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AHHOTAIIMM CTATEM / ABSTRACTS

Axoaut E.B. ITogxoa K pelieHHI0 CTOXaCTHYECKOH MapIIPYTHO-pacnpeleuTebHOi
3a/la4d LeJIeBOM NOCTABKH M PECYPCHBIMH OIrPAHMYEHHMAMHM HAa OCHOBE TEXHOJIOIMii
HCKYCCTBEHHOI'0 HHTEJVIEKTA.

O00011eHbI Pe3yIbTaThl Pa3BUTHUS NOJMMOAEIBHOIO KBAIMMETPHUUECKOTO0 METOIa CUCTEMHON
ONTUMU3AIMHA PA3HOPOAHBIX OOBEKTOB MOPCKOW TEXHHUKHM M MOPCKOH HMH(PACTPYKTYpHI
(OMTH), Brimrodass 00BEKTHI KpUTHYECKON HHMpacTpykTyphl. CHopMyInpoBaHbl OCHOBHBIC
IIOJIO)KEHUSI TEOpUU IPAKTUKW W IEPCIEKTUBHBIE HAIIPaBJICHUS Pa3BUTHUS TEXHOJOTUU
MOJIMMOJZIETIBHOTO KBAJIMMETPUUYECKOTO aHAIN3a, CHHTE3a U ONITUMU3ALAN OPTaHU3aLMOHHBIX
Y TEXHOJIOTUYECKUX pELICHUH Ipy yrpaBieHuu pazsurueM OMTU.

KiroueBbie €j10Ba: TEXHOJIOTMU HMCKYCCTBEHHOTO MHTEJUIEKTA, T'€HETHYECKHM alIrOpUTM,
(GyHKUIMS ~ TPUCTIOCOONEHHOCTH,  HMMUTAIIMOHHOE  MOJEIMPOBAHUE,  MUMHTAIMOHHBIN
JKCIIEPUMEHT, KJIETOYHBIA aBTOMAT, 33Ja4a ONTUMHU3a[U1, IMATAMOHHBII KCIIEPUMEHT.

Akodit Evgeny V. An approach to solving stochastic routing and allocation problems with
target delivery and resource constraints using artificial intelligence technologies.

AxcenoB K.A. [IpumeHeHre areHTHOT0 NO/IX01a B THOPUIHBIX CHCTEeMaX HMHTAIHOHHO-
MYJIbTHATEHTHOT0 MO/IeJIMPOBAHUS NIPOLECCOB NIPe00Pa30BaHNUS PeCypPCoOB.

[TpoBeneH aHanu3 NPUMEHUMOCTH ar€HTHOT'O M0/1X0/1a B THOPUAHBIX Cpeax HUMUTAMOHHOTO
MOJICJIMPOBAHMs M HHTEJUIEKTYyallbHBIX cucTeMax. llpeacraBieHbl pe3ynbTaTsl pa3pabOTKu
THOPUIHBIX CHUCTEM HMMHTAI[HOHHOTO MYJIBTHAreéHTHOTO MOJEIHPOBAHUS  IPOILIECCOB
npeoOpa3oBaHus PecypcoB: KoMmiuiekca BPSImM u aBTOMaTH3MpOBaHHOI CHCTEMBI BBIYCKA
METaJIyprudeckoil  mpoaykuuu. s — aHanu3a  UCCIEAYEMbIX  NPOU3BOJACTBEHHBIX,
JOTMCTUYECKUX, TEXHOJIOTMYECKUX M OW3HEeC-NpOoLEeccOB pa3paboTaHa MOJENb IMPOLIECCOB
npeoOpa3oBaHusl  PeCypcoB, KOTOpas IPOrpaMMHO  pealu30BaHa B IIOJACUCTEME
MoJenupoBaHus. Mojens MyJIbTHareHTHOTO Ipoliecca Mpeodpa3zoBaHus peCypcoB pacIliuipeHa
areHTaMu aHajlu3a y3KHUX MECT, cyOnoAapsaa U NpuHITUs peweHuil. Paspaborana rubpuaHas
areHTHas apXUTEeKTypa MyJbTHAreHTHOTO Mpoliecca Mpeodpa3zoBaHus PeCypCcOB, BKIIIOYAIOIIAs
MHTEJJIEKTYaJbHYI0 M PEaKTUBHYIO cocTaBisomue. OnucaHbl NPUHLHUIBI NPUMEHEHUS
areHTHOM apXUTEKTYpbl B KomIuiekce BPSIM u aBTOMaTu3aMpoBaHHOW CHUCTEMBI BBITYCKa
METAJUIyprUuecKod MNpoayKIMH. Mojenb MyJIbTHAreHTHOrO IIpolecca IpeoOpa3oBaHUs
PECYPCOB M areHTHasi apXUTEKTypa HMCIOJIBb3YIOTCS AJI PEIICHMs 3aJad aHajau3a U CHHTE3a,
COBEpIICHCTBOBAHUS IPOLIECCOB, IJIAHUPOBAHUS U TPUHATUS peElIeHud B o01acTax
METaJUIypruu U HeTenpoyKToo0eceyeHusl.

KiroueBble cji0Ba: aBTOMATHU3MpOBaHHAs CHUCTEMA, WMUTALMOHHOE MOJEIUPOBAHUE,
NPUHSITHE PELLICHUH, aHaJIN3 U CUHTE3 MOJieJiel, areHTHBIN MOX0]], Y3KHE MeCTa IPOILIECCOB.

Aksyonov K.A. Application of agent approach in hybrid simulation and multi agent
system of resources conversion processes.

An analysis of the applicability of the agent-based approach in hybrid simulation environments
and intelligent systems was conducted. The results of development of hybrid simulation and
multi agent systems of resources conversion processes are presented. Investigated processes are
formalized by a model of resource conversion processes implemented in the modeling
subsystem of the metallurgical information system and BPsim simulation system. The multi-
agent resource conversion process model is expanded with agents for bottleneck analysis,
subcontracting, and decision making. A hybrid agent-based architecture for the multi-agent
resource conversion process has been developed, incorporating both intelligent and reactive
components. The principles of application of agent-based architecture in the BPsim complex
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and automated metallurgical information system are described. The multi-agent resource
conversion process model and agent-based architecture are used to solve problems of analysis
and synthesis, process improvement, planning and decision-making in the fields of metallurgy
and petroleum product supply.

Keywords: automated system, simulation, decision support, analysis and synthesis of model,
agent approach, processes bottlenecks.

AxcenoBa E.K., AkcenoB K.A., ’Kapkosa H.A., AkcenoBa O.I1. Be6-opuenTupoBaHHasi
CHCTEMAa MMUTALMOHHOI0 MOJAEJTUPOBAHUS OU3HEC-TIPOLIECCOB /ISl CTYIEHTOB YpdDY.
[IpencraBiaensl pe3ynbTaTbl pa3pabOTKU BeO-OpPUEHTHPOBAHHOW CHCTEMbl MMHTALMOHHOTO
MOJEIIUPOBAaHUs. ~ OM3HEC-TIPOLIECCOB I CTYJIEHTOB  YpalbCKOro  (heaepajbHOro
YHHUBEPCHUTETA: MpOorpaMMHOro komiuiekca BPsim.MAS Web. [Ins ananuza u panpHEHInen
aBTOMAaTHU3allMM y4eOHBIX IPOLECCOB B PaMKax NPOBEACHMs J1aOOpaTOPHBIX padOT H3ydeH
(yHKIMOHAT MPOrPaMMHOIO OOECIeUeHUs ISl CO3/IaHUs TUHAMHUYECKHX Mojeleil Ou3Hec-
nporieccoB BPsim.MAS u ero anaioroB. OcCoOE€HHOCTbIO paccMaTpUBAEMbIX YUEOHBIX
IIPOLIECCOB  SIBJISIETCSI HAJIWYME Y3KUX MECT, CBS3aHHBIX C YCTAaHOBKOW IPUIIOKEHUS
BPsim.MAS Ha mnepcoHajlbHble KOMIIBIOTEPHI CTYIEHTOB M paboTol ¢ rpaduyeckum
uHtepdeiicom. PeanuzoBana BeO-Bepcust cuctembl BPsim.MAS ¢ coBpemeHHOI Bu3yallbHOI
COCTABJIAIOLIEHN U YJIYYIIEHHBIM MEXaHU3MOM OTJIAZIKU MOJIEJIH 3a CYET BAIMAALIMHA BBOJUMBIX
MaTeMaTHYECKUX BBIpOXEHHHA. B pesymbraTe pa3pabOTKH MPOrpaMMHOTO OOECTIeYCHUs
BPsim.MAS Web aBromaru3upoBaH IpoLecC NpOBeIeHUs J1a0OpaTOpPHbIX 3aHITUH B
VYpansckoM (erepaibHOM YHHUBEPCUTETE M COCTABJICHBI METOJIMYECKHE PEKOMEHJAIUHU 10
IPOBEICHUIO JIAOOPATOPHBIX PadoT.

KioueBble c10Ba: aBTOMaTH3UPOBaHHAS CHCTEMa, MMUTAIIOHHOE MOJICIMPOBAaHUE, BeO-
NpUJIOKEeHHe, ydeOHbIe IpPOLECChl, Y3KME€ MecCTa IpOLIECCOB, YAOOCTBO HCIIOJIb30BaHUS,
OTJIaJIKa MOJEIH.

Aksyonova E.K., Aksyonov K.A., Zharkova N.A. Web-based business process simulation
system FOR URFU students.

The results of the development of a web-based business process simulation system for students
of Ural Federal University: BPsim.MAS Web software package are presented. For the analysis
and further automation of educational processes in the framework of laboratory work, the
functionality of the software for creating dynamic business process models BPsim.MAS and its
analogues was studied. A special feature of the educational processes under consideration is the
presence of bottlenecks associated with installing the BPsim.MAS application on students'
personal computers and working with a graphical interface. The web version of the BPsim.MAS
system is implemented with a modern visual component and an improved model debugging
mechanism based on the validation of input mathematical expressions. As a result of the
development of BPsim.MAS Web software, the process of conducting laboratory classes at
Ural Federal University has been automated and guidelines for conducting laboratory work
have been compiled.

Keywords: automated system, simulation, web application, educational processes, process
bottlenecks, usability, model debugging.

Auekcee A.B. Ilpuxkiaagnble 3a1a4d  OUEHKH KOHKYPEHTHOH CIIOCOOHOCTH,
MEePCHEeKTHBHOCTH PAa3BUTHA CJI0MKHBIX IPraTHYeCKHX CHCTEM M KayecTBa yNpaBJ/IeHUsA
HMHU.

OO6o001IeHre U pa3BUTHE TEOPETHUYECKUX M TMPHUKIATHBIX BONPOCOB OOECIEUYEHHUS OLIEHKU
KOHKYPEHTHOM CIOCOOHOCTH, MEPCHEKTUBHOCTH PA3BUTHS CJIOKHBIX IPraTHYECKUX CUCTEM, a
TaKXKe KauyecTBa YNPABJICHUS UMM B YCIOBHIX HU(PPOBOW TpaHCHOpPMALUU TOCYAApPCTBA,
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0011ecTBa U JTUYHOCTH MPECTABISET cOO0H OCOOBIN HAyUHBIN, TPAKTUYECKUA U COIUATBHO
3HAUMMBIA WHTEepec. Ha mpumepe pa3BUTHS CIOKHBIX IPraTHYECKHX CHUCTEM Kiiacca CUCTEM
KOMILUIEKCHOW aBTOMAaTHU3aIMH IIPOIIECCOB YIIpaBJIeHHs 00phOOH 3a )KUBY4YeCTh KOpalIis, CyHa
B HH(OPMAITMOHHO 3aITUIIICHHOM UCIIOJHEHUU PACCMOTPEHBI TPU MPUKIIATHBIC 32149 OIICHKU
U YIpaBJICHUS WX KOHKYPEHTHOW CIIOCOOHOCTBIO, MEPCIIEKTHUBHOCTHIO PA3BHUTHS, BKIHOYAs
aHalu3, CHUHTE3 M ONTHMHU3ALMUIO MPOEKTHBIX pEIIeHUH, 3amady IU(POBBIX JBOHHHUKOB
yrpasieHus: 3QPEKTHBHOCTRIO JKCIUTyaTalldd M 3a/lady HM3BICKaHUS M aTTECTAlluM ITyTeu
BHCAPCHUA 3JICMCHTOB UCKYCCTBCHHOI'O MHTCJJICKTA.

KiawueBble cj0Ba: KOMIUIGKCHOC MOJICIIMPOBAHKE, HWHTEIUICKTyaIH3alus YIPaBICHHUS,
KOHKYPCHTHAA CHOCO6HOCTB, NEPCICKTUBHOCTL  pPa3BUTHUA, OIITUMMH3AII A, 3JIEMCHThBI
UCKYCCTBEHHOT'O MHTEIUICKTA, 3PPEKTUBHOCTh MIPHUHSTHUS PEIICHUH.

Alekseev A.V. Applied tasks of assessing the competitive ability, prospects for the
development of complex ergatic systems and the quality of their management.

The generalization and development of theoretical and applied issues of ensuring the
assessment of competitive ability, the prospects for the development of complex ergatic
systems, as well as the quality of their management in the context of the digital transformation
of the state, society and personality is of particular scientific, practical and socially significant
interest. Using the example of the development of complex ergatic systems of the class of
integrated automation systems for controlling the survivability of a ship, an information-
protected vessel, three applied tasks of evaluating and managing their competitiveness and
development prospects are considered, including analysis, synthesis and optimization of design
solutions, the task of digital twins of operational efficiency management and the task of finding
and certifying ways to introduce artificial intelligence elements.

Keywords: integrated modeling, management intellectualization, competitive ability,
development prospects, optimization, elements of artificial intelligence, efficiency of decision-
making.

AuekceeB A.B., Muxanbuyk A.B., Kopuesa 10.B. OnTumu3sanusi NpOeKTHBIX pelieHuit
00beKTOB MOPCKOW TeXHHMKHM MeTOA0M KOPHEeBOW 4YYBCTBUTEJBHOCTH CHCTEMHBIX
NoKasareJieil Kayecrsa.

Meroasl ONTHMHM3alMA B MMHTALIMOHHOM M KOMIUIEKCHOM MOJEIMPOBAHMS IPH PEILICHUHN
000 W3 TPUKIAIHBIX 3ajad SBIAIOTCA HauOojee 3HAYMMBIMU, TaK KakK I1O3BOJISIOT
000CHOBATh MPOEKTHBIE MPEUIOKEHHUSI IO COBEPIICHCTBOBAHUIO OOBEKTAa MOJAEIUPOBAHUS.
Eme Oomnpliee 3HaueHHE OHM HMEIOT INpPH IMapaMeTpUUYEeCKON ONTHMMM3ALUU CHCTEMHBIX
nokasaresel kayecTBa 0OBbEKTOB M MX rpynn. Ha ocHOBe MCMOIb30BaHUS METOJIa KOPHEBOH
YYBCTBUTEJIBHOCTU U €ro peanu3anuu B PoOotusupoBanHoM npoekTHOM Komriekce «KCIIP-
23» pa3pabotku Cankr-IleTepOyprckoro rocyAaapCTBEHHOTO MOPCKOTO TEXHHUYECKOTO
YHHMBEpPCUTETA NMPUBEIAEHA METOJIMKA U MPUMEP ONTUMHU3ALUHU MPOEKTHBIX PEIIeHUH 00BEKTa
MOPCKOM TE€XHHMKH THIA «ABTOMAaTH3UPOBAaHHAS CUCTEMA MOJACPKKU MPUHIATHUS MPOEKTHBIX
pemeruit  (ACIIIIP)», cucreMaTu3upoBaHbl TEOPETUUYECKUE TIOJIOKEHUSI €€ pa3BHUTHS,
cOopMyIMPOBaHbl TNPEUMYILECTBEHHbIE CBOICTBAa, KPUTEPHUM U TOKa3aTelIM KauyecTBa.
[TokxazaHo, yTo nepBoovepeHbIM TpeOoBaHueM U kputepuem ontumuzanuu ACIIIIP cnenyer
CUMTATh CUCTEMHBIE IIOKA3aTeIN UX KauyeCcTBa, BAIUHOCTH U KOHKYPEHTHON CIIOCOOHOCTH.
KuroueBble ¢j10Ba: KOMIUUIEKCHOE MOJIETMPOBAHUE, HHTEIJIEKTYAIN3aLUsl YIIPABICHUS], METOL
KOPHEBOM 4yBCTBUTEIBHOCTH, BAJIMTHOCTh, KOHKYPEHTHAs! CIIOCOOHOCTb.
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Alekseev A.V., Mikhalchuk A.V., Korneva Yu.V. Optimization of design solutions for
marine equipment facilities by the method of root sensitivity of system quality indicators.
Optimization methods in simulation and complex modeling for solving any of the applied tasks
are the most significant, as they allow us to substantiate design proposals for improving the
object of modeling. They are even more important in parametric optimization of system quality
indicators of objects and their groups. Based on the use of the root sensitivity method and its
implementation in the KSPR-23 Robotic Design Complex developed by St. Petersburg State
Maritime Technical University, a methodology and an example of optimizing design so-lutions
for a marine engineering facility such as the Automated Design Decision Support Sys-tem
(ASPS) are presented, the theoretical provisions of its development are systematized, the
advantageous properties and criteria are formulated and quality indicators. It is shown that the
system indicators of their quality, validity and competitiveness should be considered as the
primary requirement and criterion for optimizing ASPS.

Keywords: integrated modeling, management intellectualization, root sensitivity method,
validity, competitive ability.

AnubaeB A.M., MamukoB P.®. OnTumMusanusi Npou3BOJACTBA CTEKJOTAPbI HA OCHOBE
HMHUTAIHUOHHOTO MO/IeJIUPOBAHMSI.

B paboTte paccMaTpuBarOTCS BOMPOCH ONTHMHU3AIMK MPOW3BOJICTBA CTEKJIOTAPhl HA OCHOBE
UMUTAITUOHHOT'O MOI[CJII/IpOBaHI/IFI. I[JIH MOI{GJ’H/IpOBaHI/ISI I[PICKpGTHO-CO6I:ITPII7[HLIX HpOIIeCCOB
JIOTUCTHKU CBIPbsl (TPaHCIOPTUPOBKA KOMIIOHEHTOB KOHBeiepamu, paboTra OyHKEpOB,
IpoOmIIoK, cMmecurteneii) BoiOpaHa cpema AnyLogic 8.9. IloctpoeH mnudpoBoit JBOWHUK
MIPOM3BOJICTBA CTEKJIOTaphl, HA OCHOBE KOTOPOTO PEIICH PsAJl 3a/ay, CBSA3aHHBIC C TOYHBIM
OTCJIC)KUBAHUEM CI)IpI)GBI)IX 3ar1acoB " KOHTpOJIb 3a CO6JIIOII€HI/I€M HCO6XOIII/IMI)IX napaMeTpOB
muxTel. Pazpabotannas monenp B AnylLogic CIyXHT OCHOBOHM Uisl CO3AaHUS ITU(PPOBOTO
I[BOfIHHKa yqaCTKa IIOATIOTOBKH IINXThI, ITIO3BOJIAIOIICTIO HE TOJIBKO HpOBOI[I/ITI) BKCHepI/IMeHTBI,
HO ¥ B p&XHUME, OJM3KOM K pealbHOMY BPEMEHH, OTCICKHBATH COCTOSIHHE IIpoliecca U
OIIEPaTUBHO pearupoBaTh Ha OTKJIOHEHUS.

KiioueBble cj10Ba: MMHTAIIMOHHOE MOJEIUPOBAHHE, IU(PPOBON TBOMHHMK, ONTHUMM3AIIHS
HpOI/I3BO)ICTBa CTGKJ’IOTapI)I, CTCKOJIbHAs HpOMI)IHIJ'IeHHOCTI).

Alibaev A.M., Malikov R.F. Optimization of glass container production based on
simulation.

This paper examines optimization of glass container production using simulation modeling.
AnyLogic 8.9 was selected for modeling discrete-event raw material logistics processes
(component transportation by conveyors, bin, crusher, and mixer operation). A digital twin of
the glass container production facility was built, solving a number of problems related to precise
raw material inventory tracking and batch compliance monitoring. The developed AnyLogic
model serves as the basis for creating a digital twin of the batch preparation section, enabling
not only experimentation but also near-real-time process monitoring and prompt response to
deviations.

Keywords: simulation, digital twin, optimization of glass container production, glass industry.

Anyppenko A.B., Kopaabcknii U.B., Cuarkos M.A., Kupoxos A.U. KommiekcHoe
MO/IeJIMPOBaHNeE 3JIEMEHTOB TPAHCTIOPTHO CeTH CBA3H.

B cratbe paccMOTpeH MoAXo K KOMIIJIEKCHOMY MOJIETUPOBAHMIO 3JIEMEHTOB TPAHCIIOPTHON
CCTU CBA3H HAa OCHOBC MHTCTpALMN aHAITUTUYCCKUX U UMHUTAIHMOHHBIX MO,ZIGJ'IGI\/’I. O0ocHoBaHa
HE00XO0/IMMOCTh COBMECTHOT'O HCIOJBb30BAHUS Pa3HOPOIHBIX MAaTEMATUYECKUX almapaToB U
cnenuanuzupoBanHoro 1O ans rirybokoro mccienoBaHusi ceTeBbIX MporeccoB. Pa3paborka
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noaxoJa 1mo3BOJIUT CO3aaTh 3KCHCpHMeHTaHBHBIﬁ CTCHA JId IMOHMCKa OIITUMAaJIbHBIX pCHIeHI/Iﬁ
M aHaJin3a CKPBITHIX 3aBHCHUMOCTCH B TCJIICKOMMYHUKAITUOHHBIX CUCTCMAxX.

KiroueBble cj10Ba: KOMIIEKCHOE MOACIIUPOBAHUEC, TPAHCIIOPTHAA CETH CBA3H, aHATTUTUYCCKOC
MOACINPOBAHUC, UMUTAMOHHOC MOACIIUPOBAHNEC, MHTCTpAllUA MOI[CJICﬁ, CCTCBLIC IIPOTOKOJIBI,
MaTeMaTH4YeCKUI alrrrapar.

Anufrenko Alexander V., Kovalsky Igor V., Snyatkov Maxim A., Zhirokhov Andrey I.
Complex modeling of elements of the transport communication network.

The article considers an approach to complex modeling of elements of a transport
communication network based on the integration of analytical and simulation models. The
necessity of joint use of heterogeneous mathematical tools and specialized software for deep
research of network processes is substantiated. The development of the approach will make it
possible to create an experimental bench for finding optimal solutions and analyzing hidden
dependencies in telecommunication systems.

Keywords: complex modeling, communication transport network, analytical modeling,
simulation modeling, model integration, network protocols, mathematical apparatus.

Anyppenko A.B., KoBaabckmii U.B., CuarkoB M.A., KupoxoB A.U. Iloaxox k
MO/IeJIMPOBAHNIO TPAHCIIOPTHOM U JIOTHUYECKHUX CeTell CBSA3U KAaK COCTABJISIIONIUX eHHOMN
CHCTeMbI YIIPABJICHHUS.

B crarbe paccmarpuBaercs npoOieMa yIpaBiIEHUS CIIOXKHOM TEIeKOMMYHUKAIIMOHHON
UH(QPaCTPYKTYpOH, TJI€ MHOKECTBEHHbIE JIOTHYECKUE CETU MCIONIb3YIOT 001U PpU3ndecKuil
pecypc. Ilpemiaraercss moaxon K CO3JaHUI0 €IUHOW CHCTEMBl YIPABJICHHUsS, COTJIACYIOLIEH
MapaMeTpbl KAaK TPaHCIIOPTHOM, TaK M JIOTMYECKUX CeTel CBsI3M. [ns pemenus 3agauyu
IIpeUIaraeTcsl MCIOIb30BAaHUE Ar€HTHO-OPUEHTHUPOBAHHOIO IIOAXO0JAa HMHUTALMOHHOTO
MOJICIIMPOBAHMS C LEIbI0 aHa M3a HAJSKHOCTH M 3(PPEKTUBHOCTH YIPaBIICHUS CETEBBIMU
pecypcami.

KiroueBsble ci10Ba: YpaBieHUE CETIMH CBA3U, TPAHCIIOPTHASI CETh CBS3H, JIOTUYECKUE CETH
CBSI3M, ar€HTHO-OPUEHTHPOBAHHBINA IOJIX0J, UMHUTALlMOHHOE MOJEIMPOBAHUE, HAJNEKHOCTh
cereil, AnyLogic.

Anufrenko Alexander V., Kovalsky Igor V., Snyatkov Maxim A., Zhirokhov Andrey I,
An approach to modeling transport and logical communication networks as components
of a unified management system

The article discusses the problem of managing a complex telecommunications infrastructure
where multiple logical networks share a common physical resource. An approach is proposed
to create a unified management system that matches the parameters of both transport and logical
communication networks. To solve the problem, it is proposed to use an agent-based simulation
approach to analyze the reliability and efficiency of network resource management.
Keywords: communication network management, communication transport network, logical
communication networks, agent-based approach, simulation modeling, network reliability,
AnyLogic.

Baavikuna FO.E., 3axapos B.B. PerpocnekTuBHOEe MOAe IMPOBAHHE W NIPOTHO3MPOBAHM €
IJ1002JIbHBIX MPOLECCOB € UCMOJb30BAHMEM UHTEIPAJIbHONH MOIe/IH MPUTOKA-0TTOKA.

B noxnane nmpuBeneHbI pe3yibTaThl OOIBIIOT0 KOJTUYECTBA BEIUUCIUTENBHBIX SKCIIEPUMEHTOB
Ha peajbHBIX JaHHBIX TJI00aTBHBIX IPOIIECCOB PACTIPOCTPAHCHHUS BUPYCOB (HA TIpUMEpE
nangemun COVID-19) u npoueccoB M3MEHEHHs] YUCIEHHOCTH HACEJIEHUSI CTPAH U PErMOHOB
3emumn (Ha nemorpaduueckux nanHbix Otnena Hapomonacenenus OOH). B uccnenoBanum
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UCIIOJIb30BaHA HWHTETpalibHasg MOJENb MPHUTOKA-OTTOKA U aBTOPCKHI METOJA IMOCTPOCHUS
JUHEHUHBIX TPEHJO0B €€ CTOXaCTHYECKUX IMapaMeTpoB.

KitoueBble cjioBa: MOJAENMPOBAaHUE, IMPOrHO3UPOBAHHME, MHTETpalibHAsg MOJEIb MPUTOKA-
OTTOKA, MMHUIEMHUOJIOTHS, IeMoTpadus, TTI00aTbHBIE TPOIECCHI.

Balykina Yulia E., Zakharov Viktor V. Retrospective modeling and forecasting of
complex processes using the integral inflow-outflow model.

The report presents the results of a large number of computational experiments based on real
data on global virus spread processes (for example, the COVID-19 pandemic) and population
change processes in various countries and world regions (based on demographic data from the
United Nations Population Division). The study uses an integral inflow-outflow model and the
authors’ method of constructing linear trends of its stochastic parameters.

Keywords: modeling, forecasting, integrated inflow-outflow model, epidemiology,
demography, global processes.

bookos C.II., ActpaxanueB P.I'., IlaBioBa E.A., ActpaxanueBa U.A. UMmutanuonHoe
MO/IeJIUPOBAHHE XMMHYECKOr0 peaKkTopa Tpy0yaToro Tumna.

ABTOpaMH paccMaTpuBaeTCS BO3MOXHOCTh HCIIOJIb30BAaHUSA JMCKPETHOrO TOAXO0Ja MJIs
MOJICJIMPOBAHUS Mpollecca IEKTPOCHHTE3a 030Ha B ammapare TpyoOuaroro tuma. OmucaHa
MCTOJHKA CO3JaHud MOJACIH, IMMPUBOJUTCA aAJITOPUTM HMUTALUMOHHOIO0 KOMIIBFOTCPHOI'O
MOJICJIMPOBAHUSI W pe3ylabTaThl MOJENBHOTO uccienoBaHus. JlemaroTcss BBIBOIBI 00
aJICKBaTHOCTU TMpejlaraéMod MOJACIU M €€ BO3MOXKHOCTAX JUIsl TIOJY4YCHHUs] HOBOM
nH(pOpMaIUK B UCCIEA0BATEIIbCKON H 00pa30BaTEIbHOM MPAKTHKE.

KiroueBnle ciioBa: HMUTAIUOHHOC MOJCIMPOBAHNEC, KICTOYHBIC aBTOMATLI, 3JICKTPOCHHTE3
030HA.

Bobkov Sergey P., Astrakhantsev Roman G., Pavlova Ekaterina A., Astrakhantseva
Irina A. Simulation modeling of a tubular chemical reactor.

The authors consider the possibility of using a discrete approach to modeling the process of
ozone electrosynthesis in a tubular device. This paper describes the methodology for creating a
model, provides an algorithm for computer simulation and the results of a model study.
Conclusions are made about the adequacy of the proposed simulation model and its capabilities
for obtaining new information in research and educational practice.

Keywords: simulation, cellular automata, ozone electrosynthesis.

boopos B.A. MogeanpoBanue cOHANbHBIX CHCTEM IPH Pa3JIMYHOW OPraHM3alUH
CTPYKTYPOOOPa3yoUIUX CJI0EB.

PaccmaTpuBaercs areHTHass MOZEIb CJI0KHON COLIMATIBHOW CUCTEMBI, IPEICTABICHHON B BUJE
Habopa CTpyKTypooOpasyroumx ciao€B. B e€ pamkax ecTecTBEHHbIM OOpa3oM BO3HHKAET
BOIIPOC O crocobax AOCTHKEHUS 3PPEeKTUBHOCTH (PYHKIIMOHUPOBAHUS TAKOM CHCTEMbI IpU
Pa3IUMYHBIX 3HAYCHUAX IMapaMETpPOB MOJICIIH. PaCCManI/IBaIOTCH Pa3IUYHBIC MTOAXOObI K eé
(bopMHpOBaHHIO, 2 UMEHHO — K BBIOOPY IPUHIIUIIOB OTOOPA U 0TCEBA B CTPYKTYpOOOpa3yroune
CJION. OnmceIBaroTCS PE3YIbTATEI HpOBe}IéHHBIX UMUTAIIMOHHBIX OKCIICPUMECHTOB,
MO3BOJIAIOIINE IPOAHAIN3UPOBATh U CPAaBHUTh YKa3aHHbBIE TIOJXOBI.

KiroueBble €10Ba: MMUTAMOHHOE MOJEIMPOBAHUE, COIMAIBHBIE CHCTEMBI, YCTOMYHMBOE
pa3BUTHE.
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Bobrov Vladimir A. Modeling of social systems with different organizations of structural
layers.

An agent-based model of a complex social system, represented as a set of structure-forming
layers, is considered. Within its framework, the question naturally arises about ways to achieve
the effectiveness of such a system with different values of the model parameters. Various
approaches to its formation are considered, namely, to the choice of the principles of selection
and screening into the structure—forming layers. The results of the conducted simulation
experiments are described, which make it possible to analyze and compare these approaches.
Keywords: simulation, social systems, sustainable development.

boopos B.A., bpoackuii FO.. MoaenupoBanue B cpene AnyLogic 3¢dexra markoi
CHJIbI B MOMYJISIUOHHBIX MO/I€JIfAX.

