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JIOCJIJI)KEHHS HAJIIMHOCTI BUKOHAHHS
. OIIEPATOPOM
JAIM TEXHOJIOT'TYHOTI'O MPOLECY

3abe3neueHHst Oe3MeKn € HalBaXJIMBIIIOKO 1
BOJHOYAC  HAWCKIAJHIIIOW  CKJIQJOBOIO  TPOIECY
3aJII3HUYHUX TEPCBE3CHL. BeMKa KUTBKICTH JTFOJCH,
00'€KTIB TEXHIKM, 30BHIIIHE CEPEAOBHIIE Ta 30BHINIHI
BUIA/IKOBI BIUIUBH — «OOYPEHHs», [0 OEpyTh y4acTb y
npolleci MepeBe3eHb, HE TUTBKH pPeali3yioTh MPOIecC
nepeBe3eHb, a W BIUIMBAIOTh HAa HBHOTO B PI3HUX
HampsAMKax, YAM CTBOPIOIOTH YMOBH, 3 SKHX 332 THMH
ab0 IHIIMMU TPUYMHAM  BHHHKAE€  MOXIIHMBICTH
MOpYILIeHHS Oe3MeKH epeBe3CHb.

3ami3HuL, [I0 BKIOYaE€ BCi TPU BUAU
CJIEMCHTIB IUIFOC 3OBHIIIHI BUMAJKOBI «OOYpEHHS,
VABIAE  CHCTEMY  «IIOAWHA-TEXHiKa-CepeOBHIIe-
00ypeHHSD».

Ax BkaszyBamocs BHWINE, Ha HATIHHICTH
CHCTEMH <«JTIOIMHA-TEXHIKa-CEPETOBHIIIE-30YPIOBAHHSD)
BIUIMBAIOTh YOTHpH (DAKTOpW: HAMINHICTD JFOIMHU-
omeparopa (IMOBIpHICTB, IO OIEPaTOpP CHCTEMH HE
JIOIYCTUTH TIOMIJIOK), HaAIHHICTh TEXHIKH (IMOBIpHICTH
0e3B1IMOBHOI POOOTH TEXHIKM), HECTIPHSATIIUBI BIUIUBU
30BHIITHBOI'0 CEPEOBUINA Ta 30BHIIIHI 3a31aJICTinp HE
nependaveni BruuBH. CKiIagoBa («JIIOJHHA-OIIEPATOP)
Mae OLJIBIITYy Bary, OCKUIBKU 33 CTATUCTUKOIO HakOiIbIIa
KUJIBKICTh  aBapiii  BigOyBacTbCS 3 BHHH JIFOJUHU.
JlocmimKeHHsT TOKa3yloTh, M0 TPH  OJHOPA30BOMY
pe3epBYBaHHI TEXHIYHHX MPUCTPOIB KBaJi(hiKOBAaHUM
OIlepaToOpoM HAMiIHHICTh CHUCTEMH BUSABJIAETHCS BHIIE,
HIK [IpU BUKOPHUCTAHHI YOTHPUPA3OBOTO TEXHIUHOTO
pe3epByBaHHA [1].

3 iHmoro OOKy, BIACYTHICTH B oOIlepaTopa
HaJIOKHOI IIJJTOTOBKM MOXKE 3BECTH JO HYJs HaBiTh
HaUBUIUH piBEHb HANIHHOCTI TEXHIYHUX MPUCTPOiB. L5
oOcraBMHa, a TAaKOX CKJIQJHA CTPYKTypa CHCTeM 1
KOMIUIEKCIB, HeOe3leka BHUKOHYBaHHMX [Ii, BTpara
MPAIE3JaTHOCTI ONepaTopa BUMArarTh IEPiOAUIHOTO
KOHTPOJIFO TOTOBHOCTI OMEpaTopiB JI0 BUKOHAHHS
mocraBleHuX  3afgad. s 00'€KTMBHOI  OIIIHKH
MOTOYHOI'0 CTaHy T'OTOBHOCTI ONIEPAaTOPIB JI0 BUKOHAHHSI
i TEXHOJIOTTYHUX MPOIIECIB, Mornepe K EeHHS
BUHUKHECHHS aBapii i MO3aIITATHUX CUTYallild BHACIIIOK
HEBIpHUX a00 HECBOEYACHUX [iH JIFOJWHM HEOOXiJHi
crocoOM Ta 3aco0M  OLIHKM HAIHHOCTI  POOOTH
orieparopa.

