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Complex organizational and technical systems are the object of
research. The problem that is solved in the study is an increase in the
efficiency of the assessment of the process of operation of complex
organizational and technical systems (OTS) while maintaining a given
level of reliability. A method of evaluating complex organizational
and technical systems using neuro-fuzzy expert systems was devel-
oped. The originality of the research is:

—in full coverage of critical events occurring during the OTS
operation. This is achieved due to the use of the Dempster-Schafer
theory, which achieves the completeness of the assessment of the
entire spectrum of critical events in the OTS;

- in a comprehensive description of the process of OTS operation.

This makes it possible to increase the accuracy of OTS modeling for
subsequent management decisions;

- in the ability to carry out initial adjustment of OTS knowledge
bases using an improved genetic algorithm. This allows to reduce the
computational complexity during the further formation of the OTS
knowledge base by reducing the metric of rule formation in the OTS
knowledge base;

- in the ability to model the nature of the development of atypical
events in the OTS due to the use of time series, which achieves the
possibility of developing preventive measures to minimize the impact
of the specified events on the process of OTS operation;

- in the gradual reduction of the metric of the formation of the
knowledge base about the states of OTS, due to the training of agents
of the improved genetic algorithm. This allows to reduce the number
of computing resources of the subsystem for assessing the state of
OTS operation;

The proposed method provides an increase in efficiency by an
average of 23%, while ensuring high convergence of the obtained
results at the level of 93.17%, which is confirmed by the results of
a numerical experiment.

Keywords: reliability of technical systems, complex technical
systems, efficiency, comprehensive assessment, computing resources.
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This study considers a process that manages the distribution of
computing resources in the fog layer of the mobile high-density Inter-
net of Things. The task addressed is to reduce the load imbalance of
fog servers by devising a method for controlling computing resources
in the fog layer when processing information flows.

Information flows are formed by intelligent gateways of the
mobile high-density Internet of Things, which receive data from the
boundary layer. In the process of research, a mathematical model for
the process of controlling computing resources in the fog layer was
built. Its main difference from existing ones is a module hierarchical
structure according to the basic levels of decision-making when man-
aging computing resources.

When constructing the model, the principle of process decom-
position into adjacent time intervals was used. Its application made
it possible to carry out local optimization of the process of managing
computing resources in short time intervals. The mathematical model




has made it possible to devise a method for controlling computing

resources in the fog layer.

The main difference of this method from existing ones is that
the process optimization is carried out according to the area of the
relative deviation from the balanced load in the time interval under
study. In addition, a two-stage algorithm for distributing tasks of free
fog devices across fog layer servers is also used. That made it possible
to reduce the time for finding an approximate solution for distributing
computing resources of fog servers by up to 50%.

The research results can be attributed to the combined use of the
simulated annealing algorithm and the genetic algorithm. The meth-
od is effective when the load on the fog layer is from 20% to 70% of the
maximum possible load.

Keywords: mobile device, gateway, simulated annealing algo-
rithm, genetic algorithm, IoT ecosystem.
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The study object is daily data on electricity consumption of
one of the coal mines in the Karaganda basin for 2024. This article
solves the problem of the lack of accurate tools that can predict
complex and variable modes of energy consumption in a coal mine
and thereby ensure more efficient management of energy-intensive
installations.

This article presents a comparative analysis of three electricity
demand forecasting models using data from a coal mine in the Kara-
ganda basin for 2024. The study explores the effectiveness of both
classical approaches (seasonal ARIMA model and simple exponential
smoothing) and an LSTM neural network model. To handle non-sta-
tionary data, the first difference method was applied, allowing the
time series to be stationary. The forecast was generated for 7 days in
advance. A comparative analysis of the models’ accuracy was con-
ducted using the MAPE metric on both the training and test sets. The
study found that the LSTM model demonstrated the best results with
a MAPE of 5.37% on the test set demonstrating its superior ability
to capture complex data dynamics compared to ARIMA and simple
exponential smoothing.

The developed predictive LSTM model can be effectively used in
automated energy monitoring and management systems, providing
accurate short-term load forecasts for coal mines and other mining
and metallurgical enterprises with complex and volatile energy struc-
tures, provided the initial data is highly reliable and complete.

