PefepanbHOE rocyaapcTBeHHOe GH0MKETHOE 06pa30BaTe/lbHOe yupexieHue
BbICLLEro 06pa3oBaHUA
«HOBOCUBUPCKIMIA FOCYAapPCTBEHHbIN TEXHUYECKUIA YHUBEPCUTET»

Kacheapa KOHCTPYVMPOBAHMS 1 TEXHONOTUN PaAN03NEKTPOHHbIX CPeacTB

“YTBEPXJAIO”
JEKAH P30
4.T.H. XpycTtanes B. A.

PABOYASI [TPOTPAMMA YUYEBHOU JTACITATITAHBI
CXCMOTBXHH‘ICCKOC HpOCKTHpOBaHHe 3J'leKTp0HHbIX cpez(cns

Ob6paszoBatenbHasa nporpammva: 11.04.03 KoHCTpynpoBaHue 1 TEXHONOMMNA 3/1IEKTPOHHbIX CPeACTB,

marucrepckas nporpaMma: Y CTpoincTea pagnoTexXHUKN U CPeACTB CBA3N
Kypc: 1, cemectp : 1
®akynbTeT PagNOTEXHUKIN N ANEKTPOHWNKM,

CemecTp
Ne Bupg geatenbHocTn 1
1 Bcero 3a4eTHbIX eauHUL 4
(KpeauTtoB)
2 | Bcero yacos 144
3 Bcero 3aHATWIN B KOHTAKTHOM 49
thopme, yac.
Jekuymn, yac. 18
MpakTnyeckune 3aHATUA, Yac. 18
NabopaTopHble 3aHATUA, Yac. 0
7 13 HUX B aKTVBHOM 1 18
MHTEPaKTUBHON hopMe, Yac.
ATTecTaums, yac. 2
KoHcynbTaumm, yac. 11
10| CamocTonaTenbHasa paboTa, yac. 95
Buabl camocTosTenbHO paboThl
(KypcoBoi1 NPOeKT, KypcoBas
11 KP
paboTa, PI'3, noarotoBka K
KOHTPO/bHOW paboTe)
12| Bug atrectaumu C)

Hosocnbupck 2017



Paboyas nporpamma cocTas/ieHa Ha OCHOBaHWW (pefepasibHOro rocyapcTBeHHOro 06pa3oBaTe/ibHOro
CTaHAapTa BbicLLero obpasoBaHus NO HanpasneHno (cneymnanbHocTr): 11.04.03 KoHcTpynposaHue n
TEXHO/IOrNA 3M1IEKTPOHHbIX CPeACTB

&I OC BBefeH B aeictame npmkasom Nel1405 ot 30.10.2014 r. , pata yTBepxaeHus: 26.11.2014 r.

MecTo AucumnanHbl B CTPYKTYpe y4ebHOro nnaHa: biok 1, BapuatveHas

Pabouas nporpamma paspabotaHa Ha OCHOBE KOMMETEHTHOCTHOM MOAENM BbINYCKHMKA MO HaNpaBieHNIo
(cneumansHocTh): 11.04.03 KOHCTPYMpPOBaHNE U TEXHOMOIMS 3N1EKTPOHHbIX CPEACTB

Pa6ouasi nporpamma o6cy»/ieHa Ha 3acefjaHnm Kadeapbi

KTPC, npotokon 3acefaHnsa Kadegpbl Ne5 ot 20.06.2017
YTBepX/aeHa Ha coBeTe (paKy/bTeTa PaAMOTEXHUKM U 3N1eKTPOHUKK, NpoTokon Ne 6 o1 21.06.2017

Mporpammy paspaboTan:
[OLeHT, K.T.H. flaHnnos B. C.
3aBepfytoLnii kadeapoi:

[OUEHT, K.T.H. CuHenbHUKoB A. B.

OTBETCTBEHHbI 32 06pa30BaTe/bHYI0 NPOrpamMmy:

poueHT CrHenbHUKOB A. B.



1. BHelUHwWe TpeboBaHuSA

Tabnuua 1.1

Komnemenyun HI'TY: TIK.23.B c10co0HOCTH BBINOTHATH CXeMOTEeXHHIECKOE ITPOCKTHPOBAHNE; ¢ HACHU

CEOYIOIUX Pe3yTbmamos 00yueHus:

31. 3HaTb OCHOBHbIE CXEMOTEXHUYECKIME NpuemMbI NMpn NpoEKTUPOBaHWUK aHa/1I0rOBbIX U LI.VIquOBbIX yCTpOVICTB

yl. COrnacoBbIBaTh KacKafbl B 3/IEKTPOHHbIX CXEMaxX

y2. COCTaB/IATb N UCMO/Ib30BaTh A/19 PaCHETOB 3KBMBAJIEHTHLIE CXEMbI aHa/TI0TOBbIX, Ll,VIq]pOBbIX N UMNYNbCHbIX

YCTPOICTB

2. TpeboBaHust HI'TY K pesynbTaTaM 0CBOEHUSI ANCLUMINHbI

Tabnmuya 2.1
PESyI'IbTaTbI N3yveHnsa gncunnInHbl no ypoBHAM 0CBOEHUA (I/IMeTb CDOprI opraHumsaunn
npeacTaBfieHNe, 3HaTb, YMETb, BNageTb) 3aHATUI

CXeMOTeXHNYeCKoe NMPOeKTUPOBaHME 3N1EKTPOHHbLIX CPeACcTB

MK.23.B.31 3HaTb OCHOBHbIE CXeMOTEXHUYECKME NPUEMbI NPU MPOEKTUPOBaHUM aHa/1I0r0BbIX

1 UMPOBBIX YCTPOIACTB

1.3HaTh OCHOBHBIE CXEMOTEXHITIECKHE IPUEMBL [P IIPOEKTUPOBAHIH aHATIOTOBBIX
1 IUPPOBHIX YCTPOHCTB

Nekuymu; MNpakTUYecKme 3aHATUS;
CamocTosTefnbHas paboTa

2.0 cOCTOSTHUH COBPEMEHHOM 3JIeMEHTHOH Oa3bl SIEKTPOHHBIX CPEJICTB H
TEHJICHIIUA Pa3BUTHS CXEMOTEXHUYECKUX IIPUEMOB IIPH IPOSKTUPOBa HUHA
Pa3IMYHBIX paJHO3JIEKTPOHHBIX YCTPOUCTB, U pa3BUTHH IIPOIPaMMHOTO
obecriedeHms B 006JaCTH CXEMOTEXHAIECKOTO MO/ICTTHPOBAHAS

Nekumu; MNpakTUYecKme 3aHATUS;
CamocTonTenbHas paboTa

3.OcHOBHBIE Pa3HOBHIHOCTH COBPEMEHHEIX aHAIOTOBBIX U MU(POBLIX
HIIEKTPOHHBIX YCT-POHCTB M MX OCHOBHBIE XapaKTepUCTHKHU. 5. OcHOBHBIE
CXEMOTeXHHYECKHE IIPUEMEL IIPY IIPOSKTHPOBAHIH aHAIOTOBBIX U ITU(POBEIX
yetpolicTB. 6. CripaBouHBIH MaTepHall IO BEI-00py 3iIeMeHTHOH Ga3bl. 7. I1pnéMet
paboTHL B cHcTEMAax aBTOMATH3UPOBAHHOIO CXEMOTEX-HIIECKOTO IIPOSKTHPOBAHNS
"Pspice" u "MicroCAP-6"

Nekumu; MNpakTnUYecKme 3aHATUS;
CamocTonTenbHas paboTa

4. DopMyIEpOBAThH BOIIPOCH TI0 CYMIECTBY 00CYX faeMBIX mpobdmem. 20.
HnrepnpeTnpo-BaTh MOIYICHHEIE Pe3yIbTaThl CBOSH AEITEIBHOCTH, KPHTHIECKH
OTIEHUBATh PE3YJIHTAaThl PACUETOB M SKCIEPIMEHTOB. 2 1. BrIckas3bIBaTh THIIOTE3H O
BO3MOXHBIX HECOBIIAICHISIX SKCIIEPAMEHTAIBHEIX pes3yIbTaTOB HCCICAOBAHMMN ¢
pesyibTaTamMu pacderoB. 22. [ImaHnpo-BaTh CBOIO AESTeIbHOCTH IIPU U3YUEeHHN
JUCTIAIUINHEL, a TakXKe IIPH IPOBeICHUH SKCIIepPH-MEHTa B J1a00paTOPHBIX YCIOBHSX.
23. AiexBaTHO OCYIIECTBISITE CAMOKOHTPOIb U CaMO-OLIEHKY (10, B XO/Ie U IocIIe
BBITIOTHEHHMS! paboTHL).

MpaKTUyecKme 3aHATHS;
CamocTosiTeNbHas paéoTa

NMK.23.B.yl cornacoBbiBaTb Kackaibl B 3/IEKTPOHHbIX CXeMax

5.cormacoBBIBaTh Kackaabl B SJICKTPOHHBIX CXeMax

Nekuwnu; TpakTnyeckune 3aHATUS;
CamocTosTensHasa paborta

MK.23.B.y2 cocTaBnAaTb U UCMO/b30BaTh /19 PacyHeTOB 3KBUBA/IEHTHbIE CXEMbl aHa/10r0BbIX,

LIMGPOBLIX U UMY IbCHBLIX YCTPOCTB

6.COCTaBIIATH M ACIIONH30BATh ISl PACUeTOB SKBUBAJICHTHBIC CXEMEI aHATTOTOBHIX,
IU(POBLIX U UMITYIBCHBIX YCTPONUCTB

Nekumu; MNpakTnyeckme 3aHATUS;
CamocTonTeNbHas paboTa

3. Cofiep>kaHue 1 CTPYKTypa yuebHOM ANCLUUNIINHDI

Tabnuua 3.1
CcbIfIKN Ha
o AKTUBHbIE
Tembl nekuunmn Yacbl | pesynbTatbl YyebHas feATe/IbHOCTb
(hopMblI, yac.
06yyeHus

Cemectp: 1

JnpakTudeckasa efnHMLA: Y CUTNTENN CUTHAOB Ha NOyNpPOBOAHMKOBbLIX KOMMOHEHTax




1. Ycunurenu curHanos Ha
NoyNPOBOAHUKOBbIX
KOMMOHeHTax. Knaccudmkaums
yCUnnTeNei, OCHOBHbIE MapaMeTpbl
N XapaKTepUCTUKN SKBUBAIEHTHbIE
CXEMbI yCunuTenein. AKTUBHbIN
YeTbIPEXMO/HCHUK. ObpaTHas
CBSA3b 1 €€ BIMSIHME Ha MO-KasaTenu
N XapaKTepUCTUKM aHasI0roOBbIX
YCTPOWCTB. MonoxuntensHas v
0TpuLa-TeNbHas obpaTHas CBA3b B
ycunuTensx curHanos. MeTnesoe
yCuneHue 1 rnyoérHa o6paTHoi
CBSI3U. YCTONUYMBOCTb YCUNUTENEN
¢ OC. YactoTHosasucumasn OC n
AUX ycunuteneii ¢ OC.
CTaTnyecKunin pexxum paboTbl
YCUNNTENbHbIX KaCKaJoB Ha
TpaH-3ucTopax. PacyeT pexvma
paboThbl TpaH3ncTOpa No
MOCTOSIHHOMY TOKY. PeXumbl
Knacca A, B, C, A. lnHuna
Harpysku. Beibop paboyein TOUKM.
Cnocobbl BKMHOYeHWS
TPaH31CTOPOB B YCU/IUTENIbHBIX
KacKajax n 0CO6EHHOCTU MX
pacyeTa rno NocTosiH-HOMY TOKYy.
TepmocTabunusayms pabouei
TOYKN. CXeMbl nogayu
HanpsHKeHNs CMeLLeHns Ha
TPaH3UCTOPbI. YCUNUTENbHbIN
Kackag. AudhepeHumnansHble
YCWUN-TESIN NOCTOSAHHOTO TOKA.
CxemOTexHuKa yeunuTenen ¢
HenocpeaCcTBEHHbIMY CBA3SA-MU.
YCUANTENN HU3KOW YacToTbl,
Koa(hpuumeHT yemuneHus, AUX,
OCHOBHbIE CXeMbl MOCTPOEHUS.
Pe3oHaHCHbIe ycu

1,2,3,5

MpoBeseHWe NeKkLuun No Temam:
YCunuTenm curHasios Ha
NoJTyNPOBOAHUKOBbIX
KOMMNOHeHTax. Knaccudgmkaums
YCUNWUTENel, OCHOBHbIe
napameTpbl U XapaKTepUCTUKN
OKBUBAIEHTHbIE CXEMbI
ycunuTenein. AKTUBHbIV
YeTbIpexnontocHUK. ObpaTHas
CBA3b U €& BIMAHME Ha
No-KasaTenu 1 XapaKTepucTnku
aHaI0roBbIX YCTPOMCTB.
MonoxutensHasa u
OTpuUa-Te/NbHas obpaTHas CBA3b
B YCUIUTENAX CUTHA/I0B.
MeTneBoe ycuneHne 1 rnybuHa
06paTHOV CBA3W. Y CTOMYMBOCTb
ycunuTenei ¢ OC.
YactoTHOo3aBucumMasa OC n AYX
ycunutenein ¢ OC. CTtaTnyecKuii
PeXnM paboTbl YCUINTENbHBIX
KackafloB Ha TpaH-31CcTopax.
PacueT pexkxuma paboTbl
TpaH3ncTopa no NOCTOSHHOMY
TOKY. Pexxumbl knacca A, B, C,
L. JInHuna Harpy3ku. Bei6op
paboyeli ToUkn. Cnocobbl
BK/TOYEHMSA TPAH31CTOPOB B
YCUNTENbHBIX Kackagax v
0C06EHHOCTM MX pacyeTa no
MOCTOSIH-HOMY TOKY.
TepmocTabunusayms pabouei
TOYKM. Cxembl Nofauu
HanpsKeHWs CMeLLeHns Ha
TPaH3UCTOPbI. Y CUNUTENbHbIN
Kackag. AnddepeHunanbHble
YCWUIN-TE/IN MOCTOSAHHOIO TOKa.
CxemMOoTexHWKa ycunuTenei ¢
HenocpesCcTBEHHbIMY CBA3SA-MU.
YCUNTENN HU3KOM YacToTbl,
KO3(h(hMLMeEHT yeunenus, AYX,
OCHOBHbIE CXe

AupakTndeckasa egnHmua: OnepaumoHHbIe YCUNUTENW, KOMMapaTopbl HanpsXeHus, aktnsHble RC -

(PUIbTPbI




2. OnepaymoHHble yeunutenu (OY)
N VX NPUMEHEHNe.

OcHoBHble BUAbl OY, nx
napameTpbl U XapaKTepUCTUKN.
OCHOBbI CXeMOTEXHMKM, YacTOTHas
KOppeKuusa, 3alumTa oT neperpysok.
OY oxBayeHHble 06paTHOW CBA3bIO,
MOrpeLuHoCTb U CTabuIbHOCTb
Koa(hdunumeHTa ycuneHus.
YacToTHaa 1 nepexogHas
XapakTepucTukn. OCHOBHbIe
CXembl nNpnmeHeHus OY.
KomnapaTopbl HanpsKeHus.
XapakTepucTMKM KOMNapaTopos.
Komnapatopbl ¢ MO0XUTeNbHOM
06paTHOW CBA3bID. CXeMOTEXHUKA
KoMnapaTopos. JJuHamMuyeckue
XapakTepucTUKX KoMnapaTopa.
AKTUBHble RC - (hUnbTpbI.
MepesaToyHas (yHKLMA, METOABI
annpokcumaumn. Metogbl pacyeTta
akTuBHbIX RC - comnbTpos HY, BY,
MMN®, N3ed. AKTUBHbIE DUNLTPbI C
nepeKoYaeMbIMm
KOHAeHcaTopamu.

1,2,3,6

lMpoBeaeHWe NekLmn no Temam:
OnepaumnoHHbIe ycunuTenn
(OY) v ux npvmeHeHwe.
OcHoBHble BUAbl OY, nx
napameTpbl U XapaKTepUCTUKK.
OCHOBbI CXEMOTEXHUKN,
4acTOTHaA KOppeKuws, 3almra
OT neperpysok. OY oxBayeHHble
06paTHOIA CBA3bIO, MOrPELLIHOCTb
1 CTabuIbHOCTL KO3duLmeHTa
ycuneHuns. YactoTHas u
nepexofHas XapakTepucTUKM.
OCHOBHbIe CXeMbl MPUMEHEHMNS
oy.

KomnapaTopbl HanpsiKeHus.
XapakTepucTmKm
KomnapaTtopos. KomnapaTopsbl ¢
MONIOXMUTENIbHOV 06paTHOW
CBA3bI0. CXemoTexHMKa
KoMnapaTopos. JuHammyeckue
XapakTepucTUKM KoMnapaTopa.
AxTVBHbIE RC - (onnbTpbI.
MepepaToyHas PyHKLUA,
MEeTO/bl anmnpoKcMmaLum.
MeTopgbl pacyeTa akTMBHbIX RC
- unbTpos HY, BY, NN,
M3®. AKTVBHbIe (UNBTPbI C
nepeKnoyYaeMbIMm
KOHAeHcaTopamu.

Anpaktuyeckada eagnHuua: FEHepaTOpbl ANEKTPUYECK

NX CUTHasoB, AN

EKTPOHHbIE KJ/TOYN

3. eHepaTopbl 3M1EKTPUYECKUX
CUTHAJIOB.

"eHepaTopbl CUHYCOMAR/IbHbBIX
Kone6aHuiAi. OCHOBHbIE MPUHLMNGI
reHepauun. ObpartHas cBA3b. RC -
reHepaTopbl Ha TpaH3McTopax v Ha
OY. Ctabunumsaums 4acToTbl.
"eHepaToOpbl NPAMOYTO/IbHbIX
NMNYNbCOB. BNIOKMHT -
reHepaTopsbl. "'eHepaTopbl NMHENHO
- U3MEHSAIOLLIEr0Cs HamnpsXKeHUs 1
TOKa.

ONEKTPOHHBIE K/THOUW.

O6Lpme cBeaeHUs 06 MMMNYNbCHbBIX
npoueccax u ycTpoincTeax.
LinthpoBble 1 aHaI0roBble
3NEKTPOHHbIE Koun. MprHumn
[EeNCTBMSA, CXEMOTEXHMKA W
OCHOBHbIe NapameTpbl.
CraTuyeckme 1 JUHaMUYecKue
XapaKTepUCTUKM KtoYeit Ha
TpaH3uncTopax. MouHble
ObICTPOAENCTBYIOLLME K/HOUM Ha
COCTaBHbIX TPaH3MCTOpax.

1,2,3,56

["eHepaTopbl 31EKTPUYECKNX
CUTHaJI0B.

"eHepaTopbl CUHYCOMAR/IbHbBIX
Kone6aHuii. OCHOBHble
NPUHLMMBI FeHepaLmn.
Ob6patHas cBs3b. RC -
reHepaTopbl Ha TPaH3MCTOpax
Ha OY. CTabunusaums 4actoTbl.
"eHepaTOpbl NPAMOYTO/IbHbLIX
MUMNYNbCOB. BNIOKMHT -
reHepartopsbl. "'eHepaTopbl
JMHEWHO - 3MEHSAOLLLErocs
HanpsHKeHWs U TOKa.
ONEKTPOHHBIE K/THOUW.

O6wpme cBeaeHUs 06
MMNYNbCHBIX NpoLeccax u
ycTpoiicTeax. Lindposble 1
aHasIoroBble 3/1IeKTPOHHbIE
Kntoum. MprHUMN geiicTeus,
CXeMOTEXHWKa 1 OCHOBHble
napameTpbl. CTaTnyeckue un
AVHaMMYECKMe XapaKTepPUCTMKM
KNtoYeli Ha TpaH3ucTopax.
MoluHble 6bICTPOAEACTBYOLLME
K/IKOUM Ha COCTaBHbIX
TpaH3ucTopax.

OnpakTundeckas egnuHmua:; Lingposast aNeKTpoHNKa




4. OCHOBbI UMMYNLCHOM U
LMPOBOI CXEMOTEXHUKW.
ITornyeckue anemeHTsl (J139).
MHTerpasibHble CXeMbI CO
CTPYKTypamu KOMOMHaLMOHHOIO
Tvna. Tpurrepbl, nx
KnaccumKkaums U OCHOBHbIe
CXEMHbIE peLleHns Ha
TpaH3ucTopax. CUeTUMKH,
pe-rncTpbl, 3N1eMeHTbI NaMATH.

OCHOBbI MMIMYNLCHO 1
LMPOBOI CXEMOTEXHUKN.
Jlornyeckue anemenTbl (J19).
VHTerpasibHble cXembl CO
CTPYKTYpamm KOMOUHALMOHHOI0
ina. Tpurrepbl, nX
Knaccupmkaums n 0CHOBHbIe
CXEMHble peLLeHmns Ha
TpaH3ucTopax. CUeTUMKM,
pe-rucTpbl, 3/1EMEHTbI NaMATH.
TabnuLbl COCTOSHWUIA 1
NPUKNagHble ypaBHEHWS.

Tabnmupbl COCTOAHUIA 1 0 4 1,2,3,5
Mpn-mepbl NOCTPOEHUA
npuKnagHble ypaBHeH .
CYETYMKOB, CABUIOBbIX
Mpy-mepbl NOCTPOEHUA CHETUNKOB,
PerncTpoB, 3anoMUHaIOLLMNX
CLBUrOBbIX PErUCTPOB, o
o YCTPOWACTB.
3aMnoMVHaKLWNX YCTPOWNCTB.
MUKponpoLLeCCOpHbIE
MuKponpoLeCCOpHbIE KOMIMEKChI <
< KOMMEKCbI 1 YCTPOWCTBA.
n yctporictea. OCHOBHbIE
OCHOBHble XapaKTepuCcTUKn 1
XapaKTepUCTUKN N KnacCumKaLms
Knaccumkaums
MuKponpoveccopoB. OCHOBbI
MuKponpoveccopos. OCHOBBI
apPXUTEKTYPbI MUKPOMPOLLECCOPHbIX
< apXUTEKTYpbI
YCTPOWACTB.
MUKPOMPOL,ECCOPHbIX
YCTPOWACTB.
Tabnuua 3.2
CcbIfIKM Ha
< | AKTUBHbIE
TeMbl NPAKTUYECKUX 3aHATUI Yacbl | pesynbTaThbl YyebHasa aesaTe/IbHOCTb
(bopmel, Hac. 06y4yeHus

Cemectp: 1

AvpakTnyeckas eqnHMLA: Y CUANTENN CUTHA/IOB Ha NOJYNPOBOAHMKOBBIX KOMMOHEHTax

1. NiccneposaHne BAX
OMNO-NAPHOro TpaH3uncTopa u

WccneposaHne BAX
OMNO-NAPHOro TpaH3ucTopa u

BbIGOp paboyeli TOUKM yCUnnTens 4 4 1.2,3,4,5.6 BbIOOp paboyelt TOUKK

HY Ha OBM. yeunutend HY Ha OBM.

2. ViccnepoBaHue paboThl WccnenosaHune paboThbl
pe30-HaHCHOr 0 yCunuTens Ha pe30-HaHCHOr 0 yCunuTens Ha
TpaH-31UCTOopax MeToaoM 4 4 1,2,3,4,5,6 |TpaH-3ucTOpax METOL0M
CXEMOTEX-HUYECKOro CXEMOTEX-HMUYECKOro
MOZeNMpoBaHus MOZenMpoBaHus
Onpaktundeckan eguHmuya: OnepaynoHHbIe yCUANTeNW, KoMnapaTopbl Hanps»KeHus, akTuBHble RC -
PUIbTPbI

3. VccnepoBaHne RC - dmnbTpa Ha WceneposaHue RC - ¢unibTpa Ha
OMnepaunoOHHbIX YCUNNTENAX 6 6 1.2.3,4.5,6 OrMnepaunOHHbIX YCUNUTENAX

METOA0M CXEMOTEXHUYECKOro
MO/e/IMPOBAHNS

METOA0M CXEMOTEXHUYECKOro
MO/ENIMPOBAHNS

Anpaktuyeckada eanHuua: FEHepaTOpbl ANEKTPUYECK

NX CUrHasioB, 3N

€KTPOHHbIE K/THO4N

4. NccnepgoBaHue paboThl
reHe-patopa CUrHasioB Ha

WccnenoBaHve paGoThi
reHe-paTopa CUrHasoB Ha

TpaH3n-cTopax MeTooMm 4 4 1,2,3,4,5,6 |TpaH3n-cTOpax MeTOL0M
CXEMOTEXHUN-YECKOr0 CXEMOTEXHWN-YECKOr0
MOZENMpPoBaHns MOZENMpPoBaHus
Tabnuua 3.3
TeMbl gNA cCaMOCTOATE/IbBHOIO0 | AKTMBHbIe CCbLKM Ha
BVUEHIS khopMbI, uac Yacsl pesynbTaThbl YyebHasa aesaTeNlbHOCTb
Y ' ' 0by4yeHus

CemecTtp: 1




Anpaktudeckada eanHuua: YCUnnuTeam CUrHasioB Ha Nnos1iynpoBOAHNKOBbIX KOMIMOHEHTAX

1. Ycunurenu curHanos Ha
NoTyNPOBOAHUKOBbIX
KOMMOHeHTax. Knaccudgmkaums
yCUnnTeNei, OCHOBHbIE NapaMeTpbl
N XapaKTePUCTUKN DKBUBAIEHTHbIE
CXEMbI yeunutenein. AKTUBHbIN
4eTbIPEXMO/OCHMK. ObpaTHas
CBSA3b 1 €€ B/IMSIHME Ha MO-KasaTenn
N XapaKTepUCTUKM aHaI0roOBbIX
YCTPOWCTB. MonoxuntensHas v
OTpu1Ua-TeNbHas obpaTHas CBS3b B
ycunuTensx curHanos. MeTnesoe
ycuneHve u rnyéuHa obpaTHOM
CBAI3U. YCTOWUYMBOCTb YCUNUTENEN
¢ OC. YactotHo3asucumas OC n
AUX ycunuteneii ¢ OC.
CTaTnyecKunin pexxnum paboTbl
YCUUTE/bHbIX KaCKaJoB Ha
TpaH3ncTopax. PacueT pexvma

Ycunntenu CUrHanoB Ha
NoNynpoBOAHNKOBbIX
KOMMOHeHTax. Knaccupmkaums
yCUNuTenei, OCHOBHbIE
napameTpbl N XapaKTepUCTUKN
OKBUBANEHTHbIE CXEMbI
yeunutenein. AKTUBHBIN
YeTbIPEXMOMHCHUK. ObpaTHas
CBA3b U eé B/INSAHME Ha
No-Ka3aTenu 1 XapaKTepucTnkin
aHa/10roBbIX YCTPOMCTB.
MonoxwutensHasa u
OTpuUa-TeNbHas obpaTHas CBA3b
B YCUIUTENAX CUTHA/OB.
MeTneBoe ycuneHne n rnybuHa
06paTHolA cBA3N. Y CTOUNBOCTb
yeunuteneii ¢ OC.
YactoTHo3aBncmmasa OC n AYX
yeunutenei ¢ OC. CtaTnyeckuit
PEXUM paboTbl YCUNTENbHBIX
KaCcKafloB Ha TpaH3McTopax.

paboTbl TpaH3ucTopa no 0 12 1,2,3 PacueT DeXIMA PaBOTh!
NMOCTOAHHOMY TOKY. PeXuMbl P P
knacca A, B, C, 1. JInHuts TpaH3ucTopa Nno NocToAHHOMY
o - TOKY. Pexxumbl Knacca A, B, C,
Harpysku. Belbop paboyeit TOUKN.
Cr0co6b! BKI0YEHIS [. InHnsa Harpysku. Bei6op
aboueli Toukn. Cnocobsl
TPaH3MCTOPOB B YCUNUTESNBbHbIX P
Kackaziax 1 0CO6eHHOCTU UX BKTIOYERMA TPAH3NICTOPOB B
CUNUTENbHBIX Kackafax u
pacuyeTa no NOCTOAHHOMY TOKY. )(;co6eHHocw| - acatfeTa o
TepmocTabunusayms pabouei HOCTOSHHOM Tof
TouKuM. Cxembl nojauu 6 y TOKY. 604eii
HanPSHKEHIS CMeLLIEHIA Ha TepmocTabunmsauns pabouyei
o TOuYKKM. Cxembl Nogaym
TPaH3UCTOPbI. Y CUNNUTESbHBII HAMDSKEHIS CMe p'eva Ha
Kackag. AudhepeHumnansHble P » o
YCANMTENN NOCTOSHHOMO TOKA TPaH3NUCTOPbI. Y CUNNUTENbHBIN
o Kackag. AnddepeHunansHble
CxemotexHmka yennurenei c cmnaﬂeﬁm ql'l)((fCTpOHHU'HOFO TOKa
HenocpeACTBEHHbLIMY CBA3AMU. y N
YCUANTENN HU3KOM YacTOTbl CxemoTexHmka yennmrenei ¢
KOS(AMLVEHT yerneHms, AUX HenocpeacTBEHHbLIMM CBA3AMU.
’ ’ YCUINTENIN HU3KOM YacToThl,
OCHOBHbIe CXeMbI MOCTPOEHUS.
Pe30HaHCHbIE yCUnTe KoahpuumeHT yeuneHunsa, AUX,
OCHOBHbIe CXeMbI MOCTPOEHNS.
Pe3oHaHCHbIe ycunnTe
AupakTundeckad egnHmua: OnepaumoHHbIe yCUNUTeNW, Komnapartopbl HanpsXeHus, aktnsHble RC -
(PUIbTPbI
OnepayoHHbIe yecumTenu
2. OnepaymoHHble yeunutenn (OY) pau y
W X MpUMEHEHME (OY) 1 nx nprMeHeHMe.
OCHOBHbIE BUbl OY, X OcHoBHble BUabl OY, nx
NAPaMETDb! 1 XapaKTEpUCTUKN napameTpbl U XapaKTepUCTUKK.
) OCHOBbI CXEMOTEXHUKN,
OCHOBbI CXeMOTEXHUWKM, HYacTOTHas 4ACTOTHas! KOPPEKLAS, 3aLLuTa
KOppeKuusa, 3alumTa oT neperpysok. ’
PPeKL W PETPYy 0 4 1,2,3 OT neperpy3oK. OY oxBayeHHble

OY oxBayeHHble 06paTHOW CBA3bIO,
MOrPeLLIHOCTb U CTabUIbHOCTb
KO3(hduumeHTa ycuneHus.
YacToTHas 1 nepexofHas
XapakTepucTUKn. OCHOBHbIE
CXeMbI NpumMeHeHna OY.

06paTHOIA CBA3bIO, MOrPELLIHOCTb
1 CTabuIbHOCTL KO3puLmeHTa
ycuneHns. YactoTHas 1
nepexofHas XapakTepucTuKu.
OCHOBHble CXeMbl NPUMEHEHNS
oy.




3. Komnapartopb! HanpskeHus.
XapaKTepucTMKM KOMNapaTopos.
Komnapatopbl ¢ MOM0XUTeNbHOM
06paTHOW CBA3bID. CXeMOTEXHUKA
KoMnapaTopos. JuHamunyeckue
XapakTepucTUKM KoMnapaTopa.
AKTMBHbIE RC - unbTPBI.
MepegatoyHas PyHKUUA, METOLbI
annpokcumaunn. Metogbl pacyeta
akTuBHbIX RC - tomnbTpos HY, BY,
Mo, N3®. AKTUBHbIE OMNLTPbI C
nepeKioyaeMbIMm
KOHAeHcaTopamu.

1,2,3

Komnapatopb! HanpsxeHus.
XapakTepucTuKn
KomnapaTtopos. KomnapaTopsbl ¢
NOMOXNTENbHON 06paTHON
CBA3bI0. CXeMOTEXHUKA
KoMnapaTopos. JuHamunyeckue
XapaKTepucTUKN KoMnapaTopa.
AKTUBHbIE RC - UNbTPBI.
MepepatoyHas PyHKLUA,
METOZbI annpoKcuMaLmn.
MeTofbl pacyeTa akTBHbIX RC
- tunbTpoB HY, BY, NN,
M3®. AKTVBHbIE PUNLTPLI C
nepeKnloyaeMbIMm
KOHAeHcaTopamu.

AupakTndeckasa eguHnua: I"'eHepaTopbl 3N1eKTPUYECK

NX CUrHasios, 3/

€KTPOHHbIE K/THO4N

4. ["'eHepaTOpbl ANEKTPUYECKNX
CUrHa0B.

"eHepaTopbl CUHYCOUAAIbHBIX
KonebaHuiAi. OCHOBHbIe MPUHLMMbI
reHepaumn. O6-patHas cessb. RC -
reHepaTopbl Ha TPaH3NCTopax 1 Ha

"eHepaTOpbl 3NEKTPNYECKMX
CUTHaUI0B.

