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Axomut E.B., Anmmdepos A.A., Pr1oannuenko I1.B. Meton MOBLIIICHNSA
OIICPATUBHOCTH BBOJAA TaHHBIX B MOIleJII/lpy]OH.llflﬁ KOMILJIEKC.

[IpuBenena cTpykTypa MeTOJa ONpENesiCHUs HampaBieHusi npopbiBa cuctembl [1BO,
pCajin30BaHHasA Ha OCHOBC KOHICHIHNW HHTCIUICKTYAJIIbHBIX ar€HTOB W HCIIOJIB30BAHWU allllapaTa
KJICTOYHBIX aBTOMATOB.

KitoueBble crioBa:  MHTEIUIGKTYaIbHBIA  areHT, MOJENMpOBaHHE OOEBBIX JEHCTBUM,
MEPCIIEKTUBHBIA MOJECITUPYIOLINI KOMIUIEKC, PEIIETYaThIM CITy4aliHbIA TTOWCK.

Akodit E.V., Antsiferov A.A., Rybalchenko P.V. A Method for increasing the
efficiency of data entry into the modeling complex.

The structure of the method for determining the direction of the air defense system
breakthrough, implemented on the basis of the concept of intelligent agents and the use of
cellular automata, is presented.

Keywords: intelligent agent, combat simulation, advanced modeling complex, lattice
random search.

AnTunenckui P.B., CmupHnoB /I.B. Moaenuposanue npoueccos (popmMupoBaHus
JIO?KHBIX 00bEKTOB HA PAAHOJOKANMOHHOM M300paskeHNH PaaAHOJTOKANMUOHHBIX CTAHIMIA
C CHHTEC3UPOBAHHEM allePTYPbI AHTCHHBI.

Pazpaboranbl mMonens (GOpMHUPOBAHHS JIOKHBIX OOBEKTOB Ha PaJMOJIOKAITMOHHOM
H306pa)K€HI/II/I U METOAMKA aHaJln3a BJIUAHUA OH_II/I6OK OIMPCACIICHUSA TPACKTOPHBIX U
CUTHAJIBHBIX IMapaMeTPOB PATUOJIOKALMOHHBIX CTaHUUM C CHHTE3MPOBAHUEM amnepTypbl
AHTCHHBI 6CCHI/IJIOTHBIX JICTATCJIbHBIX amIiapaToB Ha KadCCTBO q)OpMI/IpOBaHI/IH O6I>CKTOB.
[IpuBoasTcs pe3ynbTarhl OOOCHOBAaHMS TPENEIBHO JIOMYCTUMBIX OIMMOOK B OIICHKE
TPACKTOPHBIX U CUTHAJIBHBIX MApaMCTPOB PaAUOJIOKAIIUOHHBIX CTaHI_[I/Iﬁ C CUHTC3UPOBAHUCM
anepTypbl aHTEHHBL.

KitoueBble cnoBa: pa3BebIBaTeNbHO-YJapHBIA OSCIIMIOTHBIN JIeTaTeNbHBIN amnmapar,
OIICHKA OITMOOK OMpeIeNIeHUs TPACKTOPHBIX U CUTHAIBHBIX IMApaMETPOB, PAIUOTIOKAIMOHHAS
CTaHLUs C CHHTE3UPOBAHHOMU arepTypoil aHTCHHBI.

Antipensky R.V., Smirnov D.V. Modeling of processes of false object formation on
radar image of radar stations with antenna aperture synthesis.

The model of false object formation on radar image and the methodology for analyzing
the influence of errors in determining the trajectory and signal parameters of radar stations with
synthesizing the antenna aperture of unmanned aerial vehicles on the quality of object formation
are developed. The results of substantiation of maximum allowable errors in estimation of
trajectory and signal parameters of radar stations with antenna aperture synthesizing are given.

Key words: reconnaissance-impact unmanned aerial vehicle, estimation of errors in
determining trajectory and signal parameters, radar station with synthesized antenna aperture.

bannosa H.II. CoBMecTHOe NpHMEHEeHHE AHAINTHYECKMX M HMHTANMOHHBIX
MoOJeJiell NPH HMCCIeJ0BAHHUH IMPOLECCOB MATEPHAJIBLHO-TEXHHMYECKOro obdecne4yeHus
BOJCK (cHJ1).

B cratee paccmarpuBaeTcss NOAXOJ K pealM3alid IIPOrpPaMMHO-ANIIapaTHOIO
KOMIUIEKCa NOJJEPKKU IPUHATHS PELIEHUI OpraHoB BoeHHOro ynpasieHuss MTO Ha ocHOBe
COBMECTHOTO TIPUMEHEHHUS B €r0 COCTAaB€ AHAJIMTHYECKUX M HMUTALMOHHBIX MOJCIIEH
nporieccoB MTO Boiick (cui). Ilpennaraemple TEXHOJIIOTHYECKHE PEIICHUS MOTYT OBITh
MCIIOJIb30BaHbl NP COBEPLICHCTBOBAHNN aBTOMATH3UPOBAaHHBIX CUCTEM ynpasieHus MTO
Pa3JIMYHOTO YPOBHS.
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KimroueBble cioBa. aHaauTHYeCKas MOACIb, UMUTAIUOHHOC MOJCIUPOBAHUEC, OILCHKA
sapdexTuBHOCTH, Iporieccsl MTO, mporpaMMHo-anmapaTHbIi KOMIUIEKC, CHCTEMa OIEPKKH
MIPUHSTHUS PEUIEHU, Cpeia MOJAETUPOBAHUS.

Blinova N.P. Joint application of analytical and simulation models in the study of
the processes of logistics of troops (forces).

The article considers an approach to the implementation of a software and hardware
complex for decision-making support of military logistics management bodies based on the
joint application of analytical and simulation models in the study of processes of logistics of
troops (forces) in its composition. The proposed technical solutions can be used to improve
automated logistics management systems at various levels.

Keywords: analytical model, simulation modeling, efficiency evaluation, logistics
processes, software and hardware complex, decision support system, simulation environment.

Boromousos A.IlL., KyBannun I'.B., boponaBkun A.H., Pynko A.A. Moje/ib OlleHKH
BJIMSIHUSL PAJMOINONAABJIEHUS PAJAUOKAHAJIOB «0Oyii-camMosieT» Ha MPolecchl MOUCKA HA
pyﬁeme HO):[BOIIHOﬁ JIOAKH MPOTUBOJOTOYHBIM CAMOJICETOM IMPOTUBHUKA U NMOAACPKAHUA
KOHTAKTa NpH [lﬂJIbHCﬁIHCM CJIEC/KCHUU.

[IpenyioxkeHa UMUTAILIMOHHAST MOJAEH OLIEHKH 3()()EKTUBHOCTU MOMCKOBBIX JEHCTBHIMA
IMPOTHUBOJOAOYHOI'0 CaMOJI€Ta MPOTHUBHUKA IO COBOKYITHOCTHU ITOMCKOBBIX I[CﬁCTBI/IfI Ha BCEX
TUIIax 6apbep0B B JUHAMHUKEC B3aMMHOI'O IICPCMCIICHUA O6’beKTOB METOAaMMU UMHUTAIITMOHHOI'O
MOJICIMpOBaHusA. B Moaenu yduthiBaeTCA MPOTUBOACHCTBUE CPEACTBAMU PAUOIIEKTPOHHON
O00pbOBl  panuoOKaHaldy Mepefayd paJuOCUTHAJIOB (PETPAHCISIUN TUAPOAKYCTHUYECKUX
CUTHAJIOB) PaJOTHIPOAKYCTUUECKIUMU OysIMH M MaHEBP TOBOTHOTO OOBEKTA MTOUCKA.

KitoueBbie cioBa:  MPOTUBOJOIOYHBIA  CAMOJIET, 6apbep, MOJBOJHAA  JIOJKA,
PaTuOTUIPOAKYCTHYCCKUHN Oy, paIuoIIOAaBICHUE, PaIUO03JICKTpOHHAs O0pbh0oa.

Bogomolov A.P, Kuvaldin G.V., Borodavkin A.N., Rudko A.A. A model for
evaluating the effect of radio suppression of buoy-airplane radio channels on the processes
of searching for a submarine at the turn by an enemy anti-submarine aircraft and
maintaining contact during further tracking.

A simulation model is proposed for evaluating the effectiveness of the search actions of
an enemy anti-submarine aircraft based on the totality of search actions on all types of barriers
in the dynamics of mutual movement of objects by simulation methods. The model takes into
account the counteraction by means of electronic warfare to the radio channel of transmission
of radio signals (retransmission of sonar signals) by radio hydroacoustic buoys and the
maneuver of an underwater search object.

Keywords: anti-submarine aircraft, barrier, submarine, radio hydroacoustic buoy, radio
suppression, electronic warfare.

Boromonos A.Il., Yepubimos /I.B. UMurtanuonHasi Mmoeab (pyHKIMOHHUPOBAHUS
CHCTEeMbl YNPABJICHHUA NOAPa3JeJeHUsIMU, PeaTu3yIas crnocodbl KOOPIAMHAIMOHHOIO
ylpaBJIeHHS.

[IpuMeHUTENTPHO K YOPABICHUIO YACTSAMM  (MOApa3AEICHUSIMHU) TPYNIHUPOBKU
PACCMOTPCHBI YCTHIPEC OCHOBHLIX BapUaHTa pCaln3alluid IMPUHIMUIIOB KOOPAWHAIIMOHHOI'O
ynpasieHus. OneHKy 3((EeKTUBHOCTH IPEUIOKEHO OLEHMBATh Ha MMUTALIMOHHON MoOJenu,
HCHOHBByIOH.IGﬁ ABa MCTOJa HWMUTAIIMOHHOTO MOJACIIMPOBAHUA: areHTHBIN noaxon mnpu
IPEJCTAaBICHUN 3JIEMEHTOB CTPYKTYPhl CUCTEMBI U JAUCKPETHO-COOBITUIHOE MOJEIUPOBaHHE
JUIL OIHCAHUA IIPOLIECCOB (byHKuI/IOHHpOBaHHS{ KaHaJIoB (TIOJACUCTEM) JIOCTaBKU KOMaH/]I
YIpaBJICHUS (IOKJIAIOB).

Kirouesrle cioBa: HUMUTaAlIMOHHAasA MOJCIIb, cucreMa YIIpaBJICHUA, CIIOCOOBI
yIpaBJIeHUs, TOTOKU MH(DOpMaIUH.
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Bogomolov A.P., Chernyshov D.V. A simulation model of the functioning of the
department management system, implementing methods of coordination management.

With regard to the management of the units of the grouping, four main options for the
implementation of the principles of coordination management are considered. The effectiveness
assessment is proposed to be evaluated on a simulation model using two methods of simulation
modeling: an agent-based approach to the representation of elements of the system structure
and discrete event modeling to describe the processes of functioning of channels (subsystems)
for the delivery of control commands (reports).

Keywords: simulation model, management system, management methods,
coordination, information flows.

bosoro H.H. MoaeaupoBanue BOCHHBIX AeiiCTBHII B HMHTepecax NOANEPKKHU
NPUHATHSA PeLICHUA HA OIEePALHIO.

B craTtbe paccMaTpuBarOTCs BOIIPOCHI MOJAEIMPOBAHNS BOCHHBIX ACHCTBUI B UHTEpECAX
NONACPKKA MPHUHATUS pelIeHuss Ha onepauuio. ONHWChIBAETCA, KaKue MpOorpaMMHO-
TEXHUYECKHUE CPEJICTBA JJIs 3TOro MpuMeHstoTcs B Boennoil akagemuu ['enepanpHoro mraba
BC P® u B 4em 3akiaiO4arOTCsl OCHOBHBIE TPYAHOCTH MpPU HUX CO3AaHUU. B 3Toil CBs3u
npejuiaraeTcsi  paspabaThiBaTh MaTeMAaTHUECKUH ammapaT i KOMIUIEKCHOW MOJENH
MPUMEHEHUST MEXBHUIOBOW TPYNIHUPOBKH BOWCK (CHJI) HA OCHOBE HEYETKOW JIOTUKH, YTO
IMMO3BOJIMT TMOJIY4aTb BBICOKYIO CTCICHL PCATUCTUYHOCTU PE3YJIIbTATOB MOACINPOBAHUSA
BOOPYKEHHOM OOPBHOBI C yUEeTOM BEJIEHHUS €€ BO BCex cdepax.

KitoueBble cioBa: BoopykeHHass 0opbOa, MEXBHIOBasl OIEpalus, MOJCIUPOBAHHE
BOCHHBIX JCHCTBHUH, MPOrpaMMHBIE CPEACTBA MOJECIUPOBAHMS, HEUYETKUM KOTHHUTHUBHO-
JIOTHYECKUU METOA, HCUCTKUEC MOACIIN.

Bolotov N.N. Modeling of military operations in the interests of supporting
decision-making for an operation.

The article discusses the issues of modeling military operations in the interests of
supporting decision-making for an operation. It describes what software and hardware tools are
used for this at the Military Academy of the General Staff of the Armed Forces of the Russian
Federation and what are the main difficulties in creating them. In this regard, it is proposed to
develop a mathematical apparatus for an integrated model of the use of an interspecific grouping
of troops (forces) based on fuzzy logic, which will allow obtaining a high degree of realism of
the results of modeling armed struggle, taking into account its conduct in all spheres.

Keywords: armed struggle, interspecific operation, simulation of military operations,
software modeling tools, fuzzy cognitive-logical method, fuzzy models.

boiukos A.B., Barog B.10., Duasie MLIIL. OnmiT HMHUTAIHOHHOTO
MOAETHUPOBAaHUA MPOIECCOB MAaTEPHATbHO-TEXHUIECKOro obOecredeHHs BOWCK (CHn):
npoOIEMHEI € BOIPOCH W PEIICHHA .

