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JKypnasn Br/mioueH u nxgekcupyercs B 6ase ganHbix PYIHIT
(Poccuiicknit MHAEKC HAYYHOTO LIMTYPOBAHNMA,
www.elibrary.ru)) Ha ycoByAX IOHOTEKCTOBOTO pasMelle-
HMAA, apXMBUPOBAHNA U JIEIO3UTHOTO XPaHEHNA.

Directory of Open Access Journals — DOA]J
(http://www.doaj.org).

Hayunas 6u6moreka oTkppitoro gocryma «Knbep-
JIeannaka». HNY MI'CY npepgocTaBu MnIjeH3NIO Ha pas-
MellleHle MaTepuasoB )XypHana «CTpOUTeIbCTBO: HayKa

u obpasoBanue» EBSCO Information Services
(http://www.ebsco.com/) — KpyIHejilleMy B MIpe arpera-
TOPY NOTHOTEKCTOBBIX )KYPHA/IOB I APYTUX UCTOYHUKOB
Hay4HOI1 MH(popManuu. [To/THbIe TEKCTHI BBIITYCKOB XYP-
Ha/la MOYKHO Oy/IeT HajiTy B OGHOB/IEHHOI! 6a3e JaHHBIX
EBSCO Applied Sciences («IIpukmagHsie HayKi»), KaK
TOJIbKO KOJUIEKLMs OyIeT yKOMIUIEKTOBAaHa I pasMellieHa
Ha caiiTe arperaropa. PacnpocTpanseTcs yepes 37eKTpOH-
Hble 6ubnnorexu «JIanp», «PykoHT», «IPRbooks», BXOZIUT
B Karanor komnauuu East View Information Services, Inc.
ITo nannbiM PVIHII, cpenn 756 xypHaIoB B 061acTi
crpoutensctBa «CTPOUTENLCTBO: HayKa 1 0OpasoBaHye»
BXOZIUT B 8 BEYLIMX KYPHAJIOB OTPAC/IN.

CratbsaM npucsanBaercs ungposoit ugertudukarop DOL
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AHHOTALMUA

BBeneHue. [pyHTOBbIE NNOTUHBI U A4AMObl U3 MENKO3EPHUCTBIX FPYHTOB ABMSIOTCA PacnpoCTPaHEHHLIMU COOPY>KEHUSIMU.
Mx wmpokoe ncrnonb3oBaHne B MMAPOTEXHUYECKOM CTPOMTENBCTBE OBBSACHAETCH 3KOHOMUYHOCTBIO BCNEACTBME NPUMEHE-
HMS MECTHbIX MaTepyanoB. YacTo B Takmx KOHCTPYKLMSAX UCMOMb3YOTCS MMMHUCTBIE FPYHTbI KaK ANS YKNaaKkv B NpuU3Mbl Nio-
TWHBI, TaK 1 ANs YCTPOWCTBA NPOTUBOMUIIETPALMOHHBIX aneMeHToB. OfjHaKOo yknagka rmMHUCTOrO rpyHTa ComnpshkeHa ¢ He-
KOTOPbIMW OFPaHUYEHNSMU, CBA3AHHBIMU C KIMMAaTUYECKMUN YCNOBUSMU CTPOUTENbCTBA. OTO CKa3blBAETCA Ha BPEMEHMU
CTPOVTENbLCTBA U B KOHEYHOM UTOre — Ha CTOMMOCTM COOpPYXeHUs. PaccMoTpeHa BO3MOXHOCTb 3aMeHbl YacTuW MVHWUCTOrO
rpyHTa gambbl Ha NecYaHbIN rPYHT, YKNa[Ka KOTOPOro He 3aBUCUT B TAKOW CTENEHW OT MOrofdHbIX YCNoBMA. Takasa 3ameHa
TpebyeT AOMNOMHNTENbHOW MPOBEPKN COOPYXEHUSI C TOYKM 3peHns ee unbTpaLroHHon pabotocnocobHocTh. MposeaeHo
nccrnenoBaHve UnbTPaLMOHHOMO pexuma gambbl 6acceliHa rugpoakkymynupytowen ctaHumm (FTASC), Bo3BeAeHHOM C 1C-
nonb30BaHWEM BCEMOTOAHOW TEXHOMOrMK yKnafaku rpyHTa. Paccmartpusanvch orpaxpatowas gamba 6accevina FTASC un3
CMeLUaHHbIX FPYHTOB Ha HecKanbHOM OCHOBaHWK BbicoTon 32,0 M, 3anoxeHnem BepxoBoro otkoca 1:6,0, HU30BOro OTKO-
ca — 1:3,5; 9 BapuaHTOB KOHCTPYKLMMN C Pa3fNYHbIMU KOHCTPYKTUBHBIMW 3fIeMEHTaMMU.

MaTtepuanb! n metoabl. PacyeTbl ounsTpaLumuy rpyHToOBOV NNOTUHBI A5 YCTAHOBMBLLETOCS U HEYyCTaHOBUBLLETOCS Pexu-
MOB MMOTWHbI MPOBEAEHbLI YNCTIEHHBIM METOAOM KOHEYHbIX 31IEMEHTOB B TOKallbHO-BapuaLMOHHON MOCTAHOBKE C MOMOLLbIO
nporpammMHoro komnnekca FILTR.

Pe3ynkTathl. N5t pacCCMOTPEHHbBIX BAPUAHTOB KOHCTPYKLIMW 3eMISIHOM Aabbl nonyyeHbl napaMmeTpbl UnsTPaLoHHOro no-
TOKa: MOMOXeHWe AenpecCrOHHON KPUMBOW, BEMMYUHBI (DUMBTPALMOHHOTO pacxoAa v rpagueHta. CaenaHbl pekoMeHgaumm
o BbIGOPY KOHCTPYKLIMW.

BbiBogbl. ViccnegoBaHus nokasanu, YTO BO3MOXHO MCNOMb30BaTb CMELUaHHbIV FPYHT, YKragbiBaemblii NO BCEMOrogHowm
TEXHOMOorMn, B NpM3max rpyHTOBOW AaMbbl BMECTO YaCTU MMMHUCTOTO rPyHTa NP UX MOCNONHOW ykraake. PunsTpauoHHbIN
PEXNM COOPYXXEHWNA COBMECTHO C OCHOBaHWEM MpUW 3TOM He BbI3bIBAET ONaCeHUs.

KINOYEBDBIE CJTOBA: 3emnsiHas famba, hunbTpaumnoHHbIN NOTOK, AeNPECCUOHHas KpuBasi, UnbTPaLMOHHBIN pacxoa,
rpagveHT unbsTpaumn, YUCTIEHHbIE METOAbLI pacyeTa, MeTo[ KOHEYHbIX 3NEMEHTOB

OnA UATUPOBAHWUA: AHuckuHd H.A., Cmynusuyes A.B. dunbtpaums gambbl BepxHero 6acceviHa ruapoakkymynmpy-
towen ctaHuun // CTponTenbCcTBO: Hayka un obpasoBaHue. 2024. T. 14. Buin. 2. C. 6-17. URL: http://nso-journal.ru. DOI:
10.22227/2305-5502.2024.2.6-17

Asmop, omeemcmeeHHbIl 3a nepenucky: Hukonan AnekceeBny AHUCKUH, aniskin@mgsu.ru.

Filtration of the dam of the PSPP upper basin

Nikolai A. Aniskin, Andrey V. Stupivtsev
Moscow State University of Civil Engineering (National Research University) (MGSU),
Moscow, Russian Federation

ABSTRACT

Introduction. Ground dams and levees made of fine-grained soils are very common structures. Their widespread use in
hydraulic engineering is explained by their cost-effectiveness due to the use of local materials. Clay soils are often used in
such structures both for laying in the prisms of the dam and for the installation of anti-filtration elements. However, the laying
of clay soil is associated with some restrictions related to the climatic conditions of construction. During the rainy period or
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during the period of snowfall and exposure to negative temperatures, the laying of such soil slows down due to the need to
apply special measures, or stops altogether. This affects the time of construction and, ultimately, the cost of construction.
The possibility of replacing part of the clay soil of the dam with sandy soil, the laying of which does not depend to such
an extent on weather conditions, is considered. However, such a replacement requires additional verification of the structure
in terms of its filtration capacity. A study of the filtration regime of the dam of the basin of the PSPP, built using all-weather
technology of soil laying, was carried out. The parameters of the filtration flow for various design variants are obtained. Rec-
ommendations are given on the choice of an option for an underground dam. The enclosing dam of the PSPP basin made
of mixed soils on a non-slip foundation with a height of 32.0 m, laying an upper slope of 1:6.0, and a lower slope of 1:3.5 was
considered. 9 design options with various structural elements were considered.

Materials and methods. Calculations of soil dam filtration for steady state and unsteady dam regimes were carried out
using the numerical finite element method in the local variational formulation using the FILTR software package.

Results. As aresult of the research, the parameters of the filtration flow were obtained for the considered variants of the earth-
work design: the position of the depression curve, the values of the filtration flow rate and the gradient. Recommendations
on the choice of design are made.

Conclusions. Studies have shown that it is possible to use mixed soil laid using all-weather technology in the prisms of a soil
dam instead of part of the clay soil when they are layered. At the same time, the filtration regime of the structure together
with the foundation does not cause concern.

KEYWORDS: earthen dam, filtration flow, depression curve, filtration flow rate, filtration gradient, numerical calculation
methods, finite element method
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BBEJAEHUE

I'pyHTOBBIE BOJOIOANOPHBIE COOPYKEHUS U J1aM-
OBl SABIIOTCA CaMbIM PACHPOCTPAHEHHBIM THIIOM TH-
JPOTEXHUYECKUX COOPYKEHUI BCIICICTBHE JOCTYI-
HOCTH U OTHOCHTEJIHLHOM JACHICBU3HBI HMCIOJIb3YEMbIX
MarepuanoB. BMmecTe ¢ TeM Npu BO3BEIEHMH TaKUX
COOPY)KCHHH € HCIIOIb30BAHUEM INIMHHUCTHIX TPYHTOB
HEOoOX0AMMO COOJIONaTh OIpeleeHHbIE TpeOOBaHMs
N0 BJIAKHOCTH YKIaAKH M YIUIOTHEHHWIO. YKIaJIKka
IIMHUCTBIX TPYHTOB 3aTPyAHSETCS B MEPHON NOXKICH
1 3UMHee BpeMsl [P BBINAJICHUH CHETa ¥ BO3JICHCTBUN
OTPHULATEIILHBIX TEMIIEPATYP.

PaccmarpuBaeTcss BO3MOXKHOCTh 3aMEHBI YacTH
HaChINU IIIMHUCTOTO TPyHTa Ha Oolee ynoOoyKiaapBa-
eMBbIii Iecyanblid TpyHT. OTHAaKo Takasi 3aMeHa JI0JKHA
ObITh 00OCHOBaHa C TOYKH 3PEHUsI OOecreueHHs He-
00X0AUMOTO (PIIBTPAIIHIOHHOTO PEKUMA COOPYKCHHUS.
3aMena Ha OoJyiee NMPOHMIIAEMBIH TPYHT MOXET IpH-
BECTH K HEXeJaTeJbHOMY HW3MEHEHHIO I1apaMeTpoB
(GUIBTPALIMOHHOTO PEXUMA: HW3MEHEHHIO ITOJOKEHHS
JETIPECCHOHHON KPUBOH, YBETHUCHHUIO (DMIIBTPAIFOH-
HOTO pacxoza u rpajguenTa ¢uisrpanuu [1].

[MpumeHuTeNnbHO K paccMaTpuBaeMoN JamoOe
BEPXHET0 aKKyMYIIHPYIOIIEro 6acceiHa 3aja4a 0CIoxK-
HSIETCSl YCIIOBHSIMH PabOTHI coopyxeHus. Jamba mox-
BEpIKEeHa BO3/ICHICTBUIO MHOTOKPATHO MOBTOPSIOIIETOCS
[HKJIa cCpabOTKH — HAIOJIHEHUS BEPXOBOTrO OacceiHa.
B coorBeTcTBHM C mpaBHiIaMH IKCIUTyaTallid ypo-
BEHb BEpXHEro OaccelfHa M3MEHSETCS] B COOTBETCTBHU
C PEeXKHUMOM PabOThI THAPOAKKYMYJIUPYIOIIEH CTaHIMN
(FADC). B nounoe Bpemst TADC paboTaeT B HACOCHOM
pexxume. [Ipn 3ToM ypoBeHb BepxHero OacceifHa mos-
HuUMaeTcs Ha 9,5 M ¢ orMmeTku 257,0 10 OTMETKH HOpP-
MasibHOTO ToxnopHoro yposusa (HITY) 266,5 m. Ilpu
pabore B TypOMHHOM peXHME MPOHCXOOUT CHIDKEHHE

YPOBHSI BOZIBI B IIpE/iENax TeX jKe OTMETOK. Bpems Ha-
TIOJIHEHHsI BepXHero OacceiiHa cocTaBisieT 8 4, BpeMs
cpabotkn — 6,5. Takum 06pa3oM, CKOpPOCTh CPabOTKU
TI0 BBICOTE COCTABIISIET ITOUTH 1,5 M/, UTO SIBIISIETCS 1O-
CTaTOYHO BBHICOKHM TapameTpom [2, 3].

B npaxTuke THAPOTEXHUKH U3BECTHO MHOTO CITy-
4acB BO3HUKHOBEHUS aBAPUMHBIX CUTYallUd U aBapuil
TIPY CHIDKCHUH YPOBHS BepxHero Obeda [3—-6]. B Bep-
XOBOH IpH3Me T'PYHTOBOH IUIOTHHBI BO3HHMKACT JIBH-
XKeHHe (WIBTPAMOHHOTO MOTOKA, HAIPaBIECHHOTO
K IIOBEPXHOCTH BEPXOBOTO OTKOCA. DTO MOXKET BBI3BATh
TMOSIBJICHUE HENIOMYCTUMBIX (HIBTPAOHHBIX aedop-
MaIuii u o0opyuieHue otkoca [4, 5].

[MTocrosiHHOE M3MEHEHUE YPOBHS BOABI B Oacceiine
BCJIEICTBHE TEXHOJIOTHH TpoIiecca paboThl THAPOAKKY-
mymmpytomien cranimn (IADC) BeI3BIBaeT B 1aMOe 1 ee
OCHOBaHHMHU HEYCTaHOBHMBILIMKCS (PUIIBTPAIMOHHBII 1O-
ToK. Pemenne Takol 3ajauu naxke IPH COBPEMEHHOM
Pa3BUTHH BBIYMCIUTENBHBIX METOJIOB U CPE/ICTB Ipe.-
CTaBJIAETCSI JAOCTATOYHO CJIOXKHBIM. JIJIsi YHCIIEHHOTO
pELICHUs] pacCMaTpPUBAEMON 3a[adyl UCIIOIb30BaH Me-
TOJ, KOHEUHBIX deMeHToB (MKD) B nmokanbHO-Bapua-
IIMOHHOM MTOCTaHOBKe [7-9].

B nmannoif pabore paccMmarpuBaeTCsl HECKOIb-
KO BapHaHTOB KOHCTPYKIIMH T'PYHTOBOM maMOBI, [UIs
KOTOPBIX BBIIOJHEHO YHCJICHHOE pEIICHUE 3aaqn
HeycTaHoBUBILeHcs ¢(uibrpauuu. Ha ocHoBe mosy-
YEHHBIX PE3YJBTaTOB IPOBEJCH aHAJIHM3 BIHMSHUS M3-
MEHSEMBIX I1apaMeTPOB KOHCTPYKLIUH AaMObI Ha (HIIb-
TPALMOHHBIA PEXUM coopykeHHs. CIenaHbl BHIBOABI
u chOpMyIUpPOBaHbl PEKOMEHAAIINH MO ONTUMHU3AINN
KOHCTPYKI[MHM C TOYKH 3pEHUS (UIBTPALIOHHOW Ha-
JIKHOCTH COOPYKEHUSI.

Onenka QuIBTpanMOHHON IIPOYHOCTH TpyHTA
1 yCTOHYUBOCTH IPYHTOBOM IUIOTHHBI IPH N3MEHEHUN
YpoBHEH BozbI B Obepax OCHOBaHA Ha PEUICHHUH 3a/1a-

7
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YM HEyCTaHOBUBILEHCs ¢unbrpanuu. Teopernueckue
OCHOBBI JIB)KEHHS JKHJIKOCTH B TIOPUCTOH MOTHOCTBIO
HACBIIIIEHHOU cpexne Oputn chopmynupoBansl H.E. XKy-
koBckuM [10]. Ipeanoxennsie um anddepeHraib-
HBIC YpaBHEHHs B YaCTHBIX MPOM3BOIHBIX JIETJIH B OC-
HOBY pEIIEeHNS 3a1a4 HEyCTaHOBHUBILEHCS (QuibTpanu.
OpHaKo CIOKHOCTh pemieHust audQepeHnraIbHbIX
YpaBHEHUM B IMOJHOW MOCTAHOBKE BbI3Bajla pa3BUTHE
MPUOTMKEHHBIX WHXKEHEPHBIX MeTooB. OHO U3 Ha-
TIpaBJICHUH HCCIIEN0BaHNA 0a3MpoBaJIOCh HA THAPAB-
JIMYECKOM TEOpPUHU, OCHOBHBIM AOIYILEHUEM KOTOPOM
ABJIAJIOCH IMOCTOAHCTBO IO BEPTHUKAJILHOMY CCUCHHIO
(UIBTPALIMOHHOTO MOTOKa €r0 CKOPOCTH B TOPH30H-
TAJIFHOM HalpaBJIeHUH. DTH AOMyIIeHNs OblH chop-
MYJIMPOBaHBI U ONHUCAHBI B BUE AN HEPEHIINATBHOTO
ypaBHeHus byccuneckom [10, 11].

Briocnencteun psj MccieqoBaHUN 1OKa3aj, 4To
TIPUHSTHIE YIIPOIICHNS MOTYT NPUBECTH K HCKKCHHIO
pesynbraroB [11, 12]. 3T0 cocobcTBOBANIO MaNbHEH-
meMy pa3BUTHUIO METOAOB PCIICHUA, B YaCTHOCTU aHa-
mutndeckux [13] u rugpasnuueckux [14, 15]. B cuny
CIIOKHOCTH PpeIlaeMON 3aZaul M HECOBEpPIIEHCTBA
3THX METOJOB PACCMaTPHBAINCH 3a]1a4H, KaK IPABUIIO,
B YNPOLICHHON MOCT@HOBKE, YTO HE IO3BOJHJIO CJe-
7ath 0000MmaroIIe BEIBOABI O HEOOXOMUMEIX Mepax
110 UCKJIFOUEHUIO aBapUUHBIX CUTYyalUH.

Ha coBpemeHHOM »JTame 3aqadd HEyCTAaHOBHB-
mieicst GUIBTPAlMM B TPYHTOBBIX IIOTHHAX U OCHO-
BaHMSAX B HamOOJee ITOJHOM IMOCTAaHOBKE pEIIAOTCS
C WCTOJB30BAaHUEM YHCICHHBIX MeTOomoB [16-22], mo-
3BOJIIONINX YYE€CTh MHOXKECTBO JEHCTByrOmUX (ax-
TOPOB (NPOHHUIIAEMOCTh TPYHTOB IUIOTHHBI, €€ TeoMe-
TPUYECKNE XapaKTEPUCTHUKH, CKOPOCTH M BEIMIHHBI
CpabOTKH | T.J.), U TIOIYYUTh MOAPOOHYIO KAPTHHY U3-
MeHeHHs (PUITBTPALIMOHHOTO IPOLECcCa U €ro OCHOBHBIX
apamMeTpoB.

MATEPHAJIBI U METO/JbI

IMpn pemeHnn 3amad HeyCTAaHOBHBIICHCS (QHIIb-
Tpanuu ¢ nomomnisio MKD mopucras cpena, B KOTOpOi
MIPOUCXOAUT ABMKEHHE (PUIBTPALIMOHHOTO IIOTOKA, MO-
JKEeT pacCMaTpUBAThCs KaK HEHACHIIICHHAs, TaK U IOJI-
HOCTBIO HACBIIIEHHAs.

[IpumeHuTenbHO K paccMarpuBaeMoOil 3ajaue,
KOTJIa M3MEHSIETCS] yPOBEHb BOABI B BOJIOXPAHUIIUIIE,
MOpHI IPYHTA, HE MOJIHOCTHIO 3aII0JIHEHHBIE BO/IOM, Ha-
CBIIIAIOTCS (KOTAAa YPOBEHBb BOABI PACTET) WIIM M3 HHUX
OTTEKaeT Bojma (KOTa YPOBEHb BOABI IOHIKACTCS).
Jlis onmcaHus 3aBUCHMOCTH MPOHHUIIAEMOCTH TPYHTa
OT €r0 BOJOHACHIIEHHS Yallle BCETO NPUMEHSIOTCS Te-
o(uIbTpannoHHbIE MOJIEIH, YTOOBI ONMCHIBATh (YHIIb-
TPAIIOHHBIE CBOWCTBAa INHPOKOTO CIEKTPa TPYHTOB
[23-25]. IIupokoe pacmpocTpaHEHHE MOIyYMsIa MO-
nenb Ban-I'enyxtena [24], npuMeHnsieMas st pelieHust
3aJa4 HEYCTaHOBHBINIEHCS (UIBTPALMM, B TOM YHCIIE
YHCIIEHHBIMU METOaMH.

8

Ecnmu ¢unbTpaiius npoxoauT B MOJTHOCTHIO HACHI-
LICHHBIX BOOM rPyHTax, HEM3BeCTHAst (DYHKIUSI HAIO-
pa H=f(x, y, z, {), 3aBUcCsIIas OT KOOPIUHAT U BPCMECHH,
oTpeeIseTcs U3 peneHus auddepeHnnatbHOro ypas-
HEHUSI TEOPUH (PHUIBTPALIMU C U3BECTHBIMHU TPAHHYHbI-
MU ycnoBusimu [7-91]:

2 ). 2, 2
ox\" " ax ) oy T oy M
+—(K ﬁj—u%—o,

oz\' ° oz ot

rne K, Ky, K — xo>dpunuentsl Guabrpanuu B Ha-
npaBieHusIx oceit X, Y, Z; p — koadduuueHt Bogo-
0TAa44 (BOIOTIOTIIONIEHIST) TPYHTA.

C HCnosib30BaHNEM BapUAlMOHHOTO MCYUCIICHHUS
pemieHne ypaBHeHHs (1) cBOAMTCS K MHUHHMH3ALUH
¢ynkanonara @ mMpUMEHHUTENHFHO K pacdeTHOH obia-

ctu [7-9]:
_ ;T
K, (a—Hj +
ox
1 oH Y oH
q)—.[;‘/-J. E +Ky 5 + +HEH dXdde (2)
2
+K, (a—HJ
L oz

Omnpeneneane MUHAMyMa (YHKIMOHAJIA U COOT-
BETCTBYIOIIIEE €My paclpe/ieJIieHue HCKOMOW HalopHOU
¢yuxumn H(x, y, z, t) BRIMOIHAIOCH ¢ ToMoipio MKO
B JIOKaJIbHO-BapHALIMOHHOH ITOCTaHOBKE.

B nanHoii pabote a1 penieHus 3aa4u HeyCTaHo-
BUBIIEHCA (MIBTPALMK HCIIOIB3YETCS MTPOTrPaMMHBIN
xomruiekc FILTR, xopomo 3apexomeHmaoBaBIIHi ceOst
paHee IS pelieHus momo0HbIX 3a1a4 [7-9].

Ilens nccnenoBaHust — OLIEHKA BO3MOXXHOCTH BO3-
BEIICHUs IaMObI BEpXHET0 OacceiiHa ¢ HCIONIb30BaHUEM
TPYHTa, YKJIaJbIBAEMOTO 110 BCETIOTOAHON TEXHOIOTHH.
Taxke aHanu3upyeTcs BIUSHUEC BBIOPAHHBIX Mapame-
TPOB Ha (PUIIBTPALIMOHHBII PEKHUM COOPYIKEHHUSL.

Hccnenosaincst GuIbTpaniioOHHBIA PEeXUM 1aMOBI
BepxHero Oacceitna TADC co cremyrommMu mapame-
TpaMu (cXeMa KOHCTPYKIMH JaMOBl NpelcTaBIeHa
Ha puc. 1): Beicora 32,0 M, 3a10)K€HIE BEPXOBOTO OT-
koca 1:6,0, HuzoBoro 1:3,5, mmpuna no rpe6Hto 10,0 m.
BepxoBast 1 HM30Bast MPU3MBI BBHIIOIHEHBI ITyTEM I10-
CJIOMHOM YKIIaJIKU C YKaTKOW YepeayroIIHUXCsl CJIOEB
OZIMHAKOBOM TOJIIMHBI Pa3IMYHOTO COCTaBa U MPOHH-
[AEMOCTH: CMEMIAaHHBIX TPYHTOB C K03 dHIHEHTOM
¢unsrpamun K » = 0,01 M/CYT ¥ CMEUIaHHBIX TPYHTOB,
YKIIQJIbIBACMBIX 110 BCETIOrOHON TexHomornu ¢ K, =
= 0,5 m/cyt. Ilo BepxoBOMy OTKOCY IaMOBI YCTpOCH
MPOTUBOQUIBTPALMOHHBINH SKPaH U3 CYIVIMHKA C KO3(-
¢unmenTom ¢punpTparn K » = 0,005 M/cyT. [To HI30BO-
MY OTKOCY BBIITOJTHEHA OTCBINKAa M3 CMCIIAHHBIX I'PYH-
TOB ¢ Koaddunmenrom dunsrpanun K » = 0,01 M/CYT.
Jns mepexBaTa IMOTOKa, NMPOQHIBTPOBABIIEIO Yepe3
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BEPXOBYIO MPU3MY, 10 OCH JTaMOBI YCTPOEH BEPTHKAIb-
HBII JIpeHaX TONMMHON 2,0 M M3 MECYaHOTO TPpyHTa
c K o= 1,0 M/cyT, COeIMHEeHHbI Ha HUKHUX OTMETKaX
C TOPU3OHTAIBHBIM APEHAKEM, BBIIIOJIHCHHBIM BJOJb
TIOIOIIBBI HU30BOH MPU3MbI. [ OpH30HTAIBHBINA APEHAX
BXOJMT B BOJIOCOOPHBIH KojuleKTop. [pyHT OcHOBaHMs
MaMOBbI  XapaKTepHu3yeTcs MPOHHUIAEMOCThI0 ¢ K o =
=0,02 M/cyT. B KadecTBe NEpeMEHHBIX IMapaMeTpOB,
BIMSIOIINX Ha (UIBTPALIMOHHBIN PEXXUM COOPYKECHUS,
paccMarpuBaiCh TONIIMHBI CJIOEB TPYHTOB IPHU3M
IaMOBbl, TOJIIMHA OTCHIIIKK BIOJb HH30BOIO OTKOCA,
JUITMHA TOPU30HTAJILHOTO JIpeHa)ka W BHICOTHOE MOJIO-
KeHHe BOTOCOOPHOTO KOJUIEKTOPA.

PaccMoTpeHHbIE BapHaHTBl KOHCTPYKIMH J1aMOBI
C COOTBETCTBYIOIIMMH WM 3HA4CHUSIMU H3MEHSICMBIX
rapameTpoB npexacTasieHs! B Tabn. 1. Ha puc. 1 npu-
BeJ/ICHBI pacyeTHbIE CXeMBI BapHaHTOB 1 n 7.

OUIBTPALIMOHHBIA PEKUM COOPYIKEHHUSI COBMECT-
HO C OCHOBAaHHEM HCCJIEI0BAJICS NPU CHIKCHUH YPOB-
Hs BepxHero Obeda c ormerku HITY 266,5 no otMeTkn
cpabotku 257,0 3a Bpems 6,5 9 ¢ paBHOMEPHOH T10 BbI-
COTE CKOPOCTBIO CHIKEHUS BOJIBI.

Ta6a. 1. BapuanTsl KOHCTPYKIIMY TPYHTOBOM JaMOBI

B kadecTBe mapaMeTpoB Ul CPaBHEHUS PE3YIib-
TaTOB BBIOPAHEI CICIYIOMINE BEININHBI: MUHUMAIBHOE
paccTosHUE OT MOBEPXHOCTH OTKOCA J0 JAENPECCHOH-
HOM KpHUBOW, M; MaKCHMAaJbHbIE I'DPaJUEHTHl Haropa
B 9KpaHe U Ha BX0ze (PHUIBTPAIIMOHHOTO OTOKA B TPYO-
YaTeId JPeHaXX; YACTBHBIN (IIBTPAIIMOHHBIN PacxXon
yepes 1amoy.

PE3YJIBTATHI HCCJIEJOBAHNA

Pemenne 3amaum HeycTaHOBHBIIEHCS (UIBTpa-
uu B 1ambe BepxHero 6acceiina [ADC nmo3Bomnuio oT-
BETHTh Ha BOMPOC O BO3MOKHOCTH KOMOWHHPOBaHHON
YKJIaJKH TPYHTOB B TEJIO AaMOBI ¢ YepeOBaHUEM CJI0-
€B U3 CMCIIAHHBIX TIIMHUCTBIX IPYHTOB U CMEIIAHHBIX
TPYHTOB, YKJIQJBIBAEMBIX IO BCEMOTOJHON TEXHOJIO-
ruu. Pe3ynbrarsl pacyeToB 11 BCEX BapUAHTOB CBEJE-
HBI B Ta0I. 2.

Pesynprarer pacderoB ans 1-ro u 7-ro BapuaHTOB
(Tabn. 1) ¢ MoJy4YEeHHBIMH HOJIOXKECHUSIMHU JETPEecCH-
OHHOM IOBEPXHOCTH MU PaCIpeAesICHUEM JIMHUN paB-
HBIX HAIlOpPOB B PacyeTHOM 00JacTH NpenCTaBIEeHBI

BapuaHTbl KOHCTPYKIIMU TPYHTOBOW TUIOTHHBI
N3mensieMble mapaMeTpsl
2 3 4 5 6 7 8

T

OJILIIHA CJIOEB, YKJIA/IbIBAEMbIX B IEHTPAIbHYIO 4aCTh 2.0 20 2.0 2.0 1.0 1.0 1.0 1.0
aMOBI, M
T

OJILIIHA OTCBINKH BJI0JIb HU30BOTO OTKOCA HACBIITH 5.0 5.0 10,0 10,0 5.0 50 10,0 10,0
u3 cMellanHblX rpyHToB ¢ K, = 0,01 M/cyr, M
OTMeTKa ycTpoicTBa BOJOCOOPHOTO KOJIEKTOpa 239,0 | 240,0 | 240,0 | 239,0 | 239,0 | 240,0 | 240,0 | 239,0
Paccrosinue ot ocu 1amMObI 10 BogocOopHoro kosuiekropa | 103,0 | 79,0 79,0 | 103,0 | 103,0 | 79,0 | 79,0 | 103,0

BeprukanbHelii npeHax

V HITY 266,5

V 255,5

BogocOopHblii
KOJITIEKTOP

\ [opH3oHTaNBHEIH JpeHak

a

BeprukanbHeiii 1peHak

V HITY 266,5
V 255,5

BomocOopHEIii KoiekTop

V 249,0

V 259,0

Vv 239,0

\ JOpHU30HTabLHbIH ApeHak

Kpemnenue BepxoBoro orkoca u3 [1I'C
(B pacyeTre HE YUUTHIBAJIOCH)

[ DkpaH n3 MOPEHHOTO CyIHHKA, K o= 0,005 m/cyT
[ Haceinb U3 CMENIaHHBIX TPYHTOB, K o= 0,01 m/cyr
[ CmeuranHble TPpyHTHI, K,=0,01 m/cyr

Hacpinb 13 cMenanHbIX TPYHTOB
JIJIS1 BCEIIOTOIHOM TEXHOJIOTHH, K 0= 0,5 m/cyT

[ BeprukanbHblii aApeHax, K o= 1,0 m/cyr
[ TopuzoHTanbHbIi ApeHa), K o= 1,0 M/cyr
[ Cymmsku ocHoBaHust, K » = 0,02 m/cyr

Puc. 1. PacueTnasi cxema (QHIBTPAIIMOHHOTO pacyera 1aMObl: @ — BapuaHt 1; b — BapuanT 7
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Ta6a. 2. Pesynbrars! pUIBTPaLHOHHBIX PACYETOB

M i b N VnenbHbli GUIBTPALHOHHBIH
Houop MUHHMaIBHOE PACCTOSIHUE AKCUMAJIbHBIH (UIIBTPAIMOHHBIN TPaIUEHT pacxon uepes amby
sapnanTa OT MTOBEPXHOCTH OTKOCA
p 710 JIENPECCUOHHON KPUBOH, M | B sxpane Ha Bxoje uiLTp aHUH OHHOTO TOTOKA M3/cyT M/c
B TPyOUaThIil IpeHANK
1 4,0 1,70 1,03 1,44 1,66 - 107
2 7,0 1,97 1,08 0,98 1L,13-10°
3 7,0 1,99 1,09 0,98 1,13 - 107
4 3,9 1,62 1,04 1,42 1,64 - 107
5 3,7 1,64 1,06 1,36 1,57 - 107
6 9,4 2,21 0,51 0,96 1,11-10°
7 9,2 2,13 0,52 0,96 1,11-107°
8 3,6 1,68 1,05 1,35 1,56 - 107
9 6,0 1,36 0,75 0,53 0,61-10°
V HITVY 266,5 V 269,0
260 - V 255,5
V 249,0
%ig : \% 239 0
{ ol
230 4 y-, Ll “‘3“\//
220 4 s
210 4
200 4
190 4
180 111Trtrr111’ —r—r—r—
—280 760 240 220 200—[80—]60—[40—]20 l(](] 8 -60-40-20 0 20 40 60 80 100 ]20 140 ]60 180 200 220
a
V HITY 266,5
260 4
250 1
el V 239,0
230 A
220 4
210 A
200 4
190 A
180 e e ——
—280—260 240 220 200 180—]60—I40—]20 100 80—60—40 20 0 20 40 60 80 I(]O 120 140 160 180 200 220

Puc. 2. Pe3ynbrarsl GUIBTPALHOHHOTO pacyeTa JaMObl: @ — BapuaHt 1; b —

Ha puc. 2. lllar Mexny cOCEHUMH JMHUSIMH HPUHST
paBubiM 0,025H, rne H — 3HayeHue mOMHOTO (uiib-
TPALMOHHOTO HAMopa, AeHCTBYIOIETO B pacCMaTpyBa-
€Mblil MOMEHT BPEMEHH.

ITokazaHbl pe3ynbTaThl HA MOMEHT MOJHOCTBIO Ha-
MOJIHEHHOTO BepXHero Obeda, 11t KOTOPOTO MOMYYEHbI
MaKCHMaJlbHbIE TapaMeTphl GUIBTPAIMOHHOTO IIOTOKA.

Ha ocHOBaHMM MOyYEHHBIX PE3yIBTATOB MOKHO
ceTaTh cIenyronie BEIBoAbL. B HanbombIneil crenenn
Ha mapameTps! QHIBTPALMOHHOTO ITOTOKA BIMSET pac-
MTOJIOKEHUE BOOCOOPHOTO KOJUIEKTOpa (PacCMOTPEHBI
BapHaHTHl €ro pacrojokeHuss Ha pacctosauu 103,0
u 79,0 M oT ocu 1aMOBI).

OcTtanpHBIE PAaCCMOTPEHHBIE (DAKTOPBI IMPAKTHU-
YeCKH HE BIMAIOT HA IapamMeTphl (HIBTPALHOHHOTO
MIOTOKA.

Jlyist BCeX MCCIENOBAHHBIX BapUAHTOB BEIMYHMHBI
(GUIBTPALMOHHBIX TPAIUEHTOB B JKpaHe M Ha BXOZE
B BOJIOCOOPHBII KOJIJIEKTOP HE BBIXOST 32 IPEAEIIbI 10-

10

b

BapHuaHT 7

IyCTUMOT0. MakcuMaiibHble (QHIBTPaldOHHbIE TPaau-
€HTEHI B 3KpaHe U3MEHSIOTCS B penenax ot 1,62 1o 2,21,
MaKCHMaJlbHbIE TPAJAUCHTHI Ha BXOAE (HIBTPALIIOHHO-
ro moroka B kommiekrop — ot 0,51 no 1,09. YnenpHsrit
(GUIBTPALMOHHBINA pacxos yepe3 AaMOy W 4acTh IpH-
JIETAIOIIETO OCHOBAaHMS HE3HAYUTENICH M HM3MCHSACTCS
B 3aBHCHMOCTH OT Bapuanta oT 0,96 mo 1,44 m’/cyr
Ha MTOTOHHBINA METP AaMOBI.

Ha nonoxeHue [OeNpecCHOHHOW IOBEPXHOCTH
JOCTaTOYHO CHJIBHO BIIMSET PACIONOKEHUE BOLOCOOD-
HOro KoulekTopa. [Ipy pacmonoeHHH KOJJIEKTopa
Ha paccrosiHuu 103,0 M oT ocu 1amMOBbI (TIepBOHAYAIb-
HBIN BAPHAHT) MUHUMAIIbHOE PACCTOSHUE OT JETIPECCH-
OHHOM MOBEPXHOCTH JI0 TIOBEPXHOCTH HU30BOTO OTKO-
ca COCTaBIISIET JUISI PACCMOTPEHHBIX BAPHAHTOB OT 3,6
10 4,0 M, 4TO yAOBIETBOPsiET TPEOOBAHUIO O IITyOUHE
[pOMep3aHusl TpyHTa B 3UMHMI niepuos. bosee 6iaro-
MIPUATHBIM C 3TOH TOUKHU 3PEHUS SIBIISICTCS BAPUAHT pac-
MTOJIOKEHUS KOJUIEKTOpa Ha paccTosHuH 79,0 M OT ocu
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namObl. B aTOM ciyuae 3anmyOieHue AernpecCUOHHOM
MMOBEPXHOCTH OT MOBEPXHOCTH OTKOCa COCTAaBJISICT
ot 7,0 10 9,4 M.

VYder HecTalMOHAPHOCTU (PHIIBTPAIIMOHHOTO TIO-
TOKAa, BBI3BAHHOW CpabOTKOW W HAMOJIHCHHEM BEpPXO-
Boro OacceifHa, ymydmiaeT (HIBTPALHMOHHBIA PEXUM
JaMOBI 10 CPaBHCHHIO CO CTAIIMOHAPHBIMH PEIICHU-
simu. TIpekie BCero, 3TO CKa3bIBaCTCS HA TOHWKCHUH
JICTIPECCHOHHOMN TOBEPXHOCTH MO CPABHEHUIO CO CIIy-
YyaeM MOCTOSTHHO HAIoJHEHHOTO OacceiiHa.

Bce BhIlIeckazaHHOE TMO3BOJSET CAEIaTh BBIBOJ
0 BO3MOYXHOCTH TOCJIONHOHN YKJIQJKH TPYyHTa pPa3lind-
HOW MPOHUIIACMOCTH TIPH 33J[aHHBIX XapaKTePHCTUKAX
TPYHTOB ¥ HOPMAJIBHOM paboTe MPOTHBOGUIETPAIHOH-
HBIX 3JIEMEHTOB B Teje mamosl TADC.

3AKJIIOYEHHUE

3aMeHa 9acTh MOPEHHOTO CYTIIMHKA, yKJIa/bIBac-
MOTO B TIPH3MbI TPYHTOBOH 1aMOBI, Ha T€CYaHbIA IPYHT,

YKJIaJbIBaCMBbIil IO BCEMOTOTHON TEXHOJIOTUHU, HE MpH-
BOJIUT K KPUTHYECKUM U3MEHEHUSIM (DHIIBTPALIOHHOTO
MOTOKAa B COOPYKCHHHU: BETHYUHBI (DUIBTPALMOHHOTO
pacxofa M MaKCHMaJbHBIX T'PaAMEHTOB (HIIBTPALUH
HE MPEBBIMIAIOT AOMYyCTUMBIX TPEICTIOB. YICIbHBINA
(UIBTPALMOHHBIA pacXof JJIsl BCEX PacCMOTPEHHBIX
BapMaHTOB HAXOJWUTCS B mHTEpBaie ot 1,0 mo 1,5 M*/cyT
Ha TTOTOHHBIA MeTp 1amObl. MakcuManbHbIe TpaiueH-
THI HAIlOpa B 9KpaHe U Ha BXOJIE B KOJUIEKTOP HE IPEBbI-
IIAI0T KPUTHYECKUX BEITMUHH.

Pemienune 3ama4 HeyCTaHOBUBILEHCS (UIBTPALIMN
JUISL  FICCIICZIOBAHHBIX BAapHaHTOB KOHCTPYKIHMH IIO-
3BOJIIIO C(HOPMYITMPOBATh PEKOMEHJIAIINY 110 BHIOOPY
paccMOTpeHHBIX TapaMeTpoB. 13 Bcex akTopoB Hau-
OounpIiee BIUsHEE HAa (popMupoBaHUEe (QUIBTPAIHIOHHO-
ro pexuMa (B OCHOBHOM Ha IOJIOKEHHUE JIETPECCUOH-
HOMW KpUBOI) OKa3bIBACT PACIIONIOKEHHE BOOCOOPHOTO
kosutektopa. C TOYKH 3peHust HUIBTpaIu OoJee mpe-
MIOYTUTENIBHOE PACCTOSIHAE OT OCU IUIOTHHBI 0 OCH
KoJutekTopa — 79,0 M.
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INTRODUCTION

Groundwater retaining structures and dams are
the most common type of hydraulic structures due to
the availability and relative cheapness of the materi-
als used. However, when constructing such structures
using clay soils, it is necessary to comply with certain
requirements for moisture content of paving and com-
paction. Paving of clay soils is difficult during the rainy
season and wintertime when snowfall and negative
temperatures occur.

The possibility of replacing part of the clay soil
embankment with more manageable sandy soil is con-
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sidered. However, such replacement should be justified
from the point of view of ensuring the required filtration
regime of the structure. Replacement with more perme-
able soil may lead to undesirable changes in the filtra-
tion regime parameters: change of the depression curve
position, increase of filtration flow rate and filtration
gradient [1].

In the case of the upstream storage basin dam
under consideration, the problem is complicated by
the operating conditions of the structure. The dam is
exposed to the repeatedly repeated cycle of upper basin
drawdown and filling. In accordance with the operating
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rules, the level of the upper basin changes in accordance
with the operation mode of the pumped storage power
plant (PSPP). At night, the PSPP operates in pumping
mode. In this case the level of the upper basin rises by
9.5 metres from the level of 257.0 to the normal retain-
ing level (NRL) of 266.5 metres. During operation in
turbine mode the water level decreases within the same
marks. The filling time of the upper basin is 8 hours and
the drawdown time is 6.5 hours. Thus, the discharge
rate by height is almost 1.5 m/h, which is a rather high
parameter [2, 3].

In the practice of hydraulic engineering, many
cases of emergencies and accidents are known to occur
when the level of the upstream slope decreases [3—6].
In the upstream prism of an earth dam, there is a move-
ment of filtration flow directed towards the surface of
the upstream slope. This can cause unacceptable filtra-
tion deformations and slope collapse [4, 5].

Constant change of water level in the basin due
to the process technology of the hydro-storage power
plant (HSPP) causes unsteady filtration flow in the dam
and its foundation. The solution of such a problem, even
with the modern development of computational meth-
ods and tools, is quite complicated. For the numerical
solution of the problem under consideration, the finite
element method (FEM) in the local variational formula-
tion was used [7-9].

This paper considers several variants of the earth
dam design, for which the numerical solution of the prob-
lem of unsteady filtration is performed. On the basis
of the obtained results, the influence of variable pa-
rameters of the dam design on the filtration regime of
the structure is analyzed. Conclusions are drawn and
recommendations on optimization of the design from
the point of view of filtration reliability of the structure
are formulated.

The assessment of soil filtration strength and sta-
bility of the earth dam under changing water levels in
the embankments is based on the solution of the prob-
lem of unsteady filtration. The theoretical basis of fluid
motion in a porous fully saturated medium was formu-
lated by N.E. Zhukovsky [10]. The partial differential
equations proposed by him formed the basis for solving
the problems of unsteady filtration. However, the com-
plexity of solving differential equations in full formula-
tion caused the development of approximate engineer-
ing methods. One of the research directions was based
on the hydraulic theory, the main assumption of which
was the constancy of the velocity in the horizontal
direction along the vertical cross-section of the filtra-
tion flow. These assumptions were formulated and de-
scribed in the form of the Boussinesq differential equa-
tion [10, 11].

Subsequently, a number of studies have shown
that the simplifications adopted can distort the results
[11, 12]. This contributed to the further development
of solution methods, in particular, analytical [13] and
hydraulic [14, 15]. Due to the complexity of the prob-

lem to be solved and the imperfection of these methods,
the problems were considered, as a rule, in a simplified
formulation, which did not allow drawing generalized
conclusions about the necessary measures to exclude
emergencies.

At the present stage, the problems of unsteady
filtration in earth dams and foundations are solved in
the most complete formulation using numerical meth-
ods [16-22], which make it possible to take into account
many factors (permeability of dam soils, its geometrical
characteristics, velocities and values of discharges, etc.)
and to obtain a detailed picture of the changes in the fil-
tration process and its main parameters.

MATERIALS AND METHODS

When solving problems of unsteady filtration us-
ing FEM, the porous medium in which the filtration
flow occurs can be considered as unsaturated or fully
saturated.

For the problem under consideration, when
the water level in the reservoir changes, soil pores not
completely filled with water become saturated (when
the water level rises) or water flows out of them (when
the water level falls). Geofiltration models are most
often used to describe the dependence of soil per-
meability on its water saturation in order to describe
the filtration properties of a wide range of soils [23-25].
The Van-Genuchten model [24] is widely used for solv-
ing problems of unsteady filtration, including numerical
methods.

If filtration takes place in soils completely
saturated with water, the unknown head function
H=Afx,y, z, t), depending on coordinates and time, is
determined from the solution of the differential equa-
tion of filtration theory with known boundary condi-

tions [7-9]:
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where K, Ky, K_—filtration coefficients in directions of
axes X, Y, Z, pn — water yield (water absorption) coef-
ficient of soil.

Using the calculus of variations, the solution of
equation (1) is reduced to minimizing the functional @
with respect to the computational domain [7-9]:
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The determination of the minimum of the func-
tional and the corresponding distribution of the desired
pressure function H(x, y, z, t) was performed using
FEM in the local variational formulation.

In this paper, the FILTR software package, which
has proven itself earlier for solving similar problems
[7-9], is used to solve the problem of unsteady filtra-
tion.

The purpose of the study is to assess the feasibility
of constructing an upper basin dam using soil placed
using all-weather technology. The influence of the se-
lected parameters on the filtration regime of the struc-
ture is also analyzed.

The filtration regime of the dam of the upper basin
of the hydroelectric power plant with the following pa-
rameters was studied (the scheme of the dam construc-
tion is presented in Fig. 1): height 32.0 m, top slope
embedment 1:6.0, bottom slope embedment 1:3.5, crest
width 10.0 m. The upper and lower prisms are made
by laying alternating layers of equal thickness of dif-
ferent composition and permeability: mixed soils with
filtration coefficient K, =0.01 m/day and mixed soils
laid by all-weather technology with K,=05 m/day. On
the upstream slope of the dam an impervious blanket

Table 1. Variants of earth dam design

of loam with a filtration coefficient K, = 0.005 m/day
was constructed. On the downstream slope there is
a mixed soil fill with filtration coefficient K ,=0.01 m/day.
To intercept the flow, filtered through the upper prism,
a vertical drainage 2.0 m thick of sandy soil with
K= 10 m/day is constructed along the dam axis,
connected at the lower levels with the horizontal
drainage made along the bottom of the lower prism.
The horizontal drainage enters the catchment collector.
The dam base soil is characterized by permeability with
K, = 0.02 m/day. The thickness of the soil layers of
the dam prisms, the thickness of the fill along the bottom
slope, the length of the horizontal drainage and the el-
evation of the catchment collector were considered as
variables affecting the filtration regime of the structure.

The considered variants of dam design with their
corresponding values of variable parameters are pre-
sented in Table 1. Fig. 1 shows the design schemes of
variants 1 and 7.

The filtration regime of the structure together with
the foundation was studied when the level of the upper
reservoir decreased from the elevation 266.5 to the dis-
charge elevation 257.0 during 6.5 h with a uniform rate
of water decrease along the height.

Variable parameters

Design options for earth dams

1 2 3 4 5 6 7 8
Thickness of layers placed in the centre part of the dam, m | 2.0 2.0 2.0 2.0 1.0 1.0 1.0 1.0
Thickness of fill along the lower slope of an embankment
made of mixed soils with K, = 0.01 m/day, m 30 50 1 100 110.0°4 5.0 50 1 1001 10.0
Water collector device marking 239.0 | 240.0 | 240.0 | 239.0 | 239.0 | 240.0 | 240.0 | 239.0
Distance from the dam axis to the catchment collector 103.0 | 79.0 | 79.0 | 103.0 | 103.0 | 79.0 | 79.0 | 103.0
Vertical drainage
V NRL 266.5
Drainage
V 255.5 co]]ect(%r

\ _Horizontal drainage

a

Vertical drainage

V NRL 266.5
V 255.5

Drainage collector

/ V249.0

Vv 239.0
“\ Horizontal drainage ‘

V 259.0

Fastening the upper slope from gravel mix
(not taken into account in the calculation)

[ Screen made of moraine loam, Kt =0.005 m/day
[ Embankment of mixed soils, K = 0.01 m/day
1 Mixed soils, K, = 0.01 m/day

Mixed soil embankment for all-weather use
technology, K, = 0.5 m/day

[ Vertical drainage, K, =1.0 m/day
1 Horizontal drainage, K, = 1.0 m/day
[ Loam base, K, =0.02 m/day

Fig. 1. Design scheme of the dam filtration calculation: @ — variant 1; b — variant 7
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The following values were chosen as parameters
for comparison of the results: minimum distance from
the slope surface to the depression curve, m; maximum
head gradients in the screen and at the inlet of filtration
flow into the pipe drainage; specific filtration flow rate
through the dam.

RESEARCH RESULTS

The solution of the problem of unsteady filtration
in the dam of the upper basin of the hydroelectric power
plant allowed to answer the question about the possibil-
ity of combined soil placement in the dam body with
alternating layers of mixed clayey soils and mixed soils
placed using all-weather technology. The results of cal-
culations for all variants are summarized in Table 2.

The results of calculations for the 1st and 7th vari-
ants (Table 1) with the obtained positions of the de-
pression surface and distribution of equal head lines in

Table 2. Results of filtration calculations

the calculation area are presented in Fig. 2. The step
between neighbouring lines is taken as 0.025H, where
H is the value of total filtration head acting at the con-
sidered moment of time.

The results are shown for the moment of fully
filled upstream, for which the maximum filtration flow
parameters are obtained.

The following conclusions can be drawn on the ba-
sis of the obtained results. The location of the catch-
ment collector has the greatest influence on the filtration
flow parameters (variants of its location at a distance of
103.0 and 79.0 m from the dam axis were considered).

The other considered factors practically do not in-
fluence the filtration flow parameters.

For all investigated variants, the values of filtration
gradients in the screen and at the inlet to the catchment
collector do not exceed the permissible limits. Maxi-
mum filtration gradients in the screen vary from 1.62 to
2.21, maximum gradients at the inlet of filtration flow

.. . . . . Specific filtration flow rate
. Minimum distance from Maximum filtration gradient
Variant through the dam
the slope surface to - -
number . At the inlet of the filtration flow
the depression curve, m Into the screen . . . m?®/day m?/sec
into the pipe drainage
1 4.0 1.70 1.03 1.44 1.66 - 107
2 7.0 1.97 1.08 0.98 1.13-10°°
3 7.0 1.99 1.09 0.98 1.13-10°
4 3.9 1.62 1.04 1.42 1.64-10°
5 3.7 1.64 1.06 1.36 1.57 - 107
6 9.4 2.21 0.51 0.96 1.11-10°
7 9.2 2.13 0.52 0.96 1.11-10°°
8 3.6 1.68 1.05 1.35 1.56- 107
9 6.0 1.36 0.75 0.53 0.61-10°
V NRL 266.5 Vv 269.0
260 4
250 4
240
230 -
220 1 S e
210
200 -
190
]80 T T T L L T T L] T T L3 T L L Tt T Ll 1 T T i L] UL Ll L L] L L] ¥ L] L T ¥ L] T L] ¥ L) ¥ L] .
280 -260 —240 -220 -200 —180 —160 —140 —120 —-100 80 —-60 <40-20 0 20 40 60 80 100 120 140 160 180 200 220

V NRL 266.5

260 4
250 1
240 |
230 1
220 4
210 A
200 A
190 A
180

280 ~260 —240 ~220 ~200 —180 —160 ~140 120 100 -80 -60 4020 0 20 40 60 80 100 120 140 160 180 200 220

Fig. 2. Results of seepage calculation of the dam: @ — variant 1; b — variant 7

15

[2G) Z ANSS| "L TON Soicqnra s sauors



Science atil‘:lnfslll:ll::(:llloﬂilll “0I' 14- Iss“e 2 [52]

Nikolai A. Aniskin, Andrey V. Stupivtsev

into the collector — from 0.51 to 1.09. The specific fil-
tration flow rate through the dam and part of the adja-
cent foundation is insignificant and varies depending on
the variant from 0.96 to 1.44 m*/day per linear metre of
the dam.

The position of the depression surface is strongly
influenced by the location of the catchment collector.
When the collector is located 103.0 m from the dam
axis (the original option), the minimum distance from
the depression surface to the downstream slope surface
is 3.6 to 4.0 m for the options considered, which sat-
isfies the winter freezing depth requirement. More fa-
vourable from this point of view is the option of the col-
lector location at a distance of 79.0 m from the dam
axis. In this case, the depth of the depression surface
from the slope surface is from 7.0 to 9.4 m.

Taking into account the non-stationarity of
the filtration flow caused by the drawdown and filling
of the upper basin improves the filtration regime of
the dam compared to stationary solutions. First of all, it
affects the lowering of the depression surface compared
to the case of a permanently filled basin.

All the above-mentioned allows to draw a conclu-
sion about the possibility of layer-by-layer laying of

soil of different permeability at given characteristics of
soils and normal operation of impervious elements in
the body of the PSPP dam.

CONCLUSION

Replacement of a part of moraine loam, laid in
the prisms of the earth dam, with sandy soil, laid using
all-weather technology, does not lead to critical changes
in the filtration flow in the structure: the values of filtra-
tion flow and maximum filtration gradients do not ex-
ceed the permissible limits. The specific filtration flow
rate for all considered variants is in the range from 1.0
to 1.5 m*day per linear metre of dam. Maximum head
gradients in the screen and at the collector inlet do not
exceed critical values.

