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HOACHUTEJBHASA 3AIIMCKA
MeTronuueckre  pPEKOMEHAAIMM IO  BBIINOJHEHUIO  JIA0OPATOPHBIX U

OpaKTUYECKUX paboT 1Mo y4dyeOHOM JUCHUIUIMHE «DJIEKTPOHHAS TEXHUKA»
MpeaHa3HaYeHbl A1 oOydJaronuxcsi mo crnenuaabHocTd 15.02.07 ABTOMarm3arus
TEXHOJOTHYECKHUX MPOIECCOB U MPOU3BOACTB (10 OTpaciisiM) 0a30BOI MOATOTOBKH.

JlabopaTopHble W NpaKTHYECKHUE PAOOTHI SBISIOTCS BaXXKHBIM 3JIEMEHTOM
yueOHOM JuciuIuiiHbl. B mporecce  BhIMONHEHUST JTaOOpPaTOpHBIX  paboT
oOyyaroluecss CUCTEMAaTH3UPYIOT U 3aKPEIUIIOT TMOJYYEHHbIE TEOPETUUYECKHE
3HAHMS, PA3BUBAIOT UHTEIIEKTyaIbHbIE U TPO(ECCHOHANIbHBIE YMEHUS, POPMUPYIOT
AJIEMEHThl KOMIETEHIMH Oyaymux crnequanuctoB. Ha mnpakTHuecKuX 3aHATHSX
CTYJIGHTHI OBJIaJICBAIOT TMEPBOHAYAIBHBIMH NPO(ECCUOHATBHBIMU YMEHUSIMH U
HaBBIKAMH, KOTOpbIE B JaJIbHEHIIEM 3aKpeIUIsIOTCS M COBEPUIEHCTBYIOTCA B
IOpOLECCE KYypPCOBOIO IMPOEKTUPOBAaHUS, Yy4eOHOM U TNPOU3BOACTBEHHOH (1O
npouiito  CHEMUAIbHOCTH U MPEJAUIUIOMHOM)  mpakTukd.  Hapsmy ¢
(opMHpOBaHMEM YMEHUH M HABBIKOB B IIPOLIECCE MPAKTUYECKUX 3aHATHH
00001Iat0TCsl,  CUCTEMATHU3UPYIOTCS,  YIUIYOJSIFOTCS W KOHKPETU3UPYIOTCS
TEOPETUYECKHE 3HAHUS, BhIPA0ATHIBAETCS CIIOCOOHOCTh M TOTOBHOCTH MCIOJIb30BATh
TEOPETUYECKHE 3HAHUS Ha TMpakTUKe, (QOPMUPYIOTCA JJIEMEHThl OO0MMX U
po(heCCUOHATBHBIX KOMIIETEHIIUH.

MeTtonuueckue — peKOMEHAAMU  MpeAHa3HayeHbl I OpraHu3aluuu
BBITIOJIHEHUS J1a0OPAaTOPHBIX M MPAKTUYECKUX pabOT MO y4eOHOW IUCHUILITUHE
«NEKTPOHHAS] TEXHUKAY.

[Tporpammoit y4eOHOM JUCLIUIUINHBI «DNEKTpOHHAs TEXHUKA»
MPETYCMOTPEHO BhIMONHEHHWE 19 mabopaTopHbIX W 4 TPAKTHYECKUX padoT,
HaIpaBJICHHBIX HA

- hopMuUpOBaHME 271EMEHM 08 C1EOYIOUUX KOMNEMEH YU

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

npodeccun, MposIBIATH K HEW YCTOMUMBBIA HHTEPEC.



OK 2. Opranu3oBblBaTh COOCTBEHHYIO [I€ATEIbHOCTh, BBIOMpATh THUIIOBHIE
METOJIbl W CIOCOOBI BBIMOJHEHUS MPOGEeCcCUOHANBHBIX 3aJlay, OLIEHMBATh UX
3¢ (PEKTUBHOCT U Ka4eCTBO.

OK 3. IIpunumath pernieHus: B CTaHAAPTHBIX U HECTAHAAPTHBIX CUTYAIUSIX U
HECTH 332 HUX OTBETCTBEHHOCTb.

OK 4. OcymiecTBisITh TOUCK M HCIONB30BaHUE HHPOPMAIIH, HEOOXO0INMOI
11t 3 PEKTUBHOTO BHIMIOJIHEHUS MTPO(PECCHOHANIBHBIX 3aj1ay, MPO(PECCUOHAIBHOTO U
JUYHOCTHOI'O Pa3BHUTHS.

OK 5. Ucnonb3oBath MHGOPMALMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJOTHH B
npo(heCcCUOHATILHOM e TENbHOCTH.

OK 6. PaGotate B KoIekTHBE © KoMaHzAe, 3(G(EeKTHBHO oOmaThCs C
KOJIJIEraMHU, PYKOBOJICTBOM, MOTPEOUTENISMHU.

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

OK 8. CamocTOATENBPHO ~ OHpENEATh  3adaud  NPO(ECCHOHATBHOTO U
JUYHOCTHOTO Pa3BUTHSI, 3aHUMAThCA CaMOOOpPa30BAHHEM, OCO3HAHHO IUIAHUPOBATh
HOBBIIIEHUE KBAJIM(DUKALIUH.

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

[IK2.1 Bpmonasate paboThl MO MOHTAXY CHCTEM aBTOMATHYECKOTO
YIOPABJICHUS C YYETOM CIELM(PUKHA TEXHOJIOTHYECKOIO MpoIiecca.

[IK 2.2. [IpoBoAUTh ~ PEMOHT  TEXHUYECKUX  CPEACTB U CHUCTEM
ABTOMAaTUYECKOTO yIPABIICHHUS.

[IK 2.3. Bremonuare paboTehl 1O HaTaJKEe CHUCTEM aBTOMAaTHYECKOTO
yIpaBJICHHUS.

popmupoBanue ymenuii:

- ONpeNeNsaTh U aHAJIM3UPOBATh OCHOBHBIE MapaMETPhl JIEKTPOHHBIX
CXE€M M yCTaHaBIMBAaTh MO HUM pabOTOCIIOCOOHOCTH YCTPOWCTB 3JIEKTPOHHOM

TEXHUKH;



- TPOU3BOJUTH TOJI0Op DSJIEMEHTOB JJEKTPOHHOW amnmaparypbl IO
3aIaHHBIM TTapamMeTpam;
00001eHHME U 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.
Omnucanue Kaxxa0i 1a00paTOpHOM pabOThI COACPIKHUT:
- HOMep paboThI;
- HAMMEHOBaHKE PaboTHI;
- 1IEJIb;
- 3JIEMEHTBI KOMIIETEHIIUH,
- IepeueHb 000PYI0BAaHUS U MPUOOPOB;
- JIEKTPUYECKYIO TPUHLUAIINAIBHYIO CXEMY;
- TEOPETUYECKOE U3JI0KEHHE HEOOXOAMMOr0 MaTepHaa;
- BAPUAHTHI 3aJaHU;
- IOPSIOK BBITIOJTHEHUS U 0(hopMIIeHUS paOOThI;
- KOHTPOJIbHBIE BOITPOCHI.

OT4eThl CTYJIEHTOB IO JJA0OPATOPHBIM paboTaM JOTKHBI COEPKAThH

- HOMep paboTHI;

- HauMEHOBAHWC;

- 11EJTb;

- IepeveHb 000PYI0BaHUS U IPHOOPOB;

- 3JICKTPUYCCKYIO TPUHIIUITHATEHYIO CXEMY ;
- TaOJIMITBI ONIBITHBIX U PACUCTHBIX JIAHHBIX;
- pacueTsl,

- 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 U 0(hopmIteHus pabOThI;

- 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 BOIIPOCHI;

- BBIBOJI.

TurynbHbI OTYETa TUCT OPOPMITSIETCS B COOTBETCTBUH C MPUIIOKEHUEM A.

JJ1st momyyeHus JONOJHUTENBHOM, OoJiee MoAPOOHON H(OPMAIIMU IO OCHOBHBIM
BOMpocaM y4eOHOM TUCHUIUIMHBI B KOHLIE METOJIMYECKUX PEKOMEHIallnii IPUBEICH

MEPCUCHDb I/IH(i)OpMaHI/IOHHBIX HCTOYHHKOB.



IHHEPEYEHD JIABOPATOPHbBIX PABOT

Ne 1/p Pasnen u Tema HawnmeHnoBanue padbot Yachl
Paznen 1 Di1eKTpOHHBbIE MPHOOPDI
Tema 1.2 DneKTpoBaKyyMHbIE
1 IpUOOPHI HccnenoBanue 1aMIIoBOro Tpuoaa 2
2 Tema 1.3 HccnenoBanue noaynpoBOIHUKOBOTO
[TosynmpoBOIHUKOBBIE JIUO/IbI JMoja 2
3 Tema 1.4 Tpanzuctopsl HccienoBanue OUITOISPHOIO TPAH3UCTOPA. 2
4 HcciienoBanue mojaeBoro TpaH3ucTopa. 2
Pa3znen 2 UcTOUYHNKH MAUTAHUA U
npeodpazoBaTeu
5 Tema 2.2 CriaxxuBatomue GuibTpsl | MccnenoBanue ogHodasHoro 2
HEYIPABJISIEMOTO BBEIIPSIMHUTES CO
CTIIQKHMBAOIIMMH (DUITBTPAMHU.
6 Tema 2.3 Ynpasnsemsbie Uccnenoanue ognodasHoro ynpasisemoro | 4
BBIIIPSIMHUTEITH BBITIPSIMUATEJISL.
Paznean 3 Yceunurenn n
reHepaTopbl
7 Tema 3.2 Vcunurenu HanpsyKeHUs HccnenoBanue 0THOKACKAAHOTO YCUIIUTENS 2
Ha OUIIOJIIPHOM TPaH3UCTOPE, CXEMa C
0OIIIMM SMUTTEPOM.
8 HccnenoBanne OAHOKACKAJHOTO YCHUIIHTENS | 2
HA MOJIEBOM TPAH3HUCTOpE, CXeMa C 00IIUM
HCTOKOM.
9 HccnenoBanue SMUTTEPHOTO 2
MOBTOPUTEJIS.
10 | Tema 3.4 Ycwiurenu nocrossHHoro | MccrnenoBaHue HHBEPTUPYIOIIETO 2
toka (YIIT) OIIEPALMOHHOI0 YCHIJIUTENS.
11 HccnenoBanne HEMHBEPTUPYIOIIETO 2
OTIEPAIIMOHHOTO YCUJIUTETIS.
12 HccnegoBanue cymmaropa. 2
13 HccnegoBanue koMmapaTopa. 2
Pa3znen 4 DjieKTPOHHBIE KJIHOYH
14 | Tema 4.3TpaH3uCTOpHBIE KIHOUH HccnenoBanme KiIIOUEBOr0 Kackaaa Ha | 2
TPAH3UCTOPE C OOIIMM IMUTTEPOM.
Pasznen S ®opmuposarenu
HMITYJIbCOB
15 | Tema 5.2 Uccnenosanme nuddepennuaropa va UMC | 2
JnddepeHmmpyromue menu oy
16 | Tema 5.3 MuTCerpUpYyIONIHE MEIH Uccnenoanue unaterparopa Ha UMC OV. 2
Pa3nen 6 I'enepaTopsbl
peJaKCcalMOHHBIX KOJIe0aHu i
17 | Tema 6.1 Tpan3ucropHsie HccnenoBanue aBToko1€0aTeIbHOTO 2
MYJIBTUBUOPATOPHI MYJIBTUBHOPATOpPA C KOJIIEKTOPHO-
0a30BBIMU CBSI3SIMH U PETYIUPOBAHUEM
YJacTOTBHIL.
18 HccnenoBanue xaymero MyibTuBuOpatopa | 2
C DMUTTEPHOU CBS3BIO.
19 |Tema 6.2 MynbTuBUOpATOPHI HA HccnenoBanme  MynbTUBHOpaTOpoB  Ha | 2
MHKpPOCXEMax NUMC.
Bcero: | 40




IHEPEYEHDB ITPAKTUYECKHUX PABOT

Ne Pa3nen u tema HanmenoBanue paboThl Yacrwl
pabOTHI
Pasznea 2
HcToyHMKH NUTAHUSA U
npeodpa3oBarejin
1 | Tema 2.1 Heymnpasisembie Pacuer omHO(D)a3HOTO BEIIPSIMUTEIS C 1
BBIIPSIMUTEIN AKTUBHBIM COITPOTUBJICHUEM HArpy3KH.
Pa3znen 4 DiieKTpOHHbBIE KJIHOYH
2 Tema 4.1 Curnanbsl uMnysbcHbIX U | Pacyer mapameTpoB peanbHOro 1
1M (POBBIX YCTPOMCTB MPSIMOYTOJIBHOTO MMITYJIbCA.
Pa3nen 6
I'enepaTopsl peslakcallHOHHBIX
KoJieOaHui
3 Tema 6.1 TpansucropHbie Pacuer Tpan3uctopHOro 2
MYJIBTUBUOPATOPHI MyJbTUBUOpaTOpa B
ABTOKO0JI€0ATEILHOM PEKHUME
Bcero: 4




JlaGoparopnasi pabora Nel
HUcnbiTaHue BAKYYMHOT0 TPHOJA

Hean padorel: OcBOEHHE METOAA CHATHS CTATUYECKUX XapaKTEPUCTUK
TPHOJIa U ONPEJEIEHUE M0 HUM CTaTUYECKUX MapaMETPOB.

3Hanus (akTyanuzanus):

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

- TPUHIMI BKJIIOYEHUS JJIEKTPOHHBIX MNPUOOPOB M TOCTPOCHHUS
AIIEKTPOHHBIX CXEM;

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

CXCM U YCTAHABJIIMBATH 110 HUM pa6OTOCHOC06HOCTB YCTpOﬁCTB BHGKTpOHHOﬁ

TEXHHUKH,
1 Cxema onpbITa.

P

R1 L& - ar'in PAY

K

+2508

<2 >




2 Teoperndeckoe 000CHOBaHHUeE.

YCeTpoiicTBO U NPUHIMI JeHCTBUA TPUOA.

TpEXaneKTPOHBIN 3JIEKTPOBAKYYMHBIN NpHOOpP, MMEIOUIMI KaToHd, aHOI U
YOPABJISIONINI 3JEKTPOJ, HA3bIBAIOT mMpuoOoM. YTPABISIOMIUA 3IEKTPOJI-CETKA-
MPEeJICTaBIsIeT COO0N METATUTMUECKYIO CIIUPAIh I PEIIETKY, OKPYKAIOIIYIO KaTo/.

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

B Tpuone kaTonHbBIN TOK, paBHBIM CYMME aHOJHOTO M CETOYHOI'O TOKOB

l=latle,
ONPENEIIACTCS PE3YIbTUPYIOLIUM DJIEKTPUYECKUM I10JIEM, CO34aBAEMbIM aHOIHBIM U
CETOYHBIM HANPSDKEHUAMHU. AHOJ BCETa HMMEET NOJIOKUTEIBbHBIA OTHOCUTEIBHO
KaTo/la IOTEHLMAJ, a IOTEHUUAl CETKHM MOXET OBbITh U IMOJIOKUTEIbHBIM, U
OTpUUATENIbHBIM. [IpH OTpULIATENPHOM TMOTEHUUAIE CETKH €€ TMO0JIE TOPMO3UT
DNEKTPOHBI, BBUICTAIOIIME W3 KATOJA, YMEHbIIAs KOJHWYECTBO JJIEKTPOHOB,
JOCTUTAIOIIUX aHOJAA. BiusHME CEeTOYHOro HampsDKeHUs Ha OOBEMHBIM 3apsa B
MPOMEXYTKE KAaTOA-CETKAa 3HAYMUTENBHO CUJIIBHEE, YEM BIUSHHUE aAHOIHOTO
HanpspKeHus. OTO AaéT BO3MOXKHOCTh 3()()EKTHUBHO YNPaBISATh AHOAHBIM TOKOM
MyTEM HEOOJBIINX U3MEHEHUIN HANPSDKEHMS Ha CETKE.
VYrpaBieHue TOKOM B TPUOJAE MPOUCXOAUT MPAKTUYECKU 0€3 MHEPLUUOHHO JaKe Ha
BBICOKOM 4acToTe. JTO OOBSCHSAETCS TEM, UYTO AJIEKTPOHBI MPOJIETAIOT MPOMEKYTOK
KaTOZ-aHOJ 3a BECbMa MaJlO€ BpEMsl WU W3MEHEHHE AHOJHOTO TOKAa NPOUCXOIUT
NPaKTHYECKU 0e3 3aJIep>KKU BCIIE/ 3a U3MEHEHUEM HaIPsKEHUS Ha CEeTKe.

CraTnyeckue XapaKTepUCTHKH TPHOAA.

QOYyHKIMOHAIBHYIO 3aBUCHUMOCTh QHOJHOTO TOKA OT HANpPSKEHUS Ha CETKE,
CHSTYIO TIPU MOCTOSIHHOM aHoaHoM Hampspkenuu: |, = fi(U.) U,=const , Ha3piBaoT
cmamuyeckou aHOOHO-CeMOYHOU XapaKkmepucmuKkol mpuood. COBOKYITHOCTh TaKUX
XapaKTepUCTHUK, CHATBIX MPH PA3JUYHBIX 3HAYCHUSAX AHOAHOTO HANPSHKEHUS,
COCTABIISIET CEMeUCME0 CIMamu4ecKux aHoOOHO-CEeMOYHbIX Xapakmepucmux (PUCYHOK

la). Tok B 1ienu aHOJa KCUYE3aeT IPH ONPEACIEHHOM OTPHUIATEILHOM HAIPSHKCHUH



Ha CETKE, KOTOPOC HA3BIBAIOT 3anuparofum HanpAasicerHuem. 3HaueHue 3aIIuparomiero

HAIIPSKCHUA 3aBUCHUT OT aHOAHOI'O HAITPSAKCHUA.
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a) 6)
a) - CEMEUCTBO CTaTMYECKUX AHOJHO — CCTOYHBIX XapaKTCPUCTHK,

0) - CEeMEHCTBO CTaTUYECKUX AHOAHBIX XapaKTEPUCTUK

Pucynok 1 — Cratnueckue XxapakKTEPUCTUKH JIAMIIOBOTO TPHOJIA:

OYHKIIMOHAIIBHYIO 3aBHCHMOCTh QHOJHOTO TOKa OT HAIPSOKEHUS Ha aHOJIE,
CHSTYIO TPHU MOCTOSTHHOM cetouHoM Hampspkenuu: |, = f1(U.) Us=const, nazvisarom
cmamu4eckou aHOOHOU Xapakmepucmukou mpuooa. Psj Takux XapaKTepUCTHK,
CHSITBIX TMPU PA3NTMYHBIX HANPSDKEHHUSIX HA CETKE, COCTABIISIET CeMelcm80 AHOOHbIX
xapaxmepucmuk (pUCyHOK 10).

IMapamerpsl TpHOaA.

1)  Buympennee conpomuenenue nepemernomy moky Ri (kOM)- oTHOIICHHE

MpUpALICHUs AaHOJHOTO HANpsKEHUS K MPUPALICHHUIO aHOJHOTO TOKa IIpU

IIOCTOSAHHOM CCTOYHOM HAIIPSIKCHUU

U,
"l al,

U =const
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BHyTpeHHee conpoTHBIEHNE XapaKTepU3yeT BIUSHUE aHOTHOTO HATIPSKCHHSI
Ha aHOAHBIN TOK. [|JI TPHOJOB €ro 3HaueHUE OOBIYHO COCTABIISET CAUHUIIBI U
necatku KunoOwm.
2)Kosppuyuenm  ycunenusi — M-OTHOIICHHWE  IPUPAINCHHS  aHOJIHOTO
HaIpPSOKEHUST K MPUPANICHAI0 CETOYHOTO HAMPSDKEHUS MPHU MOCTOSHHOM aHOTIHOM
TOKE:
-0U,

“= .

I, =const

Koadduument ycuneHus XapakTepuzyeT CTENEHb BIUSHUS CETOYHOTO U
AQHOJITHOTO HamNpsHDKEHWM Ha aHOJHBIM TOK, MOKa3blBas, BO CKOJIKO pa3 CHJIbHEE
BJIUSIET HAa aHOJHBIM TOK M3MEHEHHE HANPSKEHHS HAa CETKE MO CPaBHEHUIO C
M3MEHEHHEM HampsbkeHuss Ha aHoje. KoadduumeHT ycuneHusi Bcerga OoJibliie
€ IMHUIIBI u Jilae: | TPUOJIOB HaXOoJgUTCSI B npeaenax 4--100.
3) Kpymusna xapakmepucmuku S B MWUIAMETpPaX Ha BOJbT- OTHOIICHUE
MpupanieHrus aHOJHOrO0 TOKa K TMPHUPAIICHUI0 HAMNpsOKEHUST Ha CETKe Mpu
MOCTOSSHHOM aHOJITHOM HaIpsKCHUU:

al,
ou,

U ,=const

KpyTuzHa xapakTEepUCTHKM KOJMYECTBEHHO OMNpPEAEsieT yNpaBIdrolIee
NEUCTBHE CETKH. B macmoprax TpHOJOB M CIPAaBOYHUKAX MPUBOAAT 3HAYEHUE
KPYTU3HBI XapaKTEPUCTUKH, OMPEACIEHHBIX TPUOJOB KpyTu3Ha coctaBisier [+10
MA/B, a 15 renepatopubix Tpuoaos- 10200 MA/B.

A)[Iponuyaemocmv  mpuooa D-OTHOIIEHHE TPHPAIICHUS CETOYHOTO
HANpsDKEHUS. K MPUPAILICHUIO aHOJHOIO HAIpPSKEHUsS MPHU MOCTOSHHOM KAaTOIHOM
TOKE:

Ay,
ou

a /|, =const
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[Iponuiaemocth - Oe3pa3mepHas BenuuuHa. OHa XapaKTepusyeT CTeleHb
OCJIa0JICHHS AJIEKTPOCTATUUECKOTO BIUSHUS aHOJHOTO HANpPSDKEHUS] Ha OOBEMHBIM
3apsii y Katoja. 3HaK MUHYC YKa3bIBa€T HA TO, UTO JIJISl MOJIEP KaHUsI TOCTOSIHHOTO
KaTOAHOTO TOKa |, M3MEHEHMs HANpsHKEHUS Ha CETKE M aHOJAE JOJDKHBI OBITh
MPOTUBOIOJIOKHBI.

5) Tpu muddepeHIMaTBHBIX TapaMeTpa CBSI3aHbl MEXIy COOOU 6HympeHHUM

SR.
ypaeuenuem mpuooa. —- =1
7

B cootBeTcTBUM ¢ MexayHapoaHou cuctemol equnul (CY) BenuuuHbl S u
R; nomKHBI BBIpaXXaThCsl COOTBETCTBEHHO B aMIiepax Ha BOJbT U Omax. OHaKo Ha

IMPAaKTHUKC NX YallC BbIPAXXAIOT B MUJIUIMAMIICPpax Ha BOJIBT U knitoOmax.

3 BapuaunTtsl 3aanuii 1anbl B Tadnune 1.

Ta6nuna 1 — BapuanTel 3agaHui.

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

4 IIpudopsl 1 000pyAOBaHHME.
1) Baxyywmnsrit Tpriog Tuna 6C2C.
2) BoabTMeTp MarHUTO3ICKTpUUIECKOi crucTeMbl ¢ U 4o = 15 B.
3) BoabTMeTp MarHuTO3IeKTpUUecKoit cuctembl ¢ U o, = 250 B.
4) MuwutaMnepMeTp MarHUTOAIEKTPHYECKON CUCTEMBI C | 4o = 50 MA.
5) Beimpsimuresis ¢ Hanpspkenusmu 15 B u 250 B.

6) ITorenumomerpsl: Ry u Ry.

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

U ¢ = const. Pe3ynbTaThl ©13MepeHuil 3anucarh B Ta0IUIY 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 3aAdHHOC II0

BapuaHTy (1o tabmuie 1) aHOAHOE HampshKeHUE. 3aTeM YCTaHaBJIMBAIOT HA CETKE

TAKOC HAIPsAKCHUC, IIpU KOTOPOM aHOHHBIﬁ TOK paBCH HYJIIO H, YMCHbIIAasA

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

3aHECTH B Ta0IuLy 3.

Tabnuna 3 — AHOAHO-CETOYHbIC XapaKTEPUCTUKH.

Uc=...B

Uc=...B

Ua,B Ia, mA

Ua, B

la, mA

4) ITocTpoUTh CEMEMCTBO aHOAHBIX M AHOJJHO-CETOYHBIX XAPAKTEPUCTUK U

rpauUecKu ONpeeIUTh 10 HUM TTapaMeTphl TpUoa:

AU, U.-U! AU

AU, U"-U!

C

6 KoHTpoJibHbIE BONPOCHI:

Al, 171
Al, U’-U!

1) OmpenenuTh KpyTU3HY TpUOJA S, €CJIA U3BECTHO, YTO B 00IaCTH

JIMHENHBIX 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 UCCIIETOBAHUIN?

13



JlaGopaTopHas padora Ne2.
HccaenoBanue morynpoBoJHUKOBOIO IHOA.

Hean padoTbi: OCBOCHNE METOIOB CHATHUS BOJIBT — aMIIEPHON XapaKTEPUCTHKU
JMO0J1a ¥ aJITOPUTMa pacyeTa COMPOTHBICHHUM MPHU TIPSIMOM H
00paTHOM BKJIFOUCHUHU.

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

TCXHHUKH,

1 CxeMBI ONILITOB

58 X1 Tlpsamoe Bkmoyenke Afl+208

X706patHoe BIOYEHUE ,42
X3 . VD ')‘( 4 X5

3 VZX4 XS

PA () PA

2= {1 X6

2 TeopeTuueckoe 000CHOBaHME.

Ilonynpoeoonukoeslm OMOJOM Ha3bIBaeTCs MPUOOP C JABYMS BBIBOJAMH,
CoAEp AU OJIUH 3JIEKTPOHHO-IBIPOYHBIN TIEPEXO.

PaGora mOMYNIPOBOAHUKOBOTO BBIIPSIMUTEIBHOIO JHOJa OCHOBaHa Ha
CBOMCTBE P-N-mepexo/ia MPOMyCcKaTh TOK TOJIBKO B OJIHOM HampaBjieHUU. OCHOBHOMU

XapaKTepHCTI/IKOfI IMOJIYIPOBOAHUKOBBIX JHOAOB SABJIACTCA BOJIBT - aMIICpHAd
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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 HOJYIPOBOAHUKY N
— tuna (karoxy). llpu mpsMOM BKIIFOUEHMH TOK NOTEYET TOJBKO TOrJa, KOorjaa
HaNpsHKEHUE NMPsAMOro BKIOYeHMs! Uy, NpEeBBICUT MOTEHUUAIbHBINA Oapbep. BricoTa
MOTEHI[MAIBHOTO Oapbepa 3aBHCHUT OT Tuna mnoiynpoBoanuka: 0,3 B mus
repManueBbIX U 0,6 B [U1s1 KpeMHUEBBIX MTOJIYIIPOBOIHUKOB.

Oopammnoe gxntouenue 1uona.

[IpunoxkeHHOE HANpSKEHUE HA3BIBACTCA 0OpAMHBIM, €CIM MUHYC UCTOYHHKA
HOJKJIFOYAETCSI K TOJYIPOBOJHUKY P —TUMa (aHOMY), a IUTFOC K MOJYIPOBOJHUKY N —
tuna (karony). [Ipm oOpaTHOM BKIIIOYEHWH MOTEHUMAIBHBIN Oapbep Il OCHOBHBIX
HOCHUTEJIEW 3apsA/l0B  YBEJIMYUBAETCS, MO3TOMY OHHM HE MOTYT €ro MNpeoaoJieTh.
[TpakTruecku 0OpaTHBIM TOK 00YCIIOBJIEH Ipeii)oM HEOCHOBHBIX HOCUTEINIEH 3apsii0B
(ToxoM papeiida), TOITOMY SABJISIETCS HE3HAYUTEIBHBIM.

Boavm -amnepunas xapakmepucmuka.

JIns cpaBHEHMs Ha puCyHKe 2.1 mpuBeneHsl TUnoBele BAX repManneBoro u
KPEMHHEBOTO JMO0A0B. KpeMHueBble AMOIBI HMMEIOT BO MHOIO pPa3 MEHBUIUE
oOpaTHbIE TOKM IpPH OJUHAKOBOM HAIlpsDKEHHUH, 4eM repMmaHueBble. [lomycTumoe
o0paTHOE HaIpsHKEHHE KPEMHUEBBIX AM00B MoxeT gocturarh 1000-1500 B, B TO
BpeMs KaK y T€pMaHMEBBIX OHO JIGKHUT B mnpenenax 100-400 B. KpemuueBbie AuoabI
MOTYT paboTaTh Tpu Temmeparypax oT -60 go +150°C, a repmanueBsie - ot -60 10
+85°C. Orto o00ycinoBieHO TeM, YTO Mpu Temreparypax Bbime 85° C pesko
YBEJIMYUBAETCS ~ COOCTBEHHasi  MPOBOJUMOCTb  TepMaHus, MNPUBOASAIMIAs K
HEJOMyCTUMOMY BO3pAacTaHUI0 0OpaTHOTrO Toka. BmecTte ¢ Tem mpsiMoe mnaaeHHe
HampsDKEHUsT Yy KPEMHHUEBBIX JHOJOB OoJbllle, YeM Y TE€pPMaHUEBBIX. OITO
OOBSICHSIETCS, UYTO Yy TE€PMaHUEBBIX JUOJOB MOXKHO TMOJYYUTh BEIUYUHY
COMNPOTHUBJIEHUS B MPSIMOM HarpasjieHuu B 1,5-2 pa3a MEHbIIYI0, YeM Y KDEMHUEBDIX,

Ipu OAMHAKOBOM TOKE Harpy3ku. [loaTomMy MOIIHOCTB, paccemBaemasi BHYTpHU
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repMaHucBOro auoaa, OKa3bIBA€TCA BO CTOJIBKO K€ pa3 MCHBIIIC. B cBs3u ¢ 3THM B
BBIIIPAMUTCIIbHBIX YCTpOﬁCTBaX HU3KHUX HaHpH}KeHI/Iﬁ BBI'OJHCC IIPHUMCHATH
IrCpMaHUCBBIC THUOABI.

