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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 pa3nuuHbix cucremax. IlocoOue comepxutr HeoOXoauMbIe
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,
npoduiieii MHOrokaHaldbHbIE TEJIEKOMMYHUKAIIMOHHBIE cUCTeMbl, CeTH CBS3M U
CUCTEMBl KOMMYTALlMHM, 3allUIICHHbIE CHCTEMbl U CE€TH CBS3H, CUCTEMBI
PaaAMOCBS3U U PaauOA0CTyNa, BEIYMCIUTENbHBIE MAIIMHBI, KOMIUIEKChI, CHCTEMBI
u cetH, [IporpaMmmHoOe oOecrieueHrne U MHTEIUIEKTYaJIbHbIE CUCTEMBI.

[TocoOue mpenHa3HA4Y€HO AJI MCIHOJb30BaHUS MPU U3YYEHHH AUCIUIUIMH
CxemorexHnka, CXEMOTEXHHMKA TEJIEKOMMYHUKAIIMOHHBIX YCTPOMCTB, a TaKkKe
MOXET OBITh HCIIOJIb30BAHO TMPENOJaBaTeIsIMU U CTYJACHTAMU TPU H3YYEHUU
POJCTBEHHBIX IUCUUIUIMH U B IPOLECCE CAMOCTOATEIBHON PaOOTHI.

VYyebHoe nmocobue 06cyxkaeHo 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 YaCTOTHBIE U BPEMEHHBIC XapaKTEPHUCTUKH.

Y4eOHbIe BONIPOCHI

1.1. HccnepmoBanue BIMSHHS JJIEMEHTOB CXEMbl Ha aMIUIUTYAHYIO
XapaKTEPUCTUKY YCUITUTEIIS;

1.2. AHanu3 BIHSIHUS JIEMEHTOB CXEMbI Ha aMIUTUTYIHO-4acTOTHYI0 (AYX)
u (azoyactoTHyro (PUX) XapaKkTEpUCTHUKY;

1.3. Ananu3 BIMSHUE 3JEMEHTOB cxembl ycwiurtens 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., BupryanbHas »sieKkTpoTexHUKa. KommbloTepHbie
TEXHOJIOTUH B JIEKTPOTEXHUKE U dnekTpoHuke. M.: PagnoCodt, 2003. — 240c.

5. DIIeKTPOTEXHHKA M DJIEKTPOHHKA B HKCHEPUMEHTAaX W YIPAXKHEHUSIX:
[Tpaktukym Ha Electronics Workbench / Ilox pen. I.W.ITandwumnosa. - M.: [londka,
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 kaxxmomMy W3 3aaHui JOJIKHBI OBITH MPECTABICHBI HA3BAHUE 32/ TaHHSI
U T€ KOHKPETHBIC TAHHBIC, KOTOPBIC YKa3aHbI B 33/ IaHHH.

AKTya.]'ILHOCTL 3aHATUA

HpI/I PCIICHHN MHOIMX TCXHHYCCKHX 3aJad BO3HHMKACT HGO6XOI[I/IMOCTB B
YCHUJICHUU CIa0BIX QJICKTPHUICCKHX CHUTHAJIOB. 910 OCYHICCTBIIACTCA
SJICKTPOHHBIMU YCUJIUTCIIAMU. KpOMe TOIO, OOJIBIIMHCTBO OCTAJILHBIX YCTpOﬁCTB
TAKIKC CTPOATCA Ha OCHOBC YCHHI/ITGJIeﬁ C AOIIOJTHUTCIIbHBIMU CBA3SAMHM.



Bomnpocsl 1151 IOATOTOBKHU K 3aHSITHIO

1. Ha3znauenue u 001acTh MPUMEHEHHUS! YCUITUTEIS.

2. Kak ximaccupuuupyrorest yCuiuTenn?

4. Ha3zoBuTE OCHOBHBIE XapaKTEPUCTUKH U MAPAMETPhI YCUITUTEIIS?

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

6. B ueM oTnuyue MoBeNCHUS] YCUIUTENS HAa HUKHUX U BEPXHUX YACTOTAX
BXOJIHOTO cUrHasua’?

KpaTKne CBCACHHUA U3 TCOPUHU

YceuiauresiemM 31€KTPUYECKUX CUTHAIIOB HA3bIBAIOT YCTPOMUCTBO, B KOTOPOM
CPaBHUTEIIBHO MAJIOMOIIHBIA JJIEKTPUYECKUI CHUTHANl YIPaBIAET Iepenadei
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 3HadeHuem JJIC E; u
RTUH | N : BHYTPEHHHUM conpoTuBieHueM R;. OH
. : F, CO3/Ja€T  HAa  BBIXOAE  YCHIIATEIA

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 BHIXOJHOM LIETH Ha
Harpy3ke ycuiaeHHbIH curHan Upgpx, UYTO OTpPaXEHO Ha CXEeME HalluuyueMm
ucrouHuka HanpsikeHuss KUBX ¢ BoIxoaHbIM conpoTuBiieHneM Rppx. K=Ugpix/Ugx
— KO3 (PULMEHT YyCUIIEHUS IO HAMIPSKEHUIO.

Yeunurens npeacTaBisieT coO0H MHOTOKACKaJIHOE YCTPOMCTBO, COCTOSIIEE
U3 pslla TOCJIeA0BaTeIbHO COSMHEHHBIX MPOCTEUIMX KackaaoB. Cxema OHOTO
U3 YCWIMTEIBHBIX KAaCKaJ0B BBIMOJHEHHOTO Ha OMMOJIsipHOM TpaH3uctope ¢ RC-
CBs3sIMU TipuBesieHa Ha puc.l.2. Takol ycuiauTenb OOBIYHO TpEAHA3HAYECH IS
MPEABAPUTEILHOTO YCUJICHHUSI HEMPEPBIBHBIX WM HMMIYJbCHBIX CHUTHAJIOB [0
HanpsbkeHuto.  PesuctuBHo-emMkocTHast (RC) cCBsI3p  MeXIQy YCUIIUTENEM H
WMCTOYHUKOM CHUTHAJIa ¥ Harpy3KOH SIBIIsIETCA HanboJiee paciipoCTpaHEHHOM.

OCHOBHBIMM DJIEMEHTAMHM Kackajia SBISIOTCA: HUCTOUYHMK nuTaHus (Eg),
ounonsipHbId Tpanzuctop n-p-n tumna (VT1) u pe3uctop koswiekTopHOU menu Ry.
OTH 3JIeMEHThl 00pa3yrOT OCHOBHYIO YCHUJIUTEIBHYIO 1I€Tb, B KOTOPOWU 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 pazgenutTenbHbii KoHaeHcatop 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 monoxxkurensHa. 310 o0ecreyuBaeT 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
00ecreynBaOT M30JLMI0 (pa3lelieHue) HMCTOYHUKA CUTHalIa W Harpy3kud 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 pe3ucrtopa 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 YycCTpaHsieT BiusiHue R, Ha koddduimeHt
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
cocTtaBisonmx: Cys — €MKOCTh KOJUIEKTOP-IMUTTEP TpaH3uctopa; Cyy — eMKOCTh
MOHTaXa; Ccxackana — BKJIIOUEHHAs Mapajule]bHO HArpy3Ke BXOJHAs €MKOCTb
CJICAYIONIETO Kackaja, Wih mpubopa MOAKII0YAeMOro K YCUJIUTEI0, Harpumep,
ocruiuiorpada.

WNneanbHbplll 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 COOTHOILIEHUH 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 HMCKAKECHMS CBSI3aHbI C HEPABHOMEPHOCTBI AMIUIUTYAHO-4YaCTOTHOM
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 MOSIBJICHMS 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  ycuwiuTens.  VckaxeHus
aMIUIMTYJHOM  XapaKTEpUCTHKU YCWIMTEN TNPHUBOIAT K  CYLIECTBEHHBIM
VUCKOKECHHUSIM aMIUIMTYAHBIX COOTHOIIEHWM B YCHJIMBAEMOM CHUTHAJIE€ U MOTYT
BbI3bIBaTh 3HAYUTENIbHBIE HM3MEHEHHsI ero ¢GopMbl. B oTiauume OT JHMHEHHBIX
VCKAKCHNW, HEJIMHEHHBIE NCKAXXEHUS BCETa IPUBOJIAT K TOSIBJICHUIO B BBIXOJTHOM
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 KOTOPOMl 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 COINPOTHBIICHHE 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.
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Puc.1.3. DkBUBaJICHTHAsA cXeMa YCUJINTENS AJI1 MAJIBIX CUTHAJIOB

IIpn ycuneHnn HENPEpPHIBHBIX CHUTHAIOB XapPAKTEPUCTUKHU YCHIIATEIS



paccMaTpUBAIOT B TMPEANOJOKECHUH, YTO BXOJHOW CHUTHAlT - TapMOHHUYECKHM.
OpHOii HW3 OCHOBHBIX XapaKTEPUCTHK YCHJIMTENS, OIpEAeNAIone ero
CTIOCOOHOCTh YCHWJIMBATh PAa3IMYHBbIE TaPMOHUYCCKUE COCTABJISIONINE SIBIISCTCS
KOMIUIEKCHBIH ~ ko3(pdunment ycunenuss K(m). On mpexacrasiser coOoi
3aBHCHUMOCTh OT YacTOThl OTHOIICHHUS KOMIUIEKCHBIX AaMIUTUTYJ] BBIXOJHOTO U
BXOJTHOTO HampspkeHud. Moyis koMiuiekcHoH pyrknnu K(w) i amMminTyHo-
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)-

Ha  puc.14

k-1 /’,- _{‘\\ npuBenaeHsl AUX u

0.75 ” . oYX ISt

' / \ UJI€aTbHOTO u

0.5 / \\\ peanbHOTO

ycwimrenen. s

0.25 7 S~ UI€aIBHOTO

Gm 100 1000 104 795 GO younmrens AUX He

2 3aBUCHUT OT YaCTOTHI

s peasbHOro

@ 1—_%‘—1““1 YCUJIUTEIISt AUX

0 HEMOCTOsIHHA,  T.C.,

\'\-\_\ 3aBUCUT oT

-1 t 4acCTOTHI.

YMeHblleHue

10 100 1000 104 10° W kos(puumenTa

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

YactoTsl, Ha kKoTOphIX K(m) = Ky/ J2 = 0,707Ky, SBIISEOIIHECS rpaHuIlaMU
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 TIpeHeOpedh 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



Kg = UBbIX/UBX = _h21 'RH.31<B /(Rr + RBX) )

rae hy; - koadurmeHt

R 1 YCWICHHsSI TOKa 0a3bl IS
R BRYC- R K
r C TPaH3UCTOPa, BKJIFOYCHHOTO
D [ e -
E. Usx g K " CXGII{IG C=}C1)131, - BXOJIHOE
h.leS BX

. COTIPOTUBJICHUE  YCHUJIUTEIIS

Puc.15. 7 (T.. 00b19yHO R1 11 R2 > hy));

1.5. cXeMa yCHUJIMTEIS Ha

HC KBUBaJICHTHAs N Rir.okB=(1/hyn) i
CPEIHHUX YacTOTax SKBHBATCHTHOE

CONPOTHUBIIEHUIO  Harpy3Kku
TPaH3UCTOPHOI'O KaCKaa;

R~ BHyTpeHHEE CONPOTUBICHUE UCTOYHUKA CUTHAJIA.

