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AHOTALIS

lacécokuti  B. B. VYJOCKOHaJIEHHS TEXHIYHOI €KCIULyaTalli CHCTEM
MIKPOTIPOIIECOPHOT IIEHTpaTi3allii Ha OCHOBI ONEPATUBHOT 1IeHTU]IKAIlIT Ta JTOKai3aIlii
nopyuieHs. — KBamiikaiiiiHa HaykoBa npaus Ha paBax pyKOIuUcCY.

HucepTarist Ha 3100yTTsI HAYKOBOTO CTYIIEHS KaHAWJaTa TEXHIYHUX HayK 3a
cnenianpHicTiIO 05.22.20 — ekcrutyaraniss Ta peMOHT 3aco0iB TpaHcnopty (275 —
TPAHCIOPHI TEXHOJOr1i). — VYKpaiHCbKUN JAep>KaBHUM YHIBEPCUTET 3aJ13HUYHOTO
tpancnopty, MOH VYkpainu, Xapkis, 2021.

JlucepTaliirto TPUCBSIYEHO THTAHHAM YAOCKOHAJICHHS TEXHIYHOI eKCIUTyaTarlil
CHUCTEM MIKPOIIPOIIECOPHOI IIEHTpasi3aiii Ha OCHOBI OIepaTUBHOI ineHTUdIKaIlli Ta
Jokaiizaiii mopymeHs. lle gacTe 3MOry 3MEHIIMTH Yac Ha TOIIYK, LIeHTU(IKAII0 Ta
JIOKaNi3allilo MOPYyIIeHb HOPMAIbHOI POOOTH CHUCTEM MIKpPOMPOIECOpOi IEeHTpai3alii
(MIILY) 3 ypaxyBaHHSM MpolieciB iX TeXHIYHOTO obcmyropyBanHs (TO).

HaykoBa HOBH3Ha pe3ysbTaTiB AMCEPTALIMHOIO JOCHIIKEHHS TMOJsIrae B
PO3B’s13aHHI 3a/1a4l YAOCKOHAJIEHHS TEXHIYHO1 eKCIUTyaTallli CHCTeM MIKPOIPOIIECOPHOT
IIEHTpaTi3allii 3a paXyHOK ONEpaTUBHOI 1IeHTU(DIKAIIIT TOMIKOMKEHb TEXHIKH 1 TOMUJIOK
NepPCOHATY Ta JIOKaTi3aIlii MOKJIMBUX HETATUBHUX HACIIJIKIB HEOE3MEUHUX IO T1M.

KoHkpeTH1 HayKOB1 pe3yJIbTaTH, IO OJep>KaHl aBTOPOM OCOOHCTO, IMOJATAIOTh Y
TaKOMY:

Bnepuwe:

- po3pobiieHo MeToj 3abe3medeHHs Oe3neku (QYHKIIOHYBaHHS CHUCTEMU
MIKPOIIPOIIECOPHOI LEHTpati3allii, SKUi Ja€ 3MOTy JIOKajdi3yBaTh HEOE3MEeuYHi CTaHH
KPUTUYHUX 00’ €KTIB CTaHIIWHOI 1HOPACTPYKTYpH 3a pPaxyHOK imeHTHdIkaiii 3MiH y
mapamMeTpax 1 mponeaypax iX (YHKIIIOHYBaHHA Ta OI[IHIOBaHHS PU3HKIB BTpAT
BIJIMTOBIZTHO /10 MOKITUBOTO CIIEHAPiI0 PO3BUTKY HEOE3MEUHOT CUTYaIIii;

- po3po0JIEHO METOJ| Ta MPOUEAYPY IHTEPAKTUBHOI B3a€EMOJIII MEpPCOHANY 1
MPOrpaMHO-TEXHIYHUX  3ac001B, sKa 3a0e3medye  pO3IMIMUPEHHS  (PYyHKUIIHHUX
MOXJIMBOCTEH Ta MiIABUIIEHHS (YHKI[IHHOI O€3MEYHOCTI CUCTEM MIKPOIPOLECOPHOT

LEHTpali3allli 3a paxXyHOK 1IeHTU(]IKALli Ta HACTYTHOTO OJIOKYBaHHS HEOE3MEKHU.



Yoockonaneno:

- MO/IeJIb BU3HAUEHHSI HEOE3MEeYHOro CTaHy MPOLECY TEXHIYHO1 eKCIuTyaTallii
CUCTEMHU MIKPOIPOLIECOPHOI LIEHTpati3alii HUISXOM HapollyBaHHS 0a30BOi Mojeli
rpada ii cTaHiB, sKa Ha BIAMIHY BiJ BIJIOMHX, 3a0e3leuye ONepaTHUBHE BUSBICHHS
HeOe3NeyHux CTaHIiB Ta 3a0e3neuye AOTpUMaHHS Oe3nme4yHoi mpoueaypu poOoTH
JIOAMHO-MAIIMHHOT CHCTEMU TPY HEIITATHUX CUTYAIlisX;

- METOJ OI[IHIOBaHHS TEXHIYHOTO CTaHy MIiKpOIPOIECOPHOI amapaTypH
CTaHI[II{HOT LIEHTpatizailii 3a yMOB ICHYIOUHX OOMEXEHb y CTaTUCTUYHUX JAHUX MPO
NOILIKO/DKEHHS, SIKWW, Ha BIIMIHY BiJ BIAOMMX, JO3BOJISi€ BU3HAUUTH HMOBIPHOCTI
NpOsIBY MOMIIKOJKEHHA a00 IHIIOro AeeKTy eJIeKTPOHHOIro OOJIaJlHaHHA Ta 3BECTH
OpoLEypy OIIHIOBaHHS [0 MWMOBIPHICHOI OIIHKK MOPYIIEHHS IUTICHOCTI Kiacy
€KBIBaJICHTHOCTI KOHTPOJIEPIB IEBHOTO TUITY 332 CTPYKTYPHO-(YHKIIIOHAIEHOIO 03HAKOIO;

- METOJl OI[IHIOBaHHS CTPYKTYp OKPEMHX CHCTEM MIKPOIPOIECOPHOT
IeHTpati3aiii Ha OCHOBI Teopli rpadiB 3 BUKOPHUCTAHHSIM MATPUIlb CYMDKHOCTI Ta
MaTpHIll BiJICTaHI, KWW, Ha BIAMIHY BiJl BIJIOMHUX, J1a€ 3MOTY BU3HAUUTH HAWOUIBII
HABAaHTAXKEHI €JIEMEHTH CTPYKTYPH B MPOIECI TEXHIYHOI eKCIUTyaTarlii Ta onepaTUuBHO
BXKUTHU 3aX0JI1B 11010 3a0€3MEUYCHHS )KUBYYOCTI CUCTEMH TIPH TOIITKOKEHH1 11 OKpEMUX
€JIEMEHTIB.

Hicmanu nooanvuioco po3sumxy:

- MOJIeNIb OTIEPATUBHOTO BU3HAYEHHS MOKAa3HUKIB Oe3neku mpu (GopMyBaHHI
MOI3HMUX Ta MAaHEBPOBHX MapIIPYTiB HA OCHOBI CTPYKTYPHHUX (DYHKIIIH, IO OMHUCYIOTh
JOTiKy poOOTH CHCTEM IIeHTpaji3ailii, ska, Ha BIAMIHY BiJ] ICHYIOUUX, JIO3BOJISE B
PEXHUMI peaJbHOTO Yacy OIIHIOBATH piBeHBb Oe3meku abo HeOE3MeKH, Uisl KOHKPETHOTO
MapHmipyTy Ha OCHOBI CTaTUCTUYHHUX JaHUX TMPO TMapamMeTpu BIiAMOB 00 €KTIB
KEepyBaHHS, K1 BXOJSATh JI0 HHOTO;

- MOJCNTh TIOKa3HUKIB (PYHKIIIHHOT OE3MeYHOCTI KOMITOHCHTIB CTaHI[IHHUX
CUCTEM sIKa, Ha BIAMIHY BiJl ICHYIOUHX, BPaXOBY€E MIHJUBICTh IHTEHCUBHOCTI BIAMOB Y
mporeci X JKUTTEBOTO IMHMKIY, LI0 Ja€ 3MOTY PO3LUIMPUTH MEXI 3aCTOCYBaHHS

€KCIOHEHI[1aIbHOTO 3aKOHY PO3MOALUTY IPU BUZHAYEHHI TEXHIYHOTO CTaHYy CUCTEMH.



