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METO/0JOT WS OIEHUBAHUS KAYECTBA MOJIEJIEA U D®PEKTUBHOCTHA
KOMIIVIEKCHOI'O MOJAEJINPOBAHUA CJIOKHBIX OBBEKTOB

C.B. Muxonu, b.B. Cokosos, P.M. IOcynos

PaccmaTpuBaroTcst cBoiicTBa Mojiesiel cioKHbIX 00bekToB (Cn0), uccneayemsbie sl OLIEHUBAHUS
ux kadectBa. llpuBomuTcs kimaccudukanus CBOWCTB, BIUSIONIAs HAa WX BBIOOp M oueHKY. M3maraercs
MOJIXO K OIICHMBAaHUIO KayecTBa MOJIEICH M TOJMMOJICIBHBIX KOMIUICKCOB, NMPUBS3aHHBIA K 3Tanam
mozaenupoBanus CnO. OdPexkTuBHOCT, MW €€ TMOKa3aTelu paccMaTPUBACTCS KaK OKOHYATEIbHBIC
NOKa3aTejld KadecTBa MOJICIIMPOBAHUS, BIMSIONIME HA WX BBIOOP M BBIOOP COOTBETCTBYIOIIUX
HHCTPYMCHTAJIbHBIX CPCAbl MOJACIMPOBAHUS. HpezmaraeTcs{ CUCTCMHO-YIIPABJICHYCCKAasA HHTCPIIPETALMA
OLICHUBAHUS KauecTBa Mojienel U 3P(HEeKTUBHOCTH KOMILIEKCHOT0 MoaenupoBanus CnO.

KiroueBble cioBa: MoJeNb, MOJIENb CTPYKTYpHAs, (YHKIIMOHAIBbHAS, OTIEPAlMOHHAS, CTPYKTYPHO-
(yHKIIMOHATBHAS, CBOWCTBA MOJIENIH, KAYECTBO MOJIETU, MOJIEIUPOBaHUe, dPPEKTUBHOCTD.

QUALITY OF MODELS AND EFFICIENCY OF MODELING
B.V. Sokolov, S.V. Mikoni, R.Ju. Jusupov

The properties of models used to evaluate their quality are considered. A classification of
properties that affects their selection and evaluation is given. An approach to assessing the quality of
models and multiple-model’s complexes is presented, tied to the stages of modeling. Efficiency is
considered as the final indicator of modeling, affecting the choice of model and modeling environment. A
system-management interpretation is proposed for assessing the quality of models and the effectiveness of
complex object’s modelling and simulation.

Keywords: model, the structural, functional, operational, structural-functional model, model
properties, the quality of the model, modeling, efficiency.

NUMHUTAINMUOHHBIE MOJAEJIN KAK BUPTYAJIBHASA CPEJA JIUISA OBYYEHUSA U
TECTUPOBAHUS UICKYCCTBEHHOI'O UHTEJIJIEKTA JIJIS1 BUSHEC-TIPUJIOXKEHUI

A.B. bopmiés, A. Mahdavi, A A. KepeoOuos

NMuTanMoOHHOE MOJCIMPOBAHUE TPAAULMOHHO HCIIONB3YETCS Ul PELICHHUs WHKCHEPHBIX M
OusHec-3a/1a4y yxe okosno 50 jeT, Ho B CBeTe Iporpecca B 00JIaCTH MCKYCCTBEHHOT'O MHTEJUIEKTa OHO
noJryyaeT abCcoIIOTHO HOBYIO, MHTEPECHYIO M IIUPOKYIO chepy npuMeHeHus. B 1okane Mbl paccMOTpUM
UM xak gacth 3To¥ obmactu. Ceromusi paspadoTunku MU coBepmiaroT SKCIMAHCHIO U3 MHpa WIp Ha
peanbHbIC 33]1a4ud B IPOM3BOJICTBE, JIOTUCTHKE, Chepe yCIyr, 3ApaBOOXPAHEHNH, YIIPABICHUH aKTUBAMHU.
D10 TpeOyeT Haluuus ACTAJbHOW U peaTMCTUYHONW BUPTYAIIbHON Ccpeibl Al OOydeHUsl U TeCTUPOBAHUS
anroputMoB  IM— moHa ecTecTBEHHBIM 00pa3oM MOXKET OBITh MpeloCTaBiIeHa HMMHUTAIIMOHHBIMU
MozesiMi. Mbl TipuBeiéM MOAPOOHBIN MpUMeEp HCMoiab30BaHus UM B 00ydeHHWH C TOAKPEIUICHHEM,
npuUBEAEM NPUMEPHI apXUTEKTyp UHTerpanuu MM ¢ HeHpOHHBIMH CETAMH M OOCYIUM BO3HHMKAIOIIUE
BOIIPOCBHI.

SIMULATION MODELS AS VIRTUAL ENVIRONMENTS TO TRAIN AND TEST
ARTIFICIAL INTELLIGENCE FOR BUSINESS APPLICATIONS

A.V. Borshchev, A. Mahdavi, A.A. Zherebtsov

Although simulation modeling has been around for decades addressing general purpose technical
and business applications, the current trends and recent advancements in technology have given
significant relevance on a broader scale. In this discussion we will consider simulation modeling as a part
of Al technology. As today’s Al developers are working on increasingly wide range of business
applications, they require a powerful and realistic virtual environment to train and test their agents, which
naturally creates a new type of demand and requirements for simulation models. We will conclude with
major use cases and architectures of how simulation models intersect and integrate with machine learning.
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O HOATOTOBKE HHXXEHEPOB B OBJIACTH KOMIIBIOTEPHOI'O MOJAEJINPOBAHMUAI.
HNPOEKTIN MOTION

B.A. PuixoB, 10.b. CennuenkoB, b.B. Cokouos, 10.B. lllopunkos

B pabGote momBomsTcs UTOTM pabOThI POCCHICKMX y4acTHHKOB mpoekta InMotion «Hosbie
CTpaTeruu OOy4YEeHUS WHKEHEPOB C HCIIOJIb30BAHMEM CpPEJl BU3YaJbHOTO MOIEIHUPOBAHUS U OTKPBITHIX
yueOHbIx wiatdopm». (ERASMUS +, Capacity building in higher education, Ne 573751-EPP-1-2016-1-
DE-EPPKA2-CBHE-JP). O6cyxnarotcst pa3paboTaHHbIe yU4eOHHKH, KYPChI, M UX 3JIEKTPOHHBIC aHAJIOTH,
peKoMeHayeMble sl O0y4YeHHs Cpelbl BU3YaJbHOTO MOJCIHPOBAHUSA, KYPCHI JJISI CAMOCTOSITEILHOU
oAroToBKH B 001actu mozaenuposanus (MOOC).

TRAINING ENGINEERS IN COMPUTER MODELING. INMOTION PROJECT
V.A. Ryzhov, Yu.B. Senichenkov, B.V. Sokolov, Yu.V. Shornikov

The results of Russian partners of InMotion Project “Innovative teaching and learning strategies in
open modelling and simulation environment for student-centered engineering education». (ERASMUS
+, Capacity building in higher education, No 573751-EPP-1-2016-1-DE-EPPKA2-CBHE-JP) are
presented. New developed textbooks and problem books, courses, and their e-prototypes, recommended
for training tools for modeling and simulation complex dynamical systems, MOOCS are discussed.

NMMHUTAOUNOHHOE MOJAEJINPOBAHUE U HAITMOHAJIBHBIE ITPOEKTbI
B.B. /lersaiTkoB, T.B. [leBATKOB

B craThe ommcaHbl OCHOBHBIE HANpaBICHUS MPUMEHEHUS UMHUTAIMOHHOTO MOJACIUPOBAHUS TIPH
KOPPEKTUPOBKE U YIPABICHUU POCCUUCKUMHU HAIMOHATBHBIMU MpoekTamMu. Oco0oe BHUMAHHE YAETIEHO
pPaCHIMPEHUI0 WHCTPYMEHTOB CETEBOTO IUIAHUPOBAHUS U YIPABJICHHS MPOEKTAMH C TIOMOIIBIO MOJICIICH.
Ha npumepe cpensr moaenupoBanus GPSS Studio, mokazana BO3MOXXHOCTh HIMPOKOTO HCIOIB30BaHUS
MOJICJIC TIPU ONTHUMM3AIUU OTJEIBHBIX HAuOOJee KPUTHUYHBIX CHUCTEM, BXOJSINIUX B HAIIMOHAIBHBIN
npoekT. JletanbHO TNpPUMEHEHHWE HMHTALMOHHOIO  MOJEIUMPOBAHMS  [MOKA3aHO HA  IPOEKTE
«IIpon3BOUTENBHOCTD TPY/A U TIOJJEPIKKA 3aHATOCTH.

KitoueBbie coBa: HallMOHANBHBIN MPOEKT, CETEBOE MJIAHUPOBAHHUE U YIIPABIEHUE, UMUTALIMOHHOE
MOJICTMPOBAHNE, ONITUMHU3AIINS, IPOU3BOIUTEIHLHOCTD TPY/Ia.

SIMULATION AND NATIONAL PROJECTS
V.V. Devyatkov, T.V. Devyatkov

The article describes the main areas of application of simulation in the adjustment and
management of Russian national projects. Particular attention is paid to the expansion of network
planning and project management tools using models. On the example of the modeling environment
GPSS Studio, the possibility of widespread use of models in the analysis of the individual most critical
systems included in the national project is shown. Detailed application of simulation is shown on the
project "Productivity and employment support™.

Keywords: national project, network planning and management, simulation modeling,
optimization, labor productivity.
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CPABHUTEJILHBIN AHAJIN3 METOJIOB M AJITOPUTMOB OPTAHU3AIIMA U
INJIAHUPOBAHUSA PABOTBI A3C

K.A. AkcenosB, A.JI. AiiBa3sn, A.JI. HeBoimnua

OnTumu3zanust rpy30BbIX M NACCAKUPCKUX TPAHCHOPTHBIX MOTOKOB TJIaBHAs 3aJadya KOMITAaHUMN
3aHUMAIOIIKXCS IEPEBO3KAMU U KOMITaHUi, paboTa KOTOPHIX CBA3aHA C 00ECIIEYEeHNEM I0CTaBKH 3aKa30B
U YCIIYT, TIEPEBO3KH MacCakupoB. OT 3(PPEKTHBHOCTH PEIICHHS STHX 3a/a4 3aBHCUT KaK KayeCTBO
paboThl KOMIIAHUHU, TaK U MPUOBLIb, TOCKOJIBbKY 3P (eKTUBHAs paboTa B IPSIMYIO CBsI3aHa C COKpAIIEHUEM
U3JIEP’KEK - MUHUMU3aLUEeN UCII0JIb3YEMOr0 TPAHCIIOPTa, COKpAILlEHUEM U3JIMIIHUX MPOOEroB M pacxoa
TOIUIMBA, MUHUMH3ALMEN YEJI0BEUECKOro TpyAa U np. VIMEHHO MOATOMY Ha CErONHSIIHUN JCHb OYECHb
B)XKHO HMCCIIEZIOBATh Pa3HbIE AJITOPUTMBI M TIOJXOJBI K 3TOW 3a/ja4ye M HaWTHU caMblii d()()EeKTUBHBIA W3
HUX.

KirroueBple  cioBa: CeThb  aBTO3AIPaBOYHBIX  CTAHLMM, IUIAHUPOBAHME, HMHUTALMOHHOE
MOJCJIIMPOBAHUE, aTCHTHBIN MTOAXO/.

COMPARATIVE ANALYSIS OF METHODS AND ALGORITHMS OF ORGANIZATION AND
PLANNING OF WORK OF GAS STATIONS

K.A. Aksyonov, H.L. Ayvazyan, A.L. Nevolina

Optimization of freight and passenger traffic flows is the main task of companies involved in
transportation and companies whose work is related to the delivery of orders and services, passenger
transportation. Both the quality of the company’s work and the profit depend on the effectiveness of
solving these problems, since effective work is directly related to reducing costs - minimizing the use of
vehicles, reducing unnecessary mileage and fuel consumption, minimizing human labor, etc. That is why
today is very important to study different algorithms and approaches to this task and find the most
effective of them.

Keywords— gas stations network, scheduling, simulation, agent approach.

ONTUMM3ALMSA PABOTBI PACITPEJAEJUTEJIBHOT'O HEHTPAB CPEJIE
UMUTAINMUOHHOI'O MOJAEJIMPOBAHUSA ANYLOGIC

J.B. AkeabaoB, B.B. MokiiuH

B cratee B BuAe uarpaMMbl TpeACTaBieHa CTPYKTypHash CXeMa OpraHu3alud padoTh
pacnpenenuTenbHoro 1eHTpa. [lpuBenena MUTaIMOHHAS MOJIENIb PabOTHl paclpeleIuTeNLHOTO IeHTpa
B CHCTEME HMHUTAlMOHHOro MonenupoBanus AnylLogic. IlpoBenena ontumuzanus paOoOTbl MOJENU
pachpenenuTeIbHOro IEHTPa 3a CYeT U3MEHEHHS TEXHUYECKUX MapaMeTpoB 00pabaThIBAIOIINX PECYPCOB
U PECYpCOB CUCTEMBI IMUTAIIMOHHOTO MozenupoBanus AnyLogic.

KinroueBrle cioBa: HUMUTAIIMOHHOC MOJCIUPOBAHUC, OINITUMU3ALIUSA, paCHpeHCHHTCHLHBIﬁ LCHTD,
cuctema AnyLogic.

OPTIMIZATION OF THE WORK OF THE DISTRIBUTION CENTER IN THE
ENVIRONMENT OF SIMULATION ANYLOGIC

D.V. Akeldov, V.V. Mokshin

The article presents in the form of a diagram a block diagram of the organization of the work of
the distribution center. The simulation model of the distribution center in the simulation system
AnyLogic. The work of the distribution center model was optimized by changing the technical parameters
of the processing resources and resources of the AnyLogic simulation system.

Keywords: simulation modeling, optimization, distribution center, AnyLogic system.
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TEOPUS ITPAKTUKU ATPETHPOBAHUS BEKTOPHBIX KPUTEPHUEB 11PN
CACTEMHOM MOJIEJTUPOBAHUU OB BEKTOB MOPCKOM TEXHUKM:
BEPUOUKAIIUA U BAJIMJHOCTD, KAYECTBO U OO®EKTUBHOCTD
MOJEJIUPOBAHUA

A.B. AllekceeB

B pasButue npoOnemMaTHKU KBaIMMETPUUECKOIO OOECHeueHUs: KOHKYPEHTHOW CIOCOOHOCTH U
NEPCHEKTUBHOCTH Pa3BUTHsI 00BEKTOB MOPCKOW TEXHUKU U MOPCKOW MH(PACTPYKTYphI, PELIAEMbIX MPHU
TOM TPOOJIEM CHUCTEMHOTO MOICITUPOBAHMSA, MPOCKTHPOBAHWS W ONTHUMH3AIMH 0CO00€ BHUMAHUE
yIeNnseTcss TEOPETHMYECKUM U MPaKTHYECKUM BONPOCAM arperMpoBaHUs BEKTOPHBIX KPUTEPUEB.
[IpencraBien Mmoaxon, METOJ, aJTOPUTMbl M IpPaKTUKA arperupoBaHMsi BEKTOPHBIX KPUTEPUEB IIPU
CHUCTEMHOM MOJIETUPOBAaHUM, KOTOPbIE MOT'YT OBbITh MPAKTUYECKU HCIIOJIb30BaHbl MPU BEpUPHUKALMU U
OLICHKE BAJMIHOCTU PE3Y/IbTATOB, KauecTBa U 3(P(EKTUBHOCTH METOAA MOJAEIUPOBAHUS, B TOM 4YHCIIE
MMUTAlMOHHOTO, a TakX€ IIPU CPABHUTEIBHOM OLEHKE U KBAJIUMETPUYECKOM paHKUPOBAHHUU
HCIOJIb3YEMBIX METOJOB MOJICJIMPOBAHUS, TIpPU OLEHKE MX KOHKYPEHTHOH CHOCOOHOCTH H
NIEPCIIEKTUBHOCTU PA3BUTHSL.

THEORY OF PRACTICE AGGREGATION OF VECTOR CRITERIA IN SYSTEM MODELING
OF MARINE ENGINEERING OBJECTS: VERIFICATION AND VALIDITY, QUALITY
AND EFFICIENCY OF MODELING

A.V. Alekseev

Focusing qualitative competitive abilities and prospects of development of marine facilities and
marine infrastructure, solve the problems of system modeling, design and optimization, special attention
is paid to the theoretical and practical issues in the aggregation of a vector of criteria. The approach,
method, algorithms and the practice of aggregation of a vector of criteria in the system modeling, which
can be used for verification and assessment of the validity of the results, quality and efficiency of
modeling method, including simulation, as well as a comparative evaluation and qualitative ranking of the
used modeling techniques when evaluating their competitiveness and development prospects.

PACYET U MOAEJIMPOBAHMUE INEPEXO/HBIX TPOIECCOB B PACTYIIUX CETAX
B.A. bagpsizios, B.H. 3agopoxubiii

BeinonHeHHbIe HUCCIIEOBAaHUS W3MEHEHHs BO BPEMEHHU IapaMeTpoB CIydalHBIX IpadoB AAlOT
OCHOBaHUSI TOBOPUTH O TOM, YTO YHCJIEHHBIH METOJ 00ECIeYMBAET JOCTATOYHYIO TOYHOCTh PAcueToOB —
OTHOCHUTEJIbHAS MOTPEIIHOCTh PE3YJIbTATOB, MOJIYYEHHBIX pa3JIMUYHBIMM MeTo/laMu, He mpesbimaeTr 10%.
B ornnume oT MeTOJAa MMUTAIIMOHHOIO MOJEIMPOBAHUS, YUCICHHBIM METOJ BO MHOIO pa3 COKpallaer
TPYZIOEMKOCTh IIOCTPOCHUS IIPOTHO30B BAXKHEHIIINX MapaMeTpoB ciaydaifHbix rpagos ¢ HIITIC.

NUMUTAIIMOHHAS MOJEJIb 3AJIAYU B3AUMHOI'O ITIPECJIEJJOBAHUS
A.A. Baccayap, B.U. Ilonenun

B crarbe ommchiBaeTCs MOJeNb BapHaHTa 3a/layd IPECICOBaHMS, B KOTOPOH JiBa HIpOKa
CTpEeMSATCS TIOpa3uTh JAPYr Apyra cHapsmamu. OIWH W3 HUX 00JIafaeT MPEeBOCXOJCTBOM HAJ IPYTUM B
JAbHOCTH OOHApPYXXEHHS W, KaK CIEICTBUE, YIPEXKIAIONMM yaapoM. Bo m30exaHne mopakeHUs
OTBETHBIM yJIapOM TPAECKTOpHs CHApAJIa UMEET YroJl Ha JucTaHluu. BTopoil urpok obiagaer cHapsgamu,
CIIOCOOHBIMU HABOAMTHCS TIO CIIEAY, OCTAaBISIEMOMY MPOTUBHUKOM W €0 CHAPSJIOM TPHU JIBHKCHUU B
OKpyXarotel cpene. Mogens, pazpabotannas B cpene AnylLogic, popMupyeT KuHEeMaTH4IeCKHii oOpa3
3aJ1auu TPECIIeIOBAHMS U TIO3BOJISIET OCYILIECTBIISATH HAOIIOIEHHE BO3MOXKHBIX A (EKTOB.

KmroueBbie cioBa: MmMurTanuoHHass Monenb, B3aUMHOE IpECleIOBaHHE, KpHUBas IOTOHH,
napayuienbHoe comnkenue, AnyLogic.
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THE SIMULATION MODEL OF PURSUING PROBLEM
A.A Bassauer, V.l. Polenin

In article the model of a variant of a pursuing problem in which two players to aspire to amaze
each other with shells is described. One of them possesses the superiority over another in range of
detection and as consequence a pre-emptive strike. In order to avoid retaliation the trajectory has a corner
on a distance. The second player possesses shells capable to be directed on a trace left the opponent and
its shell at movement in environment. The model developed in the environment of AnyLogic and forms a
kinematic image of pursuing problem and allows to supervise of possible effects.

Keywords: simulation model, pursuing problem, pursuit curve, parallel distance decreasing,
AnyLogic.

INPUMEHEHUE UMUTAITMOHHOI'O MOJIEJIMPOBAHUS JIJIS1 BBIAEJEHUS
®AKTOPOB ®OPMUPOBAHUS TIOTPEBHOCTHU HACEJIEHUSI B YCJIYT'AX CKOPOH
MEJUIIUHCKOHN MOMOIIA

C.B. bernuesa

B crarbe mpencraBineHbl pe3ynbTaThl HMCCIEIOBaHMS, BBINOJIHEHHOIO Ha OCHOBE 0030pa
JAUTEpaTyphl O MPUUMHAX U3MEHEHUs MOTPeOHOCTH HACeIEeHUs B yciyrax ckopoi nomouu. [lpennoxeno
UCIOJb30BAHUE METO/J0B CHCTEMHOW JMHAMUKU JUIl PaH)KUPOBaHMUA (DAKTOpOB, BIIMSAIOLIMX Ha
00palaeMocTb HaceleHUsl B CKOPYIO IoMollb. Mojens peaau3oBaHa ¢ NPUMEHEHUEM CTaTUCTUYECKHUX
naHHbIX T. EkarepunOypra. Pe3ynbraThl MOJENUMPOBAaHMS IMOKAa3bIBAIOT BAXHOCTb CTPYKTYPHOI
cOaaHCUPOBAaHHOCTH CUCTEMBI 3/IPABOOXPAHEHHUSL.

Kirouessle ciioBa: CuctemMHasi JMHAMHMKA, UMUTALMOHHOE MOJIEIMPOBAHUE, CKOPAsi MEAULIMHCKAs
MTOMOIIb.

APPLICATION OF SIMULATION MODELING FOR IDENTIFYING FACTORS
OF FORMATION OF POPULATION NEEDS IN THE AMBULANCE SERVICES

S.V. Begicheva

The article presents the results of a study based on a review of the literature on the reasons for the
changing needs of the population in ambulance services. It is proposed to use the methods of system
dynamics for ranking the factors affecting the appeal of the population to ambulance. The model is
implemented using statistical data from Yekaterinburg. Simulation results show the importance of
structural balance in the health system.

Keywords: system dynamics, simulation, ambulance.

MOJIEJIbHBIA CUHTE3 U TEOMETPUUYECKASI TEOPUS IMOBEJIEHUS
FO.U. Bpoackuii

JlanHast paboTa mpesyiaraeT OCHOBBI S3BIKOBOM CpE/bl JUIS OMMCAHUS M M3y4CHUS MOBEACHUS B
CJIOKHBIX CHUCTEMax, a TaK)Ke METO/OB €ro MmporpaMMHpOBaHUS U M3MeHeHMs. PaccmarpuBaercsi Kiiacc
MMHTAIMOHHBIX MOJICNICH, MPEICTaBICHHBIN OJHOMAPAMETPUIECKUM MHOXECTBOM POJIOB CTPYKTYp B
cmeicie H. BypOaku. PaccmatpuBatorcst Mopdu3mbl 0a3MCHBIX MHOMKECTB 3THX CTPYKTYp, ocoboe
BHUMAaHHUE YAEISIETCS MeTo/aM, OTBeHaloIluM 3a aeicTBus moaend. Ha mpumepe okoH OBeproHa
MOKa3bIBACTCS, YTO HHYEM HE OrpaHWYEHHBIE MOPQPHU3MBI MOTYT TIPUBECTH CHUCTEMY K
IIPOTHBOIIOJIOKHOMY TIOBEJICHHIO. B KadecTBe OrpaHWYCHHsS BO3MOXKHBIX IPEOOpa3OBaHUN MOTYT
BBICTYINIaTh HMHBAPHAHTHI, €CIIM TOTPEeOOBaTh OT JOMYCTUMBIX MPEoOpa3oOBaHU WX coxpaHeHus. B
pe3ynbTaTe MOXKHO MOJYyYUTh KJIACCH(HUKAIUIO MOBEACHUS CHCTEM, B 3aBUCHMOCTH OT MHBApPHAHTOB,
COXPaHSIOUINXCS TPU MTPe00pa30BaHUAX OBEACHHUS.

KnroueBble cioBa: CIOXHBIE CHUCTEMBI, IOBEJCHHE, MOJECIBHBII CHHTE3, HMHTAIMOHHOE
MOJIETUPOBaHNE, TEOMETPHYECKAst TEOPHSI TOBEICHUSI.
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MODEL SYNTHESIS AND GEOMETRIC THEORY OF BEHAVIOR
Yu.l. Brodsky

This paper provides a framework for the language environment to describe and study behavior in
complex systems, as well as methods for its programming and modifying. We consider a class of
simulation models represented by a one-parameter set of species of structure in the N. Bourbaki sense.
The morphisms of the base sets of these structures are considered, special attention is paid to the methods
responsible for the model actions. On the example of Overton windows it is shown that unrestricted
morphisms can lead the system to the opposite behavior. Invariants can be used as a restriction of possible
transformations, if one demands their preservation from admissible morphisms. As a result, we can obtain
a classification of the behavior of systems depending on the invariants that persist during the
transformations of behavior.

Keywords: complex systems, behavior, model synthesis, simulation, geometric theory of behavior.

IMPUMEHEHHUE UMUTALIMOHHOI'O MOJEJIMPOBAHUSA V1A YIYUIIEHUA
KAYECTBA INPOI'PAMM

B.B. bypakos

B crarbe mpencraBieH MOAXO[ K YHPaBICHUIO KaYe€CTBOM MPOTPaMMHBIX CPEJICTB, OCHOBAaHHBIN
Ha NPUMEHEHUMM HMMMTALMOHHOIO MOJEIMpPOBaHUA. ba3zuc moaxona COCTABISAIOT YETBIPE MOJEIH —
MIPOrpaMMHOTO CpE/ACTBA, KadecTBa, M3MEpPEHMs] KauecTBa, IpeoOpasoBaHuil. Bmecte stm mMoaenu
NPEJOCTABIAIOT OCHOBY JJISl TMOACHUCTEM, OOPa3yIOLIMX HMMUTALMOHHYIO MOJEINb, CIYXaIlyl JUIs
yIAy4lIeHUs] KauyecTBa MPOrpaMMHOrO oOecnedeHus. OTa HMUTAIMOHHAs MOJENb O0ecreyruBaeT
BO3MOKHOCTh AaHaJM3a BIUSHHMS BO3MOXKHBIX CTPYKTYPHBIX pPE(AKTOPUHIOB KOJa Ha YIydllleHUE
KayecTBa MporpaMMHOro obecnedeHus. Ee HMcronb30BaHUE CMOXKET 3aJI0)KUTh OCHOBY JUISL CO3/IaHUS
BBICOKOKAUECTBEHHBIX MPOrpaMM U 00ECHEeUYNUTh IKOHOMHUIO MaTepUAIBHBIX U YEIIOBEUECKUX PECYPCOB,
HEO0OXOIMMBIX JJIsl UX pa3pabOTKu.

KitoueBble croBa: MMHUTAIIMOHHAsE MOJIENb, KAY€CTBO MPOTPAMMHOI0 0OeCIeueHus], YIpaBIeHue
KauecTBOM MPOrPaMMHOI0 00ecreueHus.

THE USE OF SIMULATION MODELING TO IMPROVE SOFTWARE QUALITY
V.V. Burakov

The article presents an approach to software quality control based on the use of simulation
modeling. The approach is based on four models - software, software quality, software quality
measurement, and software transformation. Together, these models provide the basis for the subsystems
that make up the simulation model, which serves to improve the quality of software. This simulation
model provides the ability to analyze the impact of possible structural code refactoring on improving
software quality.lts use will be able to lay the foundation for creating high-quality programs and ensure
the saving of material and human resources necessary for their development.

Keywords: simulation model, software quality, software quality control.

MOAEJIUPOBAHUE CKJIAJCKHUX 0HEPAIII/II71 B CPEJE ANYLOGIC
I1.0. baanomunkas

JUis onTUMU3AIMK CKIIAJACKUX OIEpaluii ¥ MMEIOUIMXCS Ha CKIIAJE PEecypcoB, B TOM YHUCIE U
TPYAOBBIX, MOXET IOMOYb KOMIIBIOTEPHOE MOJEINpoBaHUEe.  MojaenupoBaHue — 3TO MPOIECC
n300pakeHus] CBOIMCTB OJHOIO OOBEKTa B JPYroM oObekTe. MoJenupoBaHUE MO3BOJSET MPOU3BOANUTH
MporHo3 u3MeHeHuid. Tak, Bechb NpPOIECC, MPOUCXOASAIIMNA Ha CKJIale, MOXKHO CIPOEKTHpPOBATh B
CHeIHalbHOM MporpamMme, a ¢ MOMOUIbI0 MAaHUMYJSIUN, MOXKHO OIMpPENEIUTh U3MEHEHUS MapaMeTpoB
CKJIaJIOB MIPU COKpAIEHUH WM YBEIMYEHHH TPYJOBBIX €IWHUI] WIM UMEIOIIUXCS pecypcoB. B crarse
OyzeT mpoaAeMOHCTPUPOBAHA TIOIIAroBast HHCTPYKIIHSI [0 TIOCTPOeHHMIO ckiiaaa B AnyLogic.