KoadduimenT ycunenus neicTBUTENbHOE YUCIIO. BenuurHa ero 3aBUCUT OT
BbIOOpa Tpan3ucropa (h;i,hy) u pesucropoB Ry sk, Rex, Rr. 3Hak (-) roBoput o
TOM, YTO MPOUCXOAUT WHBEPTUPOBAHUE BBIXOJHOIO CUTHaNa (CABUT MO (aze Ha
180%) oTHOCHTENIBHO CHTHAJIA HA BXOE.

Oco00EHHOCTH B 00JIACTH HU3KUX YAaCTOT

3mech HEOOXOAMMO YUHUTHIBATH pasfeiauTenbHble KoHaeHcaTOphl Cp; U Cp,
T.K. Ha HU3KUX 9aCTOTaX MX COMPOTHBJICHUS CTAHOBATCS COM3MEPHUMBIMH C Rpyx |
Runke. [MapasutHoit eMkocThio Cy MOXKHO mpeHedpeub, T.K. Xco>>Ry (puc.1.6).
Ha HU3KMX dYacToTax 4YacTh yCHJIMBAEMOTO BXomHOTO curHasa Upgy TamaeT Ha
pa3aeIUTEIIbHBIX
(I:'iPl Cp2 koHaeHcaropax (Cp, W
R; EXYC : R x YMEHBIIEHUEM  YaCTOTHI
U 150:¢ COTIPOTHUBJICHUE

. ERDX
EX h2115 BO3pacTaeTr.  BbixomHoe
: - HaIpsDKCHHE

511

YMCHBIIACTCA a,
CJICOOBATCJIBHO, 9TO
IMPHUBOAUT K YMCHBIICHHIO

Puc.1.6. DxBHUBaneHTHasA CXeMa YCUIIUTENS HA
HU3KHX YaCTOTax

0
K03 duIMeHTa YCHIICHUS TI0 CPaBHEHUWIO C ero 3HaueHuem K, B auamazoHe

CPEIIHUX YaCTOT.
Koaddunment ycunenus B 0071aCTH HU3KUX YACTOT UMEET BUJT

Ky

G+ yar oy ar by
JOT JOT, JOTy

Q

Kj(jo)=
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riae Ty1=Cp Rpx - mocrosiHHas BpeMenu B obsnactu HY, onpenensemas Cpy;
Tu2=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), HEOOXOJAMMO YyBEJIMYUMBATh Ty. ITO
nocturaerca myreM yBenudeHusi 3HaueHuil Cp; u Cpy, a TakkKe yBEIMYECHUEM

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

DOKBUBAJICHTHAs cXeMa JiJIsi 00JIaCTH BEPXHUX YacTOT MpHUBEJIeHa Ha puc.l.7.
3neck u3 oomei cxeMmbl UCKIOYeHBI Cp; U Cpy ,T.K. Xcp; << Rpx, Xcpy << Ry. B
ATOM JIMaIa30HE YaCTOT HEOOXOAMMO YUUTHIBATD:

1) mHEpLHOHHbIE

Cpl CBOWCTBAa TPaH3UCTOPA,

|| : T.€. YMEHBIIIECHUE

JLi— Ey , E . xo3(durenta

— nepegayl  Toka 0asbl

E, gy H hgllg@ |:| T Unaz, i};g;lgl;fc;opa oT

2) mapa3uTHYIO

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

BBICOKHX 9aCTOTax IYHTUPYET

SKBUBAJICHTHOC

COTIPOTHUBJICHUE HArpy3ku Ryskp, a ClIeAoBaTEIbHO YMEHBINACT KO3 OUIIUEHT

YCUJICHUSI TPAH3UCTOPHOIO Kackajaa. B pe3ynbTare ¢ yBEJIMYEHHEM YaCTOTHI

aMILUTATYa BBIXOJHOTO HAIPSDKEHUS U, CJIEI0BATEIbHO, KOADPUIIMEHT YCUIICHUS

yMmeHbiaroTes. KommiekcHplld ko3P UIMEHT nepeaadyr Kackajga B 00JacTu

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

Ky
1+ jory)’

K (jo)=

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

f,, = BepXHsIsl TpaHUYHAS YacToTa TpaH3ucTtopa mo cxeme ¢ Ob;

To = CoRyskp - TOCTOsSIHHasT BpeMeHH B 00JIaCTU BBICOKMX 4YacToT,
onpexaensiemas Cy.
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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/IETSETCS KpOME 3JIEMEHTOB M TapaMmeTrpamMu TpaH3uctopa. llostomy nms
pacIMpeHus aWarna3oHa yCHJIMBAaeMbIX dYacToT B oOmactu BY HeoOxommmo

BBIOMpPATH TPAH3KUCTOP C MAJIOi Tp.
OcobeHHocTH pabOThI YCUIIMTENS B UMITYJIbCHOM PEXHUME

[Ipu ycuneHUM UMIYJIbCHBIX CHUTHAJIOB HMCKaXEHUS CO3JaBacMble
YCWJIMTENIEM OLIEHUBAIOTCS IO MapaMeTpaM ee nepexoaHoit xapakrepuctuku (I1X).
[Tox mepexoaHO# XxapakTepuUCTUKON h(t) MOHMMAIOT OTKIMK (BBIXOJHOM CHUTHAI)
IIpU 10Jja4e Ha BXOJ CKadka (Tiepernajia) HanpspKeHUs

U,(t)=E, 1¢)

rae E(- ammuTyna nepenana;
1(t)-equHU4Has QYHKIUS.
Ha pwuc.1.8 mnpuBeneHsl mnepexoAHblE XapaKTEPUCTUKHA HUIACATBHOTO

yewnurens h(t)= L 1(t) u peanbHOTO
h(t) _ K((} (e—Z/TH . e—t/TB)

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

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

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

Ty 1.€. t — 0.

dass  oGmacTH  MaJbIX

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

h(it)=1 —e¢ '™

0.37 Oromy BBIPAXKCHUIO
COOTBETCTBYET DKBHMBAJICHTHAs

> Cxema Ha puc.l.7. Hckaxenus

tg ty COCTOSIT B 3aTATMBaHMM (POHTA
Puc.1.8. neanbHas u peanbHast lIcperana HanpsKCHUA 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
BOCIIPOU3BOAUTCS (PPOHT mepernaja HanpsbkeHus. VckaxeHus B 001acTH MajbIx
BPEMEH OIIEHUBAIOT IJIUTEILHOCTBIO NepeiHero (PpoHTa tp — BpEMEHEM, B TCUCHHE
KOTOpOro BbIXoAHOE HampspbkeHue usMmensercs ot 0.1U, mo 0.9U, Dt1o Bpems
CBs3aHO ¢ TR 4, CIEJOBATEeNIbHO, C BEepxHEH rpaHudHON dYactoTor fz 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:
ht)=e''™ ~1—t/7,.

DOTOMY BBIP@KEHHUIO COOTBETCTBYET SKBHMBAJICHTHAs cXxema i o0JacTu
HU3KUX YacToT (cM. puc.l1.6). HckaxeHus BXOJHOTO CHUTHaJla CBSA3aHBI C
HEBO3MOXXHOCTBIO TIepefiauu uepe3 pazaenutenabHbie koHaeHcaTopbl Cp; u Cp,
MMOCTOSIHHOM COCTAaBJISIIONICH BXOJHOI'O CUT'HAIa M COCTOST B CHaJie MJIOCKOM YacTH

nepemnajga HamnpsokeHus. Yem Oosbinie Ty, TEM MEHbBIIE HUXKHSS TpaHUYHAS
4acTOTa, TEM MEHBIIE CKOPOCTH CIAJA, T.€. HCKAKECHHUS.

PaboTa ycunuTenbHOro Kackajia B pexkuMe O0JIbIIOr0 CUrHaia

Pexxum paboThl YCHMIIMTENBHOTO Kackaja MpH MajoM BXOJHOM CHUTHAJE,

koraa (Upppx <<Ex/2) , tme Upppix — aMIUIUTyAa BBIXOJHOrO curHaja, Eyx —
HaIpsHKEHUE KOJUUIEKTOPHOTO MMUTaHUS,
T /4:.1 MOHO CUUTATh JUHEUHBIM. [Ipu sToM hopma
5 BBIXOJIHOTO CHUTHAJIa COOTBETCTBYET (opme

1 BXOJHOT'O CHUTHAJA.
[Ipu GonbIIOM BXOAOM CUTHAaja, KOrjaa

Ey

UE EL- Taci

(Umsbx = Ex/2) T.e. xorma 3T BEJIMYUHBI
con3MepuMbl, (¢GopMa BBIXOAHOTO CHUTHAJa
OTJIMYAETCS OT BXOAHOTO. OTHU OTJIHYHUA
I o 00yCIIOBIICHBI HETMHEHHOCTHIO ) BAX

Eimtast TPAH3UCTOpPAa U HA3BIBAIOTCI HEJIMHEHHBIMU
UCKQKEHUSMH YCUIIUTEIIS.

Jluana3oH  W3MEHEHUsI  BBIXOJHOTO
CUTHaja, YyCWIMBAeMOro ©0€3 HCKaXEHUM
MOHO OLICHUTH o aMILTUTYAHOM
xapaktepuctuke (AX). AX mnpeacraBisieT
co0Ol 3aBUCUMOCTh aAMILIUTY/IBI BBIXOJHOTO HAMPSHKEHUS OT aMIUIUTY/IBI

()

Puc.1.9. AMmnuryanas
XapaKTEPUCTUKA YCUITUTENS

BXOJOHOI'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. JIuneinsiii 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 P!1=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
MK® (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 OCHWJUIOIPAMMBI  BBIXOJHOI'O  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
HUCKaXEHUsS TpU OOJBIIOM BXOJHOM CHUTHalle. 3a aMIUTUTYAy MPUHUMATh
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MOJIOBUHY pa3maxa curHaia. Crnenatb BbIBOJI O IPUUMHE UCKAKEHUSI CUTHANIA MPH
OOJIBIIINX aMIUTUTYaX BXOJIHOT'O CUTHAJIA;

3. CHATh aMIUTMTYJIHYIO XapaKTEPHUCTHKY yCWIHTENsI mpu R, =oo.
N3mepenust mpoBOUTH B JIMaNa3oHe M3MEHEHUs BxojHoro curHaia 0-120mB ¢
maroM 20MB Ha yactore 1000’1, BennunHy BXOJIHOTO M BBIXOJHOT'O HAIPSHKEHUM
HU3MEPATh BOJBTMETPOM HIIM ocHuuiorpadgom. Pe3ynbraTel H3MEpEHHUI 3aHECTH B
1aby.1 B cTpoky Uy, Bpix | Re = ;

4. IloBTOpuTh 33nanue no n.3 npu Ry paBHOM pacueTHOMy (mpu padoTe ¢
pabounm BapuaHtoM cxembl Ry = Ry=2kOm). Pe3ynbTaThl 3anectu B Tadi.l
cTpoka Uy, ppix | Ru=2x0m;

Tabmmma 1
JlaHHbIE 1J1s1 TOCTPOEHUS AaMIUTUTYTHOU XapaKTePUCTUKU

Uppx (MB) 0 20 40 60 80 100 120

Umn.BbIx | Ru=

Um.BbIX | Ru=2xOm

5. Tlo pe3ynpTaTaM M3MEpPEHUH TMOCTPOUTH 00€  aMIUIUTYAHbBIC
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 3aIaHusl 1O .4 U3MEHUTh BEJIMUYUHY R> U CHATH
nokazanus s noctpoeHusi AX. Ilokazarb, 4TO SMUTTEPHOE 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 TAKOI'O BIUSHUSL.

