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AHHOTALMNUA

BBepeHue. [NpencraBneHbl METOAb! 9KOMOTMYECKON ONTMMU3aL/MN BO3OENCTBUIA, B TOM YuCre: rpaduyeckiin MeTof co3aa-
HUs1 06NacTn JOMYCTUMbIX BO3OENCTBUI NyTEM pPeLLeHns 3a4ay NMMHENHOro NporpaMMMpoBaHNs; Mogenb naeHTudukauum
onacHbIX BO3OEWCTBUIA CUMMIEKCHLIM METOAO0M; MeToq (DOPMUMPOBAHUS YCTOMUMBBIX CUCTEM YNPABMNEHWUsST 9KONOTMMYECKON
6e30nacHOCTbI0 CTPOUTENBLCTBRA.

MaTtepumanbl u meToabl. MeTOOOMOrnst 3KONOrM4eckoro MeHeKMeHTa U PUCK-MeHeIXMeHTa 6a3mpyeTcsi B OCHOBHOM Ha
MeXOyHapoaHbIX CTaHAapTax meHemkmeHTa (Environmental management & Risk management). Ha npocTbix uncnen-
HbIX MpUMepax NPOUNCTPUPOBAHLI BO3MOXHOCTY MaTeMaTU4eCcKoro MoAeNMpOBaHNst Harpy3oK Ha OKpY»KatoLLylo cpeay
Ha 3Tanax >XM3HEeHHOTO LKA CTPOUTENbHbIX 0ObEeKTOB. PacCMOTPEHbI NTMHENHbIE YPaBHEHWUSI AENCTBUSI C OrPaHNYEHNAMN
1 C OBYMS1 NepeMeHHbIMU hakTopamu BNusiHUA. Ecnn nepentn K NMHENHbIM 3aBUCUMOCTSM C TPeMsl NepeMeHHbIMU doak-
TOpaMu BMMSHUSA, TO OHWM ByQyT onMcbiBaTb MMOCKOCTb B TPEXMEPHOM MPOCTPaHCTBE BO3LAENCTBUS; CUCTEMA JIMHEWMHbIX
OorpaHuyeHnin npeacTaBnseT cobort MHOrorpaHHUK kak obnactb AONyCTUMbIX BO3AENCTBUIA B TPEXMEPHOM MPOCTPaHCTBE
BO34ENCTBUS.

Pe3ynbrathl. ViccnenosaHus, npoBedeHHble rpadpuyecknMm MeTogoM NOCTPOeHNs obracT A0NyCTUMbIX BO3AENCTBUIA Npu
peLLEHNN IKONOTMYECKUX 3aay NMMHENHOro NPorpaMMUpPOBaHUst, Nokasanu ero 3MEeKTUBHOCTb U HAMMSAAHOCTbL B CPaBHe-
HWUW C pe3yrnbTatamMu, Noy4YeHHbIMIU pacyeTHbIM nNyTeM. Hanbonee agdpekTmBHOM siBNsieTca pa3paboTka cuctem ynpaene-
HUST 3Konorm4eckon 6e30nNacHOCTbI0 CTPOUTENBCTBA, CBSI3AHHBIX C UCTOYHUKAMM OTXOAO0B, a Takke ynpaBrieHusi COCTaBOM
1N 06paboTKoV MOTOKOB OTXOAOB C LieNbi0 COAENCTBUSA NMpeaoTBpaLleHnio 0bpa3oBaHusi OTXOL4OB, a Takke pekynepauuu
1 nepepaboTKM OTXOAOB CTPOUTENBHOW OTPACHW.

BbiBogbl. BaxHbIM HanpaBneHneM pas3BUTUS METOLOB SABMSIETCSA NOBbILLIEHNE 3PEKTUBHOCTU UCMONB30BaHUS PECYPCOB
1 CHUXKEHME 3aTpaT Ha CTPOUTENBLCTBO U SKCNIyaTaumto 06bekToB. [Ins atoro 6yayT NPUMEHSATLCS HOBbIE TEXHONOMUK U Ma-
Tepvansl, a Takke ONTUMMU3NPOBATLCS NPOLIECChl CTPOUTENBLCTBA M JKCMyaTauum 06bEKTOB.

KNIOYEBbLIE CITOBA: yrnepogHoe BO3AeCTBUE, SKOMOrMYECKUIA MEHEKMEHT, SKONOrMYECKUIA PUCK, PUCK-MEHEIXKMEHT,
cMcTeMa 3KONMOrM4eckoro MEeHeXXMEHTa, 3KOMOTMYECKUIA acnekT, YpesBblyaiHas cuTyauusi, OObEKT KanuTanbHOro CTpou-
TenbCcTBa
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ABSTRACT

Introduction. The methods of environmental impact optimization are presented, including: a graphical method for creating
an area of acceptable impacts by solving linear programming problems; a model for the identification of hazardous impacts
by the simplex method; a method of forming sustainable management systems of ecological safety of construction.
Materials and methods. The methodology of environmental and risk management is based mainly on international man-
agement standards (Environmental management & Risk management). Using simple numerical examples, the possibilities
of mathematical modelling of environmental loads at the stages of the life cycle of construction facilities are illustrated.
The paper considers linear equations of action with constraints and with two variable factors of influence. If we pass to linear
dependencies with three variable factors of influence, then they will describe a plane in the three-dimensional space of influ-
ence. The system of linear constraints represents a polyhedron as the area of permissible impacts in the three-dimensional
impact space.

Results. Studies conducted by the graphical method of constructing the area of permissible impacts when solving envi-
ronmental problems of linear programming showed its effectiveness and clarity, compared to the results obtained by com-
putational method. The most effective is the development of environmental safety management systems for construction
related to waste sources, as well as the management of the composition and treatment of waste streams, in order to promote
the prevention of waste generation, as well as the recovery and recycling of waste from the construction industry.
Conclusions. An important area of development of methods is to increase the efficiency of resource use and reduce
the cost of construction and operation of facilities. For this purpose, new technologies and materials will be used, as well as
well as the processes of construction and operation of facilities will be optimized.

KEYWORDS: carbon impact, environmental management, environmental risk, risk management, environmental manage-
ment system, environmental aspect, emergency situation, capital construction facility
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BBEAEHHUWE

Ienbro uccaenoBaHuil 0 HayYHbIM CIELUAJIBHO-
ctsim BAK 2.10.2 «3Dkonoruyeckasi 6e30MacHOCTb (TeX-
HUUYecKue HayKn)» 1 2.1.14. «YnpaBiieHHe KU3HESHHBIM
LOUKIOM OOBEKTOB CTPOMTENBCTBA (TEXHWYECKHE Ha-
YKH)» SBISIETCS NPOBEACHUE HKOJIOTHUECKON OIICHKH
VIJICPOIHOTO M a30THOTO Clieia TEXHUYCCKHMHU O0b-
€KTaMH B YCIIOBHUAX CTPAaHBL. MOTYT CTaBUTHCS 3a/1auu:

1. ®opmupoBanue 0a3 JaHHBIX TOKa3areiae 00b-
ekToB KanurtaiabHoro crpoutenscrBa (OKC) ¢ reorpa-
(buvecKoii MPUBSA3KOH K IKOCHCTEMaM.

2. Turmmzaruss OKC mo ypoBHIO BO3IEHCTBHS BBI-
OpOCOB Ha OKPYIKAIOIIYIO CPELy.

3. DKoyoruyeckas oreHka yriepogHOTo CiIeaa 1e-
cexyembrx OKC.

4. Dkomornueckas omenka azoraoro ciema OKC.

5. Dkonorudeckasl OLIEHKa YTJIEPOJHOIO U a30T-
Horo cineqa OKC B ycloBUsIX pasHBIX CTpaH B 0000
OXpaHSAEMbIX TPUPOTHBIX TEPPUTOPHUSIX.

