Onucanue nporpaMmsbl USpice

v 2,
1§09
T
{19

MockBa
2023



uSpice

AHHOTAIIMSA

[IpuBeneno omucanue y4eOHOUM NporpamMmbl uSpice, MpeaHa3Ha-
YeHHOW IS MU(POBOTO, aHAJIIOTOBOTO M PaTMOYACTOTHOTO CXEMOTEX-
HUYECKOTO MOJICJIMPOBAHUSI.

[Iporpamma uSpice 3HAKOMHUT CTYJEHTOB C COBPEMEHHBIMU KOM-
NBIOTEPHBIMU METOJIaMH MPOCKTUPOBAHUS PATUOAICKTPOHHON amnmapa-
Typbl. [Ipu 3TOM pa3BUBAIOTCS YMEHUS W HABBIKU HCCIEIOBATEIIbCKOM
paboThl, UHTEHCUDUIIMPYETCS HHAMBUAYyadbHas paboTa Hall y4yeOHBIM
MaTepHaJIoM, TI0JIb30BATENIM 3HAKOMSITCSI C pa3HOOOPa3HOI COBPEMEHHOM
AJIeMEHTHOM 0a30# U co croco0aMu ee MPUMEHEHUSI.

PaGota mporpammbl TpoBEpeHA B OINEPAIMOHHBIX CHCTEMax
Windows 7/8/8.1/10/11. IIporpamma umeer HeOObIION 00BEM, paBHBIN
npumepHo 10 merabaiiT (B apxuBe), yCTaHaBIMBAETCSA MPOCTHIM KOITH-
pPOBaHUEM B 33/IaHHYIO TATIKY, UMEET PYCCKUM HHTEPQEIC U pyKOBOACTBO
MOJIb30BaTelNsl ¢ (paiiIoM MOMOIIM Ha PycckoMm s3bike. O003HaYeHUs pa-
nrosaeMeHToB cooTBeTcTBYIOT ECK/I.

Hywmeparus ¢popMynn, pUCyHKOB M TaOIHI] BHYTPU Ka)KIOW TJIaBbI
OMHCaHUs HauMHaeTcsa 3aHOoBO. [Ipu ccbiike HA GHOpMyITy, PUCYHOK WU
TaOJNMIy W3 JIPYyrodl TJIaBbl YKa3bIBAIOTCS COOTBETCTBYIOIIMN HOMED
TJIaBbI.
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bbicTpoe Hava0

1. BbiCcTpOe Ha4yano paboTbl C
nporpammomn uSpice

1.1. FnaBHOE OKHO NMporpamMmbl

[Iporpamma uSpice npeaHa3HaueHa JjIsi CXeMOTEXHUYECKOTO MOIETMPOBAHUS
ANEKTPUUECKUX IIeNel, BKIoYas paarnodyacToTHble 1enu. C ee MOMOUIBI0 MOKHO
pacCYUTHIBATh MPOILIECCHl B JTMHEWHBIX U HETMHEHWHBIX aHAJIOTOBBIX U IU(POBBIX
HEMsX, aHAIM3UPOBaTh MUGPOBBIE (PUIBTPBI, OCYIIECTBIATh JUCKPETHOE MPeoo-
pa3oBaHKE CUTHAJIOB. [ TaBHOE OKHO ITPOrpaMMBbI ITOKa3aHO Ha puc. 1.

CoegWHeHHe BeiGop pexuma

Kopnyc BBOg TeKkcTa

£ uSpice-[1 npoBoAHMKAMM aHanuza AC x
#8 ®aiin Mpaexa Bug bw a Ixcnopt gnmz  Mapamerpor  Oxna - &8 =
P
nm;c:;ﬁ aneveiTa s & kY4 o e |@Q AT 5 R?| T AC 0P DC | K ol g | ¥
A
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+ 1 1 102285
0
D 1&-3
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o 171679
DUAsTp Kayapa 3 Nopagka,
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u Doty dea | BeiGOp 3nemeHTa 141208 028379 | w1 26
B
Multipler - ideal M3 GUEMUOTEKK S i
Summer - 2input il . -
Summer - 3 input L= + S
Summer - 4 input 043755 0
Summer = 5 input Sheree :
Umbposoii gunsTp - Palync
48 INEMEHTE (4)
BuGnuorteka
aNeMeHToB I

I \ e, 1fJ
Nuer cxemel I» OKHO cXemMbl
Puc. 1. 'maBHOE OKHO TIporpaMMbl uSpice

Menio kKomanO HAaXOOWUTCS B BEPXHEW 4YaCTU TJIABHOTO OKHA MPOTPAMMBI.
[lepBoHavasibHO paboTa ¢ MPOrpaMMOM, Kak MPaBUIIO, HAYMHAETCS C BBIOOpa
nyHKTa MeHio "®ain" u ¢ 3arpy3Ku U3 nanku npuMepos (mamka .\Examples) oxtoro
u3 (paityioB, ¢ ONMHUCAHUEM CXEMBI TUTIOBOTO PAHO3IEKTPOHHOTO YCTPOUCTBA.

Ilanenv uncmpymenmos (IMHEWKa 3HAYKOB) PACIIONAraeTcs BbIIIE OKHA CXe-
Mbl. [laHenb MHCTPYMEHTOB, KaK MpaBWiIO, AyOIMpyeT Hambojee 4acTo MCIOJb-
3yeMbIe KOMaH bl MEHIO.

OKHO cxembl 3aHUMAET OCHOBHYIO O0OJIaCTh OKHA Mporpammbl. B 3Tom OkHe,
UCIIOJIB3YS PAIMO3IEMEHTHI U COCIMHUTEIBHBIE IPOBO/IA, CO3/IAI0T U PEIAKTUPYIOT
anekrpudeckue cxembl. Ha puc. 1 mokazana cxema nudposoro guiustpa Kayspa
3-ro mopsiaKa.
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Huanoeosas namenv 6bloopa s1emeHmos o yMOTUYAHUIO PACTIONaraeTcs clieBa
oT okHa cxembl. C MOMOIIBIO TON MaHeNHu BhIOMpaeTcs Tpedyemas OubInoTeKa u
3aTeM W3 OMOIMOTEKH BHIOMpACTCs HYXKHBIM paauodaeMeHT. M3o0pakeHue BHI-
OpaHHOTO paJMOdJIEMEHTa TMOSBISETCS B OTACTHLHOM OKHE 3TOW JUAIOTOBOH IMa-
Henu. Ha pucyHke BBIIIE B OTJICTPHOM OKHE MTPUBEICHO H300payKEHUE BHIOPAHHOTO
B OMOIMOTEKE YMHOXKUTENS IUPPOBOTO (HUIBTpA.
PaboTa ¢ mporpammoii uSpice BKIIOYAET TP OCHOBHBIX 3Tara:
— CO3JIaHUE CXEMBI;
— BBIOOp BHJIa aHAIHM3a U YCTAHOBKA MapaMeTPOB pacyeTa;
— pacyeT MpoIecCcOB, MPOTEKAIOIINX B UCCIEAYEMOM yCTPOIMCTBE, U BBIBOI
pe3yNbTaTOB pacyeTa.
PaccMoTpuM OCHOBHBIE ATalbl CO3/IaHUA U aHaIM3a cxeMbl. [lycth TpeOyeTcs
UCCIIEZIOBATh MIPOLECCH B MPOCTOM CXeMe, COoAepKallel MOoCIeI0BaTeIbHO COeIH-
HEHHBIC TPU PAIUONIEMEHTA: HICTOYHUK HAIIPSIKEHUS, PE3UCTOP U KOHACHCATOP.

1.2. BbicTpoe co3paHne CxXxeMbl

Bri6epem 6ubmoteky "McTouHUKHK", 3aT€EM OTMETHM 3JIEMEHT 3TO OHOIMO-
teku "DC Voltage-ideal" u, Haxonern, mepemerias MbIlIb, TOMECTUM HCTOYHHUK
HaIpSDKEHUST B OKHE CXEeMBI (puc. 2).

uSpice - [rucad1 *] — O *
#f ®aiin Mpaska Bua BwBnvotexa 3Skcnopt Awanuz Mapamerps Oxna  Crnpaeka - 8 X

’jﬁﬁ:” .:5|é; kodm L= |[EQ A= R? | T Ac &b Oc | & o 6
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=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 -

uSpice

Puc. 2. BBI60p " pa3sMCHUICHUC UCTOYHHKA ITOCTOAHHOI'O HAIIPAXKCHUA

HpI/I H€06XOI[I/IMOCTI/I ITOJOXCHHUE JJICMCHTA B OKHC CXCMbI MOKHO M3MCHUTD,
BBIACIIAA €T0 JIEBOM KJIaBMILIEH MBI U nepeMenias ¢ mOMOIIbIO MBIIIIKM Ha HOBOC
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MeCTO. AHAJOTMYHO, UCcoNb3ysa 6ubmuoTeky "RLC", pa3merniaeMm B OKHE CXEMBbI
KOHJICHCATOp U PEZUCTOP.

fiuF uSpice - [rucad1*] - O x
#2 ®aiin Mpaexa Bua BwBnmoteka 3wcnopr Awanuz [Mapamerper Oxwa Cnpaska - & x
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Puc. 3. BBI60p " pasMCUICHUC PC3UCTOPA U KOHACHCATOPA U YCTAHOBKA
AMIUIATY bl HAIIPSIKCHUA UCTOYHHUKA
&} uSpice - [rucad1 7] - O X
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(&) Auoasi (8) =
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20 MArr A e o\ £~
4 » [\ Jner 1 / _l o
uSpice

Puc. 4. Pazmenienue 3Hauka kopiyca

Boigensst 31eMeHT JIEBOM KJIABUILIEH MBIIIN U HCIIOJIBb3YyA aBTOMAaTHYCCKU I10-
ABIIAIOIIYIOCA AMWAJIOTOBYIO ITAHC]Ib, MOXHO HM3MCHUTL IIapaMCETpPbl JOJICMCHTA.
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Hanpumep, y ucToyHMka HampsbkeHus yctaHoBuM mapamerp "AC Magnitude™
paBHBIM 1 BOJIBT (puC. 3).

[Ipu MalmIMHHOM MOJEIUPOBAHUU UCIIOIB3YIOTCS Y3JIOBbIE HaNpshKeHus (y3-
JIOBBIE MTOTEHIIUAIIBI ), OTCUUTHIBAEMbIE OTHOCUTENIBHO Kopmyca (3emin). [ToaTomy B
CXEeMY JIOJKEH ObITh MTOMEIIEH €111 OJIUH AJIEMEHT — KOpITyC (3a3eMJIeHHE). 3HaYOK
KOpITyca BBIHECEH Ha MaHeNb 3HA4KOB MporpaMMbl. C OMOIIBIO MBIIIU PACIONo-
KUM KOPITYC B HI)KHEW 4acTH cXeMbl (puc. 4).

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

g8 OQaiin MNpaeka Bua Bubauorexa Ixcnopr Awanus [Mapamerper OkHa Cnpasxa - || &) X
o = o o
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Awoae: (8)
Anvrsie nm (2)

1Arrai e 1O\

et

-+

IlllllllIIIlllllllllllllllllllllllllllllIl"l'llllllll'llllllllll'llll'l TE

\nucr 1 /_]

uSpice
Puc. 5. Coequnenne npoBOJHUKaAMU

OcyIiecTBUM COSTUHEHNE IJIEMEHTOB MTPOBOIHUKAMH. (7151 3TOro Ha)xumaem
Ha 3HAYOK MPOBOJHUKA HAa IMAaHEIH MHCTPYMEHTOB (pHUC. 5). 3aTeM C MOMOIIbIO
MBIIIM, HAYWHAsI C BBIBOJA OJHOTO AJIEMEHTA W JI0 KacaHHWs KypCOpOM BBIBOJA
JPYTOTo JJIEMEHTa, pa3MelacM IMPOBOTHUKH CXeMbI. [Ipy prucoBaHMH IPOBOTHUKOB
Ul PUKCAIMK YIAYHOTO TIOJIOKECHHSI TIPOBOAHUKA PEKOMEHIYETCSI BPEMEHHO OT-
MyCTUTH JICBYIO KJIABHIITY MBIIIM W 3aTeM, CHOBA Ha)kaB JICBYIO KJIABHUIITY MBIIIH,
MPOJIOJDKATh PUCOBAHWE MPOBOJHUKA. JomycKaeTcsi COCMMHEHHE 3JIECMEHTOB Ka-
CaHUEM KOHIIOB BBIBOJIOB 3JIEMEHTOB JPYT C JPYTOM.

[Tocne MOATOTOBKH CXEMBbI TPEOYETCS OTMETHUTBH Y3JIbI, Ha KOTOPBIX OyayT
PacCUYMTHIBATHCSA MHTEPECYIOIIKE HAC Y3JIOBbIC HANpshKkeHUs. [TycTh TakKuMu y31maMu
OyayT BEpXHUH BBIBOJ MCTOYHHWKA (HAMpsHKEHHE HA 3TOM BBIBOJIE, PaBHOE Hampsi-
KCHHUIO MCTOYHHKA, HAM TMOHAJOOMTCS JJIi CPAaBHEHHUS) M BEPXHUU BBIBOJ| PE3U-
cTopa.

DTH y37bl OTMEYAEM, UCIIONb3Ys 3HAYOK METOK =~ Ha MaHeJId HHCTPYMEHTOB
mporpamMmbl. C MMOMOIIBIO MBIIITH PACTIONIOKHAM JABE METKH M1 1 M2 Ha BXoje U

8
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BBIXOJIE CXEMBbI. 3aMETHM, YTO IOCJEe BBOJIa METKM M1 cCHOBa Bpy4HYIO BBOJIUTH
BTOPYIO METKY M2 He HYXHO. Eciii B KOHIIe TeKkcTa METKH 3anucaTh Hudpy (uenoe
YHCJIO), TO MOCJE YCTAHOBKHU MEPBOM METKU UPpa (YUCI0) METKH aBTOMATHUYECKU
u3MeHsieTcs Ha Oounbinyio 1udpy (6ompiiee ynciao). OOHOBIEHHYIO METKY ycCTa-
HABJIMBAE€M HAa HOBOE MECTO.

i uSpice - [rucad1*] - O X

#1 Oaiin Mpaexa Bug BuBauoreka 3kcnopr Awanus [Mapamerpsi Oxkna  Cnpaeka - & x

N5 e[k, + oL =@ A x

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

. 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
BunonspHbie TpaHsucTopel (7)
Awvoae: (8)

AnuHHbie nnHim (2)
WUrroumuku (Q)

-

[+ [+ -+

\ﬂuc‘r1/J
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Puc. 6. YcTtaHoBKa METOK

B 3aBepiiieHre MOKHO MPOHYMEPOBATH IJIEMEHTHI CXEMBbI, HAXKUMasi 3HAYOK
R? na manenu uHcTpyMeHTOB. OTHAKO ATOT LIAr MOXHO MPOIYCTUTh, T. K. TIEpe]l
pacyeToM CXeMbl Takasi HyMepalusi MpoBOAUTCS aBTomarnuecku. Eciu Tpedyercs
HECTaHJapTHasE HyMepalus, TO €€ MOXXHO peajn30BaTh, OOpamasich K MEHIO
"[IpaBka" u BeIOMpast 3aTeM MyHKT "[lepeo003HaYUTh SJIEMEHTHI CXEMBHI...".

1.3. BbiOOp BMAa aHanu3a U ycTaHOBKa nNapameTpoB
pacuyeTa
Jlis mpoBefeHUs aHadU3a MEPEXOAHBIX MPOIECCOB B CXEME Ha)XMMaeM Ha
3Ha4YOK ¢ OykBamH I maHeslu MHCTPYMEHTOB. B mosiBUBIIEMCS TUAIOrOBOM OKHE
(puc. 7) ocTaBUM BCe MMapaMmeTphl pacueTa MO0 YMOJYAHHIO, 32 HCKIIIOUEHUEM
HaYaJIbHBIX YCJI0BHM. BbiOepem pacyeT ¢ HyJeBbIMU HaYaIbHBIMU YCIOBHUSIMH.

1.4. dtan pac4yeTa 1 BbiBOAa pe3ynbLTaToB

Haxxumass Ha kHomky "Pacuer" nuanmoroBoil maHenw 3amyckKaeM MOAIPO-
rpaMMy aHajimu3a uXSpice, KOTopas MPOBOJUT pacueT MEepPeXOAHBIX MPOLECCOB,
IPOTEKAIOIIUX B HCCIEIyEeMOM YCTpoiicTBe. Pe3ynbraTel paboThl 3TON MOANPO-

9
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rpaMMBI TIOSBJISIOTCS B TEKCTOBOM OKHE (pHC
XOJHBIX MporieccoB (puc. 9).

. 8) U B OKHE ¢ rpadukamu mnepe-

1
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() PaccunTaTb aBTOMATHHECKN HyNeBhIX V1 1n R1
=1-RLC (5) HavalnbHbIX + ]' 0 1k
‘ Capz  © Hynesbie unu 3anaHbl NONb30BaTENEM yCnoBwiA 10 .
Ind ':'
Resic Paduxn Ans BoIXOAHLIX NEPEMEHHbIX
Resis 19 mim2 .
5 BuonD 5% mim a
+- Avoasi ( 34 -
\ +- AnuHHBK A% |
| || &-WcTourm 0
ACA
ACV
g’zt: OB6HOBUTL METKM NobasuTe ToKM m1+10...
o= 2. lwanoroBas naHenb
- () PasHecTv kpuBbie rpadmKoB NO BEPTUKANLHON OCH napamMeTpoB pacueTa
- nepexogHoro npouecca
uSpice
Puc. 7. IloaroroBka K pacdeTy nepexoHOro mporecca
uXSpice — O X
Oens: ** d:%._“Bucrpoe Had%ano rc.cir

Temmeparyps: TEMP = 27°C, THOM = 27°C

[epeMeHHES &

ml

m2

vl#branch
PacCcuMTaHO BEETODROE:
uspice 1 -=>

5009

Pexiod o OOCTOAHHOMY TORY (HAMATLHEE YWCOIOEMA)
SHaWEeHMA

0]
0]
0]

Puc. 8. TekcroBoe 0OKHO momporpammsel UXSpice

N3 ananuza KpuBBIX puc. 9 cienyer,

4YTO IIpU IIOSABJICHHM Ha BXOZC

RC-tienouku HampshKeHMsI, paBHOTO 1 BOJIBT, Ha BBIXOJE IEMH MOSIBISIETCS KOPOT-
KW UMIYJbC C JUTUTEIBHOCTHIO, paBHOW mpuMepHO 0,7 MKC (IJIUTETbHOCTb M-
nyJibca onpeesnsieM o ypoBHio 0,5 OT aMIUIUTYAbl UMITYJIbCA).
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bbicTpoe Hava0

tran: ** ¢\ \output.cir — O X

—e— ml
——m2

4.4 43 5.2
K

Puc. 9. IlepexoiHoM mpoliecc B UCCIENYEeMOM 1enu

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 uccnegyemoil nenu
[locnennue nBa sTama, BHIOOp BHUA aHAIU3a U PacyeT, MOKHO MOBTOPUTb,
BBIOMpAsi, HAPUMEpP, PacyeT YaCTOTHBIX XapaKTEPUCTHK Lenu. JJis 3Toro Haxu-
MaeM Ha 3Hauok AC U, uCnosb3ys mapaMeTpsl M0 YMOTYAHUIO, TOJYUYUM aMILUIH-
TYAHO-4aCcTOTHYIO XapakTepucTuky (AUYX) nenu (puc. 10).
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N3 ananuza nomydeHHodt AUYX criemyeT, 4yTo ucclienyemas LEelb SIBIACTCS
(GUIBTPOM BBICOKHX YacCTOT C T'PAaHUYHOM 4acTOTOU, paBHOM mpumepHo 160 kIt
Tenepb MOKHO OOBSCHUTH MOJIYYEHHBIE BBIIIE PE3YJIbTAThl pacyeTa MepexoaHbIX
nporieccoB. BricokodacToTHBIE (QUIBTPHI MPOMYCKAIOT TOJIHKO BBICOKOYACTOTHBIC
OBICTPO M3MEHSIONINECS] COCTABIISIONINME BXOIHOTO CUTHAJIA U TTOATOMY Ha BBIXO/IC
bunbTpa GOopMUPYETCS KOPOTKHUI UMITYIIBC.

2. Co3paHne cxemMbl YCTPOUCTBA

CxeMpl BKJIIOYAIOT PaanuoOl3JICMCHTBI, IMPOBOJHUKHU W Y3JIBIL. I[J'ISI CO3aaHuAd
CXEMBbI HGO6XOI[I/IMO PasMECTUTDb 3JICMCHTBI Ha pa60qu IMPOCTPAHCTBE OKHA CXCMBI
U COCAMHUTL BBIBOJbI 3JICMCHTOB IIPOBOAHHWKAMU. HpI/IMCp qaCTu CXEMbI C pE3U-
CTOPOM, KOHACHCATOPOM, ITPOBOJHUKAMHA U KOPITYCOM ITOKAa3aH Ha PHC. I.

InemenTol
Buisoaw:
anemenra

=)
o

Puc. 1. YacTb cxeMblI ¢ paiio3ieMEHTaMHU, TPOBOAHUKAMHU U Y3JIaMU

[Ipu coenMHEHNH HECKOJIBKUX 3JIEMEHTOB 00Pa3yrOTCs y37bI cXeMbl. OuH U3
y3JI0B, COSTUHEHHBIN ¢ KOPITYCOM YCTPOWCTBA, HA3BIBAOT HYJICBBIM Y3JIOM. 3HAUOK
KopIyca (3a3eMJIeHHs ) MOKa3aH B HUKHEN 4acTu puc. 1.

2.1. BbiGOp 1 pa3mellieHMe 3fIEMEHTOB B OKHE CXEMbI

Bri6op u pazmernieHne paauodieMeHTOB (PE3UCTOPOB, KATYIIEK WHIYKTHB-
HOCTH, KOHJICHCATOPOB, TUOJOB, TPAH3UCTOPOB U T.II.) IPOU3BOAUTCS B CIECAYIO-
IEM TIOPSIJIKE:

— BBIOOP OMOIHOTEKH DJIEMEHTOB,

— BBIOOD paguodIeMeHTa U3 OMOINOTEKH,

— TepeMelleHre PaArodJIeMEHTa B OKHO CXEMbl M YCTaHOBKAa TMapaMeTpoB

paznodIeMEHTa.

2.1.1. Bbibop 6MbnunoTekm

B nacTosiee BpeMsi Ha OTE€UECTBEHHBIX U 3apYOESKHBIX MPEANPUITHIX H3T0-
TaBJIMBAIOTCS MUJTHOHBI PAa3IMYHBIX PAAMOAIEMEHTOB. /(151 ya1o0HOrO HCIONb30-
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Co3nanme cxeMbl YCTPOiiCTBA

BaHHS TaKOT'O OOJIBIIIOTO YUCIIA PAJAHOIIEMEHTOB UX IPYIIITUPYIOT B OMOIMOTEKH 10
tumnaM. [1o yMon4aHHIO CIIMCOK OMOJHMOTEK PAcIlOIOKEH B JUATIOTOBOM OKHE BBI-
Oopa 3aeMeHTOB (pHC. 2) B JICBOW YaCTH TJIABHOTO OKHA MporpaMMbl. HaznadueHue
OMOJIMOTEKH OOBIYHO SICHO M3 €€ Ha3BaHHUA.

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. JIluanoroBoe 0KHO BbIOOpa OMOIMOTEKN U DIIEMEHTOB

Hampumep, Ha puc. 2 BriOpaHa OuOIMOTEKa ONMEPAIMOHHBIX YCUIIUTENIEH U
OTMEUEH JJIEMEHT — HJICAJIbHBIA ONEPAlMOHHBIA YCUINTENb. Pa3mepsl OKOH, co-
JIepKaIX TIepedeHb OMOIMOTEK UM M300paKeHHE BHIOPAHHOTO AJIEMEHTA, MOYKHO
WU3MEHHTB, IIEpEeMeIasi pa3aeIuTeIbHYIO TUHUIO TUATOTOBOM MaHEeIH.

2.1.2. Bbibop anemMeHTa

CHucok 3JEMEHTOB, CoAepXkalluxcsi B OHOIMOTEKe, MOSBISETCS TOCHe
HakaTtus Ha 3Ha4yok *'. Hampumep, Ha puc. 2 B OKHE RJIEMEHTOB MOKa3aHO M300-
paskeHne BbIOPaHHOTO AJIEMEHTa — ONEPAIMOHHOTO YCHIIUTENS.

Jlis mpoBepKH MPaBUIBHOCTH BbIOOpAa HYXKHOTO 3JEMEHTa HCIOJIb3YeTCs
yCIOBHOE Tpaduueckoe N300pakeHHne 3JIEMEHTa, MOSIBIAIONIEECs B OKHE 3JIEMEH-
TOB.

Jlis yckopeHus BbIOOpa 3iieMeHTa B OMOIMOTEKaX MOXKHO TaKXK€ HCIOJIB30-
BaTh OKHO TOMCKa, B KOTOPOE BBOAUTCS UM dneMeHTa. Kak mpaBuio, 10CTaToOuHO
BBECTU HECKOJIBKO MEPBBIX OYKB, COIEpKAIUXCS B UMEHH 3jeMenTa. [lonck ocy-
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MCCTBILACTCA BO BCCX OMOJIMOTEKAX M Haﬁ,ﬂeHHBIG QJICMCHTBI aBTOMAaTHYCCKHU I10-
ABJIIKOTCA B pAaCKPBIBAIOIINXCA CITMCKAX OMOJIMOTEK.

