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PA3PABOTKA MHTEJJIEKTYAJIBHOM TEXHOJIOT AU

HNOJJAEPKXKHU MPUHSATHUA PEINEHUN B CHCTEMAX MACCOBOI'O

OBCIYXKNBAHUA HA OCHOBE UX UMUTAIIMOHHOI'O
MOJIEJINPOBAHUA HA CYIIEPKOMIIBIOTEPAX
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B nacrosee Bpemst nopblmeHne 3QGEKTUBHOCTH YIPABICHUS CIOKHBIMA OOBbEKTAMHU B OOJIBIIMHCTBE CITy-
4aeB JIOCTUTAeTCs IyTeM MHTEIUICKTYaIN3aliuK MX YNPABISIONMX CHCTEM. B CBA3M ¢ 3TUM B cTaThe MpeUIokKeH
HOBBII IOAXOX K IPEIMETHO-OPHEHTHPOBAHHOMY HCCIIEIOBAHHIO CHCTEM MAacCOBOTO OOCITyXHBaHHs. B pamkxax
JIAHHOTO MOJX0/1a Pa3pabaThIBAIOTCSI HOBBIC HHTCILUICKTYaIbHbIC MOJICIIH, AITOPUTMBI, METOZBI X HHCTPYMCHTAPHH,
HpE/IHA3HAYCHHBIC ISl TOJUICPXKKH HMPHHATUS PELICHUH B MPOLEcce YIpPaBIeHHs CHCTEMaMH MacCoBOTro 00ciy-
JKMBAaHHS Ha 0a3e CTPYyKTYPHOTrO M IapaMeTPUYSCKOTO aHAIIH3a X XapaKTePHCTUK, CBOWCTB M MPOIECCOB PAOOTHIL.
IMepeuncnenusie pa3paboTKN OOBEAMHSIOTCS B HOBYIO CICHHAIN3MPOBAHHYIO TCXHOJOTUIO HPUHATHS PEIICHHIA.
PazpabarbiBaeMble METO/IbI M CPEJCTBA MOJIEIMPOBAHUS CUCTEM MACCOBOIO OOCIIYXKHMBaHUS OyayT MCHOJIb30BaHbI
B IIPOLIECCE UCCIICOBAHUS BaXKHBIX HH(PPACTPYKTYpPHBIX 00BeKTOB baikaibckoil IpUPOIHON TepPUTOPHH, HCHIOIb-
3yIOLMX IpuponocOeperaroiue rexHonoruu. C 3Toi Henbio pa3padaTeiBatoTces HU(POBBIC TBOHHUKU HHOPACTPYK-
TYPHBIX 00bekTOB. OHHM TO3BOJISIIOT PACIIMPUTH JIMAIIA30H MCCIICAYEMbIX YCIOBHH (YyHKIMOHUPOBAHHUS MH]pa-
CTPYKTYPHBIX 00bEKTOB. VX IpHMeHeHHe TaeT BO3MOKHOCTH 00JIee TOYHO OLEHHTH JOCTHIaeMyIo 3 (heKTHBHOCTH
HX CO3/IaHUs U pabOThI, COKOHOMUTD PECYPChl, MUHUMU3UPOBATh PUCKH OLIMOOK U ¢O0eB 000pyI0BaHMUS, TPOIUTD
CPOK CTaOHIbHOI PabOThl JaHHBIX 00BEKTOB. [lOMONMHUTEIEHO MOKHO Oy/eT MOIyYHTh MAKCUMAIBHYIO OTa4y OT
WMHBECTUIUH B IPHPOJOCOEPEraroNine TeXHOIOTHH, TOBBICUTE KOHKYPEHTOCIIOCOOHOCTE 0OBEKTOB H HAPACTUTB JIO-
SUTBHOCTB UX KJIMCHTOB.
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DEVELOPMENT OF INTELLIGENT TECHNOLOGY
FOR DECISION MAKING SUPPORT IN QUEUING SYSTEMS BASED
ON THEIR SIMULATION MODELING ON SUPERCOMPUTERS

Feoktistov A.G., Kostromin R.O., Gorskiy S.A.
Matrosov Institute for System Dynamics and Control Theory of SB RAS, Irkutsk,
e-mail: agf65@yandex.ru

Nowadays, improving the management efficiency of complex objects, as a rule, can only be achieved through
the intellectualization of their control systems. In this regards, we propose a new approach to the subject-oriented
study of queuing systems. In this approach, new intelligent models, algorithms, methods, and tools are developed.
They will be integrated within the framework of a unified decision support technology for managing queuing
systems based on an analysis of their structural and parametric characteristics. The developed methods and tools of
modeling queuing systems will be used in the process of studying the important infrastructural objects of the Baikal
Natural Territory that use environmentally friendly technologies. To this end, digital twins of infrastructural objects
are developed. They enable to expand the range of studied conditions for the operation of infrastructural objects. We
will more accurately evaluate the achieved efficiency of their creation and operation, save resources, minimize the
risks of equipment errors and failures, and extend the period of stable operation of these objects. In addition, it will
be possible to obtain the maximum possible return on investment in environmentally friendly technologies, increase
the competitiveness of objects, and enhance customer loyalty.