KitroueBble cioBa: MUMHTAIIMOHHOE MOJICITMPOBaHKE, TOBAPOOOOPOT, MOAIENb cKiIaaa, AnyLogic.
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SIMULATION MODELLING OF WAREHOUSE OPERATIONS IN ANYLOGIC PROGRAM
P.O. Byaloshitskaya

To optimize warehouse processes and available resources in the warehouse, including labor,
computer modeling can be used. Modeling is the process of representing the features of one object in
another object. Modeling allows you to forecast modifications. All process that take place in the
warehouse can be designed in a special program, and with the help of manipulations, it is possible to
determine changes in the parameters of the warehouses while reducing or increasing labor units or
available resources. The article will demonstrate step-by-step instructions for building a warehouse in
AnyLogic.

Keywords: simulation modeling, turnover, warehouse model, AnyLogic.

UMUTAIIMOHHASI MOJIEJIb VOTING 2PL KAK ITOJAXO0/J K MOJAEJIUPOBAHUIO
BJIOKYEWH TPAH3AKIIUI

C. K. BacuieBa

briokuelin TexHoMOTHS U pacnpeneaeHHble 0a3bl JaHHBIX MOTYT CAeNaTh (PMHAHCOBBIC OTIEPAINHI
Y aIMUHHUCTPATUBHBIC YCIYyTH OBICTpee, Ipo3padyHee U HajeKaHee. YTOObI MHTETPUPOBATH TEXHOJIOTHIO C
CYIIECTBYIOIMMH CUCTEMaMHM, €€ HY)KHO HCCJIEIOBATh W YCOBEPIICHCTBOBaTh. B pabore mpemiaraercs
METOJl MMHTAIIMOHHOTO MOJEIMPOBAHUS KaK CHoco0 TPOBEICHHS HWCCIENIOBAaHWE U OICHUBAHHS
HAJIeKHOCTH, TPOIMYCKHAs CIOCOOHOCTh M APYTHE TMapamMeTpbl CHUCTEM C paclpeleieHHbIMH Oa3zaMu
naHHBIX. KaTo OCHOBHOW MOJENUPYIONIMK aIrOpUTM pacCMATPUBACTCS CHUMYJSIUS IPOTOKOJA
OJIOKMPOBKH OOJIBITMHCTBA KOTUH.

KitoueBbie croBa: ONOKYEHH TpaH3aKIWHU, pachnpefeleHHble ©0a3bl JaHHBIX, OJIOKHPOBKA
OomnpImHCTBA Kormid, cumysisitiuu, GPSS World.

A SIMULATION MODEL OF VOTING 2PL PROTOCOL AS AN APPROACH TO MODELING
BLOCK CHAIN TRANSACTIONS

S.Z. Vasileva

Block chain technology and distributed database systems can make financial operations and
administrative services faster, more transparent and more reliable. In order to integrate with existing
systems, it must be researched and improved. The work is a method of imitation modeling as a way to
conduct research and evaluation security, throughput and other parameters of systems with distributed
databases. VVoting Two-Phase Locking protocol simulation is considered as the basic modeling algorithm.

Keywords: blockchain transactions, distributed databases, Voting two-phase locking, simulations,
GPSS World.

OLEHKA IPUMEHUMOCTH NPONECCOPHBIX SIIEP KMX32 U RISC-V B CETEBOM
IMPOOECCOPHOM YCTPOUCTBE

J.FO. Boakanos, C.O. be33youes, L11.P. Kaiinayosa, H0.A. Cxo0OuosBa,
P.JI. Cmensinckmii, A.A. CyxoBa

B nannoii pabote mccnenyercss Bompoc npumeHumoctu sinep KMX32 u RISC-V B kaudectBe
BBIYMCIIMTEIIBHBIX ~ Y3JIOB B ceTeBOM  mporeccopaoM  ycrpoiictBe  (CITY).  OmnuckiBaercs
JKCIIEPUMEHTAIBLHOE HCCIIEOBAHUE MPOU3BOAUTENBHOCTH MMHUTanMOHHOW Monenu CIIY g obomx
CIIy4aes.
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ESTIMATION OF THE APPLICABILITY OF KMX32 AND RISC-V PROCESSOR CORES IN
A NETWORK PROCESSOR UNIT

D.Yu. Volkanov, S.O. Bezzubtsev, S.R. Zhailauova, Yu.A. Skobtsova,
R.L. Smelyansky, A.A. Sukhova

The applicability of the KMX32 and RISC-V cores as computing nodes in a network processing
unit (NPU) is studied in this paper. The numerical experiments were carried out in order to compare
performance of simulation model of NPU based on KMX32 and RISC-V cores.

TEXHOJIOT' YAl PA3SPABOTKH BUBJIMOTEKH TUITOBBIX PEINIEHUMA ITPEIMETHOM
OBJIACTHU B CPEJIE GPSS STUDIO

JILA. Bopo6eitunkoB, I'' K. CocHoBUKOB

CdhopmynrpoBaHbl OCHOBHBIE TPEOOBAaHUS U MPEATIOKEHA TEXHOJIOrus pa3paboTku OMOIMOTEKH
TUTIOBBIX pemieHui npeamerHoi oomactu B cpene GPSS STUDIO. [IpoaeMoHCTpUpPOBAHO MPUMEHEHHE
MIPEITI0KEHHOM TEXHOJOTHH MpHU pa3paborke Oubnmorexku«Monenu Teopuu teneTpaduka». [lokazaHsl
MpUEMbl  Pa3pabOTKH THUIOBBIX JJIEMEHTApHBIX OJIOKOB OMOIMOTEKH, OTHOCAIIMXCS K Pa3TMYHBIM
KaTeropusiM.

KnroueBbie cmoBa: cucrema GPSS World, cpema GPSS STUDIO, teopust tenerpaduka,
O61OIMOTEKa TUTIOBBIX PEIIEHU, TUIIOBOM 3JIeMEHTapHbI 010K, CTpykTypHas cxema, GPSS-mozens.

DESIGN TECHNIQUE FOR THE SUBJECT DOMAINSPATTERNS LIBRARY IN THE
GPSSSTUDIOENVIRONMENT

L.A. Vorobeychikov, G.K. Sosnovikov

Basic requirements are formulated and the design technique for the subject domains patterns
library in the GPSS STUDIO environmentis offered. Application of the proposed design technique for the
Teletraffic Model Theory library is demonstrated. Approaches to the diverse library typical single
building blocks designing are proposed.

Keywords: GPSS World system, GPSS STUDIO environment, teletraffic theory, patterns library,
single building block, structural chart, GPSS model.

HNCITOJIB30BAHUE BUBJIMOTEKHU TUIIOBbBIX PEIHEHI/IIZ! NPEIMETHOM OBJACTH
IMPU PABPABOTKE UMUTAIIMOHHBIX IMTPUJIOKEHUU B CPEJE GPSS STUDIO

JI.A. Bopo0eiiunkoB, I'.' K. CocHoBnKko0OB

[TpoeMOHCTPUPOBAHO HCIIOJIb30BaHUE OMOIMOTEKN THUTIOBBIX PEIICHUH B MPEIMETHOW O0JIACTH
«Mopnenn Tteopuu Tenerpaduka» mpu paspaboTke CTPYKTYpHbIX cxeM GPSS-moneneir B cpene
GPSS STUDIO. PaccMoTpeHsI TpuMepsl pa3padOTKH CTPYKTYPHBIX CXEM H HMUTAITMOHHBIX TPHIIOKCHHUI
JUIE MOJICIIMPOBAHUS TPOTrPaMMHO—KOH(DUTYpHPYEMOW CeTH Tepenayd TaHHbIX M KOHTAaKT—IIEHTpa C
TPEXATAIMHONW 00pabOTKOM BHI3OBOB.

KmtoueBbie cnoBa: cpena GPSS STUDIO, Oubnmoreka THUIIOBBIX —pELICHWH, THUIIOBOMN
JJIeMEHTapHbId OJIOK, CTpykTypHas cxema, GPSS-monenb, mnporpaMMHO—KOH(pHUTYypHpyemasi CeTb,
KOHTaKT—IEHTP.
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USE OF THE SUBJECT DOMAINS PATTERNS LIBRARY FOR THE SIMULATION
APPLICATIONS DEVELOPMENT IN THE GPSS STUDIO ENVIRONMENT

L.A. Vorobeychikov, G.K. Sosnovikov

Use of the Teletraffic Model Theory subject domains patterns library for the GPSS models
structural charts development isdemonstrated. Examples of structural charts and simulation applications
for software defined data networking and a contact center with three-stage call processing modeling are
considered.

Keywords: GPSS STUDIO environment, patterns library, typical single building block, structural
chart, GPSS model, software defined networking, contact center.

INPUMEHEHUE CTPATETMYECKOM PE®JIEKCHA B UMUATAIIMOHHOM
MOJAEJIMPOBAHUU

A.A. BopoObeB, MLII. ®uisieB

Cpenu n3BeCTHBIX MPOOJIEM MPAKTUYECKOTO MPUMEHEHHS] UMUTALMOHHBIX MOJIENCH, CBSI3aHHbIX C
oOecrieueHreM aJIeKBaTHOCTU MOJEJeH, TOCTOBEPHOCTHU BXOJHBIX M BBIXOJHBIX JIaHHBIX, HaXO0XKICHUS
ONTUMAJILHOTO PELICHMs, HE3aCly>KEeHHO OCTaeTcsl B TEHU MpoOieMa HEJAOCTHKUMOCTH OrpaHMYCHMH,
HaKJIaJbIBAEMbIX Ha ONTUMHU3HUPYEMbI (QyHKIMOHaN. B craThe IEeMOHCTPUPYIOTCS OCHOBAaHHBIE Ha
peanu3alnuy e cTpaTernyeckoi pedueKcui BO3MOXKHOCTH «YITYYIICHHs» TIepBOHAYAILHOW MOJIENH 3a
CUET IIeJICHANPABJIEHHOIO H3MEHEHMsI COCTaBa MW/MIM O0JIacTed OmpeAeneHHus BapHaOesIbHBIX
[1apaMeTpoB.

KiroueBsie ciioBa: BapuaOenbHbIE MapaMeTpbl, UMUTALIMOHHAS MOJENb, ONTHUMAJIbHOE PEllEHUE,
cTpaTeruueckasi pegeKcus.

APPLICATION OF STRATEGIC REFLECTION IN SIMULATION MODELING
A.A. Vorobiev, M.P. Filyaev

Among the known problems of the practical application of simulation models related to ensuring
the adequacy of models, the reliability of input and output data, finding the optimal solution, the problem
of unattainability of the restrictions imposed on the optimized functional undeservedly remains in the
shadow. The article demonstrates the possibilities of «improving» the initial model based on the
realization of the idea of strategic reflection through a targeted change in the composition and / or areas of
definition of variable parameters.

Keywords: variable parameters, simulation model, optimal solution, strategic reflection.

UMMO/JI - 2019 629



AHHOTAIINU CTATEM / ABSTRACTS

MOAEJIHNPOBAHUE JE®OPMAIIMOHHOI'O ITIOBEJEHUA KOMITIO3UIITNOHHbIX
MATEPHAJIOB, HAITIOJTHEHHBIX KOPOTKUMH, CTYYAHHO OPUEHTUPOBAHHBIMHA
BKIIOYEHUAMMU

C.B. I'pomos

B pabore mpuBeneHbl pe3ynbTaThl YHMCIEHHOIO MOJECIUPOBAHMS Je(POPMALMOHHOIO MOBEICHHS
KOMITO3UIIMOHHBIX MaTEpUajoB Ha OCHOBE CBEPXBBICOKOMOJIEKYJISPHOIO IOJIMITHIIEHA, IOITYYEHHBIX
TBepa0(a3HbIM Ae(OPMAIIIOHHBIM CHHTE30M, HAIOJHEHHBIX KOPOTKUMH, CIy4yailHO OpUEHTHPOBAHHBIX
BKJIIOUEHUSIMU (HAa NpUMEpEe MHOTIOCTEHHBIX YIJIEPOJHBIX HAHOTPYOOK). Pa3BuTHE KOMIO3MIIMOHHBIX
MaTepHalioB UJET MO MYTH YCIOKHEHHUS MX COCTaBa M KOMOMHHUpPOBaHUS cxeM apMmupoBanus. lllupokoe
pacnpocTpaHEHUE MOJIYUYUIIU JUCIEPCHO-HAMOIHEHHbIE MOJUMEPBl ¢ HEPABHOOCHBIMU XAOTHYECKU WIIU
YIOPSAIOYCHHO pacHpee/eHHbIM HarojHuTenaeM. B paGore mnoka3aHo, YTO METOJbl KJIACCHYECKOMH
MOJIEKYJISIPHON JMHAMHMKH, COBMEILEHHBIE C MOCJIEAYIOIUM IPUBJICUYEHUEM OrpyOJeHHBIX MojEseH,
IIO3BOJISIFOT IIPOM3BOJUTH MCCIEAOBAHUS MHUKPOCTPYKTYPbl KOMIIO3UTOB M C JOCTATOYHOW TOYHOCTBHIO
OLICHMBATh MX MaKpOMAacIITAaOHbIE CBOMCTBA, CBSI3aHHBIE C IPOYHOCTHIO JAHHBIX MAaTEpUAIOB U
BIMSIHMEM Ha Hee LIMPOKOro crekTpa ¢axkTopoB. IIpoBeneHHbIE pacueTbl MO3BOJIAIOT CYIUTh O
BO3MOKHOCTH I€PEHECEHHs] pa3pabOTaHHON CXEMbl Ha IOCIEYIOLIMEe ME30ypOBHHU, B YaCTHOCTH, O
BO3MOXKHOCTH TIOCTPOCHHsI OTrpyOJICHHOW MHOrOypoBHeBOW (cCoarse-grained) monenu paspynieHus
KOMITO3UTA.

KiroueBple  ciloBa:  MHOTOYPOBHEBOE  MOJEIHMPOBAHME, IOJIMMEPHBIE  KOMIIO3ULMOHHBIE
MaTepuasbl, CBEPXBBICOKOMOJICKYJISIPHBIM  NOJUATHIEH, HAHOTPYOKH,  YIJIEPOJHOE  BOJIOKHO,
KOMITO3ULIMOHHBI MaTepuall, CTPYKTypa, aAre3us, IPOYHOCTHBIE XapaKTEPUCTHKH, ACHUMETPHUUYHBIC
BKJIFOUEHUS, apMUPOBAHHUE.

MODELING THE DEFORMATION BEHAVIOR OF COMPOSITE MATERIALS FILLED
WITH SHORT, RANDOMLY ORIENTED INCLUSIONS

S.V. Gromov

The paper presents the results of numerical simulation of the deformation behavior of composite
materials based on ultra-high molecular weight polyethylene obtained by solid-phase deformation
synthesis, filled with short, randomly oriented inclusions (for example, multi-walled carbon nanotubes).
The development of composite materials follows the path of complicating their composition and
combining reinforcement schemes. Dispersion-filled polymers with unequally randomly or randomly
distributed filler are widely used. It is shown that the methods of classical molecular dynamics, combined
with the subsequent involvement of coarsened models, allow one to study the microstructure of
composites and with sufficient accuracy to evaluate their macroscale properties related to the strength of
these materials and the influence of a wide range of factors on it. The calculations allow us to judge the
possibility of transferring the developed scheme to subsequent mesoscale levels, in particular, the
possibility of constructing a coarse-grained multilevel model of composite fracture.

Keywords: multi-level modeling, polymer composite materials, ultra-high molecular weight
polyethylene (UHMWPE), nanotubes, carbon fiber, composite material, structure and adhesion strength
characteristics asymmetric inclusion reinforcement.
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MOJEJIb KOJIMYECTBEHHbIX OHEHOK XAPAKTEPUCTHUK CUCTEMbI 3AIIIUTBI
NHOOPMALIMN KOPITIOPATUBHOU CETHU IIEPEJJAYUN JAHHbBIX

JL.M. I'py3neBa

B crartbe BbifeneHsl HauOosiee MOMYISIPHBIE METOJbI aTaK Ha KOPIMOPATHUBHBIC CETU TMepeaadu
JaHHBIX. A TakKe THIBI BPEJOHOCHOTO MPOTPAMMHOTO OOECleyYeHus, C TMOMOIIBI0 KOTOPOTO
3JIOYMBIIIJICHHAKN TIOMYYalOT JOCTYNl K KOH(MHICHIMAIbHON WHpOpManmuu. B cratbe mpemyiokeHa
MOJIETIb OLICHKU XapaKTEPUCTUK (YHKIIMOHUPOBAHMS XapAKTEPUCTUK CUCTEMbI 3aIUTHI HH(OOPMALIUU TIO
YCTPaHEHHIO BPEIOHOCHBIX BO3JICHICTBHI B CETH.

KitoueBbie cioBa: KOpropaTWBHas CeTh Iepeladyd JaHHBIX, CHUCTeMa 3allUThl MH(pOpMAIUH,
BPEIOHOCHOE MPOrpaMMHOE 00ecrieueHre, BpeJOHOCHOE BO3/IEHCTBUE.

MODEL OF QUANTITATIVE EVALUATION OF CHARACTERISTICS OF THE
INFORMATION SECURITY SYSTEM OF THE CORPORATE DATA NETWORKS

L.M. Gruzdeva

The article highlights the most popular methods of attacks on corporate data networks. As well as
the types of malicious software through which attackers gain access to confidential information. The
article proposes a model for assessing the characteristics of the functioning of the characteristics of the
information protection system to eliminate malicious influences in the network.

Key words: corporate networks of data transmission, information security system, malicious
software, harmful effects.

INPAKTUUYECKHWH ONBIT IPUMEHEHUSI UMUTAIIMOHHOI'O
MOAEJIMPOBAHUSA KAK HHCTPYMEHTA OIITUMU3ALNU ITPOU3BOACTBEHHBIX
CUCTEM

ILIO. I'yceB, A.B. KambimeB, M.A. Yn:xos, K. 1O. I'yces

B pabGore mpeacraBieHBl  pe3ydbTaThl WMMHUTAIMOHHOTO  MOJICTUPOBAHHS  Pa3TUYHBIX
MPOU3BOJICTBEHHBIX cucTeM. [IpuBeneHsl oOmme CcBeAeHHs O (QYHKIMOHUPOBAHUU  KaXKIOU
MPOU3BOACTBEHHON cHUCTeMbl. OMNHCaHbl OCHOBHBIE ATallbl CO3/IaHUS WMHTAIMOHHOM Mojenu. B
pe3yJibTaTe aHajau3a MOJENEH ONpPENENEHbl 3a4ayd ONTUMH3aLMH. [l KakIoW MPOU3BOACTBEHHOU
CHUCTEMBbI PUBEJEH KOHKPETHBINA PE3yJIbTAT, MOJYYEHHBIN MTPU MOMOIIYA UMUTAIITMOHHONW MOJIEIH.

KiroueBble  ciioBa: MOJIETIMPOBAHMS, MIPOU3BOJICTBEHHBIE CHUCTEMBI, ONTUMM3AIIHS,
MAIIMHOCTPOCHHE.

PRACTICAL EXPERIENCE IN USING SIMULATION AS A TOOL FOR OPTIMIZING
PRODUCTION SYSTEMS

P.Yu. Gusev, A.V. Kamyshev, M.I. Chizhov, K.Yu. Gusev
The paper presents the results of simulation of various production systems. General information
on the functioning of each production system is provided. The main stages of creating a simulation model
are described. As a result of the analysis of the models, optimization problems are identified. For each
production system, a specific result is obtained using a simulation model.
Keywords: modeling, production systems, optimization, engineering.
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WMUTAIIAOHHOE UCCJIEJTOBAHUE TPAHCIIOPTHOM CUCTEMbBI YEMIIMOHATA
MUPA ITO PABOYUM NPOPECCHUSAM WORLDSKILLS-2019

T.B. [leBsiTtkoB, B.B. /leBsitkoB, M.B. ®enoroB, M.M. HazmeeB
PaccmaTpuBarOTCST METOIBI PEIICHUS TPAHCIIOPTHO-JIOTHCTUYCCKUX TMPOOIEM BO3HUKAIOIIUX B
mpolecce MPOBEACHHsI KPYIMHBIX MepornpusTuil. OnuceiBaeTcs pa3zpaboTka MOAETH U UMUTAIIMOHHOTO
MPWIOKCHUS JUISS  WCCIICOBAHUS TPAHCIIOPTHOM CHCTEMBI, HCIIOJIb30BAHHON TpU  TPOBEIACHHUH
yeMmnuoHaTa mupa no padounm npodeccusim WorldSkills-2019. [Tokazansl mpenmyIiecTBa pa3padoTKu
takux mozeneit B cpene GPSS Studio. Onmcansl pe3yabTaThl MOASTUPOBAHUS, TIO3BOJIMBIINE BHISIBUTH U
KOJIMYECTBEHHO OIICHUTh TOTCHIMAIBHBIC «y3KHE MECTa» TPaHCIOPTHON cuctembl. [IpemnoxeHbl
MEPOIPUATHS U CIOCOOBbl WX ycrpaHeHus. CTaTUCTHYECKHE 3aMephbl, TPOBEACHHBIE B IPOIECCe
MIPOBE/ICHUS YEMITHOHATA TIOJTBEPIAMIN aICKBATHOCTh U BBICOKYIO TOYHOCTh MOJICIICH.
Kmrouessre caoBa: WorldSkills-2019, cucrteMHBIN aHain3, UMATAIHOHHOE HccienoBanne, GPSS
Studio, TpaHCTIOpPTHAS U MEMIEXO0/IHAS JIOTHCTHKA.

SIMULATION STUDY OF THE TRANSPORT SYSTEM OF THEWORLD SKILLS-2019
COMPETITION GAME

T.V. Devyatkov, V.V. Devyatkov, M.V. Fedotov, M.M. Nezmeev

The methods of solving transport and logistics problems arising in the course of major events are
considered. The article describes the development of a model and simulation application for the study of
the transport system used during The WorldSkills-2019 competition game. The advantages of developing
such models in GPSS Studio are shown. The results of modeling, which allowed to identify and evaluate
the potential "bottlenecks" of the transport system, are described. Measures and ways of their elimination
are offered. Statistical measurements carried out during the championship confirmed the adequacy and
high accuracy of the models.

Keywords: WorldSkills-2019, system analysis, simulation study, GPSS Studio, transport and
pedestrian logistics.

ONTUMMU3BALIMOHHBIN SKCIIEPUMEHT B CPEJIE MOJEJIUPOBAHUSI GPSS STUDIO
FO.U. baouii, T.B. [leBsitkoB, B.B., /leBsitkoB, M.B. ®enoToB

B cratbe ommceiBaeTcs mojcucTeMa onTUMU3anuu B cpene moaenupoBanus GPSS Studio. B
KauecTBE OMNTUMHU3aTOpa HCIONB3YETCS YK€ HUMEIONIUNCS M XOpOIIo ampoOMpOBAaHHBIM KOMILIEKC
ontumuzammu  [0OSO. OnuckBaloTCsl MPOBEACHHBIE TOPAaOOTKH I HWHTETPAllUd  TPOTPAMMHOTO
KOMILIEKCa B Cpeay MojenupoBaHus. M3maraerca mpomecc MOATOTOBKA U MPOBEACHUS
OTNITUMU3AIIMOHHOTO YKCIIEPUMEHTA.

KitoueBbie cmoBa: ontumuszarnusi, [0SO, umurtanmmonnoe wmoxaenupoanue, GPSS Studio,
WMUTAIMOHHOE UCCIICIOBAHUE

THE OPTIMIZATION EXPERIMENT IN THE SIMULATION ENVIRONMENT GPSS STUDIO
Yu.l. Babiy, T.V. Devyatkov, V.V. Devyatkov, M.V. Fedotov,

This article describes the optimization subsystem in the modeling environment GPSS Studio. The
existing and well-tested 10SO optimization complex is used as an optimizer. The carried out
improvements for integration of the software complex into the modeling environment are described. The
process of preparation and carrying out of optimization experiment is stated.

Keywords: optimization, I0SO, simulation, GPSS Studio, simulation study.
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MMPOU3BOJCTBEHHOE IINTAHUPOBAHUE HA METAJIJTYPTHYECKOM ITPEJAIIPUATHUHN
HA OCHOBE UMUTAIIMOHHOT'O MOAEJINPOBAHUSA

A, Iémun

Hanbonee 3(h(heKTUBHBIM M aKTyaIbHBIM MOIXOAOM K TUIAHHPOBAHUIO MPOHU3BOJICTBA SBIISETCS
CO3JlaHME IMPOrpaMMHBIX pelleHUH Ha 0a3ze MMUTAILMOHHOI'O MojenupoBaHus. B pabGore omuchiBaeTcs
peuieHue Ui TPYOHOro  MPOM3BOJACTBA, KOTOPOE  IO3BOJSET  ONPENEIUTb  BBINOJIHUMOCTD
IIPOU3BOJICTBEHHOIO IUIaHA, IOCTPOUTH MOJIPOOHBIE MO3TAaNHBIE MAapUIPYThl 3aKa3oB, I[OCTPOUTH
HEJeNbHOE pacnucanue. [IpuMeHeHrne MMUTAIMOHHOM MOJENM pPacIIMpsAETCs IYyTeM HHTETrpauuu ¢
cHCTEMaMH YNpaBJIEHUS MPOU3BOJCTBOM JUIs CO3AAHUS «IU(PPOBOrO ABOMHUKA LIEXay.

SIMULATION-BASED SCHEDULING FOR METALLURGICAL PLANT
A.G. Demin

Simulation based solutions are the most effective and actual approach for production scheduling.
The paper describes a solution for pipe production plant that allows to check production plan feasibility,
highlight detailed step-by-step routes for orders, create weekly production schedule. A digital twin can be
created by integration of the simulation model with manufacturing execution systems.

OTEYECTBEHHBIE ITPOI'PAMMHBIE PEHHEHUSA JIA UMUTAIIMOHHOTI'O
MOJAEJTAPOBAHUSA CYAJOCTPOUTEJ/IBHBIX ITIPOU3BOACTB U ONEHKH
TEXHOJIO'NYECKOU TOTOBHOCTU NPEANIPUATUU K IOCTPOUKE 3AKA30B.

M.A. JoamartoB, A.M. IlnoTHuKOB, B.A. XapuTtonos, M.B. ®enoros, T.B. /leBATKOB

B cratee omnucan omnbIT CO34aHUA  OTE€YECTBEHHBIX CHEUUATU3UPOBAHHBIX MPOTPAMMHBIX
MPUJIOKEHUNH Ui pa3pabOTKU HMUTAIMOHHBIX MofeNel (YHKIIMOHUPOBAHUS CYAOCTPOUTEIBHBIX
npeanpusThii. [IpunoxeHns MO3BOJSIIOT aBTOMATH3WPOBATh MPOIECCHl Pa3pabOTKU MMHUTAITMOHHBIX
MOJIeTIell U TIPOBEJCHHE DKCIEPUMEHTOB 0e3 HeoOXOIUMOCTH HH3KOYPOBHEBOTO MPOTPAMMUPOBAHUS,
OIIEHHUBATh TEXHOJIOTUYECKYIO TOTOBHOCTh MPEANPUATHI K peaiu3allid MPOU3BOJACTBEHHBIX MPOrpamM,
obOecrieunBaTh CO3/IaHUE MOJeNiel MPU HEMOJHOTe HWCXOAHBIX JaHHBIX, a TakkKe O00ecleYynBaIoT
MOJJEPKKY BEPCHOHHOCTH M XPAHEHUE WCXOIHBIX JAHHBIX, MOJENIEH U PEe3yJbTaTOB HKCHEPUMEHTOB.
[Tonb3oBarenbckuii  uHTEpdeEiic MNPUITOKEHUH OPHUEHTUPOBAH HA CICHUAINCTOB MPOCKTHBIX U
TEXHOJIOTHYECKUX TOAPA3ACIICHUA TPEANPHUATHH CYJOCTPOUTEIHHOM OTpacid, M MOXET OBITh
aJalITUPOBAH I IPUMEHEHHUS B IPYTUX OTPACISIX MPOMBIIIJIEHHOCTH.

KunroueBbie ciioBa: cygoCTpO€HHUE, TPOU3BOICTBO, TEXHOJIOTMYECKAsE TOTOBHOCTh, UMUTAIIMOHHOE
MOJIETUPOBaHUE, aBTOMATH3AIIHs, TIOJH30BATEIbCKHII HHTEPPEC, IKCIIEPUMEHT.

DOMESTIC SOFTWARE SOLUTIONS FOR SIMULATION OF SHIPBUILDING INDUSTRIES
AND ASSESSMENT OF TECHNOLOGICAL READINESS OF ENTERPRISES
FOR CONSTRUCTION OF ORDERS.

M.A. Dolmatov, A.M. Plotnikov, V.A. Kharitonov, M.V. Fedotov, T.V. Devyatkov

The article describes the experience of creating domestic specialized software applications for the
development of simulation models of shipbuilding enterprises. Applications allow to automate processes
of simulation models development and experiments without the need of low-level programming, to assess
technological readiness of enterprises for implementation of production programs, to ensure creation of
models in case of incomplete initial data, as well as to support versionality and storage of initial data,
models and results of experiments. The user interface of applications is aimed at specialists of design and
technological divisions of shipbuilding industry enterprises, and can be adapted for application in other
industries.