6. Onenka coorBercTBUA OKC «3eneHbIM cTaH-
JapTamy 10 BRIOpOCaM MapHUKOBBIX Ta30B.

Lemp HACTOAMIETO HCCIIEAOBAHHUA — 0030p Me-
TOJOB ympaBieHus >ku3HeHHbIM IukioM (OKI[) OKC
C YYCTOM BJIHSIHUS SKOJIOTMYCCKUX W JPYTHX BHUIOB
PHUCKOB.

I'maBHBIN BOIpOC, paccMarpuBaeMblil B CTaThe,
Kak OyayT pa3BUBATHCSI METOJIbI C YUETOM BIIHSIHUS DKO-
JIOTUYCCKUX U APYTHX BHUIIOB PHCKOB.

3amaun mcciuenoBaHusA: 1) 0030p MEXKIyHApOI-
HBIX M OTCYECTBEHHBIX HOPMATHUBHBIX JOKYMEHTOB
0 MeTo/1ax; 2) aHaJIM3 HHHOBAIIMOHHBIX METOJIOB C y4e-
TOM BITUSTHHSI 9KOJIOTHYECKHUX W JIPYTHX BHIOB PHCKOB
B JIFICCEPTAIUAX IO JaHHOMY HaIpaBICHHIO.

MATEPHUAJIBI U METO/JbI

MeTononorusi  3KOJIOTMYECKOIO  MEHEIKMEHTa
U PUCK-MEHE/PKMEHTa 0a3upyeTcs B OCHOBHOM Ha MEXK-
JYHapOJIHBIX CTaH/apTaX MEHEPKMEHTA!

1. Environmental management:

*ISO 14001:2015. Environmental management
systems — Requirements with guidance for use. (MCO
14001:2015. Cucrtembl 3KOJIOTMYECKOTO MEHEIKMEH-
Ta — TpeOoBaHMsI U PYKOBOJCTBO O TMPUMEHEHHIO).
URL: https://www.iso.org/home.html;

«ISO 14004. Environmental management sys-
tems — General guidelines on implementation. (MCO
14004. Cucrembl 3KOJIOTHUECKOro MeHekMeHTa. 00-
IMe PYKOBOJSIIME yKa3aHUs 1o BHeapeHuio). URL:
https://www.iso.org/home.html;

*[SO 14005. Environmental management sys-
tems — Guidelines for the phased implementation of an
environmental management system, including the use
of environmental performance evaluation. (MCO 14005.
CucTeMbl 9KOJIOTHYECKOTO0 MEHEIDKMEHTa — PyKOBOIISI-
Y€ MPUHIMITEI TOATAITHOTO BHEAPEHHS CHCTEMBI KO-
JIOTHYECKOr0 MEHE/DKMEHTA, BKIFOYAsi HMCIIOJIB30BaHUE
OLICHKH DPEe3YJbTaTUBHOCTH JKOJIOTHYECKON AeSTeIbHO-
ctu). URL: https://www.iso.org’/home.html;

* ISO 14006. Environmental management systems.
Guidelines for incorporating ecodesign. (MCO 14006.
CucTeMbl HKOJIOTHYECKOTO MEHeKMeHTa. Pexomenaa-
WU 1o BHeApeHuto skonmsaiiHa). URL: https:/www.
iso.org/home.html;

+ ISO 14020. Environmental labels and declara-
tions. General principle. (MCO 14020. Dxonorudeckue
9THKETKH M Jjeknapanun. OOmmit npuanmm). URL:
https://www.iso.org/home.html;
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« ISO 14021. Environmental labels and declara-
tions — Self-declared environmental claims (Type II
environmental labelling). (MCO 14021. Dxonoruye-
CKHE 3THUKETKU W JICKJIApaIllid — CaMOIPOBO3IIAIICH-
HBIE DKOJIOTHYECKHE TpeOOBaHuUs (IKOIOrHIecKast Map-
kupoBka Il tuma)). URL: https://www.iso.org/home.
html;

* ISO 14024. Environmental labels and declara-
tions — Type I environmental labelling — Principles
and procedures. (ICO 14024. DKoI0rHYECKUC ITUKET-
KH U JIeKJIapanuy — DKOJIOrn4eckasi MapKUpOBKa TUIIA
I — Ipurnumns! u npouexypsr). URL: https://www.iso.
org/home.html;

* ISO 14025. Environmental labels and declara-
tions — Type III environmental declarations — Prin-
ciples and procedures. (MCO 14025. Dxonoruyeckue
STHKETKH W JIeKJIapanuu — OJKOJIOTHYECKHE JIeKJia-
paunu tuna 11 — [puHnmns! u npouexypsr). URL:
https://www.iso.org/home.html;

« ISO 14031. Environmental management. Envi-
ronmental performance evaluation. Guidelines. (MCO
14031. Oxonormueckuii MeHemkMeHT. OIEHKa 3Ko-
nornueckoit addextuBHOCTH. PykoBomcTBo). URL:
https://www.iso.org/home.html;

* ISO 14033. Environmental management. Quan-
titative environmental information. Guidelines and ex-
amples. (MCO 14033. DKkoJIOrMYECKUl MEHEIKMECHT.
KonnuecTBeHHbIE KOIOTHYECKUE NaHHBIC. PykoBon-
crBo u npumepsl). URL: https://www.iso.org/home.
html;

2. Risk management:

* [ISO 14040. Environmental management. Life
cycle assessment. Principles and framework. (UCO
14040. Dxomormueckuil MeHeKMEHT. OleHka XKu3-
HeHHoro mwWkia. IlpuHimmsr m crpykrypa). URL:
https://www.iso.org/home.html,;

« [ISO 14044. Environmental management. Life
cycle assessment. Requirements and guidelines. (MCO
14044. Dxonmormueckuit MeHeKMeHT. OleHka XKu3-
HeHHOro nukia. TpeboBanus u pekomenmanuu). URL:
https://www.iso.org/home.html;

« [ISO 14045. Environmental management. Eco-
efficiency assessment of product systems. Principles,
requirements and guidelines. (MCO 14045. Dxonoruue-
ckuit MeHeDKMEHT. OTICHKa SKOJIOTHYECKOH AP PEKTHB-
HOCTH IPOIYKTOBBIX cucteM. [IpuHummnbl, TpeboBanms
u pykoBomsmue ykazaHus). URL: https://www.iso.
org/home.html;

« [ISO 14046. Environment management. Water
footprint. Principles, requirements and guidelines.
(MCO 14046. DxonOru4ecKuii MCHEIKMCHT. BoHbIN
cnen. [IpuHnumel, TpeOOBaHUS M PYKOBOSLIME yKa3a-
uusi). URL: https://www.iso.org/home.html;

« [ISO/TR14062. Environmental management.
Integrating environmental aspects into product design
and development. (MCO/TP 14062. Dxomorudeckuit
MEHEIDKMEHT. MIHTerpupoBaHue 9KOJIOTHYECKUX acTIeK-
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TOB B TU3aiiH U pa3paboTky npoaykiuu). URL: https://
www.iso.org/home.html;

« [ISO 14063. Environmental management. Envi-
ronmental communication. Guidelines and examples.
(MCO 14063. Dxonormueckuii MeHeKMEHT. OOMeH
9KoJIoruyeckoi nHpopManueil. Pekomennanuu u npu-
mepel). URL: https://www.iso.org/home.html;

