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HOACHUTEJBHASA 3AIIMCKA
MeToauueckie  pEeKOMEHAAUMHM [0  BBINOJIHEHHUIO  JIAOOPAaTOPHBIX U

OpPaKTHUYECKUX paboT 1Mo y4yeOHOM AMCHUILIMHE «DJIEKTPOHHAS TEXHUKa»
npeaHa3HauYeHbl Uil 00ydJaromuxcs 1o crnenuaibHoctu 15.02.07 ABTomaTtuzaius
TEXHOJOTHYECKHUX MPOIIECCOB U MPOU3BOACTB (110 OTpaciisiM) 0a30BOI MOATOTOBKH.

JlaGopaTtopHble M MpPaKTHYECKHE paOOThl SBIAIOTCS BAXKHBIM 3JIEMEHTOM
yuyeOHOH JucHMIUIMHBL. B mporecce  BbIIOJHEHUS  JaOOpaTOpHBIX  padboT
oOy4JaroniMecss CHCTEMATH3UPYIOT M 3aKPEIUISIOT TMOJYyYEHHBIE TEOPETHYECKHE
3HaHUs, Pa3BUBAIOT UHTEIUIEKTYaJIbHbIE U IPO(ECCUOHATIbHBIE YMEHUS, (POPMUPYIOT
AJIEMEHThl KOMIETEHUUH Oyaylmux croenuanucToB. Ha NpakTHUecKUx 3aHATUAX
CTYJIEHTbl OBJIaJICBAIOT MEPBOHAYAIBHBIMH MNPOPECCUOHATBHBIMA YMEHUAMHU U
HaBBIKAMM, KOTOpBIE B JAJBHEWIIEM 3aKpeIUISIOTCS M COBEPUICHCTBYIOTCS B
MpoIecCe KYpPCOBOIO MPOEKTUPOBAHUS, Y4YEOHOM U MPOW3ZBOACTBEHHOU (IO
npouial0  CHENUATbHOCTH W OPEeIAUIUIOMHOM)  mpakTtuku. Hapsgy ¢
dbopMHUpOBaHMEM YMEHHH M HABBIKOB B INPOLECCE MPAKTUUYECKUX 3aHATHIM
0000IIal0TCs,  CUCTEMATHU3UPYIOTCA,  YIUIYOJSIIOTCA M KOHKPETHU3UPYIOTCS
TEOPETUUECKHE 3HAHUS, BBIPAOATHIBAETCS CIIOCOOHOCTh M TOTOBHOCTh MCIOJIB30BaTh
TEOPETHUYECKUE 3HAaHWA Ha [MpaKkTUKEe, (QOPMUPYIOTCA JJIEMEHThl OOIIUX U
PO EeCCUOHATIBHBIX KOMIETEHIIUH.

Meronuueckue  peKOMEHAAIMM  NpEeAHAa3HAa4YeHbl Ui OpraHu3aluu
BBIMIOJIHEHHS J1a0OPaTOPHBIX M MPAKTUYECKUX paldOT MO y4eOHOH JUCUUILIUHE
«NEKTPOHHAS] TEXHUKAY.

[TIporpammoit y4aeOHOM JUCLIUTUINHBI «NEeKTpOHHAs TEXHUKA»
MPEAYCMOTPEHO BbIMOJHEHUE 19 nabopaTopHbIX U 4 MpPaKTHYECKUX padoT,
HaIlpaBJICHHBIX HA

- hopMupoOBaHME 271€MEHNM 08 CT1EOYIOUWUX KOMNEM EHYUTL

OK 1. [Jonumarh CyUIHOCTh M COLMAJIbHYIO 3HAUMMOCTh CBOEH Oymymiei

npodeccuu, MpOsIBISATH K HEM YCTOMUMBBIA HHTEPEC.



OK 2. Opranu3oBbIBaTh COOCTBEHHYIO JI€ATEIbHOCTh, BBIOMpPATh THUIIOBBIE
METOJbl U CHOCOOBI BBINOJHEHUS NPOPECCHOHANBHBIX 3a/1ay, OLIEHUBAaTh UX
3¢ (PEKTUBHOCTH U Ka4ECTBO.

OK 3. [IpyHuMath peueHuss B CTaHJAPTHBIX U HECTAHAAPTHBIX CUTYALUIX U
HECTH 32 HUX OTBETCTBEHHOCTb.

OK 4. OcymiecTBisITh TOUCK M HCIONB30BaHUE HHPOPMAIIH, HEOOXO0INMOI
1 3PEKTUBHOTO BBIIIOJIHEHUS NPOPECCUOHANBHBIX 33]a4, IPOPECCUOHATIBHOIO
JUYHOCTHOT'O Pa3BHUTHS.

OK 5. Ucnonb30BaTth MH(GOPMALMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJIOTMH B
npo(dhecCuoHANBbHOM e TENbHOCTH.

OK 6. PaGotate B KoIekTHBE © KoMaHzAe, 3(G(EeKTHBHO oOmaThCs C
KOJUJIEraMH, PYKOBOACTBOM, IOTPEOUTEISIMHU.

OK 7. bpatp Ha ce0si OTBETCTBEHHOCTh 3a palOTy YJEHOB KOMAaHAbI
(MOTYMHEHHBIX ), PE3YJIbTAT BBIIOJHEHUS 33/ IaHUM.

OK 8. CamoCcTOATENBPHO  OHpPENEITh  3aJaud  NPO(ECCHOHATBHOTO U
JUYHOCTHOTO Pa3BHUTHSI, 3aHUMATHCA CaMOOOpPa30BaHUEM, OCO3HAHHO IIAHUPOBATh
NOBBILICHUE KBATU(PUKALUH.

OK 9. OpueHTHpPOBAaTBCSA B YCJIOBHSX YacCTOH CMEHBI TEXHOJOTHH B
PO EeCCUOHATIEHOM €SI TEIbHOCTH.

[IK2.1 BpmonasaTs paboThl MO MOHTAXY CHCTEM aBTOMAaTUYECKOTO
VIPABJICHUS C YYETOM CIIEHM(PUKHA TEXHOJOTHYECKOIO Mpoliecca.

[IK 2.2. [IpoBoAUTh ~ PEMOHT  TEXHHUYECKUX  CPEACTB U  CHUCTEM
aBTOMAaTUYECKOTO yIPABIICHHUS.

[IK 2.3. BpmonHaATh pabOTBl MO HaJaAKe CHCTEM aBTOMATUYECKOTO
yIpaBJIeHUSI.

popmupoBanue ymenuii:

- ONpeNeNsaTh U aHAIU3UPOBATh OCHOBHBIE MapaMeTpbl JIEKTPOHHBIX
CXEM M yCTaHaBJIMBAaTh 10 HUM PabOTOCHOCOOHOCTH YCTPOMCTB AJIEKTPOHHOM

TEXHUKH;



- TPOU3BOJUTH TOJI0Op DSJIEMEHTOB JJEKTPOHHOW amnmaparypbl IO
3aJJaHHBIM ITapaMeTpam;
00001eHHE ¥ CUCTEeMATU3ALMIO 3HAHUIL:
- CYIIHOCTh (PU3UYECKUX TMPOIECCOB, MPOTEKAIOUIMX B 3JIEKTPOHHBIX
npubopax u yCTpoiCTBax;
- TOPHUHLMUIBl BKIIOYEHUSA DJJIEKTPOHHBIX MPUOOPOB M MOCTPOEHUS
AIEKTPOHHBIX CXEM;
- TUIIOBBIE Y3JIbI U YCTPOMCTBA 3JIEKTPOHHOM TEXHUKH.
Onucanue Kaxa0i 1abopaTopHOi pabOThI COACPIKUT:
- HOMep paboThI;
- HAMMEHOBaHKE PaboTHI;
- 1IEJIb;
- 3JIEMEHTBI KOMIIETEHIIUH,
- IepeueHb 000PYI0BAaHUS U MPUOOPOB;
- JIEKTPUYECKYIO TPUHLUAIINAIBHYIO CXEMY;
- TEOPETUYECKOE U3JI0KEHHE HEOOXOAMMOr0 MaTepHaa;
- BAPUAHTHI 3aJJaHUM;
- IOPSIOK BBITIOJTHEHUS U 0(hopmIieHUs pabOThI;
- KOHTPOJIbHBIE BOITPOCHI.

OT4eThl CTYJIEHTOB TI0 JIA0OPATOPHBIM PabOTaM JOJIKHBI COACPIKAThH

- HOMep paboTHI;

- HauMEHOBAHWC;

- 11EJTb;

- TIepeYeHb 000PYIOBAHUS U IPHOOPOB;

- 3JICKTPUYCCKYIO TPUHIIUITHATEHYIO CXEMY ;
- TaOJIUIIBI OIIBITHBIX M PACUCTHBIX JTAHHBIX;
- pacyeThl;

- OTBETHI Ha KOHTPOJIBHBIC BOIIPOCHI;

- BBIBOJI.

Onucanue KaxJ10i NpakTHYECKON pabOThI COIEPIKUT:
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- HOMep paboThI;

- HANMCHOBAHNC;

- 11eITb;

- 3JIEMEHTHI KOMIICTCHIINH,

- 3JICKTPUUECKYIO IPUHIMITHATEHYIO CXeMYy (110 HEOOXOJMMOCTH);
- TEOPETUYECKOE U3JI0KEHHE HEOOXOJUMOTO MaTepHana;

- BApUAHTHI 33/IaHU;

- TIOPSI0K BBITIOJTHEHUS ¥ 0(hopMITeHUS paOOThI;

- KOHTPOJILHBIE BOITPOCHI.

OtuyeTsl CTYACHTOB IIO IIPAKTHUYCCKHUM pa60TaM JOJDKHBI COACPXKATh.

- HOMep paboThI;

- HAMMEHOBAHHUE;

- LIEJIb;

- 3JIEKTPUYECKYIO TPUHLIUITUAIBHYIO CXeMY (IT0 HEOOXOAUMOCTH);

- Ta0JINLbI PACUETHBIX JAHHBIX;

- pacyeTsl;

- OTBETHI HA KOHTPOJIbHBIE BOIPOCHI;

- BBIBOJI.

TurynbHbI OTYETa TUCT OPOPMIISIETCS B COOTBETCTBUH C MPUIIOKEHUEM A.

JJ1st momyyeHus JONOJHUTENBHOM, OoJiee ToApoOHON MH(OPMAIIMU IO OCHOBHBIM
BOIpOcaM y4eOHOM TMCUUIUIMHBI B KOHIIE METOJIMYECKUX PEKOMEHIalluii IpUBEICH

IMEPCUCHDb I/IH(l)OpMaHI/IOHHBIX HCTOYHHKOB.



IHHEPEYEHD JIABOPATOPHbBIX PABOT

Ne 1/p Pasnen u Tema HawnmeHnoBanue padbot Yacel
Paznen 1 Di1eKTpOHHBbIE MPHOOPDI
Tema 1.2 DneKTpoBaKyyMHbIE
1 IpUOOPHI HccienoBanue 1aMIIOBOro Tpuoaa 2
2 Tema 1.3 HccnenoBanue noaymnpoBOIHUKOBOTO
[TosynmpoBOIHUKOBBIE JIUO/IbI aMoja 2
3 Tema 1.4 Tpanzuctopsl HccienoBanue OUITOISPHOTIO TPAH3UCTOPA. 2
4 HcciienoBanue mojaeBoro TpaH3ucTopa. 2
Pa3znen 2 UcTOUYHNKH MAUTAHUA U
npeodpazoBaTeu
5 Tema 2.2 CrimaxxuBatomue GunbTpel | MccnenoBanue ogaodasHoro 2
HEYIPaBJISIEMOTO BEIIPSIMHUTES CO
CTJIQKMBAOIIMMH (DUITBTPAMHU.
6 Tema 2.3 Ynpasnsemsbie HccnenoBanue onnodasHoro ynpasisiemoro | 4
BBINIPSIMHUTEITN BBINIPSIMHUTEJISL.
Paznean 3 Yceunurenn n
reHepaTopbl
7 Tema 3.2 Vcunurenu HanpsKEHUS HccnenoBanue 0THOKACKAAHOTO YCUIIUTENS 2
Ha OUIOJISIPHOM TPaH3UCTOPE, CXEMa C
0OIIIMM SMUTTEPOM.
8 HccnenoBanne OAHOKACKAJHOTO YCHIIHUTENS | 2
Ha TIOJIEBOM TPAH3HCTOPE, CXeMa C OOIIUM
HCTOKOM.
9 HccnenoBanue SMUTTEPHOTO 2
TTOBTOPUTEJIS.
10 | Tema 3.4 Ycwiurenu nocrossiHHoro | VccrnenoBaHnue HHBEPTUPYIOIIETO 2
toka (YIIT) OIIEPALIMOHHOI0 YCHJIUTENS.
11 HccnenoBanne HEMHBEPTUPYIOIIETO 2
OTEPAIIMOHHOTO YCUJIUTETISI.
12 HccnenoBanue cymmaTopa. 2
13 HccnegoBanue koMmapaTopa. 2
Pa3znen 4 DjieKTPOHHBIE KJIHOYH
14 | Tema 4.3TpaH3uCTOpHBIE KIHOUH HccnenoBanme KIIOUEBOr0 Kackaaa Ha | 2
TPAH3UCTOPE C OOIIMM IMHUTTEPOM.
Pasznen S ®opmuposarenu
HMITYJIbCOB
15 | Tema 5.2 UccnenoBanme nuddepennuaropa va UMC | 2
JnddepeHmmpyromue menu oy
16 | Tema 5.3 MuTCerpUpYyIONIHE MEIH Uccnepoanue nnaterparopa na UMC OV. 2
Pa3nen 6 I'enepaTopsbl
peJaKCcalMOHHBIX KOJIe0aHu i
17 | Tema 6.1 Tpan3ucropHsie HccnenoBanue aBToko1e0aTeIbHOTO 2
MYJIBTUBUOPATOPHI MYJIBTUBUOPATOpPA C KOJIEKTOPHO-
0a30BBIMU CBSI3SIMH U PETYIUPOBAHUEM
9acTOTBHI.
18 HccnenoBanue xaymero MyinbTuBuOpaTopa | 2
C DMUTTEPHOU CBS3BIO.
19 |Tema 6.2 MynbTuBUOpATOPHI HA HccnenoBanne  MynbTUBHOpaTOpoB  Ha | 2
MHKpPOCXEMax NUMC.
Bcero: | 40




INHEPEYEHD ITPAKTUYECKHUX PABOT

Ne Pa3nen u tema HanmenoBanue paboThl Yacwl
pabOTHI
Paszngen 2
HcToyHMKH NUTAHUSA U
npeodpa3oBarejin
1 | Tema 2.1 Heymnpasisembie Pacuer omHO(D)a3HOTO BEIIPSIMUTEIS C 1
BBIIPSIMUTEIN AKTUBHBIM COITPOTUBJICHHEM HArpy3KH.
Pa3znen 4 DiieKTpOHHbBIE KJIHOYH
2 Tema 4.1 Curnassl uMIysIbcHbIX U | Pacder mapameTpoB peanbHOro 1
1M (POBBIX YCTPOMCTB MPSIMOYTOJIBHOTO MMITYJIBCA.
Pa3neu 6
I'enepaTopsl peslakcallHOHHBIX
KoJieOaHuii
3 Tema 6.1 Tpan3ucropHble Pacuer TpaH3ucTopHOro 2
MYJIBTUBUOPATOPHI MyJIbTUBUOpATOpA B
ABTOKO0JI€0ATEILHOM PEIKUME
Bcero: 4




JlaGoparopnasi pabora Nel
HcnbiTaHue BAKYYMHOT0 TPHOJA

Hean padoTei: OcBOCHHE METOA CHATHS CTATUYECKUX XapaKTEPUCTUK
TPHOJIa U ONPEJEIEHUE M0 HUM CTaTUYECKUX MapaMETPOB.

3Hanus (akTyanuzanus):

- CYIIHOCTb (PM3UUYECKUX MPOIIECCOB, MPOTEKAIOUINX B JIEKTPOHHBIX
npubopax u yCTpoicTBax;

- TPUHIMI BKJIIOYEHUS HJIEKTPOHHBIX NPUOOPOB M TMOCTPOCHUS
AIIEKTPOHHBIX CXEM;

- TUTIOBBIE Y3JIbl U YCTPOMCTBA AJIEKTPOHHON TEXHUKH.
Ymenus:
- ONPEACNATh U AHAIM3UPOBATH OCHOBHBIEC MapaMETpPhbl AJICKTPOHHBIX

CXCM U YCTAHABJIINBATH II0 HUM pa60TOCHOCO6HOCTB YCTPOﬁCTB BHGKTpOHHOﬁ

TEXHHKH;

1 Cxema onpbITa.
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2 Teoperndeckoe 000CHOBaHHUeE.

YCeTpoiicTBO U NPUHIMI JeHCTBUA TPUOA.

TpEXaneKTPOHBIN 3JIEKTPOBAKYYMHBIN NpHOOpP, MMEIOUIMI KaToHd, aHOI U
YIOPABIAIONINI 3JEKTPOJ, HA3bIBAIOT mMpuoooM. YTPABISIOMIUNA 3IEKTPO-CETKaA-
MIPEACTABIISIET COOOM METAJUTMYECKYIO CIIUPAIIb WU PEIIETKY, OKPYKAIOLIYIO KaTO/.

[loTeHnman oOmIel TOYKM CXEMbl, KOTOPOH SBJISETCA KAaTOHA, NPUHUMAIOT
PaBHBIM HYJIIO U BCE MMOTEHIUAJIBI OTCUUTHIBAIOTCS OT 3TOM TOUKHU.

B Tpuone kaToaHbIN TOK, paBHBIA CYMME aHOJHOTO M CETOYHOI'O TOKOB

l=latl,
ONPENEIIACTCS PE3YIBTUPYIOIIUM DJIEKTPUYECKUM I10JIEM, CO34aBa€MbIM aHOIHBIM U
CETOYHBIM HANPSDKEHUAMHU. AHOJ BCETa HMMEET MOJIOKUTEIbHBIA OTHOCUTEIBHO
KaTo/la MOTEHIMaJl, a MOTEHLHAJd CETKH MOMKET OBIThb U IOJOXKHUTEIbHBIM, U
OTpUUATENIbHBIM. [IpH OTpULIATENPHOM TMOTEHIUAIE CETKA €€ TMOJIE TOPMO3UT
DNEKTPOHBI, BBUICTAIOIIME W3 KATOAA, YMEHbIIAsg KOJHWYECTBO JJIEKTPOHOB,
JOCTUTAIOIIUX aHOJA. BiMsHHE CEeTOYHOro HampsDKeHUs Ha OOBEMHBIM 3apsa B
IPOMEXYTKE KAaTOA-CETKA 3HAYMUTENBHO CHUJIIbHEE, YEM BIUSHHE aAHOIHOTO
HanpspKeHUs. OTO Aa€T BO3MOXKHOCTh 3()(PEKTUBHO YyNPaBIATh AHOAHBIM TOKOM
MyTEM HEOOJBIINX U3MEHEHUIN HANPSKEHMSI Ha CETKE.
VYrpaBiaeHue TOKOM B TPUOJE MPOUCXOAUT MPAKTUUECKU 0€3 MHEPUMOHHO JaKe Ha
BBICOKOW 4acToTe. DTO OOBSACHSAETCS TEM, YTO 3JIEKTPOHBI MPOJIETAIOT MPOMEKYTOK
KaTOJ-aHOJl 3a BECbMa MaJlO€ BpEMs W W3MEHEHHE AHOJHOTO TOKAa NPOUCXOIUT
MPAKTUUECKH 0€3 3aJIep>KKU BCIIe/ 3a U3MEHEHUEM HaIPSDKEHUS Ha CEeTKe.

CraTnyeckue XapaKTepUCTHKH TPHOAA.

QOYyHKIMOHAIBHYIO 3aBUCHUMOCTh AHOJHOTO TOKAa OT HAIPSKEHUsI Ha CETKE,
CHSTYIO TIPU MOCTOSIHHOM aHoaHoM Hampspkenud: |, = fi(U.) U,=const , Ha3piBaroT
cmamuyeckou aHOOHO-CeMOYHOU XapaKkmepucmuKkol mpuood. COBOKYITHOCTh TaKUX
XapaKTepUCTHUK, CHATBIX MPH Pa3JUYHBIX 3HAYCHUSAX AHOAHOTO HANPSHKEHUS,
COCTABIISIET CEMeUCME80 CMamu4eckux aHOOHO-CEeMOYHbIX Xapakmepucmux (PUCYHOK

l1a). Tok B 1ienu aHOJa MCUYE3aeT IPH ONPEACIEHHOM OTPHUIATEILHOM HAIPSHKCHUH
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Ha CCTKEC, KOTOPOC HA3BIBAIOT 3anuparofum HanpAasdcerHuem. 3HaueHue 3alruparomiero
HAIIPSKCHUA 3aBUCHUT OT dHOAHOI'O HAITPAKCHUA.

I, MA

AL AN A

g 100 200 300 400U,.8

4
Pucynox 1 uc .B

a) 6)
a) - CEMEUCTBO CTaTMYECKUX AHOJHO — CCTOYHBIX XapaKTCPHUCTHK,

0) - CEeMENCTBO CTaTUYECKUX AHOAHBIX XapAKTEPUCTUK

Pucynok 1 — Cratnueckue XxapaKTEpUCTUKH JIAMIIOBOTO TPHO/IA:

OYHKIIMOHAIIBHYIO 3aBHCHMOCTh QHOJHOTO TOKa OT HAIPSOKEHUS Ha aHOJIE,
CHSTYIO TPHU MOCTOSTHHOM cetouHoM Hampspkenuu: |, = f1(U.) Us=const, nazvisarom
cmamu4eckou aHOOHOU Xapakmepucmuxkou mpuooa. Psj Takux XapaKTepUCTHK,
CHSITBIX MPU PA3TMYHBIX HANPSDKEHUSIX HA CETKE, COCTABIISIET CeMelicm80 AHOOHbIX
xapaxmepucmux (pUCyHOK 10).

IMapamerpsl TpHOaA.

1)  Buympennee conpomuenenue nepemernomy moky Ri (kOM)- oTHOIICHHE
MPUPAIICHNAS aHOJAHOTO HAIpPSHKEHUS K TPHUPAIMICHAIO AaHOJHOTO TOKa IPH
MMOCTOSTHHOM CETOYHOM HAIPSHKEHUU:

(v,
"loal,

U =const
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BHyTpeHHee conpoTHBIEHNE XapaKTepU3yeT BIUSHUE aHOTHOTO HATIPSKCHHSI
Ha aHOAHBIN TOK. JIJI1 TPHOJOB €ro 3HaueHNEe OOBIYHO COCTABIISCT CAUHUIIBI U
necatku KuinoOwm.
2)Kosppuyuenm  ycunenuss  M-OTHOIICHHWE  NPHUPAIICHHS  aHOJHOTO
HaIPSHKEHUST K MPUPAIICHAIO CETOYHOTO HAIPSHKEHHUS TPU MOCTOSHHOM aHOIHOM
TOKE:
-oU,

“= a0,

I, =const

Koaddunment ycuiaeHus XapakTepuzyeT CTENeHb BIUSHUS CETOYHOTO U
AHOJTHOTO HAaNpsDKEHWW Ha AHOJHBIM TOK, MOKAa3bIBas, BO CKOJIKO pa3 CHIIbHEE
BIIMSICT HAa AHOJHBIM TOK HM3MCHEHUE HANPSKCHUST HAa CETKE II0 CPAaBHEHUIO C
M3MEHEHHEM HamnpsbkeHuss Ha aHoje. KoadduumeHnT ycuneHuss Bcerga OoJibliie
€ IMHUIIBI u hiae: | TPHUOJIOB HaXOoJUTCSA B npeaenax 4--100.
3) Kpymusna xapaxmepucmukuy S B MWUIAMETpPaxX Ha BOJbT- OTHOIICHHE
MpUpalieHus aHOJHOIO0 TOKa K MPUPAIICHUIO HAMNpSOKEHUST Ha CETKE MpH
MOCTOSIHHOM aHOJIHOM HaIpsiKEHUH:

al,
U,

U ,=const

KpyTuzHa xapakTEepUCTHKM KOJMYECTBEHHO OMNpPEAEsieT yNpaBIdrolIee
JeicTBUE ceTKH. B macmoprax TpHOJOB M CHpPAaBOYHMKAX MPUBOASAT 3HAYEHUE
KPYTU3HBI XapaKTEPUCTUKH, ONMPEACIEHHBIX TPUOJAOB KpyTu3Ha coctaBisier [+10
MA/B, a nns reneparopubix Tpuoaos- 10+200 MA/B.

A)[Iponuyaemocmv  mpuooa D-OTHOIICHHE TPHPANICHUS CETOYHOTO
HaMpsOKEHUS. K MPUPAIICHUI0 aHOJIHOTO HANPSKEHUS NPH MOCTOSIHHOM KAaTOJHOM
TOKE:

Ay,
ou

a /1, =const

D=

12



[Iponuiaemocth - Oe3pa3mepHas BenuuuHa. OHa XapaKTepusyeT CTeleHb
OCJIa0JICHHS AJIEKTPOCTATUUECKOTO BIUSHUSA aHOJHOTO HANpPSDKEHUS] HA OOBEMHBIM
3apsii y Katoja. 3HaK MUHYC YKa3bIBa€T Ha TO, UTO JIJISl MOJJIEP KaHUsI TOCTOSIHHOTO
KaTOAHOTO TOKa |, M3MEHEHMs HAaNpsHKEHUS Ha CETKE M aHOAE JOJDKHBI OBITh
MPOTUBOIOIOKHBL.

5) Tpu muddepeHIMaTBHBIX TapaMeTpa CBSI3aHbl MEXIy COOOU 6HYympeHHUM

SR
ypaeuenuem mpuooa: —- =1
Y7,

B cootBeTcTBUM ¢ MexayHapoaHou cuctemolt equnuil (CH) BenmuduHbl S U
R; n0mKHBI BBIpaXXaThCsl COOTBETCTBEHHO B aMIiepax Ha BOJbT U Omax. OHaKo Ha

IMPAKTHUKC NX Y9allC BbIPAXKAIOT B MUJIJIMAMIICPAaxX Ha BOJIBT U kuimoOmax.

3 BapuaunTtsl 3aanuii 1anbl B Tabnune 1.

Ta6nuna 1 — BapuanTel 3agaHui.

Bapuaunt 1 2 3 4 B
Anopnuas Uc, B 0 0 0 0 0
xapakrepuctuka | Ue, B 0,5 1 15 2 3
AHoHO- Uai, B 120 130 140 150 100
ceToYHast
XAPAKTEPHCTHKA Ual, B 170 180 190 200 150

4 IIpudopsl 1 000pyaOBaHHMeE.
1) Baxyymnsrit Tpriog tTuna 6C2C.
2) BoabTMeTp MarHuTo3IeKTprudeckoit cuctemsl ¢ U 4o, = 15 B.
3) BoabTMeTp MarHuTO3IeKTpUUecKoit cuctembl ¢ U o, = 250 B.
4) MuwutaMnepMeTp MarHUTOAIEKTPHUECKOU CUCTEMBI C | 4o = 50 MA.
5) Beimpsimuress ¢ Hanpsbkenusmu 15 B u 250 B.

6) ITorenmomerpsl: Ry u Ry.

5 IMopsinok BHINOJIHEHUS] Pa0OTHI.
1) CoGpatb cxemy.
2) CHATb CeMEHCTBO aHOAHBIX XapakTepuctuk Tpuoma: | , = f (Uy) mpum

U ¢ = const. Pe3ynbTaThl ©13MepeHuil 3anucarb B Ta0IUILY 2.
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Tabnuna 2- AHOJIHBIE XapaKTEPUCTUKHU.

Uc= B

Uc= B

Us, B l, MA

Ua B

la mMA

3) CHATH CeMEHCTBO aHOIHO-CETOUHBIX XapakTepuctuk Tpuoaa | , = f(U;) mpu

U . = const.

HpH CHATHHU aHOOHO-CCTOYHBIX XAPAKTCPUCTUK YCTAHABJIMBAIOT 3adHHOC II0

BapuaHTy (1Mo Tabnuie 1) aHOAHOE HampshKEHUE. 3aTeM YCTaHABJIMBAIOT HA CETKE

TAKOC HAIIPsKCHUC, IIpU KOTOPOM aHOHHBIﬁ TOK paBCH HYJIIO H, YMCHbIIAA

OTpHUOATCIIBHOC HAIIPSAKCHHUC Ha CCTKC, OIIPCACIIAIOT aHO,HHBIﬁ TOK. PC3YJII>T&TI)I

3aHECTH B Ta0IuIy 3.

Tabnuua 3 — AHOAHO-CETOYHbBIE XapaKTEPUCTUKHU.

Uc=...B

Uc=...B

Ua,B Ia, mA

Ua, B

la, mMA

4) ITocTpoUTh CEMENCTBO aHOAHBIX M AHOJJHO-CETOYHBIX XAPAKTEPUCTUK U

rpauUecKu ONpeeUTh 0 HUM TTapaMeTphl TpUoa:

_uL-ur, AU

R.: a—

u"-u!’ N

c

6 KoHTpoJibHbIE BONPOCHI:

14 /

AL, 171!
14 ’

Uc _Uc

1) Ompenenuth KpyTU3HY TpUOJA S, €CJIU U3BECTHO, YTO B 00IaCTH

JMHENHBIX y4acTKOB XapakTtepuctuk u= 38 , a Rj, = 6,8 kOm.

2) KakoBbl mapamMeTpsl IPU PEKUME HACHIIIICHUS] TPUOI0B?

3) Uto Ha3bIBAIOT HAMPSHKEHUEM 3anupanusi? BemuduHbl HanpsiKeHU N

3anupaHus py MPOBEACHUN UCCIIETOBAHUM?
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JlaGopaTopHas padora Ne2.
HcciienoBanue noaynpoBoJHUKOBOIO 104,

Hean padoTbi: OCBOCHNE METOIOB CHATHS BOJIBT — aMIIEPHON XapaKTEPUCTHKU
JIM0J1a ¥ aJITOPUTMa pacyeTa COMPOTHBICHHUH MPHU MIPSIMOM H
00paTHOM BKJIFOUCHUH.

3Hanus (akTyanu3anus):
- CYIIHOCTh (PU3UYECKHX MPOIIECCOB, MPOTEKAIOIINUX B 3JIEKTPOHHBIX
npubopax U yCTpoONCTBaX;
- MPUHIUN BKIIOYEHUS BJIEKTPOHHBIX MPUOOPOB M MOCTPOCHUS
AIEKTPOHHBIX CXEM;
- TUTIOBBIE Y3JIbl U YCTPOMCTBA AJIEKTPOHHON TEXHUKH.
YMeHus:
- ONpENeNsaTh U aHAIU3UPOBATH OCHOBHBIE IMAPAMETPHI IJIEKTPOHHBIX
CXEM M YCTaHaABIMBATh MO0 HUM Pa0OTOCIOCOOHOCTh YCTPOMCTB AJIEKTPOHHOM

TCXHUKMH,

1 CxeMBbI ONILITOB

[IpsiMoe BKIOYeHHE 11 +3050 X7 O6pathoe BKMOUEHHE
XTI x5 - Rj 3 gk x5

PA

X2 R3

o— - X6

2 TeopeTuueckoe 000CHOBaHME.

Ilonynpoeoonukoeslm OMOJOM Ha3bIBaeTCs MPUOOpP C JABYMS BBIBOJAMH,
COoAEpKAILIMN OJIUH 3JIEKTPOHHO-IBIPOYHBIN NIEPEXO.

PaGora mOMYNIPOBOAHUKOBOTO BBIIPSIMUTEIBHOIO JHOJa OCHOBaHa Ha
CBOMCTBE P-N-Tepexojia MPONMyCcKaTh TOK TOJbKO B OJHOM HampaBiieHMU. OCHOBHOM

XapaKTepHCTHKOﬁ MMOJYIIPOBOAHUKOBBIX JHUOJAOB ABJISICTCA BOJBT - aMIICPpHAA
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xapaktepuctuka (BAX)- 3aBUCMMOCTh TOKa 4epe3 JUOJ OT MPUIIOKCHHOTO
HaIPSKEHHUS.

Ilpamoe exnrouenue n1oaa.

[IpunoxeHHOE HANpsSHKEHUE HA3bIBACTCS HMPAMbBIM, €CIU IUIIOC HCTOYHHKA
MOAKIIOYAETCS K MOJYNPOBOAHUKY P —THNa (aHOAY), @ MUHYC K MOJYIPOBOAHUKY N
— Ttuna (karony). Ilpm mpsAMOM BKIIOYEHHMH TOK IOTEYET TOJIBKO TOTJa, KOrna
HanpsHKEHUE NMpsAMOro BKIOYeHHs! Uy, NpeBBICUT MOTEHUUAIbHBINA Oapbep. BricoTa
MOTEHIMANIBHOrO Oapbepa 3aBHUCHUT OT TUOa mnoaynpoBoanuka: 0,3 B s
repmaHueBbix 1 0,6 B 111 KpeMHHUEBBIX MOTYTPOBOIHUKOB.

Oopammnoe gxntouenue 1uona.

[IpunoxkeHHOEe HANpSKEHWE HA3BIBACTCA 0OpAMHBIM, €CIM MUHYC MCTOYHHKA
MOJIKJIFOYAETCS K NOJYNIPOBOJHUKY P —TUMa (aHOAY), a IUIFOC K MOJIYIPOBOJIHUKY N —
tumna (katony). [lpu oOpaTHOM BKIIIOYEHHH MOTEHUMAJIBHBIN Oapbep NI OCHOBHBIX
HOCHUTEJIEH 3apsA/l0B  YBEJIMYUBAETCS, MO3TOMY OHHM HE MOTYT €ro MNpeoAoJIeTh.
[TpakTruecku 0OpaTHBIN TOK 00YCIIOBJIEH Ipeii)oM HEOCHOBHBIX HOCUTEINEH 3apsii0B
(ToxoM papeiida), TOITOMY SBJISIETCS HE3HAYUTEIBHBIM.

Boavm -amnepunas xapakmepucmuka.