Keywords: shipbuilding, production, technological readiness, simulation, automation, user
interface, experiment.
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CUCTEMA NOJIEPKKHW MPUHATHUS PEIIEHUM JIJISI AHAJIN3A CTATUCTHYECKOU
YCTOMYUBOCTH MOJIEJIH CJIOKHBIX CUCTEM

1O.B. loponuna, A.B. CkaTkoB

[Ipensioxena Moienb yrpaBieHUs MOACPKKONW 00CTYyKMBAHUS CIIOKHON TEXHUUECKOW CHCTEMBI
Ha OCHOBE CUCTEMBI MOJACPKKU MNPUHITHS PELICHUN, PETYyIUPYIOUas PECYpChl CUCTEMbl OTHOCUTEIIBHO
ux npodunaktuku. [Ipennonaraercs BBIOOP HEKOTOPOH CTpaTeruu OOCITYKUBAHHS CIOXHOH CHUCTEMBI,
npu  KOTOpoW mpuHMMaeTcs d(G(EeKTUBHOE pelleHne Mo NpoPUIaKTHKE U, Kak CIEeACTBUE,
obecrieynBaeTcsi MPUPOCT pecypca. Ha mpumepe MoaenupoBaHHs pealibHOTO TEXHUYECKOTO O0BEKTa C
OTKa3aMH, BOCCTaHOBJICHUSIMU u npoUIAKTUKON TPEIIOKEHBl KOJIWYECTBEHHBIC OILICHKH
CTaTUCTHUYECKOW ycToiumBoctn Monenu. Ilokazana 3¢ddeKkTHBHOCTH mpepIaraeMbeiX IMOIXOAO0B IPH
pElICHUM 3aJayl aHaJh3a CTAaTUCTUYECKON YCTOMYMBOCTH B 3a/ladyaX KBaJUMETPUYECKOTO aHaiau3a
KBAa3UOJHOPOJIHOM MOJIENN CIIOKHBIX cUcTeM. Ha OCHOBE MpeaoKeHHOr0 KOHCTPYKTHBHOI'O MOJAXOAa
MOJIy4€H ONEpPAaTUBHBIM MHCTPYMEHT MPUHATHUS PELICHUH O MapaMeTpUdecKo M (yHKIIMOHAIHHOU
HACTPOMKE CIOKHBIX TEXHUUYECKUX O0OBEKTOB HA JJOJTOCPOUYHYIO U KPATKOCPOUHYIO IEPCIIEKTHUBBI.

KitoueBbie cioBa: cucremMa MOAJEPKKUA NMPUHATUS PELICHUN, UMUTAIMOHHOE MOJEIMPOBAHUE,
CTaTUCTUYECKAs] YCTOMYMBOCTD, 1IENTb MapKoBa, CJI0KHAs TEXHUYECKAs] CUCTEMA, BEPOSITHOCTh MEPEX0/Ia,
YHUCIIO PealIn3aluil IIPOLEecca, PECYpC CUCTEMBI, IIPEAEIBHOE COCTOSIHUE.

SYSTEM OF DECISION SUPPORT FOR ASSESSING THE STATISTICAL STABILITY OF
THE MODEL OF COMPLEX SYSTEMS

Yu.V. Doronina, A.V. Skatkov

The model of management of support of maintenance of a complex technical system based on the
decision support system, regulating the resources of the system with respect to their prevention. It is
anticipated the selection of a strategy of maintenance of a complex system, which was adopted effective
solution for the prevention and, as a consequence, has ensured the growth of the resource. On the example
of modeling a real technical object with failures, recovery and prevention, quantitative estimates of the
statistical stability of the model are proposed. The effectiveness of the proposed approaches in solving the
problem of statistical stability analysis in the problems of qualimetric analysis of quasi-homogeneous
models of complex systems is shown. On the basis of the offered constructive approach the operational
tool of decision-making on parametric and functional adjustment of difficult technical objects on long-
term and short-term prospects is received.

Keywords: system of support of decision-making, simulation modeling, statistical stability,
Markov chain, complex technical system, the probability of transition, the number of realizations of the
process, resource, system, ultimate limit state.

HA3HAYEHHE «CITPABETUBBIX» IPHOPUTETOB B TEXHOJTOI'HYECKHUX XABAX
HA OCHOBE UMUTAIIMOHHOT'O MOAEJIUMPOBAHUA U HEYUETKOU JIOTTUKHU

A.A. EmeabsinoB, O.B. byabiruna, H.3. EmeabsinoBa, P.B. CokoJioB

[Ipobnema copaBeAIMBOTO HA3HAYEHUS TMPUOPUTETOB TMPH  OOCTYKMBAHUU  Pa3IHUUHBIX
TpeOOBaHUI CyIIECTBYET AABHO U MOXKET UMETh pa3Hble pelIeHHs. XapaKTepPUCTUKH «CIPAaBEJINBOCTH»
CBSI3aHBI C JIOXOJaMHM, yOBITKaMu, ITpadamMu, a TakkKe ¢ MPUOOPETEeHHWEM PEHTHHIOBBIX U JPYTUX
nokaszareneil. B aroil crarke mnpennaraercs mOpoBepATh S(P(EKT «CHPaBEATUBOCTH» Ha3HAUCHMS
IIPUOPUTETOB C MOMOIIBIO CHEUAIBHOTO HEUETKO-JIOTHYECKOr0 KOHTPOJUIEpa, BKIIOUAEMOIO0 B COCTaB
MMUTALMOHHON MOJAEIN MPOU3BOJCTBEHHO-TEXHOJIOTHYECKOT0 KOMILJICKCa B BUJIE ar€HTHOM MPOrpaMMBbl.
B kauecTBe npumepa paccMaTpHUBAETCS TEXHOJIOTHYECKUH KOMIUIEKC KPYITHOTO a3poIopTa.

KiroueBsie cnoBa: TexHomornyeckuii Xxad, MMUTALIMOHHOE MOJEINPOBAHHUE, HEUETKUN aJIlOPUTM,
MaccoBoe 00CITy)KHBaHUE, HA3HAYEHUE IPHOPUTETOB, HEUYETKHI KOHTPOJUIED, TOPSIIOK B OUYEpeIH.
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FAIR PRIORITIES ASSIGNMENT IN TECHNOLOGICAL HUBS
BASED ON SIMULATION AND FUZZY LOGIC

A.A. Emelyanov, O.V. Bulygina, N.Z. Emelyanova, R.V. Sokolov

The problem of equitable prioritization in servicing various requirements has existed for a long
time and may have different solutions. The characteristics of “fairness” are associated with income,
losses, fines, as well as with the acquisition of rating and other indicators. This article proposes the
“fairness effect” verifying of assigning priorities using a special fuzzy-logic controller, which is include
in the simulation model of the industrial complex and its technological processes in the form of an agent
program. As an example, the technological complex of a large airport is considered.

Keywords: Technology hub, simulation, fuzzy algorithm, mass service queuing, priority
assignment, fuzzy controller, queue’s order.

TEXHOJIOT S AJIATITAIIAA TPOTPAMMHOT O KOMILIEKCA «CITPY» K 3AJIAUE
MOJIEJIUPOBAHUSI TH®OPMALIMOHHOM MOJJIEPKKH

A.M. EnnkeeB, A.B. AllekceeB

PaccMoTpeHbl TeXHOIOTHYecKHe OCOOCHHOCTH MMUTAI[MIOHHOTO MOJEIMPOBAHUS, HHCTATSLMUA U
aZanTaluy IpOrpaMMHOTO KOMIUIEKCA MOJEINPOBAHUS INPOLECCOB MOMJIEPKKU MPUHATUSA PELICHUN U
ynpasienusi «CIIPY-0.8» paspabotku CIIGIMTY k 3amauam HH()OPMAIMOHHO-aHAIUTHYECKOH U
MHTEJJIEKTYaJIbHOM MOJ/IEPKKU PELeHUI oreparopa Mnpu oOecrnedyeHnr O0e30MacHOCTH JKCIUTyaTalluu,
JOKaJIM3alluy aBapuiHBIX CUTYAlMi U aBapuil, a Takxke O0pbOBI 3a XKUBYUYeCTh Kopabdis, cynHa. [lokazana
BO3MOXXHOCTh MHCTAJSIUMU M aJanTallid I[POrpaMMHOI0 Komruiekca MoaenupoBanus «CIIPY» 6e3
IIPUBJICUYEHUS IPOrPAaMMHUCTOB U IpeJcTaBuTenel Pa3paboTunka, uyTo sIBISETCS OJIHUM U3 COBPEMEHHBIX
TpeOOBaHUIl K MPOrpaMMHBIM CPEJICTBAM.

TECHNOLOGY OF ADAPTATION OF THE SOFTWARE COMPLEX ""SPRU" TO THE
PROBLEM OF MODELING INFORMATION SUPPORT

A.l. Enikeev, A.V. Alekseev

The technological features of simulation, installation and adaptation of the software complex for
modeling decision support and management "SPRU-0.8" developed by SPBGMTU to the tasks of
information-analytical and intellectual support of the operator's decisions in ensuring the safety of
operation, localization of emergencies and accidents, as well as the struggle for the survivability of the
ship. It is shown that it is possible to install and adapt the «SPRU» modeling software without involving
programmers and Developer representatives, which is one of the modern requirements for software.
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MOJAEJIbHO-OPUEHTUPOBAHHOE IIPOEKTUPOBAHUE AJI'OPUTMA YIIPABJIEHUA
IMATAIOINEU KPEITU TP UHTEI'PAIHIUU KOHUHEINIUU MOBUWJIBHOE MECTO
OIIEPATOPA

C.C. Kypasaes, C.P. lllakupos 10.B. Manaxos, M.C. Hukurenko

Pabora mocsieHa NIpUMEHEHUIO MOJAEIbHO-OPUEHTUPOBAHHOIO MPOSKTUPOBAHUS Ul PEIICHUS
3amad pa3pabOTKH, OTJIAJAKH W TECTUPOBAHHS aJITOPUTMOB YIPABICHHUS HHHOBALIMOHHBIM MOJyJIEM
mararomasi kpenb. Moaynb npeHa3HaueH i OTPAOOTKHU IUIACTOBBIX MECTOPOXKACHUH IMOIITAXKHBIMU
LITPEKaMU C BBIIYCKOM. YIPABJIGHUE ILArarolield Kpenbl0 OCHOBAHO HAa MCIIOJIb30BAHUM KOHIEMIMU
MOOMJIBHOTO MECTa OIepaTopa, pealu3yeMoi C HCIIOJIb30BAaHHMEM TEXHOJIOTUH HEHPOKOMIIbIOTEPHOIO
untepdeiica (HKM) um cpencte nomomHeHHo# peambHOocTH ([AP). Jlnst peanm3anuu  MOAEIBHO-
OPUEHTUPOBAHHOI'O  NPOEKTUPOBAHMUS  IMPUMEHEHbl METOAbl HMMHUTALMOHHOIO  MOJEIMPOBAHUS,
TPEXMEPHOTO IPOCKTHPOBAHUS, TEOPUH TPpadOB, TCOPHH AITOPUTMOB.

KntoueBble cioBa: MOJIEIbHO-OPUEHTHPOBAHHOE MPOEKTUPOBAHME, HMMTALMOHHAs MOJEIIb,
mrararomasi  Kperb, MOOHJIBHOE MECTO OIeparopa, ajrOpUTMBI YIPaBICHHS, HEWPOKOMIBIOTEPHBIH
untepoeiic (HKW), nomonnennas peanbHocTh (/IP), Bu3yanmuzanusi TEXHOJOTHMUYECKOTO Ipoliecca,
MATLAB, uenoseko-mMamuHHbIN nHTEpdeiic (UMMUN), uurepakTuBHas MoJielb, TPEXMEPHBIN 00pas.

ALGORITHM OF THE WALKING ROOF SUPPORT MODULE MODEL-BASED DESIGN
WITH MOBILE DISPATCHER APPROACH

S.S. Zhuravlev, S.R. Shakirov, Yu.V. Malakhov, M.S. Nikitenko

The article dedicated for model-based design approach for prototyping, debugging and testing of
control algorithm for innovate the roof support module. Module destination is mining of bedded deposits
sublevel drifts. The roof support module controlled with using approach of mobile dispatcher. This
approach consists of using a brain computer interface (BCI) and a device of augmented reality (AR). For
realize the model-based design applied methods of simulation modeling, 3D model development, graph
theory, theory of algorithms.

Keywords: model-based design, simulation model, walking roof support module, mobile
dispatcher approach, control algorithm, brain computer interface (BCI), augmented reality (AR),
technological processes visualization, MATLAB, human machine interface (HMI), interactive model,
three dimension model.
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HCIIOJIb30BAHUE OHTOJIOI'MYECKOI'O NOAXOJA UIA BAJIMJALIAN
NUMUTAIIUMOHHBIX MOJAEJIEN

E.b. 3amaruna, /[.A. Yypun

Bepudukanuus u Banuaanus — 3T0 3Tanbl UMUTALMOHHOIO 3KCIEPUMEHTA, IPEeIHA3HAUYEHHBIE [
OIpeNieNIeHUs, HAaCKOJbKO MMHUTAIlMOHHAs MOJEIb COOTBETCTBYET 3aMbiciaM M TpeOOBaHUIM
HCCIeA0BaTeNel, IPUMEHSIOIIMX METOJ UMUTALMOHHOTO MOJAEIUPOBAHUS JUIsl U3YYEHHS UCCIIELYEMOTO
00BEKTa, Mpolecca, CIOKHOW JMHAMMUYECKOW cucTeMbl. Bamupanus Mozenu HO3BOJISIET ONpPENeiuTh,
HAaCKOJIBKO MOXKHO JIOBEPSATh PE3yJbTaTaM MMMUTALMOHHOIO MOJEIMPOBAHMS, HACKOJIBKO TOYHO
pa3paboOTYMKM MOJENU IOHSUIM, Kak JO0JDKHA (YHKIMOHMPOBATH MOJAEIb, UMHMTHUPYS IIOBEIECHUE
u3zydaemMoro o0ObekTa. B pokmnane mpeuiaraercst UCIOJIb30BaTh OHTOJOIMUECKUN MOAXOM VISl IIPOBEPKU
BaJIMHOCTH UMUTALMOHHON MOZEIU. ABTOPBI IPEAIAralOT IOCTPOUTD B PE3YJITATE UHTEPBbIOUPOBAHUS
OHTOJIOTHIO JUIi MMUTAllMOHHOM MOJEIHM HCCIEN0BATENsA, OHTOJOTHMIO HMWTALMOHHOM MOJEIN
pa3pabOTUYUKOB U ONPEAECIUTh CEMAHTHUECKYIO OJM30CTh 3TUX OHTOJIOTHI. OnepanuoHHas BaIuIHOCTh
MOJKET OBITh OIpe/eieHa C TOMOLIbI0 OHTOJIOTHM COOBITHIA.

KmtoueBble cioBa: BepuduKanus, BaduIalMs, UMHUTAUOHHBIA SKCIIEPUMEHT, WMHUTALUOHHOE
MOJIETUPOBAaHUE, OHTOJIOTHS, CEeMaHTH4YecKas OJU30CTh, CTPYKTYypHas BaJUAHOCTb, OIEpPALMOHHAS
BAJIUJHOCTb.

USING THE ONTOLOGICAL APPROACH TO VALIDATE SIMULATION MODELS
E.B. Zamyatina, D.A. Churin

Verification and validation are the stages of a simulation experiment, designed to determine how
much the simulation model meets the intentions and requirements of researchers using the simulation
method to study the object under study, a process, or a complex dynamic system. Model validation allows
you to determine how much you can trust the results of simulation, how accurately the developers of the
model understood how the model should function, simulating the behavior of the object being studied.
The report suggests using an ontological approach to verify the validity of the simulation model. The
authors propose constructing as a result of the interview the ontology for the simulation model of the
researcher, the ontology of the simulation model of the developers and determine the semantic proximity
of these ontologies. Operational validity can be determined using event ontologies.

Keywords: verification, validation, simulation experiment, simulation, ontology, semantic
proximity, structural validity, operational validity.

MOJIEJTUPOBAHUE CUCTEMBI PALIMOHAJIBHOI'O ONIEPATUBHOI'O YIIPABJIEHHS
COCTABOM AI'PEIT'ATOB I'HJIPODJIEKTPOCTAHIMM U IIVIAHUPOBAHHUE ET'O
U3MEHEHUI

B.E. 3axapuenko

B sroii paGote mpeiaraercss IIaHOMEpHas MOCIEAOBaTeNbHAs ONTUMH3AIMA COCTaBa, BCETIa
ONUpAIOIIASCAd Ha TEKyllee CcOoCcTosHue arperaroB U Ha cuctemy ['PAM. Ilpu stom cucrema I'PAM
3aHUMAETCSl pacrpeielieHueM MOIIHOCTH, a cucteMa PYCA ananu3upyer BO3MOKHOCTh ONTHUMH3ALUU
COCTaBa M OCYILECTBISET PEKOMEHJALMIO MO OAHOKPATHOMY HM3MeHEeHMIO cocTtosHus ['A. Ilpu stom
dbopmynupyrores cneayroue kpurepun: yenmuenue KI1/[ I'DC u moBeimeHne 6€30MacHOCTH Ha OCHOBE
OIIeHKH cocTosiHUs ['A ¢ MUHUMU3AIMEH PUCKOB aBapUHHBIX CUTYAIIHMH: 110 TeMIepaType, BUOpaIuu, mno
COCTOSIHHUIO U CpaGaTLIBaHI/IIO TUAPAaBIMYCCKUX WU MCXAaHUYCCKUX 3alllUT U T.HO. OI.[CHKa cocrostnus ['A
TaKk)Ke TMO3BOJISIET YYUTHIBATH PACXOJOBAaHHME PECypCOB arperaroB, Yackl HapabOOTKH, YHCIO
MTyCKOB/OCTAHOBOB U TJIAHUPOBATh UX PAaBHOMEPHOE PACXO0BAHUE 32 LIEJIEBON MEPUO.

[IpemyioskeHHBIE BapUaHTBl W3MEHEHHH COCTaBa arperatoB TO3BOJSIIOT paboTath Oonee
3¢ (}HEeKTUBHO, CHU3UTH PEryIMPOBOUHYIO HArpy3Ky Ha arperaTbl U IpU STOM BBINOJNHATH 3aJaHHE
CHUCTEMHOI'O ollepaTopa.

Hcnonbs3oBaHue NpeAJIOKEHHBIX MOAXOJ0B MO3BOJIUT ABTOMATHMYECKH IUIAHUPOBATh M TAKKE
ABTOMATUYCCKU BBIMMOJIHATH OIICPALMU 11O UBMCHCHHIO COCTaBa arperaTos.
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PEAJIMBALIUA MOAYJIA CUCTEMbI UMUTAITMOHHOI'O MOJAEJIUPOBAHUSA
TEXHOJIOT Wi MPOBEJAEHUSA I'OPHBIX BBIPABOTOK JIJISI CPABHEHU S CXEM
OTPABOTKH 3AXOAOK IIPH ITPOXOJIKE IITPEKOB

B.B. 3unoBbesB, A.-H. Crapony6os, I1.1. Huxkonaes, U.C. Ky3neunos

[Tokazana peanu3anusi UMUTAIIHOHHOTO MOJYJIS, MO3BOJISIONIETO OTOOpa)xkaTh B3aMMOCHCTBHE
TOPHBIX MAIIMH BO BPEMEHH W TPOCTPAHCTBE TPU MPOXOJKE INTPEKOB C TPUMEHEHHEM KOPOTKO-
CTOJIOBOM CHCTEMBI OTPabOTKH yroilpHOro Osoka. [Iporiecc BeeHus: TOPHBIX padOT MPEACTaBICH B BUC
CEeTH CHCTEM MacCOBOTO OOCTY)XWBaHUS C KOMIbIOTepHOH peamm3anmeir B GPSS World. B
HKCIIEPUMEHTAX MPOBEICHO CPaBHEHHE CXEM OTPaOOTKH 3aXOJIOK MPH MPOBEICHUH HMITPEKOB MO CpeaHen
CKOPOCTH MPOXOJKH U KOIPPHUITUESHTAM HCIIOIb30BAHUS TOPHBIX MAIIIKH.

KitoueBble croBa: HMMHUTAIIMOHHOE MOJEIMPOBAHUE, CHCTEMa MacCOBOTO OOCITYKMBaHHS,
MPOXOTYCCKUE PAOOTHI, CHUCTeMa OTPAOOTKHM KOPOTKMMH 3a00sMH, KOI(D(HUIMEHT WCIOJIb30BaHUS
000py/I0BaHUs.

REALISATION OF MODULE OF TUNNELING TECHNOLOGIES SIMULATION SYSTEM
FOR COMPARSION OF SEQUENCE OF SKIPS WORKING IN ROADWAY TUNNELING

V.V. Sinoviev, A.N. Starodubov, P.l. Nikolaev, 1.S. Kuznetsov

Showed realization of module that simulates mining machineries interaction in time and space for
tunneling in room-and-pillar technology in coalmine. Tunneling submitted as queue networks and
realized in computer with GPSS World. Experiments shows compare of sequences of skips working by
average tunneling speed. Realized module is a part of tunneling technologies simulation system.

Keywords: simulating, queue network, tunneling, room-and-pillar, utilization rate.

PA3PABOTKA UMUTAIIMOHHOM MOJIEJIM TPAHCIIOPTUPOBKH PYIbl TOPHO-
OBOI'ATUTEJIBHOT'O KOMBUHATA B CUCTEME BPSIM

N.B. CrenanoBa, A.H.UBanoBckasi, A.A. lllekseun, E.K. AxcenoBa, A.P. I'anosin, A.I'. Munacsin

B nanHo#i paboTe mpeacTaBiIeHO UMHTALMOHHOE MOJAEIHPOBAHUE MPOLECCOB TPAHCHOPTUPOBKH
pyasl B JleOeAMHCKOM TOpPHO-OOOTATHTENFHOM KOMOWHATE: IOCTPOCHHE MOJEIH B CHCTEME
MMHUTALMOHHOTO MojienupoBanus BPSim; mpoBeneHne 3KCEpUMEHTOB C UCXOJHBIMU U M3MEHEHHBIMHU
BXOJHBIMHU TIapaMeTpaMH;aHaIH3 Pe3yIbTaTOB IKCIIEPUMEHTOB; JHATHOCTHKA y3KHX MECT IPOIECCOB U
MIPEUIOKEHBl PEKOMEHIAIMY 110 MX yCTpaHeHuto. Jlis aHalm3a y3KHX MECT MOJEIMPYEMOro mpoliecca
WCTIOJIB3yeTCsl THOPUIHBIA MYJIbTHAT€HTHO-UMHUTAIMOHHBIA TTOIXOI.

KiroueBsle ciioBa: ropHo-o0oratuTeIbHOM KoMOuHAT, BPSImM, y3kue mecra.

DEVELOPMENT OF A SIMULATION MODEL OF ORE TRANSPORTATION AT A MINING
AND PROCESSING PLANT IN THE BPSIM SYSTEM

I.V. Stepanova, A.N. lvanovskaya, A.A. Sheklein, E.K. Aksyonova, A.R. Galoyan, A.G. Minasyan

In this paper, simulation modeling of ore transportation processes in Lebedinsky ore processing
plant is presented: model construction in BPSim simulation system; experiments with initial and modified
input parameters; analysis of experimental results; diagnostics of process bottlenecks and
recommendations for their elimination are proposed. To analyze the bottlenecks of the simulated process,
a hybrid multi-agent-simulation approach is used.

Keywords: mining and processing plant (MPP), BPSim, narrow places.
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ONTUMMU3AIUS PABOTHI ABTO3AITIPABOYHOM CTAHIIMHA 3A CYET
BAPBUPOBAHUSA KOJIMYECTBA COTPYJHUKOB U PECYPCOB B CPEJIE
UMUTAIIMOHHOI'O MOJAEJIMPOBAHUSA ANYLOGIC

C.A. UoHnoBa

Statistica — 23T0 0ObEIMHEHHBI KOMIUIEKC aHalW3a W KOHTPOJS JaHHBIX, CPEICTBO,
MO3BOJISAIONIEE pa3pabaThiBaTh MOJIB30BATEIBCKUE MPOrPAMMBI B Pa3UYHBIX OOJACTIX, TaKUX Kak
(bMHAHCBI, MPOMBIIUIEHHOCTh, OW3HEC, AKOHOMHUKA U T.A. C Iebl0 ONTUMHU3ALMU TPOLECCOB U
WCIIOJIb30BaTh TOJIYYEHHBIC PE3YJIBTATHI ISl YITYUIIeHUsT paboThl 0OBEKTOB peajbHOro Mupa u Oosee
palMOHATBHOTO HUCIOJIB30BAaHUSl PEecypcoB. DTa mmiatgopma MpocTa B MOHUMAHUM W MPUMEHEHUU U
OpPUEHTHpPOBAHA Ha AaBTOMATHU3AIMIO TOJCYETOB M OOJIETYeHHE pacueToB. [J1aBHOW OCOOEHHOCTHIO
cucteMbl Statistica sBsIeTCSl OCYILECTBICHHOE TpadUUECKU-OPUCHTUPOBAHHOE PEIICHUE K aHAIN3y
naHHbIX. Mmes pemieHus 3akiioyaeTcs B TOM, 4YTOOBI IMO3HATH BO BCEX OTHOIICHMSIX BHU3YaJIbHOE
WCCIIeIOBAaHNE JAaHHBIX Ha BCEX CTYIMEHSAX CTaTHUCTHYECKOM 0O0pabOTKM M, OCHOBBIBAsACh Ha AITOM
WCCTIEAOBAaHUM, ONPENCTUTh NalbHEHIIMI JTanm aHanu3a. B 3Toil paboTe mpeAcTaBiIeH aHaIU3
JMHAMUYeCKoi Mojenu «Pabora aBTo3anpaBO4YHOl cTaHIuU» B mporpamme Statistica. AnyLogic — ato
KOMIUIEKT MUMHUTAlMOHHOIO MOJeIMpoBaHus. Hakonmurenn NpeacTaBisIlOTCS TAKUMM SJIEMEHTaMU, TIe
coOMparoTCsl OTACNbHbIE 3amachl, M 3HAYCHHS MX MEHSIOTCS HempepbiBHO. [loTokamMu Ha3bIBaroT
AKTHBHBIC JIEMEHTBI CTPYKTYPHI, CITIOCOOHBIE MPEe0Opa30BbIBATH YKCIA HAKOMHUTENEH. B 3TOT e MOMEHT
BPEMEHHU, HAKOMUTENIN CTPYKTYPbl BBIUUCIAIOT YHUCIA MTOTOKOB. J[MHAMUYECKHE NIEPEMEHHBIE HE TOJBKO
CIOCOOCTBYIOT TiepepaldaThiBaTh HEKHE 4YHCJIOBBIC 3HAYEHWS B WHBIE, HO M MOTYT CBOOOJHO
MpeoOpa3oBbIBaTh CBOM 4YHCIa WJIM OBITh BCErla OJWHAKOBBIMHU. HakomuTensmu B Hamem ciydae
MPEACTABIISICTCS YUCIO MAIMH, NMPHEXaBIIMX Ha 3ampaBKy, a MpoIeaypa 3ampaBKd aBTOMOOWIA U
MOCIIEAYIOIIEH OIIaThl C BHIOOPOM COMYTCTBYIOIIUX YCIYT — MOTOKOM. B maHHOUW cTaThe mpencTaBieHa
UMUTaMOHHAs Mojens padbotel A3C, cosmanHas B mporpamme Anylogic, eé cTpykTypHas cxema
OpraHmu3ai padoThl, a TaKXKe TEKCTOBOE OMHCaHMe cxeMbl. OnTuMusanus OyAeT MpoBeneHA IBYMS
METOJIaMH: OTITUMH3aluei B mporpamme AnyLOgiC u perpeccHOHHBIM aHAIN30M B mporpamme Statistica,
B XO0/Ie KOTOPOH OBLIO BBISABICHO pEIICHHE, CIOCOOCTBYIOIIEE ONTUMHU3ANMUU MPOLEAYyp 00pabOTKH H
TOBBIIICHUIO d()PEKTUBHOCTH PabOTHI, @ HMEHHO ONTUMH3AIMS BPEeMEHH HaxoxjaeHus MamuH Ha A3C,
MIPYU MUHUMAJIbHOM BO3MOYKHOM KOJIMYECTBE COTPYJHUKOB M KOJIOHOK.

Kurouesie cioBa: cucrema STATISTICA, ananu3, nuHamMudeckast Mojiels, AnyLogic.
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OPTIMIZATION OF WORK OF GAS STATION DUE TO INCREASE OR REDUCTION OF
NUMBER OF STAFF OF GAS STATION IN THE ENVIRONMENT OF IMITATING
MODELLING OF ANYLOGIC

S.A. lonova

Statistica is an integrated complex of the analysis and control of data, means to develop user
programs in various areas such as finances, industry, business, economy, etc. aiming for optimization of
the processes and use the gotten results for improvement of the execution of the objects of the real world
and more efficient usage of the resources. This platform is simple in understanding and application and is
geared towards the automatization and ease of the calculations. The main feature of the Statistica system
is the represented graphics-focused solution to the analysis of data. The idea of the solution is to analyze
the visual research in every aspect at all of the taken steps of the statistics data processing and, based on
the results of the research and analysis, determine the following step. In this work, the analysis of the
dynamic model "Work of Gas Station™ is presented in the Statistica program. AnyLogic is a set of
imitating modeling. Stores are presented by such elements where separate stocks gather, and their values
change continuously. Streams call the active elements of structure capable to transform numbers of stores.
In the same timepoint, stores of structure calculate numbers of streams. Dynamic variables not only
promote to process certain numerical values into others, but also can freely transform the numbers or to
be always identical. Stores in our case the number of the cars which arrived to gas station is represented,
and the procedure of purchase of gasoline which is followed by payment and choice of the satellite
services — a stream is presented In this article the simulation model of work of gas station created in the
Anylogic program, its block diagram of the organization of work and also the text description of the
scheme.In this article, the simulation model of work of gas station was created in the Anylogic program,
its block diagram of the organization of work and also the text description of the scheme. Optimization
will be performed upon two methods: optimization in the AnyLogic program and the regression analysis
in the Statistica program during which the decision promoting optimization of procedures of processing
and increase in overall performance namely optimization of the time spent of cars at gas station was
revealed, at the minimum possible number of the employees and gasoline stations.

