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Mpeancnoeue

1 PA3PABOTAH AxuuoHepHbiM obuwecTBoM «LleHTpanbHOE KOHCTPYKTOpcKoe 6rpo «[endToH»
(AO «UKB «[OenToH»)

2 BHECEH TexHu4yeckum KoMUTETOM Mo cTtaHgapTtusaumm TK 165 «CucTemMbl aBTOMaTU3MPOBAHHOIO
MPOEKTUPOBAHMS SNEKTPOHUKN»

3 YTBEPXIEH W BBENEH B JEWCTBWE Mpukaszom deaepanbHOro areHTCTBA MO TEXHWUYECKOMY
perynupoBaHni 1 metponorum ot 5 oktabpa 2023 r. Ne 1074-ct

4 BBEJEH BINEPBbIE

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHsl 8 cmamse 26 @edepanbHO20 3aKOHA
om 29 uwoHa 2015 2. Ne 162-®3 «O cmaxHdapmu3sayuu 8 Pocculickoli ®edepauyuuy. MHgopmauus o6 us-
MEHEeHUSX K HacmosilweMy cmaHodapmy rnybrnukyemcs 6 exe200HOM (M0 COCMOSHUK Ha 1 sHeaps mekyuieao
e2o0a) uHghopmayuoHHOM yKazamene «HayuoHanbHble cmaHlapmei», a oguyuanbHbil MeKkecm uamMeHeHul
U ronpasoK — 8 exXeMecaYyHoOM UHOPMayUOHHOM ykaszamene «HayuoHanbHbie cmaHdapmel». B cryvae
fnepecMompa (3aMeHbl) Uu OMMeHbl Hacmosuw,e2o cmaHdapma coomeemcemayroujee ysedomieHue bydem
onybnukoeaHo & bruxaliwem 6bINyCKe eXeMecsyHo20 UHGOPMAaUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsl». Coomeememaeayouw,asl UHGhopmayus, ygedoMIeHUe U MeKCmbl paaMewalmcs makxe 8 UH-
ghopmayuoHHoU cucmemMe obLeao none308aHuUs — Ha oguuuansHoM caltime @edepansHo20 azeHmcemea rno
MexHUYeckoMy pe2yuposaHuro U Memponoauu 8 cemu MHmepHem (Www.rst.gov.ru)

© OdpopmneHue. ®IBY «MHcTUTYT cTaHgapTuaayuuy», 2023

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpPOU3BEOEH, TUPaXXMNPOBaAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OCbMLI,I/‘IElJ'IbHOFO n3naHua bes pa3pelieHunsa G)e,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 2/12
Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-70976-2023



https://gostexpert.ru?utm_source=pdf&utm_medium=67685
https://gostexpert.ru/gost/gost-70976-2023?utm_source=pdf&utm_medium=67685&utm_term=page

rOCT P 70976—2023

HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

CUCTEMblI ABTOMATU3UPOBAHHOIO NMPOEKTUPOBAHWA 3NEKTPOHUKU

WMHdpopmaumoHHoe obecneveHue. MopAagok pazpabotku mogenen SPICE.
MpaBuna HanMcaHWA 3NeMeHTOB

Electronics automated design systems. Information support. Procedure for development of SPICE models.
Rules for writing elements

Oarta BeepeHna — 2023—10—16

1 O6bnacTb NnpUMeHeHUs

1.1 HacTtoawwmin ctaHgapTt onpeaenset TpeboBaHua Kk onucaHnam paspabatsiBaembix mogenein SPICE
usgenuin Ans cUCTEM aBTOMaTU3MPOBAHHOIO NPOEKTUPOBAHUA PaauO3NeKTPOHHOW annapaTypbl.

1.2 CTaHpapT pekoMeHA0BaH K MPUMEHEHWUI0 opraHn3auuammn, NpeanpusiTUaMmn, YYpeKaeHusaMu u opy-
TMMKU CyDbeKTaMmn X03aMCTBEHHON OeATeSIbHOCTW He3aBMCKMMO OT hOpM CODCTBEHHOCTH U MOSYUHEHUS, Bbl-
NOMHSAKLWMMKU Hay4YHO-MCCregoBaTensckne paboTbl, aBaHNPOEKThHl U OMNbITHO-KOHCTPYKTOPCKME paboTbl No
pa3paboTke, MoaepHU3aLuKM, NPOU3BOACTBY M NMPUMEHEHUID U3LENuiA 3MEeKTPOHHON TeXHUKN (ganee — us-
Jenusl) B paguosanekTpoHHOW annapaTtype obuiero, cneymManu3vpoBaHHOIO 1 OTBETCTBEHHOIO Ha3HaYeHMWNA.

1.3 Ha ocHoBe HacTosiwero ctaHgapTa MoryT ObiTh paspaboTaHbl CTaHOApPTbl, Y4UThIBaKOLWME 0CcobeH-
HOCTK pa3paboTku Mogenei SPICE ana KOHKPeTHbIX TUMOB U3Aenuii.

2 HopmaTuBHbIE CCbINKK

B HacToslwem cTaHgapTe UCNonb3oBaHa HOPMAaTUBHAA CCbIMKa Ha cnefyLwni cTaHgapT:
FOCT P 70756 Cuctembl aBTOMaTU3MPOBAHHOMD MPOEKTUPOBAHUSA 3NEeKTPOHUKKW. MHdopmaumMoHHoe
obecnevenune. Mogenn SPICE. TepMuHbl U onpegeneHus