HaunbGonee wusBectHsie wmomenu A. Jlotku u B. BoabTeppbl «XHIIHHK-XEPTBA» |
«KOHKYPEHIIUSI»  pacCMaTpUBAIOTCS  MPUMEHUTENBHO K  COLMAIbHBIM  CHCTEMAaM.
Oco0eHHOCTBIO COITUANBHBIX CUCTEM, OTJIMYAIONIEH UX OT OMOJIOTUYECKHX, SBISETCS ObICTpast
peakuus Ha TEKYIIYIO CUTYaIli0. AHATN3 TIOKAa3bIBACT, YTO MPSIMOJIMHEHHAST O0phOa KEPTBHI ¢
XUIIHUKOM Hed((}EeKTHBHA, TOTJa KaK METOIbl «MSTKOW CHUIIBD) CHOCOOHBI IMOJHOCTHIO
n30aBUTh CUCTEMY OT XUIIIHUKOB. B cTaThe paccmaTpuBaroTCs ypaBHEHUS KOHKYPEHIIUU KaK
MaTeMaThyeckas MOJENb MEXKYIbTYPHOTO B3auMOEHCTBUs. V3ydeHHe MOJeNu BBISBISET
BO3MOYKHOCTh TIapaJIOKCAIbHOW CUTYaIlUH, KOT/1a OHA U3 KYJIbTYP MOJIO0KUTEITEHO OTHOCUTCS
K JPYroil, XoTs Ha caMOM Jielie Jpyrasi HaHOCUT ed Bpeld. Msrkas cujia B JaHHOM cllydae
MacCKHpyeT HETaTHUBHOE OTHOIIEHHWE, MPEJCTaBIsAsA ero Kak JpyxkectBeHHoe. I HaobopoT, B
HEKOTOPBIX chydasx 0e300uHas KyJabTypa MOXKET ObITh OIMOOYHO BOCIPHUHSITA KaK KpaiiHe
HETaTUBHAS M3-32 «OpyTaTbHOCTH» HEKOTOPHIX €€ MPOSBICHHM.

KiloueBble cjioBa: Msrkas cujia, JBOWHBIC CTaHAAPThI, WUMUTAIMS, XHIIHUK-)KEPTBA,
KOHKYPEHIIHUS.

Bobrov V.A., Brodsky Yu.l. Simulating with AnyLogic the soft power effect in population
models.

The most famous models of A. Lotka and V. Volterra, “predator-prey” and “competition,” are
considered in relation to social systems. The peculiarity of the social systems that distinguishes
them from the biological ones is a quick reaction to the current situation. It turns out that the
straightforward struggle of prey against predators is ineffective, whereas the methods of “soft
power” are able to get rid of the predators completely. The article considers the competition
equations as a mathematical model of cross-cultural interaction. The study of the model reveals
the possibility of a paradoxical situation when one of the cultures positively treats the other,
though the other one is actually harmful to it. Soft power, in this case, masks a negative attitude,
presenting it as a friendly one. Conversely, in some cases, a harmless culture may be mistakenly
perceived as a very negative one because of the “brutality” of some of its manifestations.
Keywords: soft power, double standards, simulation, predator-prey, competition.

BpycakoBa U.A., Bacuiabe A.U. [IpoOseMbl MOATrOTOBKM BbIOOPOYHBIX JTAHHBIX ISl
HMUTAIIMOHHOI'O MOlICJIPlpOBaHI/Iﬂ B III/I(l)I)OBle IKOCUCTEMAX.

B cratbe paccMaTpuBalOTCs apXUTEKTYpHbIE, OHTOJOTUYECKHUE, PENALMOHHBIE MOJIXOIbI K
IIOATOTOBKE BBI60pO'—IHI)IX AJaHHBIX HJIA UMUTAITUOHHOT' O MO)IeJ'II/IpOBaHI/IH HpOHCCCOB HpI/IHflTI/Iﬂ
pemenuit B udpoBbIx dkocucTeMax. Ocoboe BHUMaHUE yAenseTcs K popMalu3aiui MOACTU
yCIIOBUM MPOBEACHUS UMUTAIIMIOHHOTO MoienupoBanus. [IpuBoautcs npumep GpopmupoBaHus
HAO0OPOB JIaHHBIX MO IU(PPOBOI IKOCHCTEME IEBEIONMMEHTA JJs MPOILECCOB YIpaBICHUS
HECABUXUMOCTBIO.
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KuroueBble cioBa: apXutekrypa HU(PPOBOIl SKOCHUCTEMbI, OHTOJIOIMYECKUA WH)KUHUPHHT,
PEJISIIIUOHHOE MPOEKTUPOBAHUE, CIIEHAPHO-UTPOBAsi MOJI€Tb, HAOOPHI TaHHBIX, UMUTAIIMIOHHOE
MOJIeJIUPOBaHUE.

Brusakova I.A., Vasiliev A.l. Challenges in preparing data sets for simulation in digital
ecosystems.

The article discusses architectural, ontological, relational approaches to the preparation of
sample data for simulation modeling of decision-making processes in digital ecosystem.
Particular attention is paid to the formalization of the model of conditions for the imitation
modeling. An example of the formation of data sets on the digital ecosystem of development
for real estate management processes is given.

Keywords: digital ecosystem architecture, ontological engineering, relational design, scenario-
game model, data sets, simulation.

Bapkentun /I./I. IlpyMeHeHne mporpaMM HMHTANMOHHOTO MOAEJUPOBAHUA B cdepe
00cIy’>KHUBaHUA 1ACCAKUPOB HA TPaHCIIOPTe.

I{enbro paboThI ABIsIETCS pa3paboTKa OBICTPOro U A(PPEKTUBHOTO PEIICHUS TS TIJIaHUPOBAHUS
Pa3BUTHSI IACCAKUPCKOTO TPAHCIIOPTA B OBICTPOPACTYIUX Topoax. Mcronb3ys nporpaMmMHoe
o0ecrieuenne I UMUTAOIUMOHHOI'O MOZACIHUPOBAHHA, B HCIIAX CO3JaHUA PalUOHAIBHBIX
peleHnH, YIUTBHIBAIOIIUX JUHAMAYHBIN POCT TOPOIOB M TEKYIIME IapaMeTPbl FTOPOACKOHN CETH
H IaCCaXUpPOIIOTOKaA. KimroueBeIMu 3agadyaMu  ABIIAIOTCA: oOecrieueHre COOTBETCTBUSA
IIPOBO3HON CHOCOOHOCTH TPAaHCIOPTHOM CHCTEMBI TEKYyLIEMYy M IPOrHO3ZUPYEMOMY
MMacCaXXUpPOIIOTOKY, HMOBBIIICHUA CKOPOCTU TPAHCIIOPTHBIX KOppeCHOHHeHHHﬁ, oOecrieueHne
AOCTYITHOCTH OCTaHOBOK 06H1€CTBGHHOFO TPAHCIIOPTA B PErIIAMCHTUPOBAHHBIX ITCIICXOAHBIX
30HaX, MUHUMH3UDPYA BpECM nemexonHoﬁ AOCTYIMHOCTHU JJIA MMACCAKUPOB.

,Z[aHHaSI pa60Ta OCHOBAaHa Ha KOMIUJICKCHOM aHaJIM3€ JaHHBIX, BKJIIOYAIOMIEM TCKYIIHEC
napaMeTpbl MACCAKUPOIIOTOKA, CYIICCTBYIOIIYIO TPAHCIOPTHYIO CE€Th WU IIPOTHO3HUPYEMOC
pasBuTue Topona. PesynbratoM pabOThl CTaHYT MOJENH, I[IO3BOJISIONIME TPUHUMATH
000CHOBaHHLIE peuiCHus 110 Pa3BUTHUIO O6H.[CCTBCHHOFO TpaHCIIOpTa B 6BICTpOpaCTy'H_II/IX
HACCJICHHBIX ITYHKTax.

KioueBble c€j10Ba: MAcCaAXKUPCKUHA TpaHCHOPT, TpaduK CclIeloBaHMs, 3aTpyAHEHHOE
JBUKEHHE, TPAHCIIOPTHBIN MOTOK, MapUIPYThl TOPOJICKOIO TPAHCIIOPTA, 0OBEKTHI FOPOJICKOTO
TpaHCIIOpTa.

Varkentin Daniil D. Application of simulation programs in the field of passenger
transportation services.

The purpose of the work is to develop a fast and efficient solution for planning the development
of passenger transport in rapidly growing cities. Using software for simulation modeling, to
create rational solutions that take into account the dynamic growth of cities and the current
parameters of the urban network and passenger flow. The key objectives are: Ensuring that the
transport system's carrying capacity matches the current and projected passenger flow.
Optimizing the speed of transport correspondence. Ensuring that public transport stops are
accessible within designated pedestrian zones, minimizing the time it takes for passengers to
reach them on foot.

This work is based on a comprehensive data analysis that includes current passenger flow
parameters, the existing transportation network, and the projected development of the city. The
result of this work will be models that allow for informed decision-making regarding the
development of public transportation in rapidly growing urban areas.

Keywords: passenger transport, timetable, obstructed traffic, traffic flow, urban transport
routes, urban transport facilities.
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BoiinoB b.P. Kinacrep nmpujioskeHuid 1t MoaeJUPOBaHusl (PU3MYECKUX IMPOLECCOB B
Y4eOHBIX LeJIfAX.

MonenupoBanue GpU3HMUECKUX MTPOLECCOB 3aHUMAET HEOThEMJIEMYIO YacTh B 00pa30oBaTeNIbHOM
npaktuke. Llenpio naHHOW pabOTHI SBJIAETCS CO3JAHHME KiacTepa MPHIOKEHUNA IS
MOJICTIUPOBaHUS (DU3HUECKUX MPOLECCOB, BKIIOYAIOIIErO MPOLECCHl JBUKEHUS MOJIEKYN H
KMHEMAaTUKH dYacTull. B wurore mporpaMMHBIA NPOIYKT MOXKET OBITh HCIOJB30BAH IS
yIy4IIEHUS] Ka4eCcTBa MOHUMAaHU UCCIeTyeMbIX (PU3NYECKUX MTPOLIECCOB.

KirroueBble c10Ba: MOJEIMPOBAHUE, MEXAHUKA, MOJICKYJIIPHO-KMHETHYECKas: Teopus, Java,
obydeHwue.

Voinov Bogdan R. Cluster of Applications for Modeling Physical Processes for
Educational Purposes.

Modeling physical processes play an integral role in educational practice. The purpose of this
work is to create a cluster of applications for modeling physical processes, including molecular
motion and particle kinematics. As a result, the software product can be used to improve the
quality of understanding of the studied physical processes.

Keywords: modeling, mechanics, molecular-kinetic theory, Java, education.

Bopoonés B.A. Moaean yckopenusi bosbmoii ucropuu u cudryaspuocts-2050.
HcTtopuueckoe pa3BUTHE MOJEIUPYETCS MPOCTEHIIMM IOTOKOM MYyTaluil, HPOXOISAIINX
ecrecTBeHHbI 0TOOp. OTCroAa ciieAyeT, 4TO MHTEHCHBHOCTb Da3BUTUS IMOAYUHSETCS
TUIEepOOINYECKOMY 3aKOHY pOCTa C TEXHOJOTMYECKOW CHHTYISIpHOCTBIO B = 2050 romy.
[Toka3zano, uro bombias uctopus 3eMiIu ONUCHIBAETCS CXOMALIMMCSA PsiIoM apoMOp(ho30B CO
3HaMEHAaTeJIeM, PaBHBIM «30J0ToMy cedeHuio» @ = 1.618 u psmom dubGonayuu. ITH PAIBI
dakTryecku coBnaaarT ¢ MexayHapoaHoi Xponoctparturpaduueckoit lllkanoit u naramu
COOBITUI U3 UCTOPUU YETIOBEUECTBA.

KiroueBble cj10Ba: CUHTYJISIPHOCTb, aporeHes3, apoMopdo3, MyTalusi, €CTECTBEHHBbIH 0TOOD,
POCTEHIINK TOTOK COOBITHI, 30J10TO€E ceueHue, pa OPudboHauyu.

Vorobiov V.A. Acceleration models of Big history and technological singularity-2050.
Historical development is modeled by the simplest random flow of mutations undergoing
natural selection. It follows that the intensity of development obeys the hyperbolic law of
growth with technological singularity in ~ 2050. It is shown that the Big history of the Earth is
described by a converging series of aromorphoses with a denominator equal to the "golden
ratio" ¢ = 1.618, and a Fibonacci series. These series actually coincide with the International
Chronostratigraphic Scale and dates of events from the history of humanity.

Keywords: singularity, arogenesis, aromorphosis, mutation, natural selection, the simplest
flow of events, golden ratio, Fibonacci series.

I'anonsiko P.JI., CoboaeBcknii B.A. YHuBepcanbHasa MoOmJIbHasi miaargopma
AutoGenNetMobile 115t aBTOMaTH3aMU PUKJIAAHBIX 321a4.

B pabote mnpencraBnena mobOunbHas miaatgopma AutoGenNetMobile, obecneunBarormas
ABTOMATH3AIMIO aHAIN3a JaHHBIX C UCIOJIh30BAHNEM HEHPOCETEBBIX MOJIeIel Ha MOOMITHHBIX
ycrpoiicTBax. CucTemMa Mo3BOJISIET TMHAMUYECKH 3arpy>aTh U BBIMOJIHATH MOJIENN 0e3 pyuyHOn
HACTPOWKH, aBTOMATH3UPYSd OOpabOTKYy H300paXeHUW U BHU3YAIHM3AIUI0 PE3YIHTAaTOB B
peaJbHOM BpeMEHH. OKCIepUMEHTaJbHas MpoBEpKa MOATBEpAMIA YHUBEPCAIBHOCTh U
3P PEKTUBHOCTH MIATHOPMBI IS 33124 KOHTPOJISI KAYeCTBA M TEXHOJIOTHIECKOTO ayTUTa.
KaueBble cjoBa: aBromarusanus, MoOwiabHble matdopmbl, AutoGenNetMobile,
HelipoHHble ceTH, Y OLO, koMnbloTepHOE 3peHUe, MOAEPKKA IPUHATUS PELICHHI.
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Gaponyako Fedor D., Sobolevskii Vladislav A. AutoGenNetMobile: A universal
environment for running simulation models on mobile devices.

This paper presents AutoGenNetMobile, a mobile platform that automates data analysis using
neural network models on mobile devices. The system enables dynamic model loading and
execution without manual setup, automating image processing and real-time result
visualization. Experimental validation confirmed the platform’s versatility and efficiency for
tasks such as quality control and process auditing.

Keywords: automation, mobile platforms, AutoGenNetMobile, neural networks, YOLO,
computer vision, decision support.

I'nankuii B.A., PemernuxkoB /I.B., lllepouna U.C. Puck-opueHTHPOBAHHBIN MOAX0] B
yIpaBjieHHH 0e30MaCHOCTHI0 00bEKTOB HA3eMHOH KOCMHYeCKOH HH(PPACTPYKTYPHI.

B cratee wuccienoBaHbl BOIPOCH oOecnedeHus O0e30macHOCTH OOBEKTOB HAa3eMHOMN
KOCMHUYECKOH WHQPACTPYKTYPHl. Y CTAHOBJICHBI MOTEHIMAIBHBIE HMCTOYHUKH OMACHOCTH.
[TomuepkHyTa HEOOXOOUMOCTH TMPUMEHEHHUS  PHUCK-OPUEHTHPOBAHHOIO MOAXOAAa B
obecrieuenun Oe3ornacHOCTU. [IpennokeHbl KIIOUEBbIE MPAKTUYECKUE WHCTPYMEHTHI IS
MUHUMU3ALUN PUCKOB THOEIH SKCILTyaTHPYIOIIEro epcoHaia.

KiioueBbie ci10Ba: pUCK-OPUETHUPOBAHHBIA MMOAXOJ, OOBEKTHI HA3EMHOM KOCMHYECKOM
UH(GPACTPYKTYphl, KOMIOHEHTHI PAaKeTHOTO TOIUIMBA, BO3AYIIHAs YAapHas BOJIHA, PAacuéT
MOKa3aTeyiel puckKa.

Gladky Vitaliy A., Reshetnikov Dmitry V., Shcherbina Igor S. Risk-based approach to
safety management of ground-based space infrastructure facilities.

The article examines the issues of ensuring the safety of ground-based space infrastructure
facilities. Identifies potential sources of danger. Emphasizes the need for a risk-based approach
to ensuring safety. Offers key practical tools to minimize the risks of death of operating
personnel.

Keywords: risk-oriented approach, ground-based space infrastructure facilities, rocket fuel
components, air shock wave, calculation of risk indicators.

I'mazynoB /I.II., I'enapuna H.IO. MopennpoBanue mnepeHoca H3JYYECHHS MeETOAOM
Momnrte-KapJio ¢ ncnonbzoanuem CUDA.

B paGore mpezacraBieHa 3agaya MOJAEIMPOBAHUS MEPEHOCA HM3JIyYEHHUs B PACCEMBAIONIUX
cpenax MerongoM MonTe-Kapno. PaccMOTpeHB! anropuTMbl MOJETUPOBAHUS I OAHOPOAHBIX
U HEOJHOpoIHBIX cpen. [lapamnenbHas peanu3anus BBIIOJHEHA C  HMCIOJIb30BAaHUEM
texHosiorun CUDA, uTo 1o3BoJisieT 3aA€CTBOBATh BHIUMCIUTENBHBIE PECYpPChl IpaduyecKux
IPOLIECCOPOB U 00ECHEYUTh MHOTOKPATHOE YCKOPEHUE MOJEIMPOBAHUS IO CPABHEHUIO C
JUHEHHBIMU peanu3anusiMu. [IpoBeneH aHamu3 NPOU3BOJAUTENBHOCTH, 3((HEKTUBHOCTH U
MacIITa0UPyEeMOCTH MPEIOKEHHBIX PEIICHUH.

KawueBbie ciaoBa: meron Monre-Kapio, nepenoc uznmydenusi, CUDA, mnapasienbHble
BBIUMCJIEHHSI, MOJIETTUPOBAHUE.

Glazunov Dmitry P., Gendrina Irina Yu. Monte Carlo simulation of radiative transfer
using CUDA.

This paper presents the problem of radiative transfer modeling in scattering media using the
Monte Carlo method. Simulation algorithms for homogeneous and inhomogeneous media are
considered. A parallel implementation is carried out using CUDA technology, which makes it
possible to exploit GPU computational resources and achieve a multiple speedup compared to
sequential implementations. An analysis of the performance, efficiency, and scalability of the
proposed solutions is presented.
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Keywords: Monte Carlo method, radiative transfer, CUDA, parallel computing, simulation.

I'nmatiok B.HU., KuBuyn O.P., Mopo3os /.I' Moaeiab peKUMHOr0 HOPMHPOBAHUS
3JIEKTPONOTPed/IeHUs B YCJI0BUSIX U30JIMPOBAHHOI YHEPrOCHCTEMbI HA OCHOBE PAHTOBOI0
aHaJIu3a.

[IpencraBineHa MoOAEIb PEKUMHOTO HOPMHUPOBAHUS JJIEKTPONOTPEOICHUS Ha OCHOBE
paHroporo ananuza. DyHIaMEHTAJIbHONH TEOPETUYECKOW OCHOBOM MOJENTH SBIIAETCS
METOJIOJIOTHSI ONTHUMAIILHOTO YIIPABJICHUS dJICKTponoTpedieHueM. E€ BHeIpeHHe MO3BOISET
CHSITh MPOTHUBOPEUHNE MEXKITY HEOOXOAUMOCTBIO O0ECIeUeHUs )KUBYYECTH SHEPTrOCUCTEMBI 3a
CYET YCTOMYUBOTO AJIEKTPONOTPEOICHUS, C OJHON CTOPOHBI, I OTCYTCTBHEM MaTEMAaTHUECKOTO
U aJTOPUTMUYECKOTO O0ECHEeUeHHUs, MO3BOJISIONIET0 MPUHUMATh PEHICHHS] TI0 PEeXUMHOMY
HOPMHPOBAHUIO AJIEKTPONOTPEOICHUS HHANBHUTYaTbHO ISl K&KIOTO MOTPEOUTEIN.
KitoueBble cjioBa: MOJENb, PeXHUMHOE HOPMHUPOBAHUE, SJEKTPOINOTpeOsIeHHe, PaHTOBBIN
aHaJIN3, U30JMPOBAHHAS SHEPIOCUCTEMA.

Gnatyuk Viktor 1., Kivchun Oleg R., Morozov. Dmitry G. Model of regulating electricity
consumption in an isolated power system based on ranking analysis.

The article presents a model of mode-based regulation of electricity consumption based on rank
analysis. The fundamental theoretical basis of the model is the methodology of optimal control
of electricity consumption. Its implementation allows to resolve the contradiction between the
need to ensure the survivability of the power system through sustainable electricity
consumption, on the one hand, and the lack of mathematical and algorithmic support for making
decisions on mode-based regulation of electricity consumption individually for each consumer.
Keywords: model, regime regulation, electricity consumption, rank analysis, isolated power
system.

I'onuapenko E.A., [TonoB A.C. Moaenb 00Hapy:KeHHUs M pa3pellieHus] MOTeHIHAJIbHBIX
KOH(IMKTHBIX CUTYAI[Hii HA IOBEPXHOCTH a3POApomMa.

B pabore paccmoTpeHa Monenb perylupoBaHMs ABMKEHUS Bo3AymHbIX cynoB (BC) Ha
MOBEPXHOCTU a3poJipoMa, KOTopas oOecrednBaeT Oe30macHble HMHTEPBAIBI B YCIOBUSAX
okpyxkaromero Tpaduka mupu pyrnenun BC. Mopens umMutupyer pabOTy HECKOIbKUX
JUCTIETYEPOB aspojapoma. Jljis yckopeHHOH paboThl Mojenu ObUTM MPUMEHEHBI 3 crocoba
YMEHBUIEHUSI BBIYUCIHUTENIBHONW CJIOKHOCTU. IIpon3BeneHO BHEApEHHE MOJIENIH B COCTaB
nporpammHuoro cpeactBa «CumAIly, pazpabarsiBaemoro @AY «'ocHUNUACy, npencraBieHs
npuMepsl paboThl MOJIETH.

KiroueBble  c10Ba: MMUTAMOHHOE  MOJEIMPOBAHUE, a’POAPOM, IOTEHUUAIBHBIE
KOH(l)J'II/IKTHI)IG CUTYyallMH, BEIYHUCIIUTCIIbHAA CIIOKHOCTb, MEPA PCTYIUPOBAHUA.

Goncharenko Ekaterina A., Popov Andrey S. Model of detection and resolution of
potential conflict situations on the airport surface.

The paper presents a model of aircraft movement control and regulation in the airport, which
maintains safe intervals in the context of surrounding traffic during aircraft taxiing. The model
simulates the work of several airport controllers. To optimize model’s performance, three
methods of reducing computational complexity were applied. The model was integrated into
the software tool "SimAP", developed by FAU "GosNIIAS", and examples of the model’s
operation were presented.

Keywords: simulation, airport, potential conflict situations, computational complexity,
regulatory measure.

NMMO/-2025 855



AHHOTAIlUU CTATEH

I'opes C.B., Acrpaxanuesa HU.A. MHOroc/oiilHasi KpPpHMOTeHHAasi CHCTeMa KaK 00beKT
CTPYKTYPHOIr0, YNPABJEHYECKOI0 M AJaNTHBHOIO MOJEJUPOBAHUS B CHCTEMHOM
a”Hajus3e.

PaccmarpuBaeTcsi MHTErpUpPOBAHHBIM MOAXOA K  MOJCIMPOBAHUIO U YIPABICHUIO
MHOT'OCJIOMHOM KpHOTeHHON cuctemMoil. IlpennokeHsl MeToAbl CHCTEMHOrO AaHaJIN3a,
MHTEJUICKTYaJIbHOTO YIPABJICHUS, HHTEPIPETUPYEMOTO MAIIMHHOTO OOYYCHHS U JUATHOCTUKH
Ha ocHOBe uQpoBoro aBoiHMKA. [ToguépkuBaeTcs npakTrudeckas 3HauMMoctb SHAP-ananmn3a
Y aJalTUBHON apXUTEKTYPHI.

KiroueBble  cjioBa:  MHOTOCJIOWHAsE  KPUOT€HHAs  CHUCTEMa, CUCTEMHBIM  aHaJIW3,
UHTEJUIeKTyaJbHOe ynpasienue, SHAP-ananus, mudpoBoii 1BOIHNMK, MAaIIMHHOE O0y4YEHHUE.

Gorev Sergey V., Astrakhantseva Irina A. Multilayer cryogenic system as an object of
structural, control, and adaptive modeling in systems analysis.

The article presents an integrated approach to modeling and control of a multilayer cryogenic
system. The methodology includes systems analysis, intelligent control, interpretable machine
learning, and diagnostics using a digital twin. Special attention is given to the practical value
of SHAP analysis and the adaptive control architecture.

Keywords: multilayer cryogenic system, systems analysis, intelligent control, SHAP analysis,
digital twin, machine learning.

I'octree B.M. IIporpaMMHBIii KOMILIEKC paclpeleJeHHOr0 HMMHUTALMOHHOIO
MO/1eJIMPOBAaHUS ceTell mepexaym JaHHBIX.

PaccmoTpeHbl OCHOBHBIE OCOOEHHOCTH MPOOIEMBbI POSKTUPOBAHUS CETEH Mepenayn JaHHBIX
(CIIH). Obcyxnaercs moaxon k mpoektupoBanuto CIIJI, ocHOBaHHBIN Ha KOMILIEKCHOM
WCIIOJIb30BAHUM AHAJIUTHUYECKUX M HMHUTALMOHHBIX Mojenei. [lpuBeneHo omnucanue
apXUTEKTypbl cucTeMbl onTumuzauuu mnpoektupoBanus CIIJ. IlpencraBneHo omnucaHue
TEXHOJOTUM KoMIuiekcHoro wmopaenupoBanust CIIJ] Ha 0a3e cuctembl pacmpeneieHHOTO
MMUTAILMOHHOTO MOJIEIIUPOBAHMUS.

KuroueBrble cj10Ba: NMUTAllMOHHOE MOJIETIMPOBAHUE, CETh NIEPEIAUYM JaHHBIX, UMUTALIUOHHAS
MOJielb,  ApXUTEKTypa  CHCTEMbI, ONTHUMHU3ALUA  IPOEKTHPOBAHUS, KOMIUIEKCHOE
MOJIEJIMPOBAaHUE, PACIPEAEIIEHHOE MOACINPOBAHNE.

Gostev Vadim M. A software package for distributed simulation modeling of data
transmission networks.

The article examines the key aspects of data transmission network (DTN) design. An approach
to DTN design based on the integrated use of analytical and simulation models is discussed. A
description of the architecture of a DTN design optimization system is provided. A
comprehensive DTN modeling technology based on a distributed simulation system is
presented.

Keywords: simulation, data transmission network, simulation model, system architecture,
design optimization, complex modeling, distributed modeling.

I'octeB B.M., [lesaTkoB T.B., ®enoroB M.B., Xaiioyiun HI./1., Adames M.M. Ananu3
JIOTHCTHYECKHUX NMPOLEcCOB MPOM3BOACTBEHHOI0 LIexXa ¢ ucnoJib3oBannem M.

[Tokazan mporecc pa3pabOTKH MPOHU3BOJCTBEHHBIX MPOIIECCOB II€Xa C JCTAIBHBIM YYETOM
BHYTPEHHEH JIOTUCTHKH JIBUKEHHUS MaTepUAJIOB, 3arOTOBOK, TPAHCIIOPTA M 00CITYKHBAIOILIETO
uX mepcoHana. MoJenb co37aeTcsi aBTOMAaTHIECKH TeHepaTOpOM MoJIeNeH, mociie 00padoTKu
¢aiinoB: cMEHHO-CYTOUYHOTO 3a/aHus (BblpabatsiBaeMbiMu MES cucremoii), TexHomorun u
Mmetadaiiina ¢ TaHHBIMH O TOJCHUCTEME JIOTHCTUKU. B pe3ynbpTare co3maeTcsi MMHTAIMOHHOE
IPUIIOKEHNE, KOTOPOE TO3BOJISET MOJIb30BATEINO TPOBOIUTH UCCIIEOBAaHNE B COOTBETCTBUU C
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konmemnueir No code. [lanpHeHIMM pa3BUTHEM PabOTHI SIBIIIETCS OoJiee MOTHAs HHTETPAIUs
UMUTAIIMOHHOTO mpwiokennus u MES cucreMbl [UIsi OnepaTWBHOTO HCTOJIB30BAHUS
MMUTAIIMOHHOM MOJIEIM B KayeCTBE MHTEIUICKTYaJbHOTO TIOJCKa3uyWKa B MpoIeccax
MPOM3BOJICTBEHHOTO IJIAHUPOBAHUSI.

KiroueBble c10Ba: MPOM3BOJACTBEHHBIC TPOIIECCHI, BHYTPEHHSS JIOTHCTUKA, HMHUTAIIMOHHOE
moaenupoBanue, MES cucrema, onTuMuzanus miaHupOBaHUSI.

Gostev Vadim M., Devyatkov Timur V., Fedotov Maksim V., Khaibullin Shamil D.,
Abashev Mansur M. Analysis of the logistics processes of the production shop using
simulation&modeling.

The process of developing the production processes of the workshop is shown with detailed
consideration of the internal logistics of the movement of materials, blanks, transport and their
maintenance personnel. The model itself is created automatically by the model generator, after
processing the files: a daily shift assignment (generated by the MES system), technology, and
a meta file with data on the logistics subsystem. As a result, a simulation application is being
created that allows the user to conduct research in accordance with the No code concept. Further
development of the work is a more complete integration of the simulation application and the
MES system for the operational use of the simulation model as an intelligent prompter in
production planning processes.

KaroueBnie cioBa: manufacturing processes, internal logistics, simulation, MES system,
production planning optimization.

I'ypbsinoB B.H. Peaqm3anusi CHCTEMHOH MNapagurMbl B fI3bIKe HMMHTAIMOHHOIO
moaeanpoBanuss UML2 SP.

B cratee paccmaTtpuBaerca Mertononiorus SSP pa3paboTku MPOrpaMM-CUMYIISATOPOB.
Metononoruss SSP sBnsiercst amanranumeit meromonoruu Unified Process monx 3amaum
MMUTALMOHHOTO MozenupoBanus. [loka3zana tecHas cBsa3b SSP u cuctemHoro noaxoxa. Jlano
U3JI0’KEHUE CUCTEMHOrO 10/1X0/1a B TepMHuHax SSP. BriepBble npeiioskeH MeTo SKCITUKAIUI
KaK METOJ] arperaiuu (CHHTe3a CUCTEM).

KutoueBble cioBa: MeTo0J0TUsl UMUTAMOHHOTO MojenupoBanus, UML, UML npoduis,
CUCTEMHBIN MOJXO0J, CHCTEMHBIN aHAJIN3, CHHTE3 CUCTEM.

Gurianov Vasyliy I. Implementation of the system paradigm in the UML2 SP simulation
language.

The article discusses the SSP methodology for developing simulation programs. The SSP
methodology is an adaptation of the Unified Process methodology for the tasks of simulation
modeling. The article shows a close connection between SSP and the system approach. An
exposition of the system approach in terms of SSP is given. For the first time, the method of
explications is proposed as an aggregation method (synthesis of a systems).

Keywords: simulation methodology, UML, UML profile, system approach, system analysis,
synthesis of a systems.

HeaTkoB B.B., /[learkos T.B., ®exoroB M.B. CuHeprus KOMIUIEKCHOIO
HCIOJb30BAHUA HMHMTALMOHHOIO MOACJMPOBAHUA, AJTOPUTMOB MCKYCCTBEHHOIO
HHTE/UIEKTA U KBAHTOBBIX BHIYUCJICHUI.