* [ISO/TS 14067. Greenhouse gases. Carbon foot-
print of products. Requirements and guidelines for
quantification and communication. (MCO/TC 14067.
[TapHukoBble ra3pl. YIIEpOOHBIA Clel MNPOLYKIUH.
TpeboBaHMs ¥ PYKOBOJISIINE MIPUHIIMITBI KOITHYECTBEH-
HOI OlleHKH ¥ KomMmyHuKarmu). URL: https://www.iso.
org/home.html;

* [ISO 19011. Guidelines for auditing manage-
ment systems. (MCO 19011. PykoBomsmue ykazaHus
o ayauTy cucteM meHepkmenTta). URL: https://www.
iso.org/home.html;

+ [ISO 26000. Guidance on social responsibility.
(MUCO 26000. PyxkoBOACTBO IO COIMAJILHOW OTBET-
ctBerHoctr). URL: https://www.iso.org/home.html;

 [ISO 31000. Risk management. Principles and
guidelines. (MCO 31000. Yrpasnenue puckamu. [Tpnn-
UMbl U pykoBojsiinue ykasanus). URL: https://www.
iso.org/home.html;

+ [ISO 50001. Energy management systems. Re-
quirements with guidance for use. (MCO 50001. Cu-
CTEeMBbI YHEpProMeHe/DkMeHTa. TpeOoBaHusl ¢ PYKOBOJI-
CTBOM M0 wucmojb3oBanuio). URL: https://www.iso.
org/home.html;

* [ISO Guide 73:2009. Risk management — Vo-
cabulary — Guidelines for use in standards. (MCO
73:2009. MenemxmeHnT pucka — TepMHUHBI U Onpese-
nenust). URL: https://www.iso.org/home.html.

MeToibl YIIpaBJICHH S C YU4STOM BITHSIHUS KOJIOTH-
YEeCKHUX M JIPYTHX BHIOB PHUCKOB MOTYT 0a3MpOBaThCs
Ha CTaHJapTax dKOJOTMYECKOr0 MEHE/PKMEHTA U PUCK-
MEHE/PKMEHTA, aKTHBHO BHEIPSIEMBIX B Halllel CTpaHe
Oonee 25 net. B mepeueHb 3THX CTaHAaPTOB BXOJST Ha-
nuoHanbHEIe cTannaptsl Poccun TOCT P UCO:

*TOCT P UCO 14001-2016. CucremMbl 3KOIOTH-
YEeCKOro MEHEKMeHTa. TpeOoBaHUs W PYKOBOACTBO
10 IPUMEHEHUIO;

*TOCT P UCO 14002-2022. CucreMbl 3KOIOTH-
YEeCKOro MEHE/PKMEeHTa. PyKOBOJCTBO IO MPUMEHEHUIO
HCO 14001 ans paccMOTpEHUS IKOJIOTHUECKHUX acTIeK-
TOB M YCIIOBHUII B pAMKaxX KOJOTMYECKON TeMaTHUECKOM
obmactu. Yacts 1. OOmIIHE MOT0KEHNUS,

*TOCT P UCO 14004-2017. Cucremspl 3KOIOTH-
YecKoro MeHemkMeHTa. OOme pyKOBOISIINE yKa3a-
HUSI 110 BHEAPEHUIO;

*TOCT P UCO 14005-2019. Cucremsl 3KoI0-
TUYECKOTO MEHE/KMEHTa. PykoBojsuue yka3aHus
[0 MPUMEHEHHI0 TMOKOrO MOJXO0a MO3TAIHOrO0 BHE-
JPEHHUS] CUCTEMBI KOJIOTUUECKOTO MEHEKMEHTA;

*TOCT P UCO 14006-2013. Cucrtemsl 3KoIO-
FMYECKOr0 MEHE/DKMEHTa. PyKOBOJsIIME YyKazaHHs
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10 BKJIIOYEHUIO SKOJIOTHYECKHX HOPM INPH NMPOEKTUPO-
BaHWH;

* TOCT P UCO 14007-2020. Dxonoruyeckuii me-
HE/KMEHT. PyKkoBofsmue yka3aHus Mo ONpeAeTIeHUIO
9KOJIOTHYECKHX 3aTpar ¥ BHITOI;

*T'OCT P HUCO 14008-2019. JlenexxHast olicHKa
BO3/IEHCTBHS HA OKPY’KAIOIIYIO CPELy U COOTBETCTBY-
IOIINX KOJIOTHIECKUX ACTICKTOB;

*TOCT P UCO 14009-2021. Cucremsl 3KoIO-
THYECKOTO MEHEMKMEHTa. PykoBoadiue yka3zaHHS
[0 y4YeTy JBMKEHHUS MaTepHaJioB B MPOLECccaxX MpOeK-
THUPOBAHUSA U Pa3padOTKH;

*TOCT P UCO 14010-98. PyxoBoasime yka3za-
HUS [0 DKOJIOTN4ecKoMy ayauTy. OCHOBHBIE TPUHIINIBL.

W npyrue craHmapThl 3KOJIOTHYECKOTO MEHE-
JKMEHTA U PUCK-MECHEPKMEHTA Ha BCEX CTAAMAX, BKIIO-
yas W3bICKAHMSA, HPOEKTHUPOBAHUE, CTPOUTEIBLCTBO,
9KCILTyaTallio, PCHOBALUIO M YTWIN3AIHMIO OOBEKTa.
[lepeunciaenHble CTaHAAPTHI KacaroTCsl HOPMUPOBAHUS
creayromux npouenyp ympasnenus Ha XKL «Pazpa-
00TKa M BHEIPEHHE CHCTEM 3KOJIOTHYECKOTO MEHE-
xMeHTa», «TpeboBaHust U PYKOBOJACTBO IO NPUMEHE-
HUIO CHCTEM JKOJIOTMYECKOT0 MEHEDKMEHTa, «O01me
PYKOBOAAIINE YKa3aHWS MO BHEIPEHHIO CHCTEM 3KO-
JIOTHYECKOTO MEHEKMEeHTay, «PykoBoxdime ykasza-
HUSI TI0 TPUMEHEHHMIO TMOKOTO MOAX0Ja IOATAITHOTO
BHEJIPEHHSI CHCTEMBI HKOJIOTMYECKOTO MEHEIKMEHTa»,
«PykoBomsmue yka3zaHHS 1O BKJIIOYEHHIO SKOJIOTHYE-
CKUX HOpPM IpHU NPOEKTUPOBaHUM», «PykoBojsmue
YKa3aHUs M0 Y4eTy JIBH)KCHHS MaT€pHalioB B TPOIIEC-
cax TPOEKTHPOBaHMA M pa3paboTKm», «PykoBomsmne
yKa3aHMsl IO SKOJOrH4yeckoMy aynuTy. OCHOBHBIE
TIPUHINIBD U APYTHe HOPMBI U mpasuia [1].

