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HNucepraniiiiii  po6oTa mTpUCBSIYEHA po3polIi MeTomay Ta 3aco0iB
TeHEepPYBaHHS TUJIKOMOAIOHWX CHUTHAJIB MiJABUINEHOT JiHIMHOCTI Ha 06a31t [IAIT 13
HU3BKOTIITYCBUM KOJYBaHHSIM. METO JOCHIKEHbh € TIOKpalleHHs JIHIHHOCTI
U (POBUX TEHEPATOPIB MUIKOMOAIOHUX CUTHATIB, 10 BIAPI3HIIOTHCS BiJl ICHYHOUHX
3aCTOCYBaHHSM HHM3BKOIIITYEBOr0 KoayBaHHS Ha ocHoBi I[AIl i3 Barosoro
HAJUTHUIIKOBICTIO.

[IpoBeneHno anami3 iICHYHOUMX MaTeMaTHyHuUX Mmozeneit riitdiB y IIAII Ta
MOKa3aHO iX HEJIOCKOHAJICTh Ta HETOYHICTh, IO, B CBOIO Yepry, OOMexye
MOMJIMBICTD iX 3aCTOCYBaHHS ITiJl 4ac po3poOku Ta a”amizy LIAIl Ta cuctem Ha iX
OCHOBI. Po3ryistHyTO BIUIMB TJ1iTUiB Ha AuHaMivHI moxuOku B ATl Ta Ha MIBUAKICTH
MOPO3PSAHOTO  aHAIOTO-IIM(PPOBOrO TMEPETBOPEHHS Ta TIOKA3aHO iX HETraTHBHI
HacHiAKKM Ha auHaMiuHi xapaktepuctuku I[IAIl, ocobmuBo mnpu 30UTBIICHHI
PO3pSAIHOCTI TIepeTBOproBava. IIpoBeaeHo aHami3 TpaaWIiiHUX METOJIB 1 3ac00iB
smeHmenHs ThiT4iB y LAIT ta Bkazano Ha ix Hemoniku. [lokazano, sk 3a3HadeHi
HEJIOJIKA TIPU3BOJATH JI0 OJHOTO ab0 JEKUIBKOX 3 TaKMX HETaTHUBHUX HACIIJIKIB:
smeHmenas mBuAkomii ATl 3pocTanHs nuHaAMIYHUX TOXHOOK TMEPETBOPIOBAYA,
30UTBIIICHHST KUTBKOCTI  OOJaJHAHHS, 3pOCTaHHS AJITOPUTMIYHOI  CKJIAIHOCTI
MEePETBOPEHHH.

Brepme 3ampomoHOBaHO METOA 3MEHIICHHS TIITYIB Yy TeHepaTtopax
MUJKOMOAIOHUX CUTHAIIB MiABUILEHOI JIHIKHOCTI, SIKOTO TOJIATa€ B 3aCTOCYBaHHI
HU3BKOIIITYEBOTO KojayBaHHS Ha 0a3i I[AIl 13 BaroBow HAUIMIIKOBICTIO, IO

JTO3BOJIMJIO MiABUIIUTH JIHIAHICTh CUTHANTY, 1110 TEHEPYETHCS.
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Brnepiiie po3po6iieHO MaTeMaTUUHY MOJEIb TIITYIB, 1[0 BUHUKAOTH y AT
13 BaroBOIO HAJUTUIIKOBICTIO, OCOOJMBICTIO SIKOi € MOXKIIMBICTH ii 3aCTOCYBaHHS IS
JOBUIBHOT'O YMCJIa PO3PSAIB, 110 JTO3BOJIMIJIO OLIHUTH 4Yac All Ta aMIUNTYAY TJITYIB
i 4ac MepeMUKaHHS PO3PAIIB 3aJ€KHO Bl PI3HUX YMHHHKIB, a caMme: MapaMeTpiB
KJIFOUOBUX €JEMEHTIB, YHCIa PO3PSAiB, aMIUNITYAU KEPYIOUUX CHUTHAJIB Ta OMOPY
HaBaHTaxeHHsA. [IpoBeaeHO aHami3 BKa3aHOI MaTeMaTU4HOi Mozeni. Po3risHyTo
npuurHU Ta crenudiky BUHUKHEHHS TiTuiB B a-1IAIl IToka3zaHo, 110 BUHHKHEHHS
rimityiB y LIAIIl 3HauHO OOMeEXye MOMKIMBOCTI MOTO 3aCTOCYBaHHS, 30KpeMa, MpH
npsMoMy — IU(PPOBOMY  CHHTE31 aHAJIOTOBUX  CHUTHaliB. BukopucroByrouu
3aMpOINOHOBAHY MaTeMaTH4YHY MOJieNib OyJIo JIOBEJICHO, 1[0 Ha aMIUITyay TJIiTda
CYyTTEBO BILIMBAa€ 3HaueHHs Hanpyru kepyBaHHs [[AIl Ta mapasuTHUX €MHOCTEH
upoBUX KIIIOYIB, a HA Yac 3racaHHs (TpUBAJICTh) TJIITY4A ICTOTHO BILUIMBAE
3HAYCHHS OTIOPY HABaHTAKCHHS.

Hoseneno pomuibHIcTh 3acTtocyBaHHs IIAIl Ha ocHoBi CUBH, 30kpema 3
JTpOOOBUMH BaramMu po3psiiB, a caMe P-KOAIB 30JI0TO1 MPOMOPIIii, Ta MUIOYUCITOBUMH
BaraMu po3psiaiB, a came p-komiB dibonauyui. JloBemeHo, mo 13 30UIBIIECHHSAM
napamMeTpa p XapaKTepUCTHUKH TJIITYIB 3HAYHO MOKPAIITYIOThCS, IPUIOMY aMILIITyAa 1
yac iX 3racaHHi  3MEHINYIOThCS.  3alpOlOHOBAHO  CTPYKTYPHY  CXEMy
HusbKormiTaeBoro I[AIl Ha ocHOBI MoamdikoBaHOi cucTteMi yucieHHs DidoHaUTl
(M®-cuctemMu 4YUCIICHHA).