B cratpe onmcaHbl UCTOPHS, TEKYILEE COCTOSSHUE U MEPCIEKTUBBI Pa3BUTHS UMUTALIMOHHOIO
MozaenupoBanus B Poccun. ctopust pa3BUTHS METO]a, OCHOBHBIE BEXH HA 3TOM IMYyTH, YCIEXHU
BpPEMEHHBIE HEY/1au¥ MMOKa3aHbI C TOMOIIBIO TIMPOKO U3BECTHOTO CIIOCO0A OMMCAHUS PA3BUTHS
TEXHOJIOTHI — LIMKJIA pa3BUTUs TexHoJorui ['aptHepa. [IpoBeneHa ornieHKa U MOATBEPKIACHA
OombIIas MepCreKTHBa M MOTEHIIMAl PhIHKAa UMHUTAIIMOHHOTO MoJeInpoBaHus B Poccun Ha
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2025-2030 rozasl. BeieneHsl OCHOBHBIE TSHICHIIUY PA3BUTHS M MPUMEHEHHS UMUTAITMOHHOTO
MOJICTTUPOBAHUS: CO3/IaHNE KOMIUICKCHBIX MPOTPAMMHBIX IIATGOpM; paclImpeHue 00JIacTu
NPUMEHEHHST METOJa 3a CYeT IMOBBIINICHUS OOIIel IPOU3BOAUTEIHHOCTH BBIYUCIICHHUS,
MOSIBJICHHE BO3MOXKHOCTH HCIIOJIb30BAHUS MOJICNH JUISE  BBIPAOOTKH  YIPABISIOIIUX
BO3/ICUCTBUI B NU(POBBIX TBOMHUKAX, B3aUMOJIONIOIHEHUE U B3aUMOOOOTAIIEHUE METO/I0B
UMUTAIIIOHHOTO MOJISIIMPOBAHUS M HCKYCCTBEHHOTO MHTEJUICKTA, THOPUTHOE UCIIOJIb30BAHNE
KBAaHTOBBIX BBIUMCIICHUH JUTSI TOBBIIICHHUS TIOUCKA ONITUMAIIBHBIX perieHuit u ap. [IpuBeneHs
NpPUMEPBl  MMOCJIETHUX pa3paboTOK, TMOATBEPKMAOIIUX OCHOBHBIC TPECHIBI Pa3BUTHS
UMHUTAMOHHOTO MojenupoBanus. CopMylInpoBaHbl OCHOBHBIC BBIBOJIBI IO COCTOSIHHIO
UMUTAIIIOHHOTO MOJICIHPOBaHUs B Poccry W OCHOBHBIX HAMPAaBICHHUSIX €r0 JAIbHEUIIETO
pa3BUTHSL.

KiroueBble ¢j10Ba: WMHTAMOHHOE MOJEIUPOBAHKUE, MEXKIUCIUIUIMHAPHBIE MOJCIH,
nporpammuas tiargopma ALINA GPSS, mudpoBoii 1BOWHHUK, HCKYCCTBEHHBINM WHTEJUICKT,
ONTHUMM3AIIHSI, KBAHTOBBIC BBIYMCIICHUSI.

Devyatkov V.V., Devyatkov T.V., Fedotov M.V. The synergy of integrated use of
simulation modeling, artificial intelligence algorithms and quantum computing.

The article describes the history, current state and prospects of development of simulation
modeling in Russia. The history of the method's development, the main milestones along the
way, and successes and failures are shown using a well-known method of describing
technology development - the Gartner technology development cycle. The assessment has been
carried out and the great prospect and potential of the simulation modeling market in Russia for
2025-2030 has been confirmed. The main trends in the development and application of
simulation modeling are highlighted: the creation of integrated software platforms; expanding
the scope of the method by increasing the overall computing performance, the possibility of
using the model to generate control actions in digital doubles, complementarity and mutual
enrichment of simulation and artificial intelligence methods, hybrid use of quantum computing
to enhance the search for optimal solutions, etc. Examples of recent developments confirming
the main trends in the development of simulation modeling are given. The main conclusions on
the state of simulation modeling in Russia and the main directions of its further development
are formulated.

Keywords: simulation, interdisciplinary models, ALINA GPSS software platform, digital twin,
artificial intelligence, optimization, quantum computing.

Hooponen b.C., IlomoBa O.A. Hanexnoe MoneaupoBaHue B 3aJa4ax yYHpaBJICHHS
WHBECTHIIHOHHBIM PHCKOM B YCJI0BHAX HENOJHON HH(OPMAaLNH.

B pabore paccmarpuBaercst npobdiiemMa HaJeKHOro MOJEIUPOBAHMS B 3aJadax YIpPaBICHUS
puckamu. [Ipennaraercs HOBBIN MOAXOM, OCHOBAaHHBIN HA MCIIOJIB30BAHNN BBIYMCINUTEIBHOIO
BEPOSITHOCTHOTO aHAJINM3a, B TOM 4YHCJIE PACIpele]eHuil BTOPOro mnopsaka. IJTO Jaer
BO3MO>KHOCTb KOJINYECTBEHHO OLICHUTH BEPOSITHOCTHYIO HEONPEIEIEHHOCTh
MHBECTUIIMOHHOIO pucka. Ha ocHoBe monmenu ['ommeprna paccmaTpuBaeTCs YHCIECHHBIN
IIPUMEpP OLIEHKH PUCKOB MHBECTHIIMOHHBIX MPOEKTOB BBIX0Ja HOBOTO IIPOAYKTA HA PHIHOK.
KiroueBble  cj10Ba: OLIGHKM pPHUCKA, BBIYMCIWTEIBHBI  BEPOSTHOCTHBIA  aHAJIN3,
pacupeneneHus BTOPOro IOpsZiKa, KOJMYECTBEHHAs OLIEHKAa HEONPEIEICHHOCTH, MOJENb
IN'omnepua.

Dobronets Boris S., Popova Olga A. Reliable Modeling Problems of Investment Risk
Management under Incomplete Information.

The paper considers the problem of reliable modeling in risk management tasks. A new
approach based on the use of computational probabilistic analysis, including second-order
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distributions, is proposed. This makes it possible to quantitatively estimate the probabilistic
uncertainty of investment risk. The paper, based on the Gompertz model, considers a numerical
example of assessing the risks of investment projects for the launch of a new product on the
market.

Keywords: risk assessments, computational probability analysis, second-order distributions,
uncertainty quantification, Gompertz model.

JoamartoB ML.A., Kexae3os [0.A., IliiorHukoB A.M. IIpuMeHeHne cienMaJu3MPOBAHHOIO
HMHTALMOHHOIO NPHJIOKEHHS /IS IPOBEAeHUS TEXHOJIOIrH4YeCKOoil IKCIepTH3bl CPOKOB
CTPOMTEILCTBA CYA0BBIX 3aKa30B.

W310%KeH MpakTUYECKUH OMBIT MPUMEHEHUS] UMUTALIMOHHOTO MOJAEIMPOBAHUS I PELICHUs
3a[a4d OLIEHKU MPOJOIDKHTEIBHOCTH IMOCTPOHMKM CyAoB. PaboTa BBHINONHSAIACh B pamKax
JIOrOBOPa Ha IPOBE/IEHUE TEXHOJIOTMUECKON SKCIIEPTU3bI CPOKOB CTPOUTENILCTBA IBYX HAYUHO-
UCCIIEIOBATENbCKUX CyJI0B. Pa3zpaOoTaHHass MMMTallMOHHAasT MOJENb OXBaTblBaja BCE
OCHOBHBIE 3Tallbl CTPOUTENILCTBA — OT MOCTYIJICHUS KOHCTPYKTOPCKON NOKYMEHTALUU 0
caauu cynoB. Jljig co3laHusl MOJENU MCIOJIb30BaHbl JAHHBIEC, MOJIYYEHHbIE C MPEANPUATHS.
dopMHUpOBaHUE MOJENIU BBHINOIHAJIOCH B Cpelle CHelMaIM3UpOBaHHOrO npuioxenus AC
«Cupuyc» 2.0.

KiaroueBble cjoBa: Opuraaa, AIUTEIbHOCTb OMNEpalMid, JAJIUTEIbHOCTh MOCTPOUKH, OJIOK,
MMUTAIMOHHAs MOJIENb, CEKIUs, CTalejb, CyJOBOW 3aKa3, TEXHOJOIMYecKas SKCIEepTH3a,
9KCIEPUMEHT.

Dolmatov Mikhail A., Zhelezov Yuri A., Plotnikov Alexander M. Using a specialized
simulation application for technological assessment of shipbuilding schedules.

The article presents practical experience of using simulation to solve the problem of estimating
the duration of ship construction. The work was carried out within the framework of a contract
for conducting a technological examination of the construction time of two research vessels.
The developed simulation model covered all the main stages of construction - from the receipt
of design documentation to the delivery of ships. Data obtained from the enterprise were used
to create the model. The model was formed in the environment of the specialized application
AS «Siriusy» 2.0.

Keywords: work team, operation duration, construction duration, block, simulation model,
section, slipway, ship order, technological expertise, experiment.

JMoamatoB M.A., Maxkypun A.O. IIlpumMeHeHHe HMMHUTAIMOHHOIO MOJCJHMPOBAHUS B
3apy0esKHOM CY/I0CTPOCHHH: 0030p MHPOBOM NPAKTHKH.

O0630p cuctemMaTu3uUpyeT 3apyOe’KHBIM ONBIT IPUMEHEHUS UMUTAIMOHHOTO MOJIEJINPOBAHUS B
cynoctpoenun 3a nepuoxn ¢ 2015 mo 2024 r. PaccMOTpeHBI NPOEKTHI ¢ NPUMEHEHUEM
JUCKPETHO-COOBITUMHBIX, areHTHbIX M THOPHUIHBIX MOJENIEeH, a TaKkKe HMX HMHTErpaluu ¢
UH(POPMALIMOHHBIMU CHCTEMAaMU TNPEANPHUIATHN U 3a7ad KaJleHJapHOTO U ONEepaTHBHOIO
IUTAHUPOBAHMS, PpEHIeHHUs] JIOTUCTUYECKUX 3a/ay, OLEHKH 3arpy3kd MOIIHOCTEH U
Bepu(UKauu CcpeaHecpouHbIX IuTaHoB. [loka3zaHbl moiydeHHbIE 3((EKThI: COKpalleHHe
BPEMEHU Ollepalluii, CHUKEHHE YHciIa 3aepikeK (IpU Hepexoie K MOAEIsM «0OpaTHOro»
IUIAaHUPOBAHM), TOBBIIICHHE TOYHOCTH IUJIAHUPOBAHUS, BBIABICHHE «Y3KUX MECT» U
OalaHCUPOBKAa PECYPCOB; POCT MPOU3BOAUTEILHOCTH. BBISIBIEHBI TEHACHIMU: TEPEXO] OT
pEIIEeHUs] JIOKAIbHBIX WH)KEHEPHBIX 3a7ad K CKBO3HOM MOAJEP)KKE >KU3HEHHOI'O IIMKIIA
U3JIeNNsl; IIMPOKOE UCMOJIb30BaHUE YHHMBepcaldbHbIX cumyiastopoB (Plant Simulation,
AnyLogic, SIMIO, ExtendSim u zp.); ycuneHnue cBSI3KM «MMHUTAIlMOHHOE MOJEIMPOBAHHE +
ONTUMMU3ALIHS.
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KiroueBbie cjoBa: 0030p, HWMHTAIMOHHOE MOJICTUPOBaHUE, CYIAOCTpOCHHUE, Bep(db,
TEHJICHLUU,  JIUCKPETHO-COOBITUMHOE  MOJEIMPOBAaHUE,  ONTHUMU3ALMS,  JIOTUCTHKA,
kasneHaapHoe mianuposanue, MES, ERP, arentasie Mmozenu.

Dolmatov Mikhail A., Makurin Artemy O. Application of simulation in international
shipbuilding: A review of global practices.

This review systematizes international experience with the use of simulation in shipbuilding
over the period 2015-2024. It examines projects that employ discrete-event, agent-based, and
hybrid models, as well as their integration with enterprise information systems for master and
operational scheduling, solving logistics problems, assessing capacity utilization, and verifying
medium-term plans. The following effects are demonstrated: reduced operation times, fewer
delays, and improved planning accuracy, identification of bottlenecks and resource balancing,
and productivity gains. The identified trends include a shift from solving local engineering tasks
to end-to-end support of the product life cycle; Widespread use of general-purpose simulators
(Plant Simulation, AnyLogic, SIMIO, ExtendSim, etc.); and a tighter coupling of «simulation
+ optimizationy.

Keywords: review, simulation, shipyard, shipbuilding, trends, discrete-event simulation,
optimization, logistics, production scheduling, MES, ERP, agent-based modeling.

JoamatoB ML.A., MakypuH A.O., ILioTHHKOB A.M. Y4eT KIMMaTHYECKUX (haKTOPOB NIpH
BBINOJTHEHHH HMHTAIMOHHBIX HCCIE0BAHHI NTPOLECcCa CTPOUTEILCTBA CY/10B.

B craTtbe uccnenoBaH BOIPOC BIMSIHUS KIMMATHYECKUX (PAKTOPOB HA MPOJOJIKUTEIBHOCTD
CTPOMUTENIbCTBA CyIOB. lccienoBaHue BBINOJIHEHO HAa MMUTALMOHHOM MOJENIN OJIHOIO W3
CYJIOCTPOMUTENBHBIX Npeanpuatuil. PazpaboTanHas MMUTAMOHHAs MOJENb OXBAaTbIBAE€T BCE
OCHOBHBIE JTallbl CTPOUTENBCTBA — OT IOCTYIJIEHUS KOHCTPYKTOPCKOM ITOKYMEHTaLUU [0
chauM cynoB. [[ns co3aHMst MOJENN HMCIOJb30BAHBI JIAHHBIE, ITOJYYEHHBIE C IIPEATNPUSTHS.
@opmMupoBaHUE MOJEIU BBIIOJHAJIOCH B Cpele CIELUAIU3UPOBaHHOrO npuioxkeHus AC
«Cupuyc» 2.0.

KiaueBble cioBa:  JUIMTEIBHOCTh — ONEpaLUi, JAIUTEIBHOCTh HOCTPOMKH,  OJIOK,
KJIINMAaTHYECKUE YCIOBUS, JIENOCTaB, MMHUTALMOHHAS MOJEIb, CEKLHs, CTaleilb, CYJIHO,
CyIOBOM 3aKa3, DKCIIEPUMEHT.

Dolmatov Mikhail A., Makurin Artemy O., Plotnikov Alexander M. Consideration of
climatic factors in the simulation research of the ship construction process.

The article examines the issue of the influence of climatic factors on the duration of ship
construction. The research was conducted using a simulation model of one of the shipbuilding
enterprises. The developed simulation model covers all the main stages of construction — from
the receipt of design documentation to the delivery of the vessels. Data obtained from the
enterprise were used to create the model. The model was formed in the environment of the
specialized application AS «Sirius» 2.0.

Keywords: operation duration, construction duration, block, climatic conditions, freeze-up,
simulation model, section, slipway, ship, ship order, technological expertise, experiment.

JMoamaroB M.A., IlnotHukoB A.M., XaputonoB B.A. Crarucruyeckasi odOpadorka
Pe3yJbTaTOB MMUTANUOHHOI'0O MOJAC/IMPOBAHUA CYTOCTPOUTEC/ILHBIX IIPOU3BO/ICTB.

B crarbe ommcaH moaxoa K aBTOMAaTH3alMU OOpaOOTKM CTATUCTUYECKMX JIAHHBIX IIO
(YHKIIMOHUPOBAHUIO  CYJOCTPOUTEIBHBIX IPOU3BOJCTB, IMOJIYUEHHBIX B pe3yJbTare
MMUTALMOHHBIX HCCJIEI0BAaHUI C NMPUMEHEHHEM CIIEHUAIM3UPOBaHHOIO npuioxeHus AC
«Cupunyc» 2.0. ABTOMaTu3aus peaanu3yercs 3a cUeT NPOrpaMMHOTro MOayJisi «CTaTUCTHKAY.
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[IpuBoaATcs onucaHue (QYHKUMOHAIBHBIX BO3MOXHOCTEH MOIYNIsS W HANpaBlICHUS €ro
JAIIbHENIIETO PA3BUTHS.

KiroueBble c10Ba: Cy10CTpOCHHE, MMUTAL[HIOHHOE MOJIEIMPOBaHUe, 00paboTKa pe3ynbTaToB,
CTaTUCTUKA, JUIMTEIBHOCTD TOCTPOMKH, IIPOU3BOJICTBEHHAS IIPOIPAMMA, PECYPCHI.

Dolmatov Mikhail A., Plotnikov Alexander M., Kharitonov Vladimir A. Statistical
processing of the results of simulation of shipbuilding productions.

The article describes an approach to automating the processing of statistical data on the
functioning of shipbuilding manufacturings, obtained from simulation studies using the
specialized application AS «Sirius» 2.0. Automation is implemented through a software module
«Statistics». The description of the module's functional capabilities and the directions for its
further development are provided.

Keywords: shipbuilding, simulation, results processing, statistics, construction duration,
production program, resources.

Mopomenko T.A., Poccomanckasa E.A. OueHka noreHuMaabHbIX 3(P(eKTOB Mep
rocy1apCcTBEeHHOM NOJMTHKM  Ha  0aze  HMMHMTALMOHHOIO  MOJEJIMPOBAHMSA
aemMorpaguyecKux Mpoueccos.

PabGora mocBslieHa HUCCIEOBAaHUIO MEPCHEKTUB aemMorpaduueckoro pasButusi JlampbHero
Bocroka ¢ nprMeHeHneM areHT-opueHTUPOBAHHOTO 10/1X01a. B cTaThe ONMUCHIBatOTCS BUJIBI U
MPUMEPBl BBIYUCIHUTENIBHBIX JKCIIEPUMEHTOB, KOTOpPbIE MO3BOJSET MPOBOJUTH AareHT-
OpHEHTUPOBaHHAas eMorpadudeckas Mojaens JlansHero Bocroka, pazpadbareiBacmas B PAHY
«BocTokrocmuany. Pe3ynbTarsl ClieHapHBIX pacy€TOB MPEJHA3HAUEHBI JIJIS UCIIOJb30BaHUs B
pabote MunBocTokpa3Butus Poccuu.

KiioueBble ciioBa: areHT-OPUEHTHPOBAHHOE MOJEIHPOBAHUE, MCKYCCTBEHHOE OOIIECTBO,
CTpaTeruyeckoe IJIaHUPOBAaHUE, JeMorpapuueckuil MpOrHo3, PEervoHalbHOE YIPABIIEHUE,
Janpauit BocTok.

Doroshenko Tatyana A., Rossoshanskaya Elena A. Assessment of the potential effects of
state policy measures based on simulation modeling of demographic processes.

The work is devoted to the study of the prospects for demographic development of the Far East
using an agent-based approach. The article describes the types and examples of computational
experiments that can be carried out using an agent-based demographic model of the Far East,
which is being developed at the Federal State Institution «Vostokgosplan». The results of
scenario calculations are intended for use in the work of the Ministry for the Development of
the Russian Far East.

Keywords: agent-based modeling, artificial society, strategic planning, demographic forecast,
regional management, Far East.

Jpurosa B.K., Aunexcees A.B. MoaeqnpoBaHue Ka4decTBa paclpele/IeHHbIX CHCTEM
YIPaBJIEHUS CJI0KHBIMHM OPTraHU3aALMOHHO-TEXHUYEeCKUMH cucTteMamu BM®.
PaccmoTrpena akrTyanpHas 3amadya MOJAENMPOBAHUSA KAadyecTBa PACIHpPEIECICHHBIX CHCTEM
yopasieauss (PCY) cloXHBIME  OpraHMW3allMOHHO-TEXHHYECKUMHU cuctemMamu BMO.
IIpennoxkeH KOMIUIEKCHBIM TOAXOJ, OCHOBAaHHbIM Ha NPUHUUIAX MHOTOACIIEKTHOTO
MOJICIUPOBAHUS W WHTETPAIlMM  PAa3HOPOJHBIX mapaaurMm. Paszpaborana rubpumHas
METaMO/IeNb, TMO3BOJISIONIAs OICHUBATh B3aWMOBIIMSHHE KIIOYEBBIX aTpUOYTOB KauecTBa.
[IpakTrueckast 3HAYMMOCTH PAOOTHI MOATBEPKICHA TPUMEHEHUEM TTPEITIOKEHHOTO MOAX0a K
CUCTEME YIPaBJICHUS KOPaOEIbHBIM BOOPYKEHUEM. Pe3ynbTaThl MOKa3bIBAIOT BO3MOKHOCTh
JTOCTIDKCHHST  cOaJaHCHPOBAHHBIX  TMOKa3aTeled  KadecTBa TNPHU  MPOCKTUPOBAHUH
nepcnekTuBHbIX PCY nns BM®.
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KiaroueBble cjoBa: pacpeaACIICHHBIC CHCTCEMbI YIIPABJIICHUA, CIOXHBIC OpPraHHU3allMOHHO-
TCXHUYCCKHUEC CUCTCMbI, MOJCIMPOBAHUEC KAY€CTBA, MHOT'OACIICKTHOC MOJICIIUPOBAHHC.

Drigola Vladimir K., Alekseev Anatoly V. Modeling the quality of distributed control
systems complex organizational and technical systems of the NAV.

Optimization methods in simulation and complex modeling for solving any of the applied tasks
are the most significant, as they allow us to substantiate design proposals for improving the
object of modeling. They are even more important in parametric optimization of system quality
indicators of objects and their groups. Based on the use of the root sensitivity method and its
implementation in the KSPR-23 Robotic Design Complex developed by St. Petersburg State
Maritime Technical University, a methodology and an example of optimizing design solutions
for a marine engineering facility such as the Automated Design Decision Support System
(ASPS) are presented, the theoretical provisions of its development are systematized, the
advantageous properties and criteria are formulated. and quality indicators. It is shown that the
system indicators of their quality, validity and competitiveness should be considered as the
primary requirement and criterion for optimizing ASPS.

Keywords: integrated modeling, management intellectualization, root sensitivity method,
validity, competitive ability.

Jbsauyk A.K., Yexkapea E.B. MeToauka o0yueHnust ¢ noakpenjieHueM, NpuMeHsieMas I
MO/eJTHPOBAHUS NPOLIECCOB POCBOI0 YIPABJICHHS 00bEKTAMM.

B nanHOil cTatbe paccMaTpuBarOTCA NPUMEHEHHE METOAMKU OOydeHUs C MOAKPEIJICHHUEM B
MOJICJIMPOBAHUE IPOLIECCOB POEBOr0 YIPABICHUs OCCIMIIOTHBIX JIETaTElIbHBIX alnapaToB
(BIUTA). DOddextuBnas koopaunamusi post BIIJIA sBisercs KirodueBo 3amadeil B
IpaXXJJaHCKUX U MOUCKOBO-CIacaTeNIbHbIX MUCCUSAX. B paboTe aHanu3upyeTcst NperuMyILecTBO
IIPEMIOKEHHOM METOJIMKM B CPaBHEHHH C KJIACCHYECKMMH METOJAMM KOOPJIMHALUU POSl.
ITpoBenéHHBIE IKCIIEPUMEHTHI MPOJEMOHCTPUPOBAIM KOPPEKTHOE IIOBEJIEHUE arcHTOB IIPU
Pa3JIMYHBIX HAaYaJIbHBIX YCIOBUAX U HEONPEIEIECHHOCTSIX.

KioueBble cJjioBa: poeBOM MHTEUIEKT, IUIAHUPOBAHUE, HEHPOHHBIE CETH, TIIIyOOKOoe
0o0ydeHue, METO/T MOTEHITHAIBHBIX TIOJIeH, ITMKII bolina, oOydeHne ¢ moAKpEIICHHUEM.

Dyachuk A.K., Chekareva E.V. A Reinforcement Learning methodology for modeling
swarm-based control objects.

This article examines the application of a Reinforcement Learning (RL) methodology for
modeling the swarm control of Unmanned Aerial Vehicles (UAVS). Effective coordination of
a UAV swarm is a key challenge in civil and search-and-rescue missions. The paper analyzes
the advantages of the proposed approach in comparison with classical swarm coordination
methods. The conducted experiments demonstrated the robust behavior of the agents under
various initial conditions and uncertainties.

Keywords: swarm intelligence, planning, neural networks, deep learning, potential field
method, Boyd’s cycle, reinforcement learning.

Kupoxos A.U., Anyppenko A.B., Kopaasckuii U.B., CuaTkoB M.A. CpaBHUTeIbHbII
aHAJIN3 POrPaMMHOI0 o0ecrnedeHus 1JIsl MOAeTUPOBaHuA JuHaMu4eckux VPN-cereii.

B crarbe mpoBenieH cpaBHUTENBHBIN aHaIN3 MPOTPAMMHBIX AMYJISTOPOB U CUMYJISTOPOB IS
MojenupoBanus quHamudeckux VPN-ceteil. B kauecTBe 0OCHOBHOIO MHCTpYMEHTa BbIOpaHa
BUpTyanbHast  nabopatopusi ~ PNetLab, oGmagatomas — HawiIydlmiuM  cou€TaHUEM
(YHKIMOHATBHOCTH W TOpou3BoauTenbHOCTH. IlonTBepxaeHa 1enecooOpa3HOCTh €€
HCIIONIB30BAaHUS IS CO3JaHMsA HUMHUTanHoHHOM Momenun DVPN-cetn, mno3Bosronieit
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MCCJIEIOBATh PA3JIMYHbIE TTOAXO0AbI TOCTPOCHHUS, Harpy304YHbIe, PYHKITMOHAIHHBIC ITAPAMETPHI
Y BHEIIHNE BO3ACUCTBUS.

KiawueBbie caoBa: J[lunamuueckue VPN, MozenupoBaHue ceTeil, HMUTAIMOHHOE
moaenupoBanue, PNetLab, ceTeBbie SMynsTOpbI, HU(POBBIE IBOWHUKH, TEITEKOMMYHUKAIIH.

Zhirokhov Andrey 1., Anufrenko Alexander V., Kovalsky Igor V., Snyatkov Maxim A.
Comparative analysis of software for modeling dynamic VPN networks.

The article provides a comparative analysis of software emulators and simulators for modeling
dynamic VPN networks. The PNetLab virtual laboratory, which has the best combination of
functionality and performance, has been chosen as the main tool. The expediency of using it to
create a simulation model of a DVPN network, which makes it possible to study load, functional
parameters and external influences, has been confirmed.

Keywords: dynamic VPNs, network modeling, simulation modeling, PNetLab, network
emulators, digital twins, telecommunications.

3apunos E.A., Akonos A.C. OnTuMH3a1usl TPAHCIIOPTHBIX NOTOKOB B MHOT0areHTHBIX
HHTE/UICKTYAIbHBIX TPAHCIOPTHBIX CHCTEMAaX C HCHOJB30BAHMEM POCBBIX H
reHeTHYECKUX AJITOPUTMOB.

3axapos B.B., bapamenkos H.A. KomOuHupoBaHHasi MoJejb NJAHUPOBAHMUS
(PYHKIIMOHMPOBAHHUS TPAHCIIOPTHO-JIOTHCTHYECKOH CHCTeMBbI 23PONIOPTA.

B nokmame mnpuBeAeHBI pe3yNbTaThl  MCCIENOBAHUS NPOLECCOB  (HYHKIIMOHHPOBAHUS
TPAHCHOPTHO-JIOTUCTUYECKOM  cucTeMbl. PaccmarpuBaeTcsi COBOKYIHOCTh — OINepanuit
JIOTIOJIETHOTO OOCITY)KMBaHUSI PA3HOTUITHBIX BO3IYIIHBIX CPEACTB HAa TEPPUTOPHH a3pOIIOPTa.
Pa3zpaGoTan moiaMMOAEIbHBIN KOMIUIEKC Ha 0a3e COINIaCOBAaHHUS JIOTMKO-AMHAMUYECKUX U
MMHUTAUMOHHBIX Mojened. KoopauHamus peanu3oBaHa Ha YpOBHE IMAPAMETPOB PECYPCOB.
Onucan aidropuT™ perieHus OoJjbllepa3MepHOl, HecTallMOHApHOW, MHOIOKpUTEpHUAbHON
3a/1a4eil TCOPUH PACIIUCAHUM.

KuroueBrble ¢j10Ba: OJIMMOAEIBHBIN KOMIUIEKC, aHATUTUKO-UMUTALMOHHOE MOJEINPOBAHHUE.

Zakharov Valerii V., Barashenkov Nikolai A. Combined planning and scheduling model
for the airport’s transport and logistics system.

The report presents the results of a study of the functioning of the transport and logistics system.
A set of pre-flight maintenance operations for various types of aircraft at the airport is
considered. A polymodel complex has been developed based on the coordination of logical-
dynamic and simulation models. Coordination is implemented at the level of resource
parameters. An algorithm for solving a large-scale, non-stationary, multi-criteria problem of
schedule theory is described.

Keywords: polymodel complex, analytical and simulation modeling and simulation.

3uzeBcknii B.A., CumonoBa K.O. [IporpaMMHBIH KOMILIEKC OUEHKH M MpeaCcKa3aHus
MapaMeTpoB pacnpeaeleHn NaKeTHOro0 Tpapuka peajbHOI0 BPEMEHH B CEeTAX CBA3H
CHEeHAJIBHOr0 HA3HAYCHMU.

B pabore npencraBieH nporpaMMHbIH KOMITIEKC aKTHBHOTO MOHUTOPHHTA U KPATKOCPOUHOTO
MIPOrHO3MPOBAHUS BPEMEHHBIX XapaKTepUCTUK KadecTBa oOcmyxkuBanusa (Quality of Service,
Qo0S) B MyJIBTUCEPBHUCHBIX CETAX CBs3M crnenraibHoro HazHauenus (MCC CH).
Pa3paboTaHHblil KOMIUIEKC pealn30BaH B Buae BeO-mpuiokeHuss Ha 0Oa3e Dash/Plotly u
ucnonb3yeT aktuBHble ICMP-u3mepenus. B mpornecce pabotsl ¢popmupytores ICMP Echo
Request-nmakeTsl K 3aJaHHOMY aJpecy Ha3HA4YCHHS, (PUKCHUPYIOTCS OTBETHI, BBIYUCISIETCS
BpeMs kpyrosoro npoxoja (Round-Trip Time, RTT), Benércsa yuét noteps u odecreunBaercs
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paBHOMEpHas JAMCKpeTu3alus Mo BpeMeHU. Bce maMepenust OyepusyroTcs B CKOJIb3AIIEM
OKHE (PMKCHUPOBAHHOTO pa3Mepa, YTO MO3BOJIET PACCUMTHIBATH arperHpOBAHHbIEC TTOKA3aTENN
U OOHOBIIATH BHU3YyalIM3alMI0 B peajbHOM BpeMeHU. CTaTHUCTHUYECKUH aHallu3 3a/iepiKeK
OPHUEHTHPOBAH HA BBIABIICHUE TSKEIBIX XBOCTOB PACIIPEACIICHUMN.

s mporHo3upoBaHus PEIIAIOTCS JBE B3aMMOCBsI3aHHbIE 3a1auu. [lepBas — skcTpanonsuus
rapamMeTpa XBOCTa 0L Ha HECKOJIBKO IIAroB BIEPEN METOIOM IOJIMHOMMAIBHON PErPECCUH C
JIOBEPUTEIBHON 00JIACThIO HA OCHOBE OCTAaTKOB U OIIEHKOW TOYHOCTH IIPOTHO3a 110 METPUKaM
R?, MAE u RMSE. Bropas — nporuo3 3agepxku RTT c omeHkoil BeposTHOCTH BbIOpoca
(9KCTpEeMaIbHOTO BCILIECKA), TP ATOM IOPOT ONpeAesnsieTcss po0acTHO Kak MakcumyM u3 IQR-
u MAD-kputepueB. BeposTHOCTb NpEBBILIEHUSI PACCUUTHIBAETCSI Ha OCHOBE HOPMaJIbHOMN
aIMpOKCUMAalUA OCTAaTKOB. JlJI 3aBEpIIEHHBIX MPOrHO30B aBTOMATHYECKU MOJICUYUTHIBAIOTCS
meTpuku precision, recall, Fl-score u Brier score, yTo obecneunBaeT KOJIMYECTBEHHYIO
BAJIMJALMIO PE3YNIBTATOB B PEKUME PEATBHOIO BPEMEHHU.

