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Ha TeMy: «Mogeni Ta MmeToau Bepudikailii TeMIOpaIbHUX MOJIeNIeH KIHIIEBUX
aBTOMATIB HA MOBAX OMHUCY anapaTypu»,
npeACTaBICHY Ha 3100yTTS HAYKOBOT'O CTYMEHs JOKTopa (imocodii
3a crnenianbHicTiO 123 — KoMn'toTepHa iHxKeHepist

ranysb 3HaHb 12 — [HdopmaliitHi TexHoJIor 11

1. AKTya/IbHicTH po0oTH.

JloriuHi cUCTeMH YHOpPaBIIHHA € BaXKIMBUM €JIEMEHTOM OYJb-sIKOi HUGPOBOT
cuctemMu. Taki CHUCTEMU BUKOPUCTOBYIOTh [BIMKOBUHM andaBiT AJisi BU3HAYCHHS
MOBENIIHKKA OJOKy ympaBiiHHA. Bigomo, mo mabnon kinneBoro aBromara (Finite
State Machine, FSM) € mnomynsipHOIO MOJAEIIIO JUIsi TaKUX CHUCTEM. BaxiuBo
BI/I3HAYUTH, 10 KIHIEBHI aBTOMAT € MAaTeMaTUYHOIO a0CTPAakKIli€lo, SIKYy MOXHa
MPEJCTABUTH PI3HUMH CIIOCOOAMU, TAKUMU K TaOJHIS MEPEXOdiB CTaHiB, Jlarpama
craHiB (rpad mepexoniB), rpad-cxema anroputmy Toimo. I[lpu BuKOpucTaHHI
ma0JIOHy aBTOMaTa BaXKJIMBO PO3YMITH, 11O MOBEAIHKA IIIbOBOT CUCTEMH 3aJICKUTh
B1Jl NOJIIH, K1 BiAOYBalOTHCS B 30BHINIHBOMY CEPEAOBHILI. Y KIHIEBOMY aBTOMATI
MnoAli BUKOPUCTOBYIOTHCSI [IJIi MOJENIOBAHHS MEBHUX 30BHINIHIX [, K1
BUKJIMKAIOTh MEPEXOJMU 3 OJIHOTO CTaHy B IHIIMUMA. Jlo MOMiA BIAHOCSITHCA CUTHAIH,
BUKJIMKH, POIICHUI NMEBHUI MPOMIXKOK 4yacy abo 3MiHa ctany. [loaii MoxyTs OyTH
CUHXPOHHUMHU YW ACUHXPOHHHUMHU; IX ONHUC y KIHIEBIH MOl - OJIHA 3 KIIFOYOBUX
YaCTUH Mpoliecy mpoekTyBaHHsS. OKpiM TOro, iCHye KJlac HMPUCTPOIB, JOTIKA SIKUX
3QJIEKUTh HE TUIBKM BIJl 4acy, y SIKMA HaJIXOIATh II MOJAli, aje 1 BIJ YacOBHUX
XapakTepucTuKk Iux mnofid. [lpukiamoM Takoi Mmojli € 3aTUCKAHHS KHONKH, IO
MPU3BOAUTH A0 BUMUKAHHS MPUCTPOIO.

CyTHICTh NOCHIIKEHHSI TMOJISIrae y BAOCKOHaJeHH1 HasBHMX HDL-ma0noHiB
Mo/ieJIeld MPHUCTPOIB JIOTIYHOTO YIPABIIHHS PEATbHOIO 4Yacy, a caMe acIleKTy

00pOoOKM 30BHIIIHIX MO, 10 JO3BOJUTH PO3LUIUPUTU KJIAC MPUCTPOIB JOTIUHOTO



2
YIpPaBIiHHS PEATbHOTO Yacy; CKOPOUCHHI Yacy MPOEKTYBAHHS yepe3 BUKOPUCTAHHS
acepUiiHUX KOHCTPYKIIN g onmucy TemmnopaibHux ocobnuBocteit HDL-moneneit;
CKOPOYEHHI 4Yacy IMPOBEJEHHS AIarHOCTUYHOTO EKCIEPUMEHTY 4Yepe3 BBEIICHHS
anapaTypHOi HaJJIMIIIKOBOCTI Ha eTari npoektyBanHss HDL-moneni.