Keywords: power consumption mode, coal mine, time series,
ARIMA, exponential smoothing, neural network model, LSTM,
MAPE, test sample, stationarity.
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The object of this research is the NP-hard combinatorial optimi-
zation problem in the allocation of limited resources for the main-
tenance of smallholder coffee plantations. In this study, a hybrid
method of outer Approximation (OA) and reduced gradient (RG),
enhanced by multi-row time-aggregated cover cuts (MTACC) is
proposed to address the computational time efficiency problem in
mixed-integer nonlinear programming (MINLP)-based combinato-
rial optimization problems. The testing was conducted using planta-
tion land data from the Rahmat Kinara Coffee Farmers Association,
which includes 538 land blocks with a total area of 825.5 hectares.
Based on the numerical results obtained, it shows a reduction in the
number of iterations by up to 38.83% and an increase in the speed of
convergence time by up to 12.84%. The n,, feature in MTACC specif-
ically controls the length of the time window to form multi-row cov-
ering slices that are suitable for the characteristics of the constraints,
which affects the master and RG subproblems in overcoming the
computational load. The evaluation results for testing parameters
ny, =7 and n, =14 show an increased contribution to convergence
time of up to 10.1% by reducing the average master MILP time
by 6.16%. Evaluation of the area under curve (AUC) metric confirms
that MTACC is more stable in controlling optimality gaps across global
iterations based on AUC (abs) assessment, which decreased by 21.6%;
AUC per iteration decreased by 19.9%, and normalized AUC also
decreased by 18.6%.

The results obtained can be effectively applied in small to large-
scale coffee plantations, especially in decision support systems on
low-power computing devices for production sustainability.

Keywords: outer approximation, reduced gradient, MTACC,
MINLP, plantation maintenance scheduling, limited resources opti-
mization, smallholder coffee plantations, combinatorial optimization,
time window constraints, decision support systems.
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PO3POBKA METO/Y OIITHKU CKJIAJTHUX OPTAHIBAIIIITHO-TEXHIYHUX CUCTEM 3 BUKOPUCTAHHAM
HENPO-HEYITKUX EKCIIEPTHUX CUCTEM (c. 6-14)

A. B. Tumranekwmii, I. A. Iliexosa, I. B. Illoctak, O. I. ®eokxTrcroBa, A. O. BepetrHoB, C. B. IIponiH, O. II. IllannourHikoBa,
I. C. Cremmanos, H. B. I'nariok, B. [I. Kaiizaios

OG6’eKTOM JIOCITi/KEHHS € CKJIQ/IHI OpraHi3aIiifHo-TexHiYHi cucremu. IIpo6siema, sika BUPIIIYETHCS B AOCTIPKEHHI, € MiZBUIIEHHS Olle-
PaTUBHOCTI OL[{HKH TIpoliecy (DYHKIIOHYBaHHS CKJIAJIHUX opraHizauniiiHo-trexHiunux cucreM (OTC) mpu 36eperxceHHi 3a/JaHOr0 PiBHS JOCTO-
BipHOCTI. ITpoBeZieHO po3po6Ky METO/Y OIIiHKH CKJIaJHUX OpraHi3aI[iifHO-TeXHIYHNX CHCTEM 3 BUKOPHCTAHHSIM HEHPO-HEeUiTKIX eKCIIePTHUX
crucreM. OpUTriHaJIBHICTb JOCIIPKEHH T10JIATaE:

-y ITIOBHOMY OXOIUIEHHi KpUTHYHUX IOA{#, 1[0 BifOyBaroThcs mpu (yHKIjionyBaHHi OTC. 3a3HadueHe J0CATaeThCs 32 PaXyHOK BUKOPH-
craHHs Teopii [lemricrepa-Illadepa, Yum JocAraeTbest HOBHOTA OL[iHKU YChOT'O CIIEKTPY KPUTHYHUX 1ofiit B OTC;

- y KOMIUIEKCHOMY onuci rporiecy dyHkiioHyBaHHa OTC. 3azHaueHe [J03BOJISE MiABUIUTH TOUHICTh MojiesitoBaHHA OTC 1 pUHHATTA
TIOCJIiIYF0UMX YIIPABJIiHCHKUX PillleHb;