IIpakTHueckass 3HaAYUMOCTb KOMILJIEKCA 3aKJIIOYAeTCs B MHTErpalMM TPEX BO3MOXKHOCTEMU:
penpesentatuBHOro u3mepeHuss RTT ¢ yuérom moteps, CTaTUCTHUECKON WIACHTH(PHUKAIIUU
pacrpeneieHui 3a1epKeK U TSKENBIX XBOCTOB, a TAK)KE MHTEPIPETUPYEMOTI0 KPaTKOCPOYHOI'O
MPOrHO3a 3aJep>KKM M PHUCKAa OSKCTpEMalbHBIX BCIUleckoB. Kommuiekc He Tpedyer
CHEHAIN3UPOBAHHOIO 00OPYI0OBAaHUS U MOYKET UCIIOJIb30BATHCS /711 OLIEPATUBHOIO KOHTPOJIS
QoS u noazepkKu ynpapiieHueckux pemenuii B yznax MCC CH.

KutoueBble cjioBa: KauecTBO OOCIIY)KMBaHUs, JUKUTTEP, TAKEIbIE XBOCTHI paclpe/esIeHUH,
CTaTHCTUYECKass WICHTH(HUKAIUS, MPOTHO3UPOBAHHE BPEMEHHBIX PSIOB, TOBEPUTEIHHBIC
MHTEPBaJIbl, AKTUBHBI MOHUTOPUHT .

Zizevsky Vadim A., Simonova Karina O. Software system for active monitoring and
short-term forecasting with confidence intervals of temporal quality of service
characteristics in special-purpose multiservice communication networks.

This paper presents a software system for active monitoring and short-term forecasting of
Quality of Service (QoS) temporal characteristics in special-purpose multiservice
communication networks. The proposed system is implemented as a Dash/Plotly-based web
application and relies on active ICMP probing. ICMP Echo Request packets are periodically
generated to a configurable destination address, responses are recorded, Round-Trip Time
(RTT) is computed, packet loss is tracked, and uniform temporal discretization is maintained.
All measurements are stored in a sliding window buffer, enabling stable aggregate calculations
and real-time visualization updates.

Statistical analysis focuses on heavy-tailed delay distributions. Two related forecasting tasks
are addressed. First, the trajectory of the tail index o is extrapolated several steps ahead using
polynomial regression, with confidence bounds derived from residual variance and prediction
quality assessed by R?, MAE, and RMSE. Second, RTT itself is forecasted and the probability
of outliers (extreme spikes) is estimated, with the threshold determined robustly as the
maximum of the IQR- and MAD-based criteria. Exceedance probabilities are computed via
normal residual approximation. For realized predictions, performance metrics such as precision,
recall, F1-score, and Brier score are calculated automatically, providing quantitative validation
of spike detection in real time.

The practical significance of the system lies in integrating three complementary capabilities:
representative RTT measurement with loss accounting, statistical identification of delay
distributions and heavy tails, and interpretable short-term forecasting of delay and spike risk.
The system does not require specialized network hardware and can be deployed at nodes of
special-purpose multiservice networks to ensure operational QoS monitoring and support
management decisions in near-threshold operating regimes.
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Keywords: quality of service, jitter, heavy-tailed distributions, statistical identification, time
series forecasting, confidence intervals, active monitoring.

3unoBbeB B.B., Hukosaes II.U., Kysnenop WN.C. UmurTanmonHoe MoJe/iMpoBaHHe
MEpPONpPHUATHIA N0 CHUKEHHUI0 T'a30AHHAMMYECKON ONMACHOCTH YIrOJBHOIO IIACTA MNPH
NMPOBEACHUM KOHBEepHOro TpeKa.

B crarbe mnpencraBieHbl pe3ynbTaThl MPUMEHEHUS HMUTALMOHHOIO MOJEIUPOBAHUS
OpraHm3anuy paboT MpH MPOBEJCHUH TOPHOW BBIPAOOTKHM HA YTOJIBHOW IIAXTE C Y4ETOM
BEPOATHOCTHOM MPHUPOJABI MPOLIECCOB Ta30BblACNICHUS U 3(PPEKTUBHOCTH MEPONPUATUH 10
npo(UIAKTUYECKON JIeTa3allii YTOJIBHOTO IuiacTa. lIpuBeneHbl HEKOTOpBIC PEe3yIbTaThl
MMUTALUOHHBIX SKCIIEPUMEHTOB, 110 HCCIECJOBAHUIO BIUSHUS NPUMEHEHUS TONOJHUTEIbHBIX
MEPONPHUSITHIA 1O MPOPUIAKTUUECKON JIera3aliii Ha CKOPOCTh MPOBOIUMON BHIPAOOTKH.
KuiroueBble ci10Ba: MMUTAIMOHHOE MOJIEIMPOBAHUE, YrOJIbHAS 11aXTa, IPOBEIECHUE TOPHBIX
BBIPaOOTOK, OpraHu3amys padoT, MPUHATHE PELICHUN.

Sinoviev Vasily V., Nikolaev Petr I., Kuznetsov Igor S. Simulated modeling of events to
reduce gas dynamic hazard of the coal seam during the conducting of conveyor drifts.
The article presents the results of applying simulation modeling of work organization during
coal mining in a coal mine, taking into account the probabilistic nature of gas emission
processes and the effectiveness of preventive degasification measures of the coal seam. Some
results of simulation experiments are provided, studying the impact of additional preventive
degasification measures on the rate of mining conducted.

Keywords: simulation, coal mine, conducting mining operations, organizing work, decision
making.

HUBanos K.B., EpmakoB II.B., Auumenko A.A., beaskoB C.A., EBrymenko W.B.,
I'oasikoB A.B. Enunas miargopma HMATAMOHHOTO MOJAEJIUPOBAHUS.

Jlokiian copepKUT KpaTKkuii 0030p BO3MOKHOCTEN M MPUHLIUIIOB MMOCTPOEHHS TPOrPaMMHOTO
oOecrieyeHHs €IUMHON TIUIATGOPMBI UMHUTALMOHHOTO MOJEIMPOBAHUSA, CO3/1aBA€MOro s
UCIIOJIb30BaHUsl B KadecTBe 0a30BOW MPOrpaMMHOM COCTaBIISIONIIEH COBMECTUMBIX MEXIY
co0oif Mojiesielt 1 KOMITJIEKCOB MMHUTALIMOHHOTO MOJIEIMPOBaHUA. PaccMOTpeHbI MOAX01bI U
apXUTEKTYpPHBIE pEIIeHUs, 00eCTIEYMBAIOLINE IPOCTOTY U THOKOCTh HACTPOUKU KOMIIOHEHTOB
wiatpopmMbl Ha paboTy ¢ y4y€ToM OCOOEHHOCTEH IIeNeBBIX KOMIUIEKCOB HMMTAIMOHHOTO
MOJIEJIMPOBaHUs, CO3JaBacMblXx Ha €€ ocHoBe. OmMcaHbl pelleHus, 0OecleynuBarole
COBMECTHMOCTb U IOBTOPHOE UCIIOJIb30BaHUE pa3padaThIiBa€MbIX MOJIENEH.

KiroueBble ci10Ba: MMUTAIMOHHOE MOJEIMPOBAaHUE, eluHas IulaThopMa MMHUTAIMOHHOTO
MOJIEJIMPOBAHUS, COBMECTUMBIE MOJIENH, YHU(DUKAIUSA MOJeNeH, IporpaMMHOE OOecreueHne
UMHTALMOHHOTO MOJIEIMPOBAHMs, pa3paboka KOMIIJIEKCOB MMUTAI[MOHHOTO MOJAEIUPOBAHHUS,
IIOBTOPHOE HCIIOJIb30BAHNE KOMIIOHEHTOB KOMILJIEKCOB HMMMTAILMOHHOIO MOJIEIUPOBAHMS,
6a30Bble COCTABIISIONINE KOMIUIEKCOB MMUTAIMIOHHOT'O MOJICTUPOBAHMS.

Ivanov Konstantin V., Ermakov Pavel V., Anishchenko Andrey A., Belyakov Sergey A.,
Evtushenko lvan V., Golyakov Aleksandr V. Unified simulation platform.

The report provides a brief overview of the capabilities and principles of constructing software
for a unified simulation platform to be used as the basic software component of compatible
models and simulation complexes. Approaches and architectural solutions providing simplicity
and flexibility of setting up platform components for operation taking into account the features
of target simulation complexes created on its basis are considered. Solutions for interoperability
and reuse of development models are described.
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Keywords: simulation, unified simulation platform, compatible models, unification of models,
simulation software, development of simulation complexes, reuse of components of simulation
complexes, basic components of simulation complexes.

HUckangepos FO.M. MyibTHAareHTHasi Moje/b PHCK-MeHeI:KMeHTa HU(ppoBoii ceTHn
MOCTABOK

[IpeacraBinen mnoOAX0A K CO3JAaHUI0 MYJIbTHAr€HTHOW MOJEIHM PUCK-MEHEKMEHTA,
HaIpaBJICHHOW Ha pelIeHUe BaKHEHIIEH 3a/1aun JTOTHCTUYECKOTO MpoBaiaepa — odecreueHune
YKU3HECIIOCOOHOCTU HHTETPUPOBAHHBIX LIeTeld IMMOCTaBOK Npu HX (OPMUPOBAHUU U
ynpasieHud. OTMEUeHbI 3HAUMMOCTh PeaTH3alMy KOHIEINN «IU(POBOM CETH MOCTABOK» U
BO3MOJKHOCTb I€pEX0Ja K YIPABICHUIO MHTEIPUPOBAHHBIMHM LEISMU IIOCTABOK Ha OCHOBE
JAHHBIX, T.C. UCIOJIb30BaHUs TexHomoruu Data Driven Management. [IpencraBnena oOrmas
CTPYKTYpa CUCTEMBI YIPABJICHUS PUCKaMU B MHTETPUPOBAHHBIX LEMAX noctaBok. [lokaszaHo,
9YTO pEJCBAaHTHBIM HWHCTPYMEHTOM pEUICHHUS 3aJadyd OOECHeUeHHUs KU3HECIOCOOHOCTH
MHTETPUPOBAHHBIX LENEH MOCTABOK SIBISIOTCS TEXHOJIOTMM MYJbTUAr€HTHBIX cUcTeM. JlaHo
MPEJCTABICHUE COOTBETCTBYIOUIEH  MyJIbTHAreHTHOW Mojenu. [lokazano meneBoe
B3aMMOJICHCTBHIE MEX/Iy HHTEIICKTYyaTIbHBIMU areHTaMu, 00eCreunBaroIlee CHHEPTeTUYECKU I
s ekt mpu peanuzanuu pa3paboTaHHBIX CTPATETUH yIpaBieHUs PUCKOM. OTMEYCHO, 4YTO
HAWJIY4IIUM OOpa3oM pacCMOTPEHHas MOJETb MOXET ObITh peaan3oBaHa B COCTaBE
HJIaT(l)OprI CHUCTEMBbI HHTGJIJICKTy&JILHOfI MNOAACPKKU MCHC/PKMCHTA HWHTCTPHUPOBAHHBIX
enei mocTaBoK.

KuaroueBble cjioBa: MYJIbTHArcHTHass MOACIb, I/IHTGJIJIGKYTaJII)HHﬁ aréuT, puCK-MCHCIPKMCHT,
WHTETPUPOBAHHAS LIEMb IMOCTABOK, >KU3HECIOCOOHOCTh, CTpATeTWH YIPABICHUS PUCKAMU,
CHUCTEMa MHTEJUICKTYAJIbHON TTOIJICPKKHU.

Iskanderov Yury M. Multi-agent risk management model for a digital supply chain.

This paper presents an approach to creating a multi-agent risk management model aimed at
solving a key task for logistics providers: ensuring the viability of integrated supply chains
during their formation and management. The paper highlights the importance of implementing
the "digital supply chain™ concept and the possibility of transitioning to data-driven integrated
supply chain management, i.e., using Data Driven Management technology. The paper presents
the general structure of a risk management system for integrated supply chains. It is shown that
multi-agent systems technologies are a relevant tool for solving the problem of ensuring the
viability of integrated supply chains. A presentation of the corresponding multi-agent model is
given. The targeted interaction between intelligent agents is demonstrated, ensuring a
synergistic effect in the implementation of the developed risk management strategies. It is noted
that the considered model can best be implemented as part of a platform for an intelligent
support system for integrated supply chain management.

Keywords: multi-agent model, intelligent agent, risk management, integrated supply chain,
viability, risk management strategies, intelligent support system.

Kaaunos M.U., PoamonoB B.A. HmuranmoHHoe MoJe/IMPOBAHME IPH OLEHKe
BO3MO’KHOCTEl 00HAPY:KeHHSI MOPCKHUX 00beKTOB KOCMUYECKMMHU CHCTEMAMM.
OrnpezenieHbl OCHOBHBIE HEIOCTAaTKHU CYIIECTBYIOLIMX MOJAXOJOB K OLIEHKE MEPUOJAUYHOCTH
HAONIOZICHUST PaJANOJOKAMOHHBIMU  KocMuueckumu cuctemamu (KC) 3a  mopckumu
oOwvekTaMu. [TokazaHbl OCHOBHBIE TOCTOMHCTBA U HEAOCTATKHU CIIEHAPHO-BPEMEHHOT'O METO/1a
oneHku Bo3MmoxkHocter KC. TIpenioxen pa3HOCTHO-0JITOTHBIA METO/1 OLIEHKH BO3MOHOCTEN
KC. BbllonHeHO UMUTALIMOHHOE MOAEIIMPOBAHUE U MTPOU3BE/ICHA OLIEHKA BIMSHUS Pa3BoOpoTa
KOCMHUYECKOro ammapara 1mo kpeHy Ha Bo3MokHOCTH KC. ChopmynupoBaHbl HampaBlIeHUS
JaJbHENIINX UCCIIEA0BAHUM.
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KiroueBbie cjioBa: KocMHUYECKas CHCTeMa, KOCMHYECKHH ammapar, METOH, MOJIEb,
MO/ICJIMPOBAHUE, BOZMOXKHOCTH, OIICHKA.

Kalinov Mikhail 1., Rodionov Vladislav A. Simulation modeling for assessing the
capabilities of detecting marine objects by space systems.

The main shortcomings of the existing approaches to assessing the frequency of observation of
marine objects by radar space system (SS) have been identified. The main advantages and
disadvantages of the scenario-time method for assessing the capabilities of MO have been
shown. A difference-longitude method for assessing the capabilities of SS has been proposed.
Simulation modeling has been performed, and the impact of the spacecraft's roll on the
capabilities of SS has been evaluated. Directions for further research have been formulated.
Keywords: Space system, spacecraft, method, model, simulation, capabilities, evaluation.

Kapaces B.B. DJHTponus c/10:KHBIX CHCTEM KaK Mepa pHCKa.

Hccnenyercs KOHLENIUS SHTPONNHU KaK KOJMYECTBEHHOM MEephl PUCKA JIs1 OLIEHKH COCTOSIHUS
CIIOKHBIX CHUCTEM pa3nUyHOM mnpuponsl. [loka3zaHo, YTO SHTpONHUS CBSI3aHA C PHUCKOM,
0€30IIaCHOCTbI0 M HAJEXKHOCTBIO 4Yepe3 YpPOBEHb HEONPEAEICHHOCTH B  CHUCTEME.
[IpencraBieHbl NPAaKTUUECKUE IPUMEPDI IPUMEHEHUS SHTPOIHUH JIJIsl aHAJIM3a ONEePallMOHHBIX
PHUCKOB, HaJEKHOCTH HWHPOPMALMOHHBIX CHCTEM M HKOHOMHYECKOW O€30MacHOCTH.
[TponemMoHcTprpOBaHa MPUMEHUMOCTD SHTPOIIMH I PEILICHUS 3a/]a4 yIPaBICHUs] pUCKaMU U
obecrnieueHns 6€30MacHOCTH.

KiwueBble cJI0Ba: DHTPONHUS, PUCK, HAACKHOCTh, O€30MaCHOCTh, HH(POPMAITMOHHBIC
CHCTEMBI, 5KOHOMHUYECKas 0€3011aCHOCTb.

Karasev Vasilii V. Entropy of complex systems as a measure of risk.

In this paper we explore the concept of entropy as a quantitative measure of risk for assessing
the state of various complex systems. We demonstrate the entropy is associated with risk, safety
and reliability through the level of uncertainty in the system. Practical examples of the use of
entropy for the analysis of operational risks, reliability of information systems and economic
security are presented. The applicability of entropy for risk management and safety problems
is demonstrated.

Keywords: entropy, risk, reliability, safety, information systems, economic security.

Kamo II.A.,, Kymapuna M.M., ®uasiee M.II. HNmuranuoHHoe moaeIHpoBaHue
NPOU3BOICTBEHHOI0 NMpoLecca 1epeBoodpadaTbIBalOIIero NpeAnpusTHSA.
OOOCHOBBIBa€TCS  aKTyalbHOCTh IPUMEHEHHs METOJOB M CPEJICTB HMMHTALHOHHOTO
MOJIEJIMPOBAHUS B YIPaBJICHUH MPOU3BOJICTBEHHBIMHU IPOLIECCAMU JIEPEBO0OPAOATHIBAIOIINX
OpEANpUsATHA B COBPEMEHHBIX YCIOBUSX OpraHu3anuu npousBojcTBa. OO000mEeH u
dbopMaii30BaH THUIIOBOM TIpoliecC JepeBOOOPAOOTKH, OIpENeeH TepeueHb OCHOBHBIX
(bakTopoB, BIUAIOMIKX Ha ero 3¢dexTuBHOCT. [IpencTaBneHa ynpoiieHHas UMUTALMOHHAS
MoJieldb paboThl IPOM3BOJCTBEHHOIO II€Xa JIepeBOOOpadaTHIBAIOLIErO MPEANpUATHS,
PacKpbIThI €€ COCTaB, JOrMYECKasi CTPYKTypa M NEPEUYEHb YIPABIIEMbIX IaPAMETPOB, a TAKKe
MOKa3aH NpUMEp NpPUMEHEHUs MojJenu. Mojenb MOXET YCHEIIHO MCIOIb30BaThCsl IMPHU
NOJArOTOBKE  CIELUAIMCTOB 10  YNPaBICHUIO  IIPOM3BOJCTBEHHBIMH  IIpOLIECCAMH
nepeBoo0padbaThIBAIOUINX MTPEAPUSITHA.

KaoueBble cjioBa: 1epeBoOOpabOTKa, WMUTAIIMOHHAs MOJEINb, JIOTHYECKas CTPYKTypa
MO/IEJIH, IPOU3BOJICTBEHHBIN MPOLIECC, palliOHaIbHas OPTaHU3alHsl IPOU3BOJICTBA.
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Kasho Pavel Aleksandrovich, Kumarina Maria Mikhailovna, Filyaev Mikhail Petrovich.
Simulation of the production process of a woodworking enterprise.

The relevance of applying simulation methods and tools to managing production processes at
woodworking enterprises in the modern context of industrial organization is substantiated. A
typical woodworking process is summarized and formalized, and a list of the main factors
influencing its efficiency is identified. A simplified simulation model of a woodworking
enterprise production shop is presented, its composition, logical structure, and list of
controllable parameters are described, and an example of its application is shown. In this
version, the model can be successfully used in training specialists in managing production
processes at woodworking enterprises.

Keywords: woodworking, simulation model, logical structure of the model, production
process, rational organization of production.

Kumsie 1. T. MoaesbHo-ajropurMuyeckoe odecrnedeHue JAJs pelieHus 3a1a4 aHAIU3a U
BbIOOpPAa IMHAMMYECKHX XAPAKTEPUCTHK KOHTYPOB YIpAaBJeHHS /IS MOJdepP:KaHHUsA
JKM3HECTOCOOHOCTH CJI0KHBIX 00HEKTOB.

B cratbe paccmaTpuBaeTcss KOHLENTYaldbHBIM IMOAXOA K PEIICHHUI0 MpoOIeMbl CHHTE3a
CTPYKTYpPbl HWHTETPUPOBAHHBIX HWH(POPMAIIMOHHO-YIPABISIOMIUX CHUCTEM, BCTPOCHHBIX B
eNHbI BEPTUKAJIbHO-UHTETPUPOBAHHBIM OOBEKT XO3SUCTBEHHOW JAEATEIBHOCTH, IS
MOJJIEpKAHUSL €r0 B KU3HECTIOCOOHOM cocTOosiHUM. [0 )KM3HECTIOCOOHOCThIO MPUHUMAETCS
CBOICTBO MPOMBIIIJICHHOTO OOBEKTa, CBA3aHHOE C TapaHTHUPOBAHHBIM MOJJIEPKAHUEM
MHO’KECTBA KJIFOUEBBIX TEXHOJIOTHUECKUX, MPOU3BOJCTBCHHBIX W OW3HEC-TIOKa3aTeyied B
TpeOyeMbIX Juarna3zoHax B T€UEHUE KU3HEHHOTO LHUKIIA PU HAXOXKACHUU MOJ] BO3JICHCTBUEM
JNECTPYKTUBHBIX (AKTOPOB BHEIIHEW (BHYTpPEHHEW) cpenbl. [J1aBHOW OCOOEHHOCTHIO
MPEJIOKEHHOTO MOX0/a SABJIsSETCs (OpMUpPOBAHUE TAaKUX TPeOOBaHHMIl K YCIOBUSM PaOOTHI
OCHOBHBIX KOHTYPOB YIPAaBIICHUS, TPU KOTOPBIX CHIDKAETCA PUCK Tepexoja oObeKTa
yIpaBieHUs B TaK Ha3bIBAEMOE HEBO3BPATHOE COCTOSTHUE, YTO, B CBOIO OU€PE/Ib, 00ECIIeUnBaET
MOJJIepKaHUE YIPABIIEMOT0 TPOU3BOJACTBEHHOTO KOMILJIEKCA M €ro KOMIIOHEHTOB B
YKU3HECTTOCOOHOM COCTOSTHUU.

KiroueBble cJioBa: CIOXKHBIM  OOBEKT, OOBEKT XO3SMCTBEHHOW JIEATEILHOCTH,
WHTETPUPOBAHHAS CHCTEMa YIpPaBIEHUS, >KU3HECTIOCOOHOCTh, HEBO3BPATHOE COCTOSHUE,
JTUHAMUYECKHE XapaKTEPUCTUKH.

Kimyaev Igor T. Model-algorithmic support for solving problems of analysis and selection
of dynamic characteristics of control loops to maintain the viability of complex systems.
The paper presents a conceptual approach to solving the problem of synthesizing the structure
of integrated information and Management systems embedded within a unified vertically-
integrated Business entity, aimed at maintaining its viability. Viability is defined as the property
of an industrial system that ensures the guaranteed maintenance of a set of key technological,
production, and business performance indicators within required ranges throughout its
lifecycle, despite exposure to disruptive factors from the external or internal environment. The
principal feature of the proposed approach lies in establishing requirements for operational
conditions of the main control loops such that the risk of the controlled object transitioning into
aso-called irreversible (non-recoverable) state is minimized. This, in turn, ensures the sustained
viability of the managed production complex and its constituent components.

Keywords: complex system, business entity, integrated management system, viability,
irreversible state, dynamic characteristics.
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Kucaenko H.A., Jluteun 10.B., O0yxoB O.E., Kyauk B.C., bopounn U.A., Kapnenko
C.I1. Pa3pa6oTka MMUTAIIMOHHO-AHAJTUTHYECKOT0 KOMILJIEKCA AaHAJIU3a U ONTUMH3AUH
padoThI NepepadaTbHIBAKIIMX MPOU3BOACTB He()TEra3oBoii OTPac/in.

Jns 3¢ dekTuBHOr0 MIaHUPOBAaHUA M YINPABICHHS IepepadaThIBAIOIIUMHI MPEAIPUSTHIMA
HeTera3oBoi OTpaciau pa3paboTaH HMMUTAIMOHHO-AHATUTHYECKUM KOMILIEKC, B OCHOBE
KOTOPOTO JIEKHT KOMOMHHPOBAaHHOE MOJCIMPOBAHUE TEXHOJIOTUYECKUX IPOLECCOB U
MaTepuaibHbIX MOTOKOB. Kommuiekc mnpeacraBisier UUPPOBOM IBOMHHK, JI€TaIbHO
OTpaKalomMi 0coOeHHOCTH pPaboThl  mepepabaThiBatomMx —npeanpustuid. Ilpaktuka
MCIIOJIb30BaHUsl MPOJIEMOHCTPUPOBAIA €0 BBHICOKYIO 3(P(PEKTUBHOCTh B YAaCTU IMOBBIIICHUS
TOYHOCTH IIJIAHUPOBAHUSA U IOIEPIKKU IIPUHATHUS PEILIECHUN.

KutoueBble cjioBa: nepepabaThiBaroIne IpeaIpUsTisi, KOMOMHUPOBAHHOE MOJIEITUPOBAHUE,
HMUTAIIUMOHHOC MOACIIUPOBAHUEC, OIITUMH3ALNA, PA3HOCTHLIC MOJCIIN.

Kislenno Nikolay A., Litvin Yury V., Obukhov Oleg E., Kulik Vasily S., Boronin Ivan S.,
Karpenko Sergey P. Simulation-analytical complex for the analysis and optimization of
oil and gas processing operations.

For the effective planning and management of oil and gas processing enterprises, a simulation-
analytical complex has been developed. It is based on the combined modeling of technological
processes and material flows. This complex represents a digital twin that accurately reflects the
specific operational details of processing plants. Practical application has demonstrated its high
efficiency in improving planning accuracy and supporting decision-making.

Keywords: processing plants, combined modeling, simulation, optimization, difference
models.

Kinmenko A.U., Tenagpuna HW.FO. MogeaupoBanue yXoAsiliero H3Jy4YeHUs
MOJACTHJIAKOLIEH MOBEPXHOCTH B YCJIOBHSAX cepuyeckoit armocdepsbl.

AKTYaJlbHOCTb UCCIIEIOBAaHUS PAJMALIMOHHBIX MTPOIECCOB B aTMOCdEpe CBSA3aHa C U3MEHEHUEM
KJINMaTa U HEOOXOIUMOCTBIO MIOHUMaHUsI 0OCOOCHHOCTEN TEIUI0-dHEepreTuYecKoro oomena. B
paboTe BBIMOTHEHO MOJENMPOBAHHME TMepeHoca H3IydeHus B cdepudeckoil atmocdepe ¢
Y4E€TOM Pa3HbIX THIOB OTPAXEHHUS W alb0€I0 TMOJACTUJIAIONICH MOBEPXHOCTH, MPOU3BEICHA
OIICHKA HHTErPAJIbHBIX XapaKTEPUCTHUK IepeHoca u3inydyeHus. lIpoBeneHo cpaBHEHHE C
MJIOCKOTApAIIICIbBHOW MOJIENbI0 U MPOAHATM3UPOBAHO BIIMSIHUE ONTHKO-TEOMETPUUYECKUX
XapaKTePUCTHK aTMOCc(hephl U TOBEPXHOCTH.

KiroueBble c¢j10Ba: paiMallMOHHBIA NEPEHOC, MHTETPAIBHBIE XAPAKTEPUCTUKHU H3IIY4CHMUS,
cepuueckas atMmocdepa, MOJIEKYIIPHOE paccesiHhEe, OTPAKEHHUE TOBEPXHOCTH, alb0e/Io.

Klimenko Anna I., Gendrina Irina Yu. Modeling of outgoing surface radiation in a
spherical atmosphere.

The relevance of studying radiative processes in the atmosphere is driven by climate change
and the need to better understand heat and energy exchange. This work presents radiative
transfer modeling in a spherical atmosphere, accounting for different surface reflection types
and albedo values, with an evaluation of integral radiative characteristics. Results are compared
with a plane-parallel model. The influence of atmospheric and surface optical-geometric
properties is analyzed.

Keywords: radiative transfer, integral radiation characteristics, spherical atmosphere,
molecular scattering, surface reflection, albedo.
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KonaparseB B.O., CtpokoB A.B., lllupokoB E.E., Yepnbimes B.b. UMuraumnonHoe
MO/JeJMPOBaHMEe aBTOMATHYECKOro (GopMHpPOBAHMS KOMaHA HH(POPMALMOHHO-
YHPAaBJIAOIIEH CHCTEMOI HA 0OCHOBE JaHHBIX KOHTPOJISA 1eCTPYKTUBHBIX BO3/1eCTBUIA.
PaccMoTpeHbl  yHUBEpCAlbHBIE CXEMBl MOJEITUPOBaHUS WH(OPMAIMOHHO-YIIPABISIONINX
CUCTEM pa3IMYHOIO THUIMA, MPEJHA3HAYEHHBIX Ui aBTOMAaTHYeCKOro (opMupoBaHUS
YIPaBISIONUX KOMaH]T (CUTHAJIOB) U BKJITFOYAOIINX WH()OPMAIIMOHHBIC TATYUKH U JIOTHUECKUN
aBToMar. [IpuBeneHa cTpykTypa nporpaMMHOIO KOMILIEKCA JUIsl pealIu3aluy MPeI0KEHHbIX
CXEM MOJICJTUPOBAHMS, a TaKXKe IMPUMEP SKCIEPUMEHTOB, HAINPABIECHHBIX Ha OILICHKY
BEPOATHOCTHO-BPEMEHHBIX XapaKTePUCTHK (HOPMUPOBAHUS HH(POPMALIMOHHO-YIPABISIONIEH
CHCTEMOM YNPABISAIOIIEH KOMAaHIBbI.

KuiroueBble cj10Ba: JOTMYECKH aBTOMAT, YOpPaBIAOAs KOMaHJa, TalMep, TPUITEp,
noruveckast QyHKIHsI, yHUBEpCATbHASI CXeMa MOJCIIMPOBAHHUS.

Kondratiev Vasilii O., Strokov Aleksandr V., Chernyshev Valerii B., Shirokov Evgenii E.
Modeling of automatic generation of information and control systems commands based
on data of control of destruction.

In the article presents universal modeling schemes of various types of information and control
systems designed for the automatic generation of control commands (signals) and incorporating
information sensors and finite-state machine. The structure of a software package for
implementing the proposed modeling schemes is presented, along with examples of
experimental evaluations of the probabilistic-time characteristics of control command
generation.

Keywords: finite-state machine, control command, timer, trigger, logical function, universal
modeling schemes.

