MopaenupoBanue nenei nepemeHHoro toka B cpeae INK Micro-Cap

IIpn MomenMpoBaHMS MPOLECCOB B IEMAX C MEPEMEHHBIMH TOKaMH BO3MOXXHO NMPHUMEHECHHE
HECKOJIBKMX BHJIOB aHAJIN3a, KOTOPHIE BBIOMpatoTcs a paszaene Analysis (AHaI13) OCHOBHOTO MEHIO

HJIN MTOCPEACTBOM «T'OPAYNX) KIIABHUIII.

1. Buowt moodenuposanus.
Transient Analysis (ropsiune knaBun Alt+1) - ananu3 MepexoHBIX MPOLIECCOB B CXemMax
IpU ToJlaye HaIpPsDKeHUS MUTaHWs W (WIIM) BO3JACHCTBUI MPOU3BOJIBHON (OPMBI ¢ OCTPOCHHUEM
rpaduKOB MEPEMEHHBIX COCTOSIHUS CXEMbI ¥ UX (DYHKITHI:
®  3aBUCHUMOCTHU OT BPEMEHH;
®  3aBUCUMOCTH JAPYT OT APYTa;
e  CIEKTpajlbHbIC IPEICTABICHUS TEPEMEHHBIX (OBICTPBII TUCKpeTHBIN aHau3 Dypbe).
OTOT BHJ aHAIMW3a HCIOJIb3YeTCS MPU HUCCIEIOBAaHMM PabOThl aHAJIOTOBBIX, IIU(PPOBBIX U

aHaJIOTO-IIU(PPOBBIX YCTPOUCTB.

AC Analysis (ropsiuve xnaBumu Alt+2) — aHanW3 MaJOCHTHAIBHBIX YaCTOTHBIX
XapaKTepUCTUK CXEMbl, JTUHEAPU30BAHHON B OKPECTHOCTH PEXHUMa IO MOCTOSHHOMY TOKY, IpH
BO3JICUCTBUM OJIHOTO WJIM HECKOJbKMX HCTOYHMKOB TapMOHMYECKOTO CHUTHAjla C MOCTOSIHHOM
aMILTUTYION U MEHSIOIIEHCS (0OTHOBPEMEHHO Y BCEX MCTOYHHUKOB) 4acTOTOU. [Ipr 3TOM BO3MOXKEH
BBIBOJI Ipa(h)UKOB:

® 3aBHUCUMOCTHM KOMIUJICKCHBIX 3HAYCHHWH TMEPEMEHHBIX COCTOSHHUS (aMIuTUTyasl, (asbl,
TPYIIOBOM 3aJIePKKH) OT YaCTOTHI B JIMHEWHOM KU JIOTApU(DMUIECKOM MaCIITadax;

®  3aBHCHUMOCTH COCTAaBJISIOIIUX BEJIUYHH IMEPEMEHHBIX COCTOSIHUS APYT OT JApyra (Hampumep,
MOCTpoeHHE Troorpada paanyc-BeKTopa MepeMEHHONW COCTOSIHUS TIPU MCIIOIH30BAHUH B KA4eCTBE
nepeMeHHoNM X YacTOTHO-3aBUCUMOM JIEMCTBUTENIBHOM YacTU, B KayecTBE INEepeMeHHOW Y —
YaCTOTHO-3aBUCUMOI MHUMOM 4acTH);

®  3aBUCUMOCTH CHEKTPaJbHBIX IJIOTHOCTEH HANpPsHKEHUH IIyMa, TPUBEAEHHBIX K YKa3aHHBIM

BXOJAHOMY U BBIXOJHOMY Yy3JIaM, OT YaCTOTHI.

Dynamic AC (ropsiuve kinapuimu Alt+5) — aHanmu3 pexuma cXeMbl (JIMHEapu30BaHa B
OKPECTHOCTH pEXKHUMa MO TOCTOSHHOMY TOKY) MO IEePeMEeHHOMY TOKY U JHHAMHYECKOe
OTOOpaXeHHE HA CXeMe BETWYHH (IO BEIOOPY) KOMITJIEKCHBIX MTEPEMEHHBIX COCTOSIHUSI CXEMBbI TIPH
pa3IMYHBIX YacTOTax (3a7aBaeMbIX CIIMCKOM) M MPU U3MEHEHUH BEJIMYUH MACCUBHBIX KOMIIOHEHTOB
(pe3ucTopoB, HMHAYKTUBHOCTEHM, KOHIEHCATOPOB) C IIOMOILBIO JIBUJKKOBBIX PETYJATOPOB
(SLIDERS).

OcobeHHOCTH TTpakTUYecKoro ucnonb3oBanus Transient Analysis u AC Analysis mogpoOHO
onucaHsl B HameM rnocobuu [4]. IloaTomy npu onMcaHUM NMPUMEPOB MPUMEHEHHS dTHX PEKUMOB
aHaiM3a OyzeM IojaraTb, 4YTO OCHOBHBIE MTOJIOKEHUS H3BECTHBI YUTATEIIIO.

B sT0if rmaBe 6onee moapoOHO paccMoTpeH pesxkuM Dynamic AC (Alt+5).



2. Hemounuku cucnanos, ucnop3yemole RpU MoOeauposanuu
B pexume Dynamic AC 1nienecoobpa3Ho UCTOIB30BaTh HCTOYHUKH JIBYX THIIOB:
. Ucrounuk Hanpspxenus (Voltage Source)
¢ MHoro(dyHKITHOHAIBHBIA HCTOYHHUK HANPSHKEHUS B pekuMe QyHKIUU “None” -
Vi1
AC10 I~

MCTOYHUK rapMOHHYECKHUX Konebanwuii (1 - ammuutyna; 0 - HauanpHas ¢asa).

