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AHOTALISA

I]ebnuxina O.B. IligBUIIEHHS! €KCIUTyaTalliHOI TOTOBHOCTI CUCTEM KEpyBaHHS
PYXOM TOi3/1iB HA OCHOB1 KOHTPOIIO ()YHKIIOHAIBHUX MapaMeTpiB. — KBamidikaiiiina
HAyKOBa Ipalls Ha MpaBax PyKOIHUCY.

HNucepranis Ha 37400yTTS HAyKOBOTO CTyINEHs JokTopa ¢utocodii 3a
cHemianbHICTIO 275 — TpaHCHOpTHI TeXHOJOorii — VYKpalHCBKUM  Jep:KaBHUN
yHIBEpCHUTET 3aii3HnyHoro tpancnopry, MOH VYkpainu, Xapkis, 2020.

Jlucepraliifo MPUCBSIYCHO MHTAHHIO MiABUIICHHS CEKCILTyaTallifHOI TOTOBHOCTI
cucreM kepyBaHHs pyxom moizniB (CKPII), mo peanizoBani Ha MIKpOEIEKTPOHHIM
€JIEMEHTHil 0a3i 3 MPOrpaMOBaHOIO JIOTIKOK (YHKITIOHYBaHHS, 3 METOIO CKOPOUYEHHS
HETPOAYKTUBHOTO TIPOCTOIO PyXY MOT3/iB Ha AUISTHKAX 3a113HUIIb.

HaykoBa HOBM3Ha nucepTamiiHoi poOOTH MOJsATae y BHUPIIIEHHI HAyKOBO-
NPUKJIAHOTO 3aBIaHHS MIJIBHUINEHHS ekciutyaTaiiiiHoi roroBHocTi CKPII Ha ocHOBI
KOHTPOJTIO 1X (DYHKIIIOHAJIbHUX MapaMeTpiB, 10 3AIMCHIOETHCS MUISIXOM BIOCKOHAJICHHS
METO/IIB 1 MOJIesiel PyHKITIOHATBHUX BUITPOOYBaHb 3a3HAYCHUX CUCTEM.

Bnepuwe orpumano, po3po0JeHo 1 3amponoHOBAHO:

— METOIWYHUH MiIXiJ 10 BU3HAYeHHs ekcruryartamiinoi rotoBHocti CKPII, 1o
BUKOPUCTOBY€E MOJIENb OLIHKKA TJIUOMHU KOHTPOJIO iX (YHKI[IOHAJIbHHUX MapaMeTpiB, sKa
OynyeThCs Ha OIEKTMBHUX BITHOIICHHSAX MK (YHKIIIOHAIPHUMHU CKJIAJOBUMU CUCTEM 1
iX TEXHOJIOTTYHUX 00’ €KTIB;

— cnoci0 BIATBOPEHHS TEXHOJOTIYHUX OO0’€KTIB y 3aco0ax KOHTPOJIIO
dynxkiionanpanx napamerpiB CKPII Ha ocHOBI rpado-QpyHKITIOHATBHIUX MOJACIEH, 110
BpPaxoOBYIOTh $IK CTaTUYHI, TaK 1 JWHAMIYHI BJIACTHBOCTI OO0 ’€KTIB KEpyBaHHA Ta
KOHTPOJITIO 13 BUKOPUCTAHHSAM (DYHKI[IOHAIBHUX BEPIIIHH;

— MeToN aHamiTU4YHOi iHTeprpeTarii TexHomoriunux o0’ektiB CKPIIL, 1o
3a0e3mnedye BIATBOPEHHS iX CTAaTHYHUX 1 JWHAMIYHUX BIACTHBOCTEH Yy TMpoIECi
KOHTPOJIIO (PYHKIIOHAJIIBHUX TapaMeTpiB Ta 0a3yeThCcsi Ha MpeAcTaBieHl Tpado-
(GyHKIIOHAIBHUX MoJieNiel (DYHKI[I0HATbHO-TOMOJIOTTYHUMU MATPULISIMU, (HOPMYBaHHS
SIKUX 3JIMCHIOETECS HAa OCHOBI MaTpPHIlb CYMDKHOCTI 3 J1arOHaJbHUM BiITBOPEHHSIM

HAroOBHEHHS (PYHKIIOHAIbHUX BEPILIHH;
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— 3aKOHOMIPHOCTI, $IKI BCTAQHOBJIIOIOTH 3B 30K MDK TIJIMOMHOIO KOHTPOJIIO
¢yakuioHanbHux napamerpiB CKPII, MacmTaGHICTIO 1 CKIAIHICTIO TEXHOJOTTYHHUX
00’extiB CKPII Ta ix ekcrtyaTaiiiHo0 TOTOBHICTIO.

Yoockonaneno:

— MeTOJ OJOYHO-JIarOHaJbHOTO CHUHTE3y Mojenell g  (yHKIIOHAIbHUX
BuripoOyBanb CKPII, sxuii, Ha BiAMIHY B ICHYIOUOTO, 0a3ye€Tbcsi Ha BUKOPHUCTaHHI
BUXIIHUX OJIOKIB (YHKUIOHATBHO-TOMOJIOTIYHUX MATPUIb CYMDKHOCTI 3aMiICTh
apaMeTPUIHO-TOMOJIOTIYHUX MATPHIIh THITUEHTHOCTI,

— cnoci0 oIiHKM e(GEeKTUBHOCTI 3axO0/iB 13 3a0e3MedyeHHs eKCIUTyaTal[iiHol
roroBHOCTI CKPII 3a pesynbratamu QyHKIIOHAIBHUX BUIPOOYBaHb, SIKMM 0a3yeTbCs
Ha BCTAHOBJICHOMY 3aKOHI PO3MOILTY ITOMUJIOK MPOTPAMHOTO 3a0e3MeYeHHS.

Habynu nooanvuioco pozeumxy:

— MIAXOAW 10 OlliHIOBaHHS Oe3neku BuKopuctanHs epratuunux CKPII, sxi
BPaxOBYIOTh 0araTo3HayHICTh JOTIOMIXXHUX TEXHOJOTTUHUX PEKHUMIB (DYHKI[IOHYBAaHHS
CHUCTEMH Ta 11 IHTEPaKTHBHUM XapaKTep B3aEMOJII 3 IEPCOHATIOM;

— pe3yJbTaTd MPOTHO3YBaHHS BIUIMBY JIIOJICBKOIO M TEXHIYHOTO YMHHUKIB Ha
eKcIuTyaTaniiny HaaiiHicTh npuctpois CKPIL.

[IpakTi4Hi pe3ynbTaTH IUCEPTALIMHOT POOOTH MONATAIOTh y i1 MpHUKIagHIN
CIpSIMOBAHOCTI Ha MIABUINEHHS MapameTpiB rotoBHocTi Ta BimHoBieHHs CKPII y
Ipolieci eKCIUTyaTallii, 3MEHIICHHS HEMPOJAYKTHBHOIO IPOCTOI0 B pyci MOi3IMiB, a
TAKOX 3MEHIICHHS PECYpCOEMHOCTI Ta TMIIBUINECHHS €()EKTUBHOCTI KOHTPOIIO
dynxkiionanpaux nmapamerpis CKPII. Bukopucranus pe3ynbrariB AucepTallii 103BOJIsE
migBumuTH  KoedirieHT roroBHOocTi CKPII mo 18%, 30L1bIIMTH 1HTCHCHUBHICTH
BimHoBieHHsT CKPII 10 6-Tn pa3iB, 3MEHIIUTH HEMPOIYKTUBHI MPOCTOI pyXy MOI3/iB
10 16%, TiABUIIATH PiBEHD TITUOMHN KOHTPOIIO TP PYHKITIOHATHHUX BUIPOOYBAHHSIX
CKPII no nBox pasiB i 3MeHmHTH iH()OpMAIliKiHI Ta 9YaCOB1 pECypcH Ha iX MIITOTOBKY
1o 2-x paziB. Kpim Toro, pe3ynbTaTu aucepTailii MarOTh MEPCHEKTUBH IOATBIIOTO
PO3BUTKY 111010 3aCTOCYBAHHS B TEXHOJIOT1X €KCIUTyaTallli IHIINX BUAIB TPAHCIIOPTY.

3a TeMmoro mgucepramii omyOiikoBaHO 27 HAYKOBUX TMpalb, y TOMY YHCII

8 HaykoBHX cTaTedl y (axoBmX BHUIAHHAX, 3arBep/keHUX MOH VYkpainu, 3 skux
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1 BxiIIOYEHA 10 MDKHApOJHOI HAayKOMETpPUYHOi 0a3u SCOpus, 1 HaykoBa CTaTTsS B
iHo3eMHOMYBHIaHHIKpaiHu €C, 3 nonaTkosinpaii 115 npanpanpobariiiHoroxapakrepy.

VY BcTyni OOIPYHTOBAaHO aKTYallbHICTh TEMHU JHUCEPTALINHOTO OCTIIKEHHS,
HABEJICHO WOTO METy, 3aBJaHHs, 3B’SA30K i3 HAYKOBUMH IpOrpaMamu, IUIaHAMH i
TEMaMH YHiBepcHuTeTy. lIpencTaBieHO HAayKOBY HOBH3HY, MPaKTUYHY 3HAYYIIICTh
JucepTalii Ta HaBeEHO ii 3arajbHy XapaKTePUCTHUKY.

Y nepwomy po30ini BUKOHaHO orisa cydacHoro crany airouux CKPII Ha
3QJII3HUYHOMY TPaHCHOPTI YKpaiHu Ta piBHS iX HAIIMHOCTI, BCTAHOBJICHI TEHACHIIIT Ta
NIEPCIICKTUBY 1X PO3BUTKY, a TAKOX BU3HAYCHI IIJISTXHM BUPIIMICHHS 3a7a4, OB’ I3aHUX 13
MJBUILCHHIM X €KCIUTyaTaliiHOi TOTOBHOCTI.

