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3ACTOCYBAHHS HITYYHUX HEWPOHHUX MEPEX
A0 MOJAEJIIOBAHHS EJIEKTPHYHUX KI1JI 3SMIHHOT'O CTPYMY

APPLICATIONS OF ARTIFICIAL NEURAL NETWORKS
TO ALTERNATING CURRENT CIRCUITS MODELLING

VY naHiit cTaTTi pO3IIISAAETHCS MOJICIIOBAHHS €IEKTPUYHHX KiJ1 3MIHHOTO CTPYMY.
Mertoro MOJETIOBaHHSI € Tepe10aueHHs BIaCTUBOCTEH JaHoro kona. [[jis MoentoBaHHs
3aCTOCOBYETHCSI HEHPOHHA Mepeka CTPYKTYpH "0araropiBHEBHIA iepcenTpoH".

KurouoBi ciioBa: mty4yHi HEHpOHHI MEPEXKi, EIEKTPUYHI KOJIa, MOJCITFOBaHHS.
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This paper deals with the problem of modelling AC electrical circuits. The
objective of modelling is prediction of different properties of a given electrical circuit.
The model used is a multilayer perceptron artificial neural network.
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AKTYAJIBHICTh TeMM [J0CJilKeHHs. BueHi Ta iHXeHepH y Taiy3i MIKpoO-
EJIEKTPOHIKH 3aIIKaBJICHI Y MOKJIMBOCTI BUKOPUCTAHHS MIBUAKUX Ta TOUHUX MOJENEH
JUTSL TOCTIKEHHS 1 TECTYBaHHS CBOiX PO3POOOK.

IMocTanoBka npodJaemu. IcHYrOUl MAXOIU A0 MOJICIIOBAHHS EIEKTPUYHHUX KL,
TaKl SIK BUKOPUCTaHHs (DI3UYHUX MOJIENeH 13 3aCTOCYBAaHHAM TEOpii eIeKTPOMarHeTH3My
ab0 eKBIBAIEHTHI IEPETBOPEHHS EJIEKTPUYHUX Kul [1], 3a3BUYail CyNpOBOKYIOTHCS
CKJIQJJHUMU aHAJITUYHUM pO3paxyHKamu. Peamizaifisi Takux Mojeied 3a JOMOMOTOIO
Cy4YacHOI OOYHCITIOBATIBHOI TEXHIKH HE € €)eKTUBHOIO.

AHaJi3 ocTaHHIX J0CdiXKeHb Ta myOJikaniii. B ocTanHIX mpaisgx npucBsye-
HUX HITYYHUM HEUPOHHUM MepekaM [2, 3] po3riasgaeTbcsi MOXKIMBICTh 3aCTOCYBaHHS
iX 10 MoJeNoBaHHs (PI3MYHUX MPOIECIB B EISKTPUUHUX KoJax. 30KkpeMa, y mpaiii [2]
NPOBOJUTHLCS OTJIS[, aHalli3 Ta BHAUISIOTHCS TEPCIEKTUBU PO3BUTKY IMITYUYHUX
HEHUPOHHUX Mepex. Y poOoTi [3] HOCHIIKY€EThCS BIUIUB CTPYKTYPH IITYYHOI HEHPOH-
HOI Mepexi Ta mapaMmeTpiB ii HaBYaHHS HAa TOYHICTh MOJIENIOBAHHS EJICKTPUUHUX
€JIEMEHTIB KOJIa Ha MPUKIAJl JHKepesa CTPyMy JJsi KOHTAaKTHOTO 3BapioBaHHs. PoOu-
ThCS BUCHOBOK MPO Te€, 110 3aCTOCYBAHHS HEHPOHHUX MEpEeXk Ui MOIIOHOTO poay
MOJICJIIOBAHHS € BHUIPABJAHUM 4Yepe3 HU3bKY MOXUOKY, SKOK MOKHA 3HEXTYBaTH, Ta
YHIBEpPCAJIbHICTh, IO [O03BOJISIE TMpAIfOBATH SIK 3 PI3HUMU 3HAYEHHSAMH J10YO1
HANpPYTH, TaK 1 3 pI3HUMU 32 HOMIHAJIOM €JIEKTPUYHUMH HaBAaHTA)KEHHSIMH.