Brepiie 3ampornoHoBaHO METOJIMKY OIIHIOBaHHS €(heKTHBHOCTI 3aCTOCYBaHHS
BaroBOi HAJUIMIIIKOBOCTI, KpUTEpieM 5Koi € 3MeHmieHHs piBHA TimitdiB y I[AIl Ta
3alpOTIOHOBAHO OMNTHUMAaJbHI TapaMeTpd CHUCTEM YHUCJICHHsS, Ha OCHOBI SKHX
nobynosano I[AIl, mo mae MOXKIUBICTh OCSATTH MAaKCUMAJIbHOTO PE3yJbTaTy MpPH
MIHIMaJTbHOMY TIOJIOBXEHHI PO3pSAHOi CiTkH. OIiHeHO €(EeKTHBHICTh 3aCTOCYBaHHS
BaroBOi HAUIMIIIKOBOCTI JUIsl 3MEHIICHHS piBHA TiiTdiB y L[AIl Ta 3amporoHoBaHo
ONTUMAJIbHI TMMapaMeTpPH CHCTEM YHWCJICHHS, Ha OCHOBI skuxX moOymoBano [IAIL
JloBeneHo, 1Mo ONTUMAaIBHUM € 3acToCcyBaHHS p = 3 komy PiboHauui Tap = 3, p = 4

KOJIy 30JI0TO1 MPOTOPIIii.
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3anponoHoBaHO MOAN(IKOBaHY cucteMy yucieHHs Pibonayui (MD-cucremy
YUCJIEHHA) Uil MOOYJOBM JIYMIBHUKIB 13 IUBUJKICHUM TEPEHECEHHAM, sKa
BIIPIBHSAETHCS PO3MIMPEHHSM Jlana3oHy J140u, 10 Ja€ MOMJIMBICTh 3MEHIIUTH
KUIbKICTh 00JIaAHAHHS pU MOOYI0B1 BKa3aHUX JIUMIbHUKIB. HaBeneno popmanbHuii
ONMHMC I[I€i CHCTEeMHM YHCIEHHS 3a JOMOMOrow andasity Ta (HiIO0HAUYYIEBOTO
CIIBBIHOIIEHHS, IO 3a1a€ 0a3uc, Ta 3alpONOHOBAHO METOAM JI4OM B HIM.
3anporoHOBaHAa CHCTeMa YHCJICHHS Ma€ MEHINY HaJJIMIIKOBICTh, HDK BiJloMa
¢di16oHauuieBa cucteMa yuciaeHHsa. OnucaHo MpaBwiia MPEICTABICHHS IUTUX YHUCENT Y
M®-cuctemi uwnciaeHHsA. JIOBEICHO TBEPKCHHS TMPO OOMEXKEHICTh JIOBKUHU
NEPEHECCHHS, 10 MOXE BHUHUKHYTH Ha KOXXHOMY TakKTi, IO MPHU3BOIUTH 0
MABUILECHHS MIBUAKOIIT JI1UOH.

Ha ocCHOBI TeopeTHMYHHX JOCHIDKEHb BIEpPIIE 3alpPONOHOBAHO METO/T
noOy/10BM MIBHAKOAIOUMX (HiIOOHAUUIEBUX JUYUIBHUKIB B M®D-cUCTEeMi YHCIICHHS
TPHOX BHUIB: JIUYMJIBHMK, IO JOJA€, JIUYWIBHUK, IO BiAHIMAE 1 PEBEPCUBHHIMA
TyuibHUK. OCOOJIMBICTIO TaKUX JIYWJIBHHUKIB € BHUKOPHCTaHHS IJIA iX CHHTE3Y
MoaudikoBaHOi cucTeMu yucieHHss DiboHauyi, M0 AO3BOJSE PO3MIUPUTH Jiara3oH
JYOM Ta 3MEHIIUTH KUIBKICTh OOJIaJHAHHS TOPIBHSHO 3 BIJIOMOIO CHCTEMOIO
gucieHHss Pi100oHaYUl, a TaKOX 3MEHIIUTH KUIbKICTh NEPeHECeHbh (MAaKCUMyM JI0 5)
MOPIBHSAHO 13 KJIACUYHOIO JIBIMKOBOIO CHCTEMOKO uHclieHHS. Po3pobiieHo 3aranbHi
CXeMHU CTPYKTYpPHOI opraHizailii KO>)KHOTO BHAY JIYHJIBHUKA Ta CXEMH CTPYKTYpPHOI

Po3pobneHo cTpyKTypHI 1 NMPHUHIIUMIIOBI CXEMH JBOTAKTHHX ITiJICHIIIOBAYiB
noctiitHoro crpymy (AIIIC) 3 mapameTpuyHMM KOPUTYBaHHSM 3CYBY HYJS Ta 3
BXITHUM KacKaJoM Ha IIOJhOBUX TpPaH3UCTOpax. BHKOpHCTaHHS 3alpOTOHOBAHUX
BHCOKOJIHINHUX 1 BUaKoAiF09nX cxeMm JIIITIC no3BoauTh MOKpAIKUTH iX CTaTHYHI 1
TUHAMIYHI XapaKTePUCTUKU Ta OaraTopo3psaHUX aHAJIOro-IMUPPOBUX CHUCTEM Y
IIJIOMY.

Ha ocHoB1 3ampomnoHoBaHuXx y poOOTI METOIIB Ta 3aco0iB HaJaHO
pEeKOMeHJaIli I[I0J0 MPOEKTyBaHHS aHAJNOrOBUX 1 LU(PPOBUX T'E€HEPATOPIB

MIJIKOIIOMI0OHUX CUTHAIIB IMABHINCHOT THIMHOCTI Ha 0a31 LIAII 13 HU3BKOTIIITYCBUM
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KOJyBaHHSM. 3alpoONOHOBAHO CTPYKTYPHY OpraHi3alil0 TIe€HepaTOpiB BKa3aHHUX
aHAJIOTOBUX  CWUTHAJiB Ha  OCHOBI  (piboHaudieBoro  1udppoaHaIoroBOro
MepeTBOPIOBaYa Ta 3 BUKOPUCTAHHSAM IMIBUAKOAIIOYUX (h10OHAYYIEBUX JITUUIIBHUKIB.
Hagnano onuc cTpykTypHOi Oprasizaiii TaKuX T€HepaTopiB Ta GYyHKIIOHAIBHUX CXEM
iX JIYWIBHUKIB, a TaKOX JETAJIbHO PO3IJsSHYyTa Ta IMpoaHaldizoBaHa iX poOoTa.
OOrpyHTOBaHO, 110 BUKOPUCTAHHS 3alpONOHOBAHUX TIE€HEPATOPIB y IMOPIBHAHHI 3
BIJIMOBIIHUMHU PIIIEHHSIMU Ha OCHOBI JBIMKOBOi CHCTEMU YMCIICHHS J03BOJISIE
HIABUIIUTH [IBUIKOAII0 Ta 3MEHIIUTH pPIBEHb TJITYIB Yy TMpoIeci TeHEepyBaHH:
AHAJIOTOBUX CHTHAJIB, IO 3MIHIOIOTLCS JIIHIMHO.

Onucano po3poOKy NporpaMHUX 3aco0iB JIE MOJENIOBaHHS POOOTH
MBUAKOAIFOYMX  (pIOOHAYUIEBUX  JIYMJIBHUKIB. IIpoBenene  mMopeItOBaHHS
HIATBEPJIAIIO TMPAlE3IaTHICTh JIYWIBHUKIB Ta PO3PAXOBaHI AHATITUYHUM IUISTXOM

XApaKTCPUCTHUKMU.

HaykoBa HOBH3HA OTPUMAaHHUX pPe3yJIbTATIB:

1. Brnepiie 3amponoHoBaHO METOJ| 3MEHIIEHHS TJITYIB Yy TeHepaTopax
MUIKOMOMIOHUX  CHUTHAJIB, OCOOJMBICT SKOTO TOJATa€e B  3aCTOCYBaHHI
HU3BKOTIITYEBOTO KoayBaHHsS Ha 0a3i I[AIl i3 BaroBor HaUIMIIKOBICTIO, IIO
JTO3BOJIUJIO MTIBUIITUTH JTiHIHHICTh CUTHAY, 110 TEHEPYETHCS.

