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Annomayus. B cmamve paccmampugaemcs 60npoc 0 Heobxo0umocmu
paspabomku HopmamuerHo2o cmaumoapma Oasi Pecnybnuku benapyce,
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cucmem 8000CHAOIHCEHUA, KAHATUZAYUYU U MENTOCHADICEHUs (cucmemam
grcusHeobecnevenust). Omcymemesue eOuHo20 CMaHoapma npusooum K
PA3PO3HEHHOCU NOOX0008 U CYUeCMEEHHBIM MPYOHOCMAM 8 UX pedi-
3ayuu. Ananuz cyujecmsylowux cmanoapmos 8 opy2ux cmpanax noKa3bvl-
eaem, umo cMaHOApMuU3aAYUs CRocoocmeyem YHUPUKAYUU npoyeccos,
CHUDICEHUTO 3ampPam U NO8blUuleHUIO 3dekmusHocmu ynpaeienus. Beede-
Hue makoeo cmanoapma 6 beaapycu no36oaum yuyuuums niaHuposanue
U ynpagnenue UHHCeHePHLIMU CUCTNEMAMY, CHUSUMb IKCNILYAMAyUoHHble
PAacxoobl U NOBICUMb KAYeCME0 NPedoCmasisieMblX YCiye.
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Annotation. The article considers the need to develop a regulatory
standard for the Republic of Belarus defining the rules and principles for
creating digital counterparts of water supply, sewerage and heat supply
systems (life support systems). The lack of a single standard leads to dis-
parate approaches and significant difficulties in their implementation. An
analysis of existing standards in other countries shows that standardiza-
tion helps to unify processes, reduce costs and improve management effi-
ciency. The introduction of such a standard in Belarus will improve the
planning and management of engineering systems, reduce operating costs
and improve the quality of services provided.

Key words: Life support systems, digitalization, digital twins, national
standard, housing and communal services.

CoBpeMeHHBIE BBI30BHI B yIIPABICHUN HHKCHEPHBIMH CHCTEMaMH Tpe-
OYIOT BHEAPEHHS HOBBIX TEXHOJIOTHI U CTAHAAPTOB ISl 00ECTICYSHUS HX
3G GEKTHBHOCTH U yCTOHUMBOCTH. OTHUM U3 KIIOUYEBBIX HHCTPYMEHTOB B
STOM HAIpaBJICHUH SBIIETCSA pa3padoTKa HU(PPOBBIX TBOWHHKOB CHCTEM
BOJIOCHA0KEHHSI, KAHAIM3AI[MH ¥ TETUIOCHA0KEHUS (Jlajiee — CUCTEM KH3-
HeoOecredeHus ). DT U POBBIE MOJICITH MIO3BOJISIOT 00JIee TOYHO OTCIIe-
’KHBATh COCTOSIHUE CHCTEM, IPOTHO3UPOBATH MX MMOBEACHUE M IPOBOIUTH
CBOEBpEeMEeHHbIe NpoduinakTuueckue Mepsl. OnHaKo orcyTcTBHE B Pec-
ny6nuke bBenapych HOpMAaTHBHOTO CTaHIAapTa, KOTOPBIA ObI OMpeaessi
NpaBUiIa ¥ TIPHHIMITEL pa3pabOTKU TAKUX MOJEINEH, MPUBOANUT K pa3pos-
HEHHOCTH TOAXOJIOB M CYIIECTBEHHBIM TPYIHOCTSM B MX peaiu3anun. B
JAHHOI CTaThe paccMaTpPUBACTCS HEOOXOAMMOCTb pa3pabOTKHU CTaH-
JapTa, ONpeAessIOIero NPUHIMITBI CO3JaHusl U BHEIPEHUs MU(PPOBBIX
JBOWHHKOB, a TAK)KE IyTHU Pa3BUTHA U PECYPCHl, HEOOXOIUMBIE ISl 10-
CTHIKEHHUST O)KHJIAEMBIX PE3yJIbTaTOB.

