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opiuiñnor onoHCHTA -0KTOFa TexHiYHUN Hayk, upodecopa, aBiy BaVA BiULN 
inQopMaiñnAN TeNHONOT0 AueTaHUMROIO 30HYBAHHA DiIKO-MeNaHiMHOro 

ineHryry iM. T. B. KapneHka HAH YKpainn 
PyCHHA Borana llannoBa Ha MCeprauiñny poóory 

|HMBAJIKOKA lBaHa PocTHcnaBOBHMA 
«METONi TA 3ACOBII IIBHILIEHHA NOCTOBIPHOCTI IIPU}MAHHI 

PANIOCHIHAJIB 13 BHKOPHCTAHHAM HEMPOHHHX MEPEX)» 
npencraBICHY HA 3106JTTA HaykOBOrO CTyneHA IOKTOPa inoco¢ii3 ranysi 

3HAHb 17 «EneKTpOH0Ka, aBTOMaTH3Auis ra eneKrpOHH0 KOMyH0KaLii» 3a 
cneuianbHiCTIO 172 «TenekoMyHikauii ra paniorexH0Ka» 

AKEyabH0CMB menu ducepmauii. 
3aQesneyeHHA HauiiHOCT0 npuioMy paniocurHan0B ¬ HaN3BAYaHHO BaKIHBOHO 

npoQneMOKO y cyaCHHX yMOBAN, Ne esnporoB0 TeXHONorii BinirpaoTb KNOHOBy 
ponb y araTbox rary3ax HayKH. CyyacHi cHcTeMH YacTO 3aneKaTb B0. TOYHOCT0 Ta 
cTabinbHOCT0 IepenaHHX CHrHaJ0B, OCK0JIbKH HaB0TE HEBHaVH0 NOMHJIKH aÑo BTpaTH 

naHHX MOXyTb IpH3BeCTH A0 CcepHo3AHX HacniFK0B, BKIIOHAIO4n 3HaYHi inancosi 
BTpaTH Ta 3arpo3H AUA GesneKH. L<e oco6NHBO KpHTHYHO y BHNaNKax, KONH cHrHaNH 
BHKOPHCTOBYIOTBCA ANA OTPHMaHHA 0 o6poQku AaHHx, uo MaIoTb BHpiuanbHe 
3HaYeHHA ANA npuHHATTA piuueHb Ta MOH0TOPHHry BaxIHBHX TeNHOJNOr0YHHN 

npoueciB. 
BHKopHcraHHA HeHpOHHHX Mepex AIA o6poQkH CHTHan0B Mae BeJIHKe 

3HaveHHA IA noKpaumeHHa TOYHOCT0 Ta Hani~nocri ix KIacnhikauii. Ipore 
BIPOBaIKeHHA HX TexHOJIOri� 4acTO ycK+aNHIOETbCA BHCOKHMH BHMOraMM A0 
o64HCIOBaNbHHX pecypciB. Br0M, HeoQxiFH0CTH 3HaYHHX o04HCNIOBANbHHX 

IOTYKHOCTe� Bce me 3aJIHlaETbCA nepenoHOIO AJIA IIHpoKoro BipOBaNKeHHA UHX 
TeXHONOriH y pakTHYHÈ CHCTeMH, Ne BaKJIHBa BHCOKa nponyKTHBHICTb Ta 

ejeKTHBHiCTB. TakHM YHHOM, pospoQKa HOBHX MeTON0B, AK0 niNBALyiOTH HaNiaHiCTB 
npu�OMy cHrHaniB npu MiH0M03au0i o64HcIIOBaNBHHX BHTpaT, e aKTyaNbHHM I 
BaKJIHBHM 3aBIaHHSAM. 

OTKe, TeMa AHCepTauii, AKa npucBaYeHa pospo6neHHIO HOBHX MeTOMB Ta 
3acoQiB niNBHLIeHHA J0CTOBipHOCT0 Ipu�MaHHA paniocurHaniB 3 BHKOPHCTAHHAM 
HeúpoHHHX MepeK, ¬ aKTyalbHHM HaykoBMM 3aBIaHHAM. 

