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This work investigates the process of real-time resource manage-
ment of an information system on a mobile platform under intermit-
tent connectivity, destructive influences, and nonstationary resource
availability.

The scientific task relates to the fact that forecast errors and the
inertia of platform reconfiguration can induce oscillatory resource
redistribution, causing critical processes to intermittently lose the
minimum required resource at each control time-step.

A time-step-based predictive adaptive redistribution method
with dynamic reservation has been devised in this study. The
method introduces an operational survivability constraint. It is
formulated as a requirement to maintain a minimum guaranteed
resource profile for critical processes. The method adapts the res-
ervation volume according to the assessed reliability of the current
forecast. It also constrains the frequency of reconfigurations within
a sliding window. These constraints are combined with dispatching
of critical processes by urgency and allowable delay. By combining
forecast-adaptive reservation with inertia-consistent reconfiguration
constraints, the control loop reduces the amplitude and the cumula-
tive intensity of reconfigurations. In particular, under bursty critical
workload, the maximum reconfiguration step decreases by about
52%, while the cumulative magnitude of profile changes decreases
by about 14%. These effects are explained by the fact that reserved
resources compensate for forecast degradation, whereas reconfig-
uration constraints prevent abrupt control actions and stabilize
time-step allocation.

The results could be implemented to build resource management
information systems for robotic platforms, sensor networks, as well
as mobile systems under intermittent connectivity and real-time re-
source degradation.

Keywords: information system, predictive-adaptive control, crit-
ical process survivability, dynamic resource reservation.
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Complex technical systems are the object of the study. The prob-
lem that is solved in the study is an increase in the level of security
of complex technical systems. The originality of the study consists in:

- comprehensive assessment of the security state of complex
technical systems due to multi-level assessment using the theory of
artificial intelligence;




- reduced error in assessing the security state of a complex tech-
nical system due to the human factor due to the verification of the
parameters of a complex technical system;

- selection of the best individuals in bio-inspired algorithms, due to
the use of an improved genetic algorithm, which achieves an increase in
the efficiency and reliability of the obtained decisions and evaluations;

- make accurate decisions by individually adjusting the actions of
agents in each bio-inspired algorithm;

- eliminating the conflict between agents in improved bio-inspired
algorithms, which increases the efficiency and reliability of decisions
made regarding the security state of complex technical systems;

- implementation of deep learning of knowledge bases of agents of
each bio-inspired algorithm, due to the method of deep learning, which
achieves an increase in the efficiency and reliability of assessments and
control effects on the security state of complex technical systems.

Modeling of the proposed methodology was carried out, during
which it was established that increasing the security of complex tech-
nical systems is achieved by increasing the efficiency of decision-mak-
ing at the level of 15—17% due to the use of additional procedures and
ensuring the reliability of decisions made at the level of 0.91.

This study can be used in practice when taking into account the
delay time for collecting and proving information from sensors (sen-
sors) of complex technical systems.

Keywords: multidimensionality of assessment, complex systems,
efficiency of decision-making, efficiency, bio-inspired algorithms.
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The processes to plan transport deliveries in logistics systems in-
volving hierarchical models have been investigated in this paper. The
task to optimally plan freight delivery for transport and distribution
logistics enterprises is associated with problems arising from fluctua-
tions in demand, geographically distributed orders, as well as limited
and heterogeneous resources.

The results of this study include the construction of a hierarchical
model that allows for multi-level transportation planning, clustering
of previously unclassified orders, and adjusting the choice of vehicles
based on current conditions. Such adaptive choice of vehicles flexibly
takes into account logistical constraints.

The findings indicate a reduction in transportation costs by
11.7% (p < 0.05). At the same time, it was found that under condi-
tions of small samples, the stability of cluster solutions is limited and,
therefore, additional verification and extended validation are required
for their practical implementation.

The novelty of the proposed model is in the application of hier-
archical decomposition of the multi-index transportation planning
problem with the allocation of the global stage of cluster formation and
the local stage of route planning. An approach to order clustering based
on a limited sample of the closest applications in time and distance and
an algorithm for adaptive selection of vehicles taking into account cost,
carrying capacity and urgency of execution have been proposed.