— Y MOXKJIUBOCTi IIPOBECTU MEePBUHHE HaJAIITyBaHHs 6a3 3HaHb OTC 3a JOIOMOrOI0 yAOCKOHAJIEHOI0 TeHeTUYHOI0 aJIrOpUTMy. 3a3Ha-
4yeHe J[03BOJISIE 3MEHIINTH 00YMCIIOBAIbHY CKJIAAHICTh ITPU MojaibiIoMy (GopmyBaHHi 6a3u 3HaHE OTC 32 paxyHOK CKOPOUEHHS METPUKU
(opmyBaHHs npaBu B 6a3i 3HaHb OTC;

— Y MOXKJIMBOCT] MOZIJTIOBAaTH XapaKTep PO3BUTKY HETUIIOBUX IoAiil B OTC 3a paXyHOK BUKOPHCTAHHS YaCOBUX PSIZIiB, YUM JOCSTAETHCS
MOXKJIMBiCTh BUPOGJIEHHS IIPEBEHTHBHUX 3aXO0/iB IT0 MiHiMi3alii BIUIMBY 3a3HaUYeHUX ITOAiH Ha rporiec GyHKioHyBaHHS OTC;

- B IIOCTYIIOBOMY CKOpOUeHHi MeTpuku (popmyBaHHs 6a3u 3HaHb 1po ctaHu OTC, 3a paxyHOK HaBUAHHS areHTiB Y/[OCKOHAJIEHOTO I'eHe-
TUYHOTO aJITOPUTMY. 3a3Ha4eHe /[03BOJIsSI€ 3MEHIINTH KiJTbKiCTh 06UNCII0BAIBHUAX PECYPCiB MiZICKCTEMHU OIiHKH cTaHy dyHKI[ioHyBaHHSI OTC;

3anponoHOBaHUI MeToZ 3a0e3Iedye MiZIBUIEHHsI OIIePaTUBHOCTI B cepe/lHbOMY Ha 23%, ITpu 3abe3IeyeHH] BUCOKOI 361KHOCTI oTpuMa-
HUX pe3y/bTaTiB Ha PiBHI 93.17%, 1110 MiATBEP/KYETHCS Pe3y/IbTaTaMU YMCEIBHOTO EKCIIEPUMEHTY.

Kurro4oBi c10Ba: HaJlifHICTh TEXHIYHUX CHCTEM, CKJIQZIHI TEXHIYHI CHCTeMH, ONIePaTHBHICTh, KOMIIJIEKCHA OIIiHKA, 0GYHMCITIOBAIBHI PECyPCH.
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PO3POBKA METO/Y KEPYBAHHS OBYHCJIIOBAJIBHUMHU PECYPCAMU TYMAHHOTIO IIIAPY MOBLIBHOI'O
BHUCOKOIIJIBHOT'O IHTEPHETY PEYEH (c. 15-25)

I. A. Kyuyk, O. O. Moxaes, C. A. TrosreHeB, M. O. Moxkaes, H. I. Kyuyk, II. M. Xopo6pux, }O. B. T'Hycos, 0. II. T'opeios,
B. A. CeiTmnunmii, O. C. Bituk