Texuniuni 3acodu CKPII, sixi yoe3neuytoTh pyX Moi3IiB 1 3a0€3Meuy0Th HAJICKHY
OPOIMYCKHY 3JaTHICTh AUISHOK 3alli3HUIb, 3HAXOASATHCS Y MOPAIBbHO 1 (I3UYHO
3HOIIGHOMY CTaHi, MPUYOMY OCTaHHINH nocsarae pipHs Ounbmie 60%. Ha mincrasi
npuuuHHOTO aHani3zy BimMoB npuctpoiB CKPIT npotsarom 2010 — 2019 pokiB BcTaHOBIEHO
TPEH/I 100 3pOCTaHHS BINIMBY TEXHIYHOTO YMHHUKA HA TX EKCILTyaTaliiiHy HaiIiHICTh 1
3MEHILICHHS BiJMOBIIHOTO JIIOJICBKOT0 YMHHUKA. [IporHo3yBaHHS BIUIMBY 3a3HAYCHUX
YMHHUKIB i3 KoedinicaroM nerepminanii R? = 0.97 mae migcraBu CTBEpIKYBaTH, LIO 34
YMOBH BIZICYTHOCT1 KOMIUIEKCHOT MojiepHizalii Texniuaux 3aco6iB CKPII B Ykpaini 10
2024 poky BILUIMB JIFOACBKOTO 1 TEXHIYHOTO YMHHHKIB 3piBHSAETHCA, a A0 2030 poky
TEXHIYHUN YMHHUK ITEPEBUITYBATUME JTFOJICHKUI yIBIYi.

3a3HavyeHa TEHJCHINSI Hece 3arpo3y sk Oe3mnepeOiifHid poOOTi 3aTi3HUYHOTO
TPAHCTIOPTY, TaK 1 YOE3MEeUEHHIO PyXy MOi3/iB, 0 JOJaTKOBO BUMAarae BIIPOBAIXKCHHS
oinpm cygacaux CKPII ma wmarictpanbHOMy 3amisHUYHOMY TpaHcmopti. CydacHi
BUMOTH IIIOJI0 PO3BUTKY TeXHiKH, chopMoBaHi B xo11 UeTBEpTOi CBITOBOI MPOMHUCIOBOT
peomontii  (Industry-4.0), o0oOyMOBIIOIOTH 3allPOBAJKCHHS TPHUHIIUIIOBO HOBUX
nporpamao-anapatHux 3aco0iB CKPII, mo 6a3yeTscs Ha mpuHIUNax mudposizaiii Ta
IHTEJNEKTyaIbHO-aHATITHYHOTO CYIPOBOKCHHS.

V¥ takux ymoBax Ha0yBarOTh aKTYaIbHOCTI IEPETJISIT Ta KOPUTYBAHHS TPAIUIIHHUX
METO/IIB, MOJIeJiel Ta 3aco0iB 3a0e3nedueHHs ekcrryaTaliiaoi roroBHOCTI CKPIL. Ogaum

3 HAaWBAXKJIMBILIKX 3aX0/1B Y I[bOMY HAIMPSIMKY € BIOCKOHAJIEHHSI METOI0JIOT1i KOHTPOJIIO
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MOKA3HUKIB IPU3HAYEHHS, HAA1IHOCTI Ta 0€3MEKN BUKOPUCTAHHS CUCTEM, SIKUW TOLUIBHO
BUKOHYBATH IUIAXOM (DYHKIIIOHAJIbHUX BUIIPOOYBaHb.

[IpoBenenuii aHaymi3 pPI3HOBUAIB Ta CHOCOOIB peanizauli (QyHKIIOHAIBHUX
BUNPOOYBaHb, a TAKOXK MIATOTOBKH JO HUX, JA€ IMIJICTABU BBAXaTH, 110 KJIIOYOBOIO
YMOBOIO iX €(EKTHUBHOCTI Ta JOCTOBIPHOCTI € aJ€KBATHE BIATBOPEHHS TEXHOJIOTTYHUX
00’extiB CKPII npu BHUKOHaHHI HUMU 3aJaHUX QyHKUIA. E(QEeKTUBHUM IHCTPYMEHTOM
IILOTO BIATBOPEHHS € TpadoaHaITUYHE MOJEIIOBAHHS TEXHOJIOTIYHUX 00’ €KTIB MPHU
dbopMyBaHHI Ta BUKOPUCTAHHI MOJEJIEH Jisi BUMPOOYBaHb, JOCIIKCHHIO SKOTO
NPUCBSIYEHO HEMAJIO Mpallb BITYM3HIAHUX 13apyOKHUX HAYKOBIIIB.

AHani3 3a3Havye€HUX Mpalb Ta iX IHTEPOpeTalis I0J0 YMOB (DYHKIIOHYBaHHS
CKPII na 3ani3HUIAX YKpaiHU J03BOJMB CPOPMYBATH OCHOBHI HUISXH IT1IBUILICHHS
iX ekcruryaTaliiiHoi TOTOBHOCTI Ha OCHOBI BJOCKOHAJECHHS METOJIB, MoOJeJel Ta
3aco0iB (PYHKI[IOHATLHUX BHUIPOOYBaHb TAaKUX CHUCTEM, IO 3alpPOBAKYIOTHCS 1
MOJICPHI3YIOThCS Ha MPUHIMMAX ITudpoBi3airii.

Jlpyeuii pozoin npucsiueHo dopmanizarii texHonoriyaux 060’exktiB CKPII Ta
MOKa3HUKIB €()eKTUBHOCTI BUIIPOOYBaHb, a TAKOK PO3POOJIEHHIO MOJIEI OIIHKY TJIMOWHU
KOHTpoto ¢yHKuioHanbHUX mapamerpiB CKPII ang momanbmioro 3acTocyBaHHS
BIJITIOBITHUX PE3YJIBTATIB MPH MABUIICHH] €KCIUTyaTaI[IHHOI TOTOBHOCTI CHCTEM.

VY mporeci JOCHIIKEHHS BCTAHOBJIGHO MW OOIPYHTOBaHO, IO OCHOBHUMU
napameTpaMu paiionaiizamii Gyukiionansaux sunpooysanb CKPII € pecypcu Ha ix
MIATOTOBKY 1 TPOBEACHHS Ta 0OCAT BHUNPOOYBaHb, IO 3BOAUTHCS J0 TIHOWHH
KOHTPOJIO (DYHKITIOHAIBHUX TMapameTpiB cucteM. JIjisi MIKpOMpOIECOPHUX CHUCTEM
KepyBaHHS TIMOMHA KOHTPOJIO BHU3HAYAETHCS TECTOBHUM  IOKPUTTSAM, IO
3a0e3neuyeThesl (QYHKIIIOHATbHUMA BUIPOOYBAaHHSIMU.

[IInssxoM BU3HAYEHHS BIIHOIICHB 1 3B’ A3KIB MK CKJIQJIOBUMH TTTMOUHU KOHTPOJTIO
Ta IHIIUMU TOKa3HUKaMH e(EeKTUBHOCTI (DYHKI[IOHAIBPHUX BUNPOOYBaHL OyIlio
BCTaHOBJICHO TIPOTIOPITIHMIA 3B’ 130K MK TECTOBUM TOKPUTTSIM Ta IHIIMMH ITapamMeTpaMu
palioHanizalii, a TaKoX BHU3HAYEHO, 10 OOCAT TECTOBOTO MOKPUTTS € PIBHOSHAYHUM
CyMapHiil NOTYKHOCTI MHOXHHHU BCIX ()YHKIIIOHAJIBHKUX 3B A3KIB MiXk HOro CKIaJOBUMHU.

e npamo mincraBy st (opMyBaHHS MOJIENl OUIHKA TJIUOWHM KOHTPOJIIO

(GyHKIIOHAIBHUX BUIPOOYBaHb HA 0a3l CUCTEMH JIIHIMHUX CIIBBIIHOIIEHb MIX
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KUIbKICHUMH TIOKa3HMKaMHM, III0 3aJal0Th 3a3HauyeHl 3B a3Kd. JlaHl NOKa3HUKU
BU3HAYAIOTHCS K PO3B’SA30K CHCTEMH JIIHIWHUX PIBHSIHB IIOAO OCHOBHHX CKJIaJOBHX
ribunn koHTposo CKPIL. V' xoai mocnimkeHHs BCTAHOBJIEHO PsI JOJATKOBUX
oOMexxeHb mona0 TexHoioriyHux 00’ekTiB CKPII, cTOCOBHO SKMX NPUNYCTUMHM €
3aCTOCYBaHHS MOJIEIII.

JlocmipkeHl MOXUOKM Ta aJeKBAaTHICTh MOJEII JTO3BOJIMUIM BCTAHOBHTH TOYHI
Jiana3oHu MPUITYCTUMOCTI 11 3aCTOCYBAHHS JIUIS PI3HUX CUCTEM KEPYBaHHS 3 TOYKHU 30PY
iX MacITaOHOCTI Ta CKJIATHOCTI, 1[0 B TTOAAJIBIIIOMY MPU3HAYEHO JIJIs1 OI[IHKU JOLUTBHOCTI
BUKOPHUCTAHHS THX UM THIIMX MoJeNel i BUpoOyBaHb 1 METOIB iX popMyBaHHS.

JlocnipkeHHsl, BUKOHAHI B mpemboMy po30ini, TPUCBIYEHI (HOPMYBAHHIO
METOJIIB CHUHTEe3y Mojenei s BunpoOyBanb CKPII pisHOro mpusHaueHHS Ta ix
3B’SI3KY 13 apaMeTpaMu eKCILTyaTal[ifHOT TOTOBHOCTI.