The model built makes it possible to reduce the computational
complexity of the problem compared to classical routing models
while maintaining the interpretability of solutions at each stage
due to transparent clustering rules. The scope of practical use of the
results covers transport and logistics companies, delivery services,
urban distribution systems, and retail logistics.

Keywords: hierarchical transportation planning, order segmen-
tation, vehicle selection.
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This study examines planning in mass customization contexts that
face challenges, due to high product variety, sparse configuration-level
demand, and long supplier lead times. Traditional Configure-to-Order
and Assemble-to-Order (CTO/ATO) planning approaches often rely on
late procurement and full postponement, leading to high and unstable
customer lead times. To address this problem, a lead-time-first plan-
ning approach is developed to translate historical demand information
into executable planning decisions without relying on finished-goods
inventory. The approach operates across three levels: feature-level
Component Readiness Tiering for upstream component pre-position-
ing, segment-level Mix Guardrails to control demand heterogeneity,
and configuration-level Top-K partial pre-kitting to exploit demand

concentration while preserving flexibility through postponement. The
approach stands out because it directly links demand variability met-
rics to operational readiness thresholds. This link enables structured
staging and coverage-based configuration selection. The approach is
evaluated using a synthetic dataset representing one year of demand
for customized laptops. Performance is assessed using lead-time-ori-
ented indicators, including the 95th percentile customer lead time
and instant-start rate. Results show improved responsiveness, with the
worst-case customer lead time reduced from 12 days to approximately
7 days and immediate production enabled for a significant share
of orders. These improvements are explained by early readiness of
high-demand components combined with postponed final differenti-
ation. The approach suits modular CTO and ATO environments with
clear demand segments, stable high-volume components, and regular
planning cycles.

Keywords: lead-time reduction, multi-level planning, postpone-
ment strategy, component readiness, demand variability.
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PO3POBKA METOAY ITPOIHO3HO-AZAIITHBHOTI'O ITIEPEPO3IIOALLY PECYPCIB 3 TUCIIETYEPHU3ALIIEIO KPUTHYHHNX
IIPOIIECIB B IHOOPMAIIIMHUX CUCTEMAX HA MOBLIBHIH IIJIAT®OPMI (c. 6-23)

B. M. Tkauos, I. B. Py6an

OG6’€eKT OCTiKeHHS — IPOLIeC OIIepaTUBHOTO KepPyBaHHS pecypcaMy iH(opMariiiiHoi cucteMu Ha MOGiIBHIl T1aTdopMi B yMOBax mepe-
PHUBYACTOI 3B’I3HOCTI, ZIECTPYKTUBHUX BILIMBIB Ta HeCTAIliOHAPHOI OCTYITHOCTI pecypcy. [Ipo6ieMa IoJisirae B TOMY, 10 ITOXUOKA IIPOTHO3Y Ta
iHepuiiiHicTh pexoHbirypaii naarhopmMu 3/jaTHi CIPUYMHATH KOJMBaIbHI PeXKUMU MePepO3IOAiTy, YHACIJOK YOr0 KpUTUYHI MTPOIiecH erti-
30/JMYHO BTPAYarOTh MiHIMaJIbHO TIOTPi6GHMIT pecypc y KOXKHOMY TaKTi KepyBaHHs. OTPUMAaHO Taki pe3yapratid. CHOPMOBAHO TAKTOBUII METO],
IIPOrHO3HO-aJAIITUBHOIO MIEPEPO3IIOALTY 3 JUHAMIUHUM pe3epBYBaHHSIM. MeTo/ BBOJUTD OIlePaTHBHE 0OMEXKEHHS KUBYYOCTi SIK BUMOTY JI0
MiHiMaJIbHO rapaHTOBAHOTO PECYPCHOTO IIPOQIIIO /17151 KPUTUIHHUX ITPOLIeCiB. 3aIIpOIIOHOBAHO aJJaNITYBaTH 0OCST pe3epBY BiJIIOBIZIHO 0 MipH
JIOCTOBiIPHOCTi IIOTOYHOTO IIPOrHO3Y. BBeZIeHO 0OMEXXEeHHSI Ha YacTOTy peKoHdirypariii y KoB3HOMy BikHi. Takok mepejj6aueHo JJUcCIIeTyepu-
3a1[i}0 KPUTUYHUX MIPOLIECIB 3a ITOKa3HUKAMM TEPMIHOBOCTI Ta JOIIYCTUMO]I 3aTPUMKHU. 3aBAsAKU ITO€JHAHHIO IIPOrHO3HOI aJjanTallii pesepBy-
BAHHS 3 iHEepI[iiTHO-y3ro/pPKeHNMHN 06MEeKeHHSIMHU PeKOH(Irypamiii KOHTYp KepyBaHHS 3MEHIIIye aMIUTITYZly Ta CyMapHY iHTEHCUBHICTb Iepe-
6yz10B. 30KpeMa, [Is1 CLieHapilo 3i CIJIeCKaMy KPUTHYHOTO HaBAHTAXKEHHS] MaKCUMaJIbHUIM KPOK PeKOH(iryparii 3MeHIIyeTbCst IPUOIN3HO Ha
52%, a cyMapHa BeJIMUMHA 3MiH Mpodiaio — mpubansHo Ha 14%. OTpuMaHi e(heKTH MOSICHIOIOTHCS THM, 110 Pe3epPBHI pecypcy KOMIIEHCYIOTh
TIOTipIIeHHsT TPOTHO3Y, TOAI K 0OMeXXeHHs! peKoH(irypamiil 3armo6irarote pi3kMM KepyBaJbHHUM [isIM i cTaGiIi3yl0Th TAKTOBUII PO3IIOALT
pecypciB. Pe3ysbTaTii MOXKyTh OYTH BUKOPUCTaHi Mif yac mo6yfoBU iHGOpMaI[iiHUX chCTeM KepyBaHHs pecypcamMy poO0TOTEeXHIUHUX IIaT-
opmM, ceHCOpHUX MepeXx Ta MOOLIBPHUX KOMILIEKCIB 32 YMOB II€pPEepPUBYACTO] 3B’I3HOCTI Ta Jierpajialiil pecypciB y pesknMi peaslbHOTO 4acy.

