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2. Model aggregation methods for solving problems of automated parametric synthesis of electronic circuits

Pedepar:

1. O6'eKT - IpoLeCc MaTeMaTUYHOIO MOJIEJIIOBaHHS €J1IeKTPOHHUX cxeM y CAITP. MeTa - po3po6ka 3arajbHoi
METOJI0JI0Tii aBTOMATU30BaHOIO CXEMOTEXHIYHOTO NPOEKTYBaHHS HA OCHOBI arperyBaHHs Mojesneil. Metonu - st
BUPIlI€HHS [TI0CTaBJIEHUX 3aB/IaHb BUKOPUCTAHO TaKi METOLM: METOIM MaTPUYHOI anre6pu, Teopii rpadis, Teopii
MHOJUH, T€OPil YyTJIMBOCTi, MATEMATUYHOTO aHAaJli3y, TEOPETUYHOI €JIEKTPOTEXHIKY i Teopii HeJiHINHUX
€JIEKTPOHHHUX CXEM, 5Ki J03BOJIMJIN OTPMMATH iepapXiuHuil psijl arperoBaHux Mojiesiell BUXiIHOI MaTeMaTUYHO]
MogeJli cxeMHy B 6a31Ci By3JI0BUX IIOTEHIiaJliB; METOM CTPYKTYPHOI Ta IapaMeTpUYHOI afanTalii AJj1s1 po3B'si3aHHs
3ajia4y ajanTalii arperoBaHUuX Mojiesiel 040 MPOEeKTHUX OIepaliii; iHTepBajibHi METOAU, L0 1AM MOKJIUBICTD
KOHTPOJIIOBATU aJleKBaTHICTb arperoBaHuxX Mogesiei y npoteci ix GopMyBaHHS; METOA 064U CIIOBAJIbHOI
MaTE€MaTHKU Ta OOYMCIIIOBAJIBHOTO €KCIIEPUMEHTY, SIKi Mg TBEPAUIMN JOCTOBIPHICTb OTPUMAHUX TEOPETUYHUX
pesyibTariB. TeopeTuyHi Ta MPaKTUYHI pe3ybTaTy - OTPUMAHI I1if] Yac MPOBEAEHHS NOCIIIKEHb TEOPETUYHI

