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esan npoBeeHUsI NPAKTUYCCKUX 3AHATHI

[lenbto mpoBeJeHUs] MPAKTUUECKUX 3aHITUN SIBISETCS OTpabOTKa
HaBBIKOB MPUMECHEHUS WHXKCHEPHBIX METOJUK OLEHKU MapaMeTpoOB U
pacyéTa 3JEMEHTOB U PEXUMOB (YHKIIMOHAIBHBIX Y3JIOB aHAJIOTOBBIX
AJIEKTPOHHBIX YCTPOUCTB.

Iopsinok MOATrOTOBKHU U NMPOBEICHUS 3AHATHA

3aHATUA NOPOXOAAT B COOTBETCTBUM C MPHUMEPHBIM IIJIAHOM,
NPEICTABICHHBIM B OIJaBlieHWHd. llpy OTKIOHEHMM OT 1UIaHa
[IPENOIaBaTeNlb IPEABAPUTEIBLHO OIOBEIIAET CTYIEHTOB O TEME
CIEAYIOLIETO 3aHATHS.

Kaxnoe 3ansTHe mnpenBapseTca IOOMAIIHEW NOArOTOBKOM. B
npoiecce €€ M3y4yaercss HEOOXOIMMBIM TEOPETUYECKUH Marepuan Mo
KOHCIIEKTY JICKIIUA ¥ PEKOMEHI0BAaHHOM JuTeparype. M3yuaercsa cxema
AJIEKTPOHHOI'O YCTPOMCTBA WJIM Y3J1a, IPEACTABICHHOIO B 3aJaHUU.
[IpoaymbiBaeTcs mocienoBaTeabHOCTh pacuéra. [Ipu HEeoOXxomumMocTu
coOMparoTCs CIPaBOYHBIC JAHHBIE HAa DJIEMEHTHYIO 0a3y, UCIIOIB3YEMYIO
B (QYHKIMOHAIHHOM y3Jie¢ U3 PEKOMEHJIOBAaHHOW CIIPAaBOYHOU
nareparypsl U cetu UHTepHeT.

Ecimu npaktuueckoe 3aHATHE NPEayCcMaTpuBacT HCIOJIb30BAaHUE
UL~ WCCIENOBAaHUS WM  ONTUMM3AlMHU  y3Ja [EPCOHAIBHOIO
KOMIBIOTEPA, TO HEOOXOUMO MPOBECTH MPEABAPUTEIIHHYIO IMOJTOTOBKY
CXEMbl Ul BBOJA B PENAKTOP CXEM U OPUEHTUPOBOUYHO ONPEIAEIIUTH
HOMUHAJIbHBIE 3HAYEHUS 3JIEMEHTOB cXeMbl. I[lpu 3TOM HE00X0IUMO
OMPEACIUTLCA C TUMOM, (opMOM M JUaNa30HAMU HCIBITATEIbHBIX
CUTHAJIOB, AHAJIU3UPYEMBIMH IapaMeTpaMd U  METOJaMH  HUX
OIIpELECIICHUS.

1 TIpeoOpa3oBaHue CJIOKHBIX CXeM B JKBHBAJEHTHbII
reseparop. Jleauren HanpsKeHU st

Ha sToM 3ansTiN popMHpyeTCs YMEHUE PACCUNTHIBATH TApaMETPhI
DKBUBAJICHTHBIX T'€HEPATOPOB U ACIUTEIECH HANIPSIKEHUS.



JKBUBAJCHTHBIA FEHEPATOP U ONpeJe/IeHHEe ero NapaMeTpoB

MeTton SKBHBAJCHTHOIO TE€HEpaTOpa OCHOBAHHBIM HA TEOpEME
TeBenena (Teopeme 00 aKTMBHOM JIBYXITOJIFOCHUKE) MO3BOJISIET CBECTH
J00yI0 CKOJIb YTOJHO CJOXKHYIO JIMHEHHYIO I1I€Mb OTHOCHUTEIBHO
BbIOpaHHON €€ BeTBM (KOTOpasi MOXET COJEpkKaThb HEJIMHEHHbIC
AJIEMEHTBI) K T€HEPATOpy C HapaMeTpamu, ONPEeAECTIsIeMbIMU METOIOM
XOJIOCTOTO XOJa U KOPOTKOTO 3aMbIKaHUs. TakoW MOAXOJ MUCKIIOYAET
HEOOXOIMMOCTh B pacu€rax HEHYXHBIX TOKOB JIpyIMX BETBEH WU
Y3JIOBBIX HaNPsDKEHU. Ero MOXHO MPUMEHHUTH U JJ1s1 HEIMHEWHBIX CXEM
MOCJIE «aKKYPAaTHOW» MPEABAPUTEIBHON JINHEAPHU3ALUN.

Ha pucynke 1 mnpeacraBineHa cxema, coaepKamas OIUH
perynupyembiii pesuctop R. Heobxomumo ompenenuTs 3aBUCUMOCTD
TOKa, MPOTEKAIOIIETO YEPE3 PE3UCTOP OT BEIIMUUHBI €I0 COMPOTUBIICHUS.
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PI/ICYHOK 1 - BHGKTpI/I‘ICCKaH L[CIIb C IICPECMCHHBLIM PE3UCTOPOM

OTHOCUTENbHO 32:KMMOB AB JieBas 4acTb CXEMbl MOKET OBITh
3aMEHEHa OJIHUM W3 YKBUBAJICHTHBIX T€HEPATOPOB (PUCYHOK 2 a,0).
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PucyHnok 2 — DKBUBaJICHTHBIEC T€HEPATOPHI TOKA ()
U HanpspkeHus (0)



[TapamMeTpbl T'€HEpaTOpPOB MOIYT OBITH  ONpPEACICHBI IO
pPacCUMTAHHBIM WIIM U3MEPEHHBIM HANPSIKEHUSIM X0JIOCTOr0 X0/1a M TOKa
KOPOTKOI'O 3aMbIKAHHSI:

I>=1x3; E»=Exx; R>=Uxx/lxs.

Kpome TOro, SKBHUBAJE€HTHOE COINPOTUBICHUE MOXKET OBIThH
pPacCUUTAHO KaK COMPOTUBIICHUE LIENTA OTHOCUTENBHO 3a:kuMOB AB. ITpu
TOM HJICAIbHBIE WUCTOYHHUKHA SHEPTUU 3aMEIIAIOTCAd UX BHYTPEHHUMH
conpotuBieHusiMu (0 — IS MUCTOUHMKA HANPSDKEHUS] U 00 — IS
ucroyHuka Toka). Cxema menu I8 pacyéta HKBUBAJIEHTHOIO
CONPOTUBJICHUS TIPEJICTABIICHA HA PUCYHKE 3.
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Pucynok 3 — Cxema 1151 pacuéra 5KBUBAJICHTHOTO CONTPOTUBIICHUS

(R1+ R2 + R3) X R4

R3 = RS
2 T RItTRZ+R3+ R4

3agaHue

Hing R1=R2=40 Om; R3=R4=50 Om; R5=10 OM u 3Ha4ueHMIi 3.11.C.
U TOKOB HCTOYHHUKOB, BBIUYMCJEHHBIX I10 TPHUBEJACHHBIM HIDKE
BBIpAXKEHUSIM, OIPEICINTh 3aBHCUMOCTh TOKa OT CONPOTHBJICHHS R
n3MeHstomerocs B npeaenax 0-50 Om.

E1=10+0,5x (N + 20), B;
E2=12 + 0,5x (N + 20), B;
1=0,1 + 2/(N + 20), A,
rae N — Homep cTyeHTa B CHUCKE TPYIIIbL.



Jeauresn HANPSIKEHU s

Jemurenn  HanpsKEHUST B JJIEKTPOHHBIX  YCTPOMCTBAx
UCIIOJIB3YIOTCSI B KQUECTBE YCTPOMCTB MaCIITAOMPOBAHUS HAINPSKEHUS
(U3BMEHEHUE  TMPENEJIOB  HM3MEPEHHUS  BOJIBTMETPOB, HU3MEHEHUE
YyBCTBUTEIBHOCTU oOcuWorpadoB), s yOpaBiICHUS PEKUMaMU
TPAH3UCTOPOB B YCUWIIUTENAX, B KAUECTBE CXEM CIBUra ITOTCHIMAJIOB B
YCTPOMCTBAX C TAIbBAHUYECKHUMHU CBS3SIMH WU Jp. YCWIUTEIU H
KJIFOYEBBIE CXEMbl CaMM MOTYT pacCMAaTpUBATHCI KaK JICIIUTEIN
HanpspbkeHus. [enurens HanpsbkeHUs (ITOJIyMOCTOBAsi CXEMa) — OCHOBA
MHOTHX W3MEPUTEIBHBIX CXeM. Pacu€r npenurtene C JUMHEWHBIMH
CONPOTUBJICHUSIMU TPUBHUAJIbHAS 3a/1a4a OOIIeH TEOpUHU LICTIEH.

3nech paccMOTpuM OoJiee CIIOXKHBIE BapHaHThl JEIUTENCH.
Hepenko tpedyercst o0ecnieyuTh rajJbBaHUUYECKYIO CBSI3b MEXKIY ABYMS
TOYKAMHU CXEMbl C Pa3HbIMU MOTEHUHATAMU U TMPU 3TOM OOECIECUUTH
Kod(PphUIMEHT epeauu sl CUTHalIa OJIM3KUM K euHuIe. B kayecTBe
nmpuMepa pacCMOTPUM OpPraHHU3aALMIO CBA3UM MEXIY JIBYMsS KacKajgaMu
ycunurens (pUCyHoOK 4).
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Pucynok 4 — CornacoBanne NOTEHIHAIOB C TOMOIIIBIO
PE3UCTUBHOTO JAETIUTEIS

Henocpencrteennoe COCIMHEHHUE KOJUUIEKTOpa TIEPBOTO
TpaH3UCTOpa ¢ 02301 BTOPOro HAPYIIUT PEAKUMBI 110 IOCTOSTHHOMY TOKY.
CoeauHeHne MOXHO BBITIOJHUTH C IOMOIIBIO IeuTeNs HanpsikeHus R1,



R2, BeIMONHSIONMIEr0 3a/1auy caBura ypoBHeu. [IpubnmxkE€HHbIA pacuér
IPOCT €CIIU TOK JeNuTeNs | CylecTBEHHO MPEeBBIIAET TOK MOKOS 0a3bl
BTOPOTO YCUJIUTENIBHOTO Kackaja lpo2 M MEHbIIIE KOJUIEKTOPHOTO TOKa
MOKOS MEPBOT0 YCUIIUTENIBHOTO Kackazaa lxor.

I502<<I << ko1, (1)

Koapdumuent mepemaun  AenuTedass pPaBHBIM  OTHOIIECHHUIO
BBIXOJJHOTO W BXOJHOTO HANPSDKCHHWH JCIUTENS MPUOIMKEHHO
OTIPEICTTUTCS.

Ussix/Usx ~ R2/(R1+R2). (2)

Koaddunments! nepenayuu 1yisi IEpeMEHHOTO M TOCTOSIHHOTO TOKA
NETUTENS] B TAaKOM ClIydae€ IMPUMEPHO OJWMHAKOBBI, YTO MNPUBOJUT K
JOTIOJIHUTEIBHBIM MOTEPSAM B KOI(P(UIIMEHTE YCWICHHUS, a JTO
HEXEJATEIBHO.

Jlist Toro, 4ToObl KOA(DPUUUEHTHI Nepefayu sl IEPEMEHHOTO U
MOCTOSIHHOTO TOKa OBUIM Pa3IUYHBIMU CIEIYET OJAMH U3 PE3UCTOPOB
B35Th HEIMHENHBIM. Ecni HelmHeHbIM sBisieTcs pe3uctop R1, To ero
muddepeHImanbHOe CONPOTUBICHUE JOJIKHBI OBITh MHOTO MEHbBIIIE
crtaTudyeckoro. Ecim HeaumHeHHbIM pe3ucTtopoM sBiasieTca R2, To
muddepeHnranbHoe conpoTuBiieHne Rad 101KHO OBITH MHOTO OOJIbIIE
cratudeckoro Rct. Pesucrop R1 Moxer uMETh BOJbTaMIIEPHYIO
xapakrepuctuky (BAX) Buga, mpeacTtaBlIeHHOTO Ha PHUCYHKE S, a
pe3uctop R2 — xak Ha pUCyHKe 6.
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Pucynok 5 — BAX crabunutpona (auosa)
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Pucynok 6 — Beixonnas BAX OumnosisipHOro TpaH3ucTopa

ComnpoTuBiieHUus Il TEPEMEHHOTO TOKa MPH  HEOOJBIIHNX
BApHUALIMSAX HAIPSKEHUS OTHOCUTENBHO HEKOTOPOTO CTATHYECKOTO
MOJIOKEHHUS ONPEIEISIOTCA HAKIOHOM KacaTelIbHBIX, @ CONMPOTHUBIICHUS
MOCTOSSHHOMY TOKY — HAaKJIOHOM CEKYIIUX. YIPOUIEHHBIE CXEMBI
JeuTeNen MpecTaBIeHbl Ha pUCYHKE 7 a M 0, COOTBETCTBEHHO.
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Pucynok 7 — CxeMbl JeauTesnield ¢ HeTMHEWHBIMU CONTPOTUBICHUSIMU
(cxembl cABUTA YPOBHEM)

B nanpHelimeM OyneM mpeamnoiarath, YT0 YCUIUTEIbHbBIE KaCKa bl
paboTarT C MaJbIMU CUTHAJaMU M HaIpsDKEHUs Ha KOJUIEKTope 1-ro
YCUJIUTENILHOTO Kackaja v 0aze 2-ro NpuMEpPHO paBHBI HAMPSHKEHUSM B
OTCYTCTBUHU CUTHAJIA.

