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1. AHAJIMTUYECKHA PACYET KACKAJIA
HPEABAPUTEJIBHOI'O YCUJIEHUA

Heanb
1. YrayOuTh U 3aKpenuTh TCOPETUUCCKUE 3HAHUS 10 TIPUHIIUIIAM TTOCTPOCHUS
YCUJIUTEIIEH, HAa3HAYCHUIO  DJIEMEHTOB  THUIIOBBIX  CXEM, OCHOBHBIM

XapaKTEepUCTUKAM YCUIIUTEIIEH CUTHAJIOB,;
2. IlomyuuTh npakTHUECKUE HABBIKM pacdeTa mapamMeTpoB 3JIEMEHTHON 0a3bl
CXEMBbI TPAH3UCTOPHOTO YCUJIUTENS C 3aIaHHBIMHU XapaKTEPUCTUKAMU.

Y4eOHble BONPOCHI
1.1. CocTaBneHue cxembl TPAH3UCTOPHOTO YCHIIUTENS 110 cxeme ¢ O;
1.2. Pacuer TpaH3UCTOPHOIO ycuiauress o cxeme ¢ 09;

Jlureparypa 1Jisi HOATOTOBKH K 3aHATHIO

1. CokonoB C.B., TutoB E.B. OcHoBbl cxemorexnuku. PoctoB H//l.: CKD
MTVYCH, 2010. — 210c.

2. IlaBno B. H, Horun B. H., CxeMOTexXHHMKa aHAJIOTOBBIX 3JIEKTPOHHBIX
ycTpoicTB. [y BbiciuX y4eOHbIX 3aBefeHui. — M.: ['opsiyas nunus — Tenexkowm,
2001. —320c.

3. Anues U. U., BupryanbHas 351eKTpoTeXHHKa. KOMIIBIOTEPHBIE TEXHOJIOTUU
B AJIEKTPOTEXHUKE U AnekTpoHuke. M.: PannoCodr, 2003. — 240c.

Copepxanue oruera

1. Ha3Banue paboThI.

2. ITo xaxxaomMy U3 3aaHUM JOJKHBI OBITh TIPEACTABICHBI HA3BAaHUE 3aJaHuUs
Y T€ KOHKPETHBIE JAHHBIC, KOTOPHIC YKA3aHbI B 3a/IaHUU.

3. KpaTtkue OTBEThl Ha T€ KOHTPOJbHBIC BOIMPOCHI JJIsi CaMOIPOBEPKH,

KOTOPLBIC emé HC HalllJIK CBOCTO OTPAKCHHUA B OTUCTC, HO BBI3BIBAIOT 3aTPYAHCHUA
JJI1 ITIOHMMaHHA.

AKTYaJIbHOCTDH 3aHATHS

Ycunurens saBisercss 0a30BBIM  y3JIOM I TOCTPOEHHUSI aOCOJIFOTHOTO
OOJBIIMHCTBA CXEM AHAJIOTOBBIX U HHUQPPOBBIX yCcTpoucTB. [loaTOMYy moHMMaHue
paboThl CXeMbl W HA3HAYEHHUS OCHOBHBIX JJIEMEHTOB CXEMbI SIBIISIETCA
00s3aTeNbHBIM JIJIs1 crielraiucTa. Pacuer cxeMbl yTOUHSIET BIUSHHUE €€ 3JIEMEHTOB
Ha [apaMeTPbl U XapaKTEPUCTUKHU YCUIIUTEIIS.

Bomnpocskl 1J1s1 NIOATOTOBKYU K 3aHATHIO

1. Kakue BbI 3HaeTE TUIBI YCUIIUTENEH?

2. Kakue ObIBatOT BUJIBI TPAH3UCTOPOB?

3. 3a cyer 4ero NpoUCXOJUT YCUIIEHUE BBIXOJHOIO CUTHAIA?

4. Kakre OCHOBHBIE XapaKTEPUCTUKN UMEET YCHIIUTENb HA TPaH3UCTOpE?



5. Kakumm npuumHamMu BBI3BaH 3aBajl 4YacCTOTHOM XapaKTEPUCTHUKHU
YCUJIUTEINS B 00JIACTH HU3KUX U BBICOKMX 4aCTOT?

KpaTkue cBeieHUs1 U3 TEOPUH

Ycunurens SABISETCS OJHUM U3 CaMblX PACIPOCTPAHEHHBIX 3JIEKTPOHHBIX
YCTPOMCTB, NPHUMEHAEMBIX B aHAJIOTOBBIX CHCTEMAX TEJIEKOMMYHUKAIIUM.
Yeunurenu TOApa3AeNaioTCs Ha YCWIMTEIH MpelBapUTeNbHble  (YCHIUTENN
HANpsDKEHUS1) U YCWJIMTENU MOIMHOCTH. [Ipu 3TOM Bce Kackaibl YCHUIMTENS
o0nanaoT OOUIMMH CBOMCTBAMH, Pa3U4Me MEXAY HHUMH MOXXET OBITH TOJBKO
KOJIMYECTBEHHOE: pa3HbIe TOKHU, HAIMPSHKCHUS, pa3InYHbIC 3HAUEHHUS PE3UCTOPOB,
KOH/ICHCATOPOB | T. TI.

JIsg KackaloB MPEABApPUTEIHLHOTO YCHIUTENS HamOoJee pacipOoCTpaHEHBI
PE3UCTUBHBIE CXEMbI, B KOTOPBIX HArpy3KOM YCWJIMTENS CIYXHUT pe3uctop. B
3aBUCHUMOCTM OT crnoco0a BKIIOUEHHUS TPAH3UCTOpAa CXEMbl YCHINTENEH
HOJIpa3elIAioTCs Ha:

1) cxemsl ¢ obmeit 6a3oit - Ob (puc.1.1);

+ Ennm

@]

R R

T

Usx Ussix
J/ R> QRE J—‘:(‘ﬁ Ru J’
O + T - *

Puc.1.1. Cxema TpaH3UCTOPHOTO YCHIIUTENS C 00IIIeH 6a30ii

O

2) cxembl ¢ oOmuUM KoOUIeKTOpoM - OK (SMUTTEpHBIM MOBTOPUTEID)
(puc.1.2);

+ Enen

Puc.1.2. CxeMa TpaH3UCTOPHOIO YCHIIMTENS C OOIIMM KOJUIEKTOPOM



3) cxembl ¢ 001muM smMutTepoM - O3 (puc.1.3).
+ Emim

Puc.1.3. CxeMa TpaH3UCTOPHOIO YCHIIMTENS ¢ OOIUM SMUTTEPOM

Haunbonee pacnpocrpanenHon sBisgercs cxema ¢ OD. Cxema ¢ Ob B
MPEABAPUTEIbHBIX YCUINTENSAX BCTPEUAETCA PEIKO. OMUTTEPHBIA MOBTOPUTEID
o0JiajaeT HaMOOJBIIUM U3 BCEX TPEX CXEM BXOJHBIM M HAaUMEHBIIUN BBIXOIHBIM
COMPOTUBJICHUSIMH, TIO3TOMY €ro MPUMEHSIOT JJISi COTJIACOBAaHUS MCTOYHHUKA
CUTHaJa, UMEIOIIETO OOJBIIOE BHIXOJAHOE COMPOTUBIECHNUE C HU3KOOMHBIM BXOJIOM
KacKaJia MpeBApUTEIbHOTO YCUJICHHUS.

Ha3Banue cxembl "c 00mMM 3MHUTTEpOM" O3HAYAET, YTO BBIBOJ SMUTTEpA
TPAH3UCTOPA MO MEPEMEHHOMY TOKY SIBJISIETCSI OOIIMM JIsl BXOJAHOM M BBIXOJIHOM
Leren Kackaza.

CymiecTByeT MHOXECTBO BAPUAHTOB BBIMOJHEHHUS CXEMBl YCHJIMTEIBHOTO
Kackaga Ha Tpansuctope ¢ OD. D10 00yClIOBIEHO TJaBHBIM 00pazoM
OCOOCHHOCTSIMHU 3aJjaHusl pPEXHMa TOKOs Kackaaa. PaccMOTpuM yCHIIMTENBHBIN
KacKkajJ, Ha TMpuUMepe THUTMOBOM cxembl (puc.l.4), mnomyuduBiiei HauOobIIEe
MpUMEHEHUE TMPU peaju3ali Kackajga Ha OumnoisipHoM TpaH3uctope. Ha aToi
CXEM€ yKa3aHbl BCE€ HEOOXOIMMbIE TOKU M HAPSKCHUS.



Puc.1.4. Tunosasa cxema ycuiurens ¢ OD

OCHOBHBIMM DJIEMEHTAMH CXEMBI SIBJSIFOTCSI MCTOYHMK MHTAaHUA E,.,
YIPABISIEMBIA 3EMEHT - TPAH3ZUCTOP T U PEZUCTOP R, . DTHU 3IEMEHTHI 00pa3yIOT
[VIABHYIO 1L€IIb YCWIMTEJIBHOIO KackaJa, B KOTOPOM 3a CYET IPOTEKAHUA
yIOpaBIsieMOro MO Lenu 0a3bl KOJJIEKTOPHOTO TOKAa CO3/a€TCsl YCHIJIEHHOE
IIEPEMEHHOE HAINPSDKEHWE Ha BBIXOJE cXeMbl. OcCTalbHBIE 3JIEMEHTHI KacKaja
BBINIOJIHAIOT ~BCIIOMOraTenbHyr0 poib. Konpencatopsl C,u C,, SABIAIOTCA
paznenurenbHbIMU. KonaeHcaTtop C,, WCKIIOYAET UIYHTUPOBAHUE BXOJHOW LIETIH
KacKaaa [eNnbl0 MCTOYHHMKA BXOJHOIO CHUIHAjla II0 IOCTOSHHOMY TOKY,
KoHgeHcarop C,, IMPOIIYCKaeT B ME€lb HArpy3KH TOJBKO MEPEMEHHYIO
COCTAaBJISIOINIYIO BEIXOJHOI'O HAIIPSDKEHUS.

PesnucTopsl R, U R,UCHONB3YIOTCS IS 3aJaHHUSl PEKMMA TOKOSI KacKasa.
[lockonbKy OWMMNONSPHBIA TPAH3UCTOP YNPABISAETCSA TOKOM, TOK IOKOS
YOPABISIEMOr0 3JIEMEHTa (B JAHHOM Clly4ae TOK [,,) CO3JAaeTcsl 3aJlaHueM
COOTBETCTBYIOIIECH BEJIMUMUHBI TOKa 0a3bl OKOs /,, . Pesuctop R, coBMECTHO C R,
00€ecreynBalOT HaNpsHKEHHE MOKOoA Ha 0a3e U, OTHOCUTENbHO 3axuma ~+°
MCTOYHUKA MUTAHUS, KOTOPOE ONPEAEIIAET BEIUNUYNHY CMEIIEHUS [ ., .

Pe3uctop R, sBAsSETCS JJIEMEHTOM OTpUIATENIbHOW OOpaTHON CBA3M,
npeIHa3HaYeHHbIM JUIsl CTaOWMJIM3alMu peXHMMa IMOKOS Kackaja MpU HW3MEHEHUU
TeMneparypel. TemmnepaTypHas 3aBUCHMOCTb [AapaMETPOB pEXHUMA  IOKOS
00yCNaBiIMBAETCsl  3aBHUCHUMOCTBIO  KOJUIGKTOPHOTO TOKa ToOKos  [,, OT
temnepatrypbl. [lpm oTcyTrcTBUM Mep 10 cTabuiau3zauMd TokKa [,,, €ro

TEMIIEPATYPHBIE U3MEHEHUS BBI3BIBAIOT M3MEHEHUE PEKHMMa IOKOS KACKaJa, 4To
MOKET NPHUBECTH K paboTe Kackaja B HETMHEHHON 0O0JacTH XapaKTEePUCTHK
TPaH3UCTOPA U UCKAXKEHUIO (POPMBI BBIXOJJTHOTO CUTHaNA. BepoATHOCTD MOsBICHUS
VICKQ)KCHHUH NTOBBIIAECTCS C YBEIUYCHUEM aMIUIMTYbl BBIXOJHOIO CUTHAJIA.
[IposiBneHue OTpUILIATENBHON OOpaTHOW CBSI3M M €€ CTAOMIM3UPYIOIIETO
JNEUCTBUS HA TOK [,, HETPYAHO IOKa3aTh HEMOCPEACTBEHHO Ha cXeMe (CM.



puc.1.4). Ilpeanosnoxum, 4To NMOJ BIMSHUEM TEMIEPATYphl TOK [,,, YBEIUUYHUIICS.
OTO OTpakaeTcsi Ha YBEJIWYECHHH TOKa [,,, TOBBIIICHUN HANPSHKCHUS
U,,=1,,-R, U COOTBETCTBEHHO CHM)XCHHH HampsbkeHus U,,,. Tok 0a3bl [,
YMEHBIIIAETCS, BbI3bIBAs YMEHBIICHHE TOKA [,,, YEM CO3[AETCAd MPEMSITCTBHUE
HAaMETUBILIEMYCSl YBEIUYEHHUIO TOKa [,,,. VHBIMM cloBamu, CTaOMIIM3UPYIOLIEE
JNEUCTBUE OTPHUIIATEIHPHOW O0OpaTHOM CBSI3W, CO3/1aBacMOM PE3UCTOPOM R, ,

NPOSIBIISIETCS. B TOM, YTO TEMIIEPATypHbIE U3MEHEHUS MapaMeTpPOB PEKUMA MOKOS
nepenaloTcs Ienblo OOpaTHOM CBsI3M B TOpoTuBOo(dase Ha BXOA Kackana,
NPEISATCTBYS TEM CaMbIM W3MEHEHHIO TOKA [, , 4, CJICIOBATEIbHO, U HATIPSKCHHUS

UBle :

Konnencatop C, WIYHTUpPYET PE3UCTOP R, MO IEPEMEHHOMY TOKY,
UCKJIIOYasi TEM CaMbIM IMPOSIBIICHUE OTPUIIATEIIHLHON 0OpaTHOM CBSI3U B KacKaje Mo
MEPEMEHHBIM COCTABJISIOIIHM.

[Mpunnun neiictBus kackaga ¢ OD 3akmrodaercs B cienyromieM. [lpu
HaJIMYUU TOCTOSIHHBIX COCTABJISIONIMX TOKOB M HAMpsDKEHUM B cXeMe Mojada Ha
BXOJ] KackajJla TIEPEMEHHOI0 HaNpsKEHUsI MPUBOJUT K MOSBJICHUIO MEPEMEHHON
COCTaBIJISIIOIICH TOKa ©0a3bl TpaH3UCTOpa, a, CIEIO0BaTeIbHO, MEPEMEHHOM
COCTaBISIIOIIEN TOKa B BBIXOAHOM IeNM Kackaja (B KOJUIEKTOPHOM TOKE
TpaH3UCTOpa). 3a CYET NaJACHUS HANpPsDKEHUS Ha PE3UCTOpE Ry cosmaercs
MEPpEMEHHAs] COCTABJISIONIAS HANpPsDKEHUS Ha KOJUIEKTOpE, KOTopas 4Yepes

KOHICHCATOP CP 2 ICpEHAcCTCA Ha BEIXOJ KaCKaaa - B LICIIb HAI'PY3KH.

3amanue 1.1. CocTaBieHue cxeMbl TPAH3MCTOPHOIO YCHJIUTEJIA MO CXeMe
c 09

Haueptuts MPUHITUTHATBHYTO cXemy PE3UCTOPHOTO Kackaja
MPEABAPUTEILHOTO YCHJICHHWS TapMOHMYECKMX CHUTHAJIOB Ha OHIOJISIPHOM
TPAH3UCTOPE, BKIIFOUEHHOM I10 CXeME C OOIIUM SMUTTEPOM.

Tun Tpan3ucropa BeIOpaTh MO NocieIHEN HU(Ppe HOMEpa 3a4€THOU KHUKKH
W3 BapuaHTOB 1o Tadsmiie 1.1.

Cxema nomkHa cooTBeTCcTBOBaThH TpeboBanusiM ECK/I:

- TOCT 2.710-81 O6Go3HaueHusi OyKBEHHO-IU(PPOBBIE B DIIEKTPHUECCKUX
cXemax;

-T'OCT 2.702-75920000 ITpaBuna BbIIOTHEHUS STIEKTPUUECKUX CXEM;

- TOCT 2.701-2008 Cxempbl. Bumpt m tumel. OOmme TpeOGoBaHHS K
BBITIOJIHCHUIO;

- TOCT 2.728-74(2002) O6o03HaueHHs YCIOBHBIE rpadUyecKue B CXeMax.
Peructpsl, KOHIEHCATOPBHI,

- TOCT 2.730-73(2002) O603HaueHus ycloBHbIe rpaduueckue B cxemax.
[TpuGopsI MOTYIPOBOTHUKOBBIE.

B oTuere npenctaButh:

- CXEMY DJIEKTPUUYECKYIO MPUHIUIHATIBHYIO YCUIUTEIIS.



3amanue 1.2. Pacyer TPaH3MCTOPHOIO yCHJIUTEIA 1O cxeme ¢ 0D

PaccuntaTh mapameTpbl 3JEMEHTOB CXEMbI, PEXHM pabOThl Kackajaa Io
MOCTOSIHHOMY TOKY, KO3(DPUITMEHT yCUIIEHUS B 00JIaCTU CPEAHUX YACTOT, BXO/IHBIE
napaMeTpbl Kackaja M aMIUIUTYAYy BBIXOAHOTO curHana. McXonaHble HaHHBIE IS
pacuera npuBeAeHbl B Tabn.l.1. Homep BapmanTa - mocinenssi uudpa Homepa
3a4€THOM KHUKKHU.

Ilepen pacyeToM pEKOMEHAYETCS NPOAHATM3UPOBATH LENU MPOTEKAHUS
NOCTOSIHHBIX M TEPEMEHHBIX TOKOB. Takue 3amaun NPUXOJUTCSA pelarh MNpu
aHajgu3e W pacuere J0OOW yCWIMTENbHOM cXeMbl. B "acTHOCTH, 3HaHuUE lieneit
IPOXOXKJICHUA TIOCTOSIHHBIX TOKOB HYKHO JUId pacyeTa Leneil NUTaHus
IEKTPUYECKUX cXeM. Llenn nmpoTexkaHus TOKAa MCTOYHUKA CHUTHaja ONPEHENSIIOT
BXOJIHOE CONPOTHUBJIEHUE KacKaJa, a LENH, 10 KOTOPBIM MPOTEKAET MOCTOSHHAs
WIM TIEPEMEHHAs COCTABJISIIOLIAS BBIXOJIHOTO TOKA, OIIPEAEISAIOT HArpy3Ky Kackaja
COOTBETCTBEHHO I10 TIOCTOSIHHOMY U IIEPEMEHHOMY TOKY.

Tabmuna 1.1
I/ICXOILHBIG JAaHHBIC IJI1 pacucTa
Texuuueckue Howmep BapuanTa
JTaHHbIE 1 2 3 4 5 6 7 8 9 10
Mapxka KT | KT | KT KT KT KT KT KT KT KT
TpaH3HUCTOpa 361A| 3516 | 315A | 3576 | 352A | 361A | 3516 | 3156 | 3575 | 352A
AmmuuTyna

curHana Ha Harpyske| 0,2 | 0,3 0,4 0,5 0,2 0,3 0,4 0,5 0,2 0,3
Uy, B
Bepxuss
T'panntHasg 9acToTa | 3.6 | 1.8 2,0 4,0 3,6 2,0 7,0 6,0 4,5 2,4
fB\/E ) MFH

HwxHas rpannynas

200 | 300 | 400 500 100 250 400 300 150 350
Jactora [, 5, I'

EMKocCTh Harpy3ku
CH, nd
ConpoTuBienue
Harpy3ku Ry, kOm
BnyTtp. compor.
nuct. curaana Rr, Om
Hanpsixenue ucr.
mutanus Uy, B

160 | 180 | 200 | 190 | 170 | 160 | 100 | 150 | 190 | 120

10 15 12 20 16 14 10 15 12 17

500 | 400 | 700 | 200 | 300 | 450 | 600 | 650 | 550 | 350

12 14 10 12 15 10 12 15 14 14

Jliist pacdera 1enecoo0pa3HO HCMOIb30BaTh CXEMY, Ha KOTOPOM MOKa3aHbl
HE TOJILKO pealibHble (PU3NUECKHE TUCKPETHBbIC KOMIIOHEHTBI, HO M OTIEIbHbIC
AJIEMEHTHI, KOTOphIe HECYT Ha cebe CBOMCTBA ATUX (PU3NUYECKUX KOMIIOHEHTOB
(puc.1.5). Takue AOMOIHUTENbHbBIE AJIEMEHTHl KOHKPETU3UPYIOT BaKHbIE CBOMCTBA
(buU3MYEeCKUX PJIEMEHTOB CXEMbl, XapaKTep WX BIMSIHUS HA TapaMETPbl YCUITUTENS U
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VCITOJIB3YIOTCSl ISl BBINIOJHEHUSI pacyeToB. B 4acTHOCTH, Ha PUCYHKE MOKa3aHbI
000011IeHHasT BXOJHAs €MKOCTh C,, BHYTPEHHE CONPOTUBIECHUE HCTOYHHKA
Curtaia R, , €MKOCTb Harpys3ku C, .

Belnucath UCXOJHBIE JAaHHBIE JUIsl pacyeTa MO CBOEMY BapHaHTY, a TaKkKe
napameTpbl Tpan3ucTopa (tadi.1.2).

