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AHHOTAIIMSA

[IpuBeneHo onucanue yueOHOM mporpaMMbl uSpice, IpeIHa3HAYCH-
HOM U1l U(POBOro, aHAJIOTOBOrO M PaAMOYaCTOTHOTO CXEMOTEXHUYe-
CKOT'0 MOJEJIMPOBAHUS.

[Iporpamma uSpice 3HAKOMHUT CTYJEHTOB C COBPEMEHHBIMU KOMIIb-
IOTEPHBIMU METOJaMU TPOEKTUPOBAHUS PAAUOSJIEKTPOHHOW anmapa-
Typsl. [Ipu 3T0M pa3BUBaIOTCS YMEHHUS U HaBBIKU UCCIIEA0BATENILCKOM pa-
00Tbl, HHTEHCU(PUIIUPYETCS MHANBUAYaAJIbHAsE padoTa HaJl yUYEOHBIM Ma-
TEpPUAJIOM, MOJb30BATEIN 3HAKOMSTCSA C Pa3HOOOPa3HON COBPEMEHHOM
AJIEeMEHTHOU 0a30i U co croco0aMu €€ MPUMEHEHUS.

Pabota mporpammbl MpOBEpeHa B ONEPALMOHHBIX CHCTEMax
Windows 7/8/8.1/10/11. IIporpamma nmeet HeOOIBIION 00BEM, paBHBII
npumepHo 10 merabaiit (B apxuBe), yCTAHABIMBAETCS IPOCTHIM KOIHUPO-
BaHHWEM B 33/IaHHYIO MAINKy, UMEET PYCCKUI MHTEep(deiic U pyKOBOJICTBO
MOJIb30BaTENs ¢ (aijIoM MOMOIIM Ha PycCKOM si3bike. O003HaueHus pa-
nro37eMeHTOB cooTBeTCTBYIOT ECK/I.

Hywmepanus ¢popMyn, pUCyHKOB M TaOJHI] BHYTPU Ka)JOW TJIaBbl
ONnKCaHUsl HauMHaeTcd 3aHoBO. [Ipu ccbuike Ha GopMysy, PUCYHOK WU
TaOJNMIy W3 JAPYrod TJIaBbl YKa3bIBAIOTCA COOTBETCTBYIOLIMN HOMEP
TJIaBBI.
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bricTpoe HayaJ10

1. BbiCcTpOe Hayano paboTbl C
nporpammMmomn uSpice

1.1. FnaBHOE OKHO NMporpaMmbl

[Tporpamma uSpice npeaHa3HayeHa Uil CXEMOTEXHUUYECKOTO MOJIEITMPOBAHUS
AIIEKTPUYECKHUX IIETIeH, BKIIIoUas paguodactoTHbie nend. C ee MOMOIIbI0 MOKHO
paccUUTHIBATh MPOIIECCH B IMHEWHBIX U HETUHEHHBIX aHAIOTOBBIX U ITU(POBBIX I1e-
51X, AaHAJTM3UPOBATh IIU(PPOBLIE (PUIBTPHI, OCYIIECTBIATh JUCKPETHOE MPeodpas3o-
BaHHUE CUTHAJIOB. | TaBHOE OKHO MpOrpamMMbl IOKa3aHo Ha puc. 1.
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Puc. 1. 'maBHOE OKHO mporpamMmbl uSpice

Mento xomano HaXOAUTCS B BEPXHEH YacTH TJIABHOTO OKHA mporpammsl. [lep-
BOHAYAJILHO paboTa ¢ MPOrpaMMOid, KaK MpPaBUIIO, HAYUHACTCS C BBIOOpA MyHKTA
MeHro "®aii" u ¢ 3arpy3ku 13 nanku npumepos (manka \Examples) ogroro u3 ¢aii-
JIOB, C OITUCAHUEM CXEMBI THIIOBOTO PAIMOAIEKTPOHHOTO YCTPOHCTBA.

Ilanenv uncmpymenmosg (JMHEHKA 3HAYKOB) pAcIloNiaracTcs BBIINIE OKHA
cxembl. [TaHenh HHCTPYMEHTOB, KaK PaBUIIO, IyOIHpyeT HanOoJee YacTo UCTIOINb-
3yeMbIe KOMaHIbl MCHIO.

OKHO cXembl 3aHUMAET OCHOBHYIO 00JIacTh OKHA MpOrpamMMbl. B 3TOM OKHe,
UCTIOJB3YSI PAIHOIIEMEHTHI i COSAMHUTEIIbHBIC TIPOBO/IA, CO3/IAIOT U PEAAKTUPYIOT
anekTpudeckue cxembl. Ha puc. 1 mokaszana cxema mudposoro ¢puinbrpa Kayspa 3-
ro MopsiKa.
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Huanozosas nanens evibopa s1emennmog 0 yMOTYAHUIO PACIojiaraeTcs ciaeBa
OoT OKkHa cxeMbl. C MOMOIIBIO ATOM MaHenu BeIOMpaeTcs TpedyeMasi OuOInoTeKa u
3aTeM U3 OMOIMOTEKH BBIOMpPAETCs HY KHBIN paanodieMeHT. M300paxenne BEIOpaH-
HOTO PAJMOAJIEMEHTA MOSBIISETCS B OTJCIBHOM OKHE 3TOW AMAOroBoii manenu. Ha
PHUCYHKE BBIIIIE B OTJEIBHOM OKHE MPUBEICHO M300paskeHHe BHIOpaHHOTO B OWO-
JUOTEKE YMHOXKHUTENS ITU(GPOBOTO (PUIHTPA.
Pa6ota ¢ mporpammoii uSpice BKJIIOUaeT TP OCHOBHBIX JTara:
— CO3JaHHE CXEMBI;
— BBIOOp BHUJIa aHAIM3a U YCTAHOBKA MapaMeTPOB PacUeTa;
— pacder MpoIeccoB, MPOTEKAIOMINX B UCCIETYEMOM YCTPOHUCTBE, U BBIBOJ]
pe3yJIbTaTOB pacyera.
PaccMoTpuM OCHOBHBIE ATambl CO3AaHMS U aHaln3a cxeMbl. [lycTs TpeOyeTcs
HCCJIEIOBATh MPOLIECCHI B MIPOCTOM CXeMe, COepIKaIlel MOCIeI0BaTeIbHO COeU-
HEHHBIC TPU PAIMOAIEMEHTA: HICTOYHHUK HAMPSKCHHSI, PE3UCTOP B KOHJEHCATOP.

1.2. BbicTpoe co3pgaHne CxXxeMbl

Bri6epem 6ubnuotexy "HMcrounuku", 3aTeéM OTMETUM DJIEMEHT 3TOU OUOIIHOo-
teku "DC Voltage-ideal" u, HakoHel, mepemelnas MbIIIb, IIOMECTHM HCTOYHHUK
HamnpsHKEHUs B OKHE cXeMbl (puc. 2).

uSpice - [rucad1 *] — O *
#f ®aiin Mpaska Bua BwBnvotexa 3Skcnopt Awanuz Mapamerps Oxna  Crnpaeka - 8 X
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T
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cXeMbl
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e > 0
u]
=I-WicTouHumkm (3) 1. BUGnNKoTeka
- AC Ampere - ideal “q ”
CTOYHUKH
- AC Voltage - ideal
- Battery - ideal T™

- DC Ampere - ideal
- DC Voltage - ideal

- Pulse source - voltage 2. Boibop
- Sawtooth pulse - ideal anemeHTa “DC
- Sine source - ideal Voltage”
.. Trizmala rules - walbana
\ Nuet 1 ’,/J -
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Puc. 2. Boi6op u pa3meliieHne uCTOYHUKA MTOCTOSTHHOTO HATIPSDKCHHUS

HpI/I HGO6XOI[I/IMOCTI/I IMOJIOKEHUEC SJICMCHTA B OKHE CXC€MbI MOXXHO U3MCHUTD,
BBIJICJISAS €0 JICBOM KJIABUIIIEW MBI U nepemMenias ¢ NOMOIIbIO MBIIIIM Ha HOBOC
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MECTO. AHAJOTUYHO, ucnoib3ysl Oubmuoteky "RLC", pasmeniaeMm B OKHE CXEMBbI
KOHJIEHCATOp U PE3UCTOP.

fiuF uSpice - [rucad1*] - O x
#2 ®aiin Mpaexa Bua BwBnmoteka 3wcnopr Awanuz [Mapamerper Oxwa Cnpaska - & x
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uSpice
Puc. 3. Bo16op u pazMenieHue pe3sucTopa U KOHJIEHCAaTOpa U yCTaHOBKa
AMILINTY bl HAIPSKCHUA NCTOYHUKA
&} uSpice - [rucad1 7] — (m] X
#% Oaiin Mpaeka Bug Bubnuoteka Ixcnopr AwWanus [Mapamerpst OkHa Cnpasxa - || & %
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( 1. 3Hauok 3
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c? =
o i W2 in R g
+10 1k =
1.0 =
0 E
2-RLC () =
Capaditor - ideal I :
Capacitor IC - ideal o
Inductor -ideal E
Resistor - ideal 2. MNepemeleHune | =
Resistor TC - temperafy 3Ha4Ka Kopnyca 0 ;‘
[#)- BUNONAPHLIE TPAH3UCTOPLNEF 3 =
(- Avoasi (8) 3
- AnurHbie nurm (2) -
D Mrr A 1OV =
4 » [\ Jlner 1 / _l o
uSpice

Puc. 4. Pa3zmenienue 3Hauka Kopiryca

Briaensisa aneMeHT JIEBOM KIIABUILEH MBIIIA U UCHOJIb3Yysl aBTOMAaTHYECKH T10-
SIBIIIIOLIYIOCS JUAJIOTOBYIO MAaHENb, MOXXHO HM3MEHUTH MapaMETpbl 3JIEMEHTA.
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Hanpumep, y ucrounnka HanpspkeHus yctanoBuM mapametp "AC Magnitude" pas-
HbIM 1 BOJBT (puc. 3).

[Tpu MamIMHHOM MOJIETUPOBAHUY HUCIIONIb3YIOTCS Y3JI0BbIE HANpsKeHUs (y3I10-
BbI€ TIOTEHIMAJbI), OTCUUTHIBAEMbIE OTHOCUTENBHO Kopmyca (3emin). [loaTomy B
CXEeMy JOJDKEH OBITh TIOMEIICH €IIe OJIUH JIEMEHT — KOPITyC (3a3eMiieHre). 3HaYOK
KOpITyca BBIHECEH Ha MaHelb 3HAYKOB IMporpaMMbl. C MOMOIIBIO MBIIIH PACHOII0-
’KUM KOPITYyC B HIJKHEW YacTH CXeMHI (puc. 4).

&} uSpice - [rucad1 *] - (m] X

g8 OQaiin MNpaeka Bua Bubauorexa Ixcnopr Awanus [Mapametper OkHa Cnpaska - || X
3 = 2 o

NS d B & RSL4 ML & Q A % 5 R?|F AC P OC | k' o 5% |
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Puc. 5. CoenuHeHne NpoBOTHUKAMHU

OcylieCTBUM COEAUHEHUE AJIEMEHTOB MPOBOJHUKAMU. J[JIs1 3TOTO HaAXKMMaeM
Ha 3HAYOK MPOBOJHUKA HA MAHENIH MHCTPYMEHTOB (pHUC. 5). 3aTeM C MOMOUIbIO
MBIIIY, HAYMHAs C BBIBOAA OJIHOTO 3JIEMEHTA U JI0 KaCaHUsi KypCOpPOM BBIBOJIA JPY-
roro 3JeMEHTa, pa3MelllaeM MPOBOJHUKU cXeMbl. [Ipu prcoBaHMHU MPOBOIHUKOB
JUTsT (PUKCAITUU YAAYHOTO TIOJIOKEHHSI TPOBOTHUKA PEKOMEHIYETCS BPEMEHHO OTITY-
CTHUTbH JIEBYIO KJIABUIIY MBIIIH U 3aT€M, CHOBA Ha)KaB JIEBYIO KJIABUIILy MBIIIHU, TPO-
JIOJKUTH PUCOBaHUE TPOBOIHMKA. JloMyCcKaeTCsl COEIMHEHUE 3JIEMEHTOB KaCaHUEM
KOHIIOB BBIBOJIOB 3JIEMEHTOB APYT C APYTOM.

[Tocne moAroToBKM CXeMbI TPEOYETCSI OTMETUTD y3JIbI, HA KOTOPBIX OYIyT pac-
CUHMTBIBATHCSI MHTEPECYIONINE HAC Y3JIOBbIE HANpsukeHus . [IycTh Takumu y3mamu Oy-
JyT BEPXHHUM BBIBOJI UCTOYHUKA (HAMPSKEHUE HA 3TOM BBIBOJE, PABHOE HAIpSKE-
HUIO HCTOYHUKA, HAM TTIOHATI00UTCS I CPAaBHEHUS) U BEPXHHU BBIBOJ] PE3UCTOPA.

DTH y3/Ibl OTMEYaeM, HCIIOIb3YS 3HAYOK METOK °° Ha ITaHeJIM HHCTPYMEHTOB
nporpaMmbl. C MMOMOIIBIO MBIIIK PACIIOIOKUM JIBE€ METKU M1 1 M2 Ha BXOJE U BbI-
X0JIE CXEMbl. 3aMeTUM, 4YTO IOCJ€ BBOJAa METKM M1 CHOBa BPYy4YHYHO BBOJIUTH

8
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BTOPYIO METKY M2 He Hy»)HO. Eciii B KOHIIE TeKcTa METKHU 3anucaTth HUQpy (1emoe
YHCII0), TO MOCJE YCTAHOBKM MEPBOM METKU Ludpa (YMCiI0) METKHM aBTOMAaTUYECKU
U3MeHseTCs Ha 0oubinyto udpy (6ombiiee gncio). OOHOBICHHYIO METKY YCTaHAB-
JMBAEM Ha HOBOE MECTO.
i uSpice - [rucad1*] - O X
#1 Oaiin Mpaexa Bug BuBauoreka 3kcnopr Awanus [Mapamerpsi Oxkna  Cnpaeka - & x
& alalk,+ o=@ A X

MoucK 3neMeHTos ....I..,II'....Il..:l....I...;ol'....l....l'..,.I...;I'....I....’I’....I....I'.... oo el hond Focalload Brealbons

1. Metka m1 Ha 2. MeTka m2 Ha
BXoge uenu m1 [ m2 BbIxoAe uenu
C>+ i.. |‘:]
1.0
0
—1-RLC (5)
Capaditor - ideal

Capaditor IC - ideal °

Inductor - ideal B J_

Resistor - ideal

Resistor TC - temperature 0
BunonspHbie TpaHsucTopel (7)
Awvoae: (8)

AnuHHbie nnHim (2)
WUrroumuku (Q)

'SR

[+ [+ -+

\ﬂuc‘r1/J
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Puc. 6. YcranoBka METOK

B 3aBepiienne MOKHO TPOHYMEPOBATH DJIEMEHTHI CXEMbI, HaXKUMasi 3Ha4oK R?
Ha MaHeJIu UHCTPYMEHTOB. OJIHAKO 3TOT IIar MOXKHO MPOIYCTUTh, T. K. IEPE] pac-
YETOM CXEMBbI TaKasi HyMepauus MpoBOAUTCs aBTomaTuiecku. Eciau TpeOyercs He-
CTaHJapTHas HyMepalus, TO €€ MOKHO peaan30oBaTh, oOpamiasicek k meHto "IIpaBka"
U BbIOMpas 3aTeM NyHKT "[lepeo00o3HaunuTh 371€MEHThI CXEMBI...".

1.3. BbiOop BMAa aHanu3a n ycTaHOBKa NapamMeTpoB
pacueTa

J71s ipoBeIeH s aHaM3a MEePEXOIHBIX TPOIIECCOB B CXEME HAKUMAEM Ha 3Ha-
4ok ¢ OykBamu TI MaHeIN MHCTPYMEHTOB. B MOsSBHBIIEMCS TUATOTOBOM OKHE
(puc. 7) ocTaBUM Bce MapamMeTpbl pacuera MO YMOJYAHUIO, 32 HMCKIOYEHUEM
HAYaJbHBIX YCIOBHA. BeiOepem pacdeT ¢ HylIeBBIMU HaYATbHBIMU YCIIOBHSIMH.

1.4. dtan pacyeTa n BbiBoAa pe3ynbTaToB

Haxxumast Ha kHOnKy "PacueT" n11anoroBoi aHenu 3amyckaeM MnoAnporpaMmy
aHanu3a uXSpice, KOTOpasi MPOBOAUT pacdeT MePEeXOAHBIX MPOIIECCOB, MPOTEKAIO-
IMX B HUCCIeayeMoM ycTpoicTBe. Pesynbrarel paboThl 3TOM MOANPOrpaMMBbI
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MOSIBIISIFOTCSI B TEKCTOBOM OKHE (puc. 8) M B OKHE ¢ TpaduKaMu MePEeXOIHBIX TPO-
1eccon (puc. 9).

£
g2 oaiin | 2 Cnpaexa S
_—s e c o > o> r mnoan
AN Bpems aHanusa (TSTOP) 5e-06 c Pacuer $ | A x 5 R2|f A 0p OC | Kn a o'
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Puc. 8. TekcroBoe okHO momporpaMmmbl UXSpice

N3 ananusza KpuBBIX puc. 9 cieayeT, 4yTo Npu nosiBieHuu Ha Bxoae RC-ie-
MOYKH HANPsKEHUs, pAaBHOTO | BOJBT, HA BBIXO/IE 1IEMU MOSBIISIETCS KOPOTKUI UM-
MyJdbC C JUIMTEIBHOCTHIO, paBHOW mpuMepHO 0,7 MKC (JJIUTEIBHOCTh UMITYJIbCA
omnpenessieM o ypoBHIO 0,5 OT aMIIIUTYIbl UMITYJIbCA).
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Puc. 9. IlepexonHoi nporecc B UCCIEAYEMOU LENH

B acl: ** ¢\ \output.cir — O X
—&— mag[ml]
B —#= mag(mz]
100 ——a—s—————————5———— 55— H— 5B
0.80
0.60
0.40
0.20
1 ——H
100 led Ted 1eh Teb 1e? Ted
War pageH fH My

Puc. 10. AUX uccienyemoii nenu
[Tocnennue aBa Tama, BEIOOP BUA aHAM3A U PAcUeT, MOKHO TIOBTOPUTh, BbI-
Oupasi, HampuMep, pacdyeT YaCTOTHBIX XapPaKTEPUCTHK HenH. J[Jis 3Toro HaknuMaem
Ha 3Ha4oK AC U, UCTIONIB3ysl MapaMeTPhl M0 YMOJTYAHUIO, TIOJIYYHM aMIUTHTYIHO-
YaCTOTHYO XapakTepucTuky (AYUX) nenu (puc. 10).
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N3 ananuza nonydeHHo AUX criemayer, 4To uccleayemas IEHb SBISIETCS
(GUIBTPOM BBICOKMX YaCTOT C TPAHMYHOM 4acTOTOH, paBHON mpumepHo 160 kI'm.
Tenepb MOXXHO OOBSICHUTH MOJTYYCHHBIE BBIIIE PE3YJIbTAThl pacuera MepexoIHbIX
npoleccoB. BeicokoyacToTHbIE (DUIBTPHI MPOMYCKAIOT TOJBKO BBHICOKOYACTOTHBIC
OBICTPO M3MEHSIOIINECS COCTABIISIIONINE BXOAHOTO CUTHAJIA U TIOOTOMY Ha BBIXOJIE
¢unbTpa GopMuUpyeTCcs: KOPOTKUI UMITYJIbC.

2. Co3paHne cxemMmbl YCTPOUCTBA

CxeMbl BKIIIOYAIOT PadInuO3JICMCHTEI, IIPOBOIJHHUKHU K Y3JIbIL. ]_—[HH CO3aHusA
CXCMBbI HCO6XOIII/IMO Pa3MCCTUTD 3JICMCHTBI Ha pa60qu IMPOCTPAHCTBC OKHA CXCMBI
U COCOANMHUTD BBIBOAbBI 9JICMCHTOB ITPOBOAHUKAMU. HpI/IMCp 9aCTH CXEMBI C PC3UCTO-
POM, KOHACHCATOPOM, ITPOBOJHHUKAMHA U KOPITYCOM IIOKAa3aH Ha pHUC. 1.

3nemenTol

Buisoaw:
INeMenTa

=
:

Puc. 1. HacTp cxeMbl ¢ pairodieMEHTaMHU, IPOBOIHUKAMH U y3JIaMH

[Ipu coenMHEHUH HECKOJIBKUX 3JIEMEHTOB 00pa3yroTCs y3ibl cxeMbl. OMH U3
y3JI0B, COEIMHEHHBIN C KOPITYCOM YCTPOMCTBA, HA3bIBAIOT HYJIEBBIM Y3JI0M. 3HAYOK
KopItyca (3a3eMJIeHHs]) OKa3aH B HUXKHEW yacTu puc. 1.

2.1. BbiGOp 1 pa3melleHMe 3fIEMEHTOB B OKHE CXEMb

Br16op u pa3menienrne paanodieMeHTOB (Pe3UCTOPOB, KaTyIIeK WHAYKTHUBHO-
CTH, KOHJCHCATOPOB, TNOJIOB, TPAH3UCTOPOB U T..I.) MIPOU3BOJUTCS B CIEAYIOIIEM
HOpsIKE:
— BBIOOP OMOIMOTEKH DJIEMEHTOB,
— BBIOOp pajuodJIeMeHTa U3 OUOINOTEKH,
— TMepeMelleHre PaIM03JIEMEHTa B OKHO CXEMbI M YCTaHOBKA MapaMeTpOB pa-
JIMO3JIEMEHTA.

2.1.1. Bbi6bop 6ubnuoTtekun

B HACTOAIIICC BPEMA HAa OTCUCCTBCHHLBIX U Sap}I6C}KHBIX MMPCAIIPUATHUAX HU3I0-
TAaBJINBAIOTCA MHJIJIIMOHBI Pa3INYIHbIX PaaruoO3JICMCHTOB. I[J'I}I y,ZIO6HOFO
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Co3nanue cxeMbl ycTpoiicTBa

UCIIOJIb30BaHUS TAKOTO OOJIBIIIOTO YUCIAa PAJAMOIEMEHTOB UX TPYIIUPYIOT B OUO-
auoTeku 1o Tunam. [lo ymonuanuio ciucok 6MOIMOTEK PACIIONOKEH B IUAJIOTOBOM
OKHE BBIOOpa 37I€MEHTOB (puc. 2) B JIEBOM YaCcTH II1aBHOTO OKHA rporpaMmbl. HazHa-
YyeHre OMOIMOTEKN OOBIYHO SICHO U3 €€ HAa3BaHMS.

Mook, 3NeEMEHTOB

-RLC (5)
- BINONAPHBIE TPEH3MCTOPL! ()
- Duoab (7)
- ANMHHEIE MaHAE (2)
- WcTouHukK (8)
- K.nkouM aHanoroeele (4)
- KomnapaTtopel (&)
- MAN-TpaHzucTopk! (6)
- Moaynawa (10)
- ONEpaLUMoHHBIE YoUAMTENK (3)
i Multiplier - ideal
i Opamp - ideal
i Opamp - k140ud7
- Moneskle C p-n-Nepexonom ()
- LndpoBeie 3neMeHTRI (22)
- L|OC-aHanorosele snemMeHTwl (7)
- UOC4ipoBkle 3neMeHThI {4)

1|--[F--[F--[F--[F - [F-[F -5 - - [F

Puc. 2. JlnanoroBoe okHO BbIOOpa OMOIMOTEKH U SJIEMEHTOB

Hanpumep, Ha puc. 2 BpiOpaHa OMOJIMOTEKA ONIEPALIMOHHBIX YCUIUTENIEH U OT-
MEYEH AIEMEHT — HJI€aNIbHBII ONEepallMOHHBIN ycrinuTenb. Pasmepsl OKOH, coaep-
KalUX TepedyeHb OMOIMOTEeK U N300pa’keHne BEIOPAHHOTO 3JIEMEHTA, MOYXKHO U3Me-
HUTb, IEpEMeIlasl pa3IeTUTENbHYIO JIMHUIO TUAJIOTOBOM MaHENH.

2.1.2. Bbibop anemeHTa

CnucoK 3JIeMEHTOB, COJIEpKAIIUXCsl B OMONIMOTEKe, OSIBISETCS MOCIe Haxa-
TUs Ha 3Ha4oK *'. HampuMmep, Ha pucC. 2 B OKHE JIEMEHTOB IMOKa3aHO N300pakeHne
BBIOPAHHOTO AJIEMEHTA — OTEPAIIHOHHOTO YCUIIATEIS.

Jlis TpoBepKM TPaBHIBHOCTH BHIOOpAa HYKHOTO DJEMEHTa HUCIOIb3YeTCs
YCJIOBHOE Ipauueckoe M300paKeHUE 3JIeMEHTA, MOSIBIISIIOLIEECS B OKHE 3JIEMEH-
TOB.

Jlnst yckopeHust BbIOOpa 3JieMEeHTa B OMOJIMOTEKAaX MOXKHO TaK)Ke MCIOJIb30-
BaTh OKHO MOUCKA, B KOTOPOE BBOAMUTCS UMs 31eMeHTa. Kak nmpaBuiio, 10cTaTOuHO
BBECTH HECKOJIbKO TEPBBIX OYKB, COJEpKAIMXCS B UMEHU 3JjeMeHTta. llouck

13



uSpice

OCYIIECTBIISIETCS. BO BCEX OMOIMOTEKaX W HAMIEHHBIC AJIEMEHTHl aBTOMATUYECKU
MOSIBJISIFOTCS] B PACKPBIBAIOIIMXCS CIICKaX OMOTUOTEK.

2.1.3. Pa3amelueHune aneMeHTa B OKHe CXeMbl

BriOpaB 351eMeHT, IepeMECTUTE MBIIIBIO 3JIEMEHT B OKHO cXeMbl (puc. 3). s
YCTAaHOBKHM 3JI€MEHTa B HYXXHYIO YaCTh CXEMbl HOKMHTE JIEBYIO KHOMKY MBIIIIH.
Ecnu BMecTo 3TOro HaXKkaTh MPaBylo KHOIKY MBIIIU, TO yCTAHOBKA BHIOPAHHOTO AJie-
MEHTa OTMEHSIETCSI.

ff uSpice - [rucadl.dsn *] — O X
#1 ®aiin Mpaexa Bug Bubnuorexa Ikcnopt AwWanuz [apamerpei OkHa Cnpaeka - & %
-

N d & kS AL B Q A x 5 R

Mouck aneMeHTOB

Mepemewaem
3NeMeHT B OKHO
CXeMbl

\.—-
E—

g
opamp_lim

=] OnepawoHHsie younuTenm (3)
Multiplier - ideal
Opamp - ideal |
Opamp - k140ud7 |

N\ e 1 /|

uSpice
Puc. 3. PasMenienue >eMeHTa B OKHE CXEMBI

[Ipu ycTaHoBKe 371IeMEHTOB OyIbT€ BHUMATEIbHBI. ECIN mpy pa3MenieHnn dJie-
MEHTa CIly4alHO JBaXJbl HAXKaThb HA OJHOM MECTE JIEBYIO KHOIKY MBIIIHA, TO B
CXEeMy BCTaBSTCS JIBa dJEMEHTa, 0003HAYCHUS] KOTOPBIX, HAKIAABIBAsICh JPYT Ha
npyra, OyayT co37aBaTh BIIEUYATIIEHUE OJJHOTO deMeHTa. [Ipu pacdere Takoit cxembl
Oyner BO3HUKATh OMHOKH. B 3TOM ciiydae peKOMEHIyeTcs, HaKuMas JICBYIO
KHOTIKY MBIIITU U BBIJEISIS QJIEMEHT, TIEPEIBUHYTh SJIEMEHT Ha HOBOE MECTO, OOHa-
pPYKUBasi CKPBITHIA MO HUM IBOMHHUK. OOHApYKEHHBIN 3JIEMEHT-IBOMHUK HYKHO
YIaJIUTh.