MpumedyaHue —- MNpu NONb30BaHUM HACTOALLMM CTaHOAPTOM LenecoobpasHo NpoBepUTh AeHCTBME CCbINoy-
HbIX CTAHAAPTOB B MH(OPMAaLMOHHOW cucTeMe OBLLEro nonb3oBaHWs — Ha othMUMansHOM canTe PefnepansbHOro areHT-
CTBa MO TEXHWUYECKOMY PErynnpoBaHWio U METPOMOrK B ceTh MHTEpHET UM No exeroqHoMy MHOPMAaLIMOHHOMY yKa3a-
Teno «HauuoHansHbIe CTaHAapThI», KOTOPbIM onyBnuKoBaH No COCTOAHUIO HA 1 AHBAPA TEKYLLEro rofa, W rno Bbinyckam
EXEeMeCcAa4YHOro MHOPMaLMOHHOTO ykasaTens «HauuoHanbHble CTaHOapThl» 3a TekyLUMiA rog,. Ecnn 3ameHeH CCbINoYHbIA
CTaHOapT, Ha KOTOPbIA AaHa HeaaTMPOBaHHAs CCbIMKa, TO PEKOMEHIYETCHA UCMNONb30BaTh AEWCTBYIOLLYI0 BEPCHIO 3TOrO
cTaHaapTa C YY4eTOM BCEX BHECEHHBIX B JaHHYI0 BEPCUID W3MEHeHW. Ecnu 3aMeHeH CCbinoyYHbIi CTAHOAPT, Ha KOTOPbIN
[laHa JaTWpOBaHHas CCbINka, TO PEKOMEHOYETCS UCTMONb30BaTh BEPCHIO0 3TOM0 CTAaHAApTa C yKa3aHHbIM BbILLE FOOOM YT-
BepkaeHust (NpuHATUA). Ecnn nocne yTBep:KOeHWs HacTOsLLero cTaHAapTa B CCbIMOYHbIA CTAHAAPT, Ha KOTOPbIM AaHa
[LaTUpOBAHHARA CChiNKa, BHECEHO W3MEHEHWE, 3aTParMBaioLLEee NOMOXEHNE, Ha KOTOPOE AaHa CChIMKa, TO 3TO MOMOXEHWE
peKOMEHIYEeTCA NPUMEHATL BE3 yueTa AaHHOMo U3MeHeHWs. Ecnm cebinoyHbIi cTaHaapT oTMeHeH 6e3 3amMeHbl, To nono-
KEHWE, B KOTOPOM [aHa CCbIINKa Ha HEero, peKoMeHAyeTCs NPUMEHSITb B YacTW, HE 3aTparMBatoLLei 3Ty CCbINKY.

3 TepMuHbI 1 onpeaeneHus

B HacTodwWweM cTaHgapTe npuMeHeHbl TepMuHbl no FTOCT P 70756.

MapaHune ochbuumnansHoe

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 3/12
Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-70976-2023



https://gostexpert.ru?utm_source=pdf&utm_medium=67685
https://gostexpert.ru/gost/gost-70976-2023?utm_source=pdf&utm_medium=67685&utm_term=page

FOCT P 70976—2023

4 OcHOBHbIe NonoXxeHus

OdopmneHne Tekcta mopgenein SPICE BeinonHAeTcs ¢ y4eTOM CTaHAapTM3MPOBaHHLIX TpeboBaHUNR K
onucaHuto mogenen SPICE, a Takke TpeboBaHWn HACTOALLErO CTaHOapPTA.

[ns kaxgoro BbIAENEHHOTO CBOWCTBA WM3AENWsi COCTaBMAT YPaBHEHUA Unu Apyrue matemaTudeckue
COOTHOLUEHWSA, SBMAIOLWMECS MaTeMaTUieckum onncademM. OHK NOoKasbliBaOT 3aBUCUMOCTE MEXOY UCXOOHbI-
MU AaHHbIMWU U UICKOMbBIMUW BEMUYUHAMM, 8 TaKKe OTHOLLEHUA MeXAY BblAeneHHbIMW CBOMCTBAMW U3ENus.

MaTtemaTtudyeckoe onucaHue mogenu SPICE npenctaBnser cobor COBOKYMHOCTE MareMaTu4ecKux onu-
caHuil oTAenbHbIX briokoB. Kax Ak BNok MoAenyu MOXeT UMeTbk pPas3nuuHy CTeNeHb AeTanu3auum matema-
TUYeCcKoro onucaHus. BxogHble 1 BLIXOOQHbLIE NEPEMeHHbIe BceX BrOKOB MOAENV AOMKHbI HAXOOWUTLCA BO B3a-
WMHOM COOTBETCTBMWK, 4TO obecneynBaeT nonyyYyeHue cMcTemMbl ypaBHEHWI, ONMUCHIBAOLLEN MOAENb B LIENOM.

5 NpaBuna HanMcaHUA 3NeMeHTOB

5.1 MNpaBuno HanucaHua C-anemMeHTa

Cxxx n1 n2 [C =] value (3agaeTcs Kak NUHENHbIR 3NEeMEHT),

roe nl1 n2 — VMMeHa y3rnoB B KOHEYHbIX TodKax C-anemeHTa;
[C =] — value 3Ha4yeHWe emKoCcTH, B (hapagax.

5.2 MNpaBuno HanucaHua E-anemeHTa
Exxx n+ n- [VCVS] in+ in- gain (3agaeTtcs Kak NMHERHLIA 3NeMeHT);
Exxx n+ n- LAPLACE in+ in- kO, k1, ..., kn/d0, + d1, ..., dm (3apaetcs npeobpasoBaHnem Laplace);
Exxx n+ n- POLE in+ in- a az1, fz1, ..., azn, fzn /b, + ap1, fp1, ..., apm, fpm (3apgaetca dyHkunen Pole-Zero);

Exxx n+ n- FOSTER in+ in- kO k1 + (Re{fA1}, Im{A1})/ (Re{p1}, Im{p1}) + (Re{A2}, Im{A2})/ (Re{p2}, Im{p2}) +
+ (Re{A3}, Im{A3})/ (Re{p3}, Im{p3}) + ... (3apaeTtca dpyHkumen Foster Pole-Residue),

roe gain — KO3 HULMEHT YCUNEHUS;
int/- — NO3WTUBHbIE UMK OTpULIATENBHbIE KOHTPOMbHbIE Y3Mbl, YKa3blBAETCA OOHA napa Ans Kax-
LOro uaMepeHus;
n+/- — NONOXWTENbHLIA UMW OTPULLATENbHLIA Y3en YyNpaBnsemMoro aneMeHTa;
[VCVS] — naeHTUdMKaTop aprymeHTa 4na UCTOYHWUKA HAaNPSKEHWA C KOHTPOTNMPYEMbIM HaMNpPsKeHUeM.
VCVS — 370 3ape3epBUpOBaHHOE CIIOBO, HE UCMOMb3yeTcs Kak UMs y3na unn napameTtpa;
LAPLACE — pauwoHanbHas yHKUMA C napaMmeTpamu, UCnonb3yemMbliMU ONs onpegeneHvusa 3HauyeHun
Bcex koaddpuumenTos (kO, k1, ..., d0, d1, ...);
POLE — pesynbTaTt pelueHus ypaBHeHus, onpegensiowerocsa dyHkuven Pole-Zero (1) B TepMuHax
NnonicoB W Hynew:

a-(s+0, — j2nf,)...(S+ 0y, — j2f,, )(S+ 0y, + j21f,,)
b (s +0pq = j2hy1)-ro(S + Gy = J2Fppy (S + 0y + J2RF

