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1. Y po60Ti 06rpyHTOBaHO HEOOXiIHICTb IEPEXOAY [0 IHTEJIEKTYyasli30BaHUX MiAXOiB YIIPABJIiHHS, 10 3yMOBJIEHO
3pOCTaHHSM CKJIQIHOCTI 3aJ1i3HNYHOI iHPPaCTPYKTypHU, MiJBUIEHHSIM iHTEHCUBHOCTI PyXy Ta CyTTEBUM BIINBOM
soncbKoro ¢axkropa. BcraHosieHo, 1o cyyacHi CUCTeMU 3a/1i3HUYHOI aBTOMATUKY, OyAy4Yr KPUTUYHO BaXKJIMBUMU
esleMeHTaMu iHppacTpyKTypy, QYHKIIOHYIOTh IEPEBAKHO HA OCHOBI IETEPMIHOBAHUX aJTOPUTMIB i 5KOPCTKO
PerIaMeHTOBAaHUX JIOTIYHMX CTPYKTYP, 0 OOMEXYE iX 30aTHICTb 4O THYYKOrO aHaJIi3y CUTYallill, IPOrHO3yBaHHS iX
PO3BUTKY Ta MigTPUMKU IPUUHATTS PillleHb B yMOBaX HEBU3HAYEHOCTI. YCKJIAIIHEHHS TEXHOJIOTIYHUX MTPOLECIB i
IVHaMivyHUI XapakTep QyHKIiOHYBaHHS CUCTEM OOYMOBJIIOIOTH JOLIIBHICTD BIPOBaJKEHHS iHTEJIEKTyali30BaHUX
KOMITIOTEPHHUX CUCTEM YIIPaBJIiHH, 31aTHUX MiJBUIIATY PiBEHb CUTYaLilHOI 06i3HAHOCTi OIIEPATUBHOTO
IIEPCOHAJY Ta 3HU3UTU MOTO KOTHITMBHE HAaBAHTAXXEHHSI LIJIIXOM BUKOPUCTAHHSI METOIiB iHTEJIEKTYaIbHOI 06POOKHU

IAHUX Ta KOMITIOTEPHOrO MOZestoBaHHS. O6’eKTOM JIOCTIiI’KEHHS € IIPOLeCH YIIpaBJliHHS PyXOM I0i37iB y