Keywords: STATISTICA system, analysis, dynamic model, AnyLogic

OBOCHOBAHME BbIBOPA PAIIMOHAJIBHOI'O BAPUAHTA IPUMEHEHUWSA MAJIBIX
KOCMMNYECKHUX AIIITAPATOB ITPU OTKA3AX OTAEJBbHBIX 2JIEMEHTOB UX
BOPTOBBIX CUCTEM

M.H. Kanunos, B.A. Poquonos.

PaccMoTpeH clieHapHO-BpEMEHHOW METOJ OICHKU 3(PPEKTUBHOCTH MPUMEHEHHUS KOCMHYECKOMN
CUCTEMBbI HaOJIOICHHSI C MAJIBIMU KOCMUYECKHMHU arnmnaparamiu. [IpeacraBiena ero peanu3aiys Ha OCHOBE
MMUTAIIMOHHOTO MOJICTUPOBaHUs Mpoiiecca (PyHKIIMOHUPOBAHUS KOCMUYECKOW CHUCTEMBI U PO3BITPHIIIA
BO3MOJKHBIX CIIEHApHeB JCHCTBUN 0OBekTa HabOmomeHus. [lokazana mporemxypa oOOCHOBaHHUsS BBIOOpA
pallMOHAIBHOTO BapuWaHTa NPUMEHEHUsI MallbIX KOCMHUYECKHX amnmaparoB MpH OTKa3aX OTAEIbHBIX
3JIEMEHTOB X OOPTOBBIX CHCTEM.

KiroueBble ciioBa: Majiblii KOCMUYECKHMH ammapar, KOCMHYecKasi cHcTeMa HaONOJCHHS, OObEKT
HaOII0ICHUs, CIIEHAPHO-BPEMEHHOU MeTO/, Y(PPEKTUBHOCTh, UMUTAIIMIOHHOE MOJICIMPOBAHUE, CIICHAPHH,
peKOHUTYpALUS, PAIIMOHAIBHBIN BapUaHT, INIAHUPOBAHUE.
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RATIONALE FOR CHOOSING A RATIONAL OPTION FOR THE USE OF SMALL
SPACECRAFT IN CASE OF FAILURES OF INDIVIDUAL ELEMENTS OF THEIR ONBOARD
SYSTEMS

M.I. Kalinov, V.A. Rodionov

A scenario-time method for evaluating the effectiveness of a space surveillance system with small
spacecraft is considered. Its implementation on the basis of simulation of the space system functioning
process and drawing of possible scenarios of the observation object actions is presented. The procedure of
justification of the choice of rational variant of application of small space vehicles at failures of separate
elements of their onboard systems is shown.

Keywords: small spacecraft, space observation system, object of observation, scenario-time
method, efficiency, simulation, scenario, reconfiguration, rational variant, planning.

MOBBIINEHUE Y®PEKTUBHOCTH OBCJTYKUBAHUS NPENPUSTAN MATAHUS
YP®Y HA IPUMEPE UMUTALIMOHHOM MOJIEJIX CTOJIOBOM UPUT-PT®

M.B. Kucenesa, M.K. KyibmyxameroB

B pabote mpencraBieHbl pe3yiabTaThl HCCIEAOBAaHUS Ipolecca OOCTYKHUBAHUS CTYIEHTOB B
TPAAULIUOHHBIX ITYHKTaX MHUTAHUA — CTYACHUCCKHUX CTOJIOBBIX. Ha ocHose I/IMI/ITaIII/IOHHOI\/’I MOACIN ObLIN
BBISIBJICHBI HEIOCTATKU CHCTEMBI OOCITY)KMBAHUS U TIPEIJIOKEH BApUAHT PEOPraHU3AIUN CUCTEMBI.

KiroueBrie croBa. MogenupoBanue, Mojzenb, cucTeMa wmaccoBoro oobciuyxuBanus (CMO),
MMUTAIMOHHAS MOJIETIb, SKCIIEPUMEHT.

IMPROVING THE EFFICIENCY OF SERVING OF THE URFU FOOD COMPANY ON THE
EXAMPLE OF AN IMITATION MODEL OF THE IRIT-RTF CANTEEN

M.V. Kiseleva, M.K. Zhulmukhametov

The paper presents the results of a study of the process of serving students in traditional food
points — student canteens. Based on the simulation model, the shortcomings of the service system were
identified and the option of reorganizing the system was proposed.

Keywords. Modeling, model, queuing system (QS), simulation model, experiment.

O MTEPCNEKTUBAX IPUMEHEHUY UMATALIIMOHHOT'O MOJIEJTUPOBAHMS B
MPOIECCE CTPATETMYECKOT O TVIAHUPOBAHMS Y PA3BUTHS
(TPAHC®OPMAILIM) «YMHBIX» TOPOJOB

Bb.!. Kiie6anoB

OnHUM W3 TEpCHEeKTUBHBIX HampaBiIeHUH UU(GPOBOM HKOHOMHKH SIBISETCS NpPHUMEHEHHE
MMUTALMOHHBIX MoJIeNIel JUIsl onpeenaeHns 1 000CHOBaHMS HalpaBJIEHUI pa3BUTHs TEPPUTOPUAIIBHBIX
o0pa3oBaHUl — TOPOJOB, PErHOHOB, OTAEIBHBIX HACEJICHHbIX MYHKTOB. Oco0yl poib 3TO
MOJICIMPOBAaHUE UIPAET IPU aHAIU3E U CO3JIaHUM  KHOep-(pU3MUeCKHX COLUAIBHBIX CUCTEM — OHOTO U3
OCHOBHBIX HampaBlieHMH LupoBU3auu obmecTBa. B craThbe paccMaTpuBaeTcsi BO3MOXKHOCTD
MIPUMEHEHMsI MOJIeNIM THOPUIHOIO aBTOMAaTa JAJIsl ONUCAHUS IPOLIECCOB MOBEICHHS U Pa3BUTHUS areHTOB,
o0ylalalomuX B 3alaHHOM cpele OonpeseleHHbIMU HabopaMu NOTPeOHOCTEl, pecypcoB U CPEACTB UX
peamu3anuu. [IpuHATO, YTO TMOBEAEHHE WHAMBUAYYMOB OIPEENAETCS MX MOTPEOHOCTSAMH, KOTOpBIE
peanu3yioTcs ¢ TMOMOIIBIO0 TUIIOBBIX PELENTOB MOBeAEHUs (MaTTepHOB). Mojenb areHTa mpejacTaBiIeHa
paclIMpeHHbIM TUOPUAHBIM  aBTOMATOM, YUYMTHIBAIOUIMM HAJIW4YME aAIbTEPHATUB  pean3aluu
noTpeOHOCTE areHTOB M (PYHKIMH BbIOOpA MpH MEpexojie aBTOMaTa U3 OJHOTO COCTOSHHS B JIPYToe.
BekropHoe mose, omuchIBamollee IUHAMUKY HW3MEHEHMs HENpPEphIBHBIX [E€PEMEHHBIX aBTOMATa,
JIONIOJTHEHO (DYHKLMSAMHU TeHepaluu MOTpeOHOCTH, BHIOOpAa M MCIIOJHEHMs pelenTa YHOBJIETBOPEHHUS
noTpeOHOCTH.

KitoueBble ci10Ba: akTUBHBIN areHT, NOTPEOHOCTb, THOPUIHBII aBTOMAT,
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ABOUT PROSPECTS FOR APPLICATION OF IMITATION MODELING IN THE PROCESS
OF STRATEGIC PLANNING AND DEVELOPMENT (TRANSFORMATION) OF “SMART”
CITIES

B.l. Klebanov

One of the promising areas of the digital economy is the use of simulation models for determining
and justifying the directions of territorial entities development - cities, regions, individual settlements.
This modeling plays a special role in the analysis and creation of cyber-physical-social systems - one of
the main directions of the digitalization of society. The article discusses the possibility of using the model
of a hybrid automaton to describe the processes of behavior and development of agents that have certain
sets of needs, resources and means of their realization in a given environment. It is accepted that the
behavior of individuals is determined by their needs, which are realized by using typical behavior recipes
(patterns). The agent model is represented by an extended hybrid automaton that takes into account
alternatives for realizing the needs of agents and the selection function when the automaton transits from
one state to another. The vector field describing the dynamics of changing continuous variables of the
automaton is supplemented with the functions of generating demand, selecting and executing a recipe for
satisfying needs.

Keywords: active agent, need, hybrid automaton.

PA3PABOTKA SKCIIEPUMEHTAJIbHOM BEPCUM HHCTPYMEHTA
COLUAJIBHO - HOBEAEHYECKOI'O MOAEJTAPOBAHHUS HA OCHOBE OHTOJIOI'NA
MNPEAMETHOMU OBJACTHU U TPA®OBOU BA3bI IAHHBIX

b.1. Kiaebanos, H.B. Kabupos, /I.C. JlomoTkos, U.A. FOpacos

[lpr TTaHUpOBAaHMM W TPOTHO3MPOBAHWU PA3BUTHS TOPOJACKOH CpEIbl, aHAIN3E MOBEICHHUS
Pa3IMYHBIX TPYIMI HACEJEHUsI OOBIYHO HCHOJB3YIOTCS METOJIbl, OCHOBAHHBIE Ha COOpE CTaTHCTUYECKUX
JAHHBIX, KOTOPbIE aHATM3HPYIOTCS PAa3IMYHBIMH JKCrepTaMu. J[Jsl TIOMOIIM B TPUHSATHH pPENICHUN U
MIPOTHO3UPOBAHUM SKCIIEPThl MOTYT HCIIOJIb30BaTh CHUCTEMBI MOJEIHPOBAHHUS, KOTOPHIE HCIIONB3YIOT
MOJTyYCHHYIO CTaTUCTHKY. OIHAKO CO3/JaHWE TAaKMX CHUCTeM TpeOyeT ydJacTHsi MPOTPaMMHUCTOB, YTO
CHIDKaeT JOBEepHE K pe3yiapTaraM MojenupoBaHus. Llenb naHHON paboOThHl SBISETCS CO3JaHUE
SKCIIEPUMEHTAJILHOW BEpCUU  HHCTPYMEHTa pa3paboTKM  Mojeneid pa3BuTus obOmiectBa  0e3
UCTOJB30BAHUS  MPOTPAMMHUPOBAHUA. DTO MO3BOJIUT CHHU3UTH TPYAOEMKOCTb CO3JaHHUsS MOAETeH U
NpUOIU3UTE SI3BIK pa3palOTUMKa MOJENM K S3bIKYy S3KCIEpTOB B JIaHHOM mpenMeTHoi ob6mactu.B
pe3yabTaTe IMPOBEIACHHBIX MCCIEIOBAaHUI MOATBEpPKIEHA BO3MOXHOCTH CO3/IaHUS WHCTPYMEHTApHs
COIMAIGHO — TIOBEJICHYECKOTO MOJICIMPOBAaHUS, OCHOBAHHOTO Ha Tpa(oBOM BBICOKOYPOBHEBOM
NPEJICTaBICHUM OHTOJOTMM JIaHHOM mpeametrHoi  obOmactu. I[IpogemMoHCTpUpoBaHbI — yao00CTBa
npUMeHeHHsl rpadoBbIX 0a3 JaHHBIX JUIsL pelIeHHs 3aJad MOJICJMPOBAHUS IOBEIECHUS MHOXKECTBA
CBSI3aHHBIX OOBEKTOB.

KiroueBrbie ciioBa: OHTOIOTHS, areHT, MOTPEOHOCTh, THOPUIHBIN aBTOMAT, Protégé, Neod;.
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DEVELOPMENT OF AN EXPERIMENTAL VERSION OF A SOCIO - BEHAVIORAL
MODELING INSTRUMENT BASED ON THE ONTOLOGY OF THE SUBJECT AREA AND
THE GRAPHIC DATABASE

B.l. Klebanov, N.V. Kabirov, D.S. Lomotkov, I.A.Yrasov

When planning and predicting the development of the urban environment, analyzing the behavior
of various population groups, methods are usually used based on the collection of statistical data that are
analyzed by various experts. To assist in making decisions and forecasting, experts can use modeling
systems that use the obtained statistics. However, the creation of such systems requires the participation
of programmers, which reduces confidence in the simulation results. The purpose of this work is to create
an experimental version of a tool for developing models for the development of society without the use of
programming. This will reduce the complexity of creating models and bring the language of the model
developer closer to the language of experts in this subject area. As a result of the research, the possibility
of creating tools for socio-behavioral modeling, which is based on a graph high-level representation of the
ontology of this subject area, is confirmed. The convenience of using graph databases to solve the
problems of modeling the behavior of many related objects is demonstrated.

Keywords: ontology, agent, need, hybrid automaton Protégé, Neo4;.

HUMUTAINUOHHOE MOJIEJIUPOBAHMUE YIIPABJIEHUS I''1IOBAJIBHBIMUA OB BEKTAMMN.
H.b. KoGeeB.

JlanHast craThsi oONpejAessieT HEKOTOphle HOBBIE TEOPETHUECKHUE BOMPOCHI HWMHUTALIMOHHOTO
yIpaBJICHUS TIO0ATBHBIMH OOBEKTAMU OOJBIIONW CIOXHOCTH JUISI WX TPOTHO30B JEHCTBUH, OLIEHKU
3¢ deKTUBHOCTH, OaaHca CUJI, pa3MEIIeHUs U T.1., KOTOpble TPeOyIoT MPUMEHEHHS TEXHOJIOTHI 1IECTOro
yKJIaza.

TexHONOrMM IECTOro ykKjIaga TpeOYIOT OIEHKH TpaHMIbl pPELIeHWH W JeHCTBUH, KOTOpas
orpenieNisieT HeoOXOAWMBIC ITOKA3aTeNd MO YPOBHSM CHCTEMHOTO TJIOOAThbHOTO OOBEKTa, a TaKKe
YUYUTHIBACT HAJMYUE XAOTUYECKUX  (HaKTOpPOB, TO3BOJISIET TMPU HUX OLEHKE HCIOJIb30BaTh
MHOTOKpPUTEpPHAITLHBIC TIOAXO/IBI U YCIIOBHS 3aIaHHOTO KOMIIPOMHUCCA U CIIOCOOCTBYET PEIICHHIO IIETeBOI
(YHKIMN KBa3MONTUMAIBHOCTH.

MeTo010THsT IMUTAIIMOHHOTO YITPABIICHHS MCIIONB3YETCSl B CUTYaIllMOHHBIX IeHTpax Poccum B
(dopMe CHUTYaITMOHHO-UMHUTALMOHHOM SKCHEPTU3bl YIPABIEHUYECKUX pEIIeHU B CHUCTEME OpraHoB
rOCyJ1IapCTBEHHOMW BJIACTH.

KitoueBble cioBa: MMHUTAIIMOHHOE yIIpaBlIeHUE, HEOOX0MMOe pa3HooOpasue, rpaHulia JecTBUH,
KBa3MONTHMAaJIbHOCTh, OTHOCHUTENBHASI TPOTOPIHOHAIBHOCTD, ONIMOOYHBIE W TaiHBIE XAOTHYECKUE
(bakTopsl, 00pbda ¢ Xa0THYECKUMHU (haKTOPAMHU.

SIMULATION MODELING OF GLOBAL OBJECTS MANAGEMENT.
N.B. Kobelev.

This article defines some new theoretical issues of simulation management of global objects of
great complexity for their forecasts of action, performance evaluation, balance of power, placement, etc.,
which require the use of technologies of the sixth mode.

The technologies of the sixth mode require an assessment of the boundary of decisions and
actions, which determines the necessary indicators for the levels of the system global object, and also
takes into account the presence of chaotic factors, allows for their evaluation to use multi-criteria
approaches and conditions of a given compromise and contributes to the solution of the objective function
of quasi-optimality.

The methodology of simulation management is used in the situation centers of Russia in the form
of situational and simulation expertise of management decisions in the system of public authorities.

Keywords: simulation management, necessary variety, border of actions, a quasi-optimality,
relative proportionality, incorrect and secret chaotic factors, the fight against chaotic factors.
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PA3PABOTKA CUMYJIATOPA POBOTH3UPOBAHHOT'O KOMIIJIEKCA «KAHATOXO/»
JJIA ABTOMATU3ALIUU OBCJY KUBAHUSA JIMHUU SJIEKTPOITEPETAY

E.H. Kogioc, A.C. JIucoBenko, A.B. llleayasikos, O.B. JIumanosckas, A.B. Jlemex

[IpencraBieHsl pe3yabTaThl pa3pabOTKU HUPPOBBIX MOAENEH pOOOTU3MPOBAHHOIO KOMILIEKCA
«Kanaroxon» u nuHuu 3aeKTporepenad. Ha ocHOBe MOIy4YeHHBIX MOJENEH TeHepUpyeTcs MHUCCHS Ui
aBTOMaTH4YecKOol paldoThl komiiekca. Llenpio pa3paboTKM JaHHOIO CUMYJSITOpA SIBJISETCS CO3/IaHUE
WHCTPYMEHTa IUTAHUPOBAHMSI HAUMEHEe 3aTPaTHOrO MapHIpyTa KOMIUIEKCa M ONTHUMM3AIus padoThl
JUArHOCTUYECKOTO 000pyA0BaHUSI.

KitoueBsie cnopa: Lludposas moaens pobdotusupoBaHHoro komruiekca. Kommiieke Kanartoxogn.
CumynsaTop quarHoctuueckoro ooopyaoBanusi. Kommnerotepusiii cumynarop. Cumynstop apoHa. Mojeinsb
JUHUM SJEKTporepenady. ABTOMaTHYECKOe O0OCTy)KMBaHUE OJIIEKTpUUYECKHX ceTedl. OnThUMabHbII
QJITOPUTM yIpaBiieHus. Vcronp30BaHne UTPOBBIX JIBUYKKOB I MOJIETUPOBAHUS.

DEVELOPMENT OF THE SIMULATOR OF THE ROBOTIZED COMPLEX
“CABLEWALKER” FOR AUTOMATION OF SERVICE OF ELECTRIC TRANSMISSION
LINES

E.N. Kolos, A.S. Lisovenko, A.V. Sheludyakov, O.V. Limanovskaya, A.V. Lemekh

The paper presents the development results of digital models of the Robot Walker robotic complex
“CableWalker” and power lines. The mission, based on the obtained models, is generated for the
automatic operation of the complex. The purpose of the development of this simulator is creation a
planning tool for the least costly route of the complex and optimizes the operation of diagnostic
equipment.

Keywords: Digital model of a robotic complex. Cablewalker complex. Simulator of diagnostic
equipment. Computer simulator. Drone simulator. Power line model. Automatic maintenance of power
lines. The optimal control algorithm. Use of game engines for modeling.

UMUTAIIMOHHOE MOJEJUPOBAHUE BE3JIIOJHOM OTKPBHITO-IIOA3EMHOM
I'EOTEXHOJIOI'MM C YYETOM INPOCTOEB I'OPHbIX MALIWH

N.C. Ky3nenos, B.B. 3unoBbeB.

[IpencraBnena mMojaens O€3TFOHON OTKPBITO-TIOA3EMHON YIIeI00BIYM B BHJIC €IUHOW CHCTEMBI
JKCKaBaTOPHO-aBTOMOOMWIbHOTO Komiuiekca (DAK) u komrmuiekca TiyOOKOM pa3paboTKu IIacTOB
(KT'PIT). Mogens co3maHa ¢ TPUMEHEHHEM TEOPUHM CHUCTEM MAacCOBOTO OOCIYXWUBAaHUS WU CPEIbl
uMuTarmonnoro mojaenupoanus GPSS Studio. B skcnepumenTax omnpeneneHa cyToyHast JoObda 3a00s
0e3 ydera 1 ¢ y4eTOM BEPOSITHOCTHBIX MPOCTOEB.

KitoueBbie ciioBa: HMMUTAIMOHHOE MOJEIMPOBAaHUE, CHUCTEMA MAacCOBOIO OOCIY>KHWBaHMUS,
BBIYUCITUTEIIBHBIA IKCIIEPUMEHT, O€3/TF0Has TE€OTEXHOJIOTHS, YKCKaBaTOPHO-aBTOMOOMIHHBIM KOMILJIEKC,
KOMIUICKC TIyOOKOW pa3pabOTKM IUIaCTOB, MPOCTOM TOPHBIX MAIlMH, pa3padoTKa YrOJBbHBIX
MECTOPOXKICHUM.

SIMULATION OF UNMANNED OPEN-UNDERGROUND GEOTECHNOLOGY WITH
TAKING INTO ACCOUNT MINING MACHINES DOWNTIME

1.S. Kuznetsov, V.V. Sinoviev

Abstract: Model of unmanned open-underground coal mining consists of system of excavator and
car complex and highwall mining complex. Model based on queueing theory and simulating tool GPSS
Studio. Experiments on model allow to calculatecoalface daily productivity excluding of including
probabilities of downtime.

Keywords simulation, queueing system, calculating experiment, unmanned geotechnology,
excavator and car complex, highwall mining complex, mining machines downtime, coalmining.

UMMOJ - 2019 644



AHHOTAIINU CTATEM / ABSTRACTS

OIITUMM3AIIUA PABOTBI ADPOIIOPTA 3A CHET PABOYUX PECYPCOB B CPEJIE
UMUTAIUMOHHOI'O MOJAEJIMPOBAHUSA ANYLOGIC

T.U. Tyx6aryuiun, b.A. Kyp6anos

Hayunsiii pykoBogurens: B.B. Mokmun, AnsmerbeBckuil punan KHUTY -KAU, AnbMeTbeBck)

B nanHoii cTaThe npezcTaBiIeHa CTPYKTYpHAs CXeMa OpraHM3aluu mpoiecca padoThl a3ponopTa, a
MMEHHO Ta-KHUX €€ pa3felioB Kak «Bxon maccaxupoB B asponopt» u «Ilpoxox maccaxupamu Bcex
Ipouexyp JUlsl MOCAJKU Ha camoJIeT», A U3ydeHUs NOApOoOHOM MH(pOpMaLuu 00 3THX MOACHCTEMAX
CYLIECTBYET BO3MOXKHOCTh IIPOYMUTATh UX onucaHue. Takxke NpuBeJeHa UMUTALMOHHASL MOJENb PadOThI
a’poropra B CHCTEME HMHUTALMOHHOro MojenupoBanus AnylLogic. IlpoBeneHa ontumuzanus
BBIILIEYKA3aHHON Mojenu paboThl a’pomopra 3a cueT pabodyuX pecypcoB CPEACTBAMU CHCTEMBbI
UMUTALMOHHOTO  MozenupoBaHuss  AnyLogic. OOGocHOBaHHMEM  BO3MOXHOCTH  HCIOJIb30BaHUS
MIPEJIOKEHHOTO0 aJIFOPUTMA ONTUMU3ALMU SABJISIOTCS BapbUPOBAHME KOJUYECTBA OOCIYKHBAIOILETO
IIEPCOHANA, METAJIIONCKATENIEH, CBEICHHBIE BMECTE C PE3yIbTaTaMU UMUTALMOHHOTO MOJEIUPOBAHMS U
ONTHMHU3ALMYM MMUTAMOHHON Mojenu B TaOmuily. B kauecTBe moATBep»KACHUsI TaOJIMYHBIX 3HAUECHUMN
NPUBEICHO Trpaduyeckoe OTOOpaKEHHWE OJHOTO W3 ATANOB ONTUMHU3AIMM, & MMEHHO ONTUMU3AIUSL
HCXOJHOW MOJIENM IO BPEMEHU C MOMEHTa BXOJa IMaccakupa B a’poNopT U JIO 3aX0ja Ha caMoJieT, B
cucreme AnyLogic.

ONTUMM3ALUSA PABOTHI HEHTPA NOAAEPKKHU KJIMEHTOB COTOBOI'O
OIIEPATOPA 3A CYHET OIITUMMU3AIIUU KOJIMYECTBA OIIEPATOPOB J1JIsA
OBPABOTKH BXOJAILIIUX 3BOHKOB KIIMEHTOB B CPEJAE UMUTAIIMOHHOI'O
MOJIEJIUPOBAHUSA ANYLOGIC

A.N. Ma3uros, H.P. 3unaryiaiaun, B.B. Mokmun

B crarbe mnpencraBieHa MMHUTAlMOHHAs MOJENb LIEHTpa MOMIEPKKH KIMEHTOB COTOBOIO
orepatopa, €€ (pyHKIMOHAJIbHAs cXeMma, a Takke TEKCTOBOE omnucaHue cxembl. JlaHHas mozenb Oblia
pazpaboTaHa B UMHUTAaUMOHHOW cpeiae MojenupoBanusi AnylLogic. IlpuBengeHHas  Mozenb
ONTUMU3MPOBAHA 3@ CYET PEryJIHpOBaHUS KOJUYECTBA ONEpPaTOPOB, KOTOpble MPUHUMAIOT U
00pabaThIBatOT 3BOHKU Pa3HOM TEMaTHKH.

®OPMHUPOBAHUE UCCJEJOBATEJbCKNX KOMIIETEHIIMI BAKAJIABPOB ITPU
PA3PABOTKE UMUTAIIMOHHBIX MOJIEJEN B CPEJIE GPSS-STUDIO

E.A. Xakumona, K.C. TkaueBa, A.P. YcmanoBa, P.®. ManukoB

B nanHOW cTatbe cooOmaroTcs pa3pabOTKU MPAKTUKYMOB 10 JIUCKPETHO-COOBITUHHOMY
MOJICTTUPOBAHUIO, TIPEJICTABICHHBIE B BHJC DJJIEKTPOHHOTO U y4eOHO-METOIUYECKOrO IOCOOUH,
cogepkanmx Oonee 10  y4eOHBIX MMHUTALMOHHBIX MOJeNedl B BHIEC JIAOOPATOPHBIX pPabOT IO
METOJIOJIOTUH JTUCKPETHO-COOBITHITHOTO MoaenupoBanust GPSS. JlanHple mocoOus HampaBJIeHbl Ha
(dhopMUpOBaHHE HAay4YHO-HCCIEAOBATEIHCKUE KOMIETCHIIMA OaBalaBpOB, Kak OyIyIIUX WHXXCHEPOB, Ha
MyTH JTIOCTHKEHUSI TMPO(ECcCHOHATBHOTO YPOBHS Ha OCHOBE MMHUTAIIMOHHOTO MOJICTUPOBAHUS B Cpele
GPSS-Studio.

KiroueBbie cioBa: ITUCKPETHO-COOBITUMHOE MOJEIUPOBAHUE, DJECKTPOHHBIC y4eOHBIE MOCOOUS,
nuppoBble JABOWHUKH, HU(POBBIE TEXHOJOTHH, HAyYHO-HCCICIOBATEIbCKUE KOMIIETCHIIMU, Cpefaa
moenupoBanus GPSS-Studio.
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TRAINING THE EXPLORATORY COMPETENCIES OF BACHELORS IN DEVELOPING
THE SIMULATION MODELS WITHIN THE FRAMEWORK
OF THE GPSS-STUDIO ENVIRONMENT

E.A. Khakimova, K.S. Tkacheva, A.R. Usmanova, R.F. Malikov

In this paper, we report on the developed hands-on course about the discrete-event modeling
presented in the form of electronic and educational manuals which contain more than 10 training
simulation models in the form of laboratory class on the GPSS discrete-event modeling methodology.
These manuals may help to lanch bachelors, as future ingeneers, to achieve the professional level on the
basis of the imitational simulation within the GPSS-Studio framewoek.

Key words: discrete-event modeling, electronic manuals, digital doubles, digital technologies,
exploratory competencies, GPSS-Studio simulation environment.

MOJIEJIMPOBAHUE IMMPOIIECCA JJOCTABKH 3AITACHBIX YACTEWM B ADPOIIOPT JIJISA
OIEHKH OIITUMAJIBHOI'O KOJIMYECTBA TPAHCITIOPTHBIX CPEJACTB B CPEJIE
NUMUTAIMOHHOI'O MOAEJIUPOBAHUA ANYLOGIC

C.U. MamenoBa, A.K. Apxunosa, B.B. Mokmmun

Llenbto paHHOM paOOTHI SABISETCS MOJEIMPOBAHUE MPOILECC JOCTABKU 3allaCHBIX YacTe s
OLICHKM ONTHUMAJIBHOTO KOJIMYECTBA TPAHCIOPTHBIX CPEACTB, YUUTBIBAs, YTO BCErO0 Ha MNPEANPUATHU
UMeeTCsl MATh IPY30BUKOB U ueThlpe (ypbl. BhIUMCANTL OCHOBHBIE CTaTUCTHUUYECKHE XapaKTEPUCTUKU
NC/l, npoBepuTh «HOPMAJIbHOCTHY», KOPPEISLHUOHHBIA aHAINU3, PErPECCUOHHBIN aHanu3, (GaKTOPHBIN U
KJIACTEPHbIE aHAJU3bl, a TAK)KE ONTHUMH3ALMUIO 0 TOJYyYEHHBIM PErPECCHOHHBIM YpaBHEHMSIM. Takke
BBISIBUTH OINTHUMAaJIbHbIE 3HAueHHs (PAaKTOPOB IPU KOTOPBIX cperHee Bpemst 0OpabOTKH TpaH3aKTOB
MHUHUMAJbHO.