[IpakTuyHl 3HA4YEHHS pe3yJbTaTIB POOOTH BUIUIMBAIOTH 3 1i MNPUKIATHOT
COPSIMOBAHOCTI, TMPUHLMIIOBOI MOJIMBOCTI TEXHIYHOI peaiizalii 3ampornoOHOBaHHUX
METOMIB 1 MOJENEH IMOITaloTh Yy TaKOMY: 3a paxyHOK BHKOPHUCTAHHS METOIY
MapkiBcbKoro ananizy c(hopMoBaHO OaraTOBUMIpHMM (QYyHKIIOHANT HaAIMHOCTI Ta
0€3MeYHOoCTi, M0 Ja€ MOXKIWBICTHP BH3HAYaTH CTaH CHUCTEMH MIiKpPOMPOIECOPHOI
LEeHTpai3alii B JOBUIbHI MOMEHTH 4Yacy 3 YpaxXyBaHHSAM IapaMeTpiB 3HOLICHHS
€JIEMEHTIB Ta BpaxyBaHHSIM MIHJIMBOCTEH IHTEHCHUBHOCTI BiJIMOB KOMIIOHEHTIB, MIO
3a0e3reuye BUBHAUYCHHS TIEPEIBITIMOBHUX CTAaHIB.

BianoBigHo g0 Temu auceprailii omyOiikoBaHo 17 HayKOBUX Mpailb, 3 SIKUX CIM
cTaTel y (axoBHX HAYKOBUX BHJAHHAX, 3aTBepkeHnx MOH VYkpainu (Tpu 3 HHX
BKJIFOUEHO [0 MDKHApOJHMX HAYKOMETPUYHMX 0a3, y TOMYy 4YHCIi JABI — 0 0asu
Scopus), aecsaTh mpais anpoOaIitHoro xapakTepy, AeCATh 10AaTKOBUX Mpallb.

Y Berynmi  OOTpyHTOBAHO  aKTyaJbHICTH TEMH JHCEpPTAIiiiHOI  poOOTH,
chOopMyTbOBAaHO METY Ta 3aBJIaHHS JOCIIKEHHS, BHUKJIQJCHO HAYKOBY HOBHU3HY 1
NpaKTUYHE 3HAYCHHS OJIeP>KaHUX PE3yJIbTATIB, MOJAHO ii 3arajibHy XapaKTePUCTHUKY.

VY mepmioMy po3aini HaBeJEHI pe3yJbTaTH TOCHIIKEHHS MPUYUH Ta HACTIIKIB
MOPYIIEHb B pOOOTI CHCTEM 3aI3HUYHOT aBTOMATHKHU, aHAII3Y iX CTaHIB M MOMJIMBOCTI
BUKOHYBATH BCTAHOBJICH1 () YHKITI.

[IpoBeneHo aHami3 HAyKOBUX TMpalb y TMPEAMETHIH o0JjacTi: HayKOBO-
METO/IOJIOTTYHI OCHOBH HAJIMHOCTI Ta (PYHKIIHHOT O€3MEYHOCTI CUCTEM aBTOMAaTH3allii
1, 30KpemMa TPHUCTPOIB 3AII3HUYHOI aBTOMATHUKH; METOJUK OIIHKKM Ta KepyBaHHS
pU3MKaMH; TUTaHb YAOCKOHAJICHHS METOJIIB 1 MOJICJICH OIIHIOBAHHS TEXHIYHOTO CTaHy
Ta yHiIKamii MeTomosorii po3polieHHs W KOH(IrypyBaHHS  IPOTPAMHOTO
3a0€3MeUYeHHs] CHCTEM MIKPOTIPOIIECOPHOI IEHTpasi3allii; MpoOJeMu I1HTepaKTUBHOI
B3a€EMO/IIT JTIOJJUHU 1 TEXHIYHUX 3ac00iB MPU BUPIMICHH] 33729 KOMIUIEKCHOI OI[IHKH Ta
imeHTudikamii TEXHIYHOTO CTaHy CHCTEMH MIKPOMPOIECOPHOT  IEHTpai3allii;
JOCJIIJIPKEHHSI MATEMAaTUYHUX MOJIENIE CTPYKTYP MIKPOIIPOIIECOPHUX LIEHTpai3allii.

buibliicTs AOCHIIKEHb BHUPINIYIOTh OKPEM1 MUTAHHS OL[IHIOBAHHS TEXHIYHOTO

CTaHy CHUCTEMH MIKpPOIPOIECOPHOI IIeHTpai3ailii, ajie BCl BIIOM1 METOIHU 1 MOJEN1 He



NPUIYCKAIOTh 3aCTOCYBaHHS TMOTOYHOI OLIHKM iX TIOKa3HMKIB Yy Tmporeci ii
(YHKIIOHYBaHHS, TaKOX BIACYTHIM KOMIUIEKCHUM MHIAX1 OO0 OLIHKK 1X TEXHIYHOTO
CTaHy B XoIi ekcruryartamii. ToMy akTyanbHHUM € PO3pOOJICHHS Ta YJOCKOHAJICHHS
METO/IIB 1AeHTU(IKAIlT Ta ONEPAaTUBHOI JIOKaJ13a1lil HeOe3MeUHUX MOA1N 3 ypaxyBaHHIM
IHITMX MOKJIMBUX MOPYIICHb, SKi B CYKYIMHOCTI 3 BUSBJICHHMH MOXYTh MPUBECTH JI0
HeOe3MeuHuX HACIHiKiB 3 ypaxyBaHHSIM MOXKIJIMBUX MOMHIIOK JIOAMHH — OTepaTopa B
nporeci ekcruryaTarii cuctem MITLL

3a pesynbTaramMu JOCHIKEHHS cPOpMYyIbOBaHO METy Ta  3aBJaHHS
JTUCcepTaIiiHol poOOTH, Kl TepeadadyarTh po3pOOKYy KOMIUJIEKCY METOMIB 1 Mojenen
mo 3a0e3MevyyloTh BUSIBICHHS TMOPYIIEHh B TEXHIUHIM eKCIUTyaTaiii CUCTeM
MIKPOTIPOLIECOPHOI IEHTpali3allli, sIK CYKYNHICTh MOXJIMBUX 3MIH B amapaTHii
YaCTHHM, TpUKIaAHOMY nporpamHomy 3abesnedenHi (I1I13) 1 mpu Bukonanui TO, Ha
OUTBIII paHHIN CTaAll, IX MOJAIBINY 1IeHTH(IKAIlIIO, OIIHKY Ta JIOKaTi3aIlilo.

Y apyromy po3niii MpoOBEAEHO PO3POOKY Ta YAOCKOHAJICHHS METOIB 1 MoJIele
OTepaTHBHOI i7eHTH(]IKaIlll, OIIHIOBAHHS Ta JIOKaji3allii HeOe3NMeYHUX CTaHIB CUCTEMU
MIKPOIIPOIIECOPHOT IIEHTpaTi3aIlii.

Jlns 1iporo (popMati3oBaHO OIMHKC JIOTIKK pOOOTH CUCTEM 3aTI3HHYHOI aBTOMATHKH
(3A) Ta ymoCKOHAJICHO MOJeibh BU3HAYCHHS HEOE3MEYHOro CTaHy IPOIECY TeXHIYHOI
eKCIUTyaTallii CHCTEMH MIKPOTIPOIIECOPHOI IIEHTpati3aIlii, ika Ha BIIMIHY BiJ BIIOMHX,

3a0e3mnedye ornepaTUBHE BHUABICHHS HEOE3MEUHUX CTaHIB Ta 3a0e3Meuye TOTPUMAaHHS
0e3rmeyHoi npouenypu pooOTH JIIOANHO-MAIIUHHOT CUCTEMU TP HEIITATHUX CUTYAIlisX.

YaockoHaEHO METOJA OIlIHIOBAaHHS TEXHIYHOTO CTaHy MIKPOIMPOIIECOPHOT
amapatypy CTaHIIIMHOI IEHTpasri3allii 32 YMOB ICHYIOUMX OOMEKEHb y CTaTHCTUYHUX

JAHUX TIPO TOIIKOJKCHHS, KWW, HA BIAMIHY BiJl BIIOMHX, JO3BOJISIE BUSHAYUTHU
HMOBIPHOCTI MPOSIBY MOIIKOKEHHS a00 IHIIOTO Ie(hEeKTy ENeKTPOHHOTO O0JIaHAHHS Ta
3BECTH MPOLICTYyPY OIIHIOBAHHS 10 WMOBIPHICHOT OI[IHKY TOPYIICHHS ILTICHOCTI KJIacy
€KBIBAJICHTHOCT1 KOHTPOJIEPIB IEBHOTO TUITY 3a CTPYKTYPHO-(PYHKI[1I0HATBHOIO O3HAKOIO.