Kononosa A.A. UMuTAaLITHOHHOE MO/IeJIMPOBAHUE IPOU3BOACTBA MOJIOYHON NPOAYKIIHH.
NmuTaniuoHHOE MOJEIUMpOBAaHME — JACHCTBEHHBIM METOJ JIA aHalu3a  CJIOXKHBIX
MHOTOMIOTOYHBIX MPOU3BOJCTB. bblla peasin3oBaHa MOJAENb C MCIOJIb30BAaHUEM JIHCKPETHO-
COOBITHITHOTO TIOJIX0/Ia, KOTOpasi OXBaThIBAET BCE KIIIOUYEBBIE yU4acTKU komOuHata. [IpoBeneHo
JIeTaTbHOE OMHUCAHUE KAk I0T0 MPOU3BOJICTBEHHOTO MPOoIiecca ¢ OOBSIBICHUEM UCITOIB3YEMBIX
0JIOKOB, IEPEUYHCIIEHBI CO3/IaHHbIE TIEpEMEHHbBIE, TapaMeTphl U areHThl. PaspaboTanHas Moienb
MOXET CIYKUTh OCHOBOM JIJII CUCTEMBI MTOAJAEPKKHA MPUHATHS YIIPABICHYECKUX pelieHuil. Eé
(G YHKIIMOHATBLHOCT OJITBEPIKIEHA METOI0M BU3YyalIbHOTO aHanu3a 2D-anumaruu.
KiwueBble cjioBa: MMHUTAIHOHHOE MOJICIUPOBaHKE, MOJOYHOE MPOU3BOACTBO, AnyLogic,
aHaJIN3, IMPOTHO3UPOBAHUE KOJMYECTBA, MHOIOAreHTHOE MOJEIMPOBAHUE, ONTHUMU3ALMS
IIPOU3BOJCTBA.

Kononova Alyona A. Simulation modeling of dairy production.

Simulation modeling is an effective method for analyzing complex multithreaded productions.
A model using a discrete event approach was implemented, which covers all key areas of the
plant. A detailed description of each production process is provided with an announcement of
the blocks used, and the variables, parameters, and agents created are listed. The developed
model can serve as the basis for a management decision support system. Its functionality is
confirmed by the method of visual analysis of 2D animation.

Keywords: simulation, dairy production, AnyLogic, analysis, quantity forecasting, multi-agent
modeling, production optimization.
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KpuBopyuko K.A., Makcumenko HN.U. UmuTanuoHHoe MoAe/JMpoOBaHHEe B 3ajade
pacno3HaBaHUsl HENO0CTOBEPHOIl HHGoOpPMAIMM B CMH C HCIOJL30BAHHMEM METOI0B
rJ1y00Koro o0y4eHusi.

B pabore mnpemiokeH MMOAXOJ K aBTOMAaTHUYECKOMY pAacIO3HABAHUIO HEIOCTOBEPHOM
uH(popManuu B pycckoa3pidHbIXx CMMU ¢ ncnonb3oBaHHEM METOA0B IIYOOKOr0o OOy4YeHHs U
UMUTAIIMOHHOTO MOJIeupoBaHus. Pa3paboTana MyJbTHAareHTHAas CHCTEMa, BKIIOUAIOIIAs
reHepaTop CUHTETHYECKUX (DeiKkoBbIX HOBOCTEH HAa ocHOBe GPT-40-mini u kitaccudukarop Ha
06aze BERT. Co3man pemnpeseHTaTuBHbI Kopmyc u3 Oosnee uem 40 ThICAY TEKCTOB.
MonudunrpoBanHas apXUTeKTypa KiaccupuKaTopa I0CTUrIa TOUHOCTH 99,57%.
KiroueBbie ciaoBa: ¢eiikoBele HOBOCTH, Tiybokoe oOyuenue, BERT, wumwuranmonnoe
MoOJIeJIMpOBaHUE, 00pabOTKa €CTECTBEHHOTO SI3bIKa, PYCCKOSA3BIYHBIC MEAHMa, TeHepalus
CUHTETHYCCKUX JIAHHBIX.

Krivoruchko Ksenia A., Maksimenko Igor I. Simulation modeling in the problem of
recognizing false information in the media using deep learning methods.

The paper proposes an approach to automatic recognition of false information in Russian-
language media using deep learning and simulation methods. A multi-agent system has been
developed, including a synthetic fake news generator based on GPT-40-mini and a BERT-based
classifier. A representative corpus of more than 40 thousand texts has been created. The
modified classifier architecture achieved 99.57% accuracy.

Keywords: fake news, deep learning, BERT, simulation, natural language processing, Russian-
language media, synthetic data generation.

Kynpsamos A.H., Anémmn E.H. UHTepakTuBHasi MojJe/b-TPEeHaKep AJs NOATOTOBKH
AUCIIETYEPOB TEXHOJIOIMYECKHX NPOLIECCOB HA 0CHOBE MHOrono3unuonHuou ceru Ilerpu.
IIpencraBisieTcss MHTEPAKTUBHAs UMUTALMOHHO-AHAJIIMTUYECKAsT MOJAEIb JJI1 BKIIOYECHUS B
COCTaB  TPEHAXKEPHBIX  CUCTEM  IOATOTOBKM  OIEpPAaTOPOB-IUCIETYEPOB,  KOTOPHIE
KOHTPOJIUPYIOT U KOOPAMHHUPYIOT pa3IUYHbIE TEXHOJOTMYECKHE TMPOLECChl: padboTy
TPaHCHOPTa, TPOU3BOACTBO, CEpPBUCHL. Pa3paboTaHHYIO Ha OCHOBE MCIIOJIb30BaHUS
MHOT'OITIO3UIIMOHHOM ceTH lleTpu Moaens npeanonaraeTcss UCNoJIb30BaTh KAK I MOATOTOBKH
COOTBETCTBYIOIIMX CIELUAIUCTOB, TAK U JUIS COBEPILICHCTBOBAHUS TEXHOJIOTUH OIIEPATUBHOTO
yIpaBJIEHUS pacCMaTPUBAEMbIMU OOBbEKTaMHU.

KawueBble ciaoBa: rpad, aucneryep, TEXHOJOTHMUECKHH MpoIEcC, TEXHOJIOTHYecKas
omnepanus yrpasiaeHus, ceTb [leTpu, mo3unus, nepexon.

Kudryashov Alexander N., Aleshin Evgeny N. Interactive simulator model for training
process dispatchers based on a multi-position Petri net.

An interactive simulation and analytical model is presented for inclusion in training systems
for dispatcher operators who control and coordinate various technological processes: the work
of transport, production, services. The model developed based on the use of a multi-position
Petri net is supposed to be used both for training relevant specialists and for improving the
technology of operational management of the objects under consideration.

Keywords: dispatcher, technological process, technological control operation, Petri net,
position, transition.

Kynemos A.B., Oxtuaes M.IO., Oxtuaes II.A., Huunnoposnu O.II. Metogonorus
CTPYKTYPHO-(PYHKUMOHAJIBHOIO  CHHTE3a  BbIYHUCJICHHI B  HHTE/UIEKTYAJbHbIX
aBTOMATH3HPOBAHHBIX CHCTEMAX MOHUTOPHHIA COCTOSIHMI CJIOKHBIX 00bEKTOB.

B noknazne paccMoTpeHa METOJI0JIOTHS CTPYKTYPHO-(DYHKIIMOHAIBHOTO CHHTE3a BBIYMCIEHUN
B HMHTEJUIEKTYyaJIbHbIX aBTOMAaTHU3MPOBAHHBIX CHCTEMAaX MOHUTOPUHIA COCTOSHUN CIOMHBIX
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OOBEKTOB B YCJOBHSAX Hamuuusa caabo (GopMaln3yeMblXx 3HAHWHA, HEMOJIHOTHI H
HEJOCTOBEPHOCTH HCHONB3yeMoi uHpopMaiuu. [Ipu 3ToM paccMarpuBaroTcs MPOOIEMHBIE
BONPOCHI JTAIBHEWUIIEr0 COBEPUICHCTBOBAHUS AaBTOMATHU3WPOBAHHBIX CHUCTEM MOHUTOPUHIA
COCTOSTHUS KaK OJTHOM M3 OMPEEIISIONINUX CUCTEM TOICPKKU MIPUHITHS PEIICHUH IS TAKUX
CIIOXKHBIX OOBEKTOB, KaK OPraHM3allMOHHO-TEXHHUYECKUX CHCTEM, arpoOHMOTEXHHYECKUX
00BEKTOB, SKOJOTHYECKHX, COIMAIBHO-3KOHOMHYECKHX cucteM u 1mp. Ilpemmaraemas
METOJI0JIOTHs Oa3UpyeTCsl Ha OMUCAHUH YKa3aHHBIX MPEIMETHBIX 001acCTIX B BUJIE OTUCAHHBIX
37IeCh HOBBIX MOJICIIAX, TakuX, kak G-Monaenn, G-ceTH.

KiloueBble cJjioBa: TMOJAJIEp)KKA MPUHATUS pELICHUI, aBTOMaTHU3UPOBAaHHAs CHUCTeMa
MOHHTOPHHTA COCTOSIHHS, MOJIENb MpeAcTaBiIeHuUs 3HaHWid, G-MoJenb, cCXemMa Mporpamm
BeIurcieHuit, G-ceThb.

Kuleshov Andrey V., Okhtilev Mikhail Yu., Okhtilev Pavel A., Nichiporovich Oleg P.
Methodology of structural-functional synthesis of computations in intelligent automated
systems for monitoring the states of complex objects.

The article considers the methodology of structural and functional synthesis of computations in
intelligent automated systems for monitoring the states of complex objects in the presence of
poorly formalized knowledge, incompleteness and unreliability of the information used. At the
same time, problematic issues of further improvement of automated systems for monitoring the
state as one of the defining systems for supporting decision-making for such complex objects
as organizational and technical systems, agrobiotechnical objects, ecological, socio-economic
systems, etc. are considered. The proposed methodology is based on the description of the
specified subject areas in the form of new models described here, such as G-models, G-
networks.

Keywords: decision support, automated state monitoring system, knowledge representation
model, G-model, computational program scheme, G-network.

Kyiuk bB.A. BeposiTHOCTHOEe NPOCTPAHCTBO /JIsi METOAOB M 32424 JIOTHKO-
BEPOSAATHOCTHOI'O MO/ICJINPOBAHUS U BEPOSTHOCTHOM JIOTHKH.

Jl1st MeTO10B M 337124 JIOTUKO-BEPOSITHOCTHOI'O MOJIEIMPOBAHUS HA/IEKHOCTH M 0€3011aCHOCTH
CTPYKTYPHO CJIOXKHBIX CHCTEM M BEPOSTHOCTHOM JIOTMKM IPENJIOKEHO OINpEACICHUE
BEPOATHOCTHOI'O POCTPAHCTBA, B OCHOBY KOTOPOTO MOJIO’KEHA MHTEPIPETAIIH A3bIKa [IEPBOTO
nopsiaka. Ilpeanaraercst cxaroe OTOOpakeHHE STOW MHTEPHIPETAllMd Ha OCHOBE anreOpsbl
KopTexeil. JlaHHoe ompeseneHune mo3BoJIseT C eAUHBIX MO3UIMI PAaCCMOTPETh MHOTOOOpaszue
METOJI0OB COBMEUICHMSI BEPOSITHOCTH U JIOTUKH.

KiroueBble cJI0Ba: JIOTMKO-BEPOATHOCTHOE MOJEIMPOBAHUE, BEPOSATHOCTHAS JIOTHKA,
BEPOATHOCTHOE IPOCTPAHCTBO, HHTEpHpETanus, JeKapTOBO Mpou3BeleHue, anredpa
KOPTEKEH.

Kulik Boris A. Probabilistic space for methods and problems of logical-probabilistic
modeling and probabilistic logic.

For methods and problems of logical-probabilistic modeling of reliability and safety of
structurally complex systems and probabilistic logic, a definition of a probabilistic space is
proposed, which is based on the interpretation of a first-order language. A compressed
representation of this interpretation based on the n-tuple algebra is proposed. This definition
allows for a unified approach to considering a variety of methods for combining probability and
logic.

Keywords: logical-probabilistic modeling, probabilistic logic, probabilistic space,
interpretation, cartesian product, n-tuple algebra.
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Kynepureiin B.A. O coBepuieHCTBOBAHUM METOA0B J0JTOCPOYHOI0 U CPEIHECPOYHOI0
IVIAHUPOBAHUS TOCTPOHKH 3aKa30B NPHUMEHHUTEJbHO K YCJOBMSM BBITATHBAIOLIETO
NPOU3BOJCTBA

[lpy mIaHUPOBAaHMM TMPOU3BOACTB EIMHUYHOTO THIA HCHOJB3YIOT OO0BEMHO-KaJICHIapHOE
IUTAHUPOBaHKUE. DTOT METOJ MPOCT, HO €r0 BO3MOXKHOCTH OIpPENEsIOTCS 000CHOBAHHOCTHIO
ompeneNeHusl ToKaszareneld o0béMa paboT B KaXIOM U3 KaJCHIAPHBIX HMHTEPBAJIOB.
HccnenoBanus mokasajiy, 4To MoKaszareian o0bEmMa paboT MOKHO (OPMHUPO-BATH C TTIOMOIIbIO
MeTroaa CHUCTEMHOH JUHAMHKH, HO 3TO IPUMCHUMO IJId ITPOU3BOACTB BBITAJIKMBAIOIICTO THUIIA.
KonkypenrocnocoOHOCTh Bepdeil TpeOyeT opraHU3allMy BBITATMBAIOIINX I[POU3BOJICTB.
[IpencraBiaen MeTOA, MO3BOJSIOMINNA OOOCHOBaHHO (HOPMUPOBATh O0BEMHO-KAJICHIAPHBIE
TUTAHBI 17151 TAKUX [TPOU3BOJICTB.

KiroueBbie c¢jioBa: MOJECIMPOBAHUE, BBITSATUBAIONIEE IMPOU3BOJCTBO, JIOJTOCPOYHOE
IUIAHUPOBAaHHWE, EIUHUYHOE TMPOU3BOJACTBO, OOBEMHO-KAJEHIApHOE  IUIAHUPOBAHUE,
MAaTCMaTUYCCKOC IMPOrpaMMUpPOBaHNC, UMUTAITUOHHOC MOACIINPOBAHUC.

Kupershteyn Vladimir I. On improvement of the long-term and middle-term planning for
ship construction in conditions of pull-out production

The planning of project-type production very often founded on method of volume - calendar
planning. This method is very simple, but it’s validity determined by estimating the work hours
in each of the calendar intervals. Research has shown that work hours esti-mates can be founded
on the system dynamics method. This model is applicable to push-type production. The
competitiveness of shipyards requires a pull-type production. The ar-ticle presents a method
that makes it possible to reasonably determined estimations of vol-ume - calendar plans for
project-type industries. The algorithm of the model is described briefly and the margins of
inaccuracy of the proposed method is estimated.

Keywords: modelling, pulling production, long-term planning, single production, volume and
calendar scheduling, mathematical programming, simulation.

JIlsluknna H.H. HmuranmonHoe MoOJeJIMPOBAHHE CTPATErH4eCKOro pa3BUTHA
COIMATbHO-IKOHOMUYECKUX CHCTEM: Ha MYTH K TEOPUM CJIOKHOCTH U CHHepreTHKe.

B cratee mpencTaBiieH KpaTKWH KPUTHYECKUW W CPAaBHUTEIBHBIM aHAINW3 TPAAULMOHHBIX
MHCTPYMEHTOB MOJIEJIUPOBAHNUS, IPUMEHSIEMOI0 B SKOHOMHUYECKHX U COLIMAJIbHBIX HayKax C
HaOuparomumMu yxe nodtu 30 JeT akTUBHOCTh MOJXOAaMU MOJEIUPOBAHHS KOMIIBIOTEPHON
HSKOHOMHUKH U COIMOJIOTHH, a TAaKXKE PACCMOTPEHNE KOHCTPYKTUBHBIX MOJIXOJ0B K CUCTEMHO-
JUHAMUYECKOMY (MMHMTAIlMOHHOMY) MOJICIMPOBAHUIO MPOLECCOB PA3BUTHUSA B COLMAIBHO-
HSKOHOMHMUYECKUX CHCTEMaX C TMO3MIMHA TEOpUU CIOXKHOCTM U 0a30BBIX MOJOKEHHUN
CUHEpPreTHKU. ABTOp mpeiaraer oOUMil MHOromapagurMaibHbIi  (QPEelMBOPK  JUIS
MOJIEJIMPOBAaHUS PA3BUBAIOIIMXCSA COLMAIBHO-DKOHOMUYECKUX CHUCTEM, a TaKKE OCHOBHBIE
INPUHLMIBL TOCTPOEHUS MOJEIBHBIX KOMIUIEKCOB, OIUCBHIBAIOIINX pPA3JIMYHBIE CTPAThI
Pa3BUBAIOIIMXCS COLMATIBHO-PKOHOMUYECKHX crcTeM. O003HaYeHbl OCHOBHBIE HAIPaBIICHHS
pa3BUTHS TEXHOJOTMH CHCTEMHOIO MOJEIHUPOBAHUS B HCCIEIOBAaHUM MHOTOYPOBHEBBIX
COLMAIbHO-9KOHOMHUYECKUX CHCTEM. B 3akmounTenbHOM yacT 0003HAueHbI KIIOYEBHIE, Ha
B3IJIS1/] aBTOPA, 33J]a4M U EPCIIEKTUBBI PA3BUTHUS BRIYUCIUTEIBHBIX METO/I0B, OCHOBAaHHBIX Ha
TEXHOJIOTUM HMMHTAI[MOHHOTO MOJICIMPOBAHUS, B TPHIOKEHUSIX K OOIIECTBEHHBIM U
yIpaBIeHYECKUM HayKaM, IPOJABUKEHHS UX B pEaIbHbIE MTPOEKTHI OOIIECTBEHHOTO Pa3BUTHS
U pa3pabOTKH MOJUTHK.

KioueBble cjI0Ba: pa3BUTHE, COLMAIBHO-DKOHOMHUYECKAs CHCTEMA, KOMIIBIOTEpHas
HPKOHOMHMKA, KOMIIBIOTEPHAsl COLMOJIOTHUS, TEOPUS CIOXKHOCTH, CUHEPreTUKa, UMUTALMOHHOE
MOJIEJIMPOBAaHUE, CHUCTEMHas JMHAMHMKA, AareHTHO-OPUEHTHUPOBAHHOE HMUTALMOHHOE
MOJIEJIMPOBAHUE, TEXHOJIOTUS CUCTEMHOI'O MOJIEITMPOBAHMUSL.
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Lychkina Natalia N. Simulation of the strategic development of socio-economic systems:
advancing towards complexity theory and synergetics.

This article presents a brief critical and comparative analysis of traditional modeling tools used
in economics and social sciences with basic approaches from Computational Economics and
Computational Sociology, which have been gaining momentum for nearly 30 years. It also
examines constructive approaches to simulation modeling of development processes in socio-
economic systems from the perspective of complexity theory and basic provisions of
synergetics. Approaches to the construction of multi-paradigm simulation models based on the
principles of a composite combination of system dynamics and agent-based simulation
modeling are proposed, while also delving into its structural principles for constructing model
complexes describing the various strata of developing socio-economic systems. The
mainstream trends in the development of system modelling technology in the study of
multilevel socio-economic systems are outlined. The concluding section outlines the key, in the
author's view, tasks and prospects for the development of computational methods based on
simulation modeling technology in applications to the social and management sciences, as well
as their advancement in real-world social development projects and policy.

Keywords: development, socio-economic system, computational economics, computational
sociology, complexity theory, sinergetics, simulation modeling, system dynamics, agent-based
simulation modeling, systems modeling technology.

Maxkaposa MWH.B., boiiko A.Jl. Ilpumenenne VR-TexHo/0TMii B NPOEKTHPOBAHUM
NpoueccoB cOOPKHU rPy30BUKOB.

B crathe paccMmarpuBaeTCs MpUMEHEHUE TEXHOJOTUW BHUpTyanbHOU peanbHOCTH (VR) mis
MPOSKTUPOBAHUS W  ONTHMH3AIMH  TPOIECCOB  COOPKH  T'PY30BBIX  aBTOMOOWIICH.
AHaIM3UPYIOTCS KIIOYEBbIE MPOOJIEMbI, TAKHE KaK BBICOKAs BapHUATHUBHOCTh KOH(UTYpALIUM,
OPrOHOMUYECKHE HArpy3ku Ha pabouumx M wuHTerpauus mudpoBbiX maHHBIX. [IpemmoskeHo
pemenue Ha 6aze Unreal Engine 5, mo3Bossitoiee NpoOBOAUTh PEATUCTHUHYIO CUMYIISILIHIO
COOpKH y37I0B ¢ YUETOM (DU3UYECKUX CBOMCTB 00BeKTOB. [lokazaHo, uro ucnonas3oBanne VR
CIIOCOOCTBYET CHUKCHHIO W3JIEPKEK, YITYUIIEHUIO YCIOBHH TpPyJa U TOBBIIMICHUIO KadyecTBa
MPOAYKIIVH.

KiioueBble cjoBa: BHpTyallbHas pealbHOCTh, COOpKAa TPY30BHKOB, DPrOHOMUKA,
UMUTAIIMOHHOE  MojenupoBanue, Unreal  Engine, mnpoekTHpoBaHWE  TPOIECCOB,
MIPOMBINIJICHHOE IPUMEHEHUE.

Makarova Irina V., Boyko Aleksey D. Application of VR Technologies in the Design of
Truck Assembly Processes.

The article explores the application of virtual reality (VR) technologies for the design and
optimization of truck assembly processes. Key issues such as high configuration variability,
ergonomic workloads, and digital data integration are analyzed. A solution based on Unreal
Engine 5 is proposed, enabling realistic simulation of assembly operations with physical
properties. The use of VR is shown to reduce costs, improve working conditions, and enhance
product quality.

Keywords: virtual reality, truck assembly, ergonomics, simulation, Unreal Engine, process
design, industrial application.

Maxkeenko A.A., Jlebenes N.C. IloBbllieHMe KayecTBa KjaaccHPUKANMU HA OCHOBE
cerMeHTanuu HHGOPMALMOHHBIX I10C/IE10BATEIbHOCTE Ha IPUMeEpe CeTeBbIX ATaK

B pabote uccienyercs BAUsHUE TapaMeTPOB CETMEHTALINU (pa3Mep OKHA U CABHT) Ha KAaYeCTBO
Kjaccupukauuu  MHGOPMALMOHHBIX  TOCTeAoBaTeNbHOCTE. B kauecTBe  mpumepa
UCroNb30BaH Aaracer cereBoro tpadguka UNSW-NBI15. PaccMoTpensl 6a30Bble aaropuTMbl
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mammHHOTO 00ydeHust (Logistic Regression, Decision Tree, Naive Bayes). [lokazano, uto
cermeHTanus nossimaeT MeTpuky F1 na 3—5 m.o. ans Logistic Regression u Decision Tree u
6osnee yem Ha 40 m.m. ans Naive Bayes, yTo moaTBep:kIaeT 3HAUMMOCTh BbIOOpa criocoda
NPEeCTaBICHUS JAHHBIX.

KiloueBble cJIOBa: CerMeHTalUs I[OCIEIOBATEIbHOCTEH, MPEACTABICHUE JIaHHBIX,
KJIacCU(UKAIMs BPEMEHHBIX PSOB, MAIIMHHOE 00y4YeHHe, OIleHKa KadecTBa moaenei, IDS.

Makeenko Alexander A., Lebedev llya S. Improving the quality of classification based on
segmentation of information sequences: A case study of Network attacks.

The study examines the impact of segmentation parameters (window size and shift) on the
quality of information sequence classification. The UNSW-NB15 network traffic dataset is
used as an example. Basic machine learning algorithms (Logistic Regression, Decision Tree,
Naive Bayes) are considered. It is shown that segmentation improves the F1 score by 3-5 p.p.
for Logistic Regression and Decision Tree and by more than 40 p.p. for Naive Bayes,
confirming the importance of data representation choice.

Keywords: sequence segmentation, data representation, time series classification, machine
learning, model quality evaluation, IDS.

MaunkoB P.®@., YcmanoBa A.P. YueOHbIe 10c00MS 10 MMUTAIIMOHHOMY MO/IeJTHPOBAHUIO
CJIOJKHBIX CHCTEM.

B pabote mpencraBiieHbl y4eOHbIE TOCOOUS, pa3pabOTaHHBIC IUISI OCBOCHUS METOJOJIOTHIA
CTATHCTUYECKOTO MOJICTTUPOBAHUS, MOJACIUPOBAHUS JTMHAMUYECKHMX CHCTEM B Cpele
Anydynamics u IUCKpETHO-COOBITHIHBIX MpoiieccoB B cpeae GPSS-Studio.

KiroueBsble cJIoBa: MMHTALIMOHHOE MOJICJINPOBAHUE, JUCKPETHO-COOBITUIHOE
MOJICJIMPOBAHUE, MOJICIUPOBAHUE TUHAMHYECKHX cHcTeM, MeTtox Monte-Kapio, mudpoBoi
IBOWHUK, cpeabl MoaenupoBanusi GPSS-Studio m Anydynamics.

Malikov R.F., Usmanova A.R. Textbooks on simulation modeling of complex systems.
This paper presents tutorials designed to teach statistical modeling methodologies, dynamic
systems modeling in the Anydynamics environment, and discrete-event modeling in GPSS-
Studio.

Keywords: simulation, discrete-event modeling, dynamic systems modeling, Monte Carlo
method, digital twin, GPSS-Studio and Anydynamics modeling environments.

MauabixanoB A.A., Yepnenko B.E., lllypasun A.Jl. Kakoii moxer 0bITh miiargopma ais
CJI0’KHBIX TUCKPETHO-COOBITHITHBIX MMHTAIIMOHHBIX MOJeJIel?

B cratee paccMarpuBaeTcsi KOHLIETILNS TOCTPOCHUS MIATPOPMBI Il pa3paboTKU MPOLECCHO-
OPUEHTUPOBAHHBIX JMCKPETHO-COOBITUIHBIX MMUTALMOHHBIX Mozenen (UM).
[TonuepkuBaeTcs, 4To co3JaHue MOJOOHBIX MOJENIEN SIBISIETCS Pa3HOBUIHOCTBIO Pa3pabOTKH
nporpamMHoro obecnedenus (I10), mosTomy nenecooOpa3HO MaKCHUMajIbHO HCHOJIb30BAThH
CTaHOJApTHBIC CpPEACTBA W  MCTOALI HWHAYCTPUHU TIPOTrpaMMUPOBAHUS. OmnmceIBaeTCs
MUHHMAJIbHBI HA0Op CHEeNHaTU3UPOBAHHBIX MOIYJIEH, HEOOXOAMMBIX Ul MPAKTHYECKOTO
MMPUMCHCHUA HJ'IaT(l)OpMBI. OTMG‘-IaeTCH, YTO 3HAYUTECIbHAA 4aCTh TPyAO03aTpar IpHu CO3AaHUN
UM npuxomutcst Ha pa3pabOTKy M OTJAAKY JIOTMKHM IJIAHUPOBAHUS M AMCIIETYEPU3ALUU
pecypcoB. ApryMeHTHUpYETCS T€3UC O TOM, YTO MPUMEHEHHE IPOrpaMMHOr0 KOJa HMEeT
IIPEUMYILECTBA 110 CPABHEHHUIO C MCIOJIb30BAaHUEM BU3YaJIbHBIX S3BIKOB MOJAEIUpOBaHus. B
3aKJII0uYeHre 0003HAYal0TCs BO3MOKHBIE HAIIPABIICHUS Pa3BUTHS MIATPOPM ISl TOCTPOCHHUS
MMUTALMOHHBIX MOJIEIEH.

KiroueBsie ciioBa: MIMUTAlIMOHHOE MOJIEIUPOBAHKE, TUCKPETHO-COOBITHITHOE MOJIEIMPOBAHUE,
pa3paboTKa UMUTAIIMOHHBIX MOJIENIEeH, INTAHUPOBAHUE U JAUCIIETYEpU3aALIUs
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Malykhanov Andrey A., Chernenko Vitaliy E., Shuravin Artem D. Designing a platform
for the effective development of discrete-event simulation models.

This paper discusses the concept of a platform for developing process-oriented discrete-event
simulation models. It highlights that building such models can be regarded as a form of software
engineering, and therefore benefits from adopting established tools and practices of the field.
The paper outlines a minimal set of specialized modules essential for the platform’s practical
use. Particular attention is drawn to the fact that a large share of development effort is typically
devoted to implementing and debugging resource scheduling and dispatching logic. It is further
argued that programming code provides clear advantages over visual modeling languages. The
paper concludes by identifying potential directions for the future evolution of platforms
supporting simulation model development.

Keywords: simulation, discrete event modeling, software development, planning and
dispatching.

Mapssmuna /I.H., [deBsatkoB T.B., ®exoroB M.B., badak C.B. HNmuraumonHoe
NPUWIOKEeHHUE IJIS1 MIPOrHO3UPOBAHNS KAa4eCTBA PY/Abl M YIIPAaBJIEHUs] PYA0NOTOKOM.
[IpencraBieH onbIT pa3pabOTKW UMUTAIIMOHHON MOJCIHM U NPHIOXKEHUS, TIPEIHa3HAYCHHOTO
JUISL TIPOTHO3MPOBAHUSA KAaYECTBEHHBIX XapaKTEPUCTUK KAIMHUHOW pPyAbl M YIPABICHUS
PYIOIIOTOKOM B  YCIOBUSIX DPA3IUYHBIX MPOU3BOJACTBEHHBIX CHUTyaluid u  ciabo
MPOTHO3HPYEMOH T'eO0JOorudeckoll oO0cTaHoBke. OCHOBY pEIICHUS COCTABISCT JUCKPETHO-
coObIThiiHasg mmuTanuonHas Mozxeiab Ha GPSS World Core, Bocco3maromass KiarO4eBbIE
MIPOLIECCHl JIOOBIUM U TPAHCIIOPTHPOBKH PYIBI C YYETOM TEXHOJOTMUECKUX OTPAHWYCHUH U
0COOEHHOCTEH JIOTUCTUKU. MOJICNIb TTO3BOJISET MPOTHO3UPOBATH COJICPKAHUE XJIOPUIA KaJTHs
W HEpPacTBOPUMOIO OCTaTKa W YIMPaBIATh MapuIpyTU3alMeld PYIHBIX MOTOKOB B IIEJSIX
cTadmiIM3aliyd ToKaszaTelied Ha Bxoje oOoraTuTenbHOW (aOpuku, a TakkKe IPOBEPATH
BBITIOJIHUMOCTD TIPOU3BOJCTBEHHBIX IJIAaHOB. MHCTpyMEHT OpUEHTHpPOBAH Ha TMOIIEPIKKY
MIPUHSATHS ONIEPATHUBHBIX U CTPATETUYECKHUX PEIICHHI.

KiloueBbie cj10Ba: WMHUTAlIMOHHOE MOJIETUPOBAHKE, TOPHOIOOBIBAIOINIEE MPEANPUITHE,
YIOpaBJI€HUE PYJONOTOKOM, IPOTHO3MPOBAHUE KadecTBa pPYJIbl, NOAAEPKKA MPUHATHS
peLeHui.

Maryashina Darya N., Davyatkov Timur V., Fedotov Maksim V., Babak Sergey V.
Simulation-based application for predicting ore quality and managing ore flow.

This article presents the experience of developing a simulation model and application intended
for forecasting the quality characteristics of potash ore and managing ore flows under various
production conditions and within poorly predictable geological settings. The proposed solution
is based on a discrete-event simulation model implemented in GPSS World Core, which
reproduces the key processes of ore extraction and transportation, taking into account
technological constraints and logistics features. The model enables forecasting of potassium
chloride content and insoluble residue, as well as the management of ore flow routing with the
purpose of stabilizing input parameters of the beneficiation plant and verifying the feasibility
of production plans. The developed tool is designed to support both operational and strategic
decision-making.

Keywords: simulation, mining enterprise, ore flow management, ore quality forecasting,
decision support.
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MacaennukoB A.B., lukmes U.B., Measenkos M.C., Epodeer B.A. KomnbiorepHas
cucrteMa HMMHUTANMOHHOrO MojaenupoBaHusi WERTSIM nis uHKeHepHOro anaJjam3sa
CBApPKH U POACTBEHHBIX TEXHOJIOIHH.

