BIAT'YK
odiriiHoro omoHneHnta MoskaeBa Onekcanapa OnekcanapoBuda
Ha auceprauiiiny podoty Ilyitnenka Baguma OnekciiioBuya
«MeToau Ta 3aco0u anapaTHoI peaJizauii Ta BUOOPY aJrOpUTMIB 3aMillIeCHHSI JaAHUX
Yy Kelll — maM’ATi MiKponpouecopiB,
Mpe/ICTaBIICHY Ha 300yTTSI HAYKOBOTO CTYIEHs KaHIuaTa TEXHIYHUX HAyK

3a cnerianbHicTio 05.13.05 — KOMIT I0TepHI CUCTEMU Ta KOMIIOHEHTH

AKTYaJIbHICTh TEMH.

Ha tenepimHiii 4yac HEBiJI’€MHUM aTpUOyTOM apXiTEKTypu MPOLICCOPHUX SIEP
CYyYaCHHUX KOMII'FOTEPHHX CHCTEM € NPHUCTPIA YNPaBIIHHA NaM ATTIO y CKJIAJd SIKOTO
BXOJISITh MOJYJII BHYTPIIIHKOI aCOI[IATUBHOI KEII — MaMm’sTi Ta acOI[laTUBHOIO Kl —
Oydepy CTOPIHKOBOTO MEPETBOPEHHS 3 BOYJOBAaHMMH OJOKaMU amapaTHUX pIlIeHb
JITOPUTMIB 3aMILLEHHS IaHUX 3 IEBHUMHU MOJITUKAMH.

[Tpu po3po0seHHI TaKuX KOMI IOTEPHUX KOMIIOHEHT Iepe]] IHKEHEPOM BUHUKAIOTh
3a/1ayl peajizailii Ta BIPOBAJKEHHS BUCOKOIIBUIKICHHX alapaTHUX PIIIEHb AJITOPUTMIB
3aMINICHHS JaHUX 31 3HAUHUMH HAAIHHICTIO Ta JOCTOBIPHICTIO (DyHKIIIOHYBaHHS. Jlo TOTO
’, BAarOMOIO CKJIaJIOBOIO alapaTHUX PIlIeHb aJrOPUTMIB 3aMILEHHS JaHUX € BOYJIOBaH1
3aco00M KOHTPOJIO (YHKIIIOHYBaHHS, YMM Mae 3a0e3leuyBaTuCh JOCTOBIPHICTH
(GyHKIIOHYBaHHS anapaTypHu.

ApXITEKTYpHUI 3B'SI30K BHYTpPIIIHBOI acCOI[laTUBHOI Kem — mam’sTi  Ta
acoIliaTUBHOTO Keml — Oydepy CTOPIHKOBOTO TIEPETBOPEHHS, 3B'SI30K BHYTPIIIHBOI
acolllaTUBHOI Kell — mam’sTi 3 OJIOKOM JucneTdyepusallii i BUKOHAHHS 1HCTPYKIIH, Y
CKJIJl SIKOTO HEOAMIHHO € TPHUCYTHIM MOAYJIb JIOTIKM TPOTHO3YBAHHS TallyXeHb
mporpamMu, OOYMOBIIOIOTH 1/€0JIOTII0 CHHTE3y QJITOPUTMIB 3 aJalTalli€l0 0 TEeBHOI
MOJIITUKY Y 3aJIEKHOCTI BiJ] PE3yJbTaTIB IMHAMIYHOTO MPOTHO3Y PO3raily>KeHb IPOrpaMH,
[0 Ma€ TPUBECTH O CKOHOMIi TaKTiB MUKy IIWHU — TWIJBUIIEHHIO  IIBUAKOII
IIPOLIECOPHOTO SI/Ipa.