Pacuer kackazoB NpenBapUTEIBHOTO YCUJIEHUS BEHETCS AHAIUTUYECKUM
METOAOM. OTO BO3MOXHO TMpU JONYHIEHWH, YTO B TaKUX YCHJIUATEIAX
MPUCYTCTBYIOT HE3HAYUTENIbHBIC AMIUIUTYAbl BXOJHOTO CHUTHajia. JTO B CBOIO
ouepellb MO3BOJISET CUYUTATh, UTO MPHU MOJAYE HA BXOJ MEPUOJUYECKOTO CHTHAJIA
MapaMeTpbl YCUIIUTEIS OCTAIOTCA HEM3MEHHBIMU 32 MEPUOJ] CUTHAJIA.

@®opMyIbl, MO KOTOPBIM BEIETCA pacyeT, 00s3aTeNbHO JOJDKHBI OBbITh
npuBesneHbl B ordere. [loacraBinsiemMble B (QOpMyJbl YHUCIOBBIE 3HAYEHUS
HEO0OXOIMMO YKa3bIBaTh B OCHOBHBIX €JIMHHMIIAX (BOJBT, ammep, gapaaa, TeHpU U
T.A.). OKOHYATEIbHBIN Pe3yJbTaT JOJKEH OBITh BBIUMCIEH C TOYHOCTBIO JI0 TPEX
3Havammx Mudp, OKPYIJIeH A0 JABYX 3Havalux LOUPp U CHAOXKEH 3HAKOM
OCHOBHOU WJIM MPOU3BOJIHON pasMEpHOCTH (MUUIHaMIiep - MA, KuiiooM - KOM u
T.J1.).

Ry Cp1
EL == o

I

Puc.1.5. Cxema ycunurensa ¢ OO v JOMOJHUTEIbHBIMU JJIEMEHTaAMHU J1JIS
pacuera

A
R BBIX
Mk

[Tocne BBIYHMCIIEHUSI COMPOTUBIICHUS KAaKOTr0-1H00 Pe3ucTopa WM €MKOCTU
KOHJIEHCATOpa HEOOXOAUMO Ccpa3y K€ BbIOpaTh OnmumxKalmii HOMHHAT B
COOTBETCTBUHM C Ps70M HOMUHAIBHBIX 3HadeHWH (Tabn.1.3) m B JanpbHEHIIMX
pacyeTax MCIOJIb30BaTh TOJbKO 3Ty BEJIMYUHY.

Homunansl conpoTtuBieHuii u emkocte Oonbmie 100 momyyarorcs
YMHOK€HHEM 3Toi mkaisl Ha 10,100,1000 u T.1.

Jlnis  pesucTopoB mpuMeHsioTcss  kodbdummentsr 107 —  10°, s
KOHJICHCATOPOB MPUMEHSIOTCSL Kodddurmentst 1072 — 107

TexcToBbIC MOSICHEHUS K pacucTaM OOJIKHBI OBITH NpCaACIbHO KpPaTKH.
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B mpormecce 3amuThl OoT4eTa aBTOPY MPEIACTOUT OOOCHOBATH MPHUHSTHIC
pelieHus: ¥ IPOKOMMEHTHPOBATH ATAIbl BHINTOJTHEHHBIX PACUETOB.

Ta0muna 1.2
[TapameTpbl TPaH3UCTOPOB
[TapameTpsl
Tun Crpykrypa
T h ) h RB: UKBmaxa CBB) CK;
paH3ucTOPa | hy13min | N215max Om B D oD TpaH3UCTOpA
KT315A 30 120 140 20 80 7 n-p-n
KT315b 50 350 130 15 85 7 n-p-n
KT361A 20 90 150 20 90 9 p-n-p
KT357b 20 100 200 20 70 5 p-n-p
KT351b 50 200 150 15 90 15 p-n-p
KT352A 25 120 200 15 80 15 p-n-p
Tabmuma 1.3

Psap1 HOMUHATIBHBIX COHpOTI/IBJIeHI/Iﬁ PE3UCTOPOB U E€MKOCTeH KOHACHCATOPOB

Toun.[10|11[12[13[15]16(18(20|22(24(27(30|33(36(39 |43 |47 |51|56 |62 |68 |75|82|91
+5%

Toun.|10 12 15 18 22 27 33 39 47 56 68 82
+10%

Toun.|10 15 22 33 47 68

+20%

Pacyer 351eMEHTOB MPUHIMIIMATIBHONW CXEMBI TPOU3BOAUTCS T10 JIOIYCTUMOU
BenuuuHe craga AYX Ha rpaHMYHBIX YAaCTOTAX MOJIOCHI MPOITyCKaHus Kackaga. C
LEIbI0 YNPOIICHUS! PAacyeTOB B HMH)KEHEPHON IPAKTHKE IOJIOCY IPOITYCKAHUS
yeuwiurens Af onpenenstor B mpenenax TpaHul, rae KodG(UIHMEHT YCUJICHUS

YMEHBIIAETCS B V2 pa3 Mo CpaBHEHUIO C MaKCUMAJIbHOW BEJIMYMHON B 00JIacTU

cpeaHux 4dactoT. HukHsis rpaHWyHas 4yactoTra 00O03HayaeTcs Juea , BEpXHSIA

fB«/E.

Pexomenayercs cienyromuyi IpuMepHbIN MOPSIIOK PELICHUS 3a1a4u:

1. ITpuBoaUTCS NpUHITUIIMATBHAS cXeMa Kackaza (puc.1.5).

2. C muenpl0 JOCTHXKEHUS MAKCUMAJIBHOTO KOX(DOUIIMEHTa YCHUICHUS
Hau0oJIpIas
HKBUBAJICHTHOTO COMPOTUBJICHUSI HATPY3KU B 00JIACTH BEPXHUX YACTOT:

coriaaCHo

2]

pPaCCUUTBIBACTCA

JIOITyCTUMAas

BCINYHNHA
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1

R, ,<——
OKB 27['fgﬁ C,

[Om],
rne C,=C, +C,, +Cpy v ;

Cy — eMKOCTb Harpy3KH;

Cy — emxocth MOHTaXa; Cyy = 3 ... 6 nD;

Cppix — BBIXOAHASI EMKOCTh yCHUIUTENBHOTO TIpudopa (Cppx= Ck).

3. PaccumnThiBaeTCs CONMPOTUBIIEHUE PE3UCTOPA B IIEMU KOJUJIEKTOPA
— Ry 'RSKB
RH B R3KB
4. Ko/ieKTOpHBIN TOK MOKOSI TPAaH3UCTOPA JOJKEH ObITh HECKOJIBKO OOJIbIIIe
aAMIUIUTYIbI IEPEMEHHOM COCTABJISIFOIIEH TOKA

I.=(15..3) Y

K

[Om].

[A].

OKB
Ecnu pacyeTHbIil TOK MOKOS MOJYYUTCS MEHbIIE 2...3 MA, TO €ro cieayer

YBCINWYUTL OO0 YKaSaHHOﬁ BeIMuuHbL. Haue yXyamarcsa 4YaCTOTHBIC CBOMCTBA
TpaH3UuCTOpAa.

5. PaCC‘{I/ITI)IBaCTC}I PE3UCTOP B LICIIK OMUTTCPA
R. = Eo _U3K _11( 'RK
2 I
K

rae Usx— Hanpsbkenue nokost. O0euHo Usg = 3...5 B.

[Om],

6. PaccunThiBaeTCS €eMKOCTh Pa3IE€IUTEIBHOIO KOHAEHCATOpa

sz =

27+ f, =R, +R [P}
i (R +Ry)

7. PaccunThiBaeTcs TOK 0as3bl

i
I;=—[A],

h219

rae hy, = \/ My v Moo yuke - PACYCTHBIN cTaTHUeCKHid KO3(DMUIMEHT mepeaadn

TOKaA.

8. VYioBierBopuUTeNbHAS CTaOWIM3alMs TOKA IOKOSI JOCTHUTAETCS, €CIU
BbIOpaTh TOK Aenutens [;~ 10-/5. Toraa

I,-R,+U E
R, :% [OM] R, ZI_O_REZ [Om],
A
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rne Upy = 0,6 B — mamenue HampspkeHHS Ha mepexone 0aza — amutrep (s
KPEMHHUEBBIX TpaH3UCTOpOB). Kpome toro, 7, =1, +1.

9. PaccunThiBaeTCsl BXOJTHOE CONMPOTUBIIEHUE TPAH3UCTOPA

0,026
R '(1+h213)[OM],

sxyr — s
K

/i€ 75— COIPOTHUBIIEHUE 0a3bl TPAH3ZUCTOPA.

10. PaccunThiBaeTCsa KpyTU3Ha TOKA OMUTTEPA

h,.,+1
S, = 22 [1/0m],
RBXVT + RFQKB
-1
1 1 1
rac Rp KB —t—t— - OKBHUBAJICHTHOC COIIPOTHUBIICHHUC I'CHCPATOpPA
RF REl RBZ

CHUIrHalia.

11. PaccumThiBaeTcss €MKOCTH 6HOKHpOB0qHOFO KOHACHCATOpa B LCIIN
OMUTTCPA

L1-S
¢, = > [@].
) HY2
12. PaccunthiBaeTcst KOA(Q(HUUHUEHT YCUIICHHS 0 HAMIPSKEHUIO
h
K = 210 R3KB -
BXyT

13. Hns oOecneyeHrss BO3MOXKHOCTHM pacyeTa Mpeablayliero Kackajaa
pPacCUUTHIBAIOTCA aMIUIMTYJa BXOAHOTO curHaia Upy, BXOAHOE COINPOTUBIICHHE
Kackaza Rzy ¥ BXxogHas eMKOCTb Cpy

U
Ug = ?H [B];
1 1Y
Ry = + + [Om];

RE 1 RE 2 RBX VT

Cpxy =Cpy + CK'(] +K) [(D]

B otuere nmpencTaBuTh:

- JIOTIOJHEHHYIO pAaCyYETHbIMH JJIEMEHTAMH CXEMYy JJIEKTPUUYECKYIO
NPUHLIANHUAIBHYIO YCUIUTENS U3 3aanus 1.1;

- ICXO/IHbIE JaHHbIE JUIsl pacyeTa [0 CBOEMY BapHaHTY;

- (hopMyIIBI U pacyeThl O MPUBEACHHBIM TPEOOBAHUSAM OPOPMIICHHUS;
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- 3HAUEHUS MapaMETPOB DJIEMEHTOB CXEMbI, HAHECEHHbIE B COOTBETCTBUU C
tpeboBanusimu ECKJI. Homep crarbm u I'OCT, B koTOpoil H3maraioTcs 3TH
TpeOOBaHUS.

Bonpocel 111 CaMOKOHTPOJISA
JlaTh CpaBHUTENBHYIO OLIEHKY KAacKaJoB IPU pPa3IMYHBIX CIocobax

BKJIFOUCHHS.

2. Kak paznuyaroTcst yCHIIMTENbHbIE KaCKa bl IO pexXuMaM paboThi?
. CnocoObI o1aun CMELEHUS B YCUIIMTEISX Ha MOJIEBBIX TPAH3UCTOPAX.
. UTo Takoe moJioca MpomyCKaHusl yCUIUTENA?
. Kak o1ieHnBarOTCA HETMHEWHBIE UCKAXKEHUS B YCHIIMTENE?
. UTO cKka3bIBaeTCsl Ha HECTAOMIIBHOCTH YCUIIUTEIIA?
. Kakue crioco6sl TepmocTabunnzanuu CynecTByoT?
. Kakue crioco6sl ctabunuzanuu paboueit TOYKU Bbl 3HaeTe?

. KakoBo Ha3HayeHue pa3AeIuTeIbHbIX KOHAEHCATOPOB?

10. Hapucylite BpEeMEHHYIO JuarpaMMmy CHUTHalIa J0 PpPas3AciIuTEIbHOTO
KOHJICHCATOpa U I0CJIE HETO.

11. OObsicuutre OGU3MKY NPOTEKAaHUs WM HENPOTEKaHUsT TOKa 4epes
KOHJIEHCATOP.

12. C kakoi LeNbpI0 CO3/Iat0T MPEABAPUTEIBHBIN YCUITUTEIb?

13. B kakom I'OCT (M3 HpUBEOEHHOTO CNHCKA) U KaKUE IMOJOXKEHUA U
W3JIararTcs?

O 0NN bW
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2. KOMIIBIOTEPHOE MOJIEJIUPOBAHUE SJIEKTPOHHBIX
YCTPOUMCTB

Heanb

1. IlomyuuTh OpEeACTaBICHUE O BO3MOXHOCTSX CPEICTB KOMIIBIOTEPHOTO
MO/ICJIUPOBAHUS DJICKTPOHHBIX YCTPOMCTB;

2. [IpuobpecTu nepBUYHBIC HABBIKK UCIIOJIBb30BAHUSI CPEbI MOACTUPOBAHUS
JUTSL aHAJTA3a pabOTHI M OTICHKU XapaKTEPUCTHUK AJIEKTPOHHBIX YCTPOHCTB.

Y4eOHbIe BONIPOCHI

2.1. HccnepoBaHue THUIOBBIX BO3MOXKHOCTEH HHTepdeiica Monbp3oBaTens
POTrPaMMHOI0 KOMIUIEKCA;

2.2. UccnenoBanue BO3MOKHOCTEW OCHOBHBIX CPEICTB H3MEPEHHUN;

2.3. TexHOn0TUsI MOACIINPOBAHUS AIEKTPOHHBIX CXEM

JlurepaTypa /sl NOATOTOBKY K 3aHATHIO

1. CokonoB C.B., TutoB E.B. OcHoBbl cxemoTexuuku. PoctoB u//].: CK®
MTVCH, 2010. - 210c.

2. Ammes WM. MW., BupryanbHas 31eKTpOoTeXHHKA. KoMmbrOTEepHBIE
TEXHOJIOTUH B JIEKTPOTEXHUKE U dekTpoHuke. M.: PagnoCodt, 2003. — 240c.

3. DJNEKTPOTEXHUKA W JJIEKTPOHUKA B JKCIHEPUMEHTAX W YNPAKHEHUAX:
[Ipaktukym Ha Electronics Workbench / Ilox pen. A.W.ITangunosa. - M.: lonska,
1999.

5. JIsBoB B.JI. Meroanueckoe mnocoOue MO NPUMEHEHHIO MPOrpamMMbI
Electronics Workbench miia nposenenus n1abopatopHbix paboOT MO JUCHUIIIIMHAM
Kadeapel cuctem nepenadu u o0padotku nHpopmanuu. Pocros-na-Jony: Cesepo-
Kaskazckuii punman MTYCH, 2012. — 54 c.

Conep:xanue oTyera

1. HazBanue nabopaTopHoii pabOTHI.

2. Tlo kaxxmomy U3 3aJaHUi JOJKHBI OBITH MPEJCTABICHBI HA3BAHUE 3a/IaHUS
U T€ KOHKPETHBIC TAHHBIE, KOTOPHIC YKA3aHbI B 3a/IaHHH.

AKTYaJIbHOCTDH 3aHATHS

B Hacrosiee BpeMs CpeAcTBa AJIEKTPOHHOTO MOAEIUPOBAHUS MPUOOpETH
HIMPOKYI0 MOMYyJsipHOCTb. OHU  00ECIEeYMBAIOT ONEPATHUBHOCTb, BBICOKYIO
TEXHUYECKYI0O M SKOHOMHUYECKYIO 3(P()EKTUBHOCTh MpolEcca MPOEKTUPOBAHUS
AJIEKTPOHHBIX YCTpOMCTB. be3 HHX HE 00XOAUTCS HU OJHO COBPEMEHHOE
oOpa3oBarenpHOe yupexaeHue. OCBOEHHE OJIHOro M3 00pasloB MOJIOOHBIX
[IPOIPAMMHBIX IPOAYKTOB IIO3BOJIUT YCIICIIHO OCBOUTH BCE IMOCIEAYIOIIUE HOBBIC
00pasIibl TAKETOB KOMIBIOTEPHOTO MOJEITUPOBAHHUS.

Bomnpocs! 1J151 NOATOTOBKH K 3aHATHIO
I. B uem mnpeumymiectBa U HEIOCTATKHM CHCTEM JJIEKTPOHHOTO
MOJIETUPOBAHUSA?
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2. Kakue napaMeTpbl CXeMbl YCUIIUTENS MOIeKAT MOICTIUPOBAHUIO?

3. Kakme TuIOBBIE TIpUEMBbl JOJDKHA  pEaM30BBIBATh  CHCTEMaA
MOJICTUPOBAHUSA?

4. Kakue cucTeMbl MOJEIMPOBAHUS BaM U3BECTHBI?

5. Kakumu mnpuuMHamMu BbI3BaH 3aBajl YacCTOTHOM XapaKTEPUCTHUKHU
YCUJIUTENS B 00J1aCTH HU3KUX U BBICOKMX YacTOT?

KOMHLIOTepHOG MOACITUPOBAHUEC YCHIINTEJISA

B nacrosiiee Bpemsi HaOOp CPECTB MOACIMPOBAHMS AJIEKTPOHHBIX CXEM
J0CTaTOYHO MHUPOK. OHU CYIIECTBYIOT CAMOCTOSITENIbHO JHOO B COCTAaBE CHCTEM
KOMIUIEKCHOTO TPOEKTUPOBAHUS DJICKTPOHHBIX YCTPOWCTB aHAJIOTOBOTO WIIU
uuppoBoro xapakrepa. TakuMm cucTemMaMu SBISIOTCA, Hamnpumep, PSpice,
CircuitMaker, Multisim, Micro-Cap, Or CAD u T.1.

B naHHOM pa3nene MoaenupoBaHHME CXeM OyIeT pacCMOTPEHO B
nporpammuoit cpene Electronics Workbench (EWB). Umeromnuecss B mporpamme
OMOMMOTEKM BKIIIOYAIOT B ce0si OONBIION BHIOOP HIMPOKO PACTIPOCTPAHEHHBIX
AJIEKTPOHHBIX KOMIIOHEHTOB U 3JIEMEHTOB.

Electronics Workbench mo3Bosnsier cTpouTh aHajioroBbie, HU(PPOBBIE U
U po-aHAJIOTOBbIE CXEMBbI PA3IMYHOM CTENEHHU Cl0KHOCTH. Mccnenyemas cxema
cobupaercs Ha paboyeM TMoJie MPU OJHOBPEMEHHOM HCIIOJIb30BAaHUU MBIIMIH U
kinaBuaTypsl. [IpuMmenenre B paboTe TOJIBKO KIIaBUATYPhl HEBO3MOXKHO.

DTO MOUIHBIA MPOTPAMMHBIN MAKET C UHTYUTHUBHO MOHATHBIM UHTEp(dericoM
u 3G(}EKTUBHBIM WHCTPYMEHTOM ONHMCaHUs cxeMm. [laker mpemycmarpuBaer
CpeICTBAa pENaKTHPOBaHMs, YyAOOHOTO COEIWHEHHS M BCECTOPOHHIOK 0a3y
TaHHBIX, pa3OMTyI0 Ha JIOTUYECKHWE TPYyNmbl MpsiMO Ha pabodeMm cToJe.
OnuHaKoOBbIE TIOCIEIOBATEIHLHOCTUA JIEHCTBUM BBIMOIHSIIOTCS aBTOMATHUYECKH, HE
TpeOysl BpeMEHM Ha NpoBEepKYy. Bce 3To0 mo3BosseT aHanu3 U pa3paboTKy cXeM
OCYIIECTBJISTH C MUHUMAJILHBIM BPEMEHEM.

[TakeT BKITIOYAET MHOTOE CpeACTBa U (DYHKIIMH aHAK3a, a TAKKE MOIIHBIC
CpeIICTBa MPOCMOTPA M aHAJIU3a JTAHHBIX MOJICTUPOBAHMUS.

3amanue 2.1. HccienoBaHue THIOBBIX BO3MOKHOCTel uHTepdeiica
N0JIL30BaTe sl POrPAMMHOI0 KOMILJIEKCA

Heo6xo1umo mpocMOoTpeTh BCe YKa3aHHbBIC DJIEMEHThI HHTepdeiica, HAUTH U
BBINIOJIHUTh OTKPBITUE HEPAPXUUECKUX BKJIAJOK, BBINOJHUTH MPEJIaracMble
onepaLuH.

B oTuere npeacTaBuTh COCTaB MAHEN JIEMEHTOB CXEM U ITPUOOPOB.

WuTtepdeiic monp3oBaTensi COCTOMT M3 IMOJOCKH MEHIO, MKOHOK MEHIO,
naHenu Habopa JIEMEHTOB CXeM U ITPUOOPOB U padoueit odactu (puc.2.1).

ITosioca MEHI0 COCTOUT W3 CIEIYIONIUX THUIIOBBIX KOMIIOHEHTOB: MEHIO
pabotsl ¢ dainamu (File), mento pemaktupoBanus (Edit), menio pabotel co
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cxemamu (Circut), meHio ananmu3a cxem (Analysis), MeHIO pabOTBl C OKHaMH
(Window), meHto paboTsl ¢ ¢aitinamu cipaBok (Help).

Ha3HaueHne 3THX MEHIO B OCHOBHOM aHAJIOTHYHO THIIOBBIM CTaHAAPTHBIM
nakeraM. HeoOxomumbie ToscHEHUs OyayT AaHBl IO XOIy OIHKCAHUs Ipoliecca
MoJeupoBaHus. bonee geranpbHBIE CBENEHUS O TIMAKeTe MOXKHO HaWTH B
UCTOYHHUKAX B MPUBEIACHHOM CITHCKE JINTEPATYPHI AJIs OJTOTOBKU K 3aHATHIO.

