PELIEH3IS

KaHIM/JAaTa TEXHIYHHX HAYK, JoneHTa YenuHorun AHaToJis Bosoaumuposnya
Ha AucepTaniiiny podory Ckyubkoro Aprema bopucoBuua Ha Temy «Meron i
MoJeJi CHCTEeMH 3axXHIeHoro inpopmaniiHoro oOMiHy 3 HepoO3AiIbHAM
¢dakTOpiaJbHUM KOLYBAaHHSIM JAaHHX», OJaHy HA 300yTTH CTyNeHs JOKTOpa
¢isocodii 3a cneniaabuicTio 123 Komn’roTepHa iHzKeHepis rajiysi 3HaHb
12 Indopmaniiini TexHOIOTIT

AKTyaJIbHiCTh TeMH AUCEPTALIHHOI po0OTH

Inpopmarniiina Oe3rmeka B yMOBax pPO3BUTKY IMGPOBUX TEXHOIOTIH,
CYTTEBOIO 3POCTaHHs OOCSriB TaHUX 1 yCKIaJHEHHS KOMYHIKaliMHMX Mepex €
KIF04oBAM (akTopoM cTabinpHOCTI iHpopManiiiHoi iHPpacTpykTypu. OnHuM i3
IEpCHIEKTUBHUAX HAalpsiMiB PO3BUTKY CyYacCHMX KpPHUITOrpadiuHUX CHCTEM €
BUKOPHMCTAHHsS MATPUYHUX CTPYKTYyp 1 NEPECTaHOBOK, IO IOEAHYIOTH BHCOKY
00YKCIIIOBATbHY CKIaaHicTh 3 edekTuBHicTIO peanizamii. Taki mpoToxonu
3HAXOMATh 3aCTOCYBaHHA B 3aXWCTi 0a3 JaHUX, OAHKIBCBKMX TpaH3aKIiH,
Ge3eyHOMy BolleBHsBJIEHH], [oT-cucTeMax Ta IHIIMX KPUTHYHUX iH(QOPMAIIAHIX
00’ €KTax.

OxpeMe Miclie B KOHTEKCTI Kibep3axuCTy II0Ciae Hepo3MiIbHe (GakTopiaibHe
KOJAyBaHHS HaHUX, sKe 3a0e3medye HAJUIMILIKOBICTE 1 J03BOJITE e(PEeKTUBHO
BHUSBISITA Ta BUIPABIATH ITOMIJIKY, IO BHHMKAIOTh Y 3alllyMJICHHX KaHajaX
3B’g3Ky. TakuM UHMHOM, B POOOTI OOIPYHTOBYETHCSA aKTYyalbHICTH 3ajadl
3a0e3NedeHHs KOHIPYEHTHOCTI B3aeMOAii IBOX iH(OpPMamidHUX CHCTEM dYepes3
KaHaJ 3B’ 13Ky 3 BUCOKOO IMOBIpHICTIO 61TOBOI IOMUJIKH.

V mucepTaniiiHii po6oTi chopMyIEOBaHO i PO3B’SI3aHO 3aBJAHHA PO3POOKH
MeTOLy 30iNbIIeHHs IOCTOBIPHOCTI IeperaBaHHA iHdopmarii B cucTeMax 3
HEpO3UIFHUM (aKTOpialbHAM KOAYBaHHAM JaHMX, BKIIOYAI0YM I0OYIOBY
Mozelell KaIpoBOi CHHXPOHi3allii 3a HEBIIOMOrO IOYaTKOBOI'O MOMEHTY
MepefaBaHHA Ta IIEPETBOPEHHS MATPHIb Yy IepecTaHoBKH. OOIPyHTOBAHO
BHKOPHCTAHHS iMIiTalifHOrO MOJENIIOBAHHS JUIS TIEpeBipKA  e(EKTHBHOCTI

3aIPOIIOHOBAHMX PillleHb Ta MOXIHUBICTh IX pealizalii Ha Cy4aCHUX IIPOrpaMHO-
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armapaTHUX IIaTGopmax.