The solution of unsteady filtration problems for
the investigated design variants allowed us to formulate
recommendations on the selection of the considered
parameters. Of all the factors, the location of the catch-
ment collector has the greatest influence on the forma-
tion of the filtration regime (mainly on the position of
the depression curve). From the point of view of filtra-
tion the more preferable distance from the dam axis to
the collector axis is 79.0 m.
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CTpykTypa u cojep:kaHue MJIAT(HOPMBI YIIPABJIEHUS CTAAUIMHU
JKU3HEeHHOTro nukjaa AJDC

Moxamman Aabumpaiinex, Urops Anaronsesud EHrosaros,

Anapei Asekcanaposud Mopo3eHko
Hayuonanvhulil uccneoosamenvexuti Mockogckutl 20Cy0apcmeenHulil CmpoumenbHblil YHugepcumem
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AHHOTAULMUA

BBepeHue. YnpasneHne xu3HeHHblM umknom (XKLL) aTtomHbix anektpocTaHumn (ASC) SBMAETCA CNOXHbIM NPOLIECCOM
No MHOMUM MPUYMHAM, OgHa 13 KOTopblX — BonbLuon 06bem uHdopmaumm, TpebyroLen OCMbICIIEHNS U aHanM3a Ha BCex
atanax XLl: HaunHas ¢ pa3melleHns 1 Bbibopa NoLaaki 1 4o 3aBepLuatoLLero arana BelBoAa U3 aKcnnyatauuy. Ynpasne-
Hue XL, ASC npeactaBnseT cob6on MHOroakTOPHbIN NPOLIECC, BKITHOYAOLWMNIA aHanm3 6onbLLIoro KonmyecTsa pasHonnaHo-
BOW MHMOpPMaLun 1 AeNCcTBUIA. [INA NPUHATUSA BO BHUMaHVE BCeX AeTarnel 3TOro CroXHOro npotecca no ynpasnenuto XKL|
Heobxoammo cosaaHue undposor Nnatdopmbl, a Ans obnerdyeHuns npouecca obpabotkv nHdopmaummn 1 ynpasnenns XL|
ASC — matemaTnyeckoe onucaHue.

MaTepuanbi n metoabl. Llenb nccneposaHns — obocHoBaHWe HeO6X0AMMOCTM co3aaHus nnatdopmel ynpaenernns XL
AJ3C oT cTagum pasmeLleHrsa 40 CTaavmn BbiBOAA U3 Kcrnyatauuv. AnemMeHTbl nnatdopMbl ynpasneHns criegyer Ucrnosb-
30BaTh A9 OCYLLECTBIIEHNS CTpaTErM4YecKoro nnaHMpoBaHns Npu NPUHATUM JONTOCPOYHBIX PELUEHWI, HanpaBneHHbIX Ha
obecneveHne 6e30MacHOCTH, y4UTbIBas, YTO BbIBOA CTAHLMM U3 SKCNIlyaTaLmmn SBRSETCA CaMblM BbICOKOPUCKOBBLIM 3Tanom
XKL ASC.

PesynbraTtbl. PaccmartprBaloTcsi OCHOBbI cosdanus nnatdopmel ynpaenernns XKLL ASC, Bknovas matemaTnyeckoe onu-
CaHvie 1 anropuTMbl METOAVKM ANS yNpaBneHns UM, NpeacTaBneHbl CTPYKTypa n obpas nnatdopmbl, NpUBEAEH NpuMmep
ynpasreHusi puckamu.

BbiBoabl. [peanoxeHsl CTPyKTypa 1 cogepxaHune nnatgopmbl ynpasnenns XKL ASC, kotopas o6beanHsieT Bce ctagmm XKL|
ASC, cuctematusmpyet nHopmaLmo 060 BCEX CODLITUSAX U anemMeHTax B UndpoBoM chopmare ¢ y4eToM hakTopoB: 6e30-
NacHOCTW, CTOMMOCTW, AOSITOBEYHOCTM, BpeMeHu. [natdopma no3sonseT NnpoBoanTb aHanua u oueHky cragun XL ASC.

KNIOYEBbLIE CITOBA: ynpaBneHue xu3HeHHbIM Lukrnom ASC, ynpaBrneHue pvckaMu, aHanma puckoB, PUCKU Ha CTaamsx
»m3HeHHoro uukna ASC, nnatcdopma XKL, ASC, metoguka ynpaenerus XL ASC, meTognka ynpaBneHusi puckamu, puckm
Ha XKLl ASC
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Structure and content of the NPP life cycle stage management platform
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ABSTRACT

Introduction. Life cycle management of nuclear power plants is a complex process for many reasons, one of which is
a large amount of information that requires understanding and analysis at all stages of the life cycle (LC): from the stage
of “Site placement and selection” to the final stage of “Decommissioning”. NPP lifecycle management is a multifactorial
process that includes obtaining and analysing a large amount of diverse information and actions. To consider all the details
of this complex LC management process, it is necessary to create a digital platform, and to facilitate the process of informa-
tion processing and management of NPP LC, a mathematical description is needed.

Materials and methods. The purpose of this paper is to substantiate the need to create a management platform for NPP LC
from the stage of placement to the stage of decommissioning. The elements of the management platform should be used in
the implementation of strategic planning when making long-term decisions aimed at ensuring safety, given that the decom-
missioning of the plant is the most high-risk stage of the NPP housing and communal services.

Results. The paper discusses the basics of creating an NPP LC management platform, including a mathematical description
and algorithms of the methodology for managing it, presents the structure and image of the platform and provides an ex-
ample of risk management.
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Conclusions. The structure and content of the NPP LC management platform are proposed, which combines all stages
of the NPP life cycle, consolidates and systematizes information about all events and elements in digital format, considering
factors: safety, cost, durability, time, the platform allows for analysis and evaluation of NPP LC stages.

KEYWORDS: NPP life cycle management, risk management, risk analysis, risks at the stages of the NPP life cycle, NPP
LC platform, NPP life cycle management methodology, risk management methodology, risks at NPP LC
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BBEJAEHUE

Kuzuennsiid ki (XKLL) crokHbIX 00BEKTOB Ka-
MUTAJBHOTO CTPOMTENBCTBA, K KOTOPBIM OTHOCSTCS
9HEProOIOKH aTOMHEIX AmeKTpocTaHmmi (ADC), BKITO-
YaeT cleAyIoue OCHOBHbIE cTaauu [1, 2]:

1. Pa3MmerieHne u oleHKa MIO0MIA KK,

2. [IpoexTupoBaHue.

3. CoopyxeHue.

4. Dxcrutyarauusi.

5. BeIBoz U3 9KCIITyaTamu.

MexyHapoIHbIM areHTCTBOM I10 aTOMHOM 2HEp-
run (MATATD) TepMuHy «KU3HEHHBIA ITUKJI aTOMHOM
NMEKTPOCTAHIIUI» JAHO OIIPEACIICHHE: 3TO HHTETPAIHs
ynpaBieHust 0€3011aCHOCTBIO, YIPABICHUS CTApEHUEM
U PelIeHUH MO yNpaBIeHHIO OM3HECOM, a TAaKXKe DKO-
HOMHYECKHX COOOpaKCHUIl B TEUEHHE CPOKa CIIy»KObI
aTOMHOM 3ekTpocTanuuu. Ynpasnenue XKL npousso-
JATCS C menbio [3, 4]:

* [TO/JICP>)KUBATh MPUEMJIIEMBII YPOBEHb IIPOU3BO-
JUTEILHOCTU U O€30I1aCHOCTH,

* ONTUMU3HPOBATh 3KCIUTyaTallMio, TEXHUYECKOEe
00CITy’)KHUBaHHE U CPOK CITY:KOBI KOHCTPYKIIMH CHUCTEM
1 KOMIIOHEHTOB;

* MAKCHMH3HMPOBATh OTAa4y OT WHBECTHULIHH B Te-
YEHHE BCEro CpPOKa JKCILTyaTallUd aTOMHOM 3JIeKTpo-
CTaHIHH;

* YUUTHIBAaTh HALIMOHAJILHbBIE CTPATETUH (PUHAHCH-
posanus XKL (Bkiodast BEIBOJ M3 3KCIUTyaTalln), pa-
LIMOHAJILHOE HCIIOJIb30BAaHNE TOILUIMBA U OTXOJIOB;

* 0E30I1aCHOCTH MEPCOHAlla M HACEJIEHHs J0JKHA
MMETh MEePBOCTEIICHHOE 3HAYEHUE MPU IKCILTyaTaI[lH
aTOMHOI! AMEKTPOCTAHIINH U BBIBOJIE U3 SKCILTyaTaIlH;

* CyMMa U CpPOK JIEHCTBUS 0053aTeIbCTB, OCTAIO-
IIMXCSl TIOCJE MPEKPaleHus] TPON3BOACTBA JJIEKTPO-
SHEPruH, 3HAUYUTEIBHO OOJIbIIE, YeM /ISt OOJIBITMHCTBA
OM3HEC-aKTHBOB B APYTUX OTPACIIAX;

* Ha/UIeXKAIIas HKCIUTyaTalusl MOXKET HPUBECTH
K OTCPOYKE KalHMTAJIBHBIX 3aTpar, HEOOXOJUMBIX JUIs
BBIBOJIA U3 IKCIUTyaTallM U XpaHEHHs OTXOJIOB;

* Cpe/ICTBA sl BBITOJIHEHHS 00513aTeIbCTB 10 BbI-
BOJIY M3 3KCIUTyaTaIlH J0JKHBI OBITH COOpPAaHBI BO BpeE-
M1 SKCIUTyaTaIiu;

* akTHBH3aIMs d()(HEKTHBHON CHUCTEMBI yIpaBie-
HUsI prcKamu ¢ nieporo srarna XK1 1 MunuMuzanun
U YCTpaHEHHsI PUCKOB, KOTOPbIE MOTYT ITOBIIHSTh Ha BCE
srarsl XKL ADC.

MATEPHAJIBI U METO/JbI

Lenb uccienoBanuss — 00OCHOBaHUE HEOOXO.H-
MocTH co3nanus mardopmsl ympasienus KL ADC
OT CTaJUM pa3MEHICHHs /10 CTAIWM BHIBOJA M3 IKC-
Iutyatanuy. B Hacrosiiee BpeMsi B Hay4dHOH JHTepa-
Type CHUCTEMHBIH aHainu3 BonpocoB ympasieHus JKII
ADC HOCHT HEIOCTATOYHO TOIHBIA XapakTep, a CyIe-
CTBYIOIINE CHUCTEMBI MOJJEPKKH HPUHATHS PEIICHUH
o0ecIeunBaloT JHMIIb (parMeHTapHble BO3MOXXHOCTH
ynpasienus JKII[. B nanHo# myOmukammu npeioxkeHa
aropmMa KOMIUIEKCHOTO YITPaBICHHS W TMPHHSATHS
pemenmit Ha poTspkeHnn Beero JKI ADC.

PE3VYJIBTATBI

MATATD pa3paboTano TpPUHIHUIBI U PYKOBO-
oampe  ykazaHus 1o 3((eKTHBHOMY YIIPaBICHHIO
KL [3] anst nerkux peakTopoB HA BOJE U JUISL PEaKTO-
POB Ha TSDKEJIOH BOJE C LEJIbIO YAOBIECTBOPEHHUS Tpe-
0OBaHHI K 0€30MaCHOMY JUTMTEIHLHOMY OOECIEUECHHUIO
AIIEKTPOIHEPTHEH C COXpaHEHHEM KOHKYPEHTOCIIOCO0-
HOCTH. OCHOBHYIO IIEJTb SKCILTYaTHPYIOMICH KOMITAHIH
ADC MOXHO CchOpPMYTHPOBATh Kak: «paboTaTh Kak
MOYKHO JI0JIb1II€, HACKOJIBKO 3TO SKOHOMHYECKH IIeJIeCO-
00pa3HO ¥ BO3MOXKHO C TOYKH 3PCHUS OE30MTaCHOCTI.
Taxum 00pa3oM yrpaBiIeHHE KU3HECHHBIM ITUKIOM 3TO:

* CHCTEMa IIPOTPAMM H ITPOIICTYP [T BEITOITHCHHS
TpeboBaHUil 6e30MacHON IKCIUTyaTallii U BBIPAOOTKU
AIIEKTPOIHEPTUH KOHKYPEHTOCTIOCOOHBIM  CIOCOOOM
1 B TEUCHHE BPEMEHH, PAIIOHAIEHOTO C TEXHUYIECKOM
1 YKOHOMHUYECKOM ToUeK 3peHHus [5];

* HHCTPYMCHT YIIPABJICHUS VIS JAOCTIDKCHHS IIC-
JIel TPOM3BOANTEIBHOCTH, OE30MaCHOCTH, JIOJTOBeY-
HOCTH ¥ SKOHOMUYHOCTH [6].

JlaHHBIC PYKOBOZSIIUE MPUHIUITEI OBUTA pa3pa-
0OTaHBI C HCIOIB30BAHUEM CYIICCTBYIOIIETO MEXKIY-
HapOJHOIO OIbITAa MHPOBOHM aTOMHOWH HHEPrETUKHU
1 MaTepuasoB HKCIEPTOB, 3aHUMAIOIINXCS TPOICHH-
€M JIMLIEH3UH U MOJICpHU3AINCH, aCTICKTaMU PETYIHPO-
BaHUSI, TOBBIIICHUEM OC30MMaCHOCTH ¥ SKOHOMUYHOCTH
ADC [6].

ABTOpBI cunTaioT, 4to ynpasienue X1 ADC 3a-
KITIo4aeTcst B cOope W 0OBETUHEHNN BCEX DIIEMEHTOB
u coObIThi, Biustomux Ha JKII, B equHOM 0a3e qaHHBIX
Ha 1atopMme ¢ mocieayneld ux 00padboTKOM ¢ mpu-
MCHEHHUEM COBPEMCHHBIX METOAOB IJIsI OIEHKH COCTOs-
Hust ADC, KoTOpast TO3BONISET ONEHUTH TEKYIIHN ATl
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KLl v IpUHSTE pelIeHre o MepeBoje CTAHIMH Ha Clie-
nyroruit stan JXKII. [Ipemmaraemas atgopma ympas-
nenunst KL ADC, no cyru, sBisercs udpoBoit 6a3oii
JaHHBIX C TOCIEAyIomed uX 00paboTKOM, BBOANMBIX
Ha Bcex aranax JKI[ ADC nmo dakropam (puc. 1).

besonacHocTh

Bpems CroumocTh

JlonropeuHocts

Puc. 1. ®akropsl, Biustomue Ha XL ADC

[Tmarpopma ympasmenus XL ADC cmyxur oc-
HOBOH Tpu (POPMUPOBAHHUHU MPOTPAMMBI I KOHTPOJIS
JKIT ADC ¢ ee co3maHus 10 MOMEHTA BBIBOJIA U3 DKC-
IUTyaTaliM, MOITOMY KaXKAbIH SJIEMEHT ILIaT(OpMbl
MPSIMO WJIM KOCBEHHO OTBEUAeT 3a HAOOp UYMCIICHHBIX
3Ha‘IeHI/II‘/’I, KOTOpBIe IIOMOT'arOT MMCTH ITOJIHOC Hpe}l-
CTaBlIcHHE 000 BCEX COOBITUSX JJIS TIPUHSATHS pPerie-
HUH, B TOM YHCJE O NEPEXOJEe Ha CIEAYIOLIMM 3Tal.

Cremyer OTMETHTb, UTO yIpaBlIeHHE HEOOXOANMO B Te-
yenue Bcero XKL ADC, a He Ha OTJENIbLHOM dTare.

[Tnardopma npuzBana 00IErYUTH KOHTPOJIb M HAI-
30p 3a ympaBlieHueM TeKyiuen craaueit mpoekra ADC,
OLICHUTh TEKYIee COCTOSIHUE, & TAKKe KOHTPOJIUPO-
Bath nepeBoj ADC ¢ TeKyIlel cTaauu Ha CIEAYIONYO.

[Tnarpopma pasnernena Ha 17 37IEMEHTOB, KaK 10~
Ka3aHo Ha puc. 2.

Obecneuenre 0e30MacCHOM, YSKOHOMHUYHOW U J0JI-
TOCPOYHOW DKCILTyaTallid SKBHBAJCHTHO IPEIOCTaB-
JICHUIO JIOTIOJIHUTENBHON I'€HEPUPYIOUIEH MOLIHOCTH,
YTO TpeJIoiaraeT NpojJeHUe CPoKa JCHCTBHUS B MaK-
CHMaJIbHO BO3BMO)KHOM CTETIEHH MPU COXpaHEHHH 0e30-
MaCHOCTH U KOoHKypeHTocrnocoOHoct ADC. Cruemyer
MIOMHUTbB, YTO IENbI0 cTpouTenscTBa ADC sBsercs
9KOHOMHUYHAs BBIPAOOTKA M MTPOJIaka IEKTPOIHEPIUH,
JIOXOJIbI OT KOTOPOH JIOJDKHBI 00ecrieqyrBaTh (GUHAHCH-
posanue Bcero JKII [6—-10].

Kparkoe omnmcanue HanOosee BaKHBIX AIIEMEHTOB
(co6prTnit) ynpasnenus XK1 ADC npuseneHo B TabmuIe.

[Mpennaraemas margopma ynpasnenus KL ADC
(puc. 2) 00bEeUHSET BCE 3JIEMEHTBI (COOBITHS), BITUSIIO-
e Ha X1 ADC, B 0HO ypaBHEHHE, TJe CyMMa BCeX
2JIEeMEHTOB cuuTaeTcst paBHoi 1 wim 100 Gamtam [5].

HpI/ICBOGHI/Ie YUCJIOBOTO0 3HAYCHUA KaXIOMY
QJIEMEHTY JaeT BO3MO)XHOCTh IIPOM3BECTH OIICH-
Ky 3JEMEHTOB IO 3aJaHHBIM KPUTEPHUSIM METOAAMH
9KCIIEPTHON OIICHKH M MHOTOKPHUTEPHAIBHOTO MPH-
Hsitust pemennid (Multi-criteria decision analysis —
MCDA). JIpyrumu cioBam, riathopma yrpasieHus
KL ADC — 310 cymMMa >11eMEHTOB, KOTOpPBIE 00pa3sy-
0T HHTETPUPOBAHHYIO CHCTEMY, ITO3BOJIIONLYIO CIIe-

TIpodunakruueckoe
Vipasnenue
VYnpapieHue akTHBaMH VYnpasieHue crapeHueM TEXHHYIECKOe
6€301acHOCTHIO
00CITy)KHBaHUE
Vipasnenue
P Yupasnenue Vipasnenue
MeHeKMEHT KauecTBa HCTIONb30BaHHEM
N 3¢ PEeKTHBHOCTHIO MIePCOHAIOM
3HaHUH
Vipasnenue
VYnpasnenue [lepuonnyeckas oneHka
Hudposuzarms PaTHOaKTHBHBIMH
JTUICH3USAMEI 0e30macHOCTH
OTXO/IaMH1
OnTruMu3anus
Dkonoruyeckoe VYnpasieHue
C y4ETOM YKOHOMHUYECKHX VYnpasieHue pruckamMu
. yIIpaBJIeHHE MaTepHaIOeMKOCTEIO
nokasaresuei
VYnpasnenue
3aUHTEPECOBAHHBIMH
CTOpOHAMH

Puc. 2. DiemeHTH! TIaTOPMBI YIIPAaBICHUS KU3HEHHBIM HUKIOM ADC
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DneMeHTHI (COOBITHS) YIPaBIeHHs JKH3HEHHBIM KoM ADC

/1

DnemMeHT

Omnucanne

1

Vipasnenue
0e30MMacHOCTHIO

KoMmmoHeHT ympaBieHHs: BCcell OpraHu3aliell OnrucaH B CHCTEME MEHEIKMEHTA KauyecTBa.
[oBrImeHne mokazarenell 6e30IacHOCTH OpPraHU3aIiH MOCPEICTBOM ITAHUPOBAHUS, KOH-
TPOJIS M HAaA30pa 3a JAEATCIBHOCTHIO, CBI3aHHON ¢ 0€30MacCHOCThI0, BKITFOYast (JOPMHUpPOBa-
HUE CWIIBHOU KyIBTYPBI 0€30MIaCHOCTH TIOCPEACTBOM Pa3BUTHS M YKPEIUICHHS Ha IeKaIle-
TO OTHOIICHUS W IOBEICHHS B 00acT 6e3onacHoctH [3, 4, 10]

VYnpasineHue akTuBaMHu

busHec-1UCHMILIMHA, CBA3aHHAS C MOHMTOPMHIOM, M OTCIEKHUBAaHUE AKTHBOB OpraHM3a-
1uu. K1 akTHBa HaUMHACTCS € €ro IPUOOPETEHNUS U IIPOAOIDKACTCS YePe3 ero TeXHUUECKoe
00CTy)KUBaHHUE, PEMOHT M MOAEPHU3ALMIO BIUIOTh 0 OKOHYATENIbHOI yTHIN3ALMN aKTHBA.
B ciyuae ADC >xu3HeHHBIH LUK 00BEKTa — OT CTaJuM Pa3MELICHUs 1O BBIBOJA U3 DKC-
tyaranuu [3, 4, 10]

praB.HCHI/Ie CTapCHUEM

OHpCIIeJIHeTCS{ KaK JICHCTBUS IO IIPOCKTUPOBAHUIO, SKCIUTyaTallul U TEXHUYICCKOMY O6CHy-
JKUBAaHUIO, HAIIPABJICHHBIC HAa KOHTPOJIb B IOIIYCTUMBIX IIpeACIax Aerpagaliuu CUCTEM, KOH-
CprKHI/Iﬁ Y KOMIIOHEHTOB ITPpU CTapCHUU KOHCTPYKIUU, CUCTEMbI U KOMIIOHCHTOB

IMpodunaxruueckoe
TEXHUYECKOe
o0cry>)KuBaHue

AZIMUHHUCTPaTUBHAS M TEXHUYECKas JeATeTbHOCTh, KOTOPask MOIAEPKNUBAET KOHCTPYKIIMH,
CHCTEMBI U KOMIIOHEHTHI B paboueM coctosHuH. OHa BKJIIOYAaeT Kak MpoQHIakTHuecKkoe
o0ciTy)KnUBaHHE, TaK ¥ TIPOTHO3UPYEMOE TEXHUYECKOe 00CITy)KUBAHUE, & TAKKE KOPPEKTH-
pyoliee, NEPHOUIECKOE U MIAHOBOE TEXHUUECKOE 00CITY)KUBAHHUE C IETBIO MO/ IePKaHUs
WU TIPOATIEHHS CPOKa CITyXKOBI IMyTeM KOHTPOJIIS AETPafallii U OTKA30B 0 MPHUEMIIEMOro
YPOBHS

MGHCZ[)KMCHT KadyeCcTBa

CucreMaTH3HPOBAHHBIM MHCTPYMEHT IS BBITOJIHEHUS paOOTHI C KOHEYHON IIeTbI0 — BEI-
TIOJTHUTH €€ IPaBIIIFHO ¢ MepBoro pasza. DpdekruHoMy ynpasinenuto XKL cocoberyer
obecriedeHre TOro, YToObl CHCTeMa YIIPaBICHUs, HCHOIb3yeMast Ha paHHUX craausx JKI{
YCTAQHOBKH, aJeKBaTHO OTBeYaIa TPeOOBaHMUSIM Iocieayroniero srarma JKI{

VYnpasnenue
HUCTIOJb30BAaHUEM 3HAHUI

CucremaTnyeckoe ynpasjieHue HHHOPMALMOHHBIMI AKTHBAMU OPTaHU3aLMH C LEIIbI0 CO3-
JIaHUs IIEHHOCTH U yAOBIETBOPEHNUS TAKTUUECKHUX U CTPAaTerndecKux Tpedosanuii. OHO co-
CTOWT U3 MHUIIUATHB, IPOIIECCOB, CTPATETUH U CHCTEM, KOTOpPBIE TTOAAEPKUBAIOT U COBEP-
LIEHCTBYIOT XpaHEHHE, OL[EHKY, 0OMEH, yTOUHEHHE U CO3/IaHUE 3HAHUH

Vipasnenue
3P PEKTUBHOCTHIO

CTpaTeFI/I‘IeCKI/Iﬁ oAXoa K CO3AaHUIO U MOAACPIKAHUTO yJ'[y‘IHIeHHOﬁ MIPOU3BOAUTEIIbBHOCTH
COTPYAHUKOB, Beuymnﬁ K IMOBBIHICHUIO 3(1)(1)6KTI/IBHOCTI/I KOMIIaHHH. MeTO,I[ ITOCTOSIHHOI'O
I/IH(l)OpMI/IpoBaHI/IH COTPYAHHUKOB O JOJIKHOCTHBIX O6H3aHHOCT$[X, IPUOPUTETAX, OKHUIAAHUIX
OT pE3yJibTaToB pa60TLI U IUTAHUPOBAHUS Pa3sBUTHSA. HCJ'II) COCTOMUT B TOM, 4TOOBI TIOMOYb
TIOBBICUTDb UX 3(1)(1)6KTI/IBHOCTI> Y CUHXPOHU3UPOBATH €€ C LECJIAMU OpraHrU3aluu. 910 CcTpa-
TETUYECKHUI IoAXoa, IMpru KOTOPOM MEHE/KEPhI OpraHu3alvy MpeaoCTaBIAOT o6paTHon
CBsA3b CBOUM COTpyAHHKaAM JUIsI NOCTUIKEHUS CTPATCIHYCCKUX L[eneﬁ. D10 BCE TEKyHue
ﬂeﬁCTBHH, BSaHMOZ[efICTBPISI U KOMMYHUKaIUs MEXKIY COTPYAHUKAMU C LEJIbIO ITIOMOYb UM
JOCTHUYb UX COOCTBEHHBIX ueneﬁ ¥ BHECTH CBOU BKJIaJl B ycnex KOMaH/Abl U OpraHu3anuu

YipasneHue nepcoHajiom

CucreMa OTHOLICHHMIT, CBSI3aHHBIX C [IEJICHANPABICHHBIM BO3/ICHCTBUEM Ha TIEPCOHAI Opra-
HU3aIMuU 11 o0ecriedeHns ero 3GpdekTHBHOro (GyHKIIMOHUPOBAHMUS 3a CUET Hanbosee moi-
HOTO HCTIOJIB30BAaHUS TPYAOBOTO MOTeHIMA a. KOHIENIHs yIIpaBaeHHs EPCOHATIOM — 3TO
CHCTEMa TEOPETHKO-METOOJIOTHYECKHX B3IVIAI0B HA MOHUMAHUE M ONPEACICHHE CYIIHO-
CTHU, COIEPIKAHMUS, 1IeNeH, 3a/1a4, KPUTEPUEB, MPUHIMIIOB U METOJIOB YIIPABJICHHUS NEPCOHA-
JIOM, a TAK)Ke OPTraHU3aLMOHHO-TIPAKTHYECKHX MOIX0J0B K (POPMUPOBAHHIO MEXaHH3MA €€
peanu3anuy B KOHKPETHBIX yCIOBUAX (QYHKIIMOHUPOBAHUS opranu3anmi [13, 14]

Hudposuzanus

Ka)}c;{oe 30aHUE U Ka)KZ[BIf/i OJICMCHT 060py}:[OBaHI/I${ nuMeeT HI/I(prByIO KOITUHIO, ITO3BOJIsA-
IOIYK aHaJIM3UpPOBaTh €TI0 COCTOSIHUE B PEajibHOM BPEMEHU, IPEACKA3bIBATH HpO6J’IeMBI,
npeaoTBpamarb ux ¢ NOMOIIbIO Hpel[PIKTPIBHOfI AHAJIMTUKHU

10

VYnpasnenue
PaarOaKTHBHBIMH
0TXO0/laM1

VIIOpsA04EHHBIH MPOLece IS yaleHH s, IIOBTOPHOTO HCTIONB30BAHMS, COKPAILICHHS U Ipe-
JIOTBpalleHNs 00pa3oBaHus 0TX010B. TepMHH, TakKe H3BECTHBIH KaK YTHIH3ALMS OTXO/I0B.
370 MOAX0J], IPH KOTOPOM KOMITAHHU PEan3yIOT KOMIUICKCHBIE cTpartern 3G (eKTHBHOTO
YIpaBICHHS OTXOAMH OT MX 00pa30BaHHs 10 OKOHYATENBHOro ynaneHus. Llenbio obOpa-
IICHUS C PaJJMOAKTUBHBIMU OTXOJAMH SIBISIETCS CBEJCHME K MHHUMYMY UX BO3JCHCTBHS
Ha JKMBBIX CYLIECTB U OKpYXaollyto cpeay. OOpalleHHe ¢ paJHOaKTUBHBIMU OTXOAAMHU
BKJIIOYAeT B ce0si MPOLECC M30JALMH WM YMEHBIICHHS PAJHOAKTUBHBIX PHCKOB IyTEM
CHIDKEHHS KOJIMYECTBA WM KOHIEHTPAIUH JII000T0 PaJOakTHBHOIO MaTepHasa, KOTOPbIi
BCTyHaeT B KOHTAKT ¢ Ouocdepoii [15-17]

11

VYipasiieHue JTULEeH3UIMHI

[MpumenutensHo k ADC BKIIO4aeT B cedsl BCE NMPOLIECCHI JIMLICH3NPOBAHUS U/WIIN aBTOPU-
3alU SJCPHON YCTAHOBKH M ee JesiTesibHocTH. OpraHu3anus nporecca MmoixydeHus Beex
pa3pelnieHni 1 JIMIEH3HUH, KOTOpbIe BayKHBI JUTs cOopa taHHbIX 0 dazax XKL ADC
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Oxonuanue mabauyol

Omnucanne

OIeHKH COCTOSIHUSI 0€30IIACHOCTH C YIE€TOM CPOKa SKCILTYaTaIHH SIICPHOH yCTaHOBKY, ITyH-
KTa XpaHCHUs, a TAKKe CTapeHHs1 000pyHOBaHMs HA OCHOBE 3aKOHO/ATeNIbCTBA CTpaH [ 18]

CyIIHOCTh CTaTUYECKOTO MOAXO0Aa K SKOHOMHUYECKOH 3P HEKTUBHOCTH COCTOUT B MAKCUMHU-

D10 yperyanpoBaHHast AESTENEHOCTE CHEIUAILHBIX YIIOMTHOMOUYEHHBIX CyOBEKTOB, HalpaB-
JIeHA Ha CO3/IaHHe KOHKPETHBIX IIPABOOTHOIICHUH B cepe OXpaHBI OKPYKAromed Cpessl,
panMoHaIbHOE MPUPOIOIIOIL30BaHIE, COONIONCHNE HKOJIOTHUSCKHX MpaB M HCIIOTHEHHE

Iporueccsl, cBs3aHHbIE ¢ UICHTH(UKALMEH, aHATH30M PHCKOB M IPUHSATHEM PELISHUH, KO-
TOpbIE BKIIIOYAIOT MAaKCUMHU3AIUIO TOMOKUTENBHBIX U MUHUMH3AIHIO OTPUIATETbHBIX M0-

DKOHOMHYECKAs CyHIHOCTb MATCpHUaIOCMKOCTH NPOAYKIUHU 3aKIIO4YaCcTCsa B TOM, YTO OHa
BbIpaXXacT YACJIbHBIC MATCPUAJIBHBIC 3arTparbl Ha IMPOU3BOJACTBO CAWHUIIBI MPOAYKIIUHU

VipaBieHHe 3aMHTEPECOBAaHHBIMI CTOPOHAMH MPOEKTa PACCMATPUBACTCS KaK HEIPEPbIB-
HBII Tiporecc [22, 23], B 4aCTHOCTH, 3TO YETHIPEXITAITHBIN MPOIECC BBISBICHNUS 3aHHTEPECO-

n/m DeMeHT
12 | [lepuonnueckas oLeHKa
6e3omacHOCTH
13 | OnTuMHu3ays ¢ y4eTom
3SKOHOMHYECKHUX 3alUK pe3yabTara Ipyu MUHUMHU3aKu 3aTpart [19]
NoKasaresen
14 | Dkonoruueckoe
yIIpaBIIeHHE
IKOJIOTHUECKUX 00s3aHHOCTEH [20]
15 | YmpaBnenue puckamu
CJIEACTBUI HACTYIUIEHUS] PUCKOBBIX COOBITHIA [9]
16 | Yopasienue
MarepHaToeMKOCThIO
C ONpeIeIeHHON TOTPEeONTENBHOI CTOMMOCTBIO [21]
17 | Yopasienue
3aMHTEPECOBAHHBIMH
CTOpOHAMHU

BaHHBIX CTOPOH, OIIPE/ICNICHHUS] UX BIUSHNSA, pa3pabOTKY TJIaHa YIpaBIeHUs] KOMMYHHKaIIU-
SIMH M OKa3aHHMS BIMSHHS Ha 3aMHTEPECOBAHHBIE CTOPOHBI TOCPEACTBOM B3aHMMOACHCTBHSI.
B obmacTn MapkeTHHTa CUMTAETCS, YTO KIMEHTHI SABISIOTCS OJHON M3 HanOOIee BaXKHBIX
3aUHTEPECOBAHHBIX CTOPOH B YIIPABICHUH JOJITOCPOYHON CTOMMOCTBIO OM3HECA, IPH 3TOM

[IHAJINCTaM OILICHHUBATh OTAcHbHBIC cTaguu K1 ADC
C MOMOILBIO METOJOB MHOTOKPUTEPUAILHOTO MPUHSI-
THUS pELIEeHUI.

Jis gucnosoit onenku XKL ADC mpemaraercs
CIIEAYyIOIIEe BBIPAXKEHUE, KOTOPOE OIpEeaeseTcs: Kak
CyMMa Beca COOBITHI (Ta0J1.) Ha KKION CTaHU:

Chapanc=2.Cp+2.C,+>C +DC+>C,,,

e Cyi une — CYMMapHOE 3HaYCHHE BECa BCEX CTa/Uid
KL ADC, 6amsr; ZCp — CyMMapHbIi BeC CTaJuH pas-
MemieHus, 6asmibl; XC — cyMMapHbIii BeC CTajuu Ipo-
eKTHPOBaHusl, 6aibl; XC_ — CyMMAapHBIA BEC CTaIUH
CTPOUTENIbCTBA, OAJIIBI; ZC3 — CYMMapHbIi Bec CTauu
SKcIuTyaranus, 6amiel; XC, — CyMMapHbIi BEC CTauu
BBIBOZIA M3 DKCILTyaTalluy, Oasibl.

[Tocme ycraHoBIeHHs Beca KaKaoil craanu [24]
ompenensercs oomuit Bec mm onenka JKI ADC kak
cyMMa 0aJuToB Ha OCHOBE BCEi MH(pOpMAIUH, coOpaH-
no# Ha atane XKL ADC s KOTM4ecTBEeHHON OIICHKU
¥ TaIBHEHIINX pacyeToB U aHanmu3a. Hamiexamiee 1o-
KyMEHTHPOBAaHUE W KOHTPOJIb TMOTOKa HWH(OpMAaNuny,
monmy4yaemoit Ha Bcex atamnax JKI[ ADC, ee obpaborka
1 OLICHKA OCYIIECTBIISIFOTCS C CIIOIb30BaHUEM Habopa
METO/I0B, TaKUX Kak Merof IlapeTo, MaTpuma pHuCcKoB,
Metonsl MCDM mwin MHOTOKpPUTEpUANbHBIM aHaIN3
pemennit [11, 12, 25-28].

Crpykrypublit 0mok ynpasinenust XKL ADC sB-
JISITCSI BaXKHBIM MHCTPYMEHTOM, MO3BOJISIONIMM KOH-
TPONHUPOBATh MPOIECCHI, a TAKXKE COKPATHTH PECYPCHI
U JICHEeXKHBIC 3aTpaThl, HEOOXOoMuUMBIE a1 cOopa WH-
(dbopmanuu Ha Kaxaom srame KL,

Hemns coszmanmsa tuiatgopmer ympasneHus KL
ADC — obecrieuennie >(QQPEKTUBHOTO YIIPABICHHS
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OCHOBHas 1IeTb (PUPMBI — YTPABIECHNE YAOBIECTBOPEHHOCTHIO KIUEHTOB

B paMKax CIIEIHAIM3UPOBAHHON TEXHUKO-OpTaHH3aIli-
OHHO-MeTOonn4eckoi cucremsl ympasierns JKI[ ADC,
CO3/1aBaCMOM C HCHONB30BAaHHEM OTEYECTBEHHOTO
1 3apy0eXHOTO ONbITa yNpaBJiIeHUs B cepe aTOMHOU
sHepreTuku. O0IacTh MPUMEHEHHUS TIaT(HOPMBI — BCE
craaun XK1 ADC [29].

HeoOxomnmocTs co3nanus maropMbl yrpasie-
Hus XKL ADC cpsizana ¢ peanuzanueil MHBECTHLIMOH-
HBIX TIPOEKTOB (METarpoeKTOB), COAEPKAIINX COBOKYTI-
HOCTb B3aWMOCBA3aHHBIX IIPOCKTOB, 06’])6[[I/IHCHHIJIX
00IIeH 1eTbI0, BBIACICHHBIMH PECYpCaMH U OIpeje-
JICHHBIM CPOKOM peanu3anui [ 10].

ITox MerampoeKkToM MPHHATO TTOHMMAaTh MacuITad-
HBI KOMIUIEKCHBIM MPOEKT, BKIFOYAIOIIUN MHOKECTBO
YAaCTHBIX MPOEKTOB W TIPOrPaMM, TECHO CBS3aHHBIX
MEXKITy cOo00H M OOBEAMHEHHBIX OOmIeH IMenpio [8].
MHuorue MCTAIIPOCKThI  ABJIAIOTCA  MEKOTPACJICBBIMH
/v MexayHapoaHsIMA. Cpenn OTIMYMTEIBHBIX TIpHU-
3HAKOB METAITPOECKTOB MOYKHO BBIICITUTE: BBICOKHIA 00heM
uHBecTUImii (6osee 50 Mitpa pyo.), ITUTEITBHOCTD PEeaIi-
3a1mu 5 1 GoJiee JIeT, a Takoke TPYI0eMKOCTb ropsiika 15—
20 MITH 9eTIOBEKO-4acoB, 3HAUNTEIIHHOE BIMSHUC HA pa3-
BUTHE PETHOHOB U CTPaH, B KOTOPBIX OHH PEaTH3YIOTCS.

[MpennoxxenHast aBropamu IuiaropMa yrpasie-
Hus KL ADC yBs3aHa ¢ HOPMATUBHOM CTPYKTYpOil
Poccutickoit denepannu, OHa TOMOTAET YIIIyOUTH I10-
HUMAaHHE TOTO, KaK JCUCTBOBAaTh, M CBsI3aTh MH(OpMa-
LU0, TIPEIOCTABISIEMYIO BCEMH CTPYKTYPHBIMH €/THHU-
LIaMH, C eJUHOI 0a30i1 TaHHBIX.

Hcnonp3oBanue rmiardopmel  yopasienus: KL
ADC unmocTpupyercss Ha MpUMepe yNpaBlIeHUs! pH-
CKaMH, KaK OJTHOM W3 BaKHEHIIINX 3JICMEHTOB YIIpaBie-
nust XKL ADC B 1ienom.



CTpyKTYpa M COAEPXKaHNE NAATPOPMbI YIIPABAEHMS CTAAMSMM XM3HEHHOTO Linkaa A9C

C. 18-31

AJITOPUTM METOAUKH YIPABJIEHUSI PHCKAMH
K A9C ¢ nomombI0 maaT¢hopmMsbl

Jnsa ynpasnenus puckamu Ha craguu JKI[ ADC
IIPUMEHSAETCA HabOp METOHOB, KOTOPbIE OObEIUHEHEI
B MeToauKy yrpasieHus puckamu ADC (puc. 3), ¢ me-
JBI0 TIONMYYeHUsI Hanbojee OOOCHOBAaHHBIX PEUICHUH,
COKpAIIEHUsSI TPYI03aTpaT U JEHEKHBIX 3aTpar.

WnenTnunnpoBaHHbIe PUCKH OIIEHUBAIOTCS IKC-
NepTamu, pU 3TOM ONPENENAIOTCs UX Beca. B nepBoit
rpymie MetogoB — mertox Ilapero m MeTon MaTpHIls!
PHCKOB, OHH MOTYT OBITh HCIIOJIB30BaHbI KaK B Kade-
CTBEHHOM (MaTpHIa), TaK M B KOJINYECTBEHHOM aHAaJIH-

3¢ (metox [Tapeto). Panee aBropamu B padote [5] ObL10
JIOKa3aHO, YTO OHH JIAI0T OJIMHAKOBBIN pe3yJIbTar.

ITocne momydeHHUs] pe3yiIbTaToB aHajIW3a PUCKU
OLICHMBAIOTCSl C ITOMOIIBIO METOIOB MHOTOKPUTEPH-
QIBHOTO aHajM3a pelleHuH, OObEJMHEHUS METOJI0B
aHaIM3a uepapXui U HeYeTKOH JToruku [26-29].

OmnpeneneHne Beca PHUCKOB SBISACTCS ONHUM
13 Hanboee BaYKHBIX ATAMIOB B aHAIIN3E PHCKOB, KOTO-
PBIN TOMOTAET YCTAaHOBUTH MPUOPUTETHI M TIPHHUMATH
CIIO)KHBIE PEIICHHUS.

Ob6mas 6:10k-cxema ympasieHus puckamu Ha JK1]
ADC npencrasnena Ha puc. 4.

Br16op coObITHSL.
Br16op HanpasieHus > Bri6op cragun >
aTOMHOM OTpaciau KL ADC [aargopma ynpasaetis
P KIT ADC
CocrasieHue peectpa Hcronb30oBaHne METO/Ia SKCIICPTHBIX OLIEHOK /
PHCKOB COCTaBJICHHE aHKETHI
[Ipumenunue meroga [Ipumenenue meTo 0B
Omnpenenenue
————| [lapero wiam MaTpuisl |———3| MHOIOKPHTEPHAIHHOIO
B3BEIIEHHOCTU PHCKa .
PHCKOB TIPUHATHS PeIICHUH
Pesynbrar oneHKH pucKoB
Ha ctaguu JKI]
Puc. 3. Metonuka ynpasnenus puckamu Ha XKL ADC
AtoMHas Ha reppuropuu PO Peectp puckos
JHEpreTHKa
3apyOexHbIe DKCIIepTHAsI OLIEHKA PHCKOB

¥

¥

Pasmernienue 1 oleHKa II0MIA KK

OHpeIIeJIeHI/Ie BECa pUCKa

[IpoektupoBanue

¥

CoopysxeHue

IIpumenenune merona Ilapero

WJIM MaTpulbl OLICHKU PHUCKOB

OKcIutyaTanus

[Ipumenenne o0beIMHEHHBIX

BriBox u3 skcrutyatanuu

MeTo10B MAMU 1 HedeTKoit JIOrMKu

¥

¥

[Inardopma ynpasnenus XKL ADC

Pe3yJ'ILTaT OLICHKHU CTaun

KI[ ADC

Puc. 4. bnok-cxema ynpasienus puckamu Ha XKL ADC
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3AKJIIOYEHHUE

[IpennoxeHbl CTPyKTypa W COJAEp)KaHWE IUIaT-
¢dopmer ympasinernus XKL ADC, koropas oO0beauHs-
eT BCE CTaguM >KM3HCHHOTO IUKJA, KOHCOIUIHPYET
U cUCTeMaTu3upyeT uHpopMaiuw 000 Bcex COOBITH-
SIX U dIIeMeHTax B nudpoBoM popmare ¢ yaeTom (ak-

TOpPOB: 0OE30MaCHOCTH, CTOMMOCTH, IOJITOBCUHOCTH,
BpEMEHU.

[Tnardopma 1mo3BOISIET IPOBOAMTE AHAIIU3 U OIICH-
ky ctanuit XXI{ ADC u npuHIMaTh 000CHOBAHHBIE pe-
wenus o nepeoae ADC Ha CleqyIoyIO CTaAMIO.

Onucana meronuka ynpaieHus puckamu KII
ADC ¢ moMoIpIo IaThOPMEIL.
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INTRODUCTION

The life cycle (LC) of complex capital construction
facilities, which include power units of nuclear power
plants (NPP), includes the following main stages [1, 2]:

1. Site Allocation and Site Assessment.

2. Design.

3. Construction.

4. Operation.

5. Decommissioning.

The International Atomic Energy Agency (IAEA)
defines the term "life cycle of a nuclear power plant"
as the integration of safety management, ageing man-
agement and business management decisions, and
economic considerations over the lifetime of a nuclear
power plant. Life cycle management is performed with
a purpose [3, 4]:

» maintain acceptable levels of performance and
safety;

* optimize the operation, maintenance and service
life of system structures and components;

» maximize the return on investment over the life-
time of the nuclear power plant;

» take into account national strategies for financing
the life cycle (including decommissioning), fuel and
waste management;

« the safety of personnel and the public should be
of paramount importance in the operation and decom-
missioning of a nuclear power plant;

* the amount and duration of liabilities remaining
after the cessation of power generation are significantly
greater than for most business assets in other industries;

e proper operation may result in the deferral of
capital expenditure required for decommissioning and
waste storage;

e funds to fulfil decommissioning obligations
should be collected during operation;

* activation of an effective risk management sys-
tem from the first stage of the life cycle to minimize
and eliminate risks that may affect all stages of the NPP
life cycle.

MATERIALS AND METHODS

The aim of the study is to substantiate the necessi-
ty of creating a platform for NPP life cycle management
from the stage of placement to the stage of decommis-
sioning. At present, in the scientific literature, the sys-
tem analysis of NPP life cycle management issues is
not comprehensive enough, and the existing decision
support systems provide only fragmentary possibilities
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of life cycle management. This publication proposes
a platform for integrated management and decision-
making throughout the entire NPP lifecycle.

RESULTS

The TAEA developed principles and guidelines
for effective life cycle management [3] for light water
reactors and for heavy water reactors in order to meet
the requirements for safe long-term electricity supply
while maintaining competitiveness. The main objec-
tive of a nuclear power plant operating company can be
summarized as: “to operate for as long as economically
and safely possible”. Thus life cycle management is:

*a system of programmes and procedures for
meeting the requirements for safe operation and power
generation in a competitive manner and within a time
frame that is technically and economically sound [5];

» management tool to achieve the goals of perfor-
mance, safety, durability and economy [6].

These guidelines were developed using existing
international experience in the global nuclear power
industry and input from experts involved in license
renewal and modernization, regulatory aspects, safety
and economic improvement of NPP [6].

The authors believe that NPP life cycle manage-
ment consists in collecting and combining all elements
and events affecting the life cycle in a single data-
base on the platform with their subsequent processing
using modern methods to assess the state of NPP,
which makes it possible to evaluate the current stage of
the life cycle and make a decision to transfer the plant
to the next stage of the life cycle. The proposed NPP
life cycle management platform is, in fact, a digital da-
tabase with their subsequent processing, entered at all
stages of NPP life cycle by factors (Fig. 1).

Safety

Time Cost

Durability

Fig. 1. Factors influencing the NPP life cycle

The NPP life cycle management platform serves
as a basis for the formation of a programme to control
the NPP life cycle from its creation to the moment of
decommissioning, so each element of the platform is
directly or indirectly responsible for a set of numeri-
cal values that help to have a complete picture of all
events for decision making, including the transition
to the next stage. It should be noted that management
is needed throughout the whole NPP life cycle, not at
a single stage.

The platform is designed to facilitate the control
and supervision of the management of the current stage
of the NPP project, to assess the current status, and to
control the transfer of the NPP from the current stage to
the next stage.

The platform is divided into 17 elements as shown
in Fig. 2.

. . Preventive
Security management Asset management Aging management .
maintenance
Management
. & Performance Personnel
Quality Management of knowledge
e management management
utilization
Radioactive . S
T License Periodic safety
Digitalization waste
management assessment
management
Optimization based . L .
P . Environmental . Material intensity
on economic Risk management
. management management
indicators

Stakeholder management

Fig. 2. Elements of the NPP life cycle management platform
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Ensuring safe, economic and long-term operation
is equivalent to providing additional generating capac-
ity, which implies extending the lifetime to the maxi-
mum extent possible while maintaining the safety and
competitiveness of the NPP. It should be remembered

that the purpose of NPP construction is the economi-
cal generation and sale of electricity, the revenues from
which should finance the entire life cycle [6—10].

A brief description of the most important elements
(events) of NPP LC control is given in the Table.

Elements (events) of NPP life cycle management

n/a

Element

Description

1

Security management

The management component of the whole organization is described in the quality management
system. Improving the safety performance of the organization through the planning, control
and supervision of safety related activities, including building a strong safety culture by
developing and reinforcing appropriate safety attitude and behaviour [3, 4, 10]

Asset management

The business discipline associated with monitoring and tracking an organization’s assets.
The life cycle of an asset starts with its acquisition and continues through its maintenance,
repair and modernization up to the final disposal of the asset. In the case of NPPs, the lifecycle
of an asset is from the stage of placement to decommissioning [3, 4, 10]

Aging management

Defined as design, operation, and maintenance actions to control, within acceptable limits,
the degradation of systems, structures, and components as the structure, system, and
components age

Preventive maintenance

Administrative and technical activities that keep structures, systems and components in
working order. It includes both preventive maintenance and predictive maintenance, as
well as corrective, periodic and planned maintenance to maintain or extend service life by
controlling degradation and failure to an acceptable level

Quality Management

A systematized tool for getting the job done with the ultimate goal of doing it right the first
time. Effective life cycle management is facilitated by ensuring that the control system used
in the early stages of the plant’s life cycle adequately meets the requirements of the later stage
of the life cycle

Management of
knowledge utilization

The systematic management of an organization’s information assets to create value and meet
tactical and strategic requirements. It consists of initiatives, processes, strategies and sys-
tems that support and improve the storage, evaluation, sharing, refinement and creation of
knowledge

Performance
management

A strategic approach to creating and sustaining improved employee performance leading to
improved company performance. A method of continually communicating job responsibili-
ties, priorities, performance expectations and development planning to employees. The aim
is to help improve their performance and synchronize it with the organization’s goals. It is
a strategic approach where managers of an organization provide feedback to their employ-
ees to achieve strategic goals. It is all the ongoing actions, interactions and communication
between employees to help them achieve their own goals and contribute to the success of
the team and the organization

Personnel management

A system of relations related to the purposeful influence on the personnel of an organization
to ensure its effective functioning through the fullest use of labour potential. The concept
of personnel management is a system of theoretical and methodological views on
understanding and defining the essence, content, goals, objectives, tasks, criteria, principles
and methods of personnel management, as well as organizational and practical approaches
to the formation of its implementation mechanism in specific conditions of functioning of
organizations [13, 14]

Digitalization

Every building and every piece of equipment has a digital copy, allowing you to analyze its
condition in real time, predict problems, prevent them with predictive analytics

10

Radioactive waste
management

An organized process for removing, reusing, reducing and preventing the generation of waste.
A term also known as waste management. It is an approach whereby companies implement
comprehensive strategies for the effective management of waste from generation to final
disposal. The objective of radioactive waste management is to minimize its impact on living
beings and the environment. Radioactive waste management involves the process of isolating
or reducing radioactive risks by reducing the amount or concentration of any radioactive
material that comes into contact with the biosphere [15-17]
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End of the Table

n/a Element Description
11 |Licence management For NPP, this includes all licensing and/or authorization processes for the nuclear installation
and its activities. Organization of the process of obtaining all approvals and licenses that are
important for collecting data on the phases of the NPP life cycle
12 | Periodic safety Safety assessments taking into account the lifetime of the nuclear facility, the storage site,
assessment and the ageing of the equipment based on national legislation [18]
13 | Optimization based on | The essence of the static approach to economic efficiency is to maximize the result while
economic indicators minimizing the costs [19]
14 | Environmental This is a regulated activity of special authorized subjects, aimed at creating specific legal
management relations in the field of environmental protection, rational nature management, observance of
environmental rights and performance of environmental duties [20]
15 |Risk management Processes related to risk identification, analysis and decision-making, which include
maximizing positive and minimizing negative consequences of risk events [9]
16 | Material intensity The economic essence of material intensity of products is that it expresses specific material
management costs for the production of a unit of products with a certain consumer value [21]
17 | Stakeholder Project stakeholder management is considered as a continuous process [22, 23], specifically,
management it is a four-step process of identifying stakeholders, determining their influence, developing
a communication management plan, and influencing stakeholders through engagement. In
the field of marketing, customers are considered to be one of the most important stakeholders
in managing the long-term value of a business, with customer satisfaction management being
the main goal of the firm

The proposed NPP LC management platform
(Fig. 2) combines all elements (events) affecting
the NPP LC into one equation, where the sum of all ele-
ments is considered to be equal to 1 or 100 points [5].

Assigning a numerical value to each element
makes it possible to evaluate elements according to
specified criteria using methods of expert evaluation
and multi-criteria decision analysis (MCDA). In oth-
er words, the NPP life cycle management platform is
a sum of elements that form an integrated system al-
lowing experts to evaluate individual stages of NPP life
cycle using multi-criteria decision-making methods.

The following expression is proposed for the nu-
merical assessment of the NPP life cycle, which is de-
fined as the sum of the weight of events (Tabl.) at each
stage:

CLC NPP = ZCI + ch + ZCC + ZCO + chs 4
where C

Lo npp — 18 the total weight of all stages of NPP
life cycle, points; 2C, — total weight of the location
stage, points; XC, — total weight of the design stage,
points; XC, — total weight of the construction stage,
points; XC — total weight of the operation stage,
points; XC, — total weight of the decommissioning
stage, points.

Once the weight of each stage has been established
[24], the overall weight or score of the NPP LC is deter-
mined as a sum of scores based on all the information
collected during the NPP LC stage for quantification
and further calculations and analyses. Proper documen-
tation and control of the flow of information received
at all stages of the NPP life cycle, its processing and
evaluation are performed using a set of methods such
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as the Pareto method, risk matrix, MCDM methods or
multi-criteria decision analysis [11, 12, 25-28].

The NPP life cycle management building block
is an important tool to control processes and to reduce
the resources and monetary costs required to collect in-
formation at each stage of the life cycle.

The purpose of the NPP life cycle management
platform is to ensure effective management within
the framework of a specialized technical, organizational
and methodological system of NPP life cycle manage-
ment, created using domestic and foreign management
experience in the nuclear power industry. The platform
application area is all stages of the NPP life cycle [29].

The need to create a platform for NPP life cycle
management is associated with the implementation of
investment projects (megaprojects) containing a set of
interrelated projects united by a common goal, allocated
resources and a certain period of implementation [10].

A megaproject is commonly understood as a large-
scale complex project that includes many private projects
and programmes closely related to each other and united
by a common goal [8]. Many megaprojects are cross-
sectoral and/or international. Among the distinguishing
features of megaprojects: high investment volume (more
than 50 billion rubles), duration of implementation of five
or more years, as well as labour intensity of about 15-20
million man-hours, significant impact on the development
of regions and countries in which they are implemented.

The NPP life cycle management platform pro-
posed by the authors is linked to the regulatory structure
of the Russian Federation; it helps to deepen the under-
standing of how to proceed and to link the information
provided by all structural units to a single database.
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The use of the NPP life cycle management plat-
form is illustrated by the example of risk management
as one of the most important elements of NPP life cycle
management as a whole.

