O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1IKOBHI HOMep: 0824U000347
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 15-01-2024

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. €niceeBa 'anHa CepriiBHa

2. Hanna S. Yelisieieva

KBasmigikamis: 123

InenTudikarop ORCID ID: He 3acrocosyerbcs

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crIeniaIbHOCTI: 123

Ha3zBa HayKoBOi creniaIbHOCTI: Komm'iotepHa iHxeHepis

lanyss / ralesi 3HaHb: iHdopMaLliiiHi TEXHOJIOTI

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTi: Komn'ioTepHa iHXeHepis
JlaTa 3axucCTy: 22-12-2023

CnenianbHICTD 32 OCBITOIO: ABTOMAaTM3al1lisl Ta KOMIT'IOTEPHO-IHTETPOBaHi TEXHOJIOT]i
Micue po6oTu 3400yBayva:

Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImenTudikarop ROR: He zacrocoyerbcs




I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi Cleniaai3oBaHOI BYEHOI pazu). ID 3255
ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CtrenaHa BaHgepy, 6yz. 12, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10
BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa Bangepuy, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 50.09.49

Tema gucepranii:
1. PexypenTHi orapu¢miuHi ananoro-uu@posi nepeTsopoBayi

2. Recurrent logarithmic analog-to-digital converters

Pedepar:

1. Inceprariist npuCBsYeHa BUPIIIEHHIO aKTyaJbHOI HAyKOBO-TEXHIYHO]I 3a/1a4i po3p06IeHHS Ta JOCIiIKEHHS
IIPUHLUIIIB IOGYZ0BU Ta CTBOPEHHS PEKYPEHTHUX JorapudpMiuyHNX aHAJIOro-1IU(PPOBUX I€PETBOPIOBAYIB 1J1s1
NiABUILEHHS] METPOJIOTIYHUX XapaKTEPUCTUK. [lepeTBopeHHs y cyyacHux JIALITT Ha KOMyTOBaHMX KOHAEHCATOPax
3MiAICHIOIOTH 3i CTajI010 ab0 3MiHHOIO OCHOBOIO Jlorapudmy. Cepen; MHOKUHM Takux JIALITT, - 30Kpema, OCIiOBHUX,
[IOPO3PSIIHUX, [1apajiesIbHUX, 3 IMIIYJIbCHUMU 3BOPOTHUMU 3B'I3KaMU Ta PEKYPEHTHUX, - Ha JaHUN MOMEHT
HalMEHIIl BUBYEHUMH € PEKYPEHTHI. Y BCTYIIi OGIPYHTOBAHO aKTyasIbHICTh TEMU JUCEPTALiMHUX TOCIIiI>KEHb,
cpOpMyJILOBAHO METY NOCJIIIPKEHHS Ta HAYKOBO-TEXHI4Hi 3aBIaHHS, HEOOXiNHi AJ1s i JOCATHEeHHS, [TOKa3aHO
3B'SI30K JOCJIIIKEHHS 3 HAyKOBUMHU IIPOrpaMaMu Ta TeMaMu, HaBeleHO HayKOBY HOBU3HY OTPUMAaHMUX Pe3yJIbTaTiB,
iX IpaKTU4HY LiHHICTb Ta 0OCOOMCTUI BHECOK 3700yBaya. Y repuioMy po3[iji MIpoBeJeHO aHaji3 Cy4acHOro CTaHy
JlorapupMivHMX aHAIOro-1UM(pPOBUX IEPETBOPIOBAUiB. 3p06seHO KIacu(iKallilo JorapudmiyHNIX aHAJIOTO-
11(ppOBUX [1€PETBOPIOBAYIB, 3/1iICHEHO aHaJli3 BJACTUBOCTEN iHTErpaibHUX JIOTaPU(PMIYHUAX aHATOTO-IU(PPOBUX

[IepeTBOPIOBAYiB, IpU po3poobui iHTerpanbHux JIAIIT HafaOTh epeBary BUKOPUCTAHHIO OHAKOBUX CTPYKTYPHUX