KomnneKcHble NOnKChl MNK HYNU HaxoAAaTCa B CONPsKEHHbIX napax. OnucaHWe aneMeHTa ykasbliBaeT
TOMbKO OOWH M3 HUX, @ B pacyeTax MPUMEHSIIOTCS conpsxeHus. MNapameTpbl MOryT UCNONbL30BaTLCA ANA YKa-
3aHus 3HaveHu a, b, a u f.

FOSTER — pe3yneraT pelleHus ypaBHeHUd, onpefensiwllerocs dyHkumen FosterPole-Residue (2) B
TepMKHaxX NoMCOoB U OCTATKOB!

H(s)= (1)

Re{A} +j-Im{A;} . Re{A}-j-Im{A;}
s—(Re{pi}+J-im{p;}) s-(Re{p;}-Jj-im{p;})/

B dyHkumm FosterPole-Residue ckobku, 3anaTble M KOCble YepThl SBNATCA pasgenuTensMyi — OHM
WMEIT TO e 3HadeHue, 4To u npobenbl. [Mapa NontCcoB-BLIYETOB NpeAcTaBneHa YeTbipbMs YnucrnaMmu (oen-
CTBUTENbHAA U MHMUMAas YacTW OcTaTka, a 3aTeM AeACTBUTENbHASA U MHUMasi YacTu nonwca). [Ina cxoguMocTu
Re{p} nomxHo BbiTb MeHbLe Hyns. [Ins peanbHbIX MOMOCOB BBOAWTCSH MOMOBMHA 3HAYEHWS OCTaTka, Mno-
CKOMNbKY OHa MpUMeHseTCcA ABaXabl.

H(s)= kg +k1s+z (2)

2
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5.3 MNpaBwuno HanucaHuAa F-anemeHTa

Fxxx n+ n- [CCCS] vn1 gain,

rae gain — Ko3MmM@UUWEHT YCUNEHWS;
CCCS — unpeHTudukaTtop AN TEKyLero UCTOMHWKA TOKa, 3ape3epBUpPOBaHHOE CMNOBO, KOTOPOE HE WC-
nonb3yeTcs Kak UMA y3na unv napamMerpa;
n+/- — coegUHUTENbHLIE Y3kl ANS NONOXWTENBHOTO UMK OTPULLATENEHOMO KOHTPONMPYEMOTO UCTOYHUKE;
vn1 — UM$S UCTOHHUKA HanpshKeHus, Yepes KOTOPLIA NpoTeKaeT ynpaBnseMblid TOK. YNpaBnseMblil TOK
TeYeT U3 NOMOXMUTENBHOIO y3na UCTOMHUKA vn1 B oTpULaTenbHblA y3en UCToYHKKa vnl B cOOT-
BETCTBUU C onpegeneHnem vnl B Apyrom mecte MOZenu.

5.4 MpaBuno HanucaHua G-aneMeHTa
Gxxx n+ n- [VCCS] in+ in- fransconductance (3agaeTcs Kak NMMHERHbIA 3NeMeHT);
Gxxx n+ n- LAPLACE in+in- kO, k1, ..., kn /d0, + d1, ..., dm (3agaeTca npeobpa3oraHuem Laplace);
Gxxx n+ n- POLE in+ in- a az1, fz1, ..., azn, fzn /b, + ap1, fp1, ..., apm, fpm (3apgaetca dyHxunen Pole-Zero);

Gxxx n+ n- FOSTER in+ in- kO k1 + (Re{A1}, Im{A1})/ (Re{p1}, Im{p1}) + (Re{A2}, Im{A2})/ (Re{p2}, Im{p2}) +
+ (Re{A3}, Im{A3})/ (Re{p3}, Im{p3}) + ... (3apaeTca dyHkunen Foster Pole-Residue),

roe in+/- — NO3UTKUBHbIE UMK oTpunuaternbHble KOHTPOIbHBIE Y3Ilbl. Heoﬁxo,.qumo YKa3aTb OOHY
napy ansg Kaxgoro namepeHus,
n+/- — NONOXUTENbHLIA UK OTpMLI,ETEJ'IbeIﬁ y3en ynpasnsaemMoro anemMeHTa. Tok nporteka-

€T OT NONOXUTENBHOrO K OTPUUATENBHOMY Y3ny;
transconductance — koadULMEHT NpeobpasoBaHMs HANPAKEHUA B TOK,

[VCCS] — aprymeHT upoeHTMdMKATOpa ANSA WCTOMHUMKA TOKA, YNPaBMnsieMoro HanpsXeHuem.

VCCS — 370 3ape3epBUpOBaHHOE CMOBO, HE MCMOMNb3yeTCsA Kak UMSA y3na unu na-

pamMeTpa.
LAPLACE — pauunoHanbHas yHkuus (3) ¢ napaMmeTpamMu, UCNONb3yeMbIMK ANA onpefeneHus
3HauveHul Bcex koadpuumerTor (kO, k1, ..., d0, d1, ...).