Algorithm of NPP life cycle risk management meth-
odology using the platform

To manage risks at the NPP life cycle stage, a set
of methods is used, which are combined into the NPP
risk management methodology (Fig. 3) in order to ob-
tain the most reasonable decisions, reduce labour and
monetary costs.

The identified risks are evaluated by experts, and
their weights are determined. In the first group of meth-
ods — Pareto method and risk matrix method, they can
be used both in qualitative (matrix) and quantitative
analysis (Pareto method). Earlier authors in [5] proved
that they give the same result.

Once the results of the analysis are obtained,
the risks are evaluated using multi-criteria decision
analysis methods, combining hierarchy analysis and
fuzzy logic methods [26-29].

Determining risk weights is one of the most im-
portant steps in risk analysis, which helps prioritize and
make complex decisions.

Event Selection.
NPP Life Cycle
Management Platform

Application
of multi-criteria
decision-making methods

Fig. 3. Methodology of risk management in the NPP lifecycle

Choosing the direction > Selection of the NPP >
of the nuclear industry life cycle stage
Drawing up Use of expert judgement method /
a risk register questionnaire design
Determination Application
; S ————> ofthe Pareto method |——>
of risk weighting . .
or risk matrix
Result of risk assessment
at the life cycle stage

Nuclear

On the territory of the Russian Federation

Risk register

power

Foreign

Expert risk assessment

¥

¥

Site allocation and assessment

Determination of risk weights

Designing

¥

Construction

Application of the Pareto method
or risk assessment matrix

Operation

Application of combined MAI

Decommissioning

and fuzzy logic methods

¥

¥

NPP Life Cycle Management Platform

Result of NPP Life Cycle Stage

Assessment stage

Fig. 4. Block diagram of risk management in the NPP life cycle
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The general block diagram of risk management in
the NPP lifecycle is presented in Fig. 4.

CONCLUSION

The structure and content of the NPP life cycle
management platform is proposed, which integrates all
stages of the life cycle, consolidates and systematizes

information about all events and elements in a digital
format taking into account the factors: safety, cost, du-
rability, time.

The platform allows analyzing and evaluating
the stages of NPP lifecycle and making informed deci-
sions on NPP transfer to the next stage.

The methodology of NPP lifecycle risk manage-
ment using the platform is described.
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Je@eKThl xKene300eTOHHBIX ILIMOBBIX TPYO B COBPEMEHHBIX
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AHHOTALMUA

BBepgeHwue. [poaHann3npoBaHo BO3HUKHOBEHME AeDEKTOB Ha ene30beToHHbIX CTBOMAaXxX AbIMOBbLIX TPY6 B HACTOSALMX yC-
NoBUAX 3KcnnyaTauun. MaydeHa nctopms CTpouTenbCTBa Xene3o0eToHHbIX AbIMOBbLIX TPy6. Vcnonb3oBaHbl obLienpusHaH-
Hble 0030pHO-aHanuTU4Yeckne MeToabl uccnenoBaHus. NpoBefeHa aHanuTMYeckasa pabota no AenCTBYOWMM criocobam
yCTpaHeHus AepeKTOB Ha >Kene3obeToHHbIX CTBOMax, CAeNaH BbIBOA O HE3((EKTUBHOCTY AAHHBIX PELLEHUNA.
MaTepuansi u MetoAbl. BbinonHeHbl o6cnenoBaHns xene3obeToHHbIX AbIMOBbIX TPY6, noctpoeHHbix B 1950-1980 rr.,
BKITO4aIOLLME U3y4eHNe KOHCTPYKTUBHBIX OCOOEHHOCTEN U CNMOCODOOB CTPOUTENBLCTBA, aHanM3 yCroBuUii 3KCNIyaTaumm, BUsy-
anbHoe obcnefoBaHue, a Takke obcnegoBaHne CTPOUTENbHBIX KOHCTPYKLMIA paspyLuaioLwnM 1 HepaspyLuaoLmMm metoaa-
MW KOHTPOISi. BbisiBNIEHbI B3aMMOCBSI31 KOHCTPYKTUBHBIX PELLIEHWI ene306eToOHHOro CTBONa K AEACTBYOLLMM Harpyskam ot
NOAOKIMHOYEHHbIX YCTPONCTB K ra300TBOASLLEMY CTBOMY, BUSIIOLLMX HA BHYTPEHHIOK U, KaK CNeACTBUE, BHELLHIO 060MOoYKy
Xene3obeToHHbIX TPyD, B CBA3M C MEpexoAoM Ha ApYroi BUA TOMNuBa, KOTOPOe He COOTBETCTBYET AbIMOBOW Tpybe no npo-
ekTy. OcyLLecTBNEH aHanu3 BO3HUKHOBEHUSI AehEKTOB 1 COBPEMEHHLIE CMOCOOLI X YCTPaHEHUS.

Pesynbrathl. YcTaHoBneHo B xofe obcrnefoBaHust, YTo ¢ BO3HUKHOBEHUEM AedeKToB, 06pa3oBaHHbIX OT Nepexoaa C TBep-
[0ro Ha ra3oobpasHoe ToNMMBO, HecyLas CNoCOBHOCTb Xene300eTOHHbIX AbIMOBbLIX TPYO pesko CHmKaeTcs, YTO NpUBOAUT
K aBapurMHOCTK coopyxeHuii. CoBpeMeHHble METOAbI YyCTPaHeHNs AedeKTOB Bbi3biBaOT 6ONbLUME MO Nrowaan paspylue-
HUS, TaK Kak BPEMEHHO YCTPaHSIOT TONbKO MOCMNEACTBUSI, HO HE YCTPaHSIOT NPUYMNHBI BO3HUKHOBEHUS AeDEKTOB XKene3o-
BGETOHHBIX AbIMOBbLIX TPYy6. B CBSI3M C 3TMM NOSIBNSIETCS ONacHOCTb AN paboTbl TEXHUYECKUX YCTPOWCTB, NOAKMHOYEHHbIX
K AbIMOBbIM Tpy6aMm, 34aHuAM, HaXOAAWMMCS B HEMOCPEACTBEHHOW BNM30CTU K COOPYXEHUsIM, @ Takke OnacHOCTb ANs
XM3HKU paboTaroLLero nepcoHana.

BbiBogbl. [MonyyeHHble pesynbraTbl NMo3BOMNsST 060CHOBAHHO FOBOPUTL O HES((EKTUBHOCTU COBPEMEHHBIX Crocobos
yCTpaHeHus AedeKToB, KOTOPblE NMEKT KPaTKOCPOUHbIA ahdeKT 1 cnocobCTBYOT B6OMNbLUNM paspyLUEeHUsM, NPUBOASA CO-
OpPYXEHUS K aBapUNHOMY COCTOSHUIO.

KNIOYEBbIE CITOBA: xene3o6eToHHbIe AbIMOBbIE TPYObl, AeeKTbl, ra300TBOASALLMIA CTBOS, 6€TOH, apMaTypa, KOHAEH-
car, BbllLenaymBaHne cBoboAHON N3BECTU, HeCyLLasi CMOCOBHOCTb, OCTATOYHbIN pecypc
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noeusAx akcnnyataumu // CTpoutenscTBo: Hayka 1 obpasosaHue. 2024. T. 14. Buin. 2. C. 32-44. URL: http://nso-journal.ru.
DOI: 10.22227/2305-5502.2024.2.32-44
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ABSTRACT

Introduction. The paper is devoted to the analysis of the occurrence of the defects on reinforced concrete chimney shafts
under current operating conditions. The history of the construction of reinforced concrete chimneys was studied. This paper
uses generally accepted survey and analytical research methods. Analytical work was carried out on current methods for
eliminating defects in reinforced concrete shafts and a conclusion was made on the ineffectiveness of these solutions.
Materials and methods. Inspections of reinforced concrete chimneys built in 1950-1980 were carried out, including
the study of design features and construction methods, analysis of operating conditions, visual inspection, as well as inspec-
tion of building structures using destructive and non-destructive testing methods. An analysis was carried out to identify
the relationships between the design solutions of the reinforced concrete shaft and the current loads from the connected
devices to the gas outlet shaft, affecting the internal and, as a consequence, the outer shell of reinforced concrete pipes,
in connection with the transition to another type of fuel, which does not correspond to the chimney according to the project.
An analysis of the occurrence of defects and modern methods for eliminating them were carried out.

Results. It was established during the survey that with the occurrence of defects formed from the transition from solid
to gaseous fuel, the load-bearing capacity of reinforced concrete chimneys is sharply reduced, which leads to the failure
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of structures. Modern methods of defect elimination cause greater destruction in terms of area, as they temporarily eliminate
only the consequences, but do not eliminate the causes of defects in reinforced concrete chimneys. In this connection, there
is a danger to the operation of technical devices connected to the chimneys, to the buildings in close proximity to the struc-
tures, as well as a danger to the life of the operating personnel.

Conclusions. The results obtained allow us to reasonably speak about the ineffectiveness of modern methods of eliminat-
ing defects, which in turn has only a short-term effect and contributes to great destruction, leading structures to an emer-
gency condition.

KEYWORDS: reinforced concrete chimneys, defects, gas exhaust shaft, concrete, reinforcement, condensate, leaching
of free lime, bearing capacity, residual life
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BBEJAEHHUE

CTpOI/ITeIII:CTBO IMECPBLIX MPOMBIIIJICHHBIX ObIMO-
BEIX TpyO Havanocs B X VIII B. Oun 66U HEOOXOAUMEI
U (PYHKITMOHUPOBAHUS TOMEHHBIX ITe4ell, UCTIONb3Y-
eMBIX JUIS BBITUIaBKU uyryHa. [lepBas joMeHHas 1edb
noctpoeHa B 1709 r. mo mpoekTy aHmTUHCKOTO n300pe-
tatens AOpaxama Jlepou [1]. s Takux medeit u s
WHBIX TIPOIECCOB MPOU3BOJCTBA HE TPEOOBAIKCH BbI-
cokMe JBIMOBBIC TpyObl. IIpoxoamia momepHM3aLUs
B KOXJOM OTpaciu, B TOM YUCIIE U IPOU3BOACTBEHHOM,
KOTOpasi ¥ MPEIpacioiIoKuia K BO3BEICHHIO O0JIee BHI-
COKHX, YeM B T€ BpPEMEHa, ILIMOBBIX Tpy0. OCHOBHBIM
MaTepHaJIOM I CTPOUTENBCTBA TAKUX COOPYKEHHH
CTaJH ’KeJe300eTOHHbIE KOHCTPYKIHHU .

B Hacrosimiee Bpemst B Poccun skcmmyarupyercs
OIPOMHOE KOJIMYECTBO IKEJIE300€TOHHBIX JBIMOBBIX
TpyO, ToIpKO B MOCKBE Ha CTaHIHMAX TEIIO- M DJICK-
TPOCHAOKEHUsI B SKCIUTyaTaIl[Mi HAXOAMUTCS CBBIIIE 35
MOZ0OHBIX COOPYKCHUI.

C menpio o0ecriedeHns: TOPOIOB TEIJIOM U JICK-
TpOdHEeprueil B OONBIIMX O0BEMaxX W C TEPEXOIOM
OT IeYei B JIoMax K MNPEANpPHUSTHSAM 110 BBIPaOOTKE
SHEPrUH 3aITyCTUIIN CTPOUTEIHCTBO TEILUIOIEKTPOLICH-
tpaneit (TOL). Hu oqHO pennpusTie, HCIOIb3YIONIee
B CBOEM IIepeyHe 000PYIOBAHUS ISl COKUTAHHS TOTLTH-
Ba, HC 00XOMUTCS O3 CTPOUTEILCTBA ABIMOBBIX TPYO.

B mepuon 1950-1980 rr. MHOTHE cTapble yroib-
Hbie TOL ObUTH 3aKPBITHI WM IIEPEOOOPYIOBAHBI IS
cxxuranus npupoanoro rasa (IIN). 3t1o cBsa3aHo ¢ TeM,
gro I1I" 6oee 3heKTUBHOE M IKOJOTHUCCKHA YHCTOEC
TOIIMBO, K TOMY >K€ 3alachl YINIs HAauyald HCTOIIATh-
cs [2]. IIpousonuia MoaepHU3aLUsl KOTJIOB C TEpexo-
JIOM OT TBEPIOTO TOIUTKBa [3] Ha ra3000pa3HOE, OHAKO
BO3HHUK BOIIPOC, KaK HOBOE TOIUTMBO OyIeT B3aMMO/ICHi-
CTBOBATh C KOHCTPYKIHMSIMH K€JI€300€TOHHBIX JBIMO-
BBIX TPYO M Kak 3TO MOBJIMsET Ha padoTy Bcex TOLI.

MATEPHUAJIBI U METO/JbI

JlpIMOBast TpyOa — BEpTHUKAJILHO PaCIIOIOKEHHOE
COOpY)KEHHE, KOTOPOE CIy:KUT IJII OTBOJA IPOIYK-

' CIT 13-101-99. IpaBuna Hag30pa, 00CIe10BaHuUS, TPOBE/IE-
HHSL TEXHHYECKOTO OOCITY)KUBAHHMS U PEMOHTA HPOMBIIUICH-
HBIX JIBIMOBBIX U BEHTHJISILIMOHHBIX TPYO.

TOB CTOpaHUs B BepXHHUE ciion atMocdepnl. [TpuHimm
NEeUCTBUST OcHOBaH Ha d(dexTe TATH, KOTOPBIA obec-
[ICYMBACT IMECPEMCIICHUE Ta30B [0 BCCH JUIMHE CTBO-
Jla OT BIYCKHOTO K BBIITYCKHOMY OTBEPCTHIO TPYOBI.
CtBoJ TpyOBI HMeeT (POopMy IO TOPU30HTATH KPYIIIYIO,
OBaJbHYI0 WJIM MHOTOYTOJNBHYIO, 10 BEPTUKATH —
(dbopMy HWIMHIpPA WM YCEYEHHOrO KOHyca. BwicoToi
MIPOMBIIIJICHHBIE TBIMOBBIE TPYOBI MOTYT IOCTHTaTh
HECKOJILKMX COTEH METPOB, K IMPUMEPY, BBICOTA CaMOU
BBICOKOH TpPyOBI Ha CETOAHAIIHWN JEHb COCTaBISIET
420 M, oHa Obuta Bo3BeneHa B 1988 . Ha Dkubacrys-
ckoii 'POC-2 (Kazaxcran) [4].

Bakneiiiieir yacTbi0 IBIMOBOW TPYOBI SIBIISCTCS
XKene300eTOHHAsT 000JI09Ka — CTBOJ IBIMOBOM TPYOBI:
O)lHOCTBOH])HI)Iﬁ WJIM MHOTOCTBOJIbHBIHN. O)IHOCTBOJ'II)-
HBIC JBIMOBBIC TPYOBI COCTOAT W3 HAPYKHOTO CIIOS
000JI0YKH, TOTHA KaK MHOTOCTBOJIbHAsS KOHCTPYKIIHS
TIpe/roNaraeT yCTpoiCcTBO «Tpyba B TpyOe», MHBIMH
CIIOBaMH, B TpyOe COOPYKatoT HECKOJIBKO CTBOJIOB OT T€-
IUIOBBIX arperaToB ¢ BEHTHIIMPYEMBIM IIPOCTPAHCTBOM
MEXIy HUMH, B KOTOPOM IPEIIIOIAracTCs yCTPOWCTBO
miomanok. OCHOBHBIM JTOCTOMHCTBOM MHOTOCTBOJIb-
HOW TpyOBI CIYXKHT 3aIllUTa HECYIIETO XXele300eTOH-
HOTO CTBOJIA OT arPECCUBHOM CPe/Ibl OTBOAUMBIX Ta30B.
["a3o0TBOASAIINI CTBON BHIMONHACT (DYHKIIMN HECyIIeH
KOHCTPYKIIUH U OOCCIICUYHUBACT YCTOHYHBOCTH TPYOBI
TIPH BO3ICUCTBUU PA3TUYHBIX (PAKTOPOB OKPYIKAIOIIEH
cpeapl. [TodToMy emie Ha dTare MPOCSKTUPOBAHUS HE-
00XOIMMO MMETh CIIEAYIOIINE MCXOAHBIC JaHHBIE, KO-
TOpBIC U OYIYT OCHOBOIIOJATAIOIINMH IIPH CTPOUTEITh-
CTBE COOPYKECHHIA’:

1. Pesxxum paboTHI TPYOBI B XapaKTEPUCTUKA OTBO-
JUMBIX Ta30B (COCTaBa, KOHIIEHTPAIIUH, TEMIIEPaTypEI,
BJIQKHOCTH, KOJIMYECTBA M CKOPOCTHU IBIIKCHHS Ia30B
B CTBOJI€, COCTaBa M KOIIMYECTBA MBUICBUIHBIX YaCTHII,
XMMHUYECKOTO COCTaBa M KOJIMUECTBA KOHICHCATA).

2. DCKH3Bl TONEPEYHOTO CEYCHHUS Ta30XOIOB
y BBOJIa B TPYOy C yKa3aHHEM OCHOBHBIX Pa3MepOB.

2 THCTPYKIHSI TTO IPOESKTUPOBAHHIO KETE300E TOHHBIX TBIMO-
BoIX Tpy0. HUMKDB, I'maBremnnomonTax, Beecoro3uslii HaydaHO-
HCCIIE0BATENIbCKUN U MPOEKTHbIM MHCTUTYT «Teromnpo-
exT». 1962.
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3. Mudopmarmro o rpyHTax (TCOJIOTHYCCKUX pas-
pe30B OypOBBIX CKBR)KHMH B KOJIMYECTBE HE MEHEE TPEX
CKBaXUH TiTyonHoN 10—12 M, paBHOMEPHO pacIioIOKeH-
HBIX C Hapy»KHOM CTOPOHBI MPE/IIoIaraéMoro o Tpy-
Oy dyHImaMeHTa Ha paccTOSHUH He Oojee 5 M OT Kpas
TUTUTHI), BO3MO)KHOM 3aKHCIICHUN MM 3allelaqiBaHIN
rpyHTa B IIEPUOJ SKCILIyaTaly TPYObI, MOJOKEHHN
TPYHTOBBIX BOJI 1 X XUMHUYECKOM COCTaBE.

4. CxeMbl (yHZaMEHTOB CMEXHBIX C TPyOO#l co-
OpY’KE€HUH U JaBJICHUH Ha TPYHT 1107 HUMHU.

5. CBenenust o BEICOTE TPYOBI M IMAMETPE YCThHSL.

6. lns celicMuUecKknx paioHOB — HH(OPMAIIHIO
0 MaKCUMAJIBHOHU CUJIe 3€MIJICTPSICEHUN 3a IOCIIEAHUE
20 ner.

7. i palloOHOB BEUHOM MEP3JI0Thl — O MOILHO-
CTH U I‘J'IyGI/IHe 3AJIOKCHUA ACATCIIBHOTO U BEYHOMEP3-
JIOTO TPYHTA.

CTBOJIBI OZJHOCTBOJIBHBIX JKEJIE300€TOHHBIX MOHO-
JIUTHBIX JIBIMOBBIX TpYO (puc. 1) mpencTapisiioT co0oit
YCEUEHHBIH MOJBIH KOHYC, HO C IEPEMEHHBIM YKJIOHOM
oOpasytomieii HapykHOH moBepxHocTH OT 8 10 1,5 %
c yObIBaHMEeM [0 BbicOTe. BepxHIOI0 4YacTh cTBOJIA
Ha 1/3 BBICOTBI TpPYOBl PEKOMEHIYETCS BBITIOIHSITH
OuIAHAPHIecko Gopmel. [lo BEICOTE CTBOI Kene3o-
OCTOHHOW MOHOJIMTHOW TPYObl HMMEET IEPEMEHHYIO
TOJIIMHY, TPUYEM MUHHMAJIbHAs TOJIIIMHA B BEpXHEU
€ro YacTH 1O COOOpPaKCHMSM JOJITOBEYHOCTH W JUIS
obecrieueHns: BO3MOYKHOCTH Ka4€CTBEHHOTO YIUIOTHE-
HUsI OETOHHOW CMeCH BHOpaTtopoM NMPHHUMAETCS MpU
BEPXHEM BHYTpPEHHEM auamerpe a0 4,8 M He MeHee
160 MM; pu nuametpe ot 4,8 10 7,2 M — He MeHee
180 mMm; ot 7,2 10 9 M — He MeHee 200 MM; CBEIIIE
9 M — He meHee 250 mm [5].

CtBOJ TpyOBI pa30MBAETCS IO BBICOTE HA YYACTKH
C TNOCTOSIHHOM TONIMHON cTeHku. TonuHa CTEHKU
CTBOJIa HM3MEHSIETCS B MECTax Iepexoia OT OJHOTO
y4JacTka K Jpyromy, Kak IpaBuiIo, B MECTaxX yCTPONCTBA
KOHCOJICH Ul omupaHust (yTEpOBKH MM HECYIIUX
KOHCTPYKIIMH BHYTPEHHHX Ta300TBOASAIINX CTBOJIOB.
CTBOJIBI MOHOJIMTHBIX JKeNIE300€TOHHBIX TPYO apMu-
pYIOTCSl BEpTUKAIBHOM M TOPU30OHTANBHOM apMaTypoH,
YCTaHaBIMBAEMOM KaK y Hapy>KHOH, Tak M y BHYTpEH-
HEH TOBEPXHOCTH CTEHKH CTBOJA. CedeHue apMaTypsl
oTpesiesIeTCs pacyeToM. J[i1st apMUpOBaHUS HUCTIONb3Y-
eTcs apMarypa nepuogudeckoro npodumirs. B crapbix
Tpybax apMarypa MOXET OBITh IIAJKOTO MPOduIIs,
MIpUYEeM OFHOPSIHASA, TOIBKO y HAapyKHOW MOBEPXHO-
CTH CTECHKH?.

[IpoexT AbIMOBOM TPYOBI TOTDKEH CONEPKaTh pac-
YCThI:

1. Pacuer mpo4yHOCTH M YCTOWYMBOCTH JKese300e-
TOHHOW ABIMOBOM TPYOBI.

IIpu pacuere NPOYHOCTU U YCTOMYMBOCTH ABIMO-
BBIX TPYO YUHTHIBAIOTCS CIIEAYIONIHE (PaKTOPbI:

* Harpy3Ka OT COOCTBEHHOTO Beca TPYOHI;

* BETPOBas HArpys3Ka;

* TeMIIepaTypHbIC BO3CHCTBHS;

* ceificMuuecKast akTHBHOCTb.
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Puc. 1. Cxema xene300eTOHHON TBIMOBOI TPYOBI:

1 — dynnament; 2 — ctBoi; 3 — dyrepoBka; 4 —
TETUIOU30JISILINS; 5 — XOJ0Bast JIECTHHIA; 6 — CBEeTO(OpHAs
IUIOIa/IKa; 7 — MOJIHMEOTBOJ; 8 — 3a3eMJICHHE
MOJIHHEOTBO/Ia; 9 — BXO]] ra30Xo/1a

Pacuer npoyHoCTH U YCTOMYMBOCTH OCYILIECTBIIS-
€TCsl C UCIOJIb30BAHUEM METOJOB CTPOUTEIBHON MeXa-
HUKH U CONPOTUBIIEHUS] MAaTEPUAIIOB.

2. Pacuer 1pIMOBOTO TpakTa.

[Tpn npoeKTHpOBaHUM ABIMOBBIX TPYO TakKe He-
00XOIMMO BBINOJHUTH PAacyeT ABIMOBOTO TpPaKTa, KO-
TOPBI BKJIIOYAET OINpPEAEICHUE adPOAMHAMUUYECKHUX
XapaKTepUCTHUK JBIMOBOI TPYOBI, BEIOOP ONTUMAIBHO-
TO IMaMeTpa 1 BBICOTHI TPYOBI, @ TAK)Ke pacyeT IoTephb
JIaBJICHUs B JbIMOBOM TPaKTE.

3. Pacyet KOppO3MOHHOH CTOMKOCTH.

Jis obecrieueHHs OATOBEYHOCTH IHIMOBBIX Ke-
J1e300€TOHHBIX TPYO CliellyeT IPOBECTH pacueT Koppo-
3MOHHOM cTOMKOCTU. IIpu 3TOM YyUyUTBIBAIOTCSA TaKUE
(akTOpBI, KaK COCTaB ABIMOBBIX Ta30B, TEMIIEpaTypa
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U BJIQXHOCTh BHYTPH TpPYyOBI, HAJIIMYME arpecCHBHBIX
BEIIECTB B ABIMOBBIX Ta3ax H Jp.

4. PacyeT TEIIOTEXHUYECKNX XapaKTEPHCTHK.

TeroTexHMYeCKHil pacyeT ABIMOBBIX TPYO HPOBO-
JATCS JUISL OTIPE/ICIICHUSI ONITUMAJTBHBIX TTApaMETPOB Te-
IUIOM30JISILIMH 1 BEIOOPA MaTePHAIIOB U1 €€ BBIIIOIHEHHS.

JIist 3aIuTBl HECYIIETO CTBOJIA ABIMOBOH TPYOBI
OT TEMIIEPAaTyPHOTrO U arpecCMBHOIO BO3AEHCTBHUS OT-
BOJMIMBIX T30B B HEOOXOIMMBIX CITydasix IPUMEHSETCS
(dyTepoBka M TeIuIoBask M30JLILMS CTBOJA. B 3aBucH-
MOCTH OT TEMIIEPaTypbl U arpeCCUBHOCTH OTBOANMBIX
ra3oB (yTEpOBKY CIEIyeT BBINOIHATH U3 IIAMOTHOTO,
KHCIIOTOYIIOPHOTO HJIM TJIMHSHOTO OOBIKHOBEHHOTO
KHpIIN4a, CHEHUaIbHOTO OETOHA, KepaMHKH, CTallH,
a Takxe miaactmacc [6].

@dyTepoBka W3 KHpNWYA IPEAyCMaTpHBACTCS
3BEHBSIMH, OINUPAIOIIUMHUCS Ha KOHCOJIBHBIC BBICTY-
Bl B CTBOJIE. BhIcoTa 3BeHbEB NOIDKHA OBITH He Goee
25 M 1pH TOJIIMHE B OJMH KUpNHUY 1 He Oonee 12,5 m
npu TonuuHe B 1/2 kuprnuva. B 30He npoemMoB st ra-
30X0/I0B TOJIIMHY (YTEPOBKH CIIEAYET yBEIMIHBATH
o 1,5-2 xupnuueit. I1pn npuMeHeHNH criennanbHOM
(hacOHHOU TITYHTOBOW KEpaMHKH TONIIHMHA (yTEpPOB-
KM MOXET ObITh yMeHbIleHa. [IpuMblkaHne HUKHETO
3BEHA K BBINIEIIEKAIEMY HEOOXOIMMO MPOEKTHPOBAThH
C y4eToM pocTa (yTepOBKHU (B pe3yibTare MpoLeccoB
cyib(aranny MaTepyuaia BOB KJIaJKH) U TeMIepaTyp-
HOTO PacIIMpeHns Marepuaina GyTepoBKH KakK MO BBICO-
T€, TaK U 10 JUaMeTPy-.

OO0cnenoBaHne JKeIe300eTOHHBIX JTBIMOBBIX TPYO
SIBJSIETCSL  00513aTEIbHON YacThI0O MX OKCILIyaTallHu.
[IpoBenenne MOHMTOPUHTA COCTOSHUSI TPOMBIIUICH-
HBIX COOpPYXXEHHI ITO3BOJISIET CBOEBPEMEHHO BBISIBIISITH
HapyUIEHHs, BO3HHUKAIOIINE B KOHCTPYKLIUSIX B MPO-
Lecce dKCIUTyaTaluy, U ONIEPaTUBHO UX YCTPAHATS [7].

3 CII 375.1325800.2017. TpyGbl MPOMBIILICHHBIC JBIMOBBIC.
ITpaBuia NpoeKTUPOBAHHUS.

Jl1st OLIEHKM TEXHUYECKOTO COCTOSIHUS JIBIMOBBIX TPYO
00CIIeI0BaHNE BKIIOYAET ' :

1) Bu3yanbHbIN U H3MEPUTEIBHBIN KOHTPOIb;

2) TeJIOBU3MOHHBIN KOHTPOJIB;

3) reone3udeckuil KOHTPOIIb;

4) KOHTPOJIb TTPOYHOCTHBIX XAPAKTEPHCTHK KOH-
CTPYKIIHIA;

5) pacdeTsl CTPOUTENBHBIX KOHCTPYKIIUI;

6) OLIEHKY OCTAaTOYHOTO pecypca.

OCHOBHBIMU BIIUSIOIIMMU (haKTOpaMH Ha HeCy-
LIyO KOHCTPYKIIHIO, 8 IMEHHO JKeJ1e300e TOHHBIH CTBOJ,
SBIIAIOTCS OTVIOKCHUSI N3HYTPH, MHAYE 30JI0BBIE OTIIO-
skeHus [8, 9], KOTopble B CBOIO OYEPEh COKpAIIAOT
CEUEHHE JIHIMOXOJIa U pa3pyLICHUs] H3HYTPU JIBIMOBOU
TpyOBI 1OJ] IEHCTBUEM arpeCCHBHBIX Ta30B M BIIMSIHUC
OTXOJISIINX JABIMOBBIX Ta30B OT KOTJIOArperaros’.

Taknm 00pa3oM, ¢ mepexooM Ha ra3zoo0paszHoe
TOIUTMBO HACTOSIIUE JABIMOBBIE TPYOBI HE COOTBETCTBY-
I0T KOHCTPYKLHHU II0 MPOEKTY, YTO OKa3bIBaeT Cyllle-
CTBEHHOE BIIMSHHE Ha XKeJIe300€TOHHBIH CTBOI.

JlarHbIe 1e(EeKTHI MOKHO HAOJIFONaTh HA Hayajlb-
HBIX CTausIX UX pa3ButTHs. OJUH 13 coco00B HAOIIIO-
JICHUSI — TeIJIOBU3HOHHOE oOcienoBanue (puc. 2),
Ha KOTOPOM MOXXHO 3aMETHTh TEMIIEpPaTypHBIC C/IBUTH,
YTO B CBOIO OYEpEb MOATBEP)KIAET CHIDKCHHE Ta30-
IUTOTHOCTH (DyTepOBKHU IMOBOM TpyO®I [10, 11].

PE3YJIBTATHBI HCCIEJOBAHUA

ITo pesyabraram 0OCICIOBAHUS B HACTOSIIEE BPe-
MsI CTaJIM BBUIBIITHCS Ae(EKTHI U ITOBPEKICHHS KaTe-
ropun «B» n «b»°, a uMeHHO IedeKThI Kene300eToH-
HOTO CTBOJIA:

4 PJ1 34.20.328-95. Mero/uka 00CIe0BaHus IBIMOBBIX TPYO
TETUTOBBIX JIEKTPOCTAHIIHIA.

5 CTO 17230282.27.010.001-2007. CranaapT opraHu3aiuu
OAO PAO «EDC Poccum» «31anust U COOpPYKEHHUsI 00BEKTOB
9HEPreTHKU. MeToIMKa OLEHKH TEXHUUECKOTO COCTOSHUS.

[=]
200 €

14,6

Puc. 2. Pe3ysbTar TeI0BU3HOHHON CHEMKH KeNNe300eTOHHON JBIMOBO# TpyObI BhicoTOM /2 = 120,0 M, Ha KOTOPOM

MPOCIICKUBACTCS TEMIIEpaTypHbId cABUT Af > 9,0 °C, CBHCTEIbCTBYIOUIMI O HAPYIICHUH Ta30IIOTHOCTH (QyTEPOBKH

1 pa3pyIICHUHN 3aIUTHOTO CJI0st OeTOHA

35

(25) Z HORIGG TL WOL 3o ety "



RaTKTIMMTONLCTS: T 14, BoinyCK 2 (52)

B.A. Epmakoe, C.A. Hukonaee

* pa3pyIlIeHHs 3aIUTHOTO CJI0s OETOHA;

* (uIBTpaNys BIATH CKBO3b TEJIO OCTOHA,;

* OrOJICHHE U KOPPO3HOHHBIH H3HOC OTOJIEHHOM
apMarypsl;

* 00paTHBIN YKJIOH 4yTYHHOTO OTOJIOBKA JIBIMOBOM
TpyOBI;

°* OTCYTCTBHE 3aIIUTHON 00Ma3KH Ha (yTepOBKe.

Jlarnbie neeKTh BBI3BaHBI OTHOM U3 CIICIYIOIIHX
TIPUYHH.

IIpu cxuranum III" nmpoucxonar Xumudeckue
peakuuu oxucieHus komroHeHToB IIIT kuciopomom.
dopmyna peakuu:

2H,S + CH, + 30, — 250, + 2H,0 + CO, + Temo.

Conepyxamutiics B 1" cepoBogopon (HQS) MOJKET
00pa30BbIBaTh COCAMHEHHUSI Cepbl PU CIKUTAHUU Ta3a
na TOL. Cepa, npucyrcrBytomias B [1I, moxxer obpa-
30BBIBaTh OKCHUJIBI CEPBI MPH CIKUTAHUH, TAKAC KaK JTU-
okcuzt ceprl (SO,) n Tpexokuck cepol (SO,). B ciy4ae,
eclli B TpyOe o0pasyeTcsi «TOUKa pOChI», HAUMHACTCS
KOHJICHCAIMS Ta3000pa3HbIX 0TXx0n0B. KoHnencar 6e3
npuMecell KHCJIOT U CyJIb(aToB BbI3BIBAET KOPPO3UIO
Marepuasa IIepBoro Braa — BhIIIeIa4uBaHue CBOOOI-
HOMW M3BECTH M3 IIEMEHTHOTO KaMHsI OETOHOB M PacTBO-
pos [12]. [Tpu Hanu4IMM B KOHJICHCATE CEPHON KHCIIOTHI
[IPOHMCXOIUT KOPPO3Usi BTOPOrO BUJIA — pa3pylieHHE
KHCIJIOTOW 1IEMEHTHOTO KaMHsi B OETOHAX M pacTBOpax
W KUpIMya B Kiajike. Peakiyst Boeipakaercs: popMyion
[13, 14]:

Ca(OH), + H,SO, = CaSO, + 2H,0.

Tak kak B TpyOe NpPUCYTCTBYEeT BOISHOM Tmap,
TO CEPHHCTBIC COCIMHEHHMS JAI0T C HUM CEPHYIO KHC-
noty. O6pa3oBaHNe TaKOTO arpecCHBHOTO KOHJCHCATa
MIpe/CTaBISIET Ul TPYObI OONbLIyIO OnacHOCTh. Ecin
MMEET MECTO CHIIBHBI Iepenaj TeMmIeparyp Hapyxk-
HOTO BO3/yXa M JBIMOBBIX T'a30B BHYTPH TpPyOBI, Ha-
YMHAETCS MHUTPAlUs BIArd: NMPOHHUKAs BHYTPH JKelle-
300€TOHHOTO CTBOJA, KHCJIOTa HAYMHAET pa3belaTb
apMatypy u kamens [ 14, 15]. [losBuBIIMECS TPEIIUHBI
B pe3ysibTare KOPpO3HUHU apMaryphl (LIMPUHON PacKpbl-
s 1o 0,05 MM) He IPECTaBISAIOT HEMOCPEICTBCHHOM
OIIACHOCTH PAa3pyIICHUS, OJHAKO OHH CIIOCOOCTBYIOT
YCKOpEHHIO pa3pylueHus xenezobetona [16]. Ha Ha-
PY’)KHOW MOBEPXHOCTH TPYO HMHOIIA MOXHO YBHUJETbH
Oenecele mATHA (pUc. 4) — 3TO ¥ €CTh KOH/IEHCAT, MPO-
HUKAIOMMK CKBO3b (yTepoBKy M cTBON [17]. 3mmoit
Takas Biara npespamaercs B yex [ 18, 19]. Obpa3zoan-
HBIIl KOHJIEHCAT BO3HUKAET HAa BHYTPEHHEH IIOBEPXHO-
CTH CTBOJIa JBIMOBOI TPYyObl, @ UMEHHO Ha KOHCOJISIX
st yrepoBku (puc. 3), 310 BbI3BaHO NepexogoM TOL]
¢ cxuranus TBepporo Toruusa (yrist) Ha 1T, kak oc-
HOBHOTO TOIUINBA, a TAKXKE CHIKCHUEM (DaKTHIECKUX
PEKUMOB IKCIITyaTaluu.

OO0pasyromnuiics KOHICHCAT IPUBOJIUT K IPOIIEC-
Cy (GUIbTpalMM BJIAard CKBO3b TEJO OETOHA, COIPOBO-
JKJIAIOIIAICS BBINIEIAYMBAHUEM CBOOOIHON HW3BECTH
10 OCJIA0JICHHBIM CEUCHMSAM, YMEHbIIas 3HAUYCHMS

36

MecTa cKoIIeHHs Blark
Ha KOHCOAX (DYTEPOBKH

N

ST A

N7

AT AT

NN

Puc. 3. Konconu ¢hyTepoBKH, Tlie OOMIBHO CKAITUBACTCS
KOHJICHCAT IPU CpeiHed BbICOTe JBIMOBOM TpyOsI 120,0 M
OT NMOBEPXHOCTH 3eMJIM M iMaMeTpe ycTbs 7,0 M

Puc. 4. IIpouecc BrimenaqnBaHus CBOOOTHON H3BECTH

I10 OCJIa0JICHHBIM CEUYECHMSIM OEeTOHA

mpogHocTy O6eToHa (Tadi., puc. 4), a Tak)Ke K KOPPO3UH
apmarypsl [13, 15, 20].

AHanmu3 pe3ylbTaToB HCHBITAHMH OKa3bIBaeT
CHIDKEHHE TPOYHOCTH KETe300€TOHHOTO T'a300TBOIS-
1Ier0 CTBOJA OT MPOEKTHOro kiacca Oerona (B22,5)
¢ ormeTkd +53,500 u Berme. Camble CyIIEeCTBEHHEIC
OTKJIOHCHUS HaOIIOMAIOTCS HAa OTMETKaX OT 2/3 BBICO-
TBI JIBIMOBOI TPYyOBbI. DTO CBSI3aHHO C TE€M, YTO JIBIMO-
BEIC TPYOBI Pa0OTAIOT HE B MTOJHYIO MOITHOCTH, B XOZC
Yero BHYTPH JIBIMOBOM TPYOBI CO3a€TCs U30BITOUHOE
JaBJieHue. BoIxojsiine JbIMOBBIE Ta3bl 10 MEPE IBAKY-
aIlK U3 IBIMOBOM TPYOBI OCTHIBAIOT U, 33JICPKHUBASChH
B Ta300TBO/ISIIIIEM CTBOJIE, JIOCTUTAIOT TOUYKH POCHI, 00-
pa3oBbIBas Ha BHYTPCHHCH MOBEPXHOCTH KOHJICHCAT.
OceBliiasi Blara CKaruiiBaeTCs Ha KOHCOJISIX U CTEHKaX,
MIPOHUKAsT BHYTPh JKEIIE300€TOHHOTO CTBOJA, TEM Ca-
MBIM CHIDKAS IPOYHOCTHBIC XapaKTEPUCTUKU OETOHA.

Jaunbie geeKThl CBHICTEILCTBYIOT O Hapy-
IICHUW Ta30IUIOTHOCTH JIBIMOBOW TPYOBI, YTO B CBOIO
o4epelb MOXKET TIPH PA3BUTHH MTOBPEIKACHHS TIEPEHTH



Aepekrbl KeNe300ETOHHbIX AbIMOBbIX pr6 B COBPEMEHHbIX YCAOBHAX SKCNAyaTalmnmn

C. 32-44

PeSyJ'[I:TaTLI H3MepeHHﬁ (baKTPI'-IeCKOﬁ MPOYHOCTH OeToHa Ha Pa3HbIX BbICOTHBIX OTMETKAX )ILIMOBOﬁ prGI)I BBICOTOM

h=120,0 m
[IpoexTHEI Ki1acc (Mapka) OeToHa 3Ha4eHne TPOYHOCTU CooTBeTcTBHE (paKTHIECKOMY
OTMeTKa ypOBHS N N
JKeNe300eTOHHOM 060iMBI R Ha yactkax R, MITa Kraccy (Mapke) OeTona

+1,800 M300 28,9 B22,5 (M300)
+15,500 M300 29,1 B22,5 (M300)
+38,500 M300 32,0 B22,5 (M300)
+53,500 M300 23,9 B15 (M200)
+68,500 M300 09,5 B7,5 (M100)
+83,500 M300 09,3 B5 (M75)
+95,500 M300 22,5 B15 (M200)
+100,000 M300 259 B20 (M250)
+113,000 M300 14,3 B10 (M150)

B KaTeropuio «A»°® u IpUBECTH K aBAPUUHOMY COCTOSI-
HUIO JILIMOBOU TPYOBI B IIEJIOM.

Takum oOpa3oM, Ha MaHHBII MOMEHT BpPEMEHHU
C HepexoJoM C TBEPJAOro Ha razoo0pa3HOE TOILUIMBO
BO3HHUKIIH JE(EKTHl Ha JKeJIe300€TOHHBIX CTBOJAX JIbI-
MOBBIX TpyO. YCIIOBHUS SKCIUTyaTalliy JbIMOBOH Tpy-
OBl He coomeemcmeyom KOHCMPYKYUU COOPYIHCEHUs
no npoexmy. JISWCTBYIOIIME CIIOCOOBI JIMKBHIAIMH
Ie(PEeKTOB YCTPAHSIOT JHIIb NOCAIe0Cm8Us yxkKe 00-
Pa30BaHHbIX Jle(i)eKTOB Ha rasooTBOIAAIIMNX CTBOJAX,
HO HE YCTPAHSIOT NputiHbl BOSHUKHOBEHHS 1E(EKTOB.
B Mecrax 00pa3oBaHHBIX JIE(EKTOB JKele300eTOHHOTO
CTBOJIa MCIOJB3YIOT HAHECEHHE PEMOHTHOTO COCTaBa,
HMEIOIIETO XOPOLINH YPOBEHb aJre3un ¢ OETOHOM, Ma-
CKUpYS pa3pymIeHus: 000I0uKH J6IMOBOH TpyOBl. Kak
MIPaBUIIO, PEMOHTHBIE COCTaBbI, HAHECCHHBIC HAa Mare-
pHa, IMEIOT MapKy 110 BOIOHEIPOHUIIAEMOCTH BEIIIE,
yeM y O€TOHa, NPHUMEHSIEMOro IIPU CTPOHUTENIHCTBE
JBIMOBBEIX TPYyO, TEM caMbIM Bilara Ha4WHAeT NPOHH-
KaTh I10 MEPUMETPY HAaHECEHUs] PEMOHTHOIO COCTaBa.
Co BpeMeHeM TIPOUCXOINT MPOIECC OOPYIICHHS Oca-
OJeHHOro OeTOHa BMECTE C HAHECEHHBIM PEMOHTHBIM
COCTaBOM, YTO KPAaTHO YBEJIWYMBACT IUIOLIATb Pa3py-
IIEeHUH.

3AKJIIOYEHHUE U OBCYXIAEHHUE

OmHUM U3 OTBETCTBEHHBIX AteMeHToB TOL] sB1sI-
I0TCSI ILIMOBBIE TPYOBI, pe/IHa3HAuYCHHBIE U1l OTBOAA
MIPOIYKTOB CTOPAHUSA OT KOTioarperatoB. HanGomnpmiee
pacIpocTpaHeHHe TIOJyYHIH JIMOBBIC TPYOBI U3 Ke-
ne3oberora. C 1960 mo 1980 . GompmmuaCcTBO TOIL]
OBUTO TIepeopHeHTHpPOBaHO Ha cxuranue [1IT BMecTo
TBepaoro Torumsa (yrist). [Ipu sTom ObUM MOmepHU-
3MPOBaHbl KOTJIOArperarbl, a KOHCTPYKIMU JBIMOBBIX
TpyO ocTanuch B IEpBOHAYATHHOM COCTOsSHIH. CMeHa
THUIIa TOIUIMBA TPUBEJA HE TOJHKO K W3MEHEHMIO XH-

¢ CTO 17230282.27.010.001-2007. CranaapT opraHu3aiuu
OAO PAO «EDC POCCHUMN» «3nanust U cOOpyKeHHs 00b-
eKTOB HHEPreTHKU. MeTo/MKa OLIEHKH TEXHHYECKOTO COCTO-
STHUS.

MHYECKOTO COCTaBa OTXOJSIINX I'a30B, HO U K KOPPEK-
THUPOBKE PeXrMa pabOThl KOTJIOATPETaToB, YTO OTpa3-
WIOCh HA TEPHOJMYHOCTH W BEIMYUHE BO3JCHCTBHN
ra3oB Ha HECYIUEe KOHCTPYKIIUH TPYOBI.

Pesynbrarer 00cnen0BaHui ABIMOBBIX TPYO U3 JKe-
ne3o0eToHa, padoraronmx B ycinoBuax ckuranus [T
TIOKA3bIBAIOT, YTO OCTATOYHBIM PECypc CTPEMHUTEIBHO
COKpAIIIaeTCs 32 CYET YCKOPEHHOTO Pa3BUTHS ePEKTOB
U TIOBPEXICHUH KOHCTPYKLHH, IO OIBITY HPOBE/ICH-
HBIX 00CIIeIOBaHHMI 3TO He HaAONIIONAIOCh B JBIMOBBIX
TpyOax MpH CXKUTAHUU TBEPJOTO ToruHBa. OTMeuaeTcst
(akTHUeCKOe CHIDKCHHE Ta30IUIOTHOCTH (DyTEpOBKU
1 TIOBBIIICHHOE CKOIIJICHHE KOHJIEHCAaTa Ha KOHCOJISX
JBIMOBBIX TPYO H3-3a HEPaBHOMEPHOCTH IIOAAYU OT-
XOMSAIIMX Ta30B OT KomioarperatoB. OOpasyromuiics
KOHJACHCAT MPUBOAUT K BbINICIAYMBAHUIO CBO60HHOﬁ
U3BECTH MO OCHAONCHHBIM CEYEHUSIM KOHCTPYKIMH
1 KOPPO3UH apMaTypbl BCIEICTBUE (HUIBTPALIMN BIIATH
CKBO3b TeJI0 OeToHa.

B Hacrosiniee Bpemst 11t BOCCTaHOBJICHUS HECY-
1Iei crocoOHOCTH e1e3006TOHHOTO CTBOJIA B OCHOB-
HOM HCIIOJIB3YIOT PEMOHTHBIE COCTaBbI, 00Ja/at0II1e
BBICOKOM IpPOYHOCTBIO. B pesynprare cymecTByeT
OTIaCHOCTH OTAEICHHSI PEMOHTHOTO COCTaBa €INHBIM
MaccHBOM C (parMeHTaMu OETOHa, YTO IIPH MaJCHUN
MOJKET MPHUBECTU K TPAaBMUPOBAHMIO MEPCOHANA, I10-
BPCXKICHUIO TEXHUYECKOTO O0OpYyIOBaHHS U OJIU3-
JIe)Kalux KOHCTpykuui. IIpumeHeHne peMOHTHBIX
CcOCTaBOB Masod(p(EeKTHBHO, TaK KaK HE peIlraer
mpobiaeMy BO3HHKHOBEHHMSI M Pa3BUTHS Ie(PEKTOB
U JMIIb BPEMEHHO MacKHpyeT MpoOJIeMHBbIE ydacT-
ku. [Ipu sTOM BOCCTaHOBIEHHE HeCylleHd Ccrocoo-
HOCTH OCYIIECTBJIsIETCS 0€3 JOJDKHOTO PacdyeTHOTO
o0ocHOBaHMUS.

Taknm 00pa3om, akTyaslbHa 3a/ada OLCHKH He-
Cylueil crtocoOHOCTH KOHCTPYKIMH TPyO ¢ y4eToM H3-
MEHEHHH YCIIOBHH SKCITyaTalllu, 9YT0 CTAHET OCHOBOU
Juist onpenesieHnst 3QGEKTUBHBIX METO/I0B BOCCTAHOB-
JICHUS U 3alUThl KOHCTPYKIMM. /1 perieHns nocras-
JICHHOW IIeJM IUIAHUPYIOTCS TPOBEICHHWE UYUCICHHBIX
pacyeToB HeCyIel CIIoCOOHOCTH ITBIMOBBIX TPYO, MC-
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CJICZIOBAHKE 3alUTHBIX COCTABOB U MATCPUAIIOB IS
BO3MOXKHOCTH (D)YyTEpOBKH BHYTPEHHHX [MOBEPXHOCTEH,
OIICHKA Ta30IUIOTHOCTH 3JICMEHTOB (DyTEPOBKH U TPY-
OBI B IICJIOM.

[IpakTuyeckass 3HAUUMOCTh PaOOTHI 3aKIFOYACT-
Cs B BO3MOXKHOCTH OILICHKH HeCyIlel CHOCOOHOCTH
1 OCTaTOYHOTO pecypca CyIIeCTBYIOIINX JKele300eTOH-
HBIX JIBIMOBBIX TPYO.

CIIMCOK HCTOYHHUKOB

1. Kapabacos IO.C., Yepnoycos I1.H1., Kopomuen-
ko H.A., I'onybes O.B. MeTtannyprus u Bpems : SHIH-
kaoneausd. B 6 1. 2011-2014.

2. Cmenanos C.I"., Hcramos C.P. I'azuduxanns
yIJIs: BO3BPAT B MPOIILIOE Wik mmiar B 0yaymiee? // Ho-
BocTH TerocHatkerus. 2007. Ne 1 (77).

3. benvckuii B.A., Cepzeeg b.B. [IpomblIIeHHbIE
neuyu u Tpyosl. M3nanue Bropoe. M. : Crpoiinzaar,
1974.301 c.

4. 3yaxapuaes I'.C., Merenmves A.C., 'agus-
myanuna H.M. KOHCTpYKTUBHBIE pelleHHs xKele300e-
TOHHBIX MPOMBIILICHHBIX [a300TBOASNIUX TPYO / Mo-
nomoit yuensiit. 2016. Ne 10 (114). C. 208-213. EDN
WAOAZX.

5. Acmawrxun B.M., JKonyoos B.C., Kopcyn-
cxuti A.3., Maniomun E.B., Cnopvixun b.B. JIbiIMOBbIE
TpyOBI: Tpaxumu u nHHOBawH. [ maBa 1. Knaccnguxka-
LUl 1 OCHOBHBIE 3JIEMEHTHI IIPOMBIIIUIEHHBIX JBIMOBBIX
TpyO. 2011.

6. Acmawxun B.M., Konyoos B.C., Kopcyn-
cxuti A.3., Maniomun E.B., Cnopvixun b.b. JIbiIMOBbIE
TpyOBI: Tpa UMK U MHHOBAIMU. [ 1aBa 2. OCHOBBI 1po-
€KTHPOBaHMsI IbIMOBBIX TpyO. 2011.

7. Komkosa O.H. MOHUTOPUHT 0€30MaCHOCTH
JBIMOBO# TpYOBI penpusiThs Hedrexumun / BecTHrk
CI'ACY. I'pagocTpouTenbCTBO U apxutTektypa. 2013.
Ne 3 (11). C. 81-84. DOI: 10.17673/Vestnik.2013.03.16.
EDN PYDCSIJ.

8. Subbotin A., Razov 1., Popova E., Dolgih A. Im-
pact of the ash deposits from coal combustion on ther-
mal conditions of the furnace pipes // MATEC Web of
Conferences. 2017. Vol. 110. P. 01068. DOI: 10.1051/
matecconf/201711001068

9. Fakourian S., Roberts M., Dai J. Numerical
prediction of ash deposit growth burning pure coal and
its blends with woody biomass in a 1.5 MWTH com-
bustor // Applied Thermal Engineering. 2023. Vol. 224.
P. 120110. DOI: 10.1016/j.applthermaleng.2023.120110

10. Babywrun P.A., I'mvizos /.C., Hearnos FO.11.
TenoBu3nOHHAs TMArHOCTHKA JABIMOBBIX TpYO // 1H-
HoBaIMoHHas Hayka. 2015. Ne 9 (9). C. 52-57. EDN
UINXKZ.

11. Jlasymun H.B., Mameeeg IO.B. TennoBu3noH-
HOe 00cIeIoBaHue JHIMOBON TPyOBl — 3(h(heKTHBHBIN
croco0 BBISIBIICHUSI CKPBITHIX JIe(heKTOB B mporecce

Tlocmynuna 6 peoaxyuro 3 mas 2024 2.
Ipunama ¢ oopabomannom eude 28 mas 2024 2.
Ooobpena ons nybauxayuu 28 mas 2024 2.

38

MIPOBEJICHUST IKCIIEPTU3BI TPOMBIIIUICHHOH 0e30macHo-
CTH €€ CTPOUTEIBHBIX KOHCTPYKINH // ACTTUPAHT | CO-
nckarens. 2015. Ne 6 (90). C. 87-89.

12. Kirchhof L.D., Antocheves de Lima R.C., da
Silva Santos Neto A.B., Quispe A.C., da Silva Filho
L.C.P. Effect of moisture content on the behavior of
high strength concrete at high temperatures // Matéria
(Rio de Janeiro). 2020. Vol. 25. Issue 1. DOI:10.1590/
s1517-707620200001.0898

13. Envwun A.M., Hocopun M.H., JKonyoos B.C.,
Osuapenxo E.I". JIpiMmoBbIe TPYOBI: TEOPHS U IIPAKTUKA
KOHCTPYHpOBaHHUs U coopyxkeHusi. M. : Crpoiinzaar,
2001. 295 c.

14. Mainier F.B., Fernandes Almeida P.C.,
Nani B., Fernandes L.H., Reis M.F. Corrosion caused by
sulfur dioxide in reinforced concrete / Open Journal of
Civil Engineering. 2015. Vol. 5. Issue 4. Pp. 379-389.
DOI: 10.4236/0jce.2015.54038

15. Jasniok T., Jasniok M. Influence of rapid
changes of moisture content in concrete and temperature
on corrosion rate of reinforcing steel // Procedia Engi-
neering. 2015. Vol. 108. Pp. 316-323. DOI: 10.1016/j.
proeng.2015.06.153

16. Chernin L. Effect of corrosion on the concrete-
reinforcement interaction in reinforced concrete beams.
Haifa, 2008. 184 p.

17. @aoeesa I'J]., I'apvrxun U.H., 3abupoe A.H.
[TpoMBIIIIICHHBIE JKeIe300€TOHHBIE ABIMOBBIC TPYOBI:
METOJIMKa IpOBeAeHUs dKcnepTusbl / CoBpeMeHHas
TexHuka 1 Texnonoruu. 2014. Ne 8 (36). C. 47-50. EDN
SNLDYZ.

18. Ayoouxun U.b., Osuunnuxos A.B., Kyx-
ma M.B., luwxuna E.A., 3apunosa I'.Y. TexHonoruu
CTPOMTEIILCTBA ABIMOBBIX POMBIIIICHHBIX TPYO // Tex-
HUYECKHE HAYKH — OT TEOPHH K mpakTuke. 2015. Ne 45.
C. 93-99. EDN TRRTCP.

