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To BIM or not to BIM

3paHue, MHPPaCTPYKTYpa, cuctema

«BIM — npouecc «BIM — BnpTyanbHas
MOAENNPOBAHNA BUPTYaIbHOM UHOOPMALIMNA NHopMaLMOHHaAA MoaeNb
MHPOPMALMOHHOMN Moaenm 0bbeKTa CTPOUTENbCTBA
0bbeKTa CTPOUTENbCTBAY MOAENUPOBAHUE/MOAENDb B BIM npouecce»
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“Drawing Is Dead — Long Live Modelling”

The 1990s

D MicroCAD PCs and internet

PRONTO - CAD

2007

Naviswork...

The Use of Computers

Instead of Drawings
In Building Design

In the sequence of illustrations s
ing at right, graphic displays on the
computer are employed in the stu
and development of a design fora
simple summer cabin.

Conuerti Modello 30 Uideo

& Archivio Edit

S SENZA NOME / 30 ==

/ Charles M. Eastman
A

A building can be conceived, though,a
a collection of three-dimensional clemenis§

Drawings arc an integral part of archi-
tectural practice. They are the principal

drawings, plus their ease of updating,
probably accounts for their prevalence in

medium for design problem-solving and
coordination and for communication with
client and contractor. They also have
important uses to others associated with
building, including financiers, building
code inspectors and construction material
suppliers. Drawings are used in a facili-
ty's operation—in planning maintenance,
renovation and the assignment of space.

The primary use of drawings in building

is to depict the spatial composition of
materials and spaces. Ancillary informa-
tion regarding materials and spacces can

architectural practice. In ficlds where
spatial conflicts are critical, as in ships and
refineries, models are often used.

Both models and drawings have weak-
nesses. Most analyses require numerical
information and, at present, it must be
manually read from a drawing or model.
Data preparation is the major cost of most
engineering analyses. Similarly, a major
task in cost estimating and contracting is
the derivation of material quantitics from
the spatial representation provided by the
architect. Another weakness of both

arranged in space. Elements might includél
2x4s, reinforcing bars, precast panels of
a room. A detailed building representatiof
might be provided by a computer, if it
could store descriptions of a very large
number of different clements arranged in
space. Designing would consist of inter-
actively defining elements, according to
their shape and other properties, and ar-
ranging them, much as one would a balsss
wood model.

If element shapes were defined and
arranged in three dimensions, a given ar-




To BIM or not to BIM

| )3\\ i

= ,rIILJ“
“"l.i‘ﬁl _

Pesynwrar/3arpatni/Yecunus




[0 COKPALEHME
CPOKOE KOOPIMHALME
% M COrMACORAMKE
10“-‘1L COKPALUEHME %

CPOKCE CTPOMTENDLTEA

++20-50:
GEM

COBOKYMHOE EF‘EHH

COKPALLEMHA Pwum
TEXHONOrOE AF‘.‘CHI’E::I’EP-;JE
Hn

YMEHbLIERWE BFEMEHH
H& MPOBEPKY MOOEMH

COKPAWEHKE 2ATPAT
HA CTPOMTENBCTED By
% W IKCINYATALMID  grclf

CHWMHEHIME OLUWEOK,
MOFPEWHOCTH B NPOEKTHOH

OOEYMEHTALWA

HA COKPALEHKE
CPOKDE NPOEKTHPORAHKWA

MOTPEWHCCTH BHOAMETA

4 E CHWEEHME MNAHMPOEAHKR
PAZA (5 BMECTO 20%)

COKPALLEAHWE CPOKDE
PEANMMZIALWA NPMOEKTA
[CHYNEEOH UHKA™ - "MOG KAKY™)

BIM —

pe3y/bTaThbl




bIM — 3To npexkae Bcero pabota ¢ MHPOPMALMEN HA
BCEX 3Tanax *XM3HEeHOoro umKaa.