B nannoii cratse onuceiBaercs oreuectBeHHbIil CAE nponykr (Computer-Aided Engineering)
WeRTSim (Welding and Related Technologies Simulation), pa3pabGoTkoifi W pa3BUTHEM
KOTOpOro 3aHumaercsi poccuiickas komnanus AO "HOmocc". OH mnpegHazHaueH is
UMUTAIIIOHHOTO MOJIETTMPOBAHUS U OBICTPBIX PACUETOB IIPU COMTPOBOXKIEHUHU MPOSKTUPOBAHUS
U peaqu3alyy BBICOKOTEMIIEPATYPHBIX IPOLIECCOB, OOBENAMHSAET pa3iMYHblE TEXHOJOTUU
00paboTKK METaJNIOB B OJJHOM HH(POPMAIIMOHHOM CHCTEME, BKITIOUAask pa3InYHbIC BUJIbI CBAPKH,
IIOBEPXHOCTHOE YIIPOYHEHHUE, HAIUIABKY, IIaliKy, I[TOBEPXHOCTHOE JIETUPOBAHUE, PE3KY,
neppopupoBaHue, aJAUTUBHBIC TEXHOJIOTUHU Ui 3D-reyatn MeTaTn4ecKuX U3JIeinuil u ap.
OcoOEHHOCTBIO CHUCTEMBI SIBISIETCS: PACCMOTPEHHE IPU MMUTALMOHHOM MOJEIMPOBAHUU
(YMCIIEHHOM aHaju3€) TOJbKO JIOKAJBHBIX 30H IUIaBICHUS (IJIACTHYECKON aedopmarium),
TEPMHUUECKOI'0 BIMSHUS U MPUIIETAIOUIET0 MeTallIa (a He BCEH KOHCTPYKLIMH), YTO [103BOJISIET
3HAYUTEIIbHO  COKPaTUTh  BpeMsi  pacuéra;  HCIOJb30BaHME  YHU(DUIMPOBAHHOTO
MaTeMaTUYeCKOIr0 ammapara K OINHCAaHUI0 OOIMX /s paccMaTpUBAEMBbIX IPOLIECCOB
buznYeCKUX SIBICHUN U CHEU(PUKU KaXKIOTo Mpoliecca B BUIE HHIUBUYaTbHBIX TPAHUYHBIX
YCJIOBH; T€HEpALHs PaCUéTHOM CETKH MPOU3BOAUTCS CUCTEMON aBTOMAaTUUYECKH 0€3 ydacTust
M0JIb30BATENA; BO3MOXKHOCTh pacyéra MapaMeTpoOB 3KBUBAJICHTHOIO HCTOYHHMKA TEIUIOTHI
l'onpmaka 1o pe3ynbraTam TEPMOJMHAMMYECKOIO aHAIM3a II03BOJIAET  HCIIOJIB30BATH
pesyneratel CAE WeRTSim B xommepueckux FEM-mporpammax, cokpaiiasi TeM CambIM
BpEMsI Ha PyYHYIO KQIMOPOBKY 3THX [TapaMETPOB.

KiioueBble cJIOBa: MMUTAIMOHHOE MOJENUPOBaHHE (PU3MUECKHX MPOIECCOB U SIBICHUIA,
YUCJICHHBIM aHaau3, MaTeMaTU4ecKas MOJENb, CBapKa M POACTBEHHBIE TEXHOJIOIMH;
WHXEHEPHOE MIPOrpaMMHOE 0OecrieueHue.

Maslennikov Alexander V., Dikshev Igor V., Medvedkov Maxim S., Erofeev Vladimir A.
Computer simulation system WeRTSim for engineering analysis of welding and related
technologies.

The article describes CAE software WeRTSim (Welding and Related Technologies
Simulation), being developed by the russian company JSC "Yumaoss". The system is designed
for simitation as well as rapid computation during the design and implementation of high-
temperature processes, integrating the following welding and related technologies within a
single platform: various welding processes, surface hardening, deposition, surface alloying,
cutting, metal additive manufacturing (3D printing), and others.

Key system features include: localized simulation modeling (numerical analysis) focusing only
on melting (plastic deformation) zone, heat-affected zone and adjacent metal (rather than the
entire structure), which significantly reduces the computation time; unified mathematical
framework describing physical phenomena, common to all the processes, with process-specific
boundary conditions; automatic mesh generation requiring no user interaction; calculation of
Goldak equivalent heat source parameters (based on thermodynamic analysis), which enables
their direct transfer into commercial FEM software, eliminating hereby manual parameter
calibration..

Keywords: simulation of physical processes and phenomena, numeric analysis, mathematical
model, welding and related technologies, engineering software.
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MaciaennukoB A.B., Iukmes WH.B., Measeakos M.C., Epodeer B.A. Ilpumenenue
naKera WMHTAOHOHHOro MmojeaupoBanusi WeRTSIM st uMH:KeHepHOro aHajm3a
TEeXHOJIOTHIl CBAPKH.

B nanHo# craThe npuBeneHbl npuMepbl npuMeneHus oredectBeHHoro CAE (Computer-Aided
Engineering) nmpoaykta WeRTSim (Welding and Related Technologies Simulation) ms
peuieHns (aHajaM3a) HEKOTOPBIX THIOBBIX 337124 NMPOEKTUPOBAHMS CBAPOYHBIX MPOIECCOB HA
npumepe cBapku miuaBieHueM (GMAW-nporecc) U cBapkd TPEHHEM C NEpeMelIMBaHUEM
(FSW-nporecc). B wactHoCTH, TOKa3aHbl BO3MOYKHOCTH IPOIPAMMHOTO KOMILIIEKCA B Pacuére
dbopMBI U pa3MepoB CBAPHOTO I1IBA MIPH MHOTOIPOXOJHOMN CBapKe IJIaBALIMMCS 3JIEKTPOIOM
HECTaHAAPTHOTO COCMHEHUS U3 KOHCTPYKIIMOHHON CTaJld U MPOTHO3UPOBAHUU 0Opa30BaHUs
nedexra tTuna «llonocTe» npu cBapke TPEHHEM C MEepeMELINBaHUEM aTIOMUHUEBOTO CIIIaBa.
OTMeueHbl 0COOEHHOCTH €ro MpuMeHeHus. Pa3paboTkoil U pa3BUTHEM MPOAYKTA 3aHUMAETCS
poccuiickas kommanusi AO "FOmocc".

KiroueBble cjI0Ba: MMHUTAllMOHHOE MOJIEIMPOBAHUE, MaTeMaTHYecKas MOJEINb, CBapKa M
POJICTBEHHBIE TEXHOJIOTMH, HWHXXEHEPHOE NporpaMMHoe oOecredyeHue, MPOEKTUPOBAHUE
texHosioruu, ontumuzanus, GMAW-npouecc, FSW-nipouiecc, nedexrsi.

Maslennikov Alexander V., Dikshev Igor V., Medvedkov Maxim S., Erofeev Vladimir A.
Application of the simulation package WeRTSim for engineering analysis of welding
technologies.

This article describes the application of the Russian CAE (Computer-Aided Engineering)
product WeRTSim (Welding and Related Technologies Simulation) to solve (analyze) some
welding process design problems on the example of fusion welding (GMAW-process) and
friction stir welding (FSW-process). In particular, the possibilities of the software system are
shown: calculation of the shape and dimensions of the weld in multi-pass welding with a
consumable electrode of a non-standard joint made of structural steel; prediction of the
formation of a defect “Cavity” in friction stir welding of aluminum alloy. The peculiarities of
its application are highlighted. The product is designed and developed by the russian company
JSC "Umoss".

Keywords: simulation, mathematical model, welding and related technologies, engineering
software, design of technology, optimization, GMAW-process, FSW-process, defects.

Menaypo C.A. UHTe/UIEKTyaJIbHAsI CHCTEMa INOAJCP:KKH NPHHATHA PELIeHM 3agay4
TPAHCHOPTHOM JIOTHCTHKH.

Mendurov Sergey A. Intelligent decision support system transport logistics tasks.

Muxonn C.B. OnenmBanme  KadecTBa  NPO(PECCHOHAIM3MA  HMCHBITYEMbIX
MO/ eJIMPOBAHHEM OTKJIOHEHUH OT HOPMBI.

PaccmarpuBaeTcst 3ajaua OLIGHMBaHUS KadecTBa IMpogeccuoHanu3Ma JETYMKOB. B kauecTBe
UCXOJHBIX JAHHBIX UCMOIb3yeTca HH(pOpMaIus, MOJyuyeHHas B XOJ€ UCIIbITAHUI MUJIOTOB Ha
CTaTOKMHETUYECKYIO YCTOWUYMBOCTh. OLEHUBAHUIO MOJUIEKUT BIUSHUE MWCIBITAHUA Ha
¢duznonornyeckoe M MNCUXO(U3MOIOTHUECKOE COCTOSTHUE HCHbITyeMblX. Ha ocHoBaHuu
UCTIBITAHUN  MPEJCTaBUTEIbHOM BBHIOOPKM THJIOTOB BBIOMpaeTcs BapHaHT CBEPTKH
uHpopManuu 00 UCHBITAaHUSAX, NPUHHMAEMbIi B KauecTBE H3MEpUTENsl KadecTBa HUX
npodeccuonanusma. IlpeanoskeHHbI METO pelleHus 3a/laud COBMEINAeT KiacCH(UKaluio
UCHBITYEMBIX 10 OTKJIOHEHHUSM OT HOPMBI M HX YHOpSAIOYEHHE MO OOO0OIEHHBIM OIIEHKaM
NPUHAAISKHOCTH HopMe. [l pemieHuss 3aJaud  HCIOJIb3yeTcs cHucTteMa BblOopa u
pamxupoBanusi CBUPb-M.
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KualoueBble ciaoBa: MoJenb, MHOTOMEPHOE OILIGHHBAaHME, IOKa3aTellb, COCTOSHUE,
npoecCHoHAN3M, Ka4eCTBO, UMUTAIIHOHHOE MOJICTTUPOBAHUE.

Mikoni Stanislav V. Assessing the quality of professionalism of subjects by simulating
deviations from the norm.

The problem of assessing the quality of pilot professionalism is considered. Information
obtained during pilot statokinetic stability tests is used as the initial data. The impact of the tests
on the physiological and psychophysiological state of the subjects is assessed. Based on the
tests of a representative sample of pilots, a variant of the test data aggregation is selected as a
measure of their professionalism. The proposed solution method combines the classification of
subjects by deviations from the norm and their ordering by generalized assessments of their
compliance with the norm. The SVIR-M selection and ranking system is used to solve the
problem.

Keywords: model, multidimensional assessment, indicator, state, professionalism, quality,
simulation.

Muxanbuyk A.B., AnekceeB A.B., /lpurona B.K., bBouasipes B.E., Mapusu B.H.,
KopueBa 10.B. Metoa uccienoBanusi M NporpaMMHasi NMoOAepKKa Hu(pPoOBU3ANUU
Ka4vecTBa MoJeJieil, BaJanJaanus 4 Bepupukanuu nu(ppoBbix IBOHHUKOB B Cy10CTPOCHUM.
Ha mpumepe onieHKU BaTMIHOCTH U Bepudukammu Mojaeneit kinacca « L {udppoBbIx TBOWHUKOBY
B CYIOCTPOEHHHM PACCMOTPEHA METOAMKA HCCIENIOBAHMS W TEXHOJOTUS IPOrpPaAMMHOM
MOJJCPKKA MH(PPOBU3AIMN KAueCTBA MOJEICH CIIOKHBIX OPraHU3AIMOHHO-TEXHUYICCKHX
CHUCTEM, 4TO0, 0€3yCIIOBHO, CETO/IHS UMEET MIePBOCTENIEHHOE 3HaUeHNe. B pa3BuTHe pe3ynbpTaToB
MPEIBIIYIIAX HUCCIICIOBaHUA NU(DPOBU3ANMN BATHIHOCTH W BepUDHUKAIMH pacCMOTpEHA
BO3MOXXHOCTh M TPUBEJCHA MPOTrpaMMHAs peanusalus Ha 0aze MPOrpaMMHOTO KOMILIEKca
«KM.4» u TpencTaBICHBl KOJIMYECTBEHHBIC OIEHKMA BATUIHOCTH W BEpUPUKAIUU T 6
BapHAHTOB «IU(PPOBBIX TBOHHUKOBY.

KirwueBble cji0Ba: WHTEIUIEKTyallbHAsg MOJJIEPKKA TPUHATHS PEUICHUN, MpOrpaMMHas
peanu3anus, KayecTBO Mojenel, Bepudukanus, BaIUIHOCTh, UU(PPOBON ABOWHUK,
MHOTOKPUTEPHAITBHOCTh, TOJTUMOAETBHOCTb.

Mikhalchuk Andrey V., Alekseev Anatoly V., Drigola Vladimir K., Bondyrev Vladimir
E., Marian Vladimir N., Korneva Yu.V. Research method and software support for
digitalization of model quality, validation and verification of digital counterparts in
shipbuilding.

Using the example of assessing the validity and verification of models of the "Digital twins"
class in shipbuilding, the research methodology and technology of software support for digi-
talization of the quality of models of complex organizational and technical systems are con-
sidered, which, of course, is of paramount importance today. As a follow-up to the results of
previous studies on digitalization of validity and verification, the possibility is considered and
a software implementation based on the KM.4 software package is presented, and quantitative
estimates of validity and verification for 6 variants of "digital twins" are presented.
Keywords: intelligent decision support, software implementation, model quality, verification,
validity, digital twin, multi-criteria, polymodel.

ITansies A.M., ®PuaseB M.II. Oco0eHHOCTH NOCTPOEHHST M  NPHMEHEHHS
CHeIIl/IaJII/II}l/IpOBaHHOﬁ Cpeanl HMUTAIIMOHHOI'O MOAC/IMPOBAHUA nmpoueccon
MaTepHaIbHO-TEXHUYECKOro o0ecrneyeHnsl BOKCK.

OOOCHOBBIBa€TCS ~ AaKTyallbHOCTh  PACUIMPEHUsS NPUMEHEHHs] METOJOB U  CPEICTB
MMUTALMOHHOTO MOJIEIMPOBAaHMs IIPU MOATOTOBKE BOCHHBIX CIIELUAINCTOB B COBPEMEHHBIX
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YCIIOBHSIX. PackpbiBatoTcsi ~ mpoOsieMHBIE  BOIPOCHl ~ IPUMEHEHHS  HW3BECTHBIX
MHCTPYMEHTAJIBHBIX CPEJCTB MOJEIMPOBAHUS ISl pa3padOTKU MMHTAIMOHHBIX MOJEIeH
IPOLIECCOB MaTepUalIbHO-TEXHUYECKOro olecrneueHust Boick. PaccmarpuBarorcs cocrtas,
CTPYKTYpa, OCOOCHHOCTH TIOCTPOCHHMS U MPHUMEHEHHs CHEIHAIM3HPOBAHHON  CpeIbl
MMHTALMOHHOTO MOJIEJIMPOBAHUS HA OCHOBE KOHIIETILUHU PACHPEAEICHHOIO UMUTALHIOHHOIO
MoJieiarpoBaHus B cooTBeTcTBUM co crangaptoMm IEEE 1516-2010 (apxutextypoit HLA).
KiaoueBble cJjioBa: MHTEpaklUs, KOMIUIEKCHAas HMHTALMOHHAs MOJAEIb, MaTepHalIbHO-
TEXHUYEeCKoe  oOecrieuyeHne,  ONEepaTHBHO-TAKTUYECKHE  PAcdeThl,  paCIpEICICHHOE
UMHUTALMOHHOE MOJEIMPOBAaHUE, CpeAa HMHUTALMOHHOIO MOJENUpOBaHus, (eaepar,
deneparusi.

Panyaev Alexey lIvanovich, Filyaev Mikhail Petrovich. Features of construction and
application of a specialized simulation environment for modelling the processes of logistic
and technical support of troops.

The relevance of expanding the use of simulation methods and tools in training military
specialists in modern conditions is substantiated. Problematic issues in the application of
existing simulation tools for developing simulation models of troop logistics processes are
explored. The composition, structure, and specific features of the construction and application
of a specialized simulation environment based on the concept of distributed simulation in
accordance with the IEEE 1516-2010 standard (HLA architecture) are discussed.

Keywords: interaction, complex simulation model, logistics, operational-tactical calculations,
distributed simulation, simulation environment, federation, federation.

ITasaos /I.A., Kopmom A.O. KomiuiekcHoe MoieTMpOBaHue pacnpeieIéHHON 00padoTkn
U aHaJIM3a TejleMeTpuyeckoii uHpopManumm B cucreMe HHGOPMALMOHHO-
TeJleMeTPUYeCKOro odecneyeHus .

Pa3zpaGoran HOBBIH MOAXOJ, HAIEJEHHbIH Ha MOBBIIIEHUE 3((HEKTUBHOCTH KOHTPOJIS
COCTOSTHUSI OOPTOBBIX CHCTEM KOCMHUYECKHX allapaToB B YCIOBUIX yBEIUYEHHs OpOUTAIBHON
IPYNIUPOBKM KOCMHMUYECKMX amnmapartoB. KiroueBoil 0COOEHHOCTBIO JAHHOTO IMOAXOZa
ABJIIETCS BHEAPEHUE MEXaHU3Ma HHTEJUIEKTYalbHOrOo oTOOpa Haubojiee 3HAUYUMBIX U
penpe3eHTaTUBHBIX HA0OPOB TEIEMETPUPYEMBIX NApaMeTPOB. DTOT MEXaHU3M OazupyeTcs Ha
KOMIUIEKCHOM Yy4YeTe TaKHWX KPUTHUYECKH BaXKHBIX AacCIEeKTOB, KaK BBICOKas CTPYKTypHas
U3MEHYMBOCTb COCTOSIHMS OOPTOBBIX CHCTEM, 3HAUMTEIbHOE TeMaTHuyeckoe U (opMalibHOE
pazHooOpa3ue UH(MOPMALMOHHBIX TIOTOKOB, a Takke€ OOBEKTHBHbIE OTPaHUYEHUS,
HaKJIaJbIBa€Mble TMPOIMYCKHONH CIIOCOOHOCTbIO KaHAJIOB CBSI3M B paMKax CyLIECTBYHOIIEH
apxutextypsl CUTO.

KoneuHoll 1nenbio paboThl SBJISETCS ONTUMU3ALMS MPOLEAYp aHajiu3a OOJIBIIMX JaHHBIX
TEJIEMETPUN UYepe3 MAaKCHUMHU3ALUI0 UX HH(POPMAIMOHHON OTAAaYM MpH OJHOBPEMEHHOM
COKpaIlleHUH TpedyeMoro /st 00paboTku oObema.

[TpakTHyeckas 3HAYUMOCTH IIOJIYYEHHBIX PE3YJIbTAaTOB 3aKJIIOYAaeTCs B BO3MOKHOCTH HX
HEINOCPEJICTBEHHOTO TMPHUMEHEHUsl JJIi COBEpIICHCTBOBAHUS IPOLECCOB IJIAHUPOBAHUS U
PaLMOHATIBHOTO paclpe/ieIeHUs] MacCUBOB TeleMeTpuyeckord MHGopMau. DTO MO3BOJSET
JOOUTHCS paBHOMEPHOTO pacIipesielieHusl Harpy3Kku Ha kaHaubl cBsizu CUTO, npenoTBpaTtuth
UX MEPErpy3Ky U, KaK CIEICTBUE, TOBBICUTH OOIIYIO MPOITYCKHYIO CIIOCOOHOCTh, HaIE)KHOCTh
U 3QPeKTUBHOCTh (PYHKIMOHUPOBAHUS BCEM CHUCTEMBbl MH(POPMAIMOHHO-TEIEMETPUUECKOTO
obecrieueHHs B LIETI0M.

KutoueBble c1oBa: cucreMa HH()OPMAIIMOHHO-TEIEMETPHUUECKOI0 00eCeueHusl, alrOpUTMbI
00paboTKK HHPOPMALIUH, TUarpaMMa ONeparuii.
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Pavlov Dmitriy A., Kormosh Alexey O. Comprehensive modelling of distributed
processing and analysis of telemetry information in the information and telemetry
support system.

Anew approach aimed at improving the efficiency of monitoring the state of onboard spacecraft
systems in the context of an increase in the orbital grouping of spacecraft is developed and
proposed. The key feature of this approach is the introduction of a mechanism for intelligent
selection of the most significant and representative sets of telemetry parameters. This
mechanism is based on a comprehensive account of such critical aspects as the high structural
variability of the state of onboard systems, a significant thematic and formal variety of
information flows, as well as objective limitations imposed by the bandwidth of communication
channels within the existing CITO architecture.

The practical significance of the obtained results lies in the possibility of their direct application
for improving the planning processes and rational distribution of telemetry data arrays. This
makes it possible to achieve an even distribution of the load on the CITO communication
channels, prevent their overload and, as a result, increase the overall throughput, reliability and
efficiency of the entire information and telemetry support system as a whole.

Keywords: information and telemetry support system, information processing algorithms,
operation diagram.

IlepeBaproxa A.FO. Meroqy HMMHTANMOHHOIO MOJEJMPOBAHMSA MYJIbCHPYHOIIUX
IMHUACMUYECCKHX M HHBAa3HOHHBIX IPOLECCOB HA OCHOBE NPEIHMKATOB W THOPHIHBIX
CTPYKTYP.

Jloxiiaq TOCBAIIEH pa3BUTHIO METOJAa HMHUTALMOHHOIO MOJEIUPOBAHMS CTPEMUTEIBHO
pa3BHUBarOIIMXCA OMO(U3MUECKUX MPOIECCOB, TAKUX KaK WHBA3UU arpecCUBHBIX BUAOB U
snuaeMur B (GopMme depesibl NMUKOB AaKTUBHOCTU BO3OYIUTENS MU SMUIEMHYECKHX BOJIH.
[TpennosxxeHo GpopMupoBaHUE MOACTUPYIOIIUX CTPYKTYP C BKIFOUYCHHOH JIOTUKOM, 3a/1at0Ien
YCIIOBUS IIEPEOIPENEICHNS] CUCTEMbl YPABHEHUN HAa OCHOBE OTCIIEKUBAHUS M3MEHSIOIINXCS
HBOJIFOLIMOHHBIX XapaKTEPUCTUK U TpaHCHOPMUpPYIOUIUXCS MapameTpoB. ['uOpuaHas Monaenb
13 Habopa BIOMPAEMBIX IO 3aJJaHHBIM YCIOBHUSAM IepeorpeaesseMblX GyHKINNA aKTUBALMNA U
neMnupoBaHus KojleOaHU UMUTHUPYET MOCIIEACTBUS COOBITUIHON 3BOJIIOLIMY BO30OYAUTEIIS.
Ha ocHOBe alropuTMHUYECKOM peanu3aluy CTPYKTYpPbl IIEPEXOJ0B MEXAY peXUMaMU
MOBE/ICHNS B CEPUM UMUTALIMOHHBIX CLIEHAPUEB Pa3BUTHS SIUAEMUYECKUX BOJH B PETHOHAX B
3aBHCUMOCTH OT (DAaKTOPOB MMMYHM3AIIMU U OLIEHKU I€HICTBEHHOCTH aHTUAIHIEMHUUECKUX MEP.
[TosyueHsl clieHapuM pa3BUTHSA SIUAEMHUYECKOM CHUTyallUM IMPU CMEHE JOMUHHUPYIOLIUX
mrammoB LB.8/XEC/XBB kopoHaBupyca B MSTH peruoHax.

KioueBble c10Ba: UMHUTALMOHHOE MOJEIUPOBaHME OHOPHU3MUECKUX  MPOILIECCOB,
AMUIEMUYECKUE BOJIHBL, IEPEXOHBIE KOJIeOaTeNIbHbIE PEXKUMBbI, THOPUIHBIE BBIYMCINUTEIbHbBIE

CTPYKTYPBHI.

Perevaryukha Andrey Yu. Simulation method for pulsating epidemic and invasive
processes based on predicates and hybrid structures.

The report is devoted to the development of a method for simulating rapidly developing
biophysical processes, such as invasions of aggressive species and epidemics in the form of a
series of peaks in pathogen activity and epidemic waves. The paper proposes the formation of
modeling structures with enabled logic that sets the conditions for redefining the system of
equations based on tracking changing evolutionary characteristics and transforming parameters.
A hybrid model from a set of redefined activation functions and oscillation damping selected
according to specified conditions simulates the consequences of the event-driven evolution of
the pathogen. Based on the algorithmic implementation of the structure of transitions between
behavior modes in a series of simulating scenarios for the development of epidemic waves in
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regions depending on immunization factors and an assessment of the effectiveness of anti-
epidemic measures. Scenarios for the development of an epidemic situation with a change in
the dominant strains LB.8/XEC/XBB of coronavirus in five regions are obtained.

Keywords: simulation of biophysical processes, epidemic waves, transient oscillatory modes,
hybrid computing structures.

Iepues H.B., JlorunoB K.K. UYucieHHoe croxacTHyeckoe MOJAeJUPOBAHME
MEKKJIETOUYHBIX B3aNMO/IeCTBHUIi B 3a1a4aX HMMYHOJIOTHH.

IIpencraBnena HeNpepbIBHO-IUCKPETHASI CTOXACTHYECKAsh MOJIEIb, ONKMCHIBAIOIIAS TUHAMUKY
JIBYX KJIETOYHBIX TMONYJALMHA C Y4EeTOM KOHTAKTHOTO B3aUMOJCUCTBUS KIETOK W
dbopMUpOBaHUA KOMIUIEKCA W3 Tap KIETOK pa3jMyYHbIX Nonyasaiuil. J{muTenbHOCTD
CYyILIECTBOBaHUSI KOMIUIEKCA, COCTOAIIETO0 M3 Mapbl KJIETOK, OMHMCHIBAECTCS MPOU3BOIBHBIM
pacupeseneHueM, COCPEJOTOYEHHBIM Ha KOHEYHOM IIPOMEKYTKE BpemMeHu. B kauectBe
MEPEMEHHBIX MOJICJN HUCIOJIB3YIOTCS YMCIECHHOCTH KJIETOYHBIX MOMYJSIUNA, YUCICHHOCTD
00pa3oBaHHBIX Map KJIETOK U CEMEHCTBO YHUKAIBHBIX THUIIOB OOpPa30BaHHBIX Map KIETOK,
VUUTHIBAIOIINX  TMpeapicTOpuio  ux  (opmupoBanus. llpencraBieHbl  peKyppeHTHBIE
COOTHOUIEHUSI JJI1 MEPEMEHHbIX MOJENIH, aIrOPUTM M  PEe3yibTaThl YHUCIEHHOTO
MOJEIMPOBaHUs Ha OcHOBEe merona Monte-Kapno. B kauecTBe mMpuiIOkKEHHS pacCMOTpEHA
CTOXACTUYECKAsi MOJIENb, ONTMCHIBAIOIAsl KOHTAKTHBIE B3aMMOICHCTBUS 3aPaXKEHHBIX KJIETOK U
€CTECTBEHHbIX KiIeTOK-KuiuiepoB (NK-ki1eTok).

KurroueBble c10Ba: HENPEPHIBHO-IAUCKPETHBIN CIy4allHbIN MPOLIECC, TUHAMMKA IMOIMYJIALHH,
Meto MonTe-Kapio, ceMeicTBO YHUKAIbHBIX TUIIOB, BBIYMCIUTEIbHBIN 3KCIIEPUMEHT.

Pertsev Nikolai V., Loginov Konstantin K. Numerical stochastic modeling of intercellular
interactions in immunology tasks.

A continuous-discrete stochastic model that describes the dynamics of two cell populations
taking into account contact interactions of cells and formation of a complex of cell pairs of
different populations is presented. The duration of existence of a complex consisting of a cell
pair is described by an arbitrary distribution concentrated on a finite time interval. The numbers
of cell populations, the number of formed cell pairs, and a family of unique types of formed
cell pairs that take into account the history of their formation are used as model variables.
Recurrence relations for the model variables, an algorithm, and the results of numerical
simulation based on the Monte Carlo method are presented. A stochastic model describing
contact interactions of infected cells and natural killer cells (NK cells) is considered as an
application.

Keywords: continuous-discrete random process, population dynamics, Monte Carlo method,
family of unique types, computational experiment.

Mo3ausako C.C., JleBarko T.B., ®egoroB M.B. IlpoekTupoBanue 06e3 COMHEHHIi:
npumenenne miaargopmel ALINA GPSS nos onpenesieHusi onTUMAJIbHBIX IIAPAMETPOB
HOBOTI'O IPOU3BOJACTBEHHOI0 YYaCTKA.

B craTtbe npencrasien npumep npuMmeHeHus miaargopmel moaenupoanus ALINA GPSS s
orpejeNieHus mapaMeTpoB paboThl HOBOTO TPOU3BOJICTBEHHOTO II€Xa MO H3TOTOBJICHHUIO
TUIIOBOTO M3JeNna. MOAEnp UCIONIb30BANIaCh JUIsl ONPEACIEHUS BO3MOXHOCTU JTOCTHKEHUS
3aJaHHOr0 oObeMa TPOM3BOJACTBA M3JCIUA C TOMOLIbI0 HECKOJBKHX TEXHOJOTHUH,
oTpesieNIeHus] He0OXOAMMOr0 U JOCTATOYHOTO KOJMYECTBa MepcoHala W 000pylOBaHHUSA, a
TaK)Ke BBISBJIEHUE «Y3KHX» MECT Ha MPOU3BOJCTBE. B cTraThe mpeacTaBieHbl NpuMepsl Gopm
BBO/Ia JIaHHBIX U OTYETHBIX (HOPM.

KiroueBbie ciaoBa: wumutanmonHoe wojenupoBanne, ALINA GPSS, wmoapenupoBanue
IIPOU3BO/ICTBA.
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Pozdnyakov Sergey S., Fedotov Maxim V., Devyatkov Timur V. Design without doubt:
application of ALINA GPSS for determining optimal parameters of a new production
shop.

The article presents an example of applying the ALINA GPSS simulation platform to determine
operational parameters for a new production shop. The model was used to assess the feasibility
of achieving the target production volume using multiple technologies, determine the necessary
and sufficient number of personnel and equipment, and identify production bottlenecks. The
article includes examples of data input forms and reporting formats.

Keywords: simulation, ALINA GPSS, production simulation.

Hponsixkun H.C., ®enoroB M.B., /leBsaiTkoB T.B. AHa/IU3 3arpyKeHHOCTH TPAHCIOPTHBIX
Marucrpajeii B npunopToBoii 3oue Xacanckoro TY ¢ momoubio miaargpopmsl PUTM?® u
ALINA GPSS.

B cratpe mpezacraBieHa mporpamMmHas cuUcTéMa sl MPOBEACHUSI KOMIUIEKCHOTO aHaIu3a
3arpy’>K€HHOCTH TPAHCIOPTHON WH(GPACTPYKTYphl XacaHCKOTO TPAHCIOPTHOTO y3Ia,
noctpoenHas Ha 6ase mmargopm RITM® nu ALINA GPSS. MHCTpyMeHT 1aéT BO3MOXKHOCTH
uccaenosarenssM u3 MI'Y wum. HeBenbckoro mnpoBOAWTH pa3iuyHbIe SKCIEPUMEHTHI M
BBISIBJISITH  KITFOUEBBIC (DAKTOPBI, BIUSIONME Ha A()(OEKTHBHOCTH IKEIC3HOMOPOKHBIX U
ABTOMOOWJIBHBIX ~ TPY30ME€PEBO30K,  AHAJIM3HPOBATh  3arpy’)KEHHOCTh  TPAHCIIOPTHOMN
UH(PPACTPYKTYpHI U €€ OTACIIbHBIX JIEMEHTOB.