B cratbe npencTaBiieHbl OCHOBHBIE HAYUHBIE PE3YJIbTAThI, IOJTYYEHHBIE COTPYIHUKAMU
Hay4HO-UCCIICIOBATEILCKOTO  MHCTUTYyTa Boennoir akagemun MTO B oGnactu
MMUTALMOHHOTO MojelvMpoBaHus HauuHasg ¢ 2017 roma mo Hacrosiee BpeMs, a TaK XKe
OCOOCHHOCTH MX MPUMEHEHHS, KaK B HCCIEIOBATEIbCKUX IIeNIAX, TaK U MPU TOJATOTOBKE
BOCHHBIX CHEIUAIUCTOB. PacKpbIThl BO3HUKIIME TIPHU 3ITOM OpPraHU3ALUOHHBIE U
METOJIOJIOTUYECKUE MPOOJIEMHBIE BOIPOCHI, CBSI3aHHBIE C pa3pabOTKON MMHUTAIIMOHHBIX
Mmozene mnporeccoB MTO Ha o0CHOBE NPUMEHEHUS COBPEMEHHBIX YHUBEPCAIBHBIX
POrpaMMHBIX cpefl MoaenupoBanusa. OO0CHOBaHA aKTyaJbHOCTh IEPBOOUYEPETHOTO CO3/IaHUS
CHEUUATM3UPOBAHHBIX ~HMHCTPYMEHTAIBHBIX CPEACTB HMMHUTALMOHHOTO MOJEIUPOBAHUS
nporeccoB  MTO g moBbimeHuss  3()(PEKTUBHOCTH  HAYYHBIX  HCCICIOBAHUNA B
paccMaTpruBaeMoil mpeaAMEeTHON 00IaCTH.
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KimroueBrle citoBa: HUMUTaAIlMOHHasA MOJICIIb, JIOTUCTHYECKUH nmpouecc, MaTepuaibHO-
TEXHHUYCCKOC OGGCHG‘ICHI/IC, CIICIUAJIN3UPOBAHHOC HHCTPYMCHTAJILHOC CpeacTBO
MOACIINPOBAaHUA, CHUCTEMa IMOAACPKKU IIPHUHATHA pemeHI/Iﬁ, TEXHOJIOIUS HUMHUTAIIMOHHOI'O
MOACIINPOBAHUA

Bychkov A.V., Batov V.Y., Filyaev M.P. Experience in simulation modeling of
logistics processes for troops (forces): problematic issues and solutions.

The article presents the main scientific results obtained by the staff of the Research
Institute of the Military Academy of the Ministry of Defense in the field of simulation modeling
since 2017 to the present, as well as the features of their application, both for research purposes
and in the training of military specialists. The organizational and methodological problematic
issues related to the development of simulation models of MTO processes based on the use of
modern universal software modeling environments are disclosed. The relevance of the priority
creation of specialized tools for simulation of MTO processes to increase the effectiveness of
scientific research in the subject area under consideration is substantiated.

Keywords: simulation model, logistic process, logistics, specialized modeling tool,
decision support system, simulation technology.

Bacunen /[.A. Meronojiorusi MOAeJMPOBAHUS W OLEHKH 3alIMIIEHHOCTH
KPUTHYECKOH HH(POPMALUOHHON MHPPACTPYKTYPBI.

enpto paboThl siBsieTCs (HOPMUPOBAHUE METOMOJOTHU OIEHKH 3alUIICHHOCTH Ha
OCHOBE KOMMYHUKAIMOHHBIX M KOH(UTYpallMOHHBIX MapamMeTpoB OOBEKTa KPUTHUECKOM
nHpopmarnonHot uHppactpykrypel (KWM). PaspaGoran Meroa mOCTpoeHUs Mojenei
oobekToB KMMU, mo3Bomnstommii pa3pabaTeiBaTh MapaMeTPUUYECKH TOYHBIE OTHOCUTEIBHO
(bu3IecKOoro 00beKTa UMUTAITMOHHBIC MOJICTTH IS KCCIICIOBAHUS CBOMCTB 3aIIUIIEHHOCTH 1
ycroitunBoctu 00bekToB KWMU, MonmenupoBaTs BO3AEHCTBUS Ha HUX KOMIIBIOTEPHBIX aTak.
Hpe/:m araeMbIi METO/[ UMHUTAITMOHHOT'O MOACIINPOBAHUSA IIO3BOJISIET YUUTBIBATH
KOH(HUTypalMOHHbIE 1 KOMMYHHUKAIIMOHHbBIE OCOOCHHOCTH MMOCTPOEHUS 1 PYHKIIMOHUPOBAHUS,
JUHAMUKY BO3JeHcTBUA Hapymmutens Ha o0bekTsl KU, cymiecTBYIONIyI0 IOJUTHKY
0€30MacHOCTH, OCYIIECTBIIATh MOJICIUPOBAHUE (PYHKIIMOHAIBHBIX U CTPYKTYPHBIX CBOMCTB
YCTOﬁqHBOCTH 1 UCCIICO0BAaHUA CTCIICHU BJIUAHUA 3THUX 3JICMCHTOB Ha 3allTUIIICHHOCTH OG’LCKTa
KHWU.

KitoueBsie ciioBa: nH(popMannoHHas 0€30MaCHOCTh, KpUTHUYECKash MH(OpMaMOHHAS
uH(ppacTpyKTypa, KOMMYyHHKAITMOHHAs HH(]pACTPYyKTYypa, KOH(UTypaIrmoHHas
UHPPACTPYKTYpa, MOAETUPOBAHNE MaTeMaTH4yecKoe, MOJCINPOBAHHE MMHUTAI[MOHHOE, CETH
[TeTpu, oleHKa 3aTUIIICHHOCTH, YCTOMUYUBOCTb, MPOTOKOJIbHBIE OJIOKH JaHHBIX.

Vasinev D.A. Methodology of modeling and assessment of critical information
infrastructure security.

The aim of the work is to develop a methodology for security assessment based on
communication and configuration parameters of a critical information infrastructure (CII)
object. For these purposes, a method of building models of CII objects is developed, which
allows to develop parametrically accurate with respect to the physical object simulation models
to study the properties of security and stability of Cll objects, to simulate the impact of computer
attacks (CA) on them. The proposed method of simulation modeling allows to take into account
the configuration and communication features of construction and functioning, the dynamics of
the intruder's impact on the CII objects, the existing security policy, to carry out modeling of
functional and structural properties of stability and research the degree of influence of these
elements on the security of the ClI object.

Keywords: critical information infrastructure, information security, communication
infrastructure, configuration infrastructure, mathematical modeling, simulation modeling, Petri
nets, security assessment, stability, protocol data blocks.
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Bopoonés A.A., Kaparogun /.M., Kop3o B.B. ®opmupoBanne panuoHaJIbHOI0
BApHMAHTA MOJAB032a 00eNPUIIACOB AP THILJIEPUACKHUM MOAPAa3IeTeHUsAM.

[TpuBoasATCS pe3ynpTaThl UMUTAIIMOHHOTO MOJEIMPOBAHUS MPOLIECCOB OOECTICUEeHUs
OoemnpuIiacaMu apTUUIEPUUCKUX TTOoapa3aeneHuil. OyHKIHsS 00eCIeYeHHOCTH 0 Ipa3IeIeHUs
3amaéres B BUAe MoauduipoBanHoi ¢pynkuuu mrpada. [Ipeamaraemplil moaxos mo3BosseT
dbopMHpOBaTh  PAMOHAIBHBIA  BapWAaHT  TOABO3a  OOCMPHIACOB  APTHILICPUHCKHM
noApa3aAcC/ICHUAM IIPU OTrPaHUYCHUAX HA KOJIMYCCTBO TPAHCIIOPTHBIX CPCACTB.

KimroueBrle cioBa: HUMHUTAIIlMOHHOC MOACIINPOBAHUC, paHI/IOHaJ'IBHBII\/'I BapHaHT,
mrpadHas (yHKIMS, aITOPUTM, KOMIUIEKCHOE HCCIEeIOBaHME IMPOIECCOB, I0/IBO3
0OCTIPUIIACOB  APTHIUICPUHUCKUM  TOJPA3JACICHUSAM, BBICOKOMOOMIBHBIE MaJIOTOHHAKHBIC
Ipy30Bble aBTOMOOMJIH.

Vorobyov A.A., Karagodin D.M., Korzo V.V. Formation of a rational option for
the delivery of ammunition to artillery units.

The results of simulation modeling of processes of ammunition supply to artillery units
are presented. The function of provision of the unit is set as a modified penalty function. The
proposed approach allows to form a rational variant of ammunition supply to artillery units with
restrictions on the number of vehicles.

Keywords: simulation modeling, rational option, penalty function, algorithm, complex
study of processes, delivery of ammunition to artillery units, highly mobile low-tonnage trucks.

IoaynoBa JI.B., AuxaekcanapoBa A.M. 3HAKOMCTBO ¢  HMMHTAIHOHHBIM
MOACTUPOBAHUEM IIPU HU3YYCHHUH JTUCHMUIIJIHHBI «I/IH(l)OpMa[II/IOHHI)le TEXHOJOI'HN» B
BOCHHOM BY3€.

B nanHoOi#1 cTaThe paccMaTpuBaeTCs MOJAXOJ K OpraHU3alMi 3HAKOMCTBA KypPCaHTOB C
aKTyaanoﬁ AJIL HACTOAIICTO BPCMCHU TEeXHOJIOTHEH HMUTAIIUOHHOI'O0 MOACIUPOBAHUSA IIPHU
W3y4eHUN IUCHUIUIMHB «HbOpMaIMOHHBIE TEXHOJIOTHUY». 3HAKOMCTBO C IMPOCTEHITMMH
VUMHTAIIMOHHBIMU MOJICJISIMU OCYIECTBISIETCsl B cpene TabmmuHoro mporeccopa LibreOffice
Calc, peamuzaiusi KOTOPHIX HpPEAyCMaTPUBACT Pa3BUTHE HABBIKOB PabOTHI B 3JICKTPOHHBIX
Ta6JII/II_[aX. B HaHBHeﬁmeM KYypCaHTbI CMOT'YT UCITIOJIb30BATh ITOJYUCHHBIC 3HAHWA U HABBIKU Ha
IMPAKTUYCCKUX 3aHATHUAX IO CIICHHUAJIBHBIM JUCHUIIIIMHAM.

KiroueBrle cioBa: I/IHq)OpMaLII/IOHHBIe TCXHOJIOTHUH, U3YYCHUC OCHOB MOACIIMPOBAHUA,
HUMHUTAIIMOHHBIC TEXHOJOT WU, BHICIIEC BOCHHOC y‘IC6HOC 3aBCICHUC, TaOJINYHBIA mponeccop.

Golunova L.V., Alexandrova A.M. Introduction to simulation modeling in the
study of the discipline «Information Technology» at a military university.

This article discusses how it is possible to organize the acquaintance of cadets with the
current technology of simulation modeling in the study of the discipline «Information
Technology». Acquaintance with the simplest simulation models is carried out in the
environment of the LibreOffice Calc tabular processor, the implementation of which provides
for the development of skills in working in spreadsheets. In the future, cadets will be able to
use their knowledge and skills in practical classes in special disciplines.

Keywords: information technology, learning the basics of modeling, simulation
technologies, higher military educational institution, tabular processor.

T'opnees A.B., IlaBiaoB A.H., Kouechnk JLFO. Aaroputm  ciay4daiiHoro
HANPAaBJIEHHOr0 TNOUCKA J(PPeKTUBHBIX IUIAHOB ABTOHOMHOW MapUIPyTHU3aIUU
OpOMTAJIBHOW TIPYNNHUPOBKM MAJbIX KOCMHYECKHX AaNNaparoB JUCTAHIMOHHOIO
30HAMPOBAHUSA 3eMJIH.

PaccmarpuBaercsi 3ajaya MOCTPOCHUS IUIaHA LIEJIEBOTO NPUMEHEHUS OpOUTAIbHOM
TPYNIUPOBKH MalbIX KOCMHUYECKHUX allllapaToB JAWCTAHIMOHHOTO 30HIUPOBAHUS 3EMIIH.
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Kpurepusmu s¢ddextuBHOCTH BBIOOpa TUTaHA OOCIY)KMBAaHUS TPYIIOBON IIENH SBISICTCS
MaKCUMM3alUsg CYMMapHOW 3HAYMMOCTH TOJy4YeHHOH WH(OpMauu W MHUHUMH3AIHA
pecypcubix 3atpat. [Ipu GopmMupoBaHNU TUTAHOB OOCITY)KMBAaHUSI YYUTBHIBAIOTCS WHTEPBAJIBI
BUJIUMOCTHU palilOHOB HAOIIOICHUS, a TAKKE BOZMOXKHOCTh OPHEHTAIIMU ONTHYecKoi ocu MKA
AJI1 OCYHIECTBJICHUA ChbCMKH. HCHOJ’IBByeTCH nmoaxod K INIAaHUPOBAHHUIO, B KOTOPOM HCKOMOC
pacnucaHue CTPOUTCS HANPABIEHHOW MOMCKOBOW ONTUMH3aUMel. JlJaHO ONMCaHUE BXOJTHBIX
JaHHBIX JJIA p€ain3allii IMMPOoLUeCcCa MHOTOKPUTEPHUAIBHOI'O IIJTAHUPOBAHUA.

KitoueBble c10Ba:  IpynnupoBKa  KOCMHUYECKMX — aNaparoB;  JUCTAHIIMOHHOE
30HJAMPOBaHUE 3€MJIM; TPYyNNoBas I1€Jb, MHOTOKPUTEPUAIBHOE IJIAHUPOBAHUE; AJITOPUTM
cnyqaﬁHoro HAITpaBJICHHOI'O ITOXCKa.

Gordeev A.V., Pavlov A.N., Kolesnik D.Y. Algorithm of random directed search of
effective plans of autonomous routing of orbital group of small spacecraft for remote
sensing of the earth.

The problem of constructing a plan for the targeted use of an orbital grouping of small
spacecraft for remote sensing of the Earth is considered. The criteria for the effectiveness of
choosing a service plan for a group goal is to maximize the total significance of the information
received and minimize resource costs. When forming maintenance plans, the intervals of
visibility of the observation areas are taken into account, as well as the possibility of orientation
of the optical axis of the MCA for shooting. A planning approach is used in which the desired
schedule is built by targeted search engine optimization. The description of the input data for
the implementation of the multi-criteria planning process is given.

Keywords: grouping of spacecraft; remote sensing of the Earth; group goal; multi-
criteria planning; random directional search algorithm.

I'ynues M.JI. MoaeanpoBanue  paauo0’JeKTPOHHON  OOCTAHOBKM  NpPH
HCCJICI0BAaHUH IIpolecca paunmexnnqecxoﬁ Pa3BECAKM.

