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INOACHUTEJIBHASA 3AIINCKA

ﬂaHHBIe MCETOANYCCKHUEC YKasaHUs NPCAHASHAYUCHBI IJIS 3aKPCIIJICHHUSA TCOPETHYCCKHUX 3HAHUM H

npuoOpeTeHUsT HEOOXOMUMBIX TPAKTHUYECKUX HABBIKOB M YMEHHH IO TpOorpamMme JIUCIHUILTHHBI

"[IpuknanHas 3JIEKTPOHMKA

n

g cnenuanbHoctd CITO  09.02.01KommnbroTepHble CUCTEMBI U

KOMIIJICKCBI

[IpakTuueckue 3aHATHS COCTaBIIEHbI B cOOTBETCTBUHU ¢ TpeboBanusiMu PI'OC no cnenuaibHOCTH.

HeJ’IfIMI/I IMPOBEACHUS ITPAKTUICCKUX 3aHATHH SIBIISIIOTCS:

- 00001IeHNe, CHCTEMATH3AIIUIO, YIIIYOJICHHE, 3aKPETUICHUE MOTYUYCHHBIX TEOPETHIECKUX
3HAHUMN

- (opMupoBaHHE YMEHHI MPUMEHSTH MOJyYCHHBIC 3HAHUS Ha MPAKTUKE, PEATH3AIHI0
CINHCTBaA HHTGHHCKTyaHbHOﬁ )41 HpaKTH‘{eCKOﬁ JACATCIBbHOCTH,

B pe3ynbrate ocBoeHUs y4eOHOM TUCHUIUIMHBI O0YYaIOIUICS TOKEH YMeTh:

pa3ianyaTh MOJIyIPOBOJAHUKOBBIE AHO/IbI, OUTIOJSPHBIE U MOJIEBBIE TPAH3UCTOPHI, TAPUCTOPHI HA
CcXemax U B M3JENHSIX;

ONpE/CIATh HA3HAYCHHWE K CBONCTBA OCHOBHBIX (DYHKIMOHAIBHBIX Y3JIOB aHAJIOrOBOU
AIEKTPOHUKHU:

YCHUIIUTENEH, TeHEPaTOPOB B CXeMax;

MCIIOJIH30BaTh ONEPAIMOHHBIC YCUIIUTENH JJI IOCTPOCHUSI PA3JINYHBIX CXEM;

MPUMCHSITH JIOTUYECKUE DJIEMEHTBI, JUIS TIOCTPOSHUS JIOTHYSCKHUX CXEM, TPAMOTHO BBIOMPATH UX
napaMeTpsl U CXEMbI BKIIOUEHUS;

B pesynbrare ocBoeHUs y4eOHON NUCIUTUIMHBI 00YYaAIONTHICS TOJDKEH 3HATH:

MIPUHIIAITE] (YHKIIMOHUPOBAHUS UHTETrpupyonux u nuddepenmupyronmx RC-nenei;
TEXHOJIOTHIO U3TOTOBJICHUS U MPUHIUIBI (YHKIIMOHUPOBAHHUSI ITOJYIIPOBOJHUKOBBIX TUOIOB U
TPaH3UCTOPOB, TUPUCTOPA, AHATIOTOBBIX JIEKTPOHHBIX YCTPOUCTB;

CBOICTBA UJICATBHOTO ONEPAIIIOHHOTO YCUIIUTEIIS;

MPUHIIMIIBI IEHCTBUS TEHEPATOPOB MPSMOYTOJIbHBIX UMITYJIHCOB, MyJIbTUBUOPATOPOB;
OCOOEHHOCTH TOCTPOCHHUS JAHOJHO-PE3UCTUBHBIX, ITUOJHO-TPAH3UCTOPHBIX U TPAH3UCTOPHO-
TPAH3UCTOPHBIX CXEM peanu3aiui OyieBbIX (QyHKINH;

1M(pOBbIE HHTETPATbHBIE CXEMBI:

PEKUMBI PabOTHI, TApaMETPhl U XapaKTEPUCTHKH, OCOOCHHOCTH MPUMEHEHUs MPH pa3paboTKe
U (POBBIX YCTPOUCTB;

STambl SBOJIONMOHHOTO PAa3BUTHS HHTETPAIBHBIX CXEM: OOJBIINE HWHTErPaJbHBIE CXEMHI,
CBEpXOOMbIINEe HHTETPAbHBIE CXEMbI, MHKPOIIPOLIECCOPHI B BHJE OAHOW MIU HECKOJBKHX
CBEpXOOIBIINX WHTETPAJbHBIX CXEM, TepPexXoJ] K HAHOTEXHOJIOTHSIM IPOU3BOJICTBA
MHTETPAJIbHBIX CXEM, TEHACHIIUN Pa3BUTHUS



IIpakTn4yeckas padora Nel.

Tema 1. MaTtepuaJibl, HCIIOJb3yeMble B 3JIEKTPOHHOH TeXHHKE.

CemuHap-o0cy:x/ieHIE TMCbMEHHBIX pedepaToB

Heap padoThl: pacliMpuTh U CUCTEMATHU3MPOBATh 3HAHMSI O Marepuaax, HCIOJIb3yEMbIE B
3JIEKTPOHHOMN TEXHHKE.

TeopeTnueckas 4acThb:

ITpyr M3roTOBIEHUM 3JIEKTPOHHBIX NMPHOOPOB U YCTPOMCTB MCIIOJB3YIOT CaMble Pa3HOOOpPa3HbIE
MaTepHalbl, BBIIOJIHIIOMNE (DYHKIUH MPOBOJHUKOB, AWIICKTPHKOB, IOIYHIPOBOJHUKOB. MeTayibl
IIMPOKO IPHUMEHSIOTCS B KAauecTBE COCAMHUTENBHBIX IPOBOJHMKOB M 3JEMEHTOB KaTyIIEK
WHAYKTUBHOCTH; OPraHMYEeCKHME W HEOPraHW4eCKHe JAMAJIEKTPUKM — B KadeCTBE H30JIITOPOB M
COCTAaBHBIX YaCTEHl KOHAEHCATOPOB, MOJYHNPOBOJHUKH — JUI U3TOTOBIEHUS AMOAOB M TPAH3UCTOPOB.
Marepuanbsl MOTYT OBITh OpPraHWYECKHMMHU (Ha OCHOBE YIJICPOJIHBIX COCIUHEHHWN) W HEOPraHWYECKHMU,
YUCTBIMU XUMHYECKUMH 3JIEMEHTAMU WU coeIuHeHUAMU. OOBIYHO MaTepuallbl HCIONb3YIOTCS B
TBEPAOM BHJE, HO €CTb YCTPOMICTBa, B KOTOPBIX IMPUMEHSIOTCS KUIAKOCTH (KUIKHE KPUCTAJUIBI U
UIEKTPOJIUTHI) M ra3pl (razopaspsiiHble sYelku). MHOrue 3JeKTpOHHBIE NPUOOPHI U yCTPOMCTBA
OCHOBaHBI Ha HCIOJB30BAHUM (PU3NYECKUX OCOOCHHOCTEH TIpaHMIl pasjesa MaTepHaloB C Pa3HBIMU
CBOWCTBAMM (IPOBOJHUKM M IOJYNPOBOAHUKM, HPOBOJHUKM M JIUAJICKTPUKH), MATEpUANOB C
pa3aMYHbIMU (Da30BBIMU COCTOSHUSMU (TBEPABIX M KHUAKHUX, KUJIKUX U ra3000pa3HbIX), MaTepHaJIOB U
BaKyyMa (9JIEKTPOHHBIE Jamiibl). VI3BECTHO, YTO BCe BEILIECTBA COCTOAT M3 OJHOrO MWK Oosee
XUMHUYECKHUX JJIEMEHTOB. MenbyalillMMU COCTaBHBIMM YacTHIIAMM BEILIECTBA SBISIOTCA aTOM H
Mojiekyna. Kak mnpaBuiio, aToMbl pa3IUYHBIX XMMHUYECKM UHCTBIX 3JEMEHTOB COCIUHAIOTCS C
oOpa3oBaHHEM MOJEKYN BemiecTBa. Hampumep, MOJeKyisl BOJOPOAA, KUCIOPOAA, a30Ta M MHEPTHBIX
ra3oB COCTOST M3 JBYX aTOMOB. MOJIEKYJbl, U3 KOTOPBIX COCTOMT BEILECTBO, ONPENENSIIOT CBOHCTBA
JaHHOro BemiecTBa. Hampumep, Moziekysnaa BOAbI COCTOMT U3 JIByX aTOMOB BOJIOpOJa M OJHOrO aroma
KHUCJIOPO/Aa, YTO M ompeaenser ee (u3uyeckue CBOWCTBA (IUIOTHOCTb, TEMIIEPATyphl KUIEHUS U
3aMep3aHus). MoJeKyibl OpraHMYeCKUX BELIECTB COCTOSAT U3 MHOIMX aTOMOB, COEIMHEHHBIX
olpezieIeHHbIM 00pa3oMm.

Paznuuue CTpyKTyp COEOMHEHUH OJHHMX U TEX K€ aTOMOB ONIpEAENSeT IMOJyYeHUE BELIECTB C
Pa3IMYHbIMU (PU3UUYECKUMH CBOMCTBaAMH. ATOM COCTOUT W3 3JEKTPOHOB, BpAILlAIOLIUXCS BOKPYT sjpa,
HaxXOJSAIIErocs B LIEHTPE aroMa U COAEPIKAILEro MPOTOHBI M HEUTPOHBI. OTPHULIATENBHO 3apsKEHHBIC
ANIEKTPOHBI MPUTITUBAIOTCA K SAPY C TOJOXKHUTEIbHO 3apsyKeHHBIMU IPOTOHAMM W HEMPEPBIBHO
BpallatoTCcs 1Mo opouTam, Uiau 000I04YKaM, BOKPYT HEro. ATOMBI Pa3HbIX 3JIEMEHTOB OTIMYAIOTCS IPYT OT
ApyTra 4ACIOM IPOTOHOB M 3JIEKTPOHOB, HAIIPUMED, Y aTOMa BOJOPOJa OJUH MPOTOH U OJMH IEKTPOH, a
aTOM YIJIEpOJia UMEET YETBIPE NMPOTOHA U YETHIPE IJIEKTPOHA. UKCIIO 2JIEKTPOHOB B aTOME PABHO YHUCIY
IIPOTOHOB, OJIHAKO OHM HE MOTYT HAaXOJUThCS Ha OJHOM PACCTOSHUU OT S/Apa, TaK KaK OTTaJIKUBAIOTCS
ApYr OT Apyra. DIEKTPOHbI TaKKe HE MOTYT HAaXOAMTbCA Ha NMPOU3BOJIBHBIX PACCTOSHUSAX OT A1pa U
3aHUMAIOT TOJIbKO pa3pelIeHHbIE YHEPT€TUUYECKUE YPOBHHU.

Ha mnepBoM ypoBHE MOTyT HaXxOAMTHCS MaKCHUMYM JIBa 3JIEKTPOHA, a Ha BTOPOM U jajiee — J10
BOCBMHU. YHUCIIO MPOTOHOB OINpeEIAeT aTOMHBIN HOMEp 1eMeHTa B [leproanueckoil cucreMe 3J€MEHTOB
JA.N.MenneneeBa, obliee YUCIO MPOTOHOB M HEUTPOHOB — €r0 aTOMHYIO MaccCy, a YHCIO 3JIEKTPOHOB,
3aHMMAIOIUX TOCTEIHUNA SHEPreTUYECKUI YPOBEHb, BO MHOI'OM OIpeeseT GU3NUECKUEe U XUMHUUECKHE
CBOMCTBa BellecTBA. Ecim mocnenHuil pa3pellieHHBbId SHEPreTUYEeCKM YpOBEHb aTOMa IIOJHOCTBIO
3aI0JIHEH, TO 3TOT aTOM MHEPTEH (MHEPTHBIMH Ta3aMH SIBJISIFOTCS T€Nuil, HEOH, aprOH, KPUIITOH, KCEHOH).
Ecnn Ha mociieqHeM SHEpreTM4eckoM YPOBHE aTOMa HaXOAATCA OT OJHOTO JIO0 TPEX 3JIEKTPOHOB, TO OHU
ci1abo CBSI3aHbI C AIPOM M aTOM CKJIOHEH OTJaBaTh 3TU 3JIEKTPOHBI MPU COEAMHEHUU C APYTUMHU
aneMeHTaMu. [Ipu 3TOM TOBOpSAT, 4TO OH 00JIaaeT MeTaJUIMYeCKMMH cBoiicTBaM u. Eciu 110 moiHoro
3aII0JIHEHMS [TOCTIETHEr0 SHEPreTUYECKOI0 YPOBHS aTOMa HE XBaTaeT OJHOT0, ABYX MM TPEX JIEKTPOHOB
(T.e. ©IMeeTCs OT O/IHOM /10 TpeX BaKaHCHUI), TO aTOM CKJIOHEH HPUTATUBATH AJIEKTPOHBI IIPH COETUHEHUH
C APYTrMMH 3JeMeHTaMH. [Ipym 3TOM ToBOpSAT, 4TO OH 00JalaeT HEMETAUIMYECKUMM CBONCTBaM H. B
METAJUIMYECKUX BEIECTBaX OHJEKTPOHBI, cIab0 CBs3aHHbIE C SAAPOM (Tak Ha3bIBa€MbIE CBOOOJHBIE
ANIEKTPOHBI), MOJ JEHCTBHEM JJIEKTPUYECKOTO TMOTEHIHala IMOKUJAIOT CBOM OPOUTHI M HAUYMHAIOT
YIOPAIOYCHHOE JBIDKEHHE, 00pa3ysl MOTOK AJIEKTPOHOB, HJIM 3JIEKTpHUYECKUil TOK. Takue BellecTsa,
UMEIOIME XOPOIIYK 3JIEKTPUUYECKYIO IPOBOAMMOCTb, HA3bIBAIOTCA IPOBOJHUKAMHU. XOPOIIUH
MIPOBOJIHUK UMEET OOJIbIIOE YUCIIO HECBA3AHHBIX (MU CJIa00 CBA3aHHBIX) C SAPOM JIEKTPOHOB, KOTOPHIE



CIOCOOCTBYIOT BO3HMKHOBEHHUIO 3JEKTPUUYECKOro Toka. [IpoBogHMK oOsiamaeT Ha HEOONBIINX OTPE3Kax
(mo 1 M) CTOJIb MaJTBIM COMPOTUBIICHUEM, YTO UM MOKHO MTPEHEOPEUb.

[TpumepaMu XOpOIIMX MPOBOJHUKOB SBIAIOTCS cepedpo, Meab, atoMuHuil. Hammune cBoOOTHBIX
JJIEKTPOHOB M, COOTBETCTBEHHO, CBOMCTBA METAJUIMYECKMX COCJUHEHUN OIPEIEIAIOT BBICOKYIO
TEIUIONPOBOJHOCTh IPOBOAHUKOB. JIMAJIEKTpUK (M30JATOpP) — 3TO Marepuasl, HUMEIOLUN TOJIbKO
CBSI3aHHBIC DJIEKTPOHBI, T.€. HE MMEIOUIMH CBOOOJHBIX 3JEKTPOHOB. M30IATOPHI MPENSTCTBYIOT
MPOTEKAHHUIO AJIEKTPHUYECKOTO TOKA M, CJENOBATEIbHO, O0JANAI0T OYECHb OOJBIIUM COMPOTHUBICHUEM
(mpuOIMIKAIOIIMMCS K CONPOTUBJICHUIO Pa30OMKHYTOH 1enu). Ilpumepamu H3019TOPOB MOTYT CIIY’KUTb
IUOKCUJ KpeMHHUS (KBapll), CTEKJIO, CyX0€e JepeBo, Pe3UHA, MOJIMBUHWIXJIOPU, CIIFOA, HOJUCTUPOI U JIp.

Ecin  IUAJIEKTpUK TOMECTUTH B  JJIEKTPUYECKOE II0JIE, TO DJIEKTPOHBI €ro  MOJIEKYJ
OPUEHTHUPYIOTCSI B OIPEIEICHHOM IMOPSAKE 3a CUEeT nossipuzanuu. llpu 3TOM roBopAT, 4TO MOJIEKYJIBI
OUDJIEKTPUKA  MOJSAPU3YIOTCA.  ATOMBI  IOJYNPOBOJHUKOB ~ OTHOCSTCS K  YETBEPTOW  Ipymie
[Tepuoanueckoii cuctemsl 35eMenToB [[. U.MenneneeBa. K aum otHocstcs yriepon (C), kpemuuii (Si) u
repmanuii (Ge). Kak npaBuiio, 4ucThie MOMYIPOBOJHHUKH SIBIISIIOTCS aMOpP(QHBIME BemecTBaMu. OHAKO
IIPU ONPEIENICHHbBIX YCJIOBHUX MPH MOITYYEHUHU U3 PacIljIaBOB OHU MOT'YT 00Opa30BbIBaTh MOHOKPHUCTAIIIBI
C NMPAaBWJIBHON KPUCTAJUIMYECKON peleTKor. K 1oynpoBoJHUKAaM OTHOCATCSA U HEKOTOPBIE COCAMHEHUS
MeTaula ¥ HeMeTajula, Hampumep, apceHupa raumsa (GaAs) M yHUKaJIbHblE COEAMHEHUS — KapOun
kpemuus (SiC) u aurpua kpemuus (SiN).

[TonynpoBOHUKH HMMEIOT clabyl0 COOCTBEHHYIO HPOBOJUMOCTb, OOYCIOBICHHYI HaJIHMYUEM
HEOOJIBIIIOr0 KOJIMYEeCTBA CBOOOJHBIX JJEKTPOHOB. [lpuyeM mosiBieHue CBOOOJHOTO AJIEKTPOHA IO
JNEHCTBUEM TEMIIEpaTyphl WM CBETAa CO3JACT IIOSBIICHUE IIOJIOXKUTEIBHO 3apsDKEHHOTO aToMa ¢
HEJOCTAIOUIMM 3JIEKTPOHOM, KOTOpPbIM Ha3biBaeTcs IbIpkod. [Ipum 3TOM aAbIpka MOXKET 3axBaThIBATh
JIEKTPOH COCETHEro aToMa, KOTOPBIM B 3TOM ciydae cTaHeT JbIpkoi. TakuM oOpa3zoMm, ABIPKH MOTYT
IepeMelaTbesi 10 TeX IMop, MoKa He HalayT CBOOOJHBIA AJIEKTPOH U coeAMHSTCS ¢ HUM. CBOOOIHBIE
JIEKTPOHBl U JBIPKU IOJIYNPOBOJAHMKA — OCHOBHBIE HOCUTENM 3apsfoB, OHU CO3AA0T cladyro
COOCTBEHHYIO MMPOBOAMMOCT. IIporecc 06pa3oBaHus 3JIEKTPOHOB U JABIPOK MO ICHCTBHEM TETUIOTHI WIIH
CBETa NpPECTaBIseT COOOM reHepaluio HOCUTENeH 3apsai0B.

KonnuecTBo cBOOOAHBIX AJIEKTPOHOB U JBIPOK B MOJYIPOBOJHUKAX BO3PACTAET MPU MOBBILICHUU
TEMIIEPATYPBI, YTO IPUBOJUT K YBEIMUEHUIO UX ITPOBOJUMOCTH, B OTJINYME OT METAJIOB, IPOBOJINMOCTb
KOTOpPBIX C pOCTOM TeMIeparypbl magaer. IIpoBOAMMOCTh NOJYNPOBOJHUKA MOYXHO TOBBICUTH
MIOCPEJICTBOM BBEACHUS OIPENIEIEHHOI0 KOJIMYECTBA JITUPYIOUIMX MpHUcaaok (mpumeceit). HekoTopsie
MpUCAIKU (HalpuUMep, aTOMbl MbIIIbiKa AsS, HEMETala MATON TpyMIbl) BHOCIAT B KPUCTAIIIMYECKYIO
pELIETKY aTOMa I'epMaHMsl JONOJHUTEIbHBIE JIEKTPOHBI, B PE3YJIbTATE YETO MOJIYYarOT MOJIYIPOBOJIHHUK
n- Tumna (negative). Takue aTOMbI Ha3bIBAlOTCS aTOMaMU- JOHOpaMu. J[oOaBiieHHEe K KPUCTAUIMYECKOMY
repMaHHI0 aTOMOB-aKIENTOPOB (HAalpUMep, aTOMOB almoMUHUS Al, MeTayia TpeTheil Tpymmsl) co3iaeT
HEJ0CTaTOK 3JIEKTPOHOB B €r0 BHELIHEH 000J10UKe, T.€. 00pa30BaHue JbIPOK, UMEIOIUX MOJI0KUTENbHBIN
3apsia. Takue MmosynpoBOJHUKY HA3bIBAIOTCS MOJIYNPOBOJHUKAMH p- THma (positive). [lonyueHHsle npu
BHEJIPEHUHU MPUMeECEH 3IEKTPOHBI SIBJISIOTCS OCHOBHBIMU HOCHUTEJSIMU ISl ITOJIYIIPOBOIHUKOB II- THNA, a
IOBIPKA — JUJIsl TOJIyIIPOBOJHUKOB p- THUMA. SIBIEHHMS NPOBOJAMMOCTH B METAJUIAX, AUDJIEKTPUKAX U
MOJIyIIPOBOIHUKAX XOPOLIO OMNMCHIBAIOTCSA HAa OCHOBE 30HHOM TeOpuM, KOTOpasi BBOJAWUT IOHSTHE
HHEPreTUYECKOr0 COCTOSIHUS AIEKTPOHA, 00J1a1at0IIero KNHETUYECKON U MOTEHIIMAIbHON SHEprueil.

CornacHO 30HHOM TEOpUHU PHEPIUsl FJIEKTPOHA B TBEPAOM TeJIe MOKET U3MEHATHCS B HEKOTOPBIX
npenenax IPAaKTUYECKW HENPEpPhIBHO, HO IPU ATOM CYLIECTBYIOT MHTEPBAJIbl 3HAYEHUH DHEPIUU
(3ampeleHHble  YPOBHH), KOTOpbIE AJIEKTPOH MOJKET IPEO0JI0JIeBaTh TOJNBKO CKAYKOM. OJEKTPOHBI B
TBEPJIOM BEILECTBE MOTYT HaXOIUTHCS TOJBKO B BaJeHTHOU 30HE (B3) nnm B 30He npoBoaumoctu (311),
MEXIy KOTOPBIMH HMeeTcs 3arpenieHHas 30Ha (33). [Ins mepeBona AIeKTpoHA W3 BaJCHTHOM 30HBI B
30HY IPOBOJU- MOCTH TpeOyeTcs MpHIaTh eMy JIONOJHUTENbHYI0 sHepruio AE, Ha3piBaeMylo sHepruei
aKTUBALlMU U U3MEPSEMYIO B AJIEKTPOH-BOJIbTaX (3B). Y aToMOB MOIypOBOJHMKOBOTO KPEMHHUS SHEPTUs
aktuBauuu AEsi = = 1,12 3B Bblimie, uem y aromoB repmanus AEce = 0,72 3B, nmostomy nepesectu
KpEMHUI B IPOBOJSILIEE COCTOSHUE TpyJHee. BBeneHuem nerupyromux npuMeceid MOXKHO YMEHBIIUTD
30HY MPOBOJUMOCTH WM YBEIMYUTHh BAJCHTHYIO 30HY M TaKUM OOpa30oM YMEHBIIUTh IIUPHUHY
3anpenIeHHON 30HBbI.

PacrionoxeHne 2JIEKTPOHOB ¥ IIMPHUHA 3allPEIIEHHOM 30HBI  IOJIHOCTBIO  OINPEAEISAIOT
AJIEKTpUYECKUE CBOMCTBA BellecTBa. [[eo B TOM, YTO BaJ€HTHBIE 3JIEKTPOHBI CUJILHO CBSI3aHbI C aTOMaMU



M HE MOTyT MEpexXoJuTh OT aroMa K aToMy IHOJ ACWCTBUEM jsJieKTpudeckoro mois. W Haobopor,
AJIEKTPOHBI, HAXOSAIINECS B 30HE MPOBOJMMOCTH, MEHEE CBS3aHBI C aTOMaMH M JIETKO TIEPEMEIIAIOTCS OT
OJHOTO aToMa K JAPYroMy MOJ BO3IACHCTBUEM HJICKTPUUYECKOTO IMOJIA. 30HHAsE TEOpUs OOBACHSET 3TO
HAJIMYMEM MHOTHUX CBOOOJHBIX YPOBHEH B 30HE NMPOBOAM- MOCTH. Y IUDJICKTPHKOB BaJICHTHAs 30HA
MOJTHOCTBIO 3allOJTHEHA JJIGKTPOHAMH M OT/AEIE€HAa OT 30HBI MPOBOAMMOCTH UIMPOKHM Oapbepom
3allpelIeHHON 30HBI. BclencTBhUe 3TOro y IUAIIEKTPUKOB HET CBOOOIHBIX D3JICKTPOHOB B 30HE
MPOBOJIMMOCTH U, COOTBETCTBEHHO, OHH UMEIOT TUIOXYIO IIPOBOAMMOCTb.

Bonpocsl, BBIHOCHMbIE HA CEMHHAP:

1. Knaccudukarmus u TpeOOBaHUS K MaTepHUaJIaM.

2. [1omynpoOBOAHUKH.

3. TIpoBOTHUKOBBIE MaTEpPHAIIBI, PE3UCTOPBHI.

4. JIndneKTpudecKre MaTepraibl 1 KOMIIOHEHTHI.

5. MarHuTHbIE MaTepUAIIBI.

6. CBepXIIpOBOTHUKHU

IIpakTuyeckas padora Ne2.

Tema 2. du3nyeckue Mpouecchl B NOJYNPOBOAHUKAX.

CemuHap-o6cy:xIeHHEe MTUCbMEHHBIX pedepaToB.

Heapr pabGorbl: pacuMpuUTh W CHUCTEMATU3UPOBATh 3HAHUS O (U3UYECKUX MpOIeccax,
IIPOTEKAIOIIUX B MOJYIIPOBOJIHUKAX (MHTEPHET-PECYPCHI).

TeopeTnyeckas 4acThb:

DJIEKTPOH B 3JEKTPUYECKOM U MarHUTHOM 1ojie. CyTh SIBJICHUH B MPUIIOKEHUH K JIEKTPOHHON
TEXHHUKE. DJIEKTPONPOBOJHOCTh MOTYNPOBOTHUKOB. [TomympoBoguuku P u N tuna. OOpazoBaHue u
cBoiicTBa P-n mepexona. Pakropwl, Bausiomme Ha BAX peanbHOro p-m-nepexoaa. EMkocTh p-n
nepexona. Konrakr merami-nomaynpoBogHuk dusnueckue sBiIeHHUS pu 00pa3zoBaHUM P-N mepexona.
JlerupoBaHue.

[TosynpoBOHUKM IIPU HU3KUX TEMIIEpAaTypax BeXyT ceOsi Kak Ju3JIEKTpUKU. C IMOBBILLIECHUEM
TeMIepaTypbl ¥ TI0J BO3JAEHCTBHEM CBETa YacThb OJJIEKTPOHOB IOJIYIPOBOJHHUKA IpHOOpeTaeT
SHEPrUIOCO3/aBasi TEM CaMbIM YCIIOBUS JUIsl TOSIBIEHUS 3JEKTPONPOBOAHOCTH. B cBA3M ¢ mepexoaom
yactu anekTpoHoB B 3II B B3 momympoBojnHuka o0Opa3yeTcsi COOTBETCTBYIOILEE YHCIO CBOOOIHBIX
SHEPreTUYECKUX YPOBHEW — JABIPOK. DTO MO3BOJSIET AJIEKTPOHAM IepeMeniaThcsi BHYTpH B3 moa
JEMCTBUEM JJIEKTPUUECKOTO TI0JIS C OJHOTO YPOBHS Ha APYroH, co3aaBasi ABIPOYHYIO NMPpoBOAUMOCTh. C
MOBBIIIEHUEM TEeMIIepaTypbl Bce OoJiblle AJIEKTPOHOB mpoHukaeT B 3II, moBbIAas TeM caMbIM
3JIEKTPOIPOBOTHOCTh MONTYIPOBOJHHKA, IPUUYEM CUIIbHEE OHA MOBBIIIACTCS Y OIYIPOBOIHUKOB C OoJiee
y3koi 33. Ilpu npunoxkeHuu HanpsHKeHUs SHEPreTUYECKHe 30Hbl B BEIIECTBE CTAHOBATCS HAKJIOHHBIMH,
IIPUYEM YroJ HX HAKJIOHA BO3pAcTaeT C YBEJINYEHHEM HANPsKEHHOCTH 3JIEKTpUYeckoro nois. Ecinm
MOTEHLIMaJbHas 3HEprusi 3jekTpoHa B mnose Em = q¢ (rme q — 3apsn anekTpoHa; ¢ — pa3HOCTh
MOTEHIMAJIOB) BBIIIE SHEPruM akTUBauU AE, TO 311eKTpOHBI MOTYT IPOHMKATh (TYHHEIUpoBaTh) u3 B3 B
311, coznaBasi 31EKTPOHHYIO IPOBOAUMOCTB. [Ipy 3TOM 0JHOBpeMeHHO 00pa3yloTcs U IbIPKH (aToMbl 0€3
OJTHOTO 3JIEKTPOHA), CO3/IAI0LINE ABIPOUHYIO TPOBOIUMOCTh. BBeieHHe B MOTYNPOBOIHUK JIETUPYIOIIHUX
IpUMecel MPUBOJUT K MOSBIICHUIO JOTIOJHUTENbHBIX SHEPreTUYECKUX YPOBHEN BHYTpH 33.

Ecnu ati nononHutensHble ypoBHU Haxoxaarcs BOau3u 311 (pu BBeneHUH JOHOPHON MpUMeECH),
TO DJEKTPOHBI IPUMECHBIX AaTOMOB JIETKO TMEPEXOASIT B HEE, YBEIWYUBAs IPOBOAMMOCTH
MOJIyIPOBOIHMKA. Ecnu ke JomonHUTENbHBIE YPOBHM Haxonaarca BOmu3u B3 (mpu BBegeHHH
aKIENTOPHOW MPUMECH), TO Ha HUX JIETKO MEPEeXOAT 3JEKTPOHbI MOIynpoBogHHKa M3 B3, co3maBas
JBIPKU U YBEIMUYMBAs IBIPOYHYIO MPOBOAUMOCTh. K MOIynpoBOJHIMKAM OTHOCATCS BEILIECTBA, Y KOTOPBIX
mmpuHa 33 He npesbimaet 2,5 3B. Ilpu Temneparype 300 K mupuna 33 y kpemuus (Si) cocrasnser 1,12
3B, y repmanus (G) — 0,75 3B, y apcennna rammus (GaAs) — 1,43 3B, y kap6una kpemuns (SiC) — 2,4
... 3,4 oB. DHeprus noHW3aMU JOHOPHBIX M AKIENTOPHBIX puMecel Haxoautcs B mnpezaenax 0,01 ...
0,05 »B. Cpennsst sHEprus TEMJIOBOro Bo30yXA€HUS NPU KOMHATHOM TemnepaTtype coctasisieT 0,025 3B.
IToaToMy BBeieHHE B MOJIYNIPOBOJHUK HUYTOXKHOIO KOJIMUECTBA IPUMECEN MPOBOIHUKA MHOTOKPATHOMY
YBEJIMUYEHUIO TPOBOAUMOCTH.

CornacHo 30HHOW TEOpPHH B IMOJYNPOBOJHMKAX O] JECHCTBHEM TEIUIOTHI, CBETa M KoJeOaHM
KPUCTAJTNYECKON PEIIeTKH TOCTOSIHHO MPOUCXOIUT 00pa3zoBaHue CBOOOIHBIX 3JIEKTPOHOB U JIBIPOK, T.€.



reHepanusi HocuTenei 3apsmoB. OTHOBPEMEHHO IPOUCXOMUT OOpaTHBIM Ipolecc — BO3BpALICHUE
JIEKTPOHOB B BAJCHTHYIO 30HY (PEKOMOMHALMs HOCHUTENEH 3apsaoB). OTH MPOLECChl NPUBOIAT K
(GbOopMHPOBAHNIO PABHOBECHON KOHLIEHTPAIMM IEKTPOHOB M JBIPOK B 00BbeMe MOIyNpoBoaHUKA. [lox
BO3JEHCTBUEM DJIEKTPUYECKOTO IIOJIS1 HAYMHAETCS TEHEPalds HOBBIX HOCUTENEH 3apsOB U BO3HUKAET
n30bITOYHAsT (HEpaBHOBECHAsI) KOHIICHTpALMs 3JCKTPOHOB W JBIPOK. M30BITOUHAS KOHIIEHTpPAIUS
HOCHUTEJIEH 3apsi/I0B MOKET 00pa30BbIBATHCS B HEKOTOPBIX O0JIACTSIX MOJIYIPOBOJAHUKOBOW CTPYKTYpHI 3a
CUET MHKEKIUU (BIPHICKUBAHUS) U SKCTPAKLMU (BTATMBAHUS) 3JIEKTPOHOB JIEKTPUUECKUM I10JIEM, @ TaAK-
XK€ B pe3yJIbTaTe aKKyMYJIALIUU 3aps0B B JOBYLIKaX.

[Tpsmast pekoMOUHAaIMs 3JIEKTPOHOB U JIBIPOK MaJIOBEPOSTHA, TAK KAK B OCHOBHOM OHHU HAXOJATCS
B Pa3HBIX MECTax IOJyIPOBOJHUKOBOH CTPYKTYpbl. OOBIYHO PEKOMOMHAIUS MPOXOJUT C Yy4acTHEM
PEKOMOMHALIMOHHBIX JIOBYIIEK, pOJIb KOTOPBIX BBIIOJIHSIIOT IPUMECHBIE aTOMbI JINOO Je(EKThI
KPUCTAJJINYECKON PELIETKU U MOBEPXHOCTH. [Ipu 3TOM 371€KTPOH M3 30HBI MPOBOJUMOCTH NEPEXOJIUT B
JOBYHIKY M HaxOIUTCS TaM JO TeX IOp, MIOKa K HEMYy HE NOJOMAET ABIPKA; IOCIE Yero IPOUCXOIUT
BTOPOI 3Tal peKOMOMHAIMU — 3JIEKTPOH NEPEXOAUT Ha CBOOOIHBIN YPOBEHb B BAJIGHTHOW 30HE JIBIPKH.
ITockonbKy NpH PEKOMOMHAIMM SJEKTPOH IEpeXOoJuT Ha 0Oosee HU3KMM >HEpPreTMYecKUil ypoBEHb,
BBIJIENIACTCS M30BITOYHASA SHEprus. Ecinu npu 3ToM u3imydaeTcss KBaHT cBeTa — (OTOH, PEKOMOHMHAIUS
Ha3bplBaeTcsl u3nyvarenabHoH. Ilpu Ge3msiaydarenbHOM peKOMOMHAIMM 3HEPTUsl JIEKTPOHA MepeaaeTrcs
KPUCTAJUTMIECKOH pelIeTKe MOIyMpOBOJHUKA C 00pa30BaHMEM KBaHTA TEIUIOBOW SHEPTHH KOJeOaHU —
(dhoHoOHa.

Oo0pa3oBaHue u cBoiicTBa p—N-nepexojaa.

Ecin 1nosynpoBOAHMK p-THIA COEAVWHHUTH C IOJYIPOBOJAHUKOM II-TUIIA WM IIOMECTUTh B
BBICOKOTEMIIEPATYPHBIN BaKyyMHBIH peakTop, TO Moj aericTBUeM auddy3un obpa3yercss MOHOIUTHBIN
MOTPAHUYHBINA 0N ¢ pa3HBIMHU TUIIAMU HOJIYIPOBOJIHUKOB 110 00€UM CTOpPOHAM IPaHUIlbI pa3jena. DTOT
MOTPAHUYHBINA CII0H, Ha3bIBAEMBIH P—II- IEPEX0A0M, 001a1aeT OCOOBIMU CBOMCTBAMHU. DJIEKTPOHBI B HEM
u3 00JacTd € MPOBOJUMOCTBIO II-THUIA B HOPMAJIbHOM COCTOSHUM IOA J€HCTBHEM TeMIIepaTypHBIX
kosieOanuii U auddys3un meperekaroT B 00JaCTh ¢ MPOBOJUMOCTBIO P-THUIA, YTOOBI 3allOJHUTH B HEH
IPUTATUBAIOLIME UX JbIPKH. J[pIpku Taxke nupyHIupyroT B m-obnacts. OIHOBpEMEHHO B p-00jacTu
00pa3yIoTCcsi HEKOMIICHCHPOBAaHHBIE 3aps/Ibl aKIENTOPHOW MPUMECH, a B M-00JIACTH — MOJIOKUTEIbHBIE
3apsAAbpl JOHOPHOM MPUMECH. OJTH 3apsiibl CO3JAIOT JJEKTPUYECKOE II0JIE M KOHTAKTHYIO PAa3HOCTb
MOTEHIIMAJIOB, MPENSATCTBYIOIIYIO JalbHEHWIIEMYy IMEepEeMEIICHNI0 OCHOBHBIX HOCHUTENEH 3apsioB H
CO3JIAIOIIYIO /ISl HUX MOTEHIHMaIbHBIA Oapbep. IlepeTexaHue 37eKTPOHOB MPOAOIDKAETCSA 10 TeX MOop,
MoKa B p—TI-TIepexo/ie He 0Opa3yeTcss HEeWTpasibHas 30HA, WJIM TaK Ha3bIBA€MbI OOCTHEHHBIN CIOW, U
NOTEHIMATIbHBIN Oapbep JOCTUTHET MAaKCUMAJIbHOM BETMYUHBI.

Bmecte ¢ TeM anekTpuueckoe I0Jieé KOHTAaKTHOM pa3HOCTH NOTEHIHUANIOB 00eCcTeuynBaeT
BO3MOKHOCTh JIBMDKEHUSI CIIy4ailHO BO3HMKAIOIIMX HEOCHOBHBIX HOCHUTENEH 3apsAnoB (IBIPOK M3 II-
00JIaCTH W BJIEKTPOHOB M3 P-00JaCTH). ITO MPUBOJUT K TOSIBICHUIO IPEiihOBOTO TOKA, COCTOSIIETO U3
3JIEKTPOHHOM M JBIPOYHOI cocTaBisromuX. Eciiu HeT mpuitokeHHOro HanpsiKeHus1, TO ObICTPO HACTYTAeT
paBHOBECHE, KOTOPOE COOCTBEHHO U MPENSATCTBYET AAJbHEHIIEMY pOCTY OTEHIMAIBHO- TO Oapbepa.

B o00eaHeHHOM MPUKOHTAKTHOM CJIO€ MOJYNPOBOJHUKA aTOMbl, KaKk U B JAMIJIEKTPHKE,
HEUTpaJbHbl M JAMIOIbHOOPUEHTHUPOBAHBI, a MOTEHUHUAIbHBIA Oapbep MpPEmsTCTBYeT JallbHEHIIEMY
JBM)KEHUIO OCHOBHBIX HOCHTENeW 3apsiioB. s Toro utoObl Iepeceub TpaHUIly pasjeia, HOCUTENIU
3apsA70B JOJDKHBI 00JajaTh SHEpPruel, OCTaTOYHOM Jid MPEeo/oJIeHHs MOTEHIMAIbHOTO Oapbepa.
VICTOYHHMKOM 3TOW 3HEPTrUU MOXKET CIYKHUTh BHEIIHSS 3iekTpojBuxkymas cuna (3C), npunokeHHas K
MOJIyIIPOBOJIHUKAM 10 00e cTOopoHbl p—Ii-1ie pexoaa. [Ipu npsmom BritoueHuu ucrounuka J/1C, koraa
IUTIOC TIOJIKJIFOYAETCS K MOJIYIPOBOJHUKY P-THIA, @ MUHYC K MOJIYNPOBOAHHUKY I-THIIA, HJIEKTPUUECKHUM
TOK OyaeT mpoTekaTb TOJBKO TOTJa, Korna HampspkeHne Un.O0 NMpeBBICUT MOTEHIHANbHBIN Oapbep.
BricoTa nmoreHmansHoro 6apbepa 3aBUCUT OT THIIA IPUMEHIEMOT0 MOJIyPOBOAHMKA. J[J1s1 repMaHus OHa
coctasiger 0,3 B, a nis kpemuust — 0,6 B.

Ecnu BHemHee HampsbKeHHE MPEBBIIIACT MOTEHUUAIBHBIA Oapbep, 00NacTH C IJIEKTPOHHOU H
JBIPOYHON MPOBOJUMOCTSIMU COJMKAIOTCS, 00eTHEHHAs! 00JIaCTh UCUE3aeT, AIEKTPOHBI BIPHICKUBAIOTCS
(MHXEKTHPYIOTCS) B P-0071acTh, OOBEIUHSIOTCA C JbIpKaMH (PEKOMOMHUPYIOT) U, IEPEMEIasch Jajee OT
aToMa K aToMy, CO3/Ial0T 3JIEKTPUUYECKUN TOK B LIETTH. AHAJIOTHYHO ABIPKU MHKEKTUPYIOTCS B N-00J1aCTh,
rie pPEeKOMOMHHMPYIOT, COEOUHSSCH C  AJIEKTpOHAMH. VHXKEKTHpOBAHHBIE HOCHTEIH  3apsJiOB



PEKOMOMHHPYIOT HE Cpa3y, a B TEUCHHE HEKOTOPOTO BPEMEHHU (BPEMEHHU KM3HU HOCUTENICH 3apsjioB),
npoOerast Ipy 3TOM B CpeAHEM HEKOTOpoe pacctosiaue (nudPpy3noHHYIO UTMHY podera).

[Ipy oOpaTHOM BKJIIOYEHHMH HWCTOYHHMKA HANpPsHDKEHUS SJCKTPOHBI  MOJYNPOBOJHUKA C
MPOBOJIUMOCTBIO  II-TUMA  (1M-00J1aCTH) TPUTATHBAIOTCS TIOJOXKHUTEIBHBIM  TIOJIOCOM  HCTOYHHUKA
HaIpsOKCHUA CMCIICHHUA, 4 OBIPKH p-O6HaCTI/I MMPUTATHUBAIOTCA OTPHULATCIBHBIM I1OJIFOCOM. B pPE3yIbTaTc
OOCTHEHHBI CJIOH pacIIMpsETCs] W yBEIUYHMBACTCS MOTEHIMAIBHBIA Oapbep, MPEmsTCTBYIOIIUI
MPOHUKHOBEHHUIO 3JIEKTPOHOB 4Yepe3 TIpaHUlly pasziena. Takum oOpazom, yepe3 p—I-epexo], Ipu
00paTHOM BKJIFOYCHUH HANPSHKEHHSI TOK MPAKTHYECKH HE OYAET MPOXOIUTh.

CnenmoBarenbHO, p—II - MEPEXO0J] UMEET OIHOCTOPOHHIOK MPOBOJUMOCTh, T.€. B OIHOM
HAIpPaBJICHUU OH MPOITYCKAET TOK, a B IPYTOM — HE TIPOITyCKAeT.

CrpykTypa NOJIYHPOBOJHHKOBOIO JAMONA C P—N-NIEPEXOJJIOM U €ro YCIOBHOE TIpaduueckoe
obo3znauenne (YI'O) mokazansl Ha puc. 1.1, a, 6. KpemHueBbIi 11107 COCTOUT U3 ABYX ciioeB. [lepBbrit
(BIUTABJICHHBIN) CJIOM COCTOMT M3 KPEMHHUS, JierupoBaHHOTO dochopoMm (m-obmacts). [Ipumecs docdopa
co3/1aeT U30BITOK 3JEKTPOHOB B 30HE IPOBOJAMMOCTH (3JIEKTPOHHYIO IPOBOJMMOCTH). BTOpoil cioit
COCTOUT M3 KPEMHHs, JIETHPOBAaHHOIO OopoM (p- 00jacTh), B KOTOPOM HMeeTcs H30BITOK aTOMOB C
HEJIOCTaTKOM DJIEKTPOHOB (T. €. OBIpOK). B 3TOM cnoe mpeobiamaeT AbIpoYHAs MPOBOJIMMOCTH. B
KOHTAaKTHOM o0nactu oOpaszyercs p—N - Mepexoj, CO3AALUN OAHOCTOPOHHIOI IMPOBOAMMOCTH. B
noka3aHHoi Ha puc. 1.1 cTpykType p- oOmactp sBisieTcs 0ojee MAacCCHBHOH M COIEPXKHUT OoJbIiee
KOJINYECTBO NpUMECEH, 4eM I1- 00J1acTh, IOITOMY €€ Ha3bIBalOT 0a30i. 3aBUCUMOCTh CHJIbI TOKA B JIMOJIE
OT TI0JJaBAa€MOT0 K €ro OOKJIaIkaM HanpsHKEHUsS! Ha3bIBACTCS BOJIBTAMIIEPHOH Xapaktepuctukoit (BAX).

