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This study considers a CIP station used for automated cleaning of
process equipment in the food industry. The task addressed relates to
the lack of a formalized methodology for decomposing a CIP station
that would enable the construction of object-oriented control models
in accordance with international standards.

The result of this study is the devised methodology for CIP station
decomposition based on the principles of IEC 61512, which includes
the identification of the levels of process cell, process units, equip-
ment modules, as well as control modules. It has been shown that this
approach allows for a structured representation of the equipment and
its functions, enabling the integration of technological steps with the
equipment of the CIP station.

The results are attributed to the fact that the CIP cleaning process
has a hierarchical structure and procedural repeatability, which
allows it to be formalized as a set of interrelated levels - from the pro-
cess cell to individual equipment modules. This feature ensures con-
sistency between the process logic and the physical structure of the
equipment, which enhances the efficiency of control. A distinctive
feature of the results is the combination of hardware hierarchy with
information models, which differentiates the proposed solution from
conventional descriptive approaches. This not only improves the flex-
ibility and scalability of control systems but also creates conditions for
building libraries of reusable software objects.

The results could be practically implemented at industrial enter-
prises in the food, pharmaceutical, and chemical industries where CIP
stations are used. They could be integrated into current SCADA/PLC
systems using AutomationML and OPC UA standards, ensuring
compatibility with MES/ERP levels of control. This improves the effi-
ciency of equipment operation while reducing the costs for designing
and maintaining automation systems.

Keywords: CIP station, IEC 61512, object-oriented control, de-
composition, process cell, process unit.
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The object of the study is the adaptive machine learning systems
that are able to process large amounts of rapidly changing streaming
data in real time. The problem of maintaining prediction accuracy
and computational efficiency in the presence of concept drift is treat-
ed. Concept drift refers to the overweighting of static models when
stationary models are tried, and the nature of the underlying distri-
butions changes. The adaptive architecture includes revision diver-
gence-oriented concept drift detection, incremental model updating
via hyper-dimensional statistical clustering of segments. Results from
experiments using simulated and real-world datasets demonstrate
that the adaptive architecture maintains predictive accuracy above
0.83 across abrupt, gradual, recurrent, and continuous drift scenarios.
Compared with non-adaptive models, adaptation latency is reduced
by approximately 2.6 X, while unnecessary retraining operations are
decreased by up to 40%. These results are possible due to the fact that
proposed framework is able to retrain solutions if, and only if, dis-
tributional changes are determined to be statistically significant and
meaningful to the model. This leads to the avoidance of processors be-
ing given redundant computations and providing a steady-state model
during non-drift conditions. A principal contribution is that feature
engineering is accomplished in a drift-aware manner, thresholding is
made adaptive to the distributions indicated, and update mechanisms
are employed which efficiently utilize resources in a unified high-per-
formance streaming pipeline. The architecture performs well under
abrupt, gradual, recurrent, and continuous drift and effective for re-
al-time applications which include smart-city analytics, cyber security
monitoring, roadways system works, and IoT for industrial systems.

Keywords: adaptation model, computing performance, drift
detection, streaming processing, rapid updating.
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This study examines the process of destroying individual and
group targets by an artillery battery under conditions of limited am-
munition of a given quality and varying degrees of barrel bore wear.

The task addressed relates to the revealed lack of a quantitative
model that would make it possible to assess the effectiveness of aimed
or planar fire in the presence of resource limitations on shots and
barrel bore wear, which could facilitate determining the threshold
conditions for the feasibility of continuing fire.

A discrete stochastic model of the effectiveness of firing an
artillery unit has been proposed. The model is designed to assess
the effectiveness of aimed fire under conditions of limited resource
of high-quality ammunition. The model also takes into account the
presence of guns in the unit, the barrels of which have different levels
of wear. It is proposed to divide shots from each gun in the artillery
unit into four different classes, which takes into account the quality
of the shot elements: the projectile and the propellant charge, as well
as the condition of the barrel.

It is proposed to consider the successive states of the artillery
unit’s guns as elements of the Markov chain. It was established that
it is possible to achieve a firing efficiency coefficient that lies within
the range of 0.63-0.83. The limiting estimate of the firing efficiency
coefficient of the artillery unit on a separate target was obtained,
which is equal to 0.5.

The results showed that when the limiting value of the firing effi-
ciency coefficient is obtained, aimed fire degenerates into planar target

destruction with enlarged scattering ellipses. This state leads to an al-
most twofold increase in the cost of shots and the time of firing, which
sharply increases the risk of counter-battery damage to the battery.