_ kg t+kys+..+kys”

H(s)

POLE — pesynbraT pelleHWs ypaBHeHMWA, onpegenstoLlerocs gyHkumen Pole-Zero (4) B TepMuUHax no-
MOCOB W HyNen:

(3)

dy +dsS+...+d,,s™

a-(s+o0y - j2nfy)...(S+ 0y, — j2uf,, )(s+ 0y, + j20f,,)
b-(s+ o —j2:tfp1)...(s+0£pm —j2:r:fpm)(s+ O pm + j21rfpm)

KomnnekcHble NoMck! UMK HYyNW HaxoO4ATCs B CONPSXKeHHbIX napax.
FOSTER — pesynetaT peleHus ypaBHeHuWs, onpegdensioweroca dyHkumnein FosterPole-Residue (5) B
TePMUHaXx MontcoB U OCTATKOB!

H(s)= (4)

Re{A}+j-Im{A} Re{A} - j-Im{A;}
s—(Re{p;}+j-im{pi}) s-(Re{pi}~j Im{p;})
B cuHTakcuce FosterPole-Residue ckobku, 3anaTble 1 KOcble YepThl ABMAKTCA pasgenutenamu. NMapa
NOMIOCOB-BLIMETOB NpefcTaBneHa YeTblpbMs YncnamMmu (QencTBuTenbHas M MHMMas YacTh ocTaTka, a 3aTem

LENCTBUTENBHAA U MHUMaA YacTu nontoca). [ina cxoammoctu Refpi} omkHO 6eITe MeHbLe Hyna. Ons peans-
HbIX MOMKCOB BBOAWTCS MOMOBUHA 3HAYEHWSA OCTaTKa, MOCKOMNLKY OHa NMPUMEHSeTca ABaXIbI.

H(s)= kg +k1S+Z (5)

5.5 MpaBuno HanucaHuAa H-anemeHTa

Hxxx n+ n- [CCVS] vn1 transresistance,

roe [CCVS] — WAEHTUUKATOP 418 UCTOYHKMKA HanpshkeHus, ynpasnsemoro Tokom. CCVS — 3ape-
3epBUPOBAHHOE CMOBO MOAENN, HEe UCMOMNbL3yeTCs Kak MMSA yana unv napamerpa;
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n+/- — coeguHUTENbHbIE Y3Mbl AMNA NONOKUTENBHOTO UMW OTPULIATENBHOIO KOHTPONMPYEMOro
NCTOYHMKA,;
transresistance — koadhuuMeHT Npeobpa3oBaHMsa ToKa B HaNpsiKeHue,
vn1l — UMA UCTOYHMKA TOKa, YNpaBndemMoro HanpsKeHuem. YnpaBnAembld TOK TeyeT W13
NONOXUTENBHOIO yara UCTOYHKUKA vn1l B OoTpuULAaTenbHbIv y3en uctodHuka vnl B cooT-
BETCTBUM C onpefeneHuem vnl B ApyromMm Mecte MOAenu.

5.6 NpaBuno HanucaHua K-anemeHTa

Kxxx Lyyy Lzzz [K =] coupling,

roe Lyyy — vumsa NepBoi M3 ABYX CBA3AHHBLIX WHAYKTUBHOCTEW. 3Ta MHAYKTWBHOCTL OOMMKHA ObiTb
onpegeneHa B ApYyromMm MecTe B MOLENu;

Lzzz — vums BTOPOW M3 OBYX CBA3AHHLIX MHAYKTMBHOCTEW. OTa MHOYKTMBHOCTb AOMKHA ObiTb
onpegeneHa B ApYyromMm MecTe B MOLENU;

[K =] coupling ycTaHaBnmnBaeT cuenneHune Kak koacuLMeHT B3aUMHOI CBA3U. 3TO HEHYNEBOe eANHUYHOE

BelLecTBeHHoe uncno. Ecnu koadduumeHT CBA3M OTpULATENbHLIA, HanpaBneHWe CBA3U

MEHSIETCH Ha MPOTUBOMOMNOXHOE. 3TO 3KBUMBANEHTHO WM3MEHEHWO MONsiPHOCTKU nboro

M3 CBSI3aHHbIX WHOYKTUBHOCTEN. CuHTakcuc K = xxx ucnonb3yetcsa npwu onpegeneHuu

KoathdnLMeHTa CBA3M C UCMONb30BaHNEM UMEHW NapameTpa unu ypaBHeHus. TekcT «K =»

ABMAeTCHA HeobaA3aTeNbHbLIM.

5.7 NpaBuno HanucaHusa L-anemeHTa

Lxxx n1 n2 [L =] inductance,

roe n1, n2 — WMEHa Y3noB B KOHEYHbIX ToYKax NUHENHON UHOYKTUBHOCTH;
L=inductance yctaHaBnusaeT MHOYKTUBHOCTb B KA4YeCTBE 3HAYEHNSA MHOYKTUBHOCTU B reHpu. TekcT «L =»
He ABnfAeTcs obasaTenbHbIM.

5.8 NpaBuno HanucaHna R-anemeHTa

Rxxx n1 n2 [R =] value,

rae n1, n2 — vMmeHa Y3Nn0OB B KOHEYHbIX TO4YKax R-anemeHTa;
R=val — 3Ha4yeHue conpoTmerieHnA B OMax. TekcT «R =» siBnsgeTca HeobaA3aTenbHbIM.

5.9 MpaBuno HanucaHMA S-aneMeHTa

Sxxx n1 n2 ... nn [nRef] MNAME=Smodel _name,

rae n1 n2...nn — y3nel S-anemeHTa. [lonyckakTcs Tpu BUAa onpegeneHunii

- MpKU OTCYTCTBUKM OMOPHOro y3na nRef cCbINKOW MO YMONYaHWI0 Ha y3en sBnaeTcs «3emMnsa». Kaxabin
y3en ni (i=1 ... n) CTPOAT KaK 0QWH U3 N-NOPTOB S-3MNeMeHTa;

- OOVH M3 OMOpPHbIX y3noB onpenensetcs nRef. Kaxabin yaen ni (i =1 ... n) u nRef CTPOAT Kak oguH 13
n-nopToB S-3NemMeHTa;

- C N OMOPHBLIMY Y3MamMu Kaxablid NOPT MMeeT CBOW COOCTBEHHbLIA onopHbIA y3en. OnpegeneHune yana
MoeT ObiTe HanMcaHo cnegywum obpasom: n1 + n1 - n2 + n2- ... nn + nn - Kaxagas napa ysnos (ni + n ni -,
i=1...n)CTPOSAT KaK OQUH U3 N-NOPTOB S-3MeMEHTa;

nRef — onopHbIA y3en.