IKCNNYATALMA

BIM-TexHonorus Ha scex aranax MHBECTHUMOHHO-CTPOMTENBLHOIO NpoexTa




Scheduling

Modelling



D’s B8 BIM n ypoBeHb getanusaumm moaenu LOD (Level of development )

LOD
L O D Level of Developement l_ O l

Level of Detall Level of Information




BIM u yposeHb getanusauum mogenu LOD

BIM - npoekta
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Model Element table — cneundpunkaumusa snemeHToB B moaenu

—_D3030]Cooling Generating Systems
Challers Yes No BBA
Cooling Towers and Evaporative Coolers Yes No BBA
Condensing Units Yes No 300 BBA
Pipes & Fittings Y. 300 BBA
Pnmary Pumps Ym 300 BBA
Auxillary Egquipment Y 300 BBA
Insulation Yes No 300 BBA
Means & Methods (Erection/Sequencing’ Shop Standards)
Supply & Retum A Systems Yes No 300 AC
AHU wicods. ducts. and devices Yes No 300 AC
Vent & Exhaust Systems Yes No 300 BBA HVAC
Steam. Hydronic, Hot Water. Glycol & Chilled Water Distnbution Yes No 300 BBA HVAC
Heat Recovery Equipment Yes No 300 BBA HVAC
Auallary Equipment Yes No 300 BBA HVAC
Insulation Yes No 300 BBA HVAC
Means & Methods (Erection/Sequencing/ Shop Standards)
Termunal Self-Contained Units Yes No 300 BBA HVAC
Package Untts Yes No 300 BBA HVAC
Othér Yes No 300




D’s 8 BIM n yposeHb getanmnsaumm mogenu LOD (Level of development )

Cxema peanusauyuu
BIM - npoekTa

TexXHn4yeckKoe
‘ B l M i 3alaHKe
I"IPOEKT 3dKd34UK
BEM
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CTAOMUA P
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BIM - Building Information Modeling
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«O6blyHaA» nepeaaya AaHHbIX...
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open BIM & closed BIM

Arthltecl

Bulldlng Engineer w

Structural

Facility Manager w Project Manager

Construction Manager

OTKpbITOE

Bullding Engineer
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Construction Manager
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@Eﬂ BIM ak cnoco6 B3aUMOOEenCTBUA

openBIM — «0bmeH cmpyKmypupoeaHHoU uHghopmayuu» yHU6€pCGfIbeIU nooxoo K coemMmecmHomy
npoekmuposeaHutro, peasnusayuu u sKcriiyamayuu rnpoekma Ha oCHoee OMmkKpbimsix cmaHdapmoe u
panqux rnpouyeccoes, 8 Hesgsucumocmu om ripoepamHozo obecrneyeHuUsAO

Metopgonorua openBIM HanpasseHHa Ha:

* [po3payvyHoe, OTKPbITOE COTPYAHNYECTBO BCEX Y4aCTHMKOB NPOEKTA

* [lporpamHoe obecnevyeHne — HE OCHOBA ANA KOHKYPEHLUUU

* WMcnonb3oBaHMeE OTKPbLITbIX CTAaHAAPTOB AJ/1 Nepeaayvyn AaHHbIX.

* BcAa nHbopmaumna AonXKHa bbITb AOCTYNHA ANA BCEX, KTO YY4aBCTBYET B
npouecce CTPOUTE/NIbCTBA.

* WNcnonb3oBaHME KOPPEKTHbIX TEXHUYECKMN 0603HAYEHUN.

https://youtu.be/2m [L99WO0zQ



https://youtu.be/2m_IL99WOzQ

openBIM — 0bmeH CTpYKTYpUpOBaHHOM MHPOPMaLUM

IDM - information delivery manual

~

AaHHbIX?
IFC — industry foundation classes

Kakan mpmuuonomn@q
o

Kakoit Tun AaHHbIX K
Korpa?

ISO 16739 (IFC)

Kak aenutb gaHHble?

\

IFD




IFC - 3TO HamHoOro bonablle, Yem NPOCcTon GopmaT Panna
@buildingSN\HRT

International Alliance for Interoperability

Industry Foundation Classes (IFC) — oTKpbITbIA, HEUTPAZIbHbIN U YHUBEPCANbHbIA
CTaHAapPT ANS ONUCAHUA, AeNeHNs U 0OMeHa AaHHbIX MeXAy Y4acTHUKaMM
NPOEeKTa.