2. Brnepire po3pobiieHo MareMaTH4YHY MOJIEIb TIITYIB, 110 BUHUKAIOTH y
ITAII i3 BaroBoro HaUTHIIKOBICTIO, OCOOJIMBICTIO SIKO1 € MOYKIJIMBICTD ii 3aCTOCYBaHHS
JUISL TOBUTRHOTO YHCIIa PO3PSAIB, IO JO3BOJKIO OIHUTH 4Yac Jii Ta aMIUIITyay
TUNTYIB i 9ac nepeMukanas po3psaais LIAIL

3. Brnepire 3amponoHoBaHO METOI MOOYAOBH IIBUJIKOIIFOYNX JIIUMIBHHKIB,
OCOOJIMBICTh SIKOTO TOJSTA€ Y BHUKOPUCTAaHHI IS iX CHHTE3y MOJIu(DIKOBAHOT
cuctemu umncienas @idonayui (MD-cuctemMu YHCIEHHS), MO JO3BOJISE PO3MIUPUTH
Jiama3oH JIYOM Ta 3MEHIIUTH KUIBKICTh OOJaJHAHHS ITOPIBHSHO 3 BIJIOMOIO
cucteMoro uyuciaeHHsa @Pi0oHay4di, a TaKOX 3MEHIIUTH KUIBKICTh IEPEHECEHb

(MakcuMyM 10 5) TOPIBHSIHO 13 KJIACUYHOIO JIBINKOBOIO CUCTEMOIO YHCIICHHS.
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4, Brnepmie  3amponoHOBaHO ~ METOAMKY — OI[IHIOBaHHS  €(EKTUBHOCTI
3aCTOCYBaHHS BaroBOi HaJIMIIKOBOCTI, KPUTEPIEM SKOI € 3MEHIIEHHS PiBHS TJIITUIB Y
LHAII Ta 3anpornoHOBaHO ONTUMAaNbHI MapaMeTPU CUCTEM YHMCIICHHSI, HA OCHOBI SIKMX
nodynoBaHo IIAIl, mo nae MOXIUBICTh OCATTH MAaKCUMAJbHOTO PE3yJbTaTy IMpuU

MIHIMaJILHOMY TOJIOBKEHH1 PO3PSIAHOT CITKH.

IIpakTuyHe 3HAYEHHSI OTPUMAHUX Pe3yJbTATIB IOJSITAE B TOMY, 110 Ha
OCHOBI1 OTPHMAaHHUX B UCEPTAIlil TCOPETUIHUX MTOJIOKEHb Ta METO/IIB:

1. Po3po0neno 3aranbHi CXeMH CTPYKTYpHOiI oprasizauii (iOoHaudieBUX
JYUIbHUKIB B M®D-cuctemi YHCICHHS TPhOX BHJIB: JIUYMUIBHHUK, IO JOJAE,
JIYMJIBHUK, IO BiJHIMAE, a TAKOXK PEBEPCHUBHHMM JIIUMIBHUK Ta CXEMHU CTPYKTYpPHOI
oprasizamii iX OkpemMux po3psaiB. IIpoBeleHO aHalli3 HaBEICHUX CTPYKTYPHHUX
pillieHb 1 1X AMHAMIYHUX XapaKTepUCTUK. BUKOHaHA OlliHKAa amapaTHUX BUTpAT 1
MIBUIKOIT PO3pOOJIEHUX JIYWIBHUKIB. Bka3zanuii aHaii3 J1OBIB, 110 OIKCaHI
¢i160HAYTIER] TIYNUILHUKHU MOEAHYIOTh €(DEKTUBHY amapaTHy peali3allifo 3 BUCOKOIO
IIBUIKOIIETO.

2. 3anponoHOBaHO CTPYKTYpHY opraizaifito HusbkoriiTueBoro I[AIl na
OCHOBI CUCTEM YHUCJICHHS 13 BaroBOIO HAJIMIIIKOBICTIO, a came 3 JPOOOBUMH Baramu
PO3psIiB, 30KpeMa p-KOJIiB 30JI0TOT MPOMOPIIii, Ta IIJIOYUCIOBUMH BaraMu po3psiB,
30kpema p-koaiB DiboHayYi.

3. Po3pobneno  cTpykTypHi 1 TPHHIMIIOBI CXeMH  JIBOTaKTHHX
migcwioBauiB  moctiitHoro crpymy (HIIIIC) 3 HU3BKOOMHHM Ta BHCOKOOMHUM
Bxonamu. JloseneHo, mo Bukopuctanus JIIIIC 3 HU3bKOOMHUM BXOJOM JO3BOJIUTH
MOKPAIIUTH JUHAMIYHI XapaKTePUCTUKH MEPETBOPIOBada KOJ—CTPYM 3 ITiIBHINCHOIO
MapasuTHOIO BXigHO eMHICTIO LIAIT mopiBHSIHO 3 BHCOKOOMHUM.

4, 3anmponoHOBaHO CTPYKTYpPHI CXEMH TEHEpaTopiB MUIKOMOMIOHUX
CUTHAIIB TIABHINCHOI JiHIMHOCTI Ha OCHOB1 (PiOOHAYUiIEBOrO MUGPOAHATOTOBOIO
MepeTBOPIOBaYa Ta 3 BUKOPUCTAHHAM IMIBUAKOAIIOUUX (PIOOHAYUIEBUX JIYUIBHUKIB.
HanaHo omnuc cTpyKTypHOI opraHizailii Takux reHepaTopiB Ta (yHKI[IOHAIBHUX CXEM

iX JIYWIBHUKIB, a TaKOX JETAlIbHO pO3IJIsIHyTa Ta IMpoaHali3oBaHa iXx poOoTa.
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OOrpyHTOBaHO, 110 BUKOPUCTAHHS 3alpOIOHOBAHUX TE€HEPATOPIB y IMOPIBHAHHI 3
BIIMOBIIHUMHU PIIICHHSIMA HAa OCHOBI JIBIMKOBOi CHCTEMU UMCIICHHS J03BOJISIE
MIJBUIIUTH IIBUAKOAII0 Ta 3MEHIIUTH pPIBEHb TJITYIB Y MPOIECT Te€HEPYBaHHS
MMUJIKOMOA10HUX CUTHAJIIB.

S. Po3pobneHo  mporpamHi  3aco0u s MOJIENIOBaHHA  poOOTH
MIBUIKOIIFOUNX ¢hi0oHayyieBUX  JITUMJIBHUKIB. IIpoBenene KOMIT FOTEpPHE
MOJICJIFOBaHHS MIATBEPAWIO PO3PAXOBaHl aHATITUYHUM IUIIXOM XapaKTEPUCTUKHU

BKa3aHOI'0 JIIYMJIbHHKA.