[udposbie NBOWHWKKA HHXEHEPHBIX CHCTEM IPEICTaBISIOT COOOU
BaXHEHIINHA MHCTPYMEHT JJIsl YIPaBJICHHUs] CHUCTEM XH3HEoOecreueHHs
ropozoB U noceseHuid. CerogHs MHOTHE TOpoJia CTAIKUBAIOTCS € PpobIe-
MaMH M3HONICHHOCTH MH)XEHEPHOW MHPPACTPYKTYPHI, yTEUEK BOJBI, TIe-
pepacxojia SHEPTUU U HEAOCTATOYHOTO KOHTPOJIS 32 COCTOSIHUEM CHCTEM.
Ludposbie TBOWHUKHN MO3BOJISIOT 3HAYUTEIBHO MOBBICUTH PO3PAYHOCTh
MPOIIECCOB U YIPOCTHUTH YIIPABICHNUE CHCTEMAaMH 3a CUET TOUHOTO MOJIe-
JIMPOBaHUS U aHaM3a AaHHbIX. OHaKo B benapycn oTCyTCTBYeT eMHBINH
CTaHAApT, ONPEIEISIOMNNA METOJOJIOTHUIO CO3JaHUsl TaKUX JBOWHHUKOB,
YTO YCIIOKHIET BHEIPEHHUE TEXHOJOIMH B MOBCEJHEBHYIO MPAKTUKY U

233



MIPUBOJUT K Pa3HBIM MOAX0aM, KOT1a KaKIbIH MOAPAIUMK I 3aKa3UnK
TpakTyeT IpoIiecc MO-CBOEMY.

Kpowme TOro, ncnosip3oBaHue pasHOOOpa3HBIX MOAXOAOB 0e3 HOpMa-
TUBHOT'O CTaHJapTa MPUBOIUT K YAOPOKAHUIO IPOEKTOB M YBEIHMUCHHIO
CpOKOB HX peaim3auud. OpraHuzanuu, BHEAPsOUUe HU(poBbIe IBOM-
HUKH, CTAJIKMBAIOTCS C MPOOJIEMaMy HECOBMECTUMOCTH CUCTEM, HEXBAT-
KO KBaMM(HUIUPOBAHHBIX KAJAPOB M OTCYTCTBHEM SICHOTO ITOHHMAaHHUS
TpeOOBaHUI U KPUTEPUEB K KaueCTBY pa3zpadaTbiBaeMbIX Mojeneil. 1o
3aTpyAHSET Tepexo] Ha IU(POBbIe TEXHOIOTHH U cO3Aa&T Oapbepsl s
UX MIMPOKOTO BHEAPCHUSI.

AHanmu3 CyIIECTBYIOIIMX HOPMAaTUBHBIX JOKYMEHTOB B PecmyOnmke
benapych mokasbIBaeT, YTO CTaHAAPTHI, pErjIaMeHTHPYIOLIUE CO3JaHKe
IU(POBBIX ABOMHUKOB HH)XEHEPHBIX CHCTEM, OTCYTCTBYIOT, OTHAKO UME-
FOTCS] HEKOTOpBIE YIIOMUHAHHS KaK O UICTOYHMKE TaHHBIX. B TO Bpems kak
B cTpanax EBponeiickoro Cotoza u CILIA yxe pa3paboTaHbl U BHEAPEHBI
Mo0OHBIE CTaHIAPTHI, HANPaBICHHBIC HA MOANCPKKY HHU(POBU3AIMN
XKHU3HEHHO Ba)KHBIX MHXCHEPHBIX cucteM. Hampumep, B BenukoOpura-
HUM aKTUBHO Ucmoyb3dyercs: cranaapt PAS 1192, xoropsiii onpeaenser
TpeOOBaHUS K yIIpaBIeHUIO HH(pOpMAaIKEeH 1 polieccaMy Ha BCEX dTarax
YKU3HEHHOTO 1uKkIia oosekToB. B ['epmanun peiicreyer DIN SPEC 91391,
HanpaBJICHHBII Ha CTaHIAPTH3aLMI0 HU(PPOBBIX MOAENEH Ui MyHHUIH-
MaIBHBIX HHPPacTPYKTypHBIX cucteM. B CIIA pa3paboTaHbl METOI0JIO-
rHYEeCKHe PEKOMEHIAINH, TaKHe Kak cTaHaaptel 1SO, cBsi3aHHBIE ¢ yrIpaB-
neHneM WHOpMaIen s HHXKeHepHBIX 00bekToB. B Poccuiickoit De-
Jepalii UMEIOTCS YIIOMUHAHUS U TIepedeHb 3a/1a4, KOTOPbIe JOJKHEI pe-
1IaTh JIEKTPOHHbIE MOJIEIIH.