HocnipkeHo  0€3MeYHOCTI  Ta  HAAIMHOCTI  NPUKIAJHOTO  IPOrpaMHOro

3abes3neuenns (I1I13) cuctemMu MIKpONpoOlLIECOPHOI LIEHTpali3alii Ta yI0CKOHAIEHO



MOJIE]b ONEPAaTUBHOTO BHU3HAUCHHS IMOKA3HHUKIB O€3MEKH NP 3aBJaHHI MOIZHUX Ta
MaHEBpPOBUX MapIIPyTIB HAa OCHOBI CTPYKTYpPHUX (YHKIIH, IIO ONUCYIOTh JOTIKY
poOOTH cHucTeM LEHTpati3auii, fka, Ha BIAMIHY B ICHYIOUMX, J03BOJISIE B PEKUMI
peanbHOIo Yacy OLIHIOBATU PiBEHb HEOE3MEKHU, AJI1 KOHKPETHOTO MaplIpyTy Ha OCHOBI
CTaTUCTUYHUX JaHUX MPO MapaMeTpu BIIMOB 00’ €KTIB KepyBaHHS, SIKI BXOASATH O
HBOTO.

VY TperboMy po3aiii po3po0JEeHO MOJIENl 1IHTEPAKTHUBHOI B3a€MOIIT MEepCcoHaNy 1
OPOrpaMHO-TEXHIYHUX 3aco0iB MpPU BUPIMIEHHI 3a7ad KOMIUIEKCHOI OLIHKK iX
0e3MmevyHoi eKcruryaTalii.

Po3pobiieno meTtox Ta mpouenypy IHTEpaKTUBHOI B3a€MOJIi MepcoHaly i
OpOrpaMHO-TEXHIYHUX  3aco0iB, ska 3a0e3medye  pO3MMPEHHA  (QYHKIIHHUX
MOKJIUBOCTEN Ta MIABUIICHHS (PYHKIIHHOT O€3MeYHOCTI CHUCTEM MIKpOMPOIECOPHOI
IeHTpami3aiii 3a paxyHOK ileHTHdIKaIli Ta HACTYmHOTO OJIOKYBaHHS HeOE3INeKH.
3anporiaHoBaHa OJIOK-CXeMa peaiizallii 1i€i IHTEpaKTUBHOT B3a€MOJIIi 3 MOKJIUBICTIO
aHai3y 1 KOHTPOJIFO (aKTUYHUX I TMEepCOHATy Ta MOMJIMBICTIO KOPUTYBaTH CBOIO
poOOTY y BHITaJIKaX HESKICHOTO OOCIyroByBaHHS a00 HEMiATBEPKCHHS BUKOHAHHSI
perIaMeHTHUX  [Iii, dYoro 1mo30aBjieHI ICHYIOUYl CHCTEMH MIKPOIPOIIECOPHOI
IeHTpaTi3aiii.

Jlns peanizamii cucteMHO1 iHTerpaiii Ta yHidikamii cucTeM MIKpOIpOIeCOpPHOT
HEeHTpatizalii JoCHiKeHo CTpyKTypu cydacHux MIIL 1 cTBOpeHa momens, M0
BiT0oOpakae B3a€MO/Iii MK €IEMEHTaMH CTPYKTYPH, OIIHKY 1X B3a€EMHUX BIUIMBIB, 1 1a€
MO>KJIMBICTh BUSIBIIEHHSI «CJIA0KUX» MICIIb Y CTPYKTYpP1 Ta MPOBECTH aHAII3 MOBEIIHKU
CUCTeM Ta 1H. YJOCKOHAJ€HO METOJ OLIHIOBAHHA CTPYKTYp OKPEMHX CHCTEM
MIKPOTIPOIIECOPHOI IEHTpati3aiii Ha OCHOBI Teopii TpadiB 3 BUKOPUCTAHHIM MaTPHIlh
CYMDKHOCTI Ta MaTpHIIl Bi/ICTaHi, SKAW, HA BIAMIHY BiJ BIJOMHX, 1a€ 3MOTY BU3HAYUTH
HAWOUTHIII HABAHTAXKEHI €JIEMEHTH CTPYKTYpHU B TPOIECI TEXHIUYHOI EKCIUTyartarii Ta
OMEPATUBHO BXHUTU 3aXOJIB IMIOJI0 3a0e3Me4YeHHs] JKUBYUOCTI CHUCTEMU MIpHU

MOIIKOKEHHI i1 OKpEMHX €JIEMEHTIB.



Po3po6reni metonu 1 Mojeni 3a0e3neuyoTh 3MEHIIECHHSI HeOe3MeYHUX BiJIMOB
Ha 12,7 %. ApjekBaTHICTH pPO3POOJEHUX MOJENed MIATBEPIKYEThCA  IUIIXOM
TECTYBaHHS 3 MOJAJbIIMM MOPIBHAHHAM €TAJOHHUX 1 (PAKTUYHUX PE3yJbTaTIB ii
(YHKIIOHYBaHHS - pe3yJbTaTaMu eKcIulyaTaiiiiHux BurnpoOyBanb MITL]
«3ani3HUUaBTOMAaTHKa». PO30DKHICTH  TEOPETHYHHUX  JIAHUX 3  pe3ylbTaTaMu
croctepexeHb He nepesuinye 15 %.

Y derBepTOMYy pO3AiNi HABEACHO pPE3yAbTaTH IMIUIEMEHTAIil Ta MPaKTHYHOI
anpoOaii po3po0JIeHUX METO/IIB 1 MOJIETIEH.

YnockoHameHO MOelnb TOKa3HUKIB (YHKIIHHOT OE3MeYHOCTI KOMITOHEHTIB
CTaHI[IMHUX CHCTEM sKa, Ha BIIMIHY Bl ICHYIOUHUX, BpaxoOBY€ MIHJIMUBICTh
IHTEHCUBHOCTI BIIMOB y MPOIECI iX )KUTTEBOTO LUKITY, IO A€ 3MOTY PO3MIMPUTH MEXKI1
3aCTOCYBaHHSl EKCIIOHEHIIAJIBHOTO 3aKOHY PpO3IMOMAUTY TPH BH3HAYCHHI TEXHIYHOTO
ctany cucreMd. OTpUMaHO MOKJIMBICTh BHU3HAYUTU IHTEHCHUBHOCTI HEOE3MEYHUX
BimMOB He TuThbku it MIIL] y mizomy Ta 1i OKpeMHUX BY3IIIB, a 1 JJIsI CXeM KepyBaHHS
€JIeMEHTaMH TOIOJIOTIYHOTO PO3BUTKY CTaHIIli, 1m0 Oe3nocepeHbo OepyTh y4acThb y
dopMyBaHHI Ta peanizamii cTaHmiiHuXx MapupyTtiB. ChopmoBaHo OaraTOBUMIpHUMN
dbyHKITIOHAT HaaiiHOCTI ab60 OGe3medHocTi, Mo A03Boise mporHodyBatu cran MIIL y
PI3HUX YacOBHX TOYKax, Ta OTPMMAHO MOJEIi 3a JOMOMOTOI0 IMaKeTa MPHUKIATHUX
nporpam MarematudHoro mozemtoBanass MATLAB 6.0.

3acTocyBaHHSI KOMIUICKCY PO3pOOJICHMX METOIB inmeHTudikamii Ta jokamizarii
HeOe3MeYHuX MOJIN 3 ypaxyBaHHSIM IHITUX MOXKJIUBUX MOPYIICHB, SKI B CYKYMHOCTI 3
BUSIBJICHIMH MOXYTh NMPUBECTU JO0 HEOE3MEUHUX HACIIIKIB a0 3MOTY: 3MEHIIUTH Ha
7,4 % BuUTpaTH yacy Ha MOIIYK MOIIKOJK€Hb TEXHIYHUM MEPCOHATIOM; 30UIBIINTH HA
6,9 % ¥MOBIpHICTh, BHSBICHHS Ta TIOMAJBINOI JIOKai3allii HEOE3MeYHHX MOMii y
CUCTeMaX MIKPOIPOIIECOPHOI IeHTpai3amii; 3MeHIHUTH Ha 3,2 % KiTbKICTh TIOPYIICHB,
SK1 BIJHECEH1 JO0 TOCIOJAPCTB CUTHami3amii Ta 3B’ 3Ky 1 Ha 13,9 % KIIBKICTH BiIMOB
npuctpoiB CLb, siki BUKIMKamM 3aTPUMKYy MOI3JIB 32 PaXyHOK OINEPATUBHOrO ix

BUSBIICHHS Ta CBOEYACHOI JIOKaJI13alli.