Kntouosi cnosa. renepaTopu NWIKOMOAIOHHWX CHUTHANIB, HU(pPOAHAIOTOBE
nepetBopeHHs, riaiTdyi B [[AIl, HagmMIIKOBI MO3UWIIMHI CHUCTEMH YHUCJICHHS,

JMYWILHUKY B Kogax Pi0oHauuyl.
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ABSTRACT

Oleksandr G. Murashchenko. Method and tools for high-linear ramp
generation based on DAC with weight redundancy. — Qualifying scientific work on

the rights of the manuscript.

Thesis for the degree of candidate of technical science in specialty 05.13.05
“Computer systems and components”. — Vinnytsia National Technical University,
Vinnytsia, 2020.

This dissertation work is devoted to the development of methods and means of
high linearity ramp generation based on DAC with low-glitch coding. The aim of the
research is to improve the linearity of digital ramp generators, which differs from the

existing in application of low-cellular coding based on DAC with weight redundancy.

The analysis of existing mathematical models of glitches in DAC was
performed and their imperfection and inaccuracy are shown, which limits the
possibility of their usage in the development and analysis of DACs and systems based
on them. The impact of glitches on the dynamic errors in the DAC and on the speed
of bitwise analog-to-digital conversion is considered and their negative effects on the
dynamic characteristics of the DAC are shown, especially with increasing the bit
capacity of the converter. The analysis of traditional methods and means of reducing
glitches in DAC was performed and their disadvantages were pointed out. It is shown
how these disadvantages lead to one or more of the following negative consequences:
reduction of the DAC performance, increase of dynamic errors of the converter,

increase of equipment quantity, increase of algorithmic complexity of transformation.

The method for reducing glitches in high linearity ramp generators is proposed,
a feature of which is the use of low-glitch coding based on DAC with weight

redundancy.

The mathematical model of glitches in DAC with weight redundancy has been

developed that allows you to estimate the duration and amplitude of glitches while
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switching DAC bits depending on various factors, such as: parameters of key
elements, number of bits, amplitude of control signals and load resistance. The
analysis of the specified mathematical model was performed. The causes and
specifics of the occurrence of glitters in a-DAC were considered. It has been shown
that the appearance of glitches in the DAC significantly limits the possibility of its
use, in particular, in the direct digital synthesis of analog signals. Using the proposed
mathematical model, it was proved that the amplitude of the glitch is significantly
influenced by the control voltage of the DAC and the parasitic capacities of the
digital keys, and the value of the load resistance significantly affects the damping

time (duration) of the glitch.

The expediency of using DAC based on weight redundancy has been proved,
in particular with fractional digit weights of bits, namely golden p-ratio numbers,
with whole number weights of bits, namely Fibonacci p-codes. It was proved that
with increasing of p parameter, the characteristics of glitches are greatly improved,
and the amplitude and time of their attenuation decrease. A structural diagram of a
low-glitch DAC based on a modified Fibonacci calculus system (MF calculus) was

proposed.

The efficiency of the use of weight redundancy to reduce the level of glitches
in the DAC was evaluated and the optimal parameters of the numerical systems on
the basis of which the DAC was built were proposed. It was proved that the use of p

= 3 of the Fibonacci code and p = 3, p = 4 of the golden ratio codes is optimal.

Further development took the approach to modify the Fibonacci calculus
system. A modified Fibonacci calculus system (MF-system) is proposed for the
construction of high-speed counters, which is characterized by an extension of the
digit range, which makes it possible to reduce the number of equipment when
constructing mentioned counters. A formal description of this system of calculus is
given using the alphabet and the Fibonacci ratio, which specifies the basis, and the
methods of counting in it are proposed. The proposed calculus system has less

redundancy than the known Fibonacci calculus system. The rules for representing
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integers in the MF calculus system are described. The statement about the limitation
of the length of the transfer, which can occur at each cycle, which leads to an increase

in the speed of the counting, is proved.

On the basis of theoretical research, the method for the construction of high-
speed Fibonacci counters in the MF-system of calculus of three types was first
proposed: the adding counter, the subtracting counter and the reversing counter. The
general schemes of the structural organization of each type of counter and the

schemes of the structural organization of their individual digits have been developed.

Structural and schematic diagrams for two-stroke DC amplifier have been
developed. The use of the proposed high-linear and high-speed two-stroke DC
amplifier circuits will improve their static and dynamic characteristics and multi-bit

analog-digital systems as a whole.

Recommendations for the design of analog and digital ramp generators of high-
line signals based on DAC with low-glitch coding were provided on the basis of the
methods and tools proposed in this work. The structural organization of the
generators of the specified analog signals based on the Fibonacci digital-to-analog
converter and using high-speed Fibonacci counters is proposed. The structural
organization of such generators and the functional circuits of their meters are
described, and their work is reviewed and analyzed in detail. It is substantiated that
the use of the proposed generators in comparison with the corresponding solutions
based on the binary number system allows to increase the speed and reduce the level

of glitches in the process of generating analog signals that change linearly.

The development of software for modeling the operation of high-speed
Fibonacci counters is described. The simulation confirmed analytically calculated

characteristics.

Key words: Ramp generators, Digital to Analog converters, glitches in DAC,

redundant positional number system, Fibonacci counters.
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BCTVII

OOrpyHTyBaHHSI BHOOPY TeMH J0CJIi/2KeHHs. [ €eHepaTopu CUTHANIB, a TAKOXK
MPUCTPOI, Ha SKUX MOOYIOBaHO BKa3aHI TEHEPATOPH, 30Kpema IU(POaHAIOroBI
neperBoproBaui (LJAII) Ta JIYMIBHUKM IMIYJIBCIB, IIMPOKO 3aCTOCOBYIOTHCA B
CUCTEMaxX OIpallOBaHHS CUTHAIIB, TEJIEKOMYHIKalii, Oe31pOoTOBOro 3B‘S3KY,
PI3HOMaHITHUX CHUCTEMax KepyBaHHA 1 ToMy mojaioHe. Bapro 3a3HauuTth, mo chepa
3aCTOCYBaHHS [H(PPOAHATIOTOBUX IEPETBOPIOBAUIB HE OOMEXKYEThCS Tally3310
NEePETBOPEHHST «KoJ-aHanor». BukopucroBytoun [[AIl MokHa BU3HAYaTH JOOYTKH
nBoX abo Oulbllle CUTHaNiB, OyAyBaTH MJUIBHUKM (DYHKIIiM, aHAJIOroBl JIAHKH,
KepOoBaH1 BiJl MIKPOKOHTPOJEPIB, TaKl K aTEH ‘l0aTOpHU Ta IHTErpatopu. BaxxianBoro
rainy33to 3actocyBaHHsi L[AIl € Takoxk reHepaTopu CHUTHAJIB JOBUIBHOT (OpMH,
30KpeMa cucteM mpsimoro nudposoro cuutedy (DDS) [1]-[5]. [Tpudyomy came ATl y
KiHI[EBOMY BUNAJKy BHU3HA4Ya€ TOYHICTh (OPMYBaHHS BHXiJHOTO aHAJIOTOBOTO
curHaiy. Cii TakoX BiA3HAYWTH, 110 TEpPeBaKHA OLIBIIICTh HAYKOBUX JOCIIIKEHb
y IIbOMY HaIpsIMKY MPUCBSYEHA ONMUCY MPUHIUITIB CHHTE3Yy aHAJIOTOBOT'O CUTHAIY IO
JTUCKPETHUX BIJIIKax 1 peamizamii mudpoBoi 4acTUHM cUCTeM. BomHouac aHamis
BIUTUBY MUHAMIYHUX XapakTepucTuk L[AIl Ha moxuOky ¢opmyBaHHS aHAIOTOBOTO
CUTHAITy PO3MJISIHYTO HeJAocTaTHbO. Lle, Ge3yMOBHO, MPU3BOAUTH 1O CHIPOIICHOTO
COPUMHATTS MOXJIHBOCTeW mpuctpois DDS 1 HeoOrpyHTOBaHOTO 3aBUIICHHS
JOCSKHUX TMapaMeTPiB BUX1THOTO CUTHAITY.