"eHepaTopbl CUHYCOMAATbHBIX
Kone6aHuiA. OCHOBHbIe
NPUHLMMBI FeHepaLun.
06-patHas cBsizb. RC -

OY. CTabUMM3aLMs HaCTO-Thl 1,2,3 reHepaTopbl Ha TpaH3NCcTopax u
' ' Ha OY. CTabununsaumns 4acTo-Tbl.
["eHepaTopbl NPAMOYTO/bHbIX 4
MMITYIbCOB. BIOKVIH - ["eHepaTopb! NPAMOYTO/bHBIX
' o MMMNYNbCOB. BNOKWUHT -
reHepatopbl. FeHepaTopbl NMMHENHO reHey ATODLI. FeHEDaTODb!
- N3MEHSIOLLIErOCs HaMPSHKEHUS 1 paropb!. parop
ToKa JIMHEWNHO - M3MEHSIIOLLLErocs
: HanpsKeHNs 1 ToKa.
OunpakTndeckas eanHmua: LingpoBas aneKTpoHUKa
DNEKTPOHHbIE KOUMW.
5. ONeKTPOHHbIe KU, 06 ME cBenCHIS 06
O6Lpme cBefeHUA 06 MMMYNBbCHbBIX t A
npoueccax u yCTponcTaax. MMy IbCHBIX TpoLIeccax v
LIVGpOBbIE 11 AHANO-TOBblE ycTpoicTBax. Lingpossle 1
aHa/10-roBble 3NEKTPOHHbIE
3N1EKTPOHHbIE KNOUK. MpuHLUMN Ktount. TIDMHLAN ZMCTBMﬂ
AEACTBUS, CXEMOTEXHMKA U - ipnHuAn A '
1,2, 3 CXEMOTEXHMKA N OCHOBHbIE

OCHOBHble NapamMeTpbl.
Cratuyeckme N JUHaMUYecKune
XapaKTePUCTMKMN KIHOYeR Ha
TpaH3ucTopax. MoLHble
ObICTPOAENCTBYIOLLME K/HOYM Ha
COCTaBHbIX TPaH3McTOpax.

napameTpbl. CTaTUYeCcKune v
AVNHaMUNYeCKVe XapaKTepuCcTUKN
KNoYel Ha TpaH3ncTopax.
MoLLHble 6bICTPOAENCTBYOLLME
KHOUM Ha COCTaBHbIX
TpaH3ucTopax.




LincbpoBast aneKTpoHuUKa.
OCHOBbI UMMYNbCHO K
6. Linposast aneKTpoHUKa. LMGPOBOI CXEMOTEXHUKM.
OCHOBbI UMMYNbCHOW ¥ LPOBOIA JNornyeckue anemeHTbI (J19).
CXEMOTEXHUKW. Jlornyeckme WMHTerpanbHble CxeMbl CO
anemMeHTbl (J13). NHTerpanbHble CTPYKTYpaMn KOMOUHALIMOHHOIO
CXEMbI CO CTPYKTypamu Tuna. Tpurrepsl, NX
KOMOGWHALMOHHOr 0 THna. Knaccumkaums 1 0OCHOBHbIE
Tpurrepbl, X Knaccugukaums n CXEMHbIe peLleHns Ha
OCHOBHble CXEMHbIe peLLeHns Ha TpaH3ucTopax. CUeTUmKH,
TpaH3ucTopax. CUeTUmKH, PEerucTpbl, 31eMeHTbI MaMATH.
PErnucTpbl, 31EMeHTLI NaMATH. TabnuLbl COCTOAHMWI 1
TabnuLbl COCTOSHWUIA 1 0 12 1,2,3 npuKnNagHble ypaBHeHUA.
npuKnagHble ypasHeHusA. Npumepsl IMprMepbl NOCTPOEHMUSA
MOCTPOEHNS CHETUMKOB, CLBUIOBbIX CYETUMKOB, CLBUIOBbIX
PEerucTpoB, 3arnoMMHaKLLMX PErucTpoB, 3arnoMUHAILLMX
YCTPOWCTB. MUKPOMPOLLECCOPHbIE YCTPOWACTB.
KOMM/EKCbI 1 YCTPOWCTBA. MwuKponpoLeccopHble
OCHOBHbIe XapaKTepUCTUKA 1 KOMM/EKCbI 1 YCTPOICTBA.
Knaccugukaums OCHOBHbIe XapaKTePUCTUKN 1
MuKponpoveccopoB. OCHOBBI Knaccugmkaums
apXUTEKTYPbI MUKPOMPOLLECCOPHBIX MuKponpoveccopoB. OCHOBBI
YCTPOIACTB. apXMTEKTYpbI
MWKPOMPOLECCOPHbIX
YCTPOWCTB.

4. CamocTosTeNlbHaa paboTa obyyatoLerocs

CcblIKM Ha
" Yacbl Ha Uacbl Ha
No Bunabl caMocToATeNIbHOM paboThbl pesynbTaThbl
BbINO/THEHWE |KOHCYTbTaLNN
06y4eHus
Cemectp: 1
1 |KprOBaFI pa6ota |1, 2,3,4,5,6 |20 |O

. AaHnnos B. C. CxeMO0 1 CUCTEMOTEXHMKA 31EKTPOHHBIX CPEACTB [DNEKTPOHHbIN pecypc] : 9NEKTPOHHbI
yuebHo-meToAnuYecKuii komnneke / B. C. [laHnnos ; HoBocu6. roc. TexH. yH-T. - HoBocubupck, [2013]. -
Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000192539. - 3arn. ¢ aKpaHa.

2 |I'Io,u,r0TOBKaK3aHﬂTMﬂM |1, 2,3,4,5,6 |18 |O

. Oanunos B. C. CxeMO 1 CUCTEMOTEXHUKA 3/1IEKTPOHHbIX CPELCTB [DNEKTPOHHBIV pecypc] : 3N1eKTPOHHBIA
yuebHo-meTOoAMYecKuii Komnneke / B. C. JaHnnos ; HoBocu6. roc. TexH. yH-T. - HoBocubupck, [2013]. -
Pexxum poctyna: http://elibrary.nstu.ru/source?bib_id=vtls000192539. - 3ar/. ¢ skpaHa.

3 |I'Io,u,r0TOBKaKaTTeCTau,|/|M |1, 2,3,4,5,6 |21 |11

: OpraHu3aums caMoCToATeNIbHOM paboTbl CTYeHTOB HOBOCHOGMPCKOro rocyjapCTBEHHOr0 TEXHNYECKOro
YHVBEpPCUTETA | METOAMYECKOE PyKOBOACTBO / HOBOCKG. roc. TexH. yH-T ; [cocT.: KO. B. HukutuH, T. 1O.
CypHuHa). - HoBocnbumpck, 2016. - 19, [1] c. : Tabn.. - Pexxum goctyna:
http://elibrary.nstu.ru/source?bib_id=vtls000234042

4 CamocToATe/IbHOE M3YYeHWe TEOPETUYECKOTO

1,2,3 36 0
maTepuana

CTy[eHT n3yyaeT TeMbl, NpuBeAeHHbIe B Tabnmue 3.3 : OpraHusauus caMocToATeIbHOW paboTbl CTYAEHTOB
HoBOCMOGMPCKOTO rocy4apCTBEHHOIO TEXHUYECKOr0 YHUBEPCUTETA | METOAMYECKOE PYKOBOACTBO /
HoBocKb. roc. TexH. yH-T ; [cocT.: KO. B. HukutuH, T. KO. CypHuHa]. - HoBocubmpck, 2016. - 19, [1] c. :
Tabn.. - Pexxum pgoctyna: http://elibrary.nstu.ru/source?bib_id=vtls000234042




5. TexHonorus obyyeHus

[N opraH13aLum 1 KOHTPO/ISt CaMOCTONTeIbHOM PaboThbl 06YYatOLLIMXCA, @ TaKXKe NPOBeAeHUs
KOHCY/NbTaLWiA NPUMEHSIIOTCS MH(OPMALIMOHHO-KOMMYHUKALIMOHHbIE TexHonorum (taén. 5.1).

Tabnuua 5.1
JeAatenbHoCTb MHdopmMaLMOHHO-KOMMYHMKALUNOHHbIE TEXHONOTNK
VHhopmumpoBaHme JInyHbIN TMNOBOW canT:http://ciu.nstu.ru/kaf/persons/201
KoHcynbTnpoBaHue e-mail:ktrs@ref.nstu.ru

6. MpaBuna aTTecTaunm obyyaroLLNXCcs No y4e6HOM ANCUMNINHE

[na aTTecTaymm obyyatoLmMxcs No AUCUUNINHE UCNO/b3YeTCs 6anbHO-PERTUHIOBas CUCTEMA
(BPC), no3sonsoLLas BbICTaBNATb OLEHKM MO TPaanLUMOHHON LwKane n 15-ypoBHeBoit ECTS.

Kpatkas nHpopmauums o bPC npvseseHa B 1a6. 6.1.

Tabnuua 6.1
MuH. o
OueHrBaeMble BUbI eATEIbHOCTY 06yYaroLLIMXCS 6a1 MakcumasibHbIA 6asin
CemecTtp: 1
Ipaxmuyeckue 3anamusa No2: JL.p. Nel Bemmonnenue 7 | 10

KoHTponupytoLme matepuanbl NPUBOAATCS B "CXeMOTEXHIKA 3MEKTPOHHBIX CPEACTB : METOAMYECKVE YKa3aHUs K laGopaTopHbIM paGoTam ans 3 kypca POd
(cneumansHocTy 200800 1 201000) / HoBoCKG. roc. TexH. yH-T ; [cocT.: B. C. fanunos, K. C. JlykbaHoB]. - HoBocmbumpcek, 2005. - 62 c. : uA.. - Pexxum goctyna:

http://www.library.nstu.ru/fulltext/metodics/2005/2888.rar"
8 | 10

IIpaxmuyeckue 3auamus No2: JI.p. No2 BpinonHeHue
KoHTponupytoLmne matepuanbl NPUBOAATCS B “CXeMOTEXHIKA 3N1eKTPOHHbBIX CPEACTB : METOANYECKVIE YKazaHUs K labopaTopHbIM paboTam Ans 3 Kypca PP
(cneupansHocTn 200800 1 201000) / HoBocub. roc. TexH. yH-T ; [cocT.: B. C. Janunos, K. C. JlykbsiHoB]. - HoBocnbupck, 2005. - 62 ¢. : un.. - Pexum goctyna:

http://www.library.nstu.ru/fulltext/metodics/2005/2888.rar"

Ipaxmuyeckue 3auamusa No2: J1.p. Ne3 BeimonHeHue
KoHTponumpyioLye matepyasbl NPUBOAATCA B "CXEMOTEXHMKA 3N1EKTPOHHBIX CPEACTB : MeTOAMNYECKMEe YKa3aHUsa K nabopaTopHbiM paboTam ans 3 Kypca POd
(cneumansHocTy 200800 1 201000) / HoBoCKG. roc. TexH. yH-T ; [cocT.: B. C. Jannnos, K. C. JlykbaHoB]. - HoBocmbumpck, 2005. - 62 ¢. : un.. - Pexxum goctyna:

http://www.library.nstu.ru/fulltext/metodics/2005/2888.rar"
7 | 10

Ipaxmuyeckue 3anamus No2: J1.p. Ne4 BpimonHeHue
KoHTponmpytoLLe MaTepuasbl MPUBOAATCA B "CXeMOTEXHIKA 3N1EKTPOHHbIX CPEACTB : METOANYECKYE yKa3aHUs K 1a6opaTopHbIM pa6oTam Ans 3 kypca POd
(cneumansHocTy 200800 1 201000) / HoBocKG. roc. TexH. yH-T ; [cocT.: B. C. AaHunos, K. C. JlykbaHoB]. - HoBocmbumpck, 2005. - 62 c. : un.. - Pexxum goctyna:

http://www.library.nstu.ru/fulltext/metodics/2005/2888.rar"

Kypcoeas paboma: Utoro
KoHTponupytoLmne matepuanbl NPUBOAATCS B “OpraHn3aumns caMoCToATeNbHOM paboTbl CTyAeHTOB HOBOCMBMPCKOrO rocy/japCTBEHHOr0 TEXHUYECKOr0 YHUBEPCHUTETa
MeToANYecKoe pyKoBoACTBO / HOBOCUG. roc. TexH. yH-T ; [cocT.: FO. B. HukuTuH, T. O. CypHuHa]. - HoBocnbupck, 2016. - 19, [1] c. : Tabn.. - Pexxum goctyna:

http://elibrary.nstu.ru/source?bib_id=vtls000234042"
20 | 40

Oxzamen:

KoHTponmpyioLye maTepuasbl NpUBOAATCA B "CXEMOTEXHMKA 3N1EKTPOHHBIX CPEACTB : MeTOAMYECKMEe YKa3aHUsa K nabopaTopHbiM paboTam ans 3 Kypca POd
(cneumansHocTy 200800 1 201000) / HoBOCKG. roc. TexH. yH-T ; [cocT.: B. C. Janunos, K. C. JlykbaHoB]. - HoBocmbumpck, 2005. - 62 ¢. : uA.. - Pexxum goctyna:
http://www.library.nstu.ru/fulltext/metodics/2005/2888.rar"

B Tabnuue 6.2 npecTaBieHO COOTBETCTBIE POPM KOHTPO/S 3asiB/IsieMbIM TPE6OBAHUAM K
pe3ynbTaTaM OCBOEHMS AUCLUNNHBI.

Tabnunua 6.2
Kogpl Dopmbl
KOMIeTeH KOHTpO/A

o PesynbTaTbl 00yyeHUA
umn 3awmTa 3
®roc Kr/kp | e

MK.23.B 31. 3HaTb OCHOBHble CXEMOTEXHMNYECKME MPUEMbI NMPY NMPOEKTUPOBAHUN aHANIOT0BbIX

o + +
W UMPOBbIX YCTPOCTB

MK.23.B y1. cornacoBbiBaTb Kackafbl B 3/IEKTPOHHbLIX CXemMax + +




MK.23.B y2. coctaBnAatb U UCNOMNb30BaTh A/1 PACHETOB 3KBUBA/IEHTHbIE CXEMbl aHA/I0T0BbIX,
UMPOBbLIX U MMMY/bCHBIX YCTPOICTB

®OH[ OLEHOYHBIX CPEACTB MO AVCLMMIMHE NpeAcTaBneH B npunoxeHun Ne 1 K pabouel
nporpamme.

7. lutepatypa

OcHoBHas nnTepaTypa

1. Onamuwmii FO. @. AnanoroBas u uudpoBas nekTpoHuka . [1omHbIi Kype : [y4eOHUK IJis By30B
1o crienuanbHOCTH "TIPOEKTUPOBaHKE U TEXHOJIOTHSI PAAHOIeKTPOHHBIX cpencts” |/ 0. @.
Onamguwmii, O. IL I'mynkxun, A. W. I'ypos ; nox pen. O. IL I'myakuna. - M., 2007. - 768 c. : u.

2. Harunor B. C. CxemM0 1 CHCTEMOTEXHUKA AJIEKTPOHHBIX CPENCTB [ DIEeKTPOHHBIN pecypc] :
3IEKTPOHHBIN yueOHo-MeTonuueckuii komruieke / B. C. Janumnos ; Horocu6. roc. TexH. yH-T. -
Hosocubupck, [2013]. - Pesxxum moctyna: http://elibrary.nstu.ru/source?bib_1d=vtls000192539. -
3aru. ¢ 3KpaHa.
3. Haumnos B. C. Aranu3 paGoTsl 1 MPUMEHEHNHEe aKTUBHBIX TIOJIYITPOBOIHUKOBBIX 3JIEMEHTOB !
[yuebHoe mocobue] / B. C. lanunos, FO. H. Pakos. - Hoocubupck, 2014. - 416, [1] c. : w., Tadm..
- Pesxum moctyma: http://elibrary.nstu.ru/source?bib_i1d=vtls000202706

[lononHuTenbHaa nnTepaTypa

1. JlaBpenTreB b. @. CxeMoTEXHUKA 3JIEKTPOHHBIX CPEICTB : yudeOHOe mocoOue st By30B 10
HarnpaeyieHuto "TIpoekTrpoBaHKe U TEXHOIOTHS 3IeKTPpOHHBIX cpencts” / b, @. JlaBpenTtses. - M.,
2010. - 333, [1] c. : ., Tabm.

VIHTepHeT-pecypchbl
1. OBC HI'TY : http://elibrary.nstu.ru/

2. OBC «HMznmarensctBo Jlaney : https://e. lanbook.com/
3. OBC IPRbooks : http://www.iprbookshop.ru/

4. OBC "Znanium.com" : http://znanium.com/

S.

8. MeToanyecKoe 1 NporpammMHoe obecredeHue

8.1 MeToaun4eckoe obecneyeHue

1. CxeMOTEXHHKA 3JIEKTPOHHBIX CPEICTB | METOAUYECKUE YKA3aHHS K JTA00OPaTOPHBIM paboTam /Jist
3 kypca PO® (cnenmansaoctu 200800 u 201000) / HoBocub. roc. TexH. yH-T ; [cocT.: B. C.
Hanunos, K. C. Jlykesnos|. - HoBocubupck, 2005. - 62 ¢. : un.. - Pesxkxum noctymna:

http://www library.nstu.ru/fulltext/metodics/2005/2888.rar

2. Opraausanus caMOCTOSATENBHON padoTsl cTyneHToB HoBOCHOMPCKOro rocy1apcTBEHHOrO
TEXHHYECKOTO YHUBEPCHUTETA | MeTOnn4YecKoe pykoBoncTso / HoBocu®. roc. TexH. yH-T ; [cocT.: 0.
B. Huxkutus, T. FO. Cypruna). - HoBocubupck, 2016. - 19, [1] ¢. : Tabn.. - Pesxum noctyna:
http://elibrary.nstu.ru/source?bib_1d=vtls000234042

8.2 CreymannsnpoBaHHOe NPorpaMmMHoe obecneyeHne
1 OrCAD PCB Design University Edition
2 Micro-CAP
3 Microsoft Office




9. MaTepunasibHO-TeXHNYeCKoe obecneyveHne

KomnnekT 060pyaoBaHus

Ne

HaunmeHoBaHue

Ha3HaueHue

1

TepMuHanbHbIA Knacc Ne38

BbIMOJIHEHWE MPaKTUYecKol paboTbl Ha MK




denepanbHOE rOCyIapCTBEHHOE OIOPKETHOE 00pa30BaTENIbHOE YUPEkKACHUE
BBICLIETO 00pa30BaHUs
«HoBocubupckuii rocy1apCcTBEeHHBI TEXHHUECKUH YHUBEPCUTETY

Kadenpa koHCTpyHpOBaHUS U TEXHOJIOTUU PATUOIICKTPOHHBIX CPEICTB

“YTBEP)XKJIAIO”

JIEKAH PR®

I.T.H., ipodeccop B.A. Xpycranes
(13 2 r.

O®OH/] OUEHOYHLBIX CPEJICTB

YYEBHOU JUCHUTNJIAHBI

CxeMoOTeXHHYeCKOE MPOEKTHPOBAHUE JIeKTPOHHBIX CPEACTB
ObpazoBatenpHas nporpamma: 11.04.03 KonctpynpoBaHue U TEXHOIOTHUS 3JEKTPOHHBIX CPEJICTB,
Marmcrepckas mporpamma: YCTpONCTBA paJMOTEXHUKH U CPEJCTB CBSI3U

HoBocubupck 2017



1. O0o01meHHas CTPYKTYpa POHAA OLIEHOYHBIX CPEICTB Y4eOHOM M CUMILITUHbBI
O06o0menHass cTpykTypa (poHOa OLIEHOYHBIX CPENCTB MO AUCHHUILINHE
MIPOEKTUPOBAHKE HIICKTPOHHBIX CPEACTB MpuBeaeHa B Tabnuue 1.

CXEeMOTEXHUYECKOE

Tabmumna 1

ITansl ONEHKH KOMIIeTeHIHMA

Iloxa3zarenn
¢()OpMUPOBAHHOCTH Meponpusitus
@opmupyembie KOMIeTeHIHii Tembr TEKYLIero Ipome:xyrounas
KOMIIETCeHIIUH
(3HAHMS, yMEHH I, KOHTPOJIsA aTtrectanus (3K3amMeH,
HABBIKH) (KypcoBoOii IpoeKT, 3a4er)
PI'3(P) u np.)
I1IK.23.B 31. 3HaTh OCHOBHBIE |['eHEpaTOPBI DMEKTPUIECKUX Kypcoas pabora, |Dk3ameH,
CIOCOOHOCTB CXEMOTEXHHYECKHE |CUTHAJIOB. ['eHepaTopsl paznensl 1-6 Buner Nel-Ne30
BBINOJHATD IIPUEMBI IPU CHHYCOHMJAJILHBIX KOJICOaHHH.
CXEMOTEXHHYECKOE  |[IPOEKTHUPOBAHUU OCHOBHBIE IPUHIIMIIB
IIPOEKTUPOBAHUE AHAJIOTOBBIX U renepauuu. O6partHnast cBsi3b. RC

U(POBBIX YCTPOUCTB

- TeHepaTopsl Ha TPAaH3UCTOpaxX
u "Ha OY. Crabmimsanus
yacToThl. ['eHepaTopsl

MIPSIMOYT OJIHBIX UMITYJIBCOB.
Bnokusr - renepatopsl.
I'enepaTopsl JIMHEWHO -
N3MEHSIOIIETOCsl HANPSDKEHUS U
ToKa. I'enepaTopsl
JNEKTPUYECKUX CUTHAJIOB.
I'enepatops! cCHHYCOMIANBHBIX
koneOannii. OCHOBHBIE
MIPUHIHUIIBI TeHEpaLHi.
Oo6patHas cBsi3b. RC -
reHepaTopsl Ha TPAaH3UCTOpax U
Ha OVY. Crabunmsanus 4acToThI.
I'enepaTops! IPSIMOYTOIBHBIX
UMITYJIbCOB. BioKuHT -
reHepaTopsl. I'eHepaTopsl
JIMHENHO - U3MEHSIOIEr0Cs
HaINpsDKEHUS U TOKa.
DnexrponHble Kitoun. Oomme
CBEJICHUS 00 NMITYJIbCHBIX
Ipoleccax U yCTpOHCTBaAX.
ITudpossie u aHazoroBbIe
9JIEKTPOHHBIE Kirrour. [IpuHImmn
JIEWCTBHS, CXEMOTEXHHKA U
OCHOBHBIE NTAPAMETPBI.
CraTtrieckue M JUHAMHYECKHUE
XapaKTEPUCTUKH KIIFOUeH Ha
TpaH3ucTOpax. MolHbIe
OBICTPOJCHCTBYIOIINE KITFOUN HA
COCTaBHBIX TPAH3UCTOPAX.
HUccnenoBanne RC - punbTpa Ha
OIIEPALIMOHHBIX YCHUITUTEISAX
METOAOM CXEMOTEXHUUECKOrO
MozenupoBanus Mccnenosanue
BAX GunossipHOro TpaH3ucTopa
1 BBIOOp paboyelt TOUKu
yeunurenst HY na D9BM.
HccnenoBanne padboTs
reHepaTropa CUTHaJIOB Ha
TPaH3UCTOPaX METOIOM
CXEMOTEXHUYECKOT O
MozenupoBanus Mccnenosanue
paboTHl pE30HAHCHOTO
YCHJINTENSI HA TPAH3UCTOPAX
METOAOM CXEMOTEXHUUECKOTO
MojennpoBanusi Kommnaparopst




HaIpsDKeHUsI. XapaKTepUCTUKU
KoMmItapaTopoB. Komnaparopsi ¢
TIOJIOKUTEIBHON 00paTHOM
cBA3b10. CXEMOTEXHHKA
KOoMITapaTopoB. J{nHamuueckne
XapaKTEPUCTUKH KOMITapaTopa.
AxruBabie RC - ¢punbTpsL.
[epenarounas ¢pyHKIWs,
METO/IbI anMpOKCUMAIIUH.
Merons! pacuera akTuBHBIX RC
- punsTpoB HY, BY, IO,
[13®. AxTuBHBIE GUIBTPEI C
MIepeKITI0YaeMbIMA
KOHJIEHCATOpaMH.
OnepaoHHbIE YCUITUTEIN
(OY) u ux mpuMeHeHue.
OcHoBHble BUbI OV, ux
rapamMeTphl U XapaKTEPUCTUKH.
OCHOBBI CXEMOTEXHHKH,
YacTOTHAs! KOPPEKLU, 3alIuTa
ot neperpy3ok. OY oxBaueHHbIE
00paTHOM CBSI3BIO, OTPELTHOCTh
u crabuibHOCTH KoddduirenTa
ycwnenus. YacroTHas u
TIepexoHas XapaKTEPUCTHKH.
OCHOBHBIE CXEMBI IPUMEHEHUS
OV. OnepanyioHHble YCHIUTENN
(OY) u ux mpuMeHeHue.
OcnosHble BUbI OV, ux
rapaMeTphl U XapaKTEPUCTUKH.
OCHOBBI CXEMOTEXHHKH,
YacTOTHAs! KOPPEKLHs, 3alIUTa
ot neperpy3ok. OY oxBaueHHbIE
00paTHOM CBSI3BIO, OTPEIIHOCTH
u crabuibHOCTH KoddduirenTa
ycwnenus. YacroTHas u
MIepexoIHas XapaKTEPUCTHKH.
OCHOBHBIE CXEMBI IPUMEHEHUS
OYV. Komnaparopsl
HaIpsDKeHUsI. XapaKTepUCTUKU
KomItapaTopoB. Komnaparopst ¢
TIOJIOKUTEIBHON 00paTHOM
cBA3b10. CXEMOTEXHHKA
KOoMITapaTopoB. J{nHaMmuueckne
XapaKTEPUCTUKH KOMITapaTopa.
Axrusabie RC - ¢punbTpsL.
[Nepenarounas ¢pyHKIWs,
METO/IbI aNMpOKCUMAIIUH.
Merons! pacuera akTuBHBIX RC
- punsTpoB HY, BY, [I1D,
[13®. AxTuBHBIC QUIBTPEI C
MIepEeKITI0YaeMbIMU
KoHAeHcaTopaMu. OCHOBBI
UMITYJILCHON M II()POBOH
CXeMOTeXHUKH. Jlornueckue
anemenTs! (JID). Unrerpanbhbie
CXEMBI CO CTPYKTYpaMHu
KOMOHMHAIMOHHOTO THUIIA.
Tpurrepsl, nx knaccupuxanus u
OCHOBHBIE CXEMHBIC PEIICHHS Ha
Tpan3ucropax. CueTunky,
PETHCTPBI, 3JIEMEHTHI TTAMSITH.
Tabnump! cocTosSHUN 1
MIPUKIJIHBIC YPABHEHUSL.
[Tpumeps! mocTpoeHus
CYETYHKOB, CIIBUI'OBBIX
PETHCTPOB, 3aITOMHHAIOIINX
YCTpPOICTB.




MuxkponpoueccopHsle
KOMILIIEKCBI U YCTPOMCTBA.
OCHOBHBIC XapaKTCPUCTUKHU H
KaccuuKanms
MUKponpouneccopoB. OCHOBBI
APXUTEKTYPHI
MHUKPOIPOLIECCOPHBIX
YCTPOUCTB. Y cUIUTENN
CUTHAJIOB Ha
TTOTYTIPOBOTHUKOBBIX
koMmmoHeHTaxX. Kimaccndukarms
YCUJIUTENEH, OCHOBHBIE
MapaMeTPhl U XapaKTePUCTHKH
DKBUBAJICHTHBIC CXEMBI
ycuiuTene. AKTUBHBII
YeThIpexIoaocHuK. ObpaTHas
CBsI3b U €€ BIUSHUC Ha
ITOKA3aTeIH U XapaKTCPUCTHKU
AHAJIONOBBIX YCTPOMCTB.
[NonoxwurenpHas U
OTpHIIATENIFHAS 00paTHAS CBSI3b
B YCHJIMTEIISX CUTHAJIOB.
[erneBoe ycunenne u riryOnHa
00paTHOM CBSI3U. Y CTOWYHBOCTH
ycunureneit ¢ OC.
YacrorHozaBucumas OC u AUX
yeunureneit ¢ OC. Cratnyeckuit
PEXUM paOOTHI YCIITUTEIBHBIX
KacKaJIOB Ha TPaH3UCTOpax.
Pacuer pexxuma paGoTHI
TPaH3UCTOPA MO MOCTOSHHOMY
TOKy. Pexxumsl kinacca A, B, C,
J. JInaus narpy3ku. Beibop
paboueii Touku. CriocoOb1
BKJIFOUEHUS TPAH3UCTOPOB B
YCIITUTEIBHBIX KaCKaIax H
0COOCHHOCTH MX pacyera I10
MOCTOSIHHOMY TOKY.
Tepmocrabumzamms padboueit
Toukd. CXEMEBI ITojaun
HaATPsDKCHUS CMEIICHHUS Ha
TPAH3UCTOPBL. Y CUIIUTENbHBII
kackaz. luddepennunansusre
YCUJIUTENH TOCTOSIHHOT'O TOKA.
CXeMOTEeXHHUKa yCUIUTENEH C
HEMOCPEACTBEHHBIMU CBA3SIMU.
Yceunurenu HU3KOM YacTOTHI,
ko3 unment ycunenus, AUX,
OCHOBHBIE CXEMBI IOCTPOCHHUS.
Pe3onancuble Ycunurenu
CUTHAJIOB Ha
TTOTYTIPOBOTHUKOBBIX
koMmmoHeHTaX. Kimaccndukarms
YCUIIUTENEH, OCHOBHBIE
MapaMeTPhl U XapaKTCPUCTHKH
DKBUBAJICHTHBIC CXEMBI
ycuiuTene. AKTUBHBII
YeThIpexIoaocHuK. O0paTHas
CBsI3b U €€ BIUSHUC Ha
ITOKA3aTeH U XapaKTCPUCTHKU
AHAJIONOBBIX YCTPOMCTB.
[NonoxwurenpHas U
OTpHIIATENIEHAS 00paTHAS CBSI3b
B YCHJIMTEIISX CUTHAJIOB.
[erneBoe ycunenne u riryOnHa
00paTHOM CBsI3U. Y CTOWYHBOCTH
ycunureneit ¢ OC.
YacrorHozaBucumas OC u AUX




yeunureneit ¢ OC. Cratudyeckuit
PEKXUM pabOThI YCHUITUTEINBHBIX
KacKa/IOB Ha TPaH3UCTOPAX.
Pacuer pexxnma paboTsl
TPaH3UCTOPA MO MOCTOSHHOMY
TOKy. Pexxumsl kinacca A, B, C,
J. JInaus narpysku. Beibop
paboueii Touku. CriocoOb1
BKJIFOUEHUS TPAH3UCTOPOB B
YCHINTEIBHBIX KacKaaax u
0COOCHHOCTH MX pacyera I10
MOCTOSHHOMY TOKY.
Tepmocrabunmzanms padboueit
To4YKH. CXEMBI TOJIa91
HaINpsDKEHUS] CMEIeHNS Ha
TPaH3UCTOPBI. Y CHIINTENbHBII
kackaz. luddepennunansusre
YCUJIUTENH TOCTOSIHHOT'O TOKA.
CxeMOTexXHHKa YCUIUTENEH ¢
HEMOCPEACTBEHHBIMU CBS3SIMHU.
Ycunurenyu HU3KOM 4acTOTHI,
koo ¢unment ycunenus, AUX,
OCHOBHBIE CXEMBI IOCTPOCHHUS.
Pe3onaHcHble ycunuTe
[Mudposas anexkTpoHuKa.
OCHOBBI UMITYJIBCHOU U
(ppOBOH CXEMOTEXHUKH.
Jlormueckue anmemenTsr (JID).
WHTerpanbHbIe CXEMBI CO
CTPYKTypaMu
KOMOHMHAIMOHHOTO THIIA.
Tpurrepsl, nx knaccupuxanus u
OCHOBHBIE CXEMHBIE PEIICHUS Ha
Tpansucropax. Cuerdnky,
PETHCTPBI, 3JIEMEHTHI TAMSITH.
Tabnump! cocTosSHUN 1
TIPUKIJIHBIC YPAaBHEHUSL.
IIpumeps! nocTpoeHus
CYETYHKOB, CIBUI'OBBIX
PErucTpoOB, 3aIIOMHHAIOIINX
YCTpPOMCTB.
MuxponpoueccopHsle
KOMILIIEKCBI U YCTPOMCTBA.
OCHOBHBIE XapaKTEePUCTHKH U
KJaccuuKanys
MUKponpoueccopoB. OCHOBBI
APXUTEKTYPHI
MHUKPOIPOLIECCOPHBIX
YCTPOUCTB. DIIEKTPOHHBIE
kiroun. OOmyme cBeieHus 00
HMITYJIBCHBIX TIpOLieccax 1
ycrpotictBax. Lludposrie n
AHAJIOTOBBIE JIEKTPOHHBIE
kimoud. [Tpunnun neficteus,
CXEMOTEXHUKA U OCHOBHBIE
napamerpsl. CTaTHyeckue u
JMHAMHYECKUE XapaKTePUCTHKN
KIIIOYEl Ha TPAH3UCTOPAX.
MorHsle ObICTpOsIeiiCTBYIOINE
KJIFOUH Ha COCTaBHBIX
TPaH3UCTOPAX.