I A

ard 1
62t
2.1+

40

]”F""'K‘ }

J
12

U8 400 300~ %00 100

— o - ——

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.
OmnbiT 1 CHsiTHe npaMoii BetBu BAX nunona.
1) BKIIIOYUTH CTEH]I B CETh, TOCTABHB CETEBOM TymMOJIep B mosoxeHne BKII.
2) Ha oHOM M3 HCTOYHUKOB TUTaHus taboparopHoro creraa (V1 wim V2) ¢
MOMOIIBIO PYYKH BBICTABUTH HaIpsKeHue 5B, u3MepuB ero MyJbTUMETPOM Ha
npenene nzmepenuit 20B.
3) BBIKIIOYHTH CETEBOM TYyMOIIED .
4) Pyuky noternuomerpa R1 moBepHYTh MPOTUB YaCOBOM CTPEIIKH JIO YIIOpa.
5) Iomatk muTaHKe HA UCCIIEAYEMYIO cXeMy: «+» Ha X1, «-» Ha X2.
6) TloaKIIOUNTh H3MEPUTEIbHBIC MPHUOOPHI C YKa3aHHBIMH MIPEICIaMU H3MEPEHHS
COrJIaCHO MHEMOCXEMBI, COOJII0/1asl YKa3aHHYIO MOJISIPHOCTb.
7) Tlocie mpoBepKH CXEMbI MPEIoaBaTeieM BKIYUTh CETEBOM TyMOIep.
8) IToBopaumBas pyuky nmoreHuomerpa R1 mo 4acoBoii cTpelike, ycTaHaBIMBATh
npsIMO€ HaNpsDKEHUE AM0J1a B Mpejieliax, yKa3aHHbIX B Ta0nuie 1, dukcupys
3HA4YCHUS TOKA. Pe3ynbTaTel n3MepeHuit 3anecty B Tabmmiry 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) BBIKITIOYHTH CETEBOM TyMOJIEp.

OnbiT 2. CHsiTHe 00paTHOil BeTBU BAX nmnoja.
1) Ha aByX HCTOYHHMKAX MHUTAHUS MOCTOSHHOTO HAMPSHKCHUS JJA0OPATOPHOTO CTEH 1A
«IIpomanextponnka» V1 u V2 BbicTaBUTH HampsbkeHusl nuTanus 15 B, moBepHyB
PYUYKH IO 4acoBO#l cTpenke 10 ynopa. CoelMHUTh UCTOYHHMKHU MOCIEIOBATENbHO,
yCTaHOBUB HarpsbkeHue osoka 30 B.
2) Tlonath HampsDKCHUE TUTAHUS HA HCCIIETYEMYIO CXeMY: «+» OT ucTouHuKa V2 Ha
kiemMmy X1, «-» oT ucrounuka V1 nHa knemmy X2.
3) Pyuky noteHnmnomerpa R2 moBepHYTh MPOTUB YaCOBOHM CTPEIIKH JIO YIIOpa.
4) TToakIIOYUTh U3MEPHUTEIbHBIC TPUOOPHI C YKA3aHHBIMHU IMPEACIaMUd  M3MEPCHHN
COTJIACHO MHEMOCXEMBI, CO0JII0/1asi yKa3aHHYIO MOJISPHOCTD.
5) Ilocie mpoBepKH MperoaaBaTeieM BKIOYUTh CTCH B CETh.
6) IToBopaumBas pyuky nmoreHIromMerpa R2 mo 4acoBoii cTpenke , U3MEHSThH
o0paTHOE HaNpsHKEHUE Ha AUOJIE B Mpeiesiax, YKa3aHHbIX B Tabiuile 2.3HauyeHus
o0paTHOro TOKa HEOOX0IUMO (PUKCUPOBATH KXKbIe 5 B, pe3ynbrarsl u3MepeHuit
3aHECTH B TabOIHUITy 2.

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

I 06p , MKA

7) BBIKIIOYHTH CeTE€BOM TyMOIIEp.
8) Ilo manuwiM TabymI 1 1 2 moctpouth BAX nuona.
9) BhINONMHUTH pacyeThbl COMPOTUBICHUH Ryp U Rogp.
5 KoHTpoOJIbHBIE BONIPOCHI.
1) BennuuHbl MOTEHIUATBHBIX 0ApPhEPOB FrEPMAHUEBOIO U KPEMHHEBOIO U
MOJTYTTPOBOTHUKOBBIX JTHOJIOB?
2) Kak BBITTOJIHUTE NPSIMOE BKIIOYCHHE JUO0/1a7

3) Kak BBIIOJHUTE 0OpaTHOE BKIIIOUYEHHE AHOAA?
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4) ITouemy mpu 0OpaTHOM BKJIFOUEHUH JTUOJA TOK Yepe3 Hero HAaMHOTO

MEHbIIIE, YeM MPHU NPSIMOM BKIIOYCHUU?
JlabopaTopHnasi padora Ne3
HccnenoBanne OMMOJIAPHOTO 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:
- OMpeAeNATh W AaHAIU3HPOBATH OCHOBHBIE IMapaMeTPhl AIIEKTPOHHBIX
CXEM M YCTaHaBJIMBaTh 110 HUM pabOTOCIOCOOHOCTb YCTPOWCTB 3JIEKTPOHHOU
TEXHUKH.

1 Cxema onbITa

L 20 MA
. X8
X5 *@ X6 A 0X10
+15B
+
58 R1

X1

X2

X3

X4
—& oX11
X9

2. Teopernueckoe 000CHOBaHUeE.
Tpanszucmop  (NONYyNPOBOAHUKOBBIA  TpPUOJ)  MPEACTABISIET  COOOM
AJIEKTPOHHBIN TMPUOOpP, OCHOBAHHBIM HA B3aMMOJICHCTBUU JBYX PaCIOJIOKEHHBIX
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OJMM3KO Apyr OT Apyra (Ha pacCTOSHUM HECKOJBKUX MHMKPOMETPOB) 3JEKTPOHHO-
JBIPOYHBIX P-N-IIEPEXOI0B.

OCHOBHBIM 3JIEMEHTOM TPAH3HUCTOpA SBISIETCS KPHUCTAJI TE€PMaHUs WM
KPEMHHsI, B KOTOPOM C IIOMOLIBIO COOTBETCTBYIOIIMX IIPUMECEH CO3HaHbl TpPHU
oOnmactu (ciosl) C pa3IMYHBIMM TUIIAMHA [OPOBOJUMOCTH. B repmanueBoM
TPaH3UCTOPE OOBIYHO JIBa KpaWHUX CIIOSI 007aal0T JBIPOYHON MPOBOJUMOCTBIO (p-
o0nacTh), a BHYTPEHHMM  CJIOH  HMMEET  DJEKTPOHHYK  IPOBOJUMOCTD
(n-o0macTp), B COOTBETCTBHM, C YeM TaKOW TpPaH3UCTOp  HAa3bIBaeTCS
HOJYTIPOBOJHUKOBBIM TPHUOAOM THIa P-N-p. YCIOBHOE 0003HAYEHHE TPaH3UCTOpA
TUIIA P-N-p MOKa3aHo Ha pucyHke l. KpemHHeBbIe TpaH3UCTOPHI Yallle U3TOTOBIIIOT
B BHUJE IMOJYINPOBOJHUKOBBIX TPUOAOB THUMNA N-P-p, NPUHUUIKAIBHAS CXEMa M
YCIIOBHOE HM300pa)KeHHE KOTOPBIX IMOKa3aHbl Ha pucyHke 2. [lpuHimun aeictBus
MOJIyITPOBOJJHUKOBBIX TPAH3UCTOPOB HE3aBHUCHMO OT WX THUIA OAUH U TOT IXKe€.
Pasnuune cocTtouT ML B BBIOOpPE MOJSPHOCTH MPUCOEAMHIEMBIX K HHM
UCTOYHUKOB nutaHus. CpeaHsas o6yacTh (CI0i) TpaH3UCTOpa HE3aBUCHUMO OT THIIA
aBIsieTcs ero 0a3oil b unm ocHoBaHWEM, a KpailHUE — 3MUTTEPOM D U KOJUIEKTOPOM

K.

5 ls

ls

=)

Pucynok 2 - YciaoBHoe 0003Hau€HHE U CTPYKTYpa TPaH3UCTOpa TUIa N-p-N.
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Ha rpanumnax pa3nena o6nacreit o0pasyrores JiBa p-N -niepexoa,
XapaKTEPU3YIOMINXCS TMHAMUYECKUM paBHOBecHeM. UTOObI BBIBECTH p-N- Mepexol
W3 COCTOSIHUSI PABHOBECH S, K HEMY ITPUKIIAbIBACTCS BHELIHEE HAIIPSIKCHUE.

IIpuHUMI JeCTBUA TPAH3UCTOPA
Cxembl BKIIIOYEHHUSI UCTOYHUKOB MUTAHUSI TPAH3UCTOPOB THUIOB P-N-p u

N-p-n OpeACTaBJIEHBI HA PUCYHKE 3.

 n|p|nN PIn|P
ne -] +l |+ik +] 1=
| P
Es

lEa Ek l Ek

PucyHok 3 - CxemMbl HOpMaJIbHOTO BKJIFOUEHUS TPAaH3UCTOPOB.

HopmanbHOE BKIIOYEHHE - TPaH3UCTOPHl BKIIOYAIOTCA B CXEMYy TaKUM
oOpa3oMm, 4YTOOBI K TMEpEeXOAy SMHUTTEp — 0a3a BHEIIHEE HaNPSIKEHUE ObLIO
NPWIOKEHO B MPSMOM HAMpaBJIICHUH, a K P-N-Tepexojy KOJUIeKTop— 0a3a — B
00paTHOM HAIpPaBJICHUU.

[Ipyn BO3ACHCTBMM BHEUIHUX HANPSHKEHUN TOTEHIIMAIBHBIA Oapbep MEXIy
AMUTTEPOM U 0a301 MOHMKAETCS, a MEXKy 0a301 U KOJUIEKTOPOM — YBEJINUHUBACTCH.
B pe3ynbTaTe OCHOBHBIE HOCUTENM 3aps/ia SMUTTEPHOTO CJIOS MEPEXOASAT B 00J1acCTh
0a3bl, a 3aTeM B 00J1aCTh KOJUIEKTOPA, CO3/1aBasi TOK KOJIJIEKTOPHOTO MEePEXo/ia.

OIHOBPEMEHHO C ITUM IMPOUCXOJUT U MEPEX0]I OCHOBHBIX HOCUTENEH 3apsja
0a3pl uyepe3 AMUTTEpHBIN mepexon. OmHako B o01acTh 0a3bl IMPU HM3TOTOBICHHUH
TPaH3UCTOPA BBOAST 3HAYUTEIHLHO MEHBIIEE KOJIMYECTBO aTOMOB MPUMECH, YEM B
AMUTTEP, MOATOMY TOK OSMHUTTEPHOTO TMEpexoja CO3/aeTcsl TJIaBHBIM 00pa3oM
MEePEX0JI0OM OCHOBHBIX HOCHTENICH AMHUTTEPHOTO cios. Ecim BpeMs MpoxXoKIeHUS
OCHOBHBIX HOCHUTEJICH 3apsijia SMUTTEpaA uepe3 001acTh 0a3bl MHOTO MEHBIIIE BpEMEHU
UX HE3aBUCHMOIO CYIIECTBOBAHHS, TO OCHOBHAsI 4acCTh 3TUX HOCHUTEJIEH TOXOIUT J0
KOJUICKTOPHOTO Tepexo/ia W TomaaaeT B 00yiacTh Kosuiektopa. [Ipu sTom muiib
HeOoJIbIIIas YacTh YKa3aHHBIX HOCHUTENIEM PEeKOMOMHHUpYET B obOsiacTh 0a3bl ¢ ee

OCHOBHBIMHM HOCHUTEISAMH. Takum O6p2130M, 3HAYCHUC TOKa B LCIIKM KOJUJICKTOPHOI'O
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(3aKpBITOr0) Mepexo/ia 3aBUCUT OT 3HAYEHUS TOKA B LIEMH AYMUTTEPHOIO (OTKPHITOTO)
nepexofa. CBsi3b MEXIy TOKaMU KOJUIGKTOPHOM W SMUTTEpPHOM  Ienei

Xapaktepu3yercs Kod(pGUIIUEHTOM Mepeiayl TOKa

Al
a=—2%5 mpu Uk = const
Al

rae Al ,Al, - IpUpalICHUS KOJJIECKTOPHOTO U SMUTTEPHOI'O TOKOB.

JI7is TIIOCKOCTHBIX TPaH3UCTOPOB KodpduimeHT nepegaun toka a= 0,92—0,99.
DT0 03HayYaeT, 4To B 00JacTH 0a3bl peKOMOMHHPYIOT 1—8% OCHOBHBIX HOCHTENCH
3apsaa SMATTEpa. YHCI0 PEKOMOMHHUPYIONIUX B 00J1aCTH 0a3bl OCHOBHBIX HOCHUTENICH
3apsifia SMUTTEPA OTpeesieT Tok 6a3pl .

B cootBercTBUM c dTMU |5 = 15— Ik

CxeMbl BKJIIOYEHHsI OMTIOJISIPHBIX TPAH3MCTOPOB B JIEKTPHYECKYIO I€Mb.
Cxembl KJIacCH(UIUPYIOTCS 1O HA3BAHWUIO 3JIEKTPOJA, OOIIETO JUIs BXOJHOW W
BBIXOJHOMU IETIEN.

Cxema c obweni 6azon. CxeMy YCUIUTEIBHON SUEMKH HA TPAH3UCTOPE C
ob1eit 6a30# (PUCYHOK - 4) MOKHO IIPUMEHATH Ha 00JIee BHICOKMX YaCTOTaX, OJTHAKO
OHa MMeeT KOI(PPUIMEHT YCHUICHHUS MO TOKY MEHBIIE SIUHHIIBI U MaJloe BXOJIHOE

COIPOTUBJICHUE.

Pucynok 4 — Cxema c oO1ieii 6a30ii.

Cxema ¢ oouwum Konnexkmopom. (CxeMa BKIIOUEHUS TPAH3UCTOpPA C OOLIUM
KOJUICKTOPOM (PUCYHOK 5) wuMeeT OOJbIIoe BXOJAHOEC W Majio€ BBIXOJHOE
conpotusiieHus. [loaTomy ee 4acTo MPUMEHSIOT B MHOTOKACKaJHBIX YCHUJIUTENSAX B

Ka4yeCTBE COIVIACYIOIIEro Kacka/la U BBIXOJHOTO Kackaa Ipu paboTe Ha HU3KOOMHYIO
HarpysKy.
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Pucynok 5 — Cxema ¢ 00IIHUM KOJIIIEKTOPOM.

Cxema ¢ oowum mummepom. Hanbonee 4acTo MCIOJIB3YIOT CXEMYy C OOIIUM
AMUTTEPOM (PUCYHOK 6), C TOMOIIBIO, KOTOPOIl BO3MOKHO OCYIIECTBIISTh YCUICHHUE
IO TOKY, HAalpsDKEHWIO UM MOUIHOCTH HaumOOJbIIEe MO CPAaBHEHUIO C APYTUMHU
CXeMaMH BKIIIOUEHHSI TPAH3UCTOpa. JTa CXEMa XapaKTepU3yeTcs HE3HAYUTEIbHBIM

BXOOHBIM COIIPOTHBJICHHUCM.

Pucynox 6 — Cxema ¢ 001IUM SYMUTTEPOM.

CraTuyeckue XapaKTepUCTHKH TPAH3UCTOPA.

CraTtuueckne XapaKTepUCTUKH TPAH3UCTOpPA OTPAXKAIOT 3aBUCHMOCTH MEXIY
TOKaMH ¥ HaIPsDKCHUSMU Ha €ro BXOJIE U BbIxone. J[Jis cxeMbl ¢ 00IUM SMHUTTEPOM
CTATUYECKOM BXOJHOM XapaKTEPUCTUKOU SABJISIETCS TpaduK 3aBUCUMOCTH TOKa 0a3bl
I ot mampsikeHuss Ups TpU NOCTOSHHOM HampsikeHUU Ha KoJutektope  Uxo:
I5=1(Us3) mnpu Ugs=const.

CraTtuueckue BBIXOJIHBIE XapaKTEPUCTUKU TPAH3UCTOpPA MPEACTABISIOT COOOM
3aBHCUMOCTBH TOKa KOJIJICKTOpa OT HANPSDKCHHS MEXKIY KOJUIEKTOPOM U AMHUTTEPOM
OpH  TMOCTOSHHOM TOKE  0as3bl: Ik = f( Uxs) mpu Ilg = const.

I'paduiky cTaTHYECKUX XapaKTEPUCTUK TPEICTABJICHBI HA PUCYHKE 7.
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a) BXOOHAA XapaKTCPUCTHUKA, 6) BBIXOOHAA XapPaAKTCPUCTHUKA,

Pucynok 7 — CraTnueckue XapaKTepUCTUKUA TPAH3UCTOpa
JUISL CXEMBI ¢ 00IIUM AMUTTEPOM

3 IIpubGopsl 1 000pyAOBaHHME.

1) JlaGoparopusiii crena «IIpomanekTporukay, 00k 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 BKIIL.
2) Ha ucrounmke mutanus V1 C mOMOIIBIO PYYKH  BBICTaBUTHh HampspkeHue SB,
M3MEPUB €Tr0 MYJIETUMETPOM Ha npeaeie nMepennii 20B.
3) Ha ucrounuke nutanuss V2 C MOMOINBIO PYYKH  BBICTABUTH HampsbkeHue 15B,
M3MEPUB €T0 MYJIETUMETPOM Ha npeaeiie nMepennii 20B.
4) BBIKIIIOYUTH CETEBOM TyMOJIEp .
5) CoenuHuTh WCTOYHMK mHTaHWs VI1CO BXOJOM TpaH3UCTOpa COTJIACHO
MHEMOCXEMBI.
6) CoequHUTh UCTOYHHMK THUTaHHUSA V 2 C BBIXOJHBIMHU KJIEMMaMH TPaH3HCTOPA
COIJJaCHO MHEMOCXEMBI.
7) Pyuky moteHnimoMeTtpa R5 moBepHyTh NPOTHB YaCOBOW CTPEJIKH JI0 YIIOPA.
&) IoaKIIOUNTh M3MEPUTENbHBIE MPUOOPHI C YKA3aHHBIMH MpPEJeIaMHu HU3MEpPEHUs
COrJIaCHO MHEMOCXEMBI, COOJII0/1as YKa3aHHYIO MOJISIPHOCTb.

9)Ilocie npoBepKU CXEMBbI IPENOIABATEIEM BKJIFOUUTH CETEBOU TyMOJIep.
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10) TloBopaumBas pydky HOTEHIMOMETpa RS 1O YacoBOW CTpejKe, H3MEHSTh
HaMpsDKEHUE KOJUIEKTOpa B Mpejienax, yKa3aHHbIX B Tabnuie 1, hdukcupys 3HaueHus
TOKa. Pe3ynbpTaThl u3aMepeHuit 3aHecTu B Ta0auiy 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 TaOIUIIBI 1 TOCTPOUTH BBIXOHBIC XapaKTEPUCTUKU TpaH3ucTopa |k
= f (Uks) nmpu l; = const Ha MmuwmumeTpoBoii Oymare. Paccunrtare mapamerpsl (3,
RBBIX).
13) Cpnenatb BBIBOJI.
S KoHTpoJIbHBIE BOIIPOCHI

1) ITpUYKHBI MIUPOKOTO MPUMEHEHHS cXeMbl ¢ OD?

2) IlapameTp, OCTArOIIMHCS HEU3MEHHBIM MPH CHSATHH CTAaTHYECKUX
BBIXOJTHBIX XapaKTEPUCTUK TPAH3UCTOPA;

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

4) Kakue HM3MEHEHHUs HYXHO IMPOU3BECTH B CXEME I HCCIEAOBAHUS

TpaH3UCTOpa P-N-p Thna?

JlabopaTopHnasi padora Ne4
HccaenoBanue moJieBoro TpaH3ucTopa.
Hean padorbr: OCBOEHNE METOJIOB CHATHUS XapaKTEPUCTHK U aIroOpuT™Ma
pacyeTa nmapaMeTpoB IOJEBOTO TPAH3ZUCTOPA B CXEME C OOIIUM UCTOKOM.

3HaHuA (aKTyanu3aius):
- CYIIHOCTh (PU3UYECKHUX MPOLECCOB, MPOTEKAIOIIUX B 3JIEKTPOHHBIX
mpubopax U yCTPONCTBAX;
- TPUHLUI BKJIIOYEHHS] JJIEKTPOHHBIX MNPHOOPOB M MOCTPOCHUS
ANIEKTPOHHBIX CXEM;
- TUIIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHOM TEXHUKH.

YMenusa:
24



- ONpeNeNsATh U aHATM3UPOBATh OCHOBHBIE MapameTpbl 3JIEKTPOHHBIX
CXEM U yCTaHaBJIMBATh [0 HUM PabOTOCIOCOOHOCTh YCTPOWUCTB AJIEKTPOHHOMN

TEXHUKU.

1 Cxema onbITa

ks

2 Teopernyeckoe 000CHOBaHME.

KOHCprK[[HSI IMOJIEBBIX TPAH3UCTOPOB.

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

HpI/I60p, B KOTOPOM TOK CO3Ja0OT OCHOBHBIC HOCHUTCIIN 3apsaa I10Q JIEHCTBUEM

IMPOJOJBbHOTO JICKTPHUYCCKOI'O ITOJIA, a YIIPABJIICHHC BEJIMUYMHOM TOKA

OCYHCCTBIIACTCA ITOIICPCUHBIM SJICKTPUYICCKHUM II0JICM, CO31aBACMBIM HAIIPAKCHUCM,

MIPUJIOKEHHBIM K YIIPABJISAIOIIEMY 3JIEKTPOY.

Bce nmoneBrie TPaH3HUCTOPLI II0 CBOMM KOHCTPYKTHUBHBLIM 0COOEHHOCTSIM MOKHO

Pa3aCiInTb 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 mnpuBeneHsl cxemaTnueckoe H300pakeHne KOHCTPYKIIUU

IIOJIEBOTO TPAH3UCTOPA C P-N-TIEPEXOAAMH U CXEMA €0 BKIIFOUECHUS. TOHKUN CI0N
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MOJIyIPOBOJIHUKA THMA N (WK P), OTPAHUYEHHBIN C IByX CTOPOH 3JIEKTPOHHO-

ABIPOYHBIMHU IICPCXOAAMU, HA3BIBACTCA KAHAIOM.

Pucynok 1- KoHCTpyKIus 1 cxeMa BKIIFOUEHUS TPaH3UCTOpa

C p-N mepexoioMm.

[TpuHIMn AEHCTBUSA TPAH3UCTOPOB C KaHAJIOM THUNA N WM p aHAJIOTHYEH;
pasIuyre 3aKJIOYaeTCs JIMIIb B TOJSPHOCTH HAMPSHKEHUH HCTOYHUKOB MHUTAHMS.
Brotouenue kaHanma B QJIGKTPUUECKYIO 1€ OOECMEYMBAET C TMOMOIIBI0 JBYX
OMHYECKHUX DJIEKTPOIOB, OAMH X KoTopbix (M) HazpiBaeTcs ucmokom, a Bropoi (C) -
cmoxom. BBIBOJ, TOACOCIWHEHHBIN K OOJACTAM p-THIA, SBISCTCS YMPABIISIONIAM
AIEKTpoAOM U HaszbiBaeTcs 3ameopom (3). BeiBogsl M, C u 3 cooTBeTCTBYIOT (B
MOPSIIKE TIEPEUUCIICHUS) KaTOay, aHOAy M CETKE JJCKTPOBAKYYMHOTO TPHOJIA WIIH
AMUTTEPY, KOJUIEKTOPY U 0a3e 0OBIYHOTO OMIOJISIPHOTO TPAH3UCTOPA.

Bennunna Toka B KaHaje 3aBUCUT OT HampspkeHus U, TPUIIOKEHHOTO MEXIY
CTOKOM ¥  HWCTOKOM, Harpy304HOTO  COMPOTHBJICHUS W  CONPOTHUBIICHUS
MOJIYITPOBOJTHUKOBOM TIJIACTUHKUA MEXy CTOKOM U uctokoMm. [Tpu U u Ry=const Tox
B kaHane |, (TOK cTOKa) 3aBUCUT TOJBKO OT d()PPEKTUBHON TUIOMIAAM MOMEPEYHOTO
cedyeHUs kaHajna. Mcrounuk Es; co3maeT oTpuiaTenpbHOE HAIpsHKECHUE Ha 3aTBOPE,
YTO TMPUBOJUT K YBEIWYCHUIO TOJIIUHBI P-N-Iepexojla U  YMEHBIICHUIO
TOKOTIPOBOJAIIETO ceueHHs KaHajma. C  yMCHBIICHHMEM CEUCHHUS  KaHaja
YBETMYHUBACTCS COMPOTHUBIICHUE MEXKIY MCTOKOM M CTOKOM W CHIDKACTCS BEITUYMHA
Toka l.. VYMeHbIIeHWE HanpsDKEHHWsT Ha 3aTBOPE BBI3BIBACT YMCHBIIICHHE
COTIPOTHUBJICHUS KaHaja U Bo3pacTaHue Toka l.. [Toakmrouns nocnenoaTenbHo ¢ Esy

HCTOYHHUK YCHIIMBACMOI'O IICPCMCHHOI'O HAIIPAKCHUA UBX, MOXHO HU3MCHATH TOK
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yepe3 KaHaj 10 3aKOHY W3MEHCHHS BXOJHOTO HampspkeHus. TOk CTOoka, mpoxojs
yepe3 CONPOTUBIICHUE HArpy3ku Ry, co3jgaercs Ha HEM MaJCHUE HANpsHKCHUS,
mMmensoneecs 1o 3akoHy Upx . IIpu cooTBercTByromemM mnoadope BenuunHa Ry
MOHO JTOOMTBCS MOBBIIICHUS YPOBHSI BBIXOJHOTO HANPSIKCHUS MO0 CPABHCHHIO C
HaIpPsDKEHUEM Ha BXOJIE, T.C. YCHIIUTh CUTHAI.

XapakTepucTHKH TPAH3UCTOPOB.

Ha pucyHke 2 mokas3aH MPUMEPHBIH BUJ CEMEHCTBA BBIXOAHBIX (CTOKOBBIX)
BAX moneBoro tpamsuctopa ¢ p-n-nepexogom |l = f(Uc) mpu Usyu=const. Ilycts
HamnpsDKEHUE MeXTy 3aTrBopoM u uctokoM Usy = 0. Ilpu  yBenuueHUm
NOJIOKUTENbHOTO HampspkeHust U:. Ha cToke Tok |, Oynmer Hapactarh. Brauane
3apucuMocth | = f(U;) Oymer mourm nwmuenno#t (ydactok OA). OnHako ¢

BO3paCTaHHNCM Ic YBCIMYIHUBACTCA IMTAJCHUC HAIIPSKCHUA HAa KaHAJIC, IIOBBIITACTCA

ledp 1A
24 A B Usw=0B
| 0,5
2 -1.01 .
= -2,0 2.5
£ g
T m w peaed ’°
032 12 16 -

PucyHok 2 — BeixoaHasi (CTOKOBasl) XapaKTepHUCTHKA MOJIEBOr0 TPAH3UCTOPA.

oOpaTHOE CMeIIeHHE I P-N-TIepexo10B (0COOSHHO BOJIM3HM CTOKA), YTO BEJIET K
CY)KCHHUIO CEUCHHS TOKOITPOBOASAIIECTO KaHala M 3aMeIIsIeT pocT Toka .. B koHeuHOM
UTOT€ Y CTOKOBOT'O KOHIIA IJTACTUHKU KaHaJ CY»KaeTCsl HACTOJIBKO, YTO JlalibHEHIIIee
MOBBIIIEHUE HAMPSHKEHUS YK€ HE TPUBOAUT K pocTy | (yuactok AB). DTOT pexum
MOJTYYUJI HA3BaHUE pedicuma Hacvlujenus, a Hanpsbkenue Ue, mpu KoTopom
IPOUCXOMT HACBIICHUE, Ha3bIiBaeTCs Hanpsiscenuem nacviujerus (Ucyac). Eciin
CHSITh 3aBUCUMOCTh TOKa |, oT HanpsbkeHust Uc U1 psiia HanmpsHDKEHUH Ha 3aTBOPE
(U3ny<0), TO moJTyduM CeMEHCTBO BBIXOIHBIX XapaKTEPHUCTHK MOJIEBOTO TPAH3HUCTOPA,
KoTOpbie HarmoMuHaT BAX BakyymHoro nmenroga. 3aBucumocts | = f(Usy) npu
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Uc=const moJiyumniia Ha3BaHUE CTOKO — 3aTBOPHOI XapaKTePUCTHKH (PUCYHOK 3).

IIo BHCHIHCMY BHUAY HAIIOMHUHACT aHOAHO-CCTOYHYIO XapPAKTCPUCTUKY JIAMIIBI.

lch

Ue=const

Uauome v Usn
Pucynok 3 — CToK0-3aTBOpHasi XapaKTEPUCTHUKA MIOJIEBOIO TPAH3UCTOPA

C p-N mepexoiom.

OcHoBHBIE mapamMeTpsbl IIOJICBBIX TPAH3UCTOPOB!:

L4 prmuswa CmokKo- 3am60pH0ﬁ xapakmepucmuku

Al
S="—=¢ U, = const 1
AU TP 1)

OTOT napaMmeTp xapakrepusyer 3 (PEeKTUBHOCTD YIPABIIAIONIETO IEUCTBHS 3aTBOPA.

e Hanpsowcenue omceuxu Usy ome - 00paTHOE HANIPSHKEHUE HA 3aTBOPE, IPU KOTOPOM
TOKOIPOBOSIINI KaHAT OKaXXETCSI IEPEKPBITHIM.