11 Hctounuk Toka (Current Source)
MHoro¢yHKIMOHAIBHBIA HCTOYHUK TOKAa B pekuMe QyHKUUU “None” - UCTOYHUK

AC10 rapMoHnuYeckux konebanui (1 - ammuryna; 0 - HavanpHas dasa).

[Tpu 3aganuy napaMeTpoB UCTOYHUKOB OIPENENAIOTCS TOIBKO aMIUTUTYAbI M HayaJbHbIE (as3bl,

a 9acToTa BEIOMPAETCS U3 CITUCKA YaCTOT, HAMEUCHHBIX MPOTPaMMO aHau3a (CM. HUXKE)

3. [unamuueckuit ananuz pexcumos

Pexum ananmuza Dynamic AC (Alt+5)

— —
oToOpakaeT BEIMYUHBI IEPEMEHHOT0 HANPSIKEHUs, Iil_l 50 R2 R3 15
TOKa W MOIINHOCTH HEIMOCPEACTBEHHO B CXEME Ha . 15

v
paboyeM MoIe MO Mepe CTYINEHYaTOro H3MEHEHHMS C)Vl ci—T
YacTOTBI, 3HAYEHUA KOTOPOU OIPENEIAETCS CIIMCKOM, .Sl . LBl
COCTaBJIIEMBIM IEpe]l HayanoMm aHanu3a. OH Takxke 1Ij_|
MOXET OTOOpakaThb 3HAYEHUS IIEPEMEHHOI0 TOKa,

JTUHAMWUYECKN PEarupyrolne Ha WU3MEHEHUS CXEMBbI
Puc.1. Bug cxemsl,

CIIN (ITapaMETPOB 3JIEMEHTOB U CT TYPBHI). .
= ( p p PYKTYP ) NpeaAHA3HAUYCHHOU U1 aHaIn3a

I[Tpu pacuere ucnonabp3yeTcs MeTOA KOMILIEKCHBIX AMILTUTY/L.
IIpumep 1.

[Tycte ans aHanmu3a 3ajgaHa Lielb, CXE€My KOTOpPOM yKe HapucoBald Ha pabodeM Tmoje

nporpammuoro komiuiekca (I[1K) Micro-Cap 12 (puc. 1).



Bei3piBaem pexxknm ananuza Dynamic AC, HaxxaB komOuHaruio kinasuim "Alt+5". Ha cxeme
Henu B paboyeM TMoje OTpakaroTcsi (pUC. 2) KOMIUIEKCHBIE YHCIIOBbIE 3HAUEHHUS Y3JIOBBIX
HanpsUKeHUH W TOKOB B BeTBAX. Kpome sToro, Ha pabouee mosie BBIBEICHO IUAIOTOBOE OKHO
"Dynamic AC Limits" 115 3ananus (MM U3MEHEHUs) TapaMeTPOB PEKUMa aHAIU3a U TEKCTOBAst
obmacte "Grid Text", roe oTpaxaroTcs dYacToTa W APYrHe IapamMeTpbl peXuMa aHalu3a,

3aaaBa€MBbIC IICPBOHAYAIIBHO 110 YMOJIYaHHUIO.
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Puc. 2. Bux pabodero nons mocie Beioopa pexxuma Dynamic AC

Cpa3zy 3ameTuM, UTO BCe TMpEACTAaBIEHHOE Ha puc. 2 TpedyeT peaaKTHPOBAHUS:
IPSIMOYTOJIBHUKU CO 3HAYEHHUS TOKOB (CHHHE) U Y3JIOBBIX HAMPSOHKEHHUH (C KpacHBIM 000JIKOM)
HY)KHO DPa3ABUHYTH Ul yA0OCTBa CUMTHIBaHUS MH(OpMAIMK, a B TEKCTOBOIl 00JacTu ciexyer
YMEHBIIUTH pa3Mep mpudTa 10 MUHUMAIbHOTO (8 TMYHKTOB) W crenaTh (oH cBeriee. Bee aTm
VU3MEHEHUS MOYKHO OCYIIECTBUTh TOJIBKO IIpU OTCYTCTBMM JUAJIOroBOro okHa. Iloatomy
oTpeieNuTe MapaMeTphl aHallu3a B 3TOM OKHE U, HE MPUCTYyNas K BHIMOJIHEHUIO aHAIN3a, HAXKMUTE
"OK" (unm KpacHbIi KpECTHMK B IIPaBOM BEPXHEM YIJy IMajIoroBoro okHa). OKHO cCKpoercs,
BHITIOJTHUTE YyKAa3aHHOE pEJaKTUPOBAHWE, W JJs BBIMIOJHEHUS aHalu3a TMpPU CTYIEHYaTOM
M3MEHEHUH YaCTOThI CHOBA BBI3BIBANTE AMAIIOIOBOE OKHO HaxkaTueM kiapuiu F9.

HuanoroBoe okHO «Dynamic AC Limits» (puc. 3) ynpasisieT napaMmeTpaMu AUHAMUYECKOTO
aHaJIM3a peXXuMa Lelu IpU MEPEeMEHHOM TOKe.