- Cxema IFC — moaenb gaHHbIX KOTOPAA IOTMUYECKM 3aKOAUPOBaHA
- Kak nHdopauma gonrkHa bbiTb CTPYKTYPUPOBaAHA U NepeaaHa.
- IFC — coctonT 1n3 Habopa cBoicTB 415 KaxXaoro obbekra IFC PropertySet

1987 1998 1868 2000 2003 2006 2007 2013
IFC 1.0 IFC 1.5 IFC 2.0 IFC2x IFC 2x2 IFC 2x3 IFC 2x3 TC1 IFC4

c— IFC

BIM
j APLICATION
I [

01z (201

| |

| I
1997 1998 1999 2000 2001 2002

1996 2014

2002 2005 2007 2008 2010 2011 2012 2013
PAS16739 NWI PAS16739 PAS16739 16739 NWI 16739 NWI 16739 CD 16739 DIS 16739

[published) (reconfirmation)



1ISO 16739:2013

Industry Foundation Classes (IFC) for data sharing in the construction and facility

management industries
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A onDeveloper
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ApplicationDeveloper

Version>2019 Release Candidate</Version

ApplicationPfullName»Tekla Structures</Applicati
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cOwnerHistory

/ChangeAction

[fcCartesianPoint 14="ié
soordinates

TfclengthMaasure>0,

hMeasure>0.

“fex:idouble~wrapper>

fexidouble-wrappa:
ex:double-wrapper
DirectionRatios
0 ex
1 fex
ex:

DirectionRatios>

/A

rullName

plicationldentifier

i
\
I

loify Setup

(14

“The attributes assigned to them (objects) are also important from the engineer's point of
view (the door has a dimension, the material it is made of, its position in space). IFC
describes each element as a class. It may seem a bit confusing, but in a nutshell, the idea
is that each element has a list of attributes (name, material, position, dimensions) and the
type of attribute value (text, number, coordinates, etc.).”

IFC PropertySet

Type Size

IFC Files 1.575 KB o

IFCXML File s - IFC cTaHO4QpPTHbIE CBOUCTBA

IFGZR e BeAXR *  WNpeHTndmKaumoHHbIn Homep (Global ID)
IFCZIP File 453 KB

. Mma obbeKTa
. OnucaHue
. PacnonoxeHue

Name Date modified
"1
#® exportifc 2019-12-01 22:05
% exportifcXML 2019-12-01 22:05
exportifcZIP 2019-12-01 22:05
exportxmlifcZIP 2019-12-01 22:05
e

T - [lononHuTenbHble

(>

<In-Session Setup>
<IFC2x3 Coordination View 2.0 Setup>
<IFC2x3 Coordination View Setup>

<IFC2x3 GSA Concept Design BIM 2010 Setd

<IFC2x3 Basic FM Handover View Setup>
<IFC2x2 Coordination View Setup>

<IFC2x2 Singapore BCA e-Plan Check Setup
<IFC2x3 COBie 2.4 Design Deliverable Setup

<IFC4 Reference View Setup>
<IFC4 Design Transfer View Setup>

| General ]‘Addi(ioEal Content | Property Sets | Level of Detail lAdvaincedr_

|_| Export Revit property sets
[¥] Export IFC common property sets

|| Export base quantities

_| Export schedules as property sets

| Export only schedules containing IFC, Pset, or Common in the title

[. _| Export user defined property sets l

C:\ProgramData\Autodesk\ApplicationPlugins\IFC 2018.bundle\Conten|

Export parameter mapping table

Classification Settings...

m m
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buildingSMART IFD dictionary — choBapb JaHHbIX

IFC

, . o Leve FINISH FLOOR
e . = T 6 |

-------------------------

:::m 1 - S— :
HesdHign They all have the same e
UniFormat Number: o

B2070.10 Exterior Louvers &= '







Obnactn npumeHeHua TexHoaorim BIM

m BIM- TEXHONOINN B CTPOMTENBCTBE
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[Mpmepsbl BIM-TexHonormm
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New Moelv WTP (Norconsult AS,, 2018)
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3aB0o/4, NO OYNCTKE CTOYHbIX

BoA B T. J/lnsepnynb

LIVERPOOL WWTP

e Autocad, Civil 3D, Navisworks, BIM 360
Field, BIM 360 Glue

“Working in 3D became the norm for the (

team very quickly. We estimate that it
has helped to save hundreds of hours on
design alone.”

