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The object of this study is complex networks whose model is
undirected weighted ordinary (without loops and multiple edges)
graphs. The task to detect communities, that is, partition the set of
network nodes into communities, has been considered. It is assumed
that such communities should be non-overlapped. At present, there
are many approaches to solving this task and, accordingly, many
methods that implement it. Methods based on the maximization of
the network modularity function have been considered. A modified
modularity criterion (function) has been proposed. The value of
this criterion explicitly depends on the number of nodes in the com-
munities. The partition of network nodes into communities with
maximization by such a criterion is significantly more prone to the
detection of small communities, or even singleton-node communi-
ties. This property is a key characteristic of the proposed method
and is useful if the network being analyzed really has small commu-
nities. In addition, the proposed modularity criterion is normalized
with respect to the current number of communities. This makes
it possible to compare the modularity of network partitions into
different numbers of communities. This, in turn, makes it possible
to estimate the number of communities that are formed, in cases
when this number is not known a priori. A method for partitioning
network nodes into communities based on the criterion of maxi-
mum modularity has been devised. The corresponding algorithm is
suboptimal, belongs to the class of greedy algorithms, and has a low
computational complexity — linear with respect to the number of
network nodes. As a result, it is fast, so it can be used for network
partitioning. The method devised for detecting network communi-
ties was tested on classic datasets, which confirmed the effectiveness
of the proposed approach.

Keywords: network modularity, node communities, network
partitioning, assortativeness, problems of high dimensionality.
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The subject of this study is the process of anomaly detection in
high-load complex computer systems (HLCCSs). The task addressed
in the paper is the lack of real-time anomaly detection models in
HLCCS with a specified accuracy. A set of mathematical models for
real-time anomaly detection has been built and investigated. This set
includes a mathematical model for detecting anomalous connections
between components of computer system (DACCCSs) and a mathe-
matical model for assessing current state of computer system (CSACS).

The results of models tests showed the following efficiency met-
rics. For a DACCCS model: accuracy — 84 %, positive predictive va-
lue — 87 %, recall — 74 %, and weighted average accuracy (WAA) — 78 %.
For a CSACS model: accuracy — 91 %, positive predictive value —
82 %, recall — 68 %, and WAA — 67 %.

The positive results of the study can be attributed to the following
factors. A DACCCS model uses projection matrices and orthogonal
vector functions to analyze anomalies. This enables the creation of
spatial decompositions that reveal complex interrelationships between
system components using only eigenvalues and eigenvectors. A CSACS
model applies the singular value decomposition method, which implies
solving a system of scalar equations to determine the current state of
the system. This approach minimizes computational costs compared
to methods requiring the solution of complex matrix equations. Thus,
the model could be applied for real-time data analysis and anomaly
detection under conditions of limited resources and high system load.

The practical application scope includes HLCCS, such as bank-
ing transaction servers and cloud platforms, in which it is essential to
enable stable operation under high request amount and to minimize
the risk of data loss or service failure.

Keywords: high-load complex computer systems, anomaly detec-
tion, mathematical models, real-time.
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The research object is the processes of changes in fuel consump-
tion and harmful emissions of engines and vehicles during their
operation.

The investigated problem consists in the lack of an approach to
the construction of an adapted model for analytical studies of the
thermal readiness processes of vehicles with petrol-powered engines.

An approach to ensuring vehicle thermal preparation based on
fuel consumption and exhaust gas emissions is proposed. The essence
of the improved algorithm and model lies in accounting for the speci-

fics of warm-up processes based on the developed thermal preparation
cycle for vehicle engines.

A feature of the improved approach is the incorporation of experi-
mental research results and features of thermal preparation processes.

The field of practical application of the improved approach is the
thermal readiness processes of vehicles with engines adapted to work
on gasoline and LPG, focusing on fuel consumption and exhaust gas
emissions.

Improvements have been made to the enlarged algorithm of the
mathematical model for ensuring vehicle thermal preparation pro-
cesses. This includes considering fuel supply and thermal readiness
features, as well determining fuel consumption and emissions.