Such results are attributed to the combination of the accepted
classification of shots by quality, taking into account the increased
wear of the barrel bores due to a decrease in the probability of hitting,
and the analysis of a set of realistic gun firing strategies.

The model could be offered for performing tactical calculations
when choosing a fire mode, the structure of using available ammuni-
tion, and assessing the feasibility of switching from aimed to plane fire.

Keywords: artillery battery, limited resources, barrel bore wear,
firing efficiency coefficient, firing threshold conditions, counter-bat-
tery damage.
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This study’s object is the process of monitoring and managing
environmental risks in railroad accidents involving transportation of
hazardous goods.

A problem has been identified, related to the absence of a single,
holistic approach to risk management during transportation, which
would integrate methods of spatial-temporal forecasting with a formal
assessment of uncertainty. A mathematical model has been suggested
that makes it possible to process and analyze data acquired from
a mobile automated air quality monitoring system (MAAQMS). The
established dependences laid the foundation for the machine learning
and statistical analysis model used in the operation of a simulation
model (SM) of monitoring and managing environmental risks.

The simulation model, unlike similar ones, has been developed in
the following directions:

1) representation of data and processing of omissions;

2) construction of probabilistic risk maps taking into account
uncertainty and calibration of forecasts of the state of environmental
pollution at the accident site;

3) adaptation of the model in case of data variability at the acci-
dent site;

4) multi-criteria optimization of management decisions.

In summary, the simulation model reported in this study provides
decision-makers with the prospect of not only predicting the probabil-
ity of exceeding the maximum permissible concentrations (MPC) of
pollutants on the railroad infrastructure but also forming confidence
risk maps.

Unlike similar solutions, the constructed model is ML-oriented.
In other words, the prediction of risk level is built in a spatial-tempo-
ral statement on a railroad network graph taking into account data
received from MAAQMS. The adequacy of the model was confirmed
by achieving the area under the ROC curve (AUC = 0.990) and the PR
analysis indicator (AP = 0.940).

Keywords: simulation model, environmental risk management,
uncertainty, hazardous goods, rail transport.
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JEKOMITIO3HIIISI CTAHITI MUMKH HA MICIII JIVI1 OB’€KTHO OPIEHTOBAHOI'O KEPYBAHHHI (c. 6-14)

P. M. MipkeBud, B. B. IToxynan, O. M. IIyniena, O. M. Kiiumenko, O. M. MipkeBuya

O6’ekToM JociifpkeHHs: € crannis CIP-Muiiky, sika BUKOPUCTOBYETHCS [l aBTOMATH30BAaHOTO MUTTSI T€XHOJIOT{UHOIO YCTAaTKyBaHHS
y Xap4oBili mpomucsioBocTi. [Tpo6sieMa, 1110 PO3IIAAETHCS B POOOTI, OJIsirae y BiicyTHOCTI (popmasti3oBaHOI METOAUKY AEKOMITO3UIT CTAaHIIiT
CIP-Muliky, sika 6 3a6e31edyBajia CTBOPEHHs 06’ €KTHO-OpieHTOBaHUX MojieJieli KepyBaHHsI Bi/[TIOBIIHO 10 MiXXHAPOJHUX CTaH/apTiB.

V pesysbrarti focipKeHHS po3p0o6IeHO METOAUKY ekoMto3unii cranmii CIP-muitku 3a npuHnumnaMmu IEC 61512, 1110 BKIIOYae BUOKPEM-
JIEHHs PiBHIB TEXHOJIOTIYHOI KOMipKHU, TeXHOJIOTIYHUX BY3JIiB, MOJYJIiB YCTaTKyBaHHsI Ta MOZYJiB KepyBaHHs. IIoka3zaHO, 0 TaKUi IifXiz
3abesmedye CTPyKTypoBaHe BifloOpakeHHs 06J1aJHAHHS Ta Moro (QyHKIMH, 10 3a6e3Ieuye B3a€MO/Ii0 TeXHOJIOTYHUX eTarliB 3 06J1aJHAHHIM
crauilii CIP-MUIAKHU.