B cratee mpuBomsTCS NpUHIOUNBI (POPMHUPOBAHUS HWMHUTAIMOHHON  MOJEITH
Pazno3JIeKTPOHHOM 00CTaHOBKH MTPUMEHUTENBHO K almaparype paJloTeXHUIECKOH pa3BeaKu
1 0COOEHHOCTH €€ TIPOTPaMMHON peaTn3allii.

KiroueBrle cioBa: HMHUTallMOHHAas MOJCIIb, PaarO3JICKTPOHHAA O6CTaHOBKa,
pamuoTeXHUUYECKas pa3Beaka, MHPopMaIMOHHOE 00ecTiedeHE, paaruodJIeKTpoHHas 00pboa.

Guliev M.D. A simulation model of the functioning of the department management
system, implementing methods of coordination management.

The article presents the principles of forming a simulation model of the radio-electronic
situation in relation to electronic intelligence equipment and the features of its software
implementation.

Keywords: simulation model, radio-electronic situation, electronic intelligence,
information support, electronic warfare.

JABopuukos C.B., Haaco JI.M., CeBuioB B.B. AHAJINTHKO-UMMTAIIMOHHAS MO/Ie]Ib
CHCTeMbl KOOPAMHATOMETPHM [BYX KOCMHYECKHMX AaNmaparoB, HCHOJb3YHOIIEH
H3JIyYAK0IIYI0 ONMOPHYIO PENePHYI0 CTAHUMIO U He MeHee YeThbIpeX 3¢MHbIX CTAHIIUIA.

B cratee nmpexacraBieHa pa3paboTaHHAs ~AHAIUTUKO-UMHUTAIIMOHHAS  MOJEIb
KOOPAMHATOMETPUM JABYX KOCMHUYECKHUX ammapaToB. [lokazaH BBIBOJ aHATIUTHYECKHUX
COOTHOUIEHUM ISl pacueTa KOOPAUHAT JBYX KOCMUYECKHUX allapaToB Ha OCHOBE 3HAYCHUU
B3aMMHBIX BPEMEHHBIX 3ajepkeK. [IpoBeaeHO HMMUTALIMOHHOE MOJECIMPOBAHHE B CpeEle
nporpaMMupoBaHus Matinal At BBIOpaHHOTO BapUaHTa pa3MEICHHs M3JTy4aroliell OMopHOM
pETepHO  CTaHIMU, 3E€MHBIX CTaHUMA W TPUEMHOM PATUOTEXHHYECKON CTaHIIMH.
[IpencraBiensl pe3ynbTaThl MMUTALMOHHOTO MojenupoBaHusi. OmnpeneneHo HampaBlieHHUE
NaJIbHEHUIIEro UCCIe0BaHUl.
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KimroueBrle cioBa: AHAIIUTUKO-UMUTAIITMOHHAA MOJCJIb, KOOPAMHATOMCETPHA, 3CMHAA
CTaHI M, U3JIydarolulas OropHas percpHas CTaHIUU, NPUCMHAA PAAUOTCXHUYCCKAsd CTaHI U,
OCHOBHOW KOCMHUYECKHUU anmapar, CMEXHbI KOCMUYECKUH alnapar, UMUTAUOHHAS MOJEIb.

Dvornikov S.V., Naaso J.M., Sevidov V.V. Analytical and simulation model of the
coordinate system of two spacecraft using a radiating reference reference station and at
least four Earth stations.

The article presents the developed analytical and simulation model of the coordination
of two spacecraft. The conclusion of analytical relations for calculating the coordinates of two
spacecraft based on the values of mutual time delays is shown. Simulation modeling was carried
out in the Matlab programming environment for the selected placement option of a radiating
reference reference station, earth stations and a receiving radio engineering station. The results
of simulation modeling are presented. The direction of further research has been determined.

Keywords: analytical simulation model, coordination geometry, Earth station, radiating
reference reference station, receiving radio engineering station, main spacecraft, adjacent
spacecraft, simulation model.

ABopuukos C.B., Haaco I.M., CeBugoB B.B. Umuranuonnoe mojaejnMpoBaHue
AECTPYKTUBHOTO BO3II€I7[CTBI/IS[ CI/IFH&.]IOI[OIIOﬁHOfI IMOME€XM Ha KaHajJd paauocCBA3U C
JABOMYHOM (pa30BOii MAHMITYJISIIIUEIA.

B cratbe NpEACTABJICHBI PC3YJIbTATbl HCCICAOBAHUA ACCTPYKTHBHOTO BOSﬂeﬁCTBHH
CUTHAJIONIOAO0OHON IMOMEXH Ha KaHajl PaJuoCBs3M C JIBOMYHON (Pa30BOMl MaHHMIYJISAIUCH.
HmuraimoHHOe MOJETMPOBaHE IPOBEACHO B cpefe mporpammupoBanus Matlab. [Tposenena
MIPOBEPKA J1a aJIEKBAaTHOCTh pa3paboTaHHON MOJIETH C TIOMOIIBIO BO3ACHCTBHE HA KaHAJ CBSA3HU
aJIMTUBHOTO OENoro raycoBcKOro mryma. Jlamee OIEHEHO BO3JCHCTBHUS CHTHAIONOJAO00HOMN
MOMEXH Ha KaHal pPaJMOCBI3W C JBOMYHOW (a3oBod MaHumyssiiuen. [IpemcraBieHbr
PE3YIbTAThl HWMHUTALIMOHHOI'O MOACIUPOBAHUA. Onpe;[eneHo HaITpaBJICHUC ﬂaHLHCﬁMGFO
HUCCIICAOBAHUS.

K.HIO‘ICBBIC CJIOBAa: HMMHUTAILIMOHHAA MOACJIb, paJAuOIIOMCXa, BCPOATHOCTH 6HTOBOﬁ
OIINOKH.

Dvornikov S.V., Naaso J.M., Sevidov V.V. Simulation of the destructive effect of
signal-like interference on a radio communication channel with binary phase
manipulation.

The article presents the results of a study of the destructive effect of signal-like
interference on a radio communication channel with binary phase manipulation. The simulation
was carried out in the Matlab programming environment. The adequacy of the developed model
was verified using the effect of additive white Gaussian noise on the communication channel.
Next, the effects of signal-like interference on a radio communication channel with binary phase
manipulation are estimated. The results of simulation modeling are presented. The direction of
further research has been determined.

Keywords: simulation model, radio interference, probability of bit error.

Hoxyuaes S.C., boiikoBa A.B., AHnugepon A.A. MoaejJupoBaHue AesITeJIbHOCTH
onepaTropa aBTOMaTU3UPOBAHHOM CyCTeMbl YNIPaBJIeHHUS CHENUAILHOI0O HA3HAYEHHUS HA
OCHOBE ero BHyTpeHHeii MOTMBAIIUH.

Pa3BuTHE BBIUMCIUTENBHBIX CPEJCTB IMO3BOJISIET PEATU30BBIBATH HOBBIE MOAXOMBI K
OMMCAHUIO M MCCJIEIOBAHUIO CBOMCTB 4YeNOBEKa-olepaTopa aBTOMAaTU3UPOBAHHBIX CHCTEM
ynpasieauss (ACY). Ha ceromHsmHuii J€Hb CYIIECTBYET MHOXKECTBO TMOJIXOJ0B K
MOJICTTUPOBAHUIO €ro JesTenbHocTH. OAHaKo, Kak Moka3ai MpPOBEACHHBIN aHAINW3, OHU HE
YUUTHIBAIOT KIIFOUEBOTO MPHUHIIUIIA JACITEILHOCTH ONEparopa — MpUBEACHHE HAOII0JaeMOro
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00beKTa K 3aJIaHHOMY COCTOSIHUIO. B cTaThe TPEemIoKeH MOAXO0I K MOICIMPOBAHUIO
nesitenbHoCTH oneparopa ACY ¢ yueToM BHYTPEHHEH MOTHBALINH.

KnroueBbie cmoBa:  omepaTtop, aBTOMAaTU3UPOBAHHBIE  CUCTEMBl  YIIPABJICHUS,
MOACIINPOBAHUC, HH(bOpMaLIHOHHBIC TCXHOJOIuu, MOTUBALIHA.

Dokuchaev Y.S., Bojkova A.V., Anciferov A.A. Modeling the activity of an
operator of an automated special purpose control system based on his internal motivation.

The development of computational tools makes it possible to realize new approaches to
the description and study of the properties of human operators of automated control systems
(ACS). To date, there are many approaches to modeling his activity. However, as the analysis
has shown, they do not take into account the key principle of the operator's activity - bringing
the observed object to a given state. The article proposes an approach to modeling the activity
of an ACS operator taking into account internal motivation.

Keywords: operator, automated control systems, modeling, information technologies,
motivation.

Aymuu I1LA., IHunynoB A.C. HmMuTanuoHHOe MOAeJIHPOBAHUE TMpolecca
MOACPHU3AIMH BOOPYKCHUSA, BOEHHOI " CIIeIlI/IaJIbH()ﬁ TEXHUHKH C YI€TOM JUHAMUKH UX
MOPAJBbHOI0 CTAPCHUA.

VBeanueHe MHTEHCUBHOCTH MOpaJIbHOI'o yCTap€BaHHA J3JICKTPOHHBIX KOMIIOHCHTOB
NpUBEIO K MOsBIeHUI0 cnenupuynoro kiacca cucreM BBCT, mpuromHocts KOTOPBIX ¢
TEUECHUEM BPEMEHH yMeHbIaeTcs B 1,5-5 pa3 ovicTpee, uem it o0braabix BBCT. IIpopaboTka
BO3MOJXHBIX MCXAHWU3MOB YIIPABJIICHUA KU3HCHHBIM HUKJIOM TaKHUX CUCTCM HNPCACTABIIACT
3HAYNMBII HHTEPECC JIA IMOBBIICHHA WX TOTOBHOCTH K BBIIIOJJHCHHUIO CBOUX 3ajady. I_ICJ'IB
paboTbl — omucarb METOAMKY HPOTrPaMMHO-IENIEBOTO IUIAHUPOBAHUS MEPONPUATHI
MoaepHuszanuu BBCT HOBOro kigacca ¢ y4eTOM HEONPENETICHHOCTH HMCXOIHBIX JAaHHBIX U
JUMHUTOB Ha pecypchl. B paboTe n310KeHbI ONrcaHne METOMKHU U Pe3yIbTaThl SKCIIEPUMEHTOB
Ul pEUIEHUs 3aJayd YIPABJIECHUs IpoueccamMyd MoaepHu3auuu. [IpruMeHeHrne MeTOIUKH
MO3BOJISIET OOOCHOBAaTh CTpaTeruu MojepHm3anuu ObicTpoycTtapeBatomux BBCT, uyto
o0ecreynBaeT MOBBIIIEHUE TPUTOTHOCTH MPH UCXOAHOM pecypcoodeceueHHOCTH.

KiroueBrle ciioBa: MOJICpHU3ALINS BBCT, cTOXacTUYEeCKas OIITUMU3AIINA,
K03 PHULHEHT MPUTOTHOCTH 1O (PYHKIIMOHATBHOMY Ha3HaYeHU10, atpopmennoe BBCT.

Dudin P.A., Shipunov A.S. Simulation modelling of the modernisation process of
armament, military and special equipment, taking into account the dynamics of their
obsolescence.

The increase in the rate of obsolescence of electronic components has led to the
emergence of a specific class of armaments, military and special equipment systems, the
suitability of which decreases over time 1.5-5 times faster than for conventional special
equipment. The development of possible mechanisms for life cycle management of such
systems is of significant interest for increasing their readiness to fulfill their missions. The aim
of the paper is to describe the methodology of program-targeted planning of modernization of
new class armaments, military and special equipment taking into account the uncertainty of
initial data and resource limits. The paper describes the methodology and experimental results
for solving the problem of modernization process management. Application of the methodology
makes it possible to justify the modernization strategies of platform armaments, military and
special equipment, which provides an increase in suitability at the initial resource availability.

Keywords: modernization of armament and military equipment, stochastic optimization,
functional suitability factor, platform armament and military equipment.

Enenxunii M.H., 3axapbeB A.A., Cunsarun P.H. HWcnoab3oBanue JIOTHKO-
JIMHTBUCTHYECKOT0 MOJEJTHPOBAHUSA JJsl peaju3auuid UHPOPMANMOHHOW TEXHOJOTHHU
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KOMILJIEKCHOH aBTOMATHM3allUM MOHHTOPHMHIA TEeXHUYECKOl TOTOBHOCTH KopaoJiei
(porora.

B craree mnpemnaraercs momxom kK 00paboTke HHPOpMANUM IO TEXHHYECKOU
TOTOBHOCTH Kopabneil (¢ioTa, OCHOBAHHBIA Ha METOAAX JOTMKO-JIMHIBUCTHYECKOTO
MOJCIUpOBaHUA. MeTon mpemycMaTpuBaeT pa3paboTKy ¢GopMalbHOW MaTeMaTHYECKON
MOJCIHN, aACKBATHO M ITOJIHO 0T06pa>1<a}0mel71 CCMAHTHUYCCKHUC U MPArMaTudCCKHC CBOMCTBa
00BEKTOB MOHHUTOPHMHTAa TEXHHUYECKOM TOTOBHOCTH, a Takke (OpMaau3aiuio MPaBUIl
00paboTKH MH(POPMALIMU B BHJE CUCTEMbI NMPOAYKUMU. [IpensoxkeHHbli aBTOpaMu MOIXO
HalpaBjeH Ha COBEPIICHCTBOBAaHWE HWH(POPMAIIMOHHON TEXHOJOTHH  KOMILJIEKCHON
aBTOMAaTH3allMM MOHMTOpPUHIA TEXHUYECKOW ToTOBHOCTH Kopabieii BM®. Ilpaktuueckas
pcanu3anusi TaKoOH TEXHOJIOIUHU IIO3BOJIUT 00ecIIeuUnTh CO31aHUuC Ka4e€CTBECHHOI'O
UHPOPMALIMOHHOTO TPOAYKTA, YIOBJIETBOPSAIOUIET0 TpeOoBaHUSAM oduIiepa-onepaTopa
OpraHOB BOEHHOTI'O YIIPABJIECHUS IIPU PELICHUU IIOCTABIIEHHBIX 3a7a4.

KitoueBble ciioBa: aBroMartuzanusi, HH(popmarms, HHGOpPMAIMOHHAs TEXHOJIOTHS,
MOACIINPOBAHUEC, MOHUTOPHUHT TEXHUYECKOHN TOTOBHOCTH, JIOTHKO-JIMHI'BUCTHYCCKAsA MOJICIIb,
00paboTka HHGOpMALIUH.