® BxooHnoe conpomusnenue Rpx MEXIy 3aTBOPOM U MCTOKOM (OMpeAeNsercs Npu

MaKCHUMAaJIbHO JIOTTYCTUMOM HaPsDKEHUH MEXK]Ty STUMH JIEKTPOIAMH )

AU,
R, =S 2)
C

® Bwixoonoe conpomuénenue Ry,(onpenensercs B pekUMe HACHIIICHUS)

AU
R, = A < npu Usy = const. (3)
C
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BrIxogHOE€ CONMpOTHUBIEHUE XapaKTEPU3YETCS TAHTEHCOM YTJla HAKJIOHA BBIXOJHBIX
xapakTepucTuk. B paboueit 06yactu 3TOT yroia OJIM30K K HYJIO U, CJIEI0BATEIBHO,
BBIXOJTHOE COMPOTHRIICHHE OKA3bIBACTCS JOCTATOYHO OOJBITNM (COTHU KIITOOM).
3 IIpuGopsbl 1 000pyI0BaAHME.
1)JIaGopaTtopnsrit ctera «IIpomanexkTporukay, 610k Ne2, cxema A 2;
2)IIpuGop AMeKTpOou3MepHUTEIbHBII MHOTO(DYHKIIMOHANBHBI [14317.3.
3)CoenuHuUTEIBHBIE MPOBOJIA.
4 TlopsinoK BbINIOJIHEHUS PA0OTHI.
OmnbiT 1. CHSITHE CTOKO —3aTBOPHOM XapaKTEePUCTHKH.
1) BKJIFOUUT CTEH]T B CETh, IIOCTABUB CETEBOM TyMOIep B mosioskenue BKII.
2)Ha ucrounuke mutanus V1 C MOMOIIbIO PYYKH  BBICTaBUTH HampsbkeHue SB,
U3MEPUB €0 MyJbTUMETPOM Ha Ipezeiie nsmepennii 20B.
3)Ha uctouynuke nutaHus V2 C MOMOIIBIO PYYKH  BBICTABUTH Hampspkenue 15B,
M3MEPUB €T0 MYJIbTUMETPOM Ha npeaeie uaMepennii 20B.
4)BBIKIIIOYUTE CETEBOM TyMOJIED .
5)CoenmuanTh WCTOYHWMK mHTaHWsE V1co BXOJOM  TpaH3WCTOpAa  COTJIACHO
MHEMOCXEMBI.
6)CoenmuHUTh WCTOYHUK TNUTaHusS V 2 C BBIXOJHBIMH KJIEMMaMH TPaH3UCTOPA
COTJIACHO MHEMOCXEMBL.
7)Pyuku moteHuunomeTpoB R7 u R8 moBepHYyTh MPOTHUB YaCOBOW CTPEIKH JI0 YIIOPA.
8)[loakIr0UnTh M3MEpUTENbHBIE TPHOOPHl C YKa3aHHBIMHU IMpeAeliaMH H3MEpPEHUs
COTJIACHO MHEMOCXEMBI, CO0JII0/1asi yKa3aHHYIO MOJISPHOCTD.
9) ITocne mpoBepKU cXeMbl MPenoaBaTeIeM BKIIOUUTH CETEBON TyMOIep.
10)IToBopaunBas pydky noreHiuomeTpa R7 1o 4acoBoii cTpeske, YCTaHOBUTh TaKOe
orpuniareabHoe HampsikeHue Usy ore, 9TOOBI TOK cTOKA ObUT paBeH Hymo  Ic = 0.
11) IloBopaunBas pyuky noreHuuoMerpa R7 mpoTHUB 4acoBOW CTpeNKH 3amucaTh
MOKa3aHUsI U3MEPUTENbHBIX MPUOOPOB B 5-6 TOUKax, HAUMHAs OT TOYKH oTceuku U
311 ore 10 U 3y = 0. Pe3ynpTaTel nu3mepenuii 3anecty B Tadbmiry 1.

12) BeIKTI0OYUTB CETEBOM TyMOJIEp.
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13) W3MmeHUTHh NOJNAPHOCTh HANPSIKEHUs, II0AABAEMOIO Ha KIEMMY XI.
OnHOBPEMEHHO N3MEHUTH NOJIIPHOCTH BOJIBTMETPA.

14) Bxurounts ceteBoit TymoOsep BKIIL.

15) IloBopauuBas pyuxky noreHuroMeTpa R7 1o yacoBoi CTpesKe CHATh OKa3aHUs
npubopoB uepes 0,4 — 0,5 B. PezynbraTel u3mepeHuit 3aHecTd B Ta0nuiy 1.

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

Ucur=0B |Usy B
lc mA
Ucn= B |UwB
lc mA
No omibiTa 1 2 3 4 5 6 7 8

16) BoIKTIOUNTB ceTeBOM TyMOJIEp.
17) o nanHbIM TaOAKIBI 1 TOCTPOUTH CTOKO — 3aTBOPHYIO0 BAX | = f(Usy) pu
Ucir = const na mummmeTpoBoii Oymare. PaccuntaTe napameTpsl.

OmnbIT 2. CHSITHE CTOKOBBIX BBIXOIHBIX XapPAKTEePUCTHK.
1) Boimonuuts myHKTHI 1) — 7) onbita 1.
2) IoaxmounTh U3MEPUTENbHBIE MPUOOPHI C YKa3aHHBIMU Npe/ieIaMu U3MEPEHNUS,
COTJIACHO MHEMOCXEMBI, CO0JII0/1asl YKa3aHHYIO TOJISPHOCTb.
3) [locne nmpoBepKU CXeMbl TPENO1aBATENIEM BKIIOUUTH CETEBOM TyMOIIEp.
4) YcranoButh U 3y = 0.
S)IloBopauuBasi pyuky mnoTeHnuomeTrpa R8 1o dYacoBoil cTpenke, HW3MEHATH
HanpsokeHue U ¢y mo tabnuue 2, mpu 3TOM (PUKCUpOBaTh 3HAY€HUS Toka lc,
3aHOCHUTH B TaOIHUITy 2.

Tabmuna 2 - CrokoBast BAX Ic = f(Ucu) mpu Uszy = const

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

Usy= B Ucu.B
1, mA

Ne onbiTa 1 2 3 4 5 6 7 8 9

6) YcranoButh U 3y # 0. BBIIOTHUTH MyHKT 35).
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7)I1o naHHBIM TAOJIUIIBI 2 TIOCTPOUTH CTOKOBYIO XapaKTEPUCTUKY Ha MUJUIMMETPOBOM
Oymare, BEIYUCIUTH TapaMETPHI.

S5 KoHTpo/ibHBIE BOIIPOCHI.

1) Ha 4yém oCHOBaH NMPHHIUII ICHCTBHS ITOJIEBOTO TPaH3UCTOpa?

2) IToueMy IOJIEBOM TPAH3WCTOP WHAYE HA3BIBAIOT «YHUIIOJISIPHBIMY)?

3) Ha xapakTepucTHKy Kakoro mpuOopa IIOXOKa CTOKO - 3aTBOpHas
XapaKTepucTHKa?

4) TlepeuricnuTe OCHOBHBIE ITAPAMETPHI TIOJIEBOTO TPaH3UCTOpa?

JlaGoparopHasi pabdora NeS
HccaenoBanue oqH0¢Ga3HOro HEYNnpaBJsieMoro BbIIPSIMHUTEJIS CO
CrJIAKUBAIOIIUMH (PUIbTPaAMU.
Hean padorbr: OcBOEHUE METOJIOB U3MEPEHNUN U aJIrOpUTMA pacuera
KAUE€CTBEHHBIX XaPAKTEPUCTUK BBIIPSIMIECHHOTO HANPSXKEHUS IPU  UCIOJIb30BAHUU
Pa3HBIX TUIOB (PUILTPOB.
3HaHus (aKTyanu3amus):
- CYHIHOCTh (PU3MYECKHUX IMPOILIECCOB, MPOTEKAIOIINUX B 3JIEKTPOHHBIX
npudopax U yCTpOHCTBAX;
- TPUHIMN BKIIOYEHHUS DJIGKTPOHHBIX TMPUOOPOB U  MOCTPOCHUS
AJIEKTPOHHBIX CXEM;
- TUIIOBBIE Y3JIbl U YCTPOMCTBA JIEKTPOHHOU TEXHUKMU.
YMeHus:
- OMPENENATh U AHAJIM3UPOBATH OCHOBHBIE MTapaMETPhbl SJIEKTPOHHBIX CXEM U

yCTaHaBIMBATH M0 HUM PabOTOCIIOCOOHOCTh YCTPOUCTB JICKTPOHHON TEXHUKHU
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1 CxeMbI ONILITOB

Ne Cxema Ocuntorpamma Ug | Uy [ K | K
mbiTa LR
BB [ _
&
5
2 Teoperudeckoe 060CHOBaHUE
2.1 OcHOBHBIC IOHATHA O CIVIAKUBAOIIUX PUILTPAX.
[Ipu paccMmoTpeHun BBIIPSIMUTENIEH  OBLIO

BBINIPSIMIICHHOE HAINpPsDKEHUE BCErJa SIBJSETCS MyJIbCUPYIOIIMM U COIEPKHUT KpoMe
MOCTOSIHHOW TepeMEHHbIE COCTaBJsAtoNIMe. B OOMBIIMHCTBE Cily4aeB MUTAHHE CXEM
MPOMBIIUIEHHOW — JJIEKTPOHUKH  MYJIbCUPYIOUIEM HANpPsDKEHHUEM  HETPUEMIIEMO.
JlomyctuMble 3Ha4YeHHs  KO3(PHUIMEHTa MyJbCalliy 3aBUCAT OT HAa3HAUYCHUSA U
pexuMa paboThl YCTpoiicTBa; ux BeiOMpatoT B npeaenax 0,001 - 2,5%. [lockonbky B
00011 cxeme BBITPAMUTENS KOIDPUIIMEHT MyJbCcallMii BXOIHOTO HAMPSKEHUS BO

MHOIo pa3 IpCeBbIIACT OTH IIPCACIIbI, HA BbBIXOIC BBIHpSIMI/ITeJ'Ief/‘I BKJIIOYAarOT

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

1) ®unbTp NOMKEH OBITH IOCTPOCH TAKMM 00pPa30M, YTOOBI C OJTHOW CTOPOHBI,
MaKCUMaJIbHO YMEHBIIWJINCh TIEPEMEHHBIE COCTABJISIONIME, a C JPyroil He
MPOUCXOMIO CYIIECTBEHHOTO YMEHBIICHHS] MOCTOSHHOW COCTABIISIIONICH, KOTOpas
npoxoaut 4Yepe3 (uiabTp. [lodTOMYy OOBIYHO CXEMBI CIUIAKUBAIOIINX (UIBTPOB
coJiepKaT PEaKkTUBHBIE COCTABISAIONINE (MHAYKTUBHOCTH M E€MKOCTH) M JIMIIb MU
OYEHb MAJIBIX MOIIHOCTSIX HArpy3KH MOTYT COJAEP)KATh U aKTUBHBIE COMTPOTUBJICHHUS.

2) Ilpu mepexoaHbIX Mpoleccax B PUIbTPE BO BPEMs BKIFOUCHHS HATIPSHKCHHUSI
CETH WJIM Harpy3KH BEJIMYMHBI OPOCKOB HAIPsDKEHUS U TOKA JOJDKHBI HAXOAUTHCS B
JOMYCTUMBIX Tpeemax.

3) CoOcTBeHHass yacToTa (UIbTpa JOJKHA OBITH HHUXKE YAaCTOThl OCHOBHOM
TApMOHHKH BBIMPSMIICHHOTO HANpPsDKEHUS BO M30€KaHWE PE30HAHCHBIX SIBJICHUN B
OTJICNBbHBIX 3BEHBSIX (DUITBTPA.

OCHOBHBIM MapaMETpPOM MO3BOJSIOUIMM JaTh KOJUYECTBEHHYIO OLIEHKY
CIJIXKUBAIOMIETO (UIbTPA, SBISIETCS KOA((UIMEHT CriaXUBaHUsA, KOTOPbIA paBeH
OTHOIIEHUI0 KOX(PUIIMEHTa TMylbcalluu Ha BXoJe QuibTpa K KodDPUImeHTy

K
K

n.evlx

n.ex

yJIbCAIlMU Ha BBIXOJC (UIbTpa: Ke, =

DOWIbTPHI C NACCUBHBIMHY 3JIEMEHTAMH.
Ponp mpocredimux criaxuBaromux (GUIbTPOB MOTYT WUrpaTh WHAYKTHUBHBIC
KAaTyIIKHA, BKJIKOYEHHBIE TOCIEAOBATENBHO C HArpy3KoM, H KOHIEHCATOPBI,

BKJIIOUEHHBIC MapaJljIeIbHO Harpy3ke (pUCYHOK 1).

LsRs

Ra Ce Re

a) 0)
Pucynox 1 — I[pocreitmme GunbTpel: a) UHAYKTUBHBIN; 0) €MKOCTHBIH.
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[Ipy wucmonb30BaHUM HMHAYKTUBHBIX KATyIIEK BBICOKMNA KOd(DPHUIIUEHT
CIIaKMBAHUI MOJKET OBITh JOCTUTHYT TIIpH  yCJIOBHHM, 4YTO HHIAYKTHBHOC
COIMPOTUBJICHUC LCTIN 3HAYNUTCIIBHO IIPCBBIIACT €€ aKTMBHOEC COIIPOTUBJICHUC!

X, =w-L>>Ry

A w - 4aCToTa OCHOBHOM TapMOHHMKH BBIIIPAMIICHHOT'O HAIIPAKCHUA.

B sTom CJIydac€ OCHOBHOC IMaJICHHUC HAIIPSKCHUS IIEPCMCHHBIX COCTABJIAIOIINX
MMpOUCXOJUT HC Ha COIPOTHUBIICHUM HAIPYy3KH, a4 Ha HWHAYKTHUBHOCTHU (I)I/IJ'H)Tpa
(I[pOCCGJI}I) 0OBIYHO HCBCJIUKO, HaIIPAXKCHUA IIOCTOSIHHOM COCT&BHHIOHICﬁ
BBIIIPSAMIICHHOI'O TOKa Ha BXO/C (bHHBTpa M Ha Harpy3kKe MMpakKTHU4ICCKHU PaBHLI.

NHaykTUBHBIN (PUIIBTP UMEET MPOCTYIO CXeMY M 00eCIeYnBaeT MaJlble TOTepU
MOIMHOCTH MW MAJIOC HU3MCHCHHC BbBIXOJHOI'O HAIIPSKCHUA IIpU HM3MCHCHHHA
coOnpoTUBJIEHUSI Harpy3ku. OIHAKO MpU OBICTPOM YMEHBIIEHHHM TOKAa Harpy3Kd Ha
3AKHUMaX APOCCCIII BO3HHUKAIOT KPATKOBPCMCHHEBIC 6pOCKI/I HaIIPpAKCHUA, KOTOPHIC
MOT'yT AOCTUTATh CYIICCTBCHHOI'O 3HAYCHUSI.

HOCKOHBK}’ HHAYKTHBHBIC (IJI/IJIBTpBI 00eCIIeYnBaroOT Jydymice CriIaKHuBaHUC
IIyJbCalluy IIPH MAJIbIX COIIPOTHUBJIICHUAX HArpy3KU, HX IIPHMCHAIOT IJIaBHBIM
00pa3oM B MOIIHBIX BRIIPAMUTEINAX. [Ipy BKIIOUEHNN KOHJEHCATOpa MapalieabHO

Harpy3Ke JUis Jy4IIeTro CTJIaKUBAHUSA IIyJIbCAid EMKOCTHOE COITPOTUBIICHUE

JOJDKHO OBITh 3HAYMTEJILHO MECHBIIIEC AaKTUBHOT'O COIIPOTHUBJICHUSA:

Wc
B »TOM ciyyae KOHAEHCATOP 3apspKaeTcs 4Yepe3 OUOJ  BBIIPSIMUTENS 10
aMIUTUTYTHOTO 3HAYEHUS HAMPSDHKEHUS Ha BbIXoJ€ (QUIbTpAa B T€ MOMEHTHI BPEMEHHU,
KOTI'Jla HalpsDKEHUE Ha BBIXOJE (PHIIbTPa MPEBBIIIACT HANPSHKEHUE Ha KOHACHCATOpPE.
B ocranpHOE BpeMs KOHIEHCATOp pa3psKaeTcs Ha Harpy3Ky. 3HadeHue
€MKOCTH BBIOMPAIOT TaKUM 00pa3oM, YTOOBI 32 MEPUOJl KoJIeOaHUN HaNpsHKEHUs! Ha
BbIX0/1€ (PUITBTPa HANPSKEHUE HA KOHJEHCATOPE CYIIECTBEHHO HE U3MEHUIIOCh.

KomOunupoBanubie (pUJIbTPHI.
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st monydyeHust 0osiee BBICOKOTO KO3(PPUIMEHTa CTiaXUBaHUS MPUMEHSIOT

KOMOMHMpPOBaHHbIe (UIBTPBI, KOTOpble O0O3HAYalOT MO KOH(pUTrypaluu

COCTMHEHHUS DJIEMEHTOB (DUIILTPA:
* I' - oOpazubie RC (PucyHnox 2a);
* I' - o6paznbie LC (PucyHnok 20);
* [T - o6paznnie RC (Pucynok 3a);
* I1 - o6pasnnie LC (Pucynok 30).

=cC Ry .
F p—— C Ry
o o .
a) 0)

Pucynok 2 — I' —o6paznbie ¢punbsTpsl: a) RC — punbtp; 6) LC — dpunsTp.

Ra

c, C,
1
a)

Pucynox 3 — I1 —o6pa3zubie punbTphl: a) RC — punstp; 6) LC — dpuisTp.

[IIupokoe npUMeHEeHHE Ha MPaKTUKe HaXoAAT I - oOpa3Hble MHAYKTHUBHO-
€MKOCTHBIE (PUIILTPBI, KOTOPBIE MPEACTABIISAIOT COOOHM coueTaHue ABYX MPOCTEUIIINX
(UIBTPOB: MHIYKTUBHOTO M EMKOCTHOTO.

[Tpu BeimonHeHun ycinoBus Xc<< Ry<< X Takue puiabTpbl 00€CreunBaOT
3HAUYUTETHHO 00Jiee BHICOKHUA KOA(PPUIIMEHT CTIIaXKUBAHUS MTyJIbCAIIUHN, YeM (PHIIBTPHI
13 OJHOW MHIYKTUBHOCTH WU EMKOCTH.

Bb100p KOHKpPETHBIX 3HAYE€HWW WHAYKTUBHOCTH U EMKOCTH NPEJICTABISET B

JaHHOM CJIyyae HEe MaTeMaTHUYECKYIO, a TEXHUUECKYIo 3aaauy. OObIYHO €€ pelaroT ¢
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y4€TOM JIONOJIHUTEIBHBIX YCIOBHUH, K KOTOPHIM OTHOCSTCS rabapuUTHBIE pa3Mephl,
Macca U CTOMMOCTh (UIIbTPA, a TaK K€ BEJIMYMHA JOIYCTUMOTO OpOCKa TOKa MpH
BKitoueHuu. bonee appextuBupiMu sBistoTes [1 -o0pa3ubie GUIBTPHI.

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

O6mmit k03P (UIHUEHT CriaXUBaHUS MHOTO3BEHHOTO (uiIbTpa paBeH
MPOU3BENIECHUIO BCeX KOI(DPHUIIMEHTOB CTiaKUBaHUS OT/ICIbHBIX 3BEHBEB:

Kcr=Kcr1 Kcrz - Kcrn
Cpenan mepeducleHHbIX TpeOOBaHUM, MPEIBSIBISEMBbIX K CriIaKHUBAIOIIUM

dbunpTpaM, oOTMeYallaCh HEOOXOJIWMOCTh OTPAHUYCHHUS COOCTBEHHOM YaCTOTHI

GuIbTpa o YCIOBUEM @, =

1 (o , OoTkyga CL2= iz
2 @

Jic

3 IIpubopsbl 1 000pyaOBaHHMeE.
1) JlaGopatopuslii cteHa «IIpomaniekTpoHnKay, 010K Ne§.
2) Ocuumtorpad C1-159.
3) CoenuHUTEIBHBIE POBOJIA.
4 IlopsAOK BHINOJIHEHUSA PadOTHI.
1) BKJIFOYHTH CTEH/I B CETh.
2) Komu4ecTBO OMBITOB COOTBETCTBYET KOJIMYECTBY cxeM. OTbIT:
3) CoeauHUTH MPOBOJAMH JIEMEHTBI CXEMbI, COOTBETCTBYIOIIHIE JAHHOMY OIIBITY.
[ToaKITIOUNTE K BBIXOAY CXEMbI OCIIMILIIOTPAd U BOIBTMETP.
4) B BbIOpaHHOM MacIITabe pa3BepTOK H300Pa3UTh OCIUILIOTPAMMBI
BBINPSIMJIICHHBIX HANPSYKEHUI, ONPEIETUTh aMIUIUTYly IEPEMEHHON COCTABIISIIOLIEN
BBIIPSIMJIICHHOTO HanpskeHus. JlaHHbIe 3aHECTH B TaOJIHUILY.
5) Tlo BONBTMETPY OMPEACTUTH BEIMUNHY CPETHETO BHIMPSIMICHHOTO HAMPSDKECHUS
Uq. Jlannbie 3anectu B Ta0IMILY.
6) Beruucnuth koddduirenTs! nyabcanuid Ky u crinaxuanus K, U1 KaKI0T0
bunbTpa.

7) CnenaTh BBIBOJ] O KAYECTBE BBIMPSIMICHHOTO HAMPSKCHUS
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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?

JlaGopaTopHasi padora Ne6
HccnenoBanue 0aH0(a3HOI0 ypaBjsieMOro BIIPAMHUTEI S
Heab: OcBoEHNE METOJIMKHU CHATHS PETYJIMPOBOYHON XapaKTEPUCTUKU U BHEIITHUX
XapaKTEPUCTHUK OJIHO(A3HOTO YIPABISIEMOTO BBIIPSIMUTEIS PU PA3IUYHBIX  yTriiax
YIpaBJICHUS U Pa3IUYHBIX Harpy3Kax.
3Hanus (aKTyanu3anus):
- CYIIHOCTh (DU3UYECKUX MPOIECCOB, MPOTEKAIOIMMNX B AJICKTPOHHBIX
npudopax U yCTpONCTBAX;
- TNOpPUHIMN BKIIOYEHUS DJIEKTPOHHBIX TMPUOOPOB U  MOCTPOCHHUS
AJIEKTPOHHBIX CXEM;
- TUIIOBBIE Y3JIbl U YCTPOUCTBA 3JIEKTPOHHOU TEXHUKH.
YMeHus:
- ONIPECIISITh U aHATU3UPOBATh OCHOBHBIC MapaMeTPhl AIEKTPOHHBIX CXEM U
yCTaHaBIMBATh M0 HUM pabOTOCTIOCOOHOCTh YCTPONCTB AIEKTPOHHON TEXHUKHU;

1 CxemMma onbITOB.

T Y ¥ vy R | S L “
| ——— v
V2 R
D




2 Teoperndeckoe 000CHOBaHHE

OnHogasubiii ynpasjisieMblil BIIPAMHUTEb.

Ynpasnsemviv  nazvieaiom — @bInpaMumens,  CoOepicawull  Ynpasisiemvle
BEHMUIU U NO3BOJAIOWUU PeSYIUPOBAMb YPOBEHb BLINPAMIEHHO20 HANPANCEHUSL.
PaccMorpuMm mpuHIMO padoThl OAHO(A3HOTO YIPABISAEMOTO BBIIPSIMHUTENS Ha

IPUMEPE CXEMBI C HYJIEBBIM BBIBOJIOM NPU aKTUBHOM Harpy3ke (pUCyHOK 1).

Vs e 9

564 js.t
| e 1Y

o [ ]
%el KH

Pucynok 1 — CxeMa 01HO(a3HOTO yNPaBIIIEMOIO BBITPSIMUTENS C

HYJIEBOM TOYKOM.

BeHTWIBHBIMU 3JIEMEHTAMU B 3TOM CXEME SIBJISIFOTCA TUPUCTOPHI. B cxeme Ha
ynpaBigeMbix Tupuctopax VSl u VS2 MOMEHT OTKpBIBaHUSI THUPHCTOPOB
ONpEeNeNIIeTCI MOMEHTOM TOJauyd Ha YNPABISIIOMIAN 3JEKTPOJ HMITYJIbCOB
ynpasnenus U y (pucynok 2). [Ipu nomade Takux MMITYJIbCOB B MOMEHTBI BPEMEHHU
ot1 1 ot) THpUCTOPBI OTKPBHIBAIOTCSI C COOTBETCTBYIOIIEH 3aJIEPAKKOU MO OTHOUIEHUIO
K MOMEHTaM Iepexoaa HanmpsLKeHHs yepe3 HyJlb, T. €. B 001IeM ciydae ¢ (pa3oBbIM

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

U

0 we 4

vy ; (14079 I' (3607
| I
ol | [ | wt

PucyHok 2 — BpemeHHble nuarpaMmbl HANPSKEHUN BBITTPSIMUTEIIS.
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Yeon a, omcuumvieaemviii om mouku ecmecmeeHHo20 OMNUPAHUs 6eHmuIen U
BbIPAJICEHHDIU 8 2padycax, Ha3blearom y210m ynpaenenus. 110CKoIbKy ynpasisionue
MMITYJIbChI IOJAIOTCSI CHHXPOHHO C YAaCTOTOM BBINPSAMIIEHHOTO HAIPSKEHUS, TO YTOJ
yIpaBJIEHUS 1151 00OUX TUPUCTOPOB OCTAETCS MOCTOSHHBIM.

B unTepBansl Bpemenu 0 — oty 1 7 — ot; MTHOBEHHOE 3HAUEHUE HANPSIKEHUS
Ha Harpy3ke paBHO HYNIO (PUCYHOK 2 - IUTPUXOBBIE JIMHHM), T.K. 00a THpHUCTOpA
3amnepTsl, a B MOMEHTBI BpeMEHU olt; 1 oty OHO BO3pacTaeT CKAYKOM, HU3MEHSIChH
3aTeM II0 CHUHYCOMJAIBHOMY 3aKOHY, J0 MOMEHTA IMepexofa HalpshKEHUs depes
HyJb. l3MeHeHue yria ynpasieHUs IO3BOJISIET PEryJupOBaTh BBIIPAMIIEHHOE
Hanpsokenue U g .

Cpennee 3HaYeHUE BRIIPSIMIICHHOTO HAIIPSKEHUS U1 IPOU3BOJIBHOTO

3HA4YCHUA YIJIa YIIPpABJICHUA:

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

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

Ugo (1+cosa)

cieAoBaTeIbHO, Tpu o # 0 Ugo = >

XapaKTepuCTHKH YNPABJISIEMOT0 BHINPAMHUTEIS.
3aBHCHUMOCTh CPEIHETO BBIIPSIMIICHHOTO HAMPSHKEHUS OT YTJIa YIIPABICHUS
HA3bIBACTCS PETyJIHPOBOYHOI XapakTepucTukoii. Beipaxenne Uy, = f(ar)
SIBIISICTCS yPABHEHHEM PETYJIHMPOBOYHON XapPaKTEPUCTHKH BBITPSIMUTEIIS.
[Tpu o = 0 cpeaHEee 3HAYCHHUE BRIMPSMIICHHOTO HAPSKEHUS MakCUMabHO, U g
=0, mpu o =m.
Ve 4
Udo

-

m oL

Pucynok 3 -PerynupoBouHasi XapakKTEpUCTUKA BBITPSIMUATEIIA.
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BHenrHeili xapaKkTepuCcTHKOI 0HO(A3HOTO YIPABISIEMOTO BHIIPSIMUTEIIS
( pucyHOK 4) Ha3bIBACTCS 3aBUCMMOCTh CPETHETO BBIIPSMIICHHOTO HanpshkeHus Ug
OT CPEJIHETO BHIMPSMIICHHOTO TOKa lg Tipy 3amanHoM yriie ynpasienus o, Ug = (1)
npu o, = const. C yBenTWYeHUEM yTiia YIIPaBJICHUs CpeIHEE 3HAUCHNUE BBHIPSIMIICHHOTO
HAIPSDKEHUS YMEHBIACTCS, XapaKTEPUCTHKHN CIBUTAIOTCS BHA3 OTHOCUTEIBHO OCH

OpJUHAT.

{/d' ‘ x47a(1>,(’
\&4
k\\ da
“\d'g

Id
Pucynox 4 — BHemHsst XapaKTepUCTUKA BBITTPSIMUTES.

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

4 IlopsAIOK BHINOJIHEHUS PA0OTHI.
1) Bxurounts ctena B ceTh. ['oput nammnouka «CETby.
2) BbIOpaTh THIT HArpy3KH MPH MOMOIIN TepeKIrodaTess «S1y.
3) BemuunHa (hazoBoro yria perynupyercs nepekmodareneM «R ¢ ». YCTaHOBUTH
«Ry» B kpaiiHee neBoe nonoxenue Ry = 0.
4) BenuunHa aKTHBHOW HArpy3KH YCTaHaBJIMBaeTCs IepekiodareneM «Rp» Ha
naHenu. Y CTaHOBUTH PYUKY «Rp» B 11000€ MpOU3BOJIbHOE MOJI0XKEHHE.
OmnbIiT Nel
5) IoaxarounTs ocimuniorpad K rHe3mamM KoHTposbHOM manenu (1 ). Habmromaem
CUHYCOUJTy HANPSKEHUsI BTOPUYHOU 0OMOTKH TpaHc(opmaTopa.
6) Msmensis yron ympaenenus (yBenuuuBas Rg), CHSITh peryJUpOBOYHYIO
xapaktepuctuky. Bemnuunsl Uy u lg usmeputs npubdopamu PV u PA. JlanHbie

W3MEHEHUM 3aHeCTH B Tabiuily 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 TIOCTPOHWTH PETYJIMPOBOYHYIO  XapaKTCPUCTHKY
Ugon = Ud () o

8) Cpennee 3Ha4YeHWE BBHINMPSMHUTEIHHOTO HAMPSHKCHHS ISl TPOHM3BOJIBHOTO yIiia

Ugo (1+cosa)

BBIPAMIIEHUS: Ugpaca () = - ; Uqg(0) = Usz’

rae Usm u3mepuTts 1o ociuiorpamme. Jist usmeperntoro Upnm paccuuTarh 3HaYCHUS
Udg(ot) mpu m3menenun o = (0 + 7). /laHHBIC pacdyeToB 3aHECTH B TaOiMIy 2 |
MOCTPOUTH TpaUK pacyETHON XapaKTEPUCTUKHU.

9) CpaBHUTH ONBITHYIO PETYJIMPOBOUHYIO XapakTepUCTHKY Ug on (00) C pacCUETHOM
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
U4, B

OmnbiT Ne2

10)CHATH OCHMILIOTPaMMBI HATPSHKCHHUN JJII HECKOJBKUX YTIJIOB PETYIHPOBAHHS.
ITossicHUTS.

OnbiT Ne3

11)[Ipu ycTaHOBICHHOM YTJie YIPABICHHS CHATh BHEIIHIOK XapaKTCPUCTHKY
BBINPSMUTEINS ISl aKTUBHOW Harpy3ku. J[aHHble 3aHecTH B TabIuIy 3.

12)[Ipu ycTAaHOBJICHHOM YTIJIE YIPaBICHHUS CHATh BHEIIHIOK XapaKTCPUCTHUKY
BBIIIPSIMUTENS U1 AKTUBHO - UHAYKTUBHOW HArpy3ku. /[aHHbIe ©3MEpEHUI 3aHECTH B
Tabnuiry 4.

13)[ToctpouTh rpadvky BHEIIHUX XapaKTEPUCTHK TI0 JaHHBIM Ta0wmil 3 U 4.

