w XapakTepHCTHK BRIJAHHOINQ TONEBOTO TPAH3IH-
CTOpa ¢ YNPaRISIOIAM p-n-HEPeXoicM B cxXe-
me ¢ OW (puc. 7). OGpaTeTh BHEMAUWE Ha
THN OPOBOAAMOCTH KaHana, Ha puc. 7,2 npupeleHa ¢Xema AT HCCAEHAOBAHMN
TPaH3MCTOpPA ¢ KAHANOM N-THIA, a Ha PHC. 7,0 — ¢ KAHATIOM p-THDA,

fo sant:

Puc. 6
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3, Casms  cToK-3avBopHyo  xepaxtepueTiky I = f{Usm) mpw Uy =68

(I < 10 MA) 1 CIIpeeuTh Hanpﬂcerme@m ore-
BEIXOMUEIX  XaPaKTEePHCTHK
U =08; 03U grey 0,8Usy; pre. Hanmpaweswe Uy, wiamennte ov § po 108

4, CHATE

ceMeHCTBO

=f{Ucn) 1mpu

(Ic <10 MA).
Tabnea |
" Tun nosesoro Tun THO YcnoBHOE Pexum
TPAHIUCTOPA KaHATA | NORIOKKH ofo3Haveyye U pafoTrt
TONAPHOCTH BHENI-
HUX RAMPHKeHHH

Tparzucrop n P —
¢ YIPaBJISHONTAM
pFN-TEePeXONOM

p n _
M- n p Oboraiesue
TPAH3HCTOP ¢
WHTY IAPORAH-
HEIM KaHAJI0M

p n Oboramenne
MATI- f p Oboramenne
TPAH3HCTOP CO (obenBesine)
BCTPOEHHBLIM Ka-
HATOM

p n Oboramensne

(obeanenue)

32




5. Paccumrark HudwpepeHnianbirele mapaMeTpst S, R;, t uonesoro tpadsu-
CTOPA ¢ YUPABAMIOOIAM P-I-NISPEXOZOM B 3amagnolt pabouel Touke.

6. Cobpars cxemy ¢ OWM wm Hocnepopammd  xapaxrepmeTEx M-
TPAHSHCTOPA ¢ HHAYWHpOBaHHEIM KaratoMm (puc. 8). OGpaTaTh BuHMaHRe Ha
THI HPOBOAEMOCTH Kamana. Ha prc. 8,2 MpusepeHa cxema AN MecieJOBAHES
TPEHIACTOPA ¢ KAsaNOM N-THIIA, & Ha PAC. 8,6 — ¢ KaxaioM p-T#na.

7.Caars  crox-zatRopHye  xapaktepuctiky L=fU,,) mpm U,u=6B
(Ic < 10 MA) u onpefenuTs 3sEa4eERe Usy nop.

8. CrATe ceMciicyBO  BRIXOMHKX  xapakTepucTRk I =fUs) npu

Usy = 1,5 Usy nops 2,5Usy niops; 3 SUEH nop (¢ < 10 MA). Hanpmxenne Uy M3MEHATE
or0 30 10 B. e

9. Paccumrarp JE(pQHepeAmanbERe IapaMeTPR! S Rl, p nﬂnennm MATI-
TPaHIKCTOPA B 3a5aHHOH padouch ToMKe. -

.C-+ o
3@ o

E+ | B

CopepRaugde oTera

1. TlacnopTHEIEC NAHARIE HCCHEAYEMBIX TRAH3HCTOPOE.
2. CxeMmsl ong Hoclle0BaHMRE IOACBEIX TPAA3HCTOPOB.
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3. [TonyucHERE ceMeHCTBa CTATHYECKHX XApaKTEPHCTHK HCCHSIOBAHHBIX
TPaE3ECTOPoB B cxeMe ¢ OH.
4. Pacuer muddepeHunansHpX 12PaMeTPOR TPaH3HCTOPOR.

KoHTpOnsHHeE BOIPOCH

1. QcroBiEle 3eMSHTE KORCTPYKUKE NONeBON0 TPARIKCTOPA ¢ YIPABISIO-
meEM p-n-nepexonoM B MJILI-rpansscTopos.

2. ITpuanrm peficrsus MITI-TpaH3ucTOPOB €O BCTPOCHHMBIM W MHAYHHPO-
BAHHAIM KAHANOM. PexkuMEl paboThl 3TUX TPAHZIRCTOPOB.

3. Yerpoiicrso B npHuiHn aeficTBHA IONEBHX TPAHIHCTOPOB ¢ YHpABILLO-
ITAM D-N-1TEPEXOHOM.

4. OGBACHUTL XapaKTep M NOBEeHHe XaPaKTepHCTHKH [IPAMOl Hiepefadn H
BEEXOAHEIX XapaKTepHCTHK. 1o Taxoe Hanmpawenye Uy ore B Usy nop?

5. QbnacTu IpHMEHSHAY I10NEBEIX TPAKIACTOPORT

6, Kakue cyecTByOT PasHOBHARCCTH HQJICBLIX TPAH3ACTOPORT

7. Ilovemy monegol TpaH3IMCTOP OBMARACT YCHITHTEILHAIMHE CBORCTBAME?

8. YerpolicTBo B Np¥HIME AeACTBUY NONEBEIX TPAHIHCTODPOB ¢ YIIPAaBILIO-
oM p-n-nepexogoM H MAI-rpas3sHCTopoR ¢ BOTPOSHHEIM H HHNYOUDPOBAHHEIM
KagaoM? |

9. Kaximmy QUIFICCKAME SRICENWSMY OTPRHMYHBACTCS ANANadoH padousn
vactoT B ITT? _

10. B g9em ormrame crarudeckux xapakrtepuctk IIT ¢ ynpagngiomum p-n-
viepexoaom ¥ MIT-rpanincTopos ¢ BCTPOSHARM W HHLYIMPOBAHHEIM KaHANOM?

11. Kakor dmaryecknil cmeica auddepeHimantrmx mapamMetpoB S, R;, @
TONERAX TPAHIHCTOPOB?

Jrarepatypa

1. Snexrponnke npybopri / Mox pea. I'.I'. Ulmakuua. - M.: HUsparensctro
MAV, 1996. ‘

2. Barymep B.A. SnexTporArste npuboprt. — M.: Bricin. nik., 1980.

3. I'yces B.I',, I'ycen H0.M. GnexTpodnka. — M.: Belewr, k., 1991,

4. Tweuenxo @A, Xenporma M.C.  VYwel. nocolue nmo  wypoy
"Onexrponnble mpuGopsl”. - Mu.: BIYUP, 1997.

5. lamxun B.H., bymrdes AJL, Jlamun ILM. [Tomynposoguskossie npubo-
phi: TpawsucTopsl winpokore upamereHus: Coparouduk. — Mu.: Benapycs, 1995,
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JIABOPATOPHA A PABOTA Ne 4
UCCHEAOBAHUWE OITTOSAEKTPOHHLIX ITPUEOPOB
Lems paboTel

1, Msy9uTs yerpolicTBO, MPUMINN NeHCTRHA, cucTeMy obo3HaueHuH, obaac-
TH HpYMeHEHHA, HapaMeTpnl ¥ XAPAKTEpHCTHKA NOMYIPOBOAHNKOBLIX H3Tyda-
TeNbHRIX NPHOOPOE (CBETOXNONOB).