2.1.3. PaamelleHue 3anemeHTa B OKHe CXeMbl

BrIOpaB 351eMEHT, IEPEMECTUTE MBILIBIO 3JIEMEHT B OKHO cXeMslI (puc. 3). g
YCTAaHOBKH 3JIEMEHTA B HY)KHYIO YacTh CXEMbl HQXMHTE JIEBYIO KHOMKY MBIIIIH.
Ecnu BMecTo 3TOro HakaTh MpaByI0 KHOMKY MBIIIH, TO YCTAaHOBKa BBIOPAHHOTO
9JIEMEHTA OTMEHSETCH.

ff uSpice - [rucadl.dsn *] — O X
#8 Oaiin Mpaexa Bua Bubnuorexka 3kcnopt Axanus [apamerpet Okmwa Cnpaska . & X

N d & kS AL B Q A x 5 R

Mouck aneMeHTOB

Mepemewaem
3NeMeHT B OKHO
CXeMbl

\.—-
E—

g
opamp_lim

=] OnepawionHbie yoinuTenm (3)
Multiplier - ideal
Opamp - ideal |
Opamp - k140ud7 |

N\ e 1 /|

uSpice
Puc. 3. PasMmelnienue diieMeHTa B OKHE CXEMBI

[Ipu ycraHoBKe »1€MEHTOB OyJbTe BHUMAaTENIbHBI. Eciu mpu pasmenieHuu
3JIEMEHTA CJIYYailHO JBaXIbl HAXKATh HA OJJTHOM MECTE JIEBYIO KHOMNKY MBIIIH, TO B
CXEMY BCTaBSTCS J[Ba AJIEMEHTa, 0003HAYEHUS KOTOPBIX, HAKJIAABIBAsICh APYTr Ha
apyra, OyayT co3aaBaTh BIeYaTI€HUE OJHOro anemMeHTa. [Ipu pacuere Takoil cxembl
Oylner BO3HUKaTh OIIMOKH. B 3TOM cilydae peKOMEHIyeTCs, HaXumasi JICBYIO
KHOTIKY MBIIIKA W BBIJENSS DJIEMEHT, NEPEIBUHYTh AJIEMEHT Ha HOBOE MECTO, 00-
Hapy)XUBasi CKPBITHIA 107, HUM JABONMHUK. OOHaApYy>KEHHBIA AJIEMEHT-IBOMHUK
HYXHO YIaJIUTh.

[Ipu BbIIEIEHUN PJIEMEHTA B OKHE CXE€Mbl aBTOMATUYECKH MOSBISACTCS aUa-
JIOTOBas MaHEeJIb CBOMCTB 3JIEMEHTA. B 3TOl maHenan BBEAUTE MapaMeTphl AJIEMEHTA
U BbIOEpUTE MPABWIBHOE MOJIOKEHUE dJeMeHTa. I 3TOro UCnoiab3yiuTe paguoK-
Honku "BBepx", "Buuz", "HaneBo", "HanpaBo" nuanorosoi manenu. [ns ycra-
HOBKM JJIEMEHTA B HY)KHOE IOJOXKE€HHE YJOOHO TaKXkKe HCIOIb30BaTh COOTBET-
CTBYIOILIME 3HAYKHU HA TAHEJIM NUHCTPYMEHTOB.
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Co3nanme cxeMbl YCTPOiiCTBA

[Tpumeuanusi.

1. Henb3s OCTaBIISITh B OKHE CXEMBI AJIEMEHTBI, HE MTOAKIIOUEHHBIE K APYTUM
aneMeHTaM. Hencnosb3yeMble 3JIeMEHThI JOKHBI ObITh YAaJICHbl HHAYE
Ipy pacyeTe 1enu OyAyT BOSHUKATH OIIHOKH.

2. IlepemenieHre 3neMeHTa Ha HOBOE MECTO IPOU3BOJUTCSA HOBBIM ''3aXBa-
ThIBAaHHEM'" U MEPEMENICHUEM IPU HAKATOW JIEBOW KJIABUILIW MBIIIH.

3. Jlus ynydimeHus "dauTaeMoCcTH" CXEMbl MOYKHO € IMOMOIIBIO MBI TIepe-
MEIIATh TEKCTOBBIE TOJISI, COJIEPKAIIME ONTMCAHNE ITAPAMETPOB JIEMEHTA.

2.2. Kopnyc (3a3emneHue)

B cocTtaB cxeMbl 00513aTeNIbHO BKIIFOYAETCSl Kopiyc (3azemiieHue). be3 atoro
3JIEMEHTA MPAaBUIBHBIA PacueT CXEMbI HE TAPAHTUPYETCS, TAK KaK OCHOBHOW METO/T
pacyera, UCNOJb3yEMBIM B IPOrpaMMe, — 3TO METOJ Y3JIOBBIX HANPSDKEHUU, a
y3J7I0BO€ HANpsHKEHUE — 3TO HAMPSIKEHHE MEXAY 3aJaHHBIM y3JIOM U KOPITYCOM.
[ToaTomy, eciu B cxeMy He BKIIOUUTH Y3€I-KOPITyC, TO MPOTrpaMMa aBTOMaTHUECKU
BBOJHT BUPTYaJIbHBIN y3€I-KOPITYC B CXEMY, HOMEp KOTOPOT'O MOKET HE COBIAIATh
¢ TpeOyeMBIM HOMEPOM y3JIa-KopITyca.

N300paxkeHne kopriyca (3a3€MJICHHs) BBIHECEHO Ha IaHENb 3HA4KoB. J[s
WCIIONIG30BAHHS KOPITyCa BBIOEPHTE 3HAYOK = HA TaHEIH HHCTPYMEGHTOB M Iie-
peTanmTe ero B Hy’KHOE€ MecTo Ha cxeme (puc. 4). B okHe mapamMeTpoB 3TOro dJie-
MEHTa JI0JDKHA CTOATH Iudpa 0, COOTBETCTBYIOMIAs Y311y ¢ HOMepoM 0 U HyJIeBOMY
MOTEHIIHATY.

ml o  —— I

i
1 R2 R3
() " 3k 2k

Puc. 4. Pazmenienue 3Hadka KOpIyca B CXeMe Lenu

Hampumep, npu ycTaHOBKE KOPITyCa KOPPEKTHO PACCUUTAHHBIE MOCTOSHHbBIE
HaInpspKeHUs B y3nax M1 u m2 Ha puc. 4 pasusl 1,5 B u 1 B, coorBerctBenHo. Ecnu
3HAYOK KOpITyCa B CXEMY HE IIOMECTUTH, TO B y371aXx M1 u M2 moayyum HEBEpHBIE
3HaueHusa MuHyc 0,5 B 1 Munyc 1 B, cOOTBETCTBEHHO.

[Ipy aHanu3e CIOKHBIX CXEM C MOMOIIBIO 3HAYKa KOPITyCa MOXHO BBECTH
OJIMHAKOBBI HOMEP y3J1a B Pa3HbIX 4YacTsaX cxembl. Hanpumep, yka3biBas B OKHaxX
napaMeTpoB 3JeMeHTa yucio 14, momyuyum y3nbel ¢ Homepamu 14. OnHako 6oree
yIOOHO TaKyro OMEpalnio MPOU3BOAUTH C UCTIONb30BAHUEM OJIMHAKOBBIX METOK.
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OTMeTuM, 4TO HYJIEBOU y3€JI MOKHO BBECTH B CXEMY, 100aBJIssl B CXEMY METKY
¢ umeHeM-1dpoii "0". OHaKo UCTIOIB30BAHUE CUMBOJIA KOpITyca 0oJiee HarJIsIHO
U COOTBETCTBYET IIpaBUjIaM PUCOBAHUS CXEM.

2.3. CoeanHeHMe BbIBOAOB PaANO3SIEMEHTOB

Bce aneMeHTsI U CMMBOJ KOpITyca B OKHE CXeM JTOJIKHBI OBITh pa3MelIeHbl 03
nepecevyeHuii u HanoxxeHuid. CoeJMHEHUE BBIBOJIOB BCEX 3JIEMEHTOB JAPYT C IPYrOM
OCYILECTBIISIETCA NPOBOJHMKAMU. JlOIyCKaeTcss HENOCPEACTBEHHOE COECIUHEHUE
BBIBOJIOB 3JIEMEHTOB APYT C IPYroM (KacaHUEM KOHLIOB BBIBOJIOB).

JIns BXOJa B PEKHUM COCIWHEHMS NPOBOJHUKAMU HAXXUMAEM 3HAYOK IPO-
BOJHMKA * Ha MaHeaH MHCTpyMeHTOB. C MOMOIIBIO KYpCOpa MBIIIM OTMEYaeM
BBIBOJI TIEPBOTO JJIEMEHTA W, HE OTIIYCKAas JIEBYIO KJIABHUILY MBI, EPEMENIAEM
KypCcOp MbIILIM B BHIOpaHHOM HarpaBieHUH. [1osBUBIIMIICS MPOBOIHUK IMOIKIIO-
4aeM K BBIBOJY BTOPOTO JIEMEHTA M OTIIYCKAEM JIEBYIO KJIaBUINy MbIU. MHOT A,
HaIpuMep, KOria KOHTAKThl AJIEMEHTOB PACOJI0KEHBI OJTU3KO APYT K IPYTy U T. II.,
JUTSL 3aBEPLICHUS] COEIMHEHUS TpeOyeTcsl MOBTOPHOE HAXKaTHE JIEBOM KHOIKH MbI-
1IH.

OTMeTnM, 4TO NpH MEPECEUYECHUH MPOBOJHUKOB aABTOMATHYECKAs yCTAHOBKA
y371a HE MPOUCXOAMT, €CIU MPOJOJLKUTh PUCOBAHUE MPOBOJHMKA B BBHIOPAHHOM
HamnpasyeHuH. [10 ymMoyaHnIO py HaJI0)KEHUU Ha POBOJHUK BBIBOJIOB DJIEMEHTOB
B CXEME aBTOMATHUYECKH YCTAaHABIIMBAECTCA y3€J. ABTOMAaTHUYECKYI) YCTAaHOBKY y3-
JIOB MO>KHO OTKJIFOUYWTb, YCTAHABJIMBAs COOTBETCTBYIOIIMN Mapamerp B OILIHIX
IIPOTPAMMBL.

CoennHUTENBHBIE POBOJHNUKN MOKHO, 3aXBaThIBasl MBILIBIO, IEPEMECTUTD Ha
HOBOE MecTO. ECiam Mcmosb30BaTh ONEPALMIO BBIACIEHHUS C MOMOIIBI Kypcopa
IpynIbl MPOBOJHUKOB, TO MEPEMEILEHUE MOKHO MPOU3BOAUTH O€3 pa3pbIBOB C
COCEHUMH MMPOBOJHUKAMU.

Brixon u3 pexxnma pucOBaHUS NMPOBOJHUKOB OCYIIECTBISETCA C MOMOILIBIO
kinaBuiy ESC, a Taxke mMpuM Ha)KaTUK MPABOM KHOINKHU MBI WU TPU BbIOOpE
IPYTUX PEeKUMOB paboThl mporpaMmel. [locne HaxaTust kinaBumu ESC wnm npasoi
KHOIIKH MBIIIU BO3BPAIIAEMCSl B UCXOJIHBII PEKUM BHIOOPA DJIEMEHTOB.

2.4. Acnonb3oBaHue MeTOoK

Baxnyo ponb B cxeme HrparOT METKH, YCTAHOBUTH KOTOpPbIE MOXHO, HC-
TMOJB3Ys 3HAYOK “ C KPacHOM TOYKOH M OYKBOH M Ha MaHeIu HHCTPYMEHTOB. B
OCHOBHOM METKH HCIIOJB3YIOTCSl NI YKa3aHUs Y3JIOB, HANpPSKEHUS B KOTOPBIX
OyIyT BBIBEICHBI HA TIEYATh IMOCTIE TIPOBEICHUS pacueTa cxeMsbl (puc. 5). Hazpanus
METOK yYKa3bIBAIOTCSl B OKHAX BHJIOB aHAIM3a JIJIs IeyaT rpadukoB. B aTom cioyuae
MMSI METKH CIIYKUT UMEHEM NIEPEMEHHON, OMUCHIBAIOIIEH Y3JI0BOE HAMPSIKEHUE.
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AHAaJIU3 YJIEKTPOHHBIX Lenei

MeTku Takxke MOXKHO MCIIOJB30BATh JJIsl YKa3aHUsl y3J0B C OJMHAKOBBIMU
NOTEeHIMaIaMH, 0€3 COeIMHEHUSI ATHX Y3JI0B C MMOMOIIIbIO MTPOBOIHUKOB. HakoHer,
METKH TpeOyeTcsl yKa3blBaTh JIJISl CBSI3bIBAHUSI YACTEH CXEMbl, pa3MEIlEHHON Ha
HECKOJIbKHX JICTAaX.

Ha puc. 5 moka3anbl MeTKH IN U OUt GHIIBTpa BBICOKMX 4acTOT. MeTKH pas-
MEIIAI0T Ha MPOBOJAHHMKAX (TOYHEE, HAa MPOBOAHMKAX pa3MEIIAI0T MaJIeHbKUUN
KpPaCHbIN MPSIMOYTOJBHUK METKH). TeKCT METKH MOXKHO PAacloiOKUTh FOPU30H-
TaJbHO WJIM BEPTUKAIbHO. VIMSI METKHU JTOJDKHO HAYMHATHCS C JTJATUHCKOW OYKBBI B
COOTBETCTBHHM C MPaBUIIAMU SPiCE-OMUCAHUS CXEM.

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

Puc. 5. YcranoBka MeTok IN 1 OUt B cxeme ®BU

Ecnu B KOHIIE TekcTa METKU UMeeTcs 1udpa (1enoe 4ucio), To mocie ycra-
HOBKHM TEpBOM MeTKM Iudpa (YMUCI0) METKHM aBTOMATHYECKHM H3MEHSETCS Ha
OombuIyI0 HU(DpyY (0OTBIIEE YUCIO), YTO YIOOHO PU PACCTAHOBKE OOJIBILIOTO YKCTa
METOK B CJIOKHOU CXEME.

3. AHanNn3 aNeKTPOHHbIX Leneun

[Iporpamma uSpice Mo3BOJSET MPOBOJUTH YETHIPE OCHOBHBIX BHUA MOJEIIH-
pOBaHUS:

— aHa/NM3 MepexoIHbIX Iporeccos (pexum Transient (Tran, Tr), 3uauox Tr ),

— pacyeT cXeM METOJAOM KOMILIEKCHBIX aMIUIUTY/L (pexxum AC, 3Ha4OK AL ),

— pacueT pabo4nx TOYEK Ha MOCTOSTHHOM Toke (pexum OP, 3Hauok 0p ),

— MHOTOBapUAHTHBIN pacyeT Ha MOCTOSIHHOM Toke (pexuM DC, 3Hauok DC ).

Kpome sToro, ¢ momorsio mporpaMMbl uSpice MOKHO paccyuTath k03¢ u-
1ueHT rapmonnyeckux uckaxkenwnit (KI'M), mpoectu mudpoByro 06pabOTKy CHT-
HAJOB C TOMOIIBI0 JauCKpeTHOTro mpeodOpaszoBanus Dypre (JAIID) u OwicTporo
npeoOpazoBanus Dypwe (BIID), a Takke HaiTh orubaroIyo u Gazy aHATUTHYEC-
CKOI'O CUTHAJA:

— pacuet KI'U (3Hauox kW),

— JIT1® (3HA"OK Lt ),

— BII® (3Hauok B,
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— pacuet ananutuueckoro curnaina (AC) (3Hadok e ).

[Tocne HaxaTus OIHOTO W3 yKa3aHHBIX BOCHBMH 3HAYKOB IOSIBISIETCS COOT-
BETCTBYIOIIAsl TUAJIOTOBAs MaHENbh C mapameTpamu pacdera. [lociie 3amoiHeHHs
MaHeNW JaHHBIMU aBTOMAaTHYeCKH opMHpYeTCs .cir (haili 3amaHusl, CoaepKaIuii
OIMCaHWe LENH U JUPEKTUBBI U MPOBEACHUS pacdyera. ITOT .cir (ailn 3amuchl-
BaeTCs B TOT )K€ KaTajor, KyJa 3amuchiBaeTcs .dsn daitn ¢ rpaduyueckum omnmca-
HUEM CXEMBI IICTIH.

3aTreM MOATOTOBICHHBIN .Cir (ailn mepemaercs moamnporpamme uXSpice, Ko-
TOpasi MPOBOAMT PACYET IETH U MPEICTABISICT BHIXOTHBIC TaHHBIC B BHJIC TAOJIHIL 1
rpauKoB.

3.1. PacyeT nepexogHoro npouecca

Pacuer nepexomHOro mnpouecca B 3JIEKTPUUYECKON LENU ITPEAIOIaraeT moy-
YEHUE BBIXOJHOIO HAIPSIKEHUS WIM TOKAa Kak (YyHKIUA BPEMEHU B 3aJIaHHOM
BPEMEHHOM Jiharia3oHe. Tak KaK paguodJIeKTPOHHBIE MK B MporpaMMe uSpice B
oOIeM ciydae OMMUCHIBAIOTCS U PepeHIInaTbHBIMUA YPaBHEHUAMH, TO pacyeT
IIEPEXOJHOI0 IIpolecca MPOBOJUTCS C UCIOJIb30BAHUEM UYKMCIEHHOIO MHTETPUPO-
BaHus. [lepexomHpie TpoUEecChl pacCUUTHIBAIOTCS OT HYJIEBOIO MOMEHTa BPEMEHHU
1o 3aganHoro momeHTta BpemeHu TSTOP. Ilepen HawanoMm pacueTa MmepexoaHbIX
MPOLIECCOB MO YMOJIYAHUIO MPOU3BOJUTCS pacyeT paboymx TOuYeK (CTaTHYEeCKOTO
pexuma). [IpenBaputenbHbId pacdeT padOUMX TOYEK MOXKET ObITh OTMEHEH, —
BMECTO HETO MOKHO 33/1aTh HYJIEBbIE HAaYyaJbHbIC YCJIOBHUS WM HAYAIBHBIE YCIIO-
B, OIIPEIECIICHHBIE M10JIb30BATEIIEM.

OTMeTHM, YTO LIAr MPU PACUETE MEPEXOIHBIX MPOLECCOB MOKET CYIIECTBEHHO
MEHSATHCS, TaK KaK OH Kbl pa3 BHIOMPAETCS CUCTEMON aBTOMAaTHYeCKu. J[ms
BbIBO/IA pe3ynbTaTtoB ¢ (hukcupoBanHbiM 1marom TSTEP ucnons3yercs mHTEpmo-
nsmus gaHHbix. SPICE-unCcTpyKIus nis 3agaHust pacyeTa BO BpEMEHHOM 00y1acTu
MMEET BUJ

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

3necs TSTEP — mar BeiBoaa pe3ynbraToB pacueta, TSTOP — koHeuHoe
BpeMsi pacuera rnepexoaHbix mporeccoB, TSTART — HawanpHOE BpeMs BbIBOAA
nepexoHbIX mpoiieccoB Ha mevarh (eciim TSTART He 3amaHo, ToO ero 3Ha4YeHUE
cuutaerca HyJeBbiM). Ha unTepBane Bpemenu (0, TSTART) cxema paccuuthiBa-
€TCs, HO Pe3yJIbTaThl pacyeTa Ha MeyaTh He BBIBOJSATCS. Pe3yabTaThl BHIBOJAATCS Ha
neyath Ha uHTepBaie (TSTART, TSTOP). C moMompio HEOOS3aTEIBHOTO Tapa-
Merpa TMAX MOXHO OrpaHUYHUTh MAKCUMAJIbHYIO BEIMYHHY ABTOMATHYECKU
yctaHaBinuBaemoro 1mara uHrerpupoBanus. Onuus UIC ykaseiBaet, 4To mepen
pacyeToM MEepPeXOHBIX MPOIECCOB HE OyAeT MPOBOAUTHCS PACUET CTATUYECKOTO
pexuma, a OyIyT UCIONB30BATHCSA WM HYJIEBbIE HAYAJIbHBIC YCIIOBHS, WIH, €CIIH
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AHAaJIU3 YJIEKTPOHHBIX Lenei

yKa3aHbl, Ha4uaJbHbIC 3HAUCHUS HAIPSDKEHHUM Ha KOHJIEHCATOpax, TOKOB B KaTYIIKaX
WHIYKTUBHOCTSIX U T. 1I.

Bce omucannbie mapamerpsl UHCTpYKIMU . TRAN BBOASTCS € MOMONIBIO
JTMAJI0rOBOM MaHeNr, N300paKeHHON Ha pHC. 1. DTO OKHO BO3HHMKAET IIPU HAXKATUU
Ha 3HAYOK Tr ¢ GykBamu TT IaHEIH HHCTPYMEHTOB.

Pacuer nepexcaHore npouecca (Tran) >

Bpema aHanusa (TSTOF) e-06 C Pacuer l

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. Jlnanorosas naHesnb ¢ mapaMeTpamu MepexoJHOro npoiecca

B HwxHEN 4acTu AMAJIOrOBOW IMAHEIW MMEETCS OKHO TEKCTOBOTO pedaKTopa
JUISl 3alUCH BBIXOJIHBIX MEPEMEHHBIX. B HEM yKa3bIBalOTCSI METKH Y3JI0B, HAmpsi-
JKEHUS B KOTOPBIX JOJHKHBI OBITH BRIBEICHBI B BHIEe rpadukoB. Kuomnka "OOHOBUTH
METKH" TTO3BOJISIET OOHOBUTD CITUCOK dTUX METOK, €CIIM TOJIb30BATENb YAAISIET WA
n00aBJIIET METKH B MpoIiecce paboThl co cxemoii ycrpoiictBa. Kromka "J[o6aBuTh
TOKH" MO3BOJISIET BHECTH B OKHO BBIXOJHBIX MEPEMEHHBIX TOKH Y€pEe3 UCTOUHHKHU
HAIPSHKEHUS, KOTOPhIE UMEIOTCS B CXEME WIIH CIIeIIMaIbHO TOOABIICHBI B CXEMY JIJIS
MCCIIEIOBaHUSI TOKOB B 3aJJaHHBIX BETBAX. B mocliienHem ciiyyae BEIUYMHY Harpsi-
YKEHUSI ICTOUHHMKA YCTAHABJIMBAEM PABHOU HYIIIO.

Knonka "m1+10 ..." mo3BosisieT pa3HeCTH HaIpsDKEHUA repeMeHHbix M0, m1,
M2 ¥ T. A. IO BEPTUKAIBHOU OCH, 10OABIISAS K IEPEMEHHBIM JOMOJIHUTENBHO 1Mo 10
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BOJIbT. Takoil caBUT TpadMKOB MO BEPTUKAIHLHOW OCH YIAOOHO HCIIOJIB30BATh MPH
aHayM3e MUQPPOBBIX CXeM. AHAJIOTHYHYIO 3a/1a4y BBIMOHIET BBIOOp MyHKTa «Pas-
HECTH KPHUBBIC TpadUKOB 10 BEPTUKAIBLHOW och». BenmuunHa cipura rpaikoB 1o
BEPTHKAIBHON OCH B TOCJICHEM CITydae 3aBHCHUT OT 3HAUYCHUU HCCIICTyEeMBIX IIe-
PEMEHHBIX.

Cnucok METOK B OKHE BBIXOJHBIX NMEPEMEHHBIX MOXHO pPElaKTHUpoBaTh. B
OKHE MOJKHO 3aIMChIBaTh (POPMYJIBI, C BKIIOYEHHEM METOK. B opmynax mMoxHO
MCTIOJb30BaTh OOJBITMHCTBO CTAHAAPTHBIX MAaTEeMAaTHICCKUX (DYHKIIUH.

[Tocne 3aBepreHus paboOTHI C AUATOTOBBIM OKHOM M Ha)kaTus KHONKH "Pac-
yeT" mapameTphl pacueTa 3aluchIBaeTCs B .Cir (ailyi, KOTOpbIN nepesaeTcs B Mo-
nporpammy uXSpice. OKHO ¢ pe3yabTaTaMu pabOThl ITOM MOANPOTPAMMBI MOKa-
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 moanporpammer uXSpice

Otmetum, uto ecnu oniusa TMAX He 3aiana, To B mporpamme uXSpice aB-
TOMATUYECKU MCHOJIB3YETCS MHUHHMMAJIbHOE M3 JABYX NOCTOSHHBIX TMAXI n
TMAX2, rne TMAX1 = (TSTOP — TSTART)/250 u TMAX2 = TSTEP/5. B no-
CJIEIHEM COOTHOILICHUH YUYUTBIBAETCS, YTO MOTpeOyeTcs, Mo KpalHel mepe, MSTh
TOYEK C IaHHBIMH, YTOOBI JOCTOBEPHO OTOOPA3UTH BHIXOJAHBIEC PE3YJILTATHI.

MunumansHbIM mar uHterpupoBanus delmin B mporpamme uXSpice aBToO-
MaTUYECKU BbIOMpAeTcs HauOONbIIUM M3 ABYX 3HaueHui: TMAX*1e-12 u le-21.
Ecnu cxeMa nenu 3ajiana HEKOPPEKTHO U NP pacyueTe 1iar MHTErpupoBaHus Oy1eT
MeHble delmin, TO BBIYMCIEHUS MPEKPAIAIOTCS U T0JIb30BaTelb MOJIy4aeT co00-
meHue 00 ommoke.

