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BBenenune

[IpoMbInuieHHas 3EKTPOHUKA U 3JIEKTPONPUBOJ] IPUHAAIEkKAT K TOM 00J1acTH ecTe-
CTBEHHBIX HayK, B KOTOPOH Mpoluecc mo3HaHus TpeOyeT Hepa3pbIBHOM CBA3U TEOPETHU-
YEeCKOT0 aHajin3a M SKCIEPUMEHTAJIbHBIX MCCIEIOBAaHUNA. AHAIU3 U 3KCIEPUMEHTAIb-
HOE€ MCCJIE0BAHKE MPOLIECCOB B DJIEKTPOHUKE HEBO3MOXHBI 0€3 MPUMEHEHHS] KOMIThIO-
Tepa.

CymiecTByeT 00JIbIIOE YUCIIO MTPOTPaMM MOECIUPOBAHUS SJIEKTPOHHBIX CXEM, OTBE-
YaronIMX B TOW WJIM MHOM CTENEHM 3ajjayaM aHajiu3a UX padoThl. BOJBIIMHCTBO U3 HUX
TpeOyIOT Cepbe3HOM NpeIBapUTEIbHON MOATOTOBKHU MOJIB30BATENS U HAJTUYHUS Yy HETO
CHeualbHbIX 3HAHUMA.

3HauUTEIbHOE PACHIMPEHHUE KPyTra IMOJb30BaTeNieil BO3MOXKHO JIMIIb TOT/Ia, KOTa
MPOLIECC MOJIETUPOBAHMS OyIeT MAKCUMaJIbHO MPUOJIMKEH K pPealbHOMY HKCIIEPUMEH-
Ty. B 3TOM cilydae cTyeHT, OCYIIECTBIISASl €CTECTBEHHYIO MOCIEA0BATEIbHOCTh TAKUX
ornepanui, kak cOoOpKa cXeMbl, MOJKIIOYEHUE K HEH M3MEPUTENbHBIX TPUOOPOB, TAKUX,
KaK aMmIepMeTp, BOJBTMETP, MYJIbTUMETpP, F€HEPATOP, oclmiorpad, AelnaeT mpouecce
UCCIeI0BaHNs HauboJiee eCTECTBEHHBIM U MOHATHBIM. AJanTaius MoJib30BaTels K OC-
HOBHBIM OIEpalysM 3aHUMAET Ipu 3ToM He Oosiee 20 MUHYT.

BupryanbHas 35eKTpoHHas 1JabopaTopus Ha IEPCOHATBLHOM KOMITBIOTEPE, KAKOU sB-
nsiercst nmakeT nporpamm Electronics Workbench, — npoctoit 1 gocTynHblif HHCTpYMEHT
JUISL TIPOBEACHUS IKCIEPUMEHTANBHBIX HCCIEIOBAHUN HIMPOKOIO KJacca 3JIEKTpHUYe-
CKUX M 3JIEKTPOHHBIX CXEM, KOTOPBIA BKJIIOYAET B cedsi OoraTeiliryto OubIMoTeKy 3iie-
MEHTOB ¥ U3MEPUTEIBHBIX TPUOOPOB.

1. IPOI'PAMMA ELECTRONICS WORKBENCH

Cucrema cxemorexnuueckoro mogenupoBanus Electronics Workbench npeanazna-
YyeHa /ISl MOJICTTUPOBAHMS U aHAJTIN3a DJICKTPUUECKUX CXEM.

KoMmnoHeHTBI U NMPOBECACHUEC IKCIICEPUMEHTOB

B Ou0imMoTeKn KOMIIOHEHTOB MPOTPAMMBI BXOJAT IMACCUBHBIE KOMITOHEHTHI, TpaH-
3UCTOPHI, yNpaBIsieMble HCTOYHHUKH, YNPABIsEMbIe KIIOYH, WHANKATOPHI, TPUTTEPHBIE
yCTPOMCTBA U IP.

B mporpamme ucnonbzyetcs 0oibiioii Habop mpuOOpPOB ISl MPOBEIEHUST U3MeEpe-
HUN: aMIlepMETpP, BOJBTMETP, MYJIbTUMETp, ocummiorpad, bome-muorrep (rpadormo-
CTPOMTENh YAaCTOTHBIX XapaKTEPUCTHK cXeM), (YHKIIMOHATBHBINA T€HEpaTOp, TEHEPATOP
CJIOB, JIOTHYECKHUI aHANINU3aTOp U MPeoOpazoBaTeb.

Onepamm, BBINMOJIHAE€EMbBIC IIPA AHAJIN3E

Electronics Workbench no3BossieT cTpouTh cXeMbl pa3Iu4HON CTENEHU CI0KHOCTH
IIPU TOMOIIIH CIEAYIOUIUX OTIepaIii:
e BBIOOp DJIEMEHTOB U MPUOOPOB U3 OUOINOTEK;
® [epeMelIeHHE IEMEHTOB U CXEeM B JII000€ MECTO paboyero moJs;



® [IOBOPOT BJIEMEHTOB U IPYII 3JIEMEHTOB Ha YTJbl, KpaTtHble 90 rpagycam;

® KOIMPOBAHUE, BCTaBKA WM YJAJICHHE 3JIEMEHTOB, IPYII 3JIEMEHTOB, ¢par-
MEHTOB CXEM M LIETIbIX CXEM;

® U3MEHEHHE IBETa MPOBOAHUKOB;

® BbIJICJICHHUE LIBETOM KOHTYPOB CXeM Jist 0oJiee yI00HOTO BOCTIPUSTHS;

® (O/JIHOBPEMEHHOE MOAKIIOYEHUE HECKOJIbKUX U3MEPHUTENbHBIX TPUOOPOB U Ha-
0JIt0JIeHHE UX MOKa3aHUN Ha SKpaHe MOHUTOPA;

® [IPUCBAaMBAHME BJIEMEHTY YCIOBHOIO 0003HAYCHMUS;

® U3MEHEHHUE MapaMeTPOB AJIEMEHTOB B IIMPOKOM JIMAMa30He.

Komnonentsl Electronics Workbench

Jls oneparuii ¢ koMrnoHeHTamu Ha ootiem noiie Electronics Workbench Beienenbr
1B 00J1aCTH — TMaHEh KOMIIOHEHTOB U M0JIe¢ KOMIIOHEHTOB (puc. 1).

Electronics Workbench

Puc. 1. OGuiee mose nporpaMmMbl

[laHEeTb KOMIIOHEHTOB COCTOUT M3 MUKTOTPAMM IOJEH KOMIIOHEHTOB, a IOJIE KOM-
MOHEHTOB — U3 YCJIOBHBIX M300paKeHUH KOMIIOHEHTOB.

[Ipy menyke MBI IO OAHOW U3 MUKTOIPAMM I10JIEM KOMIIOHEHTOB, PACIIOJIOKEH-
HBIX Ha MaHEIN, MOKHO OTKPBITh COOTBETCTBYIOLIEE TTOJIE.

Bce KOMMOHEHTHI MOXKHO YCIIOBHO pa3OUTh Ha CIAEAYIOIIME IPyNIbl: 6a30Bble KOM-
ITIOHEHTHI, UCTOYHUKH, JUHEHWHBIE KOMIIOHEHTHI, KIIFOYM, HEJIIMHEWHBbIE KOMIIOHEHTHI,
MHUKATOPbI, JOTHYECKUE KOMIIOHEHTHI, y3/1bl KOMOWHALIMOHHOTO THUIIA, Y3JIbl MOCIE10-
BaTEJIBHOTO THMA U TUOPHUIHBIE KOMIIOHEHTHI.

Bba3oBble KOMIIOHEHTHI

HuKmozpaMJvm 6 noJjié KomMnonenmoe Hukmozpamma Ha4 naneé/iu KOMNOHEeHRmoe6

. Coeounarowuii yzen -

VY3en npumMeHsieTcst Il COeIMHEHUs MPOBOJHUKOB M CO3/aHMSI KOHTPOJIbHBIX TO-
yek. K kax1omMy y311y MOKET OJICOUHATLCS He 00Jiee YEThIPEX MPOBOIHUKOB.



3azemnenue

Rk 3 il

KomnoneHT ““3azeMiieHne” MMeEeT HYJIEBOE HAIPSHKEHHE W TaKUM 00pa3oM obecrie-
YUBAET UCXOAHYIO TOUKY JJisi oTcueTa moTeHnuanoB. Jlrobas cxeMa, comepxalias orne-
PallMOHHBIN YCUIIUTEIb, TpaHcPopMaTOp, YIPaABISIEMBbIM HCTOYHHUK, OCHHILIOrpad,
J0JDKHA OBITH 00513aTENIBHO 3a3eMJieHa, UHAaue MpUOOPhl HE OYIyT MPOU3BOJIUTH H3MeE-
PEHUS WM UX TTOKA3aHUs OKaXKYTCsl HEMPABUIIbHBIMHU.

HUcTOouyHUKH

ﬁ Hcemounuk nocmosannozo HanpAsIcenun

O/IC ncTouHMKa NOCTOSIHHOTO HAMNPSHKEHUS U3MEPSIETCS B BOJIbTAX U 3aAaETCSA MPO-
M3BOJHBIMU BenrunHaMmu (0T MKB 10 kB). KopoTkoit sxupHO# uepToil B n300paxeHnn
Oatapen 0003HaYaeTCs BHIBOJ, UMEIOUINI OTPULIATENBHBIN MOTEHIMA.

i‘w\- I'-HIEIIH
i Hcemounuk nocmoannozo moka "ﬁﬂ

1
fl

2 9

Crpenka yka3bIlBaeT HampaBjieHUe TOKa (OT “+” Kk 7). 3ayaeTcst B aMIepax

(ot MKA 110 KA).

Hemounuk REPEMEHHO020 HANPAIICEHUA ﬁ

eticmsyrowee 3nauenue HaNPSHKEHUS UCTOYHUKA 3a/aéTcsl B BoJbTaxX (OT MKB 10
kB). MImeeTcs BO3MOXXHOCTh YCTAHOBKHM YacTOThl M HadalibHOU (ha3bl. HanpsoxkeHue wc-
TOYHUKA OTCYUTHIBAETCS OT BBIBOJA CO 3HAKOM "~'".

Hcemounuk REPEMEHHO020 mMOKa

eiicmeyoujee 3naueHue TOKa UCTOYHMKA 3a7aéTcs B ammepax (0T MKA 10 KA).
HNmeercss BO3MOKHOCTh YCTAHOBKM 4YacTOThl M HayanbHOM (pa3bl. TOKk MCTOUYHMKA OT-
CUMTBIBAETCS OT BBIBOJA CO 3HAKOM "~".

m I'enepamop maxkmogvix umnyivcog ﬁ

I'enepaTop BbIpabaThIBa€T MOCIEAOBATEIBHOCTh MPSAMOYTOJIBHBIX HMITYJIBCOB.
MoXHO peryaupoBaTh aMIUTATYAy WMITYJIbCOB, KOA(DPUIIMEHT 3amoJIHEHHUS (CKBaX-
HOCTh) U YaCTOTY CJIeJIOBaHMS UMMYJIbCOB. OTCUET aMIUTUTY/IbI UMITYJIbCOB T€HEpaTOpa
MPOU3BOAUTCS OT BBIBOJIA, MPOTUBOIIOJIOKHOTO BhIBOY "+".

JInHeHHbBIE YJIEMEHTHBI

Pe3ucmop

[TonoxeHne ABMIKKA TMEPEMEHHOIO pE3UCTOpPA YCTAHABIMBAETCS IPU TOMOIIU
CIELUAJIBHOIO 3JIEMEHTA - CTPEJIOYKH PeryyaTopa. B nuasoroBoM okHe MOYKHO ycCTa-
HOBUTH CONPOTHUBJICHUE, HAYAJIBHOE MOJIOKEHHE JBHKKA (B MPOLEHTaX) M Iar Mpu-
pamieHus (Takxe B mpoleHTax). FMimeercs BO3MOKHOCTh U3MEHATH MOJIOKEHUE JIBHXKKA
MpU TOMOIIHM KJIaBULI-KIII0o4ei: OykBbl oT A 10 Z, tudpsl ot 0 10 9, knasuiu En -



ter uim ipoGen [Space].

[Ipumep: IBMKOK yCTaHOBJEH B mojioxkeHue 45%, mar npupamenus - 5%, KiaBu-
ma-kioy - npoden. Haxatuem knaBuim [Space] mojiokeHHe ABUXKKAa CTAHOBUTCS paB-
HbIM 40% u 1.1. Ecn Haxats [Space] + (Shift), To nonoxxenue qBUXKKa NOTEHIIMOMET-
pa yBenuuutcsa Ha 5%.

EmkocTh KOHACHCATOpa M3MepsieTcs B (apagax W 3aJacTcsl MPOU3BOAHBIMH BEJIH-
yuHaMu (0T n1d g0 D).

Konoencamop

Ilepemennntit KOoHoencamop

HepeMCHHBII/I KOHACHCATOp HOIYCKACT M3MCHCHUC BCIIMYMHBI CMKOCTHU. 3HaueHHNe
€MKOCTH MOXKET YCTAaHABJINBATHCA C IMOMOIIBIO KJIaBUIII-KJIIOUEH TakK KC, KaK M II0JIO-
JKCHHUC IBUIKKA IICPEMCHHOI'O PE3UCTOPA.

Kamywka undykmugenocmu

NHayKTUBHOCTH KaTyIIKU 3a/1aeTcs B reHpH (oT MkI'H 10 ['H).

Tpancgopmamop

TpanchopmaTop ucnonb3zyercs s TpeoOpa3oBaHus HarpspkeHus V1 B Hampsike-

V1
nue V2. Koadpduuuent tpancpopmanuuu n = V2 MOKET OBITh YCTAHOBJIEH B JMAJIOTO-

BOM OKHE CBOWCTB Mojenu TpaHchopmaropa. TpanchopmaTop MOXKET ObITh BBIMOJIHEH

C OTBOJIOM CpPEIHEN TOUYKH.
! Cxema, cooepacawas mpancpopmamop, 00axCHa ObiMb 3a3eMIEHA.

Knrou

Kroun MOT'yT OBITH 3daMKHYTbI WX PA3OMKHYTHI IIPHU IMOMOIIKU YIIPABJIAIOIMINX KJId-
BHII HA KJIaBHUATYpPEC, TaﬁMepa, HaIIPSKCHUA, TOKA. Nwms praBHHI-OH_[eﬁ KJIaBUIIIN MOX-
HO BBCCTH C KJIABUATYPbI B 1UAJIOTOBOM OKHC.

HeanneHbIe 2JIEMEHTBI

Muoo

Toxk qepe3 AUOJ MOXKCET IIPOTCKATh TOJIBKO B OAHOM HAIIPABJICHUU — OT dHOI4 A K
KaToay K. Cocrossane Aunoaa (HpOBOI[SIH_[ee 501041 HCHpOBOI[HH.[CC) OIIPCACIIACTCA ITOJIAP-
HOCTBIO ITPUITOKCHHOTO K JTUOAY HAIIPAKCHUA.

Cmabunumpon

s crabwnutpoHa (auona 3eHepa) pabouuM SBISIETCS OTPHUIATEIBLHOE HaIpsKe-
Hue. OOBIYHO 3TOT JIEMEHT UCIOJIB3YIOT I CTA0MITM3AIIUN HATIPSKCHHS.

} Mocmoeou evinpamumeis g j

MocToBoii BBIIIPAMUTCIIb IIPCAHAZHAYUCH OJIA BBHIPAMIICHHUA IICPCMCHHOT'O HAIIpPs-
KCHUA. HpI/I ImoJga4dc Ha BBIIPAMHUTCIIb CUHYCOUIAIBHOTO HAIIPSAKCHUA CPCIHCC 3HAYC-
HHC BBIIIPAMIICHHOTI'O HAIIPSAKCHHA Udc MOZKHO HpI/I6JII/I3I/ITeJIBHO BBIYUCIINTH I1IO (1)Op-



myne Uy, =0,636(U,, —1,4), rne U, — aMmiuryna BXOAHOTO CHHYCOMJAJIBHOTO Ha-
TIPSIKEHUS.

Onepayuonnulii ycunumensp

Onepanuonsbit ycuurenb (OY) — ycuiauTenb, NpeJHa3HAYCHHbIN ISl paboThI C
oOpaTHO# cBA3b10. OH OOBIYHO UMEET OYEHb BBICOKMM KOAI(DPUIIMEHT yCUJICHUS 1O Ha-
MIPSKEHUIO, BBICOKOE BXOJTHOE U HU3KOE BBIXOJHOE CONPOTUBICHUS. Bxoa “+” sBusercs
HEUHBEPTUPYIOIIUM, BXOJ “-“ - HHBEPTUPYIOIKUM. MOJENb ONEPAMOHHOTO YCUIIUTEIS
MO3BOJISIET 3aJ]aBaTh MapaMeTpbl: KOI(PPUIMEHT yCUIICHHUS, HANpsSKEHUE CMELICHUS,
BXOJIHBIE TOKH, BXOJTHOE U BBIXOJHOE CONPOTUBIICHHUS.

Bxonnblie u BeixogHbie curHaibl OY 1oKHBI ObITh 3a1aHbl OTHOCUTEIBHO 3€MJIH.

. ANA
ﬁi Onepauuonmﬂu ycuinumesib C nAMbIO evlgooamu {2’ J

OV c¢ nareio BBIBOJAaMH HMCCT ABa AOIIOJHHTCIBHBIX BbIBOAA AJIA INOJAKIIOYCHMUA
IIMTaHUA.

Bunoasipabie TPaAaH3UCTOPBI

(n-p-n u p-n-p cOOMEEeMCmMeEeHHO)

bumnonspHbie TPaH3UCTOPHI SBISIOTCS YCHUIMTEIBHBIMU YCTPOHCTBAMHM, YIIpaBJsie-
MbIMU TOKOM. OHM ObIBatoT ByX TUIOB: P-N-P u N-P-N. N-P-N tpan3ucrop umeer nse
n-o6actu ( koutekTop C u smurrep E) u ogny p-ob6aacts (6a3zy B).

IHonesbie Tpansuctopsl (FET)

[ToseBbIE TPAH3UCTOPHI YIPABIAKOTCA HAIPSKEHUEM Ha 3aTBOpE, T.€. TOK, IIPOTE-
KA1 yepe3 TPaH3UCTOP, 3aBUCUT OT HAIIPSLKEHUS Ha 3aTBOpeE. [loneBout TpaH3ucTop
BKJIIOYAET B c€0sl MPOTHKEHHYIO 00J1aCTh MOJIYIIPOBOAHUKA N-TUIA WA P-THUIIA, HA3bI-
BaeMyl0 KaHalioM. KaHan OKaHUMBaeTCsl ABYMs 3JIEKTPOJIaMHU, KOTOPBIE HA3bIBAIOTCS
CTOKOM M UCTOKOM. Kpome kaHana n- uiam p-TUNa MoJjaeBOM TPaH3UCTOP BKJIIOYAET B Ce-
0s1 00J1aCTh C IPOTUBOIIOJIOKHBIM KaHAJIy TUIIOM MPOBOJUMOCTH. DJIEKTPOJ, COSTUHEH-
HBIN C ATOM 00J1aCThI0, HA3BIBACTCS 3aTBOPOM.

B mmporpamMmme uMeEr0TCS MOAENM MOJIEBBIX TPAH3UCTOPOB TPEX TUIIOB:

Ctox

MOJIEBBIE TPAH3UCTOPHI C YIPABIAIONIMM P-n NEPEXOAOM (n- KaHajb-
HBIM U p-KaHAJIbHBIM COOTBETCTBEHHO);

MOJICBOM TPAH3UCTOP CO BCTPOEHHBIM KaHAJIOM (N-KaHAJIbHBIM U P-
KaHaJIbHBIN COOTBETCTBEHHO);

IMOJICBBIC TPAH3HUCTOPHBI ¢ MHAYLHHPOBAHHBIM KaHAJIOM (n—KaHaJIBHBIﬁ
u p-KaHaJIBHBIﬁ COOTBCTCTBeHHO).



Jlornuyeckue »JieMeHThI

'D‘"j Jocuueckoe HE

Onement Jgorumdeckoro HE wunu uHBEPTOp HM3MEHSAET COCTOSHHE BXOIHOTO
CUTHajJa Ha NPOTUBOIIOJIOKHOE. Y POBEHB JOTUYECKON “1”” MOSABIIAETCS HA €r0 BBIXOJIE,
Korja Ha Bxojie He 1, u Hao0opoT. Beipaxenue OyieBoit anreOpsl:

Y=A.

Jocuuecrkoe U

e
s o

Onement U peannszyet GyHKIIUIO JOTHYECKOTO YMHOXKEHHSI. Y POBEHD JJOTHYECKOM 1
Ha €ro BBIXOJIE MOSBJISETCS B cllydae, KOT/ia Ha OJWH M Ha IPYrod BXOJA MOJIaETCs ypo-
BeHb Jjornyeckoi 1. Beipaxkxenue OyneBoil anreOpsr:

Jozuueckoe HJITH %J

Onement UJIN peanusyeT (QyHKIUIO JOTMYECKOTO CIOXKEHHS. YPOBEHb JIOTHYe-
CKo# 1 Ha ero BbIXOJI€ MOSBISIETCA B Clly4ae, KOrJa Ha OJMH WU APYTroi BXoJ1 MoAaéTcs
YPOBEHb JIOTUYECKON eAMHUIIbI. Boipaskenue OyneBoii anreOpsl:

Y =A+B.
Inemenm H-HE

Onement U-HE peanu3yeT QyHKIHIO JIOTHYECKOTO YMHOXEHUS C TOCIEAYIONICH
WHBepcHell pe3ynbTaTa. Beipaxenue OyneBoit anreOpsr:

Y=A-B.
Hcknwuarowmee HITH

JIBOMYHOE YMCJIO HA BBIXOJI€ djieMeHTa uckaodawmee MJIHN sBiseTcs Miaammm
paspsoM CyMMBI ABOMYHBIX yucen. Cymma no Moayito 2. Beipaxenue OyneBoit ai-
reOpbl:

Y=A®B;

(Y = AB+BA).

Ilpoonuk nozuuecxkozo ypoeus

[Ipo6GHuK omnpenensieT jgorudyeckuid ypoBeHb (“0” unm “1”) B KOHKPETHOM TOUKe
cxembl. Eciu nccnenyeMasl TOUka MMEET YPOBEHb JIOTHUYECKON “1”, mHAMKATOp 3aropa-
€TCS1 KPACHBIM IIBETOM. Y POBEHB JIOTHUECKOTO HYJISI CBEUEHHEM HE OTMEYAETCH.

Jewugpupyrowjuit cemucezmenmmuutit unouxamop (/{CH)
Hemudpupyronuii CeMUCETMEHTHBI HHIUKATOP CIYXUT JJIsI OTOOpaKEHUS Ha



CBOEM JIMCIUIeE MecTHaanarepudnbix yucena ot 0 no F, 3amaBaeMbIx Ha BXOJle MHIUKA-
TOpA.

¥Y3ibI mocjae10BaTeIbHOI0 THIIA

Tpurrep — npocTerInii MOCAEAOBATEIbHBIA JIEMEHT C JIByMsSI COCTOSIHUSIMH, CO-
JEepKallfil JIEMEHTAPHYIO 3alIOMUHAOIIYIO SUYEUKY U CXEMY YHPABJIEHUS, KOTOpasl U3-
MEHSIET COCTOSIHUE JIEMEHTAapHOU s4eiiki. COCTOSIHUE TpUITEPA 3aBUCUT KaK OT KOM-
OMHAIIMKM Ha BXO/aX, TaK U OT MPEIIIECTBYIOLIETO COCTOSIHUS. TpUrrepHble YCTpoicTBa
JIekKaT B OCHOBE KOMITBIOTEPHOW ONEPATUBHON MaMATH U UCIHOJIb3YIOTCS BO MHOXKECTBE
IIOCJIEA0OBATENBHBIX CXeM. TpuUrrep MOXKHO CO34aTh M3 MPOCTHIX JIOTMYECKUX DJIEMEH-
TOB.

RS-mpuczep

RS-tpurrep umeer ToabKO Ba YCTAaHOBOYHBIX BXOja: S (set — yCTaHOBKa) — ycTa-
HoBKa Beixoga Q B 1 u R (reset — cOpoc) — copoc Beixoga Q B 0. [{mst aTOro Tpurrepa
SIBJIICTCS] HEJIONMYCTUMOW OJTHOBPEMEHHAs Ioj1a4a KOMaH][ yCTaHOBKHM u copoca (R = S
= 1), MOATOMY COCTOSIHHE BBIXOJIa B 3TOM CITydae OCTAeTCsl HEONPEAEICHHBIM U, BOOO-
1€ TOBOpsI, HE omHChIBacTCs. PaboTa Tpurrepa onuceIBacTCs mabdiuye GyHKYuoHupo-
sanus (mabn. 1).

Tabnumna 1
Bxospl Brixoasl
VcraHoBka S Copoc R Q Q
0 0 Q-1 Q-1
0 1 0 |
1 0 1 0
1 1 X X

((Q —I» - COXPAHACT IPCAbIAYIICC COCTOAHNUC TPUITCPA, « X » — HCOIMPCACICHHOC CO-
CTOAHHUC.

D-mpuczzep

Nudopmarus co Bxoga D 3aHOCHTCS B TPUTTEp IO IMOJOXKHUTEIBHOMY Ieperany
TAKTOBOTO HMMITYJIbCA M COXPaHSICTCS IO CIEAYIOMIETO IMOJIOKHUTEIHLHOTO IMepernana Ha
cyeTHOM Bxojie. PabGora Tpurrepa onuckiBaeTcst mabdauyet yHKyuoHuposanus (mao..

2).

Tabnuma 2
Bxonabr Brixoasl
Hannbix D Cuer Clock Q
0 T 0
1 T 1

IIpubopsI 1A NpoBeieHUsI U3MEpPEeHH

[Ipocreiimmumu npudopamu B Electronics Workbench sBisitorcs BoasT™MeTp U am-

MIEpMETP, PACIIOJIOKEHHBIE B 1osie HHAUKATOpoB (Indic).



Bonvmmemp

BonbTMETp HCIOIB3YETCS ISl K3MEPEHUS TIEPEMEHHOTO U TIOCTOSTHHOTO HaIpsiKe-
HUs. BrigeneHHas TOJCTOM JWHHMEH CTOpOHA MPSIMOYTOJIbHUKA, HW300paKaroIiero
BOJIBTMETP, COOTBETCTBYET OTPHIIATCIBLHON KiIeMMe. Buja m3aMepseMoro HampspKCHUS
MOXHO YCTaHOBHUTbH B JMAJIOTOBOM OKHE BOJIbTMETpa (Ha 3aknaake Value). [lpu uzme-
PEHUU MEPEMEHHOTO CHHYCOUAabHOTO HampspkeHus (AC) BOJBTMETp OYACT MOKAa3bI-

BaTh JCHUCTBYIOIICE 3HaYCHNE Hanpspkenus U, = U / V2.

Amnepmemp

AMnepMeTp HUCIIOJIB3YCTCA IJII UBMCPCHUS IOCTOAHHOI'O U IMICPCMCHHOI'O TOKA. Bri-
ACJICHHAsA TOJICTOM JHUHHUEH CTOpOHA IMPAMOYTOJIBHUKA, H306pa>1<a}01uero aMIICPMETP,
COOTBCTCTBYCT OTpHHaTeHBHOﬁ KIICMMC. BI/II[ HU3MCPACMOTr0 TOKA YCTAHABIIMBACTCA aHA-
JIOTUYHO BHUIOY U3MCPACMOI0 HAIIPSAKCHHA BOJIBTMCTPA.

Mynvmumemp

My.IIBTI/IMeTp HJIB?)yeTCH IJIA U3MCPCHUA: HAIIPSKCHUA, TOKA, COIPOTUBICHUSA,
YPOBHA HAIIPAKCHUA B JICI_II/I6CJIaX. I[J'ISI HaCTpOﬁKH MYJIBTUMCTpPA HYKHO IIBOﬁHBIM
MCJITYKOM MBIIIKU IO YMCHBIICHHOMY H306pa}KCHI/IIO OTKPBITh €TI0 YBCIIMYCHHOC H30-
6pa)KCHI/IC, Tac BBI6I/IpaIOTCSI HU3MEpsCMas BCIIMUMHA, BUJ U3MCPACMOTI'0 CUT'HAJIa (Hepe-
MEHHBIN WU HOCTOHHHBIﬁ), PEKUM YCTAHOBKU ITAPAMCTPOB MYJIbTUMCTpPA.

I[JISI HUCIIOJIB30OBAHHA MYJIbTUMCTPA B KAa4UCCTBC OMMCTpPA
MMOACOCANHUTE CTO IMMAPaJUICIIbHO YYACTKY I CIIN, COIIPOTHUBIICHHUC
KOTOPOTO HYXHO HU3MCPUTH, HAa YBCINYCHHOM I/1306pa)KCHI/II/I

| Al o 48| | MYJIBTUMETPA HAKMUTC KHOIIKY Qu KHOIIKY E MCPCKIIF0YC-
— HHA B PCIKHUM ITOCTOAHHOI'O TOKA. YT1oOBI N30€KaTh OIIMOOYHBIX
Settings | II0Ka3aHuH", CXE€Ma J0JI’KHa MMCTh COCIHMHCHUC C 3CMJICH M HEC

IE e MMETh KOHTAKTa ¢ MICTOYHMKAMM NUTaHus. MIcTOUHMKY MUTaHUS

JOJIKHBI OBITh MCKIIOUEHBI M3 CXEMbl (MI€abHBI HCTOYHHK
TOKa JIOJDKEH OBbITh 3aMEHEH pa3pbhIBOM €M, a MJI€aNbHBIM MCTOUYHMUK HAIPSKEHUS —
KOPOTKO3aMKHYTBIM YYaCTKOM).

