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B nocoOun u310KE€HBI METOJAMYECKHE PEKOMEHIALNH, COAEp’KaTeIbHbIC
MaTepuayibl U KOHTPOJBHBIC 3aJaHusl JUIsl MPOBEEHUS JIaOOpaTOPHBIX pabOT MO
OCBOCHHMIO OCHOB  AHAJOrOBOM CXEMOTEXHHMKH, HCIOJB30BAHUIO AHAJIOTOBBIX
YCTPOMCTB B pa3iuyHblXx cucreMax. [locoOue conepXuT HeoOXoIuMble
CIIPaBOYHBIE MATEPHUAIBI.

Metoauueckne ykazaHus NpeJHa3HAYEHbl JJISl CTYAEHTOB, OOYYaroIIMXCs
no HampapieHusaMm noarotosku 09.03.01 HudopmaTtuka u BbIYHCIUTETbHAS
texnuka u 11.03.02 MHPOKOMMYHUKAIIMOHHBIE TEXHOJIOTMH U CUCTEMBI CBSI3H,
npoduiieir MHOrokaHajdbHbIE TEIEKOMMYHHKAIMOHHBbIE CHUCTeMBbI, CETH CBSI3U U
CUCTEMBl KOMMYTALlMHM, 3allUIICHHbIE CHCTEMbl U CE€TH CBS3H, CUCTEMBI
PaaAMOCBS3U U PAaUOA0CTyNa, BEIYMCIUTENbHBIE MAIIMHBI, KOMIUIEKChI, CUCTEMBI
u cetH, [IporpaMmmHoOe oOecrieueHrne U MHTEIUIEKTYaJIbHbIE CUCTEMBI.

[TocoOue mpenHa3HA4Y€HO MJisi MCHOJb30BaHUS MPU H3YYEHHH AUCIUIUIMH
CxemorexHnka, CXEMOTEXHHMKA TEJIEKOMMYHUKAIIMOHHBIX YCTPOMCTB, a TaKkKe
MOXET OBITh HCIIONB30BAHO MPEMOJABATEISIMU W CTYJEHTAMU TMPU HU3YyUYECHUU
POJCTBEHHBIX IUCUUIUIMH U B IPOLECCE CAMOCTOATEIBHON PaOOTHI.

VYuyebHoe nmocobdue 0bcyxaeHo u 0100peHo Ha 3acenanuu kadeapsr UBT.
[IpoTtokon Nel ot 26.08.2019

Peuenzent 3aB. kadenpoit UBT n.1.H. npodeccop Coxkoiios C.B.
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1. AHAJIN3 YCUJIMTEJIBHOI'O KACKAJIA C RC-CBA3sMU

Heanb

1. M3yunth npuHIUN pabOTHl YCUJIUTEIBHOTO Kackaja Ha OHWIOJSIPHOM
Tpan3uctope ¢ RC cBsa3samu;

2. IlomyuyuTh HaBBIKM aHalW3a BIMUSHUS DSJIEMEHTOB MNPUHIUMIIHAIBLHON
CXEMBbI Ha €T0 YaCTOTHBIC U BPEMEHHBIC XapaKTEPHUCTUKH.

Y4eOHbIe BONIPOCHI

1.1. HccnepmoBanue BIMSHHS JJIEMEHTOB CXEMbl Ha aMIUIUTYAHYIO
XapaKTEPUCTUKY YCUITUTEIIS;

1.2. AHanu3 BIMSIHUS 3JIEMEHTOB CXEMbI Ha aMIUTUTYIHO-4acTOTHY10 (AYX)
u (azoyactoTHyro (PUX) XapaKkTEpUCTHUKY;

1.3. Ananu3 BIHSHUE 3JIEMEHTOB cXxembl ycunurtens Ha AUX m OUX
YCWIECHHMS C IOMOLIBIO U3MEPUTENS AuarpaMm boje;

1.4. Anann3 BIMSHHS DJIEMEHTOB CXEMBI Ha MEPEXOJHYIO0 XapaKTEPUCTUKY
(ITX) ycunuTenbHOro Kackasa.

Jlutepatypa 1l NOATOTOBKH K 3aAHATHIO

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

2. ITaBnos B. H, Horun B. H., CxemoTeXHHKa aHAJOTOBBIX JIEKTPOHHBIX
ycTpoicTB. g BeicuX y4eOHbIX 3aBefeHui. — M.: ['opsiuas nunus — Tenekowm,
2001. —320c.

3. Ilerun I'.I1., Aranorosas cxemorexHuka. - Pocro-ua/Jl.: O®Y , 2010. -
314c.

4. Ammes WM. W., BupryanpHas »>ieKTpoTexHUKa. KommbroTepHbie
TEXHOJIOTUH B JIEKTPOTEXHUKE U dnekTpoHuke. M.: PagnoCodt, 2003. — 240c.

5. DIIEKTPOTEXHHKA M DSJIEKTPOHHMKAa B HIKCHEPUMEHTaX W YIPAXKHEHHUSIX:
[Tpaktukym Ha Electronics Workbench / Ilox pen. JI.W.ITandwumnosa. - M.: lomdka,
1999.

6. Kapnames I'.A. [{ludpoBas snexkTpoHrKa Ha IEPCOHATHFHOM KOMITBIOTEPE /
I'.A Kapnames. M.: I'opsiuast munus — Tenexkom, 2003. — 311 c. : uin. (MaccoBas
paanobubimnoreka; 1263)

Conepxanue oruera

1. Hazpanue nabopaTtopHOil pabOTHI.

2. Tlo kaxxaomMy W3 3aaHUH JOJKHBI OBITH MPECTABICHBI HA3BAHUEC 32/ TaHUS
U T€ KOHKPETHBIC TAHHBIC, KOTOPBIC YKa3aHbI B 33/ IaHHH.

AKTya.]'ILHOCTL 3aHATUA

HpI/I PCIICHHUM MHOTHMX TCXHHMYCCKHMX 3aJdda4d BO3HHMKACT HGO6XOI[I/IMOCTI) B
YCHUJICHUU CIa0BIX QJICKTPHUICCKHX CHUTHAJIOB. 910 OCYHICCTBIIACTCA
SJICKTPOHHBIMHU YCUJIUTCIISIMU. KpOMe TOIO, OOJIBIIMHCTBO OCTAJILHBIX YCTpOﬁCTB
TAKIKC CTPOATCA Ha OCHOBC YCHHI/ITGJIeﬁ C AOIIOJTHUTCIIbHBIMU CBA3SAMHM.



Bomnpocskl 1J151 NIOATOTOBKHU K 3aHSTHIO

1. Ha3znauenue u 001acTh MPUMEHEHHUS! YCUITUTEIS.

2. Kak ximaccupuuupyrorest yCuiuTenn?

4. Ha3zoBuTE OCHOBHBIE XapAaKTEPUCTUKHU U MTAPAMETPhI YCUITUTEIIS?

5. Kakue pexumbl paboTbl TpaH3ucTopa ObiBalOT? B dem mexay HuUMU
OTINYUS?

6. B ueM oTnuuue MoBeACHUS! YCUIIUTENSI HA HUKHUX U BEPXHUX YACTOTaX
BXOJIHOTO cUrHasua’?

KpaTKne CBCACHHUA U3 TCOPUHU

YcemiauresieM 31€KTPUYECKUX CUTHAJIOB HA3bIBAIOT YCTPOUCTBO, B KOTOPOM
CPaBHUTEIIBHO MAJIOMOIIHBIA JJIEKTPUYECKUI CHUTHANl YIpPaBIAET Mepenayei
ropaszio OoJiblliel PHEpPrueil OT MCTOYHMKA MUTAaHUA B HArpy3Ky. CTpyKTypHas
CXxeMa 3aMelleHHs ycuiauTenss npuBefeHa Ha puc.l.l. K Bxomy ycunurens

MOAKIIOYEH  MCTOYHMK  CHTHaJla €

s _R_ -=-12 neiicteyronuM 3HaueHuem JJIC E; u
RTUH | N : BHYTPEHHHUM conpoTuBieHueM R;. OH
. : F, CO3[Ja€T  HA  BBIXOAE  YCHJIUTENSA

Ex : L HAIIPSIKEHUE Ugpix. K BBIXOY
1 9-—---5'2 YCUJIUTENST TOJAKIIOYEHAa Harpyska cC
(Moroummke muramua | conmpoTuBieHueM  Ry.  Ycunurens,

YOpaBIsieMbId  BXOJHBIM  CHUTHAJIOM,
nmpeodpa3yeT  SHEPrUuK  HUCTOYHHKA
MATAHUS U CO3/Ia€T B BBIXOJHOM 1MUY HA
Harpy3ke ycuiaeHHbIi curdHan Upgpy, UYTO OTpPaXXEHO Ha CXEME HalluyueM
ucrouHuka HanpsikeHuss KUBX ¢ BoIxoaHbIM conpoTuBiieHneM Rppx. K=Ugpix/Ugx
— KO3 (PULMEHT YyCUIIEHUS IO HAMIPSKEHUIO.

Yeunurens npeacTaBisieT coO0H MHOTOKACKaJIHOE YCTPOMCTBO, COCTOSIIEE
U3 pslla TOCJeA0BaTeIbHO COSMHEHHBIX MPOCTEUIMX KackaaoB. Cxema OHOTO
W3 YCWIMTEIBHBIX KAaCKaJ0B BBIMOJHEHHOTO Ha OUMOJIIpHOM TpaH3uctope ¢ RC-
CBs3sIMU TipuBesieHa Ha puc.l.2. Takol ycuiauTenb OOBIYHO TpEAHA3HAYECH IS
MPEABAPUTEIBLHOTO YCUJICHHUSI HEMPEPBIBHBIX WM HUMMOYJIbCHBIX CUTHAJIOB IO
HanpsbkeHuto.  PesuctuBHo-emkocTHass (RC) cBsi3b  MeXOy yCUIUTENEM U
WMCTOYHUKOM CHUTHAJIa ¥ Harpy3KOH SIBIIsIETCA HanboJiee paciipoCTpaHEHHOM.

OCHOBHBIMM DJIEMEHTAMHM Kackajia SBISIOTCA: HUCTOUYHMK nuTaHus (Eg),
ounonsipHbId Tpanzuctop n-p-n tumna (VT1) u pe3uctop KomwiekTopHOM 1enu Ry.
OTH 3JIeMEHThl 00pa3yrOT OCHOBHYIO YCHUJIUTEIBHYIO 1I€Mb, B KOTOPOM 3a CUeT
MPOTEKaHUsl YIpPaBIsieMOro TOKOM 0a3bl Iy KosuiektopHoro Toka Iy = P*Ip, Ha
KOJUIEKTOPE TPAH3UCTOpPA CO3JAETCS YCUJIEHHOE IIEPEMEHHOE HaNpsHKEHUE
Ux»=Ex-IxRk, xotopoe, nanee, depe3 pazaenuteibHbiii kKoHaeHcatop Cp,
NepesacTcs Ha Harpy304YHOE CONPOTUBIIEHUE Ryy.

Puc.1.1. Cxema 3amereHus
YCUITUTENS



PesucTopsl R1,

E,_ R2, R5 UIparoT

LI Ij]- BCIIOMOTATEJIbHYIO POJIb.

Ij,q-; Rk R1, R2 oOecneunBaroT

Cp2 Cdl‘ HEOOXONUMBIA  PEKUM

Cp1 — T TpaH3UCTOpa 110

/'\ | VT1 U HOCTOSIHHOMY TOKY

Rr 8bIX  (pexxum mokos1, pabouyro

C, [] Ry TOYKY TPaH3HCTOPA).

Kpome Toro, 3a

I CYET  BKJIIOYCHUS B

SMUTTEPHYIO 1ETb

pesucropa R,, B cxeme

BO3HUKAET

OTpHIIaTENbHAS

oOpaTHasi CBSI3b IO TOCTOSHHOMY TOKy. OHa OCYIIECTBIISIET TEMIEPATypPHYIO

crabunmzanuio paboued TOYKM TpaH3uctopa. [loJsipHOCTH  HaANpPSHKEHMS

UCTOYHMKA TUTaHus Ex monoxxurensHa. 310 o0ecrneynBaeT sl TpaH3uCTopa n-p-n

TUIIa CMEIICHUE KOJJIEKTOPHOIO Mepexojia B 00paTHOM, a SMUTTEPHOTO Mepexo/ia

B MpSIMOM HaNpaBJICHUH, T.€. AKTUBHBIA (YCHUJIUTENBHBIA) PEXKUM pabOThHI
TPaH3UCTOPA.

Konpencatoper Cp; um  Cp, HazpBalOTCS  pasgenurelbHbiMU.  OHU
00ecreynBaT M30JLMI0 (pa3lielieHue) HMCTOYHMKAa CUTHaJa W Harpy3ku OT
CaMOro Kackajia Mo MOCTOSHHOMY TOKY M COE€IMHEHHUE (CBS3b) UX IO MEPEMEHHOM
COCTAaBJISIFOIIEN MEX]Ty COOOiA.

Jlns  ycTpaHeHusi OTpUIaTeIbHOM OOpaTHOM CBSI3UW 10 TIEPEMEHHOMU
COCTaBISIIOIIEH, KOTOpas BO3HUKAET W3-3a 3MUTTEPHOrO pe3ucropa Rs ero
IIYHTUPYIOT KOHJeHcaTopoM C,, CONpoTUBIEHUE Xy KOTOPOTO HA HM3IIEH
4acTOTE€ YCWJIMBAEMOTO CHUTHalda JOJDKHO OBITh Ha TOPANOK MeHbIe Ry
(Ry>>Xc3). D10 ocnabnser (ycTpaHsieT) OTPUILIATENILHYIO OOpaTHYIO CBS3b B
KacKkajZie Mo TEepEeMEHHOMY TOKY M YCTpaHsieT BiusHHEe R, Ha kodpduiimeHt
YCUJIEHUS MO MEPEMEHHOM COCTABJISIOIICH.

Kpome miepeyucieHHbIX 3JIEMEHTOB NPUHUMIHAIBHOM CXEMBbI, MpHU
YCUJICHUU MMIYJbCHBIX WJIM  BBICOKOYACTOTHBIX CHUTHAJIOB, HEOOXOJIUMO
y4uThiBaTh napasuTHyr0 eMKOCTb Cy = CyrtCytCejxackana, COCTOSIYIO U3 3-X
cocTaBisironX: Cys — €MKOCTh KOJUIEKTOP-3MUTTEP TpaH3uctopa; Cyy — eMKOCTh
MOHTaXa; Ccxackana — BKJIIOUEHHAs Mapajule]bHO HArpy3Ke BXOJHAs €MKOCTb
CJICAYIONIETO Kackaja, Wih mpubopa MOAKII0YAeMOro K YCUJIUTEI0, Harpumep,
ocruiuiorpada.

WNneanpHplll yCUIUTEND JTOJDKEH YBEIWYMBATh BXOJHOW CUTHAJ B 3aJ1aHHOE
yucio pa3 (Ky) 6e3 usmenenus Gopmel curnana. B peaibHbIX YCUITUTENSIX 3TOTO
HE MPOUCXOAMUT. Bcerna ectb OTIWYMS, KOTOPbIE U COCTABIISIIOT HCKAKEHUS,
co3gaBaeMble ycunmTeneM. VckakeHus OBIBaIOT JBYX BHIIOB. JIMHCHHBIC W
HEJINHENHBIE.

|R2 Ry

_m

Puc.1.2. Cxema ycunurens



JIuHeHHbIe KCKAXEHUS HE HAPYLIAIOT AMIUIMTYAHBIX COOTHOLIEHUN B
ycwIMBaeMoM curHaie. llpu Hanmuumm B yCWINMTENE JIMHEHWHBIX HWCKaKEHUMN
CUTHAJIa, aMIUIMTYJHAs XapaKTEPUCTHUKA HE IMPETEPIEBACT HUKAKUX HCKAKCHUMU.
Tem He MeHee, JIMHEWHBIC HCKAKEHUS, PA3yMEeTCs, HCKaKarT YCHUIMBAEMbIN
CUTHAJI. OTH MCKAXKECHMS CBSI3aHbl C HEPABHOMEPHOCTBI AMIUIUTYAHO-YaCTOTHOM
XApaKTePUCTUKM  YCWIMTENS W HEIMHEMHOCTH  ero  (a304acTOTHOM
XapaKTEPUCTUKU. B CBA3M C JTUM, JIMHEWHBIE HCKAKEHHUS YacTO HA3BIBAIOT
YaCTOTHBIMU. ['JIaBHBIM MPU3HAKOM JIMHEWHBIX UCKAKEHUU SIBIISIETCS TO, YTO OHU
HE BBI3BIBAIOT MOSBJICHHS B CIIEKTPE BBIXOJHOT'O CUT'HAJIA HOBBIX COCTAaBIISIOIIMX.
B pe3synbprare BAMAHHS JHMHEHUHBIX MCKAKEHHUI, MOTYT JIMIIb U3MEHATHCA YPOBHU
€r0 OTJIEIBHBIX CIEKTPAJIbHBIX (4YACTOTHBIX) COCTABIISIOIIHX.

B ornnune OT TMHEWHBIX, HEJIMHEMHbIE UCKAaKECHHS BBI3BIBAIOT HAPYILICHUE
JUHEWHOCTH  AMIUIMTYIHOM  XapakTEPUCTUKH  ycwiuTens.  VckaxeHus
aMIUIMTYJHOM  XapaKTEpUCTHKU YCWIMTEN TNPHUBOIAT K  CYLIECTBEHHBIM
VUCKOKECHHUSIM aMIUIMTYAHBIX COOTHOIIEHWM B YCHJIMBAEMOM CHUTHAJIE€ U MOTYT
BbI3bIBaTh 3HAYUTENIbHBIE HM3MEHEHHsI ero ¢GopMbl. B oTiauume OT JHMHEHHBIX
VCKAKECHH, HEJIMHEHHBIE NCKAXEHUS BCETa IPUBOJIAT K TOSIBJICHUIO B BBIXOTHOM
CUTHaJ€  JIOMOJHUTEIbHBIX  CHEKTPAJbHBIX  (YAaCTOTHBIX)  COCTaBJISIOLIMX,
OTCYTCTBYIOLIMX BO BXOJHOM cuTHaje. Ecnu nuHelHble UCKaXeHUs u3MeHsoT d
OCHOBHOM OKpacKy 3ByKa, TO IPOSIBICHHWE HEIMHEWHBIX HMCKAKEHUM emie Oosee
naryOHO, MOCKOJIbKY OHU MPUBOASAT K CYIIECTBEHHBIM U3MEHEHHSIM YCUIMBAEMOTO
CUTHAaJa.

AHanu3 ¥ pacyer napaMeTpoB YCHIIMTEIbHOIO KacKa/la B PEXKUME YCUIICHUS
MaJjbIX CHTHAJOB LEIECOO0PAa3HO MPOBOJAUTH, MPEACTABUB €r0 KBUBAJICHTHOMN
cxemoi (puc.1.3) mo mepeMeHHOMY TOKY, B KOTOpPOMl TpaH3HCTOp H300pa)xaeTcs
cxeMmoi 3amenieHus B cucreme h - mapamerpos: hll1, 1/h22 - BXonHOE 1 BBIXOIHOE
COMPOTHUBJIEHUE TpaH3ucTopa, h2l= — kosddummeHT mnepemaun TOKa Oasbl.
OKBUBAJICHTHAsl CX€Ma MOJIy4aeTCsl U3 NPUHIUIHAIBHOW, €CIM CYHUTATh, YTO IO
IIEPEMEHHOMY CHUTHAJIy BHYTPEHHEE COIPOTHBIICHHE HCTOYHMKA nuTaHus Eyx n
COIIPOTUBJIEHUE dMUTTEPHON Henu paBHbl HYNMO (Xcy=1/0Cq = 0, Xca=1/ oCr=
0), uyTo Bcerma BBINIOJHAETCS Tpu TNpaBwibHOM BbiOOpe C; u Cy B paboueM
JMaIa30He 4acToT.

':l-fpl 16 Cp2
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Puc.1.3. DkBUBaJICHTHAsA cXeMa YCHJINTENS AJI1 MAJIBIX CUTHAJIOB

IIpn ycuneHnM HENPEPBIBHBIX CHUTHAIOB XapPAKTEPUCTHUKHU YCHIIUTEIIS



paccMaTpUBAIOT B TMPEANOJOKECHUH, YTO BXOJHOW CHUTHAlT - TapMOHHUYECKHM.
OpHOii ¥W3 OCHOBHBIX XapaKTEPUCTHK YCWIMTEINSA, ONPEAeNsIomed  ero
CTIOCOOHOCTh YCHWJIMBATh PAa3IMYHBbIE TaPMOHUYCCKUE COCTABJISIONINE SIBIISCTCS
KOMIUIEKCHBIH ~ kod(pdunment ycuinenuss K(o). On mpexacrasiser coOoi
3aBHCHUMOCTh OT YacTOThl OTHOIICHHUS KOMIUIEKCHBIX AaMIUTUTYJ] BBIXOJHOTO U
BXOJTHOTO HampsbkeHud. Moyis koMiuiekcHoH pyrknnu K(w) wimm ammuTyHo-
gacToTHast xapaktepuctuka (AUYX) ko3ddummenta ycuiaeHHs - 3aBUCUMOCTD

OTHOILICHHS aMIUTMTYJ BBIXOJHOTO M BXOJAHOTO CUTHANOB ( Upppx/ Umpx) OT

gacTtoThl. ®dazouactoTHas xapakrepuctuka (DPUX) — 3aBucumocth (HazoBOTO

CIIBUTAa MEX]y BBIXOJHBIM M BXOJIHBIM CUTHaJIAMH OT 4acTOTHI (P(®) =@ gpix — P
BX)-

K Ha  puc.14

! /,—’- _{‘\\ npuBefaeHsl AUX u

0.75 r " dUYX TUTSE

f \ HJ1eaIbHOTO u

9.5 / \\\ peaIbHOTO

0.25 ycunurenen.  Jlud

' /’/ \“\ UEAIILHOT'O

970 100 1000 104 765 €O yewmren AUX we

2 3aBHCHUT OT 4aCTOTHI

@ Jns peagbHOTO

1 — R YCUIIATEIS AYX

0 HETOCTOSIHHA, T.C.,
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YCUJICHUS B 00JIaCTH
HY U BY
MPEICTABIISAIOT
co00¥1 JINHEWHbBIEC YACTOTHBIE HCKAXKEHUS, CO3aBAEMbIC YCUITUTEIIEM.
Bech nnama3on 4actoT pa3ouBaroT Ha 3 ydacTka: 00J1acTh CPeIHUX YacToT,
rae K03 UIMEeHT YCUJICHUS MPAKTHYECKH HE 3aBUCUT OT YacCTOTHI (3TO 00J1acTh
pabouux dYacTo), 00JaCThb HHM3KHX YACTOT U 00JaCTh BBICOKHX YACTOT.