Kmouogi caoBa: iHdopmariiiiHa crucTeMa, IPOrHO3HO-3IalITUBHE KePYBaHHS, )KUBYJiCTh KpUTUIHUX ITPOLIECiB, AMHAMIYHE pe3epByBaH-
Hsl pecypciB.
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PO3POBKA METOJIUKH THTEJIEKTYAJIBHOT OIITHKU TA KEPYBAHHA CTAHOM 3AXUIITEHOCTI CKJIA/THUX
TEXHIYHHUX CUCTEM (c. 24-34)

I. I. Markux, O. f. Cosa, O. ®. CanpHikoBa, O. B. JKyK, I. I. CtaHoBCcbKa, €. O. Apxumnosa, }0. B. Bakyaenko, O. JI. Hanamnko,
A. . Banan, B. B. Bepesa

OG6’eKTOM JIOCTiZPKEHHS € CKJIaJHi TexHiuHi cucremu. IIpo6iema, sika BUPILIYEThCS B IOCTI/PKEHH], € IMiZIBUIEHHS PiBHS 3aXUIIEHOCTI
CKJIQJIHUX TEXHIYHUX cUCTeM. OPUTiHAJIbHICTD JOCIIi/PKEHHS ITOJIATAE Y.

- KOMIUTEKCHIH OILiHII CTaHy 3aXWINEHOCTi CKJIAJHUX TeXHIYHUX CHCTEM 3a PaxXyHOK 6araTopiBHEBOI OI[iHKM 3 BUKOPHCTaHHSM Teopil
LITYYHOT'O iHTEJIEKTY;

- 3MEHIIeHi il TOMUJIII OI[iHIOBaHHS CTAaHY 3aXUIIEHOCTI CKJIA/[HOI TeXHIYHOI CCTEMH, 10 00yMOBJIEHI JTIOAAICBKUM (PAKTOPOM 32 PaXyHOK
Bepudikallil mapamMeTpiB CKJIaIHOI TEXHIYHOI CUCTEMU;

- Bizbopi Halikpamux ocoO6rH y 6i0iHCIIIpOBAaHUX AJITOPUTMAX, 32 PAXyHOK BUKOPHUCTAHHS yA0CKOHAJIEHOT'0 TeHETUYHOTO AJITOPUTMY, YUM
JlOCATA€eThCS MMiJIBUILIEHHS OTIEPAaTUBHOCTI Ta IOCTOBIPHOCTI OTPMMAaHUX pillleHb Ta OILiHOK;