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 IMPUYMHAX HCKAKEHUS BBIXOJHOTO CHUTHajIa NpPU OOJBIINX
aMILUIUTYy1aX BXOJAHOTO CUTHAJA;

- 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 BIIUSHAW 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 auanazoHe 10I'm - 100xI'n u mopnepkuBas €ro amIuiuTymy
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, (st pabouero BapuanTa Ry = Ry, ; Cpy = C,lfz ).

4. IlocTpouTh aMIUIMTYJHO-4aCTOTHBIE XapakTepucTuku Ky i aByx
CJIy4aeB Ha OJIHOM Tpaduke;

5. Onpenenuth rpaduuecku rpaHuydHble 4acToThl (fy, fg) U cpaBHUTH HX ¢
PaCUYETHBIMU;

6. Cnenatb BBIBOJ O BIMSIHUM CONPOTHUBIICHUS HArPY3KH U PA3IAEITUTEIBHON
emkocty Ha AUX ycunurensa. OObACHUTh MPUUYUHBI TAKOTO BIUSHHUS.

B ortuere nmpencTaBuTh:

- Ta0JUIy C JaHHBIMU 17151 ocTpoeHus: AYX;

- rpaduku AUX 11 1ByX BapHaHTOB [MapaMETPOB CXEMBI;

- 3HaYCHMsI TPAHUYHBIX YaCTOT U BBIBOJ O COBIIAJICHUH C PACUYETHBIMHU;

- BBIBOJ O BJIMSIHUM COIIPOTUBIICHUs HArpy3Kd U Pa3JeiIUTEIbHON €MKOCTU
Ha AUX ycunurens ¢ OObsICHEHHEM MTPUYUH TaAKOTO BIIMSHUS.

3aganme 1.3. AHa/IU3 BJIMSIHHE 3JIEMEHTOB CXeMbl ycuiauTest Ha AUX u
PYX ycuiieHUs1 ¢ NOMOUIbIO u3MepuTeas auarpamm boae

[Topsimok uccnenoBaHus:
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1. Cobpatp cxemy (puc.l.11) ¢ HOMHUHaTaAMU PacCUYETHBIX DJIEMEHTOB (IIs

pabouero BapuanTa 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 aHaimuza oT 10I' (I — Initial -
HavdanpHOE 3HaueHue) 10 100k[ 11 (F — Final — koneuHoe 3HaueHme);

Ek
124
o
Rk CpZ |
2k 1 pF
Cpi [
10 uF | *
o |
I MMBRE31
> — AnF
Fn
— 10 uF 2 ki
|_1li L i 1

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

3. C nmoMomibl0 BU3UPHON JTMHUM MPOU3BECTU U3MEpPEHUsST KO3(PPUIMEHTOB
nepeayn Ha 4acToTaX yKa3aHHbIX B TaOmuue 2. IIpoBeputh naHHbIe TaOIUIBI, B
cllydya€ HECOOTBETCTBHS JaHHBIX, YTOYHUTh YacTOTbl M TIPOBECTH HOBbBIE
U3MEpPEHHUS;

4. IloBTOpUTH 33JlaHKE N0 1.3, YMEHBIIMB BJIBOE pacueTHOEe Ry U yBennuuB

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

5. Borueptuts B otyeTe 00e kpuBble AUX Ha 0HOM rpaduke.

6. Cnenatb BBIBOJI O BJIMSIHUM COTIPOTUBJICHUSI HATPY3KU U pa3JeIUuTEIbHON
emkocTy Ha AUX ycunuTtens ¢ 00bSICHEHHEM MPUYXH TAaKOTO BIUSHUS,

7. YcTraHOBUTH U3MepuUTeNb auarpaMMm bone B pexum usmepenuss OUX
(xnomka Phase), macmTaObl 1 1Mana3oH aHalW3a OCTABUThH MPEKHUE;

8. C moMoIIbI0 BUBUPHOM JTMHUU MPOU3BECTU M3MEpEHUs (a30BhIX CIIBUTOB
Ha 4acTOTaX yKa3aHHBIX B Tabmuile 2. Pe3ynbratel u3MepeHuit 3aHECTH B TAOJIUITY
2 B CTPOKY 2-T0 ITyHKTa 3aJaHUS;

9. U3menuTh mapaMmeTphl Iemneil Ha pacdeTHble (i pabodero BapuaHTa
cxeMbl Ry = Ryp; Cpy = C ' p2). C TOMOIIBIO BU3UPHON JIMHUHM MPOU3BECTH
u3MepeHus (a3oBbIX CABUIOB Ha YAacTOTaxX yKa3aHHBIX B Ta0iuie 2. Pe3ynbTaThl
M3MEpPEHUI 3aHECTH B TAOJUILy 2 B CTPOKY 1-TO MyHKTA 3aJJaHUs;
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10. 1o pe3ynbratam usmepenus noctpoutb GUX ¢ (f) 1t AByx BapraHTOB
neneil Ha ogHoM rpaduke. CaenaTs BBIBOJ O BIMSHUU COMPOTHUBIICHUS HATPy3KU U
pazaenurenbHoil eMkoctd Ha PUX ycunurens ¢ OObSICHEHHEM NPUYMH TAKOTO
BIIUSTHUS.

B oryere npeacTaBUTh:

- CXEMY M3MEpEHUs ¢ IOMOIIBIO U3MEpUTEINS nuarpamm bozue;

- TabuuLy ¢ JaHHBIMU AJ1s1 HocTpoenus AUYX;

- rpaduku AUX ams AByX BapUaHTOB IMapaMETPOB CXEMBI;

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

- Ta0JUIy ¢ JaHHBIMU 17151 nocTpoeHust 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) ycumiureJbHOro Kackaaa

[Topsimok uccnenoBaHus:

1. TIMomgkmounth ocmmwuiorpad k cxeme ycuaurtens (cMm. puc.l.10) ¢
pacueTHbIMU MapaMmeTpamu (g padodero BapuaHTa cxeMbl Ry = Ryy; Cpy = Cc'
P2);

2. Hactpouts ocumiorpad Ha paboTy C BHEIIHEH CHUHXpOHU3AIUMEH s
noyiyueHus: ycrounoro wmzoOpaxenus 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 BXOAHOW reHEpaTOp MPSIMOYTOJBHBIX UMITYJIHCOB Ha BBIJIAUY
OJIHOTIOJIAPHBIX ~ MPSIMOYTOJIBHBIX ~ MMIYJIbCOB amrutynoit  10mMB. Yactorty
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 oT4eT, ykazaB 1o ocsaM [1X nx macmrad. [loka3ars 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 oO6mactu Oonpimux BpemeH. [lokazate Ha rpaduke
IIX - Ty;

6. Usmeputhb Ty mpHu:

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 Bup [1X B o6mactu maneix BpemeH. [lokaszats Ha rpaduke [1X - Tp.
N3smeputs Ty nipu:

a) pacueTHbIX nmapamerpax Ry=00 u Cp, (pabounii 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 ycunutens 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 YCHJIUTCIS U OOBICHHTH
HA3HAYCHUE JIEMEHTOB.

3. Kakue mokazarenu xapakTepu3yoT paboTy YCHUITUTEIS.

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 CO3/Maf0T MCKaKEHHUsSI B 00JIaCTH HU3KHX 4YacToT. Kak mx
YMEHBIIUTD.

7. Kakue 351eMEeHThI CO3/1al0T UCKaXXe€HUs1 B 00J1acTH BBICOKUX YacToT. Kak
UX YMEHBIIIHUTb.
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8. Kakue »sneMEHThl CO3al0T HCKaKEHHs B O00JIACTH MallbIX BPEMEH
MEPEXOTHON XapaKTEPUCTUKU. B UeM OHM COCTOAT U YEM OLICHUBAIOTCS.

9. Kakue nneMeHTBl CO3[AlOT MCKaKEHUsS B 00JIaCTH OOJBIIMX BpEMEH
MEPEXOTHON XapaKTEepPUCTUKU. B 4eM OHM COCTOAT U YEM OLICHUBAOTCS.

10. Kak Bnusitot nienib R C na AUX ycunurens.

11. Kak BiusieT cxema BKJIIOYEHHS TPAH3UCTOPA HA MTOKA3ATEIN YCUIUTENS.

12. Kak 3aBHCAT YCHUJIEHHE W HCKAKEHHS OT YHCIA KACKaJ0B B
MHOT'OKaCKaJ{HOM yCHJIUTEIE.

13. Kakue wuckaxkeHuss HaOIIONAIOTCA MPU YCUJIICHUU MPSIMOYTOJIHHOTO
UMITYJIbCA.

14. AmmutynHas xapaktepuctuka. Ee mapamerpel. Henunelinbie
HCKaXEHUSI.

15. OObscHuTh MeToauky u3mepeHus AUYX c momoipio ociuuiorpaga
(BosbTMETpA).

16. OObsicHuTh MeToauky wusMmepeHuss AUYX ¢ MOMOMIBIO H3MEPUTEINS
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 HAOJIIOIaTh JIBA MOJHBIX MepUuoja KoieOaHun?
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2. ACCJIEAOBAHUE MHTEI'PAJIBHBIX KOMMYTATOPOB

Hean

1. O3HaKOMHUTHCA C MPUHIUIOM pPaOOTHl KOMMYTAaTOPOB aHAJIOTOBBIX
CUTHAJIOB,;

2. llomyuuTp  NIpPAaKTUYECKHE  HABBIKM  WM3MEPEHHUsS]  YAaCTOTHOU
XapaKTEpUCTUKA KOMMYTATOpPA, CONPOTHBIICHUS KaHajda M BPEMEHM 3aJCPKKU
CUTHAJIA;

3. VYcBourb METOAbl  KOMIIBIOTEPHOTO  MOJAEIUPOBaHUS  pabOThI
MHTErPAJIbHOTO KOMMYTAaTOpa U U3MEPEHHUS €r0 OCHOBHBIX XapaKTEPUCTHK.