Cripn 3a3HaYMTH, 1110 TPU BOPOBAHKEHH] MEpe]l THKEHEPOM TaKOXK HEYXUJIBHO CTae

3aja4a BUOOPY aJTOPUTMIB 3aMiIlIEHHS TaHUX, PIIIECHHS SKOi MOJsIrae B po3po0ili METOAY



BHOOPY 3a OOpaHWM KpUTEpiEM 3 ypaxyBaHHSM JOCHIHKEHUX IMOKAa3HUKIB IIIBHIKOIIT,
CKJIQJIHOCTI1 Ta HAAIMHOCTI, 110 TAaKOX IiIKPECITIOE aKTyalbHICTh 00paHOi TEMHU.
AKTYanbpHICTh TEMHU POOOTH MIATBEPHKYETHCSA TaK caMO ¥ TUM, IO BOHA MOB’s3aHa
3 BUKOHAHHAM Ha Kadepi KoM IOTEpHUX CUCTEM, Mepex 1 kibepOesneku HamionansHOTro
aepokocMmiuHOoro yHiBepcurery iM. M.E. JKykoBcbkoro «XapKiBChbKUW —aBilallliHUAN
THCTUTYT» JIepKOIOPKETHOI ITporpaMu HayKOBO-JIOCTIAHOT po6oT MiHICTEpPCTBA OCBITH 1
HayKH YKpaiHu 3a TeMoio: «MeToJI0JIOTid CTajloTo PO3BUTKY Ta iH(pOpMaIliiHI TEXHOIOTIT
3€JIEHOT0 KOMIT IOTHHTY Ta KomyHikamii» (Ne JIP 0118U003822, 20182020 pp.), a Takox
MibkHapoaHoro mpoekty ERASMUS+  ALIOT 573818-EPP-1-2016-1-UK-EPPKAZ2-
CBHE-JP «Internet of Things: Emerging Curriculum For Industry and Human
Applications» («IaTepHeT peueii: HOBa OCBITHsI Iporpama Jyis moTped MPOMHUCIOBOCTI Ta

cycniiascTBay) (2016-2019 pp.).

Cryninb 00I'PYHTOBAHOCTI HAYKOBHX I0JIO’K€Hb, BUCHOBKIB i peKoMeHIawLil,
chopmyIbOBaAHUX B AMcepTaNiiiHiil po0oOTi.

CrymniHb OOIPYHTOBAHOCTI HAyKOBUX TIOJIOKE€Hb, BHCHOBKIB 1 PEKOMEHJAIIIH,
chopMynpOBaHUX B AucepTaliiiHiii poooTti [lyiineakom B.O. € Bucokoro it 6azyeTbest Ha
aHaj131 HayKOBO-TEXHIYHHMX JDKEpesl 3a JaHOK MNpoO0JIeMOI0, TapMOHINMHIA MOCTaHOBIII
METH 1 33J1a4 JOCIHKEHHS, BAKOPUCTAHHI CyYaCHUX METOJIB JOCIIKEHH S, 31CTaBJICHHI 1
KPUTUYHOMY aHalli3l OTPUMAHMX PE3yIbTaTIiB y TOPIBHSHHI 3 pe3yJbTaTaMH I1HIIMX
JNOCIITHUKIB, 1 sKICHOMY (OpMyJIIOBaHHI OTpPHUMaHUX BHCHOBKIB. TeopeTuuHi
JOCTIDKCHHSI BUKOHAHO 3 BUKOPHCTAHHSAM JIOCTaTHHOTO KOMILJIEKCY METOIIB JTOCIHKCHB
Ta MaTEMaTUYHOrO arapary, SKki MalTh MICIIE y CHHTE31 Ta OIL[IHKA XapaKTEpPUCTUK
00’exTiB AochipkeHHs. OTpuMaHl y BUIJISIAL JIOTIYHMX MOJENIeH pe3ylbTaTh CHUHTE3Y
MepeBIpeHi MIJITXOM CTBOPEHHSI KOMIT FOTEPHUX MOJIENICH BIAMOBITHUX anapaTHUX PillleHb
y TEBHUX IHTETPOBAHUX CEPEIOBUINAX KOMIT FOTEPHOTO MOJICITIOBAHHS, OIIHKH
MIBUIKOI1, CKJIAJIHOCTI, HAIIAHOCTI Ta JOCTOBIPHOCTI (DYHKIIIOHYBaHHS OTpHUMaHi 3
3alydeHHSIM BiIOMUX (hopMyI, 10 MIATBEP/KYE OOTPYHTOBAHOCTI HAYKOBHUX TOJIOKEHbD,
BHCHOBKIB 1 pEKOMEHJaliid, chopMyIbOBaHUX B AHMCEpPTaliiHI poOOTI pe3yJbTaTiB

JIOCIIKEHHS.