Mogens pa3paboraHa B HMMHUTAIIMOHHOM cpeae MojenupoBanus AnyLogic. AnylLogic —
MporpaMMHOE OOECTeYeHHe JUIsi WMUTAIMOHHOTO MOJIETUPOBAaHMS, pa3padOTaHHOE POCCUNCKON
komnanued TheAnyLogicCompany. MHcTpymMeHT 00J1a1aeT COBPEMEHHBIM rpadudeckuM uHTepdeiicom
U TI03BOJISIET MCIIONB30BaTh S3bIK Java Juisi pa3paboTKu Mojenei. OTO eTUHCTBEHHBIH HWHCTPYMEHT
MMUTAMOHHOTO MozenupoBanuss (MM), KoTopelii NOAAEpKUBAeT BCE IMOAXOAbl K CO3/IaHHUIO
MMUTAIlMOHHBIX ~ MOJENel: TMPOIECCHO-OPUEHTHUPOBAHHBIM  (JIMCKPETHO-COOBITUNMHBIN), CHCTEMHO
JMHAMUYECKUN M areHTHBIN, a TaKkXkKe JI00YI0 X KOMOUHAIIHIO.

PACIIVMPEHUE BO3MOKHOCTEMN ANYLOGIC C TOMOIIBIO BHEIITHUX JAVA
BUBJIMOTEK ITPU MOJAEJINPOBAHUU ®YHKIIMOHUPOBAHUA 3IAHUA

0. 10. Mapbsicun

PaccmoTpeHo nmpuMeHeHne BHEITHUX Java OMOIHOTEK JUIsl pacuIMpeHHst BO3SMOXHOCTEH CHCTEMBI
Anylogic pu mMonenupoBaHuu GyHKIHOHUpOBaHUs 31aHus. C moMoripio Java OUOIMOTEK B CHUCTEMY
Anylogic nm06aBnstoTcss (YHKIMM —aBTOMATUYECKOTO  YIpaBICHUS, HEIWHEHHOM ONTHMM3AlNY,
B3aUMOJICHCTBHS C IPYTMMHU [TaK€TaMU MOJIEIMPOBAHUS U 00OJOUYKON [T CO3AAHUS SIKCIEPTHBIX CUCTEM
CLIPS. 310 mo3BoyiieT MOJAEIMPOBATH (PYHKIIMOHUPOBAHUS 3[aHMs B PA3IUYHBIX pEKUMaxX padoTHI,
OLIEHUBATh €r0 3HEPronoTpedJeHHE, BBIABIATH MPOOJIEMbl CUCTEMbI 0E30IIaCHOCTH 3[aHHUS U MHOTOEe
ApyToe.

KiroueBbie ciioBa: MHXKEHEpPHBIE CHUCTeMbl 37MaHui, Anylogic, Java, MynbTHareHTHas CUCTEMa,
MATLAB.
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USING EXTERNAL JAVA LIBRARIES FOR ANYLOGIC EXTENSION IN MODELING
FUNCTIONING OF THE BUILDING

0O.Yu. Maryasin

The article describes the use of external Java libraries to expand the capabilities of the Anylogic
system in modeling the functioning of the building. Using Java libraries, the Anylogic system adds
functions of automatic control, nonlinear optimization, interaction with other modeling packages and a
shell for creating expert systems CLIPS. This allows researchers to simulate the functioning of the
building in various operating modes, evaluate its energy consumption, identify problems of the building
security system, and much more.

Keywords: building engineering systems, Anylogic, Java, multi-agent system, MATLAB.

OIITUMAJIBHOE INTAHUPOBAHMUE IMTPOU3BOACTBA HE®TEIIPOAYKTOB
HE®TEIIEPEPABATBIBAIOLIEI'O 3ABOJIA

JA.H. Mapsimmna, B.B. /leBaTkos,C.A. Mapkos

B crarbe paccmarpuBaeTcs MoaxoJl K MOJEIMPOBAHUIO ONTUMAILHOIO IJIAHUPOBAHUS PECYPCOB
MIPOU3BOJICTBEHHOTO Mpoliecca HedrenepepadaTsiBatomiero 3asoaa (HII3) mpu 3amanHoM miaHe mpojaxk
He(dTenpoayKToB. ONUCHIBAETCS TEXHOJIOTHS ONTHMHU3ALMU JUIS 33aJa4 TEKYILIEro MPOU3BOJICTBEHHOTO
IJIAHUPOBAHUS C UCIIOJIb30BaHUEM pa3paboTaHHoU umutanmonHoi moaenu HII3. AnekBaTHOCTH pabOTHI
MMUTAlMOHHON MOJEIW U pPEe3yJbTaTOB ONTUMHU3AIMHU OLEHUBAJIACh IOCPEACTBOM CpPABHEHMS C
pe3yibTaTaMd  AHAJUTUYECKUX PacyeToB MOJEIM C  HUCIOJb30BAaHUEM  METOJIOB  JIMHEWHOIO
MIPOTpaMMHUPOBAHUS.

KitoueBbie ciioBa: He(pTEmpoIyKThl, MOTOKOBAas MOJIENb, CHUCTEMHBIN aHAIM3, UMHUTAIIHOHHOE
MOJIETUPOBaHNUE, MJIAHUPOBAHUE MMPOU3BOCTBA U TOCTABOK, ONITUMHU3AIINS.

OPTIMUM PLANNING OF THE PRODUCTION OF PETROLEUM PRODUCTS
AT THE REFINERY

D.N. Maryashina, V.V. Devyatkov, S.A. Markov

The article presents an approach to optimal resource planning modeling of the production process
of an oil refinery under a given sales plan of petroleum products. An optimization method for current
production planning based on the developed simulated model of the refinery is described. The expediency
of the model performance and optimization results was assessed via comparison with analytic calculations
of the model using linear programming methods.

Keywords: petroleum products, flow model, system analysis, simulation modeling, production and
supply planning, optimization.

PASPABOTKA MOJIEJIN TIPUOPUTE3AIINU TPA®UKA B MYJIbTUCEPBUCHBIX
CETAX IIPEAIIPUATHUA

JI.A. MenBenen

B nanHO# paboTe mpeacTaBiIeHbl Pe3yibTaThl pa3pabOTKH MOJENN IS aHaIi3a W IJIAaHUPOBAHUS
MpUOpUTE3alui  TpapuKka B  MYJIBTHCEPBUCHBIX ceTsx mnpeanpusatus. CoOpaHbl OCHOBHBIC
XapaKTEPUCTHKHN CETH TIepellavyd JaHHBIX W TUTOB Tpaduka. BeiOpaHa TexHHWKa NMPUOPUTE3AIHMU IS
MojenupoBanusi. [locTpoeHa MoJelb B CHCTEME HMMHUTAIIMOHHOTO MojenupoBanus Anylogic.
Pa3zpaboTansl sxpaHHbIe POPMBI U TpaPUIECKH MOKAa3aHbl 3aBUCUMOCTH B KadyeCcTBE Tepenadn Tpaduka
OT Pa3JINYHBIX COOBITUH.

KiroueBbie ciioBa: mpuopurtesaiust tpaduka, Anylogic, MyabTHCEPBUCHBIE CETH.

UMMOJ - 2019 647



AHHOTAIINU CTATEM / ABSTRACTS

DEVELOPMENT OF A MODEL OF TRAFFIC PRIORITIZATION IN MULTISERVICE
ENTERPRISE NETWORKS

D.A. Medvedev

In this paper, the results of the development of a model for the analysis and planning of traffic
prioritization in multiservice enterprise networks is presented. The main characteristics of the data
network and traffic types are collected. Prioritization technique selected for simulation. A model is
constructed in the Anylogic simulation system. Screen forms are developed and dependencies in the
quality of traffic transmission from various events are shown graphically.

Keywords: traffic prioritization, Anylogic, multiservice networks.

ONITUMM3ALIIA BPEMEHHU ITPOE3/IA HIEPEKPECTKOB B CPEJAE UMUTAIIMOHHOI'O
MOJIEJINMPOBAHUSA ANYLOGIC

I1.C. MeaBenes, A.T. CagbixoBa, I'.JI. Hypyaiuna, A.JI. Hypyaiauna, B.B. Mokuun

B crarbe mpezncraBiieHa ONTUMHU3ALUSA NIEPEKPECTKA, @ UMEHHO ONTUMU3ALUAS BPEMEHHU Mpoe3aa
TPAaHCHOPTHBIX CpPEeACTB Ha Inepekpectkax PaxpernnHa-JlennHa m Tykas-JIennHa B r. AJIBMETBEBCK.
[IpuBenena UMUTAIIMOHHAS MOJAETIL PAOOTHI MEPEKPECTKAa B CHCTEME MMUTAIMOHHOI'O MOJICIUPOBAHUS
AnyLogic. IlpoBeaena onTumu3aius BbILICYKa3aHHOW MOJEIM IEPEKPECTKAa 3a CYET YEeJIOBEYECKUX
pECYpcoB  CpeICTBAaMM CHUCTEMbl HMHUTALMOHHOTO MojenupoBaHuss AnyLogic. OO6ocHoBaHUEM
BO3MOYKHOCTH HCIIOJIb30BAHUS MPEJIOKEHHOTO aJIrOpuTMa ONTHUMH3ALUU SBISIOTCS BpeMsl IMpoes3ja
IIEPEKPECTKA, a TAK)KE 3arpy:KEHHOCTb JOPOOTI, MCIOJIB3YEMBIX Ha JAHHOM IIEPEKPECTKE, CBEICHHBIC
BMECTE C pe3ysibTaTaMd HMMHUTALMOHHOI'O MOJEIMPOBAHUS M ONTUMHU3ALMK MMUTAIUOHHON MOJEIH B
Tabauny. B kauecTBe moAaTBepikIeHUs TaOJMUYHBIX 3HAUYEHUI MpPUBEJEHO rpaduyeckoe O0ToOpa)KeHue
OJIHOTO M3 3TaloB ONTHUMHU3ALMH, & UMEHHO ONTHMM3AlMsl MCXOJHOM MOJENTH MO BPEMEHM Mpoe3jia
MEePEKPECTKOB, B cucteme AnyLogic.

KitoueBble cnoBa: MMHUTAlMOHHOE MOJEIMPOBAHUE, ONTHMHU3ALNS, MEPEeKPEeCTOK, CHCTeMa
AnyLogic, ERwin Process Modeler.

OPTIMIZATION OF THE CROSSING DURATION OF CROSSROADS IN THE
ENVIRONMENT OF SIMULATION ANYLOGIC

P.S. Medvedev, A.T. Sadykova., G.L. Nurullina, A.L. Nurullina, V.V. Mokshin

The article presents the optimization of the intersection, namely the optimization of the travel time
of vehicles at the crossroads of Fakhretdin-Lenin and Tukai-Lenin in Almetyevsk. A simulation model of
the intersection operation in AnyLogic simulation system is presented. Optimization of the above-
mentioned model of the intersection at the expense of human resources by means of AnyLogic simulation
system is Carried out. The justification for the possibility of using the proposed optimization algorithm is
the travel time of the intersection, as well as the congestion of the roads used at this intersection,
summarized together with the results of simulation and optimization of the simulation model in the table.
As a confirmation of the table values, a graphical display of one of the optimization stages, namely the
optimization of the original model by the time of crossing, in the AnyLogic system, is given. Keywords:
simulation modeling, optimization, wholesale warehouse, AnyLogic sys-tem, ERwin Process Modeler.

Keywords: simulation modeling, optimization, wholesale warehouse, AnyLogic sys-tem, ERwin
Process Modeler.
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NUMUTAIUMOHHOE MOJEJIMPOBAHUE KAK OCHOBA JJISA CUCTEMBI HIOJAEPKKH
MPUHATHS PEHIEHU HA ITIPOMBIIIJIEHHOM ITPEINPUSTAN

C.H. MenBeneB, K.A. AkcenoB, H.B. 'onuaposa

PaboTa Ha MPOMBINIIEHHOM MPEANPHUSATHN CBSI3aHA C MOCTOSIHHBIM MPUHSATHEM YIIPaBICHYECKUX
pELICHUII HAa BCEX YPOBHSX, OT KOTOPBIX 3aBUCUT KaK CBOEBPEMEHHOCTb BBIIIOJIHEHHUS 3aKa3a, Tak U
3¢ (HEeKTUBHOCT,  3arpy3Kd  TPOM3BOACTBCHHBIX  MOMIHOCTEH.  VIcronb30BaHWE  COBPEMEHHBIX
MH(OPMALIMOHHBIX TEXHOJOTUI, OCHOBAHHBIX HAa MAaTEMAaTUYECKUX METOJaxX, MO3BOJMT BaM MPUHATH
pELIeHHE, 3HAsl, YTO JOJKHO MMPOU30UTH.

KittoueBbie c0Ba: MpouU3BOJICTBEHHBIE MOIIHOCTH, HH()OPMAIIMOHHBIE CUCTEMBI, 3(h(PEeKTUBHOCTD
MPOU3BOJICTBA.

SIMULATION AS THE BASIS FOR THE SYSTEM OF SUPPORT
OF DECISION-MAKING IN THE INDUSTRIAL ENTERPRISE

S.N. Medvedev, K.A. Aksyonov, N.V. Goncharova

Work at an industrial enterprise is associated with the constant adoption of managerial decisions at
all levels, which determine both the timeliness of order fulfillment and the efficiency of capacity
utilization. Using modern information technologies based on mathematical methods will allow you to
make a decision, knowing what should happen.

Keywords— production capacity, information systems, production efficiency.

INPOCTPAHCTBEHHO-YACTOTHASI MATEMATHYECKAS MOJEJIb [A®POBOI
ONITUKO-2JIEKTPOHHOU CUCTEMbI BO3JIYIIIHOU PA3BEJIKU

A.C. MosgyaHoB

[IpencraBnena opuruHaigbHas MPOCTPAHCTBEHHO-YACTOTHASI MaTeMaTHdecKas MOJeNIb Iu(poBoit
ONITHUKO-DJICKTPOHHON CHUCTEMBI BO3IYIIHOW pa3BEAKH, MPOIECC MPOXOXKACHUs NH(DOPMALIUKA B KOTOPOH
MPEJICTaBI€H B BHJE MOCIEIOBATENIBHOTO COEAUHEHHUS OTACJIBbHBIX TMEPEAATOUYHBIX 3BEHBEB C
COOCTBEHHOW (QyHKIHeH mepegaud MOAYSIUH. llperiokeHHas MOJENb TIO3BOJSET OLECHUTH
TEXHUYECKHE XAPAKTEPUCTHKHA W TIApaMETPhl BCEX 3BEHHEB ITU(MPOBBIX ONMTHKO-IJICKTPOHHBIX CHCTEM
BO3AYIIHOW pa3Be/IKU U MPOBOJAUTH CPABHUTEIbHBIA aHAIN3 aJIbTEPHATUBHBIX BAPUAHTOB UX NTOCTPOCHUS.

KirroueBble Ci10Ba: MPOCTPAHCTBEHHO-YACTOTHOE MOJEIMPOBAHUE, MaTeMaTHYecKash MOJIENb,
ONTUKO-3JIEKTPOHHAS CUCTEMA, BO3/YLIHAS pPa3BEIKa.

ANYLOGICCLOUD - MACHITABUPYEMAS CPEJA AJIS1 UCITOJIb30OBAHUSA
UMUTAIIMOHHBIX MOJIEJIEA B OIEPATUBHOM JEATEJIBHOCTH

I'.O. Mounaxos

OnuH U3 BeayHIMX TPEHIOB B O0JIACTH MMHUTAIIMOHHOTO MOJICIMPOBAHUS B HACTOSINEE BpeMs —
9TO TIEPEHOC BBHITIOJIHEHHSI Mojenei B oOiako. Mbr pacckaxkem mpo AnylLogic Cloud — nambonee
pa3BUTOE peIleHHe, CYIIECTBYIONIEe Ha CErOAHALIHHUNA JIeHb, U €r0 TUIIMYHBIC CIICHAPUU NMPUMEHCHHS,
BKIIIOYAsi MHTETPAIMIO MOJIENICH B aHaJIMTUYECKHE IICTIOYKH OOpaOOTKH JaHHBIX, MaclITaOUpyeMble
BBICOKOTIPOM3BOIUTEIIHHBIC BHIYUCIICHUS, MTHOBEHHYIO JIOCTABKY MOJIEIIEH 10 KOHEUHBIX MOJIb30BaTeNeH,
CO3JIaHUE TI0JIH30BATEIBCKUX BeO-mHTEp(deiicoB U T.1. MBI caemaeM KpaTKuid 0030p MPOTPaMMHOTO
untepodeiica (AnyLogic Cloud API) u npeacrasum AnyLogic Private Cloud — nomHodyHKIIMOHATBHBIH
MPOAYKT JUIsl OpTaHU3aIUi CO CTPOTMMH TPEOOBaHUSIMH K O€30MaCHOCTH TAaHHBIX.

UMMOJ - 2019 649



AHHOTAIINU CTATEM / ABSTRACTS

ANYLOGIC CLOUD - A SCALABLE RUNTIME ENVIRONMENT FOR SIMULATION
MODELS USED OPERATIONALLY

G.0O. Monakhov

One of the major trends in simulation modeling today is moving execution of simulation models
to the cloud. We will showcase AnyLogic Cloud — the most advanced cloud solution for simulation
existing today and go through its typical use cases, including: integration of simulation into custom
analytical workflows, scalable high performance computing, instant delivery of models to clients and
users, creation of custom web interfaces to simulation models, and more. We will quickly go through the
AnyLogic Cloud open API and introduce AnyLogic Private Cloud — the fully functional product for
organizations with strict security guidelines.

MOJIEJIMPOBAHUE BHEITEYHOI OBPABOTKHU ME/IA: CO3JJAHUE IIJIAHUPOBIIIUKA
N BUBJINOTEKU MOJAEJNPOBAHUA MOCTOBBIX KPAHOB

A.JI. Mopo3oB, A.A. Ma/IbIXaHOB

B noknazne paccMarpuBaeTcst MoJIeIMpOBaHUE PabOThl MEIEIIaBUIIBHOTO 11€Xa — MPOU3BOJICTBA C
MHOXKECTBOM OTPaHMYCHMA U 3aBHUCUMOCTEH, KOTOpbIe TpeOyloT MPUMEHEHHs HMHUTALUOHHOTO
MOJEIUPOBAaHUS TNpU NPUHATHUM  pemieHuid. s peasucTUYHOro  MOJEIMPOBAaHUS  pabOThI
MEICIUIABUIIBHOTO  Ilexa ObuIM  pa3paboTaHbl JBa MOAYJA IUIAHUPOBILMK, TEHEPUPYIOIINN
cOaaHCUPOBAHHOE PACIMCAHWE OCHOBHBIX IMPOU3BOJCTBEHHBIX IMPOLIECCOB C MOMOIIBI0 UTEPATUBHOIO
QJITOPUTMA C MOLIATOBBIM OCJIA0JICHUEM OTpaHUYCHUN; OMOIMOTEeKa MOJIEIMPOBAHUS MOCTOBBIX KPAHOB,
WCIIOJIb3YIONIas aITOPUTM BETBEW U I'paHULL.

SIMULATION OF COPPER PRODUCTION: DEVELOPMENT OF PROCESS SCHEDULER
AND PORTAL CRANES LIBRARY

A.L. Morozov, A.A. Malykhanov

The paper describes the simulation model of copper production — a facility with multiple
constraints and interdependencies that requires simulation to support decisions. For realistic simulation of
copper production, the two modules were developed: a scheduler that generates a well-balanced schedule
of the main production process using an iterative algorithm with stepwise constraints relaxation, and
crane library using branch and bounds algorithm.

INPUMEHEHHME METOJ10B UMUTAIIMOHHOI'O MOAEJIUPOBAHUA J1JIAA
NAEHTUOPUKALIUU TECTOINIPUT'OTOBUTEJBHOI'O OTAEJIEHUSA HA
XJVIEBOITEKAPHOM IPEAITPUATHUN

E.A. Hazoiikun, U.I'. Baarosemenckuii
MyJIBTI/IaI‘ CHTHOC HMUTAIIMOHHOC MO,[[GJII/IpOBaHI/Ie CJIOXKHBIX AKTHUBHBIX CHUCTEM — O3TO HOBAas
KOHIICTIIIMSI B MHTEJUICKTYaJbHBIX MH(GOPMAITMOHHBIX TEXHOJOTHSIX, HAlpaBJieHHAs Ha HCIIOJIb30BaHUE
pa3IMYHOTO pOJia MOJENEH, €CTEeCTBEHHOT0 U HCKYCCTBEHHOTO HMHTEIUIEKTa, [JIS BUPTYaJIbHOTO
BOCCO3/IaHUS, WCCIICIOBAaHMs, WACHTU(UKAIIMH W TPOTHO3UPOBAHUS COCTOSHUS W TIOBEJACHHS CIIOKHO

q)OpMaJII/ByCMBIX AKTHUBHBIX CHUCTCM. Hcmnonbs30BaHue MYJIIbTUAIrCHTHOT'O UMUTALIMOHHOI'O
MOJCIUPOBAHUSA ITO3BOJISICT OTPA3UTh COCTOAHUEC CUCTEMBI B IUHAMUKE.
B I[aHHOﬁ CTaTheC paccMaTpuBaCTCA MOACIb MMPOU3BOACTBCHHBIX mponecca

TECTONPUTOTOBUTEIBLHOTO OTAEJIEHHsS Ha XJeOONMeKapHOM TMPEANPUSTAM Ha OCHOBE AareHTHO-
OpPUEHTUPOBAHHBIX TEXHOJOTUI MMUTALMOHHOTO MOAENNpoBaHus. ONHUCHIBAIOTCS OCHOBHBIE ITapaMETpPhI
MIPOM3BOJICTBEHHOTO0 Mpollecca M JaeTcsl MOApoOHas peanu3alus B Cpele HMHUTAIMOHHOTO
MoaenupoBanuss AnylLogic. Kpome Toro, 3aTparuBaroTcsi BOMPOCHl O MPUMEHEHHH MOJO00HOTO poja
MOJENEH Ny peleHUs] AaKTyalbHOW IPOOJIEMbl MMILEBON NPOMBIIUIEHHOCTH - HPOrHO3MPOBAHMS
KauecTBa FOTOBOTO MPOAYKTA.

KiroueBble  cioBa: MyJbTHAareHTHOE  MOJIECIMPOBAHUE, MOJEIMPOBAHUE, HMHUTAILMOHHOE
MozaenupoBanue, AnylLogic, nuiieBble TpeanpUsITUs, MOJIEH, YIIPaBIeHHE, IPOTHO3UPOBAHUE.
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THE USE OF SIMULATION MODELING METHODS FOR IDENTIFICATION OF A TURN-
PURPOSE DEPARTMENT IN A BAKERY ENTERPRISE

E.A. Nazoykin, I1.G. Blagoveshchenskii

Multi-agent simulation of complex active systems is a new concept in intelligent information
technologies aimed at using various kinds of models, natural and artificial intelligence, for virtual
recreation, research, identification and prediction of the state and behavior of complex formalized active
systems. Using multi-agent simulation allows you to reflect the state of the system in dynamics.

This article discusses the model of the production process of the dough preparation department at
the bakery based on agent-based simulation technologies. The basic parameters of the production process
are described and a detailed implementation in the AnyLogic simulation environment is given. In
addition, questions are raised about the application of such models to solve the urgent problem of the food
industry - forecasting the quality of the finished product.

Key words: multi-agent modeling, modeling, simulation modeling, anylogic, food enterprises,
models, management, forecasting.

HNPAKTHYECKHUE ACHHEKTBI MOAEJINPOBAHUSA CETH SHEPTOCHABKEHUA
OBOPYJAOBAHUSA MHOI'O®YHKIIMOHAJIBHOU CUCTEMbI BE3OITACHOCTHU U
YIIPABJIEHUSA TEXHOJIOI'MYECKHUMMU ITPOHECCAMMU

T.B. HacuOyanuna, /[.A. Muros

B crarbe paccMOTpeHBI BOINPOCHI pPa3padOTKU M NPUMEHEHHsS LUPPOBOH MOJEIU CEeTH
SHEprocHadxeHus: 000py/lIOBaHUS MHOTO(DYHKUHMOHAJIBHON CHUCTEMbl O€30MacHOCTM U YIpaBJICHUS
texHosnornueckumu nporeccamu (MCh u YTII) yronbHO# maxThl Ha Pa3IMYHBIX dTanax XU3HEHHOTO
nukia cucteMsl. Mccienyerces 3aiadya NpOEKTUPOBAHUS CETH JJIEKTPOCHAOKEHMsI ¢ 3aJaHHBIM YPOBHEM
HaJ&XKHOCTU U C MUHMMAJIBHBIMU 3aTpaTaMu Ha coopyxkeHue. [IpuBeneHbl pe3yabTaThl MOACIUPOBAHU.
Jlana onieHka 3((eKTHBHOCTH HUCITIOJIb3YEMBIX MOJIXOJI0B U CPEJICTB MOJIETUPOBAHUSI.

KitoueBble ciioBa: MOZETUpOBaHKE, CUCTEMa OE30MIaCHOCTH, CETh YHEPrOCHA0KEHU S, [IT1aXTa.

MODELING PRACTICALITIES OF A POWER SUPPLY NETWORK FOR THE EQUIPMENT
OF THE SAFETY PROVIDING AND PROCESSES CONTROL MULTIFUNCTIONAL
SYSTEM

T.V. Nasibullina, D.A. Migov

The article discusses design and application of a digital twin of a power supply network for the
safety and processes control multifunctional system (SPCMS) of a coal mine at various stages of the
system's life cycle. The author studies the problem of designing a power network with a given level of
reliability and with minimal costs. The results of modeling are proposed. An assessment of the
effectiveness of the approaches and modeling tools is given.

Keywords: Modeling, safety system, power network, mine.

MOJEJIUMPOBAHMUE 3ATAYU 9BAKYALIMOHOT O IIVIAHA C ITIOMOIIBIO ANYLOGIC
®.A. HaceipoBa, B.B. Mokmun

Nmuranmmonnoe moxaenupoBanue (MM)— 3To MeToa, MO3BOJSIONIMN TOCTPOUTH MOJETH, C
KOTOPBIMH TIPOBOJSATCS JKCIIEPUMEHTHI C IETBI0 TMONTy4YeHHs HeoOxomaumol wuHpopmanuu. B crarbe
MIPUBOMTCS onucanue peanusanuu UM spakyaruu arojeii u3 TL] B mporpamme AnyLogic.

CCHUM AnyLogic —>at1o coBpemenHasi cpeaa UM. [{ns Toro, 4ro0Obl OIEHUTH MPOILECC pabOThI
CUCTEMBI, B CTaThe MoKa3zaHbl pe3ynbraTel UM. B kauecTBe mpuMepa B3ST IUIaH dBaKyallll Ka3aHCKOTO
TLI. Pe3ynbpTaTsl Hccneq0BaHUS TOKA3bIBAIOT, YTO CUCTEMA pabOTaeT U MOAXOAUT IS IPUMEHEHHUS.

KiroueBble cj0Ba: WMHUTALMOHHAS MOJENb, IUIAaH, SBakyarwus, ANyLOQIC, KOMIbIOTEPHOE
MOJIETUPOBaHUE, CTPYKTYPHAs MOJI€Nb, MUMUTALIMOHHOE MOJIEJIUPOBAHUE, AHAIN3, ONTUMH3AIHSI.
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MODELING THE TASK OF THE EVACUATION PLAN WITH THE HELP OF ANYLOGIC
F.A. Nasirova, V.V. Mokshin

Simulation modeling (IM) is a method that allows you to build models with which experiments
are conducted in order to obtain the necessary information. The article describes the implementation of
the IM evacuation of people from the shopping center in the AnyLogic program.

SENSIM AnyLogic is the modern MI environment. In order to evaluate the process of the system,
the article shows the results of MI. As an example, we took the evacuation plan of the Kazan shopping
center. The research results show that the system works and is suitable for use.

Keywords: simulation model, plan, evacuation, AnyLogic, computer simulation, structural model,
simulation simulation, analysis, optimization.