Puc.1.4. AUX u ®UX ujieanbHOTO U peaIbHOTO
YCHJIUTEIICU

Yactothl, Ha KoTopelx K(m) = Ky/v2 = 0,707Ky, sBIAIOImIHecsS TpaHUIAMH
pabouero awama3oHa, HA3bIBAIOT TPAHUYHBIMA YacTOTAaMHU B O0JACTH HUKHUX
(fu.rp) 1 obnactu BepxHux (fp rp) 4acTor.

OcobGeHHOCTH B 00JIACTH CPETHUX YACTOT

3necy BimmsiaueM Cpy, Cp, m Cy MOkHO TIpeHeOpedb T.K. Xco>>Ry, a
Xep1<<hy; 1 Xcpy<< Ry,, a moTomy 3xBHBaNieHTHas cxema (puc.1.3) mist obmactu
cpenHux yacTtoT ynpoiaercs (puc.1.5). Koadduument ycunenus nmo HanpsxeHUIO
OTIPEIEISIETCS BEIPAKCHUEM



Kz(} = UBLD(/UBX = _h21 'RH.QKB /(Rr +RBX) )

rae hy; - koapdunmreHT

Rl YyCUICHHUS ToKa 0a3bl Jid
K TPaH3UCTOPa, BKJIIOYEHHOTO

U gar o cxeme ¢ O9;
Rgx=h11l - BxomHOE
COINPOTUBJICHUE  YCHUJIMTEI

e 155 (T.k. 00b19HO R1 11 R2 > hy));
uc.1.5. DOKBUBaJIEHTHAS CXeMa yCHINTENA Ha Ruz.oxB=(1/hy,)

CPCOHUX YaCTOTax

DKBUBAJICHTHOE
CONIPOTHUBJIEHUIO  HArpy3KH
TPAH3UCTOPHOI'O KacKaza;

R;- BHyTpeHHEE CONMPOTHURICHUE NCTOYHMKA CUTHAJIA.

KoaddunmenT ycunenus nelcTBUTEIbHOE Ynciio. BenuurnHa ero 3aBUCHUT OT
BbIOOpa Tpan3ucropa (h;i,hy) u pesucropoB Ry sk, Rex, Rr. 3Hak (-) roBoput o
TOM, YTO MPOWCXOAWT WHBEPTUPOBAHUE BBIXOJHOTO CHUTHama (CABUT 1O ¢asze Ha
1800) OTHOCHUTEJIBHO CUT'HAJIa Ha BXOJE.

Oco0eHHoCcTH B 00JIACTH HU3KUX YaCTOT

3mech HEOOXOAMMO YUHUTHIBATH pasfeiauTenbHble KoHaeHcaTOphl Cp; U Cp,
T.K. HA HU3KHX YaCTOTaX MX COMPOTHUBJICHUS CTAHOBSITCS COM3MEPUMBIMHU C Rpx H
Ry ske. lapasutHoit emkxocthio Cy MOKHO TpeHeOpeub, T.K. Xcp>>Ry (puc.1.6).
Ha HuM3KkMX 4YacToTax 4acTh yCHJIMBAeMOro BXojHoro curHaima Upy Iagaer Ha
pa3IeIUTEIIbHBIX
(I:,;Pl xongencaropax (Cp; m
R: EXYC ¥. R x YMEHBIIICHUEM  YaCTOTHI
U 1704 COTIPOTHBIICHUE

U EADX
X hoyI6 BO3pacTtaer.  BsIxomHoe
: - HaIpsHKCHUE

.l"rj

YMEHBIIAETCS a,
CJIEI0BATEIIBHO, 3TO
MPUBOIUT K YMEHBIICHUIO

Puc.1.6. DOxkBHBaJIeHTHAs cX€Ma yCWINTENS Ha
HU3KHX YaCcTOTax

0
KO3 QUITMEHTa YCUJICHHSI TI0 CpPaBHEHHWIO ¢ ero 3HadeHwmeM K, B nuama3oHe

CPEIHHUX YacCTOT.
Koaddurment ycunenus B 00J1acTi HU3KUX YaCTOT UMEET BUJI

Ky
Qe yae—t oy as by

JOTy, JOTy, Jjoty

Q
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riae Ty1=Cp Rpx - mocrosiHHas BpeMenu B obsnactu HY, onpenensemas Cpy;
Tu>=Cp; Rpx - mocTosinHast Bpemenu B ooiactu HY, onpenensemas Cp,;

Ty— ‘CH1TH2/ (’L‘H1 + Ty2) — DKBUBAJICHTHAsI MOCTOSIHHAsI BPEMEHM Kackalia B
obnmactu HY, onpenensiemas pazaenurensHbiMu KoHAeHCaTOpamMu Cp; 1 Cp,.

Takum 00pa3om, 11 yMeHbIlIeHUs HepaBHOMepHOCTH AUX B obmactu HY

(pacumupeHusi TMojoca MPOIYCKaHHs), HEOOXOAMMO yBEIMYMBATh Ty. ITO
nocturaerca myreM yBenudeHusi 3HaueHuil Cp; u Cpy, a TakkKe yBEIMYECHUEM

3HAYCHUU RBX nu RH.3KB-
OcobeHHOoCTH B 00J1aCTH BEPXHUX YACTOT

DKBHBAJICHTHAs cXeMa JIJIsi 00JaCTH BEPXHHUX YacTOT MpHBEAeHa Ha puc.1.7.
3neck u3 oomei cxeMmbl UCKIOUeHBI Cp; U Cpy ,T.K. Xcp; << Rpx, Xcpr << Ry. B
ATOM JMAIa30HE YacTOT HEOOXOIMMO YUUTHIBATh:

1) mHEpLHOHHbIE

Cpl CBOWCTBAa TPaH3UCTOPA,

|| : T.€. YMEHBIIICHUE

R, |l Jr— Es , E . xo3(durenta

H @ |:| — I nepegayl  Toka 0asbl

E, U e B TpaH3HCTOpA oT
21 Y4aCTOTHI;

2) mapa3uTHYIO

Puc.1.7. DxkBUBaneHTHAs cXeMa yCUIIUTEIIS Ha eMkocTbio C,, KOoTOpas

BBICOKMX 4aCTOTax IYHTUPYET

SKBUBAJIEHTHOE

CONPOTHBIIEHUE HArpy3Kku Rynokp, @ clemoBaTenbHO yMEHbIIAeT KOd()PUIIMEHT
YCWIECHMSI TPAH3UCTOPHOrO Kackajga. B pe3ynbrare ¢ yBEIMYEHHUEM YaCTOTHI
aMIUTUTYJ]a BBIXOJTHOTO HAIpPSKEHUS U, CIEJ0BATENbHO, KOIPPUIIUEHT yCUIICHUS
yMmeHbatorca. KoMrekcHbll K03 (GUIMEeHT Tmepefaud Kackajga B 00JacTu

BbICOKMX 4acToT (BY) ¢ yueTom 06oux (hakTOpOB UMEET BUJL:
0

KB (jo)= U
I+ jory)’

rne T = Tp+ To;
Tp= BO/(ana) — TIOCTOSIHHAsA BpEMEHU TpaH3HUCTOpa 1o cxeme ¢ O3;

f, = BEpXHss rpaHUYHAs YacToTa TpaH3ucropa no cxeme ¢ Ob;

To = CoRynkp - mocrosiHHAas BpeMeHH B 00JIACTH BBICOKMX YacTOT,
onpenensemas C.
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s ymenbienuss HepaBHoMepHocTn AUX B obmactu BY (pacummpenus
[0JIOCA TPOIyCKaHWs) HEeoOXoauMo yMeHbIINUTh Tg. OJHAKO, 3HAYUTEIBHO

YMEHBIIUTh TR PallMOHAJIBLHBIM BHIOOPOM AJIEMEHTOB CXEMbl HEBO3MOXKHO T.K. TR
OTIpE/IETSAETCS KpOME 3JIEMEHTOB M TapaMeTrpamu TpaHsuctopa. llostomy nms
pacIMpeHus aWarna3oHa yCHJIMBAaeMbIX dYacToT B oOmactu BY HeoOxommmo

BBIOMpPATH TPAH3KUCTOP C MAJIOi Tp.
OcobeHHocTH pabOThl YCUIIMTENS B UMITYJIbCHOM PEXUME

[Ipu ycuneHUM UMITYJIbCHBIX CHUTHAJIOB HMCKaXEHUS  CO3JaBacMble
YCWJIMTENIEM OLIEHUBAIOTCS IO MapaMeTpaM ee nepexoaHoit xapakrepuctuku (I1X).
[Tox mepexoaHO# XxapakTepuUCTUKON h(t) MOHMMAIOT OTKIMK (BBIXOJHOM CHUTHAI)
IIpU MoJja4ye Ha BXOJ CKayka (Tepernaia) HarpsiKeHUs

U, ()= Eo -1(2)

rane Eo- ammuaryna nepemnana;
1(t)-equHnuHas QyHKUIHUS.
Ha pwuc.1.8 mnpuBeneHsl mnepexoAHblE XapaKTEPUCTUKHA HUIACATBHOTO

yeunurens h(t)= Ky 1(t) u peanbHOTO
h(t) :Kg(e_t/TH _e—t/TB)

rae Ty ¥ T - TOCTOSIHHBIE BPEMEHU TPAH3UCTOPHOTO Kackaaa B 00JaCTH HU3KUX

U BEPXHUX YacTOT, IpudeM Ty >> TR.
Otnnune Mexnay uaeanbHol u peanbHoM [IX HabmonmaroTcss B oOnacTu

MaJlbIX BpeMmeH, korga t < Tg, T.e. t—0 u B obysacTu 00JBIINX BPEMEH, Korja t >

Ty 1.€. t — 0.

Hdass  oGmacTH  MaJbIX

AJ](I)/KU BpeMeH (t<<Ty) BBIpaXEHHUE JIA
10 h(t) MOXHO YITPOCTHUTB:

h(it)=1 —e '™

0,37 OToMy BBIPAKCHUIO
COOTBETCTBYET DKBUBAJICHTHAs

> , cxema Ha puc.l.7. Hckaxenus

tg ty COCTOAT B 3aTATMBAHUU (PPOHTA
Puc.1.8. UneanbHas u peanpHas Iepemana HaIIPpsHKCHUA 1

MEPEXOHBIE XapaAKTEPUCTUKU
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00BACHAIOTCSI KOHEYHBIM 3HAYEHHUEM TB. Onu CBS3aHHBIM C TEM, UYTO HAIIPSAKCHHUC

Ha eMKOCTH Cy MTHOBEHHO M3MEHUTHCS HE MOXET. Uem MeHblie Tg, TEM Jydlle
BOCITPOU3BOAUTCS (PPOHT mepernaja HanpsbkeHus. VckaxeHus B 00J1acTH MajbIx
BPEMEH OIIEHUBAIOT IJIUTEILHOCTBIO NepeiHero (PpoHTa tp — BpEMEHEM, B TCUCHHE
KOTOpOro BbIXoAHOE HampspbkeHue usMmensercs ot 0.1U, mo 0.9U, Dt1o Bpems
CBs3aHO C TR 4, CIEJOBATEeNIbHO, C BEepxHEH rpaHw4HONW dYactoTtoil fg AUX,

cooTHomeHueM ty=2,2 Tg =0,35/fz. Takum oOpazoM, yeM MeHbIIe Tg, TEM HIUPE
T10JIOCA TIPOITYCKAaHUS YCUJIUTEIIS U TEM MEHBIIIE NCKaKCHHE (PpOHTa MMITYJIbCA.

Jst 6obMx BpemMeH (t >> Tg) u [1X mMoxHO 3anucath:
h(t)=e '™ =1-t/1,.

DTOMY BBIP@KEHHUIO COOTBETCTBYET SKBHMBAJICHTHAs cXema I 00JacTu
HU3KUX YacToT (cM. puc.l1.6). HckaxeHus BXOJHOTO CHUTHaJla CBS3aHbI C
HEBO3MOXXHOCTBIO TIepefiauu uepe3 pazaenutenabHbie koHaeHcaTopbl Cp; u Cp,
MMOCTOSIHHOM COCTAaBJISIIONICH BXOJHOI'O CUT'HAIa U COCTOSIT B CHaJIC MJIOCKOM YacTH

nepemnajga HamnpsokeHus. Yem Oosbiie Ty, TEM MEHbBIIE HIDKHSSA TpaHUYHAs
4acTOTa, TEM MEHBIIE CKOPOCTh CIAJA, T.€. HCKAKEHHUS.

PaboTa ycunuTenbHOro Kackajia B pexkuMe O0JIbIIOro CUrHaia

Pexxum pabGoThl YCHIIMTENBHOTO Kackaja MpH MajoM BXOJHOM CHUTHAJe,

koraa (Upppx <<Ex/2) , tme Upppix — aMIUIUTyAa BBIXOJHOTO curHajia, Eyx —
HaIpsHKEHUE KOJUUIEKTOPHOTO MMUTaHUS,
Teane Aﬁ'& MOHO CUUTATh JUHEUHBIM. [Ipu sToM hopma
5 BBIXOJIHOTO CHUTHAJIa COOTBETCTBYET (opme

1 BXOJHOT'O CUTHAJA.
[Ipu GonbIIIOM BXOAOM CUTHAajla, KOrjaa

E

UE EL- Taci

(Umsbx = Ex/2) T.e. xKorma 3T BEJIMYUHBI
con3MepuMbl, ¢GopMa BBIXOAHOTO CHUTHAJA
OTJIMYAETCS OT BXOAHOrO. OTHU OTIHYHUA
T 1T 00yCIIOBIICHBI HETMHEHHOCTHIO BAX

Exmax TPAH3UCTOPA U HAa3bIBAKOTCS HEJIMHEUHBIMU
UCKQKEHUSMU YCUIIUTEIIS.

Jluana3oH  W3MEHEHUsI  BBIXOJHOIO
CUTHaja, YyCWIMBaeMOro 0€3 HCKaXEeHUM
MOHO OLICHUTH o aMILTUTYAHOM
xapaktepuctuke (AX). AX mnpeacraBisieT
coOOl 3aBUCUMOCTb aMIUTATYAbl BBIXOJIHOTO HAMpPSDKEHUS OT aMIUIMTY/IbI

(]

Puc.1.9. AMmuurynnas
XapaKTEPUCTUKA YCUIIUTENS

BXOJHOI'O (Um.Ble :f(Um.BX) (pI/IC19)
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JUist upeansHoro ycunurenss AX — 3to npsmas (npsmast A Ha puc.1.9). [Ins
pealbHOTO yCHIMTENs oHa HenuHelHa. JIuHeinsii yyactok AX (0-n) mo3BossieT
OIPENICINTh BXOAHOM MAaKCHUMalibHbIM CHUTHAN Upgxyax, @ TAKXKE U BBIXOIHOM
MakCUMaJIbHbIA CUTHAI Uppxmax, NPA KOTOPOM HEJIMHEMHBIE HNCKAXKECHUS
He3HauuTenbHbI. [To AX, B TMHEIHON ee YacTH, MOKHO ONPEAEIUTh KOIPPUIIUEHT

ycunenus yeunurens Ky= AUy gpix /AU Bx.

3az1a}me 1.1. I/Icc.ﬂeszaHne BJINAHUA JJIEMEHTOB CXEMBbBI Ha
AMIUVIMTYAHYIO XapPaKTEPUCTUKY YCHIINTEIIA

[Topsimok nccmemoBaHus:

1. HalGpate cxeMy @peaBapuTEIbHOIO  YCHJIMTEIBHOTO  KacKaja,
PaCCUNTAHHYIO 10 WHAWBUIyaIbHOMY BapuaHTy B paszieine 1, Ha pabodem TmoJie
Mozaenupyromeit nporpammel  Electronics Workbench. B ciyuae orcyrcrBus
pacueToB IO YyKa3aHUIO TpPErojaBaTess IMapaMeTphl JJIEMEHTOB JOJDKHBI OBITh:

1
R1=39k, R2=10k, Rk=2k, Ra=1x, Ru1=2x, Ru2=1x, C P1=10mMx®, C *=1mx®d, C
11

P2 =2MK®D; Co=10Mxd, CO0=22u®D, hll=I1k, h21=40, h22=1,5.10-4Cm , Cp=20
MKD (puc.1.10);
Ek

12
+ 1
B
- —— ..
R szk Zp2 1
£ 1pF
Cpil I UBHx
¢ | 2M2T12 |
Co
J_ Uzm
Rn
Re L1 Ce -|_ 7 ke
1 ke 20 pF |
L

Puc. 1.10. Cxema ycunuTenbHOTO Kackajia

2. Ilogate Ha BXOJ ycunurens nocienoBaresnbHo UBx=10mMB u 120MB nipu
gactote 1000 T'm. Bxoa ocmummiorpada MOAKIIOYUTE K BBIXOAY YCWIMTENS W
TOOUTHCST HA DKpaHe ocuuuiorpadga yCTOMYMBOTO HM300pa)KEHUs CHTHAla C
MOMOIIBI0  CHHXpOHM3AIMU. CHATh OCHMIUIOTPAMMBI  BBIXOJHOTO CHTHAjIa
ycwiuTenss.  BenmuuuHy ~— CMTHaja  KOHTPOJMPOBATh  BOJBTMETPOM WU
octriorpagom.

3apucoBaTh B OTYET BBIXOJHBIE CHUTHAIBI M PACCUUTATh KOADOUIIMECHT
yewiennst (Ko=U, zu/Un sx) 011 o0omx cimydaeB. OOpaTuTh BHHUMAHHE Ha
UCKaXEHUS TMpuU OOJBIIOM BXOJHOM CHTHale. 3a aMIUIUTYyAy IPUHUMATh
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MOJIOBUHY pa3maxa curHaia. Cruenarb BbIBOJI O IPUUMHE UCKAXKEHUSI CUTHAIA MPU
OOJIBIIINX aMIUTUTYaX BXOJIHOT'O CUTHAJIA;

3. CHATh aMIUTMTYJIHYIO XapaKTEPHUCTHKY yCWIHTENsI mpu R, =oo.
N3mepenust mpoBOUTH B JMANa3oHE M3MEHEHHUs BXojHoro curHaiga 0-120mB ¢
maroM 20MB Ha yactore 1000’1, BennunHy BXOJIHOTO M BBIXOJHOT'O HAIPSHKEHUM
HU3MEPATh BOJBTMETPOM WM ociruuiorpadom. Pe3ynbraTel H3MEpEeHHUI 3aHECTH B
1aby.1 B cTpoky Uy, Bpix | Re = ;

4. TloBTOopuTh 3amanue 1o 1.3 nmpu Ry paBHOM pacueTHOMY (Tipu paboTe C
pabounm BapuaHtoM cxembl Ry = Ry=2kOm). Pe3ynbTaThl 3anectu B Tadi.l
cTpoka Uy, ppix | Ru=2x0m;

Tabmmma 1
JlaHHbIe 1J1s1 TOCTPOEHUS AMIUTUTYTHOU XapaKTePUCTUKU

Uppx (MB) 0 20 40 60 80 100 120

Umn.BbIx | Ru=

Um.BbIX | Ru=2xOm

5. Tlo pe3ynpTaTaM H3MEpPEHUN TMOCTPOUTH 00€  aAMIUIUTYAHbBIC
XapaKTEepUCTUKU  HAa OJHOM Tpaduke. VYkazarh JuHEHHBbIE YywyacTku AX.
PaccuntaTth KO3QHUIMEHTHI YCUICHUS Ko u CPaBHUTH C PACCUMTAHHBIM B pa3Jieiie
1

6. CaenaTh BbIBOJ O MPUYMHE PA3IMUUN IBYX KpUBBIX AX;

7. Jlyist mapaMeTpoB CXEMbI 3a/1aHusl MO0 .4 U3MEHUTh BEJIMUMHY R> U CHATH
nokazanus s noctpoeHusi AX. Ilokazarb, 4TO AIMUTTEpHOE CONPOTUBIIEHHE R,
CO3/arolIee OTPHUIATENIbHYI0O OOpaTHYIO CBf3b, MPAKTHUYECKH HE BIUAET Ha
K03 bUIIMEHT yCuiIeHus B pabodem auarnas3one 9actoT 10 fiyrp = 100 I'm. Cnenath
BBIBOJI O IPUYMHE OTCYTCTBUS TAKOT'O BIUSHUS.