MeToapl 3KONOTHYECKOM ONTUMH3AIMH BO3ICH-
CTBHH BKJIIOYAIOT B TOM YHCIIE: I'papUYecKHil METOJ
CO3MaHUsI OONACTH AOMYCTUMBIX BO3JCHCTBHH IyTeM
pelIeHus 3a/lad JIMHEWHOTO MpOorpamMMHUpOBaHus [2];
MOZETb HMJACHTH(HKAIMU  OMACHBIX  BO3JICHCTBHI
CHUMILICKCHBIM MeTozmoM [2]; meton QopmupoBaHus
YCTOMYUBBIX CUCTEM YIPABJICHHUS SKOJIOTHUYECKOI Oe3-
OMAacCHOCTBIO CTpouTenbeTBa [2—5]. Ha mpocThix yuc-
JCHHBIX TPUMEpax MPOHUILIIOCTPUPOBAHBI
HOCTH MAaTeMaTHYEeCKOr0 MOJAEIHPOBAHUS HArpy30K
Ha OKpyKaromyto cpeay Ha stamax JKIL[ crpoutens-
HBIX 00BEKTOB. B yKazaHHBIX paboTax paccMOTPEHBI
JVHEHHBIE YpAaBHEHUS JACHCTBUSL C OrpaHMYCHUSIMU
U C JBYMs IiepeMeHHbIMU (aktopamu BiusiHus. [Ipn
repexoJie K JIMHEHHBIM 3aBHCHUMOCTSIM C TpeMs mepe-
MEHHBIMH (D)aKTOpaMH1 BIIHSHUSI OHU OylyT ONHCHIBATh
IUIOCKOCTh B TPEXMEPHOM MPOCTPAHCTBE BO3CHCTBUS;
crcTeMa JMHEHHBIX OTrpaHNYEHHH MpecTaBIsieT co0on
MHOTOTPaHHUK KaK 001aCTh JOITyCTUMBIX BO3ICHCTBUN
B TPEXMEPHOM MPOCTPAHCTBE BO3/ICHCTBHS.

HanbGonee »¢ddexTuBHON siBIsIeTcs pa3padoTka
CHCTEM YIPABIECHHUs JKOJOTMYECKOH O0e30MacHOCTBIO
OKC, cBs3aHHBIX C HCTOYHMKAMH, OIpPEIACICHUSIMU
1 KaTerOpHsIMU OTXO/IOB, a TAK)KE COCTaBOM M 00padoT-
KO IOTOKOB OTXOZOB, C ILIEJIBIO CONEHCTBUS IPENOT-

BO3MOXK-

BpaIIEHUIO 00pa30BaHUsI OTXOJOB, CO3AAHUIO M BHE-
JIPCHUI0 MEXaHHM3MOB MPEAOTBPAIICHUS 00pa30BaHHS
Y MUHUMH3AIIAN OTXOJIOB, a TAK)KE PEKyepaIiy 1 BTO-
PUYHOI NepepaboTKU CUCTEMbl YTHIM3ALMH OTXOJIOB
CTPOUTEIHHON TPOMBIIUICHHOCTH.

l'mnote3a obecrieunBaeMOro WHHOBAITMSIMH KO-
nornyecku 6e3zomnacHoro pazsutus OKC 3axmirouaercs
B HMHTEPIpETalUl U3MEHEHUS MapaMeTpoB OKpyxkKa-
Iome cpensl TOoA BO3ACHCTBHEM OO0BEeKTa B (opme
OHOPOIHOTO A depeHIINaNTbHOTO YpaBHCHHUS, OIIH-
CBIBAIOIIIETO TPACKTOPHIO «IBIKCHUS» CHCTEMBI «00b-
eKT — cperay B MHOTOIIapaMeTpUIeckoM HHpopMmarm-
OHHOM TIPOCTPAHCTBE CPEJIbI KUZHEACITEILHOCTH [2].

B coorBerctBun co Crparerueil couuanbHO-IKO-
HOMUYECKOTO pa3BUTHA Poccnm ¢ HHU3KUM YpOBHEM
BBIOPOCOB ITAPHUKOBBIX ra3oB 10 2050 rona [6] B muc-
ceprauusx 2.1.14. «YnpaBieHue KU3HEHHbIM LUKIOM
00bekTOB cTponTenbeTBay u 2.10.2. «Dxomormueckas
0€3011aCHOCTb) PELIAIOTCS PA3IMYHbIC UCCIIEI0BATEb-
CKHE 3aJjaul, CBA3AHHBIE C MCIOJIb30BAHUEM MOAEIH-
POBaHUS B UCKYCCTBEHHOTO WHTEJUICKTA.

T.B. MaiiopoBa B KaHAMJATCKOM AucCCEpTaLUU
«Mertoandecknii HHCTpYMEHTapui olleHKN P deKTHB-
HOCTH IKOJIOTHYECKOTO MEHEKMEHTA B YCIIOBHAX pea-
JU3AIMH KOHIETIIUN HU3KOYTJIEPOIHOTO Pa3BUTH [7]
pa3paboraina COOTBETCTBYOILIYIO METOTUKY.

I'E. ApraMOHOB B KaHAMJATCKON AucCCepTalu
«OKomoruueckas oreHKa yrIepoIHOTO U a30THOTO CiIe-
Jla TI0 BBIOpOCaM ra3oB 0ObEKTOB TEIJIOBOM YHEPreTH-
ku B ycnoBusax Poccuiickoit ®eneparum» [8] mpume-
HUJ HepapXUUECKUil KITaCTepHBIN aHaIM3.

Astop A.I'. TepemuH B JOKTOPCKOI [uccepTanun
nccienoBan «lmobanpHBIE W PETHOHANBHBIC ACTICK-
THI B3aMMOCBSI3€H B CHCTEME ‘“DHEPreTHYEeCKUN KOM-
IJIEKC — OKpy»Karouias cpeaa’™ [9].

B xammmnmarckoii muccepranun «HpOpMaImoH-
HOE MOJICTIMPOBAaHUE >KM3HEHHOTO IMKIAa 00BEKTa Ka-
nUTagbHOrO cTpouTenbeTBay [10] A.B. Mumienko pas-
paboran mHOOPMAIIMOHHYIO MOJENb B CTPOHTEIBHOM
OTpaciy ¢ IPUMEHEHHEM HH(POPMALTMOHHOW MOIECTIH.

Emmamu Moxamen Mocrada Maxmyn B KaH-
JUJIATCKOM AnccepTanuy «YIpaBieHHE KU3HCHHBIM
IUKIIOM aBTOMOOWJIBHBIX JOPOT Ha 3Tame SKCIUTyaTa-
LIMM Ha OCHOBE MoJieNieil MCKyCCTBEHHBIX HEHPOHHBIX
cerei» [11] pa3paboranm W Ha OCHOBE IONYYCHHBIX
SKCTICPUMEHTAIBHBIX JaHHBIX TPOBET OOydYeHHE pa3-
paboTaHHBIX MOJeNe HCKYCCTBEHHBIX HEHPOHHBIX
cereil [11]. BommonHeno oOydenue Mozenel HCKyc-
CTBCHHBIX HEHPOHHBIX CeTeH, pa3pabOTaHHBIX C HC-
nosb3oBanueM nporpamm: Neural Tools u MATLAB
JUIS IPOTHO3UPOBAHMSI HKCILTYaTAllUOHHBIX XapaKTepH-
CTHK M MHTETPAIBFHOTO YPOBHS COXPAaHHOCTH aBTOMO-
OmbHOM oporu [11].

B xanpunarckoit nuccepranuu [12] A.O. Peibako-
Ba paszpaboTrana MOIeNb KIacCH(PUKAIIMA MOTYIBHBIX
3JIEMEHTOB MaKCUMAaJIbHOM roToBHOCTH (MOMI).

A.A. IMamkoB B KaHAMIATCKOM AHCCEpTAL[UU
«DopMHUpOBaHUE OPraHU3ALMOHHONW CTPYKTYpPBI IPO-
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eKTa Ipu KpymHOOIouHoM Bo3BemeHuu ADCy» [13]
MPEAJIOKWIT AUArpaMMy paclpeleieHusl Tpyro3arpar
Ha Bo3Benenue JKBK peakropnoro 3nanus ADC B 3a-
BHCHUMOCTH OT JIOJH IPUMEHEHHUS apMOOIOKOB.