[IpakTuku Ipyrux CTpaH IMOKa3bIBAIOT, YTO CTaHAAPTHI ITOMOTaioT
o0ecrnednBaTh COBMECTUMOCTh TaHHBIX, CTPYKTYpHUPOBATh MOAXO K pa3-
paboTke MoJieNielt 1 CHIKATh CTOMMOCTD BHEAPEHHS TeXHOJIOTUH. OTCYT-
CTBHE NOJOOHBIX HOPMAaTUBHBIX JOKYMEHTOB B benapycu co3gaér pucku
TOr0, 4TO pa3BUTHE HUPPOBBIX TexHonoruil B odnactu JKKX Oyzer ot-
CTaBaTh OT MUPOBBIX TEH/ACHIINI, UYTO B CBOIO OY€PENb MOKET HETATHBHO
CKa3aThCs Ha Ka4eCTBE yNpaBlICHUS HHKCHEPHBIMH CHCTEMaMu 1 3(dek-
TUBHOCTH UX PaOOTHI.

Pa3zpabotka cranmapra s UGpPOBEIX ABOWHUKOB MH)KEHEPHBIX CH-
CTeM BOJIOCHA0)KEHMS, KaHAIN3AlUU U TerulocHaOxeHus B PecryOumke
Benapycr HeoOxoanuma 1o CIeayIomyM IpUIUHAM:
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— yHUHUKAIUSA TPOIECCOB (CTaHIAPT IO3BOJIUT YHH(DHUIIMPOBATH
MPOLIECCHI CO3TaHMUS B IKCILTyaTallui HUPPOBBIX IBOMHUKOB, YTO CHU3HUT
BEPOSITHOCTH OIIMOOK MpH pa3paboTKe W YBEITHMYUT COBMECTHMOCTH HC-
MTOJIE3YEMBIX TEXHOJIOTHA);

— CHIDKEHHE 3aTpaT (YETKHE CTPYKTYPUPOBAaHHbIE TPEOOBaHUS 1 €U~
HbIE TIPaBHJIa TTO3BOJISAT ONTHUMHU3UPOBATH PACXOABI HA CO3JaHue IH(po-
BBIX MOJIEINICH, caieNiaB ATOT mpolece 0oJiee MPeACKa3yeMbIM U SKOHOMH-
YECKH IIEeJIECO00pa3HBIM);

— TIOBBIIICHWE MPO3PAaYHOCTH M KauecTBa ympasieHus (1udpobie
JBOMHUKH TTO3BOJISIOT OCYIIECTBISITH MOHUTOPHHT B pealbHOM BPEMEHH,
4T0 oOecreunBaeT 0omnee 3PPEKTUBHOE MPUHATHE PEIICHUN ¥ TIPOBEe-
HUE MPOPUIAKTHUECKIX MEPOIPUSITHIA );

— TOJJICpPKKa TOCYJapCTBEHHOHW MporpaMMbl  HH(QPOBU3ALMN
(B yCIIOBUSIX aKTUBHOTO Pa3BUTHs IUGPOBOH SKOHOMUKH, BHEIPEHHE
CTaHAapTa CIOCOOCTBYET BBITIOITHEHHIO TOCY IaPCTBEHHOM IPOrPaMMBI T10
nuGpoBU3aLUU BeeX cep Ku3HeAesaTenbHOCTH, BKimodast KKX.