PunkoBa npuBaOIUBICTh JOCHIJKEHHSI TOJSATAa€ y BOPOBAIKEHHI TOTOBUX
HDL-mabnoHiB OpUCTPOIiB JIOTIYHOTO YMPABIIHHA PEAJbHOTO 4Yacy Ha OCHOBI
KEepyIOUHMX aBTOMATIB, [0 AACTh 3MOT'Y CKOPOTUTH 4Yac HamucaHHs mo4yatkoBoi HDL-
MOJIe1; BIPOBAKEHHI MOJIEJIEN Ta METO/IB acepIiiHOro MPOEKTYBAHHS, III0 Ma€ Ha
MeTi 3MEeHIIIeHHs Yacy Bepudikailii, a Bianosigao TTM.

Mertoro poboTu € po3poOka METOJIIB MPOEKTYBaHHA, Bepudikamii Ta
JIarHOCTUKH CHUCTEM pEalbHOTO 4acy Ha 0a3l Mojenell KIHIEBUX aBTOMATIB 3
JIOTIOMOTOI0  BIPOBA/PKEHHsI IIa0JIOHIB HAa MOBax ONHCY amaparypH, sKi
BUKOPHUCTOBYIOTHCS JJIsI CHHTE3Y MPUCTPOIB PEaIbHOIO Yacy.

Jlns mocArHEHHS MOCTaBJICHOT METH BUPIIICH] Takl 3a7a4i :

1) po3pobnennss HDL mabnoHiB Ha 0a31 JUCKPETHUX aBTOMATIB IS
PO3B’sI3aHHS 3aBAaHHS MPOEKTYBAHHS IU(PPOBUX MPUCTPOIB PEATLHOTO Yacy;

2) po3pobisieHHST MeTOMAIB Bepudikallii TEMIOPATbHUX MAapaMeTpPiB KIHIIEBUX
4acoBUX Ha 0a3i amapaty acepiiii;

3) po3poOka METOJIB TECTONPUAATHOTO MPOEKTYBAHHS KIHIIEBUX YAaCOBUX
aBTOMATIB 3a pPaxXyHOK BBEJCHHS amapaTypHOi HAJJIUIIKOBCTI Ha  eTaml
MPOEKTYBAHHS;

4) po3poOIJIeHHS MPOrPaMHOTO KOMILUIEKCY aBTOMATH3allll 3alpONOHOBAHUX
MeTO/iB BepudiKallii Ta MPOEKTYBAHHS.

2. OOrpyHTOBAHICTh Ta JOCTOBIPHICTHh HAYKOBHX I0JI0K€Hb, BUCHOBKIB,
chopmysibOBaHUX y qUCePTaLil.

JIOCTOBIpHICT  HAYKOBMX BHUCHOBKIB  MIATBEPIKYETHCA  MPOBEACHUMU
eKCIEpUMEHTaMH, TECTYBaHHSIM 1 BepuPikalliero Mojeleld JOTIYHUX CXeM 1
CUHTE30BAaHUX TECTIB. 3alpONOHOBAHI MIAXOAMW Ta MeToAu Oyyio ampoOOBaHO Ha
Hu31l 1udpoBux npoekTiB 13 Bukopuctanus [IJIIC CPLD ta FPGA y cepenoBumii

aBToMaru3aiii npoektyBanHsa Xilinx, Vivado, Aldec Reviera Pro i3 BUKOpUCTaHHSIM
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MoB VHDL Tta Verilog. Po3rnsHyTi Merogu Oylio MNpeACTaBiI€HO Ha JBOX
MDKHApOJHUX KOHPepeHIiax y Hanpsimi EDA.

HaykoBa HOBH3HA OTPUMaHUX PE3yJIbTaTiB MOJISITa€ y HACTYITHOMY.

1. Ymepuie 3anmponoHoOBaHO MoJiell Bepu(ikailii TeMIopalbHUX MapaMeTpiB
YacoOBUX aBTOMATIB 3 JIONIOMOIOIO amapary acepuid Ta (opMaabHUX METO/IB
Bepudikallii, M0 CYTTEBO CKOPOTWUJIO [JIOBKMHY Ta 4Yac JIarHOCTUYHOTO
€KCIIEpUMEHTY 3aBJSKH IT1JIBUILEHHS CIIOCTEPEKYBAHOCTI KOXKHOTO CTaHy KIHLIEBOIO
aBTOMaTy, a TAKOX JI03BOJIWJIO IM1JIBUILYBATHU SKICTh TECTY.

