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Pedepar:

1. Y puceprauiiiHiii po60Ti po3B’s13aHO aKTyaJIbHY 3a7jauy, SKa yCyBae iCHyIOUMil CyTTE€BUIA HEJOJIIK
€KCIIOHEHIIiaJIbHOTO 3pOCTaHH4 Yacy aHaii3y ckiagHux LPTV ki, napaMeTpu SIKUX NepioguyHo 3MiHIOIOThCA Y Yaci,
IIPY 3POCTaHHi iX CKJIAIHOCTI Ta 3allpONIOHOBAHO IIJISIXYU BUPIIIEHHSI BUHMKAIOUUX IIPU LIbOMY 33124 MEHIIOTrO
nopsaxy. Po3pobiieHi, B Mexkax i€l nucepraniiftHoi po60TH, METOAU 326e31e4yI0Th MOXKJINBICTh MaTEMAaTUYHOTO
mogeoBaHHs LPTV Kin i3 jecsiTkaMu, COTHSIMHY, a B JIeSIKUX BUTANIKAX, i TUCSYaMU BY3JIiB Ta €JIEMEHTIB (K 3MiHHUX
B 4aci, TaK i noctiftHux). OgHUM i3 YMHHMKIB €KCIIOHEHI1iaJIbHOTO 3pOCTaHHS CKJIaIHOCTI aHanisy LPTV kin e
Iepexif Bil CHMBOJIBHOI CUCTEMU JIiHIMHMX AU epeHLiaNbHUX PiBHAHD [0 ii IpeICTaBJI€HHs Y YaCTOTHIN 06J1acTi
CHMBOJIbHOIO CUCTEMOIO JIiHIMHUX airebpaiuyHux piBHSHb. Briepie BUKOPHUCTaHO M0JlirapMOHIYHI MaTpU4HI Mogei
esniemeHTiB LPTV KoJja, MaTpulli SIKUX OIIMCYIOTh KOJKEH €JIEMEHT Y YaCTOTHil obsacTti. Mozesi HasuBaeMo
[IOJIiIrapMOHIYHUMU, OCKIJIBKY BOHU ONUCYIOTh €JIEMEHTU 3 YPaxyBaHHSM HEOOXiHOI KiIbKOCTi TapMOHIYHUX
CKJIafioBuX curHaiy. lli MaTemMaTu4Hi MozieJii MporpaMHO 3reHepoBaHi 0JHOPa30Bo, 36epiraloThes y GibioTewni

MOJI€JIeN, BUKOPHCTOBYIOTBHCS 3TifJHO i3 3aBAAHHAM Ha MOZeoBaHH4 pisHux LPTV Kin i He BUMaraorTs ix