14)Cnenath BBIBOJ 1O pabOTE BHIMPSIMHUTEIIS.
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Tabmauua 3 - Baeniassa

XapaKTEPUCTUKA TIPU aKTUBHOMN

Tao0muna 3 - Buemnss

XAPAKTCPUCTHUKA IIPH AKTHUBHO -

HarpysKe WHIyKTUBHOW Harpy3Ke
o= o= L o=
I Us | la | Uq l s | s | Ug
B A B A B B
5 KoHTpoJibHBbIE BONPOCHI:
1) KakoBbl ~ QMama3oHbl ~ PETyJMPOBAHUS  HANPSDKCHHS  HA  BBIXOJE
BBITIPSIMUTEIIS?

2) BenmuuuHbl yria ympaBiieHHsS TPU MaKCHMAaJIbHOM W MHUHUMAaJIbHOM
HaIPSKCHUAX !
3) Kakoro BimsiHHE yria yOpaBiICHHUS HA TOK HArpy3KH IPH MOCTOSHHOM

COIIPOTUBJICHHUU Hany3KI/I?

JlaboparTopHasi padora Ne 7
HMccnenoBanue 0JHOKACKAIHOTO YCHJIUTENSI HA OUIOJISAPHOM
TPAH3UCTOPE, CXeMa ¢ 00IUM IMHUTTEPOM.
Heab padorbl: OCBOEHME METOIMKHA CHSTHS OCIHWJUIOTPAMM BXOJHBIX U
BBIXOJIHBIX HAMNPSKEHUH  OJHOKACKAJHOTO YCHIMTENSA, alropuTMa pacdera

KO3 puIMeHTa yCUJIEHUH CUTHAja Ha BCEM JIMANa30HE YacTOT M MOCTPOEHUE

AMILJIMTY O - YaCTOTHOM XapaKTCPUCTUKMU.

3HaHuA (aKTyanu3amus):
- CYIIHOCTh (PU3HUYECKHX IMPOIECCOB, IMPOTEKAMOIINX B DJICKTPOHHBIX
mpubopax U yCTPONCTBAX;
- TPUHIMN BKIIOYECHHS] DJIGKTPOHHBIX MPUOOPOB H  TOCTPOCHUS
AIIEKTPOHHBIX CXEM;

- TUIIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHOM TEXHUKH.
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YmeHnus:
- OMPEIEIATh U AHAJIM3UPOBATh OCHOBHBIC MTAPAMETPhI AJEKTPOHHBIX CXEM U

YCTaHaBIMBATh IO HUM Pa0OTOCIIOCOOHOCTH YCTPOUCTB JIEKTPOHHON TEXHUKHU.

1 Cxema onpbITa.

|

S2

—_—

S
§§’ =14
~» H2)

TR

2 Teoperuyeckoe 000CHOBaHUE.

OcCHOBHBIC TeXHHYECKHE MOKA3ATEJIH YCHINTEJCH.

Baxuenmmm TEXHUYECKUM MOKa3aTeseM YCUJIUTEIIS SIBJISIFOTCSL:
Kod(uimenTsl ycuieHus (MO HaNpsHKEHUI0, TOKY M MOIIHOCTH), BXOJHOE H
BBIXOJTHOE€ COMPOTHUBJICHUS, BBIXOJHAS MOIIHOCTh, KOA(MOUIIMEHT TOJIE3HOTO
NEeUCTBUSI, HOMHUHAJILHOE BXOJHOE HalpsbKeHHE (YyBCTBUTEIBHOCTH), JHAMa3oH
YCHJIMBAEMBIX YaCTOT, TUHAMUYECKUNA JUANa30H aMIUIUTYA U YPOBEHb COOCTBEHHBIX
MoMeX, a TOKa3aTelau, XapaKTepu3yrollue HeJIWHEHWHbIe, 4YacTOTHbIe U (a3oBbIe
HMCKAKEHUS YCUIMBAEMOTO CUTHAJA.

1) Koappuyuenm ycunenus
Koaddummentom ycuneHrus mo HanmpsDKEHHUIO, WU MPOCTO KOAPHUIIUSHTOM

YCUIICHUA K mHa3wpiBaeTcs BCJIIMYMHA, IMMOKa3bIBAIOIIas, BO CKOJIBKO Pa3 HAIIPSAKCHHC

CHUTHAJIa HAa BBIXOAC YCUIIUTCIIA 6OJ'H:IHG, 4YCM Ha €ro BXOAC:

K — U BbIX
U BX

3Hauenne kodpdunmeHnta ycuwiaeHus K y pazIUUHBIX YCUJIMTENEH HampsLKeHUs

MOXCT UMCTh BCIIMYHHY IMOPAAKAa ACCATKOB U COTCH. y‘II/ITBIBaSI, 4dTO B COBPCMCHHEIX
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YCHIINTEIBHBIX cXeMaX KOA(D(PUIIMEHT YCWJICHHS, BBIPAXCHHBIM B Oe3pa3MepHBIX
SAVHUIAX, MOTYYaeTCs, JOBOJBLHO TPOMO3AKHM YHUCIOM. B 3JIEKTPOHHKE MOTYYHII
pacnpocTpaHEHUE CIOCO0 BBIPAKEHUS YCHIMTEIBHBIX CBOWCTB B JIOTapU(DPMHUIECKIX
equHunax - oeyubenax (nb). Koaddumument ycuneHnus, BeIpaKeHHbIN B Jenuoenax,

paBeH

K=20|g‘ijﬂ =20IgK

BX
OOpatHbIi TIepexo OT aenuden K 6e3pa3sMepHOMY YHCITY TTPOU3BOIUTCS

ITPpH IIOMOIIIU BBIPAKCHUA

K[)E

K =102

2) luanazon ycunueaempix 4acmom uiu nojaocd nPonycKanusi, WIH IMOJIOCOH
MPOITYCKAaHUsI YCUITUTEIS, Ha3bIBAa€TCs Ta 00JIaCTh YAaCTOT, B KOTOPOU KOO PUITUEHT
YCUJICHUSI U3MEHSIETCS HE OO0JIBIIE, YEM 3TO JOMYCTUMO MO TEXHUYECKUM YCIOBUSIM.

JlommycTuMble W3MEHEHUs Kod(pUIMeHTa yCWICHHs B TMpeesax IMOJOCHI
MPOIYCKAHUsSI 3aBUCAT OT Ha3HAYeHWs M ycioBHM pabotel ycuiutens. B YHY,
HaIpuMep, 3TU U3MEPEHHUs 0OBIYHO He mpeBbiaioT 3 1b.

Hckaxenus ycuanresiei.

[Ipu ycuiieHUH 3JIEKTPUUECKUX CUTHAJIOB MOTYT BOBHUKHYTh HEJIMHEWHBIE,
4acCTOTHBIE U ()a30BbI€ UCKAKEHUS.

1) Henunetinvle uckasicenus IPeaCTaBIISIOT COO0M n3MeHeHne (hOpMbI KpUBOI
YCUJIMBAEMBIX K0JIEOaHU, BEI3BAaHHOE HEJTMHEHHBIMU CBOMCTBAMH IIEMH, YePEe3
KOTOPYIO 3TH KojebaHus npoxoaar. OCHOBHON MPUIMHOM MOSBICHUS HETMHEHHBIX
VCKQKCHUH B YCWIMTEIU SBJISCTCS HETMHEMHOCTh XapPAKTEPUCTUK YCUITUTEIbHBIX
AJIEMEHTOB, a TaKXKe XapaKTePUCTUK HaMarHWYMBaHUs TpaHC(HOPMATOPOB MU
JPOCCENIEN C CEPACUHUKAMU.

2) YacmomHvlmu HA3BIBAIOTCS WCKAXCHHS, OOYCIOBJICHHBIC H3MCHEHUEM
BEITMYMHBI KOA(PPUITMEHTA YCUIIEHUS Ha Pa3IMYHBIX YacToTaX. [[puyrHON 4aCTOTHBIX

PICK&)KGHPIIZ, SABIIACTCA HNPUCYTCTBHUC B CXEMC YCHIIMTCIIA PCAKTHBHBLIX 3JICMCHTOB -
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KOHJICHCATOPOB,  KaTyIIEK HMHAYKTUBHOCTH,  MEXIYJIEKTPOJIHBIX  EMKOCTEU
YCUJIUTEJIBHBIX 3JEMEHTOB, €MKOCTH MOHTa»a M T. J. 3aBUCUMOCTb BEJIMYUHBI
PEAKTUBHOIO COMNPOTHUBJICHHS OT YAaCTOThl HE MO3BOJIIET MOJYYHUTh HMOCTOSHHBIN
KOA(PPUIIMEHT YCUJICHHS B IITUPOKOM M0JIOCE YaCTOT.

Yacmomuvie ucKaddcenusi, 6HOCUMbBIE YCUTUMENLEM OYEHUBAIOM N0 aAMNIUMYOHO-
YacmomHoOUu  Xapakmepucmuke, MPEJICTABIAIOLICH co0oif 3aBHCUMOCTD
Kod(puiMeHTa yCWJICHUsT OT YacTOThl yCHJIMBaeMoro curHaia. Ilpu moctpoeHuun
aMIUTUTYTHO-9aCTOTHBIX XapaKTEPUCTUK YacTOTy IO Ocu abciucc yaoOHee
OTKJIQJbIBATh HE B JIMHEHHOM, a JorapudmuyeckoM Macitade (s KakI0H 4acTOThI
(hakTHUECKH 1O OCH OTKJIajbiBaeTcs BenuuuHa |g f, a moamuceiBaeTcsl 3HauYCHHE
4acTOoThl). Eciaum 4acTtoTy OTJIOXKHUTH B JIMHEMHOM Macmitabe, TO Takas
XapaKkTepucThKa OyJeT HeyJOOHO! JJisi TIOJIb30BaHMSs, TaK KaK BCE HIKHUE YacCTOTHI
OyIlyT 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 YCHIJIUTEIBHOTO Kackaga ¢ OOUuM
SMHUTTEPOM M MUTAHUEM OT OJHOIO MCTOYHMKA MOKa3aHa Ha pucyHke 1. Bxoanou
CUTHAJ TOCTYyMaeT Ha 0a3y U MU3MEHSIET €€ MOTEHIUAJI OTHOCUTEIBLHO 3a3€MJICHHOTO
AMUTTEPA. DTO MPUBOJUT K U3MEHEHHUIO TOKa 0a3bl, a CIEOBATEIBHO, K H3MEHEHUIO
TOKAa W HaNpsDKEHUS Ha Harpy304HOM comnpoTuBiieHun Rk. PasznenurtenbHbid
koHaeHcatop Cp1  CIOyXUT Jis TOPEeJOTBpalIeHHs] MPOTEKAHHUS MOCTOSHHOU
COCTaBJISIIOIIEH TOKa 0a3bl 4yepe3 HCTOYHUK BXOAHOTO curHasa. C TOMOIIBIO
KoHneHcaTopa Cp; Ha BBIXOJ KacKaja IOJAETCS IIEPEMEHHAs COCTaBIIAIOIIAS
HanpsokeHus: Uy,, U3MEHSIOMIAsCA MO 3aKOHY BXOJHOTO CHUTHAjla, HO 3HAYUTEJIbHO
MPEBBIIIAIOIIAS €r0 MO0 BeMYMHE. BaxkHyt0 poiib urpaet pesuctop RgB 1ienu 0asbl,
obecrieynBalOIIMi  BBIOOpP HMCXOJHOM paboueil TOUYKM Ha XapaKTePUCTHKAX

TPAH3UCTOPA U OMPEAEIISIIONINN PEXKUM KacKaja Mo MOCTOSHHOMY TOKY.
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Pucynoxk 1 — CxeMa pe3ucTUBHOIO Kackajia ¢ pe3ucCTOpOM B 1IN Oa3bl.

Cxema ¢ @UKCUPOBAHHBIM UBMEHEHUEM HANPANCEHUs CcMeuwjeHuss Ha 0Oase
IpejicTaBlieHa Ha pucyHKe 2. B aToit cxeme pesuctopsl R's U R"5, moakItoueHHBIC
napajuieiIbHO HUCTOYHUKY MHTaHUsA FE,, COCTaBIsSeT MACIHUTENb HANpPsHKCHUS.

ConpoTHUBIICHHS IETUTENSI ONPEACIIAIOT U3 OUEBUIHBIX COOTHOLIEHUI:

Ex-U
R IE: K 5317

IH+I53p

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

[Ipu sTOM TmOBBIMIAETCS CTAOMJIBHOCTh pPEKMMa PpabOThl CXEMbI, TaK Kak
M3MEHSETCS TOK B IEMAX IMHUTTEpa M KOJJICKTOpPA TPaH3UCTOpAa HE3HAYUTEITHHO
BIUSIIOT HA BEJMYMHY HANpsDKEHHUS CMeleHus. BmecTe ¢ TeM TOK JenuTens He
cieayeT BBIOMpATh CIMIIKOM OOJBIIMM W3 COOOPaKEHUN 3KOHOMHUYHOCTH, TaK Kak

yeM OoJblie Tok |7, TeM 6ojiee MOIIHBIM JOJIKEH ObITh MCTOYHUK MUTAHUS E)

zr%% T

Pucynok 2 — CxemMa pe3ncTUBHOIO Kackaja
C (PMKCUPOBAHHBIM HAMPSHKEHUEM CMEIICHUS.
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2.4 CxeMbl TEMIIEPATYPHOM CTA0OWIH3ALIMH.

[Ipn mocTpoeHUH CXEM TPAH3UCTOPHBIX YCHIIUTENICH MPUXOIUTCS MPUHUMATh
Mepbl ISl CTAOMIM3allMK TOJOXKEHHs padodeld TOYKM Ha XapaKTepUCTUKAX.
OcHOBHOI fecTabMIM3UpyOmuid  (HakTop, HAPYIIAOIIUA yCTOWYUBOIO PabOTY
TPAH3UCTOPHOU CXEMBI, - BIUSIHUE TeMiepaTyphl. CyllIeCTBYIOT pa3IuyHbIle CIIOCOOBI
TEPMOCTAOMIIN3ALINY PEKUMA pabOThI TPAH3UCTOPHBIX KACKAIOB.

B cxeme Ha puCyHOK 3a TEPMOPE3ZUCTOP C OTPULATEIBHBIM TEMIIEPATYPHBIM
KO3 (UIIMEHTOM COMPOTHUBIICHUS BKJIIOYEH B 0a30BYIO IENb TPAaH3MCTOPa TaKUM
oOpa3oM, 4YTO TpU TOBBILIEHHMH TEMIEPATypbl IMPOUCXOIUT YMEHBIICHHUE
OTPULIATENILHOTO HAaNpsDKEHUsT Ha 0aze 3a CueT YMEHBUICHHUS CONPOTHBIICHUS
tepmopesuctopa Ry, Ilpy 53ToM mHpoHCXOAUT YMEHbIIEHHE TOKa 0Oa3bl, a
CJIEIOBATEIIBLHO, U TOKA KOJUIEKTOpa. B pe3ynbTraTe yBenInyeHus: KOJUIEKTOPHOIO TOKA,
BBI3BAHHOE BJIMSIHUEM TEMIIEPATypbl, KOMIIEHCUPYETCS €r0 YMEHBLUIEHUEM 3a CUET
JEUCTBUSA TEPMO3aBUCHUMOIO CMEILEHHUS, T. €. O0lIee MpUpalieHue TOKa KOJJIEKTopa

6y,Z[eT HC3HAYUTCIIbHBIM.

R%
+ Rx Cp)

Cpl
&£ Ui
— >
R% )'l &
+
(s .
L
8)
Pucynok 3 — Cxembl TepMOCTa0UIIU3aIMY PEKUMa TPAH3UCTOPHOTO KacKasa:

a — C TEPMOPE3UCTOPOM; O - C IHUOJOM; B — C IEMOYKONH IMHUTTEPHOMI
CTabuIn3aIu
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OnHa U3 BO3MOXHBIX CXEM TEPMOCTAOMJIE3allMU PEKUMA TPAH3UCTOpA C
[OMOIIIb MOJYIPOBOJAHUKOBOIO JMOJa MOKa3aHa pUCYHOK 36. B 3Toil cxeme auon
BKJIIOUEH B OOpaTHOM HAaINpaBJiCHHH, a TeMIepaTypHas XapaKTepUCTHKa O0OpaTHOTO
TOKa JAMOJA JOJKHA OBITh aHAJIOTMYHA TEMIIEPAaTypHOU XapaKTEepUCTUKE 0OpaTHOTO
TOKAa KOJUIEKTOpa HPUMEHSEMOI0 TpaH3HCTOpa. Peanu3oBarh 3Ty BO3MOKHOCTD,
OJIHAKO, YAAeTCsl TOJBKO JUJIsi OJHOIO TpaH3HUCTOpa JaHHOro tuma. llpu cmene
TPAH3UCTOPA CTaOMJIBHOCTh, KaK MPAaBWIO, YXYAIIAaeTcs M3-3a pa30poca BEITUYMHBI
o0paTHOro TOKa KOJUIEKTOpa (HAallOMHUM, 4YTO OOpaTHBIM TOK KOJUIEKTOpa B
HauOOoJbIIEH CTETIEHN MOJIBEPIKEH BIUSHUIO TEMIIEPATYPHI).

Haubonbiiee pacnpocTpaHeHHWE MOIy4YHJa CXeMa TepMOCTa0WIn3aluu
pexuma, MpUBEJICHHAs Ha pUCYHOK 3B. B 3Toli cxeme Ha BcTpedy (PUKCUPOBAHHOMY
OpsIMOMY HaNpsKEHUIO CMEIEHHUs, CHUMaeMoMy C pe3uctopa R B, BKIIOUEHO
HaIpsDKEHUE, BOZHUKAIOIINE Ha pe3ucTope R, MpH MPOX0XKIEHHH Yepe3 HEro TOKa
sMutTepa. [ 0oTBOIa MEPEMEHHON COCTABIISIONIEH TOKa AMUTTEPA OT pe3ucTopa Ry

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

3 IIpubopsbl 1 000pyaOBaHME.
1) Crenn DC4A «OnHOKACKaIHBIA YCUIUTEI C OOIIUM YMUTTEPOM)).

2)Ocmmmorpag C1-137.

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

Y cTaHOBUTH MapaMeTphbl yCUIIUTENS:

a) YcranoButh Ex=8+12B;

0) Bxurounts TyMONEp S3, perynupys conpotusieHus aenutens Ryl u
R,2, ycTtaHoBUTH TOK 6a3bl Iy .

B) Brumrounts S4, u3mensis Ry yctanoButsb |,
3) BxumtounTts ocpuiorpad, NoAKIIOYNTh U3MEPUTENIbHbIC KaOelIn K THE3/1aM
creHa: nyd | — uamMepeHue BXoHOro curnana; iyd |l — usmepenue BbIXOHOTO
CUTHAaJA.

4IIpu Rr = const, ycTaHOBUTH BXOJIHOM CUTHAJI 33JJaHHON aMIUIUTYbI (1y4 I).
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5) PerynupoBkoit Rk 1 RH 100UThCS MakCUMaJIbHOM aMILTUTY/ bl BBIXOJHOTO CUTHAIa
(otyu 11). i3MepuTh aMILTUTYbI BBIXOHBIX CUTHAJIOB Ha Pa3jMYHBIX 4acTOTAaX.
JlaHHbIE U3MEPEHMI 3aHECTH B TaOMLy 1.

6) Paccuurats Ky, Ky (1b).

7)ITocTpoUTh aMILUTUTYTHO-9aCTOTHYIO XapaKTEPUCTHUKY.

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

Tabnuua 1 — AMIUTUTYIHO — YaCTOTHAs! XapaKTepUCTUKA

Ux= B
(") [
Usux (B)
K.,
K6 : j ’ [

9)CHATH OCIMJUIOIPAMMBI BBIXOHBIX CUTHAJIOB B PEXKUMaX:

a. - JINHEWHOTO YCUJIUTEIIS,

b. - IPY MOSBJICHUN HEJIMHEUHBIX UCKAKEHUM;

10)OnpenenuTh BIUSHUE COMPOTUBIICHUS Harpy3ku Ha Ky..

11)OnpenenuTs BIMSHAE U3MEHEHUS KOJUICKTOpHOTo nutanus Ey Ha Ky.
12)Boikmounth S4. Kak u3meHmnoch Ugpix MPH OTKITIOYESHUH TEMITEPaTyPHOM
cTabunuzaum?

13) BeikitouuTs ctena. Beikatounts ocuuiiorpad.

5 KoHTpoJibHbIE BONIPOCHI
1) BenuunHbl KOXQPHUIMEHTOB YCUICHHS HA HIDKHEH, CpEHEH U BEpXHEH
4acToTax?
2) KakoB n1uamna3oH yCHIMBA€MbIX 4aCTOT?

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

TPaH3UCTOPE, CXeMa ¢ 0O0IIMM HCTOKOM.

Heap padorel: OcBoeHNE METOIUKU CHITHS OCHMIUIOIPAMM BXOJHBIX M BBIXOJHBIX
HalpsOKEHUH  OJTHOKACKAIHOTO YCHJIMTEINS, alropuTMa pacdera koddduimenTta
YCUJICHUW CUTHajla Ha BCEM JWama3oHe YacTOT M TIOCTPOCHHE aMIUIUTYAO -
YaCTOTHOM XapaKTEPUCTUKH.
3HaHus (aKTyanu3anus):

- CYUIHOCTh (PU3MYECKUX IPOIECCOB, MPOTEKAIOIIMX B AJIEKTPOHHBIX
npudopax U yCTpONCTBAX;

- DOPUHLMI BKJIIOYEHHUsS AJIEKTPOHHBIX MPUOOPOB U  MOCTPOCHHUS
AIIEKTPOHHBIX CXEM;

- TUTIOBBIC y3JIbI M YCTPONCTBA SJIEKTPOHHON TEXHUKH.

Ymenus:

- OIpCACIIAATE U aHAJIM3UPOBATHL OCHOBHBIC ITAPAMCTPHBI 3JICKTPOHHBIX CXEM U

yCTaHABJIMBATH MO HUM pabOTOCIIOCOOHOCTh YCTPONCTB JIEKTPOHHON TEXHUKH.

1 Cxema onpITA.

+Ec
% °
U
b
b o
—
Inx
3> vr

]
7
34
i3

Y
N

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  Kackaagy C  OOIMM  3MHTTEpOM, a  LEMNOYKa  HCTOKOBOM
TEPMOCTAOUITN3AIIMH aHAJIOTUYHA I[EMTOYKE SIMUTTEPHON TEPMOCTAOMIU3AIUY.

OCo0eHHOCTH M I0OCTOMHCTBA MOJIEBbIX TPAH3UCTOPOB.

1) Bo-mnepBbIX, MOJIEBOI TPAH3UCTOP CYIIECTBEHHO OTIMYACTCS OT
OUMOJIIPHOrO TPAH3UCTOPA MPUHLIMIIOM AEHCTBUA. B OumossipHoM TpaH3ucTope
YIPABJICHUE BBIXOJHBIM TOKOM TPAH3UCTOPA MTPOU3BOAUTCS C MOMOIIBIO BXOJHOTO
TOKa, @ B TIOJIEBOM TPAH3UCTOPE — C MIOMOIIIBIO BXOIHOTO HAIPSIKEHUS (MK
AIEKTPUUYECKOTO TIOJIS).

2)p-N-Tiepexo1 3aTBOpa MoJICBOr0 CMEIIeH B 00PaTHOM HaIpaBJICHUH
HanpsbkeHneM U 3p U, CIe10BaTeNbHO, 3aKpbIT. [I03TOMY BXO/IHasi IPOBOAUMOCTh
MIOJIEBOTO TPAH3UCTOPA OYEHb MaJla, a BXOJHOE CONPOTUBIIEHUE Rpx 1MOJIEBOro
TPAH3UCTOPA BEJHKO.

3)B memnu 3aTBOpa MPOTEKAET JIMIITL MaJIbIi TOK 00PaTHO CMEIIIEHHOTO
nepexona. [loaTomy MOIIHOCTB, HEOOXOAUMAs IJIs1 YIIPABIIEHUS TOKOM CTOKa U
noTpedssieMasi OT UICTOYHHKA BXOJIHOTO CUTHAJIA B IIETIH 3aTBOPA, OKA3bIBACTCS
oueHb Majioil. Ciie1oBaTENbHO, MOJIEBOM TPAH3UCTOP MOKET OOECIIEUUTh YCUIICHUE
ANEKTPUUYECKUX CUTHAJIOB KaK MO TOKY U HANPSHKEHUI0, TAK U IO MOIIIHOCTH.

4)IToneBbie TPaH3UCTOPHI MOTYT 00JafaTh 00JIee HU3KUM YPOBHEM IIIyMa, YeM
OUTOJISIPHBIC TPAH3UCTOPHI (0OCOOCHHO Ha HU3KUX YaCTOTax). ITO OOBACHIETCS TEM,
YTO B IJIEBBIX TPAH3UCTOPAX HE UCHOIb3YEemCsl IBICHUE NHKEKIIUU HE OCHOBHBIX
HOCHTEJIEH 3apsJia U, ClIeIOBaTEIbHO, OTCYTCTBYIOT MPOIIECCHl PEKOMOMHAIIUU
HOCHTEJIEN B p-N-TIepexoaax.

5) B noneBbIX TpaH3UCTOPaxX OTCYTCTBYIOT ITPOLIECCHI U3MEHEHMS (HAKOIICHHUS
U paccacblBaHMs) 00bEMHOIO 3apsiia HEOCHOBHBIX HOCUTEJIEH, 3aMETHO CHUKAIOILIUE
OBICTPOICHCTBHE OUTIONISIPHBIX TPAH3UCTOPOB MPHU WX MCTIOIB30BAHUH B KAYECTBE
BJIEKTPOHHBIX KIIFOUEH.
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3 IIpubopsbl 1 000pyIOBaAHME.
1) Crern DC4A «OnHOKACKAIHBIA YCUIIUTEIb, CXeMa C OOIIMM HCTOKOMY.

2)Ocmmmorpad C1-137.

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

2) YcTaHOBUTH MapaMeTpbl YCUIIUTEIIA:

a) YcranoButb Ec= 8 + 12B;

0) Bxirrounts S4.
3) Bxomtouuts ocumiiorpad, HOAKIIOUATh U3MEPUTENIbHBIE Ka0enu K THe3aM
creHa: nmy4d | — uamMepeHune BXoJHOTO cUTrHaia; Jiyd || — usmepenue BbIXOAHOTO
CUTHAJIA.
4) ITpu Ry = const, ycTaHOBUTH BXOJHOM CHUTHAJ 33JJaHHOM aMIUIUTYabl (J1yd I).
5) Perynuposkoit R1 1 Ry 100UThECS MakCUMaJIbHOM aMIUIUTY Ibl BEIXOIHOTO
curHaia (;yd 11). i3MepuTh aMIUTUTY bl BBIXOHBIX CUTHAJIOB Ha Pa3IMYHbIX
yacToTaX. JlaHHBIe U3MepeHuid 3aHecTH B TabauIry 1.

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

f, '
Uspix, B
K

U
Ky, nb

6) Paccuutats Ky, Ky (1b).

7) IlocTpouTh aMITUTYTHO-4ACTOTHYIO XapAaKTEPUCTHUKY.

8) Paccuurtars Rpx, Repix, Pepix ycunurens.

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

b. - [IPY NIOSIBJICHUN HEJIMHEWHBIX UCKAXKECHUN;

10) OnpenenuTh BAUSHUE CONPOTUBIEHUS HAarpy3ku Ha Ky..

11) OnpenenuTh BIUSIHUE W3MEHEHHUS BeIWUUHbI muTanus Ec Ha Ky.
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12) Beikimrounts S4. Kak n3menunock Ugpix TpH OTKIIIOUEHUH TeMIIEpaTypHOU
crabmim3anun?
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 OCyIIECTBIISIETCS TEPMOCTAOMIIM3AIMS BEBIOPAHHOTO pEKUMa
paboThl YCUIIUTENBHOTO Ha MOJIEBOM TPAH3UCTOPE?
3) Ilepeuucnure OCHOBHBIE JOCTOMHCTBA KACKa0B Ha MOJIEBBIX TPAH3UCTOPAX.
4) Tlouemy ycunutenbHbiid kackag OU obnamaer 6onbiinM, yem kackaa O

BXOAHBIM COHpOTI/IBHCHI/IeM?

JlaGoparopHasi pabora Ne 9

HcciienoBanue SMUTTEPHOTO MOBTOPHUTEJIA

Heab padorbl: OcBoeHHWE METOJMKHA CHATHS aMIUIMTYAHO - YaCTOTHOM
XapaKTepUCTUKA W aJIrOpUTMa pacueTra MapaMeTpOB SMUTTEPHOTO IMOBTOPUTENS

BBIITOTHEHHOTO 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:
- OIPENCIIATh U AaHATU3UPOBATH OCHOBHBIE ITAPAMETPBI DJIEKTPOHHBIX CXEM U

YCTaHaBIMBATh IO HUM Pa0OTOCIOCOOHOCTh YCTPOUCTB JIEKTPOHHON TEXHUKH.
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1Cxema onbITa.

A e
—{] “oat -
| @ ') VT
L) .
Rs

l PA2

2 TeopeTuyeckoe 000CHOBAHUE.

Cxemy (pucyHok 1) Ha3pIBAalOT KackaJoM C OOIIMM  KOJUICKTOPOM
(OK) moTtoMmy, 4YTO KOJIJIEKTOPHBIM BBIBOJ TPAH3UCTOpPA IO IMEPEMEHHOMY TOKY
SABJSIETCA OOILIMM DJIGKTPOJIOM [IJIi BXOJIHOM M BBIXOJHOM Iiemeil Kackaja.
OMUTTEPHBIM TOBTOPUTEJIEM CXEMY Ha3bIBAIOT BCJICICTBUE TOTO, YTO €€ BBIXOJHOE
HaIpsOKeHUE, CHUMaeMOE ¢ AMHUTTEpA TPAH3UCTOPA, OJM3KO MO BEIMYUHE BXOJHOMY

HaMPSHKEHUIO: Ugyx= Ugx - Ugy <K U, YU COBIAJIACT C HUM 1O (aze.

Pucynok 1 —Cxema ¢ 00IIUM KOJIEKTOPOM.

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

cxeme OO, - 3TO CO3JaHNE U3MEHAIOLIETOCA HAPSKEHUSI B BBIXOJHOM 1IETIH 32 CUET
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pOTEeKaHUs B HEW TOKa, yNpasiisieMoro 1o 1enu 6a3pl. Oynkuus konaencaropa Cpy -
nepenaya B Harpy3Ky MNepeMEHHOW COCTaBJISIONIEH BBIXOJHOTO CUTHasa. Pe3ucTopsl
R: u R, mnpennasnayeHsl qHA 3afaHusl peXuMa MOKOS Kackana. /[Hs MOBbIIECHUS
BXOJIHOTO COTIPOTUBIIEHUS pe3ucTop Rz B cxeMy 4acto He BBOJSIT.

