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«MeToz i MoeIi CHCTEMH 3aXMIIeHOro iHpopMaLifHOro 0OMiHy 3 HEPO3AUIBHUM
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1. AKTYyaJIbHICTh TeMH AHCepPTaLiiHOI po0OTH

3abe3neyeHHs HaaiHOTO NepenaBaHHs iH(GopMallii B yMOBax 3allyMJIEHOIO
KaHaJIy 3B 3Ky 3aJIMIIAETHCS OJHIEI0 3 KIIIOYOBUX 3a[a4 Cy4acHOi iHpopMamiiHoi
imkenepii. 1{s mpoGiema € 0COOIMBO TOCTPOIO AN CHCTEM 3 OOMEXKEHHUMH
pecypcaMu Ta BiJICyTHICTIO 3BOPOTHOrO KaHally, TaKUX sK, Oe3MIoTHI 3acobu
3B’513Ky, CEHCOpPHi MepeXi Ta KOMIIOHEHTH BIMCHKOBMX KOMyHikauii. Brpara
CHHXpOHI3alii ab0 mMoMMJIKa MiJ Yac JeKOoAyBaHHs iH(OpMalil B TAKMX CHCTEMax
MOYKe MaTH HE3BOPOTHI HACIIiIKH.

V xnacMyHMX Migxomax J0 oprasizaiii iHdopMarliitHoro oOMiHy ¢yHKIIT
CHHXPOHI3allil, 3aXUCTy Ta KOAyBaHHS peali3yloThCs OKPEMO, L0 NPU3BOAUTE JIO
30iIBIIEHHST  3arajgpHOl  CKJIAOHOCTI  cUCTeMH, TIoTpebye  JOJAaTKOBUX
OOYMCITIOBAJIFHUX pPECypciB Ta 3HMXKYE 11 aJanTUBHICTE [0 3aBal. Tlaka
apxXiTeKTypHa pO3IUIBHICTE € OOMEXEHHSIM Y BHIAJKaX, KOJIM HeoOXigHe
OJIHOYACHE JOCSTHEHHsS CHHXpOHi3allil, 3aBaJOCTIMKOCTI Ta KpHUNTOrpadidyHOro
3aXKCTy B peaJbHOMY 4aci.

Y poGoTi aBTOp JmucepTalii BHUKOPUCTOBYE METOAU HEPO3IALIBHOIO
dakropiansHoro  koxysanHa (HOKJI), mo mnependavyae BMKOPUCTaHHS
IIEpECTaHOBOK sIK 3aci® mpejcTaBieHHs iHpopmauii i BiIKpUBaE MOXJIIUBOCTI AJIS
iHTerpauii 3a3HayeHnX QyHKLIM cuHXpoHi3aLii Ta 3axucty. Bukopucranas HOK/I
s 3a0e3reYeHHsT HaAIMHOTO Ta JOCTOBIPHOrO OOMiHY BXe INMpPOAEMOHCTPYBaB
3HAYHUH MMOTEHIIa] y poboTax iHIIUX AoCHigHUKIB. OHAaK 3alIPOIIOHOBAaHI METOAN
KaapoBol cuHxpoHizanii Ha ocHoBI HOK/] € naneko He ineanbHUMHU Ta NOTPeOyIOTh
MOAAJIBILIOTO PO3BUTKY Ta BJIOCKOHAJIEHHS.

Y po6orti Ckyupkuii A.B. Bupilllye BaXJIHUBY HayKOBO-TEXHIUHY 3aJady IO
nojsrae y 3abe3medeHHi 3axWILeHOro iHpopMauidHOro oOMiHy B CUCTEMax 3
HEepO3AUIBHUM (aKTOpiaJIbHUM KOAYyBaHHSM 3allyMJIEHHM KaHaJIOM 3B’S3Ky.
OcobnuBy yBary 30CepelXkeHO Ha CHUTyalisX, KOJIM I10YaTKOBUM MOMEHT
nepefaBaHHs iHGOpMaLiAHOI IOCHIITOBHOCTI HEBIJOMMMA, IO YHEMOXIIUBIIOE
3aCTOCYBaHHs BIIOMHX 3aco0iB MiATBEepIXXKEHHS NpuiioMy Ta iHimiamizamil




cunxpoHizanii. Came 15 3aj1a4a BU3HAYa€ aKTyalbHICTh PO3POOKH HOBHX METOJIB
KaJpoBOi CHHXpOHi3alii, siki Oyau 6 CTIMKMMHU JO LIyMiB Ta He HOTpeOyBaiM
3BOPOTHOT'O KaHAITy 3B’ SI3KY.