Ocuunnozpagh

Ocuunorpad, umutupyemsiii nporpammoit Workbench, npencrapnser co0oit aHa-
JIOT IBYXJIYyYEBOTO 3allOMUHAIONIETO OCIIIIorpada u uMeeT 1Be MOIUGUKALIUN - TIPO-
CTYIO U PacIIUPEeHHYI0. MOKHO MOJAKIIOUNTE OCcHIIIorpad K yKe BKIFOUEHHOW cXeMe
WM BO BpeMsl pabOTBI CXEMBbI MIEPECTABUTh BBIBOJABI K JPYTUM TOUYKAM - H300paKeHUE
Ha dKpaHe ocuuyuiorpada N3MEHUTCS aBTOMAaTHIECKH.

OcTaHOBUTH MPOIIECC pacuéTa cXeMbI B JIFOOOW MOMEHT BPEMEHH MOYKHO Ha)KaTHEM
knaBumy F9 wim Pause. [IpoobkuTh pacuéT MOXKHO TTOBTOPHBIM Ha)KaTHEM DTHX Kila-

BHIII.
OO0wmmit

CHUHXpOHU3ALUS

Kanan A Kanan B

I[BOﬁHBIM MCJIYKOM MBIIIIKU IO YMCHBIICHHOMY I/1306pa}KeHI/IIO OTKPBIBACTCA H30-



OpakeHHe TepeHEH MaHeTu MPOCTOW MOJEIH ocuuiuIorpada ¢ KHOMKAMH YIIPaBICHHUS
(puc. 2).
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Puc. 2. [Ipoctas moaens ocumiorpada

Hacrtpoiika ocunyiiorpaga
Ynpaenenue macuumaoom epemenu

[Tone ympaBneHuss rOpU30HTAIBLHON Pa3BEPTKON (MacITabOM BPEMEHM) CIIYKHUT
JUTSL 3aJTaHKs MacTaba TOPU30HTAIBHON OcH ocmiiorpada. Bpemennol macimrab 3a-
naércs B ¢/aen, Mmc/aen, Mxce/nen, ue/nen (s/div, ms/div, ps/div, ns/div cooTBETCTBEHHO).

C momoinkio kHomok B, pacnonoxenusix B moje crpoku X POS, MOXHO JHCKPETHO
CABUTATh HAYAJIO OCHMJIJIOTPAMMBI TI0 TOPU30HTAIBHOM ocu. B 3TOM ke 1oJe pacroso-
*eHbl Tpu kHonku — Y/T, A/B, B/A, nmo3Bosnstoniue 3aaaBaTh BUJ 3aBUCUMOCTH OTO-
Opakaembix curHaioB. [Ipu HaxkaTuu Ha KHONKY Y/T Mo BepTHKaIbHONW OCU OTKJIAbI-
BaeTCs HANPSDKEHHE, a TI0 TOPU3OHTAIIBHOM OCH — BpeMs; MpU Ha)kaTUX Ha KHOTKy A/B
10 BEPTUKAJIBbHON OCU OTKJIAJABIBAETCSA aMILIUTY/a HANPsHKEHMs Ha BXOJI€ KaHama A, 1o
TOPU3OHTAILHOM OCH - KaHana B u nipu Haxatuu Ha kHONKY B/A Haoboport. [Ipu s3Tom
MaciTad oced OompeaessieTCsl YCTaHOBKaMHM COOTBETCTBYIOIIMX KaHaIoB. B pexxumax
A/B u B/A mMoxHO Ha0II0/1aTh YaCTOTHBIE W (Da30BbIEe CABUTH, METIU THCTEpE3Uca,
BOJIbT-aMIIEPHBIE XapaKTEPUCTUKHU U T.J.

Ynpaenenue kananamu A u B

JIBe HUKHUE YaCTH MaHeNIH ociuiorpada sBIsSIOTCS MOJISIMU yIpaBieHus 0ToOpa-
KEHHEM CUTHAJIOB, MOJAaHHBIX Ha BXOJbl KaHaloB A U B cooTBeTCcTBEeHHO. BepxHee ok-
HO B I10JI€ MO3BOJIACT YIPABIATH MACIITAOOM OCH OTOOpa)KaeMOro HaIpsiKEHUs 110 Bep-
TUKAJIbHOW WM TOPU3OHTAIbHOW ocu. lleHa AeneHust MOKET AUCKPETHO YCTaHABIIM-
Batbcd oT 10 mV/div no 5 kV/div.

Huxe pacnosio’keHo mose, KOTOpPOoe MO3BOJSET JUCKPETHO CABUTAaTh OCh X BBEPX U
BHM3. TpH HIKHUE KHOIKH PEATU3YIOT Pa3IudHbIe PEKUMBI pab0Thl ociusuiorpada mo
Bxoay. Pexxum pabGoTel ocumiiorpada ¢ 3aKpbITBIM BXOJIOM YCTaHABJIMBAETCS HAXKATHU-
eM Ha kHonKy AC. B 3TOM pexume Ha BXOJl HE MPOIYCKAETCsl OCTOSIHHASL COCTABIIAIO-
mas curdana. [Ipu Haxkatuu Ha kHOmKy DC ocuminorpad mepexoaut B pexuM C OT-
KPBITBIM BX0OZI0M. B 3TOM pexxnme Ha BXoj ocuuiuiorpada mpomycKkaeTcs Kak MOCTOSH-
Hasl, TaK U TIEpEMEHHasi cocTaBiisitomias curuana. [Ipu Haxkatum Ha kHONKY ) BXOon Oc-



HI/IJIJIOFpa(l)a COCOUHACTCA C 06HII/IM BBIBOAOM OCI_II/IJIJIOFpa(i)a, YTO IO3BOJIACT OIIpCAcC-
JIUTH ITOJIOKCHHUC HYHCBOﬁ OTMETKH 11O OCH Y.

Ynpaenenue cunxponuzayuei

Bepxunee npaBoe none ynpasiienuss TRIGGER omnpenenser MOMEHT Hadana OTO-
OpakeHusi oclHIITIOrpaMMbl Ha 3kpane ocipuuiorpada. Kuonku B ctpoke EDGE 3ana-
0T MOMEHT 3aIyCcka OCHWIJIOTPaMMBbI MO (POHTY WUJIM MO Cpe3y UMIyJbca Ha BXOJE
cunxponusauuu. [lose LEVEL no3Bosnser 3a1aBath ypOBEHb, IIPU IIPEBBILLIEHUHA KOTO-
pPOr0 MPOUCXOAUT 3aIlyCK OCHMJUIOTpaMMBbl. 3HAYEHUE YPOBHS MOXXHO CABUHYTH Ha 3
NEJEHUs] BHU3 WU BBEPX.

Ocuumnorpad uMeeT Tpu pekuMa CUHXPOHHU3AIUU:

1. Aromatuueckuit pexum (AUTO) - 3amyck ocCHMILIOrpaMMBbl MPOU3BOJUTCS
aBTOMATUYECKU MPU MOAKIIOYEHUH ocuuiorpada K cxeme WiH Mpu €€ BKIIIOUEHUH.
Korga “myd” noxoauT n0 KOHIA SKpaHa, OCHWIJIOTpaMMa CHOBA ITPOMMUCHIBAETCS C Ha-
yaJia 5KpaHa (HOBBIN SKpaH).
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Puc. 3. Pacmmpennas moaudukaius ocuwiorpada

2. Pexumsl 3amycka 1o Bxoay “A” mnm “B”, B KOTOpPBIX 3allyCKAaIOIIUM CUTHAJIOM SIB-
J€TCS CUTHAJL, IOCTYNAOIINM Ha COOTBETCTBYIOIIHM BXO/I.



3. Pexum “Buemnuit 3anmyck” (EXT-external). B aTom ciydae cursanom 3amycka
SIBJISIETCSI CUTHAJI, TTOJIaBaeMblii Ha BXOJ] CHHXPOHM3AIIUH.

! Cosem: Ecnu 6l ne euoume cuenana na ocyunnozpage umu cunail ciabwlii — Ha-
aoremume knonky AUTO.

Haxatue knapuimn Expand Ha maHenu npocToil MOJEIN OTKPBIBAET OKHO pac- LIu-
penHoit Mmogenu ocumiorpada (puc. 3). Ha skpane ocumiorpada pacnoyiokeHbl 1Ba
Kypcopa, o0o3Hayaemble 1 U 2, Mpu NOMOIIU KOTOPHIX MOXHO U3MEPUTh MTHOBEHHbIE
3HAYCHHUS] HANPsKEHUHW B JIIO00M TOuke ocuwiiorpammbl. Jljis sToro “meperamure”
MBIIIIBIO KYPCOPHI 32 TPEYroJIbHUKHU B UX BEpXHEH yacTu B TpeOyemoe nosoxenue. Ko-
OpAUHATHI TOYEK MEepPEeceUeHus: MepBOro Kypcopa ¢ OCHMILIOTPaMMaMH OTOOpPaXKaroTCs
Ha JIEeBOM Ta0J10, KOOPJIMHATHI BTOPOI0 Kypcopa - Ha cpenHeM Tabno. Ha mpaBom Tabiio
O0TOOpaXKal0TCsl 3HAUYECHUS PA3HOCTEN MEXIy COOTBETCTBYIOIIMMH KOOpPJAMHATAMU TEp-
BOI'0 U BTOPOI'O KypCOpPOB.

OcuumiorpaMMy MOXKHO 3anucath B ¢aiin. [Jns storo naxkmure kHonky SAVE u B
JMAJIOTOBOM OKHE BBeauTe uMs ¢aiina. UToObl BEpHYTHCS K MPEKHEMY H300paKEHHUIO
ocimuiorpada, Haxmure kinasuiry REDUCE.

booe-nnommep (cpagponocmpoumers)

bone-mnoTTep ucnoab3yercs A1 MOJyYeHUs] aMILTUTYTHO-4acTOTHRIX (AYX) u da-
304acToTHBIX (OUX) xapakTepucTuk cxembl. OH U3MEPSIET OTHOLIEHUE aMIUIUTYJ] CHUT-
HAJOB B JIBYX TOYKax CXeMbl B jenudenax U (a3oBblid CABUT MEXIYy HUMU. [ u3zme-
penust bone-nuorrep reHepupyeT COOCTBEHHBIN CIEKTP YacTOT, JMANa3oH KOTOPOTO
MOJKET 3aJaBaThCsl MMPU HACTpolike mpubopa. Yactora 11000ro nepeMeHHOro HCTOYHHUKA
B HCCJIEYEMOM CXeMe UTHOPUPYETCS, OJIHAKO cXeMa J0JIKHA BKIIIOYATh KaKOW - 10O
MCTOYHUK MEPEMEHHOI0 TOKA.

Bone-nnorTep umeeT yetsipe 3akuma - aBa BXoJHbIX (IN) u aBa Beixogubeix (OUT).
JUist u3MepeHusl OTHOLLICHUS aMILTUTYI WK (a30BOTO CABUTa HYKHO MOJAKIIOYHUTH I10-
noxutenbHbie BbIBO/BI BX0J0B IN 1 OUT (JieBble BBIBOJIBI COOTBETCTBYIOUIMX BXOJIOB)
K HCCIIelyeMbIM TOUKaM, a JiBa IPYTUX 3a3€MJIUTh.

[Ipy ABOMHOM IIETYKE MBIIIM MO yMEHbIIEHHOMY H300paxkeHuio bone-miorrepa
OTKpBIBAETCA €r0 yBeJIMUeHHOE n300paxeHue (puc. 4). BepxHss 4acTh mioTTepa 3a0aéT
BUJ nojiyqaeMoil xapakrepucTuku - AYX nnm OUX. Jna nomydyenuss AUX Haxmure
kHOonKy MAGNITUDE, nns nonyyenus @YX - kuonky PHASE.

Jleras nanens ynpasnenus (VERTICAL) 3anaér:
e HauvanbHoe (I - initial) u xoneunoe (F - final) 3nHaueHust mapameTpoB, OTKJIAIbIBaC-

MBIX IO BEPTUKATBHOU OCH;
® B/l IIKaJIbl BEPTUKAIBHON OCH - JorapupmMuyecKas Uiu JUHEHHAs.

[IpaBas nanens ynpasiaeHusi (HORIZONTAL) nactpanBaeTcsi aHaIOTHYHO.

[Tpu monyuennn AYX no BepTUKAIBbHON OCH OTKJIAJBIBACTCS OTHOIIIEHUE HAMpsKe-
Huii: B iuHeitHOM Macimtade ot 0 o 10E9, B norapudmuyeckom macmradbe ot -
200dB no 200dB.
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Puc. 4. YBennuennoe nzo0paxeHue rpadonocTpouTes

[Ipu nonyyennn @YX mo BepTUKAIBHOW OCH OTKIIAJbIBAIOTCS Tpaaychl (0T -720° no
720°). [1o ropu30HTaNBHOM OCH BCEra OTKIIAJBIBAETCS YACTOTA B repliax Win B MPOU3-
BOJHBIX BEJIMYMHAX.

B Hauane ropum3oHTaIbHON MIKadbl pacroyiokeH Kypcop. Ero MoxHo nepememniarhb
Ha)KaTHEeM Ha KHOIIKM CO CTpEIKaMHM, PacloJIOKEHHBIMU CIIpaBa OT JKpaHa, Jubo “‘Ta-
HIUTH € MOMOINIBIO0 MBI, KoopAMHATHI TOUKH NEpecedyeHust Kypcopa ¢ rpaukom Xa-
PaKTEPUCTUKU BBIBOASATCS HAa MH(POPMAIIMOHHBIX MOJISX BHU3Y.

DyHKUUOHATbHBLIL 2eHepamop

['enepatop sBIAETCS HACATHHBIM HMCTOYHMKOM HAINPSKEHUS, BbIPAOATHIBAIOIINM
CUTHAJIbl CHHYCOUJIAJILHOM, IPSIMOYTOJIBHON U TPEYTOBHON (hOPMBI.

CpenHuii BBIBOJ] T€HEpaTopa MpU TMOAKIIOUECHHH K CXeMe 00ecIeurBaeT OOIIYyIO
TOYKY JJIs1 OTCYETA aMIUIMTYZAbI IEPEMEHHOTO HANpsDKEHUs. g oTcuera HanpsiKeHus
OTHOCHUTEJIbHO HYJISI OOIIMM BBIBOJ 3a3eMJIsitoT. KpaliHue mpaBblii M JICBBIA BBIBOJIBI
CIy>KaT JJIsl MOJJa4v IEPEMEHHOTO HAINPSKEHUA Ha cxeMy. HanpsikeHue Ha mpaBoOM BBI-
BOJIC U3MEHSETCS B IMOJIOKHUTEIHFHOM HaIlpaBICHHUH OTHOCHUTEJILHO OOIIEro BhIBOJA, Ha
JIEBOM BBIBOJIE - B OTPULIATEIILHOM.
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Puc. 5. YBenuuennoe nzo0paxeHue pyHKIMOHAIBHOIO reHepaTopa

JIBOWHBIM IIETYKOM MBIIIK TI0 YMEHBIIEHHOMY H300paXEHUIO OTKPhIBACTCS
yBEJIMUEHHOE H300pakeHune reHeparopa (puc. 5), e MOXKHO 33aTh CIEAYIOLIUe mapa-
METpPBI: YacCTOTY BBIXOJHOTO HANPSKEHUS, CKBAXKHOCTh, aMIUIMTYIY BBIXOJHOT'O Ha-
MIPSKEHUS, TOCTOSSHHYIO COCTAaBJISIOIIYIO BBIXOTHOT'O HATIPSIKEHUS.



Hacrtpoiika reseparopa

Yemanoexa popmur cuznana

Bri6epurte tpedbyeMyio (opmMy BBIXOJHOIO CUTHANIA U HaKMUTE Ha KHOIKY C COOT-
BETCTBYIOIIUM H300pakeHueM. PopMy TPEYyrojbHOTO U MPSMOYTOJILHOTO CHTHAJIOB
MO>XHO U3MEHUTh, yMeHblIas u yBenuuupas 3HaueHue B nosie DUTY CYCLE (ckBax-
HOCTb). DTOT MapameTp OMNpeeNsieTcsl sl CUTHAJIOB TPEYroJbHON U MPSAMOYTOJbHON
dbopmbl. 171t TpeyroabHOM (OpMbI HAMPSKEHUST OH 3a1a€T JIIUTENIbHOCTD (B MPOIEHTAX
OT TEpUoJia CUTHAJIA) MEXIY HMHTEpPBAJIOM HapacTaHWs HANPSXKEHUS U HUHTEPBAIOM
craja. YCTaHOBHB, HampuMmep, 3HaueHue 20, Mbl MOJYyYUM JJIMTENBHOCTh MHTEpBAJIA
Hapactanusg 20% oT mepuoza, a IJIUTEIBHOCTh MHTEpBaia cnaaa - 80%. [ma npsamo-
yroJIbHOW (POPMBI HANPSKEHHS 3TOT MapaMeTp 3aJaéT COOTHOIICHHE MEXIY JJIUTEINb-
HOCTSIMH MOJIOKUTEIBHON U OTPULIATENILHOM YacTeEN Nepruoaa.

Yemanosexka wacmomut cucnana

YacTora reHepaTtopa MoxkeT peryaupoBarbcss or 1I'm go 999 MI'm. 3Ha-
yeHue 4vacToTsl ycraHaBiaupaercs B ctpoke FREQUENCE c nomombio KnaBuaTypsl U
KHOIIOK CO CTpeJIKaMU. B JIeBOM moJjie ycTaHaBIMBAETCS YUCICHHOE 3HAYEHUE, a B IIpa-
BoM — efaununa usmepenus (Hz, kHz, MHz — ', kI'i, MI'11 COOTBETCTBEHHO).

Ycemanoeka ammmmy()bt 6bIX00H020 Hanpsscenun

AMIUTUTYJ]a BBIXOJTHOTO HANPSDKEHUST MOXKET peryaupoBaTbes oT 0 MmB 1o 999 kB.
3HaueHue amIuuTyasl ycrtaHaBiuBaerca B ctpoke AMPLITUDE c¢ nomomibio kiaBua-
TYpPbI U KHOIIOK CO CTPEJIKAMHU.

Ycemanoexka nocmosannoiu cocmasﬂﬂmmeﬁ 6bIX00H020 Hanpasicenui

IlocTosiHHAsE COCTaBIAIOIIAS NMEPEMEHHOTO CHUTHAja YCTAHABIMBAETCS B CTPOKE
OFFSET npu noMouy KiaBHaTypbl WIIM KHOIIOK CO cTpeiakaMu. OHa MOXXET UMETh KaK
MOJIOKUTENIBHOE, TaK M OTPUIATEIbHOE 3HAYEHHE. DTO MO3BOJSET MOJYUYUTh, HANPH-
Mep, MOCJIEA0BATEIBHOCTh OJJHOTIOJISIPHBIX UMITYJIbCOB.

T'enepamop cnos

['eneparop ci0B UCTIONB3YyETCS AJIA 3aaHus HUPPOBBIX MociaeaoBarenbHocTed. Ha
CXEMY BBIBOJIMTCS YMEHbBIIIEHHOE M300pakeHHe reHepaTopa ciioB. [[BOMHBIM MIETYKOM
OTKpPBIBAETCS paclIupeHHoe n3o0paxeHue (puc. 6).

KonoBbie koMOMHAIMM HEOOXOAMMO 3a/1aBaTh B IIECTHAJILATEpUYHOM Kojae. Kax-
Jasi KoJIoBasi KOMOMHAIIMS 3aHOCUTCS C TIOMOUIBIO KIaBUATYpPbl, HOMEP PEIAKTUPYEMOM
aueiiku puxcupyercs B okomke EDIT 61oka ADRESS. Beero takux siueex u, cieno-
BaresibHO, kKoMOuHanuit — 2048. B mpornecce paboTsl reHepatopa B orceke ADRESS
ungauupyercss Homep Tekymei sueiiku (CURRENT), sueiiku vHUIMAIUA3AIUU WU
Hayasna pabotel (INITIAL) u koneunoii sueiiku (FINAL). BeigaBaembie Ha 16 BbIXO-
70B (B HMYKHEN 4acTu reHepaTopa) KoJoBble KOMOMHAIIMK UHJIULIUPYIOTCS B TEKCTOBOM
(ASCII) u nBonunom kojie (BINARY).

BBox cOB pOU3BOAUTCS B JIEBOM YAaCTH OKHA N€HEpPATOpa MpPHU MOMOIIU MBIIIHN U



KIIaBUATYPhI. Haxxatuem Ha JICBYIO KJIaBUITY MBI BBIACIIACTCA Hy)KHBIﬁ 6I/IT, a BBOJ
3HaueHus 0 wam 1 IMPOU3BOAUTCA C KIIABHATYPHI. HpI/I BBOAC MOXHO ITOJB30Ba- ThCA

29 ¢

KIaBUIIAMU Ha KiaBuaType “ 17, “4 7, “ 7, “ 7.

“H'Woard Generator

—Pddress

ﬂ Edt  [0000 E=B
Currert [0000 Burst |
Initial  [0000 Step |
Final [03E7 Breakpoirt |

Pattem...
—Trigger
GEEN Ecemai| EE % G

— Frequency

sy
ASCIN[D0 ]
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Puc. 6. Paciinpennoe n3o0paxeHue reuepaTopa cjaoB

3amyck renepaTopa MokeT ObITh BHyTpeHHHM (mipu Haxkatu KHONIKH INTERNAL)
win BHeIHUM (ripu HaxaTuu kKHonku EXTERNAL) o roroBHOCTH TaHHBIX (KieMMa
DATA READY). ChopmupoBaHHbIE CJIOBA BBIAAIOTCS HA PACTIOJIOKEHHBIE B HUKHEHN
4acTH MpUOOpa BBIXOJHBIE KIEMMBI-UHIUKATOPHI B MOMIArOBOM (TPU HAXKaTUX KHOMKHU
STEP), uuxnmuueckoM (npu Haxkatuu kHonku CYCLE) pexxumax uiam ¢ BBIOpaHHOTO
cioBa 10 koH1a (nmpu Haxxatuu kHoniku BURST) nipu 3a1anHol yacToTe MOChUIOK (yC-
TaHOBKa — HaxaTusiMu KHOMOK B okHax FREQUENCY).

Jlozuueckuit ananuzamop

Ha cxemy BBIBOJIUTCS YMEHBILIEHHOE N300pakeHHe JIOrHuecKoro aHanuzaropa. On-
HOBPEMEHHO MOTYT HaOJt0JlaTbcs CUTHANBI B 16 TOukax cxeMbl. J|BOWHBIM IIETYKOM
MBIIIM MO YMEHBIIEHHOMY H300paKeHHMIO OTKPBIBAECTCSA PACIIUPEHHOE H300pa)KeHue
JIOTUYECKOTO aHanu3aTtopa (puc. 7).

BpemeHnHble AuarpaMmbl CUTHAJIOB Ha 3KpaHe |6-KaHAIbHOTO JJOTMYECKOTO aHAJIM-
3aTopa M300pakaroTcsi B BHUJAE MPSMOYTOJIbHBIX HMITYJIbCOB. AHAIW3aTOp CHAOXKEH
TaK)Xe JBYMsI BU3UPHBIMH JHHEHKaMu (kKak B ocumiuiorpade B pexxume Expand), yro
MO3BOJISIET MOJIy4YaTh TOYHbIE OTCYETHI BpeMeHHbIX uHTepBanoB T1, T2 u T2-T1, a Tak-
K€ JTMHENKOW MPOKPYTKH MO TOPU3OHTAIH, YTO MTO3BOJIAET AHAIU3UPOBATH MPOLIECCHI HA
OOJIBIIIOM BPEMEHHOM HMHTEpBAJIE.

B 6510ke Clock nuMerotcs kiemMmbl Jj1st oAk IroueHust kak oosranoro (Extend), Tak
u uzbuparenbHoro (Qualifier) nctounnka 3amycKarolIMX CUTHAJIOB, MapaMeTpPhl KOTO-
PBIX MOT'YT OBITh YCTaHOBJIEHBI C MIOMOIIBIO MEHIO, BHI3bIBAEMOI'0 KHOMIKOM Set. 3amyck
reHepaTopa MOXKHO NMpou3BoAuTH 1o mepennemy (Positive) unu 3agnemy (Negative)
(GpOHTY 3aIlyCKarolero curHaia ¢ ucrnojb3oBanueM BHemHero (External) unu BHYyT-
pennero (Internal) uctounuka. B okne Clock qualifier MOXHO yCTaHOBUTH 3Ha4Y€HHE
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Puc. 7. PaCI_HI/IpeHHoe H306pa>1<eHHe JIOTUYCCKOT'O aHaJIN3aTOopa

noruyeckoro curnana (0, 1 mian X), npu KOTOPOM IMPOU3BOAUTCS 3aMyCK aHAIN3ATOPA.
JloTIOTHUTENbHBIE YCIIOBUS 3allyCcKa aHallu3aTopa MOTYT ObITh BbIOpaHbI C MOMOIIBIO
JIMAJIOTOBOI'0 OKHA, KOTOPOE BbI3bIBaeTCs KHOMKOW Set B Oyioke Trigger. C moMoIipto
3TOro okHa B KaHanax A, B u C M0HO 3a1aTh HY>KHbIE ABOMYHbIE 16-pa3psIHble KOM-
OuHaIMK CUTHAJIOB U 3aTeM B cTpoke Trigger combinations ycTaHOBUTH 1OMOJIHU-
TeJIbHBIE YCIOBHS OTOOpA.

MopeaupoBaHue cxem
Buvioop komnonenmoes u3z oudaUOmMEKU KOMNOHEHM 08

Bb160p HY>KHOTO KOMITOHEHTa MPOU3BOJUTCS U3 MOJISI KOMIIOHEHTOB, HY)KHOE T10JIe
KOMITOHEHTOB BBIOMpPAETCSl HAXKaTHEM JIEBOM KHOIKHU MBIIIU MO OJAHOW M3 MUKTOTpaMM
naHeian KoMmnoHeHToB. [locie BpIOOpa mMoJiE KOMIOHEHTOB HY>KHBIM KOMIIOHEHT IpHU
MOMOIIY MBIIIIN NTepeMeniaeTcsi Ha paboyee mosie.

OOBEKT MOKHO TTOBOpAYMBATh HA yroii, KpaTHbId 90°. JIns 3TOro Ha 0OBEKT HYXKHO
HaXkaTh MPaBOM KJIaBUILEH MBI, a 3aTeM BbIOpaTh koMaHy Rotate. Ynanenue o0b-
exta ocyuectnisiercs koMmannamu Cut u Delete. KonnpoBanue npou3BoauTcs mnpu mno-
Mouu koMaHsl Copy, BcTaBka — Ipu NOMOIIM KoMaH bl Paste.

Coeounenue KOMROHEHM OB CXeMbl NPOBOOHUKAMU

J{nst coeMHEHNs KOMIIOHEHTOB MPOBOJHUKAMHU HYKHO TOJABECTH YKa3aTelb MbIIIH
K BBIBOJY KOMIIOHEHTA. [Ipr 3TOM Ha BBIBOJIE KOMIIOHEHTA MOSBUTCS OOJIbIIIAs KUPHAS
touka (puc. 8). HaxxaB JieByl0 KHOMKY MBIIIH, IEpeMECTUTe €€ yKa3zaTellb K BBIBOJY
KOMIIOHEHTa, ¢ KOTOPhIM HY>KHO COE€IMHUTHCS, U OTIIYCTUTE KHOIKY MBIIIU. BBIBOIBI
KOMIIOHEHTOB COEJIUHSITCA NPOBOJHUKOM.
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Puc. 8. CoennHenne KOMIIOHEHTOB



Yemanoexa 3nauenuit napamempoe komnonenmos

VYcraHoBKa 3HaAYEHUH MTapaMeTpPOB KOMIIOHEHTOB MPOU3BOJAUTCS B TUAJIOTOBOM OKHE
CBOMCTB KOMITOHEHTA, KOTOPOE OTKPHIBACTCS JBOMHBIM IIIEITYKOM JICBOM KJIABUIIHM MBbI-
IITU TI0 U300paKeHUI0 KOMITOHEHTa uiu komaHaoil Value u3 mento Circuit (mpu 3ToM
KOMITOHEHT JIOJI’KEH OBITh BBIJICIICH).

Bre160p Moe11 KOMIIOHEHTa OCYIIECTBIISIETCS. B TMAJIOTOBOM OKHE BbIOOpA MOJIETH
KOMIIOHEHTa, KOTOPOE OTKPHIBACTCS TBOMHBIM IIETYKOM MBIIIU 0 U300PaKEHUIO KOM-
noHeHTa. JIJisi pefakTUpOBaHUSI 3HAYCHUH NTapaMeTPOB MOJICNIA HYKHO HaXaTh KHOIIKY
Edit.

Ilooknwuenue npuoopos

B Electronics Workbench umeercs cemb npu6opoB, (GpopMHUpYIOMHMX pa3IdYHbIE
BO3JICHCTBHS M aHATH3UPYIOIIHUX PEAKIIUI0 CXEMBI. DTH MPUOOPHI MPECTABICHBI B BUIC
MMUKTOTPaMM, PacIOIOKCHHBIX Ha TTAaHEIM HHCTPYMEHTOB.

JIist oK IFOYeHUsST IpUOOpa K cXeMe HY)KHO MBIIIBI0 “TIepeTantuTh”’ Mpuoop ¢ ma-
HEJIM WHCTPYMEHTOB Ha padouee Mojie M MOJKIIOYUTH BBIBOABI IPHOOpa K HCCICaye-
MBIM To4KaM. HekoTopsie mprOOpsI HY)KHO 3a3eMJISATh, HHAYC MX TMOKa3aHUs OyIyT He-
BEPHBIMH.

Pacmupennoe nzo0pakeHrne nmpruOopa BEIBOJUTCS B OKHE, KOTOPOE IMOSBIISCTCS I10-
CJIe IBOMHOTO IIEJTYKa MBIIIH 110 YMEHBIIICHHOMY U300paKeHUIO TIpUOopa.