B BepxHeM psIy pacronokeHbl MHCTPYMEHTaJIbHble KHONKH OTOOpa:KeHUsi JJis BbIBOJA
(unm ynaneHus) Ha pabouee ToJie meKcma cemku, mekcma ampudyma (0003HaAUCHHS HIIEMEHTOB
CXEMBI), HOMEPO8 Y3108, Y3/108bIX HANPAIHCEHUIL, MOKO8 U CIMPEI0K HANPAGieHUs, MOUHOCH Il
nepemennozo moka. Kaxxaas u3 KHOIOK MOXKET OBITh BKJIIOUEHA MHAWBUAYAIBHO U3 JUATIOTOBOTO
OKHA WJIU, TIOCJI€ €r0 3aKPbITHS, U3 MTAHETTH UHCTPYMEHTOB.

Frequency List - cnucok 3Ha4eHUN 4acTOTHI AJIsI MOJICTMPOBAHMUS, pa3AeisieMbIX 3anaTbiMU. B
Dynamic AC Bceraa ucnonb3yeTcs GUKCUPOBAHHBIN CIIMCOK JAUCKPETHBIX YacTOT, a HE JTMHEHHBIN

WM JIOTapu(PMHUUECKUN JUana3oH 4acToT.



B nmannom mpumepe 3amaH cnucok yactot (B MIm): 2, 4, 6, 8, 10, 12, 14.
Temperature List - cincok temmneparyp. Bech crmcok yacTor OymeT NmMpoaHaIM3WPOBAH IS
KaKI0ro BBEACHHOI'O 3/1CCh 3HAYCHU A TCMIICPATYPHI.

IIpouenTHbIii pazmep mara «Cranaepar.
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Puc. 3. luanoroBoe okuo Dynamic AC Limits

@opMaThl 0TOOpaKeHHUsI HA JHUCILIee KOMILIEKCHBIX 3HAYEHHUI, KOTOphIe OTOOpakaroTcs ¢
JIBYMsl 4uciaMd. Bbl BeIOMpaeTe, MOCTaBUB METKY, TO, 4TO OylIeT OTOOpakaThCsi B IEPBOU
MO3UIUH:

Magnitude (Amunutyna); Magnitude in 0b; Real Part ([elicTButenbHas 4acTh) WJIM HUYETO
(None). 3atem BBIOHpAETE TO, UTO JTOJKHO OTOOPAXKATHCS B MIO3UIIMHA BTOPOTO YHCTIA!
@Dasza 6 zpadycax; Daza ¢ paouanax; Imaginary Part (MuuMas 4acth) uiu Huuero (None).

Place Text: sToT (praskok mo3BoisieT pa3MecTuTh Ha moje TekeT (Grid text), oToOpakaromieit
nepeyeHb BBIYUCIAEMBbIX JAMHAMUYECKUX I[apaMeTpOB IEPEMEHHOI0 TOKa, BKJOYAas YacToTy,
TEeMITepaTypy, UCTIOIb3yeMblid (hopMaT KOMITJIEKCHBIX YACETT M MOIIHOCTH UCTOYHUKOB (puc. 4.25).

HuxHuii psii KHOMOK MO3BOJISIET YIPABIATH AaHAJIM30M B pEKMME JMAJTOTOBOT0 OKHA.

Start: HaunMHaeTCs aHAJIM3 HA MEPBOM 4yacToTe M3 cnucka. [locme mepBoro HakaTusi Ha3BaHUE
kHOnKH MeHsdercs Ha Next. Kaxxnoe HakaTMe KHONKM BBI3BIBAET OJMH AHAIM3 IPU OYEPEIHOM
3HAUEHUU 4acTOThI B criucke. Korma nocturaercst KOHEI| CKMCKa, CIEAYIOMUN pacueT BhIIOIHIETCS
JUJIS1 TIEPBOM YaCTOTHI.

Previous: kaxxj0e Ha)aTHe 3TOM KHOIKH ITPOU3BOIUT OJUH aHAJIU3 IIPU NPEABIAYIIEM 3HAUEHUU
YacTOTBHI.

Stop: Ha)kaTue TON KHOIKM OCTAHABJIMBAET aHAJIN3 HA MOCJIEIHEN YacTOTE, OTKIIIOUAET KHOIIKY

Previous u BoccTaHaBIMBaeT UMsI KHOTIKU IS 3amycka (Start).



OK: »10 3aBepmraer paboOTy IUATOTOBOTO OKHA (OKHO HCUY€3aeT C JKpaHa MOHHUTOpPA), HO
JTMHAMUYECKUH PEXKUM MEPEMEHHOTO TOKA BCE €IIIE IEUCTBYET.

N3meHeHust cxeMbl Temeph MPOU3BOAAT JUHAMHUYECKOEC OOHOBIIEHHWE BHIOPAHHBIX BEITUYHH
MEPEMEHHOT0 TOKA Ha MOCJeIHeN YacToTe.

Cancel: aToT mapameTp 3aBepiaet padboTy JUATOTOBOTO OKHA M HTHOPUPYET JTFOObIE M3MEHEHUS
COJIEPKUMOTO AUAIOTOBOr0 OKHA. J[MHAMUYECKUH PEKUM IMIEPEMEHHOI0 TOKA BCE €1lle JEHCTBYET.

W3meHeHus cxembl Temepb MPOU3BOMAT AMHAMHUYECKOE OOHOBJIEHHE BBIOPAHHBIX BEIWYHH
MEPEMEHHOT0 TOKAa Ha MOCJIEIHEN YacToTe.

Help: noctyn x cripaBo4HOM HHPOPMAIIMH JIJIs1 JHATIOTOBOTO OKHA.