IIK.23.B

yl. cornacoBbIBaTh
KacKaJbl B
ANIEKTPOHHBIX CXEMaX

I'enepaTopsI IEKTPUIECKUX
curHasos. ['enepaTopsl
CHHYCOHMJAJILHBIX KOJICOaHHH.
OCHOBHBIE IPUHIIMIIB
renepauuu. O6partHast cBsi3b. RC
- TeHepaTophl Ha TPAaH3UCTOpaxX
u "Ha OY. Crabmimsanus

Kypcogas pabora,
pasaens 1-6

DK3aMeH,
Buner Nel-Ne30




4yacToTsl. ['eHepaTOpbl

MIPSIMOYT OJIHBIX UMITYJIHCOB.
BnokuHr - renepatopsl.
I'enepaTops! JIMHEWHO -
M3MEHSIOIIErOCs HAIPSDKEHUS U
TOKa. DJIEKTPOHHBIE KJIIOYH.
Oo01wue cBeneHus 0o
HMITYJIBCHBIX IIpoLieccax u
ycrpotictBax. Lludposrie n
AHAJIOTOBBIE YJIEKTPOHHBIE
kmoud. [Tpunnun neficTeus,
CXEMOTEXHUKA U OCHOBHBIE
napamerpsl. CTaTHyeckue u
JMHAMHYECKUE XapaKTePUCTHKN
KIIIOYEl Ha TPAH3UCTOPAX.
MorHsle ObICTpOseiicTBYIOIINE
KJIFOUH Ha COCTaBHBIX
Tpansucropax. HccinenoBanue
RC - ¢punbrpa Ha
OIIEPALIMOHHBIX YCHUITUTEISAX
METOAOM CXEMOTEXHUUECKOrO
MozenupoBanus Mccnenosanue
BAX GunossipHOro TpaH3ucTopa
1 BBIOOp pabodeli TOUKu
yeunurenst HY na D9BM.
HccnenoBanne padboTs
reHepaTropa CUTHaJIOB Ha
TPaH3UCTOPaX METOIOM
CXEMOTEXHUYECKOT 0
MozenupoBanus Mccnenosanue
paboTHl pE30HAHCHOTO
YCHJINTENSI HA TPAH3UCTOPAX
METOAOM CXEMOTEXHUUECKOTO
MozenupoBaHust OCHOBBI
UMITYJILCHON M I()pOBOH
CXeMOTeXHUKH. Jlornueckue
anemenTsl (JID). UHTerpanbHbie
CXEMBI CO CTPYKTypaMu
KOMOHMHAIMOHHOTO THIIA.
Tpurrepsl, nx knaccupuxanus u
OCHOBHBIE CXEMHBIE PEIICHUS Ha
Tpansucropax. Cuerdnky,
PETHCTPBI, 3JIEMEHTHI TTAMSITH.
Tabnump! cocTosSHUN 1
TIPUKIJIHBIC YPAaBHEHUSL.
ITpumeps! nocTpoeHus
CYETYHKOB, CIIBUI'OBBIX
PErucTpoOB, 3aIIOMHHAIOIINX
YCTpPOMCTB.
MuxkponponeccopHsle
KOMILIIEKCBI U YCTPOMCTBA.
OCHOBHBIE XapaKTEePUCTHKH U
KIaccuuKanys
MUKponpoueccopoB. OCHOBBI
APXUTEKTYPHI
MHUKPOIPOLIECCOPHBIX
YCTPOUCTB. Y cUIUTENN
CHTHAJIOB Ha
MOIYIPOBOJHUKOBBIX
KoMItoHeHTax. Knaccndukarms
YCUIIUTENEH, OCHOBHBIE
rapaMeTphl U XapaKTEPUCTUKH
OKBHBAJIECHTHBIE CXEMBI
ycuiuTene. AKTUBHBII
YeThIpexIoaocHuK. ObpaTHas
CBSI3b U €€ BIMSHHE Ha
MOKA3aTeIN U XapaKTePUCTUKU
AQHAJIOTOBBIX YCTPOMCTB.




[NonoxwurenpHas U
OTpHIIATENIEHAS 00paTHAS CBSI3b
B YCHJIMTEIISX CUTHAJIOB.
[erneBoe ycunenne u riryonHa
00paTHOM CBsI3U. Y CTOWYHBOCTD
ycunurenei ¢ OC.
YacrorHozaBucumast OC u AUX
yeunureneit ¢ OC. Cratnyeckuit
PEXUM paOOTHI YCIITUTECITBHBIX
KacKaJ[OB Ha TPaH3UCTOpax.
Pacuer pexxuma paGoTHI
TPAH3UCTOPA MO OCTOSIHHOMY
TOKy. Pexxumsl kinacca A, B, C,
J. JInaus Harpy3ku. Beibop
paboueii Touku. CriocoOb1
BKJIFOUEHUS TPAH3UCTOPOB B
YCIITUTEIBHBIX KaCKaIax H
0COOCHHOCTH MX pacyera I10
MOCTOSIHHOMY TOKY.
Tepmocrabumzanms padboueit
Toukd. CXEMEBI ITo1aun
HATIPsDKCHUS CMEIICHUS Ha
TPAH3UCTOPBL. Y CUIIUTENbHBII
kackaz. [luddepennunanbabie
YCUJIMTENH TOCTOSIHHOT' O TOKA.
CXeMOTEeXHHUKa yCUIUTENEeH ¢
HENOCPEACTBEHHBIMU CBSI3SIMHU.
Yeunurenu HU3KOM YacTOThI,
ko3 unment ycmnenus, AUX,
OCHOBHBIE CXEMBI IOCTPOCHHUS.
Pe3onancHble ycunurenu

IIK.23.B

y2. COCTaBIIATh U
HCTIONIB30BAaTh IS
pacdeToB
SKBUBAJICHTHBIE
CXEMBI aHAJIOTOBBIX,
UQpPOBBIX U
HMITYJIBCHBIX
YCTPOICTB

I'enepaTopsl IEKTPUIECKUX
curHasos. ['enepaTopsl
CHHYCOHMJAJILHBIX KOJICOaHHH.
OCHOBHBIE IPUHIIMITBI
renepaunu. O6partHast cBsi3b. RC
- TeHepaTophl Ha TPAaH3UCTOpaxX
u "Ha OY. Crabmim3anys
4yacToTsl. ['eHepaTopbl
HPSIMOYTOJIBHBIX UMITYJIbCOB.
BiiokuHT - reHepaTopsI.
I'enepaTops! JIMHEHHO -
M3MEHSIOIIErOCs HAIPSDKEHUS U
TOKa. DJIEKTPOHHBIE KJIIOYH.
Oo01ue cenenus 0o
HMMITYJIbCHBIX MPOLECCAX U
ycrpotictBax. Lludposrie n
AHAJIOTOBBIE YJIEKTPOHHBIE
kmoud. [Tpunmun geficTus,
CXEMOTEXHUKA U OCHOBHBIE
napameTpsl. CTaTHdeckue u
JMHAMHYECKNE XapaKTePUCTUKN
KIIIOYEl Ha TPAH3UCTOPAX.
MorHsle ObICTpOsIeiiCTBYIOINE
KJIIOYH HA COCTaBHBIX
Tpansucropax. HccinenoBanue
RC - ¢unbrpa Ha
OIEPALOHHBIX YCHIIUTENSNX
METOAOM CXEMOTEXHUUECKOrO
MozenupoBanus Mccnenosanue
BAX GunossipHOro TpaH3ucTopa
1 BBIOOp pabodeli TOUKH
ycunurenss HY na D9BM.
HccnenoBanne paboTs
TeHepaTopa CUIHAJIOB Ha
TPaH3UCTOPAaX METOIOM
CXEMOTEXHUYECKOT 0
MozenupoBanus MccnenoBanue

Kypcogas pabora,
paznensl 1-6

DK3aMeH,
Buner Nel-Ne30




paboTHl pE30HAHCHOTO
YCHJINTENSI HA TPAH3UCTOPAX
METOJIOM CXEMOTEXHHYECKOT0
MozenupoBanus OneparnroHHbIe
yeunutenn (OY) n ux
npumenenre. OCHOBHBIE BHIBI
OV, ux napamerpsl u
xapaxTeprucTuki. OCHOBBI
CXEMOTEXHHUKH, YaCTOTHAs
KOpPEKIHs, 3aIIUTa OT
neperpy3ok. OY oxBayeHHbIE
00paTHOM CBSI3BIO, OTPEIIHOCTH
u crabuibHOCTH KoddduirenTa
ycwnenus. YacroTHas u
TIepexoIHAs XapaKTEPUCTHKH.
OCHOBHBIE CXEMBI IPUMEHEHUS
OYV. Komnaparopsl
HaIpsDKeHUsI. XapaKTepUCTUKU
KomItapaTopoB. Komnaparopst ¢
TIOJIOKUTEIBHON 00paTHOM
cBs13b10. CXEMOTEXHHKA
KoMITapaTopoB. J{nHamuueckne
XapaKTEPUCTUKH KOMITapaTopa.
AxruBabie RC - punbTpsL.
[Nepenarounas ¢pyHKIWs,
METO/IbI aNMpOKCUMAIIUH.
Merons! pacuera akTuBHBIX RC
- punsTpoB HY, BY, [I1D,
[13®. AxTuBHBIC GUIBTPHI C
TIepeKITI0YaeMbIMU
KOHJICHCATOPaMHU.

2. MeTonuka OLleHKH 3TaNnoB ()OPMHUPOBAHUSI KOMIIETEHIIUI B paMKaX AUCHHUILINHBI.

[TpomexyTouHasi arTecTanys 1Mo AUCHMILIMHE TIPOBOIUTCSA B 1 cemecTpe - B opMe dK3aMeHa, KOTOPBIH
HanpaBJeH Ha OIIeHKY chopmupoBanHocTH Kommereniuii [1K.23.B.

DK3aMeH TNPOBOAUTCS B NMHMCbMEHHOM Qopme. DK3aMeHAlMOHHBIA OWiIeT BKIOYaeT B ce0s 2 Bompoca
u | 3amauy. TpeboBaHus K cpade 5K3aMeHa, COCTaB M MpaBMIIAa OILCHKH C(HOPMYIHPOBAHbI B MACIOpTe
HK3aMeHa.

Kpome Toro, chopMupoBaHHOCTh KOMIETEHIIMH MPOBEPSETCS MPH MPOBEACHUU MEPONPUATHI TEKYIIETO
KOHTPOJIS, YKa3aHHbBIX B TaOnuie pasznena 1.

B 1 cemectpe 00s3aTenbHBIM 3TAallOM TEKYILEH aTTecTalMy SBISETCS KypcoBas pabota. TpeboBanus k
BBITIOJTHEHUIO KYpPCOBOM PabOThI, COCTaB M MpaBWIa OLEHKH C(HOPMYIHPOBAHBI B MACIOPTE KypCOBOU
paloTHI.

OOmire npaBuiia BEICTABICHUS OLIEHKHU IO TUCIHUILTMHE ONPEACISIOTCS OallIbHO-PEUTHHIOBON CUCTEMO,
NPUBEJICHHOH B paboueil mporpamme yueOHOH TUCIUITIINHEI.

Ha ocHOBaHMM mpHBeNEHHBIX Jajiee KPUTEPUEB MOXKHO CHENaTh OOMIUI BBIBOJX O C(HOPMHPOBAHHOCTU
koMmnereHuu [1K.23.B, 3a koTopble OTBEYaeT JUCIUILIMHA, HA Pa3HBIX YPOBHSIX.

3. O0masi XapaKTepUCTHKA YPOBHeil 0CBOCHUSI KOMIIeTeH M.

Hwuxe moporoBoro. YpoBeHb BBINOJIHEHHsS paOOT HE OTBEYACT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHHWH,
TEOPETUYECKOE COAEPKAHUE Kypca OCBOCHO YaCTHYHO, MPOOEIB MOTYT HOCHTD CYILIECTBEHHBIH XapakTep,
HEOOX0JMMbIe TIPAKTHYECKHE HABBIKH PAOOTHI C OCBOCHHBIM MaTepHaioM c(popMHUpOBaHbI HE JOCTATOYHO,
OOJIBIIMHCTBO TPEAYCMOTPEHHBIX IMPOrpamMMoii OOy4deHHs Y4eOHBIX 3aJaHWii HE BBIMOJHEHBl WIH
BBITOJTHEHBI C CYILIECTBEHHBIMH OIIMOKAMHU.



IloporoBblii. YpoBeHb BBINOJHEHUS pPaOOT OTBEYAET OOJIBIIMHCTBY OCHOBHBIX TpeOOBaHUH,
TEOPETUYECKOE COAEPKaHNe Kypca OCBOCHO YaCTUYHO, HO POOEITbl HE HOCST CYIIECTBEHHOTO XapakKTepa,
HEOOXO0JMMbIE NMPAKTUYECKHE HABBIKM PabOThI ¢ OCBOCHHBIM MAaTEpPUATIOM B OCHOBHOM C(OPMUPOBAHBI,
OOJIBIIMHCTBO IMPETyCMOTPEHHBIX MPOrpaMMoil 00ydeHHsl Y4eOHBIX 3aJaHUN BBIMOJIHEHO, HEKOTOPHIE
BU/JIBI 337]aHUH BBITIOJHEHBI C OITMOKAMHU.

Ba3oBblii. YpoBeHb BBINOJIHEHHS pabOT OTBEYAET BCEM OCHOBHBIM TPEOOBAaHMSIM, TEOPETHUECKOE
coJiep)KaHhe Kypca OCBOCHO MOJHOCTBIO, 0e3 MpoOesoB, HEKOTOpPhIE MPAKTUYECKHUE HABBIKM PAaOOTHI C
OCBOCHHBIM MaTepHalIoM C(HOPMHUPOBAHBI HEAOCTATOYHO, BCE MPETYCMOTPEHHbIE MPOrpaMMOoi 00y4YeHus
y4eOHbIEC 3a7aHUsl BBIIIOJHEHbI, KAYECTBO BBIMOJHEHHUSI HU OJHOTO M3 HHUX HE OIICHEHO MHHHMAaJIbHBIM
YHUCIIOM 0aJIIOB, HEKOTOPbIE U3 BHIMOJIHEHHBIX 33JaHUH, BOBMOKHO, COJEPKAT OLTHOKH.

IIpoaBMHYTHINA. YPOBEHb BBHINMOJHEHHUS padOT OTBEYAET BCEM TPeOOBAHUAM, TEOPETHUECKOE COACPIKAHHE
Kypca OCBOEHO MOJHOCTBIO, 0e3 MpoOenoB, He0OX0AMMbIE TPAKTUUYECKUE HABBIKA PaOOThI C OCBOECHHBIM
MaTepuasioM Cc(OpMHpPOBaHBI, BCE MPEIYCMOTPEHHBIE MPOrpaMMON OOyueHHs YdeOHbIE 3aJaHus
BBITOJTHEHBI, KAYECTBO UX BBIIOJIHEHHS OIICHEHO YHCIIOM OalioB, OJU3KUM K MAaKCUMAIIbHOMY.

CocraBurenb Hanunos B.C.

(Toamuce)

« » 20 T.




denepanbHOE TOCYAAPCTBEHHOE OIOIXKETHOE 00PAa30BATENBHOE YUPEKICHHE
BBICIIEr0 00pa30BaHuUs
«HoBocuOupckuii rocyapcTBEeHHBINA TEXHUYECKIH YHUBEPCUTET

Kagenpa koHCTpyHpOBaHHUS U TEXHOJIOTUHU PAMOEKTPOHHBIX CPEJICTB

HacnopT IK3aMCHa
IO JUCHHUITIINHE «CXeMOTEeXHHYECKOE MPOCKTUPOBAHUC SJICKTPOHHBIX CPEACTB», 1 CCMECTP

1. Mertoanka oueHKH

DK3aMeH TPOBOJUTCS B THUCHBMEHHOW (opMe. DK3aMEHAIMOHHBIM OWJIET BKIIOYAET B
cebs 2 Bompoca u 1 3amauy. Bonpock! U 3aa4u MOTHOCTEIO MPOMUCAHBI B KaXKJIOM BapUaHTE
OueTa, CIIMCOK JaH B I1.4.

DopMa >K3aMEHAIMOHHOTO OuiteTa

HOBOCHUBUPCKUI IT'OCYTAPCTBEHHBIN TEXHUUYECKNUIN YHUBEPCUTET
daxynbTeT PO

buaer No
K 9K3aMeHy 1o AucHUIuIMHe «CXeMOTEXHHUECKOE MPOEKTUPOBAHUE AIIEKTPOHHBIX CPEACTBY

1. Bompoc 1
2. Bonpoc 2.
3. 3anaua.

YTBepxkaaro: 3aB. kadeapoi OJKHOCTB, PO
(moamuce)

(mata)

2. Kpurtepum oneHKH 3K3aMeHa

e OrtBeT Ha KaXIblil BONPOC CUMTAETCSI HEYAOBJIETBOPHTEIbHBIM, €CIU CTYIEHT IIpU
OTBETE Ha BOIIPOC HE JaJ ONPEICICHII OCHOBHBIX OHATHH, INOO B IPUHLIUIIE HE YCBOUII
TeMy BOIIpoca, OIlleHKa cocrasiser 0-3 Oasa.

e OTBeT Ha KaX/bli BOMPOC 3aCUUTHIBACTCS HA MOPOrOBOM YPOBHE, €CIIM UMEETCSI OJIHO
CYIIIECTBEHHOE 3aMEUYaHMe, OIIEHKA COCTaBIseT 4-7 OalioB

e OTBeT Ha KaX/IbI BOMPOC 3aCYUTHIBACTCS HAa H230BOM YPOBHE, €CJIM UMEETCSI HECKOJIBKO
MEJIKUX 3aMEYaHul, OI[EHKa COCTaBIIgeT 8-12 OayioB

e OtBeT HaA KaXJbld BOMPOC 3aCUUTHIBAETCS HA NPOABHHYTOM YpPOBHE, €CIU OH
MOJHOCTHIO MPABWIBHBIN WM UMEETCSI OJIHO MEJIKOE 3aMeuaHue, OlleHKa cocTaBiseT 13-
15 6amnoB



e Pemenue 3amaun cUMTaeTCsl HEYAOBJETBOPUTENBHBIM, €CIM 337aya B IPHUHLMUIE HE
peleHa U CTYICHT He UMEeT MOHSTHUS KaK ee peliarh, orjeHka cocraniser 0-3 Gaia.

e Pemenue 3amauM 3acUMTHIBACTCS HAa MOPOrOBOM YPOBHE, €CIIM HMEeTCsS OJHA
MPUHIMIHATBHAS OIINOKa, OIIEHKa cocTaBiseT 4-6 O6amioB

e Pemenue 3amaun 3acUUTHIBAETCS HA §230BOM YPOBHE, €CITU UMEETCS HECKOJIBKO METKUX
OIINOOK, OIIEHKAa COCTaBIISIET 7-8 6aioB

e Pemenue 3amaun Ha MPOABHHYTOM YPOBHE, €CIM OHO TMOJHOCTHIO MPABWIBHOE HITH
HMEETCS OHA MeJIKas OIINOKa, OlleHKa cocTaBiger 9-10 Oamios.

3. HIkanaa oneHku

DK3aMEH CUMTAETCS CAAHHBIM C OLIEHKOM "OTIMYHO", €CIM B TEUEHHE CEMECTpa U Ha dK3aMeHe
nosrydeno 87-100 Gaios.

DK3aMEH CUMTAETCS CIAHHBIM C OLEHKOH "XOpoulIo", eciii B TEYEHHE CEMECTPA U Ha dK3aMEHE
noJrydeHo 73-86 6amios.

DK3aMEH CYHMTAeTCs CIAHHBIM C OLIEHKOHW '"yTOBIIETBOPHUTEIBHO", €cy 3a paboTy B TEUCHHE
cemectpa nosrydero 50-72 Ganna v Ha 3K3aMeHe Toay4eHo He MeHee 20 6aioB.

DK3aMeH CUMTAeTCS COAHHBIM C OLEHKOW 'HEeyJOBJIETBOPUTENBHO", €ciH 3a paboTy B TEUCHUE
cemectpa noirydeHo MeHee 50 6ayUI0B U Ha SK3aMeHe MmoyryueHo MeHee 20 0aoB.

B oOmieii oneHKe Mo IUCHUIIMHE 3K3aMEHAIMOHHBIE OalIbl YUUTHIBAIOTCS B COOTBETCTBUU C
IpaBUJIaMH  OaJUIbHO-PEHTHHTOBOM  CHUCTEMBI, TIPUBEACHHBIMH B pabodeil mporpamme
JUCLUIIINHBL.

4. BOl'IpOCbI K 9K3aMEHY IO TUCIHUIIJINHE «CxeMOTeXHHYECKOE NMPOCKTUPOBAHUE
IJICKTPOHHBIX CPEACTB»

buner Ne 1
1. OnexrtpoHHBIE ycTpoicTBa. MeTopl aHanu3a.
2. TIpoGnemsr ycroitumBoctn MukpocxeM K MOII u TTJI, ocCHOBHBIE MpPUYHHBI
aHOMAJIBHOTO MOBECHMUSL.
3agaua:
PaccunTtarh 4YacTOTHO — KOMIIEHCHMPOBAHHBIA JENUTENb HampsHKeHHs ¢ KoddduuueHTom

JEJIeHUss N = 5 , KOTOPBIM NOJAKIIOYEH K UCTOYHUKY IEPEMEHHOIO HANPSLKCHUS CIOKHOU
dopmMbl ¢ BHyTpeHHUM compotuBieHneM R; = 500 Om. K BbIXOmy nenuTens MOIKIIOYEHO

AIIEKTPOHHOE YCTPOWCTBO C OYECHb OOJBINMM BXOJHBIM COTPOTHBIIEHHEM U BXOJHOU EMKOCTBHIO
10 n®.

bunet Ne 2
1. YacrotTHO — KOMIEHCHPOBaHHbIN Jenutenb. OOpaTtHas CBA3b B DICKTPOHHBIX
YCTPOMCTBAX.
2. TIpoGneMbl JUHAMHUYECKUX PEKUMOB HU(POBBIX CXEM.

3agaua:

VY nByX Anoa0B (T€pMaHHUEBOTO M KPEMHHEBOI0) OOpaTHBIE TOKH HACBHIIICHHUS paBHBI Iro = 2
mkA, Ixo = 0,02 mkA cooTBeTCTBEeHHO. BBIUNCINTE IpsMble HAPSHKEHHS HAa TIepexo1ax 000ux
JMOJIOB, €CIIM IpsIMOM TOK depe3 HuX paBeH 100 mA mpu TemmepaType OKpYyKaroLell cpelibl
293K.



buner Ne 3
1. Jlwonsl, pa3sHOBHIHOCTH, OCHOBHBIE MHapaMeTpel M UX cooTHomeHus. (bapbepHas u
i dy3noHHAS EMKOCTH).
2. TIpoGneMbl CTAaTUYECKUX PEKUMOB LIU(PPOBBIX CXEM.
3anayva:
OmnpenenuTh BBIXOJHOE HANpPSHKEHHE, €CIU MO/ MMEET OOpaTHBIM TOK HACHIIICHUS
npu KoMHaTHOU Temmneparype lo= 10 mkA.

bunet Ne 4

1. bunonsapusrii Tpanzuctop. O0mue CBEICHHUS.

2. Peructpsi.
3agaua:
KpemuueBblil 1uon, nmeromuii oOpaTHbIM TOK HackimeHus lo = 2 mkA, paGotaer nmpu npsMom
HanpspkeHun pasHoM U = 0,6 B u temnepatype T = 300 K.
Omnpenenuth COMPOTHBIEHHE JMOJAA TOCTOSHHOMY TOKY W ero auddepeHunanbHoe
COIPOTUBIICHUE Tyg).

buner Ne 5
1. AKTHUBHBINA pEXHUM, PEKUM HACBILIEHUS], pEKUM oTceuku bT.
2. Cueruuku nudpossie. Konpuo cuera.
3agaua:
Tpansuctop ¢ ko3p¢unuenrom nepegaud Toka 6azel [ = 70 U 0OpaTHBIM TOKOM
KoyiekTopa Ikso = 5 mkA ummeer comportuBienue B 06aze Ry = 1 Kowm., conporusnenue
Harpy3ku Ry = 10 Kowm, Hanpskenue nutanust En =15 B, E=1 B.
Onpenenutp HanpsixeHne Uy MU 3aMKHYTOM KITIOYE.

buner Ne 6
1. Cucrema cTaTu4ecKux IMmapamerpoB, popMaibHbIe U PU3NUIECKUE HIKBUBATICHTHBIE CXEMBI
BbT.
2. ]I — Tpurrep TaKTUpYeMbIi 1O TiepeiHeMY (pPOHTY.
3anaya:

B cxeMe mcmonb3yercs TpaH3UCTOP ¢ KO3(D(PUIIMEHTOM Tepenayn TOKa SMUTTEpa o =
0,99 u obpaTHBIM TOKOM KOJUIEKTOpa Ixp, =5 mkA. B cxeme mano: Ry =5 Kom, Ry=5
Kowm, Ey =20 B.
Onpenenuth, TpPH KAaKOM MHHHMAILHOM 3HAYEHHWH BXOJHOTO HANPSHKEHUS TPAH3UCTOP
Oyzner paboTaTh B peXKMUME HACHIICHUS?

buner Ne 7
1. OcHoBHble Qusnueckue mapamerpsl bT TpaH3ucropa (CONMPOTHUBICHUE 3MUTTEPA,
mipdy3nonHas eMKocTb SMUTTEpa, AUPPy3noHHOE conmpoTHBICHHE 0a3bl, E€MKOCTh
0a3bl, CONPOTUBJICHHUE KOJUIEKTOPA, EMKOCTh KOJIEKTOpa). Ero mHepIMoHHbIe CBONCTBA.
2. Acunxponnsiii T — tpurrep, acuHXpoHHbIN /| — Tpurrep.
3agaua:
B ycunurene npu Usy =2 B tok croka Ic = 1,5mA, Rc = 15 Kowm.
Omnpenenuts: a) CONPOTUBIEHUE B LIENU UCTOKA Ry , ecnu majeHueM HanpsDKEHHs B
3aTBOPHOM IIEMH MOKHO MPeHeOpeys B CHITy €r0 MaJIOCTH;
0) HanpspkeHue nuTanus Erp, ecnu majgeHue HanpspKeHUs Ha TPaH3UCToOpe
UCI/I =5B.

bumner Ne 8



1. IloneBoil TpaH3UCTOP C «p — N» MEPEXOAOM, €ro XapaKTEPUCTHKH, SKBUBAJICHTHBIC

CXEMBI.
2. 1K — Tpurrep TakTupyemblii 0 3aAHEMY (QPOHTY.
3agaua:

MouHbIi TPaH3UCTOP, UMEIOLIUN TETVIOBOE CONPOTUBJIEHUE MEXIY MEPEXOIOM U KOPITYCOM
Rox = 0,8 K/BT, momkeH paccenBarb MOIIHOCTH Py = 20 Br. Ilpu temmepatype
oxpyxaromeii cpeast Te = 20°C.

Onpenenuth, KakoBa JOJDKHa OBITH IUIOMAAb TEIUIOOTBOJA, CUWTas, 4T0 1 cM
METaJUIMYECKON TIOBEPXHOCTH TEIUIOOTBOIa UMeeT TeruioBoe conpotusieHue 800 K/Bt?

2

buner Ne 9
1. TloneBoil TpaH3UCTOP C U30JIMPOBAHHBIM 3aTBOPOM. XapaKTEPUCTUKN CO BCTPOEHHBIM U
MHIYIMPOBAHHBIM KaHAJIaMU.

2. Acunxponnsiii IK — Tpurrep.

3agaua:
Onpenenuth KOAPPHUIMEHT YCUICHUS HA CPEIHUX YaCTOTaX, €CIH IPUMEHEHBI TP — PBI C
napamerpamu: B = 50; 15 = 70 Om; 1, = 400 Kom. Toku KOIIEKTOpPOB B KacKajax
BBIOpaHBI paBHBIMH Ik, = SmA.

buner Ne 10
1. TupucTtopsl, OCHOBHAs XapaKTEPUCTUKA IEPEKIIIOUEHUS.
2. Hudpossie ycTpoiicTBa nocnenoBarenabHoro tuna, RC — tpurrep.
3agaua:
OnpenenuTh HOMHUHANBI TEPEXOAHBIX M OJOKMPOBOYHBIX KOHICHCATOPOB IS
oOecrieyeHns HWKHeH rpannyHoit yactotsl B 100 ['m mpu ycnmosum, uro My = 1,41 Ha
gacrore 100 ['u. Yepes TpaH3UCTOPBI T€UET TOK MOKOs Ik, = SmA, B = 50, 15 = 70 Om.

buner No 11
1. Pabora xackana va BT obuuit smutrep.
2. MynbTUNIEKCOPHI.
3amayva:
Onpenenuts BEPXHIOK TPAHUYHYIO YaCTOTY YCHIIUTEINSI, €CIM IPUMEHEHBI TPaH3UCTOPBI

c B=50; fr =140 mI'u; Cg =2 nd; rs = 70 Om. Yepes TpaH3UCTOPHI TEYET TOK MOKOS
IKO =5 mA.

buner No 12
1. PabGora xackana Ha BT oGmas 6a3a.
2. Iudparops! u gemuppaTopsI.
3agaua:
B tpansucropnom ycunurene ko3puuueHT ycuiienus mno Hanpspkenuto paseH 5000. B Hem
UCNOJb30BaHbl TpaH3ucTopel ¢ B = 100. Ycunutens oxBayeH OTpHULATENbHONH 0OpaTHON
cBs3bi0 ¢ mapameTpoM Y = 0,01. Onpenenuts U3MEHEHHE 001Ero KOAPPUITMCHTA YCHICHUS
(B %) npu Hammuuu OC u Oe3 He€, ecinu M3MEHEHHE HAIPSDKCHUS MUTAHUS MPUBOIUT K
m3menenuro B 1o 50.



buner Ne 13
1. Ycwmurenu. OOmme XapakTepUCTUKA (BXOJHOE€ M BBIXOJHOE CONPOTHUBIICHUS,
koapduuuent nepemaun, KIIJ, monoca mnpomyckanHusi, KO3(pQPHUIMEHT HEIUHEHHBIX
uckaxeHui). YacToTHBIN, IEpEXOIHON U UMITYJIbCHBII METOAbI aHAJIN3A.
2. Munnmuzanus gorudeckux Gpynkuii meronom Kapno — Beiira.
3anaya:
Ycwnurens ¢ BXOIHBIM conpotuBieHMeM Rpx = 50 kOM ¥ BBIXOJHBIM COIIPOTUBIICHHEM
Rppix = 0,1 kxOm 1npu pabote Ha Harpy3ky c compotuBieHneM Ry = 1 xOwm, umeer
koadh¢ument ycwienus no HampspkeHuto Ky = 1000. Kak u3MeHuTCs ero ycuieHwe,
BXOJIHOE€ U BBIXOJHOE COIPOTUBJIEHMS IPU BBEACHUM B HETO IOCIEAOBATEIBHON CBS3U IO
HanpspkeHuto?  Jlenmutens OC  BKIIOYEH MapajulebHO HAarpy3ke M COCTaBJIEH U3
conpotuBieHud R;= 100 kOm, R, =50 kOwm.

buner Ne 14

1. Pexxum pabotel ycunureneir (A, AB, B, C, ). BsiGop paboueil TOUKH.
I'padoananuTudeckuii METOI.

2. MwuHMMH3ALUS JOTMYECKMX (YHKIMA METOJOM HCKIIOYEHUS HMIUIMKAHTOB (METOJ
Kgaiina)

3agaua:
Paccuntarh BXOAHOE U BBIXOJHOE CONPOTHBIIEHUS SMUTTEPHOIO IOBTOPHUTENS Ha
tpansuctope KT 315B. B pexume xojoctoro xoja. ba3oBoe CONpOTUBIEHHE
TpaH3ucTopa paBHO 15 = 70 Om, B = 100. Yepe3 TpaH3ucTOp Te4eT TOK mokos I = 1
mA, npu Ry =1 xOm, Rr =0,1 kOm.

buner Ne 15
1. YacroTHble XapakTepuCTHKH Kackamga Ha BT. OOmacTb HIKHUX, CPETHHX U BEPXHUX
4acToT.
2. /JlBa Buaa npezacrasienus joruueckux ¢pynkuuii CIH® u CKHO.
3agaua:

Paccuurats smeMeHThl cxembl 1Y Ha BT ¢ HecMMMETpUYHBIM BXOJOM U CHUMMETPUYHBIM
BbixosioM. DJIC curnana e = 10 mB, comnportuBienue reaeparopa curnana Rr = 0,1
KOM. TpeOyemblli KO3(hGUIHMEHT ycuiaeHus AoJkKeH ObiTh paBeH 20. Bxonnoe
COIPOTHBIIEHUE OJHOTO IjIeya paBHO 3 KOM.

buner Ne 16
1. YacrotHele xapakTepucTuku kackana Ha IIT. O6mactu HMKHHX, CPEeIHUX U BEPXHHUX
4acToT.
2. 3akoH aBoiictBeHHOCTH, Teopemsl [le — Moprana.
3anaya:

