Ot aBTOpAa

Oto nepeBo Ha pycckuil s13bIk PykoBojctsa [lonb3oBatens nporpamMmmel NLS. Xouy oOpaTtuth
BHHUMaHUE YATATENIEH Ha CIIeyIOLIee:

1.

Orpomnas 6naronapHocts Bnagumupy I'oinoin000By, deli nepBblii IEpPEeBO pyKOBOJICTBA
ABJISIETCA IO CYLIECTBY OCHOBOM HacTosiero nepesoja. Koe-uro s 106aBui, Koe-uyto
MOAPEIAKTUPOBAJ, HO MHOTME YaCTU IIPOCTO HAIJIO CKOIIUPOBAJL.

Tak kak cama mporpaMma Mmo-TnpeXKHEeMy Ha aHTJIMHCKOM SI3bIKE, BCE Ha3BaHHSI JTUPEKTUB MCHIO,
KHOIIOK, OKOH, CTaHJIapTHRIX (QyHKIUH Windows, a Takke CHeMalbHBIX TEPMUHOB,
UCIOJIb3yEMBIX B IIPOTpaMMe, Ha PYCCKUN HE MEPEBOMSATCS, WM UCTIOIB3YIOTCS KaK B
aHTJIMICKOM, TaK U B pycckoM BapuanTtax. Hanpumep: Copy, Paste, trace (kpuBas), storage,
transient (IEpexOHBIN MTPOIIECC).

Moxet 0OKa3aTbCsd, YTO OJJHO M TO KC HA3bIBACTCSA IO-PA3HOMY B PAa3HbIX YaCTAX TCKCTA. Yro X,
OBbIBAET: TPYAHO 3a BCEM YCJICAUTD.

[TpunoTy M3BHHEHMS 32 KOPSIBOCTh HEKOTOPHIX ()pa3 U BeIpaKeHHUH. TOYHBIN JOCTOBHBIN
IIEPEBO/J] C OAHOTO SA3bIKA HA IPYTOM HE BCErla BO3MOXKEH, a AKKYPaTHBIN «JINTEPATYPHBIII»
IIEPEBOJ 3aHUMAET OYEHb MHOI'O BpeMeHH. K TOMy ke 0Ka3aJIoCh, 4TO 51 HE 3HAK0 IPUHATHIX
PYCCKOSI3BIUHBIX aHAJIOIOB MHOTHX KOMITBIOTEPHBIX/TEXHHYECKHUX CJIOB U BhIpaXKCeHH. [ 1aBHOM
LIEJIBIO [IEPEBO/1a OBLIO MIPABUIIBHO IEPENATh CMBICH, U, HAJICKOCh, 3TO IOIY4YHUIIOCH.

Pycckoe pykoBoacTBO ckopee Bcero 0yJeT 0OHOBIIATHCS Ha TaK YacTO, KaK aHITIUIICKOE: HeT
BpPEMEHH.

Cmacu0o,
Anekceit CMUpPHOB.
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BEPCHUAA

DOrta Bepcust PykoBozctsa [Tonbs3oBaresst cootBerctByet Bepcuu 1.71 (31/04/2011) mporpaMmsl
NLS5.

LIMITED LIABILITY

[Tporpamma NL5 BMecTe ¢ conpoBokIat0NIMMU MaTEpHaIaMU ITOCTABIISIETCS HA YCIOBHIX «KaK
€cTb» 0€3 TapaHTHH JII000T0 copTa. ABTOp HE MPUHUMAET Ha ce0sl HUKAKUX rapaHTHIHHBIX
00513aTEeNLCTB, KaK SIBHO BRIPAKCHHBIX, TaK U MOJpa3yMeBaeMbIX, BKIIOUas, HO HE
OTPaHUYMBAsCh, KAKHE-THOO MOIpa3yMeBacMbIe rapaHTHH KOMMEPYECKOH BBITOJIbI WITH
MIPUTOHOCTH ISl IFOOBIX Tiesield. Hu B KakoM ciiydae aBTOp HE HECET OTBETCTBEHHOCTH HU
nepes] KeM 3a IpsSIMOi, KOCBEHHBIH WIIN CITy4aiHbIN yiiepO Wi YOBITKH, BOSHUKIIKE B
pe3yibTaTe UCIOJIb30BaHUS MM HEBO3MOKHOCTH HcIonb30Banust NLS.

COPYRIGHTS

© 2011, A.Cmupnos. [Iporpamma, PykoBoactso [lons3oBatens u nepeBoa PykoBojacTea
ITonp30Batess 3aluIleHbl aBTOPCKUM ITpaBoM. Hukakas yacTh 1aHHOTO PyKoBOJICTBA HE MOXKET
OBITH IEpEeBE/ICHa WIIM BOCIIPOM3BE/ICHA JJIsi KOMMEPUYECKHX Iieieii 0e3 MMChbMEHHOTO
pasperieHus obnanarens aBTopckux npas. Ilpu myOnukanuu pe3yiabTaToB, HOJYYSHHBIX IPU
HCI0JIb30BaHUU IIPOrpaMMBbl, aBTOp OyAET MpU3HaTeNeH 3a cChlIKy Ha NLS.

“Smith” is a registered trademark of Analog Instruments Company, New Providence, NJ. Microsoft, Windows, and
Microsoft Visual C++ are registered trademarks of Microsoft Corporation. MATLAB is a registered trademark of The
MathWorks, Inc. PYTHON is a registered trademark of the Python Software Foundation. Borland C++ Builder is a
registered trademark of Borland Corporation.
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YcranoBka u 3anyck NLS

YceranoBka NLS

OpuuM U3 ipenmymiecTB NLS sBIsieTcs TO, 4YTO OHA COCTOMT TOJIBKO U3 ofHOTO (aiina: &Y n1s.exe.
NLS5 ne TpeOyer crenuanbHOR YCTaHOBKH: MPOCTO CKOMMUPYHTE nl5 . exe B JIOOYIO IUPEKTOPHIO. BEI
MOJKETE€ UMETh HECKOJIBKO KO nl5.exe B pa3HbIX JUpekTopusax. YToOs! nepenncats NLS Ha apyroit
KOMIIBIOTEP, OCTaTOYHO CKOIIUPOBATh nl5. exe.

Crenyronue (aidinpl He SBISIOTCS HEOOXOAUMBIMHU, HO €CIIM OHH UCIIOJIB3YIOTCS, IOMECTUTE UX B OJIHY
JTUPEKTOPHIO € nl5.exe!

e [ n15.chm - NLS5 help file (daiin [Tomomm).
e (2] n15.n11 - NLS5 license file (¢paiin JIuuensun).

Urto0s! co3matk nkoHKY NLS5 Ha pabodeM cToJie, METKHUTE MPAaBOi KIIABHIIEH MBIIIKHU 10 nl5.exe B
npoBoaHrke Windows u BeiOepute komanay OrnpaButhb | Pabounii cToJ1 (co31aTh SIPJIBIK).

[MTocaemuroro Bepcuio NL5 moxkHO HaiiTu Ha caiite nl5.sidelinesoft.com.

3amyck NLS

Urto6sl 3amyctuth NLS, ABaXKIbI MIEIKHUTE M0 n15. exe WU MO UKOHKE NLS5: @
Ha sxpane mosiBUTCS 3acTaBka ¢ HHpOpMAIHeil 0 HoMepe BepCcuu, aTe U nHpopmanuei o TUIECH3UU:

NLS Circuit Simulator

Wersion 1.0 [Build 1, 01.,/01/2009)
Copyright ©719394-2009, A Smirhow
Trial license expires in 16 daws

E] Licenze ID: FCACAD2C-1993-E239

OTO OKHO 3aKpOCTCA CaMO 4€PE3 HECKOJIBKO CCKYHI.

NLS5 MokeT Takke 3amycKaThCsl 13 KOMaHIHOM CTPOKH C KJIIFOYaMH H/WJIH ImapaMeTpamu (v 0e3
KJIIOUEH U MapaMeTpoB).
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Karoun. Kitoy — 370 TeKCT , HauMHAIOIMUICS ¢ cuMBoda ‘-” win /. ClieaysIuue KIIoYd MOTYT OBITh
UCIOJIb30BaHbl B KOMAHHON CTPOKE:

-http - 3anmyctuth HT TP cepgep.
Hanpumep:
>nlb.exe -http

IMapameTtpsl. [TapameTp — 310 M aiina. OnuH unu 6onee (HailIoB pa3HOro TUIIA MOTYT OBITH
UCIIOJIF30BAaHBI B KauecTBE MmapameTpoB. Hanpumep:

>nl5.exe rc.nl5 - 3arpy3uTh CXeMy U3 ¢aiia rc.nl5
>nl5.exe tran.nlt - 3arpy3WTh JaHHBIC IEPEXOIHOTO Mpolecca u3 paia tran.nlt
>nl5.exe rc.nl5 pref.nlp - 3arpy3uTh cxemy u3 ¢aitna schematic rc.n15 u preferences us

¢aﬁﬂapref.nlp

®aiin ¢ pacmupeHueM “txt” B kauecTBe nmapameTpa KOMaHAHON CTPOKH pPacCMAaTPUBACTCS KaK CKPUMT, U
OyzIeT BBITIOJHEH HeMeyIeHHO. Hampumep:

>nl5.exe script.txt - SarpySHTLPIBHHOHHHTBCKpHHTIKE@&ﬁHascript.txt

JInnens3usa NL5

be3 nuuensun NLS pabotaer kak Jlemo-Bepcusi. JleMo-BepcHst MOJTHOCTBIO HIEHTHYHA
MOJIHOQYHKITMOHAIBHON BEpPCUH, 32 UCKIOYEHUEM TOT0, YTO KOJIMYECTBO KOMIIOHEHTOB B CXEME He
MoxkeT mpesbinath 20. Xots B JleMo-Bepcun Henb3s BBECTH 00Jibie 20 KOMIOHEHTOB, OHA MOKET
YUTaTh U3 (paiiya U CUMYJIHPOBATH CXEMbI C HEOTPAHUYEHHBIM YHCIOM KOMIIOHEHTOB, €CIIH 3TU CXEMBbI
CO3aHbl IIOJTHOW BEPCUEN MPOIPaMMBI.

Ha caiire nl5.sidelinesoft.com MosxHO 3aka3aTh HECKOJIBKO BUIOB JHIIEH3HIA, KOTOPBIC UMEIOT Pa3HbIE
OTpaHUYCHUS U OTIUYAIOTCS THUIIOM 3amuThl. Bee nuiiensun (3a uckiouenuem Portable) ncnonb3yror
Gbaiia TMIeH3ur n15.n11. DTOT (aiii JOKEH HaXOAUTHCS B TOH JKe TUPEKTOPHH, 4TO U nl5.exe (WU
NL5LicenseServer.exe ISl CETEBOM JINIICH3UN).

Single PC License

Single PC nuuensus obecrnieynBaeT NOIHOQYHKIIMOHATBHYIO pabOTy TOJIBKO HA OJJHOM KOMITBIOTEpE.
Jlutiensus npuBsizpiBaeTcs K cnenuduunoi nadopmaruu o kommbiorepe (“PC fingerprint”). Korma NLS
3aIryckaercsi, oHa cpaBHUBaeT fingerprint” nHdopmMaruio u3 Qaiina TuneH3un ¢ uHdopMaren
KOMITBIOTEPA, U 3aITyCKAETCS B TOTHO()YHKIIMOHATLHOM PEKHME, TOJIBKO €CITH OTH JTaHHBIC HJICHTUYHEI.
«PC fingerprint» MO>XHO OTY4UTH B AHanoroBom okHe Support (Help | Support); 3atem ero
HeoOX0IMMO BBeCTH B OKHE “fingerprint” Ha cTpaHHUKe 3aKa3a JUIEH3UH BeO-caiiTa.
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Single PC nuuen3us npearaercst OecriaTHO Ha orpaHrnueHHOe Bpems kak Trial License (mpoOHast
nunensus). Korma BpemMst mpoOHOM JIMIIEH3UH HCTEUET, MOYKHO KYIHTh ocTossHHyro Single PC
Jlunensuto. [Monanyro nHGOpMAaIUo MOXHO MOTyunTh Ha caitre NIS.sidelinesoft.com.

Portable License

Portable nunensus ucnonssyer USB ycrpoiictBo — dongle — ms
XpaHeHus uHpopmanuu o iuneHsun. NLS paboTaer B
MOJIHO(YHKITMOHATBHOM PEXKUME Ha JTI000M KOMITBIOTEpE MPHU
ycnosun, uto USB dongle Bxmouen B USB mopT koMmsroTepa.
brnaronaps “06e3npaitBepHO#’” TEXHOJIOTHH HUKAKUX MPOOJIEM MPpH
ucnous3oBanuu USB nopra He npeaBuanTcS.

Personal License

Personal License (mepcoHaibHast JTUIICH3HsI) IO3BOJISIET padOTaTh B MOJHO(YHKIIMOHAIEHOM PEXHME
HEOrpaHMYEHHOE BpeMs Ha JI000M KOMIIbIOTEpe. DTa JIMLEH3Us BbIAAECTCS MHIUBUAYAIbHBIM
II0JIb30BATEIISIM U MOXKET ObITh YCTaHOBJIEHA TOJbKO Ha KOMIIBIOTEPAX, I/I€ CaM BiaJleJiel] JIMLEH3UU
PEryJIsIpHO MOJIb3YEeTCs IPOrPpaMMOi.

Network License

Network License (ceTeBast TUIIEH3MsI) yCTaHABIMBAETCS HA CEPBEPE — KOMITBIOTEPE C ONEPALIMOHHON
cucremorr Windows. JIuiieH3ust BKIIIOYaeT B ce0sl MPOrpaMMy NL5LicenseServer.exe U (Qaili
JUIEH3UU n15.n11. NL5 MoxkeT paboTars B MOTHOPYHKIIMOHATBHOM PEKUME Ha JIFOOOM KOMIIBIOTEPE,
KOTOPBIA NMEET JOCTYI K KOMIIBIOTEpYy-cepBepy 1o cetu. IIpu 3amycke NLS 3anpammuBaer y cepsepa
uHpopmanuo o auneH3nu. KoianuecTso oqHoOBpeMeHHO paboTatomux nporpamm NLS (komuuecTBo
pabounx MECT) HE OTPaHUYECHO.
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Coznanue u Cumyasiuus Bamei IlepBoit Cxembl

BBoj cxeMbl

BBon 1 pegakTupoBaHue MOTYT ObITh ClI€JaHbl C UCIIOIb30BAaHMUEM KIIABHATYPbI, MBIIIKH WX U TOTO, U
npyroro. Huke npuBeieHO NMOMIaroBoe OMMCaHue TOTO, KaK BBECTH MPOCTYIO CXEMY, UCTIONb3YS
KJIaBUATYPY.

Kornma NL5 oTkpbiBaeTcs, coznaercs myctas cxema. KpacHblii Kypcop pacnoyio’KeH B CEpeIMHE IKpaHa
Y TIOKa3bIBACT HAMPABO.

Haxwmure «npo6es», 4To0bI MEPEKITIOYUTHCS B PEXKUM PUCOBAHMUS.

HaxxmMuTe «cTpesiky BHH3)» HECKOJIBKO pa3, 4T0ObI HAPUCOBATH KOPOTKHI MPOBOTHUK BHH3.
Haxxmute knaBumry V u cnenom Haxmute Enter, uro0sr 100aBUTh HCTOYHUK HATIPSKCHUS.
Haxwmure knaBunry G st pa3menieHus 3eMin. Tenepb Kypcop MepeKITrodriIcs 00paTHO B
PEXUM BbIACTICHUS.

Haxwmure «cTpesiky BBepX» HECKOJIBKO pa3, YTOObI MEPEMECTUTh KypCOp K Ha4aJbHOM TOUKE.
Haxwmure «cTpesiky BIpaBoy, YTOObI U3BMEHUTH HAIPaBIECHUE, 3aTEM HAXKMHUTE «IPOOes» s
repexo/ia B PeKUM pUCOBaHUS.

Haxxmure «cTpesiky BpaBo» HECKOJIBKO pa3, Bbl HAPUCYETE KOPOTKUI TOPU3OHTAIbHBIN
MIPOBOJIHHUK.

Haxxmute kiaBumry R u 3arem Haxxmere Enter, 4ytoOs1 mOMECTUTH PE3UCTOP.

BHOBb HaXXMHTE «CTPEJIKY BIIPABO» HECKOJIBKO pa3, a 3aTEM HECKOJIbKO Pa3 «CTPEJIKY BHU3Y.
Haxxmute knaBumry C u cnegom Haxmure Enter, stum BeI 106aBuTE KOHIEHCATOP.

Haxxmute knaBunry G st pa3MemieHus 3eMITu.

Cxema rorona. BOT, 4TO BbI JOJIKHBI YBUJCTD:

_ioi %)
FY

Sheetl ||| Shitt | Cil | Click to start selection
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PenakrupoBanue napaMmeTpoB KOMIIOHEHTOB

Temneps BBl OyaeTe HCIOIB30BATh MBILIKY JUIS BBIJICJICHNS! KOMIIOHEHTOB U KJIaBHATYpY VIS BBOJA
apaMeTpoB.

JIBaXXIbI MIENKHUTE 110 UICTOYHUKY HamnpsukeHus: V1. OTkpoeTcs okHO KOMIOHEeHTOB. Ha neBoit
TaHenu A0JhKeH ObITh BhiAeieH V1. [IpaBas nmanens mokassiBaeT uMsi kommonenTa (V1), monens
(V) n mapametpsl (1oka ouH napameTp «V»).

]_ueJ'IKHI/ITC KHOIIKY CIipaBa OT MMEHHU MOJICIIN. BI)IHa,I[aIOH_ICC OKHO ITOKa’>XET JOCTYIIHBIC
MOZACIIM UCTOYHUKOB HAIIPSAKCHUS.

Bribepure Pulse.

JIBaxkbI ienKHUTE 110 pe3ucTopy R1 Ha seBoii manenu. 3HadyeHue pesucropa «le+3» Oyaer
BBIOpAHO Ha IIPAaBOM MaHEIH.

Haxxmute knaBuiry 1 («ogun»), conporusienue R1 craner 1 Om.

Z[Ba)KI[BI ICJIKHUTE 110 KOHﬂeHC&TOpy Cl Ha HeBOﬁ na"neian, 1 U'SMCHHUTC EMKOCTB C ((16'9» Ha
«1».

KommonenTs roToBBI. BOT pe3yibTar:

H
bW ( MILE|¥YI®| 82
-]

Mame [Value | C1 | C
AT 1 C i
Wi Pulse I Y
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YcTaHOBKH nepexoaHoro npomecca (transient)

. . . iy
lenkuurte kHOTIKY T ransient settings nucTpyMeHTanbHON MaHeNH - |, WM BEIOEPUTE KOMaHIY
Transient | Settings B OcHoBHoM MeHio. BaM He HY>KHO HUYETO 3/I6Ch MEHSTh, HO BbI MOXKETE 3TO

caeciiaTh, €CJIM XOTUTE.

[enkuute kHONKY OK.

x
— Interval and step
IEI Stait, = Uze cunent screen
{10 Screen, s
[1e-3 Calculation step, s
— Data zampling step

' Same as calculation [save 3l data)
" Less than or equal bo: I1&3
" Equal to: |

— Options

[ Run unfk I
W Save data before Start

Advanced... I Cancel |
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J/laHHbIE IepPexXoIHOro nmpouecca

. . =]
[lenkuute mo kuonke Transient data uHCTpYMEHTAILHON MaHEIH -~ |, HJIH BEIOCPUTE KOMAHy
Transient | Data B OcauoBHOM MeH10. Y 10cTOBEPHTECH, UTO BHIOpaHa 3aKjaaka T races (KpuBbIe).

e B okne manenu Add new trace Boeimenute V (KpuBast HAIPSDHKCHUS).

e JlBaxxnpl menkauTe mo V1 u Cl B circke koMroHeHTOB. KpuBbie HanpspkeHHUs OyayT
100aBIICHBI B CIIUCOK KPUBBIX.
e Illenkuure o kaomnke Close.

Bort Buz okHa (10 3aKphIBaHUs ):

== E

Traces I Screenl Table I Stnragel

—Add new trace

fwIC1) b Add
v ]
| R

F W1

" ariable

Funition

Ldd SAEY and| races

— Trace: W[C1]
|'| 0 Scale
fo Mid

- |1 vI *fidth

x
Ea % = X (B0 44 M

¥ Check ta dizplay on the araph

| ] i)
V[

Check all

Incheck all

Appl
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3amyck aHaJM3a MepexoaHOro mpoiecca

[lenkuute mo kHonke Start transient uHCTpyMEHTaIbHOM MaHEe M = , WIIK BBIOEPUTE KOMAHIY
Transient | Start 8 OcuoBHoM Mento. ITepexoaHoii mporece OyaeT paccuuTal U 0TOOPaKeH:

il %)

Fun |||I:= 10,0001 | 03MB | Shit | Cil | Click ko move cursor
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PykosogcTtBo lNonb3oBaTtens

YcTaHOBKH 4acTOTHOM Xapaktepuctuku (AC)

lenkuute mo kaonke AC settings nHCTpyMeHTaIbHOM aHeI! T , i BeIOepuTe komauay AC |
Settings B OcuoBHOM MeHio.

e Illenkuute no BemamarmemMy crucky Name na nanenu AC source u Beioepure V1.
e [llenkuute o kHomke OK.

AL Settings

— AL source

[+1

j M ame

— Freguency : Ilnterval "’I

|1 !

Fram, Hz

I'I e+3

Tao.Hz

|5IIIIII

j Faintz

I Log

Iz cument soreen

j Scale

— Gamma and YSwH

|5III

+i|n

£, Ohm

|

— hMethod ILinearize schematic

[v Calculate DC operation paint

=~

Advanced. .. |
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Jannbie AC

[lenkuute mo kHonke AC data mHCTpyMEHTAIBHOM MMaHeTn & , min BeIOepuTe komanay AC | Data B
OcHoBHOM MeHto. Y0eauTech, 4To BhIOpaHa 3akiaaka | races (KpuBbie).

e Ha manenu Add new trace Beibepute V (KpuBasi HAIIPSKEHHS).

e JIBaxxabl menkaute mo C1 B crincke komrnoHeHToB. KpuBast HanpsokeHust OyeT 100aBiieH B
CIIHCOK.

e Illenxuure mo kuomnke Close.

Bort Buz okHa (10 3aKphIBaHUs ):

=
FE2EHE BEY = X |EHH+ 8
Traces I Screenl Table I Stnragel ¥ Check to dizplay on the graph

—Add new trace

] 4 add

P
|
Furnction
&
amma
WS

Add tranzient ¥ and | races

— Trace: W[C1]
I b ag/Phaze j Dizplay

- |1 vI *fidth

Check_all ncheck all

Spply Cloze
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3anyck AC anaau3za

[enkauTe mo kaomnke Start AC Ha HHCTpYMEHTAIbHOW TTaHEeT! = , win BeIOepuTe komany AC |
Start B OcHoBHOM MeHnro. YacToTHasi XapaKTepUCTHKa OyJIeT paccYuTaHa U 0TOOpaKkeHa:

B L ]

T

Click ko miove cursor
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11. Uuarepdeiic Iloan3oBaTess
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®opmart 1aHHbIX B NL5 B OCHOBHOM COTJIacOBaH ¢ OOBIYHOW MHKEHEPHOH M HAYYHOUW MPAKTUKOM.
DTO AeNaeT ero JOCTYIHBIM U TIOHSATHBIM JII000MY YEJIOBEKY, 3HAKOMOMY C MOITYJISIPHBIMH
nporpaMMHbIMH nTakeTaMu. NLS ucnosnp3yeT HECKOIbKO ClIelMaIn3upOBaHHbBIX THIIOB (PAlJIOB 15
cxeM ¥ JaHHbIX aHanu3a. ['papuuecknii Uurepdeiic [Moab3zoBartenasi (GUI) mporpammel oCHOBaH Ha
cragiaptHoi apxutekrype Microsoft Windows Multi-Document Interface (MDI). Ou cocrout u3
pasuHbix KommoHeHToB GUI, Takux Kak okHa, TUaIory, MEHIO, MTHCTPYMEHTAJIbHBIC TTaHeau u T.11. NLS
MOJIICP>)KUBAET MHOKECTBO KOMAH/{ M TOPSIYMX KIIABHIL, OOBIYHO UCIOIB3YEMBIX B pa3HOOOPA3HBIX
npunoxenusx Windows, manpumep: Edit | Copy (Ctrl-C), Edit | Paste (Ctrl-V), Window | Tile,
ucrnoiib3oBanue kinapuimm Ctrl COBMECTHO ¢ MBIIIKO# ISt ONiepanuii BblIelIeHHE/KOIMPOBAHHUE,
UCIIOJIB30BaHUE TTOJIOC MTPOKPYTKU B OKHAX U T.J. JIpyrue KOMaH/Ibl HHTYUTHBHO TIOHSTHBI, TAK YTO
HayaJsio paboThI CO CXeMOU He 3aiimeT MHOTO BpeMeHu. Preferences (mpeamnodrenus) UCIONb3YIOTCS
VT MHIMBUAYalIbHOM HACTPOHKK HHTEpdeiica, «Buaa u noseaenus» (look and feel), u mapamerpos 1o
ymoiuanuto (default). Hactpolika medaTu 1mo3BosisieT MpUCIIOCOOUTH BHJ U OT(HOPMATHPOBATH OKHO
BBIBOJIa HA I1€YATh.

dopMaT JaHHbIX

HeuyBCTBHTEILHOCTH K perucTpy (case-insensitivity).

Bce tekcroBsie nannbie B NLS, Takue kak mMeHa KOMITOHEHTOB, TIEPEMEHHBIC, (YHKIINU, KOMaH/IbI U
T.J1., He YYBCTBUTEJIbHbI K PErHCTPY, €CIIU HE yKa3aHO o0paTHOe. ByKBbl HU)KHET0 perucTpa u
BEPXHETO PETHCTPaA pacCMaTPUBAIOTCA Kak paBHOLEHHbIE. Hanpumep:

Rin = RIN = rin
sin (45) = SIN(45)

Yucaa

®opwmar uncen B NL5 oueHs ruOKuil ¥ COriacoBaH cO MHOTMMH YaCTO UCIOJIb3YEMBIMHU CTaHIapTaMU
CTHIAMHU. YHCITO MOXKET MCIOb30BaTh SKCIIOHEHI[HATBHBIA MHOKUTEb E WK €, 1 4yBCTBHTEIbHbIE K
peructpy (case-sensitive) OykBeHHbIE MHOXHTEIIH:

BykBa(br) MHoxuTensb
T 1012
G 10°
M, mg 10°
k, K 10°
m 10°®
u, mk :I_O'6
n 10°°
P 10
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Hamnpumep:
1.3e+3 47E-9 100k 0.33mk 2.2M

3a OYKBEHHBIM MHOXHTEJIEM MOXKET CIIeI0BATh JIIOOOH TEKCT, KOTOPBII paccMaTpuBaeTCs Kak eMHULA
U3MEPEHMS U UTHOPUPYETCS:

1.3kOhm 47nF 0.1lmkH 333ps

JIro60i1 TekcT, HAYMHAIOMIMKCS HE ¢ OYKBEHHOT'O MHOXKUTEIIS, PACCMATPUBAETCS KaK eIUHUIIA
U3MEPEHUsl U UTHOPUPYETCSI:

1.30hm 0.001F 0.1H 333apples

BykBeHHBIC MHOXKUTEIIN M €IMHULIBI N3MEpeHus (¢ OyKBEHHBIM MHOKHUTEJIEM MM 0€3 HEero) MOTyT
HCII0JIb30BATHCS BMECTO JECATUYHON TOYKHU!

1k3 5n6 3nF3 47F0 2s2

Homnp nepen ﬂeCHTHqHOﬁ TOYKOM WJIH 6YKB€HHBIM MHOYKUTEJIEM MOYKET OBIThH OIIYIICH.

.47 nd’7 ukF5

Yuciio MoxeT ObITh BBEJICHO B JieiOesax, ucnoib3ys cydhdukc dB (He 4yBCTBUTEIBHBIN K PETUCTDY).
Bennunna B dB Oyner aBromMaTHuecku peoOpa3oBaHa B HOPMaJIbHOE YUCIIO (paboTaeT TOIbKO s
MOJIOKUTEIbHBIX 3HaYeHUH UB):

20db = 100
3.01dB = 1.41416472507
6DB02 = 1.99986186963

Beckoneunoe 3HaueHne 0003HaYaeTC KaK:
inf

MHuMast 9acTh KOMILICKCHOTO YHCIIa MMeeT OYKBY HHKHEr0 PermcTpa «j» B KOHIIE YKicia. BykBa «j»
HE MOXXET MCIOJIB30BaThCs OJIHA, @ TOJIBKO Kak cyhdUKc:

50+457

1+le-3j = 1+.00173

3073

1+j - HeBepHo! IlpaBunbHBEM QopmaT: 1+17

Crnenyrouye npeaonpeieeHHble KOHCTaHThI (HE UyBCTBUTENBHBIN K PErHCTPY) MOTYT OBITh
HCIIOJIb30BaHbI B BBIPAKEHUSX !

PI = pi = 3.14159265359

RAD = rad = 180/pi = 57.2957795131

LOW = Low = low — HM3KUN JIOTMUYECKMUM YyPOBeHb, BOJBT
HIGH = High = high - BHCOKNMNM JOTMYECKMN YyPOBEHbL, BOJBT

Koncranta RAD MOXeT HCTIONB30BaThCS /IS TIEPEBO/IA TPATYCOB B PaIMaHbl, & PaJIiaH B TPayChI:

Degrees Radians*RAD
Radians = Degrees/RAD
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I'’ZIC Degrees — 3HAYCHHUC B Ir'paaycax, a Radians - B paJydaHax.

Bynyuu BBeIeHO B OTHOM M3 MHOT'OYMCIIEHHBIX pPa3peLICHHbIX TEKCTOBBIX (POPMATOB, YUCIIO
aBTOMATHYECKH MPeoOpa3yeTcss U XpaHUTCS B BEIIECTBEHHOM YUCIOBOM (opmarte ABOHHON TOYHOCTH
(double). OTobOpaxaroTcs yrcia OOBIYHO B MHKEHEPHOM HOTAIMU C SKCHOHECHIIMAIbHBIM MHOKHUTEIIEM
U CTEIIEHBIO KPAaTHOU TpeM:

BBenennoe OTtobpaxaemoe
1k3 1.3e+3
47e-8 470e-9
5600000 5.6e+6

HNmMeHa

Komnonent. Korjja HOBbIIf KOMIIOHEHT CO3/1a€TCsl, EMY ITPUCBAUBACTCS MIPEIONpeIeIeHHOE UMs: OyKBa
ILJTIOC MTOPSIAKOBBIN HOMEP:

R1, Vv2, C1l23

3areM KOMITIOHEHT MOXKET ObITh IiepenMeHOBaH. VIMs He UyBCTBUTEIIBHO K PETUCTPY U MOXKET COCTOSITh
13 MOOBIX OYKB U CUMBOJIOB. [Ipu rcionp30BaHuM B PopMysie Wi QYHKITUN UMl 3aKTF0YACTCS B
KaBbIYKHU:

“R out”, “W pulse”, “+12V”

OpHako eciny UMs HaYMHAETCS ¢ OYKBBI M COAEPIKHUT TOJIBKO OYKBBI U ITUGDPHI, OHO MOXKET
HUCIIOJIB30BATHCA 0€3 KaBBIUEK:

Rout, V123, Plusl2V

Ecnu KOMITOHEHT ObLIT MeperMEHOBaH, ero UMs Oy/1eT aBTOMAaTUYeCKU MOIU(UIIMPOBAHO BO BCEX
Cllydasx MOSIBJICHUS UMEHU KOMIIOHEHTa B UMEHAaX KPUBBIX, (popMynax U QyHKIMSIX.

Jlnig noctymna K napameTpaM KOMIOHEHTa B GopMylie, PYHKIIMHN UM BBIPAXKEHUU B CKPUIITE,
UCIOJIb3YITE UMsI KOMIIOHEHTA, COTPOBOKAAEMOE TOUYKOM U IMEHEM TIapaMeTpa:

R1.R, V2.slope, C123.IC, “R out”.R

Ecnu nms napamMeTpa HE 3alaHO, 6yz[eT HCIIOJb30BaH HepBBIfI napamMeTp KOMIIOHCHTA:

R1 = R1.R
C2 = C2.C

Jliist TocTyna K KOMIIOHEHTY, SIBJISIOIIEMYCS 9acThio oJIcXeMbl (SUDCIrcuit), ucrmonb3yiite ums
MOJCXEeMBbI KOMITOHEHTA, COTIPOBOK/Ia€MOE TOYKOW M MMEHEM KOMITOHEHTA B TIo/icxeMe. Biokenne
YPOBHEW HE OIrPaHUYEHO: KOMIIOHEHT BHYTPHU MOJCXEMbI, KOTOPAsl, B CBOIO OUEPE/Ib, SIBISETCS YACThIO
MOJICXEMBI, MOKET OBITh IOCTYIICH C MIOMOIIIBIO aHAJIOTUYHOW HOTAIIUU:
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X1.R2
X1.F1.V3.period

r7ie X1 U F1 - OACXEMBI.
Jljig nocTyna K UMEHU MOJIETN KOMIIOHEHTA (B CKPUITE UM KOMAaHIHOM CTPOKE) UCTIOIB3YHTE UMS

KOMIIOHEHTa, COIIPOBOKIAEMOE TOUKON U cjI0BOM «model»:

V1.model=pulse

Ilepemennas. Mims nepeMeHHON UMEET TOT K€ POPMAT, YTO U UMsI KOMIIOHEHTA, 38 UCKIIOYEHUEM
TOT0, YTO NIEPEMEHHAs He UMeeT napaMmeTpoBs. Hampumep:

Freqg, “max limit”, Xl.var

WmetiTe B BULy, 4TO 3TO OTHOCHUTCS TOJIBKO K IIEPEMEHHBIM CXeMblI: orpezeacHHbM B Variables
window (OxHo Ilepemennbix). MimMena nepemennsie, onpesencHubix B C koae (ckpunt, Code
KOMITOHEHT) TOYMHSIOTCS CTaHaapTy s3bika C.

Trace (kpuBasi). FiMs KprBOI TIEPEXOTHOTO MPOIECcCa MK YaCcTOTHOM Xxapakrepuctuku (AC),
COZIEpIKAIMX JaHHbBIC TEKYIIEH CUMYIISIINHU, COCTOUT U3 OyKBbI 3aaannoro Tuna kpusoi (V, I, P),
COIIPOBOXTAEMON IMEHEM KOMITOHEHTA B CKOOKaX:

V(R1), I(C2), P(L3)

Taxue kpuBbIe HE MOTYT OBITh IIEpeMMEHOBaHbI. Bee npyrue kpuBbie (c1yOIupOBaHHBIE, 3arPyKEHHbBIE
u3 (aita, UM CKOMMPOBAHHBIE) MOTYT OBITh TIEPEMMEHOBAHBI B IIPOU3BOJIBHBIA TEKCT:

“Copy of V(R1)”
“0ld trace of R1”
“W pulse”

Wwmst kpuBoit Tumna Function - ato cama ¢ynkius. [lepernMeHoBaHHe KPUBOW U3MEHUT (DYHKIIUIO:

WV (rl)*V(rl)/rl”

JlaHHBIe KPMBOI M KypcOpoB. J{aHHbIE KPUBOI U KypCOPOB, ITOKA3aHHbIE B TAOIHIIE IEPEXOAHOTO
nporiecca (transient) nin AC (3HaueHHe Ha Kypcope, MUHUMYM, MaKCUMYM, CpeJTHEe U T.J.) U 3HaUCHHE
KpUBOH B OIpe/IeJICHHbII MOMEHT BPEMEHH (Ha OIPEIeTIEHHON YacTOTe) MOXKET ObITh MCIIOJIb30BAHO B
ckpunre. KpuBas 1omkHa ObITh J0OaBlieHa B CIUCOK JaHHBIX IepexoaHoro mnpouecca mwin AC, HO He
o0s13aTenbHO, YTOOBI OHAa 0TOOpakaach Ha rpaduke WK B TaOIHUIE TaHHBIX. UTOOBI MOTYyYUTh TaHHBIE
KPUBOH U KypCOPOB, UCIIOJIB3YETCSI CIAEAYIOLIAs HOTALUA:

e Kypcopsl (3xpan)

left — TIOJIOKEHUE JIEBOTO KypCcopa, UIK JIEBBIM Kpail skpaHa
(ecm KypCOpBI BBIKITFOUCHBI)

right — TMOJIO’KEHUE MTPABOr0 Kypcopa, WK MPABBIM Kpai SKpaHa
(ecii Kypcopbl BBIKITIOUEHBI)

delta = right-left
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e AMILINTY/AA EPEXOHOr0 Mpoiuecca

V(RL) . (1.2) — 3HaueHue B t=1.2

V(R1) .left — 3HA4YE€HUE Ha JIEBOM KypCOpe WIH Yy JIEBOTO Kpasi SKpaHa
V(R1) .right — 3HAUYE€HUE Ha MTPABOM KypCOpE€ WJIM y IPABOTO Kpast SKpaHa
V(R1l) .delta =V(R1l) .right-V(R1l) .left

V(R1) .min — MUHUMYM

V(R1) .max — MaKCUMYM

V(R1) .pp — OT MHUKa 0 THKa (max—min)

V(R1l) .mean — CpCaHEe

V(R1) .rms — RMS

V(R1) .acrms — RMS curnana nociie BplueTa CpeIHET0 3HAUCHUS U3 CUTHAJA

e Ammmmtyaa AC (AC magnitude)

V(R1) . (1.2) — 3HaueHue B =1.2

V(R1) .left — 3HAYCHHE Ha JICBOM KypCOpe WIH Y JIEBOTO Kpasi SKpaHa
V(R1) .right — 3HAYCHHE Ha TIPABOM KypCOpe WIH Y IMPABOTO Kpasi SKpaHa
V(R1) .delta =V(R1l).right-V(R1) .left

V(R1) .min — MUHUMYM

V(R1) .max — MaKCUMyM

V(R1) .pp — OT MHUKa 70 THKa (max—min)

V(R1) .slope — HaKJIOH yCHJIECHUS, dB/dec

e ®a3za AC (AC phase)

(R1) .phase. (1.2) —3HadyeHue B f=1.2

(R1) .phase.left — 3HA4YCHHUE HA JICBOM KypCOpE WJIU y JIEBOTO Kpas dKpaHa
(R1) .phase.right —3Ha4eHHE Ha MPABOM Kypcope WM y IPaBOTo Kpas SKpaHa
(R1) .phase.delta =V (R1l).right-V(R1l).left

(R1) .phase.min — MUHUMYM

(R1) .phase.max — MakCUMyM

(R1) .phase.pp — OT MHUKa 0 THKa (max—min)

< < <K < < < <

Omneparopsl

NL5 MNOAACPIKUBACT CICAYIOIINC apI/I(I)MeTI/ILIeCKI/IC " JIOTUYCCKUC OIICPATOPLI:

= && == %
= N 1= 8
-= < + ++
* = <= —_ —_—
/= > *

?: >= /

IToJsiHBII TUCT ONEPATOPOB C ONIMCAHUEM U ITpuMepamu npuseeH B Ipuiioxenun 2.
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DOyHKIUU

NLS5 nmognep>kxuBaeT MHOTO CTaHJAPTHBIX U YHUKAJIbHBIX MaTeMaTHuecKux QyHkuuii. s ynodcraa
M0JIb30BaTE/ICH HEKOTOPbIC (YHKIIMKA MOTYT HMETh HECKOJIBKO Pa3HBIX UMEH (HarmpuMep, 1ogl0 U 1g),
TaK 4YTO MOJIb30BaTEIh MOXKET UCIIOJIb30BATh UMS, K KOTOPOMY OH OoJibinie mpuBbIK. Clieayronme

sin exp mag, abs im

cos In, log sign par

tan, tg lg, loglO db random, rand
sqgrt 1b, log2 min limit, lim
sqr asin max islow

sq acos int, round ishigh

pow atan phase

pwr atan2 re

dbynkunn noaaepxxkuparores B NL5:
[TomHbIit UCT QYHKIMIA ¢ OMUCaHKWEM | TpuMepaMu puBeaeH B [puiioxennn 3.

BripaxkeHnus

BLIpa)KCHI/Ie MOXKECT COCTOATH U3:

. Yucen.
. Ipenonpenenennsix koucrant (Pl u RAD).
. ViMeH KOMIIOHEHTOB, MAPaMETPOB U MIEPEMEHHBIX.
. JlokanbHBIX IEPEMEHHBIX CKPHUITA UK NepeMeHHbIX C-Koa.
. OnepaTtopos.
° OyHKIUH.
. CK00OK C HEOTpPaHUYEHHBIM YPOBHEM BIIOKEHUSI.
Hanpuwmep:
2%2
2710-1
sin (2*PI*f) // “f” — 3T0 nepeMeHHasa CXEM:l

max (R1,R2,R3)
1/ ((R1+R2) *C1)

Nwmetite B Buay, uto NL5 paboTtaer ToJbKO ¢ BenecTBeHHbIMU unciamu (tuma double). Taxe eciu
quciio ObIIO BBEICHO Kak 1ienoe (0e3 JeCATUUHOM TOUKH), OHO OYAeT MpeoOpa3oBaHO B BEIIECTBEHHBIN
¢dopmar 10 BBIITOJHEHHS KAKMX-JIMOO0 onepanuil Haa STUM YuciaoM. [TapaMeTpsl U pe3ynbTaThl BCexX
orepaTopoB U (GYHKINH TaKKe BEIIECTBEHHbIE. HeKoTophIe orepaTopsl M GYHKIIMU MOTYT TaKXKe
UCMOJIb30BaTh KOMITJIEKCHbIE YHCIA.

BripaxkeHust MOTYT OBITH UCTIOTB30BAaHBI BMECTO YHCEI MTOYTH BO BCEX MOJSX BBOJA B IUAJIOTOBBIX
OKHaXx, W JIJI HEKOTOPBIX IMapaMeTpoB KOMITOHEHTOB. Koria BbI HakmeTe Ha KiaBuiry Enter wim
menkHete o kHonke OK umu Apply (eciu oHa ecTh), BIpaKkeHHE OYeT HEMEUICHHO BBIUUCIICHO U
3aMEIIEHO YHCIEHHBIM PE3YJIbTaTOM.
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S3pik C

B NLS5 peanu3oBan ynpouieHHbIH s3Ik IporpammupoBanus C. OH ucnonb3yercs B ckpunre U B C
Mozenu komnonenta Code. HecmMoTpst Ha TO, 4TO HOAJECPKUBAIOTCS HE BCE BO3MOKHOCTH
CTaHJapTHOrO si3blka C, umeromuecs: pyHKIUM MO3BOJSAIOT 3()(PEKTUBHO pelaTh MHOTHE 3a1auu.
Bkpatue, peanuzoBannbiii B NLS s3p1k C oTimyaercs oT CTaHAapTHOTO CIEAYIOIINM:

. [ToanepskuBaeTcst TOJIBKO THIT AaHHBIX double.

) OOMTOBEIE ONEPALMH HE HOAIEPKUBAIOTCS.

) CTPYKTYPHI K O0ObEAMHEHHS HE TOAIEPIKUBAIOTCSL.
) yKaszareJu ¥ CCHUIKA HE TOICPKUBAIOTCSL.

. goto omepaTop HE MOANEPKUBAETCS.

PeanmuzoBanbl CICAYIOIIUE KIIFOYCBEIC CJI0BA U OIIEPAaTOPHI::

double default continue
if.else for break
switch while return
case do..while

Omneparopsi si3pika C ¢ mpumepamu nipuBeaeHs! B [lpuiioxenun 4. O61ryro nHGOPMAIIIO O CHHTaKCUCE
Y UCTIOJIb30BaHUM si3bika C BbI MOKETE HAUTH BO MHOKECTBE JIOCTYITHBIX HCTOYHUKOB.
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Tunsl ¢aiion

B NL5 ucrnonp3yeTcss HECKOIBKO CIEUaIbHbIX TUTIOB (haiiyioB. KaXkplid TUIT UMEET OnpenesieHHOE
pacuIMpeHre U UKOHKY.

Hxonka Pacmupenne Onucanue
y :
nlb CxewMma.
Ty
nl5~ PesepBHasA KONMA CXEMH.
i nlp Preferences (npennodyreHus) .
_—
IaHHEIE IIEePexXOOHOTO IIpollecca
nlt (BuHapPHEE) .
-
E nlf IanHele AC (OMHapPHBE) .
-
@ @ nll danyn JIMLEH3UM .

Ecnu NLS 3anmyckaercs 13 KOMaHAHOM CTPOKH, OAMH WUiIH Ooiiee (aiijioB pa3HOro THUIIA MOTYT OBITh
HCIOJIb30BaHbl B KauecTBe napaMeTpoB. Hanpumep:

>nl5.exe rc.nlbS — 3arpysuThb CXEMY U3 (pafma rc.nlb
>nl5.exe tran.nlt - 3arpy3WTh JJaHHBIE TIEPEXOTHOTO Tpoliecca U3 ¢aitia tran.nlt
>nl5.exe rc.nl5 pref.nlp - 3arpy3uTh cxemy u3 ¢aitna schematic rc.n15 u preferences us

(pafma pref.nlp

@aiin ¢ pacmmpenuem “tXt” B kauecTBe mapameTpa KOMaHAHON CTPOKU paccMaTpUBAETCs KaK CKPUIIT, U
OyzeT BBINIOJHEH Heme IeHHo. Hanpumep:

>nl5.exe script.txt - 3arpy3uTh U BBIIIOJHUTH CKPUNT U3 (haiiia script.txt
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I'papuuecknit Unrepdeiic [loab3oBarens

OcHoBHoe OKHO

OcnoBHOe 0kHO NLS5 1 ero KOMIIOHEHTHI TOKA3aHbI HUXKE:

. [ =] 1]
Main Menu P Bl Bk Gchematk Taoen AT Toos Wrndow bl
Main Toolbar ————————» DR | & O EEEES | FEENIEE LD FEEIRE EEET
Selection Bar — 8 R A el i s ol i ol L =S i Sl L: i

. . W 8 I A0 AF AL AT KR RS ST VAW AR Y S
Navigation Ba¥ ——— =& -

Document Windows:
Schematic

Transient ———
Transient Tools

AC

AC Tools

[ ]
HEI AEOOMNGH &

Other Windows
e Components
e Variables —————| e
e Transient/AC Data
e Tools

Status Bar >

Document Toolbar
e Schematic
e Transient
e AC

OcnoBHoe Mento (Main Menu)

OcHoBHOE MeHI0 CoIepHUT cTaHapTHBINA Habop MeHto Windows (takux kak File, Edit, Window,
Help) u cnennduunsie mis NLS (Schematic, Transient, AC, Tools).
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OcHoBHasi HHCTpyMeHTaJIbHAst nanesb (Main Toolbar)

OcHOBHasi HHCTPYMEHTAJIbHAS TTaHeNIb 00ecrieyuBaeT OBICTPBIN JOCTYN K HanboJee 9acTo
UCIOJIb3yEeMbIM KOMAaH/IaM U COAEPIKUT IATh IPYII KHOIOK:

Cra@rnia|[Ervx-~|[@TRe AP %|@TH »%|30s 2
- ~ AN ~ J ~ AN ~ J%_/

File/Edit Schematic Transient AC Tools

ITomecTuTe KYpCOP MBIIIKH ITOBEPX KHOIIKU, U BBl YBUJUTEC IMOJACKA3Ky C OIIMCaAHUEM KHOIIKH.

Crtpoka cocrosinus (Status Bar)

CTpOKa COCTOSHUS ITOKA3bIBACT HCKOTOPBIC COO6H_[eHI/I${, 3aBUCAIIUEC OT COCTOAHUA ITPHUIIOKCHUA, TAKHUEC
KakK:

e 3arpy3ka JIOKyMEHTa.
e CoxpaHeHuE TOKYMEHTA.
e [IpoBepka 0OHOBICHUH.

Bei6epute komanmy mento Window | Status Bar, yToObl 1oKa3aTh/CKphITh CTPOKY COCTOSIHUSI.

IManean BuIOOpa (Selection Bar)

[Tanenb BEIOOpA COCTOUT M3 3aKIaI0K, O OJHON Ha OYKBY (TOJBKO €CIIH CYIIECTBYET KOMIIOHEHT Ha ATy
OykBy). Kaxxnast 3akiiajka coJiep>KUT CUMBOJIBI KOMIIOHEHTOB € TaKOW OyKBOM M TpH OOIIUX 3JI€MEHTa:
3emutio, 9THKeTKY (label) u Touky coenunenus. 3aknaaka «All» (Bce) comepUT CUMBOJIBI BCEX
KOMITOHEHTOB.

+‘5‘+3@—AF—H——E—WD—E>'E'@‘%%M{$-D'$

AlAAACAD AFALALAD AR A5 AT AW A% AX A%

Right-click .
A Larger

& Smaller

2 Hide Selection Bar

e Ecnu He Bce KOMIOHEHTHI BUJIHBI, HIEIKHUTE IO U300pa)KEHUIO CTPEIKU BIEBO/BIPABO, YTOOBI
MIPOKPYTUTH ITAHEIb.

e [lomecTuTe yka3aTenab MBIIIKU TOBEPX CUMBOJIa KOMIIOHEHTA, YTOOBI YBUAETH MOJICKa3KYy C
KpaTKUM ONKMCAHUEM KOMIIOHEHTA.

e [llenkHMUTE O CUMBOIIY, YTOOBI IOMECTUTH KOMIIOHEHT B CXEME.
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PykosogcTtBo lNonb3oBaTtens

o lllenkHuTe MpaBOM KIABUIIICH MBIIIKH 110 TTAHETH, YTOOBI YBUACTH BCILTBIBAIOIICE

(KOHTEKCTHOE) MEHIO C COOTBETCTBYIOIIMMH KOMaHIaMHU.
e Bribepure komanay mento Select Window | Selection Bar, 4ro0bI moka3aTh/CKphHITh ITAHETb

BBIOOpA.

ITanean HaBUTI'alluu

ITanens HaBUT'allUH 0To6pa>1<aeT BCC OTKPBIThIC JOKYMCHTBI U OKHA, IIOKa3bIBacT AKTHBHBIN JOKYMCHT U

aKTUBHOE OKHO C MOJCBEUEHHOU UKOHKOM.

-

Active document
Active window

‘ l— Close icon

e Ecmu HCEKOTOPLIC 3aKIIaAIKN HEC BUAHBI, ICJIIKHUTC T10 I/I306pa)KeHI/IIO CTPCIIKN BIIEBO/ BIIpaBo,

Transient F5
[rv] ac Fa

= Tile Horizontally
Tl Tile Yertically
% Cascade

7 Hide Mavigation Bar

YTOOBI MPOKPYTUTH MaHEb.

W_Step T 5| | Notch AC &
Right-click Right-click
Save &s.., > [ Mew Chrl+H
E Sawve Ctr|+5 E”, OFIEI'I Ctr|+D
Close
- = Tile Horizontally
Schematic Fz

IT] Tile vertically
B Cascade

< Hide Mavigation Bar

[TomectuTe yka3aTenb MBIILIKH OBEPX UKOHKHU, YTOOBI YBUJETH MOACKA3KY.
[[lenkHMTE MO 3aKyIaJKe, YTOOBI AKTUBU3UPOBATH JJOKYMEHT.

[I{enkHUTE MO UKOHKE OKHA, YTOOBI aKTUBU3UPOBATH OKHO.

[lenkuute no nkonke CloSe, 4TOObI 3aKPbITh TOKYMEHT.
[IlenkHUTE MpaBO KIaBHILEH MBIIIKK MO 3aKJIa/IKe JOKYMEHTA WU IyCTOI 06JacTy aHemH

HaBHTAIlUH, YTOOBI YBUIETh KOHTEKCTHOE MEHIO C COOTBETCTBYIOIIMMH KOMaHIaMHU.
e Bribepure komanay ocHoBHOro MeHto Select Window | Navigation Bar, uto0st
MOKa3aTh/CKPBITh MMaHEIh HABUTAIIHH.
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OxHa 10KyMeHTa

OHOBPEMEHHO MOXET OBITh OTKPHITO HECKOJIBKO OKOH JoKkyMeHTa NL5:

Cxema (Schematic)

[Mepexomusrit mpomecc (Transient)

WucTpymeHTsl aHanu3a nepexoaHoro mpoiecca (Transient Tools)
YacrorHas xapakrepuctrka (AC)

HucTpyMeHTHI aHau3a 4acToTHOM xapakrepuctuku (AC Tools)

Oxna Schematic, Transient, 1 AC WiNndows siBISIFOTCSI 4aCThIO CTAHIAPTHOTO MHOT'OJIOKYMEHTHOTO
uHTepdeiica u BeayT cebs B OCHOBHOM IMOX03Ke Ha Apyrue nprtoskenus Windows. OKHO JoKyMeHTa:

MoskeT ObITh MUHUMH3UPOBAHO H MAKCHMU3HUPOBAHO.

Pacnionoxeno BuyTpu ocHoBHoro okHa (Window | Tile, Window | Cascade).

[Mepeuncieno B merto Window.

HimMeeT cOOTBETCTBYIOIYIO HHCTPYMEHTaIbHYIO anes b (Document Toolbar), oroGpaxaemyro
CIIpaBa B OCHOBHOM OKHE, KOT'JIa 9TO OKHO aKTHBU3UPOBAHO.

3aKpbIBaHHE OKHA CXEMbI aBTOMATHYECKH 3aKPhIBACT BECh JOKYMEHT.

e lcnonp3yiiTe nmanenp HaBuranuu win Mearo Window jist akTuBu3aim IE IE IE
HY>XHOT'O OKHA U PacCHOJIOKCHUS UX Ha DKpaHe. N
Okna uncrpymentoB Transient Tools and AC Tools Windows He siBisiroTcst = o ©
YaCcThI0 MHOTOJIOKYMEHTHOTO HHTepdeiica u BeayT ceds nnaue. OkHa
HHCTPYMEHTOB! = B
O
e Bcerma 0T0OpakarTCs MOBEPX APYTHX OKOH. =
e Ilepeuncrnensl B Merro Transient | Tools u AC | Tools. =
® 3 1
2 f %
K
x Im ow
P S B
WucrpymenTansHble manenu gokymenta (Document Toolbars) obecrnieunBaroT Y o =
OBICTPBII JOCTYI K YaCTO UCIIOIB3YEeMbIM KOMAH/IaM, OTHOCSIIIUMCS K aKTHBHOMY e
OKHY okymeHTa. CymiecTByeT 3 THIa naHesiel JOKyMeHTa: - 3 l%
e Schematic toolbar - A& [9F B
e Transient toolbar - @ B
e AC toolbar =
B m060if MOMEHT BpeMEHH BUIHA TOJILKO OJIHA MTAHEb, OTHOCSIIASCS K aKTHBHOMY OKHY =)
JTOKYMEHTA. s

e e e s SRS BHNT

33



EBY NL5 circuit simulator PykosoacTso Monb3osaTens

JApyrue okna

«/Ipyrue» okHa He SBJISIOTCS YaCThIO MHOTOJJOKYMEHTHOTO UHTepdeiica, 0IHaKO OHU MOTYT
0CTaBaThCsl OTKPHITBIMU BCE BPEMsI, U UX HE 00s3aTEILHO 3aKPhIBATh, YTOOBI MIEPEHTH B IPYrOe OKHO.
OTH OKHa BCET/a MOKa3bIBalOT MH(OPMAILIHIO, OTHOCAIIYIOCS K TEKYIIEMY aKTUBHOMY JTOKYMEHTY.
[TepexiroueHne MEX Ty OKHAMH JJOKYMEHTOB aBTOMATHYEeCKH OOHOBIIsIeT HH(OpMaIuio B okHax. K
TaKUM OKHaM OTHOCATCS:

e Oxno Kommnonenros (Components Window) (Window | Components, niu F3)

e Oxmno Ilepemennnix (Variables Window) (Window | Variables, niu F4)

e Jlauusie ITepexomnoro mporecca u AC (Transient and AC Data) (Transient/Data, AC/Data)
e Uucrpymentsi (Tools) (Tools | Script, Tools | Sweep, u apyrue)

OKHa 1HAJIOTOB

B oTiuumne oT mpocTo «OKOHY, JUAIOTOBOE OKHO JOJDKHO OBITh 3aKPBITO, YUTOOBI BEPHYTHCS B OCHOBHOE
okHo. O0bryHO OkHa auanoro umetot kuonku OK u Cancel, a vekoropsie u kHornky Close. Bot
MPUMEPHI THATIOTOBBIX OKOH:

Ipennourenus (Preferences) (Edit | Preferences).
Nucrpyments Cxembl (Schematic Tools) (Schematic | Tools).
VYcranosku Ilepexoanoro Ipomecca (Transient Settings) (Transient | Settings).

...4 JApyrue.

IMomoms (Help)

®aiin [Tomorum (Help) NL5 n15. chm 10/1KeH HAXOAUTHCS B OJJHOM JUPEKTOPUH € PANIIOM nl5. exe.
@aiis1 coaepKUT JIMIIb KPATKYIO CIIPaBOYHYIO HHPOpMaIIHIO 00 onepaTopax, GyHKIMIX, KOMaH1ax
CKpPHUIITa, MOJIEJIAX U IapamMeTpax KOMIIOHEHTOB. 3a OApoOHOM nHpopManueit odpamaiTech K 3TOMY
PykoBoactBy. UtoOb!1 oTKpBITH Help, BeiOepuTe komanay Help | Help OcxoBHoro Mewro. st
KOHTEKCTHOM nomoriy HaxxmuTe kinasuiry F1 i kaonky Help ¥ »KOTOpas IOCTYIIHA B HEKOTOPBIX
OKHaX MPOrpaMMBl.

I'opsyue kaaBuIn

F1 — ITomoms (Help)

F2 — IToka3aTh OKHO CXEMBbI

F3 — INoka3ate/ckpeiTh OkHO KOMIIOHEHTOB

F4 - TTokazate/ckpbiTh OkHO [IepeMeHHBIX

F5 — IToka3aTh OKHO mepexoJHOro mpoiiecca (transient)
F6 — 3amycTuth pacuer nepexoaHoro mnpoiecca

F7 — IIponomkuTh pacueT mepexoHoro mporecca

F8 - [Tokaszars okHO yacToTHOI Xapakrepuctuku (AC)
F9 - 3amycTuth pacuer yactoTHoi xapakrepuctuku (AC)
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Ipennourenus (Preferences)

IIpeanourenns NLS ucnosb3yroTcs 111 HHAUBUAYAIbHOM HACTPOMKU 3JIEMEHTOB I10JIb30BATEIBCKOTO
uHTepdeiica, TakUX Kak Wpu@Thl, 11BeTa, GopmaThl, AJsl npenonpeaencHus napamerpos (default),
OOCITy>)KUBaHHSI TAMATH U T.11. [IpeArnouTeHns IpUMEHSIOTCS KO BCEMY MPHIIOKEHHIO, a He TOJIBKO K
OTAEIbHOMY JOKYMEHTY (cxeme). [Ipennourenus He BAMSIOT Ha pe3yabTaThl CUMYJISALUH.

IIpennourenus xpauarcs B (paiiiae ¢ IMEHEM nl5.nlp, HAXOASIIUMCS B OJTHOW AUPEKTOPUHU C nl5.exe.
[penmodrenus coxpanstoTes B (haiin Kax/Iplid pa3, koraa Haxumaercs kHornka Apply win OK B
auanoroBoM okHe Preferences, u npu 3akpbeituu nporpammsl. [Ipu 3anycke NL5 3arpyxaer nocneanue
COXpaHEHHbIE MTPEANOYTEHUS U3 (aiina.

[TpeamnoyTeHuss MOKHO COXPAHATh U B MHAWBUAYaIbHOM (haiisie mpeanoureHuii (¢ pacumpennem «nlp»),
a 3aTeM 3arpyxarb ux u3 ¢aitia. Ta BO3MOKHOCTH ITO3BOJIIET UIMETh pa3HbIe MPOQIIIN ISl pa3HbIX
3aJ1a4 U BO3MOYKHOCTb JIETKOTO TIEPEKITIIOUEHUS MEKTy HUMHU.

Ortkpoiite auanorosoe okHo Preferences xomanmoii Edit | Preferences Ocuosroro Mento. Muorue
KOHTEKCTHBIE MEHIO TaK)Ke UMEIOT KoMaHy Preferences, 06bI4HO HAXOMAIIYIOCS BHH3Y CITUCKA:
S

Attributes (Taby  #

E Image *

A preferences. ..

Boi6op koman bl Preferences B KOHTEKCTHOM MEHIO 0OBIYHO OTKPBIBACT AManoroBoe okHo Preferences
Ha CTpaHUIIE, OTHOCSIIEHCS K JTaHHOMY MECTY ITPOrpamMMbl (KOHTEKCTY).

JlnanoroBoe okHO Preferences coctout u3 HECKOJIBKUX CTPaHMII. BBIOOP CTPaHHUIIBI OCYIIECTBISACTCS
IIETYKOM 110 UMEHH CTPaHMIIBI Ha MaHeH BeIOOpa cTpanuil (ciesa). Korna mro6oit u3 mapamMeTpos
MEHSIETCS, aKTUBH3HpYyeTCs KHOMKa APPlY. 3aTeM MOKHO HMIETKHYThH 1O KHOITKAM:

e OK — npuHATh U3MEHEHHS U 3aKPBITh THAIOTOBOE OKHO.

e Cancel — npuHsITH UI3MEHEHHUS ¥ 3aKPBITh JHATOTOBOE OKHO.
e Apply — npuHATH U3MEHEHUSI U 3aKPBITH TUATIOTOBOE OKHO.

35



EBY NL5 circuit simulator PykosoacTso Monb3osaTens

Preferences (mpeamo4yrexnus)
CoxpaHHUTB/OTKPBITh MPEATIOUTEHUS B/U3 (haiiyia, BELIOPATh IIBETOBYIO CXEMY.

Preferences

B ¢ Save preferences. Coxpanutb npearnoyTeHus B Gaiii.
= e Open preferences. [Ipounrars npeanouTenus us daiina.
»> o Reset preferences to default. Ycranosuts npenonpenenennsie (default) mpeanourenus.

Color scheme. I]BeroBast cxema puUMeHsIETCs KO BceM OKHaM JjokymenToB (Schematic, Transient,
Transient Tools, AC, AC Tools). l3ameHeHne [IBETOBOM CXEMBI TAKKE€ H3MEHHT I[BETA HMEIOIIHUXCSI
KPUBBIX nepexoHoro npouecca u AC.

M « Color with black background. Ilsetnas rpaduka Ha yepaom dome.
] e Color with white background. I1sernas rpaduka na 6enom pome.

] ¢ Black and white. Uepnast rpaduka Ha 6erom (oHe. DTa HBETOBAsT CXeMa MOXKET OBITh
WCIIOJIh30BaHA BPEMEHHO JIJIsl COXPAHEHUS YUEPHO-0EII0r0 N300paskeHusI CXeMbl HITH TPpauKoB B
¢aiin unu konupoBaHus B Oydep oOMeHa.

Application (mpusoxeHue)

YcraHoBKka OHHHI;’I IMPHUITIOKCHHA.

e Automatically check for updates (ABToMaTH4Yeckasi npoBepKa 00HOBJIeHUIT). MokeT OBITH
ycTaHoBlieHa B tuamazone «Never»...«Every 90 days» («Hukormay...«Kaxabie 90 mHeii»). NL5
MOXET aBTOMaTHYEeCKH poBepsTh 0OHOBIeHHs Ha Web-caiite. NLS He 3arpyxaer u He
yCTaHaBJIMBAaET OOHOBJIEHUS: POrpaMMa TOJIBKO COOOIIAET O HAJTMYUU JTOCTYIHBIX OOHOBJICHUH.
Ecnu Ha BamieM KOMITbIOTEpE aKTUBHA aHTUBUPYCHAS TIPOTPaMMa MITH/U 3aIUTHBIN SKpaH, OT
Bac MOXKeT notpedoBathcs pazpeuienue Ha qoctyn NLS x Marepuery. Eciau Bepcust NLS,
BBIIYCK U pelaklMsl TEKyIIHe, coOo0IIeHne 00 3TOM MOSBUTCA B CTPOKE cocTosiHusA. Ecnu Ha
Web-caiite oOHapyxeHa HOBast Bepcusi, OyIeT OTKPBITO OKHO ¢ HH(popMalmeii «release notes».

e Most Recently Used files (HeqaBHO Hcnioib30BaHHbIe (aiiibl). MoxeT ObITh yCTaHOBJIEHO B
nuamnazose 0...10. DTo MakcuMallbHOE YHCIIO HEJJaBHO MCIOJIb30BAHHBIX (Paiiiios,
oroOpakaeMbIx B MeHIO File.

e Subcircuit Library path. Ilyts k aupextopun “Subcircuit Library” (“bubnuorexa [Togcxem™).
Ecnu ¢aitn moacxemsl (Mmoaens SUDCIr) HaxomuTest B 9TOM TUPEKTOpUH, UMs (aiisia moacxemMbl
MOJKET OBITh 33/1aHO KaK «KpaTKoe»: 0e3 MyTH.

e Beep on errors and messages. M3naBath 3ByKOBOW CHUTHAJI TIPU BBIBOJIC OKOH OITHOOK HJTH
coobmienuii. He pacnpoctpaHsieTcsi Ha 3ByKOBBIE CUTHAJbBI, TEHEPUPYEMBIE TIPU BBIBOJIE
CHUCTEMHBIX COOOIIEHUM (TaKUMH KaK «(hai He HAlACH», «TaKkoi (daii y)Ke eCTb» U T.1.).
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Document (moxkymeHT)

YcTaHoBKa npeAoIpeieIeHHbIX CBOMCTB HOBOW CXEMbI U OMIINI aBTOCOXPAHEHUS/PE3EPBHBIX KOMHIA.

Properties (cBoiicTBa). OT0 MHpOpMAIHS IO YMOJTYaHUIO Oy/IeT YCTAaHOBJICHA JIJIsl CBOMCTB HOBOM
cxembl. UTOOBI YBUCTh U OTPEAAKTHPOBATH CBOMCTBA CXeMbI, BoiOepuTe koMmanay File | Properties.

Author (aBTOp).
Organization (opranusanmusi).

Autosave and backup (aBTocoxpaneHue U pe3epBHAsi KONHUA)

Create backup when saving first time (Co3naBath pe3epBHYO KOIHIO IIPU IIEPBOM
coxpanenun). Ecnu cxema Oblia 3arpyxeHa u3 (aityia, oTpelakTHpOBaHa, a 3aTeM BIIEPBBIC
coxpansiercs, ¢aiii, U3 KOTOPOro cxema Obljia 3arpykeHa, OyJeT KOHBEpTHPOBAaH B (aili
pe3epBHOI Konuu ¢ paciupenueM «Nl5~». DTo mpeaoxpaHseT OT CiIy4aiiHOW MOTepH OPUTHHAA
MIpY OIIMOOYHOM Iepe3anucu Qaita.

Save automatically when analysis starts (ABromarudecku COXpaHsATh, KOT/Ia 3aIyCKaeTCs
ananu3). Ecnu Be1Opano, NLS aBTomMatnuecku coxpaHseT cXxemy MpHU Ka)KJ0M 3aIlyCKe aHaIn3a
nepexoHoro nporecca uiaua AC.

Show a reminder when NNN changes are made (IToka3siBaTh HATOMHHAHKE, KOTJa CAECIAHO
NNN n3menennii). Ecinu Beiopano, NLS Oyzner noka3piBaTh HAIIOMUHAHUE 11OCIIE 33JJaHHOTO
KOJIMYECTBA C/IEJIAHHBIX N3MEHEHUI CXEMBI:

E x|
"'_-. This is a reminder that 5 changes have been made
L
“fes" - save schematic now
"Mo" - conkinue whak wou are daing, remind later

"Cancel" - disable this Feature

G0 ko Preferences to enabledisable this feature

Mo Cancel

Undo (oTmeHa)

Max number of Undo steps (MakcuManbHOE KOJTMYECTBO [IArOB OTMEHBI). XOTs pa3Mmep
Oydepa OTMEHBI HEOTPAaHUYEH, MOXKET OBITh 3aJIaHO MAKCHMAaJIbHOE KOJMYECTBO 3aIIOMUHAEMBIX
onepauuii. Eciiu B 6ydep nodasisercs HoBas mHPpopmManus, a pasmep Oydepa npessinaer
3aJJaHHYIO BEJIMYMHY, CAMbIe CTapble JaHHbIe OYAyT BHIOpOIIeHBI H3 Oydepa.

Clear Undo buffer on schematic save (ounmats Oydep OTMEHBI IPH COXPAHEHUHU CXEMBI).
Ecnu BeIOpaHo, Oydep oTMEHBI OyIeT OUMIIEH IPU COXPAaHEHUH cXeMbl B ¢aiin. MHaue OyayT
MTOMHUTBCSI BCE OTIEPaIlii C MOMEHTA CO3/IaHUs CXEMBI MITH 3arPYy3KH CXeMbI U3 (haiina.

37



EBY NL5 circuit simulator PykosoacTso Monb3osaTens

Schematic (cxema)

YcranaBiuBaeT CBOMCTBa 0TOOpakeHus1 cxeMbl. HoBbIe CBOMCTBa Oy IyT MPUMEHEHBI KO BCEM HOBBIM H
CYIIECTBYIOLUM 3JIEMEHTaM CXEMbI, 32 UCKJIIOUEHHEM HJIEMEHTOB C M0JIb30BATEIbCKUMHU
(oTdhopMaTHPOBAHHBIMH ) CBOHCTBAMH.

>

[
o
Ial

vl

123

Font size. YcranoBuTh pa3mep mwpudTa IMEHU U 3HAYCHHS KOMIIOHEHTA.

Font. Beiopats mipudt uMEeHN U 3HAYCHUS KOMIIOHEHTA.

Line width. YcTanoBuTh IMPHUHY JIMHUH TPOBOJAHUKOB U M300PaXKCHUSI KOMIIOHEHTOB.
Cursor width. YcraHoBuTh IIMPHHY JTHHAN H300paXKeHUs Kypcopa.

Attributes grid. BeiGpats pa3Mep ceTKH sl pa3MeIeHHs aTpu0yTOB KOMIIOHEHTA
(OTHOCHTEITLHO pa3Mepa CETKH CXEMBbI).

Show grid points. Eciiu BeIOpaHO, IOKa3bIBaTh TOYKH CETKH CXEMBI.

Show node numbers. Eciu BbIOpaHO, oKa3biBaTh HOMEpaA y3JI0B CXEMBI.

Show hints. Eciu BeiOpaHo, OKa3bIBaTh UMSI KOMIIOHEHTA, MOJICIb U TapaMeTPhl B OKHE
MOJICKA3KH, KOT/Ia YKa3aTelb MBIIIKU PACIIOIIOKEH Ha KOMIIOHEHTE.

Colors. JIBaxk/iI METKHAUTE 10 IIYHKTY B CIIMCKE, YTOOBI H3MEHUTH IIBET:

Background
Wire

Ground

Component
Text
Cursor

Grid

Selected
Disabled
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Drawings (pucynkm)

VYcTaHOBKa CBOWCTB HOBBIX «PUCYHKOB» (TEKCT, JIMHUY, IPSMOYTOJIbHUKH, OBajIbl). CBOMCTBa OynyT
IIPUMEHEHBI TOJIBKO K HOBBIM PUCYHKAM.

A o Fontsize. Ycranosuts pazmep mpudra TeKcTa.
A ¢ Font. Be6pars mpudT Tekcra.
= ¢ Linewidth. YcraHoBuTh MIUPUHY JIMHUH TSI KAPTHHOK.

e Drawings grid. BeiOpaTs pa3mep ceTku sl pa3MelIeH s KAPTUHOK (OTHOCUTEIBLHO pa3mepa
CETKHU CXEMBI)..
e Colors. [IBax1pl METKHUTE MO IIYHKTY B CIIMCKE, YTOOBI U3MECHUTH LIBET:

Line

Text This is text

Mouse (Schematic) (MpImb, cxema)

YCTaHOBUTH (I)YHKI_[I/II/I KOJICCHKa MBIIIIKH.

Mouse wheel action. Beibpats GpyHKIHIO KOJIECHKA MBIIIKH IPH BPALICHUH, B 3aBUCUMOCTH OT
cocrosiHmd kiasuin Ctrl u Shift.

no key held - Tonpko BpaiieHue KojgecHKa, KIIaBUIIH HE HAXKaThI.

Ctrl - Bpaienue KojecuKa MBIIIKY pH Haxkaroi kiasuiie Ctrl.

Shift - Bpamenue konecuka npu Haxkatoi kinasuiie Shift.

Ctrl+Shift - Bpamenue konecuka npu Haxkatsix kiasumax Ctrl u Shift.

Bri6pate QpyHKIUIO U3:
o None — auuero
o Z00Mm — yMeHbllIeHue/yBeInYeHHE
o Hor scroll — ropuzonTtansHast mpokpyTKa
o Vert scroll — BepTukanbHas MPOKPyTKa

e Invert Zoom — unBepcus oneparuit Z0om In/Out (yBenueHue, yMEHbIIIEHHUE).
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Components (KOMIIOHEHTBbI)

VYcTaHoBKa CBOMCTB OKHA KOMIIOHEHTOB U OKHa MNEPEMCHHBIX, U MTAapaMETPOB IO YMOJIYAHUTIO JJJIS1 HOBBIX
KOMIIOHCHTOB

Components and variables window (okHa KOMIIOHEHTOB M MepeMeHHBIX).

>

e Fontsize. Ycranouts pasmep mpudra.
e Font. Beibpars mpudrt.

w
L=
Ia

e Show units with NNN color. BeiOpaTs 1BeT 1151 OTOOpasKeHHs SIUHHMII ITApaMeTpa B OKHE
KOMIIOHEHTOB!
o None — He NoKa3bIBaTh CMHUIIBI
o Grey — nmoka3pIBaTh CEPHIM IIBETOM
o Black — mokasbIBaTh 4epHBIM IBETOM

New Component. YcraHoBKa 3HAUCHUS 110 YMOJIYaHUIO HOBOT'O KOMITIOHCHTA:

R, Ohm — pe3ucrop

C, F — xonaencarop

L, H — unaykTuBHOCTH

Vd (Diode), V — npsmoe majicHie HAIPSIKCHUS Ha JHOE

Symbols (CHMBOJIbI KOMIIOHEHTOB)

Br16paTh cuMBOI 17151 ©1300pakKeHUsI HEKOTOPBIX TUIIOB KOMIIOHEHTOB.

Voltage source. Mcrounuku HanpspKeHUs (BKITFOUAs YIIPaBIIsSICMbIC)
Current source. UcToyHuKH TOKa (BKITIOYAst YIIPaBISIEMBIE).
Controlled source. YnpagisieMbie HCTOYHUKH HAITPSHKCHUS M TOKA.
Resistor. Pe3uctop, moTeHIIMOMETp, YIPaBISEMbIC PE3UCTOPBHI.

Warnings (npeaynpexxaeHus)
Br160p npeaynpekaeHui moka3piBaeéMbIX IPU MIPOBEPKE CXEMBI.

e Warnings. Caumure ¢uiaxkok, 4To0bl yOpaTh BCE MPeIyNpeKICHHUS.

e Floating pins. TIpoBepka JF00BIX «IIJIABAIOIINX)» BBIBOJIOB KOMITOHEHTA.

e Non-connected components. [IpoBepka KOMIIOHEHTOB CO BCEMHU HE IPHUCOETHHEHHBIMU
BBIBOJIAMH.

e Overlapping components and wires. [IpoBepka nepekpbITHS KOMIIOHEHTa IPYTUM
KOMITOHEHTOM U KOMIIOHEHTA MTPOBOJHUKOM.

e Possibly floating schematic. ITposepka, umeeT 1 cxema XOTs ObI OJHY 3€MJTIO HITH 3THKETKY
(label) ¢ MozespIO HCTOYHHMKA HATTPSHKEHHSL.
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Graphs (rpadpukn)

VeranoBka cBoicTB okoH Transient, Transient Tools, AC, u AC Tools.

A e

abc

{1 1[I

i

Font size. YcranoButh pa3mep mpudra pa3sMeTKH OCei.

Font. Beibpats mpudt pa3merku oceil.

Default trace width. YcTaHoBUTh HIMPUHY JTMHUM HOBBIX KPUBBIX.
Markers width. YcraHoBUTh HIUpUHY MapKepOB.

Gridlines interval (pixels) (MmHTepBaJ JIMHUIH CETKHU, B MUKCEJIAX)

Vertical gridlines. YcraHoBUTh NPUOIM3UTEBHBII HHTEPBAT MEKAY BEPTUKAIBHBIMU JTHHUSMH
(B IUKCeIsx).

Horizontal gridlines. YcranoButs nprOIM3UTEIbHbIN HHTEPBAI MEXK/TY TOPU30HTAIbHBIMH
JIMHUSIMU (B TUKCEIIAX ).

Numbers alignment. YcTaHOBHUTb MOJIOKEHUE YUCENT BEPTUKATBHON Pa3METKH.
Colors. [IBaxk/ibl MIEIKHHUTE 1O MyHKTY B CIIUCKE, YTOOBI H3MEHUTD I[BET:

Background
Grid
Text

Cursor

Selection

Dimmed storage traces ——
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Table (Tabauna)
VYcranoBka CBOMCTB TabIUIIBI JAHHBIX MEpexX0aHOro mnpoiecca u AC ananusa.

Text. YcranaBnuBaet CBOMCTBa TeKCcTa B TabiuIe (kpome ¢asbl B Tadmuie qaHabix AC).

A o Fontsize. Ycranosuts pasmep mpugra Texcra.

abc

°4 ¢ Font. Beiopars mpudt Tekcra.

Phase. YcranasiuBaer cBolicTBa TekcTa (as3sl B Tabiuie naHabix AC.

A ¢ Font size. Ycranosurs pasmep mpudra Texcra.
abc

A ¢ Font. Beibpats mpudr Texcra.
e Alignment. YcraHoBuTh MojiokeHUE (BhIpaBHUBAHKE) TEKCTA.

Significant digits. 3agaer konn4ecTBO 3HaYaNUX HUQP A1 HaHHBIX B Tabiume u Markers Tool
(Mapkepsl).

e Time/Frequency. Bpems/4acrora.
e Data. /lannsle.

e Colors. [IBaxk/pl MIEIKHHUTE 11O MMYHKTY B CITUCKE, YTOOBI H3MEHUTH I[BET:

left
Cursars 319.702e-3
Text L vicaay -53.5759
Phase text Edl
[ ]wics?y |-61.2802
Phase background > -160

Legend (yc/ioBHBIE 0603HAYEHHS, CIUCOK KPUBBIX HA rpaduke)

VYcraHoBka cBoiicTB okHa Legend (crimcka KpuBBIX Ha rpaduke).

A ¢ Legend font size. Ycranosuts pasmep mipudra TeKcTa.

e Max width (makcumanbHas mmpuna). Eciu He BeiOpano, To mmpuaa okHa Legend Oymet
aBTOMATHYECKH MOJICTPANBATHCS, YTOOBI MMEHA BCEX KPUBBIX OBLTH MMOKa3aHbI TIOIHOCTHIO. Eciu
BBIOPAHO, TO MIMPHUHA OKHA OY/IET TaKKe MOACTPAUBATHCS, HO TOJIBKO JI0 TEX MOp, OKA HEe
npeBbicuT 3aanHoe 3HadeHne (NNN * BbicoTy mpudTa Tekcra).
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Annotation (anHoTaIMA)

VYcTanaBiMBaeT CBOICTBa aHHOTALMM B OKHax nepexoaHoro npouecca 1 AC aHanusa.

Ao
abi
[ ]

Font size. YcranoBuTh pasmep mpudra TEKCTA.

Font. Beiopats mpudr Texcra.

Line width. YcTaHOBUTb IMPHUHY JIMHUM JJIS1 YKA3aTENsI U PAMKH.

Arrow. Eciu BEIOpaHO, pHCOBATh CTPEJIKY yKa3aTedsl.

Draw line with trace color. Eciu BeiOpaHo, /Ui yKa3aTess 1 paMKH UCIIOJIb3yETCsl IIBET
KpHUBOM.

Draw text with trace color. Eciu BeIOpaHo, HCIIONB3YETCsI IBET KPUBOM ISl TEKCTA.

Significant digits. 3amaet KonruecTBO 3HAYAIIMX (P LI 0TOOPAKAEMOT0 BPEMEHH, YaCTOThI U
JaHHBIX.

Time/Frequency. BelBoauTh BpeMsi/9acToTy.
Data. BeiBoauTh JaHHEIE.

Colors. I[Ba)K,I[LI IICJIKHUTEC 110 ITYHKTY B CIIMCKEC, YTOOBI U3MEHUTH OBCT:

Line
N

Text - ‘ﬁnr‘ptatin:un

Background 4/

—

Text (Tekcr)

YcTaHaBiIMBaeT CBOMCTBA TEKCTA B OKHAX MEepeXOoaHOr0 IMpouecca n AC ananu3za.

Il »E >

Font size. YcranoBuTh pa3mep mpudra TEKCTA.

Font. Bei6pats mpudt Tekcra.

Line width. YcTaHOBUTh MIMPHUHY JTIMHUM JJIS1 YKA3aTENsSI U PAMKH.
Colors. [IBaxk/ibl MIEIKHHUTE 1O MyHKTY B CIIUCKE, YTOOBI H3MEHUTD I[BET:

Line lll'llx E
Text ——Text |
b4

Background 7 \
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Mouse (Graphs) (mpimb, rpadgukn)

YcTaHOBHUTH (DYHKIIMU KOJIECUKA MBITIKH.

Mouse wheel action. BeiOpars (pyHKIHIO KOJIECHKA MBIIIKH IIPH BPALICHUH, B 3aBUCUMOCTH OT
cocrosinus kiasum Ctrl u Shift.

e no key held — Tonbko BpalieHue KojaecruKa, KJIaBHIIH He HaKaThl.

e Ctrl - Bpamienue xoJecrKa MBIIIKH IPU HaskaToi knasumre Ctrl.

e Shift — Bpamenue konecuka npu Haxkatoi kiasuiire Shift.

e Ctrl+Shift — Bpamenue xonecuka npu Haxartsix kinaBumiax Ctrl u Shift.

Select action from:
o None — nuuero
Z00OM - yMEHbIIIEHHE/ YBETMUCHUE 110 TOPU30HTAIN ¥ BEPTUKAIN OJHOBPEMEHHO
Hor zoom - ymenbliieHne/yBeTUUEHHE TI0 TOPH3OHTAIIH
Vert zoom - ymeHbIIIeHHE/YBETMYEHHE 110 BEPTHKAIIH
Hor scroll - ropusonTanbHast mpokpyTKa
Vert scroll - BepTukanbHas mpokpyTKa

o O O O O

e Invert Zoom — unBepcus oneparuit Z0om In/Out (yBennueHue, yMEHBIIICHHUE)

Transient (mepexoanblii mpoiecc)
YcTaHoBKa OHI_[I/Iﬁ CUMYJIALUA IEPEXOAHOTO ITpoIecCa U maMsTH.

e Status update interval, ms. OGHOBIATH HH(DOPMAITHIO O CTATyCE MEPEXOAHOTO MPOIIecca C
3aJ[aHHBIM HHTEPBAJIOM.

Memory (mamsrs).

e Max memory per trace, MB. YcranoBka MakcuMaabHOTO pa3Mepa mamsiTH, OTBEACHHON ISt
OJIHOM KpuBOH. Eciu TMMUT naMsTu ncdyeprnaHd, HeOoJbIIasi HayaJlbHas 4acTbh KpUBOM OyzeT
yJajleHa 1 MOSIBUTCS peAynpexkiatoiiee cooOlIeHne Ha TaHeIu cTaTyca epexoJHOro
nporecca «One or more traces have been truncated» (oaHa wiu 6oJiee KPUBBIX ObLITH YCEUCHBI).

e Max memory per delay and transmission line components, MB (warning). YcranoBka
MaKCHMAJILHOTO pa3Mepa MamsTH, OTBEJACHHOM [l KOMIIOHEHTa «3ajepxkay (delay) u
KOMITOHCHTOB JIMHU IICPpCAAYH. Ecau pacucTHad Tpe6yeMa51 MNaMATb MMPCBLIIACT 3a,Z[aHHBII71
JIUMUT, MOABUTCA MPEAYITPEIKAAOIICE COO6H1€HI/I€ C OIMIUAMHU «ITPOAOJIKUTE» NI «KOCTAHOBHUTH
CUMYIISIHIO».

Export traces (3xcnopT KpUBBIX).

e Approximate number of points (mpudaun3uresibHOE KOJIMYeCTBO TOYeK). Koria oTkpbiBaeTcs
auanoroBoe okHO Transient Export/View, 3nauenue mara BpeMeHH B TaOJIHIE BEIOUpACTCs
AaBTOMATHYECKH TaKMM 00pa3oM, YTO KOJMYECTBO TOYEK B TAOIUIIEC TPUOIU3UTEIHFHO PaBHO
ATOMY YHUCITY.
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e Max number of points (MmakcuMaIbHOE KOJIHYECTBO ToUYeK). KomnuecTBO ToUeK JIst
Transient Export/View He MOXeT MpeBbIIIATh 3TOTO 3HAYCHUS U OY/IET aBTOMAaTUYECKU
orpanuueHo. Taxke 9TO 3HaYCHHE ONpeeIsIeT MAKCUMAIIbHOE KOJIMYECTBO TOYCK,

nepelaBaeéMoe B KOMaH/Ie CKpuITa “tracename”.

HTTP Server
VYcranoska onmumii HTTP Cepgepa.

e Max number of log lines. BBeaure MakCMMaabHOE YUCIIO CTPOK JIOTa, MU BHIOEPHUTE U3

BbIITaAAOIICTrO CITMCKAa. Korz[a KOJIMYECTBO CTPOK IMPEBBICUT 3aaHHOC, IICPBBIC CTPOUYKHU 6y,I[YT

CTUPATHCS.
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IleuaTtsb

lenxuute o Preview and print kHomke HHCTPYMEHTAIBHOW TTAHEN & wm BBIOEPUTE KOMaHTy
File | Preview B OcnoBHOM MeHI0, 4TOOBI OTKPHITH AuaaoroBoe okHo Print (Ileyars). TunuyHbIi B
JUAJIOTOBOI0 OKHA U €r0 OCHOBHBIX KOMIIOHEHTOB IIOKA3aH HUXKE:

SPrint =loix|
. . [ Pinte: Freviem
Printer selection P | [ Fraio AX0 Firver 522 7] | Gewe.
and setup T : Ma title
Echematic
‘I'g-se-l Windrs Ocie Press left mouse buston
Wmd(_)w _ 5 Commens Bl oot om .
selection list ———> - YR EEe o < Preview area
| | bl
Formatting area oo™ AWM ET= 1
=l
=
L i1
_Coon |

e BriOepure npuHTep U3 BhINagaromero cnucka. llenkaure mo kHonke Setup, 94TodbI caenaTh
YCTaHOBKH IIPUHTEPA.

e Bribepure okHa, KOTOpbIE OYAYT pacrieuaTaHbl, B CIIKCKe BIOOpa OKoH. Crincok coaepxut: Title
(3aronoBok), Comments (kOMMeHTapuH) ¥ OKHAa aKTUBHOTO JJOKYMEHTA, JOCTYITHBIC JIJIS TICUYaTH
(moka3zaHHBIE HA YKpaHE B JAHHBIII MOMEHT):

o Schematic (cxema).

Transient (mepexoaHblii mpouecc).

Transient Tools (MHCTPYMeHTBI aHAJIM3A NEPEXOHOTO MPoLecca).
AC (4acToTHas XapaKTePHCTHKA).

AC tools (MHCTPYMEHTBI AHAJIN3A YACTOTHOI XapaAKTEPUCTHKH).

o O O O

OOpaTuTe BHUMAaHHUe: €CII OKHO CXEMBbI, IEPEXOJHOTO Iporecca miu aHanu3a AC
MaKCUMH3UPOBAHO, TOTJa TOJIBKO 3TO OKHO OyJeT TOCTYIHO JuId edaT. B 3Toit cutyanun
MOSIBUTCS MpEAyNpekaaroliee coo0IIeHne HUXKe CIIMCKa BBIOOpA.

e Brimenure uMs OKHa B CITUCKE, YTOOBI 3a/1aTh (JOpPMAT 1evyaTu 3TOro OKHA B 00J1acTh
dbopmarupoanus (Formatting area).

e 3ajaiiTe pacroyiokeHne okHa B obactu Preview. Il{enkHuTe 110 H300paskeHHIO0 OKHA JUIS €0
BbIOOpa. LllenkHuTE MO N300paKeHHIO OKHA U MIEPETAIIUTE €ro, YTOObI MEPEMECTUTh OKHO Ha
JmcTe

e Haxmute kaonky Print mis nedatu nian Cancel, 9to0sl 3aKpeITH AUATOTOBOE OKHO.
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dopMaTHPOBAHUE NTEYATH

OObIUHO IIPU NIEYATH 3aroJI0BOK OTOOpaXkaeTcsi B BEpXHEU

YacTH JIMCTa, @ KOMMEHTapuH B HIKHEH. OJIHAaKO OHU MOTYT

OBITH IepeMeIeHbI B 1I000€ MecTo Ha ucTe. OKHA MOTYT
0TOOpaxkaTbcs B TIOOOM MECTE JIUCTA, pa3Mep OKHA BEIOUpAETCs B
obmnactu popmatupoBanus okHa. OKHA MOTYT UMETh WHMBHyaTbHbIH
3aros10Bok (Header) u caocky (Footer). 3aroioBok — 3T0 O[Ha CTpOKa

TEKCTa, 3a1aBaeMasi B okae Header. CHocka MOKET HMETh MHOT'O CTPOK,

W 3a/aeTcs B paznaene Footer.

JlocTymnHbI crieAyronme KHONKU (opMaTUPOBAHUS

Window (okHo)

|:|o

o, 0

Maximize. MakCUMU3HUPOBATh.
Larger. YBeau4urs.
Smaller. YMenbmuts.

Black and white. [TeuaTtats B yepHO-0e0M opmare.

Title, Comments, Header and Footer

ﬂr‘h

w
L=
Ia

A B n

Larger font. Yeenuuuts mpudr.

Smaller font. YmeHbuTh mpudr.

Select font. BeibpaTs mpudr.

Select color. Beiopats 1ser.

Align left. BeipaBHuBaH#e 110 JIEBOMY Kpato.
Center. BeipaBHuBaHME 11O LEHTPY.