2. M3y9uTh yeTpoACTHO, HpMHIAN NelCTBHS, cHcTeMy 0603Ha4YeH s, ofinac-
TH NPHMeHeHHA, HapaMeTpEl I XapaKTepHCTHKH NONYTPOBOIHUKOBRIX IpHEMHU-
KOB OIITHYECKOIC HANYIECHHA.

3. BKCnepEMERTATBHO Hecilenosars BAX ¥ apaMeTpul onronap.

Kparxre TeoperudecKaAe CBENeHHA

O TOMIEKTPOHHKS — 3T0 pa3fien 3MeKTPOHHKH, HIYIAIOM#d B3akMoAelcT-
BHE INEKTPOHOB C MIEKTPOMATHHTHHIME KoNe0aHUAMH ONTUYECKOrO NHANasoHa H
BOIIPOCH] HOCTPOSHNA IMEKTPOHHMX MpUOOPOB, ACIONL3YIOIHX B KAYECTBE HOCH-
TeN% HHPOPMATHK 3EKTPOMAraHTHbEle BONEE ONTAYECKOTO Juanasona. Owziie-
CKUE CBOMCTEZ ONTHUYCCKOTO WINYUCHEAA 3ARACAT OT INTHHE BOJER, B CBX3Y ¢ 4eM
orrrAuecKkuft avanazoH (A = 10 uM...1 MM} JeiIMTeA Ha NOJIUHANAR0HE, B IPSAENax
KOTOPBIX (hHIEMECKHe CBOHCTRA BOJH OMHAKOBRL: YNBTPAQHONLTOBOE MITYUHCHHE
A =0,01,..0,4 Mxm; sunumoe uanyaende A = 0,38...0,78 MxM; nudpaxpacHoe H3-
myuerne A = 0,78 mMrM...1,0 mm. CpeToroff 1yd B ONTO3ACKTPOHHKE BBITIOIHAET Te
e PYHKLIEE YOPABJICHHE, IpecOpasoBamuy 3 CBA3H, 910 H JMEKTPHIECKHH cRIHAN
B 3JICKTPHIECKUX 1IeTIFX.
~—. B onTEYecKkax NeTX HOCUTENSIMYE CHTHAI0OB ARANIOTCR IMEKTPHYecKn Hol-
TpalbHble (POTOHBI, KOTOPEIE B CBETOBOM IIOTOKE HE B3aHMOAEHCTBYIOT MEX Ay CO-
Go#t, e cMEIIMBAXOTCA H He pacceHBatorcd, OlraveckHe Uenn HE MOSBEpIKEHEE
BIMAHHIO HICKTPHYECKHX H MarHHTHBIX NTonel. Mcnonk3oBanne B kadecTre HOCH-
- Tens HHGOPMALHH MIEKTPMIeCKH HEWTPaAbHLIX (POTOHOB OOeCTICUUBACT: KASATE-
HYIO 3JEKTPHYECKYIO Pa3Bi3Ky BXOAHOH H BEIXOJHOH UeHeHd ONTORMCKTPOHHOTO
SNEMENTA CBI3K, QAHOHAMPABICHHOCTS NepedaTd H OTCYTCTEHE BIMAHHUA HPHEM-
HHKa Ha OCPEeNATIHK, BRICOKYIO ITOMEXO3AIHUIEHHOCTy ONTHISCKIX KaHAJIOB ChSI-
3H BCAGACTBHE HEBOCHPHMMIHBOCTH (POTOHOE K BO3EHCTBHIO IISKTPHYECKHX M
MATHHTHEIX TIONEH, OTCYTCTRHE BIWMAHUA [aPAIHTHEIX ¢MKOCTEH Ha JUTHTENbHOCTE
HepexodHBIX NPOHEccoB B Kanane CBIIM KM OTCYTCTBHE TIAPAa3HTHEIX CBA3EH Mexay
KaganaMy, 4 TAKKE XOpollee cOrNacoRarve Henell ¢ pasHBIMU BXOMHLIMY ¥ Bhi-
XOJHEIMA COTIPOTHRISHHAMH,

HepoCTPHUMYHBOCTS ONTHYSCKOrO H3NYYEeHHA K PASMHYHEIM BHEITHHM B03-
REHCTBHAM M NIEKTpoHeiTpaskHOCT: (POTOHA SBISIOTCA HE TOMbKO AOCTOMHCTBA-
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ME, HO ¥ HEH{OCTATKAMH, TAK Kak 3arpyaHAIOT YAPABNeHHE KHTCHCHBHOCTRIO W
PacIpOCTPAHERNEM CBETORBOIO IIOTOKA.

KoMImmoHeHTEL OTTOIEKTPOHUMKE B WIEKTPOHHKHE CYIHSCTBYIOT, HE OTPHilasg
FpYT BpyTa, 8 KIALO H2 HAX HCIloNb3yeTcd B Tol 00NacTH, rae NpHMeHeHKe ero
nenecoo0pasHe.

B ycTpoilcTRax ONTO3NMEKTPOHHKH Depeaada MHGopMaNuH OT YIPaBIAeMOrD
HCTOUHHKA cBeTa (oTom3nydarens) K GOTOHPHEMHHKY OCYHIECTBIIETCH uqepes
CBETONPOBOAMYIO Cpexy (BO3MYX, BAKYYM, CRETOROME!), BRIONESHOMIYIO pOIh
DPOBOSHEKS ONTHUSCKOro uamyZenus. (CpeTOROZHLC MIIGMH sBAIOTCH 3KBMUBR-
IIeHTAMH IMEKTPHYECKHX NPOBOIHHKOB M XApakTepH3yoTed Oosnpol mpomyckHoH
CHOCOGHOCTEID, BOSMOKHOCTEIO COBMEILATE B OJHOM ¢BeTOBOLe OOAbIIOe YUCIIO
KAHATOB CBA3H OpH O4YeHb BBHICOKOH CKOPOCTH Hepemayk MHQOPMAUHH, AOCTH-
rAjOIMUX FEraGuT B cekyugy. Orrpueckoe M3NMydeHHE Nerko pasfensercs No Jm-
HaM BOAH, HO3TOMY MOX#0 00BeHASTE B OJHOM CBETOBORE HECKONEKO KaHaloB
AHGOPMATIHH, _

OIrro3neKTpoRKEe YCTPOHCTRA MOTYT DRITE H3rOTORICHE! 110 HATEIPANLHOM
TexHonoryy, ONTHYecKHMe WHTErpanbHEeE CXeMbl O0NafaioT OIHMpoKoH monocoil
APODYCKAENSA, HEBOCHPEIMTROCTEK K BUOPalU, NOBHINCHHOR HageRHOCTEO,
FKOHOMHIHOCTHIO OPR CEPHITROM NIPOHIBOACTRE, MATLIMY pPa3MepaM# H Maccoi.