Paul Heath, BIM Lead, Atkins




“Hydropower projects are
complicated, requiring contributions
from a range of professional
disciplines. With BIM plus cloud
and mobile technology, it's easy to
access the model on the job site—
driving collaboration, speed, and
quality in the field”

Mr. Zhang Zongliang, General Engineer,
Hydrochina Kunming Engineering

HydroBIM- Yangfanggou
Hydropower station

Sichuan Province, China.,2016

* Autocad, Civil 3D, Navisworks

Because of BIM, Hydrochina Kunming Engineering in Ching,

for example, is able to finish projects that used to take

eight months in just three. On one project, the HydroBI
angfanggou Hydropower st HKE was able to reduce the

amount of concrete required by 1 million cubic meters and the

amount of excavation required by 1.5 million cubic meters.

To date, the adoption of BIM has resulted in project cost
savings of $300 million.
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Despite breaks in canstruction for the snowy winter months and during the massive
Wolverine Creek wildfire, with the help of BIM, a drone-mounted laser scanner, and
mobile and cloud technology, IMCO completed the project in less than a year. BIM
made it easy for stakeholders, including the owner, to understand and buy into the
project. By eliminating traditional surveying, enabling off-site prefabrication,
speeding construction, and reducing rework and downtime, BIM helped shave up to
15% from the project schedule. Now that the company is operating the project, it
continues to benefit from BIM, which provides all the infarmation needed to keep
the plant working optimally. Perhaps just as important, using BIM positions IMCO for
success in the increasingly connected future of infrastructure construction



HKunom komnnekc 8 r.Ocno,
Ulven boretslag., 2019-2021 :
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= (RIV) Pipe.20.217
Hvoerlinks MagiCAD Pset Heating MagiCAD Pset_Pipe MagiCAD Pset Water
Identification Location ‘Quantities Profile Relations Classification
Property Value
Model (RIV) IFC-ULVEN-B2-RIV-Skrinet
Discipline Building Services
Name MA
Type Muffelgse Avlepsrer
Type Name Muffelose Avigpsrer
Description Muffelgse Avlepsrer
Predefined Type RIGIDSEGMENT
Layer
System 310.011 Spillvann: 106
Geometry Ectrusion
Application MagiCAD For Revit 2019 UR-1
IFC Entity
IFC Type
GUID 1TF8T7j0D3whs7p_TTHvRN

BATID 57087956



NMpumeHeHune ana paboTbl ¢ LUPPOBLIX

ABOMHUKOB B BOAHOM CEeKTope
The Application of Digital Twins for Water Operations
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Knbep-dusmnyeckas cucrema
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- SWAN Smart Water Report

Lugppoeoli OeoliHuk - 3amo eupmyanbHoe npedcmassieHue @hu3uvyeckKo20
akmuea, npoyecca usu cucmemsl.
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Anroputmbl
Cuctembl
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|®oto: CSI Communications
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KAK 3TO OTJINHAETCA OT

CUMYNATOPOB MNMPOLIECCA?

CumynaTopbl NpoLLeCcoB

Frimary Claier

i Sacorclry Cinbas
Lol " I .
o e

PucyHok 1. TexHonornyeckas cxema CTaHLUuu O4UCTKU CTOYHBIX BoA, (Solon u dpyaue. 2017) b

= STaid

ST @]Psfom.. I ‘
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" -
e WEST

Pyc 2. VimwTaTop npouecca, paspabotanHbiii 8 STOAT 5.1
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OT cMMynsTOPOB NPOLIECCOB A0 LMAPOBbLIX ABOVNHUKOB

CumynsTopbi CospnaHue UM poBoro ABONHMKA

npoueccos

CnepyioLme aTanbl HE06XOANMO BbINOMHUTL ANs
CO3/AaHNA LMdpPOBOro ABOIHNKa U3 Cumynsatopa
npouecca.

MonyueHue AaHHbIX

CBop AaHHbIX C OHNANH-AATYNKOB, UCTIONHUTENbHBIX
KnanaHoB 1 KpaeBbIX YCTPOIICTB.

MNp p obpaboTka A

QOumctka [laHHbI;

OTKOHEHWA N HOpManusauus AaHHbIX nepea
KanuGpoBKoVi Moaenu.