Keywords: queuing systems, modeling, digital twins, infrastructural objects, high-performance computing

B nacrosmee BpeMsi nccieoBaHue MOBe-
JEHHS] CII0)KHOOPTAaHM30BAHHBIX COIMAIBHO-
SKOHOMHMYECKHUX M TEXHHYECKHX CHUCTEM Mac-
cooro obciyxuBanus (CMOQO) Bo BpeMeHH
Ha pa3HbIX ATaNax uX NPOESKTUPOBAHUS U PYHK-
LMOHUPOBAHUS SIBISIETCS OOHOM M3 BaXKHBIX
mpo0JieM WMUTAIIMOHHOTO MOJICIUPOBAHUSI.
CrnoxHOCTh TUHaAMHUYECKOH cTpykTypsl CMO
oOyclioBiieHa: OONBUIMM YHCJIOM Ba)KHBIX
XapakTepucTHK QyHKIHoHHpoBanus CMO
U CBA3CH MEXAYy HUMH, INPEICTaBICHHBIX
(DYHKIMOHAJIBHBIMHY, CTAaTHCTHYECKUMH, He-

OJTHO3HAYHBIMH UJIM MUHBIMH OTOOPaKCHHUSIMH;
CYyIIIECTBOBAHUEM ITMPOKOTO CIEKTpa CIydai-
HBIX COOBITUH M 3aKOHOB UX paCIpEICICHHS,
HAJIMYUEM OTPaHUYCHUH Pa3IMYHBIX BUJIOB.
CMO wucnonb3yrorcss A MOAEIUPOBA-
HHASI TIPOIIECCOB OOCTY>KMBAHUS KIUEHTOB,
MIPOU3BOJICTBA, TPAHCIIOPTUPOBKH, CBSI3H, 00-
paborkn wHpOpMaUK, QYHKIHOHUPOBAHUS
UH(PACTPYKTYPHBIX OOBEKTOB U APYTUX TPO-
ueccoB. [IpuMeHeHnEe UMUTALIMOHHOTO MOJIE-
JUPOBAaHUA TO3BOJIIET CYIIECTBEHHO YIIPO-
CTUTHh pa3pabOTKy ONTHMAIBHBIX PEKIMOB
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UX paboThl, a TakXKe HaxXOKJIeHHEe U BBIOOP
YIPaBISAIOIINX MapaMeTpoB. B pamkax Tako-
ro MOJEITUPOBaHUS pa3padaThIBAETCS WMU-
TallMOHHAs TPOTrpaMMa, BOCIPOU3BOIAIIASL
mporecchl paboThl HCCIEAYEMON CHCTEMBI,
OTIPEJICIISIFOTCS] €€ BXOJIHBIC U BBIXOJHbIC (Ha-
OmormaemMble) MapameTphl, 3aJaloTcsl BHEI-
Hue BozuelictBus. [loaroroBka MHoOroBapu-
AHTHBIX PACUETOB OCYIIECTBISAETCS ITyTeM
riepebopa 3HAYEHW BXOAHBIX TMEPEMEHHBIX
B 33/IaHHBIX JHanazoHax. J[is kaxmaoro Bapu-
AHTa BXOJIHBIX MIEPEMEHHBIX PACCUYUTHIBAIOTCSI
COOTBETCTBYIOIIE BBIXOIHBIE TEPEMEHHEIE.
[Tony4yennble pe3yabTaThl PacyeTOB ONTHUMU-
3upytoTcsa. Takum 00pazoM, ONTHMAabHBIE
rmapamMeTpbl TPOILEcCOB pabOTBI  CHCTEMBI
HIIYyTCS HA OCHOBE MeToma rpy0oii cuiel. Ka-
YECTBO MOJYUYEHHBIX pE3yJlbTaTOB MOEINH-
pPOBaHHUsI BO MHOTOM OOYCJIOBJICHO CTEIEHBIO
IIOJIHOTHI 3HAHUH O MPEJAMETHON O0JIACTH HC-
CIIelyeMOW CHCTEMBI, a TaKXe aJIroOpuTMax,
HCITOJIb3YEMBIX TIPH pelIeHNH 3a7ay.

NmMurannonHoe MO/IETMpOBaHNE HA OCHO-
BE MHOI'OBapUAHTHBIX PACUCTOB XapaKTepU3Yy-
€TCsl BBICOKOW KOMOWHATOPHOM CIOKHOCTBIO.
OTO B CBOIO Ouepenb NMPUBOJAUT K OOJIBLIMM
3arpaTaM ONEPATUBHON MaMsSITH U JUCKOBO-
0 TPOCTPAHCTBA, a TaKXe 3HAYUTEIHHOI
Harpy3ke Ha HWHTEPKOHHEKT. llostomy st
MOJIyYCHUST KaYeCTBEHHBIX pPE3YJIBTaTOB MO-
nenupoBanusi CMO 3auactyto TpeOyercs npu-
MEHEHUE CPEJICTB BHICOKOIIPOU3BOIUTEIIBHBIX
BeIuncieHni. Kak mpaBuio, Takue cpenctsa
MIPETOCTABISIOTCS IIEHTPAMH KOJIJIEKTHBHOTO
nons3oBarus (LIKII). B mporuBHOM cityuae,
HeoOxoauMo orpyonenue monenu CMO, 06-
yCIIaB/IMBAIOIEe CHU)KEHHME KadecTBa pe-
3yJIBTaTOB pelieHus 3ajaaun. Vcrnonab3oBaHue
rapajuiebHbIX WIW PaclpelelIeHHBIX BBI-
YUCJIEHNI 00ecIedynBaeT MOAEPKKY TpOBe-
JEHUSl KPYIMHOMACIITa0OHBIX WMHUTAIIMOHHBIX
IKCIIEPUMEHTOB, 00pabOTKYy HCXOJHBIX JlaH-
HBIX 00JIbIIIEro 00bEMa U pacIIMpeHue Kiacca
peniaemMbIx 3ajad.