B otuere npencraButs:

- CXeMY YCUJIUTEJISA, €CIU €€ He ObUIO B MPEAbIAYIIUX OTYeTaX;

- OCUMJUIOTPAMMEI 110 1.2 33/1aHu4;

- pacyeTsl U 3HaUYeHHE KOI(P(DUIIMEHTA YCUIICHUS] YCUIIUTENs, BBIBOJ O €ro
COBNAJCHUH C PACUETHBIM;

- BBIBOJ O MPUYMHAX HCKAXKEHUS BBIXOJHOTO CHUTHaja TpU OOJIBIINUX
aMILUIUTYy1aX BXOJHOTO CUTHAJIA;

- TaOJUITY JIsl TOCTPOCHUS aMIUTUTYHOW XapaKTePUCTHKY;

- rpad¥K aMIUTUTYIHOW XapaKTEPUCTHUKU MPHU PA3THUYHBIX COMPOTUBIICHUSIX
Harpy3Ku;

- BBIBOJI O NPUYMHAX HECOBMAJACHUS AMIUIUTYAHBIX XapaKTEPUCTUK MpHU
Pa3IMYHBIX CONPOTUBIICHUSX HATPY3KHU;

- BBIBOJ O BIUSHUA CONPOTUBIICHUS OSMUTTEpA HA AMIUIMTYIHYIO
XapaKTEPUCTHUKY B pabodeM JMara3oHe 4acToT.
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3ananue 1.2. AHaau3 BJIHMAHHS JIJEMEHTOB CXeMbl HA aAMILJIMTYIHO-
YaCTOTHYIO (AUYX) " ($pa3o4acToTHYI0 (PYX)
XapaKTePUCTUKY

[Topsinok uccnenoBaHus:

1. Cxema uzmepenuit AUX ananornyna cxeme ndmepenud AX. Cuarp AYX
YCWIMTENILHOTO Kackaja npu pacuetHbix Ry u Cpy (ang pabouero Bapuanta Ry =
Ry;; Cpp = C! p2). st ATOTO, M3MEHsAsI 4acTOTy TApMOHHMYECKOTO CUTHajla Ha
Bxoze ycwiurens B auanazone 10I'm - 100xI'n u mopnepxuBas €ro amIuiuTyny
10MB, u3mepsaTe aMIUIMTYyAy BBIXOAHOTO HaIpsDKEHHs. Pe3ynpTaTbl m3mepeHuin
3aHOCHUTH B Ta0II.2;

Tabnuua 2
JlaHHbI€ 7151 IOCTPOEHMS YaCTOTHBIX XapaKTEPUCTUK

Hyaxr | FTw) | 10 | 20 | 50 [ 100 [ 200 (500 10° 2-1075-10° 10" - 1075107 10°
samanmst | Lg(f) [ 1 [ 13|17 2 [23 27 3 [33[3.7] 4 [43]47] 5
1 U2m
Ky
2 U2m
Ky
1 o
2 o

2. Paccunrars kodpdumment ycuiaeHus K =U, ../Unex , Tpa Uy =
10MB;
3. IloBropuths 3amanue mo nm.l W2, yMEHBIIMB BIBOE pacueTHoe Ry m

yBenuuuB BABoe Cp, (11 pabouero BapuanTa Ry = Ry, ; Cpy = C,l,l2 ).

4. IlocTpouTh aMIUIMTYJHO-4YaCTOTHBIE XapakTepuCTUKU K i aByx
CJIy4aeB Ha OJIHOM rpaduke;

5. Onpenenuth rpadpuuecku rpaHuyHble 4acToThl (fy, fg) U cpaBHUTH UX C
PaCUYETHBIMU;

6. Cnenatb BBIBOJ O BIMSIHUM COIIPOTHBIICHUS HAarpy3KU U Pa3feIUTEIbHON
emkocty Ha AUX ycunurens. O0bsICHUTh TPUYUHBI TAKOTO BIUSHUS.

B otuere nmpencraButs:

- TabyuIly ¢ JaHHBIMU AJ1s1 TocTpoeHus AUX;

- rpaduku AUX 11 IByX BapHAHTOB MMapaMETPOB CXEMBI;

- 3HaYEHHUS TPAHUYHBIX YaCTOT U BBIBOJI O COBIAJICHUH C PACUETHBIMU,

- BBIBOJ O BIJIMSIHUM COIPOTUBJIEHUS HArpy3KW U Pa3LEIUTENBHON €MKOCTH
Ha AYX ycunurens ¢ 00bSICHEHUEM MPUYUH TAKOTO BIUSHUSL.

3aganme 1.3. AHaIM3 BJIUSIHME 3JIEMEHTOB CXeMbl ycuanTe s Ha AUX u
DYX ycuiieHusl ¢ MOMOIIbLIO u3MepuTesisa auarpamm boae

ITopsnox nccmenoBaHus:
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1. Cobpatp cxemy (puc.l.11) ¢ HOMHUHaIaAMU PacCUYETHBIX DJIEMEHTOB (IJIs

pabouero BapuaHnTa cxembl Ry = Ryyy; Cp, =C ' 2);

2. YcraHoBUTH M3MeEpUTENb nuarpamM boje B pexxum uzMepenuss AUX
(Magnitude), macmtab mo ocu Y (Vertical —mapamerpsl BEpTHKaJIbHOW OCH) —
munernblid (Lin), a mo ocu X (Horizontal — mapaMeTpbl rOpU30HTAILHON OCH) —
norapudmuueckuit (Log), nuamazon yactorHoro anaimusa oT 10I'y (I — Initial -
HavdanpHOE 3HaueHue) 10 100k[ 11 (F — Final — koneuHoe 3HaueHme);

Ek
124
o
Rk CpZ
2k 1 pF -
Cpi [
10 uF | *
o I
I MMBRE31
> — AnF
Fn
— 10 uF 2 ki
|_Ili L i 1

Puc.1.11. Cxema uzmepenus AUX nu ®UX ¢ nomMouibio
n3mepurens boae

3. C nmoMomibl0 BU3UPHON JTMHUM MPOU3BECTU U3MEpPEHUsST KO3(PPUIMEHTOB
nepeavyr Ha 4acTOTaX yKa3aHHBIX B Tabmuue 2. [IpoBepuTh naHHbIE TaOJIULBI, B
cllydya€ HECOOTBETCTBHS JaHHBIX, YTOYHUTh YacTOTbl M TIPOBECTH HOBbBIE
U3MEpPEHHUS;

4. IloBTOpUTH 33JjaHKE N0 1.3, YMEHBIIMB BJIBOE pacueTHOEe Ry U yBennuus

B1iBoe Cp, (7151 pabouero BapuanTta cxeMbl Ry = Ry, ; Cpy = C,lfz );

5. Berueptuts B oTdyeTe 00e kKpuBbie AUX Ha o1HOM rpaduke.

6. Cnenatb BBIBOJ O BIMSIHUM COIPOTHUBIICHUSI HArPY3KU U Pa3JEIUTEIbHON
emkocTH Ha AUX ycunutens ¢ 0ObsICHEHUEM MIPUYKH TAKOTO BIUSHUS;

7. YcraHoBUTH M3MepUTenb auarpamm bone B pexuMm usmepenus PUX
(xHomka Phase), MacmiTaObl 1 quana3oH aHajin3a OCTaBUTh MIPEKHUE;

8. C moMoIIbI0 BUBUPHOM JTUHUU MPOU3BECTH U3MEpPEHHUs (ha30BbIX CIBUTOB
Ha 4acTOTaxX yKa3aHHbIX B Tabiuue 2. Pe3ynbrarsl u3MepeHui 3aHECTH B TAOJIUILY
2 B CTPOKY 2-T0 MMyHKTa 3a1aHU;

9. U3menuTh mapameTphl lLieneil Ha pacueTHble (a1 pabodero BapuaHTa
cxeMbl Ry = Ry, Cpp, = C* p2). C MOMOIIBIO BU3UPHOM JUHUM MPOU3BECTU
u3MepeHus (a3oBbIX CABUTOB Ha YacCTOTaX yKa3aHHBIX B Tabmuie 2. Pe3ympraTsl
U3MEpEHHI 3aHeCTH B TaONUILy 2 B CTPOKY 1-ro MyHKTa 3aJaHMs;
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10. 1o pe3ynbratam usmepenus noctpoutb GUX ¢ (f) 1t AByx BapraHTOB
neneil Ha ogHoM rpaguke. CaenaTs BBIBOJ O BIMSHUU COMPOTHUBIICHUS HAIPy3KU U
pazaenurenbHoil eMkoctd Ha PUX ycunurens ¢ OObSICHEHHEM NPUYMH TAKOTO
BIIUSTHUS.

B oryere npeacTaBUTh:

- CXEMY U3MEpEHUs ¢ IOMOILBIO U3MEPUTEINS nuarpamm bozae;

- TabuuLy ¢ JaHHBIMU AJ1s1 HocTpoenus AUYX;

- rpaduku AUX nms AByX BapuaHTOB IMapaMEeTPOB CXEMBI,

- BBIBOJ O BJIMSIHUM COIIPOTUBJICHUS HArpy3KH U PA3IAEIUTEIBHONM €MKOCTH
Ha AYX ycunurens ¢ 00bSICHEHUEM MPUYUH TAKOTO BIIUSHUS,

- TabJUIy ¢ JaHHBIMU 17151 ocTpoenus PUX;

- rpaduku OUX 115 AByX BApUaHTOB APaMETPOB CXEMBI;

- BBIBOJ O BIIMSIHUM COITPOTUBJICHUS HArpy3Kd U Pa3AeIUTEIbHON €MKOCTH
Ha OUX ycunurens ¢ 00bICHEHUEM PUYUH TaKOrO BIUSHUS.

3ananme 1.4. AHaau3 BJMSIHUS JJE€MEHTOB CXeMbl HA IEePeXOJaHYI0
xapakrepucTuky (IIX) ycuaureJabHOro Kackaaa

[Topsimok uccnenoBaHus:

1. Tomkmrounts ocuumiorpadp k cxeme ycwiurens (cm. puc.1.10) c
pacueTHbIMU MapaMmeTpamu (g padodero BapuaHTa cxeMbl Ry = Ryy; Cpy = Cc'
P2);

2. Hactpouts ocumiorpad Ha paboTy C BHEIIHEH CHUHXpOHU3AIUMEH s
noyiydeHus: ycrounoro wuzoOpaxenus I[IX. Jns sToro B rpyIme 3JIEMEHTOB
yhOpaBieHus s kaymero pexxuma (Trigger) ocumsuiorpad nepeBecTd B pexuM
CUHXPOHU3AIMM, MO0 KaHaly A, momo0paB BIOCIEACTBUU (POHT 3amycka
passeptku (Edge);

3. HactpouTs BXOMHOW TeHEpaTOp MPSIMOYTOJIBHBIX UMITYJIHCOB Ha BBIJIAUY
OJIHOTIOJIAIPHBIX ~ MPSIMOYTOJIBHBIX ~ MUMIYJIbCOB amruutynoit  10MB. Yactoty
CJIeIOBaHUs UMITYJIbCOB 1M0100paTh Tak, yToOb! [1X mMena HeoOXouMBIN BHI,

4. Jlobuthcs Ha 2KpaHe ycToWuumBoe wu3zoOpaxkenwe I[I1X (aHamoruuHbIi
puc.1.8) u 3apucoBaTh ee B 0T4eT, ykazaB 1o ocsaM [1X ux macmrad. [lokazars u
U3MEPUTH 110 TpauKy Ty U Ty

5. YMEHbLIUTh CKOPOCTh pa3BEPTKU Jyda ocuuuiorpaga u 10OUTHCS
noApoOHoro wuzoOpaxenus I[IX Ha »skpaHe B o001acTu OOJBIIMX BPEMEH.
3apucoBath B ot4eT Bua [IX B o6mactu Gonbmux BpemeH. [lokazats Ha rpaduke
IIX - Ty;

6. U3meputsb Ty OpH:

a) pacueTHbIX mapameTpax Ry u Cp, (padounit Bapuant Ry = Ryy; Cp, = C '
P2 );

0) pacuetHbix napamerpax Ry u 2Cp, (pabounii Bapuant Ry = Ry ; Cp, =C

11P2);
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B) pacueTHbIX mapamerpax Ry/2 u Cp, (pabounit Bapuant Ry = Ryp,; Cpy = C
1
p2);

7. Cnenatb BbiBOA O Biusinue Ryu Cpy Ha Ty (B 0051acTH OOJIBIINX BPEMEH);

8. VYBenMuUUTh CKOPOCTb pa3BEepPTKHU Jyda ocuuuiorpaga u m0OUThCS
noapobHoro n3odpakenus [1X Ha 3xpaHe B 0077aCTH MaJIBIX BpEMEH. 3aprCcOBaTh B

otuet BuA [1X B 06mactu maneix BpemeH. [lokazates Ha rpaduke [1X - Ty,
N3smeputs Ty nipu:

a) pacueTHbIX nmapamerpax Ry=00 u Cp, (pabouuii Bapuant Ry =00; Cp, = C
1

P2 );
6) pacueTHbIX napametpax Ry u Cp, (paGounii BapuanT Ry = Ryyy; Cp, =C'
P2 );
B) pacueTHbix napamerpax Ry u 2Cp, (pabounii Bapuant Ry = Ry ; Cp, =C
11
P2);

9. Cnenatp BbIBOJ O Biusinue Ryu Cpy Ha Ty (B 00J1aCTH MaJIbIX BPEMEH).

B otuere npencraBuTh:
- n3o0paxenue [1X, BeIM4YnHBI U3BMEPEHHBIX 10 TpaduKy Ty U Ty,

- nzoo6paxenue I1X B obnactu 0OMBUINX BPEMEH, 3HAUEHUSI U3MEPEHHBIX Ty
IS pa3nuuHbiX 3HaueHun. Ry Cpy;

- BBIBOJI O BJIUSIHMM COINPOTHBIICHHS] HArpy3KH M Pa3feMTEIbHON €MKOCTU
Ha [IX ycunurens B obnactu OOJBIIMX BPEMEH C OOBSICHEHUEM MPUYUH TaKOTO
BIIUSIHUS;

- m3o00paxxkenue I1X B oOsacTy ManpIXx BpEMEH, 3HAYCHUS HU3MEPEHHBIX Ty
TS pa3nudHbIX 3HadeHUu. Ry Cpy;

- BBIBOJI O BIIMSIHUM CONPOTHBJICHUS HArPy3KH U PA3JCIUTEIBHOM €MKOCTHU
Ha [IX ycumurens B 00JacTH MalIbIX BPEMEH C OOBSCHEHHEM IPHYHH TaKOIO
BJIASHHUSA.

Bonpocsl 1151 camonpoBepKU

1. Yro Takoe ycuiureas. KakoBa ero cTpykTypHas cxema.

2. HapwucoBaTh NPHHIUIHAIBHYIO CXEMY YCHIHTEIS W OOBSICHUTH
HA3HAYCHUE JIEMEHTOB.

3. Kakue mokazarenu xapakTepu3yroT pab0OTy YCHUITHTEIIA.

4. HapucoBath SKBUBAJICHTHYIO CXeMY U OOBSCHUTDH, KAK OHA COCTABJICHA.

5. Kakue snemMeHThl CXeMbl BIMSIIOT Ha KOA(hPHUIMEHT mepenayn B 00JacTu
CPEIIHUX YaCTOT.

6. Kak nieMeHThl CO3Mat0T MCKaXEHUsI B 00J1acTH HU3KHX 4dacToT. Kak mx
YMEHBIIUTD.

7. Kakue 311eMEeHThI CO3/1al0T UCKa)XX€HUs B 00J1acTH BBICOKUX yacToT. Kak
UX YMEHBIIIHUTb.
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8. Kakue »sneMEHThl CO3al0T HCKaKEHHs B O00JIACTH MallbIX BPEMEH
MEPEXOTHOM XapaKTEepUCTHKU. B ueM OHM COCTOAT U YEM OLIEHUBAKOTCHI.

9. Kakue nneMeHTBl CO3[AlOT MCKaKEHUsS B 00JIaCTH OOJBIIMX BpEMEH
MEPEXOTHOM XapaKTEPUCTHKU. B UeM OHM COCTOAT U YEM OLICHUBAIOTCS.

10. Kak Bnusitot nienib R C na AUX ycunurens.

11. Kak BiusieT cxema BKJIIOYEHHS TPAH3UCTOPA HA MTOKA3ATEIN YCUIUTENS.

12. Kak 3aBHCAT YCWUJIEHHE W HCKAKEHHS OT YHCIAa KacKaJoB B
MHOT'OKaCKaJ{HOM yCHJIUTEIE.

13. Kakue wuckaxxeHuss HaOMIOMAIOTCA TMPU YCUJICHUHM MPSIMOYTOJIBLHOTO
UMITYJIbCA.

14. AmmutynHas xapaktepuctuka. Ee mapamerpel. Henunelinbie
HCKaXEHUSI.

15. OOBscHuTh MeToauKy u3MmepeHus AUYX c momoipio ocuuuiorpada
(BosbTMETpA).

16. OObsicHuTh MeToAuKy wusMepeHuss AUYX ¢ MOMONIbIO H3MEPUTENs
nuarpamMmm bomd.

17. O0bsicHUTH MeTOIUKY U3MepeHust AX.

18. Yem otimuarotcs Bxoas! ocmuniorpadga AC u DC?

19. IIpu vacrote Bxonuoro curHana 100 ['1p kakoBa 10KHA OBITH pa3BepTKa
octiuiorpada, 4ToObl Ha HKpaHe HAOJII0AATh JIBA MOJTHBIX MepUoja KouieOaHun?
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2. ACCJIEAOBAHUE MHTEI'PAJIBHBIX KOMMYTATOPOB

Hean

1. O3HaKOMHUTHCA C MPUHIUIOM pPaOOTHl KOMMYTAaTOPOB aHAJIOTOBBIX
CUTHAJIOB,;

2. llomyuuTp  NIpPAaKTUYECKHE  HABBIKM  WM3MEPEHHUsS]  YAaCTOTHOU
XapaKkTEpUCTUKA KOMMYTATOpPA, CONPOTUBJICHUS KaHajla M BPEMEHM 3aIEPKKU
CUTHAJIA;

3. VYcBoutrb METOJIbl  KOMIIBIOTEPHOIO  MOJEIUPOBAHUS  PabOTHI
MHTErPAJIbHOTO KOMMYTAaTOpa U U3MEPEHHUS €r0 OCHOBHBIX XapaKTEPUCTHK.

Y4eOHbIE BOIIPOCHI

2.1. UccnenoBanue MHTETPAIBHOIO KOMMYTaTOpa Ha J1ab0OpaTOPHOM CTEH/IE;

2.2. HccaegoBaHue  HMHTErPAIBHOTO  KOMMYTAaTopa C  HOMOIIBIO
KOMITBIOTEPHOT'O MOJICIUPOBAHUS.

Jluteparypa Il HOATOTOBKH K 3aHSITHIO

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

2. ITaBnos B. H, Horun B. H., CxemoTexHMKa aHAJIOrOBBIX AJIEKTPOHHBIX
ycTpoicTB. 1y BbiciuX y4eOHbIX 3aBefeHui. — M.: ['opsiyas nunHus — Tenexkowm,
2001. —320c.

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

4. Ammes WM. W., BupryanbHas »sieKkTpoTexHUKa. KommbloTepHbIe
TEXHOJIOTUH B JIEKTPOTEXHUKE U ekTpoHuke. M.: PagnoCodt, 2003. — 240c.

5. DnexTpoTeXHUWKa W JJIEKTPOHUKA B JKCIIEPUMEHTAX W YNPAKHEHUSX:
[Ipaktukym Ha Electronics Workbench / Ilox pen. .W.ITandunosa. - M.: lonska,
1999.

6. Kapnames I'.A. {ludpoBas 31eKTpoHNHKA HA IEPCOHATBHOM KOMITbIOTEPE /
I'.A.Kapnames. M.: T'opsuas nmunusa — Tenexkom, 2003. — 311 c. : wi. (MaccoBas
paguooudiuoreka; 1263)

Copnep:xanue oTyera

1. Ha3Banue nabopaTopHoii pabOTHI.

2. Tlo kaxxomMy U3 3aJjaHUi JOJKHBI OBITH MPECTABICHBI HA3BAHUE 3/ IaHUS
U T€ KOHKPETHBIC JAHHBIE, KOTOPHIC YKa3aHbI B 3aaHUH.

Bonpocs! 1J1s1 NOATOTOBKHU K 3aHATHIO

1. Haznauenue u o01acTb MpUMEHEHHSI KOMMYTaTOpa.

2. Kakue ObIBalOT BUbI KOMMYTaTOPOB?

4.Kakue OCHOBHBIE XapaKTEpUCTUKU UMEET KOMMYTaTop?

5. Ha xakoi BBIBOJ IIOJEBOTO TPaH3UCTOpPA B KOMMYTAaTOpE IIOJAETCA
YIPABJISIOLIEE HANPSKEHUE?
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KparTkue cBeieHUs1 U3 TEOPUH

KoMMmyTaTopsl Ha TOJEBBIX TPaH3UCTOpPaxX C YNPABILIIOMKMMHU p-n
nepexogaMu MU C HW30JMPOBAHHBIM 3aTBOPOM B HACTOSLIEE BpeMs IOJIYYHIIU
IIPEUMYIIECTBEHHOE PAacCIpOCTPAHEHNE B HMHTETPAIBHBIX MHUKpocxemax. lIpexne
BCEr0, 3TO CBSI3aHO C MX CIEAYIOIIMMHU IIPEUMYIIECTBAMM: MAJIbIE TOKH YTECUKH,
HU3KO€ MOTPEOJICHHE MO LIENH YNPABIEHUS, OTCYTCTBUE HANPSLDKEHUS CMELIEHUS,
TE€XHOJIOTUYHOCTB ITPOU3BOJICTBA.

Kak u3BecTHO, MOJIEBOM TpaH3UCTOP B OOJACTH MaIbIX HAMPSKEHHHA CTOK-
UCTOK BEJAET ce0sl KaK pe3UCTOp, COMPOTHUBIEHHE KOTOPOIO MOKET U3MEHATHCS BO
MHOI'O pa3 IIPU M3MEHEHHH YIPABILIIOLIETO HANpPsDKEHUs 3aTBOp-UCTOK Usy. Ha
puc.2.1 m300paxkeHa yHpOIIEHHAs CXEMa IOCIENOBATEIbHOIO KOMMYTAaTOpa Ha
IIOJIEBOM TPAH3UCTOPE C YIPABIAIOIIUM p-n-IIEPEXOJIOM.