OG’eKTOM JOCJI/PKEHHSI € IPOIeC KePYBAHHS PO3IOALIOM OGUMCIIOBAIIBHOIO PECYpCy TYMAHHOIO IIapy MOGIIBHOTO BHCOKOIILIBHOTO
InTepHeTy pedeil. BupinryBasace mmpo6eMa 3MeHIIeHHs AUCOATAHCy 3aBaHTAKEHHs TYMaHHUX CEPBEPIB 32 PaXyHOK PO3POOKU METOZRY Kepy-
BaHHSI 00YMC/IIOBAIBHUMU PecypcaMy TyMaHHOTO Iapy Ipu o6po6ii iHdopmaniiiHyx moTokis. [HopMmariiiiHi HoToku (opMyroThes iHTeIeK-
TyaJbHUMU LIUII03aMU MOOGIZTBHOTO BHCOKOIIIJILHOTO IHTEpHETY pedeil, siki MpUHMAaIoTh jaHi 3 rpaHUYHOrO LIapy. B mpoueci mpoBeieHHs [10-
CITiZKeHb po3po6JIeHa MaTeMaTHYHa MOJ[eJIb IIPOIiecy KepyBaHHS 0GYHMCIIOBAIBHIMU PECYPCaMy TYMAaHHOTO 11apy. [oJ10BHa BiMiHHICTb 1aHOT
MozieTi Bifi icHyrounx — 67104Ha iepapxXiuHa CTPyKTypa 10 6a30BUX PiBHAX MPUMHATTA pillleHb IIPY KepyBaHHI 064YMC/IIOBAIbBHUMU PECypCaMMU.
TIpu po3poGiii Mojiesli BAKOPUCTAHUIA TIPUHIUIT JIEKOMITO3HITIT TTPOIIECY TI0 CyMIKHMX 4acoBMX iHTepBasiax. VIoro 3acTOCyBaHHs [03BOJIMIIO
TIPOBECTH JIOKAJIbHY OIITHMi3allilo IIpOoIiecy KepyBaHHS 00YHCIIOBAIBHIMU PECypCcaMM Ha KOPOTKMX YaCOBUX iHTepBasiax. [laHa MaTeMaTH4Ha
MOJIeJTh [J03BOJTIJIA PO3POOUTH METO/| KepyBaHHs 0OUMC/IIOBAIBHUMH pPecypcaMy TyMaHHOTO Iapy. Tojl0BHa BiMiHHICTb JaHOTO METO/Y Bif
iCHYIOUMX — OIITHMI3allisl TPOIIeCy ITPOBOAUTECS 33 MOKA3HUKOM ILIONIi BiTHOCHOTO BiIXMJIEHHS BiJ 30a1aHCOBAHOTO 3aBAaHTAXKEHHS HA 9aco-
BOMY iHTepBaJi, 10 AOCipKyeTbcs. TakoXK BUKOPUCTOBYETHCA JIBOETAITHUI aJlTOPUTM PO3IIOALTY 3aB/jaHb BUIBHHMX TyMaHHUX ITPUCTPOIB 110
cepBepax TYMaHHOTO mapy. Lle 03BOJINII0 CKOPOTHUTH Yac MOIIYKY HaGIKEHOTO PillleHHS MIOA0 PO3IIOAITY 06UNCIIOBAIBHIX PECYPCiB TyMaH-
HUX cepBepiB 710 50%. OTpUMaHi pe3y/IbTaTy JOC/II/DKEHHS MOXKHA II0SICHUTH CyMiCHUM 3aCTOCYBaHHAM aJIFOPUTMY iMiTallii Bifiltaay Ta reHe-
TUYHOTO aITOpUTMY. MeTof € eeKTHUBHUM IIpU HaBaHTAXKeHH] Ha TyMaHHH Imap Bifg 20 70 70% MaKCHMaTIbHO MOYUIMBOTO HABAHTAYKEHHS.

KurrouoBi cioBa: MOGUIBHMI TPUCTPIit, IIUTFO3, AJITOPUTM iMiTallil Bifiriary, TeHETHYHMIT anroputyM, exocucreMa IoT.
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PO3POBKA ITPOTHO3YIOUOT MOZEJII AJISI ONTUMI3ALIT EHEPTOCIIOXKVBAHHS HA BYTUIBHUX
HIJIPUEMCTBAX (c. 26-35)

Shynar Telbayeva, Leonid Avdeyev, Vladimir Kaverin, Dinara Zhumagulova

OG6’eKTOM JIOCITiZIPKEHHS € I[O/IeHHI /IaHi ITpo CIIO)KMBAHHS €JIEKTPOEHePTil OJHIE0 3 ByTiIbHUX IIaxT KaparanaHChKOro 6aceiiHy 3a 2024 pik.
Bupinryetsca npo6eMa BifICyTHOCTI TOYHUX iHCTPYMEHTIB, Ki MOXKyTh IPOTHO3YBaTH CKJIa/Hi Ta 3MiHHI peXUMH CIIOKUBAaHHSA eHeprii
y BYT/IBHII IIAXTi Ta TUM caMUM 3a6e31edyBaTH 6iIbIl e)eKTUBHE YIIPABIiHHSA €eHEPrOEMHUMH YCTAHOBKAMHU.