3 METOI0 3MEHIIEHHS PEeCYpCOEMHOCTI Ta MIABUIICHHS TIMOMHU KOHTPOIIO
dbynakmionanpaux napamerpis CKPII, a Takox yHidikarii meToaiB oro peamizamii 1y
CHUCTEM PI3HOTO MPU3HAYCHHS, Y PO3AUI po3pobIieHo miaxoau 10 GopmyBaHHs rpado-
(GyHKITIOHAIBHOT MOJENI TEXHOJOTTYHUX OO0’ €KTIB, fKa 3aKIaJa€ThCd B OCHOBY
dbopmyBanHsa moneneh mis BunpodyBanb CKPII. Ananmithnuna iHTepmperarliss rpado-
(GYHKIIIOHAIBHUX ~ MOJICNICH 3IMCHIOETHCS Ha 0a3l MaTpuIlb CYMDKHOCTI, SIKi
MOAUGIKYIOTbCS 10 (DYHKIIOHATBHO-TOTIOJNIOTIYHUX MaTpuilb. Ha BiaMmiHy BiX
HaWOIMKIOro aHajora — MapaMeTPUYHO-TOIOJIOTIYHUX MATpUIlb — (DYHKIIOHATBHO
TOTIOJIOTIYHI MaTpulli, 6a3yI04YrCh HA MPUHIMIIAX CYMDKHOCTI 3aJJaHUX E€JIIEMEHTIB, 3a
JiarOHAJTBFHUM TMO3HIIIIOBAHHIM BIATBOPIOIOTH NTMHAMIUHI ()YHKIIOHATIH BEPIIUH rpady
Ta OIMOCEPENIKOBAHUM CIIOCOOOM 3aBJAIOTh KUIBKICHI W BEKTOPHI XapaKTEPHUCTUKHU
3B’SI3KIB MK BEPIITMHAMH, 1110 MOJCITIOIOTH 00’ €KTH KepyBaHHS Ta KOHTPOJIIO.

OyYHKI[IOHATBHO-TOMOJIOTIYHI ~ MaTpPUIli B  TMOBHOMY  00Cs31  3aJar0Th
KOH(]ITrypaIiiro Ta JUHAMIYH1 BIIACTHBOCTI TEXHOJOTIYHHX 00’ €KTIB CUCTEM KEpyBaHHS,
npote 0e3nocepeHe X BUKOPHUCTAHHS YCKIIAIHIOETHCS 3HAYHOIO PO3MIPHICTIO HIOAO
TEXHOJIOTTYHUX 00’ €KTIB BEJIMKOT MaCIITA0OHOCTI.

B3sBimM 3a OCHOBY OKpeMi MPUHLMMNMN peaizaili METoAy MNpsSMHUX CyM, IO

3aCTOCYBABCS MJI MapaMEeTPUUYHO-TOMOJIOTIYHUX MaTpUllb, 3a3HAYCHUN MeToj OyB
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CYTT€BO NEpepoOIeHU 1 MOAU(PIKOBAHUIA Y METOJ MOAU(PIKOBAHUX MPSMUX CYM, IO
BIIPI3HSETHCSI BUKOPUCTAHHSIM OINOPHUX €JIEMEHTApHUX JEPEB, SIKI PO3MEKOBYIOTH
rpado-QpyHKIIOHAIBHY MOJIeJh HAa KOMIIOHEHTH, JJIi KOXKHOI 3 AKUX (POPMYEThCS
OKpeMuid 010K (PYHKI[1I0HATLHO-TOMOJOTTYHOT MATPHIILI.

BinnoBinHo 10 o1iHKY €(DEKTUBHOCTI 3alIPOTIOHOBAHOTO METO/Iy CHHTE3Y MOJieei
i BunpoOyBanb CKPII mopiBHSIHO 3 HAHOIMKYUM aHAIOTOM 3a KPUTEPISIMU MIHIMI3aIli1
KUTBKOCTI 1H(OpMaIlii, 10 BBOJUTHCS MiJ YaC CUHTE3Yy MOJIeNl, MiHIMi3allll TPUBAJIOCTI
MiATOTOBKH J10 BUNIPOOYBaHb, MiHIMI3aI[li KUTbKOCT1 TOMUJIOK MPOEKTYBAJIBHUKA MOJIEITI
Ta 30UIBIIICHHS TECTOBOTO TIOKPUTTS BCTAHOBJICHO, 1110 €(PEKTHBHICTH 3a TIEPITUMHU TPHOMA
NOKa3HUKaMH, 3aJIEKHO BIJl MACIITAOHOCTI 00’ €KTa BUIIPOOYBaHb, 30UIBLIYETHCS 10 M’ ATH
pasiB, a 3a JIOCATHYTUM TECTOBUM IOKPUTTSIM — JI0 JIBOX Pa3iB.

3a3HayeH1 nepeBary CBii4aTh MPO JOLUUIBHICTH Ta IPUITYCTUMICTh BUKOPUCTAHHS
3aIpPOTIOHOBAHOTO METOAY MPHU KOHTPOJIi pyHKIioHaIpHEX napameTpiB CKPII 3 meToro
3a0e3IeUeHHs X eKCILTyaTaI[iiHOI TOTOBHOCTI.

Yemeepmuil  po30in  TPUCBAYEHO AaCMEKTaM TMPAKTUYHOTO 3aCTOCYBAHHS
Pe3yIbTaTIB AUCEPTAIIHHOTO TOCTIKCHHS.

3 ypaxyBaHHSAM 3aKOHOMIPHOCTEH MIXk rapameTpamu e(heKTUBHOCTI pO3pOOIEHOTO
METOIY KOHTPOJIIO PYHKITIOHATBHUX TTapaMeTpPiB, BUBHAYCHUX Y TPETHOMY PO3JIiIi, TIePII
3a BCe TVIMOMHOIO KOHTPONIO, 3 OJHOTO OOKy, Ta IOKa3HMKaMH EKCIUTyaTaliiHO1
TOTOBHOCTI, 3 PYroro 00Ky, BCTAHOBJICHO, 10 3aJIEXKHO BiJ MacIITAOHOCTI Ta CKJIaTHOCTI
TEXHOJIOTIYHUX 00’ €KTIB BUKOPUCTAHHS PO3POOJIECHOTO METONY O03BOJISIE 30LTBIIUTH
koedimient roroBHocTi CKPII no 18%, a iHTeHCHBHICTH iX BiJIHOBJIICHHS — JIO IIECTH
paziB. BpaxoByroun BCTaHOBJICHHUI Yy MEPIIOMY PO3AUTI KOPETSALIMHUN 3B’S30K MIK
excruryaramiiHoro HafgiiHicTIo CKPII Ta 3aTpuMkamu pyxy Moi3miB JOCATHEHHS TaKHX
pe3yIbTaTIB JO3BOJISE 3MEHIIUTH KUTBKICTh HEMPOAYKTUBHUX MPOCTOIB moi3aiB 10 16%.

VY mpormeci mpakTUYHOI peanizarlii pe3yiabTaTiB AUCEPTAIIMHOTO TOCHIKEHHS
st CKPIT pisHOro mpu3Ha4YeHHS BCTAHOBIEHO, IO HAMOBHEHHS ()YHKITIOHATBHUX
BEpUIMH JUIsl PI3HUX TEXHOJOTIYHMX OO0 €KTIB KEPYyBaHHA MOXE 3I1MCHIOBATUCS
aHamTU4YHO, TrpadiuHo (y BUIJAAI BKIAJCHUX TIpadiB) Ta 3MIIIAHUM CIOCOOOM.

BukopucTtanHs 3MilIaHOTO CIIOCO0Y 3BaKyBaHHS (PYHKIIOHATBHUX BEPIIH JOCIIIKEHO
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Ha mnpukiaal (pparMeHTy wmojeni i BUOPOOYBaHb 1HTEIEKTYalbHO-aHATITUYHOL
CUCTEMHU MIATPUMKH MPUUHATTS pIlIEHb JUCHETYEPCHKOI LIEHTpadi3auii Ha
MIPOMUCIIOBOMY 3alli3BHUYHOMY TPAHCHOPTi. AHAJIOT14HI MiAXOIW 3ampONOHOBaH1 st
dbopmyBaHHs Ta KOH}Irypallii MOJEPHI30BAHOTO KOHTPOJIBHOTO MYHKTY aBTOMATHYHOI
JIOKOMOTHBHOI CUTHaJ13a1[li MOTOPBAaroHHOTO JIETIO.

Ha npukiani cucteMu MIKpONpOLIECOPHOT LIEHTpati3alii CTPUIOK Ta CUTHAIIB
(MIILL) po3pobieHO Ta BHUKOPUCTAHO CHUCTEMY AaBTOMATU30BAHOTO NPOEKTYBAHHS
(CAIIP) mogemni nnst BUpoOyBaHb, B OCHOBY SIKOi 3aKJIaIeHO PO3POOJICHUM Y TPEThOMY
po3auni Meron MmoaudikoBaHuX mpaMuX cyMm. 3actocyBaHHs CAIIP nns cunTe3y
mozeni s BunpoOyBanb cuctemMu MIIL] oxniel 31 cranumiii perioHanapHOT (imii
«IliBnenno-3aximHa 3aniBHULSE» AT «YKp3ami3HULS» MIATBEPAUIO KOPEKTHICTH
BUKOPHUCTaHHS METOY, a IIIJITXOM TECTYBaHHS MOJIei Ha 0a3i ITaTHUX JIarHOCTHYHUX
3ac001B KOHTPOJIFO OOMIHY MDXK IMiICHCTEMaMH IIEHTpaTi3allii JOBEACHO ii aJleKBAaTHICTh
IpU BIATBOPEHHI BCiX 00’ €KTIB KEPYBAHHS Ta KOHTPOJIIO.