Ha cydacHOMy eTaIi MpaKTUYHO BiZICyTHi CUCTEMHI AOCIiAXEHH 3 100y 10BU
MaTeMaTUYHUX MOJENel CKiHUEHHHX ITOJIiB KBaJApaTHUX MaTpPHUIb HaJ IPOCTUMU
IIOJISIMM, a TaKoX CIOco0iB X iHTerpaii 3 MeTogaMu (pakToOpiaIbHOTO KOJyBaHHS.
L1i HanpsiMKA MarOTh 3HAYHUM TIOTEHITa) Ul CTBOPEHHS HOBUX 3aC001B 3aXUIIIEHOTO
oOMiHY B yMOBax 3aBa/l.

TaxuM YHHOM, TeMa IOCIIIKeHHsI aBTopa aucepratii Ckympkoro Aprema
BopricoBrya € akTyalbHOK i BigmoBinae moTpebaMm cydacHoi iHpopmaniiHOI

1H)K€Hep11 Ta Ma€ BaAXJIMBE TCOPCTHUIHE i IIpUKJIIaAHE 3HAYCHH.

HaykoBa HOBH3HA pe3y/ibTaTiB
VY po6oTi AXCEPTAHTOM OTPUMAaHO TaKi HayKOBi pe3yJIbTaTH:

- HabyB MOJAJBIIOr0 PO3BUTKY METOJ KaJIpOBOi CHHXPOHI3allil HepO3ALIbHUX
(akTopialbHUX  KOJiB, IO BHKOPHCTOBYE SK CHHXPOKOMOIHAIIiIO
IepPECTaHOBKY YHUCE, SIKa Mae MaKCUMalbHe 3Ha4eHHs MiHiMalbHOI BiICTaH]
XeMMiHra Bif ii JBIMKOBOro MpeACTaBIeHHS 0 BCiX 11 MUKIIYHUX 3CYBIB, a
TaKOX KOpENAIifHy Ta MaXXOpUTapHy 0OpOOKy NPUHHATHX (parMeHTiB, 1e
noBXMHa (parMeHTa JOpIBHIOE IOBXHHI CHHXpOKOMOiHamii, sKui 3a
PaxyHOK BHKOPHCTAaHHS KOB3HOTO BikHa ()IKCOBaHOTO pO3MIpy Ta
BpaxyBaHHS Cepii CIpalfoBaHb IIJACHCTEMH CHHXPOHI3allii 03BOJISE
BCTAHOBHUTH KaJpOBY CHHXPOHI3aIlifo NpHUMMaNbHOI Ta IepeJaBalbHOI
cTaHIil cucTeMu iHdopMalliiiHoro o6MiHy 3a BUCOKOI HMOBIpHOCTI 6iTOBOI
TIOMIJIKM T4 HEBiJIOMOIO MOMEHTY IIOYaTKy MPHUMaHHS CHHXPOKOMOiIHAIIH
nepesiaBaya, 3abe3nedyour HeoOXiHi TOKa3HUKU HMOBIPHOCTI NPaBUIBHOL
Ta XMOHOT CHHXPOHI3aIlil;

- Halylia MMOJAIBIIOTO PO3BUTKY MaTeMaTH4YHA MOJEJb IPOLECYy BUSBICHHS
CHHXpOKOMOiHaIlii cucTeM IlepefaBaHHA iHpOpMAIi 3 HEPO3ALIBHUM
dakTOpiaTbHAM KOAYBaHHSM [aHUX, III0 BUKOPUCTOBYIOTH KOPEISIIAHY Ta
Ma)KOpUTapHy O0OpoOKy NpUMHATHX (parMeHTiB, sKa 3a pPaxyHOK
JOCHI/DKEHHS MEXaHI3MIB IIepeTBOPEHHsT CHHXPOKOMOiHamii B ii 3CyB B

yMOBax 3acTOCYBaHHs NpHiiMadeM KOB3HOTO BikHa (DiKcOBaHOro po3Mipy




J03BOJIIE  OL[IHUTUM HMOBIPHOCTI TpaBWIBHOI Ta XWOHOI KaapoBOI
CHHXPOHI3aIlii.
- BIepIIe po3po0JIEeHO MaTeMaTHYHy MOZENh CKIHYEHHOTO MOJIS KBaIpaTHUX

MaTpullb IMOPAOKY 2 Han CKIHUEHHHUM II0JIEM IMPOCTUX YHUCEIL [ sJKa 3a

p b
PaxXyHOK 301bIIeHHS MOPS/KY MO KBaAPATHUX MATPHIh 10 3HAYEHHS p’,

npoTe 30epeXeHHs MopsAAKy p mois [, B SKOMy BUKOHYIOTH OIeparii
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MIEPETBOPEHHS, JTO3BOJISIE MMIIBUIIATHA CTIAKICTh KPUNTOrpadiuHUX CUCTEM,

sIKi 0a3yIOThCS Ha OTepallisX y CKIHU€HOMY IOJIi.