Jnst menutens co CTaOMIUTPOHOM HANpsDKEHUE CTaOMIM3aliU
BBIOMpAETCs OJIM3KUM K PA3HOCTH BXOJIHOTO Y BBIXOJIHOTO HAMPSHKEHUN
JNEIIATES:

Ucr = Upx — Uspix. (3)

JKenarenbHO BBIOMpATh CTAOMJIUTPOH C HOMHUHAIBHBIM TOKOM
CTa0MIM3AIMU MaKCUMAJIbHO OJIM3KUM K BEJIMYMHE TOKa 0a3bl BTOPOTO
YCUJIUTENIBHOr0 Kackaaa. OqHako Ha MPaKTUKE HOMUHAIbHBIC 3HAUCHUS
TOKOB CTaOMJIMTPOHOB 4allle BCEro CYIIECTBEHHO IPEBBINIAIOT TOKH
cMmeteHus 6a3. [Ipu aToM npuxoautcst paboTaTh HE TPU HOMUHATIBLHOM,
a Mpu MUHUMAJIBHOM TOKe cTabunu3amuu. Pesuctop R2 paccuntsiBaercs
TaK, YTOOBI 00ECIIEYUTH 3TOT MUHUMAJILHBIA TOK cTa0OMIM3anuu lct vum.

R2=Usy/lctvum (4)

rae 3HadyeHuss Usgy, |2 ompenenstoTrcss U3 pacdyéra pekuma BTOPOIO
YCUJIUTEIBLHOI'O KacKaja o MOCTOSTHHOMY TOKY.
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JI71s1 cXeMBbI ¢ aKTUBHBIM T'€HEPATOPOM TOKa (PUCYHOK 70) 3amaémcs
TokOM Jnenutens lg B 2-5 pa3 Oombliie Toka 0a3bl MOKOS BTOPOIO
YCUIIUTENBHOTr 0 Kackazaa lsp2. PaccumteiBaem pesuctop R1:

R1=(Usbix-Usx)/( I + I502). (5)
ITocie 3TOro onpeaensercs TOK 0a3bl FTEHEPATOPa TOKA:

Is0 = ln/h215, (6)
rae hz1p — ko3 PHUIMEHT yCHIICHHUS 1O TOKY TPaH3UCTOpa T'eHepaTopa
TOKa B CXEM€ C OOIIUM SMHUTTEPOM.

CnenyeT OTMETHUTh, UYTO peajdbHbIE CXEMBl PAaCCMOTPEHHBIX
JCNUTENICH HaNpsDKEHUS, HCIOJIB3YEMBbIX B KayeCTBE CXEM CHIBHUTa
YPOBHSI, MOTYT OBITh CYIIIECTBEHHO CIIOKHEE.

3amanue

BrixomHOE CONPOTHUBIIEHUE MEPBOTO YCUIIUTENBHOTO Kackaga 510 Om, a
HanpspkeHue Ha kosuiektope 4 B. IlapameTpsl pexxuma MOKOsS €O
CTOPOHBI 0a3bl BTOPOT0 ycuinTeabHOTo Kackana Upg=1 B, I502=20 MKA.
PaccunTaTh BapuaHThl CXEM CJABUra YPOBHEH, MPEICTABICHHBIX Ha
pucyHKe 7.

KoHTpoJibHBIE BONIPOCHI

1 B uém cmbicn npeoOpa3oBaHMs CIOKHOW CXEMbl OTHOCUTEIBHO
BBIOPAHHOTO JIEMEHTA CXEMbl B 9KBUBAJICHTHBIN TeHEpaTOp?

2 Kak onpeaenuTs 3.1.C. 3KBUBAIIEHTHOTO reHeparopa?

3 Kak omnpenenuts BHYTPEHHEE CONPOTUBICHUE 3KBUBAJIECHTHOTO
reseparopa?

4 IlpuBeguTe NpHUMEPHl HUCIOJb30BAHUS NCJIUTEICH HANPSHKEHUS C
JIMHEWHBIMU Y HEJTMHEUHBIMUA COIPOTUBJIICHUSIMU.
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5 UYro moHHUMaeTCs TMOJ CTaTU4YeCKUM U JuddepeHInaTbHbIM
COIPOTHUBJIEHUEM BJIEMEHTA?

6 CpaBHuTEe BEIWYMHY CTaTU4YeCKoro ©  auddepeHInanbLHOTro
COMPOTHUBIICHUSI B BBIOPAHHON TOYKE BBIXOAHOM BOJIBTAMIIEPHOM
XapaKTEPUCTUKHU OUMOSIPHOTO TPAaH3UCTOPA.

7 HHTEpnpeTUpyWTe YCHIMTEIbHBIA KackajJ C OWIOJSPHBIM WU
IIOJIEBBIM TPAH3UCTOPOM KAK JICIIUTEND HANIPSKECHUSA.

8 YKaxuTe MopsAOoK pacu€ra HArpy>KEHHOIO JIEJIUTENS HAIMPSIKECHUS C
MPUMEHEHUEM TEOPEMbI 00 SKBHBAJICHTHOM I'€HEpaTOpE.

2 YnpagJieHue pe;KuMoM padoThl YCHIIUTEIbHBIX KACKa10B

Ha sTom 3aHsATHN W3y4daroTCs CIIOCOOBI 3aaHus paboueil TOYKHU Ha
OpUMEpPE YCUIIUTEIBHOIO Kackaja ¢ OOLUUM SMUTTEPOM.

PaGouyro TOUKy Kackajga C OOIMM SMUTTEPOM MOKHO 33J]1aTh
(UKCUPOBaHHBIM TOKOM (PUCYHOK 8) M HaAIpsKEHUEM (PUCYHOK 9).

B nepBoMm cityyae 3T0 OCyLIECTBIIAETCS C TOMOILBIO pe3ucTopa Ry,
a Bo BTopoMm — nemuteneM Ri, Rz. Kongencaropel Ci, Cy - sBastoTCA
pa3ACIUTEIBHBIMU W MPENSTCTBYIOT  TaJIbBAHUYECKOM  CBSI3U
YCUJIUTENIBHOTO KacKaja ¢ ICTOUHUKOM CUTHaja U Harpy3koi. [Tutanue
YCWIMTENbHBIX  KAacKaJloB  OCYIIECTBJISIETCA OT  €JUHCTBEHHOTO
uctounrka nutanus E. Pabouas Touka onpenenseTcss TOKOM KOJUIEKTOpa
U HanpsbKeHUEM Ha HEM B pekume mokos. Pesucrtop Rk u TpaH3ucTop
00pa3yloT JEeNauTeNlb HaNpsSKeHUs, B KOTOPOM CONPOTHUBIICHHE
KOJUIEKTOpA M3MEHAETCS MPU M3MEHEHUHM TOKa 0asbl. OTiaumyme cxem
COCTOUT M B HAJUYUU SMHUTTEPHOrO PE3UCTOpPAa BO BTOPOM BApPUAHTE
cxeMbl. Ero Ha3HaueHHWe — MOBBIIIEHUE TEMIIEPATYPHOU CTAOMIBLHOCTU
paboyeil TOUKHM 3a CUET CO3/IaHUsI MECTHON OTpHUIIATEIBLHONW OOpaTHOM
ceu  (OOC) mo Ttoky. Ilockonpky Takas OOC yMeHbIIaeT
KO3 PUIIMEHT yCUIEHUS 10 IEPEMEHHOMY TOKY, TO HHOTAa €€ yOouparot
IIYHTUpOBaHWEM pe3uctopa R> konaeHcaropoMm. Ha pexume 110
MOCTOSIHHOMY TOKY HallMuue KOHJIEHCATOpa HE OTPaXKaeTcs.
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Pucynok 8 — 3aymanue paboueil Touku GUKCUPOBAHHBIM TOKOM
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Pucynok 9 — 3ananue padboueil TOUku (PUKCHPOBAHHBIM HAMPSIKEHUEM

[lapamerppl  pabouell TOYKM BBIOMPAIOT COOOpa3ysich C
TpeOOBaHUSIMH K YCHIMTEIbHOMY Kackaay. B kackajgax ycuiieHus
HaNPSHKEHUSI HAMTPsKEHUE Ha KOJIJIEKTOPE BEIOMPAIOT IPUMEPHO PAaBHBIM
MOJIOBUHE HANpPsDKEHHUS] MHUTAHUS, YTO MUHUMHU3HUPYET HMCKaKEHUS
curHana. C 1enbl0 MOBBIMIEHUS KO3(P(UIIMEHTA YCWICHUS BEIUYUHY

pe3ucTopa B IENU KOJUIEKTOpa BBIOMPAIOT B 2-5 pa3 MpEeBBIIAIOIINM
CONPOTHUBIICHUE HATPY3KHU.

Taxkum 00pa3oM B KaXKJI0M U3 CXEM:

UK():E/Z,
|Ko:E/2RK.
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Pe3nucTop B nenu smurrepa:
R3=0,1E/|K020,2RK

B cxeMe Ha pucyHke 9 HEOOXOIUMO TOMOJHUTEIBHO OMPENEIUTh
BEIMYMHY pe3uctopa B 1enu »Mmutrepa. OOBMHO  3amaroTcs
JNOMYCTUMBIMHM ~ MOTEPSIMM  HAmNpsoKeHHsT Ha HEM  paBHOM  10%
HaMPSKEHU UCTOYHUKA MTUTAHUA.

B cxeme ¢ ¢puKkcupoBaHHBIM TOKOM 0a3bl pe3UCTOp B 0a30BOM 1EMH
R1 onpenensieT 6a30BblIi TOK, a MOCIEIHUN — KOJUIEKTOPHBIN TOK MOKOSI:

Is0~E/Ry1,

I50=1ko/h215=E/(2h213Rk),

Otkyna:

R1=2h,15Rk.

Jlnst cxeMbl ¢ (DMKCHPOBAHHBIM HaNpshKEHHEM Ha 0asze 3adaroTcs
BBIXOJITHBIM CONPOTHUBJIICHUEM 0a30BOr0 JCIHTEINS, ONPEASISIONIUM
TEMIIEPATyPHYIO CTaOMIIHLHOCTH YCUJIUTEIHHOTO Kackaja.
Pexomenayercss BbIOOP BBIXOJHOTO CONPOTHUBIICHHUS JICIIUTENS B
npeaenax 1-3 R». Bosbinee 3HaueHHWE CONMPOTUBICHUS JEIUTEIIS
MO3BOJISICT MOJYYUTh W OOJIbIlIee 3HAYCHUE BXOJHOTO COMPOTUBIICHUS
YCUJIMTENHHOTO KacKajia, a MEHbIIee — JyUIIyI0 TePMOCTaOUIIbHOCTD. B
ATUX YCIOBUSAX MOYHO MPEeHEeOpPEYh TOKOM JSITUTENSI OTBETBIISIIOIIAMCS
B IIenb 0aspl, W ToJIaras MajJcHUEe HaNpsoKeHHS Ha 0a30-2MUTTEPHOM
nepexojqe paBHbiM 0,5 B a5isi KpeMHHEBOTO TPaH3UCTOPA OMPEACIUTH
PE3UCTOPHI ICTUTENS periasi CHCTEMY YpaBHEHUM:

UB:U3+O,5:ER2/(R1+R2)
R1//R2:(1+3)R3.

3ananue
HampspkeHue nutadus IByx cxeM ofauHakoBo u paBHO E=0,5(N+20) B,

rae N — HoMep CTyJeHTa 10 CITUCKY TPYIIIIBL.
Conporusnenune Harpy3ku paBHo 40/(N + 20) kOwm.
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h219:100.

Paccunrats 00a BapHaHTa yCHIIMTEIBHBIX KACKaJ0B IO MOCTOSHHOMY
TOKY.

[TpoBectn MonenupoBanue cxeM B cpeae OrCAD wmm Multisim mpu
pacCUMTaHHBIX HOMHUHAIBHBIX 3HAYCHHUAX CONPOTUBJICHHH. OICHHUTH
OTKJIOHCHHE PACYETHBIX PEKHUMOB OT HOMHUHAIBHBIX B IPOIICHTAX.
OOBSCHUTD MPUYMHBI PACXOKICHUH.

Pexomenoayuu. B kauecmee mpanzucmopa 6vlopamv  110001U
MANOMOWHBIU KpeMHUesbll MPaH3UCMOp n-p-n muna,
Y0081emeopsaowuti mpebo8aHusM cxembi.

KoHTpoJbHBbIE BONIPOCHI

1 Kakumu npudumHamMu OOBSCHSETCS HHU3Kas TOYHOCTh PaCUETOB
0a30BOT0 pe3ucTopa B pekuMe ¢ (GPUKCUPOBAHHBIM TOKOM 0a3bI?

2 C kako#l 1enpl0 B II€Mb SMUTTEpPAa BBOAMUTCSA COMNPOTUBJICHUE MPU
UCIIOJB30BaHUM  cnoco0a  3aJaHusl  pexuma  (PUKCHPOBAHHBIM
HaIpsKeHUEM?

3 Jlnst yero SMUTTEPHBINA PE3UCTOP IIYHTUPYETCSI KOHACHCATOPOM?

4 Ha kakWe XapakTepUCTUKH/TApaMETPbl YCUIIUTEIBHOrO Kackaaa
BIIMSET BEJIMYMHA COMPOTUBJIEHUS 0a30BOTO JCIUTENS HANPSIKEHUS?