Manygaromue nprbopu mpeolfpasyroT JMEKTPHEECKYIO SHEPIHI) B HEPIHID
QUTHYECKOI0 WIYIeHHUS ¢ ONpeAeNeHHON LIMHOH BOMHAL W B Y3KOM JHALDA30HE
JIMH BONH, B ocHOBE paboThl YIPARAZEMENK HCTOYHAROE ONTHIECKONO HATYYeHH
ACKAT OOHO U3 CISAYIONIMX PHIHYECKUX TRIEHHN: TeMIepaTypHOe cBedeHHe, ra-
30pa3puAHOE HATYYEHHE, 3NeKTPOMICMHHECHEHIIMA, AHIYIHPOBRHHOE HIMYYCHHE,
HicTogrmky Hamyderus ORBRIOT KOrePEHTHRIMYE H HEKOMEPEHTHRIMH. JiaMrikl ga-
KATHBAHUSA, FA30PaspAAHBIE NAMITE, JCKTPOIIOMHHECIICHTHBIE IEMEHTh], HHKEK-
DEORHIIC CBETOAKOAH KBIIOTCA HeROTCPLHTHRIMY YCTORHNKAMY Wany4enus. Ko-
TePEHTHMMH HCTOYHHKAMH MUTYIEHHA ABIAICTCH JTA3EPHhl,

[TpuHuMn XefcTBHS NONYIPOBOARMKOBEIX HAYIAINIAX NPHGODOB OCHOBAH
HA SBICHEH CKTPOEOMMHECUCHIHH. JNeKTpOonoMHHecCHIEEH Ha3niBaloT AB-
JEeHMEe UITYUeHUN CRETa TENAMH o] JeHCTBAEM IIeKTPHYEeCKOro mois, JNeKTpo-
JEOMHHECUeHOUA SBIASTCA YaCcTHBIM ciydaeM jmoMHHecneHInn. IMox mommmec-
NEHmHel OOHEMAIOT 7CKTPOMATHATHOS HETEMNOBOE H3aNydeHde, o0xaxaiomee
BAETEbHOCTEIO, JHAYMTENbHO UPCBHIIAROIICH IEPHOJ CBETORBLIX KoneDanwi.
JIoMMHECTIHPORATS MOTYT TBEPILIE, XHAKNE ¥ razoolpastisie Tena. B onrosnex-
TPOBHHEX TPEOOPAX WCHONRIYETCH JEOMHMNECUCHITAS KPACTANTIMIECKYX TpPHMeC-
HbIX TIONYTEPOROAHHKOS C HInpoxolt sanpeumensol 3ouoi. Jins pabotu 8 nranaszo-
He BwuMoro panyuenHsa (0,38...0,78 MkM) HCHONBEIVIOTCH BONYOPOBOAHAKH C
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IMUPHHOH 3aMpenieHHol 30k 1,5...3,0 3B. B nonympoBoHHKAX TeHEpaLiHi On-
TEIECKOre wsnydenud obDecnednBaeTcd HIDKEKGHONHOR DIeKTPOMOMMHECISHITH-
eit. [eHepaips onTHYMECKOT0 AIMY9eHHA B p-n-niepexoje o0ne/IKHACT ABa Nponec-
C8) HEDHeXKIIWQ HOCHTEICH N ANeKTPOIFOMIHECHIeH IO,

CeeTtomon

Ozary p3 Hanbonee pacTIPOCTPAHEHHEIX MCTOYHHKOB OTITHYECKOFD MINY-
YCHAA ABNHETCHA CBETOAHOO — EUH}'HPE}B{}MH]EDBHH l‘fpﬁﬁnp ¢ OAHHM HIH Re-
CKONLKHMH SAEKTPHYECCKAME [epexofaMu, npeobpazyionmil 3NMeKTPHYIECKYIO
SHEPTHIO B SHEPrHio OBRITHONO HEKOTEPERTHOTO CBETOBOIV HINYHUCHHS, [HPH CMe-
[IEHAH p-N-Hepexoia B MpsamoM sanpasileHAR, Ha puc. | nokasana KOHCEPYKigus
ILIOCKOTO, 4 WA PHE. 2 — monychepRIeckoro CBeTONHOAR.

[T 1T e
7 277
s

Ry

Y

e
+ -

Llgn

Puc. 1 Puc. 2

[Ipy mpHAGKeHHA MPAMOre RAanpsKeHua Uy, K p-D-TIEPeXoRy [POHCKOAMT
DHGDYIHOKHEIN epeHoc HOCHTENEH Uepe3 nepexosd. YBenudHBaeTCs AHACKIRA
IEIpOK B n-obnacTe, a 2AeKTPOHOB B p-oDnacTe. TIpoxoxknenne Toka €epe: p-n-
nepexok B OPSMOM HAIIPABISHHH CONPOBOXARETCH peROMOMHALMEN HAXEKTHpPO-
BAAKEIX HEOCHOBHLIK HocHTeneH zapasa. PexoMOnual(ist IPOHCXOAHT KaK B CaMoM
p-n-Bepexozie, TAK B B OPHMBEIKAIOINHX K [IEPEXOIY CRORX, NIKPAEA KOTOPRX OI-
penensercs mudQysHOHHEME UmHaMA L, # L. B Gomppmrcree nomynposon-

HHUKOB PEKOMOMHALMA OCYIIECTBIAETCH 4Yepes IIPHMECHBIE LEHTPHI (JIOBYIOKH)
BOME3N CepeEHE 3anpeleHoli 30HE H CONpOBOXKAACTCA BRIKCNeNHeM TEILIOBOH
aHeprus — donona. Takas pexomOuBalKe HasksacTed Oe3pTyuaTensHoi. B paje
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CIyvaeB Mpouecc pexoMOHHAIMY COMNpPOBOXAaETCH BRIICACHAEM KBaHTA cBeTa —
doToHa. IT0 MPOUCXORAT ¥ TIOIYIPOBOJHHKOB ¢ (ONBLION WIAPWHOH 3alpelien-
HOHW 30HE — NPSAMO3OHHBIX IONYITPOBOMHEKOB. INEXTPOHEI ¢ Oolee BRICOKMX
SREPreTHYECKAX VPOBHEH 308K IPOBOMAMOCTY Nepexoidr Ha Gonee HW3KKe SHEP-
feTHdeckHe YPORHE BRNEHTHOH 30HM (Hepexo/ 20Ha — 301ia), NPH pexoMOUHALTRK
MPOHCXOANT BhlfieleRREe GOTOHOB K BO3HHKAET HEKOTEPEHTHOE ONTHIECKOC HRAY-
yehuee. M3-3a OTHOCHTENEHO OONSHIONR HIAPAHEI 3aIpeIlieHHod 30HE HCXOZHOTO
TIONYNIPOBOAHAKA peKOMOHHAHOKAR TOK p-N-lepexosa OKa3wBaeTca OoNEIHM
110 CPABHEHUIG C TOKOM HHXEKLIHH, 0CO0SHHO HPY MANBIX IPAMBIX HANPAKCHIAIX,
Ipoliece peKOMORHALEH B 3TOM CY4ae peaNl3yeTcs B OCHOBHOM B P-N-IEPEX0O]eE.