B To Bpems, korga orobpaxaercs auanoroBoe okHO «Dynamic AC Limits», mocne Kaxaoro
HaxxaTusi KHONOK Start / Next wnu Previous paccCUMTBIBACTCS PEXUM Ha OJHOM YacToTe, U
BbIOpaHHbBIE Pe3ybTaThl 0TOOpaXkaroTcsl Ha cxeme. Vcrnonb30BaTh 3TH pe3ybTaThl 1Jid TOMEIIEeHUs
B OTYET MOXKHO TOJBKO, €CIIH CKONMUPOBATH BCE M300paKCHHE Ha dKpaHe MOHHTOpPA M 00pe3aTh
3Ky (puc. 4.25).

Haxmure xHonmky OK, 4roObl BbIMTH M3 nuamoroBoro okHa. [Iporecc pacyeToB B
JIMAJIOTOBOM OKHE MO>KHO TIpepBaTh Ha JIt000i ctamuu. Toraa Ha cxemMe 0TOOpakaroTCs PE3yIIbTaThI

pacyera Ha 3TOU CTaIuH.

Eciu nuanmoroBoe okHO «Dynamic AC Limits» we oroOpaxkaercs Ha pabodeMm moie, TO
nporpamMma JUHAMUYECKH pearupyeT Ha W3MEHEHHs, BBITIOIHAS HOBBIH aHAU3 M 3aTeM OOHOBIISS
PCKUMHBIC 3HAUYCHUS Ha CXCME. .HIO6BI€ U3MCHCHHUA CXCMBI, TAKHC KaK [[OGaBHeHI/Ie HJIN YOAJICHHUC

JeTajeid, a TakKe MCIIOJIb30BaHHE KIIABUII Kypcopa JUIs YIpPaBJICHHsS 3Hau€HHEM BBHIOPAHHBIX

Dynamic AC

Frequency=8e+008

Temperature=27

Displaying AC Voltages, Currents

Format: Mag, Degrees

PGT = Power generated by all sources = 3.551m -544.5m"
P = Effective Power = RE(PGT) = 3.551m

Q = Reactive Power = IM(PGT) = 33.743u, 1807

S = Apparent Power = MAG(PGT) = 3551m

PF = 993.955m
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Puc. 4. Bug pabouero moyisi pu aHAN3€ peKuMa
Ha yactote 8 MI'Il - pe30HaHCHON YacTOTe MapauIeIbHOIO KOHTYpa

PE3UCTOPOB, KOHJCHCATOPOB, WHAYKTHBHOCTEH, UCTOUHUKOB Voltage source w Current source,

BEI3BIBAIOT HOBEIM aHAJIN3 Ha MOCJIEIHEN YacTOTE.



[Tpu oTcyrcTBUM Ha pabodeM MoOJie UAIOrOBOIO OKHAa HMMEETCS BO3MOKHOCTH BBIIACIUTH
COJIep’)KUMO€E paboUero MmoJist ¥ BCTaBUTh B OTYET 00 MCCIIEI0BAaHUAX, €CIIU BBIIOJHUTH CIEIYIOIINE
JIEUCTBUS :

“Edit”=>"Copy to Clipboard”=>"Copy the Visible Portion of Window in BMP format”.

[Tocne komMUpOBaHMSI MOXHO BCTaBIISATH KOIMHUIO B JOKYMEHT TaK, KaKk OOBIYHO, WCIIONB3Ys
koMOuHanwmio “Ctrl+V”’, u 00pe3aTh uirHue 6enbie mouis (puc. 5 u puc. 6).

JlnanoroBoe OKHO MOXHO BBI3BaTh, paborasi B pexume Dynamic AC, cHOBa Ha)xaTuem
kiaBuid F9 v HauaTh NPOX0XKACHHUE CIIHCKA YaCTOT

Ecniu Bel xenmaete momemarb B OTYET pe3yJbTaThl aHaIM3a Ha KaXJOW 4YacToTe H3
HAMEUEHHOTO CIIMCKa, TO PEKOMEHIYeTCs TMOcie KaXKJIOro Imara B pacueTax BbIXOJUTh U3
JTMAJIOrOBOTO OKHA, KOMHMPOBATh Pe3y/bTaThl Ha paboyeM I10Jie, BCTABIATh B OTYET, a IIOTOM OIISTh
BBI3BIBATH JIMAJIOTOBOE OKHO KiaBuiieil F9 u mpogoikaTe aHamu3, UCMONb3Ys CIIUCOK YacTOT.

JunaMuueckre 3HAYEHUsT TEPEMEHHOI0 TOKa BCErjaa MpeACTaBISIOTCS C 3aT€HEHHOU
3aJTUBKOM, YTOOBI JIETKO OTJIMYaTh UX OT JUHAMHYECKUX BEIUYHMH MOCTOSHHOTO TOKa, KOTOpHIE

MPEACTABIISIIOTCS C YETKOM 3aJIMBKOM.

[ns Bbixoga n3 pexuma aHanmsa Dynamic AC HyXHO HaxaTb COYEeTaHMe KraBuLl
“Shift+F3". Nocne 3TOro BCe YMCrOBbIE 3HAYEHMSI CYE3atoT C AKpaHa..

Tenepb NpoaHAIM3UPYEM MOJTYUEHHBIE PE3YIbTATHl AHAIM3A HA OJTHOM M3 YaCTOT CIKCKA. JTa

gyactota 8 MIn BeIOpaHa TOTOMY, YTO OHA IOYTH COBIMAJNAET C PE30HAHCHOW YacCTOTOM

NapajjIeIbHOTO KOHTYpa, COCTOSINEro M3 JBYX NapajuleNIbHBIX BeTBe: Rpy,L; u Rz, (.