2. OTpuManu mMONANbIIMA PO3BUTOK MOJENI Ta METOIU MOJICIIIOBAHHS
HUPPOBUX CHUCTEM JIOTIYHOTO YIpPaBIiHHSA 3 OOpOOKOI 30BHINIHIX NOAIN 3
HEJETEPMIHOBOHOIO TPHUBAIICTIO, IO JAJI0 3MOTY 3HAYHO PO3IIMPUTH KJIAC MOAIEBUX
IPUCTPOIB JIOTITYHOTO KEpYyBaHHS, SKI MOXYThb OyTH MpEICTaBICHI YaCOBHUMHU
aBTOMAaTHUMU MOJEIISIMU.

3. HaOynum mnopmanmpliuii pO3BUTOK MOJENl MOOYIOBU JIEFKOTECTOBAHOIO
4acoOBOT'O aBTOMATY Ha OCHOBI BBEJCHHS amapaTypHoi HajanuikoBocti y HDL omnuc,
[0 CYTTEBO CKOPOTHUJIO JOBXKHHY TECTOBOI MOCIIJIOBHOCTI 3aBASKH I1JIBUIICHHSIO
KEepOBaHOCTI Irpa)oBOT MOJIEII1 YaCOBOT'O aBTOMATY.

4. VYnpockoHaneHO TpboXKoMNoHeHTy HDL-Mozens KiHIIEBOro 4YacoBOro
aBTOMATy 3 BUKOPUCTAaHHS CUHTE3yI0UO0l maAMHOXUHU MOB Verilog Ta VHDL mio Ha
BIZIMIHY BiJi HasBHUX PO3LIMPHUIIO KJIAC CUCTEM JIOTIYHOTO YIPABIIHHS PEaTIbHOTO
4acy, siKi ONMUCYIOThCA MOJICTISIMA YaCOBUX aBTOMATIB.

[IpakTuuna 3HauynIicTh. BukoHaHo Bepu(ikailito 3alIponoOHOBAaHUX METOIIB Ta
aITOPUTMIB MPOEKTYBAHHS, TECTYBaHHS Ta JIarHOCTUKH HUGPOBUX MPUCTPOIB Ha
OCHOBI KIHIIEBUX aBTOMATIB. 3alpoOIOHOBaHI MIIXOAH Ta METOJIU OyJi0 arnpoOOBaHO
Ha Hu3L1 nudpoBux npoekTi 3 Bukopuctanus [1JIIC CPLD ta FPGA y cepenoBumii
aBTomaTu3auii npoekTyBaHHs Xilinx 3 BukopuctanHsM moB VHDL Tta Verilog.
Posrnsanyti mMetonu Oyyno MpEACTaBICHO HA JBOX MIXHAPOAHUX KOH(EpEHMIsX Yy
rainy3i EDA.

Po3pobneno nmporpamHuit  mMoaynb 3 iHTepdeilicoM s CTBOPEHHS

TeMInopajibHOro rpady mepexoiiB aBToMara 3 nojaibiior redepariero HDL-monent
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y (GopMi aBTOMaTHOro MalJIOHy B CHHTE30BaH1ld migMHOkuHI MoB VHDL/Verilog.
Takokx MoIydb HaJae MOXIMBICTh AaBTOMATUYHOI TIeHepalii acepuiifHuX
KOHCTpYKUIH SVA 1is 3amaHoi MoJeni, a TakoX IOUIYKY ONTHUMAaJbHOTO IUKITY
INaminpToHa nist moOyaosu HepyiHiBHOTO JE. IIporpamuuii Mmonyias po3pobiienuii 13
BUKOpUCTaHHAM GpeiiMBopky Electron, a oTxe € kpocc-miatpOpMeHUM PILICHHSIM.

OOrpyHTOBaHICTh HAYKOBUX TOJIOXKEHb. OTpuMaHi B MpPOIEC] BUKOHAHHSI
JIOCJIIPDKEHh HAYKOB1 BUCHOBKHU 1 IPAKTUYHI PE3yJIbTaTH 3 MOJICIIOBAHHS MPUCTPOIB
peaIbHOro 4acy, a TaKoK METOJ[IB TECTYBaHHS Ta JIarHOCTHKU € JOCTOBIPHUMH, 1110
MIJITBEP/IKYETHCA JOCTATHBOIO KIIBKICTIO MPOBEIECHUX EKCIEPUMEHTIB, TOYHICTIO
pPO3paxyHKiB, ampoOali€r0 pe3yiabTaTiB Ha MIKHAPOJHUX HAYKOBO-TPAKTUYHUX
KOH(EpEeHIISIX, BIPOBAIKEHHSIM PE3yJIbTaTIB B OCBITHIN MpoOIIEC.