PaccunTarh BBIXOJHOE CONPOTUBIICHHE IeHepaTopa CTaOMIBLHOTO TOKAa HAa TPAH3UCTOPE
T, ¢ mapamerpamu:

*
rk = 300 kOM, 15 = 70 Om, 3 = 100.



buner Ne 17

1. PaGora xackazna oOmuUNA KOJUIEKTOP (3MUTTEPHBII MOBTOPUTEID).

2. OcHOBHBIE JIOTHYECKUE (PYHKIMH, TOHATHE MTOJTHON CHCTEMBI OJTHON (DYHKITUH.

3agaua:
PaccuuTarh pe3sucTopbl JaHHOW cXeMbl Ipu Kodp¢uimente ycumieHus ycuwurens ¢ OC
paBHoM 100. Bazossiit ycunutens OY K544 VJI1 ¢ coOCTBEeHHBIM KO3 PHUIHEHTOM
YCUJICHUS A = 100000. VYcumurenp paboTaeT OT MCTOYHUKA C HYJIEBBIM
COTIPOTHUBJICHUEM.

buner Ne 18
1. W30uparenbHbli yCUIUTENb.
2. Cepuu K MOII, 6a3oBsie amementsl K MOIL.
3agaua:
Paccuutars GunsTp barrepBopra BTOpOoro mopsijaka HUKHHUX 4acTOT C 4acTOTOW  fo 346
=1«lm.

buner Ne 19
1. YcunuTenu ¢ HEMOCPEICTBEHHBIMHU CBS3IMU. CIIOCOOBI COrTaCOBAHUS KAaCKalOB.
2. bazossiii anement TTIL
Paccuntare RC — reneparop ¢ moctom Buna na OV paboTaroriero Ha yactore
fo =3 k['u. [punsate R; =R, =Rs=R
C] = Cz =C.

bumer Ne 20
1. Juddepenunansublii kackaa. OCHOBHBIE TapaMETPHI.
2. Knaccuduxamus muppoBbIX yCTPOUCTB, UMITYJIbCHBIC XaPAKTEPUCTUKA MHUKPOCXEM.
3agaua:
Paccunrare reHepaTop Ha KBaplie, €ro 4acTOTy U JOOPOTHOCTh, €CIH KBapi MMEeT
CIIEYIOIHE TTapaMeTPBhI:
L=20Tn; C=0,01n0®0; Co=7nd; r=3000 Om. 3nauenne BU npoccens ne
pacCcUUTHIBATH.

buner Ne 21
1. TIpuemsl momaBneHus cuH(asHoro curxana B J{V.
2. Pacuer LC — reneparopoB ¢ KBapILeM.
3agaua:
3anucath (opMyiy, KOTopas peaqu3yercsi 3TOW cXeMOoW. YHpocTUTh (Gopmyny Hu
IIOCTPOUTH HOBYIO CXEMY.

bunet Ne 22
1. YcunurenbHble KacKaabl C IMHAMUYECKOW HAarpy3KOH, TOCTOMHCTBA U HEJOCTATKH.
2. Pacuer RC — reHepaTopoB rapMOHUYECKHX CUTHAJIOB.
3agaua:
3anucath GopMyity, KOTOpas pealu3yeTcs CXeMO. YIpOCTUTh (OpPMYIy U MOCTPOUTH
HOBYIO CXEMY.



bumer Ne 23
1. KackojaHble yCHUIIUTENbHBIE KaCKa/bl .
2. T'eneparopsl AMEKTPUYECKUX CUTHAIOB, OOIIHE CBEICHUS.
3agaua:
CuHTe3upoBaTh MaXOpUTapHbIA sremMeHT Ha 4 Bxonma B Oasuce U — HE, WJIM — HE,
HapUCOBATh €r0 CXEMY.

buner Ne 24
1. VYnopasnsiemble HCTOUHUKH TOKA (T€HEPATOPHI TOKA).
2. AKTUBHBIN MOJOCOBON (UIBTP. AKTUBHBIM PEKEKTOPHBIN (PUIBLTP.
3anaya:
CuntesupoBarts B 6asuce 1 — HE ycTpoiicTBo, OyneBa (QyHKIHMS KOTOPOTO BBITIAJUT TaK:
Y(X1, Xz, X5, X9)=2.(0,1,2,5,6,7, 10, 11, 13), HapuCcOBaTh €ro CXeMy.

bunet Ne 25
1. Cxema casura ypoBHS.
2. AxTuBHBIE (QUIBTPHI, aHATH3 000OIIEHHOM CXEMBI ABYXIIOIIOCHOTO aKTHBHOTO (PUIIBTpA.
3agaua:
CuntesupoBars B 6azuce 1 — HE ycTpoiicTBo, OyneBa GyHKIHS KOTOPOTO
Y (X1, X, X3, X4)=2.(0,1,4,5,6,7, 11, 12, 13), HapucoBaTh €ro CXemy.

buner Ne 26
1. be3 tpancdopmaTopHbIC BXOTHBIE KACKAIBI.
2. Kowmmnaparops! HanpsbkeHusi. KomnapaTop ¢ nojoKuTenbHON 00paTHOM CBA3BIO.
3agaua:
CunrtesupoBars B 6azuce 1 — HE ycTpoiicTBo, OyneBa GyHKIMS KOTOPOTO
Y (X1, Xo, X3, X4)=2.(0,1,2,3,6,7,8, 11, 12), HaprcoBaTth €ro cCXemy.

buner Ne 27
1. MHorokackagHble YCUIMTENIN (MEXKKACKaJIHbIe CBSA3H, BIUSHUE KAacKaJ0B APYr Ha Apyra,
[Iapa3UTHBIE CBS3H).
2. BxopaHoe u BbIxoaHOE conpoTusieHus OV, ero mryMsl.
3anauva:
N3 JI — tpurrepa 155TM2 noctpouts T — Tpurrep, HapucoBaTb €ro CXEMYy U BIIOPbI
HaIpsDKEHUH Ha BXOAAX U BBIXOJAX.

bumer Ne 28
1. OnepanuoHHBIE YCUJIMTENNU, OCHOBHBIEC MIOHATHSL.
2. Kosdpodunment ycunenus cuHdpazHoro cursana B J{V.
3agaua:
CuHTe3UpOBaTh CXEeMY CYMMAaTOpPa TPEX OJHOPA3PSAHBIX TBOUYHBIX YHCEN B Oa3uce
N — HE u HapucoBath €ro cxemy.

buner Ne 29
1. Teopema cynepnosunuu (MHUMOE 3a3eMieHue). CymMmarop HanpspkeHuid Ha OY.
2. Hanpsxenue cmemenust OY, BXOJIHOM TOK CMEIIEHUS.
3agaua:
Y CTpONCTBO C YETHIPHMS BXOJAMHU JIOJDKHO PaboTaTh Tak, 4YTOOBI Ha €ro BBIXOJIE MOSBIISICS
curHai 1, korga Ha J1t00bIX Tpex Bxojax Oynyr curnansl 1. [Toctpouts cxemy B 6asuce 1 —
HE.



buner Ne 30
1. TorpeurHocTs 1 cTabuiIbHOCTH K03 durmenta ycunenus OY.
2. YacrotHas xapakrepuctuka OV, dyacTtora eIUMHUYHOTO YCHJICHHS, IEpexoaHast
XapaKTepUCTHKA.

3amaya:
YCTpOUCTBO C YETHIPHMS BXOJIaMU JIOJDKHO pabOTaTh TaK, 9YTOOBI HA €r0 BBIXOJIE MOSBIISIICS

curHai 1, koraa Ha m00bIX IBYX BXojax OyayT curHaisl 1. Iloctpouts cxemy B 6azuce 1 —
HE.

Janunos B.C.
(moamucek)

CocraBUTEID

« » 20 T.




denepanpHOE rocyIapcTBEHHOE OI0PKETHOE 00pa30BaTeIbHOE YUPEKACHHE
BBICIIEr0 00pa30BaHuUs
«HoBocubunpckuii rocyapcTBEeHHBINA TEXHUYECKUH YHUBEPCUTET

Kadenpa koHCTpyHpOBaHUS U TEXHOJIOTUHU PAJAUOIEKTPOHHBIX CPEICTB

acoopr
KYPCOBOii padoThbI

IO JUCHHMITIINHE «CXeMOTEeXHHYECKOE MPOCKTUPOBAHUC SJICKTPOHHLIX CPCACTB», 1 CCMECTP

1. MeToanKAa OLICHKH.

BeimosHenueM KypcoBoi paOOThl CUMTaeTcsi MPHUBEIEHHE Pa3BEPHYTOrO aHaiu3a M3
JIUTEpaTyphl JTUOO CEeTH MHTEPHET — TOTO AJIEMEHTa 4TO ObUI JaH B 3a/JlaHUM Ha KYPCOBYIO
paborty. [Ipu B3THH UCTOYHHKA B CETH MHTEPHET, 003aTEIbHO YKa3bIBAaTh CCHUIKY HA CTPAHHILY
C XapaKTEPUCTUKAMMU DJIEMEHTA.

Crpykrypa padorsl

| TUTYIBHBINA TUCT

2 XapaKTepUCTUKH IEMEHTA, IIEKTPUIECKUE TapaMeTphl, UepTeX KOopIryca, Tpapuku

3 ommcaHue BO3MOXKHBIX MECT MMPUMEHEHHsI 3JIEKTPOHHOTO MTpubopa

4 oJeKTpUYeCKHWe NPUHIUIHAIbHBIE CXEMBbl YCTPOMCTB, TJie NPUMEHSUICA JaHHBIA
3IIEMEHT, 00 pa3paboTKa CBOEro yCTPONUCTBA Iie MOXKHO IPUMEHHTH JaHHBIN 3JIEMEHT.

5 BBIBOJ] O MPOJICTIAHHOM aHAaJIH3e

6 CIIHCOK MCTOYHUKOB

JTanbl BLINOJTHEHUS U 3alIHUThI:

BapuanT ans BBINOJIHEHHS BBIAAETCS CTYIEHTY Ha 4-i Henmene 0OydyeHMs, CIHUCOK
BapMaHTOB JaH B 1.4 JaHHOTO TacrmopTa KypcoBOW paloOThl, TOTOBas paboTa OJKHA
MIPEJCTABIIATHCS K 3alUTE HE Mo3aHee 14-i Henenw OT Havaja ceMecTpa. 3aluTa MPOXOAUT B
BUJe OJIMI] OMpoca IO IyHKTaM paloOThl C JOMOJHUTEIBHBIMH BOMPOCAMHU U3 1.5 JaHHOTO
nacropTa KypcoBoil paboThI.

OuennBaeMble NO3ULHMH:

1 mpaBUIBHOCTH 0(OPMIICHHS TUTYIILHOTO JIMCTA C YKa3aHHEM BapHaHTa

2 MOJIHOTY M Pa3BEpHYTOCTh aHAIM3a DIIEMEHTA

3 Konu4ecTBO 0OnacTel MPUMEHEHHUS SJIeMEHTA

4 KOJMYECTBO MPUBEACHHBIX CXEM, KOTOPBIE CTYICHT MOXET OOBSICHUTH YCTHO
5 aKKypaTHOCTb 0(hOpMIIEHUS pabOTHI

[To xaxaOMy MYHKTY CTYACHT IOJy4aeT 1o 4 6ajuia, Ipu OTCYTCTBUU OLTHOOK.

2. Kpurtepuu oneHkH.

Pabota cumraercs He BBINOJHEHHOH, €CIIM HE IMPUBEACHBI 00JacCTH NMPUMCHEHHS JJIEMCHTA,
BO3MOYKHBI€ CXEMBI C TMPUMEHEHHWEM 3JIEMEHTa, TakKKe OTCYTCTBYET MOHHMAaHHE YTO 3TO 3a
3JIEMEHT, olleHKa cocTasisieT 0-9 Oamios.

PabGoTta cumraercs BBLINOJHEHHOH HA TOPOTrOBOM YPOBHE, €CIM K €C BBIOJHCHHUIO €CTh
CYIIECTBEHHOE 3aMEYaHHUE XOTsI ObI IT0 OJIHOM MO3UIMH, OIIcHKa cocTaBisieT 10-13 GamnoB
PaboTa cumTacTcsi BBINOJHEHHOI Ha 0a30BOM YPOBHe, €CJIM IIPH 3aIlUTe padOThl MMEIOTCS
HECKOJIbLKO MEJIKHX 3aMeUYaHUM, OIleHKa cocTaBiiseT 14-17 OamioB

PaboTa cunrTaercs BBINOJHEHHOH HA MPOABHHYTOM YPOBHE, €CIIM BCE pa3Jieiibl BHIIIOJHCHBI
MPaBUIIBHO, INOO €CTh 3aMedaHus K 0(OpMIIEHHIO, OlIeHKa cocTaBiseT 18-20 6amioB



3. IIkaJja OueHKH.
Onenka otnuano = 18-20 6amnoB
Omnenka xoportio = 14-17 6amios
Onenka ynosierBoputensHo = 10-13 6amioB

OreHka HEYIOBIETBOPHUTENbHO = HUXke 10 Oannos

B o011eit orieHke no AUCHUILTUHE 0aylTbl 32 pabOThl YUYUTHIBAIOTCA B COOTBETCTBUHU C IIPAaBUIAMU
OaNIbHO-PEUTUHIOBOM  CHUCTEMBI, NPUBEJCHHBIMH B pabouell mporpaMMe AUCHUIUIMHBI.
MunauMyM 3a KypcoByto paboty 10 6amioB, makcumyMm 20, B BamibHO-peHTHHTOBOMN cucTeme
0autbl cuuTaroTcs ¢ Kodgdurmerntom 1:1.

4. IlpumepHbIii NepevYeHb TeM KyPCOBOI0 NpoeKTa (padorsl).
Jnoapl
Tpanzucrtopsl
TupucTOpbI, CHMUCTOPBI, AUHUCTOPBI
Yeunurenu
I'eneparopel
Jlornueckue saetiku, BUC, ITJIC.

N ok D=

C‘ICT‘II/IKI/I, KOACPLI, ACKOACPHI, MYJIILTUIICKCOPEI.

Yactaele ycnoBus (T.e. KoHKpeTHO IMC, TpaH3ucTOp WM M0 KOHKPETHOW MOJEIHN) VIS
BBINIOJTHEHHSI KypcOBO# paOOTHI BBIJAIOTCS MpENojaBaTesieM Ha CBOE YCMOTPEHHE.

5. IlepeyeHb BONPOCOB K 3alIIUTEe KyPCOBOI0 NMPOeKTa (padoThl).

1 OOBsACHUTH NPUHIMIUAIBHOE OTIMYUE BHIJIAHHOTO BaM KOMIIOHEHTA B BallleM BapHaHTE OT
JPYTruX KOMIIOHEHTOB B JIpyrux Bapuanrtax (st TeM ¢ Nel mo Ne7).

2 Hapucyiite 0606menHo BAX snementa (s Tem ¢ Nel mo Ne3).

3 OnumuTe Bce BO3MOKHBIE cXeMbl BKiIroueHUst OV (m1st TeMbl Ned ),

4 HapucoBatb 3 pa3nuyHble CXeMbI T€HepaTOPOB Ha JTIOOBIX 3JIeMeHTaX (7151 TeMbI Ne5).
5 Hammcats TaOIHIBGI HCTHHHOCTH IS D1eMeHTOB k155ma3 , k176:e2

6 HapucoBarb CTpyKTYpHO CHHXPOHHYIO CXeMY MYJIbTH/IeMYIbTU-TUIEKCHpOBaHus 8:1:8 kanana
1o 2 JTUHHSIM CBSA3M, C UCIIOJIb30BAaHUEM aBTOMATH4eCKOH 1enu cOpoca/cuHxponu3annu Ha RC
LETOYKe.

7 Ha3oBHUTE HECKOJIBKO PA3HOBUIHOCTEN JUOIOB.
8 HazoBuTe HECKOIBKO CEMENCTB TPAH3UCTOPOB.

9 Mo3HO JI1 MCNOJIb30BaTh HECKOJIBKO BKJIFOUEHHBIX MapayiesnbHo OV, yciaoBuUs NpU KOTOPBIX
9TO BO3MOKHO CIIEJIaTh U UTOTOBBIE ITAPAMETPbI CXEMBI IIPU MTapAJLIEIIbHOM BKIIOYEHUU.

10 HazoBHUTE MUHMMYM 2 CYIIECTBEHHBIX OTINYUN cepun K155xxx oT k176xxx



6. IlppuMep THTYJIBHOIO JIMCTA 1JIs1 KYPCOBOH padoThl

denepanbHOE rOCyIapPCTBEHHOE OI0DKETHOE 00pa30BaTEIbHOE YUPEKICHHE BBICIIETO
oOpa3oBaHus

«HoBocubupckuii rocyjapcTBEHHBIN TEXHUYECKUI YHUBEPCUTET»

Kagenpa koHCTpyHpOBaHHUS U TEXHOJIOTUHU PAIMOIEKTPOHHBIX CPEJICTB

3AJJAHUE HA KYPCOBOU ITPOEKT (paGoty)

CryneHt Kon I'pynna
1.Tema
2. Cpoxk npezcraBieHus IpoeKkTa (paboThl) K 3aIUTe  « » 20 T.

3. HcxonHble NaHHBIE IS NMPOEKTHPOBAHUS (HAYYHOI'O MCCIIEIOBAHMS)

4. CopneprkaHue NOSACHUTEIHHOHN 3alMCKH KYpCOBOT'O IIPOeKTa (paboThl)

4.1.
4.2.
4.3.
4.4.

[lepeuens rpaduueckoro Marepuana

PykoBoaurens mpoekra (paboTh)

MOAIHNCE, 1aTa WHUIUATBI, (haMUIus
3ajaHue NPUHSIT K UCTIOJTHEHUIO « » 200 r.
CocraBurenb Janunos B.C.
(moamucek)

«

» 20 T.




CXEMOTEXHUMKA JJIEKTPOHHBIX CPEJACTB

Meroanyeckue ykazaHus K JJadopaTopHbIM padoTam
s cryaenTos 11 kypca PO®
(cnermansHoctr 200800 1 201000)

ABTOpBI: K.T.H., 101. JlannioB BaueciiaBCemenoBny, acn. JlykbsinoB KoncrantunCepreeBud.



JJABOPATOPHASA PABOTA Ne 1
H3yyenue npunyunoe paoomot 6 CAIIP OrCAD na npumepe mooeauposanus Kkackaoa Ha
ounonapuom mpanzucmope.

OcnoBHolt yacteio CAIIP OrCAD sBasiercs nporpamma OrCAD Capture, npu nomoIiiy KOTOpOi Co3qar0Tcs
MPOEKTHI U 3a1anust Ha moenupoBanue. 3anyctuB OrCAD Capture (Mento_«Ilyck»/ IIporpammer/ OrCAD

Family Realese x.x/ Capture CIS) coznaém HOBBII TpoeKT (cM. puc.1).

i¥|orcad Capture - [Session Log] =B
[} Fle View Edt Options Window Help - 1= x|
alslal 8 lple] ol = slelals] viEvia

| gr‘aatedn[umant'@‘"4"'5"‘5"'? i El 10 [ IR RN RN I T 16 2 B W B 6 ]

Puc. 1.

B cBoiicTBax mpoekra (cM. puc.2) ykaspiBaeM uMs npoekra (Name), Tam npoekra (Analog or Mixed A/D), u
MecTo pacnojoxenue ¢aiinos mpoekta (Location). CreayeT 3aMeTUTh, YTO B KAUECTBE MAIKH JIJIS TIPOSKTA
HE CJIeJTyeT UCIOIb30BaTh MAKH, IMEHA KOTOPBIX WU MyTh K KOTOPBIM COAEPKAT PYCCKUE OYKBBI WIN

poOeIIbl.

X

Ok |
=

Cancel

Help |

Mame

IIaba‘I

— Create a Mew Project Using

=
% & Analog or Mised /0D
@ " PC Board ‘wWizard

Create PSpice Project

Tip for Mew LU 2o s
O oY " Create bazed upon an existing praject 0k

M|

Create a new Analog or
Mixed 440 project. The
new pr_oiect may be blank.

Browse...

hierarchical opj

y% ) Pragrarmiatl e Lo Wizard
a

™ Schematic

or copied from an existing
template.

Cancel

Help

duilis

Location
CATEMP

Puc.2. Puc.3.

[Ipu nomonHMTENBHOM 3ampoce O M[mabjgoHe mpoekra (CM. puc.3), cleayeT yKas3aTb HCIOJIb30BaHUE
«mycroro» mabmoHa (Create a blank project). Ilocme co3ganusi TpoeKTa, OH COJEPKUT OIHY
onHocTpaHu4Hyro cxemy (Schematicl, Pagel). B obmem cimydae mpoeKT MOKET coaepkaTh HECKOJIBKO
CXeM, KaXJasi U3 KOTOPBIX COJIEp’KaTh M0 HECKOJIBKO cTpaHuil. [Ipu MoaenupoBaHuM B pacyérax y4acTBYeT
Tekymas (KopHeBas, Root) cxema, mpuuéM pacué€Ty MOJBEPraroTcsi BCe CTpaHUIbl cxeMbl. [Ipu oTKpeITHH
CTpaHUIBI CXEMBI, TpeAHAa3HauYeHHOW Uil MojenupoBaHus (Simulation), oHa oOpammseTcss AByMs
MHCTPYMEHTAJIbHBIMU TAHEISIMU: OJTHOW, MpeIHa3sHAuYCHHON Ui CO3/aHUS U pPelaKTHPOBAHHS CXEMbI (IO

YMOJUAHHUIO — CIpaBa), APYroil ajs ympaBieHHs IpoleccoM pacdéroB (Mmoaenupoanus). [loxpobuee o

COCTaBE€ ATUX MHCTPYMEHTAJIbHBIX MaHenel (cM. puc. 4):



¥|0rcad Capture - [/ - (SCHEMATIC1 : PAGE1)] =T 3
] Fle Edit vew Place Macro PSpice Accessories  Options  Window Help —15]x

T TR T — - < 1 B0 i o [ 5 Bl =]
S [ = = = K = b o o o
: : . I 5 ] I : =

£ ﬁ

=

O

Hi

MeHro PSpice-MogenupoBaHuA 1]
5]

A

=

<r

=

MeHro
OCHOBHBIX
H MHCTPYMEHTORB

Puc.4.
MeHI0 OCHOBHBIX HHCTPYMEHTOB (CBEPXY BHU3):
Select — pesxuM BBIIETICHHSI 3JIEMEHTOB CXEMBI;
Place Part — pa3merenus sneMenTa u3 OuOIHOTEK;
Place Wire — coenuHUTENbHAS JTUHUS,
Place net alias — yka3anue uMeHH 11enu (MIPU HEOOXOIUMOCTH TOBBIIIL. HATIISITHOCTH )
Place bus — pa3mMernieHue rpynmnoBoi JMHUHA COCTUHEHUIA;
Place junction — yka3aHue 3JIE€KTPUYECKOTO COCTMHEHUS MPH NEPECEUCHUH POBOIHUKOB;
Place bus entry — pa3MerieHne TOUKH BXOXICHUS B TPYIIIOBYIO JIMHUIO CBSI3H;
Place power — pa3Merenue yka3aTesns IOIKITIOUEHHs K TUTaHHIO;
Place ground — pa3menienue 3HayKa 3eMJIU/HYJIEBOTO IIPOBOIHUKA;
Place hierachical block — pa3memnienue nepapxuueckoro 6j10ka Ha cXeme;
Place pin — no6GaBieHue BBIBOAA AIEMEHTY;,
Place off-page connector — MeXCTpaHUYHBII COCTUHUTEID;
Place no connect — yka3aHue Ha HEMOJKIIOUEHHOCTh BBIBOJIA;
Place line/polyline/rectangle/ellipse/arc/text — rpadudeckoe (HeanekTpuyeckoe) 0(hopMICHUE CXEMBI
JUHUSAMHA/ MHOTOYTOJIbHUKAMU/ IPSMOYTOJIbHUKAM#/ 3JUTUIICAaMU/ yraMu/ TEKCTOBBIMHU HAIUCSMU.
[Tpu pa3menieHnu sreMeHTa u3 OubInoTeK (cM. puc. 5),
Cnenyer B criucke »1eMeHTOB 3Toi 6ubimoreku (Part List) BBIOpaTh Hy)KHBIN 3JIEMEHT, TIPU OTCYTCTBHHU €r0
B JaHHOU OuOnroTeku, 100aBuTh OnOMMoTeKy (Add Library...), OubnuoTeku, coaepxaiine
MaTeMaTH4YeCKUEe MOJICTH 3JIEMEHTOB U MpeAHA3HAYEHHBIE JJIs1 MOACTHPOBAHUS PACHIOIOKEHBI 110
ymomgaauio B «C:\Program Files\Orcad\Capture\Library\PSpice\*.olby.
Oco0o0 cneayeT OTMETUTh HATMYKE TOYKH HYJIEBOTO (00IIEro) mpoBo/ia Ha cxeme, 00s13aTeIbHBIM
TpeOOBAHUEM SIBJIACTCS HATMYNE HA CXeMe TOUKH (y3/1a) ¢ uMeHeM «0», OTHOCUTEIHHO KOTOPOH Mpu
MO/ICTTUPOBAHUH OTCUUTHIBAIOTCS BCE MOTEHIMANBL. PekoMeH IyeTcst ucIoib30BaTh aneMeHT 0/Sourse
(cM.puc.6). ITocne cozmanus cxeMbl MOXKHO NEPEHTH K CO31aHuI0 poduis MoaenrpoBanus (Simulation

Profile), cm. puc.7.
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New Simulation

X
Hame:
o |tlari

Canicel

Irherit Framm:
Inone j

H Root Schematic:  SCHEMATICT

Puc.7.
Wwms ykaspIBaeTcs MpOU3BOJILHOE, K TeKyiei cxeme (Root Schematic) MoxkeT ObITh HECKOJIBKO Ipoduieit
MOJICITUPOBaHUS (3aJaHUI Ha MOJICIIMPOBAHUE) C pa3HBIMU MapameTrpaMu. OCHOBHBIE HapaMeTphl PO QHIIS:
- Tumn aHanm3a (1o BpeMeHu — Transient, gactotHeiii — AC Sweep);
- rpaHuIlbl aHanu3a (BpeMs — Run to time, rpaHnYHbBIC YacTOTHI, [ 11);
[Tone3npM Takxke siBisieTcst yctaHoBka ommuu Last Plot Ha 3akinanke Probe Window/ Show (cwm. puc. 9).
[Tocne ycnemnoro co3aanus npoQuiis CTAaHOBITCS aKTUBHBIMU HHCTPYMEHTHI, OTBEYAIOIINE 32
MozenupoBanue (cM. puc.10) — akTUBHBIN TPOoGUITb, CO3TaHNE, PEIAKTUPOBAHNE TIPODUIIS, 3aITyCK
MOJEIUPOBaHUS, IPOCMOTP PE3YIbTATOB MOJEIUPOBAHMSI, pacCTaHOBKAa MapkepoB. IIpumep npocreliniero
kackaza, HapucoBaHHoro B CAIIP OrCAD npusenén Ha puc. 11.
JUid U3MEeHEeHMsI TapaMeTpOB JIEMEHTA, JOCTATOYHO JBaX<Abl IIEIKHYTh Ha napaMmerpe. Bce mapaMerpsl u

BCJIIMYHMHBI 3aJal0OTCA B CUCTEMC CI/I, T.C. HANIPSPKCHUA B BOJIbTAaX, BpCMA B CCKyHAAaX U T.[.



I‘I 000Nz seconds [TSTOP]
Start zaving data after: ID zecands
- Transient optian:
[Itdonte Carlodw orst Caze d aximum step size: I seconds
[CIParametric Sweep : S : ) . )
[T emperature [Swesp) [~ Skip the initial transient bias point calculation [SKIPEP)
["15ave Bias Paint
[|Load Bias Paint Output File Options. .. |
0K I OTraeHa [ EHEHMTE, Cnpaeka
Simulation Settings - tran

Simulation Settings - tran

Analysiz type:

Fun to time:
Dptions:

General  Analvsis | Include FiIesI Liblariesl Stimuluz I Dptionsl Data Collection I Probe\-\-"indowl
General Sett

[ Display Probe window when prafile is opened.

v Diigplay Probe window:

" during simulation.

Show

Generall Analyzis | Include Filesl Librariesl Shirmulus I Dptionsl Data Callection  Probe “Window |

% after simulation has completed

&l markers on open schematics.

" Nathing,
,TI OTreHa MpuMeHITE Crpaek.a
Puc.9.
| [SCHEMATICT tran R == = R R el P i e R A
H ] + [ 3
Puc. 10.
R1
&0
WOFF =10 WA
WAPL = 1
FREQ = 3k

Puc.11.
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I/ICHOJIB?)yIOTC}I CICAYIOMINUC MHOKUTCIIN-TIPUCTABKU:

IIpucraBka Crenenn 10 OrCAD
Tepa 12 T, t
rura 9 G, g
Mera 6 meg, MEG
KIWIO 3 k, K

MHJLIH -3 m, M
MHKPO -6 u, U
HAHO -9 n, N
NHKO -12 p, P
(emTo -15 f,F

Pesynbrar MoaenupoBaHus cxeMsl 1o puc.l1. npusenens! Ha puc.12.

1 SCHEMATIC1-tran - PSpice A/D - [labal-SCHEMATIC1 -tran.dat (active)]

di =181
B Ele Edt View Simulation Trace Plot Tools window Help pS)

=|8]x|
- s EHS || 3 [ SCHEMATIC ] 4ran

RA W | Mo E 25 P o oF

-

@ )

o U(R1:1) U{R5:1)

| B 1aba1 SCHE.

Puc.12.

ITocne n3MeHeHNss HOMUHAJIOB HEKOTOPBIX 3JIEMEHTOB (CM. puc.13) BBIXOJHOE HAIPSKEHUE CTAJIO

npubimxkaTbes o popme K BXoJHOMY (cM. puc.14).

WOFF =0 1
WEiPL =001
FREQ =k
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Puc.13.



i SCHEMATIC1-tran - PSpice A/D - [labal-SCHEMATIC1-tran.dat (active)]

B Fle Edt Yiew Simulation Trace Plot Took Window Help pS

ERAN=3~2'

=} § | SCHEMATIC1han [ b |

QB Q|MExE 2%

48 . 1ns 48 _2ns
o U(R1:1) o U(RS:1) - U{C2:1)

=181 x|
=18l

49_6ns  49.1ms

" B Iohal SCHE
Puc.14.
Haubonee nHeoO6xonuMele B paboTe OMOTHOTEKN U X KOMIOHEHTHI OITMCAHbBI B TaOnwmIe 1.
Tabmuma 1.
Bubnuotekal Onucaxve
\anemeHT MapameTp 3HaveHne
Sourse\VDC 0Vdc MICTOYHMK NOCTOSAHHOIO HAaNPsSHKEHNS
Sourse\VAC 1Vac |AMnnuTyga nepeMeHHOro HanpsbkeHust 41 YacTOTHOIo aHanusa
0Vdc [locTosiHHas cocTaBnstoLwas, Ans NepBoHavYanbHOro paccyéra no NOCTOSAHHOMY TOKY
VOFF [ocTtosiHHas cocTaBnsioLas, Ans nepBoHaYanbHOro paccyéra no NoCTOsHHOMY TOKY
Sourse\VSIN VAMPL |AMnnuTyga nepeMeHHOro CUHyCouaanbHOro HanpsXeHnst 4nsi BPEMEHHOro aHanmsa
FREQ [HactoTa nepeMeHHOro cMHycouganbHOro HanpsbkeHus A1 BpEMEHHOro aHannsa
V1 ICTOYHUK TpaneuunaanbHbIX
V2 UMMYNbLCOB HanNpPsKeHUs
TD
Sourse\VPULSE
TR  (HeobGxogmmo cobnoctu ycnosue
TF PER > TD+TR+TF+PW)
PW
PER
Analog\R Value |Pesunctop 3agaHHoro conpoTMBNeH"»
Value [KoHageHcaTop NOCTOSAHHOW EMKOCTV FER
Analog\C A P
IC HavanbHoe HanpspkeHue ( B MOMetr V2
Analog\L Value [KaTywka nHgyktmeBHocTv 6e3 ceppt
. Coupling [KoadduLMeHT MarHUTHOM CBA3N
Analog\K_Linear Ping dpu ——
L1,,L6 |O603Ha4YeHMs1 KaTyLeK MHOYKTUBHC Vi + Has CBsA3b

Diode, Jdiode, Ediode

T L

dnoabl aMepPUKaHCKOro, ArnOHCKOro, °

T
TD TR PW TF

Bipolar, Jb..., Eb... BunonspHele TpaHaucTopbl -//-//-
OpAMp OnepaunoHHbIEe yeunutenu
FET, MOSFET [NoneBble TpaH3UCTOPLI
XTAL KBapLieBble pe3oHaTopbl
ABM oeanuanpoBaHHble ONOKM ANs MaTeMaTUYecKnx onepauun Hag curHanamm




JIABOPATOPHAS PABOTA Ne 2
Fenepamopbt Hanpaodicenun
JlaGopaTopHas paboTa MOCBsIIEHA U3YYEHUIO T€HEePAaTOPOB FAPMOHUYECKUX CUTHAJIOB, a TAKXKe
UMIIYJIbCHBIX T€HEpaToOpoB. B MeToandeckoM mocooun pa3bsCHAETCS IPUHLIUI pabOTHI 3JIEKTPOHHBIX CXEM
Pa3UYHBIX THIIOB T€HEPATOPOB, MPUBOIATCS OLICHKU BIMSIHUS PA3IUYHBIX (PAKTOPOB Ha UX MapameTpsl. B
3ajauy CTYZCHTa BXOAUT U3ydEeHUE YCTPOICTB, MOAETHpOBaHKe U onTuMu3anus B cucteme Or Cad

HCKOTOPLIX TUIIOB 'CHCPATOPOB.