Jlo/1aTKOBO B PO31JTi JOCIIIKEHO Pe3yIbTaTH BUIIPOOYBaHb 3a3HAYEHOI CUCTEMU

MIILI, B X011 IKUX BCTAHOBJIEHO €KCIIOHEHIIATBHUI 3aKOH PO3MOLTY BUSBICHUX
MTOMUJIOK TIPOTPaMHOT0 3a0e3MeUYeHHS, IKE peali3ye JIOT1YH1 3aJIe)KHOCTI LIEHTpasi3allii.
Ha ocHOB1 oTpuMaH#X pe3yJbTaTiB 3aIIPOIMIOHOBAHO IMOKA3HUKHA €()EKTHBHOCTI
MiATOTOBKM TMPOTPAMHUX 3aco0iB  OaraTokaHaJbHUX MIKPONPOIIECOPHUX CHCTEM
eJICKTPUYHO1 IIeHTpai3allii, Kl 0a3yr0ThCSI Ha BH3HAYEHHI MIBUAKOCTI 3MIHU (yHKIIIT
PO3MOIUTY BUSBJICHUX MTOMUJIOK.
3a3HaveH1 MOKAa3HUKHU JI03BOJISATh BUKOHATH MPOTHO3YBAHHS €KCIUTyaTaIliiHO1
roroBHOCTI CKPII Ha eTanmax iX BUpOOHHIITBA, TEXHIYHOTO 0OCITyrOBYBaHHS Ta
PEMOHTY SIK Ha 00’ €KTaX eKCIuTyaTallli, TaK i B 3aBOJICBKUX a00 JIa0OpaTOPHUX yMOBaX.

Po3paxoBanuii eKOHOMIYHUN €(EeKT BiJ] BUKOPUCTAHHS HAYKOBO-TIPAKTHYHHUX
pe3yabTaTiB AucepTarii cTaHoBUTH pubau3Ho 330,75 THC. TPH. HA PIK MPH 3aTUTAHOBAHUX
o6csarax moxepnizarii CKPII, mo cBiguuTh Mpo AOIINBHICT iX BIPOBAIKEHHS.

Knwuoei cnoea: cuctema KepyBaHHS pyXoM TIOi3[1IB, €KCIUTyaTallliiHa
TOTOBHICTh, KOHTPOJb (DYHKI[IOHATBHUX MapaMeTpiB, QYHKIIOHAIbHI BUOPOOYBaHHS,
MeTOJ BHUOPOOYyBaHb, MOJENb [Js BUIPOOYBaHb, TJIIMOMHA KOHTPOJIO, TECTOBE

TOKPUTTS, BIAMOBA, HaIIMHICTh, O€3MeKa BUKOPUCTAHHS.



ABSTRACT

Shcheblykina O.V. Improving the operational readiness of train control systems based
on the control of functional parameters. — Qualification scientific work — manuscript.

Thesis for a Ph.D. — Doctor of Philosophy in 275 — Transport Technologies. —
Ukrainian State University of Railway Transport, Ministry of Education and Science of
Ukraine, Kharkiv, 2020.

The dissertation is devoted to the issue of increasing the operational readiness of
train control systems performed on the microelectronic elementary base with the
programmed logic of functioning with the purpose of reducing unproductive train
movement downtime at railway sections.

The scientific novelty of the dissertation is revealed in solving the scientific and
applied problem of improving the operational readiness of train control systems based
on the control of their functional parameters, which is carried out by improving the
methods and models of functional tests for the systems defined.

It is for the first time that the following has been specified, developed and proposed:

— methodological approach to determining the operational readiness of train
traffic control systems with use of the evaluation model of test coverage of functional
tests, which is based on the objective relationship between functional parameters of
systems and technological objects;

— the method of reproduction of technological objects in the control means of
train control systems functional parameters on the basis of graph-functional models,
which take into account both static and dynamic characteristics of controlled objects
using functional vertices;

— the method of analytical interpretation of technological objects of train traffic
control systems, which provides reproduction of their static and dynamic characteristics
in the process of control of functional parameters and is based on graph-functional
models presented by functional-topological matrices, which are formed on the basis of

adjacency matrices with diagonal view of functional vertices;
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— regularities that establish the relationship between the level of control of the

functional parameters of train control systems, the scale and complexity of the
technological objects of train control systems and their operational readiness.

The following have been improved:

— the method of block-diagonal synthesis of models for functional tests of train
control systems, which, in contrast to the existing one, is based on the use of source
blocks of functional-topological adjacency matrices instead of parametric-topological
incidence matrices;

— the method for assessing the effectiveness of measures to ensure the
operational readiness of train control systems based on the results of functional tests,
which is based on the established law of distribution of software errors.

Further development has been given to:

— the approaches to assessing the safety of the use of ergatic train control
systems, which take into account the ambiguity of the auxiliary technological modes of
system operation and the interaction character of communication with operational,
technical and inspection personnel;

— the results of forecasting the impact of human and technical factors on the
operational reliability of devices and train control systems.

The practical results of the dissertation are revealed in the fact that the
research is applicable and is aimed at improving the parameters of readiness and
restoration of train control systems during operation, reducing unproductive
downtime of trains, as well as reducing resource consumption and improving the
control of functional parameters of train control systems. The use of practical results
of the dissertation allows, first of all, increasing the train control systems readiness
coefficient up to 18%, increasing the recovery intensity up to six times and reducing
unproductive downtime of trains up to 16%, improving depth control level at
functional tests of train control systems up to two times and reducing data and time
resources for their preparation to two times. In addition, the results of the
dissertation have prospects for further development when applied to operation

technologies of other modes of transport.
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On the topic of the dissertation there have been published 27 scientific papers,

including 8 scientific articles in professional journals approved by the Ministry of
Education and Science of Ukraine, 1 out of which is included in the international
scientometric database Scopus; 1 scientific article is in a foreign publication of an EU
country; three additional works; 15 works of approbation character.

The introduction substantiates the relevance of the topic of the dissertation, its
aim, objectives, in connection with scientific programs, plans and topics of the
university. The scientific novelty, practical significance of the dissertation is presented
and its general characteristic is given.

The first section reviews the current state of existing train control systems for
railway transport of Ukraine and the level of their operational reliability, identifies
trends and prospects for their development, as well as determines the ways of
solving the problems of operation readiness improvement.

The technical means of train traffic control systems, which ensure the
movement of trains and provide for the proper through-put capacity of railway
sections, are in a morally and physically worn-out condition, the latter reaching the
level of more than 60%. The analysis of failures of train control systems for the
period of 2010 — 2019 gives ground to ascertain the formation of a trend to increase
the technical factor impact on the operational reliability and to reduce the
corresponding human factor. At the same time, predicting the impact of the defined
factors with a coefficient of determination R? = 0.97 suggests that in 2024 the impact
of human and technical factors will be equalized, and by 2030 the technical factor will
exceed twice the human.

This trend poses a threat to both the fail-safe operation of railway transport and
train safety, which further requires the introduction of more up-to-date train control
systems on the main railway transport. Modern requirements to the development of
technology, which were formed during the Fourth World Industrial Revolution
(Industry-4.0), result in the introduction of fundamentally new technology in the means
of train traffic control systems, based on the principles of digitalization and intellectual

and analytical support.
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The problem of revising and correcting traditional methods, models and means of

ensuring operational readiness of train operation systems becomes more topical under
such conditions. One of the most important steps in this direction is the introduction of
the methodology of the factors of system function, reliability and safety which is to be
applied through functional tests.

The analysis of varieties and methods of functional tests, as well as preparation
for them, gives reason to believe that the key condition for their effectiveness and
reliability is the adequate reproduction of technological objects of train control systems
when performing their assigned functions. An effective tool for this reproduction is
graph-analytical modeling of technological objects in the formation and use of models
for testing, which has been studied in numerous domestic and foreign scientific works.

The analysis and interpretation of these works regarding the operating conditions
of train control systems on the railways of Ukraine allowed determining the main ways
to improve the operational suitability of train control systems based on the perfection of
methods, models and means of functional testing of such systems implemented and
modernized on digital principles.

The second section is devoted to the formalization of technological objects of
train control systems and test performance indicators, as well as the development of a
model for estimating the level of control for further application of appropriate results in
improving the operational readiness of systems.

In the course of the research it was established and substantiated that the main
parameters of rationalization of functional tests of train control systems are the
resources for their preparation and conduct, as well as the amount of tests, which is
reduced to the level of control of functional parameters. For microprocessor control
systems, the level of control is determined by the test coverage provided by the tests.

By determining the relationship between the components of the test coverage and
other indicators of the effectiveness of functional tests, a proportional relationship
between the test coverage and other parameters of rationalization was established, and
it was determined that the amount of test coverage is equivalent to the total power of all

functional relationships between its components.
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This gave rise to the formation of the foundations of the model for estimating the

level of control (test coverage) of functional tests based on a system of linear
relationships between the quantitative indicators specified in these relationships. These
indicators are defined as the solution of a system of linear equations for the main
components of the test coverage. The study identified a number of additional
restrictions on the technological objects of train traffic control systems, for which the
use of the model is acceptable.

The studied errors and adequacy of the model resulted in establishing the exact
ranges of acceptability of its application for different control systems in terms of their
scale and complexity, which is further intended to assess the feasibility of using certain
models for testing and methods of their formation.

The research performed in the third section is devoted to the formation of
methods for the synthesis of models for testing train control systems for various
purposes and their relationship with the parameters of operational readiness.