Uix _n_l_ ] EJFE:H:»:
L 5. |1

Puc.2.1. IlocnegoBarenbHbIil KOMMYTATOP Ha MOJIEBOM
TPAH3UCTOPE C YIPABISIIOLIUM p-n-TIEPEXOAOM

Ecnu B aTOM cxeme ympasistoniee HanpsbkeHue Uypp YCTAaHOBUTH OOJIBIIIE
0, TO TpaH3UCTOp 3aKpOETCs, BXOJ M BBIXOJ KOMMYyTaTopa OYyIyT pa3lelieHbl
OonpIIMM conpoTUBIeHUEM (aAecsiTkn MOM), cUrHai ¢ BX0Ja KOMMYTaTopa Ha €ro
BbIX01 He mpoxoauT. Ecmu ke ymnpasisromiee HampsikeHue Uypp YCTaHOBUTH
paBHbiM 0, TO TpPaH3UCTOP OTKPOETCS, U BBIXOJ KOMMYTATOpa OKaXKETCs
COCIMHEHHBIM €O BX0J0OM. (OCOOCHHOCThIO KOMMYTaTOPOB Ha  IOJEBBIX
TPAH3UCTOPAX C M30JUPOBAHHBIM 3aTBOPOM SBISIETCS CUJIbHAs 3aBUCUMOCTH
CONPOTUBJIEHUSI OTKPHITOTO KaHajla OT KOMMYTHUPYEMOTO CUTHAJIA, YTO MPUBOJNT K
MOZYJIAILMU TMPOBOJAMMOCTH KaHajla BXOJHBIM CHTHAJIOM W BO3HUKHOBEHHIO
JIOTIOJITHUTEIIbHBIX HEJIMHEWHBIX UCKAXKCHUW. [[JIs1 CHU)KEHHS TaKMX WCKAKEHHHN B
KOMMYTAaTOpax OrPAHUYMBAIOT YpPOBEHb BXOJHBIX CHUTHAJIOB W HCHOJB3YIOT
CPaBHUTEIIBHO OOJIBIIIOE COMTPOTUBIIEHNE HATPY3KH KJTIOUa.

[Tpo6siembl MOJOOHOTO pojia HE BO3HUKAIOT, €CJIM B KAYECTBE KOMMYTaToOpa
UCIIOJI30BaTh IMOJIEBOM TPAaH3UCTOp C M30JMpPOBaHHBIM 3aTBOopoM (MOII-
TpaH3uCTOp). Ero MOXHO TMEpeBOAWTh B OTKPBITOE COCTOSIHHE, T0/aBas
YOpaBJSIONIEe  HANpsOKEHUE — OoJiblliee, 4Y€M  MaKCHMAJIbHOE  BXOJHOE
MOJIOKHUTEIIBHOE HAIPSKEHUE, TPUYEM U B TaKOM PEXHME pabOThl TOK 3aTBOpa
Oynetr paBeH Hymo. Cxema xommyrtaropa Ha MOII-Tpan3ucrope npuBeneHa Ha
puc.2.2,a. 31gech KOMMYTaTOpoM sBisieTcsi n-kaHanbHbIi MOII-Tpan3ucrop
o0oraieHHOro Tuma, He mpoBoaAimi TOK mpu Uymp < 0.
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Puc.2.2 - Ilocnenoarenbabie komMyTaTopbl HA MOII-Tpan3ucropax

B stom cocrossauu (npu Uypp < 0) conpoTuBieHHE KaHaja, KaK IPaBUIIo,
JOCTUraeT E€AVHMI] WM Jaxke AecITKoB ['OM, M CUTHAJI HE NPOXOIUT Yepe3
koMMmyTaTop. Ilomaya Ha 3aTBOp OTHOCHUTEIIBHO HCTOKAa 3HAYUTEIBHOTO
IIOJIOXKUTEJIBHOTO HANPsUKEHHWsT NPUBOJAWUT KaHal B IPOBOIAILEE COCTOSIHUE C
TUNUYHBIM conpotuBieHueM ot 20 10 200 Om 17151 TpaH3UCTOPOB, UCIIOIB3YEMBIX
B KaQU€CTBE AHAJIOTOBBIX KOMMYTAaTOPOB.

[IpuBenennas Ha puc.2.2,a cxema Oyaer padOTaTh MPU MOJOKHUTEIbHBIX
BXOJHBIX CUTHAJIAaX, KOTOpBIE MO KpanWHeh mepe Ha 5 B menbire, uem Uypp; npu
0oJiee BHICOKOM YpOBHE CUTHAJIa HAIIPSKEHUE 3aTBOP-UCTOK OyAEeT HEAOCTATOYHO,
YTOOBI YJEPKATh TPAH3UCTOP B OTKPHITOM COCTOSTHUMU.

Kpome oOTaenbHBIX TPaH3UCTOPOB B KAay€CTBE KOMMYTAaTOPOB IIMPOKOE
pacupoCTpaHEHUE NOJYYHIIM CXEMBI, COJEp)KAIKE IapaluIeIbHOE COEIUHEHNE
nByx  MOII-TpaH3ucTopoB ¢ pa3HbIM THUIOM TPOBOJAMMOCTH  KaHala
(KOMILJIEMEHTapHBbIE TPAaH3UCTOPHI). DTO TMO3BOJMIO H30aBUTHCS OT MHOTHUX
HEJ0OCTAaTKOB KOMMYTAaTOPOB Ha OJIMHOYHBIX TPAH3UCTOPAX: YCTPAHEHA MOMYJISILUS
CONPOTHUBJIECHUS KaHaja BXOJHBIM CHUTHAJIOM, CHI)KEHBI IIOMEXH W3 LENH
YIPABJICHMS], CHH)KEHO CONPOTUBIEHUE KOMMYTAaTOpa B OTKPBITOM COCTOSIHUU U
YMEHBUIEH TOK yTeukd. CxemMa KOMMYTaTOpa Ha KOMIUIEMEHTAPHBIX TPAH3UCTOPaxX
nokaszaHa Ha puc.2.2,0. 1 oAHOBpPEMEHHOIO MEPEKIIOYEHHS] TPAH3UCTOPOB M3
BKJIFOYEHHOTO COCTOSIHMSI B BBIKJIIOYEHHOE CHUTHAN YINpaBlIEHUS NOJaeTcs Ha
3aTBOpP OJIHOTO TPaH3UCTOpA HEMOCPEACTBEHHO, @ Ha 3aTBOpP APYroro — uepes
WHBEPTOP.

[Ipu yBenWYeHUH BXOJHOTO HAMPSKEHUS COMPOTUBJIECHUE P-KaHAIBHOTO
TPaH3UCTOPA YBEIMYMBAETCS, a N-KaHAJIBHOTO yMeHblIaeTcs. B pe3ynbrare
napajyieIbHOE COEIMHEHHE JTUX TPaH3UCTOPOB HWMEET IOYTH HEU3MEHHOE
CONPOTHUBJIEHUE B OTKPBITOM COCTOSIHWMH, Kak Moka3zaHo Ha puc.2.3. Ilockombky
TPAH3UCTOPHI KJIKOYa YNPABIIAKOTCA CUTHAJaMU MPOTHUBOMNOJIOKHON MOJISPHOCTH,
TO UMITYJIbCHI IIOMEX B3aUMHO KOMIIEHCUPYIOTCS, UTO MO3BOJISIET CHU3UTh YPOBEHb
BXOJIHBIX CUTHAJIOB.
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Puc.2.3. 3aBUCMMOCTh CONpPOTHUBICHUN KaHaoOB TpaH3uctopoB KMOII-
xiroga ot Upx

B nabGopatopHoii pabore wucciaemyeTcs NPUHIMI pPabOThl aHAJIOTOBBIX
KOMMYTaTopoB Ha ocHoBe MOII-ctpyktyp. B 3THX KOMMyTatopax HCTOYHHUK

aHAJIOTOBOI'0 CHTHaJIa MOJKIIOYAETCA K Harpy3ke yepe3 kanain MOII-tpan3uctopa
(puc.2.4).
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Puc.2.4. Cxema uccnenoanusa kommyrtatopa Ha MOII-Tpan3ucrope

[Ipy nonmaue Ha 3aTBOP TMOJIOKUTEIBHOIO HAMPSHKEHUS WHIYHUPYETCS
KaHall, Yepe3 KOTOPhIA Harpy3Ka MOJKII0YAETCs K TeHepaTopy.

B pabote ucmonb3yroTcs oauH U3 TpaH3uCcTOpoB mukpocxembl K176JII11,
cxeMa KOTOpoH mpuBeAeHa Ha puc.2.5. Takoil ke NPUHIUI JIEKUT B OCHOBE
MHTETpaIbHbIX KOMMYTaTOPOB aHAJIOTOBBIX CUTHANIOB, Hanpumep, K176KTI.

OcHoBHble 3nekTpuyeckue mnapametpsl HMMC: HampsikeHue NUTaHHS
Un=9B+5%, ypoBHU JIOTMYECKUX CHUTHAJIOB U%bix < 0,3B; U'Beix > 8,2B;
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notpebnsieMblii  TOK, MA, He Oonee 0,3; cpenHee BpeMsl 3aJEpPKKU
pacapoctpanenus < 200 mc.

PaboToCcrocoOOHOCTh COXpaHSIETCS] IPU YMEHBIIEHUH HANPSHKEHUS! MUTAHUS
1o 5B. Jlonmyctumslii tuana3oH BXoAHbIX curHainoB (0 - Umn).

13 2J| 1 11] 14
R
{ 1 gl 3 £J 5] 10 {j-l -

Puc.2.5. Crpykrypa UMC K176JI111

3ananue 2.1. MHccieanoBaHue MHTErpajbHOIO0 KOMMYTAaTopa Ha
J1a00paTOPHOM CTeH/Ie

[Topsanok uccienoBanus:

1. CoOpars anamoroBbiii kommyTtatop Ha MJIII-Tpan3ucrope Ha
JabopaTopHOil ycTaHOBKE "DieKTpoHHbIE TpuOOpsl" (puc.2.4), HCHONIB3YA
mukpocxemy KI176JIII1. Iloaxmrounts BeIXOA TeHepatopa HY u  BbIxXOA
KOMMyTaTopa K BxojaM ocumwiorpada. Conportusienue Harpy3ku RH = 1xOwm.
CxeMy 3IeKTPUUYECKYI0 TPUHIUITNATBHYIO 3aHECTU B OTYET;

2. YcranoButh HanpsbkeHue ucrounnka E1 - Uypp = OB. TlogaTe Ha BX0A
cxembl Hanpsbkenue ot reHeparopa H4  Upr = 0,2...0,3 B ¢ vacroroit f = 1000
[m u ¢ [OMOWBIO BHEMHEHW CHHXPOHU3AIMU TOJYYUTh YCTOWYHMBYIO
OCIIMJIOTpaMMy BXOJHOTO HampsbkeHusi. V3MepeHue BXOAHOTO W BBIXOJHOTO
HaIMpsHKEHUE MPOBOJUTH € MOMOIIBIO ociuuiorpada. 3aHectu 3Hauenne Ur B
otueT. B ganwpHelniem 3HaueHue Ur HE MEHSTB;

3. YBenuuuas HanpsbkeHue Uypp, ONMpEeAETUTh MUHUMAJIBHBIM yPOBEHB
YOPaBISIOMIETO CUTHAla, TP KOTOPOM OTKpPBIBA€TCS KaHal (HOSIBISETCA
BBIXOJTHOM CUTHAJN Ha ocmuuiorpade), 3aTeM OCTaHOBUTH Takyto BenuuuHy Uypp,
IpU KOTOPOM OYIyT OTCYTCTBOBATh HEMHEHWHBIE MCKAKEHUS BHIXOJHOTO CUTHAIA.
3apucoBaTh OCUMJIIOTPAMMbI BXOJHOTO CHUTHalla U BBIXOAHOTO curHana Uy mpu
OTKPBITUM KaHajda U BBIXOJHOIO HEUCKaXKEHHOro curHana. 3HadeHusi Uypp npu
OTKPBITUM KaHAJIa U IPU HEeUCKaKeHHOM Upypx 3aHECTU B OTYET;

4. Vcnionb3ys 3akoH OMa, BBIYHCIHUTH COMPOTHUBIECHUE OTKPBHITOTO KaHaA.
[TonyueHHOE 3HAYEHWE 3aHECTU B OTYET;

OTKPBITOT'O KJIXO4a,

5. CHATH YaCTOTHYIO XapaKTEPUCTUKY K, (f )=—U3121]X(f )

r

1t uero u3meputh Uppx Ha wactorax f= 1k['m, 10k, 100k, IMI'm u 10MI 1.
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3nauenns f, Upyx u Ky 3anectu B Tabmuity. OnpenenuTs TPaHUYHYIO YaCTOTY
frp, Ha KOTOpOW BbIXOJHOE HampspkeHue cocrapiser 0,707 OT BEJIUYUHBI
HanpspkeHusi Ha dvactore [=1000 I'm. KpuByro YacTOTHOM XapaKTEpUCTUKU
3aHECTHU B OTYET;

6. C nomompbio ocuwuiorpaga  U3MEpPUTh  BpeMsl  3aJ€PXKKHU
pacrpocTpaHEHHUsl CUTHalla B KaHaye, rmojaB Ha Bxon curHan Ur ¢ gacrotoit 2,5
MI 11, yctanoBuB Uypp = 5...7B u ckopocTh pa3zBepTku paBHoit 0,05 mMxc/nen.

B ortuere npencraBuTh:

- CXeMY NMPUHIIMIHUATBHYIO JIEKTPUYECKYIO JIJIsl UCCIICIOBAHMUS;

- OCHIMJUIOTPAMMBbI CUTHAJIOB Ha BXO/JI€ U BBIXOJIE KOMMYTaTopa 1o 1.3;

- 3HAYCHHUSI HAITPSIKEHUSI OTKPBITUSI U BXOJIHOTO HEMCKAKEHHOTO CUTHAJA;

- pacueThl U 3HAUCHUE COMPOTUBJICHUSI OTKPHITOTO KaHAJIA;

- TalbnuIly s TIOCTPOCHUS W KPUBYIO YAaCTOTHOM XapaKTEPUCTUKHU
KOMMYTAaTopa;

- 3HaY€HHE TPAHUYHOMN YaCTOTHI MOJOCHI IPOITYCKaHMS;

- BpeMs 3aA€PKKU PaCIIpOCTPAHEHUS CUTHAJA

3ananme 2.2. UccieqoBanue HHTErPaAJIbLHOT0 KOMMYTATOPa ¢ MOMOIIbIO
KOMIIBIOTEPHOT0 MOAEJIUPOBAHMS.

[Topsanok uccienoBanus:

1. IToctpouTts cxemy (puc.2.6) Ha 3KpaHe MOHUTOPA, UCIIOJIB3Ysl TPOTrpamMMy
Electronics Workbench. Wcnons3oBanue napyroil cpeiapl MOAEIUPOBAHUS HE
BOCHpeniaeTcs. B kauecTBe aKTUBHOTO 3JIEMEHTA UCIIOIb30BaTh uaeanbHbiii M/II1-
TPAH3UCTOpP N-THUIMA, HArPy30YHOE COMPOTHUBJIICHUE 33JACTCA MPENOAABATEIEM B
npegenax 1 —5 kOwm;

2. [TogaTte Ha Bxoxa cxemsbl Hanpsbkenue Ur = 0,5 B ¢ wactoToit f= 1000 I'm,
3aHectu 3HaueHue Ur B oTueT. B nanpHenem 3HaueHue Ur HE MEHSTB;

3. VYBemnuuBass HanpsikeHue Uypp, ONpEAEINTh MUHUMAIIBHBIM YPOBEHB
YOPaBISIONIETO CUTHANa, MPU KOTOPOM OTKPBIBAETCS KaHaj, 3aTEM YCTaHOBUTH
Takyto BenuuuHy Uypp, NpU KOTOPOM OYIyT OTCYTCTBOBATH HEJIHHEHHBIC
MCKaXEHUs BBIXOJHOro cur"ana. 3HadeHusi Uypp OpH OTKPBITHM KaHala U MpHU
HeruckaxxeHHOM Uy 3aHECTH B OTYET;

4. VYcranoBute Uypp = 10 B. Hcnons3ys 3akoH OMa,  BBIUHMCIHUTH
COITPOTHUBJICHUE OTKPHITOrO KaHasa. [lomydyeHHOe 3HaueHUE 3aHECTU B OTYET;
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Puc.2.6. Cxema MOACIUPOBAHHUA CXCMBI aHAJIOI'OBOI'O KOMMYTAaTOpa

U
5. CHsTb 4acTOTHYIO Xapakrepucruky K, (f ):# OTKpPBITOTO KJTIOYa,

r

st yero uaMeputh Uy Ha yvactorax f = 1kl'm, 10xI'n, 100k, 1MI'n, 10MI'n u
100MI'u. 3nauenus f, Uy m Ky 3anectn B Tabmuiy. OnpenenuTs I'paHUYHYIO
yactoty frp, Ha kotopoit Ky cocrtaBnser 0,707 ot Benuuumnabsl Ky Ha vacTtorte
['=1000 I'.

B otuere npencraBuTh:

- CXEMY JIJISl UCCIIECIOBAHUS;

- OCIIMJIJIOTPAMMBbI CUTHAJIOB Ha BXOJIE€ U BBIXOJI€ KOMMYTaTOpa Mo 1m.3;

- 3HAYCHUS HAIPSIKCHUS OTKPBITUS U BXOJHOTO HEMCKAKEHHOTO CUTHAJIA;

- pacyeThl ¥ 3HAYCHUE COMPOTUBIICHUSI OTKPBITOIO KaHAJIA;

- TabmuIy naJg TIOCTPOCHUS W KPUBYIO YacTOTHOM XapaKTEPUCTHUKHU
KOMMYTaTOpa;

- 3HQYEHNE TPAHUYHON YaCTOTHI OJIOCHI MPOITYCKAHUSI.

Bonpocsl 1J11 CaMOKOHTPOJIA

1. Bimsier nmu BenmuuHa Uypp HA CONPOTUBIIEHNE KaHAIA?

[ToueMy yMeEHBIIAKOTCS HETMHEWHBIE HCKAKEHUS IPU yBenmueHUU Uyrp?
Yem 00bsicHsieTca ymeHbleHue Ugpx MPU NOBBIILIEHUN YaCTOTHI?
KakoBbl IpUYMHBI MCKaKEHUI BBIXOJHOTO HAIPSKEHHS NPHU CHIBHOM
BXOJIHOM CUTHaJe?

Kaxk onpenensierca Homep Hoxku Ha UIMC?

Ha xakue Hoxxku UMC nogaercs nutaHue?

Kakue nomxHbl ObITH TapaMeTpbl KOMMYTHPYEMOTO CUTHaja?

Yem oTiinyaroTcst Mmexxay coboit Tpanzuctopsl B UMC K176J11117

Kak Ha3piBaeTcsi pexUM TpaH3UCTOpPa, B KOTOPOM OH paboTaer B
KayecTBe KOMMYyTaTopa?

nal el

ARSI NG
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3. ACCJIEJOBAHME AHAJIOTOBBIX YCTPOWCTB HA OCHOBE
OIIEPAIIMOHHBIX YCUJIUTEJIEA

Heanb

1. O3HaKOMUTBCS C XapaKTEPUCTUKAMH M IapaMeTpamMu ONEPALMOHHBIX
YCHJIUTEIIEH;

2. N3yuynTh Ha3HAYCHWE, MPUHLMI JEUCTBUS, CBOMCTBA M BO3MOYKHBIC
CXEMOTEXHUYECKUE PEUICHUS YCTPOMCTB HA ONEPALIMOHHBIX YCUIUTEIAX;

3. IIpuobpectn HaBbiku MojaenupoBanusa Ha [IK u uccnemoBanusi cxeM Ha
OCHOBE OIEPAIMOHHBIX YCUIIUTENEH.

Y4eOHbIe BONIPOCHI

3.1. UccnenoBanune cxeMbl HHBEPTUPYIOLIETO YCUIIUTENS Ha J1a00OpaTOPHOM
CTCHJIE;

3.2. UccnenoBanue cxeMbl HHTErpaTopa Ha 1a00paTOPHOM CTEH/E;

3.3. UccnenoBanue cxeMsl quddepeHnuaropa Ha 1a00paTOPHOM CTEH/IE;

3.4. UccnenoBanue cxeMbl reHEpaTopa Ha 1JabopaTOPHOM CTEHJIE;

3.5. KOoMIBIOTEPHOE MOJEIMPOBAHUE CXEM Ha OCHOBE ONEPALMOHHBIX
YCHJIUTEIICH.

Jluteparypa Il HOATOTOBKH K 3aHSITHIO

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

2. Onapuuii 10.®., I'nmynkun O. I1., I'ypoB A. 1., Ananorosas u uudponas
anekTpoHuka. - M.: I'opsauas JIunus — Tenexkom, 2000. - 768c.

3. AmeB MW. MW., Bupryanbnas osnexrporexHuka. KoMmbroTepHbie
TEXHOJIOTUH B JIEKTPOTEXHUKE U dnekTpoHuke. M.: PagnoCodt, 2003. — 240c.

4. Kapmamyx B.M. DOnexktponnas  jpabopatopus Ha IBM PC.
Jlabopatopusbiii paktukyM Ha Electronics Workbench u Vissim no anementam
TerekoMMyHuKaimoHHbIx cucteM / B.W. Kapnanyk. M.: COJIOH-IIpecc, 2005. —
480 c.: mi. — (Cepust «CUCTEMBI IPOCKTUPOBAHUS).