MNAME=Smodel_name yctaHaBnueaeT Smodel _name xak uma mogenu S. CTpokoBble napameTpbl
nogfdepxusarotcs npu eeizose MNAME.

Yanbl S-anemeHTa AoMmkHbI ObITh pasMelleHbl cpasy nocne CTPoKW naeHTudukaTopa.

Mogens conocTtaBnseT onpegeneHns y3anoe S-anemMeHTa ¢ YMCNoOM MOPTOB N, yKasaHHbIX B onpenene-
Hun .MODEL, cneaytowum obpasom:

- ONs N-y3noB S-3neMeHT He UMeeT ONMOopPHOro yana;

-onsa n+ 1 y3noB S-aneMeHT UMEET OOWH ONOPHbIA y3er;

- 4N 2n y3noB S-3neMeHT NPUHUMAET N CUTHaMbHLIX Y3NOB M N ONOPHLIX Y3noB. Kaxaasa napa y3nos
COOEepPXMUT CUrHan v onopHbIA yaen.

CWHTaKcUC HanucaHusa CTPOKW Mogenu S-anemMeHTa:

.MODEL Smodel_name S N=val TSTONEFILE=filename,
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roe Smodel_name — nma mogenu;
S ykasbIBaeT, 4TO TMN MoAdenu ABMNseTCcs MOgensio S;
N=val ycTaHaBNMBaeT NOMNOXUTENbHOE, HEHYNEBOE LIeNioe Yncno val Kak Konm4ecTBO
noptoB Ans S-mogenu. 3TO 3Ha4YeHWe LOMKHO COOTBETCTBOBaTb KONMUYECTBY
NopToOB, ONpedeneHHbIX B cooTBeTcTByLWeM dainne Touchstone;
TSTONEFILE=filename ycTaHaBnuBaeT ums ganna Touchstone, ona KOTOpPOro NogaepKuBatTCca CTpo-
KOBbIE NapameTpbl.

5.10 Npaeuno HanucaHua T-anemMmeHTa

Txxx in refin out refout Zo=val TD=val [L=val],

roe in — y3en BXOOHOrO CUrHana;
refin — 3azemMneHve Ans BXOAHOTO cUrHana,
out — y3en BbIXOOHOrO cUrHana;

refout — 3a3zemMneHWe ONsA BbIXOAHOMO CUrHana;
Zo=val yctaHaBnuBaeT val Kak xapakTepucTU4EeCKin UMNedaHc NMHUKM Nepegayu B oMax;
TD=val yctaHaenuBaeT val kak 3agepxKy BpEMEHN pacnpocTpaHeHWa NMHUKW Nepefaqdun B cekyHaax. Ecnn

ykazaHa dmauyeckasn onvHa L, To eguHulbl namepeHuna TD yka3biBaloTcs B C/M;
L=val yctaHaenueaeT val Kak (pU3M4YeCKyo ONVHY NMHUW nepefadn B Metpax. [1o ymonyaduio = 1.

5.11 Npaeuno HanncaHua V-anemMmeHTa

Vxxx n1 n2 [DC =] val,

roe nl, n2 — nMeHa Y3IOB B KOHEYHbIX TOYKaxX NCTOYHWKa HanpsaXXeHus;

DC =val yCTaHaBnmBaet val kak HanpaxeHne NoCTOAHHOIO ToKa Mexay NCXOOHbIMIK y3rnaMu. TekcT «DC =»
He siBnsieTca 0bs3aTenbHbIM.

5.12 NpaBuno HanncaHna W-anemeHTa
Wxxx 112 ...iniro1 02 ... on or N=val L=val + RLGCMODEL=name | TABLEMODEL=name [FGD=val],

roe N=val — ycTaHaBnMBaeT NONOXUTENMbHOE HeHyneBoe LUenoe 4yucno val kak 4ymcno
CUrHanNbHbIX MPOBOAHMKOB (MCKNHOYAsA ONOPHLIN NPOBOSHMK);
i1...in — Ha3BaHWA y3NOB Ona TEPMUHANOB NPOBOLAHMKA BriviKHEro KoHua;
ir — WUms y3na ansi ONOPHOro NPoOBOAHMKA TEPMMHANa Ha BrnvkHeM KoHLe;
01... 0N — Ha3BaHWS Y3MNOB AN TEPMUHAMNOB CUrHANOB AaNbHEro KoHUa;
OF — WM y3Ma [ns ganbHero KoHLa ONopHOTro NPOBOAHWKA TEPMUHANA;
L=val onpegensiet val kKak gnvHy NMHUA Nepeaaqun B MeTpax;
RLGCMODEL=name onpegensier UMs CTPOKM Kak uma mogenu RLGC;
TABLEMODEL=name onpenenseT UMSA CTPOKM Kak MMS 4acTOTHO-3aBMCUMOW TabnnyHon mogenw;
FGD=val onpegensier 4acToTy cpe3a AWalnekTPUYecKnX NoTepb B repLax Kak nonoxuTensHoe
BeLlecTBeHHoe Yncno val. Honb paspelleH (ecnu ycTaHOBNEHO Ha HomMb, Npeano-
rnaraeTcs, 4TO AW3NIEKTPUYECKME MOTEPM COXPAHSIOT NMUHENHYH 3aBUCMMOCTbL OT
4acTOoThl).

Mocne cnucka y3noB yKasbiBaloT KONMYECTBO NPoBOAHUKOB curHanos N. W-anemeHT He orpaHmyvnBaeT
KONMMYEeCcTBO CBSA3aHHbIX NpoBoAHUKoB. W-anemeHT nopgaepusaeTt aBa dpopmata Ansa yKasaHwsi CBOWCTE Nn-
HUK Nepegadqu:

- thbopmar 1: cneundwmkaumnsa RLGC, ykazaHHana B onepatope .MODEL,;

- cthopmart 2: 4acToTHO-3aBMcKMMas TabnuyHasa cneundrkaumns, ykasanHas B onepatope .MODEL.