HanydaTenpiasd CHOCO0OHOCTR CRETOARONA XAPAKTEpHIYETO !

1) BRyTperHel KRaHTOBOH 3QPEKTABHOCTRIO {MITH BHYTPCHHHM KBAHTOBBIM
BRIXOAOM), ONpeAenteMoil OTHOIEHWEM YUCHa TeHepHpYeMEIX (OTOHOR K YKCIY
HEDKEKTHPOBAHHEIX B aKTHBHYIO 00NmacTs HocHTeneH 3apsaia 33 ONMMH K TOT e
HPOMEXYTOK BpeMeHd. TaK Kak 9acTs POTOHOB NOXHAACT [OMYNPOBORHHAK, & JpY-
rad 4acTh OTPAXKAETCA OT NOBSPXHOCTH OOJYHPOBOAHHK2 M 33TE€M NOTIOINACTCH
ofrseMOM HOYTIPOBOHUKA, TO BBOAUTCH ICHATHE KBAHTOBOY 3heKTHBHOCTH K3-
Ny9eHns;

2) puewHe  KBAaHTOROH  SOQEKTUBHOCTHIO M3Ty9eHAs  (KBAHTOBLIM
BEIXOOOM), ODpPeAcsiseMol OTHONIEHHEM YHCIa QOTOHOB, MCIYCKACMBIX ANONOM
BO BHEUIHEe IPOCTPAHCTHO, K WHCHY MIDKEKTHpYeMLIX HocHTenell depes p-n-
fIEpEXOX. | |

Brenrui XBaHTOBEIA BEIXOA SBJIACTCA AHTCIPANLHBEIM TIOKA3ATEREM M3IY-
QaTenbHOH CrocOOHOCTH CBeTOAHOXRA, KOTOPhEl YIATEIBAET 3(QheKTHBHOCTL HH-
KEKIHA, EKTPOMOMHHECHEENHIO H BRIBO/ HATYYCHI BO BHEIIHEE NPOCTpaHCT-
80. C MNenel0 NOBRIMEHUS 3Q4eKTHBHOCTH BRBOAA WINYUESHMS CBETOIHONA HC-
HOME3YIOT PAsNMIHEE KOHCTPYKUHH (pHe. 1. 2): nomycdepnl, OTpakalomue MeTal-
JMH3MPOBAHHEIE TIOBEPXHOCTH B AP., ¥ KOTOPLIX NPAKTAYECKH OTCYTCTBYET LIOJHOE
BHYTPEHHEE OTPAXEHHE.

OCHOBHEIMH XapaKTEPHCTHKAMH CBETOJAHOAOR ABNANTCA: BOILT-aMIICPHAY,
SPKOCTHAS, CLIEKTPANLHAL.

Ha puc. 3 npencrasiesst BAX ¢BeTOOBOZOR H3 pa3HuIX HONYNIPOBOAHUKO-
BbIX MaTepHanos. Paimumpe npaMerx Berseif BAX U3 pasHbiX NMONYIpOBOAHHKO-
BRIX MaTEpHANOE CBA32HO ¢ PANTHYRON MHPHAOH 3anpemeHRo# 30HEL, YeMm Gosp-
¢ MPAMOE MAACHHUE HANPAXKCHUA Ha JWOIe, TeM MCHBINC JUIMHA BONHEI Miyde-
maA ¥ Donbme HOTep® 3eKTpHIccKod 3Hepruw B HeM. Obpatubie BetBH BAX
UMEIOT OTHOCHTEITBHO MAajkle HPOOHMBHBIC HAlpsDHeRHH, HTO 00BACHAETCA Manoi
ToMnEHo# p-n—Iepexoqos. CeeTonyornsl paboTaioT TIPEHMYINECTBEHHO [PH
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mpamoM BinozenEd. [Ipn pabore 8 cxeMe ¢ GonblUEME OOpATHEIME HANPIKE-
HESME [DOCHEMOB3TEALHO CO CBETOBHOZOM ReOOXOAHMO BKIHMATE OOWMHbIH
{(FemaTyaaONIMA) JHOon, AMEoNME ROCTATONOE 3IHAYEHHE JonycTHMOoro obpar-
HOTO HAIPAREHHS.

SprocTHas XapaKTepPHCTHKE — 3TO 3aBUCHMOCTE SPKOCTH HIIYHCHES OT Be-
JMMHHE TOKa, MPOTEKaDOEro Yepes p-n-nepexok (puc. 4).

CrexTpanpHAS XAPaKTePHCTAKS — JABUCEMOCTS AHTCHCHBHOCTH M2TY9eH#s
0T ATMHL BOMHBLI HINYYacMOr0 CBETA MUK OT JHEPIrHM H3NYR3CMEIX KBaHTOB
{puc. 5). Jlimaa BONHAL H3TYYeHMs OIPEAENNETCE PA3HOCTBIO IBYX SHEpreTHve-
CKHX ypoBHeH, MeKZY KOTOPEIMH HPOHCXONRT MEpPexol NMEeKTPOHOB HpH JIIOMY-
HecueHnmA. ITo2roMYy cBeTOIMOAR HA OCHORE NONYIPOBOIHMKOB C pasHOR mmpu-
HOH 3aIpeiieHHOH 30HBI HMEIOT CIIEKTPANLHLIE XAPAKTCPHCTHKH ¢ MAKCHMYMOM
HATYHeHHA OpY pasiudHBIX AIHHAX BOJE.

T GaAs GaF SiC B? Po4

74
GaAs SiC GaP | , _ ,
iriop !

=0

Ppc. 3 Puc. 4 Puc. 5

Tlapamerps: CBETOAUOROR

Cuna cpeta I, — cBeTOBON MOTOK, MPHXOIAMMIACA HA SIHHHIYY TENECHOrO

yiia B 33iaHHOM HATIPARNEHHEH, BRIpakaercs B kaHjenax (KI) B COCT2BIET Jecs-
THIE JOJIH...eOHHAIR MALMKAEIen. Kannena ecTh ¢QuiHIla Wikl CRETa, MCTYC-
KBEMOT0 CIEeIHANLHLIM CTaRJaPTHRM HCTOTHAKOM.

SpKocTe HITYICHHES — OTHOMEHHE CAUTEI CRETA K IUIONIANM CBETAIIEHACT 110-
pepxHocTH. UHa cocTapifeT ASCATKH. ..COTHM KAHACK Ha KBaAPaTHEIH caHTHMETP,

[TocTosHHOE TIPAMOE HANPDECHHE — MAJcHHE HANpPOKEHHS Ha AHOMNE fTpH
safjanHoM Toke (2...4 B).