With the aim of reducing power intensity and increasing the control level of
functional parameters of train control systems, as well as unification of
implementation methods for multipurpose systems, the section elaborates the
approaches to forming grapho-functional model of technological objects which is
laid at the basis of model formation for train control system tests. Analytical
interpretation of grapho-functional models is carried out on the basis of adjacency
matrices, which are modified to functional-topological matrices. In contrast to the
closest analogue — parametric-topological matrices — functionally topological
matrices, based on the principles of adjacency of given elements, diagonally
positioning reproduce the dynamic functional of the vertices of the graph and
indirectly cause quantitative and vector characteristics of the relationship between
vertices modeling control objects and control.

Functional-topological matrices fully define the configuration and dynamic
characteristics of technological objects of control systems; however, their
implementation is complicated by considerable dimensions of large-scale

technological objects.
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Based on some principles of implementation of the method of direct sums used

for parametric topological matrices, this method was significantly redesigned and
modified into a method of modified direct sums, characterized by the use of reference
elementary trees that delimit the graph-functional model into components for each of
which form a block of functional-topological matrix.

According to the evaluation of the efficiency of the proposed method of model
synthesis for testing train control systems as compared to the closest analogue by the
criteria of minimizing the amount of information entered during model synthesis,
minimizing the duration of test preparation, minimizing the number of model designer
errors and increasing test coverage, it is determined that according to the first three
indicators and depending on the scale of the test object, the efficiency increases up to
five times, and according to the achieved test coverage — up to two times.

These advantages indicate the feasibility and acceptability of the use of the
proposed method in controlling the functional parameters of train control systems in
order to ensure their operational readiness.

The fourth section is devoted to the aspects of practical application of dissertation
research results.

Taking into account the established regularities between the parameters of
efficiency of the developed method of control of functional parameters established in
the third section, first of all — depth of control, on the one hand, and indicators of
operational readiness on the other hand, it is established that depending on scale and
complexity of technological objects, the use of the developed method allows to increase
the coefficient of readiness of train control systems to 18%, and the intensity of their
recovery — up to six times. Taking into account the correlation between the operational
reliability of control systems and train delays which was established in the first section,
such results allow to reduce the number of unproductive downtime of trains up to 16%.

In the process of practical testing of the results of the dissertation for train
control systems for different purposes, it has been found out that the filling of
functional peaks for different technological control objects can be done analytically,

graphically (in the form of nested graphs) and by a mixed method. The use of a mixed
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method of weighing functional verses is investigated on the example of a fragment of

the model for testing the intellectual-analytical decision support system of centralized
traffic control on freight rail transport. Similar approaches are proposed for the
formation and configuration of modernized control point of automatic locomotive
signaling at car depot.

On the example of the system of microprocessor centralization of points and
signals, the system of automated design (CAD) of the model for tests which uses the
method of the modified direct sums developed in the third section has been elaborated
and implemented. The use of CAD for the synthesis of a model for testing the electrical
centralization system of one of the stations of the regional branch «South-Western
Railway» JSC «Ukrainian railways» confirmed the correctness of the method, and by
testing the model based on standard diagnostic tools to control the exchange between
objects of management and control, its feasibility to all the objects of control and
management is confirmed.

Additionally, the section examines the results of tests of the station centralization
system, during which the exponential law of software fault distribution is established
realizing the logical dependencies of signaling.

The results of the research give ground to propose the preparation efficiency
indicators for multichannel microprocessor interlocking systems which are based on
determining the steepness of monotonic distribution of software errors detected during tests.

These indicators will allow forecasting the operational readiness of train traffic
control systems at the stage of their production, maintenance and repair both at the
facilities and in the factory or laboratory conditions.

According to the calculation of the economic efficiency of the implementation of
the results of the dissertation, it is established that the corresponding economic effect is
about UAH 330,75 thousand a year per one technical unit with the planned volumes of
modernization of train control systems.

Keywords: train traffic control system, operational readiness, control of
functional parameters, functional tests, test method, test model, level of control, test

coverage, failure, reliability, safety of use.
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BCTVII

AKTYyaJIbHICTh TeMH. 3aJI3HUYHUNA TPAHCIIOPT BiIrpae BUPIIIAIbHE 3HAUECHHS Y
3a0e3MeueHH1 EKOHOMIYHO1 CTa0UIBHOCTI, HAIllOHAJIBHOT Oe3eku 1 000poHu Ykpainu. Ha
HBbOTO Tpunaaae 6;1m3bko 82% BanTakHUX Ta 50% NMacaKUpPChKUX MEePEBE3EHb.

KintouoBe HaBaHTakeHHA Yy 3a0e3nedeHHi Oe3nepeOiiHOCTI Ta yOe3neueHHi
3aJII3HUYHUX TIEPEeBE3eHb MOKIATA€ThCS Ha CUCTEMU KepyBaHHS pyxoM noi3ais (CKPIT).
Came BiJ X HaAIMHOTO (DYHKIIIOHYBAHHS 3aJIEKUTh CBOEYACHE BUKOHAHHS Tpadiky pyxy
noi3/1B, e(heKTUBHICTh MaHEBPOBOi pOOOTH Ta O€3aBapIfHICTh TPAHCIIOPTHUX MPOLECIB.
VY cBoro uepry 1e 3abe3rneuyeThes, Mepil 3a BCe, OCTATHIM PiBHEM €KCIUTyaTaliifHo1
TOTOBHOCTI CHCTEM, sIKa BU3HAYa€ MMOBIPHICTh 1X 3HAXOKCHHS Y CIIPAaBHOMY CTaHi B
KO>KHUH MOMEHT 4acy IPOTSATOM 3a/IaHOT'O 1HTEpPBaJTy 4Yacy.

Ha panumit vac Ha MaricTpadbHOMY 3ai3HUYHOMY TPaHCIOPTI YKpaiHu
eKCIUTYaTyIOThCSl 3A€OUTBIIOr0 MOpaJbHO 1 (PI3MYHO 3acTapiiai pereiHO-KOHTaKTHI
3acobu CKPII, ¢izuunnii 3HOC axux nocsarae 64%. BinmoBiaHO 10 3BITHOT TOKYMEHTAITI{
npodUILHOTO JIeTmapTaMeHTy aBTOMATUKU 1 TelekomyHikamidn AT «Ykp3amizHUID
ctanoM Ha 2020 pik oocsr moaepHizaiii npuctpoiB CKPII 13 BukoprcTaHHsIM Cy4acHOi
€JIeMEeHTHO1 0a3u Ta THYYKO1 JIOTiKM (QYHKI[IOHYBaHHS He TiepeBuinye 3%. He B ocTaHHIO
4yepry Ie OB’ sSI3aH0 3 HEJIOCTATHIM PO3BUTKOM METOJO0JIOTIT 3a0e3medeHHs HaJeKHOT
TOTOBHOCTI Ta 0€3MeKH BUKOPUCTAHHS TAKUX CHUCTEM 1 MIPUCTPOIB, IO TIOB’ A3aHO, Cepe/T
1HIIIOT0, 3 BIJIHOCHO HEBEJIMKUM JOCBIJIOM iX BIPOBA/KCHHS B Y KpaiHH.

BongHowac cmocTepiraerbcsi TEHIEHINSI A0 3MEHIISHHS eKCINTyaTaIliiHOl
roToBHOCTI peneitHo-koHTakTHUX CKPII, mo BusBnseTbes y 301IbIIEHH] HETATUBHOTO
BIUTUBY iX BIZIMOB Ha 30UIBIIEHHS HEMPOIYKTHBHOTO MPOCTOI0 B pyci MOi3AiB depes
TeXHIYHUIA YMHHUK. [{e BuMarae iHTeHCH}IKAIlii 3aX0/1iB 13 TEXHIYHOTO MEPEOCHAIICHHS
npuctpoiB CKPII Ha 3anizHuIsgx Ykpaiau i3 BUKOPUCTAHHSM TEXHOJIOT1H mudpoBizaitii,
o nependadena HamionansHOO TpaHcopTHOTO cTpaterieto Ykpaiau g0 2030 poky.

IcHyrodl MeTOAMYHI MIAXOAW 10 3a0e3MeUeHHS HaJIeKHOI eKCIUTyaTariiHol
roroBHOcTi cyyacHux CKPII 6a3ytoTbes, nepii 3a Bce, Ha KOHTPOI1 X (PYHKIIOHATbHUX

rapaMeTpiB Ha BCIX eTarax *KUTTeEBOro nukiy. [Ipu npomy crioctepiraerbcsi He1OCTaTHIN



26

piBEHb iX PE3yJbTAaTHBHOCTI, IO MOJATa€ B HEBUCOKIA TIIMOMHI KOHTPOJIIO, WIO
Oe3mocepelHbO BIIMBAaE Ha ekcrutyarauiiiHy rotoBHicTb CKPII, a Takox piBeHb
0e3MeKr BUKOPUCTAaHHA cucTeM. Takuil cTaH pedeil cTaBUTh MiJl CyMHIB €()EKTUBHICTh
MozepHizaiii 3aco6iB CKPII 3 Touku 30py 3a0e3nedeHHs €PEKTHUBHOCTI Ta O€3MeKu
TEXHOJIOT1 3aJII3HUYHUX TIEPEBE3CHb.

TakuM YMHOM aKTyaldbHOIO 3a/ayel0 TOCTAa€ HEOOXITHICTh BIOCKOHAICHHS
iCHyIOUMX MiIXOAiB IOAO KOHTpONO (yHKIioHanbHuX mapamerpis CKPIL. i
BUpIIIEHHS Ha 0a3l TOJIMIIEHHS METOAIB, MOJeleld Ta TEeXHIYHHX 3aco0iB
(GYHKIIOHAIBHUX BHUNPOOYBAaHb JI03BOJUTH MIABUIIUTH PIBEHb EKCIUTyaTaliifHOl
roroBHocTi CKPII, ckopoTuTi HMOBIpHICTH HEMPOAYKTUBHOTO MPOCTOIO PyXy MOi3/iB
TiCIIsl MePEOCHAIICHHS OCHOBHHMX TEXHIUYHUX 3aCO0IB TPAHCIIOPTHOTO TPHU3HAYCHHS Ta
NPUCKOPUTH BUKOHAHHS JICPKAHUX 3aXO0J[iB 13 PO3BUTKY 1 pehOpMyBaHHS 3aTi3HUIHOTO
TPAHCTIOPTY B YKpaiHi.