3o'A3OK pobomu 3 ayKosuMu npopamaMU, NNaHaMu, memaMu. 
Tema nnceprauii BiFnoBinae HaykoBHM HapaMKaM kajenpu TeopeTHIHO 

panioreXH0KH Ta paFioBuMipioBaHb HauionansHoro yuiBepcHTery «JlbBiBCbRd 
noniTeXHika», a came «TeneKoMyH0Kai~i, iHhoKOMYH0Kaui�ni Ta paniorexHIH 
CHCTeMH nepenaBaHHA AaHMX, cHIHaNiB KepyBaHHA Ta TeneMeTPHYHOI iHdopMauii» 

Ta «llpoeKTYBAHHA BOYIOBAHHX IpouecopHHX CHCTeM 3 BHKOPHCTaHHAM WTYHo 



ireneKTy i HeapoHHMX MepeK)». luceprauiaHa poÑora BMKOHAHa 
nepxQroKETHHX HaykOB0-I0cTiJHHUBKHX po6iT: 

1. «dlinBHMEHHA e¢eKTHBHOcr0 3acoQiB 6es1porOBOro 3B'a3Ky B0ANOBilalbHOro 
Iipouenyp MOIeIHO BaHHA 

(15/3B a3oK) 
npH3HayeHHA Ta 

xapakTepucTHK» 

Ne 0118U000261. 
(2018-2019 

MeKax 

nporHo3y BaHHA 
PP.), nepx. 

iporpaMHO-BH3HaYeHoro 

ix 

2. «Pospo6neHHA KpHITO3axMIIEHOi cHCTeMH BHCOKOIBHIK0CHOro nepenaBaHHA 
naHHX y nianasOHax yBY i HBY 3 IiIBHIIEHHMH 3aBanocT0}K0CTO Ta 

BiFMOBOCTi~kicTIO» (IB/IEMOIVIAUA) (2022-2023 pp.) aepx. peecrp. 
No 0122UO009600. 

Haykoca nosu3Ha oTPHMaHHX aBTOPOM pesybraTiB: 

peecTp. 

3. «MeTOIH Ta airopuTMH poõoTH 3aBan03axHIIEHOro panioKaHa1y 3B'A3Ky 3 
BHKOPHcTaHHAM TeXHOJIorii panio» 

4. «CaCTeMa KpHIITO3axHIleHoro 3aBanosaxHIIEHOTO npHxOBaHOro 3B'A3Ky 3 
Qe3ninoTHHMH N0raTbHHMH anaparaMH BeJIHKOrO paniycy aiï 3 BHKOPHCTaHHAM 
peTpaHcJIATOpa» (2024-2026 pp.) nepx. peecTp. No 0124U000825. 

Mocmosipnicmb ompuManx y pobomi naykoGux ma npakmuunwx pesynbmamie 
saõezne4yeTBCA AK0CTIO Ta B0JnOB0FHHMH yMOBaMH +poBeneHHA 

eKcnepHMeHTAJTLHHX poQiT3 BHKOPcTaHHAM B0FOMHX MeTON0B nocI0IKeHB. 

1. Bnepme 3anponoHOBaHo Ta 1OcHinKeHO MeTon opMyBaHHA MacHBy 

paniocurHaN0B IA HaBYaHHA HeGpoHHYX Mepex, AKHH, Ha BiFM0HY B0A 
iCHyIOHHX, 6asyerECA Ha BHKOPHCTaHH0 KOMipok BopoHOrO, uo 
MOKIHB0cTb cHpocTHTH Ta BIIopAIKYBaTH Ipouec HaB4aHHA HeHpoHHHX 
Mepex UIA po3IIi3HABaHHA CHTHAJ0B AMBC. 

2. BIoCKOHaJIeHO MeTOI 0M0TaLi}HOro MOIeJIHOBaHHA IIpu�MaIbHOrO Ta 

nepenaBaJIbHOrO ipHCTpo1B AMbC, AKHi, Ha BiIM0HY B0n icHyo4HX, 1a¬ 
3MOry oópoQ1ATH paFiocHTHaIH B pexHMI peanbHOro yacy, a Takox Hanae 
basuc JIA 0M0Tauiï npoIecy obpooneHHA paniocHrHaniB i3 BHKOPHCTaHHAM 

MONENeH MaIIHHHOTO HaB4aHHA. 
3. Habyna nonaTbIMOrO pozBHTKY MaTeMaTHYHa MONeIb HeHpoHHOÏ Mepek1 

oopo6neHHA paniËocHTHaIiB, AKa, Ha B0IM0HY Bin icHyOYHX, 06poQ1¬ 
HeNeTepM0HOBAH0 paniocHTHaIH i basyeTECA Ha BHKOPHCTaHHi onepalii 

3ropTKH oNHOBHMiPHHX gaHHX, mo 3aÑe3neyye BHUIy n0CTOBiPH0CTb 

oopoQneHHA panjocHrHaI0B 3a paxyHOK iHBapiaHTHOCT0 B0nHOCHO 3cyBy Ta 
BHABJIEHHA abcTpaKTHHX 3akOHOMIpHOCTe� 3M0HH NapameTpiB CHrHalIB. 