Bcmaeka komnonenmog ¢ uenb

Ilocne Toro xkak cxema IMOCTPOCHA, MOKHO BCTABUTH B Hee JOIIOJIHUTCIIBHBIC KOM-
IIOHCHTHI. I[JISI 9TOT0 HYKHO MbBIIIBIO MCPCMCCTUTHL KOMIIOHCHT B Tpe6yeMon TOYKY
CXCMHBI H, IOMCCTUB €TI0 HAA IIPOBOJHHUKOM, OTIIYCTUTH KHOIIKY MBbIIIH. KommonenT aB-

TOMATHUYCCKU BCTABUTCA B IICIIb, KAK ITOKA3aHO HUKC HA pHUC. 9.
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Puc. 9. BcTaBka KOMITOHEHTOB B LIENH

[Tocnie mocTpoeHus cXeMbl ¥ MOJIKIIOUEHHsI TPUOOPOB aHau3 €€ paboThl HAUMHAET-
Csl HAYKaTHEM BBIKJIIOYATENIs B PABOM BEPXHEM YTIy OKHA mporpammel (puc. 10).
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Puc. 10. 3anyck aHann3a cXemsl




2. JABOPATOPHBINA IPAKTUKYM

Jlaboparopnas pa6ora Ne 1
TUITOBBIE TPAH3UCTOPHBIE KACKAJIbI

eab padoThl

9KCHepI/IMeHTaJIBHOC HUCCIICAOBAHNUC YCHUIIMTCIIbHBIX CBOMCTB TpaH3UCTOpAa, IIPH-
HITUIIOB pa6OTBI THUITOBBIX TPAH3UCTOPHBIX KACKAJO0B.

OcHOBHBIE TCOPETUICCKUE MMOTOKCHUA

TpaH3uCTOp - 3TO AaKTUBHBIHN 3JIEMEHT AJIEKTPOHHBIX CXEM, MPEACTABISIOMNN cO00i
yIpaBsIeMblid UICTOYHHUK TOKA. YTIPABISIONIMM CUTHAJIOM CIIY)KHT HAMpPSDKEHUE MEXTY
0a30if ¥ SMHUTTEPOM, OJHAKO MPHUHITO CUYUTATh, YTO TPAH3UCTOP YIPABIACTCS TOKOM
6a3bl (puc. 1.1, 6). DTo CcBsI3aHO C TEM, UYTO TOK KOJUIEKTOpa (yIpaBisieMasi iepeMeHHas )
JMHEWHO 3aBHCHUT OT TOKa 0a3bl, B TO BpeMs KaK 3aBHCHUMOCTH MEXKy TOKOM KOJUIEKTO-
pa ¥ HampsHKEHHUEM MEXAy 0a30i U SMUTTEPOM HOCHUT PE3KO HEIMHEWHBIH XapakTep
(puc.1.1, B).
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Puc.1.1. XapakTepucTuku TpaH3uCTOpa

OCHOBHOE CBOICTBO TpaH3UCTOpa - YCHJICHHC 11O MOIIHOCTH BXOIHOI'O CHUI'HAJIA.
VBenuueHue MOIIHOCTHU IMPOUCXOAHUT 3a CUCT S3HCPTUU BHCIIHCTO MCTOYHUKA ITUTAHUA.

YcunurenabHble CBOMCTBA TPAH3UCTOpPA 3dBUCAT OT CTCIICHU BJIMAHUSA TOKaA 0asbl 16 Ha
TOK KOJUICKTOpa IK N 9UCJICHHO OIIPCACIIAIOTCA COOTHOMICHUCM

B=1I /I, (1.1)

KOTOpPOE HAa3bIBAIOT CTATHUYECKUM KO3(P(GUIMEHTOM Mepesadd TOKa B CXeMe C OOIIMM
SMUTTEPOM. B cripaBoYHMKAX MO TPAH3UCTOPAM 3TOT KOI(PPUIMEHT 0003HAYAETCs KaK

h213-



Pesicumut pabomut n-p-n mpanzucmopa

TpanzucTop umeer Tpu pexuma padoTsl (puc.l.1, a):

1. Axmuensiii pesxcum (peascum A).

Vnpasnaromuil p-n nepexon 6asa—smurrep orkpeit: Ugs =U, +0,7B, a nepexon
0a3a—kosiekrop 3akpeIT: U, > Ug. Tok ko/1eKTOpa ITMHEHHO 3aBUCUT OT TOKa Oa3bl. B

ATOM PEKHMME TPAH3UCTOP HUCIOJIB3YETCS MJisl YCUJIICHUS HENPEPhIBHO M3MEHSIOMIUXCS
CUTHAJIOB, HAIIPUMEP CUHYCOU/IBI.

2. Peorcum omceuxu (pesxcum B).

Tpan3ucTop 3akphIT, 006a p-n nepexoja 06a3a—KOJJIEKTOp U Oa3a—3IMUTTEP 3aMepThl.
KomnekTopHblil TOK paBeH HyNlI0 (TOYHEe, MPEHEOPEKUMO MalloMy OOpaTHOMY TOKY
KoJuiekTopa ly).

3. Peocum nacviwenus (pexcum S).

O0a p-n nepexona oTkpbIThl. Koapduuuent 3 Munumanen. Tok 0azer —I5 > 1 /.

Hanpsixenne 6a3a—komnexrop — Ug, > 0,7B, Hanpsxenue 6aza—smutrep —Ug, = 0,7B
=0,2...1,0B.
Pe:XMMBI OTCEUKU U HACBIILEHHS HCIIOJIB3YIOTCS B KIIFOUEBOM PEKUME PabOThI TPaH-

3MCTOpA NP YCWJICHHWH JIBYXYPOBHEBBIX CHTHAJIOB (BBICOKHI YPOBEHb — HU3KUH ypO-
BCHD ).

N HAIIPSAIKCHUC KOJUICKTOP—OMUTTCP HACBINICHUA — U K3 Hac

OcHnognule npaguna 011 padbomsl ¢ N-p-n MPAHIUCHLOPOM

1. HanpsikeHue KomiekTop—MuTTep Beeraa 6omasie Hyna: U, > 0.

2. TlockonpKy p-n mepexoj 0aza—3MHUTTEp — 3TO JUOJ, TO B AKTUBHOM PEKHME
=Us; -0,7B.

3. B aktuBHOM pexuMe (He B Hachimenun!): I =Bl (B =20...200).

U3
4.B aKkTHBHOM pexuMme yIpasisdiomiee HanpsokeHue Ug, CBS3aHO C  TOKOM

KOJUICKTOpA OKCIIOHECHIMAJIILHOM 3aBUCHMOCTBIO (ypaBHeHHMeM OOepca — Momna):
I, =1, exp(Ug, /25MB), tiie Iy — 310 00paTHBIN TOK KOJIEKTOPA.

CJICI[CTBI/IH H3 IIpaBUjIa:
IIpHU BO3pACTAHUU HAIIPAKCHUSA U63 Ha 20 mB ToK KOJIJICKTOpAa IK YBCIIMUUBACTCA B

2 pasa; npu Bo3pactanuu HanpsbkeHuH Ug, Ha 60 MB TOK KosutekTopa I, yBennyusa-

ercs B 10 pas.
5. OOpaTHBIN TOK KOJIJIEKTOpa CYIIECTBEHHO BO3pACTAET MPH MOBHIIIICHUH TeMIIepa-

TYpBHI:
_ 0
IO KOH — I0 Hay exp(At /12) s
rae IO xon Y IO may — OTO KOHCYHOC U HAYAJIbHOC 3HAUYCHUA O6paTHOFO TOKa KOJIJICKTOpaA,

At° — M3MeHeHne TeMIepaTypsl B rpagycax Lleabcus.
CrnencrBus u3 npaBuia:

IpH BO3pACTaHHUH TeMIieparypbl At® Ha 8° Tok KoyuiekTopa I, yBelnnuuBaeTcs B [Ba

pasa, npu Bo3pacTaHuu Temreparypbl At® Ha 27° TOK KoJulekTopa I, yBenuuuBaeTcs B



10 pas.
6. CoOCTBEHHOE COMPOTUBJICHUE SMUTTEpPA OOPATHO MPOMOPIUOHAIBHO TOKY KOJI-
JIEeKTOpa:
r,(Om) = 25(MB)/1, (MA).
7. Ilpn nHanuuuu pe3ucropa R, B nenu smurrepa (puc. 1.3) ok I, B nenu kosex-
TOpa onpezaeinseTca HanpsbkeHueM 0a3bl Ug 1 He 3aBUCUT OT conpotusieHus R, (B

aKTUBHOM pexume!):
I, ~1,=(Us-0,7B)/(R, +1,).

Onucanue cxem HCCIECAYEMBIX KaCKa/10B

Tpanzucmopmuwlit K10y

Kitoun B oTniM4me OT aHAJIOTOBBIX YCTPOMCTB pa-
OOTalOT C CHUTHAJaMH JIBYX YPOBHEW: BBICOKUM W HHU3-
KUM. TpaH3UCTOp B KIIOYEBOM PEXKHME HAXOJIUTCS B
OJTHOM W3 JIBYX COCTOSHUH: BKJIIOYCH (HACBHIIICHHE)
win oTKmoueH (orceuka). [lepexon u3 ogHOro cocros-
HUS B JPYro€ COBEPIIASTCS IMOYTH MTHOBEHHO TIpH
ckauke HanpspkeHus U, Ha 0a3e Tpansuctopa (puc

1.2). BbicOKOMY YpOBHIO HampsiKeHUs Ha 0a3ze cOoOoT-
l J BETCTBYET HU3KUK ypoBeHb U Ha KOJIJIEKTOpE.

K3 HacC
JI71s1 pa3HBIX TUIIOB TPAH3UCTOPOB HAIPSIKEHUE Ha-
Puc.1.2. Tpan3suctopHsiii kmou CIICHHS U, 4o Bappupyercs (0,05...1,0)B. Hem omno

MCHBIIC, TCM JIYUIIC KAa4CCTBO KJIHOYaA. Toxk KOJUICKTOpa B PCIKUMC HACBIIICHUA OIIpC-
ACIICTCA PC3UCTOPOM B ILICTIN KOJUICKTOPA:
E-U

L == (1.2)

K

[Ipu nomaue Ha 6a3y HU3KOTO YpOBHS HarpsbkeHus:s = 0B TpaH3ucTOp nepexoauT B

pexuM oTceuku. HemoctaTrkom TpaH3UCTOpa SBISIETCS TO, YTO MEPEXO] B 3aKPHITOE CO-
CTOSIHME COBEpIIAETCS HE Cpa3y, a yepe3 HEKOTOpOoe BpeMs IOocie Mmojadyu Ha 0asy 3a-
MUPAIOIIET0 CUrHaja. 3a 3TO BpeMs (1011 MUKPOCEKYH/I) PAcCachlBAIOTCS HEOCHOBHBIE
HOCHUTEJIU, HAKOIUJICHHBIE B 0a3e B pekuMe HachIleHus1. KOIeKTOPHBIN TOK B PEXKUME
OTCEUKHU ONMPEACISIETCS TeIUIOBBIM OOpPaTHBIM TOKOM, COCTABJISIFOIIMM HECKOJIBKO MUK-
poamriep, T.€. MPaKTUYECKH PaBEH HYIIIO.

Oco0EeHHOCTBIO PEKMMa HACHIIIICHUS SBISETCS YMEHBIIICHHE [3 TT0 CPAaBHEHHIO C aK-

THUBHBIM PCIKNUMOM. OFpaHI/IqI/IBaIOH_ICC COIIPOTHUBJICHUC R6 BBI6I/IpaeTC5I n3 yCIO0BUA
R6 < (UBX o 097B)/(IK Hac/Bmin)-
TpaHSI/ICTOpHBIC KIIFOYX HIUPOKO IMMPUMCHAIOTCA I YIIPABJICHUSA MOIIHBIMU UCIIOJI-



HHUTCJIIbHBIMHU YCTpOﬁCTBaMH (BJIeKTpOMaI‘HI/ITaMI/I 151 T.H.) C IIOMOIIBKO MAJIOMOIIIHBIX
BXOJHBIX CUTHAJIOB.

ImummepHulii nO6Mopumens

Hamnpsi>xenue Ha BbIXOJ€ IOBTOPSET BXOAHOM curHai 3a BerauetoM Ug, =0,7B - or-

Clofla Ha3BaHUE “MOBTOPUTENH . TpaH3UCTOP BKIIOYEH MO CXEME C OOIIMM KOJIJIEKTO-
pom (puc. 1.3).

OcHOBHasi 0COOCHHOCTh CXEMBI 3MHUTTEPHOTO TIOBTOPHUTEIISI — BBICOKOE BXOJHOC M
HU3KOE BBIXOJIHOE COTIPOTHBIICHUS:

I =(B+DR,R,), (1.3)
rBI)IX :rF/B+1' (1'4)
=EK [TosTOMY SMHUTTEpHBIN MTOBTOPUTENH UCTIOIb-

3YIOT i1 COTIJIaCOBAHM:A COHpOTHBHeHHﬁ:
BKIIFOYAOT €TI0 MCKAY BBICOKOOMHBIM HCTOY-
HUKOM CHUTHajJa M HHU3KOOMHOM Hany3KOﬁ

R,.
C]
" KoaddunueHTs! Mo HaNpsHKEHUIO, TOKY U
| | MOITHOCTHU PaBHBI COOTBCTCTBCHHO!
I'l" Ku = AUBI)IX /AUBX ~ 1;
T
K, =K,K; ~B.

Puc.1.3. DMUATTEPHBINA TOBTOPUTEH
Conpotusnenuss R;, R, oOpa3syror ne-

JINTCJIb HAIIPSIKCHUS, 3a11a}01u1/11‘/’1 HaIlPSKCHUEC CMCIIICHUA 0a3bl:
U, =E,/2+0,7B.

[Ipu 5TOM HaNpsHKEHUE IMUTTEPA B PesKUMeE TI0K0s Oynaer pasuo E /2, uro obecreun-
BAaeT MaKCUMAJIbHYIO aMIUIMTYAY BbIXOAHOTO curHana. Conporusnenus R, R, BbIOu-

paroTCa HC CIIMIIKOM MAJICHbBKUMU, yTOOBI HE CHMXKATh BXOOHOI'O COIIPOTUBJICHUA
OMUTTCPHOTO IMOBTOPHUTCIIA, H HC CIIMIIKOM 6OHBHII/IMI/I, YTOOBI HaIIPSKCHUC CMCIICHU A
OBLI0 JO0CTAaTOYHO CTaOMIILHBIM IIpU USMCHCHUAX HAI'PY3KHU:

R, =0,1E,BR, /(0,5E, +0,7); (1.5)
R, =0,1E BR, /(0,5E, —0,7). (1.6)

[TockOBKY BBIXOJHOE COMPOTUBIICHUE SIMUTTEPHOTO MMOBTOPUTENSI MAJIO, €r0 CBOM-
cTBa 01u3ku K uctouHuky J]1C.



Tpanzucmopusiit ucCmoYHUK MoKa

KosutekTop TpaH3HUCTOpa CIIYXKUT HUCTOYHMKOM TOKa I conporusieHus R... Tox
I, onpenenserca HanpskeHueM Ha 6aze Uy U cONpOTUBICHUEM B Lienu 3MUTTEpa R :
I, =L, =(Us-0,7B)/(R, +r1,).

K

31ech I, - COOCTBEHHOE CONPOTHUBIIEHUE 3MUTTEPA (CM.
npasuio 6). Ilockoneky Ug = const (CTaOMINTPOH), TO
u cam I, =const. Ot conporusinenus R, 1ok I, mouru

HC 3aBUCUT 00 TCX IIOpP, ITIOKA TPAH3UCTOP OCTaETCs B aK-
THUBHOM PCIKHUMC. MaxkcuMaibHO BO3MOXKHOE COIIPOTHUB-
JICHHUC

RK max — [EK - (Ug + Uxaﬂac)]a (1-7)
rie U, =Ug;-0,7B.
Ecmu R, >R, .«, TPAH3UCTOP HACHIIIACTCS H Iie-

Puc.1.4. TpaHsucTopHelii PECTACT MOICPKUBATH IIOCTOSHCTBO TOKA (puc.1.4).
WCTOYHUK TOKA

Ycunumens c oﬁmwn mummepom

OTOT THUI KacKaJa MIMPOKO HCIOIb3YETCA B TPAH3UCTOPHBIX AJIEKTPOHHBIX YCTPOU-
B CTBaX B KaueCTBE YCWIMTENs HaNpsHDKEHUs
» K (puc. 1.5). Koapdunuent ycunenus kackaaa
M0 HAMPSKEHUIO
K, =AU, /AU, =-R_/R,. (1.3)
3Hak "-" yKa3bIBaeT Ha TO, YTO HAIpPSKECHHE
Ha KOJUIEKTOpE MPOTHMBO(A3ZHO HAMPSIKEHUIO
Ha 0aze. Pe3ucTopsl B 11enu cMeleHus A0xK-
HbI 00ECIICYUTh HANPSKEHUE HA KOJUIEKTOpE B
pexume nokost Ey/2 . OHM BBIYUCISIOTCS MO
dbopmynam:
R, =0]EBR,/Us; (1.9)
R, =0,lE BR,/(E, —Ug). (1.10)
Hanpsoxenne Ug=U, +0,7B. Hanps-

BbBIX

keHue U, ompeznemnsieTcss TOKOM IOKOSI U CO-
Puc.1.5. Yeunutens ¢ 00IIUM SMUTEPOM

- npoTuBiieHHeM R. ® BeIOMpaeTcs TakuM,
C 00paTHOM CBA3BIO MO TOKY

9
9TOOBI B pEKHMME TIOKOSI HAIpsSHKCHUE Ha
OMUTTEPE COCTaBILIO He MeHee 1 B, 4To oOecreymBaeT XOpOIIYIO TEMIEPATYPHYIO
CTaOUJIN3ALIHIO.



BxonHoe u BBIXOJHOE COMPOTUBIIEHHUS Kackajia onpeesstorcsa popmMynaMu:

I = Ry [ Ry [[(B+D(R, [ R (L.1T)

~R,. (1.12)

Tonx

BXOIIHOC COIIPOTHUBJICHUC KACKaJad BbIPAXKACTCA TAK XKC, KaK U IJII SMHUTTCPHOTO I10-

BTOPUTCIISA, 4 BBIXOOAHOC OIPCACIIACTCA COIIPOTUBICHUCM RK , COCTaBJIAIOIIINM OOBIYHO

HecKoJbKo KuiaoOm. Bricokoe BBIXOJIHOC COIIPOTHUBIICHUC ABJIACTCA HCAOCTATKOM YCH-
JJUTCIIBHOT'O KaCKaJa C O6II.[I/IM OSMHUTTCPOM.

OTtpunatensubie oopathbie cBsizu (OOC) B ycwinTesne ¢ OOMUM AMUTTEPOM CHU-
KaroT KOIPOUITMEHT YCUJICHHUS, OJHAKO IIMPOKO HMCHOJB3YIOTCS IS TeMIlepaTypHOU
CTaOMIM3alMK KacKajia, CHIYKEHHS BBIXOJHOTO COMPOTUBIICHUS U TIOBBIIIIEHUS BXOIHO-
ro CONPOTHUBJICHHUS, a TAKXKE ISl YMEHBIICHUS JTUHEHHBIX UCKAKCHUH, BHOCUMBIX Kac-
kagom. Paznnuaror OOC no TOKy ¥ 110 HaNpsHKEHUIO.

Ompuyamenvnaa odopamnasn céa3v NO MOKy

OOC mno toky peanusyercs pesucropoM R, B menum smurrepa (puc.1.5). Pacecmor-

PUM BIIMSIHUE 3TOTO PE3UCTOPA HA TEMIEPATYPHBIN PEXKUM TpaH3ucTopa. B pexnme no-
kos (E,. =0) nanpsixenue 0a3b1 Ug = const. IlycTs B pe3ynbraTe MOBBILIEHHS TEMIIE-

paTypbl SMUTTEPHBIA TOK TpaH3ucTOpa I, Hayam Bo3pacTarb. DTOT TOK CO3JAET Iaje-

HHUC HAIPAKCHUA Ha  PC3UCTOPC R IMO3TOMY  YIPABJAIOMICC  HAIIPAKCHHUC

3
(Ug, =Ug —1I,R,) ymenbmutcs u Tok I, BepHETCS K MCXOJHOU BEIMYUHE (CM. IIPABU-

na 4, 5). Takum 00pa3oM, BIUsSIHUE TeMIIEpaTypbl HA TOKH SMUTTEPA U KOJUIEKTOpa CY-
LIECTBEHHO CHU3UTCH.

Jlist coxpaHeHHsI BBICOKOTO KO3(P(UIMEHTAa YCUJICHUS MO HANpsDKEHHWIO Ha mepe-
MEHHOM TOKe pe3uctop R, myHTupyror konaencaropom C,, CONPOTHBIEHUE KOTOPOTO

B JUAIIa30HC pa60qI/IX 9aCTOT HAMHOI'O MCHBIIIC COIIPOTUBIICHUA 1{3 ur,. Torz[a KOC—)(i)-
(i)I/II_II/IeHT YCHUJICHUA 110 HAIIPSAKCHUTIO HA ICPCMCHHOM TOKC 6YI[CT MMPUMCPHO paBCH

K, =-R/r,, (1.13)

u__

T.C. OCTAHCTCA TaKNM, KaKNUM OB B OTCYTCTBHC 1{3 .

Ompuyamenvnan ooOpamnasn céa3b NO HANPAIHCEHUIO
Ha Temniepatypssiii pexum kackaga OOC mo HanpsHKEHUIO BIMSHUS HE OKa3bIBAET
u aeiictByer uepes nenouky R, ., C,. (puc. 1.6). Kongencatop C,. BbIOMpacTcs Tak,

4yTOOBI €T0 COIMIPOTHUBJICHUC B JHUAIIA30HC pa6OIII/IX YacTOT OBUIO HAMHOTO MCHBIIC, YCM
ROC’ IO9TOMY CBOMCTBA O6paTHOﬁ CBsA3U OIPCACIAOTCA IMOYTH HUCKIHOYUTCIBHO CO-

npotusiaeHueM R .. Ponab xonnencaropa C,. — B pa3Bsi3Ke LieNel KouleKTopa U 6a3sl
10 TOCTOSTHHOMY TOKY, T.¢. OOC neicTBYeT JIUIb Ha IEPEMEHHOM TOKE.



Koadunment ycunenus kackaaa npu Hanuuuu OOC onpenensiercs: Gopmysoin
K, oc =K, /(1+7K,), (1.14)

rjae Y - ko3 UIMEHT epeaayr oOpaTHOM CBSI3U.

OOC pabotaer creayomuM 00pa3zoM.
[Ipu nmogaye Ha BX0J Kackaja MOJI0XKH-
TEJIBHOTO TMOJYNEPUOa MEPEMEHHOTO
HaIpsDKeHUST Ha KOJIJIEKTOpE TpaH3H-
ctopa GOpPMUPYETCS OTPHUIIATEIIbHBIN

C

! [oJIynepuos, HanpspkeHus. Yepes 1e-
° H nouky R ., C,. 3TOT oTpHULaTEIIBHBIN
U
BX
oy nojynepuon nonaercs Ha 6asy. Ilo-

CKOJIbKY COIIPOTHBJIEHUE KOHJIEHCATO-
pa HAMHOTO MEHBIIE CONPOTHUBIICHUS
pesuctopa R,., ToO BHOCUMBIN Li€NOY-

KoM oOpaTHOU cBsizu (Pa30BbI CABUT
1 L He3HauuTeneH. (CrenoBaTenbHO, Ha-
npsbKeHue, mojiaBaeMoe Ha 6a3y uepes
o0paTHy0 CBsI3b, OyJeT MPOTUBO(A3HO
BXOJIHOMY.

OueBuAHO, YTO NelicTBUE OOpaTHOM CBS3M MPHUBEAET K CHIKEHUIO KoddduimeHTa
ycuiieHus kackaaa. OgHako 3ToT kodddUIMeHT OyaeT ropas3io MEeHbIIe 3aBUCETh OT [3
TPaH3UCTOPA, YeM B cxeme 0e3 0OpaTHOU CBSI3U. Y MEHBIIATCS HEIUMHEHHbIE HCKAXKEHUS
CUTHAJIOB, BHOCHMbIE€ KaCKaJOM, PACUIUPUTCS MOJ0Ca MPOIyCKaHus. Jpyrum moyioxu-
TEJTBLHBIM CBOMCTBOM, KOTOpoe Kackas npuodperet 3a cueT OOC, OyneT MHOTOKpaTHOE
CHU)KEHHE €0 BBIXOJHOT'O CONPOTUBIICHUS.

Henocratkom Takoro Bapuanta OOC sBIsieTCS] CHUKEHUE BXOAHOTO COMPOTHUBIIE-
HUS KacKaja.

—> Tokoesoe 3epkano
EK
L, I R Cxema TOKOBOT'O 3epKaia ITUPOKO UCIOJIb3yeT-
H H
Csl B MHTETPAJIbHBIX CXEMaX ONEPAIIMOHHBIX YCHUIIH-
TeJel B Ka4yeCcTBE UCTOYHUKA Toka (puc. 1.7).
VT2

Pa60Ta CXEMbl OCHOBAHA HaA OJDKCIIOHCHIIHAJIb-
U\"

Puc.1.6. Yeunurtens ¢ 001IUM SMUTEPOM
¢ OOpaTHBIMU CBA3SIMH IO TOKY W HAIMTPSIKEHUIO

HOM 3aBUCUMOCTH TOKa KOJIJIEKTOpAa OT Hampsike-
Hust Ug, (cm. mpaswio 4). Tok B Harpyske I,

a

YHOPaABIACTCA TOKOM Iy B KOJIJICKTOpHOﬁ e

Ron |:| R., Tpansuctopa VTI1, KOTOpBI ompeaensiercss Belu-
YUHOW CONPOTUBIICHUS Ry:
Iy :(EK—O,7B)/(Ry—R3). (1.15)

Hampssxenne Ug,; Tpansucropa VT1 (on paboraer
Puc.1.7. TokoBoe 3epKaio



B peXHUME JM0J1a) B COOTBETCTBUM € ypaBHEHUEM DOepca — Moiia u3MeHseTcs 1o JIo-
rapu)MUIECKOMY 3aKOHY BCJIE/l 38 H3MCHEHHEM KOJUICKTOpHOro Toka I, (mpasuio 5).

OTO BeAET K TaKUM ke u3MeHeHusaM HanpsokeHusa Ug,, = Ug,, tpansucropa VT2. Ilo-

CKOJIBKY ISl paOOTBI B TOKOBOM 3€pKalle NOJ0MPAOTC UICHTUYHBIE TPAH3UCTOPBI, TOK
I,, B komnekTopHO# nenu Tpansuctopa VT2 (oH 3anaercs HanpskenueM U, ) Oyzaer

TIIOBTOPSTH TOK I .

COHpOTI/IBJICHI/IC 1{3 BBOAUT O6paTHYIO CBiA3b II0 TOKY, KOTOpaA CIIYXKUT OJId CHU-

KCHUA 3aBUCHMMOCTHU TOKa IH OT HaAITPsAKCHHA UK32 .

JdomamHee 3aganue

N3yunts pazaen “Tpansucropsr” [ 2, c. 88 - 150] u cBeeHNs, U310KEHHBIE BBILLIE.

IHocnenoBaTeIbHOCTH BBINOJHEHUS PAa0OTHI

1. H3mepenue cmamuyeckoeo kodppuyuenma nepedavu moxa mpauzucmopa (3)

1.1. Cobepute cxemy st usmepenus 3 (puc. 1.8).

1.2. BxitounTe amnepMeTpsl B LIETIH KOJUIEKTOpa M 0a3bl TpaH3ucTopa. BoapTmeTp
HOJIKIIIOUUTE K 0a3e TpaH3ucTopa. Bxitouure cxemy.

1.3. Ilepexitouast TymOs€ep S1, IPOBEPbTE, KAK M3MEHAOTCS HanpsbkeHust Uy, , TOK

Puc.1.8. Cxema nis usmepenus 3

2N2218

0a3bl 15 u Tok komnekTopa I.. Tok

0a3pl ompeaenure mo 3akony Owma.
Hanpsixenne Ha CONPOTUBJICHUSX B
nenu 0a3bl U3MEPhTE OCHUIIOTPa-
$hoM WM BOJIBTMETPOM. 3alMIIUTE
pe3yJIbTaThl U3MEPEHUN.

1.4. Tlo popmyne (1.1) paccuu-
taiite 3 /U1 0o0oMX 3HAYEHUH co-
npotuBiieHus B uenu 6aser (100
kKOMm u 47 kOwm). 3aBucutr 1 B OT
TOKa 0a3bI?

1.5. Onpenenure BXOAHOE CO-
NPOTUBIIEHUE  TpaH3UCTOpa  JUIS

000uX CONMPOTHUBJIEHUI B 1lenu 0a3bl (IeJIeHUEM HalpsKeHus: Ha 6a3ze Ha 6a30BbIM TOK).

3aBHCHT JIM BXOJIHOE COIIPOTUBIIEHUE OT TOKa 0a3bl?

2. Uccneoosanue mpan3ucmopHoz2o Kaoda

2.1. Cobepure cxeMy TpaH3UCTOpHOIO Kitoua (puc.1.9).



! S, I i + 2.2. Kiirou S3 BKJIIOYHMTE BIPABO, NOJAB

[L] 27RO Ha 0a3y TpaH3HMCTOpa MOTEHIHUaN “‘3eMin’”
(r.e. 0 B).

