PE®EPATDBI / ABSTRACT

A3zapoB M.M., lllaabiTo A.A., Bapanos C.b. /lunamudecknii MoaeJMpy0nuii KOMILIEKC
AJSL  OTJAJAKU U TPOBePKH AJrOPUTMOB CHCTEeMbI YNPABJEHUS IBUKEHHEM
H JMHAMHYE€CKHM MO3UIIHOHHMPOBAHHEM MOPCKHX HAIBOJAHBIX MOJABUKHBIX 00bEKTOB.
Hoxnan nocesuier paspadboranHomy B AO «Konnepn «HIIO «ABpopa» nuHamudeckomy
Mozemupytomemy komruiekey (JIMK), koToperii mpeHa3Ha4eH AJIs OTIAIKA B TECTHPOBAHUS
MIPOrPaMMHOT0 OOECIIEUYEHNs U AJITOPUTMOB YIIPABIIEHUSI CUCTEM YIPABJIEHUS ABM)KCHUEM U
TUHAMUYECKUM TO3UIMOHUPOBaHUEM. PaccMOTpeHBbl cocTaB MpOrpaMMHOIO OOecreueHust
JIMK, ocobGeHHOCTH pabOTHI €ro KOMIIOHEHTOB B Tporiecce (PYHKIIMOHUPOBAHUS, a TaKKe
PeXUMBI pabOTHI KOMILJIEKCA.

KiroueBble ciioBa: TMHAMUYECKUM MOJEIUPYIOIIUNA KOMIUIEKC, CHCTEMa YIPaBJIEHUS
JIBUKEHUEM.

Azarov M.M., Shalyto A.A., Baranov S.B. Dynamic simulation complex for debugging
and testing vessel motion and dynamic position control system algorithms.

The report is devoted to dynamic simulation complex (DSC), which is designed in
JSC «Concern «Aurora» SPAy for debugging and testing software and algorithms of marine
vessel motion and dynamic position control systems. There are discussed program components
and operating modes of DSC.

Keywords: dynamic simulation complex, vessel motion control system.

Anexkcee A.B., Antnmor B.B., Muxaipuyk A.B., CmoabHukoB A.B. Moaeasn
H TEXHOJOTHsl NPOAKTHBHOIO YIPpPaBJIeHUsl mpoieccaMd GOpbOBI 3a KHBYYECTh
KopaoJisi, cyTHA.

KommnexcHas apTomaTu3anus yrmpaBleHUs KopaOeIbHbIMU CHCTEMaMHU B HACTOSIIEe BpeMst
paccMaTpuBaeTcss Kak OJWH W3 OCHOBHBIX CHOCOOOB TOBBIICHUS KadecTBa UX
(YHKIIMOHMPOBAHMS, CYIIECTBEHHOTO CHIJKEHUS HETaTUBHOTO BIUSHUS YEJIOBEYECKOTO
¢akropa. I[lokazaHo, urto cpeau HauboJjiee MEPCHEKTUBHBIX HAIpPaBICHUN €€ pealn3aluu
CJIeJlyeT CUMUTaTh pa3paboTKy TEXHOJOTHH MPOAKTHBHOIO YIpaBJICHUs Ha 0a3e TeXHOJOTHi
uudposoro nBoifHMKa. B kauecTBe ee BapuaHTa IPEJCTABICHbI MOJEIb U TEXHOJIOTUYECKUI
oOpa3zerr cucteMbl 60pHOBI 32 KUBYUECTH KOpalJisi HA OCHOBE pOOOTH3UPOBAHHOTO MPOSKTHOTO
komruiekca «KACOP», 4To mO3BOJSIET B peabHOM MaciiTade BpEeMEHHW NpHHUMATH
YIpeXJAIoIIue MO BPEMEHU peIIeHHs] MO YNPaBICHHIO O€30MacHOCThIO OJKCILTyaTalluu,
JIOKaJIM3aluel aBapuWHBIX CUTyalluid M aBapuil, OOpbOOM 3a JKUBYYECTh KOpPAOIs U
KOHTPOJMPOBAThH X PE3yJIbTATUBHOCTb.

KiroueBbie ciioBa: TMPOAKTHUBHOCTh, pOOOTH3AIUsSl YOpaBICHUS, IMPPOBOH THEBHUK,
texuosiorusi KACOP, unTesuiekTyanpHas MojiepKKa yIpaBiIeHUsI.

Alekseev A.V., Antipov V.V., Mikhalchuk A.V., Smolnikov A.V. Proactive management
model and technology the processes of fighting for the survivability of a ship, vessel.
Complex automation of shipboard control systems is currently considered as one of the main
ways to improve the quality of their functioning and significantly reduce the negative impact
of the human factor. It is shown that the development of proactive management technology
based on digital twin technologies should be considered among the most promising areas of its
implementation. As a variant, a model and a technological sample of the ship's survivability
control system based on the KASOR robotic design complex are presented, which allows real-
time proactive decisions to be made to manage operational safety, localize emergencies and
accidents, and combat ship survivability and monitor their effectiveness.

Keywords: proactivity, control robotics, digital diary, CASOR technology, intelligent control
support.

AunekceeB A.B., Boarun I1.H., Muxaabuyk A.B. Konunenuus ko/uiekTHBHOIH MoHOTpadun
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«MoaeaupoBaHHue MpoHeccoB 60pLOBLI HA MOpe».

NuTencuBHOe  pa3BuTHE WHGMOPMAIMOHHBIX  TEXHOJIOTHMA W HEOOXOAMMOCTH  UX
IMPOKOMACIITAaOHOTO BHEApPeHUs Ha Kopabisx BM® wm cymax Mopckoro ¢uota Poccum
o0penu Takue pasMepbl, YTO CTaJ0 MPUHIMIHAIBHO BaXHBIM OOCYAMTH ULEIbIA psij
HaKOIMMBIIMXCS MPOOJIEM B IIUPOKOM KPYTY CIIEIIUAINCTOB, IEPBOM U3 KOTOPHIX, 0€3yCIOBHO,
SIBIISIETCS. (POPCUPOBAHHOE PA3BUTHE METOIOJIOTHH, CIIOCOOOB U TEXHOJIOTHI MOJIEIAPOBAHS
mpoiieccoB OOpbObI HAa Mope. JJIsl CUCTEMHOTO OCMBICIEHHS! HE TOJIBKO OTKPBIBIIUXCSI HOBBIX
IIUPOKUX BOZMOKHOCTEHN MOJIETTMPOBAHUS, HO U B3BEIIEHHOT'O, HA HOBOM YPOBHE, OI[CHUBAHUS
KaueCTBEHHO HOBBIX PO U (YHKIIUH MOJEIUPOBAHUS aBTOPHI MPEIaraioT MIaH-IPOCIEKT
¥ yJacTHe B IMOJATOTOBKE KOJUIEKTUBHONW MOHOTpaduu.

KuroueBrble ciioBa: MojienupoBanre, Oopb0a Ha MOpe, OTKpPBITOE MPOrpaMMHUPOBAHUE,
TEXHOJIOTHSI MOJICJIMPOBAHMUSI, MHTEIIEKTyaIN3alusl yIIpaBiIeHHUsL.

Alekseev A.V., Volgin P.N., Mikhalchuk A.V. The concept of the monograph
«Process modeling fighting at sea».

The intensive development of information technologies and the need for their large-scale
implementation on ships of the Russian Navy and ships of the Russian Navy have acquired
such dimensions that it has become fundamentally important to discuss a number of
accumulated problems among a wide range of specialists, the first of which, of course, is the
accelerated development of methodology, methods and technologies for modeling the processes
of warfare at sea. For a systematic understanding of not only the vast new modeling possibilities
that have opened up, but also a balanced, at a new level, assessment of qualitatively new roles
and functions of modeling, the authors propose a prospectus and participation in the preparation
of a collective monograph.

Keywords: modeling, fighting at sea, open programming, modeling technology, management
intellectualization.

AunekceeB A.B., 3axapos B.B., Oxtuiies M.1O., Oxtuies I1.A., CokosaoB b.B. Cuctemno-
yIpaBJIeHYeCKOe ONUCAHHE MNPOoIeccoB (YHKIHOHHPOBAHHS HH(PPOBBIX IBOHHUKOB
CJI0KHBIX 00bEKTOB HA PAa3JIHYHBIX ITANAX HX KU3HEHHOI'0 IHKJIA.