PaccmotpumM, Hampumep, RC-aBroreneparop Ha ONEpallMOHHOM YCUIIMTENE
(puc. 3). I'paduk BhIXOAHOTO HampsikeHUs B y3ie ml mokasaH Ha puc. 4. I3 aHa-
JIM3a KPUBBIX pUC. 4 ciaeayerT, 4To npuMepHO yepe3 3,0 Mc nociie nojayu NuTaHus
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Ha BBIXOJIE aBTOrE€HEpaTopa YCTAaHABIMBAIOTCS KOJEOaHUs ¢ aMIUIUTYI0M, paBHON
npumepHo 0,8 B. Tlepuon konedbanuii mpumepHo paseH 1,3 Mc.

_U|:|:I——«——|:I—k—*
__“__m1
R3 2k

1
o1 Rd 100n
1000 ——
0.0 £h

1 L
0 0

Puc. 3. Cxema RC-aBToreneparopa va 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 Berxoqie RC-aBroreneparopa
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3.2. PacyeT 4YaCTOTHbIX XapaKTepUCTUK

YacToTHBIE XapaKTEPUCTUKU OMHUCHIBAIOT aMIUIUTYABl W HadajdbHBIC (Ha3bl
HANPSKEHUM, WIA TOKOB, WA OTHOIIEHUN aMIUTUTY IPYT K APYTY, WIN Pa3HOCTh
HayanbHBIX (a3, kak GyHKIUI OT yacToThl. Ilepen Hadamom pacdera 4acTOTHBIX
XapaKTepUCTUK BCETJa MPOU3BOJUT PACUET CTATUUECKOTO PEKHMA CXEMBI. JTO
TpeOyeTcst AJisl ONpeaeeHUs padounX TOUEK HETMHEHHBIX 2JIEMEHTOB U pacyeTa ux
JIMHENHBIX YKBUBAJIEHTHBIX MTapaMeTpoB. JIMHEHAA MOIENIb CXEMBI AHATU3UPYETCS
B 3aJIJaHHOM YaCTOTHOM JUalla30HeE.

Nmerorcs tpu SPICE-uHCTpyKIMM 1715 pacyera B YaCTOTHOM 00J1acTH:

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

3nechk napametp DEC ycraHaBiuBaeT jorapu(pMuyeckuid Macmrad u3MeHe-
HHSl 4acTOTHI 1O JekagaMm, ND ykassiBaeTr konmuectBO To4ek B jaekane, OCT
yCTaHaBIMBAET JOrapupMUYECKHi MacITad M3MEHEHHUS YacTOThI IO OKTaBaM, NO
YKa3bIBaeT KOJIMYECTBO TOYEK B OKTaBe, a LIN ycranaBnuBaeT JIMHEWHBINA MacITad
M3MEHEHHS 4acTOThl, NP yKa3plBaeT KOJIMYECTBO TOYEK B 33JaHHOM YaCTOTHOM
nuarnazoHe, FSTART ykassiBaeT HauaneHyro udactotry, a FSTOP yxa3eiBaer ko-
HEYHYIO YaCTOTYy aHaIu3a.

[Tpumep.

LAC LIN 100 1 10K

Jls 3ajiaHusl mapaMeTPoOB pacueTa YaCTOTHBIX XapaKTEPUCTHK HaXKMMaeM Ha
3HauOK AC ¢ oykBamu AC Ha TaHeIW MHCTPYMEHTOB. B MOSIBUBIIEMCS AUAIOTO-
BOM OKHE (pHUcC. 5) BBOJIMM HAYaJIbHYIO U KOHEUHYIO YaCTOTbI, a TAKKE YUCIO pac-
CUUTHIBAEMBIX TOYEK. J[OMOTHUTEIBHO yKa3bIBAEM THII IIKAJIbI IO BEPTUKAIH U T10
TOPU30HTAIH.

B HWwxHEN 4acTh AMAIOrOBOM MMAHENIM B OKHE TEKCTOBOTO pEAAKTOpa KOH-
TPOJIUPYEM MPABWIHHOCTh CIUCKA BBIXOJHBIX NepeMeHHbIX. KHomnka "OOHOBUTH
METKH'" MO3BOJISIET OOHOBUTH CITUCOK MeTOK. KHomka "J[00aBUTh TOKH" TTO3BOJISICT
BHECTH B OKHO BBIXOJIHBIX MEPEMEHHBIX TOKH Yepe3 UCTOYHUKU HAMPSLKEHUS, KO-
TOPBIC UMEIOTCSI B CXEME WJIM CIIeIMAIbHO T00aBJICHBI B CXEMY JIJIsl KCCIICI0BaHUS
TOKOB B 3aJIaHHBIX BETBAX. CIIUCOK METOK B OKHE BBIXOJIHBIX MEPEMEHHBIX MOXKHO
penaktupoBaTh. OTMETHM, UTO ISl KKJIOH METKU PacCUUTHIBAIOTCS JBE 3aBUCH-
MOCTH: aMIuIUTy IHO-9acToTHas (AYX) u pazouacrotHas (PUX) xapakTepuCTUKH.

JI1s1 METOK MOKHO JOTIOJHUTENBHO YKa3aTh NPEACTABICHNE HA KOMIUIEKCHOM
IJIOCKOCTY WK B BUAE auarpammbl Bonbnepra-Cymuta. s nociaeaHen U3 crucka
METKHU MPEeayCMOTPEHA BO3MOXKHOCTh IPEACTABICHHUS B PEKHUME HENPEPHIBHON
dazbl.
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[Tocne 3aBepiieHus pabOTHI C AMATOTOBBIM OKHOM M HakaTwus KHONKH "Pac-
qeT" mapaMeTphl pacdeTra 3aluchiBaeTCs B .Cir (aiiil, KOTOPBIA MepesaeTcs B MOJ-
nporpammy uXSpice. Pe3ynbrartel paboThl 3TOM MporpamMMmbl BBIBOJATCS B BHUIE
Ta0JIuUIl U TpadrKOB.

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. lnanorosas nanens A 3aaHus TapaMeTPOB pacuyeTa METOI0OM
KOMILIEKCHBIX aMIUTUTY/ (maHenb pexxuma AC)

A1

i “Er_p . ﬁ“ P_a
=
4 X M B 02285
e = |50 |
{e-9 A5 AB AT AR
e @< } )
—— 3e3 R R AR
1.0
= _'IDL
b e
M1 41208 "m"TTJ
= | 500
M5 47T NAIB
|_|ﬂ/_:f:?"‘ 1.0

Puc. 6. Cxema nudposoro puibtpa 3-ro mopsiaka

B kauectBe mpumepa paccmoTpum uppoBoi ¢uibTp 3-ro mopsaka. Cxema
¢unbTpa mpuBegeHa Ha puc. 6. [lapameTpbl pacuera 4aCTOTHBIX XapaKTEPUCTUK
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COOTBETCTBYIOT IApaMETPaM, YCTAHOBJIICHHBIM Ha IWAJIOTOBOW IaHENH, MOKA3aH-
HOM BbIIIE Ha puc. 5. AUX ¢unbTpa npuseaeHa 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 uudpooro ¢puiasTpa

W3 ananu3a noixy4eHHBIX KPUBBIX CIEAYeT, 4TO GUIBTP OTHOCUTCS K DIUIHII-
TUYECKOMY THUITY, SIBISETCS (UIBTPOM HHU3KUX YaCTOT C TPAHUYHOW YaCTOTOM,
paBHOI npumepHo 2,7 kI '11.

3.3. PacuyeT pabounx Toyek

AHanu3 paboyux TOYEK (CTaTMUECKUX PEXUMOM padOThl 3JIEKTPUYECKOU
cxemsbl, peskuM OP) mpoBouTCs, KOTIa BCE MEPEXOIHBIE MPOLIECCHI, TPOTEKAIOIIHE
B CXE€Me MpH Mojlaue MUTaHUs, 3aKOHUYWINCh. [Ipu pacuere Bce KaTYIIKU WHIYK-
TUBHOCTHU 3aMBIKAIOTCA, a KOHJIEHCATOPHI B DJIEKTPUUECKON CXEME Pa3MbIKAIOTCS.
Huanorosoe okHO pexknuma OP co CITMCKOM MepEMEHHBIX MTOKa3aHo Ha puc. 8.

Jlns pacdyera pabouyux TOYEK HaXXKMMaeM Ha 3HAYOK 0P ¢ oykBamu OP Ha
nanenu uHCTpyMeHToB. SPICE-uHCTpyKIMs Ha pacyeT 3aluChIBaeTCs B BUJE MPO-
ctoit komauabl .OP Ge3 momosHUTENBHBIX MapaMeTpoB. [Ipu HEOOXOTUMOCTH J10-
OaBJIsieM TOKU Yepe3 UCTOUYHUKH HAMIPSHKEHUS U PEITAKTUPYEM CITUCOK TIEPEMEHHBIX.
B oxne Ha puc. 8 mepen Tokom i(v1) mocTaBiieH 3HaK MUHYC, T. K. 0)KHJIA€TCS, UYTO
UCXOAHBIA TOK 1(V1) OyneTr orpumarensHsIM. B 3ToM ciydae BenmuuHa (—i(V1))
OyIeT TOJIOKUTEITLHOM.
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Pesum no nocToRHHOMY ToKy >

BbixoAHEIE BENMHKHEI

OTtMeHa

mlrm2m3 md

(GHiv1)itva)

OBHOBMTE METKM NoBaBrTh ToKK

Puc. 8. lnanorosas nanens pexxuma OP

[Ipumep. YcunuTenbHbIM KacKaJ Ha IOJIEBOM TPAH3UCTOPE C BCTPOEHHBIM
n-xanamom (puc. 9).

——+
dll

c2
m3 | 100n md
w11

m ||1EIZIn . mz |E-— |::|
R3

Puc. 9. Cxema ycunutens Ha 0JIEBOM 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. Pe3ynbratsl pacuera pabounx ToYEeK
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Pe3ynbTaThl pacyeToB CTATUYECKOTO pPEKMMa MPUBEACHBI B OKHE MOJIPO-
rpammbl uXSpice Ha puc. 10. Kak BuguM, nocTossHHOE HaNpsbKeHHE m3 Ha CTOKE
TPaH3UCTOPAa YCTAaHOBWJIOCH PaBHBIM MpuUMepHO 7,6 BoJbT. TOK CTOKa MOJIEBOTO
TpaH3ucTOpa paBeH npumepHo 1,2 MA. CreoBaTeIbHO, MAKCUMAIBLHO JOITYCTUMOE
3HaUYE€HHUE TOKa CTOKa JJIs TPAH3UCTOpa HE MPEBBINICHO. TOK 3aTBOpa TPaH3UCTOPa
JUTSL TaHHOM MOJIeNY paBeH HyJto. [loaToMy najieHue HanpsbKeHrss m2 Ha pe3ucTope
R1 paBHO HyI0 U HanpsiKEHUE HA 3aTBOPE TPAH3UCTOPA TAKKE PABHO HYIIIO.

[TocTosiHHBIA TOK uepe3 BBIXOJHON pazaenutenbHbll KoHAeHcatop C2 He
IPOTEKAET, MOITOMY ITOCTOSTHHOE HaIpshKeHne M4 Ha BBIXO/I€ Kackaja TakyKe paBHO
Hymo. Tok i(vl) depe3 MCTOYHUK MOCTOSHHOTO HampsbkeHus V1 ¢ ydeTom mo-
CTaBJICHHOTO MEPE]l pACU€TOM 3HAKA MUHYC Ha PUC. 8 MPOTEKAET OT CTOKA K UCTOKY,
B COOTBETCTBUU C HAIIPABJIICHUEM CTPEIKUA CTOPOHHUX CUJI Ha uctounuke V1. Ecnu
B MCXOJIHBIX JIaHHBIX 3HaK MUHYC mepes 1(v1) Ha puc. 8 He cTaBUTh, TO BEIMYMHA
TOKa ObLIa OB OTPUIIATEIHHOM.

3.4. MHOroBapmaHTHbIW pacyeT Ha NOCTOSIHHOM TOKe

B oTnmuune ot pacyera pabouux Todyek no komannae .OP npu MHOroBapHaHT-
HOM pacuyeTe NPOBOJMUTCS pacueT CTAaTUYECKUX PEKUMOM IIPU MOIIATOBOM H3Me-
HEHUU HaIpsHKEHUH WIA TOKOB OJHOIO WJIM JIBYX HCTOYHUKOB IOCTOSTHHOTO
HaIpsHKEHUS! WIK MOCTOSIHHOTO TOKA.

NHCTpyKIMs 11 pacdera CTaTUYECKOro PEXMMaA C BapHallMed HanpsHKEHUN
WM TOKOB MCTOYHHMKOB 3aIMCBIBACTCS CIEIYIOINUM 00pa3oM.

.DC SRC1 STARTI1 STOP1 INCR1 [SRC2 START2 STOPZ INCRZ2]

3necs SRC1 — uMs nepBOro UCTOYHHMKA HANIPSKEHUS UM TOKA B PACCUUTHI-
Baemon cxeme, STARTI, STOP1 u INCR1 — mnapamerpsl, omnpenenstoinme
HayaJbHOE, KOHEYHOE U Al U3MEHEHUS 3HAYCHUI HCTOYHHKA. ECIIM HCTIONb3yeTCs
BTOpOU nCTOUHUK SRC2, TO €ro nmapaMeTpsl ONUCHIBAIOTCA aHATOTMYHO. OTMETUM,
YTO U3MEHEHHE 3HAYEHUI NTEPBOI0 UCTOYHUKA BO BCEM JINANA30HE IPOUCXOAUT JIJISI
KQKJIOrO0 3HAYEHHUSI BTOPOrO0 MCTOYHHUKA. Y KAa3aHHASI MHCTPYKIUS aBTOMAaTHUYECKHU
3amuchIBaeTCs B .Cir (paily Juisi MpOBEEHUSI pacueTa CXEMBI.

PaccmoTpum, HampuMep, pacyeT BBIXOJHBIX BOJbT-AMIIEPHBIX XapaKTEPUCTUK
MOJIEBOTO TPAH3UCTOpPA NPHU BapUalM{ HAIpPSHKEHUM JIByX MCTOYHMKOB V1 m V2
(puc. 11).

TTocne HaxkaThs 3Ha4Ka DE ¢ oykBamu DC B nosiBUBILLIEMCS AUATIOTOBOM OKHE
Ha pUC. 12 UCTOYHUKM OMMCHIBAEM ClenylouuM obpazom. HampspkeHnue nepBoro
ucroyHuka V1 miaBHo usmensiercs (ceunupyer) ot 0 B 1o 15 B ¢ manbiM marom 0.1
B, HanpsoxeHne uctouHuka B 1ienu 3atBopa V2 usmensiercs otT 0 B 1o 4 B ¢ oTHO-
cutenbHO OosbiuM 1marom 0,5 B. Uuciio pa3nuyuHbIX 3HAYCHUN HanpspkeHus V2
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OyZeT paBHO YHCIIy KPUBBIX Ha PUCYHKE, IMOKa3bIBaroleM BbixoaHbie BAX moie-
BOT'O TPAH3UCTOPA.

kil W1

. J E m2p305 Gj_ g 0

Puc. 11. Cxema ¢ noneBsIM TpaH3ucTOpoM st peskuma DC

Bapwauwa nctounnkce (DC) >

MEpBBIA MCTOYHIMK
MEPBEIA MCTOHHMK, vl -

OTmeHa

HauyanbHoe sHaqYeHe g
KoHeYHDE sHaYeHHe 15
MpupaleHmne 0.1

MCNoNb30BaTE BTOPOIA MCTOUHHK
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. lnanoroBas nmanens pexuma DC

Paccunranneie BosbT-amnepHbie xapakrepuctuku MJIII-tpan3ucropa noka-
3aHbl Ha puc. 13. [1lo BepTUKaNbHOW OCH HAa PUCYHKE OTKJAABIBAETCS TOK CTOKA
I10JIEBOTO TPAH3UCTOPA.

OTOT TOK (PaKTUYECKU MPOTEKAET 4epe3 UCTOYHHUK V1 MPOTUB CTPENKH MO-
JIO’KUTENBHOTO HAIIPABJICHUS HAIIPSKEHMS HA 9TOM UCTOYHMKE. [103TOMY TOK CTOKA
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yKa3aH B JMAJIOTrOBO MMaHEeNN 3a/laHus Ha pacueT co 3HaKOM MUHYC. B aTom ciydae
pacCUMTaHHBIA TOK CTOKa OYIET MOJIOKHUTENIbHBIM U BbixojHble BAX Ha puc. 13
NOSIBJISIOTCS HE B 4-0M, a B 1-OM KBajpaHTe cucteMmbl KoopauHaT. [1o ropusoHn-
TalbHOM OcH Ha pHUC. 13 OTKIAABIBAETCS CBUMMPYIOLIEE HAMPSIKEHWE HAa CTOKE
TPaH3UCTOPA, PAaBHOE HAMPSHKEHUIO HCTOYHUKA V1.

del: ™ ol mos-n_xv_out_2.cir — Od >

—&— w20 —= y21h —— w3

WAl 2os w22 238
—— w2 — w22 h = wid

a0

4.0
f f f f f f f f f f f f f F—

an

20
.II:I F—F—F—F— Rt T — N
— —tr—
I:I ¢ o o o o o o o :- o o o o o : o n

6.0 a.0 100 120 14.0 16.0

CevnyposaHye w1 B

Puc. 13. Beixonusie BAX moJsieBoro Tpan3uctopa

Kpuseie Ha puc. 13 nonydeHs! npu 9 pa3nuyHbIX HANPSDKEHUSAX HA 3aTBOPE:
HanpspkeHue V2 nociienoBaTenbHo npuHuMaet 3Hadenus 0, 0.5, 1, 1.5,2,2.5,3,3.5
u 4 B. O00o3HaueHHsI KPUBBIX, COOTBETCTBYIOIIUX YKa3aHHBIM HaNpsHKEHUSIM Ha
3aTBOpPE JaHbl B BepxHel yactu puc. 13. Kak Buaum, yem OoJbIlle HANpsKEHUE Ha
3aTBOpE, TeM OO0JIbIIIE TOK CTOKA.

MakcuManibHasi BETMYMHA TOKA CTOKA, paBHas NpUMEpHO 4,8 MA, TOCTUTaeTCs
IIPU HANPSDKEHUU Ha 3aTBOPE, paBHOM 4 B, 1 ipy HanpsKeHUU HAa CTOKE, paBHOM 15
BOJIbT. KpyTH3Ha TpaH3uCcTOpa NpH HAINPSHKEHUH Ha CTOKE 8 B M npu HanpshkeHUun
Ha 3aTtBOpe 4 B npumepHo paBHa 3 MA/B.

3.5. PacueT koadhpumumeHTa rapMOHNYECKUX
UCKaXXeHUW

Koadpunment rapmonnyeckux uckaxenuii (KI'M) xapakrepusyeT cremneHb
OoTIUYUsS (POPMBI AHATU3UPYEMOTO CUTHajda OT (POpPMBI HIEATBHOTO TapMOHHYE-
ckoro curHana. s orneHku kod(uimenTa rapMOHUIECKUX UCKAKEHUH HE00X0-
MO TIPEABAPUTEIHHO MPOBECTU CIIEKTPAIBHBIN aHAIHM3 UCCIECIyeMOTO CHUTHAIA,
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T.C. PacCUMTaTh aAMIUIUTYIy OCHOBHOW (IEpBOI) rapMOHHMKH A; ¢ 4dacToToil fi u
aAMILTATYIbI TTOCICAYIOMUX BTOPOM, TPEThEH U T. . TApMOHHK: Ay, Ag, ..., A, ¢ Ua-
crotami y, fs, ..., f,, cooTBeTCTBEHHO.

KoabduimeHT rapMOHHYECKHX HUCKaXCHHH (B IMPOIEHTAaX) PacCUUTHIBACTCS
o ¢hopmyiie

KI' :100\/

A+ A+ A
A .

Jlst mosydeHusl TpUEeMIIEMON TOYHOCTH OOBIYHO YHCIIO PAaCCUUTHIBAEMBIX
rapMoHuK N > 9. Yem MeHbIIIE aMIUIUTYAbl BBICIIMX TapMOHUK Ay, Ag, ... , A, OT-
HOCHUTEIIBHO aMIUTUTYABI OCHOBHON TapMOHHMKHU A; B CIICKTPE CHUTHANIA, TEM OJIIKE
dbopma ucciegyemMoro curtana k opme rapMOHUUYECKoTo curHaia u menbine KI'N.

CrexTpanbHbIN aHAIU3 MPOU3BOAUTCS C MOMOIIBIO JUCKPETHOTO Mpeodpa3o-
Banusi Oypoe (I1D) nmocne 3aBepiieHus pacyera NepexoHOro mnpoiecca (B TeK-
CTOBOM (paiinie 3ajgaHusi JoJDKHA npucyrcTBoBarth aupektuBa .TRAN). Cnektp
paccUMTHIBACTCA TOJBKO JUIS YacTH TEPEeXOJHOTO TMpoliecca IUTEIHHOCTHIO
T, =1/f; B xoH1e uHTEepBasa aHanu3a. [Ipenmonaraercs, 4To B KOHIIE MHTEpBaJIa
aHallM3a TOJy4yaeM MPaKTUYECKH CTalMoHapHbe Kojiebanus. [lo ymomuyaHuio B
nporpamme uSpice Bpems T; = 0,2*TSTOP, rne TSTOP — unTEepBa) ananuza as
pexuma TRAN

SPICE-mupextuBa Ha npoBeaenue pacuera KI'M umeer Bua

.FOURIER f; ml m2 ...

3neck f; — yacToTa mepBOil TapMOHHMKH, paBHAs OCHOBHOW YacTOTE HCCIIe-
JyeMoro curtaina, ml, m2, ... — METKM BBIXOJHBIX NEPEMEHHBIX, JJII KOTOPBIX
TpedyeTtcst paccuutath KI'.

JumanoroBasi maHesb, UCHOJb3yeMasl IJisi BBOJIa MapaMeTpOB MpU UCCIEA0Ba-
Hun KI'U, nokazana Ha puc. 14. C noMoIpto 3To0l naHeaIu BBOISATCS:

— YacToTa NepBOi rapMOHUKH fy,

— YHCJO TapMOHMK, aMIUIUTY/IbI M (ha3bl KOTOPHIX OyAyT HareyaTaHbl B BUJIE

TabauIkl, (mo ymondanuto 10),
— crenedb noiauHoma (ot 1 10 8), ¢ MOMOIIBI0 KOTOPOTO MPOBOAUTCS HH-
TEPHOJIALHUS TaHHBIX (IO YMOIYaHuio 1),

— 00bem BeiOopku 1ist 11D (o ymomuanuto 1000),

— METKH BBIXOJHBIX IepeMeHHbIX (m] 1 m2 Ha puc. 14).

[Ipy U3MEHEHUH YacTOThI EPBOM TapMOHHMKH f; aBTOMATHYECKH MEPECUUTHI-
Batorcsi nmapametrpbl TSTOP, TSTEP u TMAX. Ilpuuem nociieaiHuii mapameTp,
MaKCUMAaJIbHBIN 1ar uHTerpupoBanuss TMAX, nepecunTbIBaeTCS TOJIBKO MPH BHI-
oope paarokHonku “PaccumraTh aBTOMaTHuecKu (pexomeHayetcs)”. Kpome Toro,
napametp TMAX aBTOMaTH4YeCKU MEPECUUTHIBAECTCS MPU U3MEHEHUH 00beMa BbI-
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O6opku N, T. K. I JOCTHXKEHHUSI MaKCUMaJIbHOM TouHOCTH mapameTrp TMAX pac-
cuntbiBaeTcs 1o popmyiae 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. Inanorosas nanens pexxuma KI'

OTMeTuM, YTO ONMHUCAHHBIM Cy4all OTJIMYaeTCs OT PEeKHUMa pacuera mepe-
XOJTHOTO TIporiecca (pexuM Tran), y KOTOpOTro MPHU BHIOOPE aBTOMATUYECKOTO
omnpenesieHus 1mara uHTerpupoBanus napamerp TMAX paccuuThIBaeTCsi BHYTPHU
nporpamMmsel 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'U
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Tak kak mar MHTETPUPOBAHHS B MPOTPaAMME MOJCITUPOBAHHSI MOXET OBITH
Pa3IUYHBIM, TO TIOCIIE pacyeTa MEepeXxOoHOrOo MpoIliecca Uil TOTo, 9TOObI obecre-
YUTh PAaBHOMEPHOE B3SITHE OTCUYETOB MCCIIEYEMOTO CHTHAa, IPOBOJAUTCS WHTEP-
MOJISAIIMSL PACCUMTAHHBIX NaHHBIX. [0 yMOTYaHWUIO WHTEPIONSALUS TPOBOIUTCS
MIOJIMHOMOM TIEPBOTO MOpsAKa. B mpaBoif 4acTu AMATOrOBOTO OKHA MOYKHO BBECTH
JaHHBIC JJIS1 PEABAPUTEIIHFHOTO pacueTa MepexoaHoro nporecca. [lo ymomuanuio
BpEeMsl aHAJIM3a B TISITh pa3 MPEBBIMIACT MEPUO]T OCHOBHBIX KOJICOaHMIA.

OtmeTuM, 4TO, B OOJBIIMHCTBE CiIy4aeB, aJisi mposeaenus pacueta KI'M mo-
CTaTOYHO BBECTH YaCTOTY MEPBOM TAPMOHUKH M TIPOBEPUTH NPABIILHOCTh CITUCKA
BBIXOJIHBIX TIepeMeHHBIX. OCTallbHbIE TTapaMETPhl, KaK MPaBUIIO0, MOKHO OCTaBUTh
no ymosuanuio. Pezynbrarsl pacuera KI'U u criekTpanbHOTO aHainn3a BEIBOASTCS B
OKHE IomporpaMmsl uXSpice (puc. 15).