KOMITI0OT€PU30BAHUX MIKPOITPOLIECOPHUX CUCTEMAX 3a1i3HUYHOI aBTOMATUKU. MeTa poboTu noJirae y po3pooui ta
yIOCKOHAJIEHHI MEeTO[IiB, MOZieJiell Ta aJIFOPUTMIB OpraHizallii KOMITIOTEpHUX CUCTEM iHTeseKTyasizauii yrpasiHHs
B [TIPOEKTAX MiKPOIIPOLIECOPHUX CUCTEM 3aJIi3HUYHOI aBTOMAaTUKM Ha OCHOBI MaTEMaTUYHUX MOJEJIEN i METOLIB
00pOOKH JaHUX [J11 OLiHIOBAaHHS €KCILTyaTalilfHUX CUTYallill, IPOTHO3YBaHHS iX PO3BUTKY Ta MiJTPUMKU
[IPUMHATTS pillleHb B yMOBaxX HEBU3HAYEHOCTI. Y NEPIIOMY PO3iJi BUKOHAHO aHaJjli3 Cy4aCHOIO CTaHy
KOMITIOTEPHHUX CUCTEM YIIPaBJIiHHS PyXOM I10i3[1iB Ta BU3HAYEHO OCHOBHI TEHZEHLil iX pO3BUTKY. PO3r/IsiHyTO
apXiTeKTypHO-(YHKLiOHaIbHI 0COBIMBOCTI CUCTEM 3aJ1i3HUYHOI aBTOMATHKY, OLIIHEHO PiBEHB iX iHTeseKTyai3anii
Ta BUSIBJIEHO OOMEXKEHHS], [I0B’S13aHi 3 BAKOPUCTAHHSIM IeT€PMiHOBAaHUX QJIFTOPUTMIB i )KOPCTKO 33[JaHUX JIOTIYHUX
CTPYKTyp. OOIPyHTOBAHO AOLINIBHICTh PO3BUTKY MiIXOLiB 110 iHTeIeKTyasi3alil yrpasiliHHS B IPOEKTaX
MIKpOIIPOLIECOPHUX CUCTEM 3aJi3HUYHOi aBTOMATUKHU Ta CHOPMYJIbOBAHO [1I0CTAHOBKY 3a/iaui JOCiIKeHHs. Y
IpPYroMy po3zili po3po6sIeHO TeOPETUKO-MaTeMATU4Hi 3acaiy iHTeJIeKTyali3allii ypaBsiHHS B IPOEKTax
MIKPOIIPOLIECOPHUX CHUCTEM 3aJ1i3HN4HOI aBTOMaTUKU. CHPopmMoBaHO iHPOpMaLIITHO-MATEMATUYHY MOZEJb BILJIUBY
orepaTopchkoro pakropa K IUHAMIYHOI CKJIal0BOI [IpOLeCy yIIpaBiliHHS, 10 Ja€ 3MOTy BpaxOByBaTU 3MiHY
(PYHKLiOHAJIBHOTO CTAHy OIIEPATHMBHOIO IIEPCOHAY Ta HOT0 BIIUB Ha 6€3MeKy ! e(peKTUBHICTb PYHKIIIOHYBaHHS
cucreMu. Bu3HaueHO KOHLENTyasbHi PiBHI iHTesIeKTyasli3alii ypaBsiHHS, a TaKO>K OOI'PYHTOBAHO 3aCTOCYBAHHS
METOJIiB LITY4YHOT O iHTEJIeKTY Ta IPUHLUIIIB iHTerpaLil iHTeeKTyaJbHIX aITOPUTMIB Y KOMITIOTEPHI cucTeMu
VIPaBJIiHHS PYXOM MOi37iB. Y TpeTbOMY PO37iji po3p0o6seHO MaTeMaTHdHi Mofiesi Ta MmeToau popmanisanii i
aHasli3y eKCITyaTaliliHOi cuTyallii B KOMIT'IOTEPHIN HaZCUCTEM] iHTEJIEKTyalIbHOrO CYIIPOBOAY YIIPABJIiHHS PYXOM
1oi37iB. 3aIIPOIIOHOBAHO iHTErPaIbHUM ITOKA3HUK OL[{HIOBAHHS CTaHy CUCTEMH, 1110 3a0e3evye 3MeHIIeHHS
PO3MipHOCTI 3a7a4i Ta popMyBaHHS y3arajbHEHOI OLiHKY eKCIUTyaTaliliHoi cuTyalii. MonugikoBaHO METO
MapKOBCBKOT'O MOJIEJIFOBAHHS, SIKUH JJa€ 3MOTy OIMACATU JVHAMIKY [1I€PEXO/iB MK y3araJlbHeHUMU CTaHaMU Ta
30iMICHIOBATH KiJIbKiCHE OLIIHIOBaHHS PU3UKY B YMOBAaX HEBU3HAYEHOCTI. TaKoX BU3HAYE€HO METOJ, IHTeTpallii
KOMITIOTEPHOI HaJICUCTEMH iHTEJIEKTyaJIbHOTO CYIIPOBOY 3 ypaxyBaHHSIM BUMOT (PYHKLIOHAJIbHOI 6e3IeKu Ta
PO3p006JI€HO aNrOpUTMIiYHY peasizaliio ii GyHKIioOHyBaHHS. Y 4eTBEPTOMY PO3[ijli po3po6JeHO apXiTeKTypHi Ta
aJITOPUTMIYHI Pill€eHH peasi3allii KOMITIOTEPHOI HaJICUCTEMHU iHTEJIEKTYaIbHOTO CYIIPOBOZY YIIPABJIiHHS PYXOM
noisais. [I06y0BaHO HEUITKY MOZEeJIb MPUIHATTS pillleHb Ha OCHOBI arapaTy HeYiTKOi JIOTiKY, peali3oBaHO
IporpamHy Mogens y cepenosuiii MATLAB Ta npoBeleHO MOJIEIIOBAHHS, 32 PE3yJIbTaTaMU SIKOTO MiATBEPIKEHO
e(EeKTUBHICTb 3alIPOIIOHOBAHUX PillleHb i JOCSTHYTO CKOPOUYEHHS! Yacy NPUUHATTS pilleHHs Ha 44,6%. Po3pobiieHi
MoJeJIi Ta aJITOPUTMU IOCIIIIPKEHO MIJIIXOM KOMITIOTEPHOTO MOJie/TioBaHHs y cepenoBuili MATLAB, ne
copmoBaHO 6a3y HEWITKUX [IpaBuJl, PYHKLii HAJIEXKHOCTI Ta MEXaHi3M HEYiTKOTrO JIOT{YHOTO BUBEeHHS. 3a
pe3yJbTaTaMu MOJIEJIIOBAaHHS BCTAHOBJIEHO CKOPOYEHHS Yacy NPUMHATTS pimeHHs 3 12,12 ¢ no 6,72 ¢ (Ha 5,40 c, abo
44,6%) 6e3 nopyweHHs! BUMOT (yHKIiOHaNbHOI 6e3neku. Kio4dosi ciosa: iHpopmMaliliHi TeXHOJIOTII, MeTos,
iHTesIexTyasni3alisl, MiKkpoIpoL,eCOpHa CUCTeMA LieHTpasi3allii, 6araTopiBHeBa apXiTeKTypa, MaTeMaTUYHA MOJIEIb,
indopmariitna 6e3nexa, MTYyYHUIN IHTEJIEKT, aJITOPUTM, JIIOACHKUI (PaKTOp, aHali3 JaHUX, CUCTEMU KEPYBaHHSI