TEOPETUKO-METOJIOJIOTMYECKHUH MOAXO0/] K ATEHT-OPUEHTUPOBAHHOMY
MOAEJIMPOBAHMUIO ITPOLIECCOB BOCITPOU3BOACTBA UHBECTULIMOHHOI'O
INOTEHHUAJIA HHCTUTYIHHUOHAJIBHBIX CEKTOPOB B PETMOHAJIBHBIX
CUCTEMAX

N.B. Haymos

B ycnoBusAx cokpameHuss MHBECTULUMOHHOIO NOTEHIMAIA PEATBbHOIO CEKTOpa SKOHOMUKH,
NpOBOJMMON OaHKaMU M JAPYTUMH KPEAUTHBIMH YUPEKICHUSMHU CIEKYJIATUBHOW TOJIMTUKU C
WHOCTPAHHOW BAaJIOTOM, IOJTOBBIMM ILIEHHBIMU OymMaraMd U akUUsSMU 3apyOeXHBIX 3MUTEHTOB,
CIOCOOCTBYIOIIEH AKTUBHOMY OTTOKY KamuTajla 3apy0ex, HEeJIO0CTaTOUYHOW 3anHTepEeCOBAHHOCTH
rocyiapctBa B (UHAHCOBOM MOJJEP)KKE IPOU3BOJICTBEHHBIX NPEINPUITUNA C BBICOKOM Jo0iei
HAyYKOEMKUX M TEXHOJOIMYHBIX IPOMU3BOJCTB, CEPhE3HO BO3pacTaeT MpodiemMa BOCIPOU3BOJICTBA
MHBECTUIIMOHHOTO OTEHI[MAIa UHCTUTYLIMOHAJIbHBIX CEKTOPOB B TEPPUTOPUAIbHBIX cucTemax. Jlepuuur
(UMHAHCOBBIX PECypcoB [UId DPa3BUTHUS B HACToslIee BpeMs HaONIolaeTcss HE TOJIBKO B CEKTOpe
He(UHAHCOBBIX KOpPIOpalUUiA, HO M JAOMAIIHMX XO3SIICTB, TOCYAapCTBEHHOro YyrpaBieHus. [
IIPOTrPECCUBHOI0, TEXHOJIOTUYHOIO COLMAIIBHO-DKOHOMUYECKOIO Pa3BUTUS TEPPUTOPUAIIBHBIX CUCTEM U
cOamaHCUPOBAHHOTO (PMHAHCOBOTO PA3BUTHUS MHCTUTYIHOHAJIBHBIX CEKTOPOB HEOOXOAMMO JETaibHOE
UCCIIEIOBAaHUE TMPOTEKAIONIUX IPOLEcCOB (OPMHUPOBAHUM M HCIIOJIB30BAHUS MX HHBECTUIIMOHHOTO
MOTEHIMAJa M CIEHApHOE IPOEKTHPOBAHHME IPOCTPAHCTBEHHOM DPABHOBECHOM MOJEIH  €ro
BOCIIPOU3BOJICTBA C YYETOM IPOCTPAHCTBEHHBIX OCOOCHHOCTEH MepeMelieHHs (PUHAHCOBBIX PECypCOB,
KOTOpasi MorJia Obl CTaTh OCHOBOM ISl IPUHSATHUS YIIPaBICHYECKUX PELIeHUI OpraHaMH rocyAapCTBEHHOM
BiIacTu B cepe (PMHAHCOBOTO PEryIMpPOBAaHUSA. ATCHT-OPUEHTHPOBAHHOE MOJEIMPOBAHHE B JaHHOM
ClIy4ae SIBJISIETCA ONTUMAJIbHBIM MHCTPYMEHTOM IPOEKTUPOBAHMS TAKOM MOJEIH.

B npencraBieHHOM  cTaTbe  pacCMOTPEHBI  METOJOJOIMYECKHE  OCOOEHHOCTH  areHT-
OPHUEHTHUPOBAHHOTO MOJEIMPOBAHUS IPOLECCOB BOCIPOM3BOACTBA HMHBECTHIIMOHHOTO IOTEHIMANIA
MHCTUTYLIUOHAJIBHBIX CEKTOPOB B TEPPUTOPUAIBHBIX cHUCTeMaX. JlaHHBIA TOAXOX IIPEAIoIaraet
MOCTPOEHHE COAJaHCUPOBAHHOM, PaBHOBECHOW MOJENN IEPEMEIICHNs WHBECTULHMOHHBIX PECypcoB
MEXy TSATHIO areHTaMU: CEKTOPOM (DMHAHCOBBIX KOPMOpPALUi, K KOTOPOMY OTHOCATCSI OAaHKU M ApyTHe
KpPEIUTHBIE YUPEXKIEHHs, CTPAXOBbIE OPraHU3allui, IEHCHOHHBIE (DOH/IbI, UHBECTULIMOHHBIE KOMIIAHUH, a
TaKKe He(UHAHCOBBIX KOpIOpaui (MpeanpuiATHsIME Pa3IndHbIX chep SIKOHOMUYECKON NeATENbHOCTH),
CEKTOPOM I'OCyJIapCTBEHHOI'O yIpaBieHUs (OFOKETHBIMU YUPEXKIEHUSIMHU), JOMAIIHUMH X039HCTBAMU U
CEKTOPOM «OCTaJbHOW MHUDP» (MHOCTPAHHBIMM YyupexjaeHusMu). @DopMupoBaHHME TaKOH MOJEIN
IpEarosaraeT HCIOJb30BaHUE CTPYKTYpbl (DMHAHCOBOTO CYeTa HHCTUTYLHOHAJIBHBIX CEKTOPOB U
6a30Boro mnpuHIMNA nocTpoeHus CHcTeMbl HAIMOHAIBHBIX CUETOB, <«JIBOMHON 3amHMCcH», COTJIACHO
KOTOPOW OJJUH CEKTOp CTAaHOBUTCS UCTOYHUKOM IIEPEMELIAEMBIX PECYPCOB, & BTOPON — UX PELIUIIUEHTOM,
B pe3yibTaTe 4Yero MpoIecChl JBUKEHUS WHBECTULHOHHBIX PECYPCOB MO KaxIOoMy (UHAHCOBOMY
WHCTPYMEHTY OallaHCHPYIOTCS MEXIy HWHCTUTYLHMOHAIBHBIMH CeKTOpamMu. JlIs peanu3anuu areHT-
OPUEHTUPOBAHHOI'O TOAXO0JAa M (PYHKIMOHAIBHOTO ONHUCAHUS HCIOJIb3YeMbIX B MOJEIM AareHTOB,
MpeularaeTcsi  MOCTPOEHHE  CHCTEMBbl  JMHEWHBIX/HEMTMHEWHBIX  PErPECCHOHHBIX  YpaBHEHHIA,
PacKphIBAIOIUX OCOOEHHOCTH B3aUMOCBSI3€M MHCTUTYLIMOHAJIBHBIX CEKTOPOB IO KaXKA0MY (PMHAHCOBOMY
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WHCTPYMEHTY TEpeMEeLIeHUSI MHBECTHIIMOHHBIX PECYpCOB, a TaK)Ke€ PETrPecCUOHHBIA aHANIMU3 BIUSHUA
BHEIIIHEH Cpellbl Ha TMPOLIECCHl JIBMXKEHHSI MHBECTHIIMOHHBIX PECYPCOB MEXKIY WHCTUTYIHOHATBHBIMU
cexkropamu. [Ipeanaraemblii B pabore moaxoi Oazupyercs M Ha MOJEIUPOBAHUU MEKPETrHOHAIbHBIX
B3aMMOCBSI3€ HHCTUTYIITMOHAIBHBIX CEKTOPOB IO MPOIECCaM MepeMEIeHNUs] MHBECTUIIMOHHBIX PECYPCOB
C MOMOIIBIO MMPOCTPAHCTBEHHOM aBTOKOppenanuu u aproperpeccunt Mopana I1. [lonyueHnHsie ypaBHEHHS
B3aMMOCBSI3€H, KaK pErpecCHOHHBIX, TaK M MPOCTPAHCTBEHHBIX, 3aKJIAJ(bIBAIOT OCHOBY JJIS
(dhopmMupoBaHus MPOCTPAaHCTBEHHOM areHT-OpUEHTUPOBAHHOM MOJIEIH BOCIIPOU3BOICTBA
WHBECTUIIMOHHOTO TOTEHIIMAJIa WHCTUTYIIMOHAIBHBIX CEKTOPOB, TECTUPOBAHME KOTOPOM TIO3BOJIUT
CreHEepHpOBaTh CHUCTEMY BO3MOXKHBIX CIICHapueB TpaHCPOpMAIMH TPOIECCOB BOCIPOU3BOJCTBA
WHBECTHIIMOHHOTO MOTEHIINAIa MHCTUTYIIMOHAIIBHBIX CEKTOPOB.

Pa3paboTanHblii  TEOPETHKO-METONOJIOTUYECKUH  MOAXOA K  areHT-OPUECHTHPOBAHHOMY
MOJICJIMPOBAHUIO TIPOLIECCOB BOCIPOU3BOJICTBA MHBECTUIIMOHHOTO TMOTEHI[MATA HHCTUTYHHOHAIBHBIX
CEKTOPOB B pErHOHANBbHBIX CHCTEMax OyJIeT HWHTEpeceH OpraHaM TOCYJapCTBEHHON BIACTH IS
MOHUTOPHHTA  COCTOSIHUSI ~MHBECTHI[MOHHOTO TIOTCHIIMAJIAa JAHHBIX CEKTOPOB W  IPHUHATHUS
YIPaBICHUYECKUX PEIICHUH M0 CTa0MIu3au uX (UHAHCOBOT'O COCTOSTHUSI.

KiroueBbie cioBa: MHBECTUIIMOHHBIM MOTEHIIMAJ, WHCTUTYIITHOHAIBHBIC CEKTOPa, PETHMOHATbHBIC
CUCTEMBbI, 0aTaHCcOBasi MOJIEJIb, PETPECCHOHHBIN aHaIN3, areHT-OPUECHTUPOBAHHOE MOJICTTUPOBAHHE.

JTOPABOTKA UMUTAIIMOHHOM MOJEJIA AJITOPUTMOB ITIPUOPUTU3ALINU B
CETSX TCP/IP

P.X. HuszoB, FO.M.MonaxoB, U.C.beausinknii, B.U. banamos, A.Il. Ky3nenona

B noknane mpencrtaBieH IMOAXOA K IOBBIIMICHUIO JOCTYIMHOCTH Y3JI0B aBTOMAaTH3MPOBAHHBIX
CUCTeM. A TakXe HMHTALMOHHas Mojesnb MoauduuupoBaHHoro aiaroputMa HTB. beuio mposeneno
TECTUPOBAaHUE AJITOPUTMA. Pe3ysbTaThel TeCTUPOBAHUS I'eHepaluu Tpaduka MoKa3ajin, OH CIPABISETCS C
3aaueil pactpeieleHnus KOMIecTBa 00padaThiBaeMbIX TAKETOB IO TPUOPUTETY. HO HEKOTOPBIX Cirydasx
KOJINYECTBO MAKETOB, HE MPOLIEIIIMX 33 MAaKCHUMaJbHOE IMPEKTUBHOE BpEMs, SBIAETCS OOJBIINM B
HYJIEBOM KJacce.

KntoueBble croBa: MoOAenb, alropuTM KOHTpOJs 3aaepkek, hierarchical token bucket, token
bucket, anylogic, MakcuManbHO TOMYCTUMOE AUPEKTUBHOE Bpemsi, QoS.

IMPROVING THE SIMULATION MODEL OF PRIORITIZATION ALGORITHMS
IN TCP/IP NETWORKS

Y.M. Monakhov, R.K.Niyazov, |.S. Bednyatskiy, V.I. Balashov, A.P. Kuznetsova

The report it is presented approach to increase in availability of nodes of automated systems is
presented. And also a simulation model of the modified HTB algorithm. Testing of an algorithm was
held. Results of testing of generation of traffic showed, it copes with a problem of distribution of quantity
of the processed packets of a priority. But some cases the quantity of the packets which did not pass for
the maximum directive time is big in a zero class.

Keywords: model, algorithm, algorithm of control of delays, hierarchical token bucket, token
bucket, anylogic, maximum allowed directive time, QoS.

NMMUTAIIMOHHOE MOJEJIMPOBAHUE PABOTbBI OYUCTHOI'O 3ABOsA
YI'OJBbHOM IAXTHI

B.B. OxonbHumHukoB, A.A. Opaun, C.B. Pynomeros

B crarbe onuchiBaeTCd MMUTALMOHHAS MOJEIb TEXHOJIOTHYECHUX MPOLECCOB MOA3EMHOM JOOBIYM
yIJis B OYUCTHOM 3aboe. llenpro MozmenupoBaHus SBISUIACh OLIEHKA MPOU3BOAUTEIBHOCTH OYMCTHOTO
32005 B 3aBUCUMOCTH OT pazIuuHBIX (akTopoB. K TakuM hakropaM OTHOCATCS: TEXHUUECKUE TapaMeTPhl
TOPHBIX MAIlIMH, JJIMHA JaBbl, Fa30BbIH (AKTOP, TEXHOJIOTMYECKHE CXEMbl pabOoThl OYMCTHOrO KOMOaiiHa,
pacrpeielleHHble T€OMEXaHUYECKUE XapaKTEPUCTUKH YTOJIbHOIO IUIACTA.

KnroueBble  cioBa:  MMMTAlMOHHOE  MOJEIMPOBAaHME,  IIAXTA,  OYUCTHOM  3a0oH,
MIPOU3BOIUTEIBHOCTD.
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SIMULATION OF OPERATION OF COAL MINE STOPING FACE
V.V. Okolnishnikov, A.A. Ordin, S.V. Rudometov

The article describes a simulation model of technological processes of underground coal mining in
the stoping face. The purpose of the simulation was to evaluate the performance of the stoping face,
depending on various factors. Such factors include: technical parameters of mining machines, the length
of the longwall face, the gas factor, the technological scheme of the shearer, the distributed
geomechanical characteristics of the coal seam.

Keywords: simulation, coal mine, stoping face, performance.

ONTUMMU3ALUS ITPOIIECCOB B CIABOCTPYKTYPUPOBAHHOM CHCTEME
METOJAOM UMUTALIMOHHOI'O MOAEJIMPOBAHU A

A.I'. Ilanen, I'.A. Iloanak

[IpuBoauTCS MOCIENOBATENIBHOCTh JEUCTBUM MO IMOCTPOEHUIO HWMHUTAIMOHHOW MOJEIH
CNabOCTPYKTYPUPOBAHHOM CUCTEMBl Ha OCHOBE €€ KOTHUTUBHOW Mojenu. Pa3pabGoTaHHBIN anroputm
WCTIONB3YETCS JJIS TOCTPOCHHSI M WCCIECIOBAHUA  CTOXACTHMUYECKOW MHOTOKaHAIBHOM MHOTO(a3zHON
MOJIETM MAacCOBOTO OOCIY)KMBaHHS 3aMKHYTOTO THMa [ 0OpaOOTKH MPOM3BOJACTBEHHBIX CJHIEJOK.
[TocTtpoeHHass WMHUTAMOHHAS MOJIENb MO3BOJSET MHPOBOAUTH SKCIEPUMEHTHI MO ONTUMM3ALMHU €ro
[1apaMeTpPOB.

KiroueBnie cioBa: cmabOCTPYKTYpUPOBAHHBIE CHCTEMBI, CHCTEMBbl MACCOBOTO OOCTY>KHBaHHS,
KOTHUTUBHAS KapTa, UMUTAlHOHHOE MOJIEIIMPOBAHUE.

PROCESS OPTIMIZATION IN A SEMI-STRUCTURED SYSTEM BY SIMULATION
G.A. Pollack, A.G. Paleli

It is discussed the sequence of actions to build a simulation model of a weakly structured system
based on its cognitive model. It gives the cognitive model of the real process of the conclusion of
production transaction.

The developed model it used for construction and research of stochastic multichannel multiphase
mass service system. The simulation model is a digital copy of the real process and allows experiments to
optimize its parameters.

Keywords: Semi- structured systems, simulation modeling, mass service system, cognitive model,
digital twin.

MOJIEJMPOBAHUE JIOTUCTUYECKHUX ITPOIIECCOB HA KOHTEMHEPHBIX
TEPMHUHAJIAX

I0.K. Iloaskosa, H.H. Huxonaesckuii, H.B. MoBuan

B pabGore B KkadecTBe OOBCKTa HCCIICIOBAHHS BBICTYMAIOT JIOTUCTUYECKUE TMPOIECCHl Ha
KOHTCHHEPHOM TEpMHHAJE, a MPEIMETOM — MOBBINICHUE YPPEKTUBHOCTH JaHHBIX TporeccoB. Ha Gaze
MIPUHIIMIIOB TEOPUHA MACCOBOTO OOCTY)KMBaHUs ObLIa CO3JaHA MMHUTAIIMOHHAS MOJEH C MOCJEIYIOIICH
peanu3aryeil SKCIepUMEHTOB JIJIsl CPAaBHEHHS aJJbTEPHATUBHON CXEMBI OpraHU3alnu (GyHKIIMOHUPOBAHUS
paboThl 30HBI MPOMEXKYTOUHOTO XPAaHEHHWS B pa3pe3e CTPYKTYPbl TMOIBEMHO-TPAHCIIOPTHOTO
obopyIoBaHuUs.

KinroueBrle cioBa: KOHTeﬁHepHLIﬁ TCPMUHAL, WUMUTALIMOHHOC MOJCIHNPOBAHNUC, IOBBLIIICHUC
3(PEKTUBHOCTH CKIIAJICKHX MTPOIIECCOB.
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LOGISTIC PROCESSES MODELLING AT CONTAINER TERMINALS
Y.K. Polyakova, N.V. Movchan

Logistics processes at the container terminal are regarded as the object of study, the subject is an
increase of the efficiency of these processes. Based on the principles of the theory of mass service, a
simulation model was created with the subsequent experiments in order to evaluate an alternative scheme
for organizing the intermediate storage area in terms of the structure of the lifting and transport
equipment.

Keywords. Container terminal, simulation modelling, improvement of the efficiency of warehouse
processes.

UMHUTAITHOHHOE MOJAEJTUPOBAHUE 3JIEKTPO3HEPIU‘ETI/I‘IECKOI71 CUCTEMBbI
APXAHI'EJIbCKOU OBJACTH C IPUMEHEHUEM YCTPOUCTB TEXHOJIOI'MU FACTS

B.M. Ilpeobpaxkenckas, U.1. Ilymkapenko

B cratbe omnmcaHo wucciaenoBaHue pabOTHl CTATMUECKOTO CHHXPOHHOTO  IPOAOJIBHOTO
KOMITIEHCATOpa U MPOaHAIM3UPOBAHO €0 BIUSHUE HAa M3MEHEHHUE MapaMeTPOB AJIEKTPOIHEPIeTUUYECKOM
CHCTEeMbl ApXaHTreJIbCKOM 00J1acTH MyTeM UMUTALIMOHHOTO MOJIETUPOBAHUS IPOIIECCOB.

KinroueBble ciioBa: MMHMTALMOHHOE MOJEJIMPOBAHUE, MPOOIEeMbl 3HEProd(pGEeKTUBHOCTH,
CTaTMUYECKNUI CUHXPOHHBIH MPOIOJIBHBIN KOMIIEHCATOP.

IMITATION MODELING OF THE ELECTRIC POWER SYSTEM OF THE ARKHANGELSK
REGION WITH APPLICATION OF DEVICES OF FACTS TECHNOLOGY

V.M. Preobrazhenskaya, I.1. Pushkarenko

The article describes a study of the operation of a static synchronous longitudinal compensator and
analyzes its effect on changing the parameters of the electric power system of the Arkhangelsk region
through simulation of processes.

Key words: simulation, energy efficiency problems, static synchronous longitudinal compensator.

NUMUTAIMUOHHOE MOJAEJIMPOBAHUE JEATEJIBHOCTHU IEYATHOI'O CAJIOHA
A.B. Pamenckasi, JI.M. TykrambiieBa

Oxazanne TUMOrpaduUIecKuX yCIyr HACEICHUIO MalbIMU TUPaKaMU SIBIISIETCS TPUBIIEKATEIHLHON
chepoit nmns mpeanpuATHA Maimoro OwsHeca. /g coXpaHEHHWS KOHKYPEHTHBIX MPEUMYIIECTB U
yIIOBJIETBOPEHUSI TOTPEOHOCTEW KIMEHTOB MHHH-TUMOTpaduUsM M TIEUaTHBIM cajJoHaM HeoOXO0IuMO
MOCTOSIHHO ~ COBEpPILIEHCTBOBATh IMpoLecchl 00CTyKMBaHUA KIHWEHTOB. B pabote mpencraBieHa
pa3zpaboTaHHasi UMUTAIMOHHAS MOJICTh JIJISl aHATU3a JACSITeIbHOCTUA TIEYaTHOTO cajioHa. [Ipemioxker psij
PEKOMEHIalMi IO COBEPILICHCTBOBAHHUIO OPTaHU3AIIUU TIpoIecca 00CTyKUBaHHUS.

KittoueBbie c10Ba: IMUTAIMOHHOE MOJISTHPOBAHKE, CUCTEMBI MACCOBOTO 00CITYKUBAHUS, TIPOIIECC
o0CTyXKMBaHUS KIHUEHTOB, IEYaTHBIN CaJIOH.

SIMULATION MODEL OF ACTIVITY OF PRINT SHOP
A.V. Ramenskaya, L.M. Tyktamisheva

The provision of printing services to the population in small editions is an attractive area for small
businesses. To maintain competitive advantages and meet the needs of customers, mini-printing houses
and print shops need to constantly improve customer service processes. The developed simulation model
of the printing salon producedin article. Recommendations for improving the organization of the service
process have been proposed.

Keywords: simulation modeling, queuing systems, customer service process, print shop.
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NUMUTAIMOHHOE 1 YUCJIEHHOE MOJEJINPOBAHUE KOJIMYECTBA
POBOTOTEXHI/I‘IECKOUI?'I TEXHUKU JJISA OBPABOTKHA
CEJIBCKOXO3AUCTBEHHOI'O YI'OAUA

K.T. Hro, B.B. Hryen, /I.LK. By, A.JI. Pon:xun

B pabore npoaHanu3uMpoBaHbl CYIIECTBYIOIIME IOAXOIbl M CHUCTEMBI IO 3arpys3ke/pasrpyske
(GU3NYECKUX W SHEPrOpecypcoB pPecypcoB OeCHMIOTHBIX JerarenbHbix anmapatoB (BJIA). Omnucana
aJlropuTMUYeckas Mojienb yrnpanieHuss bJIA npu obcimykuBaHMM Ha Ha3eMHOM cepBHCHOM miatdopme.
HpCILCTaBHGHLI PE3YJIbTAThI YUCJICHHOI'O n UMUTAIIMOHHOI'O MOACIIMPOBAHUA KOoJIn4eCcTBa
pPOOOTOTEXHUYECKOH TEXHUKU i1 OOpabOTKHU CEIbCKOXO3SIMICTBEHHOI'O YrO/AWs, BBIIOJIHEHHBIC B
pa3paboranHoi nporpamme AgrobotModeling.

OIITUMM3AIIUA PABOTBI EXA 110 CBOPKE OBOPYJTOBAHUA B CPEJE
NUMUTAIMOHHOI'O MOAEJIUPOBAHUA ANYLOGIC

A.T. CanpixoBa, I1.C. Measenen, B.B. Mok

B craree mpencraBieHa Mozenb mexa Mo cOOpke 00OpYyIOBaHUS B CHCTEME HMHTAIMOHHOTO
MoaenupoBanus AnyLogic. [IpoBenena ontummusaiust naHHoi Monenu. OCHOBaHUEM JJisi BO3MOYKHOTO
HCIIOJIB30BaHUA IIPCAJIONKCHHOTO aJifTOpUTMa OITHUMU3AIUKU ABJIAIOTCA BpPEMA o6pa60T1<1/1 JcTajin
OTpEeACNIEHHbIM YCTPONUCTBOM M KOJHMYECTBO TAKUX YCTPOMCTB, CBEJACHHBIE BMECTE C pe3ylbTaTaMHu
MOJCIHUPOBAHUA U OITUMU3AIU MOACIIU B Ta6J'H/IIIy. B kauectBe MOATBCPKACHUS TaOJIMYHBIX 3HAYEHUN
MPUBEACHO rpaduueckoe 0TOOpaKEHHE OJHOTO U3 ITANOB ONTUMHU3AIINH.

KiroueBbie ciioBa: MMHUTAIIMOHHOE MOJICIUPOBAHKE, ONTHMHU3alMs, 00paboTKka meranu, cOopka
obopynoBanusi, cucreMa AnyLogic.

OPTIMIZATION OF SHOP FLOOR ON ASSEMBLY OF THE EQUIPMENT IN THE
SIMULATION ANYLOGIC

A.T. Sadykova, P.S. Medvedev, V.V. Mokshin

The article presents a model of the shop for the Assembly of equipment in the simulation system
AnyLogic. Optimization of this model is carried out. The basis for the possible use of the proposed
optimization algorithm is the processing time of the part by a certain device and the number of such
devices, combined with the results of modeling and optimization of the model in the table. As a
confirmation of the table values, a graphical display of one of the optimization stages is given.

Keywords: simulation modeling, optimization, parts processing, equipment Assembly, AnyLogic
system.

NUMUTAIUOHHOE MOAEJIMPOBAHUE ITPOLECCOB OBCJIYKUBAHUSA
ITACCA’KHNPOB B ADPOBOK3AJIBHOM KOMIIVIEKCE

M.b. Jlackun, 10.U. Mopuna, A.C. CBUCTYHOBA

B cratee paccMOTpeH TOPSIOK OpTaHM3alMKd HA3eMHOTO OOCTYKMBAaHUS TACCAKUPOB U
Mpe/icTaBjeHa HWMUTAIMOHHAs MOJENb MpOIlecCOB OOpabOTKM BBUICTAIOMIMX MACCaKUPOB C Y4YETOM
TpeboBanuii OezonmacHocTu. [lo pesynbraTaM MOJETHPOBAHUS TPOU3BEACH aHAIHM3 CHCTEMBI
OpraHu3aIMy Ha3eMHON 00pa0OTKH MACCaXKUPOB U MPEIOKEHBI MEPHI 10 MOBBIIEHUIO Y (PEKTHBHOCTH
JTAHHOU CHCTEMBI. [[JIsi TOCTpOCHUs TUCKPETHO-COOBITHIHON MOJIETTH UCTIONB30BaHa MPOrpaMMHasi cpeia
Anylogic.

KittoueBbie ciioBa: MaccakUpOINOTOK, MMHUTAIIMOHHOE MojaenupoBanue, AnylLogic, mpomyckHas
CIIOCOOHOCTBH, a3POBOK3AIbHBIN KOMILIIEKC.
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SIMULATION OF PASSENGER PROCESSING IN THE AIR TERMINAL COMPLEX
M.B. Laskin, Yu.l. Morina, A.S. Svistunova

The article discusses the procedure for organizing ground handling of passengers and presents a
simulation model of the processing of departing passengers, taking into account safety requirements.
Based on the simulation results, an analysis was made of the passenger ground handling organization
system and measures were proposed to increase the efficiency of this system. To build a discrete event
model, the Anylogic software environment was used.

Keywords: passenger flow, simulation , AnyLogic, throughput, air terminal complex.

UMUTAILIMOHHOE MOJIEJIMPOBAHUE YYACTKA MAPIIPYTHOM CETH
AJPOIMOPTOB «IIYJIKOBO» U «1IOMOAEIOBO» B CPEJE ANYLOGIC

A.B. AnpnanoBa, M.b. Jlackun, A.C. CBucTtyHoBa

B crathe paccmaTpuBarOTCs BOBMOXKHOCTH HporpaMMmHOro obecreuenust AnyLogic B nHTepecax
IIPOBEJIEHUSI MMMTALMOHHOIO MOJEIMPOBAHMSI TPAHCIIOPTHO-JIOTUCTUYECKUX mpoueccos. llpemyoxen
BapUaHT HCIOJIb30BaHUS cpeabl ANyLOQIC mpUMEHHTENbHO K WMHTAIMOHHOMY MOJICIHUPOBAHUIO B
oOmnactu aBuanepeBo3ok. [IpuBenén npumep nocTpoeHus: UMUTALIMOHHON MOJIEIH.

KiroueBbie cioBa: HMMHTAIMOHHOE MojenupoBanue, ANyLOQIC, T0rucTuka, aBHAIMOHHBIC
IIEPEBO3KHU, MapLIPyTHAsI CETh.

SIMULATION OF THE ROUTE NETWORK SECTION OF PULKOVO AND DOMODEDOVO
AIRPORTS WITH ANYLOGIC SOFTWARE

A.V. Adrianova, M.B. Laskin, A.S. Svistunova

Abstract. The article discusses the capabilities of AnyLogic software in the interests of simulation
of transport and logistics processes. An option has been proposed for using the AnyLogic environment as
applied to simulation in the field of air transportation. The example of constructing a simulation model is
given.