OTpuMaHi pe3yJbTaTy MOSICHIOIOTHCS THM, 1[0 TeXHOsI0riyHui npouec CIP-Muiikyu Mae iepapXiuHy CTPYKTYpy i IOBTOPIOBAHICTb IIpoIie-
JIyp, 1110 /1o3BoJisAe hopMastisyBaTH ii y BUIVIA/ B3a€MOIIOB I3aHUX PiBHIB — Bifl TEXHOJIOTIYHOI KOMipKH /10 OKPEMHUX MOJY/IiB yCTaTKyBaHHS.
Taka 0co6IMBiCTh 3a6e31edye y3rofKEeHiCTh MiX JIOTiKO0 ITpoIiecy Ta (hi3sMYHOI0 CTPYKTYPOI0 06J1a/[HAHHS, IO MiABHUINye e(peKTUBHICTb HOro
KepyBaHHsA. OCOOIMBICTIO Pe3y/IbTaTiB € MO€/JHAHHS arapaTHo] iepapxii 3 iHdopmaliliHuMN Moze/IIMY, 1110 BiZIpi3Hs€ 3aIIPOIIOHOBaHE pillleH-
Hs Biff TpaJULilfHIX OMHICOBHUX METOAMK. Lle 03BoJIsIE He JIMIIIE MiABUIIUTY THYIKICTh i MacIITA60BaHICTh CUCTEM KepyBaHHS, a I CTBOPIOE
yMOBU 151 hopMyBaHHs 6i6/1i0TeK MPOrpaMHUX 00 €KTiB, MPUAATHUX 10 IOBTOPHOI'O BUKOPHUCTAHHS.

ITpakTUYHE 3aCTOCYBaHHS pe3y/IbTaTiB MOXKIMBE B yMOBaX IIPOMMCJIOBUX MiIIPUEMCTB XapuoBoi, (hapMarieBTUUHOI Ta XiMiuyHOT ramysefi,
Jle BUKOPHUCTOBYIOThCA cTaHIii CIP-muiikn. BoHn MoXXyTh GyTH iHTerpoBaHi y cydacHi SCADA/PLC-crucTeMy 3 BUKOPUCTAaHHSAM CTaHZAPTIB
AutomationML ta OPC UA, 10 3a6e3neuye ix cymicHicTb i3 MES/ERP-piBHsIMU KepyBaHHs. Lle mizBuInye eeKTHBHICTb eKCILTyaTallii TexHo-
JIoriyHOro 06J1a/JHAHHS, 3HIDKYE BUTPATU Ha PO3pOOKY Ta 06CIyrOBYBaHHS CHCTEM aBTOMATH3allil.

Kirrouosi cnoBa: CIP-cranuist, IEC 61512, 06’€KTHO-Opi€eHTOBaHe KepyBaHHS, IeKOMITO3UILis, TEXHOJIOT{YHA KOMipKa, TEXHOJIOT{YHUI BY30JI.
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OIITUMI3ZOBAHE AJAIITUBHE MAIIIMHHE HABYAHHSA JIJII AUHAMIYHUX ITIOTOKIB JAHHX (c. 15-25)

Aivar Sakhipov, Aruzhan Mektepbayeva, Amangul Talgat, Maxot Rakhmetov, Ainagul Adiyeva, Altynbek Seitenov,
Nurzhan Ualiyev, Shynar Yelezhanova