BugisieHHss HemoCHiIKeHHMX YACTHH 3arajbHoi mpodgeMu. BincyTHICTH
CTaHJAPTU30BAHUX 1HCTPYMEHTIB MOJICIIOBAHHS Ta TOTOBUX O10MIOTEK E€ICKTPUYHHX
KOMIIOHEHTIB MEPEIIKOKAIOTh IIUPOKOMY BUKOPUCTAHHIO JAHOT METO/IUKH.

ITocranoBka 3aBaaHHA. MeETOI 1€l CTATTI € JOCIIKEHHS MOMKJIUBOCTIL
PO3pOOKHU MOIENeH eNeKTPUIHUX KiJT 800 KOMIIOHEHTIB, sIKI €(pEKTHBHO BUKOPHCTOBY-
I0Th OOYMCITIOBAJIbHI PECYPCH Ta MAIOTh JIOCTaTHIO TOYHICTh MOJIENIOBaHHA. J{oBiIbHA
JUISTHKA €JIeKTPUYHOTO KOoJia MOXe OyTH MpeCcTaBieHa y BUTIIA YOTHPHUITIOIIOCHHUKA.
TakuM yuHOM, IIsI CTATTS MPHUCBAYEHA PO3pPOOLI MOJENl Ha MPHUKIaAl MOJIHOBOTO
TpPaH3UCTOpA.
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Bukiiagennss ocHoBHOro marepiaay. Ha choromHimHiii JeHb ICHy€ [Ba
OCHOBHI MIIXO/U 10 MOJETIOBaHHS €JIeKTPOMarHiTHuX mporeci. [lepmmii Tum — 1e
JieTajgbHe MOZENIOBAHHS, 10 CIIUPAETHCS HA QyHIAMEHTaIbHI (i3WYHI 3aKOHH, BU3HA-
YeHl CHUCTEMOIO pIBHAHb MakcBesula 1 BUKOHYETbCS aHamiTHUHO. CydacHa 0OYHCITIO-
BaJlbHA TEXHIKA HAKJaJac IEeBHI OOMEKEHHS Ha TaKHWi THII MOJIEJIIOBAHHS, OCKUIBKHU
JUIS HUX JOBOJHUTHCS 3aCTOCOBYBATH YHUCENbHI METO/HU, 110 € HA/I3BUYANHO Hee]ek-
TUBHUM BHUKOPHUCTAaHHSIM OOYMCIIOBAIBHUX 1 YACOBUX PECYPCIB, XO4a BOHU 1 JEMOH-
CTPYIOTh BHCOKY TOYHICTh 1 HE TOKJIAJAIOThCS Ha JIaHi, OTpUMaHI €KCIIepUMEHTa-
JBHUM LUIsIXOM [1].

Jpyruii TAnm  MoOJeNmOoBaHHA 0a3yeTbcsi HA EKBIBAICHTHUX IEPETBOPEHHIX
ENIEKTPUYHUX KUJT, BIH TIOEJTHY€E PI3HOTO POy €BPUCTHUKHU 1 CIIPOLIEH] TEOpil 3 HaKJIaJaHHIM
MEBHUX OOMEXeHb. Taki Mojeni MoTpeOyIOTh 3HAYHOI KUIBKOCTI €KCIEPHUMEHTAJIbHUX
JTAHUX, MAIOTh TIPIITy TOYHICTb, OJTHAK OOYHCITIOIOTHCS 3HAUHO IIBUIIIIE.