Bigomo, nio HafiiHiCTh omepatopa B poOOTi
XapaKTePU3yEThCA TaKUMHU TIOKa3HUKAMHU AK
OE3IIOMIIIKOBICTG,  CBOEYACHICTh, TOTOBHICTH  Ta
BiJTHOBIIIOBAHICTh. A OTXKE, [Vl PO3PAXyHKY HAIIHHOCTI

BHUKOHAHHSI OIEPATOPOM JIii TEXHOJIOrIYHOro MpOLecy
Tpeba BUKOPUCTOBYBATH 1i YOTHPH ITOKAa3HHUKU.
BusiBisieTbCsi, SIKIO TPOBOAWTH TECTYBAHHS
oreparopa Iepes Ho4aTkoM PoOOTH, TO TiJBMILYETHCS
Ha/IIHICTh BUKOHAHHS ONEPaTOPOM JIii TEXHOJIOTIYHOTO
nporecy [2].
Tak, HamidHICTP BHKOHAHHS OIIEPATOPOM il
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3aranbHa HaIAHICTD P BMKOHAHHS
OIepaTopoM Jii TEXHOJIOTIYHOTO TpOLECY 3a 4Yac 7 3
BpaxyBaHHSIM TOTO, 1[0 OLIHKU HAIMHOCTI BUKOHAHHSI
OIEepaToOpOM JIii TEXHOIOTIUHOrO MPOIIECY, L0 OTPUMaHi
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3a pe3ysbTaTaMu peajbHoi poOOTH Ta 3a pe3yibTaTaMu
TECTYBaHHSI, HE3aJICHHI 1 PIBHO3HAUHI
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Ilpn  po3paxyHKy BIANOBIJHMX  3HA4YECHb

pP=

prear - pmem o :
Ta Ha OCHOB1 BIAIIOB1JHUX 3HA4YCHb

IMOBipHOCTE! OE3MOMHIIKOBOI'0 BUKOHAHHS OIIEPaTOPOM
it TEXHOJIOTTYHOTO Mpouecy, IMOBIpHOCTCH
CBOEYACHOTO BUKOHAHHS orepaTopoM pivil
TEXHOJIOTIYHOrO Tpolecy, KoedillieHTIB TOTOBHOCTI
BUSIBUJIOCH, 10 HA/IHHICTh BUKOHAHHS OMEpaTopoM il
TEXHOJIOTIYHOTO MPOIIECY MPH MPOBEACHHI TECTYBaHHS
onepatopa Bumie Ha 4%, HDK HaJlfHICTH omeparopa
NPaIIOI0YOro TUIbKU B pEalbHUX YMOBAX.
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DETECTING ANOMALIES AND
ADAPTING RAILWAY NETWORK MODELS
DURING WARTIME

In the context of the ongoing armed conflict in
Ukraine, railway transport has become one of the key
elements of the national transport infrastructure.
Evacuation of the population, movement of humanitarian
aid, and strategic cargo largely depend on it. Massive and
prolonged disruptions caused by both direct hostilities
and infrastructure damage significantly affect the
efficiency of railway transportation. War leads to
unpredictable changes in routes, demand, and
availability of railway services, making the management
of transport flows an extremely challenging task. The
relevance of detecting anomalies and adapting network
models under such conditions is increasing

exponentially, as each failure or malfunction can have
critical consequences for passenger safety and the overall
stability of the transport system.

Under such conditions, passenger travel network
models become vulnerable to significant changes in
demand structure, making it relevant to study the impact
of disruptions on passenger behaviour and overall
transport system efficiency. This requires a revision of
network demand models, which may become irrelevant
if they are based on old data and do not take into account
changes in demand and new passenger priorities. In
addition, the need to consider the risks of disruptions and
their impact on the network comes to the fore [1].

War forces the constant adaptation of the transport
system to new conditions. Due to unpredictable changes
in demand and routes, rail transport faces numerous
challenges that require rapid adaptation of network
models. Adaptation strategies may include dynamic
model updates based on new data, as well as the
development of scenarios for real-time decision-making.
The conditions of unpredictable changes in demand
caused by massive and prolonged disruptions require
operational adaptation of network models. The
importance of dynamic updating of forecasting systems
is increasing in conditions where data quickly lose
relevance. One of the key approaches to adaptation is
incremental learning [2], which allows for the gradual
retraining of models without the need for their complete
retraining. This methodology allows models to remain
relevant as new data become available. The use of a
sliding window for modelling allows adaptation to the
latest changes in passenger behaviour by limiting the
analysis to only the most recent data. Another effective
approach is the application of models that combine
several forecasting models to increase resilience to
changes in demand. In addition, the automation of the
update process reduces the time and human resources
required to maintain models in an up-to-date state. The
challenges associated with dynamic updating include the
need to ensure data quality, speed of data processing, and
selection of the optimal model. The prospects for the
development of such approaches include the introduction
of deep learning to process large amounts of data and
identify complex dependencies, as well as the creation of
intelligent systems that can independently adapt to
changing environments. Integration of forecasting
systems with traffic management systems and other
transport systems can significantly improve management
quality in cases of prolonged interruptions.

However, in addition to adaptation, it is important
to detect potential anomalies in transport flows that may
indicate new threats or problems in the infrastructure.
Anomalies in rail passenger travel network, especially
during mass disruptions, may indicate hidden problems
or unforeseen situations that require immediate
intervention. Anomaly detection methods allow for the
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