HaGop cxembl ocymiecTBisieTcss B pabouedl o0iacTd M3 DIEMEHTOB
OuOANOTEK, B KOTOPBIX MMEIOTCS aKTHUBHBIE M TACCHBHBIE 3JIEMEHTHI, CPEICTBA
U3MEPEHHs], TeHepalliy U MUTAHUSl 3JIEKTPOHHBIX cXeM. JJid Ka)KAOoro 3JleMeHTa
OCYILECTBISIETCS HACTPOMKa MapaMeTpoB, YTO MO3BOJISIET MOA00paTh MapaMeTpsbl
MPAKTHUECKU JUIS JTFOOOU AIIEKTPOHHON CXEMBI.

= Electronics Workbench _-Jﬂ

Ix

File Edit Creuit Analysis Window Help Memee

N 1E AL PN T e eV e A o

25 e 2 Y B e e e e L = i

Pabouan obmacts

-I_ILIIE

L | »

[Temp: 27 |

o

B

Puc.2.1. Uurepdeiic nonb3oBaTens

s BBITIOJTHEHUS MOJIEJIUPOBAHUS YCTpPOMCTBA HEO0OXO0IMMO
MOCJIEA0BATENBHO BBINIOJHUTH CIEAYIOIINE 3TAIIBI.

Bp100p ¥ yCTAHOBKA KOMIIOHEHTOB CXEMbI

B kaudectBe 00BEKTa IS MOJEIUPOBAHUS OYJIET PacCMOTPEH YCHJIUTEIb,
cxemMa KOToporo paccuntana B pazaene 1. CHauama Ha pabouee moiae EWB
MIEPEHOCATCS KOMIIOHEHTHI U3 OMOIMOTEK MPOrpPaMMbl B COOTBETCTBHH CO CXEMOM.
OpuHHaAIATh pazaenoB 6ubmuoTexu mporpammbl EBW noodepeqHo MoryT OBITH
BBI3BaHBI C TMOMOIIBI0 WMKOHOK. [[Is1 OTKpBITHS KaTajora HYXHOW OMOIMOTEKH
HEOOXOJMMO TOABECTH KypCOpP MBI K COOTBETCTBYIOIICH HKOHKE M HaXKaTh
OJIMH Pa3 €€ JIEBYIO0 KHOIIKY, MOCJI€ Yero OTKPBIBAECTCS KaTajor JaHHOrO pasjena
oubmorexu. HeoOXoMuMblid 711 CO3/aHUSI CXEMbl 3HAYOK (CMMBOJI) KOMIIOHEHTA
MEePEHOCUTCS U3 KaTajiora Ha pabouee MoJie TporpaMMbl JIBHKEHHUEM MBIIIU MPU
HAXATOU JIEBOW KHOIIKE, TTOCIIE YETO KHOMKA OTITYCKAETCS.

[Ton momocoif MEHIO M WKOHKaMHU MEHIO pa3MeIleHA HaHelb INEeMEHMO8
cxem u npubopoes, KOTopasi COJAEPKUT B TAHHOW BEPCUU MPOTpaMMbl 14 KHOIOK
(puc.2.2). Kaxnas KHOIKa MaHEIW JIEMEHTOB MpPEACTaBisieT co00iM OMOIMOTEKY
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KOMITOHEHTOB  (2JIEMEHTOB) CX€M, KOHTPOJIBHO-U3MEPUTEIHHBIX MPUOOPOB,
VHCTPYMEHTOB U T.J.

L5 _JJﬂ_IM_J_I_IJ_I_J

5 10 11 12

Puc.2.2. [1lanens 371eMEHTOB CXeM U PUOOPOB

Jljig pelieHus 3a7ja4i HHTEPEC MPEICTABIISIIOT CIASAYIOUINE KHOTIKH:
. Sources - ICTOYHUKHU TOKA ¥ HANPSDKCHMUST;
. Basic - o0CHOBHbIE TaCCUBHBIE 3JIEMEHTHI;
. Diodes - quonpr;
. Transistors - TpaH3UCTOPBHI;
. Analog ICs - aHanmoroBbie MUKPOCXEMBI;
. Mixed ICs - MUKpOCXEMbI CMEIIAHHOTO THUIIA;
. Digital ICs - nugpoBbie MUKPOCXEMBI;
. Logic Gates - moruueckue mu(ppoBbie MUKPOCXEMBI;
. Digital - mudpoBbie MUKPOCXEMBI,
10. Indicator - HIUKATOPHBIE YCTPONCTBA;
11. Controls - aHanoroBbie BEIYMCIUTENBHBIC YCTPONUCTBA;
12. Miscellaneous - KOMIIOHEHTHI CMEIIIAHHOTO THIIA;
13. Instruments - KOHTPOIBHO-U3MEPUTEIBHBIE TPUOOPHI

O 0NN B W=

bubnuoteka Sources npeacraBieHa cieayrONMMU UCTOUHUKamMu (puc.2.3),
Cpelld KOTOPbIX HanOoJiee MUPOKO MPUMEHSIOTCS CIEAYIOLIHE:

1. Ground — 3a3emiicHuE;

2. Battery — UICTOYHMK MOCTOSIHHOT'O HANIPSIKEHUS,

3. DC Current Sourse — HCTOYHHUK ITOCTOSSHHOT'O TOKA;

4. AC Voltage Sourse — HICTOYHUK NTEPEMEHHOTO HATIPSHKCHHUS;

5. AC Current Sourse — UCTOYHUK ITIEPEMEHHOTO TOKA.

E| [0

5 6 7 & 9 10 |11 |12

o] B 8555 P2

13 [14 11 18 23 |

|

L
—
=4
-

1

Puc.2.3 bubnuoteka Soures — iCTOUHUKOB TOKA U HAIIPSKEHUS

Cpenu TmacCUBHBIX OJJIEMEHTOB Basic 1oTpeOyloTcs pe3UucTOopel U
KOHJIeHcaTophl (puc2.4.):
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1) Connector — coeIMHSIONINM Y3€T;
2) Resistor — pe3ucrop;
3) Capacitor — KOHACHCATOP.

- |-:|- I |
S Ell‘ } ‘I :IF! %I '@|I|3E

Puc.2.4. bubauoreka Basic — maCCUBHBIX BJIEMEHTOB

Cpenu  TpaH3UCTOPOB  MOTYT  OBITh  HMCIOJIB30BaHBI  OUIOJISIPHBIC
TPaH3UCTOPHI PA3TUYHON TPOBOJUMOCTH (puc.2.5):

1) npn - Transistor — OUMIOISIPHBIN N-p-n TPAH3UCTOP;

2) pnp - Transistor — OUMOJSIPHBIN P-N-p TPAH3UCTOP.

<] 8] £].o] s8] e )]
I Jm|J+|J*| o

e 1|2l 13]l4

Puc.2.5. bubnuoteka Transistor — TpUH3UCTOPOB

Boigenenue u nepeMeiieHne KOMIIOHEHTOB

Brinenenne o0bekTa OCYIIECTBISETCS MPU MOMOIIM MBIIIH (O] 00BEKTOM
MoApa3yMeBaeTCsl KaK OJWMH KOMIIOHEHT, TaK M Tpymmna KoMmnoHeHToB). [lpu
BHIOOpPE KOMIIOHEHTAa HY)KHO YCTAHOBUTH yKa3zaTeldb MBIIIM Ha HYXXHBIN

KOMITOHEHT (IIPH 3TOM M300paKeHHe yKa3aTels W3MEHHTCS Ha G.!) M IIeIKHYTh
JIeBOM KHOMKOW MbIIH. {71 BbIOOpa Tpynibl KOMIOHEHTOB HYXHO YCTAHOBUTH
yKa3zaTellb MBI B OJMH W3 YIJIOB MPSMOYTOJBHON 00J1acTH, cojepKalien
IpyIIy, ¥, HaXaB JIEBYIO KHOIKY MBIIIH, PACTIHYTh PaMKy J0 HEOOXOIUMBIX
pa3MepoB, MOCJE Yero OTIYCTUTh KHOMKY. BbIOpaHHBIH OOBEKT M3MEHSET CBOM
1UBET Ha KpacHbI. CHATH BBIIEIEHUE MOXHO IIETYKOM MBIIIM B JIIOOOH TOUYKE
paboyero mois.

[lepememienue 00bEKTa MTPOUZBOAUTCS TMpPH MOMOLIM  MbImH. J{s
nepeMenIieHns] 00ObEKT HYKHO TPEIBAPUTEIHLHO BBIJCIHUTH, a 3aT€M YCTaHOBUTH
yKa3aTellb MBIIIX HA 00BEKT (IIPH 3TOM M300paKEHUE YKA3aTENs H3MEHUTCS Ha 1)
Y, HA)KaB JIEBYIO KHOIIKY MBIIIH, IEPETAIIUTH OOBEKT.
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OOBeKT MOXHO MOBOpAuMBaTh Ha Yrod, KpatHbeii 90°. [[ns 3TOro 00BEKT
HYXHO TIpEIBAPUTEIHHO BBIACIUTH, a 3aT€M BBIOpaTh KoMaHIy Rotate u3 MeHIO

Circuit wiu Haxate Ctrl+R win HaXaTb Ha KHOIIKY ‘ﬂ'_l Ha TaHeIH
uHCTpyMeHTOB. [Ipu 3TOM 00bekT moBepHeTcs Ha 90° MPOTHB YacOBOIl CTPEIIKH.
[Ipy mnoBopoTe Trpynnbl KOMIOHEHTOB Ha 90° moBopadmBaeTcs KaKIbld
KOMITOHEHT, a HE BCS IpyMia LEeJIUKOM.

KonupoBanue u ygajnenne KOMIOHEHTOB

KomnupoBanue 00bEKTOB OCYIIECTBIISETCS MPHU MoMOIIU KoMaHasl Copy u3
MeHo FEdit umu naxaruem Cerl+C. Ilepen komupoBaHuEM OOBEKT HYKHO
BbIICUTh. [lociie BBIMOMHEHUST KOMAaHIbl BBIJCIICHHBIH OOBEKT KOMHUPYETCS B
Oydep. [ns BcTaBku comepxumoro Oydepa Ha pabodee mmoJjie HY>KHO BBIOpATh
komaHay Paste u3 mento Edit unu Haxats Ctrl+V. Ilociie BBIIOJIHEHUS] KOMAaHbI
comepkumoe Oydepa mosBUTCS Ha paboyeM Mose U OYyJeT BBIJACICHO I[BETOM.
VY nanenue oobekTa ocyiectBisiercs komangamu Cut u Delete. Otinunie cOCTOUT
B TOM, YTO IPH BBINOJHEHUU KoMaHAbl Cut 00beKT ynansercs B Oydep U MOXKET
OBITH 3aTE€M BCTaBJIEH OOpAaTHO Ha pabouee MOJje, a NP BBHIMOJHEHUH KOMaH]IbI
Delete o0bexT ynansercs copceM. Ilepen ynaneHnemM o0BEKT TaKKe JOKEH ObITh
BBIJICJICH.

CoennHeHHEe KOMIIOHEHTOB CXEMBbI

JInsi coeAuHEHUsI KOMIIOHEHTOB MIPOBOJIHUKAMH HYKHO IOJIBECTH Kypcop K
BBIBOJy 2JIEMEHTA; MOSIBUTCS YepHas Touka (puc.2.6,a), Haxatb JIKM u nposectu
MPOBOJAHUK JI0 BBIBOJA APYrOro 3JEMEHTA. Y BBIBOJA BTOPOIrO 3JIEMEHTAa TaKKe
MOSIBUTCA 4epHasi Touka (puc.2.6,0), mocie 4ero KHOIMKY OTnycTuth. Ciemyer
OTMETUTh, YTO TPOKJIAJAKAa COCAUHUTEIbHBIX MPOBOAHUKOB MPOU3BOJUTCS
aBTOMATHUYECKH, MIPUYEM TPETSTCTBUS — KOMIIOHEHTHI U APYTHE MPOBOJTHUKU —
OrudaroTcs 1Mo OPTOroOHaIbHBIM HarlpaBieHusM (puc.2.6,B).

E1 gl Et 1162 E1 e
v T ' | |
[% a) 6)

L N 4 ¥

Puc.2.6. ITocnenoBaTeIbHOCTE COETUHEHHUS DJIEMEHTOB CXEMBI

Ecnu coeauHeHue HY>KHO pa3opBaTh, Kypcop MOJBOJIUTCS K OJHOMY U3
BBIBOJIOB KOMIIOHEHTOB WJIM TOYKE COEAVMHEHUS W MPU MOSBICHUU YEPHOU TOUKHU
HAXUMAETCS JIeBasi KHOMKA, MPOBOJHUK OTBOJAMUTCS HAa CBOOOIHOE MeCTO pabouero
TOJISI, TIOCJIE YeTO KHOMKA OTmycKaeTcs. Eciu HeoOX0IMMO TOIKITFOYHUTh BBIBOJ] K
UMEIOIIEMYCS Ha CXEME MPOBOJHUKY, TO MPOBOJHHUK OT BbIBOJA KOMIIOHEHTA
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KypCOpOM MOJBOAMUTCS K YKa3aHHOMY MPOBOJAHHUKY M IOCJE IOSBJICHUS TOYKH
COEIMHEHMSI KHOTIKA MBIIIN OTITYyCKaeTCsl.

Bce npoBonnuku B Electronics Workbench nmo ymon4anuio yepHoOro 1Bera,
HO I[BET MPOBOJHUKA MOKHO U3MEHUTH. J{JIs1 3TOr0 HY>KHO ABOWHBIM LIEITYKOM Ha
U300paXEHUM IMPOBOJAHUKA OTKPBITh OKHO, INPHUBEIECHHOE Ha puUc.2.7 U B OKHE
MBIIIBIO  BbIOpaTh TpeOyemblid 1BeT. EciM 1OpoBOAHMK MOAKIIOUEH K
ocunsuiorpady, To rpadguk Ha 3KkpaHe ocuuiuiorpaga OyneT UMETh TOT XKe IIBET,
YTO U MPOBOJIHUK. DTO 3HAYUTEJILHO NOBBIIIAET HATJIATHOCTh U300paKEHUSI.

[IpoBOIHMK MOHO mepeMeniaTe mo padbouemy noito. [ns atoro kypcop
OABOAUTCA K MNpoBoAHUMKY M Haxumaercs JIKM. Kypcop npunumaer Bug,
nokazanHeld Ha puc.2.8. He otnyckas JIKM mnepemecTuTh NPOBOJHUK B
TpedyeMoe MECTO.

Sichematic Dptions |m |

. | - a
(- i

3T

oM

[ox ] _omew | T Puc.2.8. [lepemenienne

ar
Puc.2.7. I3meHeHue 1iBeTa c NPOBOJAHUKA

r

[IPOBOAHMKA HEOOXOIUMO MPEAYCMOTPETH MECTO IS
pasMenieHus KOHTPOJILHO-
U3MEPUTENLHBIX TPUOOPOB.

YcraHoBka napaMeTpoB KOMIIOHEHTOB

YcraHOBKa ~ 3HAYEHMI ~ MapaMeTpoOB  BBIACIIEHHBIX  KOMIIOHEHTOB
IIPOU3BOJMTCS B JUAJIOTOBOM OKHE CBOWCTB KOMIIOHEHTAa, KOTOPOE OTKPBIBAECTCS
JBOMHBIM IIETYKOM MBIIIKM 1O HU300paKEHUIO KOMIIOHEHTa WM KOMaHJOU
Component Properties n3 mexto Circuit.

B okHe CBOWMCTB KOMIIOHEHTA BO3MOKHBI CIIEYIOIINE TUIIBI 3aKIA/I0K:

Label (3axmanky Takxe MOXHO BBI3BaTb OJHOBPEMEHHBIM HaXKaTHEM
kinapuil CTRL+L). Vicionb3ys 3Ty 3aKJIaJIKy, MOXXHO YCTAaHOBHUTH WJIH 3aMEHUTH
METKY KOMITIOHEHTA ¥ UICHTU(HUKATOP (MO3UIIMOHHOE 0003HaYeHue). KoOMIOHEHTHI
TUIA COEAUHUTENEH, 3a3eMJICHUN, WHIUKATOPOB HE UMEIOT HICHTU(PHUKATOPOB.
MeTky MOXKHO CIBUHYTH, 100aBJIsisl HECKOJIBKO MPOOEIOB Mepe METKOM.

NnentudukaTtopsl Ha3HAYAIOTCS CHUCTEMOM, YHUKAIBbHO HICHTUDULHUPYS
KOMIIOHEHT. [lpu wH3MeHeHMHM ux B ciy4yae HEOOXOJIMMOCTH OHH JIOJKHBI
OCTaBaThCsl YHUKAIbHBIMU. VIeHTU(PHUKATOPBI HE MOTYT OBITh YJaJ€HbI;

Value (3akianky Takke MOXXHO BBI3BaTh OJHOBPEMEHHBIM Ha)KaTHEM
kiaBuil CTRL+U). Tlons Ha 3TOM 3aKiaJIke€ pa3jiMyalOTCsi B 3aBUCUMOCTH OT
KoMItoHeHTa. Ha 3Tol 3akiazike 3a1at0TCsl OCHOBHBIE ITapaMeTpbl KOMIIOHEHTA;

Models (3aknaaky Takke MOKHO BbI3BaTh OJHOBPEMEHHBIM Ha)KaTUEM
knaBuili  CTRL+M). Wcnone3yss 5Ty 3akiaJKy, MOXHO BbIOpaTh MO/JEINb,
peannzyemMyio Ui KOMIIOHEHTa, PelaKTUpPOBaTh, J00ABUTh WM YJAIUTh MOJEINb
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i 6ubmuorek. KOMIMOHEHTHI MO YMOTYaHUIO “Ui€aabHbl’, UTO 7151 OONBIINHCTBA
CXEMOTEXHUYECKUX MOJEIMPOBAHUN MOXKET ObITh 1OCTATOYHBIM. OJJHAKO €CJIN BbI
XOTUTE YBEIUYUTh TOYHOCTh PE3YJbTATOB TECTa, HCIONB3YUTE ‘“‘peanbHyI0”
MOJIEIIb;

Schematic Options - ncnonab3yeTcs, YTOOBI YCTAHOBUTH I[BET IPOBOJIA.

Hekotopble KOMIOHEHTHI OTOOPAKAIOT JTOMOJHUTEIbHBIE IMapaMeTpbl Ha
ATOM 3aKjajZKe, AJ1 HUCIOJIb30BAaHUS BMECTE C IapaMeTpamH, OINHMCAHHBIMU B
TexHnueckoM crnpaBounuke Electronics Workbench.

[Ipumepsl MEHIO YCTAaHOBKM NapaMETPOB PE3UCTOpa M TIeHepaTopa
NEPEMEHHOr0 HANPSKEHUsI pUBeEIeHbI Ha prc.2.9 n 2.10 COOTBETCTBEHHO.

Resistor Properties

Lobel Voo |Faul | Display | Anskeis Segs |

Rineiaren [A) i |_m [-

Finst-crder besnpestshuse coeffickent [TC1} u} Fa s

Secordhoider bngaishn coofficient [TC2] |0 T

Fesiilircn bob e Global % ¥ Uze global loletance

Puc.2.9. MeH1o ycTaHOBKH IMapaMeTPOB pPE3UCTOPA
B

JIMaJIOTOBOM OKHE Ha BKJIaake Value nipy moMolld KJIABHATYpPhl U MBIIIA HYKHO
BBECTH TpeOyeMble 3HA4YCHUs TapaMeTpoB KOMIIOHEHTa u HaxaTh Ok (Ha
KJ1aBuatype Enter) 1uisi IOATBEPKICHUSI yCTAHOBKHU 3HAYCHHSI.

AC Voltage Source Properties

Label Vae |Fauk | Display | Anabsis Setup |

Valtage (V] = W E
Frequency: |51.‘| Hz F:
Phage |EI Deg
Voltage tolsrance:  [Global x ¥ Use global tolsrance
[ ok ] omena |

Puc.2.10. MeH1o yCTaHOBKHM MapaMeTpoB
reHepaTopa MePEeMEHHOTO HAMPSKEHUS

Bb16op Mozenu KOMIOHEHTa ISl TAKUX 3JEMEHTOB, KaK AMOJI, TPAH3UCTOP,
ONEpalMOHHBIN YCUIIUTENb, MUKPOCXEMa U T. II. OCYIIECTBIISETCS B UAJIOTOBOM
OKHE CBOMCTB KOMITIOHEHTa Ha Bkiaake Model (puc.2.11).
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PMP Transistor Properties

Label Modets | Fau | Display | Analysis Setup |

H3)

Libeay Maodel
default BCIED1E A Mew Libraty
ewb BCI61-16
harns
har T
BCI77E
natianl1 BC393 il
ration2 BCY70 ,
nafioni3 BCYT1 _ Paste |
philips1 BCY72
phiips2 BFW3 __ Delete |
toch_par BSS574
toshiba 85575 __Rename_|
zetex BSSTE

BSY16-10

MM400T v

EIKIEIm|

Puc.2.11. MeHnto BeIOOpa MO/I€NIM OUIIOISPHOTO P-N-p TPaH3UCTOpa

B nwuanoroBoM OKHE MOXHO BbIOpaTh MOJENb KOMIIOHEHTa H
OTPENaKTUpOBaTh 3HA4YeHUsA €€ napaMerpoB. I penakTUpOBaHUs 3HAYCHUHN
apamMeTpoOB MOJENHM HYXHO HaxkaTb KHOIKY Edit. Ilpn 3TOM OTKpOETCS OKHO
CBOMCTB Mozenu (puc.2.12), B KOTOpOM HpY MOMOUIY MBIIIN U KJIaBUATYPbl MOKHO
WU3MEHATH 3HaUeHUs €€ nmapameTpoB. COXpaHUTh BBEJCHHBIC 3HAUEHUS [TAPAMETPOB
MOXHO HaxatueM KHonku OK. [Ilocme 3TOoro mnpomcxoauTt BO3Bpar K
MPEABIIYIIEMY OKHY.