3acTocyBaHHSl IITYYHMX HEUPOHHHX MEpPEeX SK OKPeMHM MiaXia 10 3aaadi
MOJICTTIOBAHHSI €JIEKTPUYHUX K1 03BOJISIE OTPUMYBATU PE3YJILTATH 3 TOUHICTIO OJTN3b-
KOIO JI0 aHAJIITUYHUX METOJIB, aje 3HauHo mBuimie [4]. [lopiBHsuIbHA XapakTepuc-
THKa yCIX TPhOX MIIXOIB HaBeeHa y Tabuuiii 1.

3amauy MOJIETIOBAHHS €JIEKTPUYHOTO KOJIa IITYYHOI HEHMPOHHOIO MEpExKero
MOKHA C(OPMYITIOBATH HACTYITHUM YMHOM: 3HAIOYM (PI3WYHI MapaMeTpu MOJIHOBOTO
TPaH3UCTOpa, IO MpejacTaBlieHl BeKTopoM (1), HEOOXiTHO BU3HAYMTH AMIUNITYAM 1
dazu S-mapameTpiB YOTUPUIIOTIOCHHUKA, SIK1 MPEICTABIIEHI BEKTOPOM (2).

x =[W,L,a, Ng,Vgs, VDS]T (1)
y = [Asll'Psll'A512' PSlZ'ASZLPSZl'ASZZ'PSZZ]T (2)
Tabnuys 1

ITopiBHAHHS MiX0AiB MO/1eJIIOBAHHS

Kpurepiii . . . Emnipunyni Ta LI Ty4yni HeHpoHHI
. @izuuni moaeJi . . . .
NMOPiBHSIHHA eKBiBaJIeHTHI Mogei Mepexi
HIBuakicTh [ToBuibHI HIBuaki IBuaki
. HaoOnmxaernes 10
TouHICTH Bucoka Oo0mMmexeHa . o
(bIBUYHUX MOJICIICH
ExcnepumenTanbHi .. 3HavYHa KUTBKICTh
. He motpedyroThb Hesenuka KUIbKICTh
afi JUTSL HaBYAHHS
. PiBusinas Crpotirena Teopist ..
TeopeTnuni 3acaau P . P, He 3agisauni
Makcseima YaCTUHHI BUIIAIKH

Ha puc. 1 [4] 300paxkeHO CXeMaTHYHO TIOJbOBHM TPAH3UCTOP, SKUH Mae
HacTynHl ¢GI3U4HI MmapameTrpu: W — mupuHa 3aTBOpy, L — JIOBXKHWHA 3aTBOPY, d —
TOBIIMHA KaHaTy, 0 MPOBOJUTH CTPYM, N,— I'yCTHHA HaIIBIPOBITHUKOBUX JOMIIIOK,
Vs — Hanpyra 3aTBOP-BUTOK, Vpg — Hampyra CTIK-BUTIK.

7 i

Puc. 1. CxematuuHe 300paKeHHS MOJILOBOTO TPAH3UCTOPA.
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Toni 3amauy MokHa BUpa3uTu (HopMyior:

y =fx), (3)
a HEWPOHHY Mepexy Ui ii BUpIIeHHs — (popMyJII010:
y=y,w). (4)

B nmanomy mnpuknam HeMpoHHa Mepexa 3MOXKE MPEICTABISTH TOBEIIHKY
CHPaBKHBOIO TPAH3UCTOPA TUIBKU MICIsI BUBUEHHS PEAIbHOTO BIIHOLICHHS X JI0 Y
yepe3 mporec TpeHyBaHHs [5]. [lapu (x, y) € 3pa3skamMu naHuX i1 HaBYAHHS
HEHPOHHOI Mepexi 1 MaloTh OyTH BUMIPSIHI Ha pealbHOMY IpHiaaal ado 3reHepoBaHi
BIJIMOBITHO JIO TEOPETUYHHUX 3aCa]l EIEKTPOMATrHETH3MY.