pe3yJIbTaTU CTBOPIOIOTh METOM0JIOTIYHY OCHOBY HayKOBO-OOI'DYHTOBAHOTO PO3B'SI3aHHSI IIMPOKOT0 KOJia



IIPUKJIAJHMX 33734, TIOB'SI3aHMUX i3 aBTOMATU3aLi€l0 CXEMOTEXHIYHOTO IPOEKTYBaHHs. 30KpeMa, BOHU I03BOJISIOTh
aBTOMAaTU3yBaTH IpoLec GOPMYBaHHS €eKOHOMHUX arperoBaHux MojieJiell eJIeKTPOHHUX CXeM IIpH ix
aBTOMATU30BAaHOMY [IApaMETPUYHOMY CHHTE3I. Lle Jae MOKIIMBICTb 3HU3UTHU TPYLOMICTKICTb MiITOTOBYMX €TaIliB,
3HAYHO MiABUIIMTY €(PEKTUBHICTb IPOLEeAyp 6araTOKpUTEPialbHOI ONTHUMI3allii, SMEHIIUTYU TEPMiHU TPOEKTYBAHHS,
IOCSITTU 3pOCTaHHS HAZliIfHOCTI Ta MiIBUIIEHHS SKOCTi HOBUX €JIEKTPOHHUX NPUCTPOiB. OTpUMaHO e(eKTUBHI
CXEMOTEeXHiuHi pillleHHs, 30KpeMa: cxeM LM(PPOBUX CIYXOBUX allapaTiB J1s1 XBOPUX Ha HEMPOCEHCOPHY TyTrOBYXiCTb;
CXEM MiJCUIII0BaYiB 6i0NOTEHIiaiB; CXeM NIPUJIafiB HU3bKOYACTOTHOI Tepanii; chopMyJIbOBaHO BUXIiJIHI TEXHIUHI
BMMOTH JJ151 TOOYIOBU aniapaTypu JiarHOCTUKU JKOPCTKOCTI KiCTKOBOTO pereHepary npu aiadisapHux nepejomMax, a
TaKOXX OTPMMAHO IaTeHT Ha METOJ, OOpPOOKM CUTHAJIIB ¥ CJIYXOBUX araparax i TexXHiuHi 3acobu 1oro peasmisarii.
HaykoBa HOBU3Ha - BIleplie I10CTaBlIeHO i GpopMasi3oBaHO KOMILJIEKCHY ITpo6sieMy arperyBaHHs, afganTalii Ta
BM3HAUEHHSI aleKBAaTHOCTi MAaTEMAaTUYHUX MOJIEJIEN M1 PO3B'SI3yBaHHS 337ja4 CXEMOTEXHIYHOTO ITapaMeTPUIHOTO
CUHTe3y eJ1eKTpOHHUX cxeM y CAITP. Briepiie po3po6sieHO METOAM arperyBaHHsl MaTEMAaTUYHUX MOZEseN st
PO3B's13aHHS 337124 TapaMeTPUYHOr0 CUHTE3y eJIeKTPOHHUX cxeM. Briepiie po3po6yieHO MeTo 1 anpiopHO-
arocTepiopHoi afanTallii arperoBaHux Mojieiel o0 NPOEeKTHUX NPoLenyp; cGOPMYJIbOBAHO Ta PO3B'SI3aHO
33724y afalTUBHOrO arperyBaHHs. Briepiue po3po61eHo MeTOi1 BUBHAYEHHSI a/IeKBaTHOCTI arperoBaHoi Mojeti y
IIPOCTOpIi 30BHIIIHIX MapameTpiB. Briepiue BupimeHo npo6iemMy BUKOPUCTaHHS arperoBaHux mogesneit y CAIIP Ha
6a3i po3pobeHOi nificucTeMu arperyBaHHs. Hadbysu 1oganabiioro po3BUTKY: METOAM NOOYA0BU arperoBaHuX
MaTeMaTU4YHUX MOJieJIel alepioguYHUX €JIEKTPOHHUX CXEM [1JIs1 BU3HAUYE€HHS CTAaTUYHUX, YACTOTHHUX i IMHAMIYHKX
rapameTpiB i XxapakTepUCTUK. [IpakTuyHe 3Ha4eHHS PE3yIbTaTiB JOCIIIKEHD ML TBEPIKYETLCS iX BIIPOBAIKEHHAM
Ha Jlep>kaBHOMY MifNIpUEMCTBI "XapKiBCbKui IpuaafooyaiBuuii 3aoy, im. T.I'. [lleBueHKa" 111 IPOEKTYBaHHS
PaznioeseKTPOHHUX CX€M Ta IPWIAiB, IO a0 3MOrY 30ibIINTH SIKICTh IPOPOOKM CXEMOTEXHIYHUX pillleHb Ta
CKOPOTUTH TepMiHu npoekTyBaHHs; y TOB "HBO ArporexHika" (M. XapKiB) Iifi 4ac NPOEKTyBaHHS €JIEKTPOHHUX
CXEM Ta IIPUCTPOIB, L0 JAJI0 3MOTY OTPUMAaTH HOBi e(peKTUBHI CXEMOTEXHiYHi pillleHHs Ta 3MEHIINTH TePMiHU
IIPOEKTYBaHHS; Ha Jlep>kaBHOMY mignpueMcTsi "3asog OBiBT" (M. Cymu) mif yac yJ0OCKOHaJIEHHS Ta PO3POOKHU
HOBUX €JIEKTPOHHUX IIPUCTPOIB, 1O JAJI0 MOKJIUBICTD IIIBUIIUTH iX HAZiMHICTB, SIKiCTh T
KOHKYPEHTOCIPOMOKHiICTb; y TOB "TIpomrigponpusoa” (M. XapKiB) Ipy HOBUX PO3POOKAX €/1€KTPOHHUX ITPUCTPOIB,
110 [103BOJINJIO 3HU3UTU TPYJLOBUTPATH, NiABUIUTY e(DEKTHUBHICTb IIPOLIeAYP BEKTOPHOI TapaMeTpPUYHOI
ONTMMi3allii CXeM; y HaBYaJILHOMY IIpoLeci XapKiBCbKOT0 HalliOHAJIbHOTO YHIBEPCUTETY PaLioeIeKTPOHIKHM I1if 4ac
BYKJIQJIAaHHS IVCLUILIIH "ABTOMAaTH3Aallisl IPOEKTYBaHHA 6ioMeINYHUX puiafiB”, "[IpoeKTyBaHHS By3JiB
6i0TeXHIYHUX CUCTeM", ITif] Yac KypCOBOro Ta AUIJIOMHOIO IIPOEKTYBaHHS 3a creljanbHocTIMu "QizuyHa Ta
6iomenryHa esleKTpoHika", "bioTexHivyHi i MeguYHI anapaTu Ta CUCTEMU" K 3aCO0iB OTPMMAaHHS iepapxiyHOro psLy