2.3. Kmrou S; OTKIIOYHUTE BJICBO, YTOOBI
cMenieHue Ha 0a3y MO0JaBajioCh TOJIBKO
yepe3 pe3uctop 27 kOm.
2N2218 2.4. BrioudTe amMmnepMeTp B LENb KOJI-

JIEKTOpA.
2.5. BKjIOUHMTE CXEMY U OIpPEIEIUTE,
UIET JIU TOK B LIENU KoJIIeKTopa?
-l- 2.6. IlepexnrodyuTe K04 S3 BIEBO, OTCO-
Puc.1.9. Tpan3ucTopHsbIii KITrod equHuB 0aszy ot “zemumn”’. M3mephTe 3HA-
yeHue HanpspkeHuil Ug,, U U KOJIJIEKTOpHOro Toka I .. Ouenute Tok 6a3bl (110

10kS2

K9 Hac
3akoHy OMa). Beruucnure koadduirent 3.

2.7. KntodoM Sy NOAKITIOUNATE NapalljieabHo pe3uctopy 27 kOM pe3uctop

10 kOm. Kak n3menunucy 3HadyeHus Hanpsbkenuil Ug,, U u ToKoB I, 1.7 Ue-

My cTasl paBeH koadpduuuent [3? Kak MOXHO JI0oKa3aTh, 4TO TPaH3UCTOP BOMIEN B

HaChIIIeHUE?
2.8. OCTaHOBHUTE aHAIU3 CXEMBI.

K3 Hac K

3. Uccneoosanue IMUMMEPHO2O nosnopumeii

3.1. Cobepure cxeMmy sMUTTEpHOTO oBTOpUTeNs (puc.1.10).

15V 3.2. Bkitouu-
|||. T€ aMIIEpMETPhl B
a J?— Ienb KOJUIEKTOpa

n 6a3bl. Kimroun Sy,

|| Al | S5 BKIIOUUTE BIIC-

BO, CHSB C Oa3sbl
HaIpsHDKCHUE CMe-

Lenu AMUTTEPA
S IIOCTaBbTE B IIO-
[C]6 noxenue 7,5 xOm
150k (BIIEBO).

7 5Kk 1k 3.3. Ilopaiite
Ha BXOJ Kackaja
IIOCTOSTHHOE ~ Ha-
npsbkenne 6,8 B.

| \/\/1\1/{\9 / menus. Kiarou S¢ B
| .

e
|
p

.||||q

Bxirounte cxemy.
Puc.1.10. DMUTTEPHBIN TOBTOPUTEIH



3.4. H3mepbre TOK 0a3bl, BXOJHOE HampsskeHUE Ug OTHOCHUTENBHO “‘3eMIM” U

HalIuTe BXOJHOE COMPOTHBICHHE KacKaja B OTCYTCTBHUE lienei cmenienus. Kak omn-
peaenuTh 3 TpaH3UuCTOpa MO BXOAHOMY CONPOTUBIECHUIO?

3.5. Kurou B nienu smutTepa Sg nepekiaounTe B nojoxenue 1kOm (BpaBo) U 1Mo-
BropuTe 1. 3.3 u 3.4. Kak u3MeHII0Ch BXOHOE COMPOTUBIICHUE Kackana? OObsiCHUTE
U3MEHEHUSI.

3.6. BMecTo TOCTOSIHHOTO HampsDKEHHs Ha BXOJ KacKaja MojalTe CHHYCOM1alb-
Hoe HanpspkeHue ammutyaon Uy, = 5 B u wactoroit £ = 1000 I'u ¢ pyHKIIMOHATBEHOTO
reHeparopa, He 3aJeHCTBYS eMKOCTh Ha BXOJ€. 3apUCyHTe OCHMIUIOTPAaMMY 3TOr0O Ha-
MPSOKCHMS.

3.7. Kanan A ocunsuiorpada noaKIOYUTe K SMUTTEPY TPAH3UCTOPA, T.€. HA BBIXOA
Kackaja.

3.8. BxirounTte aHanu3 CXEMbl. 3apUCYUTE OCHWIJIOTPAMMY BBIXOJHOI'O HaIlpsikKe-
Hus. [loBTopsieT 1 oHO MO popme BXOHOE HANpsHKEHKE?

3.9. Tonkmrounte kaHan B ocummnorpada Ha 6a3y Tpanzucropa (M3MEHUTE JUIs Ha-
TJISTHOCTH 1BET 3TOr0 1npoBojia). CHUMHUTE OCUUIIIOIPAMMY.

3.10.Tlonalite cuHycouaanbHOE HaNpsbKeHUWE ¢ (PYHKIMOHAJIBLHOTO reHepaTopa ye-
pe3 eMKOCTb, BKIIIOUEHHYI0 Ha BXoje. [losropuTe 1. 3.8.

3.11. Kurouamu Sy4, S5 nopaiite Ha 6a3y HanpsokeHue cmenieHus. OTKII0YnB QyHK-
[MOHAJIbHBIN T€HEPATOP, U3MEPhTE HAIpsiKEHUE 0a3bl B pexxume mokosi. CocTaBisieT Jau
oo E_/2+0,7 B? Ilepexitouas K04 Sg BIPABO-BIEBO, IPOBEPHTE, BIMAET JIM IMHT-
TEPHOE CONPOTUBIICHWE HA BEIMUYUHY HaNpsDKeHUs cMmelnenus. Ecinu BiausieT, To mode-
My?

3.12. CHoBa nopjaiite Ha BXOJl CUTHaJI C ()YHKIIMOHAJILHOTO F€HEpATOpa. 3apucyiTe
OCLIMJIJIOTPaMMYy BBIXOJHOTO HampsbkeHus. [louemy ona usmenunaces? Ilepexmrouas
KIII0Y Sg BIPABO-BIIEBO, MIPOBEPHTE, BIMIET JM IMUTTEPHOE COMPOTHUBIICHHE HAa BEJIH-
YUHY BBIXOJJHOTO HAIPSKEHMUS.

3.13. VYBenuuuBaiiTe aMIUIUTYyAYy BXOJHOIO CHUTHaja /0 MOSBJICHUS OTrpaHUYCHUI
BBIXOJHOTO HanpsikeHus. CUMMETPUYHBI JIM orpaHnyeHusi? OObsCHUTE UX MOSBICHUE.

3.14. Iloropus nmn. 3.4 u 3.5, U3MepbTE€ BXOHOE CONPOTUBIICHUE KACKAla IIPHU Ha-
Tuuuu neneu cmemenus. Kak oHo u3meHunoch?

3.15. OrxmrounTte co BxoAa GyHKUUOHAIBHBIN reHepaTop. BKitounB aHain3 cxemsl
U TIEepeKyIoyas Kiod Sg BIIPaBO-BJIEBO, MPOBEPHTE, BIAUSIET JIM SMUTTEPHOE COMPOTHUB-
JICHUE Ha BEJIMUMHY TOKa B IIENU KoJiekTopa. Eciiu Tok MeHsieTcs, To noyemy?

3.16. OcraHOBUTE aHAIU3 CXEMBI.

4. Hcceneoosanue ucmoyHuka moka

4.1. Cobepute cxeMy TPaH3UCTOPHOTO HCTOYHHMKA Toka Ha 5 MA (puc.l.11).
Kirouom Sg BKiTtounTe B 11€Th KOJUIEKTOpa conpoTuiieHre 1 kOM. BrintounTte cxemy.
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Puc.1.11. UcTtounuk ToKa

4.2. BonbTMETPOM M3MEPHTE HANPSIKEHUE
Ha 0Oa3e u aMurrTepe TpaHizucropa. Ilo 3akony
OMa oneHuTe TOK B 1ienu smurrepa. CpaBHHU-
T€ €ro ¢ TOKOM B IIEIIH KOJIEKTOPA.

4.3. 3MeHsa ¢ MOMOIIBIO KiIouen S;, S
CONPOTUBIICHUE B Lenu Kosuiekrtopa Ha 100
Owm u 3,3 kOM, BBISICHUTE, KaK MEHSETCS KOJI-
JEeKTOpHBbIN TOK. [Ipyn KakoMm CONMpPOTUBICHUU
TPAH3UCTOpP TMepecTaéT MOJEPKUBATH I10-
CTOSTHCTBO KOJIJIEKTOPHOTO TOKa?

[Touemy?
4.4. OCTaHOBUTE aHAJIN3 CXEMBEI.

5. Hccnedosanue ycunumens c oowum
amMuUmmepom

5.1. Kimrouom Sy (puc. 1.12) paszopsure
I[ENb OTPHUIIATEIbLHON OOpaTHOM CBSI3M MO Ha-
MPSDKEHUI0, KIIIOUOM S1| OTKIIOYUTE KOHJEH-
catop B 3MUTTepHOU 1enu. Onpeaenure 3Ha-

yeHue KodphuireHTa yCuIeHHs 10 HaIpsDKeHUIo kKackana (cM. popmyy 1.8).
5.2. 3mMeppTe BOJIBTMETPOM HAIpPsHKCHHE Ha dMHUTTEpEe, 0a3e M KOJUIEKTOpE TpaH-
3UCTOpa B pexkumMe mokos. ObecrieueHo u 3Hauenue Hanpsokerust E, /2 Ha KoJuiekTope

TpaH3ucTopa?

ol

o+

IlIII— o

0.1 uF

82k<2 %1'5 uF 47kS2

<
)

0
(i S s
S]]
zlokQ [L]

15 uF

1kQ T
1

Puc.1.12. Yeunurens ¢ 00IIMM SMUTTEPOM



OIIPpCACICHHOMY

5.3. IlogaliTe Ha BXOJ Kackajla ¢ (DyHKIMOHAJIBLHOTO I€HEpAaTOpa HAIpPSKEHUE aM-
5.4. MsmepbTe ocuuwuiorpagoM aMmIuIMTyAy HaMpsDKEHUS Ha BBIXOJE Kackaja.
3HAYEHUIO?

YCWICHUS

mwtynoi 0,5 B u vacrotoit f= 1 kI,
KoahpUIeHT

CooTBeTcTBYET
[IpoBepbTe, MHBEPTUPYETCS JIX BHIXOAHOM CUTHAN?
HIMTE aMIUTUTY/Y BXOJIHOTO HANpsbKEHUs, YTOObl CUTHAJ HE MCKaxalics. Yemy cran paBeH

hi07
5.5. Kitouom Si| THOAKIIOUUTE KOHAEHCATOP MapajuieNbHO LENH SMUTTEpA. Y MEHb-
KO3 GUIIMEHT ycuJieHHUsl MO HampsbkeHuto? Onpenenure COOCTBEHHOE COMPOTHUBIICHHUE

smuTTepa (mpasusio 6 u popmyna 1.13).
5.6. KirouoMm Sy 3aMKHHTE 1IeTh 0OpaTHOM CBSA3U MO HampskeHuto. Yemy crtai pa-

BEeH KO3 ULMEHT ycuieHus 1no HampsbkeHuto? Onpenenurte kodpuuueHT oopaTHoOn

CBSI3U Y, IOJy4uB ero u3 popmydsl (1.14).
5.7. He u3MeHsisi aMIUTUTYly BXOAHOTO HAMpPSIKEHUS, MOHUKANTE €ro 4acTtoTy A0
Tex MOp, TOKA BHIXOJHOE HAIPSIKCHHUE HE YMCHBLIMTCS B +/2 pas. 3alliuIuTe 5Ty dac-
TOTY (3TO HUXKHSSA YACTOTa CPE3a).

5.8. PazomkHuTE 1Ienb 0OpaTHON CBS3U. YBEIWYbTE BXOJHOE HAMpSHKEHHE A0 Ta-
IIyHKT 5.7, CHOBa OINpPEACIINTE HWKHIOK 4acToTy cpe3a. Kak ona m3menwnace? [laiite

KOM BCJIIMYUHBI, yTOOBI OBLIO YI[O6HO HU3MCEPATH BBIXOOHOC HAIIPAKCHUC. HOBTOpI/IB

00BsSICHEHHE.
5.9. OcTaHOBHUTE aHAJIN3 CXEMBI.
6. Hccneoosarnue moxkogozo 3epkana
6.1. Cobepure cxeMmy ToKOBOrO 3epkaina (puc.1.13).
15V 6.2. KmrouoMm S, BKIIOUMTE B ICIb
. S, “ll 1 KOJUIEKTOpa CONPOTUBIIECHHE 1,8 xOwm.
*  Bxirouure cxemy.
6.3. Ilo ¢popmyne (1.15) paccuunraii-
T€ YINPABJIAOIIMKA TOK. B menu kosek-

TOopa ympasisioniero tpanzucropa VTl

Si2
[L] K]
3 3kQRS 1.8k R 1k S 100 S
HU3MEPhTE YINPABIISIIONIUNA TOK C IOMO-
upio amnepmerpa. CpaBHUTE €ro ¢ pac-
[ Al C__AJ CUMTAHHBIM 3Ha4YeHHeM. HacKoJbKo
TOYHO BBIXOJHOW TOK B KOJIJIEKTOPHOM
VTl I/ VT2 uenu TpaHzuctopa VT2 paBeH ymnpas-
1N4622 1N4622 IAEOEMY ?
6.4. Ilepexnrovas ko4 Si3, yoeau-
290 © 290 © TECHh B TOM, YTO BBIXOJIHOM TOK HE 3aBH-
CHUT OT KOJJIEKTOPHOT'O CONPOTUBIICHUS.
-;— 6.5. Ilepexnroyas ko4 Sy, yoenu-
TECb B M3MEHEHHM BBIXOJHOI'O TOKa
BCJIC] 3a 3aJaronuM TokoM. Jlalite 00b-

Puc.1.13. ToxoBoe 3epkaio

SICHEHUE ATOMY SIBJICHUIO.
6.6. OCTaHOBUTE aHAJIN3 CXEMBI



Bomnpocs k 1abopaTopHoii padore

1. Kak 3aBUCUT KOJUIEKTOPHBIM TOK TPaH3UCTOpA OT HAMNPSKEHUS Mexay 0azoi u
smutTTepoM? Kak 3aBUCUT KOJIJIEKTOPHBIN TOK TPAH3UCTOPA OT TEMIEPATYPHI?

2. Kak 3aBUCUT OT KOJUIEKTOPHOI'O TOKa COOCTBEHHOE COIPOTUBIIEHHE 3MUTTEPA
TpaH3ucTOpa?

3. Jlns yero HEOOXOAUMO HANpPsDKEHUE CMENIEHUs B KackajaX SMUTTEPHOTO MOBTO-
putens U ycunutens ¢ oomuM smurtepom? M3 kakux cooOpakeHHil BbIOMpAIOTCS CO-
MPOTUBIICHUS PE3UCTOPOB B LIETTH CMEIICHUS?

4. Tlouemy TpaH3UCTOP CUMTAIOT UCTOUYHUKOM Toka? Ilokakute Ha mpuUMepe, 4To
ATO JEHCTBUTEIBHO TaK.

5. Uemy paBeH KO3 PUIMEHT yCUIICHUS MO HAMpPsHKEHUIO Kackaaa ¢ OOLUM 3MUT-
TepoM B cirydae Ry = 0?

6. 3aBHUCHUT JIM HaNpsHKEHUE CMENICHHs Ha 0a3e TpaH3UCTopa OT CONMPOTUBICHUS Ry
B KacKaJ[aX SMUTTEPHOTO MOBTOPUTEIIS U YCUIIUTEIS C OOIUM SMUTTEPOM?

7. Kakue cBoiicTBa mpHOOpETaeT YCWIMTENb C OOLIMM OHMHUTTEPOM B pe-
3yJlbTaTe JIEUCTBUSI OTPUIATEBHBIX OOPATHBIX CBSA3EH MO TOKY M HAMPSKEHUIO?

! IIpumeuanus. Ilacnopmuwie oannvie ouooa 1IN4002:
- MmaxcumanvHoe obpamuoe nanpsidicenue 100 B;
- MaxkcumanbHsli 0bpamuwiil mox 50 MxA;
- MakcumanvHoe npamoe Hanpsxcerue 0,9 B;
- makcumanvhoi npamou mok 1000 mA.
Ilacnopmuvie dannvie cmaburumpona IN4733:
- Hanpsicenue cmadbunuzayuu 5,1 B;
- HOMUHATBbHBIU MOK 49 MA;
- MaxkcumanvHas mowHocms 1,1 Bm.
Ilacnopmuvie dannvle n-p-n — mpanzucmopa 2N4401:
- Hanpsoicenue Uy 30-60 B;
- markcumanvrwvid mox 1 gy 600 mA;
- ko3ppguyuenm ycunenus hy;5 150;
- emxocmob Cxp 5 nd.
IIpubnuzumenvrhoe coomeemcmeaue 0me4ecmeeHHbX U 3apyOeHCHbIX OUOO08 U MPAH3U-
CMOpo8:

omeuecmeeHHbll mun 3apybesicHblli mun

KC1394 IN1927, IN4622, IN4686,
KCI168B IN1984, IN4099;

KCI1334 IN2260, IN4439;

KT315F BFP720, 2N2712;

KT315K 2N2711;

KT315E 2N3397;

KT8084 2N4913, 2N4914, 2N4915, 2N5427;

KT9084 2N2811, 2N2813, 2N4301, 2N5313.



Jlaboparopnas paborta No 2
TUITOBBIE KACKA/IbI HA OITIEPAIIMOHHBIX YCUJIUTEJISIX

esn padoTbl

DKCIEpUMEHTAIbHOE HMCCJIEAOBAaHNE CBOMCTB OMNMEPAIMOHHBIX YCWIMTENCH; n3yue-
HUE MPUHIUIOB pabOThl TUMTOBBIX KACKaJOB Ha OTMIEPAIIMOHHBIX YCUITUTEIX.

U OcHOBHbBIE TeopeTHYECKHE T0JI0KEHHU S
T7 Omnepanuonnbit yewutenb (OY) - ato nudde-
U- 2:’ > PEHIUAJIBHBIA YCUJIUTEb IOCTOSHHOTO TOKa C
UJIHQOT 6 Upx  0OJBIIMM KOA(P(PUIUEHTOM YCHICHMS, [pe/iHasHa-
3 YEHHBIN 711 BBITIOJIHECHUS pa3IMYHBIX oreparuii (B
U+ TOM YHCJIIe ¥ MaTEeMaTUYECKUX) HaJl aHAJIOTOBBIMU

BEJIMYMHAMU TIPU paboTe B CXeMax C OTPUIIATEIb-
HOU 0OpaTHOM CBA3BIO.

OV wumeeTt nBa BXoAa - UHBEPTUPYIOIIMIA U He-
WHBEPTUPYIOIIUA U OAUH BbIXOA. BrixoaHoe Ha-
npsbKeHHe:

Ugix =kU g »

oVY; U, =U, —U_ — nubdepennunanpHoe HanpsKeHUe Mexay Bxogamu (puc. 2.1).
b1 i) + p

Puc.2.1. OnepanuoHHbIH

yeuaurens 140Y]17

BBIX rie k - koappunueHT ycuneHus

OV nuraercs nByxnossgpHeM HanpspkeHueM U =+/- 15 B otHocurensHo O B. Ha

npakThuke dYacto wucnoisdywtrcs OV cepum 140 (mampumep, 140V 116, 140V 17,
140V I18).

Tunuunble 3HAYeHUA napameTpos OY

TTOTPEOISIEMBII TOK, MA ..ottt e eieee e e, 5
KoahpuimeHT ycuaeHus: Ha XOTOCTOM XOY .. .vnueenneeennennnnnn. 20000-100000
BxonHoe conpoTuBIeHUE, HE MEHEE, KOM........ooviivvinennnn... 100-1000
BrixonHoe conpoTtuBiieHue, He 6omee, OM..........coovvvennennnn... 200
MaxkCUMaNIbHBIA BBIXOTHOM TOK, MA ... .ottt iiiiiiiaeeeennns 10
MaxkcumanbHO€ BBIXOJHOE HalpsbkeHue, B...................... ... 12
Hanpsbxenne casura, MB.............ooi +/-(1-5)
MaxkCUMaIBHBIA BXOTHON TOK, MKA ... ..ottt eeiinnas 0,1

B ananoroseix ycrpoiictBax OV He UCHONB3YIOTCS 0€3 OTPULIATEIIBHBIX OOPATHBIX
ceszeit (OOC), mockonbky B orcyrcreue OOC npu maneiuieM usMeHeHUd U .4 BbI-

XOJHO€ HAaNpsbKeHHe OyAeT MepexOoauTh U3 OTPULATENBHOIO HACHIIICHUS B IOJOXKH-
TeJILHOE U 00PATHO, T.€. BBIXOJ Oy/I€T MOCTOSSHHO HACHIIIEH.

BozHukaeT Bonpoc, 3a4eM K€ HY>KEH CTOJIb BHICOKUN KO3(PPUIMEHT yCUJICHUs, ec-
JIM MCTIOJIB30BATh €ro JUIsl YCUJICHUS! aHAJIOTOBBIX CUTHAJIOB HEBO3MOXKHO? OKa3bIBaeT-
csl, Ipu 00JbIIOM KOA(DPUIIMEHTE YCUTIEHUS MUKPOCXEeMbl cBoMcTBa Kackaaa Ha OV ¢
OOC 3aBuCAT TOJILKO OT CBOMCTB 0OpaTHOM cBA3U. [lonb3ysach 3TUM, MOXKHO cHOpMHU-
poBaTh Jit0ObIE JKeJlaeMbl€ YACTOTHBIE XapaKTePUCTUKU Kackaga Ha OY.



OcHoBHBIC IpaBUJIa AJI padoThI ¢ onepanuoOHHbIMK yeuiuTeasivu ¢ OCC

1. BBIXOJI OV wm3mensercs Tak, YTOOBI Pa3sHOCTb MOTCHIOUAJIOB MCKAY €0 BXOAaMHU
Uzu/l(b OoCTaBaJ1aCb PAaBHOH HYIIIO.

2. Bxoael OY Tok He NOTpeOstoT (peaibHO MOTPEOISIOT OU€Hb MAJIbIi).
OTUX MpaBWI JOCTATOYHO JUIsl aHaJIu3a paboThl OosbIIMHCTBA cxeM Ha OVY.

Onucanue cxem HCCIECAYEMBIX KaCKa/10B

1. Uneepmupyrowuii ycunumens

I Ry CanencrBue npasuna 1: U_ =U, =0 B — tak
—L Ny
Ha3bIBaEMbIM "KBa3WHYJb' HA WHBEPTUPYIOLIEM
U R, BXOJIE.

= }+0 > Uy CnenctBue npaBwia 2: Bxog OV Toka He 1o-
/ - o TpeOisieT, claeAoBaTeNbHO, Yepe3 COMPOTHUBIIE-
KBasuHyTh _I__ Hus Ry u Ry mporexaer onqud u toT *e ToK I
Oro 3Hauut, yro U, =-IR;; U, ., =1IR,.
l Torpa koadduiment  ycuieHus Kackazua 1o

HanpspkeHuto (puc. 2.2)

Puc.2.2. UnuBeprupyronuii ycuanuTelb

Ku :UBLIX/UBX :_RO/RI‘ (21)

nmn

3HaK YKa3bIBa€T Ha TO, YTO BXOJHOM M BBIXOJHON CUTHAJIBI MPOTUBO(]A3HbIC.
ITockonbKy OTEHIIMAT HHBEPTUPYIOLIEro BXxo1a paBeH 0 B, To BXOJHOE COPOTUB-
JIEHHE Kackajaa paBHO Rj.
BrixogHnoe comnpotusienue kackaga ¢ OOC oudeHb Majao: OHO COCTAaBIISIET HOJIH
Oma. HenocTaTok cxemMbl — Majioe BXOJHOE COMPOTHUBIIEHUE, TaK KaKk R| 0ObIYHO HEBe-
JIMK. DTOr0 HEJIOCTATKA HET Y CXEMbl HEMHBEPTUPYIOIIETO YCUIUTEIIS.

2. Heunsepmupyrowuu ycuiumens

KBasunyns ver: U_=U_, =U_, . Onpenenum ko3pPUIMEHT yCUIEHHUS MO HaIps-
KEHUIO:

BbBIX

Od4eBuAHO, YTO KOA(D(DHUIIUEHT YCHICHHS

Upx 10 HANPSHKEHUIO Bceraa OOJbINe CIMHUITBL.
> UBL}X BbrxoHO# curaan cuHpa3eH co BXOIHBIM.

) Cxema (puc. 2.3) o6yiaiaeT O4Y€Hb BBICO-

KHM BXOJHBIM (ecsaTkn MOM) U HU3KUM BBI-

' XOJHbIM (mecsiteie moau Oma) compoTuBIIe-

L] HUSMH. DTO JIeJIAeT €¢ MPAKTHYECKH HE3aBH-

R, Q v/I Ro CUMOM OT MPEeABIAYIINX U MOCIEAYIONIUX Kac-

_C>

KaadoOB.

Puc.2.3.HenHBepTUPYIOLIUA YCUITUTED



) Lo Ry 3. Cymmamop

|
— WHBEepTUPYIOINN YCHUIIUTENb C HECKOJIbKHU-
[, R MH BXOJ[aMH MOXET BBICTYIIATh B POJIM CyMMa-
Ui : L9 > TOpa cUrHaioB (puc. 2.4)
UBBIX ) '
UZ&RZ . Ip=T;+1, ==(U;/R; + U, /Ry).
- KBazunynp =>
J__ UBI)IX = I01{0 = _(UIRO/RI +U2R0/R2) .
Ecm R =R, =R, 10
Puc.2.4. Cymmarop U, =—(U, +U,). (2.3)

Takum 06pa30M, BBIXOJIHOC HAIIPAKCHNUC PABHO CYMMC BXOJIHBIX HaHpﬂ}KGHHﬁ ¢ 00-
PaTHBIM 3HAKOM.

4. Uumezpamop

O Ecmn B nenu OOC cxemMbl MHBEPTHUPYIOLIETO

...................

” YCHIUTEIS PE3UCTOp 3aMEHHTb KOHICHCATOPOM,
J al| TO TIIOJydYeHHass CXeMa OYJeT HHTErpUpOBaTh
U R,

BXOJIHbIE cUTHaIBI (puc. 2.5). [TokaxkeM 3T0:

— }+0 > U, KBa3HUHYIIb =>
* U, (H)=U(t)=(/C) I I(t)dt;
L] (6=~ Up (O/R;
[ToscTaBIsist BEIpaKeHHE JUIsSE TOKA [T0]] 3HAK
Puc.2.5. Unterparop MHTErpaja, MoJIyduM OKOHYATEIIBHO
Uy (0 = =(1/T,, I U, (tdt, (2.4)

Tac TH = R1C — BPCMs HHTCTPUPOBAHUA, T.C. BPCM:, 3d KOTOPOC BBIXOJHOC HAIIPIKC-

HHC JOCTUTACT YPOBH:A BXOJHOTO IIPHU ITOAAYC HA BXOJ CTYIICHbKU HAIIPAKCHUA.

Takum 06pa30M, BBIXOIHOC HAIIPSKCHUC ITPOIOPIHHUOHAJIBHO MHTCIpAJIy OT BXOJIHO-
IO HaAIIPpAKCHUA C O6paTHBIM 3HaKOM. Hepe):[aTquaﬂ q)YHK]_II/ISI HACAIIBHOTO MHTCTPATO-
pa UMECT BUI

W(p) = UBI;IX (p)/UBX (p) = _l/(TI/Ip) . (25)

B peanbHBIX cXxeMax MHTETpaTOPOB B IEMb OOPATHOM CBSI3U BKIIOYACTCS PE3UCTOP
JUISL TOTO, YTOOBI KOHJICHCATOp HE HaKaIUTMBaJ 3apsjia 3a CueT Mapa3uTHBIX TOKOB, YTO
MpUBENO Obl K CMEIICHUIO HYJIA. PeanbHbIN MHTErpaToOp MpENCTaBISIET cCOOOM amepuo-
JTUYECKOE 3BEHO C MepeIaTOuHON (PyHKITUEH:

W(P) = U,uux (P)/ Uy (p) = K/(1+ Typ) , (2.6)

rae T, = RyC — 310 Oonblias nMocTosiHHAsE BPEMEHU (IOPsIAKA JECATHIX JOJEH CEKyH-
me1), a K=-R/R; — xoadduument nepenaun. B nonoce yacror Boie o, =1/T,



aneproJUYEeCcKOe 3BEHO BEAET ce0sl KaK UeanbHbId HHTErpaTop CO BpEMEHEM MHTETpH-
posanus T, =R,C,.

5. Jluppepenyuamop

Ha puc. 2.6, a noka3zana ymnpoiieHnHas cxeMa auddepenuuaropa. Ee padora onpe-
nensieTcst AByMs (popMyiaMu:

kBasunyab => U (t) =I(t)R,, I(t)=—C,(dU, (t)/dt).

Upx
Q—H—"—O > UBL=IX .UBX_|:1|_”—<»—O > U

Puc.2.6. Ynpoinennas (a) u peanbHas (0) cxeMbl guddepenimaropa

HOIICT&BJIHSI BBIPAKCHUC IOJIA TOKA B HAIIPAKCHHUC, ITOJTYyYdCM OKOHYATCIBbHO

U, =-TWU,, /dt), (2.7)
rie T=R,C, — nocrossHHas BpeMeHHU.

Nneanbubiit AnddepeHunaTop UMeeT nepeaaTouHyo GyHKIUIO BUAA
W(p)=U,(p)/U, (p) =K,p, (2.8)

rae K, =-R(C, — koobduuuenT nepenayu 3geHa.

YupomenHas cxema auddepeHmaTopa HEYyCTOWYNBA, T.. CKIIOHHA K T'eHEparuu
KOJICOaHM, TO3TOMY Ha MPAKTHUKE €€ JOTOJHSIIOT Pe3UCTOpoM R| BO BXOIHON menw, a
nHoraa u konaeHcatopoM Cy B 1enu obpatHolt cBsizu (puc. 2.6, 6). OTu sneMeHTH "3a-
BaJMBAIOT" aMIUIMTYAHO-YaCTOTHYIO XapaKTepUCTHUKY auddepeHimaTopa B 00JacTh
BBICOKHX YaCTOT, 00eCIeuynBasi TEM CaMbIM YCTOWYUBYIO paboTy cxeMbl. Ilepenarounas
byHKIUS peanbHOro TudepeHIUPYIONIEro 3BeHa UMEET BU/T

W(p)=U,,x (p)/U, (p) =K, p/[(1+Typ)1+ Tip)], (2.9)

rne Ty =Ry,C, u T, =R,C, — nocrosHHbIC BpEMEHHU.
Heo6xonumMo OTMETUTB, YTO CBOWCTBO AHM(PEepeHIUPOBAHUS BXOIAHBIX CHTHAJIOB

obecreunBaeTcsi peajbHOW CXEMOW TOJBKO B OONACTH HHU3KMX YacTOT —MpH
o < 1/[max{T}, Ty}].