Y4eOHbIE BOIIPOCHI

2.1. UccnenoBanue UHTETPAIBHOIO 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., CxemoTexHHKa aHAJOTOBBIX JIEKTPOHHBIX
ycTpoicTB. Jlyig BbIiciuX y4eOHbIX 3aBefeHui. — M.: ['opsiyas nunaus — Tenexowm,
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 dnekTpoHuke. M.: PagnoCodt, 2003. — 240c.

5. DNexTpoTeXHHWKa W JJIEKTPOHUKA B HKCIIEPUMEHTAaX M YNPAKHEHUSAX:
[Ipaktukym Ha Electronics Workbench / Ilox pen. .W.ITandunosa. - M.: lonska,
1999.

6. Kapnames I'.A. udpoBas 31eKTpoHKKA HA IEPCOHATLHOM KOMITbIOTEpE /
I'.A.Kapnames. M.: l'opsuas nunusa — Tenexkom, 2003. — 311 c. : uin. (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 33/ IaHHH.

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
YIPABJISIIOLIEE HAIIPSDKEHHE?
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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 CJIEAYIOIIMMHU IPEUMYIIECTBAMM: MAJIBIE TOKH YTEUKH,
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, COPOTUBIIEHHE KOTOPOTO MOYKET U3MEHATHCS BO
MHOI'O pa3 IIPU M3MEHEHHMH YIIPABISIIOLIETO HAIpPSDKEHUs 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 KOMMYTAaTOP Ha MOJIEBOM
TPAH3UCTOPE C YIPABISIIOLIUM p-n-TIEPEXOAOM

Ecnu B oTOM cxeme ympasisitoniee 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 ymnpasistomiee HampsbkeHue 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
JTIOTIOJITHUTEJIbHBIX HEJIMHEWHBIX MCKAXCHUU. [[JI1 CHU)KEHHMSI TaKWX WCKKEHUH B
KOMMYTAaTOpax OrPAHUYMBAIOT YpPOBEHb BXOJHBIX CHUTHAJIOB W HCHOJB3YIOT
CPaBHUTEIIBHO OOJIBIIIOE COMTPOTUBIIEHNE HATPY3KH KJTIOUa.

[Tpo6siembl MOO0OHOTO pojia HE BO3HUKAIOT, €CJIM B KAYECTBE KOMMYTaTopa
UCIIOJIb30BaTh IMOJIEBOM TPAaH3UCTOp C M30JMpPOBaHHBIM 3aTBOpoM (MOII-
TpaH3uCTOp). Ero MOXHO TMEpeBOAWTh B OTKPBITOE COCTOSIHHE, T0/aBas
YOpaBJSIONIEe  HANpsOKEHUE — OoJiblliee, 4Y€M  MaKCHMAJIbHOE  BXOJHOE
MOJIOKHUTEIIBHOE HaIpsKEHUE, MPUYEM U B TaKOM PEXHME paboThl TOK 3aTBOpa
Oynet paBeH Hymo. Cxema xommyrtaropa Ha MOII-Tpan3ucrope npuBencHa 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 - IlocnenoBarenbHbie kKoMMyTaTOphl HAa 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
IIOJIOKUTEIIBHOIO HANPSKEHUs NPUBOJIUT KaHAJI B IIPOBOJSALIEE COCTOSHHE C
TUNUYHBIM conpotuBieHueM oT 20 go 200 Om a5 TpaH3UCTOPOB, HCHOJIb3YEMBbIX
B KaQU€CTBE AHAJIOTOBBIX KOMMYTAaTOPOB.

[IpuBenennas Ha puc.2.2,a cxema Oyaer padOTaTh MPU MOJOKHUTEIbHBIX
BXOJHBIX CUTHAJIAaX, KOTOpBIE MO KpaiHen mepe Ha 5 B menbe, yeMm Uypp; npu
0oJiee BHICOKOM YPOBHE CUTHAJIa HAIIPSKEHUE 3aTBOP-UCTOK OyAET HEAOCTATOYHO,
YTOOBI YJEPKATh TPAH3UCTOP B OTKPHITOM COCTOSTHUMU.

Kpome oOTaenbHBIX TPaH3UCTOPOB B KAay€CTBE KOMMYTAaTOPOB IIMPOKOE
pacnpoCTpaHEHUE NOJYYHJIA CXEMBI, COJAEpKAIME MapajlIeIbHOE COEIUHEHNE
nByx  MOII-TpaH3ucTtopoB ¢ pa3HbIM TUIOM IPOBOJAMMOCTH  KaHajia
(KOMILJIEMEHTapHBbIE TPAaH3UCTOPHI). DTO TMO3BOJMIO H30aBUTHCS OT MHOTHUX
HEJ0OCTAaTKOB KOMMYTAaTOPOB Ha OJIMHOYHBIX TPAH3UCTOPAX: YCTPAHEHA MOMYJISILUS
CONPOTHUBJIEHUS KaHajla BXOJIHBIM CHUTHAJIOM, CHID)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 YINpaBlIEHHWS NOJaeTcs Ha
3aTBOpP OJIHOTO TPaH3UCTOpa HEMOCPEACTBEHHO, a Ha 3aTBOpP APYroro — uepes
WHBEPTOP.

[Ipu yBenWYeHUH BXOJHOTO HAMPSKEHUS COMPOTUBJIECHUE P-KaHAIBHOTO
TpPaH3UCTOpPA YBEIUYMBAETCS, a N-KaHAJIBHOIO yMeHbluaeTcs. B pe3ynbrare
napajyieIbHOE COEIMHEHHE JTUX TPaH3UCTOPOB HWMEET IOYTH HEU3MEHHOE
CONPOTHUBJIEHUE B OTKPBITOM COCTOSIHWMH, KakK MoKa3aHO Ha puc.2.3. Ilockombky
TPAH3UCTOPHI KJIKOYa YNPABIIAKOTCA CUTHAJaMU MPOTHUBOMNOJIOKHON MOJISPHOCTH,
TO UMITYJIbCHI IOMEX B3aMMHO KOMIIEHCUPYIOTCS, UTO MTO3BOJISIET 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-ctpykTtyp. B 3THX KOMMyTaropax HCTOYHHK

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 ucmonb3yrorcss oauH U3 TpaH3UCTOpoB 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 ocmmuiorpade), 3aTeM OCTaHOBUTH Takyto BenuuuHy Uypp,
IpU KOTOPOM OYyTyT OTCYTCTBOBATh HEJIMHEWHBIE NCKAKEHUS 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, BBIYHCIUTH CONPOTUBJICHUE OTKPBHITOrO KaHaua.
[TonyueHHOE 3HAYEHWE 3aHECTU B OTYET;

OTKPBITOT'O KJIXO4a,

5. CHATh YaCTOTHYIO XapakTEPUCTUKY K, (f )=—U31£‘;<(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. OnpenennTs 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
pacrnpocTpaHEHHUsl CUTHalla B KaHalle, moAaB Ha BXxoJ curHan Ur ¢ gacrotoit 2,5
MI 11, yctanoBuB Uypp = 5...7B u ckopocTh pa3zBepTku paBHoit 0,05 mMxc/nen.

B otuere npencraBuTs:

- 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;

- TalbnuIy IS TOCTPOEHUS W KPUBYK) YACTOTHOM XapaKTEPUCTUKHU
KOMMYTAaTopa;

- 3HaY€HHE TPAHUYHOMN YaCTOTHI MOJOCHI IPOITYCKaHMS;

- BpeMs 3aJ€P>KKU PaCIIpOCTPAHEHUSI CUTHAJA

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

[Topsnok uccienoBaHus:

1. IToctpouTts cxemy (puc.2.6) Ha 3KpaHe MOHUTOPA, UCIIOJIB3Ysl TPOTrpamMMy
Electronics Workbench. Wcnons3oBanue napyroil cpeipl MOAETUPOBAHUS HE
BOCHpeniaeTcs. B kauecTBe aKTUBHOTO 3JIEMEHTA UCIIOIb30BaTh uaeanbHbiii M/II1-
TPAH3UCTOP N-THUIMA, HArPy30YHOE COMPOTHUBIICHHE 3aJACTCA MNPENOAABATEIEM 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
YOPaBISIONIErO CUTHANa, MPU KOTOPOM OTKPBIBAE€TCS KaHaj, 3aTEM YCTaHOBUTH
Takyto BenuuuHy Uypp, NpU KOTOPOM OYIyT OTCYTCTBOBATH HEIMHEHHBIC
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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(Droe Doge o

Puc.2.6. Cxema MOACIUPOBAHHUA CXCMBI aHAJIOI'OBOI'O KOMMYTAaTOpa

U
5. CHATB 4acTOTHYIO xapaktepuctuxy K, (f ):Z—(f) OTKPBITOTO KJIIOYa,

r

st yero uaMeputh Uy Ha yvactorax f = 1kl'm, 10xI'n, 100k, 1MI'n, 10MI'n u
100MI'n. 3nauenus f, Uy u Ky 3amectu B Tabnuiy. OmnpeneiauTs TpaHUIHYIO
gactoTy frp, Ha koTOpoii Ky coctaBmser 0,707 ot Benmmuumnabl Ky Ha dvactorte
I'=1000 I'm.

B otuere npencraButs:

- CXeMY ISl UCCJICIOBAHUSI;

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

- 3HAYCHMUSI HATTPSIKEHUSI OTKPBITUSI K BXOJIHOTO HEMCKAXKEHHOTO CUTHAJIA;

- pacueThl U 3HAaUCHUE COMPOTUBJICHUSI OTKPHITOTO KaHAJIA;

- Talbnmuy s TIOCTPOCHUS W KPUBYK) YACTOTHOM XapaKTEPUCTHKU
KOMMYTaTopa;

- 3HaYEHHUE TPAHUYHON YaCTOTHI MOJIOCHI MPOMYCKAHMUS.

Bonpocsl 1J11 CaMOKOHTPOJIA

1. Biusier nmu BenmuuHa Uypp HA CONPOTHBIICHHE KaHAIA?

ITouemy ymMeHbpIIAIOTCS HETMHENHBIE HCKAXEHUS TpH yBeaudeHUH Uypp?
Yem o0bscHseTcs: yMeHblIeHUue Uppx MPU MOBBIIIEHUH YaCTOTHI?
KakoBbl NMpUYMHBI UCKAKEHUW BBIXOJHOTO HANPSIKEHUS NPU CHIBHOM
BXOJIHOM CUTHaJe?

Kaxk onpenensierca Homep Hoxku Ha UIMC?

Ha xaxue noxxxku UMC nomaercst nutanue?

Kaxkue nomxHbl ObITh MapaMeTpbl KOMMYTUPYEMOTO CUTHaja?