19. Slavcheva G., Bekker A.T. Temperature
and humidity dependence on strength of high per-
formance concrete // Solid State Phenomena. 2017.
Vol. 265. Pp. 524-528. DOI: 10.4028/www.scientific.
net/ssp.265.524

20. Voland K., Weise F., Meng B. Alkali-silica re-
action in concrete pavements // Key Engineering Materi-
als. 2016. Vol. 711. Pp. 714-721. DOI: 10.4028/www.
scientific.net/kem.711.714



Defects of reinforced concrete chimneys in modern operating conditions

P. 32-44

OB ABTOPAX: BaneHTuH AjlekceeBU4 EpMaKOB — KaHAuJaT TEXHUYCCKUX HaYK, JOLCHT Ka(be[[pbl WCIIBITAaHUIT

coopyxeHuil; HanuoHaabHbIi HecaenoBaTeabcKuii MocKOBCKHUIE roCy1apCcTBEHHbIH CTPOUTEIbHBI YHUBEPCH-
Ter (HUY MI'CY); 129337, . Mocksa, SIpocnaBckoe mocce, 1. 26; Ermakov@mgsu.ru;
Cepreii AnexceeBud HukosaeB — acriupant kadeapsl UCTIBITaHUN coopyxkeHnit; HanuoHa bHbIH Hccaeno-

BaTebckuii MoCKOBCKMIi rocyiapcTBeHHbli cTpouTebHblid yHUBepeuTeT (HUY MI'CY); 129337, . Mockaa,

Spocnasckoe mocce, 1. 26; NikolaevS.A@yandex.ru.

Brnao asmopos: éce asmopul coenanu skeusaienmublil 6K1a0 8 NO020MOBKY Ny ONUKAYUU.

Asmopul 3as6ns10m 06 OMcymcemeuu KOHAUKMa uHmepecos.

INTRODUCTION

Construction of the first industrial chimneys
began in the 18th century. They were necessary for
the functioning of blast furnaces used for iron smelting.
The first blast furnace was built in 1709 according to
the project of the English inventor Abraham Derby [1].
These furnaces and other manufacturing processes did
not require high chimneys. Modernization was taking
place in every industry, including manufacturing, which
predisposed to the construction of taller chimneys than
in those times. The main material for the construction
of such structures were reinforced concrete structures'.

At present, a huge number of reinforced concrete
chimneys are in operation in Russia, only in Moscow
there are more than 35 such structures in operation at
heat and power stations.

In order to provide cities with heat and electricity
on a large scale and with the transition from cookers
in homes to power generation enterprises, the construc-
tion of combined heat and power plants (CHP) was
launched. No enterprise using in its list of fuel combus-
tion equipment is without the construction of chimneys.

In the period 1950-1980, many old coal-fired CHP
plants were closed or converted to natural gas (NG)
combustion. This was due to the fact that NG is more
efficient and environmentally friendly fuel, and coal re-
serves were beginning to be depleted [2]. Boilers were
modernized from solid fuel [3] to gaseous fuel, but
the question arose how the new fuel would interact with
the structures of reinforced concrete chimneys and how
it would affect the operation of all CHP.

MATERIALS AND METHODS

A chimney is a vertically located structure that
serves to discharge combustion products into the up-
per atmosphere. The principle of operation is based
on the draught effect, which ensures the movement of
gases along the entire length of the trunk from the in-
let to the outlet of the chimney. The trunk of the chim-
ney has a horizontal shape of round, oval or polygo-
nal, and a vertical shape of cylinder or truncated cone.
The height of industrial chimneys can reach several

"CP 13-101-99. Rules for supervision, inspection, mainte-
nance and repair of industrial chimneys and ventilation pipes.

hundred metres, for example, the highest chimney to
date is 420 m, and it was erected in 1988 at Ekibastuzs-
kaya GRES-2 (Kazakhstan) [4].

The most important part of a chimney is the re-
inforced concrete shell — the chimney shaft: single
or multi-barrel. Single-barrel chimneys consist of
the outer layer of the shell, whereas the multi-barrel
construction implies a “pipe-in-pipe” device, in other
words, several barrels from thermal units are con-
structed in the chimney with a ventilated space be-
tween them, in which the arrangement of platforms is
assumed. The main advantage of the multi-bore pipe
is the protection of the supporting reinforced concrete
shaft from the aggressive environment of the dis-
charged gases. The gas outlet shaft acts as a load-
bearing structure and ensures the stability of the pipe
under the influence of various environmental factors.
Therefore, it is necessary to have the following initial
data at the design stage, which will be fundamental for
the construction of the facilities?:

1. Mode of operation of the pipe and characteri-
zation of the vented gases (composition, concentration,
temperature, humidity, quantity and velocity of gases
in the shaft, composition and quantity of dust particles,
chemical composition and quantity of condensate).

2. Sketches of the cross-section of the gas ducts at
the pipe inlet with the main dimensions.

3. Information on soils (geological sections of
boreholes at least three boreholes 10—-12 m deep, even-
ly located on the outer side of the foundation proposed
for the pipe at a distance of not more than 5 m from
the edge of the slab), possible acidification or alkaliza-
tion of the soil during the pipe operation, groundwater
position and its chemical composition.

4. Diagrams of foundations of adjacent structures
and ground pressures beneath them.

5. Information on pipe height and mouth diameter.

6. For seismic areas, information on the maximum
magnitude of earthquakes over the last 20 years.

7. For permafrost areas — the thickness and depth
of active and permafrost ground.

The barrels of single-barrel reinforced concrete
monolithic chimneys (Fig. 1) are truncated hollow

2 Instruction on design of reinforced concrete chimneys.
NIIZhB, Glavteplomontazh, All-Union Research and Design
Institute «Teploproekt». 1962.
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cone, but with a variable slope of the outer surface from
8 to 1.5 % with decreasing height. It is recommended
to make the upper part of the shaft cylindrical for 1/3 of
the pipe height. The height of the barrel of reinforced
concrete monolithic pipe has a variable thickness, and
the minimum thickness in its upper part for reasons of
durability and to ensure the possibility of quality com-
paction of the concrete mixture with a vibrator is ac-
cepted at the upper inner diameter up to 4.8 m not less
than 160 mm; at a diameter of 4.8 to 7.2 m — not less
than 180 mm; from 7.2 to 9 m — not less than 200 mm,;
over 9 m — not less than 250 mm [5].

The pipe barrel is divided by height into sections
with constant wall thickness. The wall thickness of
the barrel changes at the transition points from one sec-
tion to another, as a rule, in the places where cantilevers
are installed to support the lining or bearing structures
of internal gas discharge barrels. Monolithic reinforced
concrete pipe barrels are reinforced with vertical and
horizontal reinforcement installed both at the outer and
inner surfaces of the barrel wall. The cross-section of
the reinforcement is determined by calculation. Peri-
odic profile reinforcement is used for reinforcement. In
old pipes, the reinforcement can be of smooth profile,
with single row reinforcement only at the outer surface
of the wall®.

The design of the chimney must contain calcula-
tions:

1. Calculation of strength and stability of rein-
forced concrete chimney.

The following factors are taken into account when
calculating the strength and stability of chimneys:

* load from the pipe’s own weight;

e wind load;

* temperature effects;

* seismic activity.

Strength and stability calculations are carried out
using methods of structural mechanics and resistance
of materials.

2. Calculation of the flue duct.

When designing chimneys, it is also necessary
to perform the flue duct calculation, which includes
the determination of the aerodynamic characteristics of
the chimney, the selection of the optimum diameter and
height of the chimney, as well as the calculation of pres-
sure losses in the flue duct.

3. Calculation of corrosion resistance.

To ensure the durability of reinforced concrete
chimneys, corrosion resistance should be calculated.
Such factors as flue gas composition, temperature and
humidity inside the chimney, presence of aggressive
substances in flue gases, etc. are taken into account.

4. Calculation of thermal performance.

Thermal calculation of chimneys is carried out to
determine the optimal parameters of thermal insulation
and the choice of materials for its performance.

To protect the supporting shaft of the chimney
from the temperature and aggressive influence of
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Fig. 1. Scheme of reinforced concrete chimney:

1 — foundation; 2 — trunk; 3 — lining; 4 — thermal
insulation; 5 — running ladder; 6 — traffic light platform;
7 — lightning rod; 8§ — lightning rod grounding; 9 — gas
duct inlet

the exhaust gases, where necessary, lining and thermal
insulation of the shaft is used. Depending on the tem-
perature and aggressiveness of the discharged gases,
the lining should be made of fireclay, acid-resistant or
clay ordinary bricks, special concrete, ceramics, steel,
as well as plastics [6].

Brick linings are provided in links resting on can-
tilevered projections in the shaft. The height of the links
should be no more than 25 m with a thickness of one
brick and no more than 12.5 m with a thickness of 1/2
brick. In the area of openings for gas ducts, the thick-
ness of lining should be increased to 1.5-2 bricks. By
using special shaped sheet piling ceramics, the thick-
ness of the lining can be reduced. The connection of
the lower link to the overlying link must be designed
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taking into account the growth of the lining (as a result
of sulphating processes of the masonry joint material)
and the thermal expansion of the lining material both in
height and diameter®.

Inspection of reinforced concrete chimneys is
a mandatory part of their operation. Monitoring of
the condition of industrial structures allows timely de-
tection of violations occurring in the structures during
operation and their prompt elimination [7]. To assess
the technical condition of chimneys the inspection in-
cludes':

1) visual and measurement control;

2) thermal imaging;

3) geodetic control;

4) control of strength characteristics of structures;

5) calculations of building structures;

6) residual life assessment.

The main influencing factors on the load-bearing
structure, namely the reinforced concrete shaft, are de-
posits from inside, otherwise ash deposits [8, 9], which
in turn reduce the cross-section of the chimney and de-
struction from the inside of the chimney under the ac-
tion of aggressive gases and the influence of exhaust
flue gases from boiler units*.

Thus, with the switch to gaseous fuels, the present
chimneys are not as designed, which has a significant
impact on the reinforced concrete shaft.

These defects can be observed at the initial stages
of their development. One of the ways of observation is
thermal imaging (Fig. 2), where temperature shifts can
be observed, which in turn confirms the reduction of
gas tightness of the chimney lining [10, 11].

3 CP 375.1325800.2017. Industrial flue pipes. Design rules.

4 GD 34.20.328-95. Methods of inspection of chimneys of
thermal power plants.

RESEARCH RESULTS

According to the results of the survey, defects and
damages of category “W” and “B’, namely defects of
the reinforced concrete shaft, have now become apparent:

« of the destruction of the concrete protective layer;

« filtration of moisture through the concrete body;

* Bare and corrosive wear of bare fittings;

« the reverse slope of the cast iron chimney head;

* no protective coating on the lining.

These defects are caused by one of the following
reasons.

During combustion of GHG, chemical reactions
occur to oxidize the GHG components with oxygen.
Reaction formula:

2HZS + CH4 + 302 — 2SO2 + 2H20 + COZ+ heat.

Hydrogen sulphide (H,S) in GHGs can form sul-
phur compounds when the gas is burned in a CHP plant.
Sulphur present in GHG can form sulphur oxides during
combustion, such as sulphur dioxide (SO,) and sulphur
trioxide (SO,). If a “dew point” forms in the pipe, con-
densation of the gaseous waste begins. Condensate with-
out impurities of acids and sulphates causes corrosion
of the material of the first kind — leaching of free lime
from the cement stone of concretes and mortars [12]. In
the presence of sulphur acid in the condensate, corrosion
of the second kind occurs — acid destruction of cement
stone in concrete and mortars and bricks in masonry.
The reaction is expressed by the formula [13, 14]:

Ca(OH), + H,SO, = CaSO, + 2H,0.

As water vapour is present in the pipe, sulphur
compounds give sulphur acid with it. The formation

5 0S 17230282.27.010.001-2007. Standard of the Organiza-
tion of RAO UES of RUSSIA, JSC “Buildings and structures
of power engineering facilities. Methodology of technical
condition assessment”..

20.0
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Fig. 2. The result of thermal imaging of the reinforced concrete chimney with the height # = 120,0 m, where the temperature
shift At > 9.0 °C can be traced, indicating the violation of gas tightness of the lining and the destruction of the protective layer

of concrete
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of such aggressive condensate is very dangerous for
the chimney. If there is a strong temperature difference
between the outside air and flue gases inside the pipe,
moisture migration starts: penetrating into the rein-
forced concrete shaft, acid starts to corrode the rein-
forcement and stone [14, 15]. The cracks that appear
as a result of reinforcement corrosion (opening width
up to 0.05 mm) do not pose an immediate danger of
failure, but they contribute to accelerating the destruc-
tion of reinforced concrete [16]. On the outer surface of
pipes, sometimes one can see whitish spots (Fig. 4) —
this is the condensate penetrating through the lining and
the shaft [17]. In winter, such moisture turns into ice
[18, 19]. The formed condensate occurs on the inner
surface of the chimney shaft, namely on the liner can-
tilevers (Fig. 3), this is caused by the transition of CHP
from solid fuel (coal) combustion to GHG as the main
fuel, as well as by the reduction of actual operating
modes.

The condensate formed leads to the process of mois-
ture filtration through the concrete body, accompanied by
leaching of free lime along the weakened sections, reduc-
ing the values of concrete strength (Table, Fig. 4), as well
as corrosion of reinforcement [13, 15, 20].

These defects indicate a violation of gas tightness
of the chimney, which in turn may, in case of dam-
age development, go to the category “A” and lead to
an emergency condition of the chimney as a whole.

Thus, at this point in time, with the transition
from solid to gaseous fuel, defects have occurred on
the reinforced concrete shafts of the chimney. The op-
erating conditions of the chimney do not correspond
to the design of the structure according to the project.
The current methods of defect elimination only elimi-
nate the consequences of already formed defects on
the gas discharge shafts, but do not eliminate the causes
of defects. In the places of formed defects of the rein-

¢S 17230282.27.010.001-2007. Standard of the Organiza-
tion of RAO UES of RUSSIA, JSC “Buildings and structures
of power engineering facilities. Methodology of technical
condition assessment”.

forced concrete shaft, the application of a repair com-
pound having a good level of adhesion with concrete
is used, masking the destruction of the chimney shell.
As a rule, the repair compounds applied to the mate-
rial have a water resistance grade higher than that of
the concrete used in the construction of chimneys, thus

Moisture accumulation
on liner cantilevers

TATHTHCNC e

+70.000

=

R
4

=
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Fig. 3. Lining cantilevers where condensate accumulates
abundantly at an average chimney height of 120.0 m from
the ground surface and a mouth diameter of 7.0 m

Fig. 4. Leaching process of free lime through weakened

concrete sections

Results of measurements of actual concrete strength at different heights of the chimney with height 2 =120.0 m

Design class (grade) of concrete of Strength value at Compliance with the actual
Level mark . .
reinforced concrete cage R sections R, MPa concrete class
+1.800 M300 28.9 B22.5 (M300)
+15.500 M300 29.1 B22.5 (M300)
+38.500 M300 32.0 B22.5 (M300)
+53.500 M300 23.9 B15 (M200)
+68.500 M300 09.5 B7.5 (M100)
+83.500 M300 09.3 BS (M75)
+95.500 M300 22.5 B15 (M200)
+100.000 M300 25.9 B20 (M250)
+113.000 M300 143 B10 (M150)
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moisture begins to penetrate the perimeter of the ap-
plication of the repair compound. Over time, the weak-
ened concrete collapses together with the applied repair
compound, which multiplies the area of damage.

CONCLUSION AND DISCUSSION

One of the most important elements of CHP are
chimneys designed for the removal of combustion prod-
ucts from boiler units. Reinforced concrete chimneys
are the most widespread. From 1960 to 1980, the ma-
jority of CHP was reoriented to combustion of GHG in-
stead of solid fuel (coal). At the same time, boiler units
were modernized, while chimney structures remained
in their original state. The change of fuel type led not
only to changes in the chemical composition of flue
gases, but also to adjustments in the operation mode of
boiler units, which affected the frequency and magni-
tude of the impact of gases on the supporting structures
of the chimney.

The results of inspections of reinforced concrete
chimneys operating under conditions of GHG combus-
tion show that the residual life is rapidly decreasing due
to accelerated development of defects and damages of
structures, according to the experience of the conduct-
ed inspections it was not observed in chimneys under
solid fuel combustion. There is an actual decrease in
gas tightness of the lining and increased condensate ac-
cumulation on the flue pipe cantilevers due to uneven

supply of flue gases from boiler units. The formed con-
densate leads to leaching of free lime in the weakened
sections of the structure and corrosion of reinforcement
due to moisture filtration through the concrete body.

Currently, high-strength repair compounds are
mainly used to restore the bearing capacity of rein-
forced concrete shafts. As a result, there is a risk of
the repair compound separating into a single mass with
concrete fragments, which, if it falls, may result in in-
jury to personnel, damage to technical equipment and
neighbouring structures. The use of repair compositions
is ineffective as it does not solve the problem of de-
fects occurrence and development and only temporarily
masks the problem areas. At the same time, the load-
bearing capacity is restored without proper calculation
justification.

Thus, the task of estimating the load-bearing
capacity of chimney structures taking into account
changes in operating conditions is relevant, which will
be the basis for determining effective methods of res-
toration and protection of structures. To solve the set
goal, it is planned to carry out numerical calculations
of the bearing capacity of chimneys, to study protective
compositions and materials for the possibility of lining
internal surfaces, to assess the gas density of lining ele-
ments and the chimney as a whole.

The practical significance of the work lies in
the possibility of assessing the bearing capacity and
residual life of existing reinforced concrete chimneys.
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AHHOTAULMUA

BBeneHnue. TennoanektpoctaHuyun (TOC) B PO aBnsioTca BeAyLLMMU SHEProreHepupyoLMMM KOMNeKcamu no cpaBHe-
HUIO C APYTIMU KOMMIEKCaMM SHEPreTUYECKOM MPOMBILLIIEHHOCTU U B CUITy CBOEN HE3aBUCMMOCTM OT MECTOMOOXEHNS
MCTOYHMKa 3HEPrMMN YacTo pacrnonaraloTcst Ha nioLaakax, xapakTepuayemMblX rpyHTaMm ¢ HeyA0BNeTBOPUTENbHbIMY CBON-
cTBamu. PaccmaTtprBaeTcs COOTBETCTBYIOLLMI NPUMEP U3 MPaKTUKK cTpoutenbctea B CaHkT-lNeTepbypre Ha cTponnnoLwaa-
Ke C TMKCOTPOMHbLIMW FPyHTaMU.

MaTepuansi u metoabl. CTponTenbCTBO 1 paboTa 06bLEKTOB Ha NOLLaAKax C TMKCOTPOMHBIMU IPYHTaMM NPUBIEKAET BHU-
MaHve uccnegoBaTenei v NPakTUKOB CBOEW 3aBUCUMOCTbLIO OT BO3AENCTBUSI CTaTUHECKUX Y AMHAMUYeCcKux Harpysok. Mpea-
NOXeHbl pa3Hble MeToAbl YyCTPOWCTBa PyHAAMEHTOB (CBaWiHble, MNNUTHbIE U Ap.). PaccMoTpeHa B kavyecTBe anbTepHaTuBbI
KOHCTPYKLMS cBaWHOro dpyHAameHTa Ans gononHutensHoro Typboarperata tennoanektpoctaHummn B CaHkT-MNeTepbypre,
BKIoYatoLLasi ABe NNuTbl C BUOpomnsonsTopamu.

Pesynbrathl. [poBeAeHHbIe nccneaoBaHns Nokasanu, YTo Hanm4me BUOPOM30NSaTOpOB MPeaoCcTaBnseT BO3MOXHOCTb pe-
rynupoBaTh BbICOTHOE MOMNOXeHWEe cUCTEMbI «TypboarperaTt — doyHAaMeHT», a Takke NPaKTUYeCKU NOMHOCTLIO UCKMovaeT
nepepady Bubpauuii Ha rpyHToBOe (CBalHOE) OCHOBaHWE W MpureratpLimMe CTPOUTENbHbIE KOHCTPYKLUMU, BKIOYas Cylle-
cTBylOLME 30aHMs. BbinonHeHHoe reoTexHn4eckoe ModenupoBaHue (Moaernb «arperart — onopHas nnvTa — cBaliHOe OCHO-
BaHVe» (OMHaMUYeCcKuii pacyeT OMOPHOW MNUTLI U CTAaTUYECKUIA pacyeT CBaHOTO OCHOBaHWSA) U MOAENb «arperaT — cBau-
HOE OCHOBaHWe» (AMHAMUYECKUA U CTaTUYECKUA pacyeTbl CBAMHOIO OCHOBAHMSA)) C NOMOLLBIO MPOrpamMMHOro Kommnnekca
PLAXIS 3D nokasanu, 4TO Ha HXHIOK NIUTY KOHCTPYKLUM 1 Ha OrONIOBKU CBai ypoBeHb BMbpaLummu MHorokpaTtHo (B 40 pas)
MeHbLLE YPOBHS 2 MM/C, Npu KOTOPOM TpebyeTcs yunTbiBaTb CHUXEHME HECYLLEN CMOCOBHOCTM OCHOBAHUS Kak yHAameH-
Ta, TaK N COCEAHUX K HeMmy.

BbiBoabl. HecMoTps Ha npevMyllecTBa anbTepHaTUBHOIO BapuaHTa no CTOMMOCTU U ob6bemam, puUCKu, COMyTCTBYIOLLME
ansTepHaTUBHOW KOHCTPYKLMK, NOBYxAaloT OTAaTb NPeAnoyYTeHne BapuaHTy KOHCTPYKUUW, MPUHATOMY B NMPOEKTHOW A0-
KyMeHTaLuun.

KNIOYEBbLIE CITOBA: BnbpounsonsTop, AMHaMmuyeckas Harpyska, NiMTHO-CBaWHbIN yHAAMEHT, CBalHbIN hyHAaMEHT,
TENnoaNeKkTPOCTaHUMA, cTaTuyeckasi Harpyska, TUKCOTPOMHBbIV TPYHT, ddyHOAaMeEHT

OnAaA UWATUPOBAHWA: HukumuHa H.C., besepubenbHasi A.E. ®yHpameHT Typboarperata TemnnosanekTpocTaHumum
Ha cTpovinnoLllagke U3 TUKCOTPOMHbIX rPYHTOB // CTpouTenbCTBO: Hayka n obpasoBaHue. 2024. T. 14. Bein. 2. C. 45-65.
URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2024.2.45-65
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Foundation of the turbine unit of a thermal power plant
on a construction site made of thixotropic soils

Nadezhda S. Nikitina', Anastasia E. Bezgribelnaya'*
I Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation,
2 Teploelektroproekt Institute; Moscow, Russian Federation

ABSTRACT

Introduction. Thermal power plants in Russia are the leading power generating complexes in comparison with other com-
plexes of energy industry and due to their independence from the location of the energy source, they are often located on
sites characterized by soils with unsatisfactory properties. A relevant example from the practice of construction in St. Peters-
burg on a construction site with thixotropic soils is considered.

Materials and methods. Construction and operation of objects on sites with thixotropic soils attracts the attention of re-
searchers and practitioners by their dependence on the impact of static and dynamic loads. Different methods of foundation
construction (pile, slab, etc.) were proposed. The pile foundation design for an additional turbine unit of a thermal power plant
in St. Petersburg, including two slabs with vibration isolators, is considered as an alternative.
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Results. The conducted research has shown that the presence of vibration isolators provides an opportunity to regulate
the height position of the system “turbine unit — foundation”, as well as almost completely eliminates the transmission of vi-
brations to the ground (pile) foundation and adjacent building structures, including existing buildings. The performed geo-
technical modelling (model “unit — baseplate — pile foundation” (dynamic calculation of the baseplate and static calculation
of the pile foundation) and model “unit — pile foundation” (dynamic and static calculations of the pile foundation)) with the help
of Plaxis 3D software package showed that the vibration level on the bottom plate of the structure and on the pile heads is
many times (40 times) less than the level of 2 mm/s, at which it is necessary to take into account the reduction of the bearing
capacity of the base of both the foundation itself and the adjacent ones.

Conclusions. Despite the advantages of the alternative variant in terms of cost and volume, the risks associated with the al-
ternative design induce to favour the design variant adopted in the design documentation.

KEYWORDS: dynamic load, foundation, pile foundation, slab-and-pile foundation, thermal power plant, static load, thixo-
tropic soil, vibration isolator
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BBEJAEHHUE

Ternoanexrpocranuuu (TOC) B PO  spmsror-
Cs BEAYLIMMH SHEPrOTCHEPUPYIONMMH KOMILUIEKCa-
MU HO CPaBHEHUIO C JPYIMMHU KOMILJIEKCAMM JHepre-
TUYECKOM NPOMBIIIJIEHHOCTH: 1O JaHHbIM Poccrara
3a 2022 r.! Enunast snepreruyeckast cucrema (EDC) Poc-
cuu BKJIro4aeT 69 % sHepruu, BbIpadaTbiBaeMON UMU.

TOC mMpoko pacnpoCTpaHEHbl B YCIOBHUSIX TO-
POJCKOM 3aCTPOMKH, TAI€, OAHAKO, 3a4aCTYH OTCYTCTBY-
€T BapHaTHBHOCTh BHIOOPA IUIOMIAZIKK CTPOUTEIBCTBRA,
B pe3yabTaTe 4ero reojIoTHUECKHUe YCJIOBHS OKa3bIBa-
IOTCSI HE CaMbIMH OJaroNpHUATHBIMHA U YJOOHBIMH JUIS
9KCIUTyaTalludl TSDKEJIOro O00OpYNOBaHHS CO CIICIH-
¢uuecknMu Harpy3kaMmu. [IpuMepoM MOXKET CIIyKHTb
CTPOUTEIHCTBO JIOTIOIHUTEIBHBIX 3HEProOIOKOB Ta30-
TypOuHHOM 3nekTpoctaniuu IC-1 [enrpanbaoit TOI]
B Cankr-IleTepOypre?, KOTOPBIH H3BECTEH CBOUMU CJla-
OBIMH TITHHUCTBIME TpyHTaMi® [1].

B npornecce MHKEHEPHO-TEOIOTHIECKUX U3BICKa-
HUH OBIIM BBISBICHBI HACBITHBIE TPYHTHI U 3aTtopdo-
BaHHBIE IIECKH, TIECKU KPYITHBIC 1 TIBUICBATHIE, @ TAKKE
CYIIMHKHM TEKy4YeIUIAaCTHUYHbIE, CKJIOHHBIE K TIPOSB-
JICHUIO THKCOTPOIIHBIX CBOWCTB IPHU JUHAMHYECKHX
Harpyskax, 0e3 KOTOpBIX HeMbICJIMMa paboTa JIoOboro
Typ6oarperara TOII.

B cBsI31 ¢ 3TUM C LIeNTbIO TIOMCKA ITyTel COBEpIIEH-
CTBOBaHHUSI NIPOPAOOTAaHHOTO B TPOEKTHOH JOKyMEHTa-
uun pyHmameHTa ykazanHoi TOC npeanpuHsTa MoIbIT-
Ka YHUCJICHHON OIIEHKH JMHAMHMYECKOrO BO3JCHCTBUA
Ha ee CBaifHbBIIN (yHIAMEHT 1011 TypOoarperaTtom B rpyH-
TaX, CKJIOHHBIX K IPOSIBICHUIO CBOWCTB THKCOTPOIUH,
C yYETOM ANHAMHYECKUX U CTATHIECKUX Harpy3o0K.

! BeipaboTka anektpossepruu B Poccun B 2022 rofy BeIpoc-
na Ha 0,6 %. URL.: https://tass.ru/ekonomika/16939991

29C-1. UenrpanbHas TOL. CTpoUTENLCTBO TEIIOBOM ra3o-
TypOuHHOM 3nekrpoctanimn // DLIM. URL: https://ecm.ru/
projects/2016/6225/

3Teonoruss Caukt-IlerepOypra // DKONOrHYECKUM MOPTAT
Cankr-ITerepOypra. URL: https://m.infoeco.ru/okruzhausha-
ya-sreda/nedra
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MATEPHUAJIBI U METO/JbI

[TpoBeneH aHAIN3 HHKEHEPHO-TEOJIOTNIECKUX yC-
JIOBHUH CTPOMIIIONTAIKN, JAHHBIX TIPOCKTHON 1 paboueit
JOKYMEHTAIIUM TI0 apXWUTEKTYPHBIM W KOHCTPYKTHB-
HBIM pEIIeHHsIM, pacueTa (JyHaaMeHTa B IPOrpaMMHOM
rxomrutekce (ITK) SCAD, mpoekra opraHu3aIiu CTPO-
utenscrBa 00bekta. B TIK PLAXIS* ¢ yuerom nuna-
MHUYECKUX BO3JICHCTBUI TypOoarperara Ha GpyHIaMeHT
U TPYHTOBBIH MAacCCHB MOCTPOECHA COOTBETCTBYIOIIAS
MOZIETb. JTO TO3BOJIMIO BBINOJHUTE CPAaBHHUTEIb-
HBIH aHAJM3 TPOEKTHBIX PELICHUH M CPOPMYITHPOBATH
00OCHOBaHHBIC BBIBOJIBI, MOATBEPXKIAIONINE HEO0-
XOJMMOCTh y4YeTa JAWHAMHYECKOTO BO3AEHCTBHUS IpH
MIPOEKTUPOBAHUN (PYHJAMEHTOB MO 00OpyrOBaHHE
U arperarsl Ha TPyHTax, CKIIOHHBIX K ITPOSIBJICHUIO THK-
COTPOITHBIX CBOMCTB.

B mpoekTHO# HOKyMEHTalnu peKOMEHIIOBaH Ba-
pHaHT cBaifHOrO (hyHmaMeHTa 1moj Typboarperar (oke-
71e300€TOHHBIE CBaW, YCTpanBacMbIe METOJIOM BJ/IaBIIHU-
BaHMS, WM OYpOMHBEKIIMOHHBIE CBaM).

B CIIOXHBIX MH)XEHEPHO-T€0JIOTNYECKUX YCIIOBH-
sx Cankr-IleTepOypra Ui IUIACTUYHBIX IIMHUCTBIX
TPYHTOB MHHUMAaJIbHO JOCTATOYHBIM CUHMTACTCS pas-
BUTH yCWJINE BIABIMBAaHMS, paBHOE HECYyIIEH crnocoo-
HOCTH CBaM.

VYuuThIBasi CTECHEHHBIE YCIJIOBHUSI CTPOMILIOIIAN-
KH{, B OIMCHIBAEMOM HCCIICAOBAHUY TIPHHATO PEIICHHUE
HCIIONIb30BaTh OypOHAOMBHBIC CBAM.

[Tpn Hanmmuum cnaObIX BOJOHACHIIIEHHBIX TPYH-
TOB IIPEYCMOTPEH INIMHUCTHIN PACTBOP OEHTOHUTOBBIX
IJIMH, OKa3bIBAIONIMH T'MJIPOCTAaTHYEeCKOE BO3/CHCTBHE
Ha CTEHKH, OOecrieurBasl HaJe)KHOE CKpEIUICHHE OT-
JIETIbHBIX CIIOEB IPYHTOB.

B ciydae ¢pyHamMeHTOB, BO3BOANMBIX HA TPYHTaX,
CKJIOHHBIX K ITPOSIBJICHUIO CBOWCTB THKCOTPOMHH (IO~
HOE WJIM YaCTUYHOE Pa3pylIeHNe CTPYKTYPHBIX CBsI3eH
I0/1 BO3JICUCTBHEM JAMHAMUYECKUX Harpy3oK U B II0-
CJICITYIOIIEM [0 MPOLISCTBUH OIPEICICHHOTO TEePHO-

4 PLAXIS 3D. TpexmepHble reotexHudeckue pacyersl. URL:
https://www.plaxis.ru/product/plaxis-3d/
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Puc. 1. Cxema ycTpoiicTBa Ta30TypOMHHOM YCTAaHOBKH JUTS SJICKTPHYECKHX CTaHIMil hupmbl Siemens»’: [ — cucrema

BO3/1yX03a00pa; 2 — razorypounnas ycranoska (I'TY); 3 — neimoBas Tpy0a; 4 — oTBOA ra3oB; 5 — auddysop; 6 — pama

I'TY; 7 — anexrporeneparop; § — TpaHchopmarop; 9 — OIOK yrpaBIeHHS

Jla BPEeMEHH CaMOCTOSITeIbHOE BOCCTAHOBJICHHE B OT-
CYTCTBHUE JPYTMX BHEIIHUX HArpy30K IPH MOCTOSHHON
TEeMIlepaType W BIAXKHOCTH), TPH IPOESKTUPOBAHUN
pELIeHO OTJaTh MPEIIIOYTEHHE CIIOXHBIM MAacCHBHBIM
KOHCTPYKIMSIM, CITIOCOOCTBYIOIIIMM «TallleHUIO» JAWHA-
MHYECKHX Harpy3o0K, a TaK)Ke UCII0JIb30BaTh BUOPOU30-
JISITOPBI, HAlPUMeED, NPYKUHHOTO THUIIA.

AHanmu3 pe3ynbTaToB HAyYHO-TIPOEKTHBIX MPO-
pabotok [2-9] mokasan, YTO CBaifHBIC (YHIAMCHTEHI
o0naiatoT omnpeseacHHON crenudukoil paboTel mpu
JUHAMHYECKOW HArpy3ke Ha THKCOTPOITHBIX TPYyHTaX:
BOKpPYr CBaW 00Opa3yeTcsi OCiaaOICHHBIH TPYHTOBBIN
MacCHB pPagycoM 5-8 nmaMeTpoB cBau, W BHOpO-
M30JISITOPBI CIIOCOOCTBYIOT CMSITYEHHIO 3TOTO BO3CH-
crBus. [lockoibKy Besikasi JUHAMHYECKash Harpyska
Ha THKCOTpPOIIHBIC T'PYHTHI OYEHb OIacHa, IPH3HAHO
1enecoo0pa3HbIM TIPUMEHITh METOIbl CTaTHYECKOTO
BIABJIMBAHUS WIM OTAATh MPEANOYTECHHUE TEXHOJIOTHU
ycTpolicTBa OypOHaOWBHBIX CBail C HCIONH30BAHHE
IIMHUCTOTO PAacTBOpA.

Ha ocHoBe BapmaHTHBIX PacyeToB W C y4YETOM
OIbITA TMPOEKTHPOBAHUSI M PAaOOTHI Tra30TypOMHHBIX
TypOoarperaToB Ha INIUTHBIX (DyHAaMEHTaX B CIOKHBIX
TPYHTOBBIX YCJIOBHSX Ha 0a3e MPOCKTHOH W paboueit
JOKyMeHTalmu GpyHaaMeHToB Typooarperara SGT-800
¢upmbr Siemens s oobekta «OC-1 IleHrpanbHas
T3IL] cTPOUTEIHCTBO TEILIOBOI I'a30TYpOMHHOM 3JICK-
tpocraniu (I'TY-TOL) B 1. Cankr-IlerepOypre»
6bu1 ipuHAT TypbOoarperar SGT-800 ¢upmel Siemens
(puc. 1), a ang aHanmm3a B MCCIEAOBAHUM TPHHST
(yHIAMEHT CO CIIOKHOW KOHCTPYKIHEH, COCTOsIIen
W3 BEpXHEH M HIDKHEW T (puc. 2) ¢ NpYKUHHOU

’Tazorypbunnsie snekrpocranuun Siemens (Cumenc) —
ycTaHOBKM — cutoBble ctanuun u3 ['epmanun. URL: https://
manbw.ru/analitycs/siemens.html

BHOpOU3OJIALMEN Ha CBaiHOM OCHOBaHUH. Jdexrt
CHIDKEHHSI YPOBHS BHOpAIMM JOCTHIAaeTCsl MO100pOM
BHOPOHM30IATOPOB, TO3BOJSIOMIMX O0ECHEYNTh OITH-
MaJibHbIe BHOpAIMOHHBIE U JIe()OpPMAlMOHHbBIE XapaK-
TepucTuku QyHgameHta. Hamudane BHOPOHM30ISTOPOB
MIPE0CTABIISAET BO3MOKHOCTD PEryJIMPOBaTh BHICOTHOE
TIOJIOKEHUE CHCTEMBI «TypOoarperar — (yHIaMEHT»,
a TAaKXKe IMPAKTHYECKH IOTHOCTBIO HCKIIIOYAeT Iepe-
Jnady BHOpaiuii Ha TpyHTOBOE (CBaiiHOE) OCHOBaHHE
U MpUJIETAIOIAE CTPOUTEIbHbIE KOHCTPYKLIUHU, BKIIO-
Yask CyIIECTBYIONINE 3/1aHMUS.

Hanuuue rpyHTOB ¢ THKCOTPOIIHBIMHU CBOMCTBa-
MH, HH3Ko4yacTOTHOro (25 I') BO3OyKmeHus ¢ Inu-
POKOM 30HOH pacmpoCTpaHEHUs, OONBIINX HArPy30K
OT TSKEJIBIX POTOPOB T€HEepaTopa M TUXOXOJHOIO Basa
peayKTOpa IPUBOIAT K 3HAUUTEIBHOMY CHHKEHHIO TO-
PU30HTAJIBHOW KECTKOCTH CBAaWHOTO OCHOBAaHMS TpHU
JMHAMHYecKoM BozzneicTBuu. [1pu oTcyreTBHM BUOpO-
M30JSIIUK 3TO TIPUBENET K HEIOMYCTHMOMY YPOBHIO
MOTIepeyHbIX BUOpaluii arperara M K CyIIECTBEHHO-
My CHIKEHHIO HecylleH CIIoCOOHOCTH (DyHIaMEHTOB
IJIABHOTO KOpIyca (MaIlIMHHOTO 3a71a) M COCETHUX 3/a-
Huid. IIpu stom u camu I'TY moryr B3auMHO BIMATH
JpYT Ha Jpyra.

[TpuHsTas KOHCTPYKIMS BEPXHEr0 CTPOCHUS —
IUIMTHBIA (DYHJIAMEHT U3 MOHOJIMTHOTO JKeJe300eToHa
Ha BHOpomsonsTopax mpomussonacTsa ¢upmel GERB
(cMm. puc. 2). Harpysku oT 060pyaoBaHUS M OMOPHON
aTropMbl MepelaloTes Ha HIDKHIOI TUINTY uepe3
cucreMy u3 20 BUOPOM30IMPYIOMINX TPYKUHHBIX dJIe-
MEHTOB (M3 HUX 6 NpYXHHHO-IemIpepHbIX). Bubdpo-
M30JIATOPBl onuparoTcs Ha 10 BepTHKAIbHBIX MOCTa-
MEHTOB BBICOTOM OKO0JIO 50 CM U MONEPEUHBIX CEUEHU-
em 50 x 200 cm.

Macca moAIpyKHHEHHON JKeIe300eTOHHOW KOH-
crpykmmn 1430 T.

a7
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a

b

Puc. 2. XKene3oberonHas KOHCTPYKIHMS BepxHei (a) u HwkHel (b) GynnamenTHbIX muT [10]

[Tnura umeer tommuny 3,0 M (6e3 ydera mocra-
MEHTOB O] T€HEepaToOp U MOJ| IMyCKOBOH AIIEKTPOJBHU-
rarelb), B 30HE YCTAaHOBKH IIKa(hOB BCIIOMOTATEIBHOTO
000pyIOBaHUS B IUTUTE UMEETCS CTYTIEHYATOE TOHIKE-
aue Ha 0,9 M.

IToxBanbHast 4acTh MPEACTABISIET COOOM OTKPHI-
TBI CBEPXY W IO OJHOH M3 CTOPOH KOpPOO C HIDKHEH
IUTATOW TONIIIMHON | M W MOATIOPHBIMU CTEHAMH TOJI-
o 0,4 M. Ha muinte pa3MerieHsl moCcTaMeHTHI BEI-

Puc. 3. ITnan ckBaxud

48

coroii 0,44 x 2,0 M u toimuHo#i 0,5 M oz BUOpou3o-
TSATOpHI (pHC. 2, b).

PaccmarpuBaemass TeppuTOpus  CTpOHIUIOLIA-
KM pacrojiokeHa B CEHCMUYECKH CIIOKOMHOM paiioHe,
OHAKO CIIa0BIe TONYKH OTMEUAIHCh B pa3HBIE TOJBI
(3—4 6amna). CelicMuueckasi akTHUBHOCTh paiiOHa, CO-
rmacHo CIT 14.13330.2011, cocTaBinser 5 6amioB.

B mecre crpouTtenscTBa ABYX Tra30TypOMHHBIX
YCTAHOBOK PAaCIOJIOKEHbI CKBaXXUHBL: mepBast [ TY —
ckB. 46, BTOopast — ckB. 35 (puc. 3, 4).
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Puc. 4. I'eonorngeckuii paspes ocaoBanust [ TY-1

OtHocutenbHOM oTMeTke +0,000 cooTBeTCTBYET

adcomrotHas +7,500 B bantuiickoil cCHCTEME BBICOT.

Ha nmomazike cTpouTebCTBA BBIABICHBI CyTiecya-
HBII TPYHT ¢ TUKCOTPOITHBIMU CBOWCTBAMH, MPEICTAB-
JICHHBIN CYTIIMHKAMH TEKy4YeTIaCTHIHBIMH, C TTPOCIIOs-
MU MSTKOIUIACTUYHBIX, JIETKUX M TSIKENbIX MbIIICBATHIX,
JICHTOYHBIX U CIIOMCTBIX, THKCOTPOITHBIX, KOPUIHEBATO-

CEPBIX, C MPOCIIOAMHU TICCKOB IBUIEBATHIX, HACBHIIICH-

HBIX BOJOH. BBIIO B35TO 5 00pa3IioB TaHHBIX TPYHTOB,

Janee ynoMuHaeMmbIx mog Ne 7—-11.

Jns ydera BHOPOMON3YYECTH TPYHTOB HCIONb-
30BaH N00aBOYHBIH KOO(QQuIHUEHT K , CHWKAIOMMWH
BEJIMYUHY CTaTUIECKOTO MOAYIsS oOmiel aedopMariim
(KBa3MUCTATHUCCKUH TTOIXO):
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K =Ae/(Ae + Asg), (1)

rie Ag, u Ag, — npupauieHus nedopmanum OT CTaTh-
YECKOTO M JMHAMHUYECKOTO HAarpyXeHHUsl B 3aJaHHOM
JMana3oHe HampsHKEHUH.

Monyns nedopManuu rpyHTa ¢ y4eTom jieopma-
IIUH BUOPOTION3YUECTH ONPENEIISIIH 110 (hopmyre:

E =E K, 2)

B
me £ =oc_-Bl(e, te) E = (c/e)  B; E,— momynb
nedopmanuii Mo pesyibTaraM CTaTHYECKHX HCIIbITa-
Huif; B = 0,8 U1 IecyaHbIX TPYHTOB.

OTanbl KOHCOJNIMAALMU U JIEBHATOPHOTO Harpy-
JKEHUsI BBITIOJNHSIN 10 KOHCOJHIMPOBAaHHO-APEHUPO-
BAaHHOM cXeMme, 3Tan BHOPAlMOHHOTO HArpyXeHHsS —
10  KOHCOJIMAMPOBAHHO-HEJPEHUPOBAHHOW  CXEMe.
B pesynbTrare ucneITaHUA MOTyYeHbI 3HAUEHUs Aedop-
Malui Mpy pa3iIndHbIX CXeMaX HarpyKeHHS.

CraTuko-IUHaMUYECKHE TPEXOCHBIE  HCIBITa-
HUS ITIMHUCTBIX TPYHTOB TOKA3ajiH, YTO MCCIeTyeMbIe
TPYHTBI TIOJl BO3/ICHCTBHEM CTaTHUECKOW M TMHAMMUE-
CKOM Harpy30K IpOSIBIISIIOT CBOWCTBA BUOPOIIOI3YyUECTH
U UMEIOT KOA(PPHUIMEHTHl BUOPOIIOI3YUECTH TPH aM-
IUTATYJIE ieBUaTopHoro Harpyxenuns 1o 30 kl1a.

Cpeanue 3HauYeHUs Km’cpm = 0,40, chpzo =0,35
NPUMEHEHBI NIPU pacueTax CHIDKCHUs Ae(opMaliioH-
HBIX XapaKTEPUCTUK I'PYHTA NMPH TUHAMHYECKOM BO3-
nericTBuM B cootBeTcTBUH c11. 6.13.4 CIT 22.13330.2011
«OcHOBaHUS 31aHUI U COOPYKEHUID.

Kpome TOTO, MpH MPOEKTHPOBAHUU YUTEHO, YTO
pu BUOPAIMOHHBIX HArpy3kax ¢ gactoroir oT 50 I'm
CTa0MIM3alusl BEPTUKAJIBHBIX IIEPEMENICHUI  JuIs
IIMHUCTBIX 00pa3loB HE HACTYNMWIA, CBHIACTENbCTBYS
0 TMHAMHYECKOH HEYCTOMYMBOCTH M Pa3KIKEHUH 00-
Pa3LOB [IPU yKa3aHHBIX YaCTOTaX.

[Tonyuyennsie kpaiiHe Hu3kue 3HadeHus K 00-
YCIIOBJICHBI BBICOKOH YyBCTBHUTEIBHOCTHIO 0Opa3IOB
K BUOpalMOHHBIM BO3JCHCTBHSM, MOJICKALICH yUETy
IpU TPOEKTHPOBAHUU COOPYKEHHUH Ha CBaHBIX (yH-
JaMeHTax. Bo3MOXKHO M3MEHEHHE CXEMBI PabOTHI PO-
CTBEpKa (IIepexoj] OT HU3KOTO POCTBEPKA K BHICOKOMY)
BCJIEZICTBHE JIOTIONIHUTENBHBIX 0CaJ 0K I'PYHTOBBIX CIIO-
€B B MEXCBallHOM IIPOCTPAHCTBE.

3Hauenne  Mmoxayined  oOmeidt  medopmarnyn
MO pe3yibTaTaM JIeBHAaTOPHOTO HArpy)KeHHs AJIs pac-
CMOTPEHHBIX 00pa3loB MEHAETCA B mpepenax £ .- =
=1332xllau E__=34826 lla.

B mccrienoBanmny npoBeieH pacuyeT CBaliHOTO (yH-
JlaMEHTa METOZOM IocioitHoro cymmupoBanus u B [1K
SCAD.

Pacuer Hecymieil crioCOOHOCTH CBail BBITIOJIHEH
cormacio CIT 24.13330.2011 «Cnaiinble QyHIaMeH-
TbD». C y4eToM KOHCTPYKTHBHBIX OT'DaHWYEHHH IpH-
HSATO cBaifHoe roje n3 18 OypoHaOMBHBIX CBaill Jrame-
TpoM 820 MM u myrHOHN 21 M. CBan KeCTKO 3aJIeTaHbl
B (D)yHIaMEHTHYIO TUIUTY.

B coorBerctBun co CHull 2.02.05-87 «DyHnna-
MEHTBl MalllMH C JTUHAMHYECKUMHU Harpy3Kamu» QyH-
JAMEHTHBIE KOHCTPYKIMH HIDKE BHOpPOM30ISITOPOB
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paccUnTHIBAIOTCS 10 OOBIYHBIM HOpPMaM Ha cTaTuye-
CKHE Harpy3KH.

HwxHue xoHIBI cBall (hyHIIaMEHTOB TypOoarpera-
TOB ONHUPAIOTCS HA DIMHBI TBEpabIE ¢ L, = —0,18, Mo-
nynb pedopmarmn £ = 30 MITa.

JlnuHa cBau B TpyHTE cocTaBisieT 21 M, COOCTBEH-
upii Bec G, = 300 kH. Onnnovnas cas B coctase QyH-
JAMEHTa PACCUUTHIBACTCS MO0 HECYIIEH CHOCOOHOCTH
rpyHTa ucxoms u3 ycnosus (7.2) nuz CIT124.13330.2011:

Yo+ F,

N< ,
Yn+Yk

)
rae N — pacueTHas Harpyska, repeaaBaeMasi Ha CBao;
Y, = 1,15 — xooppuumnent ycnoeuii paboTsl Ipu Ky-
CTOBOM DAacCIOJIOKEHUU CBaii; F, — pacueTHas Hecy-
1Iast CocoOHOCTh TPYHTa OCHOBaHusA cBaM; ¥, = 1,1 —
KOO(QPUITMEHT HAJESKHOCTH 10 OTBETCTBEHHOCTH;
Y, = 1,4 — K02 QUIMEHT HAEKHOCTH 1O TPYHTY IS
cilydasl OIpE/ENEHHs Hecyled CIIOCOOHOCTH CBan
pacyeToM.

B cootserctBum ¢ CII 24.13330.2021 «Csaiinbie
(dbyHIaMEHTB), HeCyIasi CIioCOOHOCTh OypoHaOMBHON
cBau ompezaeisercst no 3aBucumoctu (popmyna 7.11
n3 T'OCT 12248.4-2020 «I'pynTsl. OnpeneneHue xa-
PaKTepUCTHK 1e(hOPMUPYEMOCTH METOJIOM KOMIIPECCH-
OHHOTO COKATHSI»):

Fy=y (R Aty uy f h), 4)
rae v, = 1,0 — koo puuuent paboTel cBau B IPYHTE;
A — ToTniepeyHoe ceueHHe CBaw; Yy — KO PUITHEHT
YCJIOBUI pabOTBI IPYHTA IO/ HI’KHUM KOHIIOM H 110 60-
KOBOW TIOBEPXHOCTH CBaW; i — HAPYKHBIH MEPUMETP
TIOTEPEYHOTO CEYEHUs CBaW; f, h, — pacyeTHoe Co-
MIPOTUBIICHHE W TOJIIMHA i-TO CJIOSl TPyHTa Ha OOKO-
BOW TIOBEPXHOCTH CBaW (pacyeTHBIC COIPOTHUBICHUS
npuHnMarotrea mo tabn. 7.8 n3 'OCT 12248.4-2020
«I['pynTsl. Ompezenenue XxapakTepucTuk aedopmupye-
MOCTH METOJIOM KOMITIPECCHOHHOTO CKaTHsI»).

O1leHKa CTaTHYECKON KECTKOCTU CBAaM MPOBOJIUT-
cst Ha ocHoBanuu CIT 24.13330.2021 «Cgaitabie QyH-
naMeHTel». OneHKa JaHa AJsl ClydaeB HaUMEHBILIETO
(1900 mm) u naubGombiiero (6200 mMm) paccTosHHNA
MEXXY CBasIMH B COCTABE CBAfHOTO IOJISL.

ITockonbKy craTndeckasl TOPH30HTAIbHAs JKECT-
KOCTh CBalHOIO OCHOBaHHsSI M TIPYHTa 110 OOKOBBIM
MIOBEPXHOCTSAM (PyHIAMEHTAa HE3HAYUTEIHHO BIIUSET
Ha pe3ynbTaT PacueToB, a HArpy3KU Ha IUIUTY B OCHOB-
HOM BEpTHKaJIbHbIE, 3HAUCHHE TOPU30HTAIILHOMN KecT-
KOCTH TPHHATO paBHBIM 0,5 OT 3Ha4YeHHs BEPTHKAIb-
HOM JKECTKOCTH.

I'eneparopnasi 4acTb (yHJaMeHTa CYIIECTBEHHO
TsDKeTIee TYpOMHHOM (OSTOHHBIN TTOCTAMEHT II0]] TeHe-
paTropoM M BeC reHeparopa MpPEeBBIIAIT BEC TYPOHHBI
U pacronaraloTcs Ha MPOTHBOIOJIOKHOM KOHIIE OT Te-
HepaTopa auddysopa).

[TytemM BapHaHTHBIX pPacyeTOB OINpeJeNieHa OIl-
TUMaJbHas paccrtaHoBka 18 cmail (puc. 5). Llentp -
JKECTH IJIaHa CBall HaXOAWTCS Ha pacctosHuH 11,1 M
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OT KOHIIa (DYHJAMEHTHOM IUIUTHI mojBana. LleHTp Ts-

JKECTU NOCTOSHHBIX HArpy30K IO MOACIN — COOTBCT-

ctBerHo Ha 11,07 m. Dkcienrpucuret e = 0,03/24,7 =

=0,001 (0,1 %). YcrnoBue orpaHUYECHUS IKCIICHTPUCHTE-

ta 0,1 <3 % BeImonHEHO (cortacHo padoram [11-18]).

Ha ocHoBe mpoBeeHHBIX UCIBITAHUN U aHAJH-
3a ONbITa MPOEKTUPOBAHUS MPOLUIBIX JIET B KaU€CTBE
BapHaHTa B JAHHOM HCCJIEIOBaHUH OBIJIO IPUHATO pe-
LIeHHE 0 pa3paboTke NpoekTa GyHAAMEHTOB MO TYp-
Ooarperar ¢ KOHCTPYKIHCH, TIPEICTABICHHON IBYMS
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TeNbCTB!
A30BaHN

CTpon
HayKa v o6pa

H.C. HukumuHa, A.E. be3z2pubenbHasi

MaCCHBHBIMHU TUIUTAMH, «COEJANHEHHBIMUY» BUOPOU30-
JSITOPAMH, TaK KaK IPH OTCYTCTBHH BHOPOU3OIISAILIUH
BO3/CHCTBHE AMHAMHYECKHX HArpy30K OT MAaIlIWHBI
MPUBEAET K HEJONYCTUMOMY YPOBHIO IOIIEPEYHBIX
BUOpamnuii arperara M CYIIECTBEHHOMY CHIKCHHUIO
Hecymel CcmocoOHOCTH (DYHIaMEHTOB TJIAaBHOTO
KopIyca.

B pamkax HacTOAIIEro MCCIIETOBAHMS BBIIOIHECH
pacdeT cBaifHOro (pyHIaMEHTa BPYUHYIO METOAOM IIO-
CJIOMHOIO0 CyMMHPOBAHUS IIPU OTCYTCTBUM JIEUCTBHUS
Ha HEro JUHAMHYECKOW Harpyskd (HecyImasl Croco0-
HOCTh BHUCSYMX M OypOBBIX CBaif, CBaif-000J0YeK, 3a-
TMIOJTHSIEMBIX OETOHOM, ONpEe/eTICHUE 0CaIKH KycTa CBal
TIPY HEHTPAIBLHOM CXKATHHU (PACCTOSTHUE MEX/TY CBasIMA
1900, 6200 mm)). [TomydeHHBIC pe3yNbTaTHl YAOBICTBO-
PUTECIILHBIC. CTpOI/ITeHLCTBO M OKCILUTyaTalus JaHHOTO
00BEKTa SIBISIIOTCST O€3011aCHBIMHU.

Hcxonst W3 TOMyYEHHBIX PE3yIbTaTOB HMPUHSATHI
ONTUMAJIbHBIE TEOMETPUUYECKUE XaPAKTEPUCTUKHU CBai-
Horo (yHaaMenTa ¢ ydetoMm neHTpupoBanus (18 Oypo-
HaOWBHBIX CBail IimuHON 21 ™).

B paccmarpuBaemoil 3ajade MMeeTCs MCTOYHUK
TIEPUO/IMYECKUX HArpy30K — TypOoreneparop (Typ-
OmHa + TeHepaTrop) OSJIEKTPUUECKOW Tra30TypOnHON
CTaHIIMU.

