BIAI'YK
0(ilifHOT 0 peleH3eHTA
KaHAuAaTa TEXHIYHUX HaYK, AolieHTa bapkoBckkoi Oneci FOpiiBHuU
Ha qucepTaniiny poooty [lmennunoro Kupuna FOpiitoBuua
Ha TeMy: «Mogeni Ta MmeToau Bepudikaiiii TeMIOpaIbHUX MOJIeNIeH KIHIIEBUX
aBTOMATiB HA MOBAX OIHUCY anapaTypu»,
npeACTaBICHY Ha 3100yTTS HAYKOBOT'O CTYMEHs JOKTOopa (imocodii
3a crnenianbHicTiO 123 — KoMn'toTepHa iHxKeHepis

ranxysb 3HaHb 12 — [HdopmaliitHi TeXHOoJIOor 11

1. Akmyanvnicms pod6omu Ta BaXIVBUN BHECOK IMPOBEICHUX ITOCHIIKEHb Y
PO3BUTOK Cy4YacHHMX IU(POBUX TEXHOJOTIM MPOEKTyBaHHS Ta BepuUdikallli cUcTeM
peaJpHOro 4Yacy BH3HA4Ya€e Te, II0 CydacHl IU@pPOBI CHUCTEMHU CTalOTh BCE
CKJIQJIHIIIUMH, IUPOKO BUKOPUCTOBYIOTHCSI B KPUTUYHO BAXKIIUBUX Taly3sX, TaKUX
K MEIWLMHA, MPOMUCIOBICTh, aBialisi Ta aBTOMOOUIEOyIyBaHHS, J€ TOYHICTH 1
IIBUJIKICTh PEaKIlii € KPUTUYHO BaxUIMBUMH. Bepudikalis Ta J1arHOCTUKA TaKUX
cucTteM 3a0e3NeuyroTh iXHIO0 Oe3neky Ta ePekTuBHICTh. OKpiM TOTO, CKOPOUEHHS
yacy Ha MPOEKTYBaHHs Ta Bepu(ikaiiro HUPPOBUX CUCTEM € BAXKIUBUM aACIIEKTOM,
AKAA  BIUIMBAE HA  KOHKYPEHTOCHPOMOXKHICTh  MPOAYKTIB. Bukopuctanus
pO3pO0OJIEHNX METOIB Ta MOJENIed J03BOJIss€ 3MEHIIUTH Yac Ha Bepuikailito,
M1JBULIYIOYH SIKICTh TECTYBAaHHS Ta HAJIHHICTh KIHLIEBOI'O MPOAYKTY. 3allpOIIOHOBAHI
Mojiedl Ta MeToAu Bepu(ikailii TeMIoOpalbHUX NapaMeTpiB YacOBHX aBTOMATIB 3
BUKOPUCTAaHHAM (OpMalbHUX METO/AIB Ta amapaTy acepliid € 1HHOBAI[IWHUMH Ta
3a0€3MeuyloTh ~ 3HaYHE CKOPOYEHHS 4Yacy Ta  JOBXHHHM  JIarHOCTUYHUX
ekcnepuMmeHTiB. lle cmpusie MIABUIIEHHIO SIKOCTI Ta HAAIMHOCTI TECTyBaHHS
U(PPOBUX CUCTEM.

OO0’eKTOM JIOCHIIPKEHHS € TPOLIECH MPOEKTYBAaHHA Ta JlarHOCTYBaHHS
KEpYIOUHMX aBTOMATIB Y MPUCTPOSIX JIOTTYHOTO YIPABIIHHS PEaTBLHOIO Yacy.

[IpenMeToM HOCHIIKEHHS € MOJIeNl Ta METOAM MPOEKTYBaHHS 1 Bepudikarii
HDL-moneneli TeMnopanbHUX KEPYIOUUX aBTOMATIB.