Align right. BerpaBauBanue 1o mpaBoMy Kparo.
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Hwxe nmpuBenena ynpouieHHas aparpaMmma paboThl CO CXEMOM:

Schematic Window

)y | Schematic

Components
Variables

Tools
Sheets
Graups
Format

Cxema oToOpakaeTcsi U MOKET ObITh OTpeakTHpoBaHa B Schematic window (okHe cxembl). JIro60it
JOKYMEHT JIOJDKEH UMETh OKHO CXEMBI, 3aKphIBAHUE OKHA CXEMbl aBTOMATHYECKH 3aKPhIBACT BECh
JTOKyMeHT. KOMITOHEHTBI ¥ IepeMeHHBIe 0TOOPaXKAOTCS M MOTYT peakTUpoBaThcss B Components
Window (oxHe kommoHenToB) u Variables Window (okne nepemMeHHbIX). HeCKOIBKO AMATOTOBBIX
OKOH, TakuX Kak T00Is (mHcTpymeHTsI), Sheets (iuerni), Groups (rpymmei), Format (popmar),
WCTIOJIB3YIOTCS JUTSI BBITIOJHEHUS IPYTHX OTNEPaIvil Hajl CXeMOM U OKHOM CXeMbl. JIaHHbIE CXEeMBI

HCIOJIB3YIOTCA JJI1 aHalIn3a MEPEeXoJHOro nmpouecca U BbIYUCICHUA JacTOTHOU XapPaKTCPUCTHKHU
(Transient u AC).

49



EBY NL5 circuit simulator PykosoacTso Monb3osaTens

OKxHO cxeMbI

TunmaHBIN BHUJ OKHa CXEMbI U €T'0 OCHOBHBIX KOMIIOHCHTOB IIOKAa3aH HUKC:

nll - schematic

Schematic area —|

Right-click
[y Zhr| T
. . & Lo e
Right-click _ r '
Sheetl Shift | il | Chick to scroll schematic ste iZEr{ Y
l I \/ T 7= DElete el
Sheets. .. _ \ Select Al Chrl+A
X Sheet selection Shift/Ctrl Status bar
-r add sheet., . indicatorS Emable
Fename sheet. .. Disable
Y Farmat. ..
Copy sheet
& Paste sheet Add trace L4
mm [elete sheet Zoom g
Attributes (Tab)  #
E Image L4

A preferences. ..

e (Cxema mokasana B obactu cxembl (Schematic area).

e OOGmactp BeIOOp sHcTa (Sheet selection) comepskut 3akaaku auctoB. IllenkHUTE MO 3aKIaIKe
TS BBIOOpA JIKCTA.

L4 H_[CJ'I‘-IOK HpaBOﬁ KHOIIKOW MBIIIKHU 110 00J1aCTH BBI60pa JINCTAa BBI3BIBACT KOHTCKCTHOC MCHIO C
COOTBCTCTBYIOIIIMMHU KOMAaHIaMH.

e Uuaukaropsr Shift/Ctrl moacseunBarotcs, koraa kinasuina Shift u/wnmm Ctrl HakaTsr.

e Crpoka cocTosiHus (Status bar) mokaspIiBaeT MoJICKa3KH, OTHOCSIIMECS K TEKYIIeH O3HIIUN
yKa3aTels MBIIIKH 1 coctostauto Shift/Ctrl.

e TlomecTHTe yKa3zaTeab MBIIIKH OBEpX obOiactu pasnenutess (“splitter”) @ , 3aTEM HaXXKMHUTE
JIEBYIO KJIABHILY MBIIIKHU U MEPETAIIUTE ero JUIsl U3MEHEHHs! pa3Mepa 00y1acTi BeIOOpa JHcTa .
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o lllenkHuTe IPaBO¥ KIABUIIICH MBIIIKH 10 CXEME, YTOOBI YBUACTh KOHTEKCTHOE MEHIO C
COOTBETCTBYIOIIMMH KOMaH/IaMH.

O0J1acTh CXEMBI COOCPIKHUT 3JICMCHTBI CXCMbI, pUCYHKH, TOYKHU CCTKHU U KYpPCOD.

Cursor Schematic grid points

Schematic elements

Drawings
Label

Lines
Component

Rectangle
Wire
Connection Oval
Attributes
e Name Text
e Value
Ground

e DJjieMeHTBbI CXeMbI BKIIIOYAIOT B ceOs1: TIPOBOIHUK, COCANHEHHE, 3eMiTt0, 3TUKETKY (label) u
KOMITOHEHT. DJIEMEHTHI CXEMbI OMTUCHIBAIOT «IJIEKTPUUECKYIO» YACTh CXEMBI, UCIOIb3YEMYIO JITIs
CUMYJISIINH.

e Pucynku (Drawings) Bkito4aroT B ce0s: JIUHUIO, IPSIMOYTOJIBHUK, OBAJl M TEKCT. PUCYyHKH
IpUMeHseTCs 17151 100aBIeHUs KOMMEHTapHUeB U IPUMEYaHUH.

e Touxnu cerku (Grid points) — 3To omopHBIE TOYKH I Kypcopa U DIIEMEHTOB CXEMBI.

e Kypcop (Cursor) ucrosbs3yercst Jisi pa3MeICHHUs/BbIICTICHUS JIEMEHTOB CXEMBbI i MOXKET
pacnojaraTbcsi TOJIbKO Ha TOUYKAX CETKH.

bonpmas gacte KOMaH PECAaKTUPOBAHUA TPUMEHUMA U K 3JICMCHTAM CXCMbI, 1 K pUCYHKaM. Ecmu
CIICuaJIbHO HE OTOBOPEHO, CJIOBO «PUCYHKH) OIMYCKACTCA B OIMMCAHUH 3TUX KOMaH/[

Bce sneMenThI n3HaYanbHO pa3MEINIalTCsl Ha CXEME C MPeAyCTaHOBIEHHBIMU CBOMCTBaMH (IIBET,
IIUPUHA, CTHJIb, HIPUQT U T.1.), 33JaHHBIMU Ha cTpanuie Schematic auanorosoro okHa Preferences.
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CBoiicTBa 000T0 JI€MEHTa MOTYT MEHATHCS IOJIH30BATENIEM C ITOMOIIBIO (POPMATUPOBAHUS.
M3meHeHne npe1onpeIeICHHBIX CBOMCTB 3JIEMEHTOB CXEMBI CKa3bIBACTCS HA BCEX CYIIECTBYIOMINX
AJIEMEHTAX CXEMBbI, HCKJIF0Yasi 3JIEMEHTHI CO CBOMCTBAMU, ONPEACICHHBIMH MOJIb30BaTEIeM
(«popmaTupoBaHHbIe»). MI3MeHeHNE IpeIONIPEACTICHHBIX CBOWCTB PUCYHKOB HE CKa3bIBACTCS Ha
CYIIECTBYIOIIUX PHUCYHKaX
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PenaxkrupoBanue cxembl

PenaktupoBaHue cxeM M HaBUTALUS MOTYT OBITh BBIIIOJHEHBI KOMaHAAMH JOCTYIMHBIMU B OCHOBHOM
MeH10, KOHTEKCTHBIX MEHIO, HA OCHOBHOW MHCTPYMEHTAJIbHOW IMAHENN, UHCTPYMEHTAJIBHOW ITaHETN
CXEMBbI, C TOMOUIBIO TOPSIYMX KJIABHIL, KJIaBUII KJIaBUaTypsl U Meiku. NLS noanep:xuBaer MHOTO
KOMaH/I ¥ TOPSIYUX KJIABUIL, KOTOPbIE OOBIYHO UCIIOB3YIOTCs B ipritoskeHusax Windows (Takux kak
Edit | Copy (Ctrl-C), Edit | Paste (Ctrl-V) u T1.1.), ucnosns3yet kiaBuiry Ctrl ¢ Mpimkoit mis
oTieparfii BbIICICHUS/KOTMPOBAHUS, UCTIOIB3YET MOJIOCHI TPOKPYTKH | T.I. J[pyrue KoMaHabl
HACTOJIbKO MHTYUTHUBHO MOHSITHBI, YTO Ha4aslo pabOThI CO CXEMOM He 3aiiMET MHOT'O BPEMEHH.

OdeHb 4acTo OJTHU U T€ K€ ONEePaIllii MOTYT OBITh BHITIOJTHEHBI pa3HbIMU criocobamu. Hampumep,
BBIOOD M pa3MEIIeHUe HOBOIO KOMIIOHEHTA B CXeME MOJKET OBITh CJICJIaHO C MCIIOIh30BAaHHUEM TOJIBKO
KJIABUATYPBI, TOJHKO MBIIIKU WIH ¢ TIOMOIIIBIO TOTO U pyroro. [lomk30Barento npeiaractes caMomy
BBIOpaTh Harbosee 3P GHEeKTUBHBIN U MOIXOIANTUHN 111 HeTo crmoco0. [ToTHbIi CTMCOK KOMaH,T
MIPHUIIAraeTCsl.

Ectb 6 pexxumMoB pabOThI ¢ PEJaKTUPOBAHUEM CXEMBI:

[; e Selection. Beiienenue (BoiOpath 351eMeHT, 6710K; TOCTABUTH KOMIIOHEHT. )
b e Wire. Coenmunenne (HapucoBath NpoBOJIHUK, OCTABUTH KOMIIOHEHT. )

M o  Scrolling. [TpokpyTKa cXeMsl.

<. o Line. PucoBanue nuHum.

[C] e Rectangle. PucoBanue npsMoyrojibHHKa WK KBaIpaTa.

(O e Oval. PucoBanue oBasa wim Kpyra.

PexxuM penakTHpoBaHUs MOXKET ObITh BHIOpaH LIETYKOM 0 KHOIIKE HHCTPYMEHTAJIbHOM MaHEIH CXEMBI.
Takxe ecTb HECKOJIBKO OBICTPBIX CIIOCOOOB MEPEKITIOUEHHS MEK/Y YacTO HCIOIb3YEMbIMU PEXKUMaMHU:

Space

e Haxmute npo6en (Space) s mepeKTFoueHUS MEXTy PEKUMaMK [: ——>
Selection u Wire:

Shift down
e VYCTaHOBHTE yKa3aTesb MBIIIKK HA ITyCTOE MECTO, HAXKMHUTE L~
u ynepxuBaiTe Shift, menkHUTe 1 nepeTanuTe MBIIIKY JUTS TPOKPYTKA b ~_ o
cxembl. Otmycrute Shift, uto6s1 BepHyThCs B pexxum Selection: Shift up

Space, Esc

e Haxwmute ESC unmu npoGen (Space) B J11060M peskume s Ly — ..

nepexiIoYeHus B pexum Selection:

53



EBY NL5 circuit simulator PykosoacTso Monb3osaTens

Kypcop
KprOp I/ICHOJ’ILSyeTCH KakK MapKep HpI/I paBMeH_[eHI/II/I HOBOI'O 3JICMCHTA CXCMBI. HpOBOI[HI/IKa, 3CMIJIN,

COEIMHEHUS], KOMIIOHEHTa WK 3THKeTKU. Kypcop paboraer B 1ByX pexnmax, Selection (Bbiaenenue) u
Wire (coemunenue):

Selection mode Wire mode

e lcnons3yiite kiaBummm Left, Up, Right, Down kypcopHoii yacTu KJIaBHATypbI Uil K3MCHEHHS
HAIPABJICHUS U TIEPEMEIICHHS KypCopa.

e  UYroObl N3MEHUTH HAIIPABICHUE Kypcopa C MOMOIIBIO MBIIIKHU, HIETKHUTE PSJIOM C YIJIOM,
YKa3bIBAIOIIM Ha HOBOE HAIIPaBJICHHE.

o IllenkHuTE IO CXEME, YTOOBI IEPEMECTUTH KYPCOP B HOBYIO TOUKY.

e Haxmure HOme, 4T00bI OTLHEHTPOBATH KYpCOP Ha IKPaHE.

e Haxmute npobern (Space) s nepekiitodeHus: Mexay pexxumamu Selection u Wire.

e B pexume Selection momectuTe Kypcop Ha 3JIEMEHT JUISL €10 BIJICICHHUS.

e B pexxume Wire nepemectute Kypcop, 4T00Obl HAPHCOBATh HOBBIIl IPOBOTHHUK.

e Korma kypcop gocTuraet Kpast OKHa CXEMbI, OKHO IIPOKPYYHBACTCSI aBTOMATHYCCKH.

IIpoBoanuk
Crnenyrouiye npuMepsl MOKa3bIBAIOT, KAK HAPUCOBATh IPOBOJHUK, UCIOIb3Ys KJIIABUATYPY U MBIIIIKY.

KnaBuatypa. [TomecTuTe Kypcop B Ha4albHYIO TOUKY, Ucronb3ys kiaasumu (Left, Up, Right, Down).
Haxxmure npoben (Space), uto0Osl nepekirounThes B pexxum Wire, 3aTeM nepemMeriaire Kypcop ¢
MIOMOILBIO CTPENIOK KIaBUaTypbl. HOBBIN POBOIHUK MOSBUTCS B peKUME BblieTIeHUs. UTOObI
3aBEPUINTH «IIPOKJIAIKY» MPOBOIHHUKA, HAKMHUTE Mpolest (SPace), STUM BbI MIEPEKITIOUYUTECH B PEIKUM
Selection, wnu nomeHsiiiTe HarpaBIeHHE Kypcopa U MPO0JKaiiTe MPOBOAHKK B IPYrOM HANPaBICHHH:

Press Space Press Right... Press Up Press Up... Press Space
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Mpimka. [enkuure mo kaonke Wire B s MEPEKITIOUCHUS B peskuM coenuuaeHus Wire,
[IenKHUTE 10 HAYATBHOM TOYKE COCAUHECHUS, YACPKUTE KIABHIIY MBIIIKH M IEPETAIINUTE KYpCop K
KOHEYHOM TOYKE COEMHEHUS, TJIC U OTIIYCTUTE KJIABHIIY MBIIIKA. BbI MOKETE IIPOBOANTH JBA
OPTOrOHAIIBHBIX OTPE3Ka IPOBOHKKA 3a onuH pa3. Lllenkuute no xuonke Selection [ , 4yToOs!
BEpHYThCA B pexxum Selection:

Click Wire button Click and drag right, then up Release left button Click Selection button

[Tpu nmpoBeneHNN COCTUHEHHI BbI MOYKETE HCIIOIH30BaTh COBMECTHO KIIAaBUATYPy U MBIIIKY. Hampumep,
HCII0JIb30BATh KJIABHIIY TpoOes (Space) s nepekiroucHus Mexay pexumamu Selection u Wire, u
MCIIOJIb30BATh MBIIIKY JIJISi PUCOBAHUS TIPOBOIHUKOB.

JInst mpoBeIeHHs AMarOHAIbHBIX TPOBOIHUKOB yiepxkuBaiite kiasuiry Ctrl, noka pucyere, 3arem

OTIIYCTHUTE KJIABUIIY MBIIIKU. J{pyroit cnoco0 mpoBecTH AuaroHaibHbIA IPOBOJIHUK — BBIOPAThH
CYILIECTBYIOIIMI TPOBOAHUK, 3aTEM IIEIKHYTh U IEPEMECTUTH KOHEL TPOBOIHUKA:

Hold Ctrl key, click and drag Click to select Click and drag the end

Coenunenue (Connection)

Tpu IpOBOAHNKA, TPUXOIAIINE B OJHY TOUKY, BCETAa COeTUHEHbI. TOUKA COCTUHEHHUS] aBTOMATHIECKH
YCTaHaBJIMBAETCS B TPOIECCE MPOBEPKH CXEMBI. J[Ba MEPEKPEIUBAIONIMXCS TPOBOJHUKA HE
COCTMHSIFOTCS 110 YMOJTYaHU 0. YTOOBI COETMHUTH STH MPOBOAHUKH, T00aBbTE TOUKY COCTUHECHHUS:
MIOMECTHUTE KypCcop Ha MepecedeHne i HAKMUTE KIaBHIIY «.» (TOYKa), M IIOMECTUTE Kypcop Ha
TepeceyeHue U IEIKHUTE Ha naHeau Brioopa (Selection Bar) mo ukonke Connection (4 ).

Automatic No connection Press ‘.’ Connection Diagonal wire
connection not connected!
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Bce HeHyKHBIE TOUKH COSAMHEHUS OyIyT aBTOMATHUYECKU yJAICHBI B MPOIIECCE TPOBEPKU CXEMBI.
BuumaHue: ouazonanbhbie npo8oOHUKU MO2YM ObIMb He COeOUHEHbL C OPY2UMU, Oadice eclu Mo4Ka
coeOduHnenus nomewena Ha nepecevenuu. [locmapaiimecs usbecams coeouHeHus: 08yxX OUAZOHANbHBIX
NPOBOOHUKOB 8 OOHOU MOUKe.

3emus

JUis pa3sMeILeH s 3eMITH HaXMUTE KIaBuIny ‘G’ WIIH IIEIKHATE [0 HKOHKE 3eMIIM <> Ha IaHeIH

BbIOOpa (Selection Bar). 3emiis siBisiercst 001 ist BCEro TOKyMEHTa, BKITIOYast BCE JIMCTHI M BCE
HOJICXEMBI.
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KoMnonenr

Kaaplii THII KOMIIOHEHTa UMeeT HazHaueHHYIo OykBy (letter) u cumsoa (Symbol). Hampumep, Bce
THUIIBI KOMITOHEHTOB ¢ OykBoit S — 9370 Kitoun. [Tanens BeiOopa (Selection Bar) umeer 3aknaaxy,
OTHOCSIIYIOCS K KaXk10i OykBe. Koria nmpu pa3mMenieHnn KOMIIOHEHTA HCIIONb3YeTCsl KIIaBuaTypa,
OyKBa Ha KJIaBHAType UCIIOJIL3YETCs JUIsl BHIOOpA THIIAa KOMIIOHEHTA. [Ipy ycTaHOBKE MMSI KOMITOHEHTA
HAYMHAETCS C OTOU OYKBBI.

CuMBOJ — 3TO M300paKEHUE TUITA KOMIIOHEHTA: TO, KaK KOMIIOHEHT OToOpaxkaetcs B cxeme. [lanens
BbIOOpa (Selection Bar) comepKuT CHMBOJIBI BCEX AOCTYITHBIX TUIIOB KOMIIOHCHTOB.

HekoTopbie KOMIIOHEHTHI SBIISAIOTCS “CUStomized” (koH(GUTypUpyEeMbIe MTOJIb30BATENIEM ): H300pasKEHUE
ATHX KOMITOHEHTOB (pa3Mep KOMIIOHEHTA, KOJIMYECTBO, TIOJI0KEHUE M HA3BaHUS BHIBOJIOB) MOXKET OBITH
ckoH(UrypupoBaHo B quaioroBom okne Edit Component. /InanoroBoe 0okHO OTKpoeTCs
ABTOMATHYECKH B MOMEHT TIOCTAHOBKH KOMITOHEHTA, & TAK)KE MOXKET OBITh OTKPBITO B JII000E BpeMsi
1ocJye TOro, Kak KOMIIOHEHT ycTaHoBJIeH. CM. pa3aen Pedakmupoganue KOHpueypupyemozo
KOMNOHeHma JUIs TOIPOOHOCTEH.
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Crnenyromias iuarpaMmma M mpuMep MoKa3bIBaIOT MPOIECC pa3MEIIeHUSI KOMITIOHEHTA.

Select letter

Keyboard Selection Bar

+Q“+ J

Al AA ACADAF LAaDO AR AS AT 3 AW

OR

Press ‘V’, Enter Click on symbol

Select model

v

Schematic Window Components Window

Bw | YIE| X | Be

| M ame "‘v"alue ’ | "1

Double-click

on Component W1 Y10
Vil v
Slope /| Lingar -
Delay z (0
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IManenn BuiGopa (Selection Bar). Beidepure  + &~ = ﬁ (- 4 B

3aKJIa/IKy C TPEOYyEeMbIM TUIIOM KOMIIOHEHTA e —
MVDIH e controlled LT ALY CaDAFALAL
(V), 3aTeM HIENKHHUTE TI0 CHMBOJTY 0
voltage source

KOMITOHEHTa, 9T00BI moMecTuTh ero («Voltage
controlled voltage source»). HoBbri
KOMITIOHCHT IMOABUTCA B BBIACJICHHOM BHJC,
TaK 4TO Bbl MOXCTC Cpa3y IIOBCPHYTH €IO0,
OTpPa3HTh, IEPEBEPHYTH MIIN BHIOPATh HYKHBIN
BHUJ.

Kuaasuarypa. Haxxmure knasumy ¢

OYKBO# HY>KHOI'O THIIa KOMIIOHEHTa _ y= o = o -
(V). Eciii HECKOIBKO THIIOB o = o SR R e ol
ADAFALAL ADAFALAL ADAFAIAL ACADAFALALA

KOMIIOHEHTOB JOCTYIIHBI JIJIs1 3TOU
OYKBBI, H)KMUTE KJIABHUITY C OYKBO
BHOBb, IT0Ka HY>KHBIA THUI KOMIIOHEHTA
He nosiBUTC. VcIonp3yiTe KilaBUIIn
CTPEJIOK ISl IEPEMEIICHHUST HOBOT'O
KOMITOHEHTA WJIH IIEIKHUTE U
MEepETAIIUTE HOBBII KOMIIOHEHT
MBIIIKO#. UTOOBI IOMECTHTEL KOMIIOHEHT, HaskMuTe ENnter. UtoOsr oTkasarscs, Haxxmute Delete ninn
Esc.

O cxeMe c ele He YCTaHOBJIEHHBIM HOBBIM KOMIIOHEHTOM, ITIOKAa3aHHBIM IIBETOM Kypcopa, HHOTa
TOBOPHTCS, YTO OHA HAXOAUTCS B pexkuMe HOBOTro komroreHTa (New component).

Korna KOMITOHCHT PasMEIICH HaJl CyIIECTBYIOIIUM
IMPOBOAHUKOM, 9aCTh ITPOBOJJHHUKA IO KOMIIOHCHTOM
ABTOMATUYE€CKHU BBIPE3aCTCA, TaK YTO PCAAKTUPOBATH
MMPOBOAHUKHU HCT HYKIBI.

HoBbIil KOMIIOHEHT UMEET aBTOMAaTHYECKU CIrCHCPUPOBAHHOC UMH. msa mHaunHaeTcs ¢ 6yKBbI 3aJaHHOT'O
THUIIA, COHpOBO)I(I[aeMOfI YHUKAJIbHBIM HOMCPOM. ITo3ke KOMIIOHEHT MOKET OBITH NEPpECUMCHOBAH B OKHE
kommoneHToB (Components window).

Korja KOMIOHEHT pa3Mmelaercs B cXeMe, ero n300paxxeHne MoxkeT ObITh MOAU(UIIUPOBAHO (OTPAXKEHO,
0TOOpaXkeHO, MOBEPHYTO). HekoTopbie TUITBI KOMITIOHEHTOB MOTYT UMETh HECKOJIBKO BUIOB (VIEW).
Komanel, Moguduuupytomme n300paxkeHue U BUJI, TAKXKe TOCTYIHBI B IPOIECCe pa3MeIIeHUs
KOMITOHEHTa C TIOMOIIIbIO KIIaBUATYPhI, 10 HaXaTHsl Ha kiaBuury Enter.

Hapsiy co cxemoit HOBBIi KOMIIOHEHT Oy/IeT Mmoka3aH B okHe komrnoHeHToB (Components Window). B
ITOM OKHE BbI MOKETE YBHJIETh Bce Mojienu (Models), noctymnHsie i aToro Trmna koMmnoHeHToB. Korna
MoOjieb BBIOpaHa, MOSIBATCS MapaMeTpsl (parameters) Moienau U CTaHyT JOCTYIHbI IS
penaktupoBanus. CM. pazaen OKHO KoMnOHenmos Ui IOJpOOHOCTEH.
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HJ’IH MEPCKIOYCHUA B OKHO KOMITIOHCHTOB M3 CXEMBI IOMECTUTE KYPCOP IMOBEPX KOMIIOHCHTA U
HaxxmuTe Enter v ABAXX/bI HICJIKHUTC IO KOMIIOHCHTY. B stom cjrydac, €CJIM Bbl 3aKOHYNJIN
PCAAKTUPOBATD I1APaMETPhI, HAKAB Enter umn ESC, BbI BEPHETCCh B OKHO PCAAKTOPAa CXCMBI.

Bua xomnonenTa (View)

THUIIBI KOMIIOHCHTOB MMCIOT HCCKOJIBKO BUA0B: ITIOYTH OAMHAKOBBIC I/I306pa)KCHI/I$I ¢ HEOOJIBIINMU
OTINYHUSIMH. Pa3HbIe BUIBI MOTYT UMCTb Pa3HOC paCIIOJIOKCHUEC BBIBOJOB NI HCKOTOPOC
(b}’HKI_II/IOHaJ'IBHOC pasjimuuc. Heckompko IIpUMCPOB OTJIMINH Pa3sHOro BuJga KOMIIOHCHTA:

e [lonsipHOCTH yNpaBIIsIOLIErO CUTHANA!

L4 CDyHKI_II/IH JJOIT'MYCCKOI'0 3JICMCHTA.

e lluBepcus BX0J10B/BBIXO/IOB:

YTo0ObI U3MEHUTH BHUJ KOMIIOHCHTA, I/ICHOJ'IBBYI‘/'ITG CJICAYIOIIUC KHOIIKHU U I'OPAINC KIIABUIIH:

1% e Next view. Beibop cireayromiero Bujaa KOMIOHEHTA ¢ HECKOJIBKHMH BO3MOYKHBIMH BH/IAMH.

e ‘4’ ‘-’ xyaBuIIM. BriOop crnenyromiero/mpeasayniero n300paxxeHrs KOMIIOHEHTa, BKIII0Yast
M3MEHEHHE BUA, OTPAKEHHUE WM OTOOpaKEHHE KOMITOHEHTA.

Ot KOMaHIbI TAKKE MOT'YT OBITH BEIITOJTHEHEI HaJa HOBBIM KOMIIOHCHTOM, ITOKa OH PasMEIIacTCAa C
HCIOJIb30OBAHUEM KJIABUATYPBI 10 HAKATUS HA KIIABULITY Enter.
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Itukerka (Label)

OTHKETKa ITOX0Ka Ha KOMIIOHCHT, 3a HCKJIIFOYCHHUEM TOI'O, YTO B CXEME€ MOXET OBITH MHOI'O 3TUKETOK C
OJHHUM H TE€M K€ uMeHeM. Bce 3THUKEeTKH ¢ OJUHAKOBBIMU UMEHAMU QJICKTPHUYCCKU COCAUHCHBI.
(BTI/IKCTKI/I B 11oACXEMax SABIAKOTCA JIOKAJIbHBIMHU JJIS ITIOACXEMBI U HE COCIMHCHBI C OCHOBHOM CXCMOﬁ).
OTUKETKHU MOTYT OBITh UCITOJIb30BAHEI:

e Jlns coenvHEHUs pa3HbIX TOYEK CXEMbI 0€3 TPOBOAHHUKOB.

e Jlns coenuHEHUs YacTel CXEMBbl, pACIOJI0KEHHBIX Ha Pa3HbIX JIHCTaX.
e Kak «a1poOHuK» cumyssinuu (V trace - HanpsoKeHue).

e Kak UCTOYHUK HANPSKCHUS.

Canenyrouiast fuarpaMmMa U IpUMep MOKa3bIBAIOT MIPOLIECC Pa3MEILLEHUS ITUKETKHU.

Keyboard Selection Bar

x

Enter new label name ar zelect
exizting label from drop-dow list;

Labell =]

Select model
] I Eanc:e|| Components Window

Hm| Y IP | YIE

Schematic Window

Double-click
on label

Edit parameters

YT10OBI IOMECTHUTh ITUKETKY, HAKMUTE ENter Ha MpOBOIHKKE WK TyCTOM MECTE WITH LICIKHUTE 110
ukonke Label ( Elgi ) Ha maHenu BeiOopa (Selection Bar). [TosiButcs muanorosoe okuo Label. Beenute
HOBOE MMsI TUKETKH HJIH BBIOCPUTE CYLIECTBYIOIIEE M3 BhIafaroniero circka u Haxmure OK.
OTHKETKA 6YJIGT HEMEIJICHHO II0Ka3aHa Ha CXEME€ U B OKHE KOMIIOHCHTOB. Yro0OBI 3a1aTh MOJCIIb U

61



EBY NL5 circuit simulator PykosoacTso Monb3osaTens

IapaMeTpbl ATUKETKH, IOMECTUTE Kypcop Ha 3TUKETKE U HaxkmuTe ENter niam naxapl MEIKHUTE IO
OTUKCTKE I MECPECKIOYUCHNUA B OKHO KOMIIOHCHTOB.
ATpu0yTHBI

ATpuOyTHl KOMITOHEHTA MJIM STUKETKHU BKItoyaroT uMs (Name) u 3uauenue (Value). JlocTymas
CIIEYIOIINE PEKUMBI OTOOPAKEHUS aTPUOYTOB!

Her atpubyTtoB
Toasko Name
Tonsko Value
Name u Value

Haxmure kiaBuiry Tab i nepekiroueHus pexnMa 0ToOpaKeHns aTpudyTa i BeIOEpUTE aTpHOYThI
B OCHOBHOM MEHIO WJIM KOHTEKCTHOM MEHIO CXEMBI.

ATpuOYTHI MOTYT pa3MeIIaThCs C pa3pellIeHUEM BBIIIE, YeM ceTKa cXeMbl. «CeTka aTpuOyTOB» MOXKET
yCTaHaBIUBAThCS B Auanas3one ot «1/1» 1o «1/32» otHocutensHO ceTku cxembl. CeTKy aTpuOyToB
MOYKHO U3MEHHTD Ha cTpanuiie Schematic auanorosoro okua Preferences.

YToObI NEPEMECTUTH ATPUOYT, LIEIKHUTE 110 HEMY U I€PETALLUTE!

Click... Drag... Release... Unselect

YToOb! U3MEHUTH OPUEHTALIMIO aTPUOYTa BbIOEpHTE KOMIIOHEHT U IIEIKHUTE 110 KHonke Rotate
attributes A+ wmm Haxkmure Ctrl-T.

ITo ymomuanuto Value — 31o 6o mepBblii TapaMeTp MOJEINA KOMIIOHEHTA, TH00 WM MOJIEIIH.
Crnucok mapaMeTpoB, OTOOpa)KaeMbIX JIJIsl 3aIaHHOTO KOMITOHEHTA, MOXKET ObITh U3MEHEH
MOJIb30BaTesIeM B TuanoroBoM okHe Format. [lenkuauTe npaBoii Ki1aBUIleil MBIIIIKK IO KOMIIOHEHTY,
BbIOepUTEe KOMaHay FOrmat B KOHTEKCTHOM MeHI0, 3aTeM BbiOepuTe cTpanuity Attributes. s
KOMITOHEHTAa, TIOJICBEYEHHOTO B CIIUCKE, BbIOEpUTE hopMaT U mapaMeTpsl 7151 OTOOpaskeHusI.

— Selected component
_ —Format———— Select values to display:
M [ model=Pulze
e Y1=10
Wi=0
" Default Perinde]
0| o Width=A00ge-3
M2 [ Slope=Linear
" 0 [ Rize=0
= '".23 Ohm ] Fall=0
F ”H =-I 23” D u'ly ||:“j |:5|:":IE'_E=
" "R=1.23 Ohm"
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Pucyuku (imHus, NIPAMOYTOJbLHUK, 0BAJI)

Pucynku (drawings) He 0Ka3bIBalOT BIUSHHE Ha (PYHKIIHOHUPOBAHHME CXEMBI H HCIIOJIb3YIOTCS
HCKIHOUYUTCIIBHO OJIs «IIGKOpI/IpOBaHI/ISI». PI/ICyHKI/I MOFyT pa3MemaTbcs1 C paSPGHICHI/IeM BBIIIC, YEM
ceTrka cxeMbl. «CeTka PpUCOBAHUA» MOXKECT 6BITB 3aaHa B AUAaIla30HC OT «1/1 » 10 ((1/32» OTHOCUTCIBHO
CCTKU CXCMBI. CCTKa pI/ICOBaHI/ISI MOXKET 6BITL N3MCHCHA Ha CTpaHI/II_[e DraWingS JAUAJIOrOBOI'O OKHAa
Preferences.

e  UT0OBI HAPUCOBATH JIMHHIO, IIEIKHUTE 110 KHOMKE LINe %7, 94TOOBI NEPEKITIOYUTHCS B PEXKUM
Line.

L]

e Uro0ObI HapUCOBATh MPAMOYTOJIBHUK, IETKHUTE 10 KHOMKe Rectangle , UTOOBI

MEPEKITIOYNTRLCS B pexxuM Rectangle .

L4 qTO6LI HapuCOBAaTh OBaJI, IICJIKHUTC 110 KHOIIKC OV&' D , IITO6I>I MNECPCKIOYNUTHCA B PCIKUM
Oval.

[I{eskHUTE O HAYaIBHOW TOYKE, YAEPKUTE KIABUITY MBIIIKH U IIEPETALIUTE KypCOp K KOHEYHOU TOYKE
PHUCYHKA, 3aT€M OTIIyCTUTE KJIABUIIY MBIILIKH:

=

Line Rectangle (square) Oval (circle)

YroObl HAPHCOBATH KBAPAT WA OKPYKHOCTB, JepkuTe KiaBuiry Ctrl naxxaToil, koraa pucyere u
OTIIYyCKAeTE KIABUIIY MBIIIKH.

[llenkHuTe KHOMKY BhIACIeHHs Selection e , 4TOOBI IEPEKITFOUUTHLCS Ha3a[ B pexxum Selection.
YToOb! U3MEHUTH pa3Mep U/WIIK BUJ PUCYHKA, BBIJEIIUTE PUCYHOK, a 3aTEM ILEIKHUTE 110 KBaPATHOMY
MapKepy U pacTaliuTe pUCyHOK:

Click to select Click and drag

[Tpu pa3menieHny PUCYHOK MOSIBIIsieTCsl B opMmare 1Mo yMor4aHuio. YToObl N3MEHHTH 1IBET, IIUPUHY
JIMHUY U TUI PUCOBAHUs, BRIOEPUTE PUCYHOK, 3aTeM komanay Edit | Format ocaosHoro menro. Miun
IIEKHUTE MTPAaBOH KIABUIIIEH MBIIIKH [0 PUCYHKY U BBIOEpUTE KOMaHay FOrmat u3 KOHTEeKCTHOTO
MeHI0. UToObI 0T(OPMATHPOBATH TOJIBKO OJIMH dJICMEHT PUCYHKA, TPOCTO JBAXK/IbI MICTKHHUTE [0 HEMY.
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Texer u Ilepemennbie

YT00BI BCTABUTh TEKCT, MIEIKHUTE 110 KHOmKe Insert text |£] . ITosBurcsa auamoroBoe OkHO Text:

=
Fala Rl . W |

Thiz iz bewt ;I

" o

[~ Dutline [~ & [ ] Tet
[~ Paointer I- Lockponter [ ] Line

[ =] Linewidh

BBenuTe TEKCT B TEKCTOBOE OKHO. TEKCT OTHOBpPEMEHHO OyJIeT MTOKa3aH Ha CXeMe:

This is text

TekcT MoxkeT ObITh 0TGOPMATUPOBAH C MCIOIb30BAaHUEM KHOIIOK HHCTPYMEHTAJIbHOU MaHENN:

Alignment. YcranaBiuBaeT BEIpaBHUBAHKE JIJIsl MHOTOCTPOYHOTO TEKCTA.

Align left. BeipaBHuBaH#Me 110 JIEBOMY KPalo.
Center. BeipaBHUBaHHE T10 LIEHTPY.
Align right. BeipaBHHBaH#MeE 110 TPaBOMY Kparo.

Orientation. MI3MeHUTh OPHEHTALIUIO TEKCTA.

£} o Rotate left. ITosepuyTh BiIEBO.
7 ¢ Rotate right. [ToBepryTs Bipago.

Font. Mi3smenuts pazmep mipudTa Ui BeIOpaTh MPUPT.

A e Larger font. Veenuunts pasmep mpudra.
a o Smaller font. YMenbmmth pasmep mpudra.
*i e Select font. Beibpars mpudr.
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e Run script. BeImomHUT CKPUNT (€CTH TEKCT SBJISETCS BHIIOIHIEMBIM CKPHIITOM).

OHIII/II/I YKa3aTrejada 1 paMKH

Cutline _

e Outline. PucoBaTh mpsMOyroapHYIO PaMKy.

e Pointer. PrcoBaTh JIMHHIO yKa3aTells OT TEKCTa B 3aJaHHYIO Painter mple
TOYKY.

e Arrow. PucoBaTh JIMHHIO yKa3aTeNsi CO CTPEIKOM.

e Lock pointer. 3akpenuTh KOHEI[ yKa3aTes: KOHEIl yKa3aTels He
OyIeT rmepemMeniaThes, aXe eCIi TEKCT IepeMenaeTcs.

e Line width. 3amaer mmpuHy TUHNY JUIS PAMKH U YKa3aTelIs.
e Color. /IBoitHOI 1IETYOK IO ITYHKTY B CIIMCKE ISl H3MCHEHHMS [IBETA.

lenkuute no kHonke ClOSe koria 3aKOHYKTE, YTOOBI 3aKPBITH TUATIOTOBOE OKHO.

HHH PEAAKTUPOBAHUA TCKCTA ABAXKbBI HICJIKHUTE IO HEMY WJIN IICIIKHUTC HpaBOfI KJIaBUIIICH MBIIIKU O
HEMY U BBI6epI/ITe KOMaHOy Edit u3 xonTexcrHoro MeHo. ITogBUTCS TO Ke caMoe ANaj10roBOC OKHO.

YT10oObI IEPEMECTHTH TEKCT, HIEJIKHUTE 110 TEKCTY | HepeTamuTe ero. [Eii=Rs
Ecnu ykasarens npukperuies (locked), mepemeriien 0yaer TOIbKO
TeKCT. YTOOBI IEPEMECTHUTH TOJIBKO YKa3aTeb, IEIKHUTE M0 TEKCTY,
4TOOBI BBIACIIMTD €TI0, 3aTEM LICJIKHUTEC U IICPCTANUTC KBAAPATUK
MapKepa Ha KOHIIE yKa3aTeJis

Ve pointer

YToObl BHIBECTH B KA4ECTBE TEKCTa CIIMCOK MIEPEMEHHBIX CXEMBI, IEIKHUTE 10 KHomke Insert variables
. IlepemeHHbIH 1 UX 3HaUeHUs OyTyT MOKa3aHbI KaK OOBIYHBIM TEKCT, 32 UCKIIOUEHHEM TOT0, YTO
3TOT TEKCT HeJb3s PEJaKTUPOBATh BPYUHYIO: OH OyJIeT aBTOMAaTHUYECKH OOHOBIATHCS MPU JTFOOBIX
M3MEHEHUSAX NIEPEMEHHBIX U UX 3HAYCHMI.
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IIpoxkpyTka n MacliTaOupoBaHue

UToOBI IPOKPYTUTH CXEMY, UCIIOJIB3YUTE JIF000H U3 CIIEIYIOIINX METOOB:

IlepemecTuTe CXEMHBIN Kypcop K Kparo OKHa CXEMbl, OKHO OyJE€T aBTOMaTHYECKU
MIPOKPYYUBATHCS.

[lepemecTuTe ykazaresb MBIIIKH K KPat0 OKHa cXxeMbl. Kypcop MBIIIKHM TPUMET BHJT «OOIBIION
cTpenkuy. ll{enkHuTe WK yaep>KuTe JIEBYIO KJIABUIIY MBIIIKH, YTOOBI IPOKPYTUTH CXEMY:

nll - Schematic =10 x|

Sheet Shift | Chil | Click t

B pexume Selection be YCTAaHOBHUTEC YKa3aTCJIb MBIIIKH Ha ITYCTOC MECTO, HAXKMHUTEC U
ynepxute knasuiny Shift, 3arem menkaute n neperammre cxemy. Kimaumra Shift Bpemento
nepekarount padoty B pexum Scrolling (mpokpyrka).

Haxxmute u yaepskure knasuiry Ctrl u moBepHUTE KOJECHKO MBIIIKH [UIsi TOPU3OHTATBHON
MPOKPYTKH.

Haxxmure u ynepkute kiaasuiry Shift 1 moBepHUTE KOJIECUKO MBIIIKH JIJIsl BEPTUKATLHON
MPOKPYTKH.

Hcnone3yiite ropsure kiaBuim kiasuarypsl Shift-Up, Shift-Down, Shift-Right, Shift-Left.

B pexume Scrolling M menxaure u neperammre cxemy, win Haxmute knasumm Up, Down,
Right, Left.

Haxxmute kiapuiry Home, uto6sl OTIIEHTPOBATH KypCOp Ha dKpaHe

VYKaKuTe U JBaX/IbI IETKHUTE MBIIIKOH 110 cXeMe, YTOOBI YCTAHOBUTH KypCOp U OTLIEHTPOBATH
€ro Ha DKpaHe.

Jlnist MacITabMpoBaHUs CXEMBI UCTIOIB3YHTE JIH000H U3 CIENYIOINUX METOI0B:

HOBepHI/ITe KOJICCUKO MBIIIKHU IJI YBEIIMUYCHUA U YMCHBIICHU A Macmraoa.

[[lenkHUTE MO KHONKE MHCTPYMEHTAIBHOW MaHEIN WM UCIIONIB3YHUTE TOPSTYMeE KIIABUIIN
KJIaBUATYPBI:
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PgUp - yBenuuenue
PgDn - ymensiieHue
Ctrl-Home — BeiBecTH cXeMy HE BECh IKpaH

O O O O

FHHE Lo

Shift-Home - BbiBecTH BBIICICHHYIO YaCTh CXEMbI HE BECh IKpaH

o lllenxkHKTE IPaBOK KHOMKOM MBIIIKK M BRIOEPUTE CTPOUYKY KOHTEKCTHOTO MeHIO Z00M, 3aTeM
BBIOEpUTE MacTad B mporeHTax (25%...250%).

Broigenenue u coOpoc BblAeJIeHUSA

e  Uto06EI BBIACINTH OAWH CXEMHBIN QJICMCHT, YKAKUTC HC HCT'O U IICJIKHUTC 110 HEMY.

e UroObl BBIIEIUTH 00K, yCTAaHOBUTE KypCOp Ha IIyCTOM MECTE, IEJIKHUTE U PACTAIIUTE
psSIMOYTOJIBHUK BhIZeTICHUs. B 3aBucuMoctH 0T coctosinus kinasuin Ctrl u Shift B MomenT
OTITYCKaHUs KJIABUIIIH MBIIIKH, MOKET OBITh C/IETIaHO CIICIYIOIIEe BhIICICHUE:

o Kiasummu ne Haxatsl. ToJbKO KOMIIOHCHTSI, ITIOJIHOCTBIO ITIOMCIIICHHBIC B 0051acThb
BBIJACIICHUA, TOJIBKO 4YaCThb COCHHHGHHﬁ, IoIaBIIas B 00J1acTh BBIJICIICHHUA. BI)II[CJICHI/IC
OIrpaHUYCHO IPAMOYT'OJIbHUKOM.

o Kiasuma Ctrl saxxara. Bce KOMIIOHEHTHI M COEAMHEHUS C JTII000M Y4aCThIO B BBLICIICHHOMN
oOnactu. Beienenue He OrpaHUYEHO MPSIMOYTOJILHUKOM.

o Knasuma Shift naxara. TonbKo KOMITOHEHTEI M COEAMHEHUS, TIOJIHOCTRIO ITOIIABIINE B
00J1acTh BBIIEJICHHS. BhIIcIeHrne OrpaHUYEHO MPSMOYTOIbHHKOM.

No keys depressed Ctrl key depressed Shift key depressed

e Uro0Obl 700aBUTH HOBOE BBIJENIEHUE K YK€ CYIIECTBYIOIIEMY, HAKMUTE U yIEPKUTE KIABUIILY
Ctrl, BeraenuTe HOBBIN DJIEMEHT WIIM HOBBIH OJIOK.

e Jlnst BeIZENIEHUS BCeX eMeHTOB Haxkmute Ctrl-A.

e |llenkHHTE MPaBOM KJIABHUILIEH MBIIIKHU IO BBIIEIEHHOMY JIEMEHTY U OTKPOMTE KOHTEKCTHOE
MEHIO.

e Bri6op xomansr Select Net B KOHTEKCTHOM MEHIO BBIZICTISIET 3JIEMEHT CXEMBI CO BCEMH
NPUXOJSAIIMME K HEMY TPOBOJHUKAMH, a TAK)KE YaCTH CXEMBI, IOJCOCTMHEHHBIE K HEMY
nocpeacTBoM 3tukeToK (labels), Bkimovas npyrue JTUCThI.
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e [lpu nepemenieHny CXEMHOIO Kypcopa aBTOMaTUYECKHU BBIIEISAETCS 3JIEMEHT 11O KYPCOPOM.
e YtoOBI CHATH BbI/IETICHUE, HICTKHUTE HA ITyCTOM MECTE CXeMbI MM HaxmuTe ESC.

e UroObI CHATH BBIJICIICHHE OJIOKA, IEPEMECTUTECH U IIETKHUTE TI0 TyCTOMY MECTY BHE OJIOKa WIIH
Haxmute ESC nBaxxbl. [lepBoe HaxkaTue yganser npsaMoyroibHHUK 0JI0Ka, BTOPOE CHUMAET
BbIJIEJICHUE BCEX 3JIEMEHTOB.

O cxeme ¢ BbII€TICHUEM, OTPAHUYECHHBIM MTPSIMOYTOJILHUKOM, TAK)KE TOBOPSIT, YTO CXEMa
HaXOJUTCsI B PEXXUME GblOe1eHUs D10KA.
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Ynanenue

Y10o0BI YAaIUTh 3JIEMEHTBI, BBIJICIUTE SJIEMEHTBI HITH OJIOK, 3aTeM Hakmute Del, niu menkaute mo
kHonke Delete x -

YroObl yaanuTh BeCh JIUCT, MISTKHUTE MPAaBO# KiaBuIlel 1o 3akiuaake Sheets selection, 3arem
BeIOCpHTE KOMaH Ty Remove sheet B konTekcTHOM MeHI0. CXeMa JJOJKHA UMETh XOTs Obl OJTHH JIUCT,
TaK YTO MOCIEAHH JTUCT HE MOXKET OBbITh yAaJeH.

HepeMemeHne H KOIMUPOBAaHUE

e  Uto06EI MNEPEMECTUTD DJICMCHT, IICIIKHUTC 110 3JICMCHTY U ICPCTAIUTC €TI0 B HOBOC MCCTO!

e  Yr1o0bI MEPEMECTUTH 3JIEMEHT CXEMBI C «PE3UHOBBIMH CBS3SIMUY, yaepkuTe Kiasuiny Shift,
LIEJIKHUTE I10 3JIEMEHTY U IEPETAIUTE B HOBOE MECTO:
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YroObl MepeMecTUTh OJIOK C «PE3NHOBBIMHU CBS3SIMUY», HAKMHUTE U yaepxkurte kiasuiny Shift,
LIEJIKHUTE IO BBIJICJICHUIO U TIEPETAIINTE B HOBOE MECTO.

Yr1oObl CKOITMPOBATH AIEMEHT, yaepkuTe kiauiny Ctrl, mejakHuTe Mo HeMy U IepeTaiuTe B
HOBOE MECTO.

YToObl CKOMPOBATH ANEMEHT C «PE3MHOBBIMHU CBSI3siMIY, yaepkute kinapuim Ctrl u Shift,
IIEJIKHUTE I10 3JIEMEHTY M IIEPETALIUTE €ro B HOBOE MECTO.

YT1o0OBI CKOITMPOBATb 6J'IOK, YACPIKUTEC KIIABUITY Ctrl, MICJIKHUTC 110 BBIACJICHUIO U IICPECTAIIUTC
€ro B HOBO€ MECCTO.
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e Yrto0bI CKOMUPOBATH OJIOK C «PE3MHOBBIMHU CBSI3AIMUY, yaep:kute kinasuiu Ctrl u Shift,
IIEJIKHHUTE 10 3JIEMEHTY M MIEPETAIMTE €r0 B HOBOE MECTO.

Omnepauuu nepemMeneHus/KonupoBaHUs MOTYT TaKKe BBINOIHATHCS C IOMOILBIO CTAHJAPTHBIX KOMaH{
meHro 1 ropstunx kinasuit: Edit | Copy (Ctrl-C), Edit | Cut (Ctrl-X) u Edit | Paste (Ctrl-V). Takxke
BO3MOJKHO UCIIOJIb30BaHUE ITHX KOMaH/ Ul NepeMECHHsI/KOTMPOBAHU 3JIEMEHTOB Ha JPYTyIo
CTpaHully, B Apyroil nokymeHTt uinu NLS npunoxenue.

Korga xoMnoHeHT nepeMeniaeTcsi Ui KOnupyercs
MOBEPX CYIIECTBYIOILIETO MPOBOIHUKA, YaCTh
MIPOBOJIHUKA T10]T KOMIIOHEHTOM YJaJISIeTCsl, TaK YTO
yIaJsTh MPOBOJHUK BPYYHYIO HE TpeOyeTcs:

Orkiarounts ¥ BKJIUUTH (Disable and Enable)

DJIEMEHTBI CXEMbI MOTYT OBITh «BKJIFOUCHBI» HJIH «BBIKIIFOYCHB». BBIKITIOUEHHBIC DJIEMEHTHI TOKA3aHBbI
«disabled» 1BeToM ¥ He HCNIOIB3YIOTCS TIPU CUMYJISIIUU. BO3MOXKHOCTB ceTaTh 3J€MEHT
«BBIKJTFOYEHHBIMIY MTO3BOJISIET BPEMEHHO MCKITFOUUTh €r0 U3 CUMYJISIIIMN 0e3 YIaJICHUS U3 CXEMBI.
YToOBI BHIKITFOUUTB DJIEMEHT, IEIKHUTE NPAaBOW KJIABUILEH MBIIIKH MO BBIZCICHUIO H BBIOCPHUTE
komany Disable u3 konTekctHOrO MeH!0. UTOOBI BKIIFOYHTE 3JIEMEHT, BeIOepuTe Komanay Enable.
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IMoBepHyTH, OTPa3uTh, NepeBepHyTh (ROtate, Mirror, Flip)

Y100l K3BMEHUTH OPUEHTAIIMIO JIEMEHTA CXEMBI, HCITOIb3yiiTe KoMaH bl Rotate (mosepuyts), Mirror
(oto0Opasuts) u Flip (mepeBepHyThH):

+ o Rotate right (Ctrl-R). IToepuyTs BripaBo (110 4acoBO#i CTpPEIKE).

+1 o Rotate left (Ctrl-L). IToBepayTh BiicBO (IIPOTHB YaCOBOM CTPEIIKH).

ia ® Mirror (Ctrl-M). 3epkaibpHo 0TOOpa3uTh (BOKPYT BEPTUKAIBLHON OCH).

2. Flip (Ctrl-F). [lepeBepHyTb (BOKPYT TOPHU3OHTAILHON OCH)

Rotate right Rotate left Mirror Flip

OTHU KOMaH/Ibl MOTYT OBITh TPUMEHEHBI K BBIICIEHHOMY OJIOKY:

Select block

Mirror Flip
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UtoObl NOBEPHYTH OJIOK, BBIIEIUTE €r0, 3aT€M IIOMECTUTE KypCOp Ha LIEHTP BpaIleHUs BHYTpU OJIOKa:

Select block

Rotate left

v

dopmar

Bce aneMeHTBI cCHauaa pa3MenarTes Ha CXeMe C IpelyCTaHOBICHHBIME CBOMCcTBaMu (COlOr - BerT,
width - mupuna, style - crue, font - wpudT u T.71.). YT0oOBI OTGOPMATUPOBATH BBIJCICHHBIN 3JIEMEHT,
IICJIKHUTE MTPABOM KIIABUILCH MBIIIKH [0 BBIICIICHUIO U BbIOEpUTE KoMaHay FOormat u3 KOHTeKCTHOTo
MeHI0, Wi BbiOepuTe koManny Edit | Format B ocaoBHoM MeHro. [osiBuTcest inanoroBoe okuo Format:

Format x|
Selection | Attributes I

[~ Show zelection in nomal colors

— Schematic
= |1 vl Line width -
B Ground
A I'IEIEI vl Font size (%) [ Companent
[ ] attibutes
Feset to default |
— Drawings

= |1 "I Line width [ ]Line

[ Tewt
= [—— s
A _—Eg = Tedtalgnment 3 Select Font
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I[OCTYHHBI 6y,[[yT TOJBKO CBOﬁCTBa, MPUMCHUMBIC K BBIICJICHHBIM 3JICMCHTAM. HaHpI/IMCp, €Cilin
BBIJICJIEHBI TOJIBKO MTPOBOIHUKH, BCe OIS, Hckiarouas Schematic Line width (mupuna musuii cxeMsl) u
Wire color (uBet npoBoHuKa), OyAYT HE JOCTYIHBI. Eciu BEIOpaHBI 2JIEMEHTBI, HMEIOIINE Pa3HbIC
3HAYCHUS OJTHOTO M TOTO Y€ CBOWCTBA, COOTBETCTBYIOIIKE IIOJISt OYAYT JOCTYITHBI, HO OCTAHYTCS
IMyCTBIMHU. OcraBuB ux IMyCTBIMHU, Bbl OCTABUTC MHAUBHUAYAJIbHBIC 3HAYCHUA oe3 I/I3MeHeHI/II71, HMHa4Y€ OHU
HPUMYT OJIHO M TO K€ 3HAYCHHE.

e Show selection in normal colors. Koraa otkpbiBaercs nuanoroBoe okHo Format, sce
BBIJEIICHHBIE 3JIEMEHTHI HMEIOT OJMHAKOBEIM, «Selected» uBer. YcranoBuTe 3TOT (hi1aXKOK,
yTOOBI BUJETH BCE DJIEMEHTHI C UX OOBIYHBIM I[BETOM.

Schematic (cxema).

e Line width. [llupuna MuHKI BBIIEIEHHBIX 3JIEMEHTOB CXEMBI: IPOBOJIHUKOB, KOMIIOHCHTOB,
STUKETOK U 3€MIJIH.

A o Fontsize. Pasmep mpudra arpuOyTOB KOMIIOHEHTA.
e Color. [IBaxapI MIETKHATE IO MyHKTY B CIIUCKE, YTOOBI H3MEHHUTH IBET.

e Reset to default. BepayTb Bce cBOWCTBA K IIPETyCTAHOBICHHBIM.

Drawings (pucynkn).

e Line width. llupuna TuHMI BBIAETCHHBIX PUCYHKOB: JIMHHMA, PSIMOYTOJLHHUKOB, OBAJIOB U
TEKCTa.

e Style. Ctunb aMHUIT 111 PUCYHKOB.

S o Arrows. YCTaHOBHT CTPEJIKH IS JIMHUM.
A ¢ Text alignment. BeipaBHuBanue Jiss MHOTOCTPOYHOTO TEKCTA.
%i e Select font. Bei6parh mput 1st TeKCTa.

e Color. Z[Ba)KI[BI MICJIKHUTC 110 MYHKTY B CIIMCKC, YTOOBI H3MEHHUTH OBCT.

e OK. [IpMEeHUTH H3MEHEHUS U 3aKPBITH OKHO.
e Cancel. UrHopupoBaTh H3MEHEHHS U 3aKPBITh OKHO.
e Apply. [IpumeHNTHh N3MEHEHUS HE 3aKPbIBasi OKHA.

OTMeHUTH M BRINOJHUTH MoBTOpHO (UNndo, Redo)

YToObl OTMEHUTH U3MEHEHHSI CXEMbI WJIH TTApaMETPOB KOMIIOHEHTOB, HakmuTe Ctrl-Z nnu menkauTe
kuaonky Undo button ¥ . YToObI BBIMOIHUTE OTMEHEHHYIO OTIEPAIMIO MOBTOPHO, Haxkmute Ctrl-Y,
WK TeNKHUTE KHONKY Redo ru . Konm4ecTBo OTMEHEHHBIX ONepalii, KOTOPOe MOKHO BBITIOJTHUTD
MOBTOPHO, HE OTPAHUYCHO.

Pa3mep Oydepa oTMEeH HEOTpaHUYECH, U TIPEAOTIPEACIICHHON YCTAHOBKOM SIBISIETCS XPAaHEHHUE BCEX
W3MEHEHUH, CIeJIaHHBIX C MOMEHTA CO3/IaHUS CXeMbI WIIH 3arpy3Ku cxeMbl u3 (aiina. bydep ounmmaercs
B MOMEHT COXpaHeHHUsI cxeMblI B ¢aiine. OaHaKOo AJis ONTUMATBHOW MPOU3BOIUTEIHFHOCTH pa3Mep
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Oydepa MoxeT ObITh OrpaHUYCH Ha cTpanuile Document nuanoroBoro okua Preferences. Tam ke
MOkHO u3MeHuTh ommuio “Clear Undo buffer on schematic change” uro6sr He ountiats 6ydep Bo
BpeMs coxpaHeHus (aiina.

B HACTOAIICC BPpECM OIlCpalvs OTMCHBI HC paCIIpOCTPaAHACTCA HAa U3BMCHCHU A ITapaMCTPOB KOMIIOHCHTOB
CACJIAaHHBIX U3 CKPUIITA, ITPU OIITUMHU3AalINU U IIPU BBIIIOJHCHHHU OII€palliu «Sweep».
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KomaHnabl peiakTupoBaHusi CXeMbl

CJIGILYIOH_II/IG KOMaHAbI pEAAKTUPOBAHUSA CXCMbI, KHOIIKA U I'OPAYUC KJIaBUIIH, JOCTYIIHLI B OcHOBHOM
MCHIO, Ha OCHOBHOI I/IHCTPYMGHTaJIBHOfI ITaHCIIH, HHCTPYMCHTaHBHOﬁ ITaHCJIN CXEMBbI U KOHTCKCTHBIX
MCHIO CXEMBI.

e Show schematic window (F2). [Toka3aTh OKHO CXEMBI.

3% o Schematic Tools. MHCTpyMeHTHI paboTHI CO CXEMOIA.

w e Check schematic. [Tposeputs cxemy.
e Sheets. OTkpbITh quaioroBoe okHo «Sheets» (JIuctsr).

B o Groups. OTKpeITH AuaToroBoe okHO «Groupsy» (I'pymmsl).

e Parts list. I[Toka3ars cIMCOK KOMIIOHEHTOB B OKHE Properties.
o Attributes >

o Name. [lepekntoueHre oToOpaKeHUsI UMEHH aTprOyTa.
o Value. IlepekitoueHre 0TOOpaKECHHsI BEIMYUHBI aTPUOYTA.

& ¢ Image >
o Copy to clipboard. CxonupoBars u300paskeHre OKHa cXeMbl B Oydep oOMeHa.
gp O Save as BMP. Coxpanuts n3o0pakeHre OKHa cXeMbl B (aiiie popmata «bmp».
;e o Save as JPG. CoxpaHuTh n300pakeHre OKHa CXeMbI B (aiiiie popmara «jpg».

e Cut (Ctrl-X). Beipe3ats BblieIeHUE (CKOTUPOBAThH B Oy(ep 0OMeHa U yIaInuTh)

e Copy (Ctrl-C). Cxomuposarts BbiiesieHIE B Oydhep oOMeHa.

Paste (Ctrl-V). BcraButs u3 0ydepa oOMeHa.

e Delete (Del). Y nanuts BeigencHue

e Undo edit (Ctrl-Z). OtMeHuTH Onepanuio.

R O

e Redo edit (Ctrl-Y). BoIogHUTE TOBTOPHO OTMEHEHHYIO OTIEPAIIHIO.
e Select All (Ctrl-A). BoinenuTh BCe 3JIEMEHTBI CXEMBI.

e Select Net. Boiienuth 21€MEHT ¥ BCe TPOBOHHUKH, MTOJICOSANHEHHBIC K HEMY HETOCPEICTBEHHO
U Yepe3 STUKETKH (BKIII0Yasi APYTUe JHUCTHI).

e Format. CDOpMaTI/IpOBaTB BBIACJIICHHBIC DJICMCHTBI.

e Preferences. OtkpbiTh AuanoroBoe okHo Preferences.

Help (F1). ITomoripb 00 okHe cxeMbl. J[J1s1 TOMOIIHM O KOMIIOHEHTE, BBIJCIIUTE KOMIIOHEHT U
Haxxmute F1.

b

IManens uncrpymentoB (Toolbar) u konrexkcTHOE MeHIO

[; o Selection. Bxmounts pexum Selection.
b e Draw wire. Bkmounts pesxum Wire.
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e Scrolling. Bxmrouuts pexxum Scrolling.

. o Draw line. Bkirouuts pexum Line.
e Draw rectangle. Bkirounts peskum Rectangle.
e Draw oval. Bxitounts pexxum Oval.

e Insert text. Beectu u pa3MecTUTh Ha CXEME TEKCT.

E5

L

]

-

x| o Insertvariables. PasmecTuTs Ha CXeMe CIIMCOK IIEPEMEHHBIX CXEMBI.

&, e Zoom-in (PgUp). YcraHoBUTE Kypcop B LIEHTP U YBEIUYHUTEH CXEMY.

=L ¢ Zoom-out (PgDn). YcTaHOBUTE KypcoOp B LEHTP ¥ yMEHBIIUTE CXEMY.

[l e Schematic to the screen (Ctrl-Home). Bsisect cxeMy BO BeCh 9KpaH.

4 e Selection to the screen (Shift-Home). BbiBecTH BbIIEICHHYIO YaCTh CXEMbI BO BECh SKPAH.
-

i+ e Rotate right (Ctrl-R). [ToBepHYTb BbIIEICHHBIH IEMEHT, 610K, HIH HOBBIA KOMIOHEHT
HarpaBo (110 YaCOBOM CTPENKe).

£ e Rotate left (Ctrl-L). [ToBepHYTb BbIICICHHEII 31€MEHT, OJIOK, UM HOBbII KOMIOHEHT HAJIEBO
(IpOTHUB YaCOBOW CTPEIIKH).

win ®  Mirror (Ctrl-M). OTpasuts BblieJI€HHBII SIEMEHT, OJI0K, MM HOBbI KOMIOHEHT (BOKPYT
BEPTUKAIbHON OCH).

i~ o Flip (Ctrl-F). IlepeBepHyTh BBIICICHHBII JIEMEHT, OJIOK, MM HOBBI KOMIOHEHT (BOKPYT
TOPU30HTAIBHOM OCH).

+ o Next view. BeiOpath cieayromuii Bi/] BbIISICHHOTO UK HOBOI'O KOMIIOHCHTA.
A* o Rotate attributes (Ctrl-T). [ToBepHyTb aTpuGYTHI BHIICICHHOIO KOMIIOHEHTA.
28| o [Edit text. PegakTupoBaTh BBIIEIEHHBIH TEKCT.

e Run script. BeINONHUTE CKPUIIT U3 TEKCTA.
1F

e Edit component. OtkpsiTh quanorosoe okuo Edit component. JlocTymHo TOaBKO A5
“customized” KOMIOHEHTOB (KOHPUTYPHPYEMBIX MOJIB30BATEIIEM).

@ e Open subcircuit. OTKpeITH aiis, B KOTOPOM HAXOMUTCA MOACXEMA KOMIIOHEHTA. J[OCTYITHO
TOJIBKO JIJIsl KOMITOHEHTOB ¢ Mozeibto SUDCIY, ecii 3a1aHo ums (haiisia moacxemeol.

e Enable. BkirounuTs BbII€IEHHBIE DJIEMEHTHI.

e Disable. BeikitounTs BBIIEIEHHBIE YIIEMEHTHI.

e Add trace »

W o Voltage. [lo6aBuTh KpHBYIO HAIIPSHKEHHS TIEPEXOTHOTO MPOIecca ISl BBIACICHHOTO
KOMITIOHEHTa. Eciiu BhIZIesIeH TPOBOIHUK, CHavYana OyaeT 100aBjieHa HOBast STUKETKA.

I o Current. JJo6aBuTh KPUBYIO TOKA [IEPEXOTHOTO MPOIECCA TS BBIICIEHHOTO
KOMIIOHEHTA..

>4 Power. JIo6aBUTHh KPUBYIO MOIIHOCTH JIJISl BEIIGTICHHOTO KOMIIOHEHTA..

¥ o AC Voltage. [lo6asuts kpuByto AC HanpsiKeHUs JUIs BBIIETIEHHOTO KOMIIOHEHTa. Eciu

BBIJACJICH ITPOBOJHUK, CHAYaJIa 6yI[CT ,Z[06aBJ'ICHa HOBas 5THUKCTKaA.

AC Current. Jo6aButs kpuByr0 AC ToKa JIJIs BBIJICJICHHOTO KOMIIOHEHTA.

o O

@ 2~

Set AC Source. OnpenenuTs BbIICICHHBIH KOMIIOHEHT Kak HCTouHUK it AC aHamm3a.
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e Zoom »

o

25%...250%. MacmrabupoBaTh CXeMy B 33JaHHBIX IPOLIEHTAX.

KaaBuaTtypa u ropsiune KjiaBullu

CJ'ICI[YIOIHI/Ie KJIaBUIIIN KJIaBUATYpPbl U IOpAYNE KIIABUIIW MOXXHO HCIIOJIB30BATh IIPU PECAAKTHPOBAHUUN

CXCMBI.

e Ilpo6ex (Space).

@)
©)

e Home.

B pexxume Selection: nepexirountbes B peskum Wire.
B npyrux pexxumax: IMepeKIrounThes B pexxum Selection.

LlenTpupoBaTh Kypcop Ha SKpaHe.

e Tab. [TepekntounTh 0TOOpakeHUE aTPUOYTOB (MM U 3HAYCHUE). ).

e Enter.
(@]
(@]

o

e [Esc.

OO O O O O

o

B pesxive New component: mocTaBuTh KOMITOHEHT.

Ha KOMITOHEHTE HIIH STUKETKE: TIEPEKIIOUUTBCS B OKHO KOMITOHEHTOB ST
PEIaKTHPOBAHMUS TAPAMETPOB.

Ha npoBoHHKE HJTH ITYCTOM MECTE: MOCTaBUTh HOBYIO 3THKETKY (label).

B pexxume New component: oTMEHUTb.

B pesxxume Block selected: yaanuts pamky 61oka.

[Tpu pucoBaHuyM MPOBOJHKKA, JIMHUH, IPSIMOYTOJIbHUKA HITH OBaJla: OTMEHHUTb.
[1pu BbIJICICHUH MBIIIKOI: OTMEHUTB.

Bce pexxumbl kpome Selection: nepekitountbes B peskum Selection.

CHATD BBIIETICHUE.

e Right, Up, Left, Down (knaBuiiy KypcOpHOW 4acTH KJIaBUATYPHI)

@)
©)
@)
©)
@)

B pesxive New component: mepeMecTHTh KOMITOHEHT.

B pexxime Block selected: mepemectuts BbieeHHeE.

B pexxume Selection: uaMeHuTh HanpaBJIeHUE Kypcopa, EPEMECTUTh Kypcop.
B pexxime Wire: u3MeHUTh HalpaBICHUE Kypcopa, HAPUCOBATh MMPOBOIHHUK.
B pexxume Scrolling: mpokpyTtuts cxemy.

e Shift-Right, Shift-Up, Shift-Left, Shift-Down. (ki1aBuiu KypcopHO# 4acTu KIIaBHATYPBI IPH
Haxxato# knasuiie Shift). [IpokpyTka cxeMsl.

o ¢’ (mouka). IlocTaBUTH COEAUHEHHE.

o ‘G’ ‘g’. [locraBuTh 3eMITIO.

o ‘A2’ ¢a’...°Z’. BpIOOp HOBOTO KOMITOHEHTA IO THITY OYKBHI.

° ‘+” 6_6

. Be16op crenyromiero/mpeasiaynero n300paxeHusi KOMIIOHEHTa U3MEHEHHEM BU/IA,

OTpaXXCHUA U IICPEBOPAUNBAHUSA, KOTIa 9TO IPUMEHUMO.
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Onepanuu ¢ MbIIIKOX

CJ'ICI[YIOIHI/IG onepanunu ¢ MBIIIKOM MOXHO HMCIOJIb30BaTh IIpu pEAAKTUPOBAHUUN CXEMBI.

Ilea4uok (J1eBast KJIaBMIIIA).
o Ha mycTtoM MecTe: CHATH BBIAEIEHUE, YCTAHOBUTH KYPCOP.
o Ha BeiienieHHOM GJIOKE: YCTAaHOBHUTH KypCOP.
o Ha aneMenre: BBIAEIUTD 3JIEMEHT.
o B pexume Wire: yctaHoBHTB Kypcop.

Ctrl-click. To e, 4TO ¥ HIETYOK, HO HE CHUMAET BhIJCICHUS (100aBICHHE K BBIICICHUIO).
Right-click. To ke, 4To 1 IIETYOK, IIFOC OTKPHIBAET KOHTEKCTHOE MEHIO.

JBoiinoii meauokx (Double-click).
o Ha KOMIOHEHTe WM STUKETKE: BBIICIUTE U MIEPEKITIOYUTHCSA B OKHO KOMIIOHEHTOB.
o Ha muauu, MpsIMOYroJbHHUKE WK OBajie: (OpMAaTHPOBATH 3JIEMEHT.
o Ha mycroMm mMecTe: yCTaHOBUTD Kypcop M LIEHTPUPOBATH IKPaH.

Ilemuok n neperackuBanue (Click and drag).
o Ha mycrom mecre: BbIIEIUTH OJIOK.
o Ha arpubyre: nepemMecTuTh aTpuodyT.
o Ha Bbienenun: nepeMecTHTh BbIICICHHE.
o B pexume Wire: pucoBaTh NPOBOIHUK.

Ctrl-click and drug.
o Ha IMyCTOM MCCTC: I[O68.BI/ITB 0JI0K K BBIJCJICHUIO.
o Ha BBIACJICHHUU: CKOITMPOBATH BBIJICIICHUC.
o B pexume Wire: pucoBaTh qraroHaabHbIH POBOJIHHUK.

Shift-click and drug.
o Ha IMyCTOM MCCTC: IIPOKPYTUTH CXEMY.
o Ha BBIACIICHUU: IICPEMECTUTD BBIJICIICHUC C KPE3UHOBBIMU CBA3AMMNY).

Ctrl-Shift-click and drug.
o Ha BBIACIICHHUU: CKOIIMPOBATDH BBIJICJICHUEC C «PE3UHOBBIMU CBA3AMU)).

Kosecnko Mpiimku. YBeInInTh/yMEHBIIUTH MaciiTad. CxeMa MacmTabupyeTcsi OTHOCUTEITLHO
TTO3UIINH YKA3aTeJsI MBIIIKH.

Ctrl- xosiecuko MbIIIKH. [IpOKPYTHTH TOPHU3OHTAIBHO.

Shift- konecuko Mpimkn. [IpOKPYTUTH BEPTHKAIBHO.
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KoMIoHeHTHI

NL5 noanep:xkuBaer okosio 60 TUIIOB KOMIIOHEHTOB. KaK/p1if TUIT KOMIIOHEHTA UMEET Ha3HAYCHHYIO
OYKBY, CHMBOJI 1 MOJICIIH.

BykBa uaeHTHGHUIIMPYET YHKIIMOHATIBHYIO TPYIITY KOMIIOHeHTa. HanpuMep, Bce TUITBI KOMIIOHEHTOB
¢ OykBoii S — 30 KiItouH (Tepexitouarenu). [lanens BeiOOpa kommonenTos (Selection Bar) umeet
3aKJIaIKy, MPeIHa3HAYCHHYIO JIUIsl Kax1oi OykBbl. Koraa mpu pa3MernieHnn KOMIIOHEHTA UCTIONIb3YeTCs
KJIaBHaTypa, KJIaBullia 6yKBBI OIPCACIIACT TUII KOMIIOHCHTA. MM xomnoHeHTa IO YMOJIHaHUIO
HAYUHACTCS C ITOM OYKBBI

CumMBOJ — 3TO I/I306pa}KCHI/Ie THIIa KOMIIOHCHTA: TO, KAK KOMIIOHCHT 0T06pa>1<aeTc>1 B cxeme. [1aHens
BbI60pa COACPIKUT CUMBOJIbI BCEX NJOCTYITHBIX TUIIOB KOMIIOHCHTOB

HexoTopbie KOMIIOHEHTHI SIBIISTIOTCS “ customized ” (KoHGHUTypHUpyeMBIE [TOJIb30BATEICM):
M300paKeHUE ITUX KOMIIOHCHTOB (pa3Mep KOMIIOHEHTA, KOJIMYECTBO, IMTOJI0KCHIE U HA3BAHUS BHIBOJIOB)
MOXeT ObITh CKOHpHUTYpHUpOBaHO B quaiorosom okae Edit Component. JTuamoroBoe 0KHO OTKpOETCs
ABTOMATHUYECKH B MOMEHT ITOCTAHOBKHM KOMIIOHEHTA, a TAKXKE MOXKET ObITh OTKPBITO B JTH000€ BpEeMst
MocJie TOro, Kak KOMIIOHEHT ycTaHoBJIeH. CM. pazaen Pedakmuposarue KOHpusypupyemozo
KOMNOHeHma I OpOoOHOCTEH

Moaennb onpesensier GyHKIIMOHUPOBAHKE KOMITOHEHTa. HarnprMep, HCTOYHHK HANPSUKECHHST HMEET
mozenu Pulse (ummysbe), Sin (cunycoumaa), Step (crynenbka), SUDCIr (moacxema) u apyrue. Kaxmast
MO/IeJIb UMEET Ha0Op MmapaMeTpoB, CBOMCTBEHHBIX 3TOM Mojienu. Mojiens 1 mapaMeTpbl KOMIIOHEHTa
MOT'YT OBITh YCTAHOBJICHBI B OKHE KoMitoneHToB (Components Window).

B s10i1 raBe npezcrasieHa obmas HHGopmalus 000 BceX KOMIIOHEHTax U Oosiee AeTajlbHas
nHpOpMAaLH 0 HEKOTOPHIX THIIaX KOMIOHEHTOB 1 napameTpax. Cm. Ilpuioskenue 1 1y netanbHOTO
OIMCaHUs BCEX TUIIOB, MOZEIIEN U TIApaMETPOB.

DopMy.Jibl

Bosbiiast yacTh mapamMeTpoB KOMITOHEHTA (YUCIIa) U BCE CXEMHBIC IEPEMEHHBIC MOTYT OBITh
ompezieeHbl Kak popmyJibl. DopMyria BCeria HAYMHASTCS CO 3HAKA PABEHCTBA «=):

=Varl*2
=R1/2
=max (R1,R2,R3)

Uto6s!l BBECTH (OPMYITy, HAITUIIUTE BHIPAKEHUE, HAUMHAIOIIEECS CO 3HAKA «=» U HAKMUTE KIIABUILLY
Enter. ®opmyna Oynet paccunTana 1 ee TeKylllee YUCIoBoe 3HaueHue OyneT otoopaxeno. Lllenxuure

10 M300paKEHHOH PSIZIOM KHOTIKE — , YTOOBI TOCMOTPETh WIIM PEIAKTUPOBATH (POPMYITY:

R Ohm |=R1%2 | Enter . g

click

R
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Ecnu Beipakenue q)opMynLI COZEPKUT onm61<y 1 HE MOJKET OBITh BBIUKMCIIEHO, 6yz[eT 0To6pa>1<eH TEKCT
#VAL BMECTO YHCIJIA.

YToOBI OUHCTHUTE (bOpMy.]'Iy, BBCINUTC HOBOEC BBIPAXKCHUEC WU YHCIIO 0e3 3HaKa paBE€HCTBA BMECTO

YHCIIOBOTO 3HAYCHUS, I HICITKHUTE TI0 KHOITKE =l , 4TOOBI TIEPEUTH B PEIKUM PEIaKTUPOBAHUS,
corpute hopmyny u Haxxmute Enter.

Ecimu hopmyina coiep>kuT MMsi KOMIIOHEHTA, 2 KOMIIOHEHT OB IIepeMMeHOBaH, Gopmyra OyaeT
aBTOMaTU4YecKku oOHOBIIeHA. DopMyITa He MOKET COJEpIKATh BPeMs U 3HAYCHUS, KOTOPHIE MEHSIOTCS B
MPOLIECCE BBIYMCIICHHUS, TAKUE KaK HAIIPSDKEHUE, TOK U MOIIHOCTD. L{ukindeckue cchliku (Koraa
HEKOTOPBIC U3 MapaMeTpPoB B POpPMYJIe YKA3bIBAIOT HA ATY ke POopMyITy) HE pa3penieHbl, U BBI3OBYT
coo01teHre 00 oImnoKe.

DOYyHKIUU

HekoTopsie mapamMeTpsl KOMIOHEHTOB MOTYT ObITh (pyHKIMeH. DYHKIINSI — 3TO BBIpaXXEHHE, KOTOPOE
[IepepacCUUTHIBAECTCS MIPU KAX/IOM IlIare BbIYMCIEHUs nepexoqHoro npouecca uinu AC ananusa. Kpome
4rcell ¥ UMEH, HEKOTOpbIe (YHKIIUU MOTYT UCIOIb30BaTh CIEAYIONIUE TIepEMEHHBIE:

t — TeKylee BpeMs MepeXoIHOTO MpolLecca, S.

f — Tekymas yacrora AC, Hz

w — Tekyas yriaosas yactora AC, w = 2mf .

s Wi p — napamertp Jlamiaca, s = p = j*2mf.

X,y — BXOJHOM cursai s moaenad Function.

V(name) — HampsbKkeHue Ha koMmroHeHTe Name. Kpusas V noimkHa ObITH pazpenieHa ajis
KOMIIOHEHTA.

I(name) — Tok 4epe3 kommoHeHT Name. Kpugas | qomxHa ObITH pa3perieHa it KOMIIOHEHTA.
P(name) — MOIITHOCTH HA KommoHeHTe Name. Kpusas P nqomkna ObITh paspemieHa s
KOMIIOHEHTA.

OyHKIMSA BBOJUTCS KaK BbIpakeHue 0e3 3Haka paBeHCTBa. Hanpumep:

sin(t*1000) * (14+cos (t*10))
(t32>1)21:-1

mag (x,y)

sq(V(rl))/rl

1/ (1+4s*R1*C1)

1000*f
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PenakTupoBanue kongurypupyemoro kommonenrta (customized)

Korna craButcs KOMIoHeHT KOH(MUTyprpyemoro tuma (Customized), cHadasna nosBIsieTCsl HaIoroBoe
okHo Edit Component. B 3Tom okHe MOXHO 33/1aTh pa3Mep KOMIIOHEHTA, KOJIMYECTBO M PACIIONOKECHHE
BBIBOJIOB, UMEHA BBIBOJIOB. 3aj1aiite moapamerpsl U Haskmute OK, 4TOOBI HOCTABUTH KOMITOHEHT.
YT0OBI pelaKTHPOBATH YK€ IOCTABJICHHBI KOMIIOHEHT, HICIKHUTE Ha KOMIIOHEHTE ITPAaBOM KHOITKON
MBIIIKK ¥ BeIOepuTe Komanay Edit component u3 KOHTEKCTHOTO MEHIO, WK IIETKHUTE KHONKY Edit
COMPONENt 44 B OKHE KOMIIOHCHTOB (Components window):

=

|
bW ML E YL e
c

<ho coder

I &

<no coder

Okno Edit Component BeIMISAUT MO-pa3HOMY JUIS Pa3HBIX KOMIIOHEHTOB, TaK KaK MapaMeTphbl
JOCTYIHBIE JUIsl pa3HbIX KOMIOHEHTOB MOTYT OBITh Pa3HbIMH. J{JIsl BCEX KOMIIOHEHTOB:

e Bribepure HOBBIE pa3Mepsl KOMIIOHEHTA U3 Bhinagaromux cnuckos Width (mmpuna) u Height
(BbICOTA).

e lllenkHuTe HA KBAJPATHBIX MapKepax, 4TOOBI T0OOABUTH/yIaTUTh BBIBOBI. Pa3HbIC KOMITOHEHTHI
MOT'YT UMETh Pa3HOE JOCTYIMHOE KOJIMYECTBO U MOJOKEHUE BBIBOJIOB.

e Haxmure OK, 94T00BI IPUMEHUTHh U3MEHEHHUSI U 3aKPBITh OKHO, i Cancel, 4To0bl 3aKphITh
OKHO 0€3 IPUHATHS U3MEHEHHH.

CYH_IGCTBYIOT CIICAYIOIME TUIIBI OKHA JIJIs Pa3HBIX KOMIIOHCHTOB.
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F - Custom function

%

[z =] widn . .
7 =] Heign e Maximum width: 32.
Names e Maximum height: 8.
Y | e Number of inputs: 0...8.
w2
i e Number of outputs: 1.

e Number of clocks: 0...1.

=l

v Default names

S d Cancel |

e VYcranosure ¢uaxxok Default names (mpeaycranoB/ieHHbIe HMeHA) YTOOBI TEHEPUPOBATh
HMMEHA BBIBOJIOB aBTOMATHUYECKHU.

e (CHumunre (1)1121)1(01( Default names, 4ro0sI BBOIUTE IIPOU3BOJIbHBIC UMEHA BBIBOJOB B OKHE
Names.

L - Custom coupled inductors
W - Custom transformer

x

=] Heich e Maximum width: 1.
e Maximum height: 32.
e Number of windings: 1...9.

S d Cancel |

° H_[CJ'IKHI/ITC Ha KBaJIpaTHbIX MapKepax, YTOOBI BBI6paTB Ha4daJl0 1 KOHECI] OOMOTKH.
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X - Custom block (Subcircuit)

e Maximum width: 32.
e Maximum height: 32.
e Number of pins: 1...128.

X —Code
x|
[z =] widin ] ]
[F =] Heio e Maximum width: 32.
" e Maximum height: 32.
3 <] e Number of inputs: 0...32.
:13 e Number of outputs: 0...32.
ﬁg e Number of clocks: 0...1.
¥
[~
v Default names
ak |
v

e VYcranoBure daxxok Default names (mpexycranoBiieHHbIe MMeHA) YTOOBI TEHEPHPOBATH
MMEHa BBIBOJIOB aBTOMATHYECKH.

CHumnTe q)nancox Default names, 4To0OsI BBOAUTE IIPOMN3BOJILHBIC MMCHA BBIBOJIOB B OKHE
Names.
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Y — Custom logic

*

-

‘widh
[+ =] Height Maximum width: 32.
Maximum height: 32.
Number of inputs: 1...32.

Number of outputs: 1.

K

Catcel |

|

Jlornueckasi pyHKIUsI KOMIOHEHTA, a TAK)KE HHBEPTHPYIOLIMIA-HEHHBEPTHUPYIOIHUI BBIXO/] BEIOHPACTCS
¢ nomorpio Buja komMronenta (ucnosb3yiite komanay Next view umm knonky 1% ).
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Pabora ¢ moacxemamMu

Monuens moacxemst (SUbBCIr) mo3BossieT co3aaBaTh IPOCTHIC H XOPOIIO YUTAEMbIC CXEMBbI C TOMOIIBIO
3aMEHbI HEKOTOPOU YaCTH CXEMbI OJIHMM KOMIOHEHTOM. Kor/ia HauMHAETCS CUMYJISIHS, KOMIOHEHT C
mozenbio SUDCIr 3amensiercst pakTUuecKol cxeMoid, 3arpyxaemoii u3 ¢aiina noacxemsl. SUbCIr
MO/IeJTb JOCTYITHA TIOYTH [UISl BCEX KOMIIOHEHTOB. J[JIsi HEKOTOPBIX KOMITOHEHTOB TUITa X 3Ta MOJIEIb
ABJICTCA CAMHCTBCHHO I[OCTyrIHOﬁ.

SubCir mozaenp umeer oMHAKOBBIC TTAPAMETPBI JIJIsl BCEX THIIOB KOMIIOHEHTOB!

; File Nmsa dbanna nogcxembl
SubCir | ® A
Pinl VIMs1 3TUKETKM NOACXEMbI, COEANHEHHOW C BbIBOAOM 1
PinN NMs 9TUKETKM NoACXeMbl, COeAMHEHHON ¢ BbiIBOAOM N
Cmd CrapToBas koMaHAHas CTpPOKa NoACXeMbl
IC CTpoka HavanbHbIX YCNOBUN NOACXEMbI
=
File — sTo nms (aiina moacxeMbl. BBenure ums aiina BPYYHYIO WJIU LIECIIKHUTE 10 KHOIIKE U

BbIOCPHTE MMs B THAJIOTOBOM OKHe. Paciupenue daiina “.nl5” MoxebT OBbITh OMYIICHO.

MOo’KHO HCTIOB30BaTh MOJIHBIHN MyTh K (ailiny, Hapumep:

C:\Program files\NL5\Projects\Modulator\clock gen.nl5

Opnaxo ecnu (aiis MoACXEMbI paCIOJIOKEH B TOW ke TUPEKTOPUH, YTO U OCHOBHOM (paiisl cXeMbl, WM B
AUPEKTOpUH onpeaeneHHon kak «/Iupexropus [Toncxem» (ctpanuia Application oxuna Preferences),
TO MOXKHO HCIIOJIb30BaTh KpaTKoe UMs (aiiia 6e3 myTH U pacumpenus (Hanpumep, «Clock_gen»).
Kpartkoe nms Takxke oToOpakaercs Ha cxeme. PekomenyeTcs aepxath (ailiibl oJIcXeM B TOH ke
JTUPEKTOPHH, YTO U OCHOBHOM (hailn cxemsl, win B «/Iupextopun [logcxem», Tak Kak 3TO O3BOJISET
UCIIOJIb30BATh KPAaTKUE UMEHA U JIeIaeT MPOEKT «repeHocuMbimM» (portable).

[Tapametpbl «Pinl»...«PiNNy HCHONB3yIOTCS /171 HA3HAYCHHUS BBIBO/IAM 2 5
KOMITOHEHTa STUKETOK, ONPE/IENIEHHBIX B nojicxeme. Eciin mMeHa 3TUKEeTOK He _f J®
BBEJICHBI JUISI BEIBOJIOB, HA N300pakKeHUU KOMIIOHEHTa 0TOOpa)karoTCcsl HoMepa (ﬂ basd
BBIBOJIOB B cCKOOKax. Korjia mmMsi 3TUKETKH OIpesielieHo, OHO 0ToOpaXkaeTcs: Ha 2)

SOUrce

n3o00paxeHnn KoMmroneHTa. JIro6oii mapameTp «PiNN» MOXeT OBITh ITyCTBIM, TO
€CTh COOTBETCTBYIOIIUIT BHIBOJI KOMITOHEHTA HE CBSI3aH C THKETKON TTOACXEMBI.

Cmd — 3T0 KOMaHIHAs CTPOKaA, MPUMEHSIEMas K MOJICXEME, ITOCIIE TOTO KaK OHa 3arpykeHa u3 (aiiia
(mepen Hauaom aHanm3a). CTpoka cocTOMT U3 KoMaH B hopmaTe «name=valuey, pa3aeacHHbIX
TOYKOM C 3aIATOH «;». DTO MO3BOJISIET UCIIOIB30BATh OJWH M TOT ke (haii MOJCXEMBI C
MOAU(PHUIIMPOBAHHBIMU 3HAYCHUSIMH TSI pA3HBIX KOMIIOHEHTOB. Hampumep:

R1=1k;R2=12k;Cl=5n
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rae R1l, R2 n C1 — KOMIIOHCHTHI IOACXEMBI.

IC — 310 TekcTOBast CTPOKa, aHaloruuHast cTpoke Cmd, HO cojieprkaliasi TOJbKO HaYalIbHbBIC YCIOBUSI
(initial conditions) mist koMIOHEHTOB MOACXeMbl. Hanpumep:

Cl.IC=10;02.IC=0

rae Cl u O2 — koMIoHeHTHI mojicxeMbl. B otiimune ot napamerpa Cmd, crpoka 1C moxer ObITh
aBTOMAaTHYCCKH MOAU(DHUIIMpOBaHa HEKOTOpbIMK KoManaamu. Komana Transient | Save 1C zamonusier
CTPOKY TEKYIIMMH HA4aJIbHBIMHU YCJIOBUSIMH BCEX KOMIIOHEHTOB B mojicxeMe. Komannia Schematic |

Tools, ctpanuma Initial Condition: npu ycranosnennom ¢uaxke Set subcircuits to empty (no IC) sra
CTpOKa OyAeT OYHuIIeHA.

[Mapamerpst Cmd u IC MoryT OBITH OTPEIAKTHPOBAHBI MPSIMO B CTPOKE NIApaMeTPa, WK B CHICIIUATEHOM
JIUaJI0roOBOM OKHE, €CIIU LICJIIKHYTh KHOIIKY .

IToncxema Bceraa 3arpyskaercs u3 ¢aiina npu crapre cumynsauuu. Eciu nojncxema Obiia
MoauduIMpoBaHa, OHA TOJHKHA OBITH COXpaHeHa B (Daiiy mepe 3amyckoM cuMysiuu. VckiroueHnnemM
OyzeT citydaii, Korjia mojacxeMa U OCHOBHAsI CXeMa OTKPBITHI B TOM ke Ko (instance) npuiioskeHus

NLS5. B atom cinyuyae noacxema Oyaert B3sta npsamo u3 namsati NLS, Tak yTo coxpaHeHMs] U3MEHEHUH B
(aiin He TpedyeTcs

HpHMep HUCIIOJB30BaHUA IIOACXEMBI:

Schematic Subcircuit

X_B
Y IE ¥ I 0=
Name [Value [ [ | SubCi
Ll Fulse

R [«

File SubCir_2
HWF: ot Finl in | Crl |I:Ii|:k bo start zelection
Fin2 ot
Crnd
Ic
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Paoora ¢ PWL moaenanio

Mogaens PWL (“PieceWise Linear”— kycouHo-nuHeiHass (yHKIIHS) OMUCHIBACT HETMHEHHYIO
XapaKTePUCTHKY KOMIIOHEHTA KYCOUYHO-TUHEHHBIM PUOIMKEHHUEM, a TAK)KE OMMHUCHIBAET HEKOTOPHIC
KOMITIOHEHTHI C TapaMEeTPOM, YIIPABJISICMbIM HANIPSHKEHHEM WA TOKOM.

JI1s HeJTMHHEHBIX KOMIIOHEHTOB mapametp “pWI” — 310 «cTynenuarasy GyHKIHS, 3a1ar01asn
audgepeHnnaJbLHOE 3HAUCHUE TapaMeTpa Kak (GYHKUHUIO HANPSHKEHHUS Ha KOMIIOHEHTE WIIM TOKA Yepe3
komroneHT. Harpumep, napamerp “pwl” mis HenuHeRHOTO pe3uctopa 3aaaet auddepeHimanbHoe
COIPOTHUBIICHUE KaK (DYHKIIMIO HAMPsDKEHUS Ha pe3ucTope. Pe3ynbrupyroas KycouHO-TMHeHHas
BOJIbT-aMIIEpPHAas XapaKTEPUCTHUKA PE3UCTOPA BHIYUCIISIETCS] aBTOMATUUYECKU. AHAJIOTUYHO, ITapaMeTp
“pwl” my1st HeNMMHEHHOTO KOHIEHCaTopa 3a1aeT U GepeHIMaTbHYI0 €eMKOCTh KaK (yHKIIUIO
HaIpPsDKEHUS Ha KOHJIEHCATOPE, a Pe3yJIbTUPYIOLIas KyCOUHO-IMHEWHAs BOJIBT-KYJIOHHAs
XapaKTepUCTHKA BBIYUCIIAETCS aBTOMAaTU4YeCKU. B ciienyromieii Tabaule noka3zaHo, Kakue
«CTYTIEHYATHIC» TapaMeTPhl U KYCOUHO-TMHEHHBIC XapaKTePUCTUKH MPUMEHSIFOTCS JUIsl HEIMHEUHBIX
KOMIOHEeHTOB B NL5:

“Step-like” parameter | PWL characteristic Component
R(V) I(V) Resistor, diode, zener
R(I) V(1) Resistor
C(V) Q(V) Capacitor
L(I) H(I) Inductor
K(V) V(V) VoItqg_e controlled voltage source, operational
amplifiers
K(I) V(1) Current controlled voltage source
K(V) I(V) Voltage controlled current source
K(I) I(1) Current controlled current source

I”

JI71s1 KOMITOHEHTOB, YHPaBJIsieMbIX HANPsI2KEHHEM HJIM TOKOM, rapamerp “pwl” — 1o «crymenvaras»
byHKIMS, 33/1a10111as1 A0COII0THOE 3HAUCHHE TTapaMeTpa Kak (DyHKIUIO BHEIIHETO YITPABIISFOIIETO
Hanpsokerus (Vin) wim toka (lin). Hanpumep, mapametp “pwl” st pesurcropa ynpasisieMoro
HaIpsDKEHHEM 3a1aeT aOCOMIOTHOE COTPOTHBIICHNE KaK (QYHKIIMIO YIPABIISIONIETO HATPSKSHUS.