Eciu B cxeme UCHONb3YyITCS KOMIIOHEHTHI OJMHAKOBOIO HOMMHAIA
(HanpuMep, pe3UCTOPbl C OJMHAKOBBIM COIMPOTHUBICHHEM), TO HOMHUHAJ TAKOTO
KOMIIOHEHTa PEKOMEHAYETCS 3aJaTh OJMH pa3 M 3aTeéM OTOT KOMIIOHEHT
KOIIUPOBATh U BCTABJISATH B HY>KHOM KOJIMUECTBE Ha pabouee moJe.

PHE [ransistor Model 'BLT 50

Sheet 1 | shee 2 | Sheet3 | Sheetd | Sheets |

Sahaation cusent [15] [ESTEE &
Foowand cumert gain conlfficient [FE [Z300
Roveeso cumert goin conlficiont (RE [T
Bae chivic sesistencs [RE} O
Ermities oberac iesistance [RE} O
Collecton obmac sesiibance (ACE [0
Subairabe capaciance ICSE [0 F
Zeobiss BE pncton coapactance [CE} [2612 F
Zercrbis B-C pncion capacionce (0] [B50%-12 F
B-E panchion potentsal [ E} 0% ¥

o] _onme |

Puc.2.12. IlonMeH0 yCTaHOBKH MapaMeTPOB BEIOpAHHOM
MOJIeNTA OUTOJIIPHOTO P-N-p TPAH3UCTOPA

Beibop Tuma TpaH3ucTOpa B MOJENUpYIOIIEH IMporpaMMe He BCeraa
ABNseTCA 3amadeld TpuBHanbHOU. [IpoOnema 3akiroyaercs B TOM, 4YTO
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MOJACIUPYIOIIasl  MporpaMmMa HMeeT OMOTMOTeKYy  TOJBKO  3apyOeHBIX
TpaH3ucTOpoB. C APYyrod CTOPOHBI HE BCE BEPCUU MOJCIMPYIOLIEH IPOrpaMMBbI
JIOIYCKal0T CBOOOIHOE PENAKTUPOBAHUE NTAPAMETPOB OTIEJIBbHBIX KOMIIOHEHTOB, B
YACTHOCTH,  MOJYHNPOBOAHMKOBBIX  mpubopoB.  Iloatomy  HeoOXxommmo
BOCIIOJIb30BAThCSl OJJHUM M3 JIBYX CIIOCOOOB.

CHayasia HeoOXOOUMO TMONBITATbCA OCYLIECTBUTh IOUCK 3apyOeKHBIX
aHanoroB. g  3TOr0 MOXHO  BOCIOJIB30BAaThCSl  HMMEIOLICHCS  I1€YaTHOM
OpoayKUMer WM  Bocnosb3oBaTecss  MuTepHeroM. Ilonck  HeoOXoaumo
OCYILECTBISATh, HANpUMEpP, MO KIIOUEBBIM (pa3aM "aHAJIOTU OTEUYECTBEHHBIX
Tpan3uctopoB", unu "anamoru TpaHzuctopa XXXXX" u T.4. Cinenyer uMeTh B
BUJTY, UTO Pa3HbIE UICTOYHUKH JAIOT Pa3HbIE AHAJIIOTH U PA3JIMYHOE UX KOJIUYECTBO.
[loaToMy mpu mnepBod HeyAaue HE CIEIyeT 3aKaHYMBaThb IMOUCK. JKenarenbHo
NOJIYYUTh MAaKCUMAJIbHOE KOJIMYECTBO BAPUAHTOB, YTOOBI TapAaHTUPOBAHHO HAWUTH
OPOTOTUIl B HMeEmoLIeics Oubianoreke KoMmmnoHeHToB. Kpome Toro, awnanoru
OBIBAIOT IOJIHBIE (COBNAJACHUE IO PACIIOJIOKEHUS BBIBOJIOB Ha KOPITYCE) U aHAJIOTH
AIIEKTPUYECKUX MapaMeTpoB (COBMAAAIONINE WM OJM3KHUE YHCIIOBBIE 3HAUEHUS
AIIEKTPUYECKUX MapaMeTpoB). EcCTeCTBEHHO, 4YTO Bac JOJDKHBI HMHTEPECOBATH
TOJIBKO JIEKTPUYECKNE XaPAKTEPUCTUKHU.

Ecnn mouck mpoTtotuna He jaj nomajgaHusi B OMOIMOTEKY KOMIIOHEHTOB
MOJEJIMPYIOIIEH MPOrPaMMBI, TO B 3TOM CIIy4ae CIEAYeT MOAbICKAaTh TPAH3UCTOP,
coBHajarouii, xorss Obl 1o Ko3hduimenty ycuieHus. CoBHajeHUE MPOUYUX
napamMeTpoB TOJIbKO TpUBETCTBYeTcd. Jlake B cllydae HECOBMNAJICHUS THUIIA
MPOBOJIMMOCTH BO3MOYXXHO U3MEHEHHME MOJSPHOCTH UCTOYHUKA MUTAHUS CXEMBI C
COXpaHEHHUE BCEX PACCUUTAHHBIX XapAKTEPUCTUK. MoiennpoBanne paboTbl CXEMBI
BCE PABHO JI0JXKHO COCTOATHCS, IAXKE C OTKIIOHEHUEM OT 0KMAAEMBIX PE3yJIbTaTOB.

3amanue 2.2. MHccaegoBaHue BO3MOKHOCTEHl OCHOBHBIX CPeICTB
U3MepeHui

Heobxoaumo W3y4uTh CBOMCTBAa BCEX YKa3aHHBIX MPUOOPOB, CIIOCOObI
BKJIFOUCHUS M HACTPOIMKHU, BBITIOJHUTH MIPEAiaracMbIe OTIEPaIIHH.

B oTdere mpencTtaBUTh COCTaB CPEJICTB H3MEPEHHM C TEPEUMCIICHUEM
BO3MOXKHOCTEH (PUKCAIMH YJIECKTPUICCKUX TTAPAMETPOB CXEMBI.

AMIepMeTpbl M BOJIbTMETPHI

Jlnst HaOnrofeHus 3a mapameTpaMu 1ened TpedyroTcst IpUOOphl pa3IMUYHOTO
HazHaueHus. K mpocredmuM WHIUKATOpHBIM mpubopaMm mnporpammel EWB
OTHOCATCSI BOJILTMETP M ammiepMeTp. OHM pacroioKEHHbIE B TI0JIE MHANKATOPHBIX
ycTpoiicTB (Indicators) v moka3ansl Ha puc.2.13:

1. Voltmeter — BonbT™METD;

2. Ammeter — amuiepMeTp;

BoabTMeTpsl B aMmiepMeTpbl 00ECTICUMBAIOT OTCYET U3MEPSIEMON BETMYUHBI
C TOYHOCTBIO JI0 TpeThero 3Haka. OHU HE TPeOyIT HACTPOWKH, aBTOMATUYECKH
W3MEHSS JUaIa3oH U3MepeHnil. B OIHOW cXeMe MOXKHO NPUMEHSTh HECKOJIBKO
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TaKHuX HpI/I60pOB OIHOBPCEMCHHO, Ha6J'IIOI[a$I TOKH B Pa3JIM4HbIX BCTBAX H
HAIIPAKCHUA HA PA3JIMYHBIX 3JICMCHTAX.

U@ e

8|1|=8

Puc.2.13. Mento Indicators - iHIUKAaTOPHBIX YCTPOUCTB

5

BosbT™MeTpbl 1 aMnepMeTphl UCTIONB3YETCS I U3MEPEHUS TEPEMEHHOTO U
MOCTOSIHHOTO HAlpsDKeHWsT W TOKa. BbllesieHHass TOJCTON JIMHHMEH CTOpoHa
NPSIMOYTOJIbHUKA, W300pa)KaIOIIEro BOJBTMETP U aMIEPMETP, COOTBETCTBYET
OTPULIATEILHON KJIEMME U MOXKET OBbITh pa3MellieHa Ha 000N rpaHd UKOHKU MPHU
BpalieHU H300paKeHUs] KOMIIOHEHTHI (BpAIllEHHWE BBIMIOIHSACTCA HaXaTHEM
koMmOuHaIuu kiapuin Ctrl+R).

[TapameTpbl BOIBTMETPA U AMIIEPMETPA:

- BUJ UBMEPSIEMOTO HAMIPSKCHUS;

- BEJIMYMHA BHYTPEHHETO COMPOTUBIICHUS.

OHu 3amaeTcss B JAMAJIOTOBOM OKHE, KOTOPOE OTKPBIBAECTCS JBOWHBIM
MICJTYKOM MBI Ha HU300paXKeHUH BOJbTMETpa, B mo3utiuu Value. Benuuuna
BHYTPEHHETO COMPOTUBJICHUS BBOJIUTCS C KJIaBUATYPhl B CTpoke Resistance, a BUj
u3MmepsieMoro Harpspbkenusi (omius Mode) BbIOUpaeTcss U3 COUCKA - U3MEPEHUS
noctosinHoro (DC) unu nepemennoro (AC) Toka (puc.2.14).

L Vi [T | it [Ipn U3MEpEHUNU IIEPEMEHHOI0
— -"'“ B cunycougainbHoro HanpsbkeHus (AC) BOJIBTMETP
a— OyAer TmoKa3blBaTh JECHWCTBYIOLIEE 3HAUYCHUE
HanpspkeHus U, onpenensiemoe o gopmyiie:
U= Y
J2
[ ] o]
rie Uy -  aMIUIMTyHOE  3HA4YEHUE
HaIpsHKEHUS.
Puc.2.14. JlnanoroBoe OKHO AHQJIOTMYHO  U3MEPSIETCA  NEPEMEHHBIN
BOJIBTMETPA CUHYCOUAAJIbHBIN TOK. ITo YMOJIYaHUIO

BHYTPEHHEE CONPOTHUBIICHHE BosibTMETpa 1 Mowm, a
ammiepmetpa - 1 OM. DTH 3Ha4Y€HUSI MOKHO U3MEHHTh, OJTHAKO, CIIMIIIKOM OOJIBIIIOE
U3MEHEHHE MOXXET TPUBECTH K MaTeMaTH4YeCcKOi ommOKe BO BpeMms
MOJIETUPOBAHUS PAOOTHI CXEMBI.

MyabTumeTp

Kpome onmcannbix amrepmerpa u BoiabTMeTpa, B Electronics Workbench
UMEEeTCS CeMb MPUOOPOB, C MHOTOUYUCICHHBIMU pEXUMaMU PabOThI, KaXAbld U3
KOTOPBIX MOKHO UCIIOJIb30BaTh B CXE€ME€ TOJIbKO OJIMH pa3. OTH HOpudopbl
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pPacmoioKeHbI B OMOIMOTEKE KOHTPOJIBbHO-U3MEPUTEIBHBIX IPUOOPOB Instruments
(puc.2.15). I[Ipu MoaenupoBaHUHM MOTYT UCIIOIb30BATHCS:
1) Multimeter — mynbTuUMETD;
2) Function Generator — QyHKIIMOHAJILHBIN T€HEPATOP;
3) Oscilloscope — ocuumnnorpad;
4) Bode Plotter — nameputens AUX-OUX.
MynbTUMETpP HCHONB3YETCS

= o000 JUISL U3MEPEHMS: MOCTOSHHOTO H
— ——— |wl I_\I |ﬂ|x| g @
o o | oo == =] s3]0 MEPEMEHHOT0 TOKA U HANPSKEHHUS,
CONPOTHUBJICHUS U YPOBHS
1 2 3 4 5 & 7
HaNpsDKEHUs B Aenuoenax.
Puc.2.15. Mento Instruments - Jns HaCTPOMKH
KOHTPOJIbHO-U3MEPUTETbHBIE TIPUOOPHI MYJIbTUMETPAa HYXHO JBOWHBIM

HIEJTYKOM ~ MBIIIM ~ HA  €ro
MU300paKEHUH OTKPBITh €T0 YBEIMYEeHHOE n300paxeHue (puc.2.16)
Ha yBenuueHHOM M300paXE€HUU HAXKATUEM JIEBOM KHOIMKH  MBIIIU
BBIOMNaeTCa:
Al o] | . u3MepseMas BeTUYMHA MO0 €IMHUIIAM H3MEpEHUs: A,
V, Q unu dB;
EE || - By U3MEPSEMOr0 CUTHAJIA: IEPEMEHHBIN W MTOCTOSIHHBIIH;
Seitings’| - peKMM  YCTAaHOBKHM IMapaMeTpoB MyibTUMeTpa. [lpum Hakatum
KHOTIIKU Settings, OTKPBHIBACTCS AMAIOTOBOE OKHO, B KOTOPOM MOKHO YCTaHOBUTH
CONMpoTUBJIEHUE ammnepmerpa (mo ymonyanuto 1 HOM), CONpPOTUBIEHUE
BoJbTMETpa (10 ymomyanuto 1 I'Om), Tok ommetpa (1o ymomuanuio 0,01 MxA) u
CTaHJIaPT HYJIEBOTO YPOBHS 1O HAMpsDKEHUIO (110 ymouanuio 1 B).
[Tokazanus MyJIbTHMETpa MOXXHO HaONIONaTh TOJNBKO Ha YBEITWYCHHOM
U300paKeHUH pUodopa.

DYHKIUOHAJIBHBIN IreHepaTop

I'eneparop ABJIAETCS UJCaJIbHBIM UCTOYHUKOM HaIpPsSDKEHUS,
BbIPa0aTHIBAIOIIMM CUTHAJIBI CUHYCOUIaJIbHOU, MPSIMOYTOJIBHON UJIM TPEYTOJIbHON
¢opmbl. CurHajabl CHHYCOMAAQJIBbHOM (OPMBI MOXHO HCIOJIb30BAaTh IS
UCCJIEIOBAHMS CXEMBI.

Jist Hactpoiiku ¢yHKUMOHANbHOTO reHeparopa (Function Generator)
HY)KHO JIBOMHBIM IWIEJIYKOM MBIIIA Ha €ro H300paXeHUU OTKPBITh €ro
yBelnueHHoe n3obpaxenue (puc.2.17).

VYrpaBiaeHue TreHepaTopoM OCYLIECTBISETCA CIEAYIOUIMMU  OpraHamu
YIPABJICHUS:

- BBIOOP (hOpMBI BBIXOJHOTO CUTHAJIa: CUHYCOMJAJILHON
| . =] =0 |a5u10) TPEyroNbHOI U IPAMOYTOIBHOI;
- YCTAHOBKA YaCTOTHI BBIXOJHOTO CUTHAJA;
Frequen DUty cycle ® - ycraHoBka kodddummenta 3amonHenus B %: [ns
UMITYJIbCHBIX CUTHAQJIOB 3TO OTHOIICHHE JJIUTEIBHOCTH HMITYJbCa K IEPUOLY
MOBTOPEHMSI - BEJIMYMHA, OOpaTHas CKBaXXHOCTHU, IS TPEYrOJIbHBIX CUTHAJIOB -

COOTHOILICHUE MCKY NJJIMTCIbHOCTIMHU IIEPECIHETO U 3aHETO (prHTa;
Ampliude [10 B v B
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- YCTaHOBKA aMILIUTY (bl BBIXOJHOI'O CUTHAJIA;
Offset - YCTaHOBKa cMelleHHs (IIOCTOSHHOM COCTaBJISIOLIEH)
BBIXOMHOrO curHama. OHa MOXET MMETh Kak IIOJIOKHTENBHOE, TaK H
OTpHUIIATEPHOE  3HAYE€HHE.  JTO  IO3BOJIIET  IOJYYHTh,  HAIPHMED,
M0CIIe/I0BATEIBHOCTh ONHOTIOJAPHBIX HMITYIIECOB;
= omnan

+
& @ ® - BBIXOJHBIC 32)KUMBI, MPH 3a3eMJICHUH KJICMMBI
COM (o6muit) Ha kiteMMax "-" u "+" momydaercs mapad)a3HbIil CHUTHAJL.

M Function Generator X

Frequency |1 EH [H= B
| ﬂ. ﬂ ﬂ | Oty coycle %
e Amplitude (10 2 v B
off -
Settings == _
— + — Common +
" " (" (" ]
Puc.2.16. YBenunyennoe Puc.2.17. YBenuueHHOE H300pakeHHE
I/I306pa)KeHI/Ie MYJIbTUMETPA (bYHKHHOHaHBHOFO Irc¢Heparopa
Ocunsiorpad

Ocuumnorpad (Oscilloscope)- 1o TIpuOOpP, KOTOPHIA NpeIHA3HAYCH IS
BU3yaJIbHOTO KOHTPOJISI 32 (hOPMOM DJIEKTPUUECKUX CUTHAJIOB U WM3MEPEHUS UX
napaMeTpoB IO H300pakeHHI0, HAOJII0JaeMOMY Ha IKpaHE AJEKTPOHHO-TYYEBOM
TpyOku. Ilpu 5STOM BO3MOXHO M3MEPEHHE AaMIUIUTYAHBIX W BPEMEHHBIX
napaMmeTpoB curHaiioB. Ocuwuiorpad umeer JBa KaHajga, KOTOPHIE IMO3BOJISIIOT
HaOII0/1aTh JBa HE3aBUCHUMBIX CHUTHajla TpU OAHOW pasBepTke. IIpu BbIHOCE
ociuuiorpaga Ha pabouee mojie OH mpruoOpeTaeT BUA Kak Ha puc.2.18,a.

Ha u3o0paxkenun ocuwuiorpadga UMEETCsS YEThIpe KIEMMBI, JIBE KJIEMMBI
BHM3Yy — BXOJbl KaHasia A W KaHaia B, ABe KiemMMbl crpaBa: BEpPXHSSI — HJIA
3a3eMJIeHUS (MTOAKITIOYACTCS K 3eMJie 0053aTelIbHO) W HIDKHSS — JJISi BHEIIHEH
CUHXPOHH3ALINH.

Jlst HacTporiku ocumuiorpada u HaOMIOIEHNS CUTHAJIOB HY)KHO JTIBOWHBIM
MISTYKOM MBI Ha €r0 W300paKeHUH OTKPHITH €T0 JIMIEBYIO aHenb (puc.2.18,0).

Ha manemu ocmwwiorpada mokaszansl nBa kaHama (Channel) A u B ¢
pa3enbHONl PEeryJaupoBKOM UYyBCTBUTENBLHOCTH B auamnazoHe ot 10 mkB/nmen
(uV/Div) no 5 xB/nen (kV/Div) u peryaupoBkod cMmeleHusi 1no Beptukaimu (Y
position).

Br10op pexrma 1o BXOAy OCYIIECTBIACTCS HakKaThueM KHomok & o Hl| .
Pexxum AC nipegHazHaveH 111 HAOMIOACHUS TOJIBKO CUTHAJIOB MIEPEMEHHOI0 TOKaA.
Ero Ha3pIBalOT peKMMOM '"3aKpBITOrO BXOJa', MOCKOJBKY B 3TOM pEKHME Ha
BXOJIE YCUJIMTENS BKIIFOUAETCS PA3ICIUTEIbHBIA KOHAEHCATOP, HE MPOITYCKAKOIIUN
MOCTOSTHHYIO COCTaBJIsIONIYI0. B pesxkume ) BXOAHOM 3aKMM 3aMBIKAETCSl Ha 3€MITIO
(curHan Henb3s HAOMOAaTh). B pexxume DC (BKIIIOYEH MO YMOJTYAHHIO) MOXKHO
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MPOBOJUTh  OCHWIOTPAPUYECKHE HM3MEPEHUsT KaK IMOCTOSIHHOTO, TaK |
MIEPEMEHHOr0 TOKa. DTOT PEXHUM €IlI€ Ha3bIBAIOT PEKUMOM 'OTKpBITOro Bxoxda',
MOCKOJIbKY BXOJIHOM CHTHaj TOCTYMAaeT Ha BXOJ BEPTHUKAJIBLHOTO YCHIUTENS
HenocpeacTBeHHO. C mpaBoil CTOpOHBI OT KHOMKU DC pacnoioKeH BXOIHOU
3aKUM KaHaJja.

-+ Dzeillozscope

vy Epand |  Gud G
O _Tmm TW

Pozmzidy B | Edpe WE 3 &

a) Xposion 000 o] | Level
T BN A e En ]

~Channal & ~Chanrwl B8 —— |

: (souviow [ |[(Sowviom B

Ypotiion 500 12 | ¥pesiion [ 000 L
6) acjo/lM & | ac/o/EE &

Puc.2.18. YcnoBHoe uzobpaxkenue ocimuiorpada Ha paboyem mnoie (a)
U ero JIMiieBas masessb (0)

PexxuM pa3BepTku BbIOMpaeTcs kHonkamu  [77 [Bal&E] . B pexume Y/T
(BKIIFOYEH M0 YMOJYAaHUIO) PEATH3YETCsl PEKUM paA3BEPTKU: IO BEPTUKAIU -
HaIpsHDKEHUE CUTHaja, 1o ropu3oHTau — Bpems. B pexume B/A: nmo BepTukanu -
CUTHAN KaHama B, mo ropusoHTanu - curHan kaHama A. B pexume A/B: mo
BEPTUKAJIM - CUTHAJI KaHajia A, 0 TOPU30HTAJIM - CUTHaJI KaHana B.