PYXOM I0i37iB, HEBU3HAUYEHICTb, HEYiTKi MHOXXUHHU, O6€3I1€Ka PyXy.

2. The work substantiates the need for a transition to intellectualized control approaches, which is caused by the
increasing complexity of railway infrastructure, the growing intensity of traffic, and the significant influence of the
human factor. It has been established that modern railway automation systems, being critical infrastructure
elements, mainly function on the basis of deterministic algorithms and strictly regulated logical structures, which
limits their ability to perform flexible situation analysis, predict their development, and support decision-making
under conditions of uncertainty. The increasing complexity of technological processes and the dynamic nature of
system operation determine the expediency of implementing intellectualized computer control systems capable of
increasing the situational awareness of operational personnel and reducing their cognitive workload through the
use of intelligent data processing methods and computer modeling. The object of the research is the processes of
train traffic control in computerized microprocessor-based railway automation systems. The aim of the work is to
develop and improve methods, models, and algorithms for organizing computer systems for the intellectualization
of control in projects of microprocessor-based railway automation systems based on mathematical models and
data processing methods for assessing operational situations, predicting their development, and supporting



decision-making under conditions of uncertainty. In the first chapter, an analysis of the current state of computer
systems for train traffic control was carried out, and the main trends in their development were identified. The
architectural and functional features of railway automation systems were considered, the level of their
intellectualization was assessed, and limitations associated with the use of deterministic algorithms and strictly
defined logical structures were identified. The expediency of developing approaches to the intellectualization of
control in projects of microprocessor-based railway automation systems was substantiated, and the research
problem was formulated. In the second chapter, the theoretical and mathematical foundations of the
intellectualization of control in projects of microprocessor-based railway automation systems were developed. An
information-mathematical model of the influence of the operator factor as a dynamic component of the control
process was formed, which makes it possible to take into account changes in the functional state of operational
personnel and their impact on the safety and efficiency of system operation. The conceptual levels of control
intellectualization were defined, and the application of artificial intelligence methods and principles for integrating
intelligent algorithms into computer systems for train traffic control was substantiated. In the third chapter,
mathematical models and methods for formalizing and analyzing an operational situation in a computer
supersystem of intelligent support for train traffic control were developed. An integral indicator for assessing the
system state was proposed, which ensures a reduction in the dimensionality of the task and the formation of a
generalized assessment of the operational situation. The Markov modeling method was modified, making it
possible to describe the dynamics of transitions between generalized states and to carry out quantitative risk
assessment under conditions of uncertainty. A method for integrating the computer supersystem of intelligent
support with consideration of functional safety requirements was also defined, and an algorithmic implementation
of its functioning was developed. In the fourth chapter, architectural and algorithmic solutions for implementing a
computer supersystem of intelligent support for train traffic control were developed. A fuzzy decision-making
model based on fuzzy logic was constructed, a software model was implemented in the MATLAB environment, and
modeling was carried out. The modeling results confirmed the effectiveness of the proposed solutions and
demonstrated a 44.6% reduction in decision-making time. The developed models and algorithms were studied
through computer modeling in the MATLAB environment, where a fuzzy rule base, membership functions, and a
fuzzy inference mechanism were formed. According to the modeling results, a reduction in decision-making time
from 12,12 s to 6,72 s was established, i.e., by 5,40 s, or 44,6%, without violating functional safety requirements.
Keywords: information technologies, method, intellectualization, microprocessor interlocking system, multi-level
architecture, mathematical model, information security, artificial intelligence, algorithm, human factor, data
analysis, train traffic control systems, uncertainty, fuzzy sets, traffic safety.
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