3 IIpubopsl u 000pyIOBaAHME.

1) Creng DC4A «OnHokackaaHble yermuTeau. CxeMa coooImuM

KOJUIEKTOPOM

2) Ocmmnorpad C1-137

4 TlopsinoK BbINOJIHEHUSI PA0OTHI.
DIloarorosuth cteHx IC4A k paboTe B COOTBETCTBUU C HHCTPYKITHECH.
2)YCTaHOBHUTbH MMAPAMETPhI YCUITUTEIIA:

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

YCTaHOBUTH TOK 0a3bl Ip .
3) Bruimrounts ocupumiorpad, MOAKIIOUYNTh U3MEpUTEIbHBIE Kadenu ocipuuiorpada K
rHe3iaMm cTeHga: jgyd | — u3Mmepenue BxogHoro curHana; jayd |l — usmepenue
BBIXOJIHOT'O CUTHAJIA.
4) BriOpaTh BUJ CUTHAJa TEHEPATOPa — CUHYCOUJATbHBIN.
ITpu Rr = const, ycTaHOBUTH BXOAHOM CUTHAJI 3alaHHON aMIimuTyabl (J1yy I).
5) PerymupoBkoii Ry U Ry 100uThCS MaKCHUMalIbHOW aMIUTATYABl BBIXOJIHOTO
curaiga (mya |l1). V3MepuTh aMIUIMTYIbl BBIXOJHBIX CHTHAJOB Ha pa3MYHBIX
yacToTaX. JlaHHBIe U3MepeHnid 3aHecTH B Tabuy 1.

Tabmanma 1-

UBX = B
f, '
Ussix, B
Ku

6) Paccuutath Ky. Pe3ynbrarel pacuera 3anectu B Tabnuity 1.

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

3) CHATh OCUILIOIpaMMBbI BXOAHOI'O M BBIXOJHOI'O CUI'HAJIOB.
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4) OnpenenuTs BIMSHAE COMPOTHUBIICHUS Harpy3ku Ha Ky.
5) OnpeneanTh BIMSAHUAC U3MEHEHHUS KOJIEKTOpHOTro nutanus Ey Ha Ky.
6) Beiximrounts S3. Kak usmennnocs Ugpix?

14) BBIKIIIOYNTH CTEHI. BhIKIIOUnTH ocmiuiorpad.

5 KoHTpoJibHBIE BONIPOCHI.

1) KakoB auamna3oH 4acTOT UCCICAYEMbIX CUTHAIOB?

2) KakoBa BenmuumHa ()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
MHBEPTHUPYIOIIETO OMNEPALMOHHOIO YCHIMTENSl TpU Pa3iMuHbIX  KoddduimeHrax

YCUJICHM:, OIIPCACIICHUA ITIaPaMCTPOB OIIBITHBIM ITYTCM.

3HaHus (aKTyanu3anms):
- CYUIHOCTh (PU3MUYECKHX IMPOIECCOB, MPOTEKAIOIMIMX B 3SJIECKTPOHHBIX
npudopax U yCTpOHCTBAX;
- TNPUHLUN BKJIIOYEHHUS] DJEKTPOHHBIX MPHOOPOB U  INOCTPOCHHUS
AIEKTPOHHBIX CXEM;
- TUTIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHOM TEXHUKH.
Ymenus:
- OIPENCIIATh U AaHATU3UPOBATH OCHOBHBIE ITAPAMETPBI DJIEKTPOHHBIX CXEM U

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

Cxeaa.
R3 S1
— 1
w0
100
R} ‘
1 > 13 :F .
3
S
R2 : .
uCT -
-

2 TeopeTuueckoe 000CHOBaHME.

Omnepannonnsie ycunutenu (OY) B MHTErpaJbHOM MCIIOJIHEHUU B HACTOSILEE
BpEMSI COCTAaBJISIIOT OCHOBY aHAJIOTOBBIX MHTETPANbHBIX cXeM. B Hacrosiiee Bpems
nog OY  DNOHMMalT  BBICOKOKAYECTBEHHBIM  YCWJIMTENb  HAIpPSDKEHUS,
OpeJHa3HAYeHHbIH  JUI1  BBIIOJHEHUS  CaMbIX  pa3HOOOpasHbIX  (PYHKUIMHA
anredpandecKoro CJIOKEHU, BBIYUTAHUS, YMHOXEHHUS, TICJICHNUA,
auQdepeHInpOBaHNs, UHTETPUPOBAHUS, JIOTAPU(PMUPOBAHUSI.

BonpmMHCTBO cTaHAapTHBIX HHTerpaibHbix OY  (pucyHok 1) wumeer
g depeHuranbHbli BXOJ (1Ba BXOAHBIX 3aKMUMa U OJIUH BBIXOJIHOM ).

[Tpu aTOM BhIXOIHOE HampspkeHne Uppix Haxoautes B ¢dase ¢ HanpsikeHueM Upyi 1

npoTuBO(da3HO HAMPSKEHUIO Upyo.

LY 2 S

Pucynok 1 — YcinoBHoe 0603HaueHne Mukpocxembsl OY

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

4) IlIupoxas nonoca mponyckanuss fz=0,fz = o]

5)IIOCTOSTHCTBO aMILIUTYIbl YCHWJIMBAEMOI'O CHUTHajia BO BCEM JHMamna3oHe
4acToT;

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

7) Ilutanue OY ocymiecTBIsieTCs OT JBYX COEIMHEHHBIX MOCIIEI0BATEIHHO
HMCTOYHHKOB C OJMHAKOBBIMHU IMOCTOSHHBIMHM HanpskeHUsIMH U, 1 1 Uy, 2 mm ot
OJIHOTO MCTOYHHKA CO CPEAHEN TOUKOM, KOTOpas 3a3€MJICHA.

IlepenaroyHasi XapakTepuCTHKA ONEPALMOHHOI0 YCHJINTEIS.

[lepenatounass xapaxkrepuctuka OY (pucyHok 2) - 3TO 3aBUCUMOCTH
BBIXO/IHOTO curHaia U gpix OT BEJIMYMHBI U MOJSIPHOCTH BXOJIHOTO curHaia Ugpx;

Ussix = F (Ugx).

Pucynok 2 - Ilepenarounas xapakrepuctuka OVY.

Kak BXOQHOE, Tak M BBIXOJHOE HAIPSIKEHUE MOTYT CUMMETPUYHO H3MEHSTHCS
OTHOCUTEIBHO HYyJsA (ObITh OMMOJSPHBIMHM), KaK 3TO BUAHO M3 MEpPEAATOYHOU
xapakTepucTHKH OY U gyx = T (U ox ). IIpu 3a3eMiIeHHOM HEHWHBEPTHPYIOIIEM
BxoJzie, (pUCYHOK 3), mepeiaya CUrHaja Ha BBIXOJ| YCHIIUTENS OCYILECTBISETCS C
MHBEPTUPOBaHKEM (a3bl BXOJHOTO cUrHajia (mepegaToyHas xapakrepuctuka 1). B
cllydae 3a3€MJICHHS WHBEPTHPYIOIIET0 BXoAa (a3za yCHUIMBAEMOro cHUrHana E

npoliecce YCUJICHUSI He M3MEHseTcs (TepeaTouHas xapakTepucTuka 2). BeixoaHoe
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HaNpsDKEHUE CHUMAETCS OTHOCUTENBHO CpeJHEH TOYKM HCTOYHUKOB IHUTAHMS
(kopmyca).

Ycaosue oamanca OY. Ecmm Ugy =0, 10 Ugx =0

Koy¢ppunuent ycumaenns OY Ku. Hakion IIepEeIaTOUYHOU

XapaKTEPUCTHKU ONpeIessieTcs coOcTBeHHBIM KO3 duimentom ycuneHuss OV

R‘u — U@blx_
U@X

HNuBeprupyromee Briaovenne QY. B zapucumMoct oT ycrioBrii mofaun Ha Bxon OY
YCWIMBAaEMOTO CHTHAIA, & TAKKE C YYETOM MOMKIIFOYEHMS BHEIIHUX KOMIIOHEHTOB, MOYKHO
TIOJIy4YUTh MHBEPTUPYIOLLIEE BKIIFOUCHUE YCWIMTENL. BKITOUEHNE HA3bIBACTCS NHBEPTUPYHOLLMM,
€CJTM BXOIHOM CUTHAJT TIOJIAETCS] HA MTHBEPTUPYIOIIMIA BXOJ (BXOJT «-»), @ HE MTHBEPTUPYIOIIMIA BXOJT

3a3eMIIeH (PHUCYHOK 3).

I’) Rg
&E
R1 A
r—‘-_—j” )
L !A‘l_ ;D‘m o

Ex #_ ¥ Ran]
(™) R r Eoul | (U] garx
-l-- KoU g'“ ;
—— + :

Pucynok 3 — NuBepTupyromee BkimroyeHue OY.

Tak kak ycuieHue OV oOueHb BEIMKO, TO C HEOOJBIION OMUOKOW Oynem
CUMTATh TAaKyl0 MOJENb HACAIBHON, YTO COOTBETCTBYET BBIIOJHEHUIO YCIOBUMN
Ky—wu Ki—, tne Ky u K, - kxoapduumeHTsl ycuaeHus 1no HanpssKeHUIo U 110
TOKy Oe3 oOpaTHOU CBS3U. Eciu mpu 3TOM OXBaTUTh YCWIWTEIh NapayliebHOU
OTPHUIIATETILHON OOpaTHOW CBSI3BIO MO HANPSHKCHHUIO Yepe3 pe3uctop Ry, To mroboi
He3HauuTeIbHbIN curHasl Upx Ha BXoze OyJeT yCWIIEH U NepeAaH Mo Uenu o0paTHOn
CBSI3M BO BXOAHYIO 1enb OV, komneHcupyst BXOJIHOIM curHai Tak, 4To B COCTOSHUU
paBHOBecus (cranrionapHoM pexume) Upx = 0. [Tockoabky BXOAHOE CONMPOTUBIICHUE
YCHJIUTENS TAK)KE BEJIUKO, TO MOKHO CUUTATh, UTO TOK UCTOYHHUKA |1 BXOIUT TOJIBKO

B COIIPOTUBJICHUC R2 MMaJCHUC 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 oCymeCTBIACTCS CYMMHUPOBAHUC TOKOB,

IMPAKTUYCCKU PpaBCH HYIIIO, TO

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

oTkyna kodddurment ycunenus OY ¢ yaeTom Toro, 4to KodppuimeHt

nepeaayn HanpsbkeHust oopatHoit CBS3U B = Rz /Ry,

KU =- R2 /Rl (3)

3HaK «-» B ypaBHeHUH (3) yKas3bIBacT Ha MHBEPTUPOBaHUE (a3bl (TIOJISIPHOCTH)
BXOJIHOTO CHUTHAaJIA.

3 IIpubGopsbl u 060pyaOBaHME.

1) Crenng OC 23 «Pemaromiue yCHINTETHY.

2) Ocummtorpad C1-159.

4 IlopsAIOK BHINOJIHEHUS PA0OTHI.
1) VcTaHOBUTH M 3aKPENHTh Ha JIMIEBOM maHeau crenaa IC23 HaKIIa Hy o
naHesnb ¢ u300pakeHueM UHBepTUpytomero ycuurens NY.
2) Bxurounts creng 9C23 B ceTh.
3) Ins uccrnenoBanus cxeMbl MY HE0OX0IUMO MOJIB30BaThCS  (HYHKIIMOHAILHOW
30HOU «1» crenma DC23.
4) Haxatp kHOTIKY «1Y» B 30HE «1».
5) Haxartuem CcOOTBETCTBYIOIICH KHONKM Ha maHenu creHga OC23, BKIOYHTH
uctounuk nutanus UII1 B pexxum «I1oCTOSHHBIN TOK»: KHOMKA (-)
6) Beqm4yuHbBI BXOJHBIX U BBIXOHBIX CUTHAJIOB ONPEICIISICTCS:
a) MPUOJMKEHHO 10 BOJIbTMETPaM CTEH/Ia;

0) TOYHO MTPHU MOMOUIHN ocuusuIorpada:
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- BXOJHOE HanpsukeHne MY U3MepsIoT 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 pEryJIMPOBAaHUSI BEJIMYMHBI HaIpPSHKEHUS
ucrounnka nutanuss MII1 ycTaHOBUTH HEOOXOIMMYIO BEIMYHMHY BXOJHOIO CHTHAja.
N3meputh Uppix, TaHHBIEC 3aHECTH B Ta0MILy 1.

Tabnuua 1- I[lepenaTounas xapaktepucTuka HHBepTUpYtoiero OY

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

8) INoctpouth mnepenatounyro xapakTepucTHKy Uppx = f(Ugx) mpu pasnmdnbIx
BEIMYMHAX U MOIIpHOCTAX Upx.
5 KoHTpoJibHbIE BOPOCHI.
1) KakoBa o0111ast 0cOOEHHOCTD BceX THIOB OY?
2) Kak onpenenuts k03 dunmeHT ycuneHust uaBeptupytomiero OY?
3)Uem ompenenseTcs  HAKIOH  HAYaJIbHOTO  y4yacTKa  IepeAaTOYHOM
XapaKTepUCTUKN?

4) Kakyro cxemy OV Ha3bIBalOT «MHBEPTUPYIOIIHM ITOBTOPUTEIICM)?

JlabopaTopHnasi padora Nell

HccnenoBanne HEMHBEPTHPYIOIIETO ONIEPALMOHHOIO YCHJIMTEJIS
Hear padorbi: OcCBOEHHME METOJIMKU CHSITHE TMEPEJATOYHOM XapaKTEPUCTUKU

HEMHBEPTUPYIOILIETO OINMEPAIMOHHOTO YCUJIIUTENS MPU Pa3IuyHbIX KodPuimeHTax

YCUJICHUSL.
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3HaHusA (aKTyaau3arus):
- CYIIHOCTh (PU3NYECKUX IMPOILECCOB, IMPOTEKAIOIINX B AICKTPOHHBIX
npubopax u yCTpoicTBax;
-  TPUHIMUN BKIIOYCHHS DJEKTPOHHBIX MPHOOPOB W  TOCTPOCHUS
AIIEKTPOHHBIX CXEM;
- TUTIOBBIE y3JIbl M YCTPONCTBA 3JIEKTPOHHON TEXHUKHU.
Ymenus:
- OIIPENETATh U aHATU3UPOBATH OCHOBHBIC MAPAMETPHI JIEKTPOHHBIX CXEM U

YCTaHaBJIMBATh 110 HUM pa6OTOCHOCO6HOCTB YCTpOﬁCTB BJICKTpOHHOﬁ TCXHUKH.

1 Cxema onpITa.

L "
-t T
[ =1
—{— 3 e
_1®
~ 1

2 Teoperuueckoe 000CHOBaHME

CxeMa HEeMHBEPTUPYIOIIETO OMEePAIMOHHOTO YCUIIUTEIIS MPEACTaBICHA Ha
pucyHke 1. OnepanMoHHbIN YCUIIUTEIb HA3bIBA€TCSI HEMHBEPTUPYIOIINM, €CIIH
BXOJ/IHOW CUTHAJI IMOCTYIMAET Ha HEMHBEPTUPYIOIINI BXO (BXO «+»), TOJIPHOCTh

BBIXOJHOI'O HAIMPSXKCHUA COBIIAJACT C MMOJIAPHOCTBIO BXOIHOTO.

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

IMPOIMIOPHOHUOHAJIBHO BBIXOAHOMY HAIIPAKCHUIO YCUIIUTCILA!

Uoc = UgpixRo/ (R1+R2) = BU U o,

Jlns uaBeptupytomero OY

Ky=1/ B U= (R1+R2)/ R, =1+Ri/R,

Eciu 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 JIMLEBOM maHeau crenaa IC23 HaKIaaHy o MaHelb ¢
n300pakeHreM HeMHBepTUpYroiero ycunurens (HY).
2) Bxitounts cten 9C23 B ceTb.
3) Jns uccnenoanus cxembl HY HE00X0AMMO MOJIB30BaThCS (PYHKIIMOHAIBHOM
30HOU «1» crenma OC23.
4) Haxats kHOTIKY «HY» B 30HE «1».
5) Bxmtounth nuctounuk nutanus UIT» B pexum «I10CTOSHHBIN TOK»: KHOTIKA (-).
6) BenuyuHbI BXOJHBIX U BBIXOHBIX CUTHAJIOB ONPEACIISIFOTCS:

a) MpUOIM>KEHHO O BOJILTMETPaM CTEH/A;

0) TOYHO TP MIOMOIIIM OcuUIuIorpada:
- BXOZHOE Hanpspkerne HY u3MepsoT moakmodeHneM K raesnam [2;-1];
- Uprix HY u3MepsroT noaxroueHreM K rHe31am [3;J—] 30HBI «1».
7) Boibop kosdduimenta ycumienus HY ocyiecTsiseTcs: HaKaTHEM OTHOU U3
kaomok: 1;10;100.
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8) IToBOpPOTOM pYYKH peryIHpOBaHUs BETHYMHBI HAPSHKEHUS] ICTOYHUKA TATAHUS
NII2 ycTaHOBUTH HEOOXOAUMYIO BEIMYMHY BXOJHOrO curHaia. 3meputh Uppix.
JlanHble 3aHeCTH B Tabauny 1.

Tabnuua 1 — [lepegaTounas xapaktepuctuka HeMHBepTHpYylomero OY.

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

9) IMocTpouts nepeaarounyro xapakrepuctuky Uppix ~ f(Upx) mpu pa3invHbIX

BCIIMYMHAX U ITOJEIPHOCTAX UB)(.

5 KoHTpOJIbHBIE BOIIPOCHI.
1) Kak onpenenuTs Ko3hGUIIMEHT YCHUIICHU HeMHBepTHpPYIoiiero OY?
2) Ilpoananusupyiite, Haxoautes i OY B COCTOSHUU «OasiaHca»?

3) Kak ero BEIYMCIIUTD «HAMPSHKCHHEM CMEIICHHS HYJISD)?

JlabopaTopHasi padora Ne 12

HccnenoBanue cymmaropa

Hear padorbl: OCBOEGHHE METOJOB HM3MEPEHUS BBIXOAHBIX  HANPSHKEHUN
MHBEPTUPYIOILETO cymMmaTopa TMpH pa3IUyHbIX KOd(pPuImeHTax yCuIeHUs
BXOJHBIX CUTHAJIOB.
3HaHuA (aKTyanu3aius):
- CYUIHOCTh (PU3MUYECKHX IMPOIECCOB, MPOTEKAIOIMIMX B BJIECKTPOHHBIX
mpubopax U yCTPONCTBAX;
- NOpPUHLMI BKIIOYEHHS DJIEKTPOHHBIX TMPUOOPOB U  MOCTPOCHHUS
ANIEKTPOHHBIX CXEM;
- TUIIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHOM TEXHUKH.
YMmenus:
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- OIpCACIIATE U aHAJIM3UPOBATHL OCHOBHLBIC ITAPaMETPhI 3JICKTPOHHBIX CXEM U

yCTaHABJIMBATh 110 HUM PabOTOCTIOCOOHOCTh YCTPOMCTB AJIEKTPOHHON TEXHUKH.
1 Cxema

RI [‘1; '
1)

——{__}—

2>+ ¢ |

@ [T

2 Teopernueckoe od0ocCHOBaHUE.

CyMMaTop CO0 MHOI'MMH BXOJaMH

Ha Bxon cymmaropa (pucyHOK 1) OT HECKOJIBKMX MCTOYHHKOB C BBIXOJIHBIMU

conpotuBieHusIMA R, Ry, Rs, moctynaror Bxogubie curdansl Uy, U, Ups. Kpome

TOTO, KO BXOAY ycwiutens (Touka A) yepe3 CONMpOTHUBICEHHE 0OpaTHOM cBsizu ROC
MOJABOJUTCS YaCTh BHIXOAHOTO HarpsbkeHus: Ugpix.

Rec
LTS I 1
} e
s =
— ~ b O
Ua n . Vo
I o I
i ‘
|1

Pucynok 1 - Cxema cymmaTopa co MHOTUMHU BXOJAAMH.

HpI/I 9TOM HGO6XOI[I/IMO YUUTBIBATb, YTO HEOOJIBIIOE BBIXOAHOC COIIPOTHBIICHHUC
YCHUIIUTCIIA BXOAUT B COIIPOTHUBIICHUC Roc.

Usbix = - Uoc = - (I1 + |2 + I3) XRoc = - (U1/ Ry + U/ Rz + Us/ R3) XRoc
Ecmu Roc = R1 = R = Rs, Torma Uppix = - (Unst+ 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 JHUIEBOM maHenu creHga OC23 HakIaAHYIO TaHelb ¢
n300pakeHnueM cymMmaTopa (MmaHeb «3»).
2) Bximrounts ctenn 9C23 B ceTb.
3) s uccienoBaHHMS ~— CXEMBI  CyMMaropa  HEOOXOAMMO  TOJIb30BAThCS
(GYHKIIMOHATBHOM 30HOM «3».
4) BeiOpath MaciiTaOHBIA KOI(DPHUIIMEHT YCHICHHS OICPAIMOHHOTO YCHIINTEIIS:
HaXkaTh OJIHY U3 KHOMOK nepekiouaTens <R3> unu <R4>.
5) [MogkiaroueHue HMCTOYHUKOB mocTosiHHOro Hampspkenuss MCT1 u UCT2
MIPOU3BOJIUTCS HAXKATUEM IMMOOYEPETHO KHOTIOK <->.
6)Bpaiast py4kd COOTBETCTBYIOIIMX MOTCHIIMOMETPOB, YCTAHOBUTH HANPSDKEHHE Ha
Bxoaax cymmaropa. Kontponbs BeamumHbl Upx; U Upxy ocyliecTBisieTcs 1O
BOIbTMETPY Ugx . IIOJIpHOCTH BXOJHBIX HANPSHKEHUN OMPEACNSIETCS CUTHAIbHBIMU
JamMnamMu <->,<+>,
6) s Tounoro kouTposst Ugx octimsutorpad HeOOX0AMMO MOIKITIOYUTh K THE31aM |
1 ;2] byHKIIMOHATBHOM 30HBI.
7) I/ISMepHTB Uspix.

a) IpUOJIMKEHHO BOJLTMETPOM Uppix, MOJISPHOCTH MOKA3bIBAIOT CUTHAIBHBIE

JaMIibl <->,<+>,

0) TouHO ocHLIorpadom.
9)dannubie mamepenuit Upx), Usxe, Uspix 3aHecTr B Tabnuiry 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 HHBEPTHPYIOIIETO CyMMAaTOpa
uHBepTupymomero OY?
2) Uem orpaHMycHa BeJIMYUHA BXOHBIX HANPSHKEHHUIA CyMMaTopa?
3) Uem orpaHrueHa BeIMYMHA BBIXOIHBIX HANPSHKESHUH (CyMMa CHTHAJIOB)?

4) [Tpu KaKOM YCJIOBUU CYMMATOp YCHIIMBACT ATeOPanueCcKyr0 CyMMY CHTHAJIOB?

JlabopaTopnast padora Ne 13
HccaenoBanue kommnaparopa
Heap padorsl: OCBOEHHE METOAOB BHIIIOIHEHUS MEPEKIIOUECHUN KOoMIapaTopa Mpu

Pa3JINYHBIX OIIOPHBIX HAIIPSKCHUAX U BXOAHBIX CUTHAJIAX.

3HaHus (aKTyanu3anus):
- CYIIHOCTh (DPU3MYECKUX MIPOLECCOB, MPOTEKAIOIUX B 3SJIECKTPOHHBIX
npudopax U yCTpONCTBAX;
-  TPUHIMUO BKJIIOYEHUS OJCKTPOHHBIX MPUOOPOB U  MOCTPOCHUS
AJIEKTPOHHBIX CXEM;
- TUIIOBBIE Y3JIbl U YCTPOUCTBA 3JIEKTPOHHOU TEXHUKH.
YMeHus:
- ONpEAENITh U aHATU3UPOBATh OCHOBHBIE MAPAMETPHI SJIEKTPOHHBIX CXEM U

yCTaHABJIMBATH NI0 HUM pabOTOCIIOCOOHOCTh YCTPOMCTB AJIEKTPOHHOMN TEXHUKH;

1 Cxema onbITa.
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2 TeopeTnuyeckoe 000CHOBaHHE

KomnaparopHoe BKJIIOYCHHE OTEPAIMOHHOTO YCHUIUTENS HCIOJIB3YETCS st
CpaBHEHUSI HANMPsOKEHUS MCTOuHWKAa curHana U, ¢ omopHeiM Hampspkerwem U,. B
KOMIIapaTOPHOM PEKHUME OOBIYHO OTCYTCTBYIOT II€TIM OTPHUIATEIHLHOW 0OpaTHOMN
CBSI3M C TIOJIa4Y€ii CPaBHUBAIOIINX CUTHAJIOB HAa OJIMH WJIM 00a BX0/1a YCHIIMTEIIA.

B o0syxeéxooosom komnapamope (pucyHok 1) CpaBHHBAIOIIHWE CHTHAJBI

IMIOCTYIIAKOT Ha 00a BXO0Ia YCHUIINTCIIA. HOC—)TOMY COCTOAHHUC BbBIXOJa KOMIIapaTopa

3 Ut

Pucynok 1 — Cxema 1ByXBXOJOBOIO KOMIIapaTopa.

(MONSAPHOCTHh  BBIXOAHOTO HAMNPSHKEHMSI) OMNpeAenseTcss OOJbIIMM 10  YPOBHIO
HaIpsSHKEHUEM OJHOTO M3 BXOJOB, YTO OTPAXaeT MepefaToyHas XapaKTepUCTHUKa
komnaparopa (pucyHok 2). Ilpu paBeHCTBE BXOJHBIX HANpPsHKEHUH (MOMEHT
BpeMEHHU t1) BBIXOJHOE HAIpPsHKEHUE KOMIAapaTopa paBHO HYJIO, T.€. COOTBETCTBUHU
C MPUHUOUIOM pabOThl MHTETPAJIBHOTO OINEPAllMOHHOTO YCWINUTENS. YPOBEHb

BXOJHOTO HAIIPsKCHUSA KOMIIapaTOpa OIrpaHHYMBACTCA AOIMYCTUMBIM CI/IH(I)a?;HBIM

Ut+u-
BXOJHBIM HaHpH)KeHI/IeMZ U co = T
Usc
0 0 L Ue
! !
|
|
Unzx |
= ———— e —— — —tUm
e Y,
0
\ I -U“- t

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

2) Ocmmnorpad C1-159,

4 TlopsiAOK BBINIOJIHEHHUS PA0OTHI.
1) YcranoBuTh Ha aUIeBOM aHen creraa DC23 HaKIaIHYIO TTaHEIb C
nsobpaxkeHmem Komnapartopa (naHenb 1.1).
2) Brirounts cten 9C23 B ceTb.
3) Jluis uccieoBaHus CXeMbI KOMITapaTopa HeoOX0IMMO TOJIb30BaThCS
byHKIIMOHATBHOM 30HOM «1» crenna DC23.
4) Haxatp kHOTIKY «K» B 30HE «1».
5) Haxxatrem kHOIIKH <--> Ha maHenau crenga IC23 Brimrounth uctounuk UCT2 B
pexum «IlocrossHHOE HanpspkeHue», uctouHuk MCT21 oTkimoueH.
6) Bparas pydky NOTEHIIMOMETPa YCTAaHOBHUTD ITPOU3BOILHYIO BEIIMYUHY BXOTHOTO
HanpspkeHue Upxo . KonTpons Benmnunnbl Ugxo0cytiecTBiisieTcs: BOJbTMETpoM Ugx,
KOHTPOJIb OJISIPHOCTH HANPSHKEHUN MTPOU3BOJIUTCS IO CUTHAJIBHBIM JIaMIam <-
> <+>, Benuuuny HanpspKeHus 3aHECTH B Tabmuiry 1.

Ta6mumna 1- IlepexaroueHust KoMIaparopa.

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

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

8) OtkmounTh uctounnk MCT2, 3atem Brmounth uctounuk MCTI.

9)Bpaias pydky BTOpOro mMmoTeHIHOMETpa, yctaHoBUTh Upxi = Upxz. KonTpousb
BEJIMYMHBI U NOJSIPHOCTH Upx1 MPOU3BOAUTCS MO BOILTMETPY Upx U CUTHAIBHBIM
nammam: <-><+> Benuuuny Ugxi 3aHecTu B Tabnuiy 1.

10)ITpu paBercTBe BxomHbix curHaioB Upxs = Ugpxi 3aUKCHUpOBaTh MEPEKITIOUCHHE
KOMIIapaTtopa IO MEPEKIIOYEHUIO TMOJSIPHOCTH BBIXOAHOTO HANpPsDKEHUS, T.€. IO
CUTHAJBHBIM Jamiiam: <->, <+>. M3meputh Upyix. [laHHble 3aHecTH B TaOuUIy 1.

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

KoMIapaTopa.

5 KoHTpoJIbHBIE BOIIPOCHI.
1) KakoB amara3oH ycTaHABIMBAEMBIX B JIAOOpATOPHOW pabOTE BXOIHBIX CUTHAJIOB?
2) KakoBbl HaOJI01aeMble BBIXOIHBIC HaNpsykeHus? [Toaemy?
3)B uyem 3akiarovaeTcsl OTIMYHE CTATHYCCKUX TIEPEIATOYHBIX XapaKTEPUCTUK
UJICANBHOTO U PEaNbHOr0 KoMmaparopa?

4) Hapucyiite cxeMy JeTeKTOpa HYJIEBOTO YPOBHHI.

JlabopaTtopnas paGora Ne 14
HccaenoBanue KIH0YeBOro Kackaaa Ha tpansucrope ¢ 0.
Heap paGorei: MccnenoBaHue KIIOUEBOTO pEXKUMa pabOThl  OUIIOJISIPHOTO
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
yCTaHaBIUBATh 110 HUM pabOTOCIIOCOOHOCTh YCTPOUCTB AJIEKTPOHHON TEXHUKHU.