B CJ'IC,I[yIOH.[Cﬁ Ta6J'II/II_[e IMMOKa3aHbI «CTYIICHYATBIC) MMAPAMCTPhI IJII KOMIIOHCHTOB, YIIPaBJIACMbIX
HaIMpsHKCHUEM HJIM TOKOM.

“Step-like” parameter Component

R(Vin) Voltage controlled resistor

R(lin) Current controlled resistor
C(Vin) Voltage controlled capacitor
C(lin) Current controlled capacitor
L(Vin) Voltage controlled inductor
L(lin) Current controlled inductor
K(Vin) Voltage controlled amplifier
K(lin) Current controlled amplifier
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PWL monens pesucropa (R) onucana nvuxe B npumepe; PWL Mozaenu apyrux KOMIIOHEHTOB TaKkKe
MOXO0XH (C HEOOTBITMMHI H3MEHECHHSIMH ).

«CryneHyarslii» mapamerp «PWI» SBISETCS CTPOKOM ¢ pa3aeIeHHBIMH 3aMSTHIMUA 3HAYEHUSAMHU:
RO,V1,R1,V2,R2,.., VN, RN

rac:
RO - COIIPOTHUBJICHUE, II0KA a0COJIFOTHOE 3HAYEHUE HaIIps>KCHUS Ha pE3UCTOPE MCHBIIIC V1.
R1 - COIPOTHUBIICHUE, II0KA a0COJIFOTHOE HaIpsKCHUE Ha PE3UCTOPC MCXKIY V1 U V2,

RN - COIIPOTUBJICHUE, KOT'1a a0COJIFOTHOE 3HAYEHHE HaIIPsZKCHUA HAa PE3UCTOPEC 0OoBIIIE VN,

Benu4uHbI V1..VN JOJKHBI OBITH 331aHBI B BO3PACTAIONIEM MOpsiiKe. Pe3ynpTupyromiast Kyco4HO-
JMHEWHAs XapaKTePUCTUKA JIJIsl HETMHEHHBIX AJIEMEHTOB BBIYUCIISICTCS aBTOMAaTHYECKU M BCETIa
MPOXOAUT uepe3 Havano koopauHat (touka 0,0).

[TapameTp «pwWI» MOKeT OBITH CHMMETPHYHON UM HECUMMETPUIHOMN (DYHKITHCH.

CuMMeTpUYHBIN TapaMeTp ONpe/eieH Ha HHTepBaje OT HYJS JI0 IUTI0C OECKOHEYHOCTH,
OTpHIIATENIbHAS YaCTh BCEr/la CHMMETPUYHA
MOJIOKUTEIBHOU. J{J11 CHMMETPUYHOTO ]
napameTpa Bce HalpsHKEHHS V1..VN

noJioxkutenbubie. Cienyromue rpadpuxu R(V) u
I(V) mpezcTaBIisioT mapaMeTp U XapakTepUCTUKY,
orpezeNieHHbIE CTPOKOM: 5 2

0]

|—'-MLA.'I-I"-'~L|"‘I
—

1,1,2,3,5

HecumMmeTpnuHbIi TapaMeTp ONpPEeNeH BO BCEM JUANa30He: OT MUHYC A0 IUTII0C OecKkoHeuHOCTH. [lis
HECUMMETPUYHOT'O MapaMeTpa HalpsKeHUs

V1..VN MOTYT OBITh KaK MOJOXUTENbHbIMU, Tak 1 |Fl¥] a 1)
OTPHIIATEIBHBIMHE, HO TIPH 3TOM 00S13aTEIBHO 3

JOJKHO OBITh HANPSDKEHHE, PABHOE HYJIIO. 2

HyneBoe HampspKeHUE SBISICTCS TPU3HAKOM —
HECUMMETPHUYHOTO napamerpa. Creayromme ERCRE 5%

rpaduku R(V) u I(V) npeacraBnsioT napamerp u
XapaKTEPUCTHKY, ONIPEETICHHBIE CTPOKOM:

.5,-1,1,0,1,1,2,3,5
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[MTapametp “pwl” moxet OBITH OTpeaakTUpoBaH B quanoroBoM okne PWL. IllenkHuTe mo KHOIKE
cripaBa OT mapamerpa «PWI», 9T00BI OTKPBITH ANATIOTOBOE OKHO:

I Pl 1.1.2 ?

Tunnunerii Bug okHa PWL 1 ero oCHOBHBIE KOMITOHEHTHI ITOKA3aHbI HUKE:

CEFTE Ed

Toolbar —» @E|+-X||Ii|f

PWL parameter PWL characteristic
- -—
Fram, ¥ R Ok [Ta, v | z
1] 1.01330446707 200e-3
200e-3 114106826231 400e-3
G00e-3 1.81433352047 a00e-3
a00e-3 2 42683676678 1
Tab select 1 30456535745 inf
ab selection
—_—
= I=—| L I T I ak. Cancel

B BepxHeil yacTi OKHA HAXOAATCS TPadUKH «CTYIIEHYATOro» napamerpa “pwl” u KkycouHo-IuHeRHoM
XapaKTepUCTHKH (JUIsI HETMHEHHBIX 3JICMEHTOB). B HMKHE# YyacTH OKHA HAXOATCS 4 3aKITaIKK IS
BBO/Ia IaHHBIX U KOH(QUTYpalUH.

L4 HepeMeCTI/ITC KypCOp MOBEpX obiactu «pa3I[GJ'II/ITCJ'I$I»@ , 3dTCM HA)KMUTC JICBYIO KHOIIKY
MBIIIKHU U IEPETAIUTC Pa3aACIIUTECIIb, YTOOBI HK3MEHUTH pa3Mep MaHeeH.

° H_[eanK npaBoﬁ KHOIIKOM MBIIIKH Ha Fpa(bI/IKe BBI3bIBACT KOHTCKCTHOC MCHIO C
COOTBCTCTBYIOIIIMMU KOMaHIaMHU.

o [llenkaure OK 4TOOBI MPMEHUTH U3MEHEHHUS U 3aKPBITh OKHO, i Cancel yToObl 3aKphITh OKHO
0e3 M3MEHCHUH.
e [llemukom MO KHOMKAaM MHCTPYMEHTAIbHOM MAHEIN BBITIOJHSIOTCS CIEAYIONIUE ONIEpalliH:
u

=z o Ilpountars nanHble u3 daiina (B popmare “csv”).

E o Coxpanurs nannsie B gaiin (B popmare “csv”).
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ds o Split — «paciienuTs» BBIACICHHYIO CTPOKY.

= o Remove — y1aiuTh BBIICICHHYIO CTPOKY.

> o Clear — ouncturs Bce NaHHBIE.

A o Symmetrical — cuMMeTprUHas XapaKTePUCTHKA.

. o Non-symmetrical - HecumMMeTpuYHas XapaKTEPUCTHKA.

W o OOHOBUTH rpaduKu.

[ e “Table”. [TokassiBaeT “pwl” mapamerp B BUjIE TAOIMIIBI ISl PEAAKTUPOBAHHUSL.

o Bribepute cummeTpuuHbIi win HecumMmeTpuuHbii Tun PWL nmapamerpa, ucnosb3yst KHOIIKA
MHCTPYMEHTAJIbHOU MaHenu. 3aMeTbTe, YTO NEepBbIi napameTp From paseH Hy:mo Juis
CUMMETPHYHOTO, U «-IN» /17151 HECCUMMETPUYHOTO MapameTpa.

o Brigenute s4eiiky Tanuibl Ul peJaKTUPOBAaHUS ynciaa. MOXHO BBOAUTH U PEJAKTUPOBAThH
TOJIBKO 3HaYeHHUs 0. COOTBETCTBYIOLIME 3HAUCHUsI FIrom o0OHOBIISIFOTCS aBTOMAaTUYECKH.

o Arrow (ctpeinka) B mepBOi KOJIOHKE MOKA3bIBAET BBIICICHHYIO CTPOKY. UTOOBI BELACTUTH
CTPOKY, mienkHuTe B obmactu PWL nanHbIx.

o UYroObl cO37aTh HOBYIO CTPOKY, INEIKHUTE KHOMKY SPlit 4TOOBI «pa3iienuThy BhIICICHHYIO
CTPOKY, WJIH BBEIUTE YKCII0 BMecTO “iNf” B mocnenneit urpoke u Haxkmute Enter. Jlanubie
OyIyT OTCOPTUPOBAHBI ABTOMATUYECKHU.

o YrtoObl yJaJluTh CTPOKY, BBIAECIUTE CTPOKY U IIEIKIUTE KHONKY Remove.

o UYrobsl 00HOBUTH Tpaduku, HaxxMuTe Enter wiu menkaute kaonky Refresh.

= o “Add/remove”. 3aknaaka HUCIOIL3YETCS JIIs 0OABICHUE U YIAICHUS CTPOK B 33 JaHHOM
JIMaIa3oHe.

=p | Add points in the range IEI Frarm
o 1
- | Remove points in the range I Ta
|.1 Interval

“* o Jlob6aBuTh cTpOKH B AuamnazoHe From...To ¢ unrepsaiom Interval.

= o VYjamurth CTpoKHU B nuarnazone From...To.
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£ “Approximate”. ApoKUMHPOBATH TapameTp «PWI» Ui KycouHO-IMHEHHYIO
XapaKTepUCTHUKY 3a1aHHON (DYHKIIMEH.

I[+) | f[x)= |Hxsqrt[1+x"2]

= Approdimate uzing = Approximate I_-I From
exizting pointz in the range
[T Automatic update To
10 * | Intervals

I AT

st aToro:

o Bribepute ¢pynkmuro PWL napamerpa unm xapakTepucTuku (€Ciid JOCTYIHA JI JAHHOTO

KOMIIOHEHTA) U3 Bblajatoliero cnucka. Hanpumep, s PWL mozenu pesucropa BeiOepute
R(V) wm (V).

o Beeaure f(X) kak pynkuuio nmapamerpa X. Hanpumep, st xapakrepuctuku |(V) BBenuTe
GbyHKIHIO:
x/sqrt (1+x72)

o Haxwmute Enter wiun menkuure kaonky Refresh W , 4T0OBI 0OHOBHTH rpaduku. Eciu
BeIOpaHa ¢ynkius xapakrepuctiku 1(V), coorBercrByromias ¢pynkuus napamerpa R(V)
OyzeT BbIYKMCICHA aBTOMAaTHUYCCKH; ek BbiOpaHa ¢yukius napamerpa R(V), byHkuums
xapaktepuctuku (V) Oyaer BeryrciacHa aBToMaTHUeCKU. OyHKIUK OyIyT MMOKa3aHbl Ha
rpadukax.

—

,.:E.

=y
[y

T
| S

i
R
[y

tn
=
=]
i

La

o UroObl anmpoKUMHUPOBATh (QYHKIIUIO Ha CYIIECTBYIONIMX TOYKaX (CTpOKax TaOJHIIbI),
BBEJIUTE TOYKH BPYUHYIO Wi Ha 3aknaake Add/remove. Bol Takke cMoxeTe 100aBIsTh U
W3MEHSITh 3TH TOUYKH TO3/IHEE JJIs yIyUIIeHHUs] TOYHOCTH allpPOKCUMAIIUH.

[enkuure kHOMKY AppProximate using existing points = [Tapametp “pwl» Oynet
BBIUHCIIEH TaKUM 00pa3zoM, uToObl PWL xapakTepuctrka Obljla MaKCUMAIbHO IPUOIHIKEHA K
3aaHHol QyHKIMK. Pe3ynbTaThl OyyT 0OTOOpaXKeHbI Ha TpaduKax.
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[MoxGepute 3HaueHUS ToUYCK (BEMUYMHBI T0 B TaOJMIE JAHHBIX), HIH J00aBbTE HOBBIC TOUKH
(cTpoku TabnuIIkL) 1UISE HEOOXOAUMON TOYHOCTH ANMPOKCUMAIINH. Y CTAHOBUTE (DIaXKOK
Automatic update ist BBIOTHEHUS] aBTOMAaTUYECKOW arpoOKCHMAIHH TIPH JTFOOBIX
M3MEHEHHSX B TAOIMIE JAHHBIX WM U3MEHEHHS alllPOKCUMUPYEMO (pyHKIHH.

o Yrobsl AIllIIPOKUMHPOBATDH (1)YHKI_[I/IIO C aBTOMAaTHN4YCCKUM BBI60pOM TOYCK, 3az[a171Te AJUaIrta3oH
anmpokcumaru (From, To), u BeIOEpUTE KOTHUYECTBO HHTEPBAJIOB B 3TOM JIHAINIa30HE
(Intervals).

lenkuute kHONIKY Approximate in the range = [MTapametp “pwl» Oyzner BoruuciicH
TakuM obpaszoM, uToOsl PWL xapakTepucTika Obliia MAKCUMaIbHO MPUOIMKEHA K 3aIaHHON
¢bynkuuu. OTHOBPEMEHHO WHTEPBAIBI MEXK/TY TOUKAMHU alllPOKCUMAITIH OyIyT MOJ00paHbI
TaKuM 00pa3oM, YTOObI MUHUMHU3UPOBATh OIIMOKY armpOKCUMAIIMH B 33JJAHHOM JTHAITa30HE.
Pesynbrarel OymyT oToOpaskeHbl Ha rpaduKax.

T o “Settings”. 3akianKa HCIOIB3yeTCs ISt KOHPUIYPAIHH TPAQHKOB.

¥ Show Pl graphs v Show gridlines
v Show data points v Show numbers
v Show function

[~ Show appraximation errar, multiplied by: |'| A

B2 L P

Tak kak ommOKa anmpoKCUMAIK 0OBIYHO OYEHBb MAJICHBbKas, /IS BHIBO/IA OITMOKHK Ha Tpaduke
UCIIOJIb3YITE MHOKUTE.

93



E NL5 circuit simulator PykoBoacteo Nonb3oBaTtens

Pa6ora ¢ PWL ucrounukom

Mopens PWL (“Piece-Wise Linear’) Takke UCIIOIB3YETCS ISl OMMMCAHUS KYCOUYHO-JIMHEHHOTO
VCTOYHUKA HANIPSDKCHUS WIH TOKA.
[TapameTtp “pwl” 3Toii MoeNM 3a7aeT mapsl BpeMs/3HaueHHE B clieaytoiieM dpopmare:

T1,V1,T2,V2,..,TN, VN

rJie napa Ti, Vi ONnpeaesseT BeIMYMHy CUurHaia (HanpshkeHUe Wik TOK) B 3alaHHOe BpeMs. Bennunna
CUTHaJa MEeXy 3aJJaHHbIMU TOUKAMH UHTEPIIOIUPYETCS JUHEHHBIM 00pa3oM. 3HaUE€HUE CUTHAJA JI0
BPEMEHH T1 CYHMTAETCSA V1, TOCIE BPEMEHU TN - VN. BeIWUYMHBI T1..TN JIOJDKHBI OBITH 33/IaHBI B
BO3pacTarolleM Nnopsake. XoTsa CUTHAJ 3aJjaH Ha UHTEpBaJIe T1..TN, OH MOXET OBbITh 3a/iep:KaH UK
[UKJIMYCCKH MIOBTOPSTHCS YCTAaHOBKOM mapameToB koMmonenTa “Delay” u “Cycle”.

[TapameTtp “pwl” moxer ObITh OTpeaakTHPOBaH B quanoroBoM okue PWL. IllejaxkHUTE 110 KHOMKE
crpaBa OT rmapaMerpa «PWI», 4ToObI OTKPBITH AUATIOrOBOE OKHO:

I pwl 11.2 >

Tunumunsenit Bug okaa PWL 11 HCTOYHUKOB U €70 OCHOBHBIE KOMIIOHEHTHI IOKA3aHbBI HUXKE:

«

Toolbar ——» E’;n|x_|f|

PWL graph — |3 F~ --------------------- ............

2

m
T

PWL data —

cowh o

Kl
Tab selection ——» 0k |

B BepxHeii yactu 0kHa HaxoauTCs rpaduK cCUrHana. B HHKHEN 4acTH OKHA HAXOJATCS 2 3aKJIAIKHU JUIS
BBOJIa JaHHBIX ¥ KOH(PUTYpaIiu.

L4 HepeMeCTI/ITC KYypCOp HOBEPX obiactu «PasaCIaUuTCIIA» @ , 3dTCM HAKMHUTC JICBYIO KHOIIKY
MBIIIKHU U IEPETAIIUTC pa3aACIIUTECIIb, YTOOBI U3MEHHUTh pa3sMep MaHee.
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e [Ienyok mpaBoi KHOMKOM MBIIIKK Ha rpauKe BhI3BIBAET KOHTEKCTHOE MEHIO C
COOTBETCTBYIOIIMMH KOMaHaMU.

e Ilenkaure OK 4TOOBI IPMEHUTH U3MEHEHHS U 3aKPHITh OKHO, Wit Cancel 4To6sI 3aKPhITH OKHO
0e3 U3MEeHEeHU.

e Jl[ea4KOM O KHOIIKAaM MHCTPYMEHTAJILHOM IIAHEM BBIIOJIHAIOTCS CIEAYIOLIUE ONEPaLliN:
i o IIpounrars nanubic u3 daiina (B hopmare “CSV”).
E o Coxpaunurs nannsie B ¢paiin (B popmare “CSv”).

> o OuucTHTh BCE JaHHEIE.

W o OOHoBHTH rpaduku. DTa onepaius TakkKe COpTUPYET BBECHHbIC JaHHbIE B
BO3pACTAIOIIEM MOPSIKE U pa3MelaeT KaxIylo napy BpeMs/3HaueHue Ha OTACIbHON
CTpOKE.

e “List”. [Toxa3piBaeT mapamerp “List” B Buje TekcTa 11 peakTupoBanus. Beeaure mapbl
BpeMsi/3HaYCHHE B TIPOM3BOJIHLHOM TOPSIIKE, 3aTEM IIEIKHUTE KHONKY OOHOBHTD /IS
COPTUPOBKH U OTOOpaxkeHusl rpaduka.

T o  “Settings”. 3aknanka HCMOB3yeTCs IS KOHPUIYPALHH TPAQHKOB.

T
[¥ Show gridlines
¥ Show numbers

B r|
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PaGora ¢ moxeanbro List

Mogesb List onrchiBaeT mocsae0BaTeIbHOCTh BKITFOUCHUST KOMIIOHEHTa SWItCh u mornyeckuii curnan

komroHeHTa Logic Generator.

[TapameTp “LiSt” 3Toi MozenH 3a1aeT Mapbl BpeMsi/3HaueHUE B ceayomeM Gopmare:
T1,51,T2,S2,.., TN, SN

rae napa Ti, Si OOpeacisieT COCTOSIHME CUTHala B 3aJaHHOE BpEM:.

e [lomoxxuTenbHas BeIMYMHA COOTBETCTBYET COCTOSHUIO On xmroua WM COCTOSIHUIO ngh
JIOTUYECKOI'0 I'eHeparopa,

e Houb wim oTpuLaTeIbHAS BEIMYMHA COOTBETCTBYET cocTosiHuio Off kiroua miM cocTostHUIO
Low siorngeckoro reHepaTopa;

3HavyeHHE CUTHajla 10 BPEMEHHU T1 CUMTAeTcss S1, MOcie BpEMEHUW TN - SN. BenuuyuHsl T1..TN
JOJKHBI OBITH 337]aHbl B BO3PACTAIOIIEM MOPsAKE. XOTS CUTHAMT 33/1aH HA MHTEpPBajie T1..TN, OH MOKET
OBITh 3aJIEPKaH WK MUKIMIECKU TIOBTOPATHCS YCTAaHOBKOMW mapaMeToB kommoHenTa “Delay” u “Cycle”.

ITapameTp “List” MmokeT ObITH OTpPEeJAKTHPOBAH B AuanoroBoM okHe List. Il{enkHuTe Mo KHOIKE
crpaBa oT mapamerpa «List», 4ToObI OTKPBITH THATIOTOBOE OKHO!

[t 2031405150, =]

Tunuaaeit BHUJ OKHa List 1 ero oCHOBHBIE KOMIIOHEHTHI ITIOKA3aHbI HUXKE:

x
Toolbar ——» @E|>‘(|f|

PWL graph —

PWL data —

O 4= L [ — &
Loato

E.D
10,0
4]

Tab selection —— o
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B BepxHeii yacTu 0KHa HaXoAUTCS Ipaduk curHaNa. B HIOKHEH yacTh OKHA HAXOASTCS 2 3aKIaAKH JIIs
BBO/JIa JJAHHBIX U KOH(HUTyparuu

T o

[lepemectuTe Kypcop moBepx 00IaCTH «pa3aeIUTENs» @ , 3aTeM Ha)XMUTE JIEBYIO KHOIIKY
MBIIIKH U TIEPETAlIUTE pa3esuTeNlb, YTOObl U3BMEHUTH pa3Mep aHeleH.

I_HeanK npaBoﬁ KHOITIKOM MBIIIIKH Ha rpa(bm(e BbI3bIBACT KOHTECKCTHOC MCHIO C
COOTBCTCTBYIOIIIMMHU KOMaHIaMHU.

lenkanre OK 4TOOBI MPMEHUTH U3MEHEHUS M 3aKPHITH OKHO, M1k Cancel 4To0bl 3aKphITh OKHO
0e3 U3MEeHEeHU.

[IlesrukOM 110 KHOIIKAM MHCTPYMEHTAIBHOW ITAHEIIN BBITIOJIHAOTCS CIEAYIOIIHE Ollepaluu:
iz o IIpounrars nanubic u3 daiina (B hopmare “csV”).
E o Coxpanunts nanssie B daiin (B popmare “csv”).

X o OuuCTHTB BCE JIaHHBIC.

W o OO0HoBHTH rpaduku. DTa onepaius TaKkKe COpTUPYET BBEJCHHbBIC JaHHbIE B
BO3pACTAIOIIEM MOPSJIKE U pa3MellaeT K1yl napy BpeMsi/3HaueHUe Ha OT/ACIbHON
CTpOKE.

“List”. IToka3biBaeT mapametp «LiSt» B BuIe TeKCTa 1S peakTUpOBaHus. BBeaure mapbl
BpeMsi/3HauCHHE B MPOU3BOJIBHOM MOPSIIKE, 3aTEM IIEIKHUTE KHOKY OOHOBHUTD IS
COPTHUPOBKH U OTOOpaKeHHS rpaduKa.

“Settings”. 3akyazka UCIOIB3YETCS sl KOH(MUTYpaK rpaduKoB.

[+ Show gridlines
v Show numbers

JENS S
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Padora ¢ mogeanio Table
Mogaens Table onmceiBaer look-up table mis kommonenta Function.

[Tapamerp “Table” stoit Momesu 3amaet nmapel Bpemsi/3HadyeHue B ciieayromem Gopmare:
X1,Y1,X2,Y2,..,XN, YN

IJIe Taphl X1, Yi ONMPEIENIIIOT BXOJHYIO BEIMYUHY (X) U BBIXOAHYIO BenuuuHy (Y). BeixoaHas BenuyrHa
MEX/y 33JaHHBIMH TOYKaMH X UHTEPIOIUPYETCS JTUHEHHBIM 00pa30oM. 3HAUCHUE CUTHAJA JI0 X1
MOJIy4aeTcsl JTMHEHHOMN SKCTpAroIAiell JaHHbIX HHTepBaia X1..X2, 3HAYCHNUE CUTHAJIA TTOCIIEe XN
MOJIy4aeTCsl JIMHEHHOMN SKCTpAroIAIiell JaHHbIX HHTepBaia X (N-1) ..XN. BelnIuHbl X1..XN JIOJKHBI
OBITh 3a/1aHBI B BO3PACTAIOIIEM MOPSIKE.

[TapameTp “Table” moxeT ObITH OTpegaKTHpPOBaH B AuanoroBoM okHe Table. Il{eaxkHuTe 110 KHOMKE
crpaBa oT rmapamerpa «Table», 4ToObI OTKPHITH THATIOTOBOE OKHO!

E>

TunmuHbIin BHUJ OKHaA Table u ero ocHOBHBIE KOMITIOHEHTHI IIOKA3aHbI HUXKE:

x

Toolbar —» I:i?-ﬂ|><|f|

Table 12.1.1.1.1,-5,-.7.00.

PWL graph —>
-2 -1 ‘ 1 2
215 - C
111 .
PWL data —— |27
5.7
111
215
4 LIJ

Tab selection ———
T (1] | Cancel |

B BepxHeii yactu okHa HaxoauTcs rpaduk GyHKIKUU. B HIKHEH 9acTH OKHA HAXOJATCS 2 3aKIa KU JUIs
BBOJIa JaHHBIX ¥ KOH(PUTYpaIiu.

L4 HepeMeCTI/ITC KypCOp HOBEPX obiactu «paB,[[eJ'II/ITCHSI»@ , 3aTCM HA’)KMHUTC JICBYIO KHOIIKY
MBIIIKHU U IEPETAIIUTC pa3aACIIUTECIIb, YTOOBI U3MEHHTH pa3sMep MaHee.
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T o

[I{emyok mpaBoii KHOIKOM MBIIIKK Ha rpaduKe BhI3BIBAET KOHTEKCTHOE MEHIO C
COOTBETCTBYIOIIMMH KOMaHaMU.

lenkanre OK 4TOOBI MPMEHUTH U3MEHEHHUS M 3aKPHITh OKHO, M1k Cancel 4To0bl 3aKphITh OKHO
0e3 U3MEeHEeHU.

[IlesrukOM 110 KHOIIKAM MHCTPYMEHTAIbHOW ITAHEIIN BBIITIOJIHAOTCS CIEAYIOIIHE Ollepaluu:
i o Ipounrars nanubic u3 daiina (B hopmare “CSV”).
E o Coxpaunurs nannsie B ¢paiin (B popmare “CSv”).

> o OuucTHTh BCE JaHHEIE.

W o OOHoBHTH rpaduku. DTa onepaius TakkKe COpTUPYET BBECHHbIC JaHHbIE B
BO3pACTAIOIIEM MOPSIKE U pa3MelaeT KaxIylo napy BpeMs/3HaueHue Ha OTACIbHON
CTpOKE.

“List”. IToka3piBaet mapamerp “Table” B Bume Tekcra ans pepakrupoBanus. Beeaute mapsr X/Y
B IIPOM3BOJILHOM TIOPSIZIKE, 3aTEM IICIKHUTE KHONKY OOHOBHUTD /151 COPTUPOBKU U
oToOpakeHus rpaduka.

“Settings”. 3aknaaka UCMOIB3YETCs ISl KOH(PUTYpAIUH IPadUKOB.

T
[¥ Show gridlines
¥ Show numbers

B r|
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Pa6ora ¢ n1ByxmepHoii (2D) moxennio Table
Moaens Table Takske onuceiBaeT qByxmepnyro (2D) look-up table mis kommonenta Function-2,

[TapameTp “Table” stoii Moaenu 3a1aeT BEIXOAHOE 3HAYEHUE 7 KaK (DYHKIIMIO BXOJOB X M Y KOMIIOHCHTA
B cienyromieM opmare:

211,%212,..,21N,221,222,.., 22N, .., ZM1, ZM2, ..., ZMN

rae.
e 7i7j ompeaensieT BBIXOJ (YHKIIUU JJIsi BXOJHBIX BEIMYUH Xi U Y7,
® N — KOJIMYECTBO TOYEK X, 3aJIaHHBIX MapaMeTpoM mojenu “X;
® M - KOJIMYECTBO TOYECK Y, 33JIaHHBIX MMapaMeTpoM moeau Y™,

BbixosHas BenmuurHa MEXAY 3alaHHBIMU TOYKAMHU X U Y UHTEPIOIUPYETCs TMHEHHBIM 00pa3oM 110
o0erM KoopArHaTaM. 3Ha4eHUe CUTHajla 10 X1 IOJIydaeTcsl JTMHEHHON SKCTpanosiiuuei 1aHHbIX
MHTEpBaja X1..X2, 3HAYEHUE CUTHAJIA ITOCJE XN I0JIy4aeTCs JIMHEHHOM 3KCTPANOALNUEH TaHHBIX
MHTEpBaja X (N-1) ..XN. AHAJIOTMYHOE IIPaBUJIO IPUMEHAETCS K KOOPAUHATE Y.

[MTapametp “Table” mosxeT ObITh OTpeaKTHPOBaH B auanoroBom okue Table. IllenkHuTe 1Mo KHOIKE
crpaBa oT mapamerpa «Table», 4ToObI OTKPHITH THATIOTOBOE OKHO:

ITaI:uIe |L2,-1.1,-1 ,-1,-.5,-.?,0,11.5

TunmuHbIin BHUJ OKHa Table JUIA HBYXMepHOﬁ Ta6J'II/II_ILI 1 €0 OCHOBHBIC KOMIIOHCHTHI ITIOKa3aHbl HMXKC:

%

Toolbar —» @E|X|f|@@

PWL graph —>

1 |-5 |0 C
1 1 05 0
PWL data — |-5 05 04 0
0 0 0 0
5 1 06 0
1 2 .12 0
K1 i

Tab selection —— B | T QK | Cancel |
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B BepxHeii yactu okHa HaxonuTcs rpaduk GyHKIKUU. B HIDKHEH 9acTH OKHA HAXOIATCS 2 3aKIa KU JUIs
BBO/Ia IaHHBIX U KOH(QUTYpaLHU.

e [lepemecture Kypcop roBepx 00JIacTH «pa3ieaUTEN» @ , 3aTE€M HaXXMUTE JICBYIO KHOIIKY

T o

MBIIIKH U [IEPETALIUTE pa3fesIuTeNb, YTOOBI U3BMEHUTD pa3Mep NaHeNeH.

[Iemyok mpaBoii KHOIKOM MBIIIKK Ha rpaduKe BhI3BIBAET KOHTEKCTHOE MEHIO C
COOTBETCTBYIOIIUMU KOMaHAAMH.

Hlenkuute OK 9T00BI IPMEHUTH U3MEHEHUS U 3aKPBITh OKHO, Mt Cancel 4ToObl 3aKphITh OKHO
0€e3 U3MEHEHU.

[IleukoM 1O KHOIIKaM MHCTPYMEHTAIBHOM MaHEH BHIITOIHSIIOTCS CICAYIONINE ONepaliu:
o Ilpouurars naHsbie u3 daina (B popmare “Csv”).

o Coxpanuthb nanfbie B (aiii (B popmare “CSV”).

X 0

o O4YHCTHTB BCE JaHHBIC.

W o QOOHOBUTH rpaduku.

(]
o

[Toka3zath rpaduku z (X) : KaKaas KpUBasi MPEJICTABIISET OJHY CTPOUKY TaOJIHIIbI.
[TosHOE KOMYECTBO KPUBBIX PABHO M, BIJCIICHHAS KPUBAsi COOCTBETCTBYET BbIJICIICHHON
sueiike Ta0aunbl.

B o [Iloka3are rpaduku z (Y) : KaKaas KpuBas MPeICTABIISACT OJMH CTOJI0CI] TaOTHIIbI.
[TosmHOE KOMMYECTBO KPUBBIX PABHO N, BBIJCIICHHAS KPUBAsi COOCTBETCTBYET BbIJICIICHHOW
ssueiike Ta0aunbl.

“Table”. [Toka3eiBaet mapametp “Table” B Buae Tabmuis! i penaktupoBanust. CTpOYKH
COJIEPIKaT aHHBIE JUIs IOCTOSIHHOM BEIMUYMHBI Y, KOJIOHKH — JJIs IOCTOSIHHOW BEJIMYMHBI X.
[[enkuuTe KHONKY OOHOBHMTB I OTOOpaXKeHUs rpaduka.

“Settings”. 3aknanka UCHOIB3yeTCs U KOHPUTYypaluy rpaduKoB.

[+ Show data points
v Show grdlines
[+ Show numbers

B 7|
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Co3nanme C-xona

dyukunonupoBanue komrnonenTa Code ¢ moaenbio C onmuchIBaeTCs POrpaMMOil, HaIMCAHHOW Ha
yrpoieHaoM s3eike C (C-code). I[Iporpamma HHTEPIPETHPYETCS CUMYJIITOPOM BO BpeMsl aHAIIN3a
MEPEXOAHOTO MpoLecca. X0Ts HHTEPIPETALHS TPOTrPAMMBbI BBITTOJIHACTCS MEAJICHHO, HCIIOJIb30BAaHHE
ATON MOJIEIIH MO3BOJISIET OUEHb OBICTPO JIeNNaTh U3MEHEHUs B mporpamme. Korma nporpamma
OKOHYATEJIbHO OTJIAXKEHA, €€ MOKHO OTKOMITMIMPOBATH M moMecTuTh B DLL 1uis1 3HaunTensHo Oomnee
osicTpoit cumyssitiuu. Cm. raBy Cozdanue DLL mis mongpoOHOCTEH.

BoinosiHeHue nporpamMmsl. [IpuMep BbINOTHEHUS TPOrpaMMBbI IPUBECH Ha CIEAYIONIEH AUarpaMmMe:

| double in; double out:
1
in + / \ / \ out

if (in<=0) out=0;
else out=sgrtiin):

Hanpsokenue Ha Bxoe KomrmoHeHTa (“in”) u3aMepsieTcst BOJIbTMETPOM, U €r0 BEJITHMYMHA TIPUCBANBACTCS
MIEPEeMEHHOH C TeM K€ UMEHEM in. 3aTE€M HHTEPIPETUPYETCS KOJI TPOTPAMMBI M BEIYHCIISICTCSI HOBOE
3HAYEHUE MePEMEHHON out. W, HaKOHEII, HaNpsDKEHUE, PAaBHOE 110 BEIMYUHE 3HAYCHUIO IEPEMCHHON
out BBICTABJICTCS HA 3a3eMJICHHBIM UCTOYHUK HAIPSHKCHUS, TOIKIIFOYCHHBIN K BBIXOJIy KOMIIOHEHTA C
TaKuM ke uMeHeM (“‘out”™).

Bxoab! u BbIXoabl. Kak BUHO U3 TuarpaMMsl, BXOAbI UMEIOT OECKOHEUHOE BXOAHOE CONPOTUBIICHNUE, a
BBIXO/IbI SIBJISIFOTCS 3a36MIICHHBIMUA HCTOYHUKAMHU HAIIPSKEHUS C HYJIEBBIM BBIXOJIHBIM
conportusieHueM. IlepeMeHHbIe, COOTBETCTBYIOLME BXOAAM U BBIXOJAaM, CO3Jal0TCS ABTOMATUYECKU BO
BpeMs MHUIHATM3AIMK aHanu3a mpu t=0.

3HaueHus BXOJOB U BBIXOJOB JJOCTYIHBI B IpOrpaMMe uepe3
IIEPEMEHHBIE, UMEIOIIUE TAKOE XKE UMs, KaK U BBIBOJI KOMIIOHEHTA
(Hampumep, x1, x2, x3..). BXoAbI 1 BBIXOJIbI TAKXKE MOT'YT OBITH
CBSI3aHBI C AJIEMEHTaMU MaccuBa (x[0], x[1], x[2]..). BaTom
cllyyae MaccHB (x [ ]) COOTBETCTBYIOIIETO pa3Mepa JOJKEH ObITh ONMCAaH B MHUIMAIM3AMOHHOM YyacTu
IPOTrpaMMBl.

—{x1 wl— —{=[0] w[0]—
—{=2 ol —{=[1] y[1]—
—{x3 Wi —{=[2] w[2]—

Nanumanu3anmoHHasi 4acTh MPOrPaMMBbl BBITIOIHAETCS OJIMH pa3 B Hauase cumyssiuuu npu t=0. Ora
9aCTh MPOTPAMMBI HE SIBJISIETCS 0053aTEIIbHON U MOXKET OBITh OIyIIeHa (OCTaBbTE ITYCTHIM MapaMeTp
“Init”).

I/IHI/II_[I/IaJ'II/BaLII/IOHHaH HacCTb UCIIOJIB3YCTCA IJId MIPUCBOCHUS HAYAJIbHBIX 3HAUCHUI BBIXOJaM
(BBIXO)]HBIM HepeMeHHBIM), OIIMCaHMUA U MHUIIUAJIU3allun r7100aJIbHBIX NEPEMCHHBIX U MAaCCUBOB.
I'moGanbHbIE TMEPEMCHHBIC MOT'YT OBITh UCIIOJIb30BaHbI I XpaHCHUA rI100aIbHBIX napamMceTpoB,
BBIYUCIIACMBIX TOJIBKO OAWH pa3 B HA4YaJI€ CUMYJIAIHNU, U 3aTEM HCIIOJIB3YEMBIX B OCHOBHOI YacTu
nporpamMmmal. Takoxe rimo0aabHbBIC MNEPEMCHHBIC MOT'YT XPaHUTH BCJIMYNHBI, BBIYUCIACMbBIC HA OTHOM
mare CUMyJisinuu, v 3aT€M HUCII0JIB3YEMBIC Ha CICAYIONIEM HIare. Ecou BXOABI I BBIXOABI IPUITUCAHBI
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K 2JIEMEHTaM MacCHBa, 3TOT MaCCUB TAK)Ke JIOJDKEH OBITh ONMUCAaH B MHUIMATN3AIMOHHON 9acTH
MIPOrPaMMBI.

B 0cHOBHOI1 YacTH POrpaMMbl BBIYUCIIIOTCS BBIXOIHBIC
IIEPEMEHHBIC, UCIIOJIb3YS TEKYIIHUE 3HAYCHHS BXOAHBIX IEPEMEHHBIX.
Ecnu y komnionenTa He 3anaH BbiBog Clock, ata mporpamma a B a B
BBINIOJTHACTCS Ha KKA0M Inare cumyssinuu. Ecnm BeiBox clock . i s e
CYLIECTBYET, IpOrpamMma BBIIIOJIHAETCS TOJIBKO IPU HApacTarouieM clock
(bpoHTE curHajla CHHXpPOHM3AIUK Ha 3TOM BBIBOJIE.

—xl wlf— —xl wlf—
w2 w2 —Juz W

[TepemenHbIe, ONpeeIeHHBIE B OCHOBHOM YaCTH IIPOTPAMMBI, SBJISIOTCS JTOKAIBHBIMH, U CYIIECTBYIOT
TOJIBKO BO BPEMsI BBIIIOJIHEHHUSI OCHOBHOM MporpamMMbl. Hapsity ¢ riio0agbHBIME U JIOKATbHBIMH
[EPEMEHHBIMH, B OCHOBHO# ITPOrpaMMe MOT'YT OBITh HCIIOJIb30BaHbI CIIEAYIOIINE, JOCTYITHBIE TOJIBKO
s arenus (read-only), nepemennsie:

[TapameTpbl KOMIOHEHTOB (HampUMep, R1, C2, V.period, H T.IL),
t — TexyIee BpeMsl epexoHOTO Mpolecca

V(name) — HanpsbKeHHe Ha KOMIIOHEHTE Name

I(name) — Tok yepe3 KOMIIOHEHT NAame

P(name) — MoIHOCTh Ha KOMITOHEHTE Name

r7ie hame - 3To uMs Jr00ro KommnoHeHTa B cxeme. Cm. [lpunoxenus 2, 3, 4 171 noapoOHOTO
OIMCaHMS OTePaToOpoB, (DYHKIIMIA, U TPUMEPOB si3bika C.

Hauaasbnsble ycaoBus (“1C”) — 970 TekcToBasi CTpOKa, KOTOpask MOXKET COAEPKATh KO/,
MIPUCBAMBAIOIINI HaYaIbHBIC 3HAYCHHUS BEIXOHBIM IIEPEMEHHBIM U TII00ATBHBIM TIEPEMEHHBIM,
OTpeIeNICHHBIM B MHUIIMAIM3AIIMOHHAS YacTu Koja. Hanpumep:

y1=1.2;vy2=0;y3=2.345;integral=-4.19;counter=100

rre y1, y2 u y3 — BeIxonHbIe TepeMenHbIe; integral u counter — rmo6ansHbie nepemennbie. Ctpoka 1C
MOKET ObITh aBTOMATHYECKH MOIU(HUIIPOBaHA HEKOTOPbIMU KomaHtamu. Komanna Transient | Save
IC 3amonHseT CTPOKY TEKYIIMMH 3HaYeHUsIMH TiepeMeHHbIX.. Komanma Schematic | Tools, crpanuna
Initial Condition: npu ycranosnennom ¢uaxke Clear C-code IC ata crpoka Oyzer ountieHa. Ecimu
CTpOKa He MycTasi, TOT KO/ OyAeT UCIOIHEH MOCIe HHUINATU3AIMOHHON YacTH KO/Ia.
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PenaxktupoBanne C-kona. /1y pejakTHpOBaHUS POTPAMMBI IIETKHUTE KHOIIKY B CTpOKE
napamerpa. [losiBuTca cienyromiee AMagoroBoe OKHO:

x
BHE|Xv %%

I:E-:urii=size—1:i}lil:i—=1] i ;I
®[i]==x[i-1]:

}
*x[0]=input;

v=0:

for(i=0;i<size;i+=1)1 1
v += x[1i] * k[i]:

}

output=vy:

" o

BBGI[I/ITG nporpamMmy, 3aT€M HICIIKHUTEC KHOIIKY OK, YTOOBI MNPUMCHUTH USMCHCHUS U 3aKPbITh OKHO,
U1 Cancel, YTOOBI HUTHOpUPOBATb UBMCHCHUS U 3aKPbITh OKHO.

Cnez(yloume KHOIIKH PacCIIOJIOKCHBI Ha HHCTPYMCHTaHBHOﬁ IIaHCJINW OKHaA.

e Open code — 3arpy3uTh TEKCT MPOrpaMMbl U3 daiia.
Save code — coXpaHUTh TEKCT MPOrpaMMbI B (aiii.
e Clear —ouucTuTh TEKCT.

4X O

e Check — mpoBepuTh TEKCT MPOTPaMMBbI Ha HATMYNEC CHHTAKCHYECKHUX OMIHOOK.
e Select font — BeIOpaTh mpUPT TEKCTA.

w
L=
Ia

b b

Help (F1) — ITomorrs. UToObI yBHAETH pa3/iesl MOMOIIH [T OTPEIEICHHOTO OIeparopa,
(GyHKINHU, W KOMaH B si3b1ka C, TOMECTUTE KypCcop peaKTHPOBAHUS HA COOTBETCTBYIOIIEE
CJIOBO B IMporpaMme U MCJIKHUTEC KHOIIKY, NJIW HAXKMUTE KJIIABUIITY F1:

S E XA SN for

S thiz iz code

Loop operator. Example:
fhri i=0; i<10; ++i ) {
for( i=0; i<10; ++3i ) |

wli1=2"%4 =«

Place cursor on for operator Click Help button Help on for operator is displayed
or press F1
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Pa6ora ¢ DLL

dyuknuonupoBanue kommnonenta Code ¢ moaenbio DLL onuceiBaeTcst mporpaMmoii, HalMCaHHOM Ha
CTaHaapTHOM si3biKke C, CKOMITMIMPOBAHHOM JTFOOBIM TOCTYITHBIM KOMITHISITOPOM, M TIOMEIICHHOU B
DLL daiin (Dynamic-linked library). ®yukiun DLL 6yayT BEI3BIBATHCS BO BPEMSI CUM YJISIIHH
nepexoHoro mnporecca. Iporpamma, nmomernernas B DLL, OymeT BBIMOTHATHCSA 3HAYMTEIBHO ObICTpEE,
yeM HamucaHHas Ha s3bike C B Mmozenu C, oJHaKo 1r000e U3MEHEHHE IPOrpaMMbl TOTPEOYET CO3IaHus
HoBoit DLL.

Boinosinenue nporpammsl. [Ipumep BoinonHenus nporpammel u3 DLL npusenen Ha ciaenytomieit
rarpamMmme:

double dataf]:
1

ir‘|l +/ \LT \ out

mainit,data) ;

1

I 1
! \
| | maing doumle «, do !
: =) data[Z] = data[0]* !
1

1 1

retyrn 0

Hanpsokenue Ha BXxoje KoMrnoHeHTa (“iN”) u3amepsieTcsi BOJIBTMETPOM, U €r0 BEJTHYMHA TIPUCBANBACTCS
COOTBETCTBYIOLIEMY 3JIEMEHTY MaccuBa data. Bbimonnsercs gynkuus DLL main ¢ yka3aTenem Ha
3TOT MaCCHUB B KauecTBe napamerpa. [Ipu 3ToM BeIUUCIIAETCS HOBOE 3HAUEHUE BbIX0/1a KOMIIOHEHTA
“out”, KOTOpOe MOMENIAETCS] B COOTBETCTBEHHBIM 3JIEMEHT MacCuBa data. V HaKoHeI, HANPSKEHUE,
paBHOE I10 BEJIMYMHE 3TOMY 3HAUEHUIO, BHICTABIISIETCS HA 3a3€MJICHHBI HCTOYHUK HaIPSKEHUS,
MOJIKJIFOYEHHBIN K BBIXOZY KOMIIOHEHTA.

Bxoab! 1 BBIX0abI. Kak BUIHO U3 qUarpamMMbl, BXObI HMEIOT OECKOHEYHOE BXOIHOE COMPOTHRIICHHUE,
a BBIXO/IBI SIBIITFOTCS 3a3€MJICHHBIMU HCTOYHUKAMHE HAIIPSHKCHUS C HYJICBBIM BBIXOTHBIM
COIPOTHUBIIEHUEM. MacCUB double data [] UCIOIB3YETCS JIJIS TIEPEadr BXOIHBIX/BBIXOIHBIX BETUIHH
B/u3 pynkuuu DLL. Pasmep MaccuBa paBeH <uucio 6x0006> + <uucno 6bix0006>. I1pu BbI30Be
¢byukun DLL, nepBbie < yucno 6x0006 > 31eMEHTOB MacCHBa 3aIll0JIHEHbI BXOJHBIMU BEIMUYNHAMM, B
TOM K€ TIOPSIKE, KaK OHH ITOKa3aHbl Ha M300paKeHUH dJIeMeHTa (JIeBasi CTOpOHA, CBEPXY-BHU3).
Brixoanbie BenmnuuHbl, BeranciaeHHble pyHkiue DLL, momeniaroTces B mocieayomumue <yucio
6bIX0006> DIIEMEHTOB MAaCCHBa, B TOM e TOPSIKE, KaK OHH MTOKa3aHbl Ha N300paXKCHUH dJIEMEHTA
(mpaBasi cTOpoHa, cBepXy-BHH3). Hampumep, A7 KOMIIOHEHTA ¢ TpeMsI BXOJAaMHU U

JBYMS BBIXOJIaMH, CIEAYIOINNA KOJI IPUCBOUT MEPBOMY BBIXOY MUHUMAJIBHOE —xl i —
3HAYCHUC HA BXOJaX, U BTOPOMY BLIXOAY — MAKCUMAJIbHOC 3HAUCHUC HA BXOaX: — w2 max—
— %3
data[3] = min( data[0], min(data[l],datal2]) )
data[4] = max( data[0], max(data[l],datal2]) )

@Oyuxumnu. Oynxiyu DLL 10omKkHBI OBITH ONPEIETICHbI CIEYIOIIM 00pa3oM:

extern "C" _ declspec (dllexport) int NAME (double t, double* data);

rie:
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NAME — TIPOU3BOJIBHOE UMS (PYHKLIMHU, HATPUMED main
t — TeKyIllee BpeMs IIEPEXOIHOr0 Ipolecca
data — yKa3aTellb Ha MaCCUB C BXOJHBIMH/BBIXOJAHBIMU JAHHBIMU

OyHKIHS BO3BPAIIACT HOJIb, €CJIM HET OTMOOK, WIH OTMPECIIEHHOE MOJIb30BaTEIeM HEHYJICBOE IIeJI0e
gucio — koja omuoku. Ko omubku Oyer mokasaH B cOOOIIEHHH 00 ommoKe.

Hanpumep, cneayromas GyHKIHS sum BBIYUCISET CYMMY HaIlPSHKEHU HA BOCBMHU

—Jx1

BXOJaX: *

—Ix2

extern "C"  declspec (dllexport) int sum(double t, double* x) -+
{ — suri [—

double y=0; —yg

for ( int i=0; 1i<8; ++i ) { e

y += x[1i];
} —=7
x[8] = vy; —ud

return 0;

DOyHKIUSA MHUIMATU3ALIMU BBITTOIHIETCS OJIUH pa3 B Hauase cumyisinuu npu t=0. Ota pyHkius ve
SIBJSIETCSI 00513aTEIILHOM U MOXKET OBITh OMyIIeHa (OCTaBbTE MyCThIM mapametp “Init”).

OyHKIUSA MHUIUATU3AUH UCIIOIb3YETCs JUIsl IPUCBOCHUS HauyalbHbIX 3HAUEHUH BBIXOAAaM (BBIXOJHBIM
[IEPEMEHHBIM), IyTEM YCTAHOBKH HY>KHBIX 3HAUYEHUI COOTBETCTBYIOIINM 3JIEMEHTAM MaccuBa data[],
a TaKKe OMMCAHUS U MHUIMAIN3alUY T7100anbHbIX iepeMeHHbIx DLL u maccuBos. 'moOanbHbIe
[IEpPEMEHHbIE MOTYT ObITh MCIIOJIB30BaHbI JUIsl XPAaHEHUS ITI00AIbHBIX 1APAMETPOB, BHIYHUCIISIEMbIX
TOJIBKO OJIMH pa3 B Hayajle CUMYJIALNN, U 3aTEM HCIIOIb3YEMBIX B OCHOBHOM GpyHKUMHU. Takxke
rio00anbHble NEPEMEHHbIE MOT'YT XPaHUTh BEJIMYMHBI, BEIYUCIIIEMbIE HA OJTHOM Il1are CUMYJISLHU, U
3aTeM HUCIOJIb3yeMble Ha cienyromeM mare. Cieyer UMeTh B BUJTy, YTO €CJIM HECKOJIBKO KOMIIOHEHTOB
ucnoib3yroT oy DLL, To B mamsaTh nporpammsl OyzeT 3arpyxeHa Toibko ojgHa konust DLL, Tak uro
BCE KOMIIOHEHTHI OyIyT UCII0JIb30BATh OJIHU U T€ e II100abHbIe IEpEMEHHBIE.

OcHoBHasi GyHKIMSA BBIUUCIISECT 3HAYEHUS BBIXOIOB, UCIIONb3Ys . P —u -
TEKYIIME 3Ha4YeHus: BXOJ0B. Eciin y KoMIIOHEHTa He 3a/1aH BBIBOJ - o vz
clock, ota GpyHKuus BEIIOTHAETCA HA KaXKI0M Inare cumyisnuu. Ecim - _| 3 .z -
BBIBO ClOCK cymiecTByeT, pyHKIMS BBIOIHSETCS TONBKO MU g
clock

HapacTaroleM GpoHTE CUTHaIAa CHHXPOHU3AIUN Ha TOM BBIBO/JIE.

Co3ganune DLL. ITporpamma MoxeT ObITh CKOMIUIIMPOBaHA U coxpaHeHa B Bujie DLL momomibio
Jr000Tr0 IoCTYHOTO cpencTBa paspadoTku C/C++. B HacTosimiee BpeMst ObUIH IPOTECTHPOBAHBI
Borland C++ Builder u Microsoft Visual C++. ITpumeps! npoexToB mist Borland C++ Builder 6
HAXOJATCS B TUPEKTOPUH NMPUMEPOB Examples/Components/x folder momnoro 3arpy3ounoro nakera
NL5.
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Oxno KomnonentoB (Componets Window)

YTto0OBI OTKPBITH OKHO KOMIIOHCHTOB:

e Bribepure komanay mento Window | Components, wiu
e HaxmuTte ropsuyro kinasuiny F3, wim
e J[BaXK/IbI MICIIKHUTE 110 KOMIIOHEHTY B CXEME.

OKHO KOMIIOHEHTOB BCET, Ja ITIOKa3bIBa€T KOMITIOHCHTHI aKTUBHOM cxeMbl. OOBIYHBII BUJ] OKHa
KOMIIOHCHTOB M €I'0 OCHOBHBIC KOMIIOHCHTHI ITOKa3aHbl HHUXKEC:

Selected component

@ Name Model Parameters
nl2 - Components |
Toolbar — \|E££|E£|ﬂ Nﬂ:?@
Name‘l‘-.-’alue | |‘u’1 ’ |F'ulse ’ |E|
C1 1e8
. R1 1es3 bl V10
Components list —— Wi v o
Elutput Feriod z |1
Width = |B00e-3
Slope Linear -
Rize z (0
Fall z (0
Qela_l,l z Q

L4 HHCprMeHTaJILHaﬂ nmaHeJb 1acTt 6LICTpBII71 AOCTYII K 4aCTO UCIIOJIB3YEMBIM KOMAaH/IaM,
OTHOCAIIMMCA K KOMIIOHCHTaM.

e CHHCOK KOMIIOHEHTOB ITOKa3bIBa€T BCE KOMIIOHEHTHI U MO3BOJISIET BHIOPATh KOMIIOHEHT ISt
peOaKTUPOBaHUS.

e OoOaacth BBIJICJICHHOI'0 KOMITIOHECHTA ITOKAa3bIBACT UM, MOJCJIb U MapaMeTPbI BEIJICTICHHOI'O
KOMIIOHCHTA U ITIO3BOJIACT BI)I6paTB MOZACIIN U PEAAKTUPOBATD MMapaMETPhl KOMIIOHCHTA.

L4 ITomectuTe KypCOP MBIIIKHU IMTOBEPX obiactu ((pa3,[[e.]lHTeJ'IefI» @ , 3aTEM HAXKXMUTC JICBYIO
KHOIIKY MBIIIKU U NIEPCTAINUTC Pa3aCIUTECIIb, YTOOBI U3MEHUTH pa3Mepbl MmaHenel U KOJIOHOK.
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HHCTPYMGHTaJIBHaH MnmaHeJIb

H_ICJ'I‘IOK 110 KHOIIKaM HHCTPYMGHTaJIBHOﬁ IMMaHECJIN BBIIIOJHACT CICAYIOIIUE OIICpaluun:

A o

2

2

2 o

Rename a component. IllenkuauTe, 4T0OBI IEPEUMEHOBATH BBIACICHHBIN KOMIOHEHT. [losBuTCS
nuaiiorosoe okHo Rename:

x

Enter new name:
B

(] I Cancel |

BBe,I[I/ITe HOBO€ UM KOMIIOHCHTA U LICIIKHUTE 110 OK. Eciu Takoe nums YK€ CYLICCTBYCT,
nosiBUTCs coobieHue o6 ommbke: «This name is used by another componenty. Hosoe ums
MOET COCTOSITH U3 TI00BIX 6y1<B U CUMBOJIOB, OJHAKO PEKOMCHAYCTCSA UCIIOJIB30BATh TOJIBKO
OyKBBI U ITUQPHI, ¥ UMsI, HAYMHAOIIeecs ¢ OyKBbL. B 3TOM ciydae, eciii UMs UCTIONB3YyeTCs B
(l)OpMYJ'Ie HIIN (1)y'HKI_[I/II/I, HET H606XOI[I/IMOCTI/I 3aKJII0YaTh €ro B KaBbIUKHU. [IMs He
YyBCTBUTEJIBHO K perucTpy. Eciim KOMIOHEHT ObLT IEpEMMEHOBAH, €ro UMsl OyieT
ABTOMAaTHUYCCKN MO,Z[I/I(l)I/II_[I/IpOBaHO BO BCCX CJIydadX €ro IMOABJICHHA: B UMCHU KOMIIOHCHTA, B
Ha3BaHUM KPUBOM, GopMyIie Win (yHKIIHH.

Set a group. IllenkHuTe, 4TOOBI YCTAHOBHUTH TPYIITY IJIsl BBIJCICHHOTO KOMITIOHEHTA. [losiBUTCS
auanorosoe okHo Group:

GroupRL x|

Enter new group name or select
exizting group from drop-dow lizk:

Group] j

|Gru:uups...| | k. I Eancell

BBenuTe uMs rpyImibl UM BRIOEPUTE CYLIECTBYIOIIYIO TPYIIITY U3 BBINAIAIOLIETO CIIMCKa U
menkHuTe OK. Hlenkuure no kHonke Groups, yToObl OTKPBITH TUAIOroBoe OKHO Groups st
pacIIMPEeHHOT0 00CTy)KUBaHUS TPpyIIL. [ yaaneHus CylecTBYOIIEH rpymbl («UNgroup»)
OTKpo#iTe tuanorosoe okHo Group, corpure ums rpymnmsl u menkaure no OK. Cm. Paznen

I'pynnur 1 noipoGHOCTEN.

Add transient voltage trace. /106aBuTh KpUBYIO HAIIPSHKEHUS MIEPEXOTHOTO IpoIecca s

BBIACJIICHHOT'O KOMITIOHCHTA.

Add transient current trace. J1o6aBuTh KPHBYIO TOKA MEPEXOIHOTO MPOIIECCa IS
BbBIACJIICHHOI'O KOMIIOHCHTA.

Add transient power trace. /Io6aBUTh KPUBYIO MOIITHOCTH IS BBIICJICHHOTO KOMIIOHEHTA.

Add AC voltage trace. Jlo6aButs kpuByto AC HanpspKEHUs Ui BBIACICHHOTO KOMIIOHEHTA.
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Add AC current trace. /Io6aButh kpuByto AC Toka AJs BBIICIICHHOTO KOMIIOHEHTA.
Set AC source. OHpGI[eJII/ITB BBIJEIIEHHBIN KOMIIOHEHT Kak uctouHuk it AC anannsa.

Find component. [Toka3ark BbICICHHBIN KOMIIOHEHT Ha cxeMe. KoMIoHeHT Ha cxeme Oyzer
BbIJIEJIEH (T10/ICBEYEH) U OTLIEHTPOBAH Ha 3KpaHe.

Open subcircuit schematic file. OtkpsITh (aiia, B KOTOPOM HaXOJUTCS MOACXEMa KOMIIOHEHTA.
JloCTyIHO TOJBKO JUIsi KOMIIOHEHTOB ¢ Mozenbto SUDCIr, eciu 3agano umst (aiina mojacxemsl.

Edit component. OtkpsiTh quanorosoe okuo Edit component. JlocTymHO TOIBKO [J1s
“customized” koMIOHEHTOB (KOH(MUTYPUPYEMBIX I0JH30BATEIEM).

Help (F1). IToka3arte pazaen [Tomomy o BbIICIICHHOM KOMIIOHEHTE.

Cnucoxk KOMIIOHEHTOB

CnHuCcOK KOMIIOHEHTOB IOKa3bIBAET BCE KOMIIOHEHTBI CXEMBI U TI03BOJISAET BBIJCIUTD KOMIIOHEHT IS
peaaKTUPOBaHUS.

Kosnonka Name noka3piBaeT uMsi KOMIIOHEHTA.
Kosnonka Value mokaseiBaet 00 nepBbiil TapaMeTp KOMIIOHEHTA, JIN00 UMSI MOJICIIH.
Kononka Group aBToMaTH4ecKu 0TOOpa)kaeTcst, €CH XOTs ObI OIMH KOMIIOHEHT UMEET TPYIIITY:

M ame |"-.-"a|ue | Group |
A1 Te+3 Group_R
R 1e+3 Group_R

C1 Te9 Group_C

L1 1e-E

W1 10

[lenxHUTE MO CHUCKY, YTOOBI BBIIEIUTH KOMIIOHEHT. KOMIIOHEHT, BBIJIEJIEHHBIN B 3TOM CIIHCKE,
TaKke Oy/eT BbIJIesIeH (TI0/ICBEUEH) Ha CXEME.

Haxxmure Enter wium 1Bax bl METKHUTE 110 KOMIOHEHTY JUIsl pelakKTHPOBAaHUS ITapaMeTpOB
KOMIIOHEHTa. B 3TOM citydae, eciM Bbl 3aKOHUYMIIM PEIaKTHPOBATh MapaMeTpbl, HaxxaB Enter umu
Esc, Bl nepexintounTech 0OpaTHO K CIIUCKY KOMITOHEHTOB.

Haxxumaiite kiaBuiny Tab, 4To0bI MEpeKIIOYATHCS MEKAY CIIMCKOM KOMIIOHEHTOB U
napamMeTpaMH KOMIIOHEHTA.
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Bb160op Mmoaesnn

B516ep1/1Te MOJ€/Ib KOMIIOHCHTA U3 BBIIAJAOMICTO CIIMCKA, ICJIKHYB IO KHOIIKC IZI

V1 v || —— click

Step
Sin
Function
File
SubCir

PenakTupoBaHue mapamMeTpoB

[TapameTpsl peakTUpYyIOTCs B criicKe napameTpoB. Lllenkuure no crpoke, 4To0bI BBIIEIUTH I1apamMeTp,
Y UCTOJBb3YUTE OJMH U3 CIEAYIOIIMX METOJOB JUIs IApaMETPOB Pa3HOrO TUIIA.

e Ypucio.

o BBeauTe unucIeHHOE 3HAUCHUE: R Ohirm |‘|kﬂ

o Bseawure BripakeHue u Haxxmute Enter. Beipaxenne Oyaer paccunTaHo u
3aMEHEHO YMCIIOBBIM 3HAYCHUEM:

R Ohm |R1%2 _Enter g

o Bsemute hopmyny u Haxxkmute Enter. ®opmyna Oyaet BeIUUCICHA U
OyZeT BBIBEJICHO ee uncieHHoe 3Hadenue. [l{enxkuure KHorncyE‘ , UTOOBI
MMOCMOTPETh U PEAAKTUPOBATH (OPMYITY U BEpHYTHCS Ha3a/ K BEIBOIY
YUCJIEHHOTO 3HAYEHUSI.

R Ohm |=R1%2 _Enter _ g

R
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e Hauanbnsie yeaosus (Initial Conditions, I1C) (Hanpsokenue, TOK, 3apsin).

o Bsenure uncnennoe 3nadenne: |IC v |25

o Bsenure Beipaxkenue u Haxkmute Enter. Beipaxkenue Oyner paccuuTaHo u
3aMEHEHO YMCJIOBBIM 3HAYCHUEM:

IC v w12 —Enter_ i v |HE |
o OcraBpTe MapameTp MyCThIM: IC i | |

o DyHKUMS.

o Bseaure QpyHKIHMIO, KAK
BBIPQXEHUE C JONYCTUMBIMU
apamMeTpamHu:

Flx.p] W sl |

e Chnucok.

o IlllenkHuTE IO KHOIKE E| u
BbIOEpUTE 3HAUCHHE U3
BBINAIAIOIIETO CIUCKA!

Slope

e MHms daiiaa.

o Bsenute ums (aiina: File Filker.nl5 ﬂl

']
o Illenkuure no xkHonke & nys BeIGOpa (haiina B AMATOrOBOM OKHE:

|File | Ji',jl click
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e Tekcr.

o Bsemure TEKCT: Crnd F1=8k.C2=1nd

e PWL (kycouHo-inHeiiHas GpyHKIUs).
o Bgenute mapameTp Bpy4HYIO: |pwl 11.2 |

o lllenkHuTte Mo KHOMKE , YTOOBI
penaktupoBaTh PWL B qramorosom
okue (CM. riaBy Paboma ¢ PWL):

\

lick
IF'WI | | clie NN S

]

mnm|:m|cn:u|

e C-nporpamma.

o IlenkHUTE MO KHOIIKE , ATOOBI
pPEAaKTHPOBATH MPOTPaAMMY
B TMAJIOTOBOM OKHE
(Cwm. rnaBy PenaktupoBanne C-koma):

: click _,. e &
|Main forli=size-1.>0- =1 - [
':'I.':".rp-'l':
S
L o
o LCarce
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Oxno nepemennbix (Variables Window)

UT0oOBI OTKPBITH/3aKPHITh OKHO ITEPEMEHHBIX

e Bribepure xomanay menro Window | Variables Window | Variables, wiu
e Haxwmure ropsuyro kinasumy F4

OxHO MNEPEMEHHBIX OTKPOCTCA aBTOMATHYCCKHU, KOT'Ia OTKPBIBACTCA CXEMaA U3 (bafma, €CJIM CX€Ma MMECT
OIMPCACIICHHBIC ICPCMCHHBIC. OxHO MEPCMCHHBIX BCCIr/1a ITOKA3bIBACT IICPCMCHHBIC aKTUBHOM CXEMBI.
OOBIUHBIN BHUJ] OKHA IIEPEMCHHBIX U €0 OCHOBHBLIX KOMIIOHCHTOB IIOKa3aH HUXKEC:

Name Value

nl1 - Yariables |
Toolbar —— dpfem X | x

freqdenc_l,l 13 56e+5 ¥
impedance B0
piower A 10

N\

@)

e HHcTpymeHTAIbHAS MAHEb IIPEIOCTABISET OBICTPHINA JOCTYI K KOMaH/IaM, OTHOCSIIIUMCS K
MIEPEMEHHBIM.

e [lepemenHble OKa3aHbl B KOOHKax Mms/3nauenue.

L4 ITomectuTe MBIIIKY MOBEPX «Pa3aACIIUTECIISA» @ , 3aTCM HAXKXMUTE JICBYIO KHOIIKY MBIIIKHU U
NnepeTamuTe pasacinuTelib, YTOOBI U3MEHUTh pasMeEpP KOJIOHOK.

ITaHe/ b HHCTPYMEHTOB

[IlenkHUTE MO KHOIIKAaM IaHe, YTOObI BHIITOJIHUTE CJIEAYIONINE ONEepaliu:

€r e Add a variable. Illenkuute, uToObI 100aBUTH MepeMenny0. [TosBuTCs okHo Add variable:

Add variable x|

Enter variable name;

(] I Cancel |

BBCI[I/IT € UM nepeMeHHoﬁ U MICJIIKHUTEC OK. Ecim HOBOE MMs YiKE€ CYHICCTBYCT, IMOABUTCS
coobienue 06 omrbke «This name is used by another component».
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= ¢ Remove a variable. YanuTs BbIIeJICHHYIO IEPEMEHHYIO.
» o Delete all variables. Ynanuts Bce nepeMeHHBIE.

e Rename a variable. Illeaxuure, 4T00BI IEpEUMEHOBATH TIepeMeHHYI0. [TosiBUTCS 0okHO Rename:

x

Enter new name:

Cancel |

BBenute HoBoe ums nepemenHoi U Haxxmute OK. Ecnu Takoe ums yxe CyliecTByer, MOSBUTCA
coobenue 06 ommbke «This name is used by another componenty». HoBoe umMst MOXET cOCTOSATh
13 MOOBIX OYKB U CUMBOJIOB, OJJHAKO PEKOMEH]IYeM BaM HCIIOJIb30BaTh TOJIHLKO OYKBBI M LIU(PHI,
Y UCIOJIb30BaTh UM, HaUMHaro1eecs ¢ OykBbl. B 3TOM citydae, eciiu UM UCOJIb3YETCS B
dbopMmyre wnu GyHKINUU, HET HEOOXOIMMOCTH 3aKIII0UaTh €ro B KaBbIuku. ViMeHa He
YyBCTBHUTEIBHBI K peructpy. Ecnu mepemennas Oblia mepernMeHoBaHa, ee UMst OyeT
aBTOMATUYECKU MOJIU(DUIIMPOBAHO: BO BCEX MPUJIOKEHUIX, B HA3BaHUS KPUBBIX, B hopMynax U
GbyHKIUAX.

)

o

Add variable trace. Jlo6aBuTh KpUBYIO IIEPEXOIHOTO MPOIIECCa JIJISl IEPEMEHHOM.

PeHaKTHPOBaHI/Ie MEPEMECHHDBIX

e BaeauTe 4HCIE€HHOE 3HAYCHUE: poisEr |'||:|k

e Baeaute BBIPAKCHUC U HAKMHUTC Enter. BBIpa)KeHI/Ie 6y):(eT pacCUUuTaHO U 3aMCHCHO YU CIIOBBIM
3HAYCHUCM

T— Enter i
PO |‘J1 2/impedance |—> ponser |E

e Bsgeaure popmyny u Haxxmute Enter. ®opmyna 6yaeT BelunciieHa U Oy/IeT BBIBEICHO €€
yucieHHoe 3HaueHue. lllenkHure kHONKY =| , YTOOBI MOCMOTPETh U PETAKTUPOBATH HOPMYITY U
BEPHYTHCS Ha3aJl K BBIBOJly YMUCJIIEHHOTO 3HAYECHHUS .

ot | =12 fimpedanced _Enter | power |E il | .
> Click
I |

pIOLET =1 " 2dimpedance
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JIuctol (Sheets)

CxeMa MOXeET COfIep)KaTh HECKOJIbKO JIMCTOB. DIICKTPUUECKHE COSTUHEHUS MEXKTy JINCTAMH CXEMbI
MOTYT OBITH C/IETIaHbI ¢ TOMOIIBI0 ATHKETOK (labels) u ¢pynkuuii. B ciemyromem npumepe Ha JIMCTE
«Clocky HaxoauTcsi reHepaToOp UMITYJILCOB, a JIUCT «Mainy» coaepKUT OCHOBHYIO CXeMy. DTHKETKU
«clock» u «gate» moaaepKUBAKOT MIEKTPHUECKOE COSAMHEHUE MEXK Ty JTUCTAMU:

nll - Schematic -0l x|

IR EET

CymiecTByrOIIMe JUCTHI TOKa3aHbl B 001acTi Sheet selection (Beidop nucra) okna cxemsl. lemdox
NpaBoil KJIABUIIY MBIIIKK B 00JIACTH BBIOOPA JAET JOCTYI K COOTBETCTBYIOIIUM KOMaH1aM
kouTekctHoro meHro: Add, Rename, Copy, Paste, Delete. MoxHo paboTarth ¢ TMCTaMU U B
JMaoroBom okHe Sheets.
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Yro0ObI OTKPHITH AMATIOrOBOE OKHO Sheets: Beioepure komanay Schematic | Sheets i menkauTe
paBoil KJIaBHUIIIeH MBIIIKH 110 obiactu Sheet selection u BeiOepute komanay Sheets u3 KOHTEKCTHOTO
MECHIO:

x|
R =65 e

Clack,

Cloze |

BLI6epI/ITe JIMCT B CITUCKC 1 HICJIIKHUTC 110 KHOIIKE IMMaHCJIN AJI BBITIOJIHCHUS CIICAYIOINX onepaunﬁ:

%+ o Add— no6aButh HOBBIH JuCT. [TosBuTcs okro Add sheet:

x

Enter sheet name;

Cancel |

Bsenure nmsa nucra u menkaute mo OK.

e Copy — ckonupoBaTh JUCT B Oydep oOMeHa.

[ e Paste— BcraButh nucT U3 Oyhepa oOMeHa.

== ¢ REemMOoVe — yaaauTh JUCT.

e Rename — nepenmenoBats auct. [losiBuTCS 0okHO Rename:

Rename Clock x|

Enter new narme:

[ClocH

Qk I Cancel |

Beexnute HOBOe uM4 arcta U menkaure mo OK.

4 o TlepexBunyTs HCT BBEpX (WIIM BICBO B 0GIACTH BHIOOPA JIHCTA).
¥ ¢ [IlepenBuHyTh JIMCT BHU3 (WK BIIPaBO B 00JIACTH BHIOOpA JIUCTA).

116



EBY NL5 circuit simulator

PykosogcTtBo lNonb3oBaTtens

I'pynnbi

I'pynna — 310 HabOp KOMIIOHEHTOB, KOTOPBIE BCET/1a UMEIOT OJIMHAKOBYIO MOJIENb U TApaMETPBhI.
Korna mozens nian nmapameTp Jito00ro KOMIIOHEHTA B TPYIIIE MEHSETCs, BCE IPYTUe KOMIIOHEHTHI TaKKe
aBTomMaTuiecku MeHsroTcs. Hampumep, pesuctopsl R1...R4 nmpunamiexar k rpynmne Groupl.
N3menenne 3nauenus R1 ¢ 1e+3 Ha 100 aBTomMaTHuecKky U3MEHUT BCE PE3UCTOPHI B 3TOH rpymie.

nl1 - Components |

B | NALE|I XA | 0w

M ame

Rz
R3
R4
R&
RE
R?

<] |

" alue

le+3
Te+3
Te+3
le+d
Te+d
le+d

Grou
Groupl

Groupl
Groupl

2+

A1 R
R Ot |

B | YILEIXIO| 9w

M ame

Rz
R3
R4
RE
RE
R?

<] |

Walue

100
100
100
le+3
le+3
le+3

Grou
Graupl

Graupl
Graupl

i

e

R

R Ot |

YroObl MPUKPENUTH OJMH KOMIIOHEHT K HOBOW MJIM CYILECTBYIOLIEH IpyIiie, BHIOEpUTE KOMIIOHEHT B
okae Components u menkHUTe 1Mo KHOnkKe B . YToObI paboTaTh CO BCEMU IpyIaMy WU T00aBUTh
HECKOJIbKO KOMIIOHEHTOB B IPYIILY, UCIIOJIB3YHTE AUanoroBoe okHo Groups.

YT1oObI OTKPBITH THAIOr0OBOE OKHO Groups, Beidepute koMmanxy Schematic | Groups. Tunosoii Bua u
OCHOBHBIC KOMITOHCHTHI INAJIOTOBOTO OKHA IMTOKA3aHbI HIKE:

Groups list

Groups

Toolbar ——» P [ab| | = X

_—

x|
" Value ) Group |

e 1e+3 Fies
| 1e+3 Fies
Orz3 1e+3 -—
Or4 le+3
Ors Te+3
Ors 1e+3
Or7 Te+3
FlRa 1243 Res
FlR3 1e+3 Res
Orio 1e+3

Cloze |
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e CymecTByIOUIMEe TPYMIIBI TOKa3aHbl B cnucke rpynmn. ll{eaxkHuTe mo uMeHu rpymnmsl, 4TOObI
0TOOpa3UTh KOMIIOHEHTHI.

e KoMIoHeHTHI TOKa3aHbI B CIMCKE KOMIMOHEHTOB. KOMIIOHEHTHI ITOKa3aHbI THOO PSIIOM C
BBIJICJICHHOW TpynIoi (MMEIOT YCTaHOBIECHHBIN (D1a’KOK B CIUCKE U BBIJICJIICHBI HA CXeMe), JIN0O
OHM MUMEIOT TOT K€ TUII U MOTYT ObITh COOTHECEHBI C BBIICIICHHOW IPYIIION.

e IlomecTuTe yKasarenb MBILIKHU MOBEPX «Pa3IEIUTEN» OKOH @ , 34TEM HaXXMUTE JIEBYIO
KHOIIKY MBIIIKHY U IIEPETAILUTE €r0, YTOOBI HU3MEHUTDH pa3Mep KOJOHOK.

[IlenkHUTE IO KHOIIKAM TaHEH, YTOOBI BBIMIOJIHUTH CIIEIYIOIIUE OTICpAIIHH:

4+ o Add - nobaButs HOByIO rpymity. [losButcs okano Add group:

i

Enter group name:

[Group3
(] 4 I Cancel |

Beenure ums rpynns! v menkaute no OK. Hopas rpynmna Oyner no0aBieHa B CIUCOK TPy, a
BCe KOMIIOHEHTBI 0TOOPa3sITCs B CIIMCKE KOMIIOHEHTOB. BpljiennTe KOMIOHEHT, YTOObI
Ha3HauuTh eMy rpynmy. Korzna XoTs 661 OJJMH KOMIIOHEHT Ha3HA4€H IPYyIIE, TOJbKO
KOMITOHEHTHI TOT'0 JK€ TUIa Oy1yT OTOOpa)KEHbI B CIIUCKE.

ab) ¢ Rename - mepenMenoBaTh BhLIEIEHHYIO Tpymy. [TosBurcs okHo Rename group:

Rename Groupl El

Enter new name:

[Eroupl

(] I Cancel |

Beeaure HOBOE nMs rpynmnsl 1 nienkHute o OK.

= ¢ Remove - ynanuts rpynmy. Yaansercs TOIbKO UMS TPYIIIbI: KOMIIOHEHTHI, BXOHMBILHUE B
rpy1miy, yJiajieHsl He OyayT!

X e Delete — YAAJIUTh BCE IPYIIIBI. VY najasrorces TOJILKO UMeHa TPYIIL: KOMIIOHEHTBI, BXOJIWBIINC B
IpyMIbl, yJaneHbl He OyayT!
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IIpoBepka cxembl

Komanma Check Schematic BeimosiHsieT mpOBEpKY CXeMbI Ha MPEAMET MOTEHIIMATIBHBIX MPOOJIeM, a
napaMeTpbl KOMIIOHEHTOB Ha HaJIM4ue OmrO0K. UTOOBI IPOBEPHUTH CXEMY:

e Bridepure komanay meHto Schematic | Check , unu
e Illenkuure knonky Check Schematic = ¥

e Taxxe IMPOBEPKa CXEMBbI MPOHUCXOJUT aBTOMATUYCCKHU IIPU BBINIOJIHCHUHW aHaJIn3a MEPexXoaHOro
npouecca uin AC ananusa.

O6wrunbiii Bug okHa Check Schematic 1 ero 0CHOBHBIX KOMIIOHEHTOB MOKA3aH HUKE:

nl1 - Check schematic |
£ Click here bo check again >

W1 R2 Owerlapping components
Mot connected

Warnings ——»

[T =T =Ly O =T ]
=
[N}

A1 Dverlapping component and wire
04 Floating jpin Riaht-click
Vd< D | Rig t-clic

00
& E

Errors —

Penod <=0 ‘

2 Close window
W Check

ﬁ; Preferences...

e CooO0mieHus ¢ UKOHKOM mpeaynpexaeHust ( ¢ ) OTMEYaroT MOTeHIMATbHBIE TIPOOIEMBI CO
CXEMOM U He 3alpellaoT 3aIllycK aHain3a nepexoanoro npouecca win AC ananusa. lllenxaure
10 JJMHUU COOOIIEHUS, YTOOBI YBUIETh IPOOJIEMHBIE HIEMEHTHI CXEMbI: OHU OyyT BBIJIEJIEHBI U
BBIBEJICHBI B LICHTPE dKpaHa. B HacTosmee BpeMs: 00HapyKUBAIOTCS CIIELYIOINE
MOTEHIHATIbHBIE TPOOIJIEMBI:

o Floating pins. [T:aBaromue BoBO 6. OIUH WK OOJIBIIIE BBIBOJIOB KOMITOHEHTA HE
MPUCOEINHEHBI K IPYTUM KOMIIOHEHTaM, TIPOBOTHIKAM WITH 3eMJIE.

o Non-connected components. He npucoenuHeHHbIe KOMIIOHEHTHI. Bee BBIBOIBI
KOMITOHEHTa HE IPUCOEIMHEHBI K IPYTOMY KOMIIOHEHTY, TPOBOTHUKY HJIH 3eMJIC.

o Overlapping components and wires. ITepekpbsiBaHre KOMITOHEHTOB HUJIH ITPOBOIHUKOB.
N300pakeHue dieMeHTa cXeMbl (KOMIIOHEHT, TIPOBOJIHHK, 3eMJIs) TEPEKPHIBACTCSI
JAPYTHM 3JIEMEHTOM CXEMbI. DTO MOXET MPUBOMUTH K HEMPETYCMOTPEHHBIM
COETMHEHUSIM WA OTCYTCTBHUIO COCTUHEHUSL.

o Possibly floating schematic. Bosmoxnoe «rmiaBanue» cxembl. CxeMa He ©UMeET KaKOii-
100 3eMJTH WJIH 33JJaHHOTO MOTEeHIIMANIa (MCTOYHHUKA HATIPSHKCHUS WM YTUKETKN) Ha
Hel. DTO MOXKET IPUBECTHU K MpobiieMaM CXOAUMOCTH.
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[Mepeiinure Ha ctpanuiy Warnings okua Preferences, uto6sl yopaTh Bce MPeaypeskaeHUs W
BBIJICJICHHBIE THIIBI IPEIYPEKACHUN U3 0ToOpaxaeMbIx. [locie 3Toro mpeaynpexaeHus Bee
ele OCTaHyTCs B parnoprax »kypHana Transient/AC l0og, onu MOryT GbITh IIPOYUTAHBI BHIOOPOM
komaunbl Transient | Log or AC | Log.

e CoobmeHns ¢ MKOHKOM ommubku ( @ ) oTMeuaroT omu6Ky B IapaMeTpax KOMIIOHEHTA, TAKHE
KaK 3HaYeHMs BHE JIOIYCTHUMOTO JUara3oHa uin omuoku B popmyne. Eciu ommbku ectp,
aHanu3 nepexogHoro mnpouecca 1 AC ananus He Oy/er BeinonHeH. lenknuTe no muHUN
COOOMICHNUs ISl BBIOOpAa KOMIIOHEHTA ¢ OMIMOKOM. OmMOKH TakKe 0TOOpakaloTCs B )KypHase
Transient/AC log u MoryTt ObITh IPOYMTAHBI C IIOMOIIBIO KOMaHaAbI Transient | Log or AC |
Log.

L4 H_IeJ'IKHI/ITC npaBoﬁ KJIaBUIIEH MBIIIKH 110 OKHY, YTOOBI YBUACTH KOHTEKCTHOC MCHIO C
COOTBECTCTBYIOIIITMMU KOMaHIaMH.

L4 ITomecTute KYypCOpP MBIIIKH NOBEPX «KPa3ACIIUTCIIS @ , 3aTCM HAXKMUTCE JICBYIO KHOIIKY
MBIIIKHU 1 paCTallluTC KOJIOHKH.
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NHCcTpyMEHTBI CXeMbI

Yro0bl OTKPHITH AMaI0roBoe okHO Schematic Tools BeiGepute komany merro Schematic | Tools wiu
HICJKHUTE 110 KHomke Schematic tools ap . Beibepute HYXHYIO CTPaHHILy B CIIHCKE BEIOOPA.

Renumber (mepenymepanms)

[TepenymepoBaTh KOMIIOHEHTHI cxeMbl. Beioepute ormun Order u Names, mocmotpute npumep
nepeHymepanuu B okae Example, menkuute kHonky Execute iyist BRITOTHEHHMS.

«HucmoBoe» (numerical) uMs — 310 ¥MsI, HaYMHArOIIEeCs ¢ OYKBBI, 3a KOTOPO#i cieayer uucio. Muaue

uUMs paccMaTrpuBaeTcs Kak «rekc» (text). IlpenonpenenenHoe (aBTOMaTH4ECKH ) UMsI KOMIIOHEHTA —
yucioBoe. Hanpumep:

R123, C2 - YUCJIOBOEC
V12V, Rout - TEKCT

Initial Conditions (HayaiabHbBIE YCJI0BHS)
YcTaHOBUTH HaYaJIbHBIC ycCJioBUsA (IC) BBIJCJICHHBIX TUIIOB KOMIIOHCHTOB B 3aJaHHbBIC 3HAUYCHMN .

Beigenure trmsl kommoneHToB 1 |C 3HaueHust, meNKHuTe KHOMKY EXecute, 4ro0Ob! BEIIOIHUTS.
lenxuute kHorku Check all u Uncheck all qyis ycranoBku/cHsITHS BBIOOpA BCEX KOMITOHEHTOB.

Clean Up (uncrka)

[TouncTuTh cxeMy (IpUBECTH B MOPAIOK). BriGepute onuuu, menkHuTe KHONKY EXecute ans
seimostaenus. [lenkaure Check all u Uncheck kHomku, 4T00bI yCTaHOBUTB/CHATH BCE OIITHH.
Formulas (¢opmyni)

3ameHuTh Bce (POopMyIIbl MX 3HAYCHUSIMU. BbiOepute onmuio, meIKHUTe KHOMKY EXxecute mms
BBITIOJIHEHHSL.

Parameters (mapamerpsi)

Y CcTaHOBUTH BBIIETICHHBIC TApaMETPHI BCEX KOMIIOHEHTOB B 33JJaHHOE 3HaueHHe. BriOepuTe mapameTphl,
BBE/IMTE HOBOE 3HAUCHUE MTapaMeTpa WA BHIOEPUTE U3 BHITIAAIOIIETO CITUCKA, IIEIKHUTE KHOIIKY

Execute misg BeImOMHEHNUS.

e Set diodes. YcranasnuBaet nmapamerp Vd Bcex TUOA0B U CTAOMIMTPOHOB (zener) u/mmu Vbe
napameTp BCEX TPaH3UCTOPOB.
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e Set period. YcranaBiuBaeT neproa Jisi BCEX UCTOYHHKOB CHHYCOUAAIBHOTO (SiN) u
umiynscHoro (Pulse) Hanpspkenust u Toka M MMIyIbCHBIX Kitoueit. 3nauenus Width, Rise, Fall
u Delay OynyT Tak:xe H3MEHEHBI IPONOPLUHOHAIBHO TIEPUO/LY..

Transform (nmpeo6pa3oBanue)

Frequency (uacrora). [IpeoOpa3yer yacTOTHBIN OTKIMK CXEeMbI H3MEeHEeHHeM 3HadeHui R, C u L.
Beenute 3nauenust f1 u f2 wim ycranoBure kypcop Ha 4actothl f1 u 2 rpapuka AC (akTUBHBII Kypcop
Ha 2). BeiGepute 0/1Hy U3 CIICAYIONIUX OIIIMIA, 3aTEM IICIKHHUTE 110 KHOMKe EXecute asist BBIMOTHEHHUS:

R = const. C u L u3MeHsTCsI Clieayronmm o0pa3oM: C=C*f1/f2, L=L*fl/f2
C =const. R u L u3mensTcs cienyronmM o0pa3oM: R=R*f1/f2, L=L* (f1/£2)?
L = const. R u C u3MeHATCs ciaenyomum o0pa3om: R=R*£2/£1, C=C* (f1/£2)?

[Tpumep: yacrora nonasieHus ¢puibTpa cmemaercs ¢ 317 kHz k 100 kHz, coxpansist C = const.

Beruncnure yactoTHyro xapaktepuctuky (AC). YcraHoBuTe Kypcop Ha yactory noaasienus u 100 KHz
(akTUBHBII Kypcop), OTKpoiiTe quanoroBoe okHo Schematic Tools, crpanuity Transform, Beibepute C

= const, menkauTe EXecute. BerurcauTe HOBYIO YaCTOTHYIO XapaKTepUCTHKY. YacToTa moaaBieHHsI
cmectutes k 100 kHz.
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Impedance (umnenanc). [IpeoOpazyeT ummnenanc cxemsl ot I'l 10 r2 uamMeHenuneM 3Hauenuii R, C u L.
Beenute 3HaueHud 'l u r2, 3aTem MEIKHATE 110 KHonke Execute mis BeimonHenus. 3Hadenus R, Cu L
M3MEHSTCS CIASAYIOINUM 00pa3oMm:

R=R*r2/rl
C=C*rl/r2
L=L*r2/rl

[Tpumep: U3MEHEHUE XapaKTePUCTHYECKOTo nmieaanca gpuibrpa ¢ 1 qo 50 Ohm.

BerurcinTe 4acTOTHYIO XapaKTEpPUCTHKY U BXOJHOM nmienanc. OTKpOMTE TUaJ0oroBoe OKHO
Schematic Tools na crpanune Transform, seeaute rl =1 Ohm u r2 = 50 Ohm, menkuute Execute.
BerurcinTe HOBYIO 4aCTOTHYIO XapaKTEPUCTHKY U BXOAHOU MMIeIaHC. YacToTHAs XapaKTepUCTHKA
OCTAaHETCS TAKOM XKe, BXOIHON MMIIEIAHC U3MEHUTCS, KaK TPeOOBAIIOCh.

100e-k&

10e-2
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CsoiicTBa (Properties)

Bribepure komanny File | Properties. [TosiButcs auanoroBoe okHo Properties:

x

Summary | Statistic:sl Pﬂtﬁiﬂ]

Title: IND title
Revisian: |1.0 Project: {Unknown
Aathar: IUnknu:uwn

Crgarization: IUnknu:uwn

Created: 9/15/2006 12:27-43 AM
Modified: 10172008 73547 P
Location: IE:RF‘miﬁ:t&"uﬁ\mrﬁ

Comments:

Ctpanuiia SUMMary nokaspBaeT OCHOBHYIO HH(pOpMaIHIo 0 JokymeHTe u daiine. [Tons Author u
Organization HOBOI1 cxeMbl 3aMOJIHSAIOTCS 3HAUCHHUSAMHY, 33aHHBIMH Ha cTpanuiie Document
auanoroBoro okHa Preferences. bomnbiryto 4acTh mosielt MOKHO PeIaKTUPOBATH.

Crpanuia Statistics mokaspiBaeT CTaTUCTUYECKYIO HH(POPMAIIUIO CXEMBI.