B noxnane moka3aHO Kak Ha OCHOBE CHUCTEMHO-YIPABJIEHUYECKOI'O OMHUCAHUS IPOLIECCOB
CO3/IaHUs M HUCHoNb30BaHus IMGpoBbiX ABOMHUKOB (LIJ]) cioxubix oO0bekToB (CnO)
KaK MpOIECCOB MPOAKTUBHOTO (YMPEXKAAIOIIEro) YIpaBlieHUs CTPYKTYPHON TUHAMHUKOM
COOTBETCTBYIOIIEN PA3BUBAIOIIECUCS CHATyalMer, MOKHO COOTBETCTBYIOIIUE 33J1a4l aHAIN3a
u cunte3a [/l omuceiBaTh B TepMUHAX TEOPUU YMpABJICHHS, HCCICIOBAHUS OIepaIuit
U UCKYCCTBEHHOTO uHTeiiekTa. [lpu Takom moaxoje naHHBIE 3a1a4v  (OpMalbHO
ONKCHIBAIOTCS W pEIIAIOTCSl B paMKax Tpex O0a30BbIX 3ajady KBAIMMETPUH MoOJeel
U TOJMMO/IENBHBIX KOMIUIEKCOB: 3a/laydl aHaIn3a MPOAKTHUBHOTO YMPaBJICHHs CTPYKTYpPHOM
IMHaMHUKOM pa3BuBaromieiics cutyanueir (PC), 3amaum HaOnroaeHUs 3a yHOpaBiIsIEeMOM
cTpykTypHO# nuHamukoit PC, 3a1auu mpoakTUBHOTO yNpaBIeHHs] CTPYKTYPHOU TUHAMUKOMN
PC. IlpuBonsitcsi cBeneHUsT O MpPaKTUUYECKOWH peanu3aluu pa3padOTaHHOTO CUCTEMHO-
YIPaBIEHYECKOrO0 MOAXOoAa K onucaHuio u ucnons3oBaHuto I[J[ CnO, 6Gasupyromero
Ha (QyHJIaMEHTATBHBIX W MPUKIAJHBIX pe3ylbTaTax, IMOJyYeHHBIX K HACTOSIIEMY BPEMEHHU
B KBUIUMETPHUH MOJIEIIEH 1 MOTUMOEIBbHBIX KOMIUIEKCOB.

KmroueBble ciaoBa: ClIOXHBIH 00BeKkT, mnUppoBas MoJeinb, OTHOPOBOW JIBOWHUK,
kuOepusnyeckass cHcTeMa, KBATUMETPUS MOJENeH W MOIUMOJCIBHBIX KOMILIEKCOB,
MPOAKTUBHOE YIIPaBJICHUE CTPYKTYPHOU THHAMUKOM.

Alekseev A.V., Zakharov V.V., Okhtilev M.Yu., Okhtilev P.A., Sokolov B.V. Systems and
management description of the functioning processes of digital twins of complex objects
at various stages of their life cycle.
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This paper demonstrates how, based on a systems-management description of the processes of
creating and using digital twins (DTs) of complex objects (COs) as processes of proactive
(anticipatory) management of the structural dynamics of a given evolving situation, the
corresponding tasks of DT analysis and synthesis can be described in terms of control theory,
operations research, and artificial intelligence. With this approach, these tasks are formally
described and solved within the framework of three basic tasks of model qualimetry and multi-
model systems: the task of analyzing the proactive management of the structural dynamics of
an evolving situation, the task of monitoring the controlled structural dynamics of a DS, and
the task of proactive management of the structural dynamics of a DS. Information is provided
on the practical implementation of the developed systems-management approach to describing
and using DTs of COs, based on fundamental and applied results obtained to date in the
qualimetry of models and multi-model systems.

Keywords: complex object, digital model, digital twin, cyber-physical system, qualimetry of
models and poly-model complexes, proactive control of structural dynamics.

bensies A.Jl., Byonos E.A. YHupUIHPOBaHHBIH MeTOJ AJTOPUTMHYECKHX HCIBITAHUIT
CHCTEM YNPABJIEHHS TIJIABHBIMH JHEPreTHYECKUMH YCTAHOBKAMH 00bEKTOB MOPCKOii
TeXHUKH.

B cratpe mpencTaBneH YHUQHUIUPOBAHHBIA METOA AITOPUTMUYECKHX HCIBITAaHUN CHUCTEM
YIIPaBIEHUS TJIABHBIMU SHEPTETUYECKUMU YCTAaHOBKAMH OOBEKTOB MOPCKOM TEXHUKU. MeTox
o0ecreunBaeT aBTOMATU3UPOBAHHOE IPOBEIECHUS IPOBEPOK AITOPUTMOB aBTOMATHUECKOTO
YIPaBIEHUS Ha 3Tale UX pa3pabOTKU M 3Talle MEXBEJIOMCTBEHHBIX HCIBITAHUH CHCTEMBI
YIPaBICHUS TJIABHOW SHEPreTUYECKOW YCTAHOBKOW C WCMOJIB30BAHWEM E€JIMHON METOJUKH
ANTOPUTMUYECKUX UCIIBITAHUH.

KurroueBblie ci1oBa: cucteMa ynpaBlieHUs, aJITOPUTM aBTOMATHUECKOTO YIIPaBJIEHUS, TJIaBHAS
SHEpreTUdecKasl yCTaHOBKA, METOJI UCTIBITAHUH.

Belyaev A.D., Bubnov E.A. Unified method of algorithmic testing of control systems for
main power plants of marine equipment objects.

This article proposes a unified method for algorithmic testing of control systems for main power
plants of marine equipment. The method ensures the automated verification of automatic
control algorithms both during their development phase and during inter-agency testing of the
main power plant control system, using a single algorithmic testing methodology.

Keywords: control system, automatic control algorithm, main power plant, testing method.

bonnapes B.A., Epmakos C.B., Mamuna H.7K. Mecto MarematHyeckux Mojesiel
B CTPYKType 3KCIUIyaTAIIHOHHOIO0 NPOLECCHOI0 HH(PPOBOro ABOHHHKA HUPKYJISIIUH
MOPCKOI0 CyJAHa.

[IpuBeneHo KpaTKoe ONHCAaHWE TEXHOJOTUH IM(PPOBBHIX BOMHUKOB Kak oOImee, Tak
MPUKIIATHOE — B KOHTEKCTE €€ HCIOJIb30BaHUS B MOPCKOM CYJOXOJICTBE, B Mpoleccax
CYIOBOXICHHS U JUI oOecriedeHrs dPPEeKTUBHON NUPKYISIuA cyaHa. OleHeHO 3HaueHHe
MaTeMaTU4eCKuX Mojenell cyaHa mpu (GopmupoBaHUM U (YHKIIMOHUPOBAHUU IM(PPOBOTO
JBOMHMKA HUPKyIsiuuu cynHa. ChopMyIupoBaHbl TpeOOBaHUS K MATEMATUUECKUM MOJEIISIM,
OTIPEICISIONUM BO3MOXKHOCTh UX HCIOJB30BaHUS B HU(PPOBOM [BOMHHKE HUPKYJISIIUU.
[IpuBeieHbI TpUMEpPHI TPUMEHUMBIX MOJEIIEH.

KuroueBblie ciioBa: MOpPCKOE CYJTHO, LHPKYJSILUS, MareMaTH4ecKue MOoJend, LudpoBoit
JIBOMHUK.

Bondarev V.A., Ermakov S.V., Malinin N.Z. The place of mathematical models in the
structure of an operational process-centric digital twin of a marine vessel's circulation.
This article provides a brief description of Digital Twins Technology, both general and applied,
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in the context of its use in maritime shipping, navigation processes, and ensuring efficient vessel
circulation. The importance of mathematical models of a vessel in the formation and operation
of a digital twin of a vessel's circulation is assessed. Requirements for mathematical models
determining their suitability for use in a digital twin of a circulation are formulated. Examples
of applicable models are provided.

Keywords: marine vessel, circulation, mathematical models, digital twin.

I'oBopyxun B.Il., Kamunos M.U., PoamonoB B.A. Bo3MokHOCTH 0Te4ecCTBEHHBIX
KOCMHYECKHX CpPeJICTB M0 KOHTPOJI MOPCKHX mNepeBo3ok B baarumiickom wmope
" 110 MapmpyTy «Ycrb-JIyra — baaruiick».

Ha ocHOBe clleHapHO-BPEMEHHOTO U  Pa3HOCTHO-JIOJITOTHOTO  METOJIOB  BBINOJIHEHO
MMUTALMOHHOE MOJEIUPOBAaHUE U IPOU3BEJEHA OIIEHKa BO3MOXHOCTEH OTEUECTBEHHBIX
KOCMUYECKUX CHUCTEM JUCTAHIIMOHHOTO 30H]upoBaHus 3emiin ([[33) mo KOHTpOIO MOPCKHUX
NepeBo30K B bantuiickoM Mope u 1o MapmpyTy «Yctb-JIyra — bantuiick». BeisiBnena Huzkas
OTIePaTUBHOCTH OTEYECTBEHHBIX KocMuueckunx cucteM J133. [1peioskeHsl My TH ee MOBBIIEHHUS.
KiroueBrble ciioBa: KOCMUYECKasl CHCTeMa, KOCMHUYECKHH ammapaTr, METOJl, METOJIMKa,
UMUTAIMOHHOE MOJIEIMPOBAHNE, BO3MOKHOCTH, OIICHKA.