Paccuntaem KI'M st curHana Ha BBIXOJI€ HEMHBEPTUPYIOIIETO YCHIIUTENS,
cobpanHoro Ha oneparronHoM ycunutene Ul tuma k140ud7 (puc. 16).

|
cil |

C2 L b m?

—
—

W1 e —
Nio ™ U 5
3.0 1 £UIK
I ed ’ 1 J__ __+
3 ki4oud7 2|+ | va
o 10V | 10V |
0 0 0 0 0

Puc. 16. Cxema HenunHenHoro ycuutens Ha OY

[Tpu mogavye Ha BXOHA yCHJIMTENSI OOJBIIIOTO MO YPOBHIO CUTHAIA C aMIUIUTY-
1o, paBHOU 3 B, hopMa BBIXOTHOTO HAIPSHKEHUS UCKAXKAeTCA. DTO BUHO HA PUC.
17. ITpyuriHa BO3HUKHOBEHUS HMCKa)KEHU — BbIXOAHOE HampsbkeHue OY orpa-
HUYMBAETCS HAMPSXKEHUSIMUA UCTOYHUKOB TTUTAHMUSL.

Pe3ynbrathl pacuera KI'M nokaszaHnsl Beillle Ha puc. 15 B OKHE MOAIPOTrpaMMbl
uXSpice. Kak Buaum, ko3QPUIIMEHT rapMOHHMUECKUX HMCKAKEHUN HCCIETYyEeMOTO
curHaia (m2) paBeH npuOIM3uTearHO 6,2%. B Tabmuie Ha puc. 15 npuBemeHbI
aMIUTUTYIbl W HadalbHble (ha3bl HECKONBKUX CIEKTPAIBHBIX COCTABISIONINX.
Hanpumep, MakcuMaiabHyIO0 aMIUIMTYAY, paBHYI0 npumepHo 8,3 B umeer nepBas
rapMoHukKa. M3 BBICIIMX TapMOHUK HAMOOMBIIYI0 aMIUTUTYAY, PABHYIO TIPUMEPHO
0,44 B, umeeT TpeTbs rapMOHHUKA.
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tranl: * c\.\opamp_k140ud7_kni.cir — Oa >
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B —— mZ
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rEC

Puc. 17. Bxognoit (m1) u BeixoaHo# (M2) curnans! yeunutens Ha OY

3.6. AN®

Huckpernoe npeodpazoBanue dypoe (IAIID) mo3Bosser mpencraButh auc-
KPETHBIN CUTHAJI HA KOHEYHOM WHTEpBaje BpEMEHU | B BUE CyMMBI JUCKPETHBIX
rapMOHUYECKUX CUTHAJIOB:

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

3neck S(K) — orcuersl nccnenyemoro curnana, K — Homep orcuera, C, —

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

Ha puc. 18 mokazaHa oCHOBHas IUaliOrOBasi MaHEb, C MOMOIIBIO KOTOPOMH
BBOJsATCA TapameTpsl JI1D. [lepBoiit u3 »THX mapameTpoB — 00beM BhIOOPKHU N.
[To ymomganuio N = 1000. YUem Gosibiiie 00beM BBIOOPKH, TEM MPU MPOYUX PABHBIX
YCIIOBUSIX MOApPOOHEE M MOJIHEE CIEKTp CurHaiga. BaxHoe mpeumyiiecTtBo, o0y-
CJIOBJICHHOE ucIojb3oBaHueM JIIID, — Bo3MoxkHOCTH 3amaHus N, paBHbIM HE
creneHu 2, kak npu npumeHeHun BII®D, a kpataeim 10. IIpu 3TOM ympoimaercs
BBIOOP YaCTOTHI JUCKPETU3AIMH, YACTOTHOTO JHarna3oHa CIeKTPAIbHOTO aHAIN3a,
WHTEpBaJia aHAJIN3a U T. 11

Crnenyrole J8a OCHOBHBIX ITapaMeTpa — pazpenieHue no yacrore F (yacrora
MepBOM TAPMOHMKH) M UCCIEAYEMbI 4acTOTHBIN nuama3oH D, cBszanbl mexmay
coboit cootHomenuem D = F(N/2). MI3mMeHATh MOXKHO TOJIBKO OJIMH M3 3TUX Tapa-
METpOB, APYToi mapameTp OyAeT pacCunTaH aBTOMAaTUYECKH.

Bropoe npeumymectBo ucnons3zoanusa 1P — BO3MOKHOCTL pacuera He
Bcex N/2 KOMIUIEKCHBIX TapMOHUK, Kak rpu npuMmeHeHnn bI1®D, a Tonpko yactu, u3
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3aJJaHHOTO JiMana3oHa. Takoi quama3oH MOYKHO yKa3aTh, 3a/1aBas 4acToThl FMIn u
Fmax B auanorosoit nanenu. [Ipu ykazaHuu majnoro guanazoHa MOKHO Jaxke IO-
JYYUTb BBIUTPHIII 110 BpEMEHU pacuera B cpaBHeHUU ¢ BI1D.

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
Ao vacToTel Fmax SOa00 m m2
BepTHKansHan ok Lin "

CTonG4aThii rpaduk

DE50BLIA CNEKTP OBHOBMTE METKM NoBaBrTe TokKK

Puc. 18. OcHoBHas auanorosas nanens 11D

[Tpu mmdpoBoii 00pabOTKE CUTHAJIOB ISl YMEHBIIEHUS BIMSAHUS pa3pbIBOB Ha
KOHLIaX MHTEpBaia | IIMPOKO UCHOJIb3YIOTCS OKOHHBbIE (QyHKUMHU. B nuamoroBom
OKHE MO’KHO yKa3aTh LIECTh Pa3HOBUIHOCTEW, HAMOOJIEE YACTO UCIOIb3YEMBIX Ha
npakTUKe OKOHHBIX (yHKIwmiA: hanning, hamming, bartlet, blackman, gaussian u
kaiser. [Tpuyem ast qBYX MOCIEIHUX OKOH YKA3bIBACTCS BCIIOMOTATEIbHBIN Mapa-
metp A. Jlns okna I"aycca napameTp A u3MeHsieTcsl, Kak MpaBuIIo, B AUana3oHe oT 1
1o 10 (mo ymomuanwuto 3). [ns oxna Kaiizepa mapamerp A BelOMpaeTcs, Kak mpa-
Bui0, ot 0 10 100 (1Mo ymosruanuto 3).

[Ipu ncnonb30BaHUM OKOHHBIX (YHKUUNA y4UThIBaeTCA KO3 PUIMEHT ocnal-
JieHus 3, paBHBIM OTHOIIIEHUIO MMOCTOSSHHON COCTaBJIsIONICH A, 3aJaHHONM OKOHHOM
¢ynkuu W(t) kK moCTOSIHHOM cocTaBisitoniel Ay IPSIMOYTOJIBHOTO OKHA,

B:%:%l‘w(t)dt.

B ciyyae AMCKPETHOrO CIEKTPAIbHOTO aHain3a HCmnojab3yeM N oTcueToB
okonHo# ¢yukiuu W(K), k=0, 1, 2, ..., N1, B3SThIX 4Yepe3 MPOMEKYTOK BpEMEHHU
A, paBubIi iepuoay auckperusanuu 1d. Torma T = N*A u uHTErpaj B 3alIMCaHHOM
BBIIIIE BBIPAKCHHUH JUIA [} 3aMEHSETCS HA CyMMY
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MZ

B=s

S W(k)A :ﬁNZiw(k)

Ky
Il
o

AMIITUTY 1Bl COEKTPAIBHBIX COCTABIIAIOIIMX MTPU MCIOJIb30BAHUH YKa3aHHBIX
BbIIIIE OKOHHBIX (DYHKIUH yMeHbIIaloTca. st Toro 4ToObl KOMIEHCHPOBATh 3TO
ymenblnenne nociue 1D kaxapiil cieKTpaibHbIN OTCYET yMHOXKaeTcs Ha 1/f.

C moMoIbl0 OCHOBHOIO JMAJIOIOBOIO OKHA MOXHO TaK)Xe€ HW3MEHUTh BHUJ
rpadukoB (YyCTaHOBUTH CTOJOYATHIM BUM), BhIBECTH rpaduk (Ha30BOro CHEKTpa,
MU3MEHUTH CIUCOK BBIXOIHBIX IEPEMEHHBIX.

AND c ckoHABIMKA $YHELNAME >

And  LononHUTENbHO

WHbopMaLa
SagepHka Tz E] C

Bpema aHanmza TSTOP 0.001 c
HaqansHele yCnoewWa
0 PaccunTate aETOMETMYECKM CrexTpHawnTepsane T 0.001 c
[_JIHynesse MnK 3a0aHel NoNs30BaTENEM Mepuon auckpeTuzawm Td | 12-05 .
LUar wHTerpupoBaHuA (TMAX) MHTepnonawA
o PacciuMTaTh aBTOMATHHECKHK CTeneHe nonvHoMa P 1
(_)3anatb 4e-06 c Uucno Touek M i)

Ok ] OTMEHE

Puc. 19. JlononnutensHas nuanoropas nanens 1D

CnexkTpanbHbIi aHAIW3 MIPOU3BOJUTCS MOCIE 3aBEPILICHUS] pacyeTa Mepexoi-
HOTO mporiecca (B TeKCTOBOM aiijie 3aaHus JOJDKHA MPUCYTCTBOBATH COOTBET-
ctBytomas gupektrBa . TRAN). Pa3pemienue no 4actore ¥ BpEMEHHOM MHTEpBAI
aHaim3a cBs3aHbl coorHourenueM F = 1/T. CnemoBarenbHO, BBOAS B OCHOBHOM
JIMAJIOroBO# maHenu yactory F, 3amaem untepBan ananmusa criekrpa T = 1/F. Ioxn-
Hoe Bpems pacueta TSTOP onpenensiercs mo dopmyne TSTOP =T + Tz, rne Tz —
3aaepxkka (puc. 19). B nocnennem ciydae CneKkTp pacCUMTHIBAETCS ISl YACTH Tie-
PEXOIHOrO Mpolecca JIUTENBLHOCTRI0 T B KOHIIE MHTEpBaja aHaIN3a, HAUYMHAs CO
BpeMeHu [z. Bpems 3aaepxkku T; yka3plBaeTCsi Ha BTOPOM AMAJIOTOBOM MaHENIU
(3aknazaka "JlonmoaHUTENbHO").

Bropas nuanorosasi naHesb NokazaHa Ha puc. 19. 3neck MOXKHO yKka3aTh BpeMs
3aiepKku Tz (10 yMoa4aHuIo 3aepxKa [z paBHa Hynw0). Ha BTopoil quanoroBoi
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MaHEJId MOYKHO TaK)K€ M3MEHUTh HAYaJbHbIE YCIOBHUS U MAaKCUMAIIbHOE 3HAUEHUE
niara UHTErpUPOBAHUS IIPU PACUETE MEPEXOTHOTO MPOIIECCa.

Ocobennoctpb ucnonp3oBanus JII®D B mporpammax MoAeIupoBaHUS — 3TO
HE0OXOAMMOCTb IIPOBEICHUSI UHTEPIOJISALNU JaHHBIX, TAK KaK PacueT MepexoHOr0
mpoliecca MPOBOAUTCS C MEPEMEHHBIM IIAaroM, BEJIMYMHA KOTOPOTO BBIOMpaeTCs
ABTOMATHUYECKH U MOJXKET CYIIECTBEHHO M3MEHSTHCA UIsl 0OECIICYeHHUs] MUHUMU-
3aIli¥ BPEMEHU BBIYUCIICHUN U TOMYCTUMBIX TorpemHocten. s 1D tpedyercs
paBHOMEpHasi AUCKPETU3ALIUS C IIarOM, paBHBIM nepuoay auckperusanuu Td (puc.
19). Ilo yMon4aHuIO UHTEPHOJSALMSA MPOBOAUTCS MOJMHOMOM 1-0oi crenenu. UH-
dbopmarus o nepuoje qucKpeTusaiuy, a Takxe o BpemeHax TSTOP u T BeiBoguTCS
B [IPABOM BEPXHEHN YACTU IHAIOTOBOTO OKHA.

OTmeTuM, 4TO MPpHU YKa3aHUU CTENEHU UHTEPIIONHUPYIolero noiuuoma P > 1 u
yucia Touek M > 0 OyaeT npoBefieHa UHTEPIIOISIIUS ToYeK TpadukoB ¢ qobasiie-
HUEM MEXIy KaXXJ0i mapoil Touek UCXoaHoro rpaduka M 3HaueHUN UHTEPIIONH-
pytolero nojiuHoMa. byaere BHUMartenbHbl, Ipd M > 0 HEe peKOMEHayeTcs HcC-
M0JIb30BaHUE CTOJI0UYATOrO rpaduka, Tak Kak K CIEKTpY J00aBISIOTCS JIOMOJIHU-
TEJIbHBIE MHTEPIOJISIIUOHHBIE KOMIIOHEHTHI, OTCYTCTBYIOIIME B aHAIU3UPYEMOM
curdasie. CTeneHb HHTEPIOIUPYIOIIETO MOJIMHOMA BEIOMpaeM 13 quamnasona 1...8, a
yucio Touek M — ot 0 o 10.

Pe3ynbpTaThl pacueToB MPEACTABISIIOTCS Ha rpadukax Kak (PU3UYECKUN OJTHO-
CTOPOHHHI CHEKTP (TOJBKO MO MOJIOKUTEIBHBIM 4YacTOTaM). AMIUIUTYIbl CIIEK-

TPaJbHBIX COCTABJISMIONIMX Ha TpaduKe ONMpenesroTcs cooTHomeHusMu: A, = C,,
eciun=0,n=N/2uA,=2C,, ecau 0 <n <N/2.

tranl: ** chAdft_pulse.cir - O »o

—— m2

ne

0.5

0.4

0.2

Puc. 20. IIpAMOyTonbHBIA UMITYJIBC
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[Tpumep. Ha untepBane Bpemenu T = 1 Mc 3aaH IpAMOYTOJIBHBIN UMITYJIBC C
amriatygou 1 B u mmurensHocthio 100 Mkc (puc. 20). JImuTeasHOCTH IepeHero u
3aiHer0 ()POHTOB MMITYJbCAa MaJibl U paBHbI 1HC. AMIUTUTYJHBIN CHEKTpP 3TOTO
UMITyJIbCa MpUBENEH Ha puc. 21. PacdeT mpoBeneH mpu HUCNOIb30BAHUU MPSAMO-
yTOJbHOM OKOHHOU (pyHKIMM (puc. 18).

spd: 7 o Adft_pulse.cir — O X

—&— mag(m:)
riE

200
160
120
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40
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Puc. 21. AMIUIMTYIHBIN COEKTP MPSAMOYTOJIBHOTO UMITYJIbCA

[Ipu pacuere crekTpa UCHOJIB30BAIUCH MMAPAMETPhl, IPEACTABICHHBIE B JUa-
JIOTOBBIX OKHaxX BbIlIE Ha puc. 18 u puc. 19. OTmerum, 4to pacyeT NpoBOAUICS HE
mutst BcexX N/2 KOMITJIEKCHBIX TAPMOHUK, a TOJIBKO JJis nepBbiXx 50-u rapmonuk. Kak
BUJIUM, AMIUIUTY/1a MIEPBOM rapMOHUKHU MPUMEPHO B JBa pa3a MPEBBIIIAET MOCTO-
SHHYIO COCTaBJISIIOINYIO B criekTpe curHana. [llupuHa oHOCTOPOHHETO TJIaBHOTO
JenecTka (PU3NYecKoro aMIUIMTYTHOTO criekTpa paBHa 10 kI

3.7. BMN®

C nomompto ObicTporo npeodpazoBanusi @Oypwse (BIID) ansa auckperHoro
CUTHaJa, 33JJaHHOTO Ha KOHEYHOM WHTEpBaJie BpeMeHU T, OmpeeNseTcs: CIeKTp B
COOTBETCTBHHM CO cienyroen hopmymnoit

. N-1
C, =% X s(k)exp(—j2nk).
k=0

3nech C, — KOMIUIEKCHAsl aMILTUTYAA N-i rapMoHuKU, N — 00beM BBIOOPKH,

s(k) — oTcueTsl nccemyemMoro curuana, K — HoMmep orcuera curnana. J{ist pacuera
CIIEKTPa HCIOJIB3YIOTCSA OBICTPbIE AJITOPUTMBI, YYHUTHIBAIOIIUE IEPHOIUYHOCTh
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KOMIUIEKCHOM SKCIIOHEHTHI B MpHUBEACHHOMN BbIle hopmyne. B orauuue ot AIID
o0wveM BeIOOpKHU N npu rcnions3oBanuu bIID nomkeH ObITh paBeH CTETIEHU IBOMKHU.

BMN® ¢ okoHHBIMK gyHELWMAMKI >

EN®  AononHuTensHo

Ofkem soibopru M 1024 w OkoHHEA dyHKLAA

BiGop oKOHHOM dyHKLIAKW
Paspewenue no vactote F o FTR = Byaasm | Her -

n
“ MNapameTp A okHa Maycoca

MK OKHE Kaisepa

fed

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 quanorosas nasenb napameTpo bI1D

Ha puc. 22 nokazaHa OCHOBHasi JUajoroBasl MaHeb, C MOMOIIbI0 KOTOPOH
BBOJIsITCA napameTpsl BIID. [1epBrrit u3 aTux nmapamerpos — 06beM BoiOOpkH N. Tlo
ymomyanuto N = 1024. Yem Oosbiiie 00beM BBIOOPKH, TEM MPU MPOUYUX PaBHBIX
yCIOBUSIX MOApPOOHEe U MoJHee CcreKTp curHaia. Creayronue ABa OCHOBHBIX Ia-
paMmeTpa — paspeluieHue 1no dactore F m mccnenyemplii 4acTOTHBIM Auana3zoH D
CBsi3aHbI MeX 1y coboii cooTHomienneM D = F(N/2). BBoguTh MOXHO TOJBKO OMH
U3 OTUX MapaMeTPOB, IPYroi mapameTp OyJeT pacCUuTaH aBTOMATUUYECKH.

B Bume rpaduka MOKHO TIPEICTaBUTh TOJBKO YacTh CIIEKTPa U3 3aJlaHHOTO
nuanaszona D. Tako# nuama3oH MOXXHO yKa3aTh, 3ajaBas 4acToTel Fmin u Fmax B
JTAAJIOTOBOM TTaHEJH.

[Tpu mmudpoBoii 06pabOTKE CUTHAIIOB ISl YMEHBIIIEHUS BIIMSHUS Pa3pbIBOB Ha
KOHIIaX WHTEpBaNia | HCMOIB3YIOTCA OKOHHBIE (YyHKIUU. B muamoroBom okHe
MOXHO YKa3aTh IECTh YaCcTO HCIOIh3YEeMBIX HAa MPAKTUKE OKOHHBIX (DYHKITHIA:
hanning, hamming, bartlet, blackman, gaussian, kaiser. Ins AByX mocieqHUX OKOH
yKa3bIBaeTcsi BcioMmorarenbHblid mapametp A. Jliis okHa ['aycca mapametrp A BEBI-
oupaetcst u3 nuamnazona ot 1 go 10 (mo ymomuanuto 3). [{ns okna Kaitzepa napa-
MeTp A BeiOupaercsa u3 auanazona ot 0 go 100 (mo ymomuanuro 3). Eciu 1u1st okHa
Kaiizepa BbiOpatsh A = 0, TO HOTYYUM NPSIMOYTOIBHOE OKHO.

[Tpu ucmonb30BaHUK OKOHHBIX (PYHKIMH y4WUThIBaeM KO3()PHUIMEHT ocnad-
JeHus 3, paBHBIN
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N-1
B=+2 w(k)-
k=
3nech W(K) — orcuerst okoHHOM QyHKmn, K= 0, 1, 2, ..., N-1. AMIumTys1

CHEKTPaJIbHBIX COCTABIISIIOUIUX IMOCIE YMHOXKEHUS BXOJIHBIX OTCYETOB HA YKa3aH-
HBIE BBIIIE OKOHHBIC (DYHKIIMU YMEHbIIAIOTCS. J[71s TOro 4TOoOBI KOMIIEHCUPOBATH
BJIMSTHUE 3TOT0 YMEHBIIEHUS Ha ClIeKTp nocie bIId kax bl CHEKTpaIbHbIA OTCUET
JeNuThCS Ha 3.

C moMoIbI0 OCHOBHOTO JMAJIOIOBOIO OKHA MOXHO TaK)Xe HW3MEHUTh BUJ
rpaduKkoB (yCTaHOBUTH CTOJIOYATHIN BH[), BBIBECTU rpaduk (Pa3zoBOro CIeKTpa,
M3MEHUTh CIUCOK BBIXOIHBIX IEPEMEHHBIX.

CnekTpanbHbIA aHATU3 MPOU3BOAUTCS MOCIE 3aBEPIICHUS pacyeTa Mepexo/i-
HOTO MpoI1iecca (B TEKCTOBOM (pailiie 3ajaHusl 10JKHA IPUCYTCTBOBATh IUPEKTHBA
.TRAN). Pa3penienue no 4actotre 1 BpEMEHHON MHTEpBaJ] aHaJIW3a CBA3aHBI MpU
ncnoab3oBannu BII® coorHomenuem F = 1/T. CaemoBaTensHO, BBOIS B OCHOBHOM
MaoroBoi maHenu 4vactoTy F, 3amaeM mHTepBan aHanmusa cnekrpa T = 1/F u
nonHoe Bpems pacueta TSTOP =T + Tz, rne Tz — 3anepxka. CrieKTp pacCUUThI-
BAETCA I YACTH MEPEXOJHOTO MPOLECCa INTEIBHOCThIO T B KOHIIE MHTEpBAJIA
aHanu3a HauuHasg ¢ BpeMeHM Tz. Bpewms 3anepxkku Tz yka3plBaeTcss Ha BTOPOM
JMaJoTOBOM MmaHenu (3akiajaka "JlonoaHuTenpHO0"), MOKa3aHHOU Ha puc. 23.

EMN® c okoHHBMK gyHELMAMK *

BNt AononHuTensHo

MHoprawya
Sanepwka Tz ﬂ C

Bpema aHanmsa TSTOP 0.001 c
HaqansHBIE YCNoBMA R

CnekTp Ha wHTepeane T UL C
Q) PaccunTaTe 3BTOMATHUECKH
- Mepron AMCKpeTHIawMM Td | 9, 75656252-07 c
[ Hynessle WnK1 3a0&HEI NONb30BaTENEM

. MHTepnonawa

War uHTerpuposaHna (TMAX) P ad
0 PaccunTate asTOMaTHYECKK CTeneHs nomiHomMa P
() 3apate | 4e-06 E Yucno Todek M 0

Ok ] OTMEHE

Puc. 23. JlonosHuTENbHAS AUAIOTOBas MaHesib napameTpoB bIID

[To ymomuanuto 3anepxka Tz paBHa Hynr0. Ha BTOpoM nuanoroBoil maHenu
MOJKHO TaKXe 3aJ1aThb HAYAJIbHBIE YCIOBUS U MAKCUMAJIbHOE 3HAYCHUE I11ara UHTE-
TPUPOBAHUS MPHU pacueTe mepexoaHoro mponecca. IIpu mcnosb3oBaHuHd B IPO-
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rpamMmax MojenupoBanus bII® Bo3HMKaeT HEOOXOIUMOCTH MPOBEACHUS HHTEP-
MOJISALIMKM BXOJIHBIX JTAHHBIX, TaK KaK pacueT MepexoqHOTO IpoIecca MPOBOIUTCS C
NepeMeHHBIM I1aroM, a Jjisi bII® Tpebyercs paBHOMepHas AUCKpETU3aIus ¢ Iia-
roM, paBHBIM Nepuoay auckperusaruu Td. MHpopmaiusa o nepuojie JucKpeTu3a-
uuu, a Takke o BpeMeHax TSTOP u T BeIBOgUTCS B MpaBOil BEpXHEH 4acTH Jha-
JIOTOBOTO OKHa Ha puc. 23. [lo ymMoi4aHui0 UHTEPHOIALNS MPOBOJUTCS MOJIUMHO-
MoM 1 cTeneHu.

CreneHb MHTEPIIOIUPYIONIETO MOJIMHOMA P CO3AaHUU TPpaUKOB PEKOMEH-
JyeTCsl BBIOMpaTh U3 quana3oHa 1...8. OTMeTum, 4To NpH yKa3aHUH YKciia Touek M
> (0 OyaeT JOMOJIHUTEIIBHO MpOBEJCHA HWHTEPIONAIMS ToueK rpadukoB. byabTe
BHUMATEIbHBI, pu M > 0 HE peKOMEHAYeTCsl MCIOJIb30BaHUE CTOJI0YATOro Ipa-
¢dbuKa, TaKk KaKk K CIEKTPY J00aBIISIIOTCS JOIMOJIHUTEIbHBIE HWHTEPIIOISAIMOHHbBIC
KOMITOHEHTBI, OTCYTCTBYIOIIME BO BXOJHOM CHUTHAJIE.