ExoHomiunMil e(eKT BiJ BOPOBAKEHHS OJHIET CUCTEMU Ha CTaHUII CKJIaaae
181973 rpH.

Taki MOKa3HUKH MIATBEPKYIOTh JOLUUIBHICTh BIIPOBAIKEHHS pPO3POOJIEHUX
METO/IIB Ta Mojenel ineHTudikamii Ta Jokai3anii Hebe3neKk CUCTeM MIKPOIPOLECOPHOi
LEHTpaJli3allii B eKOHOMIYHOMY B1IHOUIEHHI.

[IpakTuyHe 3HaYEHHS PE3yJIbTATIB POOOTH MIATBEPAKEHO BIAMOBIIHUMU aKTAMH
BrpoBapkeHHss B TOB  «HBII  «3anizuuuaBromatukay, KII «KuiBcrkuit
merpononiten», TOB «KUIBMETPOIIPOEKT» Ta B HaBYaJbHOMY IPOIECI
VYKpaiHCHKOTO AEP>KaBHOTO YHIBEPCUTETY 3aJI3HUYHOTO TPAHCHOPTY MPH MIATOTOBIII
OakanmaBpiB Ta MaricTpiB 31 cmeriaabHocTi 151 — ABTOMmaTu3allis Ta KOMIT FOTEPHO-
IHTErpoBaHi TeXHOJIOrii, a Takok Yy LleHTpi HaBYaNbHO-TPAKTUYHOI MIATOTOBKH,
npodeciitHoi Ta gyansHo1 ocBiTH (LIHIIIT).

Knwouosi  cnosa: Oesnieka (DyHKIIOHYBaHHS, CHCTEMH MIKPOIPOIIECOPHOT
IeHTpai3ailii, TeXHIYHA eKCIUTyaTallis, yJIOCKOHAJICHHS METO/IIB iMeHTU]IKaIlli, OIIHKA
Ta JIOKaji3aIlii mopyIieHb, IHTEPAKTUBHA B3a€EMO/IIS TIEPCOHATY 1 IPOrPaMHO-TEXHIYHUX

3aC001B.

ABSTRACT

Gaievskyi V. V. Improvement of technical operation of microprocessor
centralization systems on the basis of operative identification and localization of
violations. - Qualifying scientific work on the rights of the manuscript.

The dissertation on competition of a scientific degree of the candidate of technical
sciences on a specialty 05.22.20 - operation and repair of means of transport (275 —
Transport Technologies). - Ukrainian State University of Railway Transport, Ministry
of Education and Science of Ukraine, Kharkiv, 2021.

The dissertation is devoted to the issues of improving the technical operation of
microprocessor centralization systems on the basis of operative identification and

localization of violations. This will reduce the time for searching, identification and



localization of violations of the normal operation of the MCS, taking into account the
processes of their maintenance (MA).

The scientific novelty of the results of the dissertation research is to solve the
problem of improving the technical operation of microprocessor centralization systems
by quickly identifying equipment damage and personnel errors and localization of
possible negative consequences of dangerous events.

Specific scientific results obtained by the author personally are as follows:

First:

- developed a method to ensure the safety of the microprocessor centralization
system, which allows to localize dangerous conditions of critical objects of station
infrastructure by identifying changes in parameters and procedures of their operation
and assessing the risk of loss in accordance with a possible scenario of dangerous
situation;

- developed a method and procedure for interactive interaction of personnel and
software and hardware, which provides the expansion of functionality and increase the
functional security of microprocessor centralization systems through the identification
and subsequent blocking of hazards.

Improved:

- model of determining the dangerous state of the process of technical operation
of the microprocessor centralization system by increasing the basic model of the graph
of its states, which, unlike the known ones, provides prompt detection of dangerous
states and ensures safe operation of human-machine system in emergency situations;

- a method for assessing the technical condition of microprocessor equipment of
station centralization under existing limitations in damage statistics, which, in contrast
to the known, allows to determine the probability of damage or other defect of
electronic equipment and reduce the assessment procedure to probabilistic assessment
of integrity of equivalence class on a structural and functional basis;

- a method for estimating the structures of individual microprocessor

centralization systems based on graph theory using adjacency matrices and distance
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matrices, which, unlike the known ones, allows to determine the most loaded elements
of the structure during technical operation and promptly take measures to ensure system
survivability. elements.

Received further development:

- model of operative definition of safety indicators at formation of train and
shunting routes on the basis of the structural functions describing logic of work of
centralization systems which, unlike existing, allows to estimate in real time level of
safety or danger, for a concrete route on the basis of statistical data on failure
parameters of control objects that are included in it;

- a model of indicators of functional safety of components of station systems
which, in contrast to existing ones, takes into account the variability of failure intensity
during their life cycle, which allows to expand the application of the exponential
distribution law in determining the technical condition of the system.

The practical significance of the results follows from its applied orientation, the
fundamental possibility of technical implementation of the proposed methods and
models is as follows: due to the method of Markov analysis formed a multidimensional
functional of reliability and security, which allows to determine wear of elements and
taking into account the variability of the failure rate of components, which provides a
definition of pre-failure states.

According to the dissertation topic, 17 scientific papers were published, including
seven articles in professional scientific journals approved by the Ministry of Education
and Science of Ukraine (three of them are included in international scientometric
databases, including two in the Scopus database), ten approbation papers, ten additional
papers.

In the introduction the relevance of the topic of the dissertation is substantiated,
the purpose and tasks of the research are formulated, the scientific novelty and practical

significance of the obtained results are stated, its general characteristic is given.
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The first section presents the results of the study of the causes and consequences
of violations in the operation of railway automation systems, analysis of their condition
and ability to perform the established functions.

The analysis of scientific works in the subject area is carried out: scientific and
methodological bases of reliability and functional safety of automation systems and, in
particular, devices of railway automation; risk assessment and management techniques;
issues of improvement of methods and models of assessment of technical condition and
unification of methodology of development and configuration of software of
microprocessor centralization systems; problems of interactive interaction of the person
and technical means at the decision of problems of a complex estimation and
identification of a technical condition of system of microprocessor centralization;
research of mathematical models of structures of microprocessor centralizations.

Most studies address some issues of assessing the technical condition of the
microprocessor centralization system, but all known methods and models do not involve
the current assessment of their performance during its operation, and there is no
comprehensive approach to assessing their technical condition during operation.
Therefore, it is important to develop and improve methods for identification and
operational localization of dangerous events, taking into account other possible
violations, which together with the identified ones can lead to dangerous consequences,
taking into account possible human operator errors in the operation of MCS systems.

According to the results of the research the purpose and tasks of the dissertation
are formulated, which provide for the development of a set of methods and models to
detect violations in the technical operation of microprocessor centralization systems, as
a set of possible changes in hardware, application software and maintenance stages,
their further identification, evaluation and localization.

In the second section the development and improvement of methods and models
of operational identification, assessment and localization of dangerous states of the

microprocessor centralization system is carried out.



12

To do this, the description of the logic of railway automation systems is
formalized and the model for determining the hazardous state of the process of technical
operation of microprocessor centralization system is improved.

The method of assessing the technical condition of microprocessor equipment of
station centralization under the existing limitations in damage statistics, which, in
contrast to the known ones, allows to determine the probability of damage or other
defect of electronic equipment and reduce the assessment procedure to probabilistic
assessment of integrity equivalence on a structural and functional basis.

The safety and reliability of the application software of the microprocessor
centralization system are studied and the model of operative determination of safety
indicators when setting train and shunting routes is improved on the basis of structural
functions describing the logic of centralization systems operation assess the level of
danger for a particular route on the basis of statistical data on the failure parameters of
the control objects that are included in it.

In the third section, models of interactive interaction of personnel and software
and hardware in solving problems of comprehensive assessment of their safe operation
are developed.

A method and procedure for interactive interaction of personnel and software and
hardware has been developed, which provides the expansion of functionality and
increase the functional security of microprocessor centralization systems through the
identification and subsequent blocking of hazards. A Dblock diagram of the
implementation of this interactive interaction with the ability to analyze and control the
actual actions of staff and the ability to adjust their work in cases of poor service or
failure to confirm regulatory actions, which is deprived of existing microprocessor
centralization systems.