B po0oTi BUKOpPUCTAHO HACTYNHHMI MaTeMaTU4YHUUN amapar - Teopis rpadis,



TEOpisi aBTOMATIB, TEXHIYHA J[1arHOCTHUKA.

PuHkoBa npuBaOIMBICTh AOCTIIKEHHS TOJIATAE Y 3MEHIIIEH] Yacy MPOEKTYBAHHS
yepe3 BUKOPUCTAHHS 3alpOINOHOBAHUX IA0JIOHIB YacOBUX AaBTOMATIB Ta dYacy
Bepudikallii BAKOPUCTAHHS M acePIINHUX KOHCTPYKIIIH.

MeTo10 0cC/iI:KeHHsI € TPOEKTYBaHHS, Bepudikalli Ta J1arHOCTUKU CHUCTEM
peanpbHOro yacy Ha 0asl Mojeliel KiHIEBUX aBTOMATIB 3 JJOMMOMOTOI0 BIPOBAKEHHS
ma0JIOHIB Ha MOBaX OMNHUCY amaparypd, fKI BUKOPUCTOBYIOTHCS JUISl CHHTE3Y
MPUCTPOIB PEATIBHOTO Yacy.

JI71s1 HOCSITHEHHS! TOCTaBJIEHOI METH OyJu BUPIIIIEHI MOCTABJICH] 3a/1aui:

— po3pobiaeno HDL mabmonn Ha 0a3l JUCKPETHHX AaBTOMATIB IS
PO3B’sI3aHHS 3aBAaHHS MPOEKTYBAHHS U(PPOBUX MPUCTPOIB PEATTLHOTO YaCy;

— po3pobeHo MeToau Bepudikallli TEMIOpATbHUX MapaMeTpiB KiHIEBUX
4acOBUX aBTOMATIB Ha 0a3i amapaTy acepiiii;

- pO3pO0JIECHO METOJM TECTONPUJIATHOTO TMPOEKTYBAHHS  KIHIIEBUX
YacOBUX AaBTOMATIB 3a PAaXyHOK BBEJEHHS amapaTypHOl HaJIMIIKOBCTI Ha eTarl
MPOEKTYBAHHS;

- pO3pO0JIEHO TMPOrpaMHUN KOMIUIEKC aBTOMATH3allli 3ampONnOHOBAHUX
MeTO/iB BepudiKallii Ta MPOEKTYBaHHS.

[IpakTH4Hy 3HAUYIIICTh AUCEPTAIlli MIATBEPKYE T€, IO HA OCHOBI PE3yJIbTaTIB
nocmipkerndss Ha mignpuemctsli TOB «TIMIEB» 6yno cTBopeHO mnporpamMHuit
MOJyJib 3 BUKOpUCTaHHsSIM (ppeiimBopka Molybden Ha 3amMoOBiIEHHS KJIi€HTa 3 Tairy3i
EDA 11 po3poOsieHHST Mojelied JIOTIYHOTO KEepyBaHHS peaJbHOrO yacy.
[Iporpamuuii  MOIyJib BHKOPUCTOBYETHCS JJIS CTBOPEHHS Ta  Bi3yamizaiii
TeMrnopaibHUX TpadiB mepexoaiB Ta mnojaneiioi renepanii HDL komy mogneni
MPUCTPOIO, IO PO3pOOIISIETHCSA (aKT Mpo BripoBaxkeHHS Bij 12.04.2024).

PesynbTaTu nucepraiiii B CKJIaJl MPOEKTYBaHHS MPUCTPOIB PEATBHOTO Yacy
BIPOBA/I’KEHI B HaBYaJbHUM MpoileC XapKiBCHKOIO HAI[IOHAJIBLHOI'O YHIBEPCUTETY
pPazioeNeKTPOHIKH (aKT Mpo BIpoBaKeHHs Bi 25.01.2024).