AprymeHTel RLGCMODEL v TABLEMODEL ceaseiBatoT onpegenenune W-anemerta ¢ .MODEL, ucnonb-
3ya nubo chopmart 1, nnbo cpopmart 2 cootBeTcTBEHHO. W-31eMeHT fomkeH ncnonb3oeatb Nn6o RLGCMODEL,
nnbo TABLEMODEL, Ho He oba.

B oboux hopmaTax xapaktepuctkun W-anemeHTa BbipaXaloTca B MaTpuuax equHUYHON AnvHbl: R, (no-
cTosiHHOE conpoTueneHue), L, G, C, R (cknH-adhdekT) n G, (AnanekTpuyeckue norepu).

®opmat 1: RLGC .MODEL nopgaepxvBaeT 4acToTHO-He3aBucumMble MaTpuubl RLGC Ha eguHuly anm-
Hbl, YaCTOTHO-3aBUCUMbIe AaHHble R 1 G 1 nuHuK be3 notepe LC. ®opmar 1 He nogoepxueaeT nuHuKM RC,

5
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nockonsky Matpuubl RLGC cummeTpuyHbl, mogens RLGC onpefensieT ToNbKO HUKHUE TPEYrofbHble Y4acTu
MaTpuL,. CuHtakcuc mogenu RLGC gna W-anemeHTa:

.MODEL name W MODELTYPE=RLGC N=val
+ Lo=matrix_entries
+ Co=matrix_entries [Ro=matrix_entries] +[Go=matrix_entries]
+ [Rs=matrix_entries] [Gd=matrix_entries] [Rognd=val]
+ [Rsgnd=val] [Lgnd=val],

roe N=val yctaHaBnuBaeT NOMNOXWUTENbHOE HEHYNEBOE LIenioe YMCro val kKak YMcro CUrHanbHbIX
NPOBOLHWKOB (MCKINOYas ONOPHbIA MPOBOOHMK);
Lo=matrix_entries — matpuLa UHOYKTMBHOCTK MO NOCTOSHHOMY TOKY Ha eQUHWLY ONUHBbI;
Co=matrix_entries — matpuLa eMKOCTW MO NOCTOAHHOMY TOKY Ha e4WHULY AT HbI;
Ro=malrix_entries — MaTtpuLa CONpoTUBNEHNA NO MOCTOSIHHOMY TOKY Ha eQWUHWULY ANWUHBI;
Go=matrix_entries — maTpuua NpoBOAMMOCTI MO NOCTOAHHOMY TOKY Ha €OWUHWLY OTUHbI;
Rs=matrix_entries — Mmarpuua CoOnpoTUBNEHWS NMOBEPXHOCTHOMY 3(PMEKTY HA eANHULY OMWHbI;
Gd=matrix_entries — maTpuya notepb B AU3NEKTPUKE HA eAUHWULLY AMNWUHbI;
Lgnd=val onpefenaer 3HadeHue val Kak 3Ha4YeHWe WHAYKTUBHOCTWM MO MNOCTOAHHOMY TOKY Ha
eVHULY ONWHBI AN 323eMIeHUs;
Rognd=val onpenenser 3HauyeHue val Kak 3Ha4YeHWe COMPOTMBIEHUA MO MOCTOSIHHOMY TOKY Ha
eOVHULY ANWHBI AN 3a3eMIeHNns;
Rsgnd=val onpenenset val kKak 3Ha4eHWe CONPOTUBMNEHWS MOBEPXHOCTHOMY 3P PEKTY Ha eaUHMNLLY
ONVHBI ANS 3a3eMMNeHns.

MaTpuubl RLGC B mogenun RLGC W-anemeHTa Haxogatca B cdopmate Maxwellian. OTnudunTtensHas
ocobeHHOCTb 3Toro chopmaTa 3akn4aeTcs B TOM, YTO HeguaroHanbHble TEPMWHbLI MATPULEl ABMNAKTCS OT-
puUaTensHbIMK.

dopmart 2: yacToTHO-3aBUcUMas TabnuyHas cneundukaumns. TabnuyHaa mogens RLGC MoxeT Mcnonb-
30BaTbCA Kak pacluMpeHne aHanutuyeckon mogenvy RLGC onsa MogenupoBaHus NpoM3BONbHOTO YacTOTHO-3a-
BMCMMOIO NOBeAeHWs NMHIIA nepedayun. 31a Modens He nogaepxueaet RC-nuHuun. Cuntakcuc W-anemeHToB
nogfepxueaeT Tabrnuubl AaHHbIX, B KOTOPbIX HEOBXOAMMO MCNoNb3oBaTh MHCTPYKUMio .MODEL. Ans Beinon-
HeHus onepaTop .MODEL oTHocuTca k onepaTtopam ¢ TunoMm SP Model, onnucaHHbiM B Mogenu Tabnuubl Ya-
CTOT OaHHbIX C HEeOOMbLUMMMK CUrHanamu, KOTopble cogepxaT dhakTUdeckne gaHHble Tabnuusl AnNs mMaTpul
RLGC. TabnuuHaa mogens W-anemeHTa Tpebyert:

- Tabnuubl R 1 G, KOTopble JOMKHBI BKMOUYATE B cebA HyneBble YacTOThl AaHHbIX;

- Tabnuubl L n C, KOTOpbIE OOMKHbI BKNHOYATL B cebs 68CKOHEYHO YacTOTHbIE TOUKM OAHHbIX, a TakkKe
TOYKM JaHHBIX C HYNEBOW YacTOTON.

UTtoBbl yKa3aTb HYMeBYH 4acToTy, cnegyeT ucnons3oeate Nnbo aprymeHT DC, nubo napametp f B none
DATA mogenu SP, KoTopblid MOXeT DObiTk ycTaHoBNEH B 3Ha4eHue 0. YTobkl yKkasaTb TOYKy YacToTel BeckoHeu-
HOCTH, cnefyet ucnonb3oeartb apryMmeHT INFINITY.