JIOCTOBipHiCTH pe3yabTaTiB 10C/IiIKEeHb.

JIOCTOBIpHICTh ~ pe3yJbTATIB  AWCEPTALIMHOTO JOCTI/DKCHHS  3a0e3MMeuyeThCs
KOPEKTHICTIO IIOCTAHOBOK 3aJjad CHUHTE3y, 3aCTOCYBAaHHAM METOMIB JUCKPETHOI
MaTEeMaTHKH i anreOpu JIOTIKK Ta METO/[IB MaTEMaTUYHOTO anapary Teopii HMOBIpPHOCTEH,
BIJIMOBIAHICTIO CHHTE30BAHUX JIOTTYHUX MOJEJIEH aJrOpUTMIB 3aMIIIEHHs MTOCTaHOBKaM
3ajJa4 CHUHTE3y Ta JAOCIIKEHUM JlarpaMaM 4Yacy KOMII'IOTepHuUX Mogaeneil. Haykosi
pe3ynbTaTi 3700yBayda yCIIIIHO BUKOPUCTAHI PHU PO3pOOSIeHH] IUPPOBUX KOMIIOHEHTIB
BOYJOBaHMX KOMIT'IOTEpHUX cucTeM Yy HayKoBO-TEXHIYHOMY cCIeLiani30BaHOMY
KOHCTpYKTOpchbkoMy Otopo «IlomicBiT» BupoOHnyoro o0’ennanns «KomyHapy» (M.

XapkiB).

JI0 OCHOBHMX HOBHMX HAYKOBHX pe3yJbTaTIB JaucepTaunii CJaig BigHecTH
HACTYIIHE:

- OTpUMaJia TMOAAJBIIONO PO3BUTKY aBTOMAaTHa MOENb 1 3aco0u peanizaiii
anroput™My PLRU 3amilieHHs 1aHux y Keni-mam’siTi Ipouecopa MUISXOM 3MIHU THUIIB Ta
CIOPOLIEHHS KOMOIHAIIMHOT JIOTIKM KEPYBAaHHS OHOBJICHHSIM €JIEMEHTIB IaM ATi, IO
3abe3reuye i ABUIICHHS IIBUIKOIT Ta 3MEHILICHHS CKJIQTHOCTI IIUX 3aCO0IB;

- BIIEpLIE 3allPONIOHOBAHO METOJ 1 3acO0M peani3alli aJaiTUBHUX aITOPUTMIB
3aMINICHHS TaHUX Yy Kelll-TlaM ATi MpoIiecopa, siki Ha BIAMIHY BiJ BITOMHX 0a3ylOThbCs Ha
noOyZ0Bl Ta aHadi3l MaTpullb CYMICHOCTI aJITrOpPUTMIB 1 HaJalOThb 3MOTYy O0OHpaTu
QITOPUTM 3aMIIIEHHS 3aJIe)KHO BIiJ] PE3YJNbTATIB JUHAMIYHOTO TPOTHO3Y TalTyKEHb
Mporpamu, 1o 3a0e3neyye MiIBUILEHHS [BUIKOI1i IPOLIECOPY;

- YAOCKOHAJIEHO 3aCO0M KOHTPOJIIO peajizailii aaropuTMiB 3aMillleHHS JaHUX Y
Kelll-1laM ST Mpoliecopa 3a paXyHOK BUKOPUCTAaHHS YH1(DIKOBaHOT aBTOMATHOI MOJIEN], sIKa
YpaxoBy€ KUIBKICTh HaMpsSMKiB BHOOPY MaHMX TIPW 3aMIIEHHI, a TaKOX OIIIHOK
CKJIATHOCT1 0a30BUX KOMIIOHEHTIB 3aCO0IB KOHTPOJIO, IO JT03BOJISE OLIIHIOBATH MPUPICT
JOCTOBIPHOCTI (DYHKITIOHYBAHHS HA OJIUHUIIIO allapaTHUX BUTPAT;

- YAOCKOHAJIGHO METOJ BHUOOpY airopuTMiB 1 3aco0iB peamizamii Jyis
3aMilleHHs] JaHUX Y KeHI-TlaM’ ATi Mpolecopa NUITXOM BKIIOUEHHS J0 MHOXKHUHHU
QJITOPUTMIB 3 KOHTPOJIEM 1 aJlanTall€ro, iX yHIOpsSAKYBaHHS 3a MOKa3HUKaMU IIBUIKOMIL

CKJIaJIHOCTI Ta HaJIIMHOCTI, 1110 JO3BOJISIE€ TOKPAIUTH BIAMOBIHI TOKa3HUKH TIPOIIecopa.