JIns cpaBHEeHMs Ha pucyHKe 2.1 mpuBeneHsl TUnoBsie BAX repmManneBoro u
KPEMHHEBOTO JM0A0B. KpeMHHeBble AMOJIbI HMEIOT BO MHOIO pPa3 MEHBUIUE
oOpaTHblE TOKM IMpPH OJUHAKOBOM HAIpsDKEHUH, 4eM repMmanueBble. [lomycTumoe
oOpaTHOE HaIpsPKEHHE KPEMHHUEBBIX AM00B MoxeT gocturarh 1000-1500 B, B TO
BpeMs KaK y TepMaHHeBBIX OHO JIeKUT B nipenenax 100-400 B. KpemaueBbie a1uoapl
MOTyT paboTaTh mpu Temneparypax ot -60 mo +150°C, a repmanueBsie - oT -60 10
+85°C. Orto o0O0ycinoBieHO TeM, 4YTO Mpu Temreparypax Bbime 85° C pesko
YBEJIMYUBAETCS  COOCTBEHHas:  MPOBOJUMOCTb  TepMaHus, MpPUBOASAIMIAs K
HEJIOMYCTUMOMY BO3pacTaHUI0 OOpaTHOro TOoka. Bmecte ¢ TeM mpsiMoe majaeHue
HalpsOKEHUsT 'y KPEMHHMEBBIX JAHOJOB OOJbIle, YeM Yy TepMaHHEBBIX. OTO
OOBSCHSIETCS, UYTO Yy TE€PMAHUEBBIX JUOJOB MOXHO TMOJYYUTh BEIUYUHY
COMPOTHUBJIECHUS B MPSMOM HarpasieHuH B 1,5-2 pa3a MEHbIIYI0, YeM Y KDEMHUEBDIX,

MpyU OAMHAKOBOM TOKE Harpy3ku. IloaTomMy MOIHOCTB, paccenBaemasi BHYTPHU
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repMaHucBOro auoaa, OKa3bIBa€TCsA BO CTOJIBKO K€ pa3 MCHBIIIC. B cBs3u ¢ 3TM B
BBIIIPAMUTCIIBHBIX YCTpOﬁCTBaX HU3KHUX HaHpH}KQHI/Iﬁ BBI'OJHCC IIPHUMCHATH
Ir¢pMaHUCBBIC THOABI.

I”E; Loy f2
027
844

g8 400 300 Y00 100

&
s pr——— by

“

[onr'" KA »

Pucynok 2.1 - CpaBuurensusie BAX xapaktepuctuku repmanueBoro (1) u
KPEMHHUEBOTO (2) THOJIOB.

3 [IpubGopsl U 06opya0BaHuUE.
1) JlaGopatopuslii cteHa «IIpomasiekTpornkay, 610k Nel, cxemsr Alu A2;
2) TIpubop 3MeKTporu3MepHUTEIbHBIN MHOTO(YHKIIMOHANBHBIA [14317.3.
3) CoenuHUTETBHBIE MPOBO/IA.
4 IlopsAaOK BHINOJHEHUS PadOThI.
OnbiT 1 CHsiTHe npsiMmoii BeTBu BAX nmoaa.
1) BKIIIOYUTH CTEH]] B CETh, TOCTABHB CETEBOM TymMOJIep B mosoxeHne BKII.
2) Ha omHOM M3 HCTOYHUKOB TUTaHus taboparopHoro creraa (V1 i V2) ¢
MMOMOUIBIO PYYKH BBICTaBUTH HaIpsKeHHE SB, n3MepuB ero MyJabTUMETPOM Ha
npenene namepenuit 20B.
3) BBIKIIOYHTH CETEBOM TYyMOIIED .
4) Pyuky noternuomerpa R1 moBepHYTh MPOTUB YaCOBOM CTPEIIKH JIO YIIOpa.
5) Ilomatk muTaHKE HA UCCIIEAYyEeMYIO cXeMy: «+» Ha X1, «-» Ha X2.
6) TloaKIFOUNTh H3MEPUTEIbHBIC PHOOPHI ¢ YKa3aHHBIMH MTPEICIaMU H3MEPEHHS
COrJIaCHO MHEMOCXEMBI, COOJII0/1asl YKa3aHHYIO MOJISIPHOCTb.
7) Tlocie mpoBepKH CXEMbI MPEIoaBaTesieM BKIYUTh CETEBOM TyMOIep.
8) IToBopaumBas pyuky nmoreHpomerpa R1 mo 4acoBoii cTpeiike, ycTaHaBIUBATh
MPsSIMOE HAMPSDKEHUE M0/1a B Mpeieliax, yKa3aHHbIX B Tabnuie 1, ukcupys

3HAUYeHUS TOKa. Pe3ynpTaTel u3MepeHuit 3anecty B Tadbmiry 1.
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Ta6nuna 1- IIpsimas BetBb BAX nuona.

Unp, B 0 0,1 0,2 0,3 0,4 0,5

lop, MA

9) BBIKIIIOYUTH CETEBOM TyMOJIEP.

OnbiT 2. CHsiTHe 00paTHOiT BeTBU BAX nnoaa.
1) Ha aByX HCTOYHHMKAX MHUTAHUS MMOCTOSHHOTO HAMPSHKCHUS JJA0OPATOPHOTO CTEH 1A
«IIpomanextponnka» V1 u V2 BbicTaBUTH HampspkeHust nuTanus 15 B, moBepHyB
PYUYKH IO 4acoBO#l cTpenke 10 ynopa. COelMHUTh UCTOYHHMKHU IMOCIEIAOBATENbHO,
yCTaHOBUB HarpsbkeHue osoka 30 B.
2) Tlonath HampsDKCHUE TUTAHUS HA HCCIIEYEMYIO CXeMY: «+» OT ucTouHuKa V2 Ha
kieMMmy X1, «-» oT uctounuka V1 na knemmy X2.
3) Pyuky notennmomerpa R2 moBepHYTh MPOTUB YaCOBOHM CTPEIIKH JIO YIIOpa.
4) TloAKIIOYUTh U3MEPUTEIbHBIC TPHOOPHI C YKa3aHHBIMU MpeAeIaMUi H3MEpEHUI
COTJIACHO MHEMOCXEMBI, CO0JII0/1asl YKa3aHHYIO MOJISPHOCTD.
5) Ilocie mpoBepKH MPEToaBaTeieM BKIIOYUTh CTCH B CETh.
6) IloBopaumBas pyuky nmoreHuomerpa R2 mo 4acoBoii cTpenke , U3MEHSThH
o0paTHOE HaNpsHKEHUE Ha JUOJIE B Ipeieiax, yKa3aHHbIX B Tabyuile 2.3HaueHus
o0paTHOTo TOKa HEOOX0IUMO (PUKCUPOBATH KaXKabie 5 B, pe3ynbraTsl uamMepeHuit
3aHECTH B TabOIUITy 2.

Tabnuua 2- O0paTtHas BeTBb BAX nuona.
Uosp, B 0 5 10 15 20 25

I 06p , MKA

7) BBIKITIOYHTH CETEBOM TyMOIIEp.
8) Ilo manueiM Tabumi 1 1 2 moctpouth BAX nuona.
9) BBINOIHUTE pacueThl CONPOTHBICHUN Ry 1 Rogp.
5 KoHTpoOJIbHBIE BONIPOCHI.
1) BennuuHbl MOTEHIUATBHBIX 0ApPhEPOB FrEPMAHUEBOIO U KPEMHHEBOIO U
MOJTYyTTPOBOTHUKOBBIX JTHOJIOB?
2) Kak BBITTOJIHUTE NPSIMOE BKIIOYCHHE JUO0/1a7

3) Kak BBIIOIHUTE 00OpaTHOE BKIIIOUYEHHE AHOAa?
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4) IToueMy nipu 0OpaTHOM BKJIFOUEHHH JMO0JIA TOK Yepe3 HEer0 HAMHOTO
MEHBIIE, YeM IIPU NPSIMOM BKIHOYCHUU?
JlabopaTtopnast paGora Ne3

HccaenoBanue OMNOJISIPHOTO TPAH3UCTOPA

Heab padorbi: OcBOCHNE METOIOB CHATHS XapaKTEPUCTUK U AITOPUTMA pacyeTa
napamMeTpoB TPAH3UCTOPA, BKIIOUEHHOTO M0 CXEME C 00IIUM
AMUTTEPOM.
3Hanus (aKTyanuszanus):
- CYIIHOCTh (PU3UYECKHX MPOIIECCOB, MPOTEKAIOIMINUX B 3JIEKTPOHHBIX
npudopax U yCTpONCTBAX;
- TIPUHIUI BKJIIOYEHUS OJJIEKTPOHHBIX MPUOOPOB M MOCTPOEHUS
AIIEKTPOHHBIX CXEM;
- TUTIOBBIE Y3JIbl U YCTPOMCTBA DJIEKTPOHHON TEXHUKH.
YMeHus:
- OMpEeAeNATh W aHAIM3UPOBATH OCHOBHBIE MapaMeTPhl AJIEKTPOHHBIX
CXEM M YCTaHaBJIMBaTh 110 HUM pabOTOCIIOCOOHOCTHh YCTPOWCTB 3JIEKTPOHHOU
TEXHUKH.

1 Cxema onbITa

l 20 MA
X5 *@' X6 A8 9X10
+15B

20B p\D ﬁD RS

vVT1

X4 o0

O oX11

2. Teopernueckoe 000CHOBaHUeE.
Tpanszucmop  (NONYyNPOBOAHUKOBBIA  TpPUOJ)  MPEACTABISIET  COOOM
AJIEKTPOHHBIN TPUOOpP, OCHOBAHHBIM HA B3aMMOJECHCTBUU JBYX PaCIOJIOKEHHBIX
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OnMu3K0 Ipyr oT Apyra (Ha pacCTOSHUU HECKOJBKMX MHKPOMETPOB) 3JEKTPOHHO-
ABIPOYHBIX P-N-TIEPEXOIOB.

OCHOBHBIM 3JIEMEHTOM TPAH3UCTOpA SBIACTCA KPHUCTAUI TEepMaHUS WU
KPEeMHHUSI, B KOTOPOM C TIOMOIIBIO COOTBETCTBYIOIIMX MpPUMECE CO3JIaHbl TpU
oOnmactu (ciosl) C pa3IMYHBIMM TUIIAMHA NOPOBOAUMOCTH. B repmaHueBoM
TPaH3UCTOPE OOBIYHO J1Ba KpaWHUX CIJIOSI 001aal0T JBIPOYHON MPOBOJUMOCTBIO (p-
o0macTi), a BHYTPEHHMH CIOW  HMMEET  DJIEKTPOHHYIO  MPOBOIAMMOCTD
(n-o0macTp), B  COOTBETCTBHM, C YeM TaKOW TpPaH3UCTOp  HAa3bIBaeTCA
MOJYIPOBOIHUKOBBIM TPHOAOM TUNa P-N-p. YcioBHOE 0003HaUYEHHUE TpPaH3UCTOPA
TUna P-N-p noka3aHo Ha pucyHke 1. KpeMHHEBbIE TpaH3UCTOPBI Yallle U3TOTOBISIOT
B BHJE MOJYNPOBOAHUKOBBIX TPHUOAOB THIa N-P-n, TPHUHIMIHAAIBHAS CXEMa H
YCIIOBHOE HM300pa)K€HHE KOTOPBIX IMOKa3aHbl Ha pucyHke 2. [lpuHimun neictus
MOJIyIPOBOTHUKOBBIX TPAH3UCTOPOB HE3aBUCMMO OT WX THMA OJUH M TOT XKe€.
Paznuume cocTouT nUIIF B BBIOOpPE TOMSIPHOCTH MPHCOCAMHSIEMBIX K HHUM
UCTOYHUKOB nuTaHus. CpeaHss o0snacTh (CI0W) TpaH3UCTOpA HE3aBUCHUMO OT THIIA

aBisieTcs ero 6a3oit b uiam ocHoBaHueM, a KpallHUE — YMUTTEPOM D U KOJUIEKTOPOM

K.

B b

ls

=

Pucynok 2 - YciaoBHoe 0003Hau€HHE U CTPYKTYpa TPaH3UCTOpa TUIa N-p-N.
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Ha rpanunax pa3aena o6nacreit o0pasyrorcs JiBa p-N -nepexoia,
XapaKTEpU3YIOMINXCS TMHAMUYECKUM paBHOBecHeM. UToObI BBIBECTH p-N- Mepexol
W3 COCTOSIHHUSI PABHOBECH S, K HEMY ITPUKIAbIBACTCS BHEIIHEE HAIIPSKCHUE.

IIpuHUMI JeCTBUA TPAH3UCTOPA
Cxembl BKIIIOUEHHUSI MCTOYHUKOB MUTAHUS TPAH3UCTOPOB TUIOB P-N-p H

N-p-n OpeACTaBJIEHBI HA PUCYHKE 3.

N p|n pP{n|Pp
- |+ -Jlj q +| :
Es

IEs Ek | Ek

PucyHok 3 - CxemMbl HOpMaJIbHOTO BKJIFOUEHUS TPAH3UCTOPOB.

HopmanbHOE BKIIOYEHHE - TPaH3UCTOPHl BKIIOYAIOTCS B CXEMY TaKUM
oOpa3oMm, 4YTOOBI K TMEpPEeXOAy SMHUTTEp — 0a3a BHEIIHEE HaNPsIKEHUE ObLIO
MPWIOKEHO B MPSMOM HAIpaBJICHUH, a K P-N-TIepexojy KOJUIeKTOp— 0Oa3a — B
00paTHOM HAIpPaBJICHUU.

[Ipyn BO3ACHCTBMU BHEUIHUX HANPSHKEHUN MOTEHIMAIBHBIA Oapbep MEXIy
OMUTTEPOM M 0a301 MOHMWKACTCS, @ MEXTy 02301 M KOJUIEKTOPOM — YBEITMYHBACTCS.
B pe3ynbTaTe OCHOBHBIE HOCHTENHN 3apsia YMUTTEPHOTO CIIOS TIEPEXOaIT B 001acTh
0a3bl, a 3aTeM B 00J1aCTh KOJJIEKTOPA, CO3/1aBasi TOK KOJIJIEKTOPHOTO MEePEXo/ia.

OmHOBPEMEHHO C 3TUM MPOUCXOAUT M TIEPEX0] OCHOBHBIX HOCHUTENCH 3apsia
0a3pl uyepe3 AMUTTEpHBIN mepexoa. OmHako B o0nacTe 0a3pl IMPU HM3TOTOBICHHUH
TPaH3UCTOPA BBOJST 3HAUUTEILHO MEHBIIEE KOJUYECTBO aTOMOB MPUMECH, YE€M B
OMUTTEP, TMOITOMY TOK OSMHUTTEPHOTO IEpeXojla CO3MacTCs TJIABHBIM 00pa3oM
MEePEX0J0M OCHOBHBIX HOCHTENIEH IMUTTEPHOro ciosd. Ecim BpeMs MpoxoKIeHUs
OCHOBHBIX HOCHTEJICH 3apsiia SMUTTEpa yepe3 001acTh Oa3bl MHOTO MEHBIIIC BPEMCHH
WX HE3aBHCHMOTO CYIIECTBOBAHUS, TO OCHOBHAS YaCTh dTHUX HOCUTEIICH TOXOAMT JI0
KOJUICKTOPHOTO Tepexo/ia W TomaaaeT B 00yiacTh KosuiekTopa. [Ipu sTom mumib
HeOoJbIIasl YacTh YKa3aHHBIX HOCHUTEJIEH peKOMOMHHpPYeT B 00JlacTH 0asbl C ee

OCHOBHBIMHM HOCHUTEISIMH. Takum 06pa30M, 3HAYCHUC TOKa B ICIIM KOJIICKTOPHOI'O
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(3aKpBITOr0) MEPexo/ia 3aBUCUT OT 3HAYEHUS TOKA B IIEMH YMUTTEPHOTO (OTKPHITOTO)
nepexona. CBsi3b MEXIy TOKaMU KOJUIGKTOPHOM W  SMUTTEpPHOM  Iemei

Xapaktepu3yercsa Kodp(GUIIMEHTOM Mepe1ay TOKa

Al
a=— “ mpu Uk = const

rae Al ,Al, - mpupameHus KOJJIECKTOPHOTO U SMUATTECPHOI'O TOKOB.

JIis TIIOCKOCTHBIX TPaH3UCTOPOB KodpduimeHT nepegaun toka a= 0,92—0,99.
DT0 03HauYaeT, 4To B 00JacTH 0a3bl peKOMOMHHPYIOT 1—8% OCHOBHBIX HOCHTENCH
3apsaa SMATTEpa. YUCI0 PEeKOMOMHUPYIONIMX B 00JaCTH 0a3bl OCHOBHBIX HOCHUTENICH
3apsizia SMUTTEPA OMpeesieT Tok 6a3pl .

B coorBeTcTBHU ¢ dTMIMHU |5 = 15— Ik

CxeMbl BKJIKOYEHHUsI OMTIOJISIPHBIX TPAH3MCTOPOB B JIEKTPHYECKYIO IEMb.
Cxembl KJIacCH(UIUPYIOTCS 1O HA3BAHWUIO 3JIEKTPOJA, OOIIET0 /Ui BXOJHOW W
BBIXOJITHOM LIETIEH.

Cxema c obwen 6azon. CxeMy yCUIUTEIBHON SUYEMKH Ha TPAH3UCTOPE C
obmeit 6a30# (PUCYHOK - 4) MOKHO IPUMEHATH Ha 00JIee BHICOKMX YaCTOTaX, OJTHAKO
OHa MMeeT KOI(PPUIMEHT YCHUJICHHS MO TOKY MEHBIIC SAWMHMIIBI U Majloe BXOIHOE

COIPOTHUBIICHUE.

e s

Pucynoxk 4 — Cxema ¢ o01eii 6a3oi.

Cxema ¢ oomum xonnekmopom. CxeMa BKIIOUCHUS TPAH3UCTOpPA C OOIUM
KOJUIEKTOPOM (PUCYHOK 5) wuMeeT OOJIbIlIo€ BXOJHOE M MaJlo€ BBIXOJIHOE
conpoTtuBieHus. [loaToMy ee 4acTo MPUMEHSIOT B MHOTOKACKA/IHBIX YCHIIUTETSX B

KauyeCTBE COIVIACYIOIIET0 KacKaJa U BBIXOAHOIO KacKazia pyu paboTe Ha HU3KOOMHYIO
HarpysKy.
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Pucynok 5 — Cxema ¢ 00IIHUM KOJIIIEKTOPOM.

Cxema ¢ oowum Imummepom. Haubonee 4acTo HCIMONB3YIOT CXEMYy C OOIIUM
AMUTTEPOM (PUCYHOK 6), C TOMOIIBIO0, KOTOPOW BO3MOKHO OCYIIECTBISITh YCUIICHHE
[0 TOKY, HAaNpsHKEHUIO W MOIIHOCTH HauOoJblIee MO CPaBHEHUIO C JIPYTHMMHU
CXeMaMH BKIIIOUEHHSI TPAH3UCTOpa. JTa CXeMa XapaKTepU3yeTcs HE3HAYUTEIbHBIM

BXOIHBIM COIIPOTHUBJICHHUCM.

Pucynoxk 6 — CxeMa ¢ 001IUM SYMUTTEPOM.

CraTuveckue XapaKTepUCTUKH TPAH3UCTOPA.

Cratndeckue XapakTEpUCTUKU TPAH3UCTOPA OTPaXalOT 3aBUCUMOCTb MEKIY
TOKaMHU U HAIPSKEHUSIMU HA €T0 BXOJIe U BbIxoje. i CXeMbl ¢ OOIIMM SMUTTEPOM
CTAaTUYECKON BXOJHOM XapaKTEPUCTUKOU SABJISETCS TpaduK 3aBUCUMOCTH TOKa 0a3bl
Is or Hampsikenuss Ugps TpU TOCTOSHHOM HampspDKeHUU Ha KoJuiektope  Ugo:
I5=1(Us3) mnpu Ugs=const.

CraTtuueckue BBIXOJIHBIE XapaKTEPUCTUKU TPAH3UCTOpPA MPEACTABIAIOT COOOM
3aBUCUMOCTh TOKa KOJUIEKTOpPA OT HAMPSIKECHUS MEXKIY KOJUIEKTOPOM M SMUTTEPOM

OpH  TMOCTOSSHHOM TOKE  0as3bl: Ik = f( Uxs) mpu Ilg = const.

I'paduiky cTaTHYECKUX XapaKTEPUCTUK TPEICTABICHBI HA PUCYHKE 7.
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a) BXOJTHAsl XapaKTePUCTUKA; 0) BBIXOJHAs XapaKTEPUCTHUKA;

Pucynok 7 — CraTudeckue XapaKTepUCTUKHA TPAH3UCTOpa
JUISL CXEMBI ¢ 00IIUM AMUTTEPOM

3 IIpubGopsl 1 000pyAOBaHHME.

1) JlaGoparopusiii crena «IIpomanekTporukay, 0ok Ne2, cxema A;

2) Tlpubop AmeKTponu3MepHuTeIbHbI MHOTO(YHKIIMOHANBHBI [14317.3.

3) CoeauHUTEIBHBIC IPOBO/A.

4 IlopsAOK BHINOJHEHUS PadOTHI.
1) BKJIIOYHT CTEHJ B CETh, TOCTABUB CETeBOM TymOJep B monokenne BKJL.
2) Ha ucrounmke nutanus V1 C MOMOIIBIO PYYKH  BBICTaBUTHh HampspkeHune SB,
M3MEPUB €T0 MYJIBTUMETPOM Ha npeaeie usMepennii 20B.
3) Ha ucrounuke nutanuss V2 C MOMOIINBIO PYYKH  BBICTABUTH HampsbkeHue 15B,
M3MEPUB €T0 MYJIbTUMETPOM Ha npeaeiie umepennii 20B.
4) BBIKIIIOYUTH CETEBOM TyMOJIEp .
5) CoenuHuTh HWCTOYHMK mHTaHHs V1coO BXOJOM TpaH3HCTOpPA COTJIACHO
MHEMOCXEMBI.
6) CoequHUTh UCTOYHHMK THUTaHHUSA V 2 C BBIXOAHBIMHU KJIEMMaMH TPaH3HCTOPA
COIJJACHO MHEMOCXEMBI.
7) Pyuky noteHimoMetpa R5 moBepHyTh IPOTHB YaCOBOM CTPEJIKH JI0 YIIOPA.
&) IoaKIIOUNTh M3MEPUTENIbHBIE MPUOOPHI C YKA3aHHBIMH TMpPEJeIaMU HU3MEpPEHUs
COrJIaCHO MHEMOCXEMBI, COOJII0/1asl YKa3aHHYIO MOJISIPHOCTb.

9)Iociie mpoBEpKU CXEMBI IPENOABATEIEM BKIFOUUTh CETEBOU TyMOJIep.
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10) TloBopaumBas pydky HOTEHIMOMETpa RS 1O YacoBOW CTpejKe, H3MEHSTh
HanpsDKeHUE KOJUIEKTOpa B Mpejiesax, yKa3aHHbIX B Tabmuie 1, duxkcupys 3HaueHus
ToKa. Pe3ynbTaTel m3MepeHuit 3anecTr B Ta0uIy 1.

Ta6muma 1- CeMeiCcTBO BBIXOHBIX XapaKTEPUCTHK.

Uko, B 0 0,1 0,2 03 0,4 0,5 1 2 )

Ik, MA 1pu R1

Ik, MA 1pu R

Ik, MA 1pu R3

Ik, MA 1ipu R4

11) BBIKIIOYHTH CETEBOM TyMOJIED.
12) Tlo maHHBIM TaOJIUIBI 1 TOCTPOUTH BBIXOHBIC XapaKTEPUCTUKU TpaH3ucTopa |k
= f (Uks) nmpu l; = const Ha MmuwmumeTpoBoii Oymare. Paccuurtare mapamerpsl (3,
RBBIX).
13) Cpenatb BBIBOSI.
5 KoHTpoJibHbIE BONPOCHI

1) ITpUYKHBI HIUPOKOTO MPUMEHEHHS cXeMbl ¢ OD?

2) IlapameTp, OCTArOIIMHCS HEU3MEHHBIM MPH CHSATHH CTAaTHYECKUX
BBIXOJTHBIX XapaKTEPUCTUK TPAH3ZUCTOPA;

3) Koabdumment a = 0,8, Berancnure  Tpanzuctopa?

4) Kakue HM3MEHEHHUs HYXHO IMPOU3BECTH B CXEME I HCCIEAOBAHUS

TpaH3ucTtopa pP-n-p tumna?

JlabopaTopHnasi padora Ne4
HccaenoBanue moJieBoro TpaH3nucTopa.
Hean padorbr: OCBOEHNE METOJIOB CHATHUS XapaKTEPUCTHK U aIrOpUTMa
pacyeTa nmapaMeTpoB IMOJEBOTO TPAHZUCTOPA B CXEME C OOLIUM UCTOKOM.

3HaHus (aKTyanu3anus):
- CYIIHOCTh (PU3UYECKHUX MPOLECCOB, MPOTEKAIOIIUX B 3JIEKTPOHHBIX
npubopax U yCTpONCTBAX;
- TPUHLUI BKJIIOYEHHS] JJIEKTPOHHBIX MNPHOOPOB M MOCTPOCHUS
AIIEKTPOHHBIX CXEM;
- TUIIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHOM TEXHUKH.

YMenusa:
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- ONpeNeNsATh U aHATM3UPOBATh OCHOBHBIE MapameTpbl 3JIEKTPOHHBIX
CXEM U yCTaHaBJIMBATh [0 HUM PabOTOCIOCOOHOCTh YCTPOWCTB AJIEKTPOHHOMN

TEXHUKU.

1 Cxema onbITa

2 Teopernyeckoe 000CHOBaHME.

KOHCprK[[I/ISI IMOJIEBBIX TPAH3UCTOPOB.

[ToneBbiM TPAaH3UCTOPOM HA3BIBACTCA TpCXBJ'IGKTpOI[HBIﬁ HOJIYHpOBOI[HHKOBBIﬁ

HpH60p, B KOTOPOM TOK CO3JaOT OCHOBHBIC HOCHUTCIIN 3apsaa II0Q JICCTBUEM

IMPOJOJBbHOTO JJICKTPHUICCKOIO I1I0JIA, a4 YIIPABJIICHHUC BEJIMYMHOM TOKA

OCYMCCTBIIACTCA IOIICPCUHBIM 3JICKTPUYICCKHUM II0JICM, CO31aBACMBIM HAIIPAKCHUCM,

MIPUJIOKEHHBIM K YIIPABJISAIOIIEMY JJIEKTPOY.

Bce nmoneBrie TPaH3HUCTOPLI II0 CBOMM KOHCTPYKTHUBHBLIM 0COOEHHOCTSIM MOKHO

Pa3acCinTb Ha ABC I'PYIIIILI:

® TI0JIEBBIC TPAH3UCTOPHI C P-N-TIepexoiaMu (KaHaJbHbIE, UM YHUTIOJSPHBIE,

TPaH3UCTOPHI);
® [I0JIEBbIC TPAH3UCTOPHI C N30JUPOBaHHBIM 3aTBOpOM (MJIIT- mimu MOII-
TPaH3UCTOPHI).

IToJieBoii TpaH3UCTOP C P-N-TIEPEX0a0M.

Ha pucynke 1 mpuBeneHsl cxemarnueckoe wu300pakeHUE KOHCTPYKITUU

MOJIEBOT'O TPAH3UCTOPA C P-N-NIEPEXOJAMH U CXEMA €TI0 BKIOUEHUS. TOHKHUM CIION
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MOJIyIIPOBOJIHUKA THMA N (WK P), OTPAHUYEHHBIN C IBYX CTOPOH 3JIEKTPOHHO-

ABIPOYHBIMU IICPCXOAAMU, HA3BIBACTCA KAHAIOM.

& rrrrrsA &
M = | C
l = § Useix

Pucynok 1- KoHcTpyKius U cxema BKIIFOUEHHS TPAH3UCTOpa

C p-N mepexoioMm.

[IpuHIMn AEHCTBUS TPAH3UCTOPOB C KaHAJIOM TUMA N WIM P aHAJIOTUYEH;
pasIuyre 3aKJII0YaeTCs JIWIIb B TOJSPHOCTHA HAIPSIKEHUH WCTOYHUKOB TUTAHUS.
Brotouenue kaHama B QJIGKTPUUECKYIO 1€ OOECMEYMBAET C TMOMOIIBI0 JBYX
OMHYECKHUX DJIEKTPOI0B, OANH X KoTopbix (M) HazeiBaeTcst ucmokom, a Bropoi (C) -
cmoxom. BBIBOJ, TOACOCIWHEHHBIN K OO0JACTAM p-THIA, SBISCTCS YMPABIISIONIAM
ANEKTPOOM U HazbiBaerca 3ameopom (3). BeBonel U, C u 3 cooTBeTCTBYIOT (B
MOPSIIKE TIEPEUNCIICHUS) KaTOay, aHOQy M CETKE JJICKTPOBAKYYMHOTO TPHOJA WIIH
AMUTTEPY, KOJUIEKTOPY U 0a3e 0OBIYHOTO OUIOJISIPHOTO TPAH3UCTOPA.

Bennunna Toka B KaHaie 3aBUCUT OT HampspkeHus U, TPUIIOKEHHOTO MEXIY
CTOKOM ¥  HWCTOKOM, HAarpy304HOrO0 CONPOTHBJICHHS W  CONPOTHUBIICHUS
MOJIYITPOBOTHUKOBOM IJIACTUHKH MEXIy CTOKOM U uctokoM. [Ipu U u Ry=const Tok
B KaHaye |, (TOK cTOKa) 3aBHCHUT TOJIBKO OT 3(PGEKTHUBHOM IJIOMIAU MOMEPEYHOTO
ceuenus kanana. Mcrounuk Esy co3maer oTpuiarenbHOe HampspKEHUE Ha 3aTBOPE,
YTO TMPUBOJUT K YBEJIUYEHUIO TOJIIUHBI P-N-Iepexojla U  YMEHBIICHUIO
TOKONIPOBOJAIIETO ceueHHs KkaHama. C  yMEHBIIGHHWEM CEUCHHMS  KaHaja
YBEJIMYHMBACTCS COMPOTHBIICHHE MEXTY MCTOKOM M CTOKOM M CHI)KACTCS BEJIMYMHA
Toka l.. VYMeHbIIeHHME HampsHKEHUST Ha  3aTBOPE  BBI3BIBAET  YMEHBIIICHUE
COTIPOTHBIICHUS KaHalla U Bo3pactanue Toka l.. [Togkmrouns mocnegoBarensHo ¢ Esy

HCTOYHHUK YCHUIIMBACMOI'O IICPCMCHHOI'O HAIPAKCHUSA UBX, MOXHO HU3MCHATH TOK
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gyepe3 KaHal 1O 3aKOHYy M3MEHEHHUS BXOJHOTO HaIpsDKeHUsA. TOK CTOKa, MPOXOJs
yepe3 CONMPOTUBJIICHHE HArpy3ku Ruy, co3maeTcsi Ha HEM MaJeHUE HampsHKEHUS,
mMmeHsonieecs 1o 3akoHy Upx . IIpu cooTBercTByromemM mnoadope BenuunHa Ry
Mo>xHO JOOWTHCSI TOBBIIICHUS YPOBHS BBIXOJHOTO HAMPSDKEHHUS MO CPABHEHUIO C
HaIpPsDKCHUEM Ha BXOJIC, T.C. YCHIIUTh CUTHAI.

XapakTepucTHKH TPAH3UCTOPOB.

Ha pucynke 2 moka3aH MpUMEpHBIH BHJl CEMEHCTBA BBIXOAHBIX (CTOKOBBIX)
BAX moneBoro tpansucropa ¢ p-n-mepexogom |l = f(Uc) mpu Usyu=const. Ilycts
HampsDKEHUE MeXay 3aTtBopoM u uctokoM Usy = 0. Ilpu  yBenudeHUm
MOJIOKUTENbHOTO HampspkeHuss U Ha ctoke Tok |, Oymer Hapacrath. BHauane
3apucuMocTh | = f(U;) Oymer mourm nmuenno#t (yuactok OA). OnHako ¢

BO3paCTaHUCM Ic YBCIMYIHUBACTCA IMTAJCHUC HAIIPSKCHUA HAa KaHAJIC, IIOBBIITACTCA

T LA MA
31 A B Uu=0B
| -0,5
A -1.0
R
W20 25
; — 4_3,'5 Ue
4 8 1216 B

PucyHok 2 — BeixoaHasi (CTOKOBas) XapaKTEpUCTUKA MOJIEBOTO TPAH3UCTOPA.

oOpaTHOE CMeIIeHHE I P-N-TIepex010B (0COOSHHO BOJIM3HM CTOKA), YTO BEJIET K
CY)KCHHUIO CEUCHHS TOKOIIPOBOAAIIECTO KaHala M 3aMeIsIeT pocT Toka .. B koHeuHoM
UTOTE Y CTOKOBOT'O KOHIIA TUNTACTUHKH KaHAJ CYKaeTCsl HACTOJIBKO, YTO JlabHEHIIIee
MOBBIIICHUE HATIPSKEHUS YK€ HE IPUBOAMT K pocTy | (yaactok AB). DToT pexum
MOJTYYHWJT Ha3BaHUE pedicuma HacvluyeHus, a HanpsbkeHue U, mpu KoTopom
MIPOMCXOUT HACBIIIEHUE, Ha3bIBaeTCs Hanpsiicenuem nacviujerus (Ug o). Ecrin
CHSATH 3aBUCUMOCTD TOKa |, oT Hanpspxkerus Uc 1S psiga HalpsDKSHUH Ha 3aTBOPE
(U3n<0), TO moJTydrM CeMEHCTBO BBIXOIHBIX XapaKTEPUCTHK MOJIEBOTO TPAH3HUCTOPA,
KOTOpbIe HarmoMuHaT BAX BakyymHoro nenroga. 3aBucumocts | = f(Usy) pu
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Uc=const moyyunia Ha3BaHUE CTOKO — 3aTBOPHOI XapaKTePUCTHKH (PUCYHOK 3).

IIo BHCIIHCMY BHUAY HAIIOMHUHACT aHOAHO-CCTOYHYIO XaPAKTCPUCTUKY JIAMIIBI.