6JI0KIB B iX epeTBoproBadax. Tomy 6inbuicTs inTerpanbHux JIALIIT € KOHBeEpHUMH, 3a0€3I1€UyI0YU CEPEIHIO
TOYHICTb, €KBiBaJIEHTHY 8 ABIIKOBUM po3psifiaM. PO3IJISIHYTO MepCreKTUBY PO3BUTKY iHTErpajlbHUX JIOTapu@MiuHIX
aHasIoro-uudpoBUX [IEPETBOPIOBAYiB. Y IpyroMy po3zili po3po6seHo 3arajbHi IPUHIUIN [100YA0BU PEKYPEHTHUX
JIALT, posrasHyTO peanisauito pekypeHTHuX JIALII 3i cTason Ta 3MiHHOIO B IIPOLEC] IEPETBOPEHHS OCHOBOIO
Jorapudmy i CTBOPEHO iX y3arajbHeHi CTPYKTYPHi CX€MHU, JAHO OILiHKy TOYHOCTI Ta MBUAKOZLI] B 3aJ7I€HOCTI Bif
OCHOBHU Jiorapudmy sl CIPOLIEHHS TPOEKTYyBaHHS i TPaKTUYHOI peasiisaliii IepeTBOpIOBayYiB i3 3a4aHUMU
napameTrpamu. Y TpeTbOMY PO3Ziji po3pobiseHo ¢piznuni mogeni pekypeHTHUX JIALII, BcTaHOBIEHO IXepesa
NOX1O0K, CTBOPEHO MaTeMaTU4Hi Mojesli Mox1ubok pekypeHTHuUxX JIAIII, naHo OLiHKY OXUOOK 3 ypaxyBaHHSIM
IlapaMeTpiB Cy4acHUX KOMITOHEHTIB i MOKa3aHo, 10 JOMIHYI04OI0 IIOXUOKOIO € MOXUOKa Bifl BIIJIMBY Mapa3UTHUX
MIXKeJIEKTPOAHUX EMHOCTE. 3alIpOIIOHOBAaHO MaTeMaTHU4Hi MozeJi 1oxn6ok pekypeHTHUX JIALTI, sKi gai0Th 3Mory
aQHaJIITUYHO oLiHUTU TouHicTh JIAIITI Tloxu6KM Bif BIJIMBY Napa3uTHUX eMHocTel JIALITT 36ibmyI0ThCS 32
a0COMIOTHUMY 3HAYEHHSIMU PA30M i3 30iIbIIEHHSIM KiJIbKOCTI TaKTiB IepeTBOpeHHs. Hailbinbmmii mpupicT NoxXnooK
€ Ha nepuux 2-3 TakTax IepeTBOPeHHs, a miciig 10-1 TakTiB IpupocTy MizepHO Mauli. [ToxubKu Bif, BIJIUBY
napasuTHux emHocTei JIALITT 3MeHIIyI0ThCS 32 A6COMIOTHUMY 3HAUE€HHSIMU 3i 30iIbIIIEHHSIM €MHOCTI
Hakonuuyo4dux KonaeHcaropis (C1i C2) KoHHeHCcaTOPHOI KOMIpKU Ta 3MEHIIEHHSIM KisbKocTi 6iTiB JIALIL. TToxubku
BiJI lepeHeceHHs 1apa3uTHOrO 3apsly € AOJaTHUMM, a TIOXUOKY Bif repenayi Kepy4doi Halpyru € Bifl eMHI,
BHACJIiZIOK YOr0 Mae Miclie iX 4acTKOBa B3aeMHa KOMIIEHCAllisl y pe3yJIbTYyI0uiil OXMO1, Ka CTae JoAaTHOW0. Y
4YETBEPTOMY PO3JiJi IpoBeneHO (Pi3nyHe MOENI0BaHHS po3pobieHnX peKypeHTHuxX JIAITI 3i cTasoo Ta 3i 3MiHHOIO
OCHOBOIO Jlorapudma. HaBezneHo nprHLUIOBI cxemu peKypeHTHux JIALITI, mpu po3poo6ui sIKux 0CO6JIMBY yBary
3BEPHYTO Ha NEPCIEKTUBHICTS iX [1719 BUTOTOBJIEHHS 32 TEXHOJIOTIEIO iHTErpajbHUX CXEM. 3alIPOIIOHOBAHO HOBI
TexHiyHi pimeHHs pexypeHTHux JIALTI sk 3i cTanolo, Tak i 3i 3MiHHOI0 OCHOBOIO Jlorapru@ma. HoBUM € BUKOHaHHS
IiZbHYKA OTIOPHOI HANPYTH 3 OJHAKOBUX ['-1107i6HMX 6JIOKIB 3 ABOX Pe3UCTOPIB. JiTbHUK OIIOPHOI HAIPYTH J1JIS
pexypeHTHUX JIALIT rnocifoBHOrO NepeTBOPEHHS 3i CTaI0l0 OCHOBOIO € IPOCTINM i MiCTUTD Juile 8 6J10KiB. [I7s1
peastisanii AiJIbHUKA ONIOPHOI HANPYry 11 peKypeHTHUx JIALII mopo3psgHOro nepeTBOPEHHs 3i 3MiHHOIO OCHOBOIO
KisIbKiCTh 6710KiB 3HaUHO 3pocTae i 1y 8-po3spsannoro JIAIIT ix noTpiobHo 64. [TpoBeneHi focainykKeHHs NiATBEpaUIH,
110 17151 3a6e3MeueHHs 301/IbIIeHHsI TOYHOCTI peKypeHTHuUX JIALITT Buiie ix HOMiHaIbHOI pO3PSHOCTI, HEOOXiTHO
BUOMPATU OCHOBY Jorapudmy sk ass JIALTI uiei Buioi po3psisHOCTi.