IIpakTHyHe 3HAYEHHS OJeP:KAHUX pe3yJIbTATIiB
[IpakTh4yHa  [IHHICTH  pe3yJibTaTiB  IPOBEJEHOr0  JAUCEpTaLlHOIro
TOCHIDKEHH

- Po3po6iieHo anropuT™ KaIpoBoi CHHXPOHI3aIlil Ha OCHOBI KOB3HOI'O BiKHA Ta
cepil cIpaIlfoBaHb MMiJICUCTEMH CUHXPOHI3allli, IO MOXKE€ BUKOPUCTOBY BATUCS
IVl opraHizariii 3axWIeHoro iH(OpMaliiHOro OOMIHY y CHMINUIEKCHHX
KaHajlaX i3 BHCOKOIO IMOBIPHICTIO OITOBMX MOMUIJIOK 0€3 IONEpeIHBOIO
Y3TO[UKEHHST ~ MOMEHTY  NpHMMaHHA  KaJpoBoi  CHHXpOKOMOiHamii.
Po3po0OiieHrii anropuT™M 3abe3leduB YCIIIIHE BCTAaHOBIEHHS KaIpOBOI
cuaxpoHizamii B kokHomy 3 1000 BumpoOyBaHb iMiTamliiiHOi Mozeni 3a
TOBXUHK IepecTaHOBKU-CHHXpoKoMOinarii M =8. KoxHe BUIpoOyBaHHS
riepenbayaso BCTAHOBJIEHHS KaJIpOBOi CHHXPOHI3alii Ui HMOBIpHOCTEH
6iroBoi momuiku B kanani Big p, =0.1 no p, =0.4 ta npouenypu naziitaoro
niepeiaBaHHs OJIOKY KOPHUCHHMX IaHUX IIPU BIICYTHOCTI IIOIEPENHBOIO
Y3TODKEHHS [TOYaTKOBOIO MOMEHTY iH(GOpMaLiiHOro 0OMiHy.

- PospoGiieHo imiTalliiiHy MOJeNb CHUCTeMH OOMiHY II€PECTaHOBKaMH, LIO
I03BOJISIE NOCIHI/DKYBATH BIUIMB pI3HMX 3HA4eHb IMOBIPHOCTI 01TOBOI

TIOMMJIKK B KaHaJli 3B 13Ky P, 1 CTPyKTypH CHHXpOKOMOiHaIlii Ha iIMOBipHiCHI

NOKAa3HUKU cuHxpoHizamil. Otpumani pesynbratd mnposeneHHs 10000

BI/IHpO6}7BaHB JO3BOJIMJIM CKCICPHUMCHTAJIbBHO BHU3HAYUTH MAaKCHMAJIBHY




JOBXHHY CCp1l XHOHUX CIipalltOBaHb IMACUCTEMHU CHHXPOH13aIl11 [ alie sk
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I JOBXHHH KOB3HOro BikHa 75 ¢parmentis i p,=0.4. Orpumane