Ica
Uc=const
—
U3HOMC O U3H

Pucynoxk 3 — CToK0-3aTBOpHasi XapaKTEPUCTHUKA MIOJIEBOIO TPAH3UCTOPA

C p-N mepexoioMm.

OcHoBHBIE mapamMeTpsbl IIOJICBBIX TPAH3UCTOPOB!:

L4 prmuswa CmokKo- 3am€0pH01/7 xapakmepucmuku

Al
S= ¢ U, = const 1
AU TP 1)

OTOT napaMmeTp xapakrepusyeT 3 (PEeKTUBHOCTD YIPABIIAIOIIETO IEUCTBHS 3aTBOPA.

e Hanpsowcenue omceuxu Usy ome - 0OpaTHOE HANIPSHKEHUE HA 3aTBOPE, IPU KOTOPOM
TOKOIPOBOSALININ KaHaJ OKaKEeTCsl IEPEKPHITHIM.

® Bxoonoe conpomusnenue Rpx MEXIy 3aTBOPOM U MCTOKOM (OMpeensercs Npu

MaKCUMAaJIbHO JOMYCTUMOM HAMPsHKEHUU MKy STUMH JIEKTPOIAMH )

A
Rgx — U3I/Imax (2)
Al

® Bwixoonoe conpomuénenue Ry,(onpenensercs B pekUMe HACHIIICHUS)

AU
R, = A € npu Usy = const. (3)
C
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BrIxogHOE CONMPOTHUBIEHUE XAapAKTEPU3YETCS TAHTEHCOM YTJla HAKJIOHA BBIXOJHBIX
xapakTepucTuk. B paboueil o6actu 3TOT yroia OJM30K K HYJIO U, CJIEI0BATEIBHO,
BBIXO/IHOE COMPOTUBIICHUE OKA3bIBAETCS JJOCTATOUHO OOJIBIIUM (COTHH KUITOOM).
3 IIpuGopsbl 1 000pyI0BaAHME.
1)JIaGopaTtopusrit ctera «IIpomanexkTporukay, 610k Ne2, cxema A 2;
2)IIpuGop AMeKTpOn3MEepHUTEIbHBI MHOTO(QYHKIIMOHANBHBIA [14317.3.
3)CoenuHuUTEIBHBIE MPOBOJIA.
4 TlopsinoK BbINIOJIHEHUS PA0OTHI.
OmnpiT 1. CHSITHE CTOKO —3aTBOPHOM XapAKTEPUCTHKH.
1) BKJIFOUUT CTEH]T B CETh, IOCTABUB CETEBOM TyMOIep B mosioskenue BKII.
2)Ha ucrounuke mutanus V1 C MOMOIIbIO PYYKH  BBICTaBUTH HampsbkeHue SB,
WU3MEPHUB €0 MYJbTUMETPOM Ha Ipezeiie nsmepennii 20B.
3)Ha uctouynuke nutanus V2 C MOMOIIBIO PYYKH  BBICTABUTH Hampspkenue 15B,
M3MEPUB €T0 MYJBTUMETPOM Ha Ipeaeie usMepennii 20B.
4)BBIKIIIOYUTE CETEBOM TYMOJIEP .
5)CoenmuanTh WCTOYHWMK mHTaHWsT V1co BXOJOM  TpaH3HWCTOpAa  COTJIACHO
MHEMOCXEMBI.
6)CoenmuHUTh WCTOYHUK TNUTaHUS V 2 C BBIXOJHBIMU KJIEMMaMH TpPaH3UCTOPA
COTJIACHO MHEMOCXEMBI.
7)Pyukn moteHunomerpoB R7 u R8 moBepHYyTh NPOTHB YaCOBOM CTPEJIKH JI0 YIIOPA.
8)[loakrounTh M3MEpUTETIbHBIE TPHOOPHI C YKAa3aHHBIMHU MpeAesiaMd H3MEpEHUs
COTJIACHO MHEMOCXEMBI, CO0JII0/1asi yKa3aHHYIO MOISPHOCTD.
9) Ilocne npoBepKH cXeMbl MPENoJaBaTeIeM BKIIOUUTh CETEBON TyMOIep.
10)IToBopauuBas pydky noreHiromeTpa R7 1o yacoBoi CTpeske, YCTaHOBUThH TaKOe
orpuniareiabHoe HarpsikeHue Usy ore, 4TOOBI TOK CTOKA ObUT paBeH Hymo  Ic = 0.
11) IloBopaunBas pyuky noreHuuoMerpa R7 mpoTHMB 4acoBOW CTpenkH 3amucaTh
MOKa3aHUsl U3MEPUTENbHBIX TPUOOPOB B 5-6 TOUKaxX, HAUMHAS OT TOYKH oTrceuku U
311 ore 10 U 3y = 0. Pe3ynbpTaTel nu3mepenuii 3anecty B Tadbmmiry 1.

12) BeIKTIOYNTB CETEBOM TyMOJIEp.

30



13) W3meHUTh NOJAPHOCTb HANPSIKEHUS, I10JABAEMOIO Ha KIEMMY XI.
OnHOBPEMEHHO U3MEHUTH NOJIIPHOCTH BOJIBTMETPA.

14) Bxatouuts ceteBoit Tym6ep BKIIL.

15) IloBopauuBas pyuxky noreHuroMeTpa R7 o yacoBoi CTpesKe CHATh MOKa3aHUs
npubopos uepes 0,4 — 0,5 B. PezynbraTel nu3mMepeHuit 3aHecTd B Ta0nuiy 1.

Tabmuma 1 - Croxo - 3arBopHast BAX |c=f(Usx) mpu Ucy = const

Ucu=0B |Usy B
lc mA
Ucn= B |UwB
lc mA
Ne ombiTa 1 2 3 4 5 6 7 8

16) BeIKII0UNTB cETeBOM TymOIIEp.
17) o nanHbIM TaOAMIBI 1 TOCTPOUTH CTOKO — 3aTBOPHYIO0 BAX | = f(Usy) ipu
Ucy = const na mummuMeTpoBoid Oymare. PaccuntaTs napameTpsl.

OmnbIT 2. CHSITHE CTOKOBBIX BBIXOIHBIX XapPAKTEePUCTHK.
1) Bemmosnuuts nyHKTHI 1) — 7) omnbiTa 1.
2) IogxrounTh U3MEPUTENLHBIE PUOOPHI C YKa3aHHBIMU Npe/IeIaMu U3MEPEHU,
COTJIACHO MHEMOCXEMBI, CO0JII0/1asi yKa3aHHYIO MOJISPHOCTD.
3) [locne nmpoBepKU cXeMbl MPENOIaBaTesIeM BKIOYUThH CETEBOI TyMOIep.
4) Ycranosuts U 3y = 0.
S)IloBopauuBas pyuky mnoreHnuomeTrpa R8 1o dYacoBoil cTpenke, HW3MEHATH
HanpsokeHue U ¢y mo tabnune 2, mpu 3TOM (DUKCUpOBaTh 3HAY€HUA Toka lc,
3aHOCHUTH B TaOIHUITy 2.

Tabnuma 2 - CrokoBast BAX Ic = f(Ucu) mpu Usy = const

U3y =0B Ucu B 0 0,2 0,4 0,6 0,8 1 2 4 6
1. mA

Usyu= B Ucu.B
1, mA

Ne ombiTa 1 2 3 4 5 6 7 8 9

6) YcranoButh U 3y # 0. BBIIOTHUTE MYHKT 35).
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7)I1o naHHBIM TAOJIUIIBI 2 TIOCTPOUTH CTOKOBYIO XapaKTEPUCTUKY HA MUJUIMMETPOBOM
Oymare, BBIYHUCIIMTD TAPAMETPBHI.

5 KoHTpoJIbHBIE BONIPOCHI.

1) Ha 4yém oCHOBaH NMPHHIUII ICHCTBHS ITOJIEBOTO TPaH3UCTOpa?

2) IToueMy IOJIEBOM TPAH3MCTOP WHAYE HA3BIBAIOT «YHUIIOJISAPHBIMY)?

3) Ha xapakTepucTHKy Kakoro npuOopa IIOX0Ka CTOKO - 3aTBOpHAas
XapaKTEPUCTHKA?

4) TlepeuncauTe OCHOBHBIE TApaMETPHI TIOJICBOTO TpaH3UCTOpa?

JlaGoparopHasi pabdora NeS
HccaenoBanue oqH0¢Ga3HOro HEYNnpaBJsieMoro BbIIPSIMHUTEJIS CO
CIJIAKUBAIOIIUMH (PUIbTPaMM.
Hean padorbl: OcBOEHUE METOJIOB U3MEPEHNUN U aJIrOpUTMA pacuera
KaU4EeCTBEHHBIX XAPAKTEPUCTUK BBIIPSAMIICHHOTO HANPSHKEHUS [PU  UCIIOJIb30BaHUU
Pa3HBIX TUIOB (PUILTPOB.
3HaHus (aKTyanu3anus):
- CYUIHOCTh (PU3MYECKHX IMPOLIECCOB, MPOTEKAIOIMINUX B 3JIEKTPOHHBIX
npudopax U yCTpOHCTBaX;
- TPUHIMN BKIIOYEHHUS DJIGKTPOHHBIX TMPUOOPOB U  MOCTPOCHUS
AIIEKTPOHHBIX CXEM;
- TUIIOBBIE Y3JIbl U YCTPOMCTBA JIEKTPOHHOU TEXHUKMU.
YMeHus:
- OIIPENCIISITh U aHAIM3UPOBATH OCHOBHBIE MAPAMETPhI JIEKTPOHHBIX CXEM U

yCTaHaBJIMBATH M0 HUM pabOTOCIIOCOOHOCTh YCTPOUCTB JIEKTPOHHON TEXHUKHU
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1 CxeMbI ONILITOB

Ne Cxema Ocun/iorpamma Ug | Uy [ Ky | K
mbiTa max
BB [ _
1
2 || T | |
|
@ E - |
2 X
3 T = 1
4 _;0 L
BT [
L1l
N
2 Teoperudeckoe 060CHOBaHUE
2.1 OcHOBHBIC IOHATHA O CIVIAKUBAOIIUX PUILTPAX.
[Ipyu paccMOTpeHMM CX€M BBIIPSAMUTENEH  ObLIO

BBINIPSIMJICHHOE HaIpsDKEHUE BCEra SIBISETCS MyJbCUPYIOMIMM U COACPKUT KPOMeE
MOCTOSIHHOW TepeMEHHbIE COCTaBJstonIe. B OONBIIMHCTBE CilyyaeB MUTAHUE CXEM
MPOMBIIUIEHHONW  JJIEKTPOHUKH MYJIbCUPYIOUIEM HANpPSDKEHHEM  HETPUEMIIEMO.
JlomyctuMble 3HadeHHs  Ko3(PUIMEeHTa MyabCaldy 3aBUCAT OT HAa3HAUYCHUSA U
pexuMa paboThl YCTpoiicTBa; ux BeiOMpatoT B npeaenax 0,001 - 2,5%. [lockonbKy B
00011 cxeme BBIPAMUTENS KOIDPUIIMEHT MyJbCcallMii BXOJHOTO HAMNpSKEHUS BO

MHOIo pa3 IHIpCeBbIIACT OTH IIPCACIIbI, HA BbBIXOIC BbIHp?IMPITGJ'IGfI BKJIIFOYAarOT

CIJIAXKMBAIOIINE (PUIIBTPHI.
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K cxemaMm crinaxuBaomux (GUIbTPOB MPEABSBISIIOT CIEIYIOUME OCHOBHbIE
TpeOOBaHUS:

1) ®unbTp NOKEH OBITH IOCTPOCH TAKUM 00pa30M, YTOOBI C OJTHOM CTOPOHHI,
MaKCHUMaJIbHO YMEHBIIWJINCh TIE€PEMEHHBbIE COCTABIISIONIME, & C JpYyroil He
MPOUCXOAMIO CYIIECTBEHHOTO YMEHBIICHHSI TOCTOSHHOM COCTABIISIONICH, KOTOpas
npoxoaut 4Yepe3 GuiabTp. [lodTOMy OOBIYHO CXEMBI CIUIAKUBAIOIMINX (UIBTPOB
coJiepKaT PEaKTUBHBIE COCTABISIONMIME (MHIYKTUBHOCTH M E€MKOCTH) W JIMIIb MpPU
OYEHb MAJIBIX MOIIIHOCTSIX Harpy3Ku MOTYT COJIEPKaTh U aKTUBHBIE COMPOTHBIICHUS.

2) Ilpu nepexoAHbIX Mpoleccax B GUIBTPE BO BPeMsl BKIIFOUCHHS HANPSHKCHUS
CETH WJIM Harpy3KH BEJIMYHHBI OPOCKOB HAIPSDKEHUS U TOKA JOJDKHBI HAXOAUTHCS B
JOIyCTUMBIX TIpeesax.

3) CoOcTBeHHass yacToTa (UIbTpa JOJKHA OBITH HHUXKE YAaCTOThl OCHOBHOM
TAPMOHHKHU BBINIPSMIICHHOTO HANpPsOKEHUS BO M30€KaHUE PE30HAHCHBIX SBICHUN B
OTJICNBbHBIX 3BEHBSIX (DUITBTPA.

OCHOBHBIM MapaMETpPOM MO3BOJSIOUIMM JaTh KOJUYECTBEHHYIO OLIEHKY
CIJIXKUBAIOMIETO (UIbTPA, SABISIETCS KOA(D(UIMEHT CriaXXUBaHUs, KOTOPBIA paBEH
OTHOUIEHUI0 KO3(PUIIMEHTa MyJlbcalluu Ha BXojJe (uibTpa K KodhUIMEHTY

K

n.ex

MyJIbCAllMK Ha BBIXOJE QUIIbTpA: Ke. =

n.6vix
PuJIbTPHI ¢ TACCUBHBIMHY 3JIeMEHTAMU.
Ponp mpocredmux criaaxuBarommx (UIbTPOB MOTYT UIPaTh WHIAYKTHBHbBIE
KaTyIIK{, BKJIIOYEHHBIE TIOCIENOBATENBHO C HArpy3Kol, H KOHJEHCATOPHI,

BKJIIOUEHHBIC MTapajljIeIbHO Harpy3ke (PHCYHOK 1).

LsRs
—
O i
R Ce Re
&
a) 0)

Pucynox 1 — I[Ipocreiiime GunbTpbl: a) UHAYKTUBHBIN; 0) €MKOCTHBIM.
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[Ipn WCIONB30BaHMM WHAYKTHBHBIX KATYIICK BBICOKMH KOA(UIMEHT
CTJIAXUBAHUSI MOXET OBITh JIOCTUTHYT TIPH YCJIOBHHM, 4YTO WHIYKTUBHOE
COTIPOTHUBJICHHUE TN 3HAYUTEIIHPHO MIPEBBIIIACT €€ aKTHBHOE COIIPOTHUBIICHHUE:

X, =w-L>>Ry

IJIC (» - 9aCTOTAa OCHOBHOW TapMOHUKH BBIIPSMIICHHOTO HAIIPSHKCHHUS.

B sToM citydae oCHOBHOE MaJeHHE HAMPSIKEHUS MEPEMEHHBIX COCTABJISIONTNX
IPOUCXOJUT HE Ha CONPOTHBICHHUM HArpy3KH, a Ha HWHIYKTHBHOCTH (MIBTpa
(npoccensi) OOBIYHO  HEBEJIMKO, HAMPSDKEHHUS  TMOCTOSIHHOM — COCTaBJISIIOIICH
BBITIPSMJICHHOTO TOKa Ha BX0Ji¢ (PrIbTpa M Ha HArpy3Ke MPaKTUIECKH PABHEI.

NHayKTUBHBIN QUIBTP UMEET MPOCTYIO CXEMY U 00eCIIeUnBaeT MaJlble MOTEepU
MOIIIHOCTA W MaJlo€ W3MCHCHHE BBIXOJHOTO HAMPSOKCHUS TIPU  HW3MEHECHUU
CONPOTHUBJICHUSI Harpy3ku. OgHaKo MpuU OBICTPOM YMEHBIIIEHHH TOKA HArpy3Kd Ha
3KMMax JIpOoccessi BO3HUKAIOT KPAaTKOBPEMEHHBIE OPOCKH HaIpsKEHUS, KOTOPBIC
MOTYT JOCTUTATh CYIIECTBEHHOTO 3HAYCHHSI.

ITockoNIbKY WHIYKTHBHBIE (QUIBTPHI OOECIICUMBAIOT JIydlllee CIIIaKUBAHUC
MyJbCAIIMM TP MAaJbIX CONPOTHUBICHUSX HATrPy3KH, WX TPUMEHSIOT TJIaBHBIM
00pa3oM B MOIITHBIX BBRIMPSIMUTENAX. [Ipu BKIIFOUECHNN KOHIEHCATOpa MapalljIeIbHO

Harpy3Ke JJIs Ty4IIero CrilaKuBaHUs MyIbCalliii EMKOCTHOE CONTPOTHUBJICHUE

JOJDKHO OBITh 3HAYMTEJILHO MECHBIIIEC AaKTUBHOT'O COIIPOTHUBJICHUSA:

Wc
B »ToM cayuae koHAEGHCATOp 3apspkKaeTcs dYepe3 TUOA  BBIIPSIMHUTENS 0
aMIUTUTYTHOTO 3HAYCHUS HAMPSDKEHUS Ha BBIX0JE (QUIBTPA B TE MOMEHTHI BPEMCHHU,
KOTI'/Ia HaNpsDKEHUE Ha BBIXOJe (DMIIbTPa MPEBIIIACT HANPSHKEHUE Ha KOHJIEHCATOPE.
B ocrampHOE BpeMs KOHACHCATOp paspsikacTcs Ha HarpysKy. 3Ha4YCHHE
€MKOCTH BBIOMPAIOT TaKUM 00pa3oM, YTOOBI 3a MEPHOJT KoJIeOaHUN HaIMpsHKEHUS Ha
BBIXO/Ie (PUITBTPA HAMPSHKEHNE HA KOHEHCATOPE CYMIECTBEHHO HE N3MEHMIIOCH.

KomOunupoBanubie (pUJIbTPHI.
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s momydyeHust Oosiee BBICOKOTO Ko3(ppuIMeHTa CriakKuBaHUS MPUMEHSIOT

KOMOMHMpPOBaHHbIe (UIBTPBI, KOTOpble O0003HAYalOT 10 KOH(UTrypaluu

COCIMHEHHUS DJIEMEHTOB (QUIILTPA:
* I' - oOpazubie RC (PucyHnox 2a);
* I' - oOpasnbie LC (Pucynok 20);
* I1 - o6paznpie RC (Pucynok 3a);
* I1 - o6pasnsie LC (Pucynoxk 30).

Ra

o ¥
Pucynok 2 — I' —o6paznbie punsTpsl: a) RC — punbtp; 6) LC — dpunsTp.

Ra

C, Cs Ry R,
O T T O r
a)

L L D

0)
Pucynox 3 — I1 —o6pa3zubie punbTphl: a) RC — dunstp; 6) LC — duisTp.

[upokoe mpruMeHeHne Ha MpakTUKe HaxoasT [ - oOpa3Hble HHIYKTHBHO-
E€MKOCTHBIE GUIIBTPBI, KOTOPBIE TIPECTABISIIOT COOON CoueTaHHe IBYX MPOCTEHIIINX
(GuUABTPOB: UHIYKTUBHOTO M EMKOCTHOTO.

[Tpu BeimonHeHun ycinoBus Xc<< Ry<< X Takue puiabTpbl 00€CreunBaOT
3HAUUTETHHO 00Jiee BHICOKHUA KOI(PPUIIMEHT CTIIaXKUBAHUS MTyJIbCAIIUH, YeM (PYIIBTPHI
U3 OJIHOM MHIYKTUBHOCTU WM EMKOCTH.

Bb160p KOHKpPETHBIX 3HAUE€HWH WHIYKTUBHOCTH M EMKOCTH TPEACTaBISET B

JaHHOM CIyyae HE MaTeMaTHUYECKYIO, a TEXHHUUECKYIo 3aaauy. OObIYHO €€ pelaroT ¢
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y4€TOM JIOMOJIHUTEIbHBIX YCIOBHUHM, K KOTOPHIM OTHOCSTCS rabapuUTHBIE pa3Mephl,
Macca U CTOMMOCTh (UIIBTPA, a TaK K€ BEJIMYMHA JOIYCTUMOTO OpOCKa TOKa MpH
BKItoueHuu. bonee appextuBupiMu aBistorces [1 -o0pa3ubie GUIBTPHI.

Jlyymuii pe3yapTaT CriaXUBaHUS MOJYYalOT C MOMOIIbI0O MHOT03BEHHBIX
(pUABTPOB, COCTOSIINX U3 HECKOJIBKUX MOCTIEA0BATEIBHO BKIIOUEHHBIX [ -00pa3HbIX
nu 1 - 06pa3HbIX GUIBTPOB.

OO6mmit  k03(p(UIMUEHT CriaXKUBaHUS MHOTO3BEHHOTO (UIbTpa paBeH
MPOU3BENICHUIO BCeX KOI(D(PHUIIMEHTOB CTIaKUBaHUS OT/IEJIbHBIX 3BEHBEB:

Kcr=Kcri Kerz K
Cpenan mepeducleHHbIX TpeOOBaHUM, MPEIBSIBISEMBbIX K CriIaKHUBAIOIIUM

¢bunbTpaM, oTMeYanach HEOOXOJMMOCTh OIPAHUYEHHUSI COOCTBEHHOM YacTOTHI

! <9, OTKyZa Cin2
2 w

Jic

3 IIpubopsl 1 000pyI0BaAHME.

bunsTpa wo yCIOBUEM @, =

1) JlaGopartopusiii cren «IIpomanekTpoHukay, 010k Ne§.

2) Ocmmnorpad C1-159.

3) CoenuHUTEIbHBIC POBOJIA.

4 IlopsAIOK BHINOJIHEHUA PA0OTHI.

1) BKJIIOYUTH CTCH]] B CETh.
2) Komu4ecTBO OMBITOB COOTBETCTBYET KOJIMYECTBY cxeM. OTbBIT:
3) CoeauHHUTH MPOBOJAAMHM JICMEHTHI CXEMbI, COOTBETCTBYIOIINE JAHHOMY OIIBITY.
[ToAKTIOYNTH K BEIXOY CXEMBI OCIIIIIIIOTPad) U BOJIBTMETP.
4) B BbIOpaHHOM MacIITabe pa3BEePTOK H300PA3UTh OCIIUIIIIOTPAMMBI
BBITIPSAMJICHHBIX HANPSDKCHUH, OMTPEICIUTh aMILTUTY Ty TIEPEMEHHOM COCTaBIISIONICH
BBITIPSIMJICHHOTO HanpsbKeHusd. JlaHHbIe 3aHECTH B TaOJUILY.
5) Ilo BONIBTMETPY ONMPEACTUTh BEIMUYUHY CPEAHETO BRIMPSAMICHHOTO HAMPSHKEHUS
Uy, [laHHbIe 3aHECTH B TaOJUILY.
6) Beruncauth kodhduimenTs! nyascanuii K, u crimaxuBanus K, 11 Kax 1010
¢unpTpa.

7) CnenaTh BBIBOJ O KAYECTBE BHIIPSIMIEHHOTO HAMPSKEHUS

37



5 KoHTpoJIbHBIE BOIIPOCHI:

1) [Tocne kakoro Tuna GuabTpa MyJbcalys MaKCUMaJIbHA?

2) Kakue Tutel GHITbTPOB MOKHO IPUMEHSTH TOJIBKO B MaJIOMOIIIHBIX
BBITIPSIMUTEIISIX ?

3) HazoBure GuibTphl, MpUMEHSBIIHECS B paboTe?

JlabopaTopHasi padora Ne6
HccaenoBanue 01HO(PA3ZHOr0 YNPaBJIAeMOr0 BbINPIMHUTEJIA
Heab: OcBoeHUE METOIUKH CHATHUS PETYIUPOBOYHON XapaKTEPUCTUKHU M BHEIITHUX
XapaKTEPUCTHUK OJTHO(A3HOTO YIPABISIEMOTO BBIIPSIMUTEIS PY PA3IUYHBIX  yTriax
YIPABJICHUS U Pa3IMYHbIX HArpy3Kax.
3Hanus (aKTyanu3anus):
- CYUIHOCTh (PU3MYECKHMX IMPOIECCOB, MPOTEKAIOIMIMNX B 3SJIECKTPOHHBIX
npudopax U yCTpONCTBAX;
- TNOpPUHIMN BKIIOYEHUS DJIEKTPOHHBIX TMPUOOPOB U  MOCTPOCHHUS
ANEKTPOHHBIX CXEM;
- TUTIOBBIE Y3JIbl U YCTPOMCTBA DJIEKTPOHHON TEXHUKH.
YMeHus:
- OMpENENITh U AHAJIM3UPOBATH OCHOBHBIE IMAPAMETPHI JIEKTPOHHBIX CXEM H
yCTaHaBJIMBATh M0 HUM pabOTOCTIOCOOHOCTh YCTPONCTB AIEKTPOHHON TEXHUKHU;

1 CxemMma onbITOB.

T %

=)




2 Teoperndeckoe 000CHOBaHHE

OnHogasubiii ynpasjisieMblil BIIPAMHUTEb.

Ynpasnsemviv  nazvieaiom — @bInpaMumens,  CoOepicawull  Ynpasisiemvle
BEHMUAU U NO3BOJAIOWUU PeSYIUPOBAMb YPOBEHb BLINPAMIEHHO20 HANPAICEHUSL.
PaccMotpuMm mpuHIMn padoTel OAHO(MA3HOTO YIPABISAEMOTO BBIIPSIMHUTENS Ha

IPUMEPE CXEMBI C HYJIEBBIM BBIBOJIOM MPU aKTUBHOM HAarpy3ke (pUCyHOK 1).

Vs Kp

o

B
~r L
gdel RH

O

Pucynok 1 — CxeMa 01HO(a3HOTO yNPaBIsI€MOIO BBITPIMUTENS C

HYJIEBOM TOYKOM.

BeHTWIBHBIMU 3JIEMEHTAMU B 3TOM CXEME SIBJISIFOTCA TUPUCTOPHI. B cxeme Ha
yopaBisieMbix Tupuctopax VSI u  VS2 MOMEHT OTKpbhIBaHUS THUPUCTOPOB
ONpEeNeNIeTCs MOMEHTOM TMOJauyd Ha YHPABISIIOMIAN 3JEKTPOJ HUMITYJIbCOB
ynpasnenus U y (pucynok 2). IIpu nomade Takux MMITyJIbCOB B MOMEHTBI BPEMEHHU
ot 1 oty THpUCTOPBI OTKPBHIBAIOTCS C COOTBETCTBYIOIIEH 3aJIEPAKKON MO OTHOUIEHUIO
K MOMEHTaM Iepexoaa HanpsLKeHHs yepe3 HyJb, T. €. B o01IeM ciaydyae ¢ (pa3oBbIM

CABHUI'OM a - COt, rac Co - yriioBasd 4aCToTa HAIIPAXKCHUSA CCTH.

7
//\ 1
/ T
/ \/ Ud
0 WE 4 T Wty v wt
(/g Il (1809 | (;,07 -
|
| |
0 1
oL et wt

PucyHok 2 — BpemeHHble nuarpaMmbl HANPS>KEHUM BBITTPSIMUTEIS.
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Yeon a, omcuumvieaemviii om mouku ecmecmeeHHo20 OMNUPAHUs 6eHmuIen U
BbIPAJICEHHDIU 8 2padycax, Ha3blearom y2aom ynpaenenus. 110CKoIbKy ynpasisioniye
MMITYJIbCBI OJAIOTCSI CHHXPOHHO C YAaCTOTOM BBINIPSAMIIEHHOTO HAIPSKEHUS, TO yTOJ
yIIpaBJIEHUS 1151 00OUX TUPUCTOPOB OCTAETCS MOCTOSHHBIM.

B unTepBansl Bpemenu 0 — oty 1 7 — ot; MTHOBEHHOE 3HAYEHUE HANPSIKEHUS
Ha Harpy3ke paBHO HYNIO (PUCYHOK 2 - IUTPUXOBBIE JIMHUM), T.K. 00a TUpHUCTOpA
3arnepTsl, a B MOMEHTBI BpeMeHU ol; 1 oty OHO BO3pacTaeT CKAYKOM, HU3MEHSIChH
3aTeM II0 CUHYCOMJAIBbHOMY 3aKOHY, JO MOMEHTA Iepexofa HalpsDKEHUs depes
HyJb. V3MeHeHue yrjia YNpaBlIEHHs IIO3BOJSET PEryJupoBaTh BBIIPSIMIICHHOE
Hanpsokenue U g .

Cpennee 3HaYeHUE BRIIPSIMIICHHOTO HAIIPSKEHUS U1 IPOU3BOJIBHOTO

3HA4YCHHUA YIJIa YIIPpaBJICHUA:

Uda:%fZEstinwtd(wt)=hTm(l + cos ot )

E
Jlns HeynpaBisiemoro pexuma (o = 0) Uge = %

Ugo (1+cosa)

cieAoBaTeNbHO, Ipu o # 0 Ugo = >

XapaKTepuCTHKH YNPABJISIEMOT0 BHINPAMHUTEIS.
3aBHCHUMOCTh CPEIHETO BBIIPSIMIICHHOTO HAMPSHKEHUS OT YTJIa YIIPABICHUS
HA3bIBACTCS PEryJHPOBOYHOI XapakTepucTukoii. Beipaxenne Uy, = f(or)
SIBIISICTCS. yPABHEHHEM PETYJIHMPOBOYHON XaPAKTEPUCTHKH BHITPSIMUTEIIS.
[Tpu o = 0 cpenHEee 3HAYCHHE BBIMPSMIICHHOTO HATIPSHKEHHUS MakCUMabHO, U g
=0, mpu o =m.
Ud 4
Udo

T o

Pucynok 3 -PerynupoBouHasi XapakT€pUCTHUKa BBITPSIMUTEIIS.
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BHenrHeili xapaKkTepuCcTHKOI 0HO(A3HOTO YIPABISIEMOTO BHIIPSIMUTEIIS
( pucyHOK 4) Ha3bIBAaCTCSI 3aBUCUMOCTD CPEHETO BHIMPSMIICHHOTO HanpspkeHus Ug
OT CPEJIHETO BHIMPSMIICHHOTO TOKa lg Tipn 3amanHoM yriie ynpasienus o, Ug = f(lg)
npu o = const. C yBenTWYeHUEM yTiia YIIPaBJICHUsS CpeIHEE 3HAUCHNUE BBHIIPSIMIICHHOTO
HAIPSDKEHUS YMEHBIACTCS, XapaKTEPUCTHKHN CIBUTAIOTCS BHA3 OTHOCUTEIBHO OCH

OpJUHAT.

(/d'“ af4>a(¢>,¢,
el

k‘\o&

~

e )

Id
Pucynox 4 — BHemHsst XapaKTepUCTUKA BBITTPSIMUTES.

3 IlpubGopsl u 06opyaoBaHue:
1) Crenng OC-16
2) Ocmumiorpad C1- 137

4 IlopsAIOK BHINOJIHEHUS PA0OTHI.
1) Bxurounts ctena B ceTh. ['oput nammnouka «CETby.
2) BpIOpaTh THIT HArpy3KH MPH MOMOIIN TEpEKTroUaTess «S1».
3) BemuunHa (hazoBoro yria perynupyercs nepekmodareneM «R ¢ ». YCTaHOBUTH
«R¢» B kpaiiHee neBoe nonoxenue Ry = 0.
4) BenuunHa aKTHBHOW HArpy3KH YCTaHaBJIMBaeTCs IepekiodarenieM «Rp» Ha
MaHeau. Y CTAaHOBUTh PYUKY «Rp» B 11000€ MPOU3BOJIBHOE MOJ0KEHHE.
OmnbIT Nel
5) INoaxarounts ocimuniorpad K rHe3mamM KoHTposbHOM manenu (1 ). Habmromaem
CUHYCOUJTy HANPS>KEHUsI BTOPUYHOU 0OMOTKH TpaHc(opmaTopa.
6) Msmensis yron ympaenenus (yBenuuuBas Rg), CHSITh peryJUpOBOYHYIO
xapaktepuctuky. Bemuuunsl Uy u lg usmeputs npubdopamu PV u PA. JlanHbie

W3MEHEHMM 3aHeCTH B Tabimily 1.
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Ta6nuna 1 - Pacdet perynmpoBoYHON XapaKTEPUCTUKU

Ne ombiTa 1 2 3 4 5 6 7 8
o, Tpaj 0 18 36 54 72 90 108 126
Uq, B

la, A

7) Illo paHHBIM UW3MEPEHUH TIOCTPOHUTH PETYJIMPOBOYHYIO  XapPaKTCPUCTHKY
Ugon = Ud (a) o

8) Cpennee 3Ha4YeHWE BBHINPSMHUTEIHHOTO HANPSHKCHHS ISl TPOHM3BOJIBHOTO yIiia

Ugo (1+cosa) .,

BBIPAMIIEHUS: Ugpace (@) = - ; Uqg(0) = Usz,

rae Uom u3mepuTts 1o ocipuutorpamme. st usmepernsoro Uz paccunTarh 3HaYCHUS
Ug(a) mpu m3menenun o = (0 + m). JlaHHBIE pacyeToOB 3aHECTH B TAOMHUIy 2 U
MOCTPOUTH TpaUK pacyETHON XapaKTEPUCTUKH.

9) CpaBHHTH ONBITHYIO PErYJIMPOBOYHYIO XapaKTepUCTHKY Ug on (0) C pacCueTHOI
Ud pacu (00).

Tabmuua 2 - OnbITHAsE peryJIMpoBOYHAs XapaKTEPUCTHKA.

Ne ombiTa 1 2 3 4 5 6 7 8
o, Tpaj 0 18 36 54 72 90 108 126
Ud, B

OneiT Ne2

10)CHATH OCHMILIOTPaMMBI HATPSHKCHUN JJII HECKOJBKUX YTIJIOB PETYIHPOBAHHS.
ITossicHUTSD.

OnbiT Ne3

11)[Ipu ycTaHOBIECHHOM YTJie YIPABICHHS CHATh BHEIIHIOK XapaKTCPUCTHKY
BBIIPSMUTEIS 111 aKTUBHOM Harpy3ku. JlaHHbBIE 3aHECTH B Tabnuily 3.