The peculiarity of the proposed model is that it allows systema-
tic simulation of thermal preparation processes, taking into account
factors and processes that cannot be investigated experimentally.
This is validated by the model’s adequacy test, showing that data
deviation is within the statistical error range from 4.4 to 5.2 %.

The application of the developed approach ensures comprehen-
sive consideration of the specifics of thermal preparation processes
and supports decision-making for evaluating results according to the
relevant criteria.

Keywords: vehicle, thermal readiness, monitoring, enlarged
algorithm, adapted model, fuel, emissions.
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This study addresses the challenge of predicting rice growing
season lengths, crucial for agricultural planning in tropical re-
gions. Climate variability and season timing create uncertainties
in decision-making, and while machine learning is widely used
in agriculture, a gap persists in integrating spatial-temporal data
for accurate season length prediction and region-specific pattern
analysis influenced by rainfall. Using a combination of Random
Forest algorithms with hyperparameter optimization (grid search),
and clustering techniques such as PCA, K-Means, and Hierarchical
Clustering, this study analyzes key features such as the start of the
season (SOS), end of the season (EOS), and their significance indi-
cators (sig_sos and sig_eos). The findings reveal a strong correla-
tion (0.98) between SOS and EOS, with an optimal growing season
ranging from day 93 to day 207 (113.82 days). The Random Forest
model, optimized with Grid Search, achieved a MSE of 28.9474 and
an R? of 0.8636, showing an outstanding predictive result. SHAP
and LIME analyses identified sos and eos as the most influential
predictors, while cluster analysis highlighted three distinct growing
season groups characterized by variations in rainfall and seasonal
stability. These results underscore the importance of understanding
localized agricultural conditions and provide actionable insights
for optimizing planting schedules, resource allocation, and climate
adaptation strategies. By integrating advanced machine learning
techniques with spatial-temporal data, this study establishes a foun-
dation for improving agricultural resilience and sustainability in the
face of climate variability.
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BUABJEHHA MEPEKEBHUX CIIIVIBHOT 3A OIIOMOT OO0 MOIUPIKOBAHOI'O KPUTEPIIO MOAYJIAAPHOCTI (c. 6-13)