Yeletsky M.I., Zakharyev A.A., Sipyagin R.N. Using logical-linguistic modeling to
implement information technology for complex automation of fleet ships technical
readiness monitoring.

The article proposes an approach to processing information on the fleet ships technical
readiness based on the logical-linguistic modeling methods. The method involves the
development of a formal mathematical model that adequately and fully reflects the semantic
and pragmatic properties of technical readiness monitoring objects, as well as the formalization
of information processing rules in the production system form. Proposed by the authors
approach is aimed at improving the information technology for the integrated automation of the
Navy ships technical readiness monitoring. The practical implementation of the technology will
ensure the creation of a high-quality information product that meets the requirements of the
officer-operator of military command bodies during assigned tasks solving.

Keywords: automation, information, information technology, modeling, technical
readiness monitoring, logical-linguistic model, information processing.

Epemiko ®.U., Beaoreaos H.B., Bpoacknii 10.U., Typko H.A. Umutanuonnsie
HUIPbl KAK MHCTPYMEHT MOAEPKKH NMPUHATHS PellleHUid.

B pabote paccmaTtpuBaeTcs MOIXOJ, COUETAIONMIUI OMBIT Pa3pabOTKH U MPOBEIACHUS
HMUTAIUOHHBIX UI'P U MCTOAOJOTUI0 IIPUHATUSA pemeHI/Iﬁ, Pa3BUTYIO B TCOPHUU UCCIICOAOBAHUA
onepanuii. ONUCHIBAIOTCA MAaTEMaTUYECKUE W UMHTAIMOHHBIE CPEACTBA MOJIEPKKH OJTHOU
reOnoJIMTUICCKON UI'pbl U CaMa 3Ta HUIpad, MNPOBOJUBIIASACA B Brruncnurensaom LHCHTPC
Axanemun Hayk. UMuTaiMoHHasi MOJENb TPEX FOCYAApCTB CIAYXKHWia MPU 3TOM JJI1 UTPOKOB
CPEICTBOM IOAJNEPKKH IPUHATUS PELICHUM — pPEAJIM30BbIBAJIA B BHUPTYAIbHOM MHUpPE
MOCJIEACTBHS 3a/laBa€MbIX WrpokaMu yrpaBieHui. Heckonbko mnposenenHbix B BIl AH
PA3JIMYHBIX UTP B paMKax 3TOI0 IMMPOCKTA MOKa3aJIru, YTO UCCICIAOBAHUS B 3TOM HAIIPABJICHUHN
NEPCIICKTUBHEI.

KitroueBrble ci1oBa: MaTEMAaTHUECKOE MOACIINPOBAHUC, UMUTAIUOHHOC MOACIIMPOBAHUC,
crucTeMa NOAACPKKHU MPUHITUS PELIICHUM, T€0MOIUTHYECKas Urpa.

Ereshko F.I., Belotelov N.V., Brodsky Yu.l., Turko N.l. Simulation games as a
decision support tool.

The paper considers an approach combining the experience of developing and
conducting simulation games and the decision-making methodology developed in the theory of
operations research. The mathematical and simulation means of supporting one geopolitical
game and this game itself, which was held at the Computing Center of the Academy of Sciences,
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are described. At the same time, the simulation model of the three states served as a decision
support tool for the players — it implemented the consequences of the controls set by the players
in the virtual world. Several different games conducted in the VC of the Academy of Sciences
within the framework of this project have shown that research in this direction is promising.

Keywords: mathematical modeling, simulation modeling, decision support system,
geopolitical game.

Kypasiaes A.B., CmenbuakoBa I''A., AxcenoB K.A., Pyo0uesa E.A. Ananu3
METOAOB MU QAJTIOPUTMOB CHUCTEM MOAACPKKM HNPUHATHUA pemeﬂnﬁ npu Co3aJaHUuHU
HCIBbITATECJIBbHBIX CTCHA0OB KOMIIJICKCOB CHeHHaJILHOﬁ TEXHUKHU.

B pabore mpoBeneH aHaiaM3 METONOB M AJITOPUTMOB CHUCTEM MOAICPKKU MPUHATHS
peH_IeHI/Iﬁ IIpru CO3JaHHWHN HCIBITATCIBbHBIX CTCHAOB KOMIIIICKCOB BOOPYXKCHMU, BOCHHOH U
CHelHaTbHON TeXHHKH. PaccMOTpeHbl OOIIME IMOAXOJbl MOCTPOSHUS CHCTEM MOJACPIKKH
NPUHATUS PEIICHUH, TMPOBEICH aHAJINU3 CYIIECTBYIOUIMX PEIICHUH, OINpEaeTeHbl HX
nmpeumMynecCTBa 1 HEAOCTATKHU. Hpe;[non(eH METOA OLCHKU Bq)q)eKTI/IBHOCTI/I HUCIBITATCIIBHOI'O
CTE€HJa C UCIIOJb30BAHUCM KOMIIIICKCHOT'O MOACIIMPOBAHUA.

KiroueBrle c10Ba: KOMILIEKCHOE MOZACIIMPOBAHUC, CHUCTCMbI NOAJACPIKKH IMPUHATHUA
pELLIeHHH, UCTIBITATEIbHBINA CTECH]I.

Zhuravlev A.V., Smelchakova G.A., Aksyonov K.A., Rubleva E.A. Analysis of
methods and algorithms of decision support systems for the creation of test benches for
special equipment complexes.

The paper analyzes the methods and algorithms of decision support systems for the
creation of test benches for weapons systems, military and special equipment. The general
approaches to building decision support systems are considered, the analysis of existing
solutions is carried out, their advantages and disadvantages are determined. A method for
evaluating the effectiveness of a test bench using complex modeling is proposed.

Keywords: complex modeling, decision support systems, test stand.

HcxakoB A.P., Maauko P.®., bornanos M.P. MaremaTu4deckoe odecrnedyeHue
CHCTEMbl MMHUTAIMOHHOI0 MOACJTHPOBAHUA IMHAMHUKH OeCNHJIOTHOIO JIETATEIbHOIO
anmapara.

B Marepunanax crarbu OnucaHbl BaKHBIE TEOPETHUYECKUE 3JIEMEHTHI MAaTEMATHYECKOTO
o0ecrevyeHns CUCTEMbl UMUTAIIMOHHOTO MojaenupoBanus auHamuku briJIA. Atmocdepa, Tae
OCYLIECTBIISIETCS IOJIET, XapaKTEpPU3YEeTCsl AABJICHUEM, IUIOTHOCTBIO M Temmneparypoil. B
paboTe npeAcTaBIeHa 3aBUCUMOCTh TIOTHOCTH BO3/yXa OT BBICOTHI mosieta briJIA u ckopoctu
3ByKa OT TeMIepaTypbl Bo3ayxa U BbICOTHI mojieta briJIA. CtaTbsi pacKpbIBaeT MpUKJIAIHbIC
acHeKThl MporpaMMHOro yrpasieHus briJIA camonetHoro tumna. C ydueToM a3poAMHAMUYECKUX
cul, nectByromux Ha briJIA, B crarbe mpuBENEHbl TMHAMUYECKHUE YPABHEHHS €ro IEHTpa
Macc B HOpMalbHOM BHAe. MmurannonHoe monenupoBanue mnosiera bnJIA npennonaraer
onpejiefiecHue MaTeMaTU4YecKOM TpaeKTOpuU JBHKeHus. PaccMmoTpeHsl JABa croco0a
BBIYKCIICHUS] JIJTMHBI TPOUIEHHOTO MYTH B BUJE U30MapaMETPUUYECKUX 3a7a4 BapUALlMOHHOTO
UCUMCIICHUS ¢  MuUHUMHU3auued  QynkuumonamoB.  KuHemaTumueckue — ypaBHEHHS
MPOCTPAHCTBEHHOTO  JBWXEHHS  bnJIA  ObulM  HWCMONB30BaHBI  JUISI  TOTyYCHUS
napaMeTpUuecKoro MpejcTaBlieHuss Tpaekropuu mnojieta. ChopmynupoBaHbl ypaBHEHHUS
nBmxkenus brJIA B reorpaduyeckux KoOOpaJuHaTaX.

KimroueBbie  cioBa:  OECHWIOTHBIM  JIeTaTeIbHBIM  ammapar, HWMHUTAIMOHHOE
MOJICTTUPOBAHUE JIMHAMUKH, MaTeMaTH4YecKoe OOecleYeHre, a’dpOAUHAMHUYECKHE CHUJIBI,
JUHAMHWYECKHE YpaBHEHUsS LIEHTPAa Macc, JJIMHA TPACKTOPUM, KNHEMATHYECKUE YpaBHEHUS
MPOCTPAHCTBEHHOTO JIBIXKEHHUS, TAPAMETPUUECKOE MPEICTABIICHUE TPACKTOPUH TOJIETA.
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Iskhakov A.R., Malikov R.F., Bogdanov M.R. Mathematical support of unmanned
aircraft dynamics simulation system.

The materials of the article describe important theoretical elements of the mathematical
support of the unmanned aerial vehicle (UAV) dynamics simulation system. The atmosphere
where the flight takes place is characterized by pressure, density and temperature. The paper
presents the dependence of air density on flight altitude of aircraft and sound speed on air
temperature and flight altitude of aircraft.

The article discloses the applied aspects of software control of aircraft-type aircraft.
Taking into account the aerodynamic forces acting on the UAV, the article gives the dynamic
equations of its center of mass in its normal form. Simulation of UAV flight involves
determination of mathematical trajectory of motion. Two methods for calculating the length of
the traveled path in the form of isoparametric calculus problems with minimization of
functionals are considered. The kinematic equations of spatial motion of the UAV were used to
obtain a parametric representation of the flight path. Equations of UAV motion in geographical
coordinates are formulated.

Keywords: unmanned aerial vehicle, simulation of dynamics, mathematical support,
aerodynamic forces, dynamic equations of the center of mass, trajectory length, kinematic
equations of spatial motion, parametric representation of the flight path.

Nmyk B.A., MaxkoBeuknii I0.U., Spomyk IL.LE. KonuenryajibHble BONpOCHI
NMPUMECHCHUA 00bEKTOB CTCHIIOBO-I/IMI/ITaHI/IOHHOﬁ cpeabl B HMHTEpecax Co3qaHuMsA
aBHAIMOHHBIX KOMILIEKCOB MOpPCKOM aBuanuu BM®.

B crarbe paccMoTpeHBI 3a/aud, BO3MOYKHOCTH TMPUMEHEHHUS U CTPYKTypa OOBEKTOB
CTGHHOBO-HMHT&HHOHHOﬁ CpCAabl, HCHOJIBL3YCMBIX B HHTCPCCAX CO3JaHUA U PA3BUTHA
OOpPTOBOTO PATMOAIEKTPOHHOTO 000PYIOBAHUS aBHAITMOHHBIX KOMITJIEKCOB MOPCKOM aBHAITUU
BM® u tpenaxa (00ydeHHs ) IITYPMaHCKO-OMEPATOPCKOM TPYIIIBL.

KimroueBrle cioBa: aBI/IaI_[I/IOHHHﬁ KOMIIJICKC, MOpCKas aBuanusi, CTECHI0BO-
UMHTALMOHHAs CpeJia, MOJIyHaTypHOE MOJIeTUpOBaHue, 3P PEeKTUBHOCTD, UCTIBITAHUS, TPEHAXK.

Ischuk V.1., Makovetsky Y.l., Yaroshuk P.E. Conceptual issues in using objects
bench-simitation environment in the interests of creation of aviation complexes for naval
aviation of the navy.

The article discusses the tasks, possibilities of application and structure of objects of the
bench-simulation environment used in the interests of the creation and development of on-board
radio-electronic equipment of aviation complexes of naval aviation of the Navy and training
(education) of the navigator-operator group.

Keywords: aviation complex, naval aviation, bench-simulation environment, half-life
modeling, efficiency, tests, training.

Koaeco 10.b. CennuenkoB 1O0.b. NUmMmnopro3amenieHue yHMBEPCAJBHBIX Cpeja
MOACTUPOBAHUSA CIOKHBIX THHAMUYCCKHUX CUCTEM.

B crarbe paccMOTpeHbI BO3MOKHOCTH UCIOJIB30BaHUSI OT€UYECTBEHHON YHUBEPCAJIbHOU
cucTteMbl  MonenupoBaHuss  AnyDynamics B paMKax ~ HallMOHAJIbHOM  MPOTPaMMBbI
HMITIOPTO3aMCIICHU.

KimroueBble crnoBa: BHU3yaJibHasg MOJCJIb, BCTpanBacMasd MOJICIIb, FI/I6pI/II[HBIe CUCTEMBI,
UMHTALMOHHOE MOJICIMPOBaHue, puzndeckoe moaenupoanue, UML.

Kolesov Yu.B., Senichenkov Yu.B., Import substitution of universal modeling
environments for complex dynamic systems.

The possibility of using the domestic universal modeling system AnyDynamics within
the framework of the import substitution program is being considered.
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Keywords: simulation modeling, hybrid systems, UML, physical modeling, visual
model, embedded model.

KpsuioB A.B., OxTniaes MLIO., CoxkoJ0B B.B. Metoaojaorus ) |
HHTEJICKTYAJbHBIC TEXHOJIOIMHA CO3AAHUA U MIPUMECHCHUA CUCTEM MOAACPKKHA IIPUHATUSA
pelleHn i NP yNPABJeHUN BOEHHO-TEXHUYECKHUMH 00beKTAMH.

