DOI: 10.15587/1729-4061.2026.355669

IMPROVING METHODOLOGY FOR ASSESSING
ACCIDENT INDICATORS INVOLVING PEDESTRIANS
AT RAILROAD PEDESTRIAN CROSSINGS (p. 6-14)

Vitalii Kovalchuk
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0003-4350-1756

Yulia Lesiv
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0003-2732-100X

Thor Mohyla
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0001-9710-6191

Andrii Kuzyshyn
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-3012-5395

This study assesses a method for estimating the final accident
rate at railroad pedestrian crossings depending on the intensity of
train and pedestrian traffic and taking into account the geometric and
planning features of the pedestrian crossing and information support.

An improved method for estimating the accident rate at railroad
pedestrian crossings has been proposed, taking into account the set
of factors influencing the safety of pedestrian traffic when crossing
railroad tracks. The method is based on determining the final accident
rate, which integrates eight key factors that make it possible to define
the level of danger of the crossing according to established standards.
The method takes into account the intensity of train and pedestrian
traffic, the information and technical equipment of the railroad pe-
destrian crossing, as well as the planning and geometric parameters
of the crossing. It also considers the speed of pedestrians depending
on their physiological and age characteristics.

Multivariate modeling of the influence of train and pedestrian
traffic intensity on the final accident rate has been carried out; the
effectiveness of using information systems for warning pedestrians
about the approach of a train in the pedestrian traffic safety system
was also assessed.

It was established that the average value of the reduction in the ac-
cident rate at railroad pedestrian crossings within the existing railroad
crossings depends on the intensity of train and pedestrian traffic. When
using an additional information system for warning pedestrians about
train traffic, taking into account the influence of train traffic intensity, it
is up to 22.1, and taking into account the influence of pedestrian traffic
intensity with a constant number of train pairs, it is 27.74. The use of
the information system for warning pedestrians about train traffic en-
sures a reduction in the accident rate of up to 30%. This increases the
safety of pedestrian traffic when crossing railroad tracks.

Keywords: railroad crossing, accident rate, pedestrian traffic
intensity, train traffic intensity.
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This study focuses on climate-dependent production processes,
in particular grain crop yields, under conditions of climatic variability
and uncertainty in Northern Kazakhstan. The problem addressed is
the low effectiveness of deterministic risk monitoring approaches due
to limited predictive power and the lack of formalized risk criteria,
which leads to unreliable decision-making under uncertainty.

The results include the development of a three-state hidden
Markov model (Sy-S,) and a TO-BE architecture for continuous risk
monitoring and decision support. The model enabled the identifica-
tion of latent climatic regimes and probabilistic assessment of risk
states for 2025. The highest probability of an unfavorable regime
was observed in Korgalzhyn (61.2%) and Ereymentau (58.8%), while

Arshaly (42.9%) and Zhaksy (38.1%) showed moderate risk levels. The
Brier score ranged from 0.106 to 0.199, confirming acceptable calibra-
tion of probabilistic estimates.

The key feature of the approach is the representation of cli-
mate-dependent processes as transitions between latent probabilistic
states, allowing the capture of temporal dependencies (climate mem-
ory) and the persistence of unfavorable conditions. Unlike determin-
istic models, the proposed framework enables dynamic risk tracking
through continuously updated probability estimates integrated into
a monitoring loop.

The advantage of the approach lies in combining probabilistic
modelling with an operational architecture, where risk probabilities
serve as formalized decision-support signals. The results can be ap-
plied in early warning systems and digital monitoring platforms using
remote sensing and IoT.

Keywords: hidden Markov models, probabilistic risk monitor-
ing, TO-BE architecture, process management.
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This study investigates a system that provides educational in-
stitutions with material resources within a multi-level governance
structure.

The task addressed relates to the lack of a hierarchical, risk-based
model for assessing how educational institutions are provided with
material resources that would allow for the aggregation of indicators
at various management levels. Such a model should account for the
standard equipment requirements, equipment operational risks, as
well as the hierarchical aggregation of indicators at the educational
institution, municipal, and regional levels.

The result of this work is the devised integrated resource
provision indicator that takes into account the standard resource
sufficiency, equipment depreciation, failure probability, as well as
exceedance of the standard service life. A mechanism for aggregat-
ing indicators at the educational institution, municipal, and regional
levels has been designed.