arperoBaHux MOJEJIEN.

2. Research object - the process of mathematical modelling of electronic circuits in a CAD system. Purpose - to
develop a common methodology for computer-aided design of circuit-based aggregation models. Methods - the
following methods are used to solve this problem: methods of matrix algebra, graph theory, set theory, sensitivity
theory, mathematical analysis, theoretical electrical engineering and the theory of nonlinear circuits, which gave a
hierarchical series of aggregated models of the original mathematical model of the scheme in the basis of nodal
potentials; methods of structural and parametric adaptation to meet the challenges of adaptation aggregated
models with respect to project operations, interval methods, which made it possible to monitor the adequacy of
the aggregate models in the process of their formation, methods of computational mathematics and computer
simulation, which confirmed the reliability of the theoretical results. Theoretical and practical results - the results
obtained during the theoretical research provide a methodological basis of evidence-based solutions for a variety
of problems related to automation of circuit design. In particular, they allow you to automate the process of
forming aggregates economical models of electronic circuits in the process of their automated parametric
synthesis. This makes it possible to reduce the complexity of the preparatory stages, greatly improve the efficiency
of procedures for multi-objective optimization, to reduce design time, to achieve growth and improve the
reliability of new electronic devices. The following effective circuit solutions have been obtained: circuits of digital
hearing aids for patients with sensorineural hearing loss; biopotential amplifier circuits, low-frequency therapy



device circuits, formulated the original specifications for the construction of the equipment diagnostic bone
regenerate stiffness of diaphyseal fractures, and received a patent for a method of signal processing in hearing aids
and tools for their implementation. Scientific novelty - it is the first attempt to raise and formalize the complex
problem of aggregation, adaptation, and determine the adequacy of mathematical models for solving problems of
parametric synthesis of circuit diagrams in CAD. It is the first time the methods of aggregation of mathematical
models for solving problems of parametric synthesis schemes have been developed. It is the first development of
methods of priori, aposteriori adaptation of aggregated models with respect to the design procedures; the problem
of adaptive aggregation is formulated and solved. Methods for determining the adequacy of the aggregate model in
the space of external parameters have been first developed. The problem of using aggregated models in a CAD-
based subsystems designed aggregation has been first solved. Further developed are the methods of constructing
mathematical models of the aggregate of aperiodic patterns to determine the static, frequency and dynamic
parameters and characteristics. The practical significance of the results of research is supported with the fact of
their implementation at the State Enterprise "Kharkiv Instrument Plant. Shevchenko" where they are used to
design electronic circuits and devices, which helped to increase quality of the study of circuit design and reduce
design tim; in Company "Agricultural NGO" (Kharkiv) - used to design electronic circuits and devices, which helped
to obtain new efficient circuit solutions and reduce design time; at the state enterprise "Factory OBiVT" (Sumy)
during upgrade and development of new electronic devices, thus improving their reliability, quality and
competitiveness; in LLC "Promgidroprivod" (Kharkiv) during development of new electronic devices, thus reducing
labor costs, improving procedures for parametric vector optimization schemes in the learning process of Kharkiv
National University of Radio Electronics when teaching such courses as, "Computer-Aided Design of biomedical
devices", "Designing sites of biotechnical systems"; in the term and diploma projects in the field of" Physical and
Biomedical Electronics", "Bioengineering and Medical Devices and Systems" as means of obtaining the aggregate
number of hierarchical models.
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