3HAUEHHS MaKCUMaJbHOI JOBXHHHU cepii XUOHUX CIpalfoBaHb ITiICUCTEMH
CHUHXpPOHI3allli JO3BOJHJIO 3aJaTH MiHIMaJIbHHM TOPIT cepii chpalfoBaHb
IiICHCTEMH CUHXPOHI3allil, THM caMHUM 3a0e3Tedyroun HeoOXiTHI TOKa3HUKHU
HMOBIpPHOCTI BCTAaHOBJICHHSI IPABUIIBHOI KaJpOBOi CUHXPOHI3aIlii.
Po3po0ieHO anropuT™M IepeTBOPEHHS MATpHUIb y IEPEeCTaHOBKH, IO MOXeE
OyTH BUKODHUCTaHWMA IS TIEPETBOPEHHsS KBaJpaTHUX MaTpULlb Y
IIEPECTAaHOBKU TPH TeHepalii KIIo4iB-IIEpecTaHOBOK Ta 1HTErpyBaTH
MaTpUYHI 0OYUCIIeHHs 1 Hepo3aiabHe (pakTropianbHe koxysaHHs (HOK/I).
CTBOpeHO MakKeTHHH 3pa30K cucTeMd iHpopMaliiHoro oOMiHy,
moOynoBaHui Ha 6a3i MikpokoHTponepa nRF52840 13 Bukopucranuam [ISM-
pamiokanaixy. MakeT MoXxe OyTH 3aCTOCOBaHMH SIK IIPOTOTHUII JJIsl TOOYJOBA
Oesneunux loT-pimenp abo HaBuanbHUU cTeHZA. Po3pobieHi alropurMu
O0pOOKH Ta TEepeTBOPEHHS TEeKCTOBUX IIOBIIOMIIEHb Yy IIEPECTAHOBKH
NO3BOJISIOTE  CTUCKATH  TEKCTOBI  IMOBIIOMIIEHHS, IO  MIAJATAIOTh
niepelaBaHHIO B BUTIISI epecTaHoBOK. KinbKicTh 6iTiB, 10 HEOOXiAHA I
TiepeaBaHHs JIBOX TEKCTOBUX CHMBOJIIB JATUHCHKOTO andasiTy (3aK0/10BaHi
B [IEPECTAHOBKY ), CTAHOBUTH 3 OalTH 3amicTb M =8 0alTiB, HEOOXIAHUX Y
3puuaiinomy mojandi ASCII. BemeHa HaJUIMIIKOBICTB Yy TEKCTOBOMY
noBioMIeHHI 3abesnmedye KpunrorpadidyHuid 3aXUCT, A€ MOXIMBICTH
IepeBipITH IIUTICHICT iHpOpMANil NUIAXOM 3acTOCYBaHHs [OHAaTKOBHX
metozniB HOK/I. CtBopeHi npuitMansHO-IepeAaBalIbHi IPUCTPOi 0Oy A0BaH1
Ha 6a3i cucremu Ha kpucram (System on Chip, SoC) nRF52840 Bing
BupoOurka Nordic Semiconductor i He 3ameXxaTh BiJl apXiTEKTypu
onepaliifHol cucTeMu, Ie HEeOoOXiTHO peali3yBaTH 3aXHUIIEHWH OOMiH, i
MOXYTh OyTH BuKkopucTati B [oT pimeHHsX.

Po3pobieHo mporpaMHUil KOJ Ui OIlepaliii Haj IIepeCTaHOBKaMH 3
BUKOpUCTaHHAM rpadiynoro mponecopa (CUDA). Po3pobieni anropurMmu

MHOXEHHS IIEPECTAHOBOK JIO3BOJIWIM OLIHUTU JOLUIBHICTE BUKOPUCTAHHS




GPU nn4 npucKopeHHs KpunrtorpadiuHux omepariil HaJ IepecTaHOBKaMK Y
cucTeMax KpunrorpagiuHoro zaxucty Ha ocHoBi H®KJI B mopiBHsHHI 3
obuncnenasiMu Ha CPU i MOXyTh 3aCTOCOBYBATHCS [JIS OLIHKHM CTIMKOCTI
KpunTorpagpiyHuX IPOTOKOJIIB IO aTaK METOJOM «IPYy0OI CHIIMY», 8 TAKOXK JJIs
pearizalii BHCOKOIPOMYKTHBHMX OOYKCIEHb y CEPBEPHHMX CHCTEMaX |1
cUCTeMax 3axHIIeHoro iHdopMaliitHoro ooOMiHy. Pesynbprati mocimimKeHHs
epextuBHOCTI GPU 06uncnens MOXyTh OyTH BHKOPUCTAHI il 4ac BUOOPY

arapatHoi I1aThopMu IS pealizaii KpunTorpadiyHux MPOTOKOIIB.