Crpanwuna Parts list moka3siBaeT criicoOk KOMIIOHEHTOB B KPATKOM HJIH pa3BepHYTOM (opmare.
lenxuute kHOTIKY Copy to clipboard, 4To0s! ckomupoBats criucok B Oydep oOMeHa.
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V. AHanu3 nepexoaHoOro nmpoumecca
(Transient)
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Crnenyroniast ynpouieHHast [uarpaMmma MosiCHsET IPOLECC CUMYJIALIMU [IEPEXOIHOTO Mpoliecca:

Transient Control

EEEDERTED

Transient Settings l
— : Simulation g
— I ith
— ] algorithim
l Transient Tools

Transient Data

C Simulation
= data |
— [1[C1]
l » diagram
FFT
Histogram
Eve diagram

Markers

Transient Window

AJTOpPUTM CHMYJISIIMM KOHQUTYpUpPYETCs B TUaJIOroBoM okHe Transient Settings u ympasnisercs
komanaamu Transient Control (OcHoBHOe MeHI0 1 MHCTpYMEHTaIbHAS MaHelb). Pe3ynbTarhl
CHUMYJISILIUU CXEMBI 3aTIOMUHAIOTCS B JAHHBIX CUMYJISILIMM U OJJHOBPEMEHHO OTOOPaXKaroTCsl B BUJIE
rpaduka B Transient Window (okuo nepexonsoro nporecca). Okuo Transient Data ucrnonb3yercs
11 KOH(QUTYpUPOBAHUS TOT0, KaKHe JaHHbIE CUMYIISILIUU CIIEAYET COXPAHUTh, U KaK JaHHBIE JJOJDKHBI
otoOpaxaTbes. Takke JaHHBIC MOTYT UCIIONIb30BaThes B Transient Tools (MHCTpyMEHTHI IepexoIHOTo
nporiecca), KOTOpbIe MO3BOJISIOT /I€1aTh Pa3IMUHbIe BUBI aHAIN3a U MpeJICTaBlIeHHE JaHHbBIX
HEPEXOAHOT0 MpoLEecca.
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Cumyasinmsi

AJIFOIJI/ITM CUMYJIAIINHA

NL5 — sto kycouno-nuuetinbiii (PWL) cumymnsitop. Bee kommonentst B NLS nmu6o nuneiinbie, 1100
KYCOYHO-JIMHEHHBIE: COCTOSIT U3 HEKOTOPOTO YKCia JMHEWHBIX cerMenToB. Hanmpumep, muon mu6o
OTKPBIT, TM00 3aKpHIT, ciefoBareiabHo, ero PWL npencraBieHue nuMeeT TOJIbKO /1Ba cermenTa. [loka Bce
KOMITIOHEHTHI OCTAIOTCS B X TEKYIIUX JTMHEWHBIX CETMEHTaX, CXeMa OMHICHIBAETCS TOH K€ CUCTEMOM
nuHeHbIX TuddepeHnranbubix ypaBHeHuil. Cucrema Moauduuupyercss TOIbKO B MOMEHTBI, KOT/1a
XOTs1 ObI O/IMH U3 KOMIOHEHTOB MEHSIET CBOM JIMHEHHBIN cerMeHT. Korna 3To mpoucxonuT, TeKyIuii
JTUHENHBIN AUana3oH CUMYJISIUMHY 3aBEPILIAeTCs U HAYMHAEeTCsS HOBBIM. OOBIYHO CUMYJISIIUS HAUUHACTCS
¢ pacuera paboyeil Touku 10 octostuHoMy Toky (DC operating point npu t=0), a 3atrem
PacCUMTHIBAIOTCS OMH UK O0JIbIlle HUHTEPBAJIOB JUHEHHON cuMyIsiuu. [Ipon3BoIuTENbHOCT
JITOPUTM MOXKET OBITh ONTHUMU3UPOBAaHA HECKOJIIBKUMU ITapaMeTpaMu, pacIOI0KEHHBIMU B
IMaaoroBeIX okHax Transient Settings m Advanced Settings.

DC operating point. CumyJsiiist Bceria HaganuHaeTcsi B MOMEHT t=0. B 3TOT MOMEHT BBIUHCIISACTCS
pabouast Touka 1o nocrosstHHoMy ToKy (DC). PacueT BbITIONHSCTCS C y4€TOM HadadbHBIX YCIOBHU
(Initial Condition, IC) ms kommoneHToB. HamprMep, KOHIEHCATOP 3aMEHSIETCS HCTOUHHKOM
HanpsbkeHus, ecnu 3a1aHo |C voltage (HavanbHOE HANPSHKEHKE), MIIM UHTHOPUPYETCsl (OTKPBITAs 1IETh),
ecnu IC He 3amano (myctoe). MHIyKTUBHOCTH 3aMEHsIeTCS HCTOYHUKOM Toka, eciu 1C current
(HavaNBHBIN TOK) 3aJlaH, WU 3akopauuBaetcs, eciau |C He 3amano. [lunoa paccmaTprBaeTcs: Kak
OTKphITas 1erb, eciau cocrosaue |C «Offy», u kak 3akopoueHHas 1enb, eciu cocrosaue 1C «Onx».

Ecnu cxema umeer 6osee 0JHOr0 CTAOMIIBHOTO COCTOSIHUSA, OHA MOXKET OBbITh YCTAaHOBJIEHA B HYKHOE
COCTOSIHUE OmpeAesieHreM noaxoaaumx HadansHbIX yenosuid (IC). pyroii cmiocob HavambHOK
YCTaHOBKH CXEMbI — HCIIOJIb30BaTh ITUKETKY ¢ Mojiesbto model Label u 3agate napamerp VIC mis
Hee. Ecmu VIC He mycTo, BpeMEeHHBIH NCTOYHHK HampshkeHus BennurHoi VIC npucoenuasercs K
ATHKETKe yepe3 pe3uctop R Tonbko Ha Bpems pacuera pabodeil TOUKH Ha MOCTOSIHHOM Toke. Korna
pacueT pabouell TOUKU 3aKOHYEH, UCTOYHUK HAIPSKEHUS yIalIsIeTcs.

PC3YJ'IBT3T BBIYHCIICHUA pa60qel71 TOYKH — HU3BCCTHBIC HANIPSAKCHUSA, TOKU U COCTOSAHHA BCEX
KOMITIOHCHTOB. Kor,ua pa6oqa51 TOYKa Haﬁz[eHa, Ha4YMHaACTCA HepBBIfI JIMHEHHBIN HUHTCPBAJIL.

Linear range simulation. B nuneitnom nntepsaie (linear range) cxema omuchIBaeTCs CHCTEMOI
JTUHEWHBIX TU((epEeHINnaTbHBIX YPABHEHU, KOTOPBIE PEIIAIOTCS METOIOM TPAIEICHIaTbHOTO
unrerpuposanus (Trapezoidal, merox Tpanenuii). Metos moaiepkuBaeT JOCTATOUHYIO TOYHOCTD C
YMEPEHHBIMH YCTOMYMBOCTBIO M CKOPOCTHIO BBIUKCIICHHS. B mporiecce HHTepBaia IHHEHHOM
CHMYJISILIMY aJITOPUTM BBITIOJIHSIET «00OHApY)KEHHE TOUKH MepekroueHus» (Switching point detection):
MPOBEPSIET YCIIOBHUS TSl BCEX KOMITOHEHTOB, KOTOPBIE MOT'YT H3MEHHUTh CBOE COCTOSTHHE (JHOIHI,
HEePEKIIF0YaTelTH, JIOTHYSCKUEe KOMIOHEHTHI), TuHelHbIi cermeHT (PWL models), uin u3mMeHuTh
amruTyay win HakioH (Pulse u Step models). Ecnu o6HapyKuBarOTCst KAKHE-TO W3MEHEHHMSI, TCKY I
JMHEWHBII HHTEPBAJl 3aKaHUMBACTCS 1 HAYMHACTCS HOBBIHA.

Calculation step (mar pacuera). B otiniuune ot 60JbIIMHCTBA aHAIOTOBBIX cuMyiaTopoB NLS He
BBIMOJTHSIET aBTOMAaTHYECKOTO yIIpaBJeHuUs maroM. Beibop miara Beraucnenuii (calculation step) nesxut
Ha MOJIb30BaTeNe. DTO JIaeT MOJIb30BaTE0 BO3MOKHOCTD ITOJTHOTO KOHTPOJIS HAJl CUMYJISIIUEH, XOTS
TpebyeT HEKOTOPOTO OMbITa ¥ TOHUMAHUS ITpoIiecca. IMIUPUIECKOE PABUIIO — COXPAHSATH IIar
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BBIYUCJICHUN MEHBIIIE IOCTOSHHOMI BPCMCHH B CXCMC, MHAYC MCTOA MHTCITPUPOBAHHA MOXKET CTATh
HEeCcTaOMJIBHBIM M IPOU3BOIUTH «UHCIOBbIC OCIMUTAIMI». NL5 oOHapyKHBaeT Takue OCUMIIISIIIAN U
BBIBOJIUT IIPEIYIIPEXKIA0IIHE cOO0IIeHUs. B 3TOM ciiydae OyeT mojie3HO UCCIIEeA0BaTh MPOOIeMy |
7100 YMEHBIIHTS IIAr BBIYUCIICHHS, IHOO HTHOPHPOBATH OCHMIIISIIINY, KaK He3HAYAIIHE.

OpHako MMETH 1Iar pacyeTa «MEHbIIE TOCTOSIHHON BPEMEHM) HE ABIISETCS HEOOXOIUMBIM YCIOBHEM.
WHorpa, naxke J0CTaTOYHO OOJBINON IIar 00ecreynBaeT XOPOUIy0 CTa0MIBHOCTD, IIPH 3TOM CKOPOCTh
CUMYJISIIIUN MOXET OBITh 3HAUUTENBHO BhIIE. UTOOBI HATH ONTHUMAJIBHBIN [Iar pacuera, 3ayCTUTE
CUMYJISILIUIO HECKOJIBKO Pa3 C pa3HbIMU LIaraMy U CpaBHUTE pe3yibTaThl cuMysiinuu. Kak npasuio,
YMEHBIIIEHHUE Il1ara HIKe HEKOTOPOro YPOBHS HE JIaeT KaKUX-I100 3aMEeTHBIX W3MeHeHUul. BriOop miara
OJM3KOTO K 3TOMY YPOBHIO 1a€T HAWIYUIIYI0 CKOPOCTh CUMYJISIIIUH.

=
—
=
—
—

Crnenyromuii mpumep MmoKas3bIBaeT,

KaK IIar pacyera cKa3bIBaeTcCs Ha
CUMYJISIIIUH TIPOCTON CXEMBI.

[TocTostnuas Bpemenu RC nenu 1. o
Taxum 00pa3oM, JKenaTebHO

HMeETh mar < 18, Ideal response

Korna Beibuparorcs maru 1S, 2s u 3s, ¢popma curnania HernpasmibHas. «BeiOpoc» u nanpHeimas
OCIIMJUIALHS HAOJTFOTAIOTCS TIPH LIare

3s. Onnako eciau TouHas popma
KPHBOI Bac HE HHTEPECYET, U ECITH ' _
OHa HE CKa3bIBacTCs Ha el
(YHKIIMOHHPOBAaHUH OCTAJIBHOM
CXEMBI, TAKOH IIaT BITOJHE MOXKHO
ucnoib3oBatk. CooluieHne
«numerical oscillation, unciiossie
OCIMJUTSALIM» MOYXHO BBIKITFOUHTB, F---nne-
ycranoBuB ornuuio Do not detect
oscillations. Simulation with large steps
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[ITar pacuera MeHbIe 1S Ja€T TOUHYIO
¢bopmy kpuBoit. Hanpumep, paznuuune
Mexay KpuBbIMU ¢ 1marom 0.5s u 0.1s
MOJKET OBITh 3aMEUEHO TOJIBKO B CAMOM
Hayajie IepexoHOro mpouecca, 1 OHO
KpaliHe Malo.
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Simulation with small steps

Automatic step reduction. Xors miar BeIUMCIICHUS 3a1aeTcs moib3oBatenaeM, NLS Bce-Taku Moxer
ABTOMATHUYECKH YMEHBIIATh IIar, YTOO0BI YAOBIETBOPUTH CICAYIONUM YCIOBHSIM:

L4 Hepno;[ CHHYCOUJAJIbHOI'O UCTOYHUKA COACPKUT XOTA ObI 16 m1aros.
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Cocrosinne umiynbcoB «On»/«Offy conepxur xots Obl 4 miara.

HenyneBoii nepennuii uiam 3agauii GpoHT COAEPKUT XO0Ts ObI 4 1mara.

WurepBan mexxay nyms Toukamu B File model ucrounukos V/I conepxur xots Obl 4 miara.
Bpewmst 3aiepxku tuHum nepenaydn U «delay» kommonenra cogepxar XoTst Obl 2 mmara.

Crenyronmii mpuMep MoKa3bIBaeT, KaK PaCUETHBHIHN ATl yMEHBIIAETCS BO BpeMsl (PPOHTOB UMITYJIbCA!

________________

RS T [ -

.?.1 ._ bbb

1
e
=

ABTOMaTHYECKOE YMEHBIIICHUE [Iara MOXET TaK>Ke UCIIOJIb30BaAThCS JIJISl TIOIICP KAHUS JIYUILIEeTO
paspelleHus Mo BpeMeH! 00HapyKeHUs TOUEK MepeKIoYeHns. Eciiu mocTossHHas BpeMEHU CXEMBbI
0oJbIIast, ¥ OOJBIION PACUETHBIN AT UCTIONL3YETCS ISl THHEHHOTO MHTEpBaJla BPEMEHU, YMCHBIIICHHUE
1ara TOJbKO B TOYKAX MEPEKIIOUYECHUS MOKET 3HAYUTENBHO YIY4IIUTh 3QPEKTUBHOCTh CUMYIIALIUU.
[Tapametp Step Reduction 3amaet, HACKOJIBKO AT Pa3peIieHus B MPOIecce 00HAPYKEHHS TOUKH
MEPEKIIFOUEHUS] MEHbIIIE, YEM 3aJJaHHBIN 11ar BEIYMCIICHHUS.

Hanpuwmep, Step Reduction = 0.1 o3nauaeT, 94T0 TOUKH i
HEePEKITIOUCHUS OYIyT OOHAPYKUBATHCS C PA3PEIICHUEM 10
BPEMECHH MPUOIM3UTEIHLHO B IECATH pa3 JydIle, 4eM
3a7aHHbIA miar BerauciacHus. Cienyronmii rpaduk
MOKa3bIBaeT (popMy CHTHAJA, MIOJyYEHHYIO C PACYETHBIM ~ fooo..__.
mraroM = 1S, u step reduction pasuem 1, 0,1 1 0.01.

R - | [

b EEEEEEEEEE.
SRR PR

L. |5tep Reduction = IZI.1| .

Hcnonp30BaHne aBTOMATHYECKOTO YMEHBIIICHUS II1ara He
CKa3bIBAETCS CHJIBHO HA CKOPOCTH BBIYMCIIEHUH.
KomnuecTBO JOMOMHUTEIBHBIX PACUCTHBIX MIar0B
npubnu3uTenbHo paBHo -10gy(Step Reduction). [lns step
reduction = 0.01 OyxeT caeaaHo TOIBKO 6
JIOTIOJIHATENBHBIX 1IAroB.

|
i}

Opnako, eciii MpearoYTUTEIbHEE TOCTOSHHBIN I1ar pacyeTa, JIF0ObIe €r0 U3MEHEHHSI MOTYT ObITh
ormeHeHbl. Harpumep, Function model HekoTOpBIX KOMIIOHEHTOB UMEET BHIXOHOM CHIHAI,
3aJiep’KaHHbIM Ha o/luH 1mar. Eciy mar nocTosHHBIN, 3TO IPOSBISETCS KaK U3BECTHAs TOCTOSIHHAS
3aJiepKKa, KOTOpast MOKeT OBbITh yUTEHa JIOJKHBIM 00pa3oM. Eciu mar BelYMcIeHUs MeHseTcs,
3aJiepikKa OyJIeT TaKKe «IIEPEMEHHOM», U ¢ CUMYJIALIUEN TaKOM cXeMOW MOTyT BOBHUKHYTbh TPOOJIEMBI,
0CcOOCHHO B cHCTeMax ¢ 00paTHO# cBs3blo. YcranoBure Do not reduce calculation step, utoOsr
n30aBUTHCS OT aBTOMAaTHYECKOTO YMEHBIIICHUS 111ara.

Data sampling step. [Inst TO4HO#M CUMYJISIIIMKA MOXET OTPEOOBATHCS OYCHDb MAJICHBKUH I1I1ar
BbIYMCIIeHN. OJTHAKO B COXPAHEHUH BCEX JIAHHBIX CUMYJISIIMN B TIAMSITH HET HYX/IbI, €CIIH
WHTEPECYIOIINN CUTHAJI TJIaJIKUI U MEHSETCS OTHOCUTENIbHO MeieHHo. Omus Data sampling step
MTO3BOJISICT BBHITIOJIHUTHh CUMYJISIIHIO C TAKUM MEJKHUM IIaroM, KOTOPBIH HY)KE€H, HO XpaHHUTh TOJIBKO
YacTh JAHHBIX, UCTIOJIB3Yys JOCTATOYHO MaJIO NaMsATU. JIOCTYIHBI CIEAYIOIINE OIIIUU:
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e Same as calculation (coxpanuTs Bce 1aHHBIE).
Bce pacuerHbie 1aHHBIC XPAHATCS B MAMATH. JTa
OIMIIHS JaeT 0oJiee TOYHOE OTOOPAKECHHUE U aHAITN3
JAHHBIX ¢ HAUOOJIBIIIUM MOTPEOICHUEM TTaMSITH.

e Less than or equal to (MeHbIle WM paBHo). Same asicatculation

Ecnu BbiOpaHna 3Ta onuus, A0IKEH ObITh BBEJCH U
MaKCUMaJIbHBIN 1mar oroopakeHus. JlanHbie
XpaHATCS C 33JaHHBIM 1aroM. Bao6asok
XPaHATCS BCE «KPUTHICCKUE» TOUKU JAHHBIX,
TaK{e KakK 3KCTpeMyMbI (Max u Min), KpyTsie
(pPOHTHI, TOUKH MIEPEKITIOYCHUS U T.JI. ITO JaeT
JI0OCTaTOYHYIO 3KOHOMUIO IaMSITH, C BCE €lIlle
HAJC)KHBIM 0TOOpaKEHNUEM JTaHHBIX.
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e Equal to (paBHo). Eciu BeIOpaHo, T0DKEH OBITH
BBEJICH M I1ara oToopaxkenus. Jlanubie OyayT
XPAHUTBCS TOJIBKO C 33JaHHBIM IIIaroM, YTO
MOJKET JaTh OOJIBIIYI0 SKOHOMUIO TAMSITH.
O1HaKO HEKOTOPBIE BaKHBIC JETAIIN TIEPEXOIHOTO MPOLIECCa MOTYT OBITh IOTEPSHBI, TAKKE KaK M
PHCK TIOSIBJIEHHsI OUEHUH ISt OBICTPO MEHSIOLIMXCS CUTHAJIOB.

BeckoHe4yHbIe HMITYJIBCHI HANIPSIZKEHHUS W TOKA. B 0TImM4Me OT MHOTMX CUMYJISITOPOB, OCHOBAHHBIX Ha
Spice-anropurme, NL5 criocoOHa cuMyIMpOBaTh CXEMbI € ICHCTBUTEIBHO HIeaIbHbIMHU
KOMITOHeHTaMu. [[pruMepoM Takoro KOMIOHEHTA SIBJISIETCS UACANbHBIN KIII0UY, KOTOPBIH UMeeT 100
HYJIEBOE, 1100 OECKOHEYHOE CONPOTUBIIEHUE, U NIEPEKIIIOUAETCS U3 OJJHOTO COCTOSHUS B IPYyroe
MTHOBEHHO. Eciiu Takol KITt04Y UCIIONB3YeTCs IS 3apsi/ia WiIu pa3psiia KOHJIEHCAaTOPOB, MOT'YT
BO3HHUKATh O€CKOHEYHO KOPOTKHUE UMITYJIbChI TOKA O€CKOHEUHO OO0IBIION aMITUTy1bl. O1HAKO,
HECMOTpPs1 OECKOHEUHYIO aMIUIUTYAY, MIOMIAh UMITYJIbca (MHTErpall Mol KpUBOil) OyneT
OTpaHUYCHHBIM, U PABHBIM MOJIHOMY KOJIMYECTBY 3apsijia, IEPETEKIIEro B KOHICHCATOP WU U3
KOHJIEHCATOpa B MOMEHT MEPEKIIIOUECHHsI. AHAJIIOTMYHO, IIPY MTHOBEHHOM IIPEPBIBAHUU TOKA YEPE3
WHIYKTUBHOCTb BO3HUKAET OCCKOHEYHBIN UMITYJIHC HANIPSHKEHUE, OJTHAKO TUIOMIAL ATOTO UMITYJIhCa
TaKXe OrpaHUYEHA U MPONOPIUOHAIIBHA MATHUTHOMY HOTOKY.

Takue 6eCKOHEUHO KOPOTKUE UMITYJIbCBI C OECKOHEUHOM aMIUTUTY 101 :

0OBIYHO Ha3bIBAIOTCS UMITyJIbcaMu Jlupaka, wiu fenbra-pyHkiuei. Tak kak Step
n300pakaTh JesbTa-QyHKIUI0 Ha rpaduke npodiematnyHo, B NLS V=1 : ;3;1']
peann30BaH CIeAYIOMUN METO ] 0TOOpakeHus. [lenbTa-QyHKIINS HAPsHKEHUS 1
WM TOKA NIOKa3aHa KaK TPEYTOJIbHBIN UMITYJIbC C IIMPUHOM KaXK10T0 CKJIOHA

paBHOM MUHHMMAaJIbHOMY LAy pacyeTa B 3TOT MOMEHT, U IUIOIIA/IbIO,
YIIOBJIETBOPSIIOLIEH 3aKOHY COXPAHEHUs 3apsAga U MarHUTHOTO TIOTOKa.
Ecnu mar pacdera mai, u300paxaeMblii UMITYJIbC Oy/€T 1OCTATOUHO
KOPOTKHM, a aMIUTMTY/1a JI0CTaTOYHO OOJIBIION, TaK YTO UMITYJIbC OyaeT
BHU3YyaJbHO BOCIIPUHUMATHCS «IIOYTH» Kak AenbTa-QyHKIus. B To ke Bpems
MHTETpaJ M0/l UMITYJIbCOM JlacT aOCOMIOTHO MPAaBUIbHOE 3HAUCHHE 3apsiia
WM MarHUTHOTO NoToKa. [Ipy n3MeHeHuu 1mara pacuera JJIUTEIbHOCTS U,
COOTBETCTBEHHO, aMIUIUTY/a H300paKEHHOT0 UMITYJIbCA U3MEHATCS, OJHAKO
MHTErpal Mo-NpeXHEMY OCTAaHETCSI BEPHBIM.
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Convergence (cxomumocTh). B cuMynsTopax, OCHOBaHHBIX Ha SPiCe-alropuT™e, npoodiema
CXOJIMMOCTH MOKET OOHApPYKUTHCS B JTI000E BpeMs: M BO BpeMsi aHain3a Ha mocTossHHOM Toke (DC), u
BO BpeMs aHaim3a nepexoaHoro mnpoiecca. [Tockonbky cumynsatop NLS kycodHO-THHEHHBIH, O0TBIITYIO
4acTb BPEMEHHU OH padOoTaeT C IMHEHHBIMU CUCTEMaMH, KOTOPbIE HUKOT/Ia HE OOHApYKUBAIOT MPoOIeM
co cxonuMocTeio. EnuacrBeHHO, Koraa NLS cuMynsanuns MOXeT UCTIBITHIBATh HEKOTOPBIE TPYAHOCTH,
3TO B MOMEHT, KOI'Jla OJIMH 1 00Jiee KOMIOHEHTOB MEHSIOT CBOE COCTOSIHUE UJTU JINHEHHBINA CErMEHT.
—
Jljig cucteM ¢ uaeanbHbIMU KyCOYHO-IMHEHHBIMH KOMIIOHEHTAMH TUITUYHA
CHUTYyalus, KOTAa HECKOJIbKO KOMIOHEHTOB JOJKHBI OJJHOBPEMEHHO U3MEHUTh
COCTOsIHME, MHAYe cucTeMa He OyJeT cxoauThes. Hanpumep, B cTaHaapTHOM oft
MOCTOBOM BBIIIPSIMUTEIIE JUO/bI BCET/1a TIEPEKITIOYAIOTCS TapaMy MK JIaxe () off §
BCE AMObI 0IHOBpeMeHHO. C uieanbHbIMU AUOJAMH, UMEIOLIUMH HYJIEBOE
COIIPOTHBIICHUE MTPH BKIIOYCHUU M OECKOHEYHOE, KOTJIa 3aKPBITHI, IPOCTON
QJIITOPUTM MOXKET CTOJIKHYTHCSI C HEKOTOPBIMH TPYIHOCTSIMU IIPH pa3pelieHnun
nporiecca nepexiIoueHust. Bo3MoKHBIM perieHueM sBisieTcs 100aBieHne
MaJIoro Pe3UCTopa Mocie0BaTeNbHO /MU OOMBIIOT0 Pe3ucTopa
napauiensHo quogaM. OTHAKO 3TO MOXKET JaTh OUYeHb MaJICHbKHE
MIOCTOSIHHBIE BPEMEHH, KOTOPBIE MOTPEOYIOT OUY€Hb MAJICHBKOTO I1ara
BBIYUCIICHUS, TAK YTO BCE MPEUMYIIIECTBA OT MCIOIb30BaHHS UACATbHBIX
JNOJIOB UCUE3HYT.

ITockonbKy TpaJULIMOHHBIE METO/bI UTEPALIMU HE PA0OTAOT 1OCTAaTOYHO
HaJEXHO 11 Takux cucteM, NLS ncronb3yer coOCTBEHHBIN yCTONUYMBBIN
anroput™. [{o HacTosIIero BpeMeHH alropuT™ padoTai MPeBOCXOAHO CO BCEMH NPOTECTUPOBAHHBIMU
CXE€MaMH, OJJTHAKO HUKTO HE MOKET MIOMEIIATh MOJIb30BATEISAM pa3padoTaTh YTO-TO crenu(uIecKoe, 4To
MOJKET UMEThb TPYAHOCTU CO CXOJAUMOCTBIO.

Hpyras npo6iema, oOmiast 1j1s 1000 MporpaMmsl, 3aKI0YaeTCA B TOM, YTO HCIOJIb30BaHUE
apu(METHKH ¢ TUIaBaloIel TOYKONW MPUBOIUT K IMOTEPE TOUHOCTH M3-3a OMINOOK OKPYTJICHUS. DTH
OIITNOKHU MOT'YT CKa3aTbCd KaK Ha CXOAUMOCTH B TOUKaX NCPECKIIIOYCHUA, TaAK 1 HA JIMHEWHBIX
MHTEpBAJIaX CUMYJISILIHN.

Ecnu cumynsnus CyniecTBEHHO 3aMeJUISI€TCs B TOUKAX MEPEKII0UEHUS UM OCTaHABIMBAETCS C
coobuieHreM 06 omudke «NO solutiony, unu ecian CUMYISIHS 1aeT SIBHO HEBEPHBIN pe3ybTaT,
CJIEyIOIME OMIIUU U TapaMeTpbl MOT'YT IOMOYb:

e Change states one at a time (M3MeHSITH COCTOSIHME 110 OJJTHOMY). Y CTaHOBKA 3TOH OIIHH MOXKET
YIAYYIIUTH CXOJUMOCTD B TOUKAX MEPEKITIOYEHUSI.

e Machine precision (MamuHHas TOYHOCTB). (H3BECTHOE Takxke Kak “‘machine epsilon”). Dror
napameTp 3aJaeT MUHUMYM OTHOCHTENIbHON Pa3HHIIBI MEKAY IBYMS YUCIAMU C TUTaBarOIIEH
TOYKOMU, KOTOPHIE MOT'YT OBITh YCIENIHO PACIIO3HAHBL DTO 3HAYEHHE CKA3BIBACTCS HE TOJIBKO Ha
CXOJMMOCTH B TOYKaX MEPEKIFOUCHHs, HO Ha BCEX Pe3y/IbTaTaX CUMYJISAIMH, H MOXKET OBbITh
M3MEHEHO B JIOCTATOYHO IMUPOKUX mpeaenax (1e-6...1e-15).
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JaHHbIC CUMYJIAUU

Traces (kpusble). Bo Bpems cumymnsainuu NLS XpanuT nanHble B namsaTu. /JlaHHbIe 1)1 COXpaHEHUSI
BBIOMPAIOTCS TOJIB30BaTENIeM Kak KpuBbie (traces) B auanorosom okHe Transient Data. JoctymHo
HECKOJIbKO TUIIOB KpHBBIX: V (Hampspkenue), | (Tok), P (MomHocTs), Variable (nepemennas) u Function

(byHK1IIHS).

Korna HaunHaeTcss CUMyJIsius, BCE KPUBBIE aBTOMAaTUYECKH OYMILAIOTCSA, @ 3aTEM HAYUHACTCS
COXPAaHEHHE HOBBIX JJaHHBIX cCUMYJIsIIMK. HoBble aHHbIEe 0TOOpaXkaroTcs Ha 3akiajgke Run okHa
Transient. JlanHble MocaeaHEi CUMYJISIIIAA MOTYT OBITh IIepeMeIeHbI B StOrage co crenuaibHON
3akJaKoil B okHe Transient. CoxpaHeHHbIC TAKMM 00pa30M JIaHHbBIC HE OYHMIAFOTCSl aBTOMAaTHYCCKH U
MOTYT OBITh UCIIOJIb30BAHBI [l CPABHEHMSI PE3YJIbTATOB Pa3HbIX 3aIlyCKOB CUMYJISILIUU.

Ecnu BriOpana crienpanpHast ornuus Store last Run («coxpanuTh mocieHne JaHHbIE»), TO B MOMECHT
3aIrycKa HOBOM CUMYJISIIUMU TeKylue faHHble (RUn) OyayT nepeMenieHsl B CleHUalIbHYIO 3aKJIaIKy
Last («mocsiemnmii»), crepeB pu STOM HaxOAsIIMeCs TaM AaHHbIe. TakuMm oOpa3oM, 3akiaaka Last
BCEI'/la COJIEP’KUT IPEBbIIYILINE JaHHbIE, KOTOPbIE MOXKHO MUCIOJIb30BaTh JJIsl CPABHEHUS C TaHHBIMU
nociuenHei cumymsauu Run.

Kpussie MoryT KommupoBatbes B Oydep oOMeHa, coxpaHsaThes B (aiiaax JaHHbIX «Nlty wiu
HKCIOPTHPOBATHCS B TEKCTOBBIN (haiiin hopmaTa «CSV». B cBOIO ovepens JaHHBIE MOTYT BCTABIISTHCS U3
Oydepa oOMeHa, 3arpykatbest U3 Qaiiia JTaHHbIX «Nlt» Ui UMIIOPTUPOBATHCS U3 TEKCTOBOTO (aiina,
KaK HOBbIN rpaduk. Takoi rpaduk Bcerma oToopaxaercsi B okHe Transient, He3aBUCUMO OT TOTO, KaKasi
3akJajika BbiOpaHa. OH He O4YMIIAeTCs, KOI'/la 3aIlyCKaeTCsl HOBasi CUMYJISLMSL, U MOXKET MCII0JIb30BaThCs
B KaueCTBE OMOPHOM KpUBOH i cuMysauuu. OH Takke MOKET ObITh IEPEUMEHOBAH [TPOU3BOJIbHBIM
obpazom.

Memory (mamsTb). J[aHHbBIE CUMYJISILIUN XPAHATCS B ONepaTUBHOM namsaTH. [1aMaTh OTBOANUTCS TOJIBKO
KOTI'/1a 3TO He00X0JMMO, OTHOCUTENILHO MaJIeHbKUMU OsokamMu. Eciau ocTynmHON onepaTUBHOM MaMsaTu
HE XBaTaeT )1 XpaHEHUs ITOCTOSIHHO HAapacTaIOLIEro KOJIUYECTBa JAHHBIX, ONEpallMOHHAs CUCTEMA
Ha4ynHaCT <<C6paCI)IBaTI))) JaHHBIC Ha JUCK, KOTOpI)IfI MOKET CYIIECTBCHHO 3aMCIJINTh CUMYJIAIIUIO U
oToOpakeHHe pe3ynbTaToB. YTOOB! N30€KaTh ITOr0, UCMOIB3YETCS CIEAYIONIMA MEXaHU3M: KOT/1a
KOJIMYECTBO MaMATH, TpeOyeMoil 111 0ToOpakeHus rpaduka, MpeBblIaeT MAKCUMaJIbHOE 3HAUYEHUE,
3a/laHHOE Ha cTpaHuile Transient nuanoroeoro okHa Preferences, 610k nmamsty, B TaHHBIIE MOMEHT
XpaHAIIMK camoe Havdayo rpaduka, 0CBOOOKIACTCS M UCTIONB3YETCs sl HOBBIX JaHHBIX. Takum
o0pa3om, kpuBas OyJieT yceueHa B HaualbHOM yacTH, 4TOOBI COXpaHUTh Mocie Hue qaHHble. Koraa ato
IMPOHUCXOAUT BIICPBBIC IJIA O)IHOI\/'I HJIN HECKOJIBKUX KPUBBIX, MMOABJIACTCA NPCAYIPEKIAIOIICC
COOOILIIEHHE B CTPOKE COCTOSTHUS OKHA T ransient.

Kor;[a HaMsThb I’pa(l)I/IKa YCCKACTCA, rpaq)mc HC MOXXCT HCEMCIJICHHO OOHOBUTHCS HA OKpaHe: rpa(pm(
6y21€T IMMOKa3bIBaTh «HE CYMICCTBYIOIIHE) JaHHBIC, ITIOKA €0 HE IMEPECPUCYIOT.

Oob1iee TekyIiee KOJIUYeCTBO MaMsITH, UCIIOJIb3yeMOe [Tl allTOPUTMA CUMYJISILIMU U BCEX KPUBBIX,

Bceryia otoopaxkaercs B mosie Memory used okna coctosHust Transient, Tak 4to noJip30BaTeb IpU
HEO0OXOIMMOCTH MOKET MPEIIPUHATH YTO-TO Pa3yMHOE.
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YcraHoBKH nepexoanoro npomecca (Transient Settings)

Ilenkuure no kHonke Transient settings  * , unu BeIGepuTe KoManay Transient | Settings
OcnoBHoro Mento. [TosiBuTcs tuanorosoe okHo Transient Settings:

Transient Settings El

— Interval and step

IEI Start, = Use cunent screen
|1 1] Screen, s
[1e3 Calculation step., s

— Data zampling step
% 5ame az calculation [sa_ve all data]
£~ Less than or equal bo: I1&3
" Equal bo: _|

— Ophions
[T Fun untik |

[+ 5ave data before Start

Advanced... Cancel |

Interval and step (uaTepBana u mar). Korna cumyiisiiust 3amyiieHa, BpeMEHHOM JJMana3oH OKHa
HepexoaHoro mpouecca (transient) aBTomMaTHyecku yCTaHABINBACTCS B 38 JaHHbBII HHTEPBAJL.

e Start, s. JIeBslii kpaif OKHa Iepex0THOTO Tporiecca (Hauaino 0TOOpaXKeHUS JaHHBIX ).
e Screen, S. Pa3mep okHa epexoaHOro Mpolecca.

e Calculation step, s. (mar pacyera). MakCHMabHBIH IIAr pacueTa. PeanbHblil mar MOKeT OBITh
YMEHBIIICH aITOPUTMOM, €CITH HYXKHO.

e Save data before Start (coxpanuts 1annbie 10 MomenTa Start). Eciu ycraHoBIeHO, BCe JaHHbIC
CHMYIISILIMY IO MOMEHTA Havasia oToOpakeHus: Start coxpaHstoTcsl B MaMsATH U JOCTYITHBI JIJIs
otoOpaxkeHust. IHaue 3TH aHHBIE HE COXPAHSIOTCS, O3BOJISISI SKOHOMUTD MAMSTh.

e Use current screen (mpumeHnTh TeKymuii 3xpan). [l{enkHure, 4T00ObI HCIIOIB30BATh TEKYIIUE
YCTaHOBKH DKpaHa IepeX0AHOro IpoLecca B Ka4eCTBE HOBOIO NHTEpBasla cuMyJisinuu. [Tapamerpel
Start u Screen OyxyT yCTaHOBJICHBI COTJIACHO TEM, YTO OTOOPAXKAIOTCS Ha TEKYIIEM rpaduke
NEPEXOAHOTO MPOoLECCa.

Data sampling step (mar BbIGOpPKH AaHHBIX). 33/a€T 1Iar BEIOOPKU JaHHBIX (COXPAHEHUS) PABHBIM
WJTU OTJIMYHBINA OT II1ara pacuera. JTa OMIUs He CKa3bIBAETCS Ha pe3yJbTaTax pacuerax, a TOIbKO
YMEHBIIAET KOJIMYECTBO COXPAHSIEMbIX TaHHbIX.

e Same as calculation (coxpanuTs Bce 1aHHbIe). Bce pacueTHbIe JaHHBIC XPAHATCS B MaMsITH. JTa
OTIIHS JaeT 0ToOpakeHue 060Jee TOUYHBIX JAHHBIX U aHATU3 ¢ HAUOOJIBITUM MOTPEOICHUEM TAMSTH.

e Less than or equal to (Menbie uiau paBuo). Eciou onmus BeiOpaHa, 10KeH OBITH BBEJICH U
MaKCHUMAaJbHBIN IIar oToopaxenus. JlaHHbIe XpaHATCS B 33JaHHOM Inare. B1o06aBok OH XpaHUT Bce
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CKPUTHYECKUE» TOUKH JAaHHBIX, TAKKE KaK SKCTpeMyMbI (Max u Min), KpyTbie GPOHTHI, TOUKH
MEPEKITIOYCHHUS U T.J. ITO JaeT JOCTATOYHYIO SKOHOMUIO TTAMSTH, C BCE CIIIe HACKHBIM
O0TOOpaXCHUEM JTaHHBIX.

Equal to (paBHo). Eciu BeIOpaHo, 10/KeH ObITh BBECH U 11ara oroopakeHus. JlanHbie OymyT
XPaHUTHCS TOJIBKO C 33/IaHHBIM [IarOM, YTO MOXET JaTh HAUOOJBIIYI0 3KOHOMUIO MamsTi. OIHAKO
HEKOTOPbIC BaXKHBIC JIETAIN IIEPEXOTHOTO MPOIIeCcca MOTYT OBITh MOTEPSHBI, KAK M PUCK MOJTyUCHHSI
OueHuil 11 OBICTPO MEHSIOMIUXCSI CUTHAJIOB.

Options (ommumn).

Run until (3amycTutsb 10...). Eciiit ycTaHOBJIEHO, M BBE/ICHO BBIPAXKEHHUE, TaHHOE BhIpaKECHHE OyIeT
BBIUHCIIATHCS Ha KaKJI0M 11are pacuera. CUMyssus OyAeT HEMEAJIEHHO IPUOCTaHOBIIEHA, KaK
TOJIBKO 3HAYEHUE BBIpAKEHUE OYAET MOJIOKUTEIbHBIM. 3aTeM CUMYJISIIUIO0 MOKHO MPOIOKUTE. B
BBIPQ)XKEHUHU MOTYT OBITh MCIIOJIb30BaHbI IEPEeMEHHBIE t — TeKyIlee BpeMsi CUMYJISILIUH, HAPSHKEHHUE,
TOK M MOIIHOCTh Ha KomroHeHTe B Buzae: V(name), I(name), and P(name), rae hame — 3to ums
koMmioHeHTa (V, | win P kxpuBas AOKHBI ObITh pa3pellieHbl sl KOMIIOHEHTa). BripaxeHue He
OyzeT BBIUHCISATHCS moka Bpems t < Start. [Ipumeps! Beipaxkenuss Run until:

(C1)>5.0
I(R2)>1m) &&(t>10)
P(Rload)>3.3) || (£>100)

\
(
(

Save data before Start (coxpanuts 1anHbIe 10 MoMeHTa Start). Eciin ycraHoBieHO, BCe JaHHbBIC

CHMYJISILIMY 0 MOMEHTA Havasia oToOpaxenus Start coxpaHsoTcsl B MaMsATH U JOCTYITHBI IS
oroOpakeHust. iHaue 3TH 1aHHBIE HE COXPAHSIOTCS, O3B0 SKOHOMUTD AMSTh.

Advanced («npoaBunyTbIe»). lllenkHuTe, 4T00BI OTKPHITH AuanoroBoe okHo Advanced Settings:

Advanced Settings x|

— Convergence — Logical levels
[~ Change states one at a time IEI— Low, W
|1 Oe-12 k achine precizion IE High, W
_ |2.5 Threzhaold, W
— Calculation step

[T Do not detect oscillations

[ Do not reduce calculation step

|1 00e-3 Step reduction

Canizel |

Convergence (cxoauMocTs). [TlapaMeTpbl, KOTOpBIE MOT'YT CKa3aThCs HAa CXOAMMOCTH BBIYUCIICHUN
paboueii TOUKH M0 TTOCTOSTHHOMY TOKY U PacueTe TOYEK MepeKITIOUeHUS.

Change states one at a time. 3agaet pesKuM MEPEKITIOYCHHST COCTOSTHUN KOMITOHEHTOB MTPH
Tepanusx.

Machine precision («ManuHHBIH HIICHIOH»). MUHUMAaJIbHAS OTHOCUTEIIbHAS PA3HOCTh MEXKTY
JABYMsI YHCJIaMU C TUIABAFOIIEH TOYKOH, KOTOpasi MOXKET ObITh HAJISKHO pacrio3HaHa.
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Calculation step (mar pacuera). HeckobKo OIIHiA, OTHOCAIIMXCS K [Iary BHIYUCICHUIA.

e Do not detect oscillations. He oroOpaxkaTh mpeaynpexaaroiiee CooOeHHe, eClin
OGHapymI/IBaIOTCSI «HHUCIIOBBIC» OCHNJIIIAIINHA.

e Do not reduce calculation step. Beerna ucrnonb30BaTh TOJBKO 3aIaHHBIN [IAr BEIYUCICHUS (HE
YMEHBIIIATH I1ar).

e Step reduction. 3agaeT, HACKOJIBKO pa3pellieHHe 11ara B Mporecce 00HapyKEHHUsI TOUCK
MEePEKIIOUEHUS JTy4llle, UeM IIIar pacyeTa.

Logical levels. Otu ycraHOBKH MPUMEHHMBI K JIOTHYECKUM KOMITOHEHTaM M HEKOTOPBIM MOJICIISIM C
JIOTUYECKUM THUIIOM BXO/Ia.

e Low, V. Hu3kwuii noruueckuii yposens. Jlommken 0b1Th < High.
e High, V. Beicokuii tornueckuii ypoBeHsb. JlomkeH ObITh > LOW.

e Threshold, V. Jlorudeckuii mopor: HanpsbkeHHE HUXE TIopora cuuraercs: Low, Beime — High.
[ToporoBoe HanpspkeHHE AOKHO ObITh MeX Ty LOow u High.
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JlanHble nmepexoaHoro mpouecca (Transient Data)

Ilenkuure no kuonke Transient data BB | wm seiGepure komanny Transient | Data. TlosButcs
okHo Transient Data. B okHe Bcerja rmokasansl JaHHbBIC, OTHOCSIIIUECS K AKTHBHOMY JIOKYMEHTY
(cxeme): TepeKITFOUEHUE Ha JAPYTOii JOKYMEHT aBTOMATHIECKH OOHOBHT JIaHHBIC B OKHE. OKHO
COJIEP)KUT HHCTPYMEHTAIBHYIO [TAHEN b, CIIUCOK KPHUBBIX (1races) u 4 CTpaHMIIbI, HCIOIb3YEMbIE JIJIst
CIIETYIOIIMX OTIE€PaIHii:

e Traces (kpuBble): 100aBJIsET KPUBBIE, 3a7aCT MHANBUAYaTIbHbBIC MACIITa0 U ITUPHHY JJIS
KPUBBIX.

e Screen (3KpaH): 33/1a€T MacIITa0, TMHUU CETKU U JIPyTUE OINIUH dKpaHa IJisl Tpaduka.
e Table (Tabauma): koHpUrypupyeT TaOIUIly TaHHBIX.
e Storage («xpaHu/juuie»): oOCIIy>)KUBACT XpaHEHHUE JAHHBIX.

x
FRHE ey = X[EHD e
Traces I Soreen I Table I Stnragel ¥ Check to dizplay on the graph
dd o e v v

W(C1
I\-‘[‘ﬂ] & Add [ ]wicT)
v
| F1
P
Wariable ot
Funtion
Add SEY and| races
— Trace: Y[}
10
I Scale \
a Mid
I_ ' Checkal  Uncheck all
— |1 "I Wfidth
Apply | Cloze

ITomecTuTe MBIIIKY ITOBEPX «Pa3aCIUTEIIA» @ , 3aTCM HAXXMUTCE JICBYIO KHOIIKY MBIIIKHW U

NnepeTamuTe pa3acinuTelib, YTOOBI U3MEHUTH pa3sMep MaHenen.

Trace list (cnucok KPUBBIX) MOKa3bIBACT BCE TEKYIIUE TOCTYIHBIE KpHBble. DIa)koK MOKa3bIBAET
CJIEyIOIlEe CBOMCTBA KPUBBIX, B 3aBUCIMOCTH OT TOT0, KaKasi CTpaHHIla BbIOpaHa:
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e Crpanunsl Trace u Screen — kpusast OyJeT nmokasaHa Ha rpaduke.
e Crpanuna Table — kpuBas Oyner nmokasana B Ta0nuiie.
e Crpanuna Storage — kpuas OyaeT coxpaHsTbes B Storage.

[lenkuute mo Check all, uro6sr mocraBuTh iakok Ha Beex KpuBbixX, mim Uncheck all, uto6sr yopaTs
(hraxok

Bouibiiast yacTh KOMaH/I MaHEId IPUMEHUMA TOJIBKO K BbIJICIICHHBIM KpUBbIM. OIHA HIIH OO0JIbIIIE
KPHBBIX MOT'YT OBbITh BBIOpAHbI U3 CIHCKA ¢ TIOMOIIIb0 Mblky 1 kiaasum Ctrl u Shift. IToxanyiicra,
3aMEThTE, YTO BBIICIICHHBIC KPUBBIC MTOJICBEUCHBI B CITUCKE, U «BBIICICHHOE» COCTOSHHE KPUBOU HE
3aBUCHT OT cocTosiHus € (rakka. Ha prcyHke Bbillie 00€ KPHBBIC HMEIOT BHICTABICHHBIN (DIaXKoK, HO
tosbko V(V1) BeiOpaHa.

JIBaXKITbI MIEIKHUTE 110 KPUBOM, YTOOBI U3MEHUTH €€ IBET.

B 91011 rI1aBe onrcaHbl KOMaH bl HHCTPYMEHTAIBHOH MaHenu, u paboTa co cTpaHuieit Traces. [pyrue
cTpaHMIbl onrcansl B raase Transient Window (pasaenst Graph, Data table u Storage).

HNHcTpyMeHTA/IbHAS TAHEJIb

KoMaHnap! KHOIIOK MHCTPYMEHTAJIBHOM IIAaHEJIN OTHOCSITCSI KO BCEM MJIM TOJIBKO BBIJICJICHHBIM KPUBBIM.
HexkoTopble u3 3TUX KOMaHJI TAK)Ke JJOCTYITHBI Yepe3 KOHTEKCTHBIC MEHIO B OKHE T ransient.

@ e Open file. 3arpy3uts kpuBbie U3 Qaiiina naHHbIX TUOA “Nit”.

e Import traces. UmnopTupoBaTh KpHUBBIE U3 TEKCTOBOTO (aiina dopmata “tXt” mmm “csv”.
dopmar naHHBIX ¢aiina JoKeH ObITh aHAIOTUYEH opMaTy IKCIopTa KpuBbIX. [lepBas
KOJIOHKA COJIEP>KUT BpeMs (B CEKyHax), Ipyrue KOJOHKHU CoAepKaT TaHHble KpuBoil. [lepBas
CTpOKa — 3TO CTPOKA 3aroJIOBKa: OHAa MOXET COJepXkKaThb 000 TEKCT B EpBOM KOJIIOHKE, U
MMeEHa KPUBBIX B IPYrUX KOJOHKax. EcIu UMsI KpUBOM COCTOMT U3 CHMBOJIA, OTIIMYHOTO OT
UG Pl U OYKBBI, OHO JIOJKHO 3aKJIF0YAThCs B KaBBIUKU. J[aHHBIE M KMEHA MOTYT Pa3JeNIAThCs
3ansThIMU, poOenamMu UK Tadynsuueil. Hanpumep:
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Korna aiin 3arpyxen, ero cogepkuMoe oTodopaxkaercs B JUaIOroBoM okHe Import Traces ans

MIPOBEPKH:

=10/ x]

ks
1]

0.1

0.2

0.3

1.1
51
7

_Conedl |

trace 2
100
9.0

8.0

5

enkuute o OK, 4To0BI IPUHATH UMIIOPTHPOBAHHBIN (aitn. HoBbie KpuBbIe OyIyT CO31aHBI U
IoKa3aHbl Ha rpaduke.

[E o Save selected traces — coxpanuTs BblieJIeHHbIE KpUBBIE B (it qanHbIX Tuma “nlt”. Tombko
BbIJIeTICHHBIE (TIOJICBEYCHHBIE) KPUBBIE U3 CIIHCKA OyIyT COXPaHEHBI.

B e View/Export selected traces — nocMOTpeTh M SKCIIOPTHPOBATH BbIIEJIEHHBIE KPUBBIE B
TekcToBOM BHIE (“tXt” mim “csv”’ ¢opmar). Tonpko BeiZieNIeHHBIE (1IOICBEUYEHHBIE) KPUBBIC U3
criucka OynyT nokasassl. [losBuTcst nuanoroBoe okHo View/Export:

=

time[=
1]

1e-3

2e-3

Je-3

de-3

Be-3

Ee-3

fe-3

Be-3

Je-3

10e-3

11e3

12e-3

13e-3

14e-3

15e-3

16e-3

Ao

irpt

1Me-3
22e-3
33e-3
dde-3
5be-3
BEe-3
7red
Bfe-3
H9e-3
110e-3
121e-3
132e-3
143e-3
15423
1E5e-3
176e-3

407 - 7

brace 2
10
995
998
997
9.96
995
994
8.43
992
99
949
969
988
987
986
965
984

(w Nl

Y

— Interval

IU— From
IW Ta

|1e-3— Step
ISW— Fairts

Sigrificant digits
[ =] Time
IE "I Data

hd

BeiieneHHbIe KpUBBIC TOKA3aHbI KaK TEKCT B Tabnuiie. [lepBoHAYaIbHO KPUBBIC TOKA3bIBAIOTCS
BO BPEMEHHOM HHTEPBAJIe MEXIy KypCOPaMH SKpaHa WJIH, €CIIH KYPCOPBI BBIKIIOYEHBI, HA
BUIUMOM 3Kpane. M3menute 3Hauenuss From u To u nHaxkmure ENter wnu menkHuTe mo KHOMKe
Update table, uto0br uamennth uaTepBai. Kpupbie 0ToOpakaroTcs ¢ pUKCHPOBAHHBIM
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BPEMEHHBIM I1IarOM, 33IaHHBIM 3HaYeHHeM Step. HauanbHblil mar aBTOMaTHYSCKU
YCTaHABIIMBACTCSA TAKUM, YTOOBI YUCIIO TOYEK OBLIO OJIN3KO K 3HAYECHHIO, 38 JAHHOMY
napamerpom Approximate number of points crpanuisr Transient auanoroBoro okHa
Preferences (no He npessimaromemy 3Hadenus Max number of points, 3aganHoro tTam xe).
Yucno 3Havamux nudp Ui KOJIOHOK BPEMEHH U TAHHBIX MOXKET OBbITh 33aHO.

lenkuute mo EXport, 4rodbl coxpaHuTh TaOIUIy B TEKCTOBOM (aiisie, Kak 3HaueHUs,
pa3JEIICHHBIC 3aIISITHIMU.

e Copy selected traces — ckonupoBath BbleIeHHbIE KPUBBIC B Oy(dep ooMeHa. ToabKo
BBIJICJIICHHBIC (TT0/ICBEYCHHBIC) KPUBBIE U3 CITUCKA OYIyT CKOMPOBAHBI.

2 ¢ Pastetraces — BcTaBuTh KpuBbIe U3 Oy(epa oOMeHa.

7 e Duplicate selected traces — cay6iupoBarh BbIIEIECHHBIE KPUBBIE. JTa OIEPAIUs DKBUBAICHTHA
oneparmsm Copy/Paste. . Tonbko BblieneHHbIC (TI0CBEUYCHHBIC) KPUBBIC U3 CITHCKA OYIyT
CAyOIMPOBAHBI.

= ¢ Remove selected traces — yaanuth BblieiCHHbIC KpUBBIC. TONBKO BBIICICHHBIC
(TIO/ICBEYCHHBIE) KPUBBIE U3 CITHCKA OYIyT y/IaICHBL.

# o Delete all traces — ynanuts Bce KpUBbIE U3 CIHCKA.

B o Select color — 3amath uBeT BbIEICHHOI KpuBO#i. JlokHA OBITH BBIJICTICHA TOJIBKO OJTHA KPUBAs.
JIBOWMHOM IIETYOK MO0 KPUBOM BBIITOJHSAET TY K€ ONEPALUIO.

e Rename trace — nepenMeHOBATh BBIICICHHYIO KpUBYIO. J[0JKHA OBITH BBIJIENICHA TOJIBKO OHA
KpuBasi. [lepenMeHOBaHBI MOTYT OBITH TOJIBKO KPUBBIE, 3arpYKEHHBIC WJIH UMIIOPTHPOBAHHBIC U3
¢aiina, cryOommpoBaHHBIE MM BCTaBJICHHBIEC U3 Oydepa oOmeHa. [lepenMenoBanne KpUBO# THTIA
Function u3mensier camy ¢ynkuuto. [TosiButcst okHo Rename:

x

Erter new name:

Cancel |

Beeaure HOBOE nMs kpuBo# U menkHuTe no OK.

4+ « Move selected traces Up — nepeiBUHYTh BBIJICJIEHHBIE KPUBbIE BBEPX B CIUCKE. JTa ONepanus
MEHSET MOPSAA0K KPUBBIX B CIIUCKE, Ha rpaduKe U B TaOIHULIE.

¥ o Move selected traces down - nepeiBUHYTH BbIeIE€HHbIE KPUBBIE BHU3 B CIHMCKE. DTa OIepalys
MEHsIeT OPs/I0K KPUBBIX B CIMCKE, Ha rpaduke U B TabJHIIe.

-4
°

Find component. Eciu Beiienennas kpusas — 310 V, | wiu P Ha KOMIIOHEHTE, IIETIKHHTE,
9TOOBI TTOKA3aTh KOMIIOHEHT Ha cxeme. KoMmoHeHT OyAeT BhiziesieH (TI0/ICBeUeH) U OTIIEHTPOBAH
Ha DKpaHe.
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Traces (kpuBbIe)

Crpanura Traces okna Transient Data ucrnonb3yeTcst it 100aBICHHS U yIaICHUS KPUBBIX, M IS
YCTaHOBOK JJIsI OT/ICTBHBIX KPUBBIX MacIITaba U IIMPUHBL.

B Transient Data

=2HE @

Traces | Su:reenl Table I Stnragel

—Add new trace

B = XM e m

[v1) 4 Add
v [

| Fi1

i
Wariable auk

Function

Sdd A Y and | races

— Trace: W1}
I'ID Scale
|o Mid

— I'I *I WWidth

x|
r Check to dizplap on the graph
[V/1)
[ 1vicT)
Check all ncheck. all
Amply | Cloze

Add new trace (106aBuTh HOBYIO KpHBYIO). BeiOepute Tum rpaduka B CIHCKE CIICBa:

| — Tok.
P — MomuocTs.

V — HampsiKeHue.

Variable — cxemnas nepemenHnas, onpeseneHuas B okie Variables.
Function — npou3BonbHas QyHKIuS.

Ecnu BeiOpana kpusas V, | niau P, ciicok cripaBa nmokakeT KOMIIOHEHTHI, TOCTYIHbIE Ui rpaduka

ATOTrO TUIA: MOJIENIb KOMIIOHEHTA JJOJIKHA MO/JIEPKUBATh BEIOpAHHBIN TUI. BbIennTe KOMIOHEHT U
menkauTe 1o kHonke Add | € |, WM JBaK/ABI HIETKHHUTE 110 UMEHHU IIEPEMEHHOM, YTOOBI T0OaBUTh
HOBBIN TpauK B cIUCOK. VIMst KpUBOH COCTOUT U3 OYKBBI C MOCIEAYIOIUM UMEHEM KOMITIOHEHTA B

CKOOKax:

V(R1), I(C2), P(L3)

Ecnu BeiOpana kpuBast Variable, cicok cnpaBa mokaket Bce mepeMeHHbIE, JOCTYITHBIE B CXEME.

BeiOepute nepeMeHHy0 U menKHUTe 10 KHotke Add <, WK TBX/IbI MISTKHUTE TI0 UIMEHH
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MepeMeHHOH, 4TOOBI J00aBUTHh HOBBIN I'paduK B criucok. IMst KpuBOi#t OyAET TO *Ke, 4TO U Y
[IEPEMEHHOM.

Ecnu BeiOpana kpuBas Function, BBeaute GyHKINIO B OKHE PEIAKTHPOBAHUS U IICIKHUTE 110 KHOIIKE
Add e, 9T00OBI 106ABUTH HOBYIO KPHBYIO B CIIHCOK. DYHKIIHMS MOYKET COCTOSTH U3 apu(hMETHUCCKUX
orepaTopoB U (QYHKIUH, TApaMETPOB KOMIIOHEHTOB, TEKYIIIETO0 BpEMEHU MepeXoaHoro mporecca tu V,
| u P Ha KOMIOHEHTE:

sin(t*1000) * (1+cos (t*10))
V(in) /I (Al)

V(X1.V1)

sq(V(rl))/rl

Wwms xpuBOit — 3T0 cama (yHKIHUS, TaK YTO IEPEUMEHOBAHNE KPUBOH U3MEHUT (PYHKIIUIO.

I'paduxu V, | u P Moryt Takxe 100aBIATHCS U3 KOHTEKCTHOTO MEHIO CXEMBI M KHOITKaMU TTaHEIN OKHA
Components.

Z[J'IS[ Ka)KHOﬁ KpHBOﬁ MOTYT OBITH YCTAHOBJICHBI CJICAYIOMINC HHAUBUAYAJIbHBIC ITIAPpAMETPHI:

Scale. Maciita6: 3HaueHrne KPUBOU Ha TIOJIOBHHY JKpaHa.

Mid. 3naueHre KpUBOI B CEPEIMHE DKPAHA.

Width. [lluprna TMHUK KPUBOM B MTHUKCEIISAX.

Fit the Screen. Illenkuute, 4T0OBI aBTOMAaTHYECKH ycTaHOBUTH Scale u Mid tak, yToObI KprBas
OblJ1a OTOOpaKEHA Ha BECh DKpaH.

BLI6epI/ITC OIHY WK HECKOJIbKO KPUBBIX B CIIMCKE Trace, HU3MCHUTC ITapaMCTPbl U HAXKMHUTC Enter nin
MICJIKHUTC 110 KHOIIKE Apply Ecmu BBIJCJIICHHBIC KPUBLIC UMCIOT PA3HbBIC 3HAYCHUSA JI1 OJJHOT'O
napamMeTpa, COOTBCTCTBYIOLICC I10JIC 6y,[[eT 0CTaBaThCsA YUCThIM. OCTaBbTE MOJIE YHUCTBIM, YTOOBI
COXPAaHUTh HHAWBUAYAJIIbHBIC 3HAUYCHUA HCU3MCHHBIMU, UJIX BBCIUTEC HOBOC 3HAYCHUC, 9TOOBI
IMPUMCHUTH €I'0 KO BCEM BLI6paHHLIM KPpHBBIM.
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Cumynsuus

HCHOHB3YﬁTC KOMaH/bI OCHOBHOT'O MCHIO, KHOIIKH1 HHCTPYMGHTaHBHOﬁ IMMaHCJIN WU IropAvYnC KIIaBUIIIU
AJI BBITIOJIHCHUS CUMYJIALIUU.

= e Start transient (Transient | Start, or F6). 3anyctuts ananu3. Koraa 3amyckaercst aHanms
MePEXOTHOTO MpoIiecca, OTKPBIBACTCs OKHO rpadukoB Transient 1 BpeMeHHO# Auana3oH dKpaHa
yCTaHABJIMBAETCS B 3HAYCHHMS, 3aJaHHbIE B IMAI0oroBoM okHe Transient Settings: Start — sto seBbrit
Kpaif 9KpaHa, SCreen — pasmep 3KpaHa. XO0Ts CUMYJISALUS BCeraa HaunHaeTcs B MoMeHT 1=0,
pe3ynbTaThl 0yayT 0TOOpaXxkaThes Ha rpaduke ToIbKo ¢ MOMeHTa Start. B 3aBUCMMOCTH OT yCTaHOBKHU
¢dnaxka Save data before Start nannbie cuMynsIMK 10 MOMEHTA Havyaja 0TOOPaKEHUsSI MOTYT
UTHOPUPOBATHCS HIIM COXPAHSITHCA B MIAMSATH, YTOOBI OCTaBaThCs TOCTYIHBIMU ISl OTOOpasKeHUs
II03Ke.

Pe3ysbraThl IepexoaHOro mpolecca HeMeUIEHHO 0TOOpakaroTest B OKHe rpadukos Transient.
Tekyliee BpeMsi CUMYJISIIIAY [TOKa3aHo B mosie Simulation progress ¢ 3enensiM GoHoM, ecitu
HGpCXOI{HOfI mponecc B HaCTOFIHII/If/'I MOMCHT BBIIIOJHACTCA, UJIN C KCIJIThIM (1)OHOM, €CJin OH
npuoctaHoBiieH. KonnyecTBo namMsaTH, UCIOIb3yeMON AJI CUMYJISILUHN U TpaMKOB, IOKAa3aHO B 110JIe
Memory used.

={] ¢ Pause transient (Transient | Pause, or Space). ITpuocranosuts ananus (Ilaysa). Ananns
MEPEXO0IHOTO IPoLiecca MOXKET ObITh TPUOCTAHOBIIEH, a 3aTEM ITPOI0JKEH B Jr00oe Bpems. Korna
rpaq)m( MePexXoaHOro mnponecca N0CTUracT KOHIA 3KpaHa, ImpoucccC IIpuoCTaHaBJIUMBACTCA
aBTOMATHYECKH (€CIIH TOJIBKO HE BKJIFOUCH PEIKUM HEITPEPHIBHOTO aHaIM3a KHOMKoH Continuous
transient mode @5 ).

[+ ¢ Continue transient (Transient | Continue, or F7, or Space). IIpomo/mkuth aHanus.

IToutn Bce oneparuu B NLS MOTryT BBIOTHATBCS, KOT/a 3aMlyIleH aHaIN3 IEPEX0JHOro npoliecca. Bel
MO’KeTe MEHATh MacluTad rpaduka, BeTa, 100aBJIATh WM YAAIATh KPUBbIE, MEHATH 1Al CUMYJIALINH,
napamMeTpbl KOMIIOHEHTOB, U 1aXe pelakTUpOBaTh cxeMmy. Mi3MeHeHus OyayT He3aMeATUTeTbHO
MIPUMEHSITHCS U CKa3bIBaThCS HA CUMYJISILIMM ITepexoaHoro npoiecca. Ecnu tpeGyercs ans onepanum,
aHaJIM3 MepeX0IHOro mpoliecca Oy1eT aBTOMaTHYECKH ITPHUOCTAHABIMBATHLCS, a 3aTEM Cpas3y 1o
OKOHYaHUH ONEpALUU BO30OHOBIATHCS. [IJ11 HEKOTOPBIX KPUTUUYECKUX ONEpaluid, OJTHAKO, aHAIHU3
MOJKET HE BO30OHOBIIATHCS WM J1aXKe OCTaHABJIMBATHCS MOJHOCTBIO.

ok e Stop transient (Transient | Stop). Ocranosuts ananu3. Korga anamms nepexomHoro npoiecca
OCTaHOBJICH, OH HE MOXKET OBITh MTPOIOKEH U JIOJDKEH 3aMyCKaThCsl 3aHOBO C CaMOT0 HaJaJa.

e Transient Log (Transient | Log). Mudopmanus xypHaza perucTpaiuy, rmokaspBacMas B
JMAJIOrOBOM OKHE, MOXKET MCIIOJIb30BaThCs I oucka nmpobiem. [locinennss 3amick coxpaHseTcs B
daiine cxemsl. [Ipu oTpaBke daiia cxeMbl B Ciryk0y moaaepskku (Customer Service) st moMoIu,
MOXaJyicTa, COXpaHIHTEe CXeMy TIOCIIe CUMYJISIIIUU, YTOOBI TIOCIIE/IHSS 3aMUCh KypHajla PerHCTPalliy
Obuta BKITroueHa B daiin. [lenkuaute mo kHornke Copy to clipboard, uTo0s! ckonupoBarts 3Ty TEKCTOBYIO
3anuck B 0ydep oOMeHa.
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=1 e Save IC (Transient | Save 1C) CoxpaHsieT TekyIilee COCTOSTHIE BCeX KOMIMOHEHTOB B ux 1C
(HayanbHBIE yCi10BUS), ecnu nmapameTp IC cymecTByeT a1 KOMIIOHEHTa. JTa QYHKIUS MOXKET
HCIIOJIb30BATHCS JUIsl COXPAHEHUS COCTOSHUSI KOMIIOHEHTOB, KOT/1a TOYKA MEPHOANYECKOrO
YCTaHOBMBILETOCSI COCTOSIHHS Hai/IeHa, TaK YTO CIEAYIOMIasi CHMYJISIHS MOXKET cpa3y CTapTOBaTh U3
YCTAHOBMBILETOCSI COCTOSIHUSL O€3 MOBTOPHOI'O BBIIOJIHEHHUS J0JIFOI0 IPOLIECcca CUMYJISLMY B TOUCKAX
3TOTO COCTOSIHUSA. 3aMeThTe, 4To KoManaa Save |C He coxpanser (has3bl IepruoANYECKIX HCTOUHUKOB,
TaK 4TO [yl TOUHOCTH Pe3y/IbTaTOB MOMEHT, KOI'/1a KOMAH/Ia BBIMOIHAETCS (COXPaHAIOTCS HayallbHble
YCIIOBHS), TOJIKEH OBITH BHIOpAH MPABHIIBHO.

& o Sweep (Transient | Sweep). [Io3BousieT 3aIycKaTh CEpUH aHATH30B IIEPEXOAHOTO IPOLIECCa,

KOT'/Ia TapaMeTp KOMIIOHEHTA WUJIU MePEMEHHAsI MEHSIETCS B 33JJAaHHOM JTUANa30HE, U COXPAHAThH JaHHbBIE
aHanu3a. Pexxum Sweep koHdurypupyercst Ha ctpanuiie Sweep okxa Tools.
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OxHo nepexoaHoro npomecca (Transient window)

TunmaHBIN BHUJ] OKHaA IIEPEXOJHOI0 Mpouecca U €ro OCHOBHBIX KOMIIOHCHT IMOKAa3aH HUXKC!

=l Data, ..
EI Cursars, .. F=l pata. .
E Tahle Hide Wiyv1}
[E] Legend Right-click Right-click == Remove
Zoom k alb| Remame. ..
) Graph area S Duplicate
= Mowe Run to starage B2 coow
. Clear starag rc - Transienkt 10| x|
25| Insert ket =
= " ke... J
S_\ &nnotate I_—_l_m
1w
Traces RS,
E Image
£v Preferences
. -
v left right I dalta I i I mak I PR I mean I 1S I a
CUrsars 30911 839458 460348
Data table |:|'-.-'If‘-.-'1) 0 10 10 0 10 0 t.20187  F.2i19r 4 Right—click
|:|'-.-'(C1) F3Ee-3 149093 FE29e-3 0 (FIL1E88e-3 | 1.49093 FE9.041e-3 1111293 1.13246 ot
< | o
Right-click  ™gun fRun 1/ |||I:= 20,0001 | 1OME | Shitt | Cil | Click bo move cursor

\ ]

=] Data...

| T

Data selection Simulation

progress

alb| Frename. .

=P Maove Run ko storage
= Remove
7 Clear storage

Selected only
|7 Selected and dimmed
&l

|7 Staore lask Run

N

Memory Shift/Ctrl Status bar
used indicators

=] pata...
Hide W1}

Separate window

Preferences. ..
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e Graph area (o6macts rpaduka), COACPKHUT KPUBbIE C AaHHOTALUSIMHU, KypCOPaMHU B TEKCTOM.

e Legend window (ycioBHbIE 0003HAYCHUS ), COIEPIKHUT CIIUCOK KPHUBBIX, MOKA3aHHBIX HA
rpaduke. lllenkHUTE IO CEPOMY 3aroJIOBKY MAHEITU OKHA YCIOBHBIX 0003HAYCHUIN @ ,
YTOOBI MEPETAIINUTh OKHO.

e Data table, tabnua 1aHHBIX, COJEPKUT HHPOPMAIIHIO O KYPCOPE/IKpaHE U pacUCTHBIC TAHHBIC
KpHUBOM.

e Data selection, BeIOOp JaHHBIX, COACPIKUT 3aKIAKH MMOCICTHUX CUMYJISIHIA U COXPaHCHHBIX
naHHbIX (storage). llenkuute 1o 3akiaake, yToObl BEIOpaTh RUN (pe3yabTaThl CUMYJISIIAN ) WU
COXpaHEHHbIE JJAHHBIE.

e Simulation progress, nporpecc CUMYJISIIIH, IIOKa3bIBACT BPEMsI TEKYLICH CUMYJISIIIN 1
cocTosiHue (MICT/TIPUOCTAHOBIICHA).

. I\/Iemory used, HCITOIB30BaHNE MaMATH, ITOKA3hIBACT KOJIUYCSCTBO ITAMSITH, UCIIOIb30BAHHOM I
CUMYJISILIUY U JAHHBIX KPUBBIX.

e Hupukarop Shift/Ctrl moacseuen, korna kinaumu Shift w/nmm Ctrl HaxkaTsr.

e Status bar nmoka3sbiBaeT MoJCKa3Ky, OTHOCSIIYIOCS K TEKYIIEH MO3UIIMU YKA3aTeIsl MBIIIKH U
cocrostauto Shift/Ctrl.

e TlomecTHTe yKa3aTeIh MBIIIKH [TOBEPX «Pa3IETHTEIS @ , 3aTEM HaKMHTE JIEBYIO KJIABHUIILY
MBIIIKH ¥ [IEPETAIINTE pa3aeanuTesb, YTOOB K3MEHUTH pa3mep obactu Data selection (Beibop
JTAHHBIX ).

o Ilomecture YKa3aTeJIb MBIIIIKU MMOBEPX «Pa3qACTIUTCII> @ , 3dTCM HA’)KMHUTC JICBYIO KJIABUIITY
MBIIIKHU U IICPCTALUTEC, YTOOBI U3MEHUTH pasMep Ta6J'II/II_IBI JaHHBIX.

L4 H_[eJ'IKHI/ITC npaBoﬁ KJ1aBUIIIEH MBIIIKH 110 rpa(1)1/n<y, YCJIOBHBIM O603H8H€HI/I$IM, Ta6n1/1ue JaHHBIX
HJIM 00J1aCTH BBI60pa JaHHBIX, 9TOOBI YBHACTH KOHTECKCTHOC MCHIO C COOTBETCTBYIOILINMMU
KOMaHJaMH.

e OOuMe CBOWCTBA OKHA MEPEXOTHOT0 MpoIecca, TAKUE KakK 1BETa, LIPHU(THI U HEKOTOPBIC APYTHE
OIIIMH, MOTYT OBITh HACTPOEHBI Ha cTpanunax Graphs, Table, Annotation u Text auanorosoro
okHa Preferences. CpoiicTBa, mpucyImime T0KyMEHTY (CXeMe), MOTYT TaK:Ke YCTaHABIMBATHCS B
okte Transient Data.
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OO6nactp rpaduka U ee KOMIOHEHTHI TTOKa3aHbl HIDKE:

Cursors Text

Gridlines

Annotation

Traces ——

I'pagpux

Hasuranus no rpaduky MOXeT BBIITOJHATHCS KOMaHIaMH, JOCTYITHBIMU B KOHTEKCTHBIX MEHIO OKHA
MIEPEXO/IHOTO MpoIiecca, KHOIMKaMU MHCTPYMEHTAIbHOW aHEJIM EPEXOAHOT0 IPOoIecca, TOPSIUUMU
KJIAaBULIaMM, KJIABUIIAMH KJIABUATYPbI U MBIIKONW. O4EeHb 4aCTO HEKOTOPBIE ONlEpallii MOTYT
BBITIOJIHSATHCS pa3HbIMU criocobamu. Tak, Hanpumep, MacurabupoBanue rpaduka, zoom in/out, moxer
OBITH CENaHO JINOO TOJIBKO C UCMOIB30BAHUEM KIIABUII KJIABUATYPbI, TMOO0 TOJBKO MBIIIKOM, 1100
KJIaBUATypou 1 MbIlIKOM BMecTe. [lonb3oBarens MoxkeT caM BbiOpaTh HanOoiee 3pEeKTUBHBIN U
yIIOOHBIN 711 HETO Cc1oco0.

Ectb Tpu pexuma onepanuit ¢ rpaduKoMm:

[; e Cursors. ITepemerenne Kypcopos.

“if e Zoom. MacmrabupoBaHue.
M e  Scrolling. ITpokpyTka.

PexxuM MOXKeT BEIOMPATHCS MIEITYKOM KHOTIKY Ha TIAaHEJIH MEPEX0HOTo mpoiiecca. Takxke ecTh ObICTphIe
croco0bI TIepekTroueHus u3 peskuma Cursors B Zoom u Scrolling:

Ctrl down
e Haxwmure u yaepxwure kiaapuiny Ctrl, menkuure u nmeperarure s —— -
MBIIIKOM, YTOOBI MaciuTabupoBath rpaduk. OTIYCTUTE KIABUIITY —_ %
Ctrl, uroOsI BepHyThCs B peskum CUrsSOrs: Ctrlup
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Shift down
e Haxwmure u yaepxure kiaapumy Shift, menknure u neperamure "
MBIIIKOM YTOOBI MPOKPYTUTH rpaduk. OTIYCTUTE KIIABUIILY h Y~ 0
Shift, ytoOsI BepHyThCs B peskum CUrsOrs: Shift up

KpuBsbie MosIBISIOTCS Ha rpaduKe CO CBOUM WHIUBHUIYAIbHBIM MAcIITA0OM, IIUPUHON U IIBETOM,
ompezeJIeHHBIME Ha cTpaHwuiie Traces okxa Transient Data. Korna BeimosiHseTcs: MacIiTabupoBaHue
rpaduka, H3MEHEHHsI MacIITabda OTACIBHBIX KPHBBIX HE IPOUCXOINUT. BMECTO 3TOr0 MEHSIOTCS
napametpsl 9kpana Multiplier u Offset, koTopbie mpuMeHsIOTCS KO BCeM KpUBBIM. Maciirad
BBIJICJICHHOW KPUBOH MOKa3aH Ha rpaduke. Ecnu BeieneHHast KpuBasi MEHSETCS, pa3METKa Ocei 1
JIMHUH CETKH MOT'YT TOXE HU3MCHUTHCA.

IInoTHOCTE NMMHMI CETKU BBI6I/IpaeTC$I ABTOMAaTH4YCCKH TakK, YTOOBI IIOCJICOHAA 3Ha4Yaliasa umbpa arara
ObLIa 1, 2unu S u AUCTAaHOUA MCKAY JIMHUAMU CCTKU HpI/I6JII/I3I/ITCJH)HO paBHa 3HAYCHUIO, 3aJTAHHOMY Ha

crpanune Graphs auanorosoro oxna Preferences, kak Gridlines interval B mukcensx.

MaCH_ITa6BI, JIMHHUU CCTKHU U HeKOTOpHe I[pyme OIInu Fpa(bHKa MOXHO UBMCHUTH Ha CTpaHI/II_Ie Screen
okHa Transient Data:

B nl1 - Transient Data x|

EE2E@E BRe T =X HEoess
Traces SCreen | Tahle I Stnragel ¥ Check ta dizplay on the grapt

v ] i)

[v Shaow legend

[~ Show data points
[v Shaow numbers
[~ Separate races

— Harizantal
IEI Start, &
|2EI Screen, =

v Show grdlines

— Yertical
|1 b uiltiplier
|o Offzet
3t Feset
IV Show gridlines Checkal  Uncheck al

[~ Show all scales

Spply Cloze
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1a

Show legend. Bribepure, 4To0BI TOKa3aTh OKHO YCIOBHBIX 0003Ha4YeHUit. Takxke UCTIONb3yHTE
kHONKy Legend [E] Ha MHCTPYMCHTalbHON NAHEIN WM B KOHTCKCTHOM MEHIO.

Show data points. Beioepurte, 4T00bI MAPKUPOBATH TOUYKHA PACCYMTAHHBIX JTAHHBIX IO BCEH
KpUBOH B BHJI€ MAJICHbKUX KBAJAPATUKOB. ITa OMIUS 3HAUUTEIHHO 3aMeJIsIET BBIBOJ I'paUKOB,
HO MOJKET OBITh TOJIE3HA IPU OTJIAJIKE M BHIOOPE I11ara BEIYUCIICHHH.

Show numbers. Beibepute, 4T0OBI BRIBOJUTH YKCIIA Ha IIKaJax.

Separate traces. Taxxe UCMONB3YHTE KHOTIKY pa3zelieHus] KpUBBIX Separate traces WA
HaxkmMuTe Tab B okHe mepexoaHoro mnpoiecca. Kpubbie OyayT pasaeicHbl BEPTUKAIBHO, YTO
IOMOTacT pa3jinuUuTh ITOXOXKUC KPHUBBIC. FOpI/ISOHTaJIbHBIe JIMHUUN CCTKU UCHOJB3YHOTCA JIA
JIeJIeHUs] KPUBBIX, @ BEPTUKAIBHBIC IITKAIBI HE OToOpakatoTcs. Eciu rpaduk Macimrabupyercs
MBIIIKOH, OyIeT paboTaTh TOJIBLKO TOPU3OHTAILHOE.

'.M _II- 20031 1.3MB I 1| Choch 1'.M it | sl 138 \:krl-
Normal mode Separated traces

Horizontal. YcranasnuBaeT ropu30HTAIBHYIO IIKATY U JINHAU CETKH.

Start. Bpems y neBoro kpast SKpasa.
Screen. Pa3mep skpaHa.
Show gridlines. Beibepure, 4T00BI TOKa3aTh TMHUH CETKH.

Vertical. YcranaBinuBaeT BepTUKAIBHYIO IIKATY ¥ JTUHHU CETKH.

Multiplier. MHoxwuTeNb IIKaTBI SKpaHa, IPUMEHSETCS KO BCEM KPHBBIM.

Offset. CmereHne 3kpaHa, IPUMEHSIETCS KO BCEM KPUBBIM.

Reset. CopacpiBaeT BepTUKAIBHBIM MHOXKUTEND B 1, a cmerieHue B 0.

Show gridlines. Beibepute, 4TOOBI OKA3aTh JIMHUH CETKH.

Show all scales. TToka3ate mikasbl 1Jisi BCeX KPUBBIX B [[BETE COOTBETCTBYIOIICH KPUBOIL.

Legend (yc/ioBHBIE 0003HAYEHMS)

Oxno Legend comepkuT CIUCOK KPUBBIX, TOKa3aHHBIX Ha rpaduke.

HHCTPYMEHTAJIBHOM MeHI0 1o KHomke Legend |E| , WJIN UCITIOJIb3YWTE
KOMaH/y KOHTEKCTHOTO MEHIO, MU Uconb3yiite ¢uakok Show legend na
crpanuiie Screen okna Transient Data.
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[IlenkHHUTE IO CTPOUYKE KPUBOIL, YTOOBI BEIOpaTh ee. Brienennas kpuBas OyeT oka3aHa
MOBEPX BCEX KPUBBIX.

JIBaK/IbI IIEJIIKHUTE 110 CTPOYKE KPUBO#, YTOOBI BBIICIIUTD €€ U OTKPBITH OKHO Transient Data.

[lenkHuTE IPaBOX KIABHUIIEH MBILIKU 10 CTPOUYKE KPUBOI, YTOOBI BEIICTHUTD €€ U OTKPHITH
KOHTEKCTHOE MEHI0. MeHIo OyaeT coliepKaTh HEKOTOPbIe 00IIIe KOMaH bl U KOMaH/IbI,
OTHOCSIIHUECS K BEIOpAaHHON KPHUBOM.

H_IeJ'IKHI/ITe Ha CEPOM 3aroJIOBKEC OKHA U IEPETAIIUTE OKHO.

Pasmep mpudTa yCIOBHBIX 0003HAYEHHUH M HIMPHHA OKHA MOTI'YT OBITh BHIOpAHBI HA CTPAaHUIIE
Legend muanorosoro okua Preferences.

Kypcopsl

Kypcopbl HCTIONB3YIOTCS B OCHOBHOM JUIS BBIJICJICHUS] BDEMEHHOT'O
UHTepBaia Ha rpaduke ajst pacuyera tadiauibl fanHbx (Data table).
BeieneHHbIi (aKTHBHBIIT) KYpCOp MOKa3aH C 3aKpallleHHBIM KBaJAPATHKOM
cBepxy. UroObl moka3ath/ckpeiTh (Show/hide) kypcopsl, ieaKHHUTE 110
KHOIIKE MHCTpyMeHTanbHoU nanenu Show/hide cursors gf .

Bribepure pexxum Cursors ( [ ), utoObl mepemernaTh Kypcop Ha rpaduke.

Z[Ba)KI[BI MCJIIKHUTE 110 rpachKy, YTOOBI YCTAHOBUTH 00a Kypcopa B OAHY TOYKY. OTHM TaKKe
AKTUBU3HUPYIOTCA KYPCOPBI, €CJIN OHU OBUIH BBIKIIOYEHEI.

Hlenkaute 1o rpaduky, 4TOOBI MEPEMECTUTH OIMKAUIIHIA Kypcop B 3Ty TOUKY.
[lenxkHUTE U IEPEMECTUTECH, UTOOBI BBIJEINUTD U MEPEABUHYThH KypCop.

UToOBI TOMECTUTH KYpCOp B 3aJaHHOE MECTO, U JIJIsl APYTUX OMIIUH, IIEIKHUTE MTPaBOW KIIaBUIIEH
MBIIIKH 110 TpaduKy u BeIOepuTe Komanay Cursors qF ¥3 KOHTEKCTHOIO MEHIO. ITosiBuTCS
nuragorosoe okao Cursors:

x

[+ Show

|100e-3 Left
|5EIEIE-3 Riight
|4EIEIE-3 |terval

[T Lock position

[T Lock interyal Cloze |

Show. YcranoBure ¢uiaxkok, 4ToObI TOKa3bIBATh KYPCOPHI.

Left, Right, Interval. Beeaure HOBOE MoOJI0KEHHE Kypcopa WM PAaCCTOSTHUE MEXKIY KypCOpamH,
Haxxmute Enter, uto6s1 mpumeHuTs, WK ESC, uT00b1 OTMeHNTH. ECcin n3MeHeH uHTepBal,
M3MEHUTCS MOJIOKEHUE aKTUBHOTO Kypcopa.
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e Lock position. 3akpemiseT Kypcopbl B TEKYIIEH MO3UIHH, TAK YTO KYPCOPBI HE MOTYT
MepeMeIaThCs.

e Lock interval. Coxpansier Tekymiuii HHTEpBaI MeX1y Kypcopamu. Eciiu oqun kypcop Oyaet
MepEeIBUHYT, BTOPOH aBTOMATHYECKH MMOCICIYET 32 HUM, COXPaHsIs 3aJaHHBI HHTEPBAJI.

CJ'ICI[YIOIHI/IG KHOIIKHA HHCTPYMCHTaHBHOﬁ IIaHEJIN MOXXHO HCIIOJIB30BaTh IJIsA HepeMCHIeHI/Iﬁ KYpCOpPOB:

2k e Right maximum. IlepeMecTHTh aKTHBHBIH Kypcop K GImsKaiilieMy crpaBa MaKCHMyMY
BBIJICJICHHOW KPUBOM.

A~ o Left maximum. IlepeMecTHTh aKTUBHBIN KYpcop K OJMKaifIieMy cIeBa MaKCUMyMY
BBIJICJICHHOW KPUBOM.

e Right minimum. ITepemecTuTh aKTUBHBII KypcOp K OJvKaiieMy crijpaBa MUHUMYMY
BBIJICJICHHOW KPHUBOM.

e Left minimum. IlepeMecTUTh aKTHBHBINA Kypcop K OJrKalIieMy ciieBa MUHUMYMY BbIJICICHHOM
KpUBOH.

fi o  Maximums. ITepemecTuTh OMH KypCcop K OiikaiiliieMy cripaBa MaKCUMyMY, & APYTOi — K
OmKaiieMy ciieBa MaKCUMYMY BBIICIIEHHOW KPHUBOH.

e Minimums. [TepemMecTuTh OAMH Kypcop K OJimKaiIleMy clipaBa MUHUMYMY, a IPYTOi — K
OmKaiieMy ciieBa MUHIMYMY BBIJICIIEHHONW KPHBOM.
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TekcT

YroObl 10OaBUTH TEKCT HA OKHO Ipa)MKOB, MIEIKHUTE MPABON KIABHUIIEH MBILIKH 110 Tpaduky u
BbIOepuTe KoMauay Insert Text [&] u3 KoHTeKCTHOro MeHIo. [losBuTCS AuanoroBoe okHO Text:

x
=E=T= 0 AL
Enter text ;I

i

ﬂ_l
W Amow B e
[ Lock pointer || | Background

[ =] Line widn I Lie

BBenuTte TEKCT B OKHO. OI[HOBpeMCHHO TCKCT IMOABUTCA HAa OKHEC rpa(i)I/IKOBZ

Ener text

TexkcT MOXKHO (bOpM&THpOBaTL, HCIIOJIB3YA KHOIIKH I/IHCTPYMCHTaHBHOﬁ MaHCIN:

Alignment. YcraHnaBauBaeT BbBIpABHUBAHUC IJII MHOT'OCTPOYHOI'O TCKCTA.

Align left. BeipaBHrBaH#MeE 110 JIEBOMY Kpalo.
Center. BeipaBHHBaHHE 110 ICHTPY.
Align right. BerpaBHuBaHue 1Mo npaBoMy Kpato.

Orientation. MI3MeHUTh OPHEHTALIUIO TEKCTA.

i e Rotate left. [ToepryTh BI€BO.
. o Rotate right. IToBepuyTs Bripaso.

Font. U3smenuts pazmep mpudra nim BeIOpaTh MPUPT.

A o Larger font. Yeemmuuts pasmep mpudra.
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e Smaller font. YMmenbmutsb pazmep mpudra.
e Select font. BeiopaTs mpudr.

A

Outline and pointer options. Oy yka3aTes H paMKH.

Cutling ——s

e Outline. PucoBarp npsiMOYroJibHYIO PaMKy.
e Pointer. PucoBarh JIMHKIO yKa3aTells U3 TEKCTA B 3aIaHHYI0 =Nt S,
TOUKY. i
e Arrow. PucoBaTh JIMHHIO yKa3aTeNsi CO CTPEIKOM.
e Lock pointer. 3akpenuTh KOHEIl yKa3aTels: KOHEIl
yKasarelisi He OyIeT epeMeniaThCsl, 1ae €CIIM TEKCT MepeMeIIaeTCs.

e Line width. 3agaer mmpuHy TUHUM 111 pAMKH U yKa3aTels.
e Color. [IBoitHO#1 IETYOK MO MYHKTY B CHMCKE JJIsl H3MCHCHHUS IIBETA.

Ecnu rpaduk MacmrabupoBaics Wiy IpOKpy4YHUBajcCs, TEKCT OCTAETCs Ha TOM K€ MECTe,
«3asIKOPEHHBII» B JIEBOM BEPXHEM YTy OKHa rpaduka. YToObl nepeMecTUTh TEKCT, LIEIKHUTE 110
TEKCTY U nepetamure ero. Eciu ykazaTens 3aKperieH, HepeMecTUTCs TOJIBKO TeKCT. YToObI
[IEPEMECTUTH TOJIBKO YKa3aTellb, IIEIKHUTE 110 KOHILY yKa3aTelld U IEePETalIuTe €ro.

qTO6I)I OTpe[[aKTI/IPOBaTB TEKCT, ABAXKIbI HICJIIKHUTEC I10 TGKCTy NI IICJIIKHUTEC npaBoﬁ KHaBHIHCﬁ
MBIIIKH 10 TEKCTY ¥ BbiOepuTe KoManmy Edit text W3 KOHTEKCTHOrO MeHI0. [TosiBUTCS Takoe ke
JTHAJIOTOBOE OKHO T ext.

YroObl yIaIuTh TEKCT, IEIKHUTE IPABOM KJIABHINCH MBIIIKK 10 TEKCTY U BbhiOepuTe koManay Delete
text % U3 KOHTEKCTHOTO MEHIO.

AHHOTALIUA

AHHOTaIMK — 3TO TEKCT C yKazaTeaeM, KOTOPbI BCeraa yKa3blBaeT Ha Ty JK€ TOUKY JIaHHBIX KPUBOH,
Ja’ke Korja rpaguk MacTabupyeTcsl MU MPOKpyYUBaeTcs. AHHOTALMU NPUHAJIekKaT KPUBOU, TaK YTO
€CJIM KpUBas yJajsieTcsl, Bce aHHOTAllMU K Hell ToXe yAanstoTcsa. AHHOTALMU TaKXKe yIaJstoTCs, eclin
JaHHbIe KpUBOH ounatoTcs. Hanpumep, ecnu anHHOTanus nobasieHa k rpaduky cumynsanuu (Run), u
3aIyCKaeTcsl HOBas CUMYJIALINSL, aHHOTALlMsI UCUE3HET, TOCKOJIBKY JIaHHbIe rpadyka OYUILAI0TCS TPU
HOBOM 3aITyCK€ CUMYJISLIUH.

Uto06b! 100aBUTh AHHOTAINIO, YCTAHOBUTE aKTUBHBIN KypcOp Ha TOUKY
BpPEMEHH, I/I€ Hy’KHA aHHOTalUs, IIEJIKHUTE MPaBoil KJIaBUIIEH MBIIIKH IO
rpaduxy, Beibepute Annotate, 3atem BriGepuTe komany Selected trace 5.
mm All traces &8 . OTH ke KHOIKH JOCTYITHBI Ha HHCTPYMEHTAIBHON TTaHEeIH
NEPEeXOAHOro npouecca. AHHOTalus OyeT 100aBIeHa TOJIBKO B TOM Cllydae,

KOI'/la JaHHbIE KPUBOM CYIIECTBYIOT B MOMEHT, YKa3bIBaeMblil KypcopoM. Ecin
KypCOpBI BBIKJIFOUEHBI, aHHOTaIMsI Oy/ieT 100aBiieHa NpuliIn3uTenbHo B Mecte 1/3 skpaHa.
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[pudT, nBera, KOIMYECTBO 3HAYAIIMX ITUPP U HEKOTOPHIE APYTUE CBOMCTBA aHHOTAIIUU MOTYT OBITh
3aaHbl Ha cTpanuiie Annotation guamora Properties. UtoObl H3MEHUTh TEKCT aHHOTAIIUH U KaKHe-TO
CBOWCTBA aHHOTAIIUH, ABAK/IbI ICIKHATE WK MIEIKHUTE MTPABOW KIIABUIIICH MBIIIKH 110 HEH, BEIOCPUTE
komanay Edit annotation U3 KOHTEKCTHOT'O MEHIO, BHECHUTE U3MEHECHHUS B IIOSBUBIIEMCS
IUAIOroBOM OKHe Annotate.

x

¥ Name ===|40
[T Time

[ Yalue [ Apply to all annotations
Erter text here ;I

Beenure TekcT B okHE. TeKCT cpa3zy oToOpakaeTcss B aHHOTAIMU. JJOCTYITHBI CIIEIYIOIINE OTIIHH U
KOMaH bl (hOpMaTUPOBAHUS:

e Name. OrobpakaeT uMs rpaduka B TEKCTE aHHOTAIIH.
e Time. OroOpaxkaer BpeMsi B TEKCTE aHHOTAIIHH.
e Value. Orobpaxkaer 3HaueHHE KPUBOI (AMILTUTY/IbI) B TEKCTE aHHOTAIHH.