DewicTBusa

=
s
=
2
z z uud)pOBou Kanu6poeka moaenu
s =S ~ I'IpMBelJeHVIe 3aBOACKNX [I@HHbIX K
é § n Bo“ H M K MaTemaTn4eckon Moaenu.
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oo
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YTO COCTABINAET UNDPPOBOIO
BJIIN3HELIA?




KoMNOHeHTbI LndpoBOro ABOMHNKA

DIGITAL
TWIN

L]

by s Mol Upsdata

WHTerpauus AaHHbIX

O6paBoTka BXOAALLMX AAHHBIX,
yAaneHve posbpoca v Beaenme 6assl
ZaHHbIX

Mopaenn

Marematuueckoe Bbipaxeniie, Kotopoe
MOXeT ONUCbIBaTL peakuun 1 nosegeHve
npouecca.

LumorPoBOM £

B/IN3HEL],

AHanuTuka n o6HOBNEHME MOAENU
ANTOPUTMbI aAANTaLNM MOAGNN K HOBEALIMM
ycnogmam.

Busyanusauus

MpeacTasnenvie cuctemsl nan
$MINUECKOTO aKTMBA B MOHATHOI
dopwe.
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KOoMMNOHEHTbI UnMdpoBOro ABOMHMKA

WHTerpauua aaHHbIX

» Wcknioumb pacbpoc AaHHbIX

- » Hopmanusaumsa / macwrabuposaHue
RESULTS

AaHHbIX = Remove Dutbers
# Wormalizstion {Data scaling
# Transharmation

Oumcrka
npeggaputenbHan
0GpaGoTia AaHHbIX

» TpaHnchopmaums

» MSSQL MySQL PostgreSad. ..

* Arure, AWS, Alicloud, ..
» MSSQL, MySQL, PostgreSQL, .. = Dstasschangs (seever € client)
| iE 5 > Azure, AWS, Alicloud, ..
Vnpaaneuue
awi

» 06MmeH paHHbIMK (cepBep €= K/MEHT)

€ oneon oo Lponoi m C
moTHBaUMA BnusHus  mEE  OSOMHMK BN yacTn

- i i -
m rpavep| mmm npuvep || mmm npuvep Il mmm  DUOOPY gy BYAVWee e

KOMMNOHEHTbI LMdpOoBOro ABOMHNKA

> MexaHuueckue / dpusmnyeckme / mogenu
6enoro AwmKa

Mogensb

fouecea » Data Driven / YepHblit Awmk

» bpupaHbie

#  Maechanistic/ Phrynical/ White box Modal
Mogaenu Data Driven/ Black box
Hybrid
» TpexmepHbie mogenu CAMP
M
e > Mogenb reoormueckmnx MHGOPMaLOHHbIX 3.0.CAD Models
cucrem (MUC) Gaological Infarmation Systems [G15] Model

Building Infarmation Model (BIM)
» UHdopmaumoHHas mogens 3aanua (BIM)

Bemchmacks and matrics

Esnarprise Resource Plansing (ERP)

» KOHTPO/IbHbIE TOUKM U METPUKMN = Maintenance scheduling

Mopenu
pomssopurensiocr@ll > [1aHMPOBaHKUe pecypcoB NpeanpUATUA
(ERP)
> I'InaHuposaHue TeXHU4Yeckoro
obcnyxuBaHua

Uecaenosa-
Tenbckan
moTHBaLMA

®axTopsi Uncbposoin mm C -l i i i
EEN  BNVRHWS  EEE OEOMHVK BN yacTW m npuvep | mmm npuvep || mmm npuvep Il mm—

Buisossi = Byayuiee :

KOMNOHEHTbI UMpoBOro ABOMHMKA

» PeKypcuBHble CPeACTBa OLLEHKN

v

Recursive parameter estimators

o6 napamertpos .
blYHble # Kalman Filters
meronst » ®unbtpbl Kanmana » Optimization-hased approach (Maving
- Horizon Estimation)
» MNopaxop, OCHC bliA Ha onT Ly
(OueHKa aBMKYLLErOCA FOPM3OHTa)
* Supervised Lea
¥ Unsupervised Le
Ananutuka n .
o6HoBNEHNe » KoHTposnupyemoe obyueHue > Deep Learning
Mopaenu MawnnHoe > 6
obyenme HeKkoHTponupyemoe obyueHue
» Tny6okoe obyueHue
Wccpenosa-
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KoMMnoHeHTbI LmdpoBOro ABOMHMKA