B wmccienoBaHny paccMOTPEHO BIMSTHHE HCTOY-
HUKa BHOpalMu Ha TPYHTOBOE OCHOBAaHHE C yYETOM
HaJM4Msl TUKCOTPOIHBIX IPyHTOB. Pu3nueckoe IeMI-
¢upoBanue koneOaHWi, 00ycioBieHHOE 3(dexTom
BSI3KOCTH, YUUTHIBACTCS TIOCPEICTBOM JEMIT(UPOBAHMS
1o Parnero. 3aTyxaHuio BUOpAIHil MOKET TOMOYb U «Te-
OMETPHYECKOE JeMII(UPOBAHNEY, KOTOPOE MPOSIBIISET-
Cs1 BCIIEICTBHE OCECUMMETPHYHOCTH MOJIEIH.

OZIHI/IM U3 BaOXKHEHIIINX npu TMHAMHUYE€CKOM pac-
4yere SIBISETCS MOJEIMPOBAaHWE T'PAHHUI] T'PYHTOBOTO
MaccuBa. BuOpannoHnHble BOIHBI HMEIOT CBOHCTBO OT-
paxarbCs OT TPAHHUIl MOJEIH (YTO B ACHCTBUTEIBHO-
CTH, KOHEYHO, HE MPOUCXOMUT), OITOMY HEOOXOANMO
YIOCTOBEPHUTHCS, YTO MMEET MECTO TIOTJIONIEHUE BOJH,
KOTOpBIE DOCTUrafoT rpaHuil. YToObl n3dexarb 3TOro,
MIPUKJIAJBIBAEM K T'paHHIAM CHElUaJIbHBIE YCIOBUSL.
IIpumep KOppEeKTHOM AMHAMHUYECKOW MOJENM Mpe.-
CTaBJICH Ha pHUC. 6.

B Hamem ciydyae MCTOYHMKAMHU TUHAMHUYECKHX
BO3/ICHCTBHH CITy’KaT TypOWHa M FeHepaTop, yCTaHOB-
JIeHHBIe Ha OeTOHHOH muTe TommuHoi 3,3 M. Typ6u-
Ha pacmnojio’)k€Ha Ha AJOIOJIHUTEJIbHOM BO3BBLIIICHUU
OT OTMETKH oOmmed miuTel Ha 1,7 M. B ocHoBaHuMH
CUMMETPUYHO PpACIIOJIOKEHBI U JKECTKO 3aJIeJIaHbl
B (hyHIZaMEHTHYIO IUINTy. B paccmarpuBaemoii 3aiaue
YUUTBIBAEM, YTO JUHAMHYECKas Harpy3ka HE «IITy-
muTes» AeMidepaMu NMpYyKUHHOTO THIIA, a Mepesa-
€TCsl HeIMOCPEJCTBEHHO uepe3 (yHIaMEHT Ha I'PYHT.
B onmceiBaeMoM HcciieIOBaHUH, HAITPOTHB, yUUTHIBA-
JIOCh, YTO KOHCTPYKIUS TUINTHI OOJIee CIOXKHAS, NMe-
€T BEPXHIOI0 M HIKHIOI YacTH, KOTOpPbIE B3aWMOC-
BsI3aHBI JieMrepaMu NPYXKUHHOTO THIA, Onaromaps
YeMy Ha OCHOBaHHE MEPENAeTCs TONBKO CTaTHYecKas
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Puc. 6. IIpumep quHAMHYECKOTO pacyeTa TeHepaTopa

Ha yIpyroM OCHOBAaHHMHM Ha IUTUTE, ToMuHOM 0,2 M 6e3
cBail Ha TPYHTOBOM MAaCCHUBE, MIPEICTaBIEHHOM TJIMHON
(CIT 22.13330.2016 «OcHOBaHHS 3TaHUI U COOPYKEHUID»)

Harpyska, 3HaueHHe KOTOpOM, B CBOIO ouepejb, TaK-
JK€ BO3pacTaeT M3-3a HaJIM4YMUs MAaCCUBHOM BepXHEH
KOHCTPYKIMH (DYHJAMEHTHOH IUIUTHI IIUPUHON 3 M
1 ¢ OOJBIINM ITPOIICHTOM apMHPOBAHUS HA TSHKEIOM
OeToHe.

B pemraemoii 3amade MpemycMOTpPEHO Mpo-
aHaJIM3MPOBATh HEOOXOJMMOCTh TAaKOW KOHCTPYKIMU
U Ha TpaKTUKe YOeAWThCS B TOM, YTO IIPU 3aTaHHBIX
JVUHAMUYECKHUX Harpys3kax (KOTOpbIE B paccMaTpHBac-
MOM cllyyae He KOMIICHCHUPYIOTCS) 9TO TpedyeTcs Juis
6e3omacHoctr 3manus TOC, ee COOpyKeHUH, PIIOM
CTOAIIUX CTPOCHUHM M HKOHOMMYECKOH LenecooOpas-
HOCTH HCIIOJIBb30BaHUs 00JIee CIOKHOM KOHCTPYKINH,
«DTylnanei» OoJiplne AMHAMUYECKUE HArpy3KH, BbI-
3pIBaeMbIe TypOuHOU U reHepaTtopom TIC.

Be3BanHbIE TypOOTEHEpaTOPOM KOJIeOaHUs mepe-
JaroTcst yepe3 (PyHIaMEHT Ha TPYHTOBBIM MaccuB. DTH
KosleOaHUsT MOJEIHPYeM IOCPEICTBOM pPaBHOMEPHO
pacIpe/ielIeHHOM TapMOHUYECKOH Harpy3KH B COOTBET-
CTBHU C MaCOPTHLBIMU JaHHBIMU MalllMHBI.

JluHaMudecKkue Harpy3kd, BBIIaHHBIE 3aBOLOM-
W3rOTOBUTEIIEM, NIPEACTABICHBI B TAOIHILIE.

Breruuciienne tuHaMUYECKIX Harpys30K IIpu 3KCIUTyaTallunu P Pt

Oi(;i{;zzl;ﬂe Typbuna T'eneparop
£, T 110 25
®, 06/MUH 6608 1500
Q, pan/c 690,8 157,1
M potopa, Kr 7677 27500
P, xH 33,8 27,5

Take y4uTBIBAETCSI BEC CAMOTO TypOOreHeparo-
pa (crarudeckas COCTaBILAIONIAs pacCMaTpUBaeMoil 3a-
Jla4n), IPUHUMAEMBIH U3 MACTIOPTHBIX JAHHBIX HA TYp-
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Goarperar OT 3aBOJa-U3TOTOBUTENSI U MOJEIHPYEMBbIN
TIOCPEICTBOM PaBHOMEPHO paclipeaeIeHHOI Harpy3KH.

I'panuipl MOzIENN pa3MeniaeM Mo BO3MOXKHOCTU
KaK MOJKHO JIQJIbIIIe OT paCCMaTpUBaeMOii 30HbI, YTOOBI
n30eKaTh MCKAXKCHUS BCJICICTBHE BO3MOXHBIX OTpa-
JKCHUU OT TpaHUIl Moneid. Takke YYTCHO NpH JUHA-
MHYECKOM pacdeTre, YTO BOJHA HE OJDKHA IPOXOTUTH
6omee onHoro KoHEewHOTO HMeMenTa (KD) 3a mar mpu-
paleHus] BpeMeHH, OATOMY pa3Mep TaKoro dJIEMEHTa
BBIOMPAETCs CTPOTO U3 yCIOBUSL:

At<L)V, 5)

rjie Af — TpuUpaleHne BPEMERH, C; L, — pasMepHOCTb
K3 cetkm; V' — cKopocTh pacipoCTpaHSHHUS BOJHEBI
B IPYHTE, M/C.

Baxmneiimeld 0COOCHHOCTBIO TPOBEICHHS KOP-
PEKTHOTO pacueTa SIBISIETCS y4eT JIOMOJHUTEIBHBIX
TPaHWYHBIX YCIIOBHUI, BS3KHX T'PAaHMII, KOTOPbIE HEOO-
XOANMO BBOAUTH 10 KPasiM MOJIEIIH, YTOOBI HCKIIIOYHUTD
OTpa)KeHHE BHUOPAIIMOHHBIX BOJH. DTO CBOMCTBO «BSI3-
KHE TPaHHIIbI» YU4TeHO B roapassene Dynamics (auHa-
Mugeckas mozens) moaenu PLAXIS 3D.

Pacuer ¢ ywerom neMndupoBaHHS IIPOBEICH
o Panero. [lpunsat Bo BHUMaHHE 3(eKT aemmdupo-
BaHUs KojeOaHWi B Marepuaie. Pacuernas cxema mpu
CTaTU4YECKOM Harpy>kKeHWH I0Ka3aHa Ha pHC. 7, COOTBET-
CTBYIOIINE H30MONS BEPTUKAIBHBIX ITEPEMEILCHUH —
Ha puc. 8, TO JKEe IPU JAUHAMHYECKOM Harpyxe-
HUU — Ha puc. 9.

~

PE3YJIBTATBI HCCJIEJOBAHNA

IIpoBeneHo cpaBHEHHE pacyeTa 10 MOJEIHU «arpe-
rar — OnopHasi TUIMTa — CBaiHOe OCHOBaHHE» (IMHAMU-
YECKHUH pacyeT ONOPHOM IINTHI U CTATUYECKUN pacueT
CBAfHOTO OCHOBAHMSA) C PACUETOM II0 MOJEINH «arpe-
rar — CBaiHOE OCHOBaHUE» (IMHAMUYCCKUH U CTaTH4e-
CKHUI1 pacueThl CBAifHOTO OCHOBAHUS).

PacueTsl IPOJEMOHCTPUPOBAIIHN, YTO HA HUKHIOIO
IUINTY KOHCTPYKIIMM M Ha OTOJIOBKH CBaii ypOBEHb
BHOparu MHOTOKpaTHO (B 40 pa3) MeHbIE ypOBHA
2 MM/c, TIpH KOTOPOM TpeOyeTcsl yUUTHIBAaTh CHIKEHHE
HeCylIlel ClIOCOOHOCTH OCHOBAaHUS Kak caMoro QyH/a-
MEHTa, TaK U COCETHUX K HEMY.

B nienom pacueTsl mokasanm, 4To CTaTHIECKUE Je-
¢dopmanuu (ocanku, TPOTUOBI, KPeHBI) (GYHIAMEHTOB
JIBYX TIOJBEPTHYTBHIX COMOCTABICHUIO KOHCTPYKIUH
YIOBJICTBOPSIIOT HOPMAaTHBHBIM TPEOOBAHUSM U TPeOo-
BaHUAM M3TOTOBUTENEH TypOoarperara.

Jl1st Mozienu «arperar — OIopHasi IJITa — CBaiiHOE
OCHOBaHHE» MaKCHMaJIbHBIH YPOBEHb BHOPOCKOPOCTEH
Ha paboueil yacToTe B 30HE YCTAaHOBKH TypOoarperara
cocrasisier 0,59 mMm/c. HopmaruBHOE orpaHuyeHue,
YCTaHOBJIGHHOE 3aBojioM-u3rotoBureneM (1 wmwm/c),
HE IpeBBILIEHO. B cilyyae Moznenu «arperar — cBaiiHOE
OCHOBAaHHE» «3aTyXaHHE» KoleOaHWH HE MPOWCXOMUT,
YTO MOXKET HETaTUBHO IMOBIMATH KaKk Ha (yHJIaMEHT,
TaK U Ha OKPY’KaIOIIyI0 3aCTPOHKY.

Puc. 7. O0wuii BUJ pacueTHOI CXeMbl Ha Tare MPUIOKEHHs CTATHYECKUX HArpy30K

53

(2G) Z HORUIAY ‘Pl WOJ oy oere et e



nayTIOMTORLETES: T 14, BbINYCK 2 (52)

H.C. HukumuHa, A.E. be3z2pubenbHasi

[¥10° m]
0,50
0,00
-0,50
-1,00
-1,50
1 2,00
-2,50
-3,00
-3,50
—4,00
—4,50
-5,00
-5,50
—-6,00
-6,50
=7,00
-7,50
-8,00
-8,50
-9,00
-9,50
-10,00

Total displacements u_ (scaled up 500 times)
Maximum value = 0,1480*10* m (Element 38878 at Node 124767)
Minimum value =-9,658%10~ m (Element 539 at Node 76370)

Puc. 8. MU3zonomns BCPTUKAJIIBHBIX HepeMCH_[CHI/II‘/'I Ha 3Tale NpUJIOKECHUS CTATUYECKUX HAIrPy30K

[*10° m]
0,11
0,10
0,09
0,08
0,07
0,06
0,05
0,04
0,03
0,02
0,01
0,00
0,01
0,02
0,03
0,04
0,05
0,06

Total displacements u_(scaled up 50,0%10° times)
Maximum value = 0,1065*10° m (Element 14139 at Node 70434)
Minimum value = -0,05114*10 m (Element 40434 at Node 110755)

Puc. 9. U3zonomns BCPTHUKAJIBHBIX HepeMeHICHI/II\/'I Ha 3Talle NpuIoKCHUSA TUHAMWYCCKUX HAarpy3ok
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3AKJIIOYEHHUE U OBCYXIAEHHUE

B pesymnbrare mccnemoBaHUS YCTAaHOBJICHO, YTO
HEOOXOIMMO HCIOJB30BAHUE NEMII(PEPOB U CIOKHOM
KOHCTPYKITHH, COCTOSAIICH W3 IUIUTHI C KECTKO 3aje-
JAHHBIMH CBasMHU U IUTUTOH, Ha KOTOPYIO OMHPAIOTCS
MAalIWHBbI. BBI/I}Iy CJIIOXKHBIX T'COJIOTMYCCKHUX yCJ'IOBI/II\/’I
(HaMIMYMe TPYHTOB C THUKCOTPOTIHBIMHU CBOMCTBAMHU
U OOBOJHCHHBIX TPYHTOB, IIyOOKOE 3aJICTaHUE «OTie-
pabebHBIX» CIIOEB, PACIOIOKEHUE (YHIAMCHTa Typ-
Ooarperara BHYTpPH IJIABHOTO KOpIyca, TAC TaKXKe
MPeyCMaTPUBAIOTCS APYTHE MACCHBHEIC (DyHIAMCHTBI
Moy 000pyIOBaHNE, TaKue KaK (yHAaMEHTHI MO KOT-
JIBI-YTHJIN3ATOPBI, HAJMYHE CIIOKHOW KOHCTPYKIHH
IJIABHOTO KOpITyca C HECKOJBKHMH TIepPEIBUKHBIMH
KpaHaM¥ OOJIBIIION TPY30MOABEMHOCTH), & TAKXKE YUH-
TBIBasI, YTO CTAHIIUS pacroyiaractcs B 1eHTpe . CaHKT-

[erepOypra, HEOOXOANMO MPENOTBPATUTH JUHAMHUYE-
CKOE€ M CTaTH4eCKOE BIMAHUE KAaK Ha CYIIECTBYIOIIYIO
3aCTPOMKY, TaK M Ha INIABHBII KOPIIYC CO BCEMU BCIIO-
MOTaTeNbHBIMU 31aHUAMHU U coopyxkeHussMu TOC.

VYUuTHIBask CTOMMOCTb U 00BEMBI CPaBHHBACMBIX
(yHIaMEHTOB, CJieNaH BbIBOJ, YTO aJIbTepPHATUBHAsS
KOHCTPYKIIMSI HAMHOTO JIEIIeBJIE, HO, COOTHOCA BCE
PHCKH, CIEIyeT OTAATh MPEINOYTEHNUE BAPUAHTYy KOH-
CTPYKLIMHU, COCTOSLIEH U3 BEpXHEH U HUXKHEW MacCHB-
HBIX TUIUT, COCAMHEHHBIX» JIeMIT(pepamH.

CrnenoBaTenbHO, COBMEILICHNUE B OJHY KOHCTPYK-
LU0 HIDKHEH W BEpXHEH MINT B O0JIee MOHATHYIO KOH-
CTPYKIIHIO (B MMPOBEICHHOM HCCIIEIOBAHUH 3TO CBAHHO-
IUINTHOE OCHOBAaHME) M TOJIHBIH OTKa3 OT YCTaHOBKH
BHOPOU3OJIATOPOB HELEIECO00pa3sHO M ONAcHO JuIs
paccMaTrpuBaeMoil KOHCTPYKIUH.
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INTRODUCTION

Thermal power plants (TPP) in the Russian Fed-
eration are the leading energy generating complexes
compared to other complexes of the energy industry:
according to Rosstat data for 2022' the Unified Energy
System (UES) of Russia includes 69 % of energy gener-
ated by them.

TPP are widespread in urban areas, where, howev-
er, there is often a lack of variability in construction site
selection, resulting in geological conditions that are not
the most favourable and convenient for the operation
of heavy equipment with specific loads. An example
is the construction of additional power units of the gas
turbine power plant PP-1 of the Central CHP in St. Pe-
tersburg?, which is known for its weak clay soils’ [1].

In the process of engineering-geological surveys,
bulk soils and marshy sands, coarse and dusty sands, as
well as flow-plastic loams prone to thixotropic proper-
ties under dynamic loads, without which the operation
of any CHP turbine unit is inconceivable.

In this connection, in order to find ways to im-
prove the foundation of the mentioned TPP developed
in the design documentation, an attempt to numerical-
ly assess the dynamic impact on its pile foundation un-
der the turbine unit in soils prone to thixotropy proper-
ties, taking into account dynamic and static loads, was
made.

! Electricity generation in Russia in 2022 increased by 0.6 %.
URL.: https://tass.ru/ekonomika/16939991

2PP-1. Central CHP. Construction of thermal gas turbine
power plant, ECM. URL: https://ecm.ru/projects/2016/6225/

3 Geology of St. Petersburg, Environmental Portal of St. Pe-
tersburg. URL: https://m.infoeco.ru/okruzhaushaya-sreda/
nedra
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MATERIALS AND METHODS

The analysis of engineering and geological con-
ditions of the construction site, data from design and
working documentation on architectural and structural
solutions, foundation calculations in SCAD software
package (PC), and the project of the facility construc-
tion organization was carried out. In PLAXIS* PC
the corresponding model was built taking into account
the dynamic effects of the turbine unit on the founda-
tion and ground mass. This made it possible to perform
a comparative analysis of design solutions and formu-
late reasonable conclusions confirming the necessity to
take into account the dynamic impact when designing
foundations for equipment and units on soils prone to
thixotropic properties.

The design documentation recommends the op-
tion of pile foundation for the turbine unit (reinforced
concrete piles using the indentation method or bored-
injection piles).

In the difficult engineering and geological con-
ditions of St. Petersburg, for plastic clayey soils, it is
considered to be minimally sufficient to develop an in-
dentation force equal to the bearing capacity of the pile.

Considering the cramped conditions of
the construction site, it was decided to use bored piles
in the study described.

In the presence of weak water-saturated soils,
a clay solution of bentonite clay is provided, which ex-
erts a hydrostatic effect on the walls, providing reliable
bonding of individual layers of soils.

In the case of foundations built on soils prone to
thixotropy properties (complete or partial destruction of
structural bonds under the influence of dynamic loads

4PLAXIS 3D. Three-dimensional geotechnical calculations.
URL: https://www.plaxis.ru/product/plaxis-3d/
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Fig. 1. Schematic diagram of gas turbine unit for electric power plants of Siemens®: / — air intake system; 2 — gas turbine

unit (GTU); 3 — chimney; 4 — gas outlet; 5 — diffuser; 6 — GTU frame; 7 — electric generator; 8§ — transformer; 9 —

control unit

and subsequent self-recovery after a certain period of
time in the absence of other external loads at constant
temperature and humidity), it is decided to give prefer-
ence in the design to complex massive structures that
contribute to the “damping” of dynamic loads, as well
as to use vibration isolators, for example, of the spring
type.

Analysis of the results of scientific and design
studies [2-9] has shown that pile foundations have cer-
tain specifics of operation under dynamic loading on
thixotropic soils: a weakened soil mass with a radius of
5-8 pile diameters is formed around the pile, and vibra-
tion isolators help to mitigate this effect. As any dynam-
ic loading on thixotropic soils is very dangerous, it is
considered advisable to use static indentation methods
or to favour the bored pile technique using clay mortar.

On the basis of variant calculations and taking into
account the experience of designing and operation of
gas turbine turbo units on slab foundations in difficult
ground conditions on the basis of design and working
documentation of foundations of turbine unit SGT-800
of Siemens company for the object “PP-1 Central
CHP construction of thermal gas turbine power plant
(GTU-TPP) in St. Petersburg”, the foundation with
a complex structure consisting of upper and lower slabs
(Fig. 2) was adopted. SGT-800 turbine unit of Sie-
mens company (Fig. 1) was accepted for the analysis
in the study, and the foundation with a complex struc-
ture consisting of upper and lower slabs (Fig. 2) with
spring vibration isolation on a pile base was accepted
for the analysis in the study. The effect of vibration re-
duction is achieved by selecting vibration isolators to

* Siemens (Siemens) gas turbine power plants — installations —
power plants from Germany. URL: https://manbw.ru/anali-
tycs/siemens.html

ensure optimal vibration and deformation characteris-
tics of the foundation. The presence of vibration iso-
lators makes it possible to regulate the height position
of the system “turbine unit — foundation”, as well as
almost completely eliminates the transmission of vibra-
tions to the ground (pile) base and adjacent building
structures, including existing buildings.

The presence of soils with thixotropic properties,
low-frequency (25 Hz) excitation with a wide propaga-
tion zone, large loads from heavy generator rotors and
slow-speed gearbox shaft lead to a significant reduction
in the horizontal stiffness of the pile foundation under
dynamic impact. In the absence of vibration isolation it
will lead to inadmissible level of transverse vibrations
of the unit and to essential reduction of bearing capacity
of foundations of the main building (engine room) and
neighbouring buildings. At the same time GTU them-
selves can mutually influence each other.

The adopted structure of the upper structure is
a slab foundation made of monolithic reinforced con-
crete on vibration isolators manufactured by GERB
(see Fig. 2). Loads from the equipment and the sup-
port platform are transferred to the lower slab through
a system of 20 vibration-isolating spring elements (6
of which are spring-damped). The vibration isolators
are supported on 10 vertical pedestals with a height of
about 50 cm and cross-sections of 50 x 200 cm.

The mass of the sprung reinforced concrete struc-
ture is 1,430 tonnes.

The slab has a thickness of 3.0 m (excluding
the pedestals for the generator and for the starting mo-
tor), in the area of installation of auxiliary equipment
cabinets there is a step-down of 0.9 m in the slab.
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a

Fig. 2. Reinforced concrete structure of the upper (a) and lower (b) foundation slabs [10]

The basement part is a box open at the top and
on one of the sides with a 1 m thick bottom slab and
0.4 m thick retaining walls. The slab has pedestals
0.44 x 2.0 m high and 0.5 m thick for vibration isola-
tors (Fig. 2, D).

The construction site under consideration is lo-
cated in a seismically quiet area, but weak shocks were
recorded in different years (3—4 points). The seismic
activity of the area, according to CP 14.13330.2011, is
5 points.

Fig. 3. Well plan
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The following wells are located at the site of con-
struction of two gas turbine units: the first GTU — well
46, the second — well 35 (Fig. 3, 4).

The relative mark +0.000 corresponds to the abso-
Iute mark +7.500 in the Baltic Height System.

The construction site revealed sandy loam with
thixotropic properties, represented by very soft plastic
loams with interlayers of soft plastic, light and heavy
dusty, banded and layered, thixotropic, brownish grey,
with interlayers of dusty sands saturated with water.




Foundation of the turbine unit of a thermal power plant on a construction site made of thixotropic soils

P. 45-65

6.0 % 1
o X 2
S e 2}
40 4 F | 32 LBREL -
5 = " g s
: e i e E :
% < 2 B
20 Ao e Im IV a8
" FRERES s et o R o
:?:& % R ;
: 3% S
0.0 &
‘s
Lr 4 g
£y £ £y ’//
3 LOPLD 14 IALINSL N7,
2.0 L /"'///"'/ ol ’,"///,’fll,’/.r
~ sl o N lr,, 507,77 {
7 LTIV Nep il R,
s ‘s - ’ 6y, 0, ol i, /s
s, ‘s ‘s ‘s g ‘s 4 s Ly ‘s v
£z 7 £z 7 ‘s 7z s /g PrEd Ly /s Y
i ey y 7, o y s ’ Ly ‘s s i
4.0 " K ‘e Pl / 7 / e 77 4 4 o Lz ‘r ’r )
—4 4 s 4 ‘s =3 L4 s ‘s ‘r ‘r | e ‘r 7
”, //, /// /,, /// /,, # L I// £ .‘,/ £ \r s /// /.’/ //,
P N PN TIIML TN I INT I T 1K I ML INETINEL
” # I # # s I s F g s
‘s P s, 87, v 0l / . k. Z s 7| /. /s I s
s, ‘7 4 4 ’y L4 L4 L s L4 d ‘r ‘r 2
¢ s s s r y s s r ra s Loy
7] PPN IINETINETINLIINLTY U TP PNV P LIl F
-6.0 ‘s ‘s ‘s ‘s ‘r /| ‘ ‘s ‘s 21,57 s
-+ 7 | 7 7 7 7 ’ o 7’ 7 ’ ’
’ ’ ’ ’ ’ ’ 7 / / ’
’ ’s o s ) ' 'y 'y 7 / ’
sy '/,,”f,‘,’11,/’//,/"'/,/"'/(/ .,/’ /,/’/
’ L 2L S IVML PV P IML I VML /
-8.0 L /
-10.0 L
%
-12.0 %
-14.0 X 109
g III
-16.0 L
Y
111y ——
-18.0 L — YA
L J
11’2 I-:'t{
-20.0 4
e
T -
220 | E
g-
£
=240 4 V2 ktl Ve kt
1 || Py L
g 2]
B
-26.0 _} :
=
=
2.
-28.0 4 T
2060
MocuToss !
ropus, 1200
sepT. 1100
HoMep crBOXWMHE || cHB.45T.c.8.45
OtmeTko ycTen, M 640 6.40
TOAHME, M JEE]
T XOAKN 13

Fig. 4. Geological section of the GTU-1 basement

Five specimens of these soils were taken, hereinafter

referred to as Nos. 7-11.

To account for vibration creep of soils, an addi-
tive coefficient K , which reduces the value of static
modulus of total deformation (quasi-static approach),

was used:

K, =Ag [(Ag + Asg), (1)

where Ag_and Aag are strain increments from static and
dynamic loading in a given stress range.

The modulus of deformation of the soil taking
into account the vibration creep deformation was deter-
mined by the formula:
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Evc = Ez’ - er’ (2)

where £ =oc_-B/(e, +¢,); E,= (0 /e)— B; E,— modu-
lus of deformation based on static test results; f = 0.8
for sandy soils.

The consolidation and deviatoric loading stages
were performed according to the consolidated-drained
scheme, the vibration loading stage — according to
the consolidated-undrained scheme. As a result of
the tests, the values of deformations at different loading
schemes were obtained.

Static-dynamic triaxial tests of clayey soils have
shown that the studied soils under the influence of static
and dynamic loads exhibit vibration creep properties
and have vibration creep coefficients at deviatoric load-
ing amplitude up to 30 kPa.

Average values vaw = 0.40, me20 = 0.35 are
used in calculations of reduction of deformation char-
acteristics of soil under dynamic impact in accordance
with clause 6.13.4 of CP 22.13330.2011 “Foundations
of Buildings and Structures”.

In addition, the design takes into account that sta-
bilization of vertical displacements for clay specimens
did not occur under vibration loads at frequencies from
50 Hz, indicating dynamic instability and liquefaction
of the specimens at these frequencies.

The obtained extremely low values of K are due
to the high sensitivity of the specimens to vibration ef-
fects to be taken into account when designing structures
on pile foundations. It is possible to change the working
pattern of the pile foundation (transition from low to
high pile foundation) due to additional settlements of
soil layers in the inter-pile space.

The value of total strain moduli from the results of
deviatoric loading for the considered specimens varies
intherange £ . =1,332kPaand £ = 34.826 kPa.

In the study, the pile foundation was calculated by
layer-by-layer summation method and in the PC SCAD.

Calculation of pile bearing capacity is performed
according to CP 24.13330.2011 “Pile Foundations”.
Taking into account the design constraints, a pile field of
18 bored piles with a diameter of 820 mm and a length
of 21 m was adopted. The piles are rigidly embedded in
the foundation slab.

In accordance with SNiP 2.02.05-87 “Founda-
tions of machines with dynamic loads”, the foundation
structures below the vibration isolators are calculated
according to the usual norms for static loads.

The lower ends of the turbine unit foundation piles
are supported on hard clays with L, = —0.18, deforma-
tion modulus £ = 30 MPa.

The length of the pile in the ground is 21 m, dead
weight G, = 300 kN. A single pile as part of the foun-
dation is calculated for the bearing capacity of the soil
based on condition (7.2) from CP 24.13330.2011:
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<o tfa 3)
'Yn+'Yk
where N — design load transferred to the pile;

Y, = 1.15 — coefficient of working conditions in case
of pile arrangement; F, — design bearing capacity of
the soil of the pile base; y, = 1.1 — reliability factor
for responsibility; y, = 1.4 — reliability factor for soil
in case of determining the bearing capacity of the pile
by calculation.

According to CP 24.13330.2021 “Pile founda-
tions”, the bearing capacity of a bored pile is deter-
mined according to the dependence (formula 7.11 from
GOST 12248.4-2020 “Soils. Determination of deform-
ability characteristics by compression method”):

Fy=y,-(R-A+y, -uY f,-h), (4)

where vy, = 1.0 — coefficient of pile operation in soil;
A — cross-section of the pile; v, — coefficient of soil
working conditions under the bottom end and on the lat-
eral surface of the pile; u — outer perimeter of the pile
cross-section; f, i — design resistance and thickness
of the i-th layer of soil on the lateral surface of the pile
(design resistances are taken from Table 7.8 of GOST
12248.4-2020 “Soils. Determination of deformability
characteristics by compression method”).

The static stiffness of the pile is assessed on the ba-
sis of CP 24.13330.2021 “Pile foundations”. The assess-
ment is given for the cases of the smallest (1,900 mm)
and the largest (6,200 mm) pile spacing within the pile
field.

Since the static horizontal stiffness of the pile foun-
dation and the soil on the lateral surfaces of the founda-
tion has an insignificant effect on the calculation result,
and the loads on the slab are mainly vertical, the val-
ue of the horizontal stiffness is assumed to be 0.5 of
the vertical stiffness value.

The generator portion of the foundation is sig-
nificantly heavier than the turbine portion (the concrete
pedestal under the generator and the weight of the gen-
erator exceeds the weight of the turbine and is located at
the opposite end from the diffuser generator).

The optimal arrangement of 18 piles was deter-
mined by variant calculations (Fig. 5). The centre of
gravity of the pile plan is at a distance of 11.1 m from
the end of the basement foundation slab. The centre of
gravity of the permanent model loads is at 11.07 m, re-
spectively. Eccentricity e = 0.03/24.7 = 0.001 (0.1 %).
The condition of eccentricity limitation 0.1 < 3 % is
fulfilled (according to [11-18]).

Based on the conducted tests and analysis of de-
sign experience of the past years, as an option in this
study it was decided to develop the design of founda-
tions for the turbine unit with a structure represented by
two massive slabs “connected” by vibration isolators,
since in the absence of vibration isolation the impact of
dynamic loads from the machine will lead to an unac-
ceptable level of transverse vibrations of the unit and
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Fig. 5. Pile field plan of GTU-1

a significant reduction in the load-bearing capacity of
the foundations of the main body.

Within the framework of the present study, the pile
foundation was calculated manually by layer-by-layer
summation method in the absence of dynamic loading

(bearing capacity of hanging and bored piles, pile-shells
filled with concrete, determination of pile cluster settle-
ment under central compression (distance between piles
1,900, 6,200 mm)). The results obtained are satisfactory.
The construction and operation of this facility is safe.
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Based on the results obtained, the optimum geomet-
ric characteristics of the pile foundation with regard to
centering (18 bored piles of 21 m length) were adopted.

In the considered problem, there is a source of pe-
riodic loads — a turbogenerator (turbine + generator) of
an electric gas turbine station.

The study considers the effect of a vibration source
on a soil subgrade, taking into account the presence of
thixotropic soils. Physical damping of vibrations due to
viscous effects is accounted for by Rayleigh damping.
Vibration damping can also be assisted by “geometric
damping”, which is due to the axisymmetric nature of
the model.

One of the most important aspects of dynam-
ic calculation is the modelling of the boundaries of
the soil mass. Vibration waves tend to be reflected from
the boundaries of the model (which, of course, does not
happen in reality), so it is necessary to make sure that
there is absorption of the waves that reach the bound-
aries. To avoid this, we apply special conditions to
the boundaries. An example of a correct dynamic model
is shown in Fig. 6.

Fig. 6. Example of dynamic calculation of a generator on
an elastic base on a 0.2 m thick slab without piles on a soil
mass represented by clay (CP 22.13330.2016 “Foundations
of Buildings and Structures’)

In our case, the sources of dynamic impacts are
the turbine and generator mounted on a 3.3 m thick
concrete slab. The turbine is located at an additional
elevation of 1.7 m from the general slab level. The tur-
bines are symmetrically located at the base and rigidly
embedded in the foundation slab. In the task under con-
sideration, we take into account that the dynamic load
is not “damped” by spring-type dampers, but is trans-
mitted directly through the foundation to the ground. In
the described study, on the contrary, it was taken into
account that the slab structure is more complex, with
upper and lower parts, which are interconnected by
spring-type dampers, due to which only the static load
is transmitted to the foundation, the value of which, in
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turn, also increases due to the presence of a massive up-
per structure of the foundation slab, 3 m wide and with
a high percentage of reinforcement on heavy concrete.

The problem to be solved is to analyze the necessi-
ty of such a structure and to verify in practice that under
given dynamic loads (which in the case under consid-
eration are not compensated) it is required for the safety
of the TPP building, its structures, adjacent structures
and the economic feasibility of using a more complex
structure “silencing” the large dynamic loads caused by
the turbine and generator of the TPP.

The vibrations caused by the turbo-generator are
transmitted through the foundation to the soil mass.
These vibrations are modelled by means of a uniformly
distributed harmonic load according to the machine
data sheet.

The dynamic loads issued by the factory are shown
in the Table below.

Calculation of dynamic operating loads P,

Load designation Turbine Generator
f,Hz 110 25
®, rpm 6,608 1,500
Q, rad/s 690,8 157,1
M rotor, kg 7,677 27,500
P, kN 33,8 27,5

The weight of the turbine-generator itself (static
component of the problem under consideration) is also
taken into account, which is taken from the turbine-
generator nameplate data from the manufacturer and
modelled by means of a uniformly distributed load.

The model boundaries are placed as far as possi-
ble from the considered zone to avoid distortion due
to possible reflections from the model boundaries. It is
also taken into account in the dynamic calculation that
the wave should not pass more than one finite element
(FE) per time increment step, so the size of such an ele-
ment is chosen strictly from the condition:

At<L_ /Y, 5)

where At is the time increment, s; L, is the dimensional-
ity of the grid FE; Vis the wave propagation velocity in
the ground, m/s.

The most important feature of a correct calculation is
to take into account additional boundary conditions, vis-
cous boundaries, which must be introduced at the edges
of the model to exclude reflection of vibration waves.
This property “viscous boundaries” is taken into account
in the Dynamics subsection of the PLAXIS 3D model.

Calculation taking into account damping is car-
ried out according to Rayleigh. The effect of vibration
damping in the material is taken into account. The cal-
culation scheme under static loading is shown in Fig. 7,
the corresponding isopoles of vertical displacements —
in Fig. 8, the same for dynamic loading — in Fig. 9.
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Fig. 7. General view of the design scheme at the stage of static loads application

Total displacements u_ (scaled up 500 times)
Maximum value = 0.1480*10* m (Element 38878 at Node 124767)
Minimum value =-9.658%10~ m (Element 539 at Node 76370)

Fig. 8. Isopoles of vertical displacements at the stage of static loads application
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Fig. 9. Isopoles of vertical displacements at the stage of dynamic loads application

RESEARCH RESULTS

Comparison of the calculation according to
the model “aggregate — baseplate — pile foundation”
(dynamic calculation of the baseplate and static cal-
culation of the pile foundation) with the calculation
according to the model “aggregate — pile foundation”
(dynamic and static calculation of the pile foundation)
has been carried out.

The calculations demonstrated that the vibration
level on the bottom slab of the structure and on the pile
caps is many times (40 times) less than the level of
2 mm/s, at which it is necessary to take into account
the reduction of the bearing capacity of the foundation
itself and the neighbouring foundations.

In general, the calculations showed that the stat-
ic deformations (settlement, deflections, and rolls) of
the foundations of the two compared structures meet
the normative requirements and the requirements of
the turbine unit manufacturers.

For the model “unit — baseplate — pile founda-
tion” the maximum level of vibration velocities at op-
erating frequency in the turbine unit installation area
is 0.59 mm/s. The normative limit set by the manufac-
turer (1 mm/s) is not exceeded. In the case of the model
“unit — pile foundation” there is no “damping” of vibra-
tions, which can negatively affect both the foundation
and the surrounding building.
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CONCLUSION AND DISCUSSION

As a result of the study, it was found that the use of
dampers and a complex structure consisting of a slab with
rigidly embedded piles and a slab on which the machines
rest. Due to the complex geological conditions (the pres-
ence of soils with thixotropic properties and waterlogged
soils, deep occurrence of “operable” layers, the location
of the turbine unit foundation inside the main building,
where other massive foundations for equipment are also
provided, such as foundations for waste heat boilers,
the presence of a complex structure of the main build-
ing with several mobile cranes of large lifting capacity),
and also taking into account that the station is located
in the center of St. Petersburg, it is necessary to prevent
dynamic and static impact both on the existing buildings
and on the main building with all auxiliary buildings
and structures of the thermal power plant. Taking into
account the cost and volumes of the compared founda-
tions, it is concluded that the alternative design is much
cheaper, but, correlating all the risks, one should favour
the design option consisting of upper and lower solid
slabs “connected” by dampers.

Consequently, combining the bottom and top slabs
in one structure into a more comprehensible structure
(in the study conducted, it is a pile-and-slab foundation)
and completely abandoning the installation of vibration
isolators is inappropriate and dangerous for the struc-
ture under consideration.
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AHHOTALMUA

BBepneHue. Llenbto nccnenosaHus siensieTca pa3paboTka MeponpusaTvin Mo NOBLILLEHNIO LieNeBbiX nokasatenen B cdepe
CTpOUTENBLCTBA CMOPTUBHOW MHAPACTPYKTYpbl B Poccuiickon denepauny nyteM COBEPLUEHCTBOBAHWUSI rOCYAAPCTBEHHOIO
PVMHAHCOBOrO KOHTPOMNSA Ha aTane nnaHupoBaHus. [NpeameT vccnefoBaHust — 0OBbEKTbI CMOPTUBHOM MHGPaCTPYKTYpbI
B paMKax peanusauuun rocygapctseHHon nporpammel (I'T1) «Pa3suTre dusmnyeckort KynbTypbl U cnopTa», Takke paccma-
TpuBatoTCH hakTopbl, BIMSAIOLLME Ha pa3B1TUe CNOPTUBHOW cpedbl B Poccunckon degepaunm. MNprBoanTCs OLeHKa CoCTosI-
HMS CMOPTUBHON MHAPaCTPYKTypbl B Poccun B pamkax peanusaumm rocyaapCcTBeHHOW nporpaMmel «Pa3sutue dusnydeckom
KynbTypbl 1 criopTay.

MaTtepuanbl 1 MeTogbl. AHANM3NPYHOTCA Ka4eCTBEHHbIE N KONMMYECTBEHHbIE NoKasaTeny COCTOSHUSA CMOPTUBHOMW UHpa-
CTPYKTYpbl B P®.

Pe3ynkTathl. Viccneaytotcst npobnembl 3agepxku peanusauuy 1, npeanoxeHsl MeponpusTUS MO CHDKEHUIO pycka Cpo-
KOB cAayu 06bEKTOB CMOPTUBHOW MHPPACTPYKTYpbl B PP.

BbiBopbl. [TpoBeaeHHbIi aHanm3 no3BoNun BbISBUTL (hakTopbl, NPEnATCTBYOLWME AOCTKEHWIO LieNeBbiX Mokasatenew
B peanusauuu [T1, chopmynupoBaTb pekomeHAauum, CrnocobCTByOLLME NOBbILLEHUIO 3P DEKTUBHOCTA NPU MITaHMPOBaHUN
N peanu3aumn oO6bEeKTOB CMOPTUBHOW MHAPACTPYKTYpbl. MNpeanoxeHHble pekoMeHAaumn CoaevicTBYIOT MOBbILLEHWIO UC-
nonb30BaHWsA cpeacTB deaepanbHOro biompxkeTa, a Takke HanpasfeHbl Ha co3gaHne APAEKTUBHON CUCTEMbI OCYLLECTBEe-
HMS BHYTPEHHETO rocyAapCTBEHHOIO (PUHAHCOBOIO KOHTpons B P®.
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ABSTRACT

Introduction. The study focuses on the development of measures to improve the target indicators in the field of sports in-
frastructure construction in the Russian Federation by improving the state financial control at the planning stage. The object
of the research is sports infrastructure facilities within the framework of the implementation of the state programme “Develop-
ment of Physical Culture and Sports” (hereinafter — SP), and the factors affecting the development of sports environment in
the Russian Federation are considered. An assessment of the state of sports infrastructure in Russia, within the framework
of the implementation of the state programme “Development of Physical Culture and Sports” is given.

Materials and methods. The study is based on the analysis of qualitative and quantitative indicators of the state of sports
infrastructure in the Russian Federation.

Results. The problems of delays in the implementation of state programmes are highlighted, as well as measures to reduce
the risk of the deadlines for the commissioning of sports infrastructure facilities in the Russian Federation are proposed.
Conclusions. The analysis allowed to identify factors that hinder the achievement of targets in the implementation of state
programmes, as well as well as to formulate recommendations to improve efficiency in the planning and implementation
of sports infrastructure facilities.
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Pa3BuTHE COPTMBHOM MHYPAaCTPyKTypbl B Poccurickorn ®eaepaumm

C. 66-74

BBEJAEHUE

CornmacHo Koncrutynuu, Poccuiickas ®Penepa-
LU SIBJISIETCS] COLMAIBHO OPUEHTUPOBAHHBIM TOCYAAp-
CTBOM, IOJMTHKA KOTOPOTO HaIlpaBlIeHa Ha CO3/1aHHE
YCIIOBHH, 00€CIIeYNBaIOIINX JOCTOHHYIO XHU3Hb U CBO-
0oIHOE pa3BHUTHE YeJIOBEKa. B COOTBETCTBHMU € THM
[Ipesunentom P® mommmcan VYkaz ot 21.07.2020
Ne 474 «O HanmoHanbHBIX LENsAX pa3BuTHs Poccuii-
ckoit dexnepanunu Ha nepuox 10 2030 roxa.

B sToM Vkaze ycTaHOBIIEHBI HALIMOHAJIBHBIE LIEJIH
passutus PO Ha meprox 10 2030 r:

* COXpaHEHHE HACEJICHHS, 3/10POBbE U OIAr0IoNy-
Yue JIIOICH;

* BO3MOYKHOCTH JUJIsl CAMOPEATU3AINU 1 Pa3BUTHUS
TaJIAaHTOB;

* koM(opTHast ¥ Oe30macHas cperia JUisl JKU3HH;

* TOCTOMHBIN, d((QEKTUBHBIA TPYyI M YyCIEIIHOe
MIPEANPUHIMATENILCTBO;

* nudposas TpaHchopmanus’'.

MATEPHUAJIBI U METO/JbI

PaccmoTtpum  Gomee moapoOHO HAITMOHAIBHYIO
nenb «CoxpaHeHHe HAceleHHUs], 3710pOBbe U Oiarorno-
JIy4ue JTIoei», TOCTHKEHNE KOTOPOH ONpeieNIeHo clie-
JYIOIINMH IIeJIEBBIMU TTOKa3aTeIsIMHU:

1) obecniedenne yCTOWYMBOTO POCTA YHCICHHO-
ctu HaceneHus POD;

2) NOBBIIIEHHE OKUAEMOM MPOJOKUTEIIFHOCTH
JKM3HH 10 78 JET;

3) cHwkeHne ypoBHS OemHOCTH B JBa pasa
10 CpaBHEHUIO ¢ nokasarenem 2017 r;

4) yBenMUEHHE AOJM TPaXKAaH, CHCTEMaTHYECKU
3aHAMAIOIINXCS (U3MUECKON KYIBTYpOH M CIIOPTOM,
10 70 %.

B pamkax gocTkeHusl 3a1aHHBIX ToKa3arener de-
JiepajIbHBIC OPTaHbl HCTIOTHUTENBFHOM BIacTH pa3padarsl-
BAIOT U PEAN3YIOT TOCYIapCTBEHHBIE IPOTPaMMBI, KOTO-
pble BHocnencTsun yreepokaaet [Ipasurenscrso PO.

T'ocynapcTBeHHBIE ITPOIpPaMMBbl BKJIFOUYAKOT IIOJ-
MIPOTPaMMBbI, COZEpPIXKAIINE PSI OTACIBHBIX MEPOIPH-
SITUH, HAIPaBJICHHBIX HA MOBBIIICHUE KaueCTBa KU3HH
U 340POBBS HACEIECHUS.

C 2021 . B pamMKax JOCTHXXEHHUS OJHOTO U3 Iie-
JIEBBIX IIOKA3aTeled Ha CeroaHsuHui aeHp B PO pe-
anm3yeTcs TocyJapcTBeHHass mnporpamma «PasBnrme
(u3MUEeCKOi KyJIBTYpBI M CHOPTa», yTBepKAeHHas [1o-
cranosjenueM [pasurenscra ot 30.09.2021 Ne 16612,

! O HanMOHAIBHBIX HENsIX pa3BuTHs Poccuiickoit Menepannm
Ha niepuox 10 2030 roxa : Yka3 [Ipesunenra Poccuiickoii ®De-
neparmu ot 21.07.2020 Ne 474.

200 yTBEpXkICHUH TOCYIapCTBEHHOM TporpaMmbl Poccuii-
ckoii deneparmu «Pa3Butre HU3MIECKOH KyIbTypBI H CIIOP-
Ta» U O MPU3HAHUU YTPATUBIIHMHU CHIYy HEKOTOPBIX aKTOB
1 OTAENBHBIX MONIOKEHNI HEKOTOphIX akToB IIpaBuTenncTBa
Poccuiickoii denepanyn (¢ M3MEHEHUSIMH M JTIOTIOJHECHUS-
Mmu) : [Tocranosnenue IIpaButensctBa Poccuiickoit @enepa-
i ot 30.09.2021 Ne 1661.

Ilenblo yka3aHHOW MporpaMMbl BBICTYHAaeT CO3-
JlaHHe AJIs1 BCEX KaTeropuil U IPyII HACENIEHUs yCIIOo-
BHI IS 3aHATHIA (PU3HUECKOI KYIBTYpOH B MACCOBBIM
CIIOPTOM, B TOM YHCJIE TIOBBIILICHNE YPOBHS 00ECIICUCH-
HOCTH HaceJeHUsi 00bEKTaMH CIIOpTa, a TAKKE MOAro-
TOBKA CIIOPTUBHOTO pe3epBa U POCT KOHKYPEHTOCIIO-
COOHOCTH POCCHICKOTO CIIOpTa Ha MEXKIyHapOJHOU
apeHe.

VuuteiBasg, 4TO OJHMM W3 IPHOPUTETHBIX Ha-
NIpaBJICHUM peanu3aluy 3TOW IPOrpaMMbl SIBISIETCS
JIOBEJICHUE JOJIU TPaxJiaH, PeryaspHO 3aHUMAIOIIUXCS
crioptoM, 110 70 %, B cyObekTax PD aktuBHO BemyTcs
paboTHI 110 CTPOUTEIHCTBY U PEKOHCTPYKIIMH OOBEKTOB
CTIIOPTUBHON MH(PACTPYKTYPHI, a TAKKE IO CO3aHUIO
«YMHBIX» CIIOPTHUBHBIX IUIOIIAJIOK, TPEIHA3HAYCHHBIX
JUIA TIOBBILICHUS JOCTYNHOCTH 3aHATUN CHOPTOM JIs
Hacesenus [ 1, 2].

PE3YJIBTATHBI HCCIEJOBAHMUA

Ha cerognamuuii eHb COBPEMEHHYIO CIOPTUB-
Hyto uHppacTpykrypy P® cocTaBisior pazindHbIe
00bekTel KanmutansHOTO cTpouTenscTBa (OKC) m co-
OpY’KEHHUsI, MpeJHa3HAuUeHHbIE Ul 3aHATHH (u3nde-
CKOM KyJIbTYPOH U CIIOPTOM.

KiroueBbIMU acnieKTaM# 3THX OOBEKTOB CITyXKar
nxX OOWENOCTYNHOCTh M O€3BO3ME3IHBIN XapakTep
MIPEAOCTABICHHS IS IINPOKUX CIIOEB HACEIICHNUSI.

B uncne OCHOBHBIX J€MEHTOB CIIOPTUBHON HH-
(dpacTpyKTyphl CTPaHbl MOKHO BBIACIHUTH:

* CTaJIMOHBI, CIIOPTHBHBIC apeHbl U (PU3KYIBTYp-
HO-03/I0POBHUTEIILHBIE KOMITJIEKCHI;

* y9eOHO-TPECHUPOBOYHBIE  0as3bl,
IITKOJTBI U YUMJTHIIA,;

* IbDKHBIE, OWATIOHHBIE M TOPHOJIBDKHBIE KOM-
TUICKCHI;

* BEJIOJPOMBI, aBTOJIPOMBI, UIIIOAPOMBI U ApYIue
CTIELIATTN3UPOBAHHBIE OOBEKTHI;

* CIIOPTHUBHBIC IUTOMIA/IKK; 3aJbl, MpeAHa3HAuCH-
HBIE KaK JUIsl UHIMBHYaJIbHbIX, TAK 1 MACCOBBIX 3aHsI-
THUI CIIOPTOM.

CTpoHTEeNsCTBO W MOJEPHHU3ANUS TAKOH pPa3BeT-
BJIEHHOW CETU CIIOPTUBHBIX COOPY>KEHUH [TO3BOJISIET Ha-
CEJICHHUIO BHIOMpATh Hamboiee NHTEPECHBIN U TOCTYTI-
HBIH BUJ CIIOPTA, IPU 3TOM CHIDKETCS 3arpyKEHHOCTb
y’KE€ MMEIOIIMXCS CHOPTHUBHBIX OOBEKTOB, BCIIE/ICTBHE
YEro MOBBIIIACTCS BOBICUYCHHOCTh I'PaK/IaH B 3aHATHS
CIIOPTOM, YTO SIBIISICTCS OTHOM M3 TPUOPUTETHBIX 33134
roCyapcTBEHHOH monuTHkH [3-9].

O1leHKa COCTOSIHHSI CHIOPTUBHOM HMH(PACTPyKTy-
psl 3a epuon 2018-2020 rr. npencrasieHa B Tad. 1.

B mepuox 2018-2020 rr. HabmomaeTCsl MOMOXKHU-
TeJbHas AWHAMUKA POCTa KOJIMYECTBA CIIOPTHBHBIX
00BEKTOB, & TAKIKE 3arpyKEHHOCTH OOBEKTOB, B CBS3U
C 4eM MOTPEOHOCTb B YBEJIHMYCHUH OOBEKTOB CIIOPTHB-
HOW MH(PPACTPYKTYPBI YBEJINUYNBAETCS, YTO CBUIETEIb-
CTBYET O 3aMHTEPECOBAaHHOCTH I'PaK/IaH B 3aHATHH (PH-
3U4ECKOI KYJIIBTYPOU U CLIOPTOM.

CIIOPTUBHBIC
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Ta6a. 1. OreHka COCTOSIHYS CIIOPTUBHONW HHPPACTPYKTYPBI

I[Toxazatens 2018 2019 2020
KonuyecTBo CIOPTUBHBIX COOPYKEHUH, €11 334 500 338 700 344700
3arpy’KeHHOCTb CIIOPTHBHBIX COOPYXKEHUH, % 65 67 70
KonmuecTBO BBEGHHBIX B SKCILTYaTAIMIO CIIOPTUBHBIX OOBEKTOB, €1 2100 2300 2400
Jlons HaceneHus1, CHCTEMaTHYEeCKH 3aHUMAIOIIErocst CopToM, % 43,8 45,4 47,2

Tem He MeHee 1oKa3areslb 00eCIIedeHHOCTH CIIOp-
THUBHBIMU COOPYKEHHSIMH II0Ka OTCTaeT OT HOPMaTH-
BOB, a JIOJISI CHCTEMaTHIECKN 3aHUMAFOIINXCS CTIOPTOM
HE JIOCTUTAET IIeJICBOTO 3HAYCHUS [6].

Jliist manbHEHIIEro pa3BUTHs CIOPTUBHOM HH(Dpa-
CTPYKTYpBl M YBEIMYEHUs OXBaTa HACEJICHUS 3aHATH-
SIMU CIIOPTOM HEOOXOAMMO HapalluBaTh TEMIIBI CTPO-
UTEIbCTBA U MOJCPHH3ALMH CIIOPTHBHBIX OOBEKTOB,
a TaKke aKTMBHO IPOIaraHJupoBaTh 310pPOBBII 00pa3
KHU3HU.

JlunaMuka peanu3anMy TOCYIAapCTBEHHOH Tpo-
rpammbl «Pa3Butne (hU3NUECKOM KyJIBTYpBI U COPTa»
3a nepuoy 2021-2022 rogoB npuBeneHa B Tad. 2.

AHamm3 Tabi. 2 TOKa3bIBAaeT, YTO B IEPBBIN O
peanu3anuu rocyaapCcTBEHHOM porpaMmel u3 47 1uia-
HUPOBABIIUXCS K cAa4e 00BEKTOB CIIOPTUBHOM MH(]pa-
CTPYKTYpBI OBUTH pean30BaHbI TOIBKO 37, YTO COCTaB-
nset 78 %.

AHanornyHas cutyanuss orMedeHa B 2022 r:
n3 166 mIaHupyeMbIX K BBOJY OOEKTOB OBIIIM BBEICHBI
108, uto cocraBuio 65 %, ¥ MOKa3bIBACT OTPULATENb-
HBIN pocT Ha 13 % B CpaBHEHHUH C IPEABLILYIIINM T'OJJOM.

[Tokazarenb 00ECIIEUEHHOCTH CIIOPTUBHBIMH CO-
OpYKEHUSMH TTOKa OTCTAeT OT HOPMATHBOB, a J0JIs CH-
CTEMaTUUYECKU 3aHUMAIOIUXCSI CIOPTOM HE TIOCTUIraeT
LIE€JIEBOTO 3HAUECHMS.