12)[Ipu yCcTAaHOBICHHOM YTJIe YIPABICHHUS CHATh BHEIIHIOK XapaKTCPUCTHUKY
BBIITPSIMUTENS U1 AKTUBHO - UHAYKTUBHOM HArpy3ku. /[aHHbIe ©3MEpEHUI 3aHECTH B
Tabnwuiy 4.

13)[ToctpouTh rpadvky BHEIIHUX XapaKTEPUCTHK 110 JaHHBIM Ta0wmil 3 U 4.

14)CnenaTh BBIBOJ 1O paOOTE BHIMPSIMHUTEIIS.
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Taomuna 3 - Bueuruss

XapaKTEpUCTUKA TIPU aKTUBHOMN

Harpyske

Tabnura 3 - Buemrass

XapaKTepUCTUKA MPU aKTUBHO -
WHIYKTUBHOM Harpyske

a:

lg

Ug

Ug

5 KoHTpoJibHBIE BONIPOCHI:

1) KakoBbl

BBITIPSIMUTEIIS?

JAHUaria30HbI

pEryIpOBaHUS

o= o=

lg Ug lg Ug

A B B
HANpSOKEHUS HAa  BBIXOJE

2) BenuuuHbl yria yhopaBJIeHUS TPH MaKCUMaJIbHOM W MHHHMAaJIbHOM

HaIPSKCHUAX ?

3) Kakoro BimsiHHE yria yOpaBiICHHUS HA TOK HArpy3KH IPH MOCTOSHHOM

COIMIPOTUBJICHUU HarpysKH?

JlabopaTopHas padora Ne 7

TPaH3UCTOPE, CXeMa ¢ 00IIMM YMUTTEPOM.

HccaenoBanue 0JHOKACKAIHOIO YCHINTE/IA HA 6I/IHOJIHpHOM

Heab padorbl: OCBOCHME METOIMKHA CHSTHUS OCIHWUIOTPAMM BXOJHBIX U

BBIXOOHBIX HaprDI(CHI/Iﬁ

OJHOKACKaJIHOI'0 YCHIIMUTCIIA, aJIlTOPpUTMa pacucTa

Ko3(uIMeHTa yCUJIeHUH CUTHajla Ha BCEM JIMAIla30HE YacTOT M MOCTPOEHUE

AMIIMTY OO - YaCTOTHOM XapaKTCPUCTUKMU.

3HaHudA (aKTyanu3amus):

- CYIIHOCTh (PU3UYECKUX MPOIECCOB, MPOTEKAIIMX B AJICKTPOHHBIX

npubopax U yCTpONCTBAX;

QJICKTPOHHBIX CXCM;

- TUIIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHOM TEXHUKH.

TIPUHITATT

BKIIIOYCHUA
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YmeHnus:
- OMPEIEIATh U AHAJIM3UPOBATh OCHOBHBIC MTAPAMETPhI AJEKTPOHHBIX CXEM U

yCTaHaBIMBATh IO HUM Pa0OTOCIIOCOOHOCTH YCTPOUCTB JIEKTPOHHON TEXHUKHU.

;i xjt)

VT1 RH

1 Cxema onpbITa.
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2 Teoperuyeckoe 000CHOBaHUE.

OcHOBHbBIE TeXHUYECKHE MOKA3ATEJN YCUJINTEJIEH.

Baxueimnmm TEXHUYECCKUM MoKa3aTejieM YCUJIUTEIIS SIBJISIFOTCSI:
KO3 bULMEHTH YyCHJICHHS (10 HANpPsOHKEHUIO, TOKY W MOIIHOCTH), BXOIAHOE M
BBIXOJIHOE€ CONPOTHUBIICHHUS, BBIXOJHAS MOIIHOCTh, KOI(OHUIIMEHT TMOJIE3HOTO
NEeUCTBUSI, HOMHUHAJILHOE BXOJHOE HalpsbKeHHE (YyBCTBUTEIBHOCTH), HANa3oH
YCHUJIMBAEMBIX 4aCTOT, TUHAMHYECKUM JUAIa30H aMIUTUTY/l U YPOBEHb COOCTBEHHBIX
MoMeX, a TOKa3aTelau, XapaKTepu3yrollue HeJIMHEHHbIe, 4acTOTHbIe U (a3oBbIe
VCKQKEHUS YCUIMBAEMOTO CUTHAJA.

1) Kosgduyuenm ycunenus
Kosddumnmentom ycuneHrus nmo HanmpspDKEHHUIO, WU MPOCTO KOIP(HUIIUEHTOM

YCHUIICHUSA K mHa3wpiBaeTcs BCJIIMYMHA, IMMOKa3bIBAIOIIas, BO CKOJIBKO Pa3 HAIIPSAKCHHC

CHUT'HAaJIa HAa BBIXOAC YCUIIUTCIIA 60HBHI€, 4YCM Ha €ro BXOAC:

K= U BbIX
UBX

3nauenue koddp¢uiuenta ycuiaeHus K y pazIuUHbIX YCUJIMTENEH HampspKeHUs

MOXCT UMETh BCIIMYMHY IMOPpAAKA ACCATKOB U COTCH. Y‘H/ITBIBaSI, 4TO B COBPEMCHHBIX
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YCHJINTEIBHBIX cXeMaX KOA((PHUIIMEHT YCWJICHHS, BBIPAXCHHBIM B Oe3pa3MepHBIX
CAVHMIIAX, MMOTYYacTCs, JOBOJBLHO TPOMO3JAKHM YHUCIOM. B 3JIEKTPOHHKE MOTYYHII
pactpocTpaHeHUE CIOCO0 BBIPAKEHUS YCHIMTEIBHBIX CBOWCTB B JIOTapU(DPMHUIECKIX
equHuLax - oeyubenax (nb). Koaddumument ycuneHnus, BeIpaKeHHbIN B Jenuoenax,

paBeH

K=20IgliJBi =20IgK

BX
OOpatHbIi TIepexo oT aenuden K 6e3pa3sMepHOMY YHCITY TTPOU3BOIUTCS
TIPY TTOMOIITH BBIPAKECHUS

KOE

K=1020

2) /luanaszon ycunusaemvix uacmom uiu NOJ0Ca RPONYCKAHUsl, WIH MOJIOCOM
MIPOITYCKAHUS YCUITUTEIS], HA3bIBAETCS Ta 00J1aCTh 4aCTOT, B KOTOPOU KO3(PPUIIMEHT
YCUJICHUS] U3MEHSETCS He OOJIbIIIE, YEM 3TO JTOIMYCTUMO MO0 TEXHUUYECKUM YCIOBUSIM.

JlomyctuMble W3MEHEHUs KO3(D@UIMEeHTa YCHIIEHHS B IMpeAesiax IOJIOCH
MPOITYCKAHUS 3aBUCAT OT Ha3HA4UeHWs M ycioBHM paboTel ycuiutens. B YHY,
HaIpUMep, 3TU U3MEPEHHs 0OBIYHO He npeBbimaioT 3 1b.

Hckaxenus ycuanresiei.

[Ipu ycuneHuun 31eKTpUIECKUX CUTHAJIIOB MOTYT BOBHUKHYTh HEJIMHEHBIE,
YaCTOTHBIE U (pa30BbIE UCKAKEHUSI.

1) Henunetinvle uckasicenus PEICTaBISAIOT COO0M M3MEHEeHNE (hOPMbI KPUBOM
YCWJIMBAEMBbIX KOJIeOaHU, BRI3BAHHOE HEJIMHEMHBIMUA CBOMCTBAMH IIETIH, YEPE3
KOTOPYIO AT KoJiebaHus mpoxoasiT. OCHOBHOW MPUYMHOMN MOSBJICHUS HEJTMHEHHBIX
MCKaXXEHUW B YCUJIUTEIIU ABJISIETCA HEIMHEMHOCTh XapaKTEPUCTUK YCHIIUTEIbHBIX
AJIIEMEHTOB, a TAK)KE XapaKTEPUCTHK HAMarHMYUBAHUS TPAaHCPOPMATOPOB UITH
IPOCCENEN C CEPACUHUKAMU.

2) YacmomHuvimu Ha3BIBAIOTCS HUCKKEHHS, OOYCIIOBICHHBIC W3MEHEHUEM
BEJIMYMHBI KOA(PPUIIMEHTa YCUTIEHUS HA Pa3IM4HbIX YacToTaxX. [[puyrHON YaCTOTHBIX

I/ICKa)KCHI/II\/’I, ABIIACTCA HNPUCYTCTBUEC B CXEMC YCHIIMTCIIA PCAKTHBHBLIX 3JICMCHTOB -
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KOHJICHCATOPOB,  KaTyIIE€K HMHAYKTUBHOCTH,  MEXIYJIEKTPOJIHBIX  EMKOCTEU
YCUJIUTENIBHBIX 3JEMEHTOB, €MKOCTH MOHTaXa M T. J. 3aBUCUMOCTb BEJIMYHUHBI
PEAKTUBHOIO CONPOTHUBJIEHHUS OT YAaCTOThl HE MO3BOJIIET MOJYYHUTh MOCTOSHHBIN
KOA(PPHUIIMEHT YCUJICHHS B IITUPOKOH 0JIOCE YaCTOT.

HYacmomuvie UCKadxdceHusi, BHOCUMbBIE YCUTUMENLEM OYEHUBAIOM N0 aAMNIUMYOHO-
yacmomHoUu  Xapakmepucmuke, MPEICTABIAIOIIEH co0oit 3aBHCUMOCTD
Kod(puimeHTa yCwiIeHusT OT 4YacTOThl yCHJIMBaeMoro curHaia. Ilpu moctpoeHuun
aMIUTUTYTHO-9aCTOTHBIX ~XapaKTEPUCTUK YacTOTy IO Ochu adcrmucc ymaoOHee
OTKJIAJbIBATh HE B JIMHEHHOM, a JorapudmudyeckoM mMacitade (s KakI0Hi 4acTOThI
dakTUUeCKH TO OCH OTKIajabIBaeTcs BenuuuHa |g f, a moamuceiBaercs 3HaveHue
4acTOThl). Eciu 4acTtoTy OTJIOXKHUTHL B JIMHEMHOM Macmitabe, TO Takas
XapaKkTepucThka OyJeT HeyJOoOHOM JJisi TIOJIb30BaHMSs, TaK KaK BCE HIKHUE YacCTOTHI
OylyT OUY€Hb CXKaThl y CaMOro Hayajga KOOpJMHAT, a 00JIaCTh BEPXHUX YaCTOT
OKa)KETCsI CIIMIIKOM PACTAHYTOM.

Pe3ucTuBHBI Kackaa Ha OUIIOJISIPHOM TPAH3HUCTOPE.

Cxema ¢ ¢hukcuposannvim 6A308bIM MOKOM.

[Ipocreiimass cxema pPE3UCTUBHOTO YCUIUTEIBHOTO Kackaga ¢ OOLuM
SMHUTTEPOM M MUTAHUEM OT OJHOIO MCTOYHMKA MOKa3aHa Ha pucyHke 1. Bxoanou
CUTHAJ TOCTYyMaeT Ha 0a3y U U3MEHSIET €€ MOTEHIUAJ OTHOCUTEIBLHO 3a3€MJICHHOTO
AMUTTEPA. DTO MPUBOJTUT K U3MEHEHHUIO TOKa 0a3bl, a CIEOBATEIbHO, K H3MEHEHUIO
TOKa W HampsHKEHUS Ha HArpy304HOM comnpoTuBieHUH Rk. PazgenutenbHbIM
koHAeHcatop Cpi  CHyXUT Ui [PEeNoTBPALLEHUS MPOTEKaHHUsl IOCTOSHHOM
COCTaBJISIIOIIEH TOKa 0a3bl 4epe3 HMCTOYHMK BXOAHOro curHaiga. C TOMOIIbIO
koHgeHcaTopa Cpy Ha BBIXOJX KacKaja IIOJAETCS IIEPEMEHHAs COCTaBIIAIOIIAS
HarnpsokeHus: Uy,, U3MEHSIONMAsACS M0 3aKOHY BXOJHOTO CUTHAJA, HO 3HAYUTEJILHO
MPEBBIIAIOIIAS €ro Mo BeaudynHe. BaxkHyro poJib urpaet pe3uctop RgB 1enu 6a3sbl,
oOecrieunBaOIIMi  BBIOOpP HMCXOJHOM paboueil TOYKM Ha XapaKTePUCTUKAX

TPAH3UCTOPA U OMPEACISAIONINI PEKUM KacKaja o MOCTOSHHOMY TOKY.
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Pucynoxk 1 — CxeMa pe3ucTUBHOIO Kackajia ¢ pe3ucCTOpOM B 1IN Oa3bl.

Cxema ¢ @uxcupoanuviM uU3MeHeHUeM HAnpsdiCceHUus cMmeweHus Ha oOasze
npejAcTaBiieHa Ha pucyHKe 2. B atoii cxeme pesuctopel R's M R"5, moakatoueHHBIC
napajyieIbHO HWCTOYHMKY TUTaHUS FE,, COCTaBIseT [EIUTeNIb HaIpsSKEHUS.

ConpoTHUBIICHHS IETUTEINS ONPEACIIAIOT U3 OUEBUIHBIX COOTHOLIEHUI:

EK _UEap

R5=I

ﬂ+l

BEdp
Tok nenurens |; 00b14HO BEIOUpAIOT B ipenenax l; = (2 + 5)1zp.

[Ipy 3TOM TMOBHIIAETCS CTAOMIBHOCTh pPEKHMMa pabOThl CXEMBI, TaK Kak
U3MEHSETCS TOK B LEMIX IMHUTTEpa M KOJJIEKTOpA TPaH3UCTOpAa HE3HAUYUTETHHO
BIIUSIOT Ha BEJIWMYHMHY HAIPSDKEHUS CMEIICHUs. BMecTe ¢ TeM TOK IEIUTeNs He
CIIeyeT BBIOMPATh CIUIIKOM OOJBIIMM W3 COOOPAKEHHH SKOHOMHUYHOCTH, TaK Kak

yem OoJbIe Tok |7, TeM Gosiee MOIIHBIM JTOJKEH OBbITh UCTOYHHUK MTUTAHUS Ej

o -Ex

Pucynok 2 — Cxema pe3sucTUBHOTO KacKaia
¢ (UKCHUPOBAHHBIM HANPSHKEHUEM CMEIICHHUS.
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2.4 CxeMbl TEMIIEPATYPHOM CTA0OWIH3ALIMH.

[Ipn mocTpoeHUH CXEM TPAH3UCTOPHBIX YCHIIUTENICH MPUXOIUTCS MPUHUMATh
Mepbl ISl CTAOMIM3alliK TOJOXKEHHs padodeld TOYKM Ha XapaKTepUCTUKAX.
OcHOBHOI JecTaOMIM3UpPYIOMUd  (HakTOp, HAPYIIAOIIHUA yCTOWYUBOIO pPabOTy
TPAH3UCTOPHOU CXEMBI, - BIUSHUE TeMiepaTyphl. CyllIeCTBYIOT pa3IudHbIle CIIOCOOBI
TEPMOCTAOMIIN3ALINY PEeKUMA padOThI TPAH3UCTOPHBIX KACKAJOB.

B cxeme Ha puCyHOK 3a TEPMOPE3ZUCTOP C OTPULATEIBHBIM TEMIIEPATYPHBIM
KO3 (UIIMEHTOM COMPOTHUBIICHUS BKJIIOYEH B 0a30BYIO IENb TPAaH3MCTOpAa TaKUM
oOpa3oM, 4YTO TP TIOBBIIEHUM TEMIIEPATypbl MPOUCXOJUT YMEHBIICHHUE
OTPULIATEIILHOTO HAMNpPSKEHUsT Ha 0aze 3a CYET YMEHBIICHHSI COMPOTUBIICHUS
tepmopesuctopa Ry, Ilpy 3ToM mHpoOMCXOAUT YMEHbIIEHHE TOKa 0Oasbl, a
CJIEIOBATEIBbHO, U TOKA KOJUIEKTOpa. B pe3ynbrare yBenuueHus: KOJUIEKTOPHOTO TOKa,
BBI3BAHHOE BJIMSIHUEM TEMIIEPATypbl, KOMIEHCUPYETCS €r0 YMEHBUIEHUEM 3a CUET
JNEHUCTBUSA TEPMO3aBUCHUMOI0 CMEILEHHU, T. €. 00lIee MpUpalieHue TOKa KOJJIEKTOpa

6y,Z[CT HC3HAYUTCIIbHBIM.

o -Ex
R¥
—° Cpl
8 R'6
0 o
a) 6)
— o -Bx
RE& + R Cp2

Cpl

] Uie>

_ ¢ 3
=)

R®
+
o + : O
L
B)
Pucynok 3 — Cxembl TepMOCTa0UIU3AIMN PEKMMa TPAaH3UCTOPHOT'O KacKaja:

a — C TEPMOPE3UCTOPOM; O - C IUOAOM; B — C IEMIOYKONH IMHUTTEPHOMN
cTaOuIn3alun
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OnHa U3 BO3MOXKHBIX CXEM TEPMOCTAaOMJIE3allMU PEKHMMa TPAH3UCTOpPA C
[OMOIIIb OJYIPOBOJAHUKOBOIO JMOJa MOKa3aHa pUCYHOK 36. B 3Toil cxeme nuon
BKJIIOUYEH B OOpaTHOM HaIpaBJICHHUU, a TeMIepaTypHas XapaKTepUCTHKAa 0OpaTHOTO
TOKa JMOJa JO0JKHA OBITh aHAJOTMYHA TEMIEPATYPHOH XapaKTEPUCTUKE OOpaTHOrO
TOKa KOJUIEKTOpAa IMPUMEHSEMOro TpaH3uCcTOopa. Peann3oBaTh 3Ty BO3MOXKHOCTD,
OJIHAKO, yZaeTcs TOJIBKO JUII OJHOTO TpaH3uCTOopa AaHHoro tuma. Ilpu cmene
TpaH3UCTOpa CTAOMJIBHOCTh, KaK IMPaBWIIO, YXYIIIAETCA H3-3a pa3dpoca BETWUYHHBI
o0paTHOro TOKa KOJUIEKTOpa (HAallOMHUM, 4YTO OOpaTHBIM TOK KOJUIEKTOpa B
HauOOoJIbIIEH CTETIEHN NIOJIBEP>KEH BIUSHUIO TEMIIEPATYPHI).

Haubonbiiee pacnpocTpaHeHHWE TMOMy4YHJia CXeMa TepMOCTa0WIM3aluu
pexumMa, NMpUBEJIEHHAs Ha pUCYHOK 3B. B 3Tol cxeme Ha BcTpedy (PUKCUPOBAHHOMY
OpsIMOMY HAaNpPsDKEHUIO CMEIIEHUs, CHUMaeMoMy ¢ pesucrtopa R B, BKIIOUEHO
HaIpsSHKEHUE, BO3HUKAIOIINE HAa pe3ucTope Rs MpH MPOX0XKIEHHH Yepe3 HEro TOKa
smutTepa. s 0TBOAa NEpEMEHHOM COCTABIIAIOIIEH TOKA SMUTTEPA OT pe3uctopa Ry

OH IIYHTUPYCTCA KOHACHCATOPOM CMKOCTHU (HOprILKa JCCATKOB MI/IKpO(i)apaII).

3 IIpubopsbl 1 000pyaOBaHME.

1) Crenn DC4A «OnHOKACKaIHBIA YCUIUTEID C OOIIUM SMUTTEPOM).

2)Ocmmmorpag C1-137.

4 IlopsAOK BHINOJIHEHUA PadOThI.
1) [MoarotoButs creng DC4A k paboTe B COOTBETCTBHH C HHCTPYKIIUCH.

VY cTaHOBUTH NapaMeTphbl yCHIIUTES:

a) YcranoButh Ex=8+12B;

0) Bxmtouuts TymMOnep S3, perynupys conpoTuBieHus aenurens Ryl u
R;2, ycTtaHOBUTH TOK 6a3bl Iy .

B) Brumrounts S4, usmensis Ry ycTaHoBuTS ..
3) BxurounTh ocrmiuiorpad, NOAKIIOUATh U3MEPUTENIbHBIC KaOelIn K THE3/1aM
cTeHa: nyd | — uamMepeHue BXoJHOTo cUrHaia; Jiyd |l — usmepenue BHIXOHOTO
CUTHAaJA.

4IIpu Rr = const, ycTaHOBUTH BXOJIHOM CUTHAJI 33JJaHHON aMIUIUTYbI (1yd I).
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5) PerynupoBkoit Rk 1 RH 100UThCS MaKCUMaJIbHOM aMILTUTY/ bl BBIXOJHOT'O CUTHAIa
(otyu 11). 3MepuTh aMILTUTYIBI BBIXOHBIX CUTHAIOB HA Pa3JIMYHBIX YaCTOTaX.
JlaHHbIE U3MEPEHMI 3aHECTH B TaOMLy 1.

6) Paccuurats Ky, Ky (1b).

7)ITocTpoUTh aMILUTUTYHO-9aCTOTHYIO XapaKTEPUCTHUKY.

8)PaCC‘II/ITaTB RBX; RBLIX; Pgrix YCHUIIUTCIIA.

Tabnuua 1 — AMIUTUTYIHO — 4aCTOTHAs! XapaKTepUCTUKA

Ux= B

f(Tw)
U BEIX (B)

K,
K z6

9)CHSATH OCIMIIIIONPAMMbI BBIXOHBIX CUTHAJIOB B PEXKUMAX:

a. - JINHEWHOTO YCUJIUTEIIS,

b. - IPY MOSBJICHUN HEJIMHEUHBIX UCKAKEHUM;

10)OnpenenuTh BIUSHUE CONMPOTUBIICHUS Harpy3ku Ha Ky..

11)OnpenenuTs BIMSHAE U3MEHEHUS KOJUICKTOpHOTO nutanus Ey Ha Ky.
12)Brikmounth S4. Kak m3meHmnoch Ugpix MPH OTKITIOYECHUH TEMITEPaTypPHOMH
crabuuzanuu?

13) BeikitouuTs ctena. Beikatounts ocuuiiorpad.

5 KoHTpoJibHbIE BONIPOCHI
1) BenuunHbl KOXQPHUIMEHTOB YCUICHHS HA HIDKHEH, CpEHEH U BEpXHEH
4acToTax?
2) KakoB n1uana3oH yCHIMBA€MbIX 4acTOT?

3) Kakum 00pa3oM OCyIIEeCTBIACTCS TEPMOCTAOMIH3AIIHS pexrma?
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JlaGopaTopHnasi pabora Ne 8
HccnenoBanue 0THOKACKATHOI0 YCHJIUTEJISI HA N0JIEBOM

TPaH3UCTOPe, cXeMa ¢ 00LIMM HCTOKOM.

Heab padorel: OcBoeHNE METOIUKU CHITHS OCHMIUIOIPAMM BXOJHBIX M BBIXOJHBIX
HaMpsOKEHUH  OJTHOKACKAIHOTO YCHJIMTEINS, alropurMa pacdera koddduimeHTta
YCUJICHUW CUTHajla Ha BCEM JWama3oHe YacTOT M IIOCTPOCHHE aMIUIUTYAO -
YaCTOTHOM XapaKTEPUCTUKHU.
3Hanus (aKTyanuszanus):

- CYUIHOCTh (PU3MYECKUX MPOLECCOB, MNPOTEKAIOUIMX B AJIEKTPOHHBIX
npudopax U yCTpONCTBAX;

- DOPUHLMI BKJIIOYEHHUsS AJIEKTPOHHBIX MPUOOPOB U  MOCTPOCHHUS
AIIEKTPOHHBIX CXEM;

- TUTIOBBIC y3JIbI M YCTPONCTBA SJIEKTPOHHON TEXHUKH.

Ymenus:

- OIpCACIIITE U aHAJIM3UPOBATHL OCHOBHBIC ITAPAMETPHBI 3JICKTPOHHBIX CXEM U

YCTAaHaBJIMUBATDH 110 HUM pa6OTOCHOCO6HOCTB YCTpOﬁCTB 3J'ICKTpOHHOﬁ TCXHUKH.

1 Cxema onpITA.
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2 TeopeTuueckoe 000CHOBaHHE.

Pe3ucruBHbIC KaCKaabl Ha IIOJICBOM TPaH3UCTOPE MNPUMCHAIOTCA B TPEX

CXeMax BKIIFOYCHUS:
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e C o0mmm ucroxom (ON);
e C o6mmm 3aTtBOpoM (03);
e C o6mum ctokoMm (OC).

OcHOBHBIM U HauboJee pacmpocTpaHeHHBbIM sBisgeTcs kackang OM. Cxema
aHaJOrM4YHA  Kackagy C  OOIMM  3MHTTEPOM, a  LEMNOYKa  HMCTOKOBOM
TEpMOCTAOMITU3AIIMY AHAJIOTHUYHA [[EMTOYKE SMUTTEPHON TEPMOCTAOMIU3AIUY.

OCo0eHHOCTH M IOCTOMHCTBA MOJIEeBbIX TPAH3UCTOPOB.

1) Bo-mnepBbIX, MOJIEBOI TPAH3UCTOP CYIIECTBEHHO OTIMYACTCS OT
OUIOSIPHOTO TPAH3UCTOpPA MPUHIUIIOM JAeHCcTBHU. B OUIOISpHOM TpaH3HUCTOpE
YIPABJIEHUE BBIXOJHBIM TOKOM TPAH3UCTOPA MPOU3BOAUTCS C MOMOIIBIO BXOJHOTO
TOKa, a B TIOJIEBOM TPAH3UCTOPE — C TIOMOIIbIO BXOAHOTI'O HAPSKEHUs (MU
AIEKTPUUYECKOTO TIOJIS).

2)p-N-Tiepexo1 3aTBopa MoJICBOr0 CMEIIEeH B 00PaTHOM HaIpaBJICHUH
HanpspkeHueM U sy U, CIe10BaTeNbHO, 3aKphIT. [[03TOMY BXOAHASI IPOBOJUMOCTD
MIOJIEBOTO TPAH3UCTOPA OYEHb MaJia, a BXOJHOE CONPOTUBIIEHUE Rpx 1MOJIEBOro
TPaH3UCTOPA BEJIHKO.

3)B 1ienu 3aTBOpa MPOTEKAET JIUIIH MAJIBIH TOK OOPAaTHO CMEIICHHOTO
nepexona. [loaTomy MOIIHOCTB, HEOOXOAUMAs IJIs1 YIIPABIIEHUS TOKOM CTOKa U
notpediasiemasi 0T UCTOYHUKA BXOJHOIO CUTHAJIA B IIETIH 3aTBOPA, OKa3bIBAETCS
oueHb Majioil. Ciie1oBaTENbHO, MOJIEBOM TPAH3UCTOP MOKET OOECIIEUUTh YCUIICHUE
ANEKTPUYECKUX CUTHAJIOB KaK 10 TOKY U HAIIPSKEHUIO, TaK U 110 MOIIHOCTH.

4)IToneBbie TPaH3UCTOPHI MOTYT 00JafaTh 00JIee HU3KUM YPOBHEM IIIyMa, YeM
OUTOJISIpHBIC TPAH3UCTOPHI (0OCOOCHHO Ha HU3KUX YaCTOTax). ITO OOBACHIETCS TEM,
YTO B IJIEBBIX TPAH3UCTOPAX HE UCHOAb3YEemCsl IBICHUE NHKEKINNA HE OCHOBHBIX
HOCHUTEJIEH 3apsiia U, CIeI0BaTeIbHO, OTCYTCTBYIOT MPOLECCHl PEKOMOMHAIIUU
HOCHTEJIEN B p-N-TIepexoaax.

5) B noneBbIX TpaH3UCTOPaxX OTCYTCTBYIOT ITPOLIECCHI U3MEHEHMS (HAKOIICHHUS
U paccacblBaHMs) 00bEMHOTO 3apsiia HEOCHOBHBIX HOCUTENEH, 3aMETHO CHUKAIOIIINE
ObICTpOACHCTBHE OMMOISPHBIX TPAH3UCTOPOB MPHU UX MCIHOJIH30BAaHUH B KAUECTBE
AJIEKTPOHHBIX KIIFOUYEH.
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3 IIpubopsbl 1 000pyIOBaAHME.
1) Crern DC4A «OnHOKACKAIHBIA YCUIIUTEINb, CXeMa C OOIIMM HCTOKOMY.

2)Ocmmmorpad C1-137.

4 Tlopsinok BbINOJHEHHUS PA0OTHI.
DIToaroroButh creHa IC4A k paboTe B COOTBETCTBUU C HHCTPYKIIHCH.

2) YcTaHOBUTH MapaMeTpbl yCHIIUTEIIA:

a) YcranoButb Ec= 8 + 12B;

0) Bxirrounts S4.
3) Bxomtounts ocumiiiorpad, NOIKIIOUATh U3MEPUTEIIbHBIE Ka0enu K THe3aM
cTeHa: nyd | — uamMepeHune BXoAHOTO cUrHaia; Jiyd || — usmepenue BbIXOAHOTO
CUTHAJIA.
4) Ilpu Ry = const, ycTaHOBUTH BXOJHOM CHUTHAJ 3aJJaHHON aMIUIUTYabl (J1yd I).
5) PerynupoBkoit R1 1 Ry 100UThCS MakCUMaJIbHOM aMIUIUTY Ibl BEIXOIHOTO
curHaia (iyd4 11). i3MepuTh aMIUTUTY bl BBIXOHBIX CUTHAJIOB Ha Pa3IMYHbBIX
yacToTax. J[aHHbIE U3MEpEHU 3aHeCTH B Ta0IuIy 1.

Tabnuua 1 — PacueT aMIIMTYTHO — YaCTOTHOM XapaKTEPUCTUKH.
UBX = B

f, '
Uspix, B
K

U
Ky, nb

6) Paccuutats Ky, Ky (ab).

7) IlocTpouTh aMILTUTYTHO-4ACTOTHYIO XapaKTEPUCTHUKY.

8) Paccuurarh Rpx, Repix, Pepix ycumuTems.

9) CHATh OCHMIITIOTPaMMBbI BBIXOJIHBIX CUTHAJIOB B PEXKUMAX:
a. - JINHEWHOTO YCUJINTEIIS,

b. - [IPY NIOSIBJICHUN HEJIMHEWHBIX UCKAXKECHUN;

10) OnpenenuTs BAUSHUE CONPOTUBIEHUS HAarpy3ku Ha Ky..

11) OnpenenuTh BIUsSHUE U3MEHEHHUS BeIWYnHbI muTanus Ec Ha Ky.
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12) Beikimrounts S4. Kak n3menunock Ugpix TpU OTKIIOUEHUH TeMIIEpaTypHOU
crabmim3aun?
13) BeixmrounTs cTern. Beikimounts ocimmiorpad.

14) Cnenatb BBIBO/I.

5 KoHTpoJsbHbIE BONIPOCHI.
1) B yem cxonctBo 1 oTimuue cxem OD u ONU?
2) KakuMm 00pa3oM OCYyIIECTBIISIETCS TEPMOCTAOMIIM3AIMS BBIOPAHHOTO PEKUMA
paboThl YCUIIUTENBHOTO Ha MOJIEBOM TPAH3UCTOPE?
3) Ilepeuncnure OCHOBHBIE JOCTOMHCTBA KACKa0B Ha IMOJIEBBIX TPAH3UCTOPAX.
4) Tlouemy ycunutenbHbiid kackag OU obnamaer 6onbiinM, yem kackaa O

BXOJAHBIM COHpOTI/IBJIGHI/IeM?

JlaGoparopHasi pabora Ne 9

HccaenoBanue SMUTTEPHOTO MOBTOPHUTEJIS

IIe.m; paﬁoTbI: OcBocHue MCTOAUKH CHATHA aMIUIMTYOIHO - YaCTOTHOM
XApPaKTCPUCTUKKU MW aJIrOpUTMa pacdcTa IMapaMCTpOB OMHUTTCPHOI'O ITOBTOPUTCIIA

BbINOJIHEHHOTO Ha TpaH3uctope KT 808A.

3HaHus (aKTyanu3anms):
- CYWIHOCTh (DPU3MYECKUX MIPOLECCOB, MPOTEKAIOIUX B BJIECKTPOHHBIX
npudopax U yCTpOHCTBaX;
- TNPUHUOUO  BKIIOYEHHUS OJIEKTPOHHBIX MPUOOPOB U  IOCTPOEHUS
AIEKTPOHHBIX CXEM;
- TUTIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHOM TEXHUKH.
YMeHust:
- OIPENCIISATh U aHATU3UPOBATh OCHOBHBIC MAPAMETPHI MIEKTPOHHBIX CXEM U

YCTaHaBJIMBATh IO HUM Pa0OTOCHOCOOHOCTh YCTPOUCTB JIEKTPOHHON TEXHUKHU.
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1Cxema onbITa.
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2 TeopeTuyeckoe 000CHOBAHUE.

Cxemy (pucyHok 1) Ha3pIBAalOT KackaJoM C OOIIMM  KOJUICKTOPOM
(OK) moTtoMmy, 4YTO KOJIJIEKTOPHBIM BBIBOJ TPAH3UCTOpPA IO IMEPEMEHHOMY TOKY
SABJSIETCA OOLIMM DJIGKTPOJIOM [IJIi BXOJIHOM M BBIXOJHOM IIemell Kackaja.
OMUTTEPHBIM TOBTOPUTEJIEM CXEMY Ha3bIBAIOT BCJICICTBUE TOTO, YTO €€ BBIXOJHOE
HaIpsOKeHUE, CHUMaeMOe ¢ AMHUTTEpA TPAH3UCTOPA, OJU3KO 10 BEIMYMHE BXOJIHOMY

HaMPSHKEHUIO: Ugyx= Ugx - Ugy <K U, U COBIAJAET C HUM 10 (a3ze.

@£,

Pucynok 1 —Cxema ¢ 00IIUM KOJIEKTOPOM.