CraHaapT IOMKEeH 0XBaTHIBATH CIEIYIOIINE OCHOBHBIE HAIIPABICHUS:

— TpeOOBaHMS K CTPYKTYpe W COJACpKaHHI0 IH(POBHIX IBOWHUKOB
(cTraHmApT MOIKEH OMPEIENsTh, KAKUE TAHHBIE TOJKHBI ObITh BKITFOUEHBI
B MOjIeJIb, KaKue MapameTpbl 00sS3aTeNbHBI Ui MOHUTOPHHIA, W Kak
JIOJDKHBI OBITH TIPEICTABICHBI PE3yILTATHI)

— METOJIOJIOTHS CO3/IaHMsI MOJIeTiel (onrcaHke TTOAX0/I0B U METO/IOB,
KOTOpBIE HEOOXOTUMO HCITIOIB30BaTh NIPH CO3TaHUH NU(POBBIX TBOHHHU-
KOB, BKJIIOUYasi TpeOOBaHUS K TOYHOCTH JaHHBIX M IIpolieccaM BephQHKa-
win);

— TIPOIIeCCHl MHTETPAIMK C CYHIECTBYIOIIMMH CHCTEMaMH YIIpaBiie-
HUS (ONpeAeNUTh CocOOBl MHTETPaluK IU(POBBIX JBOWHUKOB C CHUCTE-
MaMHU YIIpaBJIeHUs, yKe ucnoiab3yemMbiMu B JKKX);

— TpeOoBaHUS K KBAIM(UKAIMU UCTIONHHUTENEH (YETKO 0003HAYHUTH
TpeOOBaHUs K KBUTM(UKAIMN CIIEIUATUCTOB, YYACTBYIOIIUX B CO3TaHUM
U CONPOBOXKICHUN LU(POBBIX MOJIEIIEH ).

— METOJMKY OIEeHKH 3(QQPEKTHBHOCTH BHEAPEHUs (KPUTEPUU ISt
OLIEHKH YKOHOMUYECKOM 11e1ec000pa3sHOCTH BHEAPEHUS LU(PPOBBIX IBOM-
HUKOB U pacuéTa CPOKOB OKYIAEMOCTH).

PazpaboTka u BHeApeHHE HOPMATUBHOIO CTaHAAapTa AJS LU(PPOBBIX
JBOWHHKOB MH)KEHEPHBIX CUCTEM BOJOCHAOKEHUS, KaHAU3AIUK U Tell-
JIOCHA0XKEHUS IPUHECET MHOKECTBO MPEUMYIIIECTB!
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— CHIDKCHME 3KCIUTyaTallMOHHBIX PAacXoAOB (ONTHMHU3aLUS PabOTHI
cHCcTeM 3a CYET HU(PPOBOrO MOHUTOPUHTA U TPOTHO3UPOBAHUS TIO3BOJISIET
CHHU3UTh 3aTpaThl Ha WX OSKCIUIyaTalldl0, MUHUMH3MPOBATh YTEUKH HU
MIPEJOTBPATUTh aBapUilHbIE CUTYaLlHN);

— TIOBBIIIEHHE HAAEKHOCTH M KadyecTBa IPEJOCTaBISEMBIX YCIyT
(mdpoBBIE TBOMHUKHU CITOCOOCTBYIOT MOBBIIICHHUIO HAAEKHOCTH H d(-
(DEKTUBHOCTH CHUCTEM XXH3HEOOECHCUeHHs, YTO B CBOIO OUYEpEAb IOBBI-
IIaeT Ka4yeCTBO YCIYT ISl KOHEYHBIX MOTpeOuTeneit);