The model was tested using synthetic data. At the educational
institution level, a significant differentiation in the resource provision
index was observed, ranging from 0.492 to 0.782. At the municipal
level, the lowest value was 0.580 due to the influence of the school
with the lowest resource provision index. The regional index value
was obtained at 0.663. Its decline was influenced by the uneven dis-
tribution of pupils across schools in the region and the significant risk
of infrastructure degradation at one school.

The results have confirmed the model’s sensitivity to risk compo-
nents and the capability to identify regional imbalances in provision.
The model built can be used to monitor the state of educational infra-
structure and support management decision-making.

Keywords: decision support system, multi-leve] management,
educational infrastructure, resource planning.
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The object of this study is a deep learning-based classification
system applied to recipients of the Free Nutritional Food Program,
using recipient data as a representation of the eligibility determi-
nation process in providing social assistance. The problem to be
solved is the high computational complexity of large-capacity con-
volutional neural networks (CNN) models which, despite their high
accuracy, require significant computational resources and are there-
fore less than optimal for large-scale implementation. To overcome
this, this study applies the Knowledge Distillation method, utilizing
a large-capacity CNN as the teacher model and a lightweight architec-
ture CNN as the student model through soft label-based knowledge
transfer. According to this study, it is shown that the student model
generated by distillation is about 90-93% accurate. Also, this figure
is very close to that of the teacher model (from 92-95%) and much
better than that of a CNN without distillation model (85-88%). This
is an improvement since this distillation method can transfer infor-
mation in the form of richer probabilities than simply hard labels
as done do in traditional training. The model proposed in this work
has many advantages such as higher accuracy, more compact size,
and faster inference times. These features help in making the clas-
sification process computationally less intensive. Furthermore, this
leads to more efficient memory use and lower energy consumption.
These results could be applied in many deep learning classification
systems, particularly resource limits devices. Such application is
observable in the implementation of Free Nutritious Food Program
under real life conditions which requires better accuracy with no
loss on efficiency.

Keywords: Food Program, CNN, student distillation model,
classification system.
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VIOCKOHAJIEHHS METOJY OLITHIOBAHHS IIOKA3HUKIB ABAPIFTHOCTI 3A VYACTIO ITIIIOXOZIB HA 3AJII3HUYHUX
MIMOXITHUX IIEPEXOJAX (c. 6-14)

B. B. KoBaspuyk, IO. 3. JIecis, I. A. Moruia, A. fI. Kysumms

OG’eKTOM [I0CJIi/PKEHb € METO/, OL[iHIOBaHHS ITi/[CYMKOBOTO KoedilieHTa aBapiiiHOCTI Ha 3aJIi3HMYHUX IIIIOXiJHUX IIepexosiaX y 3aJIex-
HOCTI Biff iHTeHCUBHOCTI pyXy IOi3/iB i MinIoxofiB Ta i3 BpaxyBaHHSIM IeOMeTPUYHO-IIJIAHYBAaJIbHUX O0COOIMBOCTEH MillIOXiHOTO Iepexoxy
Ta iH(hopmaniiiHoro 3a6e3nedeHHs. HaBeJileHO yJOCKOHAJIEHMI MEeTO/, OLiHIOBaHHS KoeillieHTy aBapiifHOCTi Ha 3aJli3HMYHUX MIIIOXiHUX
Tepexofiax i3 ypaxyBaHHSIM KOMILIeKCy (pakTopiB BIUIMBY Ha 3a6e3IeueHHs] O6e3leKU pyxXy IilIOXOZiB IIifi yac nmepeTUHy 3ai3HUYHUX KOJTii.
MerToz, 6a3yeThCsl Ha BU3HAUEHi MTiICyMKOBOTo KoediIlieHTa aBapiifHOCTI, 10 iHTeTpye BiCiM KITFOYOBHX (DAKTOPIB, IO 03BOJISIOTh BU3HAYATH
piBeHb HeGe3IeKH Mepexo/ly 3a BCTAHOBJIEHUMHU HOpMaMU. MeToz BpaXxoBye iHTEHCUBHICTb PyXy IOT3/1iB Ta MiIIOX0AiB, iHopMaIiiiHO-TexHi4-
He 006J1aIITyBaHHS 3a1{3HIYHOTO MiLIIOXi{THOTO ITepexo/y Ta IUIaHyBaJIbHO-T€OMETPUYHI TapaMeTpu repexofy. Takok BiH BpaxXxoBye IIBHUZKICTD
PYXy HiLIIOXOZIB Y 3aJIeXKHO BiJl 1X (i3i0I0riyHNX Ta BIKOBUX 0COGIMBOCTEH! ITilIIOXO/IB.