PE3VYJIBTATHBI HCCIEJOBAHMUA

Meton (GopMHpPOBaHUS YCTOMYMBBIX CHCTEM
yIIpaBj€HUs: HA OCHOBE PEIICHUIN ONTUMHU3UPYIOLIEH
SKOJIOTMYECKOM 3ajjauy MOoKa3ajl TeOPETHUYECKYI0 BO3-
MOKHOCTB (DOPMUPOBAHUSI YCTOMYHMBBIX CHCTEM CTPOH-
TENILCTBA, OJJHAKO TPEOyeTCs SKCIIEPUMEHTAIBHOE 110/
TBEPKJCHUE JIOCTOBEPHOCTH 3TOTO BHIBOJIA.

WH}popMalmoHHOE MOZIENINPOBAHUE B CTPOUTEIb-
HOH OTpaciu B YCIOBHUAX CTOXaCTHYECKUX BO3JCH-
CTBHMH U3MEHEHUS KiIMMara, Te(HIUTa TPECHON BOJBI,
HEeXBaTKM pabodell CHIBI M CAHKIMOHHOTO pa3pbiBa
MHOTHX JIOTHCTHYECKHX CBSI36H — 3TO CIOKHAsI 1 MHO-
rorpanHasi mpobiema, Kotopas TpedyeT KOMIUIEKCHOTO
MOAXO/1a M UHTErpallii MHOTUX acnekToB [14]. Ogaum
W3 KIIFOYEBBIX aCIEKTOB MH(OPMAIIMOHHOTO MOJIEIH-
posauus XK1 mukia o6beKTa SBISETCS Y4eT CTOXACTH-
YeCKHMX BO3JIEHCTBUI M3MeHeHus knmmara [15]. Drto
MOKET BKJIIOUaTh MOJIENIMPOBAHHE N3MEHEHUH TeMIle-
parypbl, OCaJIKOB, BETpa U APYTHX (aKTOPOB, KOTOPHIE
MOTYT MOBJIHMATH Ha CTPOUTENBCTBO U IKCILTyaTalHIO
oObekTa. JIpyroil BaKHBIA aceKT — y4eT IeHUInTa
mpecHoil Boasl [16]. B ycrmoBHAX OrpaHHYEHHOTO JI0-
CTyna K BOAHBIM pecypcaM HEOOXOIHMO YYHTBIBaTb
HOTPeOHOCTH O0BEKTA B BOJIE U IPUHUMATh MEPHI 110 €€
3¢ PEeKTUBHOMY UCITOIB30BaHUIO U yTHiM3auu. Takxke
B)XHBIM AaCIIEKTOM CIIY)HT y4YeT HEXBaTKH padoueit
cuibl. Ilpy orpaHWYeHHOM [AOCTyNe K KBaTH(pUIH-
POBaHHBIM CIIEIUATIUCTaM CJIEAYeT ONTHMHU3UPOBATh
MPOIECCHl CTPOUTEIBCTBA M IKCIITyaTallud OOBEKTa,
a TaxKe MCIOJIB30BaTh HOBBIC TEXHOJIOTHH M Marepua-
JIBI, KOTOPBIE MOTYT COKPATUTh IIOTPEOHOCTH B paboyeit
cune [17]. HakoHer, CaHKITMOHHBIH pa3pblB MHOTHX
JIOTUCTUYECKUX CBSI3€H MOXKET IIPUBECTU K MpodiIeMam
C TIOCTaBKaM¥ MaTepuasioB u odbopynosanusi. [loatomy
B2)XHO YYMTBIBaTh 3TOT (HaKTOp IpH IIAHUPOBAHHUN
U yTIPaBICHUH CTPOUTEIHCTBOM 00BekTa [18]. Bee atm
ACTICKTHI B YCIIOBUSIX CTOXaCTHYECKUX BO3/ICHCTBUH U3-
MEHEHHsI Kiiumara, AeuiuTa mpecHOi BOJIbI, HEXBAT-
KW paboueil CHIIbl U CaHKIMOHHOTO Pa3pbiBa MHOTHX
JIOTHCTHYECKHX CBSI3€H SIBJISIFOTCS CIIOKHBIMUA M MHOTO-
IPaHHBIMH IIPOOJIEMaMH, KOTOPbIE TPEeOYIOT KOMILIEKC-
HOTO MOX0/Ia U MHTETPAIIMN MHOTHX aCIIEKTOB.

OnMH 13 KITIOYEBHIX aCMIEKTOB ONTUMHU3AIIH CTPO-
UTEJIBHBIX MPOCKTOB — YYeT AKOJOrMYecKuX (haxro-
pos [14]. Dxonoruueckas 6e3omacHocTh Ha XKL ctpou-
TENIBHBIX 00BEKTOB OIPEAEIACTCS HCXOAs U3 (PaKTOPOB,
TaKWX KakK BBEIOOp MaTepHasioB, SHEPTOAI(PPEKTHBHOCTD
3aHM, UCTIOIb30BAaHNE BO30OHOBIIEMBIX HCTOYHUKOB
SHEPruy, MUHUMH3ALUS OTXOIOB M BBIOPOCOB Bpei-
HbIX BewecTB [15]. [y onpenenenus: SKoI0ruueckoi
6e3zomacHoctr Ha XKL CTpOMTENBHBIX OOBEKTOB IPH-
MEHSIOTCSI pa3JINYHbIC METO/IBI 1 MHCTPYMEHTBI, TaKHe
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KaK HKOJIOTHYECKas OLleHKa IPOEKTOB, CUCTEMBI yIIpaB-
JICHUS! Ka4eCTBOM M IKOJIOTMYECKHM MEHE/DKMEHTOM,
aHaIM3 PUCKOB U T.J. [16]. BaxkHbIM acrekrtoMm orpe-
JeNeHst dKoJorndeckoii 6ezomacHoctr Ha JKII cTpon-
TCIBHBIX O6’beKTOB ABJISACTCA YUCT M3MCEHEHUM KIIMMaTa
U JAPYTUX SKOJOTMYECKHX (PAKTOpPOB. DTO IMO3BOJSET
MIPUHUMATh MEPHI 1O aJanTanni 00bEKTOB K U3MEHSIO-
muMcst yeroBusM. ONTHMH3aNuUs CTPOUTEIBHBIX MPO-
€KTOB M OIPEJEICHNE HKOJIOTMYEeCKOH 0e30MacHOCTH
Ha JKI] cTpouTenbHBIX 00BEKTOB — CIOXHBIE TTPOOIIe-
MBI, KOTOpbIE TPEOYIOT KOMITJIEKCHOT'O TIO/IX0/1a ¥ UHTe-
rpauuy MHOruX acrekros [17, 18].

SJAK/IIOYEHUE U OBCYXJIEHHUE

W3 ananusa ciemyer, 4To OJHO M3 CaMbIX IIep-
CIIEKTHBHBIX HAIPaBJICHUI B PAa3BUTHU HCCIICIOBAHUN
Mo Hay4HBIM crienratbHOCTIM BAK 2.10.2 «Oxomoru-
yeckast 0€30IacHOCTh (TeXHUYECKue Hayku)» u 2.1.14.
«yl'[paBJ'IeHI/Ie JKHU3HCHHBIM IIMKJIOM 00BEKTOB CTpou-
TEJILCTBA (TEXHUYECKUE HAayKH)» — pa3paboTka Hayd-
HO 00OCHOBaHHBIX OPraHM3AIMOHHO-TEXHUYECKUX pe-
mIeHnH, o0ecreynBaonIiX d(PPEKTHBHOE YIIPaBICHIE
K11 st MUHMMHU3a1MKM PUCKOB MEHEJIKMEHTA.