3B’530K PO0OTH 3 HAYKOBMMHU NPOorpaMaMu, IJiaHaAMU, TeMaMu. J{uceprariiiHa
poOoTa BUKOHaHa Ha Kadeapi aBTOMAaTUKH Ta KOMIT FOTEPHOTO TEJIEKEPYBaHHSI PYyXOM
noi3AiB YKpaiHChbKOTO JE€PKABHOTO YHIBEPCUTETY 3aJII3HUYHOTO TPAHCIIOPTY B MEPIO]
2016 — 2020 pp. BianoBinHo q0 HarrionansHOT TpaHCTIOPTHOI cTpaTerii Ykpainu 10 2030
poky (posnopsypkennss KMV Bim 30.05.2018 p. Ne 430-p); CrpareriuHoro IuiaHy
PO3BHUTKY 3aJI3HUYHOTO TpaHcmopty Ha mepioa a0 2020 poky (Haka3z MiHicTepcTBa
iHbpacTpykTypu Ykpainu Bix 21.12.2015 p. Ne 547); mianiB HayKOBO-AOCTIAHUX POOIT
VYKpaiHCBKOTO IepKABHOTO YHIBEPCUTETY 3aJII3HUYHOTO TPAHCIOPTY Ta XapKIBCHKOTO
HAI[IOHAIBHOTO aBTOMOOUIBHO-IOPOKHBOTO YHIBEPCUTETY 3a TeMamu «Po3poOneHHs
3aX0/1iB 13 TIBUIIICHHS HAJIHOCTI Ta 0€3MeYHOCT (PYHKIIIOHYBaHHS MIKPOITPOLIECOPHHUX
CUCTEM 3aJi3HUYHOI aBTOMATHKW» (IepkaBHUM peectpaniinnii Homep 0116U004891),
«IIpoBeeHHS €KCIEPTU3U TEXHIYHUX PIIICHh TA METOAUKU PO3PAXYHKY PETYITIOBATEHUX
TaOJIUIh TOHATLHUX PEHKOBUX Ki» (epkaBHHI peecTpamiiauii Homep 0118U004396),
«Po3p0o0ieHHs CHUCTeMH TIATPUMKH MIPUHHATTS PillleHb 3 OpraHi3allii mepeTuHaHb MOTOKIB
pI3HUX BHIIB TpaHCIOPTY» (AepkaBHUN peectpanidauii Homep 0115U000274),
«HayxoBo-npakTHYHUIN M1AX1]1 M1IBUIIEHHS O€3MEKU TOPOKHBOTO PYXY Ha 3aTI3HUUHHUX
nepeiznax» (mepkaBHui peectpamiiiaunii Homep 0115U003272), y BUKOHaHHI SIKUX

aBTOpKa aucepTauii npuiiMana 6e3nocepe/IHO0 y4acTh.
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MeTa i 3aBIaHHA 10CJiTKeHHs1. METOI JOCTI/KEHHS € BUPIMICHHS HAYKOBO-
MPUKJIAJAHOIO 3aBJaHHs 3 MIABUILEHHS ekciuryaraniiiHoi rotoBHocTi CKPII Ha ocHOBI
KOHTPOJTIO iX (PYHKIIIOHAIbHUX MMapaMeTpiB, 110 3A1HCHIOETHCS IUISIXOM BIOCKOHATICHHS
METO/IIB 1 MOJieNel PyHKI[IOHATIBHUX BUIIPOOYBaHb.

JIist TOCSATHEHHS 3a3Ha4Y€HO1 METHU OYyJIM TIOCTABIIEH] TaKi OCHOBHI 3aBJaHHS

— OIpalOBaHHS CTATUCTUYHUX JAHMX IIOA0 eKcIutyaTaniiHoi HaalitHocti CKPIT
Ha 3aJI3HUYHOMY TpaHCHOPTI YKpaiHu, aHami3 ii BIUIMBY Ha Oe3nepeOidHICTh pyXy
MOT3/11B JJIs1 KOHCTATAIlil MOTOYHOT'O CTaHy €KCIUTyaTailiitHoi roroBHocTi Aitounx CKPII;

— TIPOTHO3YBAaHHS BIUIMBY OCHOBHHX YMHHHMKIB Ha CKCIUTyaTaIlliiHy HaIIHHICThH
aitounx npuctpoiB CKPII go 2030 poky 3 MeTOl0 BU3HAUEHHS DPIBHS KPUTUYHOCTI
11010 HEOOX1THOCTI X KOMIUIEKCHOT MOJIEpHI3aIlii;

— aHaji3 BIIOMHX METOJIB, MOJieJied Ta 3aco0iB KOHTPOJIO (PYHKIIIOHATBHUX
napametpiB CKPII, cnpsiMoBaHMX Ha MJBHUINCHHS IX EKCIUTyaTal[iiHOi TOTOBHOCTI,
BH3HAYEHHS cepel] HUX TaKuX, 0 OepyThcs 3a OCHOBY IS MOJANBIIOTO BIOCKOHAJICHHS,

— OMpaIfoBaHHSA  BIMOMUX  TpadoaHAITHYHMX  METOJIB  MOJEITIOBAHHS
texHojoriyHux 060’ekTiB CKPII, mo MoXXyTh BHKOPHUCTOBYBATHCS MPU KOHTPOJI iX
(GyHKIIIOHAIBHUX TIapaMeTpiB, Ta BHU3HAUCHHS Ha iX OCHOBI TaKWX, IO OEPYyThCs 3a
OCHOBY ITIIBUIIIEHHS eKcrutyaTalliiiHoi roroBHocTi CKPII;

— po3pobnenHss moxeni omiHku TauOouHu KoHTponto CKPII Ha posmopinenux
TEXHOJIOTTYHUX 00’ €KTaxX JJIs OI[IHKM MOKa3HUKIB eKcIuTyaTaiiiHoi roroBHocTi CKPII
Ta €()eKTUBHOCT1 KOHTPOJIIO iX (DYHKI[IOHAIbHUX TTApaMETPiB;

— po3poOneHHsT MIAXOMIB 10 mo0ymoBu rpado-QyHKIIIOHATBEHOT MoOaeNi
CTAaTHYHHUX 1 AWHAMIYHUX T[apaMeTpiB MiJ dYac (YyHKI[IOHAIBHUX BHIPOOYBaHb,
CIPSIMOBaHMX Ha MiJBUINEHHS eKcTuryaTaiiiaoi roroBHocTi CKPII;

— pO3pOoOJEeHHS METOAYaHANITHYHOI iHTeprpeTariirpado-QyHKIioHaTbHUXMO e
texHonorigHux 00’ ektiB CKPII myst MoskmuBOCTI X 00p0o6IeHHS 3ac00aMu KOMIT FOTEPHOT
TeXHIKUprPopMyBaHHiI3aco01BKOHTpooyHKITIoHaTpHUXapameTpis CKPIT;

— YIOCKOHAJICHHS  METOAYy CHHTe3y Mojaened mia  (QyHKIIOHATbHUX
BunpoOyBanb CKPII Ha 06a3i BuXigHOTO OJOYHO-I1arOHAJIBLHOTO  PO3ILICHHS

(yHKII0HAJIBHO-
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TOMOJOTIYHUX MaTpullb, peaji30BaHMX Ha 0a3l MaTpulb CYMDKHOCTI, SKl
IHTEPNPETYIOTh rpado-(PyHKIIOHATbHI MOAEINI CUCTEM;

— OLIHKa €()eKTUBHOCTI BUKOPUCTAHHS PO3POOJIEHOTO METOAY CHHTE3Y MOJIENeH
st BunpoOyBanb CKPII 3a pecypcHUMH KpUTEpISIMU Ta KpPUTEpIEM 30UIBIICHHS
MIMOWHU KOHTPOJIIO;

— BHW3HAYCHHS BIUIMBY pE3yJbTaTiB BIOCKOHAJCHHS METOAIB Ta MOJeNe
KOHTPOJIIO (PYHKI[IOHAIbHUX MapaMeTpiB Ha ekciuryartauiiny rotoBHicth CKPII ta
0e3rnepediiHICTh J0TpUMaHHs Ipadiky pyXy HOi3/iB;

— JIOCTIDKEHHSI PE3yNbTaTIB MPAaKTHYHOTO BHUKOPUCTAHHS METOJMIB Ta MOENEH
KOHTpoito (yHkiionansHux mnapamerpiB CKPII y mnpomeci iX BupoOHHMIITBA Ta
eKCITyarTalii B KOHTEKCTI 3a0e3MeYeHHs] HaJeKHOI eKCIUTyaTal[iiHOT TOTOBHOCTI
CHCTEM KepyBaHHS PyXOM TOi3/iB.

06 ’ekm docnidocennsa — npouec 3ade3nedenHs exkcrutyaraniinoi roropaocti CKPII.

IIpeomem oocnidocenns — MOKa3HUKU ekcruryaTtaiiitnoi rotoBHocti CKPII, 1o
JOCSTAIOThCSl IUIAXOM KOHTPOJIO 1X (PYHKI[IOHANBbHUX TapamMeTpiB B MpoIleci
BUPOOHUIITBA, EKCIUTyaTaIlli Ta PEMOHTY.