3HaYMMIiCTh OTPUMAHMX pe3yJbTaTiB JAJds1 HAYKH | NPAKTHYHOIO
BUKOPUCTAHHS.

Po3po6rieni 3p00yBaueM mporpaMHi Ta CXEMOTEXHIYHI PIIICHHS JJI1 HHU3KH
QITOPUTMIB  3aMIlIEHHS 3a0e3MeuyloTh MMOKPAIIEHHS TEXHIYHUX XapaKTePUCTHK
nporecopiB 1 IP-saep nns FPGA xpucranib, a TakoX BiANOBIIHUX BOYJOBAaHUX CHUCTEM
Ha iX 0a3i; BOPOBA/KEHHS BIAMOBIAHMX MPOTPAMHO-TEXHIUHUX pIIIeHb 3abe3rneueHe
METOJMKOI BHOOPY aJrOpUTMIB 3aMIIIEHHSA Ta IX peai3alii 3aJie)KHO BiJ BHUMOT 0
IIBUIKO/11, CKJIAIHOCTI 1 HAAIMHOCTI, IO HAIa€ 3MOTY MPUHAMATH PaIliOHATBHI PIICHHS

PO3pOOHUKY KOMIT FOTEPHUX CUCTEM Ta KOMITOHEHT.

IToBHOTa BUKJ/IaJICHHS Pe3YJIbTATIB J0CHIIKeHb B OIY0JiKOBAaHUX MPaLAX.

OCHOBHI TMOJOXEHHSI Ta Pe3yJbTaTH ITUCEPTAIiitHOI pOOOTH TOCTATHHO MOBHO
omyOJIIKOBaHI y 8 HAayKOBHUX Mpalsx 3 HUX: 4 CTaTTl y HAyKOBUX (PaXxOBUX BHUJIAHHSX
VYkpainu, 2 3 sSKuX I1HAEKCOBaHI y HaykoBomeTpuuHiii 6a3i SCOPUS, 1 crartsa y
3aKOpJIOHHOMY TiepionyHOMY (paxoBoMy BUAaHHI, 3 myOJikailii y MarepiajaXx HayKOBHX
koH(pepeHid, 3 HUX | iHAEKCyeThbcst y HaykoBoMmerpuuHiii 0a3i SCOPUS. V mimomy,
piBEHb 1 KUIBKICTh MyOJiKamiii Ta ampoOariii maTtepiamiB auceprailii Ha KOH(MEpPEeHIIIX

MOBHICTIO BiAnoBigaoTh BuMoraM MOH VYkpainu.

Ouinka 3MicTy AucepTaniiiHoi podooTH.

Hucepraiitna po6orta Ilyiinenka Baguma OnekciiioBuya CKIIATA€EThCS 31 BCTYILY,
YOTUPHOX PO3/LTIB, BACHOBKIB, CHMCKY BUKOPUCTAHUX JIKEPEI, / TOAATKIB.

VY BcTyni 00rpyHTOBaHA aKTyaJIbHOCTI TEMH 1 HAYKOBHUX 3a7a4, @ TAKOXK MICTIThCS:
iH(hOopMaIris mpo 3B’s130K poOOTH 3 HAYKOBUMH MPOTpaMaMu; MeTa ¥ 3a/1a4i TOCIiKEHHS;
00’€KT, TpeAMEeT 1 METOAW JOCHIIDKCHHS; XapaKTEepUCTHKAa HAYKOBOI HOBM3HH,
MPAKTUYHOTO 3HAYCHHS OTPUMAHUX PE3YJbTATIB Ta OCOOMCTUN BHECOK 3700yBaua; JaHi
1010 peaizailii, ampo0airii Ta myOJikailii pe3yJbTaTiB poOoTH.