2. The dissertation is devoted to solving the actual scientific and technical problem of developing and researching
the principles of construction and creation of recurrent logarithmic analogue-to-digital converters for improving
metrological characteristics. Conversion in modern LDCs on switched capacitors is carried out with a fixed or
variable base of the logarithm. Among the multitude of such LDCs, in particular, serial, bit-by-bit, parallel, with
pulse feedback and recurrent, at the moment the least studied are recurrent. The introduction substantiates the
relevance of the topic of dissertation research, formulates the purpose of the research and the scientific and
technical tasks necessary for its achievement, shows the connection of the research with scientific programs and
topics, indicates the scientific novelty of the obtained results, their practical value and the personal contribution of
the recipient. In the first chapter, an analysis of the current state of logarithmic analog-to-digital converters is
carried out. The classification of logarithmic analogue-to-digital converters has been made, and the properties of
integral logarithmic analogue-to-digital converters have been analyzed, when developing integral LACs,
preference is given to using the same structural blocks in their converters. Therefore, most integrated LDCs are
pipelined, providing an average accuracy equivalent to 8 binary digits. Prospects for the development of integral
logarithmic analog-to-digital converters are considered. In the second chapter, the general principles of the
construction of recurrent LDCs are developed, the implementation of recurrent LDCs with a constant and variable
in the transformation process with a logarithm base is considered and their generalized structural diagrams are
created, an assessment of accuracy and speed is given depending on the logarithm base to simplify the design and
practical implementation of converters with given parameters. In the third chapter, physical models of recurrent
LDCs are developed, sources of errors are established, mathematical models of recurrent LDCs errors are created,
errors are estimated taking into account the parameters of modern components and it is shown that the dominant
error is the error due to the influence of parasitic interelectrode capacitances. Mathematical models of the errors