OTOT (haKT HEeceT PUCKH CHIKEHHsS dPdexTHB-
HOCTH pEaM3ali TOCYAapCTBEHHOW IPOrpaMMbl
«Pa3BuTne (QuU3MUECKON KyIBTypHI M CHOPTa», a TaK-
K€ OTKJIOHEHHUE OT JJOCTHKEHUSI 1IEJIEBOTO ITOKa3aTels,
onpenenenHoro YkaszoM [Ipesunenta PO ot 21.07.2020
Ne 474 «O HauuoHanBHBIX IENsAX pa3BuTus Poccuii-
ckoit denepaunu Ha nepuoa 10 2030 roxay.

B xome ananmza paccmarpuBaeMoi TpOoOIEeMBbI
ObUTH BBISIBJICHBI OCHOBHBIC ITPUYMHBI, ITTOBIIHSBIINE
Ha OTKJIOHEHHE OT IUIAaHOBBIX ITOKa3aTejel mo Omaro-
YCTPOMCTBY CIIOPTUBHOI HHPPACTPYKTYPHI.

1. B psize cyobektoB PD ycranosneHsl hakThl 3a-
BBIIICHUS] CTOMMOCTH PadOT IO CTPOUTEILCTBY (PEKOH-
CTPYKLIMH, MOJIEpHHU3aLNK) 00BbeKTOB criopra. Kpome
TOTO, BBISIBIIEHA OILIAaTa (h)aKTUUECKH HEBBITIOIHEHHBIX
pabot mo TakuM 00BEKTaM, UTO BIUSAET Ha HECBOECBpE-
MEHHOE 3aBEPIICHNE CTPOUTEIHCTBA OOBEKTOB U BBOJ
HX B 9KCILTyaTalHIo.

2. Ilpu peanuzanuy CTpOUTENHCTBA YaCTh CYObEK-
T0B P® cucremaTnuecku npenrocTaBiasieT HETOCTOBEp-
HYIO OTYETHOCTH O CBOEBPEMEHHOM 3aBEPIICHUHN CTPO-
UTEIbCTBA OOBEKTOB CIIOPTA, YTO CBUACTEIBCTBYET
00 OTCYTCTBHHU KOHTPOJIS CO CTOPOHBI IJTABHOTO PacHo-
psiuTest OIKETHBIX CPEJCTB U UCTIOTHUTEIILHBIX Op-
raHoB BiacTH cyobexToB PD, a Takke 0 HU3KOM ypOBHE
KOHTPOJISL CO CTOPOHBI OPTaHOB BHEIIIHETO U BHYTPEH-

Ta6a. 2. Bemmonurenne nporpaMmel «Pazeutne pusndeckoil KylIbsTypsl U crioptay B PO (unciio 00beKToB)

IInanoBoe | daxTnueckoe
HanmeHoBaHne MEpONPHSTHS
3HAYCHHE 3HAYCHHE
2021 200
CoBeplICHCTBOBAHUE CIIOPTUBHON HHPPACTPYKTYPBI U MaTEpUaIbHO-TEXHHYECKOI 6a3bl
JUTsl 3aHATUI PU3HYIECKOI KYJIBTYPOI 1 MaCCOBBIM CIIOPTOM, B TOM YHCIIE HA TEPPUTOPUH 5 3
JlansHero Bocroka
IocTpoeHs! 1 BBEICHHI B SKCILTYaTAIMIO0 00BEKTHI CIIOPTA PETHOHATBHON (MyHUINIATHHON) 19 1
COOCTBEHHOCTH
IMocTpoeHb! 1 BBE/ICHBI B IKCILTYaTAI[HI0 00BEKTHI CIIOPTa B paMKax peajn3ainu
(benepaabpHO# LeneBoil porpamMmMel «Pa3BuTtie Gpu3nuecKkoil KyJabsTypsl M CIIopTa 3 2
B Poccuiickoit @enepanun Ha 2016-2020 rr»
2022 200
IMocTpoeHbI U BBEICHBI B IKCILTyaTaLHIO (IPUOOPETEeHBI) OOBEKTHI U1l MACCOBOTO CIIOPTa 6 2
ITocTpoeHs! 1 BBEICHEI B SKCILTYaTAIHIO0 00BEKTHI CIIOPTA PeTHOHAIBHON (MyHUIINIIATEHON) 119 69
COOCTBEHHOCTH
CoBeplIeHCTBOBAHHE CIIOPTUBHON HHPPACTPYKTYPBI U MaTepUaIbHO-TEXHUYECKOM 0a3bl st | |
Pa3BUTHS XOKKes
Co3aHbl «yMHBIE)» CIIOPTHBHBIC ILIOMIAIKH 40 36
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HETro TOCY/IapCTBEHHOT0 (PMHAHCOBOTO KOHTPOJIS 32 pe-
aM3anreil roCcyIapCTBEHHOM TPOrpaMMBbl U (peaepatb-
HBIX [IPOSKTOB, BXOMISIIHNX B €¢ COCTaB’.

OpHuM M3 KIIIOUEBBIX MEPONPUATHH Trocyaap-
CTBEHHOM NPOTPaMMBI SBJSIETCA CO3MAHUE «YMHBIX)
CTIOPTHBHBIX TUIOIIA/IOK.

[TonsiTe «yMHOI» CHOPTHBHON IUIOIIAAKU TOM-
pasymeBaeT OOBEKT CHOPTHBHOW WH(PACTPYKTYpBHI,
KOTOPBIH ~ HAJeJIeH BO3MOXKHOCTBIO — TTOJKIIIOUEHHMS
K OecIuraTHON TouKe JoCTyna ceT uHTepHeT. [lomnmo
9TOro, Ha KaXJOM TPEHaXKepe MMEETCs CIeLHaIbHBbIN
QR-KoJ1, ¢ TOMOIIIBIO KOTOPOTO MOYKHO TOJTyYUTh PEKO-
MEHJIalli} 110 TPEHUPOBKE, a TAKXKE Y3HATh HOBBIE CIIO-
COOBI UCIIONIL30BAHHMS CIIOPTHBHOTO MHBEHTAPSL.

JlaHHBIE TIOMIAAKK OBUIM CO3/1aHBI JUIS TOBBI-
LIEHUsI BOBJIEUCHHOCTH TPaKAaH B 3aHSITHS CIIOPTOM
MOCPEJICTBOM BO3MOXXHOCTH IOTPEOUTEIIO MONYyYUTh
KaueCTBEHHYIO TPEHHPOBKY, HE TPEOYIOIIyIO MPUCYT-
CTBHSI IEPCOHAIBHOTO TPEHEPA.

3. Hemnp3s 060iTH CTOPOHOI MTpobIEeMy TTAHUPO-
BaHUS MPU CO3AAHUU U MOHTAXE «YMHBIX» CIIOPTHB-
HBIX IUIOIAJIOK, KOTOPbIe ObUIM CO3JaHbl Ha TEPPUTO-
pusX 001Ie00pa30BaTEIEHBIX YUPEKICHHUH, UTO B CBOIO
o4epeab MCKIIIOYAeT BO3MOXKHOCTH OOIIEIOCTYITHOTO
MOJIb30BaHUS UMHU.

Taknm 00pazom, 3aMeJICHHE TEMIIOB CO3/aHMS
0OBEKTOB, TIO3BOJISIIOLINX HACEIICHHIO PEryJIIPHO 3aHH-
MaTbCsl CIIOPTOM, CHUXKAET JOCTHIKEHHE LIEJEBBIX I10-
Kaszaresei 110 rocyapcTBeHHOM mporpamMme «PasButue
(pU3HUECKON KYJIBTYPBI U CIOPTA».

ITomMumo 3TOrO, BCIEICTBHE HEBO3MOXKHOCTU Op-
TaHW3ALUU HENPEPHIBHOTO TPEHUPOBOYHOTO Mpoliecca
CTIIOPTHBHBIX COOPHBIX KOMAaHI Pa3INYHBIX YPOBHEH
Ha Tepputopun P® Bo3HMKaeT HEOOXOAMMOCTH Opra-
HHU3aIMK TaKoTo Ipoliecca 3a MpeieinaMu TeppUTopun
CTpaHbI U, KaK CIIEACTBHE, K JOMOIHUTEIBHBIM PacXo-
JIaM CPEJICTB U3 OFOIKETHOM cucTeMbl PO.

3 Noknan TenepanbHoii npokyparypsl Poccuiickoit denepa-
uuu. URL: https: //epp.genproc.gov.ru/web/gprf/documents?
item=949754104

SAKJIIOYEHHUE U OBCYXIAEHHUE

AHanmu3upys ykazaHHbIE IIPOOIEMBI, MOXKHO TIpe]I-
JIO)KUTB CJICTYIOIHE ITyTH UX PELICHUSL.

Bo n36esxanue 3aBBIIICHNS] CTOUMOCTH padoT He-
00X0IMMO OpraHM30BaTh MHOTI'OYPOBHEBBIN Ipolecc
cornacoBanusa croumoctu OKC. Ha cerognsumnunit
neHb cornacoBanue cmeT OKC 3a cuer cpencts dene-
paJIbHOTO OIOKETa OCYIIECTBIISIETCS B BUJIE TIOJIOXKH-
TeIbHOTro 3akitoueHus deneparbHOr0 aBTOHOMHOIO
yupexaeHus «[J1aBHoe ynpaBieHue rocyapcTBEeHHON
SKCHEPTU3b), MOJIBEJOMCTBEHHOr0O MUHHUCTEPCTBY
CTPOMTENBCTBA U HKUIMITHO-KOMMYHAJILHOTO XO3SIH-
ctBa P®. IIpu 5TOM B 11essIX OOBEKTHBHOTO M BCECTO-
POHHETO aHaJIU3a CMETHI CIeAyeT HaleIUuTh COOTBET-
CTBYIOIIMMH TIOJIHOMOYHMSIMHA OpPTaHbl BHYTPEHHETO
rOCyAapCTBEHHOTO KOHTPOJI, a TAaK)KE€ PacCMOTPETh
BONPOC NMPUMEHEHMs PACIIUPEHHOTO Ka3HA4eHCKOro
COIIPOBOXK/ICHHSI, KOTOPOE CHU3UT PUCK OIUIATHI (hak-
TUYECKH HEBBIITOJHEHHBIX paboT B X0/ peasn3aliu
OKC.

[lpn HuBenupoBaHMM IpoOJIEM, CBS3aHHBIX
C MpPEIOCTaBIEHUEM HEJOCTOBEPHBIX OTUETHOCTEH,
HEOOXOMMO YCHIIUTh KOHTPOJIb CO CTOPOHBI OPraHOB
rOCYJapCTBEHHOTO (PMHAHCOBOIO KOHTPOJISI HE TOJIBKO
Ha QenepaJbHOM YpPOBHE, HO M HA YPOBHE CyObEKTOB
U MyHHUIMNAIBHBIX 00pa3oBanui [4, 10-20].

[Tpn mianupoBaHMM OOBEKTOB CIOPTUBHOM HWH-
(dpacTpykTypbl TpeOyeTcst yUUTHIBaTh BHELIHUE (HaKTO-
PBI, BIUSIIONIME HA KA9€CTBO MPEI0CTaBIsIEMbIX 001Ie-
CTBEHHBIX Onar.

B 3akitoueHue crienyer NOAYepKHYTh, YTO pellle-
HUE MTPo0IIeM, CBS3aHHBIX C HEJ0CTHIKEHHEM TIIAHOBBIX
TOKazaTenell CTPOUTENhCTBA OOBEKTOB CIIOPTHBHOU
UH(PACTPYKTYpHl, B HACTOSIIIIUI MOMEHT SIBJISIETCS aK-
TyasJbHbIM. KpoMe Toro, npu BBIIOIHEHUH MTOCTaBICH-
HBIX IOOOBEKTHBIX 3a]a4 OyJeT JOCTUI'HYyTa OCHOBHAsI
100anbHast LeJib — MOBBILICHUE MPOLIEHTA TPayK/iaH,
3aHUMAIOIIUXCS CIIOPTOM, 110 70 %.
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INTRODUCTION

According to the Constitution, the Russian Federa-
tion is a socially oriented state whose policy is aimed
at creating conditions ensuring a decent life and free
development of the individual. Accordingly, the Presi-
dent of the Russian Federation signed Decree No. 474
0f21.07.2020 “National development goals of the Rus-
sian Federation for the period up to 2030”.

This Decree establishes the national development
goals of the Russian Federation for the period until
2030:

70

* population conservation, human health and well-
being;

* opportunities for self-realization and talent de-
velopment;

» comfortable and safe living environment;

* decent, efficient labour and successful entrepre-
neurship;

« digital transformation'.

' On the national development goals of the Russian Federa-
tion for the period up to 2030 : Decree of the President of
the Russian Federation dated 07.21.2020 No. 474.
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MATERIALS AND METHODS

Let us take a closer look at the national goal “Pop-
ulation Conservation, Health and Human Well-being”,
the achievement of which is defined by the following
targets:

1) ensuring sustainable growth of the Russian Fed-
eration population;

2) increasing life expectancy to 78 years;

3) halving the poverty rate compared to the 2017
figure;

4) increasing the share of citizens systematically
engaged in physical culture and sports up to 70 %.

Within the framework of achieving the set indi-
cators, federal executive authorities develop and im-
plement state programmes, which are subsequently
approved by the Government of the Russian Federa-
tion.

State programmes include subprogrammes con-
taining a number of individual activities aimed at
improving the quality of life and health of the popu-
lation.

Since 2021, within the framework of achieving
one of the target indicators to date in the Russian Fed-
eration the state programme “Development of Physical
Culture and Sports” approved by the Government De-
cree of 30.09.2021 No. 16612

The aim of this programme is to create condi-
tions for all categories and groups of the population
to engage in physical culture and mass sports, includ-
ing increasing the level of provision of sports facilities
for the population, as well as training a sports reserve
and increasing the competitiveness of Russian sports in
the international arena.

Given that one of the priorities of this programme
is to bring the share of citizens who regularly engage in
sports to 70 %, the constituent entities of the Russian
Federation are actively working on the construction
and reconstruction of sports infrastructure facilities, as
well as on the creation of “smart” sports grounds de-
signed to increase the accessibility of sports activities
for the population [1, 2].

2 On the approval of the state program of the Russian Fed-
eration “Development of physical culture and sports” and on
the invalidation of certain acts and certain provisions of cer-
tain acts of the Government of the Russian Federation (with
amendments and additions) : Decree of the Government of
the Russian Federation dated 30.09.2021 No. 1661.

Table 1. Assessment of the state of sports infrastructure

RESEARCH RESULTS

Today, the modern sports infrastructure of the Rus-
sian Federation consists of various capital construction
facilities (CCF) and facilities designed for physical cul-
ture and sports.

The key aspects of these facilities are their public
accessibility and the gratuitous nature of their provision
to the general public.

The main elements of the country’s sports infra-
structure include:

« stadiums, sports arenas and fitness centres;

* training centres, sports schools and colleges;

« ski, biathlon and alpine skiing centres;

* velodromes, driving ranges, racecourses and
other specialized facilities;

* sports grounds; halls designed for both individu-
al and mass sports activities.

The construction and modernization of such an ex-
tensive network of sports facilities allows the popula-
tion to choose the most interesting and accessible type
of sport, while reducing the workload of existing sports
facilities, thus increasing the involvement of citizens
in sports, which is one of the priorities of public pol-
icy [3-9].

The assessment of the state of sports infrastructure
for the period 2018-2020 is presented in Table 1.

In the period 2018-2020, there is a positive trend
of growth in the number of sports facilities, as well as
the workload of facilities, so the need for an increase in
sports infrastructure facilities is increasing, which in-
dicates the interest of citizens in engaging in physical
culture and sports.

Nevertheless, the indicator of provision with sports
facilities still lags behind the norms, and the share of
systematically engaged in sports does not reach the tar-
get value [6].

In order to further develop sports infrastructure
and increase sports coverage, it is necessary to increase
the pace of construction and modernization of sports
facilities and actively promote a healthy lifestyle. To
further develop sports infrastructure and increase sports
coverage, it is necessary to increase the pace of con-
struction and modernization of sports facilities and ac-
tively promote healthy lifestyles.

The dynamics of implementation of the state pro-
gramme “Development of Physical Culture and Sports”
for the period 2021-2022 is shown in Table 2.

Indicator 2018 2019 2020
Number of sports facilities, units 334,500 338,700 344,700
Utilisation of sports facilities, % 65 67 70
Number of commissioned sports facilities, units 2,100 2,300 2,400
Share of population systematically engaged in sports, % 43.8 454 47.2
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Table 2. Implementation of the programme “Development of Physical Culture and Sports™ in the Russian Federation (number

of facilities)

Name of the event

Target value | Actual value

2021
Improvement of sports infrastructure and material and technical base for physical culture and 5 3
mass sports, including in the Far East
Regional (municipal) sports facilities were built and put into operation 39 32
Sports facilities were built and commissioned as part of the federal target programme 3 )
“Development of Physical Culture and Sports in the Russian Federation for 2016-2020”

2022
Mass sports facilities were built and put into operation (purchased) 6 2
Regional (municipal) sports facilities were built and put into operation 119 69
Improvement of sports infrastructure and material and technical base for hockey | |
development
Smart sports grounds were created 40 36

The analysis of Table 2 shows that in the first year
of the state programme only 37 out of 47 planned sports
infrastructure facilities were completed, which is 78 %.

A similar situation was observed in 2022: out of
166 planned facilities, 108 were commissioned, which
is 65 % and shows a negative growth of 13 % compared
to the previous year.

The indicator of provision with sports facilities
is still lagging behind the norms, and the share of sys-
tematically engaged in sports does not reach the target
value.

This fact carries risks of reducing the effectiveness
of the implementation of the state programme “De-
velopment of Physical Culture and Sports”, as well as
deviation from the achievement of the target indicator
defined by the Decree of the President of the Russian
Federation of 21.07.2020 No. 474 “National develop-
ment goals of the Russian Federation for the period up
to 2030”.

In the course of analyzing the problem under con-
sideration, the main reasons that influenced the devia-
tion from the planned indicators for the improvement of
sports infrastructure were identified.

1. In a number of constituent entities of the Rus-
sian Federation, the facts of overestimation of the cost
of construction (reconstruction, modernization) of
sports facilities have been established. In addition, pay-
ment for work not actually performed on such facilities
has been revealed, which affects the late completion of
construction of facilities and their commissioning.

2. During the implementation of construction,
part of the RF subjects systematically provides unreli-
able reporting on the timely completion of construction
of sports facilities, which indicates the lack of control
on the part of the chief administrator of budget funds
and executive authorities of the RF subjects, as well
as the low level of control on the part of external and
internal state financial control bodies over the imple-
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mentation of the state programme and federal projects
included in it*.

One of the key activities of the state programme is
the creation of smart sports grounds.

The concept of a “smart” sports ground implies
an object of sports infrastructure, which has an opportu-
nity to connect to a free internet access point. In addition,
each simulator has a special QR code, with the help of
which it is possible to get recommendations on training
and to learn new ways of using sports equipment.

These sites were created to increase citizen in-
volvement in sports by allowing consumers to get
a quality workout that does not require the presence of
a personal trainer.

3. One cannot avoid the planning problem in
the creation and installation of “smart” sports grounds,
which were created on the territories of general educa-
tion institutions, which in turn excludes the possibility
of public use of them.

Thus, the slowdown in the creation of facilities
that allow the population to engage in regular sports ac-
tivities reduces the achievement of the target indicators
under the state programme “Development of Physical
Culture and Sports”.

In addition, due to the impossibility of organiz-
ing the continuous training process of sports teams of
various levels on the territory of the Russian Federa-
tion, there is a need to organize such a process outside
the territory of the country and, as a consequence, to
additional expenditures from the budgetary system of
the Russian Federation.

CONCLUSION AND DISCUSSION

Analyzing the above problems, we can suggest
the following ways to solve them.

3 Report of the Prosecutor General's Office of the Russian
Federation. URL: https: //epp.genproc.gov.ru/web/gprf/docu-
ments?item=949754104
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To avoid overestimation of the cost of works, it is
necessary to organize a multilevel process of approving
the cost of CCF. At present, the approval of the cost esti-
mates for the construction and maintenance complexes at
the expense of the federal budget is carried out in the form
of a positive opinion of the Federal Autonomous Institu-
tion “Main Department of State Expertise”, subordinate to
the Ministry of Construction and Housing and Communal
Services of the Russian Federation. At the same time, for
the purpose of objective and comprehensive analysis of
the estimates, it is necessary to empower the bodies of
internal state control, as well as to consider the applica-
tion of extended treasury support, which would reduce
the risk of payment for the work not actually performed
in the course of the implementation of CCF.

In levelling the problems associated with the provi-
sion of inaccurate reporting, it is necessary to strength-
en the control by state financial control bodies not only
at the federal level, but also at the level of subjects and
municipalities [4, 10-20].

The planning of sports infrastructure facilities
requires consideration of external factors that affect
the quality of public goods provided.

In conclusion, it should be emphasized that solv-
ing the problems associated with the failure to achieve
the planned targets for the construction of sports in-
frastructure facilities is currently urgent. In addition,
the main global goal — to increase the percentage of cit-
izens engaged in sports up to 70 % — will be achieved
if the set object-by-object objectives are fulfilled.
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AHHOTALMNUA

BBegeHue. MpyHUMMBI YCTONYNBON apXUTEKTYpbl BCE Yallle NMPU3HAKTCA B Ka4eCTBe METOAO0MOrMYecKoro noaxoaa K cos-
[OaHVI0 COBPEMEHHON MPOMBILLIIEHHON apXUTEKTYPbI, B YaCTHOCTM 3OaHWU BUHOAENEH. YUeT penbeda, o3efieHeHne, npu-
MEHEHMEe METOLOB MacCUMBHOTO MPOEKTMPOBAaHWS, UCMONb30BaHNE BO30GHOBISIEMbIX UCTOYHUKOB SHEPrUU CMOCOGCTBYHOT
YCTOMYMBOCTM U MEHSIIOT OOLLEeNpUHATBLIN 06nuK 3aaHnii BuHogeneH. Lienb nccnefoBaHus — BbISIBIEHUE apXUTEKTYPHBbIX
METOLOB Y MPUEMOB MPOEKTUPOBAHNS IKONOTMYECKM YCTOMYMBBLIX COBPEMEHHbIX 34aHUI BUHOAETEH.

MaTepuanbi u meToabl. AHaNM3NPYyTCS 1 BbISBMSIOTCS METOAbI U MPUEMbl, NMPUMEHSIEMblE MNPV MPOEKTUPOBAHUM CO-
BPEMEHHbIX BUHOAEMNEH, MOCTPOEHHBIX C 2015 T., KOHUENUMS KOTOPbIX Gblfla OCHOBaHa Ha MpWHLUMMNAaxX YCTOMYMBOIO pasBu-
Tusi. MpoekTHble MaTepuarbl BoiOpaHHbIX MPUMEPOB 34aHWI MOSyYeHbl B OTKPbITOM AocTyne VHTepHeT. MNpoBeneH 063op
nUTepaTypbl ANsl YTOYHEHUS CYLLECTBYIOLLMX UCCIIeQoBaHMi Mo TeMe YCTOMYMBOIO pa3BUTUS BUHOAENEH B 6a3ax AaHHbIX
Scopus, Web of Science, B Hay4HOl anekTpoHHON 6ubnuoteke elibrary. [Npu noncke ncnonb3oBanuch KrYeBble CroBa:
apxuUTeKkTypa BWHOAENEH, YCTOMYMBOE Pa3BUTNE BUHOAESIEH, YCTOMYMBAsS apXUTEKTypa BUHoAerNeH. [poaHanvanpoBaHbl
COOTBETCTBYHOLLME CTaTbU.

Pesynbrartbl. PaccMOTpeHbl NMPOEKTHbIE PELUEHWs 30aHWA COBPEMEHHbIX BUHOAENEH, KOHLEeMUUsl KOTOPbIX OCHOBaHa
Ha CTPeMIIeHNUM K MPVHLMINaM YyCTOWYMBOTO pasBuTUS. Pe3ynstaTel nccrnenoBaHuii NpeacTaBneHbl B BUAE BbISBEHUS psaa
OCHOBHbIX @apXUTEKTYPHbLIX METOLOB 1 MPUEMOB MOBLILLEHUS] YCTOWYMBOCTM 30aHNS BUHOAENbHU. [laHbl pekoMeHaauum ans
NPOEKTUPOBAHMS 30aHUI BUHOAEMNEH, KOTOpble ByayT NoneaHbl NPaKTUKYOLLMM apXUTekTopam, a TakkKe B Ka4eCcTBe METO0-
JIOTMYECKOro NoAXoAa Npu 3KCnepuMeHTanbHOM NMPOEKTUPOBaHMM NOAOGHBIX 3AaHWIA NSt CTYAEHTOB apXUTEKTYPHbIX By30B.
BbiBoAbI. V3yyeHne HayyHbIX TPYAOB M MPOEKTHLIX MaTepuarioB COBPEMEHHbLIX BUHOAEMNEH, X aHamnu3 U CpaBHEHWE Mo-
3BONUIN BbISIBUTb PsiZi METOAOB, NMPUEMOB M PEKOMEHAALMN, NMO3BONSIOLIMX Pa3BMBaTb YCTOMYUBOCTb apXUTEKTYPbl BUHO-
Oenbs4eckux npeanpuaTuin. [onrocpoyHasi 3KOHOMKMST Ha 3KChyaTauum, KoTopyto obecrnedvBaeT Kaxabli U3 BbISBEHHbIX
METO0B, KOMMEHCHPYET NepBoHaYarbHble 3aTpaTthbl Ha Gonee Joporne peLLeHus.

KNIOYEBbLIE CINNOBA: B/HOAENbHS, BUHOAEMNBYECKUIA KOMMIEKC, apXMTEKTYpa BUHOAENEH, YCTONYMBOE Pa3BUTME BUHO-
[ereH, yCTonunBas apxmTekTypa BUHOAENEH

bnazodapHocmu. ABTOpbI BbipaxatT GnarogapHOCTb PEeAaKLMOHHOM KOMMernu XypHana U aHOHUMHBbIM peLeH3eHTam
3a yAerneHHoe Bpems U OKa3aHHOe BHUMaHMe.
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ABSTRACT

Introduction. The principles of sustainable architecture are increasingly being recognized as a methodological approach
to modern industrial architecture, particularly winery buildings. Consideration of topography, landscaping, passive design
techniques and renewable energy sources contribute to sustainability and change the conventional appearance of winery
buildings. The purpose of this paper is to identify architectural methods and techniques for designing sustainable modern
winery buildings.

Materials and methods. The paper analyses and identifies the methods and techniques used in the design of modern
wineries built since 2015, the concept of which was based on the principles of sustainable development. The design ma-
terials of the selected building examples are obtained from the open access Internet. A literature review was conducted to
clarify the existing research on the topic of sustainable development of wineries in the databases Scopus, Web of Science,
in the scientific electronic eLibrary. The keywords “winery architecture”, “sustainable winery development” and “sustainable
winery architecture” were used in the search. Relevant papers were analyzed.

Results. Design solutions of modern winery buildings, the concept of which is based on the pursuit of sustainable devel-
opment principles, are considered. The results of the research are presented in the form of identifying a number of basic
architectural methods and techniques for improving the sustainability of a winery building. Recommendations for the design
of winery buildings are given, which will be useful for practicing architects, and as a methodological approach in the experi-
mental design of such buildings for students of architectural universities.

Conclusions. The study of scientific papers and design materials of modern wineries, their analysis and comparison al-
lowed us to identify a number of methods, techniques and recommendations to develop the sustainability of winery archi-
tecture. Long-term operational savings provided by each of the identified methods compensate for the initial costs of more
expensive solutions.

KEYWORDS: winery, winery complex, winery architecture, sustainable wineries, sustainable winery architecture
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BBEJAEHUE

B 2015 r. na 3acenanuu, KacarouiemMcsi BOIIPOCOB
yCTOWYMBOTO pa3BuTHs Ha niepuon a0 2030 r., uneHamu
Opranmzannn O6wvenuaeHHbIx Hanuii copmynmnposa-
HBI U IPUHATHI 1 7 MUPOBBIX 1€ yCTOMYNBOTO Pa3BHU-
TUS JUISL «<MHpPa ¥ IPOLBETAHUS AT TIOAEH U IIITaHEThD).

ITpoMeItIeHHAsI apXUTEKTYypa, OCHOBAaHHAS Ha pa-
LIMOHAJILHOM, JIOTHMYHOH M pEeHTa0eIbHOM HJiee CTPOU-
TEJILCTBA 37aHWM, Bcerma Obuia OnM3Ka K OCHOBHOM
KOHIIEMIMK ycToWunBocTdu. Ho cioxunoce TBepaoe
MHEHHE, YTO IPOMBIIUICHHBIE MTPEATIPUATHS 3arpsi3HsI-
0T IPUPOJLY ¥ HAPYLIAIOT HE TOJbKO OMopazHoobpasue,
HO M ICTETHYCCKUN OONMK OKpykaromiei cpenbl. [lo-
9TOMY MPUHINIBI YCTOMYMBOM apXUTEKTYPHI BCE Yallle
MIPU3HAIOTCS B Ka4€CTBE METOJO0JIOIMYECKOTO MOAX0Aa
K CO3JaHMIO COBPEMEHHOM NPOMBIIIJIECHHOW apXUTEK-
TYpPBI, B YaCTHOCTH 3AaHUI BUHOJCIICH.

C TOUYKM 3pEHHUsI COBPEMEHHBIX LEJed yCTOWYH-
BOTO Pa3BUTHUs YCTOMYMBOCTb IIPOMBILIICHHON apXxu-
TEKTYpBI CIIEAyeT PacCMaTpUBATh KaK: CTPOUTEIBCTBO
TIPOMBIIIJICHHBIX 00BbEKTOB Ha OCHOBE MHTEIUICKTYaIIb-
HOTO TOPOJICKOI'0 TUIAaHWPOBAHUSI, KOTOPOE CO3/aeT 0e3-
OTIaCHBIE, JIOCTYIIHBIC 110 IICHE U KHU3HECTOMKHE Tropo-
Jla; MMOUCK MHHOBAIIMOHHBIX apXUTEKTYPHBIX PEIICHHH
1 TEXHOJIOTHH (OT apXUTEKTYPHON KOHIETIIIHH JI0 CTPO-
UTEIbCTBA 3[JaHNA), a TAK)KEe BKIIOYCHUE U/IeH BTOPUY-
HOW mepepabOTKH M COKpAIIEHHWs OTXOJO0B Ha JTare
CTPOUTENBCTBA U IKCILTyaTauuu. IIpomMeinienHas ap-
XUTEKTypa CTPEMHTCS BKJIIOYUTH ATH 3aaud B OdTall
KOHIIETITYaJIbHOTO TPOEKTHPOBAHUS, BO3Jaras dacTb
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OTBCTCTBCHHOCTH 3a J3KOJOI'MYHOCTH Ha APXHUTCKTYp-
HBIC PCIICHUA. 9T10 TIPUBEIIO K MOABJICHUIO MPOCKTHBIX
peLIeHM, KOTOpbIE Pa3IBUralOT I'PAHULIBI TUIIMYHON
MIPOMBIILIJIEHHON apXUTEKTYPbI, COYETasi HOBbIE U J10JI-
TOCPOUYHBIE 33/1a4l YCTOHYHMBOTO PAa3BUTHS C COBpe-
MEHHOM 3CTETUKOHN 30aHUM.

DKOJIOTHUECKHHA aCTeKT yCTOHYMBOCTH B TIPO-
MBIIIUIEHHON apXUTEKType 0COOEHHO BakKeH B IIPOIIEC-
Ce MPOCKTUPOBAHNS COBPEMEHHBIX BUHOJICIICH.

BunonensHs ceromHs — 3TO HE TOIBKO MECTO
MIPOU3BOJCTBA BHUHHBIX MPOIYKTOB, HO U MECTO TYy-
PUCTUYECKOTO TPHUTSKCHUS, BKIIIOYAIONIEE TOPTOBYIO
U pa3BlieKarelibHy0 (PYyHKIUH, a TaKKe pe3yJbrar ap-
XUTEKTYPHOH (haHTa3UH, COBMEIIAIOIMNI B ceOe Tpau-
LIMOHHOCTBH PEMECIIa ¥ COBPEMEHHBIE TEHACHIIUH apXH-
TEKTYPHOTO MpOeKTUpoBaHus [1-3].

3a mocnegune 40 jmer 3maHWUS BHHOIEIIEH CTallk
PacIpoCTPaHATECS TIO BCEMY MHPY, MPEIIOCHIIKAMH
K 9eMy TOCIYKHJIN TJIOOANBHBIA POCT MHUPOBOTO TY-
pHU3Ma, TOBBIIICHHE KOHKYPEHLIUH B c(epe CO3TaHHs
BUHHBIX HAIUTKOB, BHEAPEHHE HOBBIX TEXHOJOTHH
MIPOU3BO/ICTBA, TOSBICHUE «MOJIBI HA aBTOPCKUE BHHO-
JEeITBHU» U JIP.

CTpOuTENnsCTBO BUHOACTICH B TAPMOHUH C TIPUPO-
JI0, B COIVIaCUM ¢ KOHUENIUSAMHU YCTOWYMBOIO pa3BU-
THSA, CTAJI0 0COOEHHO MOMmyJspHEIM ¢ Hadama XXI B.,
KOTJIa BUHHAS MPOMBIIIJICHHOCTH BBIIIIA HA MHUPOBOH
PBIHOK M Ha4aJl pa3BUBAThCS BUHHBIN TypH3M.

Brenpenne METOA0B yCTOMYMBOIO pa3BUTHUS I1O-
3BOJIICT B 3HAYUTEIBHOM Mepe CHIDKATh ITOKa3aTeiH
MOTpPeOICHUsT AIIEKTPOIHEPTUH, CHIPhS W THTHEBOU
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BOJIbI, TIPOM3BOZCTBA OTXOJIOB, BBIJIEJICHHS MAPHUKO-
BBIX T'a30B. J[BHKHUMBIC JKETaHUEM 3alUTHTh MPUPOJI-
HBIE PECYPCHI, YIAY4YIINTh OTHOIICHUE 00IIeCTBa K IPo-
U3BOJICTBY BHHA, a TAK)KE OLIYTHMO COKOHOMHTBH CBOU
CpeJCTBa, MPOM3BOANTEIN BUHOTPAa BCEPhE3 BHEAPSI-
FOT METO/Ibl YCTOWYMBOTO Pa3BUTHS B apXUTCKTYPHbBIC
perIeHns: 00bEKTOB Ha NMPOTSHKEHUH MOCIISIHETo ecs-
tunerus [4, 5].

HeszaBrcumo oT TOT0, CTPOMTCS JIM HOBOE 3/1aHHE
BUHOJICJIBHH HJIM PEKOHCTPYHPYETCS CYLIECTBYIOIICE
NPeNIPHATHE, METOABI YCTOMYMBON apXUTEKTYphl BU-
HOJIEJIbHH BO3IVIABJISIOT CIIMCOK BHEIPSEMBIX MPAKTUK
B COBpPEMEHHBIC pelleHus] BHHOAeeH. CTUMYIBI JUIs
BIIQJICNIBIICB BUHOJCIBHU K OCpe)KHOMY OTHOILCHHIO
OKPYIKAIOIIEH CPEIbI CTOIb )K€ COLUAIBHO OTBETCTBEH-
HbI, CKOJIb M (PIHAHCOBO BBITO/IHBI.

HeobOxomnmocTh  oOecriedeHnst  9KOJIOTHYECKON
YCTOHYMBOCTH TPH MPOCKTHPOBAHHU BHHOJCICH MO-
Oyouia MHOTHX apXHTEKTOPOB CO3/1aBaTh YHHKallb-
HbIE aPXUTEKTypHbIE PELICHUS, O0beIUHSIONINE B ceOe
(YHKIMOHAIBHOCTb, 3(P(EKTUBHOCTE M MHHUMAJb-
HOE BO3/ICIHCTBHE Ha OKPYKAIOIIYIO CPEIy, ITOIOIHUB
MHPOBYIO «KOIWJIKY» YHHKAJIBHBIX apXUTEKTYPHBIX
00bekToB. CerofiHss B MUPE MOXXHO BCTPETHTH IPE-
NPUSITUS. BUHOIEIBYSCKON TPOMBIIIICHHOCTH, Ipel-
CTaBIIAIOMNINE COO0I 00pa3Isl CAMOOBITHOM apXUTEKTY-
PBI, UTO BBI3bIBACT HHTEPEC.

MATEPHUAJIBI U METO/JbI

YroObl 00BEKTHBHO OMUCATH TEHACHIIMU PA3BUTHS
APXUTEKTYPBl COBPEMEHHBIX BHHOJEICH M KOJIOTHYE-
CKHE IIPUEMBI M METO[bI, TPUMEHSEMBIEC TIPH X MpPO-
eKTHPOBAHUY, IPOAHATM3UPOBAHBI APXUTEKTYPHBIE
peLIeHUs! 31aH1li COBPEMEHHBIX BUHOJIENICH, BKIIIOUYA-
onye 3apyOeKHble U OTEUYECTBEHHBIE MPOU3BO/ICTBA,
MoCTpoeHHbIe He paHblie 2015 1., KOHUEnIHs KOTOPBIX
ObliI1a MOTHOCTHIO OCHOBAHA HAa CTPEMIICHUH K IIPHHITH-
1aM YCTOHYMBOTO Pa3BUTHSI.

[TpoekTHBIe MaTepHaibl BBIOpPAHHBIX MPUMEPOB
3[aHUI HaXOIATCSA B OTKPBITOM AOCTyTIe MIHTEpHET.

Llens MccaenoBaHUsl — BBIIBICHUE apXUTEKTYp-
HBIX METOI0B M MPUEMOB ITPOSKTHPOBAHUS IKOJIOTHYE-
CKH YCTOWYNBBIX COBPEMEHHBIX 37[aHUI BUHOJICIICH.

ITpoBenen o0030p auTEpaTypbl ISl yTOYHEHHMS
COBPEMEHHBIX CYIIECTBYIOIIMX MHCCICIOBAaHUHN, Kaca-
IOLIMXCSl BOIPOCOB YCTOMYMBOTO Pa3BUTHUS B apXu-
TEKType COBPEMEHHBIX BHHOAENEH. [10MCK BBITIOIHEH
B 0a3zax maHHBIX Scopus m Web of Science, a Taxxe
B Hay4yHOH s1IeKTpoHHOH Ombmmoreke eLibrary. Ilpu
MOMCKE HCHONb30BAINCh KIIIOUEBBIE CIIOBA: apXUTEK-
Typa BHHOJIENICH, YCTOHUYMBOE pa3BUTHE BHHOJEICH,
ycTOHYMBas apXUTEKTypa BUHOAENCH. COOTBETCTBYIO-
mye 0030pHBIC U UCCIIeIOBATEILCKUE CTaTbU BRIOPAHBI
JUId JIeTaJbHOIO aHanu3a. PaccMOTpeHHbIE NPOEKTHI
BHHOJIEJICH OTOOpaHBI HAa OCHOBE CIIEAYIONINX KpHTe-
pueB: octpoeHsl mocie 2015 r; koHmemnus paspado-

TaHa 110 MPUHINIIAM YCTOWYHBOTO Pa3BUTHSI; CEPTH(DU-
IUPOBAHBI KaK YKOJOTHIYCCKU YCTONYUBBIC 3MaHUS.

Cpenn TpoaHaIM3MPOBAHHBIX TPOEKTOB OKa3a-
JIUCh YHUKAJbHbIE 3/1aHMsI BHHOJENEH, NPEeACTaBIEH-
HBIC HIDKE.

Bunooenvus Beronia, Hcnanusa (apxumexmopsi
IDOM), 2020 e.

3maHue SBISICTCS MIEPBBIM IIPOMBIIUICHHBIM TIPEI-
MIPUATHEM TI0 IPOU3BOICTBRY BHHA B EBpoIie, mMeromnm
3onotoit ceprudukar LEED B obnactu sneprospdex-
TUBHOCTU W YycTOWumBOro nusaiiHa [6]. IlpousBon-
CTBEHHAS 30Ha HAXOMUTCS TIOJ 3eMJICH, 94TO MO3BOISIET
HCIONB30BaTh I'PAaBUTAIIMOHHOE TAJIeHHE MPU MPOU3-
BOJICTBE BHHA M E€CTECTBEHHYIO TEMIIEparypy IIOYBBI
JUIA €TO BBIICPXKKU. 30HA [UIA ITOCETHTENeH pacroia-
raercs Ha BEpXHEM dTake, HHTETPUPOBaHa B OKpyXKa-
IOLIYI0 cpey Orarogapsi MaKCUMaJIbHOMY OCTEKIICHHIO
C BUJIOM Ha BHHOTPATHUK. DKOJIOTHYECKAas yCTOWUH-
BOCTh OTpa)KaeTcsi B BbIOOpE MaTepUaOB U TEXHH-
YECKHX CHCTEM. 3JaHUE XapaKTepU3yeTcs XOpouien
TETUION30JISIHEH, MAKCHMaJIbHBIM ITPUMEHEHHEM eCTe-
CTBEHHOTO OCBEIIEHHS, (OTOIIEKTPUUECKUX JaTdH-
KOB, CHCTEM ITaCCHBHOM 3alUThI OT COJTHEYHBIX JTy4eH,
cbopa ToKIeBOI BOMIBI, OoMacchl 1 1p. (puc. 1).

Bunooenvns Peralada, Kamanonus, Ucnanus (ap-
xumexmopuvt RCR), 2017 e.

BunonensHs (prc. 2) CIPOEKTHPOBaHA B COOTBET-
CTBHHM CO CTaHAAPTaMHU JJIs MTOJTYYCHHUS 30J0TOTO Cep-
tudukara LEED 3a 5KOJOrH4HOCTH B CTPOHUTEINIBCTBE.
[T:1aBHO M3OTHYTHIH 00BEM 3aHUS ITOYTH ITOIHOCTEHIO
3arIyOJICH MO 3€MITI0, UCTOPUYCCKAs YacTh OObEKTa
MOCTPOWKKM Hayana XX B. SIBISETCS OOILICCTBCHHOM
rOCTeBOH 30HOW. YacTh KPOBIM BHHOJCIHFHHU O3CIICHE-
Ha. 37aHUE UCTIONB3YeT Te0TePMATbHYIO SHEPTHUIO, UTO
CHI)KAeT MOTpeOIeHNe SHEPrUu Ha OTOIUICHHE M OX-
JIaXK/IE€HHE BOJIbI HA TPETH [6].

Bunooenvus Carillon d’Angélus 6 JIubypne, @pan-
yus (apxumexmopul Architecte DPLG), 2019 e.

3maHre BUHONENBHU TPENCTaBIseT coOoi Oa-
JIAHC MEXIY COXPAaHEHHEM HCTOPHYECKOTO HACICIHS
Y BHEIPEHUEM MHHOBAIMH B CBSI3U C HEOOXOMMOCTBIO
pacIIupeHus MPOU3BOJCTBEHHBIX MOITHOCTEH CTapoi
BUHOMETLHU (puc. 3). Pacnonoxenrne Ha TEPPUTOPUH
oovekra BcemupHoro Hacieaumss IOHECKO nakna-
IBIBAJIO CEPhE3HBIC OTPAHWYCHHUS HAa apXHUTCKTYPHEIC
pemenus. braromaps TeXHHYECKHM, SKOJIOTHYECKHM
U 9CTETHYECKHM COOOPaKEHUSIM 3Ta HOBasi BUHOJIEIb-
HS ITOJTb3YETCS MIPEUMYIIIECTBAMHU CaMOTO COBPEMECHHO-
r0 000pYHOBaHHA.

BuHopensaeckuii norped c¢ 18 mnepeBepHyTHIMU
YaHAMM YCEUEHHOW KOHycooOpa3HOil (opMmbl, momb-
€MHOM CHCTEMOW M OaKOMOIBEMHHKOM IIOJTHOCTBIO
pabortaet Omnarojaps €CTECTBEHHOH CHIE TSDKECTH.
VYcraHoBKa, TeHepupyromas as3oT, oOecreynBaeT 3a-
Ty BUH. (DOTO3NEKTpHUECKHE TAHEIH MO3BOJISIOT
CaMOCTOSITEJIbHO BBIPAOATHIBATH YacTh HEOOXOIUMOIA
aneKTposHeprun [7]. 3manue momyumino ceprudukar
MeTo/1a 3KoJIoTH4IecKoi orieHkH 31annii BREEAM [8].
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Puc. 1. ApxutextypHble penieHus BuHOAETbHN Beronia, Mcnanus (apxurekropel IDOM): @ — gacte dacana; b —
ocrekieHue dacaja; ¢ — dKeTepbep; d — uHTEphep'

Puc. 2. ApxutexrypHnsle pemenus BuHonensHu Peralada, Karanonus, Mcenanus (apxutekropst RCR): @ — Bup ¢ nTuubero
nosneTa; b — UHTEPbep NPOU3BOACTBEHHO 30HBI; ¢ — HHTEPHEP XPAHWIMILA BUH; d — BHJ C Tajaepen’

' Beronia. URL: beronia.com

2 Perelada. URL: perelada.com
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Puc. 3. Apxurekrypusie peurenus Bunozpensau Carillon d’Angélus B JInbypue, ®@panuust (apxurexropst DPLG): ¢ — vactb

(acana; b — nHTEpbEP BUHOJEIBUECKOTO NOTrpeda; ¢ — MHTEePbep MPOM3BOJCTBEHHOIT YacTu; d — sKcTepbep [7]

Bunooenvusi Cantina Pizzolato ¢ Tpeeuso, Uma-
s (apxumexkmopwt Made Associati), 2017 .

BuHOAEIbHS CIIPOEKTHPOBAaHA B JEPEBEHCKOM KO-
JIOpUTE, COOTBETCTBYIOLIEM AyTEHTUYHOM JE€PEBEHCKON
oOctaHOBKe (puc. 4). 31ech OpraHMgHO COYCTAIOTCS KaK
TPaIMIIMOHHBIC, TaK W TEPEIOBbIC TEXHOJOTHU TPOM3-
BOJICTBA OpraHMYECKUX BHUH. [Ipon3BOACTBEHHBIE TTOME-
ieHwus (prueM BUHOTpaJia, nepepadboTka, (hepMeHTarus)
pacroyioKeHbl Ha MEPBOM 3Ta)Ke, Ha BTOPOM JTa)Ke Ha-
XOIUTCSl OOIIECTBEHHAs 30HA (ICTYCTALMOHHBIA 3ai).
JIBoitHOM nepeBstHHBIN (hacan paboTaeT Kak COJHIIE3a-
IIUTHAS] KOHCTPYKIUSL. Best KpoBIst MOKphITa (hOTOIIEK-
TPUYIECKUMH CONHEYHBIMH TaHe M (Oornee 570), yera-
HOBJICH HOBBIH OpPTaHWYECKHH OYHCTUTENb BOABI JUIS
TIOBTOPHOTO MCIIOB30BaHNUS OT(HIETPOBAHHON BOJIBI.

Bunooenvus Anaia Wines, Tooou-Kpyc, Apeenmu-
Ha (apxumexmop Japaz Guerra Arquitectos), 2022 e.

Jln3aliH BUHOIENBHU BJOXHOBIIEH OKPYXKaIOLIUM
nmanamadgroM, Tomorpaduer Top, (GIOPOH XOIMOB,
TEKCTYpOH M IIBETOM ApPEBHUX cKal (puc. 5). 3maHue
TIPE/ICTAaBISIET COOOW TPSIMOYTONBHYIO TPH3MY BBICO-
toit 11 M, mmpunoit 100 m. IlpocTpancTBeHHOE pac-
TIOJIO’KEHNE PA3IMYHBIX CEKTOPOB, HEOOXOAMMBIX JUIs
MPOU3BOJICTBA BHH, JIHHEHHOE (CeKTOp cOopa ypo-
kasi — 3a1 hepMeHTanuu (B HAKJIOHAEMbBIX OCTOHHBIX
pesepByapax) — 3aJI XpaHEeHHs! 00UeK — 3aJ1 XPaHEHUS
OyTBUTOK — OOIIeCTBEHHAS 30HA).

Wuterpanus B naHmmadT, CUCTEMbI MTACCUBHOTO
TEPMOPETYJIHUPOBAHUS, CHCTEMbl JKOHOMHH JHEPIHH
1 BOTHBIX PECYPCOB SBIISIOTCA 3HAYMMOW YacTBIO ap-
XUTEKTYPHON KOHLENIUH 3TON BUHOAEIbHHU.

Bunooenvus I'ypoay, Yexus (apxumexmop Anec
@uana), 2020 a.

B nmByx3Ta)XHOM 3aHUM TOA3CMHAs YacThb HC-
MOJIB3YETCsl JUIsl TPOU3BOJCTBA, XPAHCHUS M apXUBH-
pOBaHUsI BUHA, B TO BPEMs KaK MOMCIICHUSI TS KU~
CHTOB OTKPBITHI COJIHI[y Yepe3 CTEKISHHbBIN (acan,
YTO TTO3BOJISICT MPUMEHATH MMACCHBHYIO 3HEpruto. Jlms
MIPEOTBPAIICHUS TIEpErpeBa B CaMble JKapKHe JICTHHE
MeCAIBI pa3paboTaHO TEIIOM3OSIIOHHOE TPOWHOE
OCTEKJICHHE B COYCTAHUH C JCPCBSIHHBIMU TyOOBBIMH
peiikamMu iepei OKHaMH, JOCTATOYHBIM BBICTYIIOM H30-
THYTOW KpBIILIH ¥ 3aTeHEHNeM Oeceliku nepes acagaom
OpesenToM. [IJiss OTOIUICHHS HCIOJIB3YCTCS TEIUIOBON
HACOC TUIa BO3ayx—Boma. JloxkaeBas Boma coOupacTcst
B pe3epByap IS XpaHEHUS M UCIOIB3YETCS U Opo-
IIeHNsT BUHOTpanHuKa. [IpruMeHeHne Takumx Marepha-
JIOB, KaK YKeJIe300CeTOH, CTEKIIO, METaJll, IepeBo (Iayo
W aKamus), SBISIETCS YHCTHIM M TOANICPKUBACT Opra-
HUYHYIO QOpMY 3IaHHS.

PacnionoxxeHue 31aHusT MPSIMO HA BUHOTPAJHUKE
Ha OTKPBITOH MECTHOCTH CBOIUT K MUHHUMYMY TpPaHC-
TOPTUPOBKY CHIPbsI U PabOunX BHYTPH BHHOMACIHHHU.
Ho 3T0 1 BEIIBHHYIO BEICOKHE TPEOOBAHHS K apXUTEK-
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Puc. 4. ApxurexrypHsie pemenus BuHonensH Cantina Pizzolato B Tpesuso, Utamus (apxurexropst Made Associati): a —
TEPPUTOPHS BUHOZEIbHY; b — 4acTh (acana; ¢ — dKcrepbep; d — MHTepbep 00IIECTBEHHOIT 30HbI

c d

Puc. 5. ApxutextypHsle penieHus BuHoaeabHn Anaia Wines, ['onoii-Kpyc, Apreatuna (apxutexorop Japaz Guerra
Arquitectos): @ — dKcTepbep B BEUEpHEE BpeMst; b — IKCTEPhEp B AHEBHOE BPEMSI; ¢ — HHTEPbEP MPOU3BOICTBEHHOH 30HEI;
d — uHTEphEP OOIIECTBEHHOMN 30HbBI*

3 La Cantina Pizzolato _New Bio Winery by MADE associate // Mooool. URL: https://mooool.com/en/la-cantina-pizzolato-_-new-
bio-winery-made-associati.html

* Anaia Wines Winery / Japaz Guerra Arquitectos. URL: https://www.archdaily.com/1012478/anaia-wines-winery-japaz-
guerra-arquitectos?ad_source=search&ad medium=projects_tab
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TypHOW W nanmmadTHON uHTerparmu. dopma 31aHus
B BUJE IUIABHOTO M3rv0a M O3eJeHeHHe OOMMpHOU
TUIOIIA I KPOBIM CO3JACT OUIYIICHHWE XOJIMa MEXKIY
XOJIMaMH, €CTECTBEHHOTO CIMSHHS C OKpY’Karomen
cpenoii. O01ee BIMSHUE 1 M0JIb3a HHTCHCUBHOTO 03€-
JICHEHWs KaK Ha JaHAma]T, Tak U Ha 34aHUE CTAHYT
OYEBHIHBI TOJILKO C TofiaMu (puc. 6).

Bunooenvus Cote Rocheuse, Bapsapoexa, Poccus
(apxumexmopuwi Severin Project), 2020 e.

PacrionoxuBiuasics Ha JKMBOIKMCHBIX — XOJIMax
KpacHopmapckoro kpast Heajaeko OT AHaIlbl HOBasl BH-
HOZEJBHS TIPEACTABISET COOOH COBPEMEHHOE BHHO-
JIETIBYECKOE XO3SHUCTBO C MPHBJICKATEIbHBIM JN3AHHOM
(puc. 7). Bocripusitrie 3naHus ONIpeAEIsIeTCsl aHTUTE301
«IIPSMOYTOJILHOE MTPOTUB OMOHUUYECKOTO» MIIN «TEXHO-
KpaTH4YecKkoe MPOTUB €CTeCTBEHHOTro». [Ipon3BoacTBO
BHMHA OCHOBAHO HA NPHUHILMIAX IPABUTALHOHHOIO BU-
HOZIENHNSI, KOTOPBIE ONPENEIAIOT apXUTEKTYPHBIN TIIaH
BUHOJICJILHU ¥ CTPOTYIO (PYHKIIMOHAIIBHYIO CXEMY.

Best TexHONOTMS 3aKiIOuE€Ha B IPOCTOM IMPSIMO-
YTOJIBHBII 00bEM, HHTETPHUPOBAHHBIN B CKJIOH HA y9aCT-
ke. ['paBuTallnoHHOE BUHOJEIINE UCKITIOYAET HCIIONIB30-
BaHHME MEXaHUYECKUX CPEJICTB NEpeKadKy BHHOTpaJa,
pe3epByapsl morpeda 3amoNHAITCS CaMOTEKOM, IIO-
9TOMY IPOM3BOJICTBEHHbIC MOMELICHHS JOJKHbI Ha-
XOJMTBHCSI Ha Pa3HBIX YPOBHAX. B morpebe Haxomsrcs
XPaHWININA, JETYCTAMOHHbIE 3aJIBI.

c

Bepxunii 00beM CBOMMH OKPYIVIBIMH OYEepPTaHHsI-
MU HallOMUHAET IJISDKHYIO TaJIbKy ¢ MECTHOTO 1odepe-
XKbsl, OHA OPHEHTHPOBAHA HA OOLIECTBEHHBIC 30HBI —
37IeCh pAacIOIOKEHBI pecTopaH, Kaje M MaHopamMHas
Teppaca ¢ JOCTYIIOM Ha KpBbIIILY.