IIpescraBieHo MOPiBHANILHUI aHaJli3 TPhOX MOJesIeli TPOrHO3YBaHHSA TOIIUTY Ha eJIEKTPOeHEepTilo 3 BUKOPUCTAHHAM JJAHUX 3 BYTiJIbHOI
uraxtu KaparanguHcbKoro 6aceiiny 3a 2024 pik. B po6oTi JocimKyeTbesi epeKTUBHICTD K KIaCHYHUX MiAxoAiB (ce30HHa Mopenb ARIMA Ta
IIpOCTe eKCIIOHEHI[iabHe 3IVIaJPKYBAaHHS), TaK i Mozesi HeiipoHHOI Mepexxi LSTM. [Iy1s1 06poOKY HecTal[ioHapHUX JIJaHUX OyJI0 3aCTOCOBAHO
METOZ, TIEPIIOi Pi3HMIL, 110 /I03BOIMJIO 3DOOMTH 4YacoBi psAAW cTaljioHapHUMU. IIporHos Gy/0 3reHepoBaHO Ha 7 AHIB Briepes. ITopiBHAJIb-
HuUli aHaJli3 TOYHOCTI Mojeseii 6y/0 MPOBEEHO 3 BUKOPUCTaHHAM MeTpuku MAPE sik Ha HaBuaJIbHOMY, TaK i Ha TeCTOBOMy HaGopax.



JocmimreHHs 1oKasaio, 1o Mozgeab LSTM mpojgeMoHcTpyBasia Halikpaii pesysnbrat 3 MAPE 5,37% Ha TecToBOMY Ha60Dpi, AEMOHCTPYOUH 11
Kpallly 3/1aTHiCTb (hikCyBaTH AMHAMiKy CKJIQJIHUAX JJaHUX MOpiBHAHO 3 ARIMA Ta MpoCTHUM eKCIIOHEHIIaTbHUM 3IV1a/KyBaHHAM.

Po3po6sieHa mporHo3Ha Mozeas LSTM Moxxe 6yTu e(heKTHBHO BUKOPHUCTaHA B AaBTOMATU30BAHMX CHCTEMAaX MOHITOPHHTY Ta YIIPaBJIiHHS
eHepriero, 3a6e31e4y0ur TOYHI KOPOTKOCTPOKOBI IIPOrHO3Y HaBAHTAXKEHHS JIJIS BYTLIBHUX IIAXT Ta iHIINX TipHUY0A00YBHUX i MeTaIypriliHUX
MiATIPUEMCTB 3i CKJIaJIHIMU Ta HECTabiIbHUMU €HepreTUYHUMU CTPYKTYpaMH, 3a YMOBHU BHCOKOI Ha/[ilfHOCTi Ta MOBHOTH BUXIAHUX JAHUX.

KUrro4oBi c1oBa: pe)XkM CIIOKUBAaHHS €Hepril, BYTiIbHA IaxTa, 9acoBi psan, ARIMA, eKCIIOHeHI[ja/IbHe 3IVIaJKyBaHH:, HeIfpOHHA Me-
pexesa mozienb, LSTM, MAPE, TecToBa Bubipka, CTalliOHapHICTb.
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PO3POBKA I'IBPHU/IHOI OA-RG 3 BATATOPA/THUMU ATPETOBAHUMMH 3A YACOM ITIOKPUBHUMMU PISAMU
IJIA BUPIIIEHHA IIPOBJIEMM MINLP IIPH OBCJIYTOBYBAHHI KABOBUX IUIAHTAIIIH (c. 36-48)