[Ipu BeIAEICHUY 3JIEMEHTA B OKHE CXEMbI aBTOMATUYECKH MOSBIISICTCA AUAJIO-
roBasi MMAHEIb CBOMCTB 3JIEMEHTA. B 3TOM maHenu BBEAUTE NapaMeTpPhl AJIEMEHTA U
BBIOEPUTE MPABWILHOE TOJIOKEHUE AJIEMEHTA. J[Js 3TOro MCHONIb3yWTe pajuoK-
Honku "Beepx", "Buuz", "HaneBo", "HampaBo" nuanorooil manenu. Jlns ycra-
HOBKH 3JIEMEHTA B HY)KHOE TTOJIOKEHUE yTIOOHO TAK)KE MCIIOIh30BATh COOTBETCTBY-
FOIIME 3HAYKHU Ha IMAHEIU NHCTPYMEHTOB.
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Co3nanue cxeMbl ycTpoiicTBa

[Ipumeuanus.

1. Henb3st OCTaBIIATh B OKHE CXEMBI 3JIEMEHTBI, HE TMOAKIIOYEHHBIE K APYTHM
anemMeHTaM. Hencnonbp3yeMble 3JIEMEHTBI JOJKHBI ObITh YAAJICHbl HHAYE
IpH pacuere 1enu 0y TyT BOSHUKATh OIIMOKH.

2. IlepeMenieHue 3JIeMEHTa Ha HOBOE MECTO MTPOU3BOAUTCS HOBBIM ''3aXBaThl-
BaHHEM" U IEPEMEIICHUEM MPU HAXKATOW JIEBOM KIJIABUILIU MBIIIIH.

3. [ns ynyunieHus "auTaeMocTU" CXeMbl MOKHO € IIOMOIIBIO MBIIIH TEpeMe-
1[aTh TEKCTOBBIE MOJIS, COAEPKAIINE ONMCAHUE TAPAMETPOB JIEMEHTA.

2.2. Kopnyc (3azemneHue)

B cocraB cxeMbl 00s3aTeNIbHO BKIIIOYAETCs Kopmyc (3azemiieHue). bes aroro
AJIEMEHTA NMPABUIbHBIN pacueT CXEMbI HE TapaHTUPYETCS, TAK KAK OCHOBHOW METO/T
pacuera, UCIO0JIb3yEMBIN B MIPOTPaMME, — 3TO METOJ| Y3JIOBBIX HAINPSKEHUI, a y3-
JIOBOE HAIPSKEHUE — 3TO HAMPSHKEHUE MEXITY 3aJJaHHBIM y3JI0M U KopiycoMm. [1o-
ATOMY, €CJIM B CXEMY HE BKIIIOUUTH Y3EJI-KOPIYC, TO IpOorpaMMa aBTOMATHYECKU
BBOJIUT BUPTYAJIbHBIN y3€JI-KOPITYC B CXEMY, HOMEP KOTOPOTO MOXKET HE COBIA/IaTh
¢ TpeOyeMbIM HOMEPOM Yy3JIa-KopIyca.

N3obpakenne kopryca (3a3eMJICHHS) BBIHECEHO Ha MaHeIb 3HauKoB. JJisg uc-

MOJIb30BAHUS KOPITyCa BHIOEPUTE 3HAUOK 1 Ha manemn MHCTPYMEHTOB U IIepeTa-

IIUTE €r0 B HYKHOE MeCTO Ha cxeMme (puc. 4). B okHe mapaMeTpoB 3TOTrO dJeMEHTa
JOJDKHA CTOATh udpa 0, COOTBETCTBYIOIIAs Y311y ¢ HOMepoM 0 ¥ HyJIeBOMY MTOTEH-
nuany.

R1 1k

ml o  —— I
L 1

i
1 R2 R3
() " 3k 2k

Puc. 4. Pa3zmenienue 3Hauka KOpIyca B CXeMme 1enu

Hamnpumep, npu ycTaHOBKE KOpITyca KOPPEKTHO PACCUUTAHHBIE TOCTOSIHHbBIE
HanpspKeHUs B y31ax M1 u M2 Ha puc. 4 pasnel 1,5 B u 1 B, coorBercTBeHHo. Ecin
3HA4YOK KOpITyca B CXEMY HE IIOMECTUTH, TO B y31aX M1 U M2 monxy4yuMm HEBEPHbIE
3HaueHust MuHyc 0,5 B u Munyc 1 B, cOOTBETCTBEHHO.

[Ipu aHanm3e CIOKHBIX CXEM C MOMOILBIO 3HaYKa KOPITyCa MOKHO BBECTH OJIU-
HaKOBBII HOMEp y3J1a B pa3HbIX 4acTAX cxeMbl. HanpuMep, yka3biBasi B OKHax napa-
METPOB JIeMeHTa YUciIo 14, mosyuuM y37el ¢ Homepamu 14. OgHako 6osee ya00HO
TaKylo ONEPalUIO MPOU3BOAUTH C UCIIOIb30BAaHUEM OJUHAKOBBIX METOK.
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OTMeTHM, 94TO HYJICBOU Y3€JI MOKHO BBECTH B CXEMY, T00ABJISAS B CXEMY METKY
¢ umeHeM-1dpoii "0". OmHaKO UCITOTB30BaHNE CUMBOJIA KOpITyca 00Jiee HaTrJISITHO
M COOTBETCTBYET IIPaBUJIaM PUCOBAHHS CXEM.

2.3. CoeanHeHMe BbIBOAOB PaANO3SIeMEHTOB

Bce aiemMeHTh 1 CUMBOJT KOPITyCca B OKHE CXEM JIOJKHBI OBITh pa3MeleHbl 0e3
nepeceyeHnid u HanoxeHui. CoeTMHEeHNE BBIBOJOB BCEX 3JIEMEHTOB JIPYT C IPYTOM
OCYILIECTBISETCA MPOBOJHMKAMH. JlOIMycKaeTcss HEMOCPEACTBEHHOE COEIMHEHUE
BBIBOJIOB 3JIEMEHTOB JIPYT € APYroM (KacaHHEM KOHIIOB BHIBOJIOB).

JI1s1 BXOJIa B PEKUM COEIMHEHUS TPOBOJHUKAMH HA)KUMAEM 3HAYOK IIPOBO/I-
HUKA * HA IaHEIH HHCTPYMEHTOB. C MOMOIIBIO KYPCOPa MBIIIIH OTMEYAEM BBIBOJ
IIEPBOIO 3JIEMEHTA U, HE OTIYCKasl JIEBYIO KJIABHUILY MBI, IEPEMELIAEM KypCOp
MBIIIIHA B BEIOpaHHOM HarmpaBiieHUd. [10sSBUBIINIACS MTPOBOIHUK MOAKIIOYAEM K BbI-
BOJly BTOPOIO 3JIEMEHTA U OTIIYCKaeM JIEBYIO KJIaBUIly Mbllid. THOTHa, HarpuMmep,
KOT'/Ia KOHTaKThI DJIEMEHTOB PACIOJIOKEHBI OJIM3KO APYT K APYTY U T. I1., IJIs 3aBep-
IICHUS COEIMHEHUS TpeOyeTCs MOBTOPHOE HAXKATHE JIEBOW KHOIKH MBIIIH.

OTMeTHM, 4TO HpPH MEPECEUCHUH MPOBOJHUKOB aBTOMAaTHYECKas yCTAaHOBKA
y371a HE MPOUCXOJUT, €CIU MPOJOJDKUTH PUCOBAHUE MPOBOJHUKA B BBHIOPAHHOM
HarpaBiieHuH. [1o yMouaHuIoO py HAJI0KEHUU Ha MPOBOJHUK BBIBOJIOB AJIEMEHTOB
B CXEME€ aBTOMATHYECKH yCTAaHABIIMBAECTCS y3ell. ABTOMAaTUYECKYIO0 YCTAaHOBKY y3-
JIOB MOKHO OTKJIFOYMTh, YCTAHABJIMBAs COOTBETCTBYIOIIMI TapaMeTp B OMIUSX MPO-
rpamMMBl.

CoenuHUTENbHBIE MPOBOJHUKN MOKHO, 3aXBaThIBasl MBIIIbIO, IEPEMECTUTD Ha
HOBOE MecTO. EciM uCroiap30BaTh ONEpaldI0 BBIIEICHUS C MOMOIIBIO Kypcopa
TPYIIIBI TPOBOJHUKOB, TO MEPEMEIICHIUE MOKHO MPOU3BOIUTEH 0€3 pa3phIiBOB C CO-
CETHUMH MPOBOJHUKAMU.

Brixog u3 pexxuma prCOBaHUS MPOBOJHUKOB OCYIIECTBISIETCS C MOMOIIBIO
KiaBuiu ESC, a Takke Mpu HaXKaTHH MPaBOW KHOMKHU MBIIIW WM TIPU BBIOOpE JpY-
TUX PEeKUMOB padoThl mporpammebl. [locne Haxkatus kmaBuiu ESC wnmm mpaBoi
KHOTIKH MBI BO3BPAIa€MCs B UCXOIHBIN PEKUM BHIOOpPA DJIEMEHTOB.

2.4. \cnonb3oBaHue MeToK

BaxxHyro poJib B cXeMe Urpar0T METKH, YCTAHOBUTH KOTOPBIE MOYKHO, UCTIOJIb-
3ys 3HAUOK °° C KPAcHOH TOYKOH M OyKBOW M Ha MaHENTH MHCTPYMEHTOB. B oc-
HOBHOM METKH UCHOJIb3YOTCS ISl yKa3aHUs Y3JI0B, HAIIPSHKEHUSI B KOTOPBIX OyAyT
BBIBE/ICHBI HA [1€4aTh [10CJIE IPOBEACHMsI pacuera cxeMsbl (puc. 5). HazBanus Metox
YKa3bIBAIOTCS B OKHAxX BUJIOB aHajW3a JUIsl neyatu rpagukoB. B aTom ciydae ums
METKH CIIY>KUT UMEHEM IIEPEMEHHOM, ONUCHIBAIOLIEH Y3JI0BOE HAIIPSYKEHHUE.
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AHaJIM3 JIEKTPOHHBIX Lenei

MeTku Takke MOKHO HCIOJIB30BATh IS YKAa3aHUsS Y3JI0B C OJJMHAKOBBIMH I10-
TEHI[MalaMi, 0€3 COEIMHEHUS STUX y3J0B C MOMOIIBI0 MPOBOAHUKOB. Hakowner,
METKHU TpeOyeTcs yKa3bIBaTh AJISl CBA3BIBAHUS YacTEl CXEMBbI, pa3MEIICHHON Ha He-
CKOJIBKUX JINCTAX.

Ha puc. 5 moka3ansl MeTKH IN 1 OUt GMIIbTpa BEICOKUX 4acTOT. MeTKH pa3me-
HIAI0T Ha NPOBOJAHUKAX (TOYHEE, HAa POBOJIHHUKAX PA3MEILAIOT MAJICHbKUN KPAaCHBIN
NPSIMOYTOJIBHUK METKH). TeKCT METKH MOYKHO PAacHOJIOKHUTh TOPU30HTAIBHO WITU
BEPTHUKAIBbHO. VIMsI METKH JOKHO HAUMHATHCSA C JTJATUHCKON OYKBBI B COOTBETCTBUU
C MpaBUJIaMH Spice-OMUCAHUS CXEM.

in C1|| C2|| out
inl | il | !

Puc. 5. YcranoBka Metok IN u out B cxeme ®BY

Ecnu B koHIIE TekcTa METKU nMeeTcs nudpa (1ienoe 4rciio), To mocie ycra-
HOBKH TIEPBOM MeTKHU 1udpa (Y1CII0) METKU aBTOMATUYECKU U3MEHSETCS Ha OOJIb-
myto 1udpy (6osblee YMuco), 4To YA00HO MPU PaCCTAHOBKE OOJIBIIIOTO YHCIIa ME-
TOK B CIIOKHOU CXEME.

3. AHanun3 3NeKTPOHHbLIX Uueneu

[Iporpamma uSpice mo3BOISET MPOBOJAUTH YETHIPE OCHOBHBIX BHUJIa MOJIETTUPO-
BaHUS:

— aHaJIM3 MEePEeXOIHBIX mporieccoB (pexkum Transient (Tran, Tr), 3Havok Tr ),

— pacyeT cXeM METO0M KOMIUIEKCHBIX aMIUIUTY (peskuM AC, 3Ha40K AC ),

— pacuer pabo4ynx TOYEK Ha MOCTOSSHHOM Toke (pexum OP, 3Hauok op ),

— MHOTOBAapUaHTHBIN pacyeT Ha MOCTOSTHHOM Toke (peskum DC, 3Hau0K DC ).

Kpowme 310ro, ¢ moMoIibio mporpaMMbl uSpice MOKHO paccuuTaTh KO3 huLu-
eHT rapmonnueckux nckaxenuii (KI'M), nposectu iudgpoByro 06pabOTKy CUTHATIOB
C IOMOIIIBIO JUCKpeTHOTO TIpeodpazoBanus Oypwe (AI1D) u GpicTporo npeodpazo-
Banusi dypre (BIID), a Takxke HailTH orudaroiryro u (Ha3zy aHATUTUUYECKOTO CHT-
Haja:

— pacuet KI'U (3Hauox KM ),

— JII1® (3navok s ),

— BII® (3Hauox B%),
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— pacuet ananutuueckoro curnana (AC) (3Hadok e ).

[Tocne HaxkaTUs OAHOTO M3 YKa3aHHBIX BOCHBMH 3HAYKOB TOSIBJISIETCSI COOTBET-
CTBYIOIIIAst TMAJIOTOBas MMaHe b ¢ TapaMeTpamu pacderta. [locie 3anomHeHus TaHeTn
JaHHBIMU aBTOMATUYECKH (OpMHUpPYETCs .Cir (ails 3amaHus, coAepKalluid Omrca-
HUE LENU U AUPEKTUBBI U1 IPOBEJICHUS pacueTa. DTOT .Cir (pailyl 3anuchiBaeTCs B
TOT K€ KaTajor, KyJia 3anvceiBaeTcs .dsn ¢aiin ¢ rpaduueckuM onrCcaHueM CXEMbl
TSTIH.

3areM NMOoATrOTOBJICHHBIN .Cir (pailyl nepenaercs noanporpamMmme uXSpice, KOTO-
past IPOBOJUT pacueT IeNHu U MPEACTaBISET BBIXOAHbIC JaHHBIC B BHJIEC TAOJHIl U
rpauKoB.

3.1. PacyeT nepexoaHoro npouecca

Pacuer nepexonHoro npouecca B 3IEKTPUYECKON LETH MPEAIIONAraeT moisyJe-
HUE BBIXOJHOI'O HAIIPSDKEHUS WITM TOKA KaK (PYHKIIMI BPEMEHH B 33JaHHOM BPEMEH-
HOM Jana3oHe. Tak Kak paJiuOo’JIeKTPOHHBIE LIENIH B MporpaMMe uSpice B oOemM
ClIy4yae OIHUCHIBAIOTCS TU(DPEepeHIMATIbHBIMUA YPABHEHUSIMHU, TO PAacUeT MEePexXo]i-
HOT'O IpoLecca NPOBOJUTCS C UCIIOIb30BAaHUEM YHCIEHHOTO UHTErpupoBanus. [le-
PEXOIHBIE MTPOLIECCHI PACCUUTHIBAIOTCS OT HYJIEBOTO MOMEHTA BPEMEHU 0 3a/1aH-
Horo MoMeHTa Bpemenn TSTOP. [lepen HauanoMm pacuera nepexoaHbIX MPOIIECCOB
M0 YMOJIYaHUIO MPOU3BOJUTCSA pacyeT padOyuX TOUEK (CTATHUYECKOrO PEXHUMA).
[IpeaBapuTenbHbIi pacyeT pabOUMX TOYEK MOXKET ObITh OTMEHEH, — BMECTO HETO
MOYKHO 33J1aTh HYJIEBbIE HAYAJIBHBIEC YCIOBUS WM HaYaJIbHBIE YCIOBUs, ONIPEICIICH-
HBIE TTOJIb30BATENIEM.

OTMeTHM, YTO LIAr IPU PACUETE MEPEXOIHBIX MPOLECCOB MOKET CYIIECTBEHHO
MEHSATHCS, TAK KaK OH KaXKIblii pa3 BEIOUPAETCS CUCTEMOM aBTOMaTUYECKHU. J{J1s1 BbI-
BOJIa pe3ybTaToB ¢ pukcupoBaHHbIM aroMm TSTEP ucnons3yercs nHTEpnoIsIIus
naHHbIX. SPICE-uHCcTpyKIus [i1s 3ajjaHusi pacyeTa BO BpEMEHHOM 001acTi uMeeT
BU/]I

.TRAN TSTEP TSTOP [TSTART [TMAX]] [UIC]

3nece TSTEP — miar BeiBoga pesysbraTtoB pacuera, TSTOP — koHeuHoe
BpeMsl pacyeTa nepexoqubix npoueccoB, ISTART — HauanbHOE Bpems BEIBOJA T1E-
pexonHbIx nporeccoB Ha nieuats (eciu TSTART nHe 3agano, TO €ro 3HaueHUE CUU-
taeTcs HyneBbiM). Ha untepBane Bpemenu (0, TSTART) cxema paccuutbiBaercs,
HO pe3yJbTaThl pacueTa Ha Ie4aTh HE BBIBOASTCA. Pe3ybTaThl BBIBOASTCS Ha Iie-
yaTh Ha uHTepBase (TSTART, TSTOP). C nomoipio He0Os3aTENHLHOTO MTapaMeTpa
TMAX MOXKHO OTpaHUYNUTh MAKCUMAJIbHYIO BEJIMUMHY aBTOMATHYECKH yCTAHABIIH-
Baemoro mara uaterpupoBanus. Onmus UIC yka3siBaeT, 4To mnepes pacueToM me-
PEXOJHBIX MPOIECCOB HE OYJIET MPOBOJUTHCS PACUET CTATUYECKOTO peXUMa, a Oy-
OyT HWCMOJb30BaTbCS WM HYJIEBbIE HAYAJbHBIC YCIIOBHS, WIW, €CIU YKa3aHbI,
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HayaJIbHbIEC 3HAYEHUS HANPSHKEHU HAa KOHJIEHCATOpaX, TOKOB B KaTYIIKAaX MHIYK-
TUBHOCTSIX U T. II.

Bce onucannbie napamerpbl nHCTpYKUUU . TRAN BBOAATCS ¢ MOMONIBIO 1HA-
JIOTOBOM MaHeH, U300pakeHHOM Ha puc. 1. DTO OKHO BO3HUKAET MPH HAXKaTUU Ha
sHauok Tr ¢ OykBamu T maHeau HHCTPYMEHTOB.

Pacuer nepexcaHore npouecca (Tran) >

Bpema aHanuza (TSTOF) foe-06 C

BriB0n PE3YNETATOR
C warom { TSTEF) 1=-03 C

OTMeHa

HaumHas c (TSTART) O =

Lar uHTerprpoBaHua (TMAX)
0 PaccunTate aETOMaTMYECKK (DEKOMEHAYETCH)

(_)3anate 2.9=-03 C

HaYanbHble YCnoBHMA
'3::1' PaccuMTaTe aBTOMaTHYECKM

© HyneBble UNKM 3aaHE! NONb30BATENEM

Mpadki ANA BeIXN0AHEIX NEPEMEHHBIX

14 mim2

OBHOBMTE METKM AobasnTe TokK mi+10...

PAZHECTM KDUBBIE MPADIKOE N0 BENTUKANEHDA oA

Puc. 1. JInanoropas naHens ¢ mapaMeTpaMu MEePEX0IHOTO MpoIiecca

B HmxkHEN 4acTy AUAJIOrOBOW IMAHENIM UMEETCS OKHO TEKCTOBOTO pENAKTOpa
JUTSI 3aIIMCH BBIXOJIHBIX MTEPEMEHHBIX. B HEM yKa3bIBalOTCSI METKHU y3JI0B, HApsHKe-
HUS B KOTOPBIX JOJKHBI OBITh BbIBEACHBI B BUJe rpadukoB. Knomnka "OOGHOBUTH
METKH" MTO3BOJISIET OOHOBUTH CIMCOK 3TUX METOK, €CJIM MOJIb30BaTENb YIAISET N
n00aBIIsIeT METKU B Tpoliecce paboThl co cxemoi ycrpoiictBa. Knomnka "J[o6aBuTh
TOKU" TIO3BOJISIET BHECTH B OKHO BBIXOJHBIX MEPEMEHHBIX TOKH Y€pEe3 UCTOUHUKHU
HaNPsDKEHUs, KOTOPbIE NMEIOTCS B CXEME WM CIIELUAIbHO J00ABIEHbI B CXEMY AJIs
VICCJIEIOBAHMS TOKOB B 3aJJaHHBIX BETBAX. B mocnenHeM ciyuyae BEJIMYMHY HAIpsi-
YKEHUS NCTOYHHKA YCTaHABIMBAECM PAaBHOU HYIIIO.

Knonka "m1+10 ..." mo3BoJieT pa3HecTH HanpsiKeHus nepemeHHbix m0, ml,
M2 U T. 1. 1O BEPTUKAIBHOU OCH, 100aBJIsAs K NEPEMEHHBIM JIONOJHUTENBHO 110 10
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BOJIbT. Takoil ciBur rpaMkoB MO BEPTUKAIBLHON OCH yOOHO MCHOJIB30BaTh MpHU
aHaym3e UPPOBBIX cXeM. AHAIOTMYHYIO 33/1ady BBIMIOJIHSAET BHIOOp MyHKTa «Pa3-
HECTH KpHUBbIe Ipa)UKOB MO BEPTUKAIBbHON ocu». BennunHa casura rpadukoB mo
BEPTHUKAJIBHOM OCH B ITOCJIEAHEM CIy4ae 3aBUCUT OT 3HAYEHUU HUCCIIETyEMBIX Iepe-
MEHHBIX.

CnHcOoK METOK B OKHE BBIXOJIHBIX IEPEMEHHBIX MOKHO PEJAKTUPOBaTh. B OkHE
MO>KHO 3aIMChIBaTh (POPMYJIbL, C BKIFOUYECHHEM METOK. B (hopMynax MOKHO HCTIONb-
30BaTh OOJIBIIMHCTBO CTAHJAPTHBIX MAaTEMATHUECKUX (YHKITHIA.

[Tocne 3aBepiienus paboOThl ¢ AMATOTOBBIM OKHOM M HaxaTwsi KHomku '"Pac-
yeT" mapameTpbl pacueTa 3aluchIiBaeTcs B .Cir (aili, KOTOpbIN nepeaaeTcs B MOoj-
nporpammy uXSpice. OKHO ¢ pe3yJbTaTaMy padOThl 3TOM MOANPOTrPaMMBI MTOKa-
3aHO Ha puc. 2.

uXSpice — O >
Hene: ** o A\5 FKTH. cir
Temneparype: TEMP = 27°C, THOM = 27°C

Pezxzps no OO CTOAHEEORG 'IDI-:'.E,"': HaYallbHEES E,’EJ'IDEI"LFI:l

[lepeMeHHE: SHaY¥MeHMA:
m2 0.178132
ml 1
vlfbranch —-0.000821368

Paccumrano BEerTopoE: 506
uspice 1 -=

Puc. 2. Oxno noanporpammer uXSpice

OtmetuM, uto eciu onmust TMAX He 3agana, To B mporpamme uXSpice aBTo-
MaTHUYECKH UCIOJIb3YETCSI MUHMMAJIbHOE U3 ABYX NOCTOSHHBIX TMAX1 u TMAX?2,
rne TMAXI1 = (TSTOP — TSTART)/250 u TMAX2 = TSTEP/5. B nocnenaem co-
OTHOIIIEHUHU YYUTBHIBACTCS, UTO MOTpeOyeTcs, 1Mo KpaitHeil Mepe, MATh TOUeK C JaH-
HBIMH, YTOOBI JOCTOBEPHO OTOOPA3UTH BHIXOHBIEC PE3YIIbTATHI.

MuHuManbHBIN mar uaTerpupoBanus delmin B mporpamme uXSpice aBToma-
TUYECKH BbIOMpaeTcs HauOoIbIINM U3 1BYX 3HaueHui: TMAX*1e-12 u le-21. Ecnu
cXeMa IeNH 3a/laHa HEKOPPEKTHO M MpH pacyeTe Iar MHTErpUpOBaHUsS Oyner
MeHbIie delmin, TO BBIYMCICHUS MPEKPAIIAIOTCS U TIOJIH30BATENb MOJIy4aeT CO00-
mieHue 00 omuokKe.

Paccmotpum, Hampumep, RC-aBroreneparop Ha ONEPallMOHHOM YCHIIUTENE
(puc. 3). I'paduk BbIXOJHOTO HANPsKEHUs B y3i1€ m1 nmoka3aH Ha puc. 4. 13 ananusa
KpUBBIX pHC. 4 ciaeayer, 4yTo nmpuMepHo udepe3 3,0 Mc mociie nojgavyu NUTaHUsS Ha
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BBIXO0/I€ aBTOI'€HEpaTOpa yCTaHABIUBAIOTCS KOJICOAHUS C aMILIUTY 10U, paBHOM IpHu-

mepHo 0,8 B. Ilepuon konebanuii mpuMmepHo paseH 1,3 mc.

o2
il R
T
__“__m1
R3 2k

—— —
o1 Rd 100n
1000 ——
0.0 £h

1 L
0 0

Puc. 3. Cxema RC-aBrorenepatopa Ha OY

_@ trani: ”;’ c:‘;.-.\rc-ag_np;mpj.cir
—&— ml
(=]
1000
200
B00
400
200
G
\J
-200
-400
-E00
-800
-1000
n.a 1.0 20 a0 4.0 5.0 6.0 7.0 2.0 2.0 10.0

rC

Puc. 4. Curnan na Beixoqe RC-aBroreneparopa
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3.2. PacyeT 4aCTOTHbIX XapaKTepPUCTUK

YacToTHbIE XapaKTEPUCTUKU OMHUCHIBAIOT aMIUIMTYAbl U HaudajdbHbIE (Ha3bl
HaIPsDKEHHUM, WU TOKOB, WM OTHOIIEHUN aMIUIUTY APYT K APYTY, WU PA3HOCTh
HavyaJIbHBIX (Da3, Kak PyHKIUN OT yacToThl. [lepen Hauamom pacuera 4aCTOTHBIX Xa-
PAKTEPUCTUK BCErAa MPOU3BOAUT PACUET CTATHUYECKOTO PEXUMA CXEMBI. JTO Tpe-
Oyetcs AJid onpeiesieHus paboynX TOUEK HEJIMHEHHBIX 3JIEMEHTOB U pacyeTa ux Jiu-
HEWHBIX SKBUBAJICHTHBIX MapameTpoB. JIMHEHHAass MOJEIb CXEMbI AaHAIU3UPYETCS B
3aIaHHOM YaCTOTHOM JIMAINa30He.