Crpykrypa amcepraniiiHoi po6oTH, OLiHKA 3MicTy aucepraumii Ta ii
3aBepUIeHICTh

Huceprariiina po6ota Mae YiTKy CTPYKTYpY, SIKa MICTUTB: BCTYI, YOTHUPH
OCHOBHI PO3JILIIA, BUCHOBKH, CIIUCOK BUKOPUCTAHUX JDKEPEIN 1 JOAATKH. 3araibHuN
obcsr mucepTarlii craHoBUTH 237 cropiHok. PobGorta mictute 62 pucynku, 11
tabmunp i 197 HaliMeHyBaHb Yy CIHMCKY BHUKOPHUCTAaHUX JITEpPaTypHUX JKepe.
JlocmipkeHHST  CyIPOBOJKYETHCS  TEOPETUYHUM  aHaJi3oM  MpoOJieMaTHKH,
MaTeMaTHYHUM MOJISTIOBAHHSIM i MTPAKTUYHOIO peali3alli€ro.

VY mepmoMy po3fiii OOIPyHTOBAaHO aKTyalbHICTh TEMH, BU3HAUEHO METY,
00’€eKT, TIpeaMeT 1 3aBAaHHs IOCTIIKEHHS, a TaKOX IOJAaHO aHAIITUYHUM OTJIsA
cydacHoro crany mnpoOiemu. OcoOnuBy yBary HOPUIUIEHO aHali3y ICHYIOUUX
METOJIIB KaJIpOBOI CHHXPOHI3alii 3 HEpO3AITbHUM (HaKTOPIaIbHUM KOJIyBaHHSIM
JAaHUX Ta Cy9aCHOMY CTaHy JOCIi/KEHb, IPUCBIUEHUX BUKOPUCTAHHIO MATPUIHUX
CTPYKTYP Y KpUNTOrpadiyHUX 3aCTOCY BaHHSIX.

JpyTwii po3/1ij mprcBsIYeHO: hopMaltizanii MaTeMaTUYHOI MOJIeTI IPOLeAy pH
CHHXpPOHI3aIlil 3a YMOB HEBH3HAUYCHOTO ITOYATKOBOI'O MOMEHTY HaJXOKEHHS
IIOCITITOBHOCTI 3 ypaxyBaHHSM KOB3HOTO BikHa ()IKCOBaHOI JTOBXWHH; pO3poOILIl
METOYy KaJpOBOI CHHXPOHI3AIlil 3 KOPeIsAIiiHOI0 0O0pOOKOI0 Ha OCHOBI KOB3HOI'O
BikHa Ta cepii CIpalfoBaHb IIICHCTEMHU CHHXpOHi3alii 3 HepO3AUIBHUM
(baxTopiaJTbHUM KOJyBaHHSIM JIaHHX; €KCIIEPUMEHTAIEHUM OLlIHKaM pO3pO0JICHOTO

METOJY.




3anpornoHOBaHUN aBTOPOM METOJ] IPYHTY€EThCS. HA BUKOPUCTaHHI 1CHYI0YOT0
METOAy KaapoBOl CHHXpOHi3allii 3 KOpeNsaUiiHOI 0O0poOKOoI, [10/aBaHHIM
KOB3HOTO BiKHa (IiKCOBAaHOrO pO3MIpy 1 BpaxyBaHHSIM cepii CIpaloBaHb
IiJICHCTEMOI0  CHHXpOHI3amii.  ABTOPOM  JUCEpTAlIHOIO  JOCIIIPKEHHS
3aIIPOIIOHOBAHO BiJCIiIKOBYBaTH MiHIMalIbHUN IOPIr KUIBKOCTI CIpalfOBaHb
CHHXpOHi3allii. Bu3HaueHHs MOpOry BCTAaHOBIEHHsSI CHHXpPOHI3alii O0a3yeTbCcs Ha
OLIHIII MaKCHMaJbHOI MOJXKJIUBOI JOBXHWHU cepii XWOHUX CHpalloBaHb, IO
BUHUKAIOTH IIiJ JIi€r0 3aBaj ITiJ 9Yac CHHXPOHI3amii. Y IIbOMY X PO3JiJi aBTOPOM
BU3HAYEHO Yy3arajbHeHy CTPYKTypy iHQOpMaIiiiHoro oOMiHy Ta OIIMCaHO
B3a€MOJIII0 MDK IlepefiaBayeM, KaHaJIOM 3B’S3Ky 1 IpuiiMadeM. HaseneHo
CTPYKTYpHY cxeMy GopMyBaHHS iH(popMamiliHoro ¢parmMeHra, SKHM MiCTUTh
CHHXpOHI3aliiHuii GOk Ta ONOK JaHUX. Y MiICYMKY BHMKOHAHO IIEPEBIPKY
eeKTUBHOCTI  pO3pOOJEHMX METOIIiB KaJpoBOi CHUHXPOHI3alil, IUIIXOM
NpOBEIeHHs IMITAlifHOrO0 MOJENIOBAaHHSA, IO 3acCBilUy€ iXHIO JOLIIBHICTL B
3aBaJOCTINKUX cucTteMax Ha ocHoBI HOK/I.