Alignment. 3aiaeT BepaBHHBaHHE MHOTOCTPOYHOTO TEKCTA.

Align left. BeipaBHHBaHHE 10 JIEBOMY KParo.
Center. BeipaBHUBaHHE T10 LIEHTPY.
Align right. BeipaBHHBaH#MeE 110 TPaBOMY Kparo.

Orientation. MI3MeHUTh OPHEHTALINIO TEKCTA.

£: o Rotate left. ITosepuyTh BiIEBO.
. ¢ Rotate right. [ToBepuyTh Brpago.

e Apply to all annotations. Beibepure, 4T00ObI IPUMEHUTH JJAHHBIC YCTAHOBKH JIJISI BCEX
aHHOTalui rpaduka.

UToObl IEPEMECTUTh TEKCT aHHOTAIIMU C COXPAHEHUEM IPUBSI3KU yKa3aTelsl K TOH jke Touke rpaduka,
HIETIKHUTE M0 TEKCTY aHHOTALMYU U NepeTaiuTe ero. UToObl mepeMecTUTh yKa3aTelb, HIETKHUTE 10
KOHIly yKa3aTeJss U MepeTaluTe ero. YKasarelb U3MEHUT BpeMs, BCe €llle CIIeysl aMILTUTY/Ie rpaduka.
TekcT aHHOTAIMK OYAET MepeMEIlEH C yKa3aTeIeM.

153



E NL5 circuit simulator PykoBoacteo Nonb3oBaTtens

UTo0b!l yIauTh aHHOTAIINIO, IIIEJIKHUTE MPABOM KIIABUIIICH MBIIIKH 110 aHHOTAI[UU W BRIOCPUTE KOMAaHTY
Delete annotation 3 | W3 KOHTEKCTHOro MeHIO. UTOOBI yIanuTh BCe aHHOTALMH, ILEIKHUTE IPaBoOi
KJIaBUILIEH MBIIIKH 110 rpaduky, BeiOepure Annotate, 3atem Bribepure komanay Delete all | 3¢

Storage (HakonMTE b JAHHBIX, KXPAHUJIHNIIIEY)

Pe3ynbraThl mociaeqHero 3amycka CUMYJISIIMK BCET/1a IIOKa3aHbl Ha 3akiiaake Run okna Transient.
JlaHHBIE TIOCJIETHETO 3aIycKa MOTYT OBITh IepeMelIeHbI B Storage (HaKoMUTeNb TaHHBIX ), TaK YTO MX
MOJKHO Oy/IeT CpaBHHUBATh C JPYTHMH 3aIyCKaMu CUMYJISnU. Kaxmoe coxpaHeHue TaHHBIX UMEET
3aknaaky B oomactu Data selection (Ber6op mannbix). CoXxpaHEHHBIE JaHHBIE MOTYT BBIOHMPATHCS
IISITIKOM 10 3aKJaaKe. JlaHHbIe MpHHAIC)KAT KPUBOM, TaK YTO, €CIIM KPHUBasl yAalieHa, COXpaHECHHBIC

JTaHHBIC OYYyT TaK)KEe yIaJCHBI.

JInst nocTyna K KOMaH/1aM, OTHOCSIIUMCS K COXPAaHEHHIO JaHHBIX, IIEJIKHUTE IPaBOM KJIABUILICH MBIIIKH
no rpaduky mim obnactu Data selection, 3aTem BrIOepHTE KOMaHIy M3 KOHTEKCTHOTO MeHI0. CIICOK
JOCTYITHBIX COXPAaHEHHBIX JaHHBIX ¥ KOMaH/Ibl, OTHOCSIINECS K XPAHEHHIO U OTOOPaKEHHUIO IaHHBIX,
MOXHO HaiiTu Ha crpanuiie Storage okua Transient Data:

E Transient Data x|

BoEHE e - X D e
Tracesl Screenl Table Storage | J Check to allow storage
O T
[v Stare last Run M| ViET)

— Dizplay storage
" Selected only
" Selected and dirmmed

b= X b+

Fiun
Fiun 1
Bun 2

Last

Check_al ncheck all

Epply Cloze

“# e Move Run to storage. [Tepenectu mnocieaHne JaHHbIe CUMYIIAIMU B Storage. OTKpoeTcst OKHO
Add Storage:
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Add Storage x|

M ame:
Bun 1

k. I Cancel |

BBeanTe HOBOE MM MIIM OCTAaBbTE MPEIIOKEHHOE 110 yMoryanuio u meikaure mo OK. byner
cO3/1aHa HOBAas 3aKJIaJKa ¢ 3aJaHHBIM UMeHeM B oOiactu Data selection oxua Transient.
3amerbTe, uro uMeHa Run u Last sBisiroTes 3ape3epBUPOBAHHBIMU U HE JHOJKHBI
HCII0JIL30BAThHCA.

= e REemMOVe — yaanuTh BblJICICHHbIE JaHHble U3 Storage. Jlanusle nocneaneil cumynsauuu Run
TaK)X€ MOTYT OBITh yJaJICHBbI.

X e Clear storage — ynanuts Bce JaHHbIe 13 Storage.
ab) ¢ Rename — nepenMeHOBaTh BbIICICHHBIE JaHHBIe. OTKpoeTcst okHO Rename:

x

T
Hun 1

(] I Cancel |

Bsenute HoBoe nms u menkaute mo OK. 3ameTsTe, uro nMeHa Run u Last sBisroTcs
3ape3epBUPOBAHHBIMU U HE JTOJDKHBI UCTIOJI30BATHCS.

4 ¢ Move selected up. [lepenBruHyTh BBIIETIEHHBIE JaHHbIE BBEPX (BIeBO B oOmacTu Data
Selection).

¥ ¢ Move selected down. IepenBuHYTH BbIe/ICHHBIE JaHHBIC BHU3 (BIIpaBo B obmactu Data
Selection).

e Store last Run (coxpanuth nocjieanue 1annbie). Eciu BeiOpaHa 9Ta Omimus, TO B MOMEHT
3arycKa HOBOW CUMYJISIIIUU TPEIbIyIHe (MOCIeTHIE) TaHHbIe OYAyT IepeMeIIeHbI B
CrienuanbHyro 3aKiaaky Last («<mocjaeaHuii»), cTepeB Ipu 3TOM HAXOISIINECS TaM JaHHbIC.
Taxum oOpazom, 3akiaaka Last Bcerna coaepKuT npeaplayue JaHHbIe, KOTOPhIE MOKHO
HCIIOJIB30BATh JIA CPABHCHUA C JAHHBIMU HOCJIG,I[Heﬁ CUMYJISIIUN Run.

Display storage (oTo6paxars Storage)

e Selected only. Tosbko BbIIENICHHBIC JaHHBIE OTOOPAXAIOTCS Ha rpaduKe.

e Selected and dimmed. BrienenHbie JaHHBIE OTOOPAKAIOTCS C HOPMAIBHBIM IIBETOM KPUBOM, a
ApYTUe JaHHbIe 0TOOPAXKAIOTCS C MOHMKEHHOM [[BETHOCTHIO, 3aIaHHOM Ha cTpanuiie Graphs
okHa Preferences.

e All. Bce JaHHBIC 0T06pa>1<a10Tc;1 C HOPMAJIbHBIMH IIBE€TAM KPHUBBIX.
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Hanpumep:

Fun 1 aFun 2 3 Fun 3 4Fun 4

Run 1 ARun 2 4 Run 3 4Run 4 YBun 1 ABun 2 ) Fun 3 4Fun 4/

Selected only Selected and dimmed All

Korna crpanuna Storage BeiOpana, hiakku B CIIHCKE KPUBBIX 331a10T T€ KPUBBIE, AJI1 KOTOPBIX
pa3peleHo COXpaHEHUE TaHHBIX.

Data table (Ta6auma qjanHbIX)

TaOnuia aHHBIX MOKA3bIBAET NO3ULMHU KYPCOPOB, 3HAUEHUSI KPUBBIX M HEKOTOPbIE XapaKTEPUCTUKU

KPUBBIX, PACCUMTAHHBIX MEXy KypcOpaMH, TaKue Kak: 3HaueHue, MaKCUMyM, MUHUMYM, RMS u T.1.
Ecnu kypcopbl BBIK/IIOUEHBI, Ta0JIM1la OKa3bIBAE€T JaHHBIE JIEBOIO U IIPABOr0 KPaeB 3KpaHa U 3HAYECHMUS,
paccYMTaHHbIE MEXKAY JIEBBIM U IIPABbIM KpasiMU JKpaHa:

left right delt: |=Ft right delk
Cursors  E3.05609 f.92456 3.86 ccreen IO -0 >0
Euivt) Jio 0 10 vy o 0 0
[ Jwict) [z.z23089 3.63322 1.40 [Jvict |o 4.66321 4.6¢
Cursors enabled, active cursor is highlighted Cursors disabled, screen size = 20

e UroOBI MOKa3aTh/CrIpsTaTh TAONHUILY, HIETKHUTE 110 KHOTIKE MHCTPYMEHTaIbHOM nanenu Table £
WK TLEJKHUTE TPaBOi KJIaBHIIEH MBIIIKH 110 TpaduKy U BeIOepuTe KoMany |able uz
KOHTEKCTHOTO MEHIO.

e [llenkHuTE MO CTPOKE KPUBOH B TabunIE I BbIOOpa KpuBOil. Beiienennas kpusas Oyzaer
[I0Ka3aHa IOBEPX BCEX APYIUX.

e JIBaK/bI IEIIKHUTE 11O TaOJIUIlE, YTOOBI OTKPBITH OKHO Transient Data.
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[lenkHUTE MPaBOW KJIABHIIIEH MBIIIIKUA, YTOOBI OTKPHITH KOHTEKCTHOE MEHI0. MeHIo OyaeT
COACPIKATh HCKOTOPLIC 06H_[I/Ie KOMaHJbl U KOMaHAbl, OTHOCAIIIHUECCA K BI:II[GJIQHHOI\/JI KpHBOfI.

LIBeTa, mpudTHI ¥ KOIUYESCTBO 3HAYAIINX HU(P, UCIOIb3yeMbIe B TAOIHIIE, MOTYT 3a/1aBaThCsI
Ha cTpanule Table nuanorosoro okxa Preferences.

Tabauia MoxkeT 0ToOpakaThCst BHU3Y OKHa T ransient mim kak oT/AebHOEe OKHO: IIEIKHUTE MPABOii
KJIaBHIIICH MBIIIKY 110 Ta0uIe U BIOepHUTe KoMaHay Separate window:

(3 [ o e in i " e ™
i L T
= [ B ] " 1 B agaay  Laa
[CJWEn feamoe:  amee GlNed s X TR N R T R FY T
[l ] L
P b= 20,000 o7 e ul |chek b

Table in the Transient Window

Table in separate window

3Ha‘{eHI/I}I, IIOKAa3aHHBIC B Ta6J'II/II_[e, TAKXKC KaK U JpYyruc Oonmuuun Ta6J’II/II_IBI, MOT'yT BLI6I/IpaTI>C}I Ha
crpanuiie Table okna Transient Data:

FE G e =X DN
Traces Table |St|:|rage| Screenl ¥ Check to ghow in the table

M ]viC)

X

[+ Show table
[T Show table in separate window

[~ Show time an the header
[v Show bime in the table

left

right
delta
i
mas
pp
meanh
ms
acims
freq
period

Check. all hicheck all

Check_al ncheck all

Smply Cloze
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PykosogcTtBo lNonb3oBaTtens

Show table. Beibepute, 4T0o0BI MOKa3bIBATh TAOIHUILY.

Show table in separate window. Eciu BeiOpano, Tabiuiia OyaeT 1oka3aHa B OTACIbHOM OKHE.

Show time on the header. Ecnu BbiOpaHo,

MO3UIHS KypCOpOB OYyJeT MoKa3aHa B 3ar0JIOBKE

crpoku, B koionkax left, right u delta.

Show time in the table. Ecnu BeiOpaHo,
MO3UIUHU KypCOpOB OyAyT MOKa3aHbI B
OT/EJIbHOM CTPOKE.

Cursors | 3.67505 6.46035 2.7853

[Jviviy o 10 10

[Jwic1y |z.72145 3.90708 1.11563 :
left | righ | delta

Cursors  |3.67505 6.46035 2.7853

[]wivey |o 10 10

[ Jwict)y |z.79145 3.90708 1.11563 :

Table values. Beibepure 3HaueHus 1ist OTOOpaKEHHUS B TaOJIHUIIE:

O 0O 0O O O O O O O

left — 3HAUeHHMe KPUBOIA IO JIEBBIM KYPCOPOM.
right — sHaueHne KPUBOH MO MPABBIM KYPCOPOM.
delta — npaBoe 3HaueHNUE MUHYC JICBOE.
MiN — MUHEMYM KPHUBOW MEXTy KypCOpaMu.
Max — MaKCUMyM KPUBOU MEXKIY KypCOPaMH.
pp — 3HaUYeHNE KPUBOM OT MHUKA JI0 MTUKA MEKIY KypCOPaMHU.
mean — cpeHee 3HaYeHUE KPUBOI MEXKITy KypCOpaMH.

rms — RMS (cpennexBagpatuyHO€) 3HaYCHHE KPUBOH MEKIY KYPCOPaMH.

acrms — AC RMS 3nauenue kpuBoit Mex 1ty Kypcopamu: RMS Berauciisiercs mo 1aHHbIM

KpHBOfI IMMOCJIC BbIUCTA U3 HUX CPECAHECTO 3HAUCHUA KpHBOﬁ.

o

freq — BBIYUCJICHHAA YaCTOTa CUTHAJIa MCKAY KypCOpaMHu. YacToTa BEIUUCIISIETCS Ha

OCHOBAHMHU KOJIMYECTBA U BCIIMUYMH MHTCPBAJIOB MCKAY TOUKAMU, I'/IC KPpUBasd NCPECCKACT

CPEIHUN YPOBEHb.
o period—1/freq

Korna crpanuiia Table BeiOpana, pnakku B crivicke KPUBBIX 3aJIaI0T TE KPUBBIC, KOTOPBIE OYIyT
MOKa3aHbl B TaOJIHUIIE.

IIpoxkpyTka n MaclmiTadupoBanue

Yto06b! IPOKPYTUTH Tpad UK, UCHIONIB3YITE 000 U3 CIeTYIOIIUX METO/IOB:

[lepemecTuTe ykazaTelb MBIIIKH K JIEBOMY WM [IPaBOMY Kparo rpaduka. YKazareiab MbIIIKU
MIPUMET BUJI «OONBIION cTpenkny. LIeaKkHuTe MK yaep>KuTe JIEBYIO KJIABUIITY MBIIIKH, YTOOBI

MPOKPYTHUTH I'pauK.

B pexume Cursors ks | : nawwmure u neprkute Kiasuiry Shift, 3arem menkHuTe U NepeTamuTe

rpadux.
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e B pexume Scrolling {l) © MENKHATE U [ePeTaIIITe rpaduxk.

e Haxwmure knapuiry Ctrl u moBepHUTE KOJIECHKO MBIIIKH, YTOOBI MPOKPYTUTH FOPU30HTAIBHO.
e Haxwmure knapuiry Shift u moBepHUTE KOJIECHKO MBIIIKH, YTOOBI TPOKPYTUTH BEPTUKAIBHO.
e Haxwmure knaBumm Right u Left (kypcopHas naHenb KiiaBHaTyphbl).

e Haxwmure knaBuiry End, 4ro0sl 0TIIEHTpOBATh KPUBBIE (YCTAHOBHUTH B CEPEANHE IKPAHA).

e Haxwmute Ctrl-End, yT0651 OTIIEHTPOBATH KOHEI] KPUBBIX.

e Haxwmute Shift-End, uTo0651 OTIIEHTPOBATH CEPEIUHY KPHUBBIX.

e B pexume ZOOM i @ AB&K/bI LIETKHUTE [0 rPaduKy, YTOOBI OTUEHTPOBATH ITY TOUKY.

Urto6b! MacITabUpoBaTh rpaduK, UCHOIB3YUTE JTHOO00N U3 CIEIYIOIIHUX METO/IOB:
e [loBepHHTE KOJIECUKO MBIIIKH, YTOOBI MAaCIITAOMPOBATH TOPU30OHTAIBHO.

e Haxwmure knapum Ctrl u Shift u moBepHHUTE KOJIECHKO MBIIIKH, YTOOBI MAaCIITAOUPOBAThH
BEPTHUKAJIBHO.

e lllenkHHUTe KHONKY UHCTPYMEHTAIILHOMN MaHEH, WU UCTIONIb3yHTE TOpSiure KIaBUIIH, UIH
IIEIKHUTE MPaBO KIIABUIIICH MBIIIKH 110 TpaduKy, BeiOepuTe Z00M, 3aTeM BHIOEPUTE KOMaHTY:

Horizontal Zoom-in (Ctrl-PgUp) — ropu3oHTanbHOE yBEIHYCHUE.

Horizontal Zoom-out (Ctrl-PgDn) — ropu3oHTanbHOE YMEHBIIICHHUE.

Fit the screen horizontal (Ctrl-Home) — aBTomaciitabupoBaTh rOpU30HTAIBHO.
Fit cursors to screen — mpuBecTH KypCOpPHI K 3KpaHy

Vertical Zoom-in (PgUp) - BepTuKabHOE YBEIUYCHHE.

Vertical Zoom-out (PgDn) - BepTuKalibHOE YMEHBIIICHHE.

Fit the screen vertical (Home) — aBTomaciTabupoBaTh BEpTHKAIBHO.

Fit the screen (Shift-Home) — aBromaciirabupoBath TOPU30HTAIBHO U BEPTHKAIBHO.

SHBE o B3

Reset vertical scale (set Multiplier=1, Offset=0) — cOpocuTs BepTHKAJIbHBIA MHOKHUTEIb U
CMeIIeHHE.

Zoom-in (Shift-PgUp) — yBennuuth (10 BEPTHKATIH U TOPH30HTAIIN).

(@]

Zoom-out (Shift-PgDn) — ymeHbIIHTH (110 BEPTHKAIK U TOPHU3OHTAIIH).

(@]

UToOB! pacuIMpUTh BbIIEICHHYIO 00J1aCTh:

e B pexume ZoOOm  “Ii : IIEJKHUTE U pacTaIlUTE BBIAECICHHYIO 00JaCTb.

e B pexume Cursors [ : Haxmure u yaepxute kiasumry Ctrl, 3arem menknure u pacrammre
BBIJICJIEHHYIO 00J1aCTh.

Brigenenue o6acTu 3KpaHa 3aBHCHUT OT TOTO, KaK yKa3aTeNlb MBIIIKH ITEPEMEIIAETCs] OTHOCUTEIHHO
HaYyaJIbHOU TOYKHU.
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e Ecnu ykazartesb MBIIIKH IIEPEMEIIAETCs TOJIBKO BBEPX MM BHU3, OyIyT
II0KA3aHbl IB€ TOPU3OHTAIIBHBIC JIMHUM, 4 KOTJa JIeBas KJIaBUIIA MBIIIKU
OyzeT OTHylIEHA, BbACICHHAs 001aCTh YBEJIMYUTCS 110 BEPTUKAIIH.

e Ecnu yka3zarenab MbIIIKU ABMXKETCS TOJIBKO BJIEBO U BIIPAaBO, OyAyT
[I0OKa3aHbl IB€ BEPTUKAJIbHBIC TUHUU, @ KOI' 1A JI€Bas KJIaBUILIA MBIIIKU
OyzeT OTHyIIeHa, BBIACICHHAS 00JIaCTh YBEIUYUTCS TI0 TOPU3OHTAIIH.

e Ecmm YKa3aT€Jib MBIIIKHW ABHXKETCA JUAaroHaJIbHO, 6y,HeT IIOKa3aH
IpsAMOYT'OJIBHHK, a KOria JICBas KilaBUIlla 6yz[eT OTIIYIIICHA, BEIACIICHHAA
o0J1acTh YBCIUYHUTCSA 40 3allIOJIHCHHUA SKpaHa.

YT0oOBl OTMEHUTH HIIH BBINOJIHHTD IIOBTOPHO PaHEC OTMCHCHHOC IIPOKPYYHMBAHUEC 1 MaCHITa6I/Ip0BaHI/Ie,
MICIKHUTC KHOIIKHU HHCTPYMGHTaJIBHOﬁ IHaHCIIN:

3 o Undo - ormMeHUTS.

74 o Red0 — BBIMTOJHUTH TOBTOPHO.
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KomaHabl nepexoaHoro npouecca

CJ'ICI[YIOI_HI/Ie KOMaHbI, KHOIIKU U I'OpAYNE KJIaBUIIH JOCTYIIHbBI B OCHOBHOM MGHIO, Ha
PIHCTPYMGHTaJIbHOfI MaHCJIM ICPEXOAHOTO IMTPOoIcCCa U B KOHTCKCTHBIX MCHIO.

e Open/Show transient window (F5) — oTKpbITh/TIOKa3aTh OKHO IEPEXOIHOrO MpoIiecca.
e Transient Settings — oTkpbITh JHaIOroBoe OKHO T ransient Settings.

e Transient Data — otkpeiTh okHO Transient Data.

e Continuous transient mode - pexxuM HEPEPHIBHON CHMYJISIHH.

e Start (F6) - 3amycTuTh aHaIU3.

Pause (Space) - npuocranoButs ananu3 (Ilaysa).

e Continue (F7, Space) - npogoKUTh aHAITU3.

e StOp - OCTaHOBUTH AHANIN3.

e Log - nmokazate )XypHall perUCTpalliy aHalu3a.

BWXTLIE TN

L4 Sweep — 3allyCTUTb CCPUIO aHAJIN30B C U3MCHSICMbIM ITapaMETPOM.

¥
[ ]

Save IC - COXPAHUTH TCKYIIEC COCTOSAHUC B HAYAJIbHBIC YCIIOBU:.

e Preferences — otkpbITh AuanoroBoe okHo Preferences.

Toolbar and some context menus (MHCTpyMeHTaJIbHASI MAHeJb M KOHTEKCTHbIE MEHIO0):

e Cursors. [lepemernieHre KypcopoB.

....... e Zoom. MacmrabupoBaHue.

e Scrolling. ITpokpyTka.

e Horizontal Zoom-in (Ctrl-PgUp) — ropusonTaibHOE yBETHUCHHE

e Horizontal Zoom-out (Ctrl-PgDn) — ropu3oHTaIbHOE YMEHbBIIICHUE.

e Fit the screen horizontal (Ctrl-Home) — aBromaciitabupoBath TOPU30HTATIBHO.
Fit cursors to screen — mpuBecTH Kypcophl K SKpaHy.

e Vertical Zoom-in (PgUp) - BepTHKaIbHOE YBETHUCHHE.

e Vertical Zoom-out (PgDn) - BepTHKaIbHOE YMEHbBIICHUE.

e Fit the screen vertical (Home) — aBromaciitabipoBaTh BEpTUKAIBHO.

e Fit the screen (Shift-Home) — aBTomacirabupoBaTh TOPU30HTATBEHO M BEPTHKAIBHO.

FHBHooEBHEY s

e Reset vertical scale (set Multiplier=1, Offset=0) — cOpocuTh BepTHKAIbHBII MHOKHUTEIb U
CMeEIICHUE

«» o Undo scale (Backspace). OTMeHUTh IPOKPYTKY WIJIM MacIITaOUpOBaHUE.

7« o Redo scale. BbImomHUTE MOBTOPHO OTMEHEHHYIO ITPOKPYTKY MJIM MaclITaOUPOBaHHE.
9F e Show/hide Cursors — ckpsITh/IOKa3aTh KypCOpBL.

8 ¢ Show/hide Data Table — ckpbiTh/moKa3aTh TabIHIly TaHHBIX.

[E] e Show/hide Legend — ckpbITh/moOKa3aTh yCIOBHBIE 0003HAYEHHUS (CIIUCOK KPUBBIX).
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2 2T & o7 M E

Separate traces — pa3nenuTb KpUBBIE.

Right maximum. [IepemecTuTh aKTHBHBIN Kypcop K OmKalIieMy cripaBa MaKCUMyMYy
BBIJICJICHHOW KPUBOM.

Left maximum. [TepemMecTUTh aKTUBHBIH Kypcop K OiKaiIeMy clieBa MAaKCUMYyMY
BBIJICJICHHOW KPHUBOM.

Right minimum. ITepemecTuTh aKTUBHBIH Kypcop K OJMDKaiIIEeMy ClipaBa MUHUMYMY
BBIJICJICHHOW KPHUBOM.

Left minimum. [lepemMecTHTh aKTUBHBIN KypCOp K OJIMKaiilieMy ciieBa MUHUMYMY BBIICIICHHON
KpHUBOM.

Maximums. [TepemMecTUTb OZIMH Kypcop K OJirkaifiiieMy cripaBa MakCUMyMY, a IpYyroi — K
OmmKaieMy ciieBa MAaKCUMYMY.

Minimums. I[TepemecTuTh OJIUH KypcOp K OJIMDKAIIIEMy ClipaBa MUHHUMYMY, a IPyrod — K
OmKaieMy cieBa MUHUMYMY.

Graph commands (koMaH/Ibl KOHTEKCTHOT0 MEHI0 OKHA IPa)uKoOB):

P o

Cursors — oTKpsITh Juagorooe okHo CUrsors.

Traces » (Cnenyromue KOMaHAbl TPUMEHSIOTCS TOJIBKO K KPUBBIM, IOKa3aHHBIM Ha rpaduke)

@ o Open - 3arpy3urs KpuBble U3 (aiina qaHHbx THna “nit”.

o Import -ummopTupoBaTh KpUBBIE 3 TEKCTOBOTO (aiiima hopmara “txt” mmm “csv”.

E o Save - coxpauuts kpuBsie B (aitn naHabIx THma “Nnit”.

o View/EXport - mocMOTpeTh U SKCIIOPTUPOBATH KPUBBIE B TEKCTOBOM Buje (“IXt” min
“csv” dopmar).

Copy - ckonupoBaTh KpuBbIE B Oydep oOMeHa.

g, o Paste - BcTaBuTh KpuBble U3 Oy(hepa oOMeHa.

Image »

B3 o Copy to clipboard. CkonupoBaTth H300paXkeHHe OKHA MEPEXOAHOTO Mpoiecca B 0ydep
oOMeHa.

B o Save as BMP. Coxpanuts n3o0pakeHue OKHa epexoHoro npoiiecca B aiine popmara
«bmp».

e o Save as JPG. Coxpanuts n3o0pakeHHe OKHa IEePEeX0HOTOo mporecca B (aiiine popmara

«jpg».

Storage command (koMaHIbI XpaAHEHUsI TAHHBIX):

s
°

& X 1

Move Run to storage - mepeHecTH MocieIHUe NaHHbIe CUMYIISLIUU B Storage.
Remove - ynanuth BelieNieHHBIC JaHHbBIE U3 Storage

Clear storage - ymanuth Bce JaHHbBIC U3 Storage

Rename - mepenMeHOBaTH BBIJICTICHHBIC TaHHBIC.

Store last Run — B Hauasne aHaiM3a COXpaHATh MOCIEIHUE TaHHbIE 1101 MeHeM Last.
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e Selected only
e Selected and dimmed Bunbl oroOpaxenus storage.
o All

Annotation commands (koMaHIbI AHHOTAIMIA):

Annotate all traces — anHoTHpPOBaTH BCE KPUBHIE.
e Edit annotation — pegakTipoBaTh aHHOTALIHIO.
e Delete annotation — yranuts aHHOTAIIHUIO.

X X [R] dl

e Delete all — ymanuts Bce aHHOTAIUH.
Text commands (koMaHIbI TeKCTA):

e Insert text — BcraBuTh TEKCT Ha rpaduke.
2] e Edit text — penakTHpOBaTh TEKCT.
> o Delete text — ynanuTh TeKCT.

Data table commands (koMaHabl TA0JHIbI JAHHBIX):

e Hide trace name - He moka3bIBaTh JAHHYIO KPUBYIO B TAOJIHIIE.

e Separate window — mokasath TabJHIly B OTACIBHOM OKHE.

Legend commands (komanasl legend — yc10BHBIX 0003HaYeHMIT):

e Hide trace name - He MOKa3bIBaTh JAaHHYIO KPUBYIO Ha rpaduke.

e Remove — yganute JaHHYIO KPUBYIO.

e Rename — nepenMeHOBaThH JAHHYIO KPUBYIO.

e Duplicate — cty6iupoBaTh JaHHYIO KPUBYIO.

Copy — ckonupoBaTh JaHHYIO KpUBYIO B Oydep oOMeHa.
e Paste — BcTaBuTh KpHUBBIE U3 Oydepa oOMeHa.

X ¥ of &0

e Find component - moka3ath KOMIIOHEHT Ha CXEMe.

KaaBuatypa u ropsiume KJiaBHIIH

e Annotate selected trace — aHHOTHPOBATH BBIAEICHHYIO KPUBYIO.

Cne;ly}onme KJIaBUIIIN KJIIaBUATYPhbI U TOPAYNE KIABUIITW MOXXHO HCIIOJIBE30BATh B OKHE IIEPEXOJHOTO

mnmpomnecca:

° Space - HpI/IOCTaHOBI/ITB/HpO,ZLOJDKI/ITB AHAJIN3 MEPCXOAHOT0 IIpo1ecca.
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e Tab — paznenuth KpuBBIE.

e Left, Right — npokpyTHTh TOPHU30HTAIBHO.

e Up, Down — BeIOpaTh KPpUBYIO.

e End - oTuentpoBaTh KpHBbIe (YCTaHOBUTH B CEPEIMHE IKPaHA).
e Ctrl-End - oTueHTpOBaTh KOHEI| KPUBBIX.

e Shift-End - oTiieHTpOBaTH CEPEIUHY KPHBBIX.

e Shift-PgUp - yBenmuuuts (110 BEPTHKAIN ¥ TOPHU3OHTAIIH ).

e Shift-PgDn — ymeHbIINTH (110 BEPTUKAIN U TOPU3OHTAIIH).

Onepanuu ¢ MbIIIKOX

CJ'ICI[YIOI_HI/Ie ornepanunu ¢ MBIIIKON MOKHO HCIOJIL30BaTh B OKHE IIEPEXOAHOI0 IIporecca.

e Illeauok (y1eBas KJIABHIIA) - OTKPHITH KOHTEKCTHOE MEHIO.

¢ KoJjiecuko MBIIIKH — TOPU30HTAIBHOE YBEITUYCHHIE/ YMEHBIIICHHUE.
e Ctrl- KoJiecnko MBIIIKH — TOPU30HTANIbHAS TIPOKPYTKA.

e Shift- Kosiecnko MBIIIKH — BEpTHKAIIbHAS TIPOKPYTKA.

e Ctrl-Shift- Kostecuko MbIIIIKH — BEPTUKAIBHOE YBEINYCHHE/ YMEHBIIICHHE.

B pexxume Cursors | [

e llleauok (yieBas KJIaBUILA) — €CIM KYPCOPHI MOKA3aHbl, IOCTABUTH OJIMKAHIIHIA Kypcop B 3Ty
TOUKY.

e Illexuoxk u neperackuBanue (Click and drag).
o Ha anHOoTanmu — MepeBUHYTH TEKCT MJIM yKa3aTellb aHHOTAIHUH.
o Ha rekcre — mepeBUHYTH TEKCT MIIN YKA3aTel b TEKCTA.
o Wuaue — nmepeaBUHYTH KypCop.

e JIBoiinoii memuok (Double-click).
o Ha AHHOTAllUU — PCAAKTHPOBATH AHHOTAIIUIO.
o Ha tekcre — peqakTHpPOBaTh TEKCT.
o Wuaue — mokasarb Kypcophbl, IIOCTaBUTH 00a Kypcopa B 3Ty TOUKY.

B pexxume Zoom i
o Illeauok u meperackuBanue (Click and drag) — BeiOpath U oTMacIITaOMPOBATH.
e JIBoitnoii memayok (Double-click) - nentpupoBath dKpaH.

B pexume Scrolling <™

e Illeauyok n neperackuBanue (Click and drag) — npokpytuts rpaduxk.

e JIBoiinoii meauok (Double-click) - ieatpupoBats 3kpaH.
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HucTpymMeHnTHI epexoaHoro mpouecca (Transient Tools)
Transient ToolS MO3BOJISIOT c/ieNaTh pa3IuYHbIC BUIBI aHAN3A JaHHBIX [IEPEXOIHOTO MpoLecca u
Npe/ICTaBUTh JIAaHHBIC B pa3HbIX popmaTax. Beibepure Transient | Tools u 3arem cTpoky ¢ TpeOyeMbiM

UHCTPYMEHTOM.

B HaCTOAIICC BPpEMA JOCTYIIHBI CJICAYHOINUEC HHCTPYMCHTLI:

XY diagram (XY -auarpamma)
Histogram (ructorpamma)

FFT (beictpoe IIpeo6pa3zoBanue Dypbe)
Eye diagram

Markers (Mapkepsi)

Power (MOIIHOCTB)

Line snapshot

EEEHEEE

XY diagram (XY -auarpamma)

XY -nnarpaMma rokasbIBaeT Bce KpUBbIe, Kak (DYHKIIMIO BbIACICHHON KpUBOM. VIMs BBIIEICHHOM
KpuBO# (och X) [MOKa3aHO B CTPOKE 3arosioBka. JluarpaMmma rokasbiBaeT KpUBbIE TOJIBKO MEXIY
Kypcopamu (MJIM Ha BCEM 3KpaHe, €CJIM KypCOPbI BBIKIIOUCHBI).

ler - X=v(L1)

Hel+o3 f t 2D |x
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T e Settings. OtkpriBaer quanor Settings:

| nl1 - XY diagram s

— Scale
¥ Use transient scale

|1 % multiplier
|o % offset
|1 ¥ multiplier
|o Y offset

ITo ymomuanuto ocu X u Y auarpaMmbl HMEIOT T€ )K€ MACIITA0bl, YTO U BEPTHKAIbHAS IIIKAJIa
sKpaHa nepexoaHoro mporecca. Caumute duaxok Use transient scale u BBeaute HyXHbIC
MHOYKHUTEITU U CMEIIEHHE JJISl OCEH.

e Use transient scale.

e Horizontal Zoom-in.

e Horizontal Zoom-out.

e Fit the screen horizontal.
Vertical Zoom-in.

e Vertical Zoom-out.

e Fit the screen vertical.

e Fit the screen.

O+ o3 2

e [llenkHuTe mpaBoi KJIaBUIIEH MBIIIKH 110 OKHY, YTOObI YBUIETh JOCTYITHbIE KOMaH/IbI.

e J[BaXk/bI MIETKHUTE MO OKHY, YTOOBI OTIIEHTPOBATH KPUBHIE.

L4 H_[eJ'IKHI/ITC JIEBOM KJIABHUIIIEH MBIIIKH I10 OKHY U pacTalllUTC BBIACICHHYIO 00J1aCTh. Brigenenue
obmactu 9KpaHa 3aBUCUT OT TOI'0, KaK YKa3aTCJIb MBIIIKU IICPEMCIIACTCSA OTHOCUTCIILHO

HaYyaJJbHOU TOYKHU.

o Ecnu ykazarenb MBIIIKY epeMEIIaeTcss TOJIbKO BBEPX MM BHU3, OyIyT
IIOKa3aHbl JIB€ TOPU30HTAIbHBIC JIMHUH, @ KOTJA JIEBAs KJIaBUILIA MBIILIKH
OyZeT OTHylIeHa, BbIIeJIeHHas 001aCTh YBEIIMYUTCS 110 BEPTUKAIIH.

o Ecmu YKa3aTeCJib MBIIIKU ABHUIKETCA TOJIBKO BJICBO U BIIPAaBO, 6y,71yT
IMOKa3aHbl ABC BEPTHUKAJIBHBIC JIMHUH, 4 KOrJa JICBAs KJIaBUIlla MBIIIKHU
6y,Z[CT OTIIYIICHA, BBIACIICHHAA 00J1acTh YBCIUYHUTCSA 110 TOPU30OHTAIIN.

o Ecmm YKa3aTe€Jib MBIIIKW ABHUXKETCA JUArOHAaJIbBHO, 6y}16T ITOKa3aH
MMpsAMOYT'OJILHHUK, a KOr'la JICBas KJIaBUIIla 6y,Z[CT OTHYIICHA, BBIACICHHAA
00J1aCThb YBCIWYHUTCA 40 3allOJIHCHUA SKpaHa.
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IIpumep: cxema, aHasInM3 nepexoaHoro npouecca U XY -auarpamma.

cauer_lc - Schematic

Fiin t= 100.001 0.1 KB Click. ta scroll
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Histogram (rucrorpamma)

I'ucrorpamma npezacTaBisieT 3Ha4eHUsI KPUBOM M HEKOTOPBIE €€ PACUETHBIE XapaKTEPUCTUKH,
MOJIy4YE€HHBIE MEXAY KypcopaMu (HJIM Ha BCEM 3KpaHe, €ClIu KypCOpbl BBIKIIIOUEHBI), B TpaduuecKoM
dopmare. 'ucrorpaMma MOXKET TaKkKe MOKa3aTh «IIONEPEUHOE CEUCHUE» KPUBBIX MM COXPAHEHHBIX
JAHHbBIX.

lc_Lime_AC - Histogram

[ +¢ & (2] B |x

0
V{V1) V(C1) V(C2)

T e Settings. OrkpeiBaer auanor Settings:

| lc_Line_AC - Histogram =

— o " acale

[ active ' Traces

left " Stora

; ge

gge::ta |500e-3 buliplier
[ min ~Type——— |-1 Offzet
Erp”;” % Histogram

E m_lesaﬂ £ Line v Show vertical gridiines

[ acims v Show narmes

| freq

[] penod Cloze |

o Y values. Bribepure nepemeHHbIe, 0TOOpaxaeMmble 1o ocH Y. active — 3To BBIJCTICHHBIN B
HACTOSIIMN MOMEHT Kypcop (JIeBbIi win npaBblil). [Ipyrue 3HaueHus: — 3TO TO, YTO
0TOOpa)keHO B TaOJIUIIE TaHHBIX EPEXOAHOTO Mpolecca.

o X. BeiOupaer pexuM ruicTorpaMMsl: 4TO OyJET MOKa3aHo Mo ocu X.
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= Traces. [loka3are «1onepeyHoe CeUeHNe» BCEX KPUBBIX, OTOOpaXkaeMbIX celuac Ha
rpaduxke.
= Storage. [loka3bIBaeT «momnepeynoe ceuenue» Storage st Bcex KpuBBIX,
0TOOpakaeMbIX ceiiuac Ha rpaduke.
o Type. BeiOupaeT Tum ructTorpamMmsl Il peskuma Storage:

= Histogram - rucrorpamma.
= Line - muHumn.

o Y scale. [To ymonuanwuio mkana Y gaarpaMMbl UIMEIOT TOT JK€ MAcIITa0, 4TO U BEPTUKAIbHASL
IIKaJja dKpaHa nepexoaHoro nporecca. Caumure draaxok Use transient scale u Beeaure
HY)KHBIE MHOXKUTEIIN ¥ CMEIIICHHE.

= Show vertical gridlines — nokaszath BepTUKaJIbHBIC JTMHUY, PA3JCIISIONINE JTAHHBIC
TUCTOTPAMMBI.
= Show names — nokaszath UMeHa KpUBBIX WK Storage Ha ocu X.

e Use transient scale.
Vertical Zoom-in.
e Vertical Zoom-out.

[B] » & (g
[ ]

e Fit the screen vertical.
L4 U_[eJ'IKHI/IT (] npaBoﬁ KJ'IaBI/IH_Ieﬁ MBIIIIKHA I10 OKHy, qT 06BI yBI/I,Z[eTB ,Z[OCTyrIHLIe KOMaH/BbI.

e JIBaK/bl MICIKHUTE 10 OKHY, YTOOBI OTKPHITh JHAIOr0BOE OKHO Settings.

Pesxxum Traces nim «mornepedyHoe ceueHre KPUBBIX» MOTYT HCIIOJIb30BAaThCS IS OTOOpaskeHUs
«IIPOCTPAHCTBEHHOT'0» PacpOCTpaHeHHs cUrHajia no cxeme. Clieayromui npuMep noka3blBaeT
MOJIETTMPOBaHKE TEIUIONPOBOIHOCTH CTEPKHSI, UCIIONb3YIoNIee d1ekTpuyeckue ananorun. RC mens
MOJICJIUPYET OJTHOMEPHBIN CTEp’KEHb ¢ UCTOUHUKOM TemnepaTypsl (V1), IpuiIoKeHHBIM K OJTHOMY
KoHITy. KpuBbIe OKa3bIBAIOT TEMITEPATyPy Ha HEKOTOPOM PACCTOSHUH OT 3TOTo KoHIa. Ecium
TeMmIepaTypa U3MEHHIIACh, KaK CTYNEHbKa, TeMIEepaTypHbId (POHT pacrpoCTpaHsIeTCs MO CTEPIKHIO.
['mcrorpamma mokasbIBaeT pactpeaeseHne TeMIIepaTyphl BIOIb CTEPKHs pH =1 (JIeBBIi Kypcop) u
t=16 (mpaBsblii Kypcop).

Ic_line - Schematic

Sheet] ||| Shift | Ctl | Click bo start sele
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rc - Transienkt

Run |||I:= 20,001 | DA4ME | Skt | ol | Click ko move

X

Pexxum Storage wim «ronepeunoe cedenue Storage» MokeT OBITh HCIIOIb30BaH, YTOOBI TOKA3aTh, KaK
3HAUYEHMS KPUBBIX B KAKOE-TO BPEMs 3aBUCAT OT MapaMeTpoB cxeMbl. Cleyoluii MpuMep NOKa3bIBaET
MOJIETTMPOBAHUE MPEABIIYIIEH CXEMBI C COTPOTHUBIIEHUEM (SKBUBAJIEHTHBIM 00paTHOW BEIHMYNHE
TEIJIONPOBOAHOCTH ), MeHstouMcs oT 0.125 10 16 ¢ marom X2, ¢ moMoIibi0 SWEep nepexoHoro
nporecca. Kaxprit 3amyck 3anomuHaercs B Storage. Ocek X rucrorpaMmel — JanHbIe Storage (To ectb
COINpOTHBIIEHUE). JINHUM Pa3HOTrO LIBETA IOKA3bIBAIOT TEMIIEPATYPY HA HEKOTOPOM PACCTOSIHUM OT
KOHIa npu t=16 (aKTUBHBIN Kypcop), KaK (YHKIIHIO CONTPOTUBIIEHUS (TEMIONPOBOAHOCTH).
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rc - Transient

4
4 125e-3 {2503 f600e-3 )1 42 £4 f8 16/ ||| | 29ME | Shift | Cil | Click ko mave

rc - Histogram

MO3KHO 3aMETHTb, YTO «IIONEPEYHOE CEUeHUEe» TUuCTOrpaMmbl Storage nmpu R=1 To xe, 4To U BEepXHss
JIUHUS TUCTOTPAMMBI Trace, moKa3aHHOM B MPEIbIIYIIEM ITPUMEDE.
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EBY NL5 circuit simulator

PykosogcTtBo lNonb3oBaTtens

FFT (boicTpoe IIpeoopazoBanue ®ypne)

FFT (beictpoe IIpeobpazoBanue Oypbe) BEIYUCISICTCS TOJBKO MEXKTY KypcopamMu (MU Ha BCEM dKpaHe,
€CJIM KypCOPBI BBIKITIOUCHBI) JIJIsI BCEX KPUBBIX, 0TOOpakeHHbIX Ha rpaduke. ['padux FFT He

MOKa3bIBaeT (asy.

|II |IIFI|'| Ill"".ll f-,l "~

I R+ o3 £ T 3 |x

T o

o FFT.

Settings. OtkpeiBaeT quanor Settings:

|
— FFT Trace
512 ~| Points v Line
Im Zero padding I Histogram
IHanning [coz) j Wafindio L

[T Calculate phaze

[~ Daon't show F=0

Cloze |

=  Points. Koauuectso Touek FFT, 256

...1048576 (28...2%).

= Zero padding. Jlo6asisier Hy/ 1M K JaHHBIM MTEPEXOIHOTO mporecca. MoxeT ObITh OT
None mo X16. [lononuenue Hynsimu (zero padding) — 3to cranmapTHas TEXHUKA IS
YIYUIIEHUs CIIEKTPAILHOTO PAa3PEIICHUS M TPEYTTPEKACHUSI HATIOKCHHS ITHKOB.
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=  Window. Kagpuposanue (Windowing) — 3To cTaHmapTHas TEXHHKA IS YMEHBIIICHUS
3 PEKTOB MPOCAYMBAHUS U YIIYUIICHHS CIICKTPAIBHOTO pa3penieHus. B HacTosmii
MOMEHT A0CTynHO 10 OKOH (BKJIIOYasi IPSIMOYTOJIBHHK).

= Calculate phase. Xors ¢a3za He umeer ocoboro 3Hauenus 1 FFT u He oToOpaskaeTcst

Ha rpaduke, oHa MOXKET OBITh paccurTana u oToopaxeHa B okHe AC (cm. «Ilokazats B
okae ACy).

Cnenyromuii mpumep nokassiBaet 3pdekrer Zero padding u Window Ha pesynbrarax FFT:

Transient

No zero padding X16 zero padding No zero padding X16 zero padding
No window No window Hamming window Hamming window
o Graph.

= Log scale. Ecnu BriOpaHo, ammuinTya nmokasasa B JIb.
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= Don’t show F=0. Eciu BeIOpaHo, TOYKa HYJIS 4aCTOTHI HE OTOOpakaeTcst Ha TpaduKe.
BriOupaiite Ty onuuto, eciau Bac He naTepecyeT DC xommonenTa curaana (HoCTOsIHHAS
COCTaBJISIIOIIAs ).

o Trace. Bux oroOpaskeHHst KpUBBIX.

» Line - mpsMas TMHUSA MEXKIY TOYKAMHU.

= Histogram - rucrorpamma.

= Bars - BepTUKaIbHas JIMHUS OT HYJIS K TOUKe KpuBoit. He noctymHo s
norapu()MUYECKOH IIKAIIBI.

=  Points — BBIBOJUTH TOYKH JaHHBIX KBaJAPATHBIMU MapKEPaMH.

Line Histogram Bars Points

Horizontal Zoom-in — ropu3oHTaNbHOE YBEITUYEHUE

Horizontal Zoom-out — ropu3oHTaIbHOE YMEHBIIICHHUE.

Fit the screen horizontal — aBromaciTabupoBaTh TOPU30HTAIBHO.
Vertical Zoom-in - BepTHKAIBHOE YBETHUCHUE

Vertical Zoom-out - BepTHKaIbHOE YMEHBIIICHHUE.

Fit the screen vertical- aBromaciitabrpoBaTh BEPTHKAIBHO.

Fit the screen — apromaciTabupoOBaTh TOPH30HTATBHO U BEPTUKAIBHO.
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g e

View/Export. [Tocmotperts nannbie FFT B TekcTOBO# TabimIile, SKCIOPTUPOBATH B TEKCTOBOM
(“csv”) hopmare. TlosiButcs muanorosoe okuo View/Export:

=1o]x]

freqiHz)  [IiL1 V1] VT 4
575.51e-3 135808 136934 | [ Display
BA7.755¢-3 |-24.1509 136077 -13.7514 & Boreen
BO0e3  |-266066  -14.214  -14.4073 Al paints

1224503 |31.7926 15479 157359 " Step, Hz [1

B24.49e:3 |-31.8918 17,3291 <17.5804

B3E. F35e-3 |-23 5265 18,3634 18,197 Significant digits
640.98e-3 |-18.2584 159397 153312

B61.224e-3 [-14.3479 12009 -11.395 E x| Freauency
B73.469e3 |-11.232  -B48632  -7.94591 [ =] Daa

BB, 714e-3 |-B8.62187 -5,54447 -5,0633
£97.959e-3 |-6.36808  -3.0598 -2.62

71020483 |-4,38319 -920,038e-3 | -509.044
72244383 | -2 61145 953.245e-3  1.34403
¥34.694e-3 |-1.01505 261433 293067
F46.939e-3 [432.98-3 410148 446731
¥53.184e-3 |1.75256 544217 5.80045

774 470~ 2 |1 oRooo C CETNC 7 nnnilll Ewxpart... Cloze
4 I I 3

TekcroBas Tabuia mokassiBaeT aMIIuTy Ry Beex FFT kpubix. Beibepute pexum Display,
9TOOBI TOKA3aTh:

o Screen. [Toka3pIBaeT TOUYKH B JHANA30HE YACTOT, BUIUMBIC TOJIBKO Ha JKpaHE.

o All points. IToka3siBaet Bce paccuntanibie FFT Touku.

o Step, Hz. TToka3piBaeT TOUKH € 3aTaHHBIM [IATOM 10 YaCTOTE. DTOT PEIKHM MOXKET OBITh
HCITOJIb30BaH, YTOOBI YBHIECTH TOJIBKO FAPMOHUKH 3aIaHHOM YaCTOTHI.

3amaiire Significant digits mis nanusIx B KojoHKax Frequency u Data.

[{enkuuTe mo EXport 4ToOb! FKCIOPTUPOBATH TAOIUIYy B TEKCTOBOM (“CSV’’) hopmare.

Show in AC window (moka3ats B okHe AC). Eciu BeiOpano, FFT kpuBbie OyayT Takxke
noka3zabl B AC okue. ImeHa kpuBsix 0yayT «FFT of umsa kpuesoir». Ilpu BeIKITIOUCHHH 3TON
omnuuu, Kpussle OynyT ynanensl u3 AC okna. Eciu okHo FFT 3akpbiBaeTcs ¢ BKIIOUEHHON
omnuuen, Kpussle He OynyT ynanensl. Pabora ¢ AC kpuBbiMu B okHe AC 103BOJISIET YI00HO
MaciTabupoBaTh U MPOKPYUHBATh IPauKH, UCTIONB30BaTh KypCOpPbI U TaOIHIly TaHHBIX, a
Tak)xe NocMoTpeTh (azy KpuBbIxX. FFT kpusslie MoryT ayoiupoBatbest B okHe AC, 4TOObBI
UCIOJIb30BATh X KaK ATAJOHHBIE KPUBbIE /Ul CpaBHEHUs ¢ HOBbIMUM FFT kpuBbIMH. 3aMeThTe,
gyro FFT mannbix 3 Storage e nmokasbeiBarotcs B okae AC.
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FFT window

lcr

AC window

[ JFFTaFIL1Y
[ JFFT of wivi)
I FFT of wict)

-i00 dE:

FleEE* oEf 1 |x

left right delta rrir I max -
Cursors Fo4,378e-3 244692 1.66254
DFFT of IiLL) -4, FEIZET -5 636983 -B73E1609:-2 45 359174 20022894

o Ecnu ykazarenb MBIIIKY NepeMeEIIaeTcs TOJIbKO BBEPX WM BHU3, OyIyT

[ IFFT of W) |-43.411604 | -55.424869 -15.012265 76252445 -28,2BE2EF

I-FFT of WICT) |-26 621976 -42,909003 72870262 -42,124929 1.‘3953065_|;|
4 »

Il [Shitt [ Ol [Click and drag te

U_[eJ'IKHI/ITC npaBoﬁ KJIaBUILIEH MBIIIKHU I10 OKHY, YTOOBI YBUACTH JOCTYIIHBIC KOMAaH/IbI.

Z[Ba)KI[BI IICJIIKHUTC 110 OKHY, YTOOBI OTHCHTPOBATH KPHBBLIC.

[lenkaUTE JIEBOM KJIABUINIEH MBIIIKHU TT0 OKHY U PacTaIlUTE BBIJEICHHYIO 00J1acTh. Beinenenue

obOnacTu OKpaHa 3aBHUCHUT OT TOI'0, KaK YKa3aTCJIb MBIIIKH MIEPEMCIIACTCA OTHOCUTCIIBHO

HaYaJIbHOU TOYKHU.

MOKa3aHbl JIB€ TOPU30HTAIBHBIC IMHUHU, a KOTJIa JIeBasi KJIIABUIIIA MBILIKH
OyZeT OTHylIeHa, BbIIeJIeHHAs 00JIacTh YBEIUYUTCS 110 BEPTUKAJIH.

Ecan YKa3aTeJib MBIIIKU ABHUIKETCA TOJIBKO BJICBO U BIIPAaBO, 6y,ZLYT
IMOKa3aHbl ABC BEPTUKAJIBHBIC JIMHUM, a KOr'Ja JICBAs KJIaBUIIIa MBIIIKH
6y,[[eT OTIIYIICHA, BBIACIICHHAA 00J1acTh YBCJIMYHUTCSA 110 TOPHU3OHTAIIN.

Ecmm YKa3aTeCJib MBIIIKW ABHXKETCA JUAroHaJIbHO, 6y21€T IIOKa3aH
MMpsAMOYT'OJILHHUK, a KOr'la JICBas KJaBUIIld 6y,Z[CT OTIYIICHA, BBIACICHHAA
00J1aCThb YBCIUYHUTCA 40 3allOJIHCHUA SKpaHa.

Konecuko mbimiku ¢ Ctrl u Shift MmoxkeT ucmonp30BaThest Ui MPOKPYTKU U MACIITAOUPOBAHUS
N300paKeHNs, B TOYHOCTH, KaK B OKHE IIEPEXOIHOTO ITporecca.
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Eye diagram (I'ma3koBasi xquarpamma)

['ma3koBas nuarpamMma MCIOJIb3yeTCs [l aHAIN3a UCKAKEHUM U HEYCTOMYHUBOCTHU MTEPUOIUUECKHUX
CUTHAJIOB. XOTs 9Ta AMarpaMMa IpUMEHUMa B OCHOBHOM K T€JIEKOMMYHHUKAIIMOHHBIM U HU(POBBIM
IpoLeccam, OHa MOXKET OBITh [TOJIE3HA U JJI AHAJIIOTOBOM 3JIEKTPOHUKHU. JlMarpaMma rmokas3bIBaeT
KpHUBBIE TOJIBKO MEXAY KypcopaMu (HJIM Ha BCEM dKpaHe, €CIIU KypCOPbI BHIKIIIOUEHBI).

lcr - Eye diagram

(o] ++ HE:‘E

T e Settings. OtkpeiBaer quanor Settings:

s

Interval, =
|

— 7 zcale
[+ Usze transient scale

|2 M ultiplier
|n Offzet

o Interval, s. [llupuHa auarpaMmsi.

o Y scale. ITo ymomuanwuio mkaga Y gaarpaMMbl HIMEIOT TOT K€ MAcITad, 9To U BepTHKAIbHASL
IIKaJia 9KpaHa rnepexogHoro npomuecca. Cuumute dhaakok Use transient scale u Beaute
HY>XKHbIE MHOKHUTEH U CMEIIICHHE.
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[ + (2

e Use transient scale.

e Vertical Zoom-in.

e Vertical Zoom-out.

e Fit the screen vertical.

e lcnonp3yiiTe TOPU30HTAIBHYIO MOJIOCY MPOKPYTKH, YTOOBI U3MEHUTH (pa3y nuarpammel.
e [llenkHuTe MpPaBOW KIABHUILIEH MBIIIKU IO OKHY, YTOOBI YBUAETH JOCTYITHBIE KOMAH/IbI.

e JIBax/bI LIETKHUTE 110 OKHY, YTOOBI OTKPBITH JHAJIOroBoe OKHO Settings.
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Markers (mapkeps)

Mapxkepsl peuiaratoT ya00HbIi C1oco0 OTCIEKUBAHKS aMIUTUTY/] KPUBBIX B 33/IaHHBIX TOYKaX. B
OTJIMYHE OT KYPCOPOB, MapKEPhI BCET1a OCTAIOTCS B 3aJaHHOM MOJI0KeHNH. KOon4ecTBo MapKepoB He
orpannueHo. Huke BBl MOXeTe BUICTh 4 MapKepa, MOKa3aHHbIX Ha TpaduKe NepexoJHOTro mpolecca, ¢
aMIUTUTYZaMHU KPUBBIX, OTOOpakaeMbIMK B Tabmuie Markers table

rc - Transient

x|
dhomm X | =i | g 2 ¥ Shaw on the graph

Lo 220503 |425532  |B22s24 o201 |
Y1) E10 10 10 10
WIC1) [1.90489 29834 361757 4.03599

||[t= 20,0001

e Tabuauua MapKepoB COIEPKUT KpUBbIE, H300paKEHHBIE Ha rpaduKe.

“r e Add - nobaButh HOBBII Mapkep. Bpemsi Mapkepa — 3TO BpeMsi akTHBHOT'O Kypcopa.

= e Remove — yaanuThs Mapkep u3 Tadbauusl. [lleakuuTe molyro sueiiky B Ta0auIIE,
MIPUHAIIIEKAITYIO KOJIOHKE MapKepa, 3aTeM MISIKHUTE 10 KHonKe. Ha mpumepe BBEpXy BhIIEIICH
IIEPBBII MapKep.

X o Delete — yramurs Bce MapKepbl.

E ¢ Export—skcnopruposars Tabnuiy Mapkepos B daiin B TekcTOBOM (“CSV”’) (hopmare.

=. ¢ Annotate — aHHOTUPOBATH BBIIEIEHHYIO KPUBYIO Ha MO3HMIMAX MapKEPOB Ha rpaduke
MEPEXOAHOTr0 MpoLecca.

2 e Annotate all traces - AHHOTUPOBATh BCE KPUBHIE HA TIO3UIUAX MapPKEPOB Ha rpaduke

MEPEXOAHOr0 mpouecca.

e Show on the graph — BeiOepuTe, 4T0OBI MOKa3bIBaTh MapKEPhI HA FPAPHKE MEPEXOTHOTO
HpOI_leCCEl. H_[I/IpI/IHa 1 OBCT MapKepOB 3aJa0TCA Ha CTpaHI/II_[e Graphs JANAJIOTOBOTI'O OKHa
Preferences.
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Power (MOIIHOCTD)

Huctpyment «Momnoctb» Beraucisaer Koahduuuent momnoctu (Power Factor) u Kosddumment
Hemuneitnpix Mckaxenuit (THD — Total Harmonic Distortion).

Bri6epure crpanuity Power Factor muist BEIYMCIIEHUsS CpeTHEKBAPATHYHOTO 3HAYCHUS HAMIPSDKSHUS 1
TOKa, MOITHOCTH ¥ K03((pHUIIMEeHTa MOIITHOCTH.

power_factor - Transient

MY Power Factor | THD |
" brace |u[|:g1] j
| race ||[,f_~.,1] j
W RS I?D?.332341 901 e-3

| R4S IEEE.?E'I Afa¥6e-3

Power IEDD.?E?453?EEE-3

PF IE#?.'I 01349008e-3

D3 ME | Skt | Chl | Click ko move

e V trace. BeiOepute KpHBYIO HAPsDKEHUS U3 BBINAIAIOIETO CIUCKA.
e | trace. BoibepuTe KpHBYIO TOKA U3 BBINA/IAIONIET0O CIUCKA.

Power

K PF : PR = RS
03(1)(1)I/IHI/IGHT MOIIIHOCTH BBIYUCIIACTCA KaK VRMS x IRMS

Bce napameTpsl BEIUHCISIOTCS TOJIBKO MEXy KypcopamH (MM Ha BCEM DKpaHe, eCIIM KypCcopbl
BBIKJIIOUEHBI ), TAK YTO YOEAUTECh B TOM, UTO BHIOPAHHBIM HHTEPBAJ COACPKUT LIEJI0€ YKCIIO NEPUOJIOB
CUTHAaJA.
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Bei6epure crpanunie THD nns Beruucnenus Kospouunenra Henuneitnbix Uckaxenuii (THD).

thd - Transient _ Ol x|

Power Factor  THD |

Trace |\.r[|:;1] j

Harmaonicz I‘I 5 vI

THD, % |24.5224?2

N | ampl |~
165, 493263 “lick b
36 042836e-3
13 60424863 |
5 EI79651 &3
11.4205626-3
772 BIE326-6
144 599596 =

IS N g I OO R L

e Trace. BeiOepure KpuBYIO U3 BBIIAIAIOIIETO CIIUCKA.

e Harmonics. Beenute i BeIOCpUTE U3 BHINAAIONIETO CITMCKA KOJMYECTBO BBIYHUCIIIEMbBIX
rapMoHHK (MakcumyM = 40).

2 2 2
WV2+VELVE 4.
Vl
THD BbIuncnsieTcst TOJIbKO MEXAY KypcopaMu (MM Ha BCEM HKPaHe, €CIIM KyPCOphI BBIKIIOUEHBI ), TaK

4TO yOeaAUTECh B TOM, YTO BEIOpaHHBI MHTEPBAJ COAEPKUT B TOUHOCTH OJIMH IEPHO]T OCHOBHOM
(mepBoit) rapMOHMKH CUTHAJA. DTO MOXKHO CJIeNaTh HECKOIbKUMHU criocobamu. Hanpumep:

THD Beruncngercs kak: THD =

, rie Vp — aMIuiTyzia N-oil rapMOHUKH.

e JIBaxk/pl IEIKHUTE 110 OKHY IEPEXOIHOTO MpoIiecca, YTOObI OCTaBUTh 00a Kypcopa B OJIHY
TOYKY MEX1y MakcuMymamu curnaina. ll{enkauTe knHomky Maximums {4 : oxuH kypcop
YCTQHOBUTCS Ha OIVDKaHIIMKA MaKCUMYM CIIpaBa, BTOPOH Kypcop — Ha OJIMKaWIINi MaKCUMYM
clieBa. DTOT METOJl MOKET pabOTaTh HEMPaBUIbHO, €CIIM CUTHAJI UMEET JIOKAIbHbIE MAKCUMYMBI.

Double-click Click Maximums button

181



EBY NL5 circuit simulator PykosoacTso Monb3osaTens

e FEciu nepuo 1nepBoi rapMOHUKY CUTHAJIA U3BECTEH, LIEIKHUTE IIPABOM KHOIIKOW MBIIIN HA OKHE
MEPEXOTHOTO TpoIiecca, BeibepuTe koMaHay CUrsors B KOHTEKCTHOM MEHIO. B muanoroBom
oxre Cursors seeaute nepuos curuana (Interval) u ycranosute duaxok Lock interval. ITocie
3TOr0 MHTEPBAJl MEX]y KypcopaMu Oy/eT BCEr/la OCTaBaThCsl paBHBIM [IEPHOY CUTHAJIA.

R Show

440 Br2T AR Je-3 Lasht

1, 4487427456 Fiighi
1 Irtereal
" [~ Lock postion
:-: Miceve RN b storage - Ll:-ckll'l'c.\‘l.-.:i Clota
o B
Right-click, select Cursors Enter Interval,

select Lock interval

Ecnu mar pacuera 10cTaTouHo
00JIbI1I0H, BBICIIME TAPMOHUKH,
HauyMHas ¢ HEKOTOPOM, MOT'YT HE
YIAOBJIETBOPATH KPUTEPHUIO
HalikBucra: yactota rapMOHUKHU
MPEBBILIAET IMOJOBUHY YaCTOThI
«Iuckperuzauuny. Takue
TapMOHUKHU OYIyT MTOMEUYEHBI

x

Power Factor  THD |

Trace |v[|:n] j

Harmaonics |4|:| - I

THD, % |18.768659

3Be3109KOM (*) B CITUCKE N_| Ampl |~

1 1613316203
aMHHI/ITyH l"apMOHI/IK. 5 26 019797a:3

3 105408563

b 3840623

o 4146552066

£ B253502e6

7 477427196

% B3 05G]de6

9% 4550767466

10* 569505166

11+ 9weages
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Line snapshot

Line snapshot nokaseiBaeT pacnpeeieHue HAPsHDKEHHSI M TOKa BHYTpU JinHuK niepenayuu (X). On
TaK)Ke IIOKa3bIBACT NPSAMYIO M OTPAKEHHYIO BOJIHY HAIPsDKEHUS U TOKA. Bece curnanel MOryT
MIOKa3bIBATHCSI HEIIOCPEICTBEHHO BO BPEMS CUMYJISILIUYU IIEPEXOJIHOTO Tpolecca, 0OHOBISIACH JIN00
Ha Ka)XJIOM Illare CUMYJISILIMH, JIMOO C 3aJaHHBIM IepuooM oOHoBiIeHus. Korna cumyisnus
OCTaHOBJICHA WM IIPUOCTAaHOBIICHA, II0KA3bIBACTCA TeKylIee (IIOCIIEAHEE) COCTOSIHIE JTUHUU.

m try_line - Line snapshot ﬂ
Forward --= t=3.592 <-- Reflected
Vaoltage: X1 I_ ||_
T 1 e S| e Sy e Sy
0 400e-3 800e-3 1.2 1.6 2
. o o o o L
2 ; ; ; = ;
i : Current: X1 : . :
2023 N : L """" ] L """ L: """"
0 400e-3 suue? 1.2 \ 1.6 ] ]
| 20e3 o o o o L

L4 H_[eJ'I‘{OK npaBoﬁ KHOIIKOM MBIIIKH Ha Fpa(bI/IKe BBI3bIBACT KOHTCKCTHOC MCHIO
COOTBCTCTBYIOIIIMMU KOMaHIaMHU.

e [llenkHuTe MpPaBOW KHOMKON MBIIIKH JBAK/bI YTOOBI OTKPBITH AUATOroBOe OKHO Settings:

try_line - Line snapshot settings ﬂ

[z >| Line ¥ “oltage

v Current
IW Ilpdate interval,
[zimulation time]
[v Signal 1]
— Scale v Fomward
I2 W scale v Reflected
ID W mid [T Show data points
I3EIE-3 | zcale
o | mid
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o Line. Breibepure cymiecTByONMA KOMIOHEHT «transmission line» u3 Belmagaromero Crucka.

o Update interval, s. UutepBan o6HoBIcHus rpadukoB. Eciu 3a1an HOJb, TpaduKu
OOHOBJISIFOTCS] Ha KQKJIOM II1are CUMYJISIUH.

o Scale. Macmtadsl ragukoB HanpsbKeHHS U Toka. Haxkmure Enter 4yroOb1 mpuMeHNnTH
W3MCHCHUSI.

o Voltage. [Toka3siBaTh rpaduK HAMIPSKECHHS.

o Current. I[Toka3biBaTh rpaduK TOKA.

o Signal (V, I). [Toka3siBaTh HaNpsKEHHE U TOK (CYIEPIO3UIIMS IPSIMOM U OTPAXKCHHOM BOJIH).
o Forward. IToka3biBaTh IPSAMYIO BOJIHY HAIPSKEHHS U TOKA.

o Reflected. IToka3piBaTh OTpa)KEHHYIO BOJIHY HAIIPSLKEHHS M TOKA.

o Show data points. [Toka3piBaTh TOYKH JaHHBIX MAJICHBKUMHU KBaJpaTHKAMHU.

e Illenxuure Close 4ToObI IPUMEHUTH U3MECHEHHS U 3aKPBITH OKHO Settings.
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V. YacrorHas Xapakrepuctuka (AC)
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Crnenyrouias ynpouieHHas fuarpamma nosicHser npouecc AC cUMyIISIUM:

AC Comnirol

(P TE|»*

C settings l /
- q E;E::ﬁﬂaln H Transient

AC data l' AC tools

— Simulation
— data =
— [
l Histogram
Smmith chart
Mryoquist plot
Micholz plot

Marketrs

AC window

AJTOpUTM cUMYISIIAU KOH(UTypupyercs B nuagoroom okae AC Settings u ynpasiisieTcsi KOMaHIaMu
OcHoBHOTO MEHIO M KHOIIKAMU MHCTPYMEHTAIbHAS TAaHEIH. Pe3ymbTaThl CHMYJISIINH COXPAHSIOTCS B
Simulation data u onHOBpemMeHHO oTOoOpakarotcs Ha rpaduke B AC Window. [Iuanorosoe okHo AC
Data ucrions3yercst 1151 KOHQUTYPUPOBAaHUS TOTO, KAKHE JaHHBIE CUMYIISILAN OyIyT COXpaHEHBI, M KaK
naHHbIe OyayT oToOpaxkarhes. Tarxke qaHHbIe MOTYT Hcnonb3oBaThess B AC Tools (uactpymentst AC),
KOTOPBIE IMO3BOJISIOT JIeaTh PA3IMYHbIC BUIBI aHATH3a W mpejacTaBieHus nanaeix AC. AHanms
MEPEXOIHOTO MpoIlecca UCTIONB3YeTCs sl MeToAa cuMysauuu Sweep AC source.
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Cumyasinmsi

B NL5 ectp aBa MmeToga AC ananu3za: nuHeapu3saius cxemsl (Linearize schematic) u «BkiroueHue»
HCTOYHHKA IIEPEMEHHOTO HampspkeHust/Toka (Sweep AC source).

MeToj JinHeapu3aluuu CXeMbl

JluHeapuzanus cXeMbl — 3TO CTaHJIAPTHBIN MaJIOCUTHAIBHBIN aHau3 Ha epeMeHHOM Toke (AC
analysis). B nepBblii MOMEHT BCE HETMHEHHbBIC KOMIIOHEHTBI 3aMEIIA0TCs IMHEHHBIMH SKBUBAJICHTAMHU
B UX pa00YMX TOYKAX. 3aTeM CUTHAJI 33JJAHHOM YaCTOTHI C SAMHUYHON aMIUTUTYAO0N U HyJIeBo (ha3oi
MOAAETCS Ha BXOJHOM y3€ll, & CATHAJIBI IPYTUX Y3JI0B HAXOJATCS PEIICHUEM CUCTEMbI JIUHEHHBIX
ypaBHeHuH. [Iponecc moBropsercs i 3aJaHHOIO YHACIIA 4acTOT.

JIst TOro 94ToOBI IMHEAPU30BATh CXEMY, JIOJKHO OBITh H3BECTHO COCTOSTHHE BCEX KOMITOHEHTOB CXEMBI.
DTO MOKET OBITh CAETAHO BPYUHYIO, 3a1aHieM HavanbHbIX yciaoBuit (IC) s Becex HeTMHEHHBIX
KOMITOHEHTOB, JMOJIOB U YIIPABJIAEMBIX KIFOUCH, HIIH aBTOMATHYECKAM PacyeToM pabounx TOYEK Ha
noctosiHHOM Toke (ycranosute Calculate DC operating point B quanorosom okne AC Settings).
Pabovast Touka Ha OCTOSIHHOM TOKE PACCUMTHIBACTCS TaK XKe, KaK B aHAIM3€ MEPEX0IHOr0 mpoiecca

OTOT MeTo 1 paboTaeT Bceraa s TMHEHHbIX 1eneid. OH TakKe MOXKET
HCIIOJIB30BaThCS IS IEel ¢ HEIMHEHHBIMA KOMIIOHEHTAMH, HO TOJBKO €CIIM 3TH
KOMITOHCHTBI MOT'YT OBITh TIPAaBHIILHO JTMHEAPU30BAHBI B paboyeii Touke: OECKOHEUHO
Masasi aMIuTyaa BxogaHoro curnana (AC) He J0KHA MEHSTh COCTOSIHHE
KoMITOHeHTa. Hanpumep, cienyromast merb He MOXKET ObITh KOPPEKTHO

IIpoaHaJIu3upoOBaHa 9TUM METOAOM, ITIOCKOJIBKY U0 6y,HeT MCHATH CBOC COCTOSAHHUC
KaXKIbIN pas, Korga MEHACTCS NOJIAPHOCTb BXOAHOI'0 CUT'HAJIA.

MeTox He MOXKET HCIIOJIb30BaThCS IS TIeTIel TIEPEKITFOYalOIIero THITA, TIOCKOJIBKY BCe
MEPEKITI0YAIOIINE YCTPOHUCTBA OYAYT yCTaHABIMBATHCS TMOO B OTKPHITOE, INOO B 3aKPHITOE COCTOSIHHE,
a He OyAyT MepUOAMYECKH TEPEKITIYaThCs, Kak TpedyeTcs.

MeTtoa «BKIOYeHUs» ncTouHuka (Sweep AC source)

JIaHHBIN METOJ MO3BOJISIET PACCUUTATh XapaKTEPUCTUKY JTF000r0 Tuna cxem. PeanbHbli
CI/IHYCOI/II[aJ'II)HIﬂﬁ CHUTHAJI 3aHaHHOI\/'I AMIUIMTYbl 1 YaCTOTHI ITOAACTCA Ha BXOJIHOfI y3€JI; aBTOMaTUYCCKH
BBINOJIHSAETCS aHAJIN3 MEPEXO0HOr0 MpolLiecca B 3aJJaHHOM HHTEpBajle BpEMEHH, IT0Ka BCE CUTHANIBI HU
crabmimsupyrorcs. M, HakoHell, U3 cCUrHaaa B Ipyrux y3/1ax U3BJIEKAETCs aMIUIMTY1a U (pa3a 3aJaHHOM
YaCTOThI C TOMOIIBIO IUCKPETHOTO NpeodpazoBanus Dypbe. HacToTHAs XapaKTepUCTUKA BEIYUCISIETCS
IyTEeM CPaBHEHMSI 3TOM aMILTUTYABI U (a3bl ¢ aMIUIMTYAO0M U Pa30il BxoaHoro curnania. [Ipouecc
MOBTOPSAETCS [T 3aJaHHOTO YHUCJIa TOUYEK B 33JJaHHOM YacTOTHOM JuamnasoHe. [TapameTpsl,
HEOoOX0/IMMbIEC METO/Ia YCTAaHABJIMBAIOTCS B auanoroBoM okae AC Settings.

AHanmm3 nepexoHOTO Mpolecca, HeOOXOIUMBIH JUTS STOTO METO/1a, aBTOMATHIECKH 3aITyCKAETCs H
KOHTPOJIMPYETCS MporpaMMoii. Bl He TOJDKHBI 3a/1aBaTh KPUBBIE IIEPEXOIHOTO MpoIlecca: Bee
Heo0X0IMMBbI€ KpUBbIE Oy/IyT aBTOMAaTHYECKH T0OABIEHBI U yJAJIICHBI I0CJI€ OKOHYAHUS aHAIN3a.
EnuHCTBeHHBIH mapaMeTp, OTHOCSIINECS K MEPEX0THOMY MPOLECCY, KOTOPBIH HEOOXOMMO 3a1aTh —
sto mar Beraucienus (Transient calculation step). Ou momkeH ObITh BEIOPAaH U3 TEX jK€ COOOPAKCHHIA,
KaK U Iar Juig oObIYHOTO aHaJIM3a IepEeX0JHOro Ipoliecca JaHHOH cxeMbl 0e3 «BKiItoueHHOro» AC
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HcTOYHHKA. Bo BpeMA AC aHaJIn3a mar BbIYUCIICHUA MOXET GBITL ABTOMATHYCCKU YMCHBIIICH, ‘-IT06I:I
He TIpeBbImaTh yeM 1/16 nepuona «BkimodeHHOro» AC HCTOYHUKA.

AC source amplitude — ammmutyna AC nctoynrka (HarmpsKeHUE HIH TOK) MOYKET OBITh IIOCTOSHHOM,
win ¢pyHkuein yactothl ucrounuka (f). YacToTHO-3aBHCHMasT aMILTUTY/a MOKET OBbITh TOJIC3HA IS
MOJIICPYKKH YCTOMYUBOM PabOTHI CXEMBI HA pa3HBIX YACTOTaX UCTOYHUKA curHaiia. Hanpumep, eciu
KO3 (QUIIMEHT Mepeaadu NepeKITIoYaronel CXeMbl YMEHBIIIAETCS ¢ YaCTOTOU, OYJIET MOJIe3HBIM UMETh
aAMIUTUTY/y HCTOYHHKA PACTYIIEH C YaCTOTOM, YTOOBI YBEIIMYUTh OTHOIIEHHE CUTHAI/IITYM.

Korga AC nCTOYHMK yCTaHABIMBAETCS HA OINPEEJIEHHYIO YacTOTY, aHAJIU3 IEPEeXO0AHOTO IpoLecca
IIPOU3BOJUTCS B TEUEHUE BPEMEHHOI0 MHTEPBAJIA, COJAEPIKAILET0 HEKOTOPOE KOJIMYECTBO IIEPHUO/I0B
3TOM 4acToThl. UeM Oosblie neproa0B UCIIONIb3YeTCs Ui BEIYMCICHUH, TeM Jiydiias TouHocTh AC
aHaJIM3a MOXKET ObITh JOCTUrHYyTa. OHAKO 3TO MOKET MOTPEeOOBATh 3HAUNTEIILHOTO BPEMEHH,
0CcOOEHHO Ha HU3KMX YacToTax. UToObI yCTaHOBUT pa3yMHbIN OalaHC MEXKAY TOYHOCTBIO U BPEMEHEM
CUMYJISILIUH, UCTIONb3yeTcs napaMeTp Error (ommodka). @akTuyecku JaHHBIA TapaMeTp JIMIIb
Ka4eCTBEHHO OIHCBIBAET 0XKHJIA€MbIil YPOBEHb ITOTPELTHOCTh CUMYJISLIMH, @ HE 333a€T pealibHYI0
BennuuHy omuOku. [lapamerp Error Moxxer npuHUMATh CIIEIyIOIINE 3HAYCHUS:

Error = 0 — Ha kaxx10#f YaCTOTE aHANU3 MEPEXOAHOr0 Ipolecca OyeT MPOBEACH Ha MAaKCUMATbHOM
KOJIMYECTBE NEPHOJIOB ATOM YaCTOTHI - 128. DTO JaCT HAMITYUIIYIO TOYHOCTh aHAJIN3a, HO MOXKET
noTpedoBaTh OUEHbh MHOTO BPEMEHH.

0 < Error < 100 — xonu4yecTBO NEPUOAOB IS aHATH3a IEPEX0HOTO Mpoliecca OyaeT BbIOpaHo
aBTOMATHUYECKHU Ha KaKJ10M yacToTe Mexxay 2 1 128, 0CHOBBIBasICh Ha OTKIIMKE cXxeMbl. OKku1aeTcst
OYEHb BBICOKAsi TOYHOCTh CUMYJISLIUU IIPU ITapaMeTpe paBHOM | M HUKe, XOpolasi - IpU 3HAYEHUSIX OT
10 no 50, u npuemsiemas npu 3HaueHussx Oosbiie 50. COOTBETCTBEHHO, 00JIbLIasi TOYHOCTH TOTPEOYET
O0JIbLIIETO BPEMEHU CUMYJISALIUH.

Error = 100 - Ha kak/10¥ 4acTOTe aHAJINU3 MEPEXOAHOTO Mpolecca OyaeT MpPoBeJeH TONIbKO Ha 2
MepPHOaxX ITON YaCTOTHI. ITO camasi OBICTpast OIIIHSI, C BO3MOXKHO OOJIBIIION ITOTPEITHOCTHIO.

PexoMenayercs ciienyromas ctparerus ananusa. CHavana ycranosute Error=100, 4roObl OHATS,
paboTaeT 11 METOoJl B IPUHIIMIIE, U COOTBETCTBYET JIM IPUMEPHO MOBEICHUE CXEMBI 0’KUIAEMOMY.
3arem ucronp3yiite BenmnuuHy 10 171 aHamM3a ¢ XOpoIIeld TOYHOCTHIO U TIPUEMIIEMO CKOpoCcThIo. Ecin
TpeOyeTcst 3HAUYUTETbHO JIydlllas TOUHOCTh, WM Pe3ybTaThl CUMYJISILIMK HE BBITJISIAT NPAaBUIIbHBIMU
(4TO MOKET OBITh JJI1 HEKOTOPBIX CHENM(PUUHBIX TUIIOB CXEM), UCTIOJIb3YiTe BeTnununy 1.

YroOsl mpoBoanTh AC aHaNM3 KIIFOYEBBIX CXEM, CHaJajla TOJHKHA OBITh Hal/IeHa «TIepUOTUIECKas
paboyas Touka (“periodic operating point”). Eciu BeiOpana omiust Find periodic operating point, NL5
aBTOMATHYECKH 3aITyCTUT BBIYHCIICHHUE TIEPEXOTHOTO TIpoliecca ¢ HyleBoi amrunTynoi AC ucrounnka
710 TeX MOp, MOKa NEePUOTUUECKUH MPOoLIecC B CXeMe He ycTaHOBUTCS. TobKo mocie atoro HauHeTcst AC
ananu3. Eciim ommmst Find periodic operating point se BeiOpaHa, MOJIb30BaTE0 PEKOMEHIYETCS
IIPUBECTH CXeMY B pabouyio TOUKY BPYUHYIO, 3allyCTUB aHAIM3 IIEPEXOTHOTO Ipoliecca Ha
HeoOxoumoe Bpemsi. Korja npouecc ctabunm3nupyercs, COXpaHUTe TEKYIIee COCTOSHUE CXEMBbI B
HavansHbIe yeaoBus (Initial Conditions) komanmoii Transient | Save IC 8 OcHoBHoM Menro. Ecnu
cxema He HaXOJMTCS B CBOEH pabodueil Touke, MpaBmiibHbIE pe3ynbTarhl AC aHanm3a He TapaHTHPYIOTCS.

Ecnu BeiOpana omiust Sweep frequency from high to low, AC ananu3 OyneT BBINOTHITHCS, HAUUHAS C
BBICOKOH YacTOTHI, IJie 0OBIYHO TPEOYeTCsl MEHbIIIE BPEMEHH CUMYJISIIIMK Ha OJJHY 4acToTy. Pe3ynbraThl
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CUMYJISILMU OyayT BUAHBI OBICTpEE, U TIOJIH30BATEIb MOXKET MPUHATH PEIICHUE, HAIPUMED, O
[IPEKpalICHUU CUMYJIALIMH, HE JOKUIAACh PE3YyIbTAaTOB I HU3KUX YaCTOT.

Omus Show transient data mo3Bossier BUIETh TaHHBIE aHATH3a IEPEXOJHOTO IPOIIecca, a TAKKe
COXpaHUTh uXx U nocie 3asepiieHus AC aHanusa (MHaue JaHHBIE IEPEXOAHOTO Ipolecca OyayT
aBTOMATHYECKH yJaleHbl). JlaHHBIE TepeX0qHOr0 MpoLecca MOTYT ObITh HOJIE3HBI U1 HaX0XKIACHUS
onTUManbHBIX napameTpoB AC ananusa u ajs pa3dupaTeabcTBa ¢ BOSMOKHBIMU IIpoOIeMaMu.

JaHHbIC CUMYJIAUA

Traces (kpusble). Bo Bpems cumymsainuu NLS XpanuT nanHble B namMsaTu. JlaHHbIe 1)1 COXpaHEHUS
BBIOMPAIOTCS MTOJIB30BaTENeM Kak KpuBbie (traces) B nuamoroBoM okae AC Data. JlocTynmHo HECKOIBKO
TUTIOB KpuBHIX: V (Hampspkenue), | (Tok), Z (umnenanc), Gamma (koaddunment orpaxkenus), VSWR
(ko3 duitueHT crostueii BoHbI) 1 Function (GpyHkiws).

Korna HaunHaeTcst CUMyJIALMSL, BCE KPUBbIE aBTOMAaTHUECKU OYMILAIOTCS, a 3aTeM HAYMHAETCs
COXpaHEeHHE HOBBIX JIaHHBIX cuMyJssinny. HoBbie qaHHbIe 0TOOpaskaroTcst Ha 3akianke Run okaa AC
Window. /lanHble nocieHel CHMYIISILIME MOTYT OBITh IepeMeIlieHbl B Storage co crienuanbHOM
3akiaakoii B okae AC Window. CoxpaHeHHbIe TaKMM 00pa30M JaHHbIC HE OUHUINAIOTCS aBTOMATHYSCKH
Y MOT'YT OBITh MCII0JIb30BaHbI JJIsl CPAaBHEHUS PE3YJIbTaTOB Pa3HbIX 3aITyCKOB CUMYJISLIUY.

Kpussie MoryT xomupoBatbes B Oydep oOMeHa, coxpaHsaThes B (aiinax qaHHbix «nlfy nim
HKCHOPTHPOBATHCS B TEKCTOBBIN (haiin hopmaTa «CSV». B cBOIO ovepens JaHHBIE MOTYT BCTABIISTHCS U3
Oydepa oOMeHa, 3arpykatbest U3 Qaiiia qanHbIX «Nlf» 1M UMIOPTHPOBATHCS U3 TEKCTOBOTO (aiina,
Kak HOBbIN rpaduk. Takoi rpaduk Bcerna oroopaxaercs B okue AC Window, He3aBHCHMO OT TOTO,
Kakas 3akiajika BbiOpaHa. OH He O4MIIAeTCs, KOI'/la 3aIlyCKaeTCsl HOBasi CUMYJISILIMSL, U MOXKET
WCTIOJIH30BATHCS B KAUECTBE OMIOPHOM KPUBOM /isi cUMYIISIUU. OH TakKe MOXKET OBITh TepenMEHOBaH
MIPOU3BOJILHBIM 00pa3zoM.

I[aHHBIG CUMYJSIIWUU XPAHATCA TOJBKO B OHCp&THBHOfI IIaMATH.
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YcranoBku AC (AC Settings)

Hlenkuute no kHonke AC settings T, wm BeIOepuTe kKoMany AC | Settings OcroBHOro MeHio.
[MosiButcs nuanorosoe okHo AC Settings:

AL Settings

— AL source

[+1

j M ame

— Freguency : Ilnterval "’I

I'I e-3 Frarm, Hz
I'I e+3 Ta. Hz
|500 | Paints
I Log j Srale

|

— hMethod ILinearize schematic

[v Calculate DC operation paint

j—

Iz cument soreen

— Gamma and YSwH
|50 +i[0

Advanced. .. |

£, Ohm

EIKl

AC Source (uctounuk AC). Beequte nMs HCTOYHHKA IEPEMEHHOT'O HATIPSHKECHHSI WIIM BHIOCPUTE €ro
U3 BBINAIAIOINIETO criucKa. JIF000it HCTOYHUK HANPsDKeHUs, ToKa Wi dTuketka (label) moryt ObITh
ucnosb3oBanbl B KadectBe AC rcrounuka. AC HCTOYHHMK MOXKET MMETh JI00yio Mojeib (kpome File u
SubCir): HeT HeOOXOUMOCTH MEHSTh MOJIENIb Ha SiN, OHa H3MEHUTCS aBTOMAaTHuYecKu B mponecce AC
aHann3a u OyZeT BO3BpalleHa B TIEpBOHAYAIIbHYIO, KOTa aHan3 3akoHuuTCs. Bo Bpems AC ananmsa
nocTostHHOe HanpsbkeHne/Tok AC ncrounuka 6yzer ycraHosieHo B ero DC 3nauenue npu t=0, a
nepeMeHHas cocTaBistomas, Heooxoanmas st AC ananmsa, Oyzner 1o0aBieHa K ’TOMY TIOCTOSSHHOMY
ypoBHi0. K nmenu komnonenta ucrounnka AC Ha cxeme u B okHe Components 6yaet 106aBiIeH TEKCT
(AC). AC uCcTOYHHMK MOKHO TaK)Ke BBIOpaTh U3 KOHTEKCTHOTO MEHIO CXeMbI U B 0kHe Components
kHomkoit Set AC source () .

Frequency (uacrora). Beibepure meton 3aganus yactor AC ananu3za. Korja HauHETCs] CUMYIISIIIHS,
nuana3oH 4yacToT okHa AC aBTOMaTUYECKU YCTAaHOBUTCS B 3a/IaHHBIA YaCTOTHBIN JHANa30H.

— Freguency : Ilnterval "’I

e Interval. BeibepuTe anana3oH 4acToT, KOJMIECTBO TOUEK
CUMYJIILIUU M BUJ ILIKAJIBL..

o From, Hz. Hauannnas gacrora. |1E-3 From. Hz
o To, Hz. Koneunas gacrora. |1E+3 UEE G
o Points. KoiimdyecTBO ToOueK CUMYJISIINH. IEDD [F]] s
o Scale. YacroTHas mikania: IL':'E' [ ses

I ze cument screen

= Log. Jlorapudpmuueckas.

= Lin. JIuneiinas.
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PykosogcTtBo lNonb3oBaTtens

o Use current screen. Illenknute, 4T00BI HCIOIB30BATH JIEBYIO YaCTOTY, IPABYIO YaCTOTY U
mIKany Tekymero skpana AC B KauecTBe HOBOT'O HHTepBajia cumyssanuu. [Tapamerper From,
To u Scale 6yayT ycTaHOBIJIEHBI COTVIACHO TOMY, YTO 0TOOpakeHo Ha rpaduke AC B JaHHBIIH

MOMEHT.

e List (cmmcok). 3aaiiTe CIMCOK MPOU3BOJIbHBIX YACTOT. ~ Frequency : ||-iSt :I*
Hcnonb3yiTe 3TOT METO/I, YTOOBI ONPEACTUTE OOJIBIIE TOYCK 1 o] W
YacTOTHI B JIaIa30He, TJIe XapaKTePUCTUKA MCHSETCSI OYCHb 2
OBICTPO, YTOOBI ONITUMHU3UPOBATH BPEMsI CUMYJISIIMU (OCOOECHHO 15I:|
st metosia Sweep AC Source). BBenute 1o oJIHOH 4acToTe B 20
CTpOKe, B J1t000M mopsiake. [llenkaure mo kuonke Sort and 15%]
refresh '« , 9TOOBI MIPOBEPUTH U YIOPSATOUUTH CITUCOK. “

Ilenxuure no kuonke Edit frequency list , YTOOBI
pelakTUPOBaTh CITUCOK YacTOT B IMAIIOrOBOM OKHe Frequency
List.

x

EE v =X

12 ;I — Interseal

3 |1 Frarm, Hz

4

5 10 To. Hz

[

7 IW j Pairitz

g ILin j Scale

10

_I ak | Cancel

Z[I/IaJ'IOFOBOG OKHO ITO3BOJISICT BBECTU YaCTOTHI BPYUHYHO, a4 TAKIKE BBIIIOJIHUTE CIICAYIOIINC

Ollepalyu:
@ o Open frequency list — 3arpy3uth criucok U3 TeKCTOBOTO (aiina.
E o Save frequency list — coxpaHuTh CIHCOK B TEKCTOBBIN (ail.

W o Sortand refresh — 00HOBUTH U OTCOPTHPOBATH CITHCOK.

4= o Add interval — 106aBuTh B CIIMCOK YaCTOTHI, 33JJaHHbIC TapameTpamu B okHe Interval (From
- ot, TO - 1o, Points - touek u Scale - mkana). YacToTsl, y)ke HaXOIAIINECS B CITUCKE,

yJlaneHsl He Oy IyT.

= o Remove interval - ynanuTh U3 cnimcka 4yacToThl, 3alaHHbIC TTapaMeTpamu B okue Interval

(From - ot, To - 10).
2 o Delete all - ynanurs Bce 4acTOTHI M3 CIIUCKA.

Gamma and VSWR — napameTpsbl, HCIIOIb3yeMble [T BBIYUCICHHE KOI(DDUIIMEHTa OTPaXKEeHUS U

KCBH.

e Z0, Ohm. XapakTeprcTHUECKHIA UMITEIAHC.