6. Tpueecep llImumma

On HCIIOJB3YCTCA KaK IIOPOTOBOC YCTpOﬁCTBO AJIs1 CpaBHCHHUA BXOJHOI'O CUTHAJIa C

3aIaHHBIM HAIIPAKCHUCM Uon’ KOTOPOC IMOAACTCA Ha HCI/IHBepTI/IPYIOH_II/Iﬁ BXOJ (pI/IC

U 2.7). Ha npaktuke wame Bcero U, =0. Pabora cxemsl
BX
—0 > U,,. OmuckiBaercs GopMymamu:
U * U,>U,=>U,,=-12B;
U, <U,=>U,,=12B.
— 1 Breixon tpurrepa IlIMuTra Bcerpa HAachllIEH: HA HEM
R, n -12 B nnm +12 B. Tpurrep llIMurra yacto ncnomnb3y-
R, eTcsl Ui IpeoOpa3oBaHUs aHAJIOIOBBIX CUTHAJIOB B LU(]-
v pPOBBIE JABYXYPOBHEBBIC CUTHAJIBI, T.€. SIBISICTCS DJIEMEH-

TOM ITU(GPOBBIX IIEKTPOHHBIX YCTpPOUCTB. [loaToMy B cxe-
Me Tpurrepa orcyrctByeT OOC, 3aT0 MMEETCA MOJIOXKHU-
tenbHas oopatHas cBsa3b (IIOC), peanuzoBaHHas ¢ MOMOIIBIO pe3ucTopoB Ry, R,. TIOC
BBITIOJTHSET JIB€ (YHKIIMU: BO-TIEPBBIX, YCKOpSAET mepekitoueHue tpurrepa llimurra u,
BO-BTOPBIX, CO3JAAET TaK HA3bIBAEMbIN THCTEPE3UC MEPEKIIOUEHHUS, 3alUIIAIOIIUN TPUT-
rep OT CIyYallHBIX MEPEKIIOYEHUN MPU HE3HAYUTEIbHBIX U3MEHECHUSX BXOJHOIO CHUT-
HaJja.

[ToporoBoe HampspkeHHWE Ha HEHMHBEPTUPYIOIIEM BXOJE OmpeaesieTcss Gopmysion

AU=U_ . R,;/(R{+R,). (2.10)

[Tepexmntoduenre Tpurrepa MpoOUCXOAUT MPHU MPEBBIINICHUN 3HAYECHHUS BXOJAHOTO Ha-
npsokeHus A U. Bennuuna 2 A U Ha3bpIBaeTCs TUCTEPE3UCOM MepekitodeHus. [Ipu usz-
MEHEHHUSIX BXOJHOTO CUTHAJIA B TIpeJesiaX TUCTepe3nca NEPEKIIOYEHHST BBIXOAHOM CHUT-
HaJl HE MIEPEKIIF0YACTCS.

Puc.2.7. Tpurrep llImurra

R, 7. Penaxcayuonnuviti cenepamop
| Ecnu Beixon tpurrepa llIMutra coe IMHUTH
C C HMHBEPTHPYIOIIMM BXOJOM 4Yepe3 HHTErpH-
Ug l JT{ |-o—() > U, PYIOIIYIO IIEMOYKY, MOJTydYeHHass cxema OyaeT
. T€HEPUPOBATH ABYXIOJISIPHBIC UMITYJbCHI (PHC.

2.8).

[Ipocnenum noruxky paboOThl TeHEpaTopa.
— [TycTh Mpu BKIIOYECHWM TUTAHUS Ha BBIXOJIC
R, R, OV ycranoBuiiock Hamnpsbkenue 12 B. Oto Oy-

JET UMETh JIBa IOCJICJICTBHS: BO-TICPBBIX, Ha
HEWHBEPTUPYIOIIEM BXOJIC¢ YCTAaHOBUTCS Ha-
npsokenue AU (cm. dpopmyny 2.10); Bo-
BTOPBIX, KOHAcHCaTOp C HaYHET 3apsHKaThCs C
noctosiHHO# BpemeHu t = R C. Kak Tosnpko Hampskenue Uc Ha KOHJIEHCATOPE NPEBbI-

Puc.2.8. PenakcaliluoHHbIA reHepaTop

cut 3HadeHne A U, Beixog OV nepekirounTcs B coctosHue -12 B.

Haunercst oOpatHBIii niporiecc nepesapsaaa KoHaeHcaropa ot 3HaueHus +A U k 3Ha-
yeHuto - A U (oTpULaTeNbHBINA MOTYNEPUO] BEIXOAHOTO HANPSDKEHMS ). DTO IPOU30UIET
3a BpeMs



t; =tIn[(2R, + R,)/R,].

Yacrora ICHCPUPYEMOI'O CUI'HaJIa COCTABUT

JIO?KCHHBIC BBIIIIC.

JdomamHee 3aganue

2.8,2.9).

2.11)

(2.12)

1. U3yunre pazgen "Onepaunonnslie ycunurenu" [2, c. 154-246] u cBenenus, us-

=10 kOwm, Ry =100 xOwm ( popmysi 2.10).
pa ( popmynsr 2.11, 2.12).

2. Paccumraiite mapametrpsl nepeaatounblx ¢GyHkumii (Ty, K, Tg) nns wunTe-
nuaropa, B koropom R;=1 kOm, Ry=100 kOm, C;=0,01 mMxdD, Cy=100 nd (popmys

rparopa, B koropoMm R;=100 kOm, R¢=10 MOm, Cy=0,01 MxD (popmyisi 2.5, 2.6).

3. Paccuwuraiite nmapamerpsl nepeaarounbix pyakuuid (K, To, T ) s auddepen-

4. Paccunraitte noporosoe Hanpsibkenue U gis tpurrepa llImutra, y kotoporo Ry

o

5. Paccuuraiite HaCcTOTY I'CHCPUPYCMOTI'O CUTHAJIA IJIS1 PCIAKCALIMOHHOT'O I'CHCPATO-

IHocnenoBaTeIbHOCTH BBINOJHEHUS Pa0OTHI

+
qQ

-llll—-o

1. HUccnedosanue cxemvl ungepmupyouje2o yCuiumers
Kod(hPUIMEHT ycuneHus: cxembl (puc.2.9) no HanpsHKEHUIO.
Sl
10k [Y]
[
152
AN

1.1. Coeaunute BepXHUM MpaBblid 3aKUM ocuusuiorpada “o0umin™ ¢ 3eMiéil.

Wm

1.2. Kmrouom S; ycranosute B nenu OOC conporusienue 10 kOm. Onpenenure
L

av)

1.3. C (QyHKIIMOHANBHOTO TeHepaTopa Ha BXOJ WHBEPTUPYIOLIETO YCUIUTEIS
S2
10kQ [T

HOHaﬁTe CUHYCOMJAJIBHOC HaAIIPA-

wenne amrutygoil U= 0,5 B u
gactoroii f=1 xI'm.

1.4. BxitounTte aHaliu3 CXEMBI.
Puc.2.9. UnBepTUPYIOIIMH YCUTUTEND

C mnomomplo ocrwuiorpada wus-
MepbTe aMIUIUTYAYy KojeOaHuW Ha
BxojHoro cur"aima U,= 0,5 B.

BBIXOAC YCUIIMTCIII U OIIPCHACIINTC,
Ha OIIBITC.

COOTBCTCTBYCT JIM OHA IPCACKa-

OUCHTAa YCI/IJICHI/IH?

1.5. YBennuuBailTe aMmIUIUTY-

Ay BXOOHOI'O CHIHajla OO IIOABJIC-
HHS Ha BBIXOIC OFpaHquHHﬁ. HSMepBTC, Ha KaKOM YPOBHC OT'PaHUYNBACTCA BBIXOIIHOﬁ

3aHHOMY BaMU 3HAUY€HHUIO KO3 Du-
CUTHaJ (HampspkeHue nutanus +/- 15 B). YcranoBute npexxHee 3HaUY€HUE aMILIUTYIbI
1.6. Kak uzmenurcst koapPUIMEHT yCUIIeHUs Kackaaa, €Ciii B LIeu 0OpaTHON CBS-

3 MapajuiesibHO pe3uctopy Ry BkmtounTsh emie u Ry takke Ha 10 kOm? IIpoBepbTe 310



1.7. C nomompto ocuuiorpada mpoBepbTe, UTO HA UHBEPTUPYIOIIEM BXOJE yCH-
mutens aeiictButenbHo 0 B. Uemy paBHBI BXOJAHOE CONMPOTHUBICHHE Kackaja U BXOJHOU
TOK?

1.8. YOenurech, 4TO CUTHAN HA BBIXOJI€ YCUIIUTENS MPOTUBO(A3EH BXOAHOMY (MOA-
COEIMHUTE OJIMH KaHan ocuuiuiorpada ko sxoay OV, a Apyroi - K BEIXOAY).

1.9. OcraHoBUTE aHATU3 CXEMBI.

2. Hccneoosanue cxemvl Heunsepmupyouje2o ycuiumens

2.1. Onpenenure kodpdunmeHT ycuienus kackaga (puc.2.10). Ilogaiite Ha BXOJ
eV YCUIIUTENS] CUTHAII aMILUTUTYI0M
4

S S : 1 0,5 B u yacroroii 1 kI c¢
3 ~3 =

s . f [Y1100eQ [Y] (YHKIIMOHAJILHOTO TeHEpaTopa.

| 2.2. B3mepbTe amIUIUTYdy

BBIXOJIHOTO  HampspkeHus. Co-

N OTBETCTBYET JIA OHA OIpeEJe-

JICHHOMY BBIIIE€ 3HAYEHUIO KO-
s durrenta ycuneHus?

2.3. IlpoBepbte, cuHbpa3HBI
JIU BXOJHOM M BBIXOJHOM CHI-
Haiel? JJ1s 9TOTO 1MOJACOCAMHU-
T€ OJWH KaHal ociwuiorpada
ko Bxoay OV, a npyroui - K BbI-
X01y.

2.4. BKioudTe BO BXOJIHYIO Lieb conpoTtusieHne B 100 kOM U u3MepbTe najgeHue
HanpsibkeHust Ha HeM. [1o 3akony OMa OLleHUTE BXOJITHOM TOK M BXOJIHOE COIIPOTUBIICHUE
YCUJIATEIIA.

2.5. OCTaHOBHUTE aHAJIU3 CXEMBI.

Puc.2.10. HemuBepTUpYIOLIUHN yCHIIUTEND

3. Hccneoosanue cxemvl cymmamopa

3.1. Tlopaiite Ha BepxHuUi BXxoa cymmaropa (puc.2.11) cuHycouaaibHOE Hampsixe-
Hue ammuutyno 7,5 B u wacroroit 1 k't ¢ pyHKIimonanbHoro reneparopa. Brimrounre
aHaJIM3 CXEMbl U YOEeJHUTECh, YTO HAIPSKEHUE HAa BBIXOJE MOBTOPSET BXOJAHOE B WH-

A ] BEpCHOI (hopme.
10k . 1 3.2. Kak  wu3-
° e 3 5k 2 VW ¥ MCHUTCS BBIXOJHOC
J_ | MYV — ATl+—- HAIPSDKEHHE, ECIIN
T > Ha JpYrou BXOJ
j v

cymMMmaTropa MnoJathb
IIOCTOSIHHOE  Ha-
npsbkenue +7,5 B
wm -7,5 B?

15y == : 10kQ
I

A

Puc.2.11. Cymmarop



IIpoBepbTe 3TO HA OIBITE.
3.3. Kakum Oyner BBIXOJHOE HamNpsDKeHHE, €clIdM Ha o0a BXojAa IMOoAaTh
+7,5 B mocTosiHHOrO HanpsikeHusi? A eciiu Ha OJMH BXOJ nojaars +7,5 B, a Ha npyrou

Bxoa — -7,5 B? IIpoBepbTe Ha ONBITE.
3.4. BMmecro HampsipkeHusi caura +/- 7,5 B mopaiite Ha BTOpOH BXOJ cymMMaropa
CUHYCOMJAJIIBHOE HAIPS)KEHUE C €ro BBIXOJA. 3apUCYWTE OCHUIIOrPaMMY BBIXOAHOTO

HanpspkeHusi. OObSICHUTE MOTYYEHHBIN pe3yibTart.
3.5. OcTaHOBUTE aHAIU3 CXEMBI.

4. Hccneoosanue cxemovl mpueeepa LlImumma

4.1. Cobepure cxemy Tpurrepa llImurra (puc.2.12).
4.2. Cxemsl Tpurrepa llIMutra u penakcallMOHHOTO TeHepaTtopa coOpaHbl Ha OJ-
HoM U ToM ke OY. Kondury-

Tpurrep

S A pauusa tpurrepa llImura Bo3HU-

4

0_1,9/8}‘62 KaeT MPU MEPEKITIOYECHUH KITIO-

[L] Teneparop yeld S;4 B BEpXHEE MOJIOKEHUE
B 4 S, *[L] (pa3peiBe  OOC). Kirouom Ss
77 "_°/°°—1 ’\ pasomknure nens I110C, mepe-

J_ - KIIOYMB  HEWHBEPTHUPYIOIIUI

< —— 0.01uF

T + BXOJ HA 3EMIIO. [Tomyuures

i s, \[K] mpocTefillias cXeMa  KoMIapa-

100k TOpa, B KOTOPOM BBIXOJIHOM

@ R .:1 CUTHAJ TEpeKtovaeTcss  IpHu

1 il 10K IIPOXOXKIACHUNU BXOIHOI'O YCPE3

HOJIb.

4.3. TlomaiTe Ha BXOJ CXe-

+ MBI  KOMIIapaTopa CHUHYCOH-

Puc.2.12. Cxemsi Tpurrepa [llmurra u JNalbHbIA CUTHAJT aMIUTATYI0M
pelaKCalMOHHOr O TEHEparopa 0,5 B u uacroroi I kI

CHUMHTE OCIMILIOTPAMMY  BBIXOJAHOTO HAMPSKEHUS U U3MEPHTE CKOPOCTh MU3MEHE-
HUS BBIXOJJHOTO CUTHAJIA.

4.4. 3amkuute uenb [IOC xiaroyom Ss. [To dhopmyne (2.10) paccuuraiite rucre-

pesuc nepexaoueHus 2 A U.

4.5. TloBtopute ombIT M. 4.2. Kak M3MeHMUIACh OCIMJUIOTpAaMMa BBIXOJIHOTO Ha-
npspkeHusi? Jlaiite oObsicHEHHeE.

4.6. OcrtanoBute aHanu3 cxeMbl. OTKII0YNTE (QYHKIIMOHAIBHBIN T€HEpaTOp CO BXO-

na. CoxpaHuTe cXemy Ul UCCIIEN0BAaHUS PEIaKCAllMOHHOTO F'eHEPATOPA.

5. Uccneoosanue cxemwi perlakcayuorHoco cenepamopa

5.1. ColGepuTte cxemy pesakcalidoHHOTo reueparopa (puc.2.12). st aToro kirouu

S4 mepekirounTe B nosioxkenue “I'eneparop” (BHu3). Kintouom Ss 3amkuute nens [1OC,

MO/IaB BBIXOIHOW CUTHAJI HA PE3UCTUBHBIN JIETUTETh HATIPSKEHUS.

5.2. Kanan A ocumuiorpada nogkiatouuTe Ha BXoJ (KOHAEHcaTop), a kaHai B - Ha



BBIXOJI TeHepaTopa (sl yAoOCTBa M3MEHUTE LIBET OJHOTO M3 MPOBOAOB). Bkiouute
aHanmu3 cxembl. CHUMHUTE OCIMJUIOTPAMMBI HAMPSKCHUIA U OTPECIIUTE TT0 HUM BpeMs
nepesapsiaa KOHICHCATOpa M YaCTOTY BBIXOHBIX KOJICOAHHUIA.

5.3. Tlo ¢popmynam (2.11), (2.12) paccuuraiite BpeMs nepesapsija KOHIAEHCATOpa U
YaCcTOTY BBIXOJHBIX KosieOanuii. CpaBHHUTE UX C MapaMeTpamMy OCIIIIIIOTPaMM.

5.4. OcraHOBUTE aHAIU3 CXEMBI.

6. Hccneoosanue cxemvl unmezpamopa

6.1. VcTouHWMKOM CcHTHaNA JUIi WHTETpaTopa MOXKET CIykuTh Tpurrep LlImurra.
Ho npsiMoyrosibHOE HaIpsHDKEHHE MOKHO MOJIYYHTh M ¢ (YHKIIMOHAJIBHOTO TeHepaTopa
(puc. 2.13). IlapamnenbHO KOHJEH-

[Slg] 10m® caropy B nenu OOC wuHTerparopa

— o o/ MNM—— KIIIOYOM S ycTaHoBute pesuctop 10
0.01 uF MOM.

° 0 3 H 6.2. PaccuuraiiTe BpeMsl HUHTET-

J_ Skgv\, \ PUPOBAHMA JUIS UCCIIEAYEMOTO WH-

¥ terparopa. Omnpenenure ¢GopMy u

/ aMIUTUTYAy HUMITYJILCOB Ha BBIXOJIC

MHTErpaTopa MpU IMoJadye Ha €ro

BXOJl UMITYJIbCOB aMIUTUTYA0U 2 B u
IQ c gactoroit 500 I'm.
| 6.3. BiounTe aHAIN3 CXEMBI U
* CHHUMMHTE OCLMJUIOrPAMMBI BXOJTHOTO
Y BBIXOJIHOTO HANPSKEHUN MHTETpa-
Topa. COOTBETCTBYIOT JIM OHU PE3yJIbTaTaM BalllMX PacueToB?
6.4. KakoBo HazHauenue pesucropa 10 MmOm B nenu OOC? U3MeHATCS 1 OCLUJI-
JIOTpaMMBl, €ciiv ero uckiounTh? [IpoBepbTe 3TO Ha OIbITE.
6.5. OcranoBute aHanu3 cxembl. CoxpaHUTE CXEMy HWHTerparopa s
UCCJeIOBaHUs  cXeMbl TuddepeHuaropa.

Puc.2.13. UaTerparop

7. Hccnedosanue cxemvl oughgepenyuamopa

7.1. VctounukoM curnana ais auddepeHiuaropa OyaeT CIyKuTh cXeMa UHTerpa-
TOpa C JIMHEHMHO M3MEHSIONMMMCS HaIpsDKeHHEeM Ha Bbixojie (cM. puc.2.13). Ilonaiite
CUTHAJI C BbIXOJa MHTEerpaTopa Wiu (YyHKIMOHAIBLHOTO reHepaTopa Ha BXoja nudde-
pennuaropa (puc.2.14).

7.2. Onpenenute (GopMy U aMIUIMTYAYy BBIXOAHOro curHaia guddepeHunaropa
IIpU MOJja4ye Ha ero BXOJl JUHEHHOT0 CUTHANA, CHATOTO B MPEJBITYIIEM OIBITE C BHIX0O/1a
MHTErpaTopa.

7.3. BkJrounTe aHaJIu3 CXEMbl U IPOBEPHTE BAIIM MPEINOI0KEHHS Ha OIbITE.

7.4. Onpenenute GopMmy HanpspKeHHsI Ha BbIxoje AuddepeHnuaTropa npu mnojaye
Ha €ro BXOJ NPSAMOYTOJbHbIX UMITYJIbCOB. [lonaiite Ha Bxoa AuddepeHunaropa npsmo-
yroJIbHBIE UMITYJIbCHI ¢ Tpurrepa LlIMuTTa 1 mpoBephTe BalIM MPEINOI0KEHUS.



7.5. Kak OyZneT BbITJIAIETh BBIXOJAHOE HAMPSDKEHHE, €CIM Ha BXOoJ nuddepenima-
TOpa MojaTh CUHycouay aMrutyou 2 B u wactoroit 1 k['11 ¢ pyHKIMOHATBHOTO TeHE-

5k
VWA

] o

Puc.2.14. luddepenuuarop

rpatopoM u auddepeHunaTopom.
7.7. OcTaHOBHUTE aHAJIN3 CXEMBI.

paropa? Kanan A ocuusiorpa-
da coequHUTe CO BXOJIOM Iu(D-
dbepennmaropa, kaHai B - ¢ BbI-
Xo71oM (U1t y10OCTBa U3MEHUTE
IIBET OJTHOTO M3 MPOBOJOB). Ye-
My paBeH (a30BbIi CIBUT MEXK-
Iy BXOJHBIM M BBIXOJHBIM CHI-
Hajlamu? 3apucyiTe TMOIy4eH-
HBIC OCIIUJUIOTPAMMBI.

7.6. Ilponenaiite nn.7.5 s
unterparopa. CpaBHuTe (¢azo-
BBIC CJIBUTHM, BHOCHUMBIC HHTE-

Bomnpocs k 1abopaTopHoii padore

1. Hoquy OIICPALIMOHHBIC YCUIINTCIIN B dHAJIOT'OBLIX CXEMAX BCCTAd UCIIOJIB3YIOTCA

C OTpUIATCIIbHBIMHU O6paTHBIMI/I CBS3SIMU?

2. KakoBbl npaBusia A padoThl C ONEPAIMOHHBIMU YCUIIUTENSAMU?
3. Kak ucnonb3zyercs 007b1I0H KOI(PPUIUEHT YCUICHUS B ONEPALMOHHBIX YCUIH-

TEIAX?

4. Yto Takoe "kBa3uHyJb"? ECTh 1M OH B CXeM€ HEMHBEPTUPYIOUIETO YCUITUTEIIS?
5. B uem paznuuus MKy UI€IbHBIM U pEAIbHBIM UHTETpaTOpamMu?
6. B ueM paznuuus Mexay uaeanbHbIM U pealbHbIM quddepeniiuaropamu?

7. 3adueM Hy)KeH rucrepesuc B tpurrepe LImurra?

8. Kak ONPCACINUTD YaCTOTY BBIXOIHOI'O CUTHAJIA IJIA PCIAKCAIIMOHHOTO I'CHCPATO-

pa?

! Ilpumeuanue. Iacnopmuvie dannvie OV LM741:

- cpeonuil 8xooHot mok OV 0,08 mxA;

- paznocmo 8x00HbIX mokos OV 0,02 mxA;
- Hanpscenue cmeupenuss OV 1 mB;

- 6xo0Hoe conpomuenerue OV 2 mOwm;

- gbixoOHoe conpomusnenue OV 75 Om;

- cKopocmb HapacmaHus 8blxoono2o Hanpscenus OV 0,5 B/uxc.



JlaGoparopnas pad6ora Ne 3
YCTPOMCTBA HA IIU®POBBIX NHTEI'PAJIBHBIX MUKPOCXEMAX

eab padoThl

OKCHepUMEHTAIbHOE HCCIIEIOBAaHUE MPOCTEHIINX CXeM Ha UU(POBBIX MHTETpaib-
HBIX MUKPOCXEMaX.

OcHOBHBIE TCOPETUICCKUE MMOTOKCHUA

[Hudpossie MHTErpAIbHBIE MUKPOCXEMBI UCIIOIB3YIOTCS ISl BBIMOJHEHUS JIOTHYE-
CKMX W apudMETHUYECKUX OTepaIuii HaJl CUTHAJIaAMU, TIPEACTaBIECHHBIMUA B (pOpME JIBO-
nyHbIX yucea. O0pabdaTbiBaeMble CUTHAJIBI MOTYT MPUHUMATh OJHO U3 JABYX 3HAUCHU:
BBICOKMM  ypoBeHb (joruueckas “1”) wiMm HHU3KMH YpOBEHb  (JIOTMUECKUM

“0”).00paboTka JBOMYHBIX CUTHAJIOB CBOJMTCS K BBHIMOJHEHUIO HAJl HUMHU TPEX dJie-
MEHTapHBIX JIOTHUECKUX ONepariuii:

- JIOTUYECKOTO CIOKEHUS (IU3BIOHKINN): Y = X;+X;

Xirfof1(of1
(01011
yl0l1]1]1
- JJOTHNYCCKOI'O YMHO)KCHI/IH (KOH’BIOHKHI/H/I): y:X1X2
X101
X010
y|10]0]0

y

0

- JIOTMYECKOIr'0 OTPUIIAHUS (MHBEPCHH):
X
YI[1]0
31ech X| U X - BXOJIHBIC JIOTUYECKUE TIEPEMEHHBIE, a Y - BBIXOJHAs. Pam1omM ¢ joruue-
cKUMU (HopMyJIaMH TIPUBEICHBI COOTBETCTBYIOIINE TAOIHUIIBI HCTUHHOCTH.

OTH onepaluy PeATU3yIOTCSd TPEMSI OCHOBHBIMH JIOTMYECKMMH 3JIeMEHTAMMU:
nu3bOHKIMSA - ssuerikon UJIU, konbroHKuMsA - syerikod U, maBepcus - syerikon HE.
O603HaueHUsI ITUX PJIEMEHTOB B CXeMax MoKa3aHbl Ha puc. 3.1.

DyYHKIMHU, BBITIOJHIAEMBIE JIOTHUECKUMU 3JIEMEHTaMU, ONIPEACISAIOTCS CIEAYIOMUMHU
CJIOBECHBIMU (HOpMYJIaMu:

ssuerika U:

1)“1” Ha Bcex BxoAax AaroT “1” Ha BBIXOJE;

2)“0” Ha mo6omM Bxoze aaet “0” Ha BBIXOJC;
ssuevika UJIN:

1)“1” na mo6om Bxoze aaet “1”° Ha BBIXOJE;

2)“0” na Bcex BXojax naarT “0” Ha BBIXO/JIE,
sueiika HE (uaBeprtop):

1)“1” ma Bxome maet “0” Ha BBIXOJIE;




2)“0” na Bxoje Aaet “1” Ha BBIXOJIE.

NI %1 HE HU-HE
X X X
1 1 y — &1 Y X 1 y ] y
X, | — X, | — ] o— X, | & p—
X X X
L y 21 X y 1| y
2 X | X

Puc. 3.1. YciaoBHbIe 0003HAYEHHSI OCHOBHBIX JJOTHYECKHUX DJIEMEHTOB

HepBaH (I)OpMy.Ha COOTBCTCTBYCT BLICOKUM BXOJIHBIM YPOBHAIM (TaK Ha3bIBCMas I10-
JIOKUTCIIbHAA JIOFI/IKa), a BTOpasa — HU3KUM BXOIAHBIM YPOBHIM (OTpI/ILIaTCHBHaSI JIOT'H-

Ka).

Tpex paccMOTpPEHHBIX sSiY€eK JOCTATOYHO, YTOOBI MOCTPOUTH CKOJIb YTOAHO CIOXK-
HYIO JIOTUKY 00paboTku cur"ainoB. OHaKo, Kak IOKa3bIBa€T TEOPHUsSl CUHTE3a JIOTHYe-
CKHX CXEM, YHCIIO HMCIOJIb3YEMBIX SYEEK MOXHO COKPAaTUTh IO OJHOW, HO CJIOKHOU

sueiiku tuna U-HE (cMm. puc. 3.1).

®opmyel paboThl U Tabnuia uCTUHHOCTH stuetiku U-HE:

1)“1” Ha Bcex Bxoaax aaroT “0” Ha BBIXOJE;
2)“0” Ha mo6oM Bxoje aaeT “1”” Ha BBIXOJE.

Puc. 3.2. ba3ossblii piement 2U-HE

X {01101
X10(0]11]1
YI1[1]1]0

Yro6s! nonyunts u3 siueitku M-HE un-
BEPTOP, HANO MIPOCTO 3aMKHYTh €€ BXOJBI
MexXy coboi. s ¢popMupoBaHUS OCHOB-
HOI'0 Jiorndeckoro sjeMmeHra M monano-
ourcs nse siueiiku M-HE (BTopas unBepTH-
pPyeT BBIXOJHOW CHUTHAJI TIEPBOH), a s
(bopMHpOBaHUS OCHOBHOTO JIOTMYECKOTO
anementa MJIN - tpu suetixku U-HE (nBe u3
HUX HUCIOJB3YIOTCS KaK MHBEPTOPBI BXOJI-
HBIX CUTHAJIOB JUIsl TpeTbeid). Koneuno, npu
WCIOJIb30BaHUU  TOJBKO sueek M-HE
CJI0’KHOCTb CXEMbI BO3pacTaceT, HO 3aTo
MOXKET OBbITh OYEHb YNPOIIEHA TEXHOJOTHS
W3TOTOBJIEHNS WHTETPAIbHBIX CXEM, YTO
0oJiee CyHIECTBEHHO, YE€M YHUCJIO 3JIeMEH-



TOB B HUX. [loaToMy siueliky M-HE Ha3piBatoT 0a30BbIM JTOrHYECKHUM 3JIEMEHTOM.

Hccnenyemble B paboTe cXeMbl COOpaHbl HAa MHUKpPOCXEMaxX TpPaH3UCTOPHO-
tpan3ucropuoit soruku (TTJI) cepun 155. bazossiit anement 2U-HE TTJI (mukpocxe-
Ma 155JIA3) uzo6paxen Ha puc.3.2.