Pesuctop R> B cxeme BBIONHSAET Ty ke (YHKIHMIO, 4YTO U pe3ucTop Rk B

cxeme OO, - 3TO CO3JaHNE U3MEHAIOLIETOCA HAMPSKEHUSI B BBIXOJHOM 1IETIH 32 CUET
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IpOTEKaHUs B HEW TOKa, yrpasiisieMoro 1o 1enu 6a3bl. ynkuus konaercaropa Cpy -
nepenaya B Harpy3Ky MepeMEHHON COCTaBIISIONIEH BBIXOJHOTO CUTHANA. Pe3ucTopsl
R: u R, mnpennasHaueHbl JHA 3aJaHUsl peKUMa MOKOS Kackajaa. /[HA MOBBIIEHUS
BXOJIHOTO COTIPOTUBIIEHUS Pe3ucTop Rz B cXxeMy 4acTo He BBOJSIT.

3 IIpubopsl u 000pyIOBaAHME.

1) Creng DC4A «OnHokackaaHble yermuTead. Cxema coooImmuM

KOJUIEKTOPOM

2) Ocmmnorpad C1-137

4 TlopsinoK BbINOJIHEHUSI PA0OTHI.
DIloaroroButh cteHx IC4A k paboTe B COOTBETCTBUU C HHCTPYKITHECH.
2)YCcTaHOBHUTH MapaMeTPbl YCUIIUTEIISA:

a) YcranoButh Ex=8+12B;
6) Bxmrounts TymOnep S3, perymmpyst compotuBieHus aenutens Ryl m R,2,

YCTaHOBUTH TOK 0a3bl g .
3) Brutounts ocupuiiorpad, MoAKIIOUYUT U3MEPUTENbHBIC Kabenu ociuiorpada K
rHe3fiaMm crteHga: jgyd | — u3Mmepenue BxogHoro curHana; jayd |l — usmepenue
BBIXOJHOT'O CUTHAaJA.
4) BeiOpath BUJ CUTHAIA T€HEPATOPa — CUHYCOUTAIbHBIM.
IIpu Rr = const, ycTaHOBUTH BXOJAHOM CUTHAJI 3a1aHHON aMIimuTyabl (J1yd I).
5) PerymupoBkoii Ry U Rp 100uThCS MakCHUMalIbHOW aMIUTATYABl BBIXOJIHOTO
curHaiga (mya |l). V3MepuTh aMIUIMTYABl BBIXOAHBIX CHUTHAJOB Ha Pa3IUYHBIX
yacToTaX. JlaHHBIe U3MepeHnid 3aHecTH B Tabauy 1.
Tabauma 1-

UBX = B
f, T
Ussix, B
Ku

6) Paccunratres Ky. Pe3ynbrarsl pacuera 3anectu B Ta0aumy 1.

1) ITocTpoUTh aMILTUTYAHO-YACTOTHYIO XapaKTEPUCTHKY.
2) Paccuntath Rpx, Repix, Prix ycuaurens.

3) CHATh OCUILIOIpaMMBbI BXOAHOI'O M BBIXOJHOI'O CUI'HAJIOB.
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4) OnpenenuTs BIMSHAE COMPOTUBIICHUS Harpy3ku Ha Ky.
5) OnpeneauTh BIMSAHAC U3MEHEHHUS KOJIEKTOpHOTrOo nutanus Ey Ha Ky.
6) Beiximounts S3. Kak usamennnocs Ugpix?

14) BBIKIIIOYNTH CTEHI. BhIKIIOUnTH ocmiuiorpad.

5 KoHTpoJibHBIE BONIPOCHI.

1) KakoB auamna3oH 4acTOT UCCICAYEMbIX CUTHAIOB?

2) KakoBa BenmuurHa ()a30BOTO CIBUTa MEX]Ty BXOJIHBIM M BBIXOIHBIM
curHajaom?

3) IlpumeHeHne Kackaaa ¢ OOIIMM KOJUIEKTOPOM, €ClId KOA(PGDHUIIUCHT YCHIICHUS

o HanpsbkeHuro Ky < 17

JlaGoparopHasi padora Nel(
Hccnenopanne MHBEPTHPYOLIET0 ONEPALHOHHOIO YCHIIUTEJIS.
Heas pabGorbl: OcCBOGHME METOOWMKH CHATHS NEPENATOYHOM  XapaKTEPUCTUKH
MHBEPTUPYIOIIETO ONEPALMOHHOIO YCWJIMTENS MpU Pa3IddHbIX  KOAp@UIIMEHTax

YCUJICHUA, OIIPCACIICHIA I1apaMCTPOB OIIBITHBIM ITYTCM.

3HaHus (aKTyanu3anms):
- CYUIHOCTh (PU3MUYECKHX IMPOIECCOB, MPOTEKAIOIMIMX B 3SJIECKTPOHHBIX
npudopax U yCTpOHCTBaX;
- TPUHIMI BKIIOYEHUS DJIGKTPOHHBIX MPUOOPOB U  MOCTPOCHHUS
AJIEKTPOHHBIX CXEM;
- TUIIOBBIE Y3JIbl U YCTPOUCTBA 3JIEKTPOHHOU TEXHUKH.
Ymenus:
- OIPENCIIATh U AaHATU3UPOBATH OCHOBHBIE ITAPAMETPBI DJIEKTPOHHBIX CXEM U

yCTaHaBJIMBATh IO HUM PabOTOCIOCOOHOCTh YCTPOUCTB JIEKTPOHHON TEXHUKHU.
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1 Cxema onbITa.

100

2 TeopeTuueckoe 000CHOBaHME.

Omnepanuonnsie ycwurenu (OY) B UHTErpaIbHOM HCIIOTHEHUHM B HACTOSIIIEE
BpEMs COCTaBJISIOT OCHOBY aHAJIOTOBBIX MHTETPABHBIX CXeM. B Hacrosiee Bpems
nmox OY  mNOHUMAIOT  BBICOKOKAYECTBEHHBIM  YCWIWTEIb  HANPSDKCHHUS,
MpeIHA3HAYCHHBIM IS BBINOJHEHHUS  CaMbIX  Pa3HOOOpa3HbIX  (DyHKIIMIA
anredpanvecKoro CJIOKEHMUS, BBEIYUTAHMS, YMHOKCHHS, TIETICHMS,
muddepeHrpoBaHus, UHTErPUPOBAHUS, JIOTapUPMUPOBAHHUSL.

bonapmmHCTBO cTaHAapTHhIX uUHTEerpaidbHeix OY  (pucyHok 1) umeer
muddepeHanbHbIA BXO (JIBa BXOJAHBIX 3KMMa U OJIMH BBIXOIHOM).

[Tpu aTOM BhIXOHOE HanpspkeHne Uppix Haxoautes B ¢ase ¢ HanpsikeHueM Upyi 1

npoTuBO(da3HO HAMPSKEHUIO Upyo.

+1U mm U sm

[

- D—4 [ +—o0

”

3 . | |
20 o=
=,

Pucynok 1 — YcinoBHoe 0603HaueHne MUKpocxeMbl OY

[TapameTpsl nuaeansuoro OVY:
1) Koaddurment ycunenus Ky — oo
2) BxonHoe compotuBieHue Rpx — «;
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3) Beixognoe conportupienue Rppx —0 ;

4) Illupoxas noaoca mponyckanust f5=0,fz = o}

5)IIOCTOSTHCTBO aMILIUTYIbl YCHWJIMBAEMOI'O CHUTHajia BO BCEM JHamna3oHe
4acToT;

6)OTCYTCTBHE CTaTUYECKHUX, ITYMOBBIX U JAPEi(OBBIX OMKUOOK BO BpEMEHHU U
B JIMANa30HE TEMIIEpaTyp;

7) Ilutanue OY ocymiecTBIsieTCs OT JBYX COEIMHEHHBIX MOCIIEI0BATEIHHO
MCTOYHHUKOB C OJMHAKOBBIMH IMOCTOSIHHBIMHM HanpskeHUssMH Uy, 1 1 Uy, 2 mm ot
OJIHOTO MCTOYHUKA CO CPEHEH TOUKOM, KOTOpas 3a3eMIIeHA.

IlepenaroyHasi XapakTepuCTHKA ONEPALMOHHOI0 YCHJINTEIS.

[lepenatounass xapaxkrepuctuka OY (pucyHok 2) - 3TO 3aBUCUMOCTH
BBIXOAHOTO curHajga U ppix OT BEIMYMHBI U HOJSPHOCTH BXOAHOrO curHaia Upx;

Ussix = F (Ugx).

Lo |
M

\ 3 +
-
N 0 T D
E \\\ BX
| \ .
G \y o |
. | \

Pucynok 2 - Ilepenarounas xapakrepuctuka OVY.

Kak BXOJHOE, Tak M BBIXOJHOE HAIPSHKEHUE MOTYT CUMMETPUYHO H3MEHSTHCS
OTHOCUTEIBHO HYyJs (ObITh OMMOJSAPHBIMM), KaK 3TO BUAHO M3 MEPEAATOYHOU
xapakTepucTHK OY U gux = T (U ox ). [Ipu 3a3eMiIeHHOM HEHWHBEPTHPYIOIIEM
BX0j/ie, (PUCYHOK 3), mepefada CUrHajga Ha BBIXOJ| YCHIIMTENS OCYILECTBISETCS C
MHBEPTUPOBaHUEM (ha3bl BXOJHOTO CUTHaJA (MepeaaTouHas xapakrepucrtuka 1). B
cllydae 3a3eMJICHHS WHBEPTHPYIOIIETO BXoAa (a3za yCHIMBAEMOro cHUrHana E

npoliecce YCUIICHUsI He M3MeHseTcsl (TepeiaTovHas XapakTepucTuka 2). BeixoaHoe
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HanpsDKEHUE CHUMAETCS OTHOCUTENBHO CpeJHEH TOYKM HCTOYHUKOB THUTAHMS
(kopmyca).

Ycaosue oamanca OY. Ecmm Ugy =0, 1o Ugx =0

Kox¢ppunuent ycumaenns OY Ku. Hakion IIepEeIaTOUYHOU

XapaKTEPUCTHKU ONpPEIeIsieTcs coOcTBeHHBIM KO3 duimentom ycuienuss OV

R‘u — U@blx_
U@X

HNuBeprupyromee Briaovenne QY. B zapucuMocty 0T ycrioBrii mofaun Ha Bxon OY

YCHWIMBACMOI'O CHTHAJI4, 4 TAKOKC C YUYCTOM IIOAKIIFOYCHMA BHCHIHMX KOMIIOHCHTOB, MOYKHO

TIOJTYYMTh MHBEPTUPYIOIIEE BKITFOUECHHE YCIITUTENSL. BrIToUeHe Ha3bIBACTCS MHBEPTUPYHOILIHM,
€CJTM BXOIHOM CUTHAJT TIOJTACTCS] HA MHBEPTUPYIOIIMIA BXOJ (BXOJT «-»), @ HE MTHBEPTUPYIOIIUIA BXOJT
3a3eMIIeH (PUCYHOK 3).

2 Rg

= r—
T |
e

R1 ip

L
Cl—t-9n,
I e I_] E X.ll 1 'RI x

szr.n:‘
(‘Jf?)EK R3 o
b i) T R H [ zax
KuUse® |

e [

o

T
g

Pucynok 3 — MuBepTupyromee BkinroyeHue OY.

Tak kak ycuieHue OV oOueHb BEIMKO, TO C HEOOJBIION OMUOKOW Oynem
CUMTATh TaKyl MOJENb HACAIBHOM, YTO COOTBETCTBYET BBINOJHEHUIO YCIOBUMI
Ky—@n Ki—w, rne Ky u K| - ko3dduiiuentsr ycusieHuss mo HanpspkKeHUI0 U 110
TOKy 0e3 oOpaTHo¥l CBSA3U. Ecim mpu 3TOM OXBaTUTh YCWIMTENb MapajuieIbHOM
OTpHULIATEIILHON OOpaTHOW CBSI3BIO MO HANPSHKEHHUIO Yepe3 pe3uctop Ry, To mroboi
He3HauuTenbHbIN curHan Ugx Ha BXoje OyJeT yCUIIeH U MepeaaH Mo Luenu oopaTHon
CBSI3M BO BXOAHYIO 1enb OV, komneHcupyst BXOJIHOIM curHai Tak, 4To B COCTOSHUUN
paBHOBecus (ctanrioHapHoM pexume) Upx = 0. [Tockoabky BXOAHOE CONMPOTUBIICHUE
YCWJIMTENIS TaK)Ke BEJIMKO, TO MOXKHO CUUTATh, YTO TOK UCTOUYHUKA ly1 BXOAMT TOIBKO

B COIMPOTUBJICHUC R2 MMaaCHUC HAIIPSIKCHUA Ha KOTOPOM 3a CUCT 3TOI'O TOKa
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UR2= - |2 XRZ =- |1/1 XRZ =- EH (Rz/Rl) (1)

Tak kak IIOTCHIMAaJI TOYKH A, rac oCymeCTBIICTCA CYMMHUPOBAHUE TOKOB,

IMPAaKTUICCKU paBCH HYIIIO, TO

Uspix =Ur2=-En (RZ/Rl) ; (2)

oTkyna kodddurment ycunenus OY ¢ yaeTom Toro, 4to KodppuimeHt

nepeaavn HanpsoKeHus oopatHoit CBsBU B = R, /Ry,

KU =- R2 /Rl (3)

3HaK «-» B ypaBHeHUH (3) yKas3bIBacT Ha MHBEPTUPOBaHUE (a3bl (TIOJISIPHOCTH)
BXOJIHOT'O CHUTHAJA.

3 IIpubGopsbl u 060pyaOBaHME.

1) Crenng OC 23 «Pemaromiue yCHINTETHY.

2) Ocummtorpad C1-159.

4 IlopsAIOK BHINOJIHEHUS PA0OTHI.
1) YcTaHOBUTH M 3aKPENHTh Ha JINIIEBOM maHeau creHaa IC23 HaKIIaJHyo
MaHes b C U300paKeHneM WHBEPTUpYIoIIero ycunutens 1Y,
2) Bxurounts creng 9C23 B ceTh.
3) lns uccrnenoBanus cxeMbl WY HE0OX0IUMO MOJIB30BaThCS  (HYHKIIMOHAILHOM
30HOU «1» crenma DC23.
4) Haxatp kHOTIKY « 1Y » B 30HE «1».
5) Haxartuem COOTBETCTBYIOIICH KHONMKM Ha maHeian creHga DC23, BKIIOYUTH
uctounuk nutanus UII1 B pexxum «I1oCTOSHHBIN TOK»: KHOIKA (-)
6) BeauunHbI BXOJHBIX U BBIXOJIHBIX CUTHAJIOB ONPEICIISICTCS
a) MPUOMKEHHO TI0 BOJILTMETPAM CTEH/IA,;

0) TOYHO TIPU MOMOIIU ocuuIIorpada:
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- BXOJHOE HanpsukeHne MY H3MepsIoT MOAKIIoYeHHeM K raesaam [2;1];

- Uppix MY m3MepsiioT mokioueHneM K ruesgam [3;-1] 3omsr «1»

7) Beibop koaddunmenta ycunenus WY ocyliecTBiseTcss HaxaTheM OJHOM U3
kHomok: 1; 10; 100. IToBopoTOM pydKH pEryJIMPOBAHUSI BEIMYMHBI HaINPSHKEHUS
uctounuka mutanus UII1 ycTaHOBUTH HEOOXOAMMYIO BEIMUMHY BXOJHOTO CUTHAJIA.
N3meputs Uppix, JaHHBIE 3aHECTH B TaOMIy 1.

Tabnuua 1- IlepenaTounas xapakTepucTiKa HHBepTUpYIomero OY

Usx, B Usebix ,B
Ku=1 Ku=10 Ku =100

8) INoctpouth mnepematounyro xapakTepucTHKy Uppx = f(Ugx) npu pasnndbIx
BEIMYMHAX U MOIApHOCTAX Upx.
5 KoHTpoJibHbIE BOPOCHI.
1) KakoBa 00111ast 0cOOEHHOCTB BceX THIOB OY?
2) Kak onpenenuts k03 dunmenT ycunenust uaBeptupytomiero OY?
3)Uem ompenensercs  HAKIOH  HAYaJIbHOTO  y4yacTKa  IepeAaTOYHOM
XapaKTEpUCTUKN?

4) Kakyro cxemy OV Ha3bIBalOT «MHBEPTUPYIOIIHM ITOBTOPUTEIICM)?

JlabopaTopHnasi padora Nell

HccnenoBanne HeMHBEPTHPYIOIIET0 ONIEPALMOHHOIO YCHJINTEJIA
Hear paborbi: OcBOEHUE METOJMKU CHSITHE MEPEJATOYHON XapaKTEPUCTUKHU

HEMHBEPTUPYIOIIETO OINEPAMOHHOTO YCUIIUTENS MPU Pa3IMyHbIX Kod(ppuimeHTax

YCUJICHMUSL.
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3HaHusA (aKTyaau3arus):
- CYIIHOCTh (PU3NYECKUX IMPOILECCOB, IMPOTEKAIOIINX B AICKTPOHHBIX
npubopax u yCTpoicTBax;
-  TPUHIMUN BKIIOYCHHS DJEKTPOHHBIX MPHOOPOB W  TOCTPOCHUS

QJICKTPOHHBIX CXCM,

- TUIIOBBIE Y3JIbI U YCTPOMCTBA 3JIEKTPOHHOM TEXHUKH.

Ymenus:

- OIpPCACIIAITL U aHAJIM3UPOBATHL OCHOBHLBIC ITAPAMCTPLBI SJICKTPOHHBIX CXEM U

YCTaHAaBJINBATH 110 HUM pa6OTOCHOCO6HOCTB YCTpOﬁCTB C-)JIGKTpOHHOﬁ TCXHUKH.

1 Cxema onpITa.

2 Teoperuueckoe 000CHOBaHME

CxeMa HEeMHBEPTUPYIOIIETO OMEePAIMOHHOTO YCHUIIUTEIS MpeCcTaBIcHa Ha
pucyHke 1. OnepanioHHbIN YCUIIUTENb Ha3bIBAETCSI HEMHBEPTUPYIOIIUM, €CIIH
BXOJIHOM CUTHAJ MOCTYIAeT HAa HEMHBEPTUPYIOIIUM BXOT (BXO «+»), MOJISIPHOCTh

BBIXOJHOI'O HAIMMPSYKCHUA COBIIAAACT C MOJIAPHOCTBIO BXOJHOTO.

Ex 2
s
U aa ]| Rax
E r:j P F-B'EII}‘(I '
N IRl
KUUIK'.I:_E} Rox| 1 pax
1 Uac

Pucynok 1 - Cxema BkIItoueHUs1 HeMHBepTUpYytomero OVY.
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Hanpspkenue  oOpaTHOM — CBs3M, CcHUMaemoe C jgenutenss Ri- Ry,

IIPOMOPITMOHATIFHO BBIXOAHOMY HAIPSKCHUIO YCUITUTEIIS:
Uoc = UpuxRo/ (R1+R2) = Bu U pux
Jlns maBeptupytoiiero OY
Ku=1/Bu=(Ri*tR2)/ R2 =1 +Ri/R;
Ecmn R1=0,70 Ky =1,0Y craHoBUTCS MHBEPTUPYIOIIUM TOBTOPUTEIIEM.

3 IIpuGopsl u 000OpyIO0BaHME:
1) Crenn DC23 «Pemaronue yCUuIuTe m».

2) Ocntumrorpad C1-159.

4 IlopsAIOK BBINOJTHEHHUS PA0OTHI.

1) YcTaHOBUTH M 3aKPENHTh Ha JIMIIEBOH MaHenu creHaa IC23 HaKIa Hylo MaHelb ¢
n300pakeHueM HeuHBepTUpyroiero ycunurens (HY).
2) Britounts cteH 9C23 B ceTb.
3) Jlns uccnenoanus cxembl HY HE00X0AMMO MOJIB30BaThCS (PYHKIIMOHAIBHOM
30HOU «1» crenma OC23.
4) Haxats kHOTIKY «HY» B 30HE «1».
5) Bximtounth nctounuk nutanus UI» B pexum «I10CTOSHHBIN TOK»: KHOTIKA (-).
6) Benn4yuHbI BXOJHBIX U BBIXOHBIX CUTHAJIOB ONPEICIISFOTCS:

a) IpUOJIM>KEHHO 1O BOJBTMETPAM CTEH/IA;

0) TOYHO TP MIOMOIIIM OcuUIuIorpada:
- BXOZHOE Hanpspkerne HY u3MepsoT moakodeHneM K raesnam [2;-1];
- Uprix HY u3MepsroT noaxroueHreM K rHe31am [3;J—] 30HBI «1».
7) Boibop kosdduimenta ycumienuss HY ocyiecTsisercs: HaKaTHEM OJTHOU U3
kHomnok: 1;10;100.
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8) IToBOpPOTOM pYy4KH peryIHpOBaHUs BETHYMHBI HAPSHKEHUS] ICTOYHUKA TATAHUS
NII2 ycTaHOBUTH HEOOXOJUMYIO BEIMYMHY BXOJHOrO curHana. Mamepurs Uppix.
JlanHble 3aHecTH B Tabaumy 1.

Tabnuna 1 — [lepenarounas xapakrepucTuka HenHBepTHpytomiero OY.

Usx, B Ussix ,B
Ku=1 Ku=10 Ku =100

9) IMocTpouts nepeaarounyro xapakrepuctuky Ugpix ~ f(Ugx) Tipu pa3mudHbIx

BCIIMUYMHAX U IMOJIIPHOCTAX UB)(.

5 KoHTpOJIbHBIE BOIIPOCHI.
1) Kak onpenenuTs Ko3hGUIIMSHT YCHUIICHU HeMHBepTHPYIolero OY?
2) Ilpoananusupyiite, Haxoautes i OY B COCTOSIHUU «OasiaHca»?

3) Kak ero BBIMHCIUTD «HAMPSHKEHUEM CMEIICHUS HYIISD ?

JlabopaTopHasi padora Ne 12

HccnenoBanue cymmaropa

Hear padorsl: OCBOEHHE METOJOB HM3MEPEHUS BBIXOAHBIX  HAMPSKEHUI
MHBEPTUPYIOIIETO CymMMaTopa TMpH pa3IUyHbIX KOd(pPuIMeHTax yCUICHHs
BXOJIHBIX CUTHAJIOB.
3HaHus (aKTyanu3amus):

- CYUIHOCTh (PU3MUYECKHX IMPOIECCOB, MPOTEKAIOIMIMX B 3SJIECKTPOHHBIX
mpubopax U yCTpONCTBAX;

- NOpPUHLMI BKIIOYEHHS DJIEKTPOHHBIX TMPUOOPOB U  MOCTPOCHHUS
AIEKTPOHHBIX CXEM;

- TUIIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHOM TEXHUKH.

YMenusa:
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- OIpCACIIATE U aHAJIM3UPOBATHL OCHOBHLBIC ITAPaMETPhI 3JICKTPOHHBIX CXEM U

YCTaHAaBJINBATH 110 HUM pa6OTOCHOCO6HOCTB YCTpOﬁCTB C-)JIGKTpOHHOﬁ TCXHUKH.

1 Cxema

'n.ll E;aj

1)-—_1:1——1—1—-
DT+ ]

2 Teopernueckoe od0ocCHOBaHUE.

CyMMaTop co MHOTHMH BXOJaMH

Ha Bxon cymmaropa (pucyHOK 1) OT HECKOJIBKMX UCTOYHHKOB C BBIXOJIHBIMU
conpotuBieHusMA R, Ry, Rs, moctynaror Bxogubie curdansl Uy, U, Ups. Kpome
TOr0, KO BXOJy yCHUJIUTENs (TO4uka A) 4Yepe3 CONMpOTHBJIICHHWE OOpaTHOM cBsizM ROC

MOABOJAUTCS YaCTh BHIXOAHOTO HarpsbkeHus: Ugpix.

1

Pucynok 1 - Cxema cymmaTopa co MHOTUMHU BXOJAAMH.

[Ipy 5>TOM HEOOXOAMMO YYHTHIBATH, YTO HEOOJBINOE BHIXOJHOE COHNPOTHUBIICHHUE
YCUJINTENS BXOIUT B CONPOTUBIIeHKE ROC.
Ugpix =- Uoc =- (I1 + I + I3) xRoc = - (U1/ Ry + U/ Ry + Us/ R3) XRoc

Ecm Roc = R1 = R = Rs, Torma Uppix = - (Unit+ Uz + Ups).
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3 Ilpubopsl 1 000pyIOBaAHME.
1) Crenn DC23 «Pemaroniye yCuaIuTeIn.

2) Ocmmmnorpad C1- 15 9.

4 TTopsiioK BBINOJHEHUS PadOTHI.

1) YcraHoBuTh Ha JHUIEBOW maHenu creHga OC23 HakIaAHYIO TaHelb ¢
n300pakeHreM cymMmaTopa (MaHelb «3»).
2) Bximounts ctenn 9C23 B ceTb.
3)Ayis  ucciemoBaHHMS ~ CXEMBI  CyMMaropa  HEOOXOAWMMO  TOJb30BAThCS
(GyHKIMOHATBEHOM 30HOU «3».
4) BeiOpath MaciiTaOHbIA KOI(DPHUIMEHT YCHICHHS OIECPAIMOHHOTO YCHIINTEIIS:
Ha)kaTh OJIHY U3 KHOIOK repekiouaress <R3> unmu <R4>.
5) [MogkaroueHue HMCTOYHUKOB mocTosiHHOro Hampspbkenuss MCT1 u UCT2
MIPOU3BOJIUTCS HAKATUEM IMOOYEPETHO KHOTIOK <->.
6)Bpaiast py4kd COOTBETCTBYIOIIMX MOTCHIIMOMETPOB, YCTAHOBUTH HANPSDKEHHE Ha
Bxomax cymmaropa. Kontponbs BeamumHbl Upx; U Upxy ocCyllecTBIs€TCS IO
BOJbTMETPY Ugx . TIoJIIpHOCTD BXOJHBIX HANPSIKEHUN OMPEAEISIETCS CUTHAIbHBIMU
JamMnamu <->,<+>,
6) s Tounoro kouTposst Ugx octmsutorpad He0OX0AMMO MOIKITIOYUTh K THE31aM |
1 ;2] byHKIIMOHATBHOM 30HBI.
7) I/ISMepHTB Uspix.

a) IpUOJIMKEHHO BOJLTMETPOM Uppix, MOJISPHOCTH MOKA3bIBAIOT CUTHAIBHBIE

JaMIibl <->,<+>,

0) TouHO ociLIorpadom.
9)/1annbie usmepennit Upx), Upx2, Usrix 3aHeCTH B TaOmuILy 1.
Tabnuma 1- Hanpsbxkenus cymmaropa.

Usx1, B
Ugx2, B
Upnix, B
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2 KoHTpoJIbHBIE BONIPOCHI.
1) B uem 3akir04aeTCsi CXOJCTBO M OTJIUYHE CXEM HHBEPTHPYIOLIETO CyMMAaTOpa
uHBepTupymoero OY?
2) Uem orpaHMycHa BeJIMYUHA BXOHBIX HANPSHKECHUA CyMMaTopa?
3) Uem orpaHrueHa BeIMYMHA BBIXOIHBIX HANPSHKEHUH (CyMMa CHTHAJIOB)?

4) [Tpu KaKOM YCJIOBUU CYMMATOp yCHUJIMBACT AJITeOPanYecKyt0 CyMMY CUTHAJIOB?

JlabopaTopnast padora Ne 13
HcciienoBanue koMnaparopa
Heap padorsl: OCBOEHHE METOAOB BHIIIOJTHEHUS MEPEKIIOUECHUI KOoMIapaTopa Mnpu

Pa3JINYHBIX OIIOPHBIX HAIIPAKCHUAX U BXOAHBIX CUTHAJIAX.

3HaHus (aKTyanu3anus):
- CYIIHOCTh (DPU3MYECKUX MIPOLECCOB, MPOTEKAIOIUX B 3SJIECKTPOHHBIX
npudopax U yCTpONCTBAX;
-  TPUHIMUO BKJIIOYEHUS OJCKTPOHHBIX MPUOOPOB U  MOCTPOCHUS
AIEKTPOHHBIX CXEM;
- TUIIOBBIE Y3JIbl U YCTPOUCTBA 3JIEKTPOHHOU TEXHUKH.
YMeHus:
- ONpEAENITh U aHATU3UPOBATH OCHOBHBIE MAPaMETPhI JJIEKTPOHHBIX CXEM U

yCTaHaBJIMBATh M0 HUM pabOTOCIIOCOOHOCTh YCTPONCTB AIEKTPOHHON TEXHUKHU;

1 Cxema onbITa.

|
IHCT | HCT 2

T T
- .
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2 TeopeTnuyeckoe 000CHOBaHHE

KomnapaTtopHoe BKIIIOYCHHE OINEPAMOHHOTO YCHIIUTENS HCIOJIBb3YeTCS IS
CpaBHEHUS HANpsDKEHUS MCTOuHWKa curHana U, ¢ omopHbeiM Hampspkermem U,. B
KOMIIapaTOPHOM PEKHUME OOBIYHO OTCYTCTBYIOT II€TIM OTPHUIATEIHLHOW OOpaTHOMN
CBSI3M C TIOJIa4eii CPAaBHUBAIOIINX CUTHAJIOB HA OJIMH WJIM 00a BXO/1a YCHIIUTEIIA.

B o0syxeéxooosom kommnapamope (pucyHok 1) CpaBHHBAIOIIAE CHTHAJBI

IMOCTYIIAIOT Ha 00a BXO0Ia YCHUIINTCIIA. HOC—)TOMY COCTOAHHUC BbIXOJa KOMIIapaTopa

Hlsm

0

F3 U

i U

Pucynok 1 — Cxema 1ByXBXOJOBOIO KOMIIapaTopa.

(OJISIPHOCTHh  BBIXOJIHOTO HAIPSDKEHMS) OMpeaeisieTcsi OONBbIIMM 1O  YPOBHIO
HaMpsOKEHUEM OJIHOTO M3 BXOJIOB, YTO OTPAKAET IMepelaTodyHas XapaKTEepUCTHUKA
kommapatopa (pucyHok 2). Ilpu paBeHCTBE BXOIHBIX HANPSDKEHUH (MOMEHT
BpeMEHHU 11) BBIXOJIHOE HAIPSHKEHUE KoMIapaTopa paBHO HYJO, T.€. COOTBETCTBUU
C TPHUHIMIIOM pabOThl HWHTETPATBLHOTO OMEPANMOHHOTO YCHIHUTENS. YPOBEHb

BXOJHOT'O HAIIPsKCHUA KOMIIapaTOpa OIpaHHYHUBACTCA AOIYCTUMBIM CI/IH(llaBHBIM

ut+u-
BXOJIHBIM HaHpH)KeHI/IeM: UC@ = T
Ux
0 m me T 1Uﬂ
! t
|
|
Ut l
- — — — 4 — — — —HIm
Ul psncmmc !
0
Umtm t
T T T T T U

Pucynoxk 1 — Ilepenarounasi xapakTEpUCTHKA KOMITApATOPA.
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3.1Ipudopsl 1 000pya0BaHUE:!
1) Crenn DC23 «Peraromiue yCUIUTEIN.

2) Ocmmnorpad C1-159,

4 TlopsiAOK BBINIOJIHEHHUS PA0OTHI.
1) YcraHoBuTh Ha JUIeBOM naHen cteraa DC23 HaKIaIHYIO TTAHEIb C
n3obpaxeHmem Kkomnapartopa (naHenb 1.1).
2) Brirounts cten 9C23 B ceTb.
3) Jluis uccieoBaHus CXeMbI KOMITapaTopa HeoOX0IMMO ITOJIb30BaThCS
(dhyHKIIMOHATBLHOM 30HOM «1» crenma DC23.
4) Haxatp kHOTIKY «K» B 30HE «1».
5) Haxxatrem kHOIIKH <--> Ha maHenau crenga IC23 Brimounth uctounuk UCT2 B
pexuM «llocrossHHOE HanpspkeHuey, ucTouHuk CT21 oTkirodeH.
6) Bparas pydky NOTEHIIMOMETPa YCTAaHOBHUTD ITPOU3BOILHYIO BEIIMYUHY BXOTHOTO
HanpspkeHue Upxz . KoaTpoas Benmuunnbl Ugxo0cyiecTBisieTcst BoibTMeTpoM Ugx,
KOHTPOJIb OJISIPHOCTU HANPSHKEHUN MTPOU3BOIUTCS IO CUTHAJIBHBIM JIaMIam <-
>,<+>. BenmnuuHy HanpsHKEHUs 3aHECTH B TaOmIy 1.

Ta6mumna 1- IlepexroueHus: KoMIaparopa.

Usx1, B
Usx2, B
Useix | Jlo mepekimodyenus
B ITocne
HEePEKIIOYECHHUS

7) Onpenenuth BbIxoAHOE Uppx MO BOJBTMETPY CTEHAA W COOTBETCTBYIOIIUM
CUTHAJIbHBIM JIamMIiaM: <->,<+> J[aHHbIC 3aHCCTH B Ta6n1/1uy 1.

8) OrkmounTh nctounuk MCT2, 3atem Bkmounth uctounuk MCTI.

9)Bparast pydky BTOpOro MmoTeHIHOMeTpa, yctaHoBUTh Upx: = Upxz. KonTpousb
BEJIMUUHBI U MOJApHOCTU Ugpx1 mpousBoauTcsa 1o BoJdbTMETpY Upx U CUTHaIbHBIM
nammam: <-><+> Benuuuny Ugxi 3aHecTu B Tabnumy 1.

10)[Tpu paBercTBe Bxomubix curHaioB Upxs = Upxi 3aUKCHPOBATh MEPEKITIOUCHHE
KOMIIapaTtopa IO MEPEKIIOYEHUIO TMOJSIPHOCTH BBIXOAHOTO HAINpPsDKEHUS, T.€. IO
CUTHAJBHBIM Jamiiam: <->, <+>. Mameputh Upyix. [laHHble 3aHecTH B TaOuIy 1.

11) BBINOAHUTE HECKOJIBKO OIBITOB 1O IMyHKTam 5) - 10).
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12)[1o pe3ynbraram OMBITOB HAYEPTUTh CTATHUUECKYIO XapaKTEPUCTUKY UACAITBHOIO

KoMIapaTopa.

5 KoHTpoJIbHBIE BOIIPOCHI.
1) KakoB amara3oH ycTaHABIMBACMBIX B JIAOOpATOPHOW PabOTE BXOIHBIX CUTHAJIOB?
2) KakoBbl HaOII01aeMble BBIXOIHBIC HaNpsukeHus? [Toaemy?
3)B uem 3akiarovaeTcs OTIMYHE CTATHYCCKUX TEPEAATOYHBIX XapaKTEPUCTUK
UJICaJIbHOTO U PeajJbHOIro Kommnaparopa?