C0XXHOCTh 3aga4u oNTUMHU3alIU CTPOUTECIIbHBIX
IIPOEKTOB OIpeeNsieTcs ux cnennduroil. Beicokas pe-
CYPCOEMKOCTb, HOIBHKHOCTH HCIIOIb3yEMBIX PECYPCOB
(epcoHas, TeXHWKa W Jp.) 3HAYUTEIHHO YCIOXKHSIIOT
3aj1aqy ONTHMHU3aLK U TPeOyIoT yyera (HakTopoB Ipo-
CTPAHCTBEHHOTO U BpEMEHHOT0 MojienupoBanus [ 18].

B paccMOTpeHHBIX HCCIIeIOBaHUSIX MPEICTABICHBI
METO/Ibl JKOJIOTUUECKOH ONTUMH3AINKM  BO3JICHCTBHUIM:
rpaguyecKuii METO CO3/IaHMsA OOJACTH IOIYCTUMBIX
BO3JICHCTBUI IMyTeM peIlIeHUs 3aja4d JIMHEHHOro IMpo-
TrpaMMHUpOBaHuA; MOIC/Ib I/II[eHTI/I(I)I/IKaHI/II/I OIIaCHBIX
BO3/IEHCTBHI CUMIUIEKCHBIM METOJIOM; METO (hOPMHPO-
BaHUS yCTOMYMBBIX CHCTEM YIPaBICHHS KOOI MIECKON
0e30MacHOCTBIO CTPOUTENBCTBA. Ha YMCIEHHBIX HpH-
Mepax HPOMUTIOCTPUPOBAHbI BO3MOXXHOCTH MaTeMaTH-
YEeCKOT0 MOJICIMPOBAHUS HArPy30K Ha OKPYXKAaIOILYIO
cpeny Ha stanax JKL| ctpourensHbix 00bekTOB [19].

PaccMoTpenbl nMHEWHbIE ypaBHEHUS JEWCTBUSA
C OTPaHMYEHHSAMH WM C JAByMs HNEPEMEHHBIMU (HaKToO-
pamu BiustHUS. Eciu mepelTy K JIMHEWHBIM 3aBUCH-
MOCTSIM C TpeMsl epeMEHHbIMU (haKTOpaMH BIIHSHUS,
TO OHHM OyIyT ONMCHIBaTh IUIOCKOCTH B TPEXMEPHOM
MIPOCTPAHCTBE BO3JCHCTBHS; CHCTEMa JINHEHHBIX Orpa-
HUYEHUH TpeACcTaBiIsieT co00if MHOTOTpaHHUK Kak 00-
JIaCTh JIOMYCTUMBIX BO3IEHCTBUM B TPEXMEPHOM IIPO-
CTpPaHCTBE BO3ACHCTBHS, IOKa3aHa ero 3pPpeKTHBHOCTh
1 HaISITHOCTH B CPABHEHUH C PE3yIIbTaTaMHu, OTyYeH-
HBIMH pacueTHbIM myTeMm [20].

Hambonee »(dexTnBHON sBIIETCS pa3padoTKa
CHCTEM YIIPABJIEHHs JKOJOIMYECKONH Oe30MacHOCTBIO
CTPOUTECIILCTBA, CBA3AHHBIX C UCTOYHHMKAMH OTXOHdOB,
a TaKkXKe yIpaBJIeHHUs COCTaBOM U 00pabOTKO MOTOKOB
OTXOJIOB C IIEJIBIO TIPEOTBPAIICHUS 00pa30BaHUSI OTXO-
JIOB CTPOHTENBHOM oTpachu [21].



MeToAbl yripaBAeHUS1 XU3HEHHbBIM LIMKAOM 06BbEKTOB KanuTaabHOro CTPOUTEABCTBaA
C y4eTOM BAUAHNA 3KOAOTUYECKUX U APYTX BUAOB PUCKOB

C. 166-177

MeTo/ibl BIMSHUS 9KOJOTHYECKUX U JIPYTHX BH-
JIOB PHUCKOB OyIyT MPONOJDKATh pa3BUBATHCA B Oymy-
meM. B Hactosimee Bpems CyLIeCTBYIOT pa3iIM4HbIE
noaxoasl Kk ynpasieHuto JKI[ oObexToB, BKIIOYas
METOAbI YIPABJICHUA MNPOCKTaAMU, CUCTEMBI YIIpaB-
JICHNSl Ka4€CTBOM M SKOJOTMYECKUM MEHEIKMEHTOM
[22, 23]. OnHUM U3 KITIOYEBBIX HAIpaBICHUH pa3BH-
THSI METOJIOB SIBJSIETCS. MHTETpanusi KOJOTMYECKUX
aCIIeKTOB. DJTO MO3BOJUT MHUHUMHU3HPOBATH BO3JCH-
CTBHE Ha OKPY’KAIOIIYIO CPEAy U CHU3UTH PHUCKH BO3-
HUKHOBCHUS KOJIOTMUYCCKHUX KaTacTpod. Kpome toro,
OynyT pa3pabaTbIBaThCs HOBBIC METONBI YIIPABICHHUS
pHCKaMH, KOTOPbIE IIO3BOJIAT OOJiee TOYHO OLEHH-

BaTh BO3MOXKHBIE YI'PO3bl U MPUHUMATh MEPBI MO UX
npenorBpamnieanio [24]. Hampumep, MCTOIH30BaHHE
TEXHOJIOTUH HCKYCCTBEHHOTO HHTEIJICKTAa M aHaJH-
3a OOJNBIIMX AAHHBIX MOXKET ITOMOYb B OIPEICIICHUN
HauboJsiee BEPOSATHBIX PUCKOB U BHIOOpE ONTHMAJIb-
HBIX cTpareruii ympasneHus umu [24]. Taxxe Bax-
HBIM HaIpaBJIE€HHUEM Pa3BUTHUS METOJOB CIYXHT IIO-
BbIIeHHE 3(PPEKTUBHOCTH HCIOIB30BAHMS PECYPCOB
U CHIKCHHE 3aTpaT Ha CTPOUTEIBCTBO M IKCILTyaTa-
U0 00beKTOB. [lJ1st 3TOr0 OYyT IPUMEHSTHCSI HOBBIC
TEXHOJIOTHH U MaTepHalbl, a TAK)KE ONTUMHU3NPOBATH-
Csl TIPOIIECCHI CTPOUTENECTBA U AKCIIITyaTallui 00beK-
TOB [22, 23].
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INTRODUCTION

The purpose of research on scientific specialities
HAC 2.10.2 “Environmental safety (technical scienc-
es)” and 2.1.14. “Management of life cycle of construc-
tion objects (technical sciences)” is to carry out envi-
ronmental assessment of carbon and nitrogen footprint
by technical objects in the conditions of the country.
Objectives may include:
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1. Formation of databases of indicators of capital
construction facilities (CCF) with geographical refer-
ence to ecosystems.

2. Typing of CCF by the level of environmental
impact of emissions.

3. Ecological assessment of the carbon footprint of
the investigated CCF.

4. Ecological assessment of the nitrogen footprint
of CCF.
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5. Ecological assessment of carbon and nitrogen
footprint of CCF under different country conditions in
specially protected areas.

6. Assessment of the CCF compliance with “green
standards” on greenhouse gas emissions.

The purpose of this study is to review the methods
of life cycle management (LC) of CCF taking into ac-
count the impact of environmental and other types of
risks.