B. JI. Uleprin, C. A. Ipunsos, JI. E. Yaxa, C. I. YaoBenko

O06’eKTOM NOCTI/KEHD € CKIIAIHI MEePeski, MOIEJUIIO SIKUX € HEOPIEHTOBaHI 3BaskeHi 3Budaiii (6e3 meresb Ta KpaTHux pebep) rpadu. Pos-
TJISITAETHCST IPOOIEMa BU3HAYEHHS CITIIBHOT, TOOTO PO3OUTTSI MHOKITHI BY3JTiB MePesKi CiAbHOTH. IIpH IIbOMY BBaJKAETHCS, IO TAK] CITITBHO-
TH TIOBUHHI Oy TH TAKUMHU, 1110 TIOTIAPHO He TiepeTuHaioThest. Hapasi icHye 6arato miaxoAis 10 BUPilIeHHs i€l mpobJieMu Ta, BiANoBiaAHO, 6arato
METO/IiB, sIKi 11 peasisyioTb. Po3risilaioTbest METO/N, SIKi TPYHTYIOTCSI Ha Makcumisanii (HyHKIi MOLyasipHOCTI Mepeski. 3arporoHOBaHO
MoudikoBanuii Kpurepiii (HYHKIIIO) MOLYJISPHOCTI. 3HAUCHHS I[bOTO KPUTEPIIO SIBHIM YNHOM 3aJI€KUTD Bi/ KiJTbKOCTi BY3JIiB Y CIIIJIbHOTAX.
Po36uTTs By3J1iB MEpEsKi Ha CIIJIBHOTH 3 MAKCUMI3AIII€H0 38 TAKMM KPUTEPIEM € CYTTEBO GL/IbII CXUIBHIM /[0 BULJIEHHS MAJIUX CIIIBHOT, 400
HaBiTh OHOOCIGHUX By3iB. L[5 BIacTHBICTh € BU3HAYATIBHOIO XaPAKTEPICTUKOIO 3aIPOTIOHOBAHOTO METO/[A TA € KOPHUCHOIO Y Pasi, SIKIIOo Me-
peska, sIka aHAI3YEThC, IICHO Ma€ MaJi criibHOTH. KpiM TOro, 3a1pornoHoBanmii KpUTEPiilt MOLYISIPHOCTI € HOPMOBAHUM BiIHOCHO TOTOYHOT
KizibrocTi cripHOT. Ie ae 3Mory mopiBHIOBATH MizK 06010 MOAYJISIPHICTL pO30UTTIB Mepeski Ha pisHy KiibKicTb crinbHoT. Ile, B cBOIO yepry,
JIa€ 3MOTY OI[IHUTH KiJIbKICTh CIIJIBHOT, IKi (DOPMYIOTBCSI, Y THX BUIAKAX, KOJIU 1[5 KiJIbKiCTh anpiopi Hesigoma. Po3pobieno Metos posouTTst
BY3JIiB MEPEsKi Ha CHITLHOTU 32 KPUTEPIEM MAKCUMYMY MOJYJIAPHOCTI. BinoBiguuii ajroput™ € cyOonTUMaibHUM, BiTHOCUTLCS /10 KJIACy
JKaMiOHUX, Ta MA€ HU3bKY 00YMCIIOBATIbHY CKIAQAHICTD — JIHIHHY BIIHOCHO KiJIbKOCTI BY3JIiB Mepeski. BHACITIZOK 1IbOrO BiH € IBUIKIM, TOMY
MOJKE 3aCTOCOBYBATHCH JJIsi PO3OUTTSI MEPEK Ha CIiIbHOTU. [IpOBeIeHEe TeCTYBaHHS PO3POOIECHOrO METO/IY BUSBJICHHS MEPEKEBHX CIIIBHOT
Ha KJIACMYHUX JlaTaceTax, sIKe MiATBePANsIo e(heKTHBHICTD 3aITPOTIOHOBAHOTO Mi/IXOJTY.

Ki0uoBi cioBa: MOy JISIPHICTD MEPEIK, CIIILHOTH BY3JIiB, PO30OUTTS Mepesk, aCOPTATUBHICTD, 3a/a4i BEJIMKOI PO3MIPHOCTI.
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PO3POBKA KOMIIJIEKCY MATEMATAYHUX MO/IEJIEN BUSIBJIEHHA AHOMAJITIA Y BUCOKOHABAHTAKEHUX
CKIAJHIX KOMIT'IOTEPHUX CUCTEMAX (c. 14-25)

€. B. Meneumko, M. C. fIkumenko, B. B. Mixas, 4. II. Illyxika, B. B. /laBugos

OG6’ e€KTOM IOCITIIFKEHHST € IPOIEC BUSIBJIECHHS aHOMAJIIH Y BUCOKOHABaHTaKEeHUX CKJIafHuX KoMl ioteprux cuctemax (BHCKC). TTpo6ie-
Ma, 1110 BUPINIYETHCS B IOCII/PKEHHI, TOJISATAE y Bi/ICyTHOCTI Mojiesieil BusiBieHHst anoMadtiit y BHCKC y peasbHoMy yaci 3 3a/1aHOI0 TOUHICTIO.
CTBOpeHo Ta AOCII/KEHO KOMILIEKC MaTeMaTHYHIX MojieJiell /s BUSIBJICHHSI aHOMaJIiH B peabHOMY Yaci. /lo KoMIiekcy BXOAATh MaTeMa-
TUYHA MOJIEh BUSBJICHHS aHOMAIbHUX 3B'SI3KiB Mixk KomroHentamu komir'iotepaoi cuctemu (BA3KKC) ta MmaTtematuuna Moesb OIiHKA
cTaHy KOMIT'I0TepHoi cuctemn B motoganii MomenT yacy (OCKCIIMY).