B noxnage mpencTtaBieHa paspaOoTaHHash METOMOJOTHS W HHTEIUICKTYyalbHBIC
TCXHOJIOTUN CO3JaHUA W MNPHUMCHCHUA HUHTCTPUPOBAHHLIX HWHTCIUICKTYAJIbHBIX CHUCTCM
noanepxkku mpuHsaTus pemenuid (MW CIIINIP) npu ynpaBieHHM BOEHHO-TEXHHYECKUMHU
o0beKTaMu, 0a3upyrOIIUecs Ha JOTMKO-INHAMUYECKOW HHTEPIIPETALlMH 3aj1ay IPOAKTUBHOTO
yOpaBieHus: CTpykTypHoil muHamukon ACY Boiickamu u opyxuemM (BO), a Taxxke
COOTBCTCTBYIOIIHEC MOAXOABI ITPU UX pCain3allui, OCHOBAHHBIC HAa ITOJIUMOJACIIbHOM OIMMCAHUHN
paccMaTpuBaeMor MPEAMETHON 00JaCTH M MO3BOJISIONINE TIOJYUYUTh dTAJOHHBIC PEIICHHUS, C
MIOMOIIIBI0 KOTOPBIX MOXKHO Oy/leT Ha TNpakTUKe OOOCHOBAaHHO IOJOMTH Kak K BBIOOpY
nepcnektuBHoro obnmuka MW CIINP B ACY BO, Tak W COOTBETCTBYIOIIUX IMPOTpamMM HX
CO3JaHus, IPUMEHEHU U pa3BuTus. [IpuBomsATca CBeneHUs O NMPAKTUYECKOW pealn3aluu
OTAEJBHBIX SKCIEPUMEHTAIBHBIX TPOTPAMMHBIX MOJYJIEH, KOTOPBIE IUIAHUPYETCS BKIIFOYUTH B
COCTaB CO31aBacMOro nNporpaMMHOro KOMILJICKCA.

KimroueBrle cioBa: HHTCIPUPOBAHHBIX  HMHTCIUICKTYAJIBHBIX CHCTEM  IMOAACPIKKH
npussTUs perieHuii, ACY BolicKaMM M OpYXKHUEM, CIELUAIBHOE MOJEIbHO-AITOPUTMHUECKOE
obecrieueHue.

Krylov AV., Okhtilev M.Yu., SokolovB.V. Methodology and intelligent
technologies for the creation and application of decision support systems for the control
of military technical facilities.

The report presents the developed methodology and intelligent technologies for the
creation and application of integrated intelligent decision support systems (Al DSS) in the
management of military-technical facilities, based on the logical-dynamic interpretation of the
tasks of proactive control of the structural dynamics of the automated control system of troops
and weapons (ATS), as well as the corresponding approaches to their implementation, based on
a polymodel description of the subject area under consideration and allowing to obtain reference
solutions, with the help of which it will be possible in practice to reasonably approach both the
choice of the promising appearance of the Al DSS in the automated control system of the ATS,
and the corresponding programs for their creation, application and development. Information
is provided on the practical implementation of individual experimental software modules,
which are planned to be included in the created software complex.

Keywords: integrated intelligent decision support systems, automated control system of
troops and weapons, special model-algorithmic support.

Ky3nenon A.JL., TaiinykeBuu I'.B., ®enysioB A.B. Moaeab JIOrUCTHYECKOI CceTH
CHA0KeHHMsI BOMHCKMX MOAPAa3/ieJIeHHUil.

OnuceIBaeTca MaTeMaTH4YecKas MOACIb JIOTUCTUYECKOU nenu CHa6)K€HI/I$I BOUHCKUX
noJipa3/iesieHni, KOTopas SABJIAETCS MHCTPYMEHTOM PallMOHAIM3AINN HE00XO0JMMOr0 COCTaBa
TPAaHCHOPTHBIX CPEACTB (Pa3HOPOIHBIX JUIS pPA3HBIX ATAIOB), YUYUTHIBAIOIIET O KPUTEPUH 001IIeH
JUIUTETLHOCTH, BPEMEHHU MOTPY30YHO-PAa3rpy30UHbIX padOT (IKCIO3ULMU I0J BHEHIHUMHU
BOS,Z[GﬁCTBHHMH), YHUCJICHHOCTHU IICPCOHAJIA. MOI[CJII/IpOBaHI/IG IIO3BOJIACT O6’b€KTI/IBHO OLCHUTH
IpPEUMYIIECTBA,  MPENOCTABISEMbl  KOHIEMIMEe  MaKCUMaJIbHOTO  HCIOJb30BaHUS
YHU(DUIMPOBAHHBIX TPY30BbIX eIWHUI] (KOHTEHHepoB, IuIaTGOpM, MOJJAOHOB U TMp.) H
COBPEMEHHOT0 BBICOKOTIPON3BOAUTEIHLHOIO TEXHOJIOTHUYECKOr0 000py10BaHuS.

KiroueBrle cioBa: JIOTUCTHUKA, TPAHCIIOPTHBIC CAUHUIIBI, CCTh CH3.6)K€HI/I$I.
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Kuznetsov A.L., Gaidukevich G.V., Fedulov A.V. The model of the logistics supply
network of military units.

A mathematical model of the logistics supply chain of military units is described, which
is a tool for rationalizing the necessary composition of vehicles (heterogeneous for different
stages), taking into account the criteria of total duration, loading and unloading time (exposure
to external influences), and the number of personnel. Modeling allows us to objectively assess
the advantages provided by the concept of maximizing the use of unified cargo units
(containers, platforms, pallets, etc.) and modern high-performance technological equipment.

Keywords: logistics, transport units, supply chain.

JlorunoB U.B., Crapuen [.LIO. IlpumeHeHue MeTOJ0B HUMHTAIMOHHOIO
MOAC/IMPOBAaHUA MNPU MOCTPOCHHUHU CUCTEM HHKCHEPHO-TEXHHYECKOI0 odecrmeueHHus
3a1IMTHI 00bEKTOB.

B pabote paccmorpena npobiema pa3MerieHus JaT9MKOB MOHUTOPHHTA HA MECTHOCTHU
B YCIOBHAX HAIWYWA 3HAYUTCIBHOI'O KOJIHMYECTBA HpeHHTCTBI/Iﬁ u OFpaHI/ILIeHI/Iﬁ Ha
IIPOITYCKHYIO CITOCOOHOCTh KaHAJIOB IEpeayd JaHHBIX. Lleab HMcclieqoBaHus — CHUXKCHUE
KOJIMYCCTBA TCEXHUYCCKHUX CPEACTB MOHUTOPHHIA I IMOKPBITUA BaﬂaHHOﬁ o0acTu
HaOmoeHust. JlocTmkeHne 1menu odbecrneynBaeTcs 3a CYeT MPUMEHEHUST METO0/1a UTePaTUBHON
TCHCpalliki HOBOTO pasMCIICHHUA AJaTYMKOB, MHUHHMUSHPYIOIINWX BEJINYHMHY HCEIIOKPBITHIX
Y4aCTKOB 30HbI Ha6JIIO,Z[eHI/ISI. PGSyJIBTaTOM HCCIICAOBaHUA ABJISICTCA HOBBII MCTOJ pacucTa
ONITUMAJIBHOI'O pasMCIICHUA JaTYUMKOB Ha MCECTHOCTH IIpU OIpaHUYCHUH HpOHYCKHOfI
CIIOCOOHOCTH KaHAJIOB TMEpelayd JaHHBIX, PEATH3YIOMNUNA ONTUMH3AIUIO IPH HATMYUUA JTBYX
OJITHOBPEMEHHBIX KPUTEPUEB — KOJUYECTBO TEXHUUECKUX CPEJICTB (C YU4ETOM OTpaHUUYCHUN Ha
UX XapaKTEepPUCTUKH) W TIPOMYCKHAs CIOCOOHOCTh KAaHAJIOB CBS3U. MeETOA TO3BOJISET
paccuuTaTtb MECTA pasMCUICHUA JATYMKOB MOHHUTOPHHIA C YYCTOM 3aJaHHBIX XapaKTECPHUCTHUK
6CCHpOBOI[HOﬁ CCTHU Mepcaadur JaHHbIX. PGSyJIbTaTBI OPpUMCHCHUA IPCAJIOKCHHOI'O IoAX0Aa K
TUIIOBBIM 3ajjadaM ITOKPBITUA 00BbeKTa 30HAMH Ha6J'IIOI[eHI/I5[ IIOKa3aJIni BO3MOXHOCTH
O6CCHC‘ICHI/ISI 3aIaHHBIX XaPaKTCPUCTUK CUCTCMbI MOHUTOPUHI'a MUHUMAJIbHBIM KOJIMYCCTBOM
TEXHUYCCKHUX CPCACTB.

KiroueBrle cioBa: 6€CHpOBOI[HI>I€ CCHCOPHBIC CCTH, OITHUMHU3AIUA PasSMCIICHHA,
JACTCKTOP, METOA IMOCTPOCHUA CETHU, CTOXACTHYCCKas OITHMMH3alMs, CIIJIOIIHOE IMOKPBITUEC C
nNpenATCTBUAMU, MOACIIb CCHCOPA, YUCICHHBIN METOA.

Loginov L.V., Startsev D.U. Application of simulation modeling methods in the
construction of engineering and technical support systems for the protection of objects.

The paper considers the problem of placing monitoring sensors on the ground in the
presence of a significant number of obstacles and restrictions on the bandwidth of data
transmission channels. The purpose of the study is to reduce the number of technical monitoring
tools to cover a given observation area. The goal is achieved by applying the method of iterative
generation of a new placement of sensors that minimize the amount of uncovered areas of the
observation zone. The result of the study is a new method for calculating the optimal placement
of sensors on the ground with limited bandwidth of data transmission channels, which
implements optimization in the presence of two simultaneous criteria — the number of technical
means (taking into account restrictions on their characteristics) and the bandwidth of
communication channels. The method allows you to calculate the locations of monitoring
sensors taking into account the specified characteristics of the wireless data transmission
network. The results of applying the proposed approach to typical tasks of covering an object
with observation zones showed the possibility of providing the specified characteristics of the
monitoring system with a minimum amount of technical means.
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Keywords: wireless sensor networks, placement optimization, detector, network construction
method, stochastic optimization, continuous coverage with obstacles, sensor model, numerical
method.

MaprbinoBa JLLA., Koaecos U.C. HNmuranmonuas MoJeJb OLICHKH
3(1)(l)eKTI/IBHOCTI/I MOUCKA AHTPOMOIr¢HHbIX 00bEKTOB HA MOPCKOM JH¢ aBTOHOMHBIM
HEOOHTAaeMbIM MOJABOJAHBLIM allIlapaToOM.

Jns  ompeneneHuss Haubojee  SHEPrOAKOHOMHYHOW  TPAGKTOPUHU  JIBHXKCHHS
aBTOHOMHOT'O HEOOUTAEMOIO IMOABOAHOIO amIiapara Ipu MMONCKE aHTPOIMOI€HHBIX 00BEKTOB Ha
MOPCKOM JHC pa3pa60TaHa HMUTAIIMOHHAA MOJCJIIb BCACHHUA IMOHUCKA U IPUHATHUA PCUICHUA
ammapaToM  OTHOCHTENBHO  OOHApyKeHHus  IeJenomo0Horo  oOwbekta.  Pe3ymbrarhl
HUMUTALNUOHHOTO MOJACIUPOBAHHUA TMO3BOJIWIN OHNPCACIUTL BIUAHHUC IMapaMCTPOB CPCACTB
OoOHapy)XeHHsS W BHENIHEH Cpeapl Ha 3aTpaThl JHEpropecypca ammapara ¥ ONpeneiTuTh
HanOoJiee YHEPrO’KOHOMUYHBIN aJIrOPUTM BEACHHUS IOMCKA aHTPOIOT€HHBIX OOBEKTOB Ha
MOPCKOM JIHE.

KitoueBble cioBa:  aBTOHOMHBIH ~ HEOOMTaeMbIi  MOJBOJIHBIA  ammapaTr, IOUCK
AHTPOIIOTEHHBIX 00BEKTOB, BEPOSATHOCTh OOHAPYKEHUS, KJIACCU(DUKAITMOHHBIN NMPU3HAK.

Martynova L.A., Kolesov I.S. Simulation model for assessing the efficiency of
searching for anthropogenic objects on the seabed by an autonomous underwater vehicle.

In order to determine the most energy-efficient trajectory of the autonomous unmanned
underwater vehicle when searching for man-made objects on the seabed, a simulation model of
the search and decision-making by the vehicle regarding the detection of a target-like object
has been developed. The results of the simulation modeling made it possible to determine the
influence of the parameters of the detection means and the external environment on the energy
costs of the vehicle and to determine the most energy-efficient algorithm for searching for man-
made objects on the seabed.

Keywords: autonomous underwater vehicle, search for man-made objects, detection
probability, classification feature.

MapTtsinoBa JI.A., [1aBjoB A.A. UMuTalilMOHHAs MO€JIb OLlEHKH 3(P(PeKTUBHOCTH
BcTpeyd AHITA ¢ BBICOKOCKOPOCTHBIM MOJABOJAHBIM 00bEKTOM.

Pemraercs 3aZladya O BCTpCUC ABUIKCHUA JIBYX BBICOKOCKOPOCTHBIX MOPCKUX ITOABOJHBIX
00BEKTOB, MPU KOTOPOM BTOPOH OOBEKT OIpEACNsIeT IOJOXKEHHE TMEePBOro OO0BEKTa IO
pesynbraraMm oOHapyxeHwus. s onpeneneHus: TpeOOBaHUN K CUCTEMaM BTOPOTO OOBEKTa,
obecrieunBarouM 3P deKTUBHOE COMMKEHWE C TEpPBBIM, CIENHAIbHO pa3paboTaHa
MMUTAIMOHHAS MOJIENb TOBEACHUS CONMKAIOMINXCS OOBEKTOB W (PYHKIIMOHHUPOBAHHS HX
CUCTCM, MO3BOJMBIIAA MO MCETOAY CTATUCTUUCCKHUX HUCHIBITAaHUHU ONpCaACIINTb TpCGOBaHI/IH K
CHCTEMaM BTOPOT0 OOBEKTa IO JOMYCTUMBIM TOTPEIIHOCTSM OIPEIeIeHUs IapaMeTpPOB
JBUKCHHUS TIEPBOTO O0BEKTA.

KiroueBrle ciioBa: aBTOHOMHBIN HEOOUTAaEMBII IIOIBOJHEIN amnrmapar,
BBICOKOCKOPOCTHOW  TOJBOAHBIA HEOOMTaeMBI OOBEKT, MOTPEIIHOCTH OMpPEeIICHUs
napameTpOB JIBIKCHHMSI, 3a71a4a O BCTpPeUe IBMKESHUM, OlleHKa Y(PPEKTUBHOCTH.

Martynova L.A., Pavlov A.A. Simulation model for assessing the effectiveness of
an AUV encounter with a high-speed underwater object.

The problem of the encounter of two high-speed marine underwater objects is solved,
in which the second object determines the position of the first object based on the results of
detection. To determine the requirements for the systems of the second object, ensuring
effective approach to the first, a simulation model of the behavior of approaching objects and
the functioning of their systems was specially developed, which made it possible to determine
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the requirements for the systems of the second object by the permissible errors in determining
the motion parameters of the first object using the statistical testing method.