2. Ouinka 3micmy Oucepmauii, il 3aeepuieHoOcCmi 6 UiNOMY, CHUTIO GU-

K1a0eHHA Pe3y/ibmamis i 0hopmaeHH:.
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Hucepraniss mae 4 pozgiu. llepmmit po3ail TPUCBSIYEHO aHAIITUYHOMY
OTJISITy 3a TEMOIO MPOEKTYBaHHS IU(POBUX CUCTEM pealibHOTO yacy. [pyruii po3ain
pOOOTH MPUCBAYEHO PO3POOJICHHIO MOJIeNIel Ta METOAIB OOPOOKHU 30BHIIIHIX MOIN Y
CHUCTEMaX JIOTIYHOT'O YIPaBJiHHS PEabHOIO 4Yacy, sIKi ONMMCaHl Yepe3 BUKOPUCTAHHS
aBTOMATHUX I11a0JIOHIB. MoOJentoBaHHs MPOBOAMIOCS 3 BUKOPUCTAHHSIM CHUCTEMHU
mozaentoBanHss EDA Playground. ¥V TperboMy po3aisii BUKOHAHHO MPOEKTYBAHHS
CUCTEM pEaJbHOTO Yacy 3a JOMOMOroK acepuii Ta wMeToAiB ¢dopMaibHOT
Bepudikarlii, 3alIpoONOHOBAHO METOJMKY PO3CTAHOBKHM acepiiiinux toyok y HDL
MOJIeJll YacoBUX aBToMmaTiB. Po3poOiieHi Mojeni ampoOoBaHO Ta IEPEBIPEHO Ha
MOJIEJIIX YaCOBMX aBTOMATIB MOJIetoBaHHs M y cepefosuii Aldec Riviera Pro 2022,
110 TAKOX HABEJEHO y TPETHOMY PO3ALTL. Y 4ETBEPTOMY PO3/Li PO3TISHYTO METOIU
TECTONPHUJATHOTO MPOEKTYBAHHS YacCOBUX KEPYIOUMX aBTOMATIB 4epe3 BBEACHHS
JI0IATKOBUX alapaTHUX BUTPAT Ha eTani mpoektyBanHs HDL monemni.

Marepian, BUKIAJEHUM Y YOTUPHOX PO3/1JaX MOBHICTIO OMHUCYE Ta JOBOAUTH
CaMOCTIMHICTh pOOOTH aBTOpa HaJ TAKUMU MUTAHHIMHU, SIK MOJICIIIOBaHHS LIU(PPOBUX
CUCTEM JIOTIYHOTO YIOpaBliHHS 3 OOpPOOKOIO 3OBHINIHIX MOJIA 3 HEBIIOMOIO
TPUBAJIICTIO, CTBOPEHHS TpbhoxkoMnoHneHTHoro HDL maGiony wacoBoro aBromara 3
MOAISIMA 3 HEBIJJOMOIO TPUBAJICTIO, 3aCTOCOBYBAHHS MEXaHI3MYy BJIACTUBOCTEW Ta
acepuiid moBu System Verlog, miiBUIIEHHS A1arHOCTOBAHOCTI LIUGPOBOTO MPUCTPOIO
peaJbHOro 4Yacy 3aB/sKM BBEJICHHIO amapaTypHOi HaJJIMIIKOBOCTi, Bepudikallis
MOJIeliell MPUCTPOIB pealbHOr0 dYacy 3 OOpOOKOI0 30BHINIHIX MOAINA 13
HEJIETEPMIHOBAHOIO TPUBAIIICTIO.