Cxema i cHatuss BAX n1uo0B npu npsMOM BKJIFOUEHUH BHEIIHET0 UCTOYHUKA HAPSKEHUS, T.
€. Korja IUIIOC MOAKIIOYAETCS K IMOIYINPOBOAHUKY p-TUIA, & MUHYC — K IOJYIPOBOJAHHUKY II- THIIA,
nokasa- Ha Ha puc. 1.1, B. Cxema cHsatust BAX nnonoB npu oOpaTHOM BKIIFOYEHUHU BHEIIHET0 MCTOYHHMKA
O/1C, T.e. Korja IJIIOC MOJKIOYAETCA K MOJIYNPOBOJHUKY P-THIA, & MUHYC — K IMOJYIPOBOJAHUKY II-
Tuna, mnokazaHa Ha puc. 1.1, r. TunuuHele BoJIbTAMIEpPHBIE XapaKTEPUCTUKU KPEMHHMEBBIX U
reépMaHUEBbIX UOJIOB IMOKa3aHbl Ha puc. 1.2. TaHreHc yrjia HakjlOHa KPUBOM 3aBHUCHMOCTH TOKa OT
HaIpsDKEHUs omnpenensier KpyTusHy BAX, koTopas 3aBUCUT OT MONEPEYHOIO CEYEHHUS p—II -Iiepexoaa
nunona. OOpaTHoe HampshKeHHe, IpU KOTOpoM mpoucxoauT npodoit nuoaa (Unpos) 3aBUCUT OT TOJIIIMHBI
CJIOEB p- M I - TUIIOB M IIMPHUHBI 3apEIIEHHON 30HbI MOJYNPOBOAHUKA. Y KPeMHHUEBBIX JUOJ0B Unpos
0oJblle, yeM y repmMaHueBblx, U MoxeT gocturatb 1 000 B. [IpoGoit p—rm - mepexona MoxeT ObITh
ANEKTPUYECKUM (0OpaTUMBIM) HIIH TETUIOBBIM (HEOOPATUMBIM).

OnekTpuueckue MnpoOOH B CBOIO OYEpeb MOJpa3ZelsiioTcs Ha JIaBUHHBIE W TyHHeNbHBIE. [Ipu
JABUHHOM IPO00E OTJIENIbHBIE 3JIEKTPOHBI p- 0071acTH (HEOCHOBHBIE HOCUTENH 3apsA0B) MO/ IeHCTBHEM
BBICOKOI'O OOpaTHOTO HamNpsKEHUsT p—I - MEepexoJia BBIPHIBAIOTCS W3 HEEe M, COyAapssch C aTOMaMH
IIEPEX0/1a, BBI3BIBAIOT JIABUHHOE PA3MHOYKEHHUE DJIEKTPOHOB, a CIIEOBATEIBbHO, U PE3KOE BO3pACTaHHE
toka. Hampskenue Ha auoje nagaer. IIpyu 3TOM MONBITKY €ro MOBBIIEHUS TPUBOAST K YCUJICHHIO TOKa,
neperpeBy AHOAa W €ro paspylleHuto. TyHHEIbHbIM NMpoOOH HaOMIONaeTcs y HEKOTOPHIX AMOAOB C
BBICOKMMH KOHIIEHTpAIMsIMHU JIETHPYIOIIMX MPHUCATOK U Y3KOH 30HOM p—I - mepexoja, Koraa Mo
JeicTBUEM OOpaTHOrO HANpsDHKEHUs BEPXHHUM YpPOBEHb BAJCHTHOM 30HBI MX p- 00JAacTH HayMHAeT
MpeBBIIIaTh HUKHUN YPOBEHDb 30HBI POBOJUMOCTH - 00JIaCTH.

B aToM citydae 35eKTpOoHBI MOTYT MEPEXOAUTH U3 P- 0OJIACTH B M- 00JIacTh O€3 3aTpaT SHEPrUH Ha
MIPEOJI0JICHUE 3alpenieHHON 30HbI (T.€. MOTYT TyHHenupoBatb). [lpu panpHeileM MOBBILIEHUH
00paTHOrO HampsDKEHHMsI HAaYMHAETCs JIMHEHHOE HapacTaHWe ToKa 3a c4eT TyHHenupoBaHus. Ilocie
CHSITHSI HAIIPSDKEHUSI CBOMCTBA p—N- Mepexo/ia BOCCTaHABIMBAIOTCA. TeroBoil mpoboi p—Ii--nepexoaa
HAcTymaeT MpH HapylIeHHWH TEIJIOBOro OajaHca, T.e. KOT/Ia BBIACNIAEMOE KOJMYECTBO TEIUIOTHI
MpEeBBILIAET KOJUYECTBO TEIUIOTHI, pacceuBaeMoe B p—Ii- nepexone. [Ipu satom temmeparypa nepexona
MOBBIIIAETCS, HACTYIACT Pa3pylICHHE KPUCTAIUTMUECKON pemeTku u auoza. Puc. 1.2. Bonbrammephsie
XxapakTepucTuku repmanueBoro (Ge) u kpemuuenoro (Si) auoaos. EMkocTs p—II- mepexosa omnpenenisieT
ObICTpOJIeHCTBUE PIEKTPOHHBIX TPUOOPOB U Ha3bIBaeTCs OapbepHOH (3apsAHON).



BapsepHast eMKOCTh 3aBUCUT B OCHOBHOM OT IUIOIIAH MEPEX0/1a U MPUIOKEHHOTO HAPSIKESHUSI.
[Ipy  mNOBBIIEHMM  TPSIMOTO  HANpsOKEHUS — IIMPUHA  IEepexojJa  yMEHbIIaeTcsd, a  YHUCIo
HECKOMIICHCHPOBAHHBIX 3apsI0OB U EMKOCTh YBEIHMYUBAIOTCS. [Ipy MOBBIIEHUU 00paTHOTO HAMPSHKCHUS
OappepHasi eMKOCTh CHIDKAeTCs. baphbepHyl0 €eMKOCTh CIIABHOTO HECUMMETPHUYHOTO p—II- Mepexoa, y
KOTOPOTO KOHILEHTpAIHs akuenTopoB Nak B p- o0nacTi 0oJblle, 4eM KOHIEHTpauus JOHOPOB Ny B II -
oGacTi, MOXHO paccuntathb 1o dopmyie: CSpn—=035, vV e g0 N U 4, TIe S — miomans nepexona;
€0, € — JIUPJIEKTPUUYECKHE MPOHUIIAEMOCTH COOTBETCTBEHHO MOJIYNPOBOJHUKA U p—Ii- epexona; U —
oOpaTHOE HanpsHKEHHE Mepexo/a.

BaprepHasi €MKOCTh yXyaAIIaeT CBOMCTBAa IMOJYNPOBOAHUKOBBIX MPHOOPOB HAa OCHOBE pP—II-
Mepexo/ia, MCHOJb3YEMbIX IMPH BBIIPSIMICHUN TOKOB BBICOKOI YacTOTBI, U CHUXKAET OBICTPOJEHCTBHE
3THX IPUOOPOB MPH BBHIOTHEHUHU C UX MIOMOUIBIO EPEKITIOUYEHUI B UMITYJIbCHBIX AJIEKTPOHHBIX KIIFOYaX,
MI03TOMY €€ CTaparoTCsl YMEHBIIUTD IIyTEM YMEHbUICHHS TUIOIIA epexoa. M3MeHeHre eMKocTu p—Ii-
1epexosia Mpu HW3MEHEHUM HANpsHKEHHS HCHOJB3YIOT B CXEMax 3JIEKTPOHHOTO W3MEHEHHUS YacTOThI
reHepaToOpOB ¢ MPUMEHEHHWEM BapuKaroB (AMOAO0B ¢ U3MEHsEMON eMKOCThI0). [Ipu npsiMmom Toke B 0aze
IMoAa ¢ p—II- MEepPexXoJoM BO3HUKaeT Auddy3Has eMKOCTb, CBS3aHHAs C TOSBJICHHUEM HE YCIEBIIUX
PEKOMOMHUPOBATh HEOCHOBHBIX HOCHUTEJICH 3aps/I0B.

[Ipu pe3koM MEpeKTIOYeHUN MOJSPHOCTH auoja AuQQy3Has €MKOCTh BBI3BIBACT MOSBICHHE
cKayka oOpaTHOTrO TOKa, T.€. BpEMEHHOE HapyIIEHHE 3alHUparoniero CBOMCTBa mepexoaa. JDToT ek,
CBSI3aHHBI C «paccachblBaHUEM» 3apsijioB, TAKXKE HEXKENATEIeH W €ro YyCTPaHSIOT ClEeUHaIbHbIMU
muogamu [1loTTku, cO31aHHBIME Ha OCHOBE KOHTAKTHOI'O MEPexo/ia MeTauI—IOoNynpoBoAHUK. ClenyeT
OTMETUTh, 4YTO pPadoTa MHOIMX JJIEKTPOHHBIX NIpPUOOPOB OCHOBaHAa Ha (PU3HUECKUX SBICHUSX,
MIPOUCXOJSIINX B 30HE KOHTAKTa BEIIECTB C PA3HBIMU AJIEKTPONPOBOJSAIIMMHI CBOHCTBAMH, MOITOMY
paccMOTpUM 3TH siBIeHUS noapoOHee. KoHTakTHBIE SBIEHUS — 3TO OO0IIee Ha3BaHHWE (PU3MUECKUX
SIBJIICHUH, BO3HUKAIOIUX B 00JIACTH KOHTAKTa JIBYX MaTEPHAJIOB C pa3- JMYHOM IEKTPOIPOBOAHOCTHIO. K
YHUCIy BaXHEHIIMX KOHTAaKTHBIX SBJICHHA OTHOCUTCS BO3HMKHOBEHHWE KOHTAKTHOH pa3HOCTH
MOTEHIIMAJIOB METAJNIOB, UMEIOIIUX PA3INYHYI0 PaOOTY BbIXO/A AJIEKTPOHOB A pyix.

PaGoroii BbIxOga Ha3bIBaeTCsl paboTa, KOTOPYIO 3aTPAuyMBaAET IEKTPOH JUIsl IPEOAOTIEHUS CHIIbI
NPUTSDKEHUST K aroMaM BellecTBa, T.. JUIsl BbIXOJa U3 BemiectBa B BakyyM. Ilpu TecHoM
COIPUKOCHOBEHUH METAJIJIOB C Pa3HOW pabOTON BBIXOJa WJIM COEIMHEHUHM MX B BaKyyMHOH nuddy3Hoi
MeYr Ha CBOOOJHBIX KOHIIAX OTHUX METAUIOB BO3HUKAET KOHTAaKTHAas pPa3HOCTh MOTEHIIMAJIOB,
00yCJIOBJIEHHAs NepeTeKaHUEM YacTH 3JIEKTPOHOB U3 OJHOIO METaula B APYrod M MOSBICHHUEM pPa3HOM
KOHIEHTPALUHU 3JIEKTPOHOB B IIPOBOIHUKAX.

B pesynbrare oiMH W3 MPOBOJHUKOB OKA3bIBAETCS 3apsSKEHHBIM MOJOKUTEIBHO, a APYroi —
otpunarenpbHo. Co3gaHHas Mpy 3TOM Pa3HOCTh MOTEHIMANIOB, XapaKTepHas AJ1s JaHHOW Mapbl METAJLIOB,
MPENSATCTBYET AAJIbHEHUIIEMY MEepeTeKaHuto 3JeKTpoHOB. B ornnume ot D/IC UCTOUHMKOB TOKa IpHU
3aMbIKAaHUM JTOM 1EeNM KOHTAKTHAas pa3HOCTh IOTEHIMAJOB HE NPHUBOJUT K BO3HMKHOBEHHUIO
ANEKTPUYECKOTO TOKA, TaK KaK AJIEKTPOHBI HAXOJSATCS B PAaBHOBECHOM COCTOSHHUHM MO OOEUM CTOPOHAM
coenuHeHus. Eciau 30Hy KoHTakTa (crail) MEeTallloB HarpeBaTh, TO PABHOBECHE JIEKTPOHOB HAPYIIUTCA U
BO3HUKHET TEPMOAJICKTPOIBIKYIIAs CUIIA.

Paznocts Hanpspkennit npu Tepmo DJIC mana, KIT/] mpeoOpa3zoBaHus TEIJIOTH B JIEKTPUUECTBO
HE3HAYUTEJIEH BCIICJCTBUE BBICOKOW TEIUIONMPOBOJHOCTH METAJIOB, o3ToMy TepMo DJIC mcnosb3yror
TOJIBKO B JJaTYMKaxX TeMreparypbl. Ha ocHOBe KOHTaKTHOM Pa3HOCTH MOTEHLMATIOB paboTal0T TePMOIIaphl
U3 CIUIaBOB XPOMENS U ajioMelsi, UMEKIIe JTUHEHHYI0 3aBUCUMOCTh CHJIBI TOKa OT TEeMIIepaTyphl B
nuamna3one ot 50 go 500 °C. Tepmonaps! b,u3 naaTuHbI U pOJIUs, UMEIOT JTUHEWMHYIO 3aBUCUMOCTbH TOKa B
temnepatrypHoM auarnaszone ot 50 no 1 200 °C. KonrakTHas pa3 HOCTh MOTEHLUAIOB BO3HUKAET U MPHU
CONPUKOCHOBEHUH MOJYPOBOIHUKOB C PAa3IMYHBIMU THUIIAMU TPOBOAUMOCTH.

KoHTakT Mexay MNOTynmpoBOJHUKAMH C p- U M- MPOBOJUMOCTSIMH CO3/aeT 00JacTb p—Ii-
nepexosa C OOEIHEHHBIM (3allOpPHBIM) CJOEM, OOJaJaIoUM OJHOCTOPOHHEH NPOBOJUMOCTBIO.
Boznukaroriast npu COeIMHEHNN TaKUX MOJYIPOBOIHUKOB KOHTAKTHAsI PA3HOCTh MOTEHIIMAIOB 00IagaeT
TEMH XK€ CBOWCTBAMH, YTO U NPHU COEAUHEHUU PA3HOPOIHBIX METAJIOB. BO3HMKHOBEHUE MpU HArpeBe
COEIMHEHMS Pa3HOPOJHBIX IMOIYNPOBOAHMKOB TepMo DJIC ucnonb3yeTcs NpHU CO31aHUU HCTOUYHUKOB
MUTAHUS 7151 paJUOTIPUEMHUKOB M MaJIOMOIIIHBIX palioNepeaTinKOB.

brnarogaps ToMy, 4TO TETIONPOBOAHOCTH MOJYIPOBOJHUKOB MeHbIIe, yeM MmetamioB, KIIJ]
MOJIyIIPOBOIHUKOBBIX TEPMOTE€HEPATOPOB BBIIIE, YEM METANINYECKUX, U OHU MOTYT MPUMEHSTHCS TaM,



r1€ HeT JpyruX MHCTOYHUKOB Toka. /Jlnsg HarpeBa cmaeB TEpMOI€HEPAaTOPOB IMPUMEHSIOTCA
HarpeBarelbHble ycTpoiicTBa. Kak yxke oTMedanoch paHee, METallIbl UMEIOT CBOOOJHBIE 3JEKTPOHBI
npooauMocTu. CienoBaTenbHO, IPU KOHTAKTE METalla C JIETMPOBAHHBIM IOJIYIPOBOJAHUKOM MOXKET
00pa30BaTbCsl KOHTAaKTHBIM MNEPEXof, MOXOXUH Ha p—II- Iepexoa B MoIynpoBogHHKaX. Ilepexombl
METaJUI—IIONYTIPOBOAHUK BIEpPBbIe OBUTM HCCIEIOBaHBI HEMEUKUM ydeHbM IlloTTkH, mosTtomMy u
3alMpPaOLUI KOHTAKT Ha3bIBatoT 6aprepom LIIoTTKH.

Ha ocHoBe Takumx KOHTakTOB ObUIM co3fgaHbl auoabl IloTTku, oOnajgaromuye BBICOKUM
ObICTpOJICCTBUEM BCIIEICTBUE TOTO, YTO B HUX HE IPOMCXOIUT HAKOIUICHUs AU(PPY3HBIX 3apsaaoB. DTH
auoabl ucnoib3ytoTess B CBU-cxemax M yCKOPSIIOIIMX LENSAX KIIFOYEBBIX KacKaloB, KOTOpbIe OyayT
paccMotpensl fanee. OCOOEHHOCTH MOBENIEHHS AJIEKTPOHOB B MOJYNPOBOJHUKAX M KOHTAKTHBIX 30HAX
MO3BOJIMJIM CO3aTh HOBbIE YHUKAJIbHBIC JIEKTPOHHBIE NMPHUOOPHI, YCTPOMCTBA M NMPAKTUYECKH BaXKHbIE
U3JIEIMsI COBPEMEHHOM 3JIEKTPOHHON TeXHUKH. CBOMCTBa p—II- MEPEXOJOB HMCIOJIb3YIOTCS B pPa3HbIX
JIEKTPOHHBIX TOJYIPOBOJHUKOBBIX IpHOOpax: JOuojax, TPAaH3UCTOPAaX, THUPHUCTOpPAX, AUHUCTOPAX,
cBeroanoaax, (oToamomax W Ipyrux npuodopax, COCTABIAIONIMX COBPEMEHHYIO JJIEMEHTHYIO 0azy
JIEKTPOHHON TexHUKH. Ha OCHOBE MOJYyNpOBOAHUKOB C p—II- IepexojaMu (QOpPMUPYIOTCS TakKkKe
CJIO)KHBIE MMKPOCXEMBbI, UMEIOIIME COTHU M ThHICAYU SJIEKTPOHHBIX 3JIEMEHTOB HAa OJHOM KpHUCTaJIE U
BBINOJIHSAIOLIME CI0KHbIE U(PPOBBIE WU ClIEUaIbHbIE aHAT0roBble GyHKIUU. 1.4.

OJNEKTPOHHbIE BaKyyMHbIE MPHOOPbI DJIEKTpPOHHBbIE Jammbl. llepBbIMH B paauo3Ja€KTPOHHOM
TEeXHUKE HayaJll UCIOJIb30BaTh BaKyyMHbIE JIEKTPOHHBIE IPUOOPBI — 3JEKTPOHHBIE JaMIlbl (puc. 1.3).
PaboTa >1eKTpOHHOM JaMITbl OCHOBaHA Ha CO3JIaHUM TIOTOKA JICKTPOHOB B BaKyyMe M YIPABICHUH UM C
IIOMOILBIO 3JIEKTPUYECKUX MoJsied, (POPMUPYEMBIX CHELMAIbHBIMM 3JIEKTPOJaMH. DJIEKTPOHHAs JiamIma
COCTOMUT U3 HECKOJIbKMX METAJUIMUECKUX 3JIEKTPOOB, 3aKJIIOUYEHHBIX B CTEKJISHHBIA, KEPAMUYECKUN WU
METAJUIOKEpaMUYeCKUi OaJlJIOH, BHYTPHM KOTOPOTO CO3/1aH BBICOKMH BakyyM. OIMH U3 3JEKTPOJOB
(kxaTom) HarpeBaroT crupaibio 10 Temmnepatypsl 500 ... 700 °C.

[Ton melicTBHEM BBICOKOW TEMIIEPATyphbl IEKTPOHBI NOKUAAIOT METAJUINYECKYHO IOBEPXHOCTD
KaroJla W o0pa3yloT BOKPYTI HETO 3JIEKTPOHHOE oOiako. B mpocreimiel >IeKTpOHHOH jamiie Iuoje
BTOpOH 3J1eKTpo] (aHoX) MMeeT (opMy LMIMHApA, OXBaThIBalollero katoj. Eciu k nuony moasecTH
IIOCTOSIHHOE HAIpsDKEHUE, KaK B MOJyIPOBOJHUKOBOM 1uoje (cMm. puc. 1.1, B), T.e. IJIIOC — Ha aHOJ U
MHUHYC — Ha KaTo/ (IpsSMOe BKJIIOUEHHE), SJEKTPOHBI MO/ IeHCTBUEM AIEKTPHUECKOTO IOJIsl yCTPEMSATCS
OT KaToJa K aHONy, CO3/aBasi MIEKTPUYECKUM TOK B Ienu. Eciau B mens BKIOYUTE pe3uctop R, To npu
MIOSIBJICHUH TOKA B JIAMIIE HA HEM IOSIBUTCS Iepernaj HanpsbkeHui. IIpu ManoMm aHOOHOM HaIpsiKEeHHH
TOJIbKO HEOOJIbLIasi 4acTb 3JEKTPOHOB MMPHUTITMBAETCS aHOJOM, a OCTaJbHBIE 3JEKTPOHBI O0pa3yroT
IIPOCTPAHCTBEHHBIN 3apsa BOKpYT kaTona. [Io mepe Bo3pacTaHus aHOIHOTO HAIPSDKEHUS YBEIUUYHUBAETCS
YHCIIO 3JIEKTPOHOB, JOCTUTAIOIIMX KaToJa, U TOK B IIEMM pacTeT, a IJIOTHOCTb NMPOCTPAHCTBEHHOTO
3apsja yMEHBIIAETCS.

Korna HampspkeHHe M TOK BO3pacTalOT HACTOJBKO, YTO MPOCTPAHCTBEHHBIM 3apsi MOJIHOCTHIO
«paccacblBaeTCs» U BCE DJIEKTPOHBI, UCITyCKAEMBIE KaTOA0M, JOCTUTAKOT aHOZIA, POCT TOKA YBEIMUYEHUEM
aQHOJTHOTO HaNpSDKEHUS 3aMeUIsIeTCsl M HACTYIMaeT peXuM HachlleHus. VM3mepsis 3aBUCMMOCTb TOKa OT
HanpspkeHus, nonyyatoT BAX nuona, kak B OIyNpOBOJIHUKOBOM nuoje (cM. puc. 1.2). Ecnu nomeHsATh
MOJIIPHOCTh MOJKI0YAEMOr0 K IOy HAaIPsDKEHHUS, T.€. K aHOJYy MOJABECTH MUHYC, a K KaTOJy — IUTIOC
(oOpaTHOE BKIIIOYEHHE), BOSHUKHOBEHUS JJIEKTPHUECKOTO0 TOKA B AJIEKTPOHHOU JlamIle He MPOM30MIET,
TaKk Kak aHoOJ TpU OSTOM OCTAaeTCs «XOJOAHBIM» U HE HCIyCKaeT 3JIeKTpoHbl. (CrenoBaTeNbHoO,
AJIEKTPOHHAs JlaMMa JuoJ] 00JIaAaeT OJHOCTOPOHHEH (BEHTHJILHOM) MPOBOAMMOCTBIO. DTO CBOICTBO
UCIOJIb3YETCSl TpPU MPUMEHEHUU JJIEKTPOHHBIX JIaMI B KayecTBE JI€TEKTOpa B PaJHMO3JIEKTPOHHBIX
YCTPOMCTBAaX M B KayecTBE BBINPAMHUTENS NpU NpeoOpa3oBaHUM TEPEMEHHOTO HAIMpPsDKEHHS B
MTOCTOSIHHOE.

ONEeKTpOHHas Jjamma TPUOJ HMEET TPETUHl DJIEKTPOJ, YCTAaHABIMBAEMbIH MEXIy aHOIOM H
karogoM. OH pacronaraetcs OJke K KaTolly, I03TOMY HamnpshKeHUE, MoJaBaeMoe Ha AJIEKTPO/I, CUJIbHEe
BIIUSIET HA TMOTOK 3JIEKTPOHOB MEXKIY aHOJAOM M KaToJoM. IIoCKOIbKY TpEeTHil 2JIEKTpOJ BBINOIHIETCS
JEHCTBUTENBHO B BUJIE CETKH WJIM CIIUPANIU, OKPYXKAIOIIeH KaTo/l, TO caM OH 3a0UpaeT Majo 3JIEKTPOHOB,
a OOIpIIas UX YacTh MPOCKAKUBAET K aHOJY. M3-3a OIM3KOro pacnosokKeHUs CeTKU K KaToy HeOOIbIIue
M3MEHEHHUs HaIpsSHKeHUs Ha Hel CWIIbHEE CKa3bIBalOTCS Ha MOTOKE AJIEKTPOHOB K aHOIY M 3HAYEHUU
aHOJHOTO TOKa. MIMEHHO 3TO CBOMCTBO TPHO/AA UCHIOIB3YETCS ISl YCUIIEHHS SIIEKTPUUECKUX CUTHAJIOB.



Ha ocHoBe TpHOOOB M JAPYrHX SJEKTPOHHBIX JIaMIl pa3padOTaHO MHOXKECTBO AJIEKTPOHHBIX
YCTPOMCTB, B YAaCTHOCTU DJEKTPOHHBIX YCHUJIMTENEH pazHOOOPa3HOrO0 Ha3HAUYEHHUS: PE30HAHCHBIX,
IIMPOKOMOJIOCHBIX, WMIYJIbCHBIX, CUJIOBBIX M T.Nl. PaboTa TpHOMOB BO BCEX YCHUIMTENSIX MPHUMEPHO
OJIMHAKOBAs, a pa3jIMuue YCUIIUTEIECH ONpEeAeNseTCs] BHEIIHUMU SJIEKTPUUECKUMH LiensaMu. JlaMmoBbIi
reHepaTop — YCTPOMCTBO, B KOTOPOM IIPU IOMOILIM 3JIEKTPOHHOW JIamIlbl CO3AAIOTCS HE3aTyXarollue
anekTpuyeckue konedanus. OCHOBHBIMU 3JIEMEHTaMM IMPOCTEHIIIEro JaMIIOBOIO TeHepaTopa SIBIISIOTCS
AJIEKTPOHHAs JlaMma (TPUOJ) C MCTOUYHUKAMHU NHUTAaHUS W KojieOaTenbHbI KoHTyp. Kimctpon — 3T0
ANIEKTPOHHBIA MPUOOp, MPEACTABIAIONINI cOO0M coyeTaHne MHOTO3JIEKTPOIHON JIaMIlbl ¢ 00BEMHBIMU
pe30HaTOpaMM U MpeIHa3HAaYeHHBIN JJI YCUJICHUS U TeHepUPOBAaHUS KOJeOaHUM CBEPXBBICOKUX YacTOT
(B 1nanazoHe CAaHTHMETPOBBIX U MUJJIUMETPOBBIX BOJIH).

OTtpakaTeNbHbII KIUCTPOH — DJIEKTPOHHBIN MpHOOp Ui TeHe- palud YJIbTPaBBICOKHMX YacTOT
(cBpimie 100 I'T'), oTHOCAIIMXCS K MWUIMMETPOBOMY JHANa3OHy JJIUH BOJIH. MarHerpoH — 3TO
MHOTOPE30HATOPHBIHM 3JIEKTPOHHBIN IPUOOpP sl TeHEpalMU CBEPXBBICOKUX YacTOT OOJIBIION MOIIIHOCTH.
AHOJ MarHeTpoHa MpPENCTaBIseT COOONH MAaCCHBHBIA IWJIMHAP, B IEHTPAIbHOW MOJOCTH KOTOPOTO
pacIOJIOKEH KaToJd, a B CTEHKAaX HaxOoIATCS LMJIMHIPUYECKUE PE30HATOpHBIE mosnoctu. g co3maHus
HY’KHOI TpaeKTOpUHU 3JIEKTPOHOB, UIYIIMX OT KATOAA K aHONYy, IPUMEHSIETCS MONEPEYHOE MATrHUTHOE
none. Iloxg pnelictBMeM 3TOro moOJsI MCKPUBISETCS MYTh B COOTBETCTBUM € 3akoHOM JlopeHua
BBUICTAIOMIUX W3 KaToja dJIeKTpoHOB. [IpuOmmxkasch K aHOIy, DJIEKTPOHBI JBHXKYTCS IOYTH II0
KacaTeJIbHOW K €ro IWIMHAPUYECKON MOBEPXHOCTH C MPOPE3SIMH, HANPABICHHBIMH K PE30HATOPHBIM
nonoctsaM. [lox nelicTBreM CilydallHbIX W3MEHEHHM IIOTOKA JJIEKTPOHOB B PE30HATOPAX BO3HUKAIOT
Kosie0aHusl, KOTOpble MOIYJIUPYIOT 3TH MO- TOKH 3JIEKTPOHOB, CO3/aBasi, TAKUM OOpa3oM, yCTOHYHBYIO
renepannto CBY-konebanmii. Yacts sHeprum konebanuii oTOMpaeTcs B pabouyro 24 TUHHIO W3 OZHOTO
pe30HaTOpa KOAKCHUAIbHBIM BOJIHOBOJOM C ITOMOIIBIO METIN CBS3H.

Jlamma Gerymeit Bonubl (JIBB) — cnenmanbHas 37eKTpOHHAS JIaMIIa JJIsl YCHIICHHUS M TeHEpaluu
KojeOaHui CBEPXBBICOKUX YaCTOT (ICHUMETPOBBIX W CAHTUMETPOBBIX BOJH). BHyTpu 3TOil mnamiibl,
BBINIOJTHEHHON B BUJE IWIMHApPA auameTpoM 3 cM u JyuHo 15 ... 20 cM, BIoJIb MPOBOJIA, CBUTOIO B
JUIMHHYIO CIIMpallb, PacHpOCTPaHSAETCS IJIEKTPOMArHMWTHAs BOJHA CO CKOpocThio cBera (¢ = 300 000
KM/c). BIonp ocu crimpany 31eKTpHYecKoe TOJe 3TOM BOJHBI PaCIPOCTPAHAETCS ¢ MEHBIIEH CKOPOCTHIO
(Tak Kak 3Ta MOCIEAHSS CKOPOCTb IMPEACTABIsAET cOOOM MPOEKLNI0 CKOPOCTH PAaCHpPOCTPAHEHUS BOJH
BJIOJIb CIIMpAJIM Ha HallpaBlieHue ocu crupain). OJHOBpPEMEHHO BIOJb OCH CIUpPAU JIBUXKETCS My4OK
3JIEKTPOHOB MPUOIU3UTENBHO CO CKOPOCTHIO NMEPEMEIICHUS OIS,

B3aumoneicTBys ¢ 31€KTpUUYECKUM T10JIEM BOJIHBI, JIEKTPOHBI OT/Ial0T €MY YacTh CBOEH SHEPruu
U TEM CaMbIM YCHJIMBAIOT BOJIHY, paclpocTpaHstoulytocs no crnupanu. Ilpu goctarouno Oosnbiiom
YCUJICHUU B JIaMII€ HACTymnaeT reHepanus Kojaedanuii. OCHOBHBIE TOCTOMHCTBA JaMITbl O€TyIei BOJHBI
KaK yCHUJIMTEINs: BO3MOXHOCTb IpsAMoro ycuienus CBY- curnanos B mmpokoi nosoce yactot (10 10 %
CpeIHell 4YacTOThl) M CPAaBHUTEIBHO HU3KHI 1IymMOoBOH Qakrtop. Jlamna oOparHoit BonHbel (JIOB) —
3JIEKTPOHHAs JIaMIla, B KOTOPOW B OTIMYHUE OT JaMIIbl OeryIeil BOJIHbI 3J1€KTPOHBI, CKOHIIEHTPUPOBAaHHbBIE
B Y3KUI MyYOK, ABMXKYTCSI HE B OJJHOM HAIIPaBJICHHUM C JBUKYIIUMCS BJIOJIb 3aMEJUISIONIET0 YCTPOWCTBA
nmosieM OeryIieil BoiHbI, a BcTpeuHo. [Ipu 3ToM Tak ke, kak u B JIBB, B3aumMoeicTBUE TBUKYITUXCS
AJIEKTPOHOB € M0JIeM Oery1eil BOJHBI IPUBOIUT K YCUIICHHUIO 3TOTO MOJIS.

OcHoBHas 001acTh MPUMEHEHMSI JIaMIIbl 0OpaTHOM BOJIHBI — TeHepalys KojJebaHuil B 1uamna3oHe
JEIIMMETPOBBIX U CAHTUMETPOBBIX BOJIH. DJIEKTPOHHO-IIy4YeBble TPYOKU. MoauduKausaMu 3J1eKTPOHHBIX
JaMIl SIBJISIOTCS TaKWe 3JIEKTPOBAKYYMHBIE HPUOOPHI, KaK KHWHECKOIbl TEJIEBH30pPOB, 3JEKTPOHHO-
Jy4yeBble TPYOKHU ocHMIIIOrpadoB, peHTTeHOBCKUE TPYOKH, 3JIEKTPOHHO-ONITHYECKHE TpeoOpa3oBaTelu U
T.. B ocHOBe NEHCTBUS 3JEKTPOHHO-TYUYEBBIX TPYOOK M KHHECKOIIOB JIKHUT NMPHUHIMI AJIEKTPOHHOU
MyIIKH. DTO HAarpeBaeMblil CIIUPAIBI0 KaTO U Pl AIEKTPOAOB, (POPMHUPYIOMIMX HANPABIECHHBIH My4OK
AJIEKTPOHOB, UHTEHCUBHOCTb KOTOPBIX PErYIUPYETCS CETOUHBIM JIEKTPOIOM.

CneuuanbpHble TreHepaTopbl B ocuwuiorpadgax u  TeneBu3opax (OPMUPYIOT JIMHEHHO
U3MEHSIONIEECs] HANpPSIKEHUE, KOTOPOE MOJAETCSl HAa OTKIIOHSIOIIME DJIEKTPOJABI U CO3JAET Pa3BEPTKY
M300paXeHHs TI0 BEPTUKAIM M TOPU3OHTaIHU. B pe3ysnbpTare Ha sKpaHe MOIY4yalOT JBYMEPHYIO KapTHHY
U300pakeHHs.

Bonpochl, BBIHOCHMBbIE HA CEMHHAP:
1. DaexTpoH B 3JEKTPUYECKOM U MATHUTHOM HOJIE.
2. DIeKTpONpPOBOAHOCTH MOJIYIPOBOIHHKOB.



3. TlomympoBOAHUKH P ¥ N THUIIA.

4. OOpasoBaHue U CBOMCTBa P-N mepexoa.

5. ®usnyeckue sIBICHUS MpHU 00pazoBaHUM P-N nepexoaa YeM XxapakTepu3yercs MOABHKHOCTh
HOCHUTEJICH B OJIYTIPOBOJHUKE?

6.CobcTBeHHass TMPOBOAMMOCTb W CIOCOOBI  00pa3oBaHHsI  MPUMECHBIX  MPOBOAUMOCTEH
MOJTYPOBOIHUKOB.

7. ®u3nueckue OCHOBBI 00Opa30BaHUs M BEHTHJIbHBIE CBOWCTBA 3JIEKTPOHHO-IBIPOYHOTO MEpexo/a.
Bonbt - amnepHas xapakrepucTuka p-N nepexosa.

8. Ilpsmoe u oOpaTHOE BKIIIOUYEHHUE P-N Mepexoa, BOJIbT-aMIIepHas XapaKTepUCTHKa, TPOOOii, ero
BUJIBL.

IIpakTuyeckas padora Ne3

Tema 3. I1o/rynpoBOAHUKOBBIE BHINIPAMHUTEIbHBIE THO/BI.
HccnenoBanue moJynpoBoAHMKOBBIX BHINPSIMATEILHBIX IN0/I0B
[leanb pa6oThl: VcciieqoBanue MpUHIMIA JCHCTBHS AUOA0B. [lomyueHre MpakTHYeCKUX HABBIKOB B aHAIM3E W
OLIEHKE MX pabOTOCIIOCOOHOCTH.
IlepeyeHnb UCMOJIBL3yeMOT0 000PYI10BAHUS
W3meputenbHbIi cTeH T, MOIYITh «I10TyIIpOBOTHUKOBBIN IO, 00pa3Iibl AMOIOB, AMIIEPBOILTOMMETP.
Teopernyeckasi 4acTh:

BompsiMuTelibHbIe THOABL Boinpsyumenvrvimy TAOAAMH HA3bIBAIOTCS 3JCKTPOHHBIC HMPUOOPHI,
OCHOBHBIM HA3HAYCHHEM KOTOPBIX SBJSETCS BBIIPAMJICHHE MEPEMEHHOTO TOKa. YCJIOBHOE
rpaduyeckoe 0003HaUCHHUE BRIIPIMUTEIbHBIX a1010B (YI'O) npuBeneno Ha puc. 1.

—B

AHOI Karon

Puc.1 YTI'O BBIIPSIMUTENBHOTO 110/

K BBIIpAMUTENBbHBIM JAUOJAaM OTHOCAT IJIOCKOCTHBIE ABYXAJIEKTPOJHbBIE MOJYIPOBOJIHUKOBBIE
npuOOpPHI, BBHIOJIHEHHbIE HAa KPEMHUEBON WM TepMaHMEBOM OCHOBE, a TaKXe CEJICHOBbIE M MEIHO-
3aKMCHbIE TPUOOPHI.

PaGota BBIIPSIMUTEIBHBIX JUOJOB OCHOBAaHAa Ha MCIOJb30BAHUHU  BBIIPSIMUTEIbHBIX
(BEHTHJIbHBIX) CBOMCTB 3JIEKTPOHHO-IBIPOYHOTO Tmepexoaa. CBOWCTBAa BBINIPSIMUTENBHBIX AHOA0B
XapaKkTepu3yloTcs BoJbTaMIepHbIMU xapakTepuctukamu (BAX) u mapamerpamu. Ha puc. 2a
IpeJCcTaBIE€Hbl BOJbTAMIEPHbIE XapaKTEPUCTUKH KPEMHUEBOTO U T€PMAaHUEBOTO TUOJIOB.

B 3aBucumoctH oOT miomanu p-n-nepexona u  3(P(EKTHUBHOCTH OTBOJA  TEIJIOTHI
BBIIPSIMUTENIbHBIE JHOJBl TOAPA3IENAOTCS Ha JAHOABI Majlod MOIIHOCTH, pPAacCUUTAHHbIE MJIs
MOJIyYeHHUsl BhIIpsIMIEHHOTO Toka He Ooiee 0,3A, cpeaneit ¢ Tokamu ot 0,3 1o 10A u GonbiuoH, y
KOTOPBIX BBIIPAMIIEHHBIN TOK npeBsimaeT 10A.

[TockoaBKY BRIIPSIMUTEIbHBIE AHOJIbI 00J1aJal0T CPABHUTEIBHO OOJIBIIONH €MKOCTBIO - MOpsJIKa
HECKOJBKUX JEeCATKOB MNuKo(dapaa, a Takxke OOJbIIMM BpEMEHEM BOCCTAHOBJIEHHUS OOpaTHOIO
COIPOTUBIIEHUS, WX  NPAKTUYECKOE INPUMEHEHUE  OIPAHUYUBAETCS  JIMANA30HOM  4YacTOT
(MakcumanbpHas yactora He nmpeBwimaetr 100 kI'1).

B kauecTBe uUCXOAHOrO MaTepuasa NpPU IPOU3BOJACTBE TI'E€PMAHUEBBIX M KPEMHHUEBBIX
BBIIIPSIMUTENIBHBIX THOJIOB MCHOJB3YIOT COOTBETCTBEHHO I€pMaHUN M KPEMHMH C AJIEKTpPOHHOU (T-
TUIA) 3JEKTPONPOBOJHOCTHIO, MOCKOIBbKY IMOJBHUKHOCTh 3JEKTPOHOB, KaK OCHOBHBIX HOCHUTEJEH
3apsana, B 2—2,5 pa3a 00ibI1e TOJBUKHOCTHU JIBIPOK.

Hcxonublif MaTepuan Kpucraiia odpaszyer 6a3oByro obnacTh Auonaa (Katojn), a aklenTopHas
npuMech (MHAUN, aTOMUHUN, 00p) - >MuUTTepHyI0 06jacth (aHon). OT 0Ga30BOW M SMHUTTEpPHOMU
obnacTell UCXOJAT BHEIITHUE BBHIBOJIBI.

bazoByto 061acTh mpunanBarOT K KpUCTaJUIOAEepKaTeNt0. J{Jis Tyyniero TermiooTBO1a B JUOJax
cpeaHeil U OOJBIION MOIIHOCTH MPUMEHSIOT PaIUaTOPHI



KoHCTpyKIHST TUIOCKOCTHBIX JHOJOB MaJOW MOIIHOCTH TpEACTaBieHa Ha puc.20.
[lmockocTHBIE NMOABI BBINOJHSAKT B BHUAE IUIACTUHKH 7 C DBJIEKTPOHHOM MNPOBOJUMOCTHIO,
YKpPEIJIGHHOH Ha MeTaJNIMuecKoM Jepikarenie §, MpeACTaBIsAOIIeM COOONW HMKHUM KOHTAKT P-II-
nepexoaa.

B mmactunke 7 W3 repMaHus WM KPEMHHUS CO3JAaeTCs IUIOCKUN 1o (opme 3IeKTPOHHO-
JNBIpOYHBIN niepexo 9. B repmanneBbIX Auoax A MOy YE€HUs 3JIEKTPOHHO- IBIPOYHOTO nepexoaa 9
B IJIACTMHKY M3 T€PMaHHs C DJIEKTPOHHOM MPOBOJMMOCTHIO J0OABISIOT KaIUII0 pPAacIUIaBICHHOTO
UHIUS, a 3aTeM HarpeBaloT. [Ipu HarpeBanuu nnaBsuuics UHAUNA AUGPYHAUPYET B OCHOBHOU
MOJIYIIPOBOJHUK, 00pa3ys B HeM ciioi 10¢ AIpOYHON MPOBOAUMOCTHIO.

BepxHuii KOHTaKT MPEACTABIAET MACCHUBHYIO JeTailb 6, CIOCOOHYI0 MpOIyCKaTh
3HAYUTENbHBIE TOKK OOJIBIIOTO MO IUIOLIAAU Nepexoaa. ['epmanueBas miacTuHkKa 7 ¢ p-m-nepexoaom
IIOMEILAETCA B METAININUECKUI KOPIYC 5, FepMETU3UPOBAHHBIN CBEPXY CTEKJISHHBIM HU30JISTOPOM 4 C
TpyOKoO# 3, B KOTOPOH MOMEIICHb BHYTPCHHUM 2 U HAPYXKHBIH 1 BBHIBOJIBI.
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Puc.2 BAX nuonoB (a) u ux koHCTpyKuus (0)

BrinpsiMuTenbHble JUOABI XapaKTEPU3YIOT CIACAYIOIMMU ITapaMeTpaMu.

[Tpsimoit Tok IIIp - TOK, mMpoTEeKalMuUi Yepe3 AUOJ IPH MPSIMOM HAIpPSHKEHUH, OOBIYHO PaBHOM
1B. IIpsamoii TOk, Kak ObUIO CKa3aHO BBINIE, ONPEACNSIETCS MOIIHOCTHIO, HA KOTOPYIO JOJKEH OBITH
paccuMTaH IUO/I.

ITpamoe nanenue HanpspkeHust Unp - majJeHUe HANPSOKEHHWS HaA JHOJE IPU 3aJaHHOM NPSIMOM
Toke. [Ipsmoe HanpsiKeHHe y KPEMHUEBBIX AMO0A0B OO0JbIIE, YEM Y T€pMaHUEBBIX.

MakcumanbHblil 00paTHBIH TOK [06p.max.- TOK HEOCHOBHBIX HOCHUTENIEH, MPOTEKAOIMMUN depe3
IUOJ TpU OOpaTHOM HANpsX)KEHUU, OOBIYHO OJIM3KOM K HaINpsHKEHHUIO 3JIEKTPUYECKOro mpobos.
OOpaTHBIH TOK COCTaBIAET COTHIE JOJU MPOLEHTa OT HPSIMOTO TOKa, y KPEMHHUEBBIX AHOJIOB OH
MEHbIIE, YEM Y T€pMaHUEBBIX.

MakcumanbHoe oOpaTtHoe HampspkeHue UoOp.max - MajJieHHe HampsDKeHUs Ha JIHoJe IpHu
oroBapuBaeMoi (J0cTaTOYHO OOJIBIION) BEeIUUYMHE OOpPaTHOrO TOKa, MPU KOTOPOM He HapyllaeTcs
HOpManbHas pabora auona. IlpenenbHbIM OOpaTHBIM HaIpsPKEHHEM SBISIETCA HAINpsIKEHHE, MPHU
KOTOPOM IPOUCXOJUT OJJEKTpUUYeCKUi mnpoboil p-n-nepexona. KpemHuesble nuoasl 00sanaroT
OO0NBIIMM OOpaTHBIM HANpsDKEHHEM, 4YeM TIepMaHUEeBbIe, MO3TOMY OHH YyCTOMYMBO paboTalT B
npennpo6oiinoit obnactu. KpemHueBbie 1106l MOTYT UMETh MaKCHUMaJbHbIE OOpaTHBIE HANPSIKEHUS
nopsaka 1000 - 1500 B, a repmanuessie 100 - 400 B.