PegyusraTu TecTyBaHHs Mojieseil Tokasaan nactymHi nokazuuku edexrusuocti. st mogeni BASKKC rounicts — 84 %, TounicTh 1m03u-
TUBHUX TIPOTHO3iB — 87 %, noBHOTa — 74 %, 3BaskeHa cepesst Tounicts (3CT) — 78 %. st mogeni OCKCIIMY tounicts — 91 %, TounicTs
MO3UTUBHUX MPOrHo3iB — 82 %, mosnota — 68 %, 3CT — 67 %. IlosuTnBHI pe3yJbraTn JOCJII/UKEHHS TOSICHIOIOTBCS HACTYITHUMU TIepe]-
ymoBamu. Mojeabr BASKKC BukopuctoBye npoexiIiiiiHi MaTpuili Ta OPTOrOHa/IbHI BeKTOPHI (yHKIT /s aHamnisy aHomauiil. Ile nossossie
CTBOPIOBATH IPOCTOPOBI PO3KJIA/N, AKI BUSABJIAIOTH CKJIA/IHI B3a€EMO3B A3KH Mixk KomrnoHenTamu KC, BUKOPHCTOBYIOUN JIHIIIE BIACHI 3HAYCHHS
i Bextopu. Y mozeni OCKCIIMY 3acToCOBYETBCS METOJI CUHTYJISIPHOTO PO3KJIALY, 1O 3BOAUTLCS /10 PO3B’SI3AHHS CUCTEMU CKAJISIPHUX PiB-
HSIHB /Il BUSHAUEHHST TIOTOYHOTO CTaHy cucTeMu. 11e 103BOJIsA€ CKOPOTUTH 00UNCTIOBAJIbHI BUTPATH TMOPIBHSIHO 3 METO/IAMH, 1110 BUMAraroTh
PO3B’SI3aHHS CKJIAQ[HIX MaTPIYHUX PiBHAHD. TaKNM YMHOM, MOJIETh MOJKE 3aCTOCOBYBATHCS /LIS OIIEPATHBHOTO aHAMI3Y JAHNX Ta BISABICHHS
aHOMaJIHl B yMOBax 0OMEKEHUX PECyPCiB Ta BUCOKOIO HABAHTAXKEHHsI CUCTEMU.

Cdepa npakruunoro Bukopuctanns Bkiaoyac BHCKC, raxi six cepBepn OaHKIBCHKUX TpaH3aKIliil, XMapHi maaThopmu, g1e HeoOXiaHo
3abesnednTn cTabiibHy pobOTy B yMOBaX BEJINKOI KiIbKOCTI 3aIUTIB.

Kor04oBi ciioBa: BIICOKOHABAHTAKEHI CKJIA/IHI KOMIT'IOTEPHI CHCTEMN, BUSIBJIEHHST aHOMAJTi i, MaTeMaTUYHI MOJIeIi, peaqbHII Jac.
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PO3POBKA MIIXOY 10 IOBYI0BU ATAITOBAHOT MOJIEJIT 3BABE3ITEYEHHS ITPOIIECIB TEIIJIOBOI TOTOBHOCTI
TPAHCIIOPTHOT'O 3ACOBY 3A BUTPATAMU ITAJINBA TA BUKJIAMU BITITPAITbOBAHHUX I'A3IB (c. 26-45)
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OG’eKxT JOCHIKEHHS — TIPOLECH 3MIHU BUTPATH MaJuBa Ta BUKWUIIB MIKIJIMBUX PEYOBUH ABUTYHIB i TPAHCIIOPTHUX 3aco0iB M dac ix
eKCILIyaTalti.