OG6’eKTOM JOCII/DKEHHS € aJalTUBHI CUCTeMU MAlIMHHOTO HaBYaHHS, 3[aTHi 06pOOJIATH BeJUKi 06CATH IIBUKO3MIHHUX IOTOKOBUX
JJaHUX Y peXuMi peasbHOTO 4acy. Po3risgaerbest mpo6semMa MifATPUMKA TOYHOCTI MTPOTHO3YBaHHS Ta OOYMCIIIOBAIbHOI e(eKTUBHOCTI 3a
HAasBHOCTI fipeiipy KoHIenmiil. [Ipefih KOHIeNIIill CTOCYEThCS IepeBaykKyBaHHSI CTATUYHMX MOJieJIe ITifi 9ac BUIIPOOYBAaHHS CTAI[iOHApPHUX
MoJiesield, a TAKOXK 3MiHM XapakTepy 6a30BUX PO3MO/iNiB. AZJaITUBHA apXiTeKTypa BKJIIOYae BUSABJIEHHA Apeiidy KoHIeMNili, opieHTOBaHe Ha
JIUBEPreHIIiI0 peJlaryBaHb, Ta IHKpEMEHTHE OHOBJIEHHS MOZIEJI 3a J0OIIOMOTOIO IiIlepBUMipHOI CTAaTUCTUYHOI KJIaCTepHU3allii CeTMEHTIB. Pe3ysb-
TaTH eKCIIePUMEHTIB 3 BUKOPUCTAaHHIM 3MO/IeJIbOBAHUX Ta PeaJbHUX HaG0PiB JaHUX JIeMOHCTPYIOTb, 1110 a/JalITUBHA apXiTeKTypa MiATpUMye
TOYHICTh MMPOrHO3yBaHHs Bulle 0,83 y crieHapisix pi3Koro, IOCTYIIOBOTO, PeKypeHTHOr'o Ta 6e3repepBHOro Apelidy. [IopiBHSAHO 3 HeafanTHUB-
HHUMU MOJIeJISIMH, 3aTPUMKa aJanTaliii 3MeHIIyeTbCsl IPUOIU3HO B 2,6 pas3y, a HeNoTpiOHi onepallii mepeHaBYaHHs 3MEHIIYIOThCS /10 40%.
LIi pe3y/sbTaT MOXJIMBI 3aBJSKM TOMY, 1[0 3aIIPOIIOHOBAaHA CTPYKTYpa 3/laTHa IIepeHaBYaTH PillleHHs TOAI i TIILKU TOZ, KOJIU 3MiHU PO3IIO0-
JliTy BU3HAYEeHi sIK CTATUCTUYHO 3HAYYIIIi Ta 3HAUYILi A1 MoZiesi. Lle Mpu3BOANTE 10 YHUKHEHHS HA/JTUIIKOBUX OGYHCIIEHb /IS ITPOIIeCopiB
Ta 3a6e3IeyeHHs CTallioHapHOI MoJiesIi B yMOBax BificyTHoCTi Apeiidy. OCHOBHMI BHECOK IOJIATAE B TOMY, 10 iHXKeHepis 03HAK BUKOHYEThCS
3 ypaxyBaHHsAM Jpeiidy, IIOporoBe pery/IioBaHHs aJalTyeTbCs [0 3a3HAYEHMX PO3IOZiTiB, a MEXaHi3MU OHOBJIEHHSI BUKOPHUCTOBYIOThCS,
1m0 eheKTUBHO BUKOPHCTOBYIOTh PECYPCH B €IMHOMY BHCOKOIIPOJYKTHBHOMY ITOTOKOBOMY KOHBeepi. ApXiTeKTypa Jo6pe IIpaloe B yMOBax
pi3Kkoro, MOCTYIOBOro, MepioluYHOro Ta 6e3nepepBHOro Apeiidy Ta edeKTUBHA I 3aCTOCYBaHb Y peaJlbHOMY 4aci, BKJIIOYAIOUN aHaTiTUKY
PO3yMHOTr'0 MicTa, MOHITOPHHT Ki6ep6e3rneku, po60TH JOPOXKHIX cUCTeM Ta IHTepHeT peveit /s IPOMUCIOBUX CHCTEM.

KurrouoBi croBa: Moziesb afanTanii, 0641 cII0BaIbHA TIPOAYKTUBHICT, BUSIBIEHHS Apelidy, TOTOKOBA 06pOOKa, IBUKE OHOBJIEHHSI.

DOI: 10.15587/1729-4061.2025.347656
PO3POBKA MO/IEJ/II ECBEKTUBHOCTI CTPLIbBHU APTHUJIEPIT B YMOBAX OBMEXXEHHX PECYPCIB BOETIPUIIACIB
TA 3HOCY CTBOJIIB (c. 26-34)

M. B. MakcuMoB, B. O. BoiaTb0HKOB, €. B. [lo6puHiH, O. B. CizesHUKOB

OG6’€KTOM JOCTIPKEHHS € ITPOIIeC 3HUILEHHS OKPEMUX i I'PYIIOBUX IiiIell apTHIIepilichKOI0 6aTapeelo B yMoBax 06MeXKeHHs G0erpunacis
3a/1aHOI IKOCTI Ta Pi3HOTO CTyIeHsI 3HOCY KaHaJIiB CTBOJIIB.

BusHaueHo 1po61eMy BiJiCyTHOCTI KiJIbKiCHOT MOgiesTi, sika JO3BOJIUTH OL[iHUTH e()eKTUBHICTh MPUILIBHOI a60 TUIOMMHHOI CTPLIBOH IIpr
HasIBHOCT] pecypCHUX 0OMe)KeHb Ha ITOCTPiJIN i 3HOC KaHAJIIB CTBOJIB, 1110 AaCTh MOMUIMBICTD BU3HAUATH [TOPOrOBi YMOBH JIOLIBHOCTI IIpO-
JIOBJKEHHSI BOTHIO.