Govorukhin V.P., Kalinov M.IL., Rodionov V.A. Capabilities of domestic space-based
systems for monitoring maritime traffic in the Baltic Sea and along the
Ust-Luga — Baltiysk route.

Simulation modeling was performed on the basis of scenario-time and difference-longitude
methods and an assessment was made of the capabilities of domestic space systems for remote
sensing of the Earth (remote sensing) for monitoring maritime traffic in the Baltic Sea and along
the Ust-Luga — Baltiysk route. The low efficiency of domestic remote sensing systems has been
revealed. Ways to increase it are proposed.

Keywords: space system, spacecraft, method, technique, simulation modeling, capabilities,
assessment.

NuxmeB WU.B., Epojdee B.A., MaciennnkoB A.B., Mensenkos M.C. IlporpammubIii
HHCTPYMEHT HH:KEHEPHOr0 AaHAJN3a CBAPKH CYAOBBIX KOPIYCHBIX KOHCTPYKIIHI
AJISl CTAIMH TeXHOJIOTH4eCKOH MOAroTOBKU MPOU3BO/ICTBA.

Peamzarust CKBO3HOM TEXHOJIOTHH CYI0CTPOEHHS TOIpa3yMeBaeT MU(pOBU3AIMIO BCeX € CTauii
1 9TanoB (IU(PPOBOE MPOSKTHPOBAHUE, MU(PPOBAsT TEXHOJIOTHYESCKAs ITOJIOTOBKA, ITHU(PPOBOE
MIPOU3BO/JICTBO, YIPaBICHUE KU3HEHHBIM [IUKJIOM, IIU(pOBasi cada-mpuéMka, U poBoid TBOHHUK
Opyd  OKCIUTyaTalid) 3a CYET CO3MaHUsl ©IMHOr0  MH(OPMAIMOHHOTO  IPOCTPAHCTBA
JUIL  TPOEKTUPOBIIMKA, 3aBOJla M OKCIUIyaTaHTa Ha OCHOBE BBICOKOIIPOU3BOUTEIILHOM
UH(POPMAIMOHHO-KOMMYHUKAIIMOHHOM W BBIYUCIUTEILHON HHQPACTPYKTYpPhL, CHUCTEMHOMA
UHTErpaluyd IPOU3BOJICTBEHHOIO U CYJOBOIO OOOpYJIOBaHMS C CHCTEMHBIM, I[PUKIIAIHBIM
U UHXEHEPHBIM MPOrpaMMHBIM O0ECHeYeHHEeM pa3IM4YHOro HasHadeHus. OIHAKO co3aHue
U BHEJIPEHHE CKBO3HBIX TEXHOJIOTHH SBISIETCSl JIOBOJIBHO JIOPOTUM U OYEHb JUTUTETIbHBIM
nporieccoM. B To ke BpeMsi, pearibHOe IPOM3BOICTBO HEBO3MOKHO OCTAHOBHUTH, U OHO TPOIOIKAET
BBIIIOJIHSATH CYJOCTPOUTEINILHBIE IPOrpaMMBbI [0 HOCTPOMKE U PEMOHTY CYJ0B Ha OCHOBE CTapbIX
TEXHOJIOTUH, TJIe YPOBEHb aBTOMATU3AIIMH CTAINH TEXHOJIOTHYECKOW TOATOTOBKY OCTAETCSI HU3KUM,
a moTpeOHOCTh B HAAEKHBIX U TPOCThIX CAE-MHCTpyMeHTax BBICOKASI.

Kommarnuss AO «lOmoccy pa3pabarbiBaeT OTEUECTBEHHYIO KOMIBIOTEPHYIO CHCTEMY
WHXEHepHOTO aHaiu3a cBapku U pojacTtBeHHbIX TexHonoruit CAE WeRTSim mns cragum
TEXHOJOIMYECKOH HOJrOTOBKU Mpou3BojicTBa. Cuctema crpoutcs Ha 0asze MpPOrpaMMHOM
w1aTopmbl, 00BeTUHSIONMEH I POBLIE TBOWHUKU CBAPOUYHBIX MPOIIECCOB C MHCTPYMEHTAMU
UHXEHEPHOT0 aHaJIN3a CBAPOYHON TEXHOJIOTUH.

KiaroueBble ciioBa: cBapka U pPOACTBEHHBIE TEXHOJOTHMH, HWH)KEHEPHOE MPOTrpaMMHOE
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obecrieueHre, CKBO3HAsI TEXHOJOTHS, MU(PPOBOK JTBOWHHUK, MMHTAIIMOHHOE MO/ICIUPOBAHHE,
cBapoyHasi feopmanus, CuCTeMa YIpaBlIeHUs JAHHBIMU | MIPOIIECCaMHU.

Dikshev 1.V., Erofeev V.A., Maslennikov A.V., Medvedkov M.S. Software tool for
engineering analysis of welding in ship body structures for the production preparation stage.
The implementation of end-to-end shipbuilding technology involves the digitization of all its
stages and phases (digital design, digital engineering, digital manufacturing, lifecycle
management, digital handover, digital twin during operation) by creating a unified information
space for the designer, shipyard, and operator based on high-performance information and
communication and computing infrastructure, as well as the system integration of production
and shipboard equipment with system, application, and engineering software for various
purposes. However, the creation and implementation of end-to-end technologies is a rather
expensive and very time-consuming process. At the same time, actual production cannot be
halted, and it continues to carry out shipbuilding programs for the construction and repair of
ships based on existing technologies, where the level of automation in the technological
preparation stage remains low, but the need for reliable and simple CAE tools is high.

JSC Umoss is currently developing a Russian computer system for the engineering analysis of
welding and related technologies, CAE WeRTSim, for the production planning stage. The
system is built on a software platform that integrates digital twins of welding processes with
tools for the engineering analysis of welding technology.

Keywords: welding and related technologies, CAE-software, end-to-end technology, digital
twin, simulation modeling, welding deformation, SPDM-technology.

Jquxme WU.B., Epodee B.A., MaciaennukoB A.B., Measeaxkop M.C. Onpenesnenne
napaMeTpoB peXUMa OPOHUTAIBLHOIN CBAPKH HEIIABAIIUMCH )JIEKTPOIOM THTAHOBBIX
CILUIABOB € NMPHUCAJ0YHBIM MATEPHAJOM HA OCHOBE YHCJICHHOI0 AHAJH3A Ipolecca.

B crathe ommcano mpuMmeHeHHe HMU(PPOBOTO JBOMHHMKA CBAPKU HEIUIABSIIIMMCS JIEKTPOJIOM
B cpene wuHepTHBIX Ta3oB (GTAW-mpomecc) ¢ mojayedt mpucamodyHOro marepuasa
JUTSL YMCIIEHHOTO aHain3a OpOUTAIbHOM CBapKKW TOHKOCTEHHOW TUTAHOBOW TPYyOKH U KOJICHA.
Ha ocHoBe uncneHHOro anaiusa onpejeieHa oJlHa U3 BO3MOXKHBIX KOMOMHAIIUN MapaMeTpoB
pexknMa, o0ecrieurBaroias TpeOyeMblil MpoBap CThIKA U pa3Mephl KATETOB PE3YJIbTUPYIONIETO
1IBa. YCTAHOBJIEHO, YTO IpPH BHIIOJHEHUH MNEPBOrO MpoXoja BO H30ekKaHHE CKBO3HOI'O
MPOILJIABICHUSI CTEHKH TPYOKH HEOOXOJIUMO MOMEpeYHOe CMEIICHHE JJIeKTpoAa OT IeHTpa
cThiKa Ha BeuuuHy 1.0 MM B cTopoHny koJieHa. [Ipu cBapke BTOporo mpoxoza Juist MOy YeHUs!
KaTeTOB Pe3yJbTUPYIOIIErO JABYXIIPOXOJAHOIO 111Ba, yAoBIeTBOpstomux TpedoBanusm ['OCT,
MONEPEYHOE CMEIIIEHHE IIEKTPoJa JOJIKHO cocTaBisTh 0.8 MM B cTopoHy TpyOKku. CKOpOCTh
CBapKU IpU STOM JIOJDKHA U3MEHATHCS [IPU IBUKEHUH U3 MOJIOKEHUs 6 4 B noJloxkeHue 12 u.
Kimrouebie cioBa: GTAW-mporiecc, opOuTanbHasi CBapKa, TUTAHOBBIE CILIABHI, ITU(POBOH
JBOWHUK, IMHTAIIIOHHOE MOJICTIMPOBaHUE, MPO(UIIH IIBA, TAPaMETPhI PeKUMA.