5 UeM 00ycrioBieHa BEIMUMHA PE3UCTOPA B 1IN IMUTTEpa?

6 C kaKko# 11eJIbI0 B YCUJIUTEJILHOM KacKaJie UCIIOJIb3YIOT KOHIEHCATOPHI
Ha BXOJI€ U BBIXOJE?

7 VYKaxuTe MNPUYUHBI OTPAHUYMBAIOINIME MHUHUMAIBHYIO BEJIUYUHY
pe3ucTopa B IIEMH KOJUIEKTOpa B KaCKaJle YCUIICHUS HANIPSKCHUs?

8 VYKaxuTe NPUYUHBI OrPaHWYMBAIOIINE MaKCUMAJbHYIO BEIUYHUHY
3TOro pe3ucropa?
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3 Pacuétr ycumauTebHBIX KACKAJ0B HA NMEPEeMEHHOM TOKe B
pe:KuMe MaJioro CMrHaJjia

Temol 3aHATHS ABISIETCA Pacdy€T OCHOBHBIX IAapaMeTpPOB
YCUJIUTENIA Ha MEepEeMEHHOM ToKe. VICXOIHbIE CXEMBl YCTPOWCTB M
HOMUHAJIbHBIE 3HAYEHUS DJIEMEHTOB 3aMMCTBYIOTCS U3 3aHATHUSA 2.

K OCHOBHBIM mnapameTpaMm yCHUIIUTEIBHOIO KacKajla OTHOCATCS
napamMeTphl peXuMa MaJloro CUTHajga B 00JIacCTM CpPeAHUX YacToT:
BXOJIHO€ COIPOTHUBJICHUE, BBIXOJHOE COIMPOTHUBJICHUE, KOA(PPHUIIUEHT
ycuseHus. llepeuucneHHble mapamMeTpbl JOMOJHSIOT 3HAYCHUSIMU
HIDKHEM W BEPXHEHM TPAHUYHBIX 4acTOT. [ pacdy€ToB MOJIB3YIOTCA
CXEMOM 3aMElIEHMs] YCWIMTEIBHOIO Kackaja JJisi Majoro CHrHala
(pucynok 10). Ha cxeme R — 5KBUBAJIGHTHOE COMPOTUBIIEHUE 0a30BOT0O
nenutenss paBHoe Ri myist cxembl (UKCUPOBAHHBIM TOKOM 0a3bl U
napauieiIbHOMY COCIUHEHUI0 pe3uctopoB Ri1 m Rz s cxembl ¢
¢ukcupoBaHHBIM HampsbkeHueM Ha 0aze. Cg, 1 Cy, EMKOCTH MEXITY
COOTBETCTBYIOIIUMHU  JJIEKTPOJAMH  TPAH3UCTOpPA.  l6y, [s  —
COOTBETCTBYIOIUE nu(pepeHIInaTbHBIE COMPOTUBIICHUSI TPAH3UCTOPA.
CH — éMKOCTh Harpy3ku (HampuMep, MOHTaKHAas).

Ci s B K I 2
| |—— . — ]|
o o
Usx Re __C63 6o Blﬁ ko CK3__ R« Us RE_CH
p— V) — —
3 o

Pucynok 10 — Cxema 3amenienus yCUIMTEIbHOTO Kackaaa ¢ O3

Jlns  yOopollleHus aHajld3a CXEMbl MOXKHO Y4YeCTh OOBIYHO
BBITIOTHAIOIMECS] HEpaBeHCTBA Rs>>14,, C1,C2>>C,,, Cs,.  IlepBoe
HEPABEHCTBO II03BOJIIET MCKIIOUUTh Rs U3 HSKBHUBAJCHTHONW CXEMBI.
Bropoe HEPaBEHCTBO MO3BOJIIET  paccMaTpUBATh BIIMSTHUE
pPa3ACIUTEIFHON W MEXDIJIEKTPOJHBIX €MKOCTEH B pa3HBIX 00JaCTsIX



17

4acToT. Tak, MOIyJIb CONMPOTUBIEHUS PA3AEIUTEILHON €MKOCTH UMEET
3HAYUTEIbHYIO BEIWYMHY (YTO YMEHBIIAET HAMNpsHDKEHHWE Ha BXOJIE
TPaH3UCTOPA) JHUIIh B 00JJaCTH HU3KHUX YacTOT. B 001aCcTH 7K€ BHICOKHX
4acTOT €€ COIMPOTHUBJICHUEM MOXHO MpeHeOpeub. C Ipyroi CTOPOHHI,
COITPOTHUBJIEHHS] BXOJHOW M BBIXOJHOM €MKOCTEW TPAH3UCTOPA, a TAKKE
€MKOCTH HArpy3Kd 3HAUYUTEIBHO YMEHBIIAIOTCA TPU YBEJIUYCHUU
4aCTOThI CUTHAJIA, ITPY 3TOM YMEHBIIAETCS BBIXOJHOE HanpsikeHue. EcThb
Takke 00JacTh YacTOT, Ha3biBaemasi CpeAHEH, T/e BIHMSHUEM BCEX
€MKOCTEH SKBHUBAJIECHTHOM CXEMbl MOXXHO MPEHEOpEYh: COMPOTUBIICHUE
pa3EIUTENIbHOM  €MKOCTH  €II€  Maj0 MO0  CPAaBHEHUIO C
CONIPOTUBIIEHUEM [5,, & COMPOTUBJICHUE MAPAIIIECTBHBIX €MKOCTEU €IlIe
BEJIUKO 10 CPABHEHUIO C COMPOTUBIEHUAMHU I5, u Ri. B cBA3M ¢ 3TUM
00OBIYHO pacCcMaTPUBAIOT CBOMCTBA TAaKOTO YCHJIMTEIBHOI'O Kackajaa B
00JIaCT CpeHUX YacTOT, TJE€ BIMUSHUEM BCEX EMKOCTEH MOXKHO
npeHeOpeyb, B 00JaCTM HU3KHUX YAaCTOT, TJI€ WUIrPaeT poJb JIHIIb
paszenuTenabHas EMKOCTh, U B 00JIACTH BBICOKMX YaCTOT, IJI€ HEJIb3s HE
YUYUTHIBATh  IIYHTUPYIOIIETO JEUCTBUS €MKOCTEH  TpaH3UCTOpA.
Conpotunenus Ry, R, I'c; BKIIOUEHBI IO OTHOIIEHUIO K ICTOYHUKY TOKa
B KOJUIEKTOpPHOM Iuenu mnapamienbHo. I[Ipu stom I, >>R,, R,.
Koaddumment ycuneHuss Kackajga 3aBUCHUT KaK OT BHYTPEHHETO
CONPOTHUBJICHUS UCTOYHHKA CUTHAJIA, TAK U OT COMTPOTUBIICHUS HATPY3KH.
[TosToMy 1enecooOpa3HO pPacCMOTPETh HE3aBUCAIIMM OT HHX
YCUJIUTENbHBIN mapaMeTp — KO3((PUIUEHT YCHICHUs XOJOCTOTO XoAa
Kxx, mpu X0J10CTOM X0/1e ICTOUHUKA CUTHAJIa M YCUITUTEJIBHOTO KacKaa.
Ot10 MaKCHMAaJIbHO BO3MOKHBIN KO3(pUIIMEHT  yCUJICHUS
YCUJIUTENIBHOTO KacKaJia MPU BHYTPEHHEM CONPOTUBICHUU HUCTOYHUKA
CUTHAJla MHOTO MEHBIIMM BXOJHOT'O CONPOTHUBJIEHUS YCHIUTEIHHOTO
KacKaJia U OTKJIIOUCHHOM HarpyskKe.

N3 >KBUBAJIEHTHOM CXEMbI C YYETOM CJEJIAHHBIX JOIMYIICHUN
BBIXO/IHO€ HANPSIKEHUE ONPEICISIETCS KaK:

UBbIx = BR«Usx/I'65.
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OtHomenne P/re,=S — mpeacTaBisier cOO0H KPYTHU3HY TPaH3HCTOpa B
paboueii Touke. Torna kKo3QpGUIMEHT YCUIICHUS XOJI0CTOr0 X0a:

KXX:S RK.
IIpu 5ToM KO3(P(PULKMEHT YCHIEHHS HANPSHKEHUS B PEAILHOM CXEME:
K:E_,BXE_,BLIXKXX,

TA€ Epx, Epux — KOADPUIIMEHTHI pacrpeiesICHUs] HapsHKEHUS Ha BXOJIE U
BBIXO/IE, ONPEEIAIONINE A0 BXOJHOM 3./1.C. MOCTYNAIOIIYI0 Ha 0a3y
TPAH3UCTOPA YCUIUTEILHOTO KacKaaa U JOJII0 HAMPSHKEHUSI XOJIOCTOTO
X0/1a Ha BBIXOJI€ YCHJIMTENS MaJalollyl0 Ha CONMPOTUBIEHUH HArPy3KH.
BxoaHoe conpoTUBIEHUE YCUITUTENS ONPENEIAETCS KaK:

RBX:R6//RBX.Tp-
ConpoTuBieHHE TPAH3UCTOPA

Rexp = N11 = 157+15(h215+1) = r5’+ @1/lo (h215+1),
rae I’ — OOBEMHOE COMNPOTHBIECHHE Oa3bl KOTOPOE MOMKET OBITh
ONpEJCIICHO  Yepe3  CIpaBOYHOE 3HA4YeHWe Ni1, HM3MEPEHHOE
MPOU3BOAUTEEM JJII HEKOTOPOTO ONTUMAJIBHOTO 3HA4YeHUsI TOKa,

HECOBIIAAAaOIICIO B O6I[ICM ClIy4ac C TOKOM IIOKOA PACCUHUTBIBACMBIX
KaCKaaoB.

BBIX0IHOE CONPOTHBIICHUE YCHUIUTEIBHOTO KacKaja
RBbix = Ry//f, = Rx.
HukHsis rpaHudHas dYacToTa ONPEACNIeTCs  IMOCTOSHHBIMU

BPEMEHU BXOJHOW W BBIXOJIHOM LIETIEN

Tex — Cl(RF+RBX)1



19

TeeIx — CZ(RK+ RH)

OKBHUBaJICHTHas MOCTOSHHAS BpPpCMCHHU B 00JIaCTH HU3KHX YacCTOT
oIpeACIACTCA KaK:

T = ToxToox/ (TBX + TBLIX),
d COOTBCTCTBYHOIIAA 4aCTOTA

f.=1/27nt,.

BepxHss rpanuunas yacrora f,=1/2711,, rae mocrosHHAs BpeMEHHU
B 00JIaCTH BBICOKUX YaCTOT OMPEACIISIETCS KaK:

Te = Tp t Tx.

Jlnst Hu3ko4acToTHBIX AU Py3uOHHBIX TpaH3ucTopoB Tp mpu Cy=0
CYIIECTBEHHO OOJIbIII€ MOCTOSIHHON BPEMEHU KOJUIEKTOPHOM LENH U
Ts = Tp.

3amanue

B ycmoBusAX npenplaymied TEMbl [PAKTUYECKUX — 3aHATUMN
OIPENCIUTh BXOJHOE U BBIXOJHOE CONPOTUBIIEHUS YCUJIIUTEIBHOTO
Kackaaa, Kod(PPUIIMEHT YCHJICHUS, HUKHIOIO U BEPXHIO TPAHUYHbBIC
YaCTOTHL.

Pexomenpanuu. CuyuTarh BHYTPEHHEE COMPOTUBIIEHUE UCTOYHHUKA
CUTHAaJa paBHBIM HYJ10. EMKOCTH pa3aenuTebHbIX KOHIeHcaTopoB C1 u
C, nmpunare paBHbiMH 1,0 Mk®. Tum TpaH3ucTopa — MO yKa3aHUIO
IPEenogaBaTeIsl.

KoHTpoJibHBIE BONIPOCHI

1 Yto Ha3pIBaeTCs KPYTU3HOMN OUITOJISIPHOTO TpaH3UCTOpa?
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2 Uem ompenensercss KpyTHU3HA TPAH3UCTOpAa TMPU MaJbIX TOKax
KOoJUIeKTOpa?

3 Uem ompenensieTcss KpyTH3HA TpaH3UCTOpa MpU OOJBIIMX TOKaX
KOJUIEKTOpa?

4 Kak mnpuMepHO OIEHUTHb TPaHUIy MaJbIX U OOJIBIIMX TOKOB
KOJUIEKTOpa C TOYKM 3pCHUS BJMUSHUS Ha BEJIWYMHY BXOJIHOTO
COITPOTHUBJIEHUS TPAH3UCTOPA?

5 MoxeT 1 paccMaTpUBaThCS MaJOCUTHAJIbHAS CXEMa 3aMEIICHUS KaK
JTMHENHAs?

6 U3BecTHO, 4YTO TMOCTOSHHAs BPEMEHU BXOJHOW 1emu OOJbIIIe
MOCTOSIHHOW BPEMEHH BBIXOJIHOW 1IeNU. YTO MOYKHO CKa3aTh O BEJITUYUHE
MOCTOSTHHOW BpPEMEHU B 00JACTH HU3KUX YaCTOT: MOCTOSTHHAS BPEMEHH
MEHBIIIE MTOCTOSIHHOM BPEMEHU BXOIHOM 11€TTH, BBIXOTHOM 1IETIH, JICKUT B
UHTepBasie MeXay HUMHU? O000IIMTE OTBET JJISI Pa3HOTO COOTHOIICHUS
MOCTOSIHHBIX BPEMEHU BXOJIHOW U BBIXOJIHOM LIETH.