Yem ornuvarorcs Mexay coboit tpansuctopsl B UMC K176JI1117

Kak Ha3piBaeTCsl peXUM TpPaH3UCTOpPA, B KOTOPOM OH palboTaer B
KayecTBe KOMMYyTaTopa?

it

S AN
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3. ACCJIEJOBAHME AHAJIOTOBBIX YCTPOWCTB HA OCHOBE
OIIEPAIIMOHHBIX YCUJIUTEJIEA

Heanb

1. O3HaKOMUTBCS C XapaKTEPUCTUKAMH M IMAPAMETPAMHU OIEPALMOHHBIX
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 YCUJIUTEIICH.

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 JabopaTOPHOM CTEHJIE;

3.5. KOMIBIOTEPHOE MOJEIMPOBAHME 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 }0.®., I'nynkun O. I1., I'ypoB A. 1., AnanoroBas 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. Dnexktponnas  mabopaTtopus 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 IO MNPUMEHEHHIO MPOrPaMMBbI
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 mabopaTtopHoit paboOTHI.

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. I[lousarue 00 uneanpaoMm OVY.

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
YHUBEpCAJIbHAsl aHAJIOTOBasi MUKPOCXeMa, MPEICTABIIAIONIas COOOM JTBYXBXOAOBBIM
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 CaeayroIUM 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/IHOM TOK OOecreunBal Inepe3apsii HHTETPUPYIOIero KoHaeHcaropa. Takoe
CXEMOTEXHUYECKOE PEIICHHE TO3BOJISIET HauboJee MPOCTO PEUIUTh 3aJady
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 UCKaKeHHH. [109TOMYy ero OObIYHO BBIMOMHSIOT MO JBYXTaKTHOM cXeMme
MOBTOPUTENS HA KOMIUIEMEHTAPHBIX TPAH3UCTOpPaX C UEMAMH 3allUThl OT
neperpy3ok. [logkmioueHne MOBTOPUTENSE K BBIXOJY HHTErpaTropa oOierdaercs
TE€M, YTO HMCTOYHHUK TOKa HArpy3KH HHTETpaTopa OJHOBPEMEHHO BBIIOJIHSET
(GYHKITUY AJIEMEHTa, 3a/Ial0IIero TOK yepe3 auojibl cMmemenus VD1 u VD2,

OnepallUOHHBIM OH Ha3BaH MOTOMY, YTO MpPEAHA3HAYEH [JIsl BBIOJIHEHUS
MaTeMaTUYECKUX OMepalii HaJl BXOJHBIMU CUTHAJAMU IIPU UCTIOJIB30BAHUU €T0 B
AIIEKTPUYECKON CXeMe C IEMSIMHU BHEIIHEH 00paTHOM CBSI3H.

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

- ko3 punment ycunenuss OY 6e3 oopatHoit cBsizu Kyy, OObuHOE 3HaUCHUE
Ky - HECKOJIBKO JIECSITKOB COTEH ThICAY;

- koa(dduimeHT ocnabieHuss CUH(pA3HBIX BXOAHBIX CHTHAIOB Koc co -
xapakTepuzyer crnocobHocth OV ocnabnarh (T.e. HE YCWIMBATh) CUTHAJBI,
MPUIOKEHHBIE OJTHOBPEMEHHO K 00ouM BxojaaM. Kak npasuiio, Koc co 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  00yClOBJIEH  HEUJACHTUYHOCTHIO
TPaH3UCTOPOB BXOJHOr0 Kackaaa. TunuuHoe 3HaueHue Ucy COCTABISET OT JOJIEH
MHJIJIMBOJIBT JIO IECITKOB MHJUIMBOJIBT;

- BXOJIHbI€ TOKH — Igx. DTO TOKH, MPOTEKAIOIIME Yepe3 BXOAHBIE BHIBOJALI OY
NP HYJCBBIX BXOJHBIX HAIpPSKCHUAX, OOYCIOBJICHHbIE 0a30BBIMH TOKaMU
BXOJHBIX OHWITOJSPHBIX TPAH3UCTOPOB, JTMOO TOKAMU YTEYKH 3aTBOPOB B CiIyyae
HCIMOJIb30BaHUs TIOJIEBBIX TPAH3UCTOPOB BO BXOJHOM Kackaiae OVY. Tumnuunble
3Ha4YeHUs Igx — OT J10JI€1 HaHOAMIIEP 0 AECITKOB MUKPOAMIIED;

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

- CKOpPOCTb HapacTaHUsi BBIXOJHOrO HampspkeHust 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,
Mpu KOTOpOM 3HaueHue kordduimenta ycwieHuss OY 1o Hanps»KEeHUIo MajaaeT a0
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;



30

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

7 - Beixog OV

8- BBIBOA IS IOJKIIOYEHHMS HCTOYHMKA NUTAHHUSA IIOJIOKHUTEIBLHOMN
MOJISIPHOCTH;

O- BBIBOA I TOAKIIOYCHUS MCTOYHMKA TMHUTAHUS OTPUIIATEIHHOM
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

O6patute 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  caMOoBO30yknaroTcs.  WuBepTupyromuii  BXoj — 0003HaudaeTcs
KPY>)KOYKOM JMOO0 3HaKOM "MHHYC", HEMHBEPTHUPYIOIIUNA BXOJ 0003HAaYaeTCs
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 mHBepcun); GUILTPHI (TOJIOCOBOMH,
BEPXHUX WJM HIKHUX YacTOT); TEHEpPaTOpbl CUTHAJIOB (FapMOHUYECKHX,
peNaKCallMOHHBIX WJIM CUTHAJOB CIEIUaIbHON (POPMBI); WHTETPUPYIOIIUE WIH
nuddepeHnupylomye yCcTpoucTBa; MpeoOpa3oBaTed aHAJIOTOBBIX CHUTHAJIOB,
KoMmapaTopbl W jApyrue ycrpoiictBa. Ilpu 5TOM BUA  BBIIOJHIEMOTO
npeoOpa3oBaHUsl OMPENEIISIETCS HUCKIIOUNUTEbHO BHEITHUMU JJIEMEHTaMU, a OT
napameTpoB camoro OV 3aBUCUT TOJBKO TOYHOCTh TIipeoOpaszoBanus. Jlis
WUTIOCTPAIIMKA 3TOTO MHOTO00pa3us HIKE MPUBOJATCS MPUMEPHI BKItoUeHU OY
B Oe3pHEpIIMOHHBIE JUHEHHBIE I1enu (puc.3.3 — 3.5); B Oe3bIHEPIIMOHHBIC
HeJMHeWHbIe nen (puc.3.6, 3.7); B MHEpLUOHHbIE TUHENHHbIE 1enHu (puc.3.8)
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Puc.3.4. IIpeoOpazoBaTenb TOK-

Puc.3.3. uBepTupyromuii

yCHITHTENh HaIPSHKCHUE
||
IFe
R
Uex 7 o— 1] -
Usux Ugy —o
T _>_ Ugpix
Puc.3.5. IloBropurens Puc.3.6. UnTerparop
HaIDSDKCHUS R
R
— —
| R
Ugx C —0 Un—l C
UBIJIK BE UBHX
Puc.3.7. Tuddepenuuarop Puc.3.8. Aktusabiii RC ¢uistp

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

PaGora BbImoOnHSETCS Ha Ja0OpAaTOpPHOM YCTaHOBKE "DJIEKTPOHHBIE
npuOopsl". PacronokeHue BBIBOJOB W CXEMbl KOppekuuu ucciegyemoro 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, JJIsI MOJIKJIFOYEHUS UCTOYHUKA -UTL;

- 12(10) — Beixog OVY;

- 13(9) — BBIBO JU1s1 TIOJKITIOUEHMS 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 OAKITFOUEHUS TIeTel 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 OV npuBenensl 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 uccienoBanus:

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 monaximrouuTh ociuuiorpad. YcranoButh 3HaueHust E1 = E2 = 10 B,
Cl =1 Mx®, RI = 100 Om, R2 = 1 kOm. 3aHecTu cxemy 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
ocumiorpaga. PaccunraTts 3KCriepuMEHTaNbHBIA KOADPUIIUEHT YCUTICHUS

K _Upy
voKen =
BX
Cnenath BbIBOJ O (ha3e BXOAHOTO M  BBIXOJHOIO CUTHAJIOB. 3apUCOBAaTh
OCUMJIJIOTPAMMBI BXOJTHOTO ¥ BBIXOJHOI'O CUTHAJIOB;
4. 1151 JaHHOM CXEeMBbl pacCUMTaTh TEOPETHUECKUI KOI(DPUIIUEHT YCUITCHUS
o gopmyiie

R2

VTEOP — H

5. IToBTopuTh M3MepeHuss u pacueTsl 1o nm.3 u 4 npu R2 =10 kOm. ITpu
ATOM BXOJHOW cHWTHan HeoOxomumo ymeHbIuTh A0 10 MB. Cnenath BbIBOA 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 3HAYECHHUS PACUETHOTO M TEOPETHUECKOTO KOo3(phUIIMEHTOB
YCUJICHUS,

- BBIBOJI O ITapaMeTpax, BIUSIOMMX Ha KOA(DHUIIMEHT YCUICHHS YCUITUTEIS.
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3ananme 3.2. HMcciaenoBanue cxeMbl HHTErparopa Ha J1alopaTopHOM
CTeH[e

[Topsimok uccnenoBaHus:

1. Cobpatp cxemy unHTerpatopa (puc.3.12). MCTOUHUKM NMUTaHUS U 1IEThb
KOPPEKIMU Ha CXEME He IMOKa3aHbl, HO MpU COOpKE CXEeMbl OHM JOJKHBI ObITh. K
BXOJy Y BBIXOJY CXE€MbI MOJIKIIOYUTh ocluiiorpad. ¥YcraHoButh 3HaueHus El =
E2=10B, Cl1 =1 Mx®, R1 =1 kOm, C2 = 68 H®, R2 =75 xkOwm;

R2
——1—
1 R QcuMnnorpad
| ]
e &+ ——=" . :lﬁaHaﬂ
oY T N T kaHan
Usx -[jsbm

Puc.3.12. Cxema uccineoBaHusi THTErpaTopa

2. T'emepatop HY mnepeBect B pEXKUM TEHEPALMU MPSIMOYTOJBbHBIX
uMITyJbcOB. [logaTh Ha BXOH CXEMbI OT Fe€HEepaTopa 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 wuccnenoBanue Ha 4yactore 300 T'n. 3apucoBarh
ociiiorpammel.  CrenaTe BBIBOJ O peanu3anuu (yHKIWA WHTETPUPOBAHUS,
BBIICJIUTH €€ IpaduuecKkoe MpeACcTaBIeHUE Ha 1UarpamMmme.

B oTtuere npencTaBuTh:
- CXE€MY NPUHLMIHAIBHYIO 3JIEKTPUUYECKYIO JJIs UCCIEIOBaHUS;
- OCLUMJUIOTPAMMBbl CUTHAJIOB Ha BXOJI€ U BBIXOJIE€ YCUIIUTEIIS;
- 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 muddepenmmaropa (puc.3.13). Ucrtounnku 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 nuddepeninuaropa

2. TI'enepatop HY mnepeBecTM B pPEXKUM TE€HEPALMH MPAMOYTOJIBHBIX
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 MpeacTaBiIeHNe Ha Juarpamme.