HctuHHOE 3HaYeHME pe30HAaHCHOW 4YacToThl 7,952 MI'1 onpeneneHo B CleQyOIEM pasjiene IpH

(2:644.952m,-299.767m°)
[7.101m,544.5m° [12.415m,72.917°

1) —= —+—{2-617.48m -17.083°]
Rl 50 R3 15
: =2 ||[12.295m -73.684°]
v1 Q (3:618.021m,16.316°] Cct T
AC10 0.4nF
L1
1uH

Puc. 5. Toku u y3710Bble HANPSKEHUS B 1IETH Ha
gactore 8 MI'T1 Ipu pe3oHaHCe MapauIeIbHOTO KOHTYpa

AHAJIN3€C YaCTOTHBIX XapPaKTCPUCTHK, a TCOPCTUICCKUC OCHOBBI PE30HAHCA PACCMOTPCHLI B I'JIaBC 5.

HpI/I PE30HAHCE HSKBUBAJICHTHOC COMNPOTUBJIICHHUC KOHTYpa SBJACTCA YUCTO AKTUBHBIM U
HIOJIHOE compoTHBiieHUe nenu Toxe. [loaromy (cM. puc. 4.26) yron casura dassl Toka yepes Ry

otHocutensHo ¢assl DJC  wucrounmmka V1 ouenms man (0,5°), y mHanpsxenus y3ma 2"



(HampsOKeHUs Ha KOHType) (aszoBsiii yron 0,3°, a aKTHBHAS MOIIHOCTH HMCTOYHMKA IIOYTH PABHA
MOJTHOM MOIITHOCTH (cM. puc. 4.25 u puc. 4.27).
Toku B BeTBAX KOHTYypa (4epe3 conpoTuBieHus Ry n R3) NpakTHYECKH UMEIOT OJUHAKOBBIE

AMIUTMTYJIBl ¥ CUMMETPUYHbIE (a3oBble CIABMIUM 10 73° OTHOCHTENIBHO  HANpaBlIEHHs

JIEUCTBUTEIILHOM OCH, YTO CBUJIETEIILCTBYET O PE30HAHCE TOKOB.

[od=1.261m| _

R1 50 R3 15
: 1°| [pd=1.134m
VIC) Ci
ACi0]|” 0.4nF
[pg=3551m 5445m*| [ps=3.833m.-90°
1uH Y[ps=3.799m,90°|

Puc. 6. MomHocTH B 11enn Ha 9actoTe 8 MI'11 - pe3oHaHCHON
4acToTe MapauIeIbHOTO KOHTYpa

Ob6parure BHUMaHKE (pHC. 6), UTO HA aKTHBHBIX CONPOTHUBICHUAX YKa3bIBAIOTCS aKTHUBHBIC

MOINHOCTH, @ HA UCTOYHHUKE N PCAKTHUBHBIX DJIEMEHTAX LCIH - KOMIIJICKCHBIC (HOJ'IHBIC) MOIIHOCTH,

MPHYeM MOIIHOCTH HA MHAYKTUBHOCTH M HAa EMKOCTH HMeloT ¢asosbie yriasl 90° m —90°

COOTBETCTBEHHO, UTO CBUACTCIIBCTBYET O PEAKTUBHOM XapaKTEPEC 3TUX MOIITHOCTEH.

4. Ananusz pexcumos 6 Hacmomnom ouanazone

bynem ananu3upoBaTh CBOMCTBA TOH ke menu (puc.l), Kak B IpeAbIAYyIIEM ITPUMEpE.

[pucrynas k BeimmonHeHuto nporpammbl AC Analysis, 11K Micro-Cap 3amenser nro0Oble
MCTOYHUKHU, KOTOPbIE CTOSJIM B CXEME L[eNMU Ha UCTOYHUK TAPMOHMUYECKUX KOJeOaHUM HaMpsHKeHUS
C aMIUTMTYOM 1 BOJBT M HyJeBOW HaudanbHOH (a3oi. 3aTeM MPOBOAMTCS pacueT pekuMa B IIeNH
IpU JAUCKPETHBIX 3HAUYEHUSAX YacTOThl, KOTOpas YBEIMYMBAETCS C BECbMa MajbIM ILIArOM,
JOCTAaTOYHBIM JUIs 3aJaHHOM TOYHOCTH. MacCHBBI YHCJIOBBIX 3HAYEHUH [OMENIAlOTCA B
CHeUMaNbHbIi (palil W HCIONB3YIOTCS MPH MOCTPOEHHH Tpaduueckux 3aBucuMoctedl. Kak u B
Dynamic AC, ucrionb3yeTcsi MeTOJ KOMILJIEKCHBIX AMILIMTY/I, HO PACCUUTHIBAIOTCS KOMILIEKCHbBIE
3HAYEHHS HE BCEX MEPEMEHHBIX COCTOSHHUS LI€TIH, a TOJIBKO BHIOPAHHBIX.

Urax, Be13siBaeM AC Analysis, icrions3ys komOuHauio kinasui "Alt+2". Ha pabodyem mone
nosiBisieTcss auanoroBoe okHo ""AC Analysis Limits" (puc. 7), rne B ctpoke Frequency Range B
IIEPBOM OKOIIKE yCTAaHABJIMBAeM JiorapupMuUUeckuil MacmTald Mo ocu 4acToT (Ha rpadukax) U BO
BTOPOM OKOIIIKE - Arana3oH 9acToT (50 MI'm, 1 MI'1 - BepXHsisi U HUOKHSSL TPAHUIIBI).

Bribupaem aBTOMaTH4ECKYyI0 YCTAaHOBKY IMPEEoB Ha rpadukax Mo BepTUKAIH.