[lepenik nocunans mae 103 mxepena. TekcT aucepTailiiiHoi poOOTH BUKJIAJAECHO
IrPaMOTHOIO, TEXHIYHOIO MOBOIO JIOTIYHO Ta MociigoBHO. CTpyKTypa nucepralii, MOBa
Ta CTWJIb BUKJIAJACHHS BIAMOBIIAI0TH BUMOTaM, 110,10 0(hOPMIICHHS AUCEPTAIi JOKTOpa
¢inocodii. 3actocoBaHa B poOOTI HAyKOBa TEPMIHOJIOTIS € 3aralbHOBU3HAHOIO, CTUJIh
BUKJIQJICHHSI PE3YJIbTATIB TEOPETUYHUX 1 MPAKTUYHUX JOCHIKEHb, HOBUX HAYKOBHX
MOJIO’KEHb, BUCHOBKIB 1 pEeKOMEHAalll 3ale3nedye JOCTYMHICTh iX CIHPUUHATTS Ta
BUKOpPHUCTaHHs. B oMy auceprarliis € 3aKiHU€HOK HAyKOBOIO IMPAIICto, 1110 BIMOBIAAE

BUMoraM crieriaabHocTi 123 KoM’ roTepHa 1HXeHepisl.
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3. Oorpynmosanicms ma 00CHMOGIPHICMb HAYKOBUX NON0MCEHb, 6UCHOBKIE,
chopmynvosanux 'y Oucepmauyii TIITBEPIIKYETHCA JTOCTATHBOI  KUIBKICTIO
MPOBEJICHUX EKCIEPUMEHTIB, TOYHICTIO PO3PaxXyHKIB, anpoOalli€ro pe3yJbTaTiB Ha
MDKHAPOJHUX HAYKOBO MPAKTUYHUX KOH(PEPEHIISIX, BIPOBAIKEHHSIM pe3yJIbTAaTIB B
OCBITHIH MpoIIeC.

Pesynbratn pobGoTu Oynau mpencTaBieHl Ta OOroBOpEeHI Ha  TaKuxX
koHpepenuisax: XXIII Muixnapoguuii monomixkuuii Gopym «PamioenekTpoHika 1
Momnoas y XXI cromitti»; IEEE East West Design and Test Symposium 2021; 12th
International Science and Technical Conference «Information Systems and
Technologies» IST 2023. OcHOBHI MOJOKEHHS Ta Pe3yJIbTaTH AUCEPTAIIAHOI pOOOTH
JIOCUThH TOBHO B1I0OpakeH1 y 8 NPyKOBaHUX IMpalsx, cepell SIKUX, 5 y HayKOBUX
KypHallax, BKItoueHux 110 «llepeniky HaykoBUX (paxoBUX BUJaHb YKpaiHW», 3 HUX |
KaTeropii A, 10 BXOJATh JO HAyKOMETpUuyHOi 6a3u Scopus; 4 kateropii b, a Takox 3
T€3 JIONOBiAeH y MaTepianax Mi>KHaApPOJIHUX HayKOBUX KOH(EpEHIIiil.

JucepranToM 0yJI0 OTpUMAHO HACTYITHI HOBI HAYKOBI PE3yJIbTaTH:

1. Po3pobiieno wmomeni Bepu@ikailii TeMHopadbHUX MNapaMeTPiB YaCOBUX
aBTOMATIB 3a JIOMOMOT'OI0 anaparty acepiliii Ta opMaIbHUX METOIB Bepudikallii

[0 CYTTEBO CKOPOTWJIO uYac Bepu@ikaiii dYepe3 CKOPOUYEHHSI TMOIIYKY
nomMusikoBoi HDL koHCTpyKIii.

2.Ha0ynu nonanblinii pO3BUTOK MOJIEN Ta METOAN MOJEIIOBAHHS HU(PPOBUX
CUCTEM JIOTIYHOTO YMpaBIiHHA 3 OOpOOKOI 30BHINIHIX MOJIH 3 HEBU3HAYEHOIO
TPUBAIIICTIO, IO JO3BOJIWIO 3HAYHO PO3MIMPUTH KJIAC MOJIIEBUX TPUCTPOIB JOTTYHOTO
KepyBaHHS, IKi MOXKYTh OYTH MPEJICTaBICHI YaCOBUMU aBTOMATHUMH MOJICIISIMHU.