of recurrent LCPs are proposed, which make it possible to analytically assess the accuracy of LCPs. Errors due to
the influence of parasitic capacitances of the LDC increase in absolute values along with the increase in the
number of conversion cycles. The biggest increase in errors is in the first 2-3 beats of the conversion, and after 10
beats, the increases are negligible. Errors due to the influence of parasitic capacitances of the LACP decrease in
absolute values with an increase in the capacity of the storage capacitors (C1 and C2) of the capacitor cell and a
decrease in the number of LACP bits. Errors from parasitic charge transfer are positive, and errors from control
voltage transfer are negative, as a result of which their partial mutual compensation takes place in the resulting
error, which becomes positive. In the fourth chapter, the physical simulation of the developed recurrent LACP with
a constant and a variable base of the logarithm is carried out. The principle schemes of recurrent LDCs are
presented, during the development of which special attention was paid to their prospects for manufacturing using
the technology of integrated circuits. New technical solutions for recurrent LDCs with both a constant and a
variable logarithm base are proposed. What is new is the implementation of the reference voltage divider from the
same L-shaped blocks of two resistors. The reference voltage divider for recurrent LDCs of series conversion with
a constant base is simpler and contains only 8 blocks. To implement the reference voltage divider for recurrent
LDCs of bit-by-bit conversion with a variable base, the number of blocks increases significantly, and for an 8-bit
LDC, 64 of them are needed. The conducted studies confirmed that to ensure an increase in the accuracy of
recurrent LDCs above their nominal bit rate, it is necessary to choose the base of the logarithm for LDCs of this
higher bit rate.

Jep>kaBHHHM peecTpaniiiHuii Homep JiP:
IIpiopuTeTHHH HANIPSIM PO3BHTKY HayKH i TEXHIKHU: [HdopMauiiiHi Ta KOMyHIKawiiHi TeXHOIOTii

CrpareriyHuii NpiopUTETHHH HaNIPSIM iHHOBALLiHHOI JisIJIBHOCTI: PO3BUTOK CydacHUX

iHpopmaLiiiHUX, KOMyHIKaliTHUX TEXHOJIOTiA, pOOOTOTEXHIKI
ITiZcyMKH AOCIiI>KEHHS: HoBe BUpIlIEHHS aKTyaIbHOTO HAYKOBOTO 3aBIAHHS

Iy6sikamii:

e Muuyza 3. P., Muuypna JI. 3., €niceesa I'. C. CripowieHHs peasisanii Ta NigBUILEHHS TOYHOCTI PEKYPEHTHUX
snorapudmiunux AlIIT // Komn'iotepsi TexHosorii gpykapersa. 2021. N2 1 (45). C. 33-43.

o Mathematical modelling of the influence of parasitic capacitances of the components of the logarithmic
analogue-to-digital converter (LADC) with a successive approximation on switched capacitors for increasing
accuracy of conversion / Z. Mychuda, L. Mychuda, I. Zhuravel, Z. Szcze$niak, A. Szcze$niak, H. Yelisieieva //
Electronics (Switzerland). 2022. Vol. 11, iss. 9. P. 1485-1-1485-16.

e Mychuda Z., Yelisieieva H. Features of implementation of recurrent logarithmic ADCs // BumipioBasibHa
TEXHiKa Ta METPOJIOTis : MDKBilOMYMI HAyKOBO-TeXHIYHM 36ipHUK. 2022. Bum. 83, N2 4. C. 5-10.

e Muuypa 3. P., Muuypa JI. 3., €niceesa I'. C. Jlorapudmiui ananoro-uudposi nepersoprosayi. OcHoBa
snorapudma // BicHuk HanjioHasnsHoro yHiBepcurety "JIbBiBCbKa nosiiTexHika’. Cepis “ABTOMAaTuUKa,
BUMipIOBaHH4 Ta KepyBaHHs . 2019. N2 907. C. 19-27.

e Muuypa 3. P., Muuypa JI. 3., €niceesa I'. C. [HTerpasnbHi aHasmoro-uudpoBsi nepeTBopoBadi 3 jorapupmMivHoI0
XapaKTePUCTUKOIO nnepeTBopeHHs. Oy // BicHuk HanjionanbHoro yHiBepcurteTy "JIbBiBCbKa IOJIITEXHIKA .