Dikshev 1.V., Erofeev V.A., Maslennikov A.V., Medvedkov M.S. Determination of
parameters for the orbital welding of titanium alloys with a non-consumable electrode
and a filler metal based on numerical analysis of the process.

This article describes the use of a digital twin of gas-tungsten arc welding (GTAW) with filler
metal to perform a numerical analysis of the orbital welding of a thin-walled titanium tube and
elbow. Based on the numerical analysis, one of the possible combinations of process parameters
has been determined, ensuring the required penetration of the joint and the dimensions of the weld
legs. It was established that during the first pass, to avoid through-welding of the tube wall, the
electrode must be offset laterally from the center of the joint by 1.0 mm toward the elbow. When
welding the second pass to obtain the leg dimensions of the resulting two-pass weld that meet
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GOST requirements, the transverse displacement of the electrode should be 0.8 mm toward the
tube. The welding speed should change as moving from position 6 h to position 12 h.
Keywords: GTAW-process, orbital welding, titanium alloys, digital twin, simulation
modeling, weld shape, process parameters.

Npuroaa B.K. Apkruueckmii Ttearp: MPTK kak kiIo4eBoii 3j1eMeHT obecredeHHs
0esonacHocTu CeBepHOro MOPCKOIo IMyTH H APKTHYECKOIi HHPPACTPYKTYPBI.
Apxrudeckast 30Ha Poccuiickoit Denieparmu mpecTaBisieT coOoM MPOCTPAHCTBO CTPATETMUYECKUX
HAalMOHAIBHBIX WHTEPECOB, IJ€ TPAJUIMOHHBIE IOAXOABI K OOECHEYEHHIO Oe30I1aCHOCTH
CTAJIKMBAIOTCS ¢ OECIIpEeleIEHTHBIMU BBI30BAMHU: AKCTPEMATIbHBIMU KIIMMATUUYECKUMU YCJIOBUSIMHU,
OIPOMHBIMH HE3AIMIIEHHBIMHI PACCTOSIHUSMU U pacTyLIel aKTUBHOCTBIO HEPETHOHAIIBHBIX UTPOKOB.
B crarbe mokasemaetcs, uro 3¢dekTuBHBIT KOHTpob Hax CeBepHbM MopckuM tyteM (CMII)
U PaccpeIOTOYEHHOM apKTHUYecKo HH(PaCTpyKTypoil TpeOyeT Iepexoja K acUMMETPHYHBIM,
CETEICHTPIYHBIM U BCECE30HHBIM pellieHrsM. Ha OCHOBe aHa3a reonoMTHYIecKOro JTaHmmadTa
1 nonoxkeanit Mopcko#t moktpuabl Poccrm (2022) 000CHOBBIBAETCS TIEHTpATbHAS POJTh POEBBIX
MOPCKUX POOOTHU3MPOBAHHBIX TakTUueckux KomriekcoB (MPTK) B dopmupoBaHuy yCTOWYIMBOI
cucteMbl Oe3omacHocTu. [lpeiaratorcss KOHKpETHBIE OIEpaTHBHBIE CIIEHAPUM ITPUMEHEHHUS
paznopogubix MPTK mist 3amau gambHero oOHapy>KeHHsl, TPOTUBOJIOAOUYHON OOOpPOHBI, 3aIUThI
TIO/TBOTHOM MH(PACTPYKTYPhI M OXpaHbI aKBaTOpHid. B 3akimoueHre (hopMyIHpYIOTCS KITFOUEBbIC
TpeOOBaHUsI K TeXHUUECKOMY OoOIMKy «apktndecknx» MPTK u mpemuiaraercss opraHu3aiioHHas
MOJIENTh UX MHTETPaliy B CTPYKTYpY cril CeBepHOTO htoTa.

KiroueBrnie ciioBa: Apktuka, CeBepHBI MOpcKOi IyTh, ApkTHueckas 30Ha P®, mopckue
pOOOTU3UPOBAHHBIE TAaKTHUECKHE KOMIUJIEKChI, O€30IacHOCTh CYJIOXOJCTBa, 3alluTa
uHOPPacTpyKTYpbl, CeBepHBIN (IIOT, CETEHEHTPUIHOCTH, APKTHYECKOEe KOMaH/I0OBaHHUE.

Drigola V.K. Arctic Theater: NRTC as a key element of ensuring the security of the
Northern Sea Route and Arctic Infrastructure.

The Arctic Zone of the Russian Federation represents a space of strategic national interests,
where traditional approaches to security face unprecedented challenges: extreme climatic
conditions, vast unprotected distances, and growing activity by non-regional actors. The article
argues that effective control over the Northern Sea Route and the dispersed Arctic infrastructure
requires a transition to asymmetric, network-centric, and all-season solutions. Based on an
analysis of the geopolitical landscape and the provisions of Russia’s Maritime Doctrine (2022),
the central role of swarm-capable naval robotic tactical complexes (NRTCs) in forming a
sustainable security system is substantiated. Specific operational scenarios for the employment
of heterogeneous NRTCs are proposed for long-range detection, anti-submarine warfare,
protection of underwater infrastructure, and area denial. In conclusion, key requirements for the
technical design of “Arctic-class” NRTCs are formulated, and an organizational model for their
integration into the structure of the Northern Fleet forces is proposed.

Keywords: Arctic, Northern Sea Route, Arctic Zone of the Russian Federation, naval robotic
tactical complexes, navigation security, infrastructure protection, Northern Fleet, network-
centric warfare, Arctic Command.

Apurona B.K. /lokTtpuHa ¢(yHKUHMOHAIBHOrO (uioTa: OoT NPOU3BOJACTBA KOPIYyCOB
K 0IIepaToOpy MOPCKOii MOIIHU.

B crarbe anaimsupyeTcsi CUCTEMHBIN KPU3UC COBPEMEHHOTO POCCHUICKOrO CyIOCTPOEHHUS. ABTOP
JIOKa3bIBACT, YTO €ro MPHpOJa — HE B JePHIUTEe MOIMHOCTEH W HE B MMIIOPTO3aBUCUMOCTH,
a B ycTapeBlIel NapaJurMe YIpaBlIeHUSl, HECIIOCOOHOW OTBETUTh HAa HOBBIE CTpaTernyecKue
BbI3OBBI: B3pPBIBHOE paCIpOCTPAHEHHE OECHMJIOTHBIX ABTOHOMHBIX CHUCTEM, CTPEMUTEIBHYIO
JeTpafayio OOEBBIX BO3MOYKHOCTEH TPaJIMIIMOHHBIX IUIaTGOpM, IMKIT OOHOBICHHS KOTOPBIX
Ha MOPSIJIOK Kopoue (pU3NIecKoro pecypca KopIryca, a TakyKe UCTOPUYECKH CIIOKHUBIIHMIACS pa3phbiB
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MEXITy co3aHreM Kopabiis v ero sKciutyaTanuei. Ha ocHoBe anammza ombira 1990-2020-x rooB
U TyOJMYHBIX 3asBICHUNA PYKOBOJCTBA CTpaHbl (HOPMYJIMpPYeTCsl KOHLETIHS HEOOXOIMMOro
MapaurMaIbHOTO CABHATA — IOKTPHHBI PYHKITMOHATBLHOTO dutota. EE cyTh: Kopadis mepectaét ObITh
KOHEUYHBIM TPOJIYKTOM U CTAHOBUTCSI BPEMEHHBIM HOCUTENIEM HOCTOSHHO OOHOBJISIEMBIX OOEBBIX
BO3MOXHOCTEH, a 0Tpaciib TpaHC(HOPMUPYETCS U3 TPOU3BOAUTEISI KOPITYCOB B OIlEpaTopa MOPCKOM
MOIIH, YIPABJSIFOIIETO TOJHBIM JKU3HEHHBIM IIUKIIOM 00€BBIX BO3MOXKHOCTEH. CTaThs afgpecoBaHa
y4yacTHHKaM KoH(pepeHimu «Mopckoi canon-2026» Kak MpUrialeHne K JUCKYCCHA O HOBOM
OTpaciIeBOM JIOTOBOpe — repexo;ie K mojienu «Kopabib-kak-yciryra» (Battleship-as-a-Service).
KiroueBble cjioBa: CcyJIocTpoeHHE, MapaJurMalbHbIA CHIBUT, J>KU3HEHHBIM IMKI OOEBBIX
BO3MOKHOCTEH, mudpoBas  JKOCHUCTeMa,  OCCHWIOTHBIE  ABTOHOMHBIE  CHCTEMEI,
CeTEeLEeHTPUYHOCTD, IIU(PPOBast HUTh, KOHTPAKT Ha pe3yJIbTaT.