3aIpoNoOHOBAHO AUCKPETHY CTOXaCTUUHY MOJIe/Ib e(heKTUBHOCTI CTPibOU apTrilepiiichbkoro migposzisy. Mogesb npu3HaueHa JJIst OLiHKI
e(heKTUBHOCTI MPULIJIBHOI CTPiTEOU 32 YMOB 00MEKEHOT'0 PeCypCy sIKiCHUX 60empuIiaciB. Moziesib TAKO)X BPaxoBye HAsIBHICTD Y CKJIa/ MiZpo3-
JliJTy rapmar, y IKAX CTBOJIM MAIOTh Pi3HUU PiBeHb 3HOCY. 3aIIPOIIOHOBAHO IIOCTPLIM 3 KOXKHOI rapMaTH 3i CKJIaly apTUIepiiicbKoro mifiposaiay
PO3ZIIUTY Ha YOTUPH Pi3Hi KJIacH, 1[0 BPaXOBYe AKiCTb eJIeMEHTIB ITOCTPilTy: CHapsA/| Ta MeTaIbHUH 3aps/, Ta CTaH CTBOY. ITocizioBHi cTtaHN
rapMaT apTWIEPiiCbKOro IiIpO3/ily 3alpOIIOHOBAaHO BBAXKaTH eJeMeHTaMU MapKiBCBKOrO JIaHIOra. BCTaHOBJIEHO, 1[0 MOXKHA JOCATTH



KoedinieHTa epeKTUBHOCTI CTPiBOH, IO JISKUTH B MeXkax 0,63-0,83. OTpuMaHO rpaHUYHY OLiHKY KoedilieHTy eheKTHBHOCTI CTpiapou ap-
THJIEPificbKOTO MiZipOo3/ily 1o oKpeMiii 1iii, fika fopiBHIOE 0,5.

Pe3ysibTaTy JOCTIPKEHHS ITOKA3aJIH, 110 IIPY OTPUMAaHHI IPaHIMYHOT0 3HAYeHHS Koe(illieHTy e()eKTUBHOCTI CTPLILOU MPHUIITbHA CTPiIh-
6a BUPOKYEThCS B IUIOLIMHHE YpaykeHHS L 3i 361/1bIIeHUMY estiricamMu po3citoBaHHs. Takuil cTaH pedeil Bezie /10 301/IbIIeHHS MaiiKe B 1Ba
pa3y BUTPATH MOCTPiJIB i yacy BeZIleHHs BOTHIO, 10 Pi3KO IMiJIBUIIYe PU3HK KOHTpOATapeitHOro ypaykeHHs Garapei.

OTpHUMaHHS TaKUX Pe3y/IbTATIB CTAJIO MOYKJIMBUM 3aB/SIKY IIOEAHAHHIO IPUITHATOI Kacu(ikariil ocTpisiiB 3a AKiCTI0, BpaXyBaHHS 301/Tb-
LIEHOT'0 3HOCY KaHAJIiB CTBOJIIB Yepe3 3HKEeHHS HIMOBIpPHOCTI BIyJyaHHS Ta aHaJIi3y MHO)KMHU PeasliCTUMHUX CTpaTeriii CTpiiboy rapMaTaMu.

Mozeb MOXKHA 3aITPOIIOHYBATH /11 BUKOHAHHSA TAaKTUYHUX PO3PAXyHKiB IIPX BU6GOPi PeXXKUMy BOTHIO, CTPYKTYPH BUKOPHCTaHHS HasiB-
HMX OOENPUIIACIB i OLiHIOBAaHHS JIOLIBHOCTI IIepexoAy BiJj IIPHUIIBHOI /10 TUIOMIMHHOI CTPLIBOH.

KorrouoBi cioBa: apTuiiepiiicbka 6aTapesi, 0OMeXXeHi pecypcH, 3HOC KaHaJIy CTBOJIA, Koedil[ieHT eyeKTUBHOCTI CTPinb6H, TOPOroBi yMOBHU
CTpinbOU, KOHTpOaTapeitHe ypaXKeHHs.
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PO3POBKA IMITAIIITHOI MOJEJII MOHITOPUHIY TA YIIPABJIIHHSA EKOJIOTTYHUMHA PU3UKAMU IIPH ABAPIAX
3 HEBE3IIEYHH MM BAHTAJKAMU HA 3AJII3HUYHOMY TPAHCIIOPTI (c. 35-47)

0. B. KpuBopyuko, Maira Shalabayeva, C. B. ITltrontopa, M. I. ITroiropa, B. O. Makoenosa, B. A. JIaxHo, O. B. AJIEKCEEHKO,
A. 1. Illecrak, A. A. KopueBcbka

OG’eKT OCJIPKEHHS — TIPOIeC MOHITOPUHTY Ta YIPAaBJIiHHSA eKOJOTriYHUMU PU3MKAMU IIPU aBapisx Ha 3aJi3HUYHOMY TPAHCIIOPTi, 110
TIepEeBO3UTH HEOE3MeTHi BAHTAXKI.