Pe3ynbTaTu nucepraiiii B CKJIa/ii METOIB TPOEKTYBAHHS IPUCTPOIB PEAIbHOTO
yacy BIPOBA/KEHI B HaBYaJIbHUU mpolec XapKiBCbKOTO  HAaIlOHAIBHOTO
YHIBEPCUTETY paJliOETEKTPOHIKH (aKT MpOo BIpoBaKeHHs Bix 25.01.2024).

Ha ocHoBi pe3ynbratiB gocnimxenns Ha nignpueMmctsi TOB « TIMJIEB« 6yno
CTBOPEHO MpOTrpaMHHUIl MOAYJb 13 BHUKOpPUCTaHHSIM (peiimBopka Molybden Ha
3aMOBJIEHHS KJi€HTa 3 rany3i EDA s po3po0iieHHs: MOJieiel TOT1YHOr0 KepyBaHHSs
peanpHoro wyacy. IIporpamMHuii MOIyJib BUKOPUCTOBYETHCA [JIsi CTBOPEHHS Ta
Bi3yanizailii TeMnopaibHuX rpadiB mepexojiB Ta noaanbioi renepauii HDL-komy
MOJIEN1 IPUCTPOIO, 1110 PO3POOIsAeEThCs (aKT Mpo BrpoBakeHHs Bi 12.04.2024).

3.XapakrepucTuka po0oTH.

Crpykrypa nuceprarii: 109 ctopiHok (3 HUX 77 NPENCTaBISIIOTH OCHOBHHIA
TEKCT) 1 MICTUTh: 4 po3auu, 18 migpo3ainiB, 63 pucyHka, 2 Tabiuill, CIUCOK JKepell
3102 Ha3B (Ha 9 c.), 1 moxaTok (Ha 2 c.), aHOTaIlli Ha 8 C.

Y BeTynHili 4YacTHHI ONMCAaHO MOTHBALIKD BUKOHAHHS JOCIIJKEHHS,
aKTyaJlbHICTh HAYKOBO-TIPAKTUYHOI 3ajiayl, IO pPO3B’S3Ye€ThbCs; CHOPMYIHOBAHO
MeTy, O0’€KT 1 3ajadl JAOCHIPKEHHS; CYKYIHICTh HAyKOBUX pE3yJbTaTiB, WIO
BUHOCSITHCA Ha 3aXUCT, BU3HAYEHO HAYKOBY HOBHU3HY Ta MNPAKTUYHY 3HAUYIICTh
OTPUMaHUX PE3yJIbTaTiB; HABEJCHO BIJOMOCTI MpO IiX ampoOlallilo Ta peanizaliio,

XapaKTEePUCTUKY MyOTIKaIIH.
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VY mepmomy po3aiji gucepTanii BUKIAJICHO aHAII3 ICHYIOUYUX MyOJiKaiii B
0o0JlacTi CTBOPEHHSI MOJIeNied, METOAIB TECTONPHUAATHOTO MPOEKTYBAHHS CHUCTEM
JIOTIYHOTO YMPABIIHHS pEaJbHOr0 Yacy Ha OCHOBI KIHIIEBUX aBTOMATIB st
Bepudikarllii Mmoaene nuppoBUX CUCTEM, NPEACTABICHUX MOBAMHU OMUCY anapaTrypu
B IIMKJII aBTOMAaTHU30BAaHOTI'O MPOEKTYBAaHHS 3 METOI CKOPOYEHHS 3arajbHOro 4acy
MPOEKTYBAHHSI.

VY cydacHOMy CBITI NUTaHHS aBTOMAaTH3allli YHPaBIIHHS MPOMUCIOBUX Ta
noOyTOBUX TMPOIECIB BIAIrpae BaxiauBy poisib. Cepen ycporo kiacy 3aBJaHb
YIOpaBIIHHS € TaKi, Uil SIKUX BaXKJIMBUM € HE TUIbKM ()aKT HACTaHHS 30BHIIIHBOI
MoJii, ane 1 yac, y sSIkui 1s nojis Bii0yBaeTbes. [IpoaHanizoBaHO OCHOBHI TE€HJICHIIIT
aBTOMATH30BAHOTO TPOEKTYBAaHHA KEPYIOUUX MPUCTPOIB HA OCHOBI KIHIIEBUX
aBTOMATiB. PO3TIIiHYTO eTanu aBTOMaTU30BaHOTO MPOEKTYBAHHS YaCOBUX aBTOMATIB,
crocoOM MOJIaHHS TPOEKTIB MOBaMH OMNHCY amaparypu. HaBeaeHo mnpouenypu
MPOBEJICHHS 1IarHOCTUYHUX €KCIIEPUMEHTIB B CHCTEMAX PEaIbHOTO Yacy.