MOJIEJIMPOBAHUE I'EHEPATOPA HA BUITIOJIAPHOM
TPAH3UCTOPE

Lenv nabopamophoii pabomwi:
1. 3ydeHue oOmuX MPUHITUIIOB IeHEPAITUH.
2.CXeMOTEeXHHUYECKOE MOICTTMPOBAHHNE U ONITUMHU3AIIUS IeHepaTOpa rapMOHHYECKUX CUTHAJIOB U

MYJIbTHUBHOpaTOpa Ha OUTIOISPHOM TPAH3UCTOPE.
OBILIUE CBEJAEHUSA
1. BBeeHHe B IPUHUMIBI TeHePaLMH

Ob6parnas cBs3b (OC) moxer ObiTh mosoxkutensHol (ITOC) u otpunarensroit (OOC). Hammune OOC
cTabunm3upyer paboTy YCHIHMTENsS 3a cyeT yMeHblieHus koddduimenta ycunenus. Ilpu BBenenun I1OC
YCHIINTENb B OOJBIIMHCTBE CIy4aeB CTAHOBHUTCS HECTaOWIbHBIM M Bo30yxaaercs. Koadduiment ycunenus

yeunuTtenst oxBaueHHOro OC paBeH: K, =K /(1-BK)

ITpu PK<1 BBepenue I1OC mpocto yBennunBaetr K03(pPUIMEHT yCUTICHUS YCHIUTENS ¢ 0OpaTHOI CBS3BIO.
Opnnako, ecnu mpousBeneHue K mpubmikaeTcss K eAWHUIE, HA BBIXOJAE YCUJIMTENS HAOJIOAIOTCS
Kosie0aHus JAa)ke MPH OTCYTCTBUHU CHUTHaja Ha Bxoze. IIponcxoauTt mpeBpaiieHue yCHIIUTENs B TEHEpaTop.
Onnako ecnM caMOBO30YKICHHME YCWIMTENS HAOII0JaeTcsi MOCTATOYHO YacTO, IMOJyYEHHE BBIXOTHBIX
KoJIe0aHUN 3aJJaHHOM YacTOThl M aMIUIUTYbl OKa3bIBAIOTCS HE TAKUM IPOCTHIM, KaK Ka)KETCsl Ha MEepBBIN
B3rJsi. B peanbHbix ycTpoiictBax 1 K u B 3aBUCAT OT 4acToThl, KpoMe Toro koapduuuent K 3aBucur ot
aMIUTUTY/Abl BBIXOJHBIX KOJICOAHUN W TemIeparypbl OKpyxkatomen cpeabl. WTak, Monb3ysch Teopuei
oOpaTHOW CBSI3M, CXEMbl MHOTHX TEHEpaTOpPOB MOXHO TMPEACTAaBUTh B BUAE YCHIUTENS M LENU
nosnoxkurensbHoi OC. Cpasy mocie BKIIOYEHMs] MUTaHUS, NOSBISIETCS HEKOTOPOE HAIPSDKEHHE Ha BXOZE
(OHO BO3HMKAeT M3-3a OpOCKOB TOKa, (DIyKTyaluii TOKa M HANpPSHKEHHUS BO BCEX AIIEMEHTAX PEabHBIX
AIIEKTPOHHBIX IIeTeit). DTO HayaabHOE HaNpshDKeHUe ycuinuBaercs U uepes 1enb OC cHoBa B (paze momaercst
Ha BXxoJ. [IpoucxomuT caMmoBO30yXIeHHE TeHEpaTopa U HANPsDKEHHE Ha BBIXOJE YCHIIMTENS PACTeT A0 TeX

II0p, ITOKa B TPAH3UCTOPAX YCWIHTEIS HE YCTAHOBATCS PEKUMBI OTCEYKU M HachiueHus. [locae storo pocr
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HaNpsDKeHUS NpPEeKpamiaeTcs M TeHepaTop MNEepexXoJuT B CTalMOHApHBIA pexxuM. PabGora ycunutens B
HEJIMHEHHOM peXHUME NPHUBOJUT K TOMY, YTO BBIXOJIHBIE KOJI€OaHHS TeHepaTopa pe3K0 OTIMYAIOTCS IO
dopme OT TapMOHHMUYECKMX. Takue TeHepaTopbl NPUHATO Ha3bIBaTh UMIYIbCHBIMU. [l momydeHus
rapMOHUYECKUX KojeOaHWi B Harpy3ky ycwiurtenas uiad B nenb OC BBOAAT YacCTOTHO-U30MpATEIHHYIO

CUCTEMY, MOJIABJISIONIYI0 BCE TAPMOHUYECKUE COCTABIIAIONINE, KpoMe OAHOM (puc 1).

R2

O—1 —O
L
Uex -[C R1 UBHIX
o——1—* O
=0
Puc 1.

J1Jis1 9TOM 1IeNH Yalie BCero UCIOIb3YIOT OJUHOYHBINA KOIeOaTEIbHBIN KOHTYP JOCTATOYHO BBICOKOM
no6poTHOCTH Q , KOTOPBIN OT(PUIBTPOBHIBAECT MPAKTUYECKU BCE TAPMOHUYECKHE COCTABIISAIONINE, KPOME
KoJie0aHMH ¢ YacTOTOM paBHOM ero pe3oHaHcHOM yactoTe fp. [Ipu Takom mojaxozae K aHATU3y T€HEPATOPOB
SICHO, YTO B YCUJIMTEJILHOM YaCTH MOTYT MCIOJIb30BaThCs CaMbl€ pa3/INYHbIC aKTUBHBIE YCTPOICTBA.
PaznuunbiMu MOTYT OBITH M CXeMbI 00paTHOH cBs3u. Ho amst Toro, yToOBI aHanu3upyemas cxema crasa
reHepaToOpoOM rapMOHUYECKUX KoJieOaHMii, HEOOXOAMMO 00s3aTeIbHOE BBHITIOJHEHUE IBYX YCIOBHUIA:
OTHOIIIEHHE HaNpsKeHus, nocrynatoniero u3 nenu OC Ha BXOJ yCUIIUTENBHOM 4acTu TeHepaTopa, K
BBI3BABIIEMY €r0 BXOJAHOMY HAIPSKEHUIO IOJKHO OBITh OJU3KO K eIUHHIIE; (ha30BBIN CABUT MEXIY 3TUMHU
HANPSUKCHUSIME JIOJDKEH ObITh ONM3KUM K HYITO (v KpatHbiM 360°). O0a 5TUX YCIOBHS 3aMMCHIBAIOTCS B
BH/JIE KOMIUIEKCHOTO ypaBHEHHUS.

KB = 1, xotopoe pa3duBaercs Ha nBa ypaBHeHus: 1) Re[KB] = 1; 2) Im[KpB] = 0. [IlepBoe ypaBHeHUE

Ha3bIBAIOT_YCJO0BHEM 0AJaHCa aMILIMTY/, a BTOpoe — OajaHca (a3. DTu yCIOBUS ONPEACISAIOT YacTOTY

reHepaTopa M TaKhe 3HAUEHUs MapaMeTPOB €ro CXEMbI, MPU KOTOPHIX HAOIIONAIOTCS CTaIlOHAPHBIC
rapMoHuYeckne konebanus. CTaOMIBHOCTh T'€HepaTopa - 3TO €ro CIOCOOHOCTh TEHEPUPOBAThH 3aTaHHYIO
gactoty 0e3 maperida. [pelid renepatopa ompenensercs CTaOMILHOCTBIO €ro KOMMOHEHTOB. dusndeckue u
ANEKTPUYECKHE NapaMeTpbl KOMIIOHEHTOB H3MEHSIOTCS B 3aBUCMMOCTH OT TEMIIEPATypbl, [1aBJICHUS,
BJIOKHOCTH, THUTAIONINX HANPSDKEHUH M Harpy3ok. B HamOonee cTaOMIBHBIX TeHepaTopax HPUMEHSIOTCS
MPELM3UOHHBIE PE3UCTOPBI, KOHICHCATOPHI, MHAYKTUBHOCTH, a TAKXKe MPUHUMAIOTCS MEPBI TIO0 CTAOMIIH3aluN
MUTAONMX HanpsokeHnd. CTa0WIBbHOCTh TEHepaTopa B 3HAYMTENIBHOW CTENCHH OMPEHCTSeTCs HCXOTHON
CTaOMIIBHOCTBIO yeuuTens (puc. 2), KOTOPbIH, HApUMep, MOXKET ObITh UCTIONB30BaH Ui €r0 CO3AHMUS, TIPU
3TOM B TMEPBYIO OYEpeIh HEOOXOMUMO HMETh B BHUAY TEMIIEPATYPHYIO CTAOMIBLHOCTh CXEMBI MOJAYu

cmemenus. KoadduuueHt ycunenus 10mKeH Mo3BoJIATE KOMIIEHCHPOBaTh notepu B 1iernu OC.
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+UnuT

R1 RL

Cp2  puxon
Cp1 ©)
e 1 Q1
f KT315

]
Q2 Re1
KT315

Re2

NI

L

Ce

Puc.2. Ycunurens co cTaOUIBHBIM CMELICHHEM - OCHOBA CXEMBI TeHepaTopa

Hcnonp3oBaHue JenUTENs B LENH 0a3bl C JOTOJHUTENBHBIM TPAH3UCTOPOM BKIJIIOYEHHBIM JIUOJIOM,
MO3BOJISICT TOBBICUTh CTAOMJIBHOCTh YCHJIUTENS, MPU 3TOM TeMIepaTypHble HM3MEHEHHs MapaMeTpoB
YCUJIUTENBHOTO TpaH3ucTopa QI KOMIEHCHPYIOTCS TOYHO TaKUMU JK€ W3MEHEHHSIMU I1apaMeTpOB
Tpanzucropa 2, HIACHTHUYHOTO MO MapaMeTpaM C YCHJHMTEIbHBIM TPAaH3UCTOPOM, YTO OOeCreunBaeT
MIOCTOSIHCTBO TeHepupyeMoi 4actoTbl. DnemeHTsl 1enu OC BbI3bIBalOT (Da30BBIN CABUT, MOCKOJBKY BCE
peanbHbIe PE3HCTOPBI 00JIAAAa0T HEKOTOPOH WMHAYKTHBHOCTBIO M €MKOCTBIO (HO 3TOT CIBHUI NMPAKTUYECKU
HeBesmK). Haumboisiee "oueBHIHBIMH" PEaKTUBHBIMU AIIEMEHTAMU SBISIIOTCS €MKOCTh, MHIYKTUBHOCTH H
KpUCTaT KBapua. JMoapl Tarke o0NaaloT €MKOCTBIO, 3aBUCSINEH OT HIMPHHBI OO0CTHEHHOW 00JIacTH
nepexoja Npu oOpaTHOM cMelleHuu. [IIOCKOCTHBIE AMOMABI HCHOJB3YIOTCS B KayecTBE EMKOCTEH,
YIpaBIISIEMBIX HanpspkeHueM. Bece mpoBOIHUKH (ITPOBOJIA) CO3AAIOT paclpeAesieHHbIe eMKOCTH WU (M) UH-
ITYKTUBHOCTH, KOTOpBIE MOTYT BBI3BIBATh HeKenaresnbHoe Bo30yxkaeHue. RC-, RL- u RLC-uenu co31aioT
caBur (¢aspl, paBHbl npuMepHo 90°. KouTyp, moka3aHHbBIM Ha puc.3a, UMEeT €MKOCTHBIA XapakTep, W
HanpsHKEHHE Ha HEM OTCTaeT oT Toka. Da3oBblil caBuUr sBIseTcs (QyHKIHMEH 4acTOThl. [locKoIbKy

PCAKTUBHOC COMPOTUBIICHUC CMKOCTHU 3aBUCUT OT 4aCTOTHI, TO

v L
27C (1.1)
o =rg1(X%C> (12)

a MaKCUMAaJIbHBIN cIBUT (ha3bl cocTaBiser - 90°
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Puc.3. ®azocasuraromue nenu: a - RC-mienn; 6 - RL-11ens; 6 - RLC-11emsb ¢

MOCICAOBATCIIbHBIM PC30HAHCHBIM KOHTYPOM

Jiga wmHAaykTuBHOW 1enu (puc. 3,0) pEakTUBHOE CONPOTHBICHUE WHAYKTUBHOCTU pACTET C
YBEIMYEHUEM YacTOTHl (M COOCTBEHHO WHAYKTUBHOCTH). HampsikeHue B STOH LiemM omepexaer TOK, U
(ha30BBIi Yro MEXy HUIMH pacTeT 10 Mepe YBEIUYEeHUs 4acTOThl. MakcuMaibHbIi (pa30oBbIii yroi paBeH

+90°, a Xy = 2xfL (1.3)
a,X
0= (1.4

B RLC-koHType Ha ONpeneieHHON 4YacTOTe BO3HUKAET pe30HaHC (X;= X¢) mpu 3TOM TOK B L€NHU
OTPaHUYMBACTCS TOJBKO AKTHUBHBIM CONPOTHBICHHEM KOHTypa (puc.3, g). IlogoOHbIE KOHTYpHI 4acTo

ucnois3ytores B nernsx OOC s y3konosocHol pexxekiuu u B nersix [I0OC mst renepanuu. PesonancHas

4acToTa paBHa S, = % IC (1.5)
T

I'EHEPATOPBI TAPMOHHNYECKHUX CUT'HAJIOB

RC-renepartopsl
[TockONbKY MHIYKTUBHOCTH JJIsl HU3KUX YacTOT OYEHb T'POMO3JKH (MMEIOT OoJiblne rabaputhl), BO
MHOTHX CIIy4asX HpU CO3/IaHUM HU3KOYACTOTHBIX I€HEpaTOpOB CTpeMsTcA n30exkarb ux npumeneHus. C
nomoteio oaHoi RC-menu MoxkHO obecneunTh cIBUT (a3bl npuMepHo Ha 90°. BkimouuB ABe-TpH Takue
LEeNH TOCIeN0BaTEIbHO, HETPyAHO obecrieunTh caBur ¢asel Ha 180°. Jlpyrue BO3MOXKHOCTH CO3aHUS
HeoOXomuMoro capura (asel CBA3aHBI C HCHOJB30BAHHEM MOCTOBBIX cxeM. K umcnmy Hambonee
pacmpoCTpaHEHHBIX B TEHEPATOpPaX MOCTOBBIX CXEM OTHOCITCS MocT BuHa u nBoiHON T-00pasHbIii MOCT.
OnepaioHHble YCUIUTENN B UHTETPAJIbHOM UCIIOJTHEHNH MO3BOJISIOT MOIYYUTh OUEHb BBICOKME 3HaUYEHUs O,

CPaBHHMMBIE C COOTBETCTBYIOIIMMU Napamerpamu 1 LC-nieneit.

I'eneparop ¢ mocrom Buna.

Onaum 13 Hanbosee HaleKHBIX TeHepaTtopoB RC-tuna siBnsiercst renepatop ¢ MocroMm Buna (puc. 4).
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RC-11emb 371€Ch UCTIONB3YETCS B KAUECTBE YaCTOTHO-M30MPATENBLHOM TIETIH.

|

Puc.4. Cxema mocta Buna (a) u 3aBucumoctu Hanpspkenust [IOC u casura §assl.ot 4actoTsl (0):

1 - I1 OC; U;- Bxoanoe Hanpsixenue OC; Uy, Us- Beixogusie Hanpspkenust OC (Up > 0; Uy <0)

B reneparope ¢ moctom BuHa npuUMeHSETCS WIM JBYXKACKAIHBIA, WIA ONEPALlMOHHBIA ycwinTenb. Ha
paboueii yactore f, peakTHBHas BETBb MOCTa CO3/IaeT ONEepeKeHHE Mo ¢aze U 3aAepkKy Hanpsokenus. Korma
Harpspkenust U, u Uy paBHBI U coBmagaroT mno ¢asze Ha xenaemoit yacrore, [IOC xommencupyer OOC u
BO3HMKaeT reHepauus. Ha moGoit apyroit uacrore Hampsbkenue [IOC Oynmer Mano 1Mo CpaBHEHHIO C
Hanpspkeaem OOC Uy, u reHepanusi He Bo3HHMKaeT. Ha puc.4,6 moka3aHbl COOTBETCTBYIOIIUE (a30BbIC
cooTtHoIeHus. 3ameTbre, uro [IOC MakcumanbHa Ha 4acToTe fy, Koraa caBUT (asel paBeH Hyto. HanpsbkeHus
Ha R; u R4 Haxonates B onHOi (aze, mostomy Uy Beerna coBnanaer mo ¢ase ¢ U;. Ha mpaktuke moct Buna
Ucnosb3yercst coBMecTHO ¢ OV uiM IByXKackaaHbIM ycuiuTeneM. PesnctuBHoe meuo Mocra Buna neiictyer
Kak aenutens HanpspkeHus B nenu OOC. OnopHoe HanpspkeHue Uy MOAKITI0YAeTCsl K MHBEPTUPYIOLIEMY BXOTY
TaK, Kak mokazaHo Ha puc. 5. [lomoxxutenpaas OC cozmaercs azocABUTAONIEH IeNOYKo, U Hanpspkerue U,
MOJIaeTCsl HAa HeMHBepTUpYronwid Bxo yeunmutensd. Koadduuuent ycunenus ycunurens Ko npu 3aMKHYyTOM
nenu OC nomkeH ObITh HeMHOTO Oombiie Kodpduument nepenayun uenu [10C . Conporusnenus Rs u Ry

3a/1a10T ycusieHue (puc. 5).

Ry .
:,1,0“ [I]Il'-tﬂﬂ +158
e Cy Xy _\L
71 0
LT
JE ®; Ry -15B .i,

47 wCa | 100 %O

Puc.5. Cxema reneparopa ¢ MOcTOM BrHa Ha onepaliMOHHOM YCHIIUTEJNE.

Heo6xonumoe nenenue curnaia [1OC onpenensercs u3 yenosuit R; = R, u C; = C,. PeakTuBHOE 1171€40

MocTa 00pa3yeT AeNUTeb IEPEMEHHOTO HAIIPSHKEHUSI.

I'eneparops! ¢ o6paTHoii LC-cBsA3b1I0
RC-reneparopsl 00BIYHO HCTIONB3YIOTCS Ha 4actoTax He Bbime | MIu. [Ins reHepupoBaHusi KojieOaHHMN B

pPaIMOYacTOTHOM JHamna3oHe oObdHO mpuMeHstorcss LC-renepatopbl.  YmpasineHue caBurom  (assl B
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paaoYacTOTHOM JIMANa30HE MOXKET BbI3BATh HEKOTOPHIE 3aTPyJHEHMS, CBSI3aHHbIE, B YACTHOCTH, C MapaMeTpaMu
COMpOTUBNIEHUH M eMKocTeid. C Npyroil CTOPOHBI, MPUMEHEHHE HEOOJBIINX WHIYKTUBHOCTEH B COYETAaHHHU C
KOHZIEHCaTopamu 00ecrieYnBaeT BO3MOYKHOCTb CO3JJaHHs TeHepaTopoB ¢ oOpaTtHeiMu LC-CBA3SMU HA 4acTOTax Ji0
500 MI'tt. Kak u B RC-reneparopax, B HameMm ciaydae OC nomkHa obecriednBarh HyJeBOM CIBUT a3kl Ha YaCTOTE
reHepalyyu. JTO YCIIOBUE JIETKO BBINOJHUTH, TAK KAK CUTHAIBI B LIEMAX SMUTTEpA U KOJUIEKTOpPA COBIAJAIOT I10
¢aze. OnpeneneHHbIi UHTEPEC MPEACTABIISAET CiTydail ciBura ¢azel Ha 180° Mexay curHamaMu B ey 0a3el U
koektopa. OcnoBoii LC-reneparopa sBisiercss mnapauienbHblii  pe3oHaHcHbI LC-koHTyp. OH  00BIYHO
BKJIIOYACTCSI B 1IETh KOJJIEKTOpA M Ha PE30HAHCHOM YacToTe IMpPE/ICTaBIsieT coOoi akTUBHOE compoTuBieHue. Ha

YacToTax, OTIAMYHBIX OT PE30OHAHCHOM, CONPOTHBIECHHWE KOHTYpa MMEET JIMOO €MKOCTHBIN, OO WHITyKTUBHBIN

Xapaxrep.
C1
L1 R
@{ L Puc.6. CxeMbl KOHTYpOB: @ - €MKOCTHas
Cs
c2 = C . o
> = cm TpEXTOUKA; O- MHAYKTUBHASI TPEXTOUKA; B —KBapII
L
a) 6) B)

I'enepaTop «EMKOCTHAsI TPEXTOYKA»
JInst BO3OYXKIEHMSI TeHepaTopa Ha 3aJaHHOM dactoTe TpeOyercs, 4YToObI KOI(QPUIMEHT YCHUICHHS

ynosierBopsut yenoruio KB>1 wm K > 1/ (1.6)

Cxema mapajuienbHOro KOHTYpa, UCIOIb3YEMOI'0 B TEHEpaTrope, IOoKa3aHa Ha puc. 6 a) u puc 7. 3aMeTbTe,
YTO BBIXOHOE HanpsuKeHHe Uy, MEX/Ty KOJUIEKTOPOM U 3emiielt opmupyercst Ha koHneHcatope Cj, B TO BpeMs
kak Hanpspkeane OC (Mexay 6a3o0it u 3emiei) — Ha koHzaeHcarope C,. OtHomenue U, [Uyy TpeICTaBIseT

coboit koaument nepenaunt e OC:

ﬁ:%z ﬁ:X%(q wm 1/B =Cy/Cy. (1.7

JInst BOSHUKHOBEHUSI T€HEPaLUU JOJKHO BBIMOIHATECS yenoBue K, > C,/C

Yacrota MapajuICJIbHOI'O pE€30HAHCa JJId TAKOI'0 ICHEPATOPa OPCACIIACTCA U3 CIICAYIOIIUX COOTHOIIICHMI:

XL = Xc, rae C= C1C2/(C1+ Cz); (18)
2nfL=1/2nfC (1.9)
1= Ve (1.10)

_ 1
fo_Aﬁ e (1.11)
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Puc.7. Cxema reneparopa EMKOCTHast

TPEXTOYKA.

NMITYJIbCHBIE 'EHEPATOPBI

HecuHXpoHHM3MPOBAHHBII MYJbTHBHOpPaTOP

HecuuXxpoHU3MPOBaHHBIM MYJIbTUBUOPATOP MPEICTABISET CO00H IBYXKACKaIHbIM YCUIIUTENb C B3aUMHO
MEPEKPEIIMBAIOIIMMUCS CBSI3IMH MEXIY Kackagamu (puc.8). C 0JTHOTO U3 €ro KOJUIEKTOPOB MOXHO CHSITh
KoJieOaHHe B BHUJAE MeEaHIpa, C JPYroro - TOXE, TOJbKO MPOTHBOMOJONKHOW MONSIpHOCTH (puc. 9).
MynbTUBHOpATOp SBISIETCS PAa3HOBHIHOCTBIO HACBIIIGHHOTO Kimo4a. Kilod - 3TO HMHBEpTUPYIOUIMA
YCUJINTENb, KOTOPBIM MOXET TEpPEKIIoYaTbCsl U3 COCTOSHMSI OTCEYKH B COCTOSHHE HACBILICHUS.
[NepexsouaeMblii HHBEPTOp OyAET HAXOAUTHCS B TOM WJIM HHOM COCTOSHHM OTIPE/ICIIEHHOE BpEMsl, B TEUECHHE
KOTOporo 0a30BbIi TOK Kackaga paboTaer B peXHUME HaChILeHHA. B MynbTHBHOpaTOpe HCHONB3YeTCs
BpEMSI3a1al0LININ KOHJEHCATOP, ONPEACIIIONINI BpEMEHHON MHTEPBAJI MEXY BKIIOUEHHBIM U BBIKJIFOUEHHBIM
cocTosiHMSIMU cxeMbl. Kak roka3aHo Ha puc.8 u 9, HanpspkeHUe KOJUIEKTOPa BBIKJIIOUEHHOTO TpaH3ucTopa V71
paBHO HanpspkeHuto U Ilockonbky npu 3tom Tpansucrop V7, BkiatoueH, HanpsbkeHue Uc, COOTBETCTBYET
HanpspKeHuto HacklmeHus u 6iamusko k 0,1 B. Emkocts C; oka3piBaeTcsi BKIIOUEHHOM MOCIEA0BATENBHO C
conporusieHueM R mexny Ucc u 3emiielt uepes3 OTKpbITbIA TpaH3ucTop V.

+Uce

Puc.8. HecunxpoHU3MPOBAHHBIN MYIbTUBHOPATOP: a-B IBYXKACKAITHOM BapUaHTe; 6 - OOIICIPUHATOES
HauYepTaHKE C IEPEKPECTHBIMU CBA3IMU
Konpnencarop C; paspsbkaercs uepes pesuctop Ry, yaepxkusas TpaHszuctop V7, B pexXUMe OTCEUKH, MOKa
npousBesieHHe /R; He YMEHBIIUTCA HACTOJbKO, YTOObI Ugg| IOCTUIJIO TAKOTO 3HAYEHHUS, IPH KOTOPOM CXeMma

nepextogaercs (okoiso 0,6 B). Korna tpansucrop V7, Bkitouaercs, HanpspbkeHue Ucg nagaeT 10 HanpsHKEHUs
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HACBIIEHUS UCg, mac. 1OTa WU3MEHSETCS HamNpshDKeHUE, MpUiIokKeHHoe K 0aze V7T, Omaromaps 3apsay Co.

Tpanzucrop VT, 6picTpo nepexoaut B pexuM otcedk . [IOC BbI3bIBa€T aBTOMaTHYECKOE MMOBTOPEHHUE LIUKJIA.

Ecmm NOJIIPHOCTL HAIPsOKCHUA B MOMCHT IICPCKIIOYCHUA TPAH3UCTOPA HU3SMCHACTCA, TO Bapualus

MI'HOBEHHOT'O HAIpsDKEHUsI Ha cxeMe cocTaBisieT 2 U.

AN

A S )

Uee —
le Uc
Uceou}- ] o
' : oo Puc 9. Onropsl HanpspKEHUH Ha 2IEKTPOAAX
Uee r a
S ‘ ( | TPAH3UCTOPOB HECUHXPOHU3UPOBAHHOTO
2 Y
Ve, oo _ MyJIbTHBHOpaTOpa: a - Ha Kosektope V7,
! Bpems
6 0 - Ha xoyekTope V7,; 6 - Ha O6aze VT, e-
Uap N /}h .
v, UB“V Z Bpenn Ha 6azeVT,.
Tec 8 ‘
Uge N
0 Broa
VT3 y, ( (
Uge L’ 2

MNOPAJOK BBIITOJIHEHUS PABOTbI
W3yuuth ommcanue pabOThl I€HEPaTOpOB, MPUBEACHHBIC NMPUHIMIIUAIBHBIE CXEMbl U OCHOBHBIC
XapaKTePUCTUKU T€HEPATOPOB.
Bxumrounts IIT9OBM. 3anyctuts maker CAIIP OrCAD.
HaGpars npuHimnmansHyto cxemy puc. 10.
CHsITb BBIXO/HBIE XapaKTEPUCTUKHI TeHepaTopa.
[TpousBecty onTUMM3ALMIO (TO €CTh BBIICHUTH CTENECHb BIMSHUS SJIEMEHTOB CXEMBl Ha BBIXOJHBIC
IIapaMeTpbl TEHEPATOPa).
HaGparp npuHImnansHyto cxemy puc. 11.
CHSITb BBIXOHBIE XapaKTEPUCTUKHI 1 TIPOM3BECTH ONITUMH3ALIHUIO.
HaGparb npyHIMITHATBHYIO CXeMy puc 8.
CHSITb BBIXO/HBIE XapaKTEPUCTUKHU M TIPOM3BECTH ONTUMH3ALIUIO

COAEP/KAHUE OTYETA

Lenb paboThI.
PrcyHKM IPUHIAITHATIBHBIX CXEM.
Pe3ynbrarel MOJEIMpPOBAHHUS T€HEpaTopoB B BUjE TaONHI, TPaUKOB, BBIYUCICHUN C HEOOXOIMMBIMU
TIOSICHEHHSIMH.
BeBopl 1o pabote. B BbIBOJAaX OTpasuTe KOJIMYECTBEHHBIE PE3YJbTATHI, PE3yIbTaThl ONTUMU3ALUN U
JaiiTe peKOMEH Il 10 PHUMEHEHHUIO aKTHBHBIX HJIEMEHTOB B T€HEPaTOPHBIX YCTPOUCTBAX, MOAYEPKHUTE

— Kakue (haKTopsl B HAMOOJBIIIEH CTENIEHH BIUAIOT HAa pabOTy reHeparopa.
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Puc. 10 Puc.11

KOHTPOJIBHBIE BOITPOCHI
[losicHUTE ITPUHIMII TEHEPALMH.
Oxapakrepu3yiTe CTaOMIBHOCTD YCHITUTEIIS.
Yro Takoe (ha3oBbIii CABUT U KaK €ro OIpPEIeUTh?
Kakue dazocnpurarommue nenv Bei 3Haere? Hapucyiite ux.
B uem oTimums reeparopa «MHAYKTUBHAS TPEXTOUKa» OT «EMKOCTHAsI TPEXTOUKA»?
Pacckaxute 0 He CHHXPOHM3UPOBAHHOM MYJIBTUBHOpATOPE.

3anumre GopMyIIb sl ONPEEIICHHS] PEaKTUBHBIX COMPOTHUBIICHUI C MOSICHEHUSAMH.

R o

PacckaxuTe 0 reneparopax ¢ oopartHoii LC — cBs3bIO.
9. Oxapakrepuzyiite RC — reHeparopsl.
10. Ommiure 3Mopbl HANPSHKEHUH 110 pUC 9.

11. 3ammmTe GopMyITBI UTS pacyeTa 4acToThl reHeprpyeMbix koebanuii it RC u LC reneparopos.

JIABOPATOPHAS PABOTA Ne3
Onepauuormbte ycuiumenu

JlaGopaTtopHass paboTa TOCBAIICHA W3YYEHHIO OINEPALMOHHBIX YCHJIUTENICH M CXeM WX BKJIIOYEHHs. B
METOJMYECKOM TOCOOMM pa3bsCHACTCS MPUHIMIT pabOThl ONEPAUOHHOTO YCHUJIMTENS, TNPUBOIATCS
OCHOBHBIE IIapAMETPBI U CTAHJAPTHBIE CXEMBbI BKIIIOUEHHUA. B 3a1auy cTy1eHTa BXOJUT U3y4YEHUE OCHOBHBIX
[IapaMeTPOB ONEPALMOHHBIX YCHWIIMTEIEH M CXEM HX BKJIIOUYEHMS, U3MEPEHUE OCHOBHBIX napameTpoB OV,
MAaKETUPOBAHUE U HAJIAJIKa HEKOTOPBIX DJIEKTPOHHBIX CXEM C UX IIPUMEHEHUEM.

BBenenne. Onepannonubii ycmmurenb (OY) — 3TO AIEKTPOHHBIN YCUIUTENb, TpPEIHA3HAYCHHBIN IS
Pa3NUYHBIX ONEpalfii HaJ aHAJOTOBBIMH BEJIMYMHAMH B CXE€MaxX C OTPULATEIbHONH OOpaTHOW CBS3BIO
(O0C). Yame nox OY monumarotr ycunutenb nocrossHHoro toka (YIIT) ¢ nuddepenHnmanbHbIM BXOI0M,

oonvuum  kodpunuentom ycunenus Ko, marvivu  BXOAHBIME TOKaMH lgy, Ooibwium BXOIJHBIM
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CONpoTUBIIEHUEM Rgy, Manbim BBIXOAHBIM CONPOTHBIEHUEM Ry, JOCTATOYHO 60160 TPAHUIHOM
yactotoit ycmienus frp, manoim cmemenueMm Hyns Uew. Ilog Oonvwumu m mansimu NOHUMAIOTCS TakKHe
BEJIMYUHBI, KOTOPHIE B MPOCTHIX PAcYeTaX MOXKHO CYMTATh COOTBETCTBEHHO OCCKOHEYHBIMU WMJIM HYJIEBBIMHU
(upeansuelit OY). [Ina uneansaoro OV Ko = oo; [z = 0; Ry = 0; Rypx = 05 fp=00; Uen = 0.