3. HaOynum mnopmanmpmiuii pO3BUTOK MOJEIl IMOOYIOBU JIETKOTECTOBAHOTO
4acoOBOT'O aBTOMATY Ha OCHOBI BBEJCHHS anapaTypHoi HajanuikoBocti y HDL omnuc,
[0 CYTTEBO CKOPOTUIIO JOBXKHHY TECTOBOI MOCTIJOBHOCTI IUISAXOM IIiJIBUILICHHS
KEepOBaHOCTI Irpa)OoBOT MOJIEII1 YaCOBOT'O aBTOMATY.

4. VYpockoHanmeHo TpboxkoMmnoHeHTy HDL Mopenb KiHIIEBOrO 4YacoBOIrO
aBTOMATy 3 BUKOPUCTAHHS CUHTE3YI0UYOi MIMHOXUHU MOB Verilog Ta VHDL , o Ha

BIZIMIHY BiJI HAasBHUX MOJIeJIEH, PO3LIMPUIO KJIAC CHUCTEM JIOTIYHOTO YIIPaBIIHHS



peaIbHOro Yacy, siki OMUCYIOTHCS 33 JOMOMOTOI0 YaCOBUX aBTOMATIB.

Bci mpoBeieH1 eKCliepuMEHTH CIIPSIMOBAHI HAa CKOPOUYECHHS Yacy MPOEKTYBAHHS
Ta Bepudikallli, a BIANOBIIHO HA 3MEHILIEHHS 4Yacy BUXOAY T'OTOBOrO HU(GPOBOTO
BUpOOYy Ha puHOK ( time to market), 10 € CBITOBUM TpeHJIOM Yy c(epi aBTOMaTH3AIIIT
MPOEKTYBAHHS OOUUCITIOBAIBLHOI TEXHIKH.

4. lompumannusn akademiynoi 00opouecnocmi.

3a pesyJbTaTamMu aHalizy AUcepTalli Ta HayKoBuX myoOuikanii [lmennyHoro
K.}O. nopymenHs akaaemMiyHoi J0OpOYECHOCTI HE BUsBIEHO. EinemeHTH
danbcudikaiii un padbpukarilii TeKCTy B poOOTI BIACYTHI.

3. 3ayeasrcennsa w000 mamepianie oucepmauii.

1. B migpo3aini 1.2 He HaBeileHO KOHKPETHUX MPOLEAYpP BpaXyBaHHS YaCOBUX
napameTpiB IPH aBTOMAaTU30BAHOMY IIPOEKTYBaHHI KEPYIOUUX aBTOMATIB B CUCTEMAX
JIOTIYHOTO YNPABIIIHHS.

2. He noka3zanmii ciocid nepexoay BiJ crienudikaii CUCTeM peaJbHOro 4acy
10 MOJIEJIE YaCOBUX aBTOMATIB.

3. Ilpu xnacudikariii 30BHIIIHIX MO YaCOBUX aBTOMATIB HE PO3TJIAHYTI TaKk
3BaHl «aBapiiiHi MOJ1i», SIKI MOXKYTh IMPUBECTU CUCTEMY JIOTIYHOTO YMPABIIHHS 10
aBapiiiHOTO CTaHy.

4. He naBeneHo mpukiafiiB, ski came (Pi3uyuHi MOAIl B CUCTEMAaxX JIOTTYHOTO
YIPaBIiHHS € CAHXPOHHUMU 200 aCHHXPOHHUMH.

5. He mHaBemeHo mnpoueaypu NOEPETBOPECHHS BIIACTUBOCTEHM  MOJEIEH
dbopmanrsHoi Bepudikariii B TestBench npu Bepudikanii peansuoi HDL-moneni.

6. Hemae oOrpyHTyBaHHsI BUOOPY MICI[h acE€pIiMHUX TOUOK MPHU MEPEXO0/ii Bij
(hopMaIbHOTO OMKUCY 0 TEMIOPATLHOTO Tpady nepexomis.