IIOBTOPHOTO T€HEPYBAHHS. 3aBSIKY II0JIiIrApDMOHIYHUM MAaTPUYHAM MOJEJISIM OyJI0 PO3POOJIEHO METO (POPMYBaHHS
CHCTEMHU JIIHIMHYX anrebpaiyHux piBHSHb OfIpa3y B YACTOTHIM 06J1acTi. YIOCKOHATIEHO MEeTO], 6JI0YHMUX MaTpULb,
SIKMH 3 TI0JIiIrapMOHIYHUX MaTPUYHUX MOJieJiell eleMeHTiB GOpMye CUCTEMY PiBHSIHB, 110 onucye LPTV koo B
1izoMy, 6€3rocepeiHbO B YaCTOTHIN obs1acTi. Takuii Nifxif, 103BOIMB HAOJIM3UTU (IPAKTUYHO 3POOMTHU PiBHUMM)
BUTPATU KOMITIOTEPHOTO Yacy Ha (pOpMYyBaHHS CUCTEMHU PiBHSHDb CcKagHoro LPTV kosa 1o BUTpaT yacy Ha
(OpMyBaHHS CUCTEMU PiBHSIHb TAKOT'O X KOJIa, BBAXKAIO4YM HOr0 MapaMeTpH B 4yaci noctiiHnmu. lle nano amory
aHasizyBaTu 6isbil ckyagHi LPTV Kosa, OCKisIbKY BUTpPATH Yacy Ha GOPMYyBaHHSI CUCTEMU PiBHSHb TEINEP 3pOCTaIOTh
HE eKCIIOHEHUIaNbHO, 9K y YC-MeToi, a JiHilHO. [HIINM YMHHUMKOM €KCIIOHEHLiaJIbHOTO 3POCTaHHS BUTPAT Yacy Ha
aHaui3 cknagHux LPTV Kin € MaTpulli BUCOKUX MOPSAKIB, pO3MIp SIKUX 3aJI€SKUTD BiJl KiJIbKOCTI By3JIiB y KoJIi. [ly1st
3HIDKEHHS CKJIaIHOCTI aHanisy LPTV Kijs Ta 3MeHIIeHHs1 BUTPaT KOMITIOTEPHOro Yacy Ha (popMyBaHHS
nepenaBabHOI PYHKIi, 3CTOCOBAaHO METOJ, ificxeM, 30kpemMa Mmeton, D-nepes. Ockinbku meTon D-nepeB MoXHa
3aCTOCOBYBATHU JIMILE 10 CUCTEM JIiHIHMX anre6paiuHuX piBHSAHb, CKJIAJIEHUX METOJIOM BY3JIOBUX HAINpYT, TO 3TiHO
METOJly By3JIOBUX HAIPyT, MAaTPUILIi €JIEMEHTIB € MaTPULISIMU MTPOBiTHOCTEH, 4Ki 32 HAIBHOCTI IHAYKTUBHOCTEN B
KOJIi yTBOPIOIOTb CUCTEMU JIiHIMHUX iHTErpo-IudepenLiaJbHUX PiBHSHD 3 HASBHUMU iHTErpajlbHUMU BUPa3aMHu.
Opnak, nepersopenHs JLA. 3azie MOXKHa 3aCTOCOBYBATH JIMIIE IO CUCTEMU JIHIMHUX AU epeHLialbHUX PiBHSHD.
Tomy, mocizpKeHo i peani3oBaHO OPUTiHATIBHUH MILXiT 10 YCYHEHHS TaKuX HeOa’kaHUX iIHTerpaIbHUX BUPA3iB.
[TokaszaHo, 110 3aCTOCYBaHHsI, TPAAMLiIIHOrO nudepeHLil0BaHHS cucTeMH piBHSIHb LPTV Kosia He € eeKTUBHUM,
TOMY 1II0 BOHO, 3a3BHAYall, MifiBUILYy€e MOPSALOK CUCTEMU PiBHSIHb Ta CTBOPIOE Y IbOMY BUIIQAKY NOJATKOBI TPYIHOIL,