Cepis “ABTOMAaTHKa, BUMIipIOBaHHs Ta KepyBaHHs . 2017. N2 880. C. 31-40.
HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis: npuctpoi
Coria;ibHO-€KOHOMIYHA CIIPSIMOBAHICTD: Ni/jBUIIEHHS aBTOMATU3ALlii BUPOOHUYMX TIPOLIECIB

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBaakeHHs pe3yJIbTaTiB AHCEPTalii: BipoBakeHHs He MIaHyeThCs



3B'S130K 3 HAYKOBHMH TEMaMH:

VI. BizoMocTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)
BaacHe IlpizBume Im's I1o-6aThKOBI:

1. Muuypa 3uHOBI PoMaHOBHY

2. Zinoviy R. Mychuda

KBasigikamis: 1. 1. ., npodecop, 05.13.05

InenTudikarop ORCID ID: He 3acrocosyerbcs

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHIUYHOI 0COOM: HanjonanbHuii yHiBepcutet "JIbBiBCbKa MOMTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: sy Crenana Banzepu, 6y, 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiifiHuX ONOHEHTIB Ta PELeH3€HTiB
O@inifiHi OIOHEHTH

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. TlerpnmuH Jlto6omup borgaHoBrY

2. Lyubomyr B. Petryshyn

KBasigikanis: 1.1, npodpecop, 05.13.08

InenTudikarop ORCID ID: He 3acrocosyetscs

HoparkoBa indpopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0Cc00H: JIBH3 "TIpukapnaTchbkuii Hal[iOHAIbHUI YHiBEPUTET iMeHi

Bacuna Credpanuka"
Kopg 3a €IPIIOY: 02125264

Micnesnaxo,szeﬂnﬂ: Bynuug llleByeHka, 57, IBano-®pankiBcek, IBaHO-PpaHKiBCbKa 0671aCThb, IBaHO-
®pankiBcbk, 76008, Ykpaina

dopma ByracHoCTI:
Cdepa ynpassiHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. Bosna Haraniga SIpocnasiBHa



2. Nataliia Y. Vozna

KBasigikamis: 1. 1. u., npodecop, 05.13.05

ImenTudikarop ORCID ID: 0000-0002-8856-1720

JoparkoBa iHdopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I[H‘IHOi 0COoO0M: 3axigHOyKpaiHCbKUI HalliOHAJIbHUY YHIBEPCUTET
Kopg 3a €IPIIOY: 33680120

Micue3Haxoa>KeHHSI: By JIbBiBCchbKa, 6yx. 11, TepHomisb, TepHominbebkuit p-H., 46009, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Peuensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. yneusr Poman borpanosuy

2. Roman B. Dunets

KBasigikanis: 1. 1. n., npodecop, 01.05.02

InenTudikarop ORCID ID: He 3acrocosyetscs

JoparkoBa indpopmamnist:

IloBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3Haxoa KeHHS: By Crenana Banpepwu, 6y7. 12, JIbgis, 79013, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpainu

InenTudikarop ROR:

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. CraxiB Poman IBaHOBUY

2. Roman Stakhiv

KBasigikamis: . t. u., gom., 05.13.05

InenTudikarop ORCID ID: He 3acrocosyerscs

JopaTrkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHIUYHOI 0COOM: HanjionanbHuii yHiBepcutet "JIbBiBCbKA MOMTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micueanaxonmennﬂ: ByJ. CrenaHa BaHgepy, 6yz. 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu



InenTudikarop ROR:

VIII. 3ak1104YHi BiZOMOCTI

BaacHe Ilpi3Bume Im's ITo-6aTbKOBI IBaxiB Opect Bacumbosid
rOJIOBH paau

BnacHe IlpizBume Im's I10o-6aTbKOBI IBaxiB Opect Bacuibosud
TOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBizasibHUH 32 MiATOTOBKY TFoncrop Okcana Mocumisua

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