Nwmerorcs Tpu SPICE-uHCTpyKIIMM 1715 pacyera B YaCTOTHOM 00J1acTH:

.AC DEC ND FSTART FSTOP
.AC OCT NO FSTART FSTOP
.AC LIN NP FSTART FSTOP

3nech mapametp DEC ycranaBnuBaeT torapuMudeckuii Macitad u3MeHeHUs
4acTOThI 10 AekagaM, ND yka3piBaeT koianuecTBo Touek B nekane, OCT ycranas-
JUBaET JIorapuPMudeckuii MacmTad U3MEHEHHUs YaCcTOThI 10 oOKkTaBam, NO yKa3bl-
BaeT KOJIMYECTBO TOUEK B OKTaBe, a LIN ycranaBnuBaeT JMHEHHBIN MaciiTad ume-
HEHUs 4acToThl, NP yka3pIBaeT KOJTUYECTBO TOUEK B 3aJaHHOM YAaCTOTHOM Juaria-
30oHe, FSTART yka3piBaeT HayanbHyto 4actoty, a FSTOP yka3piBaeT KOHEUHYIO
4acTOTy aHAJIMN3a.

[Tpumep.

LAC LIN 100 1 10K

JIns 3ajlaHusl MapaMeTPOB pacueTa YaCTOTHBIX XapaKTEPUCTHK HAKMMAaeM Ha
3Hauok AC ¢ oykBamu AC Ha maHenu MHCTPYMEHTOB. B mosiBUBIIEMCs AUanoro-
BOM OKHE (pucC. 5) BBOJIUM HAYaJIbHYIO M KOHEYHYIO YACTOTHI, a TAKKE YUCIIO pac-
CUUTHIBAEMBIX TOYEK. /[JOMOTHUTEIBHO YKA3bIBAEM THII IIKAJbI 10 BEPTUKAIH U 10
TOPU30HTAIIH.

B HukHEN 4acTH JUAIIOTOBOM MAHEIM B OKHE TEKCTOBOI'O pelIaKkToOpa KOHTPO-
JUPYeM TPaBUIBHOCTHh CIIMCKA BBIXOJIHBIX TepeMeHHbIX. Kuomka "OOHOBHTH
METKHU'" MO3BOJISICT OOHOBUTH CITUCOK MeTOK. KHomka "J[00aBUTh TOKH" TI03BOJISCT
BHECTH B OKHO BBIXOJHBIX IEPEMEHHBIX TOKU Y€pE3 HCTOUHUKHU HAIIPSKEHHUSI, KOTO-
pBI€ UMEIOTCS B CXEME WJIH CIIeIIMaIbHO TOOABICHBI B CXEMY JIJIsl UCCIIEIOBAHUS TO-
KOB B 3aJIJaHHBIX BETBSIX. CIIMCOK METOK B OKHE BBIXOJIHBIX MIEPEMEHHBIX MOYKHO pe-
JaKTUpoBaTh. OTMETUM, YTO JJISl KaXKJIOH METKH PaCCUUTHIBAIOTCA JBE 3aBUCHMO-
CTH: aMIUIUTYHO-4acToTHas (AUX) u dazogactorHas (PUX) xapaKTEepUCTHUKH.

JI71s1 METOK MOHO JOTOJHUTENBHO YKa3aTh MIPEACTaBICHUE HA KOMILIEKCHOM
IJIOCKOCTH WM B BHJIe nuarpammsel Bonbnepra-Cmuta. 1 nocineqHel u3 cuucka
METKU MPETyCMOTPEHA BO3MOXKHOCThH MPEJCTABICHUS B PEXKUME HENPEPHIBHOU
da3ebl.
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[Tocne 3aBepiieHus pabOTHl C AUAJOTOBHIM OKHOM W HaXkaTus KHOmku "Pac-
4yeT" mapaMeTphl pacueTa 3aluchiBaeTcs B .Cir (aiiy, KOTOPBI mepenaeTcs B MOA-
nporpammy uXSpice. Pe3ynbpTaTsl paboThl 3T0I IpOrpaMMBbl BEIBOSATCS B BUE Ta0-
JIMII U TpadUKOB.

YacrotHele xapakTepuctien (AC) et
HaqaneHaA 4acToTa 1 My o
KoHe4HasA 4acToTa 10 T OTMeHa
Yucno Touek rpadika 1000
Wkana no ropMsoHTanM | e
Lkana no BepTHKaNA Lin V

Mpadky ANA BEIXOAHEIX NEPEMEHHBEIX

1":" mlmz2
24

3

CBHOBMTE METKK NoBaBnTe ToKK

|__| MNepemenHble Ha KOMMNEKCHOM MNOCKOCTI
|__| Awarpamma Bonenepta-CrMuTa AnA conpoTHENEHMIA

|__| Pextim HenpeprieHoi ©HX ana nocnegHeR METKM

Puc. 5. /Inanorosast naHesnp 11 3aJaHUsI TApaMETPOB pacuyeTa METO0M

KOMILUIEKCHBIX aMIUTUTY/ (maHenb pexxuma AC)

A1

i n‘ﬁr_‘p . ﬁ“ D_a
=
+ ﬁF \ y 02285
e = |50 |
{e-9 A5 AB AT AR
e @< } )
—— 3e3 SRR R et
1.0 L
= _'IDL
e M }”
N 41208 T—L Iy 29379
= | 500
M5 47T NAIB
|_|ﬂ/_:'??"‘ 1.0

Puc. 6. Cxema mmudpoBoro ¢punbrpa 3-ro mopsiaka

B kauectBe mpumepa paccmorpuM 1udpoBoi Gunbtp 3-ro nopsaka. Cxema
bunbTpa npuBeneHa Ha puc. 6. [lapameTpbl pacuera 4acTOTHBIX XapaKTEPUCTUK
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COOTBETCTBYIOT ITapaMeTpaM, YCTAaHOBJICHHBIM Ha JUATIOTOBOM TTAHEIH, ITOKa3aHHON
BhITIIEe Ha puc. 5. AUX ¢umibpTpa nmpuBeeHa Ha puc. 7.

B acl: * c\.A\12_Ud_analog.cir - O >
—&— rag(ml]
B —#= maglmz]

1.00 —s———————F— ¢

0.80

0.60

0.40

0.20

no 1.0 20 a0 4.0 5.0 B.0 o a.0 a0 100
Ky

Puc. 7. AUX uudposoro ¢punbrpa

W3 aHann3a noJy4eHHbIX KPUBBIX CIEAYET, UTO (PUIIBTP OTHOCUTCS K SJUIAINTH-
YECKOMY THILY, ABJISIETCS PUIBTPOM HU3KHX YaCTOT C TPAHUYHOMN YaCTOTOM, paBHOU
npuMepHo 2,7 kl 1.

3.3. PacueT pabounx Toyek

AHanu3 pabouynx TOYEK (CTATUYECKUX PEKUMOM pPabOThl 3IEKTPUUYECKOM
cxembl, pexxuM OP) npoBoauTcs, KOoraa Bce NEPEX0IHBIE MPOLIECCHI, TPOTEKAIOLIIE
B CXEMeE MPH To/1aue MUTaHMs, 3aKOHYIINCH. [Ipu pacueTe Bce KaTyIIKN UHTyKTHB-
HOCTHU 3aMbIKaIOTCS, @ KOHJIEHCATOPHI B AIEKTPUUYECKON cxeme pa3MbikatoTces. Jua-
JoroBoe okHO pexkruMa OP co criuckoM nepeMeHHBIX ToKa3aHo Ha puc. 8.

Jlyist pacuera paboyux TOUEK HAXKMMAEM Ha 3HAYOK b ¢ oykBamu OP Ha ma-
Heau UHCTPYMEHTOB. SPICE-MHCTpYKIKS Ha pacyeT 3aluChIBACTCS B BUIE IPOCTON
komaH bl .OP 6e3 nonomHUTeNnbHBIX MapaMeTpoB. [Ipu HeoOXxoguMocTH 100aBIIsIeM
TOKH Yepe3 UCTOUYHUKU HAIMPSHKCHUS W PEAAKTUPYEM CIHCOK TIepEeMEHHBIX. B okHe
Ha puc. 8 nepea TokoM 1(v1) mocTaBieH 3HaK MUHYC, T. K. O)KUJIAETCs, YTO UCXO/I-
HBIH TOK 1(V1) Oynet oTpunarenbHbiM. B aTOM ciydae BenuduHa (—i(v1)) Oyaet mo-
JIOKUTEJIbHOM.
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Pesum no nocToRHHOMY ToKy >

BbixoAHEIE BENMHKHEI

OTtMeHa

mlrm2m3 md

(GHiv1)itva)

OBHOBMTE METKM NoBaBrTh ToKK

Puc. 8. Inamorosas nanens pexxuma OP

[Tpumep. YcuauTenbHBIA KacKaj Ha MOJCBOM TPAH3UCTOPE ¢ BCTPOCHHBIM N-
KaHayoMm (puc. 9).

——+
dll

c2
m3 | 100n md
w11

2

Puc. 9. CxeMa ycuiutens Ha MOJEBOM TPAH3UCTOPE

uXSpice — a >

Oens: ** d:%. %15 yoummarens O mos-n.cir
TemnepaTyps: TEMP = 27°C, THOM = 27°C
Paccumrano EexTopoBE: 1

ml = 0._000000e+00

m: = 0_000000e+00

m3 = T7.575%4c2e+00

mi = 0.000000e+00
(—if{wl)) = 1.2102659e-03
if{w2) = 0.000000e+00

uspice 1 -=

Puc. 10. Pe3ynbraTs! pacuera pabounx TOUEK

25



uSpice

Pe3ynbTaThl pacyeToB CTAaTUYECKOTO pEKHMa NPUBEAECHBI B OKHE IOAIPO-
rpamMbl uXSpice Ha puc. 10. Kak BuauM, mocTossHHOE HanpspKeHHEe m3 Ha CTOKE
TPAH3UCTOPA YCTAaHOBUJIOCH PAaBHBIM IPHUMEPHO 7,6 BOJIBT. TOK CTOKAa IOJIEBOTO
TpaH3HUCTOpa paBeH npuMepHo 1,2 MA. CietoBaTeabHO, MAKCUMAJIBHO IOy CTHMOE
3HAYEHHE TOKA CTOKA JJI TPAH3UCTOpa HE MPEBBIIEHO. TOK 3aTBOpA TPaH3UCTOpa
JUISl TaHHOW MOJIENIM paBeH Hy 0. [[09TOMy najieHre HanpsKeHUs m2 Ha PE3UCTOpE
R1 paBHO HymI0 M HaNpsKEHUE HA 3aTBOPE TPAH3UCTOPA TAKKE PABHO HYJIIO.

[TocTostHHBIN TOK Yepe3 BBIXOHOM pa3ienuTenbHblid KoHaeHcaTop C2 He mpo-
TEKAET, I03TOMY IOCTOSIHHOE HaIpshKEHUE M4 Ha BBIXOJIE KacKajla TakKe PaBHO
Hymo. Tok 1(v]) yepe3 UCTOYHUK MOCTOSSHHOTO HamnpsbkeHust V1 ¢ yueToMm mocras-
JICHHOTO IIepe]] pacueTOM 3HaKa MUHYC Ha pPHUC. 8 IPOTEKAET OT CTOKA K UCTOKY, B
COOTBETCTBHUHM C HAIIPaBJICHUEM CTPEJIKM CTOPOHHMX CHJI Ha UcTouHUKe V1. Ecnu B
MCXOJIHBIX JAaHHBIX 3HAK MUHYC niepen1 1(v1) Ha puc. 8 HE CTaBUTh, TO BEJIMYMHA TOKA
ObLa OBl OTPULIATETBHOM.

3.4. MHOroBapmaHTHbIW pacyeT Ha NOCTOSIHHOM TOKe

B otnnume ot pacuera pabounx Touek no komauje .OP npu MHOroBapruaHTHOM
pacuere MPOBOJAUTCS PACUET CTATUYECKUX PEKUMOM IPU MOIIATOBOM U3MEHEHUU
HaINpPsLDKEHUW MIIA TOKOB OJIHOTO WJIM JIBYX UCTOYHUKOB MOCTOSTHHOTO HAIPSKEHUS
WJIY TTIOCTOSIHHOTO TOKA.

NHCcTpyKums mist pacuera CTaTUYECKOTO peKUMa C BapualHued HalpsyKeHUN
WM TOKOB UCTOYHHKOB 3aIMCHIBACTCS CIEAYIOIINM 00pa3oMm.

.DC SRC1 START1 STOP1 INCR1 [SRC2 START2 STOPZ INCRZ2]

3necs SRC1 — uMs nepBOro KCTOUYHHUKA HANPSHKEHUST WM TOKA B PACCUUTHI-
Baemoii cxeme, STARTI1, STOP1 u INCR1 — napameTpsl, onpenensonme Hauallb-
HO€, KOHEYHOE U LIar U3MEHEHUS 3HAUEHUN UCTOYHUKA. ECiiu nenob3yercst BTOpo
nctouyHuk SRC2, To ero napaMeTpsl ONMKUCHIBAIOTCS aHATOTUYHO. OTMETHM, YTO U3-
MEHEHHE 3HAYEHHI IEPBOr0 UICTOYHMKA BO BCEM JUANIA30HE MMPOUCXOAMT JUIA Kax-
JIOTO 3HAYEHUSI BTOPOT0 UCTOUYHHKA. Y Ka3aHHAsl MHCTPYKIIMS aBTOMAaTUYECKH 3aIH-
CBIBAETCS B .Cir (haily1 y1sl MPOBEICHUS pacueTa CXEMBI.

PaccmoTpum, HampuMep, pacyeT BBIXOAHBIX BOJbT-AMIIEPHBIX XapaKTEPUCTUK
MOJIEBOTO TPAH3UCTOpA MPHU BapUallUM HAMPSHKEHUH ABYX MCTOYHUKOB V1 u V2
(puc. 11).

IMocie Haxatus 3Ha4Ka DC ¢ oykBamu DC B mosiBUBILIEMCS TATIOTOBOM OKHE
Ha puc. 12 UCTOYHHKHU OMHCHIBaeM cieayroumm oOpa3zom. HampshkeHue nepBoro
yucrouHrka V1 mmaBHo uzmensercs (csunupyet) oT 0 B 1o 15 B ¢ mansiM marom
0.1 B, HanpsbxkeHue UCTOYHMKA B Lenu 3atBopa V2 usmensiercss or 0 B 1o 4 B ¢
oTHOCUTENBHO 00JbIKM IaroM 0,5 B. Hucno pa3nuyuHbIX 3HAYEHUN HATIPSKEHHS
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V2 OyaeT paBHO YUCITYy KPUBBIX HAa PUCYHKE, TOKa3bIBatoIIeM BbixoiHbie BAX mo-
JIEBOTO TPAH3UCTOPA.

ms

kil W1

. J E m2p305 Gj_ g 0

Puc. 11. Cxema ¢ moneBsIM TPaH3UCTOPOM TSl pesknma DC

Bapwauwa nctounnkce (DC) >

MEpBBIA MCTOYHIMK
MEPBEIA MCTOHHMK,

vl A

OTmeHa

HauyanbHoe sHaqYeHe g
KoHeYHDE sHaYeHHe 15
MpupaleHmne 0.1

B Vicnonsz0BaTE BTOPOI MCTOUHMK
BTopoi MCTOYHMK

BTopoi MCTO4HME w2 e
HauYansHoE 3HaUEHWE
KoHedHoe sHadYeHne 4

MprpaleHmre 0.5

MpadiiM ANA BEIXOAHEIX NEPEMEHHEIX

1 ' .
23 H{v1))

3

OAHOBMTE METEKM  [I003BWMTE TOKK

Puc. 12. Inanorosas nanens pexuma DC

Paccuutannbie BoJbT-amrepHbie xapaktepuctuku MJIII-Tpan3ucropa moka-
3aHbl Ha puc. 13. [To BepTUKanbHON OCH Ha PUCYHKE OTKJIAbIBAETCS TOK CTOKA IO~
JIEBOTO TPAH3UCTOPA.

DTOT TOK (PaKTUYECKU MPOTEKAET Yepe3 UCTOYHUK V1 MPOTUB CTPEIKHU MOJ0-
YKUTEIHHOTO HaNpaBlICHUs HAMPSHKEHUSI HA 3TOM UcTOouHHKeE. [loaToMy TOK cTOKa
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yKa3aH B JUAJIOTOBOM ITaHENIN 3aJaHus Ha pacyeT cO 3HaKOM MUHYC. B aToM cirydae
paccuMTaHHBIA TOK CTOKa OyAeT MOJOKHUTEIbHBIM U BbIXogHBIe BAX Ha puc. 13
MOSIBIISIIOTCS HE B 4-0M, a B 1-0M KBajipaHTe cucTeMbl KoopauHaT. [1o ropu3oHTa b-
HOI OcH Ha pucC. 13 OTKIIaApIBAETCS CBUMMPYIOLIEE HANPSKEHUE HA CTOKE TPAH3U-
CTOpa, PAaBHOE HAIPSIKEHUIO UCTOYHUKA V1.

del: ™ ol mos-n_xv_out_2.cir — Od >

Sl —&— w20 —= y21h —— w3
iy —= w205 i w22 —— w2358
—— w2 wa2h = wi2d

5.0

i

4.0

a0

20

1.0

E0 80 100 120 140 160
CevnyposaHye w1 B

Puc. 13. Beixogusie BAX nosieBoro Tpansucropa

Kpuseie Ha puc. 13 nonydensl npu 9 pa3auyHbIX HANPSHKEHUSIX HA 3aTBOPE:
HanpsbkeHue V2 nocienoBaTeabHo npuaumaet 3Hadenus 0, 0.5, 1, 1.5,2,2.5,3,3.5
u 4 B. O603HaueHMsI KPUBBIX, COOTBETCTBYIOIINX YKA3aHHBIM HAIPSKECHUSM Ha 3a-
TBOpE JaHbl B BepxHel yactu puc. 13. Kak Bumum, yeM Oosibllie HanpspKEHUE Ha
3aTBOpE, TeM OO0JIbIIIE TOK CTOKA.

MakcuMalibHasi BEIMYMHA TOKA CTOKA, paBHas IpuMepHO 4,8 MA, ToCTUTaeTCs
MIpU HANIPSIKEHUU Ha 3aTBOpPE, paBHOM 4 B, U npu HanpsiK€HUHU Ha CTOKE, PaBHOM
15 BonbT. KpyTH3Ha TpaH3uCTOpa MpU HANpsHKEHUU Ha cToke 8 B 1 npu Hampsixke-
HuU Ha 3atBope 4 B mpumepHo paBna 3 MA/B.

3.5. PacuyeT koachdpuumeHTa rapMOHNYECKUX
NCKaXXeHUN
Koaddumuent rapmonnuecknx nuckaxenuit (KI'U) xapakrepusyer creneHb
OTIN4US (POPMBI AHATU3UPYEMOTO CHUTHaia OT (POpPMBI HICATBHOTO TapMOHHMYE-
ckoro curHana. /[ns onenku ko3hduiirenta rapMOHUYECKIX UCKaKEHUI HE00XO-
JIUMO TIPEABAPUTEIBHO MPOBECTU CIIEKTPATIbHBINA aHAIU3 MCCIEAYEMOro CUTHaja,
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T.€. pPACCUMTATh aMIUTHTYy OCHOBHOM (ITepBoif) TapMOHHMKHU A; ¢ yacToToi f1 1 am-
IUTUTY bl TIOCIEAYIOMIMX BTOPOM, TPEThEN U T. 1. TapMOHUK: Ay, As, ..., Ay ¢ HacTo-
tamu Ty, fs, ..., fn, cooTBETCTBEHHO.

KoadduimenT rapMOHNYECKHX UCKaXEHHUH (B MPOIEHTAaX) PacCUUTHIBACTCS
o popmyiie

KFI/I:IOO\/A22+A32+"'+A?

JI1st mostyyeHust pueMIeMOoN TOYHOCTH OOBIYHO YHCIIO PACCUUTHIBAEMBIX rap-
MOHHUK N > 9. YeM MeHbIIIe aMIUITUTYAbl BBICIIMX TapMOHUK Ay, Ag, ..., A, OTHOCH-
TEJIHHO aMIUIUTY/Ibl OCHOBHOM rapMOHMKH A; B CIIEKTpE CUTHAJA, TeM Oiske popma
HCCJIeyeMOro CurHalia K popMe rapMoHudecKkoro curana u Menbiie KI'N.

CriekTpaJibHbIN aHAJIW3 MPOU3BOJUTCS C MOMOIIBIO AUCKPETHOTO Mpeodpazo-
Banust Oypre (JI1D) mocne 3aBepiieHus: pacuera nepexoqHOro mnpoiecca (B TeK-
cTOBOM (pailyie 3a1anust 10KHA pucyTcTBoBaTh AupekTrBa . TRAN). Cnektp pac-
CUMTBIBACTCS TOJILKO JIUISl YaCTH TIEPEXOTHOTO MpoIiecca JIMTEbHOCTRIO 11 = 1/f1 B
KOHIIe MHTepBaJia aHanu3a. [Ipenmnonaraercs, 4To B KOHIIE MHTEpBala aHAIN3a T10-
JydaeM TMPaKTHYECKH CTallMOHAapHbIe KojeOanus. [lo ymonuanuio B mporpamme
uSpice Bpemst T1 = 0,2*TSTOP, rne TSTOP — unTepBan aHanusza ajs pekuMa
TRAN

SPICE-gupekTuBa Ha poBeaeHue pacuera KI'U umeer By

.FOURIER f; ml m2 ...

3neck f — yacrora nmepBoil rapMOHHKH, paBHAsi OCHOBHOM 4aCTOTE UCCIIEITye-
MOTr0 curHaja, ml, m2, ... — METKHM BBIXOJIHBIX MEPEMEHHBIX, JJI1 KOTOPHIX TPeOy-
ercs paccuntars KI'M.

JlnanoroBasi maHesb, HCHOJb3yeMas JUJIsl BBOJA NAapaMETPOB MPU UCCIEN0BA-
Huu KI'U, nokazana Ha puc. 14. C noMoIiibio 3TOM naHeau BBOJIATCS:

— 4YacToTa IepBOH TapMOHUKH fi,

— YHCJIO TAPMOHUK, aMILTUTY/bI U (ha3bl KOTOPBIX OYyAyT HamedyaTaHbl B BUJC

Tabnwuipl, (o ymomdanuio 10),
— creneHb noJuHoMa (0T 1 110 8), ¢ MOMOIIBI0 KOTOPOTO MPOBOJAUTCS UHTEP-
MOJISIUA JaHHBIX (TI0 yMOT4aHuto 1),

— o0nem Beibopku st 11D (o ymomuanuto 1000),

— METKH BBIXOJIHbIX NlepeMeHHbIX (m] u m2 Ha puc. 14).

[Tpu M3MEHEHUH YaCTOTHI TIEPBOI TapMOHKKH f; aBTOMaTHYeCKH IepecynThIBa-
1orcs napamerpsl TSTOP, TSTEP u TMAX. [Ipuyem nocnennuii napameTp, Mak-
CUMaJIbHBIN mar uHTerpupoBanust TMAX, nepecunuThiBaeTCs TOJIBKO MPH BHIOOPE
paarokHONKH “PaccunTtaTh aBTOMaTH4ecku (pekomenayercs)”. Kpome Toro, napa-
mMeTp TMAX aBTOMaTH4ECKH MEPECYUTHIBACTCS MPU U3MEHEHUU 00beMa BEIOOPKHU
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N, T. K. 17151 TOCTUKEHUS MaKCUMaIbHON TouyHOCTH napametrp TMAX paccunThiBa-
etcs o popmyiie TMAX = T1/(5*N).

i Oypee aHaNW3 - Ko3gEULMEHT rapMOHNHECKIE MCKaEHNA ot
YacToTa 1-0f rapmoHMkl 10000 My,
JlononHuTensHo AHEMMS Ha MHTEPEANE BPEMEHK
HWUCNo rapMoHIK 10
Bpema aHanuza (TSTOR) 0.0005 c
CTeneHE NOAMHOME 1
War (TSTEF) 5e-07 .
Ofbem BofopKY 1000
War uHTerpuposaHmra (TMAX)
Tabnuusl AnA BEIX0AHEIX NEPEMEHHEIX © PaccunTaTs asTOMaTHYECKN (peKoMEHAYETCA)
mlm2 [:] 3apatb 2e-08 C

HaqyanbHbie YCNOBKMA

o Pacc4MTaTh a5 TOMaTHHECKH

JBHOBWTE METKM NobaBuTh TokK () Hyneskie MnK 330aHE NOAES0BATENEM

PacueTt OTMeHa

Puc. 14. Iuanorosas nanens pexxuma KI'M

OTmeTrM, YTO ONMUCAHHBIW CIy4Yail OTJIMYAETCS OT PeKUMaA pacyeTa nepexom-
HOTO Mpoiiecca (pexxuM Tran), y KOTOPOro Ipu BbIOOPE aBTOMATUYECKOTO OIpeie-
JeHus mara uHTterpupoBaHus mnapamerp TMAX paccuuThiBaeTcss BHYTpPU IIPO-
rpamMmbl uXSpice.

uXSpice — O ot
PacueT ONA NepeMeHHON m2
Upeno rapmaosmz: 10, OBzem sefopsm: 1000, Crenesms mommeEomMa: 1.
TapMoHMEa YacToTa Dummaryoa Ha=. fa=za
a a 0.0587338 120
1 10000 2_.30508 -S6_2
2 20000 0.05103 leg._503
3 30000 0.438677 —110_75
4 40000 0.0220%938 -22.844
5 50000 0.2445387 &0.5733
[ g0000 0.0017782 -53 .69
7 70000 0.0728138 -126.74
=] 20000 0.0120304 121.545
] 50000 0.021557¢ -145_54
Kosddrummenr rapMomaecsio Mopazemtnr (BT - €_1569%
uspice 1 -=
|

Puc. 15. Pesynbratsl pacuera KI'1
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Tak Kak 1mar UHTErpupOBaHUs B MPOrpaMMe MOJICIIUPOBAHUS MOKET OBITh pa3-
JMYHBIM, TO TOCJIE pacyeTa MepexoaHOro Mmpoliecca s TOro, YTo0bl 00eCIeYUTh
PABHOMEPHOE B3SITUE OTCYETOB UCCIIEYEMOI0 CUTHANA, IPOBOIUTCS MHTEPITOIALUS
pacCUMTaHHbIX JaHHBIX. [[0 yMOIYaHUIO MHTEPNOJISAIMA TPOBOAUTCS OJTUHOMOM
MIEPBOTO NOpsiAKa. B mpaBoil yacTu AMasoroBOro OKHa MOYXXHO BBECTH JTAHHBIE JIJIA
IIPEABAPUTEIBHOIO pacyeTa IepexonHoro npouecca. [lo ymonyanuio Bpems aHa-
Ju3a B ISATh pa3 NPEBBIIIACT MEPHUO]T OCHOBHBIX KOJICOAHUH.