To implement system integration and unification of microprocessor centralization
systems, the structures of modern MCSs are studied and a model is created that reflects
the interactions between the elements of the structure, assess their mutual influences,

identify "weaknesses" in the structure, and analyze systems behavior. The method of
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estimating the structures of individual microprocessor centralization systems based on
graph theory using adjacency matrices and distance matrices has been improved
elements.

The developed methods and models provide reduction of dangerous failures by
12.7%. The adequacy of the developed models is confirmed by testing with further
comparison of reference and actual results of its operation, the results of operational
tests of MCS "Zaliznychavtomatika”. The discrepancy of theoretical data with the
results of observations does not exceed 15%.

The fourth section presents the results of implementation and practical testing of
the developed methods and models.

The model of functional safety indicators of station system components has been
improved, which, in contrast to the existing ones, takes into account the variability of
failure intensity during their life cycle, which allows to expand the application of the
exponential distribution law in determining the technical condition of the system. It is
possible to determine the intensities of dangerous failures not only for the MCS as a
whole and its individual nodes, but also for control schemes of elements of topological
development of the station, directly involved in the formation and implementation of
station routes. A multidimensional reliability or safety functional has been formed,
which allows to predict the state of the MIS at different time points, and models have
been obtained using the MATLAB 6.0 mathematical modeling application package.

The application of a set of developed methods for identification and localization
of dangerous events, taking into account other possible violations, which together with
the identified ones can lead to dangerous consequences made it possible to: reduce by
7.4% the time spent searching for damage by technical personnel; increase by 6.9% the
probability of detection and subsequent localization of dangerous events in
microprocessor centralization systems; reduce by 3.2% the number of violations, which
are attributed to the signaling and communication facilities, and by 13.9% the number
of failures of SCB devices, which caused train delays due to their prompt detection and

timely localization.
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The economic effect of the introduction of one system at the station is
181973 UAH.

Such indicators confirm the feasibility of implementing the developed methods
and models for identification and localization of hazards of microprocessor
centralization systems in economic terms.

The practical significance of the results is confirmed by the relevant acts of
implementation in LLC «SPE «Railwayautomaticy, ME «Kyiv Metro»,
LLC «KYIVMETROPROEKT»" and in the educational process of the Ukrainian State
University of Railway Transport in the preparation of bachelors and masters in 151 -
Automation and Computer integrated technologies, as well as in the Center for
Educational and Practical Training, Vocational and Dual Education (CNPP).

Key words: functional safety, microprocessor-based centralization systems,
technical operation, improvement of methods of identification, assessment and
localization of violations, interactive interaction between personnel and software and

hardware.
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BCTYII

AKTyauabHicTh TemMH. Cuctemu MikporporecopHoi uentpamizauii (MIIL]) Ha
pPI3HHX eTarax >HUTTEBOTO IIUKIY BH3HAYAIOTHCSA CTAHJAPTHUMHU KUIBKICHUMH Ta
HE3BAKAIOYM HAa T€ IO 3 4YacoM TOTIPIIYIOThCS TaKi XapaKTEPHUCTHUKH, SK
BIIMOBOCTINKICTh, O€3BIIMOBHICTh, O€3MEYHICTh, PEMOHTONPUJATHICTh. YC1 BiOMi
MeTOIM 11eHTU(dIKaIlIi Ta onepaTUBHOI JIoKani3alli nopyueHs y podori MIIL] Takox He
NPHUITYCKAIOTh 3aCTOCYBAHHS ITOTOYHOI OI[IHKM TIOKA3HHWKIB CHUCTEMH B Tiporeci ii
(GyHKIIOHYBaHHSI.

OpaHUM 13 HaNpsMIB BUPILICHHS 3a3HAYCHHUX IMUTAHb € YIOCKOHAJIICHHS TCXHIYHOI
eKCIUTyaTalii CUCTeMH MIKPOTIPOILIECOPHOI IEHTpali3allii IUITXOM pPO3pOOJIeHHS Ta
KOpeKIrii MeToAiB imeHTHdIKaIii 1 onepaTuBHOI JIOKami3amii HeOe3MeYHHX MOJIi 3
noJanpiuM (OPMYBAHHIM aJbTEPHATUBHUX CIIEHAPIiB poOOTH. BoHM po3pobIistoThCs
3 ypaxyBaHHSM OIlIHKHM OTNIEPAaTUBHUX IMOKA3HMKIB (PYHKIIIOHYBaHHS Ta WMOBIpHOCTEH
BUHUKHCHHS HEOE3MEeYHUX CHTYyallii, OJIOKYBaHHS MOJJIHWBOCTEH  HETaTUBHOTO
PO3BHUTKY ¥ MPOSBY HeOE3MEUYHUX MO y MaliOyTHROMY Ta MOXJIMBICTIO aBTOMATHYHO1
BHJIaul PEKOMEHJIAIN eKCILTyaTalliIitHOMY TepcoHaNy Ipo HalOumbm edexkTHBHI Ta
Oe3IeuHi BapiaHTH peaizallii KOMaHI KepyBaHHS.

CydacHi HaykoBi pO3pOOKM y TOBHIA Mipi HE BHUPINIYIOTh MOCTABICHOTO
3aBmMaHHs. TakoX, 1€ MdyXKe CKIAagHO 3pOOUTH TpPAaJULIMHUMH TEXHIYHUMH Ta
TEXHOJOTIYHUMHU 3acobamu. Hatomicts iHCTpyMenTn «lHmyctpii 4.0» HagaoTh
MOJXKJIMBICTh KOMIUIEKCHOT omiHku ctany MIIL] B ymoBax ekcruryaTartii 3a TOIOMOTOI0
KOMIT'FOTEpHO-1HTETpOBaHUX iH(opMaliifaux TexHosoriid. [Ipu mpoMy BpaxoBYIOThCS
SIK 30BHINTHBO-TEXHIYHI, TaK 1 BHYTPIIIHbO-EPTOHOMIUHI (paKTOpH.

JucepraiiiifHe TOCIIDKEHHSI CIPSMOBAaHE Ha BHUPIMICHHS BaXXJHBOI HAYKOBO-
MPUKJIAJIHOI 3a]]a4l YAOCKOHAJIEHHS TEXHIYHO1 eKCIUTyaTallli CHCTEM MIKPOMPOIIECOPHOL

HEHTpaTi3aIlii TUIIX0OM ONEePAaTUBHOTO BUSIBICHHS MopyiieHb. Ile macTs 3mory
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3MEHIIUTH Yac Ha MONIYK, AEHTHU(IKALID Ta JOKAII3alil0 MOpPYIIEHb HOPMaJbHOI
pobotu MIIL] 3 ypaxyBaHHSIM IpolLeciB iX TexHIYHOro oociyroByBanus (TO).

Ha renepimHiii yac mnpu BHUpIIIEHHI BKa3aHUX MpoOJieM Yy MOBHIA Mipi He
BUKOPUCTOBYIOTBCS MOKJIMBOCTI CHUCTEMHOTO MIAXOAYy JAO TMpOIeciB Oe3MeuHoro
BUKOPHUCTaHHSI 3acO0IB 3aJI3HUYHOTO TPAHCIOPTY, IO CBIAYUTH MPO aKTyalbHICTh
JUCEPTAIIHHOTO TOCTIKCHHS.

3B'AA30K po0OTH 3 HAYKOBHMH MNporpamMamMu, mjiaHamu i temamm. Pobota
BUKOHaHAa 3riHO 3 «TpaHcropTHOIO cTpaTericro Ykpainu Ha mepiog 10 2030 poky»,
aky 3atBepmkeHo pimeHHsM KMV Big 30.05.2018 p. Ne430-p., a Takox HayKoOBO-
JTOCIIAHUIBKOT po6oTH: «POpMyBaHHS TEOPETUYHUX 3acaj MiIBUILEHHS €(DEeKTUBHOCTI
BUKOPUCTaHHS 1HGOPMAILIHO — KEPYIOUMX CHCTEM Ha 3aJI3HUYHOMY TPaHCHOPTI»
Ne23/1-2016 (JIP Ne 0116U000787, iuB. Ne 0218U000504; iuB. Ne 0718U00051) y sikiit
aBTOp MPHUIIMaB y4acTh K AOCIITHUK.