HeoOxomumocTs yuera criennduku pabo-
el CMO u ananu3a HHPOPMAITHOHHBIX ITOTO-
KOB JIaHHBIX aKTyaJIH3UPYyET MEPEX0]T OT TPaIn-
LIMOHHOM MaTeMaTUYECKOM MOJIeNId CUCTEMBbI
K €€ KQ4eCTBEHHO HOBOMY BUJY — ITU(PPOBOMY
JIBOMHUKY, COIEPIKAIIEMY aKTyallbHbIC JAHHBIC
0 BceM ee ku3HeHHoM 1ukie [1, 2]. B Hacto-
sAIee BpeMs TakoW Tepexoi] BO3MOXKeH 0iaro-
Iaps CTPEMHUTEIBHOMY DPa3BUTHIO HH(OpMa-
IIUOHHBIX TEXHOJIOTUH, YBEIIMYCHHUIO Pa3MEPOB
CUCTEM XPaHEHUS JIAaHHBIX U CYIIECTBEHHOMY
pOCTY TPOW3BOIUTEILHOCTH BBIYUCIIUTEIIb-
HBIX CHCTEM, HEOOXOIUMOMY JUIsl 0OpabOTKH
OONBIIMX MAHHBIX U 3PPEKTHBHOTO H3BJICUC-
HUS 3HaHWH [3, 4].

AHanu3 HaydHBIX pabOT IO WMHTAIU-
OHHOMY MOJCIHUPOBAHUIO [5, 6], CBS3aHHBIX

C TEeMOW HCCIEOBaHuUs, TMO3BOJSIET CHeNaTh
BBIBOJI, YTO II0OJIb30BATEIM MOTYT BHIOMpAThH
U3 psifa JIOCTYIMHBIX HHCTPYMEHTOB MOJIEIH-
pOBaHHUSA, KOTOpPHIE OTIMYAOTCS TOYHOCTHIO
MIPEICTaBICHUS PEaTbHOTO MHUpa U d(PPEKTUB-
HOCTHI0. OIHaKO MHOTHE WHCTPYMEHTHI He HC-
MOJIL3YOT AOCTYIHBIC MOUIHOCTU BbIYUCIIN-
TEJILHOW CpPEe/Ibl U HE YUYHMTBHIBAIOT CHICHU(UKY
MPEIMETHBIX 00NacTeld HCCIeIyeMbIX CH-
creM [7], a Takke He OOCCIIEYMBAIOT CEPBHC-
OPHUCHTHUPOBAHHBIA WHTEPQEHC, SIBISTFOIITHIICS
Ba’>XHBIM KOMIIOHCHTOM COBPEMEHHLIX CPCICTB
MonenupoBanus [8].

3a4acTyro M3BECTHBIE B HACTOAIIEE Bpe-
Ms CpeACTBA WMHTAIMOHHOTO MOJIEIUPO-
Banusi CMO B BBICOKONPOU3BOIUTEIbHON
BBIUMCIIUTEIBHON cpene 00 SBISIOTCS y3-
KOCTICITUATM3UPOBAHHBIMU, HE 00JaJArOITIMHI
BCEMH HEOOXOAUMBIMU  (YHKIHOHATBHBIMH
BO3MOKHOCTSIMH [l pelICHUs] 0003Ha4YeH-
HBIX BBINIE TPoOIeM, MO0 BXOAAT B COCTaB
JIOPOTOCTOSAIIETO TMPOTPAMMHOTO obecriede-
HUA (KaK IpaBwIIo, 3apyOeKHOTO) [9] 1 B cruty
9TOr0 HEIOCTYIHBI IMIUPOKOMY KpPyry KOHEY-
HBIX TIOJIb30Baresied (COTPYIHUKOB MPOQUIIb-
HBIX OpraHu3aluil).

Lenpro wccnenoBaHus SBISIETCS CO3/IaHUE
MOJIeJIel, alTOPUTMOB, METOJOB M HHCTPY-
MEHTapueB, MpeIHa3HAYCHHBIX JJIs WHTEl-
JIEKTYyaJIbHOU MOAJIEP>KKU NPUHSATUS PEILIEHUN
B npouecce ynpasienus CMO Ha 6a3e cTpyk-
TYPHOTO M MapaMETPUUECKOro aHaju3a hx Xa-
PaKTEepUCTHK, CBOMCTB W TPOIECCOB PabOTHI.
[IpunaTne pemeHnit Oa3upyeTcss Ha MHOTO-
KPUTEPUATbHOM aHajM3e pe3yJabTaTOB HMHU-
Tanuu pa6OTI)I HCCJIICAYEMBIX CUCTEM B BBI-
YUCIUTENbHOW  cpene, KoTopas COCTOUT
U3 Pa3HOPOIHBIX BBICOKOIIPOU3BOAMTEIILHBIX
pecypcoB. Takasi cpea MOXKET BKIFOUATh pe-
CYPCHI TIEHTPOB KOJUIEKTUBHOTO TIOJIb30BaHUS,
BKITIOYAsI CYTIEPKOMITHIOTEPHI.

B crarbe npeacraBiieH HOBBIM  MOA-
xo K uccrnenosanuio CMO, 6asupyromuii-
Cs Ha KOMIUICKCHOM MPHUMEHEHUH METO/IOB
KOHIIETITYaIbHOTO TIPOTPaMMHPOBAHUS, WH-
JKEHEpUU 3HAHWW, WCKYCCTBEHHOTO WHTEIN-
JIeKTa, MHOTOKPHUTEPHATBFHOW ONTHMH3AINH,
napauiCiibHbIX W PpacOpeacICHHBIX BbIYHC-
JICHUH, BUPTyalIu3alUud PECYpCOB, a TaKKe
MYJIBTHAareHTHBIX M CEpBUC-OPUEHTUPOBAH-
HBIX TEXHOJIOTHHA. PacCMOTpeHBI apXUTEKTypa
W TPHHOUTE (QYHKITMOHUPOBAHUS CUCTEMBI
crenu(pUKAA 1 MOAETUPOBAHMS ITPOIIECCOB
¢ynxnuonuposanust CMO.