Drigola V.K. The Functional Fleet Doctrine: From Hull Production to Naval Power Operator.
The article analyzes the systemic crisis of modern Russian shipbuilding. The author argues that its
nature is not a shortage of capacities nor import dependence, but an outdated management paradigm
incapable of responding to new strategic challenges: the explosive proliferation of unmanned
autonomous systems, the rapid degradation of the combat capabilities of traditional platforms (whose
renewal cycle is an order of magnitude shorter than the physical life of the hull), and the historically
formed gap between ship construction and its operation. Based on an analysis of the experience of the
1990s—2020s and public statements by the country's leadership, the concept of a necessary paradigm
shift is formulated — the Functional Fleet Doctrine. Its essence: the ship ceases to be an end product
and becomes a temporary carrier of constantly updated combat capabilities, while the industry
transforms from a hull producer into a naval power operator, managing the full lifecycle of combat
capabilities. The article is addressed to participants of the "Maritime Salon-2026" conference as an
invitation to discuss a new industry compact — the transition to the "Battleship-as-a-Service" model.
Keywords: shipbuilding, paradigm shift, lifecycle of combat capabilities, digital ecosystem,
unmanned autonomous systems, network-centricity, digital thread, outcome-based contract.

JApurosa B.K. Mecto u posbs nu(poBoro ABoiiHHKa B CHCTEMAaX YHPaBJCHUS BOCHHO-
Mopckoro ¢guiora Poccuiickoit Penepanuu.

B craree paccmaTpuBaeTcs 5BOJIONMS TeXHOJOruM IHdpoBoro nBoiiHuka (digital twin)
OT UHCTPYMEHTA UHKEHEPHOTO IPOEKTUPOBAHHUSI 10 KJIFOUEBOTO JIEMEHTA CUCTEM YIIPABJICHUS
Boenno-mopckoro ¢ora P®. Ha ocHoBe aHanmm3a TeopeTUYECKUX MOJOKEHUN KOHIICMIUN
B KOHTEKCTE KaTeTOpHi €IMHOro WH(POPMAIMOHHOTO IpocTpaHcTBa (common information
space) U BUpTyalibHOU peanbHoCcTH (Virtual reality) BbIsIBIeHA poOJb HMU(PPOBBIX ABOWHUKOB
B IOBBIIIEHUU KayecTBa HKCILTyaTallMOHHO-TEXHUUYECKUX pemeHuid. Ilpeacrasien anamus
3apyoesxkaoro ombita (CIIA, HATO) B oOnactm mnpuMeHEHHS ITM(PPOBHIX TBONHUKOB
JUIs yIIpaBJIeHUs: KOpaOelbHbIMU IpynupoBKamMu. OrnpeieneHbl IepcrneKTUBHbIE HallpaBIeHUs
Ppa3BHUTHS TEXHOJIOTUH IS Liesield ynpasiienuss BMO PO.

KimoueBsble cioBa: 11(hpoBoii JTBOMHMK, CHCTEMBI YIIPaBJIE€HHsST BOGHHO-MOPCKOro (hiioTa, euHoe
WH(POPMAITOHHOE ~ TIPOCTPAHCTBO, BUPTyaIbHAS PEaTbHOCTh, NPEAMKTHBHOE —OOCITY>KHBAHHE,
HOJIIEPIKKA MPUHSITUS PELIeHU, MaTeMaTH4eCKOe MOJICTMPOBAHKE, MHTETPUPOBAHHAS JIOTHCTHYECKast
TIOJUIEPIKKA, 3apyOS)KHBIH OITBIT, JUCTAHITMOHHAS MO TU(UKAIHS ITPOTPAMMHOTO 00ECTICUEHHSI.

Drigola V.K. The place and role of the digital twin in the control systems of the Navy of
the Russian Federation.

The article examines the evolution of digital twin technology from an engineering design tool to a
key element of the control systems of the Russian Federation's Navy. Based on an analysis of the
theoretical provisions of the concept in the context of the categories of common information space
and virtual reality, the role of digital twins in improving the quality of operational and technical
solutions is identified. An analysis of foreign experience (USA, NATO) in the application of digital
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twins for naval group control is presented. Promising directions for the development of the
technology for the purposes of the Russian Navy's command and control are determined.
Keywords: digital twin, naval control systems, common information space, virtual reality,
predictive maintenance, decision support, mathematical modeling, integrated logistics support,
foreign experience, remote software modification.

Jpuroaa B.K., Anexcee A.B., bouanipes B.E., UBanos I.0. IludpoBoii aBoiinuk
pacnpeeleHHOH CHCTEMBbI YIIPABJIEHHSI ¢ 3JIEMEHTAMM HCKYCCTBEHHOT0 HHTE/LIEKTA .
B pasButie paHee BBITIOJHEHHOW IOCTAHOBKH 3ajjaull TIO pa3paboTKe IMQPOBOTO JBOWHUKA
pacrpesielieHHON CHCTEMBI YIPaBICHHUS THIIOBBIMH OOBEKTAMH YIIPABJICHUS PACCMOTPEH BOMPOC
00OCHOBAHUSI €10 MSTUIIEMEHTHOM CTPYKTY B, IIPUHIIMIIOB PEATTM3AIY U 0A30BOT0 TEXHOJIOTHYECKOTO
BapriaHTa TIOCTPOSHHUS, B TOM YHCJIE C KCIOJB30BAHMEM 3JIEMEHTOB MCKYCCTBEHHOTO HMHTEIUIEKTA.
Metoom ucce1oBaTeIbCKOrO MPOEKTUPOBAHUS ITOKA3aHO, YTO JAHHOE MHHOBALIMOHHOE pEIICHHE
o0aaeT MepCIeKTHBHOCTHIO Pa3BUTHS M KOHKYPEHTHO CITIOCOOHEE COBPEMEHHBIX AT TEPHATHBHBIX
pemernit OMTuMTC tuna «Aegis» Oomnee, uem Ha 27%, UTO BeChMa CYIIIECTBEHHO.

KiroueBrble ciioBa:  uccieoBaTelIbckoe MPOEKTUPOBAHME, pacHpe/ielieHHas cHcTeMa
yIpaBJIeHUSs, TUTIOBOK OOBEKT yIpaBJIeHHUS, ITU(DPOBOH TBOWHUK, TPOAKTUBHOCTH YIIPaBICHUS,
MacIITabupPyeMOCTb, MHBAPUAHTHOCTb.

Drigola V.K., Alekseev A.V., Bondyrev V.E., Ivanov D.O. Digital double of a distributed
control system with artificial intelligence elements.

In the development of the previously completed task of developing a digital twin of a distributed
control system for typical control objects, the issue of justifying its five-element structure,
implementation principles, and basic technological design, including the use of artificial
intelligence elements, has been considered. Using the research design method, it has been shown
that this innovative solution has the potential for development and is more competitive than
modern alternative solutions such as Aegis by more than 27%, which is a significant advantage.
Keywords: research design; distributed control system, typical control object, digital twin,
proactive control, scalability, invariance.

Kapkosa E.B. MoaeupoBanue ycj1oBuii 10cTaBKH I1aBy4eii miiaTtgopmsl B nopt Tukcu.
B craree paccmaTpuBaeTcs 3ajada OLIEHKM BO3MOXKHOCTU JIOCTABKM ILIaBy4Yel OypoBoi
wiargpopmel B mopT Tukcu mno Tpacce CeBepHoro Mopckoro nytu. [Ipumensiercs
MHOTOKPUTEPUANIBHBINA OJX0/A: OJTHOBPEMEHHO YUUTBIBAIOTCS JI€J0Bast OOCTAHOBKA, IITyOMHBI
Ha MapuipyTe ¥ noroAusle ycyuoBusa. Ha ocHOBe aHanm3a c€30HHBIX U3MEHEHUN OIIPENIENIEHO,
YTO ONTUMAJIbHBIM NEPUOJIOM JUIsl JOCTABKH SIBIISICTCS AaBI'YCT-CEHTSOpb. 3UMHsISL JOCTaBKa
IIPU3HAHA HEBO3MOKHOM 0€3 MOIIHOTO JIEJOKOIBHOTO COMPOBOXKICHHUS.