OCHOBHOE Ha3HAa4YEHHE OIEPALMOHHOIO YCHJIUTENS — IIOCTPOEHHE CXEM C TOYHO CHHTE3MPOBAHHOMN
nepeaaTouyHon (PyHKIMEH, KOTopasi 3aBUCUT MPAKTHUECKH TOJBKO OT CBOMCTB 1enu oOpatHOi cBs3u (OC).
Ha ocnoBe OVY co3paioTcsi Npenu3UOHHBIE MAcCIITAOMPYIOIIME YCHIIMTENH, TeHEepaTopbl (QYHKIIHA,
CTa0MJIM3aTOpBHl HANpPSOKEHHUS M TOKA, aKTUBHBIE (UIBTPHI, JorapudMupyromue Hu MOTCHLIUPYIOIINE
YCUWJIMTENH, UHTETpaTopbl U auddepeHunaTopsl 1 T.1. MoxkHo Hacuutarh Oojee 100 craHmapTHBIX cXeM

BKutoueHust OY 001ero npruMeHeHN .

|
| - VIIL ) | U 5
VT12 r— |
| | vi7 |
| l | |
UBX_‘ I I Vo I Puc. 1. YupoiieHHast npUuHIMNHAIbHAS
9—‘—'{ VIl VT2
| | Creopp| | Uik vema OV (4acTh cXeMbl, 0003HAYEHHAS
@
Ugxt l i I VT10 I LITPUXOBKOM, HE MPUBEICHA).
| VT3 VT4| | |
i | VIS | VTS |
| I:I | VI6| | | on
R | | |
‘,Z[H(lu])epenuﬂam;umfi | Hpomemyroqnbli’[| BrixonHok |
YCHIIHTE/Ib L ¥CHIHTe/Ib | ¥CHIIHTE/Ib

He3aBucuMo OT CI0KHOCTH BHYTPEHHEIO YCTPOMCTBA MEPBBIA KacKaj COCTOUT M3 TU(QepeHIINATBHOTO
yeunurens (1Y), kotopslit onpenensier Bxoausie cBoiictBa OY. cnons3oBaHne NOJEBbIX TPAH3UCTOPOB HA
BXOJIE JIeTIaeT BXOHBIC TOKH oueHb MatbiMi (0T 10 A 0 10 '?A). Bropoii kacKaa Iy KHT [Isl YCHIICHHS
U COIVIACOBAHMS IO CONPOTHBIIEHUIO BXOJHOI'O M BBIXOJHOIO KackaloB. OKOHEYHBIN (BBIXOJHON) KacKas
CITY’KUT ISl COTJIACOBAHUS OOJIBIIOTO BBIXOJHOTO COTPOTUBIICHUS YCHIIUTEIbHBIX KaCKaJ0B C HU3KOOMHOM
Harpy3koi, T.€. IO3BOJISIET MOJYYUTb MAaJO€ BBIXOJHOE CONpPOTHBIEHHE. ONepanyoOHHbIE YCUIUTENIN
OOBIYHO THTAIOTCS OT CHUMMETPUYHBIX HCTOYHUKOB, OOECHEUMBAIOMIMX OJMHAKOBBIE IO BEJIUYHHE
MIOJIOKUTEIBHOE U oTpuLiatenbHoe Hanpsikenue +Uy, —U, oTHOCcUTENbHO HyaeBoro nposoaa ("3emmn"). g
O0JIBIIMHCTBA COBpeMEeHHBIX OV HanpsiKeHHe MUTaHUS MOXXHO MEHSTh B JIOCTaTOYHO IIMPOKHX Mpeaenax
or 3B [Jno +18B. Brixognoe nampsokenne OV cBs3aHO € BXOJHBIM JH(QepeHInanbHbIM CUTHAIOM

IMPOCTBIM BBIPAXKCHUCM
Usuix = Ko:(Usx+ — Uex-), ()

rae Koll koaddunuent ycunenus 6e3 oopaTHoii cBsi3u. Bemmuuna Ko i paszubsix TunoB OY u3MeHsercs B

mmamasone 10 1o 10°. BemenctBue Gompmoro  kosddummenta  ycmmenus OV sBIseTcs
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BBICOKOYYBCTBUTEJIbHBIM 3JIEMEHTOM, YCHIIMBAIOUIMM KaK MaJble MOJIE3HbIE CUTHAJIbI, TAK U COOCTBEHHBIE
IIyMbl W BHEUIHHE HABOAKH. HecuMMeETpusi BHYTPEHHHX 3JIEMEHTOB, HECTAaOWIBHOCTH IapaMeTpoB
OPUBOAUT K TOMY, 4TO O€3 oTpHuarenbHOW 00paTtHO# cBsi3m OY mpocTO HENpUroAeH Ui padoThl B
JMHEWHOM pEXHME, TaK Kak HampsikeHUe Ug,y MOJ BIMSHUEM IIYMOB, HAaBOJOK, TEMIEPATYPHBIX yXOJOB
OyleT TNpUHUMATh 3HAYEHUS, ONU3KHE K HANPsDKEHUIO HCTOYHMKOB MHTAaHHUS (PEKHUM HACBIIICHHUS
BBIXOJIHOTO Kackana). OcHOBHOHM mpuumHOM, mo xotopoit K. genaror OosbmmM, siBIsieTcs oOecrieueHue
BBICOKOM CTaOMIBHOCTH NapaMETPOB MPH IIyOOKO# oTpunaTensHoi oopaTHo# cBsi3u (OOC).
[Tpumepsl cxemMHBIX 0003HayeHuid OY mpuBeIeHBI Ha puc. 2.

O6bruHOo Ha cxemax OY o0003Ha4aeTcsi TPEYTOJBHUKOM C

yKa3aHHEM HHBEPTUPYIOIIEIO U HEMHBEPTUPYIOIIETO BXOJa C
nomMompo 3HayukoB "-" wmw "+" (puc.2,a), pexe —
IPSIMOYTOJIBHUKOM C MHBEPTUPYIOLIUM BXOJOM B BUJE KPYXKKa
(puc. 2,0). HN3o0paxkeHus, npuBeAeHHbIE Ha puc. 2,au 2,0,

UCTOJB3YIOTCS, KaK MpPaBWIO, B (PYHKIMOHAIBHBIX HWJIH

prOH_[eHHBIX CXEMax, OCTaJIbHBIC — B HpI/IHI_[I/IHI/Ia.HBHBIX
7B cxemax.
3 g 1= .
Bax o 1. TlapameTpbI OnMEePAMOHHBIX YCHIUTEIEi
Berxon
2

9 Bo3smoxHoctn  mpumenenuss OY  3aBuUCAT  OT  €ro
Tt VL 8

IEKTPUYECKUX XAPAKTEPUCTUK. JlJI1 TIOJHOM XapaKTEPUCTUKU

OY neobxomumo yuuthiBaTh Oosee 30 mapamerpoB. 3HaHUE

napameTpoB OV, NOHMMaHHE CTETNIEHU UX BIUSHUS Ha padoTy
Puc.2 .

YCTPOMCTBA B 1IeJIOM MO3BOJISIET HE TOJIBKO BbIOpaTh Hanboiee
MOXOASAIIUI TU JUIE KOHKPETHOM IIe7TH, HO 3a4acTyi0 0OXOIUThCA 0€3 TOTIOTHUTENBHBIX CIIBITAHHUH.
Koaghdpuyuenm ycunenus OY (Ko ) paBeH OTHOIICHHUIO MPHUPALIEHUS BBIXOJHOTO HANpPsDKEHHS (TOKA) K
BBI3BABIIEMY 3TO IpHpaIleHHe BXOAHOMY curHany (toky) mpu otcyrctBuu OC. Ko sBisercst ¢pyHKuuei
YacTOTHl U C ee yBenuueHueMm mnagaer. YacrotHas u QaszoBas xapakrepuctuku OVY cKIaabIBalOTCA U3
XapaKTepUCTUK OTAEIbHBIX BHYTPEHHUX KacKaJ0B, KaXKIbIH W3 KOTOPBIX HMMEET CBOIO COOCTBEHHYIO
MOCTOSIHHYIO BpEMEHH M MOXeT ObITh mpencraBieH B Bujae RC-umemouku. CyMmapHas 4YacTOTHas
xapakTtepuctuka OV anmpokcumupyercs nuarpammoit boxae (puc. 3,a). Kaxaplii kackag BHOCHT (ha30BbIH
casur 10 90° Ha rpaHMYHON YACTOTE, TOITOMY O6IIMI (DA30BBIIl CABHT 3aBHCHT OT KOJTHYECTBA KACKATIOB
¥MeeT BHJ, NOKAa3aHHBI Ha puc. 3a) BHH3Y. ITockonbKy Ha Bhixoge OV yxe umeercs casur dassr 180°
OTHOCUTEJILHO HHBEPTHUPYIOLIEro BXxoJa, Ha KorTopelii mnomaercs OOC, To Ha HEKOTOPOHW wYacToTe
cymMapHsIii caBur passr gocruraer 360°. Ecim Ha oToit yactote Benmumaa K'B>1, rue P — koodduument
OC, 1o ompuyamenvuas OC TpeBpalIacTCs B NOIO0NCUMENbHYIO, YTO TPUBOJUT K CaAMOBO30YXKICHUIO

CXCMHEI.
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Puc. 3. a) AunpoxcuMupoBaHHas jJorapupmuueckas aMmnTyaHo-4yactotas (JIAUX) u
¢azo-yacrorHas xapakrepuctuku (PUX); 6) craTuyeckas nepeaaTovHasl XapakTepUCTHKA
Yacmomnasa KoppeKkyusa TIPelOTBpPAIAET CaMOBO30YXIEHHUE CXeMbl. [l 3TOro BBOAAT CHelMalbHbIC
YaCTOTHO-3aBHCHUMBIE KOPPEKTHPYIOUINE LIEMH, KOTOPbIE CHIDKAIOT KO3()(UIIMEHT yCHUJICHHS Ha BBICOKHX
yacToTax, npubimxas xapakTepuctuky OY K 3BeHy MepBOro Mopsijika, Kak Ha puc. 4. HacTOTHAs KOPPEKIIHs

MOeT ObITh Kak BHyTpeHHsis (140Y 17, 544V /11), Tak u BHemHss (553Y A2, 140V [15).

Bxoonoe conpomuenenue (Rgy) onpenensiercs kak otHomeHnEe AUgy/Algx TpU 3aJaHHON YacTOTE CUTHAIIA.
@dakTUYecKH 3TO CONpOTHUBICHHE Mexay Bxomamu OVY. Heo0XomumMo TOMHHTB, YTO BXOJHOE
conpotusiieHne OV U BXOJHOE CONPOTHBIIEHHE CXEMBbl — 3TO JBA Pa3HBIX MOHATHUS, BEIUYMHA UX MOXKET
OTIIMYATHCS HA HECKOJIBKO MOPSAAKOB. THIIOBBIE 3HAUCHUS R gy HA HU3KHUX YaCTOTaX AJIsi OUTIOJIIPHBIX BXOJIOB
—10*+108 OM, J1 TIOJIEBBIX — 107+10" Om.

Buvixoonoe conpomuenenue Rg,x — 3TO BHYTpEHHEE BBIXOJHOE compoTuBiieHue OY, KOTOpOE€ MOKHO
omnpenenuth Kak oTHomeHue Uyy/lx; (HampsbkeHHe XOJIOCTOTO XoJa / TOK KOPOTKOTO 3aMbIKaHHs), H
cocTtaBisgeT s pasHbix OV BenuuuHy nopsijaka JnecsatkoB-coteH Om. 'myOokast oTpunartensHas oOpaTHas
CBSI3b JIEIAET BBIXOJHOE CONPOTHBIIEHUE MPEHEOPEIKUMO MallbIM (MM OYeHb OOJBLIMM B cliydae 0OpaTHOU
CBs3U 10 TOKY). TunoBoe 3HaueHHE Ryyx 17151 OY mupokoro npumenenus 1001000 Om.

Bxoonoi mox cmewenua (lsx) 1] Tok, mporekamomuii Bo BxoaHyloo Iienb OV, HEOOXOAWMBIA s
HOPMAaJIbHOW PabOThI BXOJHBIX OMIOJSPHBIX TPAH3UCTOPOB (ISl TIOJIEBBIX — TOK YTeuku 3aTBopa). I1ox Ixx
HOJpa3yMeBalOT cpelHee apupMeTHueckoe ABYX TOKOB lpx+ M Ipx.. [y pasHbix TunoB OY BXOJHOH TOK
CMEIIEHHS M3MEHSCTCS B IIMPOKUX MPEENax: [is GUIOAPHBIX BXOJHBIX TPAaH3UCTOPoB — 10°+10™ A, s

9. 1012
noJieBsIX — 107+107 7 A. B cipaBoYHBIX TaHHBIX OOBIYHO MPUBOAATCS CUIIHHO 3aBBILICHHBIC 3HAYCHUS py.
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Paznocmo 6xo0nvix moxoe (mok coguca) Aly = |lg+ - Lyx| ompenensiercs mpu 3aJlaHHOM 3HAYEHUH
BXOoJIHOTO HampsikeHus. PazHocTh Al BbI3bIBaeT Ha Bbixoge OY HEKkoTOpoe cMelleHue (IPUBEACHHOE KO
BXOJly OHO COCTaBJISIET BEIUUMHY 1-+5MB 1 3aBUCUT OT BEIMUMHBI PE3UCTOPOB, MOAKIIOYAEMBIX KO BXOJaM).
Hanpsasncenue cmeujenua (Ugy) onpenensieTcss Kak pa3HOCTh HANPsDKEHWM Ha BXOJAaX, NP KOTOPOM
Usuix = 0 Ipy OTOBOPEHHBIX CONPOTHUBIIEHUSAX PE3UCTOPOB, MOJKIOYAEMBIX KO BXo1aM. Eciiu 3HaueHHs 3TUX
PE3UCTOPOB CTPEMSTCS K HYJIIO, TO HANpsHKEHUE CMELIEHUS Ha3bIBaloT 3.4.¢. cMelenns (Ecy,). s OV ¢
OUTOJIIPHBIMHM TpaH3UCTOpaMu Ha Bxoie Ugy 3aBUCHT B OCHOBHOM OT pazdpoca HampsikeHHH AU,g
AMUTTEPHO-0a30BBIX Mepexo10B U coctapisieT 1+10MB. s OV ¢ moneBsiMu TpaH3ucTopamu Ha BX0A€ Uy
0OBIYHO B HECKOJIbKO pa3 Oousbine (1o 30 MB), uto oObscHsAETCS MX MeHblIeH KpyTu3HOW. Ecian Ha 00a
Bxofga OVY, He OXBaueHHOIO OTpPULATENBFHOM OOpaTHOH CBSA3bIO, MOJATh TOYHO pPAaBHbIC HAMPSKECHUS,
Hampumep, 00a BXOJa 3a3eMJIMTh, Ha BBIXOJE CKOpee Bcero OynerT HaOiroaaThCsi YpOBEHb, ONM3KHNA K
OJIHOMY M3 [HTAOIUX HampsbkeHud, To ectb OY  Bolger B  peXuM  OTpaHUYEHUs
Upx= Uen-Ko~1072:10° = 1000B >>E 1. JI7151 TOr0 9TOOBI IPH T101a4€ PABHOTO HAIPSLKEHHS HA 062 BXO/1a
YCUJIMTENSI BBIXOJAHOE HAIpsbKeHHe ObUI0 O13K0 K Hymto, OY HeoOxoaumo cbanancupoBath. banancuposka
OV 00b1vHO qOCTHUTAETCS TOJa4eld TOTIOJHUTEIHLHOTO TOKA B IIETh KOJUIEKTOPOB BXOAHOTO 1Y ¢ MOMOIIIBIO
MEPEMEHHOTO PE3UCTOPA, MOJKIIOUAEMOro K CreluanbHbIM BhIBOJaM (Rgas, Ha puc. 1). HexoTopsie THIIbI
OV Ttakux BBIBOJIOB HE UMEIOT U OanmaHcupyroTcs mo Bxoxay (140Y 15, puc. 2,e).
Cpeonuit memnepamyphotii opeiigh nanpaxncenusn cmeuienusn (AU, /AT) — makcumanbpaoe m3MeHeHne Uy
npu U3MEHEHUH Temiepatypbl Ha 1°C B oroBopeHHOM auarnazoHe temmepatyp. M3mepsiercs B MkB/°C.
TunoBele 3Ha4YeHUs I OUIOJIAPHBIX BXOJO0B 5+20MKB/°C, 11 BXOIOB C TOJEBBIMH TPaH3HCTOPAMHU
20-+-100mkB/°C. Ecan Ugy MOXKHO CKOMIEHCHPOBATh JI0 HYJS, TO C TEMIEPAaTYpHBIM ApeidoM OGOpoThCs
cioxkHee. BXoaHOU TOK Iy ¥ pa3HOCTB BXOAHBIX TOKOB Algy TOKE U3MEHSAIOTCS C TEMIIEPATYPOHU.

Yacmoma eounuunozo ycunenusn (fi) [IlIsT0

K(f]
10° gactora, Ha Kkotopod |Ko(fi)|=1. Xapakrepnas
s 3aBUCUMOCTh KO3((UIIMeHTa yCHIIEHUS OT YacTOTHI
1073 npuBeaeHa Ha puc. 3,a u 4, rae JIAX nepecekaer
10*) [3aB yposenb 0 1b B Toukax fj.
10°1 20 ab/nex I'panuunan uyacmoma (f;,) ompenensercs Kak
102 frp 4acToTa, Ha KOTOpPOM KO3(D(UIMEHT yCHIICHUS
10 2 s ymenbiaercst Ha 3 penubena: |K(frp)| =0.707:K(0)|.
O6nacte  yacror  0+f;p  Has3bIBalOT  MOJOCOM

16 162 163 164 1.05 166 167 f, Ty 1pomyckanus. Beenenue OOC pacwupsiem mnonocy

nponyckanus (rpaguk 2 Ha puc. 4).
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Ckopocmb Hapacmanus év1x00H020 Hanpsaxycenus onpenenseTcs Kak dUgyy/dt Ipu BO3JECTBUY UMITYIBCA
Oonpmiol ammuTynel. M3mepsiercss B B/mke. [na pasusix OY mensiercs B mpenenax oT 0.1 B/mxc
(npermszuonnbie OY) mo 100 B/Mmkce (ObicTpoaeticTByromue OY). DTOT mapaMeTp CTAHOBUTCS BAXKHBIM, €CIIH
OV wucnonp3yercs B KadecTBe KommapaTtopa (ycTpoWcTBa CpaBHEHMs]) YPOBHEH CHUTHAJOB B
OBICTPOICHCTBYIONINX CXEMaX.

Huanazon evixoonozo nanpsaycenusn (AUg,x) — 3TO Auana3oH 3HAYCHUN BBIXOJHOTO HAMPSDKEHUS, MPU
KoTopoM mnapameTpel OV 5iexaT B rapaHTUPOBAHHBIX IIpefesax. 3aBUCUT OT HampsbkeHus nutanus. llpu
HECUMMETPUYHOM BBIXOJIE BEPXHsIS M HWKHAS I'PAaHULBI Auana3zoHa pasnudHsl. Hanpumep, mia 544V ]2
AUgx=10B mpu E,==*15B (cummerpuunsiii Beixon); it 14015 AUgu,x=+6B/~4B mpu E,==+12B
(HECUMMETPUYHBIN BBIXON).

Huanazon cungasnvix 6xoonwvix nanpaxycenuii (AUgycp) — 9TO Takoi quana3oH CUH(A3HBIX BXOJIHBIX
HaIpsDKEHUH, B KOTOpoM mnapaMmeTpsl OV nexar B rapaHTUPOBAaHHBIX Ipelenax. 3aBUCUT OT HaIPsyKEHUs
nutanus. [Ipumepno Ha 3+5 B mensiie Ey.

Koagppuyuenm ocnaonenusn cunghaznozo cucnana paBeH OTHOIICHUIO CHH(A3ZHOTO BXOJHOTO HAMPSIKCHUS
K auddepeHnantbHOMY, BbI3BIBAIONINX OJAHO U TO Ke Ugyy. M3Mepserca B nemmbenax. [nst pasubix OY
u3mensierca B npenenax ot 50 ab (140YASA) no 120 ab (140Y 124).

Maxcumanvnotit 661x00H0i mMOK (Iyyxmax). 11 OY, uMeromux BHYTPEHHIOW 3aIIUTY OT KOPOTKOTO
3aMBIKaHHA 10 BBIXOJY, 3TO BBIXOJHOM TOK KOPOTKOTO 3aMBIKaHUS B pexuMe orpanudenus; g OV 6e3
3amuTel 0T K3 — mpenenbHbI BBIXOJHOM TOK, KOTOpBIM HENb3sl MpeBblIaTh U s pasHelx OY oH
u3Mmensierca B auanazoHe 1+400 MA. CymecTBylOT Takke APYrue napameTpbl, XapaKTepU3YIOIIHE TOK
noTpeOseHus, IyMOBBIE, TeMIepaTypHble, YacTOTHBIE, (pa30Bble, BpeMeHHbIE U apyrue cBoiicta OY. B
KOHKPETHBIX MPUMEHEHUAX JI000M M3 3THX MapaMeTpOB MOXKET CTaTh CaMbIM BaXXHBIM M OIpPEACIISIOIINM
BbIOOD THIIA OV .

2. CxeMbl BKJIIOYCHHS ONEPALMOHHBIX YCHJIHNTEJIei

Kak y)xe ynoMuHanoch Belllie, HopMaibHas padora OY B TUHEHHOM peXHMe BO3MOKHA TOJBKO B CXEMaXx C
riy6okoir OOC. [lnst noHuMaHust paboThl TaKUX CXEM I0JIE3HO MOHITHE BUPTYAJbHOIO, WM MHHMOIO,
3a3eMJICHHS.

HNuBepTHpylOIUMil ycujanTe b, PaccMoTpuM cxeMy Ha puc. 3.
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Puc.5 nBepTupyromui yCUJIATEIb Puc. 6. HenHBepTupyrOmuil yCUINTEND

ITorenuman Ha HenHBeptupyromeM Bxoae Ug= 0. Tak xak OY HaxomuTcs B JMHEWHOM pexume, u3 (1)
cinenyeT Up— Ua= Ugu/Ko. Hammpumep, npu Ugx ~ 5B, Ko ~2:10° noydaeM Ua~ 25 MxB. Takoe manoe
HanpspkeHHe (OHO CpPaBHUMO C BEIWYMHONW TepMo-3.1.Cc. npu AT~1°C) nake HEBO3ZMOXKHO H3MEPUTHh
OOBIYHBIM LIU(PPOBBIM BOIbTMETpoM. OTCIOAA CIEeyeT, YTO MOTEHIMAIbl Ha BXoaax OY MOKHO ¢ Xoporuei
TOYHOCTBIO CUMTaTh paBHbIMU. Eciu oguH u3 BxonoB OV 3a3eMiuTh, Ha BTOPOM BXOJE OyIEeT Takke
MOJJIEPKUBATHCA HYJIEBOM MOTEHLMAN, XOTsA HampsMyro BxoAsl OV rajJbBaHMUYECKH HE CBS3aHbI. JTOT
3 QEeKT Ha3bIBACTCS GUPMYANbHBIM, WIN MHUMbBIM, 3a3emieHueM. Takum oOpaszom, u3 Ug =0 cremyer
Ua =0, Ugx —AUA = Ugy (manenue HanpspkeHUst Ha Ry); Ugpx —AUa = Uy (magenue HanpsbkeHust Ha Rj).
[Tockonbky BxomHOM TOK OV ouenb Man (Ig<<I;), UM MOXHO mnpeHeOpeub, TOTAA MOIYIHM
I; = Ugy/R1 = —Ugu/R2. D10 03Hauaer, uro mis uaBeptupyomero ycuiautenss Koc= Usgu/Usx=—R2/R;.
JlJis MUHUMU3alUY BIUSHUS TOKOB CMENICHUs BX0 "+ 3a3eMisieTcst uepes pe3uctop Rz = Ry||R..

Bxoonoe conpomuenenue >1oii cxembl paBHO Ryyoc = Ry, Tak kak U = 0 (MHUMOE 3a3eMIIeHHE).
Boixoonoe conpomusnenue Ryyxoc =0, Tak Kak Rgpx.0c = AUppx/Alenx, @ Ugpx = —(R2/R1)-Ugx OT I HE
3aBUCHUT. JTO HE O3HAYaeT, KOHEYHO, YTO K BbIXoAy OY MOXHO MOAKIIOUATh HArpy3Ky CKOJb YTOJHO
MaJIOTO CONPOTHUBICHUSA, TaK KaK Ippxmax OTpaHUYCH: Rymin = Uppix/lgpixmax, T. €. Munumanvnoe
conpomuenenue Hazpy3ku Ha evixooe OV 3asucum om amniumyowl 8bixo00H020 Hanpsaxcenus. Kak Buanm,
noHsATHEe MHUMOTO 3azemieHus U uaeanusanus OY (Igx = 0, Ko = 00) cymecTBeHHO 00Ier4aroT aHaIn3 CXeM
BKitoyeHus: OV, a TOYHBIM pacueT MOXeT 100aBUTh TOJNbKO wieHbl nopsaaka Koc/Ko << 1, Hanpumep mis
BBIXOJIHOTO COIIPOTHUBIICHUSI BMECTO HYISI OyJIeM UMETh

Rxmx'(Rl-l_RE:l — Rxmx &

R,+(1+E,) R, K, . E

)

[Ipu Rgux =200 OMm, K = 2-105, R2/R; #10 Rguxoc 22:10 2 Om — COMPOTHUBIIEHUE OOBIYHOIO MEIHOTO

RBle.OC =

nposofa quamerpom 0.3 MM 1 JuIMHOM Beero 5 cwm!
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HeunBepTHPYOIMH YCHIUTEIb MOXHO IIOJIY4YUTh, 10J1aBasi CUTHAJ HA HEMHBEPTUPYIOIIUM BXOJ, a LElb

OOC - Ha WHBEpPTUPYIOIIMHA, Kak ToKa3aHO Ha puc. 6. Hampsoxkenue OC cHuMaercss ¢ AeAUTENs:

Ua = Upux-R1/(R11R3). Tak kak U = Ugy, k03 durtuent yeunenust Koc = Upx/Usx= 1 + Ry/Ry.

Bxoonoe conpomuenenue cxemvt Ryyoc = Rux' K'Ry/(R; + R;) — kak Bcerna npu nocienoBarensnoit OOC

BXOJHO€ CONPOTHUBIICHUE YBEIHUUBAETCS. Boixoonoe conpomuenenue Ryxoc = 0.

.T;TO_IZI_ Anasoroseiii cymmarop. Ha OV nerxko peannsoBaTh
sy, 1 Rl Roc . o
OT_JO—:I—-—IZI— aQHAJIOrOBBIM  cymmupytomui  ycuwiurens (puc. 7).  Ilo
2 Ra
—o— | nepBomy 3akoHy Kupxroda ¢ yueToM MHHUMOTO 3a3eMJICHHS
Uz R
3 -0 nojrygyacm 11 + Iz + 13 = IQC;
Unm
o, U u
Rﬁ anx:RDc' _1+_2+_3
E, R E
1 2 3
Puc.7 E .
CIIM BENWYMHBI compoTuBieHWid Ry, ... R, BbeIOpath
PaBHBIMH, TO Ha BBIXOJE IIOJIYYMM CYMMY BXOJHBIX HampsbkeHu. Ecim ke Ry, ... R, B3iaTh KpaTHBIMH

crenenu noitku: R, =R-2"', a ma Bxome U, yepe3 KIOYH, yIpaBisieMble HU(POBBIM KOIOM, MOJAThH

ATAJIOHHOE HaNpsKEHUE, TO MOJIyYHM MPOCTEHIINA nnppo-aHaaoroBelid mpeodpasosarens — LIAIL.

AHaJjoroBblii naTerparop. Paccmotpum cxemy Ha puc. 8,a. Tok Iz = Ir = Ugy/R = I¢ = C-dU¢/dt (MHUMOE

3a3emiieHue). CieoBaTeNbHo, ¢ yueToM noJisipHocty Uc, noirydaem

1
Uxmxz_RcJ-Uxxdt-'_UU (3)
rne Ug — Hampspkenue Ha Bbixoge npu t=0 (emxoctb C MOXeT OBITH 3apshbkeHa Iepes Hayaliom
UHTETpPUPOBaHU).

s

Puc. 8. Unterpupyromuii (a) u quddepeHuupyrommmii (6) ycuauTeau

HyneBoe HauanpHOE YCIOBHE MOXHO 3aJaTh HpHU TOMOIIM yrpasisgemMoro kimoda (o6sryno MOII-

Tpan3uctopa). Ecmu R>>r1,,~50 Om, To mipu 3amkHyTOM Kitoue Koc=0, Ug,x = Uc = 0; mpu pa3oMKHYyTOM

UAET MHTErpupoBaHue. TOYHOCTh BBIYMCICHHMS MHTErpaia ompenensercss kodpdunuentom ycuienus Ko,

BxoaHbIMH TokamMu OV, HampsikeHueM cmemieHus: Uey. st uaTerpaTopoB 00b14HO Hcmonb3ytores OV ¢

IMOJICBBIMU TPAH3UCTOPAMH Ha BXOJI€C U KOHACHCATOPHI C MaJIbIMU TOKAMH YTCUKHU.
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C noMoIIpi0 MHTErPAaTOPOB MOXKHO pPEIIaTh OOBIKHOBEHHbIE NU(QepeHlInanbHble YPaBHEHUS, B TOM YHUCIIE
HEJIMHEWHBIE (aHAJIOTOBBIE BBIUMCIIUTENBHBIE MAILIUHBI).
Judpdepenuupyrommii  yeuaureab nonydaercs, ecnmu R uw C momensars wmecramu  (puc. 8,0):
Koc(®w) =—joRC=-—pRC, roe p=jo [| ortoOpaxeHnue omnepauuu audpdepeHpoBaHus. IJTa cxema
CPaBHUTEIBHO PENIKO UCIOJb3YeTCs Ha MPAKTHUKE, TaKk Kak obnagaer 60abmnuM Koc Ha BBICOKMX 4acTOTax U
YCUJIMBAET UMITYJIbCHBIC HABOJIKU U COOCTBEHHBIE IITYMBI.
Jlorapupmuuecknii yeuwanreanb (JIY). s nomydenus norapudmudeckoit 3aBUCUMOCTU Ugyx ~1g(Usgy) B
renb OC BBOJST HEMTUHEHHBIN JIEMEHT — MO/ HIIM OUTIOJISIPHBIN TpaH3UCTOp (pHcC. 9,2).

IBXZIK_-, IB}(:IK_--

)
UBX R
o— T
U EBBIX
E E
a) 6)

Puc. 9. Jlorapupmupytromuii (a) ¥ moTeHIUPYOUUH (0) yCHIUTENH.

Tox, nmpotekaromuii B uenu OC, nipu lgy=0, paBeH KOJUIEKTOPHOMY TOKY TPAH3UCTOPA U OMPEEIISIETC:

:xx qUEs]
1. = =1, =1,.ex -1
=R kT p(nkT )

rae Iy — TemmoBod TOK p-n mepexona (0OpaTHBIH TOK KoJuiekTopa), U,; — HANpsHKEHHE Ha TMepexojie
smuTTep-06a3a, k - mocrossHHas bonbumana, T - Temmeparypa B rpan. K, q - 3apsa snekTpoHa, M —
noctosiHHas pekomOuHanuu. Benmnunna nkT/q = ¢, Ha3bpIBaeTCs TeMIEpaTypHbIM MOTEHIHATIOM; @O *26MB
JUTst TepManus, ¢; ~30MB s kpemuus. [t GOIBIIHHCTBA TPAH3UCTOPOB L < 10 A,

C yueroM U,s > 30 MB, I << Ix u3 (4) cnenyer

Upey = Usg = *'-PT[IH{Ik]' - lﬂﬂknj'] = cP"r[lﬂ'f[-T:;x [R)- 111(11;03'] (5)

IloTeHuMpyOWMii yCHIUTEIb [IOJIy4aeTCsl, €CIM Pe3UCTOp U TpaH3ucTop B nenu OC nomMeHATh MecTaMu
(puc. 9,0). Bce pacueTsl aHaJIOTHYHBI.

Tak xak JIY yacto mpuMeHsIOTCA Ui PACIIMPEHUs AMANAa30HA M3MEPSEMBIX TOKOB (JUIsl CXeMbI puc. 9,a
5TOT mmamasoH coctasmser 9 gmekax 10 °A <I, <10 A), B mux wucmomssyiorcs OV ¢ MONEBBIMH
TPaH3UCTOpPaMH, KOTOpPbIE TINATENHFHO OalaHCUPYIOT (IpU 3TOM 3aHyJsercs M BTOpoil wieH B (5)).
[TpuHUMAaIOTCS TakXke Mepbl Ul KOMICHCAIlUM TeMIIepaTypHoro apei¢a, MOCKOJIbKY B (4) Temmeparypa
BX0uT siBHO. C moMoipto JIY MOXHO BO3BOJIUTH B MPOU3BOJIBHYIO CTENEHDb M MEPEMHOKATH aHAIOTOBbIE
curHanbl. TounocTs JIY HeBenuka [] mopsika HECKOJBKHUX MPOLEHTOB. CxeMbl puc. 9 paboTaioT TOJIBKO C

OHOMIOJIAPHBIMU CUTHAJIAMHU.
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Ipenu3uoHHbIH BhINPAMHUTEb. [[0TyITPOBOAHUKOBBIE IMO/bI HETIPUTOJIHBI JJIs1 BBHIIPSMIICHUSI CUTHAJIOB
aMIUTUTYy10M MeHblie 1 B, Tak kak J1s mOJy4eHHs: 3aMETHOM MPOBOJUMOCTH HAa KPEMHHUEBBIE TUO/IbI HY>KHO
nonathk cmenieHue npumepso 0.7 B, a Ha repmanueBsie okojio 0.4 B. [Ipumenenue OY no3BoisieT Noay4yaTh
BBITIPSIMHTEITH, XOPOIIo padoratonye ¢ curHanamu 10 1 MB. Cxema 0JHOTIOTYNEPUOIHOTO BBIPSIMUTEIS

npuBeaeHa Ha puc. 10,a.