PosrnsiHyTi Mozeni Ta TpOIEAypU AacepIifHOrO MPOEKTYBaHHS B CHCTEMax
peanpHOro yacy. PosrisiHyTi Mojeni 6a3yroThcsi Ha po3mupeHHs HDL-komy 3a
JIOTIOMOTOI0 TIPOTPAaMHMX KOHCTPYKIIM y Qopmi acepiiif, siki He BIUIMBAIOTh Ha
CUHTE3 IIJIbOBUX MPUCTPOIB Ta JAIOTh 3MOTY ICTOTHO 3MEHIIUTH 4Yac CTBOPEHHS
MPOTOTUIY MPOEKTY. BUKIaseH1 TeOpeTUUHI MOJOXKEHHS 1 TPaKTUYHI NPUKIAAH, K1
TOBOJSATh €(EeKTUBHICTh MEXaHI3My acepliiil [ BUPILIEHHS 3aBllaHb MEPEBIPKU
IIPOEKTIB HA CUCTEMHOMY PIBHI.

Ha ocHoBI1 aHanizy cnucky myOJikaiii 3 TeMaTUKU MPOEKTYBAHHS HU(PPOBUX
MPUCTPOIB PEATbHOTO 4Yacy 3 BHKOPUCTAHHSM YAacCOBUX AaBTOMATHUX ITA0JIOHIB
3po0JieHU BHUCHOBOK, IO II€ MHUTaHHS Ma€ HHU3KYy HEBUBUEHHMX acmekTiB. lle
HacaMmImepe] CTOCYETbCS MHUTaHHA OOpPOOKM 30BHINIHIX MOJIM HEBU3HAYEHOT
TPUBAJIOCTI Y MOJIENAX TaKUX MPUCTPOIB, Bepudikaili Ta AIarHOCTHUKHU, a TaKOXK
noOynoBu JerkorecroBanux yacoBux HDL-mogneneit aBromariB. Ha mincrasi
MPOBEJECHOI0 aHamizy chOopMylIbOBAaHO METy Ta 3aBJaHHS JOCHIKEHHS, SKi
OpPIEHTOBAaHO Ha PO3pOOKY Mojelie Ta MeToniB Bepudikallii Ta TECTONPUIATHOTO

IMPOCKTYBAHHA aBTOMATHUX CHUCTEM JIOTIYHOT'O ynpaBHiHHﬁ p€ajlbHOIro 4acy.
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JApyruii po3aian poOOTH TPUCBSIYEHO PO3POOJIEHHIO MOJENEe Ta METOMdIB
00OpoOKM 30BHINIHIX MOAIN y CUCTEMAX JIOTIYHOI'O YINPABIIHHS PEaJbHOTO 4acy, sKi
OMMCaHI Yepe3 BUKOPUCTAHHS aBTOMATHUX IA0JIOHIB

Po3mnpeno kinac OpuCTPOiB peaIbHOIro 4acy — MPHUCTPOi, 5Kl PYHKIIOHYIOTh
Ha 0a31 Mol 13 MEBHOIO TPUBAIICTIO B Yacl Ta MPUCTPOI, PYHKIIOHATBHICTh SIKUX
3aJICKUTH B1J] CIIIBBIIHOIIEHHS TPUBAJIOCTI MO/JIIi Ta BIKHA IpUIlOMY.

Po3po6neno HDL-moneni oO0poOkM 30BHINIHIX TOAINA 13 HEBU3HAYECHOIO
TPUBAJTICTIO. 3ampoMOHOBAHO IMaOJIOH OOpPOOKM 3OBHINMIHIX TOAIA Ha 0asi
aBTOMAaTHUX IIA0JIOHIB peaJbHOr0 4acy. MojentoBaHHs OPOBOAWIOCA 3
BUKOPHUCTaHHAM cucteMu mojientoBantst EDA Playground.