Pe3ynbraThl pacyeToB MpeacTaBiIAIOTCS Ha rpadukax Kak (pu3ndeckuil oJIHO-

CTOpOHHI/If/'I CIICKTP (TOJIBKO 10 ITOJIOXXUTCIBbHBIM T‘IaCTOTaM). AMHJII/ITYIIBI CIICK-
TpaJIbHBIX COCTABJIAIOIINX Ha rpa(bHKe OIIPCACIIAIOTCA COOTHOIICHUAMMU An = Cn

ecmu N =0,n=N/2u Ap =2Cp ecu 0 < n < N/2.

sp2: ** e\ A _pulse.cir — O x

—&— mag(m1]
B
200

160
120
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40 !
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0o 40 g0 120 160 200 240 230 320 3/0 400 440 430 B20
A

Puc. 24. AMIuIMTYiHBIN CIEKTP MPSAMOYTOJIBHOIO UMITYJIbCA, IOJYYEHHBIH C
ucnoas3oBaareM bI1® npu o6peme Bibopku N = 1024

Hanpumep, aMImuTyJHbINA CIEKTP MPSMOYTOJIBHOIO UMITYJIbCA C aMILIUTYION
1 B u qmurensHocThIO 100 MKC, 3a1aHHbIi HAa nHTEpBaje Bpemenu T = 1 mc, npu-
BeJieH Ha puc. 24. JIMTUTENIbHOCTH MEPEIHEro U 3aJHET0 (POHTOB UMITYJIbCA OJIH-
HAKOBBI ¥ paBHbI 1 HC.
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[Ipu pacuere cnekTpa MCHOIB30BAIMUCH MMapaMeTphl, IPEICTaBICHHbIC B JUa-
JIOTOBBIX OKHaX Ha puc. 22 v puc. 23. OTMETUM, YTO HA PUCYHKE IPUBEIEHBI TOJIBKO
nepseie 50 rapmonuk. Kak BuguM, aMIuMryaa nepBoi rapMOHUKH MIPUMEPHO B JBa
paza TMpeBBIIIAET TOCTOSHHYIO COCTaBISIIONIYI0 B crnekrpe curHana. [llupuna
TJIaBHOTO JICTIECTKA B OJJTHOCTOPOHHEM aMIUIUTYAHOM criekTpe paBHa 10 kl'm.

3.8. PacyeT aHannTuyeckoro curHana

Ananmutnueckuid cural (AC) ucnonb3yercs i OJHO3HAYHOIO ONpEeACICHUS
aMIUTUTYAbI U (Da3bl MOAYIMPOBAHHOTO CUTHANA. AMILTUTYJAa U (pasa MoIyIupo-
BaHHOT'O CUTHAJIa OIpeeNaeTcs ¢ ucnoiab3oBanneM bI1D.

AL X
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. OcHoBHas AuajioroBas MaHCIb JJIA 3aJaHUs ITapaMETPOB pacucTa

AHAJIMTHYCCKOI'O CUIrHajia

st pacdyera ormbaromieid n ¢Ga3pl HAKUMAEM 3HAYOK # Ha namenu uH-
cTpyMeHTOB. Ha puc. 25 mokazaHa OCHOBHAasl JAHAJIOTOBasi MaHENb, C MOMOIIBIO
kotopoil BBogsATcs napameTpsl AC u BII®. [1epBblii U3 3THX MapaMeTpOB — BpeMs
pacueta nepexoaHoro npouecca TSTOP. Jlanee ¢ moMoIbio AUaJ0roBON MaHEIN
3amaem o0beM BbIOOpKHM N. Ilo ymomuanmio N =1024. Ha puc. 25 BwIOpaHO
N = 4096. Uem 60mb111€ 00b€M BBHIOOPKH, TEM TIPH MPOUYUX PABHBIX YCIOBUSAX TOY-
Hee BBITIOJIHAETCS mpeodpazoBanue [ ninbepra.

C noMmollbl0 JUAJOrOBOM MaHENIM MOXHO 3aJaTh MapaMeTphl HecylleH, a
MMEHHO: YaCcTOTy HECYIel, MOCTOSHHYIO HadallbHyIo (a3y, Bpems tz1 Hadana pa-
JTUOWMITYJIECA U BpeMs tZ2 OKOHYaHUs paguoumiryibca. OOpature BHUMaHUE, YTO,
3a/1aBasi 9acTOTy HECYIICH W MOCTOSHHYIO Ha4YaJbHYIO (Da3y paBHBIMU HYJIIO, TIPU
pacuere MepeMEeHHON HauadbHOU (Da3bl MONYYUM 3aBUCHUMOCTH IMOJIHOM (a3bl KO-
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nebanus ot BpeMeHu. Kak npaBuiio, rpaduk 3TOH 3aBUCUMOCTH aHAJIOTUYEH Tpa-
¢buky ObicTpo Bo3pacTaromieil pyHkiuu. Beruucinenue monHoi ¢asbl B mporpamme
uSpice TPOBOJUTCS C HMCIOJb30BAaHUEM CIEIMATBHOTO alfOPUTMa pacdera He-
npepbIBHON (ha3bl. ITO MO3BOJIWIO MOJYYUTh KOPPEKTHBIE 3aBUCUMOCTH Iepe-
MEHHOHM HayalbHOM (a3bl OT BpEMEHU MpU OOJIBIINX MHJIEKcaX (Ha30BOM MOTYIsI-
uu (OM).

B nipaBoii HI>KHEW 4acTH TUajIoroBOM MaHeIu MOKHO YKa3aTh BBIBOJ rpaduka
NepeMeHHOM HavajabHOU (ha3bl. B 11eBoM HIDKHEHW YacTh JUajoroBOM MaHeId UMe-
€TCS OKHO TEKCTOBOI'O PENaKTOpa IJisi BBOAA BBIXOJHBIX NEPEMEHHBIX. B Hem
YKa3bIBAIOTCS METKHU Y3JIOB, HAIPSKEHUSI B KOTOPBIX JOJHKHBI OBITh BBHIBEJICHBI B
Bujie rpaduxoB. Knonka "OOHOBUTH METKU" 1MO3BOJIIET OOHOBUTH CITIUCOK METOK.
Kunorika "J106aBUTH TOKH" MO3BOJISIET BHECTH B OKHO BBIXOJHBIX IEPEMEHHBIX TOKU
4yepe3 UCTOYHUKHU HanpsokeHUs. CIUMCOK METOK B OKHE BBIXOJHBIX MEPEMEHHBIX
MOYHO PEIaKTUPOBATb.

Jns Kaxaou BBIXOJAHOW MEPEMEHHOW pPACCUMTHIBAETCS 3aBUCHUMOCTh KOM-
TJIEKCHOM aMIuiuTyAbl oT BpemeHu. Ha rpadukax BeIBOJsATCSA oruOaroias u, eciiu
yKa3aHo Ha AMAJIOrOBOM MMaHEIH, TepeMeHHas HauaiabHas (a3a 3Toi KOMIIEKCHON
aAMILUTATYBI.

AC >

PacueT aHamMTHYeCKoro cirHana  4ONonHWTEREHD

WHbopMaLya
Sanepska Tz E] C
Pazpewerne no vactote F | 2500 My
Hau4anbHeie YCNOBKMA CrekTp Ha MHTepsane T 0, 0004 C

o PECCHMTETE SETOMETHHECKM

Mepuon auckpeTusamm Td | 9.7

65625e-08 C

'::_::' Hyneekle N 330aHel NONE30E3TENEM

’ WHTepnonAwa
LLar uHTErprpoBaHuA (TMAX) p
Q) PaccunTaTh aETOMATMYECKM CTeneHe nonwHomMa P 4
(_)3apaTte| 1.6e-06 C Yucno Touek M 0

Puc. 26. lononnuTtenbHas Auanoronasi maHemb JUIsl 3aJJaHUs TAPAMETPOB
pacdeTra aHaJIMTHYECKOTO CUTHAJIA
Bropasa mononHuTenbHas AUAIOroBas MaHedb NOKa3zaHa Ha puc. 26. Ha stoit
MaHEJId MOKHO BBECTH 3aJ€pKKy Tz, TO €CTh BpeMsl, IOCJIE KOTOPOrO HAUMHAETCS
pacuer orubaronieil U nepeMeHHor HadanbHOU (a3wl. [lo ymomuanuro Tz paBHO
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Hymo. [Ipu Tz > 0 oTpe3ok BpeMeHH, Ha KOTOPOM PACCUUTHIBAETCS MEPEXOIHOU
nporecc ypenuuuBaercs 1o TSTOP =T + Tz.

BBonas B ocHoBHOM nquanoroBoii nanenu BpeMs TSTOP, o6bem BbiGopku N u
yKa3blBasi Ha BTopoit nmanenu Tz, 3agaem paspeuienue no yactore F = 1/T u nepuon
muckperusanuu Td. Paspemenue o yacrore F, Bpemst T u nepuo AUCKpETU3aLUN
Td npuBoasTcs B mpaBOM BEpXHEW 4acTH BTOPOro AUAnIOroBoro okHa. bBII® ocy-
IIECTBISAECTCS I YaCTH MEPEXOAHOr0 Mpolecca JIUTEIbHOCThIO T B KOHLIE WH-
TepBaJla aHAJIN3a, HAUMHAasl CO BpeMeHH 1z.

Ha BTopoii 1ramoroBoil maHeau MOKHO TaKK€ U3MEHUTh HadaJbHbIC YCIOBUS
U MaKCHMaJbHOE 3HAYEHHUE Illara MHTETPUPOBAHUS NIPHU pacyeTe MEPEeXOTHOTO
mpolecca.

[Ipu ucnonb3oBanuu B nporpammax mojenupoBanus bII®D Bo3Hukaer HE0O-
XOIUMOCTh TPOBEJECHUS HHTEPHOJIALMU JAHHBIX, TaK KaK pacueT MEepPEeXOqHOTO
mpoliecca MPOBOJUTCS C U3MEHSIIOIIUMCS 11arom, a Juist npoBeaeHus: bIID tpedy-
€TCs pABHOMEPHAsI IUCKPETU3AIIUS C IIIArOM, paBHBIM NIEpruoay AUcKperusauuu. [1o
YMOJITYaHUIO UHTEPIIOJSALNS NPOBOIUTCS MOJIUHOMOM |- CTENEeHH.

OTMeTHnM, 4TO NpH YKA3aHUH CTETIEHU UHTEPIOJIUPYIOLIETo nojuHoMa P > 1 u
gyuciaa Touek M >0 OyneT mpoBelieHa COOTBETCTBYIONIAS WHTEPIOJIAIMS TOYEK
rpaguKkoB ¢ JA00aBICHUEM MEXAY KaKI0M Mapod TOoueK MCXOMHOro rpadguka M
3HAYEHUN HHTEPHOJUPYIOLIEro noauHoma. CTeneHb MHTEPIOIUPYIOMIErO MOJIU-
HOMa BeIOMpaeM u3 auanasona 1...8, a yucno touek M — ot 0 10 10.

[Tpu npoBeaenun pacueroB AC ¢ ucnonbzoBanueM bII® mmeeTcss BO3MOX-
HOCTb OILICHKH TOTPENTHOCTH, BHOCUMOM npeoOpaszoBanueM I uipdepra. CpeaHioro
KBaJPaTUYECKYIO MOTPEIIHOCTh MPU YCIOBUU HOPMAJIBHOTO PACIPEICIICHUS OLIU-
60k HaxoauM 1o popmyre

0= s 2 W)Y

3neck U(K) — otcueTsl ucxomHoro curaana, U'(K) — oTcueTsl BelecTBEHHOM
coctaBisironiert AC, nonyyenHor nocne npuMmeHenus OBII®. Drta nmorpemHocTs
BBIBOJMTCSI B OKHE MOAMPOTrpaMMbl uXSpice I KaXJI0ro aHAIM3UPYEMOTO CHT-
HaJja.

3.9. PacyeT KOMNJIeKCHOro MoAyfMMpPOBaHHOIo
curHana

[Ipu cxeMOTEXHHMYECKOM MOJAEIMPOBAHUU PATUOYACTOTHBIX YCTPOUMCTB IMa-
paMeTpbl HECYHIEro KojeOaHUsi W MOAYJIUPYIOIIUX CUTHAJIOB, XapaKTePUCTUKU
MOJYJSTOPOB U JIEMOAYJISTOPOB, KaK MpaBUiio, 3ajlaHbl. B 3ToM ciiydae yao0HO
UCIOJIb30BaTh KOMIUIEKCHBIN MotyupoBanHblil curnan (KMC).
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It pacuetoB ¢ ucnonb3zoBanueM KMC ucnonb3yercst 0ubIMoTeka 3JIeMEHTOB
«Mopnynsauusi». B Oubnroreky BKIIOYEHO MIECTh AIEMEHTOB, MOKa3aHHBIX HUXKE Ha
puc. 27.

['eneparopsl V1 u V2 — 3T0 reHepaTopbl aMIUTUTYIHO- U (Ha30MOIyIUPO-
BaHHBIX cCcUrHamoB. OHUM aAHAJOTMYHBI TE€HEpaTOpaM M3  CTAHAAPTHOU
Spice-OnbMOTeKH U MMEIOTCSA B OOJIBIIIMHCTBE MPOrPAMM CXEMOTEXHUYECKOTO

MOACIUPOBAHUA.
al nZ

o o | PM |

T oo
oo KME HMS
0.0 ) i
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05
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1000 02 100.0 05 100.0
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Puc. 27. Dnementsl Oubnuotexku «Momymsius

OneMeHThl al U a2 ABJISIOTCS T€HEPATOPAMH BEIIECTBEHHBIX U MHUMBIX CO-
CTABJIAIOIINX CUTHAJIOB C aMIUTUTYAHOU U (ha30BOI MOAYIISILIUSIMU COOTBETCTBEHHO.
Haubonee cioxxHble 351eMeHThl a3 U a4 npeaHa3HaueHbl 1711 TeHEpUPOBAHUS U Jie-
tektrpoBanuds KMC co cMemaHHbIMU aMIUTUTYIHO-(a30BbIMU BUIAMU MOJTYJISI-
nuu. Ha Bxoapl anemenTa a3 Heo0X0AMMO MoJaBaTh MOAYIMPYIOIINE CUH(pA3HBIN U
KBaJpaTypHbIi curHabl. Ha Beixonax anemenTa a4 nonydaem cuHdaznyio (CM) u
kBajapatypHyto (KM) MomynsirioHHbIE COCTABIISIIOITNE KOMITJIEKCHON OTHOAIoIIeH,
a TaKe OTrHOAIOIIyI0 U TIEPeMEeHHYI0 HauanbHyo dasy KMC.

Paccmotpum npumep MoenupoBanus GuiIbTpa ¢ UCTIOIb30BAaHUEM 3JIEMEHTOB
oubnuotexkn «Moaynsamnusi». Ha puc. 28 npuBeneHna cxema yCTpoMCTBa, CoaepKa-
niero nosiocoBoit puneTp barrepBopra 1-ro mopsaka (3neck M Aanee MOPSIOK
buabTpa onpenensaeM 1Mo OTHOIICHUIO K OTHOAOIIEH ).

OneMeHT al sBHsSETCS UCTOYHUKOM aMIUIMTYIHO-MOJYJIMPOBAHHOTO HAaIps-
YKEHUS, CO3JAIOLIEro BEIIECTBEHHYI0O U MHHUMYIO COCTABJISIOLIYI0 KOMILIEKCHOTO
MOAYJIMPOBAHHOIO cUrHaia. /[pa HanpspkeHus ot ncrounnka KMC nocrynaroT Ha
(GUIBTPHI C UACHTUYHBIMU MapamMeTpaMu. JJoOpOTHOCTh KOHTYPOB (UIBTPOB paBHA
10, pezonancuas yacrota — 5 kI 1. HanpsikeHust ¢ BbIX010B (PMIBTPOB MOCTYMAIOT
Ha 3JIEeMEHT a2 — netekTop coctapistomux KMC.
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Yacrora Hecymield BXOJAHOTO MOAYJHMPOBAHHOIO CUTrHaia, paBHas 5250 I'm.
Ona nHa 250 I'm mpeBbIIaeT PE30HAHCHYH YacTOTy KOHTypa (HOPMHUpOBaHHAs
pacctpoiika koHTypa paBHa +0,5). Koaddunmentr AM 3aman paBasiM 0,1, a yactora
Moayisiuuu — 250 I,

Gl 31.53099n
A el YTV » re| Det
KIS L1 | | KM=
31.83099 m =
- 100 "
al | Az
%qeun_am 1 det_kms
- 0 073
525000 9600
g? 44 4
- 0
250.0
0.0 C2 31.83099n
LY o
12 ||
31 83099 m 2
100
L

a
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2
3
rnd

Puc. 28. Cxema yctpoiicTBa nosiocoBoi ¢punbTpannun AM-curnana
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Puc. 29. Pacuer ycTaHOBUBILIEHCS aMILIUTY /b

200
MG

Ha nepBom sTane pekoMeHayeTcsl MpOBECTU MpeABApPUTEIbLHOE MOJIETUPOBa-
HUE MpU ycTaHOBKe ko3P duiinenta AM BXOJIHOTO CUrHaja, paBHbIM HYJIIO, U TIPU
YCTAaHOBKE aMILIUTYAbl U HadaabHOU (ha3wl nerektopa KMC, paBabiMu 1 B u 0
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IpaaycoB COOTBETCTBEHHO. Llenb mpenBapuTenIsHOTO MOACIUPOBAHUSL — OIpee-
JIUTh YCTAaHOBUBIIIKMECS HAYaIbHYIO (ha3y U aMIUTUTY1y BRIXOAHOTO CUTHAJA.

Ha puc. 29 u puc. 30 npuBeneHbl pacCUUTaHHbBIE 3aBUCUMOCTH OT BPEMEHU
orubarorieit 1 HauaibHOM (a3l (CUrHaNBI B y31ax m3 u m4). M3 ananusza puc. 29 u
puc. 30 cienyer, 4YTo MpH paccTporke QUIbTpa aMIUIMTYJa CUTHaja Ha BBIXOJIE
bunbsTpa ymensiiaercs ot 1 B o 0,72 B u ycranaBnuBaeTcsi HauanbHas ¢asza He-
cyuiel, paBHas —44,4 rpaayca.

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 ycraHoBuBIIIEHCS TOCTOSTHHON HA4albHOU (pa3bl

Jlnst mpoBeneHusl JalIbHEWILIEro aHan3a yCTaHABIMBAEM MapaMeTphbl BHYT-
peHHero onopHoro curHana gerekropa KMC — aMmuntyny ycraHaBiuBaem pas-
Hoit 0,72 B, a HauanbHyt0 (pazy — munyc 44,4 rpaaycos.

Pe3ynbpTaThl MOAENMPOBAHUS MPOXOXKJICHUS aMILUTUTYIHO-MOAYIUPOBAHHOTO
CUTHAJIa TP paccTpoiike GuibTpa npeAcTaBieHsl Ha puc. 31 u puc. 32.

Ha puc. 31 nokazansl orudaronye CUrHajaoB Ha Bxojie (moMeueHo OyKBoOil 1) 1
Ha BbIXOJ€ (MeTka m3), a Takxke cuH(pa3zHas cocTaBistomas (MeTka ml) Kowm-
IJIEKCHOM oruaroiield BBIXOJAHOTO curHaia. Kak BUIMM, aMIUIMTYAbl MyJbcalui
cuH(a3zHON COCTaBIAIONIEH M OrubaroIiel Ha BBIXOJAE MPAKTUYECKH OJIMHAKOBHI,
TaK KaK MOJACIMPOBAHUE TPOBOIUM C MajlbiM K03 puimentom AM, paBabim 0,1.

W3 cpaBHEHUsT KpUBBIX CIEAYyeT, 4YTO IPU HIPOXOXKACHUH CHHPa3-
HO-MOJYJIMPOBAaHHOI'O CUTHajia yepe3 GuibTp 1-ro mopsiika v npu BBEACHUU YyKa-
3aHHOH BBIIIE PACCTPONKU (QUIbTpa, aMIUINTYJa YCTAHOBMBILHXCS IyJIbCALUN
CUH(a3HOM COCTABIIAIONIECH HA BBIXOJE MPAKTUYECKU paBHA IIyJIbCALUAM OTHOaro-
11ei BXOJIHOTO cUrHaa (KpuBasi, IoOMe4eHHast OykBaMu 1 Ha puc. 31).

45



B —ml ——m3  —a 1+0.1%n(2180°250%me]

ng -

0E

0.4

0z

0.0

0.0 20 4.0 E.0 2.0 10.0 120 14.0 1E.0 18.0 200
b

Puc. 31. Orubaromue curaaaoB Ha Bxoje (MMOMeueHO OyKBaMH J1), Ha BBIXOJIE
(m3) u cun(asznas cocrapiustomas (M1) komriekcHON orudaroiei
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Puc. 32. TTapazutasie ®M (m4) u KM (m2) BBIXOJAHOTO CUTHAJA

O10T 3h(deKT 0OBACHIETCS ClenylomuMu cBoiicTBamMu I1ienu. Eciam pac-
CTpOWKY QuiIbTpa creiaTh paBHOM HYyM0, To AM Ha BbIXOJIe 1€ OyJeT MEHBIIIE,
yeM AM Ha BXoje, T. K. OOKOBBIE COCTaBIAIOIINE B criekTpe AM-curnana OyayT
YMEHBIATHLCS TIPU MPOXOKIACHUU Yepe3 Moa0coBoi GunbTp. OMHAKO MTPU HATHYNN
PACCTPOUKH MPOTOPIIMOHATIBHO YMEHBINAETCS aMIUINTYAa HECYIel, Kak ObLIo
BHUJIHO Ha puc. 28. OTu nBa ¢akropa o0yciaBimuBaroT 3h(HEKT HEM3MEHHOCTH KO-
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sbdunrienTa AM npu NpoXOKICHUHM CUTHANIA Yepe3 pACCTPOCHHBIN (PHIIBTP MpHU
HOPMHUPOBAHHOMW paccTpoiike, paBHok 0,5.

Ha puc. 32 npuBeneHsl KpUBbI€, COOTBETCTBYIOMIKE Mapa3suTHIM OM (MeTka
m4) u KM (MeTka m2) s BBIXOAHOIO CUTHaJIa. JTa Mapa3uTHAs MOAYJSIUA
oOyCIIOBJIeHa aMILTUTYIHO-(ha30BOM KOHBEPCHEH, BO3HUKAIOIIEH TIPU pacCcTpomke
bunbTpa. Ilpuuem gs ynobctBa cpaBHeHus 3HadeHHss KM yMHOXeHBI Ha
57,29578, uto6sI npeacTaBuTh 3HaYeHUss KM B rpagycax.

Kak BuguMm, npu masioM koddduimente AM BXOJHOTO CUTHAJIa aMILTUTYIbI
kojiebanuit ®M u KM nipakTudecku paBHBI ApyT Apyry. MHaEKC ycTaHOBUBIIECHCS
napaszutHoit ®M pasen npumepHo 2,5 rpagycam. Kosdduiment npeodpazoBanus
CM-KM 00ycnoBiaeHHBIH paccTpOKoi PUiIbTpa 1 HECUMMETPUYHOCTHIO ero AUX
cocTaBiiseT npumepHo —/,3 1b.

rpal —e— md

20

st - N o T - o . S - e -

B e A W N U |

-2.0

-4.0

-B.0

0.0 20 4.0 E.0 8.0 10.0 12.0 14.0 16.0 180 200
1
Puc. 33. ®a3oBast MOAyJISIIIMS CUTHAJIA HA BBIXOJIC TIOJIOCOBOTO (DUIIBTPA,
00ycIoBlIeHHAas! HECUMMETPUYHOCTBIO YaCTOTHBIX XaPAKTCPUCTHK U
npeobpazoBanrem AM-OM

OtMetuMm, uTo npeodpazoBanue AM-®OM B ucciexyeMon 1ienu 0yaeT UMeTh
MECTO Ja)Ke MPHU PacCTpoiKe, paBHOU HyI0. B 3TOM ciyyae aMminTyaHo-(a3oBas
KOHBEpCHs 00yclaBiInBaeTcss HecCUMMETpUuuHOCThI0 AUX 1 @YX nenwu.

Ha puc. 33 npuBeneHn rpaduk 3aBUCUMOCTH HE3HAYUTEIHLHON MO BETUYUHE
($ha30BON MOAYISAIUUA BBIXOJHOTO CUTHAJA OT BPEMEHHM IPH PACCTPOMKE, paBHOM
Hymo. Jna HarmsigHocTu koddduimeHT AM B atoM ciydae yBenudeH jgo 0,5.
Pacuer npoBeneH Ha yacToTe Hecylier, paBHou S kI 1.
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J11s mpoBeICHNST KOPPEKTHOTO ICTEKTUPOBAHMSI MOJISTTHPOBAHKE B TOCIICTHEM
cily4yae MpOBOJMIIOCH MPU YCTAaHOBKE CIEIYIONIMX MapameTpoB jaerektopa KMC:
aMIUTUTy/1a BHYTPEHHETO OIMOpPHOTO curHama paBHa 1 B, wactota — 5 kI u
HavanpHas ¢aza — 0 rpamycoB. M3 anammza puc. 33 cineayer, 4To BeJIWYMHA TTa-
pasuTtHoro npeodpazoBanust AM-®M paBna npumepHo —38 nb.