Lger cBeyeHd #TA QMHHA BONHEL, COOTBETCTEYIONAS MEBKCHMAILHOMY CBE-
TOBOMY NOTOKY.

MaxkCHMATBAO JONYCTAMEI MOCTOAHHELE HPpAMOR TOK COCTABIAET HECHTKH
MEIIUAMIIED B OTIpeesieT MAKCHMATPHYIO SPKOCTE HATYICHHS.
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MakcuManssoe JONYCTAMOE IIOCTOAHHOS 00PaTHOS HANIPSDKEHRE (€ AHHULILI
BOJIET),

BRICTpOZEACTBHE HaMy“aI0INero FH0Ma on-
pegenfeTcd AHEPLWHOHHOCTRYY BOZHHKHOBEHHS
HIMy4YeHMs I[IpH 0OOXAYe [IPAMOYIOTEHOID M-

~ Oy:IsCa IpAMOLe Toka (puc. 6).

-

¢ BpeMs UePeKMIOICHHS 1y, CKIAULIBACTCHA

inp

H3 BPEMECHH BKIIOYUSHWSH 1,,, M BHIKIIOYMCHUSA
tapnn HATYVYEHAS. MHePIHOHEROCTE H3NYYAIOIHETC

HHOIA ONpeHeiMeTcd NpPONeccOM Tepe3apaiKy

” A '? OapsepHolt eMKOCTH H NIpolleccaMi HAKOTIEHHS 1
IR paccach/BaFHd HEOCHOBHEIX HOCHTENEH B AKTHR-
Puc. 6 HOM obmacTn oA

— e —r— s mmEE . —--—

DoTopReMAHKH

DoTONPHEMANKH — 3TC OHTO3NEKTROHARIE NPHOOPAL, Ipe1Ha3AANeHHEBIC N4
NpeodpasoBaHus IHEPTHR- ONITHYCCKOrO MIMYYEHHN B 3MEKTPRYECKYI) DHEPIHIo.
YHKUEHE (HOTONPHEMHMKOB MOTYT BRITIONHSTE QOTOPE3UCTOpLE, POTOARONE, Ho-
TOFpAHZACTOPEI, GOTOTHPHACTOPE & T.4. JlAN MOTydeHus MAKCHMATEHOID [peol-
PAORAHEAK ONTAYSCKOTO FRNYHISHMA B 3MeKTpideckuil curaan neobxonmeo corne-
COBHIBATE CUEKTPa/IbHEIE XAPAKTEPHACTHKHA QOTOH3MydaTenel v GOTONPHEMHHEKOB.

PaGora ¢doronpHeMHHXOB OCHOBaHA HA ORHOM U3 TPEX BHIOB HOTONEK-
TPHUECKMX SRICHHEH:

BHYTPeHHEM (0TO3¢eKTe — M3MEHeHHH 3NCKTPONMpOROFHOCTH BELECTEA
TIPE €I'0 OCBEIIEHAH;

BHEUIHEM cbémacbqwm ~ ACHYCKaHWH BEIRECTBOM NIEKIPOHOBR IO, aeficT-
BHEM ¢BETa (HCNONME3YeTCH B BAKYYMHRIX M M3OHAIIONHEHHEIX (hOTOICMEATAX );

doToadipexte B 3alHpAOeM ciioe — BO3HAKHOReHHAH 3/C Ha rpanmme
ARYX MATEPHANOB [0A ZeHCTBHEM CBETa.

PoTOpeIHCTOPN

DOTOPEIMCTOPOM HAIRIBAKOT HOAYTIPABOXHWKOBEM  QOTOINEKTpRUSCKRIE
npubop ¢ BHyTpeHEuM $oToddeKToM, B KOTOPOM HCIOABIYeTeA SBIeHHe (HOTOo-
EPOBOAMMOCTH, T.¢. HIMEHEHHE SMEKTPHYECKOH MPOBOIHMOCTH NOIYIIPOBOIHMKA
I0J] AeMCTBAEM ONITEYECKOTO MATYICHHA.

PoropezncTop obmanaeT Ha9AIEHON NPOBOAHMOCTEK) Gpj, KOTOPYIO Halkl-

BAIOT TEMHOROH ©¢ =q(nghy +pPoly), FAE q— 3apAJ INEKTPORS; Ng, Py — KOB-
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UCHTpal}A HOABKXHEX HOCHTENSH 3apafia B II0AyIPOBOHNKE B PARAOBECHOM CO-

CTOAHKH; in, p—~ HOABKKHOCTH 3MEKTPOHOB M ARIDOK COOTRETCTBOHHC. Ilox mei-
CTRWEM CBETA B MOEVIIPOBOIHUKE I'eREPHPYETCd M30LITOYHEBIE MOMBIKHEE HOCH-
TeNdA 3apAfa, KOHIEHTPAIMI KOTOPBIX YBSTAYMBAeTCH HA BenmduHY An ¥ Ap, a
IPOBOAHMOCTE NOMYIPOBOMHMKA WIMEHACTCH Ha BEITHYHHY
Gy = (1, AN + nyAp), HazEBAEMYI0 HOTONPOBOAMMOCTEIO. TIpy M3MEHEHHY Sp-

KOCTH OCBEINEHMN A3MEHXETCS (BOTONPOBOAMMOCTE IIONYNIPOBONHEKA. Y helTHIC-
HHe OPOBOJIMMOCTH HONYIPOROAHAKA NPH OCBEMEHKH (OTOPEIACTOPA IPHBOART
K BO3PACTAHUIO TOKA B 1€MH. Pa3HOCTH TOKOR NPH HANWIHH ¥ OTCYTCTBHY OCBe-
MGHHA HA3hiBalOT CBETOBKM TOKOM KM (OTOTOXOM.

XapakTepHCTHRE H IfapaMeTpal GoTopesHeTopa

BAX npejcranser coboit 3asucHMocTs Toxa Iy gepes dotopeancrop or
HANpsDKeHAR U, IpUNOXEHHOTS K ero BHBOAAM, IPpH HEU3MeHHOW BenWYHHe CBe-
ToBOTO MoToka {puc. 7). B pabodeM mranaloke manpaxeRnE BAX doTopesucto-
POR NpH PadIHAYHRX 3IHAYCHMAX CBETOBOID NOTOKA TIPAKTHYECKH IMHEHHBI
{(maHeHHEL B Ipenenax AONYCTHMOH /19 HMX MORIHOCTH paccegnuys).

OJHepreTHYeCKa® (CBETORAd WM MOKC-aMIIEpHAd) XapaKTepHCTHKA MpeA-
cTaBisieT ¢O00H 3aBHCHMOCTE (OTOTOKA OT NANAINETO CBETOBOIO MOTOKA NpH
HOCTOSHAOM HanpskeHKHH Ha foTopesacTope (puc. 8).