V TpeThOMy pO3Mijii aBTOPOM HUCEePTallifHOrO JOCHIIDKEHHS 3IHCHEHO
MaTeMaTUyHe OOIPYHTYBaHHS IOOYIOBH CKiHYEHHHX KOMYTAaTHBHHUX IIOJIB
KBaJpaTHUX MATPHUI[b APYTOro MOPSIAKY HaJl HojieM IpocTux duces. OOIpyHTOBaHO
IcTh CIMEHCTB MaTpullb 2 TOPSAAKY, L0 € KOMYTaTUBHMMH 3a OI€paLi€ro
MHO>KEHHs. 3aIpOIIOHOBAHO AJITOPUTM IEPETBOPEHHS MaTpUIb y IEPECTaHOBKH,
1110 J03BOJIsI€ BUKOPUCTOBYBATH iX JJIsI FeHepallii KIIodiB.

VYV d4eTBepTOMY PpO3MiTi aBTOPOM JHCEpTallli PO3MIAHYTO IHMTAHHS
NpaKTUYHUX AaCleKTiB  peatizamii cucreM iHpopmamifiHOro oOMiHy i3
3actocyBanHaM HOKJI. [TpoeMOHCTPOBAHO eTany Mo0yI0BU iMiTalliiHOI MOJe
0OMiHy IlepecTaHOBKaMHU uepe3 [IBIMKOBHN cuMeTpu4Hui KaHan. Hasemeno
apXiTekTypy Ta (QyHKIIOHAJIbHI KOMIOHEHTH MaKEeTHOIO 3paska CUCTEMH OOMIHY
IepecTaHOBKaMu, peaitizoBaHol Ha 6a3i umma nRF52840. Omucano anropurmu
KOJyBaHHS Ta JEKOIYBaHHsS TEKCTOBHUX IIOBiOMIIEHB, IOPIBHAHO €()EKTHBHICTH

obumcieHHs nepectaHoBok npu BukonanHi Ha CPU ta GPU, mpoananizoBaHO




9acoBl BUTpATU Ta PECYpPCHY IOLINBHICTP BHKOPUCTAHHsS OOYMCIIEHB OIeparil
MHOXXEHHS [I€PECTaHOBOK Ha rpadiuHuX MPUCKOPIOBaYaX.

Y  BHCHOBKax Yy3arajibHEHO OCHOBHI pe3yJbTaTH JUCEPTaIliiHOTO
JOCJIJDKEHHS, c()OPMYyIbOBAaHO TOJOXEHHS, 1[0 BUHOCSATHCS Ha 3aXHUCT, a TaKOXK
OKPECJICHO NIEPCIEKTUBHI HallPSIMU NOJANBIINX JOCITIKEHDb Y cepl BUKOPHUCTAHHS
CKIHUYEHHUX TIIOJIIB MATPUYHUX CTPYKTYp 1 BHKOPHUCTaHHS (DaKTOPiaaIbHOTO

KOAYBaHHS B 3aXUIIEHUX cUcTeMax iHhopMaliiHoro oOMiHy.

IToBHOTAa BHUKJ/IaJeHHS] OTPUMAHUX pPe3yJbTAaTIiB AUcepPTalii B HAYKOBHX
nyoJriKkamisax.