The main question addressed in the paper is how
methods will evolve to take into account the impact of
environmental and other types of risks.

Research objectives: 1) review of international and
domestic regulatory documents on methods; 2) analysis
of innovative methods taking into account the impact of
environmental and other types of risks in dissertations
in this area.

MATERIALS AND METHODS

Environmental management and risk management
methodology is mainly based on international manage-
ment standards:

1. Environmental management:

*[SO 14001:2015. Environmental management
systems — Requirements with guidance for use. (ISO
14001:2015. Environmental management systems —
Requirements and guidance for use). URL: https://
www.iso.org/home.html;

*[SO 14004. Environmental management sys-
tems — General guidelines on implementation. (ISO
14004. Environmental management systems. General
guidelines on implementation). URL: https://www.iso.
org/home.html;

*[SO 14005. Environmental management sys-
tems — Guidelines for the phased implementation of an
environmental management system, including the use
of environmental performance evaluation. (ISO 14005.
Environmental management systems — Guidelines for
the phased implementation of an environmental man-
agement system, including the use of environmental
performance evaluation). URL: https://www.iso.org/
home.html;

*ISO 14006. Environmental management sys-
tems. Guidelines for incorporating ecodesign. (ISO
14006. Environmental management systems. Guide-
lines for incorporating eco-design). URL: https://www.
iso.org/home.html;

« ISO 14020. Environmental labels and declara-
tions. General principle. (ISO 14020. Environmental la-
bels and declarations. General principle). URL: https://
www.iso.org/home.html;

* ISO 14021. Environmental labels and declara-
tions — Self-declared environmental claims (Type II
environmental labelling). (ISO 14021. Environmental
labels and declarations — Self-declared environmen-
tal claims (Type II environmental labelling)). URL:
https://www.iso.org/home.html;

« ISO 14024. Environmental labels and declara-
tions — Type I environmental labeling — Principles
and procedures. (ISO 14024. Environmental labels
and declarations — Type I environmental labeling —
Principles and procedures). URL: https://www.iso.org/
home.html;

« ISO 14025. Environmental labels and declara-
tions — Type III environmental declarations — Princi-
ples and procedures. (ISO 14025. Environmental labels
and declarations — Type III environmental declara-
tions — Principles and procedures). URL: https://www.
iso.org/home.html;

« ISO 14031. Environmental management. Envi-
ronmental performance evaluation. Guidelines. (ISO
14031. Environmental management. Environmental
performance evaluation. Guidelines). URL: https://
www.iso.org/home.html;

* [SO 14033. Environmental management. Quan-
titative environmental information. Guidelines and
examples. (ISO 14033. Environmental management.
Quantitative environmental data. Guidelines and exam-
ples). URL: https://www.iso.org/home.html

2. Risk management:

* [SO 14040. Environmental management. Life
cycle assessment. Principles and framework. (ISO
14040. Environmental management. Life cycle assess-
ment. Principles and framework). URL: https://www.
iso.org/home.html;

« ISO 14044. Environmental management. Life
cycle assessment. Requirements and guidelines. (ISO
14044. Environmental management. Life cycle assess-
ment. Requirements and guidelines). URL: https://
www.iso.org/home.html;

* ISO 14045. Environmental management. Eco-
efficiency assessment of product systems. Principles,
requirements and guidelines (ISO 14045. Environmen-
tal management. Eco-efficiency assessment of prod-
uct systems. Principles, requirements and guidelines).
URL: https://www.iso.org/home.html;

* ISO 14046. Environmental management. Water
footprint. Principles, requirements and guidelines. (ISO
14046. Environmental management. Water footprint.
Principles, requirements and guidelines). URL: https://
www.iso.org/home.html;

* [SO/TR14062. Environmental management. In-
tegrating environmental aspects into product design
and development. (ISO/TR 14062. Environmental
management. Integrating environmental aspects into
product design and development). URL: https://www.
iso.org/home.html;

* ISO 14063. Environmental management. Envi-
ronmental communication. Guidelines and examples.
(ISO 14063. Environmental management. Environmen-
tal information exchange. Guidelines and examples).
URL: https://www.iso.org/home.html;

* ISO/TS 14067. Greenhouse gases. Carbon foot-
print of products. Requirements and guidelines for
quantification and communication. (ISO/TS 14067.
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Greenhouse gases. Carbon footprint of products. Re-
quirements and guidelines for quantification and com-
munication). URL: https://www.iso.org’/home.html;

* ISO 19011. Guidelines for auditing management
systems. (ISO 19011. Guidelines for auditing manage-
ment systems). URL: https://www.iso.org/home.html;

* ISO 26000. Guidance on social responsibility.
(ISO 26000. Guidance on social responsibility). URL:
https://www.iso.org/home.html;

« ISO 31000. Risk management. Principles and
guidelines. (ISO 31000. Risk management. Principles
and guidelines). URL: https://www.iso.org/home.html;

* [SO 50001. Energy management systems. Re-
quirements with guidance for use. (ISO 50001. Energy
management systems. Requirements with guidance for
use). URL: https://www.iso.org/home.html;

* [SO Guide 73:2009. Risk management — Vo-
cabulary — Guidelines for use in standards. (ISO
73:2009. Risk management — Terms and definitions).
URL: https://www.iso.org/home.html.

Management methods taking into account the im-
pact of environmental and other types of risks can be
based on environmental management and risk manage-
ment standards that have been actively implemented in
our country for more than 25 years. The list of these
standards includes national standards of Russia GOST
R ISO:

* GOST R ISO 14001-2016. Environmental man-
agement systems. Requirements and guidelines for ap-
plication;

* GOST R ISO 14002-2022. Environmental man-
agement systems. Guidance on the application of ISO
14001 for the consideration of environmental aspects
and conditions within an environmental topic area.
Part 1. General provisions;

* GOST R ISO 14004-2017. Environmental man-
agement systems. General guidelines for implementa-
tion;

* GOST R ISO 14005-2019. Environmental man-
agement systems. Guidelines for application of flexible
approach of phased implementation of environmental
management system;

* GOST R ISO 14006-2013. Environmental man-
agement systems. Guidelines for inclusion environ-
mental standards in design;

* GOST R ISO 14007-2020. Environmental man-
agement. Guidelines for determining environmental
costs and benefits;

* GOST R ISO 14008-2019. Monetary assessment
of environmental impact and relevant environmental
aspects;

* GOST R ISO 14009-2021. Environmental man-
agement systems. Guidelines for accounting of material
flow in design and development processes;

* GOST R ISO 14010-98. Guidelines for environ-
mental audit. Basic principles.

And other standards of environmental management
and risk management at all stages, including survey, de-
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sign, construction, operation, renovation and utilization
of the facility. The listed standards refer to the stand-
ardization of the following management procedures in
the life cycle: “Development and Implementation of
Environmental Management Systems”, “Requirements
and Guidelines for the Application of Environmental
Management Systems”, “General Guidelines for the Im-
plementation of Environmental Management Systems”,
“Guidelines for the Application of a Flexible Approach
for the Phased Implementation of an Environmental
Management System”, “Guidelines for the Incorpora-
tion of Environmental Norms in Design”, “Guidelines
for the Accounting of Material Flow in Processes”,
“Guidelines for the Incorporation of Environmental
Norms in Processes” and other norms and regulations.
“Basic Principles” and other norms and regulations [1].