(IE/Paio3B�A30K) nepx. peecTp. No 0124U000777. 



IlpakmuMHe Ma4enHA OMpuMaHX pesy:1bmamis: 

1. CrBopeno iMiTaiÄH0 MO1Eni npnaMava Ta nepenaBava AMBC 3 AOnoMOrO) 
iHCTpyMeHTiB MOBH iporpaMy BaHHA Python ra cepenoBHla GNU Radio. 

2. PeaiioBaHO nporpaMHO-anapaTHHH npH®May AMBC Ha õa3i cHCTeMH3 
MOIHØ0KOBaHHM IIBP npu~Ma9eM TeneB03i}HOro CTaHnapry 
DVB-T RTL-SDR v4 Ta MiKpoKOMIn'OTepoM PINE A64 AnA nporpaMHoro 
oópoQneHHA IpHÄHSTHX CHTHaTiB 3 10noMOrOHO cepenoBHUma GNU Radio ta 

oHOBHMipHo( 3ropTKoBod He�pOHOÏ Mepexi, cTBOpHOï iHeTpyMeHTaMH 

XapakmepucmuKa oCHOGHILX nO.10Mcenb pobomu. 
Poóora CKlAlaCTbCA 3i BCTYIy, g0THpLOx pozainis, BHCHOBK0B, nepeniky 

1OCH1aH5 Ta IoNaTK0B. 

IHepmn� pozaiI IpHCBT4EHO aHarisy cyvacHHX IIpals 3 oõpoQkH 

paiocarHATIB MeTOTAMH MaIHHHOro HaByaHHA Ta ITyYHOro iHTeNeKTY. OcHOBHa 
yBara 30cepeTKeHa Ha BHKOpHCTaHH0 He~pOHHHX Mepex AIA 06poKH CHTHaiB y 
CHCTeMax 3B´ASKy, 30KpeMa BHABIEHHA CnaÐKHX CHIHaIiB Ta uyMy 3a nonOMOrOO 
pisHux THnis Mepex. IIpoBexenn� or1a1 HaykoBHX ny6nikauiH nixreepaxye 
aKTyanBH0CTB TeMH 1O sacTocyBaHHs ÎX B O6poÑui paniocHrHan0B. Y ub0My posaini 
TaKOK poT1AHYTO CyuacHi TeHneHuii, craHIapTH paioKOMyH0KauiH, BKIHOyaro4H 

Mpyru� posnin oxoIIOE MaTeMaTHYH0 MONeni nepenasaya i npuaMaya 3 
aMIiiTyAHOHO MOynAuiexo 6araTbOX CKJANoBHX (AMEBC). CrBopeHi Moneni 
BMKOPHCTOBYOTBCA JIA hopMyBaHHA CHIHaniB Ta o6poQKH iHopMaui`HHK 

IOcIiJOBHOCTeG Ha 6oi npuaMaya. IMiTaiaHa MOJEIb, po3po6neHa y cepenoBML0 
GNU Radio, nokasye ¢yHKuionaTBHy 3asepmericTs CHcreMH Ta i 3aaTHiCTb 
IpaujOBaTH B YMOBax aIHTHBHOoro b1J10ro raycoBOrO IIyMy Ta pasoBHX cnOTBOPpeHb. 
LLeh po3iI TaKOK MÍCTHTL OL0HKH TOYHOCT0 MOIei Ta IpHKNaIH nepeuaBaHHA 
QaáTOBHX nOcHiNOBHOCTe�, I0 niFTBepDKyIoT5 ii epeKTHBH0CTH y peanbHHX 
yMOBax. 

TperiH po3nin 10cH0VKYE peanisauiio cHCTeMH Ha 6asi Mepex J1A O6poQKH 
CHIHaJIiB AMBC. PospooneHa apxiTeKTYPa He�poHHHX Mepex BpaxoBye 
Oco6J1HBocTi paiocHrHaI0B, 3OKpeMa ix uacOBy cTpyKTYpy Ta cy3ip'a MONyIAU|l. 