OTpumaHi B [ucepTaliiHii poOOTI HAYKOBI pe3yJbTaTh BUCBITICHO y HUBII .
daxoBux IMyOJNiKaIliff, IO CBIAYMATH MPO IXHIO 3aBEpPIIEHICTh, BiIAMOBIIHICTH
BUMOTaM aKaJIeMiqHOI JOOpPOYeCHOCTI Ta HayKoBoi ampoOariii. ¥ cmiBaBTOPCTBI 3
IHIMME TOCITiTHAKaMH omy0JikoBaHo 11 HayKoBHX Ipallb, cepell SIKUX 8 cTaTeH,
BKIIIOYHO 3 IyOJiKalisMH y BHIAHHSX, IO IHAEKCYIOTBCS y MIDKHaApPOJIHUX
HayKOMeTpHUHUX Oazax (Scopus), a TakoX y ()axoBHUX HAyKOBHX >KypHajaxX
Vkpainu, siki BXOIATh 10 nepeniky MOH.

OxpeMi pe3ynpTaTd OUCEPTAIifHOTO MAOCIHIIPKEHHsS OIPWIIOJHEHO Ha
Mi)KHApOIHUX HAyKOBO-TEXHIYHUX KOH(QEpeHIsSX, II0 Aal0 3MOry 3I1MCHUTH
anpoOaIlito 3apornoHOBAaHUX METOJIB Ta OTPUMATH (PaxoBy OLIHKY B1Jl HayKOBOI
CHUILHOTH. Y myOJIiKallisX MOCTiIOBHO BUCBITIEHO KIIFOUOBI €Taly JOCIIKEHH:
IIOCTAaHOBKY Ipo0ieMH, (GOpPMYJIOBaHHS MaTeMaTUYHUX MoJesel, po3poOKy
AJITOPUTMIB Ta iMiTalliiiHe MO/IETIOBaHHS, III0 CBITYUTH IIPO JIOTIUHY 3aBEPIIEHICTh
BHKOHAHOI POOOTH.

PesynpraTd qucepTalii BHKJIAIEeHO y MOBHOMY O0OCS3i, HaJIEXHUM YHUHOM
anpoOOBaHO Ta IIPE3eHTOBAHO B PEIICH30BaHUX HayKOBHX JXKEpeNax, 0 BIAIOBIAac
BAMOTaM JI0 JUCEPTalifHUX pOOIT Ha 3400YTTS HAyKOBOIO CTYIEHS HOKTOpa

dbimocodii.




BignoBigHicTh NPUHIKIIAM aKaAeMi4HOT A00pOYEeCHOCTI.
[lopymieHs IIPUHIIUITIB aKkaZleMiyHoi  0OpOYeCHOCTI aBTOPOM

JUCEPTAIITHOTO JOCIIKEHHS HE BUSIBIICHO.

3ayBaskeHHsI Ta HeJOJIKH AUcepTALil.
3ayBaxkeHHs 10 gucepTarniinoi po6otu Ckyipkoro A.B. HacTymHi:

— Po3pobieni aBTopom Mozeni € odiaiH-iMiTaniinuMu, T06T0 I06Y0BAHUMU
B cepenoBuili MATLAB/Simulink Ta nmpu3HaYeHHWMH AJIs IIONEPETHHOTO
aHami3y e(EKTUBHOCTI METOXIB CHHXpOHi3awuil 0e3 iHTerpaiii B peanpHy
amapatHy cucreMy. IIutaHHa poOOTH anropuT™My B pealbHOMY Yaci
JUIIAETHCS BIAKPUTHM.

— He B ycix miagpo3ainax HaBeAeHO 3arajibHi BUCHOBKH I[O0 OOLLIHHOCTI UM
0OMeXXeHb 3alPOTIOHOBAHUX Pilll€Hb. |

— ¥V posnxini 3.5 BUCIIOBIEHO JIMIIE TIIOTETUYHY 1160 BUKOPUCTAHHS MATPUILh
s (GopMyBaHHSA KIIOYOBHX II€PECTaHOBOK, alie Opakye (opmamizaiii
OOMeXXeHb IIPOCTOPY B 3aJEKHOCTI Bifl pO3MIPHOCTI MATpHIh Ta JOBXKHUHU
MePeCTaHOBOK.