[ToeqHaHHS CKiHYEHHHX TIIOJIB KBaJpaTHUX MATpHLb i3 HEPO3AiIbHUM
(akTOpiaIbBHUM KOYBaHHSIM BiJIKpHBAa€ NEPCIEKTUBHI MOXXJIMBOCTI I/ 100y 10BH
yHipikoBaHMX KpunrorpadidHUxX 1 CHHXpOHi3alifHMX pimeHs. BoxaHouac,
3a3HaYEHMI HAIPSIM J0Ci 3THIIAETHCS HEJOCTATHRO JOCIIIPKEHUM SIK Y KOHTEKCTI
dopmaiizanii BiAMOBIAHUX MaTeMaTHYHUX KOHCTPYKIIH, Tak 1 3 TOYKH 30py iX
IPaKTUYHOT'O BIIPOBAKEHHS B peajbHi cucTeMU iH(popMaLiiiHOro ooMiHy.

VY po6oTi aBTOpOM AMCEpTAlifHOrO NOCIIIKEHHS BH3HAYEHO MMOYATKOBHM
HampsMOK (OPMyBaHHS MaTEeMaTHYHOTO MiAIPYHTS Ul MOOYHOBM CKIHYEHHMX
TI0JIiB MATPHILIb APYTOro MOPSAKY Y MO IpocTuX ducen i noegnanss 3 HOK/L.

3 omisdy Ha BHKIAIeHe, JUcepTaliiiHe JOCIiIHKEeHHs, IPUCBIUYeHe Po3poO1Ii
METOJy Ta MOJeJell CHCTeMHU 3axHIleHoro iHdopmaiiinoro obminy 3 HOK]I, €
aKTyaJIbHUM, HaAyKOBO OOIPYHTOBaHHM i L[iJIKOM BiAIIOBIJA€ Cy4aCHUM BHUKIIMKaM B
rajry3i KOMIT I0TepHOI iHkeHepii Ta iHpopMalliifHOl Oe3NeKH.

2. HaykoBa HOBH3Ha pe3y/bTaTiB
HaykoBi pe3ynbTaTd, OTpUMaHi B pe3yJibTaTi BUKOHAHHS IUCEPTaLiifHOrO
JOCITiKEHHS:

—  Habye nooanvuio2o0 po3eumky METOI  KaIpoBOl CHHXPOHi3amil
HEpO3AUIbHUX  (aKTOpialbHMUX  KOZIB, IO BUKOPUCTOBYE  SK
CUHXPOKOMOIHALIIF0 TEepecTaHOBKY 4YHCeN, fKa Ma€ MaKCHUMallbHe
3HAYEeHHs MiHIMaJIbHOI BigcraHi Xemwminra Big 1i  JBIHKOBOro
IpeICTaBIeHHS OO0 BCiX il MUKIIYHUX 3CYBiB, a TaKOXX KOpEJLiiHYy Ta
Ma)XOpHUTapHY 00pOOKY MpUMHATHX (GparMeHTiB, Ie JOBXHHA GparMeHTa
JIOPiBHIOE NOBXHHI CHHXPOKOMOIHAaIlIT, SKU# 3a paXyHOK BUKOPHCTAHHS
KOB3HOT'0 BikHa ()iKCOBaHOr'0 po3Mipy Ta BpaxyBaHHs cepii crpaltoBaHb
MIICUCTEMU  CHHXpOHI3alii  [J03BOJISE  BCTAHOBUTH  KaJpOBY
CHHXPOHI3aIlil0 NpUIMalIbHOI Ta TMepedaBajbHOl CTaHIId CHCTEMH
iHbopMaliifHOro oOMiHy 3a BHCOKOI MMOBIpHOCTI OGiTOBOI MOMHJIKH Ta
HEBIJIOMOTO MOMEHTY IIOYaTKy TNpUHAMaHHA CHHXPOKOMOiHAIii
nepenaBaya, 3a0e3nedyloyd HeoOXiJHI TOKa3HHUKU MMOBIPHOCTI
IIPaBWJIBHOI Ta XMOHOI CHHXPOHIi3allii,

—  Habyna nodanvuio2o po3eumKy ~MaTeMaTH4Ha MOJeNb IIpoIecy
BUSIBIICHHS CHUHXpOKOMOiHauii cucteM mnepenaBaHHs iHdopMarii 3
HEepO3ALIEHUM (haKTOpialbHUM KOIyBaHHSIM JaHUX, 110 BAKOPHCTOBYIOTh
KOpeJsLifHYy Ta MaXXOpUTapHy 0OpOOKy MPUAHATUX GparMeHTiB, sSKa 3a
paxyHOK JOCIiPKEHHS MeXaHi3MiB MIepETBOPEHHS CUHXPOKOMOiHaIii B 1T



3.