Keywords: simulation, AnyLogic, logistics, air transportation, route network.
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K BOITPOCY O TIOCTPOEHUU CUCTEMBbBI YIIPABJIEHUSI
BECIIMJIOTHON ABUAIITMOHHOM CUCTEMOM

J.B. Cenuyk

B Hacrosmeil craThe MPOBOIWUTCA aHAIW3 BO3MOXKHBIX OrpaHUYCHHM, HAKJIAaJbIBAEMbIX Ha
pOOOTU3MPOBAHHBIC ABUAIIMOHHBIE CHUCTEMBI, YHMCICHHOCTBIO JO TPEX PA3HOTHIHBIX OECHHIOTHBIX
JIeTaTENIbHBIX ammapara, MpU BBITIOJIHEHUHM 3a/1adyd JOCTAaBKU Tpy3a MEAMIIMHCKOTO Ha3HAYEHUS B
nHrepecax omnepatuBHod rpynnel MUC Poccun B ycnoBuUsIX HEAETEPMHUHUPOBAHHOW BHEIIHEW CPEbI.
AKTyaJbHOCTh pacCMaTPHUBAEMOI'0 BOIPOCA 3aKJIHOYAETCS B HEOOXOJUMOCTH HCCIIEA0BAaHUS BO3MOKHBIX
MyTel aBTOMATH3allMU MPOLECCOB HJKCIUIyaTallud OECHUIOTHBIX JIETATENbHBIX allapaToB C LEIbI0
MOBBIMIEHUS YPPEKTUBHOCTH MX MPUMCHEHHSI M COKPAIICHUs BPEMEHHBIX 3aTpaTr, KOTOPHIC B YCIOBHIX
Ype3BbIYAIHBIX MPOUCIIECTBUIN MPEICTABISIIOT COOOM KPUTHUECKHUHM (PaKTOp MpU CIIACCHUH YETOBEYECKUX
*Ku3Hel. B crarbe paccmarpuBaroTcs (GoOpMaNTM30BaHHBIE ONTHUMaJIbHBIE (WM CyOONTHMAJIbHBIC)
cTpareruu  (yHKIMOHUPOBAHUS CHUCTEMBI [UIsl JOCTH)KCHHS ONTHMyMa [EJIeBOM  (PYHKIIHH,
OTIPEICTISIONIEH YCIIeITHOCTh U 3(PGEKTUBHOCTH BBHIMOIHEHUS 3a1a4n. [Ipeayioxken anroput™ noBeACHUS
OCCMUIIOTHBIX JIETaTEIbHBIX allapaToB B Cllydae BO3HUKHOBEHHUS HEIITATHBIX CUTYaIMid. AJTOPUTM C
Y4€TOM TaKTHUKH U CIIEHAPHEB MPUMEHEHHS 00pa3Ii0B COBPEMEHHBIX POOOTOTEXHUUYECKHX KOMIIJICKCOB B
OTIIMYME OT CYIIECTBYIOIIMX pPEIICHUl 00OCHOBBIBAET HEOOXOJUMOCTh HCCIEAOBAHHUS U TOCTPOCHUS
MHOTO(AKTOPHOW CHCTEMBI, CIOCOOHOWM B aBTOMAaTHYECKOM PEKHUME NPUHUMATh PEIICHUS 110
JMAIbHEUIIe CcTpaTeruu OJKCIUTyaTallud OECHHJIOTHOTO JIeTaTelnbHOro ammaparta. MccnempoBaHus
MPEIOKEHHOTO aJTOPUTMA Ha TPAKTUKE TMOKA3bIBAIOT THUIIOBHIE PEIICHHS CIECIHMAIMCTAM Pa3IMYHBIX
MpeIMeTHBIX o0nacTel uisi M0pa0OTKM MOAOOHBIX 3a7ad, a TaKkKe HM3MEHEHHSIM TPYIIHUPOBOK
POOOTH3UPOBAHHBIX ABHALIMOHHBIX CHUCTEM. YHHMBEPCAIbHOCTh MPEAJIOKEHHOr0 Moaxoa o0ecrneunBaeT
BO3MOYXHOCTh TIPUMEHEHUS AJITOPUTMA B IPOTPAMMHOM 00€CTIEYeHUH Pa3IMYHbIX TPOU3BOAUTEICH.

KiroueBbie ciioBa — OCCHWIOTHBIE AaBHAIIMOHHBIC CHCTEMBI, OTPAHUYCHHS OSKCIUTyaTalluH,
AJITOPUTM B3aHUMOCBSI3H.

CONSTRUCTION THE CONTROL SYSTEM OF UNMANNED AIRCRAFT VEHICLES

D.V. Senchuk
The paper analyses possible limits of using up to three unmanned aerial vehicles (UAV) while
solving the problem of transporting the medical cargo in emergency situation. The aim of current and
future developments is finding the possible ways of automatization process of using UAV’s in order to
increase its effectiveness and decrease time of transporting the medical cargo. Current paper proposes
decision procedure for behavior of UAV in emergency situation while transporting the medical cargo.
Key words — unmanned aircraft system, limits of relationships, connection algorithm.

3BOTIOINOHHBIE AJITOPUTMbI U OBBEKTHO-OPUEHTHPOBAHHBIE MOJIEJIA B
OIITUMM3 AU ITPOU3BOJACTBEHHbBIX PACIIMCAHUU

10.A. CxobuoB

[IpennoxeHo UCIIOJIb30BAaTh  JBOJIOIMOHHBIE  QJITOPUTMBI  COBMECTHO €  OOBEKTHO-
OpUEHTHUPOBAHHBIMA UMHUTAIIMOHHBIMU MOJAENsMU. [[JIsi onTUMH3aIMK TPOU3BOJCTBEHHBIX pPaCHUCAHUN
NpCAJIOKCHBI 3BOJIFONUOHHBIC aAJITOPUTMBIL. HpI/IBeHGHBI KpUTCpUNU ONTUMU3AINU IMPOU3BOACTBCHHBIX
pacniucanuii. Pa3spaborana 0OBEKTHAs MOJEb, KOTOpas MO3BOJSIET BBIYUCIATH (PUTHECC-(DYHKIUIO U
OLICHUBATh TOTEHIMAIbHBIE pELICHUS B TMPOLIECCe BBINOJHEHUS HBOJIOIMOHHOTO  alrOPUTMA.
PaCCMOTpCHBI Pa3IMIHbIC MCETOJAbI KOAWPOBAHHUA IMOTCHIMUAJIBHBIX peHleHI/Iﬁ UL pCIICHHA 3aavu
ONTUMHU3AIMU TTPOU3BOJCTBEHHBIX pacnucanuii. OnpeaeneHbl reHeTHUeCKHUe ornepaTopbl KPOCCUHIOBEpa
W MyTaluu Juist 3Toi 3aaauu. D¢ HEeKTUBHOCTD MOAX0/1a TPOBEPEHA KOMIBIOTEPHBIMH 3KCIIEPUMEHTAMHU
npu MHOFOKpHTCpHaHBHOﬁ OonTuMHu3annun MMPONU3BOJACTBCHHBIX paCHI/IcaHI/If/'I Ha npuMepe
aBTOMATU3MPOBAHHOTO TEXHOJOTHUYECKOr0 KOMIUIEKCa MeXaHOOOpabOTKH.

KitoueBble ci0Ba: HMHUTALMOHHAs OOBEKTHas MOJIelb, SBOJIIOIMOHHBIN  aFOPUTM,
MIPOU3BOJICTBEHHOE PACIIHCAHUE, OTITUMHU3AIINS.
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EVOLUTIONARY ALGORITHMS AND OBJECT-ORIENTED MODELS
IN PRODUCTION SCHEDULE OPTIMIZATION
Yu.A. Skobtsov

It is proposed to use evolutionary algorithms in conjunction with object-oriented simulation
models. Evolutionary algorithms are proposed to optimize production schedules. The criteria for
optimizing production schedules are given. An object model has been developed that allows you to
calculate a fitness function and evaluate potential solutions in the process of performing an evolutionary
algorithm. Various methods of coding potential solutions for solving the problem of optimizing
production schedules are considered. Crossover and mutation genetic operators have been considered for
this problem. The effectiveness of the approach was verified by computer experiments with multi-object
optimization of production schedules on the example of an automated technological complex for
machining.

Keywords: imitation object model, evolutionary algorithm, production schedule, optimization.

NUMUTAIIUMOHHOE MOJEJIUPOBAHUE IMPOLHECCOB TEIIVIOOBMEHA B
CTAIIMOHAPHBIX U TPAHCIHIOPTHBIX COCYIAX C KPUOITIPOAYKTAMM

E.C. CoagaroB

[IpencraBinena (QyHKIUOHAIbHAS CTPYKTypa CHUCTEMbl HMMHUTAMOHHOTO MOJECIUPOBAHUS
MPOIIECCOB TETUIOOOMEHA MPH AJTUTEIHFHOM XPaHEHUH KPUOIPOIYKTOB B CTAIIMOHAPHBIX M TPAHCTIOPTHBIX
COCyax ¥ BBIYUCIUTENbHBIA QJITOPUTM MPOTHO3ZUPOBAHUS BPEMEHHM OE3IPEHAKHOTO XPaHEHUs
KPUOTEHHBIX  TPOJYKTOB, O0OECHEUMBAIONIMN  BO3MOXHOCTh y4€Ta H3MEHSIOIMUXCS  PEKHUMOB
IKCIITyaTallid €eMKOCTHOTO OOOpYIOBAaHUS M TEXHUYECKOTO COCTOSIHUS TEIUIOBOM 3aIIMTHI JKUIKOCTHBIX
KPUOTEHHBIX CHCTEM.

KitoueBbie cioBa: UMUTALMOHHOE MOJIETUPOBAHUE, KOMIBIOTEPHOE MOJICTUPOBAHUE, COCYIIBI C
KPHUOTIPOIYKTaMHU, KUIKOCTHBIE KPHOTEHHBIE CHCTEMBI, BpeMsl O€3/IpEHAKHOTO XPaHEHUS KPHUOTCHHBIX
JKUJIKOCTEH.

MOJIEJINUPOBAHUE PABOTHBI IIEPEKPECTKA
HN.A. llbiranos, M.A. 3epuoBa, A.A. Jlesagunii, H.P. CnupuueBa

CoBpemeHHBIE WH(GOPMAIMOHHBIC TEXHOJOTHH, MAaTEeMAaTHYECKUE METOJBI IMOMOTAIOT MPOBECTH
aHAJIU3 CYIIECTBYIOIIUX JIOPOKHBIX CETe W PEIIUTh UX MPOOJIEMBI, a TaKKe CMOJCTUPOBATH OyIyIue
ceTu yxke 0e3 cymecTByrIux mpoodsieM. B mporiecce uccnenoBanus mpoodaeMbl UCIOJIb30BATHCH METO/IbI
JIOTHYECKOTO aHaln3a, a TaKKe MOCTABJICHbI DKCIEPUMEHTHI M TMOJTYYEeHBI pe3yiabTaTel B pesynbrare
paboThI CO3/1aHa UMHUTAITMOHHAS MOJIE)Th TIEPEKPECTKA C MCIIOIh30BAHUEM HHCTPYMEHTA UMUTAIIHOHHOTO
Mo enupoBanust AnyLogic.

KirodeBbie  ciioBa: HMMHUTAIlMOHHOE  MOJICIMPOBAaHUE, TEPEKPECTOK, WH(POPMAIMOHHBIC
TEXHOJIOTHH, KOHIIENTYaTbHAsI MOJCITb.

INOCTPOEHHUE MOJAEJIX TPOU3BOJCTBEHHOT'O ITPOHECCA CPEACTBAMUA
NUMUTAIMOHHOI'O MOJAEJUPOBAHUA U OBBEKTHO-OPUEHTUPOBAHHOI'O
ITPOI'PAMMMPOBAHUA

B.A. Kotasipos, A.A. lebeanlii, B.A. Jlomenko, H.P. Cnupuuena

[lenbto paboOTHI SBISETCS MOCTPOCHHE UMHUTAIIMOHHOM MOJENH IeXa Mo O00XKUTY KepaMUUYeCKHX
W3/IeNIUi, peanu3alus €€ CpPEJACTBaMU SI3bIKa OOBEKTHO-OPUEHTHUPOBAHHOIO MPOTPAMMHMPOBAHUSA U
WHCTPYMEHTAMH HMUTAIIMOHHOTO MOJICJIUPOBAHMSI, CPaBHEHHE M aHAIM3 TMOJYYCHHBIX PE3yJIbTaTOB.
Hcnonb3yemMbie METOABI U HHCTPYMEHTBI: 00bEKTHO-OPUEHTUPOBAHHBIH 361K C#, cpefa sl MOCTPOCHHUS
MMUTAIMOHHEIX Mojieniet AnyLogic.
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NUMUTAIIMOHHOE MOJAEJIMPOBAHUE ABUATPAHCIIOPTHOI'OITPE AITPUATHUSA
B YCJIOBUAX ITPOBEJEHUS MACCOBBIX MEPOIIPUATHUI

H.A. Cragnuk, A.B. 3o10TyXUH

B crarbe mpeacTaBieHO MMUTAIMOHHOE MOJEIMPOBAHUE a’poropTa ropoxa Kasanu B ycioBusix
MaKCUMAaJIbHON 3arpy)KEHHOCTH B MEPHOJ IMPOBEICHUS MHUPOBOrO 4YeMmuoHata paboumx mnpodeccuii
WorldSkills B 2019 roxy. ChopmynupoBaHa 3aiada MCCISIOBaHUS: onTUMHU3alms padotel KazaHckoro
a’pornopTa B YCIOBHSIX MAKCHMAIbHOTO IOTOKA MaccaKupoB. st pelieHus 3aJadd IOCTPOCHA
MMHTAIMOHHAS MOJIeNIb pabOoThl a’poropra, JOKa3zaHa TUIOTe3a, YTO MpoeKTHpoBaHHe KazaHckoro
a’poropTa He MPEIyCMaTPHBAIO BBICOKYIO IPOIYCKHYIO CIIOCOOHOCTb, M IOKa3aHa MHpaKTHYecKas
3HAYMMOCTb UMHUTAIUOHHOTO MOACIIMPOBAHUS.

KitoueBbie cnoBa: VmurannoHHOE MOJEIMPOBaHHE, MpoekTUpoBaHue, AnyLogic, cucrema
MacCOBOTO OOCIY)KMBaHHsS, aBHATPAHCIIOPTHOE MPEIANPHUITHE, adpPOIOPT, MACCAKUPCKUN IOTOK,
BBICOYAMIIIAst 3aTPYKEHHOCTb.

IMITATIONMODELINGOFAIRTRANSPORTENTERPRISEIN THE CONTEXT
OF MASS EVENTS

N.A. Stadnik, A.V. Zolotukhin

The article presents a simulation of the airport of Kazan city under conditions of maximum
workload during the WorldSkills World Championship of Workers in 2019. The research objective is
formulated: optimization of the Kazan airport in conditions of maximum passenger flow. To solve the
problem, a simulation model of the airport was built, the hypothesis was proved that the design of the
Kazan airport did not provide for high throughput, and the practical significance of simulation was
shown.

Keywords: Simulation, design, AnyLogic, queuing system, air carrier, airport, passenger traffic,
the highest workload.

INPUMEHEHUE UMATALITMOHHOI'O MOAEJIUPOBAHMA IS UCCJIEJOBAHUSA
PEKUMOB BbIITYCKA YIJIA IOAKPOBEJBHOU TOJIIIN

A.H. Crapony0os, B.B. 3unosbeB, B.. Kiimmun, B.A. Kpamapenko

Pa3paborana umMuTalMOHHAs MoJielb (YHKIIMOHUPOBAHUS POOOTH3UPOBAHHOTO KOMILIEKCA JUIS
0TpaOOTKH MOIIHBIX YTOJbHBIX IJIACTOB C YIPABJISIEMbIM BBIITYCKOM IMOJKPOBEIbHOM Tommu. Ha Mogenu
MIPOBEACHO HCCIIEIOBAHNE BO3MOJKHBIX PEXKHMMOB BbINycKa yriist. OmpeneseHsl CKOPOCTh BBITYCKa Ha
KaX/I0M CEeKIMM KpPeIu, MOCIeJ0BAaTEIbHOCTh U pallMOHAIBHOE KOJIMYECTBO PAaOOTAIOUIMX IMUTATENEeH,
MO3BOJISIIONINE 00ECTIeYUTh PAaBHOMEPHOCTD BBINTYCKAa U MAaKCHMaJIbHYIO 3arpy3Ky JJaBHOTO KOHBelepa.

KinroueBple  ciioBa:  MMUTAlMOHHOE  MOJEIMpPOBAaHUE,  aHUManMs,  J00blYa  yIui,
MEXaHU3UPOBAHHBIM KOMIUIEKC, CEKIIMSI KPEIIH, YIIPaBJIIEMbII BBIITYCK.

APPLICATION OF SIMULATING MODELING FOR RESEARCH OF SUBVEL CAVING
MODES

A.N. Starodubov, V.V. Sinoviev, V.I. Klishin, V.A. Kramarenko

A model of robotized system for efficient mining technology has been developed. An animation of
a representation controlled by simulated model has been developed for visual show. A research with use
of developed ways carried on possible modes of unloading. Unloading speed for each support section,
sequence and rational number of working feeders for maximal conveyor loading defined for specific
geological factors

Keywords:  underground coal mining, robotized system for efficient mining technology,
animation, Applying simulation.

UMMO/JI - 2019 660



AHHOTAIINU CTATEM / ABSTRACTS

3AMEHA UHTET'PO-JUPPEPEHIIUAJIBHOI'O YPABHEHUSA KIIETOYHBIM
ABTOMATOM B MOJAEJIUX HH®OPMAIIMOHHOTI'O ITPOTUBOBOPCTBA

M.E. CtenaHnmos

B pabotre paccmaTpuBaeTcs HempepbiBHAsS MOJeNb WHPOPMAIMOHHOTO NPOTUBOOOPCTBA,
OCHOBaHHAasi Ha HeMposjoruuecko cxeme PamieBckoro, M ykasbIBaeTcs Ha psJil OrpaHUYEHHH
MIPUMEHMMOCTH 3TOM Mojenu. B pamkax mnojaxoja MMUTALMOHHOTO MOJEJIHMPOBAHMS Ipeasiaraercs
JMCKPETHBIN aHAJIOT JaHHOW MOJIENM Ha OCHOBE KJIETOYHOro aBromara. [lokazaHo, 4To MakpoJuHAMUKa
HOBOM MOJEJIN COOTBETCTBYET MAaKpPOJMHAMUKE HCXOJHOM, YTO MOATBEPKAAECTCS MCCIEA0BAHUEM
JUCKPETHOM MOJEIM U IOJIyYeHHEM B paMKaX COOTBETCTBYIOLIMX BBIYMCIUTEIbHBIX IKCIEPUMEHTOB
pe3yabTaTOB, aHAJIOTHYHBIX MOJIYYEHHBIM Ha OCHOBE HENpepbIBHOW Mozenu. OOCyKIaeTcs paclmpeHne
IpaHUL] NPUMEHUMOCTH HCXOJAHON MOJENM U TOBBILIEHHE €€ aJeKBAaTHOCTH IYyTeM HCIIOJIb30BaHUS
MIPEUIOKEHHON MOJIEIIN.

KitoueBble cioBa: MMUTAlMOHHOE MOJEIUpPOBAHME, KJIETOYHBIE ABTOMAThl, MH(POPMALUOHHOE
IIPOTUBOOOPCTBO.

REPLACING INTEGRO-DIFFERENTIAL EQUATION WITH A CELLULAR AUTOMATON
IN THE INFORMATION WARFARE MODEL

M.E. Stepantsov

In the paper we consider a continuous model of information warfare based on Rashevsky
neurological scheme. As there is a number of limitations on the applicability of this model, we propose a
cellular automaton based discrete analogue for it. It is shown that the macrodynamics of the new model
corresponds to the macrodynamics of the original one, confirmed by a number of computational
experiments, yielding results similar to those obtained on the basis of the continuous model. Thus we
discuss the expansion of the applicability of the original model by using the proposed model instead.

Keywords: simulation, cellular automata, information warfare.

METOAAYECKOE U ITIPOI'PAMMHOE OBECIIEYEHUE ITPOLECCA T'UBKOHN
PA3PABOTKU ATEHTHBIX UMUTALIMOHHBIX MOJEJIEN

O.A. Hukoaaiiuyk, A.H. I1aBaos, A.b. Ctos100B

B cratee paccMmaTpuBarOTCA METOJ ONUCAHUS METOJOJIOTUH TPOCKTUPOBAHUSI areHTHBIX
MMUTAIMOHHBIX Mojenei (AVIM) u Meton mpoektupoBanus AWM ¢ ucmonbp30BaHUEM MPESIOKEHHON
paHee aBTOPCKOM CHCTEMBI MOJENEH, CHEHMUANIN3UPYIOMHUN MOJAEIBbHO-YIPABIAEMBbId IMOAXOX K
pazpabotke AWM. Pesynbrarom paboTbl MeTonoB siBisercs crnenudukamus AWM, conepikarias
WH(pOpPMAIIUIO O COCTaBE U apXUTEKType demMeHToB AVM, BKiIOYas alrOpuTMBbI )KU3HEHHBIX ITUKJIOB U
0a3bl 3HAHUI areHTOB U cpebl. [IpencTaBieHbl 0COOCHHOCTH MPOTPAMMHON peali3aliy MPEAT0KEHHBIX
METOIOB.

KunroueBbie ciioBa: MHOrOar€HTHbIE CHUCTEMBI, MMUTALMOHHOE MOJEIUPOBAHUE, YIIpaBIisseMas
MOJIETISIMU pa3padOTKa MPUI0KEHUH.

METHODOLOGICAL AND SOFTWARE TOOLS FOR THE PROCESS OF FLEXIBLE
DEVELOPMENT OF AGENT-BASED SIMULATION MODELS

O.A. Nikolaychuk, A.l. Pavlov, A.B. Stolbov

The article discusses the method for describing the design methodology of agent-based simulation
models (ABSM) and the method for developing ABSM. Both methods use the previously proposed
system of models, that specializes model-driven approach to the ABSM development process. The result
of the methods is the ABSM specification, which contains information about ABSM architecture,
including life cycle algorithms and knowledge bases of agents and the environment. The features of the
software implementation of the proposed methods are presented.

Keywords: multi-agent systems, simulation modeling, model-driven development.
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MOAEJHNPOBAHHUE YUCJIOBBIX TUIIOB JAHHbIX C HCITIOJIb30OBAHUEM
TPOUYHOI'O KOAUPOBAHUSA

N.B. Pynakos, I0.B. Ctporanos

B pabote paccMarpuBaroTCss OCOOCHHOCTH TPOUYHOH CHMMETPHUYHON CHCTEMBI CUHCIICHHSI.
[Ipennararorcs anropuTMel NapajuIeIbHOTO CIOKEHUS U BBIUATAHUS, a TAKXKE YMHOXKEHHS LIEJIBIX YUCEI
IIpU KOJUPOBAHMM B TPOUYHOM CHUMMETPUYHOM CUCTEME CYMCIIEHMs. PaccmarpuBaercs 3aBUCHMOCTH
BPEMEHH BBINOJIHEHHUSI AJITOPUTMOB OT KOJIMYECTBA BBIACIEHHBIX IIOTOKOB I MX peaJU3alUH.
OTMmeuaeTcs IPerMYILECTBO HCIOIb30BaHMsl paciapauieIMBaHus IS aIFOPUTMa YMHOKEHUSI.

KiroueBple cnoBa: TpouuHble BBIYMCICHMS, TPOMYHASI CUMMETPUYHAs CHCTEMa CUUCIICHMS,
napajuiebHbIE AITOPUTMBI, apU(METHIECKUE OTICPAIIHH.

MODELING NUMERIC DATA TYPES BY THE TERNARY CODING
I.V. Rudakov, Yu.V. Stroganov

This article is concerned with ternary logic application. Algorithms of parallel addition and
subtraction, as well as multiplication of integers are proposed for coding in a ternary symmetric number
system. The dependence of the algorithm execution time on the number of allocated threads for their
implementation is considered. The advantage of using parallelization for multiplication algorithm is
noted.

Key words: Ternary Computation, Symmetric Ternary Numeral System, Arithmetic Operations
Implementation, Parallel Algorithms.

NUMUTAIUMOHHOE MOJAEJINPOBAHUE KAK UHCTPYMEHT UIs1 MOAEJIMPOBAHUSA
MPOIIECCA MOI'PY30-PA3I'PY30UHBIX ONIEPAIIMIA C HEGTEINPOAYKTAMMA

B.O. Cymsituna, /1.0. lHIkiasieB

B mnHayuHoil paboTe TmpOBeAEH CpPAaBHUTEIbHBIM aHAIN3 TaKUX BHJIOB HMHUTALMOHHOTO
MOJIETUPOBaHUs, KaK areHTHOE MOJENMpPOBAaHUE U CHUCTeMHas JuHamuka. [IpencraBieHo mporpammHoe
obecrieuenne AnyLogic, KOTOpoe HCIOJb3yeTcs s MOAETUPOBAHUSA MPOILIECCOB, HANpHUMeEp,
noructuueckux. [Ipeacrapnena Mozens, pa3padoTanHas B pamkax cpenbl AnyLogic.

KiroueBble cioBa: JIOTMCTHKA, MMHUTALlMOHHOE MOJEIMPOBAHUE, AreHTHOE MOJEIMPOBAHUE,
CUCTEMHas TUHAMUKa, HeQTsHas OTpacb.

IMITATION MODELING AS A TOOL FOR MODELING THE PROCESS OF LOADING AND
UNLOADING OPERATIONS WITH OIL PRODUCTS

V.O. Sumyatina, D.O. Shklyaev

In the scientific work, a comparative analysis of such types of simulation modeling as agent
modeling and system dynamics was carried out. Presented software AnyLogic, which is used to simulate
processes, for example logistic processes. Presented a model, which was developed using AnyLogic
software.

Key words: logistics, simulation modeling, agent modeling, system dynamics, oil industry.
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IMPUMEHEHHUE UMUTAIHNMOHHOI'O MOJAEJIMPOBAHUA JIS1 OHEHKHU KAYECTBA
INPUMEHSIEMBIX METOJOB PACIIO3HAHUS PEYU B ABTOMATHU3UPOBAHHON
CUCTEME BEJIEHUSA TUAJOI'OB B PEXKUME PEAJIBHOI'O BPEMEHU

A.A. TapacseB, M.E. ®uiunnosa, K.A. Axcenos, E.H. Tananues, U.A. Kaannun

B nanHoil pa®oTe mpencTaBiIeHO NMPUMEHEHHE MMUTAIIMOHHOTO MOJEIMPOBAHUS IMPOBEACHUS
JIMAJIOTOB € BOIPOCHO-0TBeTHOM cucremoil « TBUH», pabotatomieil B pexxuMe pearbHOrO0 BPEMEHHU C
LEIbI0 TECTUPOBAHMUSA M AHAIM3a KAueCTBA PACIIO3HABAHUS HCIIOJIB3YEMBIMU CTOPOHHHMHU CHUCTEMAaMH.
JI1st 5TOrO NMpEeIoKEHO PEIICHHE, OCHOBAHHOE HA NMPUMEHEHUU PEaIM30BAHHBIX TEXHOJIOTMH CHCTEMBbI
II0 HACTPOWMKE W BEIACHMIO auanoroB. Ha OCHOBaHMM MONY4YEHHBIX pPE3YJbTATOB TECTUPOBAHUS
MIPEUIOKEHBI YIy4IIEHUS 1 MOIU(PUKAIIIHA CUCTEMBI PACIIO3HABAHUS.

KiroueBble cnoBa —ABromaTtuzauus, MynbTHareHTslii 1onoj, MMurannoHHOE MOIEIUPOBAHUE,
[Mpunsitue pemennii, real-time, Twin.

APPLICATION OF SIMULATION MODELING FOR ASSESSING THE QUALITY OF
SPEECH RECOGNITION METHODS APPYED IN THE AUTOMATED SYSTEM OF
DIALOGUE MANAGEMENT IN REAL TIME

A.A. Tarasiev, M.E. Filippova, K.A. Aksyonov, E.N. Talancev, I.A. Kalinin

This paper presents the use of simulation modeling of dialogs with the TWIN question and answer
system, which operates in real time for the purpose of testing and analyzing the quality of recognition
provided by third-party systems. For this, a solution is proposed based on the application of implemented
TWIN-system technologies for setting up and conducting dialogs. Based on the obtained test results,
improvements and modifications to the recognition system are proposed.

Keywords — Automation, Multi-Agent Pod, Simulation Modeling, Decision Making, real-time,
Twin.

ATI'EHTHBIE MOAEJIA 9BOJIOLIMOHHBIX UT'P
A.I'. Tomax

DBOJTIOIIMOHHBIE UTPHI — COBPEMEHHBIM METOJ] M3YUYCHHS PA3TUYHBIX SBICHUM OWOJIOTHYECKON U
COLIMATILHOW TPHPOJBI, MPEACTABISIONUN COOOW CHHTE3 MOJIXOJOB M3 KJIACCHYECKOM TEOpUH WTp,
TEHETUYECKUX aJITOPUTMOB U PEITUKATOPHOW JUHAMHUKH. MHOTHE aCTeKThI peaTu3aiii dBOTIOIMOHHBIX
UTp HOCSAT YHHBEpPCATbHBIA XapakTep M MOTYT OBITh peaqu30BaHbl B OOIIEM MPOTOTHUIE areHTHOM
MMHTAIMOHHOW MoJenu. B craTtbe omucaH peann3oBaHHBIA B cpepe AnyLOQIC mogo0HBINH TPOTOTHUI, U
MIPUBEJICH MEPEYCHb KOMIBIOTEPHBIX SKCIEPUMEHTOB C CO3JaHHBIMU Ha €r0 OCHOBE MOJEISIMU HIUPOKO
W3BECTHBIX U OPUTHHAIBHBIX IBOTIOIMOHHBIX UTP.

KitoueBbie ciioBa: areHTHBIE MOJICNH, OJBOJIOLMOHHBIE WIPHI, E©CTECTBCHHBIH  OTOOp,
KOOTIEpaTUBHBIE B3aMMO/ICHCTBHSI, IIPUCIIOCOOJIEHHOCTh, HAC/IeIOBAaHNE.