OtmeTruM, 9TO, B OOJBIIMHCTBE CiIydaeB, mis mposeacHus pacueta KI'U mo-
CTaTOYHO BBECTU YaCTOTY MEPBOM FAPMOHUKHU U MPOBEPUTH NPABWIBHOCTH CITHCKA
BBIXOJHBIX NIEPEMEHHBIX. OCTAIbHBIE MApaMETPbI, KaK MPaBUIIO, MOKHO OCTABUTH
1o ymonvanuto. Pezynprarsl pacueta KI'U u ciekTpaibHOTO aHanm3a BBIBOJSITCS B
OKHe noarnporpammel uXSpice (puc. 15).

Paccuntaem KI'U nnst curHana Ha BBIXOJE HEMHBEPTUPYIOLIETO YCHIIMTENS,
coOpanHoOro Ha onepannonHoM ycuiutene U1 tuma k140ud7 (puc. 16).

|
cil |

R1 1k R
e B U8 S B
.
C2 m2
m | | - o > | |
r 1 ]
\ yl—
+1 | R4 U DRF'
I ed 1 1 J__ __+ -
3 kl4Dud? V2| + | Va3
|8t i v 1oy |
0 0 0 0 0

Puc. 16. Cxema HenuHeliHOro ycunutens Ha OY

[Ipu nmogavye Ha BXOJ yCWJIMTENSE OOJBIIOTO MO YPOBHIO CUTHANA C aMIUIUTY-
noii, paBHOM 3 B, hopMa BBIXOJTHOTO HANPSKEHUSI UCKAXKAaeTCA. DTO BUJHO Ha PUC.
17. IlpyuriHa BO3HUKHOBEHHUSI UCKAXXEHU — BBIXOJHOE Harpsbkenne OY orpanu-
YUBAETCS HAINPSIKEHUSIMU NCTOYHUKOB ITUTAHUS.

PesynbraTel pacuera KI'M noka3ansl Beilie Ha puc. 15 B OKHE MOAITPOrpaMMBbl
uXSpice. Kak Buaum, ko3pPUIIMEHT rapMOHUYECKUX MCKAKEHUH HCCIEAYEMOTo
curHazia (m2) paBeH npuoIM3uTesbHo 6,2%. B Tabnuie Ha puc. 15 npuBeeHbI am-
IUIUTY/Ibl U HayaJlbHbIE (Da3bl HECKOJIBKUX CHEKTPAJIBHBIX cocTaBisomux. Hanpu-
Mep, MAKCUMAaJIbHYI0 aMIUIMTYAy, PaBHYIO npuMmepHo 8,3 B nmeer nepsas rapmo-
HUKa. 13 BeICIIMX rapMOHUK HauOOJIBIIYIO aMILUIUTYy, paBHYO npumepHo 0,44 B,
UMEET TPEThsl TAPMOHHUKA.
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tranl: * c\.\opamp_k140ud7_kni.cir — Oa >

—a— ml
B —— mZ

0.0 40.0 a0.0 120.0 160.0 200.0 240.0 280.0 3200 360.0 400.0
rEC

Puc. 17. Bxoguoti (M1) u BeixoaHOM (M2) curHaasl ycuauteas Ha OY

3.6. AN®

HuckperHoe npeobpazoBanue dypoe (HIID) mo3Bossier npeactaBuTh IucC-
KPETHBII CUTHAJI HA KOHEYHOM MHTEpBaje BPEMEHU | B BUIE CYMMbI JUCKPETHBIX
TrapMOHUYECKUX CUTHAJIOB:

N-1
s(k) =Y C,exp(j2&nk).
n=0

3necy S(K) — oTcuersl nccnenyemoro curnana, K — Homep ortcuera, C, —

KOMITJIEKCHAsI aMIUIUTyAa N-i rapMOHUKH, N — 00BbeM BEIOOPKH.

Ha puc. 18 noka3ana ocHOBHas Juajnorosas MaHesb, ¢ IOMOLIbIO KOTOPOil BBO-
nstest mapametpsl JI1®D. Tlepriii u3 atux napamerpoB — o0beM BeIOOpKH N. Tlo
ymouanuto N = 1000. Yem Oosbiiie 00beM BBIOOPKH, TEM MPH MPOYHX PaBHBIX
YCIIOBUSIX IOJIpOOHEE U MOJIHEE CIIEKTP CUTHaja. BaxHoe npeumyiecTBo, 00yciaoB-
JIeHHoe ucnosb3oBanueM JI1®, — Bo3MoxkHOCTH 3a7aHusi N, paBHBIM HE CTETICHU
2, xak nipu npumenennu bII®, a kparueim 10. [Ipu sTOM ympomaercs BeIOOp Ha-
CTOTBI IUCKPETU3ALMH, YACTOTHOTO IMaIla30Ha CIEKTPAIbHOTO aHAIN3a, UHTEpBajia
aHaiau3a u T. II.

Crnenyronye 1Ba OCHOBHBIX TapaMeTpa — paspelleHne no yacrore F (4actora
MIEPBOIl TAPMOHUKH) U MCCIIETyEMBI YaCTOTHBIN 1nana3oH D, cBA3aHbl MEXYy CO-
601t coornomenrem D = F(N/2). I3MeHSITh MOKHO TOJIEKO OJIMH U3 dTUX MapaMeT-
pOB, Ipyroi napamerp OyIeT pacCYUTaH aBTOMaTHUECKH.

Bropoe npeumymectBo ucnons3zoanus 1P — BO3MOKHOCTH pacuera He
Bcex N/2 KOMITIEKCHBIX TapMOHUK, Kak 1pu npumeneHnn bI1D, a Tonpko yacty, u3
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AHaJIM3 JIEKTPOHHBIX Lenei

3aJJaHHOTO Jnana3oHa. Takol quama3oH MOXKHO yKa3aTh, 33/1aBas 4acToTel Fmin u
Fmax B quanorosoii nanenu. [Ipy ykazanuu Manoro Auana3oHa MOXKHO JaXe IOJTy-
YUTb BBIUTPHILI I10 BPEMEHH pacueTa B cpaBHEHUH C BIID.

AMNE ¢ okoHHBIMK GYHELMARK *

AN®  fononHuTEREHD

Ofbem Baifopra M 1000 OkoHHEA dyHKLIAA
BriGop OKOHHOM DyHKLYAW
Pazpewerme no yactote F - [ my = o Het ™

MapameTp A okHa Maycca

YacToTHEIM Aranasod D 500000 n AW okHa Kaitsepa

MokazaTe mexkTp

OT JacToTbl Fmin o M BbixoaHbIE NEPEMEHHBIE

Ho 4yacToTel Fmax SO000 M m2

BepTukansHaa oo Lin e

CTonG4aThii rpaduk

DE30BLIA CNEKTP OBHOBMTE METKM NoBaBrTe TokKK

0K ] OTMeHa

Puc. 18. OcnoBHas aguanorosas nanenab 11D

[Tpu b poBoii 06paboTKe CUTHAIIOB ISl YMEHBIIICHUS BIIMSHUS Pa3pbIBOB Ha
KOHIIaX MHTEpBaia | MIUPOKO MCIOJB3YIOTCS OKOHHBIE (yHKIMU. B nuamoroBom
OKHE MOYKHO yKa3aTh IIECTh Pa3HOBUIHOCTEH, HAMOOJIEE YaCTO MUCIIOIB3yEMBIX Ha
npakTHKe OKOHHBIX pyHKImit: hanning, hamming, bartlet, blackman, gaussian u kai-
ser. [Tpudem 17151 ABYX MOCJEIHUX OKOH YKa3bIBAETCSl BCIIOMOTATEIBHBIN MapaMeTp
A. Jlns oxna ["aycca mapametp A M3MEHSIETCS, KaK MPaBWIo, B [uUamna3oHe ot 1 1o
10 (mo ymomuanwto 3). [{ns okna Kaiizepa mapamerp A BeIOMpaeTcs, Kak MPaBHIIO,
ot 0 7o 100 (1o ymonuanuto 3).

[Tpu ucnonp30BaHUM OKOHHBIX (DYHKIMH yUUTHIBaeTCA KOAPPUIUEHT Ociald-
JieHus 3, paBHBIM OTHOIIICHUIO MMOCTOSSHHOM cocTaBistonieit Ay, 3aJaHHOM OKOHHOM
¢dyukmmn W(t) kK MOCTOSIHHO#M cocTaBisitoliel Ay IPSIMOYTOJIBHOTO OKHA,

B:%=%T£W(t)dt.

B ciy4ae AMCKPETHOTO CIIEKTPAIILHOTO aHainW3a ucnojb3yeM N oTcueToB
okonHo# ¢ynkmm W(K), k=0, 1, 2, ..., N—1, B34ThIX 4epe3 mpOMeKyTOK BPEMEHU
A, paBHbIi iepuony auckperusanuu 1d. Torma T = N*A u uHTEerpan B 3anucaHHOM
BBIIIE BBIPOKEHUU JUIA [3 3aMEHSIETCS HA CyMMY
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N —

Bk > W(k)A =4 > w(k)

k=0 k=

=

AMIUIMTY 1Bl CIEKTPAIBHBIX COCTABIIIONIUX MPHU HCIOJb30BAHUH YKa3aHHBIX
BbIIIIE OKOHHBIX (DYHKUIUH yMEHbIIAIOTCA. {151 TOro 4ToObl KOMIEHCUPOBATH 3TO
yMeHnbieHue nocie JI1d kaxapiii ciekTpaabHbIi OTCYET YMHOXKaeTcs Ha 1/3.

C nmoMoImib10 OCHOBHOI'O IHAJIOTOBOI'O OKHA MOYKHO TaK€ U3MEHHUTh BUJ Tpa-
¢uKoB (yCTaHOBUTH CTOJIOYATHIM BU), BbIBECTH Ipaduk (a30BOro criekrpa, u3mMe-
HUTb CIIUCOK BBIXOJHBIX TEPEMEHHBIX.

AMNT ¢ okoHHBIMU GYHELUAMK >

Ane  LononHMTENBHD

WHbopMaLya
Sanepska Tz E] C

Bpema aHanuza TSTOP 0.001 c
HaqanbHele yonoewa
o T T C ST CneKTp Ha MHTepeane T 0.001 c
[ Hynessle MnK 3a0aHbl Nons30BaTENeM Mepuon auckpeTusawm Td | 12-05 c
Lar uHTerpupoBaHuA (TMAX) MHTepnonauMa
o PacciuTaTh aBTOMaTUHECKK CTeneHb nonvHoMa P 1
(O 3anate 4e-06 E Yucno Touek M o

Ok ] OTMEHE

Puc. 19. HononHurtenbHas auanoronas maHens 1D

CrekTpanbHbI aHAINU3 MPOU3BOUTCS MOCIIE 3aBEPIICHUS pacueTa Mepexo/I-
HOTO TIpoliecca (B TEKCTOBOM (haiisie 3aiaHus JOJKHA MPUCYTCTBOBATh COOTBET-
ctBytomas aupektuBa .TRAN). Pa3pemenue no yactore U BpeMEHHOM MHTEpBall
aHaym3a cBs3anbl cootHomenneM F = 1/T. CaenoBarensHO, BBOIS B OCHOBHOM 1Ha-
JIOTOBOM TaHeNn vactoty F, 3amaem maTepBan ananusa cuektpa T = 1/F. [TomHoe
BpeMst pacueta TSTOP onpenensiercst no popmyne TSTOP =T + Tz, rne Tz —
3ajaepkka (puc. 19). B mocnennem ciaydae CIeKTp pacCUMTHIBACTCS JIJIsl HaCTH Mepe-
XOJIHOTO TIpoIlecca ITTUTEILHOCThIO T B KOHIIE MHTEpBaja aHaJln3a, HAYuHas CO Bpe-
meHu Tz. Bpems 3anepxkku Tz yka3zbiBaeTcs Ha BTOPOM JTMAJOrOBOM maHenu (3a-
kiajka "JlonomHUTENHHO").

Bropas nuanoroBas maHenb nokazaHa Ha puc. 19. 3aech MOXKHO yKa3aTh BpeMs
3aepkku Tz (110 yMOT4aHUIO 3aJiepKKa |z paBHa Hynw0). Ha BTopoit quanoroBoi
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ITAHEJIM MOYKHO TaK)K€ M3MEHUTh HAa4YaJbHBIE YCIOBHUS U MAaKCUMAJIbHOE 3HAYEHUE
niara UHTErpUPOBAHUS IIPU PaCUETe MEPEXOTHOTO MPOLECCa.

OcoGennocth ucnonb3oBanus IO B mporpaMmax MOAETUPOBAHUS — 3TO
HEOOXOMMOCTh MPOBEACHNUS UHTEPIIONIALMHN TaHHBIX, TAaK KaK pacueT MepexoHOTr0
npolecca MPOBOJUTCS C IEPEMEHHBIM IIIArOM, BEJINYMHA KOTOPOT0 BEIOUPAETCS aB-
TOMATUYECKU U MOKET CYIIECTBEHHO U3MEHATHCS I 00€CIeueHnss MUHUMU3alun
BPEMEHU BBIUMCIEHUH U JOIMyCcTUMBIX norpemnoctei. Jns 11D tpedyercs paBHO-
MepHasi TUCKPETHU3aIus C IaroM, paBHbBIM niepuoay nuckperuszanuu Td (puc. 19).
[To ymMOI4aHHIO MHTEPIIOISALMS TPOBOJUTCS MOJIUMHOMOM 1 -0l ctenenu. Mupopma-
1M O IEPUOJIe AUCKpETU3aluu, a Takke o Bpemenax TSTOP u T BeiBoauTCS B Iipa-
BOM BEpPXHEW YaCTH JTAAJIOTOBOTO OKHA.

OTMeTuM, 4TO MpHU YKa3aHUU CTENEHU HHTEPIIOIUPYIOLEro nojiuaoma P > 1 u
yucna Touek M > 0 Oyaer npoBeeHa HHTEPIIONSIUS TOYeK IrpaduKkoB ¢ 100aBiie-
HUEM MEXIY KaXJI0M mapoil Touek ucxomaHoro rpadguka M 3HaueHu MHTEPNONH-
pytomiero nonuHoma. bynpre BHUMaTeNnbHbL, ipu M > 0 HE peKOMEHYETCS UCTIOJIb-
30BaHHE CTOJI0YATOro rpauka, Tak Kak K CIeKTpy J00ABISIFOTCS JOTIOIHUTEIbHbBIE
WHTEPITOISALAOHHBIE KOMIIOHEHTHI, OTCYTCTBYIOIIME B AHAIM3UPYEMOM CHTHAJIE.
CreneHb MHTEPIOIMPYIOLIErO MOJIMHOMA BhIOMpaeM M3 Auana3oHa 1...8, a ducio
touek M — ot 0 o 10.

Pe3ynbTaThl pacueToB NMpeICTaBIAIOTCS HA Tpadukax Kak GU3HUECKUl OAHO-
CTOPOHHUI CHEKTP (TOJBKO IO MOJIOKUTENbHBIM YAaCTOTaM). AMIUIMTYbI CIIEK-
TPaJIbHBIX COCTABIISAIONIUX Ha Tpaduke ompeaenstorcs cooTHomeHusMu: A, = Cp,
ectunN=0,n=N/2u A, =2C,, ecim 0 <n < N/2.

tranl: ** chAdft_pulse.cir - O »o

—— m2

ne

0.5

0.4

0.2

Puc. 20. [IpaMOyroiabHbIA UMITYJIBC
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IIpumep. Ha untepBane Bpemenu T = 1 MC 3a1aH IPAMOYTOJIBHBIM UMITYJIBC C
ammutygoit 1 B u mmurensHocthio 100 mke (puc. 20). JInuTensHOCTH IEpeaHEro U
3aiHero (PPOHTOB UMITYJIbCA MaJIbl U PaBHBI 1HC. AMIUIUTYTHBINA CIIEKTP 3TOTO UM-
IIyJIbCa NMPUBEACH Ha puc. 21. PacdyeT nmpoBeneH npu UCnoIb30BaHUM MIPSMOYTOJIb-
HOU OKOHHOM (yHKIUH (pHc. 18).

spd: 7 o Adft_pulse.cir — O X

—&— mag(m:)
riE

200
160
120

ad

40
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kI,

0

Puc. 21. AMmumMty bl CIEKTp IPSMOYTOJIBHOTO UMITYJIbCA
IIpm pacuere criekTpa MCHOJIB30BAJIMCH MMAPAMETPHI, IPEACTABICHHBIE B 1A~
JIOTOBBIX OKHax BbIlIe Ha puc. 18 u puc. 19. OTmernm, 4TO pacyeT NpoOBOAUIICS HE
it Bcex N/2 KOMILJIEKCHBIX TApMOHUK, a TOJIBKO i nepBbiX 50-u rapmoHuk. Kak
BHUJIMM, aMIUIMTY/1a IEPBOM TAPMOHMKH ITPUMEPHO B JIBA pa3a MPEBBIIAET MOCTOSH-
HYIO COCTaBJISIONIIYIO B CIIEKTpE cUrHaiia. [llnpruHa OTHOCTOPOHHETO TJIABHOTO JIe-
necTka (PU3nYecKoro aMIuIMTYJHOTO ciekTpa paBHa 10 kI'm.

3.7. BMN®

C momomnpto ObicTporo npeodpazoBanus Oypoe (BIID) ayis quckpeTHoro cur-
HaJja, 3aJJaHHOTO Ha KOHEYHOM MHTEpBaJie BpeMeHH T, onpesensieTcsi CeKTp B Co-
OTBETCTBUU CO CIEAYIONIeH GpopMyioin

. N-1
C, =4 X s(K)exp(—jZnk).
k=0

3necs C, — KoMIIeKCHas aMIUIUTyAa N-if rapMoHuKH, N — 00beM BBIOODPKH,

s(K) — orcueTsl ucceayemoro curnaina, K — Homep oTcuera curHania. s pacuera
CIIEKTPa HCIOJIL3YIOTCS OBICTPbIE AJITOPUTMBI, YYHUTHIBAIOIINE MEPUOTUYHOCTD
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KOMIUIEKCHON AKCIIOHEHTHI B MpUBEIEHHON BbIle Gopmyrne. B orauuune ot 1D
o6neM BeiOOpKHU N mpu ricnions3oBannu bIID nomkeH ObITh paBEeH CTETICHH JBOMKHU.

BMN® ¢ okoHHBIMK gyHELWMAMKI >

EN®  AononHuTensHo

Ofkem soibopru M 1024 w OkoHHEA dyHKLAA
Brifiop oKoHHOA dyHKIbM o -

PaszpeweHwe no Jactore F o plaei]

n
“ MNapameTp A okHa Maycoca

MK OKHE Kaisepa

(=]

YaCTOTHEIR AManasoH D 512000 .
1]

MoKazaTe CNEKTP
BrixoAHEIE NEpEMEHHEIE

071 vyacToTel Fmin

0 M
Ao YacToTel Fmax SO000 M m1
BepTHKanbHaA ot Lin "

CTonbyaTeli rpadK

[ ] vazoseit cnexrp OBHOBWTE METHM [obEBUTE ToKkK

QK l OTMeHa

Puc. 22. OcHoBHas quanoroBas naHenb napameTpoB bIID

Ha puc. 22 noka3ana OCHOBHasi THAJIOrOBasi MaHENb, C IOMOILBIO KOTOPOM BBO-
nsatcs mapametpsl BIID. Ilepoiit U3 3Tux nmapametpoB — 00beM BbIOOpkH N. Ilo
ymomyanuto N = 1024. Yem Oosbliie 00beM BBIOOPKH, TEM NPHU NPOYUX PaBHBIX
YCJIOBHSIX MTOAPOOHEE U MOJIHEE CIIEKTp curHana. Cieayromiye 1Ba OCHOBHBIX Mapa-
METpa — pa3pelnieHrue 1no yactore F u uccienyemsplil 4acTOTHBINM auana3oH D cBs-
3aHbI Mex1y co0oi cootHomenueM D = F(N/2). BBoguTh MOKHO TOJIBKO OIMH U3
ATUX MapaMeTPoB, IPYroil mapaMmeTp OyJeT pacCuuTaH aBTOMaTUYECKHU.

B Bune rpaduka MOXHO NPEACTaBUTh TOJIBKO YacTh CIEKTpa U3 3aJJaHHOTO
nuamna3ona D. Takoil quama3oH MOKHO yKasaTh, 3a7aBasi 4acToTel Fmin u Fmax B
JTAAJIOrOBOM IMaHEIH.

[Tpu b poBoii 00paboTKE CUTHAJIOB ISl YMEHBIIEHUS BIUSIHUS pa3pbIBOB HA
KOHLIaX MHTEpBaiia | HCMOIB3YIOTCA OKOHHbIE (yHKUMU. B nramoroBom okHe
MOJKHO YKa3aTh IIECTh YaCTO UCIIOJIb3YEMbIX Ha MMPAKTHKE OKOHHBIX (DyHKIMIA: han-
ning, hamming, bartlet, blackman, gaussian, kaiser. [Iyis 1ByX HoCJIeTHIX OKOH yKa-
3bIBAETCS BCIIOMOTraTeNbHbIN mapameTp A. {5 okHa ["aycca mapameTtp A BeIOHMpa-
eTcs u3 auama3ona ot 1 g0 10 (o ymomuanwuto 3). s okna Kaitzepa mapametp A
BbIOMpaeTcs u3 nuamna3ona ot 0 1o 100 (mo ymomuanuto 3). Eciu ny1s okHa Kaitzepa
BbIOpaTh A = 0, TO MOJIyYUM NPSIMOYTOJIBHOE OKHO.

[Ipu ncnosnb30BaHUKM OKOHHBIX (DYHKITUH yuuThIBaeM Kod(pduiiueHT ociabie-
HUS [3, paBHBII
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N-1

B=4> wk)-

=
Il
o

3nech W(K) — orcuerst okoHHOM QyHkmu, K =0, 1, 2, ..., N-1. AMumTyas1
CHEKTPAJIbHBIX COCTABIISIIOUIMX IMOCIE YMHOXEHUS BXOJHBIX OTCYETOB HA YKa3aH-
HBIE BBIIIE OKOHHBbIC (DYHKIMU yMeHbIIatoTcs. i Toro 4ToObl KOMIIEHCHPOBATH
BJIMSTHUE 3TOT0 YMEHBIIEHUS Ha ClIeKTp nocie bIId kax bl CeKTpanbHbIA OTCUET
JeIUThCS Ha 3.

C nmoMomib10 OCHOBHOI'O THAJIOTOBOI'O OKHA MOYKHO TaK€ U3MEHHUTh BUJ Tpa-
(uKOB (YCTaHOBUTH CTOJOYATHII BHU]T), BbIBECTU Irpaduk (Ha3oBOro CreKTpa, u3me-
HUTb CITUCOK BBIXOJIHBIX TEPEMEHHBIX.

CnekTpanbHbI aHAIU3 TPOU3BOAUTCS MOCJE 3aBEPIICHUSI pacueTa Mepexoi-
HOTO MpoI1iecca (B TEKCTOBOM (pailsie 3ajaHusl TOJKHA NPUCYTCTBOBATh IUPEKTHBA
.TRAN). Pa3pemienue no 4actote ¥ BpEMEHHON MHTEpBaJ] aHAJIM3a CBA3AHBI IIPH
ncnoab3oBannu BIID cootnomenuem F = 1/T. CaemoBaTenbHO, BBOJIS B OCHOBHOM
nuanoroBoi ma”enu yactoty F, 3amaem unTepBan ananuza crekrpa T = 1/F u non-
Hoe Bpems pacueta TSTOP =T + Tz, rae Tz — 3anepxka. CiekTp pacCUUTHIBACTCS
JUTSL YaCTH MEPEXOIHOTO IMpoliecca JJIUTEIbHOCThIO0 T B KOHIIE MHTEpBaia aHaIM3a
HaunHas ¢ BpemeHu 1z. Bpems 3aaepxku Tz yka3sIBa€TCs Ha BTOPOM JUAJIOTOBOU
nanenu (3akiaaka "J{ononmHuTenbHO"), MOKa3aHHOM Ha puc. 23.

BIMN® c okoHHBIMK GyHELMARMI >

BN AononHWTEREHD

WMHbopMaLya
Sapep#ka Tz E] C

Bpewna aHanusa TSTOP 0.001 c
HauyaneHEIE YoNoBKMA P—

CnexTp Ha MHTepgane T uL.uul C
Q) PacounTaTe aETOMATHHECHKH
— Mepuon AuapeTHsaumm Td | g, 7555252-07 C
[_)Hynesble MK 3a0&Hbl NoNb30BaTENEM

. MHTEpnonALmA

Lar uHTerprpoBaHua (TMAX) P
Q) PaccumTaTe aETOMATHUECKH CTeneHb nonHoma P
(O 3apats| 4206 € Hucno Todek M 0

OK ] OTMeHa

Puc. 23. JlonosHuTENbHAS AUAIOTOBas MaHesib napameTpoB bIID

[To ymonuanuto 3anepxka Tz paBHa Hymo. Ha BTOpor amanoroBoi maHenu
MOJKHO TaKXe 3a/1aThb HAYAJIbHBIE YCIIOBUS U MAKCUMAJIbHOE 3HAYCHUE I11ara UHTE-
TPUPOBAHUS MPU pacuere IMepexoaHoro mnpouecca. I[lpu wncnons3oBaHun B
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nporpammax mozaenrpoBanusi bI1® Bo3HHKkaeT HEOOXOAMMOCTh MPOBEICHUS UHTEP-
MOJISIMY BXOJHBIX JAHHBIX, TAK KAK pacyeT MEePEXOJHOTO MpoLecca IPOBOJUTCS €
nepeMeHHbIM maroM, a ais bII® tpebyercss paBHOMepHasi TUCKpETH3aIus C I11a-
TOM, paBHBIM nepuoy auckperuzanuu Td. Madopmarus o nepruoae AUCKpeTH3a-
uuu, a Takxke o BpemeHax TSTOP u T BeIBOgUTCS B MpaBOM BEpPXHEH YacTH IHUAJIO-
rOBOTO OKHA Ha puC. 23. [1o yMOI4aHUIO HHTEPIIOIALNS IPOBOAUTCS TOJTUHOMOM 1
CTEIICHH.

CreneHb MHTEPHOJIUPYIOMIETO MOJMHOMA MPU CO3AAHUH IPaUKOB PEKOMEH-
nyeTcst BBIOMpaTh U3 Auana3ona 1...8. OTMeTuM, 4To npu yKa3aHuM yncia Touek M
> () OyneTt TONOJHUTEIBHO IPOBEICHA MHTEPIIOJISALIMS ToOUeK rpadukoB. byAbTe BHU-
MaTeabHbL, TpU M > 0 HE peKOMEHIyeTCsl UCIOJIb30BAaHUE CTOJI0YATOrO rpaduka,
TaK KakK K CHEKTPY JI0O0aBISIOTCA JONOJHUTEIbHBIE MHTEPIOJALMOHHBIE KOMIIO-
HEHTBI, OTCYTCTBYIOIIIME BO BXOJHOM CUTHAJIE.