7/ Kak npumepHO BBITVISIAUT aMIUIATYJHO-4YACTOTHAsI XapaKTEPUCTHUKA
YCUIIUTENBHOTO Kackaga ¢ 097

8 MOXXHO JIM OIEHUTHh JUAMa30H MU3MEHEHUs] BBIXOJHOTO CUTHajIa IO
MaJIOCUTHAJIbHOW 3KBUBAJIEHTHOM CXEME YCUIIUTEIBbHOr0 Kackaaa?

9 MOXHO 7 BBINOJHUTH 3Ty OLIEHKY UHTEPHPETUPYS YCUIUTEILHBIN
KacKaJl KaK JICJIUTENb HAPsOKeHUs?

4 T'padoanasuTuyecKHid MeTOI Ppacdyéra YCHIUTEIHLHOIO
Kackajaa ¢ oomumM 3vutTepom (09)

OCHOBHOW CMBICII OPUMEHEHHS JAHHOTO METOJla pacuéra B
HACTOSIIEE BPEMs CBA3AaH C €r0 HArJsJHOCTBIO, MO3BOJAIOLICH JTydlle
NOHSATH BJMUSHHUE TIOJIOKEHUST pPabodeil TOUKM U HEIWHENHOCTEU
TPAaH3UCTOPA HA YCWJIMBAEMbId CUTHAIL. CXeMa YCHIIUTEIBbHOTO KacKaia
NpUBEJcHA HA pUCYHKeE 4. 1.
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Pucynok 4.1 — Ycunurenbubiit kackaa ¢ O

Meton pacu€ra TpeOyeT 3HaHMS BXOJHBIX, BBIXOAHbIX BAX w,
KeaTebHO, 3aBUCUMOCTH KOd(UIMEeHTa mepenadyd TOoKa OT TOKa
KoJuiekTopa. B oTcyTcTBHe mocnegHel, KodDPUIMEHT mepeaayr ToKa
CUMTACTCS] PaBHBIM HOMHUHaJIbHOMY. OOIMI BUA JgUarpaMMbl IS
MPOBEJICHUS pacu€ToB rpadOaHAUTUTUYECCKUM METOJO0M MPUBEICH Ha
pucynke 4.2. B mepBoM KBaJipaHTe 0TOOPAXKAETCs CEMEUCTBO BHIXOHBIX
XapaKkTEepPUCTUK TPAH3UCTOPA C OTPAHUYUTEIIbHBIMU JIMHUAMU OOJIACTH
0€30MacHBIX PEKUMOB paboThl. B TpeTheM KBajJpaHTE MpHUBEJCHA
BXOJHAs XapaKTepucTuka st HanpsokeHus Uy =5B.
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Pucynok 4.2 — Jluarpamma it rpadoaHaIuTHYECKOTO pacuéra
YCWJIMTEIIBHOTO Kackaaa

Brtopoii kBagpaHT 0TOOpakaeT CBsI3b MEXKAY TOKOM KOJIJIEKTOpa U 0a3bl.
31eCh OHM CBSI3aHbl JIMHEWHOM 3aBUCMMOCThrO. Ha pucynke 4.3
NPUBEICHBI PealbHBIC XapaKTepUCTUKH JuTst TpaH3uctopoB KT3102 [3].

1,2
1,0
0,8
0,6
04

0,2

IE’MA

0

BxonHble XapaKTEpUCTUKHU

213
1000
KT310ZA—
FKT3102E l 800
l I

} | 6
ks = Ukg=38B %
7 / 400
4 200
0,2 0,4 0,6 0)8 1’0 U63’B 0

| ]

f J
UK6|:5BI

| KT31021,
KT3I02E,

KT31026,
k131028, |

TN

KT31024
/

,—-———ﬁh

_‘h-

KT3102A

|}

Ny

10 20 30 %0 I;,mA

3aBUCHMOCTb KO3 duUlIeHTa
nepeaadn ToKa OT TOKAa SMUTTEpa

Pucynok 4.2 — Xapakrepuctuku tpanzuctopos KT3102
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Pacuér HaumHaeTcs C IOCTPOEHHS CTATUYECKOW HArpy304HOMU
npsiMoii, 0003HaYeHHOM Ha auarpamMme Kak Ry. Harpysounas mpsmas
CTPOUTCS IO ABYM ToukaM ¢ koopauHatamu Ex, O u 0, Ex/Rk. Jlanee Ha
Hel BhIOMpaeTcs Touka Mokos. Ha mpuBeaeHHON auarpamme TOYKe
NOKOSI COOTBETCTBYET HANpPSKEHUE PABHOE TIOJOBHHE HAIPKEHUS
nutanus Ex.

3HaueHWE TOKA B TOYKE ITOKOS CHOCHTCS Ha 3aBHCHMOCTh TOKa
KOJIJIEKTOpa OT TOKa 0a3bl (BTOPOM KBaJApaHT) U Aajee MEPEHOCUTCS Ha
BXOJAHYIO XapaKTEPUCTHKY, IO KOTOPOM MOXKHO OIPEACIUTH
HaIpsOKEHUE MEXTy 0a30M M OMUTTEPOM, COOTBETCTBYIOIEE pabodeii
TOYKE.

I[OHOJ'IHI/ITGJ'IBHO CTPOUTCA AWMHAMHYCCKAsA HArpy3odHad IpsiaMad,
npoxoaiamas 4Y€pe3 TOUKY ITOKOA M OIIPECACIIAIOMIAACS YPABHCHUCM.

A'KIAUK/(RK//RH),
Tac RH — COIMPOTHUBJICHUC HAI'PY3KH.

[Ipyu u3MeHeHUH HampsHKEHUS Ha 0asze TpaH3UCTOpa U3MEHSETCS
TOK 0a3bl U COOTBETCTBYIOIIUNA €My TOK KoJuiekTopa. [Ipu aTom Touka
ONPEACIISIONIAS TEKYIINN PEKUM TPAH3UCTOPHOI'O KaCKaJla CKOJIB3UT 10
JUHAMUAYECKOW Harpy3ouHoi npsamoit. CienyeT oOpaTuTh BHUMaHUE Ha
TO, YTO aMIUIMTY/Ia MEPEMEHHOM COCTABJISIONIEN CUTHAJa HAa BBIXOJE
OyZner orpaHhyeHa ¢ JBYX CTOpPOH. BBIXOJHOE HaINpsSKEHHWE U TOK
YCUJIMTEIIBHOTO KACKAIA COEPKAT IMTOCTOSHHYIO COCTABIISIONIYIO B BUJIE
HaIpPSDKEHUST TOKOSI MU TOKAa IMOKOST M MEPEMEHHYIO COCTAaBIIAIOLIYIO,
BBI3BAHHYIO BXOJHBIM CUTHAJIOM.

3aganue
ITo mpuBeAeHHON TUarpaMMme ONpeaeIUTh:

1. MuHUManbHOE U MAaKCUMaIbHOE BBIXOJHOE HANPSIKCHUS,

2. COOTBETCTBYIOIIUE WM, HAMNPSDKCHUS HA BXOJE YCHUIIUTEIHHOTO
KacKaja,

3. Benmnunny ko3¢ duiimenta yCUJICHHS MPU BBIXOJHOM CHUTHAJE,
COOTBETCTBYIOIIEM MOSIBICHUIO OTPaHUYCHUSI.
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4. I3MeHuTh  MOJIOKEHHUE  pabodeil  TOYKM  TaK,  YTOOBI
MOJIOKUTEIbHAS W OTPHUIlATeNbHAsl IOJYBOJHBI  BBIXOJHOTO
CUTHQJIAa TP OTPAHMYCHHH HWMEIHU OJIMHAKOBYIO BEIUYHUHY.
Onpenenutb MaKCUMaJIbHYI0 HEOTPAaHUYCHHYIO  aMIUIUTYIY
CUTHAJIA U KOY(PUIIMEHT YCUIICHHS TI0 HAPSKEHUIO.

[Ipumeuanue. Menosennoe 3HaueHUe BbIXOOHO20 CUSHALA NEPEMEHHO20
MOKa ONpeoesiemcs KaKk pazHocmb Meic0y 8blXOOHbIM HANPSIICEHUEM
(moxom) 8 OAHHBIU MOMEHM 8DEeMEHU U HaANPsdICeHuemM (MOKOM) 8 MouKe
NOKOL.

KoHnTpoJibHBIE BONIPOCHI

1 Kak uHTepnperupyercss mnpsimMas JUHUS BO BTOPOM KBaJIpaHTE Ha
pucyske 4.27

2 Kakasg u3 TOYEK, COOTBETCTBYIOUIUX PEXKUMY TIOKOS SIBJISETCS
omnpeeNsrolIei (Ha BXOJHOM MIN BBIXOJHON XapaKTepUCTUKaX)?

3 Yto Ha3bIBaETCS AMHAMUYECKOW HATPY30YHOU MPSIMOWM?

4 Yto HE0OXOIMMO JIeTIaTh ¢ BETMYMHOM PEe3UCTOpa B IIEMH KOJIJIEKTOpa
JUTS1 TOBBIIIIEHUS KOA(PUITMEHTA YCUIICHUS ?

5 JIJ1st TOBBINICHUS aMIUIUTYIbl HEUCKAXKEHHOTO CUTHaa?

6 Uto He00X0IMMO cAenaTh i1 00eCTIeYEHUsI MAKCUMAJIbHOW BETUYHHbI
HEUCKAKEHHOTO CUTHAJIA TIPU HEM3MEHHOW BEJIWYHUHE KOJUIEKTOPHOTO
pesucropa?

S5 BunsiHHe ToOKa MOKOS Ha NapaMeTpbl YCHJIMTEIbHOIO
Kackajaa

BnusHue TOka MOKOS Ha MHapamMeTpbl YCHIMTEIBHOTO KacKaaa
00yCJIOBJICHO M3MEHEHHEM JU(P(DEpEeHIIUATBHOTO  CONPOTUBIICHUS
AMUTTEPHOTO NEPEX0A U 3aBUCUMOCTBIO KO3(P(HULIMEHTA ITepejayu TOKa
OT BEJIWYMHBI Toka mokos. IlocnenHsss 3aBUCHUMOCTh MOXKET OBbITh
UCCIIeI0BaHa JIMIIb IPU HATUYKHU TpaduKa 3aBUCUMOCTH KO3 dulineHTa
YCWJICHUS! OT BEJIMYHMHBI TOKA KOJUIEKTOpPAa. BO3MOXHOCTH yNpaBlIeHUS
napameTpamu yCHWIMTEJIbHOTO KacKaja Mpyu 3TOM MUHUMAJIbHBI, T.K. MaJ
JMana3oH U3MeHeHus Kor(PuiuenHTa nepeaayu Toka.
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[TockoiibKy TOK MOKOS lg B MAJTOMOIIHBIX YCHIIUTEIbHBIX KACKaIax
MOXET U3MEHATHCS B MpeeaaX HECKOIbKUX mopsaakoB (ot 1MkA no 10
u 0osiee MA), TO B TAKOM K€ AuariazoHe u3MeHsercs nuddepeHimanbHoe
CONIPOTUBJIEHUE SMUTTEPA.

Bxomnoe conporuBiieHue TpaH3ucropa B cxeme ¢ 0D
OTIPEACIISIETCS BHIPAKCHUEM

RBX.Tp =TI = r6,+ (PT/|3 (h213+1)1

rie 5" — 00béMHOE conpoTHBIIeHNe 0a3bl, Ot = KT/ — TemnepaTypHbIit
noteHnual, hyis — koaddunment nepegaun Toka B cxeme ¢ OD.

[Tockonbky [Is° 00bIMHO He mnpeBbimaer 1,5 kOMm, TO 15
MaJIOMOIITHBIX TPAH3UCTOPOB ¢ KoddunreHTom nepegayn Toka 50 Tok
MIOKOSI BEJIMYMHOU OKOJO 1 MA sBIAE€TCA rpaHWYHBIM 3HaueHuem. Ha
BXOJHOM XapakTEpUCTHKE TpaH3ucTtopa (pucyHok 4.2) o0nactb
JTOMHUHUPOBAHUS 5> COOTBETCTBYET JIMHEWHOMY ydyacTKy BAX. Buano,
9YTO TpH OONBIIMX 3HAYEHHUAX Nip I3TOT ydacTOK HAYMHACTCS IIPH
MEHBIIINX 3HaUYCHUAX TOKa (0Koiio 0,3 MA).

[Tpm OOMBIIMX TOKaX BXOJHOE COINPOTHBICHHE TPAKTUYCCKU
00yCJIOBJIECHO OOBEMHBIM COMPOTUBJICHHUEM 0a3bl U MOXKET CUHUTATHCS
HE3aBUCAIIUM OT TOKa MOKOSI.

[Ipu Tokax MeHbIINX | MA BXOHOE CONPOTUBIICHUE OMTPEIEIISIETCS
B OCHOBHOM AU PepeHIINaTbHBIM COMPOTUBICHUEM dSMUTTEPA U PACTET
MPOMOPIIMOHATBLHO CHUKEHUIO TOKA TTOKOSI.

RBX.Tp ~ (B+1)(PT/I3
IIpu 5TOM KpyTH3HA TPAH3UCTOPA BO3PACTAET C POCTOM TOKA.
S= Blre, = BI(B+1) Is/er = a ls/er = Ix/@r.

[TockoJIbKY  TOK  KOJUIEKTOpAa  OIPEAEHSACTCS  BEIUYUHOU
CONPOTUBIICHHUS B €ro mnenu Rx W HamnpsbkeHuem nutanus E, To
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MaKCUMajbHass KPyTHU3HA JIOCTHTaeTcs IIPH MAaKCUMaJbHOM TOKE
KoJuIeKTopa paBHOM E/Rk:

S= |K/(PT: E/(RK(pT).