Xox pa0doTbI:

B pabore uccnenyrorcs asa nuona J[303 (repmanuensiii) u /1202 (kpeMHUEBBIN), mapamMeTpsl
KOTOPBIX mpejacTaBieHbl B Tabmuie 1. MccnemoBaHmsi 3akmiodaroTcs B cHITUHM BAX 1auomoB u
OTPEAECIEHUH UX OCHOBHBIX [1apAMETPOB.

Taoauna 1. [TapameTpsl 1M1010B

Tun Imp.cp.make, | Unp.,B Uobp.makc., [o6p., MKA
/mapaMeTpsl MA (e Oonee) B
J303 3000 0,35 150 1000
J1202 400 1 100 500

I IToAroTOBUTH U3MEPUTENbHBIN CTeH. s aToTO:!




1.1 Ilepekntouarens «Cetb» - B mosoxkenue O.

1.2 Pyuku peryJIMpOBKH HaNpsKEHUs OJIOKOB MUTaHMs | 1 2 — B KpaiiHee JIEBOE MOJ0KCHHE.
1.3 Ilepexmrouarenu mpudopos P1, P2, P3, P4 — B monoxenue «20».

2 IloAKIIOYUTH TUOJHBIA MOJYJIb K U3MEPUTEIHHOMY CTEHAY B COOTBETCTBUU C PUCYHKOM.3.

|
4

Puc.3 Cxema ucciaenoBaHust JUOLOB

3 Ilepekmntouatens S ycTaHOBUTH B mosoxenue 1 (303).
4 BxIIOYNTH TUTAaHUE CTeHAA W YOEOUThCS, YTO TIOKa3aHUs IOJKIIOYEHHBIX MpUOOpOB
cooTBeTCTBYIOT 0.
5 Cusatue BAX npsimoii BeTBH:
5.1 Pyukoit «Touno» BIIl yBenuuyuBath Hanps>KEHUE HA JUOAE, MIPU 3TOM CHUMAaTh MOKa3aHUS
npubopoB P1 uP3 (He meHee 5-6 u3Mepenuii) ¥ 3aHOCUTH UX B TAOIHIY 2.
IIpumeuanue: M3mepenus npexkpatuts npu aoctuwxkenunu la = 10 MA.

Tabnuna 2 JInox 71303
Uak np, B

Ia,MA

5.2 Pyuky «ToyHO» BEpHYTh B HCXOJIHOE TOJIOKECHHE.

5.3 Ilepexiurouarens S MOCTaBUTH B MOJOKEHHE 2 s ucciuenoBanus auonaa J202 u
noBTOopuTh 1.5.1. [Tokazanus mpubOOPOB 3aHECTH B aHAJTOTHYHYIO TaOIHUILy.

6 BEIKIIOYNATE IUTAHUE CTEH/A.

7 Cusatue BAX o0paTHoli BeTBH.
7.1 U3menuTsb nonspHocTs noakatodeHus bII1 k uccinenyemoil cxeme U BKIIOYUTH MUTAHUE.
7.2 TloBToputh myHKTHl 3,4, 5.1, 5.2 u 5.3. JlaHHBIC U3MEPEHHUI 3aHECTH B TAOIUIY 3..
Tabnuna 3

Uak 06p,B| 1 2 3 4 5 6 7 8 9

loOp, MKA

8 BBIKJIIOUMTH MUTAaHUE CTEHJA U pa3o0paTh cxeMmy.

9 Ilo pe3ynpTaTaM U3MepeHUN MOCTPOUTH Ha ofHOM pucyHke BAX VDI1u VD2 (puc.4).

ITo xapakTepucTuKam paccunuTaTh conporusieHus auonos 1isg Uak np = +0,4 B u

Uak o6p = - 3B.

11 o 3aganuto npenogaBatels aMIepBOILTOMMETPOM MPOBEPUTH PaOOTOCIIOCOOHO CTh
BBITIPSMUTEIbHBIX TUOJOB.

12 OpopMUTH OTUET U NMPEJICTABUTH €r0 MPErnoaBaTeiio.



Ia, MA 4
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0 Uak, B

v loOp, MKA
Puc.4 BAX guonos

IIpakTnyeckas padora Ned

Tema 3 [To1ynpoBOTHUKOBBIE BHINPSIMUTEIbHbBIE THO/IBI.
HccaenoBanue cTadUIMTPOHA
Heanb padotel: MccnenoBanue npuHimna AeWcTBUs cTabmiMTpoHa. [loryyenne mpakTMYecKuX HAaBBIKOB B
aHaM3e U OILIEHKe HX paboTOCHOCOOHOCTH
Ilepeuenb uMCMOJIBL3YeMOro O0OPYIOBAHMS: W3MEPHUTEIBHBIA CTEHA, MOAYNb «CTaOUIUTPOH»,00pas3iibl
CTaOMIIUTPOHOB
Teopernyeckast 4acThb:
CTa0uIMTPOH - TONYNPOBOJIHUKOBBIN MO/, HA BOJBTAMIIEPHONW XapaKTEPUCTHKE KOTOPOTO MMEETCs
YYacTOK CO CJIa00H 3aBHCHMOCTBIO HANPSHKEHHS OT MPOXOJSIIETO TOKA M KOTOPBIA MpeaHa3HA4YeH IS
CTaOWIN3alluu TTOCTOSTHHOTO HAMPsHKEHUS Ha Harpy3Ke.

BonbramnepHas xapakTepuCTHKa B YCIOBHOE rpaduiyeckoe 0003HaYeHNe TOKa3aHbl Ha puc. 1.
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Puc.1 YI'O u BoapTaMmnepHasi XapakTepuCTUKa CTAOMIIUTPOHA



Kak u3BecTHO, IpH MPEBBINIEHUU 00PATHOTO MAKCUMAIBHOTO HAIPSHKEHUS MPOUCXOANUT JIABUHHBIH
npoboii p-n-nepexoxaa. Ilpu sTom HabmOMaeTCs pe3koe BO3pacTaHWE OOpaTHOrO TOKAa MPU MOYTH
HEM3MEHHOM YPOBHE OOpaTHOTO HAmpsDKeHUS. ODTO SBJICHHE M HCIONB3yeTCs B CTaOMIMTpOHAX,
HOpPMaJIbHBIM BKIIFOUEHUEM KOTOPBIX B LIE€Ib UCTOYHUKA TOCTOSIHHOTO HANPSDKEHUs sIBJsieTcss oOpaTHoe.

Ecnu oOpatHbIii TOK 4epe3 CTaOWIMTPOH HE MPEBBIINIAET HEKOTOpPOro 3HaueHus IcT max, To
COCTOSIHME 3JIEKTPUUECKOTO Mpo0O0s HE MPUBOAUT K BBIXOAY U3 CTPOS AUO/A.

B kauecTBe MOMYNpPOBOJAHMKOBOTO MaTepualia MPU IPOU3BOJCTBE CTAOMIMTPOHOB HCHOJB3YIOT
KpeMHUH, 4YTO OOYCIIOBICHO HE3HAUUTEIbHBIM OOpAaTHBIM TOKOM B KPEMHHUEBBIX AMOAAX. OITO
HCKITIOYaeT BO3MOXHOCTh UX Pa3orpeBa U TEIJIOBOro Mpobos p-N-Mepexo/IoB.

CTaObuUIUTPOHBI XapaKTePU3YIOTCS CIEIYIOIUMI OCHOBHBIMH ITapaMeTpaMu:

Ucr - HampsbKeHHeM CTaOUTU3aluu Ipyd TPOXOXKIEHUU 33JaHHOTO TOKa CTaOUIIN3aluu;

AUct - nomyck ( W3MEHEHME HANpPsDKEHHUS IPU H3MEHEHUM TOKAa OT MMHHMMAJIBHOTO [0
MaKCHUMaJIbHOTO0);

[cT.HOM — HOMHHATBHBINA TOK CTA0MITH3AIIIH.

Kpowme Ict.HOM yKa3biBalOT Takke MuHUMaiIbHOE (IcT.MuH) W MakcumanbHOe (IcT.Makc) 3HaUeHus
IIOCTOSIHHBIX TOKOB Ha y4acTKe CTa0MIM3alii, IpU KOTOPBIX OOeCcleyuBaeTCs 3aJaHHas TOUHOCTD.

[IpeBbilienrie TOka IcT.Makc MPUBOAUT K TEIUIOBOMY IMpoOor p-N-mepexona. Hampsoxenue
cTaOMIM3aluu COBPEMECHHBIX CTA0OMIMTPOHOB JISXKHT B mpeaenax 1-1000 B, a 3HaueHUss MUHUMAaIbHOTO
Y MaKCHMAaJIbHOTO TOKOB CTaOWJIM3allMd COOTBETCTBEHHO B mpezenax Ict.mun = 1...10 MA, Ict.mMake =
50...2000 MA;

Crabmwin3anuio  HHU3KOBOJIBTHOTO HampspkeHus B mpeaenax 0,3...2 B MOXHO MOny4yuTh mpu
HCIIOJIb30BAaHUU NPSIMON BETBU BOJBTAMIIEPHOW XapaKTEPUCTHUKU KPEMHHUEBBIX JAMOJOB, Ha3bIBAEMBIX
cTabucTOpamu.

Xon padoTsl

B paGote uccnenyercs crabunutpon /[814b, mapameTpsl KOTOPOro MpeacTaBieHbl B Tabnuie 1.
HccnenoBanus 3akimoyatorcss B cHATUM BAX cTaOuiauTpoHa M ONpPENENIEHUH OCHOBHBIX MapaMeTpoB
apaMeTprUuecKoro cTabuanu3aropa.

Ta6auna 1. [Tapamerps! cTabMIMTpOHA

|
Uct, B AUct,% lnom, MA | makc, MA Imua, MA
8...9,5 - 5 36 3

1.TloaroToBUTHL U3MEPHUTEIbLHBINH cTeHa. /{151 aToro:
1.1 Ilepexmtouarens «CeTb» - B mogoxenue O.
1.2 Pyuku perynupoBKH HanpsiKeHus 0JI0KOB MuTaHus 1 u 2 — B KpaiiHee JIeBOe MOJI0KEHUE.
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Puc.2 Cxema uccnenoBanus cTaOMINTpOHA

1.3 Tlepexmrouatenu mpudopos P1, P2, P3, P4 — B monoxxenne «20».

2 TToaAKIIOYNTH CTAOMIMTPOH K H3MEPUTEIbHOMY CTEHAY B COOTBETCTBHH C PHCYHKOM.

3 CHsATHe BOJBTAMIIEPHOI XapaKTePUCTHKHU CTAOMJIUTPOHA.

3.1 BkitounTh NUTAHUE U3MEPUTEIBHOTO CTEHAA.

3.2 [InaBHO u3MmeHss HampspkeHue Ha Bbixonae BII1, usmepsts Uak o6p.(mpubop P2) u tox ler
(mpubop P3).



Ipumeuanne: TOK ICT He NoMKeH nmpeBbiaTh 20 Ma.
JlanHbIC M3MEpPEHUH 3aHECTH B TaOIUILYy 2.
Taoanma 2

Uak,B

let, MA

3.3 IToctpouts BAX cTabunutpoHa u 1o Xapaktepuctuke onpenaenuts Uct, lct Hom.
3.4 Onpenenuts AUcT (%) nipu nu3menenuu ler ot 3 1o 10 MA 110 COOTHOIIEHHUIO:
AUct = (Uct makc - Uct mun)/ 100.

3.5 BBIKIIIOUNATEH IUTAHUE CTEHA.

3.6 IIpoBecTu aHanM3 MOJYUYEHHBIX PE3yIbTATOB U CIIPABOYHBIX JAHHBIX U CETIATh BHIBObIL.

3.7 BBIKIIIOYNTEL IUTAHUE CTEHA.

4 UccienoBanue napaMeTpuyeCcKoOro craduiam3aropa.

4.1 Ha monyne ycranoBuTh RP B kpaiiHee JieBoe MOJI0KEHHE, YTO COOTBETCTBYET MaKCUMAJIbHOMY
COMPOTHUBIICHUIO Harpy3ku (RH).

4.2 Ilepexitouatenu P1, P2 ycranoButh B nonoxenue 20, P3 — B nonoxxenue 200.

4.3 Bx1rouuTh TUTaHKUE CTEHIa U 10 Tpubopy P2 ycTaHOBUTH HampshKeHHE Ha HATpy3Ke

Un:1~ 8,5 B. IIpubopom P1 u3meputh Bxoanoe Hanpspkenue (UBxy).

4.4 YBenuuuth BXogHoe HanpsokeHue Ha 1B (UBX2 ) 1 U3MepuTh HaNps>KEHUE HA HArpy3Ke

(Un).

4.5 Paccunratph ko3 durnment crabmmsanuu (Ker) mo cooTHomeHu0:

Kcr = ( AUBx./ UBx 1) / (AUn/ Uny),

roe: AUBx=UsBx1-Usx2 ; AUr=UH: - Un.

5 VBeNMuHTh CONPOTHBIEHHE HATPY3KH TT0BOpoToM pydku RP Ha 90° u cienaTh BBIBOA O BAMSHUU
ero Ha UH.

6 OdbopMHTh U CAATH OTYET.

IIpakTuyeckas padora NeS
Tema 4. TpanzucTopsl.
HccnenoBanue 6MNoJsipHOTO TPAH3UCTOPA
Leas padorei: MccnenoBanue nmpuHIMIA JEUCTBUS TUPUCTOPOB. [lomyyeHre NpakTHYECKHMX HaBBIKOB B
aHaIM3€ U OIIEHKE WX paboTOCIIOCOOHOCTH.
Ilepeuens ucnosb3yemoro odopynoBanusil V3MeputenbHbIil CTeH, MOYNb «BUMONSAPHBIA TPaH3UCTOPY,
00pasITbl TPAaH3UCTOPOB.
Teopernyeckast 4acrTh:
bunonasipubim  Tpan3ucropom (bT) Ha3pBaloT MOJYNPOBOJHUKOBBIM  MpHOOp € ABYMS
B3aUMOJICHCTBYIOIIMMHU P — I - TlepexoaMu U TpeMs BbIBoJaMU. OH UMEET TPEeXCIOHHYIO CTPYKTYpY,
COCTOSIIIYIO U3 YePEIYIOIIUXCs 00IaCTeH ¢ pa3TMIHBIMU THITAMH JIEKTPOIPOBOAHOCTH: P-TI-P WM T-P-TI.
CtpyKkTypa Takux TPaH3UCTOPOB U UX YCJIOBHBIE I'paduueckue 0003HaueHus MMOKa3aHbl HA pHC. 1.
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Puc.1 TpexcioliHble CTPYKTYphI U YCIOBHBIE rpaduueckre 0003HaueHusI TPaH3UCTOPOB TUIIA P-TI-
p (a) 1 m-p-1 (6).

PaGota OWMOMAPHOTO TpaH3UCTOpPa 3aBUCUT OT HOCHUTENEH 3apsga o0eux TMOIIPHOCTEH -
3JIEKTPOHOB U JIBIPOK, OTCIOJIA €T0 Ha3BaHHE «OUTIOISPHBIN».

BuyTpenHsass ob6iacTe TpaH3UCTOpa Has3biBaeTcs 0a3oil. Hapyknas o0nacTb ¢ HauMeHbIIEi
IUIOIIAJbI0  CONPUKOCHOBEHUS ¢ 0a30i Ha3bIBae€TCS HMHUTTEPOM, BTOpas HapyxkHas o0jacTp —
KOJUIEKTOPOM. DJIEKTPOHHO-JBIPOYHBIN MEPEeXo]l MEXIY 3MUTTEPOM M 0a30i Ha3bIBAIOT SMUTTEPHBIM
NEPEX00M, a MEXKIY KOJUIEKTOPOM M 0a30i - KOJJIEKTOPHBIM IIEPEXO0IOM.



[TpyHIMI AEHCTBUS TPaH3UCTOPOB M-P-II U P-II-p- TUIIOB OAMHAKOB. Pa3HMIIa NUILIb B OJSPHOCTU
MOAKIIIOYAEMbIX HCTOYHUKOB ITUTAHMUSL.

B 3aBucuMoOCTM OT MOJNSIPHOCTH HANpsIKEHUH, MOAKIIOYAEMBIX K 3JIEKTPOAAM, TPaH3HCTOPHI
MOTYT paboTaTh B CACAYIOIIUX PEKUMAX.

Ecin oba mepexona cCMEIIEHbI B IIPSIMOM HalpaBlIEHUH, TO TAaKOH PEXHUM Ha3bIBAIOT PEXKUMOM
HacbllleHusl. B 3ToM pexxnmMe depe3 nepexo/ibl MPOTeKalT CPaBHUTEIBHO Ooubllne npsmMble TokH. [1pu
00paTHOM CMEIIEHUH TEePEXOJ0B TPAH3UCTOP pPAa0dOTAaeT B PEXKHME OTCEYKH, MPU KOTOPOM TOKH
OTCYTCTBYIOT, €CJH TNpeHeOpedb MalbIMH OOpaTHHIMH TOKaMHU. B pexnmax HaCBIIICHHS U OTCEUYKHU
B3aUMOJICHCTBUE MEXIY MTEPEX0JaMU OTCYTCTBYET.

Ecnmu osmutrrepHbiii mnepexon HampsbkeHHeM Us0 cMelleH B NpSMOM  HalpaBiICHUHU, a
KOJUIEKTOPHBIN nepexon HanpsbkeHneM UkO - B 0OpaTHOM, TO peXHUM pabOThl TPAaH3UCTOpPA HA3BIBAIOT
AKTHBHBIM. DTO OCHOBHOU peXUM paboThl TpaHzucropa. Ilpu nepemene nonsipHoctu HanpsokeHud Us0
n U0 momyuyuM HHBEPCHBI pPEXuM paboOThl. DTOT PEXUM HCIONb3yeTcs penko. Ilpu uzmeHeHuu
HaIpsDKEHUHM Ha 3JIEKTPoAax TPaH3UCTOPa, OHU MOTYT IEPEXOAUTH U3 OJHOI0 PEKUMA B IPYTOM.

Paccmotpum nipunnmn aeiicteust BT p-mi-p- Tuna B akTUBHOM PEXUME.

B aktuBHOM pexume (puc.2.) K 3MHUTTEPHOMY IEPEXOJy MOJDKHO OBITh MPUIIOKEHO IMPSIMOE
HampspKeHUe, a K KOJUIGKTOPHOMY - oOpatHoe. Eciau Ha SMHTTEpHOM Iepexojie HeT HampsLKEeHHUs, TO
Yyepe3 KOJUIEKTOPHBIN Tepexoi MpOoTeKaeT o4YeHb HeOoJblIol oOpaTHbIM TOK IkoOp. Ilo cpaBHeHHIO C
pabo4yrM TOKOM UM MO>KHO MpeHeOpedb Ui yIPOILEHUs pacCy>KICHUN U CYUTaTh, YTO B KOJUIEKTOPHOMI
LIENU TOKa HET, T. €. TPAaH3UCTOp 3aKpbIT. [Ipu nojavye Ha SMUTTEPHBIN Nepexo]] NIPSIMOTro HAPSLKEHUS OT
UCTOYHUKA NUTaHus E3, mMpoucXoauT MHKEKIMS OCHOBHBIX HOCHTENEH 3apsijia U3 SMUTTEpa B 0asy, rue
OHH SIBJIIFOTCS HEOCHOBHBIMH.

[ns TpaH3ucTopa p-Ii-p 3TUMU HOCHUTENIIMHM 3apsja SIBISAIOTCS JbIPKU. JIBH)KEHHE IBIPOK B
IIPOLIECCE MHIKEKIIMU Yepe3 SMUTTEPHBII Nepexo co3aeT TOK IMUTTEpa [3p.
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Puc.2. [IpyHuun nefdcTBUs TPaH3UCTOPA B AaKTUBHOM PEXHMeE

Uepe3 SMUTTEpHBIN mepexoq u3 0a3bl B SMUTTEP HHKEKTUPYETCS HEOONbIIOE KOJIUYECTBO
3JIEKTPOHOB, YTO 00yCIaBIMBaET B mepexone ToK |3, Tak kak KOHIEHTpalus 3JIEKTPOHOB B Oa3e Maia,
3TUM TOKOM MOXHO MpeHeOpeub. B pe3ynpTaTe B SMUTTEpE HApYIIAeTCs AIEKTPOHEHTPaIbHOCTD U IS €€
BOCCTaHOBJICHUS JIMIITHKUE YJIEKTPOHBI CTEKArOT Ha +E».

[losiBnsieTcs TOK SMUTTEpA:

=13+ m=I3.

Hpipku, nepemeanue B 6a3y, UMEIOT BOMU3U p-T MEPeXo/ia MOBBIIMIEHHYIO KOHIEHTPAIUIO, YTO
BBI3BIBAaET MX aAud¢y3uro B 6a3e. TommuHaa 6a3el 0OUeHb MaJia, TIOITOMY ABIPKH B mporecce auddys3un
OKa3bIBAIOTCS BOJMM3M KOJUIEKTOPHOTO Tiepexoja. bombias uX 4acTh HE ycleBaeT PeKOMOMHHPOBATH C
AJIEKTPOHAMH 0a3bl M BTATHUBAETCS YCKOPSIIONIUM 3JIEKTPUUECKHM IOJIEM KOJUIEKTOPHOTO TIEpexojaa B
001acTh KoyuekTopa. [IpoucxoauT 3KCTpakus ABIPOK MO ACWCTBUEM OOPATHOTO HAMPSIKEHHS U3 0a3bl
B KOJUIEKTOp. JIBMKEHHUE NBIPOK B MPOIIECCE IKCTPAKITUU M3 0a3bl B KOJUIEKTOP CO3JAET TOK KOJUIEKTOpa
Ik, , T.K. U3-32 HapYLICHUS ANEKTPOHEUTPATBHOCTH B KOJUIEKTOPE B HETO TIOCTYMHAIOT ANEKTPOHBI OT —EXK.
Tak kKaK KOJIJIEKTOPHBIA MEPEX0/ CMEIIEH B 00paTHOM HANpaBlIEHWH, TO YepPEe3 HETro TAKXKE MPOTEKaeT
HeOombII0N 00paTHBEIi TOK | k60 (Ik 00p)

Takum 06pa3om, B KOJUIEKTOpPE TPOTEKAET CYMMApPHBIN TOK:



Ik = Ikp + Ik00 = al3p + Ixbo0 ,

rae o — Ko3pOUIMEHT, YIUTHIBAIOIINI MPOIECC PEKOMOMHAIIMY B JBIPOK U DJICKTPOHOB B 0ase.

o= |Kp/|3p <l1.

OtoT K03(pPUIIMEHT HA3BIBAIOT CTATUYECKUM KO3(PPHIIMEHTOM Tepenayd TOKa SMUTTEpa, WA
KO3 PHUIHEHTOM Tepeiadn MOCTOSTHHOTO TOKa.

KosmdecTBO peKOMOMHUPOBAHHBIX JIEKTPOHOB TMOIOJIHACTCS M3 BHEIIHEH 1SN OT UCTOYHHKA —
Es. 3a cuer atoro B menu 06a3pl mpoTekaeT TOK 0aszbl pekoMOuHarmu |Opek. OH odeHb Man H3-3a
HEeOOJIBIIION TONIIMHBI 0a3bl U MaJIOW KOHIICHTPAI[H OCHOBHBIX HOCUTEJICH 3apsija - JJIEKTPOHOB.

[Tpu 3THUX YCIIOBHSIX YHCIIO PEKOMOUHAIINHN, ONIPEACIISIONINX BEITMUNHY TOKA 0a3bl, HEBEJIHKO.

Taxum 00pa3oM, cyMMapHBIii TOK 0a3bl ONpeesieTcs ypaBHEHHEM:

16 = 16n + 16pek — IxGo ,
rze 16, — Tok 6a3bl, 00yCIIOBICHHBIN IBKEHHUEM 3JICKTPOHOB OT —E» Ha BOCIIOTHEHHE MHKEK

TUPOBAHHBIX B IMHUTTED.

Ecnu cymmupoBats Toku Ik 1 16, monyunm ypaBHEHHE, ONIPEEISAIONIEe B3aUMOCBS3b MEXKTY

TOKaMH TPaH3HCTOpa:

I>=1Ik+ 6.

Tok sMuTTEpa MOXKET H3MEHATHCS B OOJBIIMX MpelesiaX MPH MajblX H3MCHEHUSX IMPSMOTO
HaNpsDKCHUST Ha SMUTTEPHOM Tmepexone. [loaToMy TOK KoJulekTopa Takke OyneT M3MEHAThCS, T.€. OH
YIPaBJIACTCS TOKOM AMHUTTEpa. TOKOM 0a3bl B MPAKTUYECKUX LEISIX MOXKHO MPEHEOPEYb.

[IpuHIMN neWcTBUS TpaH3WCTOpa M-p-T - THMA AaHAJOTMYEH, TOJBKO HOCHTEISIMH 3apsja,
CO3JIAIOIIMMHU TOKHU Yepe3 P-II - MEPEXO/bl B MPOIECCEe MHKEKIIUU U IKCTPAKIUH, SBISIFOTCS dJICKTPOHBI.
[Monsprocth mctrounnkoB Es u Ek nomkHa ObITh M3MEHEHAa Ha MPOTHBOIOJIOKHYIO, COOTBETCTBEHHO
W3MEHSTCS U HAIIPABJICHUS TOKOB B IETISX.

Cxema BKIIIOUYEHUS TPAH3UCTOPA UMEET JIBE IIETIH: BXOAHYIO M BBIXOHYIO (pHC.3).
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Puc.3
B 3aBucHMMOCTH OT TOTO, KaKON SJEKTPOJ SIBISIETCS OOIIMM JUIsl BXOJHOM M BBIXOAHOM IIETICH,
CYILIECTBYET TPH CIoco0a BKIFOUEHUS TPAH3UCTOPOB: ¢ obmieit 6a3oit (Ob), ¢ o6mum smutrepom (03), ¢
obmuMm kosuiekropoM (OK) (puc.4).
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Puc.4. CiocoObl BKJIIOUEHUS TPAaH3UCTOPA TUIIA N-p-N:
a- ¢ o0r1eit 6a3oit; 6 - ¢ OOIIKUM AIMUTTEPOM; B - C OOIIHUM KOJIIEKTOPOM.

B cxeme, Ha KOTOpOW paccMaTpUBaJICS MPUHLUI ACWCTBUS TPAH3UCTOPAa BXOIAHOM AJIEKTPOX —
SMUTTEP, BBIXOJHOH - KOJIJIEKTOP, a 001Iuil - 6a3a; ciemnoBaTensHo, 3To Obl1a cxema Ob.

[Ipu 110600 cxeme BKIIOYEHHS TOCTOSTHHBIA TOK MPOXOJUT OT IUIFOCAa MCTOYHUKA MUTAHUS Yepe3
COOTBETCTBYIOIIME 00JIaCTH TPaH3UCTOPAa K MUHYCY UCTOYHHMKA MuTaHus. CTpesika IMUTTEpa YKa3bIBaeT
HaIpaBJIeHUE MPOXOSAIIEro Yepe3 HEro ToKa B aKTUBHOM PEXUME.

Bo Bcex Tpex cxemax COXpaHSAETCS PacCMOTPEHHBI NPUHLMII JEHCTBUS TpaH3UCTOpa, HO
CBOMCTBA CXEM Pa3JIMYHBI.

BaxHbIM mapamMeTpoM, ¢ MOMOIIBI0 KOTOPOTO MOKHO OLIEHHUTh CHOCOOBI BKJIIOUEHUS, SBISETCS
ko3 dunmeHT nepeaadn Toka No1. OH OnpeaesseTcss COOTHOIIIEHHUEM:

h21 = Al BeIX/AlBX,
rae A — 0603HayaeT nepeMeHHy0 COCTaBIISAIONLYIO CUTHANA, JEHCTBYIONIYIO BO BXOIHOM U



BBIXOJAHOM LEISX.
s crioco6a BkmoueHus ¢ Ob:
h216 = Al k/Al 5 = a<l.
Jlns crioco6a BrimroueHust ¢ OD:
has=a/(1-a)=p>>1 (IIpu o= 0,99 f =99).
Jlns crioco6a BrimroueHust ¢ OK:
ha1x=AI3/Al6 =1/ ((1l-a)=p + 1.

W3 ananu3za nojgy4yeHHBIX COOTHOIICHUN BUIHO, YTO HAHOOJBIIUI KO3(DPUIMEHT nepeaayd ToKa
uMeroT crnocoOsl BkItoueHus: ¢ OO u OK, mosToMy OHHM M MCHONB3YIOTCS Yallle BCEro B JIEKTPOHHBIX
y37ax.

Crarnyeckue XxapakTepUCTUKHU TPAH3UCTOPA.

CraTu4ecKUMH XapaKTePUCTUKAMU HA3bIBAIOT 3aBUCUMOCTU OJHOW (PU3MYECKOH BEITUYHHBI OT
OpYrol IMpu HEU3MEHHBIX JPYIrMX BEIMYMHAX. TaKMMU BEIWYMHAMHU Ui TPAH3UCTOpPA SABIISIFOTCS
BXOJIHBIE U BBIXO/IHbIE TOKU U HanpskeHus (I1Bx, UBX, IBbix, UBBIX) IpU OTCYTCTBUU Harpy3KH.

OCHOBHBIMU XapaKTEPUCTUKAMU SIBJITFOTCS:

-BXO/IHBIE;
-BBIXO/IHBIE;
-IPSIMOM ITepeaadH.

Bun xapakTepucTHK TpaH3UCTOpa 3aBUCUT OT criocoda ero BKItoueHus, Ho st cxeM OD u OK
OHM TPAKTUYECKH OJIMHAKOBBI, TIOATOMY TIOJIb3YIOTCS OOBIYHO BXOAHBIMM U  BBIXOJIHBIMHU
xapakTepucTukamu s cxem O0.

COBOKYITHOCTh XapakTEPUCTHK, CHATHIX TNPH pPa3HbIX 3HAYCHUSIX TTOCTOSTHHON BEJIUYHHBI,
MIPEJICTABISIET COOOH cemelicmeo cmamuiecKux XapaKkmepucmux.

CxeMa Juist CHATHUS XapaKTEePUCTUK TPAH3UCTOpa M-p-1i- Tuma ¢ O mpeacTaBieHa Ha puc.S.

Puc.5 Cxema 17151 CHATHUS XapaKTEPUCTUK TPAH3UCTOPA, BKIFOUEHHOT'O C OOLINM
SMUTTEPOM

B n1000if cxeme BKIIOUEHHUS B KaKIOM M3 JIBYX Ienel JEHCTBYeT HampsKeHHE MEXIY ABYMS
AJIEKTPOJIaMU U TPOTEKaeT TOK: BO BXOAHOM menu - UBX u IBX, B BbIXOmHOM - UBBIX U IBBIX. DTH
AJIEKTPUUYECKUE BETMUMHBI OMPEEIIAIOT PEXUM pabOoThl TPAH3UCTOPA U B3aUMHO BIHSIOT JPYT Ha JpyTra.

Jly1g TOro 4TtoObl OJJHY M3 JIEKTPUYECKUX BEIMYMH MOKHO ObUIO MOJJEpKUBATh MOCTOSTHHOMU, B
CXEMY JJISl CHATHS XapaKTEPUCTUK HAJI0 BKIIOYUTH TOJIBKO UCTOUHUKH NMUTAHUS; HATPY3Ky HE BKIHOYAOT.
Jlig peryiaupoBaHus HAPSDKEHUN BKITIOYAIOT MOTEHIIMOMETPBI, a JUIs U3MEPEHUS HANPSKEHUH U TOKOB -
u3MepuTenbHble TpuOopsl. [Ipu CHATHM KaX10il XapaKTepUCTHKU CHayaja yCTaHABJIMBAIOT C MOMOLIbIO
MIOTEHIIMOMETPOB 3HAUYEHUE MOCTOSIHHOW BEJIMYUHBI, a 3aT€M, YCTAaHABJIMBAas IMOCJIEIOBATEIbHO pa3HbIe
3HAUEHUS] U3MEHAEMON BEIIMUMHBI, ONPEAEIAIOT COOTBETCTBYIOIIEE 3HAUEHNUE 3aBUCALIEH OT HEe Ipyrou
BEJIMYUHBI.

Craruyeckue XapakTepuCTHKHU TpaH3uctopa B cxeme OJ. Ilpu TakoMm crnocobe BKIIOYEHUS
BXOJIHBIM TOKOM fBII€TCS TOK 0Oa3bl |0, BBIXOJHBIM - TOK KOJJIEKTOpa |k, BXOAHOE HampsiKeHHE
cozziaercsa Mex Iy 6a3oi 1 amuTTepoM U063, a BEIXOTHOE - MEX/y KOJJIEKTOPOM M SMUTTEpOoM UK?.

Bxoonwvie xapakmepucmuku TpaH3ucTOpa, BKItoUeHHOro mo cxeme OO (puc.60), mpeacTaBisioT
co00i1 3aBUCUMOCTB TOKa 0a3bl OT HANpsHKEHUS 0a3a - SMUTTEP MPU TOCTOSHHOM HAIPSHKEHUH KOJIEKTOP
- OMUTTED:

16 = f(U63) mpu Uks = const.

BxonHble XapaKTepUCTHKH, KaK M IpsAMas BETBb BOJBTAMIIEPHOM XapaKTEpUCTUKHU OHOJA,
HAYMHAIOTCSI HE W3 Hayaja KOOPAMHAT, a NMPU HEKOTOPOM 3HAUEHUU HANpsDKEeHUs 0a3bl, HAa3bIBAEMbIM
noporossiM Unop.

Bxomnoe conmporuBienne Tpanzucrtopa B cxeme O3 mMano:



Rex = U65/16, mpu Uks = const, coctasisier coTHU OM.

Buixoonwle xapaxmepucmuku TpaH3UCTOPA, BKIFOYEHHOTO 1m0 cxeMe OO, MpeaCcTaBIsioT

co00i 3aBUCHMOCTH TOKa KOJUIEKTOPA OT HAMPSDKEHUS KOJUICKTOP - AMUTTEP MPU MOCTOSTHHOM
TOKE 0a3bl:

Ik = f(Ux3) mpu 16 = const.

CeMeiCcTBO BBIXOHBIX XapaKTEPUCTUK MPEICTABICHO Ha pHC. 6a.

Hampsokenne U063 - 310 nipsiMoe HanpspDKEHUE Ha SMUTTEPHOM MEPEXO/Ie, a 00PaTHOE HAMIPSIKCHHE
Ha KoJutekTopHOM Tiepexoze UkO onpenensiercs pazHocteio Uka-U63. Ho mockonbky Uka>> U63, MOXKHO
MPUOIMKEHHO cunTaTh, 4To Uobp =~ Uka.
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Puc.6 XapakTepucTuku TpaH3UCTOPa, BKIFOYEHHOTO0 1o cxeme OO
a — BBIXOJHBIE, O — BXO/IHbIE

IIpu U k5 < UG TpaH3uCcTOp HAXOIUTCS B pEXKUME HAChIEHUs U ¢ pocToM Uk3 npulimkaercs K
akTuBHOMY. [l0ATOMY Ha Ha4yalbHOM y4YacTKE XapaKTepUCTUKU HAOIIOAAETCS Pe3Koe YBEIUYECHHE TOKa
Ix.

ITpu U x> > U65 monspHocts UkO n3MeHsieTcss Ha 00paTHYIO 1715 KOJJIEKTOPHOTO Mepexoa u
TpaH3ucTOp paboTaeT B aKTUBHOM pexume. V3meHnenue HanpspkeHuss UK® Ha 3TOM  yyacTke
XapaKTepUCTHK Majio BJIMSET Ha BEJIMYMHY TOKA KOJUIEKTOpa; pabouuil y4acTOK XapaKTEPUCTUKU HJAET
I10JIOTO.

BrixosiHoe conpoTuBieHue Tpan3ucropa B cxeme ¢ OO BEIHKO:

RBbIx, = Uka/lx ipu 16 = cONSt, cocTaBisieT AECATKH KUITOOM.

VBenn4yeHne KOJUIEKTOPHOTO HAampsKeHUs BBIIIE MAKCUMAJIbHO JOMYyCTUMOIO MPUBOAUT K
MPO0OI0 KOJIJIEKTOPHOTO Mepexo/ia ( IITPUXOBBIE TUHHUH).

Xapaxkmepucmukoil npamoil nepedayu HA3BIBAIOT 3aBUCUMOCTh BBIXOJJHOI'O TOKa OT BXOJIHOTO.
Jisa cxempl OD 3TO 3aBHCHUMOCTh TOKa KOJUIEKTOpAa OT TOKa 0a3bl MpPH IOCTOSHHOM HAIpPSKEHUU
KOJIJIEKTOpA:

Ik = f( 16) mpu Uxd = const.

Xoxa padoTsl

B pabore wuccnenyercs BT OGombmoit momuHocTH Hu3kor uactoTel KT815A, ocHoBHBIE
napamMeTpsl KOTOPOTo NMpUBeIeHbI B Tabnuie 1.

Tab6auna 1. [Tapamerpst KT815A
Ik makc, | Px makc, Br| Uk» Hac, B h2i 5 Frp, MI'
1,5 10 0,6 40 300
HccnenoBanust 3aKJIIOYalOTCd B CHATUM  CTaTUYECKUX XapaKTEpPUCTHK TpaH3MCTOpa U
OTpe/ieNIEHUH 10 HUM HEKOTOPBIX MTapaMeTPOB.

1. IloaroToBUTHL U3MEpPUTE/IbHBIIH cTeHa. [List aTOrO:

1.1 Ilepexmrouarens «CeTb» - B monoxenue O.

1.2 Pyuku perynupoBKY HaIpspKeHUs OJI0KOB nMuTaHus | u 2 — B KpaiiHee JieBoe MOJI0KEHHE.

1.3 Ilepekmtouatenu npudopos P1, P2, P4 — B nonoxenue «20», P3 — «2».

2 MoAKIIYMTH MOYJIb K H3MEPUTEIbHOMY CTEHAY B COOTBETCTBHHU € PUCYHKOM 8.




Puc.8 Cxema ucciegoBaHusi TpaH3UCTOPA

3 CusaTue BxoaHbIX xapakrepucTuk 10 = f(U63) npu Uk3 = const. u XxapakTepucTHK

3.1 Pyukamu «I'py6o» u «Touno» BII1 mo nmpubopy P2 ycranoButs Ukd = 5 B.

3.2 Pyukoii «Touno» BI12 yBennuuBare Hanpsikenne UOs ot 0 10 MOMEHTa, KOTIa OHO MTPEKpaIaeT
yBenuuuBathes. [Ipu aTom u3mepsaTs Toku 16 u Ik 1 jaHHbIe n3MepeHuil 3aHOCUTh Ta0IuILy 2.
Tabmmnma 2 Uk =5B
Uo6s, B
16, MKA
Ik, MA

3.3 BrimonHute Takue xe usmepeHus st Ukd = 10 B u naHHble uM3MepeHHM 3aHECTH B
aHAJIOTMYHYIO Tabuiy 3.
3.4 Bce pyukH peryJMpoBKU HAIPSKEHUS! BEPHYTh B UICXO/IHOE COCTOSIHUE.
4 Cusitue BbIX0AHbIX XapakTepucTuk Ik = f(Uk3) npu 10 = const.
4.1 Pyuxoii « Touno» BI12 ycranosuts o nmpubopy P3 16 = 0,1 MA.
4.2 Pyukamu «['py6o» u «Touno» BII1 usmensts nanpspkenue UKD U NIPU 3TOM U3MEPSTH TOK
Ix mo npubopy P4. [lannsie nu3mepenuii 3anectu B Ta0auIly 3.
Taoauma 3 16 = 0,1 MA
Ux», B
Ik, MA
4.3 BbInonHUTE aHanoruuHele aenctBus Ui Toka Ik = 0.2 MA. JlaHHble U3MEpEHUH 3aHECTH B
aHAJIOTMYHYIO Tabuiy 4.
5 BeIKiIIOUNTH MUTaHUE CTEH/IA U Pa300paTh CXeMy.
6 IlocTtponTs rpadukm XapakTepucTuk (puc.9).

16, MA Ik, MA Ik, MA

Uoo, B 16, MA Uxo, B

a 0 B
Puc. 9 Xapakrepuctuku bT: a) Bxoansle; 0) mpsMoit iepeaaydu; B) BBIXOIHBIE
7 B 3amanHO# npenojaBaTenieM pabouel Touke Mo rpadukaM ONpeaeuTh BXOJHOE U BBIXOJHOE
COINPOTHBIICHUS TPAH3UCTOPA, KOAPPHUIIMEHTHI Tiepenadn Toka Nainy hais,
8 Cnenartpb BbIBO/bI 110 padoTe.



IIpakTnyeckas padora Ne6

Tema 4. Tpansuctopsbl

HccnenoBanue mosieBoro TpaH3uCTopa

Heas paGorbl: lccinenoBanue mnpuHIMIA — ACWCTBUSL TOJEBOro Tpansucropa. [lomydenue
MPAKTUYECKHX HABBHIKOB B QHAIM3€ M OLIEHKE MX PabOTOCIIOCOOHOCTH.

Ilepedyenb UCOIB3yeMOro 000PYI0BAHUSA: U3MEPUTEIBHBIN CTEH T, MOAYJIb «IloneBoi TpaH3uCcTOp»,

00pas3Ibl TPAH3UCTOPOB.

TeopeTnyeckas 4acTh:

[TosieBBIM TPAaH3UCTOPOM HAa3bIBAIOT MOJYIPOBOJHUKOBBIA MPHOOP, INEKTPUUYECKUH TOK B
KOTOpPOM 00YCJIOBJICH ITOTOKOM OCHOBHBIX HOCHTEJIEH 3apsi/a, MPOTEKAIOIIMM Yepe3 MPOBOISIINN KaHal,
YIPAaBIISEMBIH 3IEKTPUYECKUM TOJIEM.

B omnmmume oT OHIONAPHOrO TpaH3UCTOpa ACHCTBHE IIOJEBOrO TpPaH3UCTOpa OOYCIOBICHO
HOCHUTEJISIMU 3apsiia OJHOM MOJSIPHOCTH - JHOO TOJNBKO 3JEKTPOHAMH B KaHale M-THMA, JUOO TOJIBKO
IBIpKaMHU B KaHauie p- Tuma. [103ToMy X MHOTIa Ha3bIBAIOT YHHUIIOJISAPHBIMH.

PaznuyaroT 1Ba OCHOBHBIX BHJA IOJIEBBIX TPAH3UCTOPOB: C YIPABISAIOUIUM P-II MEPEXOAOM H C
n301MpoBaHHbIM 3aTBOpoM (M/III- Tpan3ucTopsl).

[ToneBoil TpaH3UCTOP C YIPABIAIOIMIUM P — I — IEPEXOIOM

[ToneBoit TpaH3uctop ¢ p-n mepexoaoM (puc.l) mpeactarisieT coOON MOIYIPOBOJIHUKOBYIO
IUIACTUHY IM-THMA, OT TOPLOB KOTOPOH C MOMOIIBI0 HEBBIIPSIMIISIIONIMX METANIMYECKUX KOHTAKTOB
CHeNaHbl BBIBOJABI AJIEKTPOAOB. CIol MONyNMpPOBOAHWKA MEXAY OSTHMU KOHTaKTaMH, B KOTOPOM
perynupyercs MmoTOK HOCHUTENeH 3apsiia, HAa3bIBAIOT MPOBOSIIMM KaHAIOM (B JAHHOM Ciy4ae I-THIA).
DneKTpo MOJIEBOTO TPAH3UCTOPA, Yepe3 KOTOpBIM B MPOBOISAIIMNA KaHall BTEKAlOT HOCHUTEIH 3apsija,
HazbIBaloT uctokoM (M), a anexTpon, yepe3 KOTOPHIM U3 KaHajla BBITEKAIOT HOCHUTEIH 3apsijia, - CTOKOM
(©).