ITpoBeieHO GaraToBapiaHTHe MOJIE/IIOBAHHA BILUIMBY iHTEHCUBHOCTI PyXy IT0i3/iB i MiIIoxoziB Ha MiIcyMKOBUi KoedillieHT aBapiliHOCTi,
a TaKOXX OIiHEHO e(DeKTHUBHICTh 3aCTOCYBaHHS iH(POPMAIiITHIX CHCTeM IOTepe/PKEHHS MIIIOXO0iB ITPo HabIDKeHHS 1013/1a y cucTeMi 3a6e3-
reyeHHs Ge3IeKy pyxy MilIoXOAiB.

BcTaHOBJIEHO, IO CepejHE 3HaYeHHs 3MeHIIeHHsT KoediljieHTa aBapiifHOCTI Ha 3aIi3HMYHUX MILIOX{THUX Iepexofjax y MeXKaX iCHyIoInx
3aIi3HUMYHUX Tepei3/iB 3aJIeKNUTh Bifi iHTeHCUBHOCTI pyxy moi3zis i mimoxozis. IIpu 3acTocyBaHHI JofaTKOBOI iH(oOpManiliHOI cucTeMu
TIOIIepeKEHHA MIII0X0/a PO pyX I0I3/a, Y i3 BpaxyBaHHAM BILUIMBY iHT€HCHUBHOCTI I10I3/IiB, CTAHOBUTH 10 22,1, a i3 BpaxyBaHHAM BILIUBY
IHTEeHCHMBHOCTI pyXy MILIOXOZIB IPH CTAJIiil KiIBKOCTI map Moi3ziB ckiaajae 27,74. 3acTocyBaHHs iH(OpPMAIiITHOI CHCTEMH IOIepeKeHHS
TIIIOXOAIB ITPO PyX 1013712 3a6e31evyeThCsl 3MEHILIeHHsI II0Ka3HUKa aBapiitHocTi 1o 30%. Lle migBuiiye Ge31eKy pyxy IilIOXO/iB IIPY IepeTHHi
3aJTI3HUYHUX KOJIiH.

Korro4oBi cioBa: 3a1i3HUYHUI nepexif, koedinieHT aBapiliHOCTi, iIHTEHCUBHICTb PyXy MillIOXOAIB, IHTEHCUBHICTD PyXy MOI3AiB.
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PO3POBKA CUCTEMHM MOHITOPHHIY TA YIIPABJ/IIHHSA KJIIMATO3AJIEXKHUMHU ITPOIIECHUMH PU3HKAMMA HA
OCHOBI IPUXOBAHUX MAPKOBChKHX MOZEJIEN (HA IIPUKJIAZII BPOXKAMHOCTI 3EPHOBUX KYJIBTYP) (c. 15-26)

Dulat Kali, Nurzhamal Kashkimbayeva, Ayan Kemel, Botagoz Mirzagalikova, Zhuldyz Basheyeva

Tle mocstizpKeHHS 30cepe/PKEHO Ha KJIIMAaTHYHO 3JISKHUX BUPOOHMYHUX IIPOIIecax, 30KpeMa BPOXKaifHOCTi 3epPHOBHUX KYJIBTYpP, B yMOBax
KJIiMaTUYHOI MiHJIMBOCTI Ta HeBU3HauyeHocTi B IliBHiuHOMy KaszaxcraHi. ITpo6jieMa, 110 pO3IJIS/Ia€ThCH, TIOIATae B HU3bKill edexkTuBHOCTI
JIeTepMiHICTUYHMX MiIX0/iB /10 MOHITOPHHTY PU3HKIB uyepe3 0OMe)KeHy ITPOTHOCTUYHY 3/JaTHICTh Ta Bi/ICyTHICTh (hopMasTi3oBaHUX KPUTEPiiB
PHU3UKY, 1[0 IPU3BOAUTH 10 HeHaAiHOro NPUNHHATTS pillleHb B yMOBaX HEBU3HAYEHOCTI.