Pe3ynbTaThl pacueToB MpeaCTaBIAIOTCS HA TpaduKkax Kak (U3HYECKUIl OTHO-
CTOPOHHUI CHEKTP (TOJBKO IO MOJIOXKHUTENbHBIM YacCTOTaM). AMIUIMTYbI CIIEK-
TPaJIbHBIX COCTABISIONINX Ha TpaduKe OmpeAensoTcs cooTHomeHusMu: Ap = Cp
ecmu N =0,n=N/2uApn=2Cph ecau 0 <n < N/2.

sp2: ** e\ A _pulse.cir — O x

—&— mag(m1]
B
200

160
120
a0

40
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Puc. 24. AMIIMTYIHBIN CIIEKTP NPSIMOYTOJIBHOTO UMITYJIbCA, IOJIYYEHHBIH C
ucnonb3zoBanuem bI1D npu o6beme BeiOopku N = 1024
Hanpumep, aMImiuTy JHbIN CIEKTP NPSAMOYTOJIBHOTO UMITYJIbCA C aMILTUTYA0U
1 B u nmurensHocThiO 100 MKC, 3a1aHHBIN Ha MHTEpBajie BpemeHu T = 1 Mc, npu-
BeJIeH Ha puc. 24. JIIMTETbHOCTH NMEPEIHETO U 33 JHEr0 (D)POHTOB UMITYJIbCA OJIMHA-
KOBBI U paBHbI | HC.
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IIpm pacyere crekTpa MCHOJIB30BAIUCH MMAPAMETPHI, IPEACTABICHHBIE B 1A~
JIOTOBBIX OKHaX Ha puc. 22 u puc. 23. OTMETHM, YTO Ha PUCYHKE IPUBEIAEHBI TOJBKO
nepsble 50 rapmonuk. Kak Buaum, aMIumMTy1a epBor rapMOHUKH IIPUMEPHO B 1B
pasa IpeBBIIAET MOCTOSHHYIO COCTABIIONIYIO B ClIEKTpe curHana. lllnprna rimas-
HOT'O JIENIECTKA B OJHOCTOPOHHEM AMIUIMTYIHOM criekTpe paBHa 10 xI'm.

3.8. PacyeT aHannTnyeckoro curHana

Ananmutudeckuit curnai (AC) ucnosnb3yercs 1uisi OAHO3HAYHOTO OTpeIeTICHUS
aMIUTUTY/IbI ¥ (Da3bl MOTYJIMPOBAHHOTO CUTHAA. AMIUIUTY/Ia U pa3a MOy IUPOBaH-
HOTO CHTHAaJa ONpeaeIsaeTcs ¢ ucnoiab3oBanueM bIIO.

AC ot

Pac4eT aHanMTH4ecKoro curHana JononHKUTensHD

MapaMeTpel HECYLWLEN

Bpema aHanmza (TSTOP m
J ) AR« YacToTa Hecywel 100000 it
Ofbem BrBopki M 4096 - HauaneHaa daza a0 rpaa
Pac4eT ANA BeIX0AHbIX NEPEMEHHbIX 3anemwka tzl 0 c
144 ml
241 m2 Sanepska tz2 a0 C

MoKa3aTh AoNONHKTENBHD

OBHOBMTE METKM  [10BEEMTE TORM Mpadk NEPEMEHHON HAYANEHOM dasel

0K l OTmeHa

Puc. 25. OcHoBHast 1uanorosas naHeb Ul 3aJaHKs IapaMeTpoOB pacyeTa

AHAJIMTHYCCKOI'O CHUIrHaja

Jliist pacuera orubaronieit u paspl HAKMMAEM 3HAYOK # Ha manemn UHCTPY-
MeHTOB. Ha puc. 25 noka3zaHa oCHOBHasi [uajioroBas aHelb, C TOMOIIBIO KOTOPOU
BBOsATCS napaMeTpbl AC u BII®. [lepBblii U3 3TUX MMapaMeTPOB — BPEMS pacuera
nepexonHoro mnpouecca TSTOP. [lanee ¢ moOMONIbI0 IAATIOTOBOM MAHENH 3a4aeM
o0beM BbIOOpKkH N. [To ymomuanuto N = 1024. Ha puc. 25 BeiOpano N = 4096. Uem
0oJb1Ie 00BEM BBIOOPKH, TEM MPU MPOUYUX PABHBIX YCIOBHUSIX TOUHEE BBHITOIHIETCS
npeobOpazoBanue ['mnpoepTa.

C noMoIIb OUAaJOroBOM IMAHENM MOXHO 3aJaTh IapaMeTpbl HecyulleH, a
MMEHHO: YaCTOTY HECYIEH, MOCTOSTHHYIO HaualbHy10 ¢asy, Bpems tz1 Hauana pa-
JTUOUMITYJIbCA U BpeMs tz2 OKOHYaHus paauoumiryibca. OOpature BHUMaHUE, 4To,
3a/1aBasi 4acTOTY HECYIIeH W MOCTOSIHHYIO HauyalbHYIO (Da3y paBHBIMHU HYJIIO, NPU
pacyeTe IMEepeMEeHHOM HavalbHOM (ha3bl MOJYYUM 3aBHUCHUMOCTb MOJHOW (ha3bl
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Kosie0anus oT BpeMeHu. Kak npaBuno, rpaduk 3Toi 3aBUCUMOCTH aHAJIOTUYEH rpa-
¢uky 6picTpO BO3pacTaromieil GpyHKIuu. Boraucnenue noaHoi ¢asbl B mporpamme
uSpice IPOBOAUTCS C UCIOJIB30BAHUEM CIICIIMATIBLHOTO AITOpUTMa pacuera Herpe-
PBIBHOH (pa3bl. ITO MO3BOIHIIO MOJIYYUTh KOPPEKTHBIE 3aBUCUMOCTHU TEpEMEHHON
HadaJIbHOU (Da3bl OT BpeMEHH MpU OONbITUX HHACKCaX (pa3zoBoit moxysun (OPM).

B mipaBoit HIDKHEH 9acTH TUajJorOBOM IMaHEW MOKHO YKa3aTh BBIBOJ Irpaduka
NEepPEeMEeHHOM HavyanbHOU (Da3bl. B neBoil HIKHEW 4acTH THUajIoroBOM MaHETH nMe-
€TCS OKHO TEKCTOBOT'O PENAKTOPA JUIsl BBOAA BBIXOJHBIX IEPEMEHHBIX. B HEM yKa-
3BIBAIOTCS METKH Y3JIOB, HAIPSHKEHUSI B KOTOPBIX JIOJKHBI ObITh BBIBEICHBI B BUJIE
rpagukoB. Knonka "OOHOBUTH METKH" MO3BOJIIET OOHOBUTH CIUCOK METOK.
Kuornka "/[00aBUTh TOKH" MTO3BOJISIET BHECTU B OKHO BBIXOJHBIX IEPEMEHHBIX TOKH
yepe3 UCTOYHUKM HampspkeHHs. CHHUCOK METOK B OKHE BBIXOJHBIX MEPEMEHHBIX
MOYHO PEIaKTUPOBATh.

Jns KaXaou BBIXOJAHOW INEPEMEHHOW DPACCUUTHIBACTCA 3aBUCUMOCTH KOM-
IJIEKCHOM aMIuIUTyAbl 0T BpeMeHu. Ha rpadukax BeIBoJsATCA orudaromias u, eciiu
yKa3aHO Ha AMAJIOrOBOM MMAaHEIH, IepeEMEHHas HavajabHas (a3a 3TOi KOMIIEKCHOU
aAMIUTUTYIbI.

AC >

PacueT aHamMTHYeCKoro cirHana  4ONonHWTEREHD

WHbopMaLya
Sanepska Tz E] C

Pazpewerne no vactote F | 2500 My
e s CnexTp Ha wHTepsane T 0.0004 C
© PaccuuTaTh BETOMATHHECKN - -
_ Mepuoa auckpeTusawmm Td | 9 7656252-08 =
[_)Hyneeele MK zaf0aHel NONB30EaTENEM

‘ WHTepnonawa

LLar uHTErprpoBaHuA (TMAX) p
0O PaccunTaTh AETOMATHYECKN Crenetic nonutoma P 4
(O 3agatb| 1.6e-06 c Hucno Touex M 0

0K ] OTMeHa

Puc. 26. [lononHuTenpHast AUAIOrOBas aHeNb JJId 3aJaHus TapaMeTpoB

pacuc€Ta aHAJIUTUICCKOTO CUTHAJIa

Bropas nonosHHTENbHAA quanoroBas MaHeNb MOKa3aHa Ha puc. 26. Ha stoi
NIAHEIU MOYKHO BBECTH 3aJ€PKKYy Tz, TO €CTh BpeMs, MOcIe KOTOPOro HAYMHAETCS
pacuer oruaroieil u nepeMeHHONW HauanbHOU (a3el. [lo ymomuanuio Tz paBHO
Hymo. IIpu Tz > 0 oTpe3ok BpeMeHH, HA KOTOPOM PACCUMUTHIBAETCS NEPEXOAHOU
npoiiecc yBenuuuaercs 10 TSTOP =T + Tz.

41



uSpice

BBoas B ocHoBHOM quanoroBoi nanenu BpeMs TSTOP, o6beM BbiOopku N u
yKa3bIBas Ha BTopoi naHenu Tz, 3agaem paspemienue no yactote F = 1/T u nepuon
muckperusanuu Td. Paspemenue o gacrore F, Bpems T u mepruoa auckpeTu3anuu
Td mpuBoasATCS B mpaBOi BepXHEW 4acTU BTOPOro AuanoroBoro okHa. BII® ocy-
LIECTBIIETCS JJISl YaCTH MEPEXOAHOTO IIPOLIECCa JUINTEIBHOCTBIO T B KOHIIE UHTED-
BaJIa aHAJIN3a, HAYMHAsA CO BpeMeHu Tz.

Ha BTOpo# 1namoroBoi maHenm MOKHO TAKKE N3MEHHUTh HAYaJIbHBIE YCIIOBUS
Y MAKCHMAJIbHOE 3HAYEHHE 11ara HHTETPUPOBAHUS IIPU pacUeTe IEPEXOAHOTO IIPO-
ecca.

[Ipu ncnons3oBaHuu B iporpammax MozaenupoBanus bI1® Bo3HukaeT He00X0-
JUMOCTB MPOBEICHUSI HHTEPIIOSALNY JAHHBIX, TAK KAK PacyeT MEPEXOTHOTO IPOo-
1ecca MpOBOJUTCS C U3MEHSIOIMMCS maroM, a ais nposeaeHus bII® TpeOyercs
paBHOMEpPHAs AUCKPETH3alHsl C IIaroM, paBHbBIM NEpHOAY AUCKpernsauuu. [lo
YMOJYAHUIO HHTEPIOISALNS IPOBOJIUTCS OJIMHOMOM 1 -1 CTEEHMU.

OTMeTHnM, 4TO NPH YKA3aHUU CTETIIEHU UHTEPIIOJIUPYIOWIETO nojuHoMa P > 1 n
yucia Touek M > 0 Oy et npoBeieHa COOTBETCTBYIOIIAs MHTEPHOJISALUSA TOUEK rpa-
(UKOB ¢ 100OABICHUEM MEXKYy KaXJA0W MMapoil TOYeK cXoHoro rpaduka M 3Haye-
HUAW UHTEPIIOIUPYOLIErO MOAMHOMA. CTEeNeHb HHTEPIIOJIMPYIOIIETO OJIMHOMA BBI-
Oupaem u3 nuanaszona 1...8, a uncno touek M — ot 0 o 10.

IIpn npoBeaenun pacueroB AC ¢ ucnons3oBanueM bII® nmeercs BO3MOK-
HOCTb OIICHKH MOTPEIIHOCTH, BHOCUMOM TipeoOpazoBanuemM [ mibbepra. CpenHioro
KBaJpPaTUYECKYIO MOTPENTHOCTD MPH YCIOBUU HOPMAJIBHOTO PACIPEACIICHUS OLIN-
00K HaxoauM 1o GopMyJie

o= xS (k) u'(k))?

3nech U(K) — otcuersl ucxomnoro curHana, U'(K) — oTcueTsl BelIeCTBEHHOM
coctapisironiet AC, nonyuenno nocie npuMmenenuss OBII®. DTta norpemHocTh
BBIBOJIMTCSI B OKHE MOAMPOTpaMMbI uXSpice Il KaXKJI0TO aHAIM3UPYEMOTO CHT-
HaJa.

3.9. PacyeT KOMNJIeKCHOro MoAyfMpPOBaHHOIo
curHana

IIpu cXeMOTEXHHUYECKOM MOJIEIUPOBAHUHN PAAMOYACTOTHBIX YCTPONCTB Hapa-
METpPbI HECYIIETO KOJIeOaH!sI U MOTYJUPYIOLUINX CUTHAJIOB, XapaKTEPUCTUKU MOY-
JSTOPOB U JIEMOJTYJIATOPOB, KaK MPaBUIIo, 3aJaHbl. B 3TOM citydae ynoO6HO UCTIOb-
30BaTh KOMIUIEKCHBIN MoaynpoBaHHbli curnan (KMC).

Jns pacyetoB ¢ ucnonb3zoBanueM KMC ucnosnbs3yercst 6ubauoreka 31eMEeHTOB
«Mopymsiusi». B 6M0nnoTeky BKIIFOUEHO HIECTh 3JIEMEHTOB, TOKa3aHHBIX HIDKE Ha
puc. 27.
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['enepatopsl V1 u V2 — 3T0 reHepatopbl aMILTUTYTHO- U (Pa30MOIyTUPOBAH-
HBIX CUTHAJIOB. OHU aHAJIOTMYHBI Te€HEepaTOpaM U3 CTaHAapTHOU Spice-O0nbInoTeKn
¥ IMEIOTCS B OOJIBIIIMHCTBE MPOTPAMM CXEMOTEXHUYECKOTO MOJICITUPOBAHHSL.
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Puc. 27. DnemenTsl OubanoTeku « Moy sAIIns

OneMeHThl al U a2 SBISIOTCS FeHepaTOpaMu BEIIECTBEHHBIX U MHUMBIX CO-
CTaBJIIONIUX CUTHAJIOB C aMIUTUTYHOM U ()a30BOM MOTYISIIUSIMHU COOTBETCTBEHHO.
Haubonee crnoxHbie aeMeHTHl a3 U a4 npeHa3HaueHbI 1Sl TEHEPUPOBAHUS U JIe-
tektupoBanuss KMC co cMelaHHbIMU aMIUTUTYAHO-(a30BbIMU BUJAMH MOTYJIS-
nuu. Ha Bxopl 2ieMeHTa a3 Heo0X0IMMO Mo1aBaTh MOYJIUPYIOIIUE CUH(A3HBIN 1
KBaJpaTypHbli curHanbl. Ha Bbixogax snemenTta a4 nonyyaem cuHpasnyio (CM) u
kBagpaTypHyto (KM) MOy IsIIMOHHBIE COCTABIISAIONIME KOMIUIEKCHOW Oru0aroiei,
a TaK)Ke OruoOarolyIo U nepeMeHHyo HauanbHyo ¢asy KMC.

PaccmoTpum npumMep MoaeIMpoBaHus PUIbTPa ¢ UCIOJIH30BAHUEM DJIEMEHTOB
oubmmorexku «Moaymnsuusi». Ha puc. 28 npuBeseHa cxemMa ycTpoMcTBa, coaepika-
niero nojiocoBoi GpunbTp barreppopra 1-ro nopsiaka (3AecCh U aajiee MOpsA0K QUiib-
Tpa OIpeAesisieM 10 OTHOUIEHUIO K OrM0aromiei).

DneMeHT al sSBseTCs] UICTOYHUKOM aMILTUTYTHO-MOAYJIMPOBAHHOTO HaIIPsIKE-
HUSI, CO3/IAl0IIETO BEIIECTBEHHYI0 U MHUMYIO COCTABJISIOIIYI0 KOMITJIEKCHOTO MO-
JTyJTUpOBaHHOTO curHajna. J[Ba HampspkeHus oT ucrounnka KMC moctymaroT Ha
(GUIBTPBI C UACHTUYHBIMY MapameTpamMu. JJoOOpOTHOCTh KOHTYPOB (PUIBTPOB paBHA
10, pe3onancHas yactora — 5 kI'11. HanpsikeHusi ¢ BbIX010B (GUIBTPOB MOCTYHAIOT
Ha 3JeMeHT a2 — neTekTop cocrapisitomux KMC.

YacroTa Hecyuied BXOAHOTO MOAYJHUPOBAHHOIO CUrHasa, paBHas 5250 I'm.
Omna Ha 250 I'y mpeBbIlIaeT pe30HaHCHYIO YaCTOTY KOHTypa (HOpMUpOBaHHAs pac-
cTpoiika koHTypa paBHa +0,5). Koaddunuent AM 3anan paBusiM 0,1, a yacroTa
Moaysiuuu — 250 I,
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Puc. 28. Cxema ycTpoiicTBa nosiocoBoid ¢punpTpanuu AM-curnana
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Puc. 29. Pacuer ycTaHOBUBILIEHCS aMILIUTY b

Ha nepBom 3Tane pekoMeHyeTcsl MPOBECTH MPeIBapUTEIbHOE MOJEINPOBA-
HUE MpU ycTaHOBKE Kod(dunrenTa AM BXOAHOTO CUTHAJIAa, paBHBIM HYJIIO, U TIPU
yCTaHOBKE aMILIUTYAbl U HauaabHOH (ha3el nerexkropa KMC, paBasimu 1 B u 0 rpa-
JyCOB COOTBETCTBEHHO. Lenb npeaBapuTeIbHOr0 MOIEIMPOBAHUS — OINPEACIIUTD
YCTaHOBUBIIMECS HAYAJIbHYIO (Pa3y ¥ aMIUIMTYAy BBIXOJHOTO CUTHAJIA.

Ha puc. 29 u puc. 30 npuBeaeHbl pacCUMTAHHBIE 3aBUCUMOCTH OT BPEMEHH
orubaroniel u HadaIbHOM (pa3bl (curHaibl B y3nax m3 u m4). 3 ananuza puc. 29 u

44



AHaJIM3 JIEKTPOHHBIX Lenei

puc. 30 cienyer, 4TO IpH PaccTporke (PUiIbTpa aMIUIMTYyJa CHTHaja Ha BBIXOJIE
¢unbTpa ymensiiaercs ot 1 B 10 0,72 B u ycranapnuBaeTcst HayanbHas (aza Hecy-
niel, paBuas —44,4 rpanyca.

B —— mé4
0.

-10.0

-20.0

-30.0

-40.0

500
0o 20 4.0 6.0 a0 100 120 14.0 16.0 18.0 20.0
MG

Puc. 30. Pacuer ycraHoBHBILIEHCSA TOCTOSHHON HAa4aJbHOU (a3bl

Jns npoBeneHus JaIbHENIIEro aHaIu3a yCTaHABIMBAEM NTapaMeTPbl BHYTPEH-
Hero onopHoro cur”ana gerekropa KMC — aMmutyy ycTaHaBJIMBaeM pPaBHOM
0,72 B, a HauanpHyto ¢azy — munyc 44,4 rpaaycos.

Pe3ynbTaThl MOJETUPOBAHUS MPOXOKICHHUS aMIUITUTYAHO-MOIYJIUPOBAHHOTO
CUTHAJIa TIPHU paccTpoiike GuibTpa npeacTaBieHsl Ha puc. 31 u puc. 32.

Ha puc. 31 nokazansl orudaromme CUrHajaoB Ha Bxojie (TOMe4YeHO OYKBOi 1) U
Ha BbIXojie (MeTKa m3), a Takke cuH(azHas cocTapstomas (MeTka ml) KoMIIIeKc-
HOM oru0aromiel BEBIXOAHOTO curHana. Kak BuauM, aMIuiuTy bl myjabcaruii cuadas-
HOM COCTaBIIAIONICH M OTMOAOIIECH Ha BBIXOJE MPAKTHUECKH OJWHAKOBBI, TaK KaK
MOICTUPOBAHUE TIPOBOANM C MabIM Koddurmentom AM, paBubim 0, 1.

W3 cpaBHEHUS KPUBBIX CIIEAYET, YTO MPH MPOXOKICHUH CUH(A3ZHO-MOTYIUPO-
BAaHHOTO CHUTHaya yepe3 GuiabTp 1-To mopsiika v Mpy BBEICHUM YKA3aHHOW BBIIIE
paccTpoiku (puIbTpa, aMIUIUTYy/la YCTAaHOBUBIIUXCS MyJbCalluidi CUH(pA3HOU CO-
CTaBJISIONIEH HA BBIXOJIE MMPAKTUYECKU PaBHA IMyJIbCAIIUSIM OTHOAONICH BXOIHOTO
curHaia (KpuBas, moMeueHHast OykBamu A Ha puc. 31).
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Puc. 31. Orubaromme cUrHajgoB Ha Bxoje (MIoMeueHO OYKBaMH JT), Ha BBIXOIE
(m3) u cundasnas cocrapmustomas (M1) KOMIUIEKCHOM orudaroieit
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Puc. 32. ITapazutubie ®M (m4) u KM (m2) BIXOAHOTO CUTHAJIA

3101 3 (PeKT 00BICHIETCS CASAYIOIUMH CBOMCTBaMU LienH. Eciu paccTpoiky
GunpTpa ciaenaTh paBHON HYIO, To AM Ha BeIXOJie LIenu OyaeT MeHbIle, 4eM AM
Ha BXOJE, T. K. OOKOBBIC COCTABIIAIOIINE B criekTpe AM-curHana OyayT yMEHb-
MIaThCS TIPU TPOXOXKICHUN Yepe3 Moja0coBoi GuiabTp. OHAKO MPU HATUYUU pac-
CTPOMKHM MPOMOPIMOHATBHO YMEHBIIIACTCS aMIUIUTY1a HeCyIIel, Kak ObUIO BHIHO
Ha puc. 28. Otum 1Ba (Pakrtopa oOycnaBauBaroT 3PEKT HEU3MEHHOCTH
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koa¢pumeHTa AM mpu NPoX0KJICHUH CUTHAJIA Yepe3 PaCCTPOCHHBIN (PMIBTP MPHU
HOPMHUPOBAHHOU paccTpoiike, paBHou 0,5.

Ha puc. 32 npuBeneHsl KpUBbIE, COOTBETCTBYIOIIKE Napa3suTHIM OM (MmeTka
m4) u KM (MeTka m2) ajis BBIXOJITHOTO CUTHAIA. DTa Mapa3uTHass MOAYJIISIUS 00Y-
CIIOBJIEHA AaMIUIMTYAHO-()a30BOM KOHBEpPCHEW, BO3HUKAIOUIEH IPU PacCTPOMKE
¢unbTpa. [puuem aia yaooctBa cpaBHenus 3HaueHuss KM ymHoxeHs! Ha 57,29578,
yTOOBI NIpeCcTaBUThL 3HaUeHUs: KM B rpaaycax.

Kak Buaum, mpu manom kodddunrente AM BXOAHOTO CUTHAIA aMILIATYIbI
kosnebanuit ®M u KM npaktuuecku paBHbI apyT apyry. UHIEKC ycTaHOBUBIICHCS
napa3zutHoii ®M pasen npumepHo 2,5 rpagycam. Koadppuuuent npeodpasoBanus
CM-KM 00ycnoBiaeHHbI pacCTpOUKON (PUIBTpa 1 HECUMMETPUYHOCTBIO ero AUX
cocTaBisieT nmpuMepHo —7,3 ab.

rpad —— md
2.0

0.0 BT, Tty I e i

T R N RN ey

-2.0

-4.0

-B.0

0.0 20 4.0 6.0 8.0 10.0 120 14.0 16.0 158.0 20.0
rAC
Puc. 33. ®azoBas MOAYJIAIUs CUTHalla Ha BBIXOE€ IMOJIOCOBOT'O (bPIHI)Tpa,
O6YCJ'IOBJ'I€HH3,5{ HCCUMMETPUYIHOCTBIO YaCTOTHBIX XapaKTCPUCTHUK U

npeoOpazoBannemM AM-OM

OtmeTuMm, uto npeodpazoBanne AM-OM B uccnegyemoil enu OyneT UMeTh
MECTO JJaXKe MPHU paccTporiKe, paBHOU Hy0. B aTOM ciyyae ammuntynHo-¢paszoBas
KOHBepcus 00ycnaBnuBaeTcs HecuMMeTpuaHOCThI0O AUX 1 ®UX nenw.

Ha puc. 33 mpuBeneH rpaduk 3aBUCIMOCTHA HE3HAYUTEIHHOM IO BeTHIHHE (ha-
30BOM MOAYJIALIMM BBIXOJHOTO CUTHAJIA OT BPEMEHHU IIPU PACCTPOMKE, PABHOU HYJIIO.
Jlnst marnsgHocTH KodduimentT AM B aToM ciryuae yBenmuen a0 0,5. Pacder mpo-
BEJICH HA 4acTOTE HECyllen, paBHOM S kI .

a7



uSpice

J171s MpOBEIEHNS] KOPPEKTHOTO IETEKTUPOBAHUS MOJAEITUPOBAHUE B ITOCIEAHEM
Cllyyae MpOBOJMIIOCH IPU YCTAHOBKE CIENYIOIMX NapameTpoB aerekropa KMC:
aMIUIATYa BHYTPEHHETO ONOPHOTO CUrHaia pasHa 1 B, wacrora — 5 k' n Havaus-
Has (aza — 0 rpamycos. M3 ananuza puc. 33 ciaeayer, 4To BeIWYMHA TTaPA3UTHOTO
npeoOpazoBanus AM-®M pasna npumepHo —38 nb.

3.10. PacyeT uudpoBbIX (punbTPOB B aHANOroBomn
ob6nactu

[Tpu pacuere mudposbix GunsTpoB (LID) B aHanorosoit obsactu npeamnoara-
€TCsl, UTO HANPSKEHUS B aHAJIOTOBBIX y3JaX CXEMbl PaBHBI YPOBHSIM CUTHAJIOB Ha
mrHe JaHHbIX [{D. JluckpeTrsanus CHrHaJIOB B aHAJIOTOBBIX y3i1ax cxembl L{D mpo-
BEJICHA C IIarOM, PaBHBIM Il1ary HUHTEIPUPOBAHUs B Iporpamme uSpice. dpdexramu
KBaHTOBAaHUS B aHAJIOroBbIX y3nax L{® st mpocToThl mpeHeOperaem.

Jlist MoaenupoBaHusi HU(GPOBBIX (PUIBTPOB B AHAJIOIOBOM OOJACTH CO3/1aHa
oudmunoTeka "L{OC-aHamoroselie 3J1eMEHTHI", BKIIIOUAroIas ceMb 3JeMeHToB: Delay,
Multiplier, Summer-2 input, Summer-3 input, Summer-4 input, Summer-5 input u
[Mudporoii pmietp-Polynomial. YcnoBabie 0003HaUEHMS AIIEMEHTOB 3TOH OHOIHO-
TEKH MMOKa3aHbl Ha puc. 34.

fuf uSpice - [rucadl *] _ O W
| B8 daiin Mpaeka Bug BuBnuoTexa JkcnopT  Ananms  Mapametpel  OwkHa  Cnpaeka -5 x|
{
al=a" 1 A&l 4o l= @B | A = 5 R? | AC 0P |

| MoucK 3nemeHToB AP ISP U PP NP PR (T FPOFY YL (PTIY DUPY PTY (PO PO PO MY DO

= T —D— %C?f
— T — a1 A2
05 A3 24

— L|OC-aHanorosele SAEMEHTEI (7 — LLEIJ —
i i-Delay -ideal \“\ I

Multiplier - ideal

HHPIEr - eea 25 AF 1000Hz

Sumrner - 2 input
Summer - 3 input jljns 10
Summer - 4 input | o
Summer - 5 input

- Limnposoi dunsTp - Polyno

\J‘Iucﬂ fJ

|uSpice

Puc. 34. bubnmoreka 351eMeHTOB IIUGPOBBIX (PHIBTPOB B aHAJIOTOBOM 00JIaCTH

C nomompto 6ubmmnoreku "L{OC-aHanoroBbie 31eMEHTHI" MOKHO aHAJIU3UPO-
BaTh CI0KHBIE IUPpoBbie GunbTphl. Ha puc. 35 mpusenena cxema nudposoro ®HY
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TPETHETO MOPSAKA C XapaKTEPUCTHKOM AmunTuyeckoro tuna (¢puiastp Kayspa), mo-

CTPOCHHOTI'O C UCIIOJIb30BAHUECM OTMCYCHHBIX BBIIIC aHAJIOTOBBIX 3JICMCHTOB.

uSpice - [12_®_analog.dsn *]

& Paiin
Wi=A" 1

MoKcK 3NEMEHTOB

Mpaeka

Bug BuBnuoTeka

Jkcnopt  Ananns

MapamMetphbl

Bl& ko4 m =@

OkHa

Cnpaeka

A

- O X

- 8 X

R? | T+ At Op ¢ | il o |

[l LOC-aHanoroBkie 3nemenTsl {7
i -Delay -ideal

- Multiplier - ideal

ummer - 2 input

urmer - 3 input

urnmer - 4 input

urnmer - 5 input

- Lndposoi dunsTp - Palync

out

13
__ de-3
00

A

171679

85

-1.41208

211

042752

0402285

PUneTp Kayapa 3 nopagks.
MpaHKMYHEA YacToTa 2,7 kY.