Bepudikarito 3anpononoBanux HDL moneni 6yno nposeneno y aox CAIIP:
Vivado 3 Bukopuctanusm SoC cimeiictBa Zynq 7000 ta Xilinx 3 BUKOpUCTaHHSIM
FPGA XC3S500E-5fg320 ta CPLD XC9572XL-10-TQ100. ABTOMaTH30BaHU
CMHTE€3 Ta  I[OCT-CMHTE€3  MOJEIIOBaHHSA  MIATBEPAWIO  Mpale3JaTHICTb
3aIpONIOHOBAHUX ITA0I0HIB.

B TpeTrboMy po3aini po3risgaroThCs METOU BepHdiKallii aBTOMAaTHUX CUCTEM
peaIbHOro Yacy 3 BUKOPUCTAHHSIM METOY aceplil. BusnaueHo Miciie BUKOPUCTaHHS
acepuii Ta MmeToAiB hopManbHOi Bepudikallii y NpoeKTyBaHHI IPUCTPOIB PeaIbHOTO
yacy. 3amnponoHOBAaHO METOJMKY PO3CTaHOBKU acepuiHux Ttouok y HDL-moneni
yacoBUX aBToMmaTiB. Po3pobneno SVA wmogeni Bepudikaiii TeMMIOpaaibHUX
XapakTepUCTUK YacCOBUX AaBTOMATIB 3aJIe)KHO BiJ XapakTepy TEMIOPAIbHUX
MEepPEeXOIiB.

Po3po6ieHo mabiaoHu acepiiiHUX KOHCTPYKIIH, sIKI MOKPUBAIOTh MOKJIMBI
cleHapil NOBEAIHKMA YaCOBUX aBTOMATIB, a CaMe: YaCOBl Ta YMOBHO-4aCOB1 IEPEXOM,
00poOKa 30BHIINIHIX MO MPW HAABHOCTI BIKHA Hpuilomy Ta 00poOka momiil 13
MIHIMAJbHOI TPUBAIICTIO. Byno mokazaHo epeKTHBHICTh TAKOTO MIAXOMdY, IO Ja€
3MOTy 3MEHIIMTH 4Yac Bepu@ikalii Ta CyTT€BO CHpPOUIy€e MOIIyK nmoMuiku y HDL-
koJii. Po3po0ieHni Mojeni anpoboBaHO Ta IEPEBIPEHO HA MOJIETISAX YACOBUX aBTOMATIB
MOBEJIIHKOBUM MojieNifoBaHHAM y cepenoBuili Aldec Riviera Pro. 2022.

Y deTrBepTOMY PpO3AIi PO3IISHYTO MHUTAHHS METOJIB TECTOMPUAATHOTO
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MPOEKTYBAHHS YAaCOBUX KEPYHOUMX AaBTOMATIB 4Yepe3 BBEICHHS JOJAaTKOBUX
amapaTHUX BUTpaT Ha erami nmpoektyBanHs HDL-moneni, a came — po3UIupeHHIM
BXiHOTO andasiTy aBToMmara. lleii cmoci0 gae 3MOry BCTaHOBUTH aBTOMAT Y
JIOBUIBHMI CTaH y JETEpPMIHOBAHMM 4Yac, CYTTEBO CKOpPOYYE€ JOBXHMHY Ta dac
J1arHOCTUYHOTO EKCHEPUMEHTY. 3alpoONOHOBAHO M MaTeMaTWUYHO OOIPYHTOBAHO
PO3ILIKMPEHHS BX1AHOTO andaBiTy MOJEINI KEpyIOUOoro aBToMaTa peajibHOTO Yacy 4epe3
BBEJCHHSA JIOJAaTKOBUX Jyr Yy TeMIOpalbHHUIl Tpad mepexojiB, IO J03BOJSE
BCTAHOBJIIOBAaTH aBTOMAT Yy JOBUIbHINA cTaH 3a (n-1) TakTiB, e N - KUIBKICTh CTaHIB
aBTOMaTa.