— IPUMHATHA TOYHUX pillleHb 32 PaXyHOK iH/IMBi/[yaJIbHOTO KOPETYBaHHA Jiilf areHTiB B KO)KHOMY GiOHCIipOBaHOMY aJITrOPUTMI;

- YCYHEeHHI KOH(UTIKTY MiXK areHTaMH B yIOCKOHAJIEHUX 0i0iHCIIpOBaHMX aJITOPUTMIB, YMM Mi/IBUIIYETHCS ONEPATUBHICTH Ta AOCTOBIp-
HicTh NPUUHATHX pillleHb 0[O CTaHY 3aXUIIEHOCT] CKJIAHUX TeXHIYHUX CUCTEM;

- 37ilicHeHH] IMO0KOT0 HaBYaHHSI 6a3 3HAHb are€HTiB KOXKHOTO 6i0iHCIIpOBaHOT0 AJITOPUTMY, 32 PAXyHOK METO/Y IVIOOKOT0 HABYaHHST, YUM
JIOCATAETHCS MiIBULLIEHHSI OIIEPATUBHOCTI Ta JIOCTOBIPHOCTI OLIIHOK Ta KEPYIOUMX BILUIMBIB Ha CTaH 3aXUILEHOCTI CKJIQJHUX TEXHIYHUX CHUCTEM.

IIpoBezieHO MOJIETIOBAaHHSA 3aIIPOIIOHOBAHOI METOJUKH, B XOZi SIKOI'O BCTAHOBJIEHO, L0 MiIBUIEHHS 3aXUILIEHOCTI CKJIAJHUX TEXHIYHUX
CHCTEM JIOCATAETHCS 32 PAXyHOK ITiZIBUIIEHHS OIePaTUBHOCTI IPUIHATTA pilleHb Ha PiBHi 15—17% 3a paXyHOK BUKOPMCTaHHs J0JaTKOBUX
rpoueayp Ta 3a6e3redeHHs JOCTOBIPHOCTI IPUITHATHX pillleHb Ha piBHi 0.91.

3a3HaveHe JOCIIiPKEHHS MOYKe 6YTH BUKOPHICTAHO Ha IIPAKTHUII IIPY BpaXyBaHHs yacy 3aTPMMKH Ha 306ip Ta JoBeZieHHs iH(opmarii Bif
JIaTYUKIB (CEHCOPIB) CKJIAIHUX TEXHIYHUX CUCTEM.

Kurrouosgi cyroBa: 6araToBUMipHICTb OI[iHKH, CKJIaJiHi CHCTEMH, OTIePaTHBHICTh TPUIHATTA pillleHb, ONlepaTHBHICTh, 6i0iHCITipOBaHi aITOPUTMMU.
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PO3POBKA IEPAPXIYHOI MOJIEJII INIAHYBAHHA ITEPEBE3EHbD 3 JIOKAJIBHOIO CETMEHTAIIIEIO 3AMOBJIEHD TA
AJAIITUBHUM BUBOPOM TPAHCIIOPTHUX 3ACOBIB (c. 35-47)