OxpeMUM HETaTHBHHM YHHHHKOM TIPH I[bOMY € TakK 3BaHi TiiTdi [6]-[9] —
KOPOTKOYACHI Mapa3uTHI BUKUIUA BUXITHOTO CUTHANY Apux, II0 BUHHKAIOTH ITiJT Yac
smian BximHoro konay [IAIl BmnuB mmx BukuaiB Ha ¢GOpMy CUTHAITY ICTOTHO
MTOCHUTIOETHCS 32 YMOBH 301IBIIIEHHS 9acTOTH 3MiHU KOIY Kgx. Jly1st BHOOpY mimXxoIiB,
[0 BUKOPUCTOBYIOTHCS MJIi 3MEHIICHHS TJITYiB, HAJ3BHYAWHO BaXKIMBO PO3YMITH
MPUYMHA T4 YUHHUKH, 1[0 BUKJINKAIOTh BUHUKHEHHS r1iTdiB y [ATL

Hocnimkerato Ta MmoAentoBanHi0 TmiTdiB y ALl mpucesidueHo aesiki cydacHi
opuriHaibHi po3poOku [10]-[15], mpoTe B HUX € CYTTEBI HEMONIKH, SIKi HE JAOTh

MOXJIMBOCTI OLIIHUTH TOBEAIHKY TJITYIB MpU 30UIBIICHHI YWCIa PO3PAJIB, IO
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MEePEeMUKAIOThC Ta Tpu BUKOpucTaHHI [IAIl sK YacTMHU CKJIQAHINIAX CHCTEM
TCHEpYBaHHS Ta OMpalfoBaHHsA cuUTHamiB. [IpoTe, came y mHMX BHUIAIKaX BILUIUB
TJIITYIB CYTTEBO 3pPOCTAE, 110, B CBOIO YEPry, BIUIMBAE HA TOYHICTb, IIBUIKOIIEIO Ta
iHmi  xapaktepuctuku I[AIl, 30kpema, Ta TpUCTPOIB 1 CHUCTEM, J€ BOHHU
BUKOPUCTOBYIOTHCSA, B IIUIOMY. [HIIMM HEAOJIKOM ICHYIOUHMX AOCIIIKEHb € Te, L0
BOHU aHAJI3YIOTh JIMIIE OJHY NMPUYMHY BUHUKHEHHS [JIITUIB, ITHOPYIOUM DS IHIIUX,
110 TTPU3BOAUTH JIO0 3HAYHUX OOMEXKEHb OTPUMAHHUX PE3yJIbTATIB.

JocmimkeHastMm ~ Teopii  mu@poaHaTIOroBOro - Ta  aHAJIOTO-IU(POBOTO
MePEeTBOPEHHs 3aiimMaroThesi  1mkoau mpodecopie A. 1. KowmameBa [16]-[22]
(B. O. baranpkuit  [18], [21]-[26], B.O. Pomanos [18], [22], [27]-[28]),
I1. II. Opuatcbkoro [29]-[32], M. B. Amnimosa [33]-[36], b. . IlIserpkoro [37].
3arajgpbHi TPUHIWANKA MOOYJOBU Ta IOKPAIICHHS XapaKTEPUCTHK IIEPETBOPIOBAYIB
iHbopMaIlli AOCTIIHKYBaIUCh Ta po3pobssuinch HaykoBumH mkoinamu E. I. Titica
[38]-[41], B. . CmomnoBa [42]-[48], Ta iHIIHX.

BoaHodac 13 BITUM3HSHUMH HAyKOBISIMH MHUTAHHSMH JOCIHIIKEHHS TJITYIB B
LIAIT 3aiimaroThcst HaykoBI 3a KopaoHowm, 30kpema: B. Kecrep [49]-[54] 3
kopmopaitii Analog Devices, Pyni JIxx. Ban [le [Tname [55]-[57] Ta iumi 3 Philips, a
TaKOXX CHIBPOOITHUKM  HAyKOBO-JIOCTITHUX MIAPO31iiB  Koprmopamiii  Texas
Instruments, Intel, MAXIM Integrated, Renesas, Linear Technology Corporation ta
irmi [6]-[9], [58].

Jlns  3MeHIICHHS TJiT4iB jgieBUM € 3acrocyBanHs B I[AIl BaroBoi
HaJTUIITKOBOCTI. Lle¥t MeTon He 3aeKHuTh BiJi KOHKPETHUX MapaMeTpiB 0OJiaHaHHS
Ta BIUIMBY HABKOJUIIHHOTO CEPEIOBHINA, a TAKOXX HE BHUMAara€ BUKOPUCTAHHS
3HAYHOI KUIBKOCTI JOJATKOBOTO oOnagHaHHA. JIOCHIIKEHHIO I[bOTO IiAXOIY
MPUCBSYCHO JESKI CydacHI OpWTiHAIbHI PO3POOKM HAYKOBIIB y PI3HUX KpaiHax
Jajiekoro 3apyoixoks, 3okpema, Smowii [15], [59]-[60], omHak B HUX € 3Ha4HI
HEJIONIKY, JUIS TIOJOJAaHHS SKUX HEOOXITHO BBEICHHS y CXEMY JOJAaTKOBOTO
oOJlalHaHHS, IO Y CBOIO YEpPry € HETPHUBIAJIBHOIO 3aJlauei0 1 MOXKEe MPU3BECTH 0

3HAYHUX YCKJIaJIHEHb, 110 MOB’sI3aH1 3 TOYHICTIO, IIBUIKOIEIO 1 T. 1H..
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HocnimpkeHnHss 1ono mnokpameHHs xapaktepuctuk I[AII Ha  ocHOBI
3aCTOCYBaHHS ~ BaroBOi  HAIJUIIKOBOCTI  BHUKOHYIOTbCSI ¢  BIHHUIBKOMY
HaIlIOHAJIBHOMY TEXHIYHOMY YHiBepcuTeTi 3 70-X pOKIB MHHYJOTO CTOJITTA B
HayKoBii mikoni mpogecopa O. [I. Azaposa [61]-[71]. Tak, 30kpema, moYHHAIOYH 3
2000-x pokiB 3IIMCHIOIOTHCS AKTUBHI JOCIIIKEHHS IIOAO 3aCTOCYBAHHS BaroBoOi
HAJUIMIIKOBOCTI 3 MeTOow 3MeHueHHs TiiTdyiB y LIAIl Ta reneparopax CUTHaiB,
no0yI0BaHUX Ha X OCHOBI.