KioueBble cj10Ba: MMHUTAIIMOHHOE MOJICIMPOBAHHUE, RITM?3, ALINA GPSS, TPaHCIIOPTHOE
MOJICJINPOBAHUE, )KEIIE3HOLOPOKHBIE TPY30IIEPEBO3KH.

Pronyakin N.S., Fedotov Maxim V., Devyatkov Timur V. Khasan transport hub sea port
zone cargo traffic congestion analysis using RITM?2 and ALINA GPSS platforms.

The article introduces a software system designed to perform an in-depth analysis of traffic
congestion within the Khasan transport hub. This system is built upon the foundation of the
RITM? and ALINA GPSS platforms. The software provides researchers at the Maritime State
University named after Admiral Nevelskoy with a powerful toolset to conduct extensive
experiments such as identifying critical factors influencing the efficiency of both rail and road
freight transportation etc.

Keywords: simulation, RITM3, ALINA GPSS, traffic simulation, railroad freight
transportation.

Pamenckas A.B., bekremnpos P.P., Kopueiiuenko E.H. ArenTHasi moeb noBeeHus
BKJIAJYHKOB Ha PbIHKe 0aHKOBCKHX YCJIYT (BKJIA0B).

Jnst crabunbHOTO (PYHKITMOHHPOBaHUS OaHKaM HEOOXOIUMO aHATU3UPOBAThH MPEANOUYTECHUS U
MOBEJICHUE CBOUX KIHMEHTOB. BBICOKOE 3HaueHWe KIHYEBOM CTaBKM OTPa3wiIoOCh Ha
JIETIO3UTHON MONUTHKE OaHKOB. Llenb mccnenoBanus — pa3paboTKa UMHUTAIIMOHHOW MOJENH
MOBE/ICHUS KJIMEHTOB Ha PETMOHAILHOM PbIHKEe 0aHKOBCKMX BKIJIanoB. [IpennoxeHa areHTHas
MMUTAIMOHHAS MOJIENb, OMHUCHIBAIONIAS PBHIHOK OAHKOBCKMX BKJIQJOB B PETHOHE C TpeMs
0aHKaMU ¥ OTPAaHUYEHHBIM KOJIMYECTBOM MOTEHIIMAIBHBIX BKJIAIYMKOB. PaccMOTpeHBI 1Ba
CIleHapusl BHEJPEHUS HOBOTO BKJIaJa HA PIHOK. OTieHeHbI JOJIU 0aHKOB MOCTe TOSBICHUS HA
PBIHKE HOBOTO BKJIaJIa C TIOBBIILIEHHON MPOLIEHTHON CTaBKOM.

KiroueBbie cj10Ba: MMHUTAIMOHHOE MOJIECIMPOBAHUE, BKJIAIbI, ar€HTHOE MOJICTUPOBAHUE,
MPEOYTEHHUs BKIQUUKOB, OaHKH.
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Ramenskaya Alina V., Bektemirov Rinat R., Korneichenko Ekaterina N. Agent-based
Model of Depositors' Behavior in the Regional Market of Banking (deposits).

Banks need to analyze the preferences and behavior of their customers for stability. The high
value of the key rate has affected the deposit policy of banks. The purpose of the study is to
develop simulation model of customer behavior in the regional bank deposit market. The paper
proposes an agent-based simulation model describing the bank deposit market in a region with
three banks and a limited number of potential depositors. Two scenarios of introducing a new
deposite to the market are considered. We assessed the market shares for banks after a new
deposit with an increased interest rate appeared on the market.

Keywords: simulation, deposits, agent-based modeling, depositors' preferences, banks.

Porop M.A. Hcnonb3oBaHue CMapT-KOHTPAaKTOB ¢ opakyJjoM B Buae HUU-arenta B
JAepUBATHBAX.

[To mepe pa3BuTHs (UHAHCOBOW MHKEHEPHH M COBPEMEHHBIX TEXHOJIOTHI JaBHO Ha3peBILas
MOTPEOHOCTh, B Pa3BUTHH METOJIOB aJbTEpPHATHBHON mniepenaun pucka (Alternative Risk
Transfer, ART) mnony4aer HOBbIE NEpPCHEKTHBHL. AKTYaJbHOCTh MPOOJIEMBI Iepeaadn
OIEPAllMOHHBIX M HMHBIX PUCKOB Ha PBIHOK MIOMHMO CTPaxOBBIX IPOTPaMM YpPE3BbIYANHO
BBICOKAa. B crarbe npemmaraeTcss INOTEHUHAIBHOE pEUICHHWE B BHJE TEJIEMATHYECKOIO
xexupoBanus. [lopTdens HHIEKCHBIX 1epUBAaTUBOB Ha ONEPallMOHHBIE U UHBIE PUCKH MOXKET
OBITh peanu3oBaH B (OpME CMAPT-KOHTPAKTOB C BCTPOCHHBIM MCKYCCTBEHHBIM MHTEIIIEKTOM
(HelpoceThI0 HYKHOM TOIOJIOIMH) B allapaTHOM opakyJe B (popme M -areHTos.
KawoueBbie caoBa: Alternative Risk Transfer (ART), Asset Health Index (AHI),
«HelipodunancoBast Teopusi», TeIeMAaTUYECKOE XEIKUPOBaHHE, CMapT-KOHTpakTel, MNU-
areHTHl, aKTUBALMOHHAS (PYHKIUS HEHPOHOB, TUIATe)KHAS (PYHKIUS ONIIHOHOB.

Rogov Mikhail A. Using smart contracts with an oracle in the form of an Al agent in
derivatives.

As financial engineering and modern technologies develop, the long-overdue need for the
development of Alternative Risk Transfer (ART) methods is gaining new prospects. The
problem of transferring operational and other risks to the market, beyond insurance programs,
is extremely relevant. The article proposes a potential solution in the form of telematic hedging.
A portfolio of index derivatives for operational and other risks can be implemented in the form
of smart contracts with built-in artificial intelligence (a neural network of the required topology)
in a hardware oracle in a form of Al-agents.

Keywords: Alternative Risk Transfer (ART), Asset Health Index (AHI), "Neurofinancial
theory"”, telematic hedging, smart contracts, Al-agents, neuron activation function, option
payoff function.

PoixenkoB A.B. Onuccest 0T Mo/ie/ 1M NPOMBIILJIEHHOTO HMKJIA K IKCIEPHUMEHTAJIbHBIM
000CTPEHHBIM pesKUMaM.

Mapxkcuctckast Makpomosienb L-2 oxBaTtsiBaeT yetbipe O/1Y, B Helt crTouMOCTh paboyeid CHITBI,
HOpMa 3aHITOCTH, GOHI00TAaua U HOpMa HaKOIIeH!Us — (pa30BbIe IepeMeHHbIe. [ mpoBepku
L-2 moka3aTenbcTBOM OT MPOTUBHOTO (contradictio in contrarium) moctpoeHa mojaens L-2-S ¢
3aMEHOM OPUTHHAIHHOTO ypaBHEHUS I (POHIO0TIAYN «HEOKIACCHYECKUM) YpaBHEHUEM Ha
Oase MOJCIN P. COJ'on, 4YTO MCHSACT YpPAaBHCHUA i1 HOPM 3aHATOCTH W HAKOIIJICHUS.
Hapymienust nponopuuoHanbHOrO U AU @PepeHIuanbHOr0 pPeryaupoBaHUsl MOPOKIAIOT
CTPYKTYPHYIO H CCIJIOBYIO HCyCTOfI‘{I/IBOCTL; MOZACIINPYCMBIC O6OCTpeHHLIe PCIKUMBI
OTPaXKaroT IEHCTBUTENIBHBIE YTPO3bl YCTOMUYNBOMY Pa3BUTHIO.

KinoueBble cI0Ba: HaKOIUIEHHUE KaruTamia, HpOMBIHlHeHHBIﬁ HUKJ, TOCYyHAapCTBCHHO-
MOHOITOJINCTUYECKOE PETYIUPOBaHuE, “‘Heokaccuueckas” Monenb Cosioy, HepaBHOBECHE.
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Ryzhenkov A.V. Odyssey from the industrial cycle model to experimental aggravation
modes.

Marxist macromodel L-2 encompasses four ODEs — for labour power value, employment ratio,
output-capital ratio, accumulation rate. To test L-2 by contradiction (contradictio in
contrarium), L-2-S replaces the original output-capital ratio equation with a «neoclassical»
equation based on R. Solow's model that alters the employment ratio and accumulation rate
equations. Violations of proportional and differential control cause structural and saddle-point
instabilities; simulated aggravation modes reflect real threats to sustainable development.
Keywords: capital accumulation, industrial cycle, state-monopoly regulation, «neoclassical»
Solow model, disequilibrium.

CamoiinoBa K.B., 3amsituna E.b. BoisiBjieHHe 1 HHTepnpeTanusi y3KMX MecT B Ou3Hec-
Npoueccax, OCHOBAaHHbIC HA 3HAHUSAX.

B pabote npeanoxeH moaxoi K BBISIBICHUIO U MHTEPIPETAIMU PUCKOB B OM3HEC-TIpoIieccax
IIPY [TOMOULIY NPUMEHEHHUSI UMUTALMOHHOTO MOJEJIUPOBAHUSA U OHTOJOTMYECKOr0 MOIXOJA.
Tpanchopmanus Ou3HEC-TIpoIecca, OMUCAHHOTO B OAHOW W3 HOTAIMH B MMHUTAIIMOHHYIO
MOJI€JIb, MO3BOJSAET NPOAHAIU3UPOBATh €0 IOBEJCHUE B AMHAMHUKE M BBIABIATH CKPBITHIE
pUCKU. DKclepTHass CHUCTEMa, B OCHOBE KOTOPOW JIEKUT OHTOJIOTHS, IIOMOIaeT
UHTEPIPETUPOBATh PUCKM M HIpeuiaraeT Habop KOHTpMEp A UX mpenoTBpaineHus. Tem
CaMbIM  pacIIMpsAs  BO3MOXXHOCTM  MMHUTAalMOHHOIO  MOJEIMPOBAaHMS B  paMKax
MHOT'OMOJEJIBHOTO TIOAXO0AA.

KiiroueBbie €10Ba: MMUTALMOHHOE MOJEIMPOBAHUE, OHTOJOIMYECKH ITOAXOJ, DKCIEpPTHAs
cucreMa, UeHTU(UKAIUS PUCKOB, HHTEPIPETALUs PUCKOB, MHOTOMOEIbHBIN MOAXOI.

Samoilova K.V., Zamyatina E.B. ldentification and interpretation of bottlenecks in
business processes based on knowledge.

The paper proposes an approach to the identification and interpretation of risks in business
processes using simulation modeling and an ontology-based approach. The transformation of a
business process described in one of the notations into a simulation model makes it possible to
analyze its dynamic behavior and to identify hidden risks. The expert system, based on an
ontology, helps to interpret risks and provides a set of countermeasures for their mitigation.
This extends the capabilities of simulation modeling within a multi-model approach.
Keywords: simulation, ontology-based approach, expert system, risk identification, risk
interpretation, multi-model approach.

Ckpbeinauk M.A. Meron HHPOPMALIMOHHONW NOANAEPKKHM TPHHATHS pPelIeHUH B
aBTOMATU3HMPOBAHHBIX CHCTEMaX YNPaBJIEHHS CIEIHAIBLHOI0 HA3HAYEHUS] MO OLEHKe
PHCKOB B BO3AYIIHOM NPOCTPAaHCTBE.

IIpensioxen METO[ MH(OPMaLIMOHHON MOAAEPIKKHA HPHUHATHS peleHni B
ABTOMAaTU3UPOBAHHBIX CHCTEMaxX VYIPABICHHUS [ OLIEHKA PHUCKOB B  BO3JIYIIHOM
MpocTpaHcTBE. MeTOJl OCHOBaH Ha MCIHOJb30BAHUM HEYETKOW MOJEIU, MO3BOJSIONIEH
YUUTHIBATh HEOMPEAEIEHHOCTh TAHHBIX 00 Yrpo3ax U aBTOMAaTH3UPOBATh MPOIIECC UX OIEHKH.
OTO cokpamaer BpeMs Ha aHaiu3 HHPOpPMAIMM M MOBBIIIAET KauyeCTBO MPUHUMAEMbBIX
pELIEHU.

KaroudeBnble ciioBa: HMUTAIUOHHOC MOJCIIMPOBAHUC, TIOAACPKKA IIPUHATUA pemeHHﬁ, OII€CHKAa
PHCKOB, BO3IYIIHOE MPOCTPAHCTBO, HMH(OPMAIMOHHAS MOJENb, (hopMaln3alus 3HaHUM,
HCYCTKas JIOrnkKa, KHaCTepHBIﬁ aHaJIn3.
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Skrypnik Maksim A. Method of information support for decision-making in automated
control systems for airspace risk assessment.

This paper presents a method of information support for decision-making in automated control
systems for airspace risk assessment. The proposed method employs a fuzzy model to account
for uncertainty in threat data and automate the threat evaluation process. This approach reduces
the time required for analysis and improves the quality of decisions.

Keywords: simulation, decision support, risk assessment, airspace, information model,
knowledge formalization, fuzzy logic, cluster analysis.

CoxoisioB b.B., Busuaps P.M., IITymkun A.U. Pe3yabTarbl NpuMeHEeHHS] METOAUKH
OLICHMBAHHUS AJeKBATHOCTH MHOTOKPUTEPHAJIbHBIX HMHTALMOHHBIX MO/IeJIei HA OCHOBE
aHAJIN32 BePOSTHOCTH o0ecre4eHUsl TOYHOCTH BBINIOJIHEHHS BeeX 321a4 MOJAeTHPOBAHMSA.
B nanHO#l craThe mnpeanaraercsa 0OCYXXIEHHME pPE3ylbTaTOB MPUMEHEHUS OPUTMHAIBHON
METOJMKHU OLICHUBAaHUsA aJC€KBAaTHOCTH MHOTOKPUTEPHAIBHBIX MMHTALMOHHBIX Mojeneil. B
OCHOBE METOAMKH JICKUT HOBBIM MOAXOJ K OLICHUBAHWIO aI€KBATHOCTH HA3BAHHBIX MOJEJIEH
CBOOOAHBIN OT CyOBEKTUBU3MA 3@ CUET MCIOJIb30BaHUS B KaUECTBE KPUTEPHS aleKBAaTHOCTHU
BEPOSITHOCTH 00ECHeueHUs] TOYHOCTU BBINOJHEHHMs BCEX 3a/1ad, CTOSAMIMX Iepen
MOJEIINpyeMBbIMH ITponieccamu. IIpencraBnena CTpykTypHas cxeMa NPUMEHEHUS METOJIUKH.
[TpuBeneHbl pe3ynbTaThl OLEHUBAHUS aJECKBAaTHOCTM HMMHMTALMOHHBIX MOJENEH Ipouecca
(YHKIIMOHUPOBAHUSI ~ PEAIbHBIX  CIOXKHBIX  OPraHU3AIMOHHO-TEXHUYECKHX  CHUCTEM,
3¢ (eKTUBHOCTh KOTOPOTO MPE/CTABICHA ABYMS MOKA3aTEISIMU.

KiroueBble €j10Ba: MMHUTAlMOHHOE MOJEIMPOBAHNUE, MHOKPUTEPHUAIBHOCTh, aJ€KBAaTHOCTH
MoJenu, 3 (HEeKTUBHOCTD, CI0XKHAsE OPraHU3aALMOHHO-TEXHUYECKas CUCTEMA.

Sokolov Boris V., Vivchar Roman M., Ptushkin Anatoly 1. The results of the application
of the methodology for assessing the adequacy of multi-criteria simulation models based
on the analysis of the probability of ensuring the accuracy of all modeling tasks.

This article offers a discussion of the results of the application of the original method-ology for
assessing the adequacy of multi-criteria simulation models. The methodology is based on a new
approach to assessing the adequacy of these models, free from subjectivity by using the
probability of ensuring the accuracy of all tasks facing the modeled processes as a criterion of
adequacy. A block diagram of the application of the technique is presented. The results of
assessing the adequacy of simulation models of the functioning of real complex or-ganizational
and technical systems, the effectiveness of which is represented by two indica-tors, are
presented.

Keywords: simulation, multiple criteria, model adequacy, efficiency, complex organizational
and technical system.

CokonoB b.B., 3axapoB B.B., 3enennoB B.A., Kapcaes O.B., Kyaakor A.lO.
Metonosioruss M HMHPOPMALMOHHBIE TEXHOJOTHM TMPOAKTHUBHOIO YNpPaBJICHUSA
rPYNNUPOBKAMH KOCMHMYECKHX AaNnapaToB HAOJI0JeHHsI HA OCHOBE KOMILIEKCHOIO
MO/eJIMPOBAHMS.

B nokmanme mpexacraBieHa paspaboTaHHas €ro aBTOpaMu WH(OpPMAIMOHHAS TEXHOJOTHS
MPOAKTUBHOTO  YIPABICHUS TPUMEHEHHEM MHOTOCIYTHHUKOBBIX TpynmupoBok (MI)
Majopa3MepHbIX Kocmudeckux amnmapatoB (MKA) naGmroneHus, OCHOBaHHAsI METOOJIOTHH
CUCTEMHOTO MoJenupoBaHus (QyHKuuoHUpoBaHuss MI HaOMIOACHUS W KOMILIEKCHOM
MPUMEHEHUN  QJITOPUTMOB  MHOTOKPHUTEPUATBHON  ONTUMH3AIMKM W  MHOTOAreHTHBIX
TEXHOJIOTH, MO3BOJISIIOIIMX COBMECTHO pElIaTh 3a/aud LIEHTPAIU30BAHHOIO (C HA3€MHBIM
komruiekcom ympasieHusi (HKVY)) u nenentpanmmzoBannoro (6e3 HKY) mmanmpoBanus u
OTIEpAaTUBHOTO YIpaBIEHUS BbICOKOMaHeBpeHHbIMM MKA pa3nuuHOoro Ha3HaueHUs B
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cTpyktype MI', BKiIrouas 3amayu JOCTABKH PE3yJIbTaTOB ChEMKH MOTpeduTeNnsiM. B cocras
pa3pabOTaHHOIO MOJMMOJEIBHOIO KOMIUIEKCA BOLUIM AHAIUTUKO-UMUTALIMOHHBIE JIOTMKO-
nuHamuyeckue moaenu ynpasienuss MIT MKA u HKY, nelipocereBbie Moi€/Ii OLICHUBAHUS U
IPOTHO3UPOBAHUSA COCTOSHUSL OopToBO# ammapatypsl MKA u areHTHO-OpHEHTHpPOBAHHBIC
MOJENIM  aBTOHOMHOro  rpymnmoBoro  ympasieHus (AI'Y) MKA. IIpoBogumebie
AKCIEPUMEHTAJIbHBIE UCCIIEI0BAHUS [T0KA3bIBAIOT BO3MOXHOCTh CYIIECTBEHHOT'O MTOBBILICHUS
a¢dexTUBHOCTH mpollecca IIAHUPOBAHUA HpuMeHeHuss MI, cocToAIuX W3 HECKOJIBKHX
necatkoB MKA nabmionenus. [lpumenenue pazpaboTaHHBIX WH(POPMAIIMOHHBIX TEXHOJIOTHIA
oOecrieunBaeT MoBbIIeHUE PGEKTUBHOCTH Ipoliecca IUIAHUPOBaHUs mpuMeHeHus u ALY
MHOT'OCITYTHHUKOBO# opOuTanbHoi rpynnupoBku MKA nabmoaenus. Tak, HapuMep, 1eJIeBOoi
BBIMTPHIII B 3((EKTUBHOCTH IUIAHUPOBAHUS MPU MPUMEHEHUU pa3paboTaHHOW TEXHOJOTUU
COCTOHT B YBEIMUEHUU MPOITYCKHOM CIIOCOOHOCTH (MPOU3BOAUTENBHOCTH) MI' He MeHee YyemM
Ha 10%-15%.

KioueBble ci10Ba: THPOPMALMOHHAS TEXHOJIOTHS POAKTUBHOTO YIIPABICHUS TPUMEHEHUEM
MHOTOCITYTHUKOBBIX TPYNIUPOBOK MajOpa3MEpHBIX KOCMHUYECKUX allapaTroB HaOIOJeHUs,
MOJIMMO/IETIbHOE ONMCAaHMsI, MHOTOKpUTEpHUAJIbHAS ONTUMM3AIMsl, HEMPOCETEBbIE U araHTHO-
OPUEHTHUPOBAHHBIE MOJIEIH.

Sokolov Boris V., Zakharov Valerii V., Zelentsov Vyacheslav A., Karsaev Oleg V.,
Kulakov Alexandre Yu. Methodology and information technologies for proactive control
of observation spacecraft constellations based on complex modeling.

The report presents the information technology developed by its authors for proactive control
of the use of multi-satellite constellations (MSG) of small-sized observation spacecraft (SSC),
based on the methodology of system modeling of the operation of MSG observation and the
integrated use of multi-criteria optimization algorithms and multi-agent technologies that allow
jointly solving the problems of centralized (with a ground control complex (GCC)) and
decentralized (without GCC) planning and operational control of highly maneuverable SSC of
various purposes in the structure of MSG, including the tasks of delivering survey results to
consumers. The developed poly-model complex includes analytical and simulating logical and
dynamic models of MSG, SSC and GCC control, neural network models for assessing and
predicting the state of onboard equipment of SSC and agent-oriented models of autonomous
group control (AGC) of SSC. The conducted experimental studies show the possibility of a
significant increase in the efficiency of the process of planning the use of the MGS, consisting
of several dozen observation MGS. The use of the developed information technologies ensures
an increase in the efficiency of the process of planning the use and AGU of the multi-satellite
orbital grouping of observation MGS. Thus, for example, the target gain in planning efficiency
when using the developed technology consists in increasing the throughput (productivity) of
the MGS by at least 10%-15%.

Keywords: information technology for proactive management of the use of multi-satellite
constellations of small-sized observation spacecraft, polymodel description, multi-criteria
optimization, neural network and agent-oriented models.

Copoxkun /1.J. Buzyanabnas cpena moaeaupoBanus VisualAivika.

ABTOp TpeACTaBIsIET CBOIO COOCTBEHHYIO pa3pabotky VisualAivika. D710 BuzyanpHOE
CPEACTBO MOJICIIMPOBAHUS Ul pEIIeHHs] 3aad CHUCTEMHOW JWHAMHUKH W JIUCKPETHO-
coObITHIfHOTO ~ MonenupoBaHusi.  VisualAivika wmmeer cBoif  COOCTBEHHBIM  SI3BIK
MOJICITMPOBAHMSI, KOTOPBIH MO3BOJISET ONPENENIATh HHTETPAIbI, @ TAKXKE OYePEeH, PECYPCHI U
BBIUKCIICHHS OJIOKOB 7l 00pabOTKM TpaH3aKTOB. B mporpaMMe ecTh peaakTop auarpamm.
[TonnepxxuBarorcs MaccuBbl. [lomnepxuBaercs skcnepuMeHT 1o metony Monte-Kapiio,
KOTOPBIA MO3BOJISIET IPOBOAUTH aHAINU3 YyBCTBUTEILHOCTA MOJIETH K CIy4yallHBIM BHEUTHUM
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napamerpam. EcTh pasHbIe cpencTBa Ui BBIBOJA PE3YNIbTAaTOB, B TOM YHUCIIE, €CTh TpaduK
OTKJIOHEHHUS JJI1 OTOOPaKEHUS TPCH 1A U IOBEPUTEIIbHBIX HHTEPBAJIOB 10 METOJTY «TPEX CUTM),
a TaKKe eCTh CpeICcTBa A JKcrmopTa pe3ynbTatoB B dopmare CSV. VisualAivika
MOJIEP>)KUBACTCSI aBTOPOM 32 CUET COOCTBEHHBIX CPEJICTB.

KawueBble cj10Ba: CHCTEMHas JMHAMHKA, JUCKPETHO-COOBITUHHOE MOJEIMPOBAHUE,
00bIKHOBEHHBIC MU hepeHITNabHBIC ypaBHEHUS, CHCTEMBI MAaCCOBOTO 00CTY)KUBAHUS, aHATH3
YYBCTBUTEIHLHOCTH.

Sorokin David A. Visual Simulation Tool VisualAivika.

The author represents his own work VisualAivika. This is a visual simulation tool to solve the
tasks of System Dynamics and Discrete Event Simulation. VisualAivika has its own modeling
language that allows defining integrals as well as it allows defining queues, resources and block
computations to handle the transacts. The software has the equation editor. The arrays are
supported. The Monte-Carlo simulation is supported too, where it is possible to provide the
Sensitivity Analysis of the model relative to external random parameters. There are means for
displaying the simulation results, which includes the Deviation Chart for displaying the trend
and confidence intervals by the three-sigma rule. There are also means for exporting the
simulation results in the CSV format. VisualAivika is supported by the author at his own
expense.

Keywords: system dynamics, discrete event simulation, ordinary differential equations,
gueueing systems, sensitivity analysis.

Crapoctun C.B. Pazpadorka nuudgposoro npoiinuka ycrpoiicrea ST-500 «Ilupanbsa» pias
BHPTYAJIbHOI0 00yYeHHUs CIIeHMATUCTOB B 00J1aCTH HH(POPMALIMOHHOI 0€30IACHOCTH.
PaccmatpuBaercs npobiemMa moAroToBKM KaJpoB B chepe TEXHUUECKOH 3auThl UHOpMauu
IpH OTPAHWYEHHOW JOCTYIMHOCTH CIEIUAIM3UpOBaHHOTO oOopymoBanus. [IpencraBieHo
penienue B Buae nudpoBoro aBoiHuka ycrpoictsa ST-500 «ITupanbs» Ha miatdopme Unity
Engine. Onmcana apxuTeKkTypa BUPTYaJbHOTO KOMILIEKCA ¢ QYHKIMSIMU CUMYJISIMH TTOUCKA
paZno3aKIagHbIX YCTPOMCTB M JUArHOCTHKU KaOenbHBIX JuHMA. OOOCHOBaH BBIOOP
TEXHOJIOTHH, 00ECTICUNBAIOIIEH peaiu3M U TPOU3BOAUTEILHOCTD.

Kurouesble c1oBa: nudpoBoii ABOMHUK, UMUTAIIMOHHOE MojenupoBanue, ST-500 [Tupanbs,
Unity, BupTyanpHas JabopaTopusi, TEXHUYECKas 3ammMTa HHPoOpManuu, oOydeHue,
paano3aKiagHOE YCTPOKUCTBO.

Crenanos I1.B. MoaenupoBanue JIOTHCTHYECKUX CHCTEM ¢ moMombio cerei [lerpm.
Cratbesa uccnenyer npumeHenue npeTHbix cereit [letpu (CPN Tools) nns monenupoBaHus
CIIOXKHBIX, JWHAMUYHBIX JIOTUCTHYECKUX TmpoueccoB. [loguépkuBaercs ux ¢dopmaabHas
CTPOTOCTh M HArJSAHOCTb, HO OTMEYaeTcs apXauyHOCTh cpenbl. llpeasioskeH ruOpuaHBIN
nonxon: ucnonszoBanue GPT kak MU-accucrenta ans renepanuu u otinaaku CPN-kxona, uro
CHIDKAeT IMOpOr BXOJa U ycKopsieT pa3paborky. Iloka3aHbl mpumepsl, OrpaHUYeHUs WU
nepcnekTuBbl uHTErpanuu MM ¢ dopmanbHbIMU MeTO1aMu JUIsl TOBBIIEHUS 3 (HEKTUBHOCTH
MOJICIINPOBAHUS B JIOTUCTHUKE.

Kuouessblie cioBa: cetu [lerpu, CPN Tools, monenupoBanue, noructudeckue cuctemol, GPT.

Stepanov Pavel V. Modeling of logistics systems using Petri nets.

The article explores the use of color Petri nets (CPN Tools) for modeling complex, dynamic
logistics processes. Their formal rigor and clarity are emphasized, but the archaic nature of the
environment is noted. A hybrid approach is proposed: using GPT as an Al assistant for
generating and debugging CPN code, which lowers the entry threshold and speeds up
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development. Examples, limitations, and prospects of integrating Al with formal methods to
improve the effectiveness of modeling in logistics are shown.
Keywords: Petri nets, CPN Tools, modeling, logistics systems, GPT.

CrenanmoB M.E. Bimsinue nerajqm3anuu BJIACTHOW HMepapXvMH B CHCTeMe «BJACThb-
0o01IecTBO» Ha Ppe3yJbTAaTbhl HMHUTALMOHHOTO MOJEJTUPOBAHUS €€ COLMAJIbHO-
PKOHOMHMYECKOH TUHAMHUKH.

B pabote uccnenyercs npoOiema BIUSHUS CHIDKEHUS JETANTHM3AIMKA BIACTHOW HEpapXuu B
moaenmu A.Il.  MuxaiinoBa  «BIacTh-00IIECTBO» Ha  pe3yJabTaThl HMHUTAIMOHHOTO
MOJICIIUPOBAHHMS C TIOMOIIBIO €€ TUCKPETHON MOTM(UKAIIMHA HA OCHOBE KJIIETOYHOTO aBTOMATA.
C 3TOi 11e71b10 OBUT IPOBEEH PsIJT CPABHUTEILHBIX BEIYUCIUTEIBHBIX SKCIIEpUMEHTOB. [Ipex e
BCcero, ObUT MCCIIEIOBAH BOMPOC O BJIMSHUU pPa3MEpPOB IMOJISI KIETOYHOIO aBTOMAaTa Ha
MakKpOJAMHAMUYECKUE  IMOKa3aTeNH, IOJIydaeMble B pe3ylbTaTe  HMMHUTAIMOHHOTO
MozenupoBanus. [IpoBeaeHO cpaBHEHHE COIUMATBHO-3KOHOMUYECKOW TUHAMUKH CHUCTEM C
pa3IMYHBIM KOJMYECTBOM YPOBHEW BIIACTHOM HepapXuu, UIACHTUYHBIX IO OCTaJbHBIM
HapaMeTpaM. PaCCMOTpeHI)I CUCTCMBI B OTCYTCTBI/IG nu HpI/I HaJIN4Ynn peFI/IOHaJII)HI)IX paBJH/I‘-II/Iﬁ
MEX1y COIUAIBHO-DKOHOMUYECKUMH MTapaMeTPaMHu.

Ha OCHOBC pGSYJII)TaTOB O3TUX BBIYHUCIINTCIIBHBIX E)KCHCpI/IMeHTOB CACJIaHbl BBIBOABI O TOM, HpI/I
KaKHX YCIIOBHSIX BO3MOXXHO CHI)KEHHE JETaTU3allui CTPYKTYPhl TAKOW cUCTEMBI O€3 moTeph
aJICKBaTHOCTHU MOJICIIH.

KioueBble ciioBa: MaTreMaTHyecKoe MOJACIMPOBAHHWE, WMHUTAIIMOHHOE MOJICIMPOBAHUE,
KJICTOYHBIC aBTOMAThbl, MOACJIb <<BJIaCTI)-O6HICCTBO», peFI/IOHaJIBHaH JAWHaAMHKA.

Stepantsov Mikhail E. The influence of the detailing of the hierarchy in the ""power-
society"" system on the results of simulation of its socio-economic dynamics.

The paper considers the impact of reducing the detailing of the hierarchy in A.P. Mikhailov's
"power-society” model on simulation results when using its discrete cellular automaton-based
modification.

For this we conducted a series of comparative computational experiments. First, we studied the
impact of the cellular automaton field size on the macrodynamic indicators obtained from
simulation. Then we compared the socioeconomic dynamics of systems with different numbers
of hierarchy levels, identical otherwise. Finally, systems with and without regional differences
in socioeconomic parameters were taken into comparison.

We came to certain conclusions on the conditions under which reducing the detailing of the
hierarchy is possible without compromising the adequacy of the model.