PE3VYJIBTATBI

31aHus BUHOJENCH CO3aBajiiCh MHOTUMH HMe-
HUTBIMH apXUTEKTOPAMU COBPEMEHHOCTH, TAKUMHU Kak
Cantssro Kanarpasa, Mapuo borre, @penk I'epu, Anb-
Bap Cusa, Padasns Moneo, XKak Xepror, 3axa Xaaus,
IIeep e Meiipon, Ctusen Xomn, Kpuc Kemn, XKan
Hygenn, fAnuc SAnnoruc, Muxasns Ieiic, Anekcanapa
He Axocta, Puuapn Pomxepc u ap. Takyke MOKHO Ha-
3BaTh UMEHA apXUTEKTOPOB, Ubs TBOPUECKAs JESATEIb-
HOCTb B OCHOBHOM CBsI3aHa C BUHOJEIbHAMU — Xecyc
Mansanapec, @umun Massep, Xecyc Mapuiis ITacky-
anb u JIp.

OKOJIOTMUYECKUE MPUHIUIBI IPOEKTUPOBAHUSI CO-
BPEMEHHBIX BUHOJIENIEH SIBISIOTCS MPEIMETOM HCCIe-
JIOBaHWH OOJBIIOTO KOJNMYECTBA AaBTOPOB M3 Pa3HbBIX
crpad, Takux kak @. lly-Aur [9], A.b. [onbsrekun
u B. Anpnapcnan [10], [1.0. Akagupu [11], Jx. Jlas-
mHn [12] u ap.

Pesymbrarh! mcciaeqoBaHUs OKA3EIBAIOT, YTO pac-
CMOTpPEHHBIEC COBPEMCHHBIC 31aHUS BUHOICICH UMEIOT

Puc. 6. Apxutexrypusle permenus Bunoznensuu ['ypnay, Yexus (apxutexrop Anec ®uana): @ — BUJ ¢ NTUYbETO 10JeTa; b —

HHTEPbEP XPAHIINIIA BUH; ¢ — DKCTEPhEP B BEUEPHEE BpeMs; d — HHTepbep OOIIECTBEHHOI 30HBI

> Gurdau Winery / Ales Fiala. URL: https://www.archdaily.com/1001087/gurdau-winery-ales-fiala?ad_source=search&ad

medium=projects_tab
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MHOTO OOLIMX XapakTepUCTHK. Pacronarasce Hero-
CPEICTBEHHO Ha TEPPUTOPHM BHHOTPAIHHUKOB, OHHU
MaKCHMaJIbHO MHTETPUPOBAHBI B OKPYXKAIOMIYIO Cpe-
Iy, YYUTBIBAIOT M HCIOJIB3YIOT peibed) MECTHOCTH,
00/lyMaHHO pa3MEILEHbl C TOUYKH 3PEHUS] OPUEHTAINN
3naHus. Bo Bcex pacCMOTpPEHHBIX TNpPHMEpax apxu-
TCKTYPHBIC PCIICHUS MO3BOJIWJIM B TCXHOJIOIMU IIPpU-
MEHATh TPABUTALMOHHBIN Mepenas (PacioiokXnuB TeX-
HOJIOTUYECKHUH MPOIiecC CBEpXY BHHU3) U HEUTPAITBHYIO
TeMIepaTypy MOYBHI JUIs CO3pEBaHMs BUHA (YaCTHYHO
3arTyOmMB 37aHue Mo 3eMiro). O3eleHeHne KpBIIIH,
OpraHM3aIysl BEHTWINPYEMOH KPBIIIN, UCTIOJIb30BaHHE
CHCTEM 3aTEHEHHUs JIald BO3MOXKHOCTh OPraHWU30BaTh
TIaCCUBHBIE METObI OXJIAXICHUS. Bee 3manust nmpemyc-
MaTpHBAIOT MHTETPUPOBAHHYIO CHCTEMY IE€pepaboTKu
OTXOJIOB, a OOJIBIIMHCTBO BBIOMpAET NMPUMEHEHUE Ta-
KHX BO300HOBIISIEMBIX MCTOYHHKOB SHEPTUH, KaK I'€0-
TepMaJbHAsl PHEPIHsl, Pa3MELICHUE COMHEUYHBIX (OTO-
JJIEKTPUYECKUX IIaHEIECH Ha KpBbIIE, PELUPKYISLHIO
JIO’K€BOH BOJIBI.

AHanmi3 TPUMEPOB BHHOIEJCH, IIPEICTABIICH-
HBIX BBIIIE, IMO3BOJIACT AATh PAL peKOMeHI[aHI/Iﬁ JUIA
TIOBBIIICHUS] YCTOMYMBOCTH TPOEKTHPYEMBIX 31aHUH
BUHOJIEJICH. YYET JJAaHHBIX PEKOMEHIALUH TPH MPOCK-
TUPOBAHUU IIOBBICUT XapaKTEPUCTUKU YCTOMUUBOCTH
3[JaHUS] BUHOZEIBHH.

1. I[lepenoc npouszeodcmea 6nudice K 8UHOSPAO-
HUKAM.

I'pamocTpouTtenbHas Mepa pacloONOXKEHUs 3/a-
HUSI Ha TEPPUTOPUH BHHOTPA/IHUKA MJIM HA OTIAICHUN
He Oonee 5 KM MHMHUMH3UPYET HEOOXOAMMOCTH MpO-
JOJDKUTEIILHON TPAHCIIOPTHPOBKH CHIPbS U PabovYnX,
[O3BOJISICT M30€KATh OrPAKACHHS TEPPUTOPHH, KO-
Topass HeoOXoIUMa IPH PACIOJIOKEHUH BUHOMCIBHH
B CIIOKHUBIIIEHCS 3acTpoiike, popmupyer Ooiee KoI0-
THYHBIN 00pa3 coopyxenus [13].

2. Boibop onmumanvHol ¢opmel u opueHmayuu
30anus.

OyiHa U3 CaMBbIX OYEBHJIHBIX 33j1au MPH HPOCKTH-
POBaHUU COBPEMCHHBIX BUHONECICH — ATO MOBHIIIIC-
HUe 3HEProd(pHEeKTUBHOCTU 3MaHUS U MHUHUMH3ALHS
sHepronoTpedieHrs. OCHOBHBIM HCTOYHUKOM YHEPIHU
BHUHOJICIICH SIBJISICTCS 3JieKTprudecTBo (92 %), 3a KOTO-
PBIM CIIEIYIOT HCKOIIAEMbIE BU/IbI TOTLTMBA — T'a3 U JIU-
3enpHOE TOILMBO (9 %) [14]. HekoTophie uccienosa-
HUSI TIOKa3bIBAIOT, YTO BHHOJCIBHU C MPOHM3BOJICTBOM
BruHa Oonee 50 000 mi/ron MOTPEOISIFOT AIEKTPOIHEP-
ruio B o0beme 4 kBT-u/I1, B TO BpeMsi Kak HeOOJIbIIHe
BHHOJICNIFHU ¢ 00BeMoM Tpom3BozacTBa 25 000 mi/rox
WIN HIKE TMOTPEOISIOT AIIEKTPOIHEPTHI0 B 00BeMe
16 kBT-u/rn [15].

d

Puc. 7. Apxutekrypubie pemenus BunoaensHu Cote Rocheuse, BapBaposka, Poccust (apxutexktopsr Severin Project): @ —
9KCTEphep; b — IaBHbIH (acaj; ¢ — MHTEPbEp MPOU3BOICTBEHHBIX MOMEINIeHHH; d — GOKOBOH (acan’

¢ Cote Rocheuse Winery / Severin Project. URL: https://www.archdaily.com/952127/cote-rocheuse-winery-severin-project
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®dopma 3maHust BIUSET Ha I(PPEKTUBHOCTH HC-
MTOJTb30BAHUST SHEPTETHICCKUX PECYpPCOB; COCPEIKEHIE
SHEPruM, NOCTYyNAKUIE OT MHKEHEPHBIX CETeH; uc-
M0JIb30BaHUE OJIArONPUSTHBIX M HEWTpalIM3alfio He-
ONaroNpHUATHBIX BO3ICHCTBUI OKPYKAIOMICH CPEIIBL.
BrrTstHyTas, crimaxeHHas M KOMITaKTHAs (opMa 3TaHus
0e3 o0mIHs WICHCHUH 1 U3pe3aHHOCTE! 00beMa — ca-
MO€ yIa9HOE PEUICHUE C TOYKH 3PCHUS SHEProdPQek-
TUBHOCTH. /{71 TOBBIMICHUS 3HEProd(pPEeKTUBHOCTH
H606XOL[I/IMO YMEHbIIATH MMOKAa3aTeJib YACJIbHOI'O ICPU-
MeTpa HApPYXHBIX CTEH M/M? (OTHOIICHHE MEPUMETPa
HApY>XHBIX OTPAXNAOMINX KOHCTPYKIHMHA K TUIOIIAIH
staxa) [16]. TlpaBunpHas opueHTAIMs 3AaHUS JAeT
BO3MOKHOCTH B TCIUTBIA TICPUOM TO/la YMCHBIIUTH He-
TaTUBHOE BIUSHIE COJIHEUHOU paJiuaIliy ¥ CHU3HUTB 3a-
TpaTbl HA OXJIAXKACHUEC 31aHUsA, a B XOHO}IHLIﬁ nepuona
rojia 5KOHOMHUTH CPE/ICTBA Ha OTOIUICHHE.

3. Hcnonv3o8anue noo3emHo20 npocmpancmad.

UroObl CHU3UTH MOTPEOJICHUE DHEPIHU B IPOM3-
BOZICTBEHHOM IIPOLIECCE, APXUTEKTOPBI YACTO HCIIOJb3Y-
FOT METOJBI TTACCHBHOTO OXJIAXKICHMS, pa3MeIasi YacTH
3aHUH IO 3€MJIEH MJIM YaCTHUYHO IO 3eMJIeH, YTO IMO-
3BOJISICT TIPUMCHSTH MPEUMYILIECTBA TOCTOSIHHON TEM-
repaTypsl 3eMid. Pa3menieHne BUHOXpaHWIIHII TaM, TIe
UX CTEHBI MOTYT COIIPUKAcaThCs C 3e€MJICH, Jalle BCero
YCTpaHsIeT HEOOXOMUMOCTD B JIOTIOTHUTCIIHHOM OXJIaXK-
neHnu. J[prkeHHMe BO3AyXa OT (haHKOiIa, OXJIa)Iaro-
IIEro HaJ3eMHOE MOMEIEHHE ISl OOUeK, BBICYIIMBACT
OOUYKHM U YBEITMYUBACT UCIAPCHHUE BHHA. UTOOBI POTH-
BOCTOSITh STOMY, MHOTHE BUHOJIEITBI JIOTIOTHUTEIIFHO YB-
JIAXKHAKOT IIOMCHICHUS, YTO MOXKCT UMCTh CBOU HECIraTHUB-
HBIE TTOCIIEACTBHS (Harpumep, TPHOKOBOE 3apa’keHue).
[Tom3emMHOE TOMeEIIEHHE T XpaHeHUST 00YeK, KOTOpoe
HE HY)KIAaeTCs B OXJIAKICHUH, He OyJIeT ClIOCOOCTBOBATh
HCIIAPCHUIO BIHA, YTO IKOHOMUYCCKH BhiroHee. CTEHBI,
pacIIONIOKeHHBIC B KOHTAKTE C ITOCTOSHHOM TeMIIepary-
Poit 3emMITH, 00eCeYnBaIOT CHIDKEHHE 3aTpar Ha OTOIUIe-
HUE U OXJIKICHHE.

4. Pacnonodcerue 00WecmeeHHbIX 30H 8 Ha3eM-
HOM OCmeKIeHHOM obbeMe.

MakcuMaiabHO JOIYCTUMAasi CBETONPO3PaYHOCTH
HapY>KHBIX KOHCTPYKIUH OOIICCTBCHHBIX 30H, YCTa-
HOBKA JIOTIOJTHUTEIFHBIX CBETOMPO3PAYHBIX JIEMEHTOB
C JIBOMHBIM OCTEKJICHHMEM (MaHCap/IHBIX OKOH, BBICO-
KHX ITOTOJIOYHBIX OKOH, Pa3HBIX TUIIOB CBETOBBIX (POHA-
peil 1 IpyTuX JOMOTHUTEIBHBIX HCTOYHUKOB THEBHOTO
OCBEIICHHS) TAKUM 00pa3oM, 4TOOBI MPSIMbIE COJTHEY-
HBIC JTyYH HE TIOTAIajIH Ha pe3epByap Win O0UYKY B IPO-
W3BOJICTBCHHBIX TOMEIICHHUAX, IMO3BOJHUT YBEIHYHUTH
YPOBEHb JIHEBHOI'O OCBCLICHHA, CHHU3UTHL pPaCXO/bl
Ha AIIEKTPOIHEPTHUIO, YIYUIIUT KOMPOpPT padoyeii cpe-
JIBI TIEPCOHANA ¥ TOCTEH BUHOICTHHH.

5. Uumeepayus 30anust 8 OKpyscaiowyio cpeoy.

ApXUTEKTypa COBPEMEHHBIX BHHOJCICH JOJKHA
CTPEMHUTBCA K €IUHCTBY C MPUPOTHBIM OKPYKEHHEM,
rapMOHHU3AIMM 00BbEMa C OKpPYXKAIOIIUM MPOCTpPaH-
CTBOM, «PACKpPBITHIO» 3[IaHUs W3HYTPU HA TPUPOLY,
BKJTFOYEHUIO IIEMEHTOB IIPHUPOJIBI B HHTEPHEP, TOCTYILY

K €CTECTBEHHOMY THEBHOMY CBETY, CBEKEMY BO3IYXY,
3€JIeHBIM HACaKICHHUSAM, OTKPBITHIM BOAHBIM IIPOCTPAH-
CTBaM U JIp. DTO yiy4llaeT o0Iiee COCTOsTHHUE MePCoHa-
Jla ¥ TOCTEH, CHMKAeT yCTaloCTh M YyBCTBO CTpecca,
CMATYaeT HEKOTOPBIE HETaTUBHBIE MOCIEACTBHSI HCKYC-
CTBEHHOMH cpejbl Ha 310poBbe. Vcnonb3oBanue A0my-
CTUMBIX IO TEIUNIOTEXHUIECKNMH KOHCTPYKTHBHBIM CO-
00paXEHMSIM CBETONPO3PAYHBIX 3JIEMEHTOB, OTKPBITHIX
30H, JTa€T pasTpy’KaroNIUi ICUXOIOTHYECKUH (P QeKT
U MHTEPECHBIC apXUTEKTYPHBIE 00pa3bl.

[Tpu poeKTHPOBaHNH Ha CIIOKHOM pelibede onTH-
MaJIbHBIM pelIeHneM Oy/IET CO3AaHNue TEPPACHOH CTPYyK-
TYpbl BHMHOJICJIBHH, HMHTEIPUPOBAHHOW B JaHAMIAQT.
TeppacHOCTh CIIOCOOCTBYET MHUHHUMH3AIUK 3HEPTOIO-
TpeOJieHns] B IMPOW3BOJICTBEHHOM IIpoliecce, WHTEerpa-
UM APXUTEKTYPHOH KOMIIO3UIUK B IPHPOIHYIO CPELY,
CO3IAHUIO YHUKAJIBHOTO apXUTEKTypHOTO 00pasa.

6. Yeenuuenue xoagppuyuenma samenenusi.

‘YMEHbIIIEHNE BIUSHUS COITHEYHOTO CBETa HA I10-
BEPXHOCTb 3/IaHHS MOXKET 3aMETHO CHHU3UTH HarpysKy
Ha cucteMy oxnaxjaeHus. [lone3no npumMeHeHne MeTo-
JIOB 0JIaroyCTpoOicTBa TEPPUTOPUHU C TOCAIAKOHN Aepe-
BBEB BJIOJIb OXKHOM M 3alaJJHOM CTOPOH BHHOJAECIBHH,
OTKyZla HCXOJUT MAaKCHMAaJIbHbIH IOTOK COJIHEYHOTO
CBeTa. YCTaHOBKAa BEPTHUKAIBHBIX HACTEHHBIX pelle-
TOK JUISl BBIPAIIMBAHUS BHUHOTPAga TaKKe ITO3BOJIUT
3aTEHSITh CTEHbl. DTa KOHLEMLUS MOXKET 3HAYMTEIbHO
CHM3WTbH 3aTpaThl Ha OXJIAXKCHNE BUHOJCIbHU. JleTom
MOMEIICHUS, OPUEHTUPOBAHHBIE Ha IOT, HEOOXOANMO
3amuImarb ot rmeperpesa. [t 3TOro MCHoOIb3YIOTCS
CTAIMOHAPHbIC MM MOJABMXKHBIE KAJIO3H, HperycMa-
TPUBAIOTCSl CBECHI KPOBEIb, JINOO IPUMEHSIETCS ecTe-
CTBEHHAs 3aIllUTa OT COJHIIA JIETOM — TEHb OT JIH-
CTBEHHBIX JICPEBbEB.

7. Hanuuue mexnonoeuveckux omeepcmutl Oist
NACCUBHOU CUCTEMbL GEHMUNAYUU.

[TaccuBHBIE CHCTEMbl BEHTWIALUH pPadOTaIOT
Ormarofapsi pa3HHUIE NAaBJICHUI BHYTPH M BHE 371aHHA,
CO31aBaeMOM M3-3a CYTOYHBIX IIepenajgoB armocdep-
HOTO JIaBJICHHS, BETPa, MEPENaoB TEMIICPaTypsl U JIp.
Jnst paboThl TACCUBHBIX (MIIM €CTECTBEHHBIX) CHCTEM
BEHTWISALMHA TPEOyeTCs] UMETh TEXHOJOIMYECKHE OT-
BepcTHs (OOBIYHO 3TO OKHA, JIBEPH, a TakkKe 0coObIe
ApXUTEKTYPHBIE PELICHUs], HalpUMep nep(opHpoBaH-
HBIC CTCHBI; M WH)XCHEPHBIC PEIICHNUS, HAIPUMEP CTe-
HOBOW IMPUTOYHBIN KJIallaH, OKOHHbIE BEHTUIISLIIOHHBIC
KJIallaHbl), Yepe3 KOTOPBIE IPONCXOIUT OOMEH BO3IyXa.
OTOT mpolece CHIKAET MOTPEOHOCTh B MEXaHNUECKON
BEHTWISILIUH U CHIDKAET SHEPronoTpedieHue.

8. IIpooymanmwlil noOX00 K 86100py MaAmepuaios.

Hcnonp3oBaHue TeX WM MHBIX MaTepHaJoOB MO-
KET OKa3blBaTh 3HAYMTENILHOE BIMSHNE HA yCTOHYH-
BOCTh BHHOJCIBbHU. [Ipe/mnoyrenre B apXuTEKTypHBIX
peLIeHUIX KaK B 3KCTEphEpe, TaK U B HHTEPHEPE, B OC-
HOBHOM HY)XXHO OT/aBaTh HAaTypaJbHBIM MaTepuaaM.
KoHCTpyKTHBHBIEC MaTepHabl JOJDKHBI ObITH BHIOPAHBI
TakuM 00pa3oM, YTOOBI OHU UMEITH MUHUMAJILHOE BO3-
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CTNOMTENbCTB!
HayKa v 06pa3oBaH

A.P. Knouko, T.B. Llllamaeea, C.A. [JobbI4uHa

JICCTBHE Ha OKPYKAIOILYIO CPeAy U OBUIH JIETKO MO-
JAIOUTUMHUCS TepepadoTKe.

YMEHBILIEHHST TEIUIONOTePh MOXHO J00UTHCS
C TTOMOIIBIO YAYUIICHHS THITA WM KOJIMYEeCTBA MaTepH-
aja TeIon30JsUun. TOHKOCTEHHbIE KOHCTPYKIIUU Je-
LIEBJIE IPU CTPOUTENILCTBE, HO B HKCIUTyaTalluH CUJIBHO
MPOUTPHIBAIOT 3JAaHUSIM C MHOTOCJIOHHOW H30JsUeil
KOHCTPYKLUH.

[IpuMeHeHHEe WHHOBAIIMOHHBIX MaTepUANIOB (Ha-
puMep, KpoBEIbHOM MEMOpaHbl) TaKXKe MOXKET OKa-
3aTh CYIIECTBEHHOE BIUSHHE HA XapaKTEPUCTUKU
YCTOHYMBOCTH 3aHMs. YK€ pa3paboTaHbl Kpacku JUis
KpOBEJb, B COCTaB KOTOPBIX BXOJASAT MUIMEHTHI, OTpa-
Karoume HHppakpacHoe u3inyueHue. Takas KpoBis
YMEHBIIIAET KOJMYECTBO TETJIOMOIVIOMIAIONIET0 CBETa
U cO34acT NMPOXJIAJHYIO KPBILLY JaXke YEPHOIO LBETA.
X0J0AHBIE KPBIIM CHUXKAIOT 3aTparhl Ha MOIVIOLEHUE
TEeIUIa U OXJIAXKACHUE.

9. [ubrocms 6 NPOEKMHBIX PeuLeHUsX.

3anokeHHasl Py NPOEKTUPOBAHUU 3/1aHUS BUHO-
JIeTIbHA BO3MOXKHOCTh MOJIEPHU3AINU M TpaHCchopma-
LMY YacTH NPOCTPAHCTBA O3 M3MEHEHUS] OCHOBHBIX
KOHCTPYKTHBHBIX 3JIEMEHTOB, BO3MOXKHOCTbH aJaNTH-
POBAThCs ¢ Y4ETOM MEHSIOIIMXCS TOTPEOHOCTEN TIOJTb-
30BatTeNs, T.€. M3MEHITh (U3MYECKHE, ICTETHYECKHE
WM TEXHUYECKHE XapaKTePUCTUKU B TEUEHHUE OIpese-
JIGHHOT'O IIE€PHOAA KU3HEHHOIO LUKJIA, SIBIISIOTCS He-
OCTIOPUMBIM TPEUMYIIECTBOM B HAall OBICTPOPa3BUBA-
IOLLMICS BEK.

10. Aoanmayus 30anuii K HOBOMY UCHOIBL30BAHUIO.

Ecnu mmeercss maneimasi BO3MOXKHOCTb PEKOH-
CTPYKLMHU CYIIECTBYIOUIEr0 3AaHUsSI Ha TEPPUTOPHH,
WM BO3MOXKHOCTB JaTh €il BTOPYIO »KM3Hb IOJ Jpy-
MM HazHa4eHHEM (Harpumep, CKJIaJ JUIsl MHBEHTaps),
TO 3TUM HYKHO BOCHOJIb30BaThCs, 3TO TOXKE OTHOCHUT-
Cs K IpUHLUIAM yCTOH4MBOro passurusa. Hampumep,
xomnanus Hightower Cellars mpou3BonuT BUHO B pe-
KOHCTpyHpoBaHHOW KoHtomHu. Kommnanus Boxwood
pa3paboTania TE€HepalbHBIM IUIAaH MO MOMJICPKAHHIO
CYIIECTBYIONIEH BHUHOACIHHA B PabOYEM COCTOSHHM,
MOKa psAJIOM C Hel cTpouTcst HoBas. HoBast BUHONEIBbHS
OyZeT MEHbIIIe TI0 pa3Mepy, UCTIONb30BaTh MEHBIIE pe-
CYpPCOB M CTOUTb JIELIEBIIE, TOCKOJIbKY CYILECTBYIOLIEE
MIOMEIIEHUE MJIAHUPYETCS UCTIONIB30BAaThCS KaK CKIIAJ.

11. ¥Ynpowenue npouzsoocmea ¢ nomoubio 2pasi-
MAaYUOHHBIX NPOYECCO8B.

DTaXHOCTh COBPEMEHHBIX BHHOJIEJIEH JKeJaTellb-
HO cOOM0IaTh B mpejene oT 2 70 4 dTaxen Jisi MUHH-

MU3aIIMH [UIOMIA/ 1 3aCTPOHKH U BO3JICHCTBHS Ha JIaHI-
madt. ITO TakKe CHOCOOCTBYeT MPUMEHEHHUIO Oojee
9HeprodGHeKTUBHOW TEXHOJOTHUH TMPOU3BOACTBA —
«TPaBUTAIMOHHOTO BUHOAEHS, KOT/Ia CYCJIO MOJ BO3-
JCUCTBUEM CHIIbI TSDKECTH IEPEMEIAETCsl 10 Pa3HbIM
YPOBHSIM CaMOTEKOM, ¢ MUHUMAJBHBIM TPUMECHEHUECM
MexaHn4eckoi cuiibl. Cxema paboThl TaKOBa: BUHOTPAJl
MOCTyMaeT nocie coopa ypoxkasi Ha BEpXHHUH ypOBEHb,
3aTeM II0Clie OT/AENEHHs TPeOHsS OH JBIMIKETCS BHU3
TI0J1 TTPECC, Jlaliee COK CTEKAaeT Ha ypOBEHb HUKE M TaK
JI0 YPOBHSI, TJI€ OCYIIECTBISIETCS] PO3JIMB U XPaHEHHUE.
[TpuMeHeHHne eCTeCTBEHHON CHIIBI TPABUTAIINHI CBOJHUT
K MUHHMYMY 9HEPreTHYECKHUE 3aTPaThl P MPOU3BO/I-
CTBE BHHA.

12. Humeepayus cpedcme anvmepHamugHoll SHep-
2emuKU 6 CIpPYKmMypy 30aHUsl.

[TpumeHeHHe CpPe/CTB albTePHATHBHOM YHEPTeTH-
KM (9HEprusi BeTpa, CONHIA, 3eMJIH, BOBI 1 OMOMAaCCHI)
B apXHUTEKType BUHOJIEIEH CIIOCOOCTBYET MOBBIIICHUIO
9HeprodPp(eKTUBHOCTH 3MaHNUH.

SAKJIIOYEHUE U OBCYXJIEHHUE

[Tpou3BOACTBO BHHA CTAHOBHUTCSI BCe Ooiee J10-
POTOCTOSIIIIMM BO MHOTOM H3-3a CTPEMHUTEIBHO pacTy-
IIMX SHEPTeTHYeCKUX W MaTepUANbHBIX 3aTpar. BuHo-
JICNTbHU, KOTOPBIC CICIYIOT MPUHIUIIAM YCTOWYHBOTO
Pa3BHUTHSI, MOTYT MPUHOCUTH OOJIBINYIO MPUOBLIL Olla-
roapsi CHIDKCHHUIO SKCIUTYaTaI[MOHHBIX PacXOJIOB, OKa-
3bIBaTh MEHBIIIEC HEraTHMBHOC BJIMSHUC HA CPEAy IpH
CTPOWTENBCTBE M IKCIUTyaTallld, YBEINYUBATh CPOKU
SKCIUTyaTallly 3aHUs [IPH OJHOBPEMEHHOM YITydIIle-
HHUM YCJIOBUH TpyJa.

WzyueHne HaAyIHBIX TPYIOB U MPOEKTHBIX MaTepH-
AJIOB COBPCMCHHBIX BHHOJICIICH, HX aHAJH3 M CpPaBHE-
HHUE TIO3BOJIMIIA BBISIBUTH PsiJl METOJOB, IPUEMOB U pe-
KOMEH/IaIl|i{, TIO3BOJIAIONINX Pa3BUBAaTh YCTOHYNBOCTD
APXUTEKTYPBI BUHOMICIBUCCKUX MPEITPUITHHA.

JloarocpouHas 5KOHOMHUS Ha SKCILTyaTaluu, KOTO-
pyro obecrieunBaeT KaKAbIii U3 BEISIBICHHBIX METOJIOB,
KOMIIEHCHPYET IIepBOHaYAJIbHBIE 3aTpaThl Ha OoJiee 10-
porue perreHus. MHOTHE U3 HUX HE J00aBISIOT EPBO-
HAYaJIbHBIX 3aTpPar.

[T060YHBIM MIPEUMYIIIECTBOM HCIIOJIB30BAHUS STHX
MIPUHIIAIIOB YCTOWYMBOTO Pa3BUTHUS SBISACTCS CO3TAHHE
Ooree 310poBOIA pabodeil Cpeibl, 9TO MPHBONT K MOBBI-
LICHHUO TPOM3BOIUTEIIEHOCTH.
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INTRODUCTION

In 2015, at a meeting on Sustainable Development
2030, United Nations members formulated and adopted
17 global Sustainable Development Goals for “peace
and prosperity for people and planet”.

Industrial architecture, based on the rational, logical
and cost-effective idea of building construction, has
always been close to the basic concept of sustainability.
However, there is a strong opinion that industrial
plants pollute nature and disturb not only biodiversity
but also the aesthetic appearance of the environment.
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Therefore, the principles of sustainable architecture are
increasingly recognized as a methodological approach
to the design of modern industrial architecture,
particularly winery buildings.

From the perspective of modern sustainable
development goals, the sustainability of industrial
architecture should be seen as: building industrial
facilities based on intelligent urban planning that
creates safe, affordable and resilient cities; seeking
innovative architectural solutions and technologies
(from architectural concept to building construction);
and incorporating recycling and waste reduction ideas
during the construction and operation phases. Industrial
architecture endeavours to incorporate these challenges
into the conceptual design phase, placing part of
the responsibility for sustainability on architectural
solutions. This has led to design solutions that push
the boundaries of typical industrial architecture,
combining new and long-term sustainability objectives
with modern building aesthetics.

The environmental aspect of sustainability in
industrial architecture is particularly important in
the design process of modern wineries.

A winery today is not only a place of production
of wine products, but also a place of tourist attraction,
including commercial and entertainment functions,
as well as the result of architectural imagination,
combining the traditionalism of the craft and modern
trends in architectural design [1-3].

Over the last 40 years, winery buildings have
been spreading all over the world, driven by the global
growth of world tourism, increased competition in
the creation of wine beverages, the introduction of new
production technologies, the emergence of the “fashion
for author’s wineries”, etc.

Building wineries in harmony with nature, in
harmony with the concepts of sustainable development,
has become especially popular since the beginning
of the 21st century, when the wine industry entered
the world market and wine tourism began to develop.

The implementation of sustainability practices
can significantly reduce the consumption of energy,
raw materials and drinking water, waste production,
and greenhouse gas emissions. Driven by the desire to
protect natural resources, to improve public attitudes
towards wine production, and to make tangible savings,
grape producers have been seriously integrating
sustainability into their architectural designs over
the past decade [4, 5].

Whether constructing a new winery building or
renovating an existing facility, sustainable winery
architecture practices top the list of practices being
incorporated into modern winery solutions. Incentives
for winery owners to be environmentally responsible is
as socially responsible as it is financially rewarding.

The need to ensure environmental sustainability in
the design of wineries has prompted many architects to
create unique architectural solutions that combine func-
tionality, efficiency and minimal environmental impact,
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adding to the world’s “piggy bank™ of unique architec-
tural objects. Today, it is possible to find wineries in
the world that are examples of original architecture,
which is a source of interest.

MATERIALS AND METHODS

In order to describe objectively the trends in
the development of architecture of modern wineries and
the environmental techniques and methods used in their
design, we analyzed the architectural solutions of build-
ings of modern wineries, including foreign and domes-
tic productions, built not earlier than 2015, the concept
of which was based entirely on the pursuit of sustain-
able development principles.

The design materials of the selected example
buildings are publicly available on the Internet.

The aim of the study is to identify architectural
methods and techniques for the design of sustainable
modern winery buildings.

A literature review was conducted to clarify
the current existing research on sustainability issues
in the architecture of modern wineries. The search was
carried out in the Scopus and Web of Science data-
bases, as well as in the scientific electronic eLibrary.
The keywords used in the search: winery architecture,
sustainable winery development, sustainable winery ar-
chitecture. Relevant review and research papers were
selected for detailed analysis. The reviewed winery pro-
jects are selected based on the following criteria: built
after 2015; conceptualized according to sustainable de-
velopment principles; certified as sustainable buildings.

Among the projects analyzed were the unique win-
ery buildings shown below.

Beronia Winery, Spain (IDOM architects), 2020.

The building is the first industrial wine production
facility in Europe to be LEED Gold certified for energy
efficiency and sustainable design [6]. The production
area is underground, allowing the use of gravity fall for
wine production and the natural temperature of the soil
for aging. The visitor area is located on the top floor,
integrated into the environment by maximizing glazing
overlooking the vineyard. Environmental sustainabil-
ity is reflected in the choice of materials and technical
systems. The building is characterized by good thermal
insulation, maximum use of natural light, photovoltaic
sensors, passive solar protection systems, rainwater
harvesting, biomass, etc. (Fig. 1).

Peralada Winery, Catalonia, Spain (RCR Archi-
tects), 2017.

The winery (Fig. 2) was designed in accordance
with the standards for LEED Gold certification for sus-
tainable construction. The smoothly curved volume of
the building is almost completely buried underground,
and the historic part of the site built in the early twen-
tieth century is a public guest area. Part of the winery’s
roof is landscaped. The building uses geothermal ener-
gy, which reduces energy consumption for heating and
cooling water by one third [6].
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Fig. 1. Architectural solutions of Beronia winery, Spain (IDOM architects): a — part of the facade; b — facade glazing;
¢ — exterior; d — interior’

Fig. 2. Architectural solutions of Peralada winery, Catalonia, Spain (RCR architects): @« — bird’s eye view; b — interior
of the production area; ¢ — interior of the wine storage; d — view from the gallery?

' Beronia. URL: beronia.com

2 Perelada. URL: perelada.com
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Carillon d’Angélus winery in Libourne, France
(Architecte DPLG), 2019.

The winery building represents a balance between
preserving the historical heritage and introducing inno-
vations due to the need to expand the production ca-
pacity of the old winery (Fig. 3). The location within
a UNESCO World Heritage Site imposed serious con-
straints on architectural solutions. Thanks to technical,
environmental and aesthetic considerations, this new
winery benefits from state-of-the-art equipment.

The wine cellar with its 18 inverted cone-shaped
vats, lifting system and tank lift is fully operational
thanks to natural gravity. A nitrogen-generating unit en-
sures the protection of the wines. Photovoltaic panels
allow self-generation of part of the required electrici-
ty [7]. The building has been certified by the BREEAM
environmental assessment method for buildings [8].

Cantina Pizzolato winery in Treviso, Italy (archi-
tects Made Associati), 2017.

The winery is designed in a rustic colour, in keep-
ing with the authentic countryside setting (Fig. 4). It or-
ganically combines both traditional and advanced tech-
nologies of organic wine production. The production
facilities (grape reception, processing, fermentation)
are located on the ground floor, with the public area
(tasting room) on the ground floor. The double wooden
facade works as a sun protection structure. The whole
roof is covered with photovoltaic solar panels (more

than 570) and a new organic water purifier has been in-
stalled to reuse the filtered water.

Anaia Wines winery, Godoy Cruz, Argentina (ar-
chitect Japaz Guerra Arquitectos), 2022.

The design of the winery is inspired by the sur-
rounding landscape, the topography of the mountains,
the flora of the hills, the texture and colour of the an-
cient rocks (Fig. 5). The building is a rectangular prism
with a height of 11 metres and a width of 100 metres.
The spatial arrangement of the different sectors required
for wine production is linear (harvesting sector — fer-
mentation hall (in tilting concrete tanks) — barrel stor-
age hall — bottle storage hall — public area).

Integration into the landscape, passive thermal
management systems, energy and water saving systems
are a significant part of the architectural concept of this
winery.

Gurdau Winery, Czech Republic (architect Ales
Fiala), 2020.

In the two-storey building, the underground
part is used for wine production, storage and archiv-
ing, while the customer areas are exposed to the sun
through the glass facade, allowing passive energy to be
utilized. Insulated triple glazing has been designed to
prevent overheating during the hottest summer months,
combined with wooden oak slats in front of the win-
dows, ample overhang of the curved roof and shading
of the pergola in front of the facade with a tarpaulin.

Fig. 3. Architectural solutions of the Carillon d’Angélus winery in Libourne, France (architects DPLG): a — part of
the facade; b — interior of the winery cellar; ¢ — interior of the production part; d — exterior [7]
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Fig. 4. Architectural solutions of the Cantina Pizzolato winery in Treviso, Italy (architects Made Associati):
a — winery territory; b — part of the facade; ¢ — exterior; d — interior of the public area’

Fig. 5. Architectural solutions of the Anaia Wines winery, Godoy Cruz, Argentina (architect Japaz Guerra Arquitectos):
a — exterior in the evening; b — exterior in the daytime; ¢ — interior of the production area; d — interior
of the public area*

3 La Cantina Pizzolato _New Bio Winery by MADE associate // Mooool. URL: https://mooool.com/en/la-cantina-pizzolato-_-
new-bio-winery-made-associati.html

* Anaia Wines Winery / Japaz Guerra Arquitectos. URL: https://www.archdaily.com/1012478/anaia-wines-winery-japaz-
guerra-arquitectos?ad_source=search&ad medium=projects_tab
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An air-to-water heat pump is used for heating. Rainwa-
ter is collected in a storage tank and used to irrigate
the vineyard. The use of materials such as reinforced
concrete, glass, metal, wood (oak and acacia) is clean
and maintains the organic form of the building.

Locating the building directly in the vineyard in
open countryside minimizes the transport of raw mate-
rials and workers within the winery. However, this also
placed high demands on the architectural and landscape
integration. The building shape in the form of a gen-
tle curve and the landscaping of the extensive roof area
creates the feeling of a hill between hills, a natural fu-
sion with the environment. The overall impact and ben-
efits of intensive landscaping on both the landscape and
the building will only become apparent over the years
(Fig. 6).

Cote Rocheuse Winery, Varvarovka, Russia (Sev-
erin Project architects), 2020.

Located in the picturesque hills of the Krasnodar
region near Anapa, the new winery is a modern win-
ery with an attractive design (Fig. 7). The perception of
the building is defined by the antithesis of “rectangular
versus bionic” or “technocratic versus natural”. Wine
production is based on the principles of gravity-fed
winemaking, which define the winery’s architectural
plan and strict functional layout.

The entire technology is contained in a simple rec-
tangular volume integrated into the slope on the site.

Gravity winemaking eliminates the use of mechanical
means of pumping grapes, the cellar tanks are filled by
gravity, so the production rooms must be on different
levels. The cellar contains storage and tasting rooms.
The upper volume, with its rounded shape reminis-
cent of beach pebbles from the local coast, is orientated
towards the public areas — it houses the restaurant,
café and panoramic terrace with access to the roof.

RESULTS

Winery buildings have been designed by many of
today’s most renowned architects, such as Santiago Ca-
latrava, Mario Botte, Frank Gehry, Alvar Siza, Raphael
Moneo, Jacques Herzog, Zaha Hadid, Pierre De Mey-
ron, Steven Holl, Chris Kelly, Jean Nouvel, Yannis
Yaniotis, Michael Geis, Alexandra De Acosta, Richard
Rogers and others. We can also mention the names of
architects whose creative work is mainly linked to win-
eries — Jesis Manzanares, Filipe Maziére, Jestis Maria
Pascual and others.

The ecological design principles of modern winer-
ies are the subject of research by a large number of au-
thors from different countries such as F. Shu-Yang [9],
A.B. Giiltekin and V. Alparslan [10], P.O. Akadiri [11],
J. Loveland [12] and others.

The results of the study show that the modern win-
ery buildings considered share many common charac-

Fig. 6. Architectural solutions of Gurdau winery, Czech Republic (architect Ales Fiala): a — bird’s eye view; b — Interior of

wine storage; ¢ — exterior in the evening; d — interior of public area’

> Gurdau Winery / Ales Fiala. URL: https://www.archdaily.com/1001087/gurdau-winery-ales-fiala?ad_source=search&ad

medium=projects_tab

90



Sustainable development of modern wineries: techniques and methods in architectural design

P. 75-94

teristics. Located directly in the vineyard area, they are
maximally integrated into the environment, take into
account and utilize the terrain, and are thoughtfully
placed in terms of building orientation. In all of these
examples, the architectural solutions allowed the tech-
nology to utilize gravity drop (by placing the process
from top to bottom) and neutral soil temperature for
wine maturation (by partially burying the building
underground). Roof landscaping, the organization of
a ventilated roof, and the use of shading systems made
it possible to organize passive cooling methods. All
buildings include an integrated waste management sys-
tem, and most choose to use renewable energy sources
such as geothermal energy, solar photovoltaic panels on
the roof, and rainwater recycling.

By analyzing the examples of wineries presented
above, a number of recommendations can be made to im-
prove the stability of designed winery buildings. Consid-
ering these recommendations in the design will increase
the stability characteristics of the winery building.

1. Moving production closer to the vineyards.

The urban planning measure of locating the build-
ing in the vineyard or at a distance of no more than
5 km minimizes the need for long transport of raw ma-
terials and workers, avoids the fencing of the territory,
which is necessary when the winery is located in an es-

L AR L]

c

tablished building, forms a more ecological image of
the building [13].

2. Selecting the optimal shape and orientation of
the building.

One of the most obvious challenges in the de-
sign of modern wineries is to improve the energy ef-
ficiency of the building and minimize energy consump-
tion. The main energy source of wineries is electricity
(92 %), followed by fossil fuels such as gas and diesel
(9 %) [14]. Some studies show that wineries with wine
production of more than 50,000 hl/year consume elec-
tricity at a rate of 4 kW-h/gl, while small wineries with
production of 25,000 hl/year or less consume electricity
at a rate of 16 kW-h/gl [15].

The shape of a building influences the efficiency
of energy resources use; energy savings from utilities;
use of favourable and neutralization of unfavourable
environmental influences. An elongated, smoothed and
compact building form without many volume cut-outs
is the best solution from the point of view of energy
efficiency. To increase energy efficiency, it is necessary
to reduce the specific perimeter of external walls m/m?
(ratio of the perimeter of external enclosing structures
to the floor area) [16]. Proper orientation of the building
makes it possible to reduce the negative impact of so-
lar radiation in the warm period of the year and reduce

[ .
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Fig. 7. Architectural solutions of Cote Rocheuse winery, Varvarovka, Russia (Severin Project architects): a — exterior;
b — main facade; ¢ — interior of production facilities; d — side facade®

¢ Cote Rocheuse Winery / Severin Project. URL: https://www.archdaily.com/952127/cote-rocheuse-winery-severin-project
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the cost of cooling the building, and in the cold period
of the year to save money for heating.

3. Utilisation of underground space.

To reduce energy consumption in the production
process, architects often use passive cooling techniques
by placing parts of buildings underground or partially
underground to take advantage of the constant tempera-
ture of the ground. Placing wine storage facilities where
their walls can be in contact with the ground most often
eliminates the need for additional cooling. Air move-
ment from a fan coil cooling an above-ground barrel
room dries out the barrels and increases wine evapora-
tion. To counteract this, many winemakers additionally
humidify the room, which can have its own negative
consequences (e.g. fungal contamination). An under-
ground barrel storage room that does not need to be
cooled will not contribute to wine evaporation, which is
more cost-effective. Walls in contact with the constant
temperature of the ground provide reduced heating and
cooling costs.

4. Arrangement of public areas in a ground glazed
volume.

Maximum permissible translucency of external
structures of public areas, installation of additional
translucent elements with double glazing (skylights,
high ceiling windows, different types of skylights and
other additional sources of daylighting) in such a way
that direct sunlight does not reach the tank or bar-
rel in the production areas, will increase the level of
daylighting, reduce energy costs, improve the comfort
of the working environment of the staff and guests of
the winery.

5. Integration of the building into the surrounding
environment.

The architecture of modern wineries should strive
for unity with the natural environment, harmonization
of the volume with the surrounding space, “opening”
the building from the inside to nature, inclusion of ele-
ments of nature in the interior, access to natural day-
light, fresh air, green spaces, open water spaces, etc.
This improves the general condition of the staff and
guests, reduces fatigue and stress, and mitigates some
of the negative effects of the artificial environment on
health. The use of translucent elements and open areas,
which are permissible due to thermal and technical de-
sign considerations, gives a relieving psychological ef-
fect and interesting architectural images.

When designing on a difficult terrain, the optimal
solution is to create a terraced structure of the winery
integrated into the landscape. Terracing helps to mini-
mize energy consumption in the production process,
integrate the architectural composition into the natural
environment, and create a unique architectural image.

6. Shading factor increase.

Reducing the effect of sunlight on the building
surface can significantly reduce the load on the cooling
system. Landscaping techniques can be useful by plant-
ing trees along the south and west sides of the winery,
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where the maximum sunlight comes from. Installing
vertical wall grilles for growing grapes will also allow
for shading walls. This concept can significantly reduce
winery cooling costs. In summer, south-facing rooms
need to be protected from overheating. For this purpose,
fixed or movable louvres are used, roof overhangs are
provided, or natural protection from the summer sun —
shade from deciduous trees — is used.

7. The presence of technological openings for
a passive ventilation system.

Passive ventilation systems operate due to the dif-
ference in pressure inside and outside the building, cre-
ated by daily fluctuations in atmospheric pressure,
wind, temperature changes, etc. Passive (or natural)
ventilation systems require technological openings
(usually windows, doors, as well as special architectur-
al solutions, such as perforated walls; and engineering
solutions, such as a wall supply valve, window ventila-
tion valves) through which air exchange occurs. This
process reduces the need for mechanical ventilation and
reduces energy consumption.

8. A thoughtful approach to material selection.

The use of certain materials can have a significant
impact on the sustainability of a winery. Preference
in architectural solutions, both exterior and interior,
should be given to natural materials. Structural materi-
als should be chosen so that they have minimal environ-
mental impact and are easily recyclable.

Reducing heat loss can be achieved by improving
the type or amount of insulation material. Thin-walled
structures are cheaper to construct, but in operation they
lose heavily to buildings with multi-layer structural in-
sulation.

The use of innovative materials (e.g. roofing mem-
brane) can also have a significant impact on the sustain-
ability performance of a building. Roofing paints that
contain pigments that reflect infrared radiation have al-
ready been developed. Such roofing reduces the amount
of heat-absorbing light and creates a cool roof even in
black. Cool roofs reduce heat absorption and cooling
costs.

9. Flexibility in design solutions.

The possibility of modernizing and transforming
part of the space without changing the basic structural
elements, the ability to adapt to the changing needs of
the user, i.e. to change physical, aesthetic or technical
characteristics during a certain period of the life cycle, is
an undeniable advantage in our rapidly developing age.

10. Adaptation of buildings to new use.

If there is the slightest opportunity to renovate
an existing building on the site, or to give it a second
life under a different use (e.g. storage for equipment),
then this should be taken advantage of, this is also part
of the principles of sustainable development. For exam-
ple, Hightower Cellars produces wine in a renovated
stable block. Boxwood has developed a master plan to
maintain the existing winery while a new winery is built
next to it. The new winery will be smaller, use fewer
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resources and cost less because the existing facility is
planned to be used as a warehouse.

11. Simplifying production through gravity pro-
cesses.

Modern wineries should preferably be between
two and four storeys in height to minimize building
area and landscape impact. This also favours the use
of a more energy-efficient production technology —
“gravity winemaking”, where the must moves through
the different levels by gravity, with minimal use of
mechanical force. The scheme of work is as follows:
the grapes arrive after harvesting on the upper level,
then after separation of the crest it moves down under
the press, then the juice flows down to the level below
and so to the level where bottling and storage are car-
ried out. The use of natural gravity minimizes the en-
ergy costs of wine production.

12. Integration of alternative energy facilities into
the building structure.

The use of alternative energy means (wind, solar,
earth, water and biomass) in winery architecture con-
tributes to the energy efficiency of buildings.

CONCLUSION AND DISCUSSION

Wine production is becoming increasingly expen-
sive, largely due to rapidly rising energy and material
costs. Wineries that follow the principles of sustainable
development can generate higher profits by reducing
operating costs, have less negative impact on the envi-
ronment during construction and operation, and extend
the life of the building while improving working condi-
tions.

The study of scientific works and design materi-
als of modern wineries, their analysis and comparison
allowed to identify a number of methods, techniques
and recommendations that allow to develop the sustain-
ability of the architecture of wineries.

The long-term operational savings provided by
each of the identified methods offset the initial costs of
more expensive solutions. Many do not add to the ini-
tial costs.

A side benefit of using these sustainability prin-
ciples is the creation of a healthier work environment,
which leads to increased productivity.
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ApXHUTEKTYpa KJIYyOHBIX J0MOB MOCKBBI
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AHHOTALMNUA

BBepeHwue. NosiBneHne Takoro Tvna Xunuila B ropofAckor cpeaie, Kak KnyOHbI oM, SBNSETCA 3aKOHOMEePHOW TeHAEHUMeN
pa3BuTUS coBpeMeHHoro obuiectsa. Lienb nccneqoBaHnsi — BbISIBNEHUE apXUTEKTYPHbIX XapaKTepUCTMK, METOAOB U Npu-
€MOB MPOEKTUPOBaHNS KIyOHbIX JOMOB.

MaTepuansi u MetoAbl. [prMeHstoTcs MeToabl 0630pa, CPaBHUTENBHOMO aHanm3a U CUHTe3a Mo Hay4HbIM, NuTepaTyp-
HbIM MCTOYHMKaM W MPOEKTHbIM MaTtepuarnam, CBA3aHHbIM C apXUTEKTYpPOl KryOHbIX JOMOB. AHann3nMpoBanuchb NpoeKTbl
Kny6HbIX AOoMOB . MOCKBbI, NpeAcTaBreHHble B OTKPbITOM AocTyne WHTepHerT. MNMonck Hay4YHow nutepaTtypbl NpOBOAMICS
B Hay4HOW aneKkTpoHHoN Gubnuoteke elibrary, anekTpoHHbIX 6a3ax AaHHbIX Scopus, Web of Science, ¢ ncnonb3oBaHnem
KIYEBbIX CrOB: KMyOHbIA JOM, apxuTekTypa KrybHbIX JoMOB. Ha ocHOBe aHanu3a NpoeKTHbIX PeLlEHN PaCCMOTPEHHbIX
Kny6HbIX 4OMOB MOCKBbI BbISBMEHbI UX OCHOBHbIE apXUTEKTYPHbIE XapakTepPUCTUKN.

Pesynbratbl. Kaxabiii knyOHbI JOM YHMKAnNeH, Tak Kak CTpoUTCs Nnbo no UHAMBUAYaNbHOMY 3KCKIO3MBHOMY MPOEKTY,
nvbo cosgaeTcs Ha 6a3e UCTOPUYECKN 3HAYNMbIX OOBEKTOB, MOABEPILLUNXCS PEKOHCTPYKLUMN. AHANN3 apXUTEKTYPHBIX peLue-
HWIN nccrnedoBaHHbIX KNyOHbIX JOMOB NO3BOMUI ONpeaenuTb ObLLMe YepTbl AaHHOro TUMa XuUnuiia u AaTe pekoMeHaaumum
MO UX NPOEKTUPOBAHMIO.

BbiBopabl. Kny6Hble 3gaHuns cnyxaT maTepuarnbHbIM OTpaxeHWeM CoLManbHOro 3akasa Ha pa3BuTUE NMONMUTUKU F'yMaHu3a-
LK, 3KOMOrn3aL MM 1 NoBbILLEHUSI YCTOWYMBOCTM pa3BUTUS cpedbl 0buTaHus. B To xe Bpemsi aTo CTUMynupyeT npouecc
MMYLLECTBEHHOIO paccroeHns obwectsa. Ho Bbicokas nnaHka apXUTEKTYPHO-XyA0XeCTBEHHOro obpasa Kny6HbIX 4OMOB
oboraLaeT cpeay Halero obuTaHus, HaMomnHss ee HOBbIMY KyNBTYPHBIMU CMbICIIaMU 1 3CTETUYECKUM YPOBHEM. OTO CTaBUT
CMOXHY0, HO MHTEPECHYIO 3afady nepen apxMTeKTopaMmyM — UCMOMb30BaTb B MACCOBOM XWUIMULLHOM CTPOUTENbCTBE XOTS
Obl aNeMeHTbl apXMTEKTYPHbIX PeLleHuid KIyOHbIX JOMOB; AOMOMHUTL OQHOOOPAa3HYHO XUy 3aCTPONKY NOA0OHbIM Kaye-
CTBOM apXMTEKTYpbl, KOTOpas BbI3biBAeT rMybokMe amMoLMOHanbHble BNeYaTNeHnst U TpaHCnmMpyeT MHpopMaLIMio O HOBbIX
KUMULLHBIX CTaHAapTax.

KINMOYEBBIE CIIOBA: knybHbIi AOM, apxutekTypa KnyOHbIX JOMOB, 3MIMTHOE XUMNbe, apXUTEKTypa XWUMuLLa, MHOro-
hYHKLMOHAnNbHbIE XuUnble AoMa

EnaeodapHocmu. ABTOpbI Bblpaxatot 6naronapHocn> peaaKkUMOHHON KOMnerun >xypHana M aHOHUMHBLIM peLieH3eHTam
3a yaerneHHoe BpeMda U OKa3aHHOe BHUMaHUe.

OnA UMWTUPOBAHMUA: Knouko A.P, JlapkuHa E.A. ApxutekTypa kiny6Hbix AomoB Mocksbl // CTpoUTENBLCTBO: Hayka 1
obpasoBaHue. 2024. T. 14. Bbin. 2. C. 95-112. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2024.2.95-112

Asmop, omeemcmeeHHbIl 3a repenucky: Acmuk PybeHoBHa Knouko, KlochkoAR@mgsu.ru.

Architecture of Moscow clubhouses

Asmik R. Klochko, Elizaveta A. Larkina
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. The emergence of such a type of dwelling in the urban environment as a clubhouse is a natural trend in
the development of modern society. The purpose of the paper is to identify the architectural characteristics, methods and
techniques of their design.

Materials and methods. The materials and methods of this study include methods of review, comparative analysis and
synthesis on scientific, literary sources and design materials related to the architecture of clubhouses. We analyzed the proj-
ects of clubhouses in Moscow, presented on the open access Internet. The search of scientific literature was carried out in
the scientific electronic eLibrary, in electronic databases Scopus, Web of Science, using the keywords “clubhouse”, “archi-
tecture of clubhouses”. On the basis of the analysis of design solutions of the considered Moscow clubhouses their main
architectural characteristics were revealed.