Mynecaymm 1 gb .

1 LOCAbDOBSIE 3nemeHTEl (4)

\J‘Iucr'I /J

uSpice

Puc. 35. Cxema nmudppoBoro ®HY tperbero nopsjka, moOCTPOSHHOTO C
MCIOJIb30BAHMEM aHAJIOTOBBIX AJIEMEHTOB

AMIUTMTYTHO-4aCTOTHAsI XapaKTEPUCTHUKA 3TOr0 (DUIbTpAa UMEET IyJIbCallHH,
KaK B ITOJIOCE TIPOITYCKaHUs, TaK U B TIOJI0CE 3a7epkuBanus (puc. 36).
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Puc. 36. AmMmintygHO-4acToTHas Xapakrepuctuka ¢puibtpa Kayspa tpersero
NOPSAJIKA C aHAJIOTOBBIMHU AJIEMEHTAMHU

[Tonmoca nponyckanuss ®HY paBHa npumepno 2,7 k', myiascanuu B mosioce

MPOMYCKaHUs COCTaBIsSItOT He Oonee 1 nb, 3aTyxaHue Ha 4acToTe 3a/iep)KUBaHUS
3,5 k't He menee 20 1b. PacueTsl mpoBeeHbI IIPH YacTOTE AUCKpeTH3aluu fy, pas-

Hou 20 kI 1.
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C momomsto 3nemenTta "Ludposoii pumsTp-Polynomial" (aiement A7 6ub-
muoteku "[HOC-ananorosble 351eMeHThI" Ha pUC. 34) MOAETHPYIOTCSA OJUHOMHUAb-
Hele ¢ posbie punpTpol. Kosddunuent nepenaun stux LI B z-06mactu 3agaercs

B BUJIC
K(2) = gain— k.z ™" tot k,z7? + kl_z‘1 + ko_ |
dz"+d z"Y+. . +d,z?+d,z" +d,
3nech gain — nocrosiHHas, K, — k03 dunmenTs noauHOMa B unciurene, i = 0,
1, ..., m, d, — xo>pdumuenTr! moaMHOMa B 3HaMeHarene, P =0, 1, ..., n. Kosddn-

1eHT d, B popMyIie He JODKEH OBbITh paBeH Hy 0. KoMIUIeKCHas epeMeHHast Z U

HOPMHPOBAaHHAsI YacTOTa BXOJHOTO CHTHAJla ( CBS3aHBl COOTHOIICHHEM
z = exp(jm), roe © =2xnf/ f, , f,— vacToTa qUCKpeTH3aIMK B repiax.

fif uSpice - [13_U®_polynomial.dsn *] — O >
f ®aiin Mpaska Bug BwBnnoteka 3Ikcnopt Ananws  [Napametpel  Okna  Cnpaska - 8 X
M & W

B & kL4 ML= |EQ A X 5 R| T AC O

MoWcK 3NeMeHTOB

Lol el el el e oo e Lo el e,

A1 -gupoeol dKrNeTh Kayspa 3-ro nopagka

A1
— U — r!qn1 Lo mz2 “
o
- LL'OC-BHEIJ'ID.FDBI:IE anemeHTel (7 v 1,:,3 100402?'25?23:94? 5098329.;1.[!'3? 1.0
it e [

i Summer - 2 input

i Summer - 3 input

i Summer - 4 input |
e Summer - 5 input

s LndbpoBoii dunsTp - Polyno

Lo

\ NMuet 1 K-"rJ

uSpice

Puc. 37. Cxema L1® B Buje nuHeitHOTO G110Ka 3-TO TOpsIKa

Ha puc. 37 npusenena cxema IL{® 3-ro mopsaka ¢ snementom "lludposoit
¢ueTp-Polynomial”" (anement Al Ha cxeme). [{iist MoaempoBaHusl HU3KOYACTOT-
HOTO AuunTudeckoro ¢punsTpa Kayspa 3-ro nopsiaka koadpuiueHnt nepenayuu 0y-
JeT paBeH

2 +0,29379z7% +0,29379z " +1
—0,427527% +1,412082 2 ~1,716792 * +1

K(z)=0.10285

OOpaTtuTe BHUMaHUE, YTO KOI(POUIIMEHTHI MMOJIUHOMOB, 3alUCaHHbIE B (op-
MyJie, yKa3aHbl B BUJE TapamMeTpoB mudpoBoro GuiasTpa Ha puc. 37. AMILTUTYTHO-
JacTOTHAsl XapaKTePUCTHKA 3TOro nudpoBoro ¢puiabTpa Oymer anamorndna AUX
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udpoBoro GuiIbTpa, NpuBeaeHHON Ha puc. 36. Peakius LD Ha Bo3neiicTBUE nps-
MOYTOJIBHOT'O UMITyJIbCA MOKa3aHa Ha puc. 38.
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Puc. 38. [lepexoanoii nporecc B punbrpe Kayspa TpeThero mopsiaka

Kak BuguM, QuiabTp BHOCHUT 3aJepkKy, paBHyr0 mpumMmepHo 150 mkc (mo
ypoBHio 0,5 B). YcraHoBlieHHE BBIXOJIHOTO CUTHAJIa Ha BEPIIMHE U TTOCJIE OKOHYa-
HUS UMITYJIbCA MPOMCXOAMUT B BUJIE 3aTyXalOIIero KojaedaTeapHoro mporecca. Mak-
CUMaJIbHas aMIUIUTYJa dTUX KoJieOaHui He npeBbimaet 10% oT aMIuIuTy bl BXO/I-
HOT'O UMITyJIbCa.

3.11. PacyeT uudpoBbixX hunbTpoB B 06nacTu,
yrnpaBnsieMou coObITUAMMU

Jlnst MmozenupoBaHusl yCTPOUCTB LU(PPOBOIl 00paOOTKH CUTHAJIOB B MOJIPO-
rpamme UXSpice, kak u B qpyrux XSpice-mporpammax, KpoMe aHaJIOTOBBIX U ITU}-
POBBIX Y3JIOB IPEAYCMOTPEHBI CCIMalbHbIH y3ei Real, a Takxke narepdeiics digi-
tal-real u real-analog, 6iokwu real_delay u real_gain.

Wutepdeiic analog-real, orcyrcrByrommuii B mporpamme XSpice, ObLT cO31aH
1t UXSpice B 001acTH, ynpaBiisieMOi COOBITUSIME, KaK KOJIOBast MOJICITb ITOJIb30Ba-
tesst. HoBerit anemenT analog-real Bxkimtouen B cocras .dll ¢aitna, kotopsiii aBToMa-
THYECKH MOKIIYACTCS MOCIIe CTapTa MoAnporpaMmmel uXSpice.

C ucnosib3oBanueM ateMenTa analog-real mis monenuposanus L{® B obmacTw,
ynpasisieMoil coObITusiMu, co3naHa Oubnmoreka "L[OC-uudpoBbie 35eMeHTHI".
bubnnoteka BkitouaeT yeThipe anmemenTa: Converter Analog-Real, Converter Real-
Analog, Real-delay u Real-multiplier (puc. 39).

OtmeTumMm, 4TO co3aBaTh dyieMeHT "Cymmarop" 11 noctpoenus LD B jaHHOM
cllydae HeT HEOOXOMMOCTH, TaK €ro pojib UrparoT y3ibl Real cxemsr.
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f uSpice - [Ud_digital_BwBnuotera_4_snementa.dsn] — O >
#Z ®ain TMpaeka Bwg BwBnwotexa 3kcnopt Awanns  [Mapamerper Oxna  Cnpaska - 8 X
N & d| Bla ko4 ml=[BQ A X 5 R?|fp
e — 10 20 30 F15] 50 &0 70 a0

o

=
o A
;
o
= L0C-ydbposkie snemeHTs (4) 4 T =
i Converter - Analog-Real
i Converter - Real-Analog A
i Real - delay
i Real - multiplier
"\ Nuct 1 / J

uSpice

Puc. 39. bubmuoreka snementoB L{® B o6macTu, ynpasiseMoi COOBITUIMU

OneMeHT A3 B cxeme 00ecredyrmBaeT KOPPEKTHYIO pabOTy y3JI0B CXEMBbI, Kak
CYMMAaTOpPOB CUTHAJIOB.

S oo _BI:”{

10.0e-B
25 50

Puc. 40. Cxema uudposoro ¢punstpa 1-ro nopsaka

[TpocToit mpumep udpoBoro GuUILTpa ¢ AJIEMEHTAMU U3 ITOW OMOJIMOTEKH TM0-
kazaH Ha puc. 40. Uurepdetic analog-real (snement Al) moka3zaH Ha pUCYHKE B BHJIC
MPSIMOYTOJIbHUKA C BIIUCAHHBIMU cuMBosiaMu A/R. {751 paGoThI 3TOr0 AJIeMEHTa, a
TaKXKe NIl paboThI AJEeMEeHTa 3aJepKKU (maMsaTh) TpeOyeTcs mojaya CUHXPOCUT-
Hajla OT BCIIOMOTaTeIbHOro renepaTopa A2.

[lepexonnas xapakrepuctuka udpoBoro ¢GuiabTpa, pacCUUTaHHas C MOMO-
b0 uSpice, mokazaHa Ha puc. 41 kpacHbIM 11BeTOM. CMHUM IIBETOM Ha 3TOM PH-
CYHKE MOKa3aH €IMHUYHBIN CKaYOK HAMpsKEHUs Ha BXOJE (PUiIbTpa.
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Puc. 41. Tlepexoanas xapakTepucTuka HudpoBoro GpuibTpa NepBoro nopsika

3azeprkKa Haualla BBIXOJHOTO CUTHaJla Ha puc. 41, paBHas npumepHo 20 MKc,
OOBSCHSAETCS 3a/IEPKKAMH B dJIEMEHTaX (PUIIbTpa OTHOCUTEIBHO CUTHAJIa CUHXPO-
Huzanuu. [lo cpaBaenuto ¢ [{d, mocTpoeHHBIMU C UCTIOJIB30BAaHUEM aHAJIOTOBBIX
AJIEMEHTOB, IIU(GPOBBIC PUIBTPHI, CO3AaHHBIEC B 00JIACTH, YIIPABIISIEMOM COOBITHSIMU,
MOTYT JIy4IlI€ OMUCHIBATh PeAIbHBIE TTPOLIECCHI, MPOUCXOSAITNE TIPH IIUPPOBOI 00-
paboTKe CUTHAJIOB.

Henocrarok ananuza B 00JaCTH COOBITHI — OTCYTCTBHE aHAJIM3a YaCTOTHBIX
XapaKTEPUCTHUK MUPPOBHIX GUIBTPOB B peskume AC B MIMPOKOM JTMAMA30HE YACTOT.
YacToTHBIE XapaKTEPUCTHKU MUPPOBBIX GUIBTPOB B ATOM CiIy4ae yJA00HO MOJy-
YaTh MPU UCTIOIH30BAHUN OMOJIMOTEKH aHAJIOTOBBIX d1eMeHTOB [[D.

3.12. UsamepeHusa Ha rpadmkax pe3ynbTaToB
pacyeToB

3.12.1. UamepeHusa pacCTOAHUN Ha PUCYHKe € rpadukamm

Jnst u3MepeHust pacCTOSTHUM HE0OXO0MMO, HaXKUMasl JIEBYIO KJIaBUIIY MBIIIIH,
yKa3aTh MEPBYIO TOUKY Ha Tpaduke U HE OTIIYCKasl JIEBYIO KJIABUILY MPOTIHYTh JIO-
MaHHYIO JIMHUIO 10 BTOpoil ToukHu (puc. 42). g ynodcTBa u3MepeHnii HayaabHas
Y KOHEYHAs! TOUKU TTOMEIIEHBI B KPYXKKH.

PaccTostHHs 110 0CSIM 0TOOPA3SITCS B TEKCTOBOM OKHE MOIMPOrpaMMbl UXSpice
(puc. 43). Kak BuauM, 3azepxkka dX MexAy 3adHUM  (QPOHTOM curHaiza MO u re-
pennum ¢poHTOM curHaia Ml paeHa 2,64 He. CABUT 1O BEPTUKAIBHOM OCH PaBEH
npumepro dy = 9,6 Bosibra. OOpaTUTe BHUMAHUE, YTO BEJIMYMHA CIBUTA BKIIOYACT
10 B cmemenus mexay rpadukamMu. B TekcToBOM OkHE Ha puc. 43 mpUBEIEHO
takoke otHomeHus dy/dX.
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Puc. 42. VI3amepeHus paccTosHUM Ha pUCyHKE ¢ TpaduKamMu

| uXSpice - O

Oene: ** d:\..%15 yommerens OM mos-n.cir
Temneparypsa: TEMP = 27°C, THOM = 27°C
ad2a4#branch_1_1

adZa3fbranch 1 0

adZaZfbranch 1 0

adZaZfbranch 1 1

adZai#branch_l_U

adZalfbranch 1 1

[ e R s o e |

PaccumraHo BexTopoE:- S68

uspice 1 -> dx = 2Z_.g64e-03, dy = 53.5e05%8, dy/dx = 3_.82158e+03

Puc. 43. Ileuats paccTosiHuii B okHEe UXSpice

3.12.2. Jlyna 3Ha4eHUn no ocu X

Jlyna 3HayeHuid mo ocu X MO3BOJISIET 3a7aTh ¢ TMOMOIIBIO MIPaBOM KJIaBUILU
MBIIIM YMEHBIIEHHBIN HHTEpBaJl 3HaUeHUM 110 ocu X (puc. 44).
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5 ——
gen
a = & & B—e a Erer = &

n.a 0.4 0.8 1.2 1.6 2.0 24 28 3.2 36 40 44 43 5.2

FKC

Puc. 44. Bpemennas nyma B uSpice

54



PabGoTa co CJ1I0KHBIMH CXeMaMM

Ecim ocs X — 0cb BpeMeHH, TO MOJTYyYUM BPEMEHHYIO Iyny. Bpemennas nyna
ITO3BOJIIET YCTAHOBUTH HOBBI YMEHBIICHHBIN AUANIa30H 3HAYEHUH 10 OCU BPEMEHU
— HOBBIM BPEMEHHOW MHTEPBAJI.

JI71s moJTydeHust HOBOrO MHTEpBaJIa 1Mo ocH X HE0OXO0IUMO, HAKUMasl PABYIO
KJIQBUIITY MBIIIH, BBITAHYTh MPSMOYTOJIBHHUK C TPeOyEeMbIM UHTEPBAIOM 3HAUCHUIN
10 OCHU X, a 3aT€M OTITYCTUTH ITPABYIO KJIABUIY MBIIIU. [I0SIBUTHCS HOBBINM PUCYHOK
¢ rpadukamMu, MacmTad mo ocu X y KOTOpOro OyJeT M3MEHEH B COOTBETCTBHUH C
pa3MepaMy M0 FOPU30HTAIBHOM OCH MPSAMOYTOJbHUKA HA pUC. 44. AHAJIOTMYHYIO
OIIEpaLI0 MOKHO IIPOBECTU €ILIE pa3 Ul JOCTHXKEHHs TPeOyeMOro MHTEpBAJIa 110
ocu X. Hammpumep, miist rpadmkoB, 1300pakK€HHBIX Ha pUC. 44 MOTy4YeHbl HOBbIE 3HA-
YEHHUs HA BpEMEHHOW OCH, ITOKAa3aHHBIE Ha puc. 45.

Bg

0 \ ml
i / Y 4,7 HC
mll
0
\ gen
0

2380 2,385 2330 2,395 2000 2005 2010 2015 2020 3025 KD

Puc. 45. Ouenka JiuTeaIbHOCTH UMITYJIbCa

Kak BuauM, MIMTENBHOCTh KOPOTKOTO MMITyJbCa B curHaige MO paBHa npu-
MepHO 4,7 Hc. OOpaTuTe BHUMAHHE, YTO JJISi OJHOTO PUCYHKA HEJb3sl MHOTO pa3
MOAPSIA UCITONIB30BaTh AyMy. [3-3a OrpaHMYEeHHOT0 Yncia pACCUUTAHHBIX TOYEK MO-
T'YT NMOABUTHCS HEKOPPEKTHBIE PE3YIIBTATHI.

4. PaboTa co CNoOXHbIMU CXeMamMu

Kpome paccMOTpEHHBIX BBIIIE OCHOBHBIX JEUCTBUN MO CO3AAHUIO U AHAIU3Y
CXEMBI, B IIPOTrpaMMe UMEIOTCSI IOMOJIHUTETBHBIC ONepaIliy U JIEMEHTHI, 00JIerya-
fo1e paboTy MOJIB30BATENS CO CIIOKHOU CXEMOM.

4.1. OGLWMNA NCTOYHUK NUTAHUA

HajkuMasl 3HaY0K —

C U300pakeHUuEM KopItyca (3a3eMJIeHNs ) Ha TTaHeId UH-
CTPYMEHTOB, MOKHO BBECTH B CXeMy METKYy (Ha3BaHHUE y3J/ia) OOIIero MCTOYHHKA
nuTadust. OTMETHM, YTO B 3TOM CIIy4ae B OKHE MapaMeTPOB ATOTO JIEMEHTa PeKo-

MCHAYCTCA BBI6paTI> I/1306pa}KGHI/I€ CHMBOJIA O6IIICFO HNCTOYHHKA IINTaHUA
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OTJIMYHBIM OT 3HaUKa 3a3eMiieHus. Hanpumep, BoIOepuTe n300paskeHre 001Iero uc-
TOYHUKA MMUTAHUS B BUJIE TPEYTOJIbHUKA, KPyTa UM OTPe3Ka KOCUHYCOUIBI (BOJIHBI).

B okne mapameTpoB ykaxkute MMs 00IIero MCToyHMKa nutaHus. Huxe, Ha
puc. 1 noka3zan cuMBOJI O0IIEro UCTOUHKMKA nMUuTanus ¢ umeHem VCC, n3o0paxeH-
HBIM B BUJE TpeyroyubHukKa. Hanpspkenue 3Toro ncroynuka pasHo 2 B.

K5

12 WCC

——" D ) %\+ vt
1 1 1

1} 0 0

WCC
[F‘IJI
D’IL‘
L1 1u
_.!r'_T_ IV

Puc. 1. O0umit ucrounnk nmurauusa VCC
OTMmeTHM, 4TO aHAJIOTMYHYIO 33/1a4y MOKHO PEIIUTh C UCIOJIb30BAHUEM OJ1U-
HAKOBBIX METOK, OJHAKO HCIIOJB30BaHHE OOIEro MCTOYHHMKA MHUTaHUA OoJjiee
HarasiJiHo.

4.2. CeTKa

[Tpu prucoBaHUM CXEMbI MOKHO BKJTFOUNTH B OIIIUSAX MPOTPAMMBbI OTOOPaKCHHE
CETKH W MPHBSI3KY SJIEMEHTOB K CETKe, HCIoJb3yst MeHio "TlapameTpn\Y cTaHOBKH
penaktupoBanus...\CeTka".

Ha puc. 2 noka3aHa ceTka MpH CO37AaHUN OMOJMOTEYHOTO 3JIEMEHTa TPaH3H-
cropa. [Ipu 3TOM ycTaHOBIIEHA MTPUBSI3KA BBIBOJOB DJIEMEHTA K CETKE.

Puc. 2. Cetka npu co3ganuu u300pakeHust TPaH3UCTOPA

BBICTpO ynanuTh WK MOKa3aTh CETKY, a TAKIKE YCTAHOBUTH MPUBSI3KY AJIEMEH-
TOB K CETKE MOXHO Takke mpu BeiOope myHKTOB "Tlapamerpri\[lokas3ate cetky" u
"TlapameTpe\[IpuBs3aTh K ceTke" cooTBeTCTBeHHO. Kak mpaBmiio, oTroOpakeHue
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CETKHU U MPUBSI3KA K HEH DJIEMEHTOB TPeOyeTCsl MPU CO3TaHUH WM PEAAKTHPOBAHUHT
OHMOIMOTEYHOr O DJIEMEHTA.

OTMmeTuM, 94TO ceTKa He M300paKaeTCs MpHU YMEHBIIICHUH pa3Mepa CXEMBI 10
3HauyeHusa MmeHee 80% OT HOMUHAJILHOTO. BUIMMBII IIar CETKA MOYKET aBTOMaTHYE-
CKU U3MEHATLCS B 3aBUCUMOCTH OT MacITada.

4.3. No6aBneHune TeKcTa u rpachnyecKkux afieMeHToB

Ha CXEMY MOXHO HAHOCUTDb HAAIIUCHU H HpOCT@fIHIHC Fpa(i)I/ILICCKI/IC OJICMCHTHEI:
JIMHUHW, MHOTI'OYT'OJIbHUKH, JJUIUIICHI, OKPYKHOCTH U AYyTH.

MemosHink mumaHus

\/

+

7\
A

D Hazpyaka
T pamztcmop

———"
T L ] 1.
I |

Puc. 3. Cxema ¢ HaHECEHHBIMU HAAMKUCSIMH U MIPOCTEUITUMU TpahUueCKUMHU

DJIEMCHTaAMU

J100aBUTH HAJMUCU MOYXHO, UCIIOJIb3YSI 3HAYOK C OYKBOM A Ha MaHeIu UHCTPY-
MEHTOB TJIaBHOT'O OKHa mporpaMmmbl. Eciii npu BBoJie TeKCTa nepes OyKBOil BBeCTH
cuMBoJl """ (rpaBuc), To OykBa OyJeT BhIBEJEHA C YEPTOM CBEpXy. DTO 4acTO Tpe-
OyeTcs Mpu ONMHUCAHUM JIOTUYECKUX CUTHAJIOB.

st no6aBieHust mpocTedux rpaduyecKux 3JIEMEHTOB HEOOXOAMMO BKIIIO-
YUTh OTOOpaKCHUE TAHETW Tpaduueckux NpuMUTHBOB (MeHI0 "Bunm\[lanenu wn-
crpymenToB\PucoBanue"). Pabora ¢ rpaduyeckuMu 3JIeMEHTAaMH TIPOBOIUTCS 10
OOBIYHBIM ISl TPaUUECKUX POrpamMMm MpaBUIaM.

JUia MoaudUKaMK HApUCOBAHHBIX TIpaUUYECKUX 3JIEMEHTOB HUCIOJb3YHTE
KOHTEKCTHOE MEHIO, BBI3bIBAEMOE HA)KaTUEM NpaBold KHONKM Mbluu. [Ipumep
CXEMbI C HAHECEHHBIMHU B Y4EOHBIX LESIX HAAIUCIMHU U TpadUUeCKUMU HIIEMEH-
TaMU IOKa3aH Ha puc. 3.
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4.4. Ucnonb3oBaHue LUUH

B cioxHBIX cxemax ¢ OOJbIIMM KOJIWYECTBOM MPOBOJIHUKOB MOMKHO MCIIOJIb-
30BaTh MUHBIL. J[Ji1 paboThl ¢ MIMHAMU HEOOXOJUMO BKJIIOYUTH U300paKeHUE Ma-
Henu muHbl B MeHio "Bun\[Tanenu uncrpymentos\lluner". [Ipumep ucnosnn3oBa-
HUs IMHBI ¢ UMeHeM Data nmokazan Ha pUCyHKe HUKE.

Dat w20 cal
ata e
. e 39 Caz
&4 b ] RS0
A » RS1
——
PESET e 'RESET
~
Do 3 b
a1
b 3 (1] N L [
B 2 b1 D2 £y b
1 02 '
el B —— % b3
03— D4 20
[P L . —— 4
- 8 L5 D5 8 pa
7 i3 - o7
—_— [
el 07 —_—— o
o7 —_— 07 26
_— [rd

Puc. 4. Bkitouenue B cxemy muHbI ¢ uMeHeM Data

Jlist unenTuuKanyuy MpoBOIHUKOB IIIMHBI HA PUCYHKE MCTIOIB3YIOTCS METKH,
MOKa3aHHbIC HA pUC. 4 3€JIEHBIM LIBETOM.

4.5. CumBon "HeTt coeanHeHua"

OOBIYHO BCE KOHTAKTHI DJICMEHTA JOJDKHBI OBITH COCAMHCHBI C APYTUMHU IJIC-
MCHTaMH CXCMBI. OI[HaKO HCKOTOPBIC JSJIEMCHTLI pa3pCiacTCsa MCII0Jb30BaThH C
HETIOAKJIIOYCHHBIMU BBIBOJAMHM.

] can

%= cag
00— | pp
o1 | py
D2 Eas b2
03 [ 2 D3
g P 32 D
s ——m—m 31 D5

Puc. 5. Uctonp3oBanue cumBoiia "Het coenuuenus"
Ha puc. 5 cuMBOJIOM OTCYTCTBHSI COEIMHEHHI TOMeU€eHbI BbIBOABI 39 1 40 npa-
BOT'O TI0 CXeMe U(PPOBOTO AIIEMEHTA.
K sanemenTam, y KOTOPBIX UMEIOTCS BBIBOJIbI, KOTOPBIE MOYKHO HE MOAKIIOYATh,
OTHOCSATCS, OTIEPAIMOHHBIC YCUIINTEIHN, TPUTTEPHI, KOMOMHAIIMOHHBIE YCTPOUCTBA U
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%
T. . B 3TOM cilydae UCHOIB3YETCS CUMBOJI — "Her coenunenus", pacnoso-
YKEHHBII Ha JIMHElKe 3HauKkoB. [Ipyu mpoBepke cXeMbl HEMOAKIIOYEHHBIE BBIBOIbI B
ATOM CiIy4ae He OyyT OTMEUYaThCs KaK OIMOOYHBIE.

4.6. MacwTtab nsobpaxeHus

MacmTab n300pakeHHusI MOKHO U3MEHHUTH, UCIIONIB3YsS 3HAYOK C MU300pake-
HUEM JIYIIbl U HA)KUMasl B OKHE CXEMBbI JIEBYIO WJIM MIPaBYIO KHOIKY MBIIIHA. BEICTpO
M3MEHUTh MacITad MOXKHO, Ha)kuMas kiasuimu Page Up, Page Down.