IIOB’13aHi 3 HEMOJKJIMBICTIO YCYHEHHS iHTerpaiB. Tomy B pOOOTi pO3IisifaeTbCsl 3aCTOCYBAaHHS 3aMiHN 3MiHHUX J10
CHMBOJIbHOI CUCTEMH JIiHIMHUX iHTerpo-IudepeHLiaJbHUX PiBHSHb, 10 A€ 3MOT'y YCYHYTH HebaxkaHi iHTerpasbHi
yjieHu 6e3 30ibIIeHHS IPOMI3IKOCTi CUCTEMU PiBHSHD. [y anpobaliii po3po6sieHO HM3KY IPOrPaMHUX MOAYJIIB: O
(dyHKUiI0 (OPMYBAaHHS NOJIIrapPMOHIYHAX MATPUYHUX MOZEJIEN AJIs1 IPOBIIHOCTI, EMHOCTI Ta iHIYKTUBHOCTI 3 200
6e3 ypaxyBaHHS METOZy 3aMiHM 3MiHHUX; 0 PyHKLiI0 GOPMYBaHHS CUCTEMU JIHINHUX anre6paiyHuX pPiBHIHb
ckyagHoro LPTV Kosa y 4acTOTHiH 06J1acTi 32 METOLOM 0JIOYHUX MaTPUllb; O PYHKIIiI0 I€pETBOPEHHS
TPUTOHOMETPUYHOI allpOKCHMAllii Ha €KCIIOHEHLiaJIbHYy Ta OOYMCIIEHHS BUXiJHOI HAIIPyTX 32 4aCTKOBUMU
po3B’si3kamu Metoay Kpamepa; o GyHKIi0 3acTOCyBaHHS MeToAy D-fepeB 0 Mofeli JOBroi napaMeTpUyHoi JiHii; 0
YTUIIITY AJ151 POPMYBAHHS aMILIITYJHO-4aCTOTHOI XapakrtepucTuku LPTV kin. [locinkeHo Mopesb BTpaTHO] JiHii
nepeznadi 3 napaMmeTpUYHUMU eJIEMEeHTaMU. JI0CIIiIKEHO BIUIUB Pi3HOI KiJIbKOCTI JIAHOK Ha TApMOHIYHUN CKJIa],
CUTHaJIy: IIPY MAPHi KiJIbKOCTI JIAHOK BilOYBa€ThCs MPUTHIYEHHS [I€BHUX TAPMOHIYHUX CKJIAIOBUX, a [IPY HEMApHIN
- ix nizcuneHHs. TakoX MPOAEMOHCTPOBAHO MIUPOKUN CIIEKTP MOXKJIMBOCTEN 3 BUKOPUCTAHHIM OJHOI MOJeJi 151
pi3HUX 33a4: 3MilllyBay 4acToT, MifiCKUII0Bay. BUKOHAHO KOMITIOTEPHE [OCiI)KEHHS MOieJli TapaMeTpUYHOi JOBroi
JIiHii 3 KiJIBKICTIO JIAHOK 110 128, 1m0 nepesuinye MoxxansocTi cucremu UDF MAOPCs 2018. BctaHOBIEHO, 110
301/IbIIE€HHS KiJIbKOCTi FTApMOHIYHMX CKJIaI0BUX allpOKCHMMallii nepenaBaibHOI (PYHKIii 3MeHIIye BiIX1IEeHHS
Pe3yJbTaTiB Bif IporpaMu YUCI0BOro MogentoBaHHs Micro-Cap 12 (meHie 0.02 % npu TppOX rapMOHIYHUX
cxianoBux). [lapameTpruyna MOy isILis iHOYKTHBHOCTEN 3abe3nevye MifCUIeHHs BUXiTHOTO CUTHay Ha 18 %
MIOPIBHAHO 3 MOZEJIJIIO AOBIO] JIiHil 3 MOCTIMHUMY NTapaMeTpaMu. OTPMMAaHO aMILITYgHO-4aCTOTHY
XapaKTEePUCTUKY MOZEJi TapaMeTPUYHOI JOBroi JIiHii, 0 Jae 3MOTy aHaJi3yBaTH BILJIMB YaCTOTHU BXiZJHOTO CUTHAIY