TTpobaema, 1o JOCIIKYBaIACh, TOJISTAE Y BIICYTHOCTI MAXO/LY [0 TIOOYI0BY aallTOBAHOI MOJIE/I 3/1iHICHEHHST aHAI THYHOTO I0CJI PKeH-
HSI [TPOIIECIB TETJIOBOI TOTOBHOCTI TPAHCIIOPTHOTO 3aC00Y 3 IBUTYHOM, MPAIFOI0YNM HA GEH3MHI.

3anponoHOBaHO T/AXI/ MO0 3a6e3MeYeHHs TEIIOBOI MATOTOBKM TPAHCIIOPTHOTO 3ac00y 3a BUTPATAMU TTAJIMBA Ta BUKUAAMY BiZIPAIhO-
BaHuX rasis. CyTh yIOCKOHAJIEHOTO aJITOPUTMY Ta MOJIE/II TIOJISITAE B ypaxXyBaHHI 0cOGIUBOCTEIT TIPOIIeciB MPorpiBy i 6a3yerbest Ha po3pobire-
HOMY IIMKJI TEIJIOBOI i/[ITOTOBKU TPAHCIIOPTHOTO IBUTYHA.

Ocob6IMBICTIO YIOCKOHATEHOTO MiIXOY € YPAXyBaHHS PE3YIBTATIB €KCIIEPIMEHTIFHOTO TOCTIPKEHHST Ta 0COOIMBOCTEN MPOTIECB TETIO-
BOI I1IITOTOBKMU.

Cdeporo MpakTUYHOTO 3aCTOCYBAaHHS YAOCKOHAJIEHOTO MiXOMY € TPOIECH TEIJIOBOI TOTOBHOCTI TPAHCIIOPTHOTO 3ac00y 3 ABUTYHOM,
azlanToBanuM /st pobot Ha Gensuni i LPG, 3a BuTpaTamMu najinBa Ta BUKUAAMHU BiANPaIlbOBaHNX rasis.



BUKOHAHO yIOCKOHATEHHSI YKPYITHEHOTO ATOPUTMY MaTeMaTUIHOI MOJIeIT 3a6€e3IedeHHsT POTIECB TEMIOBOT MiITOTOBKI TPAHCIIOPTHOTO
3aco0y. BpaxosaHi 0co6aMBOCTI MO1aui TAINBa i TEMIOBOI TOTOBHOCTI, & TAKOJK BU3HAYECHHST BUTPAT TTAIMBA Ta BUKU/IIB.

Oco6IMBICTIO 3aPOMOHOBAHOI MOJIEJI € Te, IO BOHA J03BOJISIE POBOIUTU MOJIENIOBAHHSI MPOIECIB TEMIOBOI MiAATOTOBKU CHCTEMHO
3 ypaxyBaHHSM (DAKTOPIB i IIPoIieciB, siKi HEMOKJINBO JIOCJIIINTH eKcliepuMeHTaIbHO. [le 1oB’s3aHo 3 THM, 1110 I1epeBipKa ajleKBaTHOCTI MoieI
TToKazaJjia, o BiXUICHHS JaHnuX 3HAXOANTLCA B MEKaxX CTATHCTUYHOI MOXUOKM 1 cK1ano Bix 4,4 10 5,2 %.

B pesyasrati 3actocyBatHst po3po0JIeHOro TiAX0/y IOBHOIIHHO 3a6e3IeueHi MOKIMBOCTI ypaxyBaHHst 0COOJUBOCTEN MPOIECIB TEIIOBOT
MIJITOTOBKYU Ta IPUNHATTS PillleHH 1[0/I0 OI[IHIOBAHHS Pe3YJIBTATiB 3a Bi/INOBITHIMH KPUTEPISIMU.
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BIG DATA AHAJIITUKA JIJIsI CE30HHUX CEKTOPIB POBOTH: IHTETPAIIIS TEXHIK MAIIIMHHOTI'O HABYAHH!I (c. 46-56)