Ipunyunsl pabomol u acnexmol peanusayuu

Pa3paboTunkn mporpammHOro obecre-
YEeHUS! ISl MCCIICOBAHUSI CIIOKHBIX CHCTEM
MyTeM WX HMUTAIMM OTMEYAIOT TaKHhe ero
HEOOXOIMMbIE CBOMCTBA, KaK IMOJICpKKa Ya-
CTUIHOW aBTOMATH3AIMH COOPKH MOACIEH, X
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BepuUKalMs U BaJuJalns, HACTpOiiKa Mojie-
JI¥ Ha KOHKPETHYIO IPEIMETHYIO 00J1acTh, pea-
TU3aIus KOMOMHUPOBAHHOTO MOJIEIIMPOBAHUS
W THOPHUIHOTO MOIETUPOBaHUsS, COOp U 00-
paboTka cIabOCTPyKTYPHPOBAHHBIX TaHHBIX,
uxX pedOopMHUPOBAHHE B CTPYKTYPBI, HCIIOJNb-
3yeMble MOJIEJIbIO, ONTUMU3AIIMOHHBINA aHaIN3
pe3ynsraToB pacueros [10-12].

Kpome TOrO, MOCKONBKY HMHTAIMOHHOE
MOJISIUPOBAaHNE BeNET K OOJBIINM BpPEMEH-
HBIM U PECYPCHBIM pacxojiaM, TpeOyercs mc-
MOJIb30BAHNE BBICOKOIIPOM3BOIUTEIBHON BbI-
YUCIUTEIbHON TEXHHUKH, NOCTYIl K KOTOPOW
CO CTOPOHBI TMOJb30BaTeiei JODKEH OBITH
ya00HBIM U THOKUM. CepBHC-OpUESHTHPOBAH-
Has TapajurMa MmporpaMMUPOBAHUS TTO3BOJIS-
€T YCHEeIITHO Peain30BaTh TAKOW JOCTYII.

Crnenyer oTMeTh, 9TO AJsi 3PPEKTUBHOTO
MPOBENICHHUSI IKCIIEPHUMEHTOB C WMHUTALMOH-
HBIMH MOJICJISIMU B BBICOKOIIPOM3BOANTEIHHOM
BBIUMCITUTEIBHON CcpeJie TOJIKHA OBITh COCTaB-
JIeHa COOTBETCTBYIOIIAs METOIWKA BBHITIOIHE-
HUS UCCIIEIOBAHU.

[IpencraBneHHble B CTAaThe TEXHOJOTHS
U peanusylonias ee cuctemMa crennpuKanun
U MOJCIUPOBAHUI NPOLECCOB (PYHKLIHOHU-
poBanust CMO B MOJHON MEpe yUUTHIBAIOT
BBIINIEYTIOMSAHYThIe TpeOoBanus. HoBas me-
TOIWKA BBHITIOJIHEHUS HCCIEIOBAaHUNA 0a3u-
pyeTcs Ha COBMECTHOM M COIJIACOBAaHHOM
HCIMOJIB30BAaHUM METOJIOB aBTOMAaTH3allUU
KOHCTPYUPOBAHUS U MPUMEHEHUS UMHUTAIU-
OHHEIX Mojeiied Ha s3bike GPSS Ha ocHOBe
MapagurM KOHIENTYaJdbHOTO, MOIYIHHOTO,
KapKacHOTO ¥ CEPBUC-OPHUEHTHPOBAHHOTO
NpOrpaMMHPOBaHUS, WHXCHEPUU 3HAHUI,
BBICOKOTIPOM3BOAUTENbHBIX BBIYHCIICHUH
U MYJIbTHAICHTHBIX CHUCTEM, a TaKKe METO-
JIOB aHaJW3a SKCIEPUMEHTAIbHBIX JAHHBIX
Ha OCHOBE JHCKPETHONH MHOTOKPUTEPHUAIB-
HOW ONTUMH3ALUY.

Hudposoit aBoitHuk ucciemxyemoir CMO
(mpoToTHIl cucTeMBbI) Oa3upyeTcs Ha UMUTALIU-
OHHOM MOJICIIMPOBAHHUHU IPOLIECCOB €€ paboThI
[0 COBOKYITHOCTH PETPOCIIEKTHBHBIX M TEKY-
mmx AaHHbIX. udpoBble ABOWHUKK OymyT
WCTIONB30BAThCS ISl pa3pabOTKH W OTIIAIKH
HOBBIX cTpareruil ympasnenuss CMO Ha oc-
HOBE ONTHMH3ALMOHHOTO aHalln3a pe3yJbTa-
TOB MHOTOBapHUaHTHBIX pacueToB. Peanu3a-
WSl areHTHOTO MOJICTMPOBAHHUS B IPOIECCe
WCCIIEJIOBaHUSl PEaTbHOW CHUCTEMBI (HaIpH-
Mep, TypOa3bl WIH IyHKTA TPOKaTa) MO3BOJIUT
OCYILIECTBIISITh BEPUPHUKALUIO M BaJUIAIHIO
MMHUTAUOHHON MOJENHU IyTeM IMOJyHaTypHO-
IO MOJEIIUPOBAHUSL.