7. BiacyTH1 TOPIBHSUIBHI  XapaKTepUCTHKH, SKI O MOKasyBalM  SIK
BUKOPHUCTAHHS JIEFKOTECTOBAHOI MOJIE1 YacOBOTO aBTOMAaTa JOMOMOIJIO 3MEHIIUTH
4ac J1arHOCTUKH.

8. BukopucTaHHS METOJy TIOBHOTO NEpPedOpy s 3HAXOKEHHS IUKITY

[MaminpToHA y po3aiii 4 € HEONTUMAIIBLHUM 3 TOYKU 30py YaCOBUX BUTpAT.



6. 3azanvni éucnoexku no oucepmauii.

Hessakaroun Ha 3a3HauyeHi 3ayBakKeHHs, BBakaro, W10 AWcepTaliiina pobora
[Twenwunoro Kupuna lOpifioBuya «Mopeni ta Metoau BepHiKaLli TeMIOpaIbHUX
MOzIeNiel KepylunX aBTOMATiB Ha MOBaxX OMHCY anapaTypu», MoJaHa Ha 3100yTTs
HAYKOBOI'O CTYIeHs fokTopa ¢inocodii 3 ramysi 3nanep 12 Indopmauiiini TexHosorii
3a cnemianbHicTio 123 Komm’ioTepHa iHXKEHEpiss € 3aBEpUIEHMM CaMOCTIHHUM
JIOCITDKEHHSAM, B SIKOMY OTpHMaHi HOBI HAayKOBO OOTPYHTOBaHiI TEOPETHYHI Ta
NPaKTHYHI PE3YyNbTATH, L0 Yy CYKYMHOCTI 3a0e3MeuyloTh pO3B’A3aHHs AKTYaJbHOI
3a/1a4i IPOEKTYBaHHs Ta Bepudikauii undpoBUX MPUCTPOIB JIOTTIHOTO KePyBaHHS 3
BukopuctanHamM HDL wabnoHiB yacoBux aBToMaTiB. BupillleHi MpakTHYHO-HAyKOBI
3aJ1aul, TaKi, K 3MEHIIEeHHs Yacy MPOEKTYBaHHS LU(POBUX TPUCTPOIB peaTbHOTO
yacy depe3 BHUKOpucTaHHA roToBux HDL miabmoHiB, a TaKoX BHKOPHCTaHHS
acepuifiHMX MIIXOMIB JUIs 3MEHIIIEHHS Yacy BepHdikallii i yacy BUXOAY MPUCTPOIO Ha
PMHOK, 110 MiITBEPUKYE 3HAUYIIICTh MPOBEACHUX AUCEPTALIHHHX JOCITIIKEHD.

Bce BumiezasHaveHe TmOBHICTIO BianmoBigae nyHkTaM 6-9  «llopsaky
MPUCY/UKEHHS CTymeHs Joktopa ¢inocodii Ta ckacyBaHHs pilIeHHS Ppa3oBoOl
Creliagi30oBaHol BYEHOT pajM 3akjajy BHIIOI OCBITH, HAYKOBOI YCTaHOBH IIPO
MPUCY/UKEHHS CTyNeHs JoKkTopa ¢inocodii», 3aTBepaxkenoro Ilocranosoro Kabinery
MisnictpiB Ykpainu Big 12.01.2022 p. Ne 44.

3100yBay [lTmwennynnit Kupun KOpiiioBud 3acayroBye Ha NMPUCYUKEHHS HOMY
cTyneHs jaoktopa ¢inocodii B ramysi 3Hanb 12 — Indopmauiiini Texnomorii 3a

criemianbHicTio 123 — KoMm'toTepHa iHXeHepist.

PelensenT:
KaHAMIAT TEXHIYHUX HayK, JOUEHT,
JIOLIEHT Kade/Ipu eEeKTPOHHHUX 00YUCIIOBAILHUX MAlllUH
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