B naniit po6oTi ¢izuyHi mapameTpu X TeHepyBaJIMCS BHUIIAJKOBUM YHUHOM, a
BIMOBIHI TM 3HAYEHHS  PO3PAXOBYBAINUCH aHAMITUYHO. JIJi1 HaBYaHHS Mozeli Oyio
Bukopuctano 5000 3paskiB gaHux, 3HaueHHs (QyHKmii BTpar cranoBwio 0.18. Y
Tabnuii | HaBeJeHO MOPIBHIHHS IIYKAHUX MTapaMeTpiB, pO3PaXOBaHUX AHATITUYHO, Ta
nepeadayeHNX HEMPOHHOIO MEPEXKEIO.

Tabnuys 2
PesynbTaTn Mofe1l0BaHHA
Iapamertp IlependaueHe 3HAYCHHS AHaJiTHYHE 3HAYCHHS
ASi 0.917 0.928
PSi; -63.851 -64.00
ASi> 0.026 0.023
PS), 71.200 70.000
AS>; 10.813 10.840
PS>, 149.008 150.000
AS2 0.570 0.529
PS>, -27.023 -27.000

BucnoBku. Pesynpratn, oTpuMaHi B JaHiit poOOTI, J€MOHCTPYIOTh MOMJIMBICTh
3aCTOCYBaHHS IMTYYHUX HEHPOHHUX MEPEXK JUIS CUMYJIAI] €IeKTPHYHKUX KUT B IIJIOMY
a0o 1X KOMIIOHEHTIB OKpPEMO 3a METOJOJIOTIEI0 YOPHOI CKPUHBKH: MOJETh MOXKE
MIPOTHO3YBaTH PI3HOMAHITHI BJIACTHBOCTI EJIEKTPUYHOTO KOJIa, B 3aJIKHOCTI BIJ
NOJAaHWX Ha BXiJ CTaTUYHUX Ta JUHAMIYHMX mapaMeTpiB. [lomanbmie mmpoke
3aCTOCYBaHHS TaKOTO TIJAXOJy MOXJIMBE 3a YMOBH HAasBHOCTI MOJENCH JUIs
CTaHJAPTHUX KOMITOHEHTIB EJICKTPUYHUX KUT Ta HASIBHOCTI 3pYYHOTO iHCTPYMEHTapito
UIE poOOTH 3 HUMH. TakoX BapTO 3a3HAYUTH TEPCICKTHMBH BUKOPUCTAHHS IHINNX
CTPYKTYP HEMPOHHUX MEPEK, TAKHX K MEPEXKi paglaibHUX 0a3ucHUX (PYHKITIH Ta 1HIII.
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A. Lohvynchuk, O. Aleshchenko, O. Zalotnov

APPLICATIONS OF ARTIFICIAL NEURAL NETWORKS
TO ALTERNATING CURRENT CIRCUITS MODELLING

Target setting. Scientists and engineers in the field of microelectronics are
interested in the possibility of using fast and precise models to test their developments.

Actual scientific researches and issues analysis. Existing approaches to
modelling electrical circuits such as use of physical models or use of equivalent
circuits generally require complex analytical calculations. These are very
computationally expensive and cannot be implemented efficiently on modern
equipment.

Uninvestigated parts of general matters defining. Lack of standardized
modelling tools and components libraries prevent this approach from being mass-used.

Objective setting. The goal of this paper is research on possibility of
development of electrical circuit or particular component model, which would be
computationally effective and demonstrate desirable precision. This work focuses on
development of FET model.

The statement of basic materials. The comparison between existing
approaches and neural network modelling is done. The approach to decomposing of
original task into abstract problem to be solved by neural network is described. The
modelling results display satisfactory precision.

Conclusions. The results obtained in this work demonstrate possibility of
neural network usage for modelling electrical circuits or electrical components in a
"black box" methodology: given a set of physical parameters, the model can predict
various properties of a device that is being modelled. Further use of this approach is
possible under condition of existence of standardized models for various standard
electrical components and convenient tools to combine them. Also it is worth
mentioning that other neural network structure such as radial basis neural networks
also can be useful in this field.

Key words: artificialneural networks, electrical circuits, modelling.