B ocHOBe 351eMeHTa - MHOTOOMUTTEPHBIA TPAH3UCTOP, KOTOPBIM JIETKO PEaInu3yeTcs
CpelICTBAMM MHTErpalibHOM TexHosioruu. Ecian Ha o0oux BXxoaax (SMUTTEpax TpaH3U-
ctopa VT1) nelictByeT curnan “1” (BbICOKMI MOTEHIMAN), TO 00a Mepexoja IMUTTED -
0a3a 3akpsIThl. [lepexos 6a3a - komekrop VT1 B aTOM ciydae paboTaet Kak AUO, TO-
JaBasi OTHUPAIOMIMKA TOK B 6a3y Tpan3uctopa VT2, KOTOpbIi HaXOAUTCSA B HACBILEHUU.
ITpu sTOoM Tpan3zuctop VT3 3akpsiT, a VT4 - HachIlIEH U OAAET HA BBIXOJ MHKpPOCXE-
MBI HU3KHUW YPOBEHb.

IIpn mogaye Ha OAMH U3 BXOJOB - IMUTTEPOB V11 HU3KOrO ypOBHS COOTBETCTBYIO-
il nepexon 6a3a - SMUTTEP OTKPOETCS U NepeOpocuT 6a30BBIM TOK U3 KOJIEKTOPHOM
1enu B SMUTTEpHYIO (Tpan3uctop VT1 pabotaer B MHBEPCHOM pekuMe). DTO MPUBEIET
K 3anupanuio TpansuctopoB VI2 u VT4 u nepexoay B HackllieHue Tpanucropa VT3.
Ha BbIxoje 6a30BOro 35eMeHTa MosiBUTCSL BHICOKUN YPOBEHb.

OcHoBHBbIC TapaMeTpbl MUKpocxeM 155-i1 cepun:

Hanpsokenne mATaHuS, B... ..o 5
BrixonHol ypoBeHb HanpsikeHus jorudeckoit "1", ne menee, B.................. 2,4
BrixogHoil ypoBeHb Hanpsbkenus jiorudeckoro "0", e 6onee, B.................. 0,4
Tok, moTpeOsieMblil BXOJJ0M MUKPOCXEMBI B COCTOSIHUM Jiorudeckoro "0",

HE OOTICE, MA . ..ottt 1,6
Tok, moTpebsieMblil BXOJOM MUKPOCXEMbI B COCTOSIHUM JIOTH4YecKoi "1",

HE OOTICE, MA ..ottt ettt e el 0,04
Ko OUIMEHT PABBETBIICHUS . ... uvvveenttteenteeeeeeeieeeeaeeaeeeeanaeane caennns 10

CrnemyeT oOpaTUTh BHUMaHUE Ha TO, YTO B COCTOSIHUU JIOTHYECKOTro “0” BXOJ MUK-
pocxeMbl paboTaeT Kak UCTOUYHMK Toka Ha 1,6 MA. UtoObl nepeectu Bxoa TTJI B co-
CTOSIHHE TapaHTHUPOBAHHOIO JIOTUYECKOTO HYJIA, HEOOXOIUMO BKIIFOUUTD €ro TaK, YTOObI
IIpU OTAAYe TOKa co BxoJa B 1,6 MA HampsiKeHUE Ha 3TOM BXoje He npesbimaio 0,8 B.
DTO MOKHO OCYHIECTBHUTH, HanIpuMmep, noakarouuB Bxoa TTJI k cxemHoi "3emine" He-
MOCPEJICTBEHHO WJIM Yepe3 pe3ucTop ¢ conpotusieHueM He 6onee 500 Om. CocrosiHue,
B KOTOPOM BXOJHOM TOK OTCYTCTBYET (BXOJ B OOpBIBE), BOCIPUHUMAETCI MUKPOCXEMOMN
Kak joruyeckas “1”. [Ipum BbICOKOM YpOBHE Ha BXOJle¢ OHa motpedssieT Tok, B 40 pa3
MeHbIIUH (TOK yTeuku B 40 MKA), 4eM OTAaeT B COCTOSTHUU JIorudeckoro “0”.

[Ton ko3 puimeHTOM pa3BeTBICHUS MOHUMAETCS KOJIMYECTBO BXOJIOB MUKPOCXEM,
KOTOPBIMH MOXET YIPaBIATh OJUH BbIXOJA. HeTpyaHO moACUUTATh, YTO MAKCUMAIIbHBIN
TOK, KOTOPBIN BBIXOJ MUKPOCXEMbI CIIOCOOEH MPUHUMATH OT HAIPY3KH B COCTOSIHUM JIO-
rudeckoro “0”, cocraBusier 16 MA. IIpu nmpeBbIIEHNH 3TOr0 TOKa BBIXOJHON TpaH3U-
ctop VT4 BbIXOIUT U3 CTPOS.

bazoBbiif 3meMeHT, n300pakeHHbIM HA puc. 3.2, UMEET TaK Ha3bIBAEMbI aKTUBHBIN
BBIXOJI. DTO 3HAYHUT, YTO B COCTOSIHUU ‘17 Ha BhIX0J1€ POPMUPYETCS HAMPSHKEHUE HE MEHEE



2,4 B. Ha npakTHKe HCIIONB3YIOTCS TAKKE MUKPOCXEMBI, Y KOTOPBIX BBIXOJ MPEACTABISET
co00i1 Tak Ha3bIBAEMBbIH “‘OTKPBITHIH KoJ1eKTOp” (Hanmpumep 155JIA8 — puc. 3.3). B co-
CTOSIHUM “‘1” HanpsKEHUS Ha BBIXOAE MUKPOCXEMBI HET, TpaH3ucTop VT3 3akpeIT, 4TO BOC-
MPUHUMAETCS] BHEIIHEH cXeMOM Kak 0OpbIB. UTOOBI B cOCTOSHUM ““1” TIOTyYUTh HA BBIXO/IE
BBICOKHI YPOBEHbB, K BBIXOY OJKIIIOYAETCS TAK HA3bIBAEMBIN “TIONTATUBAIOIIMI PE3UCTOP
(moxa3zaH MyHKTHUPOM).

OCHOBHBIM Ha3HAYEHUEM DJIEMEHTOB C OTKPBITBIM KOJUIEKTOPOM SIBIISIETCA paboTa Ha
HIMHY (371€Ch HE PacCMaTPUBACTCS), OJTHAKO OHU BBITIOIHSAIOT U Apyrue ¢GyHKuuu. Mukpo-
CXEMBI C OTKPBITHIM KOJUIEKTOPOM YAOOHBI JUIs YIIPABJICHUSI CBETOIMOJaAMH UHIUKAIIH (CM.
puc.3.3) 1 AIeMEHTaMH CXEMbI C Pa00OYMM HarpsKEHUEM, MpeBbIaonmm 5 B.

5B +5B
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Puc.3.3. bazossrii anemenT TTJI ¢ OTKPBITEIM KOJUTEKTOPOM (a); €To
WCITIOJTb30BAHUE JIJTS YIIPABJICHUS CBETOAMOAHON WHIUKAHEH (0)

Jlornueckue cxembl, coOpanHbie ToJibKO Ha 3nemenTax U, MJIN u HE (unum va U-
HE), na3zpiBatorcss KoMOMHaIMOHHBIMU. COCTOSIHHE BBIXO/IOB KOMOMHAIIMOHH O JIOTH-
YeCKOM CXeMbI ONPEIEIIIETCS COCTOSIHUEM BXOJOB B IaHHBIA MOMEHT U HE 3aBUCUT OT
MTaMSITH.

['opa3no mupe BO3MOKHOCTH TaK Ha3bIBAEMOM MOCJAEA0BATEIbHOM JTOTHKH, I1€
COCTOSIHUE BBIXOJIOB 3aBUCHUT HE TOJIBKO OT BXOJOB, HO M OT BHYTPEHHETO COCTOSTHUS
cxeMbl. J{J1 3anOMUHAaHKS] BHYTPEHHETO COCTOSIHUS CXEMbI HE0OXOIUMBI DJIIEMEHThI
MaMSITH, IPOCTEUIINMH U3 KOTOPBIX SIBISIOTCS TPUTTEPHI.

[IpuniunuanbHas W (QYHKIMOHAJIbHAS CXEMbl CaMoOro mpocToro u3 Hux — RS-
TpUITepa noka3anbl Ha puc. 3.4. B cocTosiHuM MOKOs Ha 000MX BXOJaxX TpPUITEpa yCTa-
HOBJIEH ypoBeHb “1”. [Ipu momade Ha S - BX0OJ (OT aHIIMICKOrO Set — yCTaHOBKA) UM-
IyJIbCa OTPULATEIBHOM MOJISIPHOCTU MPAMOU BBIXOJ (Q YyCTaHABIMBAETCA B COCTOSIHHE
“1”, a MHBEPCHBIH BBIX0A Q - B coCTOsHUE Jorudeckoro “0”. Tpurrep “noMHUT” ycTa-

HOBJIEHHOE COCTOSIHHE W TIOCJIe CHSTHS BXOJHOTO MMITyNibca. [Ipu momade oTpumarenb-
HOTO uMITyJbca Ha R - Bxon (oT anrnuiickoro Reset — copoc) Tpurrep “cOpacbiBaeTcs’”,



T.€. Ha Bbixozie Q ycranaBinuBaetcs “0”, a Ha Beixoge Q -“17.

Ha ¢ynkuronansHOl cxeme BXOJIbl TpUITEpAa MOMEUYEHBl KPY>KKaMH (CUMBOJIAMU
S < MHBEpPCUH). DTO 3HAUUT, YTO aK-
Q Q TUBHBIM YPOBHEM JIs JaHHOTO
—a3 T —— Bxoma sBusercs Huskuii (BXO
cpabaThIBaeT NpH MOJa4ye Ha HETO
- “0”).
_ & 3 o OIIH(‘)‘BpeMeHHaH rnojava
R ypoBHs “0” Ha o0a BXoda TPUT-
repa NpUBOJUT K YCTAHOBKE 000-
a 6 HX BBIXOJOB B “1” U siBIsieTCS 3a-
Puc.3.4. Ilpuanunuanbhas (a) u GyHknuoHanbHas (6) IPEHICHHOM KOMOMHAIMER BXOA-
cxembl RS - Tpurrepa HBIX CUTHAJIOB.

Ha 6a3e RS - TpurrepoB u OCHOBHBIX 3JIEMEHTOB KOMOMHALIMOHHOM JIOTHKU (HOpMU-
PYIOTCSI MUKPOCXEMBI 00JIe€ CIOKHBIX YCTPOWCTB: TAKTUPYEMBIX TPUITEPOB, PETHUCT-
POB, CYETUMKOB, MYJIbTUILIEKCOPOB, AemupaTopoB. PaboTa HEKOTOPHIX TAKMX MHKPO-
CXEM paccMOTpEeHa HWKe Ha npumepe 155-i1 cepuun. Cienyer UMETh B BUNY, YTO YCT-
poiicTBa ¢ TaKUMHU ke (DYHKIMIMU UMEIOTCS U B JIPYTUX CEepUsX MHUKpocxeM (555-i,
1533-it u 1p.), nprYeM UMEIOT aHAJOTUYHBIE (PYHKIIMOHAIbHBIE CXEMbI U MPUHIUI pa-
OOTHI.

Onucanue ucciaeayemMbIx cxeM

1. T'enepamop umnynvcos

[IpocTeiimuii reHepaTop UMITYJILCOB MOXKHO COOpaTh U3 TPEeX UHBEPTOPOB, KOH/ICH-
catopa u pe3uctopa. Lluka paboThl reHepaTopa CKJIaIbIBAETCS U3 JIBYX MOJYIEPUOI0B:
3apsifa u paspsiaa konjaencaropa C uepes pesuctop R (puc 3.5).
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Puc. 3.5. I'eneparop umnynbcoB



TIlonynepuoo 3apsoa (0 - t;). IllycTh 1ocie BKIIOYCHUS MTUTAHUS HA BBIXOJE SUYCHKHU
D2 ycranoBuiics ypoeHb “0”. DTOT ypoBeHb NPOUMHBEpPTUpYETCs siueiikoit D3 u obec-
IIEYUT Ha €€ BBIXOJE BBICOKHMI YPOBEHb, KOTOPBIN HA4YHET 3apskarh KoHaeHcaTop C.
3apsaHelil TOK mpoTekaer no uenu “Boixon D3 - R - C - Beixog D2”. Pactyniee Hanps-
KEHNE Ha KOHJEHCATOPE MOJAKIYAeTCs Ko BXxoay ssueiku D 1. Kak Tobko HanpsiKeHue
Ha KOHJIEHCAaTOpe JOCTUTHET 3HaueHus 1,3 B, koropoe BocnpuHumMaercs Bxoaom TTJI
Kak ypoBeHb “1”, mpousoiigeT nepexitoyeHue sueiku D1 u Ha ee BbIXOJIe€ yCTaHOBUTCA
“0”, KOTOpBIi, MPOMHBEPTUPOBABIINCH, CO3JACT Ha BhIXOoAE sueilku D2 yposens “17.
[Tonynepuon 3aBepIieH.

Ilonynepuoo paspsoa (t; - t,). Tenepsb Ha Bbixose D2 - BEICOKUI ypOBEHbB, a HA BbI-
xoze D3 - HU3KUi ypOBEHb. DTU YPOBHU Pa3psKAIOT KOHJAECHCATOP MO Lenu “Bhixoa D2
- C - R - Beixog D3”. Kak TONBKO HaIps)KEHHE Ha KOHAEHCATOPE yMHaAeT A0 YPOBHS,
KOTOpbIM BocnpuHumaercs Bxogom TTJI kak ypoBeHp joruueckoro “0”, mpousonzer
nepekiiroueHue sueiiku D1 u Ha ee BbIxone yctaHoBUTCA 17, KOTOpas, MPOMHBEPTUPO-
BaBIINCH, CO3/IACT Ha BBIXOJE siueiiku D2 ypoBeHb morudeckoro “0”. Ilomynepuon 3a-
BEpIIEH.

YacToTra reHepaluu 3aBUCUT OT NoporoB nepekiatoueHus TTJI, koTropbsle MMEIOT
TexXHoJornueckuit pazopoc. ['pybo yacTora MOXKET ObITh OLIEHEHA 110 (hopMyJie

f=1/(2,5RC) . (3.1)
2. @opmuposamenb UMNYIbCO8

[Tpenna3naveH it GOPMUPOBAHUSA KOPOTKUX OTPHIIATCIBHBIX UMITYJIBCOB IO ITO-
JIO)KUTEILHOMY TIepernany HanpsbkeHus Ha Bxoje. CoctouT u3 nByx siueek 2M-HE, nuo-
7a ¥ KoHJieHcaTopa (puc. 3.6, a).
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Puc. 3.6. ®opmuposares UMIYIHCOB (a);, BPEMEHHBIE AHArpaMMbl padboTs (0)

B ucxonHoMm mosokeHuu Ha Bxoje (GopMHUpoBaTes HU3KUM ypoBeHb curHaia. OH
nojaercs Ha BepxHue Bxoabl ooeux sueek D1 u D2 (puc.3.6, 6), TeM cambIM Ha BBIXOJI€
dbopmuposatens (Bbixoge D2) nmoanepxuBaercs BbIcOkUi ypoBeHb. Juonq VD1 oTkpbIT
U TOK ¢ HUKHero Bxoga DI mocrymaer yepe3 HEro Ha BBIXOJ MHKPOCXEMBI, CITyXka-
M UCTOYHUKOM curHajna. [lageHue Hamps>KEHHS Ha OTKPBITOM AWOJE HE INPEBBI-
maet 0,7 B, yto BocnpuHuMaetcs Bxojom sueiiku D1 kak jmoruueckuit “0”. Takum



00pa3oM, B UCXO/I0M COCTOSIHMM Ha BEpXHEM Bxoje situeiiku D2 norunueckuit “0”, a Ha
HIKHEM BXOJ€ U Ha BBIXOJE - JJornueckue “1”.

[Ipu nmomauve Ha BX0J GopmupoBatens “1” oHa, BO-NEPBbIX, 3aKpbIBAET JAUOJ U, BO-
BTOPBIX, IPOXOJIUT HA BEpXHUM BX0J Aueiiku D2. “1” Ha HmxkHeM Bxoxae D2 nmponomxka-
€T JAeHCTBOBATh 10 TeX MOp, Moka He 3apsaauTcs koHaencarop C. Takum obpa3om, B Te-
YeHHUE HEKOTOPOIro BpeMEHHM Ha oOoux Bxoaax D2 oxassiBatorcs “1”, u Beixog D2 Ha
3TO Bpems mnepekitoyaercss B “0”, popMupys UMIYJIbC OTPULIATEIBHON MOJISIPHOCTH.
ITpu 3aneprom nuone konaeHcarop C 3apskaercs TOKOM = 1,6 MA, mocTynaronmm u3
HrkHero Bxoaa D1. Kak Tonbko oH 3apsautcs 1o ypoBHs “17, Beixon D1 nepexinrount-
ca B “0”, koTopblid poieT Ha BxoA D2 u mepekntouut ero Boixod B “1”. TeM cambiM
OyzneT chopMUpoOBaH 3aJHUN (PPOHT BHIXOJTHOT'O OTPULIATETLHOTO UMITYJIbCA.

JIMUTENBHOCTh UMITYJIbCA COOTBETCTBYET BPEMEHHU 3apsna KonaeHcaropa C OT uc-
xonueix 0,8 B no nmopora nepekmouenus = 1,3 B (t.e. Ha 0,5 B) nocTOSSHHBIM TOKOM
~1,6 MA ¥ IPUOIU3UTEITBHO MOXET OBIThH OlICHEHA 110 (hopMyJie

t (mc) = 0,5(B) C(MkD)/1,6(MA). (3.2)
[Toporu nepexsroueHust UMEIOT TEXHOJOTHYECKUN pa3opoc, moaTomy Gopmyna (3.2)
JaeT MPUOIMKCHHBIN PEe3yJIbTaT.
3. Ucnonvzosanue RS - mpueeepa ons nooasnenus “opebesea’” KoHmaxkmos

Ha npaktuke yacto Tpebyercs (popMuUpOBaTh OJUHOUYHBIE MMIYJbCHl HaKaTHEM
KHONKU. [Ipu 3TOM BO3HMKaeT mpobdiieMa, cBsi3aHHas ¢ “Ipede3roM” KOHTAKTOB KIIIOYa.
B Teuenune wuHTEpBana mno-

N Q & . psaaka 1 Mc mocie 3aMbIka-

S — ] t HHS KIH0Ya €ro KOHTAKTHI

» ‘‘Ipebe3xar”’, BXOAsS B CO-

] S IPUKOCHOBEHHUE JIPYT C APY-
—— OR O_Q t TOM HECKONBKO JCCATKOB

= — » pa3. B pesymprare B™MeEcCTO

OJIHOTO HMITyJbCa TpH Ha-
KATUM KHOIMKH  BBIJACTCS
Puc. 3.7. AaTnape6e3roBsiii TpUrTep nenas Cepus  HUMITYJIbCOB.
Ecnin xHoOmka mnoakiroyeHa

KO BXOJly CUETYMKA, TO OH OTpearupyeT Ha KaXKJIbli U3 3TUX Napa3uTHBIX UMITYJIbCOB.
Ha puc. 3.7 nokasano, kak pemaercs 3ta npodiema. [Ipu nepBom xe COpUKOCHO-
BEHHUU KOHTAKTOB BBIXOJ| TpUITEpa ycTaHaBiIuBaeTcs B “0” W Ha UMITYJbCHI “apedesra”
He pearupyeT. B pe3ynbrare npu HaxKaTHUH U OTIYCKAHWU KHOIIKK Ha BBIXOJIE TPUITEpa

chopMHUpYeTCs YUCTBIN OJIMHOYHBIA UMITYJIbC.

4. Heouunwiti cuemuux 155UES

[loncunThiBaeT oTpunaTenbHbie (POHTHI, OCTyNaroue Ha cueTHbiil Bxoq Cl, mo-
MEUYEHHBIM MITPUIIKOM, HAMpaBIECHHBIM CBepXy BHM3 (puc. 3.8). DTO O3HA4aeT, 4To
CUETHBIN BXOJ cpabaThIBaeT (T.€. B CUETYMK NMPUOABISAETCS €IMHUIA) TPU TOCTYIJICHUU
Ha HEro OTPUUATEIBHOrO Mepenaaa HampspkeHUs. Takod CUeTHBIM BXOJ Ha3bIBaeTCs



1 o (13/122: Q1

ﬁm Q2

Q3

2 | & Q4
SR

k.

Puc. 3.8. JIBOUUHBIN CUETUHK

MHBEPCHBIM.

Cuert Begetcs a0 15. Kaxnasrit 16-i1 ummynbe copa-
ceiBaeT cuetyuk B “0”. Ynucmo moACUMTaHHBIX UMITYJIb-
COB B JIBOMYHOM KOJI€ BBIBOJIUTCSI HA BBIXOJIbl CUETUU-
Ka. Mnanmemy paspsay cooTBeTcTBYeT Bbixon QlI.
COpoc BbIXOJIOB cueTyuka B “0” OCYIIECTBIAETCS IO-
nadert “1” Ha Bxoabl & U R (koHTaKkThI 2 1 3).

IIpn Hamuumm “1” Ha ATUX BXOJaX IMOJCYET UM-
MyJILCOB OJIOKUPYETCS.

5. Cuemuuk ¢ nepemenuvim K0Ipuyuenmom nepe-
cuema

CYeTynKH 4acTo HNCIIOJIB3YIOTCA IJIsI ACJICHHA YacC-

TOTBI UMITYJILCHOTO cuTHaia. Eciu mogatk Ha BXxo cuetynka C1 mociienoBaTeibHOCTh
HUMITYJILCOB 4acToTOM f, TO yacToTa uMmynbcoB Ha Beixosie Q1 Oyaet /2, Ha Beixome Q2
- /4, na Beixone Q3 - f/8 u Ha BeIxomE Q4 - f/16 (cM. puc. 3.8). Takum oOpazom, cam
CYETYHK ITO3BONISIET JEIUTh YaCTOTY Ha K03 HIMeHT nepecuera 2"
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Puc. 3.9. Cuerunk ¢ ko3¢ HLIEEHTOM TTepecyeTa 3

OnHako Ha MPaKTUKE YacTo TPeOyroTcsa U aApyrue ko3 UIMEHTH nepecyeTa, He
paBubie 2. JIIs HONyYeHHs TAKMX KO3(PMUIHEHTOB CYCTUNK JOMONHIIOT KOMOHHALH-
OHHOM JIOTUKOM, KOTOpasi OCYIIECTBIAECT cOpoc cueTynka B “0”, KaK TOJBKO Ha €r0 BBI-
Xo7ax cOpMUPOBAIOCH YUCIIO, PABHOE HYKHOMY KOA(DPUIIMEHTY nepecyeTa.

Hanpumep, Ha puc. 3.9 nokaszaHa cxema JiejieHUs 4acTOThl Ha 3. Ha BeIXoie ssuehku
N D4 6ynet hopmMupoBaThCsi UMITYJIbC, COPAChIBAIOIMINKN cYeTUYHK B 0, TP MOSIBICHUH
Ha ero BeIxojax yucia 3 B aondHoM koje (Q1=0Q2=1; Q3=Q4=0). YacToTa nosiBIeHuUs
MMITYJIbCOB Ha BbIXoAe D4 B 3 pa3a MeHbIIE YAaCTOThl UMITYJILCOB Ha BXOJI€ CUETUMKA

Cl.

AHAJIOrMYHO MOXKHO PEajU30BaTh CXEMY C JIFOOBIM JIPYTUM II€JIOYHCICHHBIM KO3(]-
¢unrenTom nepecuera B npenaenax 15.



13 D1 Q0! 9 6. Hewugppamop 155U/4
3 D2 I/II)I([: 4101 o% JIBOMYHBINA KOJ 4HCia, IMOJaHHbIA Ha BXOoabl DI -
15 Q Z'Dﬁ D3, nemmudpupyercs Ha Beixogax Q0 - Q7 (puc. 3.10).
|1 I>D3 Q 307 Hanpumep, npu nogaue Ha Bxona komOuHarmu 011
4.5 < Q §3_6 (uncno 3 B IBOMYHOM Koji€) Ha BbIxone Q3 ycraHo-
8 6b 5 Butrcs “0”, a Ha octanbHbiXx — “17”. Ilpm mopaue Ha
2 X vV Q 73_4 cTpoOupyrolre BXoJbl & U V BBICOKOTO YPOBHS BCE

BBIXOJIbI JAemudparopa ycraHaBiuBaiorcs B “1” u He

pearupyroT Ha coctosiHue Bxoj0B D1 — D3.
Puc. 3.10. Jlemmudgparop
7. Mynomunnexcop 155KI12

Ha BpIxoa Mukpocxembl KOMMYyTHpYyeTcsi 0JiuH U3 BxogoB DO — D3 (puc. 3.11). Homep

KOMMYTHPYEMOT'O BXOJla YKa3bIBA€TCSI B JIBOMYHOM
—65 DO MX KoJle Ha ympamisiomux Bxogax Al u A2 (Al —
—=D1 KID2 Q 7 Miaamui paspsana). Bxon V osBisieTcs ctpoOupyto-
_4 D2 IIMM: TIpY TI0Jjaue Ha Hero “1” BXOJIHbIE CUTHAJIbI HE
—3D3 MPOXOJSIT HAa BBIXOJ, HA KOTOPOM IpU 3TOM YyCTa-
1_24 Al HaBiuBaeTcs “0”.
_1 A:Z 8. D-mpueeep 155TM?2

PV HaszBanue tpurrepa npoucxoguT OT aHTJIMICKO-

ro cioBa Delay — 3anepxka (puc. 3.12). ITomumo
BX00B S u R B D-Tpurrepe umerorcs euie aBa BXO-
na: D-Bxon naHHBIX M cueTHbId C-BXOJ JJISI TAKTO-
BOT'O CUTHaJIa, KOTOPbIMA MOMEYEH IITPUILIKOM, HallPAaBJIEHHBIM CHU3Y BBEPX (CpaBHUTE C

Puc. 3.11. MynsTUruiekcop

4 5 C-BX0OZ0OM B CXeM€ cueTduKa). ITo o3Havaet, yto C-BXox cpaba-
—Q T — ’

S TBIBAECT IIPU IMOCTYIUIEHUHA HA HErO IOJIO0XKUTEIBHOIO Iepenana

2 ™2 HanpspKeHUst. TakoW CYETHBIN BXOJ Ha3bIBAETCS IPSIMBIM.
D 3anuce uHGopManuu B D-Tpurrep MOMXKHO NPOU3BOJIUTH
_34C 6 nByMs criocobamu. Bo — mepBbIx, Tak ke, Kak U B 0ObIYHBIA RS-
O——  TpuITEp, noAaBasg Ha S W R BXoabl MMIYJIbCHI OTPULATEIBHON
_1gR MOJISIPHOCTH. BO — BTOpBIX, TpH ntogade Ha C-BXOJ MOJIOKUTEIb-

HOTO Tepenaja HanpsokeHus uHdopmanus ¢ D -Bxonga mepenu-
ChIBaeTcs Ha mnpsiMoii Q-Bwixoja. BTopoit croco6d mo3BossieT mpo-
Prc. 3.12. D-tpurrep M3BOJIUTH 3aIUCh B CTPOTO ONpPEAEIECHHBI MOMEHT BPEMEHH, YTO
U SIBJISIETCS TJIABHBIM JOCTOMHCTBOM D-Tpurrepa.

HeoOxonumo uMeTs B BUAY, YTO BXoAbl S U R umeror npuopurter Haa Bxogamu D u
C. Or1o0 o3Hayaer, 4To eciiv Ha R-Bxoze nencTByeT ypoBeHb “0”, TO MONMBITKYU 3alUCaTh
B Tpurrep “1” ¢ momoristo BxogoB D u C He mpuBeayT K ycnexy: Ha Bbixoje Q Oynet
ocTtaBaTbcs “0”, a Ha BeIxOme Q — 17

JdomamHee 3aganue

1. Uzyuute pazaen «l{udposeie cxembi» [2, ¢.499 — 593] u maTepuan, HU3JI0KEH-
HBIM BBIIIE.



2. Omnpenenute 4acTOTY UMITYJILCOB JJIsi FeHEpaTopa, B koTopoM R = 1 kOmMm, a
C=0,15 mx®d (puc.3.5, popmymna 3.1).

3. Ompenenute TpoOJOKATEILHOCTh (POPMUPYEMBIX UMITYIBCOB, €clii eMKOCTh C
B opmuposarene cocrapisieT 0,01 mx®d (puc. 3.6,a, popmyna 3.2).

4. PazpaboraiiTe cxembl JeiauTeNs 4yacToThl Ha O0a3ze cuetunka 155MES ¢ koaddu-
[UEeHTaMU TiepecyeTa 6 u 8 (cM. paznens 4,5).

IHocnenoBaTeIbHOCTH BBINOJHEHUS PA0OTHI

1. Uccnedosanue cxemuvl cenepamopa
1.1. Cobepure cxeMy, Kak IoKa3aHo Ha pucyHke (puc.3.13).
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Puc. 3.13. Cxema reneparopa

1.2. Caumure OCHUJIIOTpAaMMBbI Ha BBIXOZAC I'CHCpATOPA, HA BCpXHCfI U HIDKHEH 00-
KIIaAKaX KOHACHCATOPA.

1.3. I/ISMepBTC MJIUTCIIBHOCTD TCHCPUPYCMBIX UMITYJIBCOB, UX YAaCTOTY U aMIJIMTYY.
CpaBHI/ITe pe3yjibTaT UBMCPCHUA CO 3HAUCHNUCM, PACCUUTAHHBIM B JOMAIIIHEM 3d1dHUU.