Keywords: autonomous underwater vehicle, high-speed underwater unmanned object,
errors in determining motion parameters, problem of meeting motions, efficiency assessment.

MapreinoBa JILA., Po3enrays M.b. OneHka pHCKa BO3HHKHOBEHHUSI aBapHu
AHIIA nyreM UMUTAIIMOHHOTO MO/IEJIMPOBAHUS.

I[JBI OILICHKHU pHUCKa BOBHUKHOBCHHA aBApHUU HAa AaBTOHOMHOM HCOGI/ITaGMOM IIOABOAHOM
amnmaparte pa3padoTaHa UMUTAIIMOHHAS MOJIITh TIOBEICHHUSI arllapaTa IpH MOJTHOM HCUYEPITaHU!
JHEPropecypca B pa3IMUHBIX YCIIOBHUSX BHEIIHEW CpPEIbl, ONEPAaTUBHOCTU pEarupoBaHUs
IIONCKOBO-CIIaCaTCJIbHBIX CJ'Iy>K6 U YCICIIHOCTHU BCACHHA ITOMCKOBBIX HCﬁCTBHﬁ, BKJIFOYasda
TPaHCHOPTHPOBKY ammapata K Onmxaiimemy Mecty ©OasupoBaHus.  Pe3ynbTathl
AMUTAIIMOHHOTO MOJIEIIUPOBAHUS IIPOAEMOHCTPUPOBAHEI IIPU PACCMOTPEHNUH TPEX BapPUAHTOB,
OTJIMYAaOIIUXCAd  YCIIOBHUAMU BHEIITHEH Cpceabl U ONCPATUBHOCTHU HpI/I6I>ITI/I$I IIOHUCKOBO-
criacaTeIbHOM CITy>KOBI.

KitoueBble ci0Ba:  aBTOHOMHBIM ~ HEOOMTaeMbli  MOABOAHBIM  ammapaT, pPHCK
BO3HHUKHOBCHHUA aBapu, MMUTAIITUOHHOC MOACIIMPOBAaHUC.

Martynova L.A., Rozengauz M.B. Risk assessment of AUV accident by means of
simulation modeling.

To assess the risk of an accident on an autonomous unmanned underwater vehicle, a
simulation model of the vehicle's behavior in the event of complete exhaustion of its energy
resource under various environmental conditions, the speed of response of search and rescue
services, and the success of search operations, including transporting the vehicle to the nearest
base location, has been developed. The results of the simulation modeling are demonstrated
when considering three options that differ in environmental conditions and the speed of arrival
of the search and rescue service.

Keywords: autonomous unmanned underwater vehicle, risk of an accident, simulation
modeling.

Mengenes C.H., AkcenoB K.A. MeToa NJIaHUPOBAHNS pacinpeesieHUsI PecypcoB
NMPHU BBINOJHEHUN 3aKa30B Il NOBbIMIeHUSI 3(PPeKTUBHOCTH 3arpy3Kd MOIIHOCTeN
NMPOMBILLICHHOI0 NPeANpPUATHA.

B cratne paccMaTpuBarOTCI MECTOABI INTAHWUPOBAHUS IIPOMU3BOJACTBA HA ITPOMBIIIIJIICHHOM
NpeaAnpusaATUn, OonpecACIAOTC UX IJIKOCbI 1 MUHYCBI, paCCMAaTpUBACTCA UX IMPUMCHCHUC IIPU
pacrpeieieHu CYIIECTBYIOIIMX pecypcoB mpeanpustus. Paccmorpena pa3paboTaHHas
ABTOMAaTHU3HUpPOBaHHAA CHUCTEMA, ITPpHUHUMAroIas I/IH(l)OpMaHI/IIO OT CUCTEMBI MMUTAITUOHHOI'O
MOZACIINPOBAHUSA IO INNIAHY U3TOTOBJICHUS MPOAYKIIUU. MOI[CJII: MponecCoB MPOMBIIIJICHHOT'O
NpeaAnpusTHs, pa3padoTaHHass B CHUCTEME areHTHO-MMHUTAIMOHHOTO  MOJICIUPOBAHUS
BPsSim.MAS, ompenenser minaH —pacnpenelieHHs —3aKa3oB  MEXAY — OJHOTHITHBIMH
nmoapa3acICHUAMMU Ha OCHOBC HOBOI'O MCETOJA pPaACHpCACICHHsA, IMOCTPOCHHOI'O Ha OCHOBC
MeTona KanOan 1 MyJIbTHAr€HTHOTO TpoIiecca Mpeodpa3oBaHUs PECYPCOB.

KimroueBrle cioBa: I/IH(bOpMaHI/IOHHBIe TEXHOJIOTHUH, ITPOU3BOACTBECHHOC IINIAHUPOBAHUC.

Medvedev S.N., Aksyonov K.A. The method of planning the allocation of resources
when fulfilling orders to increase the efficiency of capacity utilization of an industrial
enterprise.

The article examines the methods of production planning at an industrial enterprise,
determines their pros and cons, and considers their application in the allocation of existing
enterprise resources. The developed automated system receiving information from the
simulation system according to the production plan is considered. The model of an industrial
enterprise in the simulation modeling system simulates the operation of an enterprise and
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defines a plan for the distribution of orders between similar divisions based on a new
distribution method.
Keywords: information technology, production planning.

Menaypos C.A., Axoaut E.B. MeToa mnouncka MapumipyToB mepeMelleHUs
TPAHCHOPTHON MIAaTGOPMBI ¢ HCIOJIbL30BAHUEM KJIETOYHOr0 AaBTOMATa U MYPaBbUHOIO
aJropurMma.

Peaﬂmaunﬂ MCTOAa IMOUCKA MapuipyTa € UCIOJb30BaAHUCM KJIICTOYHBLIX aBTOMATOB U
MYpPaBBUHOTO QJITOPUTMa MO3BOJIMIIO M30€XKaTh 3alUKIMBAHUS €ro PaboThl, YCKOPUTH TTOUCK
IMyTU B CJOXHBIX AWHAMHWYCCKU HU3MCHSAIOIIHUXCA YCIIOBUSAX. Taxoi Ioaxon HOTpCGOBaJI
paspa60T1<H HUHTCIUICKTYAJIBHBIX IMOBEACHYCCKUX MOI[GJ'IGfI Ar¢cHTOB W MNPHUHIOUIIOB HX
B3aMMOJEHCTBUS. DTO IO3BOJIMIIO YCOBEPIIEHCTBOBATh METO/I IOMCKA MAPLIPYTOB U IIOBBICUTh
OIICPaTUBHOCTH €0 HaAXOXICHM .

KiroueBrble ciioBa: IOHUCK Mapuaipyra, KJIETOYHBIN aBTOMAaT, MOACIHN KIICTOYHBIX
aBTOMAaTOB, MyPaBbUHBII aJITOPUTM.

Mendurov S.A., Akodit E.V. Route search method movement of the transport
platform using a cellular automaton and the ant algorithm.

The implementation of the route search method using cellular automata and the ant
algorithm made it possible to avoid looping its work, to speed up the search for a path in difficult
dynamically changing conditions. This approach required the development of intelligent
behavioral models of agents and the principles of their interaction. This made it possible to
improve the route search method and increase the efficiency of its finding

Keywords: route search, cellular automaton, models of cellular automata, ant algorithm.

MuxaiiiioB E.A., Jlanmuu C.C., Yakpsaun I'.C. OueHnka BepoOSITHOCTH MOPaKeHU s
JEeTaTeJbHBIX alllmapaToB ¢ HCNOJb30BAaHUEM OCKO.JIO‘lHO-(l)yFaCHBIX CHapsAa0B.

B CTaThe HUCCIIENYETCA BEPOATHOCTH MMOpaXCHUA JIETAaTCIIBbHBIX arrmaparoB
(OecIUIOTHBIX JIETaTENbHBIX amMapaToB) OCKOJOYHO-(PYyracHbIMM cHapsgamu. PaszpaGoran
MPOTPAMMHBIN KOMIIJIEKC, 332 OCHOBY KOTOPOTO B35iTa CYIIECTBYIOIIAs METOJMKA OLEHKU
BCPOATHOCTHU MOpaKCHU, BBCACHBI JOIIOJTHUTCIIbHBIC YTOUYHCHUA. HpomBeﬂeHa
Bepu(DUKaIKs, BBIITOJHEHO HWCCIACAOBAHHUE I PA3UYHBIX KaJTMOPOB CHAPSNIOB C y4E€TOM
MOJOKEHUM MAaTEMaTUYEeCKON CTaTUCTUKHU. lloaTBepkaeHa BO3MOMXKHOCTH HMCIOJIB30BAHUS
pa3pabOTKH B HAYYHO-UCCIEA0BATEIbCKUX TIEIISIX.

KitoueBbie cnoBa: BeposiTHOCTH, mOpakeHue, OSCIIIOTHBIN JIeTaTENbHBIN ammapar,
OCKOJIOUHO-(PyracHBIN CHapsi/I, MOACIIUPOBAHNE.

Mikhailov E.A., Lapshin S.S., Chakryan G.S. Assessment of the probability of
damage to aircraft using high-explosive fragmentation shells.

The article examines the probability of damage to aircraft (unmanned aerial vehicles)
by high-explosive fragmentation shells. A software package has been developed, based on the
existing methodology for assessing the probability of injury, and additional clarifications have
been introduced. Verification was performed, and a study was performed for various projectile
calibers, taking into account the provisions of mathematical statistics. The possibility of using
the development for research purposes has been confirmed.

Keywords: probability, defeat, unmanned aerial vehicle, high-explosive fragmentation
projectile, simulation.

0OoJ08 I1.C., Mmuponos B.A., Heposubiii B.B. Omnpenesienne cTeneHn
MOJABEPKEHHOCTH  MAJIOKAHAJILHOW  HABUTAallMOHHOM  anmapatypbl  motrpedutesei
71002 IbHBIX HABUTAIIMOHHBIX CIIYTHUKOBBIX CHCTEM BO3/1eiiCTBHI0 HMHUTHPYIOIIUX MOMeX
HA OCHOBEe HMHMTAIIMOHHOT0 MO/JeJTUPOBAHUS.

361



AHHOTAnuu crarei / Abstracts

Cratps TIOCBSIIIEHA OIPENEICHUIO TOKa3aTeied MOMEXOYCTOMYMBOCTH TMPUEMHHUKOB
HABUTAIIMOHHBIX CHUTHAJIOB, (DYHKIMOHHMPYIOIIMX B YCIOBHAX ciypuHr-arak. C MOMOIIBIO
nporpammuoii  cpeast  Matlab/Simulink  mpoBeneno  MopenupoBaHue IS ONpPEACTICHHS
XapaKTePUCTUK (DYHKIMOHMPOBAHUS CHCTEMBI IIOMCKa M OOHApY)KEHHsS HaBHTAlMOHHBIX
CUTHAJIOB, IMPOBEACHO MOIACIHMPOBAHUC C MECIbIO OINPCACICHUA YA3BUMOCTH HaBUT'AIIMOHHBIX
NPUEMHHUKOB K CIY(pHHT-aTakaM, POU3BEICHbI pacyeThl HA OCHOBE MAaTEMaTUYECKOTO armapara
IMOJIYMApKOBCKHUX IIPpOLECCOB, IIO3BOJIIFOIIIHE OIIpCaACINTb CTCIICHb IMOABECPKECHHOCTU
HABUTallMOHHBIX [IPUEMHHUKOB BO3JCHCTBUIO UMUTHPYIOIIUX rTomeX. [IpencrasieHHblil MaTeprai
MIPEJCTABIISET TMPAKTHYECKYIO IIEHHOCTh TPU Pa3pabOTKE MEPCIEKTUBHBIX MEp 3allUThl OT
BO3CHUCTBUS UMUTUPYIOLIUX IOMEX.

KiroueBrie crnosa: CITYTHUKOBAas HaBUTI'allvsA, HaBUIallUOHHAA arraparypa rI100aIbHBIX
HABUTAIIMOHHBIX CITYTHHKOBBIX CHUIHAJIOB, 3allydTa OT Cqu)I/IHF-aTaK, MOJCIIMPOBAHHUC
(byHKI_[I/IOHI/IPOBaHI/ISI IMMPUEMHHNKOB HABUT'allTUOHHBIX CUTHAJIOB

Oblov P.S., Mironov V.A., Nerovny V.V. Determination of the degree of exposure of
low-channel navigation equipment of consumers of global navigation satellite systems to
simulated interference based on simulation modeling.

The article is devoted to the determination of noise immunity indicators for navigation
signal receivers operating under conditions of spoofing attacks. Using the Matlab/Simulink
software environment, modeling was carried out to determine the characteristics of the functioning
of the navigation signal search and detection system, modeling was carried out to determine the
vulnerability of navigation receivers to spoofing attacks, calculations were made based on the
mathematical apparatus of semi-Markov processes, allowing to determine the degree of exposure
of navigation receivers to simulated interference. The presented material is of practical value in the
development of promising protection measures against the effects of simulated interference.

Keywords: satellite navigation, navigation equipment for global navigation satellite signals,
protection against spoofing attacks, simulation of the functioning of navigation signal receivers

Obso0B I1.C. UMuTaLIMOHHOE MOAETHPOBaHHE NPH pa3padoTke NMepCHEeKTHBHBIX
Mep 3alIMThl MAJOKAHAJBbHON MYJbTHCUCTEMHON HABUTAallMOHHON anmaparypbl
110Tpe6nTe.J1e171 1J100aJbHBIX HAaBUTI'allHOHHBIX CIIYTHUKOBBIX CHCTEM OT BO3)1€I7[CTBI/I$[
cnmy(pMHr-aTaK.

Crathst TOCBsiIEHAa pa3pabOTKe TMEPCHEeKTHBHBIX MEp  3alllUThl  [PUEMHHKOB
HaBUT'allTUOHHBIX CHUTI'HAJIOB OT BOS,I[CI\/'ICTBI/ISI HUMHUTHPYIOIIUX IIOMEX. HpOBOI[I/IMOC B paMKax
JaHHOW paboThl MMHTAIMOHHOE MOJCIMpOBaHME B TporpammHoi cpexe Matlab/Simulink
HaTpaBJICHO Ha OIpPENEICHUE XapaKTePUCTUK YSI3BUMOCTH alllapaTypbl MOTpeOUTENel mnpu
BO3/ICUCTBUM CHUTHAJIONOMOOHBIX TIoMeX. Pa3zpaboranubie mporpammbl st 9BM moaenupyror
(YHKIMOHMPOBaHKE TIIOOABHBIX HABUTALMOHHBIX CITyTHUKOBBIX CHCTEM M XapaKTEPHCTHKU
B3aMMOJICHCTBHS C TIOTpeOuTeIeM. Pe3ymbTaThl MOACTUPOBAHUS TIPEIIONAracTCsl UCTIONb30BaTh
IpH BEICHUH JaJbHEHIINX paboT Mo pa3paboTKe Mep 3allUThI.

KimroueBrle cioBa: CITYTHUKOBasd HaBHUTI'allys, HaBUTI'allUOHHAs amnrmaparypa
HOTpG6HTCJICﬁ FJIO62UII>HBIX HAaBUTAIUOHHBIX CITYTHUKOBBLIX CHIHAJIOB, CI/II‘HaJIOHO,Z[O6HBIe
IMOMEXH, MMUTAITUOHHOC MOACITIUPOBaHUC.

Oblov P.S. Simulation modeling in the development of promising measures to
protect small-channel multi-system navigation equipment of consumers of global
navigation satellite systems from the effects of spoofing attacks.

The article is devoted to the development of promising measures to protect navigation
signal receivers from the effects of simulated interference. The simulation carried out in the
framework of this work in the Matlab/Simulink software environment is aimed at determining
the characteristics of the vulnerability of consumer equipment when exposed to signal-like
interference. The developed computer programs simulate the functioning of global navigation
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satellite systems and the characteristics of interaction with the consumer. The simulation results
are supposed to be used in the conduct of further work on the development of protective
measures.

Keywords: satellite navigation, navigation equipment for consumers of global navigation
satellite signals, signal-like interference, simulation modeling.

OpnoeBckuii C.M., CumonoBa K.O., 3u3eBcknii B.A. OneHka creneHd BJIHSHUS
TOYHOCTH MOHMTOPHHIa CETEBOI0 Tpaq)mca Ha Ka4veCTBO €ro oﬁcnymnBaHm{ B CeTHAX
CBSI3H BOCHHOI'0O HA3HAYCHHUE METOAAMHA UMUTAINUOHHOI'0O MOACJIUPOBAHUA.

Jns obecrieueHus 3aJaHHOTO KayecTBa OOCIYXXMBAaHUS MYJIbTUMEIUIHOTO Tpaduka B
MYJIBTUCEPBUCHBIX CCTAX CBA3HM BOCHHOI'O HA3HAUCHHUA MNPHUMCHSAIOTCA Pa3IMYHBIC CCTCBLIC
MCXaHU3MBI, pa60Ta KOTOpPbIX 3aBUCHUT OT TOYHOCTU MOHUTOPHUHIA CCTCBOI'O Tpa(bI/IKa.
Hackonpko CHIIBHO CKa3bhIBaeTCs ATa 3aBUCHMOCTD Ha Ka4eCTBE O6CJ'Iy)KI/IBaHI/I$I CaMOHO,I[O6HOFO
Tpaduka, U ONpEAeTIeHUs] KOTOPOHl OTCYTCTBYIOT aHAIMTHUYECKHE MOJEIH, MpeiaraeTcs
OILICHUTH C IIOMOIIIBIO UMHUTAITUOHHOI'O MOACIIUPOBAaHMA, PE3YIbTAThL KOTOpPOTo
AMIMPOKCUMUPYIOTCA AHATUTUYCCKUMU BBIPAXKCHUAMUA J1JIS1 O606H.I€HI/I5I 1 HUCIIOJIb30BaHUA B
3agadax OITUMHU3aAlOHNNU CETCBBIX MCEXAaHH3MOB pPacClpCACICHUA Tpaq)m(a II0 HECKOJIIbKHUM
MapuipyraMm COBMECTHO ¢ MCXaHU3MAaMU IMPEAOTBPAIICHUS IICPCTPY30K.

KimoueBble  cioBa:  MyJbTHMEIUWHBIA  TpapuK, MOHUTOPUHT, HWMHUTAIMOHHOE
MOJICTUPOBAHKE, alllIPOKCUMAIIHSI, pacupeeeHne Tpaduka o HECKOIbKUM MapIIpyTaM.

Odoevsky S.M., Simonova K.O., Zizevsky V.A. Assessment of the degree of
influence of the accuracy of network traffic monitoring on the quality of its service in
military communication networks using simulation methods.

To ensure the specified quality of service for multimedia traffic in multiservice military
communication networks, various network mechanisms are used, the operation of which
depends on the accuracy of network traffic monitoring. To what extent this dependence affects
the quality of service for self-similar traffic, for the determination of which there are no analytical
models, is proposed to be estimated using simulation, the results of which are approximated by
analytical expressions for generalization and use in optimization problems of network
mechanisms for distributing traffic along several routes together with mechanisms for preventing
overloads.

Keywords: multimedia traffic, monitoring, simulation, approximation, traffic distribution
over several routes.

IManTenee M.I'., ®uinunmos [.A. CucreMa noaaepKKu NPUHATUS ONIePATUBHBIX
pelIeHHI N0 NJIAHNPOBAHMIO NOB032 MaTePHAJILHBIX CPEJACTB BOIICKaM B ONepaluy Ha
OCHOBE HOBBIX TEeXHOJIOTHH yNpaBJIeHUs] 3HAHUSIMH.

PaccmoTpen moaxo/1 K TOCTpOSHUIO CUCTEMBI TToanepkKku puHsaTHs pemenuid (CIITIP)
[0 ONEpPaTUBHOMY IUIAHMPOBAHMIO MOABO3a MarepHalbHbIX cpeactB (MC) Boiickam B
onepauuu. KiroueBas 0coOE€HHOCTh MOJIXOAA — SIBHOE IpeJCTaBlIeHHE (HOpMaIN30BaHHBIX
KOHIIETITyalIbHBIX 3HAHUH O MPOOJIEMHON OOJACTH B OHTOJIOTMYECKOH Oase 3HaHWA. ITO
obecrieunBaeT OTKpPHITOCTh CIITIP 1 BO3BMOXKHOCTE €€ OBICTPOM aganTaluy I y4eTa HOBBIX
(akTOpPOB B YCIOBHSAX BBICOKOH IMHAMUKU PA3BUTHUS CPEIACTB U METOJOB BOOPY)KEHHOTO
IPOTHBOOOPCTBA, a TaKXKe OOBACHUMOCTb IOJIy4aeMbIX peIleHHi. 3ajada IUIaHUPOBAHMS
BKJIIOYAET JIBE MMOA3a/1a4M: BHIOOp MecTa pa3MelleHHs OOBEKTOB XpAaHEHUS U OIpeesieHHe
HEOOXOIUMBIX CHJI M CPEJCTB AJIi CBOEBPEMEHHOI0 1ojBo3a norpedurensiM MC tpeGyemblit
HOMEHKJIaTyphl U o0beMa. PaccmoTrpenst obuwmii ciienapuit padotst CIIIIP, Mmoaenu 1 MeTob1
peleHus 4acTHbIX 3aj1ad. [IpencraBieHsl npuMepsl MoJIb30BaTENbCKOT0 HHTEp(delica BBOIA U
otoOpakenus naHHbIX Ha ocHoBe [ IC, peanuzoBanusie B Makere CIIIIP.
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KntoueBbie cnoBa: mmanupoBanue MTO, moaBo3 maTepuaibHBIX CpPENCTB, CHCTEMaA
NOJICP)KKH TIPUHATHUS PEIICHUH, OHTOJIOTHYecKass 0a3a 3HaHUM, rHOpUIHAs apXUTEKTypa
JIOTHYECKHI BbIBOJ, aHAJIMTHYCCKUEC MOACIIH, FGOI/IH(l)OpMaI_[I/IOHHaSI cHUcTEMaA.

Panteleev M.G., Filippov D.A. Operational decision support system for planning
the supply of materiel to troops in operations based on new knowledge management
technologies.

An approach to building a decision support system (DSS) for the operational planning
of the supply of materiel (MS) to troops in an operation is considered. The key feature of the
approach is the explicit representation of formalized conceptual knowledge about the problem
area in the ontological knowledge base. This ensures the openness of the DSS and the possibility
of its rapid adaptation to take into account new factors in the conditions of high dynamics of
the development of means and methods of armed confrontation, as well as the explicability of
the solutions obtained. The planning task includes two subtasks: choosing the location of
storage facilities and determining the necessary forces and means for timely delivery of MS to
consumers of the required range and volume. The general scenario of the DSS operation,
models and methods for solving particular problems are considered. Examples of the user
interface for entering and displaying data based on GIS, implemented in the DSS layout, are
presented.

Keywords: MTO planning, material transportation, decision support system, ontological
knowledge base, hybrid architecture logical inference, analytical models, geoinformation
system.

Hapamyk U.b., Caspkun JI.LA. HNmMuTanuoHHoe MoJeJUPOBAHUE TMpoIecca
peaindaliii MOMCKOBLIX 3alIPpOCOB nmoJb30BaTesei AaTa-meHTPOB BOCHHOI'0O HA3HAYCHU A
Ha OCHOBE¢ HHCerTHO-COGBITHﬁHOFO moaxoaa u Mertoaa BbIﬁOpa HCYCTKHUX AJIbTCPHATHUB.

COBpeMeHHBIe IMPpHUEMBI UMUTAITUOHHOTO MOJCIUPOBAHHA, B OCHOBE KOTOPBIX JIC)KUT
JMCKPETHO-COOBITHIHBIM MOIXO0M, XOpOouo ceds 3apeKOMEHIOBAIM M MO3BOJISIOT MOJIy4aTh
AOCTOBCPHBIC MCXOAHBIC HAHHBIC IJIA OIMHCAHUS CJIOXKHBIX HPOLECCOB, TAKHMX KaK IPOLECCC
pcaim3anu IMOUCKOBLIX 3aIlpOCOB oJIL30BaTenei AaTa-uCHTPOB BOCHHOI'0 HA3HAYCHUA.
OCHOBHBIE TPYJIHOCTH 31€Ch BO3HHMKAIOT MPU MOIECIMPOBAHUM OIEPALNi, TPOTEKAIOIIUX B
HEYETKOM MHOToanbTepHATUBHOU cpene. IlpennokeH moaxon, OPUCHTUPOBAHHBIA Ha
IMOCTPOCHUC I/IMI/IT&lHI/IOHHOﬁ MOZCIIN ITpoLecca pcain3al IIOMCKOBBIX 3aIIPOCOB HA OCHOBEC
TUCKPETHO-COOBITUHHOTO TIOIX0/Ia ¥ B COUYETAHUH C METOJIaMHU BBIOOpa albTepHATHB Ha 0aze
MaTeMaTUKH HEYETKUX OTHOIIIECHUH MMPEATIOYTCHUA.

KiroueBrle ciioBa: HUMUTAINUOHHOC MOJCIUPOBAHHC, I[HCKpGTHO-COGBITHfIHBIfI nmoaxon,
BBHIOOpD aJbTEPHATHB, HEYETKHE OTHOIICHUS TPEANOYTCHHS, JaTa-IIEHTp, peanu3arus
MOUCKOBBIX 3aIpOCOB, HH(POPMAIIMOHHBIH MTOMCK.

Parashchuk I.B., Sayarkin L.A. Simulation modeling of the process of
implementing user search quests in military data centers based on the discrete event
approach and the method of selecting fuzzy alternatives.

Modern methods of simulation modeling, which are based on a discrete-event approach,
have proven themselves well and make it possible to obtain reliable initial data for describing
complex processes, such as the process of implementing search queries of users of military data
centers. The main difficulties here arise when modeling operations taking place in a fuzzy
multi-alternative environment. An approach is proposed that is focused on building a simulation
model of the process of implementing search queries, not only on the basis of a discrete-event
approach, but also in combination with methods for selecting alternatives based on the
mathematics of fuzzy preference relations.

Keywords: simulation modeling, discrete-event approach, choice of alternatives, fuzzy
preference relations, data center, implementation of search queries, information retrieval.
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IIuckyn B.JO., 3uxkparbeB B.B. AKTyaJbHOCTb HCIIOJIb30BAHUS HACTOJIBbHBIX UIP
THINA «BapreiM» B 00yYeHHH KYPCAHTOB BOEHHBIX Y4eOHBIX 3aBeJleHHIl KaK CpeacTBa
HMHUTAIUOHHOI'0 MOACTUPOBAHMUSA MMPOLECCOB I0JIsA 0011.

OcoOeHHOCTH pa3BUTHsA OOIIECTBA M HAYYHO-TEXHUYECKUH TMporpecc TpeOyroT
pa3paboTKU U MPAKTUYECKOHN alanTaluu IpoQecCnoHaIbHbIX 00pa30BaTENbHBIX TEXHOIOTHH,
HaIpaBJICHHBIX HA Pa3BUTHE JHYHOCTH oduiiepa W (HOPMHUPOBAHHE TAaKMX KadyecTB, Kak
CaMOCTOATCIIBHOCTL IIPpU TNPUHATUHA peLHCHI/Iﬁ U OTBCTCTBCHHOCTbL 3a HUX pPCaIMU3allUlo,
TBOpYECKasd W KOMMYHHKATHBHAs AKTUBHOCTb, KOTOPLIC Ha I[aHHBII\/'I MOMCEHT ABJJIAIKOTCA
OTIpeNIeNIAIONMMH KauecTBaMH Ul ouepa-pykoBoautens. s coBpeMEeHHOro MOKOJICHHS
06yanOH_II/IXC$I AKTYaJIbHBIMU CTaJIN TaKUC MHTCPAKTHUBHBIC MCETO/bI, KaK HUI'PbI, IIPUYCM HEC
TOJIBKO KOMITBIOTEPHBIE, HO M HACTOJNbHbIE. B pamkax naHHOH paboOTHl TpPEACTaBICHBI
MPEATOXKEHUA IO HMCIIOJIB30BAHHIO JJICKTPOHHBLIX JOKYMCHTOB B Kai€CTBC HUI'POBOI'O I10JI,
UTPOBbIE TpaBWJIa, B KOTOPBIX 32 OCHOBY OBUIM B35Thl WIPOBBIC NpPABWJIa Pa3IUYHBIX
CYIIECTBYIOIINX «BapreMOB», HAOOpPHI MTPOBBIX (DUIIIEK CTOPOH, WTPOBBIX KapT M HHBIC
MaTepHaJbl.