Cratndeckue matpuubl L M C ABNAKTCA TOMHBIMK ANA LWWPOKOro AWanasoHa YacTtoT. HanpoTue, cTa-
TUdeckas R-matpuua NpUMeHsIeTcs TOMbKO K OrpaHuMYeHHOMY OuanasoHy 4acToT, rMaBHbiM 0OpasoM K3-3a
noBepxHOCTHOro adpdekta. XopowmnmM NpUBNUKEHHbIM Bblpa)XXeHWemM MaTpulbl CONPOTUBNEHUA R ¢ noBepx-
HOCTHbIM adyheKToM ABMAEeTCA creayowas gopmyna

R(f) = Ry +Jf (1+ /) - Rs, (6)

rae Ry — marpuua conpoTUBEHW MO MNOCTOSHHOMY TOKY;
Ry — MaTpuua conpoTUBNEHWI MOBEPXHOCTHOIO adypeKTa.
dopmyna achheKTUBHA 1 JAeT KOPPEKTHbIM YaCTOTHLIA OTKMWK HA BEICOKOW 4acToTe; OQHAKO OHA MOXET
OaTb 3HAYMTemNbHble OWMBKM ONs HU3KOYACTOTHBIX NPUMOXKEHWA.
HanpoTue, matpuuy G (noTepu) NpoBOAMMOCTI pacCcHMThLIBAOT No hopmyne

f
G(f) = Gy + ———G,,
( OV (7)
T+ —
fgd
6
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rae Gy Moaenupyert TOK LIyHTa W3-3a CBOBOAHbIX 3ANEKTPOHOB B HECOBEPLUEHHBIX ANANEKTPUKaX;

G, MogenupyeT noTepy MOLLHOCTK 3a CHET BPalleHUsa Aunonei nog nepeMeHHbIM nonem;

fgd — MONOXUTENbHAA YacTOTa OTCEYKMU.

Ecnn fgd He 3a[aHO0 UMK ecnu fgd ycTaHoBneHo B 0, To G(f) coxpaHsaeT NMHerRHy 3aBUCUMOCTb OT Ya-
cToTbl. B W-anemeHTe 3HaveHue fgd no yMOMYaHWK paBHO HyMto (To ecTb G(f) He UCNoMb3yeT 3Ha4YeHne fgd.

O6a 3t meToda noaxogaT ans cooreetcTBusa mogeny RLGC dakTuyeckum namepexuam. Ecnu name-
PEHHLIE UMW BbIMUCTISIEMbIE faHHbIe MCMOoNMb3YHTCs Ans TabnuyHoi mogenu RLGC, oHa gomkHa beiTe Gonee
TOYHOW, ECNW TOYHO BLINOMHUTL U3MEpeHne NapamMmeTpoB.

Mopens Tabnunubl 4acToT AaHHbLIX NAapamMeTpoB Manoro curHana (Mogens SP) npeancraensaeT cobon obuyo

MOJenb, KOTopasi ONUCbIBAET YaCTOTHO-M3MeHsoLeecs noBegeHne uagenus. CUHTaKCUC HanncaHma CTPOKK:
.MODEL name sp N=val [FSTART=va/] [FSTOP=val/] [NI=val] +
+ [SPACING=spacing] VALTYPE=REAL [INFINITY=matrixval] +

+ [INTERPOLATION=val] [EXTRAPOLATION=val] + DATA=(npts ...) | DATAFILE=filename,

roe N=val ycTaHaBnMBaeT NONOXUTENLHOE, HEHYNEBOE Lienoe Yncno val Kak pasamep MatpuLbl
(konMMYecTBO NUHUIA Nepedaun);
FSTART=val ycraHaBnuBaeT val Kak Ha4anbHy0 YaCTOTHYO TOYKY ANs AaHHbIX. Mo ymonyaHuio = 0;
FSTOP=val ycTtaHaenvBaeT val Kak KOHEYHYK 4acTOTHYK TOYKY ANSA AaHHbIX. VMcnomeayetcs
aToT NapameTp Tonbko Ana dopmatos LINEAR n LOG;
NI=val — konu4yecTBO TOYEK YacTOThbl 3a MHTepBan. icnonbayeTcs aTOT NapamMeTp TOMbKO
ansa dopmatos DEC n OCT. Mo ymonyaHuto paeeH 10;
SPACING=spacing ycTaHaBNMBaeT MHTEPBAI KaK O4WH 13 crieqyLlmnx popmaToB BbIBOPKN AAHHbIX:
LIN — paBHOMepHoOe paccTosiHue ¢ warom 4actotbl (FSTOP-FSTART) / (npts-1). Mo
ymon4yaHuio 3anuck LINEAR aBsngetca anstepHaTMBOW,
OCT — unameHeHue 4actoTel ¢ FSTART B ka4decTBe HadanbHoi Ha NI Todek Ha npts
yCTaHaBnMBaeT KOHEYHYH 4acToTy,;
DEC — pekagHas eapuauus ¢ FSTART B kayecTBe HadanbHoM YyacTtoTel M NI Bannos 3a
Aekady. npts yctaHaBnuMBaeT KOHEYHYH 4acToTy,;
LOG — norapudmmnyeckmnin nHTepsarn,
FSTART u FSTOP — HayanbHaa 1M KoHe4yHas 4acToThl;
POl — HepaBHOMeEpHbIN MHTepBan. [MNapHble AaHHbIE C YAaCTOTHLIMU TOYKaMM.
NONUNIFORM — npuemnemasn ansTepHaTUBHAaNA 3anuchb;
VALTYPE=REAL ycrtaHaBnueaetr (opmMaTupoBaHWe [aHHbIX TOMbKO ANA peanbHbIX 3HAYEeHWN
(TpebyeTca 4ns COBMECTMMOCTHM C CyLUEecTBYOLWMMA peanu3aunamu SPICE);
INFINITY=val ycraHaBnuBaeT val KaK TOUKY AaHHbIX Ha beckoHeyHocTW. Kak npaBumno, peansHyto.
3ToT opMaT OaHHbIX OOMKEH COOTBETCTBOBRAThL cneundukaumam MATRIX n
VALTYPE. npts He y4nTbIBAET 3Ty TOYKY;
INTERPOLATION=val ycraHaBnueaeT val Kak CxeMy UHTEpPMOonsLMu:
- STEP — gWcKpeTHbIN War (No yMon4aHuto);
- LINEAR — OMCKpeTHO-NMHENHbIW;
- SPLINE — npuBsizka b-cnnaiiHa, KOTOpbIA ONUCKLIBAET CANaniH-KPUBYHO, 3a4aHHYH
cnnanH-yHKUMAMMW, BbIPAXEHHbIMW NUHEMHBIMA KOMBUHaumMamMM b-cnnanHoB.
ABnsaeTcs cokpalleHueM OT CrOBOCOYEeTaHUsA «BasucHbIN cnnamH» U MOXeT BbiTb
BbIYMCMEH C MOMOLLLIO anropuTMa ae bopa, obnagatollero ycTon4mMBOCTbIO;
EXTRAPOLATION=val yctaHaBnuBaeT val Kak ofHYy W3 CnedyloLMx CXeM 3KkcTpanonauumn, kotopsie dygyT
Mcnonb3oBaTbCA ANA aHHbIX MOAENW:
NONE — skcTpanonauuwa He gonyckaetcd. MogenvwpoBaHue 3aBepluaetcs, ecnv Tpebye-
Mas TouKa [laHHbLIX HaxoA4uTCs 3a npefenamMy ykasaHHoro guanasoxa;
STEP — wvcnonk3yeT NOCNeqHKK rPaHUYHY0 TOYKY. YCTaHaBNMBaeTCs No YMOMYaHWio;
LINEAR — nuHenHas akcTpanonsauusa ¢ UCrnonb3oBaHMeM NocneaHux ABYX rpaHuYHbIX TOYEK.
Ecnwn ykazaHa Touka gaHHbIX Ha BeCKOHEYHOCTUM, TO IKCTpanonsauus He ucnons3yetcs. Xots STEP gaB-
nsaeTcsa 3HaveHuweM no ymondanuio ang INTERPOLATION, Ho n3-3a pasznuuuil Mexay peanusauusamim peko-
MeHayeTcs ycTtaHasnveaTth LINEAR.
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DATA= npts ... gaHHble, rae npts — KONWYECTBO onpeaeneHHbIX TOYeK AaHHbIX;
DATAFILE=filename ycTaHaBnvBaeT UMA BHELIHEro anna, coaepKallero TOHKMA OaHHbIX.
OnpegeneHne mogenu SP OomkHO Ucnonb3oBaTk BeipaxeHue DATA nubo DATAFILE, Ho He oba ogHo-