MakcumanbHoe 3HaueHHE KOIPOUIIMEHT YCHICHHS XOJOCTOTO
Xo/la (COMPOTUBIICHUE HCTOYHMKA CUTHaia paBHO 0, COMPOTHBIICHHE
Harpy3Kyd O€CKOHEYHO) MPAKTUUECKH HE 3aBUCUT OT TOKa MOKOS:

KXX: SRK ~ E/(pT.

D10  o3HayaeT  OECHEPCHEKTUBHOCTh  TOMBITOK  YBEIUYCHUS
ko3 puIMeHTa yCUJICHUS TNPHU MalbIX TOKax IIOKOS YBEJIWYECHHUEM
COTIPOTHBIICHHS B IIeNU KoyuiekTopa. OTMeTuM, 4TO KO3 HUIIUCHT
YCUJICHUS TI0 HAIPSDKEHUIO YIaaET B IBa pasa MpHU BHIOOPE MOJOKEHUS
paboueii Touku Ugo= E/2.

[Ipu GonpIIMX 3HAYEHUSX TOKa IMOKOS BXOJHOE COIPOTHBIICHUE
TpaH3UCTOpa OyJeT OmpenensaTbcsl OOBEMHBIM CONPOTHUBICHUEM Oa3bl.
[Ipu 3TOM 3HaYEHHE KPYTU3HBI OYJET CTPEMUTHCSA K:

S= B/ I
MakcumansHoe 3HaueHre K03 OUITMEeHTa YCHICHHUS X0JI0CTOT0 X012 0
HATIPSKEHUTO TIPU 3TOM:
Kxx= SRk =BRx/rs’.

3amanue

B cpene CAIIP OrCAD wmm Multisim  wuccienoBats s
YCWJIMTENIBHOTO Kackajga ¢ (PUKCHPOBAHHBIM TOKOM Oa3bl MOBEACHUE
K03 (ULIMEeHTa YCUIICHHSI XOJIOCTOr0 X0/a B IMana3oHe TOKOB Mmokos 10
MA - 100 MKA.
3HaueHnWe HANPsDKCHHsI TMHTAaHWS BBIOMpaTh KaK Ha MPaKTUYECKOM
3aHATUU HOMED 2. Rk BbIOMpaTh Tak, 4TOOBI paboyasi TOUKa HaXOAWIACh
B cepeAuHe paboyero auarnas3oHa.
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KoHTpoJIbHBIE BONIPOCHI

1 Kak ompenenuTs BEIUYMHY PE3UCTOPA B LENH KOJUIEKTOpPA MpHU
3aJJaHHOM TOKE ITOKOs1?

2 Kak Oyner Bectu cebsi koadduiuueHt ycwieHus kackaga ¢ OD npu
OTCYTCTBUM HArpy3Kd U COXPAHCHHM IOJIOKEHUS padoyeld TOUKHU ecliu
YBEJIMYUBATh CONPOTUBIIEHUE KOJUIEKTOPHOM LIenu?

3 Kakou BBIBOJA MOXHO CJI€JIaThb OTHOCUTEIBHO MAaKCHMAaJIbHOTO
Kod(ppuUIeHTa YCUIICHUSI CXEMBI C OOIITUM SMUTTEPOM?

4 Kak Bausger kodQPUIMEHT YCHICHHS TpaH3UCTOpa MO TOKY Ha
KO3 PUIIMEHT yCUJICHUS YCUITUTEIBHOTO Kackaaa ¢ 097

5 Kak BrusieT koo hUIUEHT yCUICHUS TPAH3UCTOPA IO TOKY Ha BXOJHOE
COIPOTHUBJIEHUE YCUIIUTEIBLHOTO Kackaga ¢ O3?

6 Kaxoii crmoco0 moBbimieHus: kK0d(PuIlMeHTa yCUJICHHS Kackaja Ha
OUMOJIIPHOM TPAH3UCTOPE BBl MOXKETE MPEITIOKUTH?

6 I[ByXTaKTHbIe YCHWIHTE/IBbHBIC KACKa/lbl

B sToli TeMe paccMaTpHUBAKOTCS CPENCTBA 3alIUTA JBYXTAKTHBIX
YCHJIMTEIIBHBIX KACKAJIOB OT MEPETPy30K. MOIIHBIE BBIXOIHBIE KACKABI
yCUJIUTENICH Yallle BCEro BBITTOTHAIOTCA KaK ABYXTAaKTHBIE, paOOTaIoIINe
B pexxuMe kitacca B wnu AB. [IpuunHa 3TOr0 Kpoercs, Mpexae BCEro, B
BBICOKOM KO3 (PHUILIMEHTE MOJEe3HOr0 JAeicTBUA (TeopeTrudecku 10 78%)
[IPU IPUEMIIEMOM YPOBHE HEJIMHEUHBIX UCKAKCHUN.

CoBpeMEHHbBIC  YCWIMTEIbHBIE  KacKaJbl  CTPOATCA IO
KOMIUIEMEHTApHOW cXeMe (Ha TPaH3UCTOpaX C JOMOJHUTEIbHOU
cummeTpuer). HMHorma  BBIXOJHOW  Kackaj, UCIHOJHAETCS  Kak
KBa3UKOMILIEMEHTapHbIA. CUI0BBIE TPAH3UCTOPHI B 3TOM CIIydae UMEIOT
OJIMHAKOBYIO MPOBOJAUMOCTb. M3-3a OTHOCHUTEIBHO HEOOIBIIOTO
Ko3(puUilMeHTa YCUJIEHUS MOUIHBIX TPAH3UCTOPOB KAXKIO€ IJIECHO
BBIMIOJIHAETCST 10 cxeMe JlapauHrroHa, a HMHOTJAa COCTaBHBIC
TPAH3UCTOPBI COAEPXKAT II0 TPU TpaH3ucTopa. B pexume kiacca B
JIBYXTAKTHBIM YCHJINTEIbHBIM KAacCKaJl BHOCUT B YCUJIMBAEMbI CHUTHAI
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MaJioro ypOBHS 3HAYUTENIbHBIC UCKAXKEHUS, Ha3bIBAEMbIE NTEPEXOHBIMU
(pucynoxk 11).

0.5ms 1.5ms 2.0ms
o V(N1563285) « V(N1562892)

Time

Pucynok 11 — Iluarpammbl BXOAHOTO (3€JI€HAsT) U BBIXOJHOTO
(kpacHas1) HaNpsHKEHUH

Ha guarpamme oTYETIMBO BUAHBI IEPEXOAHBIE UCKAKECHUS B BU/JIC
TOPU30HTAJIBHBIX MOJIOK B BBIXOJIHOM CHUTHAJIE.

Cxema ycunutensl TnpuBefeHa Ha pucyHke 12. Ponb Harpysku
BeITIONTHsAET pe3uctop R7. IlomyBonaHBI cuUrHama BOCHPOU3BOIATCS
COCTaBHBIMH 3MHUTTEepHBIMH TToBTOpUTeIsiMu V11, VT2 u VT3, VT4
COOTBETCTBEHHO.
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VT1
J K VT2
V1

R2 15vdc . T
100

R3

-
N | e

V3
VOFF =0
VAMPL =5

FREQ = 1000
o

"0 RS
100

VT3

VT4

15vde T

—_

R4
1k

Pucynok 12 — J/IByXTakTHBIA KOMIZIEMEHTAPHBIN YCUIUTEIbHBIN
KackaJ Kjiacca B Ha coCTaBHBIX TpaH3UCTOpax

Pesuctopel R1 u R4 cumMeTpupyroT BBIXOJHOM Kackaa MpH
OTKJIIOYEHHOM MCTOYHUKE CUTHaja. B cxeme ycunuTenst MOITHOCTH OJIMH
win 00a pe3ucTtopa 3ameHsieTcss TpaH3uctopaMu. Pesuctopsl RS,
3allyHTUpPOBaHbl Tiepemblukamu R6. VX Ha3HaueHME — YMEHbBIIUTH
CKBO3HOM TOK BO3HUKAIOUIMN B YCHUJIUTEIE HA BBICOKUX YacTOTaxX H
OTPaHUYUTH TOK KOPOTKOT'O 3aMbIKAHUS B LIETIH HATPy3KH.

HckaxxeHus: MOTYT OBITh NMTPAKTHUYECKH UCKIIIOUEHBI TIPU MEPEBOJIE
BBIXOJIHOT'O KacKaJa B MTPOMEKYTOUYHbIN pexxuM AB (pucyHok 13).
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Pucynok 13 — OxoHeUYHBIN yCUIIUTENIBHBIN Kackal pexxnuma kiracca AB

DTO JOCTUTAETCS BBEACHUEM HEOOJIBIIIOr0 HAYaIbHOT'O CMEIIEHUS],
KOTOpO€ B JAaHHOM CXEeMe JOCTUTAETCS C TIOMOIIBI0O HEIUHEWHBIX
nenuteneit Hampsokenus R1, VD1, VD2 wu R2, VD3, VD4
coOoTBETCTBEHHO (Tema 1). Tok BXOAHOTO CHUTHajia MPOTEKAET Yepes
Masble nudPepeHnalIbHbIe COMPOTUBICHUS AM0A0B. [Ipu 3TOM notepu
NepeMEHHOTO HanpsbkeHus: Becbma Maibl. Jluoast VD1-VD4 He Tonbko
obecrieynBalOT MaJible TOTE€pU HAMpsDKEHUsS CUTHalIa, HO U
KOMIICHCUPYIOT TEMIEpaTypHbIE H3MEHEHHUSI CKBO3HOI'O TOKa TMOKOS
TpausuctopoB VT2 VT4, Jlns NOCTHXKEHUS TakoW KOMIICHCAIIUM
HE0OXOIUMO OOECIEUYUTh TEIUIOBOM KOHTAKT OHUOJOB W BBIXOIHBIX
TPAH3UCTOPOB M COIJIACOBAHHME TEMIEPATYPHBIX KO3(P(DUIIMEHTOB.
Hawnyuniee kauecTBO KOMIIEHCAIIMU JIOCTUTAETCS MPU HMHTETPaIbHOM
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UCIIOJIHEHU TOJIOOHBIX cXxeM. BpeMeHHble quarpamMmbl Ha pucyHke 14
UUTIOCTPUPYIOT BBICOKYIO 3(P(HEKTUBHOCTh JTAaHHOIO METOAA CHUKCHUS
MEPEXOAHBIX UCKAKCHUU.

1.0ms 1.5ms 2.0ms 2.5ms 3.0ms

o V(N1563285) « V(N1562985)

Time

Pucynok 14 — JIlnarpamMmsbl cUTHaJI0B Ha BXO/ie (3€y1€Has) U
BBIX0JI€ (KpacHasi) MpH BBEJACHUU CMEIICHUS

JIByXTaKTHBIE BBIXOJHBIE KACKA bl YPE3BBIUYAHO UYBCTBUTEIBHBI K
KOPOTKMM 3aMBIKaHHUSM B II€NH HAarpy3ku. B HEKOTOpoil cTeneHH
OTPaHUYUTh BEJIMYMHY TOKA MOXHO € TOMOIIIBI0 pe3ucTopoB R3, R6. Uto
HE0CTaTOYHO A(DPEKTHBHO, T.K. MaJIble HOMHHAIBHBIC 3HAUCHUS ITUX
PE3UCTOPOB TMPHUBOIAT K UYPEe3MEPHO OOJBITUM TOKAM KOPOTKOTO
3aMBbIKaHHS, a OOoJIbIIME — PE3KO CHIKAT K.I.a. Jlydmmmu
XapaKTepUCTUKaMHU 00J1ajaeT aKTUBHAS CXeMa 3aluThl (PUCYHOK 15).

B akTUBHON cXeMe€ UCHOJB3YIOTCS OTHOCUTEIBHO HEOOJbIINE
PE3UCTOPHI B IEMSAX DSMHUTTEPOB CHIIOBBIX TPAH3UCTOPOB. 3aluTa
BBIXOJIHBIX TPaH3UCTOPOB OCYIIECTBIsAeTCS TpaH3ucropamu V15, VTG,
KOTOpPBIC OTKPBHIBAIOTCS TNPHU BO3PACTAHWUHU TAJACHUS HAIPsOHKEHUS Ha
AMUTTEPHBIX PE3UCTOPAX U IIYHTHUPYIOT BXOJHBIC IIEMH BBIXOIHOTO
KacKasa.
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PI/IC}’HOK 15 — Cxema akTUBHOU 3alllUTHI BBIXOJJHOT'O KaCKaJla

MakcuManbHBIN TOK BBIXOJIHOT'O KAaCKa/la ONMPEAEISIETCS KAK:
Imax = U6>/R»,
rae U0s — HamnpsKeHHe OTKPBIBAHUS TpaH3UCTOpa 3amuThl, R3 =R3 nnun
R6, B 3aBUCMMOCTH OT MOJIYBOJIHBI BXOJHOIO HampspkeHus. (Cxema
OTpaHWYEHUS MOXKET OBITh HACTPOEHA TAK, YTO OTPAHUYHUBAET BEITUUUHY
MaKCUMAaJIbHOTO TOKA HArPy3KH U B IITATHOM PEKUME paOOTHI.
Pesynbrar paboThl cXeMbl OTpaHUYEHUS BUJEH HA pUCYHKE 16.
Cnenyer umMeTb B Buiay, 4to s 3G(PEeKTUBHOW pPabOThI CXEMBbI
OrpaHWYEHUS UCTOYHHUK CUTHAJIA JIJIsl BBIXOJHOTO KacKaaa J0JKEH UMETh
OTHOCHUTEJIBHO BBICOKOE CONMPOTHUBJIECHUE. B MPOTHBHOM cilydae MOKHO
pa3pyLIUTh TPAH3UCTOPHI AKTUBHOM 3aIUTHI.
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0s 0.5ms 1.5ms
o IB(VT5) o V(V3:+) + V(R7:1)

Time

Pucynok 16 — OrpanndeHue BbIXOJHOTO HanpsikeHus ((hHUoIeTOBBIN) U,
COOTBETCTBEHHO, TOKA CXEMOM aKTHUBHOM 3alllMThl. BXOAHOM cUTHAaJI
0TOOpakaeTcsi KPaCHBIM IIBETOM.