3CYB B yMOBaxX 3aCTOCYBaHHs IpHiiMayeM KOB3HOTO BikHa (DiKCOBAHOIO
PO3Mipy 103BOJISIE OL[IHUTH HMOBIPHOCTI NPaBHJIBHOI Ta XUOHOI KaZpoBOi
CHUHXPOHI3allii;

enepwie po3pobreHo MaTeMaTHYHYy MOJeNb CKIHYEHHOrO  IIOJis
KBaJ[paTHUX MATPHUIIb MOPSIKY 2 HaJl CKiIHYEHHUM I10JIEM IIPOCTUX YUCE]
Z , , Axa 3a paxyHOK 301/IbIIEHHS IIOPSIKY MOJIS KBaJPaTHUX MaTPHIb 110

3HaueHHs p°, NpoTe 30epeXeHHs NOpsAaKy p mnons Z,, B SKOMY

P b
BUKOHYIOTh OIlepallii MepeTBOPeHHs, NO3BOJISE MiABUIIUTU CTIMKICTh
KpUNTOrpadivHUX CHCTEM, SIKi 0a3ylOThCS Ha OIepalisiX y CKIH4EHOMY

1oJIl.

IlpakTHYHe 3HAYEHHs pe3yJbTaTiB, OTPUMAHUX Yy pe3yJbTaTi

BHUKOHAHHS JUCEPTAI[iHHOTO JOCIII>KEHHS:

pO3pobieno arOPUTM KaJpOBOi CHHXPOHi3allil Ha OCHOBI KOB3HOT'O BiKHA
Ta cepil CIpamfoBaHb [MiJCHCTEMHM CHHXDOHi3alii, IO MoXe
BUKOPHCTOBYBATHCS Ui Oprasizauii 3aXHWIIEHOro iHgopMaliiHoro
OoOMiHYy y CHMIUIEKCHMX KaHajlaX i3 BHCOKOK IMOBipHICTIO GiTOBUX
TIOMUJIOK 03 MOTepeHBOr0 Y3rOAXKEHHS MOMEHTY NIpUiIMaHHs KaJpOoBOl
cuHxpokomOiHanii. Po3pobnenuii anroputm 3abe3meduB yCHillIHE
BCTaHOBJICHHSI KaJpOBOi CUHXpOHi3allii B kokHOMY 3 1000 BunpoGyBaHb
iMiTamiifHOT Mozeni 3a JOBXHHH IepecTaHOBKH-CHHXPOKOMOiHaIli]
M =8. Koxne BumpoOyBaHHS Iepenbdadano BCTAaHOBJIEHHS KaIpOBOl
CHUHXpOHi3arlii [uist #iMoBipHOCTeH 6iToBOI MoMuIIKY B Kanaui Bix p, =0.1

no p,=0.4 Ta mpouenypu HaniiiHOro mepenaBaHHs GJIOKY KOPUCHHX

JaHUX TPU BIACYTHOCTI TMONEPEIHBOr0 Y3TOKEHHS II0YaTKOBOTO
MOMEHTY iH(hopMaIiiiHoro ooMiHy;

po3pobaeno imMiTalliliHy MOJENb CUCTEMU OOMiHY IEpECTaHOBKAMH, IO
JO3BOJISIE JIOCIHIJKYBaTH BIUIUB pi3HUX 3Ha4€Hb IMOBIPHOCTI 6iTOBOI

IOMUJIKM B KaHall 3B’S3Ky P, 1 CTPYKTypd CHUHXpOKOMOiHalii Ha

IMOBIpHICHI ~ TOKa3HHUKHA  CHHXpoHi3amii. OtpumMaHi pe3yJbTaTH
nposeneHHss 10000 BunpoOyBaHb JO3BOJWIM E€KCIIEPHUMEHTATHHO
BU3HAUUTU MaKCUMalbHy JOBXHUHY cepii XHOHUX cCIpaltoBaHb

MiJCUCTEMU CHHXpOHi3amii [ s

=4 i JOBXHUHHU KOB3HOIO
BikHa 75 ¢parmentiB i p, =0.4. Orpumane 3Ha4eHHS MaKCHMAIbLHOI