KntoueBbie crmoBa: BapreiiM, MHTEPAKTUBHBIE METObI, HACTOJIbHASI WIrpa, CPEICTBa
HMUTAIIMOHHOT'O MOJACIIUPOBAHMU.

Piskun V.Yu., Zikratyev V.V. Relevance of the use of wargame-type board games
in the training of cadets of military educational institutions as a means of simulation of
battlefield processes.

The peculiarities of the development of society and scientific and technological progress
require the development and practical adaptation of professional educational technologies
aimed at developing the personality of an officer and the formation of such qualities as
independence in decision-making and responsibility for their implementation, creative and
communicative activity, which at the moment are the defining qualities for an officer-leader.
For the modern generation of students, interactive methods such as games, not only computer,
but also desktop, have become relevant. Within the framework of this work, proposals are
presented on the use of electronic documents as a playing field, game rules, which were based
on the game rules of various existing "wargames", sets of game chips of the parties, game cards
and other materials.

Keywords: wargame, interactive methods, board game, simulation tools.

IIyxa I''Il. BapuaHT @OCTPOeHHA MNPOrPAMMHOIO CpeacTBa /AJf OLEHKHU
BEPOSITHOCTHO-BPEMEHHBIX XaPAKTEPUCTHK CeTeBbIX IPauKoB.

B crarbe Ha mpumepe miaHa pa3BepTHIBAHUS IOJEBOTO Y3Ja CBA3M 0OOCYKIaercs
BapHaHT I[OCTPOECHUSA IIPOrPAaMMHOIO CpEACTBA UL OLEHKM BEPOATHOCTHO-BPEMEHHBIX
XapaKTEPUCTHK CETEBBIX Ipa(MKOB aHAIIOTUYHBIX MPOIIECCOB C MCIOIB30BAHUEM aJITOpUTMA
ABTOMAaTHU3UPOBAHHOTO (POPMUPOBAHUS UX UMUTAITMOHHBIX MOJIEIICH.

KitoueBble cioBa: ympaBiieHHE TPOEKTaMH, CETeBOM TpauK, BEPOSITHOCTHO-
BPEMEHHBIE XapPaKTEPUCTUKH, MUMHUTAIMOHHAS MOJieTh, (DOPMHPOBAHHE TEKCTa, aJTOPUTM
MPOLENYPBI, IPOIrPAMMHOE CPELICTBO.

Pukha G.P. Option for building a software tool for assessing probabilistic-time
characteristics of network graphics.

Using the example of a deployment plan for a field communication center, the article
discusses the option of constructing a software tool for assessing the probabilistic-time
characteristics of network graphs of similar processes using an algorithm for the automated
generation of their simulation models.

Keywords: project management, network diagram, probabilistic-time characteristics,
simulation model, text generation, procedure algorithm, software tool.
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Panbko B.C., MexyeB A.M., Heposnsblii B.B., Muponos B.A. HWmuranuonsoe
MoOJeJUpPOBaHMe (POPMHPOBAHUS  MEAHAPOBBIX HABUTAIMOHHBIX CHUTHAJOB €
YMEHbIICHHBIM YPOBHEM BHEITOJIOCHBIX H3JIy‘I€HHﬁ.

CraTbst ToCBsIIIEHA Pa3pabOTKE MMUTAIIMOHHON MO ((OPMUPOBAHHSI HABUTAITUOHHOTO
CUTHaJla C YMCHBIICHHBIM YPOBHCM BHCIOJIOCHOI'O M3JIYYCHHSA B HpOFpaMMHOﬁ cpenc
Matlab/Simulink  gns  u3ydeHust  CHrHalIOB,  OOECIEUYMBAIONIMX  AJIEKTPOMArHUTHYIO
COBMECTUMOCTD C JIPYTUMHU PaIHO3JIEKTPOHHBIMU CPEICTBAaMH, pabOTAIOIMMHU B OOIIEH mojoce
gactor. [lomydyena mopenb ycTpodcTBa it (OPMHPOBAHMS HABUTAIIMOHHOTO CHUTHAJIA TIPU
UCIIOb30BaHUM  (PUIBTPA C HUMITYJbCHONW XapaKTEPUCTHKOM <IIPUIOIHATBIA  KOCHHYC).
PesynbTaThl MOJETUPOBAHUS TOATBEPINIA COOTBETCTBHE CHOPMUPOBAHHOTO CUTHAJIA 33/ IaHHBIM
Tp€6OBaHI/I$IM 110 BHCKTpOMaFHHTHOﬁ COBMCCTHUMOCTH.

KimroueBrle cioBa: JIOKaJIbHasA HaBUTI'allTUOHHAas cucrema, QJICKTpOMarauTHas
COBMECTHUMOCTb, (GHIIBTP C XapaKTEPUCTUKON «IIPUTTOTHATHI KOCUHYCY», MEAHPOBBIN CUTHAT,
OrpaHUYMTECIIbHAsA JIMHUA CIICKTPa

Radko V.S., Mezhuev AM., Nerovny V.V., Mironov V.A. Simulation of the formation
of meander navigation signals with a reduced level of out-of-band radiation.

The article is devoted to the development of a simulation model for the formation of a
navigation signal with a reduced level of out-of-band radiation in the Matlab/Simulink software
environment to study signals that ensure electromagnetic compatibility with other electronic
devices operating in the common frequency band. A model of a device for generating a
navigation signal using a filter with an impulse response of "raised cosine" is obtained. The
simulation results confirmed the compliance of the generated signal with the specified
requirements for electromagnetic compatibility.

Keywords: local navigation system, electromagnetic compatibility, filter with the
characteristic "raised cosine", meander signal, limiting line of the spectrum.

Panbko B.C. MoaenupoBaHue npueMonepeIarnuero YCTPOMCTBA c
ABTOMATHYECKOI peryJIMpoOBKOii MapaMeTPoOB CIEKTPA.

Cratbst moCBAIEHa pa3pabOTKe WMHTALMOHHOM MOJENM aBTOMAaTHYECKOrO BbIOOpa
ko3 ureHTa CKpyrieHus npy GOpMUPOBAHUH CUTHAIOB JIOKATBHON HaBUTAIIMOHHON CHCTEMBI
B porpammHoii cpeae Matlab/Simulink, obecnieunBaromye 31eKTpOMarHUTHYIO COBMECTUMOCTH
C IPYTUMH PATUOTEKTPOHHBIMU CPEICTBAMH, paOOTAIOIIMMU B 0011IeH rmostoce yacToT. [lomydena
MOJIEJIb  YCTPOMCTBA IPUEMOIEPEAIOIIEIO YCTPOMCTBA € aBTOMAaTHYECKOW PpEryJIMpOBKOU
nmapamMeTpoB  CIIEKTpa, a TaKXE BBIIIOJTHCHO JKCICPUMCHTAIBHOC  HMCCICIOBAHHUEC 110
(hOpPMHUPOBAHUIO CUTHAJIOB C OMTUMAIBHBIM KO3 (UITUEHTOM CKPYTIICHUS.

KiroueBrle cioBa: JIOKaJIbHas HaBUT'allMOHHAaA CHUCTEMA, QJICKTpOMArHuTHas
COBMECTUMOCTD, QUIIBTP C XapaKTEPUCTUKON «IIPUITOHATHIN KOCHHYCY», MEaHAPOBBIN CUTHAI,
anmaparypa noTpeouTemneH.

Radko V.S. Simulation of a transceiver device with automatic adjustment of
spectrum parameters.

The article is devoted to the development of a simulation model for the formation of a
navigation signal with a reduced level of out-of-band radiation in the Matlab/Simulink software
environment to study signals that ensure electromagnetic compatibility with other electronic
devices operating in the common frequency band. A model of a device for generating a
navigation signal using a filter with an impulse response of "raised cosine"” is obtained. The
simulation results confirmed the compliance of the generated signal with the specified
requirements for electromagnetic compatibility.

Keywords: local navigation system, electromagnetic compatibility, filter with the
characteristic "raised cosine”, meander signal, consumer equipment.
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Cky0ak A.C., @uasieB MLII. AxTyanbHbl€ BONPOCH  HMHUTALMOHHOIO
MOAOCIIUPOBAHUA GGCHPOBO,I[HBIX CCHCOPHBIX ceren CIICIIUMAJIBHOTO HA3BHAYCHU I .

B cratbe paccMOTpeHbI 0OCOOCHHOCTH MPUMEHEHHUsI OECIIPOBOIHBIX CEHCOPHBIX CETel
(BCC) B BoeHHOU cdepe U ompeneleHbl OCHOBHBIE TpeOOBaHHUS K HHUM C YYETOM
HEOOXOIMMOCTH  OOECTeYeHUsT WX JJIUTEIBHOTO aBTOHOMHOTO  (DYHKIHMOHHPOBAHUSL.
[IpencraBnen moaxox Kk BbIOOpPY TonoBHOro y3ma BCC Ha OCHOBE WCCIEIOBaHUS
AHATTUTUICCKON MOJIen (PYHKITMOHUPOBAHKS CETH, TIO3BOJISIONINN B ONPEACICHHON CTENIEHU
IIOBBICUTH JJIIUTECIIBbHOCTD €€ JKU3HECHHOI'O ITHUKIJIA. BMecTe ¢ TeM oTMedeHa HeBEICOKAsI TOYHOCTD
Y IOCTOBEPHOCTh MOJTYy4aeMOro pe3yJibTaTa pelieHus] pacCMaTpUBAEMOM 3a/1auu, TaK Kak Mpu
3TOM BO3MOYKHO IOJIYYUTh JHIIb BECbMa Ipy0yIo OLIEHKY BBU/Y BBOJIa )KECTKUX OTPAaHUYCHUH,
KaK I10 YUCJTy YUYHUTBIBACMbBIX IIapaMETPOB, TaK U IO MHTCPpBAJIaM U AMHAMUKE UX U3MCHCHUA.
B cBsa3u ¢ stUMm O6OCHOBaHa AKTYAJIbHOCTb MPOBCACHHUA HUMHUTAIIHMOHHBIX I/ICC.HGI[OBaHI/Iﬁ
npoektupyeMbix BCC, Tak KaKk UMHTAIMOHHOE MOJCIMPOBAHUE B MOJHON MEpE MO3BOJSET
YUYUTBIBATH HC TOJIBKO 3HAYUTCIIbHOC YUCJIO BHYTPCHHHUX (baKTOpOB (TCXHI/I‘ICCKOG OCHAIICHUC
U YCTPOMCTBO CEHCOPORB), HO U BHEIIHUX (OCOOCHHOCTH TEPPUTOPHUH, PACTIOIOKEHUS ).

KiroueBwie cimoBa: aBTOHOMHOE (DYHKITMOHUPOBAHKE, AaHATTMTUYECKOE MOJICITMPOBAHUE,
6CCHp0BOI[HI>I€ CCHCOPHBIC CCTH, TOJIOBHOU y3¢€J1 CCTHU, MAJIUTCIBbHOCTD KU3HCHHOI'O ILHUKIIA,
AMUTAIIMOHHOE MOJEIIMPOBAHUE, KIIACTEPHAsA apXUTEKTypa.

Skubak A.S., Filyaev M.P. Topical issues of simulation of wireless sensor networks
for special purposes.

The article discusses the features of the use of wireless sensor networks (BSS) in the
military sphere and defines the basic requirements for them, taking into account the need to
ensure their long-term autonomous operation. An approach to the selection of the head node of
the BSS is presented based on the study of the analytical model of the network functioning,
which allows to increase the duration of its life cycle to a certain extent. At the same time, the
low accuracy and reliability of the obtained result of solving the problem under consideration
IS noted, since it is possible to obtain a very rough estimate due to the introduction of strict
restrictions, both on the number of parameters taken into account, and on the intervals and
dynamics of their change. In this regard, the relevance of conducting simulation studies of the
designed BSS is justified, since simulation modeling fully allows taking into account not only
a significant number of internal factors (technical equipment and device of sensors), but also
external ones (features of territories, location).

Keywords: autonomous operation, analytical modeling, wireless sensor networks,
network head node, life cycle duration, simulation modeling, cluster architecture.

Cypun P.O. UmutauuoHHasi MoJejib CHCTeMbl PEMOHTAa M BOCCTAHOBJICHHS
BOOPYKEHUS M BOCHHON TEXHUKM 00IIeBOMCKOBBIX MOAPAa3AeIeHH HA OCHOBE BeleHUS
00eBbIX J1eiiCTBHIA.

B crarbe paccMoTpeHa HMHUTAIIMOHHAS MOJIETb CUCTEMBI PEMOHTA U BOCCTAHOBIJICHUS
MOBPEKJACHHOTO BOOPYKEHUSI U BOCHHON TEXHUKH, OOIIIEBOMCKOBBIX COSAMHEHHIA B YCIOBUSIX
BelleHUss O0oeBbIX JeicTBUN. CyIIHOCTh WMHTAIIMOHHOW MOJIEIM CHUCTEMBl PEMOHTAa M
BoccTaHoBiIeHUsI BBT 3akirrodaercs BO B3aMMHOM YBSI3KE BPEMEHHBIX, IIPOCTPAHCTBEHHBIX U
TEXHOJIOTMYECKUX XapaKTepUCTUK MPOLEcca PEMOHTA M BOCCTAHOBJICHHS MOBPEKIECHHOIO
BBT cunamu peMOHTHO-BOCCTaHOBUTEIBHBIX OPTraHOB.

KiroueBble cioBa: BOOpPYKEHHE M BOEHHAs TEXHHWKA, WMUTALMOHHAs MOJENb,
BOCCTaHOBJICHUC, peMOHTHO-BOCCTaHOBHTCHBHBIﬁ OopraH.

Surin R.O. Simulation model of the system of repair and restoration of weapons
and military equipment of combined arms units based on combat operations.
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The article considers a simulation model of a system for repairing and restoring
damaged weapons and military equipment, combined arms formations in combat conditions.
The essence of the simulation model of the IWT repair and restoration system is the mutual
linking of the temporal, spatial and technological characteristics of the repair and restoration
process of damaged IWT by the repair and restoration authorities.

Keywords: armament and military equipment, simulation model, restoration, repair and
restoration body.
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