— 3¢ QeKTHBHOE MIaHUPOBAHHUE Pa3BUTHS HHPPACTPYKTYPHI (MOEIN
MO3BOJISIIOT JIyYllle [UIAHUPOBATH pa3BUTHE MHPPACTPYKTYPHI, BKIIOYAs
MOJICPHU3AIMIO ¥ PEMOHTHBIE paOOTHI, 32 CYET TOYHOTO MTOHUMAHUS CO-
CTOSTHHSL CUCTEM M IPOTHO3UPOBAHHS UX PaOOTHI;

— COKpallleHHe BpPEMEHHU Ha pelleHHe aBapHUMHbIX CUTyaluil (OnTH-
MU3alMs BpEMEHU 00HApYXEHU HEHCIIPaBHOCTEH U ONEpaTuBHOE peart-
poBaHME Ha aBapUHHBIE CUTYAIlUH, YTO 3HAYUTEIHHO COKpAIaeT BpeMs
MIPOCTOSI CUCTEM;

— ToAJep)KKa MEXIYHapOJHOIO COTpYAHUYECTBA (BHEAPEHHE CTaH-
JapTa, KOTOPBI COOTBETCTBYET MEXIYHAPOIHBIM TPEOOBAHUSIM, TT03BO-
nsieT 0eJIOPYCCKUM OpraHu3alusaIM aKTHBHEE y4acTBOBATh B MEXKIyHapOI-
HBIX TMPOEKTaX ¥ OOMEHHUBATHCS OIBITOM C KOJJIETaMHU U3 IPYTHX CTpPaH.

Pazpabotka cranzapra i co3naHusl HUQPOBBIX ITBOMHUKOB MHIXKE-
HepHBIX cucTeM B PecryOnmke benapych siBisiercss BaKHBIM IIaroM Ha
MyTH K TUQPOBHU3ANNY JKWINIIHO-KOMMYHAIILHOTO X03siiicTBa. EnuHbiii
HOPMATHUBHBIN JIOKYMEHT IO3BOJHUT YHU(UIIMPOBATH MPOLECCHl pa3pa-
OOTKH U BHEAPEHUS1, 00ECIIEUUTh COBMECTUMOCTD JJAaHHBIX U CUCTEM, CHH-
3WUTh 3aTpaThl HA BHEIPEHUE U MTOBBICUTH HAI&KHOCTh pabOThl HHKEHEP-
HBIX cereil. Mcnonp3oBanue nudpoBsix 1BoitHNKOB B JKKX oTKpoer HO-
BbI€ BO3MOXXHOCTH JIJIs1 IOBBILIEHUS 3P PEKTUBHOCTH YIPaBICHUs CUCTE-
MaMH BOJIOCHAOXKEHNS, KAHAIN3AUH U TEINIOCHA0KEHUS, a TAKKE TOMO-
JKET JOCTHYb 00Jiee BBICOKOT'O YPOBHs KoMdopTa ¥ 0€30MacHOCTH IS
BCEX TPpaXKAaH.

JIMTEPATYPA

1. British Standards Institution. PAS 1192-2:2013 Specification for in-
formation management for the capital/delivery phase of construction

236



projects using building information modelling. London: BSI Standards
Limited, 2013.

2. Deutsches Institut fiir Normung e.V. DIN SPEC 91391:2019-04.
Digital Twin — Reference Model for Industrial Digital Twins. Berlin: DIN,
2019.

3. International Organization for Standardization. 1SO 19650-1:2018.
Organization and digitization of information about buildings and civil en-
gineering works, including building information modelling (BIM) — Infor-
mation management using building information modelling — Part 1: Con-
cepts and principles. Geneva: 1SO, 2018.