Y CTaHOBUTh HOMHHAJIBHBIA MacIITad MOXHO, MUCHOIB3ys MeHIO "Bmm\Mac-
mrad 100%". M3MeHuTh MaciiTad MOKHO TaKKe MCIOJb3ys MeHio "Bua\Ysemu-
yuTh Macirad" win MeHro "Bun\YMenbmuTs macmrad”.

OTMeTuM, 4TO JIsl TOTO, YTOOBI MPU OOJBIIOM YBEIMYEHUH MacuTaba uHTe-
PECYIOIINNA MOIB30BATEISI AJIEMEHT CXEMbI OCTABAJICS MPUMEPHO B IICHTPE IKpaHa,
HEO0OXOIMMO MIPEBAPUTEILHO €r0 BBIICIUTh MBIIIKOM.

4.7. dkcnopTt B PCB-nporpammeli

Hcnonb3ysa meHro "Okcnopt", MOKHO MOATOTOBUTH JAHHBIE JISI MPOTrPaMM
pa3Bojku nevatHbix mwiat (PCB-porpamm).

Capacitor - napameTpel

(iBeepx (_)Bruz (_)Haneso @ Hanpaso [ OTpazuTe

DfozHaueHwe (7

[ MNokasaTs BeiBoAs MMTaHMA (] Pasmep
MapameTp Bug 3HaqeHWE
Mame Mo Capacitor
Capacitance Yes iyl
Package Mo PaD2

Jo6aEMTE NapameTp ¥ AanMTe NapaMeTp

Puc. 6. OkHo cBoiicTB kKoHAeHcaTopa C3 ¢ Tunom kopmyca PAD2

J{71s1 5TOT0 HEOOXOAUMO: CO3/IaTh CXeMy ¢ 0€30IMO0YHO COSUHEHHBIMHU dJIe-
MEHTaMH, KOPPEKTHO J00aBUTh aTpuOyT "Package", onmuchIBarONM THIT KOPITyCa
paaronieMeHTa U BIOpaTh TpebyeMblil (hopMat BBIXOIHOTO (paitia s mMporpamMMel
pa3BoAKM TNeuaTHoOM 1iaTel. Hanmpumep, okHO cBOMCTB KoHAeHcaTopa C3 ¢ TUmom
kopryca PAD2 nokazano Ha puc. 6. B mporpamMmme peann3oBanbl clieayromue Gop-
MaThl BeixoaHoro ¢aiina: PADS-PCB, Eagle SCR u Protel.
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4.8. NeyaTb cxemMbl

IIeuath cxemel IMPOU3BOAUTCA C UCITIOJIb30BAHUECM THUIIOBOI'O OKHA 3a/laHUA I1a-
PaMCTPOB IICYATH, IIOKA3aHHOT'O Ha PHUC. 7.

Meuate ? X
MpUHTED
|AMaA: Microsoft XPS Document Writer | CEOICTEA. ..

Cratyc: [oToe
MevaTath: Microsoft XPS Document Writer v4
Kyaa: PORTPROMPT:

KoMMEHTapHK:
CTpaHHUb KarM

. -
Osce Yucno ko 1 -

HOMEPS
2,2 pazobpate

JononHKUTensHo
o MevaTk TEKYWEro nMcTa () MeqyaTh BCEX NMCTOE
" |Yeprobenas nevate AT & [_|Mo pasmepy crpanuue
[ |4Yeprof M B 100 o, [ Mo pasmepy cTp

oK l Cancel

Puc. 7. OkHO napaMeTpoB Ne4aTH CXEMbI

4.9. NU3o6paxeHne cxeMbl Ha HECKONbKUX NUCTaX

J11 co3/1aHusl CXEMBI, CoJIeprKalei O0IbIIOe YUCIO PaAH03IEMEHTOB, MOKHO
UCII0JIB30BATh J1BA MYTH:

1. Pa3mernenue O0JIBIION CXeMBI Ha HECKOJIBKHX JIMCTAX;

2. Beigenenue u3 00IbIION CXEMBI ITOJACXEMBI, MPEICTABICHUE ATOM MO/I-

CXEMbI B BIJI€ CUMBOJIA (aHAJIOTUYHO CUMBOITY 3JIeMEHTa U3 OUOIMOTEKN)
Y BCTaBKa 3TOM MOJACXEMBI B BUJE CUMBOJIA B OCHOBHYIO CXEMY.

B CIOXHBIX IPOEKTAaX MOXKHO OJTHOBPEMEHHO MCIOJIB30BATh ITOACXEMBI U MHO-
KECTBO Pa3JIMYHBIX JTUCTOB CXEMBI.

Jlyist moGaBieHUsT HOBOTO JINCTA B OOJBIIYIO SJIEKTPUUIECKYIO CXEMY HE00XO0-
JMMO Ha)KaTh MPABYIO0 KHOMKY MBbIIIN Ha 3akiagke "Jlucr 1" mepBoro mucra cxemsl
1 BbIOpaTh MyHKT "BceTaButh uct". Byner co3aad HOBBIM JIUCT AJI1 PUCOBAHUS MIPO-
JOJHKEHUS OOJIBIION CXeMbl. DTy OMEpalHio MOKHO MOBTOPUTH ISl CO3TaHUS J0-
ITOJIHUTEIIbHBIX JTUCTOB CXEMBI.
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E uSpice - [Cxema Ha 2 nucrax_0.dsn]

- O X
#8 ®aiin Mpaeka Bug BwGnuwoteka 3kcnopt  Awdanus  [Mapamerpel  Okwa  Cnpaexa - 8 M
NS R & ko4 m=|BQ | A = R? | T AC 0p OC | 6 o o |
20 30 40 S0 &0 70 J a0 a0 100 110 120 a
Mowck anemeHToB P PR T P O T o T Py SorTs e S § P s Frem S P T P ST Py e rem |

ml || |

R1
o ¢ foe
4{ ’* » 0.515p 0.087p
10
20 L1 c3 L2 cd
001 2u——1528p 0.012u——1942p

=-RC(S)
i i Capadtor -ideal |
- Capadtor IC - ideal

- Inductor -ideal

- Resistor - ideal 0 0

a
| =----Resisb3rTC-temperab_lr_e_ |
N fwer 1 £ Muer 2/ |
|uSpice S S
Puc. 8. [IepBrIil TUCT CXEMBI
{5 uSpice - [Cxema na 2 nucrax_0.dsn] — ] ®
%% ®aiin MNpaska Bug EwBnwoteka 3kcnopt  Adanus  Mapamerpel Owkna  Cnpaeka - 8 X
5 M| Bla koo x| EBQ A H R? | - AC 0p Oc | o' o o' | 4+
o 20 50 €0 70 20 S0 100 110 120 130 140
MoWCK, 3NeMEHTOE L I....I....I....I....I....I....I....I....I....I....I....I....I....I....I....I....I....I....I....I....I....I....I..._
m2 | | | | m3

E-RLC (5)

[95] Ch
4 }» 0087p 0.515p .
Capacitor - ideal |

a0
L3 o7
D.D12u:: 1.526p
- Capadtor IC -ideal

- Inductor - ideal o o
-- Reesistor - ideal
- Resistor TC - temperature

\Juct 1, wer 2 /|

[uSpice.

Puc. 9. Bropoii nuct cxeMbl

OTMeTuM, 4TO BCE JIUCTHI OJHOM OOJBIION CXeMbl OYAYT UMETh OAMHAKOBBII
pa3Mep CTpaHMIIbl, OJJHAKO KaXAbIA OTJIEIbHBIN JTUCT MOXKET UMETh CBOU COOCTBEH-
Hble AeTanu opopmieHus. [Ipu HEOOXOTUMOCTH MOXKHO YJAISATh WU TTEPEUMEHO-
BBIBATh JIUCTHI OOJBILION CXEMBI, HAKUMAas MPaBYIO KHOIKY MBIIIY HA Ha3BaHUU JIH-
cTa BHM3Y 9KpaHa. OTMETUM, YTO IIPH yIAJIEHUH JINCTA, €T0 HEBO3MOKHO BOCCTAHO-

BUTH ¢ ToMoI1bio koMaH bl "[IpaBka\OTMeHHTh BBOA". BCe TMCTHI OOJIBIION CXEMBI
3aIMCHIBAIOTCS B OJIUH (paii.
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JI7ig OCyIIEeCTBICHUS CBSI3U MEXAY OTACIbHBIMH YacTSAMU CXEMBbI, Pacrojo-
KECHHBIMH Ha OTJIEIBHBIX JINCTAX, UCIONB3YIOTCS METKU, UMEIONTUE OJUHAKOBHIC
HA3BaHMS HA PAa3HBIX JIUCTAX.

Ha puc. 8 u puc. 9 npencraBinena cxema mHorozseHHoro CBU-¢gunsTpa. Ha
nepBoM JiucTe (puc. 8) n3o0paxkeHo Hauaao cxembl. Ha BTopoM nucte (puc. 9) npen-
CTaBJieHA BTOpas 4acTh cxeMbl ¢uiabTpa. Ha AByX nmcrax cXembl MPHUCYTCTBYET
OJIMHAaKOBasi MeTKa m2. Dta o0mas MeTka nepes MPOBEAECHUEM MOJEIUPOBAHUS
ITO3BOJISIET CTEHEPUPOBATh CBA3aHHOE ONTMCAHUE BCEU CXEMBI.

AMIUIUTYHO-4aCTOTHAsI XapaKTEPUCTUKA OIMMCAHHOTO BBIIIE IMOJIOCOBOTO
CBY-¢punpsrpa nokaszana Ha puc. 10.

B —&— mag(m3]
1.00

0.80
0.e0
0.40

0.20

|:I.|:I|:I = r = = e
0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20

Mu

Puc. 10. AYX nonocooro CBY ¢unbrpa

Pacuer AUX mnpoBeseH npH UCHOJb30BaHUM BBIXOJHON MeTkn m3 (puc. 9).
LentpanbHas yactora ¢unsTpa paBHa 1 ['Tu. Ilomoca mponyckanus paBHa npu-
MepHo 60 MI'.

4.10. A\cnonb3oBaHue noacxem

N306paxeHne OOJNBUION CXEMbl MOXKHO YIYyYIIWUTh, CO3/1aBasi 3JIEMEHT-IO/I-
cxemy (hierarchical symbol). IToacxemy B Buie COBOKYITHOCTH PaIHOIIEMEHTOB U
UX COEIMHEHUN M300pakaeéM Kak HOBYIO CXEMy Ha OTIelIbHOM Jjucte. Kaxabiit
BHEIUHUIM BBIBOJ B MOJCXEME OTMEYAEM METKOW. AHAJIOTMYHBIE METKH JIOJKHBI
MMETh BBIBOJIbI CHUMBOJIA-TIOJICXEMBI.

Hcnonp3ys menro "l[IpaBka\Co3naTh 5eMeHT-IoIcXeMy"", K JIHCTY C MOJICXe-
MOi1 100aBIsETCS JIUCT, HA KOTOPOM, UCIIONb3YA rpaduueckre NIPUMUTUBEI, HYKHO
HApHUCOBaTh CUMBOJI MOJACXEeMbI. OOBIYHO 3TO MPSAMOYTOJBHUK, B KOTOPBIA BIUCHI-
BAeTCsl Ha3BaHUE MOJICXEMBI, @ K OOKOBBIM CTOpOHAM J00aBIsIETCS COOTBETCTBYIO-
II€€ YHCIIO BBIBOJIOB C UMEHAMHU, COOTBETCTBYIOILIMMH UMEHAM METOK MOJICXEMBI.
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[Tomrydennsie n300pakeHUs TIOJICXEMBI U €€ CUMBOJIa coXpaHsieTcs B (aitn. Te-
1epb JIEMEHT-IOICXEMY MOKHO BCTaBUTh B OCHOBHYIO OOJIBIIIYIO CXEMY, BBIOHpas
nyHKT MeHio "lTIpaBka\BcTaButh 3neMeHT-TIoAcxemy".

BHepeHHbI CUMBOJI 3JIEMEHTA-TI0JICXEMBI HUCTIOIb3YETCS KaK OOBIYHBINA CUM-
BOJI U3 OnOanorekn. OH MOXKET OBITh IEpEMEIIEH, TOBEPHYT Ha COOTBETCTBYIOIINN
yroJ, oTpaxeH U T.1. Kak u B ciiyyae MCIOJIb30BaHUS HECKOJIBKUX JHCTOB CXEMBI,
Py pacyeTe CXeM C DIIEMEHTAMHU-TIOACXEMaMH TeHEPHPYETCs eauHoe Spice-
onucanue 3a1anusd. HauMeHoBaHUs BBIBOIOB OJICXEMBI (METKH) MOKHO UCIIOIb30-
BaTh JUIsl pacyeTa COOTBETCTBYIOIINX Y3JIOBBIX HAMPSKEHUN.

Ha puc. 11 npuBenena cxema akTuBHOTro GpuibTpa Ha OY ¢ UCnoib30BaHUEM
anemeHTa-noacxemel HI1.

R

i

LT |

2

. 1
| 11
10 5 Hi4 oparmp_lim
@ 10 100
- -

0 1]

Puc. 11. Cxema akTUBHOTO (HIBTPA C UCTIOIH30BAHUEM

siieMeHTa-nojacxemel H1

Puc. 12. Dnexrpuueckas cxema sneMeHTa-nojacxemol H1

DIEeKTpUYECKas CXeMa AJIeMEeHTa-TMOoJCXeMbl, IpeacTaBisonero puistp Kay-
3pa, NpuBeJeHa Ha puc. 12. MeTku BBIBOJIOB MOACXEMBI al U a2, COOTBETCTBYIOT
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METKaM Ha YCIOBHOM H300pakeHHH 3yieMeHTa-nojacxemsl H1. AMmmuTynHo-ya-
CTOTHAs XapaKTEepPUCTHUKA aKTUBHOTO (DUIIbTpa MpHUBeIeHa Ha puc. 13.

E —&— mag(mz]

1.00 —es—e—a—a—=

0.20

0.e0

0.40

0.20

0.0o &
1 10 100 1e3
My

Puc. 13. AUX aktuBHOTO (QUIBTPA, UCTIOJIB3YIOIIETO SJIEMEHT-TIOJICXEMY

Kaxk BuguMm, rpaHryHas 4acToTa akTUBHOTO (UIIBTpa 10 ypoBHIO 0,7 MpUMEPHO
paBHa 100 I'u. ITynscanmu AUX B mosioce npomyckanus mpumMepHo paBHbl 20%.

4.11. BUONMNOTEKU 3aNemMeHTOB

Jlnst paboThl ¢ OMOIIMOTEKaMu BhIOMpaeM MyHKT MeHto "bubmmorexa\bub:mo-
TEKH 35ieMeHTOB". Bo3HuKaromiee npy 3TOM OKHO C UCIIOJIb3yEMbIMU OMOJIMOTEKAMHU
MOKa3aHo Ha puc. 14.

B BuBnnoTtekn x

WMonone3yeMble BUBNMOTEKK

C:\RadiowSpice52404_inetibraryRLC QK

C:\RadinwSpice52404_inetlibrary \BunonapHele TREH3MCTOPE
C:\RadinusSpice52404_inetlibraryiduoae
C:\RadiowSpice 52404 _inetibrary\dnuHHsE naHAa OofasuTe
C:\RadiousSpice52404_inetlibrary YcTouHukm
C:\RadiowSpice52404_inetlibrary Y no4m aHanorossie Tt
C:\Radio\uSpice 52404 _inetiibraryKomnapaTopel —
C:\RadinusSpice52404_inetlibraryMAN-TpaHMcToOpERI
C:\RadiowSpice 52404 _inetibraryMogynawa
C:\RadinwSpice52404_inetlibrary\OnepawoHHbie yoanuTENM
C:\RadinuSpice52404_inetlibraryloneseie © p-n-NepexoooM
C:\RadiouSpice 52404 _inet!fibrary\ndpoerie anemeHTel MamMeHUTE
C:\RadinuSpice52404_inetlibraryi]0C-aHanoroBeIE 3NEMEHTEI
C:\RadiowsSpice52404_inetlibrary U OC-LmbpoBsie 3neMEHTEI

Puc. 14. OxHo ¢ ncnonb3yemMbIMu OMOJIMOTEKAMU

B OTACJIbHYIO 6I/I6JII/IOT€Ky CO6I/IpaIOTC$[, KaK IIpaBHJIO, OAHOTHUIIHBIC 3JICMCHThI
CXCMBHI. HOHBSOB&TGJ’IB, HCIIOJB3Yys BO3MOXXHOCTH IIPpOI'paMMbI, MOXKCET JICTI'KO

64



PabGoTa co CJ1I0KHBIMH CXeMaMM

CO3/1aTh HOBYIO OMONHUOTEKY, UIIH 100aBUTHh B UMEIOIIYIOCS OMOINOTEKY CBOM COO-
CTBEHHBII AJIEMEHT, WJIK U3MEHHUTD CYIICCTBYIOIIUN dJIEMEHT.

bubimorekn MOXHO JT00aBIAThH, yIAISITh, CO3AaBaTh, pelakTUpoBaTh. OKHO
IpOTrpaMMEI ¢ drieMeHTaMu Onommorekn «RLCy» (kaTyiika MHIyKTHBHOCTH, PE3H-
CTOp U JIBa KOHAEHCATOpPa) MOKa3aHo Ha puc. 15.

fiuf uSpice - [C:\Radio\uSpice52404_inet\library\RLC] - O hd
B Daiin EwBnuoteka Inement OkHo Cnpaeka - 8 %
NS H & |

MoK SNEMEHTOE Capacitor
ideal

Capacitor IC
4{ }‘ ideal
Inductor
i YT TN
ideal
=1-RLC (5)
: ::Capaub:nr-ld_eﬂeal I Resistor Resistor TC
.. Inductor - ideal ideal terperature |
|
uSpice e I SN S I |
Puc. 15. Paguosnements 6ubmmnorexku RLC
fuf uSpice - [Symbol - Capacitor] - O x
B ®aiin Mpaeka Buwg Bubnanoteka 3kcnopt  AHanms  [apametpel
Owkna Cnpaexa - &8 X

ai=2"1 B|& koo l=|EQ

MaKcK. 3INeMeEHTOB

=-RLC (3)

- Capacitor - ideal

L{ FZ

[ Parta | —
uSpice
Puc. 16. YcnoBHoe rpadgudeckoe n300pakeHue KOHACHcaTopa

MBILIBI0 MOKHO BBIOMPATh OJMH U3 37€MEeHTOB Oubanorexku. Haxumast 3atem
MPaByIO0 KHONKY MBIIIIH, MOMaJaeM B KOHTEKCTHOE MEHIO, C IIOMOIIbI0 KOTOPOTO M3~
MEHSIEM CBOMCTBA U COCTaB AJIEMEHTOB OUOINOTEKH.
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[Ipu BeIOOpE MyHKTOB MeHIO "Co31ath 35eMeHT" nin "M3MeHnuTh 351eMeHT" 1o-
SBJISICTCS] OKHO Tpadudeckoro penakropa. Ha puc. 16 B okHe rpadudeckoro pemak-
TOpa MoKa3aHo n3oopaxeHue kouaencaropa. Llugps 1 u 2 0603HavaroT HOMepa BbI-
BOJIOB 3JI€eMEHTA. BBIBOJBI MPOCTABIISIOTCS C UCIIOJIB30BAHUEM 3HAUKA C OTPE3KOM
MpsIMOY JIMHUU U U (POt 5, MPUBEIEHHOTO Ha TAaHEIX HHCTPYMEHTOB MPOTPAMMBI.

CBolicTBa AIEMEHTOB U3MEHSIIOTCS C TOMOLIBIO THAIOTOBOIO OKHA, BHEITHUI
BUJI KOTOPOTO JIJIsl KOHJEHCATOpa C EMKOCTBIO TI0 YMOJTUaHUI0, paBHO# 1 HaHo(]a-
pajbl, MpUBeeH Ha puc. 17.

BuBnuoTedHbIA 2NeMeHT * I
!
MeTka B cocTase MC 1 OpHMEHTALMA MO YMOMHEHMKD Right w
NohaeuTh YOEANWTE ATpubyTel  SPICE ;
OnMcaHe ideal
MapameTp MokazaTte Mo-yMONYaHUD
Reference Show Value Only  C?
Mame Hide Value Capacitor
Capacitance Show Yalue COnly  1n
Package Hide Value package name for PCE lay

(]
M
M
m

dalin GubmwoTera:  C:\Radio'uspi...netlibrary\RLEC OTmMeHa CoxpaHiTh

Puc. 17. OxHo ¢ atpuOyTamMu KOHJIeHCaTOpa

[TonpoOHOE CXEMOTEXHMYECKOE OMHMCAHUE IJIEMEHTa MOXXKHO IMPOBECTH, HUC-
nosb3ys 3akiaaky SPICE 3toro okHa.

B nporpamme uSpice ucnonb3yercst craaaaptHoe, noctpounoe SPICE-onuca-
HUE JIEKTPOHHOM 1IeTH, TIPEICTaBIICHHOE B (pailiax ¢ pacimpenuem .cir. B kaxaon
CTPOKE TaKOr'0 OMUCAHUs MPUBOJUTCS MHPOPMAIUS O TUIIE AJIEMEHTa, 00 y3Jax, K
KOTOPBIM OH IMOAKJIIOYEH, O MapaMeTpax 3JeMEHTa U T.1. I MOAAEepKKHA TaKOro
OMHCaHUs B MpOrpamMme uSpice UCHOIb3yeTCsl OMOIMOTEKA FIEMEHTOB, COJEpIKa-
mas cnequanbHoe SPICE-onncanne mapaMeTpoB 3J1IEMEHTOB.

CobcTBeHHYI0 OMOIMOTEKY TaKMX 3JIEMEHTOB MOXKET MOATOTOBUTH MOJIb30Ba-
TeNb. J{715 NCTIONb30BaHMsI WM TOATOTOBKM OnOInoTeku Tpedyercs 3nanue SPICE-
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ITanes 11 HHCTPYMEHTOB

a3plka. OnucaHue 3TOro s3blKa MOKHO HAaWTH B JIMTEPAType, YKa3aHHOW B KOHLIE
OITMCAHMS MIPOTPaAMMBI MOCITUPOBaHHS USpIce.

5. MNaHenun MHCTPYMEHTOB

B paszzgene kpaTko OIucaHbl MMaHEIW UHCTPYMEHTOB (ITaHETW 3HAYKOB) IMPO-
rpaMMbl

5.1. NMNaHenb cxembl

ITanens cxeMbl — OCHOBHAS IaHEb HHCTPYMCHTOB IIPOT'PAMMBI. Ee BHemHMM
BHUI IIPUBCACH HA PUC. 1.

1 2 3 4 56 7 & 9101112 13 14 15 16 1718 19 20 21 22 23
-J' 4 m L |'¥l | A = R? | T AC 6P OC | i 6% |

Puc. 1. 3Hauku OCHOBHOM ITAHEIX HHCTPYMEHTOB ITPOTPaMMBbI

[Tanens copepkut 24 3Hauka. HaunHas ¢ mepBoro 3Hayka, KpaTKo OIHUIIEM
HA3HAUYCHUE 3HAUYKOB ITOM MaHENH:

1 — pexxuM BBIJICTICHHSI DJIEMEHTOB CXEMbI — UCXOJIHBIN PEKUM PaOOTHI MbI-
IIBIO B TIpOTrpamme,

2 — PEXUM PUCOBAHMSI TPOBOTHUKOB (/17151 OBICTPOTO BBIXOJIA U3 ATOTO PEXXKUMA
JI0OCTaTOYHO HAXKATh MPaBYIO KHOMKY MBIIIIH),

3 — peKUM yCTaHOBKH B CXeMY y3JI0B (paboTaeT TOIBKO MPU OTKIIOYCHUU aB-
TOMATHYECKOTO PEeKUMa YCTAHOBKH Y3JI0B),

4 — paboTa ¢ METKaMu,

5 — ycTaHoBKa B cXeMy Koprmyca (Wi O0IIero UCTOYHUKA ITUTAHUS ),

6 — ynaneHue npeaBapuTeIbHO BBIJCICHHOTO DJIEMEHTA,

7 — peXHM TI0Ka3a/CKPBITHS JUAJOTOBOM MaHEIH, COACpIKaIIeH OMOIMOTEeKH
PaaNOdTIEMEHTOB,

8 — BKIIIOUCHHE/BBIKITIOUCHUE PEKUMA U3MEHEHHS MacIiTada,

9, 10, 11,12 — BparieHus 1 3epKaJIbHbIE OTPAKEHUS YCIOBHOTO IPaPUIECKOTO
O0TOOpaXeHHUs JIEMEHTA,

13 — pa3MelieHre B OKHE CXEMbI TEKCTOBBIX KOMMEHTAPHEB,

14 — ycranoBka B cxemy cuMmBoJiia "HeT coequnenus”,

15 — ycranoBka Ha rpaduueckoe n300pakeHne ONOIMOTEYHOTO IIEMEHTA
BBIBOJIOB,

16 — Hymepanust 3JIEMEHTOB CXEMbI, KOTOPBIE TIPEIBAPUTEIHLHO HE OBLIN TIPO-
HYMEPOBaHbI BPYUYHYIO,

17,18, 19, 20, 21, 22, 23, 24 — BeIOOp pa3IUYHBIX BUOB aHAIH3A.
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5.2. MNaHenb pucoBaHus

[TaHenp pUCOBAHMS UCIIONB3YETCS IS CO3TAAHMS Tpa@UIecKoro n300paKeHHsI
paZModJIeMEHTa, a TAKXKe JIsl HAHECEHUS Ha CXEMY JIOTIOJTHUTENLHBIX TPpadUIeCcKuX
CHUMBOJIOB (pHC. 2).

1 2 3 4 5
a o o O 7

Puc. 2. 3Hauku nmaHenu pucoBaHUs

[Tanens comepxut S 3HaukoB. KpaTko onumeM Ha3HauYeHUE 3HAYKOB TOM Ia-
HEJU:

1 — BBOJIa TEKCTa B OKHO CXEMBbI UJIU B OKHO IrpauuecKoro n300paxeHus pa-
JTMO3JIEMEHTA,

2 — peKUM PUCOBAHUS JIMHAHA (PEXKUM 3aBEPIIICHUS PUCOBAHUS BRIOUPACTCS
MIPY HAXKATUU NMPABOU KHOMKY MBIIIIHN),

3 — pUCOBaHHE KpyTa WIH JJUTUIICA,

4 — prucoBaHUE MPSIMOYTOJIbHUKA,

5 — pUCOBaHHE JIyTH.

5.3. MNaHenb paboTbl ¢ 6Nokamu

[Tanens paboThl ¢ OJOKAMU UCIOJIB3YETCS MPU MPOESKTUPOBAHUHU CIOXKHBIX U
Oosbmux cxeM (puc. 3).

Puc. 3. 3nauku manenu paboTsl ¢ 6I10KaMuU

[Tanens comepxut 4 3Hauka. Kpatko onuieM Ha3HAYEHHWE 3HAYKOB ATOU Ia-
HEJIH:
1 — pexum nepemenieHus 0J0Ka € AIEMEHTAMH CXEMbI C COXPAHEHUEM COE/TU-
HCHU,
2 — pexXuM TiepeMeliieHus 6J10ka 6€3 COXpaHeHUS! COSTMHEHU,
3 — peKuM KOTMPOBAHUS U MTEPEMEIICHUS OJIOKOB CXEMBI,
4 — BpalIeHUe WK 3epKaIbHOE OTPAKEHUE N300pakeHUsl OJI0Ka.