CoexTpanbHas XapakTEpHCTHEKA (OTOPEIMCTOPA —~ 3aBHCHMOCTE IYBCTBH-
TENLHOCTH OT KTAHE] BONHE! HANAKOINET0 CBETRBOTO HoTOKa (puc. 9).

l’m s ‘]"_I’* S L 3

o CdS CdS Cdle

<
=R
?""h‘

Puc, 7 Puc. 8 Ppc. 9

[MapaMeTpamMe GOTOPLIHCTOPA ARNAXOTCA:
TeMHOBOE COTIPOTHRIICRHE - CONPOTHBNICHHE QOTOPLIHCTOPA IPH OTCYTCT-
BHE ocsenteAHA. Owo miMepaercs depes 30 ¢ mocie 3aTeMReHun GOTOPEIHCTOPA,
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MpeLBRPHTENLHO HAXOIADIETOCS noA ocBelleHHocThid 200K ®  cocramnger
10°...107 Om.

Ynennnas AHTErpaIbHAA IYBCTBATEILHOCTE —~ OTHOHIEHRE (POTOTOKA K HpO-
RIBCHSHMIO CBETOBOTO [IOTOKA Ba IIPANOXEHHOE HANDAKEHNE

S Lo

b gy

UyBCTRUTEABHOCTE HALIBAIOT MHTETPANBHOH, IOTOMY YTC €€ H3MEPSIOT IIPH
OCBEINEHUH (POTOPEIHCTOPA CBETOM CIIOXKHOTO CIEKTPAIBHOTC COCTABA IPH OCHE-
merHocTH 200 mx. OHa nexuT B Opejenax OT JeCATHX AoaeH A0 COTeH MHAIHaM-
nep Ha BONET.

Ipaniqanas 4actora f, — 3TO YaCcTOTA CHHYCOHMOAMBHOrO CUTHANA, MOKYIIH-

PYIOIETO CBETOBOHM IIOTOK, IPH KOTOPOM YYBCTEMTEIBHOCTH $OTOPEIHCTOpa
YMEHBIIASTCH B 42 pa3 Mo CPABHEHMIO ¢ TYBCTBRTENRHOCTRIO TIPH HEMOLYIHPO-

BAHHOM HOTOKS frp = 103...1{]!5 Iy,

Temneparypasld ko3pPHIEEHT (poToToka — KoHpPHIMEHT, TOKAZBIBACIIHA
H3MelieHHe (GoToTOKE IIPH H3MEHEHHH TEMITEPaTYPhl B [IOCTOSHHOM CEETOBOM MIOTOKS

-t " . -1
Iy AT

oy @ —const; o= ~107>..1074 rpaj

$oroguoan

doroguoaOM HAKIBAKT MONYNPOBOZRAMKOBEIM (OTO3ICKIPHICCKHH IIpH-
f0p, B KOTOPOM HCTIOIR3YETCH BHYTPeHHHN doTtoadpext. Yorpoicrro doronuoaa
AHANOTHYHO YCTPONCIBY OOBITHOTC TMAOCKOCTHOFO AgHoAa. OTHHUHE COCTOHT B
TOM, 9TO €F0 P-n-ilePexon OAHOH CTOpoHOH obpalleH K CTEKIIHHOMY OKHY, Gepes
KOTOPOE MOCTYIIAeT CBET, H 3allMINeH OT BO3Ie¢HCTBHS CBETA ¢ APYro# CTOPOHEL

Doronuonsl MOFYT paloTaTh B OJHOM H3 ABYX PeRHMOR!

fe3 BHEMHETO HCTOVMHHEKA 3NEKTPUYECKol 3Heprud — BeHTUNBHEIH, (orore-
HePATOPHEIA WK POTOrankBaHUIECKHI PEXKHM;,.

¢ BHELIHHM HCTOYHHKOM JICKTpATICCKOM 3Heprun ~ GOTOLHOIHEA uny $o-
TONpeotpasopaTeIbHBIH PeXHM,

Pacemorpus paboTy GOTORHOAA B BEHTHNBROM DEXAME, CKEMA BXINIOYCHUR
npeactaBneHa Ha pHC. 10. IIpH oTcyrcTBHMH ¢BETOBOrQ NOTOKAa HA TPaHHLE p-h-
nepexofia cozfaeTes KOWTAKTHAS pPasHOCTE IoTeduHanoB. Yepes nepexon Ha-
BCTpEY APYT ApYTY HPOTCKAIOT JBa TOKA Iy, M Iy, , XOTOpEIC ypABHOBEUIMBAIOT

Apyr Apyra. Ilpu oCcBemenHy p-n-nepexofa GoTOHR], OPOXOd B TOMIY NOTYIPO-
BOgHHXa, COOOMatOT 2ACTH BaNCHTHBIX IEKTPOHOH DHEPIHIO, JOCTATOUHYKY A
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nepexolia WX B 20HY NPOBOHMOCTH, T.6. 3a cYeT BEyTpeHHero §oroaddexTa rete-
PHPYICTCH JICTIONHUTETBHEIE TIAPE! 3SKTPOH-AbipKa. [Ton nelcTEHeM KOHTAKTHOMR
PalHOCTH NOTEHLHANOB P-D-TICPEXOA2 HEOCHOBHBIE HOCHMTEIM 3apsna n-obmacty —
JRIPKH — TEPEXOZAT B p-00s18CTh, a HEOCHOBHEE HOCHTSNH 3apgia p-obiacru
3MEKTPOHAL — B n-obnacthb. Jlpeidiospii TOK NOMyyYaeT JONOIHHTENEHOS IPHpPaLic-
nue, HaspBaeMoe potorokoM Iy . [peligp HEOCHOBHEIX HOCHTENEH MPHBOAUT K Ha-~

KOIENHI0 W30RTOUHRX OWPOK B p-00Nacty, a 3NEKTPOHOB — B N-007acTH. 1O
OpHBORHT K CO3NAaHAI0 Ha 3aXHMax GoTOAHOa HPK Pa3OMKHYTOI BHEHIHEH nemy
PasHUCTH TIOTCHIAANOR, HasbiBaeMol GoTod/AC.

DoTo HONL], PafoTAIOIAE B PEXKHMe GOTON¢HEPATOPA, JACTO HCIOJb3YIOT-
¢ B KaTecTBe WCTOUHHKOB ITHTAHHA, IpeolpasyioMXx SHEPIHI0 CONMHEYHOTO H3-
Iy9eHHAS B 31EKTPHYECKYO.