B pamkax areHTHOTO MOJEIUPOBAHUS
CyOBEKTHI, CBSI3aHHBIE C OOECIeUueHUEeM DKC-
IUTyaTauy 00beKTa U MOTPEOICHUEM TIPEI0-
CTaBJISIEMBIX UM PECYpPCOB M YCIYT, JeJIerH-
PYIOT areHTaM CBOMW IpaBa M OOS3aHHOCTH.

CyObeKTbl MOTYT 3aJaBaTb KpPUTEpUH d-
¢dexTuBHOCTH (PYHKOUMOHUPOBAHHUS OOBEK-
Ta, KOTOpbIe B 0OIIEM cily4ae MOTYT OBITh
MPOTUBOPEYUBLIMHU (HAIpUMeEp, DSKOJIOTHYE-
CKHE ¥ DKOHOMHYECKHE MOKa3aTeIN UCTOIb-
3yeMOoi TPUPOA0COEepETaroNIeii TEXHOIOTHN).
ATEHTHBIA TIOJXOJ[ TO3BOJIUT YYHUTHIBATH
Y HAa OCHOBE MHOTOKPHUTEPHUAIBHOW ONTUMHU-
3aIlii COTJIACOBBIBATH MPEATIOYTCHHS CyOb-
€KTOB, CBA3aHHBIX C OOBEKTOM, B IIpoIlecce
€ro MOJICITHPOBAHUS.

MHorOBapHaHTHBIE PACUYEThl OYJYT BbI-
MOJIHATBCS B BBIYUCIUTEIBHOW cpese, 00b-
SJMHSIONICH BBIJICIICHHBIC U HEBBIJCICHHbIC
pecypcbl. [lnst ympaBiieHHS BBIJCICHHBIMU
(BUpTyanM3upPOBaHHBIMH) pPECypcaMu BHIOpaH
nporpaMMHBIA komIuieke OpenStack, obecrie-
YUBAIOIIMI B3aUMOJIEHCTBUE C Pa3IMYHBIMU
runepBuzopamu (KVM, XEN, ESXi, QEMU
U Jp.), a TaKKe C CUCTEMaMH YIIPaBICHUS
konteitHepamu (LXC, Docker u np.). B no-
MIOJTHEHUE K ATOMY KOMITJIEKCY CO3/1aH HOBBII
MEHE/DKEP BUPTYaJbHBIX MalldH. JlaHHBIN
MEHE/DKEp IMOJICPKUBACT BO3MOKHOCTh 3a-
MycKa 3aJlaHUil 10 BBIIIOJIHCHUIO BUPTY-
aJbHBIX MalIMH u3 o0mmx ouepened CYII3
(manpumep, PBS, SLURM unu SGE) nHa He-
BBIICIEHHBIX peCypcax CyMepKOMIBIOTEPOB
IIKII. BupryajibHble MallWHbI, 3alylI€HHbIE
Ha BBIJICJICHHBIX M HEBBIICICHHBIX pecypcax
JUIs TIPOTOHA S3K3EMIUISIPOB MOJIENIM B Ia-
pajNIeIbHOM PEXHUME, OYyIyT IMOAKIFYAThCS
K €IMHON BUPTYallM3MPOBAHHOW Cpefie, opra-
HU30BaHHOW Ha OCHOBE TexHosormu Virtual
Private Network (VPN).

KoHcTpyupoBanue Mojenu, TMOATOTOB-
Ka ¥ TPOBEJCHUE KPYIMTHOMACIITAOHBIX HKC-
MEPUMEHTOB OCYIICCTBIISIFOTCS C TOMOIIBIO
CTIEIUATM3UPOBAHHOTO  MHCTPYMEHTAJIbHO-
ro komimiekca Orlando Tools [13], mpemna-
3HAYEHHOTO ISl pa3palbOTKH CHEIHAIbHOTO
KJlacca MacIITaOUPyeMbIX HAy4YHBIX IPH-
JIOKEHUHN (pachpe/ie/ICHHbIX TaKETOB IIPHU-
KJIQJHBIX MPOTPaMM), K KOTOPOMY B IICJIIOM
OTHOCHUTCS CHCTEeMa CIHenu(UKaluu U MO-
JETUPOBAHUS TIPOIECCOB (PyHKIIMOHUPOBa-
Hust CMO (puCyHOK).

WccnenoBarein  KOHCTPYUPYIOT HMHTa-
UOHHYIO Mozenb ¢ oMotk Orlando Tools
Ha OCHOBe crenupuKanuu cuctembl. B mpo-
[[eCCe BBIMOIHEHUS MOJETH HCIIONB3YIOTCS
TEKyIlie JTaHHbIE MOHUTOPUHTA U PETPOCIIEK-
TUBHBIE JTaHHBIE O TIpoIleccax paboTHI CUCTe-
MBI U OKpyXkarolei cpene. Tekyiue 1aHHbIe
MPEOCTABISIOTCS CUCTEMOW MOHHUTOPHHTA,
KOTOpasi CHUMaeT MX C KOHTPOJbHO-H3MEpH-
TEIBHOTO 00OpYNOBaHMS. DK3EMIUISIPHI MOJIE-
T TapaJijieNlbHO BBITIONHAIOTCS B BBIYUCIIH-
TenpHOW cpene. ONTHUMHU3ANNOHHBIA aHAIH3
PE3y/IBTaTOB PACUCTOB BBIMOJHACTCS CPEJI-
ctBamu Orlando Tools.
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f

GeTpOCI‘IeKTMBHbIe aa HHble)