4. Grieves M., Vickers J. Digital Twin: Mitigating Unpredictable, Un-
desirable Emergent Behavior in Complex Systems. In: Kahlen F.J.,
Flumerfelt S., Alves A. (eds) Transdisciplinary Perspectives on Complex
Systems. Cham: Springer, 2017. p. 85-113.

5. Rosen R., von Wichert G., Lo G., Bettenhausen K.D. About The Im-
portance of Autonomy and Digital Twins for the Future of Manufacturing.
IFAC-PapersOnLine, 2015, vol. 48, no. 3, pp. 567-572.

6. Koanenko B.H., Tpunyteko A.W. LludpoBbie TBOWHUKN HHKEHEP-
HBIX CHUCTEM: MMOAXOAbI N NMECPCICKTUBbLI BHCAPCHUS. anaBneHHe NHXKE-
HepHBIMH cuctemMamu, 2022, Ne 4, c. 45-52.

7. l'ypunoBnu A.H. Cranpaptusauus OUQPOBBIX pEHICHUH B XKH-
JINIIHO-KOMMYHAJIbHOM XO3SIICTBE: OINBIT U NEPCIEKTUBBI. MUHCK: bei-
HUUC, 2020.

8. National Institute of Standards and Technology (NIST). Cyber-Phys-
ical Systems Framework. Gaithersburg, MD: NIST, 2018.

9. Bolton R., Whyte J. The Role of Digital Twins in the Future of Smart
Infrastructure. Proceedings of the Institution of Civil Engineers — Smart
Infrastructure and Construction, 2020, vol. 173, no. 3, pp. 107-117.

10. Lee J., Bagheri B., Kao H.A. A Cyber-Physical Systems architecture
for Industry 4.0-based manufacturing systems. Manufacturing Letters,
2015, vol. 3, pp. 18-23.

REFERENCES

1. British Standards Institution. (2013). PAS 1192-2:2013 Specification
for information management for the capital/delivery phase of construction
projects using building information modelling. London: BSI Standards
Limited.

237



2. Deutsches Institut fiir Normung e.V. (2019). DIN SPEC 91391:2019-
04. Digital Twin — Reference Model for Industrial Digital Twins. Berlin:
DIN.

3. International Organization for Standardization. (2018). 1SO 19650-
1:2018. Organization and digitization of information about buildings and
civil engineering works, including building information modelling (BIM)
— Information management using building information modelling — Part
1: Concepts and principles. Geneva: 1SO.

4. Grieves, M., Vickers, J. (2017). Digital Twin: Mitigating Unpredict-
able, Undesirable Emergent Behavior in Complex Systems. In: Kahlen,
F.J., Flumerfelt, S., Alves, A. (eds) Transdisciplinary Perspectives on
Complex Systems. Cham: Springer, p. 85-113.

5. Rosen, R., von Wichert, G., Lo, G., Bettenhausen, K. D. (2015).
About The Importance of Autonomy and Digital Twins for the Future of
Manufacturing. IFAC-PapersOnLine, 48(3), 567-572.

6. Kovalenko, V.N., Triputko, A.l. (2022). Digital twins of engineering
systems: approaches and perspectives of implementation. Management of
Engineering Systems, No. 4, pp. 45-52.

7. Gurinovich, A.N. (2020). Standardization of digital solutions in hous-
ing and communal services: experience and prospects. Minsk: BelNIIS.

8. National Institute of Standards and Technology (NIST). (2018).
Cyber-Physical Systems Framework. Gaithersburg, MD: NIST.

9. Bolton, R., Whyte, J. (2020). The Role of Digital Twins in the Future
of Smart Infrastructure. Proceedings of the Institution of Civil Engineers
— Smart Infrastructure and Construction, 173(3), 107-117.

10. Lee, J., Bagheri, B., Kao, H. A. (2015). A Cyber-Physical Systems
architecture for Industry 4.0-based manufacturing systems. Manufactur-
ing Letters, 3, 18-23.

238