Puc. 10. OnHononynepruoaHbIN BEIIPSIMUTEND

Oniopbl HANPsHKEHUH, oka3aHHble Ha puc. 10,0, moscHAIOT padoTy cxemsl. [Ipy MoOI0KUTEIBHOM BXOIHOM
CUTHaJIe TOK TedeT depe3 auoxa Di, a mpu orpunarensHom [ gepe3 nuoxn D,. PaccyxaeHus, moJHOCTBIO
aHAJIOTUYHBIE TEM, 4YTO MPOBOAMJIMCH MpPU PACCMOTPEHUH HHBEPTUPYIOIIETO YCWIMTENS, HMPUBOAAT K
BEIBOJY, uTO K0od(duuuent nepenaudt U puy/Upxy paBeH - 1 Ul OTpHIATENbHON TOMYBOTHEI HAa BXOJE,
paseH 0 1 mosokuTenbHON. OT XapaKTepUCTUK AUOJ0B KAUeCTBO BHIIPSMUTENS MPAKTHUECKH HE 3aBHCHUT,
OT HHUX TpeOyeTcsl TOJIBKO Maiblil 00paTHBINA TOK. J{JIsl ABYXITOJIYIIEPHOIHOTO BHIIPSMIICHUS TPEOYyeTCs ere
omua OV 11s nosmyderust cyMMBI { Uy + 2-U g} (cM. puc. 10,6).

3. IlIpakTHyeckue 3aJaHns

Ilo pe3ynbmamam 6bINOIHEHUA NPAKMUUECKUX 3A0AHULL COCMABbMe UMO208YI0 MAOIUYY 0N USMEPEHHbIX
napamempos OV (Uew)s (Inx)s (Alsx)s (f), (AUW/AT), (dUg/dt) 6 cpasnenuu co cnpagounvimu oanHuimu.
H3mepenus, umerowjue oyeHOYHbII XAPaKmep, MOXCHO NPOBOOUMb C HOMOWbIO ocyuanoepagda. Imo y0o6Ho
ewe u nomomy, umo, eciu OV 6o36youmcs, mo cpazy 0ydem euono. Ho Ona mounocmu ciedyem
UCNOIbL306aMb  YUPDPOBOU UMY  CPENOYHLIUL  BONbMMEMpP, A NO  OCYULI02PAQY KOHMPOIUPOBAMb
8030yHCcOeHUe.

3.1. U3mepenne (Ucy), (f), (Inx), (Alsx)

Hcnoub3ys reHepaTopsl HapsKEHUs, ICTOYHUKY uTaHus U creny C3-OY01:

a) cobepure cxemy mo puc. 11,a npu 3HaueHHsx pe3uctopoB Ry =Rz =100 Om, R, = 10 kOm. 3azemmnure
Bx0J. [lo n3mepeHHOMY Uy, HaliguTe (Ucy) U CPAaBHUTE €r0 CO CIIPABOYHBIMU JaHHBIMU. [I0o cripaBOYHBIM
K€ JAHHBIM OIICHUTE BIHMSHHUE BXOJHBIX TOKOB cMemieHus. Tak kak u3mepsiercss Uey, TO HampsiKeHHE

CABHI'a, BBI3BBAHHOC PA3HOCTHIO BXOAHBIX TOKOB, JOJLDKHO OBITH MHOT'O MCHBIIIC UCM.



26

E2

ij(ﬁm Ony ~ Rx TEO-EM

a) &)

Puc. 11. IluBeptupytomuii ycunurens (a); 6anancupoBka OY mo Bxony (0)

0) /g xoMIeHcauu CMeleHusl Hylsd 1o u3MepeHHoMy Ug, paccuuTaiiTe BeauunHy pesucrtopa Ry, a mo
3HaKy Ueyl | TOJNSIPHOCTD HANPSDKEHHS MUTAHUA, K KOTOPOMY €ro cienyeT moakiaouuTs (puc.11,6; +/-Em).
Coanancupyiite OV.

B) [lonaiite Ha Bx0oa nHBepTHpYowmero ycunurens (R) cunyconnansublii curnan yacrotoi 500I'm, Takoro
YPOBHSI, YTOOBI BBIXOJHON CHTHAJI MMENl MAaKCUMAaJbHYI0 HEHCKOKEHHYIO aMIUIMTYRy. M3MeHHB dacToTy
BXOJHOro curHaia Ha 64xl'n, mocrpoiite JIAUX, momoGubiil puc. 4. Onpenenure 4acToTy €IUHUYHOTO
ycuenus (f).

r) Pazomkuute niens OOC, T1. e. yoepure R, , 3a3eMiuTe BXOJ U MPOHAONIONANTE BBIXOJHOW CHTHAN TPU
MOJTHECEHUH PYKH K BXOJIHBIM 1ersiM OY. OObsicHUTE pe3ybTar.

n) He menss nonoxeHus IBUXKKa Ry, OTCOEAMHHUTE €ro OT CXEMbl M H3MEPHTE CONPOTHBIIEHUE MEXKIY
cpeAHUM M HIWKHUM BbiBogaMu (Ry). Beumcimre nanenue HampsbkeHus Ha Ry (koMmeHcupyrolee
HaIpsDKEHUE) U CPaBHUTE PE3YJIbTAT C MPEABIAYILHUM (ITYHKT a).

e) [lnsa cOamancupoBannoro OV, korzna Ha CpeIHEM BBIBOJIE TEPEMEHHOTO pe3ucTopa R4 ycTaHOBIEHO
HanpsbkeHue, paBHoe ([ Ucy); 3amenute pezuctop Rz Ha HomuHan 10kOM. M3mepuB Ugyx, BBIUUCTUTE (Ipy+)
U CPaBHUTE PE3YNbTAT CO CIPABOYHBIMU TAHHBIMH.

k) 3amenute pesuctop R; toxke Ha 10kOM, a Ry — Ha 1MOwM. I1o uzmepeHHOMY Ugyx OLIGHUTE Pa3HOCTH
BXOJHBIX TOKOB (Algy).

3.2. HaGuroneHue TeMIepaTypHoro apeiipa 1 HU3K04acTOTHOI0 LIIyMa

Hcnons3ys crenn codbepure cxemy no puc. 12 npu 3nadenusx Ri=R3=100 Om, R, = 100 kOm, C = 0.1 mkd.
3azemuuTe BX0J U THiatenbHO cOanancupyiite OY. Ha Beixone OY nomkHbl HaOMIONAThCS IIAaBHBIE YXOIbI
HaNpsDKEHUS B Ty U JAPYT'YIO CTOPOHY (Tak Ha3bpiBaeMblil "mym 1/F"). Bel yBuauTE crcTeMaTHYECKUi yX0.
Upux, €cam citydaitHo Bam He monanicsi OY ¢ HysleBbIM TeMmmepaTypHbIM apeiidpom. Onenurte rpydo
(AU/AT) mpu BKITIOUEHHH/BBIKIIOUEHUH TEpMoIap (TemIeparypa MEHSETCS Ha HECKOJIBKO T'palycoB).
Ipumeuanue. Konnencarop C ciy uT 1151 yMEHBUIEHHS IIyMOB U HABOJIOK .

3.3. UuTerparop

B cxemy mo puc. 12 ycranoBute pesuctopsl Ri=R3=10 kOm, R;=1 MOMm, octaBuB C = 0.1 Mmxd u 1ens

OanmaHCcHpOBKH 0€3 M3MEHEHUH. 3a3eMIIUTe BXO/I U TIIATENBHO cObanancupyite OV.
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—R?l:l— [lonaiiTe Ha BXOJ NPSAMOYTOJBHBIA CUTHAJI CO CKBAXKHOCTHIO 2
- Ry '_I I—‘c ! (meanap) uvacrotoi | k[, CurHan Ha BBIXOJIE NIOJDKEH UMETh
EX

TpeyroyibHyto (Gopmy ¢ xopomieil nuHeiHoCcThI0. PaccuunTaiite mo

&l

BIX ¢dopmyne (3) aMmIUTYAy TPEYrojbHOTO CHTHAJA Ha BBIXOJAE U

CPaBHUTE C UBMEPEHHBIM 3HAYEHUEM.
+Er/ -En

E4(510 Oy Ex 3.4. Kommaparop ¢ rucrepe3ncom
Puc.12 Cobepute cxemy o puc. 13. [lomaiiTe Ha BXOJ CUHYCOUAATBHBIH
CUTHAI  MHMHUMAQJIBHOW  aMIUIMTYJbl, HEOOXOAMMOH  jams
nepeKtoueHus kommnaparopa, yacrotoi 5002000 I'u. Bpamast pesuctop Ry, moayunre Ha BBIXO/€ CUTHAJIBI
pa3nuYHON CKBaXHOCTH. B pexkxume Oosbimoro BxomHoro curHaia (Ugx ~ 1+3 B) omnpenenure ckopocTh
HapacTaHus BbIXOAHOTO HanpskeHus (dUsg,/dt) Ha yacToTax 16-32kI'w.
[TonoOHas cxema WHCHONB3yeTCs B KAdyecTBE IOPOTOBOTO
YCTPOKMCTBa Uil TOJCYETa UMITYJIBCOB C aMIUTUTYIOW Oojblie
3amaHHoro ypoBHs. IlonoxurensHas OC npepoTBpamaer
cpabaThIBaHNE CXEMBI OT IIYMOB U HaBOJIOK, YMEHbBIIIAET (PPOHTHI

HUMITYJIbCOB Ha  BBIXOZC. BOl’lpOC. KakoBa MuHHUMaILHas

AMIUIMTYJa BXOJHOI'O CHUTHAJIa IPU OAHHBIX HOMHHAJIAX U EH()

Kak 3aBucur JJIUTCIIbBHOCTh UMITYJIBCOB Ha BBIXOJC OT FJIY6I/IHI:I

noJsioxurensaoi OC?

3.5. Ilpenn3nOHHBINA BHINPSAMUTEb

Cobepure cxemy no puc. 10,a, no6aBuB B Hee Ienb OamaHcupoBkH. Benmumna pesucrtopoB R — 10xOm.
IlonaBast Ha BXOJ CHHYCOMAAIBHBIM CHUTHAJI PAa3IMYHOW aMIUIMTYAbI M 4YacTOThbI, HAONIOAAWTE CUTHAJI Ha
o0oux BbIXOAax. OnpenenuTe MUHUMAIbHYIO aMIUIMTYly CUTHajia Ha yactore | K[l M BEPXHIOIO YacTOTy
curHasia ¢ ammutyaod | B, mpu koTopeix (opma curHajga Ha BBIXOJE BH3YaJIbHO HE OTIMYACTCS OT
puc. 10,0.

3.6. U3mepenue 3.1.c. TepMONIapbl

B cxeme puc. 14 ybepute pesucrop, 3amatoutuii Tok myHta (100 Om), KOTOPBII UCHONB3YyEeTCS B CXEeMe
n3MepeHuu Maibix conporusiieHuil. K Toukam A,b noacoenunute repmonapy. Ilogoxaure MUHYTY-IpYyTyro
MOKa, BBIPABHMBAETCS TemIieparypa, u cOamancupyidite OVY. Jlanee Brimouass TepmocrtaTr (30-60-90°C),

n3MeppTe HanpspkeHue Ha Bbixoae OV npu ganabix Temneparypax Ugpx(Tn).
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En ] OTO HaNpsDKEHHE JIETKO ONPENeNuTh 10  3aMHUPAHUIO
100 . 9 1140 MOKa3aHWi BOILTMETPA (YCTAHOBJIEHHMIO YEPE3 MHUHYTY-
n e apyryto).  Berumcnure  3.a.c. tepmomnapel.  Cuuras
Ex TeMIlepaTtypy XoJioaHoi Tepmonapsl paBHoi 303 K (30°C),

E
150 ounenure cpeanee 3HaueHue AU/AT [mxB/rpax] B manHOM

MHTEpBaJIC TEMIIEPaTyp.
+En' -En
a —_ o
— 510 TR 100K
Puc.14

COJAEPKAHUME OTYETA
1. Henb paboTbl
Pucynku npunnunuansabeix cxeM B cucreme OrCAD

PesynbpTarhl n3mMepenuii B Bue Ta0nuIl, rpaKoB, BEIYUCICHHH ¢ HEOOXOIMMBIMH MOSICHEHUSIMU

D

BriBotp1 0 paboTe. B BbIBOIaX MOJUEPKHUTE PE3yIbTAThI TOJyYCHHBIE OT KaXKIOH CXEMBbI, YKaKUTE
KaK{e 3JIEMEHTHI OKa3bIBAIOT HAaHOOJIbIIIEE BIMUSAHUE HAa PA0OTY TOW WIIM HHOM CXEMBbI, KaK BIUSIOT Ha

KOHEYHbIE ITapaMeTpbl CXEMBI ITapameTpsl camoro OY

KOHTPOJIBHBIE BOITPOCHI
1. Yto Takoe BUPTyalIbHOE, UM MHUMOE, 3a3eMJIcHuE?
2. ITpusect Gpopmyst 11t Koc MTHBEPTUPYIOLIETO U HEMHBEPTHPYIOIIETO YCUITHTEIS.
3. Kakumu npuurnHaMu BbI3BIBACTCS OTIIMUME BBIXOAHOTO HanpspkeHUst OY OT HyJIs P 3a3€MIICHHBIX
BXOJax?
4. Kak 3aBucuT nosoca ycuienus ot riayounst OOC?
5. Ilpugymate cxemy ABYXMOIYIIEPHUOTHOTO MPEU3UOHHOTO BBITPSIMHUTEIIS.

6. I[lepeuncnutb ocHOBHBIE MapameTpbl OY 1 UX XapaKTEpHbIE 3HAYCHHUS.

Jluteparypa

1. I'punduna k. Tpansuctops! u nuneiinsie MC. PykoBoacTBo no ananusy u pacuery, M.: Mup, 1992.
2. Ocranenko I'.C. YcunurenbHsle ycTpoiicTBa: Y4el. mocobue st By30B. M.: Paano u cBs3p, 1989.
3.Anexcenko A.I'. u np. [IpumeHeHre MPEU3MOHHBIX aHAJIOTOBBIX cxeM, M.: Panuo u cBa3sb, 1985.

4. Xoposun I1., Xumn V. UckycctBo cxemorexnuku. T. 1, M.: Mup, 1984.

5. Tutne V., lllenk K. ITomynpoBoanukoBas cxeMoTexHuka. M.: Mup, 1982.

6. Msiuns FO.A. 180 ananorossix MukpocxeM: CrnpaBounuk. M.: ITatpuor, 1993.
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CnpaBo4Hble JaHHBIE HEKOTOpPBIX OY

0y o Ko Ve ST a5 e B o
Huar.

40VJIIB | BT 1:12) 7 | 20 o0 | 8 | 08 |60 +_65',Z)/ b5 | 8126
140VISE | BIT (25 5 6 S0 14 6 60 OV 70y 12
MOVATE | BT 45| 10| S0 S0 F 0317010 el 3 g
140v7708 BT 30 6 300 | 500 0% 03 0 w0s | 20135 Y
140Y7I8A | TIT | 50 | 20 | 50 09'125 BIK 564 10 P s 558
140Y/124 MOTI 1000 0.005 0.05 | 0L 11 | 25 120 47 |~ 35 2
0.005 - 2.5+8

saviia mT 100 15 | 20 o> Lm0 w0 2% s B
S4B TT 1050 100 07 1520 70 10 P07 1
SSIVIIA | B (500 1s | 10 | S0 o8 001 00 s D52
ksssve B 20 75 20 21 os 70 a0 0 e B

BK — BHYTPEHHSI KOPPEKIM; K3 — 3aIIMTa OT KOPOTKOT'O 3aMbIKaHUS Ha BBIXOJIE.

JIABOPATOPHAS PABOTA Ne4
Hugposvie cxemot

JlaGopaTtopHass paboTa TMOCBSIIEHA M3YYEHHUIO IM(PPOBBIX CXEM, 3HAKOMCTBY C HX YCTPOMICTBOM,
OCHOBHBIMH TIapaMeTpaMu, OO0JacTbi0 MpHUMEHeHHs. B 3amady cTyneHTa BXOOUT H3y4eHHE paboThI
nornyeckux Bentunen U, WUJIW, U-HE, WJIN-HE, tpurrepoB, MakeTUpOBAaHUE W HAJAJKa HECKOJIBKHX
U(PPOBBIX CXEM — JBOMYHOTO CUETYMKA YMCJIA UMITYJIbCOB, CIBUTOBOTO PErHCTpPa, MOJABUTEINS Ipebes3ra
KOHTAKTOB, a TAK)Ke MPOBEIeHNE HEOOX0AMMBIX H3MEPEHUH.

Beenenne. OnHO# M3 OCHOBHBIX (DYHKIIHI, BBIIOJIHIEMOM 3JEKTPOHHBIMH CXEMaMH, SBIIsIETCS 00paboTka
WM npeodpa3zoBaHue WHPOPMALINH, 33JaHHONW B BHJIE JICKTPUUYECKOTO CUTHAIA — HANPSOHKCHUS WM TOKa.
DJNEeKTPUUECKUE CHTHAJBI MOTYT TPEACTaBIATh HH(POPMALUIO B HENPEPHIBHOM (aHAIOTOBOM) WM
muckpetHolt (mmdpooii) dopme. B Hacrosimee Bpemsi, MOJABISIONIEe OOJBIIMHCTBO JIEKTPOHHBIX CXEM
NPEJCTAaBICHO B BHJE MHTEIPAIBbHBIX MHKPOCXEM, KOTOpPBIC IMOJAPA3ACsIOTCA HA JBa OCHOBHBIX BHJA —
aHasoroBble U 1HdpoBbie. B 3101 pabore paccmarpuBaroTcs HU(PPOBBIE MUKPOCXEMbI MaloOl U CpeaHei

crerieHl uHTerpanuu. LludpoBbie >nmekTpoHHBIE YCTpoiicTBa paboTalOT B COOTBETCTBUHU C JIOTMYECKHUMHU
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IpaBUJIAMH, TEOPETUYECKON OCHOBOM KOTOPBIX SIBJISIETCS anredpa JIOTUKH, WU OyneBa anredpa. B OyneBoii
anreOpe Bce MepeMeHHbIE U Pe3yJIbTaThl ONEpalii HaJl HUMH MPUHUMAIOT TOJIBKO ABa 3HaueHHUs "1" mim

"0". Jlnmsg KOHEYHOro 4YHcia JIOTHYECKHX IMEPEeMEHHBIX YHCIO JIOTHYeCKUX (yHKuuid KoHeuHo. Ot N

HE3aBUCHMBIX IEPEMEHHBIX MOKHO COCTAaBHUTH 2% pasnuuHbIX pyHkumii. Hanbonee BaxHbIe JIOTHYECKUE
¢ynkuuu — W, 1IN, HE. Cuctema npocThIX TOTHYecKuX (PYHKIMN, HA OCHOBE KOTOPOH, UCIOJb3Ys JIUIIb
OTIEepalMIO CYNEPHO3UIMU, MOKHO MOJYYUTH JIIOO0YIO JTOTHUECKYIO (DYHKINIO, Ha3bIBAaeTCA (PYHKINOHAIHHO
noJHOU. OYHKIIMOHAIBHO MOJIHBIMHU SIBISIIOTCA, Hanpumep, cuctemsl (U - HE), (MJIU - HE).

Ecnu B nndpoBoM ycTpoiicTBE cOCTOSTHHE BBIXO/IOB SIBISETCSA ONPEICICHHON (QYHKIIMEH TEKYIIHX BXOTHBIX
NEpPEMEHHBIX, TO TaKO€ YCTPOWCTBO MOKET OBITh pealn30BaHO Ha OJHUX TOJBKO BEHTHIISX
(xomOuHanmonHas soruka). CymecTByeT ApYyroi kimacc 3amad (mocienoBaTebHas JIOTHKa), KOTOPbIE HE
MOTYT OBITh pElIeHBI C MOMOIIbI0 KOMOMHAIIMOHHBIX cxeM. Hampumep, ais mojcyera yuciia UMITYJIbCOB,
npeoOpa3oBaHus JBOUYHOTO MOCIEI0BATEIBHOTO KO/Ia B MapaJlIeIbHBIN TpeOyeTcs CrielMalbHbIA SJIEMEHT,
oOmanaromuii "namsTei0". TakuMu HH(POBEIMU AIIEMEHTAMHU SIBIISTIOTCS pa3IMYHbIE BUJIbI TPUTTEPOB.
Jlornyeckue BeHTHJIN

JlornuecKuMH BEHTWJISIMHA Ha3bIBAIOTCSA  (DYHKIIMOHAJIBHBIE YCTPOMCTBA, pEATM3YIOIIHE JIOTHYECKHE

onecpanyu HaJl BXOAHBIMU IICPEMCHHBIMU.

X1 X2 Y X1 X2 Y X Y X1 X2 Y X1 X2 Y
0 0 0 0 0 0 1 0 0 1 0 0 1
0 1 0 0 1 1 0 1 1 0 1 0
1 0 0 1 0 1 1 0 1 0 1 1 0 0
1 1 1 1 1 1 1 1 0 1 1 0

Tabn.1"N" Tabn.2 "nn" Tabn.3 "HE" Ta6bn.4 "N-HE" Tabn.5 "VINU-HE"

Bentune U peanusyer omnepanuio JIOTHYECKOTO YMHOXEHHUsI (KOHBIOHKUHUS). Jlormyeckuil curHan Ha
BbIxosie Y ="1" BO3HUKAET TOJBKO MPU HAIUYUU CUTHANOB X = X =... = X, = "1" 0JHOBpEMEHHO Ha BCEX
BxoJax. DYyHKIMIO JTOTUYECKOTO YMHOXEHHS MOXKHO 3amucarth B BuIE Gopmynsl Y = X; & X ... X, uin
Y =X, UX;... Xy, a TakKe IpeCTaBUTh B BHJIE TaK HA3bIBAEMOU TaONIUIIBI UCTUHHOCTH (Tabu. 1). BeHTuib
NJIN BeimonHsIeT PYHKINIO TOTUYECKOTO CIIOKEeHUs (Mu3bloHKIus). s aToi cxembl Y = "1" npu Hamu4uu
jornyeckoil "1" xorst Obl Ha OgHOM H3 BXOJOB: Y =X  vXpv..v X, wmn Y = X;+Xp+...+X,. Tabmumna
uctuHHocTU (pyHkumu WJIM nist qByx curHanoB npuBeneHa B Tabn. 2. Bentuns HE (uuBepTop) peanusyer
(GYHKIHIO JIOTUYECKOTO OTPHUIIAHHS W MPEACTaBIsAeT cOo00l OMHOBXOJOBYIO CXEMY, Ha BBIXOAE KOTOPOW

curHan Y="1" Bo3nukaer npu X="0" Ha Bxoze. Jlornueckoe oTpullaHue 0003HAYAIOT CIUIOIIHOW JTUHHEH

HaJl TEPEeMEHHOM: YT=X Tabnuna uctunHoctu ¢ynkuun HE mnpuBenena B tabn. 3. Bentwniu W-HE
(wrpux leddepa) c Tabnuueit ucrunnoctu (tabdn. 4), MJIN-HE (ctpenka [lupca) ¢ Tabnuieit HCTHHHOCTH
(Tabn. 5) coBMemaroT cpasy aBe (GyHKUUU. DTH BEHTHIIN OKa3bIBAIOTCA 0ojiee yAOOHBIMHU B MPAKTHUYECKUX

cxemax. Kpome Ttoro, u B TTJI u B KMOII TexHonorum Mx BHYTPEHHEE YCTPOMCTBO MpOIIE, WM, KaK
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CJIEJICTBHE, BPEMEHHBIE 3aJCPKKH IIPUMEPHO B JBa pa3a MeHble, yeMm y Bentunen Y, MJINW. Bentumn U-HE,
NJIN-HE xax1plii B OTAENBHOCTH 00pa3yloT (pyHKIIMOHAIBHO MOJHYIO CUCTEMY, T.€. Ha OCHOBE JII000TO U3
HUX MOYKHO TIOCTPOUTH JII00YI0 KOMOMHAIMOHHYIO CXEMY, @ C YUETOM TOTO, YTO Ha BEHTWISIX PEATH3YIOTCS
pasnuyHbIE TPUITEPHl, TO U JI000e IUPpPOBOE YCTPOWCTBO, Hampumep KommbioTep. ['paduueckue

M300pakeHMs IOTHUECKUX BEHTHIICH MpHUBeIeHbI Ha puc. 1.

21 pXGR15] HE 2 U-HE 2-WIH-HE
xifle | xf1 xafg | xif1

Y Y X Y Y Y

X2 x2| T = T x| T

Y=X1-%X2 Y=X1+%2 Y=X Y=X1-X2 Y=X1+X2
JIH JLIT JIH JLA JIE

Puc. 1. YcnoBHbIe 0003HAYCHHS JTOTUIECKIX BEHTHIICH
[Ipocreitmas peanuzauus cxemol 2 U npuBenena Ha puc. 2,a. Hanpsbkenne Ha Boixose U,y = +E, uto
COOTBETCTBYET Jlornueckoii "1", OyaeTr TOJIbKO B TOM cilydae, Kora Ha o0oux Bxogax Oynet motenuuan +E.
Ecnu xo1st 661 011H BXO[ 1oicoequHeH K "nor. 0", Ha BbIxoJie OyJeT HanpshKeHue, OJIM3K0e K HYIIO
(mameHue HaMPsDKEHMS HA OTKPBITOM uofe). Peanm3arus cxemsr 2 NJIN npuBeneHa Ha puc. 2,6.
Hanpsoxenue Ha Beixozie Oyaer 6mu3ko k +E (moruueckas "1"), eciu XoTs Obl Ha OJJMH U3 BXOOB MOJIATh

noreHmai +E.

x1 VD1 . X1 VD1
VD2 R
X2 y X2 D2 v
# P
R
& — 3
i) é)

Puc. 2. Jlormueckue Bentunu U, UJINU, HE
Jlornyeckas cxema HE nHambosiee MpOCTO BBIMOTHSETCS C TMOMOIIBIO TPAaH3UCTOPHOTO KIIOYa, PHC. 2,8
(TpaH3UCTOp BKIIOYEH IO cxeMe ¢ oOummM smMutTepoM). Eciin Bxoa nmoacoenunex k "0", TpaH3uCTOp 3amepr,
Ha BbIxoJie noTeHuuan +E ="1". Ecnu na Bxoae "1", To TpaH3uCTOP OTKPHIT A0 HACHIEHUS U Uy, = 0, T. €.
ABIISICTCS JIOTHYECKUM HyJieM. Takue mpocTeiine JOrMyeckre cXembl 00J1aaloT OOJBIINM KOJIUYECTBOM
HEJ0CTAaTKOB U HA MPAKTUKE HE NPUMEHSAIOTCA. IIpOMBIIITIEHHOCTBIO BBIMYCKAETCs MHOYKECTBO CEMEICTB
(cepmii u TUNOB) LU(POBBIX MHTErpalbHBIX cxeM. OpHako HauOoJiblliee MPUMEHEHHE HAXOMAT CepUuu
TTJILI — tpan3ucropHo-Tpan3uctopHas Joruka ¢ auogamu Hlorrkn u KMOII — Ha xomiuieMeHTapHbIX
MOII-Tpan3ucropax. Cxema 6azoBoro TTJI Bentmns M-HE mnokasana nHa puc. 3. OHa COOEPXKHUT TpH
OCHOBHBIX KacKaja: BXOJHOW, peanmsyromuii ¢yHkuuio M Ha MHOrOAMHTTEpHOM TpaHzuctope VTI,
KOTOpbIN ynpasigeT TpanzuctopoM VT2. Eciu VT2 otkpeiT, TO VT4 3akpbIT, @ VTS5 OTKpHIT, U Ha BBIXOJE

Y Oyner nampspkenue joruyeckoro Hynst (=0B). HaoGoport, ecnmu VT2 3akpseiT, TO VT4 otkpeiT, VTS5
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3aKpBIT, Ha BbIXOAE Y OyIeT HampsbkeHue Jorumueckoi emmuuiiel. Koppekrupyromas nens R3, R4, VT3

yaydmaeT GpopMy nepesaToqHoi XapaKTepUCTHKH.

’ i i
Ver Uerix, B
1
125°C
X1 -
— +2°C
-
X2 R3 +60°C
J
1
vD1 [VD2
pakes e
£L 05 10 15 20 25UexB
Puc. 3. ba3oBblIii T0rn4ecKuii Puc. 4. TlepenaTouHast XapakTepUCTUKA
BeHTuiIb M-HE cepun 155 nnsepropa TTJI

Ilepenatounas xapakrepuctuka BeHTWIs HE  TTJI-noruku (3aBUCUMOCTb BBIXOJAHOTO HAIIPSDKEHUS OT
BXOJIHOTO) TIPU pa3HbIX TeMIlepaTypax IpuBeAcHa Ha puc.4. Kak BUAHO W3 pHUCYHKAa, HHBEPTOP
MPEJCTaBIseT COOON YCHIIUTENb C ABYMsI YPOBHSIMH OT'PaHUYEHHS M KBa3HJIMHEWHOM 00JacThbio C OOJIBIINM
koduimenTom ycuiieHus. Bxomnas xapakrtepuctuka TTJI-BeHTUNs (3aBUCHMOCTh BXOJHOTO TOKa OT
BXOJIHOTO HAIIPsDKEHUs) INpeacTaBieHa Ha puc. 5. BxoaHo#t Tok jormueckoro "0" mo Moayiro HamMHOIO
OoJbIlIe BXOJHOTO TOKa JIOTHUecKo "1", YTO y4YHMTBHIBaeTCs CXEMOTEXHHUYECKUM PEIICHHUEM BBIXOTHOTO
Kackaga BeHTuIsA. B cocTostuum "nor. 0" Ha BBIXOJIE BEHTHIIb MOXKET OTAAaTh TOK, HAMHOTO OOJIBIIHI, YeM B
cocTtosiHUM "nor. 1", T.K. B IEPBOM CiIydae BBIXOJ 3aMbIKA€TCs Ha "3eMJII0" OTKPBITHIM TpaH3ucropoM VTS5
(cM. puc.3), a BO BTOPOM MOJCOEIUHSAETCS K NOTEHIMAly MUTaHus Vcc dyepe3 pesucrop RS. 13 ckazanHOro
CIIETyeT, B YACTHOCTH, 4TO 861x00 TTJI coedunamob ¢ nHanpsxcenuem numarnus Vee nenavss! TlpocTas oneHka:
6a30BbIif TOK Tpansucropa VTS5 B cocrosauu "nor. 0" Is = 4MA; npu B =125 tok xomtekropa Iy=B-Is =
0.5A, momHocts Ha Tpan3uctope VTS Pyrs iV~ 2.5 Br. Tak kak pasmepsl Tpanszucropa VTS Ha
KpUCTAJIJIE OYEHb MaJbl, TO ATO NMPUBOAUT NMPAKTUYECKH K MTHOBEHHOMY BBIXOJY U3 CTPOSI MUKPOCXEMBI.
Bentune u3 cepun TTJI, n3o6pakeHHbIN Ha puc. 3, HOCUT Ha3BaHHE HACBHIIIEHHOTO, T. K. TPAH3HCTOPHI B
MIPOBOJISIIEM COCTOSIHUM HAXOJATCS B OOJIACTH HACHIMIEHUS. DTO MPUBOAUT K HAKOIUICHUIO HOCUTENCH B
0a3zax TpaH3UCTOPOB, CJIEIOBATEIBHO, K CHI)KEHUIO ObIcTpoaeiicTBus. [IpumMenenne TpaH3ucTOpoB U AUOA0B
c OappepoM IIIOTTKH, MMEIOUMX Majloe MAJCHHE HANPSIKCHHUS B IPOBOJSIIEM COCTOSIHUHM, TO3BOJISIET
n30eKaTh HACHIICHUS! TPAH3UCTOPOB M YBEIMUUTH OBICTpoAeHCTBHE. DTH cxeMmbl ob6o3Havyarorcs TTJIII. K

HuM oTHocsATcss MC cepuii 555, 1531, 1533 u npyrue. B HacTosiee BpeMst OHU BBITECHAIOT cxembl TTJL
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Cxempt TTJI wm TTJIII B OOJBIIMHCTBE CIIydyaeB B3aUMO3aMEHsAEMBbI (KpoMe OrpaHMYeHUH IO

OBICTPOJICHCTBUIO U TOTPEOIAEMON MOIITHOCTH).