B HKHEl MOTOBHHE TUATIOTOBOTO OKHA HaMedaeM, 9To Ha BceX rpadukax mo ocu "X" Oyxaer

BBIBOJIUTHCS YacTOTa, a o ocu "Y' — clenyromiue nepeMeHHble: HanpsbkeHue y3na "2"; ¢asza atoro



HAaIpsDKEHUSI; HyJIEBOH ypOBEHb Il OTcueTa (asbl; TpU TOKa uepe3 conmpotuBieHus Ry, Ry, R3.

Otmeuaem IBCTa U HOMEpa I‘pa(bI/IKOB, Ha KOTOPBIX 6YHYT CTPOUTHCH 3TH YaCTOTHBIC 3aBUCUMOCTHU.

JKUMaeM KHOITK un' B IMAJIOTOBOM OKHE WJIH Ha KJIaBHAT TTOJT M HKH.
Ha ae o "Run" aJIOTOBOM OKHE "F2" Ha KIaBHaType, moaydae a

3 ac anaes i o -

cleta I Estpand Help... I By | uﬁl ) | Qu |
Frequency Range!\_og _:J | 5E7,1E6 Run Options Mormal - i
Number of Points | 500 State Variables  |Zero - I

Temperature |Lmearl_| |2?

Run Add I

I Stepping... I Eroper‘ties...l

Maximum Change % I 5 [+ Operating Point
Noise Input [ none ~| [ Auto Scale Ranges
Noise Output | 2 [~ Accumulate Plots

[ lgnore Expression Errors Page | P | ¥ Expression l Y Expression | X Range l Y Range | > |

il_ IF |\.r(2) |5e+7,1e+6,9.ae+f io.s4,0.24,0.12

lz_ !F ]ph(v(z]) I5&+7,le+ﬁ,9.EeH §45,—3n,15
!2_ iF lo ’5e+7,le+ﬁ,9.ae+f i45,—30,15
ia_ IF I\(Rl) ISe+7,1e+ﬁ,9.Be+E 10.02,0,0.004
ia_ iF I\(RZ] |Se+7,1e+5,9.8e+f iu.nz,n,u.nm

|3_ !F l\(m) |5e+?,le+ﬁ,9.ae+( §0.02,0,0.004

Puc. 7. lnanorosas okao AC Analysis Limits

YacTto TONMIIMHA JIMHUA XapaKTEpUCTUK HE yTpauBaeT Iojb3oBareneid. Torma HYXHO
MOMECTUTH CTPEIKY MBIIIKU Ha JI000M 13 rpadUKoB U MIEIKHYTH JBa pa3a.

Otkpoercs okHO "Properties for AC Analysis", B kKoTOpoMm ciemayeT BbIOpaTh TPETHIO
3aknanky "Color, Fonts and Lines", rae mosBUTCS BO3MOXXHOCTH IOMEHSATH IIBETa JUHUUA H
YCTaHOBUTH UX IIUPHUHY.

B oxonuaTensHOM BuJe rpaduku mpeacTaBieHbl Ha puc. 8. HanmoMHuM, 4TO 371€Ch OTMEUEHBI

SHAYCHHU aMINIMTYd NIEPEMCHHBIX Ha pa3HbIX YaCTOTax.

840.00m ‘AC HUCI‘\‘E/JHEE cir
720.00m ‘ : i ' i i T
600.00m . : : . .
: : i g i [ R
48000m 1 e .- ———— | |
360.00m i ’ : i ; : feeead " diooeraeenaenaend TR
240.00m ™ 1o 50U
Left Right Delta Slope
[v(2) (v) 644.953m 644.970m 16.706u -383.185p
F (Hz) 7.995M 7.952M -43.597K 1.000
45.00
e ‘ ; ‘ R HEAAN
15.001 : : : ] " i ; i
0.00 i i i i i i —
16,00 : : | : oot e
D0y 10 G
Left Right Delta Slope
Cph(v(2)) (Degrees) -265.717Tm 43.800m I 309.517m -7.099u
o 0.000 0.000 0.000 0.000
F(Hz) Lo Nas}sm 7.95211 / 3mo g 1.000
20.00m T T I T T z
16.00n B e : : i i e
12.00m ; ¥ " ; ; ; e
8.00 ; : g ——-.!-=< _J[7852u,7.10
ol i : il ; A .
4.00m ' : : : I . : :
0.00m N / 10M 500
Left Ilm Right Delta Slope
[Bli(R1) (A 7101m 7.101m -779.140n 17871p
iR2) (4) 12.302m 12.364m 62.190u 1.426n
[Ii(R3) (A) 12.408m 12.34Tm -61.764u 14170
F (Hz) 7.995M 79520 -43.597K 1.000

Puc. 8. YacToTHBIE 3aBUCUMOCTH HAIIPSKEHUH M TOKOB B IEITH,
MpeICTaBIeHHON Ha puc. 4.22



YacToTHBIE XapaKTEPUCTUKU 00J1aat0T 0OJbIION MHGOPMAITMOHHOCTHIO - Cpa3y BHJIHO, YTO

amIuiMTyaa Hanpsokenuss Up,, Ha KOHTYpe MMEET XOPOILO BBIPAXCHHBIA MAaKCHUMYM, BCIECICTBUE

pe30HaHca KOHTYpa Ha 4acToTe, KOTOopas OTMEUYeHa MpaBbIM KYpCOPOM aBTOMAaTHUYECKU. 3HAYCHHE
pPE30HAHCHOW YacTOTHI yKa3bIBaeT CTpeika. PaccmaTpuBaemas 1menb o0iamaeT n3OUpaTebHBIMU
CBOMCTBAaMH I10 4YaCTOTE CHUTHAJIA.