Meta i 3aBaaHHs A0CHiIKeHb. MeTol0 HayKoBOi POOOTH € TiABUIICHHS
Oe3neky pyxy NUIIXOM YIOCKOHAJICHHS TMPOIECY TEXHIYHOI eKCIUTyaTallii CcHucTeM
MIKPOIIPOIIECOPHOI IEHTpalli3allii Ha OCHOBI OINEpaTHBHOI iAeHTU(IKAIl, OIIHKKA K
JoKaizarii mopymieHb Ta 0JJOKyBaHHS il gecTadimizamiiaux GakTopis.

Jlns MOCATHEHHS METH JUCEPTAIlIiHOIO JOCIIDKEHHS HEOOXIIHO BHUPIIIUTH
HACTYITHI B3a€MOIIOB'sI3aH1 3aB/IaHHS

- TPOBECTH aHalli3 Ta TEOPETHYHE Yy3araJbHEHHS METOMIB Ta MOJENeH
iIeHTrdIKaIii Ta OomepaTUBHOI JIOKaJi3allii MOPyIIeHb B CHCTEMaX MIKpOMPOIIECOPHOL
IeHTpasi3alii;

- po3pobuTH MeToA 6e3mevyHOro (PYHKIIOHYBaHHS CHCTEMHU MIKPOIPOLECOPHOI
IeHTpamizamii 3 BUKOPHCTAaHHSAM  HAYKOBO-METOJOJITIYHOTO  amapaTry pHU3HK-
MEHEKMEHTY;

- PO3pOOMTH METOJA TIJABHINCHHS OE3MEeKHM TEeXHIYHOI eKCILTyaTallii CHCTEeM
MIKPOIIPOILIECOPHOT IIEHTpaii3alii Ha OCHOBI MoOJejed (TEeXHOJIOrid) IHTEPaKTUBHOI

B3a€MO/I1T NEPCOHANY 1 MPOrPaMHO-TEXHIUHUX 3aC001B;



23

- YIOCKOHATUTH MOJENTh BHU3HAYCHHS PHU3UKY TIOSBH HEOE3MEYHOTO CTaHy
MpoLecy TEXHIYHOT ekcIuTyaramnii cuctemu MITL;

- YAOCKOHAJIIUTH METOJl OLIHIOBAaHHS TEXHIYHOTO CTaHy MIKPOIPOLECOPHOT
anapaTypu CTaHIIMHOI LIEHTpasi3allii 3a yMOB ICHYIOUMX OOMEXEHb Yy CTaTUCTHUUHMX
JaHUX;

- MPOBECTU IMIUIEMEHTALIII0 Ta MPAKTUYHY anmpoOaliio po3poOJeHUX METOAIB i
MOJIelieid  BH3HAUEHHsS HEOE3MeYHHX CTaHiB y CHCTEMax MIKpOIMpPOILEeCOpHOT
HeHTpaTi3ailii.

Ob'ekm  Oocnidxcenuss - TIpOIlEC  TEXHIYHOI  €KCIUTyaTalii  CUCTEM
MIKpOTIPOLIECOPHOI IIEHTpaTi3allli.

Ilpeomem oOocnidoxcenns — METOAW Ta MOJENl OINepaTUBHOI 1MEHTHQIKAIIIT,
OL[IHIOBaHHA Ta JOKajii3alii HeOe3MeYHUX CTaHIB CHCTEM MIKpPOMNPOIECOPHOI
IeHTpaTi3aIlii.

Metonn pnociaigkennsi. {1 po3poOku Meromy 3abe3neueHHs Oe3eyHOro
(GyHKIIIOHYBaHHS CHUCTEMH MIKPOMPOILIECOPHOI IMEeHTpami3alii 3  ypaxyBaHHSM
MOKa3HUKIB SKOCTI mpoBeacHHs TO Oylio BUKOPHCTaHO, METOJOJIOTII0 Ta TECOPECTHYHI
OCHOBH TTOOY10BH 1 O€3MEYHO1 eKCILTyaTallii 3ac001B 3a1I3HUYHOTO TPAHCIIOPTY, TEOPit0
MacoBOT'O0 OOCIyroBYBaHHS, KOHIICMII pPHU3UK MEHEIKMEHTY, CydYacHIi METOIU
JOCJTIJDKEHHSI IPUYHH Ta HACTIKIB MOPYIIEHb.

JIist  ymOCKOHAJCHHS METOAY OIIHIOBAHHS TEXHIYHOTO CTaHy B YMOBax
OOMEKEHUX CTAaTHCTUYHUX JaHUX BUKOPUCTAHO TEOPII0 CTIMKOCTI, TEOPEMH JIIHIHHOI
anreOpu, MaTeMaTHYHUN amapaT Teopii WMOBIPHOCTI Ta MaTeMaTWYHOI CTaTHCTHKH,
TEOPETUYHI TIOJIOKEHHSI OYJIeBOT JIOT1KH.

JInst  CTBOpeHHST MOJeNed  MOCHDKEHHS CTPYKTYP  MIiKpOTPOIECOPHUX
IEHTpali3alidi Ta B3aeMOAIi MDK I1X €JIEMEHTaMH, JOCTDKCHHS iX MPOrpaMHUX
KoH(Iirypairiif, BUKOpUCTaHi Teopis TrpadiB, CUCTEMHHUI aHali3, METOAW ONTUMI3arlil
aJIrOPUTMIB.

HaykoBa HOBH3HA OTpHUMAaHHMX pe3yiabTaTiB. HaykoBa HOBM3HA PE3yJIbTATIB

JTUCEPTALIMHOIO TOCTIIKEHHS MOJIArae B po3B’si3aHHI 3a/1a4l YOCKOHAJIECHHS TEXHIYHOI
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eKCIUTyaTalii CHUCTEM MIKPONPOLECOPHOI IEHTpaii3alii 3a pPaxyHOK OINepaTUBHOI
ieHTudiKaiii MOMIKOMKEHb TEXHIKU 1 MOMUJIOK MEPCOHANY Ta JIOKaIi3allli MOKIMBUX
HETaTUBHUX HACJIIJIKIB HEOE3MEUHUX MO1H.

KoHkpeTH1 HayKOB1 pe3yJbTaTH 110 OJIEpKaHi aBTOPOM OCOOUCTO MOJISITAIOTh Y
TaKOMY:

Bnepuwe:

- po3pobneHo wmeton 3abe3neyeHHs Oe3neku (YHKIIOHYBaHHS CUCTEMHU
MIKpOIPOLIECOPHOI LIEHTpati3alii, SAKUH J03BOJISE JIOKATi3yBaTh HeOE3NeuHl CTaHU
KPUTUYHUX OO’ €KTIB CTAaHIIWHOI 1HPPACTPYKTYPH 3a paxyHOK iAeHTH(]IKAIIl 3MIH Y
napaMmeTrpax 1 mnpoueaypax iX (QYHKUIOHYBaHHS Ta OIIIHIOBaHHS PpHU3HMKIB BTpaT
BIJIMTOBIJTHO /0 MOKJIMBOTO CII€HAPII0 PO3BUTKY HEOE3IEUHOIT CUTYAIlIT;

- po3poOiieHO MEeToJ Ta TMPOIEeAypy IHTEPaKTHBHOI B3a€MOJIl MEpCOHANY i
IpPOrpaMHO-TEXHIYHUX  3ac00iB, ska  3a0e3rnedye  pO3MUPEHHS  (PYHKIIHHUX
MOXJIMBOCTEH Ta MiJABHINCHHS (YHKIIHHOT O€3MEeYHOCTI CHUCTEM MIKPOIPOIECOPHOT
IeHTpaTi3allii 3a paxyHOK ieHTH(]IKaIlll Ta HACTYITHOTO OJIOKYBaHHS HEOE3MEKHU.