SaiporioOHOBAHO MeTOI þopmyBaHHA HaB4aTbHOi BHÐipKH Ha oCHOB0 KOMIPOK 
BopoHoro, uo cnpoutye Ipouec HaB4aHHA HeHpoHHHx MepeK. Pe3y1bTaTH 
TeCTYBaHHA neMOHCTpYIOT5 BHCOKy TOYH0CTb ineHTHQ0kauiï CHTHaniB, 

inTBepKYIOYH nepeBara pospoQneHoi MOMeri. OnHcaHo +pouec po3ni3HaBaHHA 
aHanoroBuX CHTHan0B, BKIIOYAIOTH 6iHapHy MOnYIAL0io, Ta HaJaHo KiJbK0CHi ou0HKH 
TOYHOCri. 

HeTBepTH� po3nin onHcy¬ eKCnepHMeHTaJIbHe n0cHiNKeHHA 3 

BAKOPHCTaHHAM IDHMaya Ha 6a3i RTL-SDR3 IHIIOIbHOIO aHTeHOHO, iFKIIO4eHOO 

6i6ni0TeKH Tensor Flow. 

LTE, 4G Ta Wi-Fi, a TakoK IHHPOB0 MeTOIH MONYJIALii. 



nO KOMu'OTepa Pine A64. TipoBCJOH0 eKCIIepMMeHTH IOKa3aJIM IOKpaieHHA roHHOCT0 inenrnpikauii cnrnanin nopiBnHHO 3 TpanmuiHHMM MeTONaMM. Pe3ybTaTH A0cHiAKCHHA IiNTBePKyioTb, mo 3aCTOcy BAHHA HeipoMepex Jac 
3MOry 3MCHILIHTH 0MOBipHicTH II0MMJIOK Ta niJBMUwTH AK0cTb ipuÄOMy paniocurHaniB B yMOBax HW3BKOTO cniBBBiJHOIeHHA CHIHaJn/uuyM. leH poLin TaKo* miCTHTb aHaN03 TOYHOCT0 p03po6neHoi MOJeni Ta ouiHKH IBMJIKONÍi, uIo 
neMOHCTpyioTb epeKTHBH0CTb HeipOMepexeBOro ixO/1y y pealbHMX yMOBax 

OCHOBHHö 3M0CT poooTH BHKJIAJNeHO Ha 115 cTOpiHKax. PoooTa micTHTb 69 
pHcyHK0B, 11 Ta6NHUB i 88 6i6niorpapiynux HaaMeHyBaHb. II 3aranbHMÄ o6car 

craHOBHTH 147 cTopiHoK. 
AucepTauis ¬ 3aBepllleHOKo HaykoBO10 npaueo, a ii opopMieHHA B0JNOB0lac 

BCTaHOBJICHMM BHMOraM MOH YKpaiHu. 

Biòcymnicms (naaGHicme) nopyuennn aKademinoï doQpouecnocmi. 
3a pesyIBTaTaMH aHanisy AHCeprauiÄHod poQoTH Ta Ha ocHOB0 1OBiJKH npo ii 

nepeBipKy Ha aKanemiYHH� IMariaT nopyuueHHA akaFemiYHoi 10QpoyecHocTi He 
BHABIEHO. aNbcH0Kauia TeKCTY BincyTHA. 

AuCKycimni non0MceHHA, noóancaHHA MOÒo còoCKOHaneHHA 3M0Cmy, numanHA ma 
3ay6aNCenHA Òo 0ucepmasii. 

1. B nepiiOMy HaykoBOMY pe3yJIBTaT0 HeAOCTaTHbO 0TKO OHcaHO, B 4OMY 
nONArae MeTOI opMyBaHHA paniocHrHaN0B 4J1A HaB4aHHA He~pOMepexi. 

2. B HaykoBHx Ta ipaKTHYHHX pesyIbTaTaX He ipABeneH0 KiJIbKiCH0 O;0HKH, AK0 
6 CB0I4HIH Ta ninTBepxyBaIH nepeBarH 3anponoHBaHOro MeTONY. Ha 

CKiJIbKH niFBHmeHa A0CTOBipHicT5 npuÄHATTA paniocurHaniB B TIopiBHAHH0 3 
iHIIHMH MONeJIAMH. 