DNEKTPOJ, Ha KOTOPBIH MMOAAETCs HAIPSKEHUE, CO3/IAI0IEe IIEKTPHUUECKOE TOJIE AJIsl YIIPaBICHUS
MIPOTEKAIOIIUM Yepe3 KaHaJl TOKOM, Ha3bIBAIOT 3aTBOPOM (3).

[Ipu co3maHuu p-m mepexoaa TOJIBKO C OJHOM CTOPOHBI IUIACTUHBI (puc.l,a) xaHam m- TUMNa
oOpasyercs MeXIy 00JacThi0 p-T Mepexo/a M HENpPOBOJIIEH IMOMIOKKOW, Ha KOTOPOW YKperieHa
I1acTHHA. Yaie Bcero co3aaroT p-11 HepeXxo/bl ¢ IBYX CTOPOH IJIACTUHBI - HAa POTUBOMOI0KHBIX I'PaHsIX
- W DJIEKTPUYECKH COCIUHAIOT o0e p - o0nacT B OJMH BBIBOJ 3artBopa (puc.l,6). B stom ciyuae
MPOBOJIAIINN KaHall 00pa3zyeTcs B INIACTHHE MEKIY 00JIaCTsIMM JIBYX p-T IEPEXO/IOB.

Ha puc.1,B,r mokaszaHbl ycioBHble rpaduueckue 0003HAUEHMsI IOJIEBBIX TPAH3UCTOPOB C
KaHaJlaMH M-TUIIA ¥ P-THIIA COOTBETCTBEHHO.

B cxeme BKiIIOYEHHS TMOJIEBOrO TpaH3ucTtopa (puc.l,1) MeXTy HCTOKOM W CTOKOM IOJAETCS
HanpsbkeHne UCH Takoi MOJIsIpHOCTH, YTOOBI OCHOBHBIE HOCUTENH 3apsijia (3JIEKTPOHBI B KaHaJe M-THIA)
JBUTAINCH TI0 KaHATy B HANPAaBICHUH OT UCTOKA K CTOKY. [Ipw 5TOM Yepe3 KaHal M MO BHEIIHEH IIeTn
npoTekaeT Tok croka lc. Ha 3aTBop oTHOCHTENBbHO MCTOKA MojaaeTcs HanpsbkeHre Usu, oOpaTtHoe uis p-1i
nepexosia. OHO CO3/1aeT MOIMEPEYHOE M0 OTHOLIEHUIO K KaHAIy 3JIEKTPHUYECKOe I0J€, HAIpsKEHHOCTD
KOTOPOTrO 3aBUCHT OT 3HAuU€HHs] MNPUJIIOKEHHOTo HampsbkeHus. YUem Oosbllie 3TO HampspKeHue, a
CJIEIOBATENbHO, CHJIbHEE JIEKTPUUECKOE I0JIe, TEM IIHUPE 3alHUparoOLIUil CJI0N U yKe KaHal (IyHKTHp Ha
puc.l,n). C yMeHbIIEHHEM IIONEPEYHOr0 CEYeHMs KaHajla YMEHBIIAEeTCS €ro IMPOBOAMMOCTH, YTO
MIPUBONT K YMEHBIIICHUIO TOKa |c B 1ieny.

Llenb Mexay 3aTBOPOM M MCTOKOM SIBIIsieTcs ynpasisitomeil. Takum o6pa3zoM, MpUHIUI ASHCTBHS
MIOJIEBOTO TPAH3UCTOpa C pP-II MEPEXOJOM OCHOBAH Ha W3MEHEHMH NPOBOJMMOCTH KaHaja 3a CYeT
M3MEHEHMs IIMPUHBI O0JACTH pP-II Iepexoja MOoJ JIEHCTBHEM MOMNEPEeYHOIo 3JIEKTPUUYECKOTo IO,
KOTOpOE€ CO3JaeTCsl HAMPSIKEHUEM 3aTBOP — UCTOK.

W3 npuHmMna OeHCTBUS TOJIEBOTO TPAaH3UCTOpA CIEAyeT, YTO, B OTIMYUE OT OUMOJISPHOTO
TPaH3UCTOpPA, OH YIIPaBIISIETCA HE TOKOM, a HarnpsbkeHrueMm Usn.

[TockonbKy 3TO HampspkeHHE oOpaTHOE, TO B LIEMH 3aTBOPa MPOTEKAeT OYEHb Mallblii TOK, T.K.
BXOJIHOE COIIPOTUBJIEHHE OYEeHb O0JblIoe. B 3TOM mpenMy1iecTBo MojaeBoro TpaH3uCTopa Mo CPaBHEHUIO
C OUIIOJISIPHBIM.
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Puc.1 IToneBoii TpaH3UCTOP € YIPABISIOUIMM P-1I - IEPEXOI0M:
a, 0 - ypouIeHHbIE CTPYKTYPHI; B, T- YCIOBHBIE Tpadrueckue 0003HAUCHUS ¢ KAaHAJIOM II - THIA U P -
THUIA; /I - CXeMa BKIIIOYEHHSI, TIOSICHAIONIAs] IPUHLIUI JCHCTBHSL.

Takoe e yCTpOHMCTBO M IPHUHIMI JACHCTBUS MMEIOT IOJIEBBIE TPAH3UCTOPHI C P-II IEPEXOJ0M U
KaHaJIOM D - THIIa; 10 CPAaBHEHHUIO C TPAH3UCTOPAMH C KAHAJIOM II-TUIIA OHU TPEOYIOT MPOTHBOIOIOKHON
MOJIAPHOCTHU UCTOYHUKOB MU TAHUA. OCHOBHbBIE HOCHUTEIHU 3apsAaaa B HUX - OABIPKH.

Crnemyer OoTMETHTH, YTO NpPU NOAAa4Ye HA KaHai HampsokeHuss UcH mOTeHHIManbl TOYEK KaHaja
OTHOCHTEIIFHO MCTOKA HEOJMHAKOBHI TI0 €T0 JUTMHE: OHU BO3PACTAIOT 10 MEpe MPUOIMKEHHUS K CTOKY OT
HyJIs 710 nonHoro HampsbkeHuss Ucu. B cBsi3u ¢ 3TUM yBenuuuBaeTcss 1 0OpaTHOE HAIpsDKEHUE Ha p-II
Nepexo/ie B HAIPaBJICHUU OT UCTOKA K CTOKY OT 3Ha4eHHs, paBHOTO U3M OKOJIO UCTOKA, 10 cymMmbl U3 +
Ucu y cToka. 3TO BBI3BIBAET MOCTENIEHHOE PACIIMPEHNE 00JIACTH P-TI -MIEpPeXxoa Mo Mepe NPUOIINKEHUS K
CTOKY M COOTBETCTBYIOIIEE CYKCHHE KaHaJla: €ro CEYCHHE yMEHBIIAETCS B HAINPABICHHH OT MCTOKA K
ctoky. C yBenuuenuem UCH Bo3pacTaeT BIMSHUE 3TOrO HANpPSHKEHUS HAa CyKEHHE KaHalla y CTOKa.

OcHOBHbBIE XapaKTEPUCTUKH IOJIEBBIX TPAH3UCTOPOB - BBIXOAHBIE (CTOKOBBIE) M IMEpPEAATOUHBIE
(cTOKO- 3aTBOPHBIE).

CrokoBas XapaKTCPUCTHUKA OTPAXKACT 3aBUCUMOCTE TOKAa CTOKA OT HAIIPS’)KCHUA CTOK - UCTOK IMPU
MOCTOAHHOM HAIIPSAXKCHUHN 3aTBOP - UCTOK:

Ic =f(Ucn), npu Usu = const.

XapaKTepUCTUKU, CHATbIE NMPH Pa3HbIX 3HAYEHUSAX IOCTOSHHOM BennduHbl U3HM, COCTaBIAIOT
CEMEMCTBO CTaTUYECKUX CTOKOBBIX XapakTepucTuk. Ha puc.2,a, mpuBeqeHO CEMENCTBO XapaKTEpUCTHK
JUIS TIOJIEBOTO TPAH3UCTOPA € P-II IIEPEXOJAOM U KAHAJIOM II - THUIIA.

[ToeBoit TpaH3UCTOP MOKET OBITH MCIIOIB30BAaH HE TOJIEKO B CXEMax YCHIICHUs, HO U B Ka4eCTBE
yOpaBIsiEMOTO OMMYECKOTO COMPOTHBIICHUS, €CIM OH padoTaeT B pPEKHUME, COOTBETCTBYIOIIEM
HAYaJIbHOMY JIHHEWHOMY yYaCTKy CTOKOBOM XapaKTEPUCTUKH.

CToKO0-3aTBOpHAs XapaKTePUCTHUKA - 3TO 3aBUCHMOCTh TOKAa CTOKA OT HAMPSDKEHUs 3aTBOP - UCTOK
MIPU HEU3MEHHOW BEJTMYMHE HAIIPSHKEHUS CTOK - HCTOK (puc.2,0):

lc =f(U3u) mpu Uck = const .

DTa 3aBUCHUMOCTh XapaKTePU3yeT YIPaBIISIIOIICE JCHCTBUE BXOTHOTO HAMPSHKCHUS HA BEIHYUHY

BBIXOJHOT'O TOKA.
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Puc.2.6 CemelicTBO CTOKOBBIX XapaKTEPHUCTHK (a) U CTOKO-3aTBOpHAs XapakTepucTHKa (0)
MOJIEBOTO TPAH3UCTOPA C YIPABISAIOMIUM P-II - IEPEX0A0M U KaHAJIOM II-THIIA.

[Ipu nanHOM mocTosiTHHOM 3HaueHuu Ucu, B3sITOM B paboyeM pexume, T. €. Ha ydacTKe
HachelmeHus, U npu Usu = 0 Touka XapakTepUCTUKH JIEKHT HAa OCH TOKAa M COOTBETCTBYET BEIIMYMHE,
paBHOU TOKYy HackimeHusi Ic nHac. C yBenumuenuem HampsbkeHuss Usu mo aOCONIOTHON BelMuYMHE
MPOBOJIMMOCTh KaHala YMEHBIIACTCS, YTO MPUBOJUT K YMEHBIICHHUIO TOKa Ic. YBenumueHune HanpsHKeHus
Usu BBI3BIBAET yMEHbBILIEHHWE CEYEHUS IMPOBOJIIETO KaHala A0 TeX IOp, MOKa OH HE OKAa3bIBACTCS
MEPEeKPBITBIM; TOK Yepe3 KaHal MPEeKpallaeTcs, TPAaH3UCTOP 3aKPHIBACTCS, TaK KaK CTOK M HCTOK
W30JIMpPOBaHbl JAPYr OT Japyra. HampsbkeHue 3aTBOp - HCTOK, NPU KOTOPOM TOK 4epe3 KaHal
MpeKpaIaeTcs, Ha3pIBalOT HANPSHKEHUEM OTCeUKd U3Hore.

Ha puc.2.6 mpuBeneHa ojHa CTOKO-3aTBOpHAas XapaKTEPUCTUKA, MOCKONbKY HM3MeHeHue Ucu B
pEeKMMe HACBIIICHUS OYSHb MAJIO BIUSET HA TOK |C M XapaKTepHCTUKHU, CHATBHIC NPU PAa3HBIX 3HAUYCHHSIX
Ucu, pacrnonaratrotcsi O4eHb OJM3KO APYT K APYTY.

M3MeHeHne TeMIiepaTypsl MaJlo CKa3bIBaeTCs Ha paboTe MOJEBOrO TPAH3UCTOPA, YTO SBISETCS
€Ille OJTHUM €ro MPEeUMYLIECTBOM Mepe] OUIOIAPHBIM. ITO OOBSACHAETCS MPOTUBOIIOIOKHBIM BIHUSHUEM
Ha CONMPOTHBJICHWE KaHaja W BEIMYMHY BBIXOJHOTO ToKa lc nByx daktopoB. C OmHON CTOPOHBI,
MOBBILICHUE TeMIIepaTyphbl CHUKAET MOTEHIUANBHBIN Oapbep p-I Mepexo/a, YTo BeAeT K YMEHBIICHUIO
€ro IHUPUHBI U PACIIMPEHHUIO0 KaHalla, COMPOTHBJICHWE KaHalla yMeHbImaeTrcs, TOK lc Bo3pactaer. C
JIPYroi CTOPOHBI, MPHU TMOBBIIMICHUU TEMIEPATYPbl YMEHBINAETCS MOABMUKHOCTh OCHOBHBIX HOCHUTENEH
3apsiia, 9TO BBI3BIBAET POCT COMPOTHBIICHUS KaHajla W yMeHbImaer Tok Ic. B pesynprare Tok Ic
u3Mensierca mano. [Ipuuem B obiactu GoJBLIIMX TOKOB MpeoOiafaeT BIUSIHUE BTOpOro ¢axropa, u lc ¢
POCTOM TeMIIEpaTypbl YMEHBIIAETCS, YTO OYECHBb OJaronpHsTHO, @ B 00JACTH MaJIbIX TOKOB Ipeoliagaer
nepBbid (aKTOp, U TOK HEMHOTO Bo3pacTaeT (MyHKTUPHAs KpuBas Ha puc.2,6).

Xoa padoTbi

B pabore uccnenyercss mosneBoil TpaH3UCTOP C p-T — MEPEXOJIOM U KaHAJIOM P- THIAa MaJIOi
mormHoctr 2111031 u MII — TpaH3ucTop ¢ uHAyUHpOBaHHBIM KaHaioM p — tuna 2[13016. Hekoropeie
napaMeTpsl TPAaH3UCTOPOB MPHUBEACHHI B Ta0umax 1 u 2.

HccnenoBanusi 3akKiIIOYAlOTCS B CHSATHH CTOKO-3aTBOPHBIX M CTOKOBBIX XapaKTEPUCTHK U
OIpeJIeJIEHUH 110 HUM OCHOBHBIX ITapaMeTPOB TPAH3UCTOPOB.

Ta6aunma 1 2111031

Ucu makc, B Ic.Hau,
Usu.otc, B MA Pmakc.,MBT
10 2...6 3...6 120
Taoauna 2 21130156
Uc Usu PMma S, Ic
uMakc, B | mop,B Ic.nauy, Kc.,MBT UsHyaxc,B MA/B max, MA
MKA
20 10
2,7...54 0,5 200 B 1...6 15

1 UccaenoBanue Tpansucropa 211103I.
1.1 I[loaroToBUTH M3MEPUTENLHBIN CTEeH . Ji1st aTOTrO:
1.1.1 Ilepexmouatens «CeTb» - B onoxkeHue O.



1.1.2 Pyuxu perynmmpoBKY HanpspKeHHs OJI0KOB UTaHus | 1 2 — B KpaifHee JIeBOE MOJI0KEHHE.
1.1.3 Iepexmrouarenu nmprdopos P1, P2, P3 P4— B monoxxenue «20»..
1.1.4 ITonkmounTh MOAYJIb K M3MEPUTEIIEHOMY CTEH]Ty B COOTBETCTBUM C PUCYHKOM 3.

1.2 Custue cTok0-3aTBOpHbIX Xapakrepuctuk Ic = f(Usu) mpu Ucu = const .
1.2.1 BI04 Th NTUTAaHUE U3MEPUTEIBHOTO CTEHIA.
1.2.2 Pyuxoii «I'py6o» u «Touno» BII1 ycranosuts Hanpspkenue Ucu = 5SB.U3zu (BI12) = 0 B.
1.2.3 Tlo nmpubopy P3 onpenenuTs HavanpbHOE 3HAYCHHE TOKA |c.Ha4 U 3amucath ero B TabauIry 3.
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Puc.3 Cxema uccrieoBaHust oJ€BOr0 TPAH3UCTOPA

Ta6auna 3 Ucu = 5B
Usu,B
Ic, MA

1.2.4 YBenuuusas pyukoi «Touno» BI12 manpskenne U3 10 MOMeHTa 3aKpbITHs TpaH3ucropa, ( Ic
ctaneT = 0) u3MepsTh ToK IC. /laHHBIE N3MEpEHUH 3aHECTH B TaOIUILY.

1.2.5 Ycranosuts Usu = 0, Ucu =10B.

1.2.6 TIoBTOpUTH U3MEPEHUS, 3aMMCAB UX B aHAJIOTUYHYIO Ta0nuIty 4.

1.3CusTue crokoBbix xapakTepuctuk Ic = f(Ucu), mpu Usu = const.

1.3.1 YeranoButh Ucn u Uz = 0 B.
1.3.2 U3smensas Ucu (BII1) ot 0 no 10 B, cuare nokazanust npudopos P2 u P3 u nanHble usmepenuit

3aHECTH B TabmuILy 6.
Tadoauma 6 Usu=0B

Ucu, B

lc, MA

1.3.3 Bepuyts pyuku BIIl u 2 B ucxogHoe nonoxxenue, 3areM ycraHoBuTh Usu = 1B u moBTOpUTH
MU3MEpEeHUs, 3aKCcaB MOKa3aHus MPUOOPOB B aHATIOTHYHYO TaOIHILy 7.

1.4 BBIKJIIOUNTH MUTAHWE CTEHJIA U Pa300paTh CXEMY.

1.5 Tlo Tabnuiiam MOCTPOUTH XapaKTEPUCTUKU U TIO HUM omipeaenuTs Usu otce, IC Hay ,S.

CpaBHHUTH TOJTYUYEHHBIE PE3YIbTATHI CO CIIPABOYHBIMHU.

2 UccnenoBanue Tpansucropa 2I1301b.

2.1 CoGpath cxeMmy i uccienoBanus (puc.4).




Puc. 4 Cxema ucciieioBaHus
2.2 Tlo BBIIIEN3II0KEHHON METOMKE CHATh CTOKO-3aTBOPHBIC M CTOKOBBIC XapaKTEPUCTHKH HPU Pa3HBIX
HANPSDKEHUSAX Ha CTOKE M 3aTBOPE.
2.3 TTocTpouTh XapaKTEPUCTUKH U IO HUM OINPEACIUTh OCHOBHBIC ITapaMETPhI.
2.4 CnenaTh BBIBOBI 11O padoOTeE.

IIpakTnueckas padora Ne/
Tema 5. Tupuctopsl
HccnenoBanue Tupucropa
Leanb padoTbl: MccnenoBanne NpuHIMNA JCHCTBHS TUPUCTOPOB.
IlepeyeHs MCMOJIL3YyeMOro 000PY10BAHUS: U3MEPUTEITBHBIN CTEHT, MOIYIIb « THpHCTOP», 00pa3Ibl
TUPUCTOPOB.
Teopernyeckasi 4acTh:
TupucTopoM Ha3bIBAIOT MOIYIPOBOAHUKOBBIN MPUOODP, UMEIOIIUI TP OCHOBHBIX PabOUnX
COCTOSIHUSI: HEMPOBOJAIEE, 3aKPBITOE U OTKPBITOE.
TunuyHas CTpyKTypa TUPUCTOPA - YETBIPEXCIONHAA, C YEPEYIOUUMUCS CIOSIMU MOJIYITPOBOJIHUKA P-
TUMA U TI-TUna. Ha 0OCHOBE 3TO# CTPYKTYpHI B 3aBUCUMOCTH OT YKCJIa BHIBOJIOB MOTYT OBITh M3TOTOBJICHBI
JIBa TUIIa THPUCTOPOB: JUOJIHbBIE, HA3bIBAEMbIE TUHUCTOPAMU, U TPUOJHBIE, Ha3bIBAEMbIE TPUHUCTOPAMH.
JlnoiHbIE TUPUCTOPBI UMEIOT JIBA BHIBOJIA: OT HAPYKHOTO CJIOS P - BBIBOJI aHOAa (A), OT HAPY>KHOTO
cinost - BeIBoJ Katona (K). YcinoBHoe rpaduueckoe 0003HaUeHHE, CTPYKTYpa U cXeMa BKIIOYCHHUS

MOKa3aHbl HA puc. 1.
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Puc.1 YcnoBHoe rpaduueckoe o6o3HaueHue (a), CTPYKTYpa U cXema BKIIIOYeHHs AMHUCTOpa (0)

Kpaiinue cioun tupucropa HazbiBatoT amurTepamu (31 u 32), cpeanue — 6azamu (b1 u b2). Cpennuit
nepexo/l HasbBaloT KoyekTopHbM (KII), kpaithme — smuttepubimu (OI11 udI12). BonprammepHas
XapaKTepUCTHKA IUHUCTOpA UMEET BUJ (puc.2.).

HenpoBogsmee cocrosnue (yyactok 1) cozmaercs NMpH MOIKIIOUEHHH K THPUCTOPY OOpaTHOTro
HaNPSDKEHUS.

IIpu oOpaTHOM HampsHKEHUH MEXIY aHoAoM M karoxoMm mepexoasl DIl m OI12 naxonsarcs mox
oOpatHbIM HanpspkeHueMm, a nepexoxa KII - mox mpsimeiM. Ha nepexone KII manenue nanpsikeHus: OYeHb
MaJlo, OTOMY Bce BHelHee HanpsbkeHne Uak pacrnpenensiercs ¢aktuuecku Mexay nepexoaamu Ol u
OII2. B aTom cinyyae TUPUCTOP BeAeT ceds Tak ke, KaK U0 MpH 00paTHOM HANpsDKEHUHU; aHOJHBIA TOK
IIPAKTUYECKH OTCYTCTBYET.



ITpu npsmom BkitoueHuu mnepexoxasl OII1 udII2 cmemarorcst B mpsimom, a KII — B oOpatHOM
HarpaBjeHuu. [1o3ToMy B 11eny MPOTEKaeT HE3HAYNTEIbHBIN aHOIHBIN TOK la, ompenensieMblii 0OpaTHBIM
tokoM nepexona KIT — Ik o0p (y4acTok 2 Ha XapaKTepUCTUKE TUPUCTOPA).

IIpy HEKOTOpPOM HaNpsKEHWH, HA3bIBAEMOM HAIPSDKEHHMEM BKJIIOYEHUS WM HaIpsDKEHHEM
nepexitoueHuss (Unpk), HauMHaeTcs JaBUHHOE Pa3MHOKEHHME HOCHUTENIEH 3apsoB, COIPOBOXKIAOIIEECS
PE3KUM YBEIMYEHHUEM TOKA.
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Puc.2. BonpramnepHas XxapakTepucTUKa JUHUCTOPA

Tok, nporekaromuil Yepe3 TUPUCTOP, ONPEIENAETCSd TOJIbKO HCTOYHUKOM IuTaHus E u
COINPOTUBIIEHUEM HArpys3Ku, T.K. IaJICHUE HAIPsDKEHUS HAa TUPUCTOPE B OTKpbITOM coctosiHuu Uoc maino
(17151 MaTOMOITHBIX TUPUCTOPOB OHO cocTaisieT 0,5...1 B). U mostomy la = Ea/R.

BoikimtoueHne TUpHUCTOpa - TEPEXOJ B 3aKPbITOE COCTOSHHUE - MOXET OBITh OCYIIECTBICHO
YMEHBUICHHEM TOKa JO 3HAueHUs MeHblle Toka yxaepxkanus (lya), uam u3MeHeHHEM MOJIAPHOCTH
ocHOBHOTro HanpsbkeHus: Uak Ha oOpatHyro. OOpaTHast BETBb XapaKTEpUCTUKH, KaK ObUIO CKa3aHO BbIIIE,
COOTBETCTBYET OOpaTHOM BETBM BOJBTAMIIEPHOM XapakTepucTuku auoaa (ywactok 1). Ilpu obpatHom
HaNpsHKEHUH, PaBHOM HarpspkeHUo mpo6os (UoOp mpo0) mponcxoauT IaBUHHBIN POOOH THPUCTOPA.

TpuoaHbIl TUPUCTOP, WIM TPUHUCTOP, IOMUMO OCHOBHOW LIENIM MEXAY aHOIOM U KaTOJOM HMMEET
1eMb yrpasiaeHus. J{Jist 9Toi 1enu Hy»eH BBIBOJ YIIpaBJstonero sekrpoaa (¥Y09).

Haznauenue nenu ymnpaBlIeHHUS COCTOMT B YIPAaBICHHH MOMEHTOM BKIIIOUYEHHUS THPUCTOpa IpHU
HAIpsDKEHUSAX B OCHOBHOM 1I€NIM MEHbBIIMX, 4YeM HamnpsbkeHue mnepekitoueHuss Unpk. Ecnu BbIBOA
YIPaBIISIONIETO 3JIEKTPo/ia cliesiaH OT 0A30BOTO CJIOS P2, TO UCTOYHMK yIpaBsiomero Toka By Bkitouaercs
Mexny YO u karogoM. Takas cxema yIpaBJIeHHS U YCJIOBHbIE Tpaduueckue 00O3HaueHUs THPUCTOPOB
pa3HOro THUIIA IPUBEAEHBI HA PUC.3.

Y3/ |H H

a 0 B

Puc.3 Ctpykrypa, cxema BKIIIOUYEHHS (a) ¥ YCIOBHBIE rpaduyecKkre 0003HAYCHHS TPUHUCTOPOB C
yIpaBjieHHeM 1o kaToy (0) u mo aHoxay (B)

BosmoxHa 1 qpyrast cxema, B KOTOPOU BBIBOJI YIIPABISIONIETO 3JIEKTPO/Ia ClieJaH OT 6a30BOTO CIIOs
n1. B aTom cinyuae ocyuiecTBisieTcs ypaBieHUeE M0 aHOTY.

B o6oux cnyuasx ucrounuk Ey BkiIro9aercs Tak, 4ToObI TOK ympaBiieHus Iy mpoTekan oT Hero uepes
OJIMH U3 IMUTTEPHBIX MEPEX0JIOB B MPSMOM HAIPABICHHUH.

CeMelCcTBO XapaKTepUCTUK TPHHUCTOPA TIPH PA3IMUHBIX TOKaX yMpaBlIeHHs MOKa3aHo Ha puc.4.
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Puc.4 BonpraMnepHbie XapaKTEPUCTUKU TPUHUCTOPA

Haubonee BayKHBIMU MapamMeTpaMu THPUCTOPOB IO OCHOBHOM LIETIH SIBIISTFOTCSI:

Urnipk u Inpk -TOK U HanpspKEeHUE MepeKITIoueHus;

Ioc,Uoc — Tok 1 HamnpsiKeHHe B OTKPBITOM COCTOSIHUM TUPHUCTOPA;

Iyn - Tox ynepxxanus;

Io6p - 0OpaTHBIi TOK;

Iocmake, Pocmakc - MakcuManabHO JIOMYCTUMbIE 3HAUEHUS TOKA U MOIIHOCTU B OTKPBITOM
COCTOSIHUH;

Uobp mMakc — MakcUManbHOE 00paTHOE HAIPSKEHUE.

K mapamerpam, xapakTepu3yIOIIMM ILEb YIPABICHUS, OTHOCATCS OTIHPAIOIINI NOCTOSHHBINA (MK
UMIYJbCHBIM) TOK YIpaBieHUS Iyorm U COOTBETCTBYIOLIEE €My OTIHPAIOIIEe MOCTOSHHOE (WU
UMITyJIbCHOE) HanpshkeHue ynpanieHus: Uyom. OTOHPAIONIMM TOKOM YIIPaBJICHUS HA3bIBAIOT HAUMEHBIINN
TOK yTpaBJeHUsI, HEOOXOJUMBIN IS BKJIIOUEHHUS TUPUCTOPA B 3aJJaHHOM PEKUME.

Bpemst BKIIIOYEHHsI THpHCTOpa tBKJI - 3TO HMHTEpBAl BPEMEHH, B TEUCHHE KOTOPOTO THPHUCTOP
MEPEXOIUT U3 3aKPHITOrO COCTOSIHUS B OTKPBITOE. BpeMs BKIIoueHus: TUpUCTOpa cocTaniser S...30 Mkc.

Bpewmst BBIKITFOUEHHS] TUPUCTOPA tBBIKI - 3TO HAaMMEHBIINK MHTEPBAJ BPEMEHH, B TE€UCHHUE KOTOPOTO
BOCCTaHABIJIMBAIOTCS 3alMpAlOIINe CBOMCTBA, T. €. paccachlBalOTCSA HAKOIUICHHBIE B Oa3aX HOCUTENH 3apsja
10CJIe EPEMEHBI MOISIPHOCTH HAIIPSKEHUS] B OCHOBHOM 1eTM M peKOMOMHAILIMY OCTaBIIUXCS HOCUTENEH.

Oto BpeMms coctasisieT oT 5...10 10 200...250 mkce. [Tocne 3Toro BpeMeHu Ha TUPUCTOP CHOBA MOXKET
OBITH 10/1aHO MpsAMOe HanpshkeHne. OH OCTaHEeTCs 3aKPBITHIM JI0 CIIEIYIOIIEro OTIHPAIOIIET0 UMITYJIbCA.

Bpewmst BKIIIOUSHHS 1 BpeMsl BBIKITIOUCHHUSI THPUCTOPA XapaKTEPH3YIOT €r0 YaCTOTHBIE CBOMCTBA.

ITo MOITHOCTH THUPHUCTOPBI, KaK U JUOABI, HOAPA3ALIAIOT HA TUPUCTOPHI MaJIO MOLTHOCTH (TOKH 10
0,3 A), cpenneit momuoctu (0T 0,3 10 10 A) 1 Gonbmioi MomHOcTH (607bI1e 10 A)- cunoBsie.

Xoa padoTsi:
B pabore uccnemyercs Tupuctop masoi mornocty 2V 101H.

Tabauna 1. OcHOBHBIE TapaMeTPbl THPUCTOPA

loc,MA lo6p, MA | Uoc, B Uobp.makc., B | Pcp.makc, MBT

75 015 | 2,25 50 150

1 IToaroToBUTH U3MEPUTEIBLHBIN cTeH/. J[J1s1 3TOTO:
1.1 Ilepexmrouarens «CeTb» - B monoxenue O.
1.2 Pyuku peryaupoBKH HanpspKeHUst 0J0KOB MUTaHus 1 U 2 — B KpaiiHee JIeBoe TOJIOKEHHE.
1.3 Ilepexmtouatenu nprdopos P1, P2, P3 — B nonoxenue «20», P4 — 200MA.

2 IoakII0YNTH MOAYJIb K H3MEPUTEIBLHOMY CTEHAY B COOTBETCTBHH C PUCYHKOM S.
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Puc.5 Cxema uccienoBanusi TApUCTOpa
3. UcciienoBanue THPUCTOPA B 3aKPBITOM COCTOSIHMU:
3.1 BKJIFOUUTh MUTaHUE CTEH/IA. U YOSIUTHCS, YTO TIOKA3aHMUS ITOIKITFOUCHHBIX TIPHOOPOB
COOTBETCTBYIOT 0.
3.2 YcranoButh ToK yrpasienus ot BI11 (o mpudopy P3) ly =0.
3.3 Usmenss Hanpsprerne Uak pyukoit «rpy6o» BI12 ot 0 no 10B, caumars nmokazanws P4.
JlaHHBIC M3MEPEHUH 3aHECTH B TAOIMITY 2 U yOSIUTHCS, YTO QaHOIHBINA TOK OTCYTCTBYET.
Taoauna 2
Uak,B 0 3 S 10
la,

1A

4. Bk/loueHHe U BbIKJII0YeHHe THPHCTOPA.
4.1 YcranoButs Uak =5B 1 u3MeHss ToK yrpasieHust ot 0 1o MOMEHTa BKJIFOUEHHUS! TUPUCTOpA,
n3MepATh aHoHbIN TOK (la) n Hanpsbkenue Uak. [laHHbIe n3MepeHuii 3aHeCTH B TabvIny 3.
Tabauua 3

ly, MA
la, MA
Uaxk, B
la, MA Uak, B
ly, MA ly,MA

Puc. 6 I'paduiku M3MEHEHUS TOKA U HANPSHKEHHS TIPY BKIIFOUSHUH TUPUCTOPA

4.2 Ymenbumtsb ly 10 0 u yOeauTbesi, YT0 THPUCTOP OCTAETCS B OTKPBHITOM COCTOSTHUU.

4.3 BeIkmounTh TUpUCTOP YMeHbienneM Uak 1o 0.

4.4 YcranoButs Uak = 8§ B 11 NOBTOPUTH BKIIFOUEHHE U BHIKITIOUEHUE TUPUCTOPA. [laHHbIe n3MepeHuit
3aHECTH B aHAIOTWYHYIO TaOnuIly 4. BBIKIIIOUMT MUTaHUE CTEH 1A,

5. I1o ganubM Tabmu1 3 1 4 MOCTPOUTH rpadUKy U3MEHEHUS] aHOIHOTO TOKA M HarpsbKeHus (puc.6).

6. Cnenatb BBIBOIBI O XapaKTepe BKIIOYEHHS U BHIKITIOUEHHUS THPUCTOpA

7. OchopMHTB OTHYET.

IIpakTnueckas padora Ne§
Tema 7 OCHOBBI MUKPO3JIEKTPOHUKH H ONEPALMOHHBbIC YCHUINTEIH.



Leas padoTbl: pacHIMpuUTh M CHUCTEMAaTU3UPOBATh 3HAHMA OO0 OCHOBAaX MHUKPOIIEKTPOHUKUA U
OIIEPALIMOHHBIX yCHIIUTEIISX.
Teopernyeckast 4acTh:

bioku u y31mbl paguodIeKTPOHHOW ammaparypbl Ha BTOPOM JTale Pa3sBUTHS DJIEKTPOHHOM TEXHUKU
(mocne 3MEeKTPOHHBIX JIaMI) CTPOMJIMCH Ha TOJYINPOBOJHUKOBBIX MpuOopax. Ho Bo3HuKIa MBICIB, a
MO’KHO JIM OTJEJbHbIE OJIOKM M Y3JIbl CO3/1aTh B OJAHOM KOpIIyC€ Ha OJHOM IMOJJIOXKKE WIM B OJHOM
KpHUCTAJIJIE TIOJIYTIPOBOJHUKA. JTa UAEs Hauaua pealn30BbIBaThCSA B MUPOBOW ITPOMBIIIJIEHHOCTH ¢ KOHIA
LIECTUIECATBIX TOJIOB.

Hnmezpanvhas muxpocxema (MIC) — 3T0 KOHCTPYKTHBHO 3aKOHUEHHOE WM3/EIHE IEKTPOHHON TEXHHKH,
BBIMOJIHAIONIEE  OIpENeIeHHYI0  (YHKIMIO, W  COJAEp)Kallee  COBOKYIHOCTh  TPAaH3UCTOPOB,
IIOJIyIIPOBOJHUKOBBIX JIMOJOB, PE3UCTOPOB, KOHICHCATOPOB M JAPYTHX 3JIEMEHTOB, JJIEKTPUYECKU
COCAMHEHHBIX MEX]Ty COOOM.

Teopus, MeTonbl pacyera U TEXHOJIOTHA U3roToBiaeHus MIC cOCTaBISIIOT OCHOBHOE — COAEpIKaHUE
MUKPOITIEKMPOHUKU.

Ilo mexnonoauu useomoenenus PA3IUYAIOT IOJIYNPOBOJHUKOBBIE (T. €. MOHOJIUTHBIE), IJICHOYHBIE U
rubpuasie MC.

B nonynposoonuxosoii UC Bce 371€MEHTBHI U MEX3JEMEHTHbIE COCIUHEHHUS BBINOJIHEHBl B 00bEME U Ha
[IOBEPXHOCTU IOJIyIPOBOJIHMKA, O0bIYHO KpeMmHud. Kak mnpasBmiio, a8 mnoaynpoBoAHUKOBbIX MC
XapaKTEepPHO CO3JAaHHE BCEX DJIEMEHTOB OJTHOBPEMEHHO B XO/I€ €JMHOIO TEXHOJIOTMUYECKOTO IUKIIA.

B naenounvix IC Bce ny1eMEHTBI U MEX3JIEMEHTHBIE COEIUHEHHS BBIIIOJIHEHBI B BHUJE IPOBOSIINX,
JU3JIEKTPUUECKUX M PE3UCTUBHBIX IUIEHOK (cioeB) Ha noioxke. Takue MC copepxaT, Kak MpaBuilo,
TOJIBKO TTACCUBHBIC JIEMEHTHI (PE3UCTOPBI, KOHICHCATOPBI, KATYIIKH WHIYKTUBHOCTH, MEKCOCTUHCHUS ).
Bapuantamu nnenounsix MC saBastoTCst mownkonnenounsie ¢ TONIIMHON IUIEHOK 1...3 MKM M MeHee U
TOJICTOIICHOYHBIE C TOJIIIMHOM TUIEHOK cBbIIe 3...5 MkM. Jlenenue rueHounbix MC o0ycioBieHo He
CTOJIBKO TOJIIMHOM IUIEHOK, CKOJBKO METOJOM MX HAHECEHMs B IPOLECCE CO3JaHMs MAaCCHUBHBIX
35eMeHTOB. [laccuBHBIE 371EMEHTHI TOHKOIJIEHOUHBIX CXEM HAHOCST Ha MOJUIOKKY IPEUMYIIECTBEHHO C
HCIIOJIb30BAHUEM TEPMOBAKyyMHOI'O PAacCHbUICHUS M KaTOOHOIO OCAXKICHMS, a IACCUBHBIC 3JIEMEHTHI
TOJICTOIVIEHOYHBIX CXEM IOJYy4YalOT HAaHECEHHMEM M B)XMIAHUEM MPOBOJASIIMX M PE3UCTUBHBIX IHacT.
Hapsiny ¢ mosynpoBOAHHMKOBOW M IJICHOYHOM IIMPOKO MCIIOJIB3YyeTCs THOPUIHOW TEXHOJIOTUs, B
KOTOPOl ~ cOYeTaloTCs  TOHKOIUIEHOYHBIE WM  IaCCUBHBIE  TOJICTOIUICHOYHBIE  DJIEMEHTBHI  C
MOJTyTIPOBO/THUKOBBIMU  aKTUBHBIMHU, HAa3bIBAEMBIMH KOMIIOHEHTAaMH THOPUAHON cXembl. YacTHBIM
ciyyaeM rubpuanoir UC saBnsercs mHorokpuctanbHas MC, conmepkamias B KadecTBE KOMIIOHEHTOB
HECKOJIbKO OECKOPIYCHBIX MOJIyIIPOBOAHUKOBBIX CXEM Ha OJIHOM Mo u1oxkke. Hanbonee pacnpocTpaneHsl
B HACTOSIIEE BpeMs MOJIyIPOBOJAHUKOBBIE U ruOpuanHbIe NC.

Yucno snementoB B aaHHoM MC xapakrepusyer ee CTENEHb HHTErpauuu. B COOTBETCTBMM €O
crenenbio uaTerpanuu Bee MIC ycnosHo mensat Ha mansie (MUC— no 102 sneMeHTOB Ha KpHCTain),
cpeonue (CUC — no 103), Gomsuue (BUC — no 10%), ceepxborsume (CBUC — no 10°), yasinpaborvume
(YBUC — no 10°) u eucaborsume (F'BUC — Gonee 10° snemenToB Ha kpuctamin). MHOra cTemneHsb
UHTETPAIMU ONPENeNSoT BeMUunHOM k=Ig N, 20e N uncno snemenrtos, Bxomsaumx B MC, a 3HaueHue K
orpezenseTcs 10 OnMkalIIero 1ejaoro yucia B cropoHy ysenndenus. Hanpumep, UC nepBoii ctenenu
unTterpaiuu (K =1) comepXuT 10 10 3IeMEHTOB, BTopoil cTenenu uHterpanuu (K =2) — ceoime 10 10
100, Tpetheii crenenn uaTerpaiuu (K =3) — cBbiie 100 10 1000 U T. .

IIpu Bcem cBoem MHoroobOpaszuun VC no ¢gyuxyuonarsnomy Ha3HAUEHUIO AETATCS HA JIBA OCHOBHBIX
KJlacca — aHAJIOTOBbIe (YaCTHBIN ciayyail — JuHelHble) U nudpoBbie. AHanorossle IC npegHazHaueHbI
JUIL  YCUJICHHsI, OTpaHMYCHMs, YacTOTHOM (UIbTpalMM, CpaBHEHUS U TEPEKIIOYEHHUS CHUTHAJIOB,
M3MEHSIIOIIMXCS 10 3aKOHY HETIPEPHIBHON (PYHKIINU.

Hugposvie IC mpenHaszHaueHsl uid mpeoOpazoBaHus (0OpaOOTKM) CHTHAJIOB, M3MEHSIOMIUXCSA I10
3aKOHY JAMCKPETHOM (QYHKIMM (HAmpHUMEp, BBIPAXKEHHBIX B JBOMYHOM MJIH JPYroM HU(GPOBOM KOJE).
[Mudpossie MC mnpeacTaBisitoT COOOH MHOMKECTBO TPAH3HCTOPHBIX KIIOUEH, OONagaroIiuX JABYMS
YCTOWYMBBIMU COCTOSIHUSIMU (PAa30MKHYTBIM M 3aMKHYTbIM). OCHOBHBIM BHJIOM ILH(POBBIX CXEM
aBIstoTCs Joruueckue VIC, BBIMOMHAIONINE OHY MM HECKOJBKO JIOTHUECKUX (YHKIMHA, MPOCTEHITUMU
13 KOTOPBIX peanu3yrorcs Takue pyHkiuu, kak «Wy», « JIN», «HE» u ap.

[TonynpoBonuukoBbie IC 110 KOHCTPYKTUBHO-TEXHOJOTUYECKOMY IPUHLIUITY Obigarom Ounonsiphvie, T.€.
UCIOJIb3YIOLME OUIONApHbIe TpaH3ucTopsl, U M/[II, T. e. moctpoeHHsle Ha MJIII- TpaH3ucropax.



Kpucmaniom HC Ha3bIBa€TCsl CTPYKTYpa, COAEpIKaIlas AJIEMEHTBHI, MEXDJIEMEHTHbIE COCIUHEHMS U
KOHTAKTHbIE IUIOMAAKH (METAJUIM3UPOBAHHBIE YYACTKH, CIy’Kallue Uil NPHCOSAWHEHHs] BHELIHUX
BbIBOJIOB). B OonbmmHcTBe mpoBoaHuKOBEIX MC anemMeHThI pacnionaraiores B ToHKOM (Tonmuza O,5...10
MKM) NPUIIOBEPXHOCTHOM CJIO€ MOJYNPOBOAHUKA. Tak Kak yAeabHOE CONPOTHUBICHHE MOJIYIPOBOJIHUKA
nesemuko (1..10 Om), a »yIeMEHTHl JOJKHBI OBITh HW30JIMPOBAaHBI JAPYr OT JApyra, HEOOXOJUMBI
CIEIUAIBHBIE uzonupyouue ooaacmu

JIeMeHTbI OMIIOJISIPHBIX MOTYNPOBoAHMKOBbIX UC

Tunnynasg crpykTypa noiynpoBoaHukoBod MC, BbloHEHHas MO OMIOJISAPHOM TEXHOJOTHH,
nmokazana Ha puc. 16.1. B takoit UC otaenbHbIe 37€MEHTHI, CHOPMHPOBAHHBIE B «KapMaHax» ¢
IIPOBOAMMOCTBIO N-THUIA, OKAa3bIBAIOTCS SJIEKTPUYECKH M30JUPOBAHHBIMM Jpyr OT JApyra
O00paTHOCMEILEHHBIM P-N-NIEPEX0J0M, JJIi Yero Ha MOAJOXKKY p- THUIA KPEMHHUS NoJaeTcs
OoTpuLaTeNbHbIM noreHuMan. [lpeaBapuTenbHO co3qaBacMble JIOKAIbHbIE 00JacTH (Ha3bIBacMble
«KapMaHaMU») CIIy’KaT JJIsl UCKIIFOUEHHs B3AaUMHOI'O BIMSHUS aKTUBHBIX U TACCUBHBIX 3JIEMEHTOB U
MOTyT OBITb H30JMpPOBaHbBl JAPYyr OT Jpyra KpoMe p-N-EpeXojoM AHUAJIEKTPUKOM HWIH
KOMOHMHUPOBaHHBIM METOJIOM C IPUMEHEHUEM P - II- IEPEXOA0B U JUICKTPUKA.

B kauwectBe pesucropoB B OunomspHbix MC  HCHONB3YIOT Y4YacTKH — OJHOPOJTHOTO
MOJyIIPOBOJIHMKA; B KayeCTBE KOHAEGHCATOPOB — OOpaTHOCMEIEHHbIE p-N-Tiepexosl.
WHAyKTUBHOCTD HE CO3/1a€TCs B TOJILE MMOITYIIPOBOAHHUKA, & MOKET HAHOCUTHCS B BUJE CIUPAIU U3
MeTajula Ha MOBEPXHOCTH MOJYIIPOBOIHHUKA.