Dashboard
Widgets

www thingsboard.doscon.no

Tpena
Kpmssie
= — CERY
. Ly 2

www.thingsboard.doscon.no

0 Busyanusauusa

1 Viccpenosa- .
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wMoTHBaA

OCOBEHHOCTU N
NMPUMEHEHUE LUW®PPOBbIX

OBOMHUKOB B OMNEPALIUAX
B BOOHOM CEKTOPE

lNonesHocTb UMdpPoBOro ABOVMHNKA B BOAHOM CEKTOpPE ey
» TpeHaxepbl/ Cumynsatopbl gns oby4yeHns onepaTtopos.

» [1pOrHo3HbIv aHanma n obcnyxveaHue. > Operator Training Simulators

» Predictive analysis and maintenance
» BupTyanbHble / nporpamMmMHble SaT4YUKK. » Virtuall Software sensors.
+ What-if scenarios and analysis.

> «YTO-ecnu» cueHapuv 1 aHanua.

= Early warning systems

» Cuctembl paHHeEro npeaynpexaeHus.

O6uwee noBbllweHNe 3chheKTMBHOCTU U ONTUMU3ALUA TEXHONOTUYECKUX onepauun

MpakTuyekun npumep |

CUMYNATOP OBYYEHUA ONEPATOPA (OTS)
OPERATOR TRAINING SIMULATOR (OTS)




Uto takoe OTS? - Operator Training System

«Cucmema obyyeHusi onepamopos (OTS) npedcmasnsiem coboli supmyarnsHoe npednpusmue Ha
gaweM Komrblomepe, 038071519 orepamopam obydambcsi pabome Ha npednpusimuu nepeod

3aryckom npednpusmusi U Ha MPOMSHKEeHUU 8Ce20 XU3HEHHO20 yuKia npednpusmus.”
- Mokorasa OTS

On-job training

CumynsaTop npoueccos + MeHeaxep cueHapues

> MopenvpoBsaHue 3anycka u BbIKMoYeHNa
» MopenvposaHue HeucnpasBHocTeln 060pyaoBaHUA L s werkip
# Simulating equipment mafunctions

> MO,CleJ'IVIpOBaHVIe BHELWHEro BnnaHua
 Simulating ademal dsturbances

» MopenupoBaHue peakumu Ha ynpaensioLime Aeicsus 3]
Control system

» OueHka Npon3BoANTENBHOCTN Ahmad et al. 2016

SimuWorks MeHnenxep cueHapusa OTS

» Cratnueckuii - OTS nmeeT UKCUPOBaHHbIN rpadmk
MCMOSb30BaHNs

» OTS cnepyet yacTto kanubpoBaTb HOBbIMU AAHHBIMU
3aBoga > Static - OTS has a fixed usability timeline

= OTS should be frequently calibrated with new plant data

PELLUEHUE!! — LUU®POBbIE JBOMHUKA

www.hydromanti i Istomize. htmi#
20 € i I S I et e i Toarne S e I s I e ) 21 € e I T I e e Ao e e s I e )
£
. y Wit
XapaKTepl/ICTI/I KN HAacoca U Ll,l/l(prBOI/l OBONHUK
> Hacocbl 1 KOMMpeccopb! WMPOKO UCMONb3YHTCS Ha
OYMCTHBIX COOPYKEHMSIX.
I'IpaKTVI Yyeckuu npumMmep | > OBopyaoBaHne C ABVKYLLMMICS 4acTAMU MeeT
CPOK 3KCMnyaTaLmm.
NMPOrHO3HOE TEXHUYECKOE
OBCIY>XUBAHUE OBOPYOJOBAHUA
'Y C6op aaHHbIx CuHTe3 AaHHbIX & Mapametps
aHanuTuka moaenvposaHusa
PREDICTIVE MAINTENANCE OF EQUIPEMNT Onmmnzaumn o.,i
BUpPTYankHoW knGep- et
Aivaliotis et al. 2019 tbn3nyeckom cucTemMb! Kaxzoro napamerpa
# Pumps and compressors are widely used in WWTP., -."¢ F_u = rier = =g =
» Equipment with moving parts have an operating life. #;: 2 b | poy
\ B Bt . =
23 € o I T e oo g st SIS s I e )

moTHBaUMA




OctaBLwmincsa nonesHbl cpok cnyxbsl (RUL) ~
Remaining Useful Life (RUL)

FUNEELY alm

1 mecsy 4 mecsiua 6 mecsiueB
Viconenosa- . " ;
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OcTaBLumnics nonesHbln cpok cnyxobl (RUL)
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MakcmumanbsHO gonycTuMoe OTKIOHeHne

OTknoHeHwue (pacbpoc) [Nm]

Mecau1 Mecsu2 Mecsy 3 Mecay 4 Mecsay 5| Mecsay 6
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MpakTuyeckun npumep lll

BOOOPACIPEOEJIUTEJNIbHAA CETb
WATER DISTRIBUTION NEWTORK

CeTb pacnpegeneHnsa Boapl

Developing a Digital Twin

D — go-siga —
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BonopacnpenenutensHas

ceTb BaneHcuun

—
Iy » BaneHcus - Tpetuin no BennymnHe ropog Micnanum
» Ynpasnsetcsa Global Ominum
» O6cnyxusaet 1,7 MUNNMOHA XUTENeN.
» PacwupeHHas nHpacTpykTypa
> 8 pesepByapoB
» 28 Gakos
5 » 47 nacocos
» 259 knanaHoB ynpaBneHns NoTOKOM
» 97 pacxonomepoB
» 470 maHomeTpoB
Wccpenosa- " " "
c tonbckas ™M ©aKiopsl  mmm Uacposoit mmm Cocrasrbie mmm T " o p: = g ™= Eyuee :
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CosgaHue umpoBoro gBoMHUKA

- H UNIVERSITAT

- (—) go- algua (—) ) POLITECNICA
global omnium DE VALENCIA
SENSORS SCADA Smart Metering CMMS

GIS
'l & peansHoM MOHUTOPUHT OBenyxmsaHie
fbpee e (MEHTos
AvcTaHLmoHHoe PocomEcem

GIS - OBGHOBEHUS pa3 B HeAento

aTchopma GOHI:I.IWIX_AIHHI:I .’
AMR — OBGHOBIEHNS XeYacHo ainn = +

CMMS - OGHosnsietcs, koraa ApaBnuveckas mogenb U NPOABUHYTasA aHaNMTMKa
BbINONHAKTCA onepauum )
SCADA - OGHoBnsieTcs kaxable 5 MUHyT ‘
GIS Ulpxialirs onco vy wessk l ubl*poBoﬁ ABoﬁH“K l
AMR Upcalos Mourly
s ind when operabons ae
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moTHBaUMA
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GUI GO2HydNet
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BupTyanbHble gatymkm

B BogonpoBoaHoi ceTn ycTaHoBneHo 500 aaTynkos W3mepeHue aasneHus n pacxoga Ha 10000 ysnos

AasneHuns u pacxoaa.

mppasnuyeckas

AaTYMKU AaBReHUs mMoaenb
[AAT4NKN NOTOKa +

- Naenexue n pacxos BO
Bcen cetu (10000 y3nos)

AnanuTuka
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VALENCIA - SBM
=

MporHosupoBaHue Bbixoaa U3 CTposi TpYGbl B peansHOM BpeMeHu. XKenTble NpsiMoyronbHUKW NpeacTaBnstoT coboi
obnacTb ceTn ¢ Gonee BLICOKOI BEPOATHOCTLIO OTKa3a.

3 2 Vccnenosa-

c Tomcoxey Wmm  Gakophi  mmm Lhposoid mmm Cocraskbic mmm
- enwsann O
MoTUBaUNS L -—

Vimm Mp: i - —-—
mmm npavep| mmm npuwepll mm  ppumeplll Bocoss I Byayuee 7

33

MporHo3vpyemoe n3mMeHeHne YpOBHS B pe3epByape Ha
Bnwxaiiliee Bpemsi B HOpMarnbHbIX YCNoBUsX (cnpasa).

Wccpenosa- N
€ rorcen o= Oakrops mmm Lucposoit mmm CocTasHbie mmm

SaI'IpOI'paMMVIpOEaHHaﬂ OCTaHOBKa Ans
TEXHUYECKOTrO OBCNYKUBAHMSA Ha OYUCTHOM
YCTaHOBKe (Hanp1mep, OMOPOXHEHNE pesepeyapa
BO BPeMsi O4MNCTKN pe3epByapa)

- BnURHAT  mEE OSOWHUK actn
wMoTUBaUMA & f—
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LincdpbpoBon ABONHUK - 4OCTUXKEHUS

| LisippoBoi ABOWHMK ‘

40% 1 MUNNKMapA rannoHoB B rog 2,500 / mecsiy

A

3a(PheKTUBHOCTb CETU

15 20%

L

CIKOHOMIIEHHas BOAA oBHapyXeHble yTeukn —3KoHOMMsA aHeprum  CokpalyeHne OpEx

3 4 Viccnenosa-
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Bbi3oBbl

Mustipla ststshoidars snd sarvice groviders

Lack of s1ansarnasnon

Expectutions teom ighal Fairs
Cucremman MHoxecTBO 3auHTepeCcOBaHHbIX CTOPOH U NOCTaBLUMKOB yCnyr et g I W s il gl oo

WHTErpauma OTcyTcTBME CTaHAapTM3aUUmn Dt rich dos met impty informasion rich

Vudnerasisty of intemat anabisd devices

Fireweain and dets-ancryption Is necessary

Yenoseueckmit OxmAaHnsA oT UMPOBbLIX ABOWHNUKOB

$akTop HepnocTtaTouHoe ob6yuyeHne ncnonb3oBaHUIO LMGPOBbLIX 4BONHUKOB Eyﬂyu-lE E LlM ¢ POB bIX HBO n H M Ko B

BoraTcTBO AaHHbIX He O3HaYaeT GoraTcTBo MH(opmaumen
MonesHocTb

LR Heo6xoaum croxHbIN noaxoa K npeaBapuTenbLHON 06paboTke AaHHbIX

ees YA3BMMOCTb YCTPOWCTB C BbIXoAoM B MHTepHeT

6esonacHocTn Heo6xoaumocTb 6paHaMay3poB U WKUdPOBaHUA AaHHbIX

VIGGAORO" o GaTOp  mmm Linchposoii mam Cocrasveie mam a .
c Mooy N OTUSHAR  mEE  JBOiAX WM vact4  mmm npsvep| mmm npavep | mmm npuvep Il mm

-
BbisoBbl g Eyayuee )

MpuMmepbl KOMMepPYEeCKnX LnMpoBbIX ABONHUKOB ®opyM UM pPOBLIX ABONHUKOB

DopyM No yMHbIM BoAHbIM ceTam(SWAN)
Cnucok KoMnaHui, paboTarolmx Haa pa3BuTUEM L PoBbIX ABONHUKOB B BOAHOM CEKTope

GE Digital ditto

() BOSCH
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byayuwiee undppoBbIX ABOMHNKOB

«JKOHOMUSI om MOHUMOPUH2a, aemoMamu3ayuu u ynpaesieHus Haxodumcs e
patione 320 munnuapdoe dosnnapoe CLUA c 2016-2020 z2. »

- Liucbposoe Gyayuwiee GWI Water

«K 2021 200y MOJS108UHA NPOME IX My6/IUYHbIX KOMIaHUl Ha4Hym
ucnonb3oeamsb aHHbIe om Yugposbix A8oliHUKO8 NMpodykmoas,
nodknoYeHHbIX K MmepHemy seujeli».

-IDC, 2017 .
«13% opzaHusayul, peanusyrowux npoekmsi MHmepHema geusell (IoT), yxe
ucnonb3syrom yugpoenix deoiiHukos, a 62% nubo Haxodsmcs e npoyecce

ycmaHoeseHuUs Ucnosb308aHUsi Yughpoebix 080UHUKO8, Tu60 nNnaHupyrom 3mo
cdenamby.

- Grand View Research Inc.
«Oxudaemcsi, Ymo pa3mep 2/106a/1bHO20 PbIHKa Yugpoebix A8OUHUKO8
ac m 26,07 mapd donnapoe CLUA k 2025 20dy. Mo oyeHkam, e
npozHo3upyembie 200bi pbIHOK 6ydem deMoHCMpuUpo8amb 8bICOKUE
cpedHezodoebie meMribl pocma 6 38,2% ».

- PLIHKM 1 PIHKU
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