3.10. PacyeT undpoBbIX (punNbLTPOB B aHANOroBoun
ob6nacTtu

[Tpu pacuere mudporsix GuiabTpoB (L{P) B aHanmoroBoit odysactu mpeamnosa-
raeTcs, YTO HAMPsHKCHUS B aHAJIOTOBBIX y3JIaX CXEMbI paBHbI YPOBHSM CUTHAJIOB Ha
mrHe JaHHbix [P, JuckpeTr3anus CUTHAIOB B aHAJIOTOBBIX y3iax cxembl [[D
IIPOBEJICHA C I1IaroM, PaBHBIM IAry WHTETPUPOBAHUS B mMporpamme uSpice. D¢-
(hekTaMu KBaHTOBAHUS B aHAJIOTOBBIX y31ax L{® s mpocToThl IpeHeOperaem.

st MmogenupoBanus UGPOBBIX (UIBTPOB B aHAJIOTOBOWM OOJACTH CO3/1aHA
oubmunoreka "[IOC-aHamoroBsie 3JIEMEHTHI", BKIIFOUYAOIIAs ceMb dJIeMeHTOB: De-
lay, Multiplier, Summer-2 input, Summer-3 input, Summer-4 input, Summer-5 in-
put u Iudporoii punstp-Polynomial. YcmoBHbie 0003Ha4YeHUST 3JIEMEHTOB 3TOMN
OMOJIMOTEKH MTOKa3aHbl Ha puc. 34.

fa uSpice - [rucadl *] _ 0 5
| #8 ®aiin Mpaska Bug BwBnwoteka 3IkcnopT Axanws  Mapametrper Okna  Cnpaexa - &8 x|
{
TR Y[ IEECEY Y

| 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. bubnmoteka 31eMeHTOB IU(POBHIX (GUIBTPOB B AaHAJOTOBOM 00JIACTH

C momompio 6mommoreku "I{OC-anamoroBeie 3JIeMEHTHI" MOXKHO aHAaI3HU-
poBath clioxkHbIe IMdpoBbie GunbTpsl. Ha puc. 35 npuBeneHa cxema mudpoBoro
®OHY TpeTbero nopsiaka ¢ XapakTepucTUKOM smuntudeckoro tuna (punstp Kay-
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3pa), IMOCTPOCHHOT'O C UCIIOJIb30BAHUCM OTMCUYCHHLIX BBIINIC dHAJIOI'OBBIX 3JICMCH-

TOB.

uSpice - [12_®_analog.dsn *]

g4 maiin Mpaexa
N &S

MoKcK 3NEMEHTOB

Bug BuBnuoTeka

Jkcnopt  Ananns

MapamMetphbl

Bl& ko4 m =@

Okna 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

i b Uubposoid dMnsTp - Polyno
[+ LOC-udDoBkIe 3neMeHTl (4)

uSpice

out

a2
in f_‘p
+ w1
1.0
1e-3
__ 3e3 as
oo
I N
o 171673
AG
-1.41208
A11
042752 1.0

\J‘Iucr'I /J

0402285

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

Mynecaymm 1 gb .

Puc. 35. Cxema mudpoBoro ®HY Tpetbero nopsijaka, moCTpPOSHHOTO C

HCIIOJBb30BAHUECM aHAJIOI'OBBIX 3JICMCHTOB

AMIUTUTYTHO-9aCTOTHASI XapaKTEPUCTHKA 3TOTO (PUIBTpPa UMEET MYJIbCAIlUH,
KaK B IMOJIOCE MPOITYCKaHUsI, TaK U B MOJIOCE 3a7epkuBanus (puc. 36).

it —&— mag(out]

10000

Bo0.0 |

6000 |

400.0 |

200.0

00!
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Kl

Puc. 36. AMmuiutyaHo-yactoTHas xapakrepuctuka ¢puiabtpa Kayspa tpetsero

MnopsAaKa ¢ aHaJIOrOBBIMU 3JICMCHTAMHA

[Tonoca nponyckanust ®HY paBna npumepno 2,7 k', mynscanuu B mosoce

MPOMYCKaHUs COCTaBIIsIOT He Oosee 1 nb, 3aryxaHue Ha yacToTe 3aJiepKUBAHUS
3,5 kI'm He menee 20 nb. PacueTsl mpoBeneHbl MPU 4acTOTEe AUCKpeTu3anuu f,,

paBHoi 20 xI'm.
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C nomornpto 31ementa "Ludposoit GpunsTp-Polynomial” (sanement A7 6u6-
muoteku "[{OC-ananoroBsie aneMeHTh" Ha puc. 34) MOIETUPYIOTCS MOIMHOMU-
anbHbIe 1UdpoBbie GuIbTphl. Koaddurment nepenauu stux [P B z-061actu 3a-
JIaeTCs B BUJIE

-m -2 -1
K.z"+...+K,z2° +kz" +Kk,

K(z) = gain _
dz"+d _z"Y+. . +dz?+dz" +d,
3nech gain — nocrosiHHas, K, — k03 dunmenTs noauHOMa B unciurene, 1 = 0,
1, ..., m, d, — xoopdumuenTs! mommHoma B 3HamMenarene, P =0, 1, ..., n. Koaddu-

eHT d, B popMyJsie He JODKEH OBbITh paBeH Hy 0. KoMIUIeKCHas iepeMeHHast Z |

HOPMHPOBAaHHAsi 4YacTOTa BXOJHOTO CHUTHala (O CBS3aHbl COOTHOIICHHEM
z = exp(jo), tne ® = 2xnf / f, , f,— gactoTa quckpeTuzanuu B repuax.

fif uSpice - [13_U®_polynomial.dsn *] — O >
# taiin Mpaeka Bug BwBnucteka 3wcnopt Ananwz  MNapametper  Okna  Cnpaeka - | & %

N & | Bl&lks4oLl =B A X R? | B £c &

MoKcK 3NeMEHTOE .|....|'....|....'|'....|....'|'..J.|....'|'....|....|'....|....'|'....|....'|'....|...'.'|.'...

A1 -gupoeol dKrNeTh Kayspa 3-ro nopagka

A1
— Lo — m 1 m2
L .
o
1.00.293790293791.0
= LLOC-aHANor oBLIE SNEMEHTEI (7 v @ 1,:,3 042752141208 -1 T1I67 1.0
i Delay - ideal .
; 1e-3
i Multiplier - ideal a3
i Summer - 2 input 10 |
i Summer - 3 input o 10

i Summer - 4 input |
Summer - 5 input
i ndposoit dmnsTp - Polyne

\ Nuet 1 {/J

uSpice

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

Ha puc. 37 npuenena cxema ILI® 3-ro mopsiaka ¢ snementom "lludposoit
¢ueTp-Polynomial” (anement Al Ha cxeme). J{ist MoemMpoBaHusi HU3KOYACTOT-
HOro umunTryeckoro ¢uibtpa Kayspa 3-ro mopsinka kod((GUIMEHT nepenaqu
OyJzeT paBeH

272 +0,293792%2+0,293792* +1
~0,427527% +1,412082 2 —1,716792 * +1

K(z) =0.10285

OObpaTtute BHUMaHue, 4TO KOA()(PUIIMEHTH MOJMHOMOB, 3alKUCaHHbIe B (op-
MyJie, YKa3aHbl B BHJI€ TapaMeTpoB nudposoro guiasTpa Ha puc. 37. AMIULIUTYA-
HO-YaCTOTHAs XapaKTePUCTHKA 3TOro 1udpoBoro Gpuinstpa Oyaer anamornyna AUX
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nudpoBoro ¢uiabTpa, npuBeaeHHON Ha puc. 36. Peakmusa L[® Ha Bo3meicTBHE
MPSIMOYTOJILHOTO UMITYJIbCA MOKa3aHa Ha puc. 38.

B o- ml —— m2
1.2

[

uuuu,ﬁuuuu_ur
¥ ] L s

0.g 1
113 J
0.4

0.z J |
B I
L

02

0.0 o2 04 0E [1}:] 1.0 1.2 14 1.6 1.8 20

Puc. 38. Ilepexoanoii nporecc B punbrpe Kayspa TpeThero mopsaka

Kak BuIuM, QUIBTp BHOCUT 3alepkKKy, paBHyr npumepHo 150 Mkc (mo
ypoBHio 0,5 B). YcraHoBieHHEe BBIXOAHOTO CHUTHAJa Ha BEPIIMHE U IMOCIE OKOH-
YaHUsl MMITyJIbCa MPOUCXOJUT B BUJAE 3aTyXaIOIIEro KoyiedaTeapHOro mpolecca.
MakcumanbHasi aMIUIMTYJla 3TUX KojeOanuil He mpeBbimaer 10% oT aMIuTy bl
BXOJIHOT'O UMITYJIbCA.

3.11. PacyeT uudpoBbiX punbTpoB B o6nacTy,
ynpaBnsieMou COObLITUAMMU

Jlst MmozenupoBaHusl yCTPONUCTB IU(PPOBOH 00paOOTKU CUTHAJIOB B TMOAIMPO-
rpamme UXSpice, kak u B Apyrux XSpice-mporpamMmax, KpoMe aHajJOroBbIX H
U(PPOBBIX Y3JI0B MPEAYCMOTPEHBI CrielnanbHbIi y3en Real, a Takxke uHTEpdEHCHI
digital-real u real-analog, 6moxu real_delay u real_gain.

Wnrepodeiic analog-real, orcyrcrByromuii B mporpamme XSpice, ObLI CO37aH
it UXSpice B 00acTH, ynpaBiasieMOi COOBITUSIMH, KaK KOJ0Bas MOAEIb MOJIb30-
Batens. Hoserit anement analog-real sxmouen B cocras .dIl dhaiina, koTopslit aB-
TOMAaTHUYECKH TOIKIFOYAETCS MMOCIIe CTapTa MoIporpaMMbl uXSpice.

C ucnonp3oBanureM 3nementa analog-real s moaenmuposanwus L{d B obmacTw,
yrnpaBisieMoil coObITusiMu, cosnana Oubmmoreka "L[OC-mudpoBbie 3y1eMeHTHI'".
bubimmoteka Bkitoyaet yerbipe snementa: Converter Analog-Real, Converter Re-
al-Analog, Real-delay u Real-multiplier (puc. 39).

OtMetum, uto co3naBaTh 3eMeHT "Cymmarop" mist noctpoenus 11D B gaH-
HOM CJTy4ae HeT HeoOXOIMMOCTH, TaK €ro poJib urparot y3iibl 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

) 5 | Bl& k.ol =|EQ A x 5 Ry

MNouck, 3neMeHTOB J.I_I_I_I_LLI_LI_LI_I_I_I_LI_I_I_I_LI_LLI_LLI_I_I_LI_I_I_L

=
& A
:
L
- LI,EOC-LMEI:IFIDBI:IE sneMeHTHl () 4y T h—
i Converter - Analog-Real
Converter - Real-Analog &3
i~ Real - delay
i Real - multiplier
"\ NMuet 1 / J

uSpice

Puc. 39. bubnuoteka snementoB L{® B o6nactu, ynpapisieMoil COOBITUSIMU

OnemeHT A3 B cxeme 00ecledynBaeT KOPPEKTHYIO pabOTy y3JI0B CXEMbI, Kak
CyMMaTOpOB CUTHAJIOB.

S oo _BI:”{

10.0e-B
25 50

Puc. 40. Cxema nmudpoBoro ¢punbtpa 1-ro mopsiaka

[Ipocroit mpumep mudpoBoro GUILTpPa ¢ dIEMEHTaMU U3 ITOW OMOIMOTEKH
nokaszaH Ha puc. 40. Uatepdeiic analog-real (sinement Al) mokasan Ha pUCYHKE B
BUJIC MPSMOYTOJBHUKA C BIUCAHHBIMU cuMBojiaMu A/R. [[ns paboTel 3TOTO 2I1€-
MEHTa, a TaKXe JUIsi padOoThl dJIEMEHTa 3aJepPKKU (MaMsTH) TpeOyeTcs momaya
CHHXPOCHUTHAJIa OT BCIIOMOTaTEIbHOI0 reneparopa A2.

[Tepexomnas xapakTepucThka 1U(pPoBOTO (UILTPA, paCCUUTAHHAS C MTOMO-
mpI0 uSpice, mokazana Ha puc. 41 kpacHpIM 11BeToM. CHHUM IIBETOM Ha 3TOM PH-
CYHKE TIOKa3aH €IMHUYHBIN CKAaYOK HAMPSHKEHUS Ha BXoje (PpribTpa.
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Puc. 41. Tlepexoanas XxapakTepucTuka HudpoBoro GuibTpa mepBoro nopsaKa

3azep/KKa Havaljla BBIXOJHOTO CUTHAJIa Ha puc. 41, paBHas npumepHo 20 MKC,
OOBSACHAETCS 3a/IEPKKAMH B JIEMEHTaX (PUIIbTpa OTHOCUTENBHO CUTHAIA CUHXPO-
Hu3auuu. [lo cpaBHenuo ¢ [{®D, NOCTPOECHHBIMH C MCIOJIB30BAHUEM AHAJIOTOBBIX
AJIEMEHTOB, IU(PPOBBIE QUIBTPHI, CO3JaHHBIE B 00JaCTH, YIPaBIIEMONU COOBITHSI-
MU, MOTYT JIy4lll€ OMKUCHIBATH pEaIbHbIE MPOLIECCHI, TPOUCXOIAIINE TPU LIUPPOBOI
00pabOTKe CUTHAJIOB.

Henocrarok ananusa B 007aCTH COOBITHI — OTCYTCTBHE aHAJIM3a YaCTOTHBIX
XapaKTEPUCTUK HUPPOBHIX GUIBTPOB B peskuMe AC B MIMPOKOM IHAMA30HE YACTOT.
YacToTHbIE XapaKTEPUCTUKU HU(PPOBBIX PUIBTPOB B ATOM CiIy4yae yIA0OHO MOJy-
YaTh MPHU UCTOJIB30BaHUN OMOIMOTEKU aHAJIOTOBBIX dJeMeHTOB [ D.

3.12. UsmepeHusa Ha rpadmkax pe3yrnibTaToB pacyeToB

3.12.1. UamepeHusa pacCTOAHUU Ha PUCYHKe € rpacdmkamm

JInst u3MepeHust pacCTOSHUA HEOOXOIMMO, HAXKUMasl JIEBYIO KJIABUIIY MBIIIIH,
yKa3aTh IMEPBYIO TOUKY Ha rpaduKke UM HE OTIyCKas JICBYIO KJIABUIIY MPOTSHYTh
JIOMaHHYIO JIMHUIO 10 BTOPOM Touku (puc. 42). Jlnsg yno0cTBa usmMepeHuit Haualb-
Hasi U KOHEYHAsl TOYKU MTOMEILICHBI B KPYXKKH.

Pacctostaus 110 ocsiM 0TOOPAa3sITCs B TEKCTOBOM OKHE MOANIPOrpamMmbl UXSpice
(puc. 43). Kak Buaum, 3agepkka dX Mexay 3agHuM  (GpoHTOM curHajia mO u re-
pennum (poHTOM curHaiia Ml pasHa 2,64 He. CABUT 1O BEPTUKAIBHOM OCU PaBEH
npumepro dy = 9,6 Bosibra. OOpaTuTe BHUMaHUE, YTO BEJIMYMHA CJBUTA BKIIOYACT
10 B cmemenus mexay rpadukamMu. B TekcToBoM OkHEe Ha puc. 43 MPUBEICHO
taxoke otHomeHus dy/dX.
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Puc. 42. I3MepeHus paccTossHUN 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. [leuats paccrosiHuii B OKHE UXSpice

3.12.2. llyna 3Ha4yeHUn no ocu X

Jlyma 3HadyeHui mo ocu X IMO3BOJISIET 3a7aTh ¢ TTOMOIIBIO TIPABOM KJIaBUIIN
MBI YMEHBIICHHBIA HHTEPBAJ 3HaYSCHUM 10 ocu X (puc. 44).

5
il
1] 7 e ity et 7 7 e e e
Nyna ...,
5 et ER T —_——
:
" "
. H ]
:
0 s B S
:
" .
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 symna B uSpice
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Ecnu ocb X — 0ch BpeMEHH, TO MOJTYYUM BPEMEHHYIO yny. BpemenHnas myna
MO3BOJISIET YCTAHOBUTHh HOBBI YMEHBIIICHHBIN AUANIa30H 3HAUEHUH IO OCU BPEMEHU
— HOBBIA BPEMEHHOW MHTEPBAI.

J71st mosrydeHust HOBOro MHTEpBasia 1o ocu X HE00X0IMMO, HaXKUMas IIPaByro
KJIABUIIIY MBIIIH, BHITSHYTh NPSMOYTOJIBHUK C TPEOYEeMbIM MHTEPBAJIOM 3HAYEHUMN
0 OCH X, a 3aTEM OTITYCTUTb MIPABYIO KJIABUILLY MbIIIN. [I0SBUTHCS HOBBIN PUCYHOK
¢ rpadukamu, MacmTadb Mo ocu X y KOTOporo OyaeT U3MEHEH B COOTBETCTBHUHM C
pa3MepaMu 0 TOPU3OHTAIBHOM OCH MPSAMOYTOJIbBHUKA HA puc. 44. AHaNOTUYHYIO
oTepalrio MOKHO MPOBECTH €1lle pa3 il JOCTUXKEHHUS TpeOyeMoro HHTepBaa 1o
ocu X. Hampumep, st rpadukoB, nu3oOpakeHHbIX Ha puc. 44 MOTyYEHbl HOBBIC
3HAYEHUSI Ha BPEMEHHOM OCH, IOKa3aHHbIE Ha pHC. 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 JIUTENLHOCTA UMITYJIbCA

Kak BUIUM, NIMTEIBHOCTh KOPOTKOTO MMITyJibCa B curHaie MO paBHa mpu-
MepHo 4,7 Hc. OOpaTuTe BHUMAaHHE, YTO JJIsi OJHOTO PUCYHKA HENb3s MHOTO Pa3
MOAPSA MCHOJIB30BaTh Jyny. M3-3a OrpaHMYEHHOr0 4uciaa PacCUUTAHHBIX TOYEK
MOTYT NOSIBUTHCSI HEKOPPEKTHBIE PE3YJIbTATHI.

4. PaboTa cO CNOXHbIMU CXeMaMM

Kpome paccMOTpEeHHBIX BBIIIE OCHOBHBIX AECWCTBUM MO CO3AAHUIO U AHAIU3Y
CXEMBI, B MpPOrpaMMe UMEIOTCS JTOMOJHUTEIbHBIE ONepalid U AJIEMEHTHI, 00JIeT-
qarolue padoTy MOJb30BaTENS CO CIOKHON CXEMOH.

4.1. O6LWMNA NCTOYHUK NUTAHUA

HaxuMas 3Ha40K —

C M300pakeHHueM Kopryca (3a3eMJICHHUs) Ha MaHEH
WHCTPYMEHTOB, MO’KHO BBECTH B CXEMY METKY (Ha3BaHUE y31a) 00IIEero NCTOYHUKA
nutanus. OTMETHM, 9TO B 3TOM ClTydae B OKHE IMapaMeTpPOB ATOTO AJIEMEHTA pe-
KOMEHJTyeTCsl BBIOpaTh M300pakeHue CHMMBOJA OOIIEro MCTOYHWKA MHUTAHUS OT-

JUYHBIM OT 3Hauka 3a3emieHus. Hampumep, BeiOepuTe n3obpaxeHue oomero uc-
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TOYHWKA MUTAHUS B BUJAC TPEYTOJbHUKA, Kpyra WM OTpe3Ka KOCHHYCOUIBI (BOJI-
HBI).

B oxHe mapameTpoB ykakuTe MMs OOIIEro MCTOYHWKA muTanus. Hike, Ha
puc. 1 moka3zaH cumBOJI oOIIero uctoyHuka nutanusi ¢ umeHeM VCC, uzobpa-
’KCHHBIN B BUJC TPEyrojbHUKa. HanpspkeHue 3Toro NCTOYHUKA paBHO 2 B.

=l \N"'CC

1k
— " D j\_+'-_::;;
L 1 1

1} 0 0

WCC
[F‘IJI
D’Ik
L1 1u
_.!r'_T_ IV

Puc. 1. O0ummit ucrounuk muraausa VCC

OTMCTI/IM, 4YTO QAHAJIOIrMYHYIO 3aJady MOXHO PCHIMTb C HCIIOJIb30BAHHCM
OAHMHAKOBBIX MCTOK, OJHAKO HCITIOJIb30BAHUC 06H_I€FO WCTOYHHKA NMUTAHHS OoJjiee
HarJsiaHo.

4.2. CeTKa

[Ipu prcoBaHMM CXEMbI MOKHO BKJIFOUUTH B OMUUSAX MPOrpaMMbl OTOOpake-
HHAE CETKM M TMPUBSI3KYy OJJIEMEHTOB K CETKe, MCHoyb3ys MeHro 'Ilapamer-
pel\Y cTaHOBKHM penakTupoBanus...\CeTka".

Ha puc. 2 noka3aHa ceTka npu co3gaHuu OMOJMOTEUHOTO AJIEMEHTa TPaH3H-
ctopa. [Ipu 3TOM ycTaHOBIIEHA IPUBSI3KA BHIBOJIOB 3JIEMEHTA K CETKE.

Puc. 2. Cetka npu co3gannu n300pakeHHsI TPAH3UCTOPA

beicTpo ymanuTh WM MOKa3aTh CETKY, a TAKXK€ YCTAHOBUTH MPUBSI3KY dJie-
MEHTOB K CETKE MOYKHO TaKXe Ipu BeiOope myHKTOB "IlapameTpri\[lokaszars ceTky"
u "Tlapamerpei\[IpuBs3ath k ceTke" cooTBeTCTBeHHO. Kak mpaBuiio, oToOpakeHne
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CCTKH M MPUBS3KA K HEH 3JIEMEHTOB TPeOyeTCsI MPU CO3TaHUH WM PEIAKTUPOBAHHUH
OMOJIMOTEYHOr 0O DJIEMEHTA.

OTMeTHM, YTO CeTKa He M300pakacTCsl IPU YMEHBIIICHUU pa3Mepa CXEMBbI 10
3HauyeHusa MeHee 80% OT HOMUHAJIBHOrO. BUAMMEIN mIar ceTKU MOXKET aBTOMATH-
YECKH U3MEHATHLCSA B 3aBUCHUMOCTH OT MaciiTada.

4.3. NobGaBneHune TeKcTa N rpacpmyecKkux 3afieMeHToB

Ha cxeMy MOHO HAaHOCHUTB HAJMKCH U MPOCTEUIITNE TPAPUUECKUE HIEMEHTHI:
JIMHAW, MHOTOYTOJIbHUKH, JJUIUIICH], OKPY’KHOCTH U IyTH.

MemosHink mumaHus

=
&

D Hazpyaka
T pamztcmop

A

) e ]
] |

Puc. 3. Cxema ¢ HAHECEHHBIMU HAAMUCSIMH U MIPOCTEUITUMU TpadhUyeCKUMU

DJIEMEHTaMU

Jlo0aBUTh HAAMUCH MOKHO, WCIIONB3YsS 3HAYOK ¢ OYKBOW A Ha TMaHENTu WH-
CTPYMEHTOB TJIaBHOTO OKHA Mporpammbl. Eciu mpu BBOjE TekcTa mepen OyKBO
BBeCTH CUMBOJ """ (rpaBuC), To OykBa OyIeT BhIBEJIEHA C YEPTOU CBEPXY. DTO 4ACTO
TpeOyeTCs IPU ONMMCAHUH JIOTUYECKUX CUTHAJIOB.

Jlnst moGaBieHUsT MPOCTEUIUX TpadhUIECKUX AIEMEHTOB HEOOXOIUMO BKITIO-
YUTh OTOOpakeHHE MaHeau rpadudeckux NpuMUTHBOB (MeHio "Bum\llanenn uH-
crpymenToB\PucoBanue"). Pabora ¢ rpadudeckuMu 3JeMEHTAMH TPOBOIUTCS 10
OOBIYHBIM TSI TPAQUUECKUX MPOTpaMM MpaBUIIaM.

Jlnst momudukanuyu HAPUCOBAHHBIX TPadUUECKHX AIEMEHTOB HCIOIL3YHTE
KOHTEKCTHOE MEHIO, BBI3BIBAEMOE Ha)KaTHEM MPaBOW KHOMKW MbImu. [Ipumep
CXEMbl C HAHECEHHBIMH B YYE€OHBIX IIEJISIX HAMUACIMHU U TpaQUUIeCKUMU dJIEMEH-
TaMH MOKa3aH Ha puc. 3.
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4.4. Ucnonb3oBaHue WUH

B crnoxHbIX cxemax ¢ GOJBIINM KOJIMYECTBOM MPOBOJIHUKOB MOXKHO HCIIOJb-
30BaTh MIMHBIL. [ paboThl C MIKMHAMU HEOOXOIMMO BKIIIOUWTH U300paKeHHE Ia-
Henn mmHBl B MeHio "Bua\llanenn nactpymenToB\llune". [Ipumep ucmons3oBa-
HUS MIMHBI ¢ iMeHeM Data mokaszaH Ha prUCyHKe HUXKeE.

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. Bxitouenue B cxeMy IIHMHBI ¢ MMeHeM Data

I[JI)I I/I,)IeHTI/I(l)I/IKaHI/II/I IMPOBOAHHWKOB IIMHBI HA PUCYHKC HUCITOJIB3YIOTCA MCTKH,
ITOKa3aHHBIC Ha PUC. 4 3e1eHBIM OBECTOM.

4.5. CumBon "HeTt coeanHeHuna"

OOBIYHO BCE KOHTAKThI DJIEMEHTA JOJIDKHBI OBITH COCAHNHCHBI C IPYI'UMHU JJIC-
MCHTaMH CXCMBI. OI[HaKO HCKOTOPBIC JJICMCHTLI Pa3pCIIacTCsa HCIIOJIb30BATh C
HCTIOAKIIOYCHHBIMH BBIBOJaMH.