Results. Each clubhouse is unique, as it is built either according to an individual exclusive project, or is created on the basis
of historically significant objects that have been reconstructed. However, the analysis of architectural solutions of the con-
sidered clubhouses allowed to determine the common features of this type of dwelling and to give recommendations for
their design.
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Conclusions. Clubhouses are a material reflection of the social order for the development of a policy of humanization,
ecologization and increasing the sustainability of habitat development. At the same time, it stimulates the process of prop-
erty stratification of society. However, the high bar of architectural and artistic image of clubhouses enriches our living envi-
ronment, filling it with new cultural meanings and aesthetic level. This sets a difficult but interesting task for architects — to
use in mass housing construction at least elements of architectural solutions of clubhouses; to complement the monotonous
residential development with a similar quality of architecture, which causes deep emotional impressions and broadcasts

information about new housing standards.
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BBEJAEHUE

PazBuTne uenoBedeckoro oOIIecTBa MpUBE-
JO K TOTAJILHOMY KOHTPOJIIO HaJl Cpefo oOWTaHUs.
Ilo cmoBam b. ManuHoBckoro «YemoBeueckoe Teo,
JlaXKe Cpey TeX HApOJOB, Y KOTOPBIX HET JOCTOHHOTO
YIOMHUHAHUA OJACKIbI, HC OTKPLITO HCTIOCPCACTBEHHO
BETPY, OcazkaM U cosHIly. OHO ITPeAOXpaHIeTCs Kyilb-
TYPHBIM TaHIMPEM, B KauyeCTBE KAKOBOTO BBICTYIIAET
yKpbITHE WiH kuwume» [1]. B 1o xe BpeMs xwu-
11e — MarepuajibHasi KOHCTPYKIHS, U ero yCTPOHCTBO
HaTIpSAMYIO CBSI3aHO C MMOTPEOHOCTHIO B OE30MAaCHOCTH.
Pa3zBuTHe TOpONOB, pacnpocTpaHEHHE MHOTOKBAp-
THPHBIX JOMOB €CTECTBEHHBIM OOPa3oM H30JIMPOBAIIO
YeJioBeKa OT npupopl. OTaeneHne TopoICKOro K-
ma or pabo4ux MecT 0OOCTPHIIO paslielieHHe MEXIY
4acTHOW U o0mecTBeHHOU cdepoii: «[opokaHe yXoasarT
B YaCTHYIO XH3Hb, MPOTCKAIONIYIO B CTCHAX HUX KBap-
THP, ¥ CKPBIBAIOT OINPEIEICHHBIE B OT Cyza o0mIe-
CTBEHHOCTW» [2]. be3onmacHOCTh KUIUIIA CO BpEMEHEM
B MHUPOOIIYIIEHNH JIFOJIeH TTPEeBpaIacT Bce 0CTalbHOE,
YTO HAXOAUTCS BHE JKWIIHIIA, BO YTO-TO BpaxkaeOHOE,
OIIaCHOE, TEM CaMbIM YCHUJIMBAs KEJIAaHWE TIOBBIIIATH
YpOBEHb 0E30MACHOCTH €IIe U emie (3a00pbl U CTCHEI,
OXpaHse€MbI€ TEPPUTOPHUHA BOKPYT JOMa, KPYIIOCYyTOY-
HBIC KOHCBEPXKHM W OXpaHa, CHUCTEMBI 0E30IacHOCTH
U CII@KEHUS U Ip.). A COIMaIbHOE HEPAaBEHCTBO IPUBO-
JUT K HEPABCHCTBY KadeCTBEHHBIX M CPEIOBBIX XapaK-
TEPUCTHK XKUIMIIA B YpOBHE UX Oe3omacHocTH. Bo3Hu-
KalOT MOHATHS >KWINIIHON POCKOIIN, SJIUTHBIX IOMOB
U Jp. DT0T pEeHOMEH HECOBPEMEHEH, B HCTOPUH YeIIO-
BeuecTBa OECUMCICHHOE KOJIMYECTBO IOKA3aTEeIIbCTB
JOCTHIKEHUSI TPAHIMO3HOTO YPOBHS POCKOIIH YKHJIHIIA
6orareiMu Jr01bMH. [IpEeCTHKHOCTE U POCKOIITD JKHITH-
12 €CTh HEKOE MEPHJIO YCIICHIHOCTH W IOATBEPIK/e-
HUA cTaryca, IPUHAIJIC)KHOCTH UX K TOMY HUIIM UHOMY
paHry. MOXHO CKa3aTbh, YTO XapaKTEPUCTHKH >KHITHIIA
3aBUCAT OT YPOBHA PA3BUTHA CTPAHBI U MPCACTABIAIOT
c000i1 MPOIYKT NCTOPHH YEITOBEUECTBA.

[losiBneHre HOBOTO THIA KUJIMILA B TOPOJACKOM
cpene, 0COOEHHO B TOpogax-MIJIIMOHHHKAX, TaKOTO
Kak KJIyOHBIH JIOM, SIBJISICTCS 3aKOHOMEPHOHN TEH ICHIIH-
€il pa3BUTHS COBPEMEHHOTO O0IIECTBA.

96

HcTopus kiIyOHBIX JOMOB Hayajlach B CBpOIICH-
ckux crpaHax. OCHOBHas upaes IMONOOHOW ISIUTHOU
HEABWKHUMOCTH — O3TO CO3JaHHC YIOTHOI'O ITpUBarT-
HOTO TIPOCTPAHCTBA NOBBINIEHHOH KOM(OpPTHOCTH,
00BENMHSIONIETO HEOOIBIIOE KOJIMYECTBO IKHUTENEH,
HUMEIOIINX OOIIUEe MHTEPECHI, MPOECCHI0, 0COOCHHO-
CTH MHPOBO33PCHHUS, UYTO HEOOXOOMMO IS CO3MAHUS
KOM(OPTHOTO SMOLIMOHAIILHOTO KJIMMAaTa B IAHHOM CO-
oOrmrecTse.

B Poccun niepBbie KityOHBIE JoMa CTaTH (POPMUPO-
Bathbcs B Hauase XX B. Bo3Boaunuch npeumyiecTBeH-
HO B MockBe 1 OblIH MMpeaHasHa4YCHbI IJIsI U3BCCTHBIX
TOCYJapCTBEHHBIX JEsATeNed, BOCHHBIX, YYEHbBIX, ITH-
carelyiel, apXUTEKTOPOB U CTPOUTEINIEH, KOMIIO3UTOPOB
U XyJO’)KHHKOB, CIIOpTCMeHOB. Tora mono0Hbie 00bek-
ThI OBITH TTOCTPOCHEI Ha [TpeuncTenckoil HabepeKHOH,
[Tarpuapmux npygax u Octoxenke [3].

B cBoux wuccimemoBanmsax 3.3. 3UATIHHOBA,
C.I'. MuxanueBa [4, 5] mnpeanaraioT CileIyrONIyio
(OpPMYIUPOBKY MOHSTHS «KIYOHBIH JOM»: DTO OTHO-
CALIMICS K KIIACCy BJIMTHOW HEIBMKUMOCTH MHOIO-
KBAPTUPHBII KUJIOW KOMILJIEKC, KOTOPBIA OTJINYaeT-
Cs ONHOBPEMEHHBIM HAJHYUEM HapsIy C IKIIBIMA
KBapTHpaMy OOIIECTBEHHBIX KIYOHBIX TOMEIICHHN
3aKpBITOTO TUTIA B TIOKOJHHOM W/YUTH TIEPBOM, Yepaad-
HOM JTa)kax, a TaKKe Ha DKCIUTyaTHPyeMOW KpOBIIE
(oOcmyXMBaHUE JKIIIBLOB M UX TOCTEH); KOMITAKTHBIM
pa3MeIIeHHEM KHIIIbIX SUeeK; TAKHOCTBIO J10 7—8 aTa-
XKel; pacroyIoKeHHEeM Ha OJHOMW Iulolanke He Ooiee
2-3 xBapTHp; OOJBITMMH TUIOIIAIIMA KBApTUP (0OBIY-
HO oT 100 M?); moKarue B MPeCTHKHBIX, IKOTOTHIHBIX
u WHGPACTPYKTYPHO DPA3BUTHIX TOPOICKHX paioHaX
¢ OJIaroyCTpoeHHOH TEPPUTOPHEH.

MATEPHWAJIBI U METO/JbI

[TpumenstoTess MeTobl 0030pa, CPaBHUTEIHHOTO
aHamM3a W CHHTE3a 10 HAYYHBIM, JINTEPATypHBIM HC-
TOYHMKAM [6—12] U IPOEKTHBIM MaTepHaaM, CBA3aH-
HBIM C Pa3BUTUEM apXUTEKTYpPbI KIIyOHBIX 1OMOB. AHa-
JIM3UPOBAIUCH TIPOEKTHI KIYOHBIX JOMOB I. MOCKBBI,
MIPE/ICTABICHHBIE B OTKPHITOM JlocTyne MHTepHeT.
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[Tonck Hay4HOH IUTEpaTyphl IPOBOJMIICS B HAy-
HOM AIIeKTPOHHOM Ombnmoteke eLibrary; aIeKTpoHHBIX
0a3ax IaHHBIX, B TOM uuncie Scopus, Web of Science,
C HCHONb30BaHMEM COOTBETCTBYIOIIUX KJIFOUEBBIX
CJIOB, BKJIIOUAst: KITyOHBIH JIOM, apXUTEKTYpa KIIyOHBIX
JIOMOB.

[Touck orpaHuuuBajICs CTaTbIMH, OIYOJIMKOBAH-
HBIMHU Ha PYCCKOM si3bIKke ¢ 2015 .

ConnanbHOE HEPAaBEHCTBO B APXUTEKTYPE )KIIINIIA
uccinenopayim K.B. Kusnenko, /1. JlutBunies, B. 3om-
6apt, P. Mepron, T. Bebnen, I1. Bypasé n np. XKunne
KaK (PM3MYECKUA apXUTEKTYPHBIH OOBEKT XapaKTepH-
3yercs B paborax [I.B. bepesuna, JI.FO. Anucumora,
B.P. boponuna, I1.B. IlunynsipoBa, E.B. Kymnmosoii,
3. Mwopkreiima, A.P. Pankmudd-bpayna, T. [Tapconca,
I1. Copokuna, M. Xopkxaitmepa u T. Anopno, 3. T'un-
JICHCA M MHOTHX JIpyrux. Bonpoce! pa3BuTHs KiryOHBIX
JIoMOB B Poccun B crity «CBEKECTH» JAHHBIX THITOB J10-
MOB JIO HACTOSIIET0 BPEMEHHU B HAYYHBIX TpyAaxX OTe-
YECTBEHHBIX U 3apyOe)HBIX aBTOPOB paccMaTpUBAIIICh
HEJIOCTAaTOYHO U TPEOYIOT U3ydeHHUS.

Takke  HMCHONB3YeTCSl  MEKAUCIUIUIMHAPHBINA
TIOAXOJ], YYUTHIBAIOIINI BIMSHHE COLMOJIOTMYECKHX,
TICHXOJIOTHYECKNX, WH)XEHEPHBIX AaCIEKTOB HA apXH-
TEKTypHOE IPOEKTUPOBAHHE KITyOHBIX JIOMOB, IPE-
CTaBJICHHBIX B HAyYHBIX CTAThIX CMEKHBIX Halpasiie-
Huti [13-20].

Ha ocHoBe aHanmm3a NMPOEKTHBIX pEIICHWHA pac-
CMOTPEHHBIX KIYOHBIX TOMOB MOCKBBI BBISBICHBI MX
OCHOBHBIE XapaKTepUCTUKH. PeKoMeHmanuu mo apxu-
TEKTYpHOMY MPOEKTHPOBAHUIO KIYOHBIX JIOMOB IIPE/-
CTaBJIEHBI B pazjeie «Pe3ynbrarsl ncciej0BaHusD).

Cpenu TpoaHAIM3UPOBAHHBIX IIPOEKTOB OKa3a-
JIUCH 3MaHMS KIIYOHBIX JTOMOB, IPEICTABICHHbBIC HIDKE.

Knybnouii dom «Aeanapos Xaycy, yn. Bonvuas
Ipysuncxkas, e. Mockea, 1997 2.

OHUM U3 MTEPBBIX JOMOB KIIyOHOTO KiTacca CYuTa-
eTcst «AranapoB Xayc», Ha3BaHHBIH 110 UMEHHU CO3/1aTe-
a5 npe3usienta Crocus Group Apasa Aranaposa. 31ech
HacyMThIBaeTCs 34 KBapTHPHI ILIOmAasi0 oT 120 M2,
[IpeanpunumMarens cam (GopMHUpOBaI Kpyr OyayIimx
cocezieif, YTO CBOICTBEHHO 3aKpBITOMY KIyOHOMY
¢dopmary. XapakrepHOW 4epTOM JoMa SIBISIETCS mepe-
MEHHasl 3Ta)KHOCTb, OH COCTOUT U3 TpeX CeKIuii B 5, 9
u 13 sraxeii. @acangsl obiumoBanbl Kupnuaom. Oco-
00r0 BHUMAaHUS 3aCITyKHBAIOT HHTEPhEPHbIC PEIICHUS
BXOJIHOM TPYMITbL. DTO BU3UTHAs KapTouka aMOUIINO3-
HOTO JIOMa — XOJUIBI C OT/IEIIKOM M3 KappapcKoro Mpa-
MOpa, TTO/UITMHHBIE KapTUHBI HUAEPIAHACKUX XYJ0KHH-
k0B XIX B. Ha cTe€HaX, XpyCTAJIbHbIEC JHOCTPbI, JKUBBIE
LBETHl. BBICOKNIT ypOBEHb MH)KEHEPHO-TEXHUYECKOTO
OCHAIICHUS TIOJICP)KUBACTCS COOCTBEHHOH CIyXO0oMH
skcrutyatanuu. Jlom 00OpydoBaH IICHTPaJbHOU CH-
CTEMOH KOHJWIMOHHPOBAHMUS, IPUTOYHO-BBITSHKHON
BEHTUJISIMEN, MHHOBALMOHHON CHCTEMOM IOXapoTy-
HICHUS M OIOBEIICHHS, COBPEMEHHBIMU CHCTEMaMu

Be3omacHocTh oOecrieunBaeTcsi KpyrIOCYyTOYHOH OX-
paHoii, Benetcs: BujeoHalmoneHne. B kiyoHoM ome
ecth 17-meTpoBbIif OacceifH, cayHa, Typerkas OaHsd,
pabotaer >TUTHBIA (UTHEC-KIYO U UTANBSTHCKUHA ca-
JIOH 3CTeTHYecKo MeauuuHbl. Ha BHyTpeHHe# Tep-
PUTOpHHU KOMILIEKCa pa3dUT pOCKOUIHBIN cajl ¢ oHTa-
HOM, a TIpUJIerarolasi TEPPUTOPHUS TAKIKE TPAHCIUPYET
OJHOBPEMEHHO TPOCTOP, 3IUTHOCTh W TPHUBATHOCTH

(puc. 1).

Puc. 1. KinyGHblii om «Aranapos Xayc», Mocksa, 1997 !

Knybnwuii oom «Vesper Tverskaya (Becnep Tesep-
ckas)y, 2. Mockea, 2023 e. (apxumexkmypnoe 610po
SPEECH)

JlaHHBI ~ apXUTEKTYpPHBIM KOMIUIEKC COCTOUT
U3 JIBYX OTHENBHBIX 0OBEMOB, KOTOPbIE OObEIUHEHEI
o01Iell Haa3eMHOM YacThbIO0 BBICOTOM B JIBa dTaXa: Io-
CTHHMIBI M amapr-oTens. [log3eMHast yacTh mpenHa-
3HaYeHa ISl WHXXEHEPHO-TEXHUYECKHX ITOMEIICHUN
U MapkoBKU. B ceBepHO# 4acTu (acana pacroioxeH
BXOZ B METPO «MasikoBCKas», B I02KHOM — BXOJl B TO-
CTHHHYHBIA KOMIIIEKC.

Ha apxuTekTypHOe pelnieHue 31aHusl TOBJIHsLIA aT-
Mocdepa 1-it Tepckoii-SImckoit ymuubl n Tpuymdans-
HOH miomaan. ApXUTEKTOPHI P pa3paboTKe MPOeKTa
yaenund oco0oe BHHMaHHE COXPAaHCHHWIO MacmiTada
9TOM IEHTPAJILHOH YacTH rOpoa M TPaJUIUSIM JIeTallb-
HOH mpopaboTku (acagoB. ITH (aKTOPHI ONPEACITAIN
CKPOMHYIO BBICOTY 31aHus (35,85 1 44,25 M) u ucrnons-
30BaHME HATYpaJbHOIO KaMHS JUIA OTHENKH (acamos.
CTunncTHKa KIACCHYECKOW apXUTEKTYphl MPOCIIEKH-
Baercss B OOIIEH CHMMETpHH, CTPYKType KapHH3OB,
TOPU30HTAJILHBIX MOSICOB M BEPTHKAIBHBIX ITHIJIOHOB.
[lepBbie Ba 5Ta)ka KOMITIEKCA, BBIACISIONIAECS 1O BbI-
coTe, TpeAHa3HAuYeHB! /s OOMIECTBEHHBIX (DYyHKIIMN
U CIeNaHbl U3 TEMHOTO KaMHsI, B TO BPEMs KaK OCTaJIb-
HBIE KOPITyca UMEIOT CBETII0-0e)KeBYI0 OOINIIOBKY, rap-
MOHUPYIONIYIO C OKPYKaIOIIEH 3aCTPONKOM.

CBSI3U U TenekoMMyHuKkanuil. Ilon3eMHyro 4acTh 31a-
HUS 3aHUMAET TPEXYPOBHEBBIN APKUHT C aBTOMOMKOM.

! Agalarov House — kityOHBIN JOM psiioM ¢ MOCKOBCKHM 30-
onapkom. URL: https://agalarov-house.com
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naykTIOTSILETES: Tom 14. Boinyck 2 (52)

A.P. Knouko, E.A. JlapkuHa

Puc. 2. KinyGHbiit «Becniep TBepckasi»n?: @ — apXUTEKTYPHbIHA OOIMK B AHEBHOE BpeMsi; b — (parmenT dacana; ¢ —

ApXUTEKTYPHBIIl OOIMK B HOYHOE BPEMS

®Dacaapl KOMIUIEKCA BBITIONHEHBI B HEOKJIACCH-
YECKOM CTHIJIE, C BBIPKEHHBIM IIOKOJIEM U SPYyCHOU
KOMIIO3UIINEH, OJIHAKO OHU TAK)KE UMEIOT YHUKAJIbHbIC
9JIEMEHTHI, TaKUe KaK 3aKpyIriIeHHbIC (opMbI KapHH3a
U PU3AINTA, NPUIAIOIINE 3[aHUI0 COBPEMEHHbII BH]I.
Jtst co3maHus CIOKHOW (OPMBI KapHH3a HUCIIONB30-
BaJICs CTCKIO(UOPOOCTOH ¢ UMHTAIIUCH KaMHS. DTOT
AIIEMEHT CTaJl 3HAYUTEIHHBIM TOMTOTHEHNUEM K 00IIeMy
OOJIMKY 37IaHUsI ¥ XOPOILO COYETACTCsl C HATYPaJbHBIM
KaMHEM, UCTIONIb3YeMbIM IS pacamoB (puc. 2).

Knybnoui oom «om ¢ amnanmamuy, yn. Consinka,
2. Mockea, 1882 2. (apxumexmop B. Kapnees, pecmas-
payus apxumexkmypHozo Owpo «Lumaiino Jlswenko
u Ilapmuepol»)

OpHUM U3 cTapeiINX OTpecTaBpUPOBAHHBIX JI0-
MOB, BIIOCICACTBHM CTaBIIMX KIyOHBIM, SBISCTCS
«Jlom c atiiantamun», Bo3BeAeHHbIN B 1882 1. Ha yi. Co-
ngHKa B MoOCKBE. DTO UYETBIPEX3TAXKHBIM OCOOHSK
B KJIACCMYECKOM CTHJIC, CIIPOCKTHPOBAHHBIN M MOCTPO-
eHHbIi Bacunem KapHeeBbIM, OJHUM U3 yUpenuTene
MOCKOBCKOTO apXHTEKTYPHOTO OOIIECTBA, CTAll BU3UT-
HOH KapTOUKOM palioHa TOro BpeMeHU. B ero unrepne-
pax BOIDIOTIUIUCH POCKOIIh U TICPEIOBBIC HHKCHEPHEIC
pa3paboTku, BKItoUas JUPT U cBoabsl MoHbe. [1epBbrii
9TaXk JOMa OBUT 3aHAT YaHBIM Mara3wHOM, TPHHAI-
JISKAIUM JWHACTHH KynuoB 1-it runpaum Pacrtopry-

2 Vesper Tverskaya. URL: https://f-vr.ru/
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€BBIX, a KBAPTHUPHI BbIIIE CAAaBAIUCh B apeHmdy. [Tozxe
3panne npruobpen [laBen XapuToHEHKO, MPOMBIIIICH-
HUK M KpyIHBIA MeELeHar, BOo3miaBisaBIIUNA Mockos-
CKOe OTJiesieHne PyccKkoro My3bIKaibHOTO OOIIecTBa.
Ha Tperpem 3Taxe amapTaMeHTBHl apeH]0OBajla CEMbs
JIsmyHOBBIX, U3BECTHAS CBOEH KOJIIEKIMEN )KUBOIIHCH,
nepenanHoil B TpeTbsikoBcKylo ranepero. [locne nepe-
nmagn noma Axagemun memuruHcknx Hayk CCCP ero
CTEHBI «OXHIM» Onarozapsi MPOKUBAIOLINM 371€Ch HM3-
BECTHBIM YY€HBIM, B UHCIIE KOTOPBIX ObuTH (u3uk [letp
JlazapeB u xumuk Cepreit Hametkun. B 2019 r. 3nanue
PEKOHCTPYUPYETCSI 110 MTPOEKTY apXUTEKTYPHOTo OIOpO
«Iumaiino Jlsmenko u [TapTHEepsD».

OTOT N1OM BCTPOEH B HCTOPUUECKUN KOHTEKCT
6eoro roposia ¢ ero M3BMIMCTHIMH YJIIOYKAMHU U MHO-
KECTBOM CTapMHHBIX XpaMoOB. B ero oxpecTHOCTSIX
MOYKHO HalTH MHOXECTBO JOCTOIPHMEYATEIbHOCTEMH,
BKITIIOUast mMapk «3apsabey», Kpemis, bonbmoit 1 Ma-
JIBIM TeaTpsl U MHOTOE Apyroe. B apXuTeKkTypHOM KOM-
TUIEKCE JIoMa HaXoAsTesl 12 KBapTHp ¢ 0011el Teppacoii,
4 nBYXypOBHEBBIX PE3UACHIIUH C NTaTHO, YTO HE COBCEM
XapakTepHo /Ui MOCKBBI, BUJLIA U 2 TIGHTXayca C Tep-
pacamu (puc. 3).

Knyonvuii oom «DUO» na Coguiickoti nabepedic-
Hotl, e. Mocksa, 1860 e. (apxumexmop U. Yeprux, pe-
cmaspayus apxumexkmypHozo dopo Marco Casamonti)
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. 3. KiryOHbIi oM M ¢ ataanTaMuy, yi. CossiHKa, T. Ba’: @ — apXxuT HBII 00MK; b — TIJIaH KBApPTHPBI;
Puc. 3. Kiryo oM «JloM ¢ aTmaHTamMu, Consnka, T. Mocksa’® a ek 00mMK; b aH KB ;

¢ — ¢parmenT dacana

Eme oAHMM TpPUMEpPOM pECTaBpalldl CTaporo
¢donna siBsiercs pecraspauus qoma Ha Couiickoit Ha-
OepexHON, MEIOIIET0 JBYXBEKOBYIO ncTopuio. Coxpa-
HUBILASICS JIO HAIIET0 BPEMEHH [OJIOBHHA [TEPBOHAYAIb-
HOTO 3[IaHUSI — YaCTh YHUKAJIBHOTO apXHUTEKTYPHOTO
npoekra «KOKOpeBCKOoe MOABOPHE», BBINOIHEHHOTO
o nipoekty MiBana Uepnuka B 1860 . B pa3zHoe Bpems
B JIOME JKHJIH ¥ OCTaHABIINBAJIMCH TAKUE 3HAKOBBIC JINY-
HocTH, Kak MBan Kpamckoii, Bacunmii Ilonenos, JleB
Touncroit, Iletp YalikoBckuil. B ieHTpe 3n1anus mo mpo-
eKTy COXpaHEHa apKa, KOHIENTYaJlbHO COCIUHSIOMIAs
UCTOPHYECKYIO YacTh C COBPEMEHHOM.

CeMUITaKHBINA KITyOHBIH JIOM TUIOMIAIBI0 18,7 ThIC. M
paccuntan Ha 49 kBapTHp, BKJIIOYas 4 meHTxayca U 2
JByXypOBHEBbIC KBapTupbl. Ocoboe BHHUMaHHE y/ele-
HO COXpPaHCHUIO OPUT'MHAJIBHBIX 3JICMCHTOB U IPHUCIIO-
COOJICHUIO ITOMEICHHUH 11071 COBPEMEHHBIE TPEOOBAHMS
K Heasmwxumocty kiacca deluxe. ITox HOBOM 4acTbiO
KOMILIEKca OyleT pacHolIoKEH IMOA3EMHBINH MapKUHT.
B mHacrosmee BpeMs HWTaJbSHCKOE ApPXUTEKTYpHOE
oropo Marco Casamonti nmpucTynuio K OEpexxHOI pe-
craBparn npoekra «DUO» B cooTBeTCTBUH € Tpebo-
BaHMsIMH JlermapTaMeHTa KyJbTypHOTO Hacieaus Mo-
CKBEI. JTambl pabOT BKIIOYAIOT IPOTHBOABAPHUHBIC
MeponpusiTuss 1o (acany, yKpersieHHe HapyKHBIX
CTCH, ycwieHHne (yHIaMEHTa M BOCCTAaHOBJICHHE HE-
CyIIeH COCOOHOCTH BHYTPEHHUX cTeH. OCHOBHOM Iie-
JIBIO MPOEKTA SBISICTCS COXPAHCHHE M NOTYCPKUBAHIC
YHUKAJILHOCTH UCTOPHUYECKON YaCTH KOMILIEKCa, CoUue-
Tasi ee ¢ COBPEMEHHBIMHU perieHusIMHU. OOIIeCTBEHHBIE
MIPOCTPAHCTBA HMCTOPHUUECKOTO 3JaHUsl OYIYT «OXKHB-
JICHBI» BOCCTAHOBJICHHBIMH JJIEMEHTaMH, TAKUMH Kak
YyTyHHAas JIECTHHULIA ¥ KAMHH, COXPaHAsA €ro ayTeHTHY-
HOCTh M 3CTETHKY. HeoObluHas KOHLENIHUS MPOEKTa
MIPOSIBIIICTCS] B KAXKIOM JeTaH, BKIIOUasi COXpaHEHHE
OPHUIMHAIBHONW KaMEHHOH KJIQJKH W KUPIUYHBIX CBO-
JIOB, a TaK’KE€ BOCCTAHOBJICHHE JTBIMOBBIX TPYO, TI03BO-
JISIFOIUX YCTaHOBUTH UX BO BCEX MEHTXaycax (puc. 4).

3 Tom ¢ atnanramu. URL: https://atlant.house
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Puc. 4. Kiry6usriit tom «DUO» na Coduiickolt Habepe:KHOMH,

. Mocksa*: a — ¢acan; b — BUJ C BBICOTBI ITHYBETO
rosiera

Knybnouii oom «Stolesnikov 7», yn. Cmonewnuxos,
2. Mockea, 1882 2. (apxumexmop A. Spuxcon, pecmas-
payus apxumekmyptoco 6wopo «Lumaiino Jlawenko
u Ilapmnuepory)

CrenyromumM puMepoM SIBIISIETCsl KIyOHBIH oM
«Stolesnikov 7». B Hauane XIX B. Tam, rie ceiivac pac-
TIOJIATAeTCST DITUTHBIA JOM, CTOSIT OCOOHSK, MTPHHAIIIC-
xaBmKK Qpaniy3ckomy Oanermeiicrepy XKany Jlamu-
paio. OH IpenojiaBai B yUUIIUILE TPH UMIIEPaTOPCKUX
TeaTpax (HBIHE M3BECTHBIX Kak bompmioit m Maibrit)
1 PYKOBOJAMIJI MOCKOBCKOW OaseTHOMH mkosoi. 117 mer
Has3aJl Ha MECTE CTaporo 3AaHusi ObUI BO3BEICH JIOM

4DUO. Kny6usiii nom Ha Coduiickoil HabepexHoi, . Mo-
ckBa. URL: https://duo.moscow
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CTNOMTENbCTB!
HayKa v 06pa3oBaH

A.P. Knouko, E.A. JlapkuHa

AR 3 RSN T HaREY s
LITTRERTABNGNITIMIN b
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Puc. 5. KiryOusiii nom «Stolesnikov 7», yi. CronemHukos, . Mocksa’: @ — (acan; b — uHTEpbep JI0OOH; ¢ — DIIEMEHTBI

Gbacaza B cTHIIC ap-HYBO

o npoekty Anonbda Ipuxcona. Ha cuery macrepa
MHO)KECTBO paboT B CTWJIE ap-HyBO, IPU3HAHHBIX dTa-
JIOHHBIMHU W HIMEIOIIMMHU BCEMUPHYIO KyJIBTYPHYIO IICH-
HocTb. Jlom npuHayiexkan BuHoroprosuy Eropy Jlese,
Ha IIEPBOM JTaXke pacronarajics ero GUpMEeHHbII Mara-
3uH. Toprosas mapka JleBe Oblia KyinbToBOI B Poccnn,
YTO MOATBEPXKIAcTCS YIMOMHHAHHWEM B pomaHe JIbBa
Toncroro «Anna Kaperuna». B qoMe pacmonokeHbl
12 xBapTHp, B KaXJOH U3 KOTOPBIX JIOKCOBAas OTHEI-
Ka ¥ JAPOBSHOW KaMFWH, U Takke | MEeHTXayc Ha caMOM
BepxHeM ypoBHe noma. CTpyKTypa 3IaHHS COCTO-
UT W3 JKele300€TOHHBIX KONOHH, JCPEBSHHBIC PaMBI
Ha aJIFOMUHHEBOM KapKace ¢ Ta303aM0IHEHUEM U TIOBBI-
IIEHHOW 1IyMou3oisiurel. B Tom uucie cpoekTtupo-
BaHHBIC IT0 COBPEMEHHBIM CTaHapTaM dICKTPUIECTBO,
BEHTIJIAINA M KOHIUIIMOHUPOBAHHE, OTOIUICHUE U CH-
CTEMbI TOXKapHOW CUTHAIM3ALUU W IOXKAPOTYIICHHUS.
ApXUTEKTypa CTUJSL ap-HYBO SIPKO MPOCIIECKUBACTCA
B Qacamax noma. DacamHbie AIEMEHTHI YCTPEMIICHBI
BBBICh M XapaKTEPHO MOAYEPKHUBAIOT JIETKYIO BEPTH-
Kajb J0Ma, MacIITaOHbIe OOJIBIIINE OKHA, B TOM YHCJIE
o0TekaeMbIX (OpM, TaKKe IOJUYEPKUBAIOT JIETKOCTh
U QXYPHOCTh ApXHUTEKTYPHOTO KOHTYpa, BITyCKAIOT
B KBapTUPY OOINBIIOE KOJMYECTBO €CTECTBEHHOTO CBE-
Ta, 9YTO HEMAJIOBAYXHO B COBPEMEHHBIX YCIOBHIX HOPM
uHcoasAuuU. HemanoBaxHOW IeTanblo IpU IPOCKTU-
POBaHUU WK PECTaBpaIlK KIyOHOTO JIOMa SIBIISICTCS
BXONHAs Tpymma, 1000u. [IpeamnoyreHne B OTACIKE OT-
JaeTcs HATypaJbHBIM OPOTOCTOSIIAM MaTepHajaMm,
MOAYEPKHUBAIONTIM YHUKAJIBHOCTh U IUTHOCTh apXH-
TEKTYpbI, TAKUM KaK HaTypaJbHBI KaMECHb, METalll,
MpaMop pa3IHIHBIX IOPOI, HATYPaIbHOE IEPEBO B pa3-
TUIHOW 00paboTke. Ecmu mpoekT pectaBpupyeT yxe
UMerolIeecs: yOpaHCTBO MHTEPbEpa, TO MPEANOYTEHHE
OTAAETCSl COXPAHEHUIO CTAPUHHBIX AJIEMEHTOB, BBI-
JCIICHUIO X B aKICHT MHTEPhEpPa, MOAUCPKUBAFOIIIIA
HCTOPHYECKYIO CYIITHOCTh apXUTEKTYPHI (pHC. 5).
Knybuwiii oom «HMnounxa 3/8», Bocosenenckuil
nepeynok, e. Mockea, 1882 2. (apxumexmop A. Huxu-

3 Stolesnikov 7. URL: https://stoleshnikov7.com/
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muH, pecmaspayus apxumexmyprozo oiopo Kleinewelt
Architekten)

KnyOnast pe3uwjeHIusi HaxXomuTcs B HENOCPEn-
cTBeHHO# Onm3octn k Kpemutto. Ha y4actke npoekTu-
POBaHUS PACIONATAIOTCA TPH 3HAKOBBIX apXUTEKTYp-
HBIX 00BEKTa — JIBa 3/1aHUs TEIUIBIX TOPTOBBIX PSJIOB
U PYMHBI OHOTO U3 KOPIyCOB BOTosBIEHCKHUX TOpro-
BBIX JINHUI, MaJiasi 9acTh KOMIDIEKca IepBIX B Poccrm
OTaITMBAEMBIX TOProBbIX mNocTpoek XIX B., MoyTH
MOJIHOCTBIO yHHUYTOKEeHHOTO B 2000-X romax. HoBbie
CTPYKTYpPBI OYIyIIETo JKUIOTO KOMIUIEKCA BO3BOIATCS
Ha MeCTe YTPAYEeHHBIX HCTOPUUYECKUX 3[aHUH.

[Ipu TPOEKTHPOBAHUH APXUTEKTYpPHI KOMILIEKCA
BJIOXHOBEHUEM IIOCITYXHJIa 00pa3Has MHTEpIpeTarus
JPEBHUX MOCKOBCKMX KAaMEHHBIX IajaT M JBOPILOB.
OcHoBHas nes MPOEKTa 3aKII0YaeTCs B BOCCO3JaHUN
MHOTOCTOPOHHEH HCTOpUYECKO CTpyKTypbl. MHTEnN-
JIEKTyaJIbHOE HACBHIIIEHHUEe, MHOTOMEPHOCTh UCTOpHYe-
CKOTO KOHTEKCTa W €ro MepPeOCMBICTICHNE CTalll KITIO-
YeBBIMU HAESIMH B pabote Haj nmpoekrtoM. KoHTypHBIE
(OpMBI apPOYHBIX OKOH UCTOPHYECKHX 3[aHUIl IIaBHO
MEPEXOIAT B OUEPTAHWS HOBBIX OOBEMOB. Xapakxrep-
HBIE IITPUXHM KaMEHHOH KJIaJK{ HallOMHHAIOT O Oeo-
KaMeHHOH pe3bbe B ['eoprueBckom cobope B FOpnene-
[Monmsckom. Ha mepBrIX 3Ta)kax KJIQAKW HOBBIX 3IaHHMA
MIPUCYTCTBYIOT BCTaBKM C KaMEHHBIMH pelibedamu,
n300pakaroIye CKa309HBIX 3BEpe M OPHAMEHTHI, KO-
TOpBIE OTCBHIIAIOT K 3JeMEeHTaM (acajoB CTapUHHBIX
NIaMATHUKOB apXUTEKTYpPbI JOMOHIOIbCKON Pycu, kax-
JI0€ CKa309HOE KIUBOTHOE SBIISICTCS «XPAHUTETIEM» IS
OJIHOTO U3 KOpPIIyCOB. B koMmIuIekce CIpOeKTHPOBAHBI
7 0COOHSIKOB, 3 M3 KOTOPBIX MOMJIUHHBIE OTPECTaBPH-
pOBaHHbIE UCTOPUYECKUE 3/1aHusl. B maroBoi nocryr-
HOCTH K HJIBIM KOPITyCaM HaXOANTCS MapK «3apsiben,
AJIeKCaHAPOBCKUN caj U HabepekHas MOCKBBI-PEKH.
Kpome Toro, >xunoil KOMIUIEKC BKIIIOYAET 3aKPBITHII
OXpaHseMbIi JIBOp-ca/l ¢ JIaHAMA(THBIM 03€JICHEHH-
€M, MOIIEHBIMH JOPOKKaMH C HHTETPHPOBAHHBIMU
YYTYHHBIMH 2eMeHTaMd. OCcOOCHHOCThIO KOMIUIEKCa
Clly)ar OeclIyMHbIE CUCTEMbl KoM(OopTa, 00CITyKHBa-
IOIFe OCOOHSIKHM, B HUX BXOIST COBPEMEHHEBIE CHCTE-
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b c

Puc. 6. KinyGHbiit 1om «Mnbunka 3/8» B BorosiBneHckoM nepeyike, I. MockBa®: a — ¢acaj; b — BU U3 BHYTPEHHETO BOPA;

C — DJICMEHTBI (bacaaa

MBI BEHTHJISIUH, YBIIA)KHEHUS BO3/IyXa, OYMCTKA BOJIEI,
YHUKQJIbHBIE 3BYKOM3OJISLMOHHbIE CHUCTEMBI. Takxke
Ha TEPPUTOPHU KOMILIEKCAa OCOOHSKOB VISl YKUTEIeH
000pyI0BaHbl KIIyOHBIE MPOCTPAHCTBA, MTOJUYEPKUBAIO-
M€ TPUBATHOCTH, MO3BOJISIOMINE KOM(OPTHO CyTie-
CTBOBaTh M PEATH30BBIBATH OOJBIITUHCTBO MOTPEOHO-
creit (puc. 6).

Knybnouii dom «Cassurnckas 17» nHa Cagsunckoii
Habepeochol, 2. Mockea, 2022 e. (apxumexmypHoe
oropo Al Stidio, London)

UYeThIpexdTaKHbIH KIYOHBIH JIOM pacIOiOoKeH
B paHee IPOU3BOICTBEHHOM pailoHEe XaMOBHUKH, KO-
TOpPBIA TIONMYYIJI CBOE Ha3BaHUE Omaromaps TKadyaM-
XaMOBHHKaM, ceiluac 3T0T pailoH MOCKBBI SIBISIETCS
OJTHIUM W3 CaMbIX MPCECTIKHBIX U KOM(OPTHBIX ISt
npokuBaHus. [IpoeKT MHTEepeceH MCTOpUel ydacTka,
KOHTEKCTOM, KOTOPBIN OZHOBPEMEHHO M YCIOXKHSET,
Y TIOACKA3bIBA€T HAIPABICHHWE PA3BUTHUS KOHIICIIIHH
3MaHUS; CIOKHBIM penbeoM, MMEIONTNM YKJIOH, KO-
TOPBIA TPOTUKTOBAI 00BEM, BBITSIHYTHIH BIIYOB, OC-
HOBHOM IJION YaCThIO TIPUTIOAHATHIA HaJl 00IIeCTBCH-
HOMW, W Pacroyio’KeHUEM INpoeKkTa Ha ydacTke. [Ipoekr
BKJIFOUACT 22 KBapTHPHI [IEJIFOKC-KiIacca, B OOJbIINH-
CTBE U3 KOTOPBIX KOHIENTYaJbHO MPETYCMOTPEH BH]
Ha HabepexHyl pekd. OTIHYUTEeTbHOW O0COOEHHO-
CTBIO ATOTO KIYOHOTO JIOMa CIYXKHT BBICOTA ITOTOJIKOB
aTaxei, noxoasmas 10 7 M. Hamepennoe yBennueHue
MPOCTPAHCTBA JJIsl OMHOM J>KHUJION CIWHUIIBI, KBapTH-
PBI, OBIIO 33yMaHO U BBIIIOJIHEHO C [EJbI0 YMEHBIIIE-
HUSI KOJIMYECTBA KBAPTUP, CO3/aHus Ooliee PUBAaTHON
U KIIyOHOM aTMOC(ephl.

®Dacanpl 3MaHNAS BBITOJTHEHBI M3 aPXUTEKTYPHOTO
OetoHa ¢ 3hdexrom Teppario. CoBpeMeHHBI 00K
OpraHNYHO MHTETPHPOBAH B OKPYXKAIOIIYIO CPEy, rap-
MOHHMYHO COCE/ICTBYIOLIYIO C OKpY)Karomen 3acTpoii-
koil. Ocoboe BHUMaHHE ObLIO YIeIeHO (acaiaM, BHIXO-

¢ Unpunka 3/8. URL: https:/ilyinka.ru/

JSIIAM Ha HaOepEeIKHYIO, YTOOBI 3MaHHEe OBLIO 3aMETHO
C Pa3NMMYHBIX TOYEK ropoia. B apxurekTypHOH KOHIEN-
LUK CTPEMHUITUCH T0CTUYb d(deKra «3naHus, BbICEUCH-
HOTO W3 TIBIOBI CBETIOTO KaMHs». MHGbpacTpykTypa
KIIyOHOTO JIOMa ITOUYEPKUBACT €ro KaMEpPHOCTh, B 00IIIe-
CTBEHHOMW YaCTH pa3MeEIeHbl BCETO JIBA KOMMEPUYECKUX
MTOMEIIICHHUS, OJTHO U3 KOTOPBIX OCYIICCTBIISCT (QYHKIIHIO
pectopaHa ¢ yeTHeil Bepanpoi. Tawke s skutenei
MPEAYCMOTPEHBI MEXaHU3UPOBAHHBIN MTOJ3EMHBIN Tap-
KHUHT C (DYHKIMEH 3apsiIKé AIICKTPOMOOMICH, AETCKUE
IUTOIIAIKU ¥ TUIOIIA/IKH! JUTS OTIBIXa B3POCIIOTO HACelTe-
HUS B 3aKPBITOM BHYTpPEHHEM JIBope (puc. 7).

PE3YJIBTATBI HCCJIEJOBAHNA

He ObiBaeT OByX OJMHAKOBBIX KIYOHBIX JIOMOB,
TaKk KaK OHH JINOO CTPOSITCS MO YHUKAJIBHBIM ITPOCK-
TaM, OTIMYAOIUMCSA SKCKIIO3UBHOW apXUTEKTYypOH
W AW3aifHOM, JINOO CO3JaroTcs Ha 0aze MCTOPHUYCCKH
3HAUMMBIX OOBEKTOB, MOIABEPTIIUXCSI PEKOHCTPYKINH,
HO COXpaHMBIINX CBOI MepBO3maHHBINA 001mK. OmHa-
KO aHaJM3 apXUTEKTyPHBIX PEIIEHHH PacCMOTPEHHBIX
KIIyOHBIX JIOMOB ITO3BOJIMJI ONPEIENIUTh OOIUE YEPThI
JIAHHOTO THIIA JKUITHIIA.

1. IlpecTmxublii pailoH (TIperMyIlIecTBa pacro-
JIO)KEHHSI C TOYKHM 3PEHUSI SKOJIOTMM — Ha OKpauHe,
MOOJIM30CTH C MIPUPOJOH, WIIM C TOUKH 3PEHUS] TPAHC-
TIOPTHOTO YA0OCTBA — B THXOM IIEHTPE TOPOJA; KHBO-
TTACHBIA BH]T U3 OKOH).

2. Pazutass uH(pacTpykTypa (pacrojoxeHHe
B paiioHaxX ¢ OOJBIION KOHIICHTpAIMEii 0OBEKTOB KOM-
MEpUYECKOro, aJMHHUCTPATUBHOTO, OBITOBOIO Ha3Haue-
HUS; ONMM30CTh K KYJBTYPHBIM IIEHTpaM, MaMsTHHKaM
ApXUTEKTYpPBI; TPAHCHOPTHAsI JOCTYITHOCTB, YI0OCTBO
TIO/TbE3/1a K TEPPUTOPHH JIOMA; Pa3BETBIICHHAS CETh MEp-
COHAJIBHOTO OOCITY>KHBAHHMS JUISl JKHJIBLIOB JIOMa, KyZda
JOCTYII TIOCTOPOHHHX JIMI] BO3MOXXEH TOJIBKO IO KIIyO-
HBIM KapTaM WM NPUIVIAICHNSIM BIIaIeIIbLEB KBAPTHUP).

101

(25) Z HORIGG TL WOL 3o ety "



Tom 14. Bbinyck 2 [52)

TeNbCTB!
A30BaHN

CTpon
HayKa v o6pa

A.P. Knouko, E.A. JlapkuHa

b

Puc. 7. Kiry6ubiii 1om «CaButckast 17» nHa CaBBUHCKO# HabepexHOM, T. Mocksa’: @ — (acan; b — BUJI Ha BHYTPCHHHUI 1BOP

3. YnoOHbIH MapKUHT (3aKPITHI Ha3eMHBIA WIIN
MO/I3eMHBI, C BOBMOXKHOCTBIO MAPKOBKU Ha OXpaHse-
MO TIPHIOMOBOH TEPPUTOPHH U3 pacyeTa He MeHee 1,
yare 2 MalimHOMEeCTa Ha KBapTUPY; AOCTYII HA TTAPKOB-
Ky B HEKOTOPBIX IPOEKTaX HEMOCPEACTBEHHO C YPOBHS
KBapTHPBI C MOMOIIBIO HHANBUIYaIBHOTO JTH(TA).

4. be3onacHOCTh NPUAOMOBON TeppUTOpUU (OTO-
pOKeHHas! IPHIIETaoIIas TEPPUTOPHST; KOHChEPIK, COO-
CTBEHHAsl CITy’k0a OXpaHbl CO CTAllMOHAPHBIM ITOCTOM
Ha BXOJIE B JIOM, BbE€3/1aX B IIAPKUHI, BbE37axX BO JABOD;
crcTeMa BH/ICOHAOIIOICHNS Ha BXOJIE B JOM, IO TIEpH-
METpy JIOMa, Ha JIECTHHIAX M JIECTHHYHBIX KIIETKAaX,
nepest BXOJOM B KBapTHPY; MOKapHasi 6e3011acHOCTb —
YCTAHOBKA CHCTEM CIUTMHKJIIEPHOTO ITOXKAPOTYIICHUS,
OIOBEIICHHS O MOXKape U JBIMOYAAJICHUH C BBIBOIOM
nHPOPMALUH HA €ANHBIN TUCTIETUYCPCKUH ITyHKT U J1y-
OMpoBaHMEM Ha IYHKT OXPaHBI; KPYIIIOCYTOUHAS TUC-
nerucpusannda BCEX HWHIKCHCPHBIX ceTel u CUCTEM,
cucteMa ObICTPOTO MHPOPMUPOBAHUS U PEarHPOBAHUS
Ha cOoM W aBapuy; cUCTEMa YBEJOMJICHHUS O JOCTyIIe
TPETHUX JIUI HA TEPPUTOPHIO).

5. YHUKaJIbHOCTh apXUTEKTYPHOTO ITpoekTa. Buem-
HHUE DJIEMEHTBI 3JaHUsI NPOPa0aTHIBAIOTCS C YYETOM
pemseda M OKpy)Karomero JaHmmadpTa I CO3TaHHS
YHUKaJIBHOTO 00nMKa. biaroyctpoiicTBO Teppuropun
BBIMOJTHSICTCS € ITIYOOKO# PpopaboTKO# TaHAIIadTHOTO
J3aliHa, BKITIOYEHHEM MajbIX apXHUTEKTYPHBIX (opMm.
BorarcTBo marepuanos, gopm B Buze chep (Kymona),
MUJINHAPOB U CJIOXHBIX MHOTOI'PAaHHHUKOB, YCTaHOBKa
CKYIBITYp, OapermbeoB W TOpeThe(oB; OTCYTCTBHE
CTaHAapTHBIX THUIOBBIX PELICHUH B 00beMe M Ha TIpH-
JIOMOBOM TEPPUTOPUM — KaxkJas JeTalb pPeIIacTcs
KaK CaMOCTOSTEeNIbHAsI apXUTEKTYpHAs U JU3aliHepcKast
3amaya. KiyOHBIH OM OOBIYHO BO3BOIMTCS IO aBTOP-
CKOMY TIPOEKTY N3BECTHOTO apXUTEKTOPa U MOXKET TIpe-
TEHJI0BaTh Ha YPOBEHb APXMTEKTYpPHOTO IaMSTHHKA
MECTHOTO 3Ha4yeHHs. BOJBITMHCTBO KJ'Iy6HBIX JOMOB
CIPOEKTHPOBAHO B KIACCHUECKOM CTHIIE, 3TO OOBSCHS-
eTcst TeM, 4To okoJio 30 % Takux T0MOB — PEKOHCTPY-

7 CasBunckas 17. URL: https://whitewill.ru/savvinskaya-17
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MPOBaHHbBIE CTAPUHHBIE 0COOHAKH. Tak Kak 3TH 31aHus
SIBJSIFOTCSL OOBEKTaMH KyJIBTYPHOTO HACJIEIMsl, 3aKOHO-
JIaTeIbCTBO 3aIPEIacT BHOCUTh CYILIECTBEHHBIE N3ME-
HeHus B UX o0muk. Jloma craporo (oHaa UMEIOT CBOU
JOCTOMHCTBA, CPEJHM KOTOPBIX YHUKaJbHbIEC (acaipl,
MIPOCTOPHBIE MapajHbIe, BHICOKUE TIOTOJIKH CO CTapHH-
HOM JIENHUHOMW, 4acTO yJayHOE PacIOiOKEHHWE B HH-
(dpacTpyKType yCTOSIBIIEroCs Toposia.

6. OrpaHn4eHHOE KOJMUYECTBO KBAPTUP U ITAXKEH.
JloMa k1yOHOTO THIA MPOCKTUPYIOTCS OKOJIO 3—6 dTa-
JKeH, Ha Kak[IoM dTaxe 2—4 kBapTUpbl. YTOOBI rapan-
THUPOBATh YeIUHEHHE B [IEHTpe OOJNBIIOro roposa, Imo-
TCHIUAJIBHBIM TIOKYIATCIIAM MHOIZIA MpeaIararorcs
KBapTHpPBI, 3aHUMaromue 3tax. Kinaccuuecku B Kiry0-
HOM JIOME HE JIOJDKHO OBITH Oosiee 40 xBapTmp, OnHa-
KO B COBPEMECHHOMW JICHCTBUTEILHOCTH MX KOJIMYECTBO
YBEIMYHIIOCH 110 70, @ B HEKOTOPBIX JKHIIBIX KOMITJIEKCaX
nx xoiamdecTBo jpocruraer 130-150 u, Tem He MeHee,
JIOM CYMTAETCsl KIyOHBIM, OOBEANHSSI cocenel 1Mo co-
LUAJIbLHOMY CTaTyCy M JIOCTaTKYy.

7. IloBbliieHHAsT KOM(POPTHOCTh 0OOBEMHO-ILIAHHU-
POBOYHBIX pPEHICHUH (TTOBBIIICHHBIE XapPaKTEPHCTHKH
iomaseit (1-koMHaTHBIE KBapTUPBI OT 45 M%, 2-KOM-
Harueie ot 60 M2, 3-komHaruble oT 80 M%, 4-KOMHAT-
ubie o 100 M?; miomaam KyxoHb oT 12 M?)); BeICOTa
MOTOJIKOB OT 3 M; CBOOO/HAsI TUIAHMPOBKA KBAapTHUD;
YacTO HaJIMYME NEHTXayCOB, IBYXypPOBHEBBIX KBapTH,
0aJIKOHOB, JIODKUU, Teppac OONBIION IUIOMIAIN; BO3-
MOKHOCTh 30HHMPOBAHUSI KBAPTUPHI HAa TOCTEBOE IPO-
CTPAHCTBO M ITPUBATHBIC 30HBI; HAIMYNE HE MEHEE JIBYX
CaHy3JI0B B KBapTHpax CBBIIIE JIBYX KOMHar. Paciu-
peHHasi HOMEHKJIATypa YCIIyT B OOIIECTBEHHBIX 30HAX:
710001, pecTopaHbl, KHHOTEATPhl, BAHHBIC M CUTAPHEIC
KOMHATbI, 0aHu, cayHbl, OacceiHbl, CIIOPTHBHBIE KOM-
IIJICKCHI, Clla-30HbI, 30HbI OTAbIXa Ha TEPPUTOPHUU I0-
MOB, TUIONIA/IKHU AJIsl TUKHUKOB, I€TCKHUE U CIIOPTHBHBIC
TUTOIAJIKU | JIP.

8. BBICOKOKaueCTBEHHOE WHIKEHEPHOE obecrieue-
Hue (9HeprocHaOkenue cBbiie 10 kBT Ha kBapTHpy,
aBapuiHOE JIIEKTPOCHAOKEHNE J0Ma; IEHTPAIN30-
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BaHHAsl MPUTOYHO-BBITSDKHAS BEHTHWIISIIMS; BHEIIHHE
CINTUT-CUCTEMBI, IOIMOJTHUTCIBHBIC YPOBHU BOAOIOMA-
TOTOBKH, BO3AYXOHOATOTOBKH; OTOIUICHHE aBTOHOM-
HO€ WJIM LEHTpajbHOE (MHAWBUIYalbHBIH TEIIOBOU
ITYHKT); JUQTH CKOPOCTHBIE, C MHAWBUIYaJIbHOU OT-
JICTIKOM KaOWH; COBpEMEHHBIE ClIA00TOYHBIE U KOMMY-
HUKAlMOHHbIE CETH; OMMETAJUTMUECKHE pPaguaTophl
C TEPMOPETyISATOPOM; IPETyCMOTPEHBI MECTA JIIsI KOH-
JULHOHEPOB, JIpeHa)KHAs CHCTEMa; Peasln30BbIBACTCS
CHCTeMa «YMHBIH JOM»).

9. BBICOKOKaueCTBEHHbIE KOHCTPYKTUBHBIE pe-
menns. KiryOHBIA JOM OOBIYHO TMpEncTaBIseT coOO0M
OeckapkacHOE M3 KEPAMHUYECKOTO KHUpIHYa W MOHO-
JIITHOE kesie300eTOHHOe KapkacHoe 31anue. Ocrexiie-
HHE BBINOJHSICTCS U3 COBPEMEHHBIX (hHOepIiIaccoBBIX
U JIepPeBSAHHBIX Tpoduieii BepxXHEH IICHOBOW HHUIIH
CO CTEKJIONaKeTaMH M3 >HEProcOeperaroImx CTEKOI.
[NoBbImenHas Iomas OCTEKICHUS (C YUEeTOM KiIMMa-
TUYECKOTO PAiOHUPOBAHUS).

10. BbIcOKO€ Ka4eCTBO OTACTIOYHBIX H CTPOUTEIh-
HBIX Marepuanos. J{JIsl OTAENKH HCIIOMBb3YIOT BBICOKO-
KaueCTBEHHbIC M HKOJOTMYHBIC MaTepUallbl, HAIPUMEP
MOpOJbl MIPUPOJHOTO KaMHs (TpaHHUT, Mpamop, Tpa-
BEPTHUH), [ICHHBIE TIOPOJBI IPEBECUHBI, KEPAMOTPAHHT,
N3pa3LOBYI0 KEPAMUKY, IEKOPATHBHYIO IITYKaTYpKY,
TIATHHAPOBAHHYIO JIATYHb, 3aKaJICHHOE CTEKJIO, apXH-
TEKTypHYIO OpPOH3Y U JIp., MaTepHajbl C HU3KUM COZEp-
JKaHUEM JICTYUUX OPraHNu4YCCKUX COCHHHeHHﬁ.

11. ETMHCTBO WHTEpPECOB JKUTENEH KOMILJIEKCa.
W3naganpHO craryc KIyOHOTO JIoMa CTPOTO HOIAEp-
KHMBAJICS 33 cYEeT 0TOOpa OyayIIMX BilaJelbIleB Ha CO-
OTBETCTBHE TPEOOBAHUSIM K MPOXKHMBAIOIIUM B TaKOM
nome. CobecenoBaHUsl MPOBOAMINCH CHEITUAIBHBIMHU
areHTCTBaMH, 3aCTPOWIIMKOM, JHOO HOBBIE COCEAN
TIOSIBJISUIACH 110 PEKOMEHJANMSM YK€ ITPOXKHBAIOIINX
B HeM Jtrozieil. B HacTosiiiee Bpemