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PazButne nHdopmaumoHHO-BbIUNCINTENBHbIX
TEeXHOJIOrum AN KOMIMNbIOTEPHOro Moae1npoBaHusA
TPpyOONpPOBOAHBIX U TUAPABINYECKUX CUCTEM

AKTyaJIbHOCTb TeMBI JOKJIa/[a OIIpe eI TCs CI0KHOCTBIO IIPOI[eCCOB Pa3pabOTKI U yIIPaBIEHMA PEKIMaMI
KpYyIHBIX Tpy6onpoBoaHbIx cucTeM (TIIC) pasinuHbIX TUIIOB, KOTOpas HEBO3MOKHa 6e3 MpIMeHeHII COBPEMEHHBIX
nHPOPMAIMOHHBIX TexHomoruit. s komnsooTepHoro Mogenuposanus TIIC paspabaTeiBaeTcs ClIeLMAIN3MPOBAHHOE
IporpaMMHoe obecrieueHne. ST paspaboTKI, C OTHOI CTOPOHBI, HAIIPABJIEHBI Ha pellleHNie KOHKPEeTHOTO

KJIacca 3aay 13 00J1acTy TPOeKTUPOBaHMS, SKCILTyaTanuy uin yrnpasiaenus TIIC, a ¢ Apyroit, — IpUMeHUTEIBHO

k koHkperHbsiM Tiam TIIC (teruto-, Bojo-, rasocHabxenus u ap.). BUCOM CO PAH, B pamkax pasBuBaeMoro
HAYYHOTO HallpaBJIEeHMA — TEOPUM TMAPABIMUYECKUX CHCTEM HAKOIUIEH MHOTOJIETHMII OIBIT pa3paboTKI
YHMBepCaJbHBIX METOJOB pacueTa, IIPYMEeHMMBIX IS JIOOBIX TUIIOB TPYOGOIIPOBOIHBIX CUCTEM.

Jokaz mocssIieH paspaboTke MHGOPMAIIOHHO-BBIUMCINTEIBHBIX TEXHOIOTMIT I CO3MaHMUs L(POBBIX
nBOIHMKOB peanbHBIX TIIC paznmdHOro THIA I Ha3HAYEHII.

B mokiame paccMaTpMBAaIOTCS OCHOBHBIE Pe3yJIbTaThl pabOTHI aBTOPOB B HAIIPABJICHNUI IPIMeHeHII MHPOPMAIIIOHHO-
BBIUVCIMTENBHBIX TeXHOJIOTMI 11 MofenupoBanus TIIC:

1. IBC «<AHT'APA » xak 6a30Bas I yHUBepCaJIbHast TEXHOJIOT WS U1 HACTPOIIKI U IIPMMeHe s MH(POPMaLOHHOIO

U BEIUMCIATETBHOTO OKpY>KeHus. IIpecTaBieHbl HOBbIE BO3MOXXHOCTH (MH(pOPMAIIOHHbIE, CO3aHIe MHOTOYPOBHEBbIX
CTPYKTYp, yIpaBJeHIe PacdeTHBIMU MOAYJISIMI, aBTOMATU3MPOBAHHBII IpaduecKmil aHaIN3 UCXOTHBIX
JAHHBIX U pe3yJbTaToB pacueTa). OnuceiBaercs onbiT npuMeHenns VBC mis pasubix Tunos TIIC.

2. Texnonorus mHTerpanysa MHPOPMALVOHHBIX ¥ MaTeMAaTHUECKIX MOJeJIeil Ul BBIIOJHEHMS PACUeTOB.

s MopmenupoBaHus, onruMusanyu u obocHoBauus pesxumos TIIC peanmnsoBano Heckonbko IIBK. s
TEILIOBBIX CeTeil paspaboTaH MHbOpManMoHHO-BeruucanTeapHslit komiuieke (MBK) «AHTAPA-TC», mis

cucreM BogocHabxenus — VIBK « AHTAPA-BC», nusa cucreMm noppmepskaHus IiactoBoro masienus — VIBK
«AHTAPA-IInCIIIO» n np. Bece nepeunciennsie IBK cocTosAT 13 yHUBEpCaIbHO MHPOPMAIOHHO-BBIUNCINTEIBHOI
cpenst (UBC) AHT'APA, naGopa pacueTHbIX MonyJeir u BJl, onpeneseHHO CTPYKTYphI, YUUTHIBAOIIEN
cneunduxy xoukpernoi TIIC.

3. Texuonorns cozganus IUII npennpustus. Jansueitree passurie UBC « AHTAPA» 6pu10 HanpaBieHO

Ha MHTETPALMIO 3JeKTPOHHBIX pacueTHBIX Mogeneli TIIC B KopnopaTuBHbIe MHGOPMAIVIOHHBIE CUCTEMBI
9KCILTyaTallOHHBIX IPeANPUATHUIL. ITO IO3BOIMIIO C OHOI CTOPOHBI IIOJIYUYMUTD JOCTYII KO BCEM MMEIOIIMMCS

Ha IIpeANPUATUN aKTyalbHBIM JaHHEIe o mapameTpaM TIIC nuis mpoBeeHMs pacueTos, a ¢ JPyToil CTOPOHBI
MPeJOCTaBUTh JOCTYII K 3TUM JaHHBIM, a TaKKe Pe3yJbTaTaM pPacueToB BCEM 3aMfHTEPECOBAHHBIM JIMIIAM,

KaK BHYTPM IPeANPUATHUS, TaK ¥ BHEILIHUM CIyK06aM.

4. TexHOMIOrMM MOOMIIBHOTO JOCTYTIA K LIM(POBBIM ABOMHUKAM. B psne cayuaeB BO3HIKAaET HEOOXOAMMOCTD

B YICITOJIb30BaHMI NAHHBIX I(POBBIX TBOHMKOB B MECTAX C OTPAHMUYEHHBIM MM OTCYTCTBYIOIIVIM JOCTYIIOM

K KOMITBIOTEPHBIM CeTsM. [IJI TaKUX CIIydaeB peannsoBaHa MobuabHas Bepeus (MUK) « AHrapa», mo3BoJsionas
3arpy3uTh KOIIUIO 3JIEKTPOHHOI MOJEIN B MOOMIBHOE YCTPOICTBO M MCIIOIb30BATh €ro 6e3 JOCTyIIa K CeTH.

5. TexHoJOrMs aBTOMATU3ALMY pa3paboTKy BeruucanTeapHbix komnoneHT [IBK. PaspaboranHas o6beKTHAsS
TEXHOJIOTHUsA KOMITbIoTepHOTo Mofenuposanus TIIC mosBoseT 0fHOKPAaTHO pealn30BaHHLIN IPOrpaMMHBIN
KOMIIOHEHT IIPMMEHATD I MofenupoBaHys Apyrux tumos TIIC u pemreHns HOBBIX 3ajad. BeifeneHue
00'BEKTOB VMCXOMS U3 CIIeLM(IUKI IpeIMETHOII 00JIaCTH ITO3BOJIIIIO YBEINIUTH I'MOKOCTh MOAEIMPOBAHNS I
CHU3UTH TPYRO3aTPAThI Ha KOAMPOBAHIE TUIIOBBIX 3a1a4. B uacTHOCT, BBIIeJIeHBI OOII[IIe METOBI pacyeTa
ceTeBBIX 3a7a4, CHOPMMPOBaH Habop pa3HOOOPa3HBIX MOJIEJIell 3]IeMEHTOB, PeaIN30BaHbI AJITOPUTMBI PaOOTHI

¢ rpadamu.

6. WutepHer TexHomoruu. ONHMM M3 IPUMEPOB OOBEKTHOTO IMOAX0Aa K Momenuposanuio TIIC ciaysxut

IIBK «VICUI'P», ckoHGUTYpUpPOBaHHBII 13 HabOpa He3aBUCUMBIX MOJeJIell JIEeMEHTOB, CETEBbIX METONOB



Y ITO3BOJISIIOILMIT IIPOBOAMTE TUAPABINUECKIE PACUETHI CUCTEM BOMO-, TEILIO- U Ia30CHAOKEHNS B CeTH
MHTEepHeT JII000My KOJIMYeCTBY II0JIb30BaTelell, HAXOMSIIMKCS B JII000J TOUKe MUpa. ABTOPBI ITOTYUIIN
BO3MO>XHOCTH TECTMPOBATh HOBbIE METOMBI Ha JECATKAaX THICIY CXeM, CO3XaHHBIX I10JIb30BATEIIIMIA.

7. HoBble 1 mepCreKTUBHBIE TEXHOJIOTMN. ABTOPBI CUMTAIOT UPE3BbIYAITHO IEPCIEKTUBHON TeXHOIOTUIO
MHTeJUIeKTyanbHoro monenuposanus TIIC. B mpoiecce MonenupoBaHus IOJIb30BaTeNlb, He 3HAKOMBIN C
METOAMKON pacuera, NOJDKEH II0JyuaTh PyKOBOMALIE IIOACKA3KM O HEOOXOMMMBIX JEICTBUSAX U aHAJIU3
IOJIyUeHHBIX pe3yibraToB. CucreMa HOJKHA KOHTPOJIb 3aIlyCK pacyeTHBIX MOMYJIEN B 3aBVICMMOCTI OT
pesyJIbTaTa 3aBepIIeHNs OTeNbHbIX 3afiau. BayKHBIM IIpeICTaBIgeTCs TeXHOIOT M aBTOMATH3alMI BBIOOpa
aJbTePHATMBHBIX METOOB pacueTa, aHAIN3a, MOJENVPOBAHN Y ONITUMMS3ALAN IJIS PELIeHVsI KOHKPeTHO
3aau.

8. OpraHusarus BBIYUCIUTEIbHOTO IIPOCTPAHCTBA Ha OCHOBE COBPEMEHHBIX BO3MOKHOCTEI! 10 ITapajIeIbHbIM
U pacrpefe€HHBIM BbIUNICICHUSIM II03BOJIUT 3HAUNTEIHHO COKPATUTh BpeMs pacueTa CeTeBBIX 3afay, UuTo
CTQHOBMTCS OCOOEHHO aKTyaJIbHO IIPY PELIEHN CIIOXKHBIX ONTMMU3ALMOHHBIX 3a]jau B Pe)KIIMe PeaIbHOIO
BpeMeHI.

Development of information and computing technologies for computer modeling of piping and hydraulic
systems

AV. Alekseev, E.A. Mikhailovskii, N.N. Novitsky

The actuality of the topic of the report is determined by the complexity of the processes of development
and management of various types of large pipeline systems (PLS) operation conditions, which is impossible
without the use of modern information technologies. Specialized software is being developed for computer
simulation of PLS. These developments, on the one hand, are aimed at solving a specific class of problems
from the field of design, operation or management of heating and water supply systems, and on the other
hand, with reference to specific types of heating and water supply systems (heat, water, gas, etc.). In the ESI
SB RAS, within the framework of the developed scientific direction - the theory of hydraulic systems, many
years of experience have been gained in developing universal calculation methods applicable to any type of
pipeline systems.

The report is devoted to the development of information and computing technologies for creating digital twins
of real PLSs of various types and purposes.

The report discusses the main results of the authors in the direction of the use of information and computing
technologies for PLS modeling:

1. Information - the computing environment (ICE) “ANGARA” as a basic and universal technology for setting
up and applying information and computing environments. New possibilities are presented (information, cre-
ation of multilevel structures, management of computational modules, automated graphical analysis of source
data and calculation results). The experience of using ICE for different types of PLSs is described.

2. Technology integration of information and mathematical models to perform calculations. For the simu-
lation, optimization and justification of PLS modes, several ICCs have been implemented. The ANGARA-TS
information and computer complex (ICC) was developed for heating networks, the ICC «KANGARA-VS» for
water supply systems, the ICC «kANGARA-DiSPPD» for reservoir pressure maintenance systems, etc. All of
the listed ICCs consist of a universal ICE «kANGARA», a set of calculation modules and databases with specific
structure that takes into account the specifics of a PLS type.

3. The technology of unified digital space of the enterprise creating. Further development of the “ANGARA”
ICE was aimed at the integration of electronic design models of PLSs in the corporate information systems
of operating enterprises. This made it possible, on the one hand, to get access to all relevant data on the PLS
parameters available at the enterprise for making calculations, and, on the other hand, to provide access to
these data, as well as the results of calculations, to all interested parties, both within the enterprise and to
external services.

4. Technologies for mobile access to digital twins. In some cases, it becomes necessary to use digital twins
in places with limited access to computer networks. For such cases, the «Angara» mobile version was im-
plemented. It allows downloading a copy of the electronic model into a mobile device and using it without
access to the network.

5. Technology for the automation of the development of computing components of ICC. The developed ob-
ject technology for computer simulation of PLSs allows a once-implemented software component to be used
to model other types of PLSs and to solve new problems. The selection of objects based on the specifics of
the subject area allowed to increase the modeling flexibility and reduce labor costs for typical tasks coding.
In particular, general methods for calculating network problems are highlighted, a set of various models of
elements is formed, algorithms for working with graphs are implemented.

6. Internet technology. One of the examples of the object approach to the modeling of PLSs is the «ISIGR»
(http://51.isem.irk.ru/isigr/), which is configured from a set of independent element models, network methods,
and allows free hydraulic calculations of water, heat and gas supply systems on the Internet to any number



of users located anywhere in the world. The authors were given the opportunity to test new methods on tens
of thousands of schemes created by users.

7. New and promising technologies. The authors consider the technology of intelligent PLSs modeling to be
extremely promising. In the modeling process, a user who is not familiar with the calculation methodology
should receive guidance on the necessary actions and an analysis of the results. The system should control
the launch of the calculation modules depending on the outcome of the completion of individual tasks. An
important technology is the automation of the selection of alternative methods of calculation, analysis, mod-
eling and optimization to solve a specific problem.

8. The organization of computing space based on modern capabilities for parallel and distributed computing
will significantly reduce the time it takes to calculate network tasks, which becomes especially important
when solving complex optimization problems in real time.
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