I. B. [lpay, O. . Kyuepyk, T. M. Kuciis, O. B. Tuxa, C. A. MaTiox

O6’eKTOM JIOCJIi/PKEHHSI € IIPOLiecH IJIAHYBAaHHS TPAHCIIOPTHUX IepeBe3eHb y JIOTiCTUYHUX CUCTeMax i3 BUKOPUCTAHHIM iepapxidyHuX
MojesIeld. 3aJjauya ONITUMAJIbHOTO IUTAHYBaHHSI BAHTAXKHUX IT€PEeBE3€Hb IS MiJIIPUEMCTB TPAHCIIOPTHOI Ta PO3IOALIBIOL JIOTiICTUKY 0B 'd3a-
Ha 3 Ipo6JIeMaMHy, 1[0 BUHUKAIOTh Yepe3 KOJIMBAaHHS IIOIUTY, TeorpadivHo po3no/isieHi 3aMOBIeHHS Ta 06MeXKeHi i HeogHOPiiHI pecypcu.
Pe3ysibTaT OCIIIZK €HHST BKJIIOUAIOTh PO3POOKY iepapXiuHoi MozeJti, sika 03BOJIsIE 3/iMiCHIOBATH GaraTopiBHeBe IUTAHYBaHHS IlepeBe3eHb,
KJIaCTepH3allilo paHilre Heksacu(iKoBaHMX 3aMOBJIEHb Ta KOPUTYBaHHS BUOOPY TPAHCIIOPTHUX 3ac00iB HA OCHOBi IIOTOYHUX yMOB. Taxuit
aZlanITUBHUI BUOIp TPAaHCIIOPTHUX 3aC00iB 'HYYKO BPAaXOBYe JIOTiCTUUHI oOMexxeHHsA. OTpUMaHi pe3y/bTaTH CBifjuaTh ITPO 3HKEHHS TpaH-
CcropTHUX BUTpaT Ha 11,7% (p < 0,05). BoHOYac BCTAHOBJICHO, 1[0 32 YMOB MaJIMX BUOIPOK CTAabiIbHICTh KJIACTEPHUX PillleHb € 06MEKEHOI0,



y 3B’SI3Ky 3 UMM /IS IX MMPaKTUIHOTO BIIPOBA/PKEHHS HEOOXiZIHA [J0/JaTKOBA TIepeBipKa Ta po3IIMpeHa Bamifamis. HoBM3HA 3aIIporIOHOBAHOI
Moziesli ToJIsIrae y 3acToCyBaHHI iepapXiqHoi fexomrio3uLii 6araToiHeKCHOI 3a/adi TIaHyBaHHs IlepeBe3eHb i3 BUJJICHHSIM IJI06aJIbHOTO
eTarny (opMyBaHHS KJIACTEPIB i JIOKATHHOTO eTaIy IVIAaHyBaHHS MapIIpyTiB. 3alIpOIIOHOBAHO ITiAXiJ 10 KJIacTepu3aliii 3aMoBIeHb Ha OCHOBI
ob6MerxeHol BUOIpKY HAMOIMKINX 32 4acOM i BiZICTAHHIO 3asiBOK Ta aJTOPUTM aJalITUBHOIO BUOOPY TPAHCIIOPTHHX 3aC00iB 3 ypaxyBaHHIM
BapTOCTi, BAHTAYKOMICTKOCTi Ta TepMiHOBOCTi BUKOHaHHs. Po3pobieHa Mozesb fae 3MOI'y 3MEHIUIMTH OOYMC/IIOBAIBHY CKJIAAHICTh 3ajaui
TTOPiBHSHO 3 KJIACKYHUMU MOZIEJIIMUA MapIIpyTH3aliil i3 36epeyKeHHIM iHTepIIPeTOBaHOCTI PO3B’A3KiB Ha KOXKHOMY eTalli 3aB/sIKU IIPO30PUM
npaBuiaM Kiactepusarntii. Cepa mpaKTUUHOrO BUKOPUCTAHHSA Pe3y/IbTaTiB OXOILII0E TPAHCIIOPTHO-JIOTiCTUYHI KOMIIaHii, CTy»KOu I0CTaBKH,
CHCTeMH MiChKOI AUCTPUOYIIii Ta JOTICTUKY po3piOHOI TOPTiBi.
KurrouoBi croBa: iepapxiyHe IIaHyBaHHS IIepeBe3eHb, CETMEHTAallisl 3aMOBJIEHb, BUOip TPAHCIIOPTHUX 3aCO6iB.