Po3po6neni Ta BepudikoBani HDL-mozeni nerkorecroBanux aBromatiBe Mypa
yepe3 BBeneHHST Y HDL-ko 101aTKOBOroO 30BHINIHBOTO BXOAY bps, 110 BiAMOBIIA€E
Moaudikaiii TemnopaibHOro rpady mnepexoaiB. MojenoBaHHS TPOBOAWIOCA 3
BUKOpUCTaHHAM cucteMu wmoxemoBaHHs EDA Playground. Ananiz anaparypHux
BUTpAT IIOKa3aB, IO ONTHMAJbHUM 3a anapaTypHUMHU 3aTpaTaMUd € BBEJICHHS
JIOIATKOBOT'O PEXKUMY TIJIBUIIIEHHS KEPOBAaHOCTI CTaHIB aBTOMATy. AmaparypHi
3aTpaTu He mnepeBuInyroTh 20-25% y 3aiexHo BiJ TUIy aBToMaTy. BusBieHo, mo
JI0JIATKOBI anapaTypHi BUTPATH MPSIMO 3aJI€KaTh BiJl CKIAAHOCTI (DYHKI[IN MEepExXOoIiB,
3 ypaxyBaHHSIM CIOCOOYy KOJyBaHHsI cTaHiB aBToMmara. OIIHIOBaHHS amapaTypHUX
BUTPAT MPOBOJUIIACA Uepe3 aHaji3 pe3ysbTaTiB aBTOMatu3oBaHoro cuHtesy HDL-
moaeneid y CAIIP VIVADO nana SoC cimeiictBa ZYNQ-7000.

4. OnpuiarogHeHHs Pe3yJbTATIiB AUCEPTALIIHOI PO00TH

3a pe3yJpTaTaMid BHUKOHAHUX JIOCHIIKEHb OITyOJIIKOBAaHO 8 HAayKOBUX POOIT,
ceped SKUX , 5 — y HAYKOBHUX JXypHaiaxX, BkiIro4YeHuXx 10 «llepeniky HaykKoBuxX
(axoBUX BUJaHb YKpaiHu», 3 HUX | — kateropii A, 110 BXOAATh 10 HAYKOMETPUYHOT
6azu Web of Science; a Takoxx 3 Te3 J0OmOBiJied y Marepiajiax MIDKHApOIHUX
HayKOBHUX KOH(epeHIlii, 3 HUX | BXOJIUTH 10 HAYKOBO-METPUUHOI 0a3u Scopus.

HaykoBi mnyOmikamii 3100yBaya MaloTh BHCOKUM HAayKOBUM piBEHb, 1
OXOIUIIOIOTh BCl OTpHUMaHl pe3yJibTaTh, MpEeACTaBieHI Yy aucepramii. B ycix
myOJiKamisax JTOTPUMYIOThCS MPUHLIUIN aKaJIeMIYHOI JOOPOYECHOCTI. AKaJeMIYHOIO
mariaty, ¢adpukanii Ta ganbcudikaiii pe3yabTariB y myOaiKalisax Ta Juceprarii

HE BUABJICHO.



3ayBaxxeHHs 10 quceprauiitHiit podoTi [Tmennunoro Kupuna FOpiitoBuya.

1. B nucepramiiiHii poOOTi He OOYMOBJIEHUM KJac 30BHINIHIX TOMAIH,
TPUBAIICTh SIKUX MOXE MPUBECTH 1O NOMHJIOK y pOOOTI YacOBUX KEPYIOUUX
aBTOMATIB.

2. B TekcTi aucepralliiHoi poOOTH HE PO3MISIHYTI 1HIIT MOJEN TEMIOPATbHOI
JIOT1KH, K1 BUKOPUCTOBYIOTHCS IIPU JA1arHOCTUII YaCOBUX aBTOMATIB.

3. B nucepramiitHiii poOOTI HE OOrpyHTOBAaHUM BHOIp B SKOCTI KEPYIHOUOIO
aBTOMara TeMmopaiabHOi Mozemi Mypa, xoya nis ACSKUX 3a7ad yHOpaBJIiHHS
JOIIIBHO B CHUCTEMAaxX MXKOPCTKOTO PEATbHOTO 4Yacy [OLIIbHO BUKOPUCTOBYBAaTH
aBToMatu Mimi.

4. B nucepramiiiHii poOOTI HE PO3TJSAHYTO amapaTHi BUTPATH HA CXEMHU
B3a€EMOJIIi KEpyHUOoro aBTOMara 3 BUKOHABYMMHU MPUCTPOSIMU Ta CIOCOOU
3a0€e3Me4eHHs iX TeCTONPHUIATHOCTI Y YAaCOBOMY BHMIpI.

5. B nuceprauiiiHiii poOOTI HE HaBEACHI YHUCIOBI OLIHKA BUOOpPY MiCIb
po3miieHHs acepiiil y HDL-Mozaensx kepytounx aBTOMATIB.

6. B nuceprariiiiniif po60Ti HE pO3TIAIAIOTHCA aBTOMAaTH 3 HETPUBIATbHUMHU
(YHKIIISIMM BUXOJIB, IO 3BYXKY€ KJIAC PEANbHUX MPUCTPOIB KEPYyBaHHS, ISl SIKUX
MOXke OyTH 3aCTOCOBAaHMM 3alIPONOHOBAHUM METO/I MiIBUIIEHHS T€CTONPUIATHOCTI.