KiroueBbie ciioBa: mnaByuas miaardopma, CeBepHbIi MOPCKOW MyTh, HMHTAIMOHHOE
MoJienupoBanue, nopt Tukcy, ge1oBas 00CTaHOBKA, MHOIOKPUTEPHATIBHBIHM ITOIXO/,.

Zharkova E.V. Simulation of conditions for delivery of a floating platform to Tiksi port.
The article considers the problem of assessing the possibility of delivering a floating drilling
platform to Tiksi port via the Northern Sea Route. A multicriteria approach is applied: ice
conditions, route depths, and weather conditions are taken into account simultaneously. Based on
the analysis of seasonal changes, it is determined that the optimal period for delivery is August-
September. Winter delivery is considered impossible without powerful icebreaker support.
Keywords: floating platform, Northern Sea Route, simulation modeling, Tiksi port, ice
conditions, multicriteria approach.

HUckannepo 10.M., Jlackun M.B., JledeneB WN.C., CemenoB B.B., XacanoB JI.A.
HNuTennekTyanbHasi moaep:KKa MOJETHPOBAHHS KH3HECMHOCOOHOCTH HWHTErPHPOBAHHBIX
nemnei ocraBok.
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B cratee mpenacTaBieH MOAXOM K (OPMHUPOBAHUIO HHTEIUICKTYATBHOW TIOIIACPIKKA
MOJICTUPOBAHUS KU3HECTIOCOOHOCTH HMHTErpajbHBIX IIeTel MmocTtaBok. JlaHo ompeseneHue
KHU3HECTIOCOOHOCTH Tiemneil mocTtaBok. OTMedeHOo, YTO (YHKIIMOHHPOBAHHWE COBPEMEHHBIX
Ierned MoCTaBOK HEBO3MOXKHO 0€3 WCIOJIB30BaHMS BCErO CIIEKTPa COBPEMEHHBIX METOJIOB
MOJICTUPOBAHUS, CHCTEMHOTO aHajin3a ¥ HOBEHIMX WH(POPMAIMOHHBIX TEXHOJIOTHH.
H31moxeHbl 0COOEHHOCTH METOAOJIOTHYECKOTO MOAX0Ia K 00eCIeUeHUIO KU3HECITOCOOHOCTH
nemnei moctaBok. OTMEUYEHO, YTO BAXKHEHWINIUM YCIOBHEM, O00eCTeunBatOMUM dPPEKTUBHOE
(YHKITMOHHPOBAHKE TIETICH MTOCTABOK, SBJISETCS WX aMalTalus K U3MECHEHUSM BHYTPCHHEH U
BHEITHEH cpenbl. YKa3aHo, YTO MPEAUKTUBHOE MOJISTHPOBAHIE HA OCHOBE HHTEIIEKTYaTbHBIX
CUCTEM C HCIIOJIH30BAaHNUEM MYJIbTHATCHTHBIX TEXHOJIOTHHA CTAHOBUTCS KIFOYEBBIM (PaKTOPOM
CO3/IaHUSI COBPEMEHHBIX IeMei MOCTaBOK.

KimroueBble cjioBa: WHTCIUICKTyallbHAS TIOJUICPXKKA, MOJCITUPOBAHUE, JKU3HECIIOCOOHOCT,
MHTETPUPOBAHHEIE [IEMTH TOCTABOK, MYJIbTHAT€HTHBIE TEXHOJIOTHH.

Iskanderov Yu.M., Laskin M.B., Lebedev LS., Semenov V.V., Khasanov D.S. Intelligent
support for modeling the viability of integrated supply chains.

This article presents an approach to developing intelligent support for modeling the viability of
integrated supply chains. A definition of supply chain viability is provided. It is noted that the
functioning of modern supply chains is impossible without the full range of modern modeling
methods, systems analysis, and the latest information technologies. The specifics of a
methodological approach to ensuring supply chain viability are outlined. It is noted that the
most important condition for ensuring the effective functioning of supply chains is their
adaptation to changes in the internal and external environment. Predictive modeling based on
intelligent systems using multi-agent technologies is becoming a key factor in the creation of
modern supply chains.

Keywords: intelligent support, modeling, viability, integrated supply chains, multi-agent
technologies.

Ky3nenos A.JL., CemenoB A./l. Umuranuonnoe moaeanposanue padorsl kpaHos STS
KOHTEIHePHOI0 TEPMHHAJIA UIA 11eJIeil IPOeKTHPOBAHUSA MOPCKOI0 IOpTA.

B crarbe paccmarpuBaercs 3ajada ONPEIENICHUS ONTUMAIBHOIO KOJMYECTBA NPHUYAIbHBIX
KkpaHoB thna STS Ha sTame mMpoeKTUPOBAHUS MOPCKOTo moprta. lIpeaioxken meros aHainza
[IPOU3BOIUTEILHOCTH KPAaHOB HA OCHOBAaHUK UMUTAIIMOHHOTO MOJICIUPOBAHMSI PaOOTHI KPAaHOB
¢ yuétoM Oeii-iana cyaHa. Pazpaborana uMuTaimonHas MOJCNb C TPEXMEPHON aHUMAIlUEH,
[I03BOJISIIONIAS OLIEHUTH IPOU3BOIUTEIHLHOCTD, KO3(PPUIIMEHT UCTI0Ib30BaHMUs KPAaHOB M BpeMsI
00paboTku cyaHa. JlokazaHa aJleKBaTHOCTh pa3padOTaHHON MOJEIH.

KiroueBble cioBa:  KOHTEHHEpHBIH  TepMUHAT, HMUTAIMOHHOE  MOJEIMPOBAHUE,
KOHTEHHEPHBIH MeperpysKaTteib, MOPCKO# Tpy30BOi (POHT.

Kuznetsov A.L., Semenov A.D. Simulation Modeling of STS Cranes at a Container
Terminal for Seaport Design.

This article examines the problem of determining the optimal number of STS quay cranes at
the seaport design stage. A method for analyzing crane performance is proposed based on
simulation modeling of crane operation, considering the vessel's bay plan. A simulation model
with 3D animation has been developed to evaluate productivity, crane utilization, and vessel
handling time. The adequacy of the developed model is demonstrated.

Keywords: container terminal, simulation modeling, container handler, sea cargo front.

Makapos E.A., ByonoB E.A. Metoa 00beKTHO-OPHEHTHPOBAHHOIO MIPOEKTUPOBAHUS Y€I0BEKO-
MAIIMHHBIX HHTeP(eICOB CHCTEM YIPABJIeHHSI KOPAGEIHbHBIMU TEXHHYECKHMH CPeICTBAMM.
B crarbe nmpesiosken MeTo]1 00hEKTHO-OPHEHTHPOBAHHOT'O ITPOESKTHPOBAHMS YEIIOBEKO-MAITMTHHOTO
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uHTepdeiica cHcTeM  yNpaBieHHS KOpaOETbHBIMH — TEXHHYECKUMH — CpelCTBaMH. Mertoj
obecrieunBaeT cuCTeMHOe (DOPMHUPOBAHKE AJITOPUTMOB PabOTHI OIlepaTopa Mo PEIIEHHIO TUTIOBBIX
VIIPaBIICHYECKAX 3a7ad Ha OCHOBE TIPHHIMIOB (YHKIMOHUPOBAHUS OOBEKTA YIIPABICHUS
C TIOCJIETYFOIIIM OTIPE/ICIICHIEM COCTaBa, BAIA, (POPMBI YeIOBEKO-MaIIMHHOTO HHTepdeiica.
KaroueBbie cjioBa: CHUCTEMBI yIPaBICHUS, YEIOBEKO-MANIMHHBI HMHTEpQeic, MeTOIbI
MIPOSKTHUPOBAHHUS, AJITOPUTMBI JACSTEITHHOCTH.

Makarov E.A., Bubnov E.A. Object-oriented design method for the human-machine
interface of shipboard technical equipment control systems.

This article proposes an object-oriented design method for the human-machine interface of
systems controlling shipboard technical equipment. The method enables the systematic
development of operator algorithms for solving routine management tasks based on the
operational principles of the controlled object, followed by the determination of the
composition, type, and form of the human-machine interface.

Keywords: control systems, human-computer interaction, design methodologies, activity models.

MaptsinoBa JLA., fAkyno P.U., 3namenckuii JI.A. UMuTtanmonsass Moge/jb OLEHKH
3(p(PeKTHBHOCTH TMOHCKA MAJOpPA3MEPHBIX O00HEKTOB ABTOHOMHBIM HEOOHTAEMBIM
MOABOIHBIM ANINAPATOM B AKBATOPHH IyTeM MaHEBPHPOBAHHS 0 KPeHY.