N

Q‘ Y Ru

LUap

Puc. 10 ' Puc. it

B dotomioauom Wik dotonpeobpazosarensHoM peximMe paborta nocnego-
BaTEABHO ¢ $OTOAHONOM EKMOYASTCR BHEOMHAK WCTOTHAK JHEPTHH, CMEMAIOIUMiA
mio/ B obpaTHoM HampanneHH# (pzc. 11). IIpw oTcyTeTBrE cBETOBOTO NOTOKA 1101
jeiicrBdeM oOpATHOrO HanpshkeHWs vdepel GOTONHOA IIpoTeKaeT OOLIYHWIN Ha-
JaNEHbE ¢OpaTHO# ToK [5, KOTOPEIR Ha3EIRaOT TEMHOBBIM. TEMHOBOH TOK Orpa-

HITINBAET MUHAMATIBHOS JHaMEHHEe CBRTOROTO 1ToTORa. FipH oceemenust poroano-
A KBAHTH! CBETA BHIGMBAIOT AMEKTPOHE M3 BANCHTHEIX CBAICH IIONYIPOBONHHKZ,
Y BeTHUMBaeTCE OTOK HEOCHOBHEIX HOCHTENEH 3apsia depes p-n-Tiepexox. e
GonBIIe CRETOBON MOTOK, Magaroupi va GOTOIHOA, TeM BHIIEC KOHIECHTpaOHa He-
OCHOBHEIX HOCHTEj el 3apana BONu3x o0eAHEHHOT0 CIIOA H TeM HOALEIHA $OTOTOK,
OIpeAeNseMElii HAPOKEHHEM BHEIUHETO HMCTOYHMKA M CBETOBEIM HOTOKOM, ITPO-
TeKaeT depe3 JHOR.

(DOTOMHONINIA PEXUM XapaKkTepH3yeTcd BRICOKOH YYBCTRMTENLHOCTHIO,
DOIBIAM AXHAMHIECKUM JMAlIZ30HOM [IpeoOpazoBaiid ONTHIECKOTO HITYyUeRus,
BRICOKEM OrICTpomeiicTsuem (OaphepHa® eMKOCT: D-N-TIEPEXOAd YMEHBIASTCH).
HenocratkoM doTogHOMEOTO peXXHMa paboThl ABIAETCA 3aBHCHMOCTE TEMHOBOIO
TOKa {0DpaTHOTO TOKa p-N-Oepexojia) OT TeMIIepaTypsl.
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EciM K HeocBemeHAOMY (IOTONHOAY TOAKIIOYHTS: MCTOUHMK HANPSMKEHNA,
3HAYEHHE ¥ NOIPHOCTE KOTOPOre MOKHO W3IMEHATL, TO CHATHIE IPH 3ToM BAX
OyayT BMeTh Takol xe BMA, KaKk y OCGE[MHOIC UOAYNPOBGAHHKOBOTO AHOAR
(prc. 12)}. Tipk ocBemenH GOTOANONA CYINECTREHHO M3MERACTCH THIDL o0paTHAs
eeTBE BAX, OpsAMBic e BeTBH NIpaKTHYecKH cosnafgaoT. B keaapawre 111 doTo-
nuoj pabotaer B GoToaHOTHOM peskKume, a B keagpante 1V — B QOTOBCHTHABHOM
pexnMe, T.6. DOTONHOL CTAROBATCS HCTOYHHMKOM 3MeXTpudeckoll sueprus. Keaa-
paar I - aro Hepabouas obnacTs ans GoTOAMORS, B ITOM KBAAPAHTE P-n-TEPeXo]
CMEIlieH B NPAMOM HaTIPaBIIEHHH.
i1 IapameTpaMu GOTOTHOIOB ABIAIOTCH:
TemuoBolE Tox I, — HavaneHBI 0Opat-

I ; HEIA TOK, NPOTEKAIOIIHAN Yepes NHOA PR OTCYT-
Uotp CTBHH BHEIUHErO CMEIIEHHA H CBETOBOTO H3IY-
“ oo _// j » werun  (10.. .20 MkA A% repMaHHeREIX M

P U 1..2uxA JUIA KPEMHHERRX JAO0B),

Rk
o, I v Pabouee Hampmxenne U, — HOMHHANL-

rhanr

¥ fogp
Prc. 12

HOC HalpaXeHHe, OpPHAKNajpbiBaemMoe X Qoto-
auony 8 poromonHoM pexnme Uy = 10...30 B,
VIHTerpasibEas IyBCTBHTENBEOCTE S, 4.,

TEOKA3LIBAIGINAA, KAK HIMCHACTCH q}OTﬂ'H)K OpH CIHHHTHOM HIMCHCHHR CBCTOROI'D
IOTOKA. .

I'pahipynas Yactora f, — 4acToT2, IPH KOTOPOR MHTCrPANLHAS HYBCTBH-

TENEHOCTE YMEHBIIACTCS B +/ 2 pas (frp = 10°...10" 1),

(DOTOTPAHIUCTOPEL

(DOTOTPaHIHCTOPOM HASHBAKT TNONYNPOBOAHUKOBEIM YIIpaBnAeMEll ONTH-
9eCKHM HINMYy4YCHHEeM IprOOp ¢ IByMA B3AHMOAESHACTBYIONHMHA P-N-1IEPEXOIaAMM.

DOTOTPAH3HCTOPE], XaK # OORIYHLIE TPAH3HCTOPS!, MOT'YT MMETE p-n-p- H h-
p-n-CTpYKTYpY. KOHCTPYKTRERO DOTOTPAHINCTOP BRIMOMHEH Tak, YTo CBETOBOH
notok obmyqaer obmacte Hasel. Haubosnsuree mpaktAdeckoe MPMMEHEHHE HAIUIO
BIJIIOUEHHE (PoToTpan3Kcropa B cxeme ¢ O3, Opu 3TOM HarpysKa BISIOYACTCS B
KOVIEKTOPHYHO eHb. BXOAHNM CHTHATOM POTOTPAHINCTODA ABIAETCH MOAYIIMPO-
BAHHLIY CBSTOBOM I1OTOK, & BHIXOJHRIM — H3MCHEHVC HAIDAKEHHA HA DEIACTOPRC
HATPY3K# B KO/LICKTOPHOH LCHH.

Hanpsbkerne nuTaHAL HA (OTOTPAHIACTOP MOAAIOT, KAk ¥ Ha OOBMHbIA Ou-
TICNSEPHEI TPARIACTOP, paloTalONMK B aKTHRHOM peXAMe, T.¢. DMUTTePHLHI Ime-
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pexo/l cMemeH B IIPpAMOM HampaBleHUH, a ¥OMNNEKTOpHEIN ~ B obparnoMm
{puc. 13,a), Onnako on mMoxer paboTaTe W ¢ OTKMOMEHNKM BLIBOAOM Da3kl
(p=c. 13, 6), 2 HanpsKeHKE OPHKIAABIBACTCH MEXAY SMHATTEPOM H KOIEKTOPOM.
Takoe BKIFOUEHHE HAILIBACTCE BEIDOYEHHEM C [EABaolllelt Ga3zol ¥ XapakTepHO
TONMBXO AN oroTparsncropos. [pu aTtoM doroTparaucTop paboTaeT B AKTHBHOM
pexpme OAHSKe k rpadane ortcedkH. [lpuy @ =0 vok OYeHE Man H paBeH TEMHO-
BOMY TOKY

I, = o |

l-a

BAX anHanorm4Hh BRIXOZARM XaPAKTEPHECTHKAM GHITO/LIPHOTO TPaH3HCTO-
pa, BKMIOYeHHOre no cXeme ¢ O3, rie mapaMeTpoM SBIFeTcH He TOK 0a3bl, a cae-
TOBOH IOTOK I GroTOTOK pk Ig = const (pue. 13,8).