Y nepmoMy po3auii «AHaN3 aJIropuTMIB 3aMillleHHs Ta 3aco0iB amapaTHOl
peanizarii 3aMilIeHHs] JaHUX y Kell — mam’ STl mporecopiB. OOrpyHTYyBaHHS HAyKOBO —
MPUKIIAIHOIL 3a/1a4l TOCIIIKEHb» MPOBEACHUIN aHasl3 BIJOMUX aJITOPUTMIB 3aMIIEHHS Ta
3ac001B amapaTHOI peasi3allii JaHuX y KelI-maM’siTi IpoIecOopiB.

VY npyromy posaui «Po3pobiieHHs Ta TOCTiKEHHS aBTOMATHOI MOJIEN 1 peaizarii



ITOPUTMIB 3aMIIICHHS JAHUX y KeIl — MaM STI MpoIlecopa» po3poOieHI aBTOMATHI
Mozen anroputMmiB 3amimieHHs 3 momitukamu PLRU, MFU Tta LFU 3 momanpimmm
MOCHIJUKEHHSIM BIAMNOBIAHMX IIOKA3HUKIB IIBUAKOMII, CKJIAZHOCTI Ta HAOIMHOCTI IX
amapaTHUX PIIICHb.

Tpertitt po3ain «Po3pobiieHHs Ta JOCTIDKEHHS METOJy Ta amapaTHOi peamizarii
aJanTUBHUX QJITOPUTMIB 3aMIIIEHHS TaHUX y KEIIl — MaM’ STl Mpoliecopay MPUCBSIUYCHUN
PO3pOOJIEHHIO METOJY 3 BUKOPHUCTAaHHSIM MAaTPHIl CYMICHOCTI, 3a SIKUM IO OOpaHOMY
KpUTEpII0 Ta TapaMeTpy ajamnTaiii 31HCHIOEThCS amapaTHa peajizallis aJalTHUBHOTO
QITOPUTMY 3aMIIICHHS JaHUX 3 MOJAJbIIUM JOCHIIKEHHSIM BIAMOBIIHUX IMOKa3HUKIB
IIBUJKO11, CKJIQAHOCTI T4 HAJAIMHOCTI arnapaTHOTO PIIIEHHS aJalTUBHOIO aJTOPUTMY.

VY ugerBeproMy po3zaiini «Po3pobiieHHs 1 BIPOBaHKEHHS METOy BHOOpPY 1 3ac00iB
peanizanii aJIrOpUTMIB 3aMIIIEHHS JAHUX y KEll — Mam’sTl IpOoLecopiB» OOYUCIEHUH Ta
JOCIIKEHUN TPUPICT JOCTOBIPHOCTI (YHKIIOHYBAaHHA Ta KOE(II€EHT €PEKTUBHOCTI
anmapaTHUX pIllIeHb AJTOPUTMIB 3aMIIICHHS, PO3POOJICHUI METOJl BHUOOPY alITrOpPUTMIB
3aMIIICHHS TaHUX 32 METOAOM MPIOPUTETHUX PSIIIB.

BucHOBKM 70 po3aUTIB Ta 3a pe3yibTaTaMu poOOTH CPOPMYIJIbOBAHI JTOCTATHHO
YiTKO 1 BUPA3HO Ta BIJIMOBIAAIOTH 3MICTY JUCEPTALIMHOI pOOOTH.

Crnucok BUKOPUCTAHUX JIPKEPEN JTOCUTH MOBHUM 1 OXOIUIIOE Cy4YacHI BITUM3HSHI Ta
3apyOikHI myoOumikaiii 13 118 naiimeHyBaHb.

3mict aBTopedepaty BigoOpakae OCHOBHMM 3MICT AMCEpTAIlii Ta JOCTAaTHHO MOBHO

PO3KpHBA€E BHECOK 37100yBaya B HAYKOB1 pe3yJIbTaTH Ta MPAKTUYHY LIHHICTH POOOTH.

Ilo nuceprauniiiniii pod0Ti MOKHA 3pOOMTH HACTYIIHI 3ayBasKeHHH .