B pexume pazseptku Y/T nnutensHoCTh pa3BepTku (Time base) MmoxeT ObITH
3amada B nuama3zoHe ot 0,1 He/men (ns/div) no 1 c/nen (s/div) ¢ BO3MOXHOCTBIO
YCTAHOBKH CMEIICHUS B TEX K€ CIMHHIAX 1o ropu3oHTaH (X position). 3amyck
Pa3BEPTKU B pexUMe Auto OCyIECTBISAETCS IO BXOJHBIM CHUTHAJIaM.

[Ipu naxatuum Ha kHONKY FExpand, nuueBas mnaHens ocuuuiorpagda
CYILIECTBEHHO MeHsieTcs (puc.2.19): yBenuumBaeTcsi pa3Mep 3KpaHa, MOSIBISIETCS
BO3MOYKHOCTb MPOKPYTKH M300paKEHUSI MO TOPU30HTAIM U €r0 CKaHUPOBAHUS C
MOMOILbIO BEPTUKAIBHBIX BU3UPHBIX JIMHUN (CMHETO U KPACHOTO LIBETA), KOTOPbIE
32 TPEyrojJbHUKH (OHM O0O3HayeHbl Takxke Hudpamu 1 U 2) MOXKHO Kypcopom
NepeTacKuBaTh B JIFOOOE MECTO dKpaHa.

[Ipu 3TOM B MHAMKATOPHBIX OKOIIKAX IMOJ SKPAaHOM MPUBOJATCA PE3YJIbTATHI
U3MEPEHHsI HANpPsDKEHUs, BPEMEHHBIX WHTEPBAJIOB M WX IpUpAIICHUN (MEXIy
BU3UPHBIMU JIMHUSIMU). 300paskeHne MOKHO MHBEPTUPOBATh HAXKATUEM KHOIKHU
Reverse w 3anucath gaHHbie B (aitn HaxaTuem KHOnkH Save. BosBpar k
UCXOAHOMY COCTOSIHUIO OcIiuiiorpada - HaxxatueM KHonku Reduce.
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a.eRe ¥ T2-T1 T T T

Puc.2.19. YBenuuennas nuueBas maHenb ociuuiorpada

N3mepurear AYX n ®UX

WUsmepurens nuarpamm bone (wnu bope-miortep) mnpeaHazHauveH s
U3MEPEHUsI aMIUIUTYJAHO-4aCTOTHBIX XapakTepucTuk (AYX) u dazodacToTHBIX
xapaktepuctuk (OUYX) snexrpudeckux uernen. [Ipu BeiHOCE m3meputens AUYX u
®UX Ha pabouee noje oH nmpuoOpeTaeT BU Kak Ha puc.2.20,a.

Bone-nnoTTep MMeeT 4eThipe 3a)KMMa: JABa BXOAHBIX (Im) U JIBa BBIXOJIHBIX
(Out). Jlna u3MepeHUs OTHOUIEHUS aMIUIUTY WiIu (a30BOTO CABUTA HY>KHO
NOJKIIOYUTh TOJOKUTEIbHbIE BBIBOJAB BX0AOB In m Out (JieBble BBIBOJBI
COOTBETCTBYIOIIUX BXOJOB) K HCCIEAYEMbIM TOYKaM, a JBa JAPYTHX BBIBOJA
3a3eMJIUTh. [Ipu NBOWHOM WIENYKE MBIIIBIO MO YMEHBUIEHHOMY H300paKeHHIO
Bbone-mioTTepa oTKphIBaeTCS €ro yBeanueHHoe nzoopaxkenue (puc.2.20,0).

\ IN OUT - Bode Plotter
Lo ] (= n]
a)

6) R — o

Puc.2.20. YcnoBHoe nzobpaxkenue boae-morrepa Ha paboueM mosie (a) u
JlunieBas manenb boxe-miorrepa (0)

BepxHsisa naHenb mioTrepa 3aJaeT BUJ MOoIydaeMoi xapakTepucThuku: AUYX
(xnonika Magnitude) vnu ®UX (xHonka Phase).
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JleBast nanens ynpasnenus (Vertical) 3anaet napameTpsl N0 BEPTUKAIBHOM
OCH:

- HavyanbHOE (7 - initial) u koneunoe (F - final) 3HaueHus mapameTpoB,

- BUJ MaciiuTada IIKajlbl BEpTUKAIBHON ocH - orapudmuueckas (Log) nmu
nuHeliHas (Lin).

[IpaBas nanens ynpasieHusi (Horizontal) HacTpauBaeTcs aHaJOTUYHO IS
rOpU30HTaIbHOM ocHu. [1o ropr30HTAIBHON OCH BCEraa OTKIIAJbIBACTCS 4acTOTa B
['eprax B nuHediHOM WM jorapupmMuyeckoM Macmrabe. B Hagame
TOPU30HTAILHOM IIKAJIbl PACOIOkKEH Kypcop. Ero MoxHO nepemerniats HaxkaTueM
Ha KHOIKHU CO CTPEJIKaMHM, PACIIOJIOKEHHBIMU CIIPaBa OT 3KpaHa, 100 "TanmTs" ¢
NOMOIIbI0 MbIH. KoOOpAMHATHI TOUKHM TEepecedeHHus Kypcopa ¢ TrpaduxoMm
XapaKTEPUCTHKHU BBIBOASATCS Ha MHGOPMAIIMOHHBIX MOJISIX BHU3Y CIIpaBa.

IIpn monmyuyennn AUX 1o BEpPTUKAIBHOW OCH OTKJIAABIBAETCS OTHOLIEHUE
HaIPsHKESHUN:

- B iuHerHoM Macitabe ot 0 1o 109 (10E9);

- B torapudmuueckom macmrade ot -200dB go 200dB.

[Ipu nonyuennn @YX 110 BEPTUKAIBHON OCU OTKJIA/IBIBAIOTCS IPALYCHhI, - OT
-720° mo 720°.

[ToaxmoueHne K  cXeM€  KOHTPOJIbHO-U3MEPHUTENBbHBIX  TPHOOPOB
MPOU3BOIUTCS AHAJIOTUYHO TMOAKIIOYEHUIO KOMIIOHEHTOB. [lpuueM j1si Takoro
npudopa, Kak ocruuiorpad, COeTUHEHHs 11eTIeCO00pa3HO MPOBOIUTH IIBETHHIMU
NPOBOJHUKAMH, TIOCKOJIBKY WX I[BET OIpPEAENseT I[BET COOTBETCTBYIOUICH
OCLIAJUIOTPAMMBI.

3ananue 2.3. TexH010rus1 MOACTMPOBAHUS FJIEKTPOHHBIX CXEM

Heobxoaumo HaOpaTh CcXeMy YCWIHTENsS, pacCYMTaHHOTO B paszzene 1,
MOAKIIOYUTh HEOOXOIMMbIE TPHOOPH W TOOUTHCS TpeOyemblx MokazaHuil. B
KauecTBE MPOTOTHMA MPH HEOOXOJUMOCTH MOXHO BOCIOJIb30BAThCS CXEMOM Ha
puc.2.21.

B ortuere mpencraBuTh cxemy Il MOACIUPOBAHUS U MOCIEIOBATEILHOCTh
ATANOB MOJICTTUPOBAHUS CXEMBI.

JUist  MOAenupoBaHUsS CXEMbl HEOOXOAMMO BOCIOJIB30BAThCA THUIIOBOM
MOCJIEIOBATEIBHOCTBIO CO3JaHUS CXEMbI B pab0yeM OKHE MPOrPaMMHOIO MMaKeTa:

1. BpiOop 1 ycTaHOBKAa KOMIIOHEHTOB U IPUOOPOB;

2. CoenuHeHre KOMIIOHEHTOB;

3. 3aganue mapaMeTpoB KOMIIOHEHTOB M PEXUMOB IPUOOPOB U3MEPEHMUS;

4. PepakTupoBaHUE KOMIOHEHTOB IPU HEOOXOAUMOCTH.

[Io  cmpaBouHHMKaMm  3apyO€XHBIX  aHaJOroB  PEKOMEHIOBAHHOMY
TPaH3UCTOPY MOAOMpPAEM TPAH3UCTOPHI, BXOMASIINE B OUOIMOTEKY MPOTPaMMBI
Electronics Workbench. Ecnu Takux TpaH3uCTOpOB B OuUONIHMOTEKE HET, TO
IPOM3BOAUM MOAOOpP TPAaH3UCTOPOB U3 OMOIMOTEKH NporpamMMmbl, Haunbosee
COOTBETCTBYIOIIMX  pa3pabOTaHHOW CcXeMe 10  CJIEIYIOIIMM  OCHOBHBIM
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napaMerpam: Ko3(Q(ULIMEHT YCHICHHUS, aMIUTUTYJHO-4YaCTOTHAS XapaKTepUCTHUKA.
C nenbto momydeHus: Tpedyemoro Kod(h(GUIIMEHTa YCHUJIEHUS W BbIPABHUBAHUS
AUYX, npu MOAEIMPOBAHUH BO3MOYXHO HMCIIOJIb30BAHUE MOOYEPEAHO HECKOIBKHUX
TPAH3UCTOPOB M KOPPEKTUPOBKA 3HAUEHUN CONPOTHUBIICHUM B LIENU SMUTTEPA U B
LU JIETUTEIS.

Korma cxema co3mana, 3alaHbl MapaMeTphl AJIEMEHTOB W HACTPOECHBI
npuOOphl A7l Havajga MMHUTALMK Tpoliecca HEOOXOAMMO BKJIIOYHTH NMHUTAHUE B
BEPXHEM TMPaBOM yIJIy Ha TaHEIH UHCTPYMEHTOB . JanHoe
JeiCTBUE TIPUBEAET B pabouee COCTOSHHE CXEMy U B OJHOM U3 OKOH CTPOKHU
COCTOSIHUSI Oy/IET MOKA3bIBATHCS BPEMS pabOTHI CXEMbI, KOTOPOE HE COOTBETCTBYET
peaNbHOMY M 3aBUCUT OT CKOPOCTH IMpOIECCOpa M CHUCTEMBI MEPCOHATBHOTO
koMibtoTepa. IlpepBaTh uMHTaLMIO MOXHO JABYMs crnocobamu. Ecnu Bbl
3aKOHYIIN PaboTy, TO HYKHO BHIKMounth muTanme =Ll Ecmu e HY)HO
BPEMEHHO IpepBaTh pabOTy CXEMbl, HampuMmep, s AETAIBHOTO PacCMOTPEHUS
OCLIMJUIOTPaMMBI, a 3aT€M IPOAOLKUTH pabOTy MOKHO BOCIIOIb30BAThCSI KHOIKOM
Pause, xoropas paclojoXeHa HIKE MEpeKiIovareiss NUTaHUS Ha IaHeIH
UHCTPYMEHTOB.

B cinydae cepbe3Hoil ommOkM B cxeme (3aMbIKaHUE 3JIEMEHTA IMUTaHUS
HAaKOPOTKO, OTCYTCTBHME HYJICBOIO IMOTEHIMAIa B cXeMe) OyAeT BBIJIAHO
IpeaynpexIeHuE.

AHanu3 ocHWIIOTpaMM MPOU3BOJUTCSA MOCIE BBIKIIOYEHHUS CXEMBI,
OCLIIJIJIOTpamMMa IIpH 3TOM COXPaHsIETCsl.

[Ipy u3MEHEeHUM Kakux-JIMOO NapamMeTpoB 3JEMEHTOB, CXEMY CIIEIyeT
BBIKJIIOYATh, UHAYE BO3MOXKHO MOJIyYEHHE HEBEPHBIX PE3YJIbTaTOB.

14
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Puc.2.21. BapuaHT cxeMbl yCUIIUTENs Ha paboyeM mosie

Bonpocsl 1J1s1 CAMOKOHTPOJIsI

1. JlaTp CpaBHHUTENIBHYIO OLICHKY KacKaJOB YCHJICHHS NPU Pa3IUYHBIX
croco0ax BKIIOYEHHs TPAH3UCTOPA.
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Kak pa3nudgaroTcst ycuimTeIbHbIE KaCKa bl 0 PeKUMaM paboThI?
M3 kakuX OCHOBHBIX MEHIO COCTOUT MHTEpGEC MoJIb30BaTENs?
KakoBo Ha3Hau€HME OCHOBHBIX MEHIO CPEJIbl MOAECIUPOBAHUSA?
Kakne KOMIIOHEHTBI MOAENUPYIOTCS B cUCTEME?
Kakne napameTpsl HacTpaumBarOTCs B aMIepMETpax M BOJbTMETpax’?
[TosichuTe X PU3NUECKUN CMBICI?
7. llosicHute Ha3HaueHWE pa3BepTKU. Kakue mapaMeTpbl HacTpauBarOTCS

st Hee? KakoB ux (M3uYecKuii CMbICIT?

8. Kakwue mapameTpbl HacTpauBarOTCs U KaKJ0ro KaHayia ocuuuiorpada?
Ha yto onu BausitoT?

9. Uewm ornuuatorcs mexay cooboit Bxoasl AC u DC? [Touemy?

10.B yem oTimuue ABYXJydeBOro ociuiorpada v ABYX OJHOJIYYEBBIX
octuuiorpagos?

11.Kakue napameTpsl u3MepseT u3Mepurelib nuarpamm bone?

12.Kakue napameTpbl HACTPAUBAIOTCS JIsl U3MEPUTEINS AuarpamMm bone?

13.T1o xakum mapaMeTpam OTOMPAIOTCA aHAJIOTU TPAH3UCTOPOB?

14.Yem oTIMYaIOTCA MOJHBIE U HEMOJIHBIE AaHAJIOTH TPAH3UCTOPOB?

15.B0o3MOXHO M UCIOJB30BaTh HEIMOJHBIE AHAJOTU TPAH3UCTOPOB IS
MO/JICIUPOBAHUS?

16.Kakue BO3MOXKHOCTH CHCTEM IMPOCKTUPOBAHUS HEOOXOAMMBI KPOME
MAKETOB CXEMOTEXHUYECKOIO0 MOJEIUPOBAHUA?

AN
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3. AHAJIN3 BJIMSTHUSI OGPATHOM CBSI3U B YCUJIHUTEJISIX

Heanb

1. UccnenoBary BnusHus otpunarenbHoit OC (OOC) na kosdduimeHt
YCHJICHUSI, BXOJHOE U BBIXOJTHOE COTIPOTHBIICHUS YCUIIUTEIS,

2. IlpuoOpecTr HAaBBIKH HCIOIH30BAHUS KOMIBIOTEPHOTO MOJICIUPOBAHUS
pabotel ycunurens ¢ oTpunareabHoi OC 11 OLEHKHM €€ BIIMSHHE HAa OCHOBHBIC
napameTpBhl.

Y4eOHbIe BONIPOCHI

3.1. UccnenoBanue ycunurens ¢ orpunarensbnoi OC nmocienoBaTebHOM 1Mo
HaIpPsHKEHUIO;

3.2. UccnepoBanne ycwiutens ¢ orpunarenpbHord OC mapamienbHOW IO
HaIpPsKEHUIO;

3.3. UccnenoBanue ycuiurens ¢ orpuuarenbHoid OC mocnenoBaTenbHOMN M0
TOKY;

4. VccnenoBanue ycunutens ¢ otpunarenbHoil OC napaineasHol o TOKY.

Jlutepatypa 1l NOATOTOBKH K 3aAHATHIO

1. CokonoB C.B., TuroB E.B. OcHoBbl cxemotrexHuku. PoctoB H//].: CK®
MTYCH, 2010. — 210c.

2. Iletun I'.I1l., AmamoroBas cxemoTexHuKka. - Poctos-ga//l.: O®Y , 2010. -
314c.

3. Omapunii FO.®., I'myakun O. I1., I'ypoB A. U., AHanorosas u 1udpoBas
anekTpoHuka. - M.: I'opsauas JIunus — Tenexkom, 2000. - 768c.

4. Ammes WM. W., BupryanbHasg dJeKTpoTeXHHKA. KoMmblOTEpHBbIE
TEXHOJIOTUH B DJIEKTPOTEXHUKE U nekTpoHuke. M.: PagnoCodt, 2003. — 240c.

5. DIIEeKTPOTEXHHKA M DSJIEKTPOHHKAa B HSKCHEPUMEHTAX W YIPAXKHEHHUSIX:
[Tpaktuxkym Ha Electronics Workbench / Ilox pen. JI.W.ITandwunosa. - M.: Jlondka,
1999.

6. Kapnames I'.A. [{ludpoBas s1eKkTpoHHKa HA TIEPCOHATLHOM KOMITBIOTEPE /
I'.A.Kapnames. M.: I'opsiuast munus — Tenexkom, 2003. — 311 c. : ui. (MaccoBas
paguooubimoreka; 1263)

Conepxanue oTuera

1. Hazpanue nabopaTtopHOil pabOTHI.

2. Tlo kaxxmomMy M3 3aaHui JOJIKHBI OBITH MPECTABICHBI HA3BAHUE 32/ TaHHSI
U T€ KOHKPETHBIC TAHHBIC, KOTOPBIC YKa3aHbI B 3aTaHUH.

Bonpocsl 1J151 NOATOTOBKHU K 3aHSITHIO

1. Kakas oOpaTHas CBsI3b IPUMEHSETCS B YCUITUTEISIX ?

2. Kak Biusier oTpumarenbHas oOpatHasi CBsi3b Ha KOY(PPUIIUEHT yCUIICHUS
u ero crabmibHOCTh? 3. Kak m3MeHseT oTpuiatenbHas oOpaTHas CBS3b BXOJHOE
COTPOTUBJICHUE YCUITUTEIS?
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4. Kak u3MeHseT OTpHIlaTelIbHast OOpaTHAs CBS3b BBIXOJHOE COMPOTHUBIICHHE
ycunurens?

5. Kak Bnusier oTpunatesbHas 0OpaTHas CBA3b Ha HEJIMHEHHbIC NCKaXKEHUS,
BO3HUKIIIME B yCUIIUTENE?

6. UTo Takoe 4acTOTHO-HE3aBUCHUMAasl OTpUIaTEIbHas oOpaTHas CBS3h?

7. Yto Takoe 4acTOTHO-3aBUCUMAas OTpUIaTEIbHast oOpaTHas CBA3h?

KpaTKne CBCACHHUSA U3 TCOPUH

Oo6partnoii cBs3pto (OC) Ha3pIBaeTCS Takas CBSA3b MEXKIY IEMAMH
YCWINTENSA, NpPU KOTOPOM YACTh BSHEPIMM YCHIICHHBIX KOJeOaHWd B BHIE
HaIpsHDKEHUS. WIM TOKA C BBIXOJA YCHJIMTENS mepenaercss Ha ero Bxoi. OObIYHO
CBS3b OCYILECTBIIAECTCS YEPE3 MACCUBHBIEC 3JIEMEHTHI, KOTOPbIE MEPEIAl0T CUTHAIIBI
B o0oux HampaBieHusX. Ho BbIXogHOE HampspkeHHe OOBIYHO HAaMHOTO OOJIbIIe
BXOJIHOTO, TI09TOMY BIIMSHHME BXOJa II€MU OOpaTHOM CBSI3M Ha BBIXOJ HE
yunutbiBaetcs. OOparHas CBs3b IIUPOKO HCHOJIB3YETCS B  BJIEKTPOHHBIX
YCUJIMTEIBHBIX YCTPOMCTBAX, MpPH OSTOM, KakKk MpPaBUJIO, HCIOJIb3YETCS TaK
Ha3blBaemas oTpuuareiabHas oOpatHas cBsi3b (OOC), kotopas u Oyner
paccMarpuBatbcs Hike. Ha mepBwiil B3MUIsIA, OTpUIlaTelibHAas OOpaTHasl CBS3b
yMeHbIIaeT kKoddduiueHT ycuienus. OgHako, Kak 3TO 4acTo ObIBaeT B TEXHUKE
BOOOIIE M B 3JEKTPOHUKE B YAaCTHOCTH, OJMH HEAOCTATOK TOrO0 WJIM HHOTO
pElIEHUs]  MOXET  3HAUYUTEIbHO  IE€PEBEIIMBATHCS  €r0  JOCTOMHCTBAMHU.
OtpuiarenbHas 0OpaTHas CBsI3b, XOTSA M YMEHbIIAET KOAP(MULIMEHT YCUIICHHUS], HO
VCKJIFOUUTETIFHO OJIAarOTBOPHO BIIMSIET HA MHOTHE MapaMeTpbl U XapaKTEPUCTUKHU
ycwiurtens. B 4acTHOCTH, yMEHBIIAIOTCS UCKAKEHUSI CUTHAJA, B 3HAYUTEIBHO
OoJIbIlIeM AMana3oHe YacToT KOA((MUITMEHT YCUIIEHUS] OKa3bIBACTCS HE 3aBUCSIIIMM
OT YacTOTHI U T.J.

PaznmuuaroT detbipe Bupa oOpaTHOU cBsizu B ycwiurtene. Itd Buabl OC
MpeACTaBIIECHbI HA pUCyHKax 3.1 — 3.4.

v

l"'_Ll.'ll:

Puc.3.1. Yceunurens ¢ OC,
MIOCJICA0OBATEILHOM TI0 HAIIPSHKECHUTO
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kl.'ll:

Puc.3.2. Ycunurens ¢ OC,
napajuieIbHOM MO HAMPSHKEHUIO

i

kﬂl:

Puc.3.3. Ycumurens ¢ OC, nocneaoBaTeIbHOM
110 TOKY

v

kﬂl:

Puc.3.4. Ycunurens ¢ OC, napanneasHol 1o
TOKY

Ha stux pucynkax: K - koadduiuent ycunenus ycunutens 6a3 oOpatHoin
cBs3u  (koadduimeHnT npsMoil mnepemauu), koc — KoadduLMEHT nepenayu
oOpaTtHoii cBsi3u; U - BXOIHOM cuTHAI, R - cOMpoTHUBIICHHE 3aTPy3KH.