Pe3ysibTaTy BKJIFOYAIOTh PO3POOKY TPUETAITHOI IIPUXOBAaHOI MapKOBChKOI Mojieti (So—S,) Ta apxiTektypu TO-BE s 6e3mepepBHOTO MOHi-
TOPUHTY PU3UKIB Ta MATPUMKH pilleHb. Mozesb J03Bo/IMIIA iJeHTH(iKyBaTH JIaTeHTHI KJIIMaTUYHI peXKMMU Ta HMOBIPHICHY OILIiHKY CTaHiB
pusuky Ha 2025 pik. HaiiBua MMOBipHICTh HECIIPUSTIIMBOIO peXxuMy crioctepiraiacs B Koprammkusi (61,2%) Ta Epeiimentay (58,8%), Tozi
sik Apmanu (42,9%) ta YKakcwu (38,1%) mokasany noMipHUit piBeHb pusnKy. Oninka Bpiepa kommBaracs Bifg 0,106 1o 0,199, mo migTBepAKye
MpUNHSATHE KaJi6pyBaHHS MMOBIPHICHUX OLIiHOK.

KJ1t040BOXO0 OCOGIMBICTIO IIHOTO TI/XOAY € MPeACTaBIeHHS KIiIMAaTHYHO-3a/IeKHUX ITPOIIECiB sIK MepexofiB MiXK JIATEHTHUMH HMOBipHic-
HUMU CTaHaMH, 10 /103BoJjIsIe (DiKCyBaTH 4acoBi 3ajieKHOCTi (KJiMaTHYHY IaM'siTh) Ta 36€peXKeHHs HeCIPUATINBUX YMOB. Ha BigMiHy Bif
JleTepMiHOBaHUX MOZieJIeit, 3aIIPOITIOHOBAHA CTPYKTYpa ZI03BOJISE JUHAMIUHO BiZICTeXKyBaTH PU3UKHU 32 JIOTIOMOT'O0 MOCTIIHO OHOBJIFOBAaHUX
OI{HOK MOBipPHOCTI, iHTETPOBAaHUX Y [IUKJI MOHITOPHHTY.

ITepeBara I1bOro MiJXOAy IOJIATAa€ B TIOEJHAHHI HIMOBIpHICHOrO MOJIEJTIOBAHHA 3 OIEpaIilfHOI0 apXiTeKTyporo, fie TMOBIPHOCTI PU3UKY
cTy>KaTh (opMaTi30BaHUME CUTHAJIAMH ITiATPUMKH pillleHb. Pe3y/bTaTi MOXKYTh OYTH 3aCTOCOBaHi B CHICTEMaX PaHHBOTO TOIIepe/PKEHHS Ta
1M poBUX IIaTHOPMax MOHITOPUHTIY 3 BUKOPUCTAHHAM [JUCTAHIIIFIHOrO 30HyBaHH Ta IHTepHeTYy pedeil.

KorrouoBi cyroBa: mprxoBaHi MapKOBCHKi MOjiesTi, IMOBiIpHICHHMIT MOHITOPUHT PU3HKIB, apxiTekTypa TO-BE, yripaBmiHHS IpomecamMmu.
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PO3POBJIEHHA MOJEJII CUCTEMH YIIPABJIIHHSA 3ABE3IEYEHICTIO OCBITHIX OPTAHIZAIIA MATEPIAJIbBHUMHU
PECYPCAMM B YMOBAX BATATOPIBHEBOI CTPYKTYPU VIIPABJITHHA (c. 27-36)

Yelnar Utyubayev, Anna Shaporeva

OG6’eKTOM JIOCTI/KEHHST € CHCTeMa yIIpaBJIiHHS 3a0e3IevYeHiCTI0 OCBITHIX opraHizaiiii MaTepiaJIbHUMU pecypcaMM B yMOBax 6araTopis-
HEBOI CTPYKTYPH yIPaBJIiHHS.