4) Hapucyiite cxeMy JeTeKTOpa HYJICBOT'O YPOBHHI.

JlabopaTtopnas paGora Ne 14
HccaenoBanue KIH0YeBOro Kackaaa Ha tpansucrope ¢ 0.
Heabr paGorei: McciaenoBaHue KIIOYEBOTO peXKMMa pabOThl  OUIIOJIAPHOTO
TpaH3HUCTOPA.
3Hanus (aKTyanuzanus):
- CYHIHOCTh (PU3MYECKHX IMPOLECCOB, MPOTEKAIOUIMX B 3JIEKTPOHHBIX
npudopax U yCTpONCTBAX;
- TPUHLUUI BKJIIOYEHHS DJEKTPOHHBIX MPUOOPOB M  IOCTPOEHUS
ANIEKTPOHHBIX CXEM;
- TUTIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHOU TEXHUKH.
Ymenus:
- OMpENENATh U aHAJTU3UPOBATH OCHOBHBIE MMAPaMETPhI JIEKTPOHHBIX CXEM U
YCTaHaBJIMBATh IO HUM Pa0OTOCIOCOOHOCTH YCTPOUCTB JIEKTPOHHOM TEXHUKHU.

1 Cxema onbITa.




2 Teoperuueckoe 000CHOBaHME

Tpan3uctopHass uMmIylibcHas U IMdpoBas TeXHUKA Oaszupyercs Ha pabote
TPaH3UCTOpA B KA4YECTBE KJIOYA. 3aMbIKaHWE W pPa3MbIKaHUE IIENU Harpy3Kd -
IJIaBHOE Ha3HA4YEeHHE TPAH3HCTOPa, pabOTAIOIIETO B KJIKYeBOM pexxkume. KadecTBo
TPAH3UCTOPHOTO KJIFOYa OMNpEAeiseTcs IMaJCHUEM HalpsKeHHs (0CTATOYHBIM
HANPSZKEHWMEM) Ha TPaH3UCTOPE B 3aMKHYTOM (OTKPBITOM) COCTOSIHUM U
0CTATOYHBIM TOKOM TPAH3UCTOPA B BHIKIIIOUEHHOM (3aKPBITOM) COCTOSTHUU.

[IyTeM HM3MEHEHUS COCTOSHMM TpaH3UCTOpa B TMOCJEIOBATEIIBHOM IIENU C
PE3UCTOPOM M HCTOYHUKOM IHUTAHUSI OCYIIECTBIISIIOTCS (POPMUPOBAHUE CUTHAJIOB
UMITYJIbCHOM (popMBI. TpaH3UCTOP NMPUMEHSIIOT TakKe B KauecTBe OECKOHTAKTHOIO
KJIF04a B LETSIX MOCTOSTHHOTO U MEPEMEHHOTO TOKOB JIJIsl PEryJIUPOBaHUS MOIIHOCTH,

MOJIBOJIMMOM K Harpys3kKe.

I’ x Y3

Pucynox 1. KiroueBast cxema Ha TpaH3zucTope (a),
rpaduyueckoe onpeneacHue peKUMOB OTKPBITOTO U
3aKPBITOTO COCTOSIHUM TpaH3ucTOpa (0)

OcCHOBOH BCeX y3JI0B M CX€M MMITYJIbCHON U LIU(PPOBOM TEXHUKHU SIBIISIETCS TaK
Ha3bIBaeMas KJIIOUEBasl CXeMa - KacKaJ Ha TPaH3MCTOpE, padoTarolleM B KIIFOUEBOM
pexume. IlocTpoeHne Kio4eBOM cXxeMbl MOJOOHO YCHJIMTEIBHOMY KacKany.
TpaH3ucTop B KIIOYEBOM CXeME€ MOXET BKJIKOYAThCA C 00Ied 6a3o0il, oOmum
SMUTTEPOM M OOLMM KoJieKTopoM. HaumOonblliee pacnpocTpaHeHHE MOIy4HIIa
cxema O3. KiroueBasi cxema Ha TPaH3UCTOpE TUMNA P-N-p MOKa3aHa HA pUCYHKE la.
Tpansuctop T BbIMOAHSAET (YHKIMIO KIOYa B TOCIEIOBATENbHOW LEMU C

pe3uctopoM Ry M HCTOYHUKOM MHUTAHUS. Jluaus Harpy3ku (pucyHok 1,0)
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onuckiBaeTcs cootHomenueM Uy, = - (Ex- IkRk) u mpoBoauTcst Tak ke, Kak IJis
YCUJIMTEIBHOTO Kackaaa. TOUku mepeceyeHus JIMHUU Harpy3Kd C BOJbTaMIICPHBIMU
XapaKTEPUCTUKAMU TPAH3UCTOPA OMPENEISIOT HAMPSOKCHUS HA AJIEMEHTaX U TOK B
IIOCJICIOBATEILHOM IICITH.

Pexxum 3anupanusi (peuM OTCEUKH) TPAH3UCTOpA OCYIIECTBISETCS Mojadyeit
Ha €ro BXOJ| HaNpsOKEHUS MOJOXUTEIbHOH ToMApHOCTH (U > 0), smMuTTepHBIHA
nepexoJi Tpansucropa 3anupaercs (Us, > 0) u ero tok I, = 0. Bmecte ¢ Tem uepes
pesuctop Rs mporekaeT oOpaTHBIN (TEMIOBOM) TOK KOJUIEKTOPHOTO mepexona Iy.
PexxumMy 3aKkphITOrO COCTOSHHUS TPaH3UCTOpPA COOTBETCTBYET TO4Yka Mj (pUCYHOK
1,6). IIporekanue uepe3 Harpy3Ky TEIIOBOIO ToKa Iy, CBS3aHO C TeM, 4YTO
TPAH3UCTOP B 3aKPHITOM COCTOSIHUM HE OOCCIEYMBACT TOJHOTO OTKITFOUCHHS
Harpy3o04Horo pesucropa Rk oT ncrounuka nutanus. Manoe 3HadueHue Iy, sBiIseTCS
OJTHUM W3 KPUTEPHUEB BHIOOPA TPAH3UCTOPA JIJIS KIIFOUEBOTO PEXKMMa pabOTHI.

Benmnuuny 3ammparomero BXOAHOTO HampsikeHUS Upx. san BBIOMpAIOT W3
pacuera TOro, 4ToObl IPH MPOTEKAIOIIEM Yepe3 pe3ucTop Rs, TEIOBOM TOKe OBLIO

00€ecIeyeHo BBIMOJIHEHUE YCIOBUS

U63 = UBX. 3amn- IKO R6 > 0 (1)

Hampsixenue U, 1715 TepMaHUEBBIX TPaH3UCTOPOB cocTasisieT 0,5 — 2 B.

PexxuM OTKPBITOrO COCTOSIHMSI TPAH3UCTOPa JOCTUTAETCS U3MEHEHUEM MOJISIPHOCTH
BxoaHoro HampsokeHus (Ugc < 0) u 3amaHMeM COOTBETCTBYIOIIETO TOKa Oa3bl.
OTKpBITOE COCTOSIHME TPAH3MCTOpa XapaKTepuszyeT Touka Mo Ha JMHUU HArpy3KH.
OnpenenuM  HEOOXOAMMBIE YCIOBUSI JUISl  CO3JIaHHUSI  OTKPBITOTO  COCTOSIHUS
Tpanszucropa. C stoi menpto mnpeanonoxkum, dro npu Uz < 0 Tox 0assl g,
YBEIIMYNBAETCS MOCTEIIEHHO.

VYBenuueHnto Toka 6a3pl OyJET COOTBETCTBOBATh YBEIMUYEHHE TOKA KOJUIEKTOpa U
nepemernieHne pabodeil TOYKM U3 TOJNIOKEHUST Mz BBEpX MO JIMHHHM Harpy3KHu.

Hanpsixenue Uks TpaH3ucTopa Mpu 3TOM NMOCTENEHHO yMeHbluaeTcs. [lo HekoToporo
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rpaHUYHOrO 3HayeHust Toka 0a3bl (Isp) coXpaHseTCsl U3BECTHAsI MPONOPLMOHAIbHAS

3aBUCUMOCTb MEXAY I 1 I :

|K = BCT |6 +(1 + BCT) IKO ~ BCT |6a (2)

rne Per - cTratndeckuil (yecpeaHeHHbIN) Ko GUIIMEHT nmepeaadu Toka TpaH3UCTopa B
cxeme OO ( a He muddepeHUUaTbHBIN KOdPOULIMEHT P, AECHCTBUTEIBHBIN IS
Majoro BXONHOro curHama). Touka My mpu Toke 0asel s, Xapakrepusyer
«TOJTHOE» OTKPBITUE TpaH3UcTOpa. Yepes TpaH3UCTOp U pe3ucTop Rk mpoTekaeT TOk
IK = (EK - AUKB-OTKP)RKs (3)

rae AUys.oree - TAJIEHUE HANPSKEHUS (OCTaTOYHOE HANPSKEHUE) HAa TPAH3UCTOPE B
OTKpbITOM  cocTosiHUU.  OcrtaroyHoe  HampspkeHUE  AUgs.oree,  SIBISIOLIEECS
CYILLIECTBEHHBIM MapaMETPOM TPAH3UCTOPA B UMITYJIbCHOM PEXHUME pabOThI, TOKHO
ObITh MUHUMATBHBIM. B 3aBucuMocTH oT THna npudopa AUys.orke JEKHUT B Mpeaeaax
0,05 - 1B. BBuay OTHOCUTEIBHO MAJIOTO OCTATOYHOTO HAIPSKEHUS 110 CPABHEHUIO C

Ex pacuer Toka I OTKpBITOro TpaH3ucTOpa NPOBOAUTCS MO hopMyJie

I = E/Ry (4)

C yuetom popmyisl (2) HAXOAAT IPaHUYHOE 3HAYEHHE TOKa 0a3bl g rp
OTKPBITOTO  TPAH3HWCTOpPA, TP KOTOPOM HAOJIOJAETCSs MPONMOPIHUOHATBHAS

3aBUCHUMOCTBb TOKA KOJUICKTOPA OT TOKa 0a3ml:

|6.rp = IK / BCT = EK/( BCT RK) (5)

Touka My Ha pucynke 1,0 npeacraBisieT cOO0M TOUKY MepeceyeHus: TMHUU Harpy3Ku
C HayaJIbHBIM YYaCTKOM KOJUIEKTOPHOMN XapaKTEPUCTUKH TpaH3ucTopa npu ls = lgp

[Ipu nmanpHeiimuM yBenumuenun Toka Oasbl (Is. > lsrp) OcTaTOUHOE HampsiKEHHE
AUj.01¢p OCTAETCSI TOYTH HEU3MEHHBIM, TAK KaK BCE KOJUIEKTOPHBIE XapaKTEPUCTUKH

Tpausuctopa Is > lgrp MpaKkTUUECKH MPOXOAAT yepe3 TOuky Mo Ha pucyske 1,0.
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Pexum paboThl OTKpBITOro TpaH3uctopa npu ls > |, Ha3bIBAIOT HACBILIEHHBIM, a
otHotreHue S = lg/ lsrp - KOAPPHUIIMEHTOM HACKHIIICHHST TPAH3UCTOPA.

Haiinennsiii Tok 0a3pl oOecreyumBaeTCsi MmapaMeTpaMyd BXOJHOM IENMU KIFOUEBOM
cxemsl lg = (Ui - Ug,)/ Ro. (7)
PaccmoTpum mpoliecchl, MPOTEKAONIME B KIIOYEBOM CXEME MPU HAJIUYUU Ha €e
BXOJI€ YHPABIIIONIET0 MMIYJbca HanpsbKeHUs (pUCYyHOK 2,a). IIpumeM BXxonHOM
UMITYJIbC HAMNPSOKCHUS HUACATbHOM MIPSAMOYroiabHOM  (OpMBI  (IJIUTEIBHOCTH
MEPETHETO U 33JHETO (DPOHTOB UMITYJIhCA PABHBI HYJIIO).

Ha wunrtepBane ty - 1, kxorma BXOJHOW HWMITYJIbC HAIPSHKEHHUS OTCYTCTBYET,
TpaH3UCTOP 3anepT HAMPHKEHUEM Uy, son TOJOXKHUTEIBHOM MOIAPHOCTH. TOKH g, Iy
ONPENENSIOTCA TEIIOBBIM TOKOM TpaH3uctopa ly, (pucyHok 2, 6, B). Hanpspkenue

Ha TpaH3ucTope Uy,, = - (Ex- I R«) (pucyHOK 2, T).

u
o r,”dl..l_a_ﬁ ______
a
a) b 1 4 Ypx.ora J £
(I A
‘.J I Llf.om 4urt%?d.
&) ’ Vo | | ¥
T Gl ¢

Pucynok 2 - JluarpaMMbl HanpsKEHUM U TOKOB KITFOUEBOM CXEMBbI:
a - BXOJHOW UMITYJIbC HANPSKEHU; O - TOK 0a3bl; B — TOK KOJUIEKTOPA;
I - HaIIpsDKEHUE Ha KOJIJIEKTOPE
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C momeHTa BpeMeHH 11 (pUCyHOK 2, a) MpoIiecchl B cxeme 00yCIIaBIUBaIOTCSA
OTIIMPAHUEM TPAH3UCTOPA BXOJHBIM HWMITYJIBCOM HAMPSIKCHHS] OTPHUIATEIHLHON
nOJSIPHOCTU Uy orn DTO CONMPOBOXKAACTCS U3MEHEHHEM TOKA Ik U HAMPSDKEHUEM Uy,
TpaH3ucTopa (pUCYHOK 2, B, T'). Kak BUIHO M3 AMarpaMm, XapakTep U3MCHEHUS Ik U
Ug, TIPU OTIIMPAHUM TPAH3UCTOPA OTIIMYACTCS OT BBI3BABLIETO MX CKAYKOOOPAa3HOTO
M3MEHEHHSI BXOJHOTO HampsikeHus. Otinuue O0O0YCJIOBIEHO HWHEPUHUOHHOCTHIO
TPAH3MCTOpA W TPOSBISCTCS B MOCTCIICHHBIX HAPACTAHWU TOKA Ik U YMCHBIICHHH
HanpsOKeHUS Uy, . B mepBoM mpuOIMKEHUN MOXKHO MPUHSTH, 4TO M3MeHEeHus ik (1)
U Uy, (t) TPOUCXOIAT MO DKCHOHEHTe. Torjaa MHEPIMOHHOCTh TPAH3HCTOPA MOKET
OBITh yUYTE€HA SKBUBAJICHTHON MOCTOSSHHOW BPEMEHHU T= T+ Tx B MPEANOIOKEHUH Ty
= CioyRk, roe Cy») - uUHTETpaJibHasg  €MKOCTb KOJUIEKTOPHOIO Iepexoia
TpaH3ucropa B cxeme 0.

Eciu mpusATH, YTO TOK 0a3pl B MHTEpBAJEC OTMHPAHUS UMEET MPSMOYTOJIHHYIO
dopmy ¢ amMmmmuTyno# lsom = Usx.om/ Re> lsrp (pucyHOK 2, ), TO BBI3BaHHBIA UM
TOK ik(t) OyeT U3MEHSATHCS 110 3aKOHY

i () = Ber ls om(1-67'™) )
KonnekropHblii TOK BO3pacTaeT MO SKCHOHEHUIUAIbHOMY 3aKOHY, CTPEMSCh K
Ber “ls om”~ Ex / Rk (cM. pucyHok 2, B). OgHaKo, JOCTUTHYB MPEACIIBHOTO 3HAYCHUS
Ik= Ex / Rk, TOK ik B manmbpHEWIIeM He u3MeHseTcss W (popMupoBaHue (GpoHTa
UMITYJIbCa Ik 3aKaHIMBACTCSI.
[TonoxxuB B dopmyne (8) k= l,, HAXOAUM JIMTEIBLHOCTH (HPOHTA

HapaCTaHUg KOJUICKTOPHOI'O TOKA TPAaH3UCTOpa:

t(’p:TBln'( |6 .OTH/ I6.0TH' IK/ BCT) (9)
C yuerom 1010, 9TO | 1 / Ber = l6 1py @ l6 o / I6 1p = S, UMEEM
ty = Tsln -(S/5-1) (10)

N3 cootnomenus (10), cumeayer, dYTo OaumenvHOCMb QpoHma umMnyivea
coKkpawjaemcs ¢ ygenudenuem Kodg@uyuenma HacvlujeHus mpauucmopa. — ITO
oOBbsCHsSETCS TeM, OoybIIOMY KOI(PPUIMEHTY S COOTBETCTBYET OOJbLINI

OTHI/IpaIOHII/Iﬁ 0a30BBIN TOK, BCICACTBHC UYCTO TOK KOJUICKTOpa AOOCTHUIacT
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YCTAaHOBUBIIETOCS 3HAYEHUS 32 MEHbIIIUNA WHTEpBA] BpeMeHU. Tak, Hanmpumep, mpu
T,= 5 MKC U S = 3 noxy4aeMm ty = 2,03 MKc.

Xapakrep wu3MeHEHUs U(l) mpu oTmupaHum TpaH3UCTOpa (PHCYHOK 2, T)
HOTUMHSIETCS 3aBUCUMOCTH Uy, ()= - E + ix(t)Rk.

B MoMeHT BpemeHHM t3 JelicTBHE BXOJHOI'O OTIHMPAIOIIETO0 MMITYJIbCA HAIPSKEHUS
3akaHuuBaerca. K 0aze TpaH3MCTOpa NPUKIAIBIBACTCS 3alUPAIOIICe HaNpsKEHHUE
Usxsan (PUCYHOK 2, a).

C npuiokeHueM 3alrparollero HaMpsHKEHUS TOK KOJJIEKTOpAa W HampsDKEHHE Uy, B
TEYEHUE HEKOTOPOr0 MHTEpBajia BPEMEHU OCTAIOTCS HEM3MEHHBIMH, a TPAH3UCTOP
no-npexxHeMy OTKpbIT. Co3maercs 3aaepKka B 3allMpaHUM TPAaH3UCTOpa. OTO
OOBSACHSETCS TEM, YTO K MOMEHTY BpEMEHHU {3 TpaH3UCTOp HAXOJUTCSH B pPEKUME
HACBhIIEHUs] ¥ TPU HAJUYMKM  3alUPAIONIET0 CUTHAJa TOK  KOJUIEKTOpa
MOJJIEP)KUBACTCA YXOJIAUMMU M3 0a3bl B KOJUJIEKTOP HM30BITOYHBIMH HOCHUTEISIMU
3apsiia (apipkamu). ToabKo mociie yxoja (paccachiBaHusl) U30BITOUHBIX HOCUTENICH U
nepexoja TPaH3UuCTopa B aKTUBHBIM PEXKUM TOK KOJUIEKTOPA HAUMHACT YMEHbIIIATHCS,
a HampspDKEeHUE Ha KOJUIEKTOpe - Bo3pacTaTh (PUCYHOK 2, B, T). Ilomumo yxona
M30BITOYHBIX HOCHUTENEM 3apsa MO LEeNu KOJUIEKTOpa HX paccachlBaHUE
OCYILECTBIISIETCS M MO LEHU 0a3bl 32 CYET MPOTEKaHHsI OOPaTHOroO TOKA g oop,
BBI3BAHHOI'O 3aMMparolliuM HanpsbkeHrneMm. OOpaTHbI (MHBEPCHBIM) TOK 0as3bl mpu
ITOM OTPAHUYMBACTCS COMPOTUBIICHHEM Rg BXxoHOM 1enu: ls o6p = Usx san / Re.
Bpemsi, B TeueHHH KOTOPOro MPOUCXOAMUT paccachblBaHWE H30BITOUYHOIO 3apsna a
0a3e, Has3bpIBaeTCid BpeMeHeM paccacbiBaHusi t, (pucyHok 2, B). OT0 Bpems
IPONOPLUMOHANIBHO KO3((duiiMeHTy HackimeHuss S. Creayrouiuii 3aTeM HHTEpBal
CHaJiaHusl ToKa Ik ompenenser Bpems 3aaHero ¢poHrta (cpesa) . KOJUIEKTOPHOTO

TOKa:

IL(t)=p£.( D Ty 11

r — T \"6.0mn 6.00p CT " 6.00p ( )
rac 1 - 9KBHUBAJICHTHAA IIOCTOAHHAsA BPECMCHH, IMPHUMCPHO paBHAsA BPCMCHH KH3HU

HEOCHOBHBLIX HOCHUTEIICH 3apsaaa B 0aze B pPCKHUMC HACBINICHUA, HO MCHbIIAA

MIOCTOSTHHOM BpeMEHH TP, ACHCTBUTEILHO JIJIsl aKTUBHOTO pexkuma (T ~tp / 2).
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Bripaxkenue (11) siBiisieTcss ypaBHEHHEM SKCIOHEHIIMAIBLHONW KPUBOH, MTOKa3aHHOW B
uHTepBase t3 -ty MyHKTHPOM (PUCYHOK 2, B).
[MTonoxwus B Beipaxkenud (11) ik = Ik =E« / Rk = Ber l6.06p, HAXOIMM
ip - Tp In( |6.omn + |6.06p/ |6..2p + |6.06p)- (12)
HpH UBX. 3amn - O TOK |6.o6p = O "
th=11Ins (13)
[Tocne BhIXOAA TpaH3MCTOpA M3 HACHIMECHUS TOK Ik(t) yMeHbIIWICS OT 3HaueHus Ik,

TaKXe CTPEMSCH K - Per ls.osp (PUCYHOK 2, B), T. €.

|k(t) = (IK + BCT |6.06p )e-llrﬁ - BCT |6.06p ) (14)
[Tonoxwus B popmyite (14) ix = 0, monydaem
tc” B In( |6.rp + |6.06p )/ |6.06p (15)

JnurensHOCTH ty 1o, tc XapakTepu3yroT OBICTPOJEHCTBUE TPAH3UCTOPHOTO KIIHOYA.
Kak cnemxyer u3 Beipakenus (9), (12), (15), oHM 3aBUCIT OT YaCTOTHBIX CBOMCTB
MCIIOJIb3yEMOr0 TPAH3UCTOpa U MapaMeTpoB MUMIyJbca 0a30Boro Ttoka. [lopsmok ux
BEJIMYMH COCTABJISIET OT JIOJE€H €AMHULIBI A0 €IMHUI] MUKPOCEKYH/IBI.

3 BapuaHThI 3a1aHUI.

Bapuant 1 2 3 4 5 6
Ex, B 10 12 14 16 12 13
Ucw, B 0,2 0,2 0,3 0,3 0,4 0,4

4 TlpuGopsl U 000pya0BaHUE:
1) Crenn mynberuBuOpatopoB DC 8A,
2) Ocummtorpadp C1 —137.

5 Ilopsinok BbINOJIHEHUS PA0OTHI

1) B 3o0He ynpapnenus 1 HEOOXOIUMO YCTaHOBHTH:

a. - mepeKyIroyYareisb «SP> - B HEUTpaTbHOE MOJI0KCHHE;
b. - TymOnep «Sy» - B HUKHEE MMOJIOKCHUE,

C. -t1ymbOaep «Cy» - NpOU3BOJIBLHO;

d. - pyuky «RK» - kpaiiHee jieBO€ MMOJIOKEHUE;
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2) CoeMHHTD «BBIXOJ TEHEPATOPa» C BXOAOM Kiroua «1»
3) Brimtounth ceTh TymOnepoM «Bki», MpU 3TOM JOJIKHA 3aropeThCs CUTHAJIbHAS
JaMITOYKa.
4) Ha BBIXOJIc TeHEpaTOpa YCTAaHOBUTH HEOOXOAUMYIO OPMY UMITYJIbCA, AMILIUTYTY
M MaKCUMaJbHYIO 4acToTy. KOHTpOJp BBIXOJHONO CHrHaja TI€HepaTopa
OCYULIECTBIISETCS OCHIILIOrpad)oM MOJKIFOUEHHEM K THE3aM KOHTPOJIbHOW MaHEe!.
5) VYcraHOBUTH HEOOXOIMMOE KOJUIGKTOPHOEC HAampsbkeHHEe pydkoit  «Ex»,
KOHTPOJIUPYS €ro Mo BCTpoeHHOoMY nipubopy "Ex".
6) YcraHOBUTH HEOOXOAMMOE HAPSKCHUE CMEIICHUS py4uKoil «Ecm», KOHTpoImpys
110 BcTpoeHHOMY npubdopy "Ecm".
7) OcmwmnorpamMbl  BxojgHoro (UBX) M BeixogHoro(UBBIX) HaNpsDKCHHH KITFOYA
IIEPEHECTH HAa MUJUIMMETPOBKY.
8) Ilepexmrouarenb «Sy» YCTAHOBUTH B BEpXHee MojokeHue. [Ipu ycTaHOBIEHHOU
yckopsroniei eMkoctu Cy mocMOTpeTh ociuiuiorpamMMbl HanpsoKeHU Ugy 11 Ugg,
IIEpeHECTH HX Ha MWwuIMMeTpoBKy. IlepeximounB «Cy», mociie mnpocMoTpa
OCLIJIJIOTPaMM, C/IeJIaTh BBIBOJ O BIUSHUN YCKOPSIIOUIEH €eMKOCTH.

9) Bpamas pyuky «RK», mpocMOTpeTh U 3a(MKCHPOBATh MO OCHUJLIOIpPAMMaM
BIIMSIHUE KOJUIEKTOPHOM Harpy3ku Ha paboTy Kiroya.

10) CnenaTh BBIBOJ O paboOTe KiIrOYa.

6 KoHTpoJibHbIE BONPOCHI.
1) IlepeunciivTe THITBI JIEKTPOHHBIX KITIOUYCH Ha OUIOJSPHBIX TPAH3UCTOPaX.
Turm s1eKTpoHHOTO KIIF0Ya B 1abopaTtopHoi padore?
2) PexxuMbl paboThl TPaH3UCTOPA KIIFOYEBOTO Kackaaa?
3) O0BsACHUTE IPUYMHBI TIEPEXOTHBIX MTPOIECCOB B KITFOUE.

4) Kak BIusieT KOJUICKTOpHAs Harpy3Ka Ha paboTy kioda?
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JlaGoparopHas padora Nel5S
HUccaenoBanue nudpdepenuuaropa
Heab padortel: MccnenoBanue padotsl nuddepenmatopa Ha Mukpocxeme OY
3uanus (aKTyanuszanus):
- CYIIHOCTh (PU3MYECKUX MPOLIECCOB, MPOTEKAIOIIMX B DJIEKTPOHHBIX
npubopax u yCTpoicTBax;
- IPUHIIMI BKJIFOUEHUSI DJIEKTPOHHBIX NPUOOPOB U OCTPOCHUS IEKTPOHHBIX
CXEM;
- TUIIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHON TEXHUKH.
YMeHus:
- ONPENENATh U AHAIU3UPOBATH OCHOBHBIE ITAPAMETPHI JIEKTPOHHBIX CXEM H

YCTaHaBJINBATH 110 HUM pa6OTOCHOCO6HOCTB YCTPOﬁCTB BJIGKTpOHHOP'I TCXHUKMH.

1 Cxema onbITa

. -R1
c3 DA1
3
§ I b K ocupnnorpady
13 o
| AN
L I + 14 C1
Usx —I‘l

2 TeopeTuyeckoe 000CHOBaHME.

JuddepeHunpyrommmMu  Ha3bIBAIOT LIETH, Y KOTOPBIX HAINpPSHKEHUE Ha

BBIXOJC MMPOIIOPHHMOHAILEHO HpOPIBBOI[HOfI BXOJHOI'O HAITPSKCHUA, T.C.

du

u,, =a—=
6blX dt (1)

Hubdepennupyrompe 1enu MOpUMEHSIOT 1id  auddepeHITMpoBaHUs
CUTHAIOB pasznu4yHoi (opmel. [Ipm 3TOM pemaroT 1Be OCHOBHBIC 3a7a4d

npeoOpa30BaHUs CUTHAJIOB:
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- MIOJIyYeHUE MMITYJIbCOB OYEHb MaJOW UIMTENbHOCTH (YKOPOUEHUE MMITYJIbCOB),
yIOpaBIIeMbIX  IpeoOpa3oBaTeneit

KOTOpBIE  TOJIB3YIOTCS Ul 3aIycKa
ANEKTPUYECKOM SHEPTHH, TPUITEPOB, OJJHOBUOPATOPOB U IPYTUX YCTPOUCTB;

- BBINOJHEHUE MaTeMaTUYeCcKON omnepauuud auddepeHirpoBanus (MoIydeHUE

MIPOM3BOJHON BO BPEMEHH) CIOXKHBIX (DYHKIUH, 3aJaHHBIX B BHUJE DJCKTPUUECKUX
MECTO B BBIUYHCIHTEIBHOW TEXHUKE, allaparype

CHUTHAJIOB, 4YTO HMCCT

aBTOPETYJIUPOBAHHS U JIP.
Cxema emkoctHOU auddepenmupyromeir RC- nenu mokazana Ha pucyHKe 1.

BXOI[HOG HaIIPpAKCHHUC UBX IMPUKIaIbIBACTCA KO BCEH OCIIM, 4 BBIXOAHOC CHUMACTCA

¢ pe3uctopa R.
Uc

=
P~
Ussz=TTR
+—

Pucynox 1 Juddepennupyromas RC- nemns.

TOK, HpOXOI[HIHI/Iﬁ 4cpe3 CMKOCTb, CBA3aH C HAIIPSAIKCHHUCM Ha CMKOCTH
quTBIBaH, 4TO I9TOT KC TOK IIPOXOJHT

HU3BCCTHBIM COOTHOIICHHMCM

4gcpe3 COIMMPOTUBIICHUC R, JJIs1 BBIXOHOT'O HAIIPSIKCHUA ITOJTYYHUM

Ecii Ugyx< Upx, YTO UMEET MECTO, KOTJIAa MAJICHUE HAMPSIKECHUS HA PE3UCTOPE
R MHOro wmenpuie HampsikeHusi U TO YypaBHEHHE (2) MOXKHO 3amucath B

MPUOJIMKEHHOM BUJIE:
du
®3)

u 6blX ~ RC =
dt
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Bripaxkenue (3) cootBeTcTBYeT BhIpOKEHHUIO (2). COOTHOMEHUE Upyx < Upx ~Uc
BBITIOJTHICTCSI B TOM CJIy4ae, €CIM CONPOTUBJICHHE R MHOTO MEHbIE BETHYHHBI
PCaKTUBHOTO CONPOTHBJICHHUS KoHJeHcatopa T.e. R < 1/(w'C) (mns curHaiza
curycouaanbHor Gopmbl) U R < 1/(w-C), Tne w3 - YacToTa BBICHICH TapMOHUKH
UMITyJIbcHOTO curHana. CrnencTBeHHo, s moiydeHus auddepennupyromeit RC-
1end HeoOxoammo BBIOpaTh 37MeMeHThl R m C JA0CTaTOYHO MajbIMH TaK, YTOOBI
BhIIepkuBasioch cooTHomeHne RC< T, rie T- mepro BXOAHOTO HANPSHKEHUSI.

Paccmotpum ¢usndeckoe sBIeHHE B €MKOCTHOH nuddepeHmupyomei nenu
UIS  Ciaydas, KOIJla Ha  BXOJ  IeMH  BO3JACHCTBYET  MEpUOAMYECKAs

MOCJICIOBATEIbHOCTh UMITYJILCOB IPSIMOYTOJBHON (POPMBI (PHCYHOK 2)

g .
Tz | —_—
| e
T1itm? £
el I i |
i) i
U: i | l : !
L 1% i1 o
Py S
$ ! :o
l b : |
\.1 IT 1’ \l .
ty 2 }/ Vr

Im=3RC’
——-#-

Pucynok 2 - Hanpspkenus Ha aneMmentax RC-menm.

B MomeHT BpemeHM i HamnpspDKeHHME HAa BXOJE LENM CKAYKOM JIOCTUIAET
3HaU€HUA Ugpx = Up. YuuThiBasg, 4TO HampspKeHHWE Ha KOHJIEHCATOpE BPEMEHU
MTHOBEHHO M3MEHHTCSI HE MOXKET U PABHO B HAYAIbHBIA MOMEHT HYJIO (PUCYHOK 2),
BCE BXOJIHOE HAPSDKCHHUE MPUKIIAJBIBACTCSA K COMPOTHBICHUIO R (Upy= Ur =Un).

B nmaneneitmem konupeHcarop C 3apsbkaercss B TedeHUMH BpeMeHu 1< i< t3
HKCIIOHEHIIMANIFHO YOBIBalOIIUM TOKOM. Ilpu 3TOM HampsbkeHHe Ha KOHAEHCATope

YBEJIMUMBAETCSA, a Ha pe3ucTtope R yMeHbIIaeTcss Tak, 4TO B KaXIblii MOMEHT
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BPEMEHH CyMMa  HaNpsOKEHWH Ha  KOHJEHCATOpe M pPEe3UCTope  paBHA
MPUIOKEHHOMY HAIPsDKEHHIO, T.€. Uc + ur: = Um . Uepe3 mpoMexxyTok BpeMeHH {
> 3RC (MomeHT BpeMeHH t) KOHIEHCATOP 3apsSAUTCsl TPAKTUYECKHU 10 HATPSIKCHUS,
PaBHOTO MPWIOKEHHOMY HampsbkeHuto U, , Ur CTaHET paBHBIM HYJIIO, a 3apsTHBIHI
TOK  TpPEKpaTHTCA.  ODTUM  3aKaHYUBaeTcs  (OPMHPOBAHHME  BBIXOJHOTO
MOJI0KUTETFHOTO OCTPOKOHEYHOT'O UMITYJIbCa AIUTeNbHOCThIO ty~ 3RC | mMerormiero
KoHeuHyo ammuutyny Up Tenepb KOHIEHcaTOp HauyMHAeT paspspkarhes. Ero
HaNpsHDKCHUE TIOJHOCTBIO MPWIIOKEHO K pesuctopy R. Tak kak B mepBbIii MOMEHT

BPCMCHH 3TO HAIIPAKCHUC PABHO Um , TO YCpEC3 PC3UCTOPp HACT HaYyaJIbHBIA TOK

m

.U
paspsiia KOHJCHCATopa g =~ . HamnpaBnenue Toka paspsaa NpOTHUBOMOJIOXKHO

HAIIPABJICHUIO 3apsHOTO TOKA, MO3TOMY MOJIIPHOCTh HANPSLKEHUS HA PE3UCTOPE
U3MEHAETCS.