1.4. Kak u3smenurcs qaCcTOTa, CCJIN YMCHbBIINTL COIIPOTUBJIICHUC BI[BOC? HpOBCpBTe
Ballln IMMPCAIIOJIOKCHHUS OIIBITOM.

2. Uccneoosanue cxemwvl ghopmuposameins UMnYIbCO8

2.1. Cobepure cxeMy, Kak moka3aHo Ha puc.3.14.

2.2. Ilpu nonaye Ha BXxoJ (OpMHpOBATENS JIMHHBIX UMIYJIbCOB C T€HEpATOpa Ha
€ro BBIXOJIE JIOJDKHBI BOBHMKHYTh KOPOTKHE (MOps/IKa HECKOJIBKUX MHUKPOCEKYH]) OT-
puLaTeNbHble UMITYIbChl. CHUMUTE OCIMJIOIPAMMBbI - HAMPSKEHUS] HA BBIXOJIE reHepa-
TOopa (TOJNBKO MEpeaHH (POHT BXOJHOTO UMITYJIbCa), HAPSIKEHHUsS] HA KOHJEHCATOPE,
HanpspKeHUs Ha Beixoje ¢hopmuposarens. [locTpoliTe ocuuuiorpaMmMbl  OJIHY MOJ IPY-
rOM, yBsI3aB UX MEXAY COOOM MO0 BpEeMEHH.



2.3. H?)MCPBTC IJINTCIIBHOCTD BBIXOAHOI'O UMITYJIbCA U CPABHUTC €€ CO 3HAYCHHUCM,
paCcCHUTAHHBIM B JOMAIIHCM 3aJIaHHUN.
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Puc.3.14. ®opmupoBaresb UMITYJIbCOB

3. Uccneoosanue RS-mpueeepa
3.1. Cobepure cxemy, Kak okazaHo Ha puc.3.15.
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Puc. 3.15. RS - tpurrep

3.2. BkitounTe aHaau3 CXEMbl U MpoaHanu3upyite padory RS-tpurrepa. BersicHu-
Te, KAKUM YpoBHEM Ha R-Bxoje Tpurrep cOpaceiBaercsi B HOJb. [IpoBepbre Tabiuily
ncTuHHOCTU RS-Tpurrepa.

3.3. OTKJIIOYUTE aHAJIU3 CXEMBI.

4. Hccneoosanue D-mpuezepa
4.1. Cobepure cxeMy, Kak Moka3aHo Ha puc.3.16, a.



+Vee +Vee
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Puc. 3.16. D - Tpurrep (a), caerHsiii Tpurrep (0)

4.2. Yo6enurech B ToM, uto npu R=1, S=0 tpurrep ycranasnusaercsa B “1” (Q=1,
Q'=0) HE3aBUCUMO OT COCTOSIHHS OCTaJbHBIX BXOJIOB.

4.3. Yo6enurecb B ToM, uto nipu R=0, S=1 Tpurrep ycranasnusaercsa B “0” (Q=0,
Q'=1) He3aBUCHMO OT COCTOSIHUSI OCTAJIbHBIX BXOJIOB.

4.4. Ycranosute S=R=1, npoBepbTe BIUSHHUE OCTAJILHBIX BXOJIOB HAa BBIXObI TPUT-
repa. O0bsICHUTE TPUHLIMIT PaOOTHI TPUTTEPA.

4.5. U3 D-Tpurrepa MOHO CI€JaTh CYETHBIN TPUTTEP, KOTOPBIN NEPEKIIFOYAETCS 110
Kaxaomy ¢poHty Ha C-Bxoje. [ 3Toro uHBepcHbIN BbIX0 TpUurrepa Q' coeanHUTE C
D-Bxonom (puc.3.16, 6). IlogaBas Ha C-BXOJl UMITYJIbChI, YOEAUTECH, UTO TPUITEP pa-
00TaeT B CYETHOM PEXHUME.

4.6. BeIKIIOUNTE aHAJIU3 CXEMBI.

5. Hccneoosanue cymmupyrowezo cuemuuxa

5.1. Cobepure cxemy, nzo0paxeHHnyto Ha puc. 3.17. Bxmrouurte cxemy.
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Puc. 3.17. Cymmupyromnuii cueTumk



5.2. TlogaBas Ha BXOJ CXEMbI TaKTOBbIE MMITYJILCHI MpU momomu kiawoya C u
HaOJII0/1asi COCTOSTHUE BBIXOJIOB CUETYMKA MPHU TMOMOIIU JIOTUYECKUX MPOOHUKOB, CO-
CTaBbTE€ BPEMEHHBIE JUArpaMMbl pabOThl CYMMUPYIOIIET0 CUCTUUKA.

5.3. Omnpenenure kodpdunmeHT nepecuera cuetynka. OOpaTtuTe BHUMaHUE Ha
gucia, GopMUpPyeMble COCTOSTHUSMU UHBEPCHBIX BBIXOJIOB CUCTUHKA.

6. Hccnedosanue cuemuuxa ¢ usmeHeHHbIM KOIppuyuenmom nepeciema
6.1. CoGepuTte cxemy, n300paxkeHHy0 Ha puc. 3.18. Bkirounte cxemy.
6.2. TlogaBas Ha BXOJ CXEMbI TaKTOBbIE UMMYJbCHl MpH MoMoIH kiroda C U Ha-
0J101as1 COCTOSIHME BBIXOJIOB CUETUYHMKA TIPH MTOMOIIU JJOTUUECKUX MPOOHUKOB, COCTaBb-
T€ BPEMEHHBIC HarpaMMbl pabOThl CUETUHKA U OTpeenuTe Kod(PUIIMEHT epecyeTa.
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Puc.3.18. CueTurk ¢ m3MeHEHHBIM KOA(PPHUITMESHTOM TIepecueTa

7. Hccnedosanue npunyuna pabomul oewiugppamopa 3 X 8 6 0CHOBHOM pedicume
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Puc.3.19. HUccaenoBanue aemmdparopa

7.1. Cobepure cxemy, uzobpa-
XKEHHY0O Ha puc.3.19. Bxmouwure
CXEMY.

7.2. Ilopgaiite Ha BX0A G ypOBEHB
jJoruueckor “1”. Jlnms 3TOro KiaBu-
med G kmod G yCTaHOBUTE B BEpX-
Hee moJjiokenue. Ompenenure u 3a-
MUIIUTE YPOBHU CUTHAJIOB Ha BBIXO-
nax Y1...Y7 B TaGauily UCTUHHOCTH
pu G=1.

7.3. Ilopaiite Ha BX0oa G ypOBEHB
noruyeckoro “0” (kmou G ycTaHo-
BUTE B HIDKHEE TOJIOXKEHUe). Y oeau-
TeCh, YTO ACMIM(ppaTOp Mepemesn B
pabouuil pexXkuM U Ha OJHOM U3 BBI-
XOJI0OB YCTAHOBWJICS YPOBEHb JIOTH-
geckoro “0”.



7.4. TlomaBasi Bce BO3MOXXKHBIE KOMOWHAIIMKM YPOBHEH JIOTMYECKUX CUTHAJIOB Ha
Bxo/bl A, B, C ¢ moMoOIIbi0 OTHOUMEHHBIX KIIFOYEH U OMpPEeesisisl ¢ TTOMOIIbIO JIOTHYe-
CKHMX MPOOHUKOB YPOBHHU JIOTUYECKUX CUTHAJIOB HAa BBIXOJI€ CXEMBbI, 3aTIOJIHUTE TaOJIUILY
uctuHHOCTH nemudparopa mpu G=0.

8. Uccneoosanue cuemuuxa u dewugppamopa
8.1. CobepuTte cxemy, nmokazaHHywo Ha puc.3.20. 3anmycTuTe aHaIN3 CXEMBI.

OO0 O O

+Vee S 0'o—0
[A]c 1"o—0O
~ 2"o—0O
S, 9 L "ro1 Al 3 b—0
[SpacelJ—RQ 2 {R02 B L ldg' 4 b—0
T~ {8Qp—3taka C 2{c sp—o0
(T) CLKB’ D il E 6’ ——0
count 7" —0O

demux

Puc.3.20. MccnemoBanue cueTunka u Aeimrdparopa

Haxxumast kHoTIKy S), 3aperucTpupyirte, Kak U3MEHHUTCS KOJI Ha BBIXOAAaX CUET-
yuka. Kakum necsaTHYHBIM YnciiaM COOTBETCTBYET ATOT KoA? Pazbepurech, kak npeoo-
pasyetcst 3ToT KoJ aemudparopom. OObsICHUTE Ha3HAYCHUE KHOTIKA Sj.

OTKIIIOYNTE aHAIN3 CXEMBL.

9. Hccnedosanue cuemuuxa ¢ Koagguyuenmom nepecuema 7
9.1. CoGepuTte cxemy, Kak okazaHo Ha puc.3.21.
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T Puc.3.21. CueTunk ¢ koadduimenTom nepecaera 7

9.2. BxmrounTe ananu3 cxeMbl. CHUMHTE OCUIIIOTpaMMBbI HaHpH)KeHI/Iﬁ Ha BXOJIC U



Ha BBIXOJI€ CUETUMKA.
9.3. PazopBute oOpatHyto cBsizb. CHUMHUTE OCIUJUIOrPAaMMBI Ha BXOJE U BBIXOJIC.
9.4. Pazbeputech B paboTe CXEMbl CUETUMKA C IEPEMEHHBIM KO3 (ULIMEHTOM Tepe-

cyeta. Kak usmMeHuTh cxeMy, 4To0bl KO3 PuilMeHT nepecuera ObL1 paBeH 37?
9.5.0TKNI0YNTE aHATIN3 CXEMBI.

10. Hccneoosanue myromuniexcopa

10.1. CoGepuTte cxemy, Kak mokazaHo Ha puc.3.22.

10.2. YcranoBure kimoyamu 1 u 2 ypoBeHs jgorudeckoro “0” na Bxoaax 1G u 2G.
3aTeM B MOIIATOBOM PEXUME IMOCIEA0OBATENBHO MOIANTE OT T€HEPATOpPa BCE CIIOBA IO-
CJIEIOBATEIBHOCTH JIJISl KaXKJI0M KOMOMHAIMU JIOTUYECKUX ypOBHEW Ha Bxoaax A u B.
JI1st KaXKI0ro 111ara ONpeeNIuTe BXOIbl, CUTHAJIBI C KOTOPBIX MPOXOAST Ha BBIXOABI. 3a-
(buKcupyiTe pe3yabTaThl.
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Puc.3.22. Uccaenosanue MyJIbTUILIIEKCOPA

10.3. Ilpu nmomonm kiroua | ycraHoBuUTE ypoBeHb Jlormueckod “1” Ha Bxome 1G
MHUKpocxeMbl. [lomaBasi Ha BXOJIbI MUKPOCXEMBI CJI0BA OT T'€HEPATOPA, ONPENEIIUTE, Ka-
KOW U3 BBIXOJIOB MHKPOCXEMBI NEPECTA] pearupoBaTh HA U3MEHEHUE COCTOSHHUS BXO-
JI0B. 3anuunTe 0003HaYeHUe 3TOr0 BbIXO/a.

10.4. IloBropute aeiicteus 1. 10.3, yctaHoBUB Ha BXxoAe 2(G ypOBEHb JIOTHUYECKOMN
“1”, a Ha Bxoge 1G - ypoBens joruueckoro “0”.

Bomnpocs k 1abopaTopHoii padore

[lepeuucnaute GopmyIbl pabOThl OCHOBHBIX JIOTHYECKHUX AJIEMEHTOB.

Uto takoe 6a30BbIi jorudeckuii anement? Kakosa ¢popmyina ero pabotei?
N3noxure paboTy NpUHIMIHAIBHONW CXeMbl 0a30BOT0 JIOTUYECKOT'O AJIEMEHTA.
Yem oTiinuaeTcs mociieioBaTesibHas JOTHKa OT KOMOWHAIIMOHHON JIOTUKU?

Kak yctpoen u kak paboraer RS-tpurrep? Kakue ypoBHM BXOJTHBIX CHUTHAJIOB

NhAELD =



Ha3bIBAIOTCS] AKTUBHBIMU?
6. Uem otninuaercs D-tpurrep ot RS-tpurrepa? Uto Takoe c4eTHBIN BXOA?
7. OyHKUMOHANbHAS CXeMa U padoTa CUETUHKA.
8. dyHKIMOHANIBHAs cXxeMa U padoTa aemudpaTopa.
9. ®OyHKUMOHANbHAS CXeMa U paboTa MyJIbTUILIEKCOPA.
10. YcrpoiicTBo u paboTa reHepaTopa UMITYJIHCOB.
11. YcrpoiicTBo u paboTta popMUpOBATENSI UMITYIBCOB.

! HpuMeuaHue. Hpu6ﬂu3umeﬂbﬂoe coomeemcemeue omevdecneeHHblx U 3apy6€9iCHblx
MUKDOCXEM.

omeuecmeeHHbll mun 3apybesicHbiti mun

oazoeviii snemenm 2H-HE KI155J143 SN7400N,J;

K155JI46 S8855;

K155JI48 S8881;

mpuezep KI155TM?2 DM8510, SN7474N,J;
cuemuux KI155UES DM8288;
mynvmunnexkcop KI155KII2 AM9I309.

JlaGopartopnas pa6ota Ne 4
NCCIEJOBAHUE NICTOYHUKOB BTOPUYHOI'O DJIEKTPOIIUTAHUSA

Heab padoThl

I/IsyquI/Ie YCTpOﬁCTBa N IIPUHIUIIOB pa60T51 MOCTOBOTI'O BBIIIPAMHATCIII, CMKOCTHO-
o q)HHBTpa n CTa6I/IHI/ISaTOpOB HaIIPAKCHHA.

OcHOBHBIE TCOPETUICCKUE MMOJTOKCHUA

HcTtounuk BropudHOro snektponutanus (MBD) - 3To ycTpoiicTBO A NUTaHUS OT-
JENbHBIX 3JIEKTPOHHBIX TPHOOPOB.

ITon mepBUYHBIM UCTOUHUKOM NMUTaHUS oHUMaeTcs ceth 220 B, 50 I'u. 3aeck pac-
cmaTtpuBatorcs Toiabko B, mpeoOpa3zyroiiye sHEPTUI0 CeTH NEPEMEHHOr0 TOKa yac-
totoii 50 I'ty B aHepruto nocrosinHoro toka. Takue B3O BkitouaroT B ceOst BBHITPSIMHU-
Tenb, GUIBTP U cTadbunuzatop (puc. 4.1).



Uy U, B () Cr Iy |:|RH Uy

Puc. 4.1. ®ynkuuonansHas cxema MBD

Breimpsmutens B npeobpasyer nepeMeHHOe HamnpsKeHHE Ha BbIXoJ€ TpaHchopma-
TOpa B OJHOIIOJISIPHOE, HO HE MOCTOAHHOE HampspkeHue. OuiabTp HU3KOM 4acTOThl @
MOJIABJIIET MEPEMEHHYIO COCTABIIAIONIYIO B BBIIPSMIICHHOM HanpspkeHuu. Ctabunm3za-
Top CT oOecreynBaeT MOCTOSIHCTBO HANpPsDKEHHsI HA HArpy3ke B YCIOBUSX W3MEHEHUs
HaIpsKEHUS TUTAOIIEN CETH U TOKA HAarpy3KH.

Beinpsamurenn

BrinpsimuTenu ObIBatOT ympaBisieMble U HEYIpaBiseMbie, o HO(pa3HbIe U Tpexdas-
HbIE, OJIHOIIOJYMEPUOHbIE U ABYXIOJYIEPUOAHBIC. 37€Ch pacCMaTpUBAETCS JIUIIb
HanOoJiee paclpoCTpaHEHHAs] cXeMa HEYNPaBIIeMOro 0JAHO(A3HOr0 JBYXIOJYIEPHOI-
HOTO MOCTOBOTO BbInpssMuTtess (puc. 4.2, 6). On coOpan Ha quomax VD1 — VD4, B ka-
yecTBe PriibTpa Kcmoib3dyeTcs: koHaercatop C.

[Toakmtouenne GuIbTpa CYIIECTBEHHO MEHSET PEKUM PaOOTHI BBITIPSIMUTEINS, MO-
ATOMY HHUXE PaCCMOTPEHBI JBa BapUaHTAa CXEMbl BBIIPSIMUTENSA: TPU OTCYTCTBUU
GUIBTPYIOIEro KOHACHCATOPA U TIPHU €T0 HAJTUYHUH.

1. Paboma svinpsimumerisi be3 KonoeHcamopa puibmpa

B stoM BapmanTe paboTa cXeMbl OYE€HBb MPOCTa. B MONIOKUTETBbHBIN MONTYIEPUOT
HanpspbkeHust Uy(t) (0 - T/2 na puc. 4.2, a) otkpseiTa napa auogaoB VD2, VD3, a mapa

€69

VDI, VD4 - 3anepta. [loteHunan Touku “a” BhIlIE€ MOTEHIMANA TOYKH “B”, U TOK UJIET
no uenu “a” — VD3 — Ry — VD2 — “B”. B orpunarensubiii nonynepuon (T/2 - T) napst
JIMOJIOB MEHSIOTCS posisiMu. B 00oux mosyneproiax TOK uepe3 HarpysKy iy UJIET B OJ1-
HOM M TOM € HamnpamjieHuu. JuarpamMmma Toka iy BO BTOPUYHON 00OMOTKE TpaHchopma-
TOpa B 3TOM CJydae MpeJCTaBiIsIeT co00il OOBIYHYIO0 CUHYCOUAY (IITpUXOBAs JIMHUS Ha

puc. 4.2, a).
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Puc. 4.2. BpemenHbie quarpaMmbl Haps>KEHUH U TOKOB (),
CX€Ma MOCTOBOTO BBITIpAMUTEN (0)

Jlnarpamma BBINIPSAMIIEHHOTO HAIpSKEHHSI HAa Harpy3Ky (IITpUXOBas JIMHUS Ha puc. 4.2,
a) UMEET MPUMEYATEIbHYI0 OCOOCHHOCTh: MEX]y MOJyNepuogaMu HaIpsHKEHHS! €CTh
IIPOMEKYTKA BpeMEHU At, HA KOTOPBIX HANPSHKEHUE PABHO HYIIO. DTH MPOMEKYTKH

O6YCJIOBJICHBI MNpAMBIM ITAACHUCM HAIIPSAKCHUA Ha AUOLdaX U* ~ 0,7 B u na3wIBaroTcs
30HaAaMHU HCYYBCTBHUTCIBHOCTH. 9(1)(1)CKT HCYYBCTBUTCIIBHOCTU MOCJIACT HCBO3MOKXHBIM
BBIIIPAMIICHUC MAJIbIX HaprDKeHI/Iﬁ nmopAaaKa 2-3Bc¢ IIOMOII IO YHUCTO JUOJHBIX CXCM
BBIHpHMPITCJICﬁ. B sTux CiaydasaXx HUCIIOJIb3YIOT 0ojee CI0KHBIC BBIIIPAMUTCIIN, COACP-
JKamuye IMMOMUMO IHUOO0B €UIC U OIICPATNOHHBIC YCUITUTCIIN.

2. Paboma evinpamumerns npu HAIu4uu KOHOEHCamopa Guibmpa

Konnencatop C dunbTpa CAyXHUT IJs CTIaXKUBAHHS MYJbCAIUNA BBIMPIMICHHOTO
HanpspbkeHus. OH 3apspkaeTcss 4epe3 Majioe COMPOTUBICHHE BTOPUYHOW OOMOTKH



TpaHchopMaTopa U OTKPBITHIX JUOJIOB, @ pa3psKaeTcs Yyepe3 OTHOCUTENBHO OO0JbIIOe
COMpOTHBIICHUE HArpy3ku. [1ockoybKy 3apsij MPOUCXOIUT ropas3io ObIcTpee, YeM pas-
psia, Hanpsbkenue U, Ha KOHJEHcaTope (a 3HA4YMT, U Ha Harpy3Ke) OCTaeTCs MpaKTHye-

CKH ITOCTOSHHBIM. HpI/I HEOOJBIINX TOKaX Harpy3kKmu aMIUIUTyIda AUm OCTAaTOYHBIX

MyJIbCAIU MOXKET OBITh JOCTATOYHO MAaJIOM 3a CUET YBEJIIMYCHHS €MKOCTH KOHJEHCa-
topa C. Ilpu GoNbIIUX HArpy304HBIX TOKAX CJIEAYET UCIOIb30BaTh (DUIBTPHI C HMHAYK-
TUBHOCTBIO (3/1€Ch HE PACCMATPUBAIOTCH ).

[Ipu HamuYuu KOHJIEHCATOpa CXeMa BBIMPSIMUTENS pab0OTaeT B UMITYJIbCHOM PEKHU-
Me. Tenepb 1715t Toro yToObl apa quoaoB VD2, VD3 oTkpbuiach, HEIOCTATOYHO TOJIBKO
M3MEHEHUsI OTPUIIATEeIIbHON TTOTYBOJIHBI HAIPSDKEHUS Uy Ha MOJI0XKUTeIbHY0. Heobxo-
JUMO, YTOOBI HANpsKEHUE Uy CTAJIO OOJbIIEe HaNpsKEHUs Ha KoHJaeHcaTope U, KoTo-

poc MmoAACPKUBACT AUOAbI MOCTA B 3allCPTOM COCTOSAHHMU. Ycnosue u > UH BBITTIOJI-

HSIETCS B MPOMEXYTKU BPEMEHHU t| - t, U t3 — t4, KOTJA Yepe3 AUObI MPOTEKAIOT UMITYJIb-
Chl TOKa, 3apshkatomine kongaeHcatop C (puc. 4.2, a). B octanibHOE BpeMst AHO/bI 3amep-
Thl, U1 TOK [, depe3 Harpy3Ky NpoTeKaeT 3a CUEeT pa3psAja uyepe3 Hee KOHAEHCaTopa.

®opwma Toka I, monobna popme Hanpspkenus U, Ha puc. 4.2, a. AMIUIUTYZA 3apsIHbIX

UMITyJIbCOB TOKa 15 B 3 - 8 pa3 mpeBblimaer 3HaYeHHE OCTOSHHOTO ToKa Iy yepe3 Ha-
IPY3KY.

Cnenyer oOpatuTh BHUMaHHE Ha TO, YTO IPHU OTCYTCTBUM KOHAEHCATOpa CpeaHee
HanpsbkeHue Ha Harpyske U, cocrasiset 0,9 neiictByrouiero 3HaueHust U, (6e3 yuera
NaJicHUs HamnpsDKEHWs Ha JUOJAax), a IpHM HAJIW4YMM KOHAEHcaropa HampspkeHue U,

0JIM3KO K aMITUTyIHOMY 3HadeHuto U,y = 1,41U,.
OcHogHble pacuemHvle COOMHOUWIEHUA

1. IIpu orcyTcTBUM KOHAEHCATOpPa PuiabTpa
Hanpsi>xenue Ha BbIXozie TpaHCopMaTopa: u,(t) = U, sin mt.

IlocTosiHHAS COCTaBJIANOIIAA HAIIPSIKCHHA HAa HAIPy3KEe paBHA CPCAHEMY 3HAYCHHIO
BBIIIPAMIICHHOT'O HAITPSZKCHUA !

T/2

U, =(2/T) | U,,sinetdt =(2/x)U,, =0,9U,, @.1)
0

rae U, - aeiicTByrolliee 3HaUYeHNE HAMPSHKEHUS Uy(t).
U3 (4.1) cnenyeT, 4to

U, =L11U,. (4.2)

[Tockonbky auarpamMmbl TOKOB BO BTOPUUYHON OOMOTKE 15(t) U B Harpyske iy(t) mo-

TOOHBI AMArpaMMaM HaIpsDKEHUM Uo(t) U uy(t) COOTBETCTBEHHO, TO MOXHO 3aIucaTh,
4TO JAEHCTBYIOIIEEe 3HaYEHUE TOKa BO BTOPUYHOM 0OMOTKE TpaHcpopMaTopa

1, =1111,, (4.3)



rae I, - cpenHee 3HaueHNE TOKa B Harpys3Ke.

[TockonbKy B paccMaTprUBaeMO# CXeMe IMOJIHbIE MOIIHOCTH B MEPBUYHON S| U BTO-
pudHOi S); oOMOTKax TpaHchopmaTopa nmpumMepHo oauHakoBbl (Beicokuit KITJI), To ra-
OapuTHas MOITHOCTh CEpCUHUKA TpaHcpopmaTopa ¢ yueTom (4.2), (4.3) cocTaBUT

S. =(S;+S,)/2=1,23U_1, =1,23P.. (4.4)

MakcumManbHOe 00paTHOE HANpsKEHHE HA JMO0JaX PABHO AMIUIMTYJE HANPSKEHHs
u(t)

U06pm =U,m =1,57U,, (4.5)
a MaKCHUMaJbHBIN BBIHpﬂMHeHHBIﬁ TOK
Inpm =1, =1571,. (4.6)

Huonsl nogouparorcs mo (4.5), (4.6).

2. Ilpu Han4um KOHAeHcaTOpa pUIbLTpa

Awmmumutyna HanpsokeHus Uy, Ha BTOpUYHON 00MOTKE TpaHChopMaropa onpees-
eTcs 1o hopmyiie

U, =U, +AU, +2U", (4.7)

rae AU, - nomyctumasi aMIuTyaa nyascanuil (puc. 4.2,a); U* = 0,7 B - npssmoe Ha-
IpsDKEHUE Ha OTKPBITOM 1uoae; U, - KenaeMoe MOCTOSTHHOE HAIlpsDKEHHUE Ha HarpysKe.
Torna nckomoe necTByOIEe 3HAUCHUE HAMIPSHKEHUS Uy(t)

Emkocth dunsTpa nogdbupaercs mno ¢popmyiie
C>1,/(4AU ) (D), (4.9)

rae f(I'n) - yacToTa BHITPSAMIEHHOTO HANPSIKCHHUS.

OOpaTHOe HampsHKEHUE U CPETHUN MPSIMON TOK JHOJI0B TO-IIPEKHEMY BBIOUPAIOTCS
o ¢opmynam (4.5), (4.6). AMIUIHTYIa UMITYJIBCOB 3apsiAHOTO TOKa CYIIECTBEHHO Mpe-
BBINIAET CPETHUIN TOK, HO BBIIPSMUTEIbHBIC TUOJIBI PACCYMTAHBI M Ha TAKOW PEXKUM pa-
OOTHI.

Craduau3aTopbl HANPSIKEHUS

Ctabuian3aTopoM HaIpsKEHUs Ha3bIBAETCSl YCTPOUCTBO, aBTOMAaTUYECKHU O00eceyu-
BaIoOIIIEe MOJAICpKAHUE TOCTOSHHOTO HAIIPSKEHUS HA HArpy3Ke C 3aJJaHHOW TOYHOCTBHIO.

Ha npakTuke mupokoe NpUMEHEHHE MOTYYUIN KOMIIEHCAMOHHbIE CTa0UIN3aTOPBI,
KOTOpbIE MOAPA3ALNIAIOT Ha CTA0MIN3aTOPbl HEMPEPHIBHOTO U UMITYJILCHOTO PETYIUpPO-
BaHusg. OCHOBHBIM NapaMeTPOM, XapaKTEPHU3YIOUIUM KadecTBO pabOThl BCEX CTAOMIIN-
3aTOPOB, SABISETCA KO3(PPuIMeHT crabunnzauuu. Jlectabunn3upyromumMu (GakTopaMmu,
U3-32 KOTOPBIX U3MEHSAETCS BHIXOJHOE HAMPSKEHUE CTAOMIM3aTOPA, SIBISIIOTCS U3MEHE-



HUS BXOJIHOTO HAIPSDKEHUS CTAOMIM3aTOpa W Harpy3o4Horo toka. KoaddumnueHnt cra-
owM3au

KCT - (AU BX /U BX )/(AU BBIX /U (410)

BbIX )

MOKa3bIBa€T, BO CKOJBKO Pa3 OTHOCUTEIbHOE MpHUpAIEHUE HANpPSIKEHHs Ha BBIXOJE
cTabuiIM3aTopa MEHbIIE BBI3BABIIEIO €r0 OTHOCUTEIBHOTO MPUpAIICHUS HANpPSKEHUS
Ha BXOJIE.

[TomuMo ko3 dunreHTa CTAOMIN3AINN CTA0UIN3aTOPBI XapaKTEPUYIOTCS:

1) ko3¢ dULHEHTOM MOJIE3HOTO NEeUCTBHUS:

n=P,/(P, +P)), (4.11)

Tac PH - IIOJIC3HAS MOITHOCTH B HATI'PY3KC, PH - MOIITHOCTDB IIOTCPb,

2) BBIXOJHBIM COMPOTUBIICHUEM Tyyx.

KomneHncanuonHsie cTabuin3aTopbl 00J1aal0T BBICOKMM KO3 hUIIMEHTOM CcTalu-
muzaruu (Ker >1000) 1 04eHb HU3KUM BBIXOJHBIM COMPOTUBICHUEM (Tgyx = 10° - 10
OM). Takum 06pa3oM, KOMIIEHCAITMOHHBIE CTAOMIIN3ATOPHI HANIPSKEHUS MPECTABIISIOT
co0oli MpakTUIeCKH uaeaibHbie ucTounuku JJ[C.

[To mpuHIUITY AEHCTBUS KOMIICHCAIIMOHHBIE CTAOMIN3aTOPHI ABIISIOTCS CUCTEMaMHU
aBTOMATHUYECKOTO peryiupoBaHus. [[0CTOSHCTBO BBIXOJHOTO HANpPsIKEHHUs OOeCleuu-
BaeTCS 3a CUET OTPHULIATEIILHOW OOpaTHOM CBSA3W IO HaNpsokeHUIo. DyHKIMOHATbHAS
cxema ctabuiam3aropa n3o0paxeHa Ha puc. 4.3.