3amanue

JIByXTaKTHBIN BBIXOJIHbIE Kackajbl (pucyHku 13 u 16) nurtarorcs
ABYXIOISApHBIM Hanpspkerue +(15 +0,1(N+20)) B.

Harpy3ka ycunurens 8§ Om.

OLEeHUTh THMKOBYIO BBIXOJHYIO MOIIHOCTh M THUKOBBIA TOK
YCHIIUTENS.

BriOpath BBIXOJHBIC TPAH3UCTOPHI (C YYETOM MAaKCHUMAaJbHBIX
3HQYEHUW TOKOB, HANPSIXKEHUH ¢ PAcCEeMBAEMOMl  MOIIHOCTH)
CIIPOEKTUPOBATh TMACCHUBHYIO W aKTUBHYK 3allUThl. OILEHUTH
MaKCHUMAJIbHBIE TOKH U MOIITHOCTH, PACCENBAEMBIE HA TPAH3UCTOPAX MpHU
KOPOTKOM 3aMbIKaHUU Ha BbIXoJie. Clies1aTh BBIBOJBI O CPABHUTEIBLHOU
HAJIEKHOCTH JIByX BAPUAHTOB CXEM.

KOHTpOJIbHI)Ie BOIIPOCHI

1 IIpu KakuX ypOBHSIX BBIXOJHOTO CHUTHAIA BOSHUKAIOT €r0 UCKAXKCHUS B
JIBYXTaKTHOM Kackajie kiacca B?

2 OOBSACHUTH TPUYUHBI BO3HHMKHOBEHHUS HCKAXEHUM B JIBYXTAKTHOM
YCUJIMTEJIBHOM KacKaJjie Kiiacca B.
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3 Kakue TtpeOoBaHUS MPEIBABISAIOTCS K aMIUIUTYAE BXOJHOIO
HaIpsHKEHUS JBYXTAKTHOTO YCHIIMTEIBLHOTO Kackazaa o cxeme ¢ OK s
MOTYYEHUS] MAKCUMAJIbHON aMIUIUTY/ bl BBIXOJTHOTO CUTHana?

4 C Kakoil LEJbI0 UCIONb3YETCS pekuM Kiacca AB B JByXTakTHOM
YCUJIUTEIIBHOM KacKaje?

5 TloueMy K1aCCUYECKUI YCUIIUTEIIbHBIA KaCKa/l B PEKUME Kiacca A HE
OOUTCS KOPOTKUX 3aMbIKaHUM, & JBYXTAKTHBIC YCUIIUTEIN BBIXOJAT U3
crposi?

6 Kakue npoOneMbl MOpoxkgaeT pexuM kiacca AB B JBYyXTaKTHBIX
YCUJIUTENBHBIX KacKajax?

7 Kakue cpencrBa 3ammThl OT KOPOTKUX 3aMBIKAHUKA HCHOJIB3YIOTCS B
JBYXTaKTHBIX YCHJIMTEIbHBIX KacKaaax?

8 Ilo kakoil mnpuumHEe I1enu 3anaronue pexuMm kimacca AB (A)
JIBYXTaKTHBIX YCHJIMTEIBHBIX KACKaJI0B OKA3bIBAIOTCS CI0KHBIMU?

9 Kakum yclOBUSIM JOJKHA YJIOBJIETBOPSITH LEMb 3aJar0llas PEeXKUM
JBYXTaKTHOT'O YCHJIUTEJILHOTO Kackaja?

10 B 4uém cMbICII MPUMEHEHUS ABYXTAKTHBIX YCHUJIUTEIbHBIX KaCKaI0B?
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/ BxogHas €MKOCTh YCHJHMTEJbHBIX KackaaoB. ekt
Mwiepa

Tema 53TOro 3aHATHUA MOCBSIICHA W3YYCHUIO BIMSHUSA HaA
EMKOCTHYIO COCTABIISIOLYI0 BXOAHOIO CONPOTUBIICHUS YCUIUTEIBHOIO
Kackaja ero KodppuuueHTa yCuieHus.

BxoaHas EMKOCTb TpaH3UCTOpA, BKIIOUEHHOIO 10 CXeMe ¢ OOIIUM
AMUTTEPOM ONpPEALNIeTCS EMKOCThIO 0a3a-dsMUTTEp U Oa3a KOJUIEKTOP.
Ho n3mepenns mokaspiBaroT, 4TO EMKOCTHASI COCTABIISIONIAS BXOJIHOTO
TOKa YCWIMTEIBHOIO KacKaJa CYIIECTBEHHO IIPEBBIIIAECT 3HAYCHUE,
ONPENENEHHOE  4Yepe3  EMKOCTHYK)  COCTaBJSIOLUIYKDO  BXOJHOTO
COIPOTUBJIEHUS. PacCMOTpUM NPUYKUHY ITOTrO SBJICHUS.

Jmga  sToro omnpenenuM EMKOCTHYK) COCTAaBJISIOLIYIO TOKa,
OTBETBJISIONIYIOCS B EMKOCTh 0a3a-KoJuiekTopHoro nepexoaa Cpk.

lcox=Usx/Xcox,

rae Xcex — EMKOCTHOE COMPOTUBJICHUE 0a3a-KOJJIEKTOPHOTO TIepexoia.
Usk = Us-Ur = Ug — Ug x (-K) = Us (1+K),

rae K — koadduiment ycunenus HanpsbkeHus 0aspl. [Tpu sTom:
lcox= Us (1+K)/XCGK.

Takum o0pazom, SKBUBAJIEHTHOE EMKOCTHOE cornpoTuBieHue B 1+K pa3
MEHbIIIE EMKOCTHOTO COMPOTUBJICHUE Tepexoaa. DPPeKT Kaxyierocs
YBEIIMUYECHUSI BXOJHOW €MKOCTH Kackana ¢ OD HasbiBaeTcs 3¢ dexTom
Muiepa.

Kak wu3BecTHO oOpaTHasi CBSi3b ObIBAaeT MpEJHAMEPEHHOM U
napa3uTHoi. DPpdext Musiepa MOXKET OBITh MCIIOJIB30BaH OCO3HAHHO
IUISL IOCTPOEHUS T.H. HHTETPaTtopoB Muiiepa, HO CYIIECTBYET U CaM I10
ce0e B yCWIIMTENbHBIX Kackagax ¢ O3, MposBissIch 0COOEHHO OCTPO B
ClydasiX BBICOKOTO Ko3(h(uIMeHTa YCUJICGHHS W 3HAYUTEIHHOTO
BHYTPEHHETO COMPOTHUBIICHUSI UCTOUHUKA CUTHajia. B 3ToMm ciyyae ero
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CIEAyeT paclEHWBaTh KaK MECTHYIO [Mapa3uTHYIO MapajieiIbHYIO

OOpaTHYI0 CBSA3b II0 HANPSOKEHUI0O U MPEANPUHUMATH MEPhl K

nojaiaeHuto. Ha pucynke 17 npuBeaena cxema ycunutens ¢ O3. Lenb

Rs4, Rs, C2 u tpan3ucrtop VT2 B n1MOJHOM BKJIIOYEHUW HE BJIMSIOT Ha

paboTy CXeMbl M HCHOJB3YIOTCA JIMIIb TP  MOAU(PHUKAIIUU

YCUJIUTENIHOTO KacKaia B JajdbHEUIIIEM.
r

0 R4 R5 R1 R2
= c2

2k 10k 10Meg 100k
10u

VT2

7\

V1 .

R3 10k C1 10u VT1 —
11 10vdc .T
1T

7\

VOFF =0

FREQ = 1000

VAMPL = 5mV

c-’|||—@$——

Pucynoxk 17 — Yeunmurens ¢ O9: PN5132, f1=200 MHz,
h213:30-400

Ha puarpammax pucyHkoB 18 m 19 mpencraBieHbl BBIXOJHOE
HaIPSHKEHNE U aMIUTATYAHO-4aCTOTHAS XapaKTEPUCTUKA YCUIIUTEIBHOTO
Kackajga mpu paboTe €ro OT HUCTOYHMKAa CUTHAJIA C BHYTPEHHHUM
CONPOTUBIICHUEM HUMHUTHPYEeMbIM pe3uctopoM Riz.  HM3mepeHHoe
3HaueHue Kod(pduuuenta ycwienus Ha dacrore 1 k[ paBuo 150, a
BepxHsA rpannyHas yactora ycwieHus 10 kI'u. Ctonp HU3KO€ 3HaYCHUE
IPAaHUYHON YACTOTHI, JIeXkKallee B 3BYKOBOM JHMana3oHe U 00YCIOBIEHO
addexTom Munepa.
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Pucynok 18 — Beixognoe Hanpsikenue ycrmmrensa ¢ O9:
Um.Bx =5 MB, K=150

Pucynok 19 — AUX ycuiurens ¢ O3

OddexTuBHbBIM criocobom mnonaBneHus spdexkra Mwuuiepa
ABJISIETCS] TIPUMEHEHHME KAacCKOJHOM cxeMbl ycwieHus. Ha pucynke 20
IpejCTaBlIeHa KacKOHasi cXeMa B BHJIE JIByX KaCKaJHOTO YCHUJIUTEIS C
yepenoBanuem kackagoB O3-Ob u nmocienoBaTenbHbIM MUTaHUEM. Tak
Kak Harpy3koud kackaga ¢ OO saBuserca kackaag ¢ Ob, BxomHoe
CONIPOTHUBJIEHUE KOTOPOTO:

Rex = rg’/(h215+1) + 1y,
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Pucynoxk 20 — Kackoaubiii ycunurens O3-Ob

U, CIIEJOBATENbHO, KOADPUIMEHT YCHUJICHUS IO HANpPSLDKEHHIO MEHee
eauHuIbl, TO 3hdexT Muuiepa NpaKTUYECKH HE MPOSBIAETCS.
KomnnekTopHslil TOK Kackazia sBIsSETCs BXOJHBIM TOKOM Kackanaa ¢ Ob u
ero Kod(pQUIMEHT yCWIEHHS MO0 HANpPsLDKEHUI0 TPUMEPHO paBeH
koadpumenty ycunenusa kackaga ¢ OO, HarpyxeHHoro Ha Rk. T.e.
TaKOMU K€ KaK B OOBIYHOM cxeMe (quarpamma Ha pucyHke 21).

Time

Pucynok 21 — BeixogHoe HanpsiKeHUe KaCKOIHOTO YCUIIUTEIIS:
Um.sx =5 mB, K=150
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AMIUIMTYTHO-4aCTOTHAs XapaKTEPUCTHKA YCWIMTEIBHOIO Kackajaa
npejacTaBicHa Ha pucyHke 22. E€ comocraBiieHHE ¢ XapaKTE€pUCTUKOU
kackaga ¢ OO Ha pucyHke 19 moka3bIBacT CYIIECTBEHHOE YBEIMYEHUE
4acTOTHI Cpe3a.

Pucynok 22 — AUX KaCKOJIHOTO YCUJIUTEIA

3agaHue

1 Jns cxem, mpeAcCTaBIEHHBIX Ha pucyHkax 17 u 20, paccuurarsb
OXKHJlaeMbld KOA((PUIMEHT YCHUJICHHS N0 HAIpsHKEHUIO Ha
CPEAHUX 4aCTOTaX.

2 O1eHUTh paCYETHBIM METOJIOM YBEITMUEHUE BEPXHEU I'PaHUYHON
YacCTOThl KAaCKOJHOTO YCHWJIUTENII B CPAaBHEHUU C BEPXHEHN
IrPaHUYHOMN 4acTOTOU Kackaaa ¢ O3.

3 ComocraBuTh C pe3yJibTaTaMu, MOJIYYEHHBIMH METOJIOM
MozenupoBanusi. OOBSICHUTH PACXOKICHUE C PACUETAMU.

4 TlpoanamusupoBaTh mnoBenenne AYUYX 1ByX ycuiauTenei.
OOpatuTh BHMMaHuE Ha HakioH AUX B o0nactu BEpXHUX
yacToT. O0BsIcHUTE moBeaeHne AUX.

KOHTpOJIbHI)Ie BOIIPOCHI

1 B uém cymHocTb 3¢ dexra Muiepa?
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Ha kakue mapaMeTpbl/XapakTepUCTUKU YCHJIMTEIIBHOTO Kackaza
BiusieT 3¢ pext Musiepa?

Kak BnusieT BBIXOJHOE CONMPOTUBIICHHE MCTOYHHUKA CUTHaIA Ha
4acTOTy Cpe3a YCWIHTEIbHOrO0 KackKaJa C BBIPAKCHHBIM
adexrom Mumepa?

B kakux yCHIMTEIBHBIX Kackagax HMeeT MecTo 3ddexT
Munnepa (OB, OK, 09)?