HepreTANECKHE H CHEKTPATLFHLIC XapakTepUCTHKHA TakHe e, Kak y {oro-
THOAA.

+ h
o+ ]
R R
NN Y [o
O R A £ - O X '3 -

{ra

a 4] B
Puc. 13

OcHOBHBIMA HAPAMETPAMA (POTOTPAHIACTOPA ABIAKTCS!

pabouee nanpsxenue (10...15 B);

TEMHAOBOH TOK {10 COTEH MAKpOaMIIep);

pabodHi Tok (710 ASCATKOB MH/UTHAMNED );

MAKCHMANILHO JOIMYCTHMAN MOIIHOCTE PACCesHEA {10 ieCATKOB BATT);
craTeaeckuil ko3¢ duuuesT ycanerus o GoToToKy Ky = (1 +h 213), KO-

TOPhIL H3MEpACTCA KaK OTHOLIewwe OTOTOKA KOJUIBKTOPAa TPaH3HCTOpa C Iina-
BaroImed 6a30i K QOTOTOKY KOINeKTOPHOrO Nepexoda OPH OTKOYEHHOM IMUTTE-

P& M [OCTONHAOM CBETOBOM IIOTOKE 1 JIOKHT B qHanmazoune snadenuit (1...6)- 10%:

HATErpanbHas 4yBCTBATEABHOCTh — OTHOIIEHHE (OTOTOKA X NAJAIOLEMY
CBETGROMY ITOTOKY, cocrasmnsger 0,2...2 A/nm, a0 B (1+hy)5) pas semre no cpas-

HEHHIO C YYBCTBHTESIEHOCTRIO 3KBHBAICHTHONO AHOAS.
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TOKA Ha BBEIXOIE ONTPOHA 1, K BRiSBABHIEMY €TI0 BXOHHOMY TOKY I, : JUrd cTaru-
geckoro pexuma K; =T, /1., ; and memamergeckoro pexama K = dl, /dl, .

3aBUCHMOCTS 1, = f(‘_[u) HATLIBACTCH NIEpelaTOTHON XapaKIepacTHkol |
HEMeeT HE/THHEH AR xapakTep.

opsnok BeITONHEeHHA padoTst

i. Tun gccnenyeMol OHTONSPE NPHBEAEH B Kaprouke 33nadkg. Mcnonezys
MACTIOPTHbIE JamHkie IIpHOOpPA, ONPENEIHTh OOIACTh IEKTPHIECKH Oe30IIaCRREIX
pexuamMoB paboTH doToHITYHaTes H QOTONPUEMHMKA, BEXOHSIUHX B COCTAR ONTO-
napel. BauManue!!! Jdna npepoTBPAINCHAN 3JIEKTPHICCKOr? NOBPeXACHUS
npulopa H3IMepeHHS HPOBOAHTL TOABKO B 0073CTH J03BOJIEHHEIX pPEXKHMOB
paboTel, A€ BRIXOAA 38 e CpaHAnhl.

2. Cobpars cxeMy jns HCcneROBaHMs# MPSUIOKEHHOH onTomapsl {(OfiHa u3
cxeM Ha pHac. 15).

3
E2
: -
O 4+
E:
- o -
O +
Ez
B
Puc. 15

4%



3. Hcenepopare BAX wsnyaatens (coetopsosa) Ly, = f{Uy, ).

4, Uccrepomare cemelicteo BAX npHeMHEKa ONTHISCKOTO H3NyYeHHs
Lo = f(Upuge ) tpet I, = const. |

5. Hccnenosarh  ceMeHCTBO MepefaTodHBIX XapakTepHCTHK ODTOHAph
Lane = f(Upy ) mpar Uy, = const.

Cozepxanne oTqera

1. TlacnopTHsle DaRHLE HeCNeRyeMbIX IPHDOPOB,

2. Cxemul 1na vecneqosanus BAX,

3. CeMefcTRA CTATAYCCKEX XaPaKTEPUCTHK. UCCNIe YEMALX pHOopaR.
4. PacteT HapaMeTpos OITOMISKTPOHHLIX IDEGODOE.

KoHTpONEEEIE BOOPOCH

1. TipyHunn geficTAHA HOMYIPOBOMHUKOBEIX HALYYATCIIbHBX IPRGOpOB.

2, XapakTepHCTHRH H NAPAMETPEH CBETOAHOMA.

3. Ha xaxux $oToonexTpHieckix ARNEHARK ocHOBaHa paborta foronprem-
HHKOB: (poTOpesucTopa, GoToaNOLS, GoToTpaHsHcTOpa?

4. Npurudnr paboTsl, XapakTePUCTHRHA M HapaMeTphl HOTOMPHEMHMKOR! (o-
TOPERCTOPOR, POTOANOROE, HOTOTPANIUCTOPOS.

5. Npeympyan paboTel onrronap, pasHOBANHOCTH ONTONAP.

6. IlapamMeTphl OITONAP,

Stmreparypa

1. Jnexrponane apadopst / log pen. .1 Ilumixura. — M.: Magarenscigo
MAW, 19956,

2. barymes B.A. Jnexrponpsie opuopsl. — M.: Brichr. ink., 1980,

3. ['ycer B.I'., I'ycen FO.M. 2nexrporrka. - M. Bueir. ork., 1991,

4. Txagenxo O.A., Xappormu M.C. VYaefn. nocofEe ne  xypey
"AnexTponkne npubopsr’. - Ma.: BI'YHP, 1997,

5. lonynpoBonaukosme npubopsl: JMoasl, THPHCTOPH, ONTOIIEKTPOHHBIE
sapubopul. Copasounmk / {Tox ofmy. pea. H.H, Toprorora. — M.: DueproatoMmssar,
1983,

49




Ce. mnan 1999, moa. 79, 80, 81

ApTophi:  Dbenpexdil Anexceft HxuMoBHH,
Bepezosckuit Banreatin Koncranmruosna,
Baneuko Banertan Credanonuy,
Apobot Cepreifi Bukroposuw,
Hynaepa [amaxa [faBnossa,
Meneriakor BraguMup Anekcanpopud,
ITvrinuy Bragumvup Hukonaerun,
Pycakosunu Biaammup Hikonaebyd,
TrageHKo Cenop AlexceeRiy,
Xauporay Muxamn CrenanoBid

JlabopaTopHBLE npakTHRYM
10 Kypey
HIEKTPOHHBIE ITPHUEOPH]
A CTYACHTOR BCEX CliepaTpHocTeH b1 YHP
B 2-x uacTax

WacTs 1
AKTABARIC KOMIIONEHTS] NOAYIROBOTHHKOBOH PREXTPORIKH

Pepaxrop E.H. BaTypunk
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Bymara ohcernas. [evaTh DRICIDENNBCERS, Yen—nedq. 3, 14,
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