] can

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

Puc. 5. Ucnonws3oBanue cumBoia "Her coeqnuenusa"
Ha puc. 5 cuMB0OJIOM OTCYTCTBHUSI CO€AMHEHHMI MOMeYeHbl BbIBOABI 39 u 40
IIPaBOro MO cxeMe UQPPOBOTO AIEMEHTA.
K snemenTam, y KOTOPBIX UMEIOTCS BBIBOIbI, KOTOPBIE MOKHO HE TTOAKIIIOYATD,
OTHOCSITCS, OTIEPAIIMOHHBIC YCUIIUTENH, TPUTTEPbl, KOMOMHAIIMOHHBIE YCTPONCTBA U
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%
T. II. B 3TOM cilydae ucnoyib3yercss CUMBOJI — "Her coenunenus", pacnoiio-
’KCHHBIN Ha JHHelKe 3HauKoB. [Ipu mpoBepke cXxeMbl HEMOIKIIIOUEHHBIE BHIBOJIBI B
ITOM ciiy4yae He OyayT OTMeUYaThCs KaK OIMOOYHEIE.

4.6. MacwTab nsobpaxeHus

Maciitad u3o0paxeHuss MOKHO M3MEHHUTh, MCIOJIB3Ysl 3HAUYOK ¢ HM300paxe-
HUEM JIYIIbI 1 HAKUMasi B OKHE CXEMBbI JIEBYIO HIIM MPaBYIO KHONKY MbIIIH. beicTpo
HW3MEHUTh MaclITabd MOXKHO, HaXkuMas kiasuiu Page Up, Page Down.

YCTaHOBUTh  HOMHMHQJIBHBIM  MacmTad  MOXKHO,  HCIOJIb3ySl  MEHIO
"Bum\Maciirab 100%". M3meHuTh MacmTad MOKHO TaKKe HCIOJIb3YS MEHIO
"Bua\VBemnuuth macmrad" wiu meHro "Bun\Ymensmuts Macmrad".

OTMeTHM, 4TO JJIs TOTO, YTOOBI MPH OOJIBIIOM YBEIMYCHUH MacITada MHTe-
PECYIONINN MOJB30BATEINS JIEMEHT CXEMbl OCTABAJICS MPUMEPHO B IIEHTPE AKpaHa,
HEO0OXO0IMMO MPEABAPUTEILHO €r0 BBIJICIUTDh MBIIIIKOM.

4.7. dkcnopTt B PCB-nporpammsli

Hcnonb3ys MeHo "Okenopt", MOKHO MOATOTOBHUTH JAHHBIE NI MPOTPaMM
pa3Bojiku nedatHbix miaT (PCB-nporpamm).

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. OxHo cBolicTB KoHAeHcaTopa C3 ¢ Tunom kopmyca PAD2

Jlnst aTOro HEOoOXOIMMO: CO3/1aTh CXeMy C 0e30IMMO0YHO COCTMHEHHBIMU
3JIEMEHTaMH, KOPPEKTHO 100aBuTh aTpuOyT "Package", onuchIBarOMIUi THIT KOP-
myca paauod3JeMeHTa U BhIOpaTh TpeOyemblid popMaT BHIXOAHOTO (aiina ams npo-
rpaMMbl pa3BOJKH reyaTHOM miatel. Hanpumep, okHO cBoicTB KoHeHcaTtopa C3 ¢
tunoM kopmyca PAD2 nokazano Ha puc. 6. B nporpamme peann3zoBaHbl Cleay0-
mue ¢popmatsl BeixogaHoro ¢aiina: PADS-PCB, Eagle SCR u Protel.
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4.8. NeyaTb cxemMbl

[leyaTp cxeMbl MPOU3BOAMTCS C HMCIOJIB30BAHHEM THUIIOBOTO OKHA 3aJaHUA
[IapaMeTpoB I1€YaTH, TOKA3aHHOT'O HA PUC. 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. OxHO mapaMeTpoB N€YaTH CXEMBI

4.9. NU3o6paxeHne cxeMbl Ha HECKONbKNUX NIUCTaX

JIist co3anust CXeMbl, CoAepKallei O0MbIIOE YUCTIO PATU0ITEMEHTOB, MOKHO
HCIIOJIb30BaTh JBA IyTHU:

1. Pazmenienue 00IbII0M CXEMbI HA HECKOJBKHUX JIUCTAX;

2. Beienenue u3 60JIbII0N CXEMbI TIOJICXEMBbI, PEICTABICHUE 3TON MOICXEMBbI

B BHUJI€ CUMBOJIa (aHAJOTUYHO CHUMBOJIY 3JIEMEHTA U3 OMOJINOTEKH) U
BCTAaBKa 3TOU IOJCXEMBI B BUJIE CHMBOJIAa B OCHOBHYIO CXEMY.

B cnoXHBIX MpOEKTax MOKHO OJHOBPEMEHHO HCHOJb30BaTh IMOJCXEMbI U
MHO>KECTBO Pa3JIMYHBIX JIUCTOB CXEMBI.

Jlist noGaBieHus HOBOTO JIMCTA B OOJBIIYIO 3JIEKTPUUYECKYIO CXEMY HE00XO-
VMO Ha)KaTh MPABYK KHOMKY MBI Ha 3akiajke "Jlucr 1" mepBoro nmcra cxemsl
U BbIOpaTh NyHKT "BcTaBuTh nucT". Byaer co3maH HOBBIM JIMCT 711 pUCOBAaHMS
IPOAODKEHUS OOJIBIION CXEMBI. DTy ONEPALMI0 MOKHO IOBTOPUTH JUUISl CO3AHUS
JOTIOJIHUTENBHBIX JIUCTOB CXEMBI.
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fuf uSpice - [Cxema va 2 nucrax_0.dsn] — ] =

#8 ®aiin Mpaeka Bug BwGnuwoteka 3kcnopt  Awdanus  [Mapamerpel  Okwa  Cnpaexa - 8 M
eI |- [ A x5 | o do G Bo | e | #
| FArE ALl IE] | Tr AC OP DC |KH 0h B

Momcx snemerTos SO0 TS FPOTE POV SO0 TOUE:FOVTETOP FPUU OUEEFO0E IOV SO POUSE POUTETOve FoO Ove: HOTETOvs FO Mo O

1l ] | | | | 12
R
0 1 c2
4{ }‘ » 0.515p 0.087p

1.0
20 L1 C3 L2 C4
D.D12u::1.528p D.D12u::1.942p

=--RLC ()

i i Capadtor -ideal |
Capacitor IC - ideal

i~ Inductor - ideal i

¢ Resistor -ideal a 0 a
|| i - Resistor TC - temperature

N fwer 1 £ Muer 2/ |
|uSpice S S
Puc. 8. [lepBrlii TUCT CXEMBbI
{5 uSpice - [Cxema na 2 nucrax_0.dsn] — ] ®
%% ®aiin MNpaska Bug EwBnwoteka 3kcnopt  Adanus  Mapamerpel Owkna  Cnpaeka - 8 X
"=l Blal ko4 mo=|EBQ A R? | Tr AC 0P DC | 6w ol 6% |
Momck anemeHTos TR TORT OO POt UOPSL o TOUNE VTRVt TOUSE OPSRTRCoL Foo s RPSTNeos oo et NPT O
mi2 | | mi3 =
o Ll
0087 0515p - !
al
L3 o7 !
D.D12u::1.525p
=-RLC (5)
i i Capacitor -ideal |
-~ Capaditer IC - ideal o - |
i Inductar - ideal
i Resistor - ideal
(1 5----Resisb:-rTC—temperatute.
\Juct 1, wer 2 /|
uSpice

Puc. 9. Bropoii 1icT cxeMbl

OTMeTHM, YTO BCE JIUCTHI OAHON OOJIBLION CXEMbl OYAYT UMETh OJUHAKOBBIN
pa3Mep CTpaHUIbl, OJHAKO KaXKIbIH OTAENBHBIM JIUCT MOXET MMETh CBOU COO-
CTBeHHbIE AeTann opopmieHus. [Ipu HEOOXOAUMOCTH MOXKHO YIAISITh WU Mepe-
MMEHOBBIBATh JIMCTHI OOJBIION CXEMbl, HaXUMas MPaByI KHOMKY MBIIIA Ha
Ha3BaHUM JIMCTA BHU3Y SKpaHa. OTMETUM, YTO NpPHU YJAJEHUU JUCTA, €r0 HEBO3-
MO’KHO BOCCTAaHOBUTH C MOMOIIbi0 KomaH bl "[IpaBka\OTmennTs BBO". Bee nmucTh
OOJBITION CXEMBI 3aITUCHIBAIOTCS B OJUH (haiii.
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JIJist OCYyIlIeCTBIICHUS CBA3U MEX]Y OTACIbHBIMU YaCTSIMH CXEMBbI, Pacroio-
KEHHBIMH Ha OTJIEIBHBIX JINCTAX, UCIOJIB3YIOTCS METKU, UMEIOLIUE OJUHAKOBHIC
Ha3BaHUS Ha Pa3HBIX JIKCTAX.

Ha puc. 8 u puc. 9 npencrasinena cxema MHorosseHHoro CBY-¢gunsrpa. Ha
nepBoM Jucte (puc. 8) m3olOpakeHo Hadano cxeMbl. Ha BTopom mucte (puc. 9)
IpecTaBlieHa BTOpasi 4acTh cxeMbl (uibTpa. Ha AByX 5HcTax cXembl MPUCYT-
CTBYET OJIMHAKOBasi MeTKa m2. DTa o01as MeTKa epe]l MPOBECHUEM MOJIEIUPO-
BaHUS MO3BOJISIET CTEHEPUPOBATH CBA3AHHOE OMMCAHUE BCEU CXEMBI.

AMIITUTYTHO-4aCTOTHAsI XapaKTEPUCTUKA OMMCAHHOTO BBIIIE MOJOCOBOTO
CBY-¢punbsrpa nokasana Ha puc. 10.

B —&— mag(m3]
1.00
0.80
0.E0
0.40
0.20
|:I. |:I|:I = = k= = =
0.20 085 0.90 095 1.00 1.05 1.10 1.15 1.20

Mu

Puc. 10. AYX nonocosoro CBY ¢unprpa

Pacuer AUX mpoBenieH IpH MCIIOJIB30BaHUN BBIXOJHON MeTKH m3 (puc. 9).
[lentpanbHas yactora ¢unsTpa paBHa 1 ['Tu. Tlomoca mpomyckanus paBHa npu-
MepHo 60 MI'm.

4.10. A\cnonb3oBaHue noacxem

N3o0paxkeHre OONBIION CXEMbI MOXHO YJIy4IllUTh, CO37aBasi dJie-
menTt-niogacxemy (hierarchical symbol). I[Toxcxemy B BHIe COBOKYITHOCTH pajuo-
AJIEMEHTOB M UX COCAMHEHHI N300pakaeM Kak HOBYIO CXEMY Ha OTAEIHLHOM JIHCTE.
Kaxxap1ii BHENIHMI BBIBOJ B MOJACXEME OTMEYaeM METKOH. AHAJIOTHYHBIE METKU
JOJKHBI IMETh BBIBOJIBI CHMBOJIA-TIOZICXEMBI.

Hcnonp3ys menro "lIpaBka\Co3naTh j1eMeHT-oacXeMy"", K JIUCTY C MOJCXe-
MOM 100aBISETCS JIUCT, HA KOTOPOM, UCIT0JIb3Ys I'papuuecKre NPUMUTUBBI, HY)KHO
HapHUCcOBaTh CUMBOJI MOACXEMbI. OOBIYHO 3TO MPSIMOYTOJIBHUK, B KOTOPBIA BIUCHI-
BAETCsl Ha3BaHME IOJCXEMbI, @ K OOKOBBIM CTOPOHAM J00aBIISIETCA COOTBETCTBY-
IOLEE YUCIIO BBIBOJOB C UMEHAMH, COOTBETCTBYIOIIIMMHU HUMEHAM METOK I10/ICXEMBI.
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[Tony4yeHHble M300pakeHUsI MOACXEMBl U €€ CUMBOJA COXpaHseTcs B (paili.
Tenepb 371€MEHT-MOJICXEMY MOKHO BCTaBUTh B OCHOBHYIO OOJIBIIIYIO CXEMY, BBI-
oupas nyHkt MeHto "IIpaBka\BcTaBuTh a51eMeHT-I0ACXEMY .

BHenpeHHbI CHUMBOJI 3J€MEHTa-TIOJICXEMbl HUCIOJIB3YETCS Kak OOBIYHBIN
cuMBOJI U3 OuOIMoTeku. OH MOXKET OBITh MepeMelleH, MOBEPHYT Ha COOTBET-
CTBYIOIIUI yToJj, oTpaxkeH u T.M. Kak u B ciyyae UCTOIb30BaHUS HECKOJIbKUX JIH-
CTOB CXEMBI, [IPH PACUETEe CXEM C JIEMEHTAMU-TIOJICXEMaMH T€HEPUPYETCS €IUHOE
Spice-onucanne 3aganus. HanMeHOBaHHs BBIBOJOB MOJCXEMBbI (METKH) MOYHO
WCITIOJIB30BATh JJIS pacyeTa COOTBETCTBYIOUIUX Y3JIOBBIX HAIIPSKEHUH.

Ha puc. 11 nmpuBenena cxema akTuBHOTrO QpuiibTpa Ha OV ¢ UCHOJIb30BaHUEM
anemeHTa-noacxemol HI.

R

i

LT |

@ 1
| 11
10 5 Hi4 oparmp_lim
ok
- -

0 1]

2

Puc. 11. Cxema akTUBHOTO (UIBTPA C UCTIOIb30BAHUEM
anemeHTa-noacxems! H1

-
1
R

557480

C3
1.1577u 41.1977u |
o

Puc. 12. Dnextpuueckas cxema sneMeHTa-noacxemol H1

e (7
[ ]

[4s

= |

DJexTpuyecKas cxema 3JIeMEeHTA-M0ACXeMbl, peacTasisitonero Guistp Ka-
y3pa, mpuBeneHa Ha puc. 12. MeTku BBIBOJOB MOACXEMBI al U a2, COOTBETCTBYIOT
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METKaM Ha YCJIOBHOM H300pakeHHHM »dieMeHTa-nojacxembl HI. Ammmutyn-
HO-YaCTOTHAs XapaKTepUCTUKA aKTUBHOTO (hUIIbTpa MpUBeieHa 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 akTtuBHOTO (QUIBTPA, UCHOJIB3YIOIIETO 3JIEMEHT-TIOJCXEMY

Kak BumuM, rpaHudHasl yactoTa akTUBHOTO (GuibTpa 1o ypoBHio 0,7 mpu-
MepHo paBHa 100 I'u. ITynecanun AYX B nojoce nponyckaHusi HPUMEPHO PaBHbI
20%.

4.11. BUONMOTEKU 3NeMeHTOB

Hnst paGotel ¢ OubmuoTexkamu BbIOMpaeM MyHKT MeHIO0 "bubmuore-
ka\bubimoTeku sneMeHTOB". Bo3HuKarolee Mpu 3TOM OKHO C HCIOJIb3yEeMbIMH
OMOIMOTEeKaMHt ITOKa3aHo 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 ¢ HCTIOJIB3yeMBIMU OMOINOTEKAMU
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PabdoTa co cJ10KHBIMH CXEMAaMM

B otaenbHyro 6ubIMoTeKy COOMparoTCs, Kak MPaBUiIo, OTHOTHUITHBIC SJIEMEHTHI
cxeMsbl. [lomp3oBarenb, UCMONMB3ysS BO3ZMOXHOCTH TPOTPAMMBI, MOKET JIETKO CO-
3/1aTh HOBYIO OMOJIMOTEKY, WM JOOABUTh B MUMEIOIIYIOCS OHMOIMOTEKY CBOM COO-
CTBEHHBIN DJIEMEHT, I U3MEHUTH CYIIECTBYIOIIHI 3JIEMEHT.

bubnuorexkn MOXKHO M00aBIATH, YIAsATh, CO3/1aBaTh, peAaKTUpoBaTh. OKHO
nporpammsl ¢ anemMeHTamu 0ubanoreku «RLCy» (kaTyiika MHIYKTUBHOCTH, PE3U-
CTOp | JIBa KOHJICHCATOpa) MMOKa3aHo 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
ideal
E-RLC (5)
i i Capaditor -ideal ) -
. Capacitor IC - ideal I Resistor Resistor TC Ij .
L Inductor - ideal ideal temperature
i Reesistor - ideal
|
uSpice e L I |
Puc. 15. Paguosnementst 6ubanorexu 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)

i-- Capadtor - ideal

[ Parta | —

uSpice

Puc. 16. YcnoBHoe rpadudeckoe n3o0pakeHne KOHIeHCaTOpa
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MBpI111b10 MOKHO BBIOMPATh OAMH U3 AJ1eMeHTOB Oubianoreku. Haxkumas 3atem
paByl0 KHOMKY MBIIIH, TIOMAa/laéM B KOHTEKCTHOE MEHIO, C MOMOIIbIO KOTOPOTO
U3MEHSIEM CBOMCTBA U COCTAB 3JIEMEHTOB OMOJIMOTEKH.

[Ipu BbIGOpe myHkTOB MeHIO "Co3nath snemMeHT" win "M3Menuts snemeHt"
NOSIBJISIETCSL OKHO rpaduyeckoro penakropa. Ha puc. 16 B okHe rpaduyeckoro pe-
JAKTOpa MoKa3aHo u3o0pakeHue kouaeHcatopa. Ludpst 1 1 2 o603HayaroT HOMepa
BBIBOJIOB 3JIeMeHTa. BBIBOJIBI MPOCTABISAIOTCA C UCIOJIb30BAaHUEM 3HAUYKA C OTPE3-
KOM MpPSMOM JTUHUU U HUPPOH S5, MPUBEICHHOrO Ha MaHETu WHCTPYMEHTOB MpO-
IPaMMBl.

CBoIICTBA 2JIEMEHTOB U3MEHSIOTCS C OMOILBIO TMAJIOTOBOTO OKHA, BHEIIIHUI
BUJI KOTOPOTO JIJIsl KOHJIEHCATOpa ¢ eMKOCTBIO TI0 YMOJIYaHuUt0, paBHOM 1 HaHO(a-
pazbl, MpUBEAEH Ha puc. 17.

BuBnuoTeyHsld 3nemMeHT X I
!
MeTra B cocTase MC 1 OpHEHTaUMA MO YMONYEHKMID Right e
NobaenTh YOaniTe ATpubyTel  SPICE |
OnMcaHue 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. OkxHo ¢ atpubyTamu KOHAEHCAaTOpa

[TonpoOHOE CXEMOTEXHHUYECKOE OMHMCAHHWE DJIEMEHTa MOYXHO MPOBECTH, HC-
nonb3ys 3akiagky SPICE aroro okna.

B  mporpamme uSpice  ucmomb3yeTrcss  CTaHAApTHOE,  IMOCTPOYHOE
SPICE-onucanue 37eKTpOHHOM e, MpeIcTaBIeHHOE B (paiiiax ¢ paciimpeHrueM
.cir. B ka0l CTpOKE TaKOro OMHUCaHWs MPUBOAUTCA MHPOPMAIUS O TUIIE dJie-
MeHTa, 00 y3JlaXx, K KOTOPhIM OH IMOJAKJIIOYEH, O MapaMeTpax dJeMeHTa U T.I. s
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ITanesu HHCTPYMEHTOB

MOJJIEP)KKM TaKOro OMHMCAHUS B MporpaMme uSpice HCIOoNb3yeTcs Oubamorexa
AIIEMEHTOB, cojepxkaiias cnenuaibHoe SPICE-onucanne mapaMeTpoB 3J1EMEHTOB.

CoOcTBEeHHYI0 OMOJIMOTEKY TaKUX 3JIEMEHTOB MOXET MOJITOTOBUTH IMOJIb30-
BaTeNnb. J[I WMCHONB30BaHWS WM TOATOTOBKH OMONMMOTEKH TpeOyeTcs 3HaHWE
SPICE-sa3pika. Onucanue 3Toro si3blka MOXKHO HaWTH B JUTEpaType, yKa3aHHOU B
KOHIIE OMUCAHMsI TPOrpaMMbl MOJICTUpOBaHMsI USPIce.

5. MNaHenNn MHCTPYMEHTOB

B pa3zgene kpaTko OINKCaHbl MMaHEIW MHCTPYMEHTOB (IIAHEIW 3HAYKOB) IMpPO-
rpaMMBbI

5.1. NaHenb cxembl

[laHens cxeMbl — OCHOBHAs MaHEIb HHCTPYMEHTOB NporpaMmMbl. Ee BHeIHUI
BH/JI IPUBEJCH 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 OCHOBHO NaHeNIN UHCTPYMEHTOB MPOTPAMMBI

[Tanens comepxut 24 3Hauka. HaunHas ¢ mepBOro 3Hayka, KpaTKO ONMIIEM
HA3HAYEHUE 3HAYKOB 3TOM MaHEJH:

1 — pexxuM BbIJICTICHUS DJIEMEHTOB CXEMbl — UCXOJIHBIA PEXKUM PadOThI MbI-
1IBIO0 B IPOTpaMMe,

2 — PeXKUM PUCOBAHWS MTPOBOTHUKOB (11 OBICTPOTO BBIXO/IA M3 ATOTO PEKUMA
JIOCTATOYHO HAXKATh MPABYIO KHOMKY MBIIIIH),

3 — peKMM YCTAaHOBKH B CXEMY Y3JI0B (paboTaeT TOJBKO MPU OTKIFOYCHHUH
ABTOMATHYECKOI'0 PEKHMMa YCTAHOBKHU Y3JIOB),

4 — paboTa C METKamH,

5 — ycTaHOBKa B cXeMy Kopmyca (Miu oOIIero MCTOYHMKA MTUTaHus),

6 — ynaneHue npeaBapuTeIbHO BbIICICHHOTO 3JIEMEHTA,

7 — peXHUM TIOKa3a/CKPBITHUS JUAJIOTOBOM MaHENH, cojeprKaiieid OudInoTeKu
PaANO3JIEMEHTOB,

8 — BKJTIOUCHHE/BBIKIIIOUCHUE PEKUMa U3MEHEHUs MacITaoa,

9,10, 11,12 — Bpamienus u 3epKajabHbIE OTPAKEHUS YCIOBHOTO IpaduuecKoro
OTOOpaXXeHHUs JIEMEHTA,

13 — pa3MeleHne B OKHE CXEMbl TEKCTOBBIX KOMMEHTAPHEB,

14 — ycraHoBka B cxemy cuMmBouia "Het coenqunenus",

15 — ycranoBka Ha rpaduyeckoe n300paxkeHrue OMOJIMOTEUHOTO PJIEMEHTA
BBIBOJIOB,
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16 — Hymepamus 3JIEMEHTOB CXEMbI, KOTOPBIE IIPEIBAPUTEIILHO HE OBLIH
IIPOHYMEPOBaHBI BPYYHYIO,
17,18, 19, 20, 21, 22, 23, 24 — BbIOOp pa3IMYHBIX BUJIOB aHAJIU3A.

5.2. MNaHenb pucoBaHus

[Tanens pricOBaHMS UCTIONIB3YETCS M1l CO3AaHMs TpaduuecKoro n300paxeHus
PaaNodJIEMEHTA, a TAKXKE JUIsl HAHECCHHS Ha CXEMY JTOTIOJHUTEIBHBIX TpaduuecKux
CHUMBOJIOB (pHucC. 2).

1 23 45
a o o O 7

Puc. 2. 3Hauku nanenu pucoBaHus

[Tanens comepkuT 5 3HaukoB. KpaTko omnwuiiieM Ha3HAYeHHE 3HAYKOB JTOMH
TAHEJIH:

1 — BBO/Ia TEKCTa B OKHO CXEMBbI WJIK B OKHO TpaduuecKoro u300pakxeHus
pPaaNOdIEMEHTA,

2 — peKUM PUCOBAHUS JIMHUM (PEKUM 3aBEpIICHUSI PUCOBAHUS BEIOMpAETCS
IIPY HAKATUU TTPABOI KHOTIKU MBIIIIH),

3 — pUCOBaHKE KpyTa WX JJUINTICA,

4 — pucoBaHHe MPSAMOYTOIHHUKA,

5 — pUCOBaHHE JIyTH.

5.3. MNaHenb paboTbl ¢ 6Nokamu

[Tarens paboThI ¢ OJIOKAMU HUCTIONIB3YETCS MPH MPOSKTUPOBAHUHN CIOXKHBIX U
Oospmux cxeM (puc. 3).

Puc. 3. 3nauku manenu paboThl ¢ 6I0KaMuU

[Tanens copepxkut 4 3Hauka. KpaTko onuiieM Ha3HaA4€HUE 3HAYKOB 3TOU Ma-
HEJH:
1 — pexxum mepemenieHusi 610Ka ¢ PJIEMEHTaMH CXEMbl C COXPAaHCHHUEM CO-
CJIMHCHUH,
2 — peXuM TiepeMeIieHus 6J10ka 6e3 COXpaHeHUs COSTMHEHUH,
3 — pe’KUM KOIMPOBAHUS U IEPEMEIICHHUS OJIOKOB CXEMBI,
4 — BpaleHue Win 3epKaTbHOE OTpaKEHNE N300pakeHUsI OJI0Ka.

5.4. NaHenb WUHLbI

[lanens paboTHl C IIMHAMHM HKCIOJIB3YETCS MPU CO3JIaHUU CXeM IU(GPOBBIX
YCTPOMCTB U CJIOKHBIX aHAJIOTOBBIX CXeM (puc. 4).
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[Tanens COOCPIKUT 4 3Hauka. KpaTKO OIMMIIIEM HAa3HAYCHHUE 3HAYKOB ATOM I1a-
HCIIU:

1 — 3amanue UMEHU IIUHEL,

2, 3 — BBOJI OTBOJOB OT IIIMHEI,

4 — pHCOBaHKE IUHBI B OKHE CXEMBL.
1 2 3 4
o~ "L

Puc. 4. 3nauku nanenu paboTHI C IUHAMU

Ecnu npu BBOJIe MIMEHU MIMHBI Tiepe]] OyKBaMU BBOJUTH CUMBOJIBI " («rpa-
BUC»), TO OYKBBI OYIyT BBIBEJIEHBI C YEPTOUKAMHU CBEPXY.