Apxumexmypa cucmemvl cneyugpuxayuu u mooenuposarus CMO

DOneMeHTapHble  (YHKIIMOHAIBHBIC BO3-
MOXHOCTH IU(POBBIX JBOHHUKOB W arcHTOB
OylyT TMpeicTaBleHbl B BUAE MHKPOCEPBU-
coB. Takoli mogxox MO3BOJIUT OPraHU30BAThH
B3aMMOJICHCTBHE MEXIY BBIIICYITOMSHYTHIMHU
BHPTYQJIbHBIMH CYIITHOCTSIMH Ha 0aze 3¢ dek-
TUBHBIX CETEBBIX IPOTOKOJIOB W YIPOCTUT
nporieccsl 100aBleHNsT HOBBIX W Mojuduka-
LUIO CYIIECTBYIOIINX JBOWHHKOB M arcHTOB.
Koneunsie mons3oBarenu Orlando Tools pas-
HBIX KaTeropuil (pa3padOTYMKH IMPOTPAMM-
HOTrOo ofecriedeHus, aJIMUHUCTPATOPbl HH-
(hopMaIIOHHO-BBIUYNCIUTENBHBIX ~ PECYpPCOB,
IKCTIEPTHI MO TPHHSATHIO PEIICHWH IO ONTH-
Mu3auu  QYHKUMOHUPOBaHUS HH(ppacTpykK-
TYPHBIX OOBEKTOB Ha OCHOBE PE3YJBTAaTOB MX
MOJISIIMPOBAaHUS W ApPYyTUe Jnia) OymyT obe-
CIICUCHBI BEO-OPHCHTHPOBAHHBIM HHTEpQeii-
COM ISl JIOCTyma K pa3pabOTaHHBIM Cpen-
CTBaM, a TaKke HEOOXOJUMOM H3KCIEepTHOM
MOJJIEPXKKOH B Ipoliecce MOArOTOBKUA M IPO-
BEACHUS SKCIIEPUMEHTOB.

Cucrema crnenuKanud ¥ MOJCIUPOBa-
auss CMO Oynmet mpuMeHeHa Ui UCCIIeoBa-
HHAS WHPPACTPYKTYPHBIX OOBEKTOB baiikaib-
CKOM IIPUPOTHOM TEPPUTOPUH, UCIIOJIB3YOIINX
npupoocoOeperaronue TeXHoIoruu. OnTuMu-
3allMOHHAsI IOCTAaHOBKA 337a41 B paMKax TaKo-
TO UCCIIEIOBaHMS IPUBEICHA HIKE.

Iycts x = (x, X,,..., xﬁ) — 9TO BEKTOP IKO-
HOMHYECKHX ITOKa3aTelell mMmoTpebiIeHnus pe-
CypCOB (RJIEKTPOIMOTPEOIICHUS, TETIOCHAOKE-
HUs1, TIOTPEOJICHUsT BOJbI M T.II.) B IPOIECCE
JKCIUTyaTallul HWHQPPACTPYKTYPHOTO OOBEKTa
3a mepuoj; BpeMeHH T. COCTOSHUE TeXHUYe-
CKHUX YCTPOHMCTB (BOISHBIX W TEIJIOBBIX Ha-
COCOB, OOWJIEpOB, KOHAWIIMOHECPOB U 1p.),
UCTIONIb3YEMBIX 0OBEKTOM, MPECTABICHO BEK-
topoM b= (b,, b,,..., b) OyneBbIx mepemeH-
HbIX. DnemenT b, = 0 (b, = 1) o3Havaer, 4To i-€
YCTPOWCTBO BBHIKIIFOYECHO (BKITIOYEHO), i €1,/ .

XapakTepucTUKA YCTPOUCTB TPENICTABICHbI
MHOXK€ECTBOM mapameTpoB C = {c,, C,,..., C,}.
Ha muoxectBe C OmnpeiesieHO MHOXKECTBO Ofie-
pawuii F'={f, f,,..., f }. Onepauus f€F obe-
CIIEYHBAET pacyeT HEOOXOIMMBIX IENIEBBIX ITa-
pametpoB u3 C 10 HaYaIbHBIM JTaHHBIM, TaK JKe
TIPECTaBICHHBIX Mapamerpamu u3 C.

BrigenmuM B MHOKecTBe C OAMHOKECTBA
MapaMeTpoB, OTPAKAIOIIUX IKCILTyaTaI[HOH-
HBIC TIOKA3aTeIH U YIPABISIONINE apaMeTphl

00beKTa. DTH TOIMHOXECTBA IapaMETPOB
NPEJICTABUM  BEKTOPaMM ¢ = (q,, q,»-.., qp)
Uu= (U, Uy...,U).

Texyuiue npUPOIHO-KIUMATHYECKUE TIO-
Kaszareyid OKpYyXarolield cpenbl 00beKTa OT-
paXKeHbI BEILIECTBEHHON MaTpuiel 4 pasmep-
HOCTH mXn. DIEMEHT MaTpULbI a, CONCPXKHT
3HAUEHWE I-T0 MPUPOJHO-KIUMATHUYECKOTO
rokaszaress B j-i dac nepuoja t. Perpocnek-
TUBHBIE  TPUPOJHO-KIMMATUYECKHUE  TOKa-
3aTelid  OKpPYXAalolllel Ccpelbl aHaJIOTMYHO
MPEACTABIECHbl BELLIECTBEHHONW Marpuuen R
TaKOH k€ pa3MEpPHOCTH.