ITo mepe pa3psna KOHIEHCATOpa HAIPSKEHNE HA HEM YMEHBIIIAETCS, 4 BMECTE
C HUM YMEHBIIAeTCi MaJieHue HampsbDkeHus Ha pesuctope R. B pesynbrare
(bopMupyeTCcsi UMITYJIbC OTPULIATENLHON MOJSPHOCTH TOM 7K€ JAJTUTEIBHOCTH, TaK Kak
IIOCTOSIHHAsI BPEMEHM LEMH pa3psia paBHA IMOCTOSHHOM BPEMEHHM LENM 3apsja.
Pesynprar BO3JECUCTBUS IOCJIEAYIOLINX HMMITYJIbCOB MIEPUOIUYECKOU
MTOCJIEA0BATEIBHOCTH aHaJIOTUYECH IIPUBEICHHOMY. Taxkum o0Opazom
g depeHurpoBaHUE COMPOBOXKIAECTCA YKOPOUECHUEM JTUTEIbBHOCTH UMITYJIbCOB.

Hudbdepenumarop nHa HUMC OV (pucyHok 3)  mpencraBiseT coOou
Mukpocxemy OV, BXOIHBIM JJEMEHTOM KOTOPOM SIBJISIETCA KOHJEHCATOp, a

BBIXOJTHOE HAMPSIKEHUE CHUMAETCS ¢ pe3uctopa Ry B 1enu oOpatHOM CBS3U.

Ry

Pucynok 3- Tuddepenumarop na mukpocxeme OY
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3 IIpubopsl 1 00OpyIOBaHME.
1) TI'eneparop '6-43
2) Ocummtorpad C1-137
3) Crenn «Auddepenmmuaropy

4) bnok nutaHus «AraTy.

4 IlopsiaoK BBIMOJHEHUS PA0OTHI.
1) CoOpaTh 3JIEKTPUIECKYIO IIETTb.
2) BKIJIIOYHTB 3JIEKTPOHHBIC IPUOOPHI B CETh.
3) Hsmeputh ocumuiorpadoM MapamMeTpbl BXOJAHOTO M BBIXOJHOTO CHUTHAJIOB.
OcminorpaMMbl CHTHAIOB OTOOPa3UTh Ha MUJUTUMETPOBOM Oymare.
4) Tlo ocumutorpamMMe ONpeeIUTh HapaMeTpsl AudGepeHIUPYIONIET0 HMITYJIbCA.
5) Mo 3amannbiM mapamerpam guddepeHnmaropa Ha OY paccuuTarh napameTphbl
nudpepeHIpyIOIEro UMITYJIbca U 0TOOpa3UTh Ha Oymare.

6) Cnenath BBIBOJ 110 pabOTE LICIH.

5 KoHTpoJibHBbIE BOPOCHI.
1) IIpu KakOM COOTHOIICHHH MOCTOSIHHOHM BpemMeHrM RC — menu U JUIMTENIBHOCTH
BXOJIHOTO UMITYJIbCa LIETh sBNsgeTCs AudepeHiupyromnieii?
2) Kak BBIYKCIIUTD UTMTEIBHOCTD HACATBHOTO AU HEpPeHIINPYIOIIET0 HMITYIbca?
3) B uem 3akimouaeTcs ocHOBHOE oTinuue auddepeniaropa Ha Mukpocxeme OV ot

muddepennupyromeit RC - nenu?

JlabopaTropHnasi pa6ora Nel6

HccnenoBanue uHTerparopa
Hear padorbi: OCBOCHHWE METONMKM CHATHS HANPSDKEHUM Ha BBIXOZAE
WHTETpaToOpa, W OINpeAeNieHUsl Xapakrepa (YHKIHMOHAIBLHOW 3aBUCHMOCTH

BBIXOIHOI'O HAIIPSAKCHHUA Ha OCHOBC IIOCTPOCHHBIX Fpa(l)I/IKOB.
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3HaHus (aKTyaau3aus):

- CYIIHOCTh (PU3NYECKUX IMPOIIECCOB, TMPOTEKAOIMIMX B JIIEKTPOHHBIX
npubopax u yCTpoiCcTBax;

- TNPUHIUN BKIIOYCHHS DJIEKTPOHHBIX MPHOOPOB W  TMOCTPOCHUSA
AIIEKTPOHHBIX CXEM;

- TUTIOBBIE Y3JIbI M YCTPOICTBA 3JIEKTPOHHOM TEXHUKH.
YMeHus:

- OIIPENETATh U aHATM3UPOBATH OCHOBHBIE TAPAMETPHI SJICKTPOHHBIX CXEM H

YCTaHAaBJINBATH 110 HUM pa60TOCHOCO6HOCTB YCTpOﬁCTB C-)JICKTpOHHOﬁ TCXHUKH.

1 Cxema omnpbITA.

20¢

40c 8i
| | K

HR

C2

o Hhr
4

>

AN

2 Teoperuyeckoe 000CHOBaHMeE.
HNuTerpupyroumme nenu
NHTerpupyromeld Ha3bIBalOT LENb, Y KOTOPOW BBIXOJHOE HAaIPSKEHUE

IPOTIOPIIMOHAIEHO UHTETPAITY IT0 BPEMEHH OT BXOIHOTO HAIPSKCHUSL:
qulx = aJ' ugxdt (1)

Otnmuune cxembl uHTerpupytomeir RC-  1menu  (pucyHoxk 1) oT  cxemsl
b depeHUpyOIIeH IIEM COCTOUT B TOM, YTO BBIXOJIHOE HAIPSIKEHUE CHUMACTCS C
KOHJIeHcaTopa. [IpuMEHSIIOT MHTErpUpYIOIIME IEeMH Yallle BCEero s MOJydeHUS

M3MEHSIOMUXCS (MIII000pa3HBIX ) HAMPSHKEHUH.
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Pucynok 1- Unrerpupytomas RC-uers.

HaHpH}KCHI/Ie Ha BBIXOJC I/IHTGI‘pI/Ip}IIOIHeﬁ LCIIN OIIPCACIIACTCA N3BCCTHBIM

1 ¢.
paBerctBoM U, =U; = c I Idt Korna Hanpspxenne Ha kounencatope C

HE3HAYUTEIHHO 10 CPaBHEHHUIO C TaJICHUEM HamnpsbKeHUs Ha pesucTope R T.e.
Uger= U< Ug, TO TOK | B IIETTH POIOPIIMOHATICH BXOJHOMY HAIPSKEHHUIO, KOTOPOE

u 1

6X

IIpUKJIaabIBacTCs KO Bcel nenu. [loaromy i= R A U po u,, dt @)

4TO COOTBCTCTBYCT PABCHCTBY (1) VYcnoBue HHTCI'PUPOBAHUA 6yI[GT BBIITOJIHATBHCA

1
npu R2=C U1 CUHYCOMJAJbHOIO CUrHasia U mpu RC >t . JUIsl UMIYJBCHOTO
0

curHasia. PaccmorpuMm (Qusnyeckue MpoIEcchl B HHTETPUPYIOUIEH LeNu Mpu
BO3/ICHICTBUM Ha HEE BXOJ NEPUOJMYECKON TOCIEI0BATEIIbBHOCTH WMITYJIbCOB

PSIMOYTOJIBHON (POPMBI (PHCYHOK 2).

18} L Y,
BX K
F
T‘];TL
s
’ tr g t2 | : !
| | |
BRI ' ]
o S sahieds T S
; -
] V.’-\

Pucynok 2 - Hanpspkenus Ha Bxoze u Bbixoae RC-nenu.

[Ipu BBITIOJIHEHUH YCIIOBUSI UHTErpUpOBaHUs (7 >1,, ) B MOMEHT MOCTYIUICHUS

uMmiynbca (t=t;) Ha BXOJ wLENM BCE BXOAHOE HANPSHKEHHE OKa3bIBAETCA

MIPUJIOKEHHBIM K PE3UCTOPY, a HANPSIKEHHE HAa KOHJIEHCATOpe paBHO HYy0. Jlanee B
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IPOMEXYTOK BpeMeHH 11 — 1y MpoMcXOomuT MemNieHHBIH 3aps] KOHACHcaTopa U
HamnpsOKEHUE Ha HEM MEIJICHHO Bo3pacTaeT. K MOMEHTY OKOHYAaHHS BXOJIHOTO
umnyibca (t = t2) HanpsDKeHWEe Ha KOHJICHCATOPE HE YCIEBAST JOCTUTHYTH 3HAYCHUS
HanpsokeHus: Up. Tlocnme okoHYaHWsI BXOJHOTO HMMITYJIbCa KOHJEHCATOpP TaK IKe
MEJUICHHO pas3psikaeTcs. TakuM o0pa3oM Ha €MKOCTHOM BBIXOJE IEMU OyayT
BBIJICISITHCS PACTSIHYThIC HMITYJIBCHI, IMEIOITHE ()OPMY IKCITOHEHITUATHLHOM TTHJTBI.

BricokokauecTBeHHbIE MHTErpaTopbl BhIMONHAIOT HA OY. B nens oOpaTHO
CBSI3M BMECTO CONPOTHUBJICHMS BKIIOUAIOT KOHAEHcaTop. bmaromaps Oosbliomy
K03 (GUIMEHTY YCHICHHS U MaJOMYy BXOJHOMY TOKY Iy MOKHO CUHTATh, YTO

HaIpsHKEHUE Ha MTHBEPTUPYIOIEM Bxojie 01u3ko K Hyto Ug = 0, a TOK BXOJHOM 11enH

paBeH TOKy oOpaTHOU cBsizu. Jliis y3ma «a»: 1y =loc T 1y

I[Ipy  ManoM BXOIHOM TOKE I, = 0 IIPUHAMAIOT le =loc = R

1 t
i u =-U.=——|U_dt
T.€. TUHEHHAs QYHKIUS “ o c RC _([ o

U 2

Pucynok 3- Uurerparop na UMC OV.

3 IIpuGopsl u 060pyn0BaHUE:
1) Creng DC23
2) Ocuummrorpag C1 -137
4 IlopsaIOK BHINOJIHEHHUS PA0OTHI
1) YcTaHOBUTH U 3aKpENUTh Ha JUICBOM maHeau cteHaa DC23 HaKIagHylo MaHelb ¢

n3o0paxxennuem uHTerparopa (5). Brmounts cteng 3C23 B ceTh.
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2) YrpaBiieHUE dJIEKTPUICCKON CXEMOM OCYIECTRIISACTCS U3 (PYHKIIMOHATIBHON 30HBI
(5) Ha nuIIeBOM MaHENH CTEH/A.

3) [lns BeIOOpa KOHJEHCATOpa HaXaTh OJHY W3 KHOIOK BBIKIIIOYATeds S2 (s
BBIOOpA HEOOXOAMMOM MOCTOSTHHON MHTETPUPOBAHUS).

4) PeructpupoBaTh OJHOBPEMEHHO TMOKa3aHHS CEKyHIOMepa M BOJBTMETPA «Upyyx».
BrimonauTh M3MepeHus NI IByX HOMHHAJIOB KOHJIGHCATOPOB. J[aHHBIE M3MEPEHHIA
3aHecTy B Tabmuiy 1 .

Tabmuua 1 — XapakTepucTUKH HHTETPUPOBAHUS

t,c
C1
UBLIX) B
t,c
C2
UBLIXB

5) HanpsbkeHne  MOXKHO ~ KOHTPOJIMpOBaTh,  HOJKIOYas  ocmwuiorpad K
COOTBETCTBYIOIIUM THE3/IaM B 30HE (5).
6) ITocTponTh XapaKTEPUCTUKY UHTCTPUPOBAHUSI.

5 KoHTpoJibHbIE BOPOCHI.
1) Kak cocTaBUTh CXeMy MPOCTEHIIET0 HHTErpaTopa?
2) ITpu xakom ycioBun RC - menp OyaeT MHTErpHUPYIOIICH IS MPSIMOYTOJBHOTO
UMIYyJbca?

3) B uém cocTouT mpenMyIiecTBO HHTErparopa Ha Mukpocxeme OY?

JlabopaTtopnas paGora Ne 17
HccnenoBanue aBTok0/71€0aTE/JIHHOIO MYJIbTUBHOPATOpA C
KOJIJIEKTOPHO-0230BbIMU CBSI3SIMU M PeryJIMPOBAHHEM YACTOTHI.
Heap padorbi: OCBOEHNME METOIHUKU CHATHUS OCHMJLIOTPAMM HaIpsKEHUM Ha
BBIXO/IE aBTOKO0J1€0aTEeTbHOTO MYJIbTUBHOPATOpPA U ONPEICTICHUS TAPaMETPOB.

3HaHusA (aKTyanu3amus):
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- CYIIHOCTh (DU3UYECKUX TMPOILIECCOB, MNPOTEKAIIMX B 3JICKTPOHHBIX
puoopax U yCTPOUCTBAX;
- TIPUHIIAT BKJIFOYCHHSI DJIEKTPOHHBIX MPUOOPOB M TIOCTPOCHUS IJICKTPOHHBIX
CXeM;
- TUTIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHON TEXHUKH.
YmMmenus:
- OTIIPEICIISTh U aHATU3UPOBATh OCHOBHBIC MapaMETPhl JICKTPOHHBIX CXEM U

yCTaHaBIMBATh IO HUM Pa0OTOCIIOCOOHOCTH YCTPOUCTB AJIEKTPOHHON TEXHUKHU.

1 Cxema

2 TeopeTnueckoe 000CHOBaHMeE.
MynbTUBHOpaTOp MpeACTaBiIsieT CcO00M aBTOr€HEepaTop penaKCaluOHHOTO
TUIIA C TIPSAMOYTOJIbHONW (OPMOM BBIXOJIHBIX KoseOanuii. TepMUH «aBTOreHEpaTOp»
03HAYaeT, UTO OH FEHEePUPYET He3zaTyxarouiue kosebaHus 0e3 Kakoro-iudo 3arycka
u3BHe. [loaTOMy HannuuMe B cxemMe aBTOT€HEepaTopa 3BEHA MOJOKUTEIHLHON 00paTHOM
CBSI3M - ycioBue oOsi3aTenbHOoe. Hamnbonee mumpokoe pacrnpocTpaHEHHE MOTYUHII
CUMMETPHYHBIA MYJIBTUBUOPATOP C KOJUICKTOPHO-0a30BBIMU CBSI3SIMU (PUCYHOK 1).
Kak m mig Tpurrepa, CUMMETPHUYHOCTb O3HAYaeT MJIECHTUYHOCTb CHUMMETPUYHO
PacCIoJIOKEHHBIX 3JIEMEHTOB, T.€.
1) Ru=R«2;Rs=Rg;
2) Cor = Ca2;,

3) mapameTpsl TPaH3UCTOPOB OJMHAKOBBI.
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Pucynox 1 - Cxema aBTOKOJ€0aTEILHOTO MYJIBTUBHOpPATOPA.

MynpTUBHOpPATOp COCTOUT M3 JIBYX YCHJIMTENBHBIX KackaloB mo cxeme O,
BBIXOJIHOE HAIpPSKEHHE KaXKIAOro M3 KOTOPBIX IMojaaercs Ha Bxon apyroro. Ilpu
MOJICOEIUHEHUN CXEMbl K MCTOYHUKY MNMUTaHud E, o0a TpaH3HCTOpa MPOMYCKAaIOT
KOJUJIEKTOPHBIE TOKH, IOCKOJBKY Ha 0a3bl 4epe3 pe3uctopbl R 5 U R 5 momaercs
oTpuLaTeabHOe cMmelleHne. OJHaKO Takoe COCTOSHUE HEeyCTOoWunBO. M3-3a Hanmuuus
B CXEME MOJOKUTEIbHON 0OpaTHOM CBSA3M JIETKO BBINONHsETCS yciaoBue SK > 1, u
JBYXKAaCKaJHbIM ycUIuTeNlb camMoBO30ykaaetcs. HaunHaercs mpouecc resepauuu -
OBICTPOE YBEIMYEHHE TOKA OJHOTO TPAH3UCTOPA U YMEHBILIEHUE TOKA IPYroro.

[Iycts B pesynbrare 10000 CIyyallHOTO M3MEHEHHUs HamlpshKeHUi Ha 0azax
WM KOJJIEKTOpPAaX HECKOJbKO yBenuuutcss TokK |, Tpansucropa VTi. Ilpu stom
YBEIMYMUTCS NaJeHUE HanpsbDKeHUe Ha pe3uctope Rqi 1 KosuekTop Tpan3ucropa VT
MOJIyYUT MpPHUpAIICHUE TMOJOKHUTEIBHOr0 NoTeHuuana. [IockonbKy HampspkeHue Ha
KoHJeHcaTope Cj; MTHOBEHHO M3MEHHUTBCS HE MOXKET, TO 3TO MpUpAILCHUE
npuKIaabiBaeTcs K 6aze Tpansuctopa VTa, mogzamupas ero. KomnekTopHbd TOK |k
MIPU 3TOM YMEHBIIUTCS, HAMIPSKEHUE Ha KOJUIEKTOpe TpaH3zucrtopa VT, craner 6osee
OTpHUIIATEIBLHBIM U, NepeaaBasich yepe3 konaeHcarop Cs> Ha 6a3y tpansuctopa Vi,
eme Oosee oTnupaer ero, yBenuuuBass TOK 1,;. DTOT mpouecc MpoTeKaer
JABUHOOOpPA3HO M 3aKaHYMBAETCS TEM, 4YTO TpaH3ucTOp VTi BXOOUT B PEXKUM
HACBIIIEHUS], a TpaH3ucTop VT2 - B pexxuM otceukd. Cxema MepexoquT B OJHO U3
CBOMX BPEMEHHBIX YCTOMYMBBIX COCTOSIHUM (KBaszumycTtoiunBoe coctosHue). [lpu
TOM OTKpPBITOE COCTOsIHME TpaH3uctopa VT; oOecrneuynBaeTrcs CMEIIEHHEM OT

ucrounuka FE, yepe3 pesuctop Rs a 3ameproe coctosHue Tpansucrtopa VI, -
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MOJIOKUTENIbHBIM HampsbkeHneM Ha KoHzaeHcaTope Cgi, KOTOPBIA 4Yepe3 OTKPBITHIN
Tpan3uctop VT BKIIOYEH B NMPOMEKYTKe Oaza - sMuTTep Tpanzuctopa VT, . Ha
BPEMEHHBIX Tpadukax (pucC. 2) ONUCAHHBIE MPOIECCHI COOTBETCTBYIOT MOMEHTY
Bpemenu t = 0. Teneps kouaeHcaTop Cs2 OBICTPO 3apsKaeTcs Mo uenu + Ey - SMUTTEp
- 6a3a VT1 - Csx — Ry - E no nanpsbxenus E.. Kongencatop Cp;, 3apsOKEHHBINA B
MpeIbIIYIINUN IEPHOJ, TIepe3apsikaeTcs yepe3 pe3uctop R s U OTKPBITHIM TPAH3UCTOP
VTi TokOM HCTOYHUKA TUTaHUs Ey, U HAPSDKEHHE HA HEM CTPEMUTCS YMEHBIIUTHCS
1o - E; (puc. 2). B momeHnT Bpemenu ti, Hanpsikenne U ¢5; = Usz MEHSET 3HaK, 4To
BBI3bIBAET OTMHpaHue TpaHzucropa VTi u nosiBiaeHue Toka lxz. YBenuuenue Toka |
MPUBOJUT K TPOIECCY, aHAJOTUYHOMY OINKMCAHHOMY IpU yBelnudeHuu Toka lk. B
pesyabTare Tpansuctop VT, BoileT B peXuM HaChIMIeHUs, a TpaH3uctop VT; - B
pPEXKUM OTCEUKH (BTOPOE BpPEMEHHO YCTOMYMBOE COCTOsIHME). B mpomexyTok
BpemeHH 1; - t, mpoucxoaut 3apsanka konaeHcaropa Cq; u iepesapsaka Cpo.

[lepexons meproaANYECKH U3 OJHOTO BPEMEHHO YCTOHYMBOTO COCTOSHHS B APYTOE,
MYJIBTUBUOPATOP (HOPMHUPYET BBIXOJHOE HAINPSHKEHHWE, CHHUMAeMOE C KOJIJIEKTOpa
000r0 TpaH3UCTOpa, MOYTH MPSIMOYToJibHOU (hopMbl. Hanpsikenue Ha 6aze 1r000r0

U3 TPAaH3UCTOPOB HU3MCHACTCA 110 3KCIIOHCHIOHUAJIIBHOMY 3dKOHY (pI/ICYHOK 2) - A

nepe3apsiaku konjaeHcatopa Coe) U, = ZEKe_llrﬁ -E,,
rac ‘L'6:R5C5; R5]:R 52:R 6y C51:C52:C5, HpH t= tl, 41 Ue =0.
W3 npeapiayiiero ypaBHeHUs! 1Ji JJTUTEILHOCTH OJTHOTO UMITYJIhCa UMEEM
tu=1s In2= 0,7ReCe.

[TonHbIil nepuoa kosiebaHuit MyJIbTUBHOpaTOpa T = 2t,=1,4R¢Cs.

CrnenoBarelibHO, 4YacTOTa TEHEPUPYEMBIX  KoJieOaHUM  ompeneseTcs
CKOPOCTBIO TEpe3apsaKu BpeMmssanaromux KoHaeHcatopoB Cs;; u Coo. B
HECUMMETPUYHBIX  MYJbTUBUOpATOpax  TPAH3UCTOPHl  OOBIYHO  BBIOMpAIOT
OJIMHAKOBBIMH, KOJUICKTOPHBIE HArpy3Kd - paBHbIMHU, OAHAKO Rs1 = Rsp, Csr # Coo.
Yem kopode MODKEH OBITh OAWMH W3 HMMITYJIbCOB, TEM MEHBIIEH BHIOMPAIOT

COOTBCTCTBYIOINYIO IMTOCTOSAHHYIO BPEMCHHU.
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3 BapuaHThI 3aJaHUIA.

Pucynoxk 2- OcumiorpaMmmbl HalpsKEHUH.

Bapuant 1 2 3 4 5 6
Ex, B 10 12 14 16 12 13
Uev, B 0,2 0,2 0,3 0,3 0,4 0,4

4 IlpuGopsl U 000pya0BaHHUE.
1) CtennOC8A
2) Ocumnorpag C1- 137

5 IMopsinok BbINOJIHEHUS PA0OTHI.
1) Bxirounts ceTh TymMOJIepoM <BKJI>, mpu 3TOM I0KHA 3aropeThCsl CUTHAIbHAS

JaMITOYKa

2) YcTaHOBUTh  HEOOXOJMMOE  KOJUIEKTOPHOE  HampspkeHue pydkoir  <Ex>,
KOHTPOJUPYS €r0 BCTPOEHHBIM BOJIBTMETPOM <EK>.

3) YcraHoBHTH HEOOXOAMMOE HAIPSKEHUE CMEIeHHs pyukoit <EcM>, KOHTposmpyst
€ro BCTPOCHHBIM BOJIBTMETPOM <EcM>.

4) Ycranoputb Cp =0,15mx®, a BenuuuHbl conpoTuBicHuidi Rgr m Rcm B
MIPOU3BOJILHOE cpeHee MosiokeHne. CHATh OCHMIIOTPAMMY BBIXOJHBIX MMITYJIHCOB
MyabTHBHOpaTopa. Kontpomshsie riesaa [10;L] wrn [4; L]

5) Vcranosuts Cs = 0,015ux @, octanbHbIe TapaMeTPhbl MYJIbTUBUOpATOPA OCTABUTH

npexxHUMH. CHATh ocruuiorpamMmy Up,y.
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6) M3menuts Ek, ocTaibHBIE TapaMeTpbl CXEMbl OCTaBUTHh MNPEeKHUMH. CHAThH
octmuorpaMmy Upgy.
7) W3mennts EcMm, ocranbHBIE MapaMeTpbl CXEMbl OCTaBUTh MPEKHUMHU. CHATH
octuorpamMmy Upgx
7) 3mennth compoTtuBieHue B menu 0a3pl Rp. OcranbHbIE mMapameTpbl CXEMBI
ocTtaBuTh 0€3 m3MeHeHu. CHATh ocruiorpaMMy Uk
8) M3menuth BenuunHy Rey, Apyrue mapamMeTpbl CXeMbl OCTaBUTh NMPSKHUMH. CHSITH
ocrsuiorpamMmy U
9) Cuenatb BBIBOJ 110 pad0OTe MyJIbTHBHOpaATOpA.

6 KoHTpoJibHbIE BONPOCHI
1) Yrto o3HaYaeT TEPMUH «aBTOTCHEPATOP»?
2) Kakoit MynbTUBHOpATOp HA3BIBACTCS CUMMETPHYHBIM?
3) Kak ompenenstorcss IIUTEIBHOCTh UMIYJIbCa W MEPHOJ  KOJeOaHWA

MyJIbTUBHOpaTOpa’?

JlaGopaTopHnasi padora Nel8
HccaenoBanue xkayumero MyJibTUBHOpaTopa

Hear padorbl: OCBOEGHHE METOAUKH CHATHS OCUWJUIOTpAMM HAINpsSOKEHUM Ha
BBIXO/IE JKIIYIIETO MYJIbTHBHOpATOpa MPHU MOCTYIUICHUH 3aIyCKAIONINX UMITYJIbCOB,
YCTAaHOBJICHMSI XapakTepa 3aBUCUMOCTH IapaMETPOB BBIXOJHOIO HMMIYJbCa OT
BXOJIHOTO.
3Hanus (akTyanuzanus):

- CYIIHOCTh (PU3NYECKHUX MPOLIECCOB, MPOTEKAIOIIUX B JIEKTPOHHBIX MTPUOOpax
Y YCTPOMCTBAX;

- TIPUHIMIT BKJIIOUEHUS DJIEKTPOHHBIX MPUOOPOB U MOCTPOCHUSI AJIEKTPOHHBIX
CXEM;

- TUTIOBBIE Y3JIbl U YCTPOUCTBA JIEKTPOHHON TEXHUKH.
YMenus:

- ONpEAENATh U aHAIU3UPOBATh OCHOBHBIE MapaMETPhbl JIEKTPOHHBIX CXEM U

YCTaHaBJIMBATh [0 HUM pabOTOCIIOCOOHOCTh YCTPOUCTB ANEKTPOHHON TEXHUKHU;
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1 Cxema onbITa.
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2 TeopeTrudeckoe 000CHOBaHME.

OpHoBuOpaTop (KAYIIUMHA MYyJIbTUBUOPATOpP) MOXKET OBITh MOJYy4YEH U3
MyJIbTUBHOpAaTOpa € CaMOBO30YKJIEHHEM, €CIM €ro MNPUHYAUTENIbHO 3alepeTh B
OJIHOM M3 BPEMEHHO YCTOWYMBBIX COCTOSIHMI, IPEBpPATUB €ro B ycroilumsoe. [l
MOJIYYEHHUS] TPSIMOYTOJBHBIX HMITYJIbCOB 3aJaHHOM JJIMTEIBHOCTH M aMIUIUTYZbI

94acTO MPUMEHSIOT CXEMY OJIHOBHOPATOpa C SMUTTEPHOM CBSI3bIO (PUCYHOK 1).
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Pucynok 1- Cxema omHoBHOpaTopa

Cxema COAEPXUT TPAH3UCTOPHBIA KIIOY, B KOTOPOM OJHA CBSI3b MEXIY
KacKaJlaMM OCYILIECTBIISIETCSL ¢ MOMOUIBI0 KoHAeHcatopa C, a npyrasi - ¢ HOMOIIbIO
oOmiero pesucropa B 1enu smutrepa Rs. B HcXogHOM yCTOWYHMBOM COCTOSIHUM

tpanzuctop VT, 3ameptT, a Tpan3uctop VT, OTKPBIT U HAXOJIUTCS B COCTOSIHUU
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HACBIILIEHUS, TaK KaK yepe3 pe3uctop R, mpoxoauT qoctatoyHo O0ibIION 0a30BbIN
TOK ls>. 3a cueT smMuTTEepHOro TOKa TpaH3uctopa VT, Ha obmiem pesucrope Rp
co3naetcs naaeHue HanpsbkeHus U, = |5, R, ¢ yka3aHHON Ha pUCYHKE MOJISIPHOCTBIO,
a 3a CYeT WCTOYHUKA NuTaHus FE, Ha HIWKHeM Iuieue aenutens R¢R; - magenue
HanpsokeHust Upo.

[Tpu Bemonnenuu ycnosus | Us| > |U g2 | Ha 6a3y Tpansuctopa VTj momaercs
noJioxkuTenbHoe Harnpsikenue Us; , 3anupatomiee ero. Konnencarop C nmpu 3ToMm oka-
3BIBAETCSl 3apsDKEHHBIM 10 HampsikeHus u. = E, — U, Ilpu momaye Ha BXOX
olHOBUOpaTOpa B MOMEHT BpemMeHu t i1, (CM. pPHUCYHOK 2) 3aIyCKalollero
OTPHULATEILHOTO UMIIyJbCa C aMIUIMTYIOW, MPEBBIIIAIONIEH HalpspkeHue Ha 0ase,
TpaH3uctop VT; HauWHaeT OTKPHIBATBCS W HANPSHKEHHE Ha €ro KOJJIEKTOpe
yBenuuuBaercs. [lonoxuTensHoe MpHUpalleHUe HANpsKEHUs IepefaeTcs depes
koHjaeHcatop C Ha 0a3y TpaH3uctopa VT, 3anupas ero. YMEHbIIEHUE MaJICHUS
HampsDKeHusT Ha pesuctope R, CIOCOOCTBYET JalbHEHMIIEMY OTHUPAHUIO
TpaH3uctopa VT,, U mpolecc HapacTaeT JaBUHOOOpPA3HO, 3aKaHYMBASCh IOJHBIM
3anupaHueM TpaHsucropa VT, u HacklieHueM TpaHzuctopa VTi. Takoe cocTosiHue
OJIHOBHOpaTOpa SBISETCSI BPEMEHHO YCTOMYMBBIM, MTOCKOJIbKY TENEpb KOHAEHCATOP
C naumnaet nepe3apsbkarbes 1o + E (koprnyc) — Ry - amutrep - komnektop V11 - C
- Ry2 - (-E,) ¥ HampsbKeHHE Ha HEM, a ClIeJIoBaTelIbHO, Ha Oa3e TpaH3zucTtopa VT,

CHIDKAETCs (PUCYHOK 2).

Pucynok 2 - BpemeHHbIE AUarpaMmel
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Korga »Tto HampspkeHHEe B MOMEHT BpeMEHH t; JOCTHraeT HyJEBOI'O YPOBH,
TpaH3ucTop VT, OTKpBIBaeTCSI, M B CXEME BO3HHKAET MPOIECC OMPOKHUIBIBAHMS,
AQHAJIOTUYHBIA OMMCAHHOMY, B pPe3yjbTaTe KOTOPOTO OJHOBHOPATOP BO3BpAIACTCS B
HCXOJTHOE YCTOWUYMBOE cocTosiHHE. (CxeMa «KACT» CIEIYIOIIEro 3aIyCKalomero
HUMITYJTbCA.

JIMuTeIbHOCTh UMITYJIbCa, (DOPMUPYEMOTO Ha KOJIEKTOPE TPaH3HCTOpa
VT,, oT MOMEHTa TMOJayu 3aMyCKaIoIIero UMIyJIbCa JO BPEMEHHO
YCTOMYHMBOTO COCTOSHUS OMPEACIISIETCS TEM K€ COOTHOILICHHEM, YTO M JIJIS
aBTOKOJIeOATEIILHOTO MYJBTHBHOpaTOpA: tu = 0,7CRs.

Bpemst BoccTaHOBIIGHHSI OJHOBHOpATOpa, OMPEASTIEMOEe BpPEMEHEM

3apsIKM KOHIEHCATOPA: t, ~3r,, ~3C(R, +R,)

Jist  HOpMmasibHOM  paOOThl  OJHOBHOpaTOpa TEPHUOJ] TOBTOPEHUS
3aIyCKaloNMX HMITYJIbCOB HE JOJKEH OBITh MEHBINE MOJIHOTO ITUKJIA €ro

paboOThI: T>t,+t,

3 [IpuGopsl u 000pyT0BaHUE
1) Creng DC8A
2) Ocuummmorpadp C1—137

4 Tlops10K BBINOJTHEHUsI Pa00ThI
1) Brxmouuth ceth TyMONIepoM <BKJI>, mpu 3TOM MOKHA 3arOpeThCsi CUTHAIBHAS
JaMITOYKa.
2) YcTaHOBUTh  HEOOXOJMMOE  KOJUIEKTOPHOE  HampspkeHue pydkoir  <Ex>,
KOHTPOJUPYS €r0 BCTPOEHHBIM BOJIBTMETPOM <EK>.
3) YcTaHOBUTH HEOOXOAUMYIO AMILTUTYIy W YaCTOTY 3aIlyCKAIONIMX HUMITYJIbCOB,
KOHTpOJIUpys ero ocuuiuiorpagom. KoHTponbHBIE THE31A [1:1].
4) CHATh  OCIMJUIOTPAMMBI ~ MMITYJIbCOB ~ MYJIBTUBHOpATOpa Ha KOHTPOJBHBIX

BeIBoax. KoHTponbHbie rHe3aa [5;-1] wm [10; 1]
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5) 3MeHUTh YacTOTY 3alyCKAMOIIUX HMMITYJIbCOB MYJIBTUBUOpPATOPA, aMILIUTYTY
OCTaBUTH NMpekHEN. CHATh OCHUIUIOTPAMMBI .

6) Usmenuts Ek, ocTampHBIE MapaMeTpbl CXEMbl OCTaBUTh NpeKHUMHU. CHSTH
OCIUJIOTPaMMBbI KOHTPOJIBHBIX HANIPSKEHUM.

7)/3MeHsIsT 4YaCTOTY 3allyCKArOIIUX HMITYJIbCOB, OIPENEIUTh YacTOTy CpbIBa
reHepalny, OObSICHUTH IPUYUHY CPBIBA.