191



E NL5 circuit simulator PykoBoacteo Nonb3oBaTtens

e Advanced. [llenkuure, 4T0OBI OTKPBITH Auanoropoe okuo Advanced. Cwm. pasaen «YVcemanosku
nepexo0Ho20 npoyecca I JeTajei.

e Method. Meron AC cumymsiiuu. Cwm. paszaen «Cumyasayusiy A ToApOOHOCTEH.

o Linearize schematic — meTo/1 TMHEApU3AIMNA CXCMBI.

bl ethod ILinearize zchematic j

[+ Calculate DC aperation poink

Calculate DC operating point. Eciu BeiOpano, nepea AC anain3om OyaeT BbIYHCIICHA
paboyasi TOUKa 10 MOCTOSIHHOMY TOKY. JTa OIMIUs He TpeOyeTCs sl TMHEHHBIX [enei uin
ecau HavansHbIe yeoBus (Initial Conditions) mis Bcex KOMITOHEHTOB ONPECICHBI

BPYUHYIO.

o Sweep AC source — MeTo/T «BKJIIFOYEHHOT'0» UCTOYHHKA.

i ethod |Sweep AC source j
|1 e-3 Tranzient calc step, =
|01 AC amplitude [ F)
10 Emor, %

¥ Find penodic opesating poing
v Sweep frequency from high bo low
[T Show transient

Transient calc step, s. Illar pacuera epexoaHOTO Mporecca.

AC amplitude ( f). Ammauryna ucrounuka AC. V 115 HCTOYHUKA HATIPSHKEHHST U STHKCTKH,
A JUIS HICTOYHHMKA TOKA. AMILTUTY/Ia MOKET ObITh KOHCTAHTON MM (DYHKITUI 9aCTOTHI.
Hamnpumep:

0.1
Im* £
1000/f

Error, %. Oxunaemast ommbka AC ananmuza. CMm. paznen «Memoo “‘eéxniouennoco”
UCmMoYHUKay NJIsl IeTalei.

Find periodic operating point. Beraucisats nepexoaHoro mpoiece B Hayaie AC aHanmsa 10
TEeX TP, MOKa MEPUOJMYECKUH MPOIECC B CXeME HE YCTaHOBUTCS.

Sweep frequency from high to low. Beimonusts AC aHanu3a, HAYMHAS C BBICOKON YaCTOTHI.

Show transient. [Toka3eiBaTh TaHHBIC TIEPEXOJHOTO Mpoiiecca Bo BpeMs AC aHanu3za u
COXpaHUTh UX nocie okonyanus AC aHanmsa.
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HNannbie AC (AC Data)

[lenkuure mo kHonke AC data = , i BeIOepute komauay AC | Data. ITosBurcs okano AC Data.
window will show up. B okHe Bcerzia mokasaHsl JaHHbIC, OTHOCSIIMECS K aKTHBHOMY JOKYMEHTY
(cxeme): IepeKIIIoUeHIE Ha IPYTroil TIOKYMEHT aBTOMAaTH4YeCKA OOHOBHUT JIaHHBIE B OKHE. OKHO
COJIEP>KUT MHCTPYMEHTAIBHYIO MaHe b, CIIUCOK KPUBBIX (1races) u 4 CTpaHUIIbl, UCIIOIb3YeMbIC IS
CIICAYIOIINX OTICPAITHIA:

e Traces (kpuBble): 100aBIsET KPUBBIC, 33/1a€T MHANBHyaIbHbIC MACIITA0 U IUPUHY IS
KPUBBIX.

e Screen (3xpaH): 3a1aeT MacITab, TMHUU CETKH U APYTHE OIMIMU SKpaHa s rpaduka.
e Table (Tabauma): koHpUrypupyeT TaOIUIly JaHHBIX.
e Storage («xpaHuJauIIe»): 0OCTYy)KUBACT XpaHEHUE TaHHBIX.

x

SEHE BRE =X B esn
Traces | Screenl Tahble I Stnragel r Check to dizplay on the graph
—dd new trace WiC1]
WYIR1]

I & ]
v M

|

z W1

Garmma auk

WSWH

Functiar

Add tranzient % and | races

— Trace: W[R1]
IMag.-"F"hase j Diizplay

= I'I vI Width

Check all ncheck all

Amply | Cloze

/

@

ITomecTuTe MBIIIKY TOBEPX «Pa3aCIUTEIIA» @ , 3aTCM HAXXMUTCE JICBYIO KJIaBUIITY MBIIITKH U
nepeTamuTe pa3acinuTelib, YTOOBI U3MEHUTH pasMep MaHeJIeH.

Trace list (cnucok KPUBBIX) MOKa3bIBACT BCE TEKYIIUE TOCTYITHbIE KpUBbIe. DIa)KOK OKa3bIBaET
CJIEyIOIlEe CBOMCTBA KPUBBIX, B 3aBUCIMOCTH OT TOT0, KaKasi CTpaHHIla BbIOpaHa:
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e Crpanunsl Trace u Screen — kpusast OyJeT nmokasaHa Ha rpaduke.
e Crpanuna Table — kpuBas Oyner nmokasana B TaOnuie.
e Crpanuna Storage — kpuas OyaeT coxpaHsaThcs B Storage.

[lenkuute mo Check all, uro6sr mocraBuTh iakok Ha Beex KpuBbixX, mim Uncheck all, uto6sr yopaTs
(hraxok

Bouibliiast yacTh KOMaH/I MaHEIM IPUMEHUMA TOJIBKO K BbIICIICHHBIM KpUBbIM. OIHA WK OO0JIbIIE
KPHBBIX MOTYT ObITh BBIOPAHBI U3 CIHCKA ¢ TIOMOIIIb0 Mblky 1 kiaasuin Ctrl u Shift. IToxanyiicra,
3aMEThTE, YTO BBIICIICHHBIC KPUBBIC MTOJICBEUCHBI B CITUCKE, U «BBIICICHHOE» COCTOSHHE KPUBOU HE
3aBUCHT OT cocTosiHus € (praxkka. Ha prcyHke Bbilile 00€ KpUBbIC UMEIOT BHICTABICHHBIN (PIIasKOK, HO
tosbko V(V1) BeiOpaHa.

JIBaXIbI MIEIKHUTE 1O KPUBOM, YTOOBI U3MEHUThH €€ 1IBET.

B 91011 rI1aBe onrcaHbl KOMaH bl HHCTPYMEHTAIBHOH MaHenu, u paboTa co cTpaHuieit Traces. [pyrue
crpanuibl onrcansl B raaBe AC Window (pasaensr Graph, Data table u Storage).

HNHcTpyMeHTA/IbHAS TAHEJIb

KOMaHI[BI KHOIIOK HHCTPYMGHTaHBHOﬁ IMMaHCJIM OTHOCATCS KO BCEM HUJIU TOJIBKO BBIACJICHHBIM KPHUBLIM.
HGKOTOpHe M3 3TUX KOMaH/] TaKKE€ JOCTYITHBI Y€PE3 KOHTCKCTHLIC MCHIO B OKHE AC.

@ e Open file. 3arpy3urts kpuBbie u3 daiina naHubx Tuna “nif”.

e Import traces. mnopTupoBaTh KpHBBIE U3 TEKCTOBOTO (haiina popmara “tXt” umum “csv’.
dopmar naHHBIX ¢aiina JoKeH ObITh aHAIOTHYeH popMaTy IKCIopTa KpuBkIX. [lepBas cTpoka
— 3TO CTPOKA 3aroJIoBKa: OHa MOXKET COJIEPKaTh JIF0O0N TEKCT B MEPBOM KOJIOHKE, U UMEHA
KPUBBIX B IpYTUX KoyoHKaX. [lepBas komoHKa coaepKuT yactoty (B ['11), Apyrue KonoHKH
coJiepaKaT JJaHHbIE KpUBOMW. JlaHHBIE KPUBOM MOTYT HMETh TOJIBKO OJIHY KOJIOHKY Ha KPUBYIO WX
JIB€ KOJIOHKU Ha KpuBYI0. [lepBas KoJOHKa KpUBOW — 3TO aMIUIUTY/a (aOCOIIOTHOE 3HAaYEHUE
uiu 1b), 1 oHa MMeeT UMl KpUBOIl B CTPOKE 3arosioBka. Bropas KojoHKa KpUBOH, €CIIM OHA €CTb,
370 (hasa (B rpamycax), M KOJOHKA UMEET B 3aroJIOBKe HAAMUCh «phasey». Eciu BTOpas KojgoHKa
KPUBOM OTCYTCTBYET, (ha3a KpUBOM yCTaHOBJIEHA B HOJIb. ECITM UMs KpUBOW COCTOUT U3
CHUMBOJIOB UHBIX, YeM IU(PPBI U OYKBBI, OHO JOKHO OBITH 3aKII0YEHO B KaBbIUKH. [[aHHBIC U
MMEHa MOTYT OBbITh pa3/ieJIeHbl 3alAThIMU, Tpo0enaMu uin Tadymsiueit. Hanpumep:

f(Hz),V(Cl),phase,V(R1)

1,-1,-15,0
3,-2,-30,3
10,-8,-40,4

30,-20,-50,5

Korna ¢aiin 3arpysxkaercs, ero coiepkanue oroopaxaercs B [uaiorosoM okHe Import Traces
JUIS1 IPOBEPKHU:
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=101 x|
f(Hz phase [vR1) |
1 15 0
3 2 20 3
10 8 -40 4
30 -20 50 5
[v DataindB Cancel

Ycranosure ¢uaxxok Data in dB, ecnu 3nauenus kpuoii B 1b. Illenkuute mo OK, 4To061
MIPUHATH UMITIOPTHPOBAHHBIN (haitn. HoBbie kpuBbIe OyIyT CO3/1aHBI M MOKa3aHbl Ha rpaduke.

E ¢ Save selected traces - coxpanuTs BbIIENEHHBIE KpUBbIE B (aitn gaHHbx Trna “nlf’. Tonbko
BbIJICJICHHBIC (TTO/ICBEYCHHBIC) KPUBBIC U3 CITUCKA OYIyT COXPAaHCHBI.

e View/Export selected traces. mocMoTpeTh M SKCIOPTHPOBATH BBIAEICHHBIE KPUBBIE B
TekcToBOM BHae (“tXt” mmm “cSV”’ ¢popmar). Toabko BeIeICHHBIC (ITOJICBEYCHHBIC) KPUBBIC U3
crnircka OyayT mokasanbl. [losBuTcst quanoroBoe okHo View/Export:

i

fHz WICT Phase |VIR1) -
1e-3 1.79941 200613 ~ Interval

1.01863e-3 | -4 45792e2 1.82419 23,9011 [1e3 e
1.03761e-3 |-4 6316422 1.86897 23741 "
1.05693-3 | -4.80536e-3 1.90275 23,5208

1.07662e-3 | -4 979083 1.93853 -23.4207 500 Paints

1.09668e-3 | 515283 1.97331 23,2608
1117113 | 53505663 201134 -23.1004
11379263 | 55697663 20435 239403 Updaztable |
1.15912e-3 | 5.77896e-3 208766 -28.7802

1180713 | 59881663 212583 -28.6201

log *| Scale

1202713 | £19736e3 216399 2846 ~ Significant digts
1.22511e-3 | £.44582e3 220956 -28.2399 [F =] Freauency
12479403 | 6697733 224743 281399

12711823 | £.94%64e3 228931 -27.9798 [s ~| Data

1.23486e-3 |-7.20156e-3 -233118 278157
1.31839e-3 |-7.45347e-3 -237305 -276596

1.34356e-3 |-7. 7005673 -24185 274996 ﬂ Export.. |

1 Aracih- 7 [N =e T P | O AT-AAA AT e

BrienenHbIe KpUBBIC ITOKa3aHbl Kak TeKCT B TaOimIle. [lepBoHaYaIbHO KPUBBIC TOKA3BIBAIOTCS B
4aCTOTHOM MHTEpPBaJie MEX]Iy KypcopaMH dKpaHa WM, €CIIA KYpPCOPHI BBIKJIIFOUEHBI, Ha BCEM
BUIMMOM 3KpaHe. M3menwnte 3nauenus From, To, Points u Scale u naxkxmurte Enter wim
menkHuTe o kuonke Update table, uto6s1 00HOBUTE naHHbIe B Tabmulle. Kpubbie
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0TOOpaxaroTcs ¢ PUKCUPOBAHHBIM BPEMEHHBIM IIIATOM, 33JJaHHBIM 3HaueHueM Step. Uwucno
3HAYaIMX QP A5 KOJOHOK BPEMEHH U JIAaHHBIX MOKET OBITh 33aHO.

[enxauTe mo EXPOrt, 4roObl COXpaHUTh TAOIHITy B TEKCTOBOM (paiisie, Kak 3Ha4YCHHUSI,
pa3JIelieHHBIC 3aISIThIMU.

e Copy selected traces — ckonupoBaTh BblICICHHBIC KpHBbie B Oy(dhep ooMeHa. Tosbko
BBIJICTICHHBIC (TIOJICBEYCHHBIE) KPUBBIE M3 CIHCKA OYIyT CKOMMMPOBAHBI.

& ¢ Pastetraces - BcraBuTh KpuBble U3 6ydepa oOMeHa.

% e Duplicate selected traces — cny0upoBath BbIACIEHHBIE KPUBBIC. JTa ONEpAIis SKBHBAJCHTHA
orepanusam Copy/Paste. . Toabko BblieIeHHBIE (I0ACBEYCHHBIE) KPUBBIC U3 CITUCKA OYIyT
CIyOJIMPOBAHEI.

= o Remove selected traces — ynanuth BblIeICHHbIC KPUBbIC. TOIBKO BbIICICHHBIC
(To/IcBEYECHHBIC) KPUBBIE U3 CIIMCKA OYIyT yAaJICHBI.

< o Delete all traces — ynanuts Bce KpUBbIE U3 CIIUCKA.

Bl o Select color —3anars nBeT BBIACNEHHOH KpHBOii. JlOMKHA OBITH BBIETEHA TOIHKO OJJHA KPHUBAs.
JIBOIHOM IIETYOK MO KPUBOM BBIMOIHSIET TY KE ONEPaIHIo.

ab| ¢ Rename trace - nepeMMeHOBATh BLLIEIECHHYIO KPUBYIO. JI0JKHA OBITH BBIIEIEHA TOIBKO OJIHA
KpuBasi. [lepenMeHOBaHBI MOTYT OBITH TOJIBKO KPUBBIE, 3arpYKEHHBIC WIM UMIIOPTHPOBAHHBIC U3
¢aiina, cryOonmpoBaHHBIE MM BCTaBJICHHBIC U3 Oydepa oOmena. [lepernMenoBaHne KPUBOM THTIA
Function usmensier camy ¢ynkimto. [Toseurcs okHo Rename:

x

Erter new name:

Cancel |

Beeaure HOBOE nMs kpuBo# U menkauTe no OK.

4+ « Move selected traces Up — nepeIBUHYTh BBIJICICHHbBIE KPUBBIE BBEPX B CIIUCKE. JTa ONEpalus
MEHSET MOPSA0K KPUBBIX B CIIUCKE, HA rpaduKe U B TaOIHIIE.

¥ o Move selected traces down. nepeiBUHYTH BbIEIEHHbIE KPUBBIE BHU3 B CIUCKE. DTa OIepalys
MEHsIeT OPS/I0K KPUBBIX B CIHMCKE, Ha rpaduke U B TabHIIe.

-4
°

Find component. Eciu Beinenennas kpusas —oto V, |, Z, Gamma, wiun VSWR, mienkuaure,
9TOOBI TTOKA3aTh KOMIIOHEHT Ha cxeme. KoMmoHeHT OyAeT BhiziesieH (TI0/ICBeUeH) U OTIIEHTPOBAH
Ha JKpaHe
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Traces (kpuBbIe)

Crpanuna Traces okna AC Data ucnionp3yetcs a1 100aBJICHHs U YIJICHUS KPUBBIX, U ISl YCTAHOBOK
JUTSL OTICTBHBIX KPUBBIX MacITaba v IMUPUHBL.

x|

FEEHE BRT =X EHO s
Traces | S oreen I Tahble I Starage I r Check to dizplay on the graph
—édd new trace
WA

I'-\,r[m] b Add - [R1]

v Jo |

I R1

z W1

[3amma oLt

WEWH

Function

Add bransient ' and | haces |

— Trace: W[C1}
IMagHP‘hase j Dizplay

— I'I *I WWidth

Check_all hcheck all

Amply | Cloze

Add new trace (106aBuTh HOBYIO KpHBYIO). BeiOepute Tum rpaduka B CIHCKE CIICBa:

V — HampsiKeHue.

| — Tok.

Z — UMIIejanHc.

Gamma — k03P UIIUEHT OTPaKEHUS.

VSWR — ko3¢ umnent crosaeid Bomusl Hanpspkenus: (KCBH).
Function — nmpousBonbHas QyHKIHS.

Ecnu BeiOpana kpusas V, | unu P, ciicok cripaBa nmokakeT KOMIIOHEHTHI, IOCTYIHbIE Ui rpaduka
ATOTrO TUIA: MOJIENIb KOMIIOHEHTA JJOJIKHA MMO/JIEPKUBATh BEIOpAHHBIN THUI. BblennTe KOMIOHEHT U
menkauTe 110 KHorke Add | ntu IBaXKIBI IIETKHHTE [TO MMEHHU epPEMEHHOI, YTO0BI T06aBHTh
HOBBIN IpauK B cIUCOK. VIMst KpUBOM COCTOUT U3 OYKBBI C MOCIEAYIOIUM UMEHEM KOMITIOHEHTA B
CKOOKax:

V(R1), I(C2)
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Ecnu BeiOpans! kpussle Z, Gamma wim VSWR, menkaute o kHonke Add &y, 4TOOBI 100aBUTH
HOBYIO KpUBYIO K criucky. Kpussie mokaxyt Z, Gamma u VSWR otHocutenpHO ncrounnka (AC
source).

Ecnu BeiOpana kpuBas Function, Beequte GYHKIHNIO B OKHE PEAAKTUPOBAHUS U HICIKHUTE 110 KHOTIKE
Add <= toadd new trace to the trace list. , 4ToObI 100aBUTH HOBYIO KPHUBYIO B CIIUCOK. DyHKIHMS
MOJKET COCTOSITh U3 apU(PMETHUCCKUX ONEPATOPOB M (HYHKIIHIA, TAPAMETPOB KOMIIOHEHTOB, TEKYIIIErO
BpeMeHH nepexoaHoro mnpomecca t u V u | Ha KOMITOHEHTE, U CIICTYIOIINX TIEPEMEHHbIX

£ — TeKyIlasl 4acToTa.
W — KpyroBast yactota, W = 2xf.
s Of p — mapamerp Jlamnaca, S = p = j*2xf .

Hanpuwmep:

V(C1l)/I(C1)
V(X1.V1)
1/ (1+s)
V(R1) *f

Wwms xpuBOit — 3TO cama (yHKIHUS, TaK YTO TIEPEUMEHOBAHNE KPUBOH M3MEHUT (PYHKIIHUIO.

I'paduxu V u | MmoryT Taxke 100aBIATHCA U3 KOHTEKCTHOTO MEHIO CXEMbI M KHOTIKAMH TTAaHETH OKHA
Components.

Z[J'IS[ KaXXJI0M KpHBOﬁ MOTYT OBITH YCTAHOBJICHBI CJICAYIOINEC NHANBUAYAIIbHBIC ITIAPAMETPBI:

e Display. 3amaer, 4To 10KHO OBITH OTOOPaXKEHO Ha rpadHKe U MOKA3aHO B TAOJIHUIIC TaHHBIX:

Mag/Phase. Ammuryna u ¢asa.

Mag. Tonbko amMmIuTYyAA.

Phase. Toabko da3a.

Re. JleiictBuTenbHas yacTb. MoXeT ObITh HCIIONIB30BaHa AJIs 0ToOpaxeHus R kpuBoii Z.
Im. MHumas yacte. MoXeT ObITh UCIIOJIB30BaHA AJIs OTOOpaxeHust X KpuBoi Z.

0 O O O O

e Width. Illupina KpHBOii B MUKCETISX.

BriGepure oHy uinu 0osiee KpUBBIX B CIIMCKE KPUBBIX, H3MEHUTE MapaMeTpbl U HaxMute Enter nnum
menkaute 1o kHorke Apply. Eciu BeIOpaHHbBIE KpUBBIC UMEIOT pa3HbIe 3HAYEHHSI OJTHOTO M TOTO XKe
napameTpa, COOTBETCTBYIOIIIEE 1oJie OyAeT ocTaBaTbes MycThIM. OcTaBbTe M0JIE MMYCTHIM, YTOObI
COXPAaHUTh MHAMBHUAYaAJIbHbIE 3HAUECHUs 0€3 U3MEHEHUS, UJTU BBEAUTE HOBOE 3HAYEHHUE, YTOOBI
IIPUMEHHTD €r0 KO BCEM BBIJICIIEHHBIM KPHUBBIM.

Urto6s! oToOpa3zuth U Re, u Im yactu kpuBoOH, 100aBbTE ITY KPUBYIO B CIIMCOK JIBAaX/IbI, 3aTEM
BbienuTe Re s omHo# kpuBoid, a Im ans apyroit.
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Cumyasinmsi

Hcnonp3yiite koman1pl OCHOBHOTO MEHI0, KHOIIKM HHCTPYMEHTAIBHOM MaHEIH WU TOpSYne KIaBUILN
JUISL BBIIIOJIHEHUS! CUMYJISLIMH.

= o Start AC (AC | Start, or F9). 3anycturs cumyinsiuio. Korna AC cuMyiisius CTapTyer,
otkpbiBaercst okHo AC Window u yacTOoTHBIN TMana3oH SKpaHa U [IKaJla YaCTOThl YCTAHABIMBAIOTCS B
3HAYCHHUS, 3a/1aHHbIe B nuanoroBoM okae AC Settings. Bo BpeMst cuMyJIsiiuu pe3yibTaThl HEMEIJICHHO
orobpaxatorcs B AC Window, BMmecTe ¢ HHIUKaTOPOM MPOrpecca CUMYIISIIUH.

5% o Stop AC. IIpekparuth CHMYISIIIO. Bo BpeMst CHMYIISIINHI 9TO ¢IMHCTBEHHAS JOCTYITHAS
KHOIIKA.

e AC Log (AC | Log). Nudopmarus xypHaia perucTpainu, moka3biBaeMast B IMAIOTOBOM OKHE,
MOJKET UCIIOJIb30BAThCs JIJIS MOUCKa rpooiieM. [locnenHss 3anuch coxpansiercs B ¢aitie cxemsl. [Ipu
oTtrnpaBke (aiia cxemsl B ciryx0y moaepxkku (Customer Service) muist HoOMOIIH, TOXKaIyicTa,
COXpaHSITE CXeMy MOCIIe CUMYJISIIIMU, YTOOBI TIOCIIETHSS 3aIMCh JKypHAJla PErUCTpaIuy Oblia
BKJItoueHa B Qaiii. llenkaure o kaonke Copy to clipboard, 4To0b ckonmupoBaTh 3Ty TEKCTOBYIO
3anuch B Oydep oomeHa.

& o Sweep (AC | Sweep) ITosponsier 3amyckath cepuy AC aHAIN30B, KO/ MAapaMeTp KOMIIOHEHTA

WM TIEPEMEHHAs MEHSIETCS B 3aJJaHHOM JIMAIla30He, U COXPaHATh JaHHbIE aHanu3a. Pexum Sweep
KOH(UTrypupyercs Ha cTpaHuiie Sweep okHa Tools.
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PykosogcTtBo lNonb3oBaTtens

Oxno AC (AC window)

TunuaabINA B/ OKHa AC 1 ero OCHOBHBIX KOMIIOHEHT IOKa3aH HUKE:

=] Data...
EH:' Cursars, ., =] Data,..
fEE Table Hide: W(C1)
"E[ Legend
, Right-click Right-click == Remaove
Phase (Tahb) alb| Rename. ..
3
Zoom Graph area S Duplicate
=P Move Run t fl E_ﬂ
7< Clear stora =
| F Y
ET
S_\ Annotate
Traces Ces...
m Image
ﬁ; Preference @
-
= laft righit delta Irrm |rnax | rp | slope &
CUrsars 126624a-3  (281.0242-3 26836 1e-3
D'-.-'(Cl) -B BE92E20e-3 -2.5032154 -2 4963461 -2 5032154 B BRYZEZSe-3 24963461 -1.854z . :
Data table " 22782074 4144036 -39.162152 -41.44036 22782074  39.162152 | Right-click
[ '..'fjﬂ e e -2 CACED Fd A0 S e B s x.) sp wp} 24 4202499 12 j;l
L 3
Right-click  }Run#Bun 1/ | Chl | Click ko move curso
Data selection @ Simulation Shift/Ctrl Status bar
progress indicators
\ A
Sl pata. .. =] Data...
Hide ¥(C1)
alb| Remame. .

“p Move Fun to storage
== Remove

7 Clear skorage

Selected anly
|7 Selected and dimmed
all

|T Stare last Fun
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e Graph area (o6macth rpauka), COACPKHUT KPUBbIE C AaHHOTALUSIMHU, KypCOPaMHU M TEKCTOM.

e Legend window (ycioBHbIE 0003HAYCHUS ), COIEPIKUT CIIUCOK KPHUBBIX, TOKa3aHHBIX Ha
rpaduke. lllenkHUTE IO CEPOMY 3aroJIOBKY MAHEITU OKHA YCIOBHBIX 0003HAYCHUIN @ ,
4TOOBI MIEPETAIUTH OKHO.

e Data table, tabnua 1aHHBIX, COJEPKUT HHPOPMAIIHIO O KYPCOPE/IKpaHE U pacUCTHBIC TAHHBIC
KpHUBOM.
e Data selection, BeIOOp JaHHBIX, COACPIKUT 3aKIATKH MOCICTHUX CUMYJISIIHIA U COXPaHCHHBIX

naHHbIX (Storage). llenkuute 1o 3akiaake, 4ToObl BEIOpaTh RUN (pe3yabTaThl CUMYJISIIAN) UITH
COXPaHCHHEBIC JJAHHBIC.

e Simulation progress, nporpecc CUMYJISIHH.
e Uuaukarop Shift/Ctrl moxcseuen, korma kiaapumu Shift u/mmu Ctrl nasxaTsr.

e Status bar mokasbIBaeT MOICKa3Ky, OTHOCSIIYIOCS K TEKYIIEH MO3UIIMH YKA3aTeIIsl MBIIIKH 1
cocrosguuto Shift/Ctrl.

e [lomecTHTe yka3aTeib MBIIIKH ITOBEPX «Pa3ICITHTEIIS @ , 3aTeM HaXMUTE JICBYIO KJIABHUIIY
MBIIIKH ¥ MIEPETAIINTE pa3aeanuTesb, YTOOB K3MEHUTH pasmep obactu Data selection (Beibop
JTAHHBIX ).

L4 ITomecTute YKa3aTeJib MbILIKHU IMMOBEPX «PaA3ACITUTECIISA» @ , 3aTEM HAXKMUTC JICBYIO KJIaBUIITY
MBIIIKHU U NIEPCTAINUTE, YTOOKI U3MECHUTH pasmMep Ta6JII/IIII)I JaHHBIX.

e [llenkauTe MpPaBOW KIABHUIIEH MBIIIKU IO TPaQHKY, YCIOBHBIM 0003HAYCHHSM, TAOINIIE TaHHBIX
WM 00J1acTH BbIOOpA JAHHBIX, YTOOBI YBUJIETh KOHTEKCTHOE MEHIO C COOTBETCTBYIOLIMMHU
KOMaHJaMH.

e OO6umwe cBoiictBa okHa AC, Takue Kak 1[BeTa, MPUPTH U HEKOTOPbIE APYTUe OMIMU, MOT'YT OBITh
HacTpoeHsl Ha cTpanuiiax Graphs, Table, Annotation u Text nuanorosoro okna Preferences.
CBoiicTBa, mpucymue J0KyMEHTY (CXeMe), MOTYT Takxke ycTaHaBiuBaThes B okHe AC Data.
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OO6nactp rpaduka U ee KOMIOHEHTHI TTOKa3aHbl HIDKE:

Cursors Text

Gridlines

Annotation This is text

Magnitude traces

Phase traces

I'padpux

HaBI/IFaIIPISI 1o Fpa(i)I/IKy MOJKCT BBIIIOJHATHECA KOMaHAaMU, JOCTYITHBIMU B KOHTCKCTHBIX MCHIO OKHA
MEPEXOAHOTO MPOIIECcCca, KHOMKAMU MHCTPYMEHTAIBHOM MMaHeNN TIEPEX0THOTO MPoIecca, TOPTIUMHU
KJIaBUIIaMH, KJIaBUIIIaMH KJIaBUATYypPbI 1 MBIIIKOH. O4eHp 4acTo HCKOTOPLIC OIICpallu MOT'YT
BBIMOJIHATHCS pa3HbIMU criocobamu. Tak, Hanpumep, MacirabupoBanue rpaduka, zoom in/out, moxer
OBITH ClIeJIaHO JIMOO TONBKO C UCTIOIB30BAHUEM KITABHII KJIABUATYPHI, JITOO TOJEKO MBIIIKOH, JTHOO
KJIaBUATypOH U MBIIIKON BMecTe. [lonb3oBaresns MoxeT caM BbIOpaTh Hanboee 23pGEeKTUBHBIN U
YAOOHBIH JIs1 HETO CIOCcOo0.

Ectb Tpu pexuma onepauuii ¢ rpadpukom:

[ e Cursors. ITepememenne Kypcopos.

I  Zoom. MacmrabupoBaHue.
M o  Scrolling. ITpoxpyTka.

PexxuM MOKET BHIOMPATHCS IIETYKOM KHOIIKK Ha TTAHEJIH MePEX0HOTo mpoiiecca. Takke eCTb ObICTpbIC
CrocoObI IepekiIroUeHus u3 pexkuma Cursors B Zoom u Scrolling:

Ctrl down
e HaxwmuTte u ynepxwure kiapuiny Ctrl, menkaure u neperarmmure s — -
MBIIIKOM, 4TOOBI MacITaOUpoBaTh rpaduk. OTIYCTUTE KIIABUIILY 'k
Ctrl, uroOsl BepHyThCs B peskum CUrsSOrs: Ctrlup
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Shift down
e Haxwmure u yaepxure kiaBuiry Shift, menkuure u neperamure —
MBILIKOW YTOOBI MPOKPYTUTH rpaduk. OTIyCTUTE KIIABUIILY b Y~ 0
Shift, uro6sl BepHyThCs B pexxum CUrsOrs: Shift up

KpuBble nosiBnsitorcs Ha rpauke co CBOMM MHIMBUYaJbHBIM MAacCIITA00M, IIUPUHOMN U LIBETOM,
orpeeNeHHbIMU Ha cTpaHulle Traces okua AC Data. Bece kpuBbie HIMEIOT OIWH U TOT Ke
BEPTUKAIbHBINA U TOPU3OHTANIbHBIN MacIITaO.

[1I0THOCTH JIMHUIA CETKH BBIOMPAETCS aBTOMATHUYECKHU TaK, YTO0BI MOCIIEAHSS 3HavYamas mudpa mara
Obuta 1, 2 WK 5 ¥ AUCTaHIUS MEKY JTHHUSAMH CETKHM MPUOIM3UTENILHO paBHA 3HAYEHHIO, 3aJaHHOMY Ha
crpanune Graphs nuanorosoro oxua Preferences, kak Gridlines interval B mukcensix. Jlns
J0rapu()MUYECKON KB JIMHUKM CETKA aBTOMAaTHUYECKH TOACTPAUBAIOTCS, YTOOBI 00ECIICUNTh
HAWJTYYIIHiA BH] rpaduKa.

MacritaObl, THHUHA CETKH M HEKOTOPbIEC APYTHe OMIMU TpadrKa MOKHO H3MEHUTh Ha CTpaHMIle SCreen
okna AC Data:

x
EE2E@E BRE T = X |EDe s
Traces Screen | Table | Stnragel ¥ Check to display on the graph

v Shaow legend 2] | ':1
[~ Show data points WIE1)
v Shaow numbers
— Harizantal
v Log scale
[ Leit, Hz
[1e+5 Right, Hz
— Yerhical
[+ Logscale v dB
40 Top
I-EEI B attam
— Phasze: ISeparate - I—
|1an x| Top Check all Uncheck all
|-180 | Bottam ol Close

e Show legend. Bribepute, 4T0o0OBI MOKa3aTh OKHO YCIOBHBIX 0003Ha4YeHU. Takxke UCTIONb3yHTe
KHOIKY Legend [E] Ha HHCTPYMCHTAIbHOI NaHE/IN UM B KOHTEKCTHOM MCHIO.
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e Show data points. Beioepure, 4T00bI MApKUPOBATH TOUKU PACCYMTAHHBIX TAHHBIX 11O BCEH
KPHBOI B BUJ/Ie MaJCHBKUX KBAIPATUKOB. DTa OIIMs 3HAYUTEIBHO 3aME/IISIET BBIBOJ TPaUKOB,
HO MOJKET OBITh MOJIE3HA NP OTJIAJKE U BBIOOPE I1ara BEIYMCIICHHH.

e Show numbers. BeiGepuTe, 4TOOBI BEIBOAUTH YUCIIA HA LIKAJIaX.

Horizontal. YcranaBiauBaeT ropu30HTAIBHYIO KAy U JIMHHUHA CETKH.

e Log scale. Beibepure st iorapu(pMUYECKOM MIKAJIBI YAaCTOTHI.
e Left. Yacrora c 1eBoro kpas 3KpaHa.
e Right. Yacrora ¢ mpaBoro kpast 5KpaHa.

Vertical. YcraHoBKa BEpTHKAIBHYIO KAy Y JIHHUU CETKH.

Log scale. Beibepute asist morapu)MUUECKON MIKAIbI aMILTATY/IBI.

dB. BeibepuTe, 4T00bI 0TOOpaKaTh BEPTHKAIBHYIO MIKAIY B ACIHOCIaX.
Top. AMmutyna B BepXHel 4acTu dKpaHa.

Bottom. AMmnTya B HHXKHEH 4acTH dKpaHa.

Phase. Bribop pexxuma otoOpaxenust (aspi:

e Off. He moka3ssiBaTh (hasy.
e On. [Toka3piBaTh aMILIATYy U a3y B TOU ke o0nacTu rpaduka.
e Separate. [Toka3pBaTh aMIUIUTYy U a3y B pa3leNbHBIX 00JIACTSIX TpaduKa.

Phase Off Phase On Separate

Haxxmute Tab B okae AC, 4T00bBI EPEKITIOUUTD PEKHM OTOOpaxKeHHs (Basbl.

e Top. ®a3a B BepxHel 4acTH IKpaHa.
e Bottom. ®a3a B HWKHEH YaCTH HKpaHa.

Legend (yc/ioBHBIE 0003HAYEHMS)

Oxno Legend coaepXuT CMCOK KPUBBIX, IIOKA3aHHBIX Ha rpaukKe. [ wir1)

e Uro0Obl MOKa3aTh/CKPBITh YCIOBHBIE 0003HAYEHMUSI, IIIEIKHUTE Ha

E
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HHCTPYMEHTAJILHOM MEHIO o KHonke Legend , WJIM KCTIOJIB3YHTE KOMaHy KOHTEKCTHOIO
MEHIO, WM UCTOJB3yiTe (aaxkok Show legend na crpanure Screen okna AC Data.

e [lllenkHute Mo cTpoUKe KPUBOIA, YTOOBI BHIOpATh ee. Brienennas kpupas OyaeT nokasaHa
MOBEPX BCEX KPUBBIX.

e J[BaXkIIbI IETKHUTE IO CTPOUYKE KPUBOH, UTOOBI BBIICIUTD €€ U OTKpBITh 0okHO AC Data.

e [llenkHHTE NMPaBOH KJIABUIIEH MBIIIKH IO CTPOYKE KPUBOH, YTOOBI BBIJICIIUTH €€ U OTKPBIThH
KOHTEKCTHOE MeHI0. MeHIo OyzieT coiepkaTh HEKOTOphIe 00IIME KOMAH bl U KOMaH/bl,
OTHOCAIINECS K BEIOPaHHOW KPUBOM.

L4 H_IGJIKHI/ITC Ha CCPOM 3aroJIOBKC OKHA U IMEPCTANUTEC OKHO.

e Pasmep mpudTta ycnoBHbIX 0003HAUCHHI U IIUPUHA OKHA MOTYT OBITh BHIOpAHBI Ha CTPAHUIIE
Legend nuanoroBoro okua Preferences.

Kypcopsl

Kypcopb! UCTIONb3yIOTCS B OCHOBHOM IS BBIJICJICHUSI BPEMEHHOT'O
UMHTepBasa Ha rpaduke ajst pacuyera Tadiauibl fanHbx (Data table).
BeieneHHbIi (aKTHBHBII) KYpCOp MOKa3aH C 3aKpallleHHBIM KBaJAPATHKOM
cBepxy. UtoObl moka3zath/ckpeiTh (Show/hide) kypcopsl, ieaKHHUTE 110
KHOIIKE HHCTpyMeHTanbHO! manenu Show/hide cursors qp | -

Bri6epure pexum Cursors ([ ) , uto6s1 nepemernats Kypcop Ha rpauke.

e JIBaXKAbI LIEJIKHUTE 1O TpaduKy, 4TOOBI YCTAHOBUTH 00a Kypcopa B OIHY TOUKY. DTHUM TaKXKe
aKTUBU3UPYIOTCS KypCOPBI, €CJIM OHU OBbLIN BBIKIFOUEHBI.

e [llenknure no rpaduky, 4ToObI NEPEMECTUTH ONMKANIINI Kypcop B 3Ty TOUKY.

e [llenkHuTE U MEpEMECTUTECDH, YTOOBI BBIJIEIUTH U IEPEIBUHYTH KYpCOp.

YToObI TOMECTUTH KypCOp B 3aJaHHOE MECTO, U JIJIsl APYTUX OMIIU, IEIKHUTE MPaBOW KIIABUIIIECH
MBIIIKH 110 TpaduKy u BeIOepuTe Komanay Cursors qF M3 KOHTEKCTHOTO MEHIO. ITosiBuTCS
nuragorosoe okao Cursors:

x

¥ Show

{100e-3 Left
|500e-2 Right
|4EIEIE-3 Interval

[~ Lock position
[T Lock interval Cloze

e Show. YcraHoBute (1axok, 4ToObI MOKA3bIBATh KyPCOPHI

o Left, Right, Interval. Beenute HOBOE MOJIOKEHUE KypCOpa WIIA PACCTOSHUE MEXKY KypCOpamH,
Haxxmute Enter, uto6sr mpumeHuTh, WK ESC, uT00b1 OTMEeHNTH. ECcin n3MeHeH uHTepBal,
M3MEHUTCS MOJIOKEHUE aKTUBHOTO Kypcopa.
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e Lock position. 3akpemiseT Kypcopbl B TEKYIIEH MO3UIHH, TAK YTO KYPCOPBI HE MOTYT
MepeMeIaThCs.

e Lock interval. Coxpansier TeKyIuii HHTEpBaJI MEKIY Kypcopamu. Eciu oauH Kypcop Oyaer
MepPEeBUHYT, BTOPOI aBTOMATUYECKH MOCICIYET 32 HUM, COXPaHsisl 3a/IaHHbII HHTEPBAL.

CJ'ICI[YIOIHI/IG KHOIIKHA HHCTPYMCHTaHBHOﬁ IIaHEJIN MOXXHO HCIIOJIB30BaTh IJIsA HepeMCHIeHI/Iﬁ KYpCOpPOB:

P Right maximum. IlepemecTuTh aKTHBHBIH Kypcop K OJMKalIIeMy CIipaBa MaKCHMYMY
BBIJICJICHHOW KPUBOU.

A~ o Left maximum. IlepeMecTHTh aKTUBHBIN Kypcop K OJmKailIeMy clieBa MAKCHMYMY
BBIJICJICHHOW KPUBOU.

=l e Right minimum. ITepeMecTuTh aKTUBHBIM KYpCcOp K OivKaiiieMy cripaBa MUHEMYMY
BBIJICJICHHOW KPHUBOM.

J7 o Left minimum. IlepemecTuTh aKTUBHKI Kypcop K OusKaiiiieMy clieBa MUHUMYMY BbIIEIEHHON
KPUBOM.

3. e Right unity gain. IlepeMecTuTh aKTUBHBI Kypcop K OiuKaiilieil cripaBa TOUKe BblAEIEHHOM
KPHUBOW C €IMHUYHOW aMIUIUTYAOH.

=- e Left unity gain. IlepeMecTuTh aKTHBHBII Kypcop K OJMKalIneil cleBa TOUKe BbIIEIEHHOM
KPUBOM C €AMHUYHON aAMIUTUTYIOM.
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Text.

YroObl 10OaBUTH TEKCT HA OKHO Ipa)MKOB, MIEIKHUTE MPABOW KIABHUILIECH MBIIIKU O TpaguKy U
BbIOepuTe KoMaHay Insert Text 13 KOHTEKCTHOro MeH1o. [losBuTcs nuanoroBoe okHO TeXt:

x
=== |40 A s
Enter text ;I

i

ﬂ_l
W Amow B e
[ Lock pointer || | Background

[ =] Line widn I Lie

BBenuTte TEKCT B OKHO. OI[HOBpeMCHHO TCKCT IMOABUTCA HAa OKHEC rpa(i)I/IKOBZ

TexkcT MOXKHO (bOpMaTI/IPOBaTB, HCIIOJIb3Y KHOIIKN HHCTPYMCHTaHBHOﬁ IIaHCIIN:

Alignment. YcraHnaBauBaeT BbBIpABHUBAHUC IJII MHOT'OCTPOYHOI'O TCKCTA.

Align left. BeipaBHHBaHME IO JIEBOMY KPalo.
Center. BeipaBHHBaHHE 110 ICHTPY.
Align right. BerpaBHuBaHue 1Mo npaBoMy Kpato.

Orientation. MI3MeHUTb OPUCHTAITUIO TEKCTA.

i e Rotate left. [ToepryTh BI€BO.
. o Rotate right. IToBepuyTs Bripaso.

Font. U3smenuts pazmep mpudra nim BeIOpaTh MPUPT.

A o Larger font. Yeemmuuts pasmep mpudra.
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e Smaller font. YMmenbmutsb pazmep mpudra.
e Select font. BeiopaTs mpudr.

A

Outline and pointer options. Oy yka3aTeis H paMKH.

Cutling ——=

e Outline. PucoBarp npsiMOYroJibHYIO PaMKy.
e Pointer. PrcoBaTs TMHHIO yKa3aTels U3 TEKCTa B Painter —____
3a7aHHYIO TOUKY.
e Arrow. PucoBarb JIMHUIO yKa3aTels CO CTPEIKOM. Arrow ———
e Lock pointer. 3akpenuTh KOHEIl yKa3aTels: KOHEIl
yKasarels He OyzeT nepeMenaThes, Jaxe eClIi TEKCT MepeMeIaeTcs.

e Line width. 3agaer mmpuHy TUHUM 111 pAMKH U yKa3aTels.
e Color. [IBoitHO#1 IETYOK MO MYHKTY B CIIKCKE JJIsl U3MEHCHUS LIBETA.

Ecnu rpaduk MacmrabupoBaics Wiy IpOKpy4YHUBajcCs, TEKCT OCTAETCs Ha TOM K€ MECTe,
«3asKOPEHHBII» B JIEBOM BEPXHEM YIIIy OKHA Tpaduka. YToObI IEPEeMECTUTD TEKCT, IEIKHUTE 110
TEKCTY U nepertamure ero. Eciu ykazaTtenp 3akpernieH, NepeMeCcTUTCs TOJIBKO TeKCT. UToObI
[IEPEMECTUTH TOJIBKO YKa3aTellb, IIEIKHUTE 110 KOHILY yKa3aTelld U IEePETalIuTe €ro.

qTO6I)I OTpe[[aKTI/IPOBaTB TEKCT, ABAXXbI HICJIIKHUTEC I10 TGKCTy NI ICIIKHUTEC HpaBOf/'I KHaBI/IIHeﬁ
MBIIIKH 10 TEKCTY ¥ BbiOepuTe KoManmy Edit text W3 KOHTEKCTHOrO MeHI0. [TosgBuTCA Takoe xe
JTHAJIOTOBOE OKHO T ext.

YToObl yIaIuTh TEKCT, IIEIKHUTE PaBOH KJIABHUIIEH MBIIIKK 110 TEKCTY U BhiOepuTe Komanay Delete
text 3 U3 KOHTEKCTHOI'O MEHIO.

AHHOTALIUA

AHHOTaIMK — 3TO TEKCT C yKazareneM, KOTOPbIM BCera yKa3blBaeT Ha Ty JK€ TOUKY JIaHHbIX KpUBOM,
Ja’ke Korja rpaguk MacTabupyeTcsl MU MPOKpyYUBaeTcs. AHHOTALMU NPUHAJIekKaT KPUBOU, TaK YTO
€CJIM KpUBasl yJlasieTcsl, Bce aHHOTALlMU K Hell TOXe yAastoTca. AHHOTAlMU TaKXKe yAaJsSioTCs, eclin
JaHHble KpUBOH ounatoTcs. Hanpumep, ecnu anHOTanus nobasieHa k rpadguky cumyisaiuu (Run), u
3aIlyCKaeTCsl HOBas CUMYJISALIMSI, aHHOTALlMs UCUE3HET, TOCKOJIbKY JIaHHbIe rpaduka OUUILaTCs MpU
HOBOM 3aITyCK€ CUMYJISLIUH.

YrtoObl 100aBUTH aHHOTAIIMIO, YCTAHOBUTE aKTUBHBINA KypCOp Ha TOUKY
YaCTOTHI, T/Ie Hy)KHA aHHOTAIIWS, IEJIKHATE MPABON KIABHIIEH MBIIIKH 110
rpaduxy, BeiOepuTe Annotate, satem Bribepute komany Selected trace
un All traces & . OTH jKe KHOIKH JOCTYIHBI Ha HHCTPYMEHTAIbHOH NaHeH
AC okna. AHHOTanus OyaeT Jo0aBieHa TOJIBKO B TOM cliydae, KOTrjia JaHHbIe

KPUBOH CYIIECTBYIOT AJIs YaCTOTHI, HA KOTOPOM HaxoauTcs Kypcop. Eciun
KypCOpBI BBIKJIFOUEHBI, aHHOTaIMsI OyaeT 1obaBieHa NpubiIu3uTensHo B Mecte 1/3 skpana.
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[pudT, nBera, KOIMYECTBO 3HAYAIIMX ITUPP U HEKOTOPHIE APYTUE CBOMCTBA aHHOTAIIUU MOTYT OBITh
3aaHbl Ha cTpanuiie Annotation guamora Properties. UtoObl H3MEHUTh TEKCT aHHOTAIIUH U KaKHe-TO
CBOWCTBA aHHOTAIIMH, ABAK/II MICIIKHUTE WM MIEIKHUTE MPABOM KJIABHINIEH MBIIITKK 10 HEH, BIOEpUTE

komanay Edit annotation M3 KOHTEKCTHOI'O MEHIO, BHECUTE M3MEHEHHUS B ITOSIBUBIIEMCS
IUAIOroBOM OKHe Annotate.

x

Fhame [E==|40
[~ Frequency

[ Walue [ Apply to all annotations
Enter test herel ]

Beenure TekcT B okHE. TeKCT cpa3zy oToOpakaeTcss B aHHOTAIMU. JJOCTYITHBI CIIEIYIOIINE OTIIHH U
KOMaH bl (hOpMaTUPOBAHUSA:

e Name. OrobpakaeT uMs rpaduka B TEKCTE aHHOTAIIH.
e Frequency. Oto6paxaer 4aCcTOTy B TEKCTE€ aHHOTALIUU.

e Value. Otobpaxkaer 3HaueHHE aMILTUTYIbI U a3kl (eciiu KprBas (asbl BhIBeIcHA Ha rpaduke) B
TEKCTEe aHHOTAIUH

Alignment. 3aiaet BrlpaBHUBaHHE MHOTOCTPOYHOIO TEKCTA.

Align left. BeipaBHHBaHUE IO JIECBOMY KPalo.
Center. BeipaBHHBaHHE T10 IICHTPY.
Align right. BeipaBHUBaH#KeE 110 IPaBOMY Kparo.

Orientation. VI3MeHUTh OPHEHTAIINIO TEKCTA.

£: o Rotate left. IToBepuyTs BrIEBO.
. e Rotate right. IToBepuyTh Bripaso.

e Apply to all annotations. Beibepure, 4T00BI IPUMEHUTH JJAHHBIE YCTAHOBKH JIJISI BCEX
aHHOTaIMi Tpaduka.

UToOBI IEpEeMEeCTUTh TEKCT aHHOTAIIMU C COXPAHEHHEM TPUBSI3KH yKa3aTelsl K TOH ke Touke rpaduka,
MISIKHUTE TI0 TEKCTY aHHOTAIIUU U TIepeTalmTe ero. UToObl mepeMecTUTh yKa3aTelb, IISIKHUTE 0
KOHILY yKa3aTels U MepeTaluTe ero. YKa3zareiab U3BMEHUT YacTOTY, BCE €IIE CIEys] aMILUTUTY/Ie
rpaduka. Texct aHHOTaUU Oy/IeT epEeMEIIEH C yKa3aTeleM.
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UToObl yJaIuTh aHHOTAIINIO, IIIEIKHUTE TIPABON KIIABUIIICH MBIIIKH 10 AHHOTAIIUH U BEIOEPUTE KOMaHTY
Delete annotation ' 3 w3 KOHTEKCTHOTrO MeHO. YTOOBI yIaIUTh BCE aHHOTALIMH, HICIKHATE IPAaBOH
KJIaBUILIEH MBIIIKH 0 rpaduky, BeiOepure Annotate, 3atem Bribepure komanay Delete all | 3¢

Storage (HakonMTe b JAHHBIX)

PesynbpTathl mocneaHero 3anycka CUMYIISLIMU BCET/1a MoKa3aHbl Ha 3akiaaake Run oxna AC. Jlannbie
MOCJICTHETO 3aIyCKa MOTYT OBITh IIepeMelICHbI B StOrage (HaKOMUTENb TaHHbBIX ), TAK YTO HX MOXKHO
OyZeT cpaBHUBATH C IPYTHUMHU 3aIlycKaMu cuMysisinuu. Kaxmoe coxpaHeHue TaHHBIX UMEET 3aKIaIKy B
obmactu Data selection (Bei6op mauubix). CoXpaHCHHBIC JaHHBIC MOTYT BRIOUPATHCS MICITIKOM I10
3akmanke. JlaHHbIe MPUHAAIE)KAT KPUBOH, TaK YTO, €CIIM KPUBAs yJaJIeHa, COXPAaHEHHBIC JaHHBIC OYIyT
TaKXKe y/IaJICHBI.

JIi1st jocTyna K KOMaHaaM, OTHOCSIIIMUMCS K COXPAHEHHIO JIaHHBIX, IISTKHUTE IPABOM KITABUIICH MBILIKH
no rpaduky wim odnactu Data selection, 3arem BeiOepuTe KOMaHIy U3 KOHTEKCTHOrO MeHI0. CIIHCOK
JOCTYIHBIX COXPAHEHHBIX JaHHBIX U KOMAaH/Ibl, OTHOCSIIIECS K XPAHCHUIO U OTOOPaKECHHIO TaHHBIX,
MOJKHO HaiiTu Ha ctpanule Storage okaa AC Data:

xq

BoEHE e - X D e
Tracesl Screenl Table Storage | J Check to allow storage
R
[v Stare last Run vl [ ViR

— Dizplay storage
" Selected only
f* Selected and dirmmed

Al

= XD+ ¥
Fiun

Fiun 1

Hun2

Last

Check_al ncheck all

Epply Cloze

“# e Move Run to storage. [lepenectu nocieaHne JaHHbIe CUMYIIAIMU B Storage. OTKpoeTcst OKHO
Add Storage:
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Add Storage x|

M ame:
Fun 1

(] I Cancel |

BBenuTe HOBOE MM HIIM OCTABBTE MPEJIOKEHHOE 10 yMomuaHuto u menkaute mo OK. byner
co37aHa HOBas 3aKJIajKa ¢ 3aJaHHBIM MMeHeM B oOiactu Data selection oxna AC. 3amersTe,
gyro uMeHa Run u Last sBnstorcs 3ape3epBUPOBAHHBIMY U HE JIOJDKHBI HCITOJIB30BATHCS.

= ¢ Remove — ynanuTh BbIJCIICHHbIC JaHHBIE U3 Storage. Jlanuble mociennen cumyssiiuu Run
TaK)K€ MOTYT OBITh yJaJICHBI.

# e Clear storage — ynamuts Bce TaHHbIE 13 Storage.

ab e Rename — nepernMeHoBaTh BbIIEICHHBIC JaHHbIe. OTKpoeTcss okHO Rename:

x

M ame:
Fun 1

(] I Cancel |

Bsenute HoBoe nms u menkaute mo OK. 3ameTsTe, uro nMeHa Run u Last sBisroTcs
3ape3epBUPOBAHHBIMU U HE JJOJKHBI HCTIOJIB30BAThCS.

4+ « Move selected up. Tle €/IBUHYTH BBIICIICHHBIE JaHHbIE BBEpX (BJIeBO B obOmactu Data Selection
p yr p
¥ ¢ Move selected down. IlepenBunyTh BbIZCICHHBIC TaHHBIC BHHU3 (BITpaBo B obmactu Data
Selection)

e Store last Run. Run (coxpanurth nocjaeanune 1anubie). Eciiu BoIOpaHa 3Ta OMIHS, TO B MOMEHT
3alycKa HOBOW CUMYJISIIMU TPEbIIylue (IoCcIeHIE) JaHHbIe OYAYyT IepeMEIeHbI B
crienuaNbHyo 3aKiaaky Last («moceanuii»), crepes Mpu 3TOM HaXOSIIAECS TaM JaHHbIC.
Taxum ob6paszom, 3akiagka Last Bcerna cogep uT npeaplayne JaHHble, KOTOPbIE MOKHO
MCIOJIb30BATh JJISl CPAaBHEHHUS C JAHHBIMU MOCeAHel cuMysiuu Run.

Display storage (oTo6paxaTs Storage)

e Selected only. Tosnbko BbIEIEHHBIE JaHHBIC OTOOPAXAIOTCS Ha rpaduKe.

e Selected and dimmed. BoinenenHbie TaHHBIE OTOOPAXKAOTCS C HOPMAIBHBIM [BETOM KPHBOMH, a
JpyTUe TaHHBIE 0TOOPAXKAIOTCS C MOHKEHHOM IIBETHOCTHIO, 3a1aHHON Ha cTpanuiie Graphs
oxna Preferences.

e All. Bce nanHbie 0TOOpaKarOTCs ¢ HOPMAJIBLHBIMU IIBETaM KPUBBIX.
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Hanpumep:

-10 dE -10 dE
-20 dE =20 dE
i3 10de-% ! 1ha-= 1fide-g g N
4
Fiun 1 ARun 2 4Fun 3ARun 4/ 4Fun 1 ARun 2 AFun 3 ARun 4/ %Fiun 1 fARun 2 i Fun 30Fun 4/
Selected only Selected and dimmed All

Korna crpanuna Storage BeiOpana, hiakku B CIIHCKE KPUBBIX 331al0T T€ KPUBBIE, AJI1 KOTOPBIX
pa3pelieHo COXpPaHEHUE TaHHBIX.

Data table (Ta6inna 1aHHBIX)

Tabnuua naHHBIX TOKa3bIBAET MMO3ULMH KYpPCOPOB, 3HAUEHUSI KPUBBIX U HEKOTOPBIE XapaKTEPUCTUKU
KPHBBIX, PACCUUTAHHBIX MEXKIy KypCOpPaMH, TAKHE KaK: 3HAYEHNUE, MAKCUMYM, MUHUMYM, U T.A. Eciaun
KypCOpBI BBIKJIFOUEHBI, TAOJIHUIIA TOKA3bIBAET JaHHbIE JIEBOT'O U MPABOT0 KPaeB SKpaHa U 3HAUCHMUS,
paccUMTaHHbIE MEKY JIEBBIM U IIPaBbIM KpasiMU JKpaHa:

-k dB

10e-3 100e-3 100e-2

|eft right: d |eft right d
Cursors  F100.42e-3 1.0138 9 Screen 10e-3 10e+3 qQ,
[ Jwic1) [-10.395306  -30.066285 -1 [ Jwic1) [-408.852e-3
72411132 | -BE.201624 -17.441312
Cursors enabled, active cursor is highlighted Cursors disabled, screen is used

e UYr006bI MOKa3aTh/CIPATATH TAONMILY, HIEIKHHUTE 110 KHOIKE HHCTPYMEHTaIbHOM manenu Table [
WK IEJIKHUTE TPaBOi KJIABHIICH MBIIIKH 110 rpadKy U BeIOepuTe KoMany Table u3
KOHTEKCTHOT'O MEHIO.

e [llenkHute o cTpoke KpuBOl B Ta0nMIle U BbIOOpa KpUBOM. Brisienennas kpusas Oynet
ITOKa3aHa MOBEPX BCEX APYIUX.

e JIBaxK/IbI MICIKHUTE 11O TaOIHIIE, YTOOBI OTKPHITH OkHO AC Data.

e [llenkHuTe MpaBOW KIABHUILEH MBIIIKH, YTOOBI OTKPBHITH KOHTEKCTHOE MEHIO. MeHIo Oyzer
coJiepKaTh HEKOTOphIE OOIIME KOMaHIbl M KOMaH Ibl, OTHOCSIINECS K BbIICIIEHHONW KPUBOH.
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e IlBera, mpu(TH U KOIUYECTBO 3HAYAINX U (P, KCIOIB3yeMbIe B TAOJIHIE, MOTYT 331aBaThCs
Ha cTpanule Table nuanoroBoro okxa Preferences.

Ta6nuia MoxeT 0ToOpakarbcs BHU3Y okHa AC WITH Kak OT/IEIbHOE OKHO: MIEJIKHUTE MPABOW KIIABUIIICH
MBIIIKK TI0 Ta0JIUIIe ¥ BEIOEpUTE KoMaHty Separate window:

left | righe | 2edts | roims mat
Scrman La-3 |1a#3 99,559

I:l'i'fC'II] AT BRI TEEE BT 42 JE2 93505
17,5184 e-1 LR 1LY e
AR |-S00sTE -Ei DS TR 440325
39320001 23T 1203 E9.520001
L+l | i
_\F | Dioubk

Table in the AC Window

[mn |m

£ TR +
e -1

SONETEE

1323731263

3|

Y .

W]

Table in separate window

3HaLICHI/I$I, IIOKAa3aHHBIC B Ta6J'II/II_[e, TAKXKC KaK U JpYruec onnunuun Ta6.]'II/II_U:I, MOT'YT BLI6I/IpaTbC$I Ha

crpanutie Table okua AC Data:

B AC pata

=2HE @

Bo R % |

Tracesl Screen Table | Stnragel

v Show table

[~ Show table in separate windows

[~ Show frequency on the header
v Show frequency in the table

=X 0D+ 3"

r Check ta zhow in the table

v [ WiR1)

It
right
delta
min
mas
pp
slope

Check. al ncheck all

Check_al ncheck all

Epply Cloze

X
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e Show table. Beibepute, 4T00BI OTOOpaXKATh TAOIHILY.

e Show table in separate window. Ecnu BeiOpano, Tabnuia 0yer oToOpakeHa B OTICIIbHOM
OKHE..

Cursors 12.6624es  |281024e3 |253.3E-1e-3 |
[ WiCl) Fb8E9zeetes ;-2 5052154  -2.4963461

e Show frequency on the header. Eciu BoiGpano,

HO3MIUS KypcOpOB OyIeT OKa3aHa B 3ar0JIOBKE -22TR2074F 44036 -39.162162
TPOKH. B Komonkax left. right u delta. [CwiRi |-zanisssz 3538363 24426219
CTpOKH, onorkax left, right u delta &7 721793 43 50964 | -39.162102

laft right I delta I

e Show frequency in the table. Eciu BeiOpaHo, mo3uiiny | Susers  fle6b2ded  (281.024e-3  268.361e-3
= [ WL |-68692625e-3 -2.5032154 | -2.4963461
KypcopoB OyIyT MOKa3aHbI B OTJIEIBHOM CTPOKE. 55780074 | 4144036 | -39.162152
[C]viRy |-2s013582 3585363 24.428219
87721793 45.55964 | -39.162152

e Table values. Boibepure 3HaueHus It OTOOpaKEHHUS B TaOJIHUIIE:

left — 3HaYeHHMe KPUBOIA IO JIEBBIM KYPCOPOM.

right — sHaueHne KPUBOH MO MPABBIM KYPCOPOM.

delta — npaBoe 3HaueHNUE MUHYC JICBOE.

MiN — MUHEMYM KPHUBOW MEXTy KypCOpaMu.

Max — MaKCUMyM KPHUBOM MEKIy KypCOpaMu.

PP — 3HaYeHHE KPUBOM OT MHUKA JI0 THKA MEKIY KypCOPaMHU.

slope — HaKJIOH aMILIUTY/ bl KPUBOW MEXIy Kypcopamu, B 1b/nekany. Eciu 06a kypcopa
HAXOJATCS HA OJJHOM YaCcTOTE, HAKIIOH BBIYMCIIACTCS KaK IMPOU3BOIHAS aMILTUTYIbI IO
JacToTe B 3TOH Touke. MiHaue HakIoH Bhraucisercs Kak (Magright — Magieft) / (Frignt — fiert).-

O O O O O O O

Korna crpanuria Table BeiOpana, gnakku B ciucke KPUBBIX 3aJIaI0T T€ KPUBBIC, KOTOPBIE OYIyT
MOKa3aHbl B Ta0JIHUIIE.

IIpoxpyTka u MaclITaOUpoBaHue

YroObl MPOKPYTUTH I'pad UK, UCTIONB3YHTE T000M U3 CIEAYIOMINX METOJIOB:

e [lepemecTuTe yKazaTellb MBILIIKH K JIEBOMY WJIH ITPaBOMY Kparo rpaduka. YKa3aTeiab MbIILIKU
MIPUMET BUJI «OOJBIION CTpenakmy. LIeaKkHuTe Win yaep>KuTe JIEBYIO KJIaBUIITY MBIIIKH, YTOOBI

MPOKPYTHUTH IpaduK.

e B pexume Cursors [3 : Haxkmute u aepxure Kiasumry Shift, 3arem menkuure u neperamure
rpadux.

e B pexume Scrolling Rt IIENIKHUTE U TIepeTaluTe rpaduk.

e HaxwmuTte kinaBuiry Ctrl 1 moBepHUTE KOJIECHKO MBIIIKH, YTOOBI IIPOKPYTUTH TOPU3OHTAIIBHO.

e Haxwmute knaBuiry Shift u moBepHUTE KOJIECHKO MBIIIKH, YTOOBI TPOKPYTUTH BEPTUKAIBHO.

e Haxwmure knapunm Right u Left (kypcopHas nmaHenb KiaBHaTypbl).
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e B pexume Z00m i : ABaXIbI IIEIKHUTE 110 TPaQUKy, YTOOBI OTLIEHTPOBATE Ty TOUKY.

YroObl MaciiTabupoBaTh rpaduk, UCHIONB3YHTE TH000H U3 CIETYIONMX METOIOB:
e [loBepHHTE KOJIECUKO MBIIIKH, YTOOBI MACIITAOMPOBATH TOPU30HTATHHO.

e Haxwmure knapumm Ctrl u Shift u moBepHHUTE KOJIIECUKO MBIIIKH, YTOOBI MacCIITaOUPOBAThH
BEPTHKAIBHO.

e [llenkHHUTE KHONKY HHCTPYMEHTAJIbHOM MMAHENH, HIIH UCIIOJI3YIUTE TOPSAYHE KIABUIIH, WU
LIEJIKHUTE MTPaBOW KIJIABUIIEH MBIIIKH 110 TpaduKy, BiOepuTe Z00M, 3aTeM BHIOEpUTE KOMaHTY:

Horizontal Zoom-in (Ctrl-PgUp) — ropu3oHTanbHOE yBEeITHYCHHUE.

Horizontal Zoom-out (Ctrl-PgDn) — ropu3oHTanbHOE yMEHBIICHHUE.

Fit the screen horizontal (Ctrl-Home) — aBTomacitabupoBaTh rOpU30HTAIBHO.

Fit cursors to screen — mpuBecTH Kypcophl K IKpaHy.

Vertical Zoom-in (PgUp) - BepTuKaIbHOE YBEIUYCHHE.

Vertical Zoom-out (PgDn) - BepTuKallbHOE YMEHBIIICHHE.

Fit the screen vertical (Home) — aBTomaciitabupoBaTh BEPTHKAIBHO.

Fit the screen (Shift-Home) — aBromaciirabupoBath TOPU30HTAIBHO U BEPTHKAILHO.

Zoom-in (Shift-PgUp) — yBenn4uth (10 BEPTHKAIH U TOPU30HTAIIN).

©C CHll o EHRBR F 2

Zoom-out (Shift-PgDn) — yMeHbIIHTSH (110 BEPTHUKAIN U TOPH3OHTAIIH).

YroObl pacuIMpuTh BBICICHHYIO 00J1acTh:

e B pexunme ZoOm  “Ii : MIEIKHHUTE M PaCTAIIUTE BBIICIEHHYIO 001aCTh.

e B pexume Cursors [; :HaxMmure n yaepxute kiasumy Ctrl, 3arem menknure n pacrammre
BBIJICJIEHHYIO 00J1aCTh.

Brinenenue o0nacTu sKpaHa 3aBUCHUT OT TOTO, KaK yKa3aTellb MBIIIKU MePEMENIAeTCsl OTHOCUTEIBEHO
HayaJabHOM TOUYKH.
e FEcnu ykaszaTelb MBIIIKY MTepEMENIaeTCsl TOIBKO BBEPX WJIU BHU3, OyIyT
MOKa3aHbl JIBE€ TOPU3OHTAIbHBIE JINHUH, & KOTJa JIEBas KJIABUILA MBIIIKA
OTITyILIEHA, BBIJIEIICHHAs 00JaCTh YBEIHUUTCS IO BEPTHKAIH.

e Ecmm YKa3aTeCJib MBIIIKW ABHUXKETCA TOJIBKO BJICBO W BIIPAaBO, 6y,I[}’T
IMOKa3aHbl ABC BEPTUKAJIBHBIC JIMHUH, 4 KOra JICBAas KJIaBUIlla MBIIIKHU
6y,[[eT OTIIYIIICHA, BBIACIICHHAA 001acTh YBCJIUYHUTCA 110 TOPHU30OHTAIIN.

e Ecmm YKa3aTeCJib MBIIIKW ABHUXKETCA JUAroHaJlIbHO, 6y21€T IIOKa3aH
MMpsAMOYT'OJIbHHUK, a KOrja JIeBas KiiaBUIlla 6y)1eT OTIYIICHA, BEIACICHHAA
o0acThb YBCIMYHUTCA 0 3alIOJIHCHUA 3KpaHa.

B oGnactu rpaduka, rae BeiBeieHa Gas3a, MOKET ObITh BBIITOJHEHO TOJIBKO TOPU30HTAIBLHOE
MIPOKPYUYMBAaHKE U MaclITaOMpOBaHUE.
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YT0oOBI OTMEHUTH UJIH BBIITOJIHUTD IMMOBTOPHO PaHCC OTMCHCHHOC ITPOKPYYHUBAHUC U MaCIJ_ITaGI/IPOBaHI/IC,
MICIKHUTC KHOIIKHU I/IHCTPYMGHTaHBHOﬁ ITaHCIIN:

v o Undo - ormMeHUTS.

74 o Red0 — BBIMOJHUTH MOBTOPHO.
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Komauasr AC

Crnenyroniye KOMaH/pl, KHOIIKU U TOPSiYME KIaBUIIX JOCTyNHbI B OCHOBHOM MeHI0, Ha
MHCTpyMeHTaIbHOU nmanenu AC aHam3a 1 B KOHTEKCTHBIX MEHIO.

e Open/Show AC window (F8) — otkpsiTh/mioka3ath okHO AC.
e AC Settings — oTkpbITh quanoroBoe okHo AC Settings.

e AC Data — otkprith okHO AC Data.

e Start AC (F9) - sanyctuts AC ananms.

Stop - ocTaHOBUTH aHATNU3.

e Lo0g - moka3aTh KypHaJl pErHCTPalliy aHaIH3a.

e Sweep — 3aMyCTUTh CEPUI0 aHATH30B C U3MECHIEMBIM MTapaMETPOM.

> B X 3@ QL

e Preferences — oTkpbITh quamoroBoe okuo Preferences.

Toolbar and some context menus (MHCTpyMeHTaJIbHAsI MAHeJb M KOHTEKCTHbIE MEHIO:

b
°

Cursors. [Tepemenienue Kypcopos.

....... e Zoom. MacmrabupoBaHue.

e Scrolling. ITpokpyTka.

e Horizontal Zoom-in (Ctrl-PgUp) — ropu3soHTaabHOE yBEIHUYCHHUE.

e Horizontal Zoom-out (Ctrl-PgDn) — ropusoHTaibHOE yMEHbIIICHHE.

e Fit the screen horizontal (Ctrl-Home) — aBromacirabupoBarh rOpH30HTAILHO.

e Fit cursors to screen — mpuBecTH Kypcophl K SKpaHy.

e Vertical Zoom-in (PgUp) - BepTHKaIbHOE YBEIHUCHHE.

e Vertical Zoom-out (PgDn) - BepTHKaIbHOE YMEHbBIICHHUE.

Fit the screen vertical (Home) — aBromaciitabipoBaTh BEpTUKAIBHO.

e Fit the screen (Shift-Home) — aBromaciuTabupoBaTh rOpu30HTAIBHO M BEPTHKAIBHO.
e Undo scale (Backspace). OTMeHHTb POKPYTKY HIIH MacIITaOHpOBaHUE.

e Redo scale. BimoaHUTb TOBTOPHO OTMEHEHHYIO TIPOKPYTKY UITH MacIITaOUpPOBAHHUE.
e Show/hide Cursors — ckpbITh/mIOKa3aTh KYpCOPbI

e Show/hide Data Table — ckpbiTh/IOKa3aTh TaOIHIy JaHHBIX.

e Show/hide Legend — ckpbITh/TIOKa3aTh YCIOBHBIE 0003HAYCHHUS (CITUCOK KPUBBIX ).

¢ Right maximum. ITepemMecTuTh aKTUBHBII Kypcop K OJMKaiIIeMy CripaBa MAKCHMYMY
BBIJICICHHOW KPUBOM.

e Left maximum. [TepeMecTUTh aKTUBHBIN Kypcop K OJMDKaNIIeMy ClieBa MAaKCUMYMY
BBIJICJICHHOW KPUBOU.

LA s mE = s R ER L TR

e Right minimum. [TepemMecTuTh aKTUBHBII KypCOp K OJMKaiiiiieMy cripaBa MUHUMYMY
BBIJICJICHHOW KPUBOM.
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s Left minimum. IlepemMecTuTh aKTUBHBIN KypCcOp K OJIMKailieMy ciieBa MUHUMYMY BBIICIICHHON
KpHUBOM.

3. o Right unity gain. [TepeMecTuTh aKTUBHBI Kypcop K OIusKaiilieii cipaBa TOUKe BbIIEIEHHOM
KpPUBOM C €IMHUYHON aMILUTUTYI0M.

= o Left unity gain. IlepemMecTuTh akTHBHBII Kypcop K OnusKaiilieii ciieBa ToUke BbIIEIEHHOMN
KpPUBOM C €IMHUYHOU aMIUTUTYI0M.

Graph commands (koMaHAbI KOHTEKCTHOI'O MEHI0 OKHA IrPa)uKoOB):

9F e Cursors - orkpsiTh auanorosoe okuo CUrSOrS.
e Phase (Tab) Beibop pexxuma orobpaxenus dassr P

o Off. He moka3biBath (ha3y.
o On. Iloka3piBaTh aMIUIMTYy U a3y B TOH ke o0nact rpaduka.
o Separate. [Toka3piBaTh aMITUTYAY U a3y B pa3ieibHbIX 00IacTAX rpaduka.

e Traces P (Crnexyromme KOMaHIbl IPUMEHSIOTCS TOJIBKO K KPUBBIM, IIOKa3aHHBIM Ha Tpaduke)

Open - 3arpy3uTh KpuBblie U3 daiiia ganHbix Trma “nif”.
Import - uMnopTHpOBaTh KpHUBBIE U3 TEKCTOBOTO (aiina popmaTa “tXt” mmm “Csv”.

Save - coxpaHuTh KpuBbIe B (haitn naHHbIX TUna “nif”.

o O O O

View/EXport - mocMoTpeTh 1 SKCIIOPTHPOBATh KPUBBIC B TEKCTOBOM Bujie (“tXt” mim
“csv” dopmar).

o Copy - ckonupoBaTh KpuBbIE B Oydep oOMeHa.
i) Paste - BcraBuTh KpuBbIe U3 Oydepa oOMeHa.

2 ¢ Image >
o Copy to clipboard. CxonupoBars H300paskeHHEe OKHA MEPEXOIHOTO Mporecca B 0ydep
oOMeHa.

B o Save as BMP. Coxpanuts n300pakeHre OKHa ITePeX0IHOTO Tporiecca B (daiine popmata
«bmp».

Je o Save as JPG. CoxpanuTts n300pakeHre OKHa MEePEeX0HOTo mporecca B ¢aiiie popmara

«jpg».

Storage command (koMaHIbI XpAHEHUs TAHHBIX):

Move Run to storage - mepeHecTH MocieIHue TaHHbIe CUMYIISLIUU B Storage.

s
°

e Remove - YAAJINUTD BBIACIICHHBIC TaHHBIC.

e Clear storage - yaanuTh Bce JaHHBIE.

& X 1

Rename - mepenmMeHOBaTh BhIICTICHHBIC JaHHBIE.
e Store last Run — B Havasne aHanu3a COXpaHATh MOCIEIHNE NTaHHbIE o1 MeHeM Last.

e Selected only
e Selected and dimmed Bunsr oto6paxkenus storage
o All
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Annotation commands (koMaHIbI AHHOTAIMIA):

X X [R] dl

Annotate selected trace — aHHOTHPOBATh BBIACICHHYIO KPUBYIO.

Annotate all traces — anHoTHpOBaTh BCE KPUBBIE.
Edit annotation — pegakTupoBaTh aHHOTALHIO.
Delete annotation — ygaauTh aHHOTAIHIO.

Delete all — yganuts Bce aHHOTaLIHH.

Text commands (koMaHIbI TEKCTA):

AT

b

Insert text — BctaBuTh TEKCT Ha rpaduke.
Edit text — perakTupoBaTh TEKCT.
Delete text — yaanuTh TEKCT.

Data table commands (koMaHabl TA0JHIbI JAHHBIX):

Hide trace name - He moKa3bIBaTh JaHHYIO KPUBYIO B TaOJHIIE.

Separate window — noka3atb TaOJIHUILY B OTJCIHHOM OKHE.

Legend commands (komaunasbl legend — yc10BHBIX 0003HaYeHMIT):

+B M P o 20

Hide trace name - He moka3bIBaTh JaHHYIO KPUBYIO Ha rpaduke.

Remove — ynanuth JaHHYIO KPUBYIO.

Rename — nepenmMeHOBaTh JaHHYIO KPUBYIO.

Duplicate — cay0nupoBaTh JaHHYIO KPUBYIO.

Copy — ckonupoBaTh JaHHYIO KpUBYIO B Oydep oOmeHa.
Paste — BctaBuTh KpuBbIE U3 Oydepa oOmeHa.

Find component - noka3aTh KOMIIOHEHT Ha CXEMe.

KnaBuarypa u ropsiuue KJIaBHIIN

Cnegly}omne KJIaBUIIIN KJIIaBUATYPhbI U TOPAYNE KIABUIITW MOXXHO HCIIOJIBE30BATh B OKHE IIEPEXOJHOTO
mnmpomnecca:

Tab. ITepexounTh peKUM BbIBOJIA (as3bl.

Left, Right — npokpyTHTh TOPU3OHTAIIBHO.

Up, Down — BbIOpaTh KPUBYIO.

Shift-PgUp — yBennuuTh (110 BEPTUKAIHM U TOPU3OHTAIIH). .

Shift-PgDn — ymeHbmHTh (110 BEPTHKAIH U TOPH30HTAIN).
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Onepanuu ¢ MbIIIKOK

Crnenyrouye onepanny ¢ MbIIIKOM MOXHO HUCIIOJIb30BaTh B OKHE IIEPEXOAHOI0 IpoLECcCa.

e Illenyok (ieBast KJIaBUINA) - OTKPBITH KOHTEKCTHOE MEHIO.

e Koilecuko MBIIIKH — TOPU30HTAIBHOE YBEJINUECHNE/yMEHBIIIECHUE.
e Ctrl- Kosiecnko MBIIIKH — TOPU30OHTANIbHAS TIPOKPYTKA.

e Shift- KojiecHKo MBIIIKH — BEpTHKAIbHAS POKPYTKA.

e Ctrl-Shift- Kostecuko MBIIIKH — BEPTUKAIBHOE YBEINYCHIE/ YMECHBIIICHHE.

B pexxume Cursors | [

e llleauok (yieBas KJIaBUIA) — €CIM KYPCOPHI MOKA3aHbl, TIOCTABUTh OJIMKAMIIHIA Kypcop B Ty
TOUKY.

e Illexuoxk u neperackuBanue (Click and drag).
o Ha anHoTanuu — nepeBMHYTh TEKCT WM yKa3aTeJlb aHHOTALIHH.
o Ha tekcre — nepeaBUHYTh TEKCT UM yKa3aTellb TEKCTA.
o Wuaue — nepeaABUHYTH Kypcop.

e JIBoiinoii mea4uok (Double-click).
o Ha AHHOTAllU — PCAAKTHPOBATH AHHOTALIUIO.
o Ha tekcre — peqakTHpPOBATh TEKCT.
o Huaue — mokasarb Kypcophbl, IIOCTaBUTh 00a Kypcopa B 3Ty TOYKY.

B pexume Zoom i
e Illeauok u neperackuBanue (Click and drag) — BeiOpath U oTMacIITabOMPOBATh.
e JIBoitnoii memayok (Double-click) - nentpupoBath dKpaH.

B pexume Scrolling T

e Illeauok n neperackuBanue (Click and drag) — npokpytuts rpaduxk.

e JIBoiinoii mea4yok (Double-click) - rientpupoBats 3kpaH.

220



EBY NL5 circuit simulator PykosoacTso Monb3osaTens

Hucrpymentnl AC (AC Tools)

AC Tools no3BomsiroT cienaTh pa3udyHbie BUAbI aHaMn3a JaHHbIX AC U IIPeICTaBUTh IaHHBIC B Pa3HBIX
¢dopmarax. Beibepure AC | T0OIS 1 3atem CTpoKy ¢ TpeOyeMbIM HHCTPYMEHTOM.

B Hacrosiiee BpeMsi JOCTYIHBI CICAYIOIINE HHCTPYMEHTHI:
e Histogram (rucrorpamma)

e Smith chart (nnarpamma Cmura)

e Nyquist chart (anarpamma Haiiksucra)

e Nichols chart (nnarpamma Hukoca)

Eee@ R

e Markers (Mmapkepsbl)

Histogram (rucrorpamma)
FI/ICTOFpaMMa MMpEaACTABIACT 3HAYCHUA KpI/IBOI>'I M HCKOTOPBIC €€ PACUCTHBIC XapPaKTCPHUCTHUKHU,

MOJIy4YE€HHBIE MEXAY KypcopaMu (MJIM Ha BCEM dKpaHe, €ClIU KypCOpbI BBIKIIIOUEHBI), B TpaduIecKoM
dopmare. ['ucTorpaMMa MOKET TaKXKE IMOKA3aTh «IIOMEPEUYHOE CEUCHHE) KPUBBIX WIH COXPAHCHHBIX

JTAHHBIX.
lc_Line_AC - AC Histogram

40 dB

[l +¢ & [2] B |x

-40 dB

T e Settings. OtkpeiBaer quanor Settings:

221



E NL5 circuit simulator PykoBoacteo Nonb3oBaTtens

x|

i — Y acale
active &+ Traces [~ Use AC scalé
It LR FEelE
O] tight " Storage |4EI s
[ delta
1 min Type————— | |60 Biottomn
E;-';H % Histogram
L] slope ' Line [+ Show vertical gridines

[ Show names

Close |

o Y values. Beibepute nepeMeHHbie, 0TOOpakaeMbie 110 ocu Y. active — 3To BbIICIICHHBIN B
HACTOSAIIUN MOMEHT Kypcop (JIeBbIil uiu npaBblit). [Ipyrue 3HaueHus: — 3T0 TO, YTO
oTtoOpaxeHo B Tabmuie nanaeix AC.

o X. BeiOupaer pe:xuM rucTorpaMMBbl: 4TO OyJeT MoKa3aHo mo ocu X.

= Traces. [loka3ars «mornepevyHoe CeueHHe» BCEX KPUBBIX, 0TOOpaKaeMbIX ceiyac Ha
rpaduke.

= Storage. [Toka3biBaeT «momnepeyHoe ceueHne» Storage st Bcex KpUBBIX,
oToOpakaeMbIX ceifdac Ha rpaduke.

o Type. BeiOupaet Tum ructorpaMmmsl Ajis pexkuma Storage:

= Histogram - rucrorpamma.
*» Line - iuHuw.

o Y scale. [To ymonuanwuio mkana Y quarpaMMbl IMEIOT TOT JK€ MAcIITad, 4TO U BEPTHKAIbHASL
mikana okpaHa AC. Caumure draxok Use AC scale u BBequte HyxHbie TOP 1 Bottom.

o Show vertical gridlines — mokaszars BepTUKaIbHBIC JTUHUH, PA3ICIISIONIAE TAaHHbIC
THCTOTPaMMBI.

o Show names — noka3ath UMeHa KpUBBIX WK Storage Ha ocu X.

e Use AC scale.

e Zoom-in.

e Zoom-out.

Fit the screen vertical.

[ 4+ & (2
[ ]

L4 H_[CJ'IKHI/ITC HpaBOﬁ KJIaBUIIIEH MBIIIKH T10 OKHY, YTOOBI YBUACTH JOCTYITHBIC KOMAaH/bI.

e JIBaXK/IbI MIEJIIKHUTE 110 OKHY, YTOOBI OTKPBITh TUAIOTOBOE OKHO Settings.
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Pexxum Traces unu «mmonepeyHoe ceueHne KPUBBIX» MOTYT HCIIOJIb30BAThCS sl OTOOpaskeHus
«IIPOCTPAHCTBEHHOI'O» PAaCIpOCTPaHEHUs CUTHaNA 1o cxeme. Clieyromuil npuMep NoKa3blBaeT
3aryxaHue Ha kaxjom 3BeHe RC ¢uibTpa Ha wacrote 1 I'm.

rc - Schematic

-100.de

Fun

(i
=
=
o

rc - AC Histogram

=150 dE
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Pexxum Storage nnu «mornepeyroe ceueHue Storage» MokeT ObITh HCIIOIb30BaH, YTOOBI TTOKA3aTh, KaK
3HAUYEHMsI KPUBBIX B KAKOE-TO BpEeMs 3aBUCAT OT MapaMeTpoB cxeMbl. ClieIyIoluii puMep MoKa3bIBaeT
MOJICIIMPOBAHUE TIPEABIAYIIECH CXEMBI C CONTPOTUBIICHHEM, MEeHstomuMcst oT 0.125 o 16, ¢ marom X2 ¢
nomoinsio sweep AC. Kaxaplii 3amyck 3anomunaercst B Storage. Ocb X rucTorpaMmbl — JTaHHBIE
Storage (To ecTh conpoTuBieHue). JIMHUU pa3HOro I[BETa MOKA3bIBAIOT 3aTyXaHue Ha Kax10M 3BeHe RC
¢unbTpa Ha yactoTe | ['11 (aKTUBHBIN Kypcop), Kak (YHKIUIO COMTPOTHBIICHUS.

~10| |

[ ]w(c1)
[ vica)
[ wics
. _ ) I vic4)
“100de ' o e | vicE)
- - 'I.I'I:C?:I

St N (Cc)

e |vico

4
\125¢-3 /.250e-3 (5003 31 {2 A4 JB 416/ | Shiftt [ il [click b

=150 dB

MO3KHO 3aMETHTh, YTO «IIONEPEYHOE CEUCHUEe» TUCTOrpaMMbl Storage mpu R=1 To *xe, 4TO U BEpXHss
JIUHUS TUCTOTPAMMBI 1 race, moKa3aHHOM B MPEIbIIYIIEM TIPUMEPE
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JAunarpamma Cmura

D10 cranmaptHas Smith Chart, prcyromas KOMIIEKCHBIA KO3(GGHUIUEHT OTpaKeHHsI. 3aMEThTE, Y4TO
nuarpamma CMUTa PEANoaraeT BbIBOJUTh TOJIBKO Z KpUBbIe (MMIieiaHc). DaKTUYECKH, OHA PUCYET
Bce TUIBI KpUBBIX AC, HHTEPIIPETUPYS UX KaK KOMIUIEKCHBIA UMIeAanc. J{uarpaMma nokasbiBaeT
KPUBBIE TOJIBKO MEXTY KypcopaMu (WJIM Ha BCEM dKpaHe, €CIIM KYpPCOPbI BBIKIIOUYEHBI).

rc - Smith chart

@S D P2 D |x

R=54.74  |[#=4.107  |7=54.89  |Phase=4.20 4

T e Settings. OrkpsiBaer quanor Settings:

| rc - Smith chart |

— W YSWR circles — Statusz
. v R
p o= X v
|1.2 v z
5 v Phaze
v Gamma
5 v VSR

|5|:| Z0. Ohrn
v Click an chart to

center WSWH circles Cloge |

o VCWR circles. [Toka3siBaeT OKpy)HOCTH ¢ 331aHHbIME 3HaueHHssMH VSWR Bokpyr
BBIOpPaHHBIX TOYEK. 3HaYCHUs TIOKa3aHkl B criricke VSWR.

4 = Add - no6aBurs VSWR 0Kpy>KHOCTB K CITUCKY.
= * Remove - ynamuts VSWR 0KpyXHOCTb U3 CITUCKA.
X = Delete — ynanute Bce OKpY)XHOCTH U3 CIHCKA.
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Click on chart to center VSWR circles (mejJkHATe 10 JuarpaMme, 4Toobl
otueHTpoBath okpy:xkuocTu VSWR). Eciiu BeiOpano, okpykHoctd VSWR MOryT OBITH

MOKa3aHbl BOKPYT MPOU3BOJIBHO BHIOPAHHON TOUKH HA TUArpaMMe:

x
&
=)
Ex
&

R=-17.09  |[%=73.74  |I=75.7 Phase=103 4

Ecmu ¢naxoxk cust, okpykHoctd VSWR OynyT moka3zaHsl BOKPYT IIEHTPa AUArPaMMBI.

o Status. I[Toka3piBaeT BEIOpaHHBIC 3HAYCHHSI HA TTAHEIIH COCTOSHUS. 3HAYCHHS TOKA3aHbI JIJIS
MTO3UIUH YKA3aTelIsl MBIIITKH.
o Z0, Ohm. XapakTepucTUYeCKU UMITEaHC JUarpaMMBbI.

rc - Smith chart

@BHD A |x

|R=-£.374  |[®=55.82  |[7=56.18  |Phase=76.5 ,2

Bua nuarpaMmbl ¢ NOJISIPHOM IKAJIOH
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e Zoom-in.

e Zoom-out.

e Fit the screen.

e Polar grid.

e Show/hide VSWR circles.

e [llenkHuTe MpaBOW KIABHUILIEH MBIIIKKA IO OKHY, YTOOBI YBUAETH JOCTYIHBIE KOMAH/IbI.

e JIBax/bI LIETKHUTE 110 OKHY, YTOOBI OTKPBITH JHAJIOroBoe OKHO Settings.
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JAuarpamma HaiikBucra

Juarpamma HaiikBucra (Nyquist plot) mokaseiBaet komruiekcHbd AC OTKIIMK B MOJIIPHBIX
KoopauHaTax. J[narpaMma noka3bIBaeT KpUBbIE TOIBKO MEXKAY KypcopaMu (WM Ha BCEM KpaHe, eclin
KYPCOPBI BBIKJITFOUEHBI). «X» MapKep MOKa3bIBAET TOUKY SAUHUYHOTO ycuieHus ¢ (asoi -180 rpamycos.

nl1 - Nyquist plot

D ® (2] |x

T e Settings. OtkpriBaer guanor Settings:

i1 -Nyguistplot S

100 Scale
IEI # center
IEI ' center

Cloze

ITo ymomuanuto Scale, X center u Y center auarpaMmbl IOJIy9arOTCs U3 YCTAHOBOK
BepTukanbHOH mkansl AC rpapuka. Caumute daaxok Use AC scale u BBenuTe mkany u
WHIMBHIyaIbHBIC 3HaUeHUS X u Y center.

e Use AC scale.
# e Zoom-in.
= e Zoom-out.
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[ o Fit the screen.
o lllenkHuTe MpaBOi KIABUIIICH MBIIIKH 110 OKHY, YTOOBI YBUIETH NOCTYITHBIC KOMAH/IbI.
e J[BaxkJblI IENKHUTE MO OKHY, YTOOBI OTIIEHTPOBATH KPUBHIE.
e [llenkHuTE JIEBOM KJIABUIIIEH MBIIIKHA MO OKHY U PACTAIIUTE BBIACICHHYIO

obmacts. Korna neBast kiiaBuia Oyer oTnymieHa, BelIJeICHHas 00J1acTh

YBCIMYUTCA 10 3alIOJIHCHHA SKpaHa.
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JAuarpamma HuxoJica

JNuarpamma Hukosca (Nichols plot) mokaseiBaer sorapudm Moayiasi, kKak GyHKIHIO (a3bl.
JmarpaMmma roka3biBaeT KPUBbBIE TOJIKO MEXKIY KypcopaMu (MM Ha BCEM DKpaHe, eCIIH
KYpPCOPBI BBIKJIFOUEHBI).

nl1 - Nichols plot

Hel+ o3 % T2 |x

T e Settings. OtkpriBaer quanor Settings:

nl1 - Nichols plot A

— Scale
[ Usze AC zcale

|20 Top
I-EEI Bottomn
|-360] Left
180 Right

Cloze

Mo ymonuanuto Top, Bottom, Left u Right muarpammel Te e, 4TO U IS IKaJT MOIYJIS U (ha3bl
AC rpaduxka. Ecnu nyxHO, cHEMuUTE iaxkok Use AC scale u BBeauTe HOBBIE LIKAIIBI.

[~ o Use AC scale.

+ e Horizontal Zoom-in.