Perraetcst 3amaua cpaBHUTEIBHOM OIIEHKH Y(PPEKTHBHOCTH TIOUCKA MATOPa3MEPHBIX 00BEKTOB
B MOPCKOH cpelie TpaaullMOHHBIM ABTOHOMHBIM HEOOWTAeMbIM IOJIBOJHBIM alapaToM
U TUAPOOATHYECKHM, CIIOCOOHBIM MaHEBpHpOBaTh Mo kpeHy. [lpm mcmonp3oBanum meTona
CTaTUCTUUYECKUX HCHBITAHUM UMUTHPOBAIOCH JABUKEHUE allapara M CIydyalHbIX OOBEKTOB,
OIICHUBAJIOCH MOMaJlaHne 00BEKTOB B 30HBI 0030pa MOUCKOBBIX CpeACTB amnmnapara. [lorydenst
CpaBHUTEIbHBIE  OIICHKM  OOHapyXkeHuss OOBEKTOB I  pa3JIMUHBIX  CKOpPOCTEH
MOCTYIATENbHOTO JIBU)KEHHUSI almapara U YIJIOBBIX CKOPOCTEH BpalieHus: THApoOaTUIeCKOro
annapara. KioueBble c10Ba: aBTOHOMHBIM HEOOWTaeMbId MOJBOJHBIA ammapar, MOWCK
MaJiopa3MepHbIX 0OBEKTOB, MOPCKas CpeJla, MAaHEBPUPOBAHUE 110 KPEHY.

Martynova L.A., Yakupov R.l.,, Znamensky D.A. Simulation model for evaluating
the effectiveness of searching for small objects in an area using an autonomous
underwater vehicle's roll maneuvering.

This paper aims to compare the effectiveness of searching for small objects in the marine
environment using a traditional autonomous underwater vehicle and a hydrobatic vehicle
capable of roll maneuvering. Using a statistical testing method, the vehicle's motion and
that of random objects were simulated, and the occurrence of objects within the vehicle's
search detection zones was assessed. Comparative estimates of object detection were
obtained for various vehicle forward speeds and hydrobatic vehicle rotational velocities.
Keywords: autonomous underwater vehicle, search for small objects, marine environment, roll
maneuvering.

MaptsinoBa JLA., SIkynoB P.U., 3namencknii [.A. UMuTannoHHasi Mogesb MOHCKA
MOJIBIHbH ABTOHOMHBIM HEOOMTaeMbIM IMOJABOJHBIM ANINAPATOM € HCHOJb30BAHHEM
MaHeBPHPOBAaHUA 0 KpeHY U 1ud depenrty.

Paccmorpena 3amada oOcepBalii aBTOHOMHOIO HEOOMTAEMOIO IIO/IBOJHOIO ammapara IOMcKa
B TIOJIBIHEE. J[7151 TIOMCKA TOJTBIHBH MIPEUI0KEHO MaHEBPUPOBAHKE amlapara 1o KpeHy u auddepenry.
JIist TecTpoBaHMs alrOPUTMOB MaHEBPUPOBAHUSI anmapara M IOWCKa MOJbIHBM MOTpeOoBalach
pa3paboTKa UMUTALIMOHHOW MOJIENH C BOCIIPOU3BEICHUEM KITFOUYEBBIX IIPOLIECCOB — MAHEBPUPOBAHNE
1o KpeHy u JuddepeHTy, a Takke 0OHApPY)KEHUE TMOJIBIHBH 10 KIaCCU(PUKAIMOHHBIM TPH3HAKAM.
Jis BamuanMy MMUTAMOHHOW MOJETIM W IPOBEPKU €€ aJeKBAaTHOCTH IPOBEJECHBI HATypHBIE
9KCIIEPUMEHTHI C UCIOJIL30BAHMEM CIIEIMANILHO pa3pab0TaHHOIO MaKeTa arapara.
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KuroueBble c10Ba: aBTOHOMHBIN HEOOMTAEMBIi MTOABOIHBIN anmapar, o0cepBalus B JIEJOBBIX
YCIIOBUSX, MAaHEBPUPOBAHKE ammapaTa 1Mo KpeHy u auddepeHty, Bamuaanms, aleKBaTHOCTh
MOJIEJIH, MaKeT armapara.

Martynova L.A., Yakupov R.I., Znamensky D.A. Simulation modeling of the operation of
the system for determining the location of a small-sized robotic complex.

To prevent the unauthorized flight of a small-sized unmanned aerial vehicle over the sea area,
an imitation of the operation of the system for determining its location by the difference-range
method based on a signal emitted from its board was carried out. The simulation takes into
account the loss of the signal, its reflection and attenuation. Estimates of the error in
determining the difference in the moments of arrival of signals at the points of reception and
the error in determining the location of the drone are obtained. The results of field tests
confirmed the adequacy of simulation modeling.

Keywords: small-sized robotic complex, unmanned aerial vehicle, location determination,
difference-range method, spatially separated receivers.

MyrtoBknna H.IO. Bo3moxknoctu meroga Mounrte-Kapio st onenkn 3¢ ¢exkTuBHOCTH
MOPCKHX I'Dy30IepeBO30K.

B cratee paccMOTpeHBI TPEUMYIECTBA U HEJOCTATKU OJHOTO M3 METOJ0B UMHUTAIMOHHOTO
MojenupoBaHuss — Merona MonTte-Kapino, B OCHOBE KOTOPOro HaXOJUTCS TeHeparus
CIy4yaWHBIX YHCeNl — 3HAYEHUH NapamMeTpoB, OMPEACSIONIMX HWMHUTAIMOHHYIO MOJIEINb.
OmpesiesieHa CyITHOCTh METOJIa, OCOOEHHOCTH €ro NMpUMEHEeHHs] B 0003HauYeHHOH 00acTy.
Pazpaborana umuTanmoHHast MOJENb JUIsl IPOTHO3UPOBAHUS BPDEMEHU I'PY30BOTO CYHA B TyTH
U BEJIMYUHBI 3aTpaT Ha TPAHCIOPTHPOBKY Ipy3a, MPOJAEMOHCTPUPOBAHA paboTa JaHHOMN
MOJIEJIM U IPOKOMMEHTHUPOBAHBI TOJTYUYEHHBIE Pe3yIbTaThI.

KiroueBbie cioBa: mutannonHoe wmojenupoBanue, meron Monrte-Kapio, Mopckue
[IepEBO3KHU, TPAHCIIOPTHBIE 3aTPaAThl, MPOAOIKUTENHHOCTh pelica, BpeMsi B IIyTH, TEXHUYECKUE
poOJIEMBI.

Mutovkina N.Y. The possibilities of the Monte Carlo method for evaluating the efficiency
of marine cargo transportation.

The article discusses the advantages and disadvantages of the simulation modeling method, the
Monte-Carlo method, which involves random numbers, and the values that determine the
simulation model. The essence of the method and its application in the designated area are
determined. We develop a simulation model to predict the travel time of a cargo ship and the cost
of cargo transportation. We demonstrated the operation of this model and commented on the results.
Keywords: simulation, Monte-Carlo method, sea transportation, transportation costs, duration
of the voyage, travel time, technical problems.

Hryen Munb Truen, barunosa B.B., Hryen Ban Xynr. UMurtanmnonnoe MoieJiMpoBaHue
omepanuii KOHTeliHEPDHBIX TEPMHHAJOB B MOPCKOIl TPaHCHOPTHO-JIOTHCTHYECKOI
cucreme BoerHama: 0030p M0X0/10B U HANIPABJICHHUS] PA3BUTHSL.

B cratee cucremaTu3upoBaHbl MOJAXO0/Abl K MUMHUTAIIMOHHOMY MOJEIHUPOBAHUIO ONEpaluii
KOHTEHHEpPHBIX TEPMHUHAIOB U OOOCHOBAHA HEOOXOAMMOCTH MX aJalTallii K YCIOBUSM
MOPCKOM  TpaHCHOPTHO-JIOTUCTUYECKOM cucrteMbl Bbrernama. Ha ocHoBe ananuza
OTEUECTBEHHBIX, 3apYOEKHBIX U BbETHAMCKUX UCCIIEAOBAHUM [TOKAa3aHO, YTO CYIECTBYIOIAS
sMIupHuyeckas 0a3a JaHHBIX O BHETHAMCKHUM IOpPTaM MOJKET OBITh HCIOJIb30BaHA MJis
napaMeTpu3alu MoAyJael TUCKPETHO-COOBITUITHOTO MOJIETMPOBAHMS; BMECTE C TEM OHA JI0
HaCTOSIIEro BPEMEHU He MHTETPUPOBAHA B €IUHBIM MHCTPYMEHT ONEPAllMOHHOIO aHalu3a.
[IpencraBnensl pe3yiabTaTbl aBTOPCKONW MOJENH JUCKPETHO-COOBITUITHOTO MOJEIUPOBAHUS
joructuyeckoro neHTpa « ®piok JIoHr», a Takke MpeiokeHa MolyJIbHasi CTPYKTypa MoIeNu
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KOHTEHHEPHOTO TEepMHHalIa C YKa3aHMEM BXOJHBIX JAaHHBIX, BBIXOJHBIX IIOKa3aTejed Hu
npouenyp Bepudukanuu.