BusHaueHO mpobsieMy, siKa IOJIATA€ y BiICYyTHOCTI €AMHOrO, IUTIICHOTO MiJXOAy A0 YIPABIiHHA PU3MKAMU Ha TPAHCIIOPTi, KWl 6U
iHTerpyBaB MeTOAU IIPOCTOPOBO-UYACOBOTO MPOrHO3YyBaHHS 3 (DOPMAJBHOIO OI[iHKOIO HeBU3HaueHOCTi. IIpe/icTaBieHO MaTeMaTHYHY MO-
JleJTb, sIKa JI03BOJIsIE 3/1iHCHIOBATA 06POOKY Ta aHaJIi3 JJAaHUX, 10 Ha/IXOASATh Bi/l MOOGLIBHOI aBTOMaTU30BAHOI CUCTEMH MOHITOPUHTY SIKOCTi
noBiTpst (MACMKB). Bukitazieni 3aexxHocti chopmyBaniu 6a3y Moziesli MAIIMHHOIO HABYAHHS Ta CTATUCTUYHOTO aHAJIi3y, 110 BUKOPUCTO-
BYIOTBCS IIPU po6oTi imiTanifinoi mogesi (IM) MOHITOPHHTY Ta YIpPaBIiHHS €KOJOTiYHUMH pU3rUKaMu. ImiTalifiHy Moziesib Ha BiIMiHY Bif
AQHaJIOTIYHUX PO3BUHEHO B HAIIPSIMKaX:

1) npe/icTaByeHHS JaHUX | 06POOGKU ITPOITYCKiB;

2) no6y10BM IMOBIpHICHHMX KapT PU3UKY 3 ypaxXyBaHHSM HEeBH3HAUEHOCT] i Ka/iOpyBaHHS IIPOTHO3iB CTaHy 3a6py/iHEHHST HABKOJIUIITHBO-
r'o Cepe/loBUILA Ha MiCLli aBapil;

3) amarrarii MoziesIi py BapiaTUBHOCTI JaHUX Ha MicIIi aBapii;

4) GaraToxpuTepiasbHOI ONTHUMIi3aNii yIIpaBIiHCHKUX pillleHb.

V¥ cykymHOCTI BUKJIa[ieHa Y AOCJIiKeHHI iMiTarifiHa Mozenb 3abe3nedye ocobaM, siKi MPUUMAIOTh pillleHHs, ITePCIIEKTUBY He TiTbKU
CIIPOrHO3YBaTH MMOBIpHICT NEpeBUIEHHS I'PAaHUYHO JOIyCTUMUX KOoHIeHTpaniil (I71K) 3a6pyjHIOI0UMX PeUYOBUH Ha 3aJIi3HUYHIN iH(pa-
CTPYKTYypi, aste i copmyBaTu oBipui kapTu pusuKy. Ha BifmiHy Bif aHasoriunux pimens, po3pobseHa Mojenb € ML-opieHToBaHO0. To6TO,
riepe/ibayeHHs PiBHSA PU3UKY MOOY0BAaHO B ITPOCTOPOBO-YACOBil TOCTAHOBIi Ha rpadi 3a/Ii3HIYHOI Mepexi 3 ypaxyBaHHSAM AAHUX, 10 HaJ-
xonsaTh Bit MACMKB. AzniekBaTHicTh Moziesli MiZTBep/KeHa JOCATHEHHSIM IOKa3HMKa 1oy mig ROC-kpuBoro (AUC = 0,990), moka3sHUKa
PR-aHauisy (AP = 0,940).

KurrouoBi cioBa: imiTariiiiHa Moziesb, yIIpaBJIiHHS €KOJIOTIYHNM PU3UKOM, HeBU3HAYEHICTh, HeGe3ITeuHi BaHTaxKi, 3aJIi3HUYHUI TPaHCIIOPT.