Jlnoapl U TpaH3UCTOPBI, Kcroyib3yeMble B MIC, U3roTOBISAIOT MO IJIAHAPHON TEXHOJOTUH, TO €CTh UX
BBIBOJIbl HaXOJATCS Ha OAHOHM moBepxHocTH. [lmaHapHas TEXHOJIOTUS NO3BOJSIET B TEYEHUE E€IUHOTO
TEXHOJIOTUYECKOI0 IIpoLecca Moay4aTb OJHOBPEMEHHO Pa3IMUHbIE SJIEMEHTHI.

Puc. 16.1. MHTerpanoHas cxemMa ¢ U30NALMER P-n-NepexcioM:
3 — 3INOKTPUMECKARN CxemMa; § — TONONOr1A;
1 — METANTHYECKOS MEXCOEOUHEHKUE, 2 =— CNOR SI0,,;
A, B, B, — cooTseTCcTBYIOWMWE APYT APYTY TONKW Ha puc. 8 1 B

ITpu xoHcTpyupoBanuu MC cTpeMsaTcss IPUMEHATh HO/Ibl, SKBUBAJIIEHTAbIe NEPEeX01aM 3MUTTep-0a3a
WIN KOJUIEKTOp-0a3a TPaH3MCTOPHOH CTPYKTypbl. B 3TOM cilydae AMOJbl M3rOTaBIMBAIOT B €IMHOM
TEXHOJIOTUYECKOM IIUKJIE C OCTAJIbHBIMU YJIEMEHTAMHU.

CoenuHeHne »JIeMEHTOB B MNOMynpoBoAHHKOBOM WMC MoXeT oCylecTBIATbCS HECKOJIbKUMHU
crnoco0amMM, OCHOBHBIM U3 KOTOPBIX SBISETCS HAHECEHHWE METANIMYEeCKUX TOHKOIJICHOYHBIX
MPOBOSAIINX JOPOXKEK (Yalle BCEro alllOMHUHHEBBIX), H30JUPOBAHHBIX OT 3JEMEHTOB KpUCTAJLIa CIIOEM
AMAIICKTPHKA, Jallle Bcero okcuaa kpeMuust SiO2; ¢ MOMOIIBIO TIPOBOJIOYHBIX COCMHEHUI.

KonnuectBo kpucramioB MC, mnomyyaemblx B €IMHOM TEXHOJOTMYECKOM MIpOLECCE Ha OJHOMN
IUIACTHHE, Yalle BCEro KPEMHMS, 3aBUCHT OT pa3Mepa KpHCTaula, B CBOIO OUYEPElb 3aBUCAILETO OT
KOJIMYECTBA 3JIEMEHTOB B cXeMe, U auameTpa Iutactud. [lnomans kpucramia MC B 3aBUCHMOCTH OT ee
CIIOKHOCTH COCTaBIAET 1...100 MM?, Hauboee pacpocTpaHeHs pasMepsl 10...50Mm?,

JuemenTsl UC na MII- ctpykType

B kauectBe akTUBHBIX 37eMeHTOB B MC MOryT HCHOJNB30BATHCS KpOMe OUMOJSPHBIX I10JIEBBIE
TPAH3HUCTOPHI CO CTPYKTYPOH «METAIUI-AUIICKTPUK (OKCHI)-TIOTYTIPOBOAHHUKY, T. €. M/II1- Tpan3zucropsl
nin MOII- tpan3uctopsl. B cootBeTcTBUM € 3TUM Bece MOHOMUTHBIE MIC pa3nenstorcss Ha TpU OCHOBHBIX
Buga: MIII MUC (MOII UC), 6unonspusie u OunonspHo-nosneBble UC. MIIT UC moryt ObITh
pealn30BaHbl Ha TPaH3UCTOpax ¢ kaHayioM p- tuna (p- MIII UC, p- MOII UC) u kanamom n-tuna (N-
MAIT UC, n - MOII UC), a Takkxe Ha komnremenmaproix” T. €. UCTIOJIB3YIONIUX OJTHOBPEMEHHO p- H TI-
tunsl, MJII1T- Tpanzucropax (KM/IT MC, KMOII UC). bunonspro-nonessie UC nmpeactaBisioT codoit
o0beanHeHHble B o1HOM Kpuctajuie ounonsipasie 1 KMIT UC (buKMIIT UC, BuKMOII UC).
OcHoBubiMU 2nieMeHTamMu coBpeMeHHBbIX MJIIT MC sBnstorcss M/III-TpaH3ucTOphI ¢ KaHAJIOM I-THUTIA.
[Inomans 3TUX TPaH3UCTOPOB HA KPUCTAJIE 3HAUUTEIBHO MEHBIIIE, YeM OUIMONIApHBIX, mo3ToMy B IC Ha



n-xananbHbIX M/III- pe3ucropax gocturaercs camas Bbicokas (B 3-10 pa3) creneHp MHTErpalyy, HO OHU
ycrynaroT ounossipabiM MC mo 6sicTponericteuro. B kommiementapubix M1 UC npumensitor MTI-
TPAH3UCTOPBI C MHAYLUHUPOBAHHBIMU KaHainamMu N- u p- tuna, ;s 3tux MC xapakrepHa oueHb Majas
notpediisieMasi MOIHOCTb.

M/II- TpaH3UCTOp MOKET HCIOJb30BAaThCS B KayeCTBE KOHJECHCATOpPAa W PE3UCTOpa, IPU 3TOM
3HaYEHHE €MKOCTHU U COIMPOTUBICHHUS MOKHO MU3MEHATH B OINpPENEICHHBIX MpefesiaXx MyTeM U3MEHEHUs
NOTEHLIMANa Ha YIPaBJISAIOLIEM 3JIEKTPoAE (T. €. Ha 3aTBOpE).

B xauectBe pesucropa M/III- tpan3uctop ucnons3yercs npu U,,=0, T. €. Ipu 3TOM CONPOTUBIICHHUE

KaHaJla ©MeeT HanOombIee 3HaueHne. CONpOTUBIICHHE MEX/y BHIBOJJAMU CTOKA U MICTOKA B 3TOM CIIydae
00paTHO MPOMOPIUOHAILHO OTHOIICHHUIO IIMPUHBI KaHaa b k ero mmHe L, . e. b/L. DTa 3aBucuMoctsb
MI03BOJIIET IPOBOAUTD pacueT TONOJOTUHU JJIs OJyUeHUsI HEOOXOJUMOTO COIPOTUBIIEHUS PE3UCTOPA.
Ha puc. 16.2 npusenena cxema M/III- Tpan3ucropa, HCHob3yeMoro B kauecTBe pesucrtopa. CTpykrypa
MJII- xonnmeHcatopa mnokazaHa Ha puc 16.3. [IudnekTpukoM B 3TOM KOHJEHCATOpE SIBISETCS
TEPMUYCCKH BBIpAICHHAs MUIeHKA JuoKcuaa kpeMHUst SiO2. OIHUM W3 3JIEKTPOIOB SBISCTCS IUICHKA
HanbUIEHHOTO MeTaia Ha Si Oz, ABIAIOIUMCS IMAJIEKTPUKOM, APYTHM — CHIIBHOJIETMPOBaHHas n'-
00JacTb KPEMHUS, JIE¥KAIIAsl 101 OKCHUIOM.

U, u,
U 3 C
U, U
U, o u,, = n Si
a ' 5 |

Puc. 18.2. Cxema nonesoro TPAH3UCTOPA C PE3HCTOPOM;
a — Tononorkdeckan cxema; & — aKBMBanNeHTHaA cxema;
B — Tononoria MON-peaucropa
BricokOOMHBIN N-CII0I ¥ p- KPEMHUM TOJJIOKKH 00pa3yroT M30JUPYIOMMKA p - N-miepexoa. EMkocTh
MJII- xoHAeHcaTopa 3aBUCUT MPSMO MPOMOPIIMOHATBFHO OT TUIOMIAW U OOPATHO MPOTOPIIMOHATBHO OT
TOJUIMHBI OKCUIHOM IUICHKW. YMEHBIICHUE TOJIIMHBI OKCUJIHOW IUIEHKH Ui TOJYYEHUS €MKOCTH
OoJbIIel BEMTUYMHBI UMEET OTPpaHUYCHHUs], TaK KaK HEOJHOPOJHOCTh CTPYKTYpPhl OU€Hb TOHKOW IJICHKU
MOJKET IPUBECTU K 3aMbIKAaHUIO 00KJIaJI0K KOHAEHCATOpa.

Al 8i0,

Si

Puc. 16.3. MAAN-koHaeHcarop

Nsrorasnusaror M/III MC metonamu naHapHOW TexHOJOTMH. TpynoemkocTs mi3rorosinenus MJIII
NC na 30% Humxe, uem ounonsipHbix MC, Tak kak TexHomormdeckuid muxn msrorosinenuss MIT UC
COCTOMT U3 22 OCHOBHBIX onepauuid, a ounonsapusix MC— u3 32.

I'nOpnaHbie HHTErpa/IbHbIE CXeMbI

HcTtopuyeckn mepBbIMH (B CepeAUHE MIECTHAECATHIX TOJOB MPOILIOro BeKa) ObuUIM pa3paboTaHb
rubpuansie MC. B 3TUX cxemax MacCHBHBIE 3JIEMEHTHI (PE3UCTOPbI, KOHIAECHCATOPHI) U BCE COCTUHEHUS
M3TOTABIIMBAIOTCS U3 MJICHOK PA3IMYHBIX MAaTEPHUAJIOB, HAHECEHHBIX HA JUAJIEKTPUUECKYIO MTOJIOKKY, a B
KayecTBE aKTHUBHBIX OJJIEMEHTOB MPHUMEHSIOTCS OECKOpITyCHble MM B MAJOrabapUTHOM KoOpIyce
MOJIyIpOBOAHKKOBBIE pubops! u NUC.

JIMdeKTpuueckue MOJUIOKKH W3TOTOBJSIIOT M3 KEPaMUKM, CHUTala WM CTekia. MHIyKTUBHBIE



KaTyIIKW ¥ KOHJAEHCATOPbI OOJIBIION eMKOCTH, KaK MPaBUIIO, IPUMEHSIOT HABECHBIC.

[Ipn usroroBieHnn THOPUAHON CXEMBbl CHayala CO3JAl0T COEIUHEHMS, JUJI Yero HaIlbUISIOT WU
HAHOCAT KAaKUM-THOO APYTHMM CHOCOOOM TIOJOCKM alioMUHMS, cepebpa wmnm 3omota. [locnme sToro
HAMBUISAIOT COMPOTHUBIICHUE U3 TaHTaNa, XpOMa WM CIEIHAIbHBIX CIIJIaBOB. BriOMpast cOOTBETCTBYIOLIUI
MaTepual, €ro TOJIIMHY W IUIOIIAJb, MOAOMpaeTcs OOXOAMMBIM HOMHHAN pe3uctopa. Heobxomumo
OTMETUTh, YTO COINPOTUBIICHUE PE3UCTOPOB MOMKHO «IOATOHSTH» 1O HEOOXOAUMON BEIHUYUHBI
YaCTUYHBIM YJIQJICHUEM PE3UCTUBHOW IUIEHKH. Takum o0pa3oM, 3TU pe3UCTOPbI MO3BOJSIOT MOIYYHUThH
HEIMPEPBIBHYIO KAy HOMUHAIOB. JIJIsI M3rOTOBIIEHMSI KOHJEHCATOpA HAIBUISETCS METalll, 3aTeM
JUAJIEKTPUK M CHOBa MeTaul. Kak M pe3ucTopsl, IJIEHOYHBbIE KOHAEHCATOPHI MUMEIOT HEMPEPHIBHYIO
IIKaJly HOMHHAJIOB eMKOCTH. CuMTaeTcs 1enecooO0pa3HbIM H3TOTOBIISATH IUIEHOYHBIE KOHJIEHCATOPHI C
eMkocTei0 B mpenenax 100-5000 nd. IlneHo4yHbIE WHIYKTUBHOCTHU BBIMOJHSIIOT HAHECEHHEM Ha
JUDJIEKTPUYECKUE IIOUIOKKH IUICHOK B BUJE OAHOCIOMHBIX CIMpANEd KPYIVIOW WM MPAMOYIOJIbHOMU
(bopMBbI, 3aKaHUYMBAIOIIMXCSI KOHTAKTHBIMH IJIOLIaJIKaMH. 3aTeM yCTaHABIMBAlOT HABECHBIC AJIEMEHTHI:
JMOJIbl, TPAH3UCTOPHI U IPYTHE DJIEMEHTHI.

I'mbpumabie C, B KOTOpBIX B KayeCTBE HABECHBIX JJIEMEHTOB IpUMeHEeHbl OeckopmycHbie MC,
Ha3bIBAarOT MHOSOKPpUCMATIbHbIMU.

[IpenmymiecTBa TUOPUAHO-TUICHOYHON TEXHOJOTUU 3aKJIIOYAIOTCS B BBICOKOW THOKOCTH, T. €. B
BO3MOYKHOCTH BBIOOpa Ppa3IMYHBIX MAaTEPUAIIOB M METOAOB H3TOTOBJICHHUS IUICHOYHBIX SJIEMEHTOB,
CPaBHUTEJIIBHON MPOCTOTE Pa3pabOTKH U U3TOTOBIECHUS OONBIIMHCTBA CXEM B THOPHIHOM HCIIOTHEHUU.

Kak wu mnonynpoBognukoBeie MC  rubpugnsie MC Ha 3aKiI0O4MTENbHOM 3Tane MOJJIEkKaT
KoprmycupoBanuto. Ilepen repmeruszaneil KOHTaKTHbIE IUIOMIAJKM IUIAThl TUOPUIHOW  CXEMBI
COEJIUHSIOTCS C TIOMOIIbIO TIPOBOJIOKM C KOHTAKTHBIMH IUIOIIAJIKAMH BBIBOJOB KOpPILyca, IIPOBOJIOYHBIE
BBIBO/Ibl PA3BapUBAIOTCA UM HAIIAWBAKOTCS K KOHTPACTHBIM ILIOIIA/IKAM.

HuTerpanbHble cxeMbl € HCIIOJIb30BAHHEM OIITOYIEKTPOHHBIX 3JIEMEHTOB

Ha ocHoOBe ONTOAIEKTPOHHBIX YCTPOMCTB pazpaboTaHo O00IbIIOE YUCIO ONTOdeKTpOoHHBIX UC.
OcHOBHbBIE KOHCTPYKTHUBHO TEXHOJIOTHYECKHE KOHIEHIINHN Pa3BUTHS ONTOAIEKTPOHHBIX MC aHamoru4aHbl
koHUenuuu pazsutus C: 370 MUHHATIOpU3aLUs 3JIEMEHTOB ONTO3JIEKTPOHHBIX CXEM,
MPEUMYIIECTBEHHOE Pa3BUTHE IJIOCKOCTHBIX KOHCTPYKIUH MAaHETBHOTO TUIIA, IPUMEHEHHUE B
IIPOU3BOJICTBE TPYMIIOBBIX METOJ0B 00paboTkH. CyIIeCTBYIOT MOJIYIPOBOIHUKOBBIE U THOPUIHbBIE
onroasiekTpoHHsie MC.

OCHOBHBIM 3JIEeMEHTOM JTt000#1 onrroanekTponHoi MC siBisietcst onTponHas napa. Ha puc. 16.9
MoKa3aHa ONTPOHHAs Mapa, UCIoJIb3yeMas B MHTerpanbHoi cxeme. OHa COCTOUT M3 UCTOYHHMKA CBETA 1,
YIPaBIIsIEMOT0 BXOAHBIM CUTHAJIOM, U ONTUYECKH CBSI3aHHOTO C HUM C IIOMOIIIbI0O KIMMEPCUOHHOM Cpeibl
2 (poTonmpuemHuka 3. B kauecTBe UMMEPCHOHHOM CPEIbl UCTIONB3YIOT AUINEKTPHUUECKUE MaTepUaIbI,
BBITIOJIHSIOIIME B ONTPOHE Takke QYyHKIINU u3oisitopa. TpeboBaHUs K HUMMEPCHOHHOM Cpejie
CIIeAAYIOIINE: UMETh MaJIbIi KOA((PHUIIMEHT MOTJIOIEHUS CBETA M ITOKa3aTelNb MPelIoMIIeHUs, OJIM3KUN K
MOKa3aTessIM MPEJTOMIICHHSI UCTOUYHUKA U (POTONPUEMHHUKA.

Ha puc. 16.10 npuBeneHsl IpuMephl JOrMYECKUX UHTETPAIbHBIX ONTPOHHBIX 3JIEMEHTOB. B cxeme Ha
puc. 16.10, a, ecniu 06a poropesucropa 3atemuensl (P =d,=0), Tox B 11€1I1 MEHBIIIE TOPOTOBOTO U
CBETOJMO]I HE u3iIy4aeT. ToabKo Npu 0JTHOBPEMEHHOM OCBELIEHUH 000UX (POTOPE3UCTOPOB TOK
BO3pacTaeT A0 BEJIMYMHBI, JOCTATOUHOM JIJIs MOSABIEHUS CBETOBOrO notoka @ u3 ceerognona. Cxema
BBINOJIHSET oneparuto «M».

Cxewma, npuBesieHHas Ha puc. 16.10, 0, Bernonnser onepauuto «HE» (maBeptop). CBeToBoi noTok @,
Mojaroui Ha POTOPE3UCTOP, YMEHBIIAET €ro conpoTuBieHne. CBeTOAMOA OTKPBIBAETCS
IIYHTUPOBAHUEM U IIPU 00IydeHUH (POTOpEe3nCTOpa HE U3ITYUaeT CBET.

Ecnm o6a dhoTopesuctopa 3aremuensl (puc. 16.10, B), TO TOK B IIeNU OUYE€Hb Majl M CBETOIMO] HE
uznyyaet. [Ipu nossnenun noroxka @ unmu @, ceroanon nznyyaer ceeroBoid motok d. To xe
MIOJIy4aeTCsl, €CIIU MOSABISAIOTCA OHOBpEMEHHO NOTOKU @4 u ®,1mo3TOMy cxema BBINIOJIHSIET ONepaIuio
«-NJIN
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Puc. 16.10. l'lpimepbl NOrMMBCKMX HHTEMPANBHEIX ONTPOHHBIX ANEMEHTOR

Crieyer OTMETUTD, YTO JIOTUYECKHUE ONTPOHBI IOKA HE KOHKYPUPYIOT CO CXeMaMH TPaH3UCTOPHOU
JIOTUKH: OBICTPOJCHCTBUE OTPAaHUICHO (POTOPE3UCTOPAMH, HEOOXO UM HCTOYHHK CBETA U JIP.

B MukposnekTpoHrke Hanbolee MUPOKO MPUMEHSIOT onTodjekTpoHHble VC ranbpBaHnuecKoit
Pa3BsI3KH MIPEIBAPUTEIIBEHON 00paboTKH cUTHAIOB. K HUM OTHOCST OBICTPOICHCTBYIOIINE
MEePEKIIIOYATETN, KOMMYTATOPhl AaHAJIOTOBBIX CUTHAJIOB, KIIOYU M aHAJIOIOBBIE ONTOAJIEKTPOHHBIE
YCTPOWCTBA, MpeHA3HAUYCHHBIE JJI UCTIOJIb30BAHUS B CUCTEMaX (PYHKIIMOHAIBHONU 00pabOTKH
AQHAJIOTOBBIX CUTHAJIOB.

L

Puc. 16.12. CTpyKTypa {a) v IKBUBANEKTHAA Cxema {6)
i hOTONPUEMHOR ANSAKIA

Puc. 16.11. InexTprHeckas Cxema ONToINeKTPOHHOA KMIHeson A

g npumepa Ha puc. 16.11 nokasana snextpruyeckas cxema kiaroueBoit IC. KirroueBas MC Bxirodaer
B ce0s1 OBICTPOICHCTBYIOIIYIO JUOIHYIO ONTO3JIEKTPOHHYIO Mapy, COTJIACOBAHHYIO C MOHOJIUTHBIM
KpeMHHEBBIM ycunutenaeM. OHa mpegHa3HaueHa /Ui 3aMeHbl TpaHC(POPMATOPHBIX U PEIEHHBIX CBSI3€H B
JIOTHYECKHUX ycTporcTBax DBM u auckpetHoi aBToMaTuku. Cpeau ONTOAIEKTPOHHBIX
noJynpoBoAHUKOBBIX IC HanbobIee pacpoCTpaHEHUE TAKKE TOTYUMIIA CXEMBbI MHO209.1eMEHMHbIX
pomonpuemnvix yempoiicme (DITY), conepxanne MHOKECTBO (POTOUYBCTBUTEIBHBIX SJIEMEHTOB,
peoOpa3yoNnMX ONTHIYECKOE N3TYUSHHE B DJICKTPUUECKUN CUTHAIL.

TunuyaeiM npuMepoM MHOTOKaHaNbHbBIX PIIY ABISIOTCSA yCTpONCTBA ¢ KPEMHHEBBIMHU
(OTOIMOTHBIMU MAaTPHULIAMHU, MTPEJICTABIISAIONINE CO00M MAaTPHUILy (POTONPHUEMHBIX SUEeK, KaKaast U3
KOTOPBIX COJAEPKUT GOTOAMO U FIEKTPOHHYIO CXeMy ynpasieHus u ycuienus Ha M/II1- Tpanszucropax.
Slueiiku COeIMHSAIOTCS ¢ MIMHAMU CTPOK U CTOJIOIIOB, C TOMOILBIO KOTOPBIX OCYIIECTBIISAETCS
MIPOM3BOJIbHAS BBIOOpKA MpH cuuThiBaHUU HHGopMaruu. IC nmeer Goibliiee YUCiIO BBIBOJIOB,
OIpeJIeNIIEMOE YHCIOM CTPOK U CTOJIOIOB.

Ha puc. 16.12 noka3zaHnsl CTpyKTypa U SKBUBAJICHTHAs CXeMa MpocTeniiei poronprueMHoi




STYCUKHU.

Omna npexacrasiset coboit M/IIT- TpaH3uCTOp ¢ MHAYIMPOBAHHBIM KaHAJIOM P- THIIA U C YBEJIMUYCHHON
00JIaCThIO UCTOKA 1, IPH 3TOM P-N-TIEpEX01 UCTOK-TIOATIOKKA BRINOJIHACT PYHKIHUIO poToaroaa. 3aTBOp
3 TpaH3HMCTOpa COEAWMHEH C IIMHON CTPOKH X, a CTOK 2 — ¢ muHOM crosnbdna Y. CymiecTBEeHHBII
HEJIOCTATOK MPOCTEHIIEH STUeUKHU 3aKIIF0UAETCs B TOM, YTO TMOJIE3HBIM CUTHAJ, BBIJCISIEMBIM HA MIUHE Y,
OYeHb Mall. JTO 00ycJOBIEHO OONBLION COOCTBEHHOM eMKOCThi0 MMHBL [losTomy mmHBI Y
MOJKIIIOYAIOTCA K YCHUJIMTENSM, pa3MELIEHHUE KOTOPbIX Ha TOM JK€ KPHUCTAJUIE CHIIBHO YCJIOXKHSET
KOHCTpyKuuio OITY
Bonpocel, BBIHOCHMBbIE HA CEMHHAP

1. OcHOBHBIE TEXHOJIOTMUYECKHE MTPOLECCHl COOPKU MHTETPAIbHBIX CXEM.
[TpuHIMITEI KTaccuDUKAIIMT UHTETPATBHBIX CXEM.
Kputepuu cinox)HOCTH MUKPOCXEMBI.
[{udpoBbie 1 aHATIOTOBBIE MUKPOCXEMBI.
[Ipeumy1iecTBa 3JI€KTPOHHOM annapaTrypbl HA UHTErPAIbHBIX MUKPOCXEMaX.
Oco0eHHOCTH MTOJIYIPOBOIHUKOBBIX HHTETPAIBHBIX MUKPOCXEM.
KOHCTpYKTUBHO-TEXHOJOTUUECKHUE TUIIbI MHTEIPAJIBHBIX MUKPOCXEM: MOIYIIPOBOIHUKOBBIE,
COBMEIIEHHBIE 1 THOPHUIHBIE MUKPOCXEMBI.

8. TexHonmorus U3roTOBICHUS MMOJIYIPOBOJHUKOBBIX MUKPOCXEM: dIUTAKCHS, U y3us

npuMeceld, MOHHOE JIETMPOBaHKE, TEPMUUYECKOE OKUCIICHHUE, TPABJICHNE, HAHECEHNE TOHKHUX
IIJICHOK.

9. IIpoBOJHMKHU COCTMHEHHUMN M KOHTAKTHI B MOJYIPOBOAHUKOBBIX MUKpocxeMax. Jlutorpadus

10. . COopka mosynpoBOIHUKOBBIX MUKPOCXEM.

11. TexHONOTUSI U3TOTOBJICHUS TUOPUIHBIX MUKPOCXEM.

IIpakTuyeckasi pa6ora Ne9

Tema 8. BropuuHble HCTOYHUKH MUTAHUS
HccaenoBanue MCTOYHUKA MUTAHUSA € TPAHC(POPMATOPHBIM BXOI0M
Lean padoTbl: DKCIEPUMEHTATIBHO TOATBEPIUTh TEOPETUUECKUE IMOJIOKEHUS TO MPUHIMITY JEHCTBUS MCTOYHHMKO
Ilepeuenb nCcnoOJIb3yeMOro 000py10BaHMS: U3MEPUTEBHBIN CTEH, MOAYJIb «ICTOUHUK MUTAHUS,
ociuiorpad
Teopernyeckast 4acrTh:

CpencTBa BTOPUYHOTO SJIEKTPOTTUTAHUS JJIEKTPOHHBIX YCTPOUCTB, Ha3bIBA€MbIE OOBIYHO
HMCTOYHUKAaMU BTOpUYHOTrO Aektponutranus (MBD), npenqnaznadensl s GOpMUPOBAHUS HANPSDKEHUH C
3aIaHHBIMU XapakTepucTUKaMu. OHU MOTYT OBITh BBITIOJTHEHBI B BUJIE OTACIBHBIX OJIOKOB U BXOJIUTH B
COCTaB PA3IMYHBIX (PYHKIIMOHATIHHBIX SJIEKTPOHHBIX Y3JI0B. FIX OCHOBHOM 3a/1aueil sBiseTcs
npeoOpa3oBaHKe SHEPTUH TIEPBUYHOTO UCTOYHUKA B COBOKYITHOCTh BBIXOIHBIX HAIPSHKEHUN, KOTOPHIE
MOTYT 00€CTeYynuTh HOpMalIbHOE (PYHKIIMOHUPOBAHUE DIIEKTPOHHOTO YCTPOHCTBA.

ITo npunnuny aeiicreusa 11BD M0OXXHO pa3ienuTh Ha ABE TPYIIIbI: TpaHCPOPMATOPHBIE U
6ectpancdopmatopusie. B Tpanchopmaropusix B3O HanpshkeHue mepeMeHHOro ToKa, Halpumep,
CHJIOBOM ceTH, BHaUaje U3MEHSEeTCs 10 3HAYSHUIO MPU MOMOIIHU TpaHchopmaropa, a 3aTeM
BBITIpSAIMJISiETCS. U cTabmm3upyercs. B 6ecrpancopmaropusix TBD, Ha060poT, mepeMeHHoe
HanpspKEHUE CEeTH BHAaYalle BRIMPAMIISETCS, a 3aTeM IpeodpasyeTcs B IepeMeHHOe HanpsbkeHue boee
BBICOKOH 4acTOThl. B mpeoOpazoBaTesie MOKeT UCIOIb30BaThCS BRICOKOYAaCTOTHBIN TpaHchopMaTop,
MO3TOMY TOYHEE 3TH UCTOYHUKHU HA3bIBATh HECKOJIBKO MHAUE: C TPaHC(HOPMATOPHBIM UITU
oectpancopmaTropasiM BXxoa0M. [Tockompky mpeoOpa3zoBaTen B TAKMX UCTOYHUKAX OOBIYHO pabOTaIOT
B UMITYJILCHOM pexkume, To 1 MIBD Takoro Tuna 4acto Ha3bIBalOT UMITYJIbCHBIMHU.

ITo BeIx0aHOI# MomHocTH VBD mipunsaTo nenuts Ha Mmukpomortnsbie (1 BT), mamomomrasie (0T 1 10
100 BT), cpenneit moutHoct (ot 100BT 1o 1 kBTt) u moutabie (> 1 kBT).

Crpykrypa IBD 3aBHCHT OT THIIa IEPBUYHOIO HCTOYHHUKA IIEKTPUUECKOM 3HEepruu. Bee
UCIOJIb3YEMbI€ TIEPBUYHBIE HCTOUHUKH MOKHO Pa3/IeTUTh HA JBE OOJBIINE TPYIIbI: HCTOYHUKH
MIEPEMEHHOTO HAIPSKEHUS U UCTOYHUKH TIOCTOSIHHOTO HaIpsDKeHUs. VICTOUHUKY TTepeMEHHOTO
HaNpsKEeHUs: 0OBIYHO BRIPA0ATHIBAIOT HAMPSHKEHHE TapMOHUYECKON (hOPMBI ¢ (PUKCHPOBAHHOM YacTOTOM
50, 400 wm 1000 I't 1 puxkcupoBanubsiM 3HaYeHHEM 110, 127, 220 wmm 380B.

CrpykTtypHas cxema IBD, ncnonap3yoniero 3JaeKTpoIHEPTHIO, OIYYaeMyI0 OT CETH IEPEMEHHOTO
HaIpsDKEHUS Yepe3 CUIIOBOM TpaHchopMaTop, MpruBeieHa Ha puc. 1.

NouswnN
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MaTOD

BRIMpAMHTENH PHneTp Crabumiiaro

Harpyaka

Puc.1 Crpykrypnas cxema UBD ¢ TpanchopmMaTopHbIM BXOI0M:

OnHa cOCTOHT U3 CHIIOBOTO CETEBOTO TPpaHC(HOPMATOPa, HEPETYIUPYEMOTO BHITPSIMUTEIS U
criaaxxkuparolero punpTpa mynbcanuil. B oty cxemy nocne ¢GuiabTpa BKIIIOUAETCS CTa0MIN3aTOP C
HEMPEPBIBHBIM WJIH UMITYJIbCHBIM PETYJIMPOBAHUEM BBIXOHOTO HAMIPSDKCHUS. Y IeTTbHAS MOIITHOCTh
takoro MIBD HeBenuka 1o 1ByM OCHOBHBIM MIPUUYMHAM: HAIUYHUIO CUJIOBOTO TpaHcpopmaTopa,
paboTaromiero Ha 4acToTe CUIIOBOW CETH, U HEOOXOAMMOCTH UCTIOIh30BAHUS CTA0MIM3aTOPA.

BoinpsiMmuTesieM Ha3pIBa€TCsA yCTPOMCTBO, MpeAHA3HAYCHHOE JIJIs MpeoOpa3oBaHus IEPEMEHHOTO
HanpspKeHus (Toka) B mocTossHHOEe. OCHOBHOE Ha3HAUEHHE BHIMPSMUTENS 3aKII0UACTCSA B COXPAaHECHUN
HaIpaBJIEHUs TOKAa B HArpy3Ke MPU NU3MEHEHUH MOJISIPHOCTH MPHIIOKEHHOT0 HanpshkeHus. [1o
KOJINYECTBY BBIIPSMIICHHBIX ITOJYBOJH Pa3IN4aiOT OIHOIMOIYIIEPHOIHbIC U ABYXIIOIYTIEPHOIHbIC
BeIpsamutenu. [1o uncny a3 nuraroniero HanpsHKEHUs pa3nuvaroT ogHodazHble, ByX(a3Hbie,
TpexdazHbie U mecTu(Ha3HbIE BBIPIMHUTEIH.

OCHOBHBIMU TapaMeTPaMU BBHIIPSIMUTENEH, C TOMOIIBIO KOTOPBIX MOKHO OLIEHUBATh UX Ka4eCTBO
SIBIISTIOTCSL:

-CpeaHee 3HAaYCHUE BBIIPSIMICHHOTO (BBIXOI[HOFO) TOKa
T

mzilumm

- CPpCAHECC 3HAYCHNEC BLIIIPAMIICHHOI'O (BLIXOI[HOI"O) HaIIpsAKCHUA
T

Uo= = [ (bt
T 0
- KOO PUIHMEHT IyJIbCAIM BEIXOIHOTO HAMPSKEHUS (TOKA)
K =Um:1/ Ug,
rae: i2, U2 — TOK ¥ HaNpsDKEHUE Ha BBIXOJIE BBIIPSIMHTEIIS;
T — neproa nepeMeHHOro0 TOKa (HApPsKEHUS);
Umy — aMmuMTy1a OCHOBHOM TapMOHUKH NTEPEMEHHON COCTaBISAIOLIEH BBIXOJHOTO
HaIpPSDKEHNUS.
[Iupokoe pacrpocTpaHeHHE MOJTyUnIa IBYXIIOIYIIEpHOIHAsI MOCTOBAsI CXeMa BBIIpSIMUTENS (puc.2).
B Heil ucnonw3yercs TpancopMaTop U 4eThIpe 1U0/1a, BKIFOYEHHBIX 10 MOCTOBOM cxeme. [lepemenHoe
HanpspKeHUE TOJIBOANTCS K OTHOM TMaroHall MOCTA, a BBIIPSAMIIEHHOE HANPsSYKEHNE CHUMAETCS C
apyroii. PaccMoTrpum paboTy MOCTOBOI cxeMbl. ITycTh B HEKOTOPBIIf MOMEHT BpeMEHU IePEMEHHOE
HanpspKeHUE Ha BTOPUYHOM 00OMOTKe TpaHcopMmaTopa TaKoBO, UTO IMOTEHIMAT TOYKU A BBIIIE
noteHuana Touku B. Torga ot Touku A («+H» UCTOUYHUKA HANPSKEHUs) TOK Oy1eT MPOXOJUTh Yepe3
mnon VD4 k touke I, nanee uepes Harpy3ky k Touke b u uepe3 auon VD2 k Touke B («—» ucrounuka
HaIPSDKEHUs).
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Puc.2 JIByxnonaynepuoaHblii MOCTOBOU BBIIPSAMUTEIb

B Tedenue cnenyromero noixynepuoaa, Koraa noTeHuan Touky B Belle moTeHnuana Touku A, TOK
ot Touku B Oyner npoxoauts uepes nuon VD3, narpysky u auoa VD1 k Touke A. [{nst nepBoro
IIOJIyTIIEPUO/Ia HAIIPABJICHUE TOKA ITOKA3aHO CILIOIIHBIMU CTPEJIKAaMH, JJI BTOPOro MOIyIepruoia
HaIpaBJIEHUE TOKA [10KAa3aHO MMYHKTUPHBIMU CTpeIKaMu. B 1110001 noaynepuos] TOK yepe3 Harpy3Ky
IIPOXOJUT B OJJHOM HaIpaBJICHUU.

CraaxusaomuM GUIBTPOM Ha3bIBAIOT MIEKTPOHHBIN Yy3€ll, IpeJHa3HAYE€HHBbIH JIJIs1 yMEHBIICHUS
ITyJIbCALMI BBIIPSMIICHHOTO HaPsDKEHUS. BIIPSAMIIEHHOE HANIPSIKEHUE SBIIAETCS IyJIbCUPYIOLUM, B
KOTOPOM MOKHO BBIIEJIUTH IOCTOSIHHBIE U [IEPEMEHHBIE COCTABIISIIOIINE.

KOB(b(i)I/H_II/IeHTBI nynbcaunﬁ BBIIIPAMIICHHBIX HaHpiDI(eHI/Iﬁ HMCIOT CJICAYIOIINC 3HAYCHUS:

JUIsL OJTHOIIONTYTIEPUOAHOTO 0IHO(a3HOro BeIpsimutens 1,57;
U1 ABYXIIOJIYTIEPUOJHOTO OfHO(ha3HOoro Bhinpsmurens 0,67,
11 Tpex(a3Horo BBIIPSIMUTENS C HEUTpaibHBIM BbIBOJOM 0,25;
s TpexdaszHoro moctoBoro Beimpsmutens 0,057.

C Takumu K03 GUIIMEHTaMHU TyJIbCallUi BBIMPSIMIIEHHOE HANpsyKEHUE B MOAABIIAIONIEM OOJIBIINHCTBE
CITy4aeB MCII0JIb30BaTh HEJb3s, TaK KaK MPU 3TOM padoTa 3JIEKTPOHHBIX YCTPONCTB PE3KO YXyALIaeTcs
WM BOOOIIE HelomycTuMa. B 3aBUCMMOCTH OT Ha3HAYEHUS TOTO WM HHOTO 3JIEKTPOHHOTO YCTpOIiCTBa
(ycunuTtens, reHepaTopa  T. J1.), €0 MECTa B 3JIEKTPOHHOM YCTPOMCTBE WM CUCTEME (Ha BXOJIE, BBIXOE
U T. 1.) KO3 DULMEHT Myibcalluii HapsLKEHNS TUTaHUs HE JOJKEH MPEBBILIATh ONPeIeIeHHbBIX
3Ha4eHUH. OCHOBHBIMHM SJIEMEHTAMH CTIIXHUBAIOIIUX (PUIBTPOB SABJISIOTCS KOHAEHCATOPbI, MHAYKTHBHBIE
KaTyIIKU U TPAaH3UCTOPBI, COITPOTUBIICHHUS KOTOPBIX Pa3IMYHBbI JUIsl IOCTOSHHOTO U IEPEMEHHOIO TOKOB.

OCHOBHBIM MApaMETPOM, XapaKTEePU3YIOUIUM 3P(EKTUBHOCTD JICHCTBUS CTIaKUBAIOIIEro GUIbTPA,
ABIIAETCS KOAPGUIUEHT CIIIaKUBAHUS, PaBHBII OTHOILIEHUIO KO GUIIMEHTOB MyJIbCcalliii Ha BXOJE U
BbIXOJIe (PUIIBTpA:

g = Kn Bx/Kn BbIX.

Kpowme BbinonHeHHs TpeOOBaHUS K KOI(D(OUIIUEHTY CrIaXUBaHUS QUIBTPbI JODKHBI UMETh
MUHUMAaJIbHOE Ma/IeHNe TIOCTOSIHHOTO HANIPSKEHUS Ha 3JIEMEHTaX, MUHUMaJIbHbIe rabapuThl, Maccy U
CTOMMOCTb.

B 3aBucumocTu oT THIIA PUIBTPYIOLIETO 3JIEMEHTa pa3In4aoT eMKOCTHbIE, MHAYKTUBHBIE U
3JIeKTpOHHBIE GUIBTPEL. [10 Konn4ecTBy QUIBTPYIONINX 3BEHBEB (PHIIBTPHI JENATCS Ha OJJHO3BEHHBIE U
MHOTO3BEHHBIE.

Cxema BKJIIOYEHHSI, BpEMEHHBIE AMArPAMMBbI TOKA U HAIIPSKEHUH ABYXIIOJIYTIEPHOJHOTO MOCTOBOIO
BBIIPSIMUTENS] C EMKOCTHBIM (PUITBTPOM IIPUBEIEHBI HA pUc.3.



AHanu3 BpEMEHHBIX JUarpamm IOKa3bIBAET, YTO C U3MEHEHHEM €MKOCTH KOHieHcaTopa Cy min
COTPOTHUBIICHUS HarPy304HOTO pe3ucTopa RH OyaeT n3MeHsIThCsl 3HaueHrne Ko PuImenTa myabcaiuia
BBIIPAMIICHHOT'O HAITPSPKCHU.

o+

Puc.3 JIByxmomynepruoIHbIi BEITPSIMUTENh C EMKOCTHBIM (PHIIBTPOM

[Tpu 3TOM, YeM MeHbILIE Pa3PSAUTCS KOHICHCATOP, TEM MEHbIIE OyAyT MyJIbCAIIMH B BHIIPSIMICHHOM
ToKe Iu. Paspsin kongencaropa C¢ onpeaessieTcsi MOCTOSHHON BPEMEHH Pa3pAAKH Tpasp = CoRH. [Tpu
MOCTOSTHHOM BPEMEHH Tpazp = 10 T koapuument mynscanuii, onpenensemsiii o popmyne Ko = 1/27focy
Tpasp, ( foen - TACTOTA OCHOBHOI rapMOHMKH), He TIpeBbimaeT 1072,

PaboTa BBIIpAMUTENS C EMKOCTHBIM (DUIIBTPOM CYIIECTBEHHO 3aBUCHT OT M3MEHEHHS HArpy304HOTO
TOKa. J{eiCTBUTENBHO, IPU YBETUYCHUU TOKA 1y, YTO IPOUCXOIUT MIPH YMEHBIIIEHUN COPOTUBIICHUS RH,
IIOCTOSIHHASI BPEMEHH Tpasp YMEHBILAETCS. Y MEHBIIAETCS U CPEJIHEE 3HAUEHHUE BBIIPSIMIEHHOTO
Hanpsokenus Uo, a myJbcaliui BO3pacTaror.

[Tpu ncnonp30BaHUM EMKOCTHOTO (PUIIBTpA CIIETYET YUYUTHIBATh, YTO MAKCUMAIBHOE 3HAYCHHUE TOKA
IM0Ja OMpeeNsieTcs JUIIb COMPOTUBICHUSAMHU JHO0Ja U BTOPUYHOM 0OMOTKHU TpaHchopmaropa,
[I03TOMY B MOMEHT BKJIFOUEHUS UTaHUsL, KOT/Ia O] pa3psyKeH TOK MOXKET JOCTUTaTh 3HAYCHUI,
6onpiux Impmax. Takoit 00bIION TOK MOKET BBIBECTH U3 CTPOs AUO. [ penoTBpalleHus: 3TOro
MOCJIEIOBATENBHO C JHOAOM HEOOXOIMMO BKIIOUATh T00aBOUHBIA PE3UCTOP.

EmkocTHBIN GUABTp 1en1eco00pa3Ho IPUMEHSATH TPU BHICOKOOMHOM Harpyske.

3HaYNTEIHHOE CHUKCHHUE MYJIbCAIII JOCTUTASTCS MIPU UCTIONBb30BaHUM MHOTO3BEHHBIX (DMIIBTPOB.

I'-o0pa3nblie puabTphl. [-00pa3Hbie PUIBTPHI ABISAIOTCS MPOCTEUITUMU MHOTO3BEHHBIMU
¢unsTpamu. Hanpumep, punbtp MoxeT 0b1Th RC- THIA (pHC.4).

Puc.4 T — oOpa3Hblif eMKOCTHBIN QUIIBTP

Nx MNPUMCHAIOT TOrga, Koraa ¢ IOMOIIbIO OJJHO3BECHHBIX q)HJ'II:TpOB HEC BBITNMOJIHACTCA NPCABABIIACMOC K
HUM TpeOOBaHME C TOYKU 3PEHUS MOTYUYSHHS HEOOX0AUMBIX Kod(hduiinenToB crinaxkuBanus. [1-o0pa3HbIit
¢uneTp coctout 3 eMkoctHoro gubtpa (Cd) u I'-o6paznoro RC-punsTpa (puc.S).
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Puc.5 II — 006pa3Hblit eMKOCTHBIN GUIBTP



CTaduamM3aTopoM HanpspKeHUs (TOKa) Ha3bIBalOT YCTPOMCTBO, aBTOMATHYECKH 00ECTIEUHBAIOIICE
HoJiiep>KaHue HapsKeHUs (TOKa) Harpy304HOI'O YCTPOMCTBa C 3alaHHOM CTENEHbIO TOYHOCTH.
Hanpspxenue (TOK) Harpy304HOTO YCTPOMCTBAa MOXKET CHIIBHO U3MEHSTHCS HE TOJIBKO TPU
M3MEHEHMSIX Harpy304HOro ToKa |y, HO M 3a c4eT BO3AEHCTBUS pAAa JeCTaOUIN3UPYIOIIUX (PaKTOPOB.
OnHUM U3 HUX ABISETCS N3MEHEHHE HANpPsHKEHUS POMBIIUICHHBIX CETeH MEPEMEHHOTO TOKA.
Jpyrumu nectabuin3upyomuMu GakTopaMy SBISIFOTCS U3MEHEHHE TEMIIEPATyphl OKpY Karolen
cpenbl, KoiebaHne 4acTOThl TOKa U Tak janee. CTabuiIn3aTopsl KIacCu(UIMPYIOT MO PsIy MPU3HAKOB!
1) o pony cTabUIM3UPYEMOM BEIUUUHBI - CTAOMIM3aTOPbI HAPSYKEHUS U TOKA;
2) 1o cnoco0y cTabWIN3aluy - HapaMeTPUUeCcKue U KOMIIEHCAMOHHbIE CTA0MIN3aTOPBbI.
OCHOBHBIM ITapaMETPOM, XapaKTEPHU3YIOLIUM KauecTBO pabOTHI BCEX CTa0MIN3aTOPOB, SBIISIETCS
Ko3ppuuueHT crabunuzanuu. Kak ormeuanocs, onpenensomuMi 1eCTa0IIN3UPYOIUMU (aKkTopaMu,
M3-32 KOTOPBIX U3MEHSIOTCS BBIXOIHBIC BETMUUHBI CTAOMIIM3AaTOPA, SIBIISIOTCS BXOIHOE HANPSKEHUE
crabmim3atopa Ugx 1 Harpy304HbIN TOK ly.
st crabunmzaropa HanpsHKeHUS KOAQGHUIMEHT cTaOUIH3aIMK 110 HANPSHKEHUIO:
KCTU = (AUBX/ UBX)/ (AUBbIX/ UBle);
rne AUgx ¥ AUpux — IpUpAIICHNS] BXOAHOTO U BBIXOHOTO HanpspKeHUH, a Upx 1 Uppix —
HOMHUHAJIbHBIE 3HAaYEHUS BXOJHOT'O U BBIXOJHOT'O HANPSKEHUH.
Juis ctabunuzaropa Toka KodQGHUIMEeHT CTaOMIN3aIuy TOKa:
Kerl = (AUs/Uz )/ (AL 1),
rae Alyu ly— COOTBETCTBEHHO NpUpAICHHE M HOMHUHAIHHOE 3HAUCHHE HArPy309HOTO TOKA.
ITapameTpuyeckne cTaduaIu3aTOPbl HANPsIKeHHUs1. CXeMa IPOCTENIIero napaMeTpuIecKoro
crabunm3aTopa HampspKeHHs n3o0pakeHa Ha puc.6. C MOMOMIBIO TAKOTO CTA0MIIN3aTOPa, B KOTOPOM
IIPUMEHSETCS NOIYITPOBOIHUKOBBIN CTAOMIUTPOH /[, MOXKHO MOIy4aTh CTAOMIIN3UPOBAHHOE HAIIPSKEHUE
OT HECKOJIBKHUX BOJBT /IO HECKOJIBKUX COTEH BOJBT MPH TOKAX OT CAUHHIl MIJUTHAMIIED 0 €IUHUII amIIep.