5. JIsBoB B.JI. Meroaudeckoe mocoOue MO MPUMEHEHUIO MPOTPaMMBbl
Electronics Workbench mis npoBenenus n1abopaTopHbIX pabOT MO JUCIUTIIIMHAM
Kadeapel cuctem nepenadu u oopadorku nHpopmanuu. Pocros-na-ony: Cesepo-
Kaskazckuii punman MTYCH, 2012. — 54 c.

Conepxanue oruera

1. Ha3Banue mabopaTtopHoil pabOTHI.

2. Tlo kaxxmomMy W3 3aJjaHui JOJKHBI OBITH MPECTABICHBI HA3BAHUE 3/ TaHMUSI
U T€ KOHKPETHBIC TAHHBIE, KOTOPHIC YKa3aHbI B 33/ IaHHH.
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Bomnpocs! 1J151 NOATOTOBKH K 3aHATHIO

1. Knaccudukamus OV.

2. OCHOBHBIE ITapaMeTphl U XapakTepuctuku OVY.

3. Ilousarue 00 uneanpuoMm OV.

4. YcnoBusi, Ipu KOTOPBIX pealibHbIil OY MOKHO CUUTATh UCATbHBIM.
5. [loyeMy 3TH YCUITUTENN HA3bIBAIOT ONEPALIMOHHBIMU?

6. O6nactu npumenenust OY.

KparTkue cBeieHUs1 U3 TEOPHH

Oneparmonssii  yeunutenab (OY) B MHTErpajbHOM HCIOJHEHUU - 9TO
YHUBEpCaAJIbHAsI aHAJIOTOBasi MUKPOCXeMa, MPE/ICTABIIAIONIasi COOON TBYXBXOA0BBIM
nuddepeHnanbHbIA IMUPOKOMOIOCHBIA YCUITUTEb MTOCTOSTHHOTO TOKA, Ha BBIXO/IE
KOTOpOro (opMUpYETCS CHUTHAJI, PaBHBIM MO BEJIWYMHE YCUJICHHOW Pa3HOCTHU
BXOAHBIX curHajmoB. K HacTosimieMy BpEeMEHHM CIOXWIACh THIIOBas CXeMa
(puc.3.1), oTBeyaromas CaeayrOIMM OCHOBHBIM MPUHIIMIIAM CXeMOTEXHUKH OV

1. OcHOBHOE YCHUJIEHHE MO HANpPsHKEHUIO JOJDKHO OBITh COCPEIOTOYEHO B
OJIHOM MHBEPTUPYIOIIEM Kackaje (Ha Tpansuctope VT7), 0XxBaueHHOM €MKOCTHOMN
OTpHUIIATEIHLHON 0OpAaTHOM CBA3BIO;

L pepeniianvivlil Humezpamap Buixadnat kackad
Hete R

Puc.3.1. IlpyuHuunuanbHas cxema OnepauoOHHOTO YCUITUTENS

2. IlepBeii  kackag OY  [OMKEH  BBIIOJHATBCS MO CXEME
muddepennmansaoro kackaaa (JIK) ¢ oqHodazHbM BEIXOA0M 7151 TOTO, YTOOBI €10
BBIXO/JIHOM TOK oOecmeunBai nepe3apsi HHTeTPUPYIONIEro KOHAeHcaTopa. Takoe
CXEMOTEXHUYECKOE PEIICHUE TO3BOJISIET HauboJee MpPOCTO PEeUIuTh 3a7ady
COTrJIaCOBaHMUsI KacKaJl0OB MPU COXPAHEHUHM MPAKTUYECKH HICATbHOW CUMMETPHUH
pexxruma paboTsl tieu quddepeHnaibHOro Kackaaa;
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3. Beixognoii kackan OY momkeH oOecrnednBaTh BBICOKYHO HArpy304HYIO
CIIOCOOHOCTh, IIMPOKHUI JTMHAMUYECKHM IUana3oH BBIXOJHOTO CHUTHaja, MaJIbIi
ypOBEHb MCKaKeHHU. [109TOMYy ero OObIYHO BBIMOJHSIOT MO JBYXTaKTHOM cXeMe
MOBTOPUTENS HA KOMIUIEMEHTAPHBIX TPAH3UCTOpPaX C UEMAMH 3alUThl OT
neperpy3ok. [logkmioueHne MOBTOPUTENSE K BBIXOJY HHTErpaTropa oOierdaercs
TE€M, YTO HCTOYHHUK TOKAa HArpy3KH HHTETPaTopa OJHOBPEMEHHO BBIMOJHSAECT
(GYHKITUY AJIEMEHTa, 3a/Ial0IIero TOK yepe3 auojibl cMmemenus VD1 u VD2,

OnepalluOHHBIM OH Ha3BaH MOTOMY, YTO MPEIHA3HAYEH [IJIsl BBIOJTHEHUS
MaTeMaTUYECKUX OMepalii HaJl BXOJHBIMU CUTHAJAMU IIPU UCTIOJIB30BAHUU €T0 B
AIIEKTPUYECKON CXeMe C IETSIMU BHEIIHEH 00paTHOM CBSI3H.

KonmuuectBo mapamerpoB, xapakrepusyromux OV, JOCTUTaeT HECKOJIbKUX
necaTkoB. K OCHOBHBIM OTHOCATCS:

- ko3 punuent ycunenust OY 6e3 oopatHoit cBsizu Kyy, O0buHOE 3HaUCHUE
Ky - HECKOJIBKO JIECSITKOB COTEH ThICAY;

- ko3 duimeHT ocnabieHuss CUH(A3HBIX BXOAHBIX CHTHAIOB Koc co -
xapakTepuzyer crnocobHocth OV ocnabnarh (T.e. HE YCWIMBATh) CUTHAJBI,
MPUIOKEHHBIE OJTHOBPEMEHHO K 00ouM BxojaaM. Kak npaBuio, Koc ce BhIpaxaror
B Jlenuoenax:

Kocco =20 1g (Kyu/ Ky co);

- BXojgHoe HampsbkeHue caBura (cmenieHus) — Ucy. OTo  BeauduHa
HaIpsDKEHUS, KOTOpoe HeoOXxoaumo mnoaath Ha Bxoa OY s Toro, 4ToObI
HalpspKeHHWE Ha €ro  BbIXOJIEe CTajo Obl paBHO HYy/IIO. OTOT MapaMeTp
xapaktepusyeT HeujaeambHocTh OY u  0O0yCJOBJIEH  HEUIACHTUYHOCTHIO
TPaH3UCTOPOB BXOJHOr0 Kackaaa. TunuuHoe 3HaueHue Ucy COCTABISET OT JOJIEH
MHJIJIABOJIBT JIO JIECITKOB MHJUIMBOJIBT;

- BXOJIHbI€ TOKH — Igx. DTO TOKH, MPOTEKAIOIIME Yepe3 BXOAHBIE BHIBOJALI OY
IPU  HYJCBBIX BXOJHBIX HAIPSHKCHHUSAX, OOYCIOBJICHHbIE 0a30BBIMH TOKaMU
BXOJHBIX OHWITOJSPHBIX TPAH3UCTOPOB, JTMOO TOKAMU YTEYKH 3aTBOPOB B CiIyyae
MCIMOJIb30BaHUs TIOJIEBBIX TPaH3UCTOPOB BO BXOAHOM Kackane OVY. Tunuunbie
3Ha4YeHUs Igx — OT J10JI€1 HaHOAMIIEP 0 AECITKOB MUKPOAMIIED;

- Pa3HOCTb BXOJHBIX TOKOB - Algx Moxer aocturath 10...20% ot Igx. Ona
XapakTepu3yeT CTENEHb HEMJACHTUYHOCTH TPAH3UCTOPOB BXOAHOTr0 Kackajaa OY;

- CKOpPOCTb HapacTaHusi BBIXOJHOTO HampspkeHuss Uy ppx - OTHOIIEHUE
m3MeHeHus Ugpx B npeaenax 10% - 90% ot cBoero HOMMHAJIBHOTO 3HAYEHUS KO
BPEMEHH, 3a KOTOpOE€ MPOHU30ILI0 3TO u3MeHeHue. [lapameTrp xapakrtepusyer
CKOpocTh oTKJIMKa OY Ha cTyneHYaToe M3BMEHEHNE BXOHOTO CUTHANIA;

- yacToTa equHUYHOro ycuieHus fl - 3HaueHne 4acTOThl BXOJHOTO CHUTHAJA,
IpU KOTOPOM 3HaueHue koddduimenta ycwieHuss OV 1o HanpsHKEHUIO MajaeT 10
eauHubl. J[aHHBIN mapameTp ONpeaenseT MAaKCUMAIbHO PEeaJu3yeMylo I0JIOCY
ycuiienus OY.

BapuanTs! ycnoBHBIX Tpaduueckux o6o3HaueHuit OY u Ha3HAYCHUS BHIBOJIOB
npuBeseHbl Ha puc.3.2. a, 0:

1 - HemnBepTupyrowmuii Bxoa OY;

2 - uuBepTupyrowmuii Bxog OY;
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3, 4 - BBIBOJBI I TIOAKIIFOUCHHUS BHCHIHHUX JJICMCHTOB KOPPCKIUU
aMHJIHTy,Z[HO-‘IaCTOTHOP'I XApaKTCPHUCTHUKH,
5, 6 - BBIBOABI AJIA IMTOAKIIOYCHHNA BHCITHHUX 3JICMCHTOB 6aJIaHCI/Ip0BKI/I;

7 - Beixog OV

8- BBIBOA IS IOJKIIOYEHHMS HCTOYHMKA NUTAHHUSA IIOJIOKHUTEIBLHOMN
MOJISIPHOCTH;

O- BBIBOA I TOAKIIOYCHHUS MCTOYHMKA THUTAHUS OTPUILIATECIIHHOM
MOJISIPHOCTH;

10- BBIBOA IJIsi COEAUMHEHHSI C OOIIeN IMHOW (HYJEBBIM MOTEHIIUAIOM)
CXEMBI.

1 — [0 — 7
2—0

3 _{FC +U0 —8
4— FC U 9
5 —NC

6 —NC U; —10
0)

Puc.3.2. Bapuantsl skBuBasieHTHBIX YI'O OV

OO6paTtute BHMMaHUE, 4yTO Mg nuTaHus OY UCHONB3YIOTCS JBa HMCTOYHUKA
-Up u +Up Kpome Ttoro, cnenyer mmers B Buay, uto OY, He umeronme
BHYTPEHHEH KOPPEKIIMH YaCTOTHOM XapaKTePUCTUKU, O€3 SJIEMEHTOB BHEITHEH
KOpPpeKIMu  caMoBO30yknaroTcs.  MuBepTupyromuii  BXoj — 0003HavaeTcs
KPY>)KOUKOM JMOO 3HaKoM "MHHYC", HEMHBEPTHUPYIOIIMNA BXOJA 0003HAYACTCS
3HaKoM 'uroc".

VYuuepcanbHocTh OV MO3BOJIAET MyTEM MU3MEHEHHUS CXEMbI LIeTH 00paTHOU
cBs3u (OC) cTpouTh Ha €ro OCHOBE pa3JIMYHbIC YCTPOWCTBA: YCHIUTENH (C
uHBepcuen ¢aszbl BXOJHOTO CUTHAja Wiu 0e3 MHBEpcHH); (GUILTPHI (TIOJIOCOBOMH,
BEPXHUX WJIM HIKHUX YacTOT); TEHEpATOpbl CHUTHAJIOB (TrapMOHUYECKHX,
peNaKCallMOHHBIX WJIM CUTHAJOB CIEIUaIbHON (POPMBI); WHTETPUPYIOIIUE WIH
nuddepeHnupylomye yCcTpoucTBa; MpeoOpa3oBaTed aHAJIOTOBBIX CHUTHAJIOB,
KoMmapaTopbl W jApyrue ycrpoiictBa. Ilpu 5ToM BuUA  BBIIOJHIEMOIO
npeoOpa3oBaHUsl OMPEACTICTCS HCKIIOYUTEILHO BHEIIHUMHU 3JIEMEHTaMH, a OT
napameTpoB camoro OV 3aBUCUT TOJBKO TOYHOCTh TIipeoOpaszoBanus. Jlis
WUTIOCTPAIIMKA 3TOTO MHOTO00pa3us HIKE MPUBOJATCS MPUMEPHI BKItoUeHU OY
B Oe3pHepIMOHHBIE JuHEHHble nermu (puc.3.3 — 3.5); B Oe3bIHEPIIMOHHBIC
HeJMHeWHbIe nend (puc.3.6, 3.7); B MHEpLUOHHBIE TUHENHHbIE 1enHu (puc.3.8)
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Puc.3.7. Tuddepenuuarop Puc.3.8. Aktusabiii RC ¢uistp

3apanue 3.1. UccienoBanue cxeMbl MHBEPTHPYIOILEI0 YCHJIMTEIS HA
JIA00OPATOPHOM CTEH/Ie

PaGora BbImonHSETCS Ha Ja0OpaTOpHOM  ycTaHOBKE "DJIEKTPOHHBIE
npuOopel". PacronokeHue BBIBOJOB W CXEMbl KOppekuuu wuccieayemoro OY
K140Y 120 nmpuBenensl Ha puc.3.9 (mudpbl B CKOOKaX OTHOCSTCS KO BTOPOMY
OY):

- 1(7) — uaBeptupyromuii Bxon OV;

- 2(6) — HeunBepTupytoumii Bxog OV

- 4 — BBIBOJ JJIsl MOJIKJIFOYEHUS UCTOUYHHUKA -UTL;

- 12(10) — Beixog OVY;

- 13(9) — BBIBO JU1s1 TOAKIIFOUEHMS HcTOouHMKA +UTH;

Hns OY K553V 12 (KP1408Y /1) naznauenue BbiBo10B (puc.3.10):

- 4 — yuBepTHupyromuii Bxox OY;

- 5 — HeuHBepTupyromuii Bxog OY;

- 6 — BBIBOJ JJ1sI MOAKITIOYEHUs ncTOUHMKA —Upy;

- 10 —BeIXOT OV
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- 11 — BeIBOA I moakIroueHus uctounuka +Ur;

- 3, 12 — BBIBOJIBI )11 IOAKITFOUEHUS TIeTIeld BHEITHEH YaCTOTHON KOPPEKIIMU
OV (momxHa OBITH BKJIIOUEHA B JIFOOOM cxeMme Ha ocHOBe OY, HO MOXKET ObITH HE
MOKa3aHa Ha MPUHIIMITHAJILHON cXeMe).

Puc.3.9. CaBoeHHbI Puc.3.10. OY K553V /12
ONEPAIIUOHHBIN YCUIIUTEIb (KP1408Y 111)
K140Y 120

OcHoBHBIE TapaMeTpsl uccieayembix OY npusenensl B Tadnuie 3.1.

Tabmuna 3.1
OcHOBHBIE ITapaMeTpsl uccienyemMoix OY
KY U UCM IBX fl UVBBIX KOC UBX UH
TurOY 75 | yB | mxA | M | Blmxe | cpab | B B
K553V]12 20 7,5 1,5 1 0,5 70 10 [6-15
K140Y 120 | 50 5 0,2 0,5 0,3 70 12 1 6-15

[Topsnok uccienoBaHus:

1. CoOpatb cxemy uHBepTUpytomiero ycunurens (puc.3.11). Ha cxeme nenb
KOPPEKIIMM HE TMOKa3aHa, HO MpU COOpKe cXeMbl OHa JoJkHA ObITh. K BbIBOJIAM
Uy 1 Uy moaximrouuTh ociuuiorpad. YcranoButh 3HaueHust E1 = E2 = 10 B,
Cl =1 Mx®, RI = 100 Om, R2 = 1 kOM. 3aHecTu cxeMmy B OTYET, CXEMBbI
KOPPEKIIMH U BBITUCATh 3HAYEHUS MPEICTbHBIX TapaMeTPOB;
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Puc.3.11. Cxema uccneqoBanusi MHBEPTUPYIOLIETO YCUIIATEIIS

2. C BBIXOJ1a TEHEpATOpa NOoAATh Ha MHBepTUpYroWui Bxox OV curnan U,
=50 MB cuyacroroit 1 kI'11;

3. Awmmuutynsl curHanoB Uy U Upgpy H3MEpPUTh C  ITOMOIIBIO
ocumiiorpaga. PaccunraTts 3KcriepuMEHTaNbHBIA KOADPUIIUEHT YCUTICHUS

K _ UBbIX
yoKen =
BX
Cnenatp BbIBOJ O (pa3e BXOJHOTO U BBIXOJHOTO CHUTHAJOB. 3apHCOBATH
OCLIMJUIOIPAMMBI BXOJHOT'O ¥ BBIXOJIHOI'O CUTHAJIOB;
4. 1151 JaHHOM CXEMbI pacCUUTATh TEOPETUUECKUN KOIPPULIMEHT YCUIICHUS
o ¢hopmyiie

R2

VTEOP — E

5. IToBTopuTh M3MepeHuss u pacueTsl 1o nm.3 u 4 npu R2 =10 kOm. ITpu
ATOM BXOJHOM curHajd HeobxoauMo ymeHbmuTh A0 10 MB. Cnenatb BeIBOA 00
W3MEHEHUH BEJIMYUHBI KO PUITMEeHTa YCUICHUS YCUITUTEIIS.

B oTtuere npencTaBuTh:

- CXEMY MPUHIUITHAIBHYIO 3JICKTPUUECKYIO JJISI UCCIIEIOBAHUS;

- OCHMJIJIOTPAMMBI CUTHAJIOB Ha BXOJI€ U BBIXOJI€ YCUIIUTES;

- BBIBOJ O (pa3ze BBIXOAHOTO CHUTHAJIA MHBEPTUPYIOIIETO YCUIIUTEIS;

- pacueTbl W 3HAYCHHUS PACUYCTHOTO M TEOPETHUECKOTO KO3(PhHUIIMEHTOB
YCUJICHUS,

- BBIBOJI O TTapaMeTpax, BIUSIOMHNX Ha KOAGOUIIMSHT YCUICHUS YCUTUTEISL.
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3ananme 3.2. McciaenoBaHue cxeMbl MHTErparopa Ha Ja00paTopHOM
CTeH[e

[Topsimok uccnenoBaHus:
1. Cobpatp cxemy unHTerpatopa (puc.3.12). MCTOUHUKM NMUTaHUS U 1IEThb
KOPPEKIMU Ha CXEME He IMOKa3aHbl, HO MpU COOpKE CXeMbl OHH JIOJKHBI ObITh. K

BXOJ1y Y BBIXOJly CXEMbI MOJKIIFOUUTH OCUMIUIOrpad. YcTaHoBUTh 3HaueHus El =
E2=10B, Cl =1 mx®, R1 =1 kOm, C2 = 68 H®, R2 =75 kOwm;

R2
——1—
1 R QcuMnnorpad
| ]
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Puc.3.12. Cxema uccineoBaHusi THTErpaTopa

2. T'emepatop HY mnepeBect B pEXKUM TEHEPALMU MPSIMOYTOJBbHBIX
uMITyJbcOB. [logaTh Ha BXOH CXEMbI OT FeHEepaTopa MPSIMOYTOJIbHBIX UMITYJIbCOB
curHan ¢ ammmutyaod 100 mB u wacroroit 100 I'm. M3mepeHue ammauTyabl
BXOJIHOTO CHTHaJIa TMPOBOJUTH C TOMOIIbI0 ociuiorpada. 3apucoBaTh
OCIIUJJIOTPaMMBbI BXOJIHOTO ¥ BBIXOJIHOI'O CHUTHAJIOB;

3. IloBroputs wuccnegoBanue Ha uactore 300 TI'm. 3apucoBaTh
ociiiorpammel.  CrenaTe BBIBOJ O peanu3anuu (yHKIWA WHTETPUPOBAHUS,
BBIICJIUTH €€ IpaduuecKkoe MpeACcTaBIeHUE Ha 1UarpamMmme.

B oTtuere npencTaBuTh:
- CXE€MY NPUHLMIHAIBHYIO 3JIEKTPUUYECKYIO JJIs UCCIEIOBaHUS;
- OCUMJUIOTPAMMBbI CUTHAJIOB Ha BXOJI€ U BBIXOJIE€ YCHIIUTEIIS;
- BBIBOJ O peanu3aiuu (yHKIIUA HHTETPUPOBAHUS;
- rpaduyeckoe oToOpakeHrne PyHKIIMU UHTETPUPOBAHMUSL.

3ananme 3.3. UccienoBanne cxembl a1 depeHunaropa Ha J1ad0paTOpHOM
CTeH]Ie

[Topsnox nccnenoBanus:
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1. Cobpate cxemy muddepennmaropa (puc.3.13). Ucrounnku nutanus u
IIENb KOPPEKIIMN Ha CXeME HE IIOKa3aHbl, HO MPU COOPKE CXEMBbI OHH JOJIKHBI
ObiTh. K BXOAy W BBIXOMYy CXEMBI MOJAKIIOUUTH OcHUuIorpad. YCTaHOBUTH
3HaueHus E1 =E2=10B, C=68 H®, R1 =1 kOmMm, R2 =75 kOwm;

R2
: CcuMnnorpad
iil R1 & | KaHan
Tey ® 11 1+ -
HI T N T & || kaHan
UBK UBI:-I.'{

Puc.3.13. Cxema uccnenoBanus nuddepeHinmraropa

2. T'enepatop HY mnepeBecTM B pEeXKUM TEHEpALMU MPSIMOYTOJIbHBIX
uMITyJbcOB. [loaTh Ha BXOJ CX€MbI OT T€HepaTopa MPSIMOYTOJIbHBIX HUMITYJIbCOB
curHain ¢ ammuutygor 200 mB u uvactoronr 100 I'm. M3mepenue aMmiauTyasl
BXOJIHOTO CHTHaJIa TMpPOBOJUTH C TMOMOUIBI0 ociuuiorpada. 3apucoBaTh
OCLIJIJIOTPaMMBbl BXOJHOTO Y BBIXOJIHOT'O CUTHAJIOB;

3. IloBroputrs wuccnegoBanme Ha 4acrore 500 I'm. 3apucosartb
ocumiiorpammel. Caenath BbIBOJ O peanu3auu QyHKIuu AuddepeHunpoBaHus,
BBIIETIUTH €€ IpaduyecKoe MpeacTaBiIeHUe Ha JuarpamMmme.