JBX, MA Hamnpsoxkenne nuranus TTJI-cxem +5B, HanpsbkeHue

r ~40 MKA HU3KOrO ypoBHsA (yormueckuit Honp) 0+ 0.4 B,

| | | HaINpsDKEHHE BBICOKOTO YpOBHs (JIOrMYecKas €IUHUIA)
2 -1 1 BX,

2.4+5 B. IlapameTpsl NpUMEHAEMBIX B JaHHOW paboTe

-1 cxeM TTJI (u 3amematomux ux TTJIL) npuBenens B

npunoxerand. Cxemst TTJI (TTJIL) B mobom

2 COCTOSIHUHM MOTPEOIIAIOT 3HAUUTENbHBIN TOK, OT €IUHUII

1o necatkoB MA. OcobenHocteio MukpocxeM KMOIT

Puc. 5. Bxonuoit tox TTJI-cxem SIBJIISIETCS UCKIIFOYUTEIBHO majias MOIIIHOCTb,

notpedisieMass B CTAaTUYECKOM PEKUME, HA HECKOJIBKO
nopsakoB Menblie cxeM TTJI. Onpnako OvicTponeiictBue cxeMm KMOII B HECKONBKO pa3 MEHbIIE, YEM Y
cxem TTJI. Hanpumep, cratuueckas cpeiHss MOUIHOCTh noTpedienus ogHoro snementa TTJI cepun 155
COCTaBJISIET HECKOJIBKO JECATKOB MWJIIMBATT, a y BeHTUIs1 KMOII cepuit 176 u 561 npumepHo B ThICS4y pa3
MeHbuie. CpeaHee BpeMs 3aJ€p)KKU pacnpocTpaHeHus curHana BeHtunem TTJI cepum 155 cocrasiser
oxo10 20mcek (20-10” cek), mus Bentuneit KMOIT cepun 176 — npumepro 200ucex, KMOIT cepuu 561 u

1561 narot 3apepxky 100+120Hcek.

+Vco [Tpuunny manoro norpebienuss toka KMOII-cxemamu jerko mokaszaTh Ha

_‘U'|T3 npumepe BeHTwids W-HE (puc. 6). Tpansuctoper VT1 um VT2 BrirodeHbl
T4 nocienoBarensHo, a VT3, VT4 — mapamiensHo. Ecnu xoTs Obl Ha oAMH W3

Taw) ™ ; BX0J0B, HanpuMep Ha X1, nmonman normyeckuid "0", To VTI 3amepr, a VT3

;:2_ o OTKpBIT, W, HE3aBUCHMO OT COCTOSIHHS Ha BXoJe X2, Ha BbIXoAe Oyner
WT1 norudeckas "1", T.e. moreHman, Onu3kuil K V.. Tolbko B ciaydae, Korjga Ha

X1 | o0a Bxona nmonana "1", rpansucropsl VI1 u VT2 otkpsiBatorcs, a VI3 u VT4
0 3aKpbIBalOTCSA, U Ha BbeIxoze noiydaeM 0 B, T.e. mormueckuit "0". HerpynHo

Puc. 6. BUJICTh, YTO B JIIOOOM COCTOSIHUM CKBO3HOTO TOKa Yepe3 BEHTWJIb HET, 3a

MCKITIOYCHHEM HHYTOXKHOTO Toka yreukn (107'°+107"° A). Ckasannoe
CIPaBEUIMBO Ul KBAa3UCTAaTMUECKOTO peXHMMa, KOI/la 4acToTa NEpeKytoueHui Mmana. B nuHamuueckoM
pexxume, npu 0onbioil yactore MukpocxemMbl KMOII-noruku notpeOisitoT TOK NOopsAaKa HECKOJIBKUX MA.
bonpiasg gacTe 3TOro TOKa 3aTpayMBaeTCs Ha Mepe3apsii BHYTPEHHUX €MKOCTEN TPaH3UCTOPOB M €MKOCTU
Harpy3ku. Kpome Toro, xorja BO BpeMs MEPEKIIOYECHHUs OJUH TPAH3UCTOP OTKPBIBAETCA ObICTpee, YeMm
JPYroy 3aKpbIBaeTCsl, YEPE3 HUX MPOTEKAET UMITYJIbC CKBO3HOIO Toka nopsaka 10 MA. B otimnuue ot TTJI-
cxeMm HanpspkeHue nutanuss KMOII-10oruku MO>KHO MEHSTh B IIMPOKHX mpenenax (o0sryHO 3+15 B), X014

IIPU MAJIBIX HAMPSDKEHUSAX TUTAHUS ObICTPOACHCTBHIE U HATPY30UHAs CIIOCOOHOCTD yXYAIIAIOTCS.
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Hcropnyeckas cnpaBka

Ha mnepBbIx »Tamax pa3BUTHS OHIOJAPHBIX TPAH3UCTOPHBIX MHKPOCXEM MPEACKAa3bIBAIM IIUPOKOE
pacrpocTpaHeHHe KOMIUIEMEHTAPHBIX OUITOJIIPHBIX JIOTHYECKUX 3JIEMEHTOB Ha P-N-p U N-p-N TPAH3UCTOPaX.
K npumepy, ecnmu B TTJI-cxemax ynamoch OBl 3aMEHHTh BBIXOJHOM Kackaj Ha JBYXTAKTHBIH
KOMIUIEMEHTApHbIH, MPUHIUIHAIGHO MOHHU3WIACh Obl moTpediseMass MOMIHOCTb. OpaHako OHMONIspHAs
KOMIIJIEMEHTAapHasl TPAH3UCTOpPHAsl JIOTMKAa HE MPWXKWIACh M3-3a TPYJHOCTH W3TOTOBIIEHUS HAa KpHCTaslIe
0O0JIBIIIOTO KOJIMYECTBA KOMITAKTHBIX I10 TUIONIAAN M BBICOKOKAYECTBEHHBIX I10 MapamMeTpaM WHTErpalbHbIX
p-n-p TpaH3UCTOPOB.B aHANOroBOi CXeMOTEXHHKE, Il p-N-p TPAH3UCTOPHI MPOCTO HEOOXOIUMBI KaK JUIs
YIPOLICHUS CXEMOTEXHHUKH, TaK U ISl YAy4IIeHUs] CBOUCTB ycminTeneit (cM. 1ad. paboty "OnepannoHHbIe
yeuurenu"), npobiaeMa co3laHus XOPOIIMX P-N-p TPAH3UCTOPOB ISl TEXHOJOTOB BCE €IE CYIIECTBYET.
[Tostomy peanpHO OunomspHsie Mukpocxembl TTJI  uMelor Ha BBIXOAE Tak  Ha3bIBAEMBIH
KBa3MKOMIUIEMEHTApHBIA KacKaJ, KOTJa Ha KpHUCTaJUIe JENIaloT TOJbKO n-p-n TpaH3ucTopsl (puc. 3). Drta
KoMmIrpomuccHas cxema BeHTwiIs TTJI okasanmach ONTHMAaIbHON M INPUMEHSAETCS B TEYCHUE HECKOJIBKUX
necsatuneTuil. [lepBble MONMBITKM BBITYCKATh MUKPOCXEMBI Ha MOJIEBBIX TPAH3MCTOPAX OAHOM IMOJISIPHOCTH K
ycrexy He npuBenu. Jlormueckue BEHTUIM NOJY4YaluCh KpalHE MEUIEHHOAEHWCTBYIOIIMMHU, MOCKOJIBKY
BHYTPEHHEE CONPOTHUBIICHHE KaHajla y MOJIEBOTO TPAH3UCTOPA Ha MOPSAIOK OOJIbIIe, YeM CONpPOTHUBICHHE
MEXJy KOJUIGKTOPOM M OMHTTEPOM HACBIIICHHOTO OWIOJNApHOTO TpaH3uctopa. OIHOMONSpHBIE
mukpocxeMbl MOII He oTnMYanuch HU MOMEXOYCTOMYUBOCTBIO, HU MAJIOM MOTPEOIsIeMON MOITHOCTBIO.
Xopomme pe3yiabTaThl Jajd0 TOJBKO IPUMEHEHHE JBYIOJISIPHOTO HMHBEPTOpAa, IOCTPOEHHOIO Ha
KOMIUIEMEHTAPHOM MOJIEBOM Tape.

Tpurrepsi

Kak yxe ymomuHanoch BbILIE, AJIS1 MOCTPOSHUS IIU(PPOBBIX CXEM IOCIIEAOBATEIFHON JOTUKH HEOOXO0UM
aneMeHT, oOmamaomuii "mamsaTeio". OueBHAHO, OH JOJDKEH HMETh JBa YCTOMYMBBIX COCTOSHHUS H
NIEPEXOIUTh U3 OJHOIO B JPYro€ INpHU ONPEAECICHHOM BO3JEHCTBUM. DJIEMEHT C TAaKUMHU CBOHCTBaMU

HAa3bIBACTCS TPUITED.

5 s
e [ SR PYRR

b 4
=
[=4

%ol

R > a7 7 &
D—Lgf ’R_ co—
a) &) 8)

Puc. 7. RS-Tpurrepsl Ha JIOTUYECKUX BEHTUIISAX
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Tpurrep MoXHO NOTy4uTh, 0XBaTUB /Ba BeHTWIs -HE nepexkpecTHbIME 00paTHBIMU CBSI3IMH, KaK

MOKa3aHO Ha puc. 7,a. DTOT Tpurrep umeer Asa Bbixoga Q;, Q, u 18a Bxoaa — S (Set — yctaHoBka) u R

(Reset — cOpoc). ITycTs B mocnenoBaTeIbHbIE HHTEPBAIBI BPEMEHH T ... T¢ JOTMUECKHE YPOBHH Ha BXOJaX

R u S npuHMMaroT 3HaueHMs, Kak oKa3aHo B Ta0J. 6. B uHTepBanax 1y, 13, Ts COCTOSHUE BBIXOJ0B

MOBTOPSET COCTOSIHUE BXOJIOB, UTO CieayeT U3 Tabnul uctuHHocTH s BeHTwi st M-HE u unsepropa HE.

WuTepBainsl 12, T4 (R="0", S="0") cOOTBETCTBYIOT pe:KUMY XpaHEHUS HHPOPMAIIUN — TPUTTEP "MOMHUT"

npeasiayiee cocrossHue. 1lpu nepexone or HHTEpBaa Ts K UHTEPBAILY Tg TPUITEP MOXKET YCTAHOBUTHCS B

m000€ COCTOSHHE, YTO OTPEACIsIeTCS BHYTPEHHUMH 3a/IepPKKaMHU BEHTHIICH.

t |S R | Q
o |10 1
T2 0 0 1
3 |0 1 0
T4 0 0 0
s 1|1 1
Te6 0 0
Tabax. 6.
D |C | Q(tn)
1 0 | Q(tyr)
00 [Qty
)
11 1
0|1 0
Tabn.7

Q:
0

Heomnp.

Ecmu  mpunste komOunammio (R="1", S="1") 3ampemeHHoil, TO

JIOTMYCCKUC YPOBHHU Ha BBIXOJAX GYZ[}IT BCCrJa MNPOTHUBOIIOJIOXKHEI, T.C.

Q2= @ , TI0O3TOMY BBIXOJIBl TpUrrepa 00o3HauaroT Q u Q (npsmoit u
WHBEPCHBIN), Kak Ha pHC. 7,0. TakoW »neMeHT Moiyyms Ha3BaHue RS-
Tpurrep. RS-Tpurrepbl NpUMEHSIIOTCS NpPEXKIE BCEr0 B CTaTUYECKHUX
ONEpaTUBHBIX 3amoMuHaromux ycrpoiicteax (O3Y). Ha puc. 7,6
IpuBeAeHa cxema RS-Tpurrepa ¢ MHBEpCHBIMM BXOJaMH, a Ha puc. 7,6 —
ero obosznauenue. Ecimu stor RS-Tpurrep nonomHuTh KOMOMHAIIMOHHOM
JIOTUKOM, KakK MOKa3aHO Ha pHC. §, TO NOJy4UM cTaTHueckuil D-Tpurrep c
IBYMs BXoJaMH: nH(popMarmoHHbIM — D (Data) u CHHXpOHU3HUPYIOIUM —
C (Clock). Tabauia UCTUHHOCTH cTaTUYecKkoro D-Tpurrepa mpuBeneHa Ha
tabn. 7.  Kak cnenyer u3 Tabuuiel, cTaTuyeckuii D-Tpurrep nmoBTopsiet
Ha BbIxojie Q soruueckoe cocrosHue Bxojga D mpu C = "1" u coxpaunser
("3amenkuBaet") 310 3HaueHue npu C = "0". Ha ocHOBe Takux TpUITEPOB
JIeNAoT, KaKk IpaBwWiIo, NapauienbHble perucTpel xpaHenus (TMS, TM7,

NP22 cepuu TTJI).

=
=1

D#— 4, theo D Y Nl T -
—o| T
% _C
. b & . b -

a) ) g)

Puc. 8. D-Tpurrepsl Ha JOrM4€CKUX BEHTHIIAX

Boixonnoit RS-tpurrep D-tpurrepa MoKeT HMETh AONOJIHHUTENbHbIE JOrMdyeckue BxoAbl R u S s

OYMCTKU/YCTaHOBKH ( CM. puC. 9).
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Slave Cratnueckue RS- u D-Tpurrepsl He NpUroAHbI ISl TOCTPOEHUS

Puc. 9.

CUETYMKOB U PETUCTPOB CIABUTIA, TAK KaK MH(POpPMAIIHsI Ha BBIXO/E

=1

U3MEHSETCS CHHXPOHHO C BXOIHOHM, JTMOO IMPOCTO XPAHUTCS.

Nial)

Tpurrep, B KOTOPOM OTCYTCTBYET CKBO3Has Ilepeiada co BXOJa
Ha BBIXOJ, a BBIXOJHAs MH(POpPMALUs YCTaHABIUBAETCS

CHUHXPOCHUTHAJIOM TOT'Jld, KOI'la BXOJAHBIC CUTHAJIbI 6JIOKI/IpyIOTC$I,

MO>KHO MOCTPOUTh Ha RS-Tpurrepax 1 koMONHAIIMOHHOM JIOTHKE.

C 1Q(tn)
D
* 10 1Q(ta)
* 1 Q)
* Q(tarn)
1
0 4 |0
Tabn.8
E |5 CD | Q)

0 0 |* | * Banpem.

1 |1 1 1
1 |1 0 0
Tabn.9

Ha puc. 9 npuseneHa crpykrypa, MOCTpOEHHas MO MpUHIMILY "Bemymmii-
Benowmerii" (Master-Slave). Cxema conepxuT J1Ba cratuueckux D-Tpurrepa u
uHBeprop. Tak kak craruyeckue D-tpurreper "Master" u "Slave"
NPUHUMAIOT MH(POPMALIMIO BO B3aMMHO HCKIIIOYAIOIIME MOMEHTHI BPEMEHH,
TaKyl0 CTPYKTYpy Ha3bIBalOT TPUITEPOM, TAKTUPYEeMBIM (POHTOM
(munamuyeckuit  tpurrep). CocTtosiHMS ~— nuHamMuueckoro  D-tpurrepa
MpUBEACHBI B TaOn. 8, roe * —moboe cocrostHue, — mepexox "0"—"1"[

J] mepexox "1"—[1"0". JIpyras CTpyKTypa AMHAMHYECKOro D-TpHrrepa,
MIOCTpOEHHOT0 Ha RS-Tpurrepax, npuseneHa Ha puc. 10. Eciu E=5="1" 10

mpu C="0" umeem X, = X3 ="1",11X; = D , X4 =D, BoixonHOM RS-Tpurrep
HaxXOJUTCsS B peXUME XpaHeHHs. B 3aBucHMOCTHM OT 3HadyeHMs Ha Bxone D
OIMH W3 BXOJHBIX TPUITEPOB O0O0S3aTENBHO HAXOAWUTCS B '3ampenieHHOM"
COCTOSIHHMH, T.€. 00a BBIXOJa HaxXomATcs B cocTosHuH "1". DTO cocrosHue
ucuezaer mpu mnepexoae curHara C "0"[I"1", a BeixogHO#M curHanm Q
YCTQHABIMBAETCSl BXOJHBIM TPUITEPOM, HAXOIAIIMMCS B '"pa3pelieHHOM"

cocrosiHuu: npu D="0" X3 coxpansercs B cocrossuuu "1", X, mepexoaut B

cocrosiaue "0", Q= "0", Q- "1"; mpu D="1" X, u X3 MEHAIOTCS pOJISIMU U

nepexon Xz "1"—>"0" ycranaBnuBaer Ha Bbixoge Q= "1", IQ=”0”. ITo

Bxomam Fp ° IIPOU3BOIUTCS cOpoc U ycTaHoBKa D-tpurrepa. OnucanHyro
CTPYKTYpy HMMeeT nomyispHbiii D-tpurrep 155TM2 (555TM2, 1533TM2).
CocrostHHSI 3TOTO TpHUrTepa npuBeieHs! B Tadi. 9. Emte oquH BUA TpUrrepa —

T-Tpnrrep, YacTO Ha3bIBAeMBIN CUCTHBIM, MCHJIACT CBOC COCTOSAHHUEC Ha

IIPOTUBOIIOJIOKHOE IIPU MOCTYILUICHUN KaXJOT0 CUHXPOHU3UPYIOIIETO UMITYJIbCA. Y CTPOMCTBO U IMPUHIIUI

paboTsl ero onucan B nuteparype [1, 2]. T-Tpurrep npuMeHseTcsl B Ka4eCTBE JeUTENs YacTOThl B 2 pasa.

COC,Z[I/IHSISI OoCICa0BATCIIBHO N cueTHBIX TPUTTCPOB, MOKHO IMOJYIUTH ACITUTCIIb YaCTOTHI B 2N pas, a TaKxKe
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yCTPOMCTBA ISt cYeTa UMITYyNIbcOB. B manHo# pabore ucnonszyercs MC K155UES, nmo3Bonstomias 1enuTh

4yacToTy B 16 pas.

Cx

Puc. 10.

OO6nacTy MpUMEHEHUS Pa3HBIX TPUTTEPOB B MUPPOBOM CXEMOTEXHUKE
BecbMa oOmmpHbl. [Ipocroe u mone3Hoe nmpuMmeHeHne RS-Tpurrepsr
MOJIyYWJIM B CXeMax TOJaBlieHUs  Jpedesra  MEXaHHMYeCKHUX
KOMMYTUpYOmUX ycrpoictB. Ecnu nogaBate curnanel "0" u "1" Ha
U(POBYI0 CXEMy C TOMOIMIBIO TEpeKNIouaTeNs — TymOnepa, Kak
MOKa3aHo Ha puc. 11, @, TO BO3HUKHET OUYE€Hb HEMPUSITHOE SIBJICHUE —
npede3r KOHTAaKTOB. B TeueHWe HECKOJBKMX MHJUTHCEKYHH TOCIe
3aMBbIKaHUS MepeKITIoYaTeNs ero KOHTaKTbl BXOJST B
COIPUKOCHOBEHHE JPYT C JPYrOM OT JAECATKOB 0 cOTeH pa3. Eciu k
BBIXOJy TaKOH CXEMBI MOJKIIOYUTh KaKOW-IN0O CYETUUK UMITYIIbCOB,
TO OH COCYMTACT HE KOJIMYECTBO TMEPEKII0YeHU TymOiepa, a

OTpearupyeT Ha KaXXIbld JIONOJHUTENIbHBIM KMITYJIbC, BBI3BAHHBIN

>TUM Apebdesrom. Cxema, n3o0paxkeHHast Ha puc. 11,6, MO3BOJIAET MOTHOCTHIO MTOAABUTH APEOE3T.

+B B Y 110
Q
1k0 1kD 10 &Dﬂ—ﬂ—.‘ I I
o
12 11 Q_
13 &D—U—F I I

a)

6)

Puc. 11. TlogaBnenue apede3ra MEXaHUYECKUX KOHTAKTOB € momouibio RS-tpurrepa

OCHOBHBIMU TIapaMeTpaMH HU(POBBIX MHUKPOCXEM SBIIAIOTCS OBICTpoeiicTBHE, TOTpediisieMass MOIIHOCTb,

MIOMEX0YCTOMYUBOCTh, KOI((UIIMEHT Pa3BETBICHHUS MO BBIXOAY (Harpy3o4Hasi CocoOHOCTh), K03 duiiueHt

O6’be,£[I/IHCHI/I$I o BXOn#y. KOHCTPYKTI/IBHO MHUKPOCXCMBI BBITNNOJIHAIOTCA B CTAHAAPTHBIX IIJIACTMACCOBLIX,

KEpaMHUYECKUX MM METAJUIOCTEKISIHHBIX KOpIycax pa3inuyHblXx (opM u pasmepoB. OOo3HaueHue Ha

KOopmmycax OTCYHCCTBCHHBIX MHUKPOCXEM COCTOUT M3 HCCKOJIBKUX 3JICMCHTOB, BKIIIOYANOLIHMX B ce0s HOMCD

cepun (Tpex- WJIM YETHIPEX3HAYHOE YHCIO0); JBE OYKBBI, 00O03HAUYAIONINE BBIMOJHIEMYIO JOTHUYECKYIO

KITUIO; IH , 0003HaYaIOIII MMOPSIOIKOBEIA HOMEDP pa3pabOTKH IO KIIMOHATEHOMY NPHU3HAKY B
YH |%% Yo 1op p pasp YH y 1p Yy

naHHoM cepum. Ilepen mepBBIM 3IEMEHTOM O0003HAUYEHUS MOTYT CTOSITh €II€ paziuHble OYyKBBI,

XapaKTepU3yIoIue 00JacTb MPUMEHEHHS, KOHCTPYKIIMIO UM TUI KOPITyca.

[Tpumepsl 0003HAYEHUST MUKPOCXEM:

K155JIA3 — uetsipe nor. Bentuisi 21U-HE (JIA3) cepuu 155 ; KM155JIA1 — nBa nor. Bentuns 41-HE (JIAT)

cepun 155 mumpok. npuMeHeHus B MeTaimokepaMmudeckoM kopnyce; KS55TM2 — nea D-tpurrepa (TM2)
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cep. 555 (¢ auogamu IllotTkn); 155TM7 — uetbipe D-Tpurrepa ¢ npsiMbIMH M MHBEPCHBIMH BBIXOAAMHU

(TMT7) cep. 155, ¢ paciumpeHHbIM TemMniepaTypHbIM auana3oHoM; K155UES — ueTsipexpa3psiiHblii

nsonuHblil cuetunk (MES) cep. 155 ; KP15331E7 — ueTslpexpa3psAHbIil peBEpCUBHBIN TBOMYHBIN CUETUUK

¢ 3arpy3koit u copocom (ME7) cep. 1533 B mnactmaccoBoM kopiyce. Ha ctapbix MUKpocxeMax MOKHO

BCTpeTuTh 00603HaueHus Bpoje K1JIb553, uro coorBerctByet JI155J1A3; KITKS552 cooTBercTBYyeT

K155TM2 u 1.1.

[IpakTuyeckue 3axaHus

Bce usmenenus 6 cxeme denams monvko npu omxnovenHom numanuu! Boixoovr TTJI na +5B ne samvikams!

1. [IpoBeputh mo Tabmuile UCTUHHOCTU (Tabmn. 4) paboTy OXHOTO M3 JIBYX CBOOOMHBIX BeHTWieH 2M-HE

Mukpocxemsl 155JIA3. LlokosieBka npuBeaeHa Ha puc. 12 u puc. 13. HoMmepa HOXEK MUKPOCXEM CUUTAIOTCA

OT KJIt0Ya MPOTUB YAaCOBOW CTPEJIKU.

2. VI3mepuTh BXOJHOW TOK JIOTUYECKOTO HYJS M JIOTMYECKOM €IUHUIBI A oxHoro u3 BeHTwien 21-HE

(155JIA3). Ilpowe Bcero 3To caenarh, 3aMblKas BXOJ Ha Hylb UM Ha +E, moaxonsmuM pe3ucTopoM H

i |
|
=a
=H
w1
e

-
7

g
||

O~
O
O =
O=
=
O~

ann

e B

O
9

=B
=a
=] |

16 15 14

1 2 3 4 56 7 8

Puc. 12.
430

100n

L

| El :;!i...riﬂ[]n

430
Puc. 13.

U3Mepsis MajeHe HanpshDKeHUs Ha HeM. HoMuHan pesucropa (IIyHTa) JIErKo
BBIOpATh, MOIB3YACh CIIPABOYHBIMH JAHHBIMU U3 MPUIIOKEHUS U YCIOBUEM,
4TO Ta/ICHUE HAMPSHKCHHSI HA HEM JOJDKHO cOCTaBiaTh He Ooinee 0.1+0.2 B.
3amMeTuM, 4TO M3MEPEHHBIC 3HAYEHUS MOTYT CYIIECTBEHHO OTIMYAThCS OT
CIPaBOYHBIX.

3. U3 nByx Bentuineit 2U-HE coOpate cxemy nojasurens npebesra Ha RS-

Tpurrepe no puc. 11,6. PaccmoTpers npebesr Ha Bxoaax 9 u 13 u yoenuthes

B €r0 OTCYTCTBMM Ha BbIXozax Q u Q, CunxpoHusanus ocuuwiorpada —
KAyIIast, JUIMTEIbHOCTh Pa3BEPTKH — MOJ00paTh.

4. Cobparb [IBOMYHBIA JenuTenb Ha deTelpex D-tpurrepax 155TM2

(555TM2) no puc. 14. [Ins storo Ha BXOAbI E u *nopmare JIOTHYECKYIO

eauHuly. COeqUuHUTH BBIXOJbI IQc D-exomamu. Ha Bxonx "C" mepBoro
TpUITEpa TOJNATh CHTHAI C MYJIbTUBHOpATOpa, COOpaHHOTO Ha MABYX
BeHTwisix 2U-HE (puc. 13). 3acuaxpoHU3upoBaTh ociuuiorpad B xayem

pexxume oT mocneanero tpurrepa (Beix. 1). HabmromaTs curHanel Ha Bcex

BbIxosax TpurrepoB. CoOpats Bce Bbixon! o "N" Ha Bentune 41-HE (monmosunka 155JIA1). OO0bacHUTS

BHJI CUTHaja Ha BeIx. 2 1 Hanuuue y3koro mmmyibsca — "uronku" npu nepexone 1000—-0111 Ha Brixomax

Q(CTapHJHfI paspan 3anucaH mnepBbIM)[|[]. 3acMHXpoHM3HMpOBaTh ocumwwiorpad or curHaga "Bx.", Ha

caMoit ObICTPOIl pa3BepTKe U3MEPUTH 33JCPIKKY TPUITEPA U COTIOCTABUTH €€ CO CIIPABOYHBIMU TaHHBIMH.
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1k0 }15“

, =UA . SR 11 . R - S 5 reUZB o Buix 1
Bxlj—cg Q ZCE QP lj—CE Q zCE Q p—u
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TP g|b I ofs dz afb T ds ot
155TM2Z 5 155TMZ 155TM2

Bhix 2

133MNA1

Puc. 14. JIBonunslii nenurens Ha D-Tpurrepax

5. IlpeoOpazoBate nenutens Ha 16 B genutens Ha 10. s 3TOro BCe BXOJBI ® [I0JKITIOYHTE K BBIXOlY

BeHTmisl 155JIA1 (Beix. 2). Ha BX0AbI BEHTWIS MOJATh TaKWE CUTHAJIBI C BBIXOJIOB TPUITEPOB, YTOOBI MPH
koMmOuHanuu 1010 Ha BeIXOax Q (nBowuHbIM KO yncia 10), BEeHTWIb OTAaBajl Ha BBIXOJ ypoBeHb "nor. 0"

(ycTaHOBKa BCEX TPUITEPOB B COCTOSTHHUE Q- "0").

6. U3 gerpipex D-tpurrepo (aBa kopmyca MC 155TM2) u nByx 4U-HE (155JIA1) cobpath cxemy

caBuroBoro peructpa (puc. 15). Ha Bxomabl E u % nogars noruueckyto enuuuiy. Ha Bce Bxoast "C" nmonath
curHas ¢ MynbTuBHOpaTopa (puc. 13). 3acHHXpOHM30BaTh OCHMIUIOTPAd B JKIAYIIEM PEXHME OT BBIXOJA
nepBoro tpurrepa. Habmoaare curHassl Ha BCeX BBIXOJAX M MX B3aUMHOE moJiokeHne. OObACHUTH paboTy

ycTpoiicTBa. Uepes CKOJIBKO UMITYJIbCOB CXEMa MPUXOAUT B HCXOJHOE COCTOSTHUE?

1K0 }+ﬁf

1 1A 5 1 _U1B 9 1 _U2A . 13 UzB 9 Brix.
TCE Q= -ﬁ-cg ) .__';'_CE ) | rﬁ-CE QpF—-
' - C - C —_ C -_—
4:'§ 0 [ 1U:§ 0 g 4:'§ 0 [ 1U:§ QB
Bz 155TM2 155TM2 155TMZ2 135TMZ
&

155NA1 155N41

Puc. 15. Peructp capura Ha D-tpurrepax

JlonoJIHUTeIbHBIE 3aIaHUS

7. llopate curHanm oT MynbTuBHOpaTopa (puc. 16) Ha Bxony C; mukpocxembl KI155MES. Mukpocxema
BimouaeT B cebs memurens Ha 2 (C1—>Ql) m pmenmmrens Ha 8 (C2—Q2,Q3,Q4). Bee Boixomsr Q;
copaceiBatorest B "0", ecmm Ha 00a Bxoma R1 m R2 momate "mor. 1", T.e. Reset = R1&R2. T.o., 4yToOBI

noxyquiics aenutens Ha 16, HyxHO Q1 coequnuts ¢ C2. MccnenoBatk curnansl ¢ BeIXoJ0B Q1, Q2, Qs, Qa.
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N | 1 | ST oMl g 8. be3 ucnonb3oBanust BeHTUWI 155JIA1, kOMMYTHPYS TOJIBKO BXO/bI-BBIXO/IbI
C1 8% g.‘ 155UES, nonyuuts nenutensd Ha 10 u Ha 12. VI3MepuThb 3a1epKKu PpoHTA HA
’_d: 31 ot —a Pa3HbIX BBIXOJAX.
Reset R2
135HES
Puc. 16.
COJAEPKAHUME OTYETA
1. HLenb paboTbl
2. PucyHku npuHIMnuanbHeix cxeM B cucteme OrCAD
3. PesynbraThl u3MepeHuii B Bue Tabiauil, TpagKoB, BEIYUCICHUNH ¢ HEOOXO0AMMBIMH MOSCHEHUSIMU
4. BsiBoabl 1o pabote. B BBIBOAAX MOTYEPKHUTE PE3YJILTATHI OTYUYEHHBIE OT KaXKJIOW CXEMBI, YKaXKHUTE

KaKHe 3JIEMEHThI OKa3bIBAIOT HauOOJIbIIIee BIMSIHUE Ha Pa0OTy TOM MIIM MHOM CXEMBbI
KoHnTpoJsbHbIE BONIPOCHI:
1. Kakoii curaan Oyzaer Ha Beixojae BeHTwiel TTJI u KMOII, ecnu Ha Bce BXOJIBI HE 1T01aBaTh HUYETO,
OCTaBMB UX CBOOOIHBIMU?
2. Ouenuts notpedienue Toka BenTwiieM 2M-HE (puc. 3) B coctostusx "0" u "1" Ha BbIxoze.
4.0uenuts ToK, notpedisemslit BentmiieM KMOII (puc. 6) npu Ve = 10 B, Cyarp = 10 1, F = 1 MI'nn. Kax
3TOT TOK 3aBUCHUT OT V7
5. Kak o 3aanHOMY OyJieBY BBIPAKEHHIO COCTaBUTH TAOIUIy HCTUHHOCTH?
6. Uto Takoe kapThel KapHO 1 Kak OHU COCTaBISAIOTCS?
7.IlocTpouTh cXeMy Ha OCHOBE OysieBa BBIpaXKEHUS B KOHBIOKTUBHOM HOpMaJIbHOU (opMme.
8. Uro Takoe MyabTHILIEKCOD?

9. ANTrOpuUTM MOCTPOSHUS HEPETYISIPHBIX U(PPOBBIX cxeM Ha ocHoBe jioruku U — HE.

IIpunoxxenue
[Mapamerp K155J1A1 K155J1A3 K155TM2 K155UE5 K555J1A3
Lioro, HE OONIEE, MA 11 22 30 53 4.4
Iior1, HE OONIEE, MA 4 12 30 53 1.6
L0, HE OONIEE, MA -1.6 -1.6 -1.6 * 0.4
L1, HE OONee, MKA 40 40 40 * 20
U,ux 0, HE OOTIEE, B 0.4 0.4 0.4 0.4 0.5
Usux 1, HE MeHee, B 2.4 2.4 2.4 2.4 2.7
tian.1—>0, HE OOJICE, HC 15 15 40 135 20
tano—>1, He Ooliee, HC 22 22 25 135 20
BriBong nmutanusa +5B 14 14 14 5 14

BriBoj 0011t 7 7 7 10 7
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