KiroueBrblie ciioBa: KOHTEHHEpHBI TEpMHHAI, MOPCKOW TOPT, MOpCKas JIOTHCTHKA,
JIMCKPETHO-COOBITUHHOE MOJIEIMPOBAaHNE, THOPUIHOE MOJEIMPOBAHUE, TpPAHCIOPTHAs
cucreMa BreTHama.

Nguyen Minh Chien, Baginova V.V., Nguyen Van Hung. Simulation modelling of
container terminal operations in Vietnam's maritime transport and logistics system: a
review of approaches and development directions.

The paper systematizes approaches to simulation modelling of container terminal operations
and substantiates the need to adapt them to the conditions of Vietnam's maritime transport
and logistics system. Based on an analysis of international, Russian, and Vietnamese
studies, it is shown that the existing empirical base on Vietnamese ports can be used to
parameterize discrete-event simulation (DES) modules; however, it has not yet been
integrated into a unified operational analysis tool. The results of the author's DES model of
the Phuoc Long logistics center are presented, and a modular container terminal model
framework is proposed, specifying input data, output indicators, and verification
procedures.

Keywords: container terminal, seaport maritime logistics, discrete-event simulation,
hybrid modelling, Vietnam transport system.

OBunHHuKkoB A.B., MapkoB A.C., AckepajueB A.A. MoaequpoBaHnue NpHUMeHEHHUS
KOMILTEKCOB TeXHHYECKHX CPeICTB /sl CMIACAHHUS IKHIAXKeH aBapHAHBIX MOABOIHBIX
JIOJ0K B ApKTHKE.

B crarbe npeacTaBieHo MoIeTUPOBaHKE MMPOBEJICHUS clIacaTelIbHON ONIEpalvy MPU OKa3aHUU
MTOMOIIIH aBAPUITHBIM TIOJIBOTHBIM JIOJIKaM B APKTHKE C IPUMEHEHUEM Pa3TNYHBIX KOMILIEKCOB
TEXHUYECKUX CPEJICTB.

KiroueBrble ciioBa: aBapuiiHas oABOHAS 10JKA, APKTHKA, KOMIUIEKC TEXHUYECKUX CPEJICTB,
MOJIEIMPOBAHKE, CIIACAHUE DKUIaXKA.

Ovchinnikov A.V., Markov A.S., Askeraliev A.A. Modeling of the use of complexes of
technical means for the rescue of crews of disabled submarine in the Arctic.

The article presents a modeling of a rescue operation in assistance to disabled submarines in
the Arctic using various complexes of technical means.

Keywords: disabled submarine, Arctic, complexes of technical means, modeling, rescue the
Crew.

Hpouskun H.C., Pexoros M.B., /leeaTkos T.B. IIporpammubiii KoMIIeKe A OLEHKH
3arpyKeHHOCTH MOPCKHX IHOPTOB M TPAHCHOPTHBIX Marucrpajieii XacaHCKoOro
TPAHCHOPTHOIO y3J1a.

B cratee mpezacraBieHa mporpamMMmHas CHUCTEMa ISl IPOBEACHUSI KOMIIJIEKCHOIO aHalu3a
3arpy’KeHHOCTH TPAHCIIOPTHOW WHQPACTPYKTYpbl XacaHCKOTO TPAHCIIOPTHOTO y3Ja,
nocrpoennas Ha 6ase maargopm RITM? u ALINA GPSS. MHCTpyMeHT JaéT BO3MOKHOCTB
uccienoparessim 3 MI'Y uM. HeBenbCckoro mnpoBOJIUTH pa3iuyHbIE JKCIEPUMEHTHI W
BBUSIBIISITh  KJIIOYEBBIE (DAKTOpBI, BIMsOIUE Ha A(PPEKTUBHOCTH IKEIE3HOJAOPOXKHBIX U
ABTOMOOWJIBHBIX ~ I'pY30II€PEBO30K,  AHAIM3UPOBATh  3arpyKEHHOCTh  TPAHCIOPTHOMU
UHPPACTPYKTYPHI H €€ OTACTHHBIX HIIEMEHTOB.

KaroueBble c10Ba: UMHTAIMOHHOE MozeaupoBanue, RITM?, ALINA GPSS, TpancnopTHOe
MOJICTUPOBAHUE, JKeJIe3HOI0POKHBIE TPY30MIEPEBO3KHU.

Pronyakin N.S., Fedotov M.V., Devyatkov T.V. Software suite for evaluating the capacity
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utilization of seaports and transport corridors of the Khasan transport hub.

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, RITM? ALINA GPSS, traffic simulation, railroad freight
transportation.

Iyxa I'.Il. CoueraHue aHAJIMTHKO-HMHTAIIMOHHOIO MOJeJIHPOBAHUS B HHTepecax
OLICHKH YCTOHYHBOCTH cucTeM cBsizu BM®.

B crarbe paccmaTpuBaeTcs BApUaHT pELIEHUs 3a/1a4i, CBI3aHHOW ¢ KOJIMUECTBEHHOU OIIEHKON
MoKasareyieil yCTOWUMBOCTH cUCTeM CBsi3n BM®, ¢ MOMOIIbIO aHAIMTHKO-UMHUTAITMOHHOTO
MOJIETTUPOBAHUSI.

KiroueBble ciioBa: TmoJjiep)KKa NPUHSATHS PEIICHUM, cHucTeMa CBSI3H, CTaOMIIBHOCTB,
aHAIMTUYECKass 1 UMUTAIMOHHASI MOJIEITh, IIPOTPAMMHBII TTaKeT.

Pukha G.P. A combination of analytical and simulation modeling to assess the stability of
naval communication systems.

The article considers a solution to the problem related to the quantitative assessment of the stability
indicators of the Navy's communication systems using analytical and simulation modeling.
Keywords: decision support, communication system, stability, analytical and simulation
model, software package.

Psa6uenxo /I.C., CazonoB K.E. U3meHenne ymopa rpe6OHOro BHHTA NpPH YIAPHOM
B3aUMO/ACHCTBUM € OTACJIbHOH JIbAHHOM.

B pabote paccmarpuBaeTcsi mpobsiemMa OmpenesieHUs JAOMOJHUTEIBHOTO yrmopa TrpeOHOro
BHUHTA, BO3HUKAIOIIETO MPHU €ro yIapHOM B3auUMOJIEHCTBUM C (parMeHTaMH TEPTOTO JbJa.
[Ipennaraercs Meroauka pacuéra HMMIIYJIbCa YyJapa, OCHOBAaHHAs HAa KUHEMATHYECKHX
napaMmeTpax B3aUMOJCWCTBHSI JIBJAUHBI C MPOQUIEM JIOMACTH U MOJEIN HEYNpPYyroro yaapa.
Omnpenensiercs cpeHsisi cuila yaapa U e€ IpoeKlus Ha OCh BpallleHusl BUHTA, (opMUpyroIIas
nenoBblid ymop. [IpuBeseHbl pe3ynbTaThl YMCICHHON OICHKHU JUJIsl BUHTA (PUKCHUPOBAHHOTO
mara. [lomyueHHble BBIBO/IbI 0OOCHOBBIBAIOT HEOOXOAUMOCTh Y4eTa yJIapHbIX Harpy3ok Mpu
OIICHKE JIeZIOBOM XOJKOCTH CYJIOB.

KuroueBbie ciioBa: rpeOHON BHUHT, JISJAOBBIM YIOp, YAapHOE B3aWMOJAEHCTBHE, TEPTHIN JEN,
HMITYJIbC, JIEIOBAsi XOAKOCTb.

Ryabchenko D.S., Sazonov K.E. Change in propeller thrust during impact interaction
with a single ice floe.

The paper addresses the problem of determining the additional thrust of a propeller arising from
its impact interaction with fragments of crushed ice. A method for calculating the impact
impulse is proposed, based on the kinematic parameters of the interaction between an ice floe
and the blade profile, and an inelastic impact model. The average impact force and its projection
onto the propeller shaft axis, which forms the ice thrust, are determined. Numerical evaluation
results for a fixed-pitch propeller are presented. The conclusions obtained justify the need to
account for impact loads when assessing the ice performance of ships.

Keywords: propeller, ice thrust, impact interaction, crushed ice, impulse, ice performance.
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