Yy
PI/IC.6 CXCMa nmapaMeTpu4eCKoro CTa6I/IHI/I3aTOpa HaIIpsPKCHUA Ha

MOJIyIPOBOIHUKOBOM CTa0MJIMTPOHE

CTabWIUTpOoH B MapaMeTPUUECKOM CTa0MIM3aTOPE BKIKOYAIOT MApaJJIEIbHO HArpy304YHOMY
pesucropy Ru. [ocnenoBarenbHO co CTAOMIUTPOHOM JUI CO3/1aHUS TPeOyeMOoro pexxnuma padboTsl
BKJIIOYAIOT OayiacTHbIN pe3uctop Re.

Koadduunent crabunmszannu napaMeTpuueckoro ctabuimnsaropa HanpspkeHUs Ha
MOJTYTIPOBOTHUKOBOM CTa0MIIMTPOHE MOKeT jocTuratsh 30 — 50.

OCHOBHBIMH JIOCTOMHCTBAMU MapaMeTPUYECKHX CTA0MIN3aTOPOB HANPSKEHUS SBISAIOTCSA IPOCTOTA
KOHCTPYKILIMU U HaJIeXxKHOCTh paboThl. K HenocTaTkam cieayeT oTHECTH HeOOoIbIIoH K03 pUIIMeHT
MOJIE3HOTO JACWCTBUS He npeBbimaromuii 0,3, 60sbII0oe BHYTpEHHEE CONPOTUBICHUE cTabumu3aTopa (5 —
20 Om), a TakKe y3KHil U HEPETYJINPYEMbI TUATIa30H CTAOUIM3UPYEMOTO HATPSKCHHS.

Iopsaaok BbINOJIHEHNS PadOTHI

B paGore uccaenyercss UCTOYHHUK MUTAHUS C ABYXIIOJIYTIEPHOIHBIM MOCTOBBIM BBIIPSIMUTEIEM, C
€MKOCTHBIM CTJIKUBAIOIINM (QUIBTPOM U MTapaMETPUIECKUM CTAOMIM3aTOPOM HampsuKeHus (puc.7).
Pesuctopsl R2 1 RP BeIMONHSIOT QyHKIMIO HArpy3KU.
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Puc.7 UcTtounuk nutanus
1 UccaenoBanue IByXIOJIyePUOIHOTO BHINPSIMUTEIS.

1.1 Bximrounts ocumiiorpad ¥ moAroToBUTH €ro K padore.

1.2 Tlepexmtouarenu S1, S2 u S3 Ha MOAyJe MOCTaBUTH B MojoxkeHue 1, pesuctop RP — B kpaiinee
MIpaBOE MOJIOKEHHE.

1.3 I'ue3no 4 coequHUTH ¢ THE3IOM 7.

1.4 Ociuniorpad MOAKIIOYUTH K HArpyske ( TH.9).

1.5 K Bempsimutento (TH.1 12) NOIKITIOYUTh KCTOYHUK IEPEMEHHOTO TOKA C aMIUTUTYAO0N
5 B u yacrotoii 50 I'u.

1.6 Oto6pa3uts B oTueTe ocuuiorpammy UH.

1.7 C nomoripto ocipumiorpada uiu BOJIbTMETpa U3MepUTh nnepeMennyto (Um) u noctosunyto (Uo)
cocrapJstonie HanpsokeHust UH u paccunTath KO3 OUIIMEHT MyIbCalHiA:

Kn = 2Uz/ Uo.

2 UccnenoBaHue ABYXIOJYNEPHOTHOI0 BHINPSIMUTES ¢ eMKOCTHBIM (PMIBTPOM.

2.1 Coenunuth niepemMbIukamMu TH4 U 5, 6 u 7.

2.2 TlocnenoBaTeNbHO BKIIOYUTH CHavana S2, 3aTeM S1u 0ToOpa3uTh oCcHMIIOrpaMMBbl Hampsikenust U
u paccunutath K. Crnenarh BIBOJIBI O BIUSHUH (HIHTPA HA MTYJIbCAIUH.

2.3 PaccuutaTh KO3()PHUIMEHT CrIaXuBaHUs (.

3 HccaenoBanue HCTOUHNKA MUTAHUS €O CTA0MIIN3ATOPOM HANIPSIKEHHUSI.

3.1 TTocTaBuTh MepekIoYaTesb S3 B MOJIOKEHUE 2.

3.2 IloBroputs n.m.1.6 m 1.7.

3.3 YMEeHbIIUTh CONPOTUBICHUE HArpy3KH, N3MEHUB MOJI0KEHNE pydKH pesucropa RP Ha 90° u
CclleNaTh BbIBOJ O BIUSHUM Harpy3ku Ha UH.

3.4 Tlo 3nauenuto Uo onpenennTh HOMMHAJIBHOE HanpsbkeHne ctadbuinurpona Uct HOM.
4 OhopMUTH OTUET U CAATh MPEMOAABATEINIO.

IIpakTnyeckas padora NelO.
Tema 9. YceuaureibHble yeTpoiicTBa
HccnenoBanue ycuaure st HA OMIOJISPHOM TPAH3MCTOPeE
esb padoThl: DKCIEPUMEHTATIBHOE TOATBEPKICHUE TEOPETUUECKUX IMOJIOXKEHUI IO MPUHIUILY JCHCTBHSA
YCUJIUTETIEN.
Ilepeyenn ucnob3yeMOro 000pyA0BaHUS: H3MEPUTEIBHBIN CTEH]T, MOAYJIb «Y CUIIMTENbY, OCIIIIIOrpad.
Teopernyeckasi 4acTh:
DNEeKTPOHHBIM YCHIINTEIEM Ha3bIBAIOT YCTPOMCTBO, MPeJHA3HAUEHHOE JIJIs IOBBIIIEHHS MOIIIHOCTH

BXOAHBIX JJICKTPUYCCKUX CUTHAJIOB IIPHU COXPAHCHHUU BCCX OCTAJIbHBIX IMMAPaMCTPOB ((I)OpMBI, YaCTOTHI, (1)3.3131 u

YcueHue curuaina OCYHICCTBIIACTCA 3a CHET S9HCPI'UHU UCTOYHUKA ITOCTOAHHOT'O TOKA (I/ICTO‘-IHI/IKa HI/ITaHI/IH).
Hpouecc YCUIICHUS CUTHAJIOB OCYHICCTBIACTCA C IOMOIIBI0 YCHUIIMTCIBHBIX 3JIEMCHTOB: TPaH3HUCTOPOB,

QJICKTPOHHBLIX JIaMII, TUPUCTOPOB U APYT'UX 3JICMCHTOB, O6HaI[aIOI_I_II/IX YHOpaBJIAgrOIUMHU CBOMCTBaMH.

O0o00IIeHHAas: cCXeMa YCHUITUTEIBHOTO Kackaa npusezieHa Ha puc.l. K Bxony ycunutens (3axumsl 1 - 2)

MNOAKIIFOYCH NCTOYHHUK BXOOHOI'O CUIraajia C ﬂeﬁCTBYIOHlHM 3HAYCHUECM 3,}1(: Euu BHYTPCHHUM



conpoTtuBiieHueM Ry. MamoMouHblil BXOJHOM CUTHAJ YIIPABIISIET PacX010M PHEPIMHU UCTOUYHMKA TUTAHUS
3HAYUTENIBHO OOJIBIIEro YpOBHS MOIIHOCTU. TakuM o0Opa3om, Giarofapsi HMCIHOJIb30BAHUIO YIIPABISAIOLIETO
3lIeMeHTa (HarpuMep, TPaH3UCTOPa) U 00Jiee MOLTHOTO MCTOUYHUKA ITUTAHUS OCYIIIECTBIISIETCS] YCHUIICHUE
MOIIHOCTH BXOJIHOTO CUTHAJIA.
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Puc.1 O6oO0mmenHas cxema yCHIINTENs

B BBIXO/IHOM 1€MW yCUIUTENS AEHCTBYET YCUIICHHBIM CUTHAN, YTO OTPAXKEHO HA CXEME HAJMYUEM
uctounuka HanpsokeHus: KUgx ¢ BBIXOAHBIM cONpOTUBIEHUEM Ry BHemHss Harpyska Ry, motpebistomas
SHEPIrUI0 YCUJICHHOI'O CUTHAJIA, TOAKII0UEHA K BBIXOAY YCUIUTENs (3aKuMbl 3 - 4). BxoaHOoe U BBIXOJIHOE
COTPOTUBIICHUS YCUITUTENS B OOIIEM CIy4ae SIBISIFOTCS KOMIUIEKCHBIMU. OfHaKO Ji71s1 OOJBIIMHCTBA
paccMaTpuBaeMbIX J1ajiee YCHINTENIEH UX MOKHO CUUTATh AKTUBHBIMU.

Yceunurens, coaepKalnii HECKOJIbKO CTYIIEHEH YCUIICHNUS, Ha3bIBAlOT MHOTOKACKAIHBIM.

CBolicTBa YCHUJIUTEIIS OIICHUBAIOT ITapaMeTpaMu, OCHOBHBIMHU U3 KOTOPBIX SBJISIFOTCS KOIPPUITUCHT
YCHUIICHUSI, BXOJHOE U BBIXOJIHOE COMPOTHUBIICHUS U KOOPDUIIUEHT MOJIE3HOTO ASHCTBUS, a TAKXKE YACTOTHOU U
($ha30BOI XapaKTEPUCTUKAMH.

Koagdunuent ycunenusi. OT0T BaXXHEUIINI MapamMeTp NpeacTaBiseT coO00 OTHOIIEHUE HAPSKEHUS
WJIM TOKa (MOITHOCTH) Ha BBIXO/JIC YCHIIUTENS K HAMPSHKEHUIO WIIM TOKY (MOIIHOCTH) Ha €r0 BXO/I€ M YUCICHHO
MIOKa3bIBAET YBEJINYEHUE BBIXOJHOTO CUTHAJIA TI0 CPABHEHUIO C BXO/IHBIM.

B cooTBeTcTBMY C HA3HAYCHUEM YCHUIIUTEIIS PA3IMYAOT KOAPPUIIMSHTH YCHIICHHsT HanpsbkeHus Ku, Toka
Ki u momaoctu Kp. B o61iem citydae ko3 GUITHEHT YCUICHHUS 3aBUCUT OT YaCTOThI YCHUIINBAEMbIX CUTHAIOB
U SIBJIICTCS BEIMYMHON KOMIIJIEKCHOM.

B Texnudeckoi JOKyMEHTAIIMK Ha YCUITUTENH, KaK MIPaBUIIO, YKAa3bIBAIOTCS KO (DUIIMEHTHI yCUIICHUS
JIEHCTBYIOIINX 3HAYEHUN HATIPSKEHUS, TOKA U MOIITHOCTH B OTPE/ICICHHOM JIMaIia30He YacToT:

Ku = Ussix/Usx, Ki = Issix/IBx , Kp = PBrIX/ PBX = Ki -KU.

AMIUTUTYTHO-4ACTOTHASI XapPAKTEPUCTUKA. 3aBHCUMOCTH MOJTYJIsI KOOPPUITUEHTA YCHICHUS OT YaCTOTHI
(o = 2xf) npencraBnser co0oi aMIUTUTYTHO-4aCTOTHYIO XapakTepucTuky (AUX) ycunurens. ['papudeckoe
nzoopaxxkenne AUX st Hanbosee paclipoCTPaHEHHOTO KJlacca YCUIIUTENEH MePEMEHHOT0 HAIPSHKEHUS ©
€MKOCTHOM CBSI3bIO MOKa3aHo Ha puc. 2. [Tockonbky Moy KOG GUITUEHTA YCUIIEHUS HA Pa3HBIX YacTOTaxX
UMEET pa3HbIe 3HAYCHU S, TAPMOHUYCCKUE COCTABJISIFOIINE CJIOKHOTO BXOJHOTO CHTHAIA YCHIINBAIOTCS HE
OJIMHAKOBO U, CJIeI0BaTeNbHO, (opMa BEIXOJHOTO CUTHAJA OyAET OTIMYHA OT (POPMBI BXOJJHOTO CHUTHAJIA.
Takue uckaxeHus YCUIIMBACMOI'0 CUTrHajia Ha3bIBatOT YaCTOTHBIMU (J'H/IHGI\/JIHI)IMI/I) NCKAXKCHUSMU.

[Tpu4KHO# YaCTOTHBIX UCKAKECHHH SBISIOTCS PEAKTUBHBIC AJIEMEHTHI YCUIIUTENS (MHIYKTHBHOCTH H
eMKOCTI/I), COIMPOTUBJICHUA KOTOPBIX 3aBUCAT OT YaCTOTHEI, 4 TAKKC 3aBUCUMOCTD OT YaCTOTBI (1)I/I3I/II-ICCKI/IX
napaMeTpoB MOJIYIPOBOTHUKOBBIX MPUOOPOB, KAK AKTUBHBIX JIEMEHTOB yCHIIUTEIS.

d0nacme Odaacme . Odracie
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Puc.2 AMInuTy1HO-4aCTOTHAs XapaKTEPUCTUKA yCUIIUTEIS

Pexumbl padoThl yeuiuTeseil. B 3aBucUMOCTH OT pekuma paboThl aKTUBHOTO YCHIIMTEIIBHOTO JIEMEHTA
YCUJIUTEJIS 110 MIOCTOSTHHOMY TOKY Pa3iIMyaloT CIeAyIOIre peXXUMbl paboThl YCHIUTEIHLHOTO KaCKaa -
pexumbl kiaccoB A, B, AB, C, D. PaccmoTpum 3TOT BOIIpOC Ha MpUMEPE TPAH3UCTOPHOTO yCUIUTENS. Pesxum
paboTHI 10 MOCTOSIHHOMY TOKY OIIPEJIENsIeTCs M0JI0KEHHEM pabouell TOUKK Ha IMHAMHUYECKOM XapaKTepUCTUKE
Tpan3uctopa. OT noJjoxeHus: paboueit TOUKU 3aBUCAT 3HAYEHUS MOCTOSIHHBIX COCTABIISIONIUX TOKOB BXOAHOIO
Y BBIXOJIHOTO 3JIEKTPOJOB TPAH3UCTOpA U HAIIPSHKEHUN Ha 3TUX 3JIEKTPoAax, a, CIe10BaTeIbHO, MOLIHOCTD,
notpebisieMasi yCUIuTelleM OT UCTOYHUKA nuTaHus. B cBoto ouepenb, BEIOOD MosiokeHus pabodeil TOUKH B
3HAYUTENIbHOM CTENEeHHU periiaMeHTHUPYETCs aMILTUTY 101, (POPMOH U MOJISIPHOCTHIO BXOJHOTO IIEPEMEHHOTO
cUrHasa. B cooTBeTCTBHM C 3TUM pacCCMOTPUM OCOOCHHOCTH PabOTHl yCUIIMTEIBHOTO Kacka/ia Ha TPaH3UCTOPE
no cxeme OD npu BO3ACHCTBUM Ha BXOJIE IEPEMEHHOTO CUTHANIA CHHYCOHIaTbHOU (hOPMBI.

B pexxnme kiacca A HayabHOE TOJIOKEHUE pad0Yeil TOUKH BBIOUPAIOT MO CePEeINHE yUacTKa
JTUHAMHYECKON XapaKTEePUCTUKH, I/Ie€ U3BMEHEHHUI0 0a30BOro (BXOIHOT0) TOKA COOTBETCTBYIOT
IIPONOPLMOHAIIbHBIE U3MEHEHHUS KOJUIEKTOPHOT'O (BBIXOJHOT'0) TOKA, a €€ MEPEMEIIEHNUE, BEI3BAHHOE
BO3/ICIICTBIEM JIBOMHON aMIUIMTYAbl BXOJHOTO CUTHAJIA, OTPAaHUYMBAETCA STUM yyacTkoM. Ha BeIxo1HOI
XapakTepUCTHKE (pHC.3) 3TOT ydyacTok oTMedeH Jnaue AB. [103ToMy BBIXOAHOM KOJIJIEKTOPHBINA TOK
MPOXOJUT B TEYEHHUE BCETO MEPHO/Ia YCUIMBAEMOIO CUTHAJIA, YTO SBIISIETCS XapaKTEPHOH 0COOEHHOCTHIO
pexuma kiacca A.

Tak kak paboyasi TOUKa HE BHIXOAMT 32 MPEAEIbl JMHEHHOT0 y4yacTKa JMHAMUYECKON BXOIHOMN
XapaKTEPUCTUKH, TO HEJIMHENHbIE UCKAXKEHNSI, BHOCUMbIE YCUIIUTEIIEM, HEBEJIUKU U TEM MEHBIIIE, YEM MEHBIIIE
aMIuIMTyaa BxonHoro curHana. Oxanako Huzok u KIIJ ycunurens.

B pexume kiacca B HauanbHOe nosioskeHne paboyeil TOUKM Ha TMHAMUYECKON XapaKTEPUCTUKE BHIOMPAIOT
IpU TOKE KOJIIeKTopa, O01u3koM K 1k6o (puc.3). [losromy nmpu HanMuMK NEPEMEHHOTO BXOHOTIO CUTHAJA
IEPEMEHHAs COCTABIIAIONIAs KOJIJIEKTOPHOTO TOKA C aMILTUTYI0M |KM MpOXOauT JUIIb B TEYEHHUE ITOJIOBUHBI
nepuoja CUrHala, a B Ipyrylo MOJIOBUHY MEPHO/ia TPAH3UCTOP 3amepT. TpaH3ucTop paboTaeT ¢ 0TCEYKOoil ToKa.
[Ipu 3TOM yroma orcedxku Toka 0, HoJ KOTOPHIM NOHUMAIOT [TOJIOBUHY BPEMEHU 3a IEPUOJ TPOXOKICHUS TOKA
yepes TPaH3UCTOp, MPUMEPHO paBeH T/2.

Baxnoii ocobeHHOCTBIO pesknMa kitacca B sBnsiercst Boicokuit KITJ[ yennmrens, nocturarommuii 60-70%,
IIOCKOJIBKY TIOCTOSIHHASI COCTABJIAIOIAsl KOJUIEKTOPHOIO TOKA, OCTYIAOLIAasi OT UICTOYHHUKA TUTaHUS IIPU
OTCYTCTBUH YCHJIMBAEMOI'O CUTHaJa, TOYTH PaBHA HYIIIO.

Pexxum knacca AB siBisieTcst mpoMeXyTOYHBIN MEXTy KiaccamMu A U B 1 xapakTepHu3yeTcst yriioM OTCEeUKU
B (120-130°) 1 MEHBIIMMU HETMHENHBIMU UCKAXEHUSIMH, OJHAKO SIBJISIETCS 00JIee AKOHOMUYHBIM, YEM PEKUM
KJlacca A.

Pexxumy knacca C cooTBETCTBYET yroi oTceuku 0<m/2.Takoi pexxuMm siBIsieTCs HanboJiee YdKOHOMUYHBIM
(KIL nocturaer 85%), Tak KaKk Mpu OTCYTCTBHM YCUIMBAEMOT'0 CUTHAJIA TPAH3UCTOP MOYTH HE OTpedIsieT
MOII[HOCTH.

U
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Puc.3 K nosicHennio pe;xuMoB paboThl yCHITUTENEH
Pexxum knacca D xapakrepusyercs nepexoioM padoueil TOUKU Ipy yCUIIEHUH CUTHAJIOB O0JIbIION
aMIUTUTYBI U3 00JIACTH, COOTBETCTBYIOLIEH PEKUMY OTCEUKH, B 00JIaCTh, COOTBETCTBYIOLIEH pEKUMY
HACBIILEHUS.



Pexumel kiacca C u D npuMeHsieTcst B yCUIUTENX - (OpMUPOBATENAX, KOTOPbIe pabOTaIOT pU
MPEBBIIIEHUH BXOIHBIM CUTHAJIOM HEKOTOPOT'O TIOPOTOBOTO 3HAYEHUSI.

Oo0paTtHble cBA3U B yeuauTeasax. OOpaTHOM HA3bIBAIOT TAKyIO CBA3b MEXKJY BXOJIOM U BBIXOJ0M
YCHIIUTEJSI, IPH KOTOPOI YacTh SHEPTUU BBIXOJHOIO CUTHaJja rnepeaaercs Ha BxoA. [Ipu aTom o6pasyercs
3aMKHYTBIH KOHTYP, COCTOSIIIUI U3 YCHIIUTENS U el 00paTHOM CBsA3U- neTiast oopatHoit cBa3u(OC).
PaznmuuaroT ogHonetneByto (puc.4,a) u MHOTOMETIEBYIO (prc.4,0) oOpaTHbIe CBs3U. B mocienneii cxeme
MO>KHO BBIJICJIUTH OOIIYIO METII0 OOPATHOM CBSI3U, OXBATHIBAIOIIYIO BECh YCHIIUTEND ¢ KOAPPUITUSHTOM
ycuiieHus K, 1 MecTHy10 NeTiito 00paTHON CBS3H, OXBATHIBAIOIIYIO OT/AEIbHBIA YCUIUTEIbHBIN KacKal.
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Puc. 4. OgnonetneBas (a) u MHOronetnenas (0) oOpaTHble cBsI3U

OcHoBHOM TOKa3aTeNnb 00paTHOU CBSA3H - KO DUIIMEHT Mepeaayu e 00paTHOU CBs3H 3,
MOKa3bIBAIOIHI, KaKasi 9aCTh BHIXOJHOTO CUTHAJIA MIEPEAAeTCs Ha BXO/.

Ecnu nanpspkenue o6patHoii cesizu UoC (puc.S) mponoplruoHaabHO BBIXOJHOMY HAMPSHKEHUIO Ha HAarpy3Ke
YCHUJIUTEIS], TO UMeeM 00paTHYIO CBS3b 110 HAPSHKEHUIO (pHUC. 5,a), a B cirydae nporopiuonansHoctd UoC Toky
B Harpyske - o0paTHyIo CBs3b 110 TOKY (puc.5,0). Kpome Toro, Bo3mMokHa cMelianHast 0OpaTHasi CBSI3b
(koMOWHAIUsT OOPATHOM CBSI3U IO HAIIPSKCHHUIO U TI0 TOKY ).

Lo
b . -1 . -
K K l”&ux
o "
[l * B ‘98 c-’i s
aj o}

Puc.5 O6patHbie cBsI3U MO HAPSHKEHUIO () U 1o TOKY (0)
[To croco0y mepemxauun 3HEPTUH Yepe3 1elb 00PaTHON CBS3H HA BXOJ| YCHIIMTEIS Pa3InIar0T
MOCIe0BATENbHYIO U MapauIeTbHYI0 00paTHbIe CBSI3U. B mepBoM ciiydae HanpspkeHHe 0OpaTHOM CBSI3U

MOJIKJTFOYAIOT TTOCIIEA0BATENIFHO C HANIPSKEHHEM UCTOYHHKA BXOAHOTO CUTHAJA yCHIUTENs (puc.6,a), a BO
BTOPOM - TapajuiensHo (puc.6,0).
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Puc.6 OGpatHble cBsi3u: TIOCTe0BaTeNbHA (2) U apayuiensHas (0)

Koadunuent ycunenus yeunurens K u koadpdunnent nepengaun nenu OC P ABistoTCA 4aCTOTHO-

3aBUCUMBIMU. KOMIUIEKCHBIN KOAQPHUIUEHT YCUIICHUS YCUITUTENSI ONPEAEISIeTCs COOTHOILICHUEM:
K =K/(1 — BK).

[TosTomy Bo3MOkeH ciBUT (pa3bl curHaia ¢ Beixoza nenu OC OTHOCUTEIbHO BXOHOTO curHana. Ecin
¢a3bl curHanos cosnajaT, To Takyto OC HazbiBatoT nojoxuTenbHONR(I1IOC). [Ipu 3ToM k03P PunieHT
ycwiieHus yeunutens ¢ OC onpeaensercss COOTHOLIEHUEM:

Koc = K/(1 — BK).
[Tpu ycnosuu BK — 1, Koc — o, 4T0 MOXKET MPUBECTU K CAMOBO30YKJIEHUIO YCHIIUTENSA. DTO

t




00CTOSTENILCTBO MO3BOJISET UCTIONB30BaTh yemutenu ¢ [10C ans peanusanuu reHepaTopoB dIMEKTPUYECKIX
CUTHAJIOB.

Ecnu curaan oOpaTHO# CBSI3M MOCTYMAET HAa BXOJ] YCHIIUTENS B MPOTUBO(A3e ¢ BXOAHBIM CUTHAJIIOM, TO

KOA((UIMEHT YCUIICHUS YCUIIUTEINSI ONPEIENsIeTCs COOTHOIICHUEM:
Koc = 1/(1 + BK).

T.e. on ymensmmaercs B (1 + BK) pas. Takyro oOpaTHYO CBs3b Ha3bIBAIOT OTPHUIATEIIBHON OOPAaTHOM CBS3BIO
(OOC). HecmoTpst HAa yMEHBLIEHHE YCUIEHUS, OTPULIATEIbHYIO OOpaTHYIO CBSI3b IIMPOKO HUCIIOJIb3YIOT B
YCUIIUTENSIX, TaK KaK C €€ BBEJICHUEM yBEIIMYMBACTCS BXOAHOE M YMEHBIIAETCS BHIXOAHOE COIIPOTHUBIICHUS,
pacumpsieTcs 1moyuoca NponyCcKaHusl, yBEIMYUBACTCS CTAOMIBHOCTH YCUIIUTENS], YMEHBIIAIOTCS YACTOTHBIE,
(a30BbIC U HEIMHEHHBIE HCKAKCHHUS.

Paccmotpum npocreiinnyio cxemy ycuurtens Ha BT n-p-ni- Tumna, BKIFOYEHHOTO MO cXeMe ¢ 00LUM
sMUTTEpPOM (pHC.7,a).

Puc.7 Cxema ycunutens Ha bT ¢ o6uum amurTepom

Ha3nayeHue 3jieMeHTOB ycuauTe . EK — HCTOYHUK MUTaHUS IOCTOSIHHOTO TOKA, SHEPTUS KOTOPOI'O
npeodpaszyeTcs B SHEPTUI0 YCUIICHHOTO curHana; VT — TpaH3ucTop — OCHOBHOM YCHIIMTEIbHBIN 3JIEMEHT, C
MOMOIIIbIO0 KOTOPOTO OCYIECTBIsIETCA MpeodpazoBaHue 3Heprun; RO — pesuctop, onpenenstomuid Tok 6a3sl 10g
U TEM CaMbIM 33Jal0IIUN pexXUM pabOoThl TPAH3UCTOPA IO MMOCTOSTHHOMY TOKY; RK — pe3ucrop,
IpeHa3HaYeHHBIN JJIs BbIIEICHHS YCUIIEHHOTO curHana; Cp — pa3/ieuTeabHbli KOHAEHCATOP,
MpeHa3HAYEHHBIN 1711 Pa3AeIeHHs] YCUIIMTEIbHOrO KacKa/ia 1o NOCTOSHHOW COCTABJISIONIEH CUTHAIOB OT
IpEeAbIAYIIEH HEIH.

Pexxum nokosi. PexxuMoM mokost (MCXOJHBIM COCTOSTHUEM) Ha3bIBAIOT PEKUM PAOOTHI AIEKTPOHHOTO
yCTpOMCTBa MPU OTCYTCTBUU BXOJIHOTO curHaia Usx = 0.

B pexxume mokost koraeHcaTopsl Cp OoTaeNnsieT BXO yCUITUTENs OT MpeAbLAyIIero kackaaa. Eciu Ob1
KOHJIEHCAaTopa He ObLUIO, TO PE3UCTOPHI IPYTUX KacKa 0B ObUIH Obl MOAKIIOUEHBI apaJlIeNIbHO K PE3UCTOPaM
YCUJIUTENS. U IOITOMY PEKUM YCHIIUTENS IO TTOCTOSSHHOMY TOKY ObLT OBl HApYIIEH.

Pexxum nokos 3anaercst BbIOOpoM padoueit Touku A (puc.8) Tak, YTo0bl HE ObUIO HEMTMHEHHBIX UCKAXKEHUN
curnana. [Ipu BeiOope paboueit TOYKH MOTB3YIOTCS BXOJHBIMU U BBIXOIHBIMH XapaKTePUCTUKAMHU
TpaH3UCTOpA.



Puc.8 /lnarpammbl, NOSACHAIOIINAE IPUHLIMIL JEHCTBUS YCUIIUTENSA

Pabouas o0nacTe BRIXOAHBIX XapakTepucTuk orpannyena suaueit NGCD. Ilpu pabote TpaH3ucTopa TOK
€ro KOJUIEKTOpa HE JOJDKEH MPEBbIIIAaTh MAKCUMAJIbHO JIOIyCTUMBIH Ik Max.

NG cooTBETCTBYET 3TOMY pekuMy. Kax/1blif TpaH3UCTOP CIIOCOOEH PaccerBaTh MOLUTHOCTH HA KOJUIEKTOPE
HE BbIIlIe MaKCUMaJIbHO aomycTuMoil (Pk max). JIunusa GC orpannuuBaet 001acTh JOMYCTUMbIX MOLTHOCTEH
paccesiHust Ha KoJuieKTope. TpaH3ucTop paboTaeT Mpu HEKOTOPOM BIIOJIHE OMPESICHHOM HAIPSKEHUH MEXKITY
KOJUIEKTOPOM M 3MUTTEPOM. [Ipyu npeBbIIeHnH 3TOro JOMyCTUMOIO MaKCUMaJIbHOTO HAIIPSHKEHUS TPAH3UCTOP
BBIXOIUT U3 cTpost. Jlmaus CD ompenenser o6aacTh JOMYCTUMBIX HanpspkeHud UK).

ITpu ycuneHuu pa3HONOJIAPHBIX CUTHAJIOB ( K HUM OTHOCHUTCSI M TApMOHUYECKUN CUrHall) pabouyro TOUKY
A Ha XapakTepHUCTUKAaX CIIeAyeT BbIOMpaTh Tak, YTOObI OHA HAXOWJIaCh HA CEPEAMHE JTMHENHBIX YUaCTKOB
BXOJHOH U BBIXOJITHOW XapaKTEPUCTUK, IIPU 3TOM HEJIMHEIHbIE HCKaXeHUs Oy1yT MUHUMalbHbIE. [1Jis
omnpezeneHus: pabouel TOUKM Ha CTATUYECKUX BBIXOJHBIX XapaKTEPUCTUKAX CTPOUTCS JIUHUSI HArpy3KH (JIMHUS
KF) B cOOTBETCTBUU C ypaBHEHHEM:

Uxo = Ek — IxkRk.

[Tonoxenue paboyel TOUKM Ha HArpy304HOM JTMHUU ONpeaesseTcst TOkoM 6a3bl 16, KOTOpBI MOXKHO
paccuuTaTh:

160 = (Ex — U63)/R6 = Ex/R6.

Hampsokennem U65 MokHO TpeHEOpeYb, T.K. OHO Ha MPSIMOCMEIIEHHOM SMUTTEPHOM IEPEX0/Ie
HE3HAYUTEIIBHO.

Pabouas Touka xapakrepusyercst TokoM KosiekTopa IK A u Hanpsokenns Uks A.

Ipunuun geiictBus. [Ipu neiicTBUN MOT0KUTENHHOM MOIYBOJIHBI BXOJAHOTO CUTHaIa TOK 0a3sl 16
YBEJIMYUBAETCS, TPAH3UCTOP MPUOTKPBIBAETCS, UTO BBI3BIBAET YBEIMUYECHHE TOKA KOJUIEKTOpA |K ¥ yMEHbIIEHHE
HanpspkeHus Ha kosektope Uka. IIpu neiicTBun oTpuniaTesHON MOTYBOJIHBI IPOLIECCH IPOTEKAIOT B
oOpaTtHOM nopsifike. T.K. BBIXOAHbBIE TOK U HAIIPSDKEHUE 3HAYUTENIBbHO MPEBBIIAIOT BXOHBIE, TO MOIIIHOCTb
BBIXOJTHOT'O CHTHAJIa TAK)Ke 3HAUUTENbHO 00Jible BX0IHOTO. [Ipu ueM BBIXOAHOI cUTHAI MOBTOPSIET GOpMYy
BXOJTHOTO.

W3 ananu3a paboThl JAHHOTO YCUIIMTEIN BUIHO, YTO OH KPOME YCHIJICHHS] MOIITHOCTH CUTHAJIa U3MEHSET ero
¢dazy Ha 180 °.

Lenu cMeneHust IpeHa3HAYCHBI U 3a/IaHUS pekuMa paboThl YCHIIUTENS 10 TOCTOSHHOMY TOKY
(ucxonHOro coctossHus).Llenu cMeneHnss MOXHO pa3eNuTh Ha J1Ba BUJA: e (PUKCUPOBAHHOTO CMEIIEHUS U
1eny aBrocMenieHns. Hanbonee npoctoi nenbo GUKCUpOBaHHOTO CMEIEHHS SBIsIeTCs pe3ucTop Re (Puc.7,a).
Ha npakTuke ncnosnb3yercs 1enb GUKCUPOBAHHOIO CMEILIEHUs B BUJIE ieiuTens HanpsbkeHus Ri, Rz (puc.7,0).



Puc.9 Cxema ycunurens ¢ UensMu CMEIICHUS

HenocraTtkamu Takoil enu cMEIeHus SABISIOTCS: IPU 3aMEHe TPaH3UCTOpa HEOOXOAUMO 3aHOBO
paccuuTaTh HapaMeTphl LENH U 3aBUCUMOCTh peXuMa padoThl OT TEMIIEPATYPHI.

Js TepmocTabUIu3alud COBMECTHO C (PUKCUPOBAHHOM LIETIbIO IPUMEHSIOT 1IeTlh aBTocMelieHus. OHa
peanu3yeTcsi BKIIOYEHHUEM B AMUTTEP TpaH3UCTOpa pe3uctopa Ra(puc.9). DToT pe3uctop co3naer
OTpHUIATENIbHYI0 OOPAaTHYIO CBS3b 10 TOKY. HampsikeHre Ha SJMUTTEPHOM MEPEX0JIe ONpeAeseTCs
COOTHOLLIEHUEM:

Uss = o6— 03 = @5 — IPRo.

W3 3T0oro cootHomeHus BUHO, YTO TEMIIEPATYpPHbIE U3MEHEHUS TOKOB KOJUIEKTOPA U SMUTTEPA BbI3bIBAIOT
u3MeHeHus HanpspbkeHus UG B HampaBlieHWH PENATCTBYIONIEM STUM U3MEHEHUSIM.

J1st yMEHbIIIeHHS IEUCTBUS OTPUIIATEILHON OOpaTHON CBSI3U MO MIEPEMEHHOMY CUTHAITy pe3uctop R»
uryHTupyercs kouaencatopom Ca. EMKOCTh KOHZIEHCATOpa BHIOMPAETCS U3 YCIOBHS

Xc=1/ oCsr<<R»,

I7Ie ® —YacTOTa YCHJIMBAEMOIO CUTHANA.

ITopsinox BhInoIHeHNs1 padoThI

B pabore uccnenyrores yeunurenu Ha Tpanzuctopax KT31556 (puc.10). McenenoBanus 3akioqarorcs B
BbIOOpPE MCXOJHOTO PEKKUMA, OINpeeTeHIH Kod(hPUIIMEeHTa YCUIICHHS U OIIEHKE BIMSHUS OOpaTHBIX CBSI3el Ha
IIPOLIECC YCUJIEHHS Pa3IMYHbIX KaCKaJl0B YCUIUTEIEH.

1 IToaAroToBUTH U3MEPHUTEIBHBIH cTeHA. 11 3TOrO:

1.1 Ilepexmrouarens «CeTb» - B monoxkenue O.

1.2 Pyuku peryiupoBKU HanpskeHUs: OJ0KOB nuTaHus 1 u 2 — B KpaiiHee J1eBoe MOJI0KEHNUE.
1.3 Ilepexmrouatenu npudopos P1, P2, P3, P4 — B monoxenue «20».

1.4 TIutanue Moy ocyliecTBiseTcs HanpsbkeHuem 12B kabenem OMILIL

2 BrJI0O4YUTH NUTAHME OCHUILIOrpada U MOAroOTOBUTH €ro K padore.

3 UccienoBanmne 0JHOKACKAAHOI0 YCHIUTES1 ¢ QUKCHPOBAHHOM 1Henblo cMelenus 6e3 OC (
COOTBETCTBYIOIIHUIA pHc.7,0).

3.1 CoeuHUTh NEPEMBIYKOM TH.4 ¢ KOPILYCOM.
3.2 BKIIIOUUTh MUTAHUE U3MEPUTEIBHOTO CTEHA.
3.3 MoakmrounTs ocimniorpad k Beixoay «20dB» I'HY u ¢ ero momMoIp0 yCTaHOBUTH Ha BBIXOJIE

I'HY rapmonundeckuii curnan yactoro f= 1 k['iy u amruutyort Usx = 0,02B.

3.4 3agaHre UCXOHOTO PEeKUMA YCHITUTENS:

® TOJAKIIYHUTH BOJIBTMETP P1 K KOJIIIEKTOPY TpaH3UCTOPA;
e ycraHaBnuBas pe3uctop RP B kpaiiHue nojoxxeHus, u3sMepuTh HanpsbkeHue UK?, COOTBETCTBYIOLIEE
pekKrMMaM HaCBIILIEHHS U OTCEYKU TPaH3UCTOPA;
® paccuMTaTh CpellHEee 3HAUYCHHE U YCTAaHOBUTH €ro pe3uctopoM RP, 310 OyeT cOOTBETCTBOBATh
pexumy kiacca A.
3.5 Hoaxmounts ['HY k Bxoay (C1), a ocunmnorpad — Beixony ycunurens (I'a.5).
3.6 [lony4unTh ycTOHYMBOE N300payKEHNE YCUIICHHOTO CUTHAJIA.



IIpumevanue: Ecnu ycuneHHbIH CUTHAI MCKaXEH, T.€. MMEET OrPaHMYCHHUs CBEPXY WIIM CHU3Y, pesuctopom RP
MOJIKOPPEKTHPOBATH PEXKHUM PabOTHI. ECIIM UMEIOTCS OTrpaHUYSHHSI M CBEPXY M CHU3Y, YMEHBIIINTh aMIIUTYy CUTHAJIa Ha BBIXOJIE
reHeparopa.

3.7 Usmepurts ero ammuutyay UBbIX 1 gacToTy f.
3.8 PaccunTaTh KO3 DHUIMEHT YCUTICHUS 110 HAPSHKEHHIO:
Ku = Ussix/UBx.

]RiR;[I:] C3

Puc.10 JIByxkackaaHbIA yCUITUTENb
4 UccnenoBaHue 0JHOKACKAHOI0 YCHJIMTEJIS € HeNbI0 aBTOCMelleHus (COOTBETCTBYIOLIH puc.9):
4.1 CusaTp nepemMbluky Mexay raeznamu 4 u L. Tem cambim BBoauTcs: OOC 1o TOKy B IEPBOM KacKaJie.
Ocuumtorpagom uzmeputh amiuinTyy UBbix u paccuntars Ku. Caenars BeiBoz o BiustHuu OOC Ha Ku.
4.2 Coennnuts THE31a 4 1 6, TeM cambIM ycrpansercs OOC 1o nepeMeHHON CUrHally U peau3yercs
1ens apTocMenieHus. Eciny HaOmo1aiTes NCKaKeHUs! YCUIIEHHOTO CUTHasa, He00X0IMMO
MOJIKOPPEKTUPOBATH PEXKUM PaOOTHI ycuiauTens pesucropom RP.
4.3 Onpenenuts KU 1 cienath BbIBOJ 00 YCUIIUTENbHBIX CBOMCTBAX YCUITUTENS.
5 HcciienoBanne IByXKaCKa{HOI0 yCHJINTEH.
5.1 Coenunuts THe31a S U 8, a ocuusuIorpad MOAKIIOYUTH K THE3Y 9.
5.2 Ecniu HaOJt0Jat0TCsl MCKAXKEHUS CUTHAJIA, YMEHBLINTh aMIUTUTYAY BXOJHOTO CUTHAA.
5.3 PaccuuraTth KU qByXKacKaHOTO yCHUIIMTEIIA.
5.4 Beect OOC 1o HanpsKEHUIO BCErO yCUIIUTENS, COEIMHUB HE310 9 ¢ THe3noM 4(6).
Omnpenenuts Ku 1 cnenats BbIBOJ 00 YCUIUTENbHBIX CBOMCTBAX YCUITUTENS.
6 Bpik.11I04NTH IUTAHKME CTEH/AA, C1eJIATh BLIBOJLI IO padoTe.

IIpakTnyeckas padora Nell
Tema 9. YceuaureibHble yeTpoiicTBa
Hccaenosanue nuppepeHunaaIbLHOr0 yCHJInTeNs.
eanb padoThl: uccienoBaHue MpUHIKIA JEUCTBUS MU (EepeHIINATBHOTO YCUITUTES.
IlepeyeHb MCNOJIL3yeMOro 000PY10BAHUS: I3MEPUTENBHBIN CTEH, MOYJIb « /I depeHunanbHbIi
YCHJIMTEINbY, OCITIILIOTpad
Teopernyeckasi 4acTh:
JubdepeHnnanbHpIi yCUIIUTENh, SIBISIOMUNCS OCHOBOM JIMHEWHBIX MHTETPATHHBIX MUKPOCXEM,
npezcrasisier coboit 6anancuelid YIIT. Ha puc.1,a nokasana Tunuynas npocreiias cxema /Y.



Puc.1. Tudpdepennmansusiit YIIT

VIIT napannensHoro 6anaHca BBIIIOJHEH B BUJE MOCTA, IByMs IJIeYaMH KOTOPOT'O SIBJISIOTCS
BHYTpPEHHUE CONpOTUBIEHUS TpaH3uctopoB T1 u T2, a nByms apyrumu - peauctopsl Ry u Rie. K onnoit
JIMaroHa M MOCTa MOAKIIIOYEHO HAIPsKEHUE NCTOYHMKA NUTaHus Ex, a K Jpyroil - BHeLHss Harpy3ka Ry
(mexny Toukamu Beix1 u Beix2). Yceunurens umeer aBa Bxoaa (Bx1,Bx2)u nsa Beixona (Beix1 u Beix2).