Paccmorpum  BiaussHne OOC Ha mnOpuMmepe YCHIHTENS, OXBaYy€HHOIO
MOCJIeI0BaTEILHOM 00paTHOM CBSI3bIO 1O HANPsKEHUIO (puc.3.5).
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kﬂl:

Puc.3.5. Cxema ycunurens ¢ 00paTHOM CBSI3bIO
MOCIIEIOBATEIBLHOM 110 HATPSKEHUIO

B cTpykTypHyt0 cXxemy BXOAST IleNb MpsiMOM mepenadu ¢ KodppuiueHTom
nepenaun K u menbs oOpaTtHol mepemaun ¢ koddduiimeHTom nepenadn koc. B
olmieM ciydae 3TH KO3((GUIHUEHTHI SIBISIOTCS KOMIUIEKCHBIMUA BenuduHamu. C
LENbI0 YINpOILIeHUsT OyJeM paccMaTpuBaThb CXEMY, B KOTOpPOM LEnu SBISIOTCA
JMHEHHBIMH, a KOO(DPUITUEHTHI - BEIIECTBEHHBIMHU.

Ha ycunmurens ¢ OOC nonpaercst BHemHui curHan Upy;, a Ha BXOJ IIENHU
npsAMon nepenayu - Ugy,. O4eBUIHO, UTO

U
K = 2BBIX ko =

= ; X
UBX 2 UBbIX

OnpenenuM koA OUIIMEHT YCWICHHs] YCHJIHMTENSA, OXBaUYE€HHOTO OOpaTHOU
CBS3BI0. DTOT KOA(D(GUIUEHT onpenensercs mno Gopmyse

KOC — UBBIX
UBX 1

b

oc .
rie K™ - kodpduimeHT ycuiieHus YCUIIUTENs, OXBAa4E€HHOTO OOpaTHOM
CBA3BIO.
Jlerko 3aMeTUTh, UTO TIPH OTPUIIATEIILHON OOPATHOM CBSI3U B YCUIIUTEIIE

U6x2: Uex] - Uoc:
Uexl = U6x2 + Uoc-

[Toatomy

KOC _ UBLIX _ K'Usz _ K'UBX2 _ K
UBX] UBX2 +U0C Usz +k0c 'K'ngz 1"'koc K
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Takum oOpazom,
K

KOC —
I+k,-K

Bemnuuny [+koc ‘K Ha3bpIBaloT rjiyOMHO 00paTHON CBSI3U, a BEIINYUHY
koc'K Ha3pIBaloT meTJieBbIM ycWJeHueM. ECJM rinyOumHa oOpaTHOM CBSI3U
nocratouHo Benuka ([kocK|[>> 1),10

KOC ~ L
kOC .

Otcroaa MOKHO CIENIaTh CIEAYIOIINI OUEHb BaKHBINA BBIBOJ: €CJIM IIyOMHA
OTpULIATEJIbHOM OOpPaTHOM CBSI3M [0CTATOYHO BeJIMKa, TO KOI(pPumueHt
YCHJICHUSI YCHJIMTEJISl, OXBAYEHHOT0 O0PAaTHOW CBA3bIO, 3AaBUCUT TOJbKO OT
CBOMCTB LeNH 00PATHO CBA3M U HE 3AaBMCHUT OT CBOICTB NPAMOIi LEIH.

Tenepr paccmorpum BimsstHue OOC Ha BXOJHOE U BBIXOJHOE
conpoTuByieHus: ycuiutens. OOpaTUMCsl K CTPYKTYPHOU cXeme ycuiauTens (cM.
puc.3.5).

BxoaHoe conpoTuBiieHne 1enu npsmoii nepegaun OyaeT paBHO

4 BXOIOHOC COIIPOTHUBJICHUC YCHIIUTCIIA, OXBAYCHHOI'O O6paTHOﬁ CBA3bI0,
COOTBCTCTBCHHO
_ UBXI

BXO0C —

R

BX
[IpousBens ciemyromiye mpeoOpa3oBaHUs, MOJTYIUM

_ Uy, _ Uprs +Ugc _ Upxs +Uppix 'koc _ Upxz +Upys 'K'koc

BXOC — Ji - - -

1

R

BX BX I BX I BX

:@-(HK-/«OC):RBX-(1+K~k0c).

BX

Takum 00pa3om, BXOAHOE COMPOTUBIICHUE YCWIUTENS C TIOCIEI0BATEIIbHON
OTPHUIIATEIHLHON 00OPATHOM CBS3BIO 10 HANIPSHKCHUIO PABHO

Rpxoc= Rpx '( 1 +k0c‘K)-

Teneppr paccMOTpuM  BiMsIHUE  OOpaTHOM  CBS3M Ha  BBIXOAHOE
CONMpOTHUBJIEHUE YycunutTens. llpu ymopoueHHOM HCCIEeIOBaHUU CTPYKTYPHOM
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cxembl ycwiurens (cMm. puc.3.5) OyaeM HCXOIUTh W3 TOrO, YTO BBIXOJHOE
CONPOTUBIICHUE HUCTOYHMKA cuUrHasa Omm3ko k O, memnb oOpaTHOM CBsA3M He
IPEJCTaBIISIET CKOJIb-HUOYAb 3aMETHOM Harpy3Ku JUIsl YCUJIMTENS U YTO BXOIHOE
CONPOTUBIICHUE LEMHU MPSMOM Iepelayd 3HAYUTEIBHO OOJIbLIE BBIXOJIHOTO
COIIPOTHUBIICHUS 1IENH 0OPAaTHOW CBA3H.

[IpeneOperasi, TakuM 00pa3oM, OTBETBIIEHUEM TOKa B LI€NIb OOPATHOW CBS3H,
3alliIIEM BbIpa)KEHUE AJI BBIXOJAHOIO TOKa

K- UBXZ

]Ble = 5 .
RBbIX +RH

[IpencraBum Ugy, B claeAyrOIIEM BUJIE

Usx: = Upx;— Upc = Upy; - koc' Uppix = Upxi — koc “Igpix - Ry
IloncraBum BbIpa)KCHHUEC Upx, B BbIpaKCHHUE JJIs Ippiy — MOJIYYUM

K(UBXI - koc ']BMX 'RH)
RBle + RH .

]BbD( -

Pemnim 3TO ypaBHEHHE OTHOCUTENBHO gy

K- UBX]
RBbIX + (1 +K- koc )RH .

I =

BbIX

DT0 pelieHrne MOXKeT ObITh MPECTABICHO CIEAYIOIINM 00pa3oMm:

K
el
I _1+K'koc KOC'UBXI
BBIX — -
RBle +R RBbIX oC + RH ’
1+K -k, "
RBbIX

rne Rpxoc = oK b
ocC

JIist apyrux BUJOB OTPUIIATEILHON CBSI3W B ycuiuTene Kodh UIIMEHT
ycwiennsi Koc pacCUuThIBaeTCA M0 aHAIOTHYHON (hopmyIie

KOC: K
1+ K-k,
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Ha BXxomHOE€ W BBIXOJHOE CONMPOTHUBIICHHS BUJ OTPUIATENIbHON 0OpaTHOM
CBSI3H BJIMSET 110 Pa3HOMY.

PaccmoTpuMm 00paTHyl0 cBsi3b N0 HamnpsikeHMI0. OHa IIPENsATCTBYET
VU3MEHEHUIO BBIXOJHOIO HANPSKEHUS IPU M3MEHEHHMH COIPOTUBIICHUS HATPY3KH.
OTO 0O3Ha4yaeT, YTO BBEJCHUE OTPULIATEIbHON OOpaTHOM CBSI3U MO HAIPSKEHUIO
YMEHBIIAET BBIXOJHOE CONPOTUBICHUE YCWIMTENA. MOXHO TIOKa3aTrh, 4YTO
XapaKTep U3MEHEHMS BBIXOIHOI'O CONPOTHUBIICHHS HE 3aBUCUT OT TOTO, SBJISIETCS
CBA3b MAapaJUICIbHOM WIM HocheqoBaTeNbHOW. Takum o0pa3om, s 0OpaTHOMN
CBSI3H 110 HAIPSKEHUIO

Ry oc = f%-
oc

Tenepr oOpatumcs Kk oOpaTHOW c¢Bsi3M MO TOKY. OHa NPEMSITCTBYET
M3MEHEHHUIO BBIXOJHOTO TOKa MPH W3MEHEHHHM CONPOTHUBJIEHUS HArpy3Kh. IJTO
O3HAYaeT, YTO BBEJCHHUE OTPUIIATEITHLHON OOpAaTHOM CBS3M MO TOKY YBEIUYHBAET
BBIXOJIHOE€ compoTuBieHue. IIpu 3TOM XapakTep HW3MEHEHHS BBIXOJHOTO
CONPOTHUBJICHUS TAKKE HE 3aBUCUT OT TOTO, SIBJIAETCS JIM CBS3b MApPaIIEIbHON MU
nocyenoBaTeabHOM. Takum 06pa3om, N1t 0OpaTHOM CBSI3U MO TOKY

R oc = Rppix (1 +K - koc )

[TonoOuble  paccyxkiaeHuss (M COOTBETCTBYIOIIME  MaTEMaTHYECKHUE
BBIPDAXKEHHUSI) TIOKA3bIBAIOT, YTO MapajijieibHas oOOpaTHasi CBA3b YyMEHBIIAET
BXOJHOE COINPOTUBIICHUE YCUIIUTEIS, OXBAUYCHHOrO0 €10, a IocjeaoBaTebHas
YBEIIMYUBACT. XapaKTep H3MEHEHMS] BXOJHOTO COMPOTHBIICHHS HE 3aBUCUT OT
TOTO, SBJISICTCS JIM OOpaTHas CBS3b CBSA3BIO IO TOKY WJIM IO HANpPsDKEHUIO. TakuMm
o0pa3oM, Iipu MapaieTbHON 00paTHOM CBSI3U

— RBX
1+ K-k,

BX OoC

a TIpU TIOCJIeI0BAaTEIbHOM 00paTHOM CBSI3U

Ry oc = Ry (1 +K- koc)

Bausinne oTpuIIaTeIbHOI 00PaTHOI CBSI3M HA YACTOTHYI0, (Pa30BYI0 U
MePEeXOAHYI0 XapPaKTEePUCTUKU

YacTtoTHO-HE3aBUCHMMAsi ~ OTpHUILIATENIbHAs oOpaTHas CBs3b  YJIydIlaeT
YacTOTHYI0, (Da30Byl0 M MEPEXOJHYI0 XapaKTEPUCTHKH YCUJIMTENS, pPaCIINpss
MOJIOCY YCHJIMBAEMBIX YacTOT. OTO MNPOUCXOJUT IMOTOMY, YTO Ha KpanlHUX
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4acTOTax Juaras3oHa, TJIe YCUJeHue 0e3 oOpaTHOM CBSI3M YMEHbIIAETCs, TTyOrnHa
obparHoii cBs3u  (1+k,--K)Takke yMmeHbIIaeTcs. A Tak Kak HaIpsHKCHHE

0oOpaTHOM CBSI3U YMEHBIIAETCS, TO CyMMapHOE HaIpsSKEHUE Ha BXOJI€ BO3PACTAET
U yCWIICHHE YyBenu4HuBaeTcsi. B pesynbTaTe Kpas 4YacTOTHOM XapaKTEPUCTUKHU
MOJHUMAIOTCS, W TOJIOCA YCWJIMBAEMBIX YaCTOT PaCHIMpSIETCs, KaK MOKa3aHO Ha
puc.3.6, Ha KOTOpOM KpuBasi | - 4YacTOTHas XapaKTepUCTHUKA YCUJIUTENs 0e3
oOpaTHOM CBSI3W, KpHUBas 2 - YacTOTHAs XapaKTePUCTUKA YCWIHUTENS C
oTpulaTeIbHOM 00paTHOM cBsA3bl0. TakuM oOpa3om, oTpuuaTeiabHas oOpaTHas
CBSI3b BHIPABHUBAET YACTOTHYIO XapaKTEPUCTHKY.

Ky 1
—T e
2
—T U I
© 5
4 f
£, Af f,

Puc.3.6. AMIIIMTYAHO-49aCTOTHBIE XapaKTEPUCTUKN YCUITUTENS

OtpuniatenbHas oOpaTHasi CBsI3b yMEHbIIAeT (Da30BbIE CABUTH B YCUJIUTEIIE,
u ¢da3oBas XapakTepUCTUKA MPUOJIMKAETCS K JUHeHHOU. Da30Bble UCKAXKEHUS B
yCUJIUTENE IO/ IEUCTBUEM OTPUIIATEILHONM OOPATHOM CBSA3U YMEHBIIAIOTCHI.

[lepexoqnasi XapakTepUCTUKAa B YCWIUTENSX C OTPHUIATENIBHOW OOpaTHOM
CBSI3bI0 TAKXKE YIIYUIIAETCs, MOCKOJIbBKY YMEHBIIAETCS BPEMSI BOCCTAHOBJICHUS.
OTO NPOUCXOIHUT BCJIEACTBHE YMEHBIIEHUS BXOJHOW E€MKOCTHU YCHUIIUTEIbHBIX
npubOpPOB TOJ JEHCTBUEM OTpHUIATENbHOM oOpaTHOM cBsizu. Crmaj BepIIMHBI
UMITYJIbCa yYMEHBIIIAeTCsl B pe3yjbTaTe cTabmim3anuu KodPQuimeHTa ycuieHus
YCUJIATES, T. €. HOABEMA YaCTOTHON XapaKTEPUCTUKHU.

Bansinue oTrpuuaTe/ibHON 00PATHOM CBSA3M HA HeJIMHEHHbIE MCKAKEHUS
U IMHAMUYECKHUI IMANAa30H yCUIUTEIIsI

B mpouecce paboThl ycUIMTENsSI W3-32 HEJIMHEMHOCTH BOJIbT-aMIIEPHOMN
XapaKTEPUCTUKU YCUJIUTENbHBIX MPUOOPOB (TPaH3UCTOPOB, JIaMIl) BO3HUKAIOT
HEJMHEWHBbIE UCKaKEHUS, T.€. MOSIBISIOTCSI HOBbIE TAPMOHUKH, KOTOPBIX HE OBbLIO
Ha Bxoje ycwiutens. [lo memum oOpaTHOW CBSI3W, OHM MOCTYMHAlOT Ha BXOJ
YCWINTENS W, MPOIAs 4Yepe3 YCUIIUTENb, OKa3bIBAIOTCS HA BBIXOAE, HO YXKE B
npoTuBodasze ¢ TMEpPBOHAYAIBHO BO3HUKAIOIIMMU TapMOHHKamMu. llosTomy
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AMIUIMTYAblI MAPA3UTHBIX TAPMOHHMK Ha BbIXOAC YCHIIMTCIIA OKa3bIBAOTCA
OCJIa0JICHHBIMH. A 3HaUYCHHE HAIIPSOKCHUA ITIOJIC3HOI'O CHUT'HAJIa AOBOAUTCA 1O

OpEXXHEr0  yBenndeHmeM  BxogHoro  Hampsokenums B (1+k,- - K)pas.

CrnenmoBaTelbHO, BBEJICHHE OTpHUIIATEIbHOM OOpaTHOM CBS3U  YBEJIMYHUBAET
COOTHOIIIEGHUE MEXKOYy TIOJC3HBIM CHTHAJIOM U Tapa3sUTHBIMH TapMOHHKAMH,
BO3HUKAIOIIMMH B YCHIIUTEIE.

Takum oOpaszom, oTpuIlaTeIbHass OOpaTHas CBA3b YMEHBIAET Ha BBIXOIC
HaIPsDKCHUS Pa3IMYHBIX TTOMEX, BO3HUKAIOMUX B ycrinTtene. ClenyeT OTMETUTb,
YTO OTpHIATeIbHAS oOpaTHAas CBsI3b YMEHBIIAET TOJBKO T€ TIOMEXHU, KOTOpPHIE
BO3HUKAIOT B CAaMOM YCHWJIHTEJE, OXBAaUY€HHOM OOpaTHOW CBSA3bIO, HO HE
YMEHBITIAET TIOMEXHU, MOJBEACHHBIC K BXOJY YCHJIHMTENIS BMECTE C TIOJE3HBIM
CUTHAJIOM. bnaromapss yYMEHBIICHHIO BHYTPCHHHX IIOMEX  pacCHIUpPsICTCs
JVHAMUYECKUM Nuana3oH ycunutensd. Takoe AeHCTBUE OTpUIIATEIbHON 0OpaTHOM
CBSI3U HAOJI0Ia€TCs IPHU BCEX CIIOCO0aX BBEJEHUSI OOpaTHOM CBS3HU.

3aganme 3.1. MHMcciaemoBanme ycuiaureass ¢ orpunareabHoin OC
NMOCJIe0BATEIbHOM M0 HANPSIZKEHHUIO.

[Topsimok mccmenoBaHus:

1. Jna cxembl YCUIMTENs C OTpHUIATEIbHOM O0OpaTHOWH  CBA3bIO,
nocie0BaTebHOi 1o Hampsikenmo, paccuntath K°C, K, koc, Rppx oc, ecin
u3BecTHO, uTo Uy = (20n - 3) MB, Ugpx= (100n - 20) MB, Rpx oc = 50n/8 xOwm,
Rpx = 5n kOm, Rppx  80n kOMm, rae n - HOMEp BapHaHTa [0 HOMEPY JKypHaja
y4eOHOU TpyMIIbL;

2. Iloctpouts Ha »3kpaHe cxemy (puc.3.7) ¢ HCHOJb30BaHUEM
Mozenupyromieit nporpammsl Electronics Workbench (wnu unoit).

5
! 001 !
. @ Jre (v
(Drvas .

Puc.3.7. Cxema moaenupoBanus ycrnrens ¢ OC, mocnenoBaTeabHOM 1Mo
HANPSHKEHUTO

Nurepderic nons3oBatens Electronics Workbench u mopsigok moctpoenust
CXEMbl TOJPOOHO paccMoTpeH B pazaene 2. OCHOBHbIE ATambl 3TON PabOTHI
CJIETyIONIHE.
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HeoOxomumo oTkpeiTh mporpammy Electronics Workbench u  neBoit
KHOMKOM "MpImu" "miepeTantuTh’ Ha pabouee 1mojie Bce HEOOXO0IUMbIE DJIEMEHTHI:

- u3 Habopa Ucmounuku (Sources) - ICTOUHUK TIEPEMEHHOTO HAMPSHKCHUS
(AC Voltage Source) v 3a3emnenus (Ground);

- u3 Habopa baszuc (Basic) - pesuctop (Resistor);

- u3 Habopa Amnanozoevie eviuucnumenwvhvie ycmpoiicmea (Controls)
(puc.3.8) - nBa macmtabupytromux onoka (Voltage Gain Block);

- u3 Habopa Hnoukamopwt (Indicators) - nBa Bonst™eTpa (Voltmeter).

¢IT¢] | Bl m)

M Controls

Puc.3.8. YcranoBka Ha paboueM 1oJjie MacmTabupyrolero 0joka

- JUIsl TIOCTPOEHUSI CXeM C OOpaTHOM CBsI3bIO HEOOXOAMMO M3 Habopa
AHaJIOTOBbIe BbIYUCIAUTENbHBIE YycTpolicTBa (Controls) (puc.3.9) no6aButh
TpexBX010BbI cymmarop (Tree-Way Voltage).

¥E1E| Blm BTV e

H Controls X

TEEEE

o
atB+C
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<

Puc.3.9. YcranoBka Ha paboyeM 1oJie TPeXBXOA0BOIO
CyMMaropa

CoenuHuTh BCE 3JEMEHTHI COEIMHUTEIbHBIMU JIMHUSIMU B COOTBETCTBUU C
pa3pabaTeiBaeMOi cxemou. Jlns 3amaHus mapamMeTpoB JIOOOTO  3JIEMEHTa
HEOOXOJMMO HABECTH KypCcOp Ha 3JIEMEHT, M HaXaTh MPaBYI KHOMKY MBIIIIH.
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OTKpoOeTCsl OKHO, B KOTOPOM MOXHO YJausTh 3neMeHT (Delete), moBopaunBaTh
anemeHT Ha 90° (Rotate) win 3anaBath napamerpbl siieMeHTa (Component
Properties).

3anath 3J€EMEHTaM CXEMbI 3a/laHHbIe W BhIYMCIEHHBIe mapaMmeTphl: Ugy, K,
koc, Ry = 1 kOwm, yactora ucrounuka curtana - 50 ['1, BOJIbTMETPHI - B pEKUME
u3MepeHus mnepeMeHHoro HampsbkeHus (Mode - AC). Jlns macmTaOUpyrommx
osiokoB kod(dunuentsl npsamoit nepempaun (K) m menu obGpatHoit cBsizu (koc)
3ajal0Tcsi B cTpoke Gain (puc.3.10). g MoaenupoBaHUS OTPHULATENbHOU
0oOpaTHOM CBSI3U B ITaHHOM nmporpamMme K03 PUIMeHT oOpaTHOI CBsI3U Koc B cxeme
HE0OXO0MMO 3a/1aBaTh CO 3HAKOM MHUHYC "-".