— IIpononyeThcs NHILE OLiHKa Yacy IepeOopy KIIOYa IMiJ{ 4ac IPOBEIEHHS
obuncnens Ha GPU, onHak BiACYTHIM aHai3 TOro, HACKiIbKH PiBHOMIpPHO
PO3MOIiIeH] KII0Yi IIepecTaHOBOK.

— Bubip nnatpopmu Raspberry Pi 4 Model B st o6y noBu MakeTHHX 3pa3KiB
He OyB JOCTaTHbO OOIPYHTOBaHWH, OCKUIBKM HAsSBHICTH Y CKJIai CHCTEMH
MoJIyJs 3 MikpokoHTposepoM nRF52840 BimkprBae MOXIMBOCTI peaizanii
aJITOPUTMIB OOpOOKHM JaHMX Oe3lmocepelHbO Ha HBOMY, IO MOIIO O
3a0e3MeYnTH OLIBLI paIlioHATBHUN PO3IOIiT OOYUCITIOBAIEHUX PECYPCIB.

— Benuka kinpkicTe rpadidHuX 300pakeHb, IO CTOCYIOTHCS iMiTalliiHHX
Mojenei Moria 6u OyTH BUHECEHA B JJOJATKH.

— VY TeKCTi OCHOBHUX PO3/IiJIiB BIICYTHI YiTKi IIOCHIIaHHS Ha JOJATKU a00 BOHU

TPAIIIFOTECS eMi30Au4HO. e ycKiagHioe po3yMiHHS, SIKi caMe pe3ylbTaTh




4M peallizallii JeTali3yIoThes B JoAaTKaxX. PeKoMeHIy€eThCs O1IbII CHCTEMHO

iHTerpyBaTH HOJATKH B OCHOBHY CTPYKTYPY pPOOOTH.

3a3Ha4yeHi 3ayBaKCHHS HE 3MEHIIYIOTh HAYKOBY 3HAUYIMICTh OTPHMAHHUX

pe3ybTaTIB.

BucHOBKH 010 BiANOBiIHOCTI AUcepTanii BUMOraMm, siki BUCYBAaIOThCS
10 AucepTaNii Ha 3000yTTH cTyneHs JoKkTopa disocodii.

Huceptaniiina po6ora Ckyipkoro Aprema bopucoBuda Ha Temy «Metox i
MOJIeJII CHUCTEeMH 3aXMILIEHOro iHpopMaIifHoro oOMiHy 3 HEPO3AIILHUM
¢dakTopiaJbHUM KOAYyBaHHSM JaHHX» BIANOBIJa€ B TOBHIM Mipi BHMOram 10
IMCEPTAlIfHOIO JOCHIMDKEHHST Ha 3700yTTS CTyleHs JokTtopa dinocodii,
HaBesleHUM y IlocranoBi Kabinery MinictpiB Ykpainu Ned44 Bix 12.01.2022 «IIpo
3aTBEPKEHHS NOPSANIKY NPUCYDKEHHS CTyMHeHs JoKTopa ¢inocodii Ta ckacyBaHHS
pillIeHHs pa30BoOi cIielialli3oBaHOl paJy 3aKJIay BHINOI OCBITH, HAYKOBOI YCTAHOBH
PO IPUCYJKEHHSI CTYIIeHs TOKTOopa ¢inocodii». ABTOp AucepTallii 3acIyroBy€e Ha
MPUCYDKEHHS CTyIleHsl JokTopa (dinocodii 3a crenianpHicTio 123 « KoM rtoTepHa

imKkeHepis» ramysi 3HaHb 12 «IHdopMmaliiliHi TEXHOIOTI.

Penienzenr:
KaHIUJAT TEXHIYHUX HayK, TOIEHT, ;
JeKaH (pakynbTeTy 1HQopMaliifHIX
TEXHOJIOT1H 1 CHCTEM,
JoLeHT Kadeapu iHpopmaliiifHoi Oe3nexku
Ta KOMIT I0OTepHOI 1HKeHepil
=

YepkachbKOro JIep>KaBHOTO

TEXHOJIOTIYHOTO YHIBEPCUTETY Amnaronitt YEITMHOT' A

YyeHuil cekperap
YepkacbKOro AepKaBHOTO

TEXHOJIOTIYHOTO YHIBEPCUTETY Ipura MMPOHEILD