YoockonaneHo:

- MOJedb BU3HAYCHHS HEOE3MEUHOI0 CTaHy IPOIeCy TeXHIYHOT eKCIuTyaTarii
CHUCTEMH MIKPOIIPOIIECOPHOT IIEHTpati3allii NUIIXOM HapoIlyBaHHS 0a30BOi Mojemi
rpada i1 cTaHiB, sKa Ha BIIMIHY Bl BiIOMHUX 3a0e3ledye OIepaTHBHE BHUSBICHHS
HeOe3MeyHuX CTaHIiB Ta 3a0e3neuye JAOTpUMaHHS Oe3nmedHoi mpoueaypu poOoTH
JOTUHO-MAIIIMHHOT CUCTEMU TIPH HEIITATHUX CUTYAIlIfAX;

- METOJl OIIHIOBAaHHS TEXHIYHOTO CTaHy MIKPOIPOIIECOPHOI amapaTypu
CTaHI[ITHOT MEeHTpatizamii 3a yMOB ICHYIOUHX OOMEXEHb y CTaTUCTUYHUX JAaHUX TIPO
MIOIIKO/DKEHHS, KWW, Ha BIAMIHY Bil BIJOMHX, JO3BOJISI€ BU3HAYUTH HMOBIPHOCTI
MPOSIBY TOIIKOKEHHST a00 1HIMIOro AedeKTy eJIEKTPOHHOTO OOJaJHAHHS Ta 3BECTH
MpOLIEypy OIIIHIOBAHHS JIO WMOBIPHICHOI OIIHKA TMOPYIIEHHS IUTICHOCTI KIacy
€KBIBAJIEHTHOCT1 KOHTPOJIEPIB IEBHOTO TUITY 3a CTPYKTYPHO-()YHKI[I0HATBHOIO 03HAKOIO;

- METOJ OIlIHIOBaHHS CTPYKTYP OKPEMHX CHCTEM MIKPOIPOIIECOPHUX

LEHTpaii3ailii Ha OCHOBI Teopli rpadiB 3 BUKOPUCTAHHSAM MATPHULb CYyMIXKHOCTI Ta
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MaTpulll BIJCTaHI, SKUWA Ha BIAMIHY Bil BIJOMHUX JO3BOJISIE BHU3HAYUTH HaWOUIBIII
HABaHTaXXEH1 €JIEMEHTHU CTPYKTYPH B MPOLECI TEXHIYHOI eKCIuTyaTallli Ta OlnepaTUBHO
BXKUTU 3aXOJU MO 3a0€3MEUEHHIO >KMBYYOCTI CHUCTEMHU MpPH MOIIKOKEHHI OKpPEeMHX
€JIEMEHTIB CUCTEMH.

Licmanu nooanvuioco po3sumxy:

- MOJIeJb OINEepPaTHMBHOTO BW3HAUEHHS IOKAa3HUKIB OE3MEKW TpU 3aBJIaHHI
NOT3HUX Ta MAaHEBPOBUX MAapIIPYTiB HA OCHOBI CTPYKTYPHUX (DYHKIIiH, 1110 ONMUCYIOTh
JIOT1KY pOOOTH CUCTEM IEHTpali3allii, ssika Ha BIIMIHY BiJl ICHYIOUHX JI03BOJISIE B PEXKUMI
peaJpHOTO Yacy OI[IHIOBaTH pIiBeHb Oe€3neku, a0o HeOe3NekH, IS KOHKPETHOTO
Mapiipyra Ha OCHOBI CTaTHCTHYHUX JaHUX NP0 TapaMeTpud BIAMOB 00’ €KTIB
KepyBaHHS, K1 BXOAATH 0 HbOTO;

- MOJICNIb TIOKAa3HUKIB (PYHKIIMHOT O€3MeYHOCTI KOMIIOHEHTIB CTaHI[IMHUX
CHUCTEM sIKa, Ha BIIMIHY BiJ ICHYIOUHX, BPaXOBYE MIHJIMBICTh IHTCHCUBHOCTI BIIMOB B
nporeci iX OJKUTTEBOTO IMKIY, WO JO3BOJISE PO3IMIMPUTH MEXK1 3aCTOCYBAHHS
€KCIIOHEHI[IaTFHOTO 3aKOHY PO3MOLTY IPU BU3HAYEHH1 TEXHIYHOTO CTaHY CUCTEMH.

IlpakTyHe 3HAYeHHS Ppe3yJbTaTiB Po00TH. 32 PAaXyHOK BUKOPUCTAHHS
Meroay MapkiBchbKOro aHamizy copMOBaHO OaraTOBUMIpHHM (YHKIIIOHAT HAIIHHOCTI
Ta OC3MEYHOCTI IO JIO3BOJSE BHU3HAYATH CTaH CHCTEMH MIKPOIPOIIECOPHOT
IeHTpami3amii B JOBUIbHI MOMEHTH dYacy 3 ypaxXyBaHHSAM IapaMeTpiB 3HOIICHHS
€JIEMEHTIB Ta BPaxXyBaHHAM MIHJIMBOCTEH IHTEHCHBHOCTI BIIMOB KOMIIOHEHTIB IO
3a0e3nedye BU3HAHHS TEPEABIAMOBHUX CTAHIB.

3acTocyBaHHSI KOMIUIEKCY pO3pOOJIEHUX METOAIB imeHTu(dikaiii Ta sokamizarii
HeOE3MeYHuX TMOJiN 3 ypaxyBaHHSIM IHIUX MOJIMBUX MOPYIICHB, K1 B CYKYITHOCTI 3
BUSIBIICHIM MOXYTh TPHUBECTH 10 HEOE3MEYHUX HACTIAKIB JTO3BOJWIIO: 3MEHIIUTH Ha
7,4% BuTpaTH yacy Ha MOIIYK YIIKO)KEHb TEXHIYHUM IE€PCOHAJIOM; 30UIbIIUTH Ha
6,9% WMOBIPHICTh BHUSABJIICHHS Ta IOCIIIyIOUYOil JOKami3amii HeOe3meyHuX MOoaiid B
CHUCTEMaX MIKpOMPOIIECOPHOI IeHTpati3alii; 3MeHIINUTH Ha 3,2% KUIBKICTh MOPYIIEHb

SK1 BIIHECEHI J0 TOCIIOIapCTB CHrHAI3aIli Ta 3B’ 3Ky Ta Ha 13,9 % KUIBKICTH BiAMOB



26

npuctpoiB CLb, Kl BUKJIMKanM 3aTPUMKy IMOI3IB 3a PaxXyHOK OIEPAaTUBHOIO iX
BUSBIICHHSI Ta CBOEYACHOI JIOKai3allii.

Exonomiunuii edexT Bil BOPOBAIKEHHS OJHIET CUCTEMHM Ha CTaHLIi CKIajae
181973 rpH.

Opepxani B jguceprauii pe3yiabTaTd BHKOpUCTOBYIOTbCa B TOB «HBII
«3aNi3HUYaBTOMATUKa» MpU po3poOLl MPOEKTHO - KOUITOPUCHOI JOKyMEHTAalli Ta
peamizaimii npoekTiB: «byniBHunrBo numebHuill  Cupenpko — Ileuepchkoi JniHIi
METPOIOJIITeHY BiJ cTaHlil «Cupelby Ha )KUTI0BUN MacuB BuHorpaaap 3 eiaexkTpoaeno
y Tloginecekomy paiioni» KII «KuiBcbkuit merpomnomiten», [HoroBip 3 TOB
«KUIBMETPOITPOEKT» Ne 25/04-17 Bin 25.04.2017 poky; «Po3pobka po6odoro
NPOeKTy TO pekoHCTpyKiii mpuctpoiB CIIb Ta 3B’s3Ky mexy 3ali3HUYHOTO
tpancnopty» I[IpAT «EBponemenT — Ykpaina», [ororip 3 IIpAT «EBpouemeHT —
Vkpaina»  Nel2-86/18 Bim  15.05.2018 poky; «TexHiuHe mepeoCHAIIECHHS
MIKpOIpoIiecopHoi 1eHTpanizamii cranmii ®abpuuna. 3amizauunuid 1ex. I[IpAT
«ITonraBcekuit ['3K». Pobounit mpoekt», Horosip 3 IIpAT «IlontaBchkmii I'3K» Neo
2051Bix 15.07.2019 poky; «Cuctema IuCHEeTYEPCHhKOi IEHTpamizaiii ripHU4Ioro KoJja.
3anizanunuii nex. [IpAT «llonraBcskuii I'3K». Pobounii npoext» Horosip 3 TIpAT
«ITonTaBcekuit ['3K» No256 Big 31.01.2019 poky; «Ob6nagHaHHs TPUCTPOSIMU PEIICHHO
— TMIPOIICCOPHOI MeHTpari3alii MmaHeBpoBoro paiony KuiB [lacaxkupcekuit — TexHiuHa.
YerBepra uyepra» PerionampHa ®imis «lliBmenno — 3axigna 3amizauisgy AT
«YKPATHCBKA 3AJII3HUIISI» Jlorosip 3 AT «YKPAIHCBKA 3AJIIBHULIS» Ne
[13/0 — 191243/HIO Bix 05.11.2019 poky. Ta B HaB4aIbHOMY Mpoleci YKpaiHCHKOTO
JIEP’)KaBHOTO YHIBEPCUTETY 3aJi3HMYHOTO TPAHCIOPTY MPH MIATOTOBIN OakamaBpiB Ta
MaricTpiB 31 cnoemianbHocTi 151 — ABTOMaTH3aliss Ta KOMIT FOTEPHO-IHTETPOBaHI
TEXHOJOTii a TakoX B lIeHTpi HaBYaTBbHO-TIPAKTHUYHOI MiATOTOBKH, NpodeciiiHoi Ta
nyansHoi ocBit  (IIHIIII). IlpaktrmuHy 3HAYymIiCTh HAyKOBUX  pe3yJbTaTiB