B otuere npencraButs:

- CXeMyY NMPUHIMIHUAIBHYIO 3JIEKTPUUECKYIO JIJISl UCCIIEIOBAHMUS;

- OCLIMJIOTPAMMBbl CUTHAJIOB HAa BXO/JIE€ U BBIXOJ/I€ YCUIIUTEIIS,

- BBIBOJI O peanu3anuu GyHkiuu nuddepeHnpoBanus;

- rpadmyeckoe orobpakenue GyHkuu audepeHupoBaHus.

3ananue 3.4. HcciegoBaHue cxemMbl TIeHepaTopa Ha Jad0paTOPHOM
CTeH/e

1. CoOparb cxeMy penakcallMOHHOTO TeHeparopa (puc.3.14). Mctounuku
MUATAHUS U 1eNb KOPPEKIMKU Ha CXeM€ He IMOKa3aHbl, HO MPU COOpPKE CXEMBbI OHU
JIOJDKHBI OBITh. Y cTtaHoBHTE 3HaueHust E1 = E2 =10 B, C1 = 0,05 mx®, R1 =R2 =
R3 =10 xkOwm;

2. [MoakmrouuTh BTOPOH BXOJ ocuuiuiorpada K BBIXOIY CXEMBbI, a TEPBBIM

BXOO IMOAKJIKOYUTH K TOUYKE 1 3apI/ICOBaTB OCHI/IJ'IJ'IOFpaMMBI — BBIXOI[HYIO U B TOUKEC
1;
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3. TlonmkmrouuTh mepBbIM Bxoa ocuwuiorpada K TOYKE 2 CXEMbl U
3apUCOBATh OCLMJUIOTPAMMY B 3TOM TOYKE. DTU TPU OCHUILIOTPAMMBI pa3MECTUTh
JpyT MO/ JPYToM;

4. M3MepuTh ¢ MOMOIIBIO ocIyIorpadga Mmepuoi U pacCUUTaTh 4acTOTY
Kosie0aHuil reHeparopa. PacdeTsl v pe3ysbTaThl 3aHECTU B OTYET.

@ R1

I_ Ccyrnnorpad
—& | KkaHan
T & || kanan

UBBL‘(

T '

Puc.3.14. CxeMa nccnenoBanus peaakCalMOHHOTO reHepaTopa

B otueTte MpCaACTAaBUTD:

- CXCMY IIPUHOUITHAIBHYIO 3JICKTPUYCCKYIO JJIA UCCICAOBAHNUA,

- OCIUJIJIOTPpaMMBbI CUTHAJIOB Ha BXOAC W BBIXOJAC YCUIIUTCIIA I10 IIII. 3u 4,
- paC4dCThI K PC3YJIbTAThl BBIYMCJICHHUA YaCTOThI U IICPpUOda KoJIeOaHMii.

3aganne 3.5 KomnbTepHOe MOJeJIMPOBAHME CXeM HAa OCHOBE
ONepalMOHHBIX YCHIIUTEJIel

3.5.1. UccnenoBanne HHBEPTUPYIOLIEro ycuaureasa Ha QY.

1. ITocTpouTh cxeMy Ha 3KpaHe MOHUTOpa KoMmIbioTepa B cpene Electronics
Workbench  (puc.3.15).  Jlomyckaercss  HWCIOJB30BAaHWE  MHOM  Cpebl
MojenupoBaHusi. B kauecTBe aKTHBHOIO 3JIEMEHTA MCIOJIb30BATh MSATUBBIBOIHON
OY monemu 741 uz 6mubmmotexku default wm LM1877 u3 Oubnmoreku Im (mo
YKa3aHUIO TIperojaBaTeis). BoabTMETphl MEPEKIIOYHTh B PEKHM H3MEPCHHUS
nepeMeHHoro Hanpsokenus "AC";

2. Bximrounts cxemy, uaMeputh HanpsokeHuss Ur u Ugpy 1 paccuutath Ky
o ¢opmyiie:
K _ UBb[X
YU
r
3. Ha ocmwiiorpadge yOeauTbcs, YTO BXOJHOM U BBIXOJHOW CHUTHAJIBI
HaxoJsTCs B MpoTuBO(dase;
4. V3MmeHUTh 3HAUYEHUE COMPOTHUBJICHUS oOpaTHOW cBsizu Ha 10 kOwm.

[IoBTOpHUTH U3MEPEHUS U PACUETHI 110 I1.2.
B otuere npencraBuTs:
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- cxeMy MOI[eJII/IpOBaHI/IH JJIA I/ICCJ'ICILOBaHI/IH;

- BBIBOJ O COOTHOIICHNHU (1)33 BXOJHOI'O U BBIXOJAHOI'O CUT'HAJIOB,

- pacueThl U pe3yJbTaThl BBIYUCICHUS KOAD(UITMEHTOB YCUIICHUS TI0 1.2 |
4;

- BBIBOI O IIapaMcTpnax. BIIUAIOIIINX HA KOBd)d)HI?IPIGHT VCHUJICHUA VCUIIUTCIIA.
l k0w

I

X

I
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Puc.3.15 . Cxema MOAENMPOBAHUS NHBEPTUPYIOIIETO YCUIUTEIS

3.5.2. UccaenoBanue nudpepennuaropa Ha QY.

1. ITocTpouTs cxeMy Ha 3KpaHe MOHUTOpa KomibioTepa B cpene Electronics
Workbench  (puc.3.16).  JlomyckaeTcs  UCIOJb30BaHUE  MHOM  Cpeibl
MOJIETUpOBaHus. B kauecTBe akKTUBHOIO 2JIEMEHTA UCMOJb30BaTh MATHUBBIBOIHON
OY monenmu 741 uz 6ubmuorexku default wniu LM1877 u3 Oubnumoreku Im (mo
yKa3aHUIo npenoganaressi). Cxemy 3aHECTU B OTYET;

2. BriIlouuTh cxXeMy, 3apucoBaTh OCIMJUIOIPAMMBI BXOJHOTO U BBIXOJHOTO
CUTHAJIOB;

3. YCTaHOBUTH YACTOTY I'e€HEpaTopa MpsIMOYroibHbIX uMIynbcoB 300 I'm.
[ToBTOPUTH HCCIEAOBAHUE TI. 2;
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Puc.3.16. Cxema MmoaenupoBanus nuddepeniiparopa
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B oTdere npeacTaBuTh:

- CXeMY MOJICTTUPOBAHUS AJIsI UCCIICIOBAHMS;

- OCITIJIJIOTPAMMBI BXOJHOT'O M BBIXOJIHBIX CUTHAJIOB T10 . 2 U 3;

- o0o3HaueHWEe ydYacTKa JUarpamMMmbl, OTOOpaKaroOIIEro  IPOIECC
nruddepeHupoBaHus;

- BBIBOJ] O BIMSHUU YacTOTHl CUTHAjJa Ha XapakTep BBIXOJHOW KpPHBOM,
oToOpakarotie rmporecc nudepeHITpoBaHms.

3.5.3. UccrenoBanue unterparopa Ha QY.

1. ITocTpouTs cxeMy Ha 3KpaHe MOHUTOpa KomibioTepa B cpene Electronics
Workbench  (puc.3.17).  JlomyckaeTcs  UCIOJb30BAaHUE  HMHOM  CPEabl
MojieMpoBaHusl. B kauecTBe aKTMBHOIO 3JIEMEHTa MCIOJIb30BaTh MSATUBBIBOJIHON
OY monenmu 741 uz 6ubmuorexku default wniu LM1877 u3 Oubnunoreku Im (mo
yKa3aHUIO MPEINo/iaBares);

2. BriIlouuTh CXE€My, 3apUCOBaTh OCHUJUIOIPAMMbl BXOJAHOTO M BBIXOAHOTO
CUTHAJIOB;

3. YCTaHOBUTHh YACTOTY I'€HEpaTopa NpsIMOYroibHbIX UMITynbcoB 300 I'm.
[ToBTOPUTH HCCNIEOBAHUE TIO II. 2.
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Puc.3.17. Cxema MofenupoBaHus UHTErpaTopa

B otuere nmpencTaBuTh:

- CXE€My MOJICTTUPOBAHMUS JIJIs1 UCCIICIOBAHMUS,;

- OCHMJIIOTPAMMBbI BXOJIHOT'O M BBIXOHBIX CHUTHAJIOB 10 IIII. 2 | 3;

- o0o3HayeHWEe ywyacTKa JHMarpaMMmbl, OTOOpaXkaroIero mporece
WHTETPUPOBAHUS;

- BBIBOJI O BIIMSHHWM YaCTOThl CHTHAja HA XapaKTep BBIXOJAHOW KPHUBOM,
OTOOpaKAOIIEH MPOIIECC MHTETPUPOBAHMUS.
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3.5.4. UccaenoBaHne peslakCAllMOHHOTO reHeparopa Ha QY.

1. ITocTpouTs cXxeMy Ha 3KpaHe MOHUTOpa KoMmIbloTepa B cpene Electronics
Workbench  (puc.3.18).  JlomyckaeTcsi  WCIOJB30BaHWE  MHOM  Cpebl
MOJIeJTMpOBaHus. B KadecTBe aKTHMBHOTO 3JIEMEHTA HMCIIOJIH30BATh MATHBBIBOIHON
OV wmoxpemu 741 wuz 6mbmmoreku default mmu LM1877 u3 6ubamorexku Im (mo
YKa3aHUIO TIpEnoaaBaTers);

. e e
()12 B
—_— N
0.047 nod

o [lov
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Puc.3.18. Cxema MoAenupoBaHus peIakCaluOHHOTO
regeparopa

2. 3apucoBaTh BBIXOJIHYIO OCHHILIOIPAMMY T'€HEPATOPa;

3. U3meputh ¢ momolpio ocimuiorpada mepuol ¥ paccyuTaTh 4acTOTY
KoJIeOaHMil reHepaTopa;

4. VI3MeHUTb BeIUYMHY €MKOCTH Ha Bxojne OY U CHITh BBIXOAHYIO
ociiorpammy. Crenatbh BBIBOJ, O XapakTepe BIIUSHUS €MKOCTH Ha paboTy
reHeparopa;

5. BBIMOTHUTE omepanuy aHAJIOTHYHBIE 1.4 TO0 OTHOIIECHUIO K PE3UCTOPY
0oOpaTHOM CBSI3H.

B oTtuere npencTaBuTh:

- CXE€MY MOJIECJIIMPOBAHUSA LISl UCCIIENOBAHNS;

- OCIMJIJIOTPAMMBI BXOJTHOT'O M BBIXOJAHBIX CUTHAJIOB IO 11.3;

- pacyueTrbl W PE3YJIbTAaThl BBIYMCIIEHUS YaCTOThl U TNEPUOJA BBIXOLHOTO
CHTHaja 1o m.3;

- BBIBOJI O BIIMSIHUM €EMKOCTU Y PE3UCTOPA HA XaPAKTEP M'CHEPALUH.

Bomnpocs! 1151 caMOKOHTPOISA
1. Yro Takoe onepannoHHbIN ycunuTenb? KakoBo ux HazHaueHUe?
2. TloyeMy 3TH yCWJIMTENIN HA3bIBAIOT ONEPAMOHHBIMH?
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HazoBute ocHoBHBIE mapameTprl OY.

Uewm onpenensiercs KO3P(GUIHUEHT YCUIICHUS MHBEPTUPYIOIIETO YCUIUTENS Ha
ov?

[Ipu xakux ycinoBusix cxema Ha OY Ha3zbiBaeTcs quddepeHmaropom?

[Ipu kakux ycnoBusix cxema Ha OY Ha3bpIBaeTCsi UHTErPaTOpoOM?

Uro Takoe penakcalMOHHbIA reHepaTop? PacckakuTe 0 €ro Ha3HAYEHUU.
Hapucyiite cxemy komnaparopa Ha OVY. [1ogCHUTb IPUHIUIT €r0 PabOTHI.
Kakue aeMeHTbl U3 yCHWINTENS CO3Jal0T FEHEPATOpP?

KakoBsl ycnoBus renepanuun’?

B yem 3akmiouarorca gocromHcTBa OV, Omaromaps KOTOPbIM OHU IIHPOKO
UCITOJIB3YIOTCSl HA IPAKTUKE?
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4. UCCIIEJOBAHUE MHTEI'PAJIBHBIX KOMITIAPATOPOB
HAIIPAXKEHUA

Heanb

1. I3y4uTh TUIBI, XapaKTEPUCTUKU U TApaMETPbl KOMIIApaTOPOB;

2. UccnenoBaTh CXeMbl KOMIIApaTOPOB Ha JJAOOPATOPHOM CTEH/IE;

3. HayuuTbcst MOAenupoBaTh CXEMBbI PA3MUYHBIX TUIIOB KOMIIAPaTOPOB C
nomonibio mporpamm Electronic Workbench.

Y4eOHbIe BONPOCHI

4.1. UccnenoBanne aHAJIOTOBOTO KOMITapaTopa Ha Ja00paTOPHOM CTEHJE;

4.2. HccnenoBanue cxeMbl KOMIAparopa C OINOPHBIM HAaNpPsOKEHUEM C
MOMOILbI0 KOMIIBIOTEPHOTO MOJIETUPOBAHMS;

4.3. HccrmenoBaHue cXeMbl KoMmIaparopa ¢ THCTEPE3UCOM C IOMOIIBIO
KOMITBIOTEPHOI'O MOJEIINPOBAHUS.

Jlutepatypa 11l NOATOTOBKH K 3aHSITHIO

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

2. ITano B. H, Horun B. H., CxeMOTeXHMKAa aHAJIOTOBBIX AJICKTPOHHBIX
ycTpoicTB. i BelcnX y4eOHbIX 3aBefeHuid. — M.: ['opsiuas nunHus — Tenekowm,
2001. —320c.

3. Onagumii FO.®., I'myakun O. IL., I'ypoB A. 1., Amnanorosas u nudpoBas
anekTpoHuka. - M.: I'opsauas JIunus — Tenexkom, 2000. - 768c.

4. DJNEeKTpOTEXHUKA U DJICKTPOHHKA B DJKCIEPUMEHTAX U YMNPAKHEHUSX:
[Ipaktukym Ha Electronics Workbench / Ilox pen. A.W.ITandunosa. - M.: lonska,
1999.

5. Kapnangyk B.W. Dnextponnas madoparopust Ha IBM PC. JlabopaTopHbiit
npaktukyM Ha  Electronics Workbench u  Vissim 1o  »nemeHTam
TelekoMMyHuKaImoHHbIX cucteMm / B.W. Kapnamyk. M.: COJIOH-IIpecc, 2005. —
480 c.: mi. — (Cepust «CUCTEMBI IPOCKTUPOBAHUS).

6. JlbBoB B.JI. Metonuueckoe mnocoOMe MO MPUMEHEHHIO TPOTPAMMBbI
Electronics Workbench mis npoBenenus n1abopaTopHbIX pabOT MO JUCIUTIIIMHAM
Kadeapel cuctem nepenadu u o0padorku nundopmanuu. Pocros-na-/Jony: Cesepo-
Kaskazckuii punman MTYCH, 2012. — 54 c.

Conep:xanue oryera

1. Ha3Banue mabopaTopHOi pabOTHI.

2. Tlo kaxxmomMy W3 3ajaHui JOJIKHBI OBIThH MPECTABICHBI HA3BAHUEC 32/ TaHHSI
U T€ KOHKPETHBIC TAHHBIE, KOTOPHIC YKA3aHbI B 33/ IaHHH.

Bomnpoce! AJ1s1 NIOATOTOBKYU K 3aHATHIO

1. Kitaccudukarust KommapaTopos.

2. OCHOBHBIE TapaMETPhI U XapaKTEPUCTUKH KOMIIAPATOPOB.
3. JIOCTOMHCTBA U HEAOCTATKU KOMIIapaTopa C TUCTEPEZUCOM.
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4. O6nacTy NPUMEHEHHUsI KOMIIapaTOpPOB.

KparTkue cBeieHUs1 U3 TEOPUH

Komnaparopamu Ha3pIBalOTCA YCTPOMCTBA CpPAaBHEHUS 3HAYEHUM JIBYX
AHAJIOTOBBIX CHUTHAJIOB. BXOmHbIE aHAIOroBble CHUTHAJIBI KoMmmaparopa: Ug
aHanmu3upyeMbld curHasl U Uy, - ONOPHBIM CHUTHAJN JUIs CpaBHEHUA. Pe3ynbrarsl
CPaBHEHMS B NPOCTEUIIEM CIy4yae HWHIMLHUPYIOTCS Pa3JIMYHBIMUA YPOBHAMH
BBIXO/IHBIX HAaINpsUKEHUHM. JlJIsi KOMITApaToOpoB B MHTEIPAIIBHOM HMCIOJHEHUU JTU
YPOBHHU COOTBETCTBYIOT JIOTHYECKMM YPOBHSM HYJIS U €IUHULBI I Pa3IMYHBIX
JIOTHK.

7 T I7

TT _ ~ BRIX HPH = Bx ~ o

L rf-'bli\' - 0
7 T 77 (4.1
U Tpu U —U_ (4.1)

Takum oOpa3oM, KOMIapaTop - 3TO 3JIEMEHT Mepexoja OT aHaJOrOBBIX K
uGpPOBBIM CHUTHAJaM, MOATOMY €r0 HMHOT/Ia HAa3bIBAIOT OJHOOWTHBIM aHAJIOTO-
M pOBBIM Mpeodpa3oBaTesieM

Hyab — komnaparop
OnHa U3 BO3MOXKHBIX CXEM HyJIb—KOMIIapaTopa Ha ONepallMOHHOM YCHIIUTENe
n3o0pakeHa Ha puc.4.1.

|

UEI HIE
-EH
Puc.4.1. Hyne—komnapatop Ha OY

N3BeCTHO, YTO €CM OINEpalMOHHbIA YCUIIMTEIh UMEET KOHEUYHOE 3HAYEHUE
mupdepeHuranbioro  koddduiMenTa  yCWIeHHs, TO €ro  aMIUIMTyJHas
XapaKTEPUCTHKA BBITIISIUT CIEIyIOUM oOpazoM (pucd.2,a).
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2) 5)

Puc.4.2. Aminutyanas xapakrepuctuka OY s IBYXIOJISIPHOTO
CUMMETPUYHOTO MUTAHWsA: TUIUYHBIN BUJ (a) ¥ uaean3upoBaHHast (0)

[IpOTSKEHHOCTh JIMHEHHOIO Yy4YacTKa Ha AaMIUIMTYJIHOW XapaKTEPUCTUKE
ype3BbluaiiHO Mana. Tak npu ycuiiennu OY, paaomy 100000, 1 orpaHryYeHHIO Ha
ypoBHe 10B mupuHa ero pasHa Bcero nuiib 200 MUKPOBOJIBT. JIETKO BUIIETH, YTO
pU yBETUYCHUHN KOd(PPUIIMEHTA YCUIIEHUS ATOT yYaCTOK €lle CY)KHUBAeTCs, a JIJIst
uaeanuzupoBaHHoro OV, y KOTOpPOro yCWJIEHHE CTPEMHUTCS K OECKOHEYHOCTH
LIMPHUHA €T0 CTPEMUTCS K HyI0. [lociennee o3Havaer, 4To NEpEeKIFOUeHUE TaKOTO
yCWIHNTENS OyJeT MNPOUCXOAUTh MpU HYJIEBOM JUPPEpPEeHIIMAIBHOM BXOJIHOM
HaIpPsHKEHUHU, U Mbl UIMEEM CXEMY HYJIb—KOMIIapaTopa, XapakTepUCTUKa KOTOPOTO
nokaszasa Ha puc.4.2,0.

Ecnu mopath Ha BXOJ KOMIIapaTopa CHUHYCOMJAJIbHBIM CHUTHAN, TO Ha €ro
BbIXOJIe OynieT cpopMUPOBAHO MPSIMOYTOJIBHOE 3HAKONEPEMEHHOE HAIPSKEHUE —
puc.4.3.

-[']-EIX

IJBHX

Puc.4.3. BpeMeHnHble 1HarpaMMbl CUTHAJIOB HYJIb—KOMITapaTopa

Tak Kak BXOJHOM CUTHAJI NIOAAECTCSA HA UHBEPTUPYIOLIUK BXOJ, TO BBIXOJHON
CUTHaji OyJeT MHBEPTHPOBaH. Takue rpa@uKu CrpaBeIUBbI TOJIBKO B HJI€ATHHOM
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ciydae, korga OY nMeer 6€CKOHEUHO OOJNBIIOE 3HAYEHHE CKOPOCTU HapacTaHUS.
B peanbHoil cxeme GpOHTHI MPSMOYTOJBHBIX UMIYJILCOB OyIyT UMETh KOHEUHOE
BpEMs YCTaHOBJICHHUS.

EcTtecTBeHHO, uTO MpeoOpazoBaresibHas XapaKTEPUCTHKA HYJIb—KOMITApaToOpa
OyZIeT MEHSTHCSA, €CIIU TOMEHITh MecTaMu BXoibl OV .

KoMnapaTopsl ¢ HeHyJIeBbIM ONIOPHBIM HANIPSZKEHHEM

[TpeoOpa3oBarenbHas xapakTepUCTHKa KoMmmapaTopa OyaeT M3MEHEHa, eCIH
Ha 0JIMH 13 BXoA0B OY nojaTe 0oNopHOE HANPSYKEHUE TOM WM MHOM TOJIIPHOCTH.