OIIEPATUBHOE INIAHUPOBAHUE U KOMBUHATOPHASI OITUMHA3ALINSA B
NUMUTAIDUOHHBIX MOAEJIAX TPAHCIIOPTHOU JIOTUCTUKHU ITPOEKTHOI'O
YPOBHA

A.l'. Tonaxk, O.B. TapoBuk, A.C. Peyukuii, B.A. Kuceaésn

B cratbe oOcyxmaercs poib W MECTONPOIEAYpP OINEPAaTUBHOIO IUIAHUPOBAHUS |
JUCIeTYepU3allud B MMMTALMOHHBIX ~ MOJENSAX  TPAHCIOPTHO-TEXHOJIOTUYECKUX  CHUCTEM,
HCIOJIB3YIOUIUXCA U1l UX MPEANpPOEKTHOro aHanu3a. [IpuBeeHbl IpakTUUECKUE MPUMEPBI TOCTPOCHUS
UMHUTALMOHHBIX MOJI€NEeH TECTOBBIX M DPEalbHbIX TPAHCIOPTHBIX CHCTEM, B KOTOPBIX PEATU3OBAHBI
MOJIyJIM ONTUMAJIBHOTO MJIAHUPOBAHUS HA OCHOBE METO0B KOMOMHATOPHON ONTUMM3ALMU U pEIIEeHUs
3a/1a4M y0BJIETBOPEHUS] OTPAHUYECHUM.

KnroueBble cnoBa: omnepaTMBHOE IUIAHMPOBAHMWE, HMMMTALMOHHAs MOJEIb, KOMOHMHATOpHAs
ONTHMHU3ALNSL, TPAHCIIOPTHO-TEXHOJIOTHYECKasi CUCTEMA, 3asiBKa, peECypc.
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OPERATIONAL PLANNING AND OPTIMIZATION IN SIMULATION MODELS OF
TRANSPORTATION LOGISTICS

A.G. Topaj, O.V. Tarovik, A.S. Reutsky, V.A. Kiselev

The article discusses the role and the place of operational planning and scheduling optimization
algorithms in simulation models of transportation and technological systems used for their pre-design
analysis. Practical cases of simulation model development forboth test and real logistics systems are
presented. These models contain the optimal planning modules based on combinatorial optimization
methods and using the third-party solversof the constraint satisfaction problem.

Keywords: operational planning, simulation model, combinatorial optimization, scheduling, agent,
resource.

O CPABHUTEJIBHOM AHAJIM3E ABTOMATHYECKHUX PEI'YJIATOPOB
HA OCHOBE UMUTAIIMOHHOI'O HATYPHO-MATEMATHUYECKOI'O
MOJAEJIMPOBAHMUA

B.b. Tpodumos

B pabote paccMOTpeHO MpHUMEHEHUE HaTypHO-MOJEJIBHOTO MOJAX0/Aa K 3a/lade MOJAEIUPOBAaHUS U
CPaBHUTEIBHOTO AaHAIM3a QJITOPUTMOB aBTOMATUYECKOTO PEryJIUpOBaHUs, JACTAIM3HpPOBAHA CXeMa
MOJEIUPOBAHUS.

COMPARATIVE ANALYSIS OF AUTOMATIC CONTROLLERS
BASED ON MATH/FULL-SCALE SIMULATION MODELLING

V.B. Trofimov

In the work the application of real-modeling approach to a task of modeling and the comparative
analysis of automatic control algorithms is discussed, and the scheme of modeling is detailed.

NPUMEHEHUE UMUTAIMOHHOI'O MOJAEJIMPOBAHUSA K OIITUMU3ALIUA
NHAEKCOB BA3 JAHHBIX

N.H. Tpyo

PaccmoTpena nByxgazHas HWMUTAIMOHHAs MOJeNb JUIs ONTHUMAalbHOIO BbIOOpa pa3mepa
IpyNIoOBOro OMTOBOro MHAEKca B Tabnuue pensiuoHHod CYBJl. BXOAHBIMH JTaHHBIMH SIBIISIOTCS
(GYHKIIUU pacnpeesieHuid 171 MHIEKCUPYEMOT0 CBOMCTBA M JUIsl LIMPUHBI PAHTOBOTO 3a1poca Mo 3TOMY
CBOMCTBY. AHaJIN3 BXOJHBIX JAHHBIX pa3/€JIEH Ha Cilydail CTAallMOHAPHOIO BXOJHOIO MOTOKA, €CJIM THII
CBOMCTBA - BpeMsl, U CIydail 0OBIYHOTO MHOXKECTBA JIaHHBIX, €CJIM THIT CBOKCTBA - unciio. [IpencraBiensl
YHCJIEHHBIE PE3YJIbTAThl, IOJyUYEHHbIE HA OCHOBE MOJIEJIH.

KiroueBbie cioBa:  cucTeMbl TpUHATHs pemieHnit, ad hoc 3ampockl, OWTOBBIC WHICKCHI,
TpyNIUPOBAaHHUE, CIy4alHBIA IMOTOK COOBITHH, (PYHKIUS pacmpeieNeHHs BepoATHOCTEH, IByX(azHoe
MOJIETUPOBaHNUE, pacciioéHHas BBIOOpPKA, aHAIIN3 BXOIHBIX JaHHbBIX.

SIMULATION MODELING FOR DATABASE INDEXES OPTIMIZATION
I.I. Trub

The article describes two phase simulation model for the optimal choice of bin size in the table of
relational database. The input data are the distribution of indexed property and the distribution of range
query width on this property. Two cases of input modeling are considered, such as stationary random
event flow for the time property and usual dataset for the number property. Numerical results of
simulation are presented and studied.

Keywords: decision support system, ad-hoc requests, bitmap indices, binning, random event flow,
probability distribution function, two phase model, stratified sampling, input modeling.
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CUTYAIMOHHOE MOJAEJIMPOBAHUME KAK METO/J HIOATI'OTOBKHU CIIEHUAJIUCTOB
N OOPEKTUBHOCTU IPUHATUA PELLHEHUSA

A.B. ®apaoHoB

[TonroroBka cHenManIuMCTOB, OCHOBaHHasi Ha MOJCIMPOBAHMM HENPEABUACHHON CUTyallUHd Ha
Mapuipyre, BbIOOpe HOBOTO MapuIpyTa JOCTaBKH, OOYYEHHUH HEOOXOIMMBIM KBaJTU(PHUKALIMOHHBIM
HaBbIKAM M T[PUHATUS PpEUIEHMM Ha OCHOBE HMMHUTALlMOHHOTO MOJEIUPOBAaHUS TPAHCIOPTHO-
JIOTUCTUYECKUX CUCTEM, MozaenupyeMblx B cpene AnyLogic, ExtendSim8u «BusinessMap». Pemaercs
3a/laya MHOTOKPUTEPHUAJIBHOTO BBIOOpAa MAapLIPYTOB JIOCTaBKM B YCIIOBUSIX HEOIPEJEICHHOCTH,
OCHOBAHHBIX HAa TEOPUU HEUETKUX MHOXECTB.

KitoueBsie cioBa: [loaroroBka crnenuanncToB, CUTYallMOHHAs MOJIEIb, HEYETKHE CUTYallOHbIE
CeTH.

SITUATIONALSIMULATION AS A METHOD OF TRAINING SPECIALISTS
ANDEFFICIENCYOFDECISION-MAKING

A.V. Faraonov

Training of specialists based on modeling an unforeseen situation on the route, choosing a new
delivery route, teaching the necessary qualification skills and making decisions based on simulation
modeling of transport and logistics systems modeled in AnyLogic, ExtendSim8 and “Business Map”.
The problem of multicriteria choice of delivery routes is solved under conditions of uncertainty based on
the theory of fuzzy sets.

Keywords: training of specialists, situational model, fuzzy situational networks.

GPSS STUDIO — HOBBIE BO3MOKHOCTHU U IIEPCIIEKTUBBI PA3BUTUSA
M.B. ®enoros, B.B. /leBsaTkos, T.B. [leBsATKOB

B crarbe mpencraBieHa HOBasi BEpCHUS MPOTPAMMHON CHUCTEMBI JIJIsl aBTOMATHU3AIUN Pa3pabOTKH
JUCKPETHO-COOBITUIHBIX MOJIEJIeil MW TPOBEACHHS WMHUTAMOHHBIX uccienoBannit GPSS  Studio.
Onucansl HauOoliee BaKHBIE HM3MEHEHUS, KOTOPBIC PACHIMPSIOT BO3MOKHOCTH HCCIEAOBaTeNs U
yOpOIIaloT pabdoTy ¢ MOJENbI0: HOBBIE HMHCTPYMEHTHI aHHMMAIIUH, TEHEpaTOp HMTOTOBOTO OTYETa,
crannaptHas Oubnuoreka GPSS T900B, wuHCTpyMeHTapuii TecTHpOBaHHS TI00B U MOJACHCTEMA
OINTUMH3ALIHSA.

KitoueBbie cioBa: uMHUTallMOHHOE MojenupoBanue, GPSS, anumanus, HUTOroBbId OTYET,
TECTUPOBAHUE DJIEMEHTOB MOJIEIIH, ONTUMHU3AITHSI.

GPSS STUDIO - NEW OPPORTUNITIES AND PROSPECTS
M.V. Fedotov, V.V. Devyatkov, T.V. Devyatkov

The article presents a new version of GPSS Studio software. It is automates discrete-event
simulation models development process and helps an explorer to perform simulation researches. The
article describes most important changes that expand the capabilities of the researcher and made model
development simpler. Some of them are new animation tools, final report generator, standard GPSS TEB
library, TEB testing framework and optimization subsystem.

Keywords: simulation, GPSS, animation, final report, model elements testing, optimization.
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TEXHOJIOI'US CO3JAHUA CIIEHUAJIM3UPOBAHHBIX MTHCTPYMEHTAJIBHBIX
CPEACTB UMUTAIIMUOHHOI'O MOAEJINPOBAHUSA JOT'NCTUYECKUX ITPOUECCOB

M.II. ®uases, A.A. BopoobeB

I/IHCTp}IMCHTapI/Iﬁ COBPCMCHHBIX IMporpaMMHBIX cpea HUMUTAIIlMOHHOI'O MOACIIMPOBAHUA
MO3BOJISIET pa3palaThIBaTh aJeKBaTHBIC MOJEIU CIIOXKHBIX JIOTUCTUYECKUX TporeccoB. [lpu sTom
JKU3HCHHBIN UK MOJCIN OCTAaCcTCd HCIPOAOJDKUTCIIbHBIM BBUIY e€ cuILHOHU MMPUBA3AHHOCTU K
CTPYKTYpEe HCCIeIyeMOro mporecca. PacCMOTpeH TEXHOJNOTMYECKMH TOAXOA K  CO3JaHHIO
CIICHUAIM3UPOBAHHBIX HHCTPYMCHTAJIBHBIX CpPCACTB HUMHUTAOIWMOHHOIO MOACIUPOBAHUA OAHOTUIIHBIX
JIOTUCTUYECKUX TPOIIECCOB, MO3BOJISIONIMN MOJIB30BATEII0 aJalTUPOBATh MMHTAIIMOHHYIO MOJENb K
M3MEHSIONIECHCS CTPYKTYpE Iporecca 0e3 MpuBIIedeHNs pa3padoTunKa.

KiroueBble cioBa: WMHTAIMOHHAs MOJENb, HHCTPYMEHTAIBHOE CPEICTBO, JIOTUCTHYECKUN
HpOLIECC, TEXHOJIOTHS MOJICITMPOBAHUS, MaTepHAIbHO-TEXHIYECKOE 00eCIICUeHHE.

TECHNOLOGY OF CREATION OF SPECIALIZED INSTRUMENTAL MEANS OF
SIMULATION MODELING OF LOGISTIC PROCESSES

M.P. Filyaev, A.A. Vorobiev

The toolkit of modern software environments for simulation allows the development of adequate
models of complex logistics processes. At the same time, the life cycle of the model remains short
because of its strong attachment to the structure of the process under study. The technological approach to
the creation of specialized tools for simulation of the same type of logistic processes, which allows the
user to adapt the simulation model to the changing process structure without involving a developer, is
considered.

Key words: simulation model, tool, logistic process, modeling technology, logistics.

AJTOPUTMMU3AILINA TPEBOBAHUM K UMUTAIIMOHHOM MOJEJIA BU3HEC- _
MNPOLHECCA PASPABOTKH U KACTOMU3AIIUU UHTET PALIMOHHBIX PEHHIEHUA
B IT-KOMITAHUU

C.B. XamxxueBa

Cratbst nocBsiiieHa npodsieme BHeApeHus ruokoit merononoruun Agile B IT-komnanuu. Pemmaemast
3a7a4a HOCHUT TpUKIaJAHON xapaktep B IT-oTpaciu U COCTOMT B ONpENENECHUH BIMSHUS W3MEHEHHH,
BHEAPSEMBIX PYKOBOJACTBOM IT-xkommanuu, Ha Ou3HEC-TIpolecC pa3pabdOTKU M KacTOMU3ALUHU
MHTErpallMOHHBIX penieHui B ycnoBusix Agile-tpacdopmanuu. Llenbio siBIsSieTCs COBEPLICHCTBOBAHHE
MEXaHU3MOB MPUHATHS pELUIeHUH 3a CYET TMOJIyYeHHs HOBBIX JIaHHBIX O (YHKIHMOHHUPOBAHUH
uccienyeMoro Ou3Hec-Ipolecca Ha OCHOBE Pe3yJbTaTOB MMHUTAIMOHHOTO MOJEIMpPOBaHUSA. ABTOPOM
BBIJICJIIIOTCS M OMMCHIBAIOTCSA XapaKTepHbIe OCOOCHHOCTH 3Tana TpaHchopmarnuu. [Ipennoxen cnocod
AITOPUTMHU3ALMU TpeOoBaHMN Juis pa3pabOTKU MOJENH, YUYUTHIBAIOMIUNA BIUSHUE BBIJCICHHBIX
XapaKTepUCTHK. [JTaBHOE JOCTOMHCTBO AalTOPUTMHYECKOTO MPEJCTAaBICHHUS TpeOOBaHMH — THOKHI
Mepexo/l OT 3Tala aHAIUTHUKHU K MPOTPaMMHON peanu3anuu Mojaenu. [lomydeHHble pe3yapTaThl TO3BOIAT
Ha HAY4YHOH OCHOBE OICHUTH APPEKTHBHOCTH PA3TMUYHBIX CTPATETHil YHpaBieHUs OU3HEC-TPOLECCOM
pa3paboOTKM M KAacTOMHU3allMM  WHTErPAllMOHHBIX  pEeHIeHMd B HMHTEpecax  COXpaHEHHSs
KOHKYPEHTOCIIOCOOHOCTH KoMnaHuu Ha peiHke IT-ycayr. JlanHas craThst OyneT mosie3Ha aHaTUTUKAM U
pa3zpaboTuukaM MMUTAIMOHHBIX Mojelnel, a Takke IT-MeHemkepaM U IpYruM JIHIAM, TPUHUMAIOIIIM
peurenus B [T-komnaHuu.

KiroueBbie ciioBa: WMHUTAIIMOHHOE MOJENMpOBaHue, OwusHec-miporecc, IT-kommanus, Agile-
TpaHchOopMaIus, aITOPUTM.
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ALGORITHMIZATION OF REQUIREMENTS FOR AN SIMULATION MODEL OF BUSINESS
PROCESS OF DEVELOPMENT AND CUSTOMIZATION OF INTEGRATION SOLUTIONS
IN IT-COMPANY

S.V. Hadzhieva

The article is devoted to the problem of implementing an Agile methodology in IT-companiy. The
task to be solved is to determine the impact of changes introduced by the management of the IT-company
on the business process of developing and customizing integration solutions. Aim of the study is to
improve decision-making mechanisms based on simulation modelling results. The author identifies and
describes the specific features of the transformation stage. In addition, a way for requirements
algorithmization for model development is proposed taking into account the influence of the selected
characteristics. The main advantage of the algorithmic representation of requirements is a flexible
transition from the analytics stage to the software implementation of the model. Obtained results will
allow to evaluate the effectiveness of various strategies for managing the business process of developing
and customizing integration solutions in the interests of maintaining the company's competitiveness in the
IT-services market. This article will be useful to analysts, developers of simulation models and IT-
managers.

Keywords: simulation modeling, business process, IT company, Agile transformation, algorithm.

UMUTAIIMOHHO-AHAJIUTUYECKASI CACTEMA JIOIIMAHCKOI1
WUH®OPMALIMOHHOM MOJJAEP)KKU MOPCKOI'O TOPTA

SA.A. SIxoaesa, 1.0. bonnapesa, A.A. XaHoBa

PaccmoTpena cTpykTypa, COCTaB M B3aUMOCBSI3U TIOJICUCTEM, MOJYJIEM U KOMIIOHEHTOB
MMUTAIMOHHO-aHATUTHYECKOM CHCTEMBI JIOIIMAHCKON WH(GOPMAIMOHHOW MOIAECPKKH MOPCKOTO TOpTA.
JleTanbHO paccMOTpEeHa MMHTAIMOHHAS MOJENb MPOIECCOB JIOIMAHCKOW MpoBoJku B Anylogic Ha
OCHOBE WHTETPAllUM JTUCKPETHO-COOBITUMHONW W areHTHON MOJENH, BKJIIOYas TeoMH(POPMAIIMOHHBIN
KOMNOHEHT. [lpuBeneHoO omnucaHue KOMIOHEHTOB MOJYJiE MHTEIUIEKTYJIBHOTO aHaliu3a JaHHBIX
peayin3oBaHHOTO Ha 0Oa3ze aHanuTtuueckoil tutardgopmsl Loginom. Ilokazano mnpeumyiecTtso
HWCIIOIb30BaHUS HMMUTAIMOHHO-aHAIMTHYECKOI0 TOAXOJa C IEelIbl0 JeTaIu3alldi aHajiu3a U
MIPOTHO3MPOBAHUS TTOKA3aTENICH B Pa3IMUHBIX HABUTAIIMOHHBIX CUTYAIHsX.

KiroueBbie cnoBa: KOMIUIEKC MOJENEH, MOPCKOW MOPT, JOLMAHCKasi MPOBOAKA, UMUTALMOHHOE
MOJICTMPOBAHNE, HHTEJUICKTYAJIbHBIN aHATN3 JTAHHBIX.

SIMULATION AND ANALYTICAL SYSTEM OF PILOT INFORMATION
SUPPORT OF SEA PORT
J.A. Jakovleva, 1.0. Bondareva, A.A. Khanova

The structure, composition and interconnections of subsystems, modules and components of the
simulation and analytical system of the pilot information support of the sea port are considered. The
simulation model of pilot wiring processes in Anylogic based on integration of discrete-event and agent
model, including geo-information component, is discussed in detail. The components of the data
intelligence module implemented on the Loginom analytical platform are described. The advantage of
using a simulation-analytical approach to detail analysis and forecast of key figures in different
navigation situations is shown.

Keywords: model complex, sea port, pilot wiring, simulation, Data Mining.

UMMOJ - 2019 667



AHHOTAIINU CTATEM / ABSTRACTS

OIITUMU3ALUSA MTPOU3BOACTBA 110 YITAKOBKE TOBAPOB B CUCTEME ANYLOGIC
H.A. ®arraxos, 3.P. XanoBa, B.B. MokumH

B nanHOi1 cTaThe npencTaBlieHa CTPYKTYpHasi CXeMa OpraHu3aliy Mpolecca yIakoBKU TOBapa, a
MMEHHO TaKHX €€ Pa3/eioB Kak «YTIakoBKa TOBapoB» M «COOpKa yITaKOBAHHBIX TOBAPOBY, JIUISl U3YUCHUS
noapoOHOM HHPOpMAIMK 00 ATHX IMOJACHUCTEMAaX CYIIECTBYET BO3MOXKHOCTh MPOYUTATh UX OIHUCAHHE.
Taxke mpuBeleHa MMHTAIIMOHHAS MOJIENb PabOThI MPOU3BOJCTBA IO YIIAKOBKE TOBApOB B CHUCTEME
MMUTAIIMOHHOTO MojienupoBanusi AnyLogic.

KiroueBbie ciioBa: TMPOM3BOJCTBO, VYIAKOBKa, TOBapbl, HMMHUTAIMOHHOE MOJEIUPOBAHUE,
ntumMuzanus, cucrema AnylLogic

OPTIMISATION OF WORK PACKAGING PRODUCTION IN THE SYSTEM ANYLOGIC
N.l. Fattakhov, Z.R. Khanova, V.V. Mokshin

This article presents a block diagram of the organization of the product packaging process,
namely, such sections as “Packaging of goods” and “Assembling of packed goods”, for studying detailed
information about these subsystems there is an opportunity to read their description. Also shown is a
simulation model of the production of packaging goods in the simulation system AnyLogic

Keywords: production, packaging, products, simulation modeling, optimisation, AnyLogic
system.

MOJEJIb MOBEJAEHUS MOJb30BATEJISI KOPIIOPATUBHOW CETH NEPEJIAYN
JTAHHBIX

M.M. MonaxoBa, [[.A. lllepynTtaes, U.C. Mapkos, /I.B. Ma3zypok

OnHoif W3 TJaBHBIX 3a4a4 pa3padOTKU MOJAETH SBJISETCS TOBbIIeHHE 3()PEeKTUBHOCTH
oOHapy>XKeHUS VHIIUJCHTOB nH(pOpMAITMOHHOM 0€30macHOCTH yTeM UIeHTU(DUKAITIN
MOJIb30BATENIS/3TOYMBIIIUICHHUKA B KOPIIOPATUBHOM CETH TMepenadyd JaHHBIX. HaydyHas HOBU3HA
MOJIyYE€HHBIX PE3yJbTaTOB 3aKII0YAETCs B pa3paboTKe MOJIEIH MOBEAEHUS MOIb30BaTeNsl KOPIOPATUBHON
CeTH Tepeqayd JaHHBIX, pa3paboTke ajropuTMa BBIABIECHUS UHIUACHTOB Wb, cBs3aHHON ¢
HECaHKIMOHUPOBaHHBIM goctynom B KCII/I.

KntoueBble cnoBa: uaeHTH(UKALUs, TOJb30BATENb, MOPTPET IMOJNb30BaTeNs, JIMLA YEpPHOBA,
KOpHOpaTHBHAsI CETh Nepeaul JaHHBIX, KIIaBUATYPHBII MOYEPK, MBIIIb.

BEHAVIOR MODEL OF THE USER OF A CORPORATE DATA TRANSMISSION NETWORK
M.M. Monakhova, D.A. Sheruntaev, 1.S. Markov, D.V. Mazourkas

One of the main tasks of development of model is increase in efficiency of detection of incidents
of information security by identification of the user/malefactor in a corporate data transmission network.
The scientific novelty of the received results consists in development of behavior model of the user of a
corporate data transmission network, development of an algorithm of identification of incidents of 1B
connected with illegal access in KSPD.

Key word: identification, user, portrait of the user, person of a chernov, corporate data
transmission network, keyboard handwriting, computer mouse.

UMMO/JI - 2019 668



AHHOTAIINU CTATEM / ABSTRACTS

KOMILTEKCHASI UMUTALIMOHHA S MOJIEJIb YYEBHO-METOJIUYECKOM
JAEATEJIBHOCTU BY3A

C.M. lllep6axosB

[lenpto pabOTHI SBISETCS TOCTPOSHUE WUMHUTAIIMOHHOW MOJCIH IS OICHKH W MHHHMH3AIIH
3arpar TpyJda MpernojaBaresied M COTPYJHHKOB By3a Ha y4eOHO-METOJIUYECKYIO JESATCILHOCTh B
ycrnoBusix  ®I'OC  3++. B kadecTBe WHCTPYMEHTApHUS UCIOJB3YeTCS CHCTEMa HMMHTAIMOHHOTO
moaenupoBanuss CUM-UML. Mopens BKIIOYaeT CEKTOPHI OakanaBpuaTa, MarucTpaTrypbl, aCIUPAHTYPHI,
JIOTIOJTHUTEIBHOTO MPO(ECCHOHATBHOTO 00pa30BaHMs, OTPAXKACT MPOIECCHl TUNIAHUPOBAHUSA, Pa3pabOTKH
KOHTEGHTa, odopMwieHus. Mojenb M03BOJISET CHOPMHPOBATH HAMpPABJICHUS aBTOMATH3AallUd U
peopraHu3alui IporeccoB yueOHO-METOIUYECKOU pabOTHI.

HccnenoBanue BhIMONHEHO NTpH (hMHAHCOBOW Tojyiepskke Poccuiickoro honna GpyHmaMeHTaIbHBIX
uccinenoBanuii (PODU) B pamkax HayuHoro mpoekra 19-013-00690 «DxoHOMHKA YIeOHO-METOHIECKOM
JIESITEIIbHOCTH B BBICIICH LITKOJIEY.

UNIVERSITY EDUCATIONAL-METHODICAL ACTIVITY SIMULATION
S.M. Shcherbakov

The aim of the study is to build a simulation model for assessing and minimizing the labor costs of
teachers and university staff on the educational methodical activity. SIM-UML software is used as
simulation tool. The proposed model includes such sectors as: undergraduate, graduate, postgraduate,
additional professional education; processes such as planning, content provision, documents formation.
The model allows to determine educational and methodological support of the university processes
automation and reengineering directions.

The reported study was funded by Russian Foundation for Basic Research (RFBR) according to
the research project Ne 19-013-00690 “Economics of educational and methodological activities in high
school”

ATEHTHOE MOJIEJIMPOBAHUE U CJIYYAMHBIE TPA®BI
M.H. IOauuna

PaccmarpuBaroTcst CTpyKTyphl B3aumMojeicTBusi areHToB B AnyLogic. Bwibop KOHKpeTHOM
CTPYKTYpbl B3aUMOJICHCTBUS areHTOB B BHUJE CIy4allHOTO rpada CyIIeCTBEHHO BIMSET HA Pe3yJbTaThl
MOJICIIMPOBAHUS CETEBBIX MpolieccoB. B padore npennaraercs st HOBBIIEHUS aJ€KBAaTHOCTU areHTHBIX
MojIeiell UCTIoNb30BaTh Irpadbl MPEANOYTUTENLHOTO CBSI3bIBAHMS, TO3BOJISIIOIINE JOCTUYh COOTBETCTBUS
0 3a/IaHHBIM CTPYKTYPHBIM XapaKTepPUCTUKAM CIy4alHbIX rpad)oB U MOAETUPYEMBIX ceTel. Peanuzarus
rpadoB MpeInoUYTUTENBHOTO CBA3BIBAHUS U CPEJICTB UX KAIMOPOBKH IMO3BOJIMT BBIOJIHAThH UCCIIEAOBAHUS
CETEH U CETEBBIX MPOLIECCOB CPEICTBAMU ar€HTHOIO MOJEINPOBAHNS HA KAYECTBEHHO HOBOM YPOBHE.

KnroueBble c0Ba: areHTHOE MOJEIUpPOBaHKE, Tpadbl MPEANOUYTUTENLHOTO CBS3bIBAHUS, CETEBbIC
IIPOLIECCHI.

AGENT-BASED SIMULATION AND RANDOM GRAPHS

M.N. Yudina

Types of agent interaction structures in AnyLogic are considered. The choice of a specific agent
interaction structure significantly affects the results of modeling network processes. To increase the
adequacy of agent models, it is proposed to use increasing correspondence for given structural
characteristics of random graphs and simulated networks. Preferential attachment random graphs are
investigated as a basic network model. The implementation of the preferential attachment random graphs
and graph calibration will allow the study of networks and network processes by means of agent
simulation at a qualitatively new level.

Key words: agent-based simulation, preferential attachment random graphs, network processes.
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UMUTAIIMOHHOE MOJIEJIMPOBAHUE ITOJIOBO3PACTHOM CTPYKTYPBI
YYACTHUKOB NIPOI'PAMM HEI'OCYJAPCTBEHHOT'O IEHCHOHHOI'O
CTPAXOBAHMUAA

O.H. SIpxoBa

B pabore mpemioxkeHa WMUTAIMOHHAs  MOJENIb  NPOTHO3MPOBAHMS  KOJIMYECTBA U
[I0JIOBO3PACTHOTO  pPACIHpeseeHHs] YYaCTHUKOB IEHCHUOHHBIX IPOTrPaMM  HEroCyAapCTBEHHOTO
MEHCUOHHOTO (GoHNa. B Monenu y4uThIBaeTCsl CTOXAcTUYECKash MPUPOJa 3aKIIOUEHUS M PACTOPIKEHUS
JIOTOBOPOB C (DOHJOM, CMEPTHOCTH YYAaCTHHKOB IEHCHOHHOW IMPOTpaMMbI, B TOM YHUCIE C YYETOM
BO3PACTHBIX XapaKTEPUCTHK, BbIXOJAa HAa MEHCHID IO IMPUYMHAM HE CBS3aHHBIM C JIOCTUKEHUEM
[IEHCMOHHOTO Bo3pacta. [lpuBeneH anroput™M MOJAEIUPOBAHUS, NPOBEIACHBI BBIYUCIUTEIbHBIC
SKCIEPUMEHTBHI.

KiroueBble ciioBa: MMHUTALIMOHHOE MOJEIMPOBAHHUE, MOJOBO3pACTHAsl CTPYKTypa, BO3pacTHBIE
KOTOpPThI, IEHCHOHHOE CTPAaXOBaHKE, HETOCY1apCTBEHHBINH IEHCUOHHBINA (POH/I.

SIMULATION MODELING OF GENDER-AGE STRUCTURE OF PARTICIPANTS OF NON-
STATE PENSION INSURANCE PROGRAMS

O.N. Yarkova

The paper proposes a simulation model for predicting the number and age distribution of
participants in pension programs of non-state pension fund. The model takes into account the stochastic
nature of the conclusion and termination of contracts with the fund, mortality of pension program
participants, including taking into account age characteristics, retirement for reasons not related to the
achievement of retirement age. The article presents a modeling algorithm, computational experiments are
carried out.

Keywords: simulation modeling, gender and age structure, age cohorts, pension insurance, non-
state pension Fund.
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