Metoau nociigxenHs. BupimeHHs mocTaBieHUX 3aB/laHb BUKOHAHO Ha OCHOBI
CHCTEMHOT0 Mijxoay. MeTrony MaTeMaTHYHOI CTATUCTUKKA BUKOPUCTAHO MPH OIPAIIOBaHH1
eKCIUTyaTaIliifHO1 Ha{IHOCT1 CUCTEM 3aJTI3HUYHOT aBTOMATUKH PI3HOTO TIPU3HAYEHHS Ta TIPU
00po0IIeHH] pe3yIbTaTiB BUIIPOOYBaHb. Anapar Teopii rpadiB Ta MaTpHIlb 3aCTOCOBAHO MPH
po3pobiieHi rpado-PpyHKIIOHATBPHUX Mojeel 00’ €KTiB (PYyHKI[IOHAJTLHUX BHIIPOOYBAHb.
MeroauteopiinaaiiHOCTITAdYHKIIHHOI0€3MEYHOCTI3aCTOCOBAHI MPUOOTPYHTYBAHHIPI3HUX
croco0iB BUTIpoOyBaHb TpH 3a0e3MedYeHH] eKCIUTyaTaIliiiHOI TOTOBHOCTI CUCTEM KEepyBaHHSI.
Meronu iMiTaliiHOro Ta (hi3MYHOTO MOJICTIOBAHHS BHUKOPUCTAHO MPH CUHTE31 3aC00iB
BUIIPOOYBaHb Ta MPH JOKa31 aJICKBATHOCTI MOJIENel BUMIPOOyBaHb. TEOpit0 JUCKPETHHX
aBTOMATiB3aCTOCOBAHO MPU(POPMYBAHHIMOIEIEHITIBUITPOOYBAHBPI3HOTOMIPU3HAYCHHS.

HaykoBa HOBU3HA O/lepKaHUX pe3yJbTaTiB. BupimeHo HayKoBO-TIpHUKJIaJHE
3aBJIaHHS 3 MIABUILECHHS 1X ekcruryaTaiiiinoi roroBHocTi CKPII Ha 0CHOBI KOHTPOJIIO
(GyYHKIIOHAIBHUX TMapaMeTpiB, 0 3MIMCHIOETHCS IIISAXOM BIOCKOHAJICHHS METOIB 1
Mojienell (DyHKI[IOHATBHUX BHUIPOOYBaHb Yy TMpolieci BUPOOHUIITBA, EKCILTyaTallli,

TEXHIYHOTO 0OCIYrOBYBaHHS T4 PEMOHTY.
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Bnepwe otprmano, po3po0JICHO 1 3aMpONOHOBAHO:

— METOJWYHUM MiAXiA A0 BHU3HAaYEHHs eKciuryaTauiiHoi rortoBHocTi CKPII,
o 0a3yeThCcsi HA BUKOPHCTAHHI MOJEII OLIIHKU TJIMOMHU KOHTPOIIO MpPH 31HMCHEHH1
iX QyHKIIOHANBHUX BUNPOOYBaHb, sIka OyAyeThCS HA OIEKTMBHUX BIAHOLIEHHSAX MIXK
00’€KTaMH KEpyBaHHS Ta KOHTPOJIO, iX (QYHKUIIMH, TPOrpaMHO-anapaTHUMHU
3aco0aMu Ta TEXHOJIOTTYHUMH CUTYALISIMU;

— CIOCI0O BIATBOPEHHS TEXHOJIOTIYHUX OO0’€KTIB Yy 3acobax KOHTPOJIO
¢ynkuioHansHux napametpiB CKPII Ha ocHOBI rpado-pyHKIIOHATBHUX MOAENEH, 110
BpPaxoBYIOTh SIK CTaTH4YHI, TaKk 1 JAWMHAMIYHI BJIACTUBOCTI OO’€KTIB KEpyBaHHS Ta
KOHTPOJIIO 13 BAKOPUCTAHHAM (DYHKIIIOHAJbHUX BEPILUH;

— METOJl aHaJITU4YHOi iHTeprpeTamii TexHojgoriunux o0’exktiB CKPIIL, 1o
3abe3reuye BIITBOPEHHs iX CTAaTUYHUX 1 JAWHAMIYHUX BIJIACTHBOCTEH Yy TMpoIieci
KOHTPOJIIO (YHKI[IOHAIBHUX TMapaMeTpiB Ta 0a3yeTbcsd Ha TmpeiacTaBiieHl rpado-
byHKITIOHAIBHUX MoJieNiel ()YHKI[I0HATBHO-TOTIOJIOTIYHUMU MATPUISIMU, (HOPMYBaHHS
SKUX 3JIMCHIOETHCS Ha OCHOBI MATPUIlb CYMDKHOCTI 3 Jl1arOHaJbHUM BiJITBOPEHHSIM
HanoOBHEHHS (DYHKIIIOHALHUX BEPILIHH;

— 3aKOHOMIPHOCTI, SIKI BCTAHOBIIOIOTH 3B’S30K MDK TJIMOMHOK KOHTPOJIIO
¢bynakmionanpaux mapamerpie CKPII, mMacmTaOHICTIO 1 CKIaAHICTIO TEXHOJIOTTYHUX
00’ extiB CKPII Ta ix ekcruryaTaiiiHOI TOTOBHICTIO;

Yoockonaneno:

— MeToJ OJOYHO-/IarOHAIBHOTO CHHTE3y Mojaened s (QyHKIIOHATbHUX
BuripoOyBanb CKPII, sxuii, Ha BiAMIHY Bin iCHYyIOUOTrO, 06a3ye€ThCcs Ha BUKOPHUCTaHHI
BUXITHUX OJOKIB ()YHKIIOHATFHO-TOMOJOTIYHUX MATPHUIb CYMDKHOCTI 3aMICTh
MapamMeTPUIHO-TOMOIOT1YHIX MATPUIlh IHIIUIEHTHOCTI;

— croci0 OIiHKK e(EeKTUBHOCTI 3axodiB 13 3a0e3NedeHHs eKCILTyaTaIliiHOl
roroBHOCTI CKPII 3a pe3ynbpraramu (QyHKIIOHATBHUX BUIPOOYBaHb, SIKUA 0a3yeThCs
Ha BCTAHOBJICHOMY 3aKOH1 pO3MOALTY HOMHJIOK IPOTpaMHOro 3a0e3neueHHs;

Haoynu nooanvuioz2o po3eumky:

— MAXOAW M0 OIliHIoBaHHA Oe3neku Bukopuctands epratuunux CKPII, ski

BpPaxoBYIOTh 0araTo3HaYHICTh JOMOMIXKHUX TEXHOJIOTTYHUX PEXKUMIB (PYyHKIIIOHYBAHHS
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CUCTEMH Ta 11 IHTEPAKTUBHUN XapaKTep B3a€MOJIl 3 €KCIUlyaTalliHUM, TEXHIYHUM M
THCTIEKI[IMHUM TIEPCOHAJIOM;

— pe3yNbTaTd MPOTHO3YBaHHS BIUIMBY JIOJCHKOTO ¥ TEXHIYHOTO YMHHHKIB Ha
eKCIUTyaTauiifny HafaiiHicTh npuctpois 1 CKPIL.

IIpakTnyHe 3HAYeHHS OJepP:KAHUX pe3yJabTaTiB. Pe3ynapTaTu AucepTaliiHOro
JOCIIIPKEHHS] MAIOTh IPUKIIATHANA XapaKTep Ta COpsIMOBaH1 HA IMiJIBUILEHHS TOKa3HUKIB
eKCIUTyaTaIliifHO1 TOTOBHOCTI, a TAKOK Ha 3MEHIICHHSI PECYPCOEMHOCTI Ta MiABHUIIECHHS
ehexTuBHOCTI KOHTPpO IO GyHKIIoHATEHUX apameTpiB CKPII. dakTuunHe 3acTocyBaHHS
pe3yabTaTiB  JaucepTalii BinOyBaeTbCs IMiJi Yac BUPOOHMIITBA Ta EKCIUTyaTallii
mikponpouecopuux CKPII Ha 00’exkTtax TpaHCHOPTHOI IHPPACTPYKTYPU PETIOHATBHOI
¢bimii «IliBnenna 3anizuuis»y AT «Ykp3anizauipgy, AT «MK  «3anopixctaiby,
TOB «Byrnenpomtpanc», TOB «Xaptpon-Enepro» Ta B OCBITHHOMY IpoleCi
YKpaiHCHKOTO JIep’)KaBHOTO YHIBEPCUTETY 3alli3HMYHOTO TpaHcmopTy. Kpim Toro,
pE3yJIbTaTH UcepTallii MatOTh MEPCIIEKTUBU MOIATBIIIOT0 PO3BUTKY 11010 3aCTOCYBaHHS
B TEXHOJIOTIAX €KCIUTyaTallii IHIIUX BUIIB TPAHCIIOPTY — aBTOMOOUIBLHOTO, aBialliiHOTO,
MOPCBHKOTO 1 PITYKOBOTO.