Bxurouenne CXEMBI
ocyullecTBisieTcss KHomkod " | " B
BEpXHEM MpPaBOM Yriay padboyero mnoss
Giain [K) [V HE (Activate  simulation). BpikmoueHue
Input offset valtage (VIOFF: [0 | K CXEMBI - HaKaTHeM KHONkH "O";

Output offset valtage [VOOFF): [0 [ S 3 3aduKCHPOBATH 3HAYCHHE
BBIXOJIHOTO HANpPSKEHUS WU 3aHECTH B

Voltage Gain Block Properties

Label Value |Faull IDispIayI

OTYET;
4. Paccunrath
AKCIIEPUMEHTAIIbHBIN KoapurmeHT
YCWICHHS  yCWJINTEIS  OXBAYCHHOTO
o ] o | OOC. PacueTrsl u pe3ynapTaT 3aHECTU B

THEHA

OTYET;

Puc.3.10. YcranoBka 3HaueHUH S Cnenate BBIBOTL 0

MIPaBUJILHOCTH BBITIOJIHCHHBIX PacdeToOB
MapamMeTPOB YCUITHTEIIS;

6. M3meputrs  kodddunmeHt
ycuienus ycuiautens 6e3 OC. Cuaenartb

MacIITabupyronmx ko3P humeHToB
IPsIMOM Tiepesiaun U 0OpaTHOM CBS3H

BBLIBOJI O IIPAaBUIILHOCTH COOTHOLIEHUS Mexay K “uK.
B otuere npencraBuTh:
- ICXO/IHbIE JaHHBIEC U PE3YJIbTATHI pacueTa Mo BapHaHTY;
- CXE€MY MOJIETTUPOBAHUS JIJIs1 UCCIIEAOBAHUS C PACYETHBIMU 3HAYCHUSIMMU;
- 3HaYEHHUSI BBIXOJHOTO HanpspkeHus yeunurens ¢ OC;

Cu K,
- OKCIICPUMCHTAJIbHBIC 3HAYCHHA K n )
- BBIBOJEI O ITPAaBUJIbHOCTHU PACUYCTOB.

3aganme 3.2. HccaegoBanue ycuiaurteasas ¢ orpunareabHoii OC
NapaJyieJibHOM MO0 HANIPSIZKEHU IO

[Topsimok ucciienoBaHus:

1. Jns cxembl ycuiauTenss C OTPULATEIBHOM OOpaTHOM  CBSI3bIO,
napajienbHOM 1o HampspkeHuto, paccuutath Upyx, Koc, koc, Rpx oc, ecmm
HU3BECTHO, UTO UBle = (100n - 15) MB, RBX = (6n + 1) KOM, RBbIX oCc — 80n KOM,
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Rpprx ~ 800n/7 kOm, K =5, rae n - HOMep BapuaHTa M0 HOMEpY )KypHalsia y4eOHOi
IpyIIIbI;

2. Tloctpouth Ha »dkpane cxemy (puc.3.11) ¢ wucHoIbL30BaHUEM
mozenupytomeit nporpammbl  Electronics Workbench (wnu unoi). Kpatkas

CIIpaBKa 1O MPUMEHCHUIO MOJICIUPYIOIICH MpOrpaMMbl MPEACTaBICHA B 3aaHHUH
3.1;

A+B4C IK&
L E + T L
4 Q@

el

<>“”UBX L Ko URH' Userx
§o) -

Puc.3.11. CxeMa ycunutenst ¢ 00paTHOU CBS3bIO, MApaICIbHOM MO
HaMpsHKEHUIO

3. 3adukcupoBaTh 3HaYEHHE BHIXOJHOIO HANIPSDKEHUS U 3aHECTH B OTYET;

4. PaccuuTaTh 3KCHEPUMEHTAIBHBIA KO3(P(PUUIMEHT YCUJICHUS YCHUIUTEIS
oxBaueHHOTO OOC. PacueTsl ¥ pe3ynbTaT 3aHECTH B OTYET;

5. Cpenath BBIBOJ O NMPABWJIBHOCTH BBINOJHEHHBIX PAaCUETOB MapaMeTpOB
YCHJINTENS,

6. U3meputb koapduuuent yecunenus ycunurens 6e3 OC. Cnenats BbIBOA O

npaBrIbHOCTH cooTHoweHus Mexay K “uK |
B otuere npencraButs:
- ICXO/IHbIE JAHHBIE U PE3YJIbTaThl pACUETa 110 BAPUAHTY;
- CXeMY MOJICJIMPOBAHUS 111 UCCIICIOBAHUS C PACUETHBIMU 3HAUCHUSIMU,
- 3HAYE€HUS BBIXOJHOr0 HanpsikeHus ycunurens ¢ OC;

CuK,
- OKCIICPUMCHTAJIBHBIC 3HAYCHHA K n )
- BBIBOJEI O ITPAaBUJIbHOCTHU PAaCUYCTOB.

3ananue 3.3. HccaenoBanme ycuiaureass ¢ orpunareabHon OC
N0CJIeA0BATEIBHOM 10 TOKY

[Topsimok umccieqoBaHus:

. Jns cxembl ycuiauTelns C OTPUUATEIBHOM OOpaTHOM  CBS3bIO,
IIOCJIEOBATEIBHON MO TOKY, paccuuTarh Ugpx, K, Rgx oc, Rppix, €cnu u3sectHo,
4qTo UBX = (20n + 1) MB, KOC = 4,5, RBBIX oc = 75n KOM, RBX =5n KOM, kOC= 0,04,
IJIe N - HOMEP BapuaHTa [0 HOMEPY KypHasa yueOHON IPYIIIbL;

2. Tloctpouth Ha »3kpane cxemy (puc.3.12) ¢ wucCHOIB30BaHUEM
moxaenupyromien nporpammbl  Electronics Workbench (wmm  wnoit). Kparkas
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CIIpaBKa MO MPUMEHEHUIO MOJCIUPYIONICH MPOrpaMMbl MPEACTaBICHA B 3aaHUH
3.1;

3. 3adukcrpoBaTh 3HAUYCHHE BBIXOIHOTO HAMPSIKEHUS U 3aHECTH B OTYET;

4. PaccuuTaTh 3KCHCPHUMCHTAIBHBIA KO3(POUIIMEHT YCHUJICHUS YCHUIUTCIIS
oxBaueHHOTO OOC. PacueTsl U pe3ynbTaT 3aHECTH B OTUET;

5. CaenaTh BBIBOJI O TPABWJIBHOCTH BBITIOJIHEHHBIX PAacueTOB MapaMeTpOB
YCHIIMTEIIS;

o Ry
+ . - 1 " -
@ — ¢

» *
<> ™ UBK UBBH

Puc.3.12. Cxema ycumurens ¢ OC, nociie10BaTenbHON MO TOKY

6. U3meputs koapdunuent ycunenus ycunurens 6e3 OC. CaenaTts BBIBOA O

npaBrIbHOCTH cooTHoueHus Mexay K “uK |
B otuere npencraButs:
- ICXO/IHbIE JAHHBIE U PE3YJIbTAThl pACUETa 110 BAPUAHTY;
- CXE€MY MOJIEJIMPOBAHMS IS UCCIIEAOBAHMS C pACUETHBIMU 3HAYCHUSIMU;
- 3HaYEHHUSI BBIXOJIHOTO HanpshkeHus: yeunutens ¢ OC;

“u K
- OKCIICPUMCHTAJIbHBIC 3HAYCHU K nu )
- BBIBO/JIbI O ITPAaBUJIBHOCTH PACUYCTOB.

3ananme 3.4. MHcciaenoBanme ycuiaurTeass ¢ orpunaresbHoin OC
NnapajuieJIbHOM 10 TOKY

[Topsanok uccinenoBanus:

1. Jns cxembl yCWIHTENs C OTpHUIATENIBbHOW OOpaTHOW  CBSI3bIO,
MapajyIeIbHOM 110 TOKY, paccuntaTh Ugy, K, Koc, Rppix, €cin u3BectHo, 4To Ugpix
= (80n + 10) MB, RBBIX oc = 88n KOM, RBX oc — 10n KOM, RBX = (15n + 5) KOM,
koc 0,05, e n - HoMep BapuaHTa [0 HOMEPY JKypHaJla yueOHOM TpyMIIbL;

2. Tloctpouth Ha »dkpane cxemy (puc.3.13) ¢ wucHoOIBL30BaHUEM
Mozaenupyromeit mporpammbl  Electronics Workbench (unm  uHoit). Kparkas
CIIpaBKa IO MPUMEHEHUIO MOJCIUPYIOIICH MporpaMMbl MPEACTaBICHA B 3aJaHUU
3.1;

3. 3aduKcupoBaTh 3HAYCHHUE BHIXOTHOTO HAMIPSKEHUS M 3aHECTH B OTYET;
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4. PaccuuTaTh SKCHEPUMEHTAIBHBIA KOIPODUIIMECHT YCUJICHUS YCHUITUTEISI
oxBaueHHOT0 OOC. Pacuersl U pe3ynbTaT 3aHECTU B OTYET;

5. CaenaTth BBIBOJI O NMPABWJIBHOCTH BBINOJHEHHBIX PAacuETOB MapamMeTPOB
YCUIIUTEIIS;

6. Usmeputs koaddunuent ycunenus ycunurens 6e3 OC. Cnenatb BIBOI O

npaBuIBHOCTH cooTHOweHns Mexkny K K.
B ortuere npencraBuTh:
- ICXOJIHBIC JTAaHHBIE U PE3YJIbTAThI PacueTa 0 BAPUAHTY;
- CXeMY MOJICITHPOBAHUS [T UCCIIEIOBAHMS C PAaCUCTHBIMU 3HAYCHUSIMH,
- 3HAYEHUsI BBIXOJHOTO HanpspkeHus ycuaurens ¢ OC;

Cu K
- OKCIICPUMCHTAJIbHBIC 3HAYCHUW K n )
- BBIBO/JIbI O ITPABUJIBHOCTH PACYCTOB.

BT IKC Ry k}? =
+ T L + T
——t @ — @
- Ugpx -
__‘1-Ir __
( " Upx v

1

Puc.3.13. Cxema ycunurens ¢ OC, napayneapbHOR 10 TOKY
Bonpocsl 1J1s1 CAMOKOHTPOJISE

1. C kako¥# 1eblo B YCUJIUTEh BBOJSIT BHEUTHIO OOPATHYIO CBA3b?

2. Kak Biusier oTpuiatenbHas oOpaTHas CBsi3b Ha  YacCTOTHYIO
xapaktepuctuky RC-ycunurens?

3. Kak Bimsier mocnenoBaTelbHas oOpaTHast CBSI3b Ha  BXOJHOE
CONPOTHUBJIEHUE YCUITUTEIS?

4. Ilppy KakoM YyCIOBUM OTpHIATeNbHas oOOpaTHas CBSI3b  MOXKET
IIPEBPATUTHCS B NOJIOKUTEIBHYIO?

5. Kak Bimser orTpumartenbHas oOpaTHas CBsS3b Ha TEPEXOIHYIO
XapaKTEPUCTUKY YCUIIUTEIS?

6. Kak Bnuser orTpunarenbHas oOpaTHas CBsi3b Ha CTaOMJIbHOCTh
ko3 puIeHTa yCUaeHus: yCUIuTens?

7. KakoBbI JOCTOMHCTBA U HEIOCTATKU oTpuriateabHoi OC?

8. Ilpu kakoit OC BXOJHOE CONPOTHBIICHUE YBEIMYHMBACTCSA, & TIPU KAKOU
yMEHbIIaeTcs?

9. Ilpu xakoit OC BBIXOJHOE CONPOTUBJIECHUE YBEIUUUBAETCS, & PU KAKOM
yMeHbLIaeTcs?
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10.Kakoii Tum OOC B npenBapUTENbHBIX YCHIUTENSAX NPEANOYTUTEIbHEE?
[Touemy?
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4. AHAJIM3 YACTOTHBIX U NEPEXO/IHbIX
XAPAKTEPUCTUK YCUJ/IMTEJIBHBIX KACKAJIOB

Heanb

1. AHanu3 METOAMKH CHUHTE3a aMIUTUTYIHO-4aCTOTHBIX U (pa304acCTOTHBIX
xapakTepucTuK (AUYX u ®UX) yCuIuTeIbHbIX KacKao0B;

2. AHaJIN3 METOJIMKU CUHTE3a MEPEXOJHBIX XapAKTEPHUCTUK YCHIMTEIbHBIX
KAaCKaJIOB;

3. Cunres3 AUX, O®UYX u mNepexoJHbIX XAPAKTEPUCTUK THUIIOBBIX
YCUJIUTEIBHBIX KaCKaJ0B.

Y4eOHbIe BONIPOCHI

4.1. Pacuer nepenarounoi gpynkiuu, AUYX, @YX u 11X ansg  ycunurens c
€MKOCTHOU Harpy3KOu;

4.2. AHanu3 XapakTepUCTUK YCWINTENS C EMKOCTHOM Harpy3Koil Ha OCHOBE
MOJICJINPOBAHMS;

4.3. Pacuet nepenarounor pyukmuu, AUX, ®UX u [IX nns ycunurens c
VHYKTUBHOM HArpy3KOu;

4.4. Ananu3 XapaKTEpPUCTUK YCWIHTENS C HWHAYKTUBHOW HArpy3KouW Ha
OCHOBE MOJCIIMPOBAHUS.

Jluteparypa il HOATOTOBKH K 3aHSAITHIO

1. CokonoB C.B., TutoB E.B. OcHoBbl cxemoTexHuku. PoctoB H//].: CKD
MTVYCH, 2010. - 210c.

2. ITaBno B. H, Horun B. H., CxemoTexHHKa aHAJOTOBBIX JIEKTPOHHBIX
ycTpoicTB. g BelcnX y4eOHbIX 3aBefeHuid. — M.: ['opsiuas nunus — Tenekowm,
2001. —320c.

3. Iletnn I'.I1., AnamoroBas cxemorexauka. - Pocros-ua//l.: OOV , 2010. -
314c.

4. Onamuuii }0.®., I'nynkun O. I1.,, I'ypos A. 1., AnanoroBas u uudponas
anekTpoHuka. - M.: I'opstuas JIunus — Tenexom, 2000. - 768c.

5. DIIEKTPOTEXHHKA M DSJIEKTPOHHKA B HIKCHEPUMEHTaX WM YIPAXKHEHUSIX:
[Tpaktuxkym Ha Electronics Workbench / Ilox pen. JI.W.ITandumnosa. - M.: Jlomdka,
1999.

6. Kapmamyk B.M. DOnexrponHas  mabopatopus Ha IBM PC.
JlaGoparopuseiii paktukyM Ha Electronics Workbench u Vissim mo snemeHntam
TeekoMMyHuKaImoHHbIX cucteMm / B.M. Kapnamyk. M.: COJIOH-IIpecc, 2005. —
480 c.: ui. — (Cepust «CucTeMbl IPOSKTUPOBAHUSI ).

7. JIsBoB B.JI. Meroauueckoe mnocoOue MO MNPUMEHEHHIO POrpaMMbl
Electronics Workbench myis npoBenenus nabopatopHbx paboT MO JTUCIUTUINHAM
Kadeapsl cuctem nepenadu u oopadorku nHbopmarnmu. Pocros-na-ony: CeBepo-
Kagskazckuii pummman MTYCH, 2012. — 54 c.

Conep:xkanue oT4yera
1. Ha3zBanue nabopatopHoil paboThI;
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2. Ilo KaXX10MYy U3 SaI[aHI/Iﬁ JOJIXKHBI OBITH MMPCACTABJICHBI HA3BAHUC 3a/IaHN
N TC KOHKPCTHBIC JaHHBIC, KOTOPBIC YKA3dHbI B 3a/IAHUH.

AKTYaJIbHOCTb 3aHATHS

YMeHHE MOJy4aTh OCHOBHBIE XapaKTEPUCTUKU YCHIIUTENS C IOMOIIBIO
AHAIMTUYECKUX PAacYETOB IMO3BOJSIET 3HAYUTEIbHO COKPATUTh BpeMs pa3pabOTKU
CaMoOTro yCTpOMCTBa. ITO OCOOCHHO BaXKHO JIJISl CIOXKHBIX JTUHAMUYECKUX CUCTEM.
He meHee BaXXHO — OOBEKTMBHO TOJATBEPIUTH TOCTOBEPHOCTH PACUETOB ITyTEM
MOICJIMPOBAHUS.

Bonpocsl 1J1s1 IOATOTOBKHU K 3aHSTHIO

1. YUrto Ha3pIBaeTCS YACTOTHBIMHU XapAKTEPUCTUKAMU?

2. Kak mosiyuuTh 4acCTOTHBIE XAPAKTEPUCTUKH TEOPETHUYECKUM IIyTEM IIO
W3BECTHOM MepeaaTouyHON QYyHKIIUN YCUIIUTENS?

3. Uto Takoe u kak noixyuyutb AUX?

4. Yto Takoe u Kak noayuntb GUX?

5. Yrto Takoe u kKak noxyuutsh JIAUX?

6. Uto Takoe u Kak noyryuuts JIOUX?

Kparkue cBenenus u3 Teopun

Yeunurens yaoOHO XapakTepu30BaTh YACTOTHBIMM M TEPEXOIHBIMU
XapaKTepUCTUKAMM.
Ecnu Ha BXoj MccaeayeMoro yCHINTENS M01aTh TApMOHUYECKUN CUTHAT

Ugx(t)=Uy gx cos ot,

rne Ugpx = const - aMIJTUTy1a BXOJAHOTO CUTHAJA,

o = 27uf - nMKIMYecKas 4acTorTa,

f - wacrota koneOaHWil, TO Ha €ro BbBIXOAE OyneT HaOIIONATHCA TaKKe
TapMOHUYECKHUMN CUTHAI

UBle (t) :UB])IX ((l)) COS [(Dt + (P((D )] )

rae:  Uppx (0) ~ A(®)Ugpx - aMILTUTYAa BEIXOJIHOTO CUTHAJA,
¢(®) - paza BBIXOJHOTO CUTHAJIA, KOTOPHIC SABJISIOTCS (QYHKIIUSIMH YaCTOTHI.

A( C()) _ 8bIX (
qaCTOTHaH 3dBUCUMOCTDb - HA3bIBACTCA aMHJIHTy,Z[HO-

Oex
YacTOTHOM Xapakrepuctukoii (AYX).

YacTtoTHasg 3aBUCUMOCTh yria @(®) ONpenessieTcsl 3aBUCHMOCTBIO CIBHTA
(da3bl BBIXOAHOIO CHTHajda OTHOCHTEIBHO BXOJHOTO OT YacTOTHl BXOJHOTO
CUTHAJIa U Ha3biBaeTcs Ga30-4acTOTHOM XapakrepucTukou (OUX).

JUis anammza AYX u @YX paccMOTpUM CTPYKTYPHYIO CXEMY YCHUIIUTENS C
OTpHIIATENHbHOM 00paTHOM CBsA3bIO (puc.4.1).
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Jlis  mpoCTOTHI HCCIENOBAaHUS NPUMEM, YTO KOI(PPHUIMEHT YyCUIICHUS
COOCTBEHHO YCHJIUTENsI HOCUT BelllecTBeHHbIM Xxapaktep u paBeH 1 (K = 1), a
K03 puIeHT 00paTHOM CBSI3M TaK)Ke HOCHUT BEILECTBEHHBIN XapakTep U paBeH |
(koc=1).

Comnpotusnenust Z, U Z, B 00111eM cydae HOCSIT KOMIUIEKCHBIN Xapakrtep.

N3BecTHO, YTO KOMIUIEKCHBIM KOA(PPUIIUEHT YCUIIEHUS

K

l+koc- K

KOC:

a0
7

[TBX ‘BRI

|

Puc.4.1. CtpykTypHas cxema yCUIMTENS C OTPULIATEIbHOM
0OpaTHOM CBS3BIO

KommnekcHbiil KO3 PUImeHT oOpaTHON CBSI3U ONPEEISAETCS U3 BBIPAXKECHUS

; U oc iBbLX 'Zz Zl
koc = . =" = .
leLX'(Zl"'Zz) AR A

U srix

Torna kKoMIUIEKCHBIA KO GUIIMEHT YCUIICHUS OyIeT paBeH

1 _Z,+Z,
Z, Z,+27Z,"
Z +7Z,

KOC:

KommnekcHoe 3HaueHne KOIGGUIMEHTa YCWICHUS  YCWIHTENS C
OTpHUIIATEIHLHON OOpaTHOW CBSI3bI0 HA3BIBACTCS TAKXKE MepenaTouHoii ¢pyHkuueit
ycuauresi. B oneparopHoii popme ee MOKHO TIPEICTaBUTh B CICIYIOIIEM BUIE

_ Fi( )_ Zl(p)+ZZ(p)
)= = 2 )
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IIpumep nocrpoenus AYX u @YX

[TycTh 3amana cienyromas cxema yCUIIuTeNs ¢ o0paTHOM cBs3bio (puc.4.2).

B nmanHoMm cnywae Z;, = R, Z, :_C’ TJ€ p - OINEPAaTOPHBIA apryMEHT.
p

[MoncraBnsst 3HaueHuss Z; u  Z, B BbIpaXKEHHWE I MEpeIaTOYHONW (PYHKIIHH,
MIOJTYYUM

1

_+_7
pC  pRC+1  joT +1
R+ 2 PRC+2  joT+2°

pC

H(p)=

rne p=jo,T=RC.