++ o Horizontal Zoom-out.

e Fit the screen horizontal.
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EH EWIRFEN

e Vertical Zoom-in.

e Vertical Zoom-out.

e Fit the screen vertical.

e Fit the screen.

o I_HGJ'IKHI/IT (¥ HpaBOfI KJIABUIIIEH MBIIIKY 110 OKHY, qTOOBI YBUACTH JOCTYIITHBIC KOMAaH/IbI.
o Z[Ba)KI[BI IICJIKHUTE 110 OKHY, YTOOBI OTHCHTPOBATh KPHBLIC.

e [llenkHHTE JIEBOM KJIABUIIIECH MBIIIKH 1O OKHY W PAcTAIUTE BBIJCICHHYIO 00J1acTh. Boiienenue
00J1aCTH KpaHa 3aBUCHUT OT TOTO, KaK YKa3aTeJIb MBIIIKH IIEPEMEIIAETCs OTHOCUTEIBHO
HaYyaJIbHOU TOYKHU.

o Ecmm YKa3aTe€Jib MBIIIKHU MIEPEMEIACTCA TOJIBKO BBEPX UJIM BHHU3, 6y,I[y'T
IMOKa3aHbl ABC TOPHU30HTAIIbHLIC JIMHHUH, a4 KOTr'la JICBAs KJIaBHUIIa MBIIIKH
6y,[[eT OTIIYIIICHA, BBIACIICHHAA 001acTh YBCJIIMYUTCA 110 BEPTHUKAJIH.

o Ecmm YKa3aTeJib MBIIIKKW ABHUXKETCA TOJIBKO BJICBO W BIIPaBoO, 6YI[yT
IIOKa3aHbI IBC BEPTHKAJIbHBLIC IMHUH, a KOI'ld JICBAsd KJIaBUIId MBIIIKHA
6YZ[€T OTIIyLICHA, BBIACIICHHAA 0011aCTh YBCIIUYHUTCA 110 TOPHU30HTAJIHA.

o Ecmu YKa3aTeJib MBIIIKU ABHUKETCS JUAI'OHAJIBHO, 6y,H€T IIOKa3aH
MMpsAMOYT'OJIbHHK, a KOrJa JIeBasA KjaBUIlla 6YI[€T OTIyHICHA, BBIACIICHHAA
0051acThb YBCIHUYHUTCS O 3aIIOJIHCHUS SKpaHa.
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Markers (MmapkepbI)

Mapkepsl TpeIaratoT yA0OHbIH CII0CO0 OTCIICKUBAHKS aMILIMTY/] KPUBBIX B 3a/IaHHBIX TOYKaX. B
OTJIMYHE OT KYPCOPOB, MapKepPhI BCET/Ia OCTAIOTCS B 3aJaHHOM IT0JI0KEHHH. KOIn4ecTBO MapKepoB He
orpannyeno. Hmwke BbI MOXeTe BUIETh 4 MapKepa, oKa3aHHbIX Ha rpaduke AC, ¢ aMIUIUTy1aMu 1
(azamu KpuBBIX, 0TOOpakaeMbIMU B Tabmuie Markers table.

& ol 0 X

x|
b wm X | S & ¥ Showonthe graph

10e-3 100e3 |1 [10 |
V[C1) f13669406 (95672012 -25883655 -21.990734
Phase |-10.341948 -25 769729 -72.950192 -88177371
\-'[EZ] 13566442 37536329 -18.589017 -57.954758
Phase | -17 504265 -36.371109 -153.8045 -177.26538
ViC3) | 13652423 7424527 | 59.997378 139.42377

Phase |-21.142727 14263446 -330.74153 -356.96136

Tabauua MapkepoB COJIEPKUT KpUBBIE, H300paXKeHHbIE Ha rpaduKe.
Add — no6aBuTh HOBBII Mapkep. YacToTa MapKkepa — 3TO 4aCTOTa aKTHBHOTO KypCcopa.

Remove — ynanute Mmapkep u3 tabauusl. l{enkaure mobyro sueliky B Tabaule,
MPUHAAIEKAITYI0 KOJIOHKE MapKepa, 3aTeM ILIEJIKHUTE 1o KHonke. Ha npumepe BBepxy BbIe/IeH
MEePBBIA MapKep.

Delete — ynanuts Bce MapKephl.

EXxport — sxkcrioptrpoBath TaOIHILy MapKepoB B (haiisl B TeKCTOBOM (“CSV”’) dopmare.
Annotate aHHOTHPOBATH BBIJCIICHHYIO KPUBYIO Ha MO3UIHIX MapkepoB Ha rpaduke AC.
Annotate all traces annoTrpoBaTh Bce KpUBbIE Ha MO3UIMIX MapkepoB Ha rpaduke AC.

Show on the graph — BeiOepuTte, 4ToOBI TOKa3bIBaTh Mapkepbl Ha rpaduke AC. [lluprna u et
MapKkepoB 3aaaroTcs Ha crpanuiie Graphs nuanorosoro oxkua Preferences.
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V1. AUucTpymentsl (T00IS)
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HNHCTpYMeEHTBI HCIOJIB3YOTCS /17151 BHIIIOJIHEHHS M aBTOMAaTH3allUA HEKOTOPBIX CIIOXKHBIX 33/1a4 CO
CXEMOI1 IMOCPEICTBOM $SI3bIKa CKpUNTA. BonbmmHCTBO THCTPYMEHTOB paconoxeHo B okHe T0ols.
Hcnonp3yiite cieayronme koManabl OcHoBHOro Menio (MeHio T00IS) Wit KHOIKKM HHCTPYMEHTaIbHOM
MaHEeIH, YTOOBI OTKPBITh HHCTPYMEHTHI:

e Script — oTpbITh, COXpaHUTh, PEAAKTUPOBATH U 3aITyCTUTh CKPHIIT.

Console — moka3ats xypHai (10g) BeIOTHEHUS CKpHIITa. 371ECh K€ €CTh KOMaHHAs CTPOKa,
KOTOpas paboTaeT Kak KaJbKyJIATOP U MO3BOJISET BBIIOIHATH HEKOTOPhIE KOMaH/bl CKPHUIITA.

& [H W

e Sweep - BBHIMOJIHATH CEPHIO 3aMTyCKOB aHaIM3a MepexoHoro mnpouecca u/min AC u3mensis
napamMeTp KOMITOHEHTa.

ICH
°

Optimization - BBIMOIHATH aHATK3 MEPeX0aHOro nporiecca u/unu AC utepupys BoIOpaHHBIC
napamMeTpbl KOMIIOHCHTOB BPYYHYIO.

@ e HTTPLink- ckoHpurypuposats u 3armyctuth NLS HT TP cepsep mmst paboTsl ¢ BHEIIHUMEU
nporpamMmamu o HT TP ccebuike.
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Ckpunr

Ha ctpanuiie SCript MOXHO OTKpPBIBaTh, PEIaKTUPOBATh, COXPAHSITh U BBIOJIHITH CKPUIIT: TIPOTPaMMY,
HalKMCaHHYIO Ha YIPOILIEHHOM s3blke porpammupoBanus C. B nononHeHne Kk cTaHgapTHBIM
oreparopam U MaTeMaTHYECKUM (PYHKIHUSAM B CKPUIITE MOKHO MCIIOJIb30BaTh CIICIUATEHBIC KOMAHIbI
NLS, no3Bossitoniue U3MEHATh apaMeTpbl KOMIIOHEHTOB, 3aIllyCKaTh aHAJIN3, AaHATU3UPOBATh U
COXpaHAThH JaHHbIC CUMYJIALIUN.

KoMaHnap! cCKpunTa MOKHO TaKKe BBITIOJNHATH U3 KOMaHIHOU cTpoku npuioxerus NLS, Ha ctpanuiie
Console okHa HHCTPYMEHTOB | U3 BHeIIHEH mporpammel uepe3 HT TP cebuiky. DT0 m03BOJISET

ucnoinb3oBath NLS Kak «0MONTHEHNEe» K MOMYyIsSPHBIM HHKCHEPHBIM CPEJICTBAM, TAKHUM KaK
MATLAB®, PYTHON u apyrum.

I{enkuuTe o kHonke Script B wm BeiOepuTe KoManay Tools | Script B OcHoBHOM MeHt0, 4T0ObI
OTKPBITH CTpaHuIly SCript okua Tools:

=
EBH 2% Xv 42
Seript |Ennsule] SWEEPI UMI

clear: ;I

for( tau=lm; tau<=19m; taut+=1lm )
i

Rl=tau/C1:

TLran:

Store tau;
3|

" o

Knonkn HHCTPYMGHTaHLHOﬁ MTaHCJIN BBIIMMOJIHAIOT CIICAYIOMINE OIICPpaliun:

e Open script — 3arpy3uTh CKPHIIT U3 TEKCTOBOTO (aiia.
e Save script — coxpaHUTh CKPUNT B TEKCTOBOM (haiise.

e Run script — BBIMTOJHUTE CKPHIIT.

Stop script — oCTaHOBHUTD BBIMOJIHEHHE CKPHUIITA.

e Clear — ouncTuTh TEKCT.

XX LOW

e [IpoBepuTh CKpUNT HA HATTMYNE CHHTAKCHYIECKUX OITHOOK.
Font — BeIOpath mpudT.

o
(=
=

1S
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& ¢ Help (F1). - ITomoms. YroOsl yBuaeTs pasaen [lomommm 1mist onpesieneHHoro oneparopa,
(GYHKIMH WK KOMaHIbI, IOMECTUTE KypCOp Ha CIIOBO B TEKCTE CKPUIITA U MIEJIKHHUTE IT0 KHOIKE
Help wau naxxmure F1.

EE| =% | Xy |5 for

Script |Eunsme| Sweepl Dpﬁmﬁaﬁnnl

clear: Loop operator. Example:

fuki tau=lm; tau<=1%9m; tau+=

for | i=0; i<i0; ++1i ) {

wli1=2"%4 =«

Place cursor on for operator Click Help button Help on for operator is displayed
or press F1

CHHTaKCHCCKpHHTa

B kauecTBe si3bIKa CKPHUITA UCIIOJIb30BaH YIIPOIIEHHBIH A3bIK porpammupoBanust C (cm. Ilpuiioskenne
4 nns cnpaBku U npumepoB). Bee onepatops! (Ilpuitoxkenne 2) u pynkunu (Ilpuioxenue 3) Mmoryr
UCIIOJIb30BaThCs B ckpunte. Crernanbabie koManasl NLS (Ipustoxkenune 5) MOryT Takke ObITh
WCTIOJIB30BAHBI IS 3aITyCKa aHaN3a, aHAJIN3a U COXPAHEHUS TaHHBIX CUMYIISIIIHU.

HapaMeprl KOMITIOHEHTOB U IICPEMCHHBIC CXEMBI MOT'YT MCIIOJIb30BATHCA B BHIPAXKCHUAX U
HU3MCHATHCA aHAJIOTHMYHO JIOKAJIbHBIM IICPEMCHHBIM!

Rl=tau/C1;
freq=1./Vl.period; // “freq” is schematic variable

JlaHHBIe KPUBBIX U KYPCOPOB MOTYT HCIIOJIb30BAThCS B BHIPAKEHUSX. DTU JAHHBIE COOTBETCTBYIOT
TOMY, YTO ITOKa3bIBACTCS B TAOJUIIE TaHHBIX TiepexoaHoro mnporecca wid AC. UToObI HCTIOIH30BaATh
JaHHBIE KPUBOM, KpUBasi 10JI:KHA OBITH J00AaBJI€HA B CIUCOK KPUBBIX, HO HE 00s13aTeNIbHO, YTOOBI OHA
oTtoOpakanack Ha rpaduke uiau B Tabiuile faHHbIX. Hampumep:

x = V(out) . .max - V(out) .min;
1if( V(Cl).(3.45)>threshold ) break;
charge=I(Cl) .mean * delta;

Komanab! ckpunra. KoMaHbl CKpunTa HCHOIB3YIOTCS, YTOOBI 3arpy,aTh CXeMy, YIIPaBIsATh
MIPOLIECCOM CUMYIISALIUU, COXPAHATh JaHHbIE aHallu3a B pa3inuHbIX popmaTtax. Cm. [lpunoskenne S mis
MIOJTHOTO CIMCKA U OMHUCAHUs KOMaH/. 3aMeThTe, UTO B OTIMYME OT CTaHAapTHOrO (hopMaTa BbI30Ba
¢bynknui B s3p1ke C, mapaMeTpsl KOMaH]] CKpUTITa He 00s13aTeNTFHO 3aKITI09aTh B CKOOKH. OHAKO /st
OOIIHOCTH KOJIa MOXKHO U 3aKito4arh. Hampumep::

open (rc.nlb) ;

tran(0,1,1m);
close () ;
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BrinosiHeHue ckpunra
Brimonnenue CKPHIITAa MOXXHO 3aIlyCTUTb JIFOOBIM M3 CICOYIOIIUX cIoco0oB:

e 3amyck ckpurTa u3 okua T00ls:
o Bsibepute crpanuiry Script.

o Baenure Ko CKpuUIITa WK MIETKHUTE 0 KHOTIKe Open | & | BpiOepute (haiin u 3arpy3ure
CKpHUIIT U3 (aiina.

o Ilenkuute mo kHOnKe Run script = .

e 3amyck u3 cpeast Windows:
o Ileperammre U cOpochTe UKOHKY (haiiyia ¢ TEKCTOM CKpurta Ha UKOHKY NL5.

e 3anyck U3 KOMaHJHOM CTPOKH MJIH IPYrOro MPHIJIOKEHHUS:
o 3amyctute NL5 ¢ numenem ¢aiina ckpumnra B KauecTBe napamerpa. Hanpumep:

nl5.exe myscript.txt

Korma ckpunT 3amyiieH, HUKaKiue U3MEHEHHSI B CXeMe, OKHE IepexoHoro mnporecca i AC He MOTYyT
OBITh c/IeNIalbl BpyuHylo. JlocTyHa ToabpKko KHonka Stop script | 5 . XKypnain (log) u cooGuenus 06
ommbKax otoOpaxaroTcs Ha crpanuie Console. KomManpl ckpumTa IpUMEHAETCS K AKTHBHOMY
JOKYMEHTY.

Ecnu ckpunt BeINoaHsAET KOMaH bl tran uinm CONt, «HEenpephIBHBIN» PEXKUM aHAIM3a IIEPEXOTHOTIO
Ipolecca aBTOMaTUYECKH BBIKITFOUACTCS: EPEXOAHOM mpolecc 0yJeT NPUOCTaHOBIIEH B KOHIIE SKpaHa.
Crenyromas KOMaH/1a CKpUIITa He OYAET BBITOJIHATBCS, IOKA aHAJIN3 IEPEXOAHOrO IPoLecca He
npuoctanoBiieH. [locie 3Toro aHamm3 MoXxeT ObITh IPOJIOIKEH KOMaHA0# cont.

Ecmu ckpunt Beimonaser komanay AC, cieayrorias KOMaH1a CKpUITa He OyIeT BBITIOIHATHCS, IOKa
anaim3 AC He 3aKOHYEH.

IIpumeps! ckpunra

YcraHoBUTH MapaMeTpbl KOMIOHEHTOB. [TapamMeTpbl KOMITOHEHTOB MOTYT OBITh BHIYHCIICHBI BO
BHEITHel mporpamme (Hampumep, B Excel), nin BBeieHbI BpYUHYIO U COXPAaHEHBI B TEKCTOBOM (haiisie B
dbopmare name=value:

R1=5.1;

Cl=12e-9;

V3.period=0.01

[Tpu 3amycke CKpHIITa HOBbIE TapaMeTpbl OYAYT MIPHUCBOEHBI KOMITOHEHTAaM.

Huxa ¢ u3MeHennem napamerpa. [lapamerp KOMIIOHEHTa MEHSETCS B 3aJaHHOM JUarna3oHe, AJis
Ka)KJJOTO 3HAUEHUS BBIMOJIHSETCSA aHAIN3 IIEPEXOJHOIO MIpoLecca, pe3yJIbTaThl IoMelaroTes B storage:
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for( R1=1; R1<=10; R1l+=1 )
{

tran;

store R1;

HN3meHnenue mapamMerTrpa u3 CliuCkKa. HapaMeTp KOMITOHCHTA ITPUHUMACT 3HAYCHUS U3 CIIUCKA, JIA
KaXXJ10ro 3Ha4€HHUA BBIIIOJTHACTCA AC AHAJIN3, pE3YyJIbTAaThl IOMCIIAIOTCA B Storage:

for( Vl.period=1lm,2m,10m,50,100m )
{

ac;

store Vl.period;

¥

ki ¢ u3MeHeHHeM JIOKAJIbHOM nmepeMeHHoi. JIokanbHas nepeMeHHas MEHSETCA B 3aJaHHOM
JMana3oHe, Ui KaKI0ro 3Ha4eHUs IEPEMEHHOM BBIYMCIISIOTCS HOBbIE 3HAYEHUSI TapaMeTPOB
KOMIIOHEHTOB, BBITIOJIHSETCS AHAJIN3 MIEPEXOAHOTO MPOIECCA, PE3YIBTATHI MOMEIIAIOTCA B Storage:

for( freg=l; freq <=10; freg*=1.1 )
{

V2.period=1/freqg;

R2=1/ (freqg*C5) ;

tran;

store freqg;

OskuaHue BHINMOJHEHNs YCJI0BHsA. [IepexoHOi poLece BITOIHIETCS 10 TeX MOp, NOKA 3HAYCHUE OT
[HKa JI0 KA KPUBOI MEHbIIIE, YeM 3a1aHHbIN mopor. Koraa 3To mpoucxoauT, COXpaHsoTCs
HavanpHbie yeaoBus (Initial Conditions).

threshold=le-6;

tran;

while( v (cl).pp>threshold ) cont;
saveic;

BoinosiHeHHe aHAJIM3A 1JI 3aJaHHOIO0 (pailjia, cOXpaHeHHe JAHHbIX, BHIX0 U3 NMpuJIoKeHus . Daiin
cxeMsl 3arpykaetrcs B NL5, MeHs0TCS mapaMeTpbl KOMIIOHEHTA, BBITIOHSAETCS aHATTU3 TIEPEXOTHOTO
rpoiiecca, KpuBasi IKCIIOPTUPYETCS B «CSV» daitn, NLS 3akpbiBaeTcsi. DTOT CKPUIT MOXKET OBIThH
BBITIOJIHEH U3 KOMaHHOU CTPOKHU.

open lcr.nl5;
R1=100;

Cl=1n5;

tran;

export data.csv;
exit;

Boinosinenue anaiu3a s 3aJanHoro gaiijia, perucTpamnus 1aHHbIX, BbIX0 U3 NPHJIOKEHHSI.
®aiin cxemsl 3arpykaercs B NLS, BBIMONTHIETCS IUKIT C KI3MEHEHHEM MapamMeTpa KOMIIOHEHTA,
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BBITOJIHSETCS aHAJIN3 MIEPEXO0HOr0 MPoLiecca, JaHHbIe KPUBOM 3aIMCHIBAIOTCS B TEKCTOBBIN (haitn, NLS

3aKpBIBAETCS. DTOT CKPUNT MOXKET OBITH BHIMOJIHEH U3 KOMaHIHOU CTPOKH.

open lcr.nlb5;

logdata lcrdata.csv, rl, v(rl).mean, v(rl).rms;
for( R1=100; R1<=1000; R1+=100 )

{
tran;
logdata;
}

exit;

Console (koHco1b)

Crpanuna Console oToOpaxkaet KypHai BBIIOTHEHUs ckpunTa. OHa TaKKe UMEET KOMaHIHYIO CTPOKY,
KOTOpas paboTaeT Kak KaJbKYJIATOP U [TO3BOJISET BHIMIOIHATh HEKOTOPbIE KOMaH bl CKPHUIITA.

[lenkuure mo kaomke Console Wi BeIOepuTe KoManay T00IS | Script ocHOBHOTO MEHIO, YTOOBI

OTKpBITH cTpanuity Console okua Tools.

nll - Tools #

Scrpt Console |5“”£pl Ootimizab I

In:npen o j
=]

1+1 :2
2%z 14

543 :125

sqrt(—2) :0+1.414213562373
REi :500

FE2=R1/2 :500

i o

4

Knonkn HHCTPYMGHTaHLHOﬁ MMaHCJIN BBIIMMOJIHAIOT CICAYIOMHE OIICPpaliun:

X e Clear — ouncTuTh TEKCT.

abi

e Font — BriOpars mpudr.

' e Help (F1). [Tomormus. Yto6s! yBumeTh pasae [IoMolim st OMPEAeICcHHOTO OIeparopa,
(YHKITUY WK KOMaH/IbI, [IOMECTHTE KypCcOp Ha CJIOBO B KOMAHJTHOW CTPOKE M MICITKHUTE 110

kHonke Help wnm naxxmute F1.
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@l|={>%|x|iﬁ@\

asin, acos, atan, atan2

Script Console | Sweepl Dptimizatinnl C column indicates if function supports co

|sqrt[4]+a|§i\n[.1 25) Function C
[Prr—
asinix®) arcsini>
Place cursor on asin function Click Help button Help on asin function is displayed

or press F1

Komananas crpoka

KOMaHI[HaH CTPOKa UCIIOJIB3YCTCA MJISI BBIYHUCIICHU BBIan(eHHﬁ. BLIpa)KCHI/Ie MOXKCT COACPKATD:

Yucna (BK/It0OYas KOMIUIEKCHBIE).

[TapameTppl KOMIIOHEHTOB U IEPEMEHHBIE CXEMbI AKTUBHOT'O JIOKYMEHTA.
Apudmernaeckue onepaTopsl U QyHKIUH.

JIaHHBIX KPUBBIX.

BBenute BeipaxkeHre B KOMaHIHYIO CTPOKY U HaKkMUTe ENnter. Pezynbratel OyayT 0TOOpa)keHbI B
TEKCTOBOM OKHe. Hampumep:

2*%2 : 2*%2=4

sin (45) : sin(45)=707.106781187e-3
R1*C1 : R1*C1l=15

sqgrt (-2) : sqrt(-2)=0+1.41421356237j
V(R1l) .mean : V(R1) .mean=0.15425

UToOB! U3MEHUTH MapaMeTPbl KOMIIOHEHTA WK TIepeMEHHbIe aKTUBHOTO JJOKYMEHTA, BBEIUTE UMS
rapaMmerpa co 3HaKOM PaBEHCTBA U BBIPAXKEHHEM:

Rl=1k
R1=1000/C1
V1.model=pulse

BbI MOXeTe TakKe BBIMOIHUTH KOMAaH bl CKPHUIITA U3 KOMAHIHOW CTPOKHU: TOCTYITHBI BCE KOMaHIbI
CKpuIITa, 3a uckimroueHrueM logdata u exit. Takke mocTymHa KOMaHa Pause: MpUOCTaHOBHUTH
BBIMTOJTHEHUE aHAJTH3a MEPEX0THOT0 nporiecca. KoMaH/1bl MPUMEHSIOTCS K aKTHBHOMY JIOKYMEHTY:

open rc.nlb
tran 0,1m,.1lu
store

cont

[Tpensiaymiye BeIpakeHUsI U KOMaH (bl MOTYT OBITh HaiiIeHBI B BHINAAIONIEM CITUCKE MITU C TOMOIIBIO
kyaBu kinasuarypsl Up u Down. Haxxmute ESC, 4TOOBI OUMCTUTH KOMaHIHYIO CTPOKY.
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Sweep (cepusi)

Crpanuia SWeep npeaocTaBiiseT BO3MOXXHOCTh aBTOMAaTHUYECKH BBIIIOJIHUTH CEPUIO aHATH30B
nepexoaHoro npouecca u/unn AC aHanusza npu U3MEHEHHH NapaMeTpa KOMIIOHEHTA B 3aJaHHOM
JMarna3oHe U COXPAaHUTh Pe3yIbTaThl aHaIM3a B Storage.

[IlenkHUTE MO KHOTIKE SWeep & wm BeIOepuTe KoMauay T00ls | Sweep B OcHoBHOM MeHI0, 4TOOBI
OTKPBITh CTpaHUIly SWeep okHa T00ls:

E]
w Wl =% X452
Script I Conzole Sweep II]ptmzahm]

|F|1.H > Mame E lrgnment

|1 Frem [+ Clear storage
10 To

[ sep =]

10 Steps

|_|:||:|p I Lizt I

KHOIKH HHCTPYMEHTAIBHON MAHEIH BBIOIHAIOT CIEAYIOIIUE ONEPAIUK:
=* e Run —3amyctuTh cepuio.
o e Stop - ocTaHOBUTE.

< o Clear — ounctuth CiucoK mapameTpoB (pexum “list”).

Ectb nBa pesxuma BoinoaHeHus cepuu: Loop (umkon) u List (cnircok). YcraHoBHUTE ClIeIyOIINAE
napameTpsl JJisi 000UX PEKUMOB:

e Name. Mms napametpa i u3MeHeHus. Beenure uMst mapamerpa Bpy4dHYIO UM BbIOEpUTE U3
BbINaatonero cnucka. Crucok MmokasplBaeT BCE YUCIOBbIE TapaMeTpbl KOMIIOHEHTA, KOTOPbIi
ceiiuac BbIOpaH B cxeMe uiu B okHe Components. Hanpumep:

A Seipt | Console  Sweep | Optimization |
bl M IE | ¥IN e
| j Hame
M ame |"v"a|ue I |"»-"'I |F'u|se |Z| V1V
1 V1M From
R 5§ bl V|10 i’ 1 Period .
Wi W0 W1 wfidth T
. W1 Rize | I
Penod z (1 "1 Fal Step x
Width # |B00e-3 "-f"l1l.Delay o
Select component V1 Select parameter V1.Period
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e Transient — BeiOepuTe AJIs aHAIKM3a IEPEXOTHOTO MpoIiecca.
e AC - BriOepute ms AC ananmsa.

e Clear storage — eciu BeIOpaHoO, 1aHHbIe StOrage OymyT CTUpAThCs Mepe]l HadajaoM HOBOM CepHH.
WNnaye pe3ynbTaThl HOBOM cepuu OyyT 100aBIEHBI K CYIIECTBYIOUIMM JaHHBIM Storage.

e Bribepure peskum cepun: Loop wmu List.

Jlost pesxuma LOoop 3ajaiite ciieiyromiue mapaMmeTphl:
e From - HauampHOE 3HAYECHHE U3MEHSIEMOTO ITapaMeTpa.
e TO - KOHEYHOE 3HAYEHHE U3MEHSIEMOTO IIapaMeTpa.
e Step type (tum mrara):

o Step. [lapametp yBenumuuBaeTcs (WJIM YMEHBIIIAETCS) CO 3HAYCHHEM Step.
o Step, %. [TapameTp MeHsIeTCS B 331aHHOM IIPOIICHTHOM COOTHOIIICHHH.
o Step, X. [TapameTp yMHOKaeTCs Ha 3alaHHOE 3HAYCHHE.

e B nome StepS 6y,Z[eT IMOKa3aHO IT0JIHOC KOJNYCCTBO IIaroB, KOTOPOC 6yz[eT BBIIIOJIHCHO.

Jlnst pexxuma List 3aaiite cieayromiuye napameTphl:

e Cnucok 3HaueHUI U3MEHSAEMOro napamerpa (0OHO 3HaYCHHE B CTPOKE):

£
il =% | X | 492
Script I Console  Swesp Iﬂptmz-ahm'll

IFH_H j Mame [v Transient
[ AC

1 =

2 J [¥ Clear storage

A

10

hd

Enter valuezs, one per ine

Loop  List

[lenkuure 1o kHOMKe RUN | =¥ | 4TOOBI 3aITyCTUTH ceprto. Pe3ynbraThl aHanm3a OyIyT 3alucaHbl B
storage. (Tonbko KpUBBIE ¢ pa3pelIeHHON 3aMKChIo B Storage 0yayT coxpaHensi). Ctpanuia Script
COJICP)KUT TEKCT CKPHUIITa, KOTOPBIH IIPU STOM BBITIOJIHSUICS, a cTpanuia Console: sxypHai BBITOTHEHUS
CKpHIITa.
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rc - Transienk nli - Toole nIl ST
SH > | X o H| %X
Script IEnnsdel Sweepl [ Scrpt  Consale |5weep|
R1.R=1: “
tran:
store R1.E: <8eript starteds>
- "
R1.BE=2: Bl.B=1 :1
tran: tran :OK
store R1.E: store Rl1.R 0K
= ]
R1.E=5; Rl.R=2 :2
tran 0K
tran: ot B oK
store R1.R: Store . :
< Kl

Sweep results in the storage Script text Execution log

Komanssr Transient | Sweep & uAC | Sweep & OTKPBIBAIOT CTPaHUILy SWeep ¢
ycranoBieHHbIME T ransient win AC ¢rakkamu, COOTBETCTBEHHO.
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OnTuMmusanusa

OnTuMu3aIys BHIIOIHIET aHATIN3 IepexoHoro nporecca u/uni AC aHanu3 Npu PyYHON UTEpaITUH
BEIOpAHHBIX IMAPAMETPOB.

lenkuute kHONIKY Optimization % wm BeIOepHUTE KoMaHty 100Is | Optimization 8 OcHoBHOM
MeHro, 94T00bI OTKPBITH cTpanuily Optimization okua Tools:

5
Sl DF| XV | 5D
Script I En:nns::nle] Sweep I]ptmzahml

|4 3’ Bows | Bunonchck [ Transient
[~ AC

M ame Walue Step
[R1R ~| | [4 =] +]
c1c =[5 [10 ;lil
| = | [ =l
| = | [ =]

| y

Knonku HHCTPYMeHTaHBHOﬁ ITaHCJIN BBIIMMOJHAKOT CICAYOIHNE OIICPpalun:

= e
oK e
p
W e

Run — 3amyctuts ananus.
Stop — ocTaHOBHTS.
Clear — ourcTUTh TaOIUITY ONITUMH3AIIHH.

Clean up and update — npuBecTH B MOPAAO0K TAOIHITY ONITUMHU3AIIMH: YIAIUTh CTPOKH C
IIyCTBHIM UMEHEM ITapaMeTpa, IPH HEOOXOMMOCTH MEPEABUHYTH CTPOKH BBEPX. BhicTaBUTH
TEKyIIHUe 3HAYCHUST KOMIIOHEHTOB B mosie Value.

MOI‘YT OBITh 3alaHbl CJIICAYIOIIUC MMapaMCTPhI:

Rows. KonruectBo mapameTpoB [1s utepanuii, ot 1 10 16. Eciu Bce cTpoku HE TOMEIIAOTCs B
OKHE, B CTPOKE COCTOSIHUS TOSIBUTCS MPeaynpexatomiee coodmenne: «Resize window to see
MOore rows — U3MEHHUTE pa3Mep OKHA, YTOOBI YBUIETh OOJIBIIIE CTPOKY.

Run on click. Eciu BeIOpaHo, 3a1aHHBII aHAINU3 OYET CTApTOBATh HEMEJICHHO, Cpa3y Mocnie
nieauka mo kaonkam Plus wim Minus mo6oro mapamerpa. Muaue, MIeIKHUTE 10 KHOIKE | =
YTOOBI 3aIyCTUTh aHAJIH3.

Transient - BIOpaTh JUIs 3aMycKa aHaJIM3a MEPEXO0AHOTO MpoIecca.
AC - BeIOpaTth miis 3amycka AC ananmsa.

[Tonis Name coxep»aT UMeHa mapaMeTpoB, KOTOpble OyyT MeHsAThCA. BBequTe uMst mapamerpa
BPYUYHYIO WJIM BbIOEpUTE U3 BbINaAaromiero cnucka. Crucok moka3bpIBaeT BCe YHCIOBbIE

244



E NL5 circuit simulator PykoBoacteo Nonb3oBaTtens

nmapaMeTpbl KOMIIOHCHTA, KOTOPBIC B HACTOAIICC BPEMA BbBIJICJICHBI HA CXEMC UJIM B OKHC
Components (aHaaorudHo BEIOOPY mapameTpa st SWeep).

e Tlons Value comepxkar Tekyiee 3HaueHue 3a1anHoro mapamerpa. llenxuure kaonky Clean up
and update 4yToOb1 0OHOBUTH 3HAYECHUS.

o Tloss Step 3amaroT, Kak 3HaYeHUE OyET MEHATHCS, KOTIa HAXKMMaroTcs KHorku Plus min
Minus. Ecnu Step — 310 uuciio, k TeKyiiemMy 3HaueHHIo OyeT qobasineHo uucio. Eciou Step —
3TO YHUCIIO C CUMBOJIOM «%» Ha KOHIIE, 3HAUCHHUE OYJeT MEHSThCS Ha 3aIaHHBIN ITPOLICHT.

e Kunonku Plus/Minus. When clicked, the value will be modified by specified step. Illeauox mo
HUM MOAM(HUIMPYET 3HAUEeHHE Ha 3aaHHbli mar. Eciu Beiopana ommust Run on click, 6yzer
BBITIONTHSTHCS 3aJaHHBIN aHATU3.
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HTTP link

HTTP link no3Bossier yctanoBuTh CBsI3b («nHK») NLS ¢ BHemHuMu nporpammamu. NLS BeicTymaer
B POJIN «CepBepay» - B Helt paboTaeT BcTpoeHHbId HT TP cepep. BHenHue nporpaMmbl SBISFOTCS
«kmuertamuy. NLS 1 mporpamma-«KJIueHT» MOTYT paboTaTh Ha OJHO U TOM K€ KOMITBIOTEPE MIIM Ha
pasHBIX KOMIIBIOTEpaX, OOMIAIOIIUXCS IPYT C IPYTOM Yepe3 JIOKAIbHYIO ceTh Win MHTepHeT.

3anyck HT TP cepBepa

Bribepure komanay Tools | HTTP Link OcuoBHoro Mento, uro6sr oTkpsiTh okHO HTTP Link:

HTTP Link #

Stark | [. Ctopped l Part : IEEI
| =

B o

3HaueHue napamerpa Port no ymonuanuto - 80, 4To ABJISE€TCSA CTaHIAPTHBIM HOMepoM nopta ainst HTTP
poToKoJia. Eciii 3TOT MOpT yxKe ucnoiib3yeTcs Apyroil mporpammoii (ckopee Bcero HTTP cepepom),
BbIOepuUTE JIF000H ApYyroit HoMep NMopTa B AUana3oHe, 1omyctuMoM uis TCP nopToB. Y 10cTOBEpHTECH,
YTO IporpaMMa-«KJIMEHT» UCIOJIb3YyeT Tako xe Homep B koManae URL 3anpoca. 3ametsTe, 4TO0 HOMEP
MopTa MOXKET ObITh U3MEHEH TOJIbKO 10 Toro, kak HTTP cepsep Obu1 3amyiiieH. UToObI H3MEHUTH HOMED
nopta nocJie Toro, kak HT TP cepBep Obu1 3amyIieH, HEOOX0IUMO 3aKPBITh IPOTPAMMY U 3aIyCTUTD €€
cHoBa. Eciiu NL5 u mporpamma-«xiimeHT» paboTaroT Ha pa3HbIX KOMITBIOTEPAX, YI0OCTOBEPHTECH, UTO
UCTOJB3yeMbIi TOpT pasperieH ajst TCP oOMeHa BCeBO3MOKHBIMU aHTUBUPYCAMH, (aiiepBoIaMH,
poyTepaMmu U T.1.

YroOsl 3anmyctuts HT TP cepep, menkuure no kHomke Start. Koraa cepsep 3amyiieH, B TEKCTOBOM
okHe Oyner nokasbiBathes |IP agpec «xineHTay, MojlydeHHas KOMaHAa U pe3ysbTaT, OCIaHHbIN
CKITUEHTY:
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A
Stop | [O Running l Fort : IED

127.0.01: open i ;I
Ok

127.001:

]
127.001: =R
4]
1270071 kran

4 o

Oxuo HTTP link mosxeT ObITh 3aKpBITO B JIFO00I MOMEHT, HE BJIMSS IPU 3TOM Ha pabOTOCIIOCOOHOCTh
cepBepa. YTOObI OCTAaHOBUTH CEPBEP, LICTKHHUTE IO KHOMKe Stop.

HTTP cepBep MoeT Takxke ObITh aBTOMATHUECKHU 3amylneH mpu crapre NLS u3 komaHIHOM cTpokH ¢
KJIr04YoM “-http”:

>nl5.exe -http

Hocbrika URL 3anpoca

ITporpamMma-«KJIMEHT» MOKET MOChIIaTh KOMaH/bl U nostydaTh fqaHHble u3 NLS, noceinas URL 3ampoc ¢
napaMeTpamMH U TOJIy4as B OTBET JaHHBIE B TEKCTOBOM Qopmare. Vms, popmar 1 nmapaMeTpbl KOMaH/IbI
URL 3anpoca (URL uTtenust) MmoryT ObITh pa3HBIMU B pa3HbIX porpamMmMax. Hampumep, B cucteme
MATLAB ucnons3yercst QyHKIHS urlread:

s = urlread('url'")

g npyrux nporpamm uiute nHpopmamuio o komanaax URL 3ampoca ¢ napamerpamu B PykoBoscTse
umu [Tomomu.

[Tapametp URL 3anpoca (URL ctpoka) umeet crnemyromuii opmar:

http://host_name:port/?2cmd=command

rie:

e host_name — ums wiu IP anpec kommbroTepa, Ha KOTOpoM 3amyiiena mporpamma NL5 ¢ HTTP
cepBepoM. Eciu mporpaMma-«KJIMEHT» padoTaeT Ha TOM JKe caMOM Komrbrotepe, host_name
MOXeT npruHUMaTh 3Hauenue “127.0.0.1” wmm “localhost”.

e port - Homep nopTa. JlommKeH OBITh TAaKUM Ke, KaKk HOMEp MopTa, ONpeIeTIeHHBIN B
koHpuryparuu HTTP cepsepa B NL5. Ecnu ucnonssyercs cranaaptasiii HT TP nopt 80, Homep
MOpTa MOYKHO OMYCTUTH, Tak uTo URL cTpoka OyeT BRI IETh TaK:

http://host_namet/?cmd=command
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e command — KoMaH/1a CKPUIITA HJIH BBIPAXKCHUE.

NLS5 BbIOJIHSIET KOMaHy WM BBIUYMCIISCT BRIPAKEHUE M BO3BPAIIACT TEKCT, KOTOPBIA MOXKET OBITh
COJIEpIKaTh CIIeAYIOIIee:

e TtekcT “OK”,

® Ppe3yNIbTaT BBIYUCIICHHOTO BBIPAKCHUS B TEKCTOBOM BHJIE (YHCIIO),

® CTpOKa YHCEIl, pa3/IeJICHHBIX 3aAThIMU, JIJIS 3alIpOca JJAHHBIX KPUBOA,

e coo0IIeHue 00 oImuoKe.

Hanpuwmep:
3anpoc: OTtBeT:
http://localhost/?cmd=open rc.nlb “OK”
http://127.0.0.1/?cmd=R1 “100”
http://192.168.0.1/?cmd=Cl=1n “2.2e-9"
http://public025:2119/?cmd=vV(Cl) 0,1, .2 *0,9.99999424754,9.9999944731, ...
http://localhost/?cmd=open test.nlb “Error opening file test”

Ecau no3Bomsier nporpamMmma-«KJIHUCHT», K URL CTPOKE MOT'YT OBITh MMPUMCHCHBI CJIICAYIOIIINC
YOpouiCHu:A, ACJar0mue €€ Mpouc 1 Jerye YUTaCMOM:

e Tekcrt “http://” MoxeT OBITB OITyIIIEH.
e Tekcr “cmd=" MOXeT OBITH OIYIIECH.
e Heckoapko koMaH MOTYT ObITh Tocanbl B oxHoi URL crpoke. Komanap! 10KHBI OBITH

pa3aciIiCHbl CUMBOJIOM ‘&,, a OTBCT Ha 3aIIpoc 6yz[eT COCTOATH U3 OTBCTOB HA KAXKAYIO KOMAaHAY,
Pa3saACICHHBIX 3aIIAThIMU:

Hanpuwmep:
3amnpoc: OTser:
127.0.0.1/20pen rc “OK”
192.168.0.101/?R1&C1&L1 “100,2.2e-9,100e-3"
http://public025:222/?store R1 “OK”
localhost/?V(Cl) .mean N1.27978684602”

3anmyck cCUMYJISIIUA

Ecmm wepes HT TP nmHK 3anpornieHa koMaHaa aHaimu3a mepexoqHoro mporecca tran (wmu cont) wim AC
anamm3a AC, NLS5 moceinaet otBer “OK” HememneHHO, 0€3 OKMAAHN OKOHYAHUS aHaJIN3a. ITO
CZEJIaHO JJI TOTO, YTOOBI M30€XaTh BO3MOXKHBIX TaliM-ayTOB B CIIydae JOJITOTO MPOIecca CUMYIISIITUH.
[TporpaMmMa-«KJIMEHT» JOJDKHA caMa MPOBEPSTh, OKOHYECHA JIM CUMYIISALINS, TEPUOTUIECKH ITOCHLIAs
komany ready u nposepsist otBeT NLS. OTBer “0” 03Ha4YaeT, 4YT0 CUMYJIAIMS €Ille He OKOHUYeHa, 17 —
CUMYJISIIIUS] OKOHYEHA U MOKET OBITh MOCIaHa CeNyIomIas kKoManaa. Eciau Bo BpemMsi CUMYIISIIIIH
npown3onuia omudka, NL5 Bo3Bpatut coobiienue 06 ommoxe.
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IIpumep cesazu NLS-MATLAB

Crnenyromuii npumep nokassiBaeT ucnoib3oBanue NLS coBmectno ¢ cuctemoit MATLAB. B NLS
samymied HTTP cepBep u 3arpyskena cxema u3 ¢aiina “link_example.nl5”. B okue nepexoaHoro
IIpolecca oka3aH OTKJIMK CXEMbI Ha CTYIIEHbKY HanpspkeHus Ha ucrounuke V1 g R1=1:

Run b= 50.01 D.0MB Double
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[MpuBenennas ke nporpamma 3arpyxesa B MATLAB u3 gaiina “link_example.m” u BeimonneHa::

clear
clc
close all
R=logspace (-1,1);
Header='http://127.0.0.1/2"';
Cmd2=[Header, '"tran'];
Cmd3=[Header, 'ready'];
Cmd4=[Header, 'V(out) 0,50,.1'];
for k=1l:length (R)
Cmdl=[Header, 'R1="',num2str (R(k))];
urlread (Cmdl) ;
urlread (Cmd2) ;
Response='0";
while strcmp (Response,'0")
Response=urlread (Cmd3) ;
end
Graph (k, :)=str2num(urlread(Cmd4)) ;
end
Graph=Graph';
surf (Graph)
shading flat
colormap jet
colorbar
ylim ([0 400])

[Iporpamma uzmensier conporusiienne R1 B quanazone 0.1...10 ¢ jorapuMUYECKUM MIarom,
BBIUUCIIACT MMEPEXOIHBIN MPOIIeCcC, CUUThIBaeT KpuByto V(0Ut) 1 oToOpakaet V(0Ut) B BUIEC TpeXMEpHOM
MOBEPXHOCTH, Kak (PyHKIMU BpeMeHH U BeandnHbl R1:

300 350

Qaitnel-pumepsl cxembl 1 MATLAB nporpamMmbl HaXOASTCS B TUPEKTOPUH Examples/MATLAB
MOJTHOTO 3arpy304Horo makera NLS (zip-daiin).
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VI1I. Attachments

[Ipunoxxkenus, Kak cogepxaiiue cyryoo TeXHU4ecKyto HH(GOpMallnio, TOKa HE MepPeBeCHbI.

R AR M SR
PHERH Y

I
— for ri=ik, 100k, 10k
I

-— for cil=1n,5n,1n
tau=rl¥cl
tran
store tau

next
next
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1. Component Types, Models and Parameters

Component types are described in the following format:

L etter Type Model 1 o ;
' Picture of !
CTTTTTTTTTT s ! Model 2 iV, I, P traces
! Symbol ! : :
. X ceoe L L |
| View 1 i | View 2
L om e VoLl oo Description of views (optional)
(optional)

Model and parameters are presented as follows:

Letter Type Example file name

Model Par 1 Unit 1 Par 1 description

name Par 2 Unit 2 Par 2 description

Model
specific
view
(optional)

Detailed description of the model and parameters.

Model example files are located in the Examples/components folder of the NL5 complete package
download zip file.
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Label
Model

Label

Label
Model

Label Label I

V &

Label Pulse

®

Step

Sin
PWL
Function
File
SubCir

Models

Traces
g

Label/Label_Label.nl5

Parameter Units Description
VIC V Initial condition: initial voltage.
R Ohm Initial resistance.

Label. This model can be used:

- As a voltage trace probe point.
- For connecting schematic points without wires, including points at different sheets.
- To apply initial voltage during DC operating point calculation.

When calculating DC operating point, if initial voltage “VIC” is not blank, the temporary voltage
source “VIC” is connected to the label through initial resistor “R”. When DC operating point is
found, the voltage source is removed.

Please note: “VIC” is not a constant voltage source! This voltage will be removed after DC

operating point calculation, and the label will be floating! For constant voltage source use V
model.

Label/Label_V.nl5

Parameter Units Description
\% \% Voltage.

Constant voltage source. Voltage = “V”.
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Label

Model

Pulse

Parameter
Vi

VO
Period
Width
Slope
Rise

Fall
Delay

Units

w0 <

(7]

Label/Label_Pulse.nl5

Description

Pulse On voltage.

Pulse Off voltage.

Period.

Pulse width.

Slope type: Linear/Cos/Exp
Pulse rise length.

Pulse fall length.

Delay before first pulse starts.

Pulse voltage source. Pulses start after “Delay” time. “Rise” time is included into “Width”,
“Fall” time is not included into “Width”. Almost every parameter can be set to zero and infinity
(“inf"); otherwise the error message will be displayed.

i _/_\_/
w0

Delay @ Rize

iicith

Fall 1

Petiod

Slope type applies both to pulse rise and fall. The following slope types are available:

—

Rize

Linear

Fize t | Rize t

Cos (cosine) Exp (exponential)
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Label
Model

Step

Parameter Units
V1 \%

VO \%
Slope

Rise

Delay S

Description

Step On voltage.

Step Off voltage.

Slope type: Linear/Cos/Exp
Step rise length.

Delay before step starts.

Step voltage source. Step starts after “Delay” time.

W1 f
W0

Delay | Rise

t

The following slope types are available:

—

Fize t

Linear

Rize t | Fize t

Cos (cosine) Exp (exponential)
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Label
Model

Sin

Label/Label_Sin.nI5

Parameter Units Description

Vi Vv Voltage amplitude.

VO \Y Voltage baseline.

Period S Period.

Phase deg Phase.

Delay S Delay before sine signal starts.

Sine voltage source. Sine signal starts after “Delay” time. “Phase” is sine phase in degrees

at the moment when signal starts:

1 A
W0 Y0

M Delary v i W
Period
Phase =0

) WA

Delay \\_’f' t

Period

Phase =90

If transient is paused, sine period changed, then transient is continued, the phase of the signal
remains continuous, providing smooth sine signal of variable frequency:

AN,
\/;vU Ut

Period changed
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Label
Model

PWL

Label
Model

Function

Label/Label PWL.nI5

Parameter Units Description

pwl Comma-separated string.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Piece-wise linear voltage source. Signal is defined by “pwl” parameter in the csv (“comma-
separated values”) format, as follows:

t0,V0,t1,V1,...,tn,Vn
where all t and V can be numerical values or expressions. If t<t0, signal is VO. If tO<t<t1, signal
value is linearly interpolated between VO and V1, etc. If t>tn, then signal value is Vn if “Cycle”
parameter is set to “No”, otherwise signal defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:
pwl = 0,0,1,2,4,3,5,0,8,0

If “Cycle” = Yes, “Delay” = 0, the following voltage will be generated:

1 2 3 [ 3 & 7 3 ] 10 1" 12 13 14 13 &
Label/Label_Function.nl5
Parameter Units Description
F(t) \% Function

Arbitrary function. F(t) defines voltage as a function of the following variables:

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(t) is blank, voltage is zero.
Example:

F(t) = sin(t) * (1+cos(t*.01))

F(t) = V(R1) * I(R1)

Please note that V, |, and P variables are taken at previous calculation step. This may affect
stability of the schematic with closed loop.
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Label Label/Label_File.nl5
Model Parameter Units Description
File File File name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Voltage source defined in the text file. “File” parameter is a file name, with full path to the
file. If the file is located in the same directory as schematic file, the path can be omitted. Signal
is defined in the csv (“comma-separated values”) format, as follows:

<if first line does not start with a number, it is ignored >
t0, Vo0
tl,Vv1

where all t and V can be numerical values or expressions. If t<t0, signal is VO. If tO<t<t1, signal
value is linearly interpolated between VO and V1, etc. If t>tn, then signal value is Vn if “Cycle”
parameter is set to “No”, otherwise signal defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:

@0 Ul = O
O O whN o

I4
’
I4
’
I4

If “Cycle” = Yes, “Delay” = 0, the following voltage will be generated:

1 2 3 [ 3 & 7 3 ] 10 1" 12 13 14 13 &
Label Label/Label_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.

258



E NL5 circuit simulator PykoBopacTteo Nonb3oBatens

A Amperemeter Amperemeter +—’:

P=Vel v

_|_

Models
Traces

\%

A Amperemeter A/ A_Amperemeter_Amperemeter.nl5

Model No parameters

Amperemeter Amperemeter. Short circuit. In addition to current, amperemeter can measure voltage
relative to ground, and power to grounded load.
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C Capacitor c -
< PWL B V| — l |
* g 1 % -
_‘ < Function E
SubCir
P=Vel
C Capacitor C/C_Capacitor_C.nl5
Model Parameter Units Description
C C F Capacitance
IC V Initial condition: voltage. Leave blank if IC not defined.
Linear capacitor. | = C*dV/dt.
When calculating DC operating point, if “IC” is defined, capacitor is replaced with voltage
source equal to IC. If “IC” is not defined (blank), capacitor is temporarily removed (open
circuit), DC operating point calculated, and then the voltage found across the capacitor is
assigned to the capacitor as its initial voltage.
C Capacitor C/C_Capacitor_PWL.nI5
Model Parameter Units Description
PWL pwl Comma-separated string, C(V)
IC \% Initial condition: voltage. Leave blank if no IC defined.

Piece-wise linear capacitor. “pwl” string defines capacitance as a function of voltage. See
Working with PWL model chapter for details.

When calculating DC operating point, if “IC” is defined, capacitor is replaced with voltage
source equal to IC. If “IC” is not defined (blank), capacitor is temporarily removed (open
circuit), DC operating point calculated, and then the voltage found across the capacitor is
assigned to the capacitor as its initial voltage.
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C Capacitor C/C_Capacitor_Function.nl5
Model Parameter Units Description
Function Z(s) Ohm Impedance as a function of s parameter.

Impedance function in s domain. For transient, constant impedance Z(0) is used. For
linearized AC analysis, complex impedance Z(s) is used. The following variables can be used
in the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 2zf .

s or p — Laplace parameter, s = p = j*2zf.

Example:
Z(s) =1.0/3p/s + 1.5p - 3 pF capacitor in series with 1.5 pH inductor.
Z(s) =(1.0/10n/s)||1k - 10 nF capacitor in parallel with 1 kOhm resistor.

C Capacitor C/C_Capacitor_SubCir.nI5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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C

Views

C

Voltage controlled

- PWL
capacitor I
P v L
%) " Vin : V [l
L (<] <] -
— 8 8 I
S =
_+ I _ P=Vel
o+ 1 I+
Voltage controlled capacitor C/C_VCC_PWL.nl5
Model Parameter Units Description
PWL pwil Comma-separated string, C(Vin)
IC Y, Initial condition: voltage. Leave blank if IC not defined.

Piece-wise linear voltage controlled capacitor. At any moment, capacitor is a linear
capacitor. Its capacitance C is a function of control voltage:

| = C(Vin)*dV/dt.

“pwl” string defines capacitance as a function of control voltage Vin. See Working with PWL
model chapter for details.

When calculating DC operating point, if “IC” is defined, capacitor is replaced with voltage
source equal to IC. If “IC” is not defined (blank), capacitor is temporarily removed (open
circuit), DC operating point calculated, and then the voltage found across the capacitor is
assigned to the capacitor as its initial voltage.
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C Current controlled PWL

capacitor

Iinl - Vll

— P=Vel

*

Models
Traces

¢ A A
>
C Current controlled capacitor C/C_CCC_PWL.nl5
Model Parameter Units Description
PWL pwl Comma-separated string, C(lin)
IC \% Initial condition: voltage. Leave blank if IC not defined.

Piece-wise linear current controlled capacitor. At any moment, capacitor is a linear
capacitor. Its capacitance C is a function of control current:

| = C(lin)*dV/dt.

“pwl” string defines capacitance as a function of control current lin. See Working with PWL
model chapter for details.

When calculating DC operating point, if “IC” is defined, capacitor is replaced with voltage
source equal to IC. If “IC” is not defined (blank), capacitor is temporarily removed (open
circuit), DC operating point calculated, and then the voltage found across the capacitor is
assigned to the capacitor as its initial voltage.
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Di :
D ode Diode
» Storage 2 \Y i |
3 &
PWL
SubCir P=Vel
D Diode D/D_Diode_Diode.nl5
Model Parameter Units Description
Diode vd \Y Forward voltage drop.
IC Initial condition: On/Off.

Ideal diode. If V >=*Vd”, diode is On (short circuit). Otherwise diode is Off (open circuit, 1=0).

|"v"d i

When calculating DC operating point diode is set to the state specified in “IC”.
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D  Diode D/D_Diode_Storage.nl5
Model Parameter Units Description
Storage vd Vv Forward voltage drop.
S Recombination time constant.
IC Initial condition: Off/On.
ICQ C (A*s) | Initial condition: charge.

Charge storage diode. Simplified equivalent schematic of the model is the following:

LIl
T

b

'1'v:"
LA I I
Q L‘L
1. Forward current 2. Reverse current 3. No current
vV="vd”, 1>0,Q>0 V=0,1<0,Q>0 V<0,1=0,Q=0

The diode has internal capacitor C and resistor R, with the time constant RC = “t”, Q is the
charge on the capacitor. In mode 1, forward current flows through the diode and forward
voltage drop is “Vd”. At the same time, the current equal to forward current is charging
capacitor C. In mode 2, reverse current is applied to the diode, and capacitor C is being
discharged by the current equal to reverse current. As long as charge Q on the capacitor is
positive, the diode is a short circuit with zero voltage drop. Finally, when charge drops to zero,
the diode switches to mode 3, with zero current and negative voltage drop (open circuit). V, I,
and Q waveforms are shown on the graph:

When calculating DC operating point the diode is set to the state specified in “IC”, and internal
charge Q is set to specified “ICQ” value.
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D

Diode
Model

Soft

D/D_Diode_Soft.nl5

Parameter Units Description

vd Vv Forward voltage drop.

t S Recombination time constant.
ts S Soft recovery time constant.
IC Initial condition: Off/On.

ICQ C (A*s) | Initial condition: charge.

Soft recovery charge storage diode. Simplified equivalent schematic of the model is the

following:
1
FE N {{E}

& &
LA O%H i

® ®

1. Forward current 2. Reverse current 3. Soft recovery
v=“vd’,1>0,Q>0 V=“Vd”, 1<0,Q>0 V<“Vvd”,1<0,Q>0
C=1,R=“t" C=1,R=“" C=1,R=“ts”

The diode has internal capacitor C=1 and resistor R. Time constant RC is equal either
recombination time constant “t”, or soft recovery time constant= “ts”. Q is the charge on the
capacitor. In mode 1, forward current flows through the diode and forward voltage drop is “Vd”.
At the same time, the current equal to forward current is charging capacitor C. In mode 2,
reverse current is applied to the diode, and capacitor C is being discharged by the current
equal to reverse current. Voltage drop on the diode is still “Vd”. At the moment when reverse
current is equal or less than charge divided by soft recovery time constant “ts”, a mode 3 is
turned on. In mode 3, capacitor C is being exponentially discharged by the current through
resistor R with time constant “ts” (plus small constant current to ensure full discharge - not
shown on the picture). Reverse diode current is proportional to the charge. As soon as charge
drops to zero, the diode switches to mode 4 (not shown), with zero current and negative
voltage drop (open circuit). See demo schematic D/D_Diode_Soft.nl5 for examples of soft
recovery waveforms.

When calculating DC operating point the diode is set to the state specified in “IC”, and internal
charge Q is set to specified “ICQ” value.
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D Diode
Model

PWL

D Diode
Model

SubCir

Parameter

pwil

Units

D/D_Diode_PWL.nI5

Description

Comma-separated string, R(V)

Piece-wise linear diode. “pwl” string defines resistance as a function of voltage. See Working
with PWL model chapter for details.

Parameter
File

Pinl
Pin2
Cmd

IC

Units

D/D_Diode_SubCir.nl5

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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D

D Zener
Model

Zener

D Zener
Model

PWL

D Zener
Model

SubCir

Zener

-

Parameter

\Y
vd
IC

Units
\/
Vd

Models

Zener
PWL
SubCir

Traces

P=Vel

Description

Breakdown voltage drop.
Forward voltage drop.

Initial condition: Minus/Off/Plus.

D/D_Zener_Zener.nl5

Ideal zener. If V <=-*V” or V >= “Vd”, zener is On (short circuit). Otherwise zener is Off (open

circuit, 1=0).

Wl

When calculating DC operating point zener is set to the state specified in “IC”.

Parameter

pwl

Units

Description

Comma-separated string, R(V)

D/D_Zener_PWL.nl5

Piece-wise linear zener. “pwl” string defines resistance as a function of voltage. See Working
with PWL model chapter for details.

Parameter
File

Pin1
Pin2
Cmd

IC

Units

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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[D Bidirectional zener

Zener ‘
2 PWL Y l |
° . %
>' < ¢ < SubCir = .
P=Vel
D Bidirectional zener D/D_BZener_Zener.nl5
Model Parameter Units Description
Zener \% \% Breakdown voltage drop.
IC Initial condition: Minus/Off/Plus.
Ideal bidirectional zener. If V <= -“V” or V >= “V”, zener is On (short circuit). Otherwise zener
is Off (open circuit, 1=0).
|
- Wy
When calculating DC operating point zener is set to the state specified in “IC”.
D Bidirectional zener D/D_BZener_PWL.nl5
Model Parameter Units Description
PWL pwl Comma-separated string, R(V)
Piece-wise linear zener. “pwl” string defines resistance as a function of voltage. See Working
with PWL model chapter for details.
D Bidirectional zener D/D_BZener_SubCir.nI5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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D Bridge rectifier

Model

D  Bridge rectifier Diode P = Vel + Vel
+ Vael3 + Vyely
g
s —
D/D_Bridge_Diode.nl5
Parameter Units Description
vd \% Forward voltage drop.

Diode

Bridge rectifier with ideal diodes. For each diode, if V >= “Vd”, diode is On (short circuit).
Otherwise diode is Off (open circuit, 1=0).

[ y

When calculating DC operating point all diodes are Off.

270



EBY NL5 circuit simulator

PykoBopacTteo Nonb3oBatens

D Logic controlled

thyristor

D  Logic controlled thyristor

Model

Thyristor

Parameter Units
vd \%
Ilhold A

IC

Models

Thyristor ‘
SubCir . Vv l I
8 _
= Vin
v P=VelI
D/D_LCT_Thyristor.nl5
Description

Forward voltage drop.
Holding current.
Initial condition: Off/On.

Ideal thyristor. Thyristor has two states:

- Off state (non-conducting): open circuit.
- On state (conducting): ideal diode with “Vd” forward voltage drop.

If control voltage “Vin” is greater than logical threshold, thyristor is in On state (ideal diode).
When control voltage drops below logical threshold, thyristor stays in On state as long as
current | exceeds holding current “lhold”, and voltage V is not negative.

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then
click Advanced button.

When calculating DC operating point thyristor is set to the state specified in “IC”.

D Logic controlled thyristor

Model

SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Pin4

Cmd

IC

D/D_LCT_SubCir.nl5

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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D

Views

Voltage controlled

thyristor

D Voltage controlled thyristor

Model

Thyristor

Parameter Units
vd Vv
Ihold A
Threshold \%

IC

Models

Thyristor | ‘
SubCir . vinl 7 v l |
8 |
|_
P=Vel
D/D_VCT_Thyristor.nl5
Description

Forward voltage drop.
Holding current.
Voltage threshold.
Initial condition: Off/On.

Ideal thyristor. Thyristor has two states:

- Off state (non-conducting): open circuit.
- On state (conducting): ideal diode with “Vd” forward voltage drop.

If control voltage “Vin” is greater than “Threshold”, thyristor is in On state (ideal diode). When
control voltage drops below “Threshold”, thyristor stays in On state as long as current |
exceeds holding current “lhold”, and voltage V is not negative.

When calculating DC operating point thyristor is set to the state specified in “IC”.

D Voltage controlled thyristor

Model

SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Pin4

Cmd

IC

D/D_VCT_SubCir.nl5

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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D Current controlled thyristor

Model

Thyristor

Parameter Units
vd Vv
Ihold A
Threshold A

IC

Models

Thyristor ‘
SubCir ) Lin l v l |
8
|_
P=Vel
D/D_CCT_Thyristor.nl5
Description

Forward voltage drop.
Holding current.
Current threshold.
Initial condition: Off/On.

Ideal thyristor. Thyristor has two states:

- Off state (non-conducting): open circuit.
- On state (conducting): ideal diode with “Vd” forward voltage drop.

If control current “lin” is greater than “Threshold”, thyristor is in On state (ideal diode). When
control current drops below “Threshold”, thyristor stays in On state as long as current |
exceeds holding current “lhold”, and voltage V is not negative.

When calculating DC operating point thyristor is set to the state specified in “IC”.

D Current controlled thyristor

Model

SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Pin4

Cmd

IC

D/D_CCT_SubCir.nl5

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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F Function

Model

Function

— il

F/F_Function_Function.nl5

Parameter Units Description

F(x) V Output as function of the input.
F(s) AC transfer function in s domain.
IC \% Initial condition: output voltage.

Arbitrary function.

Transient analysis. F(x) defines output voltage as a function of the following variables:

X — input voltage Vin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(x) = x"3
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input voltage x and variables V, I, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.

Example:
F(s) = 1/(1+s)
F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain at each
frequency.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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F Function
Model

Pwr

— pwer

F Function
Model

Abs

— abs

F/F_Function_Pwr.nl5

Parameter Units Description

power Power.

K VIV Gain.

IC \% Initial condition: output voltage.

“Signed” power function. V =K * pwr( Vin, power ).

The function is calculated as follows:

if power = 0:
ifVin<0...: V=-K
ifVin=0...: V=0
ifVin>0...: V=K

if power # 0:
ifVin<o0...: V:_K*(_Vin)power
ifVin=0...: V=0
ifVin>0...: V(=K*Vin™"

When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.

F/F_Function_Abs.nl5

Parameter Units Description
K VIV Gain.
IC \% Initial condition: output voltage.

Absolute value. V =K *abs(Vin).
When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F

Function
Model

Int

it

Function

Model
Lim

lirm

F/F_Function_Int.nI5
Parameter Units Description
resolution \Y Resolution.
K VIV Gain.
IC \% Initial condition: output voltage.

Rounding function. V =K * round( Vin, resolution ).
Round to the nearest multiple of “resolution”. If resolution = 1, round to the nearest integer.
When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.

F/F_Function_Lim.nI5
Parameter Units Description
Max V Maximum.
Min V Minimum.
IC \% Initial condition: output voltage.

Limiting function. The function is calculated as follows:

ifVin<Min...: V=Min
if Vin > Max ..: V= Max
Otherwise . ....: V=Vin

When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F Function
Model

Table

{=-

F Function
Model

SubCir

F/F_Function_Table.nI5

Parameter Units Description
Table Comma-separated string, Vin/Vout pairs.
IC V Initial condition: output voltage.

Look-up table. Function output is defined by “Table” parameter in the csv (‘comma
separated values”) format, as follows:

X1,Y1,X2,Y2,...,.XN,YN

where Xi,Yi pair defines input value (X) and output value (Y). Output value between specified
points is linearly interpolated. Output value below X1 is linearly extrapolated using X1...X2
interval data, output value above XN is linearly extrapolated using X(N-1)...XN interval data.
Values X1...XN should be given in an ascending order.

See Working with Table model chapter for more details.
When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.

F/F_Function_SubCir.nl5

Parameter Units Description

File File name of subcircuit schematic.

Pin1 Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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F Function-2 F/F_Function-2_Function.nl5
Model Parameter Units Description
Function F(x,y) V Output as function of the inputs.
F(s) AC transfer function in s domain.
—u IC \% Initial condition: output voltage.
fixy) . .
Iy Arbitrary function.

Transient analysis. F(X,y) defines output voltage as a function of the following variables:

X — input voltage Vx

y — input voltage Vy

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x,y) is blank, output is zero.
F(s) is ignored.

Example:
F(X,y) = sqrt(x*x+y*y)
F(x,y) = x *y * sin(t)
F(x,y) = P(r1)+P(r2)

Please note that input voltages x, y, and variables V, |, P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.
Example:

F(s) = 1/(1+s)

F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(X,y) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain..

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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F Function-2 F/F_Function-2_Mul.nl5
Model Parameter Units Description
Mul K VIV Gain.
IC V Initial condition: output voltage.

Multiplication. V = K* Vx * Vy.

by
—y When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
F Function-2 F/F_Function-2_Div.nl5
Model Parameter Units Description
Div K VIV Gain.
IC \% Initial condition: output voltage.
H Division. V =K * Vx / Vy.
Ky
Iy If vy =0,V =0.
When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
F Function-2 F/F_Function-2_Sum.nl5
Model Parameter Units Description
Sum K VIV Gain.
IC \% Initial condition: output voltage.
—x
Addition. V =K* (Vx + Vy).
iy it (VX + Vy)
—¥ When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F Function-2 F/F_Function-2_Sub.nl5
Model Parameter Units Description
Sub K VIV Gain.
IC V Initial condition: output voltage.
—y '
Subtraction. V =K* (Vx - Vy).
Hey
— ¥ When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
F Function-2 F/F_Function-2_Max.nl5
Model Parameter Units Description
Max K VIV Gain.
IC \% Initial condition: output voltage.
—x
Maximum. V = K* max( VX, Vy).
mmax
—w ifVx>=Vy..: V=K*Vx
ifVx<Vy...: V=K*Vy
When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
F Function-2 F/F_Function-2_Min.nl5
Model Parameter Units Description
Min K VIV Gain.
IC \% Initial condition: output voltage.
] }{ . . .
) Minimum. V = K * min(Vx, Vy).
i
— ¥ ifVx>=Vy..: V=K*Vy

ifVXx<Vy...: V=K*Vx
When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F Function-2 F/F_Function-2_GT.nI5
Model Parameter Units Description
GT IC V Initial condition: output voltage.
. Greater than. V =Vx > Vy ? High : Low.
My ifVx<=Vy..: V=Low
Iy if VXx>Vy...: V=High
High and Low are logical levels. To see and set logical levels go to Transient | Settings, or
AC | Settings then click Advanced button.
When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
F Function-2 F/F_Function-2_LT.nl5
Model Parameter Units Description
LT IC \% Initial condition: output voltage.
Less than. V =Vx < Vy ? High : Low.
—x
Ky if Vx<Vy....: V=High
Iy ifVx>=Vy...: V=Low

High and Low are logical levels. To see and set logical levels go to Transient | Settings, or
AC | Settings then click Advanced button.

When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F Function-2 F/F_Function-2_Pwr.nl5
Model Parameter Units Description
PWr K VIV Gain.
IC V Initial condition: output voltage.
e “Signed” power function. V = K * pwr( VX, Vy).
E
I The function is calculated as follows:
if Vy = 0:
ifVx<0...: V=-K
ifVx=0...: V=0
ifVx>0...: V=K
if Vy # 0:
fVx<0...: V=-K*(vx)"W
ifVx=0...: V=0
ifVx>0...: V=K*Vvx”
When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
F Function-2 F/F_Function-2_Mag.nl5
Model Parameter Units Description
M ag K VIV Gain.
IC \% Initial condition: output voltage.
gk . 2 2
Magnitude. V =K *sqrt( Vx° + Vy~).
rag
— When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F

F

Function-2 F/F_Function-2_Phase.nl5
Model Parameter Units Description
Phase K VIV Gain.
IC V Initial condition: output voltage.
—
Ohase Phase. V = K * phase( Vx, Vy).
—¥ V in Volts is equal to phase of a vector Vx + jVy in degrees.
IfVvx=0andVy=0: V=0.
When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
Function-2 F/F_Function-2_Table.nl5
Model Parameter Units Description
Table X Comma-separated string, X (input values).
Y Comma-separated string, Y (input values).
—x Table Comma-separated string, Table of Z (output values).
== IC \% Initial condition: output voltage.
U 2D look-up table. Function output is defined by “Table” parameter in the csv (“comma

separated values”) format, as follows:

“Table” parameter of the model defines output of the component Z as a function of X and Y
inputs of the component in the following format:

Z211,212,...,Z1N,Z221,222,...,Z2N,...,.ZM1,ZM2,...,ZMN

where:
e Zij defines output of the function for input values Xi and Yj;
e N is total number of X input values, defined by “X” parameter;
e Mis total number of Y input values, defined by “Y” parameter.

Output value between specified X and Y points is linearly interpolated on both coordinates.
Output value below X1 is linearly extrapolated using X1...X2 interval data, output value above
XN is linearly extrapolated using X(N-1)...XN interval data. The same rule is applied to Y
coordinate

See Working with 2D Table model chapter for more details.
When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F Function-2

Model

SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Cmd

IC

F/F_Function-2_SubCir.nI5

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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F Custom function Function |
—x1
—|x2  Fr—
B =1 ] = v
B x2 F &
X P=Vel v
B %3 ]
% [l
clack

This is a customized component. A component can be edited in the Edit Component dialog box. See Editing
customized component chapter for instructions on editing a component.

This component may have:
- arbitrary size up to 32(width) X 8(height),
- upto 8 inputs on the left side,
- one output on the right side,
- one or no clock pins on the bottom side.
- custom input and output names.

Examples of Custom function component:

Fi— —input ¥l
—u2  F
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F/F_Custom_Function_Ex1.nI5

F Custom function F/F_Custom_Function_Ex2.nl5
F/F_Custom_Function_Ex3.nl5
Model Parameter Units Description
Function F(x) V Output as function of the inputs.
F(s) AC transfer function in s domain.
IC \% Initial condition: output voltage.

Arbitrary function.

Transient analysis. F(x) defines output voltage as a function of the following variables:

pin_name — input voltage on the input pin “pin_name”
t - current time

V(name) - voltage on the component name

I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(x) = max(x1,x2,x3)
F(x) = (in1+in2)*V(R1)

If clock pin does not exist, the model operates in “continuous” mode: the function is calculated
and applied to the output on every calculation step. Please note that input voltages and
variables V, |, P are taken at previous calculation step. This may affect stability of the
schematic with closed loop.

If clock pin exists, the model operates in “synchronized” mode: the function is calculated and
applied to the output only on rising edge of logical clock signal. As a result, “synchronized”
mode provides faster simulation than “continuous” mode.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.
Example:

F(s) = 1/(1+s)

F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.

If clock pin exists, F(s) is ignored, and transfer function of the model is zero.
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| Current source

Model Parameter Units
| | A

Constant current source. Current =

Models

I

Pulse
Step

Sin

PWL
Function
File
SubCir

Description

Current.
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| Current source
Model Parameter

11

o]
Period
Width
Slope
Rise
Fall
Delay

Pulse

Units

nw n >

(7]

I/_CS_Pulse.nl5

Description

Pulse On current.

Pulse Off current.

Period.

Pulse width.

Slope type: Linear/Cos/Exp
Pulse rise length.

Pulse fall length.

Delay before first pulse starts.

Pulse current source. Pulses start after “Delay” time. “Rise” time is included into “Width”,
“Fall” time is not included into “Width”. Almost every parameter can be set to zero and infinity
(“inf"), otherwise the error message will be displayed.

L\

Delay @ Rize

iicith

Fall 1

Slope type applies both to pulse rise and fall. The following slope types are available:

—

Rize

Linear

Rize t | Fize t

Cos (cosine) Exp (exponential)
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| Current source I/l_CS_Step.nl5
Model Parameter Units Description
Step 11 A Step On current.
10 A Step Off current.
Slope Slope type: Linear/Cos/Exp
Rise S Step rise length.
Delay S Delay before step starts.

Step current source. Step starts after “Delay” time.

T

Delay | Rize t

The following slope types are available:

—

Fize t Rize t | Rize t

Linear Cos (cosine) Exp (exponential)
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| Current source I/1_CS_Sin.nl5
Model Parameter Units Description
Sin 11 A Current amplitude.
10 A Current baseline.
Period S Period.
Phase deg Phase.
Delay S Delay before sine signal starts.

Sine current source. Sine signal starts after “Delay” time. “Phase” is sine phase in degrees at
the moment when signal starts:

SN\ LN A
1 [ Delay \J M ey N\_J t

Period Period

Phase =0 Phase =90

If transient is paused, sine period changed, then transient is continued, the phase of the signal
remains continuous, providing smooth sine signal of variable frequency:

AN,
\/;vU Ut

Petiod changed
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| Current source I/1_CS_PWL.nI5
Model Parameter Units Description
PWL pwl Comma-separated string.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Piece-wise linear current source. Signal is defined by “pwl” parameter in the csv (“comma-
separated values”) format, as follows:

t0,10,t1,11,...,tn,In
where all t and | can be numerical values or expressions. If t<t0, signal is 10. If tO<t<t1, signal
value is linearly interpolated between 10 and I1, etc. If t>tn, then signal value is In if “Cycle”
parameter is set to “No”, otherwise signal defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:
pwl = 0,0,1,2,4,3,5,0,8,0

If “Cycle” = Yes, “Delay” = 0, the following current will be generated:

See Working with PWL source chapter for more details.

| Current source I/1_CS_Function.nl5
Model Parameter Units Description
Function F(t) A Function

Arbitrary function. F(t) defines current as a function of the following variables:

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(t) is blank, current is zero.
Example:

F(t) = sin(t) * (1+cos(t*.01))

F(t) = V(R1) * I(R1)

Please note that V, |, and P variables are taken at previous calculation step. This may affect
stability of the schematic with closed loop.
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| Current source I/l_CS_File.nl5
Model Parameter Units Description
File File File name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Current source defined in the text file.“File* parameter is a file name, with full path to the
file. If the file is located in the same directory as schematic file, the path can be omitted. Signal
is defined in the following format:

<if first line does not start with a number, it is ignored>
t0,I0
tl,I1

where all t and | can be numerical values or expressions. If t<t0, signal is vO. If tO<t<t1, signal
value is linearly interpolated between 10 and I1, etc. If t>tn, then signal value is In if “Cycle”
parameter is set to “No”, otherwise signal defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:

@0 Ul = O
O O whN o

I4
’
I4
’
I4

If “Cycle” = Yes, “Delay” = 0, the following current will be generated:

1 2 3 [ 3 & 7 3 ] 10 1" 12 13 14 13 &
| Current source I/1_CS_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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| Voltage controlled Linear
current source . | g
Function _ v
. PWL Vin _ V [l
£ vco g |
'_
= Pulse
_+ PWM P=Vel
SubCir
: K e
S _+ o+
| Voltage controlled current source I/_VCCS_Linear.nl5
Model Parameter Units Description
K AN Gain

Linear

Linear voltage controlled current source. | = K * Vin.
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| Voltage controlled current source I/l_VCCS_Function.nl5
Model Parameter Units Description
Function F(x) A Output as function of the input.
F(s) AC transfer function in s domain.
IC A Initial condition: output current.

Arbitrary function.

Transient analysis. F(x) defines output current as a function of the following variables:

X — input voltage Vin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(x) = x"3
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input voltage x and variables V, I, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.
Example:

F(s) = 1/(1+s)

F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output current “IC”.
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Voltage controlled current source

Model
PWL

Voltage controlled current source

Model
VCO

Voltage controlled current source

Model

Pulse

Parameter Units

pwil

I/l_VCCS_PWL.nI5

Description
Comma-separated string, K(Vin)

Piece-wise linear voltage controlled current source. Source gain K is defined by “pwl”
string as a function of input voltage Vin. See Working with PWL model chapter for details.

Parameter Units
11 A

10 A
dFdv Hz/V
Phase deg
Type

I/l_VCCS_VCO.nl5

Description

Current amplitude (Sin), or Pulse On current (Pulse).
Current baseline (Sin), or Pulse Off current (Pulse).
Gain.

Phase.

Signal type: Sin/Square/Triangle/Sawtooth.

Voltage controlled oscillator. Output current is a signal with frequency equal to:

f(Hz) = dFdV * Vin.

For Sine signal, “10” is baseline, and “I1” is amplitude. For Square, Triangle, and Sawtooth
signals, “I0” is Off level, “I1” is On level. “Phase” is additional phase of the signal, in degrees.

Parameter Units
Width S
Threshold \%
11 A
10 A

I/_VCCS_Pulse.nl5
Description
Pulse width.
Voltage threshold.
Pulse On current.
Pulse Off current.

One-shot pulse generator. When increasing input voltage Vin crosses “Threshold” value,
current pulse of “Width” duration is generated. “10” is pulse Off level, “11” is pulse On level.
If increasing Vin crosses “Threshold” value while pulse is generated, the pulse is restarted.
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Voltage controlled current source I/_VCCS_PWM.nI5
Model Parameter Units Description
PWM 11 A Pulse On current.
10 A Pulse Off current.
F Hz Frequency.
Phase deg Phase.
Vmax \% Input voltage corresponding to 100% duty.

Voltage controlled Pulse-Width Modulator. Output current is a pulse signal of frequency “F”
shifted by “Phase”. Input voltage Vin is sampled at the beginning of each cycle of the signal,
and width of the output pulse during this cycle is calculated according to the equation:

width = 1/F * (Vin / Vmax)
or
duty = 100% * (Vin / Vmax);

If the width is equal or less than zero, a short “On” pulse with the width equal to the minimum
calculation step at that moment will be generated. If the width is equal or greater than period
of frequency “F”, a short “Off” pulse at the end of the period will be generated. Due to that, the
frequency of the output signal is always “F". Such a signal can be, for instance, divided by D-
trigger to create a signal with duty cycle less than 50%.

Voltage controlled current source I/_VCCS_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pin1 Name of subcircuit label connected to pin 1

Pin2 Name of subcircuit label connected to pin 2

Pin3 Name of subcircuit label connected to pin 3

Pin4 Name of subcircuit label connected to pin 4

Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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| Current controlled Linear
current source ea. |
Function _
. PWL |Ini V |1
§ CCO s
Pulse
- PWM P=Vel
SubCir
I i o
&
| Current controlled current source I/_CCCS_Linear.nl5
Model Parameter Units Description
K A/A Gain

Linear

Linear current controlled current source. | = K * lin.
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| Current controlled current source I/_CCCS_Function.nl5
Model Parameter Units Description
Function F(x) A Output as function of the input.
F(s) AC transfer function in s domain.
IC A Initial condition: output current.

Arbitrary function.
Transient analysis. F(x) defines output current as a function of the following variables:

X — input current lin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(x) = x"3
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input current x, and variables V, |, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 2zf .

s or p — Laplace parameter, s = p = j*2zf.
Example:

F(s) = 1/(1+s)

F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output current “IC”.
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Current controlled current source

Model
PWL

Current controlled current source

Model

CCO

Current controlled current source

Model

Pulse

Parameter Units

pwil

I/_CCCS_PWL.nI5
Description

Comma-separated string, K(lin)

Piece-wise linear current controlled current source. Source gain K is defined by “pwl!”
string as a function of input current lin. See Working with PWLmodel chapter for details.

Parameter Units
11 A

10 A
dFdl Hz/A
Phase deg
Type

I/_CCCS_CCO.nl5
Description
Current amplitude (Sin), or Pulse On current (Pulse).
Current baseline (Sin), or Pulse Off current (Pulse).
Gain.
Phase.
Signal type: Sin/Square/Triangle/Sawtooth.

Current controlled oscillator. Output current is a signal with frequency equal to:

f(Hz) = dFdI * lin.

For Sine signal, “10” is baseline, and “I1” is amplitude. For Square, Triangle, and Sawtooth
signals, “I0” is Off level, “I1” is On level. “Phase” is additional phase of the signal, in degrees.

Parameter Units
Width S
Threshold A
11 A
10 A

I/l_CCCS_Pulse.nl5
Description
Pulse width.
Current threshold.
Pulse Off current..
Phase.

One-shot pulse generator. When increasing input current lin crosses “Threshold” value,
current pulse of “Width” duration is generated. “I0” is pulse Off level, “I1” is pulse On level.
If increasing lin crosses “Threshold” value while pulse is generated, the pulse is restarted.
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Current controlled current source I/_CCCS_PWM.nl5
Model Parameter Units Description
PWM 11 A Pulse On current.
10 A Pulse Off current.
F Hz Frequency.
Phase deg Phase.
Imax A Input current corresponding to 100% duty.

Current controlled Pulse-Width Modulator. Output current is a pulse signal of frequency “F”
shifted by “Phase”. Input current lin is sampled at the beginning of each cycle of the signal,
and width of the output pulse during this cycle is calculated according to the equation:

width = 1/F * (lin / Imax)
or
duty = 100% * (lin / Imax);

If the width is equal or less than zero, a short “On” pulse with the width equal to the minimum
calculation step at that moment will be generated. If the width is equal or greater than period
of frequency “F”, a short “Off” pulse at the end of the period will be generated. Due to that, the
frequency of the output signal is always “F". Such a signal can be, for instance, divided by D-
trigger to create a signal with duty cycle less than 50%.

Current controlled current source I/_CCCS_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pin1 Name of subcircuit label connected to pin 1

Pin2 Name of subcircuit label connected to pin 2

Pin3 Name of subcircuit label connected to pin 3

Pin4 Name of subcircuit label connected to pin 4

Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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L

L

L

Inductor L A
2 PWL Y l !
° . %
SubCir
P=Vel
Inductor L/L_Inductor_L.nI5
Model Parameter Units Description
L L H Inductance
IC A Initial condition: current. Leave blank if IC not defined.

Inductor
Model

PWL

Linear inductor. V = L*dl/dt.

When calculating DC operating point, if “IC” is defined, inductor is replaced with current source
equal to IC. If “IC” is not defined (blank), inductor is temporarily replaced by short circuit, DC
operating point calculated, and then the current through short circuit is assigned to the
inductor as its initial current.

L/L_Inductor_PWL.nlI5

Parameter Units Description
pwl Comma-separated string, L(I)
IC A Initial condition: current. Leave blank if IC not defined.

Piece-wise linear capacitor. “pwl” string defines inductance as a function of current. See
Working with PWL model chapter for details.

When calculating DC operating point, if “IC” is defined, inductor is replaced with current source
equal to IC. If “IC” is not defined (blank), inductor is temporarily replaced by short circuit, DC
operating point calculated, and then the current through short circuit is assigned to the
inductor as its initial current.
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L Inductor L/L_Inductor_Function.nl5
Model Parameter Units Description
Function Z(s) Ohm Impedance as a function of s parameter.

Impedance function in s domain. For transient, constant impedance Z(0) is used. For
linearized AC analysis, complex impedance Z(s) is used. The following variables can be used
in the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 2zf .
s or p — Laplace parameter, s = p = j*2zf.

Example:

Z(s) =3n*s + 0.5 - 3 nH inductor in series with 0.5 Ohm resistor.
Z(s) = (Lu*s)||(1.0/10p/s) - 1 mkH inductor in parallel with 10 pF capacitor.

L Inductor L/L_Inductor_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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L Voltage controlled inductor L/L_VCL_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string, L(Vin)
IC A Initial condition: current. Leave blank if IC not defined.

Piece-wise linear voltage controlled inductor. At any moment, inductor is a linear inductor.
Its inductance L is a function of control voltage:

V = L(Vin)*dl/dt.

“pwl” string defines inductance as a function of control voltage Vin. See Working with PWL
model chapter for details.

When calculating DC operating point, if “IC” is defined, inductor is replaced with current source
equal to IC. If “IC” is not defined (blank), inductor is temporarily replaced by short circuit, DC
operating point calculated, and then the current through short circuit is assigned to the
inductor as its initial current.
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L
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> —

— P=Vel

A T B
L Current controlled inductor L/L_CCL_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string, L(lin)
IC A Initial condition: current. Leave blank if IC not defined.

Piece-wise linear current controlled inductor. At any moment, inductor is a linear inductor.
Its inductance L is a function of control current:

V = L(lin)*dl/dt.

“pwl” string defines inductance as a function of control current lin. See Working with PWL
model chapter for details.

When calculating DC operating point, if “IC” is defined, inductor is replaced with current source
equal to IC. If “IC” is not defined (blank), inductor is temporarily replaced by short circuit, DC
operating point calculated, and then the current through short circuit is assigned to the
inductor as its initial current.
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L

L

T
1 2

Coupled inductors

Model

L

Coupled
inductors L
Y =
o
p
1 2
T
12
Parameter Units Description
L1 H L1 inductance
L2 H L2 inductance
K Coupling coefficient (-1...1)
IC1 A
IC2 A

Coupled linear inductors.

V1 = L1*dI1/dt + M*d12/dt
V2 = M*dI1/dt + L2*d12/dt

Where M = K*sqrt(L1*L2) is mutual inductance.

Traces

V1 1z V2

L/L_Coupledinductors_L.nl5

L1 initial condition: current. Leave blank if IC1 not defined.
L2 initial condition: current. Leave blank if IC2 not defined.

When calculating DC operating point, initial conditions IC1 and IC2 are independently applied
to corresponding inductors L1 and L2, similar to how it is done for the component L (inductor).
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L Custom coupled
inductors L 3

SubCir
3| &

This is a customized component. A component can be edited in the Edit Component dialog box. See
Editing customized component chapter for instructions on editing a component.

This component may have:
- height from 2 to 32,

- up to 9 windings (total) on both sides,
- arbitrary length of a winding.

Examples of Custom coupled inductors component:

A

PARNAS
L

i

0

Ui
0

L)
(B4

(4
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L  Custom coupled inductors

Model
L

Parameter
L1

LN
K12

K(N-1)N
IC1

ICN

Units
H
H
H

A
A

L/L_CustomCoupledinductors_L.nI5
Description
L1 inductance

LN inductance
L1-L2 coupling coefficient (-1...1)

L(N-1)-LN coupling coefficient (-1...1)
L1 initial condition: current. Leave blank if IC1 not defined.

LN initial condition: current. Leave blank if ICN not defined.

Custom coupled inductors.

V1 = L1*dI1/dt + M12*dI2/dt + ... + MIN*dIN/dt
V2 = M12*d11/dt + L2*dI2/dt + ... + M2N*dIN/dt

VN = MIN*dI1/dt + M2N*dI2/dt + ... + LN*dIN/dt

Where Mij = Kij*sqrt(Li*Lj) is mutual inductance, Mij = Mji.

When calculating DC operating point, initial conditions ICN are independently applied to
corresponding inductors LN, similar to how it is done for the component L (inductor).

If only one winding is defined, a component behaves exactly as a linear inductor L.

Please be aware that coupling coefficients Kij should be properly specified within allowable
range (-1...1) in order to represent a “physically-realizable” system. See NL5 website
(http://ni5.sidelinesoft.com) and other public resources for more detalils.

If all coupling coefficients are equal to 1 (or -1), using Winding components W with one
magnetizing inductor will give better performance and more stable solution.

L Custom coupled inductors

Model
SubCir

Parameter
File

Pinl
PinN
Cmd

IC

Units

L/L_CustomCoupledinductors_SubCir.nl5
Description

File name of subcircuit schematic.
Name of subcircuit label connected to pin 1

Name of subcircuit label connected to pin N
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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 Function gV v
PWL =
SubCir
P=Vel
@) Amplifier O/O_Amplifier_Linear.nl5
Model Parameter Units Description
Linear K VIV Gain
fl Hz Unit gain frequency.
IC \% Initial condition: output voltage.

Linear amplifier. “K” is open loop gain. Frequency response consists of one pole, “f1” is unit
gain frequency. “K” and “f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, amplifier output is
set to specified output voltage “IC”. If “IC” is blank, static characteristic is used.

%in R W

) uT

+
K

- —T_C —
R

Equivalent schematic

K
Y = K *in \,
f1\

]
+

Wi

Static characteristic AC response
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O  Amplifier O/O_Amplifier_OpAmp.nl5
Model Parameter Units Description
Op Amp K VIV Gain
f1 Hz Unit gain frequency.
Vhi \% Max output voltage.
Vio \% Min output voltage.
IC \% Initial condition: output voltage.

Linear amplifier with output limiter. “K” is open loop gain. Frequency response consists of
one pole, “f1” is unit gain frequency. “K” and “f1” can be set to infinity (“inf”). Output voltage is
limiting between “Vlo” and “Vhi”.

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, amplifier output is
set to specified output voltage “IC”. If “IC” is blank, static characteristic is used.

Please note: if both “K” and “f1” are set to infinity, the model may experience convergence
problem. Use Comparator model instead.

“whi

in = W

B A |

+

_ —T_C _
[Tl & |

Equivalent schematic

Y K

Whi 1
Yo=K Nin

in f1\

Wio

Static characteristic AC response
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O  Amplifier
Model

Comparator

s

O/O_Amplifier_Comparator.ni5

Parameter Units Description

Hysteresis |V Hysteresis

Vhi V Max output voltage.

Vio \% Min output voltage.

Delay S Output delay.

IC Initial condition: Low/High.

Comparator with hysteresis. Comparator output is set to “Vhi” or “VIo” using following rules:

Vin > Hysteresis/2 . ... V =Vhi
Vin < - Hysteresis/2 . .: V =Vlo
Otherwise ........... V = previous state

The output is delayed by “Delay” time. Input pulses shorter than “Delay” will not pass through
and will not affect output.

When calculating DC operating point comparator output is set to “VIo” or to “Vhi”, according to
selected “IC”.

W

Whi

Win
Vio +

Hysteresis

Static characteristic
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O  Amplifier

Model

Function

-

O/O_Amplifier_Function.nl5

Parameter Units Description

F(x) V Output as function of the input.
F(s) AC transfer function in s domain.
IC \% Initial condition: output voltage.

Arbitrary function.

Transient analysis. F(x) defines output voltage as a function of the following variables:

X — input voltage Vin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(x) = x"3
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input voltage x, and variables V, |, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.
Example:

F(s) = 1/(1+s)

F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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O  Amplifier O/O_Amplifier_PWL.nI5
Model Parameter Units Description
PWL pwl Comma-separated string, K(Vin)

Piece-wise linear amplifier. Amplifier gain K is defined by “pwl” string as a function of input
voltage Vin. See Working with PWL model chapter for detalils.

O  Amplifier O/0_Amplifier_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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O Differential amplifier O/O_DiffAmp_Linear.nl5
Model Parameter Units Description
Linear K VIV Gain
fl Hz Unit gain frequency.
IC \% Initial condition: output voltage.

Linear differential amplifier. “K” is open loop gain. Frequency response consists of one pole,
“f1” is unit gain frequency. “K” and “f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, amplifier output is
set to specified output voltage “IC”. If “IC” is blank, static characteristic is used.
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Equivalent schematic

K
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Static characteristic AC response
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O | Differential amplifier

Model Parameter Units
OpAm K viv
P P f1l Hz
Vhi \Y
Vlo \Y
IC \Y

O/O_DiffAmp_OpAmp.nl5
Description
Gain
Unit gain frequency.
Max output voltage.
Min output voltage.
Initial condition: output voltage.