DOI: 10.15587/1729-4061.2026.345253
PO3POBJIEHHS BATATOPIBHEBOTI'O IIIXOAY 0 INIAHYBAHHS, OPIEHTOBAHOI'O HA MIHIMI3AIIIIO TEPMIHIB
BUKOHAHHS, /I JIAHITIOTIB IOCTAYAHHS MACOBOI KACTOMI3AIIIL CTO/ATO (c. 48-60)

Nouhaila El Assad, Salah-eddine Mokhlis, Kawtar El Haouti, Messaoudi Najat

Y 11bOMY JOCIIDKEHH] PO3IVIAHYTO IIJIaHyBaHHA B YMOBaX MAacoOBOI KacTOMi3allii, /e BAHUKAIOTh CYTTEBI TPYLHOILl Yepe3 BEJIUKY Pi3HO-
MaHITHICTb IPOAYKIIii, pO3piZPKeHN# MONUT Ha piBHI okpeMux KoHbirypailiit i TpuBasli CTpOKM MOCTaYaHHA Bifi HocTadaabHUKIB. Tpaguiiini
miaxopu Configure-to-Order Ta Assemble-to-Order 3a3Budaii ciparoThCs Ha Ti3HI 3aKyIiBJIi it TTOBHE BiATepMiHYBaHHS, 0 TPU3BOAUTH JI0
BUCOKHX i HECTabiJIbHUX CTPOKiB BUKOHAHHS 3aMOBJIEHb JyIs KJlieHTiB. I1[06 BUPIiMINTH 10 Ipo6sieMy, po3po6/IeHo MiJXis Jo TIaHyBaHHS,
OpiEHTOBAHOTO HacamIepes Ha CKOPOYEHHSI CTPOKIB, SIKMi IIepeTBOPIOE iCTOPHYHI ZjaHi Mpo MOMUT Ha KOHKPETHi Ta BUKOHYBaHi IIJIAHOBI
piureHHst 6e3 BUKOPUCTAHHS 3araciB rotoBoi npoaykuii. ITifxin go rraHyBaHHS (QyHKIIIOHYe Ha TPhOX PiBHSAX: Ha PiBHI XapaKTepHCTHK 3a-
CTOCOBYEThCS KIacHdikaliisi KOMIIOHEHTIB 3a PiBHIMU I'OTOBHOCTI /IS IX ITOMEepPeJHBOr0 pO3MillleHHsI Y ITocTavyaIbHOMY JIaHINI03i; Ha piBHI
CerMeHTiB BUKOPHCTOBYIOTECS IIPaBHJIa KOHTPOJIIO ACOPTUMEHTHOI CTPYKTYPH [/l YIIPaBJIiHHS HEOAHOPIJHICTIO ITONUTY; Ha piBHI KOHQIry-
pariif BIIpOBa/PKYETHCS YaCTKOBE IIOIIepe/iHE KOMILJIEKTYBaHHSI HaliGi/IbIll ONY/IIPHUX BapiaHTIB /It BUKOPHCTAHHST KOHIIEHTPAILil TOUTy
3 OIHOYACHUM 36epeKeHHSIM THYYKOCTi uyepe3 BifgTepMiHyBaHH: (iHambpHOI ArdepeH iamii. mgxig go maHyBaHHS Bipi3HAETHCSA THM, 10
6e3riocepe/IHbO II0B’sI3y€ IIOKa3HUKY BapiaGe/IbHOCT] OIUTY 3 TOPOraMHy olepartiitHoi roroBHocTi. Ile 3a6e3meuye cTpyKTypoBaHe (opMyBaH-
H 3aI1aciB KOMITOHEHTIB i Bifibip koH®irypariiii Ha 0CHOBI MOKPUTTS ITonUTY. [TifXiA oiHeHO HAa CUHTETUYHOMY Habopi JaHUX, 10 Bifo0pa-
JKae piyHUI NONUT Ha iHMBiyarizoBaHi HOyTOYKH. OTpUMaHi pPe3yJIbTaTh AEMOHCTPYIOTh CKOPOYEHHSI MAaKCUMaJIBHOTO CTPOKY BUKOHAHHS
3aMOBJIEHHS 3 12 710 MPUOGIN3HO 7 AHIB i MOXK/IMBICTE HEraliHOTO 3aIlyCKy BUPOOHHUIITBA /ISl 3HAYHOI YaCTKU 3aMOBJIEHb Ge3 (hopMyBaHHS
CKJIaZly FOTOBOI ITPOJYKIIii.

KUrro4oBi cyioBa: CKOpOUEHHS CTPOKIB BUKOHAHHsI, 6araTopiBHeBe IJIaHyBaHHS, CTpaTeris BijTepMiHyBaHHsI, TOTOBHICTh KOMITOHEHTIB,
BapiaGeIbHICTD TOMUTY.