[Ipu cuMMeTpUYHBIX IJIeYaX cXeMbl (TPaH3UCTOPBI UACHTUYHBIL, @ Rk1 = Rk2 = Rk) 1 oTcyTCTBUM
BXOIHBIX CUTHAJIOB J[Y cOamaHCHpOBaH U HANpsDKEHHE MEXTy KoyiekTopamu (UBBIX) paBHO HYIIIO.
[Tockonbky TOK lo 1enuTCst momnosnaM Mexxay Ijie4aMu, MOTEHLIUAIIbl KOJJIEKTOPOB 000UX TPaH3UCTOPOB
omunaakoBbl: Uko = UBbix1 = UBbix2 = Ex - (Io0Rk)/2 (puc.1,0).

B yacTtHOM cityuae HampspbKeHHe BXOJHOIO CUTHalla MOXKET ObITh OJaHO JIMIIb Ha oauH BxoA (EBx1 =
0 mwmu EBx2 = 0). HanpspkeHHe BEIXOHOTO CUTHAIA CHUMACTCS JIM00 MEXIY KOJUIEKTOPAMHU TPAH3UCTOPOB
(cUMMeTpUYHBIHN BBIXOJ), 10O ¢ KOJUIEKTOPA OJJTHOIO U3 TPAH3UCTOPOB OTHOCUTENBHO OOIIEro IpoBoja
(HECHMMETPHUYHBIN BBIXOJ).

Conpotusienne R» 10DKHO 3HAUYUTEIBHO MPEBBIIATh BHYTPEHHEE COPOTUBIICHUE YCUIIUTENS CO
CTOPOHBI €ro Beixoaa ¢ TeM, 4ToObI o = (E - U63)/R> He 3aBucen ot HanpstkeHust Ha Bxoje 1Y u coxpans
IIOCTOSIHHOE 3HAYEHUE JIaXKe NPU HATMYMHM KOPOTKOIO 3aMbIKAHUS B LIENU Harpy3KH UCTOYHHKA 3TOTO TOKA.
[TosTomy BMecTo pe3uctopa R» BkittouaroT reneparop craduiasHoro Toka (I'CT).

Baxwneiimeit ocobenHocThIO Y sIBIIsSIETCS CTOCOOHOCTH BBICOKOTO YCUIICHUS Pa3HOCTHOTO
(muddepennmanbaoro) curnana Ex1 - EBx2 (koraa BXoJIHbI€ CUTHAJIbI IEPEMEHHOTO TOKA MPOTUBO(A3HBI
WIN Pa3HOMNOJISIPHBI B CITyYae CUTHAIOB OCTOSIHHOTO TOKA) M 3HAUYUTEILHOTO OCIa0JIEHUsI CYMMapHOTO
(cuH(ba3zHOT0) BXOAHOTO cUTHANA, KOraa Eexi = Esxo.

TakuM CUTHaJIOM B YaCTHOM CIIy4ae SIBJISIETCS UMITYJIbCHBIN CUTHAJI TTOMEXHU.

Ecnu B MOMeHT BpemeHH t1 Ha BXoJl TpaH3ucTopa T1 mocTynut nosoxxurenbHbl curiai npu EBx2 =
0, TO Ha BBIXOJI€ JIEBOTO IJIeYa CXEMBbI, TPEICTABIAIONIET0 COOON yCUIMUTENbHbIN Kackan OO, HOABUTCS
ycusieHHbIH curHai Upgxi MPOTHBOIIOJIOKHON MOJSPHOCTH (MHBEPTUPOBAHHBIN CUTHAM, Kak B cxeme O0).
OnHOBpEMEHHO HA SMUTTEPHOM CONIPOTHUBIICHUU
R'» = RaRBx 00/(R> + RBx 00),
rzie RBx 00 — BX0JJHOE CONPOTHUBIIEHHE TPaH3UCTOpa T2 MO SMUTTEPHOMY BXO.Y,
MOSIBUTCS TMOJOXKHUTENbHBIN UMITyJIbc Us, paBHBIH 110 aMITUTY/I€ BXOAHOMY UMITYJIbCY

EBx1 > 0. OTOT MMIysbC NOCTYAET HA SMUTTEP TpaH3UCTOpa T2 BbI3bIBas MOSIBICHUE HA KOJJIIEKTOPE
YCUJIEHHOTO UMITYJIbCA TAKKe MOJIOKUTEIBHOM MOISPHOCTH (CABUT MO (a3e OTCYyTCTBYET, Kak B cxeme Ob)
¢ aMIIATY 0 Ugpix2 = Upux1. Clie10BaTeIbHO, BBIXOAHOM CUTHAI ¢ HANPSKEHUEM Ugyix2 HE HHBEPTUPOBAH
10 OTHOLIEHHIO K BXOJHOMY CHUTHAIY.

IIpu yBennueHnn aMIuInTy 16l BXogHoro curiana Esx1 tok tpansucropa T1 yBenuuuBaercs, a
HarpspKeHUe Ha ero KosutekTope UBbix1 cHMKaeTcs u, HA000poT, TOK TpaH3ucTopa T2 yMEHbBIIIAeTCs, YTO
COIIPOBOKIAETCsl pocToM HanpskeHus UBBIX2 [(ydacTok t1 — t2 Ha MOTEHIMAIBHON JarpaMMe CUTHAJIOB
(puc.1,6)]. B momeHT BpemenH t2 Tok TpaH3ucropa T1 gocturaer MakcuMaibHO BO3MOXKHOTO 3HadeHus lo,
a Tok Tpan3ucropa T2 paseH Hymro. [Ipu 3ToM pazHOCTh BEIXOAHBIX curHanoB: UBbix2 - UBbix1 = [hRK.
OnucaHHBIN IpOLECC CIIPaBEAJIUB, €CIIM MEX/Yy BXOJAaMH NMPUKJIIAAbIBAETCS Pa3HOCTHBIN (Pa3HOMOJISPHBIN)
BXOJHOH CHUTHAJI, Ha3bIBaeMbli AU QepeHInanbHBIM.



[Tpu HanM4MK Tak Ha3bIBAEMOTO CHH(pA3HOTO BX0HOTO cUrHana Ecp = Esx1 = Epx2 11 B ciiyuae
UJeaTbHOTO UCTOYHUKA TOKa (R — o0) peakumst JIY Ha BBIXOJIe OTCYTCTBYET.

Ecnn na Bxon 1Y nocrynaet pasHocTHbIN curHai Egxi - Esx2 # 0, TO, B3B OTHOIIIEHHE Pa3HOCTU
curnanoB Ha BbIXOAE Usyix2 - Usux1 K pA3HOCTH CUTHAJIOB Ha BXO0/1€, TONy4nuM Au(depeHnnaibHbIi
KO3 PHULIMEHT yCUIICHHS:

Kn= (UBbIX2 - UB]:IXI)/EBX-

[Tpu curdasznom BxoaHoM curnane Egx1 = Epxo = Ecg, B35IB OTHOIIEHUE TPUpAILEHHs BBIXOIHOTO
cuH(azHOro HanpsHKeHUs Ha JT000M Bbixoje cXeMbl AU pux.cp K Ecg, Momydnm kodduument nepenauu
cuH(ba3HOTO HAMPSHKEHUS, KOTOPBI XapakTepu3yeT CTereHb ocliabieHus: CHH(Ga3HOTO CUrHaa:

ch) =AU Bmx.c(b/ EC(b .

B cnyuae unrerpansHoro /[Y B kauecTBe SMUTTEpHOM Harpy3ku (R3) ucnonb3yercs reHepaTop
CTaOWJIBHOTO TOKA, UMEIOIINI 3HAYUTEIHLHOE COIPOTUBIICHUE MTEPEMEHHOMN COCTaBIIsIONIEH ToKa 3.

Xox paboTsI

B pabote uccnenyercs 1Y Ha ounonspabix Tpanzuctopax KT3102 (puc.2).Iluranue ycunurens

OCYILIECTBJISIETCS OT UCTOUHHMKA + OB.

I+68

Bxi Bx2

vTi pp VT2
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Puc.2 luddepeHunanbHblii yCUIuTeNb
1 IToAroTOBUTH M3MEPHUTEIBHBIH CTEH/, U 3TOTO:
1.1 Iepexmrouatenu npudopos P1 u P2 ycranoButs B nonoxxenne 20 B.
1.2 IMoaxntounts BosbT™MeTp P1 k rHe3nam Brix1 u Brix2.
2 BxiounTh NUTAHUE U U3MEHEHHEM SMUTTepHON Harpy3ku RP cbanancuposats 1Y, npu
3ToM UBBIX JOJKHO ObITH paBHO 0.
3 YcranoButs Ha Beixoze bII2 ¢ momounsto P2 nanpsixenue, pasHoe 0,2 B u nogats ero Ha Bx1,mpu
9ToM BX2 MOAKIIOUUTE K TH. «L».
4 Onpenenuth UBBIX U €T0 MOJISIPHOCTD U paccuuTath Ku.
5 Noxnximounts bII2 k Bx2, a Bx1 k — «» u paccuntats KU o BTOpOoMy BXozy.
6 OnpenenuTh UHBEPTUPYIOLIUI U HEUHBEPTUPYIOLIUI BXO/BI.
7 Ilonath Ha 06a Bxoaa HanpsbkeHue ot bI12. Ecnu UBbIX # 0, BBIACHUTH IPUUYUHY U cOaTaHCUPOBATh
YCUIIUTENb.
8 Pyukoiif «TouHO» YBEIMUYUTh U YMEHBIIUTH BXOJHOE HANPSHDKEHUE U yOEIUTHCS B HEU3MEHHOCTH
UBBIX.
9 OtxirounTts BII2 u P1 ot ycunurens.
10 C momompio ocumiorpada ycranoputs Ha Beixone I'HU (20dB) rapmonnueckuii witu
umnysbcHbI curnain ¢ f= 1k u ammmry o U = 0,2B.
11 'HY noaxmtounts k Bx1 ycunurens, a ocunuiorpad — k Beixony. M3meputs UBBIX U paccuutath
Ku.
12 IMoaxmrounts ['HY k 060uM BXogam ycuiutens U yoenutbes, uto Y monasnser cundasHbie
CUTHAJIBL.
13 CHATH ¥ IOCTPOUTH NEPEAATOUHYIO XapaKTEPUCTUKY YCHIIUTENS 110 UHBEPTUPYIOIIEMY BXOJY,
IoJaBast BXOJOHOU curHan ot bI12.



IIpakTHyeckasi padora Nel2.

Tema 9. YceuauresbHble yeTpoiicTBa
HccnenoBanue onepanuoHHOI0 yCHIUTES
Ienp padoThl: ucciie0BaHKE NIPUHIMIA JEUCTBUS ONEPALMOHHOTO YCUIINTEIS
IlepeyeHb UCIOJIB3YeMOr0 000PYA0BAHUS . U3MEPUTEIIBHBINA CTEH, MOYJIb «OnepaloHHbIA
YCUJIMTENIbY, OcIILIorpad
TeopeTnyeckasi 4acTh:
OnepallnOHHBIM YCUITUTENIEM HAa3bIBAIOT YCUIIUTEINb, UMEIOIINNA OOIbIION KOOPPUIINEHT YCUIICHUS U
MIPUMEHSAEMbIN TSI BBIMOJIHEHUS Pa3IMYHBIX ONepaluid Mo NpeoOpa3oBaHUIO FJIEKTPUUECKUX CUTHAIIOB.

OV c ucnosnb30BaHUEM LIENEH MOI0KUTENIbHBIX U OTPUIATEIBHBIX OOPATHBIX CBSA3EH MO3BOJISIIOT
YCWJINBATh, OCIA0JISATh, TEHEPUPOBATH YJEKTPHUUECKUE CUTHAJIBI, OCYIIECTBISThH CII0KEHUE, BRBIYUTAHHE,
nuddepeHnpoBaHe, UHTETPUPOBAHUE U IPYTHE ONEPALIUU.

B nacrosimiee BpeMst HanOoJiee MIMPOKOE pacCpOCTPaHEHUE MOTyUMIIH Tpexkackaaasie OY.
CrpykrypHas cxema Tpexkackaanoro OV npuenena Ha puc.l. IlepBoiit kackaa 0OBIYHO BBITIOJHSIOT 11O
cxeMme mpoctoro quddepernuansaoro yeunurens (1Y), umeromnero 1Ba Bxojaa u aBa BeIxoaa. Bropoi
Kackaj - ycunurens HanpspkeHus (YH), Takke BeImomaHseMbld 1o cxeme nuddepeHanibHoro
YCWIIATENS, 00J1aaeT 3HAYUTESIILHBIM KO3 PHUIIMEHTOM YCUIICHHS HATIPSIKCHHSL.
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Puc.1 CtpyxrypHas cxema OY
BoIxoHOM Kacka SBISETCS YCUIMTEIEM aMILTUTY bl curHaia (YA) U BBITIOJHSETCS 10 CXeMe
OK. OO6umwmit ko3 dunmeHT ycunenus Tpexkackaaaoro OY mocTuraet COTeH ThICS Y. BxoaHbie
xapakTepucTuku OY MpakTUYECKH MOTHOCTHIO OMPEAETSIOTCS BXOJHBIMU XapaKTePUCTHKAMU
¢ GepeHIIMATHEHOTO YCHIIATENS, 8 BEIXO/IHBIC - aHAJTOTHYHBIMHE ITOKA3aTeIIMH KacKaja 1o
COOTBETCTBYIOIIIEH CXeMe BKIFOUEHUSI.
VYcnoBHble rpaguyueckne 0003HAYEHHS M CXEMa BKJIIOUEHHS ITOKa3aHbl Ha puc.2.

+f”
Bxod1 N Buvxod
xo0 2 = - -
!
£, i
Lgyy Ry ‘l'|j
OO~ - Jd

: - Q= Uypz
Puc.2 YcnosHoe rpapuueckoe o6o3nauenue OY
Bxon 1 siBisieTcsi HBMHBEPTUPYIOMIAM, BXOJT 2 — HHBEPTUPYIOMIHM (0003HAYEH KPYKKOM).
BeixonHoe HanpsikeHHE Upux CBA3aHO CO BXOJHBIMU COOTHOLIEHHEM:
Usux = Ku (UBXI - UBXZ),

riae Ku — cobctBennslit koadpduiment ycuwienus OV 1no HanpspkeHUIo.

Kak mpaBuino, OY nuraercst OT IByX HCTOYHUKOB MATAHHS, TIOJKITFOUYAEMbBIX PA3HBIMH MTOJTFOCAMH.

[IpumeneHne ABYX UCTOYHUKOB MUTAHUS NPU MOAKIIOUYEHUN HArpy3KH K UX oOIIel Touke
MO3BOJISIET (DOPMUPOBATH HA BHIXOE ABYXIIOISIPHOE HANPSHKEHUE.

CrnenoBartenbHO, epeJaToOuHasi XapaKTepUCTUKA YCUIIMTEINS Paciioyio’keHa B JIBYX KBajapaHTax. Ha
puc.3 mpuBeneHBI IepeaTouHble XapakTeprucTUKu OY COOTBETCTBEHHO /ISl HEMHBEPTUPYIOIIETO U
MHBEPTUPYIOIIETO BX0A0B. M3 3THX XapaKTEPUCTUK CIEAYET, YTO MAKCUMAJIbHOE BBHIXO/IHOE HAMPSKEHUE
OV (UBbIXmax) Bcerjia MEHbIIIE€ HAIPSDKEHUS TUTaAHUSL.
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Puc.3 Ilepenarounbie xapaktepucTuk OY: a — 110 HEMHBEPTUPYIOLIEMY BXOJY;
0 — 10 UHBEPTUPYIOLIEMY BXOILY
IIpumepsl ucnosan3oBanus OY
[Tpu paccMOTpEeHNU OCHOBHBIX THITOBBIX puMeHeHni OY OyieM rmosararh, 4To BIMSHIEM COOCTBEHHBIX
[1apaMeTPOB YCHIIMTENS € y4eTOM Toro, uto Ku u Rsx ocTaTouno Benuky, a Ryux Majio, MOXHO
npeHeopeyb.
TunoBas cxema yCHUJIMTENS C OOpaTHBIMU CBS3SIMU MpE/ICTaBlIeHa Ha puc.4.
BxomHo# curHan u curHan oOpaTHOM CBS3M MOJAIOTCS HA OJHMH U TOT )K€ MHBEPTHPYOui Bxo. [Ipu
3TOM 00pa3yeTcs Lielb NapauieIbHON OTpULIATEIbHON 00OPATHOM CBS3U MO HAMPSKEHUIO.
ConpoTHBICHHUS PE3UCTOPOB Z, peaTn3yomuX 00paTHYIO CBs3b, B 00IIEM ClTyyae HMEIOT KOMIUIEKCHBIH
XapakTep.
B sTom ciyuae, npeamnonaras, uro Ku —oo, koo guuueHT nepegadn yCUIUTENs ¢ OOpPAaTHBIMH CBS3SIMH
ONPEIESAETCS PABEHCTBOM :
Ku ooc = - Zoc/Za.

Munyc o3Ha4aet, 4To (a3bl BXOJAHOTO U BBIXOIHOTO HAIPSKEHUM CIBUHYTHI OTHOCUTEIBHO APYT

npyra Ha 180°.

Puc.4 Ycunurens ¢ 0OpaTHBIMU CBS3SIMU

PaccmoTpuM HekoTOpble mpuMeps! puMeHeHust OY.
Macmta0HbIii yeusanTeab. Eciu B ienb 00paTHOM CBs3M BKIIOYUTE pe3ucTopsl Roc u Ri1, To BbIXO/IHOE
HanpspKeHue OyAeT ONpeeNaTbCs COOTHOILIEHUEM:

Usbix(t) = - (Roc/R1)UBX(1).
OtHomenne Roc/R1 Ha3pIBatoT MacITaOHBIM KO3 (HULIIEHTOM.
ITpu ycnoBuu Roc = R1= R ycunurens cTaHOBUTCS HHBEPTOPOM, T.€.:
Uskbix(t) = -Usx(t).

Cymmupyomumii yeuaureab. CyMMUPYIOIUN YCHUIIUTENb MPeHA3HAYEH A5 (OPMUPOBAHUS
HaNpPsDKEHUs, PAaBHOTO YCUJICHHON anredpandyeckoil CyMMe HECKOIbKUX BXOJHBIX CUTHAJIOB, T. €.
BBITIOJHAET MATEMAaTUYECKYIO ONEPALNI0O CYMMHUPOBAHUS HECKOJIBKMX CUTHAJIOB. [Ipyu 3TOM BBIXOJHOM
CUTHaJ JIOTIOJTHUTENbHO HHBEPTUpYeETCs. B kauecTBe mpuMepa Ha pHc.5 IpuBeeHa cXeMa YCTpOHUCTBa,
BBITIOJHSAIOLIETO IaHHYIO ONEPALMIO /1711 TPEX BXOJHBIX HAIPSKEHUH.
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Puc.5 Cymmupyromuii ycuanTensb
CooTHouIeHne JUIsl ONpeAEICHUs BBIXOJHOI'O HAMPSDKEHUS! UMEET BUL:
Ussix = -(Usx1Roc/R1 + Usx2Roc/R2 + UsxzRoc/R3).

Cursai Ha BbIXOJIE paBeH aJre0Opandyeckoil cyMMe BXOJHBIX CUTHAJIOB, B3AThIX CO CBOMMHU
MacmTaOHbIMU K03 punimenTamMu, HO ¢ 0OpaTHBIM 3HAKOM.

B yactHoM ciyuae, eciiu R1= R2 = R3 = Roc, nonyunm

Usbix = -(Usx1 + Usxz + Usxs).

HNuTerpupyommii yenjmreab (MHTerpaTop). HTErpaTopoM Ha3bIBaeTCs 3JIEKTPOHHOE YCTPOUCTBO,
BBIXOJTHOW CHTHAJI KOTOPOTO MPOIMOPIIOHAIIEH HHTETPATy 10 BPEMEHHU OT €r0 BXOJJHOT'O CHTHAJIA.
ITpocreiinias cxema MHTErpaTopa, BellojJHeHHas Ha OV, mpuBeeHa Ha puc.6.

JlaHHas cxema sSIBIISIeTCS MHBEPTUPYIOIIMM YCHUIIUTENEM, B LIENTb OOPAaTHOM CBSI3M KOTOPOTO
BKJIt0YeH KoHzieHcaTop C. IIpu 3ToM KO3 GHUIMEHT nepeJadn yCUIUTENs HaX0IUTCs KaK:

t
Usbix(t) = -1/RC J. 0 Usx(t)dt.

[y
7
DA
u b 3
bx
Y i
o= Y

Puc.6 UnTerpupyromuil ycuianTensb
Juddepenumpyromuii yenaureab (audpepennunarop). Juddepennparopom HazblBaeTCs
YCTPOWCTBO, BEIXOJHON CUTHAJI KOTOPOI'O MPONOPLUHUOHAIEH IPOU3BOIHOM OT €ro BXOJHOI'0 CUTHAaJja.
Jlpyrumu ci10BaMH, BBIXOJIHOW cUrHal AuddepeHnnaTopa nponopuuoHaieH CKOPOCTH U3MEHEHHUS €ro
BXOJHOT'O CUTHAJA.
ITpocreiimas cxema nugdepennuaropa, BeinoaHeHHas Ha OV, mpuBeaeHa Ha puc.’.
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Puc.7 lnddbepeHnmpyromuii yCumuTeb
BrIxoiHO€ HanpsKeHHe TaHHOTO YCUIIUTEIS ONPeIeNIeTCs] COOTHOLICHUEM:
Ussix(t) = - RC dUsx(t)/dt.



XoJ paboTsl

B pa6ote uccnenyercst uaterpansueii OY 153V /[1A. [lutanue MUKpOCXEMBI OCYIIECTBISETCS OT
HUCTOYHHUKOB +6B u -6B.

1 IloaroroBUTHL N3MEPUTEIbHBIN cTeH . J1Jis 3TOTO:

1.1 Pyuku peryaupoBKy HanpspKeHUst OJI0KOB MUTaHus | U 2 — B KpaiiHee JIeBOe TOJIOKEHHE.
1.2. Ilepexmouatenu mpudopos P1, P2 — B monoskerne «20».
2 B pabote ucrnonb3yercst MOAyJb cXeMa KOTOporo uMeeT Buj (puc.8):
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Puc.8 Cxema moayns st uccienoBanus OY
3 UccaenoBanme ycuauntenas ¢ OOC.

3.1 BximounTs ociuiorpad 1 i3MEepUTEIbHBIA CTEHI.

3.2 C momorpio ocmuniorpada ycTaHOBHUTE Ha Bbixoie ' HY rapMoHMYeckuii CUTHAIT ¢ aMILTATYI0M
Um =5 MB u yactoroit f= 10 k['1.

3.3 Cob6pars cxemy ycumutens ¢ OOC (puc.9):

THY [
—O— | st .
13 B

Puc.9 OY ¢ OOC
3.4 VI3MepuTh aMILTUTYy BBIXOJHOTO CUTHAJA U paccuuTarh Ku.
4 UccaenoBanue MaclITA0HOI0 yCHIIMTEJIS.
4.1 YcranoButsh Ha Bbixoje bl 2 nanpsxenue U =+ 0,1 B.
4.2 Cobpats cxemy (puc.10):

9 9
®

R1 z9 R2

Bl —$— 3 12

L
Puc.10 MacmtaOHblii ycuauTes b

4.3 U3meputh BoabTMETpOM UBBIX U paccunTaTh MaclITaOHbBIN KO3(PPUIIHEHT:
K= UsBpix / UBXx .

CpaBHHTH €ro ¢ KO3hHUITMEHTOM, OTIpeieIieMbIM 10 mapamerpam 1enu OC:
K=R2/R1.

4.4 Bmecto R1 Bximtounts R3 = 10 kOM 1 BHOBB paccuutath K.
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Crenarn BBIBOJIBI.
5 UccaenoBanue nuddepeHuupyronero yCuiauTeas.
5.1 YcranoButs Ha Beixoae ['HY umnynbcHblit curnan ¢ f = 1k['m ammmurynoit Ua = 0,5 B.
5.2 Cobpatb cxemy (puc.11):
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Puc.11 AuddepeHumpyroniuii ycuanTeb

5.3 N300pa3uTh OCHUILIOTPaMMbl BXOJTHOTO U BBIXOJHOT'O CUTHAJIOB B OTYETE.
6 UcciienoBanne HHTErPUPYIOLIET0 YCUINTES.

6.1 B ertm o6partHoii cBs3u Bkirounth BMecTo C1 — R1, BMecto R2 — C2.

6.2 YcranoButh Ha Beixojae 'HU ummynbcHbiit curnan ¢ f= 100 I'u u Ua = 0,5 B 1 moakimt04uTh
ero K Bxoay (rH.1).

6.3 YOeauTbcsi, YTO BBIXOIHOM CUTHAI UMEET MUII000pa3Hyto Gopmy.

6.4 OcunsuiorpaMMbl CUTHAJIOB OTOOPAa3UTh B OTYETE.

7 I1oATOTOBHUTDL M CAATH OTYET

IpakTunyeckas padora Nel3.

Tema 11.I'eHepaTopbl TApMOHUYECKHX KOJIE0AHU I
HccnenoBanue LC- reneparopa
Leab padoTbl: DKCIIEPUMEHTAILHOE TOITBEP)KACHUE TEOPETHUECKUX MOTOKEHUN 0 MPUHILIUITY ACHCTBHSA
reHeparopa.
Ilepeyenn uCnoIL3yeMOro 000py10BaHMSI: H3MEPUTENBHBIN cTeH T, MOAyIb «LC - renepaTopy, ocrpuiorpad
Teopernyeckast 4acThb:

['eHepaTOpOM DIIEKTPUUYECKUX CUTHAIIOB HA3bIBAIOT YCTPOMCTBO, MPeoOpasyroliee SHEPTUL0
HMCTOYHHMKA MTOCTOSTHHOTO TOKA B DHEPTHIO HE3aTYXAIOIIUX JIEKTPUUECKUX KOJIeOaHUi 3aJaHHOM
(hOpMBI, YaCTOTHI U MOIITHOCTH.

B 3aBucumocTH OT (hOpMBI BEIXOTHOTO HANIPSKEHUS PA3IMYAIOT: TEHEPATOPhl TAPMOHUYECKHIX
KosebaHuil (CMHycOUIaNbHON (POPMBI) U T€HEPATOPHI HETAPMOHUYECKUX KOJeOaHU (MMITYIbCHBIE HITN
penaKcaloOHHbIE TeHEPATOPHI).

['enepatopsl MOTYT paboTaTh B OJJHOM U3 JIBYX PEKUMOB: PEKUM aBTOKOJIEOaHUN U K IyIIUI
peXUM (PEKUM 3aIycKa BHEIIHUMHU CUTHAJIaMH).

[Tpu oxBate yCUIUTEINS MOJIOKUTETHLHOW 00paTHON CBSA3bIO0 BO3MOKHO CAaMOBO30YXKACHHE, TaK
KakK KOd(DPUITMEHT YCUIIEHUS Ha ONPEIETICHHBIX YaCTOTaX JOCTUTAET OECKOHEYHO OOJIBIIIOTO 3HAYCHUS.
Taxas cxema paboTaeT B aBTOKOJIEOATETEHOM PEXHUME U SBIISETCS aBTOTCHEPATOPOM.

Takum 00pa3om, aBTOreHepaTop TapMOHUYECKUX KOJIEOaHUH MpeICTaBIsAeT COO0N yCHIIUTEIIbHOE
3BeHO ¢ ko3 durmerntom ycunenus KU, oxBadueHHOE TTOJIOKUTETHHONH 00pPaTHOM CBS3BIO C
koa¢dunmenToM nepenayu Hampsbkenust 3 (puc.l).
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Puc.1 CtpykTypHas cxema aBTOreHeparopa



CrnenoBartenbHO, yCTAaHOBHUBILUECS KOIeOaHUs OYAyT CyIIECTBOBATh B CXEME MPH YCIOBUH, €CITH
Kup =I.

Tak xax Kup - BenmuunHa KOMIUIEKCHAs1, POLIECC CaMOBO30YXKACHUS aBTOI€HEPATOPa, MOKHO
OXapakTepu3oBaTh AByMs (HOpMyJIaMU:

KuB=1 u o¢k+¢B=2nn,

rae: ok — caBur ¢a3pl, BHOCUMBIN YCUIIUTEIIEM;

¢B - cnBur (ha3pl, BHOCHMBIH LIENbIO0 OOPaTHOM CBSI3U.

[lepBoe ypaBHEHHE [TOKa3bIBAET, YTO JJIsl CYILIECTBOBAHUS aBTOKOJIEOATEIBHOIO peKuMa
ociablieHue CUrHasga, BHOCUMOE 3BEHOM OOpaTHOM CBSA3H, JOJIKHO KOMIIEHCUPOBATHCS YCUIIUTEIIEM.
OTO0 ypaBHEHHE HA3bIBAIOT yCIOBUEM OalaHca aMIUIUTY.

Bropoe ypaBHeHue sBisieTcs ycioBueM OanaHca (a3, mpu KOTOpoM CABUT (a3 B 3aMKHYTOM
[[ENU aBTOKOJIe0aTeIbHON CUCTEMBI IOJDKEH paBHITHCS 271tn, Taen =0, 1,2, 3, ...

ITpu n = 0 ocy1ecTBIIsA€TCS reHepalys CHHYCOUJANIbHBIX (FapMOHUYECKHX ) KOJIeOaHUH, a IpU n
> 0 — HETaPMOHUYECKHUX KOIeOaHUH.

VYcnosue n = 0 03HayaeT, 4To JUIsl FeHepaluu KojiebaHui CHHYCOMIanbHOM (hopMBI cucTeMa
aBTOreHEepaTopa JA0HKHA COEP)KaTh YaCTOTHO-U30MPaTEIbHbIM YETHIPEXIIOIIOCHUK,
00yCJI0BIMBAIOIIMI BHIIOJIHEHUE YCIIOBUH OasiaHca (a3 U aMIIMTY1 Ha OHOM U TOH K€ YacToTe.

ABTOreHepaTop ¢ UHAYKTUBHOM CBS3bI0 HAa TPAH3UCTOPE

Cxema aBTOreHeparopa ¢ pe3oHaHCHbIM LC-KOHTYpOM Moka3aHa Ha puc.2,a. B aToii cxeme
HCIIOJIb3YETCSl MUHAYKTUBHAs CBSA3b OOMOTKH pe30HaHCHOro KoHTypa LKCK, SBISIOLIErocs: Harpy3Koiu
OJTHOKACKaJHOro ycunurens no cxeme OO, co BTOpU4HOM 00MOTKOM, BKJIIOYEHHOH B Lienb 0a3bl U
BBITTOJTHSIONIEH QyHKIHIO ey oOopaTHOi cBsa3u. OOMoTka LO BKITtoyaeTcs BCTpedHo 0OMOTKe Lk, yem
obecrnieunBaeTcs CABUT (a3bl HA 7.

Onementsl R1, R2, R3 u Cs npenHa3HaueHsbl 111 00ecredeHsI HeOOXO0IMMOTO peXrmMa 1o
IIOCTOSIHHOMY TOKY U €ro TepMoctaduin3anui. COnpoTUBICHUS TK U 10 YUUTHIBAIOT AKTUBHBIE TOTEPU
COOTBETCTBEHHO B KOHTYPHOH M 6a30BOi 00MOTKaxX. 3a cueT KoHaeHcaTopa C, peakTHBHOE
COIIPOTHBIIEHUE KOTOPOTr'O HAa YaCTOTE I'eHEePaLli He3HAYUTENIbHO, 3a3eMJISIETCSl OJJUH KOHell 6a30BOi
O0OMOTKH.

. J ! o
- r + A -}
—e X A }]
| L 1‘“!
| : LT
36, | Iy i
¥ . D [ — 44 |
5’ (-I 3 _"ﬁi- :-) | i / 'u”.’i
) & & = l cEirmi L ————— X
| - | I - .:
r T [ - | 577 |
(¢ [l == |
y TR b L. ]
Do | rA: |
5 - J‘:?: ;. 1 |-~.-4 FJ-‘p.h :
L L | ,___.j |
- o |
T |5
—
- L
a 0

Puc.2 I'ereparop rapMoOHHYECKUX KOJIEOAHUN HA TPAH3UCTOPE (2) M OMEPAIMOHHOM YCHIIUTENIE
(6)

ConpoTuBieHHe KOHTYpa Ha pE30HAHCHON 4acTOTe HOCUT YUCTO aKTHUBHBIIN XapaKTep U paBHO
Lx/(rkCk). [ToaTomy npu Bo3aeiicTBUN Ha 6a3y CUrHasIa IEPEMEHHOTO TOKa ¢ YaCTOTOM, paBHOM
4aCTOTE PE30HAHCA, HAPsHKEHUE Ha KOJUIEKTOpe OyAeT CABUHYTO 10 ¢ha3ze Ha T (Kak JJIs Kackaaa
yeusenus no cxeme O9). Takum oOpa3zom, o6l (pa30BbIid CABUT B 3aMKHYTON I[ETIH yCUIUTENb —
3BeHO 00paTHOM CBSI3U OyJeT paBeH HYJI0. ITO 00ecreynBaeT BBIIIOJIHEHNE YCI0BHs Oananca ¢as.

MuHMManbHOE yCHIIEHHE, 00eCTIeYNBAIOIIEee BHIMOJIHEHUE YCIIOBH OajlaHCa aMIUIUTY/] Ha
PE30HAaHCHOM 9acTOTe (YacTOTE TeHEPAIINH ), OTIPEICIISCTCS BRIpAKECHUEM

h215 =h'l1ar'kCx/M + M/L'k,  (*)
rze 'k 1 L'k — conpoTuBiieHNe aKTUBHBIX MOTEPbh U MHAYKTUBHOCTh KOJIEOATETLHOTO KOHTYpa C



Y4eTOM HapajieIbHO MOIKIIOYEHHON BBIXOJHON MPOBOAMMOCTH TpaH3ucTopa h223; h'll =16 +

h113, M — ko3 purmeHT B3anMOMHTYKIIHH.

Takum oOpazom, AJis MOTyYeHHUs] yCTOMYMBOTO aBTOKOJIC0ATELHOTO MPOIIecca C YaCTOTON
kosebanuit {0 HeoOXoaMO BEIOpaTh TPAH3UCTOP, Y KOTOporo 3HaueHue h213 He MeHee pacCYUTaHHOTO
o gopmyne (*). [Ipu sTom yactota konedannii LC-aBToreneparopa BeIpakaeTcsi GpopMyIIoi:

f0 = 1/2nV (L'xCK)).

BricOKMME TEXHUYECKUMH MOKa3arensiMu oonanaoT LC-aBToreHeparopsl, B KOTOPBIX B KAUECTBE
YCHIIUTEIbHBIX 3BEHBEB UCIOJIB3YIOT ONEPAIlMOHHBIE YCHINTENH. B CBSI3U ¢ H30BITOYHOCTHIO
K03 duUllMeHTa YCUIICHNUS TaKUX YCUJIUTENEH 3TO MO3BOJSET KPOME MOJIOKUTEIbHON 00paTHOM CBI3U
4yepes YaCTOTHO-U30MpaTenbHbI PE30HAHCHBIN KOHTYP BBOJUTH IOCTATOYHO ITyOOKHE
OTpHUIaTeNIbHbIE 00paTHBIE CBS3U, YTO CYLIECTBEHHO MOBBIIIAET CTAOMILHOCTD YaCTOThI TeHEPUPYEMBIX
KOJICOaHUH.

OnuH U3 TUNMHYHBIX BapuaHToB LC-aBTOreHepaTopa Ha onepanmoHHoOM ycuautene tuna 153V /11
mokasaH Ha puc.2,0. B a1oii cxeme LC - KOHTYp BKITIOUEH B IIETIH MTOJIOKHUTEIHHONU 00OpaTHOM CBSI3H
MEX/1y BBIXOJIOM (BBIBOJ 6) U HEMHBEPTUPYIOIIKUM BXOJOM (BBIBOJI 3) ONEPAIMOHHOTO YCUITUTEIIS.
BxurodeHue B 11enb OTPHUIIATEIHLHOM 00paTHON CBSA3HM MEX/IY BBIXOJIOM H MHBEPTHPYIOIINM BXOJI0M
yCUIIUTENS (BBIBOJI 2) TEPMOPE3UCTOPA 00ECTIeYMBAET BHICOKUN YPOBEHb CTA0MIM3AIMH aMILUTUTYIbl U
9aCTOTHI TCHEPUPYEMBIX KOJICOAHHIHA.

Texuuueckue xapakrepuctuku LC-aBToreHepaTopoB B JUana3zoHe HU3KUX YacTOT
CYIIECTBEHHO CHMYKAFOTCSI, TAK KAK B COOTBETCTBHH C BBIPAKCHHEM HEITOMEPHO YBEITMYUBAIOTCS
WHIYKTUBHOCTh M eMKOCTb KOJI€0ATEIIbHOTO KOHTYpa. DTO MPUBOAUT K YBEIMUECHUIO OMHUUECKOTO
COIPOTHBIICHUSI OOMOTKH KaTYIIKH U TOKOB YTEUKH KOHICHCATOPA, CHIDKEHUIO TOOPOTHOCTH
KoJ1e0aTeIbHOr0 KOHTYpa U CTaOMIILHOCTH YacTOTHI aBToreHeparopa. [loaTomy B aBTOreHEepaTopax
rapMOHUYECKUX KOJIeOaHH HU3KOYaCTOTHOTO AUANa30Ha UCTIONB3YIOT YaCTOTHO-U30MpaTeTbHbIE
1enoyku u3 31emMeHToB R u C u B 3aBUCUMOCTH OT CO3/1aBaeMOro UMu (pa3oBOro CABUTa Ha
KBa3WPE30HAHCHOM YaCTOTE MHBEPTUPYIOIINE WIIM HEUHBEPTUPYIOIINES YCUITUTEIIH.

Xoa padoTsl

B paGore ucciemyercs reHepaTOp rapMOHUYECKUX CUTHAJIOB HA OUTIONSIPHOM TPaH3UCTOPE C
WHIYKTUBHON TIOJIOKUTEIBHON 00paTHOI CBsI3bI0, CXeMa KOTOPOTO MpecTaBieHa Ha puc.3. [luranue
reHepaTopa OCYIIECTBIISIETCS OT UCTOYHUKA HanpsbkeHueM +12B.
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Puc.3 LC — reHepaTop ¢ MHIYKTUBHOM CBSI3bIO

1. Bxumounts ocumimiorpad, MOAroTOBUTH K paboTe M MOJKIIOUUTH €r0 K BBIXOY T'eHepaTopa

(ru.1 u 2).

Ha monyne nepeximtouatenu S1 1 S2 nocTaBUTh B NIOJIOKEHUE 1.

BxirrouuTs muTaHue cTEHIA.

4. Ha sxpane ocrpuiorpaga J0HKeH MOSBUTHCS TApPMOHUYECKHHM CUTHAIL.
[Ipumeuanue: [Ipu OTCYTCTBUU CUTHaNA BHIKIIOYUTH MUTAHUE U BKIIOYUTH CHOBA.

5. H306pa3uth ero ocumiiorpaMmy B OTYETE, U3MEPHUTh EPUOJ M aMIUIUTY/y CUTHAJIA,
paccuuTaTh 4acToTy.

wmn
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BoinonHuTh 1.5 npu nookeHuu nepekioyatens S1 B nonoxeHuu 2 u 3.

7. Cpnenatb BBIBOJ O BIMSHUU TapaMETPOB KOJ1€0ATEIbHOIO KOHTYpa Ha OCHOBHBIE ITaPAMETPBI
TE€HEpUPYEMOr0 CUTHAIA.

8. N3MeHuTh CONpOTUBIICHNE HAIPY3KU T'€HEpaTOpa, NOCTaBUB MepeKIoyaTesb S2 B
II0JIOXKEHHUE 2, U TaKXKE U3MEPUTH TapaMeTpbl TEHEPUPYEMOIo CUrHaia. To ke npojenaTh
IIPU U3MEHEHUH NEPEKITIoYaTeNs B MIOJI0KEHUH 3.

9. Cpnenatp BBIBO/IBI O BIMSHUYM HArpy3KH HA apaMeTPbl TEHEPUPYEMOTO CUTHAJIA.

IIpakTyeckas padora Nel4.
Tema 13. Tpurrepsi
HccnenoBanue TpUIrepoB Ha JIOTHYECKHUX 3J1eMEHTaX
Heab padoTsi: McciienoBanue NpUHIMIA JCHCTBUSI TPUITEPOB.
Ilepedenn ncnonb3yeMoro 000py10BaHMsI: H3MEPUTENBHbIN CTEHT, MOAYJIb «JIornueckue 3neMeHTbD
Teopernyeckasi 4acTh:

Tpurrepom Ha3bIBalOT yCTPOMCTBO, UMEIOIIIEE ABA YCTOMUUBBIX COCTOSIHUS, U CIOCOOHOE U3MEHSATh
3TH COCTOSIHUS MO/ BO3JICHCTBHUEM BXOJHBIX YIPABISIOIIUX CUTHAIOB. TpUTTEp UCIIONB3YETCs
CaMOCTOSITENTLHO KaK JIEMEHT NMaMATH TGP ABOWYHOH cuctembl curcienus 0 wim 1. Tpurrepsr
MIPUMEHSIIOTCSL TaKKe JJIsl TOCTPOCHHUS PA3IMUHBIX IIU(PPOBBIX YCTPOUCTB, TAKUX KaK PETUCTPHI,
CUETYMKH, CYyMMATOPbI, (HOPMUPOBATEIN CUTHAJIOB U JUTS IPYTUX LEJIEH.

[To pyHKIMOHATBHOMY Ha3HAUYEHUIO TPUTTEPHI MOKHO Pa3/IEIUTh Ha YETHIPE IPYMIIbL:

® TPUITEPHI C pa3ieibHBIMU BXxoaamu (RS — tpurrepsr);
® TPUITEPHI CO CUeTHBIM BX0/10M (T — Tpurrepsr);
e Tpurrepsl 3aaepxku (D — Tpurrepsi);
e Tpurrepsl yuusepcaibnbie (JK - Tpurrepsr).
YcnoBHoe rpaduueckoe obo3HaueHue RS — tpurrepa umeet Bug (puc.l).

Puc.1 YcnoBroe rpaduueckoe obo3HaueHue RS - Tpurrepa
Bxon S npennasnauen st ycranoBkH (Set) Tpurrepa B cocrostaue 1, a Bxon R — st cOpoca
(Reset) T.e. B cocrosiue 0.
Tpurreps! ObIBaOT AaCHHXPOHHBIMHU (HETAKTUPYEMBIMHU) U CUHXPOHHBIMU (TaKTUPYEMBIMHU ).
ACHUHXpOHHBIN TPUTTEpP UMEET JUIIb HHPOPMALMOHHBIE BXObI, CHTHAJIbl HA KOTOPBIX C MOMEHTA UX
MOSIBJICHUSI OIIPENEINSIOT COCTOsIHNE TpUrrepa. CUHXPOHHBIN TPUITEP KpoMe HH(POPMAIIMOHHBIX BXO/I0B
UMeeT CUHXPOHHU3YIOIIUH (TaKTUPYIOLIUM, TAKTOBBIN) BXO/1; CUTHAJIBI HA MHPOPMALIMOHHBIX BXO/aX
BO3JICHCTBYIOT Ha TaKOM TPUITEP TOJIBKO IIPU CUTHAJIE HA CHHXPOHU3UPYIOILIEM BXOJE.

AcunxpoHHblii RS-Tpurrep na 3siementax U — HE. Ha Beixone anementa U — HE umeercs
uHBEpTOp (ycunutenb). [loaToMy Ha IByX TaKMX 3JIEMEHTaX MOKHO BBIIIOJIHUTE TPUTTEP, €CIIH BXOJL
OJIHOT'O 2JIEMEHTA COEIMHUTH C BBIXOJOM JPYIOro.

[Tomy4yeHHBI TakKuM 00pa30M TPUTTEP SBISETCS ACHHXPOHHBIM TpurrepoM. OH UMeeT JiBa BXoja: S —
ycTaHOBKH Tpurrepa B 1, R — ycranoBku tpurrepa B 0.
AcuHXpOoHHBII RS-TpHrrep — mpocreiimmii HHTETpaTBbHBINA TPUTTEP, MPUMEHSIOIIHICS CAMOCTOSTENBLHO,
a TaKk)Ke BXOJIAIINN B COCTaB 0oJiee CI0KHBIX MHTETPAIbHBIX TPUITEPOB B KAUECTBE 3alIOMUHAIOIIEH
STYCHKH.

s onementa M1 — HE akTUBHBIM cUTHAJIOM siBiseTCs orudeckuit 0: Hamuuue ero XoTs Obl Ha OJHOM
BXO0/JIe 00YCIIOBJIMBAET Ha BBIXO/JIE JIOTHUECKYIO | HE3aBHCUMO OT CUTHAJIOB HA JPYTUX BXOJaX.