BPEMEHHO.

Ecnu ana toyek gaHHbIX Mogenu SP ncnonbayeTcs BHELWHWIA daiin, To 3TOT chain AOMKeH coaepXaTh
TOnbko HeobpaboTaHHble Ymcna, 6e3 kKakux-nmbo cydPUKCoB, KOMMEHTaAPUEB UMM CUMBOMOB NPOAOITKEHWNS.
MepBoe 4ncno B daitfie JOMKHO ObiTh LENOYMUCINEHHBIM 3Ha4YeHMeM, yKasblBaoLWnUM KONMYecTBO TOHEK Bbi-
Bopku B dpaine npts. 3atem crnenyeTt BbIOOpKa AaHHbIX. [1opsaaoK AaHHbIX BbIOOPKM JormkeH BbiTb Takum xe,
Kak B MHCTpyKUuKn DATA. 3TOT haiin JaHHLIX HE UMEET OrpaHUYeHUi Ha ONUHY CTPOKMU.

Xota STEP saensetca 3HadeHuem no ymondanuto ansa INTERPOLATION, Ho u3-3a paznuuuii mexay
peanu3auvsiMyu pekoMeHayetca yctaHaenueaTts LINEAR.

CwHTakcuc Hanucanusa cTpokn W-anemeHTa:

.MODEL name W MODELTYPE=TABLE N=va/ + LMODEL=/ freq_model CMODEL=c_freq_model +
+ [RMODEL=r_freq_model] [GMODEL=g freq_model],

roe N=val yctaHaBnvBaeT val Kak NoNOKUTeNbHOE, HEHYSIEBOE LLENOEe YMACIO CUrHANbHbIX

NPOBOAHWKOB (MCKMOHasa ONOPHbLIA NPOBOAHWK);

LMODEL=/ freq_model yctaHaBnusaeT | _freq_model B kKauecTBe nmeHn mogenu SP ansg maTtpuuebl
MHOYKTUBHOCTH;

CMODEL=c _freq_model yctaHaBnuBaeT c_freq_model B kayecTBe umeHn mogenu SP ans matpuubl
EMKOCTEN;

RMODEL=r_freq_model yctaHaBnueaetr r_freq_model B kadvectBe wumeHn SP agna wmatpuubl
CcOnpoTUBNEHWA. Mo yMOnHaHuio paBHO HYMIO;

GMODEL=g freq_model yctaHaBnueaeT g freq_model B ka4yecTBe umeHn mogenu SP ans matpuubl
NMPOBOAMMOCTH. [10 YMOMYaHWIO paBHO HYIH.

5.13 MNpaeuno HanucaHuAa X-anemMmeHTa

Xxxx n1 [n2 n3 ...] subnam [parnam=val] [M=val],

roe nt...— uMeHa Y3noB ONnA BHELWHUX CChINOK]
subnam — WMS CCbINKK Ha noacxemy mMoaenu;
parnam=va! — WMHA NapamMeTpa yCTaHOBNeHO Ha 3Ha4yeHune val ans ncnonb3oBaHMA TOMbKO B NOACXEME;
M=val 3agaeT 3Ha4YeHWe 4yncra noacxem, coeauHeHHbIX napannerbHO yKa3aHHbIM y3nam. MHoOXu-
Tene val formKkeH ObITb NONOXUTENbLHBLIM, OTNIMYHBLIM OT HynAa uenbiMm HUCIroMm.
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Knioyesbie cnosa: mogens, SPICE, mogenvposaHve, aNekTpoHHasa annapartypa
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