B otuere npencraButs:

- CXeMy NMPUHIIMIUATIBHYIO JIEKTPUUECKYIO JIJIS1 UCCIICIOBAHMUS;

- 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 reHepatopa (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. IMoakmrouuTh BTOPOH BXOJ ocuuiuiorpada K BBIXOIY CXEMBbI, a TIEPBBIM

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 OCIMUIIOrpada Mmepuoa M paccuuTarh 4acTOTy
Kosie0aHuil reHeparopa. PacyeTsl v pe3ysbTaThl 3aHECTU B OTYET.

@ R1

I_ Ccyrnnorpad
—& | KkaHan
T & || kanan

UBBL‘(

T '

Puc.3.14. CxemMa nccneqoBanus peaakCallMOHHOTO TeHeEpaTopa

B otueTte MpCaACTAaBUTD:

- CXCMY IIPUHOUITHAIBHYIO 3JICKTPUYCCKYIO JJIA UCCICAOBAHNUA,

- OCIUJIJIOTPpaMMBbI CUTHAJIOB Ha BXOAC W BBIXOJAC YCUIIUTCIIA I10 IIII. 3u 4,
- paC4dCThI U PC3YJIbTAThI BBIYMCICHUA YaCTOThI U IICPUOaa KOJICOaHMIA.

3aganne 3.5 KomnbTepHOe MOJeJIMPOBAHME CXeM HAa OCHOBE
ONepalMOHHBIX YCHIIUTEJIel

3.5.1. UccnenoBanne HHBEPTUPYIOLIEro ycuuress Ha QY.

1. ITocTpouTh cxeMy Ha 3KpaHe MOHUTOpa KomIbioTepa 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). BoabTMETpBl MEPEKITIOYHTh B PEKUM H3MEPEHUS
nepeMeHHoro Hanpsbkenus "AC";

2. Bximrounts cxemy, uaMeputh HanpsokeHuss Ur u Ugpy 1 paccuutath Ky
o ¢opmyiie:
UBbIX
Ur

3. Ha ocmwmiorpade yOeauThCcsi, YTO BXOJHOM W BBIXOJHOW CHUTHAJIBI
HaxOJIATCS B MPOTHUBO(da3e;

4. V3MeHUTh 3HAYEHHE COMPOTUBJICHHS oOpaTHOW cBsizu Ha 10 xKOwm.

[ToBTOpUTH U3MEPEHUS U PACUYETHI 110 11.2.
B ortuere npencraBuTh:

K, =
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- cxeMy MOI[eJII/IpOBaHI/IH JJIA UCCIICA0OBAHUA,
- BBIBOJ O COOTHOIICHNHU (1)33 BXOJHOI'O U BBIXOJAHOI'O CUT'HAJIOB,
- pacueThl U pe3yJbTaThl BBIYUCICHUS KOAD(UIIMEHTOB YCUIICHHS 110 1.2 U
4;
- BBIBOI O IIapaM<cTnax. BIIUAIOIIINX Hla I%)Bd)d)HﬁHeHT VCHUJICHUA VCUIIUTCIIA.
KM

I

X

I
I
[

)125 *e

+

lmlqj 100 Om ~* oy
4| _
100 B o
1wl ()m
(Drze
=+

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  WMHOM  CPebl
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. BKIIIOUUTH CXeMy, 3aprCOBaTh OCIIUJUIOIPAMMBI BXOJHOTO M BBIXOJHOTO
CUTHAJIOB;

3. YCTaHOBUTH YACTOTY I'e€HEpaTopa MpsIMOYroibHbIX uMIynbcoB 300 I'm.
[ToBTOPUTH HCCIEAOBAHUE TI. 2;

100 0w
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T
L
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Puc.3.16. Cxema MmoaenupoBanus quddepennuaropa
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B oTdere npeacTaBuTh:

- CXeMY MOJICTTUPOBAHUS AJIsI UCCIICIOBAHMS;

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

- o0o3HaueHWe ydYacTKa JUarpamMmbl, OTOOpaKaroIIero  IpOIECC
nruddepeHupoBaHus;

- BBIBOJ] O BIJIMSIHUW YacTOTHl CHUTHAJAa HA XapaKTep BBIXOJHOW KpPHUBOM,
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  UCIOJb30BaHUE  MHOM  Cpefbl
MojieMpoBaHusl. B kauecTBe aKTMBHOIO 3JIEMEHTa MCIOJIb30BaTh MSATUBBIBOJIHON
OY monenmu 741 uz 6ubmuorexku default wniu LM1877 u3 Oubnunoreku Im (mo
yKa3aHUIO MPEINo/iaBares);

2. BKIIIouuTh CXEMy, 3apUCOBATh OCIUJUIOIPAMMBI BXOJHOTO U BBIXOJHOTO
CUTHAJIOB;

3. YCTaHOBUTH YACTOTY Ie€HepaTopa MpsIMOYroibHbIX uUMITynbcoB 300 I'm.
[ToBTOPUTH HCCNIEOBAHUE TIO II. 2.

1 nmcp

100 x0m
L : ]

()12]3
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Puc.3.17. Cxema MofenupoBaHus UHTErpaTopa

B otuere nmpencTaBuTh:

- CXE€My MOJICTTUPOBAHMUS JIJIs1 UCCIICIOBAHMUS,;

- OCHMJIJIOTPAMMBbI BXOJTHOT'O U BBIXOAHBIX CHUTHAJIOB 10 III. 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 peslakCAllMOHHOIO reHeparopa Ha OY.

1. ITocTpouTs cXxeMy Ha 3KpaHe MOHUTOpa KoMibtoTepa 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
-

] 10 kO

10 EOm ()12 E

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 €eMKOCTH Ha Bxone OVY U CHATh 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 BXOJHOT'O M BBIXOJHBIX CUTHAJIOB IO I1.3;

- 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 onepanroHHbIN ycunuTenb? KakoBo ux HazHaueHue?
2. TloyeMy 3TH yCWJIMTENIN HA3bIBAOT ONEPALUOHHBIMU?
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HazoBute ocHoBHBIE mapameTprl OY.

Uewm onpenensiercs KO3P(GUIHUEHT YCUIICHUS MHBEPTUPYIOIIETO YCUIUTENS Ha
ov?

[Tpu xakux ycnoBusx cxema Ha OY HazbiBaeTcs auddepeHmaropom?

[Ipu kakux ycnoBusix cxema Ha OY Ha3bIBaeTCsi UHTErpaTOpoM?

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

KaxoBsl ycnoBus renepanuun?

B uyem 3akmrouarorcsa gocromHcTBa OV, Omarogaps 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 JIA0OPATOPHOM CTEHJIE;

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

Y4eOHbIe BONPOCHI

4.1. UccnenoBanne aHAJIOTOBOTO KOMITapaTopa Ha Ja00paTOPHOM CTEHJE;

4.2. HUccrnemoBanue cxXxeMbl KOMIApPATOpa C OMNOPHBIM HANPSIKEHUEM C
MOMOILbI0 KOMIIBIOTEPHOTO MOJIETUPOBAHMS;

4.3. HccrmenoBaHue cXeMbl KoMIaparopa ¢ 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 3JICKTPOHHBIX
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'opsuas Jlunus — Tenexkom, 2000. - 768c.

4. DJNEKTpOTEXHUKA W DJICKTPOHUKA B JKCICPUMEHTAX U YNPAKHEHUSX:
[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
TerekoMMyHuKaimoHHbIx cucteM / B.W. Kapnanyk. M.: COJIOH-IIpecc, 2005. —
480 c.: mi. — (Cepust «CUCTEMBI IPOCKTUPOBAHUS).

6. JlbBoB B.JI. Metonuueckoe mnocoOMe MO MPUMEHEHHIO TPOTPAMMBbI
Electronics Workbench s npoBenenus n1abopaTopHbIX pabOT MO JUCIUTIIIMHAM
Kadeapel cuctem nepenadu u oopadorku nHpopmanuu. Pocros-na-ony: Cesepo-
Kaskazckuii punman MTYCH, 2012. — 54 c.

Conep:xanue oryera

1. Ha3Banue mabopaTopHOi pabOTHI.

2. Tlo kaxxmomMy M3 3aaHUi JOJKHBI OBIThH MPEICTABICHBI HA3BAHUE 32 TaHUS
U T€ KOHKPETHBIC TAHHBIE, KOTOPHIC YKA3aHbI B 33/ IaHHH.

Bomnpocs! 1Jis1 NIOATOTOBKYU K 3aHATHIO

1. Kitaccudukarust KommapaTopos.

2. OCHOBHBIE TapaMETPhI U XapaKTEPUCTUKH KOMIIAPATOPOB.
3. JIOCTOMHCTBA U HEAOCTATKU KOMIIapaTopa C TUCTEPE3UCOM.
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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
BBIXOJIHBIX HAaINpsUKEHUM. ISl KOMITApaTOpoOB B MHTETPAIIBHOM HMCHOJHEHUU 3TH
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 HMHOTJIa Ha3bIBAIOT OJHOOWTHBIM aHAaJOro-
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 MUTAHUSA: TUIUYHBIN BUJ (2) ¥ uaean3upoBaHHast (0)

[IpOTSKEHHOCTh JIMHEHHOIO Yy4YacTKa Ha AaMIUIMTYJIHOW XapaKTEPUCTUKE
ype3BblyaiiHO Maia. Tak npu ycunennu OY, papHomy 100000, n orpaHnyeHuto Ha
ypoBHe 10B mupuHa ero pasHa Bcero nuiib 200 MUKPOBOJIBT. JIETKO BUIIETH, YTO
Py yBETUYCHUU KOAPDUIIMEHTA YCUIICHUS 3TOT Y4acTOK €IIe CYKUBAETCS, a JJIs
uaeanuzupoBaHHoro OV, y KOTOpPOro yCWJIEHHE CTPEMHUTCS K OECKOHEYHOCTH
LIMPHUHA €T0 CTpEMUTCS K HyI0. [locmennee o3HavaeT, 4To MepeKIFOYeHUE TAKOTO
yCWIMTENS OyJeT MNPOUCXOAUTh MNpU HyJeBOM AH(P(PEepeHIUaTbHOM BXOAHOM
HaIpPsHKEHUHU, U Mbl UIMEEM CXEMY HYJIb—KOMIIapaTopa, XapakTepUCTUKa KOTOPOTO
nokaszasa Ha puc.4.2,0.

Ecnu mopath Ha BXOJ KOMITApaTOpa CUHYCOWJAIBHBIM CUTHAJI, 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
curHaji OyneT uHBepTHpoBaH. Takue rpaduku crpaBeUIUBBI TOJBKO B UICATHHOM
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ciydae, korga OY nmeer 6€CKOHEUHO OOJBIIOE 3HAUYEHUE CKOPOCTH HapacTaHUS.
B peanbHoil cxeme GpOHTHI MPSMOYTOJBHBIX UMIYJILCOB OyIyT UMETh KOHEUHOE
BpEMs YCTaHOBJICHHUS.