Hanpumep, ecnu B cxeme kommapartopa (puc.4.4,a) Ha HEMHBEPTUPYIOUIUN
BXOJ OTHOCUTEIBHO 3€MJIM MOJAaThb ONOPHOE HAIPSIKEHUE ITOJOKUTEIBHOU
NOJIIPHOCTH, TO MEPEKIIOYEHHE BBIXOJHOIO HANpsDKEHUS OyAeT MPOUCXOIUTh
TaK)K€ IpU HEHyJIeBOM auddepeHuuanbHoM BxogHoMm curHaie OV, T. e. mpu
BXOJIHOM HaIIpSDKEHUU KOMIIapaTopa, paBHOM 3Ha4eHUIO U,y,.

u

BT A

—== =

L

6)

Puc.4.4. Cxema komnapaTopa Ha OY ¢ HEHYJIEBBIM OIOPHBIM
HaIpsHKEHUEM (@) U ero aMIUTUTyIHAsl XapakTepucTuka (0)

[Ipr 3TOM amIIUTYyJIHAs XapaKTEPUCTHMKA TAKOTO KOMIIApaTopa CMECTUTCS
BIIpaBo (puc.4.4,0).

['padviku BXOAHOTO M BBIXOJHOTO HaMpsDKEHUM Kommapatopa Ha OV ¢
HEHYJIEBBIM OMOPHBIM HANPSKEHUEM MPEJICTABICHBI Ha puc.4.5.

Ugx

Uonl o~ _

Uz

Puc.4.5. BpeMeHHble AuarpaMMbl CUTHAJIOB KOMIIapaTopa ¢
OTIOPHBIM HAMPSHKEHUEM
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N3 pucyHka $ICHO, 4TO MpPU CUHYCOMJAIHHOM BXOJHOM HANPSHKEHUU Ha
BBIXOJIe OOpa3yeTcsi CHUTHal MpSIMOYTOJbHOM (QOpMBI, HO ¢ pa3HbIMU
JUTUTEIIbHOCTSIMU YYaCTKOB MOJIOKUTEILHON U OTPUIIATEIbHON MOJISIPHOCTH.

KommnapaTtopsl ¢ rucrepe3ncom

KoMmapaTopsl ¢ THCTepe3sucoM B  JHUTEpaType €Ille€ Ha3bIBAIOTCA
KOMIIapaTopaMu ¢ 3amienkou. [I[py HEM3MEHHOM ONMOPHOM HANPSIKEHUH BO BCEX
BEITIIE 0003HAYEHHBIX CXEMaX KOMIIApaTOPOB MaJeWIMe W3MEHEHUS BXOJHOTO
HAMpsHKCHUST 110 JICMCTBHEM IIOMEX B OKPECTHOCTSX 3HAYCHUS OIMOPHOTO
HaTpsHKeHUsT OyAyT TPHUBOIWTH K MHOTOYHMCIICHHBIM W3MCHCHHSIM CHTHaja Ha
BbIX0JI€ (Takoe SIBJICHHE Ha3bIBAIOT - "npebesr'), 4To IJI0XO CKa3bIBAaeTCsS Ha
paboTe NOCIEeYIOIINX JOTHYECKUX CXEM.

Jl71st ycTpaHeHHsl 3TOTO SIBJIIEHUSI OOBIYHO BBOJST MOJIOKHUTEIbHYIO 00paTHYIO
CBs3b, KOTOpass oOOecrmeunBacT TMEPEXOIHOM XapaKTepUCTUKE KoMIapaTopa
ructepe3uc. Jlemaercs 3TO e TOro, 4TOOBI KOMIApaTop MPHUHSB pEIICHHE,
HaIrpuMep, O MPEBBINICHUU BXOJIHOTO HAMPSHKEHUS OTHOCUTEIBHO OMOPHOTO, HE
MEHsJT Obl €ro, €Ciu BXOJHOE HampshDKEHUE CTalo Obl MEHbIE OIMOPHOro Ha
OTIpEJICIICHHOE T0JIb30BaTesieM 3HaueHne. Cxema KoMITapaTopa ¢ MOJIOKUTEIIbHON

O6paTHOﬁ CBA3bIO IIPUBCACHA HA pI/IC.4.6,a.
Unx
'y

*Usx

BRE a) 6) P

Puc.4.6. Cxema koMIapaTopa ¢ OJIOKHUTEIIbHOW 00paTHOM CBS3bIO () U
€ro aMIUTUTY/HAsI XapaKTEPUCTHKA C TUCTepe3ncoM (0)

AMIUTUTY/IHAsT XapaKTEPUCTHUKAa KOMIIapaTopa C MOJIOKUTEIBLHOU 00paTHOM
CBSI3bIO (TUCTEPE3UCOM) TIPEICTaBlIeHa Ha puc.4.6,0.

[TosicauTh paboTy Takoil cxembl MOXKHO cleAyromum odpazom. Ilycts mpu
BKJIFOUEHUM THUTAHUS CXEMBI 32 CUET MEPEXOJHOr0 (pPereHepaTuBHOIO) Ipoilecca
M3—3a HaJU4Msl MOJOKUTEIBHON CBsI3U Ha BhIxoAe OY yCTaHOBUTCS HAIpsKEHUE,
omzkoe k 3Hauenmio +E, Torma ¢ yuerom mepemayu Mo HAMPSHKEHUIO IICTIH
oOpaTHOI cBsizu uepe3 nenutenb R1 m R2 na HemnBeptupyromem Bxoae OV
YCTAHOBUTCSl HampsikeHue, Harpumep, 1B. Ilpu HyJleBOM BXOJHOM HaIpsKEHUH
cXeMa MOJJCPKUBAET YKa3aHHOE BBIIIEC BBIXOJHOE HaIpspKeHue, omuskoe K +E;
(Touka 1).
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[Ipy yBenuueHUM BXOAHOTO HAMPSHKEHUS KOMIIAPATOpa TMOJIOKHUTEIbHOM
MOJIIPHOCTH TEPEKIIIOUEHUE BBIXOJHOTO HAMPSIKEHUS HA YPOBEHb, OJU3KHUH 10
3HaueHuio Kk -E,, npousoitaer mpu Uy, = 1B (Touka 2), korna quddepennnanpras
cocTaBisitolas BxogHoro HampsbkeHust OV crtaHeTr paBHOW Hymro. JlanbHeliee
MOBBIIICHUE BXOJHOTO HAMpPsHKEHUS KOMIaparopa HE MPUBEIET K U3MEHEHHSIM
BBIXOJTHOTO HampspkeHus (30Ha 3). Kak TOJIbKO Ha BBIXOJIE CXEMbl YCTAaHOBUTCS
OTpHUILIATENIPHOE HANpsDKEHUWE, TO Ha UHBepTHpyromeM Bxoge OV  Oyner
neiictBoBath HamnpspkeHue -1B. [locnennee o3nauaet, yTo 0061IacTh 3 MPOAOTKUTCS
710 BXOAHOTO HampshkeHus -1B, mpu kotopoM kommapaTtop cpabotaeT (Touka 4), u
€ro BBIXOJHOE HAMpPSIKEHHE BHOBH CTAHET IMOJIOKUTEIBHBIM M OJIM3KUM K
3HaueHnto +E; (3oHa 5). [lanbHeilllee yMEHbUIEHUE, a 3aTEM M YBEJIWYEHUE
BXOJTHOTO HAIPSKEHUSI KOMITapaTopa He MPUBEACT K U3MEHEHHIO €T0 BBIXOJIHOTO
HanpspbkeHus (3oHa 5). KoMmapatop BHOBB cpaboTtaeT, korjaa auddepeHiuanbHas
cocTaBJsioLIas BXoJHOro HanpspkeHust OY cTaHeT paBHOM HYIIO, YTO MPOU30UIET
[P BXOJIHOM HAaIpspKEHUH KoMImaparopa 1B.

VYKka3aHHbIE  pacCyXKIEHUS  MOATBEPXKIAAIOT, YTO HA  aMIUIUTYIHOM
XapaKTEPUCTUKE JEUCTBUTEIBHO NPUCYTCTBYET TMCTEPE3UC, B JAHHOM IMpUMEPE
MIMPUHON B 2B, XapaKTepu3yOUINiicss HEOAHO3HAYHOCThIO YCTAHOBKH BBIXOJHOIO
HANpsDKEHUST OT 3HAYEHMsI BXOJHOTO HAINpsDKEHHsT B 30HE TUCTEpe3uca, T. €.
3aBHCHMOCTBIO YPOBHSI BBIX0JIa OT IPEABICTOPUN PAOOTHI CXEMBI.

[Ipy momaye Ha BXOJ KOMMapaTopa C THUCTEPE3UCOM TapMOHUYECKOTO
CHUTHaja JAWarpaMMbl BXOJHOTO M BBIXOJAHOTO CHUTHAJIOB OYyIyT HMETh BUJ
(puc.4.7).

+1B

-1B

Puc.4.7. BpeMeHHbIe THarpaMMbl CUTHAJIOB KOMIIapaToOpa ¢ TUCTEPE3UCOM

Hannmume rtHcTepe3nca XOTs W BBI3BIBAET HEKOTOPYHO 3aJCPXKKYy B
MEPEKITIOYEHUN KOMITApaTopa, HO CYIIECTBEHHO YMEHbBIIACT WX JaXKe YCTpaHSIET
Jpe0e3r BBIXOJIHOTO CUTHAJIA.
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3aganme 4.1. HcciaepoBanume aHAJIOroBOro KomMmaparopa Ha
JIa00OpaTOPHOM CTeH/Ie

PaGora BbIMONHSETCS Ha JAa0OPATOPHOM  yCTaHOBKE "DIEKTPOHHBIE
npubopsl". B nmabopaTtopHoit paboTe B KadecTBE KOMIIApaTOpa HCIOIb3YEeTCs
onepannonHbil yernutenab K140V 120 wnu K553V 12, PacnosioskeHue BBIBOJIOB,
CXEeMbl KOPPEKIMU M dJeKkTpudeckue napameTpbl OY mnpuBeneHbl B paszziene 7
puc.7.9 u 7.10.

CxeMa ucciieIoBaHusl KOMIIapaTopa HaNpsKeHHs MpeACcTaBieHa Ha puc.4.8.
B 1ol cxeme uepe3 pasnenutenbHbld KoHIeHcatop Cl oT reHepaTtopa HU3KOU
4acTOThl HAa MHBEpTUpPYIOIHA BXxoa OV mopaeTcss CHHYyCOUANbHOE HANPSKEHUE.
Benuunna storo Hanpsikenus Uy, uszmepsieTcs ocuusuiorpadom (kanan 1).

Ha wHeumnBepTupyrommii Bxox OV mnonmaercs omnopHoe HampsbkeHue Uy,
BEJIMYMHA KOTOPOTO PEryJUpyeTcs MOTeHIIMOMeTpoM R2 u uzmepsercs iuppoBbIM
BOJIBTMETPOM ~ MyJdbTUMEeTpa (V2), BKIIOYEHHBIM Ha PEXKUM HU3MEpPEHUs
noctossHHOTO HamnpsikeHus. K kiiemmam Uy, u Uy, moakitouaercs ocruuiorpad.

E1l
- §+
o1 QcuMnnorpac
Cerr ® ” . RM ® | KaHan
& || KaHan
HU T . j// T
Rl
Usz —|—_L|— Usexx
o !
L o— 0+ | 1L ¥ .
E2

Puc.4.8. Cxema uccnenoBanus koMaparopa HanpspokeHus Ha OY

JlnarpaMMbl BXOJTHOTO M BBIXOJAHOTO HamNpshKEHUs HAOMIOAIOTCS HA DKpaHe
ociuiorpada. Beixognoit curnan umeet Gpopmy ummnyibcoB. Korna Uy, < Uy, TO
MOTEHUIMAJ BbIXOJA BBICOKMH, OH PaBEH U’ Korma U,, > U,,, TO moTeHIHAa
BBIXOJIJa HHU3KUH, OH paBEH U°. Cosmemas OCUMJIJIOTPAMMBI  BXOJTHOTO H
BBIXOJIHOTO HANPSKEHUM, MOXHO OIPEACIUTh MOPOr cpadaThIBaHUS CXEMBI (CM.
puc.4.9).
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Puc.4.9. CoBmemieHHbIE AHarpaMMbl BXOJHOTO ¥ BBIXOIHOTO
CUTHAJIOB KoMIapartopa Ha OY

[Topsnok ucciie10BaHui:

1. Cobpatsb cxemy (puc.4.8). Ycranosuth Ha cxeme E1 = E2 = 10B, C1 =0,05
Mkd, R1 = 75 kOm, R2 — norenumomerp ¢ comportusienuem 47 kOm. Cxemy
3aHECTH B OTYET;

2. Ilogatp Ha BXOJ CXEMbl HAMNpsHKEHUE OT 3BYKOBOIO TI€Heparopa ¢
ammutynot 5B u wacrotoit 1 k[ u monyduuTh Ha SKpaHe ocuusuiorpada
YCTOMYMBOE U300paKEHNUE CUHYCOU/IBI;

3. IlorenmmomMerpoM R2 yCTaHOBUTH HAIpPSIKEHUE HA HEWHBEPTHUPYIOLIEM
Bxojqie OY U,,; = 0B. 3apucoBaTh BXOJHYIO YU BBIXOAHYIO OCIIUIOTPAMMBI;

4. TIloreHunomeTpoM R2 yCTaHOBHUTH HaIpsSIKEHHE HAa HEMHBEPTHUPYIOLIEM

Bxoge OV U,, = 2,5B. 3apucoBaTh BBIXOJHYIO OCHWJUIOTPAMMY HUXKE
OCUMJIJIOTPAMMAaMH 1. 2;
5. Hosroputy n. 4 gna U,, = -2,5 B. H3amepuTb IIUTETBHOCTH

MOJIOKUTEIIBHOTO ¥ OTPULIATENIBHOTO UMITYJIbCOB BBIXOJHOTO CUTHaja. Pe3ynbTarsl
3aHECTHU B OTYET;

6. na U,;, = -2,5B coBmecTuTh Ha d5KpaHe ociuuiorpada BXOIHYIO U
BBIXOJIHYIO OCIMJUIOTPaMMBbI TakK, KaK Moka3zaHo Ha puc.4.9. Onpenenuts mnopor
cpabateiBanusa OY;

7. YcranoButh Upp = 2B 1, yMeHbI1asl HANPSHKEHUE TeHEpaTopa, ONPEAEIUTh
MUHUMAJIbHOE BXOJIHOE HAIPsOKEHUE, IPU KOTOPOM KOMITapaTop padoraer. ITo
3HAYCHUE HAIPSHKEHUS 3aHECTH B OTYET.

B oTuere npencraBuTh:

- CXEMY MPUHIUMITHAIBHYIO AJIEKTPUUYECKYIO IJISI UCCIIEIOBAHUS,

- OCIIMJUIOTPAMMBI CUTHAJIOB JIJIsI OIOPHOTO Hamnpsikenus -2,5B, 0B, +2,5B;

- BEJIMYMHY Topora cpabaTbeiBaHus Kommnaparopa; Caenars BbIBOJ O criocode
W3MEHEHHUsI Topora cpadaThIBaHUS;

- BEIIMYMHY BXOJHOTO HampsDKCHHs cpadaThiBaHus kommaparopa. CrmenaTh
BBIBOJI O (haKTOpax, BIUSIONINX HA ATy BEIUUUHY.
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3ananme 4.2. HccienoBaHue cxeMbl KOMIAapaTopa ¢ OINOPHBIM
HaIIPsIZKEeHHeM c MOMOLIBIO KOMIIBIOTEPHOI0
MO/1eJTHPOBAHUSA

[locnenoBaTeabHOCTh UCCIIECTOBAHUS:

1. ITocTpouTh cxeMy Ha 3KpaHe MOHUTOpa KomibioTepa B cpene Electronics
Workbench  (puc.4.10).  JlomyckaeTcsi  HWCIOJB30BAaHWE  MHOM  Cpebl
MOJIeJIMpOBaHus. B kauecTBe aKTHBHOTO 3JIEMEHTA HCIOIb30BaTh MATHUBBIBOJHON
OY monemu 741 u3 o6ubmuorexku default vnmu LM1877 nu3 oubmuorexu Im (1o
YKa3aHUIO TIpenoaaBatessi). Y CTaHOBUTH JJI epeMeHHOTo pesucTtopa (puc.4.11):

- enmuuHy conpotuBieHus (Resistance) — 57 kOwm;
- KJ1aBuIly ynpasiieHus conportusienue (Key), nanpumep, W;
- nepexiouenus (Increment) - 2%. CxeMy 3aHECTH B OTYET;

| ()Hz B || o
+ L L ]
»
| | -
0,047 e OV o

( "V? RB}H 47 wilm _
100 Ot ()12 E

Puc.4.10. Cxema umccnenoBaHusi KOMIIApaTopa ¢ OMOPHBIM
HanpsbkeHueM Ha [1K

Potentiometer Properties E]@

Label Walue lFauIt ]Di&pla}l]

ke i

Resistance [R]: |57 [ =
Setting: B0 = 4

Ihcrement: |2—E b4

OF. | OTreHa |

puc.4.11. MeHo ycTaHOBKM TapaMeTpOB MOTEHIIMOMETPA
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2. BkiIIOYUTH CXEMY, BBIJCIHUTH MOTCHIIMOMETP M, HaXuMas KiaBuiy W,
MEPEeKITI0YaTh IEPEMEHHBIA PE3UCTOP B CTOPOHY YMEHBIICHHMS, TMOO Ha)KMMas Ha
knapumu  Shift + W,  mepexiodarb NEpeMEHHBIM pPE3UCTOpP B CTOPOHY
YBEIIMYEHHUSI, YCTAHOBUTHh OMOpHOE HampsbkeHue + 3.8 B, mepeHecTw B OT4eT
COBMENICHHBIEC OCIIUJLIOTPAMMBI BXOJTHOTO M BBIXOJHOT'O CUTHAJIOB;

3. YcranaBnuBas onopHoe Hanpsbkenue 0 B u — 3,8 B, moBTopuTs 11.2;

4. VI3amMeHuTh BXoAHOE HampsbkeHue Ha 6B. Caenarh BbIBOA 00 M3MEHEHHUU
nopora cpadaThIBaHUs KOMIIapaTopa.

B oruere npeacraBuTh:

- CXEMY ISl MOJICITUPOBAHUS,

- OCIMJUIOTPAMMBI CUTHAJIOB JIJISI OOPHOTO Hamnpsikenus -3,8B, 0B, +3,8B;

- BBIBOJI 00 U3MEHEHUSIX MPU CMEHE OTIOPHOTO HAMPSIKCHUS;

- BBIBOJI 00 M3MEHEHUHU Topora cpabaTbIBaHUSA MPU U3MEHEHUH aMILTUTY]IbI
BXOJIHOTO HAIPSIKCHU.

3ananmne 4.3. UccienoBaHue cxeMbl KOMIIAPATOpPa € THCTEPE3MCOM C
NMOMOIIbI0 KOMIILIOTEPHOT0 MOIeJIUPOBAHMS

[TocnenoBaTeabHOCTh HCCIIETOBAHUS:

1. IToctpouTts cxemy Ha 3KpaHe MOHUTOpPA KoMIibioTepa B cpene Electronics
Workbench  (puc.4.12).  JlomyckaeTcs  UCIOJb30BaHUE  WMHOM  Cpebl
MoJienupoBanusd. ['eneparop Ha Bxojze 1B, 2 kI'11 BeInoaHAET posib nomexu. Cxemy
3aHECTH B OTYET;

L Qe B

+
( OB /—/O}r 1 xOm T

50T
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( ol 400 Om C)}zB

Puc.4.12. Cxema MoAenMpoBaHusl KoMIapaTopa ¢ THCTepe3ucoM

2. OtkmounTh pe3uctop oOpaTHOM cBs3u 1| KOM OT HEMHBEPTHUPYIOIIETO
Bx0/1a. Bxox octaButh 3a3eMiieHHbIM uepes pesuctop 400 Owm;
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Bxomtounts cxemy u yOemuThCs MO OCHMIUIOrpady, YTO B BBIXOJHOM

CUTHAJIe IPUCYTCTBYIOT MHOTOKpaTHbIe nepexitouenus ("apedesr"). [lepenectu B
OTYET COBMENIICHHBIE OCIIUIIONPAMMBI BXOJIHOTO U BBIXOJHOTO CUTHAJIOB.

4. ToaxmouuTh pe3uctop oOpatHoM cBsizu 1 KOM K HEUHBEPTUPYIOIIEMY
BXxoay. Bkiounth cxeMy W yOeAUThCS TO OCHWILIOrpady, 4TO B BBIXOJHOM
CUTHAJIe OTCYTCTBYIOT MHOTrOKpaTHble mnepekitoueHust ("npedesr"). Ilepenectu B
OTYET COBMENICHHBIE OCIIUILIOTPAMMBI BXOJTHOTO U BBIXOJHOT'O CUTHAJIOB;

5. Cnenatp BBIBOJ O IPUYMHE MIPOIAJaHus Ipedesra.

B oruere npeacraBuTh:

- CXEeMY U1l MOAEITUPOBAHUS;

- OCHWJJIOTPAaMMBbI BXOJJHOTO Y BBIXOJHBIX CUTHAJIOB s 1.3 U 4;
- BBIBO/] O IPUYMHE NponagaHus apedesra.

Bonpocsl 1J11 CAaMOKOHTPOJIs

l.
2.

W

o

Jjist uero B KoMrnaparope Heo0X0JUMMO OMOPHOE HAIPsKEHUE?

Kakoe cooTHomIeHHE TOMKHBI MUMETh aMIUIMTY/Ia BXOJHOIO CHUTHAJIA W
ONOPHOE  HAIpsDKEHWE i  HOPMajlbHOM  paboThl  KoOMIapaTopa
HaIpsKEHUA?

Uto Bxoaut B coctaB MUMC komnaparopa?

Kak ocymiecTBisieTcst peryJiipoBaHUE BEIUYUHBI IEPEMEHHOIO PE3UCTOPA
B MOJICTIUPYIOIIEN ITporpaMme?