Eko Hariyanto, Poltak Sihombing, Erna Budhiarti Nababan, Sawaluddin

O6’exToM JociizpkeHHs: € NP-cxlasiHa KoM6GiHaTOpHA OoNTUMI3aliiiHa 3a/1a4a po3NO/iTy 0OMeXEeHUX PecypeiB il yTPUMaHHS JpiOHUX
KaBOBHUX IUIAHTAIill. Y 1IbOMY JIOCJIi/KEHHI MPOIMOHYEThCs TiOpUHUN MeTo/ 30BHilIHBOr0 HabmmkeHHst (OA) Ta 3MEHIIEHOTO I'pajiieH-
ta (RG), yocKoHaIeHUIT 6araTopsAKOBUM arperoBaHyM 3a 4acoM IOKpUBHHUM 3pizoM (MTACC), ast BUpilleHHs po6aeMu eeKTHBHOCTI
06UYHNCJII0BAJILHOTO Yacy B KOMOiHAaTOPHMX ONTUMi3allifHMX 3ajlayaX Ha OCHOBi 3MillIaHOTO IIiJIOYMCEJLHOTO HesiHiHOro ImporpamMyBaH-
Hs (MINLP). TecTyBaHHS IIPOBOAMJIOCS 3 BUKOPUCTAHHSM JJAHUX PO TUTaHTamii Acomiariii kaBoBux depmepiB Paxmata KiHapa, fika BKIIO9ae
538 3eMeJIbHUX JISHOK 3arajbHOIO IIJIomero 825,5 rekrapis. Ha 0CHOBI OTpMMaHMX YMC/IOBUX PE3Yy/IbTaTiB MOKAa3aHO 3MEHIIEHHs KiIbKOCTI
iTepaniit 1o 38,83% Ta 306iMbIIEHHS IIBUAKOCTI 301KHOCTI 10 12,84%. ®yHKLisA 1, y MTACC crerjialbHO KOHTPOJIIOE TPHUBAJICTh YaCOBOTO
BikHA /11 (DOPMYBaHHS 6araToOpsiAKOBUX NMOKPUBHUX 3pi3iB, SIKi MiAXOAATH I XapaKTEPUCTHK OOMEXKEHb, 1[0 BIUIMBAE HA I'OJIOBHY Ta
RG-nigzazayi y mogosaHHi 064KUCII0BAILHOIO HaBaHTA)KEHH. Pe3y/IbTaTH OLliHIOBaHHSI ITapaMeTpiB TeCTyBaHHS N, = 7 Ta Ny, = 14 IIOKa3yI0Th
361LIbLIIEHHST BHECKY B 4ac 361kHOCTi 710 10,1% 3a paXyHOK 3MeHIIEeHHS cepeiHbOro yacy ocHOBHOro MILP Ha 6,16%. OLiHIOBaHHSI METPUKU
o iy kpusotro (AUC) nigTBepmkye, 1m0 MTACC e 6isibli cTabiIbHUM Y KOHTPOJI pO3PUBIB ONTHMAaJIBHOCTI B I7I06a/IbHUX iTepallisix Ha oc-
HoBi oninku AUC, sika 3MeHImIacs Ha 21,6%; AUC Ha itepariito 3MeHmmnaacs Ha 19,9%, a HopmasizoBaHa AUC Tako)x 3MeHIInIacs Ha 18,6%.

OTpuMaHi pe3y/IbTaTy MOXKYTb OyTH e()eKTMBHO 3aCTOCOBaHI Ha MaJIMX Ta BEJMKUX KAaBOBUX IUIAHTAIIisIX, OCOOIMBO B CUCTEMaX ITiITPUM-
KM pillleHb Ha MaJIONOTYXXHUX 0GUMCJIIOBAIbHUX TPUCTPOSX /7S 3a6e3TedeHHs CTaJoro BUPOOHUIITBA.

KurrouoBi croBa: 30BHIilNIHE HAG/IIDKEHHS, 3MeHIIeHn# rpajieHT, MTACC, MINLP, ruiaHyBaHHS 06C/IyrOByBaHHS IJIAHTAIill, ONITHMI3a-
11is1 06MeXKeHUX pecypciB, ipiGHOGepMepChKi KaBOBI IIaHTallil, KOMGiHATOPHA ONTUMI3alisl, 0OMeXKeHHSI YaCOBHX BiKOH, CUCTEMH MiZTPUMKH
TPUNAHATTS pillleHb.