JNOBXUHHM cepii XHOHUX CHpalfoBaHb IMiJCHCTEMH CHHXPOHi3alii
NO3BOJIMJIO 3aJaTH MiHIMaJIBHUW TMOPIT cepii CIpalfoBaHb IIiJCHCTEMU



CHHXpOHi3amii, THM caMuM 3abe3redyloud HeoOXiJHI ITOKa3HUKH
MMOBIpHOCTI BCTaHOBJIEHHS IPABUIBHOI KaJpOBOi CUHXPOHi3aLlil;
po3pobiieHo aJTOPUTM IEPEeTBOPEHHS MATPHULb y IIEPECTAHOBKH, IO
MOXXe OyTH BUKOPUCTAHHUH JJIsl NMEPETBOPEHHS KBaJpPaTHUX MaTpPHUIb Y
IIEPECTAHOBKHM MPU TeHepalii KIIOUYiB-IepeCTaHOBOK Ta IHTErpyBaTH
MaTpu4Hi 009KCIIeHHs 1 Hepo3ainpHe dakTopianbHe kogyBaHHs (HOK/L);
cmeopeno MaKeTHHWH 3pa3oK CHCTeMH iHpopMaliifiHoro o6MiHy,
noOynoBauuii Ha 6a3i MikpokoHTposiepa nRF52840 i3 BuKkOpHCTaHHSIM
ISM-paniokanairy. MakeT Moxe OyTH 3aCTOCOBaHHUM K IPOTOTHMII JJIs
nooynoBu Gesneunux loT-pimens abo HaBuanbHU# cTeHA. Po3pobieHi
QITOPUTMH OOpOOKHM Ta TEPEeTBOPEHHS TEKCTOBUX IOBIIOMIIEHB Y
IIEpECTaHOBKM JIO3BOJISIIOTH CTHUCKAaTH TEKCTOBI IIOBIIOMJIEHHS, LIO
HiIAraroTh NEpPeIaBaHHIO B BUIIIAAI IepecTaHOBOK. KinbkicTh 6iTiB, 110
HeoOXiZHa Ui IepeqaBaHHS JBOX TEKCTOBHUX CHUMBOJIIB JATHHCBKOIO
andasiTy (3aKol0BaHi B IEPECTAHOBKY), CTAaHOBUTH 3 OalTH 3aMicCTh
M =8 o6aiitiB, HeoOXiguux y 3uuaiiHomy mnonaHHi ASCII. Beenena
HaJTUIIKOBICTh y TEKCTOBOMY TIOBiIOMJICHHI 3abe3neuye
KpUnTorpaiuHuii 3aXHUCT , A€ MOXJIUBICTh MEPEeBIPATH LNICHICTH
iHbpopManii HUIIXOM 3acTocyBaHHS JAoxaTtkoBux MertoniB HOK]/I.
CTBopeHi mpuiiMalbHO-TIepenaBaibHi MpHCTpoi MoOynoBaHi Ha 06asi
cucteMu Ha kpuctaii (System on Chip, SoC) nRF52840 Bin BupoOHUKa
Nordic Semiconductor i He 3anexaTh BiJl apXiTeKTypu oOIepauiiHol
CUCTEMH KOMIT FOTEPHOI CUCTEMH, Jie HEOOX1THO peai3yBaTH 3axXUIeHUH
0oOMiH, MOXXyTh OyTH BukopucTadi [oT pimeHHsX;

po3pobneHo TPOTPaMHUN KO JJs Olepamliil HaJ IMepecTaHOBKaMHU 3
BukopuctanusiM GPU (CUDA). Po3po6ieHi airoputMu MHOXEHHS
NepPEeCTaHOBOK JO3BOJIMIIU OLIIHUTH JONiIbHICTh BuKopucTanHs GPU mns
TIPUCKOPEHHs KPUNTOrpadiuHMX "Omepamiii HaXx NepecTaHOBKAMH Y
cuctemax Kpunrorpacgiysoro 3axucty Ha ocHoBi HOK]I B mopiBHsHHI 3
o6uncneHHssMu Ha CPU i MOXyTb 3aCTOCOBYBATHUCS IJIs OL[IHKH CTiHKOCTI
KpHunrorpagidHuxX MPOTOKOJIB A0 aTak METOIOM Iepebopy, a TaKoX I
peanizalii BUCOKONPOIYKTUBHUX OOYHUCIIEHb y CEPBEPHHUX CHCTEMAX i
cucTeMax 3axulleHoro iHdopmaniiHoro oOMmiHy. Pesyneratu
nocnigxeHHs epextuBHOCTI GPU o64ncienb, MOXyTh Oy TH BUKOPHCTaHI
nig yac BUOopy amapatHoi matdopMu IJis peattizallii Kpunrorpadiyaux
IPOTOKOJIIB.