Cnig 3a3HauMTH, IO 3ajJa4ya JOCHIJDKEHHS Ta 3MEHIICHHS TUITYIB I dYac
reHepyBaHHs CUTHAIIB MiJIBUILEHOI JIHIMHOCTI Ha TENepilllHii 4ac OCTaTOYHO He
BUpIIIEHA, a KUIbKICTh MyOJiKaliil y HayKOBO-TEXHIUHIM JITEpaTypi, MPUCBIYCHUX
JOCHIDKEHHIO TIIITYIB Ta 3aco0iB X 3MEHHIeHHS i 4Yac Hu(poaHaIoroBOro
NEPETBOPEHHS, € HE3HAYHOI0. Y 3B‘SI3KY 3 IIUM MHUTAHHS pO3pOOKU METOMY Ta 3aco0iB
reHepyBaHHs NWIKOMOAIOHUX CHUTHANIB MiABUIIEHOT JiHIHHOCTI Ha 0a3zi LAIl i3
HU3BKOTJIITYEBUM KOJYBAaHHSM € aKTyallbHOIO 3a7adero, II0 1 CTajlo TeMOK Ili€i
JUCepTaIlii.

MeTta i 3aBaaHHSl JOCJTiIKEHHSI. TIOKpAIlEHHS JIHIKHOCTI IU(POBUX
IreHEpPaTOpiB  MIJIKOMOMIOHMX CHUTHAJIB, IO BIAPI3HAIOTBCS Bl  ICHYIOUHX
3aCTOCYBaHHSIM HHU3BKOIIITYEBOTO KoayBaHHA Ha ocHoBi I[AIl 13 BaroBoro
HaJUTHUIIKOBICTIO.

OO0‘exT J0CJiTKEeHHSI. TPOIEC TEeHEPYBaHHS IHWJIKOIMOIIOHUX CHUTHAJIB
MIJBHUINCHOI JIHIMHOCTI IMIJISAXOM 3aCTOCYBaHHS HHU3BKOTIITYEBOTO KOJYBaHHS Ha
ocHoBI [{AII i3 BaroBooo HaIUIIKOBICTIO.

Ipeamer fociigkeHHs1: TIiT4Yl, 10 BUHUKAIOTH Yy TEHEpaTOpax
MUJIKOTIOIOHUX CHUTHAJIB 13 HU3BKOTJITYEBUM KOJTYBAaHHSM, a TAKOXX MPHUCTPOi, HA
AKUX TO0Oy0BaHO BKaszaHi reHepatopH, 30kpema L[AIl i mBuakomitoul TIYMITBHIKA
IMITYJIbCiB HA OCHOB1 CCTEM YMCJICHHS 3 BaroBOIO HAJTUIIKOBICTIO.

Tpeba migkpecnuTH, 10 HA TOXUOKY JIHIMHOCTI CHUTHAIY BIUIMBAE SK
aMIUIITyAa, TaKk 1 4yac 3racaHHs TJiT4ya. AMIUIITYJa 3MEHIIYETHCS 32 PAaXyHOK
Bukopuctanus I[AIl 13 BaroBorw HaIJWIIKOBICTIO. Yac 3racaHHs TrJjiT4ya

3MEHIIY€EThCS SIK 3a paxyHOK BiactuBocteit LIAIl, Tak 1 3a paxyHOK 3aCTOCYyBaHHS
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JIYWJIBHUKIB 13 HIBUJKICHUM IEPEHECEHHSM B HAJUIMIIKOBIM CHUCTEM1 YHCIICHHS.
ITAII 13 BaroBorw HAIJWIIKOBICTIO Ta BHUINE3rajaHl JIYWIBHUKH € 3acobamu
HU3bKOTIITYEBOTO KOTyBaHHS.

HuzbkorniTueBe KOAyBaHHS — 1€ MPOLEC HUPPOAHATIOTOBOTO MEPETBOPEHHS,
AKUWA BKJIIOYaE B ceOe JiuOy B HAJUIMIIKOBIA CHUCTEM1 YUCICHHS 3 MOJAJIBIIUM
MEePETBOPEHHSAM KOJ-aHAJIOT 31 3HIKEHUM PIBHEM TJIITYIB.

Metoam mocJizkeHHs1. Y MpoUECt AOCTIIKEHb BUKOPUCTOBYBAIIUCH: TEOPis
M(POAHATIOBOr0 MEPETBOPEHHS 3 BaroBOIO HAJUIMIIKOBICTIO JJIs aHali3y TJITYIB B
LAIT; Teopis undpoBux aBTOMATIB AJISI CAHTE3Y CXEM LIBUIKOAIIOYUX JIIYUIBHUKIB B
M®-cucTemMi YUCIICHHS, TEOPis MaTeMaTUYHOTO aHalli3y, METOJH almpOKCUMYBaHHS
Ta IHTEPHOJIOBaHHS (QYHKIIM Ta Teopis YUCEIbHUX METOIB JUJIs aHaji3y Ta
CTBOPCHHSI MaTeMaTHYHOI MOJIENI TIITYIB B MH(PPOAHATOTOBUX MEPETBOPIOBAYAX Ta
reHepaTopax CUrHaliB; ajareOpa JIOTIKH Ta TeOpisl alrOPUTMIB JJII CTBOPEHHS HOBOT'O
METOAY 3MEHIICHHS TJITYIB Y TeHepaTopax MIJIKOMOIIOHUX CUTHAIIB; KOMII FOTEpHE
MOJIeNIIOBaHHS g aHanizy mapamerpiB LIAIl 3 BaroBow HaJJUIIKOBICTIO Ta
JBOTAaKTHUX TMiAcuitoBaviB moctiiHoro ctpymy (IIIIIC), a Takox s mepeBipKH
OTPUMaHUX TCOPETUYHUX ITOJIOKEHB; TEOPisl 00 €KTHO-OPIEHTOBAHOTO Ta CUCTEMHOT'O
NpOrpaMyBaHHS IJIi PO3POOKU MPOTpamMHOro 3a0e3NeueHHs IS pO3paxyHKy Ta
JOCIIJDKeHHsT €(eKTUBHOCTI 3aCTOCYBaHHsS BaroBoi HAIMIIKOBOCTI 3 METOIO
3MEHIIEHHS TJITYIB Ta JJI1 MOJIEIIOBAHHS POOOTH IIBUIKOIF0YOro ¢)iOOHAYUIEBOTO

JHYMJIbHUKA.