7. B auceprtaniiiHiii poOOTI HE pPO3TIAIA€ThCS BIUIMB KOJYBaHHS CTaHIB Ha
TECTONPHUIAATHICT, YAaCOBHUX aBTOMATIB, IO B JACAKHX BHIIQJIKaX Ja€ OlIbIINM
MO3UTUBHUM €heKT HiK MoAu(DIKaIlisd TEMIIOpaIbHOro Ipada MmepexoiB.

8. B nmwuceprariiiHiii po06oTi HE PO3MNISIHYTI THUNU Je(EKTIB amapaTypu, fKi
MOXYTh OPYUTYBAaTH YACOB1 XapaKTEPUCTUKHU KEPYIOUNX aBTOMATIB.

9. B nuceptariitHiii poOOTI HE HAAHO PE3YJIbTATIB €KCIIEPUMEHTIB IO aHAII3y
PO3pO0JIEHNX TECTONPUIATHUX ABTOMATIB Y CUCTEMAX PEaIbHOTO Yacy.

6. BucHoBok

Hes3Baxaroum Ha 3a3Ha4yeHl 3ayBa)KEHHS, BBa)KAarO IO JWcepTalliiiHa poOoTa
[MTmennunoro Kupuna IOpiioBuua «Mogeni Ta metoaun Bepudikailii TeMnopaibHUX
MoJiesiel KepyIoUnX aBTOMAaTIB Ha MOBAaX OMUCY anapaTypu» € 3aKIHUEHUM HayKOBUM
JOCIIUKEHHSIM, BUKOHAHA Ha BUCOKOMY HAayKOBOMY piBHI, HE MOPYIIyE MPUHIUIIIB

akazemMiyHoi 1o0podecHocTi. CyKyIHICTh OTPUMAHUX TEOPETUUHHUX Ta MPAKTUIHUX
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Pe3yNLTATIB  PO3B’SI3y€  AKTyanbHY HAyKOBO-NPAKTHYHY 3a]ady HpOEKTYBAHHI,
BepH(IKalil Ta JarHOCTMKH CHCTEM peasibHOTO yYacy Ha 0a3i Mojeseil KiHIEeBHX
aBTOMATIB Yepe3 BIPOBA/KEHHS IIAOJIOHIB HA MOBAaX OMWCY amapaTypu, IO Mae
ICTOTHE 3HAYCHHS JUIsl raiy3i 3Hanb 12 — [ndopmaniitni TexHomorii,

Juceprauiiina po6oTa 3a aKTyaabHICTIO TEMH, 0OCATOM Ta PiBHEM BHKOHAHHX
JOCTIUKCHb, MOBHOTOIO BHPILICHHS HAYKOBMX i NMPAKTHUHUX 3a[ad, HOBM3HOIO Ta
CTYNeHeM OOIPYHTOBAaHOCTI OTPHMAHMX pE3YJIbTATIB 1 MNPAKTHUYHMX BHUCHOBKIB
NOBHICTIO BiANOBiAae myHKkTam 6-9 «[lopsaKy NpPUCYIKEHHS CTyreHs JIOKTOpA
(himocodii Ta ckacysaHHs piuleHHs pa3oBoi Creliani3oBaHOl BUEHOT pamy 3aKiaiy
BHILIOT OCBITH, HAYKOBOI YCTAHOBHU MO MPUCYKEHHS CTYNEHs A0KTopa (inocodiiy,
3aTBep/preHoro [Tocranobolo Kabinery Minictpis Vkpainu Bix 12.01.2022 p. Ne 44.

3n00ysay IMwennannii Knpuio KOpiiioBuu 3aciyrosye Ha NpuCyIXKEHHS HoMy
CTyneHs nokropa ¢inocodii B ramysi 3manb 12 — Indopmauiiini TexHomorii 3a

cneuianbHicTio 123 — Komn'totepHa iHxkenepis.

Penensenr:
KaHAWAAT TEXHIYHHUX HayK, JOLEHT,
JAOUEHT Ka(eapH eTeKTPOHHUX 0OUMCITIOBATBHUX MAIIUH

XapKIBCHKOrO HalliOHAIBHOTO YHIBEPCUTETY

paxioenextpoHiki MOH Vkpainu

Bosonumup TOKAPECB

Ipuna JKAPIKOBA