I[OCJ'IiI[)KCHHSI l'[iI[TBepI[)KeHO dKTaMM1 BIIPOBA?KCHHAM.
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OcoOuctnii BHecok 3100yBada. ¥YcCi OCHOBHI HAayKoBI Ta MpaKTUYHI
pe3yabTaTd poOOTH, IO BUHOCUTBHCS Ha 3aXUCT, OJIEp’KaHI aBTOPOM CHUIBHO 3
HAayKOBUM KEpIBHUKOM. Y poOOTax, BUKOHAHUX Yy CHIBaBTOPCTBI, OCOOUCTO aBTOPY
HaJIe)KaTh HAYKOBI pe3yIbTaTH:

Y poborax: [1] po3po0iieHO MaTeMAaTU4YHY MOJEIb IO BHUKOPUCTOBYETHCS B
METO/Il aHAIITHYHOTO OLIIHIOBAHHS B1IMOB CHUCTEMHU MIKPONPOLECOPHOI LeHTpai3alii
Npu BUSBICHHI Je(eKTy iX amapaTHUX KOMIIOHEHTIB B Mpoleci ekcruryatamii; [2]
OOIpYHTOBAaHO amapaT MaTeMaTHYHOI CTATHCTUKU ISl OOPOOKH pe3ynabTaTiB B yMOBax
0OMEKEHOCT! TaHUX, TOOYZ0BAaHO MAaTeMaTHYHI MOJENI, 0 peaii3yloTh po3po0IeHUM
METOJ OIlIHIOBaHHS; [3] po3po0iieHO MaTeMaTUdH1 MOJACHI ISl JOCTIKEHHS! CHCTEMU
MIKPOIIPOIIECOPHOT IEHTpaTi3allii 3 BUKOPUCTAHHSIM MaTpPUIlb CYMIKHOCTI Ta BIJCTaHI;
[4] po3pobieHo CTPYKTYypHO-JIOTIYHI MOJEIl TEXHOJOTIYHUX MPOIECiB peasizamii
MapHipyTiB Ha 3alli3BHUYHUX CTaHIIAX Uil dopmaiizamii JIOTIYHUX yMOB  iX
dbyHKIIIOHYBaHHS TIpU po3polIi Ta KOH(DIrypyBaHHI MPOTPpaMHOro 3a0e3neyeHHS
CTaHIIMHUX CUCTEMH MIKPOIPOIECOPHOT IeHTpamizallii; [S] oOrpyHTOBaHO MOKIUBOCTI
BUKOPUCTAHHS KOHIEMIIi PU3UK — MEHEIKMEHTY [JIsl YIOCKOHAJIEHHS TEeXHIYHOI
eKCIUTyaTallii CHCTEMHU MIKpOIPOIICCOPHOI IIEHTpai3allii a caMe 3aCTOCYBaHHS METO/IiB
aHaJi3y HaJIIMHOCTI - MeToly CTPYKTYpHOI CXeMH HaJIHHOCTI Ta MapKiBChOTO aHali3y;
[6] po3pobieno Moaenp IHTEPAKTUBHOI B3aEMO/IIi MEPCOHANY 1 MPOrpaMHO-TEXHIYHUX
3ac001B CHCTEMH MIKPOIIPOIECOPHOI IIeHTpati3alrii; [7] po3po0iaeHO MOICIb IPHHHATTS
KEepYIOYHUX PIIlIeHh B YMOBaX BIUIMBY JiecTa0uTi3aiitHIX (HDaKTOpIB.

Amnpodauisi pe3yabTaTiB Aucepranii. AnpoOariis pe3yIbTaTiB JUCEPTAIIITHOTO
JOCIIHPKCHHST TTPOBOJIMIIACH Ha HAYKOBUX, HAYKOBO — MPAKTUYHUX KOH(PEPEHIIIAX Ta
ceminapax: 29 - 33 wMDbKHapoAHi HaykoBo-mpakTwuHi KoHbpepenmii MHIIK
«Inopmariiino-Kkepyrodl CUCTEeMH Ha 3aJTi3HUYHOMY TpPAHCHOPTI», M.YOPHOMOPCHK,
M. XapkiB 2016 -2020 pokum.; X MixkHapomHa HAyKOBO-TIPAKTHUYHA KOH(EPEHITis
«CyyacHl 1H(oOpMaliliHI Ta KOMYHIKAII{HI TEXHOJIOTi Ha  TpaHCHOPTI, B
MPOMUCIOBOCTI 1 ocBiT», 14-15 rpymus 2016 poky, M. Huinpo: JHY3T

im. akan. B. Jlazapsna; 79-1 MHTK «Po3BuUTOK HayKOBOI Ta iIHHOBAIIHOT TIsUTBHOCTI Ha



28

TpaHcnopti», kBiteHb 2017, m. Xapki, YkpI¥Y3T; V International Scientific and
Technical Conference «Engineering. Technologies. Education. Securty’2017»
(Veliko Tarnovo, Bulgaria, 31 May — 03 June 2017); VII mikHapoaHa 3ai3HUYHA
koH(pepenuis UARAIL & PARTNERS «udpactpykrypa Ta pyxomuii ckiaay» 04-
09 Bepecnst 2017 p., m. XapkiB; 30 — 31 Mi>KHApPOHI HAYKOBO-MPAKTUYH1 KOHpEpEeHI1s
«BrpoBa/pkeHHST  TMEPCHEKTUBHUX  MIKPOMPOIIECOPHHUX CHUCTEM  3aJi3HUYHOI
aBTOMAaTHUKUA Ta 3aco0iB TeJeKOMYHiKalii Ha ©0a31 uudposizamii» 27-28 BepecHs
2017 p., m. Oneca, 27-28 Bepecus 2018 p., m. XapkiB; [-a mixknapogna HITK Axanemii
TEXHIYHUX HayK Ykpainu, 5-7 kBiTHa 2017 p., M. [Bano-®pankisebk; I[I-a MHIIK
«IIpuknagHi HayKOBO-TeXHIUH1 nociimkeHHs» 3-5 kBitHa 2018 p., M. IBaHo-
OpankiBebk: Axaaemis Texuiunux Hayk VYikpainw; II-1II mixnaponni xoHdepeHiii
«HXKUHIpUHT Ta ycTaTKyBaHHS 3aii3HUIB» 16-18 sxoBtHs 2018 p., 16-18 >xoBTH:
2019 p., m. Kuis.

Iy6aikanii. BignmosimHo 1m0 Temu aucepTtaiii omyOiikoBaHo 17 HaykoBUX
mparb, 3 SKHX CIM cTared omyOJjikoBaHO Yy (axoBHUX HAyKOBHUX BHJIAHHSX,
satBepokeHMX MOH  VYkpaiam (Tpy 3 HHX BKJIIOYEHO JO0  MDKHApOIHHUX
HAYKOMETPUYHUX 0a3, y TOMy dYuCiai 1OBI — g0 0Oasm SCOPUS), [ecATh Mpailb
anpoOaIiitHOro XapakTepy, AeCATh JOAATKOBUX IIparli.

CTpykTypa Ta o6car aucepramii. {uceprariis ckiagaeTbes 3 aHOTAIlli, BCTYITY,
YOTUPHOX PO3J1IIB, BUCHOBKIB, CIIMUCKY BHUKOPHUCTAHUX JDKEpen Ta fonatkiB. [loBHuit
obcsr Texery aucepTailii 214 cTOpiHOK, 3 SAKUX 0OCSIT OCHOBHOTO TEKCTYy cKianae 168
CTOpIHOK, 45 PUCYHKIB 32 TEKCTOM, 3 SIKUX 5 PHCYHKIB Ha OKpeMHUX CTopiHkax, 11

Ta0JINIIb, CTIMCOK BUKOPUCTAHUX JDKEpe 13 152 HaiiMeHyBaHb 1 4 10/1aTKIB.
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