6. MeHIO nporpamMmmbl

KpaTKO OITHMIIIEM TOJIBKO OCOOCHHOCTH MEHIO IIporpaMMmEal. I[JIH CTaHIapPTHBIX
ITYHKTOB MCHIO HCIIOJIB3YCTCA O6IH€HpHHHTI>Iﬁ IMOPAOOK pa6OTI>I.

6.1. ®ann

I[aﬂee onrcaHbl HanOoJiee BaKHEIC IMOAITYHKTBI MCHIO «Daumn.

6.1.1. MapameTpbl YepTexKa

I/ICHOJ'H::?;YH AUAJIOTOBYIO IIaHCJIb, IMOKA3aHHYIO Ha pPHC. 1, MOXHO BBECTHU

Ha3BaHHWE CXEMBI, JAHHBIE ABTOPA, HOMEP TPYIIBI U T.J. DTH MapaMETPbl CXEMBbI
MOSIBJISIETCS B OCHOBHOM HAJIMMCH y4eOHOTO YepTexa.

Mapametpol x

CXEME  QBpaMneHue

MokazaTe

HaumenosaHwe SMNEKTPOHWKA 1

BoinonHun 4 MWsa

Mpynna 2

Bepoma 1.0
SagaHue 1
TMact 1

HaTta 11 May 2022

OK l OTmeHa

Puc. 1. [Tanens BBOAA apaMeTpOB UepTEKA

BriOupas 3aknaaky "OOpamiieHre" Ha AUMAJIOTOBOM MaHEIM MOYKHO J100aBUTh

paMKy K JIUCTY CO CXE€MOH C COOTBETCTBYIOIIMMHU ITU(PPOBHIMU U OYKBEHHBIMU
CUMBOJIAMH, BIUCAHHBIMH B PAMKY.
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6.1.2. AmMnopT

Hcnonb3yilTe 3TOT IMMyHKT MEHIO JJIA JO0ABIEHUS K CO31aBaeMOil cxeMe Jpy-
rOii, paHee CO3/ITaHHOM M COXpaHEHHOU B BueE (aiina, cxemsl. [locie 3arpy3ku HO-
Basl CXEMa BBICBEUMBAETCS KPACHBIM LIBETOM M MOXET C MOMOUIBIO MBIIIN Mepe-
MELIATHCS B HY>)KHOE MTOJIOKEHUE.

s QuKCUpOBaHUS TOJIOKEHHUST BHEAPSEMOM CXEMbl HaKMUTE Ha JIEBYIO
KHOIIKY MBIIIHY, a JJI1 OTMEHBI ONEpallii BHEIPEHUS BMECTO JIEBOW HAXXKMHUTE Ha
MIPaByIO KHOIKY MbIIIH. ECM BHEApEHHE CXEMBI 3aBEPIIMIOCh HEYJAYHO, TO BbI-
oepure "[IpaBka\OTMEeHUTH BBOT'".

6.1.3. AKcNopT B BUAE pUCYHKa

3KCHOpTI/IpOBaTB B PUCYHOK MOKHO BCIO CXCMY, BKJIIIOYads OCHOBHYIO HAIINCh,
WJIM TOJIBKO 4acTh CXEMbI. B IMOCJIICAHCM CJIy4dac Tp€6y€TCH MpCaABApUTCIIBHO BbI-
ACINTh B OKHC CXCMbI HY?KHYIO HaCThb CXCMBI. I[I/IaHOFOBOG OKHO Hp606paSOBaHI/IH B
PHUCYHOK IIOKAa3aHO Ha PHC. 2.

FKCMOPT CKEMBI B PUCYHOK X

B pUCYHOK MO¥HO NpeobpasoBaTh Kak BCHD CHEMY,
TaK 1 BEIAENEHHYHD YaCTh CHEMEI

@opMat dakna  LBeTHoi PNG 8 GuT ~
MacwTah 100 E [ I NosepryTe Ha 90°
Wma daitna  output.png MyTs

OTMeHa JKcnopT l

Puc. 2. Jluanorooe okHO MpeoOpa3zoBaHus B PUCYHOK

MosxHO BbIOpaTh ciiemyromue popMatsl rpadudeckoro ¢aiia: npetHoit BMP,
nsetHoit PNG 8 6ur, usernoii PNG 24 out, usetnoi JPEG, niBetnoii GIF, niseTHoi
EMF, uepno-6enbiit BMP, uepHo-6enbiit PNG 8 6ut, uepno-6ensiii PNG 24 our,
yepHo-6enbiit JPEG, yepno-6enbrit GIF.

JIyist ynoOCTBa MCTOMB30BAHMS SKCTIOPTUPYEMOTO PUCYHKA B TMAJIOTOBOM T1a-
HEJIM MOXHO yKa3aTh TOBOPOT pucyHKa Ha 90 rpamycos.

[Ipu sxcnopTe MOXKHO M3MEHUTH MacmTad prucyHka. Eciu npeoOpas3oBbiBa-
€TCs BCS CXeMa, TO MacITabupyeTcsi BeCh PUCYHOK B 11e710M. Ecim skcriopTupyercs
4acTh CXEMBI, TO npu MaciTade, MenbieM 100%, pucyHok obpesaercs (mpeodpa-
30BaHHE B PUCYHOK ITPOMCXOUT TOJIBKO TSI BEpXHEH JIEBOW YaCTH PUCYHKA), a PU
Mmacmtade, 6ompimem 100%, cipaBa u cHu3y nobasistores mons. [locnennuit Ba-
puaHT npeoOpa3oBaHMs B pPUCYHOK YI0OHO HCTIOIB30BATh JJII COXPaHEHUS pUCYHKA
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C YCJIOBHBIMHM 0003HAYEHUSIMHU 3JIEMEHTOB, KOTOPBIE, KaK IPABUIIO, PACTIOIATralOTCs
cnpasa ¥ BHU3Y U nipu 100% macimrabupoBaHUM MOTYT OTCEKATHCS.

6.1.4. NevaTb

[ledaTh cXeMBbl MPOU3BOAUTCS C HCIOJIB30BAHHEM CTAaHIAAPTHBIX METOJOB
ornepanmonHoi cucrembl Windows. OKHO mevaT moKa3aHo BEIIIE Ha puc. 4.7.

6.1.5. MNapameTpbl cTpaHULbI

Pasmep cTpaHuipl, yka3plBaeMbld B 3TOM IIYHKT€ MEHIO, OJHOBPEMEHHO
ONpeAEseT pa3Mep OKHa cxeMbl. 110 yMoiidanuio mcnolib3yercs crtpanuna A4 B
ansoomMHOM (opmare (puc. 3). Takoit pasmep, Kak MpaBUiio, JOCTATOUEH JJis CO-
3/1aHUS YYEOHBIX YEePTEXKEM.

[MapameTpel CTRaHULE >
CTpaHuua Pazmep
COad O KrokHas u -
MpHa MM
'--:--'-‘!"3 O Anc6omHan —
(a2
Boicota 210 mmM
(_JAl —

© B3aTk 0T NpuHTEpPa

OTMeHa Bribop npuHTEpE

Puc. 3. JInamoroBoe 0KHO yCTaHOBKHM MapaMETPOB CTPAHUILIBI

[Ipy wWcronb30BaHWKM MOHHUTOPA C OOJBIION TUATOHANBIO IS PUCOBAHUS
OOJBIINX CXEM MOXKHO 33/1aTh YBEITMUCHHBIN pa3mep cTpaHullsl oT opmata A3 1o
dbopmara Al.

HMeeTcst BO3MOXKHOCTD COTJIACOBATh pa3Mep CTPaHUIIBI B Tporpamme USpice u
pa3Mep CTpaHUIlbl, 3aJaHHOM /1t puHTepa. [Ipudem 11t pa3HbIX TPUHTEPOB MOTYT
OBITh 3aJ1aHbI pa3HbIe (POPMATHI CTPAHUIL.

6.2. NMpaBka

Jlanee omucaHbl TOJILKO HamOoJiee 3HAYUMBbIE U OPUTMHAJIBHBIC MOJIMTYHKTHI
MeHIO «IIpaBkay.

6.2.1. MpoBepuUTb cxemy

[lepen npoBeeHNEM pacye€TOB PEKOMEHIYETCSI IPOBECTH MTPOBEPKY CXEMBI HA
Hajuuue Tpyobix omuOoK. B nuanoroBoil maHenu, MOKa3aHHOW Ha puc. 4, peko-
MEHJyeTCsl OTMETUTh BC€ MYHKThL. Kak mpaBuiio, OOJIBIIMHCTBO BBISBIEHHBIX
OLIMOOK OYJeT MOKa3aHO CHelUaTIbHBIMU CUMBOJIAMU Ha CXEME YCTPOMCTBA.
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Mpoeepra cxembl >

Ol

B 0 yonvposarne obosHageH:

HenoarnoHeHHsIE SNEMEHTE
HenoaknoyerHas Lens
HexoppekTHEE 0BoZHAYEHMS

MpeaynpexaoseHua

WMCTOUHMK COEAMHEH € MCTOYHMKOM
WMCTOUHME NOAKMKDYEH K BEIXOAY
Bbixoa CoSAMHEH C BEIXOOOM
BbIXoA He CBA3EH CO BXOA0M
HEeMoAKNKYEHHEIE NOACKEME]
MepeonpegeneHE MMEHW LIEMK
HeKoppeKTHOE MMA LLEMK

Puc. 4. Jlnanorosas naneiab NPOBEPKU CXEMBbI

6.2.2. O603HaYeHUsA 3NIeMeHTOB CXeMbl

HymMmepaiuusi 351eMEHTOB CXE€Mbl MPOBOAUTCS ABTOMATHUYECKHA IIPU 3aIMYCKE
pacdeta cxembl. [Ipy HEOOXOAMMOCTH MOKHO MPOBECTH WHIUBUIYAIBHYIO TIEpe-
HYMEPAIIMIO 3JIEMEHTOB CXeMbI, Ucronb3ys MeHio "[IpaBka\llepeoOo3naunTh 3i1e-
MEHTBI cxeMbl'". COOTBETCTBYIOIIAS AUATIOT0OBasl MaHEb T0OKa3aHa Ha puc. 5.

(B03HaYEHNA INEMEHTOE X
O MporymeposaTe:

() ¥AanMTE HYMEDALMKD Cancel

DBo03HEYEHWA

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

Ha Bcex nucTax

HomMepa

© Hymepawsa no yMonqaHHD

(JHavate cromepa 1

MpOHYMEDOEATE MEILIKDIA

HyMepaLwmA KypropoM MBILLKK

Puc. 5. Jluanorosas maHens 0003HAYCHUS SJIECMEHTOB
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NunuBuyallbHYI0 TEpEHYMEPALMIO PAJAUO03IEMEHTOB MOXHO TMPOBECTU C
MOMOIIIBI0 Kypcopa MbIIKHK (KHomKa "Hymepariust KypcopoM MbIIIKH" Ha puc. 6).
[Ipu »TOM, Ha’)KMMasi MPABYIO KHOIKY MBIIIH, YJalIsieM cTapoe 0003HAYEHUE HJie-
MEHTA, a HA)KUMasl JIEBYIO KHOIIKY MBIIIH, YCTaHABIMBAEM HOBBIII HOMEp 3JIEMEHTA.

[lepen pacyeToM aBTOMATHYECKYID HYMEPAIMIO DJIEMEHTOB CXEMbl MOKHO
MPOBECTH, BHIOUpPasi 3Ha4OK R? Ha MaHeIu HHCTPYMEHTOB.

6.3. Bup

Breibupasi 3TOT MyHKT MEHIO, MOXKHO H3MEHUTh MaciTad u300pakeHus, a
TaK)KE CHENAaTh BUJUMBIMU WJIM HEBUIUMBIMHU JUAJOTOBYIO IAHENb 3JIEMEHTOB,
NIaHEJb CXEMBI, TaHEJIb 3HAYKOB I'pa)uueCKUX MPUMUTHUBOB, TAHEJIX 3HAYKOB IIIMHbI
u OnokoB. OTMETHM, YTO MacmITad CXeMbl MOXKHO TakK€ HU3MEHHUTb, HaKUMas
xkinasumu Page Up, Page Down unu ucnosb3ys 3HaYOK ¢ M300payKEHUEM JIyIbl Ha
MaHEI UHCTPYMEHTOB.

6.4. AHanus

[Iporpamma uSpice Mo3BOISIET MPOBOAUTH YETHIPE OCHOBHBIX BHUJA aHAIW3a:
UCCIIEIOBAHUE TEPEXOJAHBIX MPOIECCOB BO BpeMeHHOU oOnactu (pexxum Tran),
pacyeTr CXeM METOJAOM KOMIUIEKCHbIX aMIuUTy[ (pexum AC), pacuer pabouei
TOYKHU Ha MOCTOSIHHOM Toke (pexum OP), MHOroBapuMaHTHBIN pacyeT Ha MOCTOSH-
HOM TOKe (pexum DC).

Kpome 3TOr0, ¢ moMoIip0 nporpaMMbl USpice MOXKHO paccuutath Kodpdu-
1ueHTt rapmonnyeckux uckaxenut (KI'M), mposectu nuckpeTHoe mpeodpa3oBaHue
®dypbe (AI1D) nnm 6picTpoe mpeodpazoBanue Dypne (BIID), a Takxke HallTH Oru-
Oaroliyto U (pazy aHaTUTUUECKOTO CUTHAJA.

6.5. Bubnuorteka

6.5.1. dnemeHTbI B cocTaBe UC

OTOT MYHKT MEHIO CTAaHOBHUTCS AKTHUBHBIM TOJIBKO IPU PEAAKTUPOBAHUHU
n300pakeHus snemMeHTa. OH UCHOJb3yeTcs, Koraa TpeOyeTcsl y4ecTh HAJIMYue He-
CKOJIBKHX 3JIEMEHTOB B COCTaBe OAHOro Kopiyca unrerpaibHoi cxemsl (MC). Ipu
co3ganuu uzobpaxenus: takod MC TpeOyeTcss BBECTH YUCIO AJIEMEHTOB, COAEP-
xaieecst B koprnyce MC. [Ipu BeIOOpe 3TOr0 MyHKTa HEOOXOAUMO MPOBEPUTH OT-
METKY y MyHKTOB MeHIO "OnuHakoBble 35ieMeHThl B cocTtaBe MC" u "DnemMeHTsl B
coctraBe MC paznuunsbl". Eciiu n300pakeHus 3JIEMEHTOB OJMHAKOBBI, TO 3TH 3Jie-
MEHTBI OTJIMYAOTCS TOJIBKO Pa3HBIMU HOMEpPAaMH BBIBOJIOB.

N3o6paxkenue kaxaoro aneMenta B cocrase MC qo0KHO ObITh MTPEACTABICHO
Ha OT/AeNbHOM Jiucte. [Ipu ucnosnb3oBaHUU TaKUX JIEMEHTOB B CXeMe K UX 000-
3HAYEHUIO HeoOxoaumo A00aBisATh OykBel A, B u T.1. Kak mpaBuio, y nepBoro
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anemenTa B MIC PCKOMCHAYCTCA HAPUCOBATH BBIBOABLI ITUTAHUSA, KOTOPBIC MOKHO
CACIaTb BUAWMBIMU IIPH BI)I60pC COOTBeTCTBy}OHleﬁ OIIDMHN B JHUAJIOTOBOM OKHC
CBOMCTB DJICMEHTA.

6.6. AkcnopT

Jlanee onucaHbl OCHOBHBIE MOJITYHKTHI MEHIO « DKCIIOPT.

6.6.1. Co3paTtb c¢hann ana PCB-nporpamm

[Iporpamma uSpice TO3BOJISET co3MaTh (Al C JAaHHBIMHU 1T HEKOTOPBIX
MOMYJISIPHBIX MPOrPaMM Pa3BOAKHU MEYATHBIX IIaT. I 3Toro He00X0IMMO CO3/1aTh
cxemy ¢ 0e301MO0YHO COEAMHEHHBIMU JIEMEHTaMH, KOPPEKTHO J0OAaBUTh aTPpUOYT
"Package", onuceiBarolmuii TUII KOpITyca paguo3JeMEHTa, U BbIOpaTh TpeOyeMblii
(dopmar BbIXOJHOrO (ailna s mporpammbl pa3BOJAKHM NMEYaTHOW IuiaTtel. B mpo-
rpaMMe pear30BaHbI cieayromue Gpopmatsl BerxoaHoro (aiia: PADS-PCB, Eagle
SCR u Protel.

6.6.2. Co3paTtb nepe4vyeHb 3JIEMEHTOB

IlepeueHp 21€MEHTOB CO3AAETCA B BUJIE TEKCTOBOIO (pailyla U CONEPIKUT OT-
COPTHUPOBAHHBINA CIIUCOK BCEX PAJHOITEMEHTOB CXEMBI.

6.6.3. Co3paTtb ¢pann onncaHua cxembl

@aitn onmmcaHUs CXEMbl C PACHIUPEHHEM .CIT COJEPKHUT CTaHJIapTHOE, TO-
ctpounoe SPICE-onucanue 3neKTpoHHOMN 1enu. B kaxaoil cTpoke Takoro onuca-
HUSl TIPUBOJUTCS MHGPOPMAIMS O TUIIE DJIEMEHTA, 00 y3JlaXx, K KOTOPbIM OH TOJ-
KITFOUEH, O MapamMeTpax 3JIeMeHTa U T.1. JJig MoIIepKKU TaKoro OMHCAaHUs B TIPO-
rpaMme  uSpice  UCMONb3yeTcsl  OMONMOTEeKa  DJIEMEHTOB,  COJepKaias
SPICE-onucanue nmapameTpoB 3JI€MEHTOB.

6.7. MapameTpbl

Jlanee onucaHbl OCHOBHBIE NOANYHKTHI MEHIO «llapameTpbi».

6.7.1. MapameTpbl aHanu3a

[Ipu BBIOOpE AITOrO MYHKTA BBI3BIBACTCS IUAJIOTOBAs MAaHENb OMIMK C He-
CKOJIBKUMH BKJIaJKaMu (puc. 6). st BeIOMHEHUsT YYeOHBIX 3alaHUi OTH OMIUU
M3MEHATh He pexomeHayercsa. Kak mpaBuio, Bce yueOHbIE 3a/laHUs YCIIEITHO BhI-
MTOJTHSIFOTCSI C OTITUSMHU TI0 yMoTdaHuto. [lapameTprl ananmm3a MOKHO U3MEHSITh PU
MIPOBEICHUH CTYACHTAMHU HAYYHO-MCCIICIOBATEIHCKON paOOTHI.

SPICE-unCTpYKIHS JUII M3MEHEHUS ITapaMeTPOB pacuera B mporpamme uSpice
MMEET BU/I;

.OPTIONS OPT1=0OPTVAL1l OPTZ2=0PTVALZ ...
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3necs OPT1, OPT2, ... — onmuu, U3MEHsIONIKE MapaMeTpsl pacyera, OPT-
VALL, OPTVAL2, ... — 3HaueHHs apaMeTpoB.

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. JluanoroBas nmaHesb ONIUN aHAJIN3a CXEMBbI

[TogpoOHOE omucaHKe OIMIIUK MPUBEICHO B JINTEPATYPE, YKA3aHHON B KOHIIE
JTAaHHOW PaOOoTHI.

6.7.2. Noka3aTb ceTKy

[Ipu BpIOOpE ATOTrO MyHKTA MOKA3bIBAETCA CETKA, €CIU €€ HE ObUIO B OKHE
CXEMBbI, WIH YAAISIETCS CETKA, €CJId OHAa ObLIa B OKHE CXEMBI.

6.7.3. MpuBA3aTb K ceTke

[Ipu BbIOOpE 3TOr0 MyHKTa BCE pa3MeEIIaeMble Ha JIMCTE CXEMbl 3JEMEHTHI
BBIPABHUBAOTCS I10 CETKE.

6.7.4. YcTaHOBKU pefakTUpoBaHusA

C noMouipto, MOKa3aHHOW Ha pUC. 7 TUAIOTOBOM MAHENIH, MOXKHO YCTAHOBUTD
napaMeTphl CETKH, pa3Mepbl B MIJUIUMETPAaX WX JI0HMax, IpaBuiia COCTUHEHUS U
aBTOHYMEpaIlUK JIEMEHTOB, PEKUM aBTOMATUYECKOTO COXPaHEHUS.

OTMeTHM, 4TO MpH PpabOTe C MPOTPAMMON PEKOMEHIYETCS YCTAHOBUTD OTIIUIO
"l[IpuBsizaTh K ceTke" W BBHIOpaTh MENKUM MacmTad CeTKH (MUHMMAaJIbHBIN Iar
CETKU paBeH MPUMEPHO 1 MM).

[Ipu pabote ¢ ycIoBHBIMH rpapuyecKuMu 0003HAUYECHUSAMH SJIEMEHTOB PEKO-
MEH/yeTCsl yCTaHOBUTH napameTp «lloka3biBaTh 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. I[I/IaJ'IOI‘OBaSI IMIaHCJIb YCTAHOBOK PCAAKTHPOBAHHA

6.7.5. LiBeTa

C noMotibio M300pakeHHON Ha PUC. 8 MaHeTu MOKHO MEePEyCTAaHOBUTH IIBETA
OCHOBHBIX 2JIEMEHTOB WHTEpdeiica mporpaMmal.

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

OTmena Mo yMonYaHu

Puc. 8. ITanens BpIOOpa IBETOB ISl OCHOBHBIX JIEMEHTOB HHTEp(deiica

IIPOrpaMMBbI

6.7.6. KoopanHaTtbl Kypcopa

[Ipu BBIOOpE ATOTO MYHKTAa HAaJ OKHOM CXEMBbI MOSBIISICTCS JOTOJHUTEIbHAS
MaHellb ¢ KOOpJAMHATaMu Kypcopa (puc. 9).

119.00, 45.00 MM

Puc. 9. [lanens koopAMHAT Kypcopa B OKHE CXEMBbI
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Ha nanenu 0T06pa>1<a10Tc;1 TCKYINUC TI'OPHU30HTAJIbHBIC U BCPTUKAJIBHBIC KO-
OpANHATBI KYpCOpa COOTBCTCTBCHHO.

6.7.7. FTopu3soHTanbHas BU3UpPHasa NIUHUSA

[Tpu BBIOOpE 3TOr0 MyHKTA B OKHE CXEMBI MOSIBIISIETCS] TOHKASI TOPU30HTAJIbHAS
auHus. HaxkaB neByro KJIaBUIITY MBIIIH, 3Ty JTUHUIO MOKHO 3a()UKCUPOBATH B OKHE
cxembl. [Ipy MOBTOPHOM Ha)KaTWU J€BOW KHOMKM MBIIIN, KOTJa Kypcop pacroio-
YKEH Ha JIMHUH, €€ MO>KHO IepeMenIaTh.

BusupHble uHUM yAOOHO HCIOJIB30BaTh MPHU PACHOJIOKEHUH OJHOTHITHBIX
AJIEMEHTOB Ha OOJBIIOM JUCTE cxXeMbl. Haxkumasi mpaByl0 KHOIIKY MBIIIHA WJIU
HaxuMmas kiaaBully Esc, BBIXOAMM U3 pekuMa paboThl ¢ BUUPHOU JUHUEHR. Y cTa-
HaBJIMBAasl KypcoOp Ha BU3MPHOM JIMHUM U HaKMMas MPaBYyl0 KHOMKY MBIIIH, MOTY-
YUM KOHTEKCTHOE MEHIO, UCIIOJIb3YysI KOTOPOE MOKHO YJAIUTh BUSHPHYIO JTUHUIO.

6.7.8. BepTukanbHas BU3UpPHas NIMHUA

[Ipu BBIOOpE 3TOTrO MyHKTA B OKHE CXEMBI MOSIBIISIETCS BEPTUKAIbHAS BU3UPHAs
auHus. HaxkaB JIeByI0 KJIaBUIIY MBIIIHU, 3TY JIMHUIO MOKHO 3a()UKCUPOBATh B OKHE
cxeMbl. [Ipy MOBTOPHOM Ha)KaTHM JIEBOM KHOIIKM MBI, KOT/Ia Kypcop pacnoJio-
YKEH Ha JIMHUU, €€ MOKHO IIepeMeIaTh. Y CTAHABIMBASI KypCcOp Ha BUSUPHOW JIMHUN
Y HaXUMas MPaBYK KHOIKY MBI, BbI3bIBAEM KOHTEKCTHOE MEHIO, C TTOMOUIBIO
KOTOPOT'O BU3UPHYIO JIUHUIO MOKHO YAAJINTh.

Haxxnmast mpaByro KHOIIKY MBI WIM HaXKUMas KiaBuily Esc, BBIXOOUM W3
pexxuma paboThl C BUBUPHOM JIMHHUEH.

BusupHbie TUHUM yAOOHO HCIOJIB30BaTh MPHU PACMHOJIOKEHUH OJHOTHITHBIX
HJIEMEHTOB Ha OOJIBIIOM JINCTE CXEMBI.

6.7.9. Hymepauusa

Hcnonb3yst 3TOT MyHKT MEHIO, MOKHO U3MEHATHh MOPSAI0K HyMEpaluu dJie-
MEHTOB W Y3JIOB, a UMEHHO, — BBIOpAaTh HyMEpaIlUIO C YBEIMYUBAIOIMIMMCS WIIH,
Ha00OPOT, C YMEHBIIAIOIIUMCS 3HAUYCHUEM UHJICKCA.
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