HaykoBa HOBH3HAa OTPUMAHUX pe3yJbTaTIB:

1. Bmepme 3anmponoHOBaHO METOA 3MEHIIEHHS TIITYIB Yy TEHEepaTopax
MMAJKOIOAIOHNX ~ CHTHAJIB, OCOOJUBICT, SKOTO TIOJNATaE B  3aCTOCYBaHHI
HU3BKOTIIITYEBOTO KoayBaHHsS Ha 0asi I[AIl i3 BaroBow HaJIMINIKOBICTIO, IO
JI03BOJIAJIO TTIBUIIIMTH JIHIHHICTh CUTHATY, IO TEHEPYETHCSI.

2. Bmnepme po3po0iieHO MaTeMaTHYHY MOJEb TIITYiB, M0 BUHHUKAIOTH y

IHAII 13 BaroBoro HaUIMIIKOBICTIO, OCOOJIUBICTIO SIKO1 € MOXJIMBICTD 1i 3aCTOCYBaHHS
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JUIsL TOBUIBHOTO 4YMCJIa PO3PSAIB, IO JO3BOJMIJIO OLIHUTH 4Yac Jii Ta aMIUNTYLy
[ITYIB 1] 4ac nepemMukanHs po3psaais [IAIL

3.  Bmepie 3anmponoHoBaHO MeTO MOOYAOBHU IIBUIKOIIFOYUX JITUMIIbHUKIB,
OCOOJIMBICTh $IKOTO TMOJSTa€ Yy BHUKOPUCTAaHHI ISl iX CHHTE3y MOJU(DIKOBAHO1
cuctemu ymcieHns Pidonayui (MD-cucremMu 4KMCIEHHS), IO T03BOJSE POIMIUPUTH
Jiana3oH JY0M Ta 3MEHIIUTH KUIBKICTh OOJIaJIHAHHS TIOPIBHAHO 3 BIJOMOIO
cucreMoro uyucieHHs @Pi0oHay4i, a TaKOX 3MEHIIUTH KUIBKICTh IEPEHECEHb
(MakcuMyM 0 5) MOPIBHSHO 13 KJIIACUYHOIO JIBINKOBOIO CUCTEMOIO YHCIICHHS.

4. Bhepmie 3anponoHOBAHO METOJIMKY  OI[IHIOBAaHHS  €(EeKTUBHOCTI
3aCTOCYBaHHS BaroBOi Ha/NTMIIKOBOCTI, KPUTEPIEM SKOT € 3MEHIIICHHS PIBHS TJIITUIB Y
LIAII Ta 3anporoOHOBaHO ONTHMAJIbHI IMapaMeTPH CHCTEM YHCIICHHS, Ha OCHOBI SIKHX
noOynoBaHo L[AIl, mo mae MOXJIMBICTH JOCATTH MAaKCUMAILHOTO PE3YNIBTATy MPHU
MIHIMQJIBHOMY TTOJIOBXKEHH1 PO3PSAHOT CITKH.

I[IpakTuyHe 3HAYeHHS] OTPUMAHUX Pe3yJbTATIB IOJSITa€ B TOMY, IO Ha
OCHOBI1 OTPUMAaHMUX B UCEPTAIlil TCOPETUIHUX MOJIOKEHb Ta METO/IB:

1. Po3pob6rieHo 3araibHi cXeMH CTPYKTYpHOi opranizailii (iboHaudieBUX
JYUIBbHUKIB B M®D-cucteMi YHCICHHS TpPhOX BHJIB: JIYMIBHHUK, IO J0JIAE,
JIYUIBHUK, 10 BiIHIMAE, a TAaKOXX PEBEPCUBHUN JIYMIBHUK Ta CXEMH CTPYKTYPHOI
opraHizamii ix okpemux po3psaaiB. IlpoBeneHo aHali3 HaBEAEHUX CTPYKTYPHHUX
pileHpb 1 iX AMHAMIYHUX XapaKTepUCTHK. BHUKOHaHA oOIiHKa amapaTHUX BHUTpAT 1
IIBUJIKOMIT pO3po0JeHUX JIHYMIbHHMKIB. Bkazanuii aHami3 [0BiB, IO OIKCAaHI
¢d160HaYYIEB] TIYMIBHUKU MOENHYIOTh €(DEKTHBHY amapaTHy peati3allifo 3 BHCOKOIO
HIBUJIKOJIIETO.

2. 3anmpomnoHOBaHO CTPYKTYpHY oOpraHizaifito HusbkoriiTueBoro I[AIl Ha
OCHOBI1 CHCTEM YHCIICHHS 13 BaroBOIO HAJUIMIIKOBICTIO, a caMe 3 JpoOOBUMH BaraMu
PO3psIIiB, 30KpeMa P-KOJIiB 30JI0TO1 MPOMOPIIii, Ta MITOYNCIOBUMHU BaraMu PO3psIiB,
30Kpema p-koaiB PiboHayYi.

3. Po3pobnieHo  CTpyKTypHiI 1  TIPUHIIMIIOBI  CXEMH  JBOTAaKTHUX
nigcunoBayiB  noctiiHoro ctpymy (UAIIIIC) 3 HU3BKOOMHUM Ta BHCOKOOMHUM

Bxojamu. JloBeneHo, mo BukopuctanHs JIIIIC 3 HU3bKOOMHHUM BXOJIOM JO3BOJIUTH
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MOKPAIIUTH JUHAMIYHI XapaKTEPUCTUKH MEPETBOPIOBaYa KOA—CTPYM 3 IiJIBUILEHOIO
napa3uTHOIO BX1AHOI eMHICTIO LIAIl mopiBHSAHO 3 BUCOKOOMHUM.

4, 3anporoHOBaHO CTPYKTYpPHI CXEMU T'E€HEpaTopiB MUIKOMOI1I0HUX
CUTHAIIB MIIBUIINECHOI JIHIMHOCTI Ha OCHOB1 ()iIOOHAUUiIEBOrO HHUGPPOAHATOTOBOTO
MepeTBOPIOBaYa Ta 3 BUKOPUCTAHHSAM IMIBUAKOAIIOUUX (P10OHAYUIEBUX JIIYUIIBLHUKIB.
HagaHno onuc cTpyKTypHOi Oprasizaiii TaKux TeHepaTopiB Ta (PYHKIIOHATBHUX CXEM
iX JIYWIBHUKIB, a TaKOoX [ETaJbHO pO3TIIIHyTa Ta MpoaHami3oBaHa ix poboTa.
OOTpyHTOBaHO, IO BHUKOPHUCTAHHS 3alPOIIOHOBAHUX TI'€HEPATOPIB y IMOPIBHSIHHI 3
BIJIMOBIIHUMHU PIIIEHHSIMU Ha OCHOBI JBIMKOBOi CHCTEMU YMCIICHHS J03BOJISIE
MIABUIIUTH MIBUJAKOAII0 Ta 3MEHIIMTH PIBEHb TJITYIB Yy MPOIECI TeHepyBaHHS
MUIKOMOAI0HUX CUTHAJIIB.

5. Po3pobneno  mporpamui  3acobu 7S MOJIENIOBAHHA  pOOOTH
mBUAKOAIFOUMX  (iOdoHauuieBUX  JUWIbHUKIB.  [IpoBenmeHe  komm’iroTepHe
MOJIETTIOBAHHS MIITBEPMIO PO3PAXOBaHl AHANITUYHUM IUISXOM XapaKTePUCTUKHU
BKA3aHOTO JIIUUIIbHUKA.