5.4. NaHenb WWHbLI

[Tanens paboTHl ¢ MIMHAMH HWCIOJB3YETCS MPU CO3IaHUU CXEeM IU(POBBIX
YCTPOMCTB U CJIOKHBIX aHAJIOTOBBIX CXeM (puc. 4).

[Tanens conpepxut 4 3Hauka. KpaTko onuiieM Ha3HaAa4€HUE 3HAYKOB 3TOU Ma-
HEJu:

1 — 3amanmWe MMeHU IIVHLI,

2, 3 — BBOJ OTBOJOB OT IIHUHEI,
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4 — pUCOBAaHNC IUMHBI B OKHC CXCMBI.

1 2 3 4
Lo~ s

Puc. 4. 3nauku nmanenu paboTHI C MIMHAMU

Ecnu npu BBOAe MMEHU IIMHBI Niepe OyKBaMH BBOJIUTH CUMBOJBI """ («rpa-
BHUC»), TO OYKBBI OYIyT BBIBEJCHBI C UEPTOUKAMH CBEPXY.

6. MeHI0 NporpamMmmbl

Kpatko onuiieM TOJIbKO 0COOEHHOCTH MEHIO POrpaMmbl. J{Jisl cTaHIapTHBIX
MIYHKTOB MEHIO UCTIONb3YETCS OOIENPUHATHIA MOPSA0K padOTHI.

6.1. ®ann

Jlanee onucanbl HanOoee BaXKHBIE MOAIYHKTBI MEHIO «Daiii.

6.1.1. MapameTpbl YepTexa

I/ICHOHBS}/}I AUAJIOTOBYIO ITaHCJIb, IIOKA3aHHYIO Ha PHUC. 1, MOKXHO BBCCTH Ha3Ba-

HUE€ CXEMBbI, JaHHBIE aBTOPA, HOMEP TPYIIIBI U T.J. ITU apaMETPbl CXEMBbI MOSIBIISI-
€TCsl B OCHOBHOM HAJITUCU YU4€OHOTO UepTexa.

Mapametpol x

CXEME  QBpaMneHue

MokazaTe

HaumenosaHwe SMEKTPOHMEA 1
BbinanHun 4HMBa

Mpynna 2

Bepoma 1.0

3anaHue 1

TMact 1

HaTta 11 May 2022

OK l OTmeHa

Puc. 1. [Tanens BBOa mapaMeTpPOB UepTEKA

Bri6upas 3aknaaky "OOpamiienue" Ha TUATOTOBOM MaHEIW MOXKHO JI0OaBUTH

paMKy K JJUCTY CO CXEMOH C COOTBETCTBYIOIIUMHU UG POBBIMU U OYKBEHHBIMU CHM-
BOJIAMH, BIMCAHHBIMHU B PAMKY.

6.1.2. AMnopT

Hcnonp3yiiTe 3TOT MyHKT MEHIO JUIsl J0OABICHUS K CO3/1aBaeMOi cxeme Apy-
TOM, paHee CO3JaHHON U COXpaHEeHHOU B BUE (aiina, cxemsl. [locie 3arpy3ku HOBast
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CXeMa BBICBEUMBAETCA KPACHBIM I[BETOM W MOKET C MOMOUIbIO MBIIIU IEepeMe-
1IaThCS B HY>)KHOE ITOJIOKEHUE.

s QuKCUpOBaHUS TMOJIOKEHHUST BHEAPSEMOM CXEMbl HaKMUTE Ha JIEBYIO
KHOIIKY MBI, a JJI OTMEHbI ONEPALMH BHEAPEHHUS BMECTO JIEBOM HAXXMUTE Ha
MPaByl0 KHONIKY MbIIIW. Eciii BHEAPEHHE CXEMBI 3aBEPIIUIIOCH HEYJAYHO, TO BbIOE-
pure "[IpaBka\OT™MeHUTH BBOT'".

6.1.3. AKkcnopT B BUAE PUCYHKa

SKCHOpTI/IpOBaTI) B PUCYHOK MOKHO BCHO CXEMY, BKJIIFO9asA OCHOBHYIO HAAIINCh,
WJIM TOJBKO 4acTh cXeMbl. B IMOCJICAHCM CJIy4dac Tp€6y€TCH MMpCABAPUTCIILHO BBIJIC-
JIUTh B OKHC CXCMbI HYXHYIO YaCTb CXCMBI. I[I/IaJIOFOBOG OKHO HpGO6p&30BaHI/IH B
PHUCYHOK IIOKa3aHO Ha PHC. 2.

FKCMOPT CKEMBI B PUCYHOK *

B pUCYHOK MOMHO NpeodpasoBaTh Kak BCD CHEMY,
TEK 1 BEIAENEHHYHD YaCTh CXEMbI

dopMaT dakna  LBeTHoi PNG 8 Gut w
MacwTab 100 % [)NosepnyTe Ha 90°
Wma daiina  output.png MyTb

OTMeHa SKcnopT l

Puc. 2. JlnanoroBoe okHO MpeoOpa3zoBaHusi B PUCYHOK

MosxHO BeIOpaTh ciienytome gopmatsl rpadguueckoro Qaiina: nsetnoit BMP,
nsetHoit PNG 8 6ur, nusernoii PNG 24 out, nsetnoii JPEG, nBetnoit GIF, niseTHoM
EMF, gepno-6enbiii BMP, uepHo-6enbiit PNG 8 6ut, uepno-6ensiii PNG 24 our,
yepHo-6enbiit JPEG, yepno-6ensrit GIF.

JIyist ynoOCTBa MCTIOIB30BAHMS SKCTIOPTUPYEMOTO PUCYHKA B TUAJIOTOBOM IMa-
HEJIM MOXHO YKa3aTh MOBOPOT pucyHkKa Ha 90 rpamycos.

[Ipu sKcIOpTE MOKHO M3MEHUTH MaciTad pucynka. Eciu mpeobpa3oBeiBaeTCs
BCS CX€Ma, TO MacIITadupyeTcss BECh PUCYHOK B IieioM. Ecimm skcmoptupyetcs
4acTh CXEMBI, TO npu Macirade, MenbiieM 100%, pucyHok obpesaercs (mpeodpa-
30BaHHE B PUCYHOK MTPOUCXOUT TOJIBKO TSl BEpXHEH JIEBOW YaCTHU PUCYHKA), a IPH
Mmacmirade, 6onbiiem 100%, cipaBa u cHu3y no6asstoTes noss. [locneanuii Bapu-
aHT TPeoOpa30BaHUs B PUCYHOK YJ00HO MCTIOIB30BaTh JIJIsi COXPAaHEHUS PUCYHKA C
YCJIOBHBIMHA O0O3HAYCHUSIMHU SJIEMEHTOB, KOTOPHIE, KaK MPABWIIO, PACTIONATAIOTCS
crpaBa u BHU3Y U ipu 100% macimTrabupoBaHUM MOTYT OTCEKATHCS.
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6.1.4. NMevaTb

[TeyaTh cxeMbl IPOU3ZBOAUTCS C UCIIOJIH30BAHUEM CTAHIAPTHBIX METOJIOB OIle-
paronHo# cuctemMbl Windows. OKHO meyaTy oKa3aHo BhIIIE Ha puc. 4.7.

6.1.5. MapameTpbl cTpaHULbI

Pa3Mep cTpaHullbl, yKa3bIBa€MbIil B ’TOM MYHKTE MEHIO, OJTHOBPEMEHHO OIpe-
JensieT pa3Mep okHa cxeMmsbl. [1o ymouanuio ucnosb3yercs ctpanuia A4 B anb00M-
HOM (opmare (puc. 3). Takoi pazMep, Kak TPaBUIIO, TOCTATOYCH IS CO3AaHUS
y4eOHBIX YepTEKEH.

MapameTpel CTPaHWLE -
CTpaHvua Pazmep
O A4 (O KHiokHan " -
HMPHMHE MM
A3 O ancbomnan —
(A2
e Boicota 210 MM
(_JAl —

Q) Bzatk oT npuHTEpPa

COTMeHa Brifop npuHTEPS

Puc. 3. JInamoroBoe 0KHO yCTaHOBKHM MapaMETPOB CTPAHUIIBI

[Ipu ncronbp30BaHUKU MOHUTOPA C OOJIBIIION TUATOHAIBIO JJISI PUCOBAHUS 00JIb-
IIMX CXEM MOYKHO 33/aTh YBEITMYEHHBIN pa3Mep cTpaHulibl oT popmara A3 1o dop-
Mmara Al.

HmeeTcs BO3MOXXHOCTB COTJIACOBATh pa3Mep CTPaHUIIBI B Tporpamme USpice u
pa3Mep CTpaHuIlbl, 3aJJaHHOM [Tt TpuHTepa. [IpryeM 171st pa3HbIX TPUHTEPOB MOTYT
OBITh 3aJ1aHbI pa3HbIe (POPMATHI CTPAHUIL.

6.2. MpaBka

I[anee OINIHUCAaHblI TOJBKO HaI/I60JIee 3HAYUMBIC U OPUTHHAJIBHBIC IOJIIYHKTBI
MeHIo «IIpaBkay.

6.2.1. MpoBepuUTb cxemy

[lepen npoBeeHNEM pacy€TOB PEKOMEHIYETCS IPOBECTU MTPOBEPKY CXEMBI Ha
Haju4ue rpyobix omuOoK. B AranoroBoit maHenu, noka3aHHOM Ha puc. 4, peKOMEH-
NyeTCsl OTMETUTh Bce MyHKThI. Kak mpaBuio, OOJBIIMHCTBO BBISIBIEHHBIX OLIMOOK
OyZAeT MOKa3aHo ClEelUaJIbHbIMA CUMBOJIAMU Ha CXEME YCTPONCTBA.

71



uSpice

Mpoeepra cxembl >

Ol

B 0 yonvposarne obosHageH:

B HenoaknoHeHHsIE 3NEMEHTE
B HenoaknoyenHas Lens
B HexoppexTHee oBozHaYEHMA

MpeaynpexaoseHua

B VcTounMK CORAMHEH C MCTOHHHKOM
B VcTouniK MOAKNIDYEH K BEINOAY
B Brixon coenuHEH © BbixOLOM

8 Buixon He cBA3EH Co BXO0OM

B HenoaknmouerHsIE NoACKEME!

B Nepeonpenenstie MMEHM LEMW

B HexopperkTHOE MMA LEMKM

Puc. 4. [Inanorosast naHeab TPOBEPKU CXEMBI

6.2.2. O003Ha4YeHUA 3NNIeMeHTOB CXeMbl

Hym™mepanus 3neMeHTOB cXeMbl TPOBOAUTCS aBTOMATHYECKH IIPH 3aITyCKE pac-
yeTa cxembl. [Ipn HeoO0X0AUMOCTH MOKHO MPOBECTH MHIUBUYAIbHYIO MIEpEHyMe-
paIMIo 3JIEMEHTOB CXEMBbI, UCIOJb3ysl MeHIO0 "IIpaBka\llepeo003HAYUTH AIIEMEHTHI
cxeMbl". COOTBETCTBYIOIIAS JUAJIOTOBas MAHEIb TOKAa3aHa Ha puc. J.

(B03HaYEHNA INEMEHTOE X
O MporymeposaTe:

() ¥aanuTs HyMepaLwio Cancel

DBo03HEYEHWA

(") Bee ofozHaueHHs
O He npoHyMepoBaHHEIR
() ¥YrazaHHee L2

B Ha ecex nucTax

HomMepa

© Hymepawsa no yMonqaHHD

(JHavate cromepa 1

MpOHYMEDOEATE MEILIKDIA

HyMepaLwmA KypropoM MBILLKK

Puc. 5. /lnanoroBas naHeiib 0003HaAYCHUS SJICMCHTOB
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NHauBHyanbHYO IEPEHYMEPALUIO PaIU03JIEMEHTOB MOXHO IIPOBECTH C T0-
MOIIIbIO Kypcopa MbIIKHY (KHOMKa "HyMepanus kypcopom MbIuku" Ha puc. 6). [Ipu
3TOM, HaKUMas ITPaByI0 KHOIKY MBIIIH, y1aJsi€eM CTapoe 0003HAUYECHHE IEMEHTA, a
Ha)KUMas JIEBYIO KHOIIKY MBIIIH, YCTAHABIMBAEM HOBBIII HOMEp 3JIEMEHTA.

[lepen pacueToM aBTOMATUYECKYI0 HYMEPALMIO 3JIEMEHTOB CXEMbI MOKHO
MIPOBECTH, BHIOMpas 3HaUOK R? Ha maHeln HHCTPYMEHTOB.

6.3. Bup

BreiObupasi 3TOT MyHKT MEHIO, MOXXHO M3MEHUTh MacmTad W300pakeHHs, a
TaKXKe ClIeJaTh BUTUMBIMHU WM HEBUAUMBIMU JIMAJIOTOBYIO MaHEIh JIEMEHTOB, I1a-
HEJIb CXEMBI, [TaHeJb 3HAYKOB IpadUuecKuX MTPUMHUTHUBOB, TAHEIIN 3HAYKOB IITMHBI U
6510k0B. OTMETUM, YTO MAcIITad CXEMbl MOXKHO TaKX€ W3MEHHUTh, HAKMMas KJia-
Buinu Page Up, Page Down uinu ucnonb3yst 3Ha40K C U300paskeHUEeM JIyIbl Ha Tia-
HEJIU UHCTPYMEHTOB.

6.4. AHanu3

[Iporpamma uSpice mo3BOISIET MPOBOAUTH YETHIPE OCHOBHBIX BHJA aHAIM3a!
MCCJIEIOBAHNE TIEPEXOIHBIX MPOIECCOB BO BpeMEHHOM o0acTH (pexxum Tran), pac-
YeT CXEM METOJIOM KOMIUIEKCHBIX aMIuTy (pexum AC), pacueT paboueit TOUKH
Ha MOCTOSIHHOM Toke (pexkum OP), MHOrOBapraHTHBIN pacyeT Ha MOCTOSTHHOM TOKE
(pexum DC).

Kpowme 310r0, C MOMOIIIbI0 MporpaMMbl uSpice MOKHO paccuuTaTh KO3 huUIiu-
eHT rapmonunudeckux uckaxenuit (KI'M), mpoBectu muckpetrHoe mnpeodOpa3oBaHUe
®Oypre (JI1D) unu 6picTpoe npeodpazoBanue Oypre (BIID), a Takke HalWTH OrU-
OaronIyro u Gazy aHAIUTUYECKOTO CUTHAJA.

6.5. Bubnuorteka

6.5.1. AnemeHTbI B cocTtaBe UC

DTOT MyHKT MEHIO CTAHOBUTCSI aKTUBHBIM TOJIBKO TPHU PEIaKTUPOBAHUU U300-
paxkeHus dneMenTa. OH UCMONIB3yeTC s, KOTJja TpeOyeTCsl yuecTh HaTudrue HECKOJIb-
KHX AJIEMEHTOB B COCTaBe OAHOr0 Kopmyca unrerpainbaoi cxemsl (MC). IIpu cozna-
HUM n3o0paxkeHus takor MC tpebyeTcs BBECTU UMCIIO DJIEMEHTOB, COEpIKaIeecs
B kopryce MC. Ilpu BeIOOpEe 3TOrO MyHKTa HEOOXOAMMO MPOBEPUTH OTMETKY Y
NyHKTOB MeHI0 "OnuHakoBbie 31eMeHThl B coctaBe MC" u "DieMeHThl B cocTaBe
NC paznuunst”. Eciin n300pakeHust 3JIEMEHTOB OJMHAKOBHI, TO 3TH AJIEMEHTHI OT-
JIMYAIOTCS TOJIBKO pa3HbBIMU HOMEPAaMHU BBIBOJIOB.

N3ob6paxenne kaxaoro snemenTa B cocraBe IC 10mkHO ObITH MPEACTaBICHO
Ha OTJIeTIbHOM JiucTe. [Ipu ncrmonp30BaHNM TaKMX JIEMEHTOB B CXeMe K UX 0003Ha-
YEHUI0 HeoOXoammo mo0aBmsaTh OykBel A, B u 1.1, Kak mpaBwmio, y mepBoro
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snementa B UC pekomeHyeTcsi HapuCOBaTh BBIBOJbLI MUTAHUS, KOTOPHIE MOKHO
clenaTh BUJIMMBIMU MPU BBIOOPE COOTBETCTBYIOIIECH OMIIUU B TUAJIOTOBOM OKHE
CBOMCTB DJIEMEHTA.

6.6. AkcnopT

I{anee OIIMCaHbl OCHOBHBIC ITOAITYHKTBI MCHIO ((SKCHOpT».

6.6.1. Cozpatb chann ana PCB-nporpamm

[Iporpamma uSpice Mo3BoJIsieT co3ath (Gailyl ¢ JaHHBIMU JJII HEKOTOPBIX MO-
MYyJIAPHBIX MPOTPaMM Pa3BOJKU MEYATHBIX IUIAT. J[Ji1 TOro HE0OXOIMMO CO3/1aTh
cxemy ¢ 0e301TMO0YHO COCTMHEHHBIMU JIEMEHTaMH, KOPPEKTHO J0OABUTh aTPUOYT
"Package", onuchIBaromuii TUII KOpITyca parodJIeMEHTa, U BbIOpaTh TPeOyeMbIii
dbopmart BbIXOgHOTO (ailina /i MporpaMMbl pa3BOJKH MeYaTHOW IuiaTel. B mpo-
rpaMMe pear30BaHbI cleayromme popMatsl BeixoaHoro ¢aitia: PADS-PCB, Eagle
SCR u Protel.

6.6.2. Co3patb nepe4vyeHb 3JIEeMEHTOB

HepequL QJICMCHTOB CO31aCTCA B BUAC TCKCTOBOI'O (baﬁﬂa H COACPIKUT OTCOP-
TI/IpOBaHHbII\/JI CIIMCOK BCCX PAANOIJICMCHTOB CXCMBI.

6.6.3. Co3paTtb pann onncaHua cxembl

Daiin onMCcaHusI CXEMBI C PACIIMPEHUEM .Cir COAEPKUT CTAHIAPTHOE, TIOCTPOU-
Hoe SPICE-onucanue anekTpoHHOM 1enu. B KaXk10ii CTpOKe TaKOTO ONMUCAHHUSI TIPH-
BOAUTCS WH(GOpPMAIUS O TUIIE dJIEMEHTa, 00 y37axX, K KOTOPhIM OH TOJKIIIOYEH, O
nmapaMmeTrpax 3JieMeHTa W T.m. J[Js MoAmepKKu Takoro OMWCaHUS B MPOrpaMme
uSpice Ucnoib3yeTcs: OubdMoTeKka 3J1eMeHToB, cojepkaias SPICE-onucanue na-
pamMeTpOB IIEMEHTOB.

6.7. MapameTpbl

Jlanee onucaHbl OCHOBHBIE MOAIYHKTHI MeHIO «IlapameTpsi».

6.7.1. MapameTpbl aHanu3a

[Tpu BEIOOpE 3TOTO IMyHKTA BBI3BIBACTCS TUATIOTOBAS MTAHEIb OIIIHIA C HECKOJTb-
KUMH BKJIaaKaMu (puc. 6). Iy BBITIOIHEHNUS YYCOHBIX 3aaHUK 3T OMIIUU HU3Me-
HATh HE pekoMeHayeTcs. Kak mpaBwito, Bce yueOHBIC 3aaHUs YCIICIITHO BBIITOJTHS-
IOTCS C OTIIMUSMH TI0 yModaHuto. [lapaMeTpsl aHaM3a MOKHO U3MEHSATH TIPH TIPO-
BEJICHUH CTYy/ICHTAMU HAYYHO-UCCIIEIOBATEILCKON paOOTHI.

SPICE-uncTpyKIus 1ist ©3MEHEHHs MapaMeTpOB pacuera B IporpaMmme uSpice
UMEET BUI:

.OPTIONS OPT1=0OPTVALl OPT2=0PTVALZ ...
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3nece OPT1, OPT2, ... — omnrmuu, u3MeHsOM#ME mapaMmeTpsl pacyera, OPT-
VAL1, OPTVAL2, ... — 3HaueHus mapameTpoB.

Onuwn aHanuza >

Pemm Tran  Pewam DC v O YoTpodicTea  Ofwme

M4 250
MAXORD 2
TRTOL 1
DAMPING 0
METHOD 1

Mo YyMONYAHHKD

OK l OTMeHa

Puc. 6. Jluanoroas maHelb OMIIUN aHAJIN3a CXEMBbI

[TonpoOHOE onucaHue OMIMK MPUBEICHO B JIUTEPATYpE, YKa3aHHOM B KOHLIE
JTAHHOU paboTHI.

6.7.2. MNoka3aTb CeTKy

[Ipu BeIOOpE ATOTO MyHKTA MOKA3bIBAETCA CETKA, €CIU €€ He ObUIO B OKHE
CXEMBbI, WIH YAAISIETCS CETKa, €CJI OHa ObLTa B OKHE CXEMBI.

6.7.3. MpuBA3aTb K ceTke

HpI/I Bb160pe 9TOI'0 ITYHKTA BCC pa3MCIIaCMbIC HA JIMCTC CXCMBbI 3JICMCHTHI BbI-
pPaBHHUBAIOTCA I10 CCTKE.

6.7.4. YcCTaHOBKU pefakTUpoBaHUA

C noMoipto, MOKa3aHHOW Ha pUcC. 7 AUAIOrOBOM MMaHENN, MOKHO YCTaHOBUTh
napameTpbl CETKH, pa3Mepbl B MIJUIMMETPAX WM J0Max, IPaBUiia COEAMHEHUS U
aBTOHYMEPALIUX JIEMEHTOB, PEKUM aBTOMATHYECKOTO COXPAHEHUS.

OTmeTHM, 4TO MpHU paboTe ¢ MPOrpaMMO PEKOMEH TyEeTCsl yCTAHOBUTH OIIIUIO
"IIpuBsizath k ceTke" ¥ BEIOpATh MEJIKHM MacIITad CeTKH (MUHUMABHBIN 1IAT CETKU
paBeH MPUMEPHO | MMm).

[Tpu paGoTe ¢ ycIOBHBIMH rpauuecKUMU 0003HAYEHUSIMHU IJIEMEHTOB PEKO-
MEHY€ETCsl yCTaHOBUTH napameTp «Iloka3biBaTh CETKY».
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Onuuu aHanuza X

CETKE  ZJneMeHThl  ABTOCOXPEHEHWE

LLlar ceTkM

MNPMBAZETE K CETKE
() Lar CETHM Mo YMOAHEHHHD

0 Menkwit war ceTrm

() YETaHoBMTE War 1 MM

Pazmepsl

© 5 MunnumeTpax

(B nmiimax

Puc. 7. lnanmorosas naHeab yCTAHOBOK PENAKTUPOBAHUS

6.7.5. LiBeTa

C noMomibro N300pakeHHON Ha PUC. 8 MaHEI MOKHO MEPEyCTAHOBUTH 1BETA
OCHOBHBIX 3JIEMEHTOB UHTEpdeiica MpOrpaMmal.

WMenonesyemele ugeTa -
LeeT
MPOE0AHMIKH _ Kopryc 1 T.m. _
¥3nel _ LLMHBI _
HeT coegmHeEHUA _ BriBoak _

OTmena Mo yMonYaHu

Puc. 8. Ilanens BIOOpa 1IBETOB JIJIs1 OCHOBHBIX 3JIEMEHTOB HHTEp(deiica

IIPOrpaMMBbl

6.7.6. KoopauHaTbl Kypcopa

[Ipu BBIOOpE ATOrO MyHKTA HAJ OKHOM CXEMBbI MOSBISETCSA JIONOJHUTEIbHAS
naHeslb ¢ KOOpAUHaTaMu Kypcopa (puc. 9).

119.00, 45.00 MM

Puc. 9. I1anens KoOpAMHAT Kypcopa B OKHE CXEMBI
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Ha manenu oToOpakaroTcs TEKyIIUME TOPU30HTAIbHBIE U BEPTUKAIBHBIE KOOP-
JVHATHI KypCcopa COOTBETCTBEHHO.

6.7.7. lopn3oHTanbHasa BUIUPHaA NMNUHUA

[Ipu BBIOOpE TOTO MyHKTA B OKHE CXEMBbI MOSBIISIETCS] TOHKAsI TOPU30OHTAIbHAS
auHus. HaxkaB JieByto KJIaBUIIY MBIIIHU, 3Ty JIMHUIO MOKHO 3a()UKCUPOBATH B OKHE
cxembl. [Ipu MOBTOPHOM Ha)KaTHU JIEBOM KHOIKH MBIIIIH, KOTJIa KypCOp pacIoioxkeH
Ha JIMHUH, €€ MOKHO MepeMeniaTh.

BusupHbie TuHUM yA0OHO HCIOJIB30BaTh MPHU PACHOJIOKEHUU OJHOTUITHBIX
AJIEMEHTOB Ha OOJIBIIIOM JIUCTE cXeMbl. HasknMast mpaByro KHOTIKY MBIIIIN WIJIA HAXKU-
Mas kiaBuiry Esc, BeIxoaum u3 pexuma paboThl C BUSUPHON JTUHUEH. Y CTaHABIH-
Bas Kypcop Ha BUUPHOM JIMHUU U HAKKUMAas MPaByI0 KHOIKY MBIIIX, TOTYYUM KOH-
TEKCTHOE MEHIO, UCIIOJIb3Ysl KOTOPOE MOKHO YIAIUTh BU3UPHYIO JTUHUIO.

6.7.8. BepTukanbHaa BU3NpHas JINHUA

[Ipu BEIOOpE 3TOTO MyHKTa B OKHE CXEMBI MOSIBIISICTCS BEPTUKAIbHAS BU3UPHAS
auHusl. HaxkaB J1eByt0 KJIaBUIITY MBIIIHU, 3Ty JIMHUIO MOKHO 3a()UKCUPOBATH B OKHE
cxeMsbl. [Ipy TOBTOPHOM Ha)KaTUM JIEBOM KHOIIKM MBIILIH, KOTJ1a KypCOP PaCIIOI0KEH
Ha JIMHUY, €€ MOXHO I€peMeNaTh. Y CTAHABIMBAs KypCcop Ha BU3UPHOU JINHUU U
Ha)KMMasl [PaBYI0 KHOIIKY MBIIIH, BbI3bIBAEM KOHTEKCTHOE MEHIO, C IIOMOIIBIO KO-
TOPOTO BU3UPHYIO JINHUIO MOXKHO yAAIUTh.

Haxumast mpaByr0 KHOIIKY MBIIIM WIA Ha)KMMasi KjiaBuily Esc, BRIXOIUM U3
pexkrma paboThl C BUSHPHOMN JIMHUEH.

Busuphbie TuHUM yA00HO HCIOJIB30BATh MPHU PACTOJIOKEHUU OJHOTHITHBIX
AJIEMEHTOB Ha OOJIBIIIOM JINCTE CXEMBI.

6.7.9. Hymepauusn

I/ICHOJ'H)BYH 9TOT IYHKT MCHIO, MOKHO U3MCHATD MMOPAAOK HyMCpallun 3JICMCH-
TOB 1 Y3JI0B, d UMCHHO, — BBI6paTI> HyMCpalnto C YBCIIMYNBAIOIIUMCA HUIIN, Ha000-
pPOT, ¢ YMCHBITNAOIIUMCS 3HAYCHUCM MHICKCA.
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