—> PO » Y3 e

<
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A

Puc. 4.3. ®yHKuHMOHAIBHAA CXeMa KOMIIEHCALMOHHOTO CTa0MIIM3aTopa.
P3O - perynupyembiii aneMenT, Y3 - y3en 3aimuthl, Y C - y3€l CpaBHECHUS,
VY - ycunurenb

PO (TpaH3UCTOp) KOMIICHCHUPYCT M3MCHCHHS BXOJHOTO HampspkeHus U TakuM

00pa3oM, YTOOBI MOAEP>KUBATIOCH MOCTOSHCTBO BBIXOAHOI'O HAIPSDKEHUSA. Y3€l CpaBs-
HeHus (YC) cpaBHUBaeT BETUYHMHY BBIXOJHOTO HANPSDKEHHS] C HEKOTOPBHIM OMOPHBIM
HanpspkeHuem. Y cunurtedb (Y) yCuIUBaeT pa3HOCTh MEXKIY BBIXOJIHBIM U ONIOPHBIM Ha-
NpsDKEHUSIMU U yripaBiigeT PO Tak, 4ToObl 3Ty pa3HOCTb CBECTU K HYJIIO. Y3€J 3alllUThl
(Y3) npenoTBpaiiaer BbIXOJ CTaOWIM3aTOpa U3 CTPOS MPU KOPOTKOM 3aMbIKaHUU Ha
BBIXO/IE.

Huxe paccmaTpuBaroTcs NpUHIMIHAIBHBIE CXEMbI CTAOMIIN3aTOPOB HETPEPHIBHOTO
Y UMITYJIbCHOTO IEUCTBUSI.



Komnencayuonnvie cmadounuzamopult Henpepvléno2o oelicmeus (MuHeinle)

[Tpumep saeKTpUUECKON MPUHIIMITHATBLHON CXEMbl KOMIIEHCAIIMOHHOTO CTaOMIN3a-
TOpa HEMPEPBIBHOTO JEUCTBUS (IPYyroe ero Ha3BaHUE - JIMHEHHBIN cTaOUIN3aTOp) MPU-
BeJleH Ha puc. 4.4. 310 — OAMH U3 CTAOMIIN3ATOPOB, UCCIIEAYEMBIX B TAOOPATOPHOU pa-
6ote. Y3en cpaBHEHHs B 3TOM CTa0MIN3aTOPE COCTOUT U3 MapaMeTPUUYECKOro cTaduIu-
3atopa (ctadbunutpoH VD1 u pesuctop Ry) u pesuctuBHoro aenutens Rg, R7, Rg. Ycu-
JUTEJIEM Pa3HOCTHOI'O HANPSKEHUS CIYKUT YCWIMTEIbHBIN Kackaj ¢ OOIIMM 3MUTTE-
pom Ha Tpau3uctope VT3 u pesucrope Ry. ¥Y3en 3amurtsl coOpan u3 tpansucropa VT4
1 pe3uctopoB Ry, Rs. B kauecTBe perynnpyromero 31eMeHTa UCIIOIb3YETCs COCTaBHOM
tpan3zuctop VT1, VT2.
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Puc. 4.4. Crabunuzatop Hanpsi>KeHUsl HeMPEPbIBHOTO AeliCTBUS

PaccMmoTpum paboty cxembl. IlycTh BCIeACTBUE pOCTa BXOJHOTO HAMPSKEHUS

U,, HampsbkeHue Ha BbIXoje crabunusatopa U, Takxke Bo3pocio. Torma Ha-

NpS)KEHUE HAa HUXKHEM Ijiede Rg JenuTeNns TakKe YBEIMYUTCS, YTO MPUBENET K
pocty 6azoBoro Toka lg; Tpansuctopa VT3. Tpansuctop VT3 “mnpuorkpoercs”,
NOTEHIMAJI €r0 KOJJIEKTOpA, @ 3HAUUT, U noTeHuuan 0assl Tpanzuctopa VT1 cHu-
3utca. CocraBHol Tpan3uctop VT1, VT2 “nonzanperca”, HanpskeHue Ugs, MEK-
Iy KOJUIEKTOPOM M OYMHUTTEPOM BO3PACTAET U “CKOMIIEHCUPYET YBEJIUYEHUE BXOI-
HOTO HampsKeHUus. BpIXoAHOE Hamps>KEHUE BEPHETCSA K MCXONHOM BenuuunHe. Pa-
00Ta cXeMbl BbIpaXKaeTCs CIEAYIOLIEH JIOTMUYECKON JuarpamMmoi:
tu,,=>TU 63 => omnupanue VI3 = U 3 = U 51 => 3anupanue VTI,

BbIX

vr2 =>T0,., =\U

BbBIX

BBIX *

Pe3suctop R3 moBelmaer TemMneparypHyro yCTOWYUMBOCTH cTabuiu3aropa. s yct-
paHeHus: BO3MOKHOCTH CaMOBO30YXKICHHsSI CTAOUIM3aTOpa U BO3BHUKHOBEHHUS aBTOKO-
nebaHuil CIyKUT oTpULIATeIbHAsE 0OpaTHas CBs3b MO HamnpskeHuto. OHa pea3oBaHa ¢



nomoipio koHnencaropa Ci. Kongencatop C, Ha BbIXoJe cTabminM3aTopa yaydllaeT
paboTy crabunm3aTopa Mpu CKauKO0Opa3HbIX U3MEHEHUSX HarPy3KHU.
Paccmotpum paboTy cxeMbl 3alUTHl OT KOPOTKOT'O 3aMbikaHus. [Ipu Bo3pacTanuu

BBIXOJHOIO TOKa [, yBennuuMBaeTcs W NaJeHHUE HaIpsDKEHHsS Ha pesucropax Ry m Rs.
YacTb 3TOro HampsHKEHUsI CHUMAETCS ¢ MOTeHIMoMeTpa Rs U ripy upe3mMepHOM Bo3pac-
taHuu [, ornmpaer tpanzucrop VT4, uTto mpuBOAMT K CHMXKEHUIO HampspkeHus Ugy.
CocTaBHOM TPaH3UCTOP PETYIHMPYIOLIETO 3JEMEHTA MOA3ANUPACTCS, a 3HAYUT, BBIXOJ-
HOM TOK OTPaHUYMBACTCS HEKOTOPBIM 3HAUYCHUEM, KOTOPOE PEryIupyeTcs MOTEHLHO-
MeTpoM Rs.

Jlornueckas nuarpamma:

T I =1 URS => omnupanue V14 =\ U

s >V U 51 => hoosanupanue VTI,

VI2 => oepanuyuenue moka I

ITpu pabounx Tokax I, Tpanzucrop VT4 3anepr.

JIOCTOMHCTBA JIMHEWHBIX CTaOWUIN3AaTOPOB - 3TO OTHOCUTENIBHO MPOCThIE CXEMHBIE
pELIeHMs], MaJIO€ BBIXOHOE COMPOTUBIIEHUE U OOJBIION KOA(PPUIIMEHT cTabUIn3aIuy.

Hepnocratku nMHEHHBIX CTAOMIN3aTOPOB CBA3aHbl ¢ HU3KUM 3HaueHueM KIIJ[ - on
He npesbimaet 0,5 - 0,75 u npubanxeHHo onpenensercs no Gopmyse

M= Upye /Un (4.12)

TpaH3uCTOPBI PEryIUPYIOUIETO 3JIEMEHTa PACCEUBAIOT OOJIBIIYI0 MOIIHOCTh, U UX
MPUXOAUTCS YCTaHABIMBATH HA TPOMO3JIKMX pajraTopax.

Hanpsikenue Ha BbIxoze cTabmiM3aTopa ycTaHaBiauBaercs aenureneM Rg, Rg u orm-
penensercst GopMyIioi

U, =Ug(1+Rg/Ry). (4.13)

BbBIX

Perynupys conmpoTuBeHHWE HUKHETO MUieda aenutens Hanpsbkenus (Rg mmu Ry), Mox-
HO M3MEHUTH HANpsKEHHE Ha BBIXOJE cTaOunu3aTtopa. HampspkeHue B cpeHel TOUke
JETUTENS:

U, =U,+U_,. (4.14)

B paccmarpuBaemoii cxeme Hamnpsixenue Ha ctabunutpone Uer = 3,3 B, a Hanps

xenme U_ . =U = 0,7B.
093

HUmnynpcuvie cmadunuzamopul Hanpaxcenus (Kirouegwle)

TpaH3UCTOPBI PETYIUPYIOLIETO 3JIEMEHTa PabOTAIOT B KIIIOUEBOM PEXHUME, 32 CUET
gyero KIIJ nocturaet 0,92 - 0,98. Hccnenyemas B mabopaTopHO paboTe cxeMa Kitoue-
BOT'0 cTabmin3aTopa npuBeaeHa Ha puc. 4.5.

Ponp perynupyromero siaeMeHTa BBINOJHSIET MOLIHBIA TpaH3ucTtop VT3. Ycunu-



Teb ¢ 00NBIINUM KO3 PUIIMEHTOM ycuiieHus coopan Ha Tpan3ucropax VT1, VT2,
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Puc. 4.5. UMmnynbcHBIN cTaOUINU3aTOP HAIPSKEHUS

Tpansuctop VT4 cpaBHUBaeT HanpspKeHHUS Ha OMOpHOM cTabmnutpone VD2 u Ha
BBIXOJIe cTabuinzaTopa (TouHee, Ha pesucTope R7). OnHoBpemenHno VT4 ocyiiecTBiseT
HAYaJIbHOE YCHJIEHUE PA3HOCTHOI'O HAIpsKeHUsA. HOBBIM 3JI€MEHTOM 1O CPABHEHUIO CO
CXEMOM JIMHEHHOTo cTaduin3aTopa siBiseTcsl GUIbTP HU3KOW YaCTOThI, COCTOSAIINMA U3
U.,; (Touxka “2”) npoccens Ly u konaencaropa C,. Juon
Um VDI co3maer uenb ajid OpPOTEKaHUSA
Ucp‘ .-.-J-.4.-.-.|-.4.- Harpys0YHOro TOKa B MOMCHTBI BpC-

- MEHH, KOrJa PEryJupyroluid TpaH3U-
ctop VT3 3akpeiT. Cxema 3aliuThl OT-
cyTcTByeT. B pabouem pexume TpaH-
3UCTOP PETYIUPYIOLIETO JJIEMEHTA Iie-
PEKJII0YAETCs C YaCTOTOM B HECKOJIBKO
KWJIOTEPIl, MojaBas Ha BXoa (QuibTpa
L;, C, npsamMoOyroibHbIE HWMITYJIbCHI
(puc. 4.6).

Ha Bwixon ¢unbtpa mnepenaetcs

Puc.4.6. BpeMeHHbIe AUarpaMMbl JUIIb IIOCTOSIHHAsE COCTAaBIIAIOIIAs Ha-

paboThI KiTroUeBOTO cTabuin3aropa  PDKCHUA € €TO BXOA4A (cpennee 3Ha-
yeHue). OJTO cpelHee 3HAUYeHUE Ha-

MPSDKCHIST ONpPEAeIsIeTest aMIINTY A0 Uy 1 K09 QHUINCHTOM 3amoiHeHus t / T nm-

ot

A
Y

\ And

A
L_____Y

tI/I

T t

MyJILCOB, COTJIACHO (popMmyiie UCp =U,t,/T.

O‘{eBI/IIIHO, 4qTo IpHu (I)I/IKCI/IpOBaHHBIX HaIIPpsAKCHUAX HAa BXOAC U HA BBIXOIC KOB(l)-
(1)I/II_II/IeHT 3AaIlIOJIHCHUA UMITYJIBCOB NOJIKCH OCTABATHCA HCHU3MCHHBIM. HpI/I HU3MCHCHUAX
TOKa HArpys3ku JId HOAACPIKAHUA HCU3MCHHOCTHU BBIXOJHOTO HAIIPSAKCHUA MCHACTCA
TOJIBKO 4aCTOTa UMITYJIbCOB (qu 0obIIe TOK, TCM BBIIIC I'IaCTOTa). HpI/I U3MCHCHUAX
BXOOHOI'O HAIIPAKCHUA JOJIKCH MCHATBHCA KOC—)(l)(l)I/ILII/ICHT 3allIOJIHCHMU .



PaccMmoTpum paboty cxembl 6osiee moapoOHo. [Ipu mogaye BXOAHOTO HAMPSIKEHUS
Usgx perynupyromuii Tpanzuctop VT3 oTKpbIBaeTcs M MPONMYCKAET BXOJHOE HAIpsKe-
HUE B TOUKY “2”. Tak Kak TOK 4epe3 Apoccenb L; He MOKET U3MEHATHCS CKAYKOM, TO
HaIpspDKeHUe Ha BBIXOJIe cTa0min3aTopa OyAeT yBeIMYMBATHCS MocTeneHHO. COoOTBET-
CTBEHHO B OJIOKE€ CpaBHEHHUS HAYHET YBEJIMYMBATHCS HAINpPSOIKEHHWE HA HUKHEM IUIeue
nemutens R;. Ilpu noctmxkeHun TUM HampsbkeHueM 3HadeHus =~ 4,6B (3,9B+Ug,,)

Tpan3uctop VT4 oTnupaercs, 4To NpUBOAUT K oTnupaHuio Tpanzucropa VT1 u 3anu-
panuto TpanzuctopoB VT2 u VT3. Ilocne 3Toro HampsikeHue Ha BbIXOAE CTAOMIN3aTO-
pa u B OJIOKEe CpaBHEHUS HauyMHAeT yMeHblIaThes. [Ipu cHM>KeHUM HampsbKkeHus Ha Ry
1o 4,6 B tpansuctop VT4 3akpeiBaercs, 4TO NPUBOAMUT K OTIHPAHUIO TPAH3UCTOPOB
VT2 u VT3. Jlanee Bce mporiecchl NOBTOPSIOTCA. JIoruka paboThl CXEMBI 32 OJIUH IUKI:

T U TVT4 =T VT =>4 V2 = vr3 =l U, =l Vv714 =

Tl =T v =>Tvr3 =Tu

OCHOBHBIM JOCTOMHCTBOM KIIFOUYCBBIX CTa6I/IJ'II/ISaT0p0B ABIIACTCA HX 3KOHOMHY-
HOCTb, a OCHOBHBIM HCAOCTATKOM - HAJIMYHUC Hy.]]BcaLII/Iﬁ BBIXOIHOI'O HAIIPAKCHUA. Ot
IMyJbCallu IMPUHIUIIMAJIBHO HC MOT'YT OBITH CBCICHBI K HYJIIIO, TaAK KaK IMCPCKIHOYCHHA
PETYIIUPYIOIICTO 3JICMCHTA BO3MOJKHBI TOJIBKO IMPU U3MCHCHHUAX BBIXOJHOT'O HAIIPSKCEC-
HH.

BBIX

BBIX ****

BbIxomHOE HampspKeHHE CTa0MIIM3aToOpa peryaupyeTcs JenuTeneM HanpsokeHus Rg,
R~ u onpenensiercst popmynoi, ananoruanou (4.13).

JdomamHee 3aganue

1. Uzyuure pazngen «VICTOYHUKK BTOPUUYHOIO JIEKTpONUTAHUA» [3, ¢.244 — 272] n
CBEJICHMS, N3JI0KEHHBIC BBIIIIC.

2. TloaroToBka MaHHBIX JJIsI UCCIEAOBAHUS MOCTOBOT'O BBITIPSIMUTEIIS.

2.1. M3o0pa3ute B OTUETE CXEMY MOCTOBOIO BeInpsimuTens (puc. 4.2, B). Hanpsixe-
HUE Ha BBIXOJIE BTOPUUHOM 0OMOTKHU TpaHc(opmaTopa: u,(t) =14,1sin314t(B).

2.2 . PaccuuraiiTe BeMUMHY CpeHEr0 HAIPSDKEHUS Ha Harpyske mno gopmyne (4.1),
CYMTasl, YTO KOHJAEHCATOp (PUIbTpa B CXeMe OTCYTCTBYET.

2.3. Onpenenure MOCTOSTHHYIO COCTaBJISIONIYIO TOKa [y yepe3 Harpys3Kky (1o 3aKoHYy
Oma).

2.4. Tlo dopmynam (4.4) - (4.6) onpenenure rabapuTHYIO MOIITHOCTh TpaHChOpMa-
TOpa, MaKCUMaJIbHOE 00paTHOE HAIPSHKEHUE U MaKCUMAJIbHBIM BBITPSIMIIEHHBINA TOK Ye-
pe3 IMOoAbl MOCTA.

2.5. Ilo dbopmyne (4.9) onpenenure, KaKyr0 €eMKOCTh JIOJKEH UMETh KOHJIEHCATOP
C, yTo0b! ammutyna nyascauuii AU, coctaBnsna 5% ot Uy. CpenHuil TOK Harpy3ku

orpenenuTe 1o 3akony Oma.
2.6. Ilone3ysce ¢popmynoint (4.7) n nonaras AU, = 0,1Uy, onpenenure Hanpske-

HUe Ha Harpy3ke U, IpH €MKOCTH KOHJeHcaTopa (uiIbTpa, pacCUMTaHHON B 1.2.5.
Ammutyny Hanpsbxkerust U, cM. B 1L.2.1.



3. IloaroroBka TaHHBIX JJ1s1 UCCIIEIOBAHUS CTa0OUIN3aTOPOB.

3.1. U306pa3ute B oTueTE CXEMY JIMHEHHOTO CTAOMIM3aTOpa HAPSXKEHUS
(puc. 4.4). Tlox cxemoii 3anUIIUTE JIOTUIECKUE JUATPAMMBI €€ paOOThI.

3.2. Ilo dopmynam (4.13), (4.14) onpenenure BBIXOJHOE HAMNpsHKEHUE CTaOWUIIM3a-
TOopa Juisi 000MX BapuaHTOB conpoTuBieHui (R7 u Rg) B HIbkHEM 1uiede nenuTens Ha-
PSDKEHUSI.

3.3. Ilonaras, 4ro HampsbkeHUe Ha Bxozae cradbunmsaropa U, =12B, ompenenure
KIIJ] crtabunuzaTopa AJjig MOJyYEeHHBIX 3HAYEHUN HaNpspKeHHs] Ha BbIxoJle (dopmyra
(4.12)).

3.4. U306pa3ute B oTueTe CXEMY KIII0UeBOro crabuimnsaropa (puc. 4.5) u joruye-
CKYyIO uarpaMmmy ero padotsl. PaccunTaiite 3Hauenue pesucropa Rg, mpu koTopoM Ha

BBIXOJI€ cTabuiIm3aTopa ycTaHOBUTCs Hanpsbkenue U, . =5B.

3.5. Ouenurte ko3 PUIIUEHT 3amoJHeHUsT UMIYJbcoB t,/T ammmutymoit 12 B, oGec-

MEYUBAIOIINN CpeHEE 3HaUeHuEe HanpsokeHus 5 B. To ke — s aMIumMTy sl UMITYJIb-
coB 20 B.

IHocnenoBaTeIbHOCTH BBINOJHEHUS PAa0OTHI

1. Cozoanue u noocomosxa mooenu

1.1. Cobepure Mozenb, Kak MOKa3aHO Ha puc. 4.7.

)

12V/50Hz/0Deg Vial ¥ Bl
300 $2

[500uF  [2000uF

Puc.4.7. Mopnenp niist uccieqoBaHus BbITPSIMUTENS

1.2 . Orxmrounte knrodamu A U B konaeHcaTopsl puiibTpa. Y CTaHOBUTE 3HAUCHHE
conpoTtuBiieHUs Harpy3ku B 300 Om.
1.3. 3amycTtrTe aHAIN3 CXEMBI.

2. Hccneoosanue svinpsamumens oes ghuibmpa
2.1. TlogxmrounTe ocruiuiorpad K BeIXOAY TeHepaTopa HanpsokeHus. M3MepbTe am-
wtyny U, u mepuoa T HampsbkeHus Ux(t) Ha BeIxojae reHeparopa. CpaBHHTE UX C
aMIUTUTYJIOW M TEPUOJIOM HaIpsKEHUs, 3aJaHHoro B 1.2.1 gomamHero 3amxanus. Eciou
aAMIUTUTY/bI OTIMYAIOTCS, CKOPPEKTUPYHTE PaCUETHI.
2.2. N3meppre Hampskenue U, BombTMeTpoM. Kak cOOTHOCATCS MOKa3aHUs BOJIBLT-



Metpa U, u octimutorpada U, ? Halinure cootnommenue U,y /Us.

2.3. logkmrounTe ocuuiiorpad K BBIXOMY IUOAHOTO MocTa. Ha skpaHe ociumio-
rpada BeIIpsiMIEHHOE HampsikeHue Uy(t). [louemy ero ammiutyna Uy, MEHbINE, yeM
aMIUIMTY1a CHHYCOUIbI? Y BEIMYBTE YUAaCTOK ociuuiorpaMmmel okosio 0 B. OTkyna B34-
JIUCH TJIOCKKUE yyacTku? M3mephTe UX JJIUTENBHOCTH U JaiiTe 00bSICHEHNE.

2.4. 3MmepbTe BOJIIBTMETPOM HanpsbkeHue U, Ha Beixoae Mocra. Kak 0HO COOTHO-

CUTCS C ACUCTBYIOIIUM 3HaU€HUEM HanpsikeHus: U,, u3MepeHHbIM B 11.2.27 CpaBHUTE C
dbopmynoii (4.2).

2.5. BkitounTe B cXeMy IOCJIea0BaTeNbHO reneparopy pesuctop R = 1 Om. Iloa-
KIII0UUTEe ocuusuiorpad Kk atomy pesuctopy. Hanpspkenue Ha 3ToM pe3uctope 1o Gop-
Me 1noJ00HO TOKY B TeHepartope. 3Has, 4To conportuBienne R = 1 Owm, onpenenute aM-
IUTYRY ToKa Ir,. 3apucyiiTe oOCHWIIOrpaMMy TOKa.

2.6. CHUMHUTE OCHUIUIOTPAMMY Ha JTUOJI€ BRIIPSIMUTENS. 3apUCYHTE €€.

3. Hccredosanue gvinpsmumens ¢ punbmpom
3.1. [loaxmtounte k BeixoAy BeimpsiMutens kouaeHcatop C = 500 mx®d. IlonpoOyii-
T€ MpEeICcKa3aTh AMIUIUTYY MMYJIbCALIUN : 6onbiie 10% wnu menbie?
Tenepb cHUMHUTE OCHMIUIOTPAMMY HampsDKEHHUS Ux(t) Ha BbIXoe Bulpsmurens. Msz-
MepbTe aMIuTyny mnyibscanuii AU, . Paccuuraiite ee, monb3ysachk gopmyinoit (4.9).

CoBnanaet?

3.2. U3menute conpoTtusiieHne Harpy3ku Ha Ry = 100 Om. Kak nsmMeHunach aMIuin-
Tyna nynbcanuid? [oakimounte napamienbHo konaeHcatopy B 500 Mx®d enie u KOHICH-
catop B 2000 mx®. O61m1as eMKocTh Bo3pocia B 5 pa3. Kak 3To oTpa3uioch Ha myjbca-
usax?

3.3. IloBTopute mm. 2.5 u 2.6 npu HATUYUKM KOHJIEHCAaTOpoB duibTpa. [lepeximtoyast
TyMOJIEpPBI, BBIICHUTE, KaK BIUSCT BEIUYMHA €MKOCTU QuiabTpa Ha GopmMy Toka i(t) B
LMY TeHepaTopa. 3apucyiTe OCHHIIIIOTPaMMBI TOKa ix(t).

4. BvixoOHOe conpomuenerue 8blNpamMumeisi
4.1. Bkmrounte 00a koHaeHcaropa ¢uibTpa. M3mepsre Hanpsbkenune U, mpu co-

poTuBIeHUU Harpy3ku Ry = 100 Om.
4.2. OTKJIIOYMB HArpy3Ky, U3MepbTe HaIpsDKeHHE Ha BbIXoJe BeIIpsmutens Uxx B
pEeXHME XOJIOCTOTO XOa.
4.3. Onpenenure BHIXOJAHOE CONMPOTUBIEHUE UCTOYHUKA 110 (hopmyJie
Tox = RH (Uxx - UH)/UH .
4.4. OTKJIIOYUTE aHAJTIU3 CXEMBI.

5. HUccnedosanue nunetino2o cmabunuzamopa
5.1. CobepuTte cxemy, Kak mokaszaHo Ha puc. 4.8. Ha Bxoj ctabunuzaropa nogaite
noctosiHHoe HanpsbkeHue 12 B. Ha Bbixos cTabunuzaropa mogkiI0unTe Harpy304Hoe
conpotuierre 100 OM. B nienb Harpy3ku BKIFOUYUTE aMIIEPMETP.
5.2. BKIIOYMTE aHAJIU3 CXEMBI.

5.3. Ilepexirouast TymOJiep B LIETH ACIUTENS HanpsbkeHus Sg “S B/9 B”, uzmeprte



BOJIbTMETPOM BBIXOJIHOE HampsikeHue ctabunuzatopa. [louemy ono mensercs? Ilpo-
BEphTE, MEHSAETCS JIU IIPU STOM HaNPSKEHUE B CPEHEN TOUKE BHIXOJHOTO JACIIUTENS
HaIPsHKCHMUS.

5.4. IlogaBas Ha BxoJ ctabunusaTtopa HanpspkeHus 20 B/ 12 B, usmepbre, kak Mme-
HSIOTCS HANPsDKEHUS M TOKM Ha BhIXoje crtabunuzatopa. [lo dopmyne (4.10) paccuu-
TaiiTe KOAPOUIHUEHT CTaOUIN3aLUN.

5.5. Paccunraiite notpedasemyto Py (U, 1., ) u otnaBaemyto P, (U, L. . ) MomI-

BX7BX
Hoctu. Hatinure KII] ctabunuzaropa o dopmyie (4.11). CpaBHUTE €ro ¢ HailICHHBIM
B JloMaliHeM 3ajanuu. OnpenennTe MOITHOCTh, PACCEUBAEMYIO ITPOXOHBIM TPaH3U-
ctopom 2N4401.

2,7
2N4401  {[Q1/1kS2/50% _— —
7 \_f VVYV I—I_“
2N5210 v

ok N1

T ON2712 § 620 Q
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Puc.4.8. UccaenoBanue JTMHEHHOrO cTaduamM3aropa

5.6. BkiirouuTe aMrepMeTphl Ha BXOJI€ M BBIXOJIe cTa0uin3aTopa. Y CTpOMTE Ha BbI-
X0JIe CTa0UIM3aTOpa KOPOTKOE 3aMbIKaHUE. Y 0€IUTeCh, YTO BBIXOJHON TOK OTPaHUYCH.
[Touemy?

5.7. BBIKIIOYNTE aHAJIM3 CXEMBI.

6. Hccneoosanue umnynbcHoeo (Kuoues020) cmadbuiuzamopa

6.1. Cobepure cxemy, Kak nmokazaHo Ha puc. 4.9. Ha Bxox ki1t04eBOro cTabuin3aro-
pa mojanTe MOCTOSIHHOE HanpspkeHue 12 B, a Ha ero BeIXO MOAKIIOYUTE HArPy304HOE
conpotusiieare 30 Om. IlocnenoBaresbHO CO BXOAOM M BBIXOJAOM MOJKIIOUUTE amIlep-
MeTphl. BKIIFOUMTE aHAN3 CXEMBI.

6.2. CHUMHUTE OCHWJIJIOTPAMMY HANPsKEHUS Ha SMUTTEPE MPOXOTHOTO TPaH3UCTOPa
BD901. O6bsicHuTe ¢ €€ TOMOIIBIO TPUHITUI pabOThl cTaOUIU3aTOPA.

6.3. IlogaBas Ha Bxon crabmnmzaTopa Hanpspkenus 20 B/12 B, npokoHTponupyiite
BOJILTMETPOM HM3MEHEHHMsI HaNpsKEHUN Ha BXOJIE€ W BBIXOJle cTabuiuzaTopa. MeHsercs



T BBIXOJIHOE HampspKkeHue? 3apucyiTe OCHUIUIOrpaMMBbl HANPSHKEHUH Ha SMHUTTEpE
MPOXOJIHOTO TpaH3ucTOpa JyIsi o0oux ciaydaeB. CpaBHUTE KOIP(HUIIMEHTHI 3alI0THEHUS
B OCHIMJIJIOTpaMMaxX CO 3HAYCHHUSIMU, PACCUMTAHHBIMU B JIOMAIITHEM 3a/IaHUH.

BD901 66277 200mH .
[R]/33052/7% |—‘E—|
§3k§2 | Bp24g 279’ BD241
1000uF
320\/ = § 300
! BD500 1N4001
; 620% A IN4733 0.015KF
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Puc.4.9. UccnenoBanne uMMyabCHOTO CTa0MIN3aTopa

6.4. PaccunTaiite MOITHOCTH, OTpeOIsiEeMble U OT/AaBaeMble cTaOUIN3aTOpOM. BhI-
yuciure ero KIIJ[. Cpasaute ¢ KII/l nuneiinoro crabunmzaTtopa.

Bomnpocs k 1abopaTopHoii padore

1. ITouemy MOCTOBOW BBIIIPSMUTENDL HE TOAUTCA ISl BBIIPSIMIICHUS MAJIbIX HAIpsi-
AKEHUI?

2. Tlouemy npu HaTU4YUKM KOHAEHcATOpa (QUIBTPA TOK Y€pe3 JUOJbI BBIIPSIMUTEIS
uMmeeT (GopMy UMITYIIBCOB?

3. Kak paccunTtbiBaeTcs €eMKOCTh KOHIeHCcaTopa GpuibTpa?

4. TlosicHuTe NPUHIMI paOOThI TUHEHHOTO CTAOUIN3ATOPA.

5. Tosicaute mpuUHLMI PAOOTHI KIOYEBOTO CTAOMIM3ATOPA.

6. IlosicHuTe Mo cxeMaM, Kak peryjaupoBaTh BBIXOJHOE HaNpsDKEHHE CTaOMIN3aTo-
pa?

7. KakoBbI mpenMyIecTBa KIHOYEBOTO CTaA0UIN3aTOpa HAJl TIMHEHHBIM ?

8. Kak mopaep:kuBaeTcs MOCTOSTHCTBO BBIXOJHOI'O HAIIPSKEHHS B KIFOYEBOM CTa-
OwM3aTope Ipv U3MEHEHMH TOKa Harpy3Kd WIH MPU WU3MEHEHUH BXOJHOIO HaIpsiKe-
HUS?
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