ITpo6sieMa, 1110 BUPILIYeThCS B JOC/IPKEHHI, MOJIATAE Y BiICYTHOCT] iepapXiqHOi pU3HUK-0pi€eHTOBAHOI MOZiesli OLIiHIOBAaHHS 3a6e3IeueHo-
CTi OCBITHIX opraHizariiii MaTepiaJJbBHUMU pecypcamH, sika 3abe3Iedye arperyBaHHs IOKAa3HUKIB Ha Pi3HNUX PiBHAX yIpaBIiHHA. Taka Mojesb
Mae BPaxoByBaTH HOPMAaTUBHY I0Tpeby B 06/aHAHHI, eKCILTyaTalliliHi pu3nMKy 06JIaiHAaHHS Ta iepapXiyHy arperanilo MOKa3HUKIB Ha piBHI
OCBITHBOI OpraHisallii, MyHiIIUIIaJIiTETy Ta PETiOHY.

V pesysbrarti A0CipKkeHHs po3po6sIeHO iHTerpaabHUN ITOKa3HUK 3a6e311eUeHOCT], 1[0 BPaXOBYe HOPMAaTUBHY JJOCTaTHICTh PecypciB, 3HOC
06J1a/IHaHHs, IMOBIPHICTB BiZIMOB Ta IepeBHUILeHHs HOPMAaTUBHOI'O CTPOKY €KCIUTyaTallii. 3arporoHoOBaHO MeXaHi3M arperyBaHHs ITOKa3HUKIB
Ha piBHI OCBITHBOI OpraHisaii, MyHilIUITAJIITETy Ta PErioHy.



Ampo6ariito MofiesTi BAKOHAHO Ha CHHTeTHYHUX IaHnX. Ha piBHI ocBiTHIX opraHizariiit crmocrepirasacs BupaxeHa ArdepeHmiaris iHgexcy
3abesnevyeHocTi - Biz 0,492 10 0,782. Ha MyHil[uIIaIbHOMY piBHI HaliMeHIlIe 3HaUeHHsI CTAaHOBUJIO 0,580 yepes BIUIMB 3aKJIa/ly 3 HAITHIDKUYIM
iHjleKcOM 3a6e3MedeHoCTi. 3HAUYEHHS PeriOHaIbHOTO iHIeKCy OTPMMAHO Ha piBHi 0,663. loro 3HMXeHHS 3yMOBJIeHe HePiBHOMIPHMM PO3IIO-
ZiisioM 3700yBaviB OCBITH MiX 3aKJIalaMU perioHy Ta 3HAYHUM PH3UKOM Jierpazanii iHppacTpykTypu B ofHOMY i3 3akiajiB. OTpumaHi pe-
3yJIBTATH MiATBEPAMIIN Yy TIUBICTh MOZIEJIi O PU3UK-KOMIIOHEHTIB i MOXJIMBICTh BUSIBJIEHHS TEPUTOPiaIbHUX JUcOaIaHCiB 3a6€311e4eHOCTi.

Pospo6sieHa MofiesIb MOJke OYyTH BUKOPUCTAHA /TSI MOHITOPUHTY CTaHY OCBIiTHBOI iHppacTPyKTypH Ta MiATPUMKY NPUIHATTS yIIPaBIIiH-
CHKMX pillIeHb.

KurrouoBgi coBa: cricremMa MiATPUMKY IPUIHATTS pillleHb, 6araTopiBHEBE yIpaBJIiHHSA, OCBITHS iH(PACTPyKTypa, MJIaHyBAHHS PECypCiB.
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MHIJBUINEHHS EGEKTHBHOCTI TA TOYHOCTI KJIACHU®IKAIIII OJIEPYKYBAYIB ITIPOTPAMM BE3KOIIITOBHOI'O
XAPUYYBAHHS IIUISIXOM 3ACTOCYBAHHS JUCTIIANIT 3HAHB B AJITOPUTMI 3TOPTKOBOI HEMPOHHOT
MEPEXI (c. 37-45)

Relita Buaton, Mesra Betty Yel, Novriyenni, Anton Sihombing, Ida Ria Royentina Sidabukke