4. CTpykTypa auceprauiiiHoi po6oTH, oniHKa 3mMicTy AucepTauii Ta il
3aBeplIeHICTh

Jucepramiitia po6ota Ckympkoro A.b. Ma€e JOriyHO BUTPUMAaHy CTPYKTYpY,
IO BiANOBiZae 3MicTy Ta IMOCTIJOBHOCTI HAayKOBOIo JAociifkeHHsA. Pobota
CKJIQNIA€ThCs 31 BCTYMy, YOTUPHOX OCHOBHHMX pO3IiJiB, BHUCHOBKIB, CIIHCKY
BUKOPUCTAHMX JDKEpea Ta JOJATKiB. 3aranbHUi oOcsAr cTaHOBHTH 237 CTOPIHOK,
BKJIFOUa€ 62 pucyHkH, 11 Tabnuue i 197 HaliMeHyBaHb y CIIUCKY JIITEpaTypH.

CtpykTypa poGOTH JIOTi4HO BimoOpajkae MOCHiTOBHICTH HOCIHiMXKEHHS: Bil
IIOCTAHOBKM IIpOOJeMH Ta aHallidy CTaHy HayKoBOI pO3pOOKM TEeMH IO
OOIPYHTYBaHHS TEOPETHYHHX IOJIOXKEHb, PO3POOKM MaTeMaTHYHHMX MOJEIEH,
QJITOPUTMIB Ta MPAKTUYHOTO BIIPOBADKEHHS pe3yIbTaTiB.

V BeTyIni I0JjaHO OOTPYHTYBaHHS aKTyallbHOCTI TeMH, C(hOPMYJIBOBAHO METY,
00’€KT, TpeaMeT i 3aBIaHHS JOCHIDKEHHS, a TaKOX BH3HAYEHO IIOJIOXKEHHS, IO
BHUHOCSTHCS Ha 3aXUCT.

IMeprumii po3/aist MiCTHTB OTJISLI CY4acHOTO CTaHy MpeaMeTHOI 001acTi, aHai3
nepeBar i OOMeXeHb HasBHHX METOMIB CHHXPOHi3alil, 30KpeMa B KOHTEKCTI
CUMIUIEKCHUX KaHAJIB 3B’S3Ky 3 BHCOKHUM piBHeM IIyMy. OKpeMO pO3IJISHYTO
CHUTYAI[iF0 HEBU3HAYEHOCTI MOYATKy INepeaaBaHHSI CHHXPOKOMOIHALiM, ska MOXe
CIPUYMHUTH HEKOPEeKTHEe CIIpallOBaHHSI NpUHAMaIbHOI YaCTHHU CHUCTEMH.
I[TigkpeciieHO HEIOJIKM ICHYIOUMX METOHiB KaapoBoi cuHxpoHizauii 3 HOK/I y
TaKUX YMOBax Ta chopMyJIbOBaHO MOTPeOy B HOBOMY ITiIXOIi.

VY npyromy po3aijii OnmucaHo MaTeMaTHUHy MOJEIb IIPOoLecCy CUHXPOHI3allil 3
BHKOPHCTAHHSIM KOB3HOTO BiKHa, 3/11MCHEHO ii iMOBIpHICHY OLIiHKY B yMoBax [ii
3aBajl. Po3po06iieH0 MeToJ KaIpoBOi CHHXPOHI3allil A CHMIUIEKCHUX KaHalliB
3B’3Ky 3 BHKOPHUCTAHHSM KOB3HOI'O BiKHa i cepii CIpalfoBaHb CHUHXPOHI3YI0YOi
migcuctemMu. EQeKTHUBHICTE METOAY MiATBEpIDKEHO pe3yjIbTaTaMM IMITaI[ifHOTO
MOJIETFOBaHHS.