[Touemy BenWYMHBI HANPSXKEHHUS HA BOJBTMETPE U ocuuwuiorpade
paznuunbl? Yemy paBHa 3Ta pazHuLa?

Yrto mpoucxoaut B paboTe KOMITapaTopa Mpu CMEHE MECTAMU €0 BX0JI0B?
[Touemy pOUCXOAUT U3MEHEHUE IIUPHUHBI CTYIIEHEK BBIXOAHOTO CUTHaja
KOMITIapaTopa Mpyu U3MEHECHUU ITOPOTOBOTO 3HAYEHHUS ?

Jns  kakux 1eNel MCIOJB3YeTCs KOMIApaTtop B  BBIYUCIUTEIBHOU
TEXHUKE?

Ha d4ro Biusger yBenumueHune comporuBieHus pesucropa 1 kOm Ha
puc.4.12?
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5. ACCJIEJOBAHUME YCTPOMCTB HA OCHOBE JIOTHYECKHNX
HNHTEI'PAJIBHBIX MUKPOCXEM

Heanb

1. V3y4nuTh OCHOBHBIE CIOCOOBI MPUMEHEHHS JIOTHUECKUX HHTErpajbHBIX
MHUKPOCXEM B KOMOHMHAIMOHHBIX YCTPOWCTBaX i (JOPMHPOBAHUS M T'€HEpAIUU
UMITYJIbCHBIX CHUTHAJIOB.

2. HayuuThCcs MOIENMPOBATH CXEMBI PA3JIMYHBIX THIIOB KOMIIAPATOPOB C
nomotibio porpamm Electronic Workbench.

Y4eOHble BONPOCHI

5.1. UccnenoBanne pabOThl KOMOMHAIIMOHHOW CXEMBI;

5.2. UccnenoBanue reHeparopa UMIYJIbCOB Ha JIOTHYECKHUX SJIEMEHTAX;

5.3. HccnenoBaHue reHepaTopa HMMIYJbcOB Ha JID ¢ moMompro
KOMIIBIOTEPHOT'O MOJEIUPOBAHUS,

5.4. UccnenoBanue opMupoBaresss UMITyJIbcOB Ha JID;

5.5. Uccnenoanue QopmupoBatens uMIylibcoB Ha JID ¢ momomibio
KOMITBIOTEPHOT'0 MOJIEIIMPOBAHUS

JInteparypa 1Jis1 HOATOTOBKH K 3aHATHIO

1. Coxono C.B., TutoB E.B. OcnoBbl cxemotexunuku. PoctoB H//l.. CK®
MTVYCH, 2010. - 210c.

2. IlaBnoB B. H, Horun B. H., CxeMOoTexHHMKa aHAJIOTOBBIX 3JIEKTPOHHBIX
ycTpoicTB. g BeicinxX y4eOHbIX 3aBefeHui. — M.: ['opsiuas nunHus — Tenekowm,
2001. —320c.

3. Onagumii FO.®., I'myakun O. IL., I'ypoB A. 1., Ananorosas u mudpoBas
anekTpoHuka. - M.: I'opsiuas JIunus — Tenexom, 2000. - 768c.

4. DIeKTpOTEXHHKAa W D3JIEKTPOHUKA B O3KCHEPUMEHTaX M YNPaKHEHUSAX:
[Tpaktuxkym Ha Electronics Workbench / Ilox pen. [.W.I1andunona. - M.: [lomdka,
1999.

5. Kapnangyk B.W. Dnextponnas madoparopust Ha IBM PC. JlabopaTopHbrit
npaktukyM Ha  Electronics Workbench wu  Vissim 1o  snemenTam
TerekoMMyHuKaoHHbIx cucteM / B.W. Kapnangyk. M.: COJIOH-IIpecc, 2005. —
480 c.: uin. — (Cepust «CucTeMbl IPOSKTUPOBAHUSI ).

6. JlbBoB B.JI. Mertonuueckoe mnocoOue MO NPUMEHEHHIO IPOrpaMMBbl
Electronics Workbench myis nposenenus 1abopatopHbix paboT MO JUCHUIIIIMHAM
Kadeapel cuctem nepenadu u o0padotku uHpopmarnuu. Pocros-ua-lony: Cesepo-
Kagskazckuii punman MTYCH, 2012. — 54 c.

Conep:xanue oTyera

1. HazBanue nabopaTopHoil paboTHI.

2. Tlo kaxxmomy W3 3ajaHui JOJKHBI OBITH MPECTABICHBI HA3BAHUE 3/ TaHMUSI
U T€ KOHKPETHBIC TAHHBIE, KOTOPHIC YKA3aHbI B 33/ IaHHH.

BOHpOCbI AJIF MOATOTOBKHU K 3aHATHIO
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1. Kimaccudukanus TOrudecKux 3JIeMEHTOB.

2. OCHOBHBIE TTApaMETPhI U XaAPAKTEPUCTUKH JIOTUYECKUX DIIEMEHTOB.
3. Tabnuilbl MICTUHHOCTH OCHOBHBIX JIOTHYECKUX 3JIEMEHTOB.

4. O6nacTu NPUMEHEHUS JTOTHYECKUX DIIEMEHTOB.

KpaTKne CBCACHHUSA U3 TCOPUH

Jlornyeckne SIEMEHTHI SBISIOTCS TPOCTEHITUMHU CXeMaMU IHQPPOBBIX
ycTpoiicTB. M3 mOrnyeckux cxem COCTOST KOMOMHAIIMOHHBIE YCTPONCTBA JIO00M
CJIOJKHOCTH, HaIrpumep, apu(METHUKO-JTOTUYECKHUE yCTpOMCTBa
MHUKpompolieccopoB.  HamomMHum, d9TO  KOMOMHAIMOHHBIMH  (LUGPOBBIMU
aBTOMaTtaMu O€3 IMaMsATH) Ha3bIBAIOTCSA IM(POBBIC YCTPONCTBA MIHOBEHHOI'O
JICUCTBUS, BBIXOJIHBIE CUTHAJIBI KOTOPBIX OIPEICIISIOTCS BXOJHBIMU CUTHAJIAMH,
JICUCTBYIOIIMMH B pacCMaTprMBaeMblii MOMEHT BpeMeHU. OHU HE UMEIOT NaMsITH U
MOATOMY TOPSAIOK MOJAaYu BXOIHBIX BO3JACHCTBUI HA HUX 3HAUeHUs HE umeert. [Ipu
OJIHMX U T€X € BXOJHBIX BO3JCHUCTBUSIX BHIXOAbI OYAYT BCET/1a OJIMHAKOBEIE.

Jlornueckue 3J1eMEHThI TTO3BOJISIOT JJOTMUECKUE ONEPaLMU TPOU3BOISTCS HaJl
BEJIMUYMHAMH, XapaKTePU3YIOIUMU B3aUMOUCKIIIOYAIONINE TOHSATUS: €CThb M HET,
T.. MMEIOIIMMHU TOJIBKO JBa 3HaueHudA. i onepamuid C  JTOTMYECKUMHU
BEJIMYMHAMHU MCHOJIB3YIOT JBOWYHBIM KOJ: OJHO W3 3HAYCHUM TMPUHUMAIOT 32

eIMHHILY, IpyTroe - 3a Holb: X =1 u X =0.

B anekTpuueckux cxemax, peaqu3yIoIIUX JIOTUYeCKHe (DYHKIMH, CUTHAI,
COOTBETCTBYIOIIUNA JIOTHUECKOW €IWHHUIIE, MPEJCTABISIOT HEKOTOPHIM BBICOKUM
HanpsbkeaneM Ul wim ypoBHeM  jormdeckod — eauHuubl.  Curhan,
COOTBETCTBYIOIIHI Jiornyeckomy Hyto, ooo3nayarot UQ. Kak npasuio, U1>UO0.

Crnenyer MOMHUTB, YTO JIIOObIE OMEPALMH, BBINOIHIEMbIE HaJ JIOTHUYECKUMU
BEJIMYMHAMHU, MOXXHO CBECTH K KOMOMHAIMM TpeX MPOCTEHIINX: HHBEPCUU
(onepauuu orpunanus - HE), nornueckomy cinokeHuro - AU3bIOHKLINN (ONepaluu
NJIN) u noruueckoMy yMHOXKEHUIO - KOHbIOHKIMU (omepauuu W). bonee toro,
MOYKHO HCNOJIb30BaTh TOJNBKO cxembl M - HE wmm tompko cxemsr MJIM-HE.
Kaxxgast u3 3TUX rpyI HOCAT Ha3BaHME JIOTHYECKOro 0a3uca. DTO 03HAYAET, UTO
U3 KaXJOM Tpynmbl MOXKHO IMOCTPOUTH JIOTUYECKYIO (DYHKLHIO MPOU3BOIBHOMN
CJIOKHOCTH.

Kpome Ttoro, normueckue HNMC mnpumensitorcs st (GOpMHUpPOBAHUS U
reHepaluyi UMITYJIbCHBIX CUTHAJIOB.

dopmupoBaTenn UMIybcoB (PU) mpeodpa3yroT MOCTynarKe Ha X BXOJ
UMITYJIbCHBIE CUTHAJIbI, U3MEHSISI OJUH UJIM HECKOJIbKO MX napameTrpoB. @Y Moryt
OBITh MOCTPOEHBI C UCIOIB30BAHUEM TOJBKO JIOTHUYECKHUX 3aemMeHToB (JID), mmubo
Ha JID u R, L u C koMImoHeHTax.

B coctaB Hambomnee mupoko mpumenseMbix UMC cepuit 155 (555) u 561
BXOJIAIT crielinaibHO pa3zpadoTtannbie popmupoBatenu (K155AI'1; KS561AI72).

['eneparopsl  (TOYHEE  aBTOTE€HEPATOpbI)  SABISIIOTCA  yCTPOMCTBaMH,
CO3JAIOUIMMHU  MEPUOJUYECKHE DIIEKTPUYECKHE CHUTHAJIBI C  ONpPEIEICHHBIMU
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napaMmeTpamu (aMIUTUTYAOM, 4aCTOTOW, CKBaXKHOCTBHIO U T.1.) MPHU MOJBEACHUU K
HUM IOCTOSIHHOTO MUTAIOIIETO HAIIPSKEHUS.

B naGopatopHoii paboTe HCMOJB3YEeTCS MHUKPOCXeMa TPaH3UCTOPHO-
tpan3zuctopHor soruku TtHna KISSJIA3 (uetsipe JID 2U-HE). Pacnonoxenue
BbIBOJIOB K155JIA3 u npunnunuansHas cxema snemeHta M-HE mpuBeneHsl Ha
puc.5.1.
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Puc.5.1. Pactionoxeunue BeiBoj10B UMC K155J1A3

OcHoBHbIe mapameTpsl MUKpocxembl: Uy = 5 B + 5%; nonyctumeie Ugx = 0 —
5 B; ypoBau norumueckux curHalioB U;gpx = 2,4 B, Ugpx < 0,4 B; Bpems
3a[IepP)KKH pacpoCTpaHeHus tsaq < 15 HC.

C momomipto Toiabko omHux cxeM MW-HE MoxHo peamuzoBath m1r000e
KOMOUMHAIIMOHHOE ycTporcTBO. Hampumep, nis peanuzamnuu snementa HE moxHO
ucnosb3oBaTh cxemy U-HE, B koTopoit coemnuensl Bce BXObI (puc 5.2).

X Y
—4{ | 2N-HE

Puc.5.2. Peanuzanus nasepropa Ha UMC K155JIA3

3amanue 5.1. UcciaenoBanne padoTbl KOMOMHANIMOHHOM CXeMbI

CunresupoBars joruueckyro ¢pynkuno MJIN-HE na ocnoBe UMC K155JIA3
Y MCCIIEZIOBATH €€ TIOBEICHUE Ha BCeX Ha0Opax.

HOCJ’I@I{OB&TCJ’IBHOCTL HCCIICAOBAHUA:



55

1. HapucoBaTp NPUHLMIIHAIBHYIO CXE€MY YCTPOMCTBA, COCTOSIIYIO W3
anemenToB 2U-HE u peanusyromyro ¢pyukiuto 2UJIN-HE;

2. 3anucaTh, COOTBETCTBYIOILYIO €/ TaOJIMIy HCTUHHOCTH;

3. C mnoMompl0o KoMmmbeloTepHOUM TmporpamMmbl  Electronics Workbench
MPOBEPUTh MPaBUIBLHOCTH paszpabotanHoi cxembl 2MJIM-HE, cocrosuryio u3
agoruyeckux 3neMmeHToB 2UM-HE. [Ins 3Toro HeoOX0AMMO OTKPBITH JOTHYECKUN
kouBepTop (Logic Converter) B  KOHTPOJbHO-U3MEPUTENBHBIX MIpHOOpax
(Instruments), 3amatb B HeM TaOJWIly WCTHHHOCTH pPa3pabOTaHHON CXEMHI,
nmpeo0pa3oBaTh 3Ty TAONHIY B JIOTHYECKOE BBIPAKECHHE M TIO ITOMY BBIPAKEHUIO
CUHTE3UPOBATH CXEMY;

4. CoOpathb pazpaboTtaHHyl cxeMy, peanu3yromryto oneparuio 2MJIN-HE,
coaepxaiyto Toiabko snemeHTl 2UW-HE (puc. 5.3). I[logkimtouuTh HCTOYHHK
NUTaHUS (HOMUHAJIBLHOE HAIPSHKEHUE MUTAaHUS YKa3aHO BBIIIE).

Puc.5.3. Cxema g ucciieqOBaHUS JJOTHUECKOTO DJIEMEHTA

5. HWccaepoBaTh moBeAcHHWE KOMOMHAIIMOHHOW cXeMmbl. Jlims artoro,
moAKItoYast BXoAbI 1 1 2 K o0Iel Touke (CUTHAI JOTUYECKOTO HYJIS) WM K IITHHE
MUTaHUS (CUTHAJ, COOTBETCTBYIOIIUHN JIOTHUYECKON €IMHUIIE) U U3MEPSISl BEIXOJIHOE
HaIpsHDKEHUE, MPOBEPHTE MPABUILHOCTD TA0IUIBI COCTOSIHUI COOpAHHOM CXEMBI.

CpaBHUTBH ¢ paHee MOCTPOCHHOM TabIUIICH.

B ortuere npencraBuTh:

- cxemy Jornueckod ¢ynkuun 2WJIM-HE w3 normyeckux cxem HMMC
K155JIA3;

- nacnoptHbie JanHble UMC K155J1A3;

- Tabnuity uctuaaocty ¢ynknuu 21UJIN-HE,;

- cXeMy JJis uccienoBanus ¢ ooo3HaueHreM BeiBos10B UMC K155J1A3;

- TaOJIUITy UICTUHHOCTH, TOCTPOCHHYIO SKCIIEPUMEHATBHO.

3amanue 5.2. UccienoBaHue reHepaTropa HMMILYJbCOB Ha JIOTHYECKHX
3JIEeMEHTaxX

ITocnenoBaTenbHOCTDH MCCIICIOBAHUS

1. Cobpath ycTpoicTBO coriiacHo cxeme Ha puc.5.4. DD1 — muxpocxema
K155JIA3, C1 =0,05 Mmx®, R1 =1 kOm, E1 =5 B;
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2. Hoaxmounts “Bxon 17 ocmmmnorpada kK BBIXOAY reHeparopa, T.e. K
touke 1 UMC. 3apucoBaTh OCIIMIUIOrpaMMy T€HEPUPYEMOT'0 CUTHAJIA;

3. Toakmouas “Bxox 2”7 ocuwmiorpada k Toukam 2, 3, 4 CXEMBl,
3apuCOBATh OCHWJIIIOTpaMMBbI 2, 3, 4 o1 OCUMILIOrpaMMoi 1;

4. Wsmeputh c mnomolpio ocmwuiorpadga mnepuoa konebanuit (T) u
paccuuTaTh 4acTOTy TeHEPUPYEMbIX KojebaHui o popmyie:

1

5. YBennuuth eMkocTh KoHAeHcatopa Cl = 1 Mx®. [ToBTOpUTH M3MEpEHUS
no .. 2 - 4.

DI

o I ANF T w
b _E?sf n_:_n/

: Ugem

“““““ 1

Puc.5.4. I'enepatop UMIyIbCOB Ha JJOTHUYECKUX 3JIEMEHTAX

[

B otuere npencraButs:

- CXeMy IreHeparopa, Ha KOTOPOU yKa3aTh BCE HOMUHAJIBI DJIEMEHTOB;
- OCIMJIJIOTPAMMBI TEHEPUPYEMBIX CUTHAJIOB B YETHIPEX TOUYKAX;

- IEPUO]T ¥ YACTOTY F'€HEPUPYEMOTO CUTHasa, GopMyJibl pacyeTa;

- BBIBOJI O BJIMsIHUM eMKOCTH C1 Ha mapameTpsl TeHepalni.

3aganme 5.3. UccaenoBarb reHepaTop MMmyJjbcoB Ha JIJ ¢ momMoubio
KOMIIbIOTEPHOI0 MOAEJIMPOBAHUSA

[TocnenoBaTeTbHOCTH UCCIICIOBAHUS:

1. IloctpouTh Ha 3KpaHe MOHUTOpa KOMIbloTepa cxemy (puc.5.5). B
KaueCTBE JIOTMYECKOTO 3JIEeMEHTa HWCIOJb30BaTh MuKpocxeMy 7400 u3 Habopa
Digital ICs, Bei6pats moaens HC u3 6ubnanoreku cmos, HC-2 u3 6ubanorexku misc
wn LS u3 6ubnuotexwu ttl (mo ykazanuto npenoaaBaTens);
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Puc.5.5. CxeMa renepaTopa UMITYJIbCOB

2. BKIIOYUTH CXeMy, 3apUCOBATh BBIXOIHYIO OCHHIIOTPAMMY;
3. PaccuuTath nepuoj M 4acToTy KoJeOaHUM.

B otuere npencraBuTs:

- CXE€MY I'€HepaTopa, Ha KOTOPOH yKa3aTb BCE HOMUHAJIBbI DJIEMEHTOB;
- OCUMJUIOIPAMMY BBIXOJHOTO CUTHAJIA;

- YaCTOTY U NEPHUOJ reHepaluu, GopMyJibl pacuera.

3ananue 5.4. UcciaenoBanne popmMupoBartesiss UMIyJabcoB Ha JID

[TocnenoBaTenbHOCTh UCCIIEIOBAHUS:

1. Cobpath cxeMy, OKa3aHHYI0 Ha puc. 5.6. [loakmounTts Kk BeiBogaM UBX
BOJBTMETP MYJIbTUMETpa 1 B peKUME H3MEpPEHHUs] MEPEMEHHOTO HampsHKEHUS.
VY CTaHOBUTH 4acTOTy TeHeparopa MPsSMOYTOJbHBIX UMIYJbCOB paBHOU 200 ['m,
UBX=4B,El=5B,Rl =R2=1 kI, Cl =0,05 Mx;

2. Hoaxmounuts “Bxon 17 ocuuminorpada xk touke 1 «UBX» 3apucoBarth
OCIIUJIOTpaMMYy CUTHaJa;

3. Tloakmouas “Bxox 2”7 ocummiorpada k Toukam 2, 3, 4 CXEMsl,
3apuCcOBaTh OCHUIIJIOrpaMMBbI 2, 3, 4;

4. C nomomrsto ocrmiuiorpada u3meputs (Mo yposHto 0,5) MIUTETEHOCTH
c(hOpPMHPOBAHHOTO BBIXOJJHOTO CUTHAJIA (OocIiiorpamma 4).
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Puc.5.6. Cxema popmupoBaresns UMITyIbCOB

B otuere npencraBuTh:

- cxeMy (opMHpOBaTENs, HA KOTOPOU yKa3aTh BCE HOMUHAJIBI DJIIEMEHTOB;

- OCHMJUIOTPAMMBI YETHIPEX CUTHAJIOB;

- JUIMTENIBHOCTh BBIXOJHOIO CHUTHalla C Tpaduyeckol WIUIIOCTpalueil
U3MEPEHUs.

3aganme 5.5. Uccienosanmne ¢popMupoBaresisi MMIYJabCOB Ha JID ¢ momMomb10
KOMIILIOTEPHOI0 MO EJINPOBAHUSA

[TocnenoBaTenbHOCTh UCCIIEIOBAHUS:

1. TloctpouTh Ha SKpaHe MOHHTOpa KoMmIbloTepa cxemy (puc.5.7). B
Ka4yeCTBE JIOTMYECKOTO DJIEMEHTAa HCIOJb30BaTh Ty K€ Mukpocxemy 7400 wus
nabopa Digital ICs, uto u B 1. 5.3;

2. BKiIIoUuTh CXeMy, 3apUCOBATh BXOJHYIO U BBIXOJIHYIO OCLHIJIOTPAaMMBbI;
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Puc.5.7. Cxema popmupoBaresnst 1 MOJASTUPOBAHUS

B otuere nmpencTaBuTh:
- cxeMy GopMHpOBATENS, HA KOTOPOH yKa3aTh BCE HOMUHAIBI DJICMEHTOB;
- OCUMJUIOTPAMMBbI BXOJHOT'O Y BBIXOAHOI'O CUTHAJIOB.
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Bomnpocs! 1151 caMOKOHTPOJISA

1. laliTe onpeneneHre U coctaBbTe TabIUIBI cocTostHUM aiia cxem HE, 21,
21JIN.

2. Ilouemy cxemuble peasmsaunu onepaumi U-HE, WJIN-HE npome, yem
oneparuu U, UJIN?

3. Kak BausitoT BenmmuuHbl R 1 C Ha 4acToTy reHeparopa UMmyJibcoB Ha JID
(puc.5.4)?

4. Kak Bmusitotr BenuunHbl R 1 C Ha JJIMTENBHOCTh UMITYJILCOB Ha BBIXOJIE
dbopmuposarens (puc.5.6)?