3. IlepuHG po3aiI nepeHacHYeHH� 3aranbHMMM IOHATTAMH Ipo HeYpOMepexi. 
4. B BHpasi (2.11) nonyueHa OMHJIKa BIICyTH0� 3HaK, nO AKOMY i1e 

iHTerpyBAHHA. 
5. B po60T0 HeIOCTaTHA KiIbK0CTE 1OpiBHAJIbHHX O;0HOK 3 0HIIHMH MONENAMH. 
0. AK npaBuIo, B MauHHHOMy HaB4aHH0 pi3H0 MOneni 

o64HcIKOBaTbHHX 3aTpaT nopiBHIOFOTbCA B FLOPS. 
TOYKH 30py 

7. He 3posymino, AKHM YHHOM opMyeTbCA HaB4aIbHa BHOipka i ak iï po3MiP 
BILJIHBAe Ha TOYH0CTE KJIacHoikauiï. 

8. HeoorpyHTOBaHHM ¬ BHOip onTHM03aropa Adam. 
9. Ha pHc. 3.8, 3.16,3.20 npHBeneHÈ He airopHTMH, a ix 6noK-cxeMH. 
10.B poboT0 yacTo 3ycTpivaIOTbCA rpamaTHYH0 Ta CHHTaKCHYH0 OMMIIKM 

(crp.71,80,92,99, 1 04). 

npu~OMy cHrHaJniB. 



3azanbnuù cucHOGOK. 
Iuceprauis IluM6anOKa IBaHa PocTHCNaBOBH4a «MeroH Ta 3acooH 

niJBHUeHHA 10CTOBiPHOCTÈ npuÌMaHHA paniocurHaniB is BHKOPHCTaHHAM 

HeapoHHHX Mepex», npeFcraBneHa Ha s�oóyTTa HayKOBOTO CTyneHA AOKTopa 
hinocooiï 3 rany3i 3HaHb 17 «EneKTPOH0Ka, aBTOMaTH3auia Ta eeKTPOHH0 
KOMyH0Kaui» Ta cneniansHOCT0 172 «TeneroMyH0xauii ra paiorexH0Ka» 
aKTyaTbHOoro, 3aBepmeHOO HaykoBOO panexo, u0 HanpaBIeHa Ha p03B`A3AHHA 
aKTyanbHOro HayKOBo-npakTHHOro 3aBnanHA - pospo61eHHA HOBHN MeTOs Ta 
3acoQiB npu~MaHHA paniocurHanis i3 BHKopHCTaHHAM HeHpOHHHN Mepex. PiueHHa, 
uo 3anponoHOBaHÈ LluMQanIOKOM I. P., e akTyanbHHMH. 

Bepyyu I0 yBarH aKTyaNbH0CTB, HayKOBY HOBH3HY Ta ipakTHYHe SHaVeHHs 
onepcaHuX pesynbTariB, BBaKaxo, mo Hcepraui}Ha po6ora BianOBila¬ BHMOTAM 
Hakasy MOH YKpaïHH No40 BìJ 12.01.2017 p. «lIpo 3aTBepnkeHHA BHMOr 10 
o¢opMneHHA AHCepTrauii», TlopanKy npucy1KeHHA cTyneHA AOKTOPa inocoii Ta 

CKacyBaHHA piueHHA pasoBoï cneuianisoBaHoi BYenoi pan 3aknany BHuoi ocsiTH, 
HayxOBoï yeranOBM npo npHcynxeHHA cTyneHA AoKTOPa ¢inoco¢ii (IlocraHOBa 
Kabinety MiHictpiB YxpaiHH BiJ 12 ciuHa 2022 p. N44), a ii asTOp 
IuMõaOK IBaH PocTHCNABOBHY 3acnyroBye npHcylKeHHA CTYNeHA 10KTOpa 
hinoco¢i 3a cneuiaNbH0CTIO 172 «TeneKOMyH0Kauiï ra paniorexH0KA». 

OþiuianHç onOHeHT: 
1OKTOP TexH0YHHX Hayk, npoecop, 
3aBiAyBay BiFiny 
inoopMaui�HEX TeXHONOr0G 
NHCTaHUiÄHOrO 3OHIYBAHHA 
OisuKO-MexaHiYHOro inCTHTYTy 
0M. I.B. KapneHKa HAH YKpaïHH 

Iliannc npo¢. PycHHa B.Il. 3acBiJYYIO. 
T.B.o. yyeHOrO ceKpeTaps KAAE 

Di3HKO-MexaH0YHoro iHenTy 
iM. I.B. KapneHKa HAIKpt0 

Bornan PYCHH 

MHxañ.1o 3A.1ICKO 
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