Tpertiii po3diNl MICTHTh TEOpPETUYHE OOTPYHTYBaHHS MOOYIOBH CKiHYEHHHUX
MOJIiB KBaJpaTHUX MAaTPHIh APYTOro MOPSAKY Hal MPOCTHM mojeM. JocmimkeHo
anreOpalvHi BIaCTHBOCTI MHOXXWHH TaKUX MaTPHUIlb, JOBEACHO il KOMYTaTUBHICTb.
CrtBopeHo mporpamMHi iMiTaliiiHi Mojesi MpeAcTaBiIeHHs KBaJApaTHUX MATpHUIb Y
BUIJISI MMEPECTAaHOBOK Ta HABEJCHO OMUC aJTOPUTMY IEPETBOPEHHS MaTpULb Y
IIepECTaHOBKH.

YeTBepTuit  poO3Min  MICTUTh  NPUKIANHY  YaCTHUHY  JOCIIJKEHHS.
[lpencraBineHo peaji3allilo MPOTOTUIY CHUCTEMH iHGopMaliifHOro oOMiHy
TEeKCTOBUMHM IOBIJOMJIEHHSIMU Ha OCHOBI MikpokoHTposnepa nRF52840 B ISM-
niamasoHi. PeamizoBaHo anroputMu 00poOku moBimomyieHb |y  ¢opMari
IepecTaHOBOK. [IpoBeneHO  eKCIepUMEHTalIbHI  JOCHIMKEHHS IOpPiBHIHHSA
NPONYKTUBHOCTI BHKOHAHHS OIllepaimii MHOXEHHS HaJ TIepecTaHOBKaMHU Ha



LEeHTpaIbHOMY Ta rpadiuyHoMy nporecopax 3a jomomoror CUDA, o
MiATBEPAMIO €(DEKTUBHICTD 3aCTOCYBaHHS NapalieIbHOi 0OPOOKH NEPECTaHOBOK Ha
rpa¢ivHOMY mporecopi 3 3a3HaU€HUMH B pOOOTI 0COOIUBOCTAMH.

3MicT aucepTanii € LiTICHUM, 3aBepIIeHHM i BimoOpaxkae CaMOCTiHHICTBH
aBTOpa B TPOBEJCHHI AOCTiKeHHs. PoO0Ta BUKOHaHa Ha BUCOKOMY TEOPETHYHOMY
Ta NPUKJIaJHOMY PiBHi, IIOBHICTIO BiANIOBiIa€ BUMOraM 0 JycepTaliii Ha 3000y TTs
CTyneHs Joktopa ¢inocodii.

5. IloBHOTa BHKJAJEHHSI OTPHMMAHUX pe3yJbTaTiB JAuHcepTauii B
HayKOBHX myO0JiiKkanisix

Pesynbratu aucepraniiinoro pociimkerHs Ckyuskoro Aprema bopucosuua
BHCBITJIEHO Y HAYKOBHX ITyOJIiKaI[isIX Y TOBHOMY 0OCS3i, IO 103BOJISIE PO3IIIANaTH
po0oTy sIK 3aBeplIeHe i anpoboBaHe HayKOBe JOCIIUKEHHS. 3arajaoM ommy01iKoBaHo
11 mpatp, sIKi OXOILTFOIOTh YCi KITFOYOBI aCIIEKTH JycepTallil BiJ] TEOPETUYHHUX OCHOB
i MaTeMaTHYHKMX MOJIENEl 10 MPUKIIaIHOI pealti3allii 3aporOHOBaHNX METOIIB.

Cepen ONpHITIOHEHUX Pe3yJbTaTiB: 4 CTaTTi y BUIAHHAX, IHAEKCOBAaHHUX Y
Mi>KHApOIHUX HayKOMeTpUIHUX 6a3ax (Scopus), 4 my6iikarii y paxoBUX HaAyKOBUX
BUIaHHAX YKpaiHy, 3 myOJikalii Te3 JonoBiae, mpeacTaBieHX Ha KOH(epeHLisAX
BCEYKpalHCBKOIO Ta MDKHapOOHOTO piBHA. Y myOJiKalisx IIOCHiJOBHO
BiIOOpa)X€HO JIOTiKy BHKOHAHHS JOCHIJDKEHHsS: IIOCTaHOBKY IIpobiieMu,
dopmaizaliiro Mojnenei, po3poOKy aJrOpUTMiB, pe3yJIbTaTd MOIENIOBAHHS Ta
eKCIIePUMEHTAIBHOI IEPEBIPKU.

Takuii piBeHb myOJIiYHOCTI 1 HAYKOBOI ampoballii CBiAYUTH PO BIAKPUTICTH
JOCJIiI)KEHHS, BiAMOBIIHICTh aKaJeMiYHAM BHMOTaM i TOTOBHICTh Pe3yJIbTATiB M0
NPaKTUIHOTO BIIPOBAIKEHHS.