Methods of environmental impact optimization
include, among others: a graphical method of creating
the area of permissible impacts by solving linear pro-
gramming problems [2]; a model of hazardous impact
identification by simplex method [2]; a method of form-
ing sustainable management systems for environmental
safety of construction [2—5]. Simple numerical exam-
ples illustrate the possibilities of mathematical mod-
elling of environmental loads at the stages of the life
cycle of construction projects. In these works, linear
action equations with constraints and with two variable
influence factors are considered. When passing to linear
relationships with three variable influence factors, they
will describe a plane in the three-dimensional impact
space; the system of linear constraints represents a pol-
yhedron as a region of permissible impacts in the three-
dimensional impact space.

The most effective is the development of environ-
mental safety management systems for CCF related to
sources, definitions and categories of waste, as well as
the composition and treatment of waste streams, in or-
der to promote waste prevention, the establishment and
implementation of waste prevention and minimization
mechanisms, and the recovery and recycling of the con-
struction industry waste management system.

The hypothesis of ecologically safe development
of CCF provided by innovations consists in the inter-
pretation of changes in environmental parameters under
the influence of the object in the form of a homoge-
neous differential equation describing the trajectory of
“movement” of the system “object — environment” in
the multi-parameter information space of the living en-
vironment [2].

In accordance with the Strategy for Low Green-
house Gas Emissions Socio-Economic Development of
Russia until 2050 [6], various research problems related
to the use of modelling and artificial intelligence are ad-
dressed in theses 2.1.14. “Construction Project Life Cy-
cle Management” and 2.10.2. “Environmental Safety”.

T.V. Mayorova in her PhD thesis “Methodological
tools for assessing the effectiveness of environmental
management in the implementation of the concept of
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low-carbon development” [7] developed the relevant
methodology.

G.E. Artamonov in his PhD thesis “Ecological as-
sessment of carbon and nitrogen footprint of gas emis-
sions from thermal power facilities in the conditions of
the Russian Federation” [8] applied hierarchical cluster
analysis [8].

The author A.G. Tereshin in his doctoral thesis in-
vestigated “Global and regional aspects of interrelations
in the system «energy complex — environment»” [9].

In his Ph.D. thesis, “Information modelling of
the life cycle of the capital construction object” [10]
A.V. Mishchenko developed an information model in
the construction industry with the application of infor-
mation model.

Elshami Mohamed Mostafa Mahmoud in his PhD
thesis “Life cycle management of motorways at the op-
erational stage on the basis of artificial neural network
models” [11] developed and trained the developed arti-
ficial neural network models on the basis of experimen-
tal data [11]. Training of artificial neural network mod-
els developed using the following programmes: Neural
Tools and MATLAB for predicting the operational char-
acteristics and integral level of road safety [11].

In her PhD thesis [12], A.O. Rybakova developed
a classification model for modular elements of maxi-
mum availability (MEMG).

A.A. Shashkov in his Ph.D. thesis “Formation of
the project organizational structure for large-block con-
struction of NPP” [13] proposed a diagram of labour
cost distribution for the NPP reactor building reinforced
concrete construction depending on the share of rein-
forced blocks used.

RESEARCH RESULTS

The method of formation of sustainable manage-
ment systems on the basis of solutions to the optimiz-
ing environmental problem has shown the theoretical
possibility of forming sustainable building systems, but
experimental confirmation of the validity of this con-
clusion is required.

Information modelling in the construction industry
under the conditions of stochastic impacts of climate
change, fresh water scarcity, labour shortage and sanc-
tions breakdown of many logistic links is a complex
and multifaceted problem that requires a comprehen-
sive approach and integration of many aspects [14].
One of the key aspects of information modelling of
the facility life cycle is to take into account the stochas-
tic impacts of climate change [15]. This may include
modelling changes in temperature, precipitation, wind
and other factors that may affect the construction and
operation of a facility. Another important aspect is to
consider freshwater scarcity [16]. With limited access
to water resources, it is necessary to consider the water
requirements of the facility and take measures for its
efficient utilization and disposal. Consideration of la-

bour shortage is also an important aspect. With limited
access to skilled labour, the construction and operation
processes of the facility should be optimized, and new
technologies and materials that can reduce the need for
labour should be used [17]. Finally, the sanctions break-
down of many logistical links can lead to problems with
the supply of materials and equipment. Therefore, it is
important to take this factor into account when planning
and managing the construction of the facility [18]. All
these aspects under the stochastic impacts of climate
change, fresh water scarcity, labour shortages and sanc-
tions breakdown of many logistic linkages are complex
and multifaceted problems that require a comprehen-
sive approach and integration of many aspects.

One of the key aspects of optimizing construc-
tion projects is the consideration of environmental fac-
tors [14]. Environmental safety in the life cycle of con-
struction projects is determined based on factors such
as material selection, energy efficiency of the build-
ing, use of renewable energy sources, minimization of
waste and emissions of harmful substances [15]. Vari-
ous methods and tools such as environmental assess-
ment of projects, quality and environmental manage-
ment systems, risk analysis, etc. are used to determine
the environmental safety in the life cycle of construc-
tion projects [16]. An important aspect of determining
environmental safety in the life cycle of construction
projects is the consideration of climate change and other
environmental factors. This allows taking measures
to adapt objects to changing conditions. Optimization
of construction projects and determination of environ-
mental safety in the life cycle of construction projects
are complex problems that require a comprehensive ap-
proach and integration of many aspects [17, 18].

CONCLUSION AND DISCUSSION

It follows from the analysis that one of the most
promising directions in the development of research in
the scientific specialties of HAC 2.10.2 “Environmen-
tal safety (technical sciences)” and 2.1.14. “Manage-
ment of the life cycle of construction objects (technical
sciences)” is the development of scientifically sound
organizational and technical solutions that ensure ef-
fective management of the life cycle to minimize man-
agement risks.

The complexity of the task of optimization of
construction projects is determined by their specific-
ity. High resource intensity, mobility of used resources
(personnel, machinery, etc.) significantly complicate
the optimization problem and require consideration of
spatial and temporal modelling factors [18].

The reviewed studies present methods of environ-
mental impact optimization: a graphical method of cre-
ating the area of permissible impacts by solving linear
programming problems; a model of hazardous impact
identification by simplex method; a method of form-
ing sustainable management systems for environmental
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safety of construction. Numerical examples illustrate
the possibilities of mathematical modelling of environ-
mental loads at the stages of the life cycle of construc-
tion projects [19].

Linear action equations with constraints and with
two variable influence factors are considered. If we pass
to linear dependencies with three variable influence fac-
tors, they will describe a plane in the three-dimensional
action space; the system of linear constraints represents
a polyhedron as a region of permissible influences in
the three-dimensional action space, its efficiency and
clarity in comparison with the results obtained by cal-
culation are shown [20].

The most effective is the development of construc-
tion environmental safety management systems related
to waste sources, as well as the management of the com-
position and treatment of waste streams in order to pre-
vent the formation of construction industry waste [21].

Methods for influencing environmental and other
types of risks will continue to evolve in the future. Cur-

rently, there are various approaches to managing the life
cycle of facilities, including project management meth-
ods, quality management systems, and environmental
management [22, 23]. One of the key areas of method
development is the integration of environmental as-
pects. This will minimize the environmental impact
and reduce the risks of environmental disasters. In ad-
dition, new methods of risk management will be de-
veloped, which will make it possible to assess possible
threats more accurately and take measures to prevent
them [24]. For example, the use of artificial intelligence
technologies and big data analysis can help in identify-
ing the most probable risks and selecting optimal strat-
egies to manage them [24]. In addition, an important
direction in the development of methods is to improve
the efficiency of resource utilization and reduce the cost
of construction and operation of facilities. For this pur-
pose, new technologies and materials will be used, as
well as the processes of construction and operation of
facilities will be optimized [22, 23].
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