Linear amplifier with output limiter. “K” is open loop gain. Frequency response consists of
one pole, “f1” is unit gain frequency. “K” and “f1” can be set to infinity (“inf”). Output voltage is
limiting between “Vlo” and “Vhi”.

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, amplifier output is
set to specified output voltage “IC”. If “IC” is blank, static characteristic is used.

Please note: if both “K” and “f1” are set to infinity, the model may experience convergence
problem. Use Comparator model instead.
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Equivalent schematic
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O Differential amplifier O/O_DiffAmp_Comparator.nl5
Model Parameter Units Description
Hysteresis |V Hysteresis
Comparator Vhi V Max output voltage.
Vio \% Min output voltage.
Delay S Output delay.
IC Initial condition: Low/High.

Comparator with hysteresis. Comparator output is set to “Vhi” or “VIo” using following rules:

Vin > Hysteresis/2....: V =Vhi
Vin < - Hysteresis/2. . .: V =Vlo
Otherwise ..........: V =previous state

The output is delayed by “Delay” time. Input pulses shorter than “Delay” will not pass through
and will not affect output.

When calculating DC operating point comparator output is set to “VIo” or to “Vhi”, according to
selected “IC”.

W

Whi

Win
Vio +

Hysteresis

Static characteristic
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O Differential amplifier O/O_DiffAmp_Function.nl5
Model Parameter Units Description
Function F(x) V Output as function of the input.
F(s) AC transfer function in s domain.
IC \% Initial condition: output voltage.

Arbitrary function.

Transient analysis. F(x) defines output voltage as a function of the following variables:

X — input voltage Vin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(x) = x"3
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input voltage x, and variables V, |, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.
Example:

F(s) = 1/(1+s)

F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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O Differential amplifier O/O_DiffAmp_PWL.nI5
Model Parameter Units Description
PWL pwl Comma-separated string, K(Vin)

Piece-wise linear amplifier. Amplifier gain K is defined by “pwl” string as a function of input
voltage Vin. See Working with PWL model chapter for detalils.

@) Differential amplifier O/O_DiffAmp_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pin1 Name of subcircuit label connected to pin 1

Pin2 Name of subcircuit label connected to pin 2

Pin3 Name of subcircuit label connected to pin 3

Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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amplifier
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O  Summing amplifier
Linear K Vv
fl Hz
IC V

Linear
OpAmp
Function
PWL
SubCir

Gain
Unit gain frequency.
Initial condition: output voltage.

P=Vel

O/O_SumAmp_Linear.nl5

Linear summing amplifier. “K” is open loop gain. Frequency response consists of one pole,
“f1” is unit gain frequency. “K” and “f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, amplifier output is
set to specified output voltage “IC”. If “IC” is blank, static characteristic is used.
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Static characteristic

Yiml +ying
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AC response
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O Summing amplifier O/O_SumAmp_OpAmp.nl5
Model Parameter Units Description
Op Amp K VIV Gain
f1 Hz Unit gain frequency.
Vhi \% Max output voltage.
Vio \% Min output voltage.
IC \% Initial condition: output voltage.

Linear amplifier with output limiter. “K” is open loop gain. Frequency response consists of
one pole, “f1” is unit gain frequency. “K” and “f1” can be set to infinity (“inf”). Output voltage is
limiting between “Vlo” and “Vhi”.

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, amplifier output is
set to specified output voltage “IC”. If “IC” is blank, static characteristic is used.

Whi

F
vﬁﬁ?‘()}{w“ L. ;
[Tl 21

"Dy

1
+

Equivalent schematic

kY k.

whi '
W= K% Vind +4in2)

inT +in2 f1\

o

Static characteristic AC response
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O Summing amplifier 0O/O_SumAmp_Function.nl5
Model Parameter Units Description
Function F(x) V Output as function of the input.
F(s) AC transfer function in s domain.
IC \% Initial condition: output voltage.

Arbitrary function.

Transient analysis. F(x) defines output voltage as a function of the following variables:

X — voltage Vin1+Vin2

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(x) = x"3
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input voltage x, and variables V, |, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.
Example:

F(s) = 1/(1+s)

F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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O  Summing amplifier

Model
PWL

Parameter

pwil

Units

Description

Comma-separated string, K(Vin1+Vin2)

O/O_SumAmp_PWL.nI5

Piece-wise linear amplifier. Amplifier gain K is defined by “pwl” string as a function of sum of
input voltages Vinl+Vin2. See Working with PWL model chapter for details.

O  Summing amplifier

Model

SubCir

Parameter
File

Pin1
Pin2
Pin3
Cmd

IC

Units

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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Voltage controlled
O g PWL |

amplifier [: 1

2 2 Vin o+ \Vj
S 8 o
= [

P=Vel
C > >
> 4+ T+ 1
O | Voltage controlled amplifier O/0_VCA_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string, K(Vc)

Piece-wise linear voltage controlled amplifier. At any moment, the amplifier is a linear
amplifier. Its gain K is a function of control voltage:

V = K(Vc)*Vin.

“pwl” string defines gain K as a function of control voltage Vc. See Working with PWL model
chapter for details.
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Current controlled
O PWL |

amplifier [ 1

vin | = |y

Models
Traces
o

— <

P=Vel
L >
=
O | Current controlled amplifier O/0O_CCA_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string, K(Ic)

Piece-wise linear current controlled amplifier. At any moment, the amplifier is a linear
amplifier. Its gain K is a function of control current:

V = K(Ic)*Vin.

“pwl” string defines gain K as a function of control current Ic. See Working with PWL model
chapter for more details.
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R

R Resistor
Model

R

R Resistor
Model

Resistor
R
< PWL Y i |
R S PWL-I £ .
Function
SubCir P=Vel
R/R_Resistor_R.nl5
Parameter Units Description
R Ohm Resistance
Linear resistor. V = R*l.
R/R_Resistor_PWL.nl5
Parameter Units Description
pwl Comma-separated string, R(V)

PWL

R Resistor

Model

PWL-I

Piece-wise linear resistor. “pwl” string defines resistance as a function of voltage across the
resitor R(V). See Working with PWL model chapter for details.

R/R_Resistor_PWL-I.nl5

Parameter Units Description
pwl Comma-separated string, R(l)

Piece-wise linear resistor. “pwl” string defines resistance as a function of current through the
resistor R(l). See Working with PWL model chapter for details.
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R Resistor R/R_Resistor_Function.nl5
Model Parameter Units Description
Function Z(s) Ohm Impedance as a function of s parameter.

Impedance function in s domain. For transient, constant impedance Z(0) is used. For
linearized AC analysis, complex impedance Z(s) is used. The following variables can be used
in the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 2zf .

s or p — Laplace parameter, s = p = j*2zf.

Example:
Z(s) = 10+3n*s - 10 Ohm resistor in series with 3 nH inductor.
Z(s) = 10]|(1.0/3p/s) - 10 Ohm resistor in parallel with 3 pF capacitor.

R Resistor R/R_Resistor_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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R Potentiometer

-

—AA

R Potentiometer

Model Parameter
Potentiometer R
Position

Potentiometer R*(1-Position)
s Y
3 S R*Position
> - ’

R/R_Potentiometer_Potentiometer.nl5

Units | Description

Ohm | Resistance
Position of the wiper (0...1)

Potentiometer. Position of the wiper is referenced to the terminal with dot:

0 — wiper is connected to the terminal with dot
1 — wiper is connected to another terminal.
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R

Views

Voltage controlled
resistor PWL | '
Vin Vll

%‘
Models
Traces

+ | P=Vel

_+ 1 _ b+
R Voltage controlled resistor R/R_VCR_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string, R(Vin)

Piece-wise linear voltage controlled resistor. At any moment, resistor is a linear resistor.
Its resistance R is a function of control voltage:

V = R(Vin)*1.

“pwl” string defines resistance as a function of control voltage Vin. See Working with PWL
model chapter for details.
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Current controlled
R resistor PWL :
\Y l I

Models
Traces

_— P=Vel

g —ANT AN
[¢B}
<
R Current controlled resistor R/R_CCR_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string, R(lin)

Piece-wise linear current controlled resistor. At any moment, resistor is a linear resistor.
Its resistance R is a function of control current:

V = R(lin)*.

“pwl” string defines resistance as a function of control current lin. See Working with PWL
model chapter for details.
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S Switch

_F et

S Switch

Model Parameter

Switch Switch

Switch
Pulse Vv {% l
Step o |
List I

File P=Vel
SubCir

Models
Traces

S/S_Switch_Switch.nl5

Units Description
Switch state: Off/On.

Switch. Off — open switch, infinite resistance. On — closed switch, zero resistance.

S Switch
Model Parameter
Pulse Period
Width
Delay
Active

S/S_Switch_Pulse.nl5

Units Description

S Period.

S Pulse width.

S Delay before first pulse starts.

Active switch state: Off/On.

Pulse switch. Switching starts after “Delay” time. Switch is in active state during “Width” time.

The following switching diagram is shown for “Active” = On:

on

Off

L

Dhelary

Wyicth
Period
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S

S

Switch
Model

Step

Switch
Model

List

S/S_Switch_Step.nl5

Parameter Units Description
Delay S Delay before active state.
Active Active switch state: Off/On.

Step switch. Switch is in active state after “Delay” time.

The following switching diagram is shown for “Active” = On:

on
Off

Delay t

V/S_Switch_List.nl5

Parameter Units Description
List Comma-separated string.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

List switch. Switching sequence is defined in the “List” parameter in the csv (“‘comma-
separated values”) format, as follows:

t0,s0,t1,s1,...,tn,sn
s0...sn defines switch state: positive number corresponds to On state, zero or negative
number - Off state. If t<t0, switch is in sO state. At tO switch is set to sO state. At t1 switch is
set to sl state, and so on. At t>tn, switch remains in sn state if “Cycle” parameter is set to
“No”, otherwise states sequence defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:
List = 0,0,3,1,4,0,5,1,8,0

The following switching diagram is shown for “Cycle” = Yes, “Delay” = 0:

on

Off

I 1 2 3 i 3 [ 1 g a 10 " 1z 13 14 13 16

See Working with List model chapter for more details.
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S Switch
Model

File

S Switch
Model

SubCir

V/S_Switch_File.nI5

Parameter Units Description

File File name.

Cycle Cycling (repeat): No/Yes.
Delay S Delay.

File switch. Switching sequence is defined in the text file. “File* parameter is a file name, with
full path to the file. If the file is located in the same directory as schematic file, the path can be
omitted. Switching sequence is defined in the csv (“‘comma-separated values”) format, as
follows:

<if first line does not start with a number, it is ignored>
t0,s0
tl,sl

s0...sn defines switch state: positive number corresponds to On state, zero or negative
number - Off state. If t<tO, switch is in sO state. At tO switch is set to sO state. At t1 switch is
set to s1 state, and so on. At t>tn, switch remains in sn state if “Cycle” parameter is set to
“No”, otherwise states sequence defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:

@0 Ul WO
O O O

I4
’
I4
’
I4

The following switching diagram is shown for “Cycle” = Yes, “Delay” = 0:

on
ot
[ 1 2 3 4 3 G T g a [x} 1" 12 13 14 15 13
S/S_Switch_SubCir.nl5

Parameter Units Description
File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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S

Logic controlled

Switch

switch ;
Pulse $\ l
. £ Steps 3 — Vil
— ot < SubCir £l Vin f.

T = P=Vel

S Logic controlled switch S/S_LCS_Switch.nl5
Model Parameter Units Description
Switch Active Active state: Off/On.
IC Initial condition: Off/On.

Logic controlled switch. Switch is set to active or non-active state using following rules:

Vin > logical threshold . . . : active
Vin < logical threshold . . . : non-active

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then
click Advanced button.

When calculating DC operating point switch is set to the state defined in “IC”.

S Logic controlled switch S/S_LCS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Active Active state: Off/On.

One-shot pulse generator. When increasing input voltage Vin crosses logical threshold,
switch is set to active state for “Width” time interval. If increasing Vin crosses logical threshold
value while switch is in active state, the pulse is restarted.

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then
click Advanced button.
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S Logic controlled switch

Model

Steps

Parameter Units
Roff Ohm
Ron Ohm
Slope

Ramp S
Steps

IC

Description

Off state resistance.
On state resistance.

Type of resistance change: Linear/Cos/Log.

Resistance ramp time.
Number of resistance steps in the ramp.
Initial condition: Off/On.

SIS _LCS_Steps.nl5

Switch with resistance ramping. When increasing input voltage Vin crosses logical
threshold, switch resistance starts ramping from “Roff” to “Ron”. When decreasing input
voltage Vin crosses logical threshold, switch resistance starts ramping from “Ron” to “Roff”.

Resistance is changing during “Ramp” time interval, with number of steps specified by “Steps’

parameter. If “Steps” = 0, resistance is changed instantly.

“Slope” parameter specifies how resistance is changing during he ramp. The following slope
types are available (“Steps” = 6):

Ramp

Linear

r— Rfod* —_— Iy Ru:-ff+ =
Fan L__ Iy Ron L_

t | Ratmp t |

Cos

Famp t

Log

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then

click Advanced button.

When calculating DC operating point switch is set to the state specified in “IC”.

S Logic controlled switch

Model

SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Pin4

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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S Voltage controlled Switch
switch | ;
Pulse _ N & l
% Steps § V In _ e \VARN
_F o S SubCir £ Lk
_+ P=Vel
A P
> _+ o+
S Voltage controlled switch S/S_VCS_Switch.nl5
Model Parameter Units Description
Switch Threshold \% Voltage threshold.
Hysteresis |V Hysteresis.
Active Active state: Off/On.
IC Initial condition: Off/On.

Voltage controlled switch. Switch is set to active or non-active state using following rules:

Vin > Threshold + Hysteresis/2. . . : active
Vin < Threshold - Hysteresis/2 . . . : non-active
Otherwise .................... previous state

When calculating DC operating point switch is set to the state defined in “IC”.

The following is switching diagram for “Active” = On:

Hysteresis

on

Off 4‘ IT'

Threshold  in
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S Voltage controlled switch SIS _VCS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Threshold V Voltage threshold.
Active Active state: Off/On.

One-shot pulse generator. When increasing input voltage Vin crosses “Threshold” value,
switch is set to active state for “Width” time interval. If increasing Vin crosses “Threshold”
value while switch is in active state, the pulse is restarted.

S Voltage controlled switch S/S_VCS_Steps.nl5
Model Parameter Units Description
Steps Threshold \% Voltage threshold.

Hysteresis |V Hysteresis.
Roff Ohm Off state resistance.
Ron Ohm On state resistance.
Slope Type of resistance change: Linear/Cos/Log.
Ramp S Resistance ramp time.
Steps Number of resistance steps in the ramp.
IC Initial condition: Off/On.

Switch with resistance ramping. When increasing input voltage Vin crosses “Threshold”
plus “Hysteresis”/2 value, switch resistance starts ramping from “Roff” to “Ron”. When
decreasing input voltage Vin crosses “Threshold” minus “Hysteresis”/2 value, switch
resistance starts ramping from “Ron” to “Roff”.

Resistance is changing during “Ramp” time interval, with number of steps specified by “Steps”
parameter. If “Steps” = 0, resistance is changed instantly.

“Slope” parameter specifies how resistance is changing during he ramp. The following slope
types are available (“Steps” = 6):

RfolT' pr— RfolT' —_— Iy Hl:lfflT' [
Ron L_ Ron L__ Iy Ron L__

Ramp i | Ramp t | Ramp t

Linear Cos Log

When calculating DC operating point switch is set to the state specified in “IC”.
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S  Voltage controlled switch

Model
SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Pind

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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S Current controlled Switch
switch witc ;
Pulse _ {% l
. £ Steps 3 "“l o [V
— o © SubCir £ .

—_— P=Vel

2 —F o —F o
.g
S Current controlled switch S/IS_CCS_Switch.nl5
Model Parameter Units Description
Switch Threshold A Current threshold.

Hysteresis | A Hysteresis.
Active Active state: Off/On.
IC Initial condition: Off/On.

Current controlled switch. Switch is set to active or non-active state using following rules:

lin > Threshold + Hysteresis/2. . . : active
lin < Threshold - Hysteresis/2 . . . : non-active
Otherwise ................... previous state

When calculating DC operating point switch is set to the state defined in “IC”.

The following is switching diagram for “Active” = On:

Hysteresis

on

}

Threshold  1in

Off 4‘
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S Current controlled switch

Model

Pulse

Parameter Units
Width S
Threshold A
Active

S/S_CCS_Pulse.nl5
Description
Pulse width.

Current threshold.
Active state: Off/On.

One-shot pulse generator. When increasing input current lin crosses “Threshold” value,
switch is set to active state for “Width” time interval. If increasing lin crosses “Threshold” value
while switch is in active state, the pulse is restarted.

S Current controlled switch

Model

Steps

Parameter Units
Threshold A
Hysteresis | A
Roff Ohm
Ron Ohm
Slope

Ramp S
Steps

IC

S/S_CCS_Steps.nl5
Description

Current threshold.

Hysteresis.

Off state resistance.

On state resistance.

Type of resistance change: Linear/Cos/Log.
Resistance ramp time.

Number of resistance steps in the ramp.
Initial condition: Off/On.

Switch with resistance ramping. When increasing input current lin crosses “Threshold” plus
“Hysteresis”/2 value, switch resistance starts ramping from “Roff” to “Ron”. When decreasing
input current lin crosses “Threshold” minus “Hysteresis”/2 value, switch resistance starts
ramping from “Ron” to “Roff”.

Resistance is changing during “Ramp” time interval, with number of steps specified by “Steps”
parameter. If “Steps” = 0, resistance is changed instantly.

“Slope” parameter specifies how resistance is changing during he ramp. The following slope
types are available (“Steps” = 6):

#
— Roff e I Roff] —_
Ron L—_ Iy Ran L—

Ramp

Linear

t | Ramp t | Raimp i

Cos Log

When calculating DC operating point switch is set to the state specified in “IC”.
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S Current controlled switch

Model
SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Pind

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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S SPDT switch Switch
Pulse
—  Step
= List =
. .
E}/// 3 File _
SubCir
S SPDT switch S/IS_SPDT_Switch_Switch.nl5
Model Parameter Units Description
Switch Switch Switch state: Off/On.

SPDT (single pole, double throw) switch.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

S SPDT switch S/S_ SPDT_Switch_Pulse.nl5
Model Parameter Units Description
Pulse Period S Period.
Width S Pulse width.
Delay S Delay before first pulse starts.
Active Active switch state: Off/On.

SPDT (single pole, double throw) pulse switch.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switching starts after “Delay” time. Switch is in active state during “Width” time. The following
switching diagram shows state of “common to dotted pin” path for “Active” = On. “Common to
another pin” always has an opposite state.

on
Off l-
Delay t

Wyicth
Period
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S SPDT switch S/S_ SPDT_Switch_Step.nl5
Model Parameter Units Description
Step Delay S Delay before active state.
Active S Active switch state: Off/On.

SPDT (single pole, double throw) step switch.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switch is in active state after “Delay” time. The following switching diagram shows state of
"common to dotted pin” path for “Active” = On. “Common to another pin” always has an
opposite state.

on

Off

Delay t
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S

SPDT switch V/S_ SPDT_Switch_List.nI5
Model Parameter Units Description
List List Comma-separated string.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

SPDT (single pole, double throw) list switch.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switching sequence is defined in the “List” parameter in the csv (“‘comma-separated values”)
format, as follows:

t0,s0,t1,s1,...,tn,sn

s0...sn defines switch state: positive number corresponds to On state, zero or negative
number - Off state. If t<tO, switch is in sO state. At tO switch is set to sO state. At t1 switch is
set to sl state, and so on. At t>tn, switch remains in sn state if “Cycle” parameter is set to
“No”, otherwise states sequence defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:
List = 0,0,3,1,4,0,5,1,8,0

The following switching diagram shows state of "common to dotted pin” path for “Cycle” = Yes,
“Delay” = 0. “Common to another pin” always has an opposite state.

on

Off
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S

SPDT switch V/S_SPDT_Switch_File.nl5
Model Parameter Units Description
File File File name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

SPDT (single pole, double throw) file switch.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switching sequence is defined in the text file. “File” parameter is a file name, with full path to
the file. If the file is located in the same directory as schematic file, the path can be omitted.
Switching sequence is defined in the csv (“‘comma-separated values”) format, as follows:

<if first line does not start with a number, it is ignored>
t0, s0
tl, sl

s0...sn defines switch state: positive number corresponds to On state, zero or negative
number - Off state. If t<tO, switch is in sO state. At tO switch is set to sO state. At t1 switch is
set to s1 state, and so on. At t>tn, switch remains in sn state if “Cycle” parameter is set to
“No”, otherwise states sequence defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:

0 Ul WO
O O o

’
’
4
’
4

The following switching diagram shows state of "common to dotted pin” path for “Cycle” = Yes,
“‘Delay” = 0. “Common to another pin” always has an opposite state.

on

Off
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S SPDT switch

Model

SubCir

Parameter
File

Pin1
Pin2
Cmd

IC

Units

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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SPDT logic controlled .
S It Switch
switch
Pulse
& = Steps 2
° . Q
e < SubCir =
0—
S SPDT logic controlled switch S/S_SPDT_LCS_Switch.nl5
Model Parameter Units Description
Switch Active Active state: Off/On.
IC Initial condition: Off/On.

Logic controlled switch.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switch is set to active or non-active state using following rules:

Vin > logical threshold . . . : active
Vin < logical threshold . . . : non-active

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then
click Advanced button.

When calculating DC operating point switch is set to the state defined in “IC”.
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S SPDT logic controlled switch SIS _SPDT_LCS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Active Active state: Off/On.

One-shot pulse generator.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

When increasing input voltage Vin crosses logical threshold, switch is set to active state for
“Width” time interval. If increasing Vin crosses logical threshold value while switch is in active
state, the pulse is restarted.

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then
click Advanced button.
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S SPDT logic controlled switch SIS _SPDT_LCS_Steps.nl5
Model Parameter Units Description

Steps Roff Ohm Off state resistance.
Ron Ohm On state resistance.
Slope Type of resistance change: Linear/Cos/Log.
Ramp S Resistance ramp time.
Steps Number of resistance steps in the ramp.
IC Initial condition: Off/On.

Switch with resistance ramping.

When increasing input voltage Vin crosses logical threshold, resistance of “common to pin
with dot” path starts ramping from “Roff” to “Ron”, resistance of “common to another pin” path
starts ramping from “Ron” to “Roff”

When decreasing input voltage Vin crosses logical threshold, resistance of “common to pin
with dot” path starts ramping from “Ron” to “Roff”, resistance of “common to another pin” path
starts ramping from “Roff” to “Ron”

Resistance is changing during “Ramp” time interval, with number of steps specified by “Steps”
parameter. If “Steps” = 0, resistance is changed instantly.

“Slope” parameter specifies how resistance is changing during he ramp. The following slope
types are available (“Steps” = 6):

RfolT' — RfolT' —_— Iy Hl:lffI1II [
Ron L_ Ron L__ Iy Ron L__

| Ramp t | Ramp t | Ramp :

Linear Cos Log

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then
click Advanced button.

When calculating DC operating point switch is set to the state specified in “|C”.
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S  SPDT logic controlled switch

Model
SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Pind

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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S  SPDT voltage controlled switch

Model
Switch

SPDT voltage

controlled switch

-
Oo—
+ (I
—
—cﬁff"c—'

Parameter

Threshold

Units

V

Hysteresis |V

Active
IC

Switch
Pulse
. Steps "
S SubCir g
S —
Description
Voltage threshold.
Hysteresis.

Active state: Off/On.
Initial condition: Off/On.

Voltage controlled switch.

S/S_SPDT_VCS_Switch.nl5

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switch is set to active or non-active state using following rules:

Vin > Threshold + Hysteresis/2. . . : active
Vin < Threshold - Hysteresis/2 . . . : non-active
Otherwise . ..................: previous state

When calculating DC operating point switch is set to the state defined in “IC”.

The following is switching diagram for “common to pin with dot” path, “Active” = On:
The following switching diagram shows state of "common to dotted pin” path for “Active” = On.

“Common to another pin” always has an opposite state.

on

Off

}

Hysteresis

}

Threshold

Win
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S

SPDT voltage controlled switch SIS _SPDT _VCS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Threshold V Voltage threshold.
Active Active state: Off/On.

One-shot pulse generator.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

When increasing input voltage Vin crosses “Threshold” value, switch is set to active state for

“Width” time interval. If increasing Vin crosses “Threshold” value while switch is in active state,
the pulse is restarted.
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S SPDT voltage controlled switch SIS _SPDT _VCS_Steps.nl5
Model Parameter Units Description
Steps Threshold V Voltage threshold.

Hysteresis |V Hysteresis.
Roff Ohm Off state resistance.
Ron Ohm On state resistance.
Slope Type of resistance change: Linear/Cos/Log.
Ramp S Resistance ramp time.
Steps Number of resistance steps in the ramp.
IC Initial condition: Off/On.

Switch with resistance ramping.

When increasing input voltage Vin crosses “Threshold” plus “Hysteresis”/2 value, resistance of
“‘common to pin with dot” path starts ramping from “Roff” to “Ron”, resistance of “common to
another pin” path starts ramping from “Ron” to “Roff”.

When decreasing input voltage Vin crosses “Threshold” minus “Hysteresis”/2 value, resistance
of “common to pin with dot” path starts ramping from “Ron” to “Roff”, resistance of “common to
another pin” path starts ramping from “Roff” to “Ron”

Resistance is changing during “Ramp” time interval, with number of steps specified by “Steps”
parameter. If “Steps” = 0, resistance is changed instantly.

“Slope” parameter specifies how resistance is changing during he ramp. The following slope
types are available (“Steps” = 6):

HI:IfflT' = HI:IfflT' —_— s} Hfo+ =
Fan L_ Fon L__ Iy Rion L__

| Ratmp t | Ratmp t | Famp i

Linear Cos Log

When calculating DC operating point switch is set to the state specified in “IC”.
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S  SPDT voltage controlled switch

Model
SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Pind

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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S SPDT current Switch
controlled switch
Pulse
‘_jj_ ., Steps B
A, < SubCir g
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[
>
S SPDT current controlled switch S/S_SPDT _CCS_Switch.nl5
Model Parameter Units Description
Switch Threshold A Current threshold.
Hysteresis | A Hysteresis.
Active Active state: Off/On.
IC Initial condition: Off/On.

Current controlled switch.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switch is set to active or non-active state using following rules:

lin > Threshold + Hysteresis/2. . . : active
lin < Threshold - Hysteresis/2 . . . : non-active
Otherwise .................. . previous state

When calculating DC operating point switch is set to the state defined in “IC”.
The following is switching diagram for “common to pin with dot” path, “Active” = On:

The following switching diagram shows state of "common to dotted pin” path for “Active” = On.
“Common to another pin” always has an opposite state.

Hysteresis

on

Off 4‘ IT'

Threshold  1in
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SPDT current controlled switch SIS _SPDT _CCS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Threshold A Current threshold.
Active Active state: Off/On.

One-shot pulse generator.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

When increasing input current lin crosses “Threshold” value, switch is set to active state for

“Width” time interval. If increasing lin crosses “Threshold” value while switch is in active state,
the pulse is restarted.
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S SPDT current controlled switch S/S_SPDT _CCS_Steps.nl5
Model Parameter Units Description
Steps Threshold A Current threshold.

Hysteresis | A Hysteresis.
Roff Ohm Off state resistance.
Ron Ohm On state resistance.
Slope Type of resistance change: Linear/Cos/Log.
Ramp S Resistance ramp time.
Steps Number of resistance steps in the ramp.
IC Initial condition: Off/On.

Switch with resistance ramping.

When increasing input current lin crosses “Threshold” plus “Hysteresis”/2 value, resistance of
“‘common to pin with dot” path starts ramping from “Roff” to “Ron”, resistance of “common to
another pin” path starts ramping from “Ron” to “Roff”.

When decreasing input current lin crosses “Threshold” minus “Hysteresis”/2 value, resistance
of “common to pin with dot” path starts ramping from “Ron” to “Roff”, resistance of “common to
another pin” path starts ramping from “Roff” to “Ron”

Resistance is changing during “Ramp” time interval, with number of steps specified by “Steps”
parameter. If “Steps” = 0, resistance is changed instantly.

“Slope” parameter specifies how resistance is changing during he ramp. The following slope
types are available (“Steps” = 6):

RI:IfflT' - R':'fflf L Iy Hl:lfflf' =
Faon L— Raon L__ lg Ron L__

| Fatmp t | Fatmp t | Ramp i

Linear Cos Log

When calculating DC operating point switch is set to the state specified in “IC”.
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S SPDT current controlled switch

Model
SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Pind

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.

358



EBY NL5 circuit simulator

PykosogcTtBo lNonb3oBaTtens

T NPN transistor

T NPN transistor

Model Parameter Units
Linear B AA
f1 Hz
IC A

Linear l |
Switch
< Transistor 3 b
= . I
< SubCir = " —|\ \4
P=Vel
T/T_NPN_Linear.nl5
Description
Gain (beta)

Unit gain frequency.
Initial condition: collector current.

Linear BJT transistor. Current controlled current source with specified bandwidth. “B” is open
loop gain (beta). Frequency response consists of one pole, “f1” is unit gain frequency. “B” and
“f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, collector current
is set to specified output current “IC”. If “IC” is blank, static characteristic is used.

B
h
I=B*Ik
B, f1 Ib f1\
Equivalent schematic Static characteristic AC response
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T  NPN transistor T/T_NPN_Switch.nl5
Model Parameter Units Description
Switch Vbe Vv Forward voltage drop of base-emitter diode.
IC Initial condition of base-emitter diode: Off/On.

BJT transistor switch. Current controlled switch with a base-emitter diode. Switch is closed if
diode current is non-zero.

When calculating DC operating point the diode is set to the state specified in “IC”.

c

1.

Equivalent schematic

3]

o —
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T NPN transistor T/T_NPN_Transistor.nl5
Model Parameter Units Description

Transistor B A/A Gain (beta)
f1 Hz Unit gain frequency.
Vbe \% Forward voltage drop of base-emitter diode.
Vsat \% Collector-emitter saturation voltage drop.
IC A Initial condition: collector current.
ICbe Initial condition of base-emitter diode: Off/On.
IChc Initial condition of base-collector diode: Off/On.

BJT transistor. Simplified Ebers-Moll BJT transistor model with saturation. It consists of two
diodes (base-emitter and base-collector), and current source controlled by current through

base-emitter diode with gain “alpha” « = i
1+ 4

If collector-emitter voltage is higher than “Vsat”, base-collector diode is open, transistor is not
saturated, and behaves as “Linear” model (current controlled current source with specified
bandwidth). “B” is open loop gain (beta). Low signal frequency response consists of one pole,
“f1” is unit gain frequency. “B” and “f1” can be set to infinity (“inf”).

If collector voltage drops below “Vsat”, base-collector diode is closed, and transistor is
saturated: collector-emitter voltage is equal to “Vsat”.

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, collector current
is set to specified output current “IC”. If “IC” is blank, static characteristic is used. Base-emitter

diode is set to the state specified in “ICbe”, Base-collector diode is set to the state specified in
“ICbc.

B

I=B*Ib “,

I f1\

Equivalent schematic Non-saturated static Low signal AC response
characteristic
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Model

SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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T PNP transistor Linear l |
Switch
/ é Transistor 8 T
Al < SubCir = — —L\ \Y
\ P=Vel
T PNP transistor T/T_PNP_Linear.nl5
Model Parameter Units Description
Linear B A/A Gain (beta)
fl Hz Unit gain frequency.
IC A Initial condition: collector current.

Linear BJT transistor. Current controlled current source with specified bandwidth. “B” is open
loop gain (beta). Frequency response consists of one pole, “f1” is unit gain frequency. “B” and
“f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, collector current
is set to specified output current “IC”. If “IC” is blank, static characteristic is used.

B

I=B*Ib “,

B, i1 b f1\

]

<]

Equivalent schematic Static characteristic AC response
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T  PNP transistor T/T_PNP_Switch.nl5
Model Parameter Units Description
Switch Vbe Vv Forward voltage drop of base-emitter diode.
IC Initial condition of base-emitter diode: Off/On.

BJT transistor switch. Current controlled switch with a base-emitter diode. Switch is closed if
diode current is non-zero.

When calculating DC operating point the diode is set to the state specified in “IC”.

[

1.

Equivalent schematic

4]

Bk
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T PNP transistor T/T_PNP_Transistor.nl5
Model Parameter Units Description

Transistor B A/A Gain (beta)
f1 Hz Unit gain frequency.
Vbe \% Forward voltage drop of base-emitter diode.
Vsat \% Collector-emitter saturation voltage drop.
IC A Initial condition: collector current.
ICbe Initial condition of base-emitter diode: Off/On.
ICbc Initial condition of base-collector diode: Off/On.

BJT transistor. Simplified Ebers-Moll BJT transistor model with saturation. It consists of two
diodes (base-emitter and base-collector), and current source controlled by current through

base-emitter diode with gain “alpha” « = i
1+ 4

If collector-emitter voltage is negative and less than -“Vsat”, base-collector diode is open,
transistor is not saturated, and behaves as “Linear” model (current controlled current source
with specified bandwidth). “B” is open loop gain (beta). Low signal frequency response
consists of one pole, “f1” is unit gain frequency. “B” and “f1” can be set to infinity (“inf”).

If collector voltage is higher than -“Vsat”, base-collector diode is closed, and transistor is
saturated: collector-emitter voltage is equal to -“Vsat”.

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, collector current
is set to specified output current “IC”. If “IC” is blank, static characteristic is used. Base-emitter

diode is set to the state specified in “ICbe”. Base-collector diode is set to the state specified in
“ICbc.

B

oA I1=B*lh

b f1\

[ ]

Equivalent schematic Non-saturated static Low signal AC response
characteristic
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Model

SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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B Switch \
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Ir 1
il s SubC (== Vs T
P=Vel
T N-FET T/T_NFET_Linear.nl5
Model Parameter Units Description
Linear S ANV Slope
fl Hz Unit gain frequency.
IC A Initial condition: drain current.

Linear FET transistor. Voltage controlled current source with specified bandwidth. “S” is
open loop slope. Frequency response consists of one pole, “f1” is unit gain frequency. “S” and
“f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, drain current is
set to specified output current “IC”. If “IC” is blank, static characteristic is used.

o 5

. .
o I=5* vz

+

i Yigs f1\

]

Equivalent schematic Static characteristic AC response
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T N-FET T/T_NFET_Switch.nl5
Model Parameter Units Description
Switch Vth V Threshold.
IC Initial condition of the switch: Off/On.

FET switch. Voltage controlled switch. Switch is closed if gate-source voltage exceeds
threshold “Vth”.

When calculating DC operating point switch is set to the state specified in “IC”.

Equivalent schematic
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T N-FET
Model

FET

T N-FET
Model

SubCir

Parameter
S

Vth
Rdson

Units
AN
\%
Ohm

T/T_NFET_FET.nl5

Description

Slope.
Threshold.
Rdson resistance.

FET transistor. The model has 3 modes of operation.

1.Vgs<=Vth: .......... ... : 1=0 (open)
2.Vgs > Vth, Vds <= (Vgs - Vth) * S*Rdson .. : V =1* Rdson (resistor)
3.Vgs > Vth, Vds > (Vgs - Vth)*S*Rdson.. : I =(Vgs - Vth) *S (current source)

FET works similar for positive and negative drain-source voltage, current direction changes
accordingly. Equivalent schematics (Vgs > Vth):

d d
a a
) &—
+
Rdson i
5 5
Vds <= (Vgs-Vth)*S*Rdson Vds > (Vgs-Vth)*S*Rdson Vds > (Vgs-Vth)*S*Rdson
Vds >0 Vds <0
T/T_NFET_SubCir.nl5
Parameter Units Description
File File name of subcircuit schematic.
Pin1 Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Pin3 Name of subcircuit label connected to pin 3
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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Ir !
I s SubC (== Vs T
P=Vel
T P-FET T/T_PFET_Linear.nl5
Model Parameter Units Description
Linear S ANV Slope
fl Hz Unit gain frequency.
IC A Initial condition: drain current.

Linear FET transistor. Voltage controlled current source with specified bandwidth. “S” is
open loop slope. Frequency response consists of one pole, “f1” is unit gain frequency. “S” and
“f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, drain current is
set to specified output current “IC”. If “IC” is blank, static characteristic is used.

o =

9 \
'@—I |=5*%qgz

- Vs f1\
+

s
Equivalent schematic Static characteristic AC response
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T P-FET T/T_PFET_Switch.nl5
Model Parameter Units Description
Switch Vth V Threshold.
IC Initial condition of the switch: Off/On.

FET switch. Voltage controlled switch. Switch is closed if gate-source voltage is less than
threshold “Vth”.

When calculating DC operating point switch is set to the state specified in “IC”.

Equivalent schematic
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T P-FET
Model

FET

T P-FET
Model

SubCir

T/T_PFET_FET.nl5

Parameter Units Description

S AN Slope.

Vth \% Threshold.

Rdson Ohm Rdson resistance.

FET transistor. The model has 3 modes of operation.

1.Vgs>=Vth: ... ... : 1=0 (open)
2.Vgs < Vth, Vds >=(Vgs - Vth) * S*Rdson .. : V =1*Rdson (resistor)
3.Vgs < Vth, Vds < (Vgs - Vth) * S*Rdson...: | =(Vgs - Vth) * S (current source)

FET works similar for positive and negative drain-source voltage, current direction changes
accordingly. Equivalent schematics (Vgs < Vth):

d d
g d
& W
N Rdson .
s 5
Vds >= (Vgs-Vth)*S*Rdson Vds < (Vgs-Vth)*S*Rdson Vds < (Vgs-Vth)*S*Rdson
Vds <0 Vds >0
T/T_PFET_SubCir.nl5
Parameter Units Description
File File name of subcircuit schematic.
Pin1 Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Pin3 Name of subcircuit label connected to pin 3
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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Pulse
Step

Sin

PWL
Function
File
SubCir

Models

\/ | Voltage source
Model Parameter Units Description

\Vj \% \% Voltage.

Constant voltage source. Voltage = “V”.
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\ | Voltage source

Model

Pulse

Parameter
Vi

VO
Period
Width
Slope
Rise

Fall
Delay

Units

w0 <

(7]

VIV_VS_Pulse.nl5
Description
Pulse On voltage.
Pulse Off voltage.
Period.
Pulse width.
Slope type: Linear/Cos/Exp
Pulse rise length.
Pulse fall length.
Delay before first pulse starts.

Pulse voltage source. Pulses start after “Delay” time. “Rise” time is included into “Width”,
“Fall” time is not included into “Width”. Almost every parameter can be set to zero and infinity
(“inf"), otherwise the error message will be displayed.

i _/_\_/
w0

Delay @ Rize
Wictth

Fall 1

Petiod

Slope type applies both to pulse rise and fall. The following slope types are available:

—

Rize

Linear

Fize t | Rize t

Cos (cosine) Exp (exponential)
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Model Parameter Units Description
Step Vi Vv Step On voltage.
VO V Step Off voltage.
Slope S Slope type: Linear/Cos/Exp
Rise S Step rise length.
Delay S Delay before step starts.

Step voltage source. Step starts after “Delay” time.

W1 f
W0

Delay | Rize t

The following slope types are available:

—

Fize t Rize t | Fize t

Linear Cos (cosine) Exp (exponential)
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\ | Voltage source

Model
Sin

VIV_VS_Sin.nl5
Parameter Units Description
Vi Vv Voltage amplitude.
VO \Y Voltage baseline.
Period S Period.
Phase deg Phase.
Delay S Delay before sine signal starts.

Sine voltage source. Sine signal starts after “Delay” time. “Phase” is sine phase in degrees

at the moment when signal starts:

1 A
W0 Y0

W1 Delay v i W1
Period
Phase =0

) WA

Delay \\_’f' t

Period

Phase =90

If transient is paused, sine period changed, then transient is continued, the phase of the signal
remains continuous, providing smooth sine signal of variable frequency:

AN,
\/;vU Ut

Period changed
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Model Parameter Units Description
PWL pwl Comma-separated string.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Piece-wise linear voltage source. Signal is defined by “pwl” parameter in the csv (“comma-
separated values”) format, as follows:

t0,V0,t1,V1,...,tn,Vn
where all t and V can be numerical values or expressions. If t<t0, signal is VO. If tO<t<t1, signal
value is linearly interpolated between VO and V1, etc. If t>tn, then signal value is Vn if “Cycle”
parameter is set to “No”, otherwise signal defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:
pwl = 0,0,1,2,4,3,5,0,8,0

If “Cycle” = Yes, “Delay” = 0, the following voltage will be generated:

See Working with PWL source chapter for more details.

Vv Voltage source VIV_VS_Function.nl5
Model Parameter Units Description
Function F(t) V Function

Arbitrary function. F(t) defines voltage as a function of the following variables:

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(t) is blank, voltage is zero.
Example:

F(t) = sin(t) * (1+cos(t*.01))

F(t) = V(R1) * I(R1)

Please note that V, I, and P variables are taken at previous calculation step. This may affect
stability of the schematic with closed loop.
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\ | Voltage source VIV_VS_File.nl5
Model Parameter Units Description
File File File name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Voltage source defined in the text file. “File” parameter is a file name, with full path to the
file. If the file is located in the same directory as schematic file, the path can be omitted. Signal
is defined in following format:

<if first line does not start with a number, it is ignored>
t0, Vo0
tl,Vv1

where all t and V can be numerical values or expressions. If t<t0, signal is VO. If tO<t<t1, signal
value is linearly interpolated between VO and V1, etc. If t>tn, then signal value is Vn if “Cycle”
parameter is set to “No”, otherwise signal defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:

@0 Ul = O
O O whN o

I4
’
I4
’
I4

If “Cycle” = Yes, “Delay” = 0, the following voltage will be generated:

1 2 3 [ 3 & 7 3 ] 10 1" 12 13 14 13 &
V  Voltage source VIV_VS_SubCir.nl5
Model Parameter Units Description

SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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V Voltage controlled

voltage source L'”eaf | ;
Function _ ‘
» PWL . Vin| VAR
£ VCOo g |
'_
= Pulse
_ 4 PWM P=V.I
SubCir
2 o e
S v
Vv Voltage controlled voltage source VIV_VCVS_Linear.nl5
Model Parameter Units Description
Linear K VIV Gain

Linear voltage controlled voltage source. V = K * Vin.
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Vv Voltage controlled voltage source V/V_VCVS_Function.nl5
Model Parameter Units Description
Function F(x) V Output as function of the input.
F(s) AC transfer function in s domain.
IC \% Initial condition: output voltage.

Arbitrary function.
Transient analysis. F(x) defines output voltage as a function of the following variables:

X — input voltage Vin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(x) = x"3
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input voltage x, and variables V, |, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.
Example:

F(s) = 1/(1+s)

F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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\%

Voltage controlled voltage source VIV_VCVS_PWL.nI5
Model Parameter Units Description
PWL pwl Comma-separated string, K(Vin)
Piece-wise linear voltage controlled voltage source. Source gain K is defined by “pwl”
string as a function of input voltage Vin. See Working with PWL model chapter for details.
Voltage controlled voltage source V/V_VCVS_VCO.nl5
Model Parameter Units Description
VCO Vi Vv Voltage amplitude (Sin), or Pulse On voltage (Pulse).
VO \% Voltage baseline (Sin), or Pulse Off voltage (Pulse).
dFdv Hz/V Gain.
Phase deg Phase.
Type Signal type: Sin/Square/Triangle/Sawtooth.
Voltage controlled oscillator. Output voltage is a signal with frequency equal to:
f(Hz) = dFdV * Vin.
For Sine signal, “V0” is baseline, and “V1” is amplitude. For Square, Triangle, and Sawtooth
signals, “V0” is Off level, “V1” is On level. “Phase” is additional phase of the signal, in degrees.
Voltage controlled voltage source VIV_VCVS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Threshold \% Voltage threshold.
V1 \% Pulse On voltage.
VO \% Pulse Off voltage.

One-shot pulse generator. When increasing input voltage Vin crosses “Threshold” value,
voltage pulse of “Width” duration is generated. “V0” is pulse Off level, “V1” is pulse On level.
If increasing Vin crosses “Threshold” value while pulse is generated, the pulse is restarted.
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Vv Voltage controlled voltage source I/I_VCVS_PWM.nl5
Model Parameter Units Description
PWM Vi \Y Pulse On voltage.
VO V Pulse Off voltage.
F Hz Frequency.
Phase deg Phase.
Vmax \% Input voltage corresponding to 100% duty.

Voltage controlled Pulse-Width Modulator. Output voltage is a pulse signal of frequency “F”
shifted by “Phase”. Input voltage Vin is sampled at the beginning of each cycle of the signal,
and width of the output pulse during this cycle is calculated according to the equation:

width = 1/F * (Vin / Vmax)
or
duty = 100% * (Vin / Vmax);

If the width is equal or less than zero, a short “On” pulse with the width equal to the minimum
calculation step at that moment will be generated. If the width is equal or greater than period
of frequency “F”, a short “Off” pulse at the end of the period will be generated. Due to that, the
frequency of the output signal is always “F". Such a signal can be, for instance, divided by D-
trigger to create a signal with duty cycle less than 50%.

Vv Voltage controlled voltage source VIV_VCVS_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pin1 Name of subcircuit label connected to pin 1

Pin2 Name of subcircuit label connected to pin 2

Pin3 Name of subcircuit label connected to pin 3

Pin4 Name of subcircuit label connected to pin 4

Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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V Current controlled

voltage source L'”eaf :
Function _
. PWL lin l \VARN
§ CCO s
Pulse
- PWM P=Vel
SubCir
2 o A
2 RN N
>
Vv Current controlled voltage source VI/V_CCVS_Linear.nl5
Model Parameter Units Description

Linear current controlled voltage source. V = K * lin.
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Vv Current controlled voltage source V/V_CCVS_Function.nl5
Model Parameter Units Description
Function F(x) V Output as function of the input.
F(s) AC transfer function in s domain.
IC \% Initial condition: output voltage.

Arbitrary function.

Transient analysis. F(x) defines output voltage as a function of the following variables:

X —input current lin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(x) = x"3
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input current x, and variables V, I, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.
Example:

F(s) = 1/(1+s)

F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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Current controlled voltage source VIV_CCVS_PWL.nl5
Model Parameter Units Description
PWL pwl Comma-separated string, K(lin)
Piece-wise linear current controlled voltage source. Source gain K is defined by “pwl”
string as a function of input current lin. See Working with PWL model chapter for details.
Current controlled voltage source V/V_CCVS_CCO.nl5
Model Parameter Units Description
CCO Vi Vv Voltage amplitude (Sin), or Pulse On voltage (Pulse).
VO \% Voltage baseline (Sin), or Pulse Off voltage (Pulse).
dFdl Hz/A Gain.
Phase deg Phase.
Type Signal type: Sin/Square/Triangle/Sawtooth.
Current controlled oscillator. Output voltage is a signal with frequency equal to:
f(Hz) = dFdl * lin.
For Sine signal, “V0” is baseline, and “V1” is amplitude. For Square, Triangle, and Sawtooth
signals, “V0” is Off level, “V1” is On level. “Phase” is additional phase of the signal, in degrees.
Current controlled voltage source VIV_CCVS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Threshold A Current threshold.
V1 \% Pulse On voltage.
VO \% Pulse Off voltage.

One-shot pulse generator. When increasing input current lin crosses “Threshold” value,
voltage pulse of “Width” duration is generated. “V0” is pulse Off level, “V1” is pulse On level.
If increasing lin crosses “Threshold” value while pulse is generated, the pulse is restarted.
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Vv Current controlled voltage source I/I_CCVS_PWM.nl5
Model Parameter Units Description
PWM Vi \Y Pulse On voltage.
VO V Pulse Off voltage.
F Hz Frequency.
Phase deg Phase.
Imax A Input current corresponding to 100% duty.

Current controlled Pulse-Width Modulator. Output voltage is a pulse signal of frequency “F”
shifted by “Phase”. Input current lin is sampled at the beginning of each cycle of the signal,
and width of the output pulse during this cycle is calculated according to the equation:

width = 1/F * (lin / Imax)
or
duty = 100% * (lin / Imax);

If the width is equal or less than zero, a short “On” pulse with the width equal to the minimum
calculation step at that moment will be generated. If the width is equal or greater than period
of frequency “F”, a short “Off” pulse at the end of the period will be generated. Due to that, the
frequency of the output signal is always “F". Such a signal can be, for instance, divided by D-
trigger to create a signal with duty cycle less than 50%.

Vv Current controlled voltage source V/V_CCVS_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pin1 Name of subcircuit label connected to pin 1

Pin2 Name of subcircuit label connected to pin 2

Pin3 Name of subcircuit label connected to pin 3

Pin4 Name of subcircuit label connected to pin 4

Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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\% Voltmeter Voltmeter +
+ 3 g v
> =

Vv Voltmeter V/V_Voltmeter_Voltmeter.nl5

Model No parameters

Voltmeter g imeter. 1= 0 (open circuit).
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W Winding Winding |
L : SV 3R]
§ '(_E L ]

SV

P=Vel

W/MW_Winding_Winding.nI5

W  Winding
Model Parameter Units Description
Winding n turns Number of turns.

Winding. The Winding is actually an ideal transformer, with 1 turn second winding, one end of
each is grounded, and another end is shown as a “core” pin of the winding:

" 2T

Equivalent schematic

To make an ideal transformer, connect cores of two or more windings by wire. Core
magnetizing can be modeled by setting linear or non-linear inductor from core to ground:

» i
i e Wy

Ideal transformers Transformer with
magnetizing inductor
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wW Transformer Transformer
SubCir
3 S
1 2 = =
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>
W  Transformer W/ _Transformer_Transformer.nl5
Model Parameter | Units Description
Transformer nl turns Number of turns in the first winding.
n2 turns Number of turns in the second winding.

Ideal transformer with 2 windings. Coupling coefficient = 1.

W | Transformer

Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pin1 Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Pin3 Name of subcircuit label connected to pin 3
Pin4 Name of subcircuit label connected to pin 4
Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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W  Differential transformer W/ _DifTransformer_Transformer.nl5
Model Parameter | Units Description
Transformer nl turns Number of turns in the first winding.
n2 turns Number of turns in the second and the third winding.

Ideal differential transformer with 3 windings. Coupling coefficient = 1. Second and third
windings have the same number of turns “n2”, and connected to form a differential
transformer.

W Differential transformer

Model
SubCir

Parameter Units Description

File File name of subcircuit schematic.

Pin1 Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Pin3 Name of subcircuit label connected to pin 3
Pind Name of subcircuit label connected to pin 4
Pin5 Name of subcircuit label connected to pin 5
Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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Custom
W transformer

31E

This is a customized component. A component can be edited in the Edit Component dialog box. See
Editing customized component chapter for instructions on editing a component.

Transformer
SubCir

This component may have:
- height from 2 to 32,

- up to 9 windings (total) on both sides,
- arbitrary length of a winding.

Examples of Custom transformer component:

LYY

(0
i)

ANRPANEER

i
M

il
0

0
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W | Custom transformer W/MW _CustomTransformer_Transformer.nl5
Model Parameter | Units Description
Transformer nl turns Number of turns in the first winding.
nN turns Number of turns in the N winding.

Ideal transformer with N windings. Coupling coefficient = 1.

W  Custom transformer

Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
PinN Name of subcircuit label connected to pin N
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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+
+ © g ‘
S E l[ v
P=Ve]

W | Wattmeter W/MW_Wattmeter_ Wattmeter.nl5

Model No parameters

Wattmeter Wattmeter. Short circuit between current ports, open circuit between voltage ports. Can
be used to measure power in grounded or non-grounded load.
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X

X | Delay
Model

Delay

X  Delay
Model

SubCir

Delay Delay |
SubCir {>

% % Vin \Vj
= =
P=Vel
X/X_Delay_Delay.nl5
Parameter Units Description
t0 S Delay.
IC \% Initial condition: output voltage.

Delay. Output voltage is equal to input voltage, delayed by delay time “t0”:
V(t)=Vin(t—-1t0), wheretis currenttime.

When calculating DC operating point, output is set to specified output voltage “IC”, or, if “IC” is
blank, to input voltage. Then output voltage is not changing until delay time “t0”.

The model allocates memory for storing delayed data only when needed, and frees it
immediately when possible. At transient start, an approximate amount of needed memory is
estimated based on calculation step, and, if it exceeds a limit specified in preferences
(Transient page), the warning message is displayed.

Parameter Units Description

File File name of subcircuit schematic.

Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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X

X

Transmission line

Line
2 Lossy 2| Vin Iinl ?:Ii’l lout| Vout
8 8
= =
Transmission line X/X_Line_Line.nl5
Model Parameter Units Description
Line t0 S Delay.
z0 Ohm Characteristic impedance.
VIC Y, Initial condition: voltage.
Ic A Initial condition: current.

Lossless transmission line. The voltage and current in the line are represented as a
superposition of forward and reflected waves, with V/I ratio in each wave equal to line
characteristic impedance “z0”. V and | values of each wave are calculated based on boundary
(input and output) conditions. The line functionality can also be described by the following
equations:

Vin(t) =z0*(lin(t)—lout(t—t0))
Vout(t)=z0*(lout(t)—lin(t—t0))

where t is current time.

Input and output are galvanically isolated: no current is flowing between input and output, and
any voltage difference between input and output may exist.

When calculating DC operating point initial forward and reflected voltage and current are
calculated based on the following conditions:

if “VIC” and “lIC” are blank . . ... .....:Vin =Vout, lin = -lout.

if “VIC” is specified and “lIC” is blank . . : Vin = Vout = “VIC”.

if “VIC” is blank and “lIC” is specified . . : lin = “lIC”, lout = -“lIC”.

if “VIC” and “IIC” are specified . . . . ... :Vin =Vout = “VIC”, lin = “lIC”, lout = -“lIC".

The model allocates memory for storing forward and reflected wave data only when needed,
and frees it immediately when possible. At transient start, an approximate amount of needed
memory is estimated based on calculation step, and, if it exceeds a limit specified in
preferences (Transient page), the warning message is displayed.
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X Transmission line X/X_Line_Lossy.nl5
Model Parameter | Units Description
Lossy t0 S Delay.
z0 Ohm Characteristic impedance.
R Ohm/ns Series resistance per ns.
fr MHz Skin losses cutoff (3 dB) frequency.
G 1/0Ohm/ns Shunt conductance per ns.
fG MHz Dielectric losses cutoff (3 dB) frequency.
VIC \% Initial condition: voltage.
lc A Initial condition: current.

Lossy transmission line. Lossy line modeling is similar to lossless transmission line, with
addition of losses due to series resistance, skin effect, shunt conductance, and dielectric
losses.

Constant series resistance is defined by “r” parameter. Skin losses are modeled by a number
of RL chains, providing series impedance increase as a square root of frequency. The number
of chains is automatically optimized based on calculation step value; however, the maximum
impedance increase due to skin effect is limited to 40 dB (100 times). “fr” parameter defines a
frequency where effective series impedance is approximately 3 dB higher than “r’. Skin losses
are calculated only if “r” > 0 and “fr is not infinite.

Constant shunt conductance is defined by “G” parameter. Dielectric losses are modeled by a
shunt capacitance, providing shunt admittance increase proportional to frequency. “fG”
parameter defines a frequency where effective shunt admittance is approximately 3 dB higher
than “G”. Dielectric losses are calculated only if “G” > 0 and “fG is not infinite.

Input and output are galvanically isolated: no current is flowing between input and output, and
any voltage difference between input and output may exist.

When calculating DC operating point initial forward and reflected voltage and current are
calculated based on the following conditions:

if “VIC” and “lIC” are blank . .. .......:Vin=Vout, lin = -lout.

if “VIC” is specified and “lIC” is blank . . : Vin = Vout = “VIC”.

if “VIC” is blank and “IIC” is specified . . : lin = “lIC”, lout = -“lIC”.

if “VIC” and “IIC” are specified . . . . ... : Vin =Vout = “VIC”, lin = “lIC”, lout = -“lIC”.

The model allocates all the required memory immediately at transient start. The amount of
memory is proportional to line delay and inverse proportional to calculation step. If the memory
required exceeds a limit specified in preferences (Transient page), the warning message is
displayed.
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Views

Sample/Hold SH

|
SubCir {} —
Vin

\%

Models
Traces

<7

P=Vel

Views are used to specify type and polarity of control

I I - =
|
X Sample/Hold X/X_SampleHold_SH.nlI5
Model Parameter Units Description
SH IC \% Initial condition: output voltage.

Sample/hold, track/hold. Depending on view, the model is functioning as a sample/hold, or
as a track/hold. In sample/hold mode, input voltage is sampled at rising or falling edge of a
logical clock signal. In track/hold mode, output voltage tracks input voltage while clock signal
is above the logical threshold, and holds it while clock signal is below the logical threshold
(clock signal can be inverted).

To see and set logical threshold go to Transient | Settings, or AC | Settings then click
Advanced button.

A waveforms example for different modes:

When calculating DC operating point output is set to specified output voltage “IC”.
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X | Sample/Hold

Model

SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.

398



E NL5 circuit simulator PykoBoacteo Nonb3oBaTtens

X Directional Vr
coupler Coupler N | )
| |
= 2 Vv
(<5}
AN 5 S i
S =
| P=Vel
X Directional coupler XI/X_DirCoupler_Coupler.nl5
Model Parameter Units Description
Coupler z0 Ohm Characteristic impedance
CF dB Coupling factor

Directional coupler is a short circuit (no insertion loss) with two output ports: forward (Vf) and
reflected (Vr). Output ports are voltage sources with zero output impedance and coupling
factor CF. The output voltages are calculated as follows:

VE=K* (V +1¥20) / 2
V=K * (V= 1*20) / 2

where K = 10°°7%°,

All voltages are referenced to ground.
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X

X Block-2
Model

SubCir

Block-2

Parameter
File

Pinl
Pin2
Cmd

IC

Units

Models

SubCir

Traces

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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Views

Block-3

X Block-3
Model

SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Cmd

IC

SubCir
° 8
= &
p= =
21 (=
tw
Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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X

Views

X Block-4
Model

SubCir

Block-4

Parameter Units
File

Pinl

Pin2

Pin3

Pin4

Cmd

IC

Models

SubCir

Traces

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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Views

X Block-6

Model Parameter Units
SubCir il
Pinl
Pin2
Pin3
Pin4
Pin5
Pin6
Cmd
IC

Models

SubCir

Traces

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Name of subcircuit label connected to pin 5
Name of subcircuit label connected to pin 6
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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X

Views

Block-8

X Block-8
Model

SubCir

Parameter Units
File
Pinl
Pin2
Pin3
Pin4
Pin5
Pin6
Pin7
Pin8
Cmd
IC

Models

SubCir

Traces

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Name of subcircuit label connected to pin 5
Name of subcircuit label connected to pin 6
Name of subcircuit label connected to pin 7
Name of subcircuit label connected to pin 8
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.

404

XIX_Block-8_SubCir.nl5



E NL5 circuit simulator PykoBoacteo Nonb3oBaTtens

X Custom block

L % L

SubCir

oy [
oy —
oy [

DéD

This is a customized component. A component can be edited in the Edit Component dialog box. See Editing
customized component chapter for instructions on editing a component.

This component may have:
- arbitrary size up to 32(width) X 32(height),
- upto 32 pins on each side

Examples of Custom block component:

UL —711 1 L

X | Custom block X/X_CustomBlock_SubCir.nl5
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
PinN Name of subcircuit label connected to pin N
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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DLL

B inl  outl

I inZ2  out2

B3 in3 ]
O g O

clock

This is a customized component. A component can be edited in the Edit Component dialog box. See Editing
customized component chapter for instructions on editing a component.

This component may have:
- arbitrary size up to 32(width) X 32(height),
- upto 32 inputs on the left side,
- up to 32 outputs on the right side,
- one or no clock pins on the bottom side.
- custom input and output names.

Examples of Code component:

—xl wyl— —inl phasel —
—¥2 yE— —inz out— —5in phasez —
—%3 y3I— —in3 phase3 —
—in i
I.I.'l.
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X

X

Code

Model

Code

Model
DLL

X/X_Code_C_Ex1.nl5
X/X_Code_C_Ex2.nl5
X/X_Code_C _Ex3.nl5

Parameter Units Description

Init Initialization code.
Main Main code.

IC Initial conditions.

C-code block. The model contains code written on simplified C language. The code will be
interpreted by NL5 during transient simulation.

Initialization code “Init” is executed once at the beginning of simulation at t=0. Initialization
code is optional. Leave “Init” parameter blank if initialization code is not used.

“Main” is the main code. If clock pin does not exist, the code is executed on every calculation
step. If clock pin exists, the code is executed only on rising edge of logical clock signal.

“IC” may contain the code assigning initial values to output variables and global variables
defined in the initialization code. If not empty, “IC” code will be executed after initialization
code.

See Creating C-code chapter for details of the model functionality and instructions on creating
the code.

X/IX_Code_DLL_Ex1.nl5
X/IX_Code_DLL_Ex2.nl5
X/IX_Code_DLL_Ex3.nl5

Parameter Units Description

DLL DLL file name

Init Initialization function name.
Main Main function name.

DLL block. Component’s code is written in C, compiled, and placed in the DLL file. DLL
functions will be called by NL5 during transient simulation.

“DLL” parameter is a DLL file name, with full path to the file. If the file is located in the same
directory as schematic file, the path can be omitted. File extension “dll” can be omitted.

“Init” is the name of initialization function. Initialization function is executed once at the
beginning of simulation at t=0. Initialization function is optional. Leave “Init” parameter blank if
initialization function is not used.

“Main” is the name of main function. If clock pin does not exist, the function is executed on
every calculation step. If clock pin exists, the function is executed only on rising edge of
logical clock signal.

See Creating DLL code chapter for details of the model functionality and instructions on
creating code and DLL.
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Y

Views

Y

Y

_DE,_

Logic-1
Model

Logic

Logic-1
Model

Delay

Logic-1 :
9 Log IC
., Delay . {>_
2 &
@
= = Y%
[ Views are used to specify inverted or non-inverted output.
Y/Y_Logic-1_Logic.nl5
Parameter Units Description
IC Initial condition: Low/High.

Logical component with one input. Output type (inverted or non-inverted) depends on
selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.

Y/Y_Logic-1_Delay.nl5

Parameter Units Description
Delay S Output delay.
IC Initial condition: Low/High.

Logical component with one input and delay. Output type (inverted or non-inverted)
depends on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

The output is delayed by “Delay” time. Input pulses shorter than “Delay” will not pass through
and will not affect output.

When calculating DC operating point output is set to specified level “IC”.
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Y

Views

Y

Y

Logic-2 :
elay y

Models
Traces

& &

b b _ Views are used to specify logical function and
ﬁ :]j inverted or non-inverted output.

Logic-2
Model

Logic

Logic-2
Model

Delay

Y/Y_Logic-2_Logic.nl5
Parameter Units Description

IC Initial condition: Low/High.

Logical component with two inputs. Logic function (AND, OR, XOR) and output type
(inverted or non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.

Y/Y_Logic-2_Delay.nl5

Parameter Units Description
Delay S Output delay.
IC Initial condition: Low/High.

Logical component with two inputs and delay. Logic function (AND, OR, XOR) and output
type (inverted or non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

The output is delayed by “Delay” time. Input pulses shorter than “Delay” will not pass through
and will not affect output.

When calculating DC operating point output is set to specified level “IC”.
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Y Logic-3 Logic
Delay
| & 3 2 v
— = = = =

Views are used to specify logical function and
11 11 inverted or non-inverted output.

Views
T
I
I
I
T
|

Y  Logic-3 Y/Y_Logic-3_Logic.nl5

Model Parameter Units Description

Logic IC Initial condition: Low/High.

Logical component with three inputs. Logic function (AND, OR, XOR) and output type
(inverted or non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.
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Y

Logic-3
Model

Delay

Y/Y_Logic-3_Delay.nl5

Parameter Units Description
Delay S Output delay.
IC Initial condition: Low/High.

Logical component with three inputs and delay. Logic function (AND, OR, XOR) and
output type (inverted or non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

The output is delayed by “Delay” time. Input pulses shorter than “Delay” will not pass through
and will not affect output.

When calculating DC operating point output is set to specified level “IC”.
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Y

Views

Custom logic

Logic
Delay
- N g v
= £ = uE
H
H

Views are used to specify logical function and

[
[

] ] ] N ﬂ ﬂ inverted or non-inverted output.

This is a customized component. A component can be edited in the Edit Component dialog box. See Editing
customized component chapter for instructions on editing a component.

This component may have:

arbitrary size up to 32(width) X 32(height),
up to 32 inputs on the left side,
one output on the right side.

Y Custom logic Y/Y_Custom_Logic_Logic.nl5
Model Parameter Units Description
Logic IC Initial condition: Low/High.

Custom logical component. Logic function (AND, OR, XOR) and output type (inverted or
non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.
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Y

Custom logic Y/Y_Custom_Logic_Delay.nl5
Model Parameter Units Description
Delay Delay S Output delay.
IC Initial condition: Low/High.

Custom logical component with delay. Logic function (AND, OR, XOR) and output type
(inverted or non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

The output is delayed by “Delay” time. Input pulses shorter than “Delay” will not pass through
and will not affect output.

When calculating DC operating point output is set to specified level “IC”.
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Y

Views

Y

Y

D_

D-trigger

Logic
Delay i

N s

\%

Models
Traces

1 1 Views are used to specify clock polarity and location of
D-trigger Y/Y_D_Trigger_Logic.nl5
Model Parameter Units Description
Logic IC Initial condition: Low/High.
D-trigger. Clock polarity (rising or falling edge) depends on selected view.
Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.
When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.
D-trigger Y/Y_D_Trigger_Delay.nl5
Model Parameter Units Description
Delay Delay S Output delay
IC Initial condition: Low/High.

D-trigger with delay. Clock polarity (rising or falling edge) depends on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Trigger outputs are delayed by “Delay” time. Output pulses with duration shorter than “Delay”
will not show up.

When calculating DC operating point output is set to specified level “IC”.
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Views

RS-trigger :
Delay
., Vv
S — © 3
©
= £ g
R {
e e e e Views are used to specify clock and S/R inputs polarity
=1 _I=l. TI=1 _Isi and location of output pins.
el i ol
L L L L
s sl Jspb _si-
+r Hr[~ TR TR
| | | |
Y  RS-trigger Y/Y_RS_Trigger_Logic.nl5
Model Parameter Units Description
Logic IC Initial condition: Low/High.

RS-trigger. Clock polarity (rising or falling edge) and R/S polarity (inverted or non-inverted)
depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.
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Y

RS-trigger
Model

Delay

Y/Y_RS_Trigger_Delay.nl5
Parameter Units Description
Delay S Output delay.
IC Initial condition: Low/High.

RS-trigger with delay. Clock polarity (rising or falling edge) and R/S polarity (inverted or non-
inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Trigger outputs are delayed by “Delay” time. Output pulses with duration shorter than “Delay”
will not show up.

When calculating DC operating point output is set to specified level “IC”.
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Y  Schmitt trigger Logic
Delay } B
Vin \V/

:%

Models
Traces

Views are used to specify inverted or non-inverted output.

2 |>_ :}
2
>
Y Schmitt trigger Y/Y_Schmitt_Trigger_Logic.nl5
Model Parameter Units Description
Logic Hysteresis |V Hysteresis.
IC Initial condition: Low/High.

Schmitt trigger. Output type (inverted or non-inverted) depends on selected view.

Output voltage may have only logical levels (Low/High). To see and set logical levels and
threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Output is set to Low or High level following rules (inverted output):

Vin > Threshold + Hysteresis/2 . ..: V =Low
Vin < Threshold - Hysteresis/2 . .. .: V = High
Otherwise ..................... V=previous state

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.
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Y

Schmitt trigger Y/Y_Schmitt_Trigger_Delay.nl5
Model Parameter Units Description
Del ay Hysteresis |V Hysteresis.
Delay S Output delay
IC Initial condition: Low/High.

Schmitt trigger with delay. Output type (inverted or non-inverted) depends on selected
view.

Output voltage may have only logical levels (Low/High). To see and set logical levels and
threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Output is set to Low or High level following rules (inverted output):

Vin > Threshold + Hysteresis/2 . ..: V =Low
Vin < Threshold - Hysteresis/2 . .. .: V = High
Otherwise . .................... V=previous state

Trigger outputs are delayed by “Delay” time. Output pulses with duration shorter than “Delay’
will not show up.

When calculating DC operating point output is set to specified level “IC”.
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Y  Logic generator v

Pulse 0 L
Step -1

0Ty — List
File <+

Models
Traces

Y Logic generator Y/Y_Logic_Generator_V.nl5
Model Parameter Units Description
\V/ Out Logical output: Low/High.

Logical output. Generates constant Low or High logical output.

To see and set logical levels go to Transient | Settings, or AC | Settings, then click
Advanced button.

Y Logic generator Y/Y_Logic_Generator_Pulse.nl5
Model Parameter Units Description
Pulse Period S Period.
Width S Pulse width.
Delay S Delay before first pulse starts.
Active Active output state: Low/High.

Logical pulses. Pulses start at “Delay” time. Output level is “Active” during “Width” time.

To see and set logical levels go to Transient | Settings, or AC | Settings, then click
Advanced button.

The following pulses will be generated if “Active” = On:

High

Loy -

Dielary t

Wicith
Period
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Y Logic generator Y/Y_Logic_Generator_Step.nl5
Model Parameter Units Description
Step Delay S Delay before active state.
Active Active output state: Low/High.

Logical step. Output level is non-“Active” before “Delay” time, turns to “Active” level after
“‘Delay” time.

To see and set logical levels go to Transient | Settings, or AC | Settings, then click
Advanced button.

Y  Logic generator Y/Y_Logic_Generator_List.nl5
Model Parameter Units Description
List List Comma-separated string.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Logic list. Logical output sequence is defined in the “List” parameter in the csv (“‘comma-
separated values”) format, as follows:

t0,s0,t1,s1,...,tn,sn

where all t and s can be numerical values or expressions. s0...sn defines output logical level:
positive number corresponds to High, zero or negative number - Low. If t<tO, output level is
s0. At tO output level is sO. At t1 output level is s1, and so on. At t>tn, output remains at sn
level if “Cycle” parameter is set to “No”, otherwise the sequence defined in t0...tn interval is
repeated continuously. In addition, the whole signal is delayed by “Delay” time.

To see and set logical levels go to Transient | Settings, or AC | Settings, then click
Advanced button.

Example:
List = 0,0,3,1,4,0,5,1,8,0

The following logical output will be generated if “Cycle” = Yes, “Delay” = 0:

High

Loy

[ 1 2 3 4 3 [ 1 g a L] " 12 13 14 I

See Working with List model chapter for more details.
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Y Logic generator Y/Y_Logic_Generator_File.nl5
Model Parameter Units Description
File File File name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Logic file. Logical output sequence is defined in the text file. “File” parameter is a file name,
with full path to the file. If the file is located in the same directory as schematic file, the path
can be omitted. Logical output sequence is defined in the following format:

<if first line does not start with a number, it is ignored>
t0,s0
tl,sl

where all t and s can be numerical values or expressions. s0...sn defines output logical level:
positive number corresponds to High, zero or negative number - Low. If t<tO, output level is
s0. At tO output level is sO. At t1 output level is s1, and so on. At t>tn, output remains at sn
level if “Cycle” parameter is set to “No”, otherwise the sequence defined in t0...tn interval is
repeated continuously. In addition, the whole signal is delayed by “Delay” time.

To see and set logical levels go to Transient | Settings, or AC | Settings, then click
Advanced button.

Example:

@0 Ul WO
O O O

The following logical output will be generated if “Cycle” = Yes, “Delay” = 0:

High

Loy
[

3
i
-
@
@
-
@™
w
=]
¥
o
-
o
&
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2. Operators

P column shows operator precedence: 1- least, 8 - most.
C column indicates if operator supports complex numbers.

Operator P C Description Example
X=y 1 v Assignment
X+=y 1 R Assignment by addition,
x=x+y
X=-=y 1 v Assignment by subtraction,
X=X-Yy
X*=y 1 v Assignment by multiplication,
X=X*y
x/=y 1 v Assignment by division,
x=x/y
a?x:y 2 ! x if a > 0, 3>221:0=1
y otherwise 3==221:0=0
Condition a is calculated first,
then only x or y is calculated,
according to condition.
X&&Y 3 1 if x>0 and y>0, 56&8=1
0 otherwise 5&&0=0
x| ly 3 1 if x>0 or y>0, 511 (-5)=1
0 otherwise (=5) 11 (-8)=0
x<y 4 1 if x<y, 5<8=1
0 otherwise 8<5=0
xX<=y 4 1 if x<=y, 5<=5=1
0 otherwise 5<=2=0
x>y 4 1 if x>y, 5>8=0
0 otherwise 8>5=1
xX>=y 4 1 if x>=y, 5>=5=1
0 otherwise 5>=8=0
X==y 4 V 1 if x equal vy, 5==8=0
0 otherwise 5+431==5+3j1=1
x!=y 4 v 1 if x non-equal vy, 51=8=1
0 otherwise 5+31!=5+31=0
xX+y 5 v xX+y 243=5
1+13+2+23=3+3]
X—y 5 v X=y 3-2=1
3+3j-2-29=1+17
X*y 6 v X*y 2*3=6

(1+25)*(1-23)=5

422




EBY NL5 circuit simulator

PykoBopacTteo Nonb3oBatens

Operator P | C Description Example

x/y 6 v x/y 4/2=2
(2+273)/(1-13)=0+27

X%y 6 x modulo y, the remainder of x/y 5%2=1

X"y 7 v x¥ : x to the power of y 273=8
(=4)70.5=0+27
1373=0-17

++x 8 v Prefix increment: x=x+1 before use

x++ 8 v Postfix increment: x=x+1 after use

--x 8 v Prefix decrement: x=x-1 before use

X—= 8 R Postfix decrement: x=x-1 after use

423




EBY NL5 circuit simulator

PykoBopacTteo Nonb3oBatens

3. Functions

C column indicates if function supports complex numbers.

Function C Description Example
sin (x) sin(x), x in degrees. sin (90) =
cos (x) cos(x), x in degrees. cos (45)= 707.106e-3
tan (x) tan(x), x in degrees. tan (45)=1
tg(x)
sqgrt (x) V . sqrt (4)=2
J; : square root sqrt (-4) =0+27
sgrt (23)=1+17
sqr (x) “Signed” square root: sqr (4)=2
JX if x>=0, sqr(-4)=-2
—J(=X) if =<0
sq (x) N\ x? : square sq(2)=4
sq(1+13)=0+27
pow (x,y) Vv | x¥ : x to the power of y pow (10,2)=100
pow (-4,0.5)=0+27
pow (13, 3)=0-1j
pwr (x,y) “Signed” power: pwr (10,2)=100
x¥ if x>=0, pwr (-10,2)=-100
-(-x)Y if x<0
exp (x) v | & : exponent exp (3)=20.0855
exp (PI*0.57)=0+17
1n (x) o In(x) : logarithm x to base e n(100)=4.60517
log (x) In(-1)=0+3.14159j
In(-13)=0-1.57079j
1g(x) vV | logio(x) logarithm x to base 10g10(100)=
10910 (x) 10 19(-100)=2+1.36437]
1g(1j)=0+682.188e-3]j
1b (x) o log, (x) logarithm x to base 2 1og2(8)=
log2 (x) (“binary” logarithm) b(-8)=3+4.53236]
b(13)=0+2.266187
log(x,y) V logy (x) logarithm x to base y. log(PI,PI)=1
Complex base y not allowed. log(-10,10)=1+1.36437]
log(13,10)=0+682.1e-3]
asin (x) arcsin(x), =-90..+90 degrees asin (1)=90
acos (x) arccos (x), 0..+180 degrees acos (.5)=60
atan (x) arctan(x), -90..+90 degrees atan (1)=45

424




EBY NL5 circuit simulator

PykoBopacTteo Nonb3oBatens

Function Description Example
atan2 (x,vy) arctan(x/y), -180..180 degrees atan2(1l,-1)= 135
atan2(1,1)=
abs (x) Absolute value (magnitude) abs (1) =
mag (x) mag (-10)=10
abs (x,vy,..) [ 5 2 abs (3,4)=5
mag(x,y,.") X +y +..., number of mag<1,1,1,1):2
arguments not limited
sign (x) Sign x sign(-2)=-1
1 if x>0, sign(O)=O
0 if x=0, sign (100)=
-1 if x<0
db (x) 20*1log;g (abs (x)) X in decibel db (100) =40
db (x,vy) 20*1ogig (abs (x/y)) ratio x/y db(1,10)=-20
in decibel
min(x,vy, ..) Minimum, number of arguments not min(5,9,10,2)=2
limited
max (x,vy, ..) Maximum, number of arguments not max (5,9,10,2)=10
limited
int (x) Round x to the nearest integer int (1.4449)=
round (x) int(1.5)=2
int(x,v) Round x to the nearest multiple int (123,10)=120

round (x,V)

of y, x if y<=0.

int (3.1415,0.1)=3.1

abs (c) Absolute value (magnitude) of abs (3+473)=5
mag (c) complex number c mag (-373)=3
phase (c) Phase of complex number c, - phase (1+17) =45
180..180 degrees
re(c) Real part of complex number c e(2+3])=
im(e) Imaginary part of complex number m(2-33)=-3
c
par (x,vy) (x*y) / (x+y) X in parallel with par(2,3)=
y par (103,10)=5+5]
par(x,vy,..) X,VY,.. 1in parallel, number of par(l,1,1,1)=0.25

arguments not limited

random (x)

Random number in the range 0..x

rand(1)=0.2937463

rand (x)
limit (x,min, max) Limit x: 1lim(0,-1,1)=0
lim(x,min, max) min if x<min, lim(-2,-1,1)=-1
max 1f x>max 1im(10,-1,2)=2
X 1f min<=x<=max
islow (x) 1 if x < logical threshold islow (1.0)=1
0 otherwise islow (55)=0
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Function Description Example
ishigh (%) 1 if x >= logical threshold ishigh(1.0)=0
0 otherwise ishigh (55)=1
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4. C language syntax

Comments. Use // to comment text until the end of the line, or delimiters /* and */ to comment block of
the text. Delimiters /* and */ can be nested.

for( i=0; i<10; ++i ) { // this is a comment
/* This block is commented out
xX=1%*2;
y=1/10;
*/
x=1;

Variables. Only double type is supported. To declare a new variable:
e use keyword double,
e Or assign some value to a new name,
e Or use a new name in the for statement.

double x, vy, z;

double x=1.0;

i=5;

for( n=0; n<10; ++n );

Arrays. Only one-dimensional arrays are supported. Index is zero-based. Use keyword double to
declare a new array.

double x[100];
double yI[] = { 1, 2, 3, 4, 5 };

if...else. Conditional statement.

if(i<=0) R1=1.0;
else if (i==1) R1=2.0;
else {

R1=3.0;

Cl=1ln;

for. Loop operator.
for( i=0; i<10; ++i ) {
x[i]=2"1;
y+t=x[1];

for. “Foreach” loop operator. The code is executed for all values from the comma-separated list.
for( i=1,5,10,50,100 ) {
y*=i

1;

}
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while. Loop operator.

i=0;

while ( 1<10 ) {
x[1]=2"1;
++1;

do...while. Loop operator.

i=0;

do {
x[1]=2"1;
++1i;

}
while ( 1i<10 );

switch. Selective structure.

switch (i) |
case 1:
case 2:
default: x

; break;
; break;
3; break;

continue. SKip the rest of the code in the current loop.

for( 1=0; 1<10; ++1i ) {
x[1]=2"1;
if (i==5) continue;
y+=x[1];

break. Leave current loop or switch statement.

for( 1=0; 1<10; ++1i ) {
x[1]=2"1;
if (i==5) break;
y+=x[1];

}

return. Stop execution of the code immediately and exit.

for( i=0; 1<10; ++1 ) {
x[1]=2"1;
if(x[1]==0) return;
y/=x[i]1;
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5. Script commands
In alphabetical order.

Command

Description

ac [from[,to [,points
[,scalellll]

Set AC analysis parameters and start AC analysis.
from = start frequency

to = stop frequency
points = number of points
scale =log or lin - logarithmic or linear

frequency scale.

If called from the script, command will not return
until AC analysis is completed. If called from console
or HTTP link, returns immediately. Use “ready” command
to check for analysis completion.

Example:
ac;
ac 1M;
ac 1M, 100M;
ac 1M, 100M, 500;
ac 1M, 100M, 500, lin;

clear Clear storage.
Example:
clear;
close Close active document.

Example:
close;

cont [screenl, step]]

Continue transient.

screen = screen size

step = calculation step
If called from the script, command will not return
until transient is completed. If called from console
or HTTP link, returns immediately. Use “ready” command
to check for transient completion.

Example:
cont;
cont 1m;
cont 1m, 10n;

cursors left,right

Show cursors (transient or AC) and set to specified
positions.

Example:
cursors 1.5, 2.5;
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Command

Description

cursors off

Hide cursors (transient or AC).

Example:
cursors off;

display off

Hide or show transient and AC windows.

display on
Example:
display off;
exit Close all documents and exit NL5. Can not be called

from console command line.

Example:
exit;

export [filenamel, from[,to
[,stepl]]]

Export traces into csv file. If filename is omitted,
name of the file to export is the same as script file
name, with “csv” extension. If file path is not
specified, export in the script file directory.
Extension “csv” can be omitted. Number of points can
not exceed “Max number of points” value defined on the
Preferences Transient page. If step is omitted, export
101 points.

from = start of the data interval
to = end of the data interval
step = step

Example:
export;
export rctraces;
export rctraces,0,100;
export rctraces,0,1,1m;

export [filename [from[, to
[,points|[,scalelllll

Export AC traces into csv file. If filename is
omitted, name of the file to export is the same as
script file name, with “csv” extension. If file path
is not specified, export in the script file directory.
Extension “csv” can be omitted.

from = start frequency

to = stop frequency

points = number of points

scale =log or lin - logarithmic or linear
frequency scale

”

Example:
export;
export actraces;
export actraces,lm, lk;
export actraces,1lm,1k,100;
export actraces,1m,1k,100,1lin;
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Command

Description

open filename

Open schematic file filename. Extension “nl5” can be
omitted. If file path is not specified, search in the
script file directory.

Example:
open “c:Project files/nl5/rc.nl5”;
open rc;

pause Pause transient. Command can be called from console
command line only.
Example:
pause;
ready Check if transient or AC analysis is completed.

Returns “0” if analysis is running,
returns “1” if completed.

Example:
ready;

rununtil [expression]

Set up “run until” transient mode.

If parameter is omitted, turn off “run until” mode and
clear “run until” expression. Otherwise turn on “run
until” mode and use parameter as “run until”
expression.

Example:
rununtil;
rununtil V(C1l)<0;

save [filename]

Save schematic to file filename. Extension “nl5” can
be omitted.
If filename is omitted, save into the same file. If
file path is not specified, save in the script file
directory.

Example:
save;
save rcnew;

savedata [filename]

Save traces into “nlt” data file. Extension “nlt” can
be omitted.
If filename is omitted, name of the file to save data
is the same as script file name, with “nlt” extension.
If file path is not specified, save in the script file
directory.

Example:
savedata;
savedata rctraces;
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Command

Description

saveic

Save Initial Conditions.

Example:
saveic;

sleep time

Pause script execution for time ms.

Example:
sleep 1000;

stop

Stop transient. This command can be used to free
memory allocated for transient analysis. Transient can
not be continued after this command.

Example:
stop;

store [expr]

Move run into storage. The parameter is evaluated as
an expression, and the result is used as a storage
name. If parameter is omitted, a default storage name
“RunN” is used.

Example:
store;
store R1*Cl;

storetext [text]

Move run into storage with parameter as a storage
name. If parameter is omitted, a default storage name
“RunN” is used.

Example:
storetext;
storetext This is first run;

tracename |[from[,to

[,step]]]

Request transient trace data as a comma-separated
string. Trace tracename should be specified in the
Transient Data, however it does not need to be
displayed on the graph or in the table. Number of
points can not exceed “Max number of points” wvalue
defined on the Preferences Transient page. Can be
called from HTTP link only.

from = start of the data interval
to = end of the data interval
step = step

Example: // Returns:
V(R1); // 101 points of the entire trace
V(R1) 1.23; // trace value at t=1.23
V(R1) 0,100; // 101 points in the specified

// interval
V(R1) 0,10,0.1; // specified interval and step
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Command

Description

tracename [from[, to
[,points|[,scalellll

Request AC trace data as a comma-separated string.
Trace tracename should be specified in the AC Data,
however it does not need to be displayed on the graph
or in the table. Can be called from HTTP link only.

from = start frequency

to = stop frequency
points = number of points
scale =log or lin - logarithmic or linear

frequency scale

Example: // Returns:
V(R1); // all calculated AC points
V(R1) 1.23; // trace value at t=1.23
V(R1) 1,100; // specified interval
V(R1) 1,100,10; // specified interval and number

// of points
V(R1) 1,100,10,1in; // specified interval, number
// of points and frequency scale

tran

[start], screen[,step]l]]

Set transient parameters and start transient

start = start of transient display
screen = screen size
step = calculation step

If called from the script, command will not return
until transient is completed. If called from console
or HTTP link, returns immediately. Use “ready” command
to check for transient completion.

Example:
tran;
tran 0, 10m;
tran 0, 10m, 1mk;
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6. END USER LICENSE AGREEMENT

This End-User License Agreement ("EULA", “Agreement”) is a legal agreement between you ("you",
either an individual or a single entity) and Sidelinesoft, LLC (“Sidelinesoft”) for the NL5 Circuit
Simulator software ("the Software”, “the Software Product"), NL5 License (“the Software License”),
and accompanying documentation.

Ownership

The Software, any accompanying documentation, and all intellectual property rights therein are owned
by Sidelinesoft. The Software is licensed, not sold. The Software is protected by copyright laws and
treaties, as well as laws and treaties related to other forms of intellectual property. The Licensee's license
to download, use, copy, or change the Software Product is subject to these rights and to all the terms and
conditions of this Agreement.

Acceptance

YOU ACCEPT AND AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT BY
DOWNLOADING THE SOFTWARE PRODUCT OR BY INSTALLING, USING, OR COPYING
THE SOFTWARE PRODUCT. YOU MUST AGREE TO ALL OF THE TERMS OF THIS
AGREEMENT BEFORE YOU WILL BE ALLOWED TO DOWNLOAD THE SOFTWARE
PRODUCT. IF YOU DO NOT AGREE TO ALL OF THE TERMS OF THIS AGREEMENT, YOU
MUST NOT INSTALL, USE, OR COPY THE SOFTWARE PRODUCT.

License Grant

Sidelinesoft grants you a right to download, install, and use unlimited copies of the Software Product.
Without a Software License, the Software operates as a Demo version, with limited number of
components in the schematic, and possibly some functional and performance limitations. Several types
of Full-Function Software Licenses can be obtained at Software Product website (nl5.sidelinesoft.com).
Terms and conditions of each type of Full-Function Software License are available at the website and
are subject to change without notice.

Restrictions on Reverse Engineering, Decompilation, and Disassembly.
You may not decompile, reverse-engineer, disassemble, or otherwise attempt to derive the source code
for the Software Product.

Restrictions on Alteration

You may not modify the Software Product or create any derivative work of the Software Product or its
accompanying documentation without obtaining permission of Sidelinesoft. Derivative works include
but are not limited to translations. You may not alter any files or libraries in any portion of the Software
Product.

Consent to Use of Data

Sidelinesoft may ask for your permission to collect and use technical information gathered as part of the
product support services provided to you, if any, related to the Software. Sidelinesoft may use this
information solely to improve the Software or to provide customized services to you and will not
disclose this information in a form that personally identifies you.

Disclaimer of Warranties and Limitation of Liability
UNLESS OTHERWISE EXPLICITLY AGREED TO IN WRITING BY SIDELINESOFT,
SIDELINESOFT MAKES NO OTHER WARRANTIES, EXPRESS OR IMPLIED, IN FACT OR IN
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LAW, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OTHER THAN AS SET
FORTH IN THIS AGREEMENT.

Sidelinesoft makes no warranty that the Software Product will meet your requirements or operate under
your specific conditions of use. Sidelinesoft makes no warranty that operation of the Software Product
will be secure, error free, or free from interruption. YOU MUST DETERMINE WHETHER THE
SOFTWARE PRODUCT SUFFICIENTLY MEETS YOUR REQUIREMENTS FOR SECURITY AND
UNINTERRUPTABILITY. YOU BEAR SOLE RESPONSIBILITY AND ALL LIABILITY FOR ANY
LOSS INCURRED DUE TO FAILURE OF THE SOFTWARE PRODUCT TO MEET YOUR
REQUIREMENTS. UNDER NO CIRCUMSTANCES SHALL SIDELINESOFT BE LIABLE TO YOU
OR ANY OTHER PARTY FOR INDIRECT, CONSEQUENTIAL, SPECIAL, INCIDENTAL,
PUNITIVE, OR EXEMPLARY DAMAGES OF ANY KIND (INCLUDING LOST REVENUES OR
PROFITS OR LOSS OF BUSINESS) RESULTING FROM THIS AGREEMENT, OR FROM THE
PERFORMANCE, INSTALLATION, USE OR INABILITY TO USE THE SOFTWARE PRODUCT,
WHETHER DUE TO A BREACH OF CONTRACT, BREACH OF WARRANTY, OR THE
NEGLIGENCE OF SIDELINESOFT OR ANY OTHER PARTY, EVEN IF SIDELINESOFT IS
ADVISED BEFOREHAND OF THE POSSIBILITY OF SUCH DAMAGES. TO THE EXTENT
THAT THE APPLICABLE JURISDICTION LIMITS SIDELINESOFT'S ABILITY TO DISCLAIM
ANY IMPLIED WARRANTIES, THIS DISCLAIMER SHALL BE EFFECTIVE TO THE
MAXIMUM EXTENT PERMITTED.

Limitation of Remedies and Damages

Your remedy for a breach of this Agreement or of any warranty included in this Agreement is the
correction or replacement of the Software Product. Selection of whether to correct or replace shall be
solely at the discretion of Sidelinesoft. Any claim must be made within the applicable warranty period.
All warranties cover only defects arising under normal use and do not include malfunctions or failure
resulting from misuse, abuse, neglect, alteration, improper installation, or a virus. All limited warranties
on the Software Product are granted only to you and are non-transferable. You agree to indemnify and
hold Sidelinesoft harmless from all claims, judgments, liabilities, expenses, or costs arising from your
breach of this Agreement and/or acts or omissions.

Severability

If any provision of this Agreement shall be held to be invalid or unenforceable, the remainder of this
Agreement shall remain in full force and effect. To the extent any express or implied restrictions are not
permitted by applicable laws, these express or implied restrictions shall remain in force and effect to the
maximum extent permitted by such applicable laws.

Termination

This Agreement is effective until terminated. Without prejudice to any other rights, Sidelinesoft may
terminate this Agreement if you fail to comply with the terms and conditions of this Agreement. In such
event, you must destroy all copies of the Software License.

Governing Law, Dispute Resolution
This Agreement is governed by the laws of the State of Colorado, U.S.A., without regard to its choice of
law principles to the contrary.

Contact Information.
Any inquiries regarding this Agreement or the Software may be addressed to Sidelinesoft at the
Software Product website (nl5.sidelinesoft.com).
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The end
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