Jlormueckas 1 ans Takoro 3neMeHTa ABJISETCSA NACCUBHBIM CUTHAJIOM: C €€ MOCTYINIEHUEM Ha BXOJ{
COCTOSIHUE BBIXO/1A DJIEMEHTA HE U3MEHSAETCS.

B cuny ckazannoro tpurrep Ha anementax M — HE (puc.2,a) nepekitouaercs sornyeckum 0. Ha
YCIIOBHOM M300pa)K€HUHU TaKoro Tpurrepa (puc.2,0) 3To 0TpaxkaroT HHBEPCHBIMU BXOJAMHU.

Jlnist maHHOTO TpUrTepa KoMOMHaNMs BXOAHBIX curHasioB S = 0, R = 0 sBnseTcs 3anpenieHHo, T.K.
I0CJIC U3MCHEHUS BXOIHBIX CUTHAJIOB TOSIBIISIETCS HEONPEACICHHOCTh, a KoMOuHanus S = |, R =1 He
MEHSIET €T0 MPEIbIIYIIEro COCTOSHUS, T.€. SBISACTCS KOMOMHALIMEH XpaHEHHS.

8

o §)
Puc.2 Acunxponnsiii Tpurrep Ha snementax U-HE (a) u ero YI'O (6)

Cunxponnblii RS-Tpurrep. Ha BX0/bI TOruyeckoro 3jieMeHTa WK YCTPOMCTBA CUTHAIIBI HE BCET/Ia
MOCTYNAaOT OJHOBPEMEHHO, TaK KaK Mepe STUM OHU MOTYT MPOXOJIUTH Yepe3 pa3HOe YHUCIIO y3JI0B, HE
o0Jaiaoux K TOMY K€ OJJMHAKOBOM 3a/1ep>KKOW. DTO SIBJIIEHNE HA3bIBAIOT COCTA3aHUSAMHU UM TOHKAMH.
B pesynbrare ero B TeueHHUE HEKOTOPOTO BPEMEHU Ha BXOJaX CO3/1a€TCsl HEMPEIBUICHHAS CUTYyAaIHs:
HOBBIC 3HAYCHHS OJTHUX CHTHAJIOB COUETAIOTCS C MPEABIIYIIUMHI 3HAYCHUSAMH JPYTHX, YTO MOXKET
MPUBECTHU K JIO)KHOMY CpalbaThIBAHUIO JIeMeHTa (YCTPOUCTBA).

[TocnencTBusi TOHOK MOKHO YCTPAaHUTh BPEMEHHBIM CTPOOMPOBAHKEM, KOT/Ia Ha DJIIEMEHT KpOMeE
MH(OPMAILIMOHHBIX CUTHAIIOB MOJAIOTCS TAKTUPYIOIIHE (CHHXPOHU3UPYIOIINE) UMITYJIbChI, K MOMEHTY
PUX0Ja KOTOPBIX HH(POPMALIMOHHBIE CUTHAJIBI 3aBEIOMO YCIIEBAIOT YCTAHOBUTHCS HAa BXOJIaX.

OanocryneH4artblii cuHXpoHHBIH RS-Tpurrep. Cxema Taktupyemoro RS-tpurrepa u ero ycioBHoe
M300pakeHNe MPUBEACHO Ha puC.3.

OcHOBY Tpurrepa cocTaBisieT aCHHXpOHHBINH RS-Tpurrep T1 ¢ HHBEpCHBIME BXOAaMU (aHAIOTUYHBIN
n3o0paxkeHHOMY Ha puc.2). Bxon C sBisieTcsi CMHHXpOHU3HPYIOMUM. YTOOBI 00€CTIeunTh
nepeKIoJaonmi sornueckuit 0 Ha cooTBeTcTBYIOLIEM BXoae T1, B cxeMy 106aBineHbI 3J1eMeHThl U —
HE. Jlornyeckwii 0 Ha BBIXOJIE TAKOTO AJIEMEHTa OyJIeT pH JIOTHYecKux 1 Ha ero Bxojax, T. €. mpu S = 1,
C=lumunmpuR=1,C=1.
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Puc.3 Cunxponnsiii RS — tpurrep (a) u ero YI'O (0)
Taxtupyemsiii RS-tpurrep cokpaienHo o6o3nayaror RSC.

Tpurrep co cueTHbIM BxoaoM (T — Tpurrep).

Tpurrep co cueTHBIM BX0JIOM MEPEKITIOYAETCS KaXkbIM UMITYJIbCOM Ha Bxoje T (cueTHbIM
UMITYJICOM).

T-tpurrep peanusyercs Ha 6a3e nqByxcrynenuaroro RSC — tpurrepa (cM. puc.4).

C nosiBieHneM mmiyisca Ha Bxoze T Tpurrep T1 nepBoi cTyneHn NepeKIoyaeTcs B
COCTOSIHUE, TPOTHBOIIOJIOKHOE COCTOsIHUIO Tpurrepa T2. Ho 3To He BbI3bIBaeT U3MEHEHHUS

MOTEHIIMAIOB Ha BhIxoAax Q U ', Tak Kak Ha TaKTOBOM BXojie Tpurrepa T2 3a cuer
WHBEPTOpA ceiluac mpucyTcTByeT Jorudeckuil 0. TonbKO Mocae OKOHYaHUS UMITYJIbCa Ha
BXO/JIe MEPEKIFOUUTCs Tpurrep T2 u npou3oiiieT u3MeHeH e MOTEHINAIOB Ha Bbixogax Q u @
, a TaKke Ha R- u S-BXxogax nmepBoi CTyneHu.



Takum oOpa3om, iepBasi CTyIeHb MEPEKITI0YAeTCs M0 MepeHeMY GPOHTY BXOIHOTO
HMITyJIbCa, a BTOpasi — IO Cpe3y.
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Puc.4 JIByxctyneHuartbiii T-Tpurrep (a) u ero yciaoBHoe u3obpaxenue ( 0)

Tpurrep 3aaep:xku (D — Tpurrep).

D - tpurrep umeer onun uapopmarmonusiii D - Bxox u TaktoBsiii C - Bxoa. OH COCTOUT
RS-tpurrepa, nonosnennoro asyms sanementamu U-HE (puc.5).
Tpurrep nepexoauT B cOCTOSTHHUE 1, €CIIM B MOMEHT IIPUXO0Ja CHHXPOCUTHAJIA HA €r0
nH(OPMALIMOHHOM BXO/JIE IMEETCsl CUTHAJ, cooTBeTcTBYIoUMi 1. Takum obpazom, npu C = 1
D-tpurrep siBisieTcst mOBTOpUTENIEM: Ha Bbixoe Q moBTopsieTcs noteHuan Bxoga D. Ognaxo
3TO MOBTOPEHNE HAYMHAETCS TOJIBKO C TOCTYINIEHUEM CUHXPOUMITyJibca Ha Bxoa C, T. €. ¢
3a/IepKKOM OTHOCUTEIILHO CMEHUBIIIETOCs noTeHnuana Ha D-Bxone (puc.5,0).
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Puc.5 Cxema D - tpurrepa (a) 1 BpeMeHHbIE AUarpaMMbl ero padboTsl (0)
Ecnu D-Bxoj coenuHuTh ¢ BhixogoM &', To D-Tpurrep Oyzaer paboTath B CUeTHOM pexume (puc.6).
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Puc.6 Bxmouenune D — Tpurrepa B cueTHOM pexxume

Yuusepcaiabnblii Tpurrep (JK — tpurrep)

JK - Tpurreps! 00bIYHO BBINOIHSAIOTCS CHHXpOHHBIMU. Takoii JK-Tpurrep umeer nHGpoOpMalmoHHbIE
Bx0761 J ¥ K, KOTOpBIE 10 cCBOeMy BIMSHUIO aHAJIOTHYHBI BXoaaM S U R taktupyemoro RSC-tpurrepa: npu
J =1, K= 0 tpurrep no TakToBoMy HMIYJbCy ycTaHaBIHBaeTcs B coctostHue Q = 1; mpuJ =0, K=1-
nepekitovaercs B cocrostane Q = 0, a mpu J = K = 0 — xpaHuT panee npuHATy0 nHGopmanuto. Ho B
orinuue oT RSC-tpurrepa ogHOBpeMEHHOE NPUCYTCTBHE JIOTHYECKUX | Ha MH(POPMAIIMOHHBIX BXOJaX HE
apngercs ansa JK-tpurrepa 3anpeuenHoi komounanuei. [lpu J = K = 1 tpurrep paboraet B cueTHOM
pexXuMe, T. €. MePeKIIoYaeTcs KaxIbIM TAKTOBBIM UMITYJIECOM.

Ha puc.7 npuBenena Tabmnua, oTodpakaromas NOpuHIun aeiictBus JK-tpurrepa, B kotopoit Q! —
COCTOSIHHE TPHITEpa T10CJIe MepeKIF0UeHHs o TaKToBoMy ummyJbey. [lpu J = K =0 Q%'= Q'- tpurrep
COXpaHseT MpeablayIee COCTosTHNE; KoMOuHaIus J = K = 1 mpuBOIUT K TOMY, YTO TaKTOBBIM
MIMITyJIbCOM TPUITEP TEPEKIII0UaeTCsi B COCTOSHHUE, MPOTHBOMOJIOKHOE mpeabaymemy: Q= Q.




Coueranusa J=1, K=0wuJ =0, K= 1 gator Tpurrepy paspeiieHie nepeKIt0IuThCsl COOTBETCTBEHHO B
cocrostHust Q=1u Q =0.

J K Qt+1
0] 0| O
1 0 1
0 1 0
1 1 t

Puc.7 Tabnuua ycnoswuii pabotsr JK- Tpurrepa

JK-Tpurrep Ha3pIBarOT YHUBEPCAIBHBIM, T.K. OH MOXET paboTaTh Kak RS - Tpurrep (puc.8,a), D -
tpurrep (puc.8,0) u T-tpurrep (puc.8,B).
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Puc.8 Bxmrouenne JK — tpurrepa kak RS (a), D (6), T (B) - Tpurrep
Xoa padoTsI
B paborte uccnemxyrorcs Tpurrepsl, peanuzoBannbie Ha JID M-HE TTJI (cMm. puc.9). lns Takux 351eMeHTOB

noaavy CUrdajioB, COOTBETCTBYROIIUX umbpe O, MOKHO OCYIIECCTBUTH OJKIIIOYCHHUEM BX0Ja K TH. «L», a,
nozada curaajia, COoTBECTCTBYIOIICIO Im(bpe «I» - OTCYTCTBHUEM TAKOI'0 COCTMHCHU.
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Puc.9 Monyis «Jlornueckue aeMeHTsD
1 Ha m3mepuTennbHOM CTeH/Ie Mepekirouaresi BoasTMeTpoB P1 u P2 ycranoButs B onokenue — 20.
2 UcciienoBanue acCHHXpOHHOro RS — Tpurrepa..
2.1 Cobparb Ha MOJTyJIE CXEMY TPUITEPA B COOTBETCTBUU C puc.10.
Bximrounts nutanue crenaa u no npubdopam P1 u P2 onpenenuTs cocTosiHue TpHUrTepa.
2.3 TloouepenHo nogaBas Ha BXoab! komOuHarmu curaaioB 00,01,10, 11, mo mpubopam P1 u P2 onpenensts
COCTOSIHUE TPUITEPA.
2.4 Onpenenuth KakKue CUTHAIIBI SIBIISIFOTCS aKTUBHBIMH, T.€. U3MEHSIOT COCTOSIHUE TPUITEPa, U 0003HAYNUTh
Bxoqbl S 1 R. M300pazute YI'O Tpurrepa.
2.5 ToaxmounTh K cxeme neMeHThl &1 u &2 (puc.11) 1 BHINOIHUTD Takue ke AeHCTBUS Kak U 1.11.2.3, 2.4.
2.6 BBIKIIIOUNTH IMTaHUE CTEHAA.
3. UcciienoBanue cunxponnoro RS — tpurrepa (puc.12).
3.1 CoOpatb cxemy (puc.12).
3.2 BKJIFOYUTh TATaHUE CTEH/IA.
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Puc.10 Puc.11
3.3 Bxox C noaiII0YUTh K TH. <.
3.4 IlogaBath Ha BXO/bl S M R yCTaHOBOYHBIE CUIHAJIBI, YOSUTHCS, YTO COCTOSIHUE TPUITEPA HE M3MEHSIETCS.
3.5 IloBTOPUTH MOIauy YCTAHOBOYHBIX CHTHAJIOB € Tojiaueld Ha Bxox C CHrHala, COOTBETCTBYIOIIETO 1.
Y0enuthcst B paboTocnoCOOHOCTH TPHUITEpa.
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Puc.12 Puc.13
4 Uccaenoanue D - Tpurrepa

4.1 Cobpartsb cxemy (puc.13).

4.2 Bxon C mOAKITIOYHTD K «L.

4.3 OrmpesenuTh COCTOSIHUE TPUITEPa U Ha BX0oA D monate curHai, M3MeHsIOIHA €ro COCTOSHUE.

3arem Ha Bxoa C nmoaats 1 1 yOeIUThCs, 9TO COCTOSTHUE TPUTTEPA U3MEHSIETCS TOJIBKO C TIPUXOI0M CUTHANIA
o Bxoxy C. [TpoBeputs paboTy TpUrrepa mpu pa3HbIX YCTAHOBOYHBIX CUTHaax Ha Bxoze D.

4.4 Bxmouenue D — tpurrepa B cuetHoM pesxume (T — tpurrepa). CoeTMHUTh MHBEPCHBIN BBIXOJ] TPUITEPA C
Bxo710M D u, nocnenoBarenbHO nosasast curian 1 Ha Bxo1 C, yOemuThCs, YTo TPUITEP U3MEHSIET CBOE
COCTOSIHUE.

5. Caesath BbIBOJBI 110 padoTe

IIpakTnyeckas padora Nelb.
Tema 14. I'enepatopsbl Kosie0aHuil ciennaabHON Gopmbl.
HccaenoBanne MyJIbTHBUOPATOPOB HA JIOTHYECKHMX 3JIeMEHTAX U ONePaAllMOHHOM
ycuJjaureJie
Iesab padoTbI: DKCIIEPUMEHTAIBHOE TTOITBEPKICHUE TEOPETUUECKUX IOJNOKEHNUI 110 NPUHLIUITY JEHCTBHS
MysbTHBHOpaTropoB (MB).
IlepeyeHb MCNO/IL3yeMOro 000PY10BAHUS: U3MEPUTENBHBIN CTEH, MOIYJH «Jloriyeckue aneMeHTh,
«OnepalmoHHBIN yCHIIUTENbY, OcLiorpad.
Teopernyeckast 4acTh:
MynbTUBHOPATOPHI OTHOCATCA K PEIaKCAllMOHHBIM IT'e€HepaTopaMm, BbIpadaThIBAIOIIUM 3JIEKTPUUECKHE
KosiebaHus, O1au3Kue 1o GpopMe K IpSIMOYTOJIbHBIM.
MynbTuBHOpaTop (0T JATUHCKUX CJIOB multim — MHOTO M Vibro — K0e010).
MyabTUBUOPATOPHI BRIMOJIHAIOT Ha AUCKPETHBIX KOMIIOHEHTAX (B YACTHOCTH, TPAH3UCTOPAX),
OTIEPAIIMOHHBIX YCUITUTEINAX, IU(PPOBBIX HHTETPAILHBIX CXEMaX.
Paznmuuatror MB aBTOKONEOaTEBHBIC U JKIYIIHUE.



PaccmoTpum mynbeTHBHOpaTOp Ha orndeckux anementax W — HE. [Ipennonaraercs, uto
MYJIbTUBUOPATOPHI BHIMOTHEHBI Ha MUKpocxemax T TJI.

[Ipu BKIIIOYEHNN UTAHU 32 CUET MOJIOKHUTEIbHON 00paTHOI! cBsA3H B cxemMe MB pasBuBaercs
JaBUHOOOPa3HbBIN Mpoliece, 6aroaps YemMy nepexo/1 BBIXOAHOTO HAPSHKEHUS C OJJHOTO YPOBHS Ha JIPYTroi
MIPOUCXOUT C OONBIION CKOPOCTBIO.

ABTOKOJIe0aTeJbHBIA MyJIbTHBHOpaTOp. CxemMa aBTOK0JI€0aTeILHOTO MYJIbTUBHOpATOpa MPUBEICHA HA
puc.l,a. Bxoap!l kaxmoro u3 aneMeHToB J1 n 92 coeAMHEHBI — AIEMEHTHI UCII0JIb30BAHbBI KAK YCUIINTEIIN-
HHBEPTOPHL. BBIX01 OHOTO 31eMeHTa CBsA3aH co BXoAoM apyroro menbio C1 — R2 (C2 -R1), 3a cueT yero
CO3/1aeTCs MOJIOKUTEIbHAsI 0OpaTHAs CBS3b.

Huoner VD1, VD2 aBasitoTCs 3alIUTHRIMY, HANIPSHKCHUE HA HUX HE MOXeT ObITh Hke Un ot = —0,7B. B
orcyrctBre VD1, VD2 Ha BXOJIbI 3JIEMEHTOB Yepe3 KOHEHCATOPHI OYIyT MepeaaBaThcs 3HAUYMTECIIbHBIC
OTpHULATENbHBIE ITEPETa/Ibl HAIPSLDKEHUH, YTO BBIBEJET MUKPOCXEMBI U3 CTPOsl. EciM 3aliUTHBIE 1101bI UMEIOTCS
BHYTpPHU CaMUX MUKPOCXEM, TO HEOOXOAMMOCTh YCTAHOBKU UX CHAPYX U OTHaAaeT. Mi3MeHeHus: moTeHuanoB Ha

BBIXOJ/IaX 2JIEMEHTOB 00YCJIOBIIEHBI Nepe3apsikoi konaencaropos C1, C2.
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.1 MynstuBubpatop Ha JID (a) BpPEMEHHBIE IUarpaMMsbl €ro padoTsl (0)

PaccMoTpuM nporneccsl B cxeMe, HaurMHas ¢ MOMEHTA, KOorja Ha Bbixose D1 moTeHIuan CkaukoM
yBenuunics Ha Aul, a Ha BeIxoJe D2 — ckaukoM yMmeHbIuics (puc.1,6). Benen 3a aTum nop neiictBuem
BbICOKOT0 ypoBHs UBbIx1 koHzeHcaTop C1 HauMHAaeT 3apskKaThCsl Yepe3 BBIXOIHOE COPOTUBIEHHE AieMeHTa O 1
u pesucrop R2. Hanpsbxenue Ha pesuctope R2 ot Toka 3apsaaku Cl uMeeT noJI0KUTENbHYIO MOJIIPHOCTD HA
BX0zle D2 U MOINEPKUBAET ITOT JIIEMEHT B OTKphIToM cocTosiru (Usbix2 = UP). B 510 Bpems kouaencarop C2
OBICTPO pa3psKAETCS Yepe3 Maloe BHIXOJAHOE CONPOTUBIEHUE OTKPBITOro AneMenTta J2 u auoxn VDI,
HanpsKeHHe Ha BXojie snemMenta J1) mano, u ol yaepxkusaercs sanepteiM (Usbix1 = UY). ITo mepe 3apsaxu
koHAeHcaropa Cl TOk 3apsAIKu yMEHBIIAETCS. 3a CUET 3TOr0 CHM)KAETCS Na/ICHNE HANPSKEHUS Ha BBIXOJHOM
coIpoTuBiieHUH 35eMeHTa D1 (Onaromaps ueMy UBbix1 Bo3pacTaer), a Takke yMeHbIIaeTcs HanpsikeHne Usx2
Ha BXOJ€E dJIeMeHTa 2.

B HexoTopblit MOMeHT HanpsikeHre UBX2 yMeHbIIaeTcs A0 3HaYeHUs, P KOTOPOM pabouasi Touka
arieMeHTa D2 BBIXOJIUT HAa aKTUBHBIN YYaCTOK MepeJaTOYHOM XapaKTepUCTHKY, Iie yMeHbleHue UBX2 BbI3bIBaET
yBenudeHue UBbix2. Uepes konnencarop C2 3to Bo3aeicTByeT Ha BXxos anemerTa J1. [Tocie Toro kak Usx1
BO3PACTET JI0 OIPEJIEIEHHOT0 YPOBHS, paboyas Touka 3JeMeHTa D1 Toxe BbIiIeT Ha aKkTUBHBIN y4acTOK
MepeAATOYHON XapaKTepUCTHUKH.

Korna 06a snemenTa OyayT HaXOAUTHCSA B aKTUBHOM (YCHIIMTEIBHOM) PEKUME, BCTYIUT B JieicTBUE
MOJIOXKUTEIIbHAsSI 00paTHas CB3b, 3a cYeT KOTOpoil UBbIX2 1aBMHOOOpa3HO yBenuuuBaercs, a UBbix 1
aHAJOTMYHO yMeHbIIaeTcs. B pesynbTare D1 otkpeiBaercs (Usbix1 = UY), a 92 3akpriBaercs (Usbix2 = Ut). Ha
puc.1,6 3To cooTBETCTBYET TOMY, 4TO UBX2 CTaHOBUTCS paBHBIM OPOroBOMY HampspkeHuto Unop.

[Tocne sToro konneHcarop C2 HauMHaeT 3apskaThes, a KoHjaeHcarop C1 ObICTpo paspspKaeTcs yepes3 AUoj
VD2 u BbIXOAHOE CONPOTUBIIEHUE OTKPBITOTO 3lieMeHTa D1 — HacTynaeT BTOpOi MOJyNepuo/l, MpOIecchl B
KOTOPOM IOJ0OHBI OITMCAaHHBIM.

[TpubimxeHHOe 3HaUEHNE JUIUTEIILHOCTH UMITYJIhCa Ha BBIXO/1E D2:

tw2 = 2,3 71 Ig(UY/Unop),



rae 11 = C1(R2 + RBbix1) — nocTosiHHast BpeMeHM 3apsiiku KoHaeHcaropa Cl.
AHaJOTUYHO, JJIUTEIBHOCTH UMITYJIbCA Ha BBIXOJIE dJeMeHTa J 1
tu1 = 2,3 12 Ig(UY/Unop),
rae 12 = C2(R1 + RBeix2).
[Tepuon xonebanwii My TbTUBHOPATOPA:
T=tu +tu.

[puCl1=C2=CuRl1=R2=R, 11 = 12 = C(R + RBBIX), tul =t = tu .

B sToM ciyyae MynbTUBHOpATOP HAa3bIBAIOT CUMMETPUYHBIM.

ABTOKOJ1€0aTeIbHbIA MYJILTHBHOPATOP HA ONEPANIMOHHOM YCHJIMTEJIE.

B03MOXHOCTH TOCTPOCHUS MYJIbTUBUOpATOPA HA HHTETPAIbHOW MUKPOCXEME OTEPAIIMOHHOTO YCHIINTEIIS
(UMC OY) o0yciioBiieHa TeM, 4TO HAMPsKEHHUE Ha €€ BBIXOJE MOXKET CKauKoM Iepexoants oT U+Hac k U-Hac
¥ Ha00OPOT IPU U3MEHEHHMH 3HaKa Pa3HOCTH BXOIHBIX HANpsDKEHHH u(+) — U(-).

YToOb! NOTYUYUTH MOCIEIOBATEILHOCTD MPSIMOYTOJIbHBIX UMITYJIbCOB (peain30BaTh aBTOKOIe0aTEIbHBIN
MYJIBTHBHOPATOP), 3HAK YKa3aHHOH Pa3HOCTH JIOJHKEH U3MEHSTHCS TIEPUOJMUECKU B XOJI€ MPOLIECCOB,
MIPOTEKAIOIINX HETIOCPECTBEHHO B CAMOM CXEeMe.

J11s IepruoIMuecKoro u3MeHeHust 3uaka u(+) — u(—) Ha Bxop (+) UMC OV (puc.2,a) ¢ aenutens R2 — R3
MIO/Ia€TCS YaCTh BBIXOJHOTO HAMPSIKEHUS, HEU3MEHHAS B TEUCHHE MOIYyNepruoaa Upurx

u(+) = yUmnac,

rae vy = R3/(R3 + R2), a Ha Bxoj (—) — HanpspkeHue ¢ KoHaeHcaropa C, 3apsuKaroIierocs moj 1eicTBUeM
BCero 3HaueHus UBbIX = UHac.

3a cuer ATOro B MPOoIecce 3apsAKH KOHCHCATOpa HANPSHKEHUE Ha BXOE (—) MOXKET MPEBbIIAThH 10
a0COIOTHOMY 3HAYCHHIO HATIPsHKEHHUE Ha BXOJE (1), B pe3ysIbTaTe Yero HalpsDKEHHE Ha BBIXOAE CKaYKO0Opa3Ho
U3MEHSIET 3HaK.

Bpemennsie auarpammel (prc.2,0) WIDTIOCTpUpPYIOT cka3anHoe. Eciu, ussix = U'nac, To kongencarop C
3apsKAETCs 10 MOMEHTA BPEMEHH t1, KOTIa HanpshkeHue Ha HeM (Uc) okaxkeTes uyTh Oosbine YU nac. Benen 3a
3TUM, KaK TOJbKO TpaH3ucTopsl UMC BBIXOAST U3 HACHIIIEHNUS, BOCCTAHABIUBAETCS IEHCTBUE TIOJI0KUTEIBHON
o6parHoii cBa3u: ymenbinenue u) = Urs BbI3bIBACT JabHEiiIICe yMEHBIICHNE Usyx 1 T. 1. B pe3ynbrare,
BBIXOIHOE HampshKeHUe BecbMa ObIcTpo Jocturaet ypoBHS Uac (puc.2,B). C 3TOro MOMEHTa KOHAEHCATOP
nepe3apspkaeTcs 70 TeX Mop, oKa HamnpshKeHre Ha HeM (Ipu t = t2) He cTaHeT 4yTh MeHbIue YU Hac, mociie 4ero
HAYUHAETCS TIEPEKITIOUEHHUE Usiix, K YPOBHIO U Hac.

Kak cnenyer u3 uznoxxennoro, noakaodenue nenu Ri1C k Beixony MMC obecnieunBaeT aBTOMaTHYECKOE
HIEPEKITFOUYEHNE KOHIEHCaTopa ¢ 3apsiaku (KOria Us.x = UHac) Ha paspsaky (Koraa s = U'Hac) u, Kak
CIIe[ICTBHE 9TOT0, M3MeHenue 3Haka ul) — ue),

Xoa padoTsl
B paGore uccaenyrores aBa MyapTUBHOpaTopa, peanu3zoBaHHble Ha JID u OY cOOTBETCTBEHHO.
[Iutanue Moaysel ocymecTBIseTcsl OT UICTOYHMKa + 6B.
1 UccaexoBanue MB Ha JID.
1.1 BxitouuTs nutanue ocuuiuiorpada 1 noAroToBUTh €ro K padoTe.
1.2 Ha moxnyne «Jloruueckue aneMeHThI» codpaTh cxemy (puc.3).
1.3 BkJtounTh NUTAaHUE CTEHIA M HA SKpaHe ocIuIorpada rnoixy4uTb yCTOHYMBOE U300paxKeHHe
TEHEpUPYEMOr0 CUTHAIIA.
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€palMOHHOM yCUJIHTENE (a) ¥ BpEeMEHHBIE TUarpaMMBbl ero padboTsl (0)

Puc.2 MynsTuBHOpaTop Ha oI
IIpumeuaHue: eciu CUTHaa HET, pa3opBath cBI3b ¢ R1 (wmm R2) n BocCTaHOBHTE €€.

1.4 C momomipo ocumiutorpada ornpene T OCHOBHBIE TapaMeTPhl TeHEPUPYEMOTO CUTHAIIA

(aMIIUTY 1y, 4acTOTY, IEPUON).
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Puc.3 MynbTuBHOpaTOp Ha JOTHYECKUX HJIEMEHTAX

1.5 M300pa3uTh ocuuuIorpaMMBbl HAIIPSDKEHUH Ha BBIXOJAX U BXOJaX JIEMEHTOB (puc.4).
2 UccaenoBanue MyJIbTHBHOPATOpPA HA ONEPALMOHHOM YCHJIUTEJIe.
2.1 Ha moxyne «OnepaiiioHHbIN yCHIIUTEIbY» coOpaTh cxeMy (puc.S).

Jey.

Puc. 5 MB Ha onepaniOHHOM yCHIIMTEIIE

2.2 Pesucrop RP ycTaHOBUTH B CpeHEE MOTOKEHHE.
2.3 BxurounTh nutaHue crenaa. Ha skpane ocuusiorpada g0mKeH MosIBUThCS TeHEpUPYEMbIid CUTHAIT.

2.4 N300pa3uth B OTYETE OCLMIJIOTPAMMbI HaNpsHKEHUH Ha HHBEPTUPYIOLIEM BXO/I€ U Ha BBIXOJIE

MyJIbTHBHOpaToOpa.



2.5 Onpenennuts OCHOBHBIE ITapaMETPhl CUTHAJIA.

2.6 MzmenuTh nosoxxeHue pesucropa RP u onpenenuTs kakue napaMmerpbl U3MEHSIOTCS IPH U3MEHEHHUH
conpotusieHus RP.

3 Caeniatb BbIBO/BI 110 padoTe

Puc.4 OcuumnorpamMmbl HalpsKEHUN

IIpakTnyeckas padora Nel6.
Tema 15. DnemMeHThI LU(POBBIX JIEKTPOHHBIX IIETIEH.
HccnenoBanue JornyecKux 3JieMeHTOB
Llean padoThI: uccie0BaHUE IPUHLIMIIA JEHCTBHS JIOTHUECKUX HJIEMEHTOB.
Ilepeyenn ucnonb3yeMoro 000py10BaHMs: H3MEPUTENBHBIN CTEH]T, MOAYJIb «JIorndeckue 31neMeHTbD,
ocuuutorpad
Teopernyeckast 4acThb:
Jlornueckue sneMeHTsl (JID) nmpencTaBiasioT coO0i 37eKTPOHHBIE YCTPONCTBA, pealn3yIolye
JIOTUYECKHE ONEPALIUH.
B cooTBeTcTBUU C EpeYHEM JIOTHYECKUX ONEepaIiil pa3nuyaroT TPU OCHOBHBIX JJOTMYECKHUX JIEMEHTA!
U, NJIN, HE. YcnoBuble rpadguueckne o0o3Hadenust 3tux JID nokazansl Ha puc. 1.
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Puc.1 YcnoBHble rpaduueckue 0603HaUeHUS JIOTHYECKUX JIEMEHTOB
Yucno BxonoB anemenToB 1, MJIN moxeT Ob1Th Tpon3BoIbHEIM. DiieMeHT HE nmeer Bcerna
TOJIBKO OJIUH BXOJI.

OyHKIMOHAIBHO NOJHOU cucTeMoi (0a31coM) Ha3bIBAE€TCS COBOKYITHOCTH JID, mo3Boistomas
pean30BaTh JIOTHYECKYIO (DYHKIHIO MPOU3BOJIBHOM CIOXKHOCTH, U cUCTeMBI ABYX 31emenToB U u HE,
a taxoke MJIW u HE napasue ¢ cucremoit u3 tpex anementos (1, NI, HE) sBastoTcs pyHKIIMOHAIBHO
nojaHbIMU. Ha npakTrke mupokoe npuMeHeHne Hauuy JI9, coBmemaronye GyHKIMHA 2JIEMEHTOB
yKa3aHHBIX BbIIIE (QYHKIHMOHAIBHO MOJHBIX cucteM. 1o anemenTsl U - HE u MJIN - HE, xotopsie



Ha3bIBalOT cooTBeTcTBEHHO TpUX Llleddepa u crpenka [Mupca. 1o onpeneneHnio Kaxaplil U3 ITHX
AJIEMEHTOB TaK ke oOpa3yeT 6a3uc. X ycinoBHbIe rpadudeckre 0003HaYCHHS TIPUBEICHBI HA PHC.2.

Xy Xp

X0

Puc.2 Ycnosraoe rpadudeckoe o6o3nadenue snnementoB MI-HE u MJIN - HE nHa 2 Bxona

Ha puc.3 moxasana peanu3ainys OCHOBHBIX JOTMUECKHX olepanuii Ha 6a3e anemeHToB 21-HE

Jloruueckue 371€MEHThI XapaKTepU3yIoTCs PsAOM MapaMeTpoB, O KOTOPBIM MIPOU3BOIUTCS UX
BBIOOD JI pean3alui KOHKPETHOTO YCTPOUCTBA.

U1 u UO - ypoBuu noruueckux 1 u 0 (cm. puc.4).

Koy¢ppuuuent oobequnenus no Bxony (Kos) - paBeH umciy JIornueckux BXoJ0B 31eMeHTa. Ha
HUX MOCTYMAIOT JIOTHYECKHUE NIEPEMEHHBIE, HaJl KOTOPBIMU JIaHHBIN 3JIEMEHT OCYIIECTBISET
JIOTHYECKYIO OIEPaLUIO.

Koadpduuuent pa3BerBienusi no BbIxoay (Kpas) UYHCICHHO paBeH KOJMYECTBY BXOJOB
AQHAJIOTHYHBIX 3JIEMEHTOB, KOTOPBIMH MOKHO HATPY3HUTh BBIXOJ] TAHHOTO 3JIEMEHTa. DTOT KOAPPHUIIUEHT
XapaKTepU3yeT HArpy30uHy CIIOCOOHOCTH DJIEMEHTa U OINpPEAENseTCs CTPYKTYpPOH €ro BBIXOIAHOTO

Kackajia.

x, !'.}:x,+xa Xy Xy +Xg
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Xy Xq Xy X, Xy

Xy P Xy Xg =>

X0

Xp P Ag Xp | Xu_

Puc.3 Peanu3zaiyist OCHOBHBIX JIOTHUECKUX ornepanuii Ha 6a3e anemenToB 21 - HE
Bpems 3a1ep:KKH (1 3a1) 0OBIYHO OIICHUBAIOT TOJYCYMMOI 33/IepP)KEK MepernaioB Ha BHIXO/IC
3JIEMEHTa OTHOCUTEJIBHO BXOJIHBIX ME€PENaI0B, MEPEKIIOYArOIINX ero U3 cocTossHus 1 B coctosiHue 0 (t
3 19) 11 o6paTHO (t 3 1) (puc.4). [Tpu 5TOM Kaxmas 3aepiKKa H3MepsIeTCs MEKITy CepeTiHaMM

nepemnanoB (Ha ypoae 0,5 U).




Puc.4. K onpenenennto BpeMeHU 3a€pKKU

Bpewmst 3aepkku ornpenenser BaxkHoe cBocTBo JID — OpicTposeiicTBue.

IToMexoycTOHYUBOCTD - OLIEHUBAETCS HAMOOJIBIINM HanpshkeHrueM nomexu Urnowm, neicTByoen
Ha BXOJI€, KOTOPOE HE BBI3bIBAET JIOKHOTO NEPEKIIOUYEHUS 31eMeHTa u3 1 B 0 mim Hao0opoT.
[TomMex0yCTOMYUBOCTD JIOTHYECKOTO FJIEMEHTA MOKHO OLIEHUTH 110 epeJaTOYHON XapaKTePUCTHKE -
3aBUCHMOCTH BBIXOJIHOTO HANPsKEHUSI OT BXOAHOTO (pHC.S).

Ha puc.5a nokaszana uaeanu3upoBaHHas MepelaTouHasi XapaKTepPUCTHUKA, B COOTBETCTBUU C
KOTOPOM MEepeKII0UeHHE dJIEMEHTa U3 OJJHOTO COCTOSIHUS B APYTO€ OCYIIECTBISIETCS, KOT1a BXOHOE
HalpsDKEHUE OKa)keTcsl paBHbIM noporosoMy (Usx = Unop).

IToka Usx < Umnop, Ha BeIX0J€ eMeHTa jJorudeckas 1,UBbIx = U! ,xorma Usx > Unop,
nanpsxenue Usbix = U°

[TomMex0yCTOMYUBOCTD 3JIEMEHTA COOTBETCTBYET PAa3HOCTU BXOJIHBIX HAMPSKECHHI:

U1 - Unop (xoraa Ussix = U%) u Unop — U0 (koraa U seix = Ut ).

[Tepenarounas XapakTepuCTHKa, OoJiee OJIM3Kas K peaabHOH, n300paxkeHa Ha puc.S5,0. HakinoHHbIH
Y4aCTOK XapaKTEPUCTUKHU COOTBETCTBYET aKTUBHOMY (YCHJIUTEIILHOMY) PEKUMY JIEMEHTA:
HEe3HaYuTeNlbHbIe N3MeHeHHs UBX BBI3BIBAIOT BO MHOTO pa3 Oounbiine n3MeHeHus: UBBIX.

Kpome npuBeieHHBIX MTapaMeTpOB JJOTUUYECKHM 2JIEMEHT XapaKTepU3yeTcsl MOTPeOIIsieMoit
MOIIIHOCTBIO M HaIPsHKEHUEM TUTaHMUSL.

Uam,A
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Puc.5 K onpenenenuto nomexoycroitunoctu JI9

Jlornueckoe ycTpoiicTBo, peanuzoannoe B 6asuce U - HE (MJIN - HE), umeer npeumyiiectsa 1no
CpPaBHEHUIO C YCTPOUCTBOM, peann3oBanHbIM B 6asuce U, NJIW, HE. OnHo cocTOUT B yMEHbIIIEHUN
HOMEHKJIATyPbI JJIEMEHTOB JI0 OJTHOTO TUIIA, YTO YIIPOIIAET KOMIIOHOBKY YCTPOUCTBA U €TI0 PEMOHT;
JPYroe CBSI3aHO C HaJIMYKUEM B KaXKJOM DJIEMEHTE MHBEPTOpa (YCUIIUTENS ), KOTOPbIH KOMIIEHCUPYET
3aTyXaHUe MTOTEHIUAJIOB [IpU IIepeiade UX Yepe3 KOHBIOHKTOP WK JU3BIOHKTOP d1eMeHTa. biaaronaps
3TOMY HE HAKaIUIMBAETCS 3aTyXaHUE CUTHAJIA ITPU IIPOXOKICHUNU €ro Yepes psiji MOCIEN0BATEIBHO
BKJTIOUEHHBIX SIIEMEHTOB, 4TO MOTJIO 6bI BHI3BATh cHIDKeHue yposHa Ut 1o yposus U°. Kpome Toro,
MHBEPTOP YBEIMUMBAET HArPy30YHYIO CIIOCOOHOCTD JIEMEHTA: MOJIKJIIOYEHHE TOYCTUMOTO YHClia
JIPYTUX DJIEMEHTOB K €I0 BBIXOAY HE BBI3BIBAET 3AMETHOI'O YMEHBILICHNS HA HEM YPOBHEHN IIOTEHIUAJIOB,
4TO 0coOeHHO BakHO 1yist UL, a Hammdme eMKOCTH Ha BEIXO/E He BBI3BIBAET JIUTEIHHOTO HEPEXOJHOTO
rpoliecca Ipu CMeHe MOTEHIUAOB.

Xox padboTsbl
HccnenoBanus 3akimoyarorcsl B CHATHM nepenarouHoil xapakrepuctuku JI9 TTJI 21-HE, peanusoBaHHbIX
B Buzie UMC K155J1A8. OcHoBHBIE MapaMeTpbl AIeMeHTa pe/ICTaBIeHbI B Tadnuie 1.

Taommma 1
Unur,B U°, B Ul,B Pcrar, MBt t3np cp, Hc | Umnowm, B
54+ 5% <04 >24 <25 19 0,4

1 IloaAroToBUTH M3MEPHUTEIbHBINH CTEH.
Hnst aToro:
1.1 Ilepexmrouarens «CeTb» - B monoxenue O.

1.2 Pyuku peryiupoBKHU HanpskeHHUs OJOKOB MUTaHus 1 u 2 — B KpaifHee JIeBOe MOJI0KEHUE.
1.3 Ilepexmrouatenu npudopos P1, P2, P3, P4 — B monoxenue «20».




1.4 TTutanune UMC ocymiectsisiercst kabenem OMC.
2 CHsiTHe nepexoaHoi XxapakTepucTuku JIJ.
2.1 IoaxTIouuTh OJUH U3 JOTMYECKUX JIEMEHTOB MOJYJIS K U3MEPUTEIILHOMY CTEHIY B COOTBETCTBHH
C PUCYHKOM 6.
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Puc.6 Cxema uccinenosauus JIO
2.2 BxitouuTh NUTaHue cTeHaa u, yeenuunsas Usx (BI12) ot 0 no 4,5B, usmepsars UBbix
(o mpubopy P2).
PesynbraTel n3MepeHwuii 3anucarh B Ta0IHIly 2. AHAIOTUYHBIE H3MEPEHUS BBITOTHUTD MTPH
yMmeHbieHnu UBX.
Tabnuna 2

Usx, B

Usbix,B (yBen)

UBsbIx,B (ymeH)

Usrnix, B

v

Usx, B
Puc.7 Ilepexoanas xapakrepuctuka JID U-HE
2.3 BBIKIIOUNTH MUTAaHUE CTEHIA.
2.4 Tlo TabmuIe MOCTPOUTH XapaKTEPUCTUKY (puc.7).
2.5 Tlo xapakrepuctuke onpenenuts U, UL, Unopl, Unop2 u paccumTars cTaTHYECKYIO
ITIOMEXO0YCTOMYMBOCTH JJIEMEHTA.
2.6 Pe3ynbTaThl HCCIEI0BaHMS CPABHUTH C TaOMUIEeH | U cenars BBIBOBI.
3 OnpeneieHue BPEMEHHU 3a1ePKKH,
3.1 Bxurrouuts ocuusiorpad ¥ moAroTOBUTH €ro K padoTe.
3.2 CoOpatb cxemMy UCCIIeI0OBaHUS B COOTBETCTBUH C PUCYHKOM 8.



rHY b o0

{xkan @ Zxay
| L

Puc. 8 K onpenenenuto BpeMeHU 3aA€PKKU

3.3 BKJIIOYUTH U3MEPUTENIBHBIN CTEH/I.

3.4 Vcranosuts Beixojae 'HU « 20dBy» curnais npsMoyroiabHO# Gopmbl ¢ gactoToit 1k u
aMIuuTy10M 1 B ¥ NOAKITIOUUTH €ro K BXOY JIEMEHTA.

3.5 Iony4yuth yCcTOWYMBOE N300paKEHNE BXOAHOTO M BBIXOJHOTO CUTHAJIOB Ha SKpaHE
ocumuiorpada (CUrHaJl Ha 9KpaHe He JIOJDKESH MPEBHIAaTh OAWH nepuos). M300pa3uth ocumuiorpaMMBl
CUTHAJIOB B OTYETE.

3.6 Ha yposre 0,5 U mmeputs Bpems 3agepxkn 3 %1 u t3 10 Paccunrats cpennee Bpems
3a/IePIKKH:

tz3 = (3% +t319) /2,
3.7 Orxmounts 'HY 1 ocuumnorpad ot Moayis.
4 Peanu3anusi OCHOBHBIX JIOTHYeCKHX onepauuii Ha ocHoBe JID U-HE.

4.1 CobpaTh moouepeHO CXEMbI YKa3aHHbBIE HA PUC.9 U MOoaBas Ha BXO/Ibl KOMOWHAIIUU
CUTHAJIOB, COOTBeTCTBYIOIIHE dpam 1 u 0, coctaBUTh TaOIUIIBI ycIoBHi padboThl. CUrHAII,
cooTBeTcTBYrOIM 0, MOaeTCs coOeqUHEHNEM BXoa ¢ KopiycoM. OTCYTCTBHE TAKOTO COCIMHEHUS
paBHOCHIIbHO noAaue Ha BXoa 1. CocTosiHME BBIXOJHOTO CUTHAJIa KOHTPOJIUPYETCSI BOJITMETPOM.

4.2 Tlo TabnmuiiaM onpeaeauTh KaKue JOTHUECKUe OTepaIlii BBITOIHAIOTCS STUMHU
YCTpPONCTBaMU.

Puc.9 Cxemsl Ioruueckux 3J1€MEHTOB
4.3 CobOpats cxemy JID NJIN-HE u nmpoBeputh ero paboTocrnocoOHOCTb.
5 BBIKITIIOYNTH MUTaHKUE YCTAHOBKU U Pa300paTh CXEMy.
6 IloaroToBUTH OTYET U ¢/1€J1aTh BLIBOBI 10 padoTe.
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