Roni Yunis, Arwin Halim, Irpan Adiputra Pardosi

Y 11boMy JOCJI/KEHHI PO3IJISIAETHCS 3aB/IaHHS IIPOrHO3YBAHHS TPUBAJIOCT] C€30HY BUPOIILYBAHHS PUCY, 110 MA€ BUPIillIaIbHe 3HAYCHHS
JUTS TUTAHYBAHHS CITHCHKOTO TOCTIOIAPCTBA B TPOMIIYHUX peTionax. MiHIMBICT KIiMaTy Ta Yac Ce30HYy CTBOPIOIOTH HEBU3HAUEHICTD Y TPIIHHATTI
pillieHb, i, X04Ya MalluHHe HaBYaHHs IHPOKO BUKOPUCTOBYETLCS B CLILCHKOMY TOCIIONAPCTBI, 30epiracThest Mporajnta B iHTerpaiii mpocTto-
POBO-YACOBHX JIAHUX /IJIsI TOYHOTO MPOTHO3YBAHHS TPUBAJIOCTI CE30HY Ta aHAI3y crienu(iyHuX /Uit PETioHy MOJesIell 1mi/i BIVIMBOM OIAaIiB.
BukopucToByioun moeaHanist aIrTOPUTMIB BUITIAJIKOBOTO JIiCy 3 ONITUMI3aIli€lo 3a rineprnapamerpaMu (TIOMIYK Y CiTIli ) i METOIIB KIacTepu3aitii,
takux sk PCA, K-Means Ta iepapXiuHa Kiractepusaliisi, y 1bOMY JIOCII/IPKeHH] aHAI3YI0ThCS KII0UOBI XapaKTePUCTUKHM, TaKi sIK T0YATOK Ce30-
my (IIC), xinernn cesony (KC), i ix mokasumku snaunMocTi (sig_sos i sig_eos). Pesymsrarn BusiBuim cuibiy kopedaiiio (0,98) mixk [1C i KC,
3 ONTUMAJIBLHUM BerertauiitHuM nepiozgom Big 93 1o 207 xus (113,82 aus). Mozesb BUIIAAKOBOTO JIiCy, ONTUMI30BaHa 3a JIOTIOMOTOI0 HOIIYKY
1o citmi, focarma MSE 28,9474 i R? 0,8636, neMoncTpyioun BUAATHI TTporHo3Hmit pesyastat. Anamnis SHAP i LIME susnauns [1C i KC ax
HANBIUIMBOBIIII PEANKTOPH, TO/I K KJIACTEPHUI aHAJi3 BUAIINB TPU OKPEMi IPYIIN CE30HIB BereTallii, 1[0 XapaKTepU3yI0ThCs KOJNBAHHAMI
KIJIBKOCTI OnaiiB i ce30HHOI0 cTabinbHicTo. I1i pesy IbraTit miAKPECTIO0Th BaKIMBICTD PO3YMIHHS JIOKAJIBHUX CLIBCHKOTOCTIONAPCHKIX YMOB
i IA10THh TPAKTHYHY iH(GOPMAIIIIo /7T ONTHMi3artii rpadikiB MoCiBY, pO3MO/Iiy PECYPCiB i cTpaTeTiit aanTaliii 10 KxiMaTy. 3aB/IsTKU iHTeTpaitii
[1€peJIOBUX METO/IiB MAIIMHHOIO HABYAHHS 3 IIPOCTOPOBO-YACOBUMU JAHUMU 11€ JOCJI/PKEHHS 3aKJIa/1a€ OCHOBY /IS 11I/IBUIIEHHS CTIHKOCTI Ta
CTAJIOCTI CIIBCHKOTO TOCIIOIAPCTBA B YMOBAX MiHJIMBOCTI KJiMaTy.

KmouoBi ciioBa: ce30HHI MoJIeJi BPOJKAIO, BUMIAAKOBHUIA Jric, moutyk 1o citii, SHAP, LIME, knacrepuuii anastis, IporHo3Ha MOJIEITb, MiH-
JINBICTH KJTIMATY, MiCIIeBe ClIbChKe TOCIOAAPCTBO, TOUHICTH MOJIEI.