3armmieM 1eieBylo (YHKIHIO B CIEIYIO-
IIEM BHJIE:

y(x,‘c,A,R,b,v) = zn:xi — min,
i=1

h,

. (p)=0, g, - min(max),

min max
qs qusqs 7S:1’p5

tne h(b), h/(b),..., h(b) — 510 Oynesbl
GyHKOMM, HAKIagblBAIOIIME  OTPaHUYCHHS
Ha COBMECTHOE HCIIOJIb30BAaHHE TEXHUYECKUX
YCTPOHCTB, ¢ — min(max) — yCIOBHE ONTH-
MaJIBHOCTH §-TO HKCILIyaTallMOHHOIO IIOKa3a-
Ten, qs‘“i“ U g ™™ — ero NnpeAeabHbIC 3HAUCHUS,
v=(v, V,..., V) — BEKTOP BXOJAHBIX Iapame-

TpoB Moztenu, vEC, t = I,z.
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Coop, yHu(uKanmio, arperupoBaHue, Xpa-
HEHHUE U Tiepeqady JaHHBIX 0 paboTre uHppa-
CTPYKTYPHOTO OOBEKTa U MPUPOTHO-KITUMATH-
YECKUX YCIIOBHUSX OKPY)KaIOIIEeH cpenbl OymeT
OCYIIECTBIISITh CIIEIaIbHAs CHCTEMa MeTa-
MOHHUTOPHUHTA UHGOPMAIIMOHHO-BBIYUCITH-
TeNbHBIX cucTeM [13], amanTupoBaHHas K 00-
CIIy’)KUBaHUIO 00BEKTOB, JAHHOTO BHUJIA.

OmnpeziennieHe ONTUMAIBHBIX 3HAYCHUI
IKCIUTYaTallMOHHBIX TIOKa3arenel (pemnieHne
MIPSIMOM 3a/1a41) OCYIIECTBISETCS MyTEM IPO-
rOHa 9K3eMIUIIPOB MOJICNM C Pa3HBIMH Bapu-
aHTaMM €€ BXOJHBIX MapaMeTpoB C MOCIHeay-
IOIUM TPUMEHEHUEM TIPaBUI JHCKPETHOTO
MHOTOKpUTEpUaIbHOTO BBIOOpa. Ecimm omrth-
MaJbHOMY BapHaHTy JKCIUTYaTallMOHHBIX TIO-
Kazarenel COOTBETCTBYET HECKOJIBKO BapHaH-
TOB BXOJIHBIX MEPEMEHHBIX MOJICJIU, TO BBIOOP
ONTHUMAJIBHOTO BapHaHTa (pelieHue o0paTHOM
3aJa4M) MPOU3BOJUTCS C IOMOLIBIO TEX JKE ca-
MBIX TIPaBHII.

VYmpasnenne HWHPPACTPYKTYPHBIM  00B-
eKTOM 3aKJIIOYaeTCsi B PETYIUPOBAHUU €TI0
YIPaBISIIOIINX TTAPAMETPOB, TPEIICTABICHHBIX
BEKTOPOM %, C TOMOILBIO BEIOPAHHOTO ONTH-
MaJbHOTO BapHaHTAa 3HAYCHUH BXOJHBIX Mapa-
METpPOB MOJICITH.

3akjoueHue

B craree nmpennoxeHa TEXHOIOIHMS,
a TaK)Ke PacCMOTPEHbI apXUTEKTypa U IPUH-
[UTIBI  pabOTBl  CHCTEMBI  CIEeIH(pUKAITIN
U MOJICIHMPOBAaHUSI TMPOLECCOB (DYHKIHO-
HupoBanust CMO. Cpena i1t npoBeAeHUS
pacueToB IOCTpoeHa Ha 0a3e pecypcoB
HKII «MpKyTCKUN BBIYMCIHUTEIBHBIA LEHTP
CO PAH» [14]. TlpencraBieHHBIE METOIBI
u cpeacrea moaenupoBanus CMO OymyT
IIPUMEHEHBI B MPOIECCE HMCCIIEOBAHUS HH-
¢bpacTpykTypHBIX 00BEKTOB  baiikanbckoii
MPUPOJHONH  TEPPUTOPUH, HCIIOJIB3YIOMINX
npupoaocOeperaroInue TEXHOJIOTHH, € LEbI0
ananm3a d(GQexTuBHOCTH cOopa W yTHIIM3a-
UM OTXOJIOB, paOOTHI CHCTEM KaHAJIU3aIlHH,
9HEProcHaOKECHHUS, TETIOCHAOKEHUS, TIPUPO-
JIOBOCTAHOBJIEHUS U JPYTHX 3KCIUTyaTallOH-
HBIX MIPOLECCOB. DTO B CBOIO 0YepeAb I103BO-
JIMT CYLIECTBEHHO YIyUIIUTh YKOHOMUYECKHUE
1 HKOJIOTMYECKUe NOoKa3aTean (pyHKIMOHUPO-
BaHUS HCCIIEyeMbIX 00BEKTOB.

Pe3ynbraThl uccienoBaHU IO TMPOEKTY
MOTYT OBITh TaK)Ke€ UCIIOIb30BaHbI IIPU pas3pa-
0OTKe M HCIIOJTHEHUH 3aKOHOAATEILCTBA 110 CO-
XpaHeHu1o 03. baiikan u ero 3KoJI0rHYecKoMy
O3JI0POBJICHUIO B PaMKax COLMAIbHO-IKOHO-
MUYECKOTro pa3BuTHs bailkanbckoi nmpupoiHOn
TEPPUTOPHH, BKIIFOUAsI MOBBIIIEHNE SKOHOMHU-
4ecKor 3¢ PeKTUBHOCTH HH(PPACTPYKTYPHBIX
OOBEKTOB M CHMKCHHE HETaTUBHOIO BO3ZACH-
CTBHS TYPUCTHUECKOH IEATEIBHOCTH Ha OKPY-
HKAOLLYIO CPEny.