8)Crenath BBIBOJ 10 pab0OTe OAHOBHOpATOpA.

5 KoHTpoJibHBIE BONIPOCHI.
1) Kak u3 MynbTHBHOpaTOpa MOJYyYUTh OJTHOBHOpATOp?
2) Kak pacuuTBhIBBICTCS JJIUTEIBHOCTH UMITYJIbCAa OJHOBHOpaTopa?
3) Uemy paBHO BpeMsi BOCCTAHOBJICHHUS OJTHOBHOpaTopa?
4) KakoBO  JIOJDKHO OBITh COOTHOIIICHHWE MEXIy IEPHOIAOM MYJIbTUBHOpATOpa

IIEPUOJOM MOBTOPEHUS 31Ty CKAIOIIUX UMITYJIHCOB?

JlabopaTropHnasi pa6ora Nel9
HccaenoBanue myabtuBudparopoB na UMC
Hean padorbl: OcBOCHNE METOAMKHN CHATHUS OCUMIJIIOTPAMM HANPSHDKEHUN Ha
BBIXO/IE MYJIbTUBHOPATOPOB MPU U3MEHEHHUH €T0 MapaMeTPOB,
ONpEIEIEHUS TapAMETPOB MTOCIIEIOBATEIBHOCTH HMITYJIbCOB
3Hanus (akTyanuszanus):
- CYIIHOCTh (PU3MYECKUX IMPOLIECCOB, MPOTEKAIOIMIMX B 3IIEKTPOHHBIX
mpudopax U yCTpONCTBAX;
-  NOpPUHLOMIO BKIIOYEHHS DJIEKTPOHHBIX MOpUOOPOB M MOCTPOEHUS
ANIEKTPOHHBIX CXEM;
- TUTIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHON TEXHUKH.
YMenus:
- ONPENENATh U aHAIU3UPOBATh OCHOBHBIE MMAPAMETPHI AIEKTPOHHBIX CXEM U

YCTaHaBJIMBATh [0 HUM pabOTOCIIOCOOHOCTh YCTPOUCTB 3JEKTPOHHON TEXHUKHU.
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1 Cxema onbITa.

51

c2 DD23 DD24

2 Teopernueckoe 000CHOBaHHE.
PaccMoTpum cxeMy aBTOKOJI€0ATEbHOTO MYJIbTUBHOpaTOpa Ha YHUBEPCAIbHBIX
TTJI-onementax W-HE, paOotatomux B pexume HHBEPTOpoB. (CxeMa Takoro

MYJIbTUBHOpATOpa U BpEMEHHAs IuarpamMma ero padoThl IPUBE/IeHA HA pUCYHKE 1.
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Pucynok 1 — ABTOKO€0aTENbHBINA MYJIBTUBHOPATOP HAa JIOTHYECKUX

AJIEMEHTaX U BPEMEHHBIE IUarpaMMbl €T0 pabOTHI.
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Jlornyeckue anemeHTsl cxeMmbl D1 u D2 moouepeaHo mepexiIoyaroTcs U3 OJHOTO
cocrossHug B apyroe. Eciu Ha Beixoge D1 HampsbkeHHE COOTBETCTBYET YPOBHIO
noruyeckoi 1, To Ha Beixoge D2 — noruyeckomy 0. Ilycts B unTepBane Bpemenu 0 —
t; anement D1 3akpeit, a anement D2 otkpsiT. Torna konaencatop Cl 3apspkaercs
BBIXOJHBIM ToKOoM D1 mo nerm: “+” Ep, Cl, R2, “obmas touka”. [Toka Tok 3apsma
J0CTaTOYHO O0JbIION, Ha R2 co3maercs majeHue HaNpsHKEHUs, JTOCTATOYHOE JIs
noaaepxkanusi D2 B otkpeiToM coctostHuu. [lo Mepe 3apsima konaeHcatopa Ugp =
Upx2 YMEHBIIIAETCS U KaK TOJBKO CTaHOBUTCS MeHble Urop anemenT D2 HaumHaer
3aKpbIBAaThCS, HANPSIKEHUE Ha €ro BbIxojae Bo3pactaTh. Yepes C2 3T0 M3MEHEHHE
nepenaercs Ha BxoA D1, mocrneqHuii HAYMHAET OTKPBHIBATHCS M HAMPSHKEHHUE HA €ro

BBIXOAC YMCHBIIIACTCA.

Pa3BuBaercss naBUHOOOpa3HBIM MpOLECC ONPOKUAbIBaHUS cxembl: D1
OTKpBIBACTCsl, Ha €ro BBIXOJE YCTaHABIMBAeTCs YpoBeHb Jorumdeckoro 0; D2
3aKpbIBAETCS M Ha €ro BbIXoje (popmupyercs ypoBeHb joruueckoit 1. Konaencarop
Cl OmwicTpo paspspkaercss depe3 OTKpbIThIM nuon VD2, Hauumnaercs 3apsin
koHgeHcatopa C2, obOecrmeunBasi TOKOM 3apsiia MaJeHWe HanpsokeHus Ha R1,
noaaepxkusatoiniee D1 B coctostHum 1.

HOCTOHHHBIC BpeMCHI/I 3ap5[l[a nu pa3p51):[a KOHH@HC&TOPOB COOTBCTCTBCHHO paBHBI:
Ty = C(Mgpyy +R) : Tpazr = C(homp + Mapiro) »

rae Ippixi ¥ IBpixo — COOTBETCTBEHHO, BbIXOAHOE compoTuBiieHne MMC B
3aKpPBITOM COCTOSIHMM (Ha BBIXOJIC€ HAIpPSHKEHHE PAaBHO YPOBHIO JIOTHYECKOU
CIUHUIIBI) W OTKPBITOM COCTOSHUM  (BBIXOJHOC HANPSHKCHUE PaBHO YPOBHIO
JIOTHYECKOTO HYIIs), I'vp ip — COITPOTUBJICHUE OTKPHITOTO JUOJIA.

JIMUTEIbHOCTH UMITYJILCOB Ha BBIXOJaX CXEMbI OMPEACIISAIOTCS 10 PopMysiaM:

URmax U

= AL — R

t =Ci (M +Ry)IN ’ t), = Cy(Fypy +Ry) IN—2T20 s
110P 110P
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BbIX

0~
THC U, = (Ul Ul RL. Ecnu yuects, uto U gpix= 0, a R >> rpyix) ¥ IpUHATH

BhIX1

C1 =C2, R1 = R2, To mepuoj KojeOaHM Ha BBIXOE CXEMbl MOKHO OTPEACIIUTh KaK

1
T = 2CRIn Dmix .

110pP

Pesuctopsl R BbIOMparoTcs U3 ycnoBUi:

R o~ ™ p . Rw  rneR;— pesucrop B uenu 6asst MOT VTIL, E

" EIU g —1 ™ E U e —1

— Hanpspkenue nutanug TTJI snemenTa, Rpy — CONpoTUBIEHNE HCTOYHUKA CUTHANIA,
E1 — ypoBeHb JOornyeckoi e AMHUIIBI BXOJHOT'O CUTHAA.

dopMa BBIXOJHOTO WMITYJIbCa pacCMaTPUBAEMON CXEMBI OTIWYAETCS OT
NpSIMOYTOJIbHOM, T.K. BEpIIMHA HE SBISETCS IUIOCKOH. JTO  OOBsICHSETCS
HEOJIMHAKOBBIMHM 3HAYEHUSMU COMPOTUBIICHUN Ippixi U Ippixo d7emMeHToB D1 m D2
(repix1 > Iepixo). M3-3a JIeNIeHUS MOJIOKUTEIIBHOTO MEPEIajia BEIXOAHOTO HAMPSKCHHS
MEXY I'Bpix1 U BXOJHBIM CONPOTHUBJICHUEM Kackajaa Ha ApyroM JID ammuuryzaa 3Toro
nepenaaa HanpspKeHUs MEHbIIE aMITTUTY Bl OTPUIIATEIHHOTO Teperaa.

HenoctatkoMm paccMOTpEeHHOM CXEMbl SBJISETCS BO3MOXKHOE  JKECTKOE
BO30Y)X/IeHHE KOJeOAaHH B MOMEHT MOAKIIOYEHUS HamNpsbKeHWsl nurtaHus. Ecnu
HaIpsHKEHUE HAapacTaeT MEJICHHO M HEOOJBIIMMH TOKAaMH, BO3MOXHA CHUTYaIlWs,
KOrjla HM Ha OJHOM u3 pe3uctopoB R1 unu R2 nHanpspbkenue He npeBbicUT Urop.
Torna o6a smemeHnTa OyayT 3akpbIThl. C IENBIO MTPEAOTBPAIICHUS dTOTO SBJICHUS B
CXEMY BBOJSTCA JOMNOJHUTEIbHBIC JIOTHUYECKHE  BJIEMEHTHI D3 u D4
(pucynok 1, B). Ecniu Ha Beixoge D1 u D2 omHOBpeMEHHO MOSIBISIIOTCS CHUTHAJIBI
noruyeckoi 1, Ha BbIxoje 3nemenTa D3 popmupyercs nmornueckuii 0, Ha Beixoae D4
— norudeckas 1, koropas mnepeBoguTr D1 B coctosaue 0. B pesynbrare D3
3akpeiBaeTcs, D4 otkpeiBaeTcs u 3azemisier R1, cxema mpeBpamaeTcs B paHee
PAaCCMOTPEHHBIN BapUaHT.
3 IIpubGopsl u 06opyn0BaHUE
1) Creng DCS8A
2) Ocummrtorpad C1 — 137
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4 Tlopsinok BBINOJHEHHUS PadOThI
1) YcTaHOBUTH M 3aKpPEIUTh Ha JUICBOM MAHEIH CTCH/Ia CMEHHYIO MaHeNb <5>,
2) Bxumounts crenn DC8A B cerb tymbnepom <BKJI> 3aropurcs curHanbHas
namma <CETb>.
3) Ilepexmrouarens <S1> B 30He «Harpy3ka» ycTaHOBHTH B TIOJIOKEHHE «1».
4) Jlnst HECKOJIBKHX TOJIOKEHHI perynsaropa <R4> B paboueii 30HE «5» OMpeAeTUTh
1o ocuuiuiorpady napameTpbl BEIXOAHBIX HAIPSKCHUIN:
- IUIUTEJIbHOCTh UMITyJbca ty;
- ITUTENBHOCTD May3Hbl tp;
- BEJIMYMHY aMIUIUTYIHOTO 3HAa4eHUs UMITyJibca Upm;
Paccunrath
-niepuo cinegoBanus T =t + ty;
-gyacTtoTy umiryJsibcoB f = 1/T;
-CKBAKHOCTh Koa(duirenTta 3anoanenus =T / ty;
5) Iepekmrouatens <S2> B 30He «Harpyska» yCTaHOBHUTH B MOJIOKCHUE «2)
6) st HeckoMbKUX TOJIOXKEHUH perynsitopa <R5> B paboueit 30He «5» onpenenuTs
1o ocIIorpady napaMeTpsl BEIXOIHBIX HAPSKEHUH:
-IUTUTEIIbHOCTh UMITyJbCa ty;
-ITUTENBHOCTD May3bl iy ;
-BEJINYMHY aMIUIMTYAHOTO 3Ha4eHust umiynbea Up ;
Paccunrats:
-iepuo cinenoBanus 1 = t,+ty,;
-yacToTy umIyJibcoB f = 1/T;
-CKBaXHOCTBh ( = T / {y;
-koadurment 3anomnenus y =t,/ T;
7) OTKIIIOYUTh CTEHA OT ceTh TymOsepoM <BKJI>, mpu 3TOM curHajibHas jamiia
<CETb> pgomkHa MoracHyTb.
8) Caenath BbIBOJ MO pabOTe aBTO KOJEOATEIBbHBIX MYJIBTHBHOPATOPOB Ha

JJOIT'HYECKHUX DJICMCHTAaXx.
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5 KoHTpoJibHBIE BONIPOCHI
1) Ckomabko morndyeckux anementoB U - HE comepskut mpocreiiinas cxema
aBTOKO0JIe0AaTEeTLHOTO MyJIbTUBHOpaTOpa?
2) Kak 3aluTuTh BXOJIbl MUKPOCXEM OT OTPHIIATEIIBHBIX TIEPEaioB HATPSHKECHUS?
3) Kak MOXHO M3MEHATH MapaMeTphbl UMITYJILCOB MYJIbTHBHOPATOPOB Ha ITU(PPOBHIX

NMC B aBTOKOIEOATENHHOM PEXKUME?

IIpakTnyeckas padora Ne 1
Pacyer omHO(a3HOTO BHINIPAMUTEJISA C AKTUBHBIM CONIPOTHBJICHHEM
HATPY3KH

Heab padorbl: PopMUpoBaHHE YMEHUI TTOI00pa TUOJOB MO JTOMYCTUMOMY TOKY lg
u oOpatHoMy HampsbkeHuto Up 1 paOOThl B KayecTBE BEHTHIIEH B cXxeme
OJTHOTIOJTYTIEPUOTHOTO BBITIPSIMUTEIIS.
3HaHus (aKTyanu3anus):

- CYIIHOCTh (DU3WYECKUX TMPOIECCOB, MPOTEKAIOIIUX B DJIEKTPOHHBIX
npudopax U yCTpONCTBaX;

- TPUHUUN BKJIKOYEHUS AJIEKTPOHHBIX TPUOOPOB U  MOCTPOEHUS
AIIEKTPOHHBIX CXEM;

- TUIIOBBIE Y3JIbl U YCTPOUCTBA 3JIEKTPOHHOU TEXHUKH.
Ymenus:

- TPOU3BOAWTH TMOAOOP HJIEMEHTOB PAJAMOIICKTPOHHOM ammapatrypsl IO

3aJJaHHBIM [TapaMeTpaM.

1 TeopeTnyeckuii MmaTepua
[TapameTpsl BEIIPSIMATETBHBIX THO/IOB.
- Haubonvwuii seinpsamumenvusiti mok |up max - HanOOJbILIEE TOMYCTUMOE
CpeaHee 3HaU€HHE BhIMPSMIICHHOTO TOKA 32 MEPUOI;
- Ilpamoe naoenue manpsowcenus Upp - HaNpsHKEHUE HA JUOJE IIPU

MMPOTCKArOIECM 4€pPEC3 HCTO YCTAHOBJIICHHOM BBIIIPAMIICHHOM TOKC,
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- Haubonvwee obpamnoe nanpsaxcenuss Uqsp max- HATIPSIKEHUE, KOTOPOE
MOXXET OBITh MPHUJIOKEHO K JAMOAY B OOpaTHOM HaIlpaBJICHUU B TEUEHUU
JUTMTEIIEHOTO BPEMEHH O€3 OMacHOCTH HapyIIeHUS HOPMAaJbHON pPabOThI
M0/,

- Haubonvwuii oopammusiii mox los, Max - TOK 4yepe3 1uoJ B 00OpaTHOM
HalpaBJICHUU TIPH TMPUIOKCHHOM K HEMYy HaWOOIBIIEM IOMyCTHMOM
00OpaTHOM HAMNpPSKEHUU;

- Haubonvwas Oonycmumas mownocms pacceusanus Ppae rax -
JOMYCTUMOE  3HAYEHUE  pPACCEeUBAEMOM  MOIIHOCTH, TMPH  KOTOPOM
oOecrieunBaeTcs 3aJaHHas HaISKHOCTh NIPU JTUTENIbHON paboTe auoja.

- Muanazon uacmom Af - monoca dacToT, B TMpenenax KOTOPOU
BBINIPSIMJICHHBIN TOK JMO/Ia HE YMEHbIIIAETCS HIKE 3aJIaHHOTO YPOBHSL.

CrocoObl BKIIFOUEHHSI TUO/OB.

[Ipu pa3paboTKe BBIIPSIMHUTEIBHBIX CXEM MOXET BO3HHKHYTh
HEOOXOJAMMOCTh TIOJYYUTh BBIIPSIMIICHHBIA TOK, MPEBBIMIAIOIMINA TPEIETHHO
JOITYCTHMOE BKITIOUCHHUE OJHOTHITHBIX JINOI0B (PUCYHOK 1).

Ryos

PucyHnok 1 - IlapamienbHOe COETMHEHNE BBIIPSIMUTEIbHBIX JUOJIOB.

Jns  BbIpaBHMBaHUS ~ TOKOB,  IPOTEKAOIIMX  4Yepe3  JUOJBI,
MocJeA0BaTeIbHO C  JUOJaMU  BKJIIOUAIOTCA OMMYECKHE J100aBOYHBIE
pe3uctopsl Rpop mopsnka HecKodbkuX OM. DTO MO3BOJISIET MCKYCCTBEHHO
YpaBHSATH TMPSMBIE CONMPOTUBICHUS IHOIOB, KOTOPBIE ISl Pa3HBIX 00pa3IioB

MpUOOPOB MOTYT OBITh CYHIECTBEHHO PAa3JIMYHBIMHU.
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B BBICOKOBOJIBTHBIX OemAX 4YaCTO HCIOJIB3YIOT IIOCICAOBATCIIBHOC

COCJMHEHHUE TUOJI0B (PUCYHOK 2).

Ry Ru Ru
- -

PI/ICYHOK 2- HOCJIG,Z[OB&TCHLHOG COCANHCHUC BBIIIPAMUTCIBHBIX TUOIOB.

[Ipn TakoM COENMHEHUU HAIPSKEHUE PACTIPENEISIETCS MEXIYy BCEMU
muonamu. [lns oOecrieueHusi HaJaeXKHOM pabOThl JUOJIOB  IMapalieIbHO
KaXJIOMY W3 HHUX CJEAyeT BKIIOYUTh pe3uctop (mopsaka 100 kOm) st
BBIPaBHUBAHUSI OOpPATHBIX COMPOTHBICHHM. B 3TOM ciydae HampsbkeHus Ha
BCEX AM0JaX OyAyT paBHBIMHU.

BrImpssMuTeIbHBIE CXEMBI.

OonogazHvlil 00HONOIYNEPUOOHDIN BbINPAMUMETb — TIPOCTEHINAs CXeMa

C OJTHAM JMOJIOM TIPE/ICTAaBJICHA HA PUCYHKE 3.

Pucynok 3 — OgHoda3Hblit 0THOTOTYIEPHOIHBIN BBIMPSIMHUTEINb:

a - cxeMma; 0 - BpEMEHHbIE TUarpaMMbl paOOTHI.

Oonoghasnvlil  evinpsimumenb co cpeOHell MOYKOU COCTOMT U3

onmHo¢azHoro TpaHchopmaTopa C€ JABYMS OJUHAKOBBIMH BTOPUYHBIMH
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00OMOTKaMH, UMEIOIMMHU OOIIYIO0 TOUKY, U IBYX AU0JI0B. Cxema BBIIPSIMUTENS
Ipe/icTaBlieHa Ha PUCYHKeE 4.

OoHnoghasHvill MOCMOBOU  8bINpAMUmMenb COCTOUT U3  OAHO(DA3HOTO
TpaHcopmaTopa ¢ OJHOM TIEPBUYHOM MU OJHOH BTOPUYHON OOMOTOK U
CUMMETPUYHOU CXEMBbl Ha 4YeThIpeX Auojax (MOCTOBOWM cxembl). Cxema

BBIIIPSIMUTENS MPEJICTABIIEHA HA PUCYHKE O.

" [ '
1 F- [ ’ [} o
" d ' . Y
" F, (! i !
L L) L *
L3 p! ’ L
ra . r -
' Ll Ll

w.'(1,") ] w.)

VD2

a) 0)
PucyHnoxk 4 — BeimpsiMuTenb co CpeiHEN TOUKOIA:

a — cxema; O — BpeMEHHBIE TUarpaMMBbl.

-t

Pucynox 5 — MocToBOI BBIIPSIMUTENb: @ — cXeMa; O - BpPEMEHHbIE

AuarpaMMBl.
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2 Ilopsizok pacuera.

1) Pacuet cpeaHero BBIIPAMIICHHOTO TOKa

2) Pacuer 00paTHOTO HANIPSKEHUS

® OJHONOJIyNIEpUOHAs cxeMa U cxeMa co cpefHerd Toukon Uy =n U g4 :

e wmoctoBas cxema U, =0,57 U q.

3) Bri0op AM0I0B TPOBOIST

. [To MakcHMaTbHOMY MPSIMOMY TOKY | 1p non. > I ;

o ITo nomyctumomy o6parHomMy HanpspkeHUto U o5, > U b

[TapameTpbl AMO/IOB MPUBEACHBI B TaOHIIE 1.

Tabmuua 1 - [TapameTpsl 110A0B.

Tun quona | non, A U osp B Tun quona | mom., A Uosp , B
1205 0,4 400 1243 5 200
1207 0.1 200 TR43A 10 200
71209 0.1 400 112436 2 200
210 0,1 500 217 0.1 800
1211 0,1 600 218 0.1 1000
14 5 100 4221 0.4 400
JR14A 10 100 11222 0.4 600
TI2145 2 100 11224 5 50
215 5 200 J224A 10 50
J015J1 10 200 J1224b 2 50
J215b 2 200 J1226 0.3 400
233 10 500 J226A 0.3 300
112335 5 500 231 10 300
12346 5 600 112316 5 300
J1242 5 100 J232 10 400
JI242A 10 100 J232b 5 400
112426 2 100 11244 5 50
244A 10 50 303 3 150
12445 2 50 J1 304 3 100
11302 1 200 11305 6 50
3 BapuaHThI 3a/1aHUIA.
Tabnuna 2- BapuaHTsl 3a1aHUM.
Ne 1 2 3 4 5 6 7 8 9 10
BapUaHTa
Ud, B 100 50 100 100 50 40 10 | 30 60 30
P4, Bt 100 500 250 50 50 120 50 60 150 15
Tun OpnnomnomyneproaHast MocrtoBas Co cpenneii TOUKOM.
CXEMBbI
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4 KoHTpOJIbHbIE BONPOCHI.
1) KakoB mopsiIoK HanpsDKEHWI Ha THOJIE B MPOBOJISIIU MOTYTIEPHOA?
2) KakoB MopsJIOK HanpsDKESHUH Ha JUOJIE B HEIPOBO AN ITOTyIIEpHOI?
3) B kakoii cxeme oOpaTHOE HANpsHKCHHWE MEHbBINE M0 CPAaBHECHHUIO C JIPYTUMHU
cxemamu?
4) B kakux cirydasx JTUOJbI B BBITPSIMHUTEIIBHBIX CXeMax BKIIOYAOT
-[I0CJIEIOBATEIIBHO?

- MapayIeabHO?

IIpakTnueckass padora Ne2
OmnpenesieHue napamMeTpoB MMITYJIbCHOIO CUTHAJIA

Henanr padorer: @opMHpOBaHME YMEHHH OCYILECTBIATH pacyeT MapaMeTpoB
OJIMHOYHOT'O PEAIbHOr0 MPSIMOYTOJIBHOTO UMITYJIbCA.
3Hanus (akTyanuzanus):

- CYIIHOCTh (PU3MYECKUX TMPOLIECCOB, MPOTEKAIOUIMX B 3JIEKTPOHHBIX
npudopax U yCTpONCTBAX;

- TNPUHUUO BKIIOYEHHUS DJIEKTPOHHBIX MPUOOPOB M MOCTPOEHUS
ANIEKTPOHHBIX CXEM;

- TUIIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHON TEXHUKH.
Ymenns:

- TPOU3BOAMUTH MOAOOP HJIEMEHTOB pPaJAMO3IEKTPOHHOM ammaparypsl IO

3aJJaHHBIM [TapaMeTpaM.

1 TeopeTnyeckuii MaTepHaJl.

[Tox 2JIEKTPUYECKUM HMITYJIBCOM MOHUMAIOT OTKJIOHCHHUE HAIPSIKCHUS
WM TOKa OT HEKOTOPOTO IOCTOSHHOTO YPOBHS, HAOJIOa€MOTO B TCUYCHHE
BPEMCHH, MEHBIIETO0 WM CPAaBHUMOTO C JUIMTEIBHOCTHIO TIEPEXOIHBIX
npoiieccoB. [IpAMOyToapHBIE UMITYIBCHI HAXOAT YaCTOE MPUMEHEHHE, HO UX
(dhopma He Bcerzia ObIBaeT U1€AIbHOM.

[TapameTtpbl uMmyJibca.
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PeasibHBIi PSAMOYTOBHBIN UMITYJIbC MTPEJICTABIIEH Ha PUCYHKE 1.

Jnumenvnocms. 3a aKTUBHYIO JJIMTEIBHOCTh HMITYJIbCA IPUHHUMAIOT
MPOMEXYTOK BPEMEHHM, HW3MEPEHHBIH Ha YpPOBHE, COOTBETCTBYIOIIEM
nonoBuHe aMIUTy bl (0,5Uy). MHOT A ATUTENbHOCTS UMITYJIECA ONPEACIISIFOT
1o ypoHto 0,1 Upy i ocHOBaHUIO.

Amnaumyoa — 310 HanboJbllIee 3HAYCHUE HAIPSHKEHNUS W TOKa

HnumenvsHocms ¢hponma nmnynbca. HapacTanue uMITysibca Ha3bIBaeTcs
nepeaauM (HpoHTOM. DTO MHTEpBaJ BpeMeHU (lp) HapacTaHUS MMITYJbCa OT

ypoBHs 0,1Un. 10 0,9 Up,.

AU
Vi

U.' ]

~Y

Pucynok 1 — PeanbHblil IpIMOYTOJIbHBIN UMITYJIBC.

Jnumenvnocms cpeza umnynvca. Cnaj UMITyJIbCa HA3bIBAETCS CPE3OM.
Cpe3 — ato unHTepBan BpeMeHHu (ic), 32 KOTOPHI UMITYJIbC YMEHBINAETCS OT
ypoBHsi 0,9Un, no ypoBhs 0,1 Up, .

Kpymusna umnynbca — 3TO CKOpPOCTh HapacTaHus uMITyibca. Jms

PSIMOYTOJIBHOTO MMITYJIbCa MPUOJIMKEHHO S = U/ to [ B/ ¢].

2 BapuaHThl 3a1aHuii

Ne BapmanTa| 1 2 3 4 5 6 7 8

Macmra6  |0,5 2,0 50 1,0 | 0,05 10 0,2 0,4
MU [B/CM]
Macmitab 5,0 1,0 0,1 0,2
M; [mc/cMm]

Macirab 50 0,2 10 0,1
M; [MKc/cM]
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2 Ilopsinok pacyera

1) Pacder MIMTEIBHOCTH HMITYJIbCA.

e AKXTHBHAS JUIMTEIBHOCTh UMIYIbca tua = Mt - It [C],

rae Mt — macmrab mo ocu BpeMeHH, I — JUIiHa OTpe3ka BPEMEHH B CAHTUMETPAX;

e [lo aHajoruu, UIMTEIHLHOCTh UMITYJIbCA IO OCHOBAHUIO t gen. = Mt + |t [C]
JIuTenbHOCTD UMITyJIbca 1Mo ypoBHiO 0,1Uy  toium = Me - It [c]..
2) JmrensHOCTH (hpoHTa to = M * I g[C] ,
rae Mt — macmtab o ocu BpeMeHH, Iy — IIMHA OTpe3ka BpeMeHU (PpoHTa
UMITyJIbCa B CAHTHMETpaXx.
3) HumrensHOCTh cpe3a tc = My« lke[C], , rme Mi — macmTab mo ocu BpeMeHH,
lte — mMHA OTpe3ka BpeMeHH cpe3a (Craja) B CaHTUMETpaXx.
4) Avmmatyna Um = Mu ¢ lu [B], tme Mu — Macmtab mo ocu HampsbKeHUH,
lum — AyTMHA OTpe3ka aMILTUTY/BI B CAHTUMETpaX.
5) Kpyrusna gponra Se = Un/ te [B/c].
4 KoHTpPOJIbHBbIE BOIIPOCHI.
1) KakoBbI Benm4uHbI ty, U {; HaeanbHOTO IPSIMOYTOIBHOTO UMITYJIbCa? .

2) BenuurHa KpyTHU3HBI S JUIS UACATBHOTO MPSMOYTOJLHOTO HMITYJIBCA.

IIpakTnueckas padora Ne3
Pacuer cxeMbl aBTOK0/1€0aTEJILHOT0 MYJIbTUBHOpPAaTOpa
Hean padorbr: DopmMupoBaHUE YMEHHI OCYIIECTBIISATH pacueT
aBTOKO0JI€0aTEeTLHOTO MYJIbTUBHOpATOPA HA TPAH3UCTOPAX.

3HaHus (akTyanuzanus):

- CYIIHOCTh (PU3WYECKUX IMPOLECCOB, IMPOTEKAIOIIMX B AJIEKTPOHHBIX
npudopax U yCTpoNCTBaX;

- TPUHIMN BKIIOYCHHUS DJIGKTPOHHBIX TMPUOOPOB U  MOCTPOCHHUS
AIEKTPOHHBIX CXEM;

- TUTIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHON TEXHUKH.

YmMmenus:
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- TPOU3BOAMUTH MOAOOP 3JIEMEHTOB pPAJAMOIIEKTPOHHOM ammaparypbl IO

3aIlaHHBIM ITapaMCTpaM.

1 TeopeTuyeckuii MmaTepuasn

MynsTUBHOpPAaTOp OTHOCHUTCA K TE€HEpAaTOpaM pPeTaKCAIlMOHHBIX KOJIeOaHHI.
PenakcanimOHHBIMM Ha3bIBAIOT KOJEOAaHUS, B KOTOPBIX MEIJICHHbIE HW3MEHEHUS
yepeayloTcs €O cKaukooOpasHeiMM.  Ha ~ komekTopax — TpaH3UCTOPOB
MyJIbTUBUOpaTOpa (HOPMHUPYIOTCA MPSIMOYTOJIBHBIE MMITYJIBCHI: TJIOCKAsi BEpIIUHA —
KOIZla TPaH3UCTOP 3alepT M €ro KOJUIEKTOP HMMEET OTHOCUTEIBHO BBICOKHI
MOTEHIMAI; 11ay3a MEXKJy UMIYJIbCaMH — KOI/la TPAH3UCTOP HACBIIIEH UM NOTEHIHAI
KOJUIEKTOpa MaJl, @ POHTHI — KOT'/1a TPAH3UCTOP NEPEXOAUT U3 3aNIEPTOrO COCTOSHHUS
B HACBIIICHHOE U HA00OPOT.

MynbTUBHOpaTOp, COOPAaHHBII IO OCHOBHOM cxeMe (pUCYHOK 1) mpeacTaBisieT
co00M JBYXKACKaIHbII PE3UCTUBHBIN YCHIINTEIb HA TPAH3UCTOPHBIX KIIFOUAX —
uHBepTOpax. Cxema sBISETCS CUMMETPUYHOMN, eciu 00a ee Iieya WICHTUYHBI,

T.€. uaeHTHIHbI TpaH3ucTopsl V11 u VT2 u Rk1= Rk2, Rg1 = Rp2 , C1 = Co.

|Uys
sl

Pucynox 1 — TpaH3ucTOpHBIN MyJIbTUBHOPATOP.

2 Ilopsaok pacuera.
Han tun tpan3uctopa. Crleayronme NCXOAHbIE JaHHBIE HY>KHO B3SITh U3
CIIPaBOYHHUKA 110 TPAH3UCTOPaM:
- MakcumannbHO I0MYyCTUMOE HampshKeHue KoJIeKTop - 6a3a Ukgion;
- Yacrora Tpansucropa fg;
- MakcumanbHO JIOMYCTUMBINA TOK KOJUIEKTOPA | xaon

1. Haitnem MakCUMallbHO JOMYCTUMOE HANPsKEHUE NMUTaHUs E
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Ex=Uxsoonl2
2. Haiinem MakcHMaibHYIO YaCTOTY KOJIcOaHHH MyJIbTUBHOpaTOpa fmax
fmax= T4/0,7
3. Haitnem ammnutyny wumnyiabcoB Uy A8 MakCUMalbHO —JOMYCTUMOTO
HaIPSHKEHUS TUTAHUS
m=E/1,2
4. Haiinem conpoTHUBIIEHHE KOJJIEKTOPHOTO pe3uctopa R;
Rk min=Ex/laon
Rk <(0,05...0,1): Ex /lkomax;
r7ie lkomax — OOpATHBIN TOK NP MaKCUMAaJIbHOU paboyee TemMIeparype.
BreiGepeM 3HaueHue compoTuBicHHS Rk w3 mpomexxkyTka [Rk min ; Rkmax]-
KenarenbHo kpyrioe uncio (kpataoe 10, 100).
5.Hatinem conpotusienne 6azoBoro pesuctopa Ry (S = 100);
R; =100-Rk/2
6. Haiinem nepuon konebanuii myiabtuBuOpaTopa 7
T=1/f
/. HaiineM MUHUMAaJIbHYIO JUTUTEIILHOCTh UMITYJIBCOB tj7
ty =T/2
8. Haiimem eMKOCTh XPOHHUPYIOIIMX KOHICHCATOPOB I 3TOW MHUHHUMAIBLHON
nuTensbHocTH. U3 dopmynel aas nepuona 1=1,4- Ry C Halimem eMKOCTH
koHzeHcatopos Cl u C2:
CI=C2=1,(0,7-Rp)

3 BapuaunThbl 3a1aHui

Bapuant Tun Bapuant Tun Bapuant Tun
TPaH3UCTOPOB TPaH3UCTOPOB TPaH3UCTOPOB
VTl u VT2 VTl u VT2 VTIlu VT2
1 KT313A ) KT805A 9 KT373B
2 KT604A 6 KT815I' 10 KT360A
3 KT629A 7 KT361A 11 KT360b
4 KT331A 8 KT803A 12 KT361/
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4 KOHTpPOJILHbIE BOIIPOCHI
1) Kak wu3MeHSTCS MapaMeTpbl HMMITYJIbCOB CHMMETPUYHOTO
MYJIbTUBHOpATOpA €CIIN:
a) YBEITMYUTh €eMKOCTh KoHeHcaTopa Cy;
0) yBEJIMUUTH CONPOTUBIICHHUE pe3ucTopa Rgi;
B) YMEHBIIHUTh EMKOCTh KOHAEeHcaTopa Cy;

') YMEHBIIUTH COMPOTUBJIEHUE pe3ucTopa Ry .
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