Kak ocnabuts Biusinue apdexra Munepa?
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8 AMIUIMTYAHBIN JeTeKTOpP HA ocHOBe OY

[IpocTelmmii aMIUIUTYAHBIA JETEKTOP HEIMHECH IMPU MaJlbIX
ypPOBHsX HanpsikeHUs. CylIeCTBEHHO YIYYIIUTh €r0 XapaKTEPUCTHKH
MO>XHO HCTOJIb3Yysl OTPUIIATENIbHYI0 OOpaTHYI0 CBsA3b. (Cxema Takoro
NETEKTOpA MPEACTABIEHA HA PUCYHKE 23.

[ V1
— 12V
XFG1 8 U1A T
¢ 3 —_|
(> O— - —
5 16— z - R1 —_—1/22\/ Xsc2
s LmissaD 100 =
G+
T+
Dl A B o} D
e

c1  IN4148 D2

T  o01pF $1N4148

1000kQ

PucyHnok 23 — AMIIIUTYAHBIN AETEKTOP

Juon VD2 orpanndyuBaeT OTpUIIaTEIbHOE HAMPSXKEHUE Ha BBIXOIE
OV, Ttem cambIM yMmeHbIIas oOpaTHOe HampsibkeHue Ha nuone VDI, a
TaK)X€ YMEHbIIIasi OIMOKY 3a CYET KOHEUHOU CKOpOCTH HapacTtanusi OY.

JloMuHupyOImMM  (pakTopoM, ONPEACISIONIMM  MHOTPEITHOCTD
JETEKTOpA, SIBJISIETCS 3aJiep)KKa CpaOaThIBAHUSl YCUJIUTEIS IIPU BBIXOJIE
U3 peXMMa HACBHIIICHUS W MaKCUMaJibHasi CKOpPOCTb HapacTaHUs
BEIXOIHOTO curHaina OVY.

[ToCkOJIbBKY B aMIUTMTYIHBIX JETEKTOPaX CKOPOCTb HW3MEHECHUS
BXOJHOTO HAMNPSIKEHUSI BOJM3HM aMIUIUTYAHOTO 3HAYEHUS] MUHUMAaJIbHA,
TO MOBEAECHHE AETEKTOpa ornpenesiercs ceoricteamu OVY.

B o0Omacti HHM3KHMX YacTOT OCHOBHBIM HCTOYHUKOM OIINMOOK
ABJISIETCS 3a7ep)KKa cpabdaThiBaHus. Eciiu BX0JHOE HAMPsKEHUU MEHBIIIE
HaIpsHKEHUST Ha KOHAEHCATOPE, TO YCHINTEIb HAXOAUTCS B HACHIILICHU T
U €r0 BBIXOJHOE HAIPSHKCHUE OTPUIATEIBHO M OrPAaHUYEHO THOA0M
VD2. [Ipu npeBbIICHUHA BXOIHBIM HAIPSKEHUEM YPOBHS HAMPSHKCHUS
Ha KoHueHcatope, OY ¢ 3aIepXKOW TNEpPeKIIOYEHUS] YBEIUYMBACT
HaIpsHKEHUE HAa BBIXOJIE C MAKCUMAIIBHOM 1711 JaHHOTO OY CKOPOCTHIO.
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IIpu 5TOM BBIXOAHOM TOK, 3apsDKAOIIMK KOHJIEHCATOP AOCTUIAeT TOKa
KOPOTKOTO 3aMbIKaHUsl. B MOMEHT, KOr/ja HanpsHKeHUE Ha KOHJIEHCATOpe
OKa3bIBaeTCsl OOJIbIIIE BXOJAHOTO, HUMIYJbC TOKA, IOJ3APSIKAIOIIETO
KOHJICHCATOp MPOJOJKAETCS B TEUYEHUM BpemeHu Bhixoga OY wu3
HAaChIIEHWS] M  cOaJa BBIXOJHOTO  HANpSOKEHUST J0  YPOBHA
3akpbiBarorero auoa VD1, DTo npuBoauT K nepesapsay KOHASHcaTopa.
Takum o0Opa3om B 00JaCTH HU3KUX YaCTOT MOCTOSIHHOE HAIpSKEHHE
BBIIIE AMILUIUTYIHOTO (PUCYHOK 24).

Four channel oscilloscope-X5C2 X

< >

Time Channel_A Channel_B Channel_C Channel_D Reverse
67.640 ms -2.714V 2,972V 924,356 mV
67.6490 ms -2.714V 2.972v -924.356 mv

0.000 s 0.000 v 0.000 v 0.000V GND

1[4
T2 [
T2T1

Save

Timebase Channel_C Trigger

= A
Scale: Scale: b vpiv 3 Edge: &2 Ext
KposOii [0 | vpesow: ° B Level: o Iv ]
C
AR |[ s8> acllo : Singie | [Normal | Auto

Pucynok 24 — /IlnarpaMmbl aMIDIUTYJHOTO IeTEKTOpa Ha yactore 0,5
kl'i: 1 — BXogHOE HanpsiKEHUE, 2 — BBIXOIHOE HANPSIKEHUE,
3 — HampsikeHue Ha Bixoje OY

B o6nacTu BBICOKMX 4acTOT HM3Kasi CKOPOCTh HapacTaHUs MPUBOIUT K
ToMy, uto auoa VD1 oTkpwiBaeTcs ¢ omo3gaHuEeM MO OTHOUICHUIO K
MAaKCUMAJIBHOMY HalpsbkeHuro Ha Bxoae OY m B ponm mopora
OpEeKpalarolero 3apsAx KOHAEHcaTopa BBICTyNaeT YyObIBaroliee
HalpsOKEHUE  BXOJHOE — HAIpsbkeHUWE  (C YPOBHEM — MEHBIINUM
aMIUIATYJTHOT0). JTO TMPUBOJAUT K HEA03apsAay KOHAEHcAaTopa U



43

3aHUKEHHUIO BBIXOJIHOTO HAIpSHKEHUSA JETEKTOpa MO OTHOIICHUIO K
aMIUTUTYJIC BXOJIHOTO curHaja (pucyHok 25). B oOmactu BBICOKHX
YacTOT CKa3bIBACTCSI U CHIDKAIOMMCA KO3 (PUIUEHT yCUIIEHUS
OMEpPAIIMOHHBIX YCWIMTENIeH, TaK Kak [JIs OTKpBhIBaHUA JUOJa,
3apsHKAIOIIETO HAKOMUTENBbHBIM KOHJIEHCATOP BBIXOJHOE HAMNPSIKEHUE
OY noipxHO NIpeBBICUTH BXOAHOE Ha BennuuHy 0,5-0,7B, a BXogHOE — Ha
Useix/K(f), rme K(f) — koadpdunment ycuienus Ha padoueid yacTore
JETEKTOpA.

Four channel oscilloscope-X5C2 x

< >

Time Channel_A Channel_B Channel_C Channel_D Reverse
23,683 ms 2,608V 2,358V 325,231 my
T2 (€| 23.683ms 2,608V 2.358 V -325,231my
T2T1 0.000 5 0,000V 0,000V 0.000V GND

Timebase Channel_C

T1 |4 =
Save

Trigger

e S e i) e
Z
AB> | A4B > ac |l o - Single || Mormal || Auto

Pucynok 25 — /IlnarpaMmmMsl aMILUTATY THOTO AeTEKTOpa Ha yactorte 0,5
kl'11: 1 — BXOgHOE HANpsIKEHUE, 2 — BBIXOJTHOE HAMPSKEHHUE,
3 — HanpspbkeHue Ha Bbixoje OY

bricTponeicTByOIIME KOMIIApaTOPbl 00ECIIEYMBAIOT B MOI00HBIX
CXeMax CYIECTBEHHO MEHBIINE OIIHOKHU.

Hpyroii cocTaBismonield OmMUOKK SBIAETCS OMMUOKa paszpsiaa
HakonmuTeabHOro KoHaeHcaropa Cl. Dta omubka omnpenenseTcs
NOCTOSIHHOM ~ BpeMeHu  Iienu,  oOpa3yeMoill  HaKOMHUTEJIbHBIM
KOHJICHCATOPOM HArpy3KH M CONPOTHUBJIEHHWEM Harpys3ku. Kpome Ttoro,
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CBOM BKJIaJ BHOCHUT M TOK yTeuku nuojga VDI1. Bo mHorux cmyuasx
MNOCJEAHUM JJIi COBPEMEHHBIX KPEMHHMEBBIX MAaJIOMOIIHBIX JIHUOJIOB
MOXHO TTpeHeOpeYb.

HakonutenbHbI KOHIEHCATOP BBIOMpAETCS M3 KOMIIPOMHCCHBIX
ycioBui. C OTHOW CTOPOHBI, MOCTOSIHHAs BPEMEHM paspsaa NOJDKHA
CYIIECTBEHHO IIPEBBINIATh IE€PUOJI BXOJHOr0 HampsbkeHus. Ho He
ClelyeT YBEJIMYUBATh IOCTOSHHYI0 BpPEMEHH CBEpX HEOOXOAUMOM
BEJUYMHBI BO M30€KaHHE CHUXKEHUS OBICTPOACUCTBUSA aMIUIUTYIHOTO
neTeKkTopa (He OyJeT yCleBaTh pa3psbKaThCs MPU CHUXKEHUU BXOIHOIO
HanpspkeHust). C JApyrodl CTOpPOHBI, JJIsi YMEHBILICHHUS Heao03apsia
EMKOCTb HaJJ0 CHUXKAT.

OpueHTupoM g BbIOOpa MaKCHMAaJIbHOTO 3HAaY€HUS EMKOCTU
MOXET CIYyXUTb TIOCTOSIHHAas BpPEMEHUW WIM TOK 3apsjaa (mpu
cpabaThiBaHMM cXeM orpanuueHuss Toka B OVY), oOecrneduBaromiye
MOJIHYH0 KOMITIEHCALIUIO TEPSIEMOT0 TIPH pa3psie 3apsia HAKOMUTEIbHOTO
KOHJICHCATOpa MPU MUHUMAJIBHOM ITUTEIbHOCTH UMITyJIbca 3apsaa. Jis
uneanpHoro OY uHTEpBaN 3apsiga HAYMHACTCS B MOMEHT MPEBBIIICHUS
BXOJHBIM UMITYJIbCOM YPOBHSI BBIXO/THOT'O HAMPSHKEHUS U 3aKAaHUYUBACTCSI
B MOMEHT JOCTH)KEHUS AaMIUIUTYJTHOTO 3HA4YeHUs. OTOT HWHTEpBAI
OTIPEACIISIETCS U3 BHIPAYKCHUS:

tx
1— 2= CoS @ , (1)
100 T
r7ie O - OTHOCHTEIbHAS TIOTPEITHOCTE B %, tx/2 — Bpems 3apsna, tx - BpeMs
IPEBBILICHNUS] YPOBHS HANpPSOKEHUST paspsifa, I — Nepuoj MOBTOPEHUS
BXOJIHOTO HanpsikeHus. OTcroa:

arccos(l—i)
t 100

Fx a T ' (2)

Y™
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Pucynok 26 — K onpenenieHni0 MUHUMAIbHOU JUTUTEIBHOCTH
UMITYJIbCA 3apsi/ia HAKOIIUTEIBHOTO KOHAEHCAaTOpa

JI71s1 peanbHbIX YCUIIUTENICH BpeMsl CIeAYET YBEIUUUTh (TPUMEPHO
B 2 pa3a, T.K. KOHEYHAasi CKOPOCTh HAPACTAHUS IPUBOJUT K TPEYTOJIBHOU
dbopme wumnynbca 3apsga). Ilpuw >TOM OTHOIIEHHE AJIUTEIbHOCTH
UMITYJIbCA 3apsjia K MEPUOAY CUTHAJA JOJHKHO OCTAaBATHCS HEU3MEHHBIM,
a, CIIEI0BATEIIbHO, BEIMYMHY EMKOCTH NIPUIETCSA YMEHBIIAThH B JIBA pa3a
[0 CPABHEHUIO C PACUETHBIM 3HAYEHHUEM. 3a PACCUUTAHHOE BpPEMA
KOHJICHCATOP JOJKEH MOJyYUTh 3apsii:

Q=1 Xty 3)
rjae |; — Tok 3apsiia paBHBIN TOKY KOPOTKOro 3ambikanust OY.

Bennunna 3apsiia npu pa3pse KOHASHCATOPa JIMHENHO 3aBUCUT OT
AMIUIMTYAbl ~ BXOJHOTO  HANPSDKEHUSA, TMO3TOMY  €ro  CJIeayeT
PacCUUTHIBATH JJI1 MAKCUMAJIbHOW AMIUTATYIbI BXOJAHOTO HAIPSKEHUS.

[Tonmarast TMHEWMHBIM M3MEHEHUE HAIPSIKEHHS HAa KOHJIEHCATOpE
IpHY pa3psijie NOJIyUHnM:

Q=CAU=I,xT=-—T, (4)

H

rae AU — abcomoTHOe U3MEHEHHUE HAIPSKEHUS Ha KOHJEHCATOPE MpH
paspsize, |p — Tok pazpsna, U — BxogHoe HanpsikeHue, Ry — HanpsbkeHue
Ha Harpy3ke. M3 mocieHero BrIpasKeHUs:

§=100~ = 100 . (5)
U R,C
[IpupaBHUBas 3apsibl, MOJTYIUM:
ty U
T ~ LR, (6)

IHopsaaok pacyéra aMIVIMTYAHOI'O AE€TEKTOPA

Hcxons W3 3aJaHHOM MOTPEIIHOCTH OMPENEIIEM MUHHMAIbHYIO
nomo nepuoaa tx/T (w3 ypaBHeHHs 2), B TEUCHHH KOTOPOW BXOIHOE
HaIpsHKEHUE MTPEBBIIACT MUHUMAJIBHOE HAMPS)KEHUE KOHJICHCATOPA.