Ha gactoTe pe3oHanca ¢aza 3TOT0 HANpsOKEHHs paBHA HYJIO, TaK Kak rpaduk ¢assl (BTOpoit
rpaduk) nmepecekaeT HyJIeBOH YPOBEHbD.

Ammmutyasl TokoB Io,, u I3, B BeTBAX KOHTypa (Tpertuil rpaduk, 4depHas U CHUHSA

XapaKTepUCTUKN) UMEIOT paBHbIE 3HAYEHMsI MPU pe30HaHCE (PE30HAHC TOKOB), a aMIUIMTYAa TOKa

Ilm 4gCpe3 NCTOYHUK - MUHUMAJIBHOC 3HAUCHUC.

5. Ananusz uzmenenus PeHcumMoe 60 epemenu

[Ipu pab6ote B Tramsient Analysis TpeOyeTcsi, 4TOOBI BCE IMapaMeTPbl WCTOYHHKOB OBLIH
3a/laHbl MOJHOCTHIO. ClieI0BaTeNbHO, Y UCTOYHUKA TAPMOHHYECKHUX KOJICOAHW HYKHO 3a/1aBaTh
aMIUIUTYZy, YaCTOTY U HadallbHYIO (a3y.

st mpoIoJKEeHHsT UCCIeIOBaHUM TOW ke 1enu (puc. 1) moAXOoAsIT: UCTOUHUK HaIPSKEHUs

tuna Sine Source 1 MHOTO()YHKIIHOHAJIbHBIN

@ — > — @ UCcTOYHUK Hanpsbkenus Voltage Source.

R1 50 Rr2 R3 15 Hcnone3dyeM  HMCTOYHUK  BTOPOrO  THIIA,

15 IIOCKOJIBKY OH YK€ HapuCOBaH B CXEME Ha

é . C1=£ pa60quv none IIK  Micro-Cap 12,

“/ Sin 0 1 8meg 0 ) 0.4nE oCTaBIIeiCs nocJe MpEeAbIIYIINUX
L1 HACCIENOBAHUN.

1uH JIBOMHBIM  IIETYKOM  MBIIIA  IIO

UCTOYHHUKY V1 BBI3BIBAEM JIMAJIOTOBOE OKHO

Puc. 9. Cxema tienu, moAroToBIECHHAS IS (puc. 10), B xoTOpOM BEIOHpacM (yHKIHIO
UCCIICIOBAHUS MIPOLIECCOB BO BPEMECHU uctoynuka  "Sin" W ycTaHaBIMBaeM
napaMmeTpbl: MOCTOsIHHAsA cocTasisomas - 0,
ammuTyna - 1, actora - 8 MI'n, ¢asza - 0 (mo ymomuanuio). Ilonydaem cxemy, Bua KOTOpOH
IpeJICTaBlIeH Ha puc. 9.
3aTtem, ucnosib3ysi KoMOuHanwio KinaBuml "Alt+1", BeI3pIBacM Ha pabouee MoJie TUaJoroBOe
okHO Transient Analysis Limits (puc. 11), rne B BEpXHEM JIEBOM OKOILIKE YCTaHABIMBAaEM
JUTUTEIBHOCTD aHanu3a 0,25 MKkc (1Ba epuoa kojiebanus ¢ yactroroit 8 MI'n).
Huke B OKolIKe yCTaHaBIMBAaEeM BEJIMYMHY MaKCHMAIbHOIO IIara MpH pacdyeTax COCTOSHUS

IIeNH B JUCKPETHBIE MOMEHTHI BpeMeHH (00ecrieunBaeT IaBHOCTh KPUBBIX HA IpaduKax).

3aTem BeIOMpaeM aBTOMAaTUUECKYIO YCTaHOBKY "mipesenoB" Ha rpadukax.



B HmwkHel TOJIOBUHE AMAJIOTOBOTO OKHA OMpEessieM pPEKWMHBIE MEPEeMEHHBIC, 3HAYCHUS
KOTOPBIX OyIyT BBIBOJMTHCS HA TPAaQUKH, U paclpeiesisieM 3TH iepeMeHHbIe 1o rpadukam. Tenepb
1o ocu "X" OTKJIa[IbIBAIOTCS 3HAYEHUSI MOMEHTOB BPEMEHHU.

Haxxumaem kHomky Run , monmydaeM rpaduku, npeicTaBieHHbIe Ha puc. 12. Pemaktupyem

TOJIIUHY JIMHUHN U UX IBET.

—MName —Value -
‘ [vaLuE [~ Show Sin 0 1 8meg| v| J [¥ Show Change 4|
w
— Display —Shape —————
[~ Pin Markers [ PinNames [ Pin Mumbers [v Current [v Power [v Condition Border ’ﬂll Fill o

PART=V1 |voltage vs. Time ~|
VALUE=SIn 0 1 8meg

SMOKE= I— ﬁl

SR HIGH_CURRENT
POWER= HIGH_VOLTAGE
SHAPEGROUP=Default LOW_CURRENT
PACKAGE= LOW _VOLTAGE
MED_CURRENT
MED_VOLTAGE
OK | Cancel | Font... | Add | Delete | E\rn_zv\-'s-:—...l Default Settingsl
e | Find... | Plot... | Syntax... | BIS.; | Help... | Save Setﬁngsl
Enabled |TRUE Ll Calumns |3 7[
[ Help Bar File Link

Nonel Pulse Sin |Exp| F’WLl SFFMl Noisel Gau.ssianl Deﬂnel

DCI AC magn'rtudel AC Phasel
vo|0 ‘.r'All F0|8meg
TD I DF | PH|

Puc. 10. Onpenenenne mapamerpos Voltage source
KaK MCTOYHUKA FAPMOHNYECKHUX KoJieOaHNi