1. V Bcrymi aucepTaiiiHoi poOOTH AOLUIBHO OYJI0 I'PYHTOBHIIIEC MOSICHUTH 3a
paxyHoK 4oro momituka 3amimieHHss PLRU nabGarato mpocrima 3a 3BHYaliHy TMOJITHKY
LRU.

2. Y napyroMmy po3aun AWCEpTaIliiHoi poOoTH 3700yBay JyKe CTHCIO HaIae
iH(poOpMaIliI0 CTOCOBHO OTPUMMAHUX JiarpaM dacy poOOTH KOMIT IOTEPHUX MOJeNen
BUXIJTHOTO Ta MiHIMI30BaHHUX arapaTHUX pimeHs anropurmy PLRU.

3. B mepmomy nmyHKTI BU3HaUY€HHS HAyKOBOi HOBU3HU HE PO3KpPHUTA ii CyTh, X0Uad B y

BHCHOBKaX TEKCTY poOOTH 1 aBTOpedepaTy BoHa HaBeACHA.



4. Y BUCHOBKY TPETHOTO PO3AUTY AMCEPTAIIHHOT poOOTH 3100yBad CTBEPIKYE MPO
HE3HAayHe YCKIATHEHHs amnapaTypd aJanTUBHOTO ajrOpUTMy MO BIJIHOIICHHIO [0
arapaTHUX PIIIEHb KOXHOTO 13 CYMICHUX aJlTOPUTMIB 0€3 BH3HAUCHHS MPHUPOCTY
YCKJIaIHEHHS y B1JICOTKAaX, X04a y BUCHOBKaX JMcepTaliiHOl poOOTH Ta aBTOpedepaTy BiH
Ma€ MICIIE.

5. YV BucHoBkax aBtropedepaTy BIJACYTHE OOIPYHTYBaHHS JOLIBHOCTI BHUOOpY

CXE€MHU KOHTPOJIIO Y 3aJI€KHOCTI Bl Yacy eKCILTyaTallii.

BUCHOBOK

Huceprauiitna pobora Ilyiinenka Baauma OnekciiioBuua ‘“Metoaum Ta 3aco0u
amapaTHOl peanizailii Ta BHUOOpPY aJIrOpUTMIB 3aMillleHHS JaHUX Yy Kell — mam’ STl
MIKpOTMPOIIECOPiB” 3a CBOIM 3MICTOM BIAIOBiae macnopty cremiaabHocTi 05.13.05 —
KOMIT FOT€pHI CHCTEMH Ta KOMIIOHEHTH. JlucepTallis € 3aBepIIeHOI HAyKOBO-IOCITHOO
po0O0TOI0, sIKa y PO3B’SI3y€ BAXKIMBY HAyKOBY 3ajady, CyTh SKOi MOJIATa€ y MOKpaIIeHH]
MIBUJKOI1, CKJIAJIHOCTI, HAIIAHOCTI Ta JOCTOBIPHOCTI (DYHKITIOHYBaHHS arapaTHUX
0JIOKIB 3aMIilIEHHs JaHUX MOJYJIIB aCOIIaTUBHOI KeIll — MaMm’siTl Ta aCOL[IaTUBHOTO Kell —
Oydepa CTOPIHKOBOIO TIEPETBOPEHHS IMpoIllecopHOro sapa. JlucepramiitHa poOoTa
BignmoBigae Bumoram m. m. 9,11,12 “Tlopsinky npucymKeHHS HAYKOBHX CTYIEHIB”,
3aTBep/KEHOr0 TocTaHoBoro KaGinery MinictpiB Ykpainu Big 24 munas 2013 poky
No567, a 3mobyBau I[lyiinenko Bagum OnekciiioBud, 3acayroBye NpuUCyHKEHHS HAYKOBOTO
CTYTICHsI KaH/IHIaTa TEXHIYHUX HayK 3a cremianbHicTio 05.13.05 — koM’ roTepHi cucteMu

Ta KOMIIOHCHTH.

OdiniitHuit OMOHEHT

npodecop kapenpu iHGopMaLiHHUX TEXHOJIOTIH
Ta KibepOe3nexu

XapKlBCbKOFO HaI[lOHAJIBHOTO yHlBepcmeTy
BHYTPIILIHIX CIIpaB
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