6. BigcyTHicTh mopyumeHnb NpHHUMIIB aKaJeMiYHOi 100poYecHOCTi

3a pe3yJbTaTaMu MepeBipKH AWcCepTaliiHOl poOOTH Ha HAsABHICTH ILIAriaTy
MOpyLIeHb aKaJeMidyHoi 10OpouecHOCTI He BUsBIEHO. PoO0Ta € OpUTiHATBHOIO 32
3MIiCTOM i 0(OPMIICHHSIM.

Ts 3ayBakeHHs1 Ta HeJOJIIKH aucepTauii, moao ii odopmieHHs i
3MicTy
1. V¥V posmini 2 aBTOpOM PpO3MISIHYTO MiAXiJ MO 3MEHIIEHHS KiJTbKOCTi
XMOHUX CIpallOBaHb UIIXOM HaKOMWYeHHsI CHHXPOKOMOiHaIli i y okpeMi
Omoku. 3rigHo 3 naHuMHu Tabnuui 2.1, s JOCSATHEHHS iMOBIPHOCTI
IPaBUIBHOI CHUHXpOHi3alii Ha piBHI 2.9e-6 MOCTaTHBO BUKOPHUCTAHHS
YOTUPBOX TakuX OJ0KiB. Pa3zoMm i3 1um, y pe3ynprarax Ha pUCYHKY 2.15
TaKOX 3a()iKCOBaHO YOTUPH XUOHI CIpalfoBaHHsA. ABTOP HE MOSCHIOE, YU



€ I BIANOBIAHICTE YHCEN BHIIAQAKOBOK, 4YH BOHAa 3YMOBJIEHA
BJIACTUBOCTSMH 3aCTOCOBAHOTO MeToxy. [[OLinbHO HajgaTh yTOYHEHHS
00 HAsABHOCTI ab0 BiZICyTHOCTI MPUYMHHO-HACIIAKOBOTO 3B’ 3Ky MIX
KIJIBKICTIO GJIOKIB Ta KiJIBKICTIO XMOHMX CITpaItOBaHb.

YV migpo3mini 2.4 mpeacraBieHo rpadiky 3aeXHOCTI KIMOBIPHOCTI XMOHOT
CHHXpPOHI3alii Bif KiIBKOCTI OIiT cHHXpOKOMOiHalii B KOB3HOMY BiKHI.
BomHouac, rpadiky AEMOHCTPYIOTH JIMIIE MOMEHTH IPaBUIIBHOI Ta
XuOHOI  CHHXpOHi3alii, ©0e3 BigoOpakeHHs  BHIIAJKIB, KOJIH
CHMHXPOKOMOiHaIlisi B3araji He po3Mi3HaeTbca. BiAcyTHICTH IBOTO
NIOKa3HWKa OOMeEXXye IOBHOTY iHTepmpeTallil pe3yibTariB. JloLinbHUM
O6yno 6 gomaTH  KiIbKiCHY OLIHKY HMOBIpDHOCTI  BifCYTHOCTI
pO3Mi3HaBaHHs, [0 [JO3BOJWIO © Oinbml 00'€KTUBHO OLIHWUTH
e(eKTUBHICTh PO3POOIEHOr0 MiAXOLY.

V migposmini 4.3 aBTOp 3acTocoBye ocobmuBocti noganHs ASCII-koxis
CHMBOJIIB  JIaTUHCBKOrO  andasity mns 1oOyHOBH  BIANOBIAHUX
nepeTBopeHb. [IpoTe BapTO 3a3HAUUTH, IO 3AIPONIOHOBAHUM MiAXif HE
OXOILTIOE CHMBOJIM KHPHJIMYHOTO ayihaBiTy, SKi BHUXOISATH 3a MEXIl
craugaptHoi ASCII-Tabmumi # HanmexaTh IO pO3IIMpPEHHX HabopiB
komyBauHs (Hampukian, Windows-1251, UTF-8 Tomo). BincyTHicTs
aHaizy abo aganTamii MeTOmy JO KOOyBaHb, W0 MiATPUMYIOTh
KUPHITHILIIO, 00MEXY€ YHIBEpCaIbHICTh 1 33CTOCOBHICTh 3aIIPOIIOHOBAHOIO
pimrenHs. JlomineHumM Oyno © abo pO3MMPUTH OOCHIIDKEHHS 3
ypaxyBaHHSM KUPWIMYHUX CHMBOJIB, a0o0 UITKO OOIpyHTyBaTH
0oOMe)XeHHS BUKITIOYHO JIATUHHULIEIO.