PesynpraTn nmcepraniiHoi poOOTH BHPOBAIKEHO B [HCTUTYTI €NEKTPOHIKH
Ta 3B‘A3Ky YKpaiHChKOi akajaeMii HaykK Uil 1MoOymoBH  iH(OpMaIliiHO-
BUMIPIOBAJIBHUX Ta PAAIOTEXHIYHMX IPHUCTPOIB 3 MIABUIICHOI 3aBaJIOCTIMKICTIO 1
IIBUIKOJI€I0, a TaKOXX Y HaBYaIbHUK Tporiec BiHHHMIILKOrO HAI[IOHATBLHOTO
TEXHIYHOTO YHIBEPCUTETY 3a cremianbHicTIo 123 — B auctummiinax «Komi roTepHa
CXEeMOTEeXHIKay, «JIiHilfH1 IHTeTpaJIbHI CXeMM», Ta «AHAIOTO-IIMGPOBa TEXHIKA.

3B’A30K po0OTH 3 HAYKOBHUMHM MPOrpaMaMH, ILUIAHAMH, TeMaMHU.
Hocnimkennss BuUKOHyBanucsa mnpu peamizamii HAP 3a  Temoro 58-/1-393,
«CrerianizoBani aHAIOTO-IU(PPOBI CUCTEMU aymionoKalii Ta imeHTudikamii 06’ €KTiB
Ha MicieBocTi» (HoMep aepxkaBHoi peectparrii 0115U001119).

Ocobuctuii BHecok 3700yBaya. YCi HayKOBiI pe3yibTaTH, BUKIAICHI Y
JTUCEpPTaIiiHIi poOOTi, OTpUMaHI aBTOPOM 0OCOOMCTO. Y poboTax, omyOIiKOBAaHUX Y
CIIBAaBTOPCTBI, aBTOPY HaJIEkKaTh TaKi pe3yJibTaTH: po3poOKa MaTeMaTUYHOI MOJEN1
ta Meroay 3MmeHmeHHs rriTdiB y L[AIT i3 BaroBoro HajummikoBicTio [101]-[102],

[120]-[121]; po3pobka wmeTomy TMOOYIOBH MIBUAKOMIFOUMX  (HiOOHAUTIEBHX
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miymnbHUKiB [103]; imes Momudikanii cuctemu uucineHHs didonayui Ta crocoly
aia6u B Hid [104]-[105], [108]; po3pobka 3B‘S3KiB MK JIUYMILHUMH TPUTECPAMH,
BXOJIOM TaKTOBUX IMITyJbCIB Ta iH(opMamiiHuMu Buxojgamu JiumibHUKIB [106],
[114], [117]-[118]; mochimkeHHs 3alexHOCTI MoXubok meperBopenns y LIAIT Bix
piBus  BaroBoi HammumkoBocti [107], [109]-[110]; 3ampomoHoBaHO CXeMH
JBOTAKTHUX TMIJCUJIIOBAYIB MOCTIHOTO CTPYMY 3 HHU3bKOOMHUM 1 BHCOKOOMHUM
Bxoaamu [111]-[112]; po3poOka 3B*s3KiB Mixk NU(POAHATIOTOBUM MIEPETBOPIOBAUEM B
koAl DiOonaydi, reHepaTOpoM TAaKTOBUX IMIYJIbCIB Ta JIYWJIBHUKOM B
moaubikoBaHiii ¢idoHauuieBid cucremi uwnciaeHns [115]-[116]; mocmimkeHHs
3anexHocTi rmiTuiB y L{AIl Bif pi3HUX YMHHMKIB, 30KpeMa, BiJl KUIBKOCTI pO3Ps/IiB,
0 TEPEeMHKAIOThCS, ACMHXPOHHOCTI BMHUKAaHHS Ta BUMHUKaHHA po3psaiB LIATI,
HEJIOCKOHAJIOCT] eJIeMEHTHOI 0a3W Ta KOHKpeTHHX mapameTpiB cxemu [115]-[116],
[122]-[123]; cTpykTypH HU3BKOIJIITYEBUX MEPETBOPIOBAYIB (OPMH CUTHATY 3
BaroBOIO0 HAJMIIKOBICTIO [119]; po3pobka Ta peasizallis alropuTMy KOMII FOTEPHOT

nporpamu [120]-[121].

Anpobaniss matepiajiB aucepraumii. OCHOBHI TIOJNIOXKEHHS JHCEpTaIlii
JOTIOBIAAIMCS. Ta OOTOBOPIOBAJIMCS Ha MIKHApPOJHHX KOH(pepeHIisx: MikHapoIHa
HayKOBO-TIpakTH4YHAa KoH(epeHis «Indopmariiini TexHoJOTii Ta KOMIT IOTEpHA
imkenepis»  (Bimmmmg, 2010, 2014), MikHapoaHoi  HayKOBO-IIPAKTHYHOT
koH(pepentii «Metoau Ta 3aco0M KOJyBaHHS, 3aXUCTy W YIIUIbHCHHS 1HGOpMAIlii»
(Binaung, 2011, 2017), mopidHi HayKOBO-TEXHIUHI KOH(EpeHIii mpodecopchKo-
BHKJIQIAIILKOTO CKJIaIy CIIBpoOIiTHHKIB Ta cTyaeHTiB BHTY 3 yuacTio npariBHHKIB
HayKOBO-JIOCTITHUX opraHizarin Ta IHKEHEPHO-TEXHIYHUX  TPAIiBHUKIB
nianpuemMcTB M. Binawui ta o6nacti (2010-2019).

Iyoaikauii. OCHOBHI pe3ynbTaTH JOCTIIHKEHb OMyOIiKOBaHO y 23 HaAYKOBHX
mparsix, y Tomy uncii 10 crareii y ¢paxoBux BUJAHHSX, IO BXOJATH 10 MIKHAPOTHUX
HayKkoMeTpuuHux 0a3 (3 Hux 2 y 6a3i Scopus ta IEEE Xplore), 3 y marepianax
koH(pepeHIid, 8 mareHTax YKpaiHM Ha KOPUCHY MOJENIb, 2 CBIIOITBA PO

peecTpallito aBTOPCHKOIo MpaBa Ha KOMIT' IOTEPHY Iporpamy.
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Crpykrypa Ta 0o0csr amcepramii. /lucepramiiina poboTa ckiagaeTbes 31
BCTYIY, YOTHUPbOX PO3JLIiB, BUCHOBKY, CIIUCKY BUKOPHUCTAHHUX JKEPE Ta JOJATKIB.
[ToBHu# oOcar aucepraiii ctaHoBUTh 202 CTOPIHOK, OCHOBHUM 3MICT BUKJIQJIEHO HA
142 cropiHkax AOpykoBaHOro TekcTy. Pobora mictuth 62 pucynku, 21 tabnwuio,

CIIMCOK BUKOPUCTaHUX Jikepen 13 148 HaiimeHyBaHb Ta 7 10JATKIB.
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