Transient Analysis Limits B p— E=REE X
“Ran Add I Delete | Expand... | Stepping... | PSS... | Properties... I Help... |£‘ E‘ il Ll
Maximum Run Time Iszpu— Run Options ,m
Output Start Time (tstart) [0 StateVariables  [leave v
¥ Maximum Time Step Im— I~ Operating Point I~ Actumulate Plots
I MNumber of Points 510 [~ Operating Point Only I™ Fixed Time Step
Tempersture  [Linear x| [27 [¥ Auto Scale Ranges [~ Periodic Steady State
Retrace Runs i-l— "
[~ Ignore Expression Errors Page | P | X Expression | Y Expression | X Range | ¥ Range | > |l
SmENE - [t [vy [2-527,04.1886 2, 1,05
em=E=NE - Fr vy [2-5¢7,0,4.1666 [2,1,05
ISME=ME || [T fir2) [2.5¢7,0,4.1666 [0.02,-0.015,0.01
ISMEME -] g firz) [2:5e7,0,4.1666 [0.03,0.015,0.01
IS=MIE || Pl fitr1y [2:5e-7,0,4.1666 [0.03,0.015,0.01
Runs the analysis A
= — — — ——

Puc. 11. Aunanorosoe okuo Transient Analysis Limits
JUIS 3aJaHUs TapaMeTPOB aHaIn3a
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Ha BepxHeM rpaduke mokasanbl HanmpspkeHUE ucTouHuka V1 (cuHMi rpaduk) W HanmpsHKeHUE

y31a «2» (depHbIi Tpaduk), KOTOpble U3MEHsOTCs cuHpa3Ho. Ha BTopoMm rpaduke m300pakeHbI

TOKHM, IIpUYEM TOK 4Yepe3 CONpPOTHUBIEHHE R

HAIMps>KCHUEM UCTOYHHKA.

(kpacHbIfl Tpaduk) coBmagaer mo (asze c

Tokm B BeTBIX KOHTYpa HMMCIOT OJAWMHAKOBBEIC aMILIUTYAbl, HO TOK Y€pPE3 R2 B BCTBU C

MHIyKTHBHOCTBIO (YEpHBIH Tpauk) OTCTaeT 1Mo (dase OT HANpsDKeHHs McTouHMKa Ha 73°, Kak

OIIpPENIeTICHO Ha pUC. 5, a TOK uepe3 R3 (cuHUIl rpaduk) omepekaeT Ha TAaKOW K€ Yrol 3TO

HarnpsoKeHHE.

1: —— K/_ v( 1 ) —

: / —— X — v(2) / N

U N .

¥ e
Sllﬂjﬂ_&l o 41.67n 83.33n 125.00n 166.67n 208.33n 250.00n
" i(R2) — i(R3)
/ S~ \, N / S \/

i(R2) (A)

i(R3) (A)

i(R1) (A)

T (Secs)

Puc. 12. BpemeHHbBIE 3aBUCUMOCTH HANPSDKCHUH U TOKOB B TICTTH

KOHTpOJI])H])Ie BOIIPOCHI K TEME «3.11e1chnqec1me Henu ¢ rapMOHUYE€CKUMHU TOKaAaMK»

> VYciosue KBAa3UCTALIUOHAPHOCTHU. Kak ono HCIOJIB3YCTCA B TCOPHUU IJICKTPUICCKUX ueneﬁ?

» Kaxne 0coOEHHOCTH WMEET YCTaHOBHBMHﬁCH PECKUM B JIMHESHHOMN Oenu npu rapMOHHUYCCKOM

BO3JEHCTBUA?

>

YV V V VY

OHpeI[CJ'II/ITL KOMIUJICKCHYIKO aMIUIMTyly TOKa,

Uro xapakTepu3yeT KOMIUIEKCHAS aMIUTATyaa?

MeToa KOMIUTIEKCHBIX aMIUTATY T (00aCTh IPUMEHEHHUS, aJITOPUTM).

B yem cxo/ICTBO U pa3nuine BEKTOPHBIX M BEKTOPHO-TONOrpadUIecKuX AuarpamMm?
B kaxoii ienu akTHBHAS U TIOJIHASI MOIIHOCTH PABHEI 110 BEIMYNHE?

[Touemy cTaparoTcs yMEHBIINTH PEAKTUBHYIO MOIITHOCTH?

IlosicHuTe CMBICI ﬂCﬁCTBYIOmeFO SHAYCHU NNCPEMCHHOT'O TApMOHUYCCKOT'O HAIIPSIKCHU.

CorracoBaHue UCTOYHUKA CUTHAJIA K Harpysku (YCJ'IOBI/ISI u HpI/IMCHCHI/IC).

3agaya l.or

W3BecTeH komIuieke aeiicTByromiero 3nauenust toka: I =0.5+ j0.5.

MTHOBECHHBIX 3HAYCHUM.

HN3BectHO

MEPEMCHHOC

HaIpsA>KCHUC

3agaya 2.7

uy (t) =14cos (500t +23°) ma

MNOCTPOUTHL BCKTOP M 3alMCaTb BBIPAXKCHHUC [JId

HUHAYKTUBHOCTHU

L =20mI'H. Onpenennurs KOMIUIEKCHYIO aMIUTUTYAy TOKa, IMOCTPOMTH BEKTOPHI HANPSUKEHWS W TOKA,

3aImucCaTh BBIPAXCHUC 1JII MIHOBCHHBIX 3HAYCHUN.

11