>0
2

o |
Ko R

1 I[—1°T

Puc.4.2. Cxema ycunurens ¢ 00paTHOM CBSI3bIO

YMHOXKUM  YUCIUTENIb W 3HAMEHATENb BBIPAXKECHUSA IS H(p) na
COMHOKHTENb, CONMPSKEHHBIN 3HAMEHATEITIO

H( ):(ja)T+1)-(ja)T—2):—a)sz—ja)T—2:a)2T2+2+, oT
(joT +2)-(joT -2) N DT> +4 T +4°

Kak BuaHo u3 3T0i Qopmynbl, nepenaToyHass GyHKIUS YCHUIUTENS HMEET
BEIIECTBEHHYIO M MHUMYIO YacTh 1 (p)= a+jb.
N3 Teopun n3BecTHbI BoipaxkeHus st AUX n OUX:

A(a)): Na® +b
b

go(a)) =arctg —
a

Onpenenum Boipaxenus 11 AUX nu @YX paccMaTpuBaemMoro yCUINTENs
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o'T* +40*T* + 4 ’T? @'T* +50°T* +4
A(a)) = )

(@72 +4) (0T +4 T +80°T? +16°

@ ( a)) arctg ﬁ

IIpoussenem pacuer u nocrpoenue AUX. PesynbraTel pacyera npeacTaBuM
B Buje Tabn.4.1.

Tabmmuia 4.1
PacueTHble TaHHBIC IS IOCTPOCHUS YaCTOTHBIX XapaKTEPUCTHK
® 0 1/T o0
A(o) 0,5 0,63 1
o(w) 0° 18,4° 0°

AMITUTYTHO-4aCTOTHAsL XapaKTepUCTUKa OyleT UMETh CIEAYIOIIUN BHUJ
(puc.4.3).

(51
(panic)

0,5 /
|
|
1
T

Puc.4.3. AMInIUTYAHO-4aCTOTHAS XapaKTEPUCTUKA
(cxema Ha puc.5.2)

dazouacToTHas XapaKTepUCTUKA OyAET UMETh cleaytomuid Buj (puc.4.4):

p(©)

QQO..LFPE) _________

(pamic)

1
T
Puc.4.4. ®a3zouacToTHast XapakTepUCTHKa (CxeMa Ha puc.5.2)

Tak Kkak AUAla3oHbl HW3MCHCHHUA aMIUIMTYAbl MW YaCTOTHI CHUIHAJIa B
YCHUIIMTEIIC YacCTO OBIBAIOT OYCHb BCJIIMKH, TO Ha IPAKTHUKC M[MPHMCHAIOTCA
HOFapI/I(bMI/I‘{CCKI/Ie JaCTOTHBIC XapaKTCPUCTHUKH.
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Jlorapupmuyeckou aMILIMTYAHO-4AaCTOTHOM XapPaKTePUCTUKOM
(JIAYX) yCUIMTENIBHOTO YCTPOMCTBA HA3bIBAIOT TaKO€ MPEACTaBJICHUE
aMIUTUTYTHO-4aCTOTHOU xapakTepucTuku (AYX), B KOTOPOM MOAYJb (aMIUTUTY/IA)
YaCTOTHOM XapaKTepUCTUKU BbIpaXXEH B Jenubenax, a yacTtora - B
JorapupMUUEecKoOM MacIiTaoe.

Jlorapugmuueckoii  ¢azouacrtorHoil  xapakrepuctukon  (JIOUX)
YCWJIMTEJILHOTO YCTPOMCTBAa HAa3bIBAIOT TaKoe MpeacTaBiieHne (Ha304acTOTHOM
xapakrepucTuku (PUYX), B KOTOPOM 4YacToTa BBIPAXEHA B JOrapu(pMUYECKOM
MacmTaoe.

HoBonbHOo yacto JIAUX U JIOUX crposarcs Ha onHOM rpaduke, 4ToObI
JaBaTh IIOJHOE MpEACTaBIEHUE O cBoiicTBax oObekTa. Ha puc.4.5 npueneHsl
JTAYUX n JI®OUX paccMaTpuBaeMOro yCHJIMTEILHOTO YCTPOMCTBA.

Jlns onpeneneHus KOHKPETHBIX 3HAYEHMA A W () HA 3aJaHHOW YacTOTe
HeoOxoauMo 3a1ath 3HaueHusd R, C u f.

Afw) , ¢lw)

(nE) [\ (pam)
|
A
1|:| -
JIHUX
N .
0 | 0 100 5 ] ' (I::f
1 10 1" 107 (pag/c)
TTAUX
_1 |:| -
_n
]

Puc.4.5. JIOUX u JIAUX ycunurens ¢ OOC (cxema Ha puc.5.2)

Jist onienku OpicTponericTBust yeunutens ¢ OOC ucnosib3yercs mepexoaHast
xapakrepuctrka h(t). [lepexogHoil XapakTepUCTUKOM YyCWINTENS MPU HYJIEBBIX
HayaJbHBIX YCIOBUIX HA3bIBAIOT CUTHAJ HA BBIXOJE YCWIMTEIS MPH 10/1a4e Ha €To
BXOJ] €IMHUYHOTO CTyIeHYaTOro curHania (puc.4. 6).

J*,IT--TEuse: (t)

1

0

Puc.4.6. EnHuYHBIN CTYNIEHYAThId CUTHAI
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[Ipu paGoTe B IMHEWHOM peXHME YCHJICHUS MEepeXOofHas XapaKTepUCTHKA
YCWINTENSL CBfA3aHa C MepeaTOuHON (yHKIMEH yCHIuTeNs. 3Has nepeaToOuHylo

p . .
dynkmmro H (P)= Fl (p) , BBIpDOKEHUE ISl MEepeXOqHON (YHKIIUU MOXHO HaAWTH
2

1o TeopemMe paszioxeHus (hopmyna XeBucaiaa):

0 o7
+ e
20 k=t Pi* F(pk) ’

1€ Py - KOPHU XapaKTEPUCTUUECKOT0 ypaBHeHus F5(p) = 0.
HaiinemM mnepexoaHyr0 XapakTepUCTUKY A(t) yCUIUTENs, MPEACTaBICHHOTO
Ha puc.4.2. Beime Obl1a onpezenena nepeaaroyHas GyHKIHs

PRC+1  pT+1 Fl(p)
H(p)=
pRC +2 pT+2 F(p)

OnpenenuM KOpEHb XapaKTEPUCTUYECKOTO YPABHEHUS

2
pT+2=0;  P=—,
¥ Npou3BoaHyl0 F), (p) =T.
Ucnonbiys dhopmyny XeBucaiiia, moayuyum
2
1 -——T+1 1 2
70 I AR U | FT
2 —%-T 2 '
T

[IpousBeneM pacuer M TOCTPOCHHUE TEPEXOAHOW  XapaKTEPUCTUKH.
Pe3ynbpTaThl pacyeTa npeactaBuM B Bujae 1adn.4.2.

Tabmura 4.2
JlaHHBIC 711 TOCTPOCHUS TIEPEXOTHON XapaKTEPUCTHKHU
t 0 T 0
h(t) 1 0,57 0,5

[lepexoqnas xapaktepucTrka OyaeT UMeTh cleayrommuii Bua (puc.4.7).
Jlnst  ompenenieHuss KOHKpETHOro 3HadeHus h(t) B 3amaHHBIA MOMEHT
BpEMEHHU HE0OX0uMO 3a/1aTh 3HaueHust R, C u t.




55

Puc.4.7. IlepexoiHast XapaKTEPUCTUKA YCUIIUTEIIA
(cxema Ha puc.5.2)

[Ipu wMonmenupoBaHMM Ha KoMIbloTepe ycwurens (puc.4.2) s
uccnenoBanna JIAUX u JIOUX c¢ wucnons3oBanueM Electronics Workbench
3agaaum 1t npumepa ciaeayromue napamerpol: U, =10 MB; f=1 kI';; K =1; koc
=1; R=10kOmMm, C =100 MKD.

JIJist coeuHeHns BXOAHOTO HANPSHKEHUSI U HAMPSHKEHUS OOpaTHOM CBSI3U B
nporpamMme wucnoisibdyercsi cymmarop (Tree-Way Voltage), mnostoMy, YTOOBI
oOpaTHasi CBsI3b ObLIa OTPUILIATENIBHOM, KOA(DPUIIMEHT nepeaadn 3BeHa 0OpaTHOM
CBSI3U 3a/1a€TCsl OTpUIATEIbHBIM (-1).

[TocTpouM Ha sKpaHe MOHUTOpA cxeMy ycuuTens (puc.4.8).

bone Ilnorrep (Bode Plotter) naxomutcss B Habope WHCTpyMEHTHI
(Instruments). BxmounB cxemy, noiyuyuM Ha dkpaHe boxe Ilmorrepa JIAUX
(Magnitude) (puc.4.9) u JI®UX (Phase) (puc.4.10). Ilpemens usmepeHus
aMIUTUTY/IBI, a3kl ¥ 4aCTOTHI TOJAOUPAIOTCA B COOTBETCTBYIONUX OKHaX F u 1.

IN. OI..ITI

ll

ALB4C

Puc.4.8. Cxema nJjis ucciieqoBaHUSA
Jorapu(pMHUYECKUX YaCTOTHBIX XapaKTEPUCTHK
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Haxumass Ha cTpenku «BIpaBO», «BJIEBO» Ha NepeaHer mna”enu boje
[ImoTTepa MOXKHO TepeMeNiaTh yKa3aTeiab 10 9KpaHy, B OKOIIEUKax CIpaBa BHU3Y
OyaIyT oTOOpa)kaThCsl 3HAYCHUE YaCTOThI f W COOTBETCTBYIOIIME €i 3HaUeHUS A (f)
B nenubenax mis JIAUX unm ¢(f) B rpagycax misg JIOUX. [loxsens ykazaTtenb K
3HAYCHUIO 3aJaHHON YacCTOThI, onpeacuM A(f) u ¢(f).

I Bode Plotter I Bode Plotter

| e s | | e | egutuo G | s |
—Wertical Horizonta T LaAe, oo,
EE L | EE Lnf BR v | EE L
(o1 ¢ = [ je_5 | e— |
1[-zoae B (1] = 1[0 = N 1] [mH=E
I E—
=l = __1.UEIUmHz = = __1_gggmHz
.............................................. @ ma & ow & & WO & out @
Puc.4.9. JIAUX Puc.4.10. JIOUX

JUisi  cpaBHEHHs pPACCUWTAHHBIX M  CMOJECIMPOBAHHBIX PE3YJIHTATOB
HEOOXOJMMO MEpecuYuTarh YIJOBYI0 YacTOTy B UHUKIMYECKYIO IO (opmyie
f=w/2n, a 3HaueHue A(w), TOJYYEHHOE PACUETHBIM METOAOM, IEPEBECTH B
nenuoensl o popmyne  A(w)\ob) = 20 lg A(w) Ha KaTBKYJISITOPE KOMIIBIOTEpPA.

[Ipu MomenupoBaHuMM Ha KoMmmbloTepe ycuiutens (puc.4.2) s
UCCIJIEIOBaHMSI MEPEXOJHON XapaKTEePUCTUKU HEOOXOJUMO MOCTPOUTH HAa IKPAHE
MOHHTOpa CXeMy, npeacTtaBieHHyr0o Ha puc.4.11. Ilepexmouarens (Switch)
oepetrcs u3 Habopa bazuc (Basic). Ilpu otkpeiTun ero cBoicTB (Component
Properties) nano 3anath B okHe Knwou (Key) OykBy (Hanpumep, aHMIHICKY10 A), C
MOMOILBIO KOTOpPOl OyAeTe OCYIIECTBIAThCSA MepekiatoueHue. llepexmoueHue
IPOU3BOAMTCS HAXaTHEM Ha KIABHUILY 3aJaHHOM OyKBbl M TOJBKO MpHU
aKTUBHPOBAHHOM NEpeKItoyaTene (BbIAEIEH KPACHBIM LIBETOM).

A+B4C

Puc.4.11. Cxema niig ucciaeoBaHus MepexoHOU
XapaKTePUCTUKHU
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BxitounB cxeMy U MEPEKITIOUMB KIIIOY B MOJI0KEHUE «3aAMKHYTO», MOIYyYUM
Ha DKpaHe ocuuiorpada nepexoaHyro XapakTepucTuky (puc.4.12).

M Oscilloscope ‘£|
i hig
. | |
T ©. 6680 = T2 71897 = T2-TI 71897 =
WAl B.0080 U waz | 1z.m@@B U WAZ-VA] 1z.@BEBE Y
VBT 66060 U VBZ 66063 U ¥B2-VE] 66063 U
 Tima Triga: hannel hannel B
0.50 s/ div B | Eda= 1 = [ 5 wiDiv B[ 5 wow 3] Reduce |
¥ position] 0.00 P | Leuel 0.00 2] | ¥ positiod 0.00 [ || pasitio-3.00 B | Fewverse |
EAED B A jojea] | c|oEE Al | s |

Puc.4.12. TlepexogHas xapakTepUCTUKA YCUITUTEIS

YrtoObl onpeaennTh 3HaUeHUE HANPSHKEHUS Ha BBIXOJI€ YCUIIUTENS B MOMEHT
BpeMEHHU t, HaJl0 KpacHbI ykazarenb (1) KypcopoM YCTaHOBUTH Ha Hadalo
€MHUYHOTO MMITyJIbCa, & CHHUHN yKa3arelb (2) - mpaBee KPacHOIro Tak, YTOObI B
npaBoM okoiike T2 — T1 uucio 6110 paBHO BpeMmeHH t. B 3ToM ciydae B cpeHeM
OKOIIIKE B HIKHEN cTpoke VB2 Oyner yka3aHo BBIXOIHOE HANPSHKEHHE.

3ananue 4.1. Pacuer nepeparounou ¢pynkuuu, AYX, OYX u X xas
YCHJIMTEJISl ¢ EMKOCTHOM HATPY3KOM

[Topsiiok BBITIOTHEHUS 3aJaHUS:

1. BeiBectu hopmynsl niepenatounoit pyukimu, AUX, ®UX u nepexoaHoit
XapaKTEPUCTUKHU ISl CXEMbI YCUIIUTENS C OOpaTHOW CBSI3bI0, MPEJCTaBICHHON Ha
puc.4.2;

2. Paccuutate A(f) Ha vacrote f mus AUX, o(f) va yactore f mma OUX.
Hcxonnwie marabie mis pacuyeToB AUX u ®UX: U=10mB; f= 1 xI'i;; K= 1; koc =
lI; R = n kOMm, C = (10+n)/100 mMx®, f = (1/2nRC -300/n) I'u, rae n - HOMEp
CTYJICHTA TI0 JKypHAITY;

3. Paccumtate Ugppx(t) B MOMEHT BpeMeHM t JUIsi TEepPeXOoaHOU
XapaKTEePUCTHKU. VICXOmHBIC MaHHBIC JJIA pacueTa MepeXoHON XapaKTePUCTHKU:
U=1B; K=1; koc=1; R =(8 +0,4n) xOm, C=(80+10n) Mmxd, t=
(1000RC — 10n) mc, rae n - HOMep CTyACHTA O KypHay.

B otuere nmpencraButs:

- CTPYKTYPHYIO CXEMY YCUITUTES;

- ICXO/IHBIC JaHHBIC 110 BaPUAHTY;

- BBOJ (pOPMYII SISl paCUETOB;

- pacyeThl U PE3YJIbTATHI JJIS MOCTABICHHBIX BOIIPOCOB.



58

3ananne 4.2. AHanM3 XapaKTePUCTHK YCWINTENs] € €eMKOCTHOH
HArpy3Koi HAa OCHOBE MO/IeJIUPOBAHUS

[Topsinok mpoBeIeHUS UCCIIEI0BAHUS:

1. Habpatp Ha paboyeM mose cxemy Ha puc.4.8;

2. IlpoBeputh mnpaBuiabHOCTH pacuetoB A(f) u ¢(f) ¢ nomomibio
KOMITBIOTEPHOT'O MOJICIMPOBAHUS, 3alIMCaB B OTUET 3HAYCHUS XapaKTEPUCTUK Ha
pPacyeTHOMN 4acTOTE;

3. HaGpatp Ha paboueM none cxemy Ha puc.4.11;

4. TlpoBepuTh MPaBUIBLHOCTH PACUETOB IEPEXOTHON XapaKTEPUCTUKH,
3anucath B otyeT 3HaueHue Ugpx(t) B MOMEHT BpeMeHHU t.

B ortuere npencraBuTh:

- CXEMY JIUIS UCCIICAOBAHMS YaCTOTHBIX XapaKTEPHUCTHK;

- CXEMY JIJIS UCCTIE0OBAHUS TIEPEXOTHON XapaKTEPUCTUKHU;

- 3nayeHus A(f) u ¢(f) Ha pacueTHoif yacTore;

- 3HaueHne Uppx(t) B MOMEHT BpeMeHH t.

3ananue 4.3. Pacuer nepegarounoii pynkuun, AYX, ®YUYX un IIX xas
YCHJIMTEJIA ¢ MHAYKTUBHOMW HArPY3KO#

[Topsnok BBINMOTHEHUS 3aJaHUS:

1. BeiBectu (hopmynbl nepegatounoil pynkunuu, AUX, ®UX u nepexoaHoit
XapaKTePUCTUKHU I CXEMbI YCWJIMTENSI C OOpaTHOM CBSI3bIO, IPEACTaBICHHON Ha
puc.4.13;

2. Paccuntate A(f) Ha uwacrore f g AUX, o(f) Ha wactote f g OYUX.
Ucxonnwie nannbie aig pacuyetoB AUX u ®UX: U=10mB; fi=1«xlmy; K=1;
koc =1; R=nOwm, L =(100n +200) mI'n, = R/2nL I'm, roe n - HOMED
CTYZIEHTA 10 KypHaly;

—
x K

o (L4

*—u
—1%
Puc.4.13. Cxema ycunurenst ¢ o0OpaTHON CBSI3bIO
Y NHIYKTUBHOM Harpy3Kou

3. Paccumtath Uppx(t) B MOMEHT BpeMeHM t Uil TEpPEeXOIHOU
XapakTepucTuku. VICXonHbIe JaHHBIE JJI pacueTa MepexoHON XapaKTePUCTUKHU:
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U=1B;K=1;koc=1; R=0,InOm, L=(50n+100)MmI'H, t=R/2L c, tme n -
HOMED CTYACHTA I10 )KypHATY

B oTyeTe npencTaBUTh:

- CTPYKTYPHYIO CXEMY YCHIIUTEIIS;

- HICXO/IHBIC JaHHBIC 110 BAPUAHTY;

- BBOJ (POPMYII JUTSI paCUETOB;

- pacyeThl U PE3YJIBTATHI JJIS TOCTABJICHHBIX BOIIPOCOB.

3ananne 4.4. AHaaM3 XapaKkTepPUCTHK YCWINTENS € WHIAYKTHBHOH
HArpPY3KO0ii HA OCHOBE MO/eJTHPOBAHUS

[Topsimok nmpoBeAeHUS UCCIIEI0BAHUS:

1. HabGpatp Ha paboueM none cxeMy Ha puc.4.14;

2. IIposeputh mpaBmwibHOCTh pacueroB A(f) u o(f) ¢ mnomousio
KOMITBIOTEPHOI'O MOJIEJIMPOBAHUS, 3allMCaB B OTUET 3HAYCHUS XapaKTEPUCTUK Ha
pacyeTHON 4acTOTE;

3. HaGpatb Ha paboueM mnone cxemy Ha puc.4.15;

4. llpoBepuTh MpPaBUIBHOCTh pPACUYETOB IIEPEXOJHON XapaKTEPUCTUKH,
3anucath B oTyeT 3HaueHue Uppx(t) B MOMEHT BpeMeHH t.

B oryere npeacTaBUTh:

- CXEMY JIJIS UCCIIEAOBAHMS YACTOTHBIX XapaKTEPHUCTHK;

- CXEMY JIJIS UCCIIEAOBAHMS IEPEXOTHON XapaKTEPUCTUKHU;

- 3HaueHus A(f) u ¢(f) ma pacueTtHoii yacrore;

- 3HaueHne Uppx(t) B MOMEHT BpeMeEHH t.

[Tow o

A+BAT

(Do @ E L
1 1T L

Puc.4.14. Cxema Ui UCCIIEIOBAHUS 4YaCTOTHBIX
XapaKTePUCTUK YCUIIUTENS ¢ MHIYKTUBHON Harpy3Kou
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A4+B4C

Puc.4.15. Cxema 1151 uccneqoBaHus NEPEXOTHOM
XapaKTePUCTUKU YCUITUTENS C MHIYKTUBHON HArpy3Kou

Bonpocsl 1j1s1 CaMOKOHTPOJIs

1. Kakue  cBolicTBa  yCHIMTENs  XAPAKTEPU3YIOT  IE€pelaTovyHast
XapaKTepUCTUKA?

2. Kakue cBolicTBa ycrintelns xapakrepuszyror AUX?

3. Kakue cBoiicTBa ycunurens xapakrepusyror OUX?

4. Kakue CBOMCTBa YCUJIATEIS XapaKkTepusyer IepexoaHas
XapaKkTepUcTUKa?

5. B uem otnmmuusa AUX u JIAUX?

6. KakumMun mnpubopamMu  CHMMAIOTCSI  YacTOTHBIE W IEPEXOJHBIE
xapaktepuctuku? [Touemy?

7. KakuM 00pa3oM MOKHO CHSTh MEPEXOIHYIO XapaKTEPUCTUKY OOBIUHBIM
3JIEKTPOHHBIM ocuuuIorpagom?