EcTtecTBeHHO, uTO MpeoOpazoBaresibHas XapaKTEPUCTHKA HYJIb—KOMITApaToOpa
OyZIeT MEHSTHCSA, €CIIU IOMEHSITh MecTaMu BXobl OY.

KoMnapaTopsl ¢ HeHyJIeBbIM ONIOPHBIM HANIPSIKEHHEM

[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 HaIIpSDKEHUHU KOMIIapaTopa, paBHOM 3Ha4eHHIO U,,.

u

BT A

—== =

L

6)

Puc.4.4. Cxema komnapaTopa Ha OY ¢ HEHYJIEBBIM OIOPHBIM
HaIpsHKEeHUEM (@) U ero aMIUTUTYyIHAsl XapakTepucThka (0)

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

['padviku BXOAHOTO M BBIXOJHOTO HamMpsDKEHUM 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 SICHO, 4TO MpPU CHUHYCOMAAIBHOM BXOJIHOM HAMPSHKEHUU Ha
BBIXOJIe OOpa3yeTcsi CHUTHall MpSMOYTOJbHOM  (QOpMBI, HO C pa3HBIMU
JUTUTEIIbHOCTSIMU YYaCTKOB MOJIOKUTEILHON U OTPUIIATEIbHON MOJISIPHOCTH.

KommnapaTtopsl ¢ rucrepe3ncom

KoMmapaTopsl ¢ THCTepe3coM B JHUTEpaType €Ile Ha3bIBaIOTCA
KOMIIapaTopaMu ¢ 3amienkou. [I[py HEM3MEHHOM ONMOPHOM HANPSIKEHUH BO BCEX
BEITIIC 0003HAYEHHBIX CXEMaX KOMIIApaTOPOB MaJeHIIMe W3MEHEHHS BXOJIHOTO
HAMpsHKCHUST 110 JICMCTBHEM IIOMEX B OKPECTHOCTSX 3HAYCHUS OIMOPHOTO
HaIpsHKeHUsT OyAyT TPUBOJIWTH K MHOTOYHMCIICHHBIM HM3MEHCHMSIM CHUTHajda Ha
BbIX0JI€ (Takoe SIBJICHHE Ha3bIBAIOT - "npebesr'), 4To IJI0XO CKa3bIBAaeTCsS Ha
paboTe NOCIEeTYyIOUIUX JOTHYECKUX CXEM.

Jl71st ycTpaHeHHsl 3TOTO SIBJIIEHUSI OOBIYHO BBOJST MOJIOKHUTEIbHYIO 00paTHYIO
CBs3b, KOTOpass oOOecrmeunBacT TMEPEXOIHOM XapaKTepUCTUKE KoMIapaTopa
ructepe3uc. Jlemaercs 3TO i TOro, 4TOOBI KOMIApaTop MPHUHSB PEIICHHE,
HaIMpuMep, O MPEBBINICHUU BXOJIHOTO HAIPSKEHUS OTHOCUTEIHHO OMOPHOIO, HE
MEHsJT Obl €ro, €Ciu BXOJHOE HampshDKEHUE CTalo Obl MEHbIE OIMOPHOro Ha
OTIpEJICIICHHOE T0JIb30BaTesieM 3HaueHne. Cxema KoMITapaTopa ¢ MOJOKUTEIbHON
oOpaTHOM CBs3bI0 NpUBECHA HA puc.4.6,a.

hlJuux

*Usx

BRE a) 6) P

Puc.4.6. Cxema koMIapaTopa ¢ MoJIOKHUTEIBHONW 00paTHO CBS3BIO () U
€ro aMIUTUTY/HAsI XapaKTEPUCTHKA C TUCTepe3ncoM (0)

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

[TosicHuTh paboTy Takoil cXxeMbl MOXXHO cieayromuMm odpazom. Ilycts mpu
BKJIFOUEHUM THUTAHUSI CXEMBI 32 CUET MEPEXOJHOr0 (pereHepaTUBHOIO) IMpolecca
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 HemnBeptupytromem 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, OJU3KHUI 10
3HaueHuio Kk -E,, npousoitaer mpu Uy, = 1B (Touka 2), korna quddepennnanpras
cocTaBisitolas BxogHoro HampsbkeHust OV crtaHeTr paBHOW Hymro. JlanbHeliee
MOBBIIICHUE BXOJHOTIO HAMpPsHKEHHUS KOMIaparopa HE MPUBEIET K M3MEHEHHSIM
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
JI0 BXOJIHOTO HamnpspkeHud - 1B, npu koTopoM koMmmapaTtop cpabortaer (Touka 4), u
€ro BBIXOJAHOE HANpPsDKEHHE BHOBb CTAHET IIOJOXKHUTEIBHBIM M OJHM3KHM K
3HaueHnto +E; (3oHa 5). [lanbHeilllee yMEHbUIEHUE, a 3aTEM M YBEJIWYEHUE
BXOJIHOTO HAIPSKEHUsI KOMIIAPAaTOpa HE MPUBEJET K U3MEHEHUIO €r0 BBIXOJHOIO
HanpsbkeHus (3oHa 5). KoMmapatop BHOBB cpabortaeTt, koraa auddepeHnunanbHas
COCTAaBJISIFOLIAasl BXOJHOTO HanpsbkeHus OY cTaHET paBHOW HYJIIO, YTO MPOU30MIET
[P BXOJIHOM HAaIpspKEHUH KoMImaparopa 1B.

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

[Ipy momadye Ha BXOJ KOMIaparopa € THCTEPE3MCOM TapMOHHUYECKOIO
CUTHAJIa JUarpaMMbl BXOJIHOTO M BBIXOJHOIO CHUTHAJIOB OYyIyT HUMETh BUJ
(puc.4.7).

+1B

-1B

Puc.4.7. BpeMeHHbIe TUarpaMMbl CUTHAJIOB KOMIapaTopa ¢ TUCTEPE3UCOM

Hannmume rtHcTepe3nca XOTs W BBI3BIBAET HEKOTOPYHO 3aJCPXKKYy B
MEPEKITIOYEHUN KOMITApaTopa, HO CYIIECTBEHHO YMEHbBIIACT WX JaXKe YCTpaHSIET
JpeOe3r BBIXOJIHOTO CUTHAIA.
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3aganme 4.1. HcciaepoBanume aHAJIOroBOro KomMmaparopa Ha
JIa00OpaTOPHOM CTeH/Ie

PaGora BbIMONHSETCS Ha JAa0OPATOPHOM  yCTaHOBKE "DIEKTPOHHBIE
npubops". B nmabGoparopHoit paboTe B KayecTBE KOMIApaTropa HCHOIb3YETCs
onepannonHeiil yernurenab K140V 120 wim K553V /12, PacnosioxkeHue 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 MHBEPTUpPYIOIMKA BXxo OV nopaeTcsi CHHYyCOUalbHOE HANPSKEHHUE.
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 ~ MyJdbTUMETpa (V2), BKIIOYEHHBIM Ha PEXKUM HU3MEpPEHUs
noctossHHOTO HamnpsikeHus. K kiiemmam Uy, u Uy, moakitodaercs 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 koMmaparopa HanpspkeHus Ha OY

JlnarpaMMbl BXOJTHOTO M BBIXOJAHOTO HamNpshKEHUs HAOMIOAIOTCS HA DKpaHe
ociuiorpada. Beixognoit curnan umeet Gpopmy umnynbcoB. Korga 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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SN f"ﬁ\ /Uﬁi

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 ¢
ammuutynoi SB u dacroroit 1 k[ u momyuuTs Ha dSKkpaHe ocuuiuiorpada
YCTOMYMBOE U300paKEHNUE CUHYCOU/IBI;

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

4. TloreHunomeTpoM 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
MUHUMAJILHOE BXOJIHOE HAIpsDKEHUE, IPH KOTOPOM KOMITapaTop paboraer. 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 cpadaTbeiBaHus kommnaparopa; Caenarb 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/1eJIHPOBAHUSA

[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 w3 oubmmorexku default vnmu LM1877 nu3z oubmuotexu 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 apaMeTpOB 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 TNEpeMEHHBIM pPE3UCTOpP B CTOPOHY
YBEIIMYEHHUSI, YCTAHOBUTHh OMOpHOE HampsbkeHue + 3.8 B, mepeHecTw B OT4eT
COBMENICHHBIEC OCITUJLIOTPAMMBI BXOJTHOTO U BBIXOJHOTO CUTHAJIOB;

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

4. VI3amMeHuTh BXOjJHOE HampsbkeHue Ha 6B. CnenaTh BbIBOJ 00 M3MEHEHUU
nopora cpadaThIBaHUs KOMIIapaTopa.

B oruere npeacraBuTh:

- CXEMY ISl MOJICITUPOBAHUS,

- OCIMJUIOTPAMMBI CUTHAJIOB JIJIsI OOPHOTO Hanpsikenus -3,8B, 0B, +3,8B;

- BBIBOJI 00 U3MEHEHUSIX MPU CMEHE OTIOPHOTO HAMPSIKCHUS;

- BBIBOJI 00 M3MEHEHHHU Topora cpabaThbIBaHMS MPU U3MEHEHUU aMILTATYIbI
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  UCHOJb30BaHUE  HMHOM  Cpebl
MoJienupoBanud. ['eneparop Ha Bxone 1B, 2 kI'11 BeIOTHAET posib moMexu. 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 uepe3 pezuctop 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 | KOM K HEMHBEPTUPYIOIIEMY
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 NIPOIafaHus apedesra.

B oruere nmpeacraBuTh:

- 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 cooTHomeHHEe DOMKHBI MUMETh aMIUIMTYJa BXOJHOTO CHUTHAJIA U
ONOPHOE  HAIpsDKEHWE i  HOPMajlbHOM  paboThl  KoOMIapaTopa
HaIpsKEHUA?

Uto Bxoaut B coctaB MUMC komnaparopa?

Kak ocymiecTBisieTcst peryJiipoBaHUE BEIUYUHBI IEPEMEHHOIO PE3UCTOPA
B MOJICTIUPYIOIIEN ITporpaMme?

[Touemy BenWYMHBI HANPSHKEHUS HA BOJBTMETPE U ocuwiorpade
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 1eNed HCHONB3YeTCs KOMIApaTtop B  BBIYUCIUTEIbHOU
TEXHUKE?

Ha d4ro Biusger yBenumueHune comporuBieHus pesucropa 1 kOm Ha
puc.4.12?
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5. AHAJIN3 YCTPOMUCTB HA OCHOBE JIOTHYECKHX
HNHTEI'PAJIBHBIX MUKPOCXEM

Heanb

1. V3y4nuTh OCHOBHBIE CIOCOOBI MPUMEHEHHS JIOTHUECKUX HHTErpalbHbBIX
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'O MOJEINPOBAHUS

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. JI.W.ITandwunosa. - M.: Jlondka,
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 s npoBenenus 1abopaTopHbIX paboT MO TUCHUTLIMHAM
Kadeapel cuctem nepenadu u o0padotku uHpopmarnuu. Pocros-ua-lony: Cesepo-
Kaskazckuii punman MTYCH, 2012. — 54 c.