[TpakTr4Ha IIHHICTH PE3yJIBTATIB JUCEPTALil ITOJIATAE B:

— MOMJIMBOCTI BIATBOPEHHS B Tpolieci popMyBaHHS MOJACIEH 11 BUTIPOOYBaHb
HE TUIBKM CTAaTUYHUX, aje W JUHAMIYHMX XapaKTePUCTHK 00’ €KTiB BHNPOOYBaHb Y
daiinax kKoH}Irypaiii, 10 BUKIOYAE HEOOXITHICTh BUKOPUCTAHHS Tpalli poQeciifHmX
MpPOrpaMiCTiB  HaABITh MPU  HAPOUIyBaHHI  (YHKIIIOHAJTBHUX BJIACTUBOCTEH
00’ €KTiB BUIIPOOYBaHb;

— migBumieHHl koedimienTy ekcmiyatamiitHoi rotoBHocti CKPII y mporeci
KOHTPOJIO (DYHKITIOHAILHUX TTApaMEeTPiB 3a Po3poOieHnME MeTogamu 10 18%;

— migBumieHH1 iHTeHcHBHOCTI BimHoBIeHHS CKPII y mpomeci KOHTpoOIrO
GYHKITIOHATBHUX TTAPaMETPIB 32 pO3POOICHUMHU METOIaMHU 110 6-TH pasiB;

— 301IbIIeHH] TIHOMHU KOHTPOJIO TIPU MPOBECHH] BUMPOOYBAHb 13 BUKOPUCTAHHAM
MOJIeJIel, CHHTE30BaHUX 32 PO3POOJIEHNMH METOIAMH, 10 2-X Pa3iB;

— 3MEHIIEHH1 00CcATY MporpaMHoi 1H(OpMaIlii, TPUBAIOCTI MPOLIECY Ta KUTLKOCT1

MIPOTHO30BaHUX MOMUJIOK MJ] YaC CUHTE3y MOJIeJIel [k BUTPOOYBaHb;
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— YHIBepcaJbHOCT1 po3podsieHnx metoniB 1 moneneil ans CKPII noBiuipHOrO
MpU3HAaYeHHS (CTaHI[IMHUX, NEPETIHHUX, OOPTOBUX TOILLO);

— CKOpPOYEHH1 MpPOCTO Yy TIpadiky pyxy MOI3JAIB Yy pe3yiabTaTi KOHTPOJIIO
¢ynkuioHanbaux napametpis CKPII no 16%.

[IporHo3oBaHuil piUHMM E€KOHOMIYHUN €(EKT BiA BIPOBAKEHHS PE3YNIbTATIB
nucepTarii ckiiaaae 330,75 Tuc. rpH. npu 3aruiaHoBaHUX oOcsrax mojaepHizaiii CKPII.

Oco0ucTunii BHeCOK 3100yBa4YKH. Y Cl MOJOXKEHHS 1 pe3yJbTaTH, IKI BAHOCSTHCS
Ha 3aXUCT, OTPUMaH1 aBTOPKOIO CAMOCTIHHO. Y mpalsix, ormy0JiKoBaHUX Y CIIBABTOPCTRI,
JMCEPTAHTIIl HaJEeXaTh: CIIOCOOU peaizallii aHATITUYHOTO Ta MPOrpaMHO-anapaTHOro
3a0e3MeYeHHs] KOHTPOJIBHOTO IMMYHKTY aBTOMAaTUYHOI TJOKOMOTHBHOI curHamizamii [1, 2];
MOJEN TEXHOJOTTYHMX O0’€KTIB Ta MIAXOAW IIOAO iX 3aCTOCYBaHHS TPH KOHTPOJII
¢yukionanpaux napamerpie CKPIT [3 — 5, 11, 18]; mporHo3Hi Mojesi BIUTUBY
JFOJICBKOTO 1 TEXHIYHOTO YWHHHMKIB Ha eKciutyataiiiiny Haniduicte CKPIT [6];
oOTpyHTYBaHHS Ta ¢opmaiizailis BIUIMBY I1HTEPAKTHBHOI B3a€EMOJIl PI3HOTO POIY
nepcoHaiy Ha 0e3neky Bukopuctanus epratuunux CKPII [7, 10, 12, 17]; Mmoaens OI[iHKH
IIMOMHU KOHTpOIIO PyHKITIoHANRHUX TTapameTpiB CKPII, B3aemo3anexxHiCTh TOKa3HUKIB
TOTOBHOCTI ¥ BITHOBJICHHS Ta €()EKTUBHOCTI KOHTPOJIIO (DYHKIIIOHATLHHUX IMapaMeTpPiB
CKPIT [8]; meToau Ta mporeaypu BunpodyBanb Mikponporuecopaux CKPIT [9, 13, 16, 19,
24]; ompaioBaHHS Ta CHCTEMATH3allisl PE3yJIbTATIB IMITAI[IHHOTO MOJIEIIOBAHHS
MIKPOIIPOILIECOPHOT I[eHTpai3allii CTpUIOK Ta curHamiB [14]; MeToau KOHTPOIIIO
(GYHKITIOHATBPHUX TMapaMeTpiB MIKPOMPOIIECOPHUX CHUCTEM aBTOMATUYHOI mepei3Hol
curHamizamii [ 15]; rpadoananitnuHi ciocoou MoaemoBanHs posnoaiieanx CKPII [20];
crocid aBTOMAaTH30BaHOTO MPOEKTYBaHHA Mojenel s BunpooyBanb CKPII, 6a3oBanuit
Ha Trpado-pyHKIIOHATEHOMY MojemoBaHHI [21]; rTpadoaHamiTHYHUNA  METOA
ineHTudikamii Ta audepeHmiamii 00’€kTiB KOHTpoiro [22]; cmocoOu KOHTPOIIO
dynkiionanparX napameTpiB CKPII B ymoBax TepMiHAIBHOTO JOCTYITY ONIEPATHBHOTO 1
TEXHIYHOTO MepcoHany [23]; mporpaMHO-peani3oBaHi ClIOCOOM BU3HAYEHHS KOOPAMHAT
PYXOMHUX 00’ €KTIB IPHU KOHTPOJIi TX KiHEMaTHYHUX TTapameTpis [25 — 27].

Amnpobaniss pe3yiabtatiB aucepramii. OCHOBHI pe3ynbTaTh AUCEPTAIIAHOL

poOOTH TOMOBIAATUCH 1 0OTOBOPIOBATIUCH HA TAKUX HAYKOBUX KOH(PEPEHIIAX:
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— IX MbKHapOAHIA HAyKOBO-NIPaKTHUHINA KOHpepeHLii «IIpobiembl Oe30macHOCTH
Ha Tpa"cnopte» (M. ['omens, Pecniybnika binopycs, 2019 p.);

— III mibKHapoaHI HAayKOBO-TIpakTU4HIA KoH(epeHuii «lIpuknanHi HayKoBO-
TEeXHIYH1 JOCIKeHHs» (M. IBaHO-DpaHKiBChK, YKpaiHa, 2019 p.);

— BCEYKpPATHChKIM HayKOBO-NIpakTU4HIA KOH(epeHuii momoaux yuyenux «TAK:
TenekoMyHikallii, aBTOMaTUKa, KOMIT I0TEPHO-IHTErpoBaH1 TeXHOJOr1i» (M. IIoKpOBCHK,
VYkpaina, 2018 p.);

— 29-i1, 30-i1, 31-i1 MDKHApOAHIA  HAYKOBO-TIPAKTUYHIA  KOHGepeHIil
«IH(opmaniiiHo-Kepyr0Ul CUCTEMU Ha 3aJI3HUYHOMY TpaHCHopT» (M. YOpHOMOPCHK,
VYkpaina, 2016 p.; m. Oneca, Ykpaina, 2017 p.; m. XapkiB, Ykpaina, 2018 p.);

— X 1oBUIEHHINA MI>XKHApO/IHIM HaAYKOBO-TIpakTU4YHIN KoHpepeHiii «Free and open
source software» (m. Xapkis, Ykpaina, 2018 p.);

— VI  mibkHaponHii  HAayKOBO-TIpakTU4HIA  koHpepeHuii «be3nexka Ta
€JIEKTPOMAarHiTHa CYMICHICTh Ha 3aJI3HUYHOMY TpaHCHOPTi» (M. YepHiaii,
VYkpaina, 2018 p.);

— II mbkHaponaHii HaykoBii koHpepenmii «Industry-4.0» (cen. boposerrb,
Bonrapis, 2017 p.).

[ToBHicTIO nucepTaliss JomoBiganacsi, oOroBoproBajacs 1 Oyna cxBajeHa Ha
3acianHi KadeIpyu aBTOMATHKH Ta KOMIT IOTEPHOTO TEICKEPYBaHHS PYXOM I0i3/1iB Ta HA
daxoBoMy cemiHapi Kadeapu yHpaBiIiHHS €KCIUTyaTal[iiHOI0 poOOTOI0 YKpaiHCHKOTO
JIEPKaBHOTO YHIBEPCUTETY 3aJII3HUYHOTO TPAHCTIOPTY 32 YYACTIO PEIICH3CHTIB.

Iyoaikanii. 3a Temoro aucepTarii onmy0aikoBaHO 27 HayKOBHX Ipallb, B T.4. 8
HAyKOBUX cTaTel y (axoBux BumaHHAX, 3arBepukeHMXx MOH VYkpainu, 3 sxux 1
BKJIIOUEHA 10 MDKHApOAHOI HayKOMEeTpu4yHOI 0a3u; 1 HaykoBa CTaTTS B 1HO3EMHOMY
BUJIaHHI Kpainu — wiena €C; Tpu 10AaTKOBI mparli (MaTeHTH Ha KOPUCHY MOJIENb); 15
mparb anpooaIiifHoro xapakrepy (MaTepianu TOTOBiIeH HA HAYKOBUX KOH(MEPEHITINX ).

CTpykTypa Ta odcsr aucepraiii. /[rceprariis CKIagaeThCs 13 BCTYITY, YOTUPHOX
PO3/LTIB, BACHOBKIB, CHUCKY BUKOPUCTAHUX JKEpel Ta 1oAaTKiB. PoboTa ohopmieHa Ha
244 ctopinkax, 3 sikux 128 cTopiHOK OCHOBHOTO TEKCTY, 47 pUCYHKIB, 8 TaOIUIh, CIICOK

mxepen 13 201 HazBu Ha 23 cTopiHKax i 8 mogaTkiB Ha 63 CTOpIHKAX.
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