Keywords: mathematical modeling, simulation, cellular automata, Power-Society model,
regional dynamics.

Cypusn P.O. UMuTaniuonHoe Mojie TMPOBaHNE B CHCTEMe BOEHHOTO0 00pa30BaHMsl.

B cratee paccmarpuBaeTCs NPUMEHEHHUE TEXHOJOIMM HMHUTALMOHHOTO MOJECIUPOBAHHS B
CHUCTEME BOEHHOTo oOpa3oBaHus yuwiuia. [IpeacraBien MeTon pojieBOro B3aMMOICHCTBUS
npUMEHsIeMbIi Ha Kadeape (OpOHETAaHKOBOTO BOOPYKEHHSI U TE€XHHMKH), €r0 MPAKTUUYECKOE
MNPUMCHCHUEC C LEJIBIO IMOBBIIICHHUA MOTHUBAI[UU 06yqa10mnxcsl Ipru U3Y4YCHUU AUCHUIIIIAHBI
«IJKcmlyaTanuss BOOPYKEHUS U BOCHHOM TEXHUKW», a TaKKe METOJIMYECKHE AaACTIEKTHI
WCITOJIH30BAaHUS MMHTAIIMIOHHOTO MOJISTMPOBAHUSI B YIEOHOM IMPOIIECCE YUUITHUIIIA.
KiioueBble cj10Ba: TEXHOJIOTMH HMMHUTAIMOHHOTO MOJETUPOBAHUS, Y4eOHBIH IMpoliecc,
KayecTBO OOydYeHHus, JMHEHHOE NIpPOrpaMMHUpPOBAaHUE, BOOPY)KEHHE U BOEHHAs TEXHHUKA,
PEMOHT, BOCCTaHOBJIEHHUE.
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Surin Roman O. Simulation modeling in the military education system.

The article discusses the application of simulation technology in the military education system
of the school. It presents the method of role-playing interaction used at the Department (of
armored weapons and equipment), its practical application in order to increase the motivation
of students in the study of the discipline "Operation of Weapons and Military Equipment”, as
well as the methodological aspects of using simulation technology in the educational process
of the school.

Keywords: simulation technologies, educational process, quality of education, linear
programming, weapons and military equipment, repair, and restoration.

CycaoB C.A. UckyccTBEeHHBIH HHTE/VIEKT 1 HMMUTAIIMOHHOE ModeaupoBanue B AnyLogic.
O030p NpaKTHYECKOT0 UCIOJIb30BAHMS.

HckyccrBennbiit unteuiekt (MU) u mammHHOEe 0OyueHHMEe — 3TO TEXHOJIOTHMH, KOTOpbIE
IOMOTAIOT KOMIIbIOTEpaM o00y4aTbCs Ha OCHOBE [aHHBIX, 4YTOOBI MPOTHO3UPOBATH,
KJaccu(uuupoBaTh WM npuHuMath pemeHus. UM Ha «xaiime», ero ycrnexu OY€BUIHBI, a
a3biKoBbIe MoJienH, Takue kak ChatGPT, DeepSeek noBcemecTHO MCTIONB3YIOTCS Kak B HayKe
U Ou3Hece, Tak W Ul MOMOLIM B OBITOBBIX BOIIpocax. B craThe paccMOTpEHBI Cleayrolne
Bonpockl: criocodeH MU 3amennTs nmutanmonnoe mozaenuposanue (MM) u pa3paboTunkoB
mojenel, nonesex au MM B npoekrax no MM, kak 06e TEXHOJIOTUU MOTYT UCIOJIb30BaThCs B
cBsizke. [Ipoananu3upoBan u KiIaccuUIIMPOBAH MEXIYHAPOAHBIA OMBIT mosib3oBateneii [10
AnyLogic 3a nocienHue nsaTh JeT.

KiroueBble ¢/10Ba: NCKyCCTBEHHBIN MHTEIUICKT, MAIIMHHOE 00y4eHue, riryookoe o0ydeHue,
renepatuBHbii MW, arentasiii MU, ontumu3zanmsi.

Suslov Sergey. Artificial intelligence and simulation in AnyLogic. A review of practical
applications.

Artificial intelligence (Al) and machine learning are technologies that enable computers to learn
from data to make predictions, classify information, or support decision-making. Al is
ubiquitous; its successes are clear, and language models such as ChatGPT and DeepSeek are
widely used in science and business, as well as for everyday tasks. This article examines
whether Al will replace simulation models and modelers, whether Al is useful in simulation
projects, and how the two technologies can be used together. It analyzes and classifies the
international experience of AnyLogic software users over the past five years.

Keywords: artificial intelligence, machine learning, deep reinforcement learning, generative
Al, agentic Al, optimization.

Tapacosa U.JI., Kyumnn A.JO. KomniiekcHblii noaxon npu kjaaccugpukanum o6pa3oB B
CJI0KHBIX CHCTEMAaX C HCIOJIB30BAHMEM JIOTMKO-THHIBHCTHYECKOI0 M HeipoceTeBOro
METO/10B.

PazpaboTran  KOMIUJIEKCHBIM  MOAXoJ K  Kiaccudukanum  o0Opa3oB B YCIOBHSX
HEOMpeAEeNEHHOCTH, WHTETPUPYIOLIUI JIOTMKO-TMHTBUCTUYECKUE U HEHPOCETEBbIE METO/BI.
OKCIepUMEHTAIbHO YCTaHOBJIEHbI 00JacTH MPEBOCXOJCTBA: HeipoceTH 3((EeKTUBHBI MpU
6onpmux gaHHBIX (68000 0Opa3oB) U BbicOKHMX Tomexax (>80%), JTOTUKO-IMHTBUCTHYECKUE
METO/bI — JJISl MaJIbIX BEIOOPOK ¢ yMepeHHBIM IIyMoM (50-60%). YHHUBEpCaIbHOCTh MOAX0a
MOJATBEpXKJIeHA ampobanuel B TEXHUYECKUX (MOOWJIBHBIE pPOOOTHI) M COLHUAIBHO-
PKOHOMUYECKHUX (KPEAUTHBIN CKOPUHT) CUCTEMAX.

KutoueBble caoBa: kinaccuduxaius oOpa3oB, HEHPOHHBIE CETH, JOIMKO-TUHIBUCTHUYECKUE
METO/bI, HEOIPEIeIIEHHOCTh JIaHHBIX, MOOWJIBHBIE POOOTHI, OLEHKAa KPEAUTHBIX PHCKOB,
CUCTEMBI OJACPKKU IPUHATHS PEILICHUH.
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Tarasova lIrina L., Kuchmin Andrey Yu. A comprehensive approach to image
classification in complex systems using logico-linguistic and neural network methods.

A comprehensive approach to image classification under uncertainty has been developed,
integrating logical-linguistic and neural network methods. Experimental results established the
domains of superiority: neural networks are effective with large datasets (68000 samples) and
high noise levels (>80%), while logical-linguistic methods perform better for small datasets
with moderate noise (50-60%). The approach's universality was confirmed through testing in
both technical (mobile robots) and socio-economic (credit scoring) systems.

Keywords: pattern classification, neural networks, logical-linguistic methods, data uncertainty,
mobile robots, credit risk assessment, decision support systems.

Tpyo U.N. TexHooruss *UMUTAIMOHHOTO MO/ICJITUPOBAHUS M METOAUKA CPABHUTEIHbHOIO
aHAJIN3a AJITOPUTMOB CEeTEBOI0 MIAHNPOBAHUS.

B pabote mpemnokeHa oOIIasi TEXHOJOTHS HMHTAIMOHHOTO MOJICITHPOBAHUS aITOPUTMOB
CETEeBOr0 TUJIAHMPOBAHMS, U3BECTHBIX TEOPETHYECKH U PeaJM30BaHHBIX B Koje sjpa Linux.
Mogenupyromed  cpeno  SABIAETCS HUEpapXUyecKas CHCTEMA B3BEUICHHBIX  Y3JIOB,
00pabaThIBarOIMX 3asBKU B COOTBETCTBUHU C MOJEIMPYyeMbIM aiaroputMmom. llpuBeneHsl u
MIPOAHAIM3UPOBAHBI CPABHUTEIBHBIC PE3yabTaThl MoJeaupoBanus anroputMoB SFQ u QFQ,
BBEJICHBI KPUTEPHH, TO3BOJISIONINE U3MEPUTD 3(H(PEKTUBHOCTH aITOPUTMOB IO COBOKYITHOCTH
1oKa3aresel MPoru3BOIUTEIbHOCTH U YECTHOCTH.

KiloueBble cJIOBa: anropuTMbl CETEBOrO IJIAHUPOBAHUS, B3BEIIEHHAS CIPaBEJIHBas
ouepellb, CIpaBeAJIMBOE pas3JelieHue Ipoleccopa, HWMUTALMOHHOE MOJEIUPOBAHUE,
MIPOU3BOIUTENILHOCTD, 3a/IeP>KKa, OCHUMAPKHUHT.

Trub llya. Simulation technique and performance-fairness comparison of network
scheduling disciplines.

The article presents general approach for the simulation of network scheduling disciplines. All
of them are well known in theory and implemented in open source Linux kernel. The simulation
environment is a multilevel tree of weighted nodes, which treats requests in accordance with
simulated discipline. Results of SFQ and QFQ simulation are presented and compared. The
article introduces some criterion, which measures the efficiency of disciplines on both
performance and fairness metrics.

Keywords: network scheduling algorithms, weighted fair queueing, simulation, general
processor sharing, performance, latency, Google benchmark.

®enoroB M.B., IlerpoBa E.A., Mapsmmua /[.H., /lesarkos T.B., I'ab6aco P.M.,
Jlarytun A.B. «®a0puxka npoueccoB»: kak moaeam Ha ALINA GPSS nomoraror
PocaTromy B 00y4eHHH NPOCKTHPOBAHMIO ONITUMAJIbHBIX IIVIAHUPOBOYHBIX PelICHHUI.

B crarbe npeacraBieH nporpaMMHBIM HHCTPYMEHT JUIsl o0yueHus cnenuanuctoB Pocaroma u
JpYTUX TMPEANPUATHI HaBbIKaM IOCTPOEHHUS IUIAHUPOBOK IPOU3BOJICTBEHHBIX YYacTKOB, a
TaKk)K€ OpraHM3allud W TPOBEACHHUS COPEBHOBAHUN MEXIy HECKOJBKUMH KOMaHJIaMU
y4acTHUKOB. OmnucaHbl (YHKIHMOHAIbHbIE BO3MOXXHOCTH HMHCTpyMeHTa. OmpezaeneHa poJib
mwiatrpopmel  ALINA GPSS kak Merona mnpoBepku KOPPEKTHOCTH C(HOPMHUPOBAHHBIX
IUIaHUPOBOK. [IpeacraBieHbl NEpPCHEKTUBBI MCIIOJIB30BaHMS HMHCTPYMEHTa B IIpoLiEecce
pealbHOTO MPOEKTUPOBAHUS IPOM3BOICTBA.

KioueBble ciaoBa: umurtaunoHHoe MogenupoBanue, ALINA  GPSS, Pocarowm,
MIPOEKTUPOBAHKE MTPOU3BOJICTBA, 00OPa30BATENIbHbBIE TEXHOJIOTUH.
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Fedotov Maxim V., Petrova Elizaveta A., Maryashina Darya N., Devyatkov Timur V.,
Gabbasov Russlan M., Lagutin Andrey V. «Process factory»: how alina gpss models help
rosatom in production shop optimal layout design training.

The article presents software designed to train Rosatom specialists and other enterprise
professionals in creating production area layouts. It also supports in conducting competitions
between multiple teams. The functional capabilities of the tool are described in detail. The
article highlights the role of the ALINA GPSS platform as a method for validating the accuracy
of the proposed layouts. Additionally, it discusses the potential for using this tool in actual
production design processes.

Keywords: simulation, ALINA GPSS, Rosatom, production design, educational technologies.

Ouask ILIO., Jlatkmn B.JO., BurkoBa JI.A. MopaenupoBanue B pelleHUM 3ajad
HH(OPMANUOHHOM 0€30MACHOCTH ¢ MOMOIIbIO rPadgoBbIX 023 TaHHBIX.

Llenpio MpeACTaBIEHHOTO B CTaTbe MCCIENOBAHUS SABISETCS OOOCHOBAaHME W ampodanus
aBTOPCKOrO  IOJAXOJAa K  PpElEHHI0 3a7ad  IPOTUBOACHUCTBUA  PACIPOCTPAHEHHIO
JECTPYKTUBHOIO KOHTEHTAa B COLMAJbHBIX CETAX, a TakkKe 3aJad oOecreyeHus
MH(POPMALIMOHHOM 0€30MacHOCTH OpraHu3alMy € Y4eTOM JeCTaOWiIM3UpyomuX (hakTopos,
CBS3aHHBIX C MOTEHUUAIbHO BO3MOXXHBIMU JAEHCTBUSIMU 3JI0YMBIIUIEHHUKOB, BHYTPEHHUX U
BHEIIHUX HapylIuTesled, Ha OCHOBE uUACHTU(UKAUK rpadoBoil Moaenu mnpoOieMHON
CUTyallud U aHaju3a COOTBETCTBHUS KJACCOB BO3MOJKHBIX aTakK, yrpo3 M YysA3BUMOCTEH B
UH(POPMALIMOHHO-TEIEKOMMYHUKAIIMOHHBIX CETSIX U Ha 00bEKTaxX MH(OpMaTH3ALMH.

B sTux mensx mpuMeHeH MOJXOJ Ha OCHOBE HMCIONb30BaHUS TpadoBbix 0a3 manubix (I'BJI)
Neo4j, KOTOpbI IO3BOJSET MOJIydyaTh CIEKTpPbl I'pagoB U MeTarpadbl, BKIOYAIOIIUE
MHOX€ECTBO I'pa)0B, MOJEIUPYIOMIUX COIIMATBHBIC CETH, Y3JIaMH KOTOPBIX SIBJISIOTCS TIEPCOHBI
(JIr0aM) U CBSI3M MEXy HUMH, TOCPENICTBOM pedep rpadoB, UTO Ja€T BO3SMOXKHOCTb ONUCHIBAThH
U MOATBEPXKAATh pa3HOOOpa3HbIe CIIEHAPUU BO3MOXHBIX BOPOCOB JIECTPYKTUBHOIO KOHTEHTA
U COCTaBJIATH MACIOPTa CIOCOOOB M TPACKTOPHIA MH(OPMALIMOHHBIX BTOPKEHUM M pa3BUThIE
JPEBOBUJHBIE CTPYKTYphl. VICKIIOUWTENBHO M1 MOJAETUPOBAHUS COLMUAIBHBIX CETeH U
NOTEHIMAaja BO3MOXKHBIX JIEHCTBUI 3JI0YMBIINIEHHUKOB MpeokeHa rpadoBast JOKaIu3auus
OTHOUIEHUWA MEXAY YYaCTHUKAMU COLHMAIBHOM CETH, WLTIOCTPUPYIOUIAs KOPPEIALUI0 C
YS3BUMOCTSIMH,  JIETEPMUHMPOBAHHBIMU ~ Pa3sHOOOpa3HeM JIMYHOCTHBIX  XapaKTEPHUCTUK
YYaCTHUKOB CE€TU U COBOKYITHOCTBIO UX JIMYHOCTHBIX IPEINOYTEHUN M OCOOEHHOCTEH B
YCTAHOBJICHUM OOIIEHUS U BHYTPEHHUX KOMMYHUKAIUI.

KuaroueBble cioBa: 0€30MacHOCTb, HallMOHAIbHAsg 0€30M1aCHOCTb, HH(OpMaIMOHHAs
6e3omacHocTb PO, nHpopMaronHas 6€30MacHOCTh OPraHU3aIMH, CUCTEMA, CETh, IUCKPETHAs
MaTeMaTHKa, Teopus rpadoB, sI3bIKH MPOrPaMMUPOBaHHUs, Oa3bl JaHHBIX, CACTEMBI YIIPaBJICHUS
0a3zamu JaHHBIX, rpadoBble 0a3bl JaHHBIX, IPOrPaMMUPOBAaHKE B rpadoBBIX 0a3ax NaHHBIX,
rpadsl, y31sl, pedpa.

Filyak Petr Yu., Latkin Victor Yu., Vitkova Lidia A. Modeling in solving information
security problems using graph databases.

The purpose of the research presented in the article is dictated by the objective need to put into
practice the results of theoretical research in the framework of countering destructive content
in social networks, in order to establish and analyze the full correspondence of the elements of
the many classes of possible attacks and vulnerabilities under consideration and the absence of
such in the design space to ensure the security of protected information systems, including their
scenario description and certification of destructive content — to ensure information security.
For this purpose, the graph database approach Neo4j has been applied, which do it possible to
obtain graph spectra and metagraphs, including many graphs modeling social networks, the
nodes of which are persons (people) and connections between them, through graph edges,
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which makes it possible to describe and confirm various scenarios of possible destructive
content injection. and to compile passports of methods and trajectories of information
invasions. and developed tree structures. Exclusively for modeling social networks and the
potential of possible actions of intruders, a graph localization of relations between social
network participants is proposed, illustrating the correlation with vulnerabilities determined by
the variety of personal characteristics of network participants and the totality of their personal
preferences and features in establishing communication and internal communications.
Keywords: system, network, discrete mathematics, graph theory, programming languages,
databases, database management systems (DBMS), relational databases, non-relational
databases, graph databases, programming in graph databases, graphs, nodes, edges.

Xaouoyimna JI.M., IlocnesoB K.H. TexHo/iorHM HMCKYCCTBEHHOI0 MHTEIEKTa B
HMHUTALHOHHOM MOJCJIHPOBAHNM.

B crartpe mpeacTaBneHa KOMILIEKCHAsI TPEXypOBHEBast KilacCU(UKaLrs METOIOB UHTETPAIIUH
HCKYCCTBEHHOI'O MHTEJUIEKTa U MMHUTALlMOHHOI'O MOJAEIUpPOBaHUsA. PaccMOTpeHBl MOAXonsbl,
CUCTEMATHU3UPOBAHHBIE [0 YPOBHIO MHTErpaluu (aHAJIWTUYECKUI, ONTUMHU3ALUOHHBIN,
rUOpUIHBIN), HAIIPABICHUIO B3aUMOACHUCTBUS (CUMYJISIIMOHHO-aCCUCTUPOBAHHOE MALIMHHOE
o0y4eHHe W MalIMHHO-00ydYaeMble CHMYIISLWHU) M THUIMAM HpPUMEHseMbIX TexHomoruit MU.
[TpennoxenHass cucTeMaTH3alys MO3BOJIET OLICHUTh TEKYIEE COCTOSHHME M IEPCIEKTUBBI
IPUMEHEHUS TMOPUIHBIX OJIXO/0B.

KiaroueBble cioBa: ['nOpuaHble MOJENN, UMUTALMOHHOE MOJIETUPOBAHHUE, UCKYCCTBEHHBIN
UHTEJJIEKT, MAalIMHHOEe  OOydyeHue, ONTUMH3alus  MOJCIHUPOBAHUS, CypPpOraTHOE
MOJIEJIUPOBAHUE.

Khabibullina Liya M., Pospelov Kapiton N. Artificial intelligence technologies in
simulation.

The article presents a comprehensive three-level classification of methods for integrating
artificial intelligence and simulation modeling. The approaches systematized by the level of
integration (analytical, optimization, hybrid), the direction of interaction (simulation-assisted
machine learning and machine-learning simulations) and the types of applied Al technologies
are considered. The proposed systematization makes it possible to assess the current state and
prospects of using hybrid approaches.

Keywords: hybrid models, simulation, artificial intelligence, machine learning, simulation
optimization, surrogate modeling.

Xapucos HM.P., Mapkos B.Il., Ilexun P.M. MHuTeieKTyalbHass cHCTeMa
pacnpeeleHHOT0 YIPABJEHHS MEXKKJIACTEPHbIM B3aMMoOJeliCTBHEM B IPYNIHPOBKAX
MAaJIbIX KOCMHYECKHX ANNapaToB.

Pa3paboTrka  TexHosoruii  aBTOHOMHOro  rpymmoBoro  ympasieHus (AI'Y) s
MHOT'OCIIYTHUKOBBIX TPYHIIMPOBOK SIBJISETCS CIIOKHOM 3ajadeid, TpeOyroueil HNHCTpYMEHTOB
MMUTAIIMOHHOTO MOJENUpPOBaHUsA. B cTaTbe mnpeacraBieHa apXUTEKTypa W peanusaius
nporpamMuoro komiuiekca (I1K) — cnenuanusupoBaHHoO KIIMEHT-cepBEPHOI MIaTGOpMBI 1S
uccienoBanus u aHanusa TexHojoruid AI'Y. Ilnatdopma pasmenser 3agaun Ha CEPBEPHYIO
4acTh, BKJIIOYAOLIYI0 JUCKPETHO-COOBITUHHBIA JBM)KOK MOJEIMPOBAHUS U OMOIMOTEKY
CHEIHaIbHOTO MojieTbHO-anroputMudeckoro odecnedenus (CMAO), 1 KIMEHTCKYIO YacTh —
aBTOMaTH3UpoBaHHOE pabouee mecto (APM) oneparopa. Takas apxuTekTypa oOecrieynBaeT
rMOKOCTh B KOH(QUI'YPUPOBAaHHM CLEHApHUEB, YIPaBICHUM XOJOM OJKCIEpPUMEHTa |
BH3YaJIM3al1I0 BBIXO/IHBIX JIaHHBIX. B KauecTBe MpakTUUECKON 1EMOHCTPAIIMN BO3MOKHOCTEN
KOMIUIEKCA B  CTaTb€ MPUBOAMTCA  MCCIEAOBAHHWE  CTPAaTeTHH  MEXKIACTEPHOTO
B3aMMOJICICTBYS, OCHOBAHHOM Ha HCIOJb30BaHUU TIPEABBIUMCICHHBIX HHTEPBAJIOB
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MOJTHOCBsI3HOM ceTH. [loka3zaHo, kak ¢ momonipio APM OblIM HACTpOEHBI CICHAPUH H
NPOAHAIM3UPOBAHBI PE3YJbTAThl, TOATBEPIKIAIOIINE MOBBIIICHUE YPPEKTUBHOCTH TOCTABKU
JAHHBIX IIPU UCTIOJIb30BAHUY IIPEUI0KEHHON CTpaTerny MH(YOPMAIIMOHHOTIO B3aUMOACHCTBUS.
[1IK mpencraBnsieT coOOW HMHCTPYMEHT MJISi YCKOPEHMS LHUKIA Pa3pabOTKU U BalUAlMU
CJIOXKHBIX PAaCIPEIEIICHHBIX CUCTEM YIIPABICHUS KOCMUYECKUMH allllapaTaMHu.

KiroueBble cioBa: mporpaMMHbBIA  KOMIUIEKC,  KJIHMEHT-CEpPBEpHAs  apXMUTEKTYpa,
MMUTALMOHHOE MOJEIMPOBAHUE, ABTOHOMHOE TI'PYIIIOBOE YIPABIECHUE, MHOTOCITYTHUKOBAs
IPYyNIIMPOBKA, aBTOMAaTU3HUPOBAHHOE Paboyee MECTO, MEKCITYTHUKOBAS CBSI3b.

Kharisov llyas R., Markov Vladimir P., Shekhin Roman M. Intelligent system for
distributed control of inter-cluster interaction in small satellite constellations.

Developing autonomous group control (AGC) technologies for satellite constellations poses a
significant challenge, necessitating powerful simulation tools. This article introduces the
architecture and implementation of a Software Package (SP): a specialized client-server
platform for researching and analyzing AGC technologies. The platform's design features a
server side, containing a discrete-event simulation engine and a Library of Specialized Models
and Algorithms (LSMA), and a client side, comprised of a multi-functional operator's
Automated Workstation (AWS). This architecture ensures flexibility in scenario configuration,
experiment control, and output data visualization. To demonstrate the SP's capabilities, we
present a case study on an inter-cluster communication strategy leveraging pre-calculated fully
connected network intervals. We show how the AWS was utilized to configure scenarios and
analyze results, confirming enhanced data delivery efficiency with the proposed strategy. This
SP serves as a valuable tool to accelerate the development and validation cycle for complex
distributed spacecraft control systems.

Keywords: software package, client-server architecture, simulation, autonomous group
control, satellite constellation, automated workstation (AWS), inter-satellite links (ISL).

Yepuenko B.E., Maabsixanos A.A., IlypaBun A./l. AJbTepHATHBHBIA MOAXO0N K
NOCTPOCHUIO HMHUTAIIMOHHBIX MOJIeJIeil Ha 0CHOBE CHCTEMBbI 3aIPOCOB M 3aa4.

B cratbe paccmaTpuBarOTCSl OTpaHMUYEHUS KIACCHYECKHX IOAXOJ0B K HMUTAIMIOHHOMY
moaenupoBanuio (VM) ¢ ucronb30BaHHEM Cpell BU3YalbHOTO MOJEIMPOBAHUS, TAKUX Kak
AnyLogic unn Simio, B KOHTEKCTE MOJIETUPOBAHUS CIOKHBIX 00BEKTOB. ABTOPBI BBIIEISIIOT
po0JeMy TECHOU CBSI3U CTPYKTYPbI MOJIENIH U €€ JIOTUKH, YTO 3aTPYAHSET THOKOe U3MEHEHNE
MOJIETH U MPOBEJICHNUE CPAaBHUTEIBHBIX IKCIIEPUMEHTOB. B KauecTBe perieHus nmpejjaraercs
apXUTEKTYpHBIH MOJXOJ, OCHOBaHHBIM Ha pas3zieneHuu moHATHH «3ampoc» (Request) u
«3anava» (Task), KOTOpbIl MO3BONSAET MOBBICUTH MOIYJIBHOCTh, THOKOCTh M TECTUPYEMOCTh
Mozenu. [loaxon anpoOupoBaH B psiZie KOMMEPUYECKUX MTPOEKTOB.

KuroueBble ¢j10Ba: MMUTAIIMOHHAS MOJIENb, 3aIIPOC, 33Ja4a, AMarpaMMa COCTOSIHUM, areHT.

Chernenko Vitaliy E., Malykhanov Andrey A., Shuravin Artem D. An alternative
approach to building simulation models based on a system of requests and tasks.

The article examines the limitations of classical approaches to simulation modeling (IM) using
visual modeling environments such as AnyLogic or Simio in the context of modeling complex
objects. The authors highlight the problem of the close relationship between the structure of the
model and its logic, which makes it difficult to flexibly change the model and conduct
comparative experiments. As a solution, an architectural approach based on the separation of
the concepts of "Request” and "Task" is proposed, which allows to increase the modularity,
flexibility and testability of the model. The approach has been tested in a number of commercial
projects.

Keywords: simulation model, query, task, state diagram, agent.
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Hlapxos O.B. MojaeJib 30H 10J1eTOB CBOOOIHOH MAPIIPYTH3ALUH.

B pabote paccMoTpeHO MOISTUPOBAHIE KOHIICTIIIMY 30H TIOJIETOB CBOOOIHOM MapIIpyTH3aIlluu
FRA (Free Route Airspace) Bo3ayIlIHBIX CYZI0B B KOMILUIEKCE HMHUTALIMHHOTO MOJICITHPOBAHHS
KM OpB/l, pazpadorannoro @AY «'ocHUNAC». B pabore paccMOTpeH MOTHBINA UK OT
CO3JaHHs 30HbI CBO6OI[HI>IX IIOJICTOB M peMaplIpyTH3allluH IIJIAHOB II0JICTAa A0 IIOJTYYCHUS U
aHayM3a MoKasaresel, a TakkKe NPeACTaBICHbI IPUMEPHI padOTHI MOJIEIH.

KaroueBble ciioBa: HUMUTAIMUOHHOC MOJCIMPOBAHUEC, 30HA CBO6OI[HI>IX l'IOJ'IéTOB, IIOKa3aTcliin,
peMapupyTA3anus.

Sharkov Oleg V. Modeling of Free Route Airspace.

The paper explores the modeling of the Free Route Airspace concept for aircraft within the Air
Traffic Control simulation complex developed by the State Research Institute of Aviation
Systems (GosNIIAS). The work covers the full cycle, from the creation of a free route area and
flight plan re-routing to obtaining and analyzing performance metrics, and also provides
examples of the model's operation.

Keywords: simulation modeling, free route airspace, metrics, re-routing.

IlepoakoBa E.E. IlonumonenbHOe oOnuCaHWe CEPBHCHOrO OOCIyKHUBaHUSI B
TPAHCIOPTHOM Y3JIe: HHTerpauMs CTaTHYeCKHX M JUHAMHUYECKHX Mojejell HA OCHOBe
cereii IleTpu.

B crarbe mnpencraBieH NOJMMOJEIbHBIM MOAXOJ K OINMCAHUIO IPOLECCOB CEPBUCHOTO
00CIIy’)KUBaHUsI B TPAHCIIOPTHOM Y3JIe, OCHOBAHHBIM Ha MHTETpallUl CTATUYECKUX MOjeeH
CTPYKTYpbl M JHMHAMHMYECKMX MOJEJNEH, pealu30BaHHBIX Ha OCHOBe cere Ilerpu.
[IpenyioskeHHOE pelleHre MO3BOJSIET YYUTBIBATh, KaK HOPMAaTHBHbBIE IapaMeTphl ONepaiuii,
TaK U CTOXaCTHYECKYIO IIPUPOLY ITIOTOKOB U pecypcoB. McIionb30BaHne NPOrpaMMHON CPEJIbI
CPN Tools obecneunBaer MOJECIUPOBAHME PA3HOTHIHBIX CYOBEKTOB M BpPEMEHHBIX
XAPaKTCPUCTHUK, IPOBCACHNUEC UMUTAIIMOHHBIX SKCIICPUMCHTOB U aHAJIM3 JTUHAMUKHA COCTOSTHUM
cucteMbl. Ha 0CHOBE MOTy4€HHBIX JAHHBIX BBIIOJIHEH MHOIOKPUTEPHAJIbHbIN aHaI13 KauecTBa
06CJ'Iy)KI/IBaHI/I$I, BKJ'IIO‘IaIOHII/Iﬁ BPEMCHHBIC, PECYPCHBIC H COOHUAJIBHO-TICUXOJIOTHYCCKUC
nokaszarenu. Pe3ynpTaTbl HCCIEIOBaHUSA JEMOHCTPUPYIOT A(PGEKTUBHOCTh HHTETrpaluu
MoJieJlel TpHU BBISIBICHWU Y3KHX MECT M BBIOOpPE ONTUMAJBHBIX CTpPAaTEeTUil yHpaBiICHUS
CEPBHCHBIMU MPOLIECCAMH.

KutoueBble ci10Ba: TpaHCIIOPTHBIN y3€71, cepBUCHOE oOcnyxuBanue, cetu [letpu, CPN Tools,
MHOTOKPUTEPHUAJIbHBII aHAJIN3.

Shcherbakova Ekaterina E. Polymodel description of service operations in a transport
hub: integration of static and dynamic models based on Petri nets.

The article explores a polymodel approach to describing service processes in a transport hub,
based on the integration of static structural models and dynamic models implemented using
Petri nets. The proposed approach takes into account both the normative parameters of
operations and the stochastic nature of flows and resources. The CPN Tools environment
enables the modeling of heterogeneous entities and temporal characteristics, conducting
simulation experiments, and analyzing the dynamics of system states. Based on the obtained
data, a multi-criteria analysis of service quality was performed, incorporating temporal,
resource, and socio-psychological indicators. The results confirm the effectiveness of model
integration in identifying bottlenecks and selecting optimal strategies for managing service
processes.

Keywords: transport hub, service operations, Petri nets, CPN Tools, multi-criteria analysis.
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