BIJIMBA€ Ha N€peaBajibHi BJIACTUBOCTI KOJIA.

2. In this dissertation, a relevant problem is solved, namely the elimination of the significant drawback of
exponential growth in analysis time for complex LPTV circuits with periodically time-varying parameters as their
complexity increases. Approaches for solving the resulting lower-order subproblems are proposed. The methods
developed within this dissertation provide the possibility of mathematical modeling of LPTV circuits with tens,
hundreds, and, in some cases, thousands of nodes. One of the factors contributing to the exponential increase in
the complexity of analyzing LPTV circuits is the transition from a symbolic system of linear differential equations
to its representation in the frequency domain as a symbolic system of linear algebraic equations. For the first time,
polyharmonic matrix models of LPTV circuit elements are employed, where each matrix describes an individual
element in the frequency domain. These mathematical models are generated programmatically only once, stored
in a model library, and reused according to the modeling task for various LPTV circuits without requiring



regeneration. Owing to the use of polyharmonic matrix models, a method for forming a system of linear algebraic
equations directly in the frequency domain has been developed. The block matrix method has been improved to
form the system of equations describing the entire LPTV circuit directly in the frequency domain using the
polyharmonic matrix models of the elements. This approach makes it possible to reduce (practically equalize) the
computational time required to form the system of equations of a complex LPTV circuit to that required for
forming the equation system of the same circuit assuming time-invariant parameters. Another factor contributing
to the exponential growth of computation time in the analysis of complex LPTV circuits is the presence of high-
order matrices whose dimensions depend on the number of circuit nodes. To reduce the analysis complexity of
LPTV circuits and the computational time required to form the transfer function, the subcircuit method was
applied, in particular the D-Trees method. Since the D-Trees method can only be applied to systems of linear
algebraic equations formulated using the nodal voltage method, the element matrices in such systems are
conductance matrices. In circuits containing inductances, this formulation leads to systems of linear
integrodifferential equations with integral terms. However, Zadeh’s transformation can be applied only to systems
of linear differential equations. It is shown that the traditional differentiation of the LPTV circuit equation system
is ineffective, as it usually increases the system order and introduces additional difficulties associated with the
impossibility of eliminating the integrals. Instead, the dissertation considers the application of a variable
substitution to the symbolic system of linear integrodifferential equations, which makes it possible to eliminate
undesirable integral terms without increasing the complexity of the equation system. For validation purposes,
several software modules have been developed: ¢ a function for generating polyharmonic matrix models for
conductance, capacitance, and inductance, with or without applying the variable substitution method; ¢ a function
for forming the system of linear algebraic equations of a complex LPTV circuit in the frequency domain using the
block matrix method; ¢ a function for converting trigonometric approximations into exponential form and
computing the output voltage using partial solutions of Cramer’s method; ¢ a function for applying the D-Trees
method to a model of a long parametric transmission line; A model of a lossy transmission line with parametric
elements has been investigated. The influence of different numbers of sections on the harmonic content of the
signal has been analyzed: an even number of sections leads to the suppression of certain harmonic components,
whereas an odd number results in their amplification. A wide range of applications using a single model has also
been demonstrated, including frequency mixing and amplification. A computational study of a parametric long
transmission line model with up to 128 sections was performed, exceeding the capabilities of the UDF MAOPCs
2018 system. It was found that increasing the number of harmonic components in the transfer function
approximation reduces the deviation of the results from those obtained using the numerical simulation program
Micro-Cap 12 (to less than 0.02% with three harmonic components). Parametric modulation of inductances
provides an 18% increase in the output signal compared to a constant-parameter long-line model. The
amplitude-frequency characteristic of the parametric long-line model was obtained, enabling analysis of the
influence of the input signal frequency on the transfer properties of the circuit.
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MPUPOJOKOPUCTYBAHHS
Kopg 3a €IPIIOY: 00493735

MiCI.IGSHaXO,T.[)KeHHH: ByJI. Bonopumupa Benukoro, [ly6ssHy, JIbBiBCbKUI p-H., 80381, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Penpginsk Cepriit Mocunosuy

2. Serhii Y. Rendzinyak

KBasidikanis: .1.1., npopecop, 05.09.05

Imentudikarop ORCID ID: 0000-0003-4544-4871

JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOM: JILBiBCHLKMII HALliOHALHYI YHiBEpCUTET iMeHi IBana Ppanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. YHIBEPCUTETCHKA, JIbBiB, 79000, YKpaiHa

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Tamousia Opect €BreHoBUY

2. Orest Y. Hamola

KBasigikamis: . . 1., gou., 05.09.05

ImenTudikarop ORCID ID: 0000-0002-8402-2551

JoparkoBa indpopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA MOTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,vieHHﬂ: ByJs1. Crenana bannepu, JIbBiB, 79013, Ykpaina

dopma B1aCHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. ManbkoBcbkui Criaptak BikTopoBuy

2. Spartak V. Mankovskyi

KBasigikamis: . . 1., gou., 05.12.17

InenTudikarop ORCID ID: 0009-0008-5217-6290

JoparkoBa iHdopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA NOTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,vieHHﬂ: ByJs. CrenaHa banpepw, JIbBiB, 79013, Ykpaina
dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI

Biacue IpizBume Im's [1o-6aTbKOBI Toromok Okcana IeTpisHa

TOJIOBH pajgu

Biacue IpizBume Im's ITo-6aThKOBI Beweit Mukosna Isanosuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUI 3a MiATOTOBKY Bemeir M.1.
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop [Opuenko TersiHa AHaToJiiBHA

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHarosiiBHA

OisSIIBHOCTI