1 Cxema onpITa.




2 Teoperuueckoe 000CHOBaHME

Tpan3uctopHass uMmIylibcHas U IMdpoBas TeXHUKA Oaszupyercs Ha pabote
TPaH3UCTOpA B KA4yeCTBE KJIOYA. 3aMbIKaHWE W pPa3MbIKaHUE LMW HArpy3K" -
IJIaBHOE Ha3HA4YCeHHE TPAH3HUCTOPa, pabOTAIONIETO B KJIKYeBOM pexxkume. KadecTBo
TPAH3UCTOPHOTO KJIOYA OMNpEAeseTcs IMaJCHUEM HalpsKeHHs (0CTATOYHBIM
HANPSZKEHWMEM) Ha TPaH3UCTOpE B 3aMKHYTOM (OTKPBITOM) COCTOSIHUM U
0CTATOYHBIM TOKOM TPAH3UCTOPA B BHIKIIIOUEHHOM (3aKPBHITOM) COCTOSTHUU.

[IyTeM HM3MEHEHUS COCTOSHMM TpaH3UCTOpa B TMOCJEIOBATEIIBHOM IIENU C
PE3UCTOPOM M HMCTOYHUKOM IHTAHUS OCYIIECTBIISIIOTCA (POPMUPOBAHUE CUTHAJIOB
UMITYJIbCHOM (popMBI. TpaH3UCTOP MPUMEHSIIOT TakKe B KauecTBe OECKOHTAKTHOTO
KJII04a B LETSIX NOCTOSSHHOTO U MEPEMEHHOTO TOKOB JIJIsl PEryJIUPOBAHUS MOITHOCTH,

MOJIBOJIMMOM K HarpyskKe.

L4

sy ormp Tt 1%, a K3

d)

Pucynox 1. KiroueBasi cxema Ha TpaH3uctope (a),
rpaduyueckoe onpeneacHue peKUMOB OTKPBITOTO U
3aKPBITOTO COCTOSTHUM TpaH3ucTOpa (0)

OcCHOBOH BCeX y3JI0B M CX€M MMITYJIbCHON U LIU(PPOBOM TEXHUKHU SIBIISIETCS TaK
Ha3blBaeMasi KJII0UeBasi CXeMa - KacKaJ Ha TPaH3MCTOpE, padoTarolleM B KIIFOUEBOM
pexume. I[locTpoeHne KiO4YeBOM cxeMbl MOJOOHO YCHJIMTEIBHOMY KacKanuy.
TpaH3ucTtop B KIIOYEBOM CXeMe€ MOXET BKJIOYAThCAd C 00mei 6a3oil, oOmuM
SMUTTEPOM U OOUMM KoJuleKTopoM. HaumOonbliee pacnpocTpaHeHHE MOIydHIIa
cxema O3. KiroueBasi cxema Ha TpaH3UCTOpE TUMNA P-N-p MOKa3aHa HA pUCYHKE la.
Tpansuctop T BbIMONHSAET (YHKIMIO KIOYa B TOCIEIOBATENbHOW LENU C

pe3uctopoM R¢ M HCTOYHUKOM MHUTAHUS. Jluaus Harpy3ku (pucyHok 1,0)

71



onuckiBaeTcs cootHomenueM Uy, = - (Ex- IkRk) um mpoBoauTcst Tak ke, Kak IS
YCUJIMTEIBHOTO Kackada. Touku mepeceyeHus JIMHUU Harpy3kKd C BOJbTaMIICPHBIMU
XapaKTEPUCTHKAMU TPAH3UCTOPA OMPENCISIOT HAMPSOKCHUS HA AJIEMEHTaX U TOK B
IIOCJICIOBATEILHOM IICITH.

Pexxum 3anupanusi (peuM OTCEUKH) TPAH3UCTOpA OCYIIECTBISIETCS Mojadyeit
Ha €ro BXOJ[ HaNpsOKEHUS MOJOXUTENbHONH ToisapHOCTH (U > 0), sMuTTepHBIMA
nepexoJi Tpansucropa 3anupaercs (Us, > 0) u ero tok I, = 0. Bmecte ¢ Tem uepes
pesuctop Rs mporekaeT oOpaTHBIN (TEMIOBOM) TOK KOJUIEKTOPHOTO mepexona Iy.
Pexxumy 3aKpBITOrO COCTOSHHUS TPaH3UCTOpPA COOTBETCTBYET TOYka Mj (pHUCYHOK
1,6). Ilporekanue uepe3 Harpy3Ky TEIIOBOTO Toka Iy, CBsA3aHO C TeM, YTO
TPAH3UCTOP B 3aKPBITOM COCTOSSHHHM HE OOECIIeUMBACT IIOJTHOTO OTKIFOUCHUS
Harpy304Horo pesucropa Rk oT mcrounmka nutanus. Manoe 3HaueHue Iy, SABISCTCS
OJTHUM W3 KPUTEPHUEB BHIOOPA TPAH3UCTOPA JIJISI KITFOUEBOTO PEXKMMa pabOTHI.

Benmnuuny 3ammparomero BXOJHOTO HampsikeHHS Upx. san BBIOMpAIOT U3
pacuera Toro, 4ToObl IIPH MPOTEKAIOIIEM Yepe3 pe3ucTop Rs, TEMIOBOM TOKe OBLIO

00€ecreyeHo BBIMOJIHEHUE YCIOBUS

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

Hanpsixenue Us, 1715 TepMaHUeBBIX TPaH3UCTOPOB coctasisieT 0,5 — 2 B.

PexrM OTKPBITOTO COCTOSIHUS TPaH3UCTOpPA JOCTHTACTCS W3MEHEHHEM TMOJSPHOCTH
BxonHoro HampspkeHus (Ug, < 0) u 3amaHueM COOTBETCTBYIOIIETO TOKa Oasbl.
OTKpBITOE COCTOSIHME TPAH3UCTOpa XapaKTepuszyeT Touka Mo Ha JMHUU HArpy3KH.
OnpenenuM HEOOXOAWMBIC YCIOBHS IS  CO3MaHHUS  OTKPBITOTO  COCTOSTHUS
tpansucrtopa. C 3Tol 1enplo mpeamnonaokum, uto mpu Uz, < 0 Tok 6aser I,
YBETMYHUBACTCS TTOCTETICHHO.

VYBenuueHuto Toka 0a3bl OyIEeT COOTBETCTBOBATH YBEIMUEHHE TOKA KOJUIEKTOpa U
nepemernieHne pabodeil TOYKM U3 TOJNOKEHUST Mz BBEpX MO JIMHHHM Harpy3KHu.

Hanpsixenue Uks TpaH3ucTopa npu 3TOM NOCTENEHHO yMeHbluaeTcs. [lo HekoToporo
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rpaHUYHOroO 3HayeHus Toka 0a3bl (Isp) coXpaHseTCsl U3BECTHAsI MPONOPLIMOHAIbHAS

3aBUCUMOCTb MEXAY Iy 1 I :

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

rae Per - cratnyeckuil (ycpeaHeHHbIN) Ko GUIIMEHT nmepeaadu Toka TpaH3UCTopa B
cxeme OO ( a He muddepeHUUaTbHBIN KOYPOUUIKUEHT P, AECHCTBUTEIBHBIN IS
Majoro BXOHHOro curHama). Touka Mg mpu Toke 0asel s, Xapakrepusyer
«TIOJIHOE» OTKpBITHE TpaH3ucTopa. Uepes TpaH3ucTop U pe3uctop Rk mpoTekaeT Tok
I« = (EK - AUKB-OTKP)RK; (3)

rae AUis.ome - TIAZICHUE HAMpsDKEHUsS (OCTaTOYHOE HAMpsDKEHHE) Ha TPAH3UCTOpE B
OTKpbITOM  cocTossHUU.  OcrtarouHoe  HanpsbkeHue  AUis.oree, — SBISIONIEECS
CYIIECTBEHHBIM MTApaMETPOM TPAH3UCTOPa B UMITYJIHCHOM PEKUME pabOThI, JOKHO
ObITh MUHUMAaBHBIM. B 3aBucuMocTu o1 Tina npudopa AUs.orke JEKUT B Mpeaeaax
0,05 - 1B. BBuay OTHOCHUTEIHLHO MAJIOTO OCTATOYHOTO HAMPSHKEHUS 110 CPABHEHUIO C

Ex pacuet Toka I OTKpBITOro TpaH3ucTOpa NPOBOJIUTCS MO PopMyIie

I = E/Ry (4)

C yuetom popmyisl (2) HAXOAAT IPaHUYHOE 3HAYEHHE TOKa 0a3bl g rp
OTKPBITOTO  TPAH3WCTOpPA, TPH KOTOPOM HAOIOJAETCSs MPONMOPIHOHATBHAS

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 KOJUIEKTOPHON XapaKTEPUCTUKH TpaH3ucTopa npu Is = lgp

[Ipu npanpHeiimuM yBenuueHuun Toka 0asbl (Is. > lgrp) OCTaTOUHOE HampsHKEHHE
AUj.01¢p OCTAETCSI TOUYTH HEU3MEHHBIM, TAK KaK BCE KOJUIEKTOPHBIE XapaKTEPUCTUKH

tpansucrtopa ls. > lgp MpaKTHUECKH MPOXOAAT 4epe3 Touky Mo Ha pucyske 1,0.
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Pexum paboThl OTKpBITOro TpaHuctopa npu ls > |, Ha3bIBAIOT HACBILIEHHBIM, a
otHotreHue S = lg/ lsrp - KOAPPHUIMEHTOM HACKHIIICHHS TPAH3UCTOPA.

Hatimennsrii Tok 0a3bl oOecrieuMBacTCs MapaMeTpaMd BXOTHOM IEMH KIFOUEBOU
cxemsl lg = (Ui - Ug,)/ Ro. (7)
PaccmoTpum mpoliecchl, MPOTEKAOIME B KIIOYEBOM CXEME MPU HAJIUYUMU Ha €€
BXOJI€ YHPABISIIONIET0 MUMIYJbCa HanpsbKeHUs (pUCYHOK 2,a). IIpumeM BXxoJHOM
UMITYJIbC ~ HaIpsDKCHHUS  HWACAIBHOM  MIPsIMOYroibHON  (GOpMBI  (IJIUTEIBHOCTH
MEPETHETO U 33HETO (DPOHTOB UMITYJIHCA PABHBI HYJIIO).

Ha wunTepBane ty - t;, Korma BXOJHOM MMITYJIbC HANPSIKEHUST OTCYTCTBYET,
TPAH3UCTOP 3arepT HANPsHKCHUEM Uy, san TTOTOKUTENIBHOU TTONsIpHOCTH. Toku g, I
OMPENENSIOTCA TEIIOBBIM TOKOM TpaH3uctopa ly, (pucyHok 2, 6, B). Hanpspkenue

Ha TpaH3uctope Uy,, = - (Ex- I R«) (pucyHoOK 2, 1).

u
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Pucynok 2 - JluarpaMMbl Hanps>KEHUM U TOKOB KITFOUE€BOW 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
OTIIMPAaHWEM TPAH3UCTOpPA BXOJHBIM HUMITYJIBCOM HAMPSIKCHUS OTPHUIATEIHLHON
nOJSIPHOCTU Uyy orn DTO COMPOBOMKAACTCS U3MEHEHHEM TOKA Ik U HANPSDKEHUEM Uy,
TpaH3ucTopa (PUCYHOK 2, B, T'). Kak BUIHO M3 Iuarpamm, xapakrep U3MEHEHHS Ik 1
Ug, TIPH OTIIHPAHUW TPAH3UCTOPA OTIMYACTCS OT BBI3BABIIETO UX CKAYKOOOPA3HOTO
M3MEHEHHSI BXOJHOrO HampsikeHus. Otinuue OO0YCJIOBICHO HWHEPLUHUOHHOCTHIO
TPaH3UCTOPA U MPOSBJSICTCS B MOCTENCHHBIX HAPACTaHUHM TOKA Ik M YMEHBIIICHUU
HaNpsDKeHUS Uy, . B mepBoM mpuOIMKEHUN MOKHO MPUHSTH, 4TO M3MeHEeHus ik (1)
U Uy, (t) mpoucxonsaT mo skcnoHeHTe. Torga MHEPIUOHHOCTh TPAH3UCTOPA MOXKET
OBITh YYTEHA SKBUBAJICHTHOIN MOCTOSIHHOW BPEMEHH Tx= T+ T B IPEATIOIOKECHUH Ty
= CioyRk, rme Cy») - uHTETpaJibHasg  €MKOCTb KOJUIEKTOPHOIO Iepexoia
TpaH3ucTopa B cxeme O0.

Ecmu mpuHATh, 9TO TOK 0a3pl B MHTEpBAJIC OTIMUPAHUS HMEET MPSIMOYTOJBHYIO
dopmy ¢ ammmuTy 104 ls.om ~ Usx.om/ Re> lorp (puCyHOK 2, 6), TO BBI3BaHHBII UM
TOK Ik(t) OyIeT M3MEHSATHCS 110 3aKOHY

iK (t) = BCT |6 ,OTn(l' e_llfB) (8)
KoynekTopHbIii TOK BO3pacTaeT MO JKCIOHCHIMAIBHOMY 3aKOHY, CTPEMSCh K
Ber *l6 om~ Ex / Rk (cM. pucyHok 2, B). OnHako, JOCTUTHYB MPEACILHOTO 3HAUCHHS
Ik= Ex / Rk, TOkK ix B nmajpHeWmeM He U3MEHseTcs W (popMmupoBaHHe (poHTa
UMITYJIbCa Ik 3aKaHIMBACTCSI.
[MonoxuB B ¢opmyne (8) k= |, HaXOaUM IUTEILHOCTH (PPOHTA

HapacTaHWA KOJUICKTOPHOI'O TOKA TPAaH3UCTOPA:

td):TBIn'( |6 .OTl'I/ |6.0Tr1' IK/BCT) (9)
C yuerom 1010, 9TO | 1 / Ber = l6 1py @ I6 omn / I6 1p = S, UMEEM
ty = Tsln -(S/5-1) (10)

N3 cootromrenust (10), caemyer, dTo OaumenvHOCmb GPOHMA  UMNYIbCA
cokpawjaemcs ¢ yseaudeHuem Kodgpguyuenma HacvlyeHus mpavsucmopd.  ITO
oOBsCHSETCS TeM, OoybioMy KOd(PPUIMEHTYy S COOTBETCTBYET OOJBIIUI

OTHI/IpaIOHII/Iﬁ 0a30BbIM TOK, BCICACTBHC UYCTO0 TOK KOJUICKTOpa AOCTHUIacT
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YCTAHOBUBUIETOCS 3HAYEHUS 32 MEHbIIUNA WHTEpBal BpeMeHH. Tak, Hanpumep, mpu
T,= 5 MKC U S = 3 noxy4aem ty = 2,03 Mkc.

Xapaktep wu3MeHEHUs U(l) mpu oTnupaHuu TpaH3UCTOpa (PHCYHOK 2, T)
HOTUMHSIECTCS 3aBUCUMOCTH Uy, ()= - E + ix(t)Rk.

B MoMeHT BpemeHu t3 IelicTBHE BXOJHOIO OTIHMPAIOIIETO0 MMITYJIbCA HAIPSKEHUS
3akaHuuBaercsa. K 0a3ze TpaH3UCTOpa MPUKIAABIBAETCS 3allMparollee HampsHKeHHE
Usx.san (PUCYHOK 2, Q).

C npuiioXkeHueM 3alyparollero HalpsHKEHUS TOK KOJUIEKTOpa W HampsDKeHUE Uy, B
TEYEHUE HEKOTOPOIrO MHTEpBaja BPEMEHU OCTAIOTCS HEU3MEHHBIMHU, a TPaH3UCTOP
no-rnpexHeMy OTKpeIT. Co3naercd 3anepKka B 3allMPpaHUM TPaH3UCTOpa. OTO
OOBSACHSIETCSI TEM, YTO K MOMEHTY BpEMEHHU {3 TpaH3UCTOp HAXOJUTCS B PEKUME
HACBHIIIEHUS M TPU HAJIMYAM  3alUpAIONIer0 CHUTHAJAa TOK  KOJUIEKTOpa
MOJIEPKUBACTCA YXOJIAUMMU M3 0a3bl B KOJJIEKTOP HM30BITOYHBIMH HOCHUTEISIMU
3apsiia (apipkamu). ToabKo mociie yxoja (paccachiBaHusl) U30BITOUHBIX HOCUTENICH U
nepexoja TPaH3UCTOpa B aKTUBHBINM PEKUM TOK KOJUIEKTOPA HAUMHAET YMEHbIIATHCS,
a HampsDKEHUE Ha KOJUIEKTOpe - Bo3pacTaTh (PUCYHOK 2, B, T). Ilomumo yxona
M30BITOUYHBIX HOCUTENEW 3apsia IO LEeNu KOJUIEKTOpa HX paccachlBaHUE
OCYILECTBIISIETCS M MO LEHU 0a3bl 32 CYET MPOTEKaHHs OOPaTHOroO TOKA | oop,
BBI3BAHHOTO 3alUparoliuM HanpsbkeHueM. OOpaTHBIN (MHBEpCHBINM) TOK 0as3bl Mpu
ITOM OTPAHUYMBACTCS CONMPOTUBIICHHEM Rg BXxoHOM enu: ls o6p = Usxsan / Re.
Bpemsi, B TeueHHH KOTOPOro MPOMCXOAUT paccachblBaHWE H30BITOYHOIO 3apsja a
0a3e, Has3bpIBaeTCd BpeMeHEeM paccacbiBaHusi t, (pucyHok 2, B). OT0 Bpems
OPONOPLUUOHATIBHO KO3 duureHTy HachleHus S. Crenyronuil 3aTeM HHTEpBal
CHaJaHus ToKa Ik ompenenser Bpems 3amHero ¢ponrta (cpesa) . KOUIEKTOPHOTO

TOKa.
ir (t) = IBCT ( I 6.omn + |6.06p )efllfﬂ - ﬂCT I 6.00p (11)

rae 1 - 3KBUBAJICHTHAA NOCTOsSIHHAA BPEMCHHU, IIPUMEPHO paBHAA BPEMCHHU KU3HH
HEOCHOBHBLIX HOCHUTEIICH 3apsaaa B 0aze B pPCKHUMC HACBINICHUSA, HO MCHbIIAA

TIOCTOSTHHOM BPEMEHH TP, IEHCTBUTENHHO ISl aKTUBHOTO pexkuma (T ~tp / 2).
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Bripaxkenue (11) siBisieTcss ypaBHEHHMEM SKCIIOHEHIIMAIBHONW KPUBOH, MOKAa3aHHOW B
uHTepBase t3 -ty MyHKTHPOM (PUCYHOK 2, B).
[Tonoxwus B Beipaxkenud (11) ik = Ik =E« / Rk = Ber 16.06p, HAXOIUM
ip - Tp In( .0mn + |6.06p/ |6..2p + |6.06p)- (12)
HpH UBX. 3amn - O TOK |6.06p = O "
th=11Ins (13)
[Tocne BBIXOAA TpaH3MCTOpA M3 HACHIMECHUS TOK Ik(t) yMeHbIIWICS OT 3HaueHus Ik,

TaKXe CTPEMSACH 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 OBICTPOJIEHCTBUE TPAH3UCTOPHOTO KIIHOYA.
Kak cnempyer u3 Beipakenus (9), (12), (15), oHM 3aBUCIT OT YaCTOTHBIX CBOMCTB
MCIIOJIB3yEMOr0 TPAH3UCTOpA U MapaMeTpoB MUMIyJbca 0a30Boro Ttoka. [lopsmok ux
BEJIMYMH COCTABIISIET OT JIOJIEN €AMHULIBI 0 €IMHUL] 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 ieBO€ MMOJIOKEHUE;
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2) CoeMHHTB «BBIXOJ TEHEPATOPa» C BXOAOM Kiroua «1»
3) Brimtounth ceTh TymOnepoM «Bki», MpU 3TOM JOJIKHA 3aropeThCs CUTHAJIbHAS
JAMITOYKa.
4) Ha BBIXOJIc TeHEpaTOpa YCTAaHOBUTH HEOOXOAUMYIO GOPMY UMITYJIbCA, AMILIUTYTY
M MaKCUMalbHYIO 4acTOoTy. KOHTpOJgp BBIXOJHOIO CHTHaja TIE€HepaTopa
OCYIIECTBISETCS OCUMILIOTpadoM MOAKIIOUEHHEM K THE3/1aM KOHTPOJIbHON MaHEeu.
5) VYcraHOBUTH HEOOXOIMMOE KOJUIGKTOPHOE HAampsbKeHHEe pydukoit  «Ex»,
KOHTPOJIUPYS €ro Mo BCTpoeHHOMY nipubopy "Ex".
6) YcTaHOBHTH HEOOXOUMOE HAIPSDKEHHE CMEICHHS py4dKoi « EcM», KOHTpOIHPYs
o BcTpoeHHOMY npubopy "Ecm".
7) OcmmmnorpamMbl  BxojgHoro (UBX) M BeixogHoro(UBBIX) HaNpsDKCHHH KITFOYA
NEPEHECTH HA MUJIJIUMETPOBKY.
8) Ilepexmrouarenb «Sy» YCTAHOBUTH B BEpXHee MojokeHue. [Ipu ycTaHOBIEHHOU
yckopsroniei eMkoctd Cy mocMOTpeTh ociuiuiorpaMMbl HanpsokeHU Ugy 11 Uggx,
NEpPEeHeECTH WX Ha MWwuMMeTpoBKy. IlepeximounB «Cy», mociie mnpocMoTpa
OCLIJIJIOTPaMM, C/I€JIaTh BBIBOJ O BIUSHUN YCKOPSIIOLIEH €EMKOCTH.

9) Bpamas pyuky «RK», mpocMOTpeTh U 3aUKCHPOBaTh MO OCIUIIOrpaMMam
BJIMSIHUE KOJUIEKTOPHOM Harpy3ku Ha padoTy KiIroya.

10) CnenaTh BBIBOJ O paboOTe KiIrOYa.

6 KoHTpoJibHbIE BONPOCHI.
1) ITepeunciuTe TUTIBI AIEKTPOHHBIX KITFOUYEH HA OUTIONSIPHBIX TPAH3UCTOPAX.
Tun >5eKTpOHHOTO KiTt04a B JIa00opaTopHoii padoTte?
2) PexxuMbl pabOThl TPaH3MCTOPA KIIFOYEBOTO Kackana?
3) O0BsACHUTE IPUYMHBI TIEPEXOTHBIX MTPOIECCOB B KITFOUE.

4) Kak BiusieT KOJUICKTOpHAs Harpy3ka Ha paboTy kioda?
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JlaGoparopHas padora Nel5S
HUccaenoBanue nudpdepenuuaropa
Hean padorel: MccrnenoBanue pabotsl nuddepernuaropa Ha Mukpocxeme OY
3HaHud (aKTyanu3anus):
- CYHOIHOCTh (PM3MUYECKMX TPOIECCOB, MPOTEKAIOMIUX B AJIEKTPOHHBIX
npubopax u yCTpoiCcTBax;
- PUHITUT BKIIFOUEHUS AJICKTPOHHBIX TPUOOPOB U MOCTPOCHUS dICKTPOHHBIX
CXeM;
- TUTIOBBIC y3JIBI M YCTPONCTBA 3JICKTPOHHON TEXHUKH.
Ymenus:
- OIIPENICIIATh U aHAJTU3UPOBATH OCHOBHBIC MAPAMETPBI JICKTPOHHBIX CXEM U

YCTaHaBJIMBATH 110 HUM pa6OTOCHOCO6HOCTB YCTpOﬁCTB BHGKTpOHHOﬁ TCXHHNKH.

1 Cxema onbITa

I
ca DA1
I ’,l [
l > K ocupmnorpady
I L 1. .,Ct
=] P

2 TeopeTuyeckoe 000CHOBaHME.

JuddepeHunpyrommmMu  Ha3bIBAIOT LIETH, Y KOTOPBIX HAINpPSHKEHUE Ha

BBIXOJIC MMPOIIOPHUOHAIIBEHO HpOPI3BOI[HOI>1 BXOJHOI'O HAIIPSKCHUA, T.C.

du,,

u, =a—=
6blX dt (1)

Hubdepennupyrompe 1enu MpUMEHSIOT 1ig  auddepeHITMpoBaHus
CUTHAIOB pasznu4yHoi (opmel. [Ipm 3TOM pemaroT 1B€ OCHOBHBIE 3a7a4d

npeoOpa3oBaHusl CUTHAJIOB:
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- TIOJIY4YCHHUE MMITYJICOB OUCHb MAJION JUIUTEIBHOCTU (YKOPOUYCHHE UMITYJIBCOB),
KOTOpbIC  TOJB3YIOTCS  JIIL  3allyCcka  yIpaBIsIeMbIX  MpeoOpa3oBaTeseit
IIEKTPUICCKOM SHEPTUU, TPUTTEPOB, OJTHOBHOPATOPOB U APYTHUX YCTPOHCTB;

- BBINOJIHEHUE MaTeMaTH4YecKoW orepanuu auddepeHnupoBanus (MOJydCHHE
MIPOM3BOTHON BO BPEMEHH) CIIOXHBIX (DYHKITUH, 3aJJaHHBIX B BHUJIC JICKTPHUCCKUX
CHUTHAJIOB, YTO HMEET MECTO B BBIYUCIHTEIBHOW TEXHHKE, aIlmapaType
aBTOPETYJIUPOBAHMS U JIP.

Cxema emkoctHOM auddepennupyromeir RC- nenm mokazana Ha pucyHKe 1.
Bxonnoe HampsokeHne Ugy IPUKITaIbIBACTCS KO BCEH IIETH, a BBIXOJHOE CHUMAETCS

¢ pe3uctopa R.

Usaxe

)~ O
=
«[JR

O *«—790

Pucynox 1 Juddepennupyromas RC- nens.

TOK, HpOXOI[HIlII/Iﬁ 4cpe3 CMKOCTb, CBA3aH C HAIIPSIKCHHUCM Ha CMKOCTH

W3BECTHBIM COOTHOIIEHWEM I =C(—=). VYuuTbIBas, 4TO 3TOT XK€ TOK MPOXOIUT

4gepe3 COIMMPOTUBJICHUC R, JJIs1 BBIXOHOT'O HAIIPSIKCHUA ITOJTYYHUM

u 8blX

=icR=RC%=RCW @

Ecim Ugyx< Upx, YTO UMEET MECTO, KOTA NMaJCHUE HANPSHKEHUS HA PE3UCTOPE
R wMHOro wmeHbiie HampsbkeHust U TO ypaBHEHHE (2) MOXKHO 3amucath B

MPUOJIMKEHHOM BUJIE:

u ~RC—& 3)
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Bripaxkenue (3) cooTBeTcTBYeT BhIpaKEHUIO (2). COOTHOMIEHUE Upyx < Upx ~U
BBITIOJTHSCTCSI B TOM CJIy4ae, €CIH CONPOTUBJICHHE R MHOrO MEHbIE BEIHMYWHBI
PCaKTUBHOTO CONPOTUBJICHHUS KoHJeHcaTopa T.e. R < 1l/(w'C) (mna curHana
curycouganbHor Gopmbl) U R < 1/(w'C), Tne w3 - yacToTa BBICHICH TapMOHUKH
UMITyJIbCcHOTO curHana. CrencTBeHHo, s moiydeHus auddepennupyromeit RC-
e HeoOXoauMo BBIOpaTh 37MeMeHTHl R m C J0CTaTOYHO MajbIMH TaK, YTOOBI
BhIIepkuBasIoCch cooTHoIIeHne RC < T, e T- mepro BXOAHOTO HaNpsHKEHUSI.

Paccmotpum ¢usndeckoe sBIeHHE B €MKOCTHOH nuddepeHmupyomei nenu
JUIsl  cilydas, KOTJla Ha  BXOJ  IeNd  BO3JCHCTBYET  MEpUOIUYECKas

MOCJIEI0BATEIBHOCTh UMITYJILCOB IPSIMOYTOJIBHON POPMBI (PHCYHOK 2)

?’EE
LTbxl -
TR T >
PRt
i) [
| '! l :
;‘ § l ﬁ L
T f :
A T '
X |
Tnem T 1
LR\
ti tzy’ Vt

Pucynok 2 - Hanpspkenus Ha aneMmentax RC-menm.

B MomeHT BpemeHM i HampspbKeHHE HAa BXOJE LENM CKAYKOM JIOCTUTAET
3HaUeHUS Upx = Upy. YuuThiBasg, 4TO HamnpsbKeHHWE Ha KOHJIEHCATOpE BpPEMEHU
MTHOBEHHO M3MEHHTCSl HE MOXKET U PABHO B HAYAJIbHBIH MOMEHT HYJIO (PUCYHOK 2),
BCE BXOJIHOE HANPSDKCHHUE MPUKIIAJBIBACTCSA K COMPOTHBICHUIO R (Upyx= Ur =Un).

B nmaneneitmem konupeHcarop C 3apsbkaercss B TedeHUMH BpeMeHu 1< t< t3
HKCIIOHEHIIMANFHO YOBIBatOIIUM TOKOM. Ilpu 3TOM HampsbkeHHe Ha KOHAEHCAaTope

yBEJIUYUBACTCS, a Ha pe3ucTtope R yMmeHbIIaeTcss Tak, 4TO B KaXIblii MOMEHT
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BPEMEHH CyMMa  HANpsOKEHWH Ha  KOHJCHCATOpEe M pE3UCTOpe  paBHA
MPUIOKEHHOMY HAIPsDKEHHIO, T.€. Uc + ur: = Um . Uepes3 mpoMexyTok BpeMeHH {
> 3RC (MomeHT BpeMeHH t) KOHICHCATOP 3apsSAUTCsl MPAKTHYECKHU 10 HATPSIKCHUS,
PaBHOTO MPUIOKEHHOMY HampspkeHuto U, , Ur CTaHET paBHBIM HYJIIO, a 3apsTHBIH
TOK  TpPEKpaTHTCA.  ODTUM  3aKaHYUBAeTCs  (OPMHPOBAHWE  BBIXOJHOTO
MOJI0KUTEIFHOTO OCTPOKOHEYHOT'O UMITYJIbCa AIUTENbHOCTRIO ty~ 3RC | mMerormiero
KoHeuHyro ammuutyay Up Temepb KOHIEHcaTOp HayMHAET paspspkarhes. Ero
HaNPSDKCHUE TIOJHOCTBIO MPWIIOKEHO K pesuctopy R. Tak kak B mepBbIii MOMEHT

BPCMCHH 3TO HAIIPAKCHHUC PABHO Um , TO YCpPC3 PC3UCTOPp HACT HayaJIbHBIA TOK

m

.U
paspdaaa KOHIACHcCaTopa I, = R HaHpaBHCHHe TOKa pa3pgada IIPOTHUBOIIOJIOKHO

HaIpaBJIECHUIO 3apsAHOTO TOKa, MO3TOMY MOJIIPHOCTh HANPSIKEHUS Ha PE3UCTOpe
MU3MEHSETCA.