BriOupaem ycuiauTellb C 4acTOTOM eguHu4HOro ycuieHus 100-
1000 pa3 mnpeBblmIarONIEd MaKCUMaJIbHYK) YacTOTY JIETEKTOpA, WIIH
KOMITapaTop C BpEMEHEM OTKJIMKa NpH mnepeBo30yxaeHuu 1-2 MB He
MEHEE YeM B JIBa pa3a MEHbIIIE 3HAYCHUS Ix.
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OnpenensieM TOkK 3apsjia (TOK KOpoTkoro 3ambikanusa OVY) unu
MaKCUMaJIbHBI ~ TOK JIOTUYECKOM €JuHUIBI  Kommaparopa (1o
TEXHUYECKUM XaPAKTEPUCTUKAM ).

N3 (5) omnpenensieM TMOCTOSIHHYIO BpPEMEHH pa3psaa Ui
MaKCHMAaJIBHOTO MEPHO/Ia BXOIHOTO HANPSKEHUS.

Jnsi  MakCUMaJIbHBIX  BXOJHOTO HAmNpsDKEHUST U Tepuoja
onpeaensieM u3 (6) conpoTuBieHHE Harpy3ku. Ecnu BennunHa
CONPOTUBJICHHS PEAIbHOM HAarpy3Kd OKa)KE€TCs MEHBILIE PACCUYUTAHHOU
BEJIMYMUHBI UCTIOJIB3YIOT Oy (PEpHBIN yCUITUTEIb.

[Io mocTosIHHON BpPEMEHM U BBIUMCICHHOMY CONPOTUBJICHUIO
Harpy3kd pacCUMThIBAEM BEJIWYHUHY €EMKOCTH  HAKOMNHUTEJIHHOTO
KOHJIEHCATOpA.

3amanue

Paccuutath aMIUIMTYJHBIA JETEKTOP U IMPOBEPUTH PE3YJIbTATHI
pacuéra ero mojaenupoBaHueM. BxonHoe nanpsbkenue 100 MB - 1 B.
Jnanazon pabounx yactoT 100 I'ty -10 xI'm. IlorpemHocts He Oomee 1%.

KoHTpoJbHBIE BONIPOCHI

1 C xaxkoy 1eNbI0 NPUMEHSIOT aMIUTUTYHbIC JETEKTOPhl C JHUOJIOM B
e OOC?

2 J171s1 4ero B aMITUTYJHOM JAETEKTOPE C MHBEPTUPYIOIIUM BKIIOUCHUEM
OY ycraHaBiauBaeTcsi BTOpOU 1107

3 Kakne (hakTophl OTpaHHYMBAIOT TOYHOCTh aMIIATYJIHOTO JACTEKTOpA
Ha OY B 001aCTH BBICOKHX Y4aCTOT?

4 KakoBa MpuyYMHA 3aBBINICHUS aMIUTMTYJAHOTO 3HA4YEHUS B OOJACTH
HU3KHUX 9acTOT?

5 Kakue ¢hakTophl OnpeestoT JIMTEIbHOCTh UMITYJIbCca TOKA,
MPOTEKAIOIIEr0 Yepe3 AUOJ AEeTeKTopa?
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9 PenakcanuoHHbI reHepaTop Ha ocHoBe Tpurrepa llImurra

PenmakcalnOHHBIMH ~ HA3bIBAlOT  TE€HEPATOPBI, Yy  KOTOPBIX
peryJUpYIOIIUA (YyCuIuTENbHBIN) AJIEMEHT pabotaet B
nepekiIoyaTebHoM  (peneitHoM)  pexkume. K HUM  OTHOCAT
aBTOKOJICOATENbHBIN M KAYIIUA MYJIbTUBHOPATOPHI, TEHEPATOPHI
NUI000pa3HBIX U TPEYTOJIbHBIX KOJCOaHUI.

OcCHOBOMH peakcalMOHHBIX TeHepaTopoB Ha OV saBisieTcs 0ObIYHO
pEreHepaTuBHBIA KOMITAPATOP, Ha3bIBAEMBIN Takxke Tpurrepom LlImurra.
PerenepatuBHBIN KOMIIapaTop MPEACTABISECT CO0O0M OIeparuOHHbBIMN
YCUJIUTENb C PE3UCTUBHOM MOJI0XKUTEILHONW 00paTHOM CBS3bIO (PUCYHOK
27).

R2

Eblx

EBbld U Eblx

=23 B

U,
) D
Pucynok 27 — Tpurrep llIMmutra HeMHBEpTUPYIONIUH (a) 1
MHBEPTUPYIOUTUH (0)

[lepexonHass XapaKTepHUCTHKAa KOMIIaparopa MMEET TUCTEPE3HC,
HIMpUHA KOTOPOTO0 paBHA YJIBOEHHOMY MOPOroBoMy HampsixeHuto 2Up,
OpPUYEM JJI1 CXEMBI Ha PUCYHKe 27a

Un=UmR1/R2,
a i1 CXEMbl Ha pUCyHKe 270
UH:UMRll(R1+R2),

Tac UM — BBIXOJHOC HAIIPAKCHUC HACBIICHUA YCHIIUTCIIA.
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CxeMa aBTOKOJEOATENHHOTO MYJIHTUBHOpAaTOpa IMPHUBEICHA Ha
pucynke 28a. OH cocTtouT U3 WHBepTHpYyolero tpurrepa llImurra,
OXBAQUYEHHOTO  OTPUIATENbHOM OOpaTHOW CBA3BIO C  MOMOUIBIO
unTerpupytomiei RC-ienoukwu.

Korga nHanpspkeHue Ue IOCTUTAeT mopora cpadaThIBaHUsI TPUTTEpA
[IImMuTTa, cCXeMa MEePEKII0YACTCS U €€ BBIXOJHOE HAIPSIKEHUE CKAauKOM
OPUHUMAET TPOTUBOMOJIOKHOE 3HaueHue. [Ipu 3TOM KOHIEHcaTop
HAYMHAET NIepe3apsKaThCs B IPOTUBOIIOI0KHOM HAPABIEHUH, TOKA IO
HaIpsOKEHUE HE JIOCTUTHET ApYroro mopora cpabarbiBaHusa. Cxema
HEPEKITI0YACTCs B IICPBOHAYAIBHOE COCTOSIHHE (PUCYHOK 280).

AHnanuz CXEMBI MyJIbTUBUOpaTOpa MO3BOJISIET 3anucarh

muddepeHimanpHoe ypaBHEHHE:
duC - UM — Uc

dt ~— RC
Ul:
R UBbIH
il b
b - -
R, / U, / f
{
UBbIH / \ \
R1 1 'Un‘ f . £ ‘n_nh ﬁ
U, L "o~
L
a) )
Pucynok 28 — Cxema MyIbTUBHOpaTOpa (@) ¥ BpeMEHHAs TuarpaMmma
ero paboTsl (0)

[Tpu HavanpHBIX ycnmoBusax Uc(0)=Up pemrenue 3Toro ypaBHEHUS
UMeeT BUJ:

t
uc(t) = Uy — (Uy + Up)e RC.

3HaueHHWE HANpPsHKCHHUS, paBHOE Iopora cpabaThIBaHMS TpUITEpa
[Imutra (yemoue Uc(t)=Ur) Oymet qoCTUTHYyTa CITYCTS BpEMS:
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Ry
t; = RCln (1 + 2—).
R,
W3 BeIpakeHHs] BUIHO, YTO TMEPUOJ KoJIeOaHUM HE 3aBHCHUT OT

HanpsokeHuss Un, CBSI3aHHOTO € HANpSsOKCHUEM ITUTaHUS, a TOTOMY
yacToTa KojeOaHuii Mano 3aBUCUT OT Hero. BennunHa mopora J10JpKHA
BbIOMpaThCcst U3 Ha ypoBHE 2/3Un. Ilpu Manoi BeaudmHE MOPOrOBOTO
HaAMpsKEHUS Ha CTaOWJIBHOCTH YacTOThl OYIyT CKa3bIBATHCS IIyMBI
BCJICJICTBUE€ HHU3KOTO COOTHOIIEHHUS TOopora M IIyma, a Mpu OOJbIITUX
oporax BJIMSIHUE IITYMOB YBEIIMYUBACTCS BCJICACTBHE MaJIOM CKOPOCTH
HapacTaHUs HAMPSKEHUS (IKCITOHEHIIMAIBHBIN MPOIIECC 3aps/ia).

3amanue

Paccuurare  penakCauMOHHBIM  TE€HEPATOp  NPSAMOYTOJBHBIX
uMnysibcoB ¢ yactoro 1 kl'm. IIpoBepuTh pe3ynbTarsl pacyEToOB
MO/JICJTUPOBAHUEM.

KoHnTpoJibHBIC BONIPOCHI

1 Kak 3aBUCHUT 4yacTOTa MMITYJIbCOB PEIAKCALMOHHOIO IeéHepaTopa OT
MOCTOSIHHOW BPEMEHH B LIETTH OOPATHOU CBSI3U?

2 Yem orpannyeHa BennunHa conportuBieHus B nenu OOC cHuzy?

3 Uem orpanuueHa BenuurHa conpotusieHus B nenu OOC cBepxy?

4 Kak crnenyer BUIOM3MEHHUTh CXEMY TIE€Heparopa Uil IOJyYEeHUS
UMITYJIBCOB C JJINTEJIBHOCTBIO HE PAaBHOM JUIMTEIIBHOCTH MAY3bI?

10 Onenka NOrpemIHOCTH AHAJIOTOBBIX MYJILTHILJIEKCOPOB

AHAJIOTOBBIA MYJBTUIUIEKCOP OJWH W3 KIIOYEBBIX 3JIEMEHTOB
MHOTOKaHaJIBHBIX CHCTEM cbOopa W 1mepegaun wuHbOpMaud B
CKaHMPYIOIIMX cHUcTeMaX. TOYHOCTh KOMMYTAIIMU  HaIpPSKEHUS
ONpENENACTCS  COBOKYITHOCTBIO  CTaTMYECKMX M JUHAMHUYECKHUX
XapaKTEPUCTUK MYJIbTUILIEKCOPA.



50

OCHOBHBIMM  CTaTUYECKHUMHU  XAPAKTEPUCTUKAMHU  SIBIISIFOTCS
COMPOTUBJIEHUE OTKPHITOTO M TOK YTEUKHA 3aKpbITOrO KaHaja.
ConpoTuBIIEHHME OTKPBITOTO KaHAJIA I IIHUPOKO PaCHpPOCTPAHEHHBIX
MYJIbTUILIEKCOPOB KoJieonercss oT 10 mo 1000 Om, a TUNUYHBIA TOK
yT€uKHr OKOoJIO 1 HA.

Mexy3JIeKTpOIHBIE EMKOCTH MOJIEBBIX TPaH3UCTOPOB
MYJIBTUIIJIEKCOPOB MPUBOJAT K TOMY, YTO HUMEIOTCA E€MKOCTH MEXIY
BXOJIOM U BBIXOJIOM MYJIbTUILIEKCOPA, BXOJIHBIE U BBIXOAHBIE EMKOCTH, a
TaKXke EMKOCTH MEXKY LEMSIMHU YIPABICHUS U KOMMYTUPYEMOU IEMBIO.
[Tocnennue, Kak U CKBO3HBIE HE CO3/IAIOT CYIIECTBEHHBIX MPOOJEM B
00JIaCTH HU3KHX YAaCTOT, HO UX BJIUSHUE CTAHOBUTCS CYIIIECTBEHHOM B
00JIaCTH BBICOKMX YaCTOT U MPH BHICOKOW YaCTOTE€ KOMMYTAIIUH.

3amanue

[Toctpouts cxeMy 8-kaHanbHOTO KomMMyTaTropa Ha MIC K561 (8>1)
PaccunTaTh CTaTMYEeCKyr0 OIMMOKY KOMMYTaTopa MpPU HANPSKEHUU
nutanus +/- 7 B, compoTtuBieHuun HCTOUYHMKOB curHaiga 300 Om u
comporuBieHn  Harpy3ku 10 xkOm, 1 MOwmM. Ilapamerpsl
MYJIbTUILUIEKCOpa B3ITh B pasznene CnpaBounuku «MHbopmannoHHo-
CIIPaBOYHOM CUCTEMBI».

KoHTpoJbHBIC BONIPOCHI

C KkakoM 1eJbI0 KOMMYTHPYIOIIAs 4YacTh MYJbTUILIEKCOPOB
CTPOUTCS HA KOMILIEMEHTAPHBIX TPAH3UCTOPAX?

Kakum oOpa3zom HOpMHpYyeTCs MpOJIe3aHUE YIPABISIONIETO
CUTHaja B KOMMYTHUPYEMYIO II€llb AHAJIOTOBBIX  KJIOUEH U
MYJIBTUILIEKCOPOB?

Kak cka3biBaeTcs Ha paboTe KOMMYyTaTOpa HATMYKUE EMKOCTH BXO/I-
BbIx0A? Kak yMEHBIIUTH BIMSHHE JaHHOTO (pakTopa HA BEIMYUHY
HOTPEIIHOCTH?

Kak cnengyer BbIOMpaTh BEIMUUHY CONMPOTUBIICHUS HATPY3KU JJISI
YMEHBIIICHUS CTATUYECKON OIMMOKM KOMMYyTaTopa?



o1

[louemy  OBICTPOAECUCTBYIOLIME  MYJBTUIIEKCOPBI ~ UMEIOT
CYIIECTBEHHOE IOTpediieHne HecMoTps Ha ucnonb3oBanue KMOII
TEXHOJIOTUH?
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