VY migpoznuni 4.4 nouinsHO O0yn0 6 KOHKPETU3yBaTH, YU 3aCTOCOBYBaBCS
OJTHOBUMIpHHH 4u ABOBUMipHUH 050K HUTOK Y GPU-pearnizaiii, a Takox
BKa3aTH HOT0 pO3Mip, OCKIJIBKH 1Lli TapaMeTpH MOXYTh CyTTEBO BILTUBATH
Ha e(heKTUBHICTh OOYUCIIEHb.

VY nicTHHTY iMiTallifHUX MOJesei, 110 HaBeJeHO B JOJaTKaX, YaCTKOBO
BIICyTHI KOMEHTapi, LIOJ0 MapaMeTpiB HaJaIITyBaHHS iMiTaIliiHUX
MOJIeIei.

Y  gneskuxX TBEepIKEHHSIX HasBHI 3arajbHi a00 HEIOCTATHBO
KOHKPETU30BaHi (OpMYyJIOBaHHS (HANPHKIAM: «3HAYHO NIOBUULYEMBCS
egexmugHicmoby, «CYmmeeo 3MeHuLyeEMvcs noxubkay), 6e3 yToUHeHHs,
HaCKIJIbKU caMe abo 3a IKUMU KPUTepisMHU 11e BU3HAYEHO.



8. BucHoBok 1m0g0 BignMoBigHOCTI aucepramii BHMoram, SKi
BHCYBAIOTbCH 10 CTyNeHs AoKTOpa (isocodii

Jucepramiitna po6ora Ckyubkoro Aprema bopucoBuya Ha TeMy «Meton i
MOJENl CHCTEMH 3axMINEHOro iHdopMaliiiHoro oOMiHy 3 HEpO3ALIBHUM
(axTopialbHUM KOIyBaHHSIM JaHUX) € 3aBepIIEHUM HayKOBUM JOCIiKEHHSM, SKe
MICTHTh CaMOCTIHHO OTpHMaHi pe3ysbTaTd, L0 MalOTh HAyKOBY HOBU3HY Ta
NPaKTUYHY L[iHHICTb.

Pe3ypTaTé HOCIiIKEHHS POUIILTH anpobaIllifo Ha HayKOBUX KOH(GEpEeHLIsAX
Ta OIy0JIiKOBaHi B )axOBUX BHIAHHAX, y TOMY YHCIi iHIEKCOBaHUX y MI>KHApOJHHX
HayKOMeTpuuHMX ©Oazax. Jluceprauis BIANOBiNa€e BHMOraM [0 HayKOBUX
KBaTiQikamiiHux pobiT 3a piBHEM HOBU3HHM, INIMOWHM OIPAIIOBAHHS Marepiany,
OOTIPyHTOBAHOCTI BUCHOBKIB Ta BiZIMTOBITHOCTI pe3yJbTaTiB 3asBICHIN MeTI.

TakuM YMHOM, 3MICT 1 piBeHb BHUKOHAHHS JUCepTaliiiHOl poboTH
BifmoBigaroTe BuMoram IlopsiiKy NpHCYIKEHHS CTyIeHs JokTopa ¢inocodii Ta
CKacyBaHHS pillleHHs Pa30Boi clielialli3oBaHOi BYEHOI paJy 3aKiady BHUILOI OCBITH,
HAYKOBOI yCTaHOBH IPO MPHUCYDKEHHS CTyIeHs NokTopa ¢inocodii, a ii aBTop —
Cxyupkuit ApreM boprcoBud — 3aciiyroBye Ha IPHUCYI)KEHHS CTyII€HsI IOKTOpa
dimocodii 3a crnemiampHicTIO 123 «KoMm’'roTepHa iH)XEHepis» Taly3i 3HaHb
12 «[adopmariifini TEXHOJIOTII.

Peuenzenr:
KaHIUAAT TEXHIYHUX HaYK, TOIEHT,

YYEHU CeKpeTap, NOLEHT Ka:
Ao exno N
inpopMariiinoi Ge3mnex / o SEXHOZGT 2N
Ta KOMIT’ OTePHO] iHXgt
l Q Q.

YepkackKoro nepxank O
TEXHOJIOTTYHOTO YHiBE

Ipuna MMPOHELIb