Hccneoosanue evinonneno npu guuanco-
6ol noooepacke PODPU u Ilpasumenvcmea
Hpkymckotl oonacmu 6 pamxax Hay4Ho2o npo-
exma Ne 20-47-380002-p_a.

Crnucok IuTepatrypsbl

1. Uhlemann T.H.-J., Lehmann C., Steinhilper R. The Dig-
ital Twin: Realizing the Cyber-Physical Production System for
Industry 4.0. Procedia CIRP. 2017. Vol. 61. P. 335-340. DOI:
10.1016/j.procir.2016.11.152.

2. Kritzinger W., Karner M., Traar G., Henjes J., Sihn W.
Digital Twin in manufacturing: A categorical literature review
and classification. IFAC-PapersOnLine. 2018. Vol. 51. Ne I1.
P. 1016-1022. DOTI: 10.1016/j.ifacol.2018.08.474.

3. Iafrate F. A Journey from Big Data to Smart Data. Pro-
ceedings of the Second International Conference on Digital En-
terprise Design and Management. Springer, Cham, 2014. P. 25—
33. DOI: 10.1007/978-3-319-04313-5_3.

4. Didenko N.I., Skripnuk D.F., Mirolyubova O.V. Big data
and the global economy. Proceedings of the 2017 Tenth Interna-
tional Conference Management of Large-Scale System Develop-
ment (ML SD). Moscow, Russia, 2017. P. 1-5. DOI: 10.1109/
MLSD.2017.8109611.

5. JessarkoB B.B. MeTrogosnorus u TeXHOJIOTUS UMHUTAIIH-
OHHBIX MCCIIEJIOBAHUI CIIOHBIX CHUCTEM: COBPEMEHHOE COCTO-
sIHUE U niepcrekTuBsl passutus. M.: UTHOPA-M, 2013. 448 c.

6. Vlasov S.A., Deviatkov V.V., Isaev F.V., Fedotov M.V.
Imitational Studies with GPSS WORLD: New Capabilities. Au-
tomation and Remote Control. 2014. Vol. 75. Ne 2. P. 389-398.
DOI: 10.1134/S0005117914020179.

7. Sulistio A. A Taxonomy of Computer-Based Simulations
and Its Mapping to Parallel and Distributed Systems Simula-
tion Tools. Software: Practice and Experience. 2004. Vol. 34.
Ne 7. P. 653-673. DOI: 10.1002/spe.585.

8. Beloglazov A., Banerjee D., Hartman A., BuyyaR.
Improving Productivity in Design and Development of Infor-
mation Technology (IT) Service Delivery Simulation Models.
Journal of Service Research. 2015. Vol. 18. Ne 1. P. 75-89. DOI:
10.1177/1094670514541002.

9. Dias LM.S., Vieira A.A.C., Pereira G.A.B., Olivei-
ra J.A. Discrete simulation software ranking — A top list of the
worldwide most popular and used tools. Proceedings of the Win-
ter Simulation Conference (WSC). IEEE, 2016. P. 1060—-1071.
DOL: 10.1109/WSC.2016.7822165.

10. ITmorankoB A.M., PeokuxoB IO.M., CoxomoB B.B.,
IOcynos PM. AHanu3 COBPEMEHHOIO COCTOSIHHSL M TEHACHLUU
Pa3BHTHS HMUTAIIMOHHOTO MOJEIMPOBAHMS B POCCHICKOH (eme-
patuu (1o MarepuainaMm KOH(EepeHIUH «MMUTAMOHHOE MOJEIIH-
posanue. Teopmst u npaxtuka» (MMMO[)) // Tpynst CITUPAH.
2013. T. 2. Ne 25. C. 42—-112. DOI: 10.15622/sp.25.3.

11. Eldabi T., Balaban M., Brailsford S., Mustafee M.,
Nance R.E., Onggo B.S., Sargent R.G. Hybrid simulation:
historical lessons, present challenges and futures. Proceedings of
the Winter Simulation Conference (WSC). IEEE, 2016. P. 1388—
1403. DOI: 10.1109/WSC.2016.7822192.

12. IlerpoB A.B. MuTanus Kak 0CHOBA TEXHOJIOTUM LU}-
POBBIX J1BOWHMKOB // BecTHHK WMPKyTCKOTO rOCYyAapCTBEHHOTO
TexHu4yeckoro ynusepcurera. 2018. T. 22. Ne 10 (141). C. 56—
66. DOI: 10.21285/1814-3520-2018-10-56-66.

13. ®eokrucro A.T., T'opckuii C.A., Cunopos N.A., Ko-
ctpomuH P.O., ®epedepor E.C., berukop 1.B. HenpepoiBaas
uHTErpanys (QyHKIHOHAIBHOTO HAIIOJHEHUS PacIpe/IeIeHHBIX
naxkeToB npukiIaaHbix nporpamm B Orlando Tools // Tpynsr Uu-
CTUTYyTa CHUCTeMHOro mnporpammuposanuss PAH. 2019. T. 31.
Ne 2. C. 83-96. DOI: 10.15514/ISPRAS-2019-31(2)-7.

14. LIKIT  MpkyTckuii  CyNepKOMIIBIOTEPHBI  LIEHTP
CO PAH [Dnexrponnsiii pecype]. URL: http:/hpe.icc.ru/ (nara
obparenus: 11.01.2020).

MODERN HIGH TECHNOLOGIES Ne 2, 2020