OG6’eKTOM LIBOTO JJOCJI/KEHHS € cucTeMa KIacudikaliil Ha OCHOBI IVIMGOKOro HaBYaHHS, 10 3aCTOCOBYETHCS /10 OA€pKyBadiB IIporpamu
6e3KOLITOBHOI'O XapuyBaHHs, BUKOPHUCTOBYIOUU JlaHi O/lepyKyBauiB sIK Ipe/CTaBJIeHHs IIpoliecy BU3HAYEHHsI IpaBa Ha OTPUMAaHHS COLiasIb-
Hoi fonomoru. IIpo6rema, SIKy HEOOXifIHO BUPININTH, MOJIATae Y BUCOKi 00GYMCIIOBATBHIN CKIaJHOCTI Mojesieil 3rOPTKOBHUX HEMPOHHUX
Mepexx (3HM) Besrkoi eMHOCTI, sIKi, He3Ba)KaI0YM Ha CBOIO BUCOKY TOYHICTb, TOTPEOYIOTh 3HAYHUX OGUMCIIIOBATILHUX PECypCiB i TOMy € He-
ONTUMATBHUMU JJIsI MAaCIITAGHOTO BIPOBa/DKeHHS. 11106 MMoZoIaTy 110 MpobJieMy, ¥ IbOMY JOCIIi/HKEHHI 3aCTOCOBYETHCS METO/, AMCTHIISLIIT
3HaHb, BUKOPUCTOBY0YM 3HM BesMKoi EMHOCTI SIK Mofies1b BYUTEs Ta 3HM 3 JIerKoro apxiTeKTyporo SIK MOJIesIb YUHS 3 JJOTIOMOTOI0 M SIKOT
nepefayi 3HaHb Ha OCHOBI M’SIKMX MITOK. 3TiZ{HO 3 IIUM JOCJIi/PKEHHSIM, [T0Ka3aHO, 1[0 MOJesIb YIHs, 3TeHepoBaHa IUISIXOM JAUCTHJIALT, Mae
TOYHiCTh TpU6IN3HO 90-93%. KpiM ToTrO, Ieii MOKa3HUK y>ke OJIM3BKUI [I0 IIOKa3HUKaA Mojiesti BunTess (Bifg 92 0 95%) i HabaraTo Kpaiuii,
HiX 1moka3sHuK Mogesti 3HM 6e3 juctusnii (85-88%). Lle € mokpaleHHIM, OCKIJIbKY IIell MeTOZ AUCTHIISALIT MOJKe TTepe/iaBaTh iH(hopMaliito
y BUIVIsAZ{ GiIbII GaraTux MMOBipHOCTEH, HiXK TIPOCTO KOPCTKI MiTKH, SIK Ije pOOUTBCA B TPAAMIIIITHOMY HaBYaHHI. Mojiesib, 3aIpoIIoHOBaHA
B I1ii1 po6oTi, Mae 6araTo mepesar, TAKUX SIK BUIIA TOYHICTh, KOMIIAKTHIIIIUI PO3Mip Ta MIBUIINN Yac BUBeeHHs. L]i 0co6aMBOCTI 1oTIOMA-
raroTh 3po6UTH Iporiec kracudikariii MeHII 06YHCIIOBAIBHO iHTeHCUBHUM. KpiM TOTO, Iie MPU3BOAUTD 10 e€(PeKTUBHIIIOT0 BUKOPHUCTAHHS
IaM’sITi Ta 3HIDKEHHS €HeProcriokKuBaHH:A. 1]i pe3ysbTaTi MOXKHA 3aCTOCOBYBATH B 6araThoX CHCTeMax KyIacHdikamii rmGoKoro HaB4aHHS,
30KpeMa B IIPUCTPOSIX 3 0OMeIKEHHSIM pecypciB. Take 3aCTOCyBaHHs MOXKHA criocTepiraty B peasizanii ITporpamMmu 6e3KOLITOBHOTO XapuyBaHHS
B PeIbHUX YMOBAX, 1[0 BUMarae Kpamjoi TO9YHOCTi 6e3 BTpaTi e(eKTHBHOCTI.

Kurro4oBi cioBa: mporpama xapuayBaHHs, 3HM, Mozesb JUCTUIIALIT CTYAEHTIiB, chucTeMa Kiacudikaii.