[To mepe pa3psaa KOHAEHCATOpa HANPSKEHUE HA HEM YMEHbBIIAETCS, & BMECTE
C HUM YMEHBIIAeTCs TMaJeHUEe HampsbDkeHus Ha pesuctope R. B pesymnbrare
(dopMuUpyeTCs UMITYJIbC OTPHUIIATETIHFHON MOJSIPHOCTH TOU K€ ITUTENbHOCTH, TaK KaK
IOCTOSTHHAasi BPEMEHHU LMW paspsia paBHA IMOCTOSHHOM BpPEMEHHU LENU 3apsja.
Pesynbrat BO3/ICHCTBUS MOCTIETYIOITIX UMITYJTECOB MEPUOANIECKON
HOCJIEI0BATEIbHOCTH aHaJIOTUYeH IIPUBEICHHOMY. Takum oOpazom
g hepeHIPOBaHUE COTPOBOXKIACTCS YKOPOUCHUEM UTUTEIHHOCTH UMITYJIHCOB.

Hubdepenunarop Ha HUMC OV (pucyHok 3)  mpencraBisieT coOou
mukpocxemy OV, BXOIHBIM 3JIEMEHTOM KOTOpPOMl SBIIS€TCS KOHJEHCATOp, a

BBIXOJITHOE HANPSKEHUE CHUMAETC ¢ pe3uctopa Ry B ienu oOpatHoi CBS3M.

Rg
vl ) E
u,f*“‘P b 4_%

I

Pucynox 3- luddepennmarop va 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 3JIEKTPOHHBIE IPUOOPHI B CETh.
3) Hsmeputh ocumuiorpadoM MmapamMeTpbl BXOJAHOTO M BBIXOJHOTO CHUTHAJIOB.
OcminorpaMMbl CHTHAIOB OTOOPa3UTh Ha MUJUTUMETPOBOM Oymare.
4) Tlo ocumutorpamMMe ONpeeIUTh HapaMeTpsl AudepeHIUPYIONIET0 HMITYJIbCA.
5) Ilo 3amannbiM mapamerpam guddepeHnuaropa Ha OY paccuuTarh napameTphbl
nudpepeHIUpyIOIEro UMITYJIbca U OTOOPa3UTh Ha Oymare.

6) Caenath BBIBOJ 110 pabOTE LICIH.

5 KoHTpoJibHBbIE BOPOCHI.
1) IIpu KakOM COOTHOIICHHH MOCTOSIHHOHM BpeMeHr RC — 1enu W JUIMTENBHOCTH
BXOJHOTO UMITYJIbCa EMb SIBIsICTCS MU(depeHIUPYIOIIEH?
2) Kak BBIUKCIINUTD UTMTEIBHOCTD HACATBHOTO AU HEepeHIINPYIOIIET0 UMITYIbca?

3) B uem 3akimouaeTcs ocHoBHOE oTinure auddepenimaropa Ha Mukpocxeme OV ot

muddepennupyromeit RC - nenu?

JlaGopaTopHnasi padora Nel6

HccnenoBanue uHTerparopa
Hear padorbi: OCBOCHHWE METONMKW CHATHS HANPSDKEHUM Ha BBIXOAE
UHTErpaTopa, M ONpeleieHuss xapakrepa (YHKIHOHAIBHON 3aBUCUMOCTH

BBIXOAHOI'O HAIIPAXKCHHA Ha OCHOBC IIOCTPOCHHBIX Fpa(l)I/IKOB.
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3HaHUA (aKTyaau3aus):

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

- TNPUHIUN BKIIOYCHHS DJIEKTPOHHBIX MPHOOPOB W  TMOCTPOCHUSA
AIIEKTPOHHBIX CXEM;

- TUTIOBBIE Y3JIbI M YCTPOICTBA 3JIEKTPOHHOM TEXHUKH.
Ymenus:

- OIIPENETATh U aHATM3UPOBATH OCHOBHBIE TAPAMETPHI SJICKTPOHHBIX CXEM H

YCTaHaBJIMBATh 110 HUM pa6OTOCHOCO6HOCTB YCTpOﬁCTB BJICKTpOHHOﬁ TCXHUKH.

1 Cxema omnpbITA.

l_,

qE

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

HpOHOpHHOHaJII)HO I/IHTera.Hy I10 BpeMeHI/I OT BXOJHOI'O HaprDKeHHﬂ:
u,,. =afu,dt (1)

Otnmuune cxembl wuHTerpupytomeidr RC-  1menu  (pucyHok 1) oT  cxemsl
b epeHUpyOIIeH e COCTOUT B TOM, YTO BBIXOJTHOE HAIPSIKEHUE CHUMACTCS C
KOHJIeHcaTopa. [IpuMEeHSIOT MHTErpupylolKe IEeNd dYaile BCEero s MOJydYeHUS

M3MEHSIOMUXCS (MII000pa3HBIX ) HAMPSIKEHUN.
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Pucynok 1- UnTterpupytomas RC-uerb.

HaHpH}KeHI/IC Ha BBIXOJC HHTGFpPIpYIOHICﬁ LCIIU OIIPCACIIACTCA N3BCCTHBIM

1 .
paBenctBom U, =U; = c I Idt Korna Hanpspxenne Ha kounencarope C

HE3HAUYUTETHHO 10 CPABHEHUIO C MaJIEHUEM HaIpsKeHUs1 Ha pe3uctope R T.e.
Uger= U< Ug, TO TOK | B IISITH TPOTIOPIIMOHATICH BXOJHOMY HAIPSIKEHHUIO, KOTOPOE

y U, 1
NPUKIIAABIBAcTCS KO Beei nenu. [loatomy i = R B Um oo u, dt (2)

YTO COOTBETCTBYET paBeHCTBY (1). YcioBue MHTErpupoBaHUsS OYAET BBITOJTHSATHCS

1
npu RZ:C JUISl CHHYCOMJIAJIbHOTO cHUrHajga U mpu RC >t Il UMITYJIBCHOTO
(2]

curHasia. PaccmorpuMm (Qusnyeckue mNpoInecchl B HHTETPUPYIOUIEH LeNu Mpu
BO3/ICHCTBUM Ha HEE BXOJ TNEPUOJMYECKON TMOCIEIOBATEIIbBHOCTH WMITYJIbCOB

IPSIMOYTOJIBHON (POPMBI (PUCYHOK 2).

T H
Jox | lie :

T—
I

.f. -

I

f
|
‘-__
"
_?_--

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

[Ipu BBITIOIHEHUH YCIIOBUS UHTETpUpOBaHus (7 >t,, ) B MOMEHT MOCTYIUICHUS

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

MIPUJIOKEHHBIM K PE3UCTOPY, a HAMPSIKEHHE HAa KOHJIEHCATOpe paBHO HYyJto0. Jlanee B
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OPOMEXKYTOK BpeMeHH i — t, MpOMCXOIUT MEIJICHHBIM 3apsij KOHIEHcaTopa U
HampsDKEHUE Ha HEM MeIJIeHHO Bo3pacTaeT. K MOMEHTY OKOHYAaHMSI BXOJIHOTO
ummyibca (t = t2) HanpsDKeHWEe Ha KOHJICHCATOPE HE YCIEBAST JOCTUTHYTh 3HAYCHUS
HanpspkeHus: Up. [locie okoHuUaHMs BXOAHOTO MMITYJbCAa KOHJEHCATOp TakK K€
MEIJICHHO pa3psbkaercs. TakuMm o00pa3oM Ha E€MKOCTHOM BBIXOJ€ LEnu OyAyT
BBIJICISITHCS PACTSHYThIE HMITYJIBChI, IMEIOITHE (POPMY IKCITOHEHITHATHLHOM TTHJTBI.
BricokokauecTBeHHbIE MHTErpaTopbl BhIMONHAIOT HA OY. B nens oOpaTHO
CBSI3M BMECTO CONPOTHBJICHHSA BKIIOUAIOT KOHAEHcaTop. bmaronmapst Oonbiiomy
K03(D(GUIMEHTY YCHICHHS U MAJIOMYy BXOJHOMY TOKY Iy MOKHO CUHTATh, YTO

HapsHDKEHUE Ha MHBEPTUPYIOIEM Bxojie 6im3ko K Hyimo Ug = 0, a TOk BXOJAHOH 1enu

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

IIpp MajgIOM BXOOHOM TOKE I, =0 IIPUHUMAIOT loe = loc ,
y R
1

1 t
T.€. TUHEWHas QyHKIHSA U, =Uc = _Ejumdt
0

0

Uns

Pucynok 3- Unarerparop va UMC OV.

3 IIpubopsl u 000pyR0BaHUE:
1) Creng DC23
2) Ocuummrorpag C1 -137
4 IlopsiIoK BBINOJHEHUSA PA0OTHI
1) YcTaHOBUTH M 3aKPENUTh Ha JIMIEBOM maHenu creHaa DC23 HakIaaHyI0 TaHeb C

nzo0paxenuem uHTerparopa (5). Bxmounts crena 9C23 B ceTh.
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2) YrpaBiieHUE dJIEKTPUYCCKON CXEMOM OCYIIECTBISICTCS U3 (QYHKIIMOHAIBLHON 30HBI
(5) Ha nuIIeBOM MaHEIH CTEH/A.

3) [lns BeIOOpa KOHJEHCATOpa HaXaTh OJHY W3 KHOIOK BBIKIIIOUaTeNns S2 (s
BBIOOpA HEOOXOIMMOM MOCTOSTHHOM MHTETPUPOBAHHS ).

4) PeructpupoBaTh OJHOBPEMEHHO TOKa3aHHUS CeKyHaoMepa M BOJbTMETpa «Upgyx».
BrImomHUTh M3MepeHus I IByX HOMHHAJIOB KOHJICHCATOPOB. J[aHHBIE M3MEPEHHIMA
3aHecTH B Tabmuiy 1 .

Tabmuua 1 — XapakTepucTUKH HHTETPUPOBAHUS

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

5) HanpsbkeHne  MOXXHO ~ KOHTPOJHMpPOBATh,  MOJKIOYas  ociwuiorpad K
COOTBETCTBYIOIIUM THE3/IaM B 30HE (5).
6) ITocTpouTh XapaKTEPUCTUKY UHTCTPUPOBAHUSI.

5 KoHTpoJibHbIE BOPOCHI.
1) Kak cocTaBUTh CXeMy MPOCTEHIIIET0 HHTErpaTopa?
2) ITpu xakom ycioBun RC - menb OyaeT MHTErpHUPYIOIIEH IS MPSIMOYTOJBHOTO
uMITyJbca’?

3) B uém cocTouT mpenMyIiecTBO HHTErparopa Ha Mukpocxeme OY?

JlabopaTopHasi padora Ne 17
HccnenoBanue aBToK0/1€0aTEJIHHOT0 MYJIbTUBHOPaTOpA C
KOJVIEKTOPHO-0230BbIMH CBSAI3IMM U PeryJIMpoOBaHHeM 4YacToThI.
Heap padorbi: OCBOEHNE METOIUKU CHATUS OCHWJLIOTPAMM HaIpsKEHUM Ha
BBIXOJIE aBTOKO0JIE0ATEIBLHOTrO MYJIbTUBHOpATOpA U ONPEEICHUS TapaMeTPOB.

3HaHuA (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.
YMmenus:
- OTIIPEICIISTh U aHATU3UPOBATh OCHOBHBIC MapaMETPhl JICKTPOHHBIX CXEM U

YCTaHaBIMBATh IO HUM Pa0OTOCIIOCOOHOCTH YCTPOUCTB JIEKTPOHHON TEXHUKHU.

1 Cxema

2 TeopeTnueckoe 000CHOBaHMeE.
MynbTUBHOpaTOp MpeACcTaBiIsieT CcO00M aBTOreHEepaTop peNaKCaluOHHOTO
TUTIA C TIPSIMOYTOJILHOM (POPMOIT BBIXOJHBIX KosieOaHui. TepMUH «aBTOreHEpaTOp»
03HAYaeT, UTO OH FEHEepPUPYET HezaTyxarouue kosebanus 0e3 Kakoro-iudo 3arycka
u3BHe. [loaTOMy HanM4uKe B cxemMe aBTOT€HEepaTopa 3BEHA MOJOKUTEILHON 00paTHOM
CBSI3M - ycioBue oOsi3aTenbHoe. Hambonee mumpokoe pacnpocTpaHEHHE MOTYUHII
CUMMETPHYHBIA MYJIBTUBUOPATOP C KOJUICKTOPHO-0a30BbIMU CBSI3SIMHU (PUCYHOK 1).
Kak u miga Tpurrepa, CUMMETPHUYHOCTh O3HAYaeT MJIECHTUYHOCTb CHUMMETPUYHO
PaCIOJIOKEHHBIX 3JIEMEHTOB, T.€.
1) Ru=R«2; R4 =R,
2) Cs1 = Ca2,

3) mapameTpsl TPaH3UCTOPOB OJMHAKOBBI.

88



Pucynox 1 - Cxema aBTOKOJ€0aTEILHOIO MYJIBTUBUOpATOPA.

MynpTUBHOpPAaTOp COCTOUT W3 JIBYX YCHJIMTENbHBIX KackaloB mo cxeme OO,
BBIXOJJHOE HAIIPSDKEHUE KaXIO0ro M3 KOTOPBIX MOJAeTcs Ha BXox apyroro. llpum
MOJICOEIUHEHUN CXEMbl K MCTOYHHUKY MUTaHuA E, o0a TpaH3HCTOpa MPOMYCKAaIOT
KOJUIEKTOPHBIE TOKH, MOCKOJBbKY Ha 0a3bl yepe3 pe3uctopbl R 5; u R 5, momaercs
oTpuLaTeabHoe cMmelleHne. OJHaKO Takoe COCTOSHHE HEeyCTOoWunBO. M3-3a Hanmuuus
B CXEME IMOJIOKUTEIBbHON OOpaTHOM CBSA3M JIETKO BBINONHsSETCS yciaoBue SK > 1, u
JBYXKAaCKaJHbIM ycunuTelb camoBo30ykaaetcs. HaunHaercs mpouecc reHepauuu -
OBICTPOE YBEIMYEHHE TOKA OJHOTO TPAH3UCTOPA U YMEHBILIEHHE TOKA IPYroro.

IIycTh B pesynbTaTe JMHO0OTO CIIy4alHOTO M3MEHEHHS HaIpsDKEHWM Ha 0asax
WM KOJJIEKTOpPAaX HECKOJbKO yBenuuutcs TokK |, Tpansucropa VTi. Ilpu stom
YBEJIMYMTCS NaJeHUE HanpsbDKeHUe Ha pe3uctope Rqi 1 KosuiekTop Tpan3ucropa VT
HOJIYYUT MIPUPALICHUE IOJIOKHUTENBHOIO MoTeHIHana. [[0CKoabKy HampshkeHue Ha
KoHJeHcaTope Cj; MTHOBEHHO M3MEHHUTHCS HE MOXKET, TO 3TO MpUpAILECHUE
pUKJIaabIBaeTCs K 0a3ze Tpanszucropa VT,, mogzamupas ero. KomaekTopHbId TOK |k
IIPY ATOM YMEHBIIIUTCS, HAIPsDKEHUE Ha KOJIJIEKTope Tpau3uctopa VT, ctaner Oosee
OTpHUIIATEIBHBIM U, NepeaBasich yepe3 koHaeHcarop Cs> Ha 6a3y tpansuctropa Vi,
eme Ooyiee OTMHUpaeT €ro, yBenWUuBass TOK 1,;. DTOT Tpolecc NpoTEeKaeT
JABUHOOOPA3HO M 3aKaHYMBAETCS TEM, 4YTO TpaH3UuCTOp VTi BXOIUT B PEXKUM
HaChIILIEHUs, a TpaH3ucTop VT, - B pexum orceuku. CxeMa NepexoAuT B OJHO U3
CBOMX BPEMEHHBIX YCTOMYMBBIX COCTOSIHUM (KBa3umycTolunBoe coctosHue). [lpu
TOM OTKpPBITOE COCTOsIHME TpaH3uctopa VT; oOecrneuynmBaercs CMEIIEHHEM OT

ucrounuka FE, yepe3 pesuctop Rs a 3ameproe coctosHue Tpansucrtopa VI, -
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MOJIOKUTENIbHBIM HampsikeHueM Ha KoHjaeHcaTtope Cgi, KOTOPBIA 4Yepe3 OTKPBITHIN
Tpan3ucTop VTi BKIIOYEH B NMpPOMEXYyTKe 0a3za - sMurTep TpaHzuctopa VT, . Ha
BPEMEHHBIX Tpadukax (pucC. 2) ONHUCAHHBIE MPOIECCH COOTBETCTBYIOT MOMEHTY
Bpemenu t = 0. Teneps kouaeHcaTop Cs; OBICTPO 3apsKaeTcs Mo enu + E, - SMUTTEP
- 6a3a VT1 - Csx — Ry - E no nanpsbxenus E.. Konnencatop Cp;, 3apsOKEHHBINA B
MPEABIAYIINN TIEPUOI, TIEPE3aPSKACTCS depe3 Pe3UCTOP R 52 M OTKPBITHIN TPAH3UCTOP
VTi TokOM HCTOYHUKA TUTaHUs Ey, U HAPSDKEHHE HA HEM CTPEMUTCS YMEHBIIUTHCS
1o - E; (puc. 2). B momeHnT Bpemenu ti, Hanpsbkenne U ¢5; = Us, MEHSET 3HaK, 4TO
BBI3bIBACT OTMHpaHue TpaH3zucrtopa VTi u nosBiaeHue Toka lxe. YBenuuenue Toka |
IPUBOJUT K TPOIECCY, aHAJTOTUYHOMY OIKMCAHHOMY IpHU yBeludeHuu Toka lk. B
pesyabTare Tpansuctop VT, BoaeT B peXuM HaChIeHUs, a TpaH3uctop VIi - B
PEXKUM OTCEYKH (BTOPOE BpPEMEHHO YCTOMYMBOE COCTOsIHME). B mpomexyTok
BpemeHH 1; - t, mpoucxoaut 3apsanka konaeHcaropa Cq; u iepesapsaka Cpo.

[lepexons meproANYECKH U3 OJHOTO BPEMEHHO YCTOHYMBOTO COCTOSHHSI B APYTOE,
MYJIbTUBHOpPATOp (OPMHUPYET BBIXOJIHOE HAIPSKEHUE, CHUMAaeMOE C KOJUIEKTOpa
M000ro TpaH3UCTOpa, MOYTH NPSIMOYToJibHOU hopMbl. Hanpsikenue Ha 6aze 1r000r0

U3 TPAH3UCTOPOB M3MEHSACTCS MO IKCIOHEHIMAIBLHOMY 3aKOHY (PHCYHOK 2) - Juis

nepesapsiaku konaeHcatopa Coe) U, = ZEKe_ll% -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.

[TonneIil nepuoa kosiebaHuit MyJIbTUBHOpaTOpa T = 2t,=1,4R¢Ce.

CrnenoBarelibHO, 4YacTOTa TEHEPUPYEMBIX  KoJieOaHUM  ompeneseTcs
CKOPOCTBIO Tepe3apsaku BpeMms3agaromux KoHaeHcatopoB Cs;; u Coo. B
HECUMMETPUYHBIX  MYJIbTUBHOpaTOpax  TPaH3UCTOPbl  OOBIYHO  BBIOMpPAIOT
OJIMHAKOBBIMH, KOJUIEKTOPHBIE HArpy3Kd - paBHbIMHU, OOHAKO Rs1 = Rsp, Csr # Coo.
Yem Kopode MODKEH OBITh OAWMH W3 HMMITYyJIbCOB, TE€M MEHBIIEH BHIOMPAIOT

COOTBCTCTBYIOIYIO ITOCTOAHHYIO BPCMCHHU.

90



4 Ly

Pucynox 2- OcuuiiorpamMmbl HalpsKEHUH.

3 BapuaHThI 3aJaHUIA.

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 TlpuGopsl U 060pya0BaHHUE.
1) CtennOC8A
2) Ocumnorpag C1- 137

5 IMopsinok BbINOJIHEHUS PA0OTHI.
1) Bxirounts ceTh TymMOJaepoM <BKJI>, mpu 3TOM I0/KHA 3aropeThCsl CUTHAIbHAS

JaMITOYKa

2) YcTaHOBUTh  HEOOXOJMMOE  KOJUIEKTOPHOE  HampspkeHue pydkoir  <Ex>,
KOHTPOJIUPYS €T0 BCTPOEHHBIM BOJIBTMETPOM <EK>.

3) YcraHoBUTh HEOOXOAMMOE HANPSDKEHUE CMEIeHHs pydkoi <Ecm>, KOHTpoiupys
€ro BCTPOCHHBIM BOJIBTMETPOM <EcM>.

4) Ycranoutb Cp =0,15mxk®, a BenuuuHbl conpoTuBicHuidi Rgr m Rcm B
MIPOU3BOJILHOE cpeHee MosiokeHne. CHATh OCIMILIOTPAMMY BBIXOAHBIX MMITYJIHCOB
MyabTHBHOpaTopa. Kontpomsheie riesaa [10;1] wru [4; L]

5) VcranoButk Cs = 0,015ux@®, octanbHbIe TapaMEeTPhbl MYJIbTUBUOpATOPA OCTABUTH

npexxHUMH. CHATh octuiorpamMmMy Up,.
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6) M3menuts Ek, ocTaibHBIE TapaMeTpbl CXEMbl OCTaBUTHh MNPEeKHUMH. CHAThH
ocrsuiorpamMmy Uspy.
7) Wsmenuth EcM, ocrajbpHble TapaMeTpbl CXEMbl OCTaBHTHh NPEKHUMHU. CHSATH
ocrumorpamMmy Ui
7) N3MeHuTh compotuBiieHHe B Iiend 0a3pl Rgp. OcTanmbHbIC MapamMeTpbl CXEMBI
ocTtaBuTh 0€3 m3MeHeHu. CHATh ocirumiorpaMMy Uk
8) N3menuth BenuunHy Rey, Apyrue mapamMeTpbl CXeMbl OCTaBUTh NMPSKHUMH. CHSITH
octorpamMmy U
9) CnaenaTh BBIBOJ 11O pabOTE MYyJITUBHOpATOPA.

6 KoHTpoJibHbIE BONPOCHI
1) Yro o3HaYaeT TEPMUH «aBTOTCHEPATOP»?
2) Kakoii MyabTHBHOPATOp HA3BIBACTCS CUMMETPUYHBIM?
3) Kak ompenenstorcss IIUTEIBHOCTh WMIYJIbCa W MEPHOJ  KOJeOaHMA

MyJIbTUBUOpaTOpa’?

JlaGopaTopHnasi padora Nel8
HccaenoBanue xkayumero MyJibTUBHOpaTopa

Hear padorbl: OCBOEGHHE METOAUKH CHATHS OCUMJUIOTpAMM HAINpsSOHKEHUM Ha
BBIXOJIE KIYIIET0 MYJIBTHBHOpATOpA MPHU MOCTYIUICHUH 3aITyCKAIOIINX UMITYJIbCOB,
YCTAaHOBJICHHSI XapakTepa 3aBUCUMOCTH IapaMETPOB BBIXOJHOIO HMMIYJbCa OT
BXOJIHOTO.
3Hanus (akTyanuzanus):

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

- TIPUHIMIT BKJIIOYEHUS DJIEKTPOHHBIX MPUOOPOB U MOCTPOCHUS AJIEKTPOHHBIX
CXEM;

- TUTIOBBIE Y3JIbl U YCTPOUCTBA JIEKTPOHHON TEXHUKH.
YMenus:

- ONpEAENATh U aHAIU3UPOBATH OCHOBHBIC MapaMETPhl AJIEKTPOHHBIX CXEM U

yCTaHABJIMBAThH IO HUM pabOTOCIIOCOOHOCTh YCTPOMCTB 3JIEKTPOHHOM TEXHUKH;
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1 Cxema onbITa.

o +Ex

AV
/\

e

5 > VT2

[|]R2

2 TeopeTrudeckoe 000CHOBaHME.

OpHoBuOpaTop (KAYIIUMHA MYyJIbTUBHOPATOpP) MOMKET OBITh MOJYy4YEH U3
MyJIbTUBUOpAaTOpa € CaMOBO30Y>KJIE€HHEM, €CIM €ro MNPUHYAUTEIbHO 3alepeTh B
OJIHOM M3 BPEMEHHO YCTOWUYHMBBIX COCTOSIHHH, NPEBpPAaTUB €ro B ycroiuusoe. [l
MOJIyYeHHUS] TPSIMOYTOJIBHBIX HMITYJIbCOB 33JaHHOW JIMTEIIBHOCTH M aMIUIUTYZbI

94acTO MPUMEHSIOT CXEMY OJIHOBHOPATOpa C SMUTTEPHOM CBSI3bIO (PUCYHOK 1).

4
> .
4

Pucynox 1- Cxema ogHOBHOpaTopa

Cxema COAEPXKUT TPAH3UCTOPHBIA KIIOY, B KOTOPOM OJHA CBSI3b MEXIY
KacKaJlaMHl OCYIIECTBIISIETCSL ¢ MOMOLIBI0 KOHAeHcatopa C, a apyras - ¢ HOMOIIbIO
obmiero pesucropa B 1enu smutTepa Rs. B HCX0gHOM yCTOWYHMBOM COCTOSIHUM

Tpanzuctop VT 3amept, a TpaH3uctop VT, OTKPBIT U HAXOJUTCA B COCTOSIHUH
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HACBIIIEHHUS, TaK KaK yepe3 pe3uctop R, mpoxoauT qoctatoyHo O0sbIION 0a30BbIN
TOK lg. 3a cueT amuTTEpHOrOo TOKa TpaH3uctopa VT, Ha obmiem pesucrope Rp
co3naetcs najaeHue HanpsbkeHus U, = |, R, ¢ yka3aHHON Ha pUCYHKE MOJISIPHOCTBIO,
a 3a CYeT WCTOYHMKA NuTaHus FE, Ha HIWKHEeM Iuieue aenutens R¢R; - magenue
HanpsokeHust Ugo.

[Tpu Bemonnaenuu ycnosus | Us| > |U g2 | Ha 6a3y Tpanzuctopa VT mogaercs
noJioxkuTenbHoe Harnpsikenue Uy, , 3anupatonnee ero. Konnencarop C nmpu 3ToM oka-
3BIBAETCSl 3apsDKEHHBIM 10 Hampsikenus u. = E, — U, Ilpu momaye Ha BXOX
OJIHOBHOpaTOpa B MOMEHT BpeMeHH t 1, (CM. PHUCYHOK 2) 3aIyCKaroIlero
OTPULIATEIILHOTO HMITYJIbCa C aMIUIMTYAOW, MPEeBBIIIAIONICH HampsbkeHue Ha 0ase,
TpaH3uctop VTi; HauWHaeT OTKPHIBATBCS W HANPSHKEHHE HA €ro KOJUJIEKTOPE
yBennuuBaetcs. [lonoxkutenpbHoe NpUpallleHue HaMpsHKEHUsl IepelaeTcs uepes
koHjaeHcatop C Ha 0a3y TpaH3uctopa VT, 3anupas ero. YMEHbIIEHUE MaJICHUS
HampsDKeHusT Ha pesuctope R, CIOCOOCTBYET JalbHEHMIIEMY OTHUPAHHIO
TpaHsucropa VT, U mpolecc HapacTaeT JTaBUHOOOPA3HO, 3aKAHYMBASCH IOJHBIM
3anupaHueM Tpansucropa VT, u HacklieHueM TpaHzuctopa VTi. Takoe cocTosiHue
OJIHOBUOpaTOpa SIBISETCSI BPEMEHHO YCTOMYMBBIM, MMOCKOJIbKY TENEepb KOHAEHCATOP
C naumnaet nepesapsiokarbes 1o + E, (kopmyc) — Ry - amutrep - komektop VT - C
- Rz - (-E,) ¥ HampsbkeHHE Ha HEM, a ClIeJIoBaTelIbHO, Ha Oa3e TpaH3zucTtopa VT,

CHIDKaeTCs (PUCYHOK 2).

P ¢
| pmact Uy
— o ¢
iy 78 : i
F— = —_— — 3

Pucynok 2 - BpemeHHbIE AUarpamMmel
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Korga »Tto HampspkeHHEe B MOMEHT BpeMEHH t; JOCTHraeT HyJEBOI'O YPOBH,
TpaH3ucTop VT2 OTKpHIBAeTCA, M B CXEME BO3HHKAET TPOIECC OIMPOKHUIBIBAHMS,
AQHAJIOTMYHBIA OMMCAHHOMY, B pe3yjbTaTe KOTOPOTO OJHOBHOPATOP BO3BpAIAcTCs B
HCXOJTHOE YCTOWUYMBOE cOCTOsiHHE. (CxeMa <« KAET» CIEAYIONIEro 3aIyCKaroImero
HUMITYJTbCA.

JImuTeabHOCTh UMITYJIbCca, (POPMUPYEMOTO Ha KOJIJIEKTOpPE TPaH3UCTOpa
VT,, oT MOMEHTa TMOJaud 3alyCKAIOIIEro HUMITYJbCa JO BPEMEHHO
YCTOMYMBOTO COCTOSIHHS OMPEACIISICTCS TEM K€ COOTHOIIEHHWEM, YTO M JUIS
aBTOKOJIeOATEIbHOTO MYJbTUBHOpaTOpA: tu = 0,7CRs.

Bpemst BoccTaHOBIICHHsSI OJHOBHOpaTOpa, OMpEACsIeMOe BPEMEHEM

3apsAAKU KOHIEHCATopa: t, ~3r,, ~3C(R, +R,)

Jist  HOopMmasibHOM  pa0®oOThl  OJHOBHOpaTOpa TMEpUOJ TOBTOPEHUS
3aIyCKaroMX HMITYJIbCOB HE JOJKEH OBbITh MEHbINE MOJIHOTO IMKIA €ro

paboOTHI: T>t,+t,

3 [IpubGopsl u 000pyI0BaAHUE
1) Creng DC8A
2) Ocuummmorpadp C1—137

4 Tlops10K BBINOJTHEHUsI Pa00ThI
1) Brmounth ceth TyMOIepoM <BKJI>, mpu 3TOM JOKHA 3arOpeThCsl CUTHAIBHAS
JaMIIOYKa.
2) YcTaHOBUTH  HEOOXOJMMOE  KOJUIEKTOPHOE — HampsbkeHue pydkoir  <Ex>,
KOHTPOJIUPYS €r0 BCTPOEHHBIM BOJIBTMETPOM <EK>.
3) YcTaHOBHUTH HEOOXOAUMYIO AMILTUTYIy W YaCTOTY 3aIlyCKAIOIIMX HUMITYJIbCOB,
KOHTpOJIMpys ero ocuuiuiorpagom. KoHTpolnibHBIE THE31A [1;1].
4) CHATh  OCIMJUIOTPAMMBI  MMITYJIbCOB ~ MYJBTUBHOpaTOpa Ha KOHTPOJBHBIX

BBIBOZAX. KoHTpobHBIe THe3aa [5;--] mwm [10; 1]
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5) M3MeHUTh YacTOTY 3alyCKAMOIIUX MMITYJIbCOB MYJIBTUBUOpPATOpA, aMILIUTYTY
OCTaBUTH NMpekHEN. CHATh OCLUILIOTPAMMBI .