Conep:xanue oTyera

1. HazBanue nabopaTopHoil paboTHI.

2. Tlo kaxxmomMy U3 3aJjaHUi JOJIKHBI OBITH MPECTABICHBI HA3BAHUE 3a1aHUS
U T€ KOHKPETHBIC TAHHBIE, KOTOPHIC YKA3aHbI B 33/ IaHHH.

BOHpOCbI AJIF MOATOTOBKHU K 3aHATHIO
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1. Kimaccudukanus T0TudecKux 3IeMEHTOB.

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 TPOCTEUITUMHU CXeMaMU IH(PPOBBIX
ycTpoiicTB. M3 mOrnyeckux cxem COCTOST KOMOMHAIIMOHHBIE YCTPONCTBA JIO00M
CJIOJKHOCTH, HaIrpumep, apu(METHUKO-JTOTUYECKHUE yCTpOMCTBa
MHUKpompolieccopoB.  HamomMHum, d9TO  KOMOMHAIMOHHBIMH  (LUGPOBBIMU
aBTOMaTaMu O€3 IMaMsATH) Ha3bIBAIOTCS IM(POBBIE YCTPOMCTBA MIHOBEHHOTO
JICUCTBUS, BBIXOJIHBIE CUTHAJIBI KOTOPBIX OIPEICIISIOTCS BXOJHBIMU CUTHAJIAMH,
JICUCTBYIOIIIMMH B pacCMaTpUBaeMblii MOMEHT BpeMeHU. OHM HE UMEIOT MaMsTH U
MOATOMY TOPSAIOK MOJAaYu BXOIHBIX BO3JACHCTBUI HA HUX 3HAUeHUs HE umeert. [Ipu
OJIHMX U T€X € BXOJHBIX BO3JCHUCTBUSIX BBIXOAbI OYAYT BCET/1a OJJMHAKOBEIE.

Jlornueckue 3J1eMEHThI TTO3BOJISIOT JJOTMUECKUE ONEPaLMU TPOU3BOISTCS HaJl
BEJIMUYMHAMH, XapaKTepU3YIOIMMHU B3aUMOMCKIIIOYAIONINE TMOHATUS: €CTh U HET,
T.. MMEIOIIMMHU TOJIBKO JBa 3HaueHudA. i onepamuid C  JTOTMYECKUMHU
BEJIMYMHAMHU MCHOJIB3YIOT JBOWYHBIM KOJ: OJHO W3 3HAYCHUM TPUHUMAIOT 32

eIMHHMILY, Ipyroe - 3a Hoib: X=1 u X =0.

B anekTpuueckux cxemax, peaqu3yIoIIUX JIOTUYeCKHe (DYHKIMH, CUTHAI,
COOTBETCTBYIOIIUNA JIOTHUECKOW €IWHHUIIE, TMPEJCTABISIOT HEKOTOPHIM BBICOKUM
HanpsbkeaneM Ul wim ypoBHEM — jormdeckod — enuHMUbl.  Curhan,
COOTBETCTBYIOIIHI JiornyeckoMmy Hyito, ooo3nayarot UQ. Kak npasuio, U1>U0.

Crnenyer MOMHHUTB, YTO JIIOObIE OMEPALMH, BBINOIHIEMbIE HaJ JIOTHUYECKUMU
BEJIMYMHAMHU, MOXXHO CBECTH K KOMOMHAIMM TpEX MPOCTEHIINX: HHBEPCUU
(onepauuu orpunanus - HE), nornueckomy cinokeHuro - AU3bIOHKLINN (OIepaluu
NJIN) u noruueckoMy yYMHOXKEHUIO - KOHbIOHKIMU (omepauuu W). bonee Toro,
MOKHO HCNOJIb30BaTh TOJNBKO cxembl M - HE wmmm tomeko cxemsr MJIN-HE.
Kaxxgast u3 3TUX TrpyIn HOCAT Ha3BaHHME JIOTHYECKOro 0a3uca. DTO 03HAYAET, UTO
U3 KaXJOM Tpynmbl MOXHO MOCTPOUTH JIOTUYECKYIO (DYHKLHIO MPOM3BOJBHOMN
CJIOKHOCTH.

Kpome Ttoro, normueckue MUMC mnpumensitorcs s (GOpMHPOBaHUS U
reHepaluyi UMITYJIbCHBIX CUTHAJIOB.

dopmupoBaTenn UMIybcoB (PU) mpeodpa3yroT MocTynarIme Ha UX BXOJ
UMITYJIbCHBIE CUTHAJIbI, U3MEHSISI OMH MUJIM HECKOJIbKO uX nmapameTpoB. U moryt
OBITh MOCTPOEHBI C UCIOIB30BAHUEM TOJBKO JIOTHYECKHUX 3iemMeHToB (JID), nubo
Ha JID u R, L u C koMImoHeHTax.

B coctaB Hambomnee mupoko mpumenseMbix UMC cepuit 155 (555) n 561
BXOJISIT crielnaibHO pa3zpadoTtannbie popmupoarenn (K155AT1; KS61AI72).

['eneparopsl  (TOYHEE  aBTOTE€HEPATOpbI)  SABISIIOTCA  yCTPOMCTBaMH,
CO3JAIOUIMMHU [EPUOJUYECKHE JIIEKTPUYECKUE CUTHAJIBI C  OIpPEAEIEHHBIMU
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napaMmeTpamu (aMIUTUTYAOM, 4aCTOTOW, CKBaXKHOCTBHIO U T.1.) MPHU MOJBEACHUU K
HUM IOCTOSIHHOTO MUTAIOIIETO HAIIPSKEHUS.

B naGopatopHoii paboTe HCMOJIB3YEeTCS 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: U = 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
KOMOUMHAIMOHHOE yCcTpoicTBO. Hampumep, mis peanuzanuu snemernta HE moxuo
ucnosib3oBaTh cxemy U-HE, B koTopoit coenuuensl 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

Cunresuposars joruueckyro ¢pynkuuio MJIN-HE na ocnoBe UMC K155J1IA3
Y MCCIIEZIOBATH €€ TIOBEICHUE Ha BCeX Ha0Opax.

HOCJ’I@I{OB&TCJ’IBHOCTL HCCIICAOBAHUA:
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1. HapucoBaTp NPUHLMIIHAIBHYIO CXE€MY YCTPOMCTBA, COCTOSIIYIO W3
anemenToB 2U-HE u peanusyromyro ¢pyukiuto 2UJIN-HE;

2. 3anucaTh, COOTBETCTBYIOILYIO €/ TaOJIMIy HCTUHHOCTH;

3. C mnoMompl0o KoMmmbloTepHOM TmporpamMmbel  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), 3agaTh B HeM TaOJMIly HCTUHHOCTH pa3pabOTaHHOW CXEMBI,
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
MUTaHUS (HOMUHAJIBHOE HAIPSHKEHUE TUTAHUS YKA3aHO BBIIIIE).

Puc.5.3. Cxema g ucciieqOBaHUS JJOTHUECKOTO DJIEMEHTA

5. HWccaepoBaTh moBeAcHHWE KOMOMHAIIMOHHOW cXeMmbl. Jlims artoro,
MoAKII0Yast BXOAbI 1 1 2 K o011e Touke (CUTHaJI JOTHUECKOTO HYJIS) WIIK K IITUHE
MUTaHUS (CUTHAJ, COOTBETCTBYIOIIUMN JIOTUYECKON €IMHUIIE) U U3MEPSISI BBIXOIHOE
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 HMILYJIbCOB Ha JIOTHYECKHUX
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 oCIIUIUIOrpaMMy T€HEPUPYEMOT0 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 4acTOTYy T€HEPUPYEMBIX KojieOaHul 1Mo hopmyie:

5. YBennuuth eMkocTh KoHAeHcatopa Cl = 1 Mx®. [ToBTOpUTH M3MEpEHUS
o 1n.1. 2 - 4.

DD1

N L B _Efl_j' /®
b CoH

R1

I

Puc.5.4. I'enepaTop UMMy IbCOB Ha JJOTHYECKHUX DJIEMEHTAX

B otuere npencraButs:

- CXEMY I'€Heparopa, Ha KOTOPOM yKa3aTh BCE HOMUHAJIBI AJIEMEHTOB;
- OCUMJUJIOTPAMMBI T€EHEPUPYEMBIX CUTHAJIOB B UETBIPEX TOUYKAX;

- IEPUOJ U YACTOTY TEHEPUPYEMOT0 CUTHaja, (OPMYJIbI pacuera;

- BBIBOJ O BiMsiHUM eMKocTH Cl Ha nmapaMmeTpbl reHepaiuu.

3aganme 5.3. UccaenoBarb reHepaTop MMmyJjbcoB Ha JIJ ¢ momMoubio
KOMIIbIOTEPHOT0 MO/IEJTUPOBAHUSA

[TocnenoBaTeabHOCTH UCCIICIOBAHMS:

1. IloctpouTh Ha 3KpaHe MOHUTOpa KOMIIbIOTepa cxemy (puc.5.5). B
KaueCTBE JIOTMYECKOr0 3JIEMEHTa HCIOIb30BaTh MHUKpocxemy 7400 u3 Habopa
Digital ICs, BeiOpaTh Mosens HC u3 6ubnuorexu cmos, HC-2 u3 6ubanorexu misc
wn LS u3 6ubnuotexwu ttl (mo ykazanuto npenomaBaTens);



“ T
N
0.05 P —
[l DD1
" om 1A wvee — . |®
2 }E jﬁ 1 () *
e -
I $sl5h gl
Tom s oy 3l &
I GND 3y 2
7400
| I
— 1 O

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 | B peKUME HU3MEPEHHUs] 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 CUTHAaJIa;

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 popmupoBaress 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. Uccienosanue ¢gopmMuposaressi MMILyJIbCOB HA JID ¢ moMob10
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
naoopa Digital ICs, yto u B 1. 5.3;

2. BKiIIoYuTh CXEMy, 3apUCOBATh BXOJHYIO U BBIXOJIHYIO OCLHIIJIOTPAMMBbI;
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Puc.5.7. Cxema popmupoBaresnst 1 MOJASTUPOBAHUS

B otuere nmpencTaBuTh:
- cxeMy GopMHpOBATENS, HA KOTOPOH yKa3aTh BCE HOMUHAIBI DJICMEHTOB;
- OCUMJUIOTPAMMBbI BXOJHOI'O Y BBIXOJHOI'O CUTHAJIOB.
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Bonpocs! 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 Bmusitor BennurHbl R 1 C Ha IJIMTENBHOCTh UMITYJIBCOB HA BBIXOJE
dbopmuposarens (puc.5.6)?