6) Usmenuts Ek, ocTampHBIE MapaMeTpbl CXEMbl OCTaBUTHh NpeKHUMHU. CHSATH
OCIUJUIOrPaMMBbI KOHTPOJIbHBIX HANIPSKECHUM.

7)/3MeHsIsi 4YaCTOTY 3allyCKArOIIUX HMITYJIbCOB, OIPENEIUTh YacTOTy CpbIBa
reHepaium, 00ObICHUTh IPUYUHY CPBHIBA.

8)Crenath BBIBOJ 10 paboOTe OAHOBHOpATOpA.

5 KoHTpoJibHbIE BOPOCHI.
1) Kak u3 MynbTHBHOpaTOpa MOJYyYUTh OJTHOBHOpATOp?
2) Kak pacuuThIBBICTCS JJIUTEIBHOCTH UMITYJIbCa OJHOBHOpaTopa?
3) Uemy paBHO BpeMsi BOCCTAHOBJICHHUS OJTHOBHOpaTopa?
4) KakoBO  JTOJDKHO OBITH COOTHOIIICHHE MEXIy IEPHOAOM MYJIbTHUBHOpATOpa

IIEPUOJOM MOBTOPEHUS 3aITyCKAIOIINX UMITYJIHCOB?

JlabopaTropHnasi pa6ora Nel9
HccaenoBanue myabtuBudparopoB na UMC
ean padorbl: OcBOCHNE METOAMKHA CHATHUS OCUMIIIOTPAMM HANPSDKEHUN Ha
BBIXO/IE MYJIbTUBHOPATOPOB MPU U3MEHEHHUH €T0 MapaMeTPOB,
ONpEIEIEHUS TapAMETPOB MTOCIIEIOBATEIBHOCTH HMITYJIbCOB
3Hanus (akTyanuszanus):
- CYIIHOCTh (PU3MYECKUX IMPOLIECCOB, MPOTEKAIOIMIMX B 3IIEKTPOHHBIX
npubopax U yCTpONCTBaX;
-  TNPUHLOMIO BKIIOYEHHS] DJIEKTPOHHBIX MOpUOOPOB U TMOCTPOEHUS
ANIEKTPOHHBIX CXEM;
- TUTIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHON TEXHUKH.
YMenus:
- ONPENENATh U aHAIU3UPOBATh OCHOBHBIE MMAPAMETPHI AIEKTPOHHBIX CXEM U

yCTaHABJIMBAThH IO HUM pabOTOCIIOCOOHOCTh YCTPONCTB ANEKTPOHHON TEXHUKH.
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1 Cxema onbITa.

51

s

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

MYJIbTUBHOpATOpa U BpEMEHHAs IMarpamMma ero padoThl MIPUBE/IeHA HA pUCYHKE 1.
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Pucynok 1 — ABTOKOJI€0aTENbHBIN MYJIBTUBHOPATOP HAa JIOTHYECKUX

AJIEMEHTaX U BPEMEHHBIE TUarpaMMbl €T0 pabOTHI.
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Jlornyeckue anemeHTsl cxeMmbl D1 u D2 moouepeaHo MepeKiIoyaroTcs U3 OJHOTO
cocrossHug B apyroe. Eciu Ha Beixoge D1 HampsikeHHE COOTBETCTBYET YPOBHIO
noruyeckoi 1, To Ha Beixoge D2 — noruyeckomy 0. Ilycts B unTepBaie Bpemenu 0 —
t; snement D1 3akpeit, a s3nement D2 otkpsiT. Torna konaencatop Cl 3apspkaercs
BBIXOJHBIM ToKOoM D1 mo merm: “+” Ep, Cl, R2, “obmas touka”. [Toka Tok 3apsma
J0CTaTOYHO OO0JbIION, HA R2 co3maercs majeHue HANpsHKEHUs, JTOCTATOYHOE JIs
nogaepxkanusi D2 B otkpeiToM coctosiHuu. [lo Mepe 3apsinma konuaeHcatopa Ugrp =
Upx2 yMEHBIIAeTCs U KaK TOJIbKO CTaHOBUTCS MeHble Unop anemenT D2 HaunmHaer
3aKpbIBAThCS, HANPSIKEHUE Ha €ro BbIxojae Bo3pactaTh. UYepe3d C2 3T0 M3MEHEHME
nepenaercs Ha BxoA D1, mocrneaHuii HAYMHAET OTKPBHIBATHCS M HAMPSHKEHHUE HA €ro

BBIXOAC YMCHBIACTCA.

Pa3BuBaercss naBUHOOOpa3HBIM MpPOLECC ONPOKUAbIBaHUS cxembl: D1
OTKpBIBAETCS, Ha €ro BBIXOJE YyCTAaHABIMBAeTCS YpoBeHb norudeckoro 0; D2
3aKpbIBAETCS M Ha €ro BbIXoje (popmupyercs ypoBeHb joruueckoil 1. Konnencarop
Cl OwicTpo paspspkaercss depe3 OTKpbIThi auon VD2, Hauumnaercs 3apsin
koHzeHcaTopa C2, obecreurBas TOKOM 3apsija MajaeHue HampsbkeHus Ha R1,
noaaepxusatoniee D1 B cocTostHum 1.

ITocTostHHBIC BPCMCHMU 3apsaaa U paspsaga KOHACHCATOPOB COOTBETCTBCHHO PAaBHLI:

Top =C(Mgpmy +R) Tpazr = C(lpmp + Mapiro) o

rae Ippixi UM IBpixo — COOTBETCTBEHHO, BbIXOAHOE compoTuBiieHne MMC B
3aKpPBITOM COCTOSIHMM (Ha BBIXOJIE HAIpPSHKEHHE PaBHO YPOBHIO JIOTHYECKOU
€IUHULIBI) U OTKPBITOM COCTOSSHUM  (BBIXOJHOE HAMNPSHKEHUE PaBHO YPOBHIO
JIOTUYECKOTO HYS), I'vp rp — COMPOTUBJIEHUE OTKPHITOTO AUOA.

JIMUTEIbHOCTH UMITYJILCOB Ha BBIXOJaX CXEMbI OMPEACIISAIOTCS 10 PopMysiaM:

URmax y URmax y

U= Cl(erl)rl + Rz) In t, = Co(Mgge +R;)IN

11or 11op
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rae y, =(u. _Ugm)L. Ecimu yuects, uto U%px= 0, a R >> Ipyix; ¥ OPUHATH

BbBIX R
erIX 1

C1 =C2, R1 = R2, To nepuoj kojiecOaHHI Ha BBIXOJIE CXEMbI MOYKHO OMPEICIUTh KaK

1
U BbIX

T =2CRIn—22-

110P

Pesuctopel R BEIOMparoTCs U3 yCIIOBUIA:

R = R

_ R g o Rw  rmeR;—pesucrop B uenu 6asst MOT VT1, E
i E/Uﬂ()P -1

™ B U 1
— Hanpspkenue nutanus TTJI anementa, Rpy — cONpOTHUBIIEHNE UCTOYHUKA CUTHAJIA,
E1 — ypoBeHb 10TMYECKON €AMHUILIBI BXOJHOTO CUTHAJIA.

@dopMa BBIXOJHOTO MMIIYJIbCa PAcCMaTPUBAEMOM CXEMbl OTJIWYAETCS OT
OpsMOYTOJIbHOM, T.K. BEpUIMHA HE ABIAETCA IUIOCKOM. OTO 0OBsACHAETCS
HEOJIMHAKOBBIMH 3HAUYCHHUSMHU COTMPOTHBICHUHN Ippixi M Ippixo d71eMeHToB D1 u D2
(rebix1 > I'pixo). M3-3a JeNeHUS MTOJIOKHUTENBHOTO MEPenaia BEIXOAHOTO HAMPSIKCHUS
MEXY I'Bpix1 ¥ BXOJIHBIM COIIPOTUBIICHUEM Kackaja Ha aApyrom JID ammnuTyna 3Toro
nepenaja HanpsHKEHHsI MEHbIIE aMIUTUTY Il OTPUIIATEIBHOTO TIepernaa.

HenocraTkoM paccMOTpEHHOW CXEMbl SIBISIETCS BO3MOYKHOE  JKECTKOE
BO30YXICHHE KOJICOAaHM B MOMEHT TMOAKIIOUEHHUs HampshKeHus nuTanus. Ecmum
HAnpsDKEHWE HapacTaeT MEJIEHHO W HEOOJBIIMMH TOKaMH, BO3MOXHA CHUTYaIlHs,
KOT/Ia HM Ha OJHOM U3 pe3uctopoB R1 unu R2 nHanpsbkenue He mpeBbicUT Urop.
Torga o6a sneMenTta OyayT 3akpbIThl. C 1I€NbI0 MIPEAOTBPALIEHUSI 3TOTO SBJICHUS B
CXEMYy BBOJSITCS  JOMNOJIHUTEIbHBIE JIOTUYECKUE  DJIEMEHTHI D3 u D4
(pucynok 1, B). Eciiu Ha Beixoge D1 u D2 ogHOBpeMEHHO MOSIBISIIOTCS CHUTHAJIbI
noruyeckoi 1, Ha Bbxoje 3nemenTa D3 popmupyercs nmornueckuii 0, Ha Beixoae D4
— gnoruueckass 1, xoropas mnepeBoautr D1 B coctosaue 0. B pesymbrare D3
3akpeiBaetcs, D4 otkpeiBaeTcs U 3azemisier R1, cxema mpeBpamiaeTcs B paHee
PacCMOTPEHHBIN BapUaHT.

3 IIpubGopsl u o6opyaoBaHue

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 «Harpyska» ycTaHOBHTH B TOJIOKEHHUE «1».
4) Jlnst HECKOJIBKHX TOJIOKEHHI perynsaropa <R4> B paboueii 30HE «5» OMpeAeTUTh
o ocuusuiorpady napameTpbl BEIXOJHBIX HAIPSHKCHUI:
- IUIUTEJIbHOCTh UMITyJbca ty;
- JUIMTEIBHOCTD Nay3bl tn;
- BEJIMYMHY aMIUIUTYIHOTO 3Ha4eHUs UMITyJibca Upm;
Paccunratp
-niepuo cinegoBanus T =t + tp;
-gyacTtoTy umiryJsibcoB f = 1/T;
-CKBAKHOCTh Koa(duirenTta 3anoanenus =T / ty;
5) Ilepekmrouatens <S2> B 30He «Harpyska» yCTaHOBHUTH B MOJIOKCHUE «2)
6) st HeckoMbKUX TOJOXKEHUH perynsatopa <R5> B paboueit 30He «5» onpenenurhb
1o ocruiorpady napaMeTpbl BBIXOIHBIX HANPSYKEHUI:
-IUTUTEIIbHOCTh UMITyJbCa ty;
-ITUTENBHOCTD May3bl iy ;
-BEJINYMHY aMIUIMTYAHOTO 3Ha4eHust umiynbca Up ;
Paccuurats:
-iepuo cinenoBanus 1 = t,+ty,;
-yacToTy umIyJibcoB f = 1/T;
-CKBaXkHOCTh ( = T / 1;
-koadurment 3anomaenus y =t,/ T;
7) OTKIIOYUTh CTEHA OT ceTH TymOsepoM <BKJI>, mpu 3TOM curHajibHas jamiia
<CETb> pgomxHa MoracHyTb.
8) Caenath BBIBOJ 1O paboTe aBTO KOJeOATEIbHBIX MYJLTHBHOPATOPOB Ha

JJOIT'HYECKHUX DJIEMCHTAaXx.
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5 KoHTpoJibHBIE BONIPOCHI
1) Ckombko morndyeckux anementoB U - HE comepskut mpocreiiinas cxema
aBTOKO0JIe0AaTETLHOTO MyJIbTUBHOpaTOpa?
2) Kak 3aluTuTh BXOJIbl MUKPOCXEM OT OTPHIIATEIIBHBIX TIEPEaioB HAIIPSHKECHUS?
3) Kak MOXHO M3MEHATH MapamMeTphbl UMITYJILCOB MYJIbTHBHOPATOPOB Ha ITU(PPOBHIX

NMC B aBTOKOIEOATENHHOM PEXKUME?

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

Heab padorbl: PopMupoBaHHE YMEHUN TOJI00pa JUOJIOB MO JIOIYCTUMOMY TOKY lg
u oOpatHoMy HampsbkeHuto Up g paOOThl B KayecTBE BEHTHIIEH B cXxeme
OJIHOTIOJTYTIEPHUOTHOTO BBITIPSIMUTEJIS.
3HaHus (aKTyanu3anus):

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

- TPUHUUN BKJIKOYEHUS AJIEKTPOHHBIX TPUOOPOB U  MOCTPOEHUS
AJIEKTPOHHBIX CXEM;

- TUIIOBBIE Y3JIbl U YCTPOUCTBA 3JIEKTPOHHOU TEXHUKH.
Ymenus:

- TPOU3BOAWTH TMOAOOP HJIEMEHTOB PAJAMOIICKTPOHHOM ammapatrypsl IO

3aJJaHHBIM IIapaMeTpaM.

1 TeopeTnyeckuii MaTepua
[TapameTpsl BEIIPSIMATETBHBIX THO/IOB.
- Haubonvwuii seinpsamumenvusiti mox lup max - HanOOJbILIEE TOMYCTUMOE
CpelHee 3HaU€HHE BhIMPSMIICHHOTO TOKA 32 MEPUOI;
- Ilpamoe naoenue manpsowcenus Upp - HaNpsHKEHUE HA JUOAE IIPU

MMPOTCKArOIEM 4€pPE3 HCTO YCTAHOBJICHHOM BBIIIPAMIICHHOM TOKC,
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- Haubonvwee obpamnoe nanpsxcenuss Uqsp max- HATIPSIKEHUE, KOTOPOE
MOXXET OBITh MPHUJIOKEHO K JAMOAY B OOpaTHOM HaIlpaBJICHUU B TEUEHUU
JUTMTEIILHOTO BPEMEHH O€3 OMacHOCTH HapyIIeHUS HOPMAaJIbLHON pPabOThI
M0/,

- Haubonvwuii oopammusiii mox los, Max - TOK depe3 1uoJ B 00paTHOM
HalpaBJICHUU TIPH TMPUIOKCHHOM K HEMYy HaWOOIBIIEM IOMyCTHMOM
00OpaTHOM HAMNpPSKEHUU;

- Haubonvwas Oonycmumas mownocms pacceusanus Ppae rax -
JOIMYCTUMOE  3HAYEHUE  PACCeUBAEMOM  MOIIHOCTH, TMIPH  KOTOPOM
oOecrieunBaeTcs 3aJaHHas HaISKHOCTh NIPU JTUTENIbHON paboTe auoja.

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

CrocoObl BKIIFOUEHHSI TUO/OB.

[Ipu pa3paboTKe BBIIPSIMHUTEIBHBIX CXEM MOXET BO3HHKHYTh
HEOOXOUMOCTh TOJYYUTh BBIIPSIMIICHHBIA TOK, MPEBBIMIAIOMINNA TPEIETBbHO
JOITYCTHMOE BKITFOUCHHUE OJHOTHITHBIX JINOI0B (PUCYHOK 1).

-~

PucyHnok 1 - IlapamienbHOE COETUHEHUE BBIIPSIMUTEIbHBIX JUOIOB.

Jns  BbIpaBHMBaHUS ~ TOKOB,  IPOTEKAOIIMX  4Yepe3  JAUOJIbI,
MOCJIeI0OBaTEIbHO C  JWOJAMHU  BKJIIOYAIOTCS  OMUYECKHE J00aBOYHBIC
pe3uctopsl Rpop mopsnka Heckoabkux OM. DTO MO3BOJISIET MCKYCCTBEHHO
YpaBHSATH MPSAMBIE CONMPOTUBIICHUS JHOOB, KOTOPHIE ISl Pa3HbIX 00pa3IloB

npruOOPOB MOTYT OBITh CYIIECTBEHHO Pa3JIMYHBIMU.
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B BBICOKOBOJIBTHBIX OemAX 4YaCTO HCIOJIB3YIOT IIOCICAOBATCIIBHOC

COCJIMHEHHUE TUOJIOB (PUCYHOK 2).

Ry Ru Ry
{1

| — |
N " | | |

PI/ICYHOK 2- HOCJ’IQZ[OB&TGHLHOG COCAUHCHHUC BBIIIPAMUTCIBHBIX TUOIOB.

[Ipy TakoM COEIMHEHWH HAIPSKEHUE PACIPENEISIETCS MEXIY BCEMHU
amogamu. JIns  obecrneueHuss HaaeKHOW pabOThl JUOJOB MapajlienbHO
KaXJIOMY M3 HHUX CJEAyeT BKIIOYUTH pe3uctop (mopsaka 100 kOm) st
BBIPABHUBAHUSA OOpATHBIX COINPOTHUBJICHWM. B 3TOM cilydae HampspkeHus Ha
BCEX AMOJaX OyAyT paBHBIMHU.

BBIHpSIMI/ITeJ'IBHBIe CXCMBI.

OonogasHwlll 00HONOIYNEPUOOHDIL BLINPAMUMETL — TIPOCTEHIIA CXeMa

C OJTHAM JTMOJIOM TIPE/ICTAaBIICHA HA PUCYHKE 3.

0 0oy :
}|"‘ o “ENN
i
- ‘
a) 6)

Pucynok 3 — OgHoda3Hbiii 0IHONOIYIEPUOIHBIN BBITPSIMUTENb:

a - cxema; O - BpEMCHHBIC THArpaMMbl paOOTHI.

Oonoghasnvlil  evinpsimumenb co CcpeodHell MOYKOU COCTOMT U3

onHodazHoro TpaHchopmaTtopa € JABYMS OJMHAKOBBIMH  BTOPUYHBIMH
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00MOTKaMH, UMEIOIMMHU OOIIYIO0 TOUKY, U IBYX AU0/10B. Cxema BBIIPSIMUTENS
Ipe/cTaBlieHa Ha PUCYHKeE 4.

Oonoghasuviti MOCmMoBoU  8bINpAMUMENb COCTOUT U3  OAHO(]A3HOTO
TpaHcopmaTopa € OJHON TIEPBUYHOM M OJHOHM BTOPUYHON OOMOTOK U
CUMMETPUYHOU CXEMBbl Ha 4YeThIpeX Auojax (MOCTOBOWM cxembl). (Cxema

BBIITPSIMUTENS MPEJICTABIIEHA HA PUCYHKE O.

w,'(u.")

wr

a) 0)
PucyHnok 4 — BeimpsiMuTenb CO CpeiHEeN TOUKOI:

a — cxema; O — BpEMEHHBIE IUarpaMMBbl.

+-)

g

-4

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

AuarpaMMal.

104



2 Ilopsizok pacuera.

1) Pacuet cpeaHero BBIIPSAMIICHHOTO TOKa

2) Pacuer 00paTHOTO HANPSKEHUS

® OJHOMNOJIyIIEpUOHAs cxeMa U cxeMa co cpeaHer Toukon Uy =nt U 4 :

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

3) Bri0op A10I0B TPOBOIST

° [To MakcUMabHOMY IPSAMOMY TOKY | np son. = I ;

o ITo nomyctumomy o6parHomMy HanpspkeHUto U o5, > U g

[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
214 5 100 A221 04 400
JR14A 10 100 11222 0.4 600
12145 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 3aaHUN.
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 MocroBas Co cpenHeli TOUKOM.
CXEMBbI
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4 KoHTpOJIbHbIE BONPOCHI.
1) KakoB mopsiIoK HanpsDKEHHWIA Ha TUOJIE B MPOBOISIIU MOJTYTIEPHOA?
2) KakoB MopsJIOK HapsDKEHUH Ha JUOJIE B HEIPOBOIATINH ITOTyIIEpHOI?
3) B kakoii cxeme oOpaTHOE HANpsHKCHHWE MEHbBINE M0 CPAaBHECHHUIO C JIPYTHMHU
cxemamu?
4) B Kkakux cirydasx JTUOJbI B BBITPAMHUTEIIBHBIX CXeMax BKIIOYAOT
-[I0CJIEIOBATEIIBHO?

- MapayIeabHO?

IIpakTnueckass padora Ne2
OmnpenesieHue napamMeTpoB MMITYJIbCHOIO CUTHAJIA

Heas padorbr: @opMHpOBaHME YMEHHH OCYILECTBIATH pacyeT MapaMeTpoB
OJIMHOYHOTO PEAIbHOr0 MPSIMOYTOJIBHOTO UMITYJIbCA.
3nanus (akTyanuzanus):

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

- TMPUHUOUO BKIIOYEHUS DJIGKTPOHHBIX MNPUOOPOB U MOCTPOEHUS
ANIEKTPOHHBIX CXEM;

- TUIIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHON TEXHUKH.
Ymenus:

- TPOU3BOAMUTH MOAOOP HJIEMEHTOB pPaJAMO3IEKTPOHHOM ammaparypsl IO

3aJJaHHBIM IIapaMeTpaM.

1 TeopeTuueckuii MaTepuaJl.

[Tox SAEKTPUYECKUM UMITYJIHCOM MOHUMAIOT OTKJIOHCHHE HAMPSKCHHUS
WK TOKa OT HEKOTOPOTO IOCTOSHHOTO YpPOBHS, HaOJIOJaeMOTO B TCUCHHC
BPEMEHH, MEHBIIETO WM CPaBHUMOTO C JUTUTEIBHOCTBIO TIEPEXOIHBIX
npoiieccoB. [IpsAMOyToapHBIE UMITYIBCHI HAXOAT YaCTOE MPUMEHEHHE, HO UX
dbopma He Bcerja ObIBaeT UeaabHOM.

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

Jnumenvnocms. 3a aKTUBHYIO JJIMTEIBHOCTh HMITYJIbCA HPUHHUMAIOT
MPOMEXYTOK BPEMEHH, HW3MEpPEHHBIH Ha YPOBHE, COOTBETCTBYIOIIEM
nonoBuHe aMIUTy bl (0,5Uy). MHOT A ATUTENBHOCTD UMITYIIECA ONPEACIISIFOT
1o yposHto 0,1 Upy miin ocHOBaHUIO.

Amnaumyoa — 310 HanboJbllIee 3HAYCHNE HAPSHKEHNS WIIA TOKA

HnumenvsHocms ¢hponma nmnynbca. HapacTanue uMITysibca Ha3bIBaeTcs
nepeHuM (HpoHTOM. DTO MHTEpBas BpeMeHU (lp) HapacTaHUS MMITYJIbCa OT

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

Pucynok 1 — PeanibHblii IpIMOYTOJIBHBIN UMITYJIBC.

Jnumenvrocms cpeza umnynvca. Cnaj UMITYyJIbCa HA3bIBAETCS CPE3OM.
Cpe3 — ato unHTepBan BpeMeHHu (ic), 32 KOTOPHI UMITYJIbC YMEHBIIAETCS OT
ypoBHs1 0,9Un, no ypoBast 0,1 Up, .

Kpymusna umnynbca — 3TO CKOpPOCTh HapacTaHus uMITyibca. Jms

HPSIMOYTOJIBHOTO UMITYJIbCa MPHOMKEHHO Sp = U/ to [ B/ ¢].

2 BapuaHThl 3a1aHuii

Ne Bapmanta| 1 2 3 4 5 6 7 8

Macmrad  [0,5 2,0 50 1,0 | 0,05 10 0,2 0,4
MU [B/CM]
Macmitabd 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 — macmirab mo ocu BpeMeHH, /s — JUIMHA OTpe3Ka BPEMEHH B CAHTUMETPAX;
e [lo aHajoruu, UIMTEIHLHOCTh UMITYJIbCA 0 OCHOBAHUIO t gen. = Mt + |t [C]
JlmuTenbHOCT UMIyJIbca 1mo ypoBHio 0,1Uy  toium = M- It [c]..
2) JmrensHOCTH (hpoHTa to = M * I g[C] ,
rae Mi — macmtab no ocu BpeMeHH, Iy — JJIMHA OTpe3ka BpeMeHH (poHTa
HUMITyJIbCA B CAHTHMETpaXx.
3) dumrensHOCTh cpesa tc = My - lke[C], , rme M:— macmrab mo ocu BpeMeHH,
lte — mMHA OTpe3ka BpeMeHH cpe3a (craja) B CaHTUMETpaXx.
4) Avmmatyna Um = Mu ¢ lu [B], tme Mu — MacmTab mo ocu HampsbKeHUH,
lum — ATMHA OTpe3Kka aMILIUTY/BI B CAHTUMETpPaXx.
5) Kpyrusna pponra Se = Un/ te [B/c].
4 KoHTpPOJIbHBbIE BOIIPOCHI.
1) KakoBbI Benn4uHbI ty, U {; MaeanbHOro NpsSMOYTroJIbHOTO UMITYJIbCa? .

2) BenuurHa KpyTHU3HBI S JUIS UACATBHOTO MPSMOYTOJLHOTO HMITYJIBCA.

IIpakTnueckas padora Ne3
Pacuer cxeMbl aBTOK0/1€0aTEJILHOT0 MYJIbTUBHOpPAaTOpa
Hean padorbr: DopmupoBaHUE YMEHHI OCYIIECTBIISATH PacUeT
aBTOKO0JI€0AaTEeLHOTO MYJIbTUBHOpATOPA HA TPAH3UCTOPAX.

3HaHud (aKTyanu3anus):

- CYIIHOCTh (PU3WYECKUX IMPOLECCOB, IMPOTEKAIOIIMX B AJIEKTPOHHBIX
npubopax U yCTpoOHCTBaX;

- TPUHIMN BKIIOYCHHUS DJIGKTPOHHBIX TMPUOOPOB U  MOCTPOCHHUS
AIEKTPOHHBIX CXEM;

- TUTIOBBIE Y3JIbl U YCTPOMCTBA 3JIEKTPOHHON TEXHUKH.

Ymenus:
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- TPOU3BOAMUTH MOAOOP 3JIEMEHTOB pPAJAMOIIEKTPOHHOM ammaparypbl IO

3aJaHHBIM ITapaMCTpaM.

1 TeopeTuyeckuii MmaTepuasn

MynsTUBHOpPAaTOp OTHOCHUTCA K TE€HEpAaTOpaM pPeTaKCAIlMOHHBIX KOJIeOaHHI.
PenakcanimOHHBIMH Ha3bIBAIOT KOJE€OaHUs, B KOTOPBIX MEIJICHHBIE HW3MEHEHUS
yepeaylTcs ~ cOo  cKaukooOpasHeiMM.  Ha ~ KkosekTopax — TpaH3UCTOpPOB
MyJIbTUBUOpaTOpa (HOPMHUPYIOTCA MPSIMOYTOJIBHBIE MMITYJIbCHI: TUIOCKAsi BEpIIMHA —
KOIZJa TPaH3UCTOpP 3alepT M €ro KOJUIEKTOP HMMEET OTHOCUTEIBHO BBICOKHI
NOTEHIMAIT; M1ay3a MEXKIy MUMITYJbCaMU — KOI'Zla TPAH3UCTOP HACBILIEH M MOTEHLIHAI
KOJUIEKTOpa MaJl, @ )POHTHI — KOT'/1a TPAH3UCTOP NEPEXOAUT U3 3aIIEPTOrO COCTOSHUS
B HACBHIIIIEHHOE U HA00OPOT.

MynbTUBHOpaTOp, COOPAaHHBII IO OCHOBHOM cxeMe (pUCYHOK 1) mpeacTaBisieT
co00M JBYXKACKaJIHbII PE3UCTUBHBIN YCHIIUTENh HA TPAH3UCTOPHBIX KIIFOYAX —
uHBepTOpax. Cxema sABJISETCS] CAMMETPUYHOM, €ClIi 00a ee Tuieda UACHTUYHBI,

T.e. uaeHTHIHbI TpaH3ucTopel VT1 u VT2 u Rk1= Rk2, Rg1 = Rp2 , C1 = Co.

Pucynox 1 — TpaH3ucTOpHBIN MYyJIbTUBHOPATOP.

2 Ilopsaok pacuera.
Hau tun tpansuctopa. Crleayronme UCXOAHbIE JaHHBIE HY>KHO B3SITh U3
CIIPaBOYHHUKA 110 TPAH3UCTOPaM:
- MakcumanbHO I0MYyCTUMOE HampshKeHUe KOJIeKTop - 6a3a Uksion;
- Yacrora Tpansucropa fg;
- MakcumanbHO JIOMYCTUMBINA TOK KOJUIEKTOPA | xaon

1. Haitnem MakCuMallbHO JOMYCTUMOE HANpsKEHUE MUTaHUs Ey
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Ex=Uxsoonl2
2. Haiinem MakcHMaibHYIO YaCTOTY KOJIcOaHHH MyJIbTUBHOpaTOpa fmax
fmax= T4/0,7
3. Haitnem ammnutyny wumnyiabcoB Uy e 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,
r7e lkomax — OOpATHBIN TOK NP MaKCUMAaIbHOU pabouee TemMmeparype.
BribepeM 3HaueHne compoTuBicHHS Rk w3 mpomexxkyTka [Rk min ; Rkmax]-
XKenatenbHo kpyrioe uncio (kpataoe 10, 100).
5.Hatinem conpotusienne 6azoBoro pesuctopa Ry (f = 100);
R; =100-Rk/2
6. Haiinem nepuon konebanuii myiabtuBuOpaTopa 7
T=1/f
/. HaiimeM MUHUMAaJIbHYIO JUTUTEILHOCTh UMITYJIBCOB 1ty
ty =T/2
8. Haiimem eMKOCTh XPOHHUPYIOIIMX KOHICHCATOPOB I 3TOW MHUHHUMAIBLHON
muTensbHocTH. U3 dopmynbel 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 VT1 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 HMITYJIbCOB 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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[Tpunoxenue A
MunuctepcTBo 00pazoBanus U Hayku YenssOMHCKOM 001acTH

['ocynapctBenHoe OromKeTHOE podeccCHoHanbHOE 00pa30BaTENbHOE YUPEKICHHUE
«HOxkHO-Y pajabCKHil rOCyIapCTBEHHbIH TEXHUYECKUN KOJLJIEIAD)

OTYET

10 BBIIMOJIHEHUIO Ja00OPaTOPHBIX W MPAKTUYECKUX pabOT

10 y4eOHOU TUCIUILINHE

«3.71e1<mp01ma;1 mexHuKka»

Brimonnun:
['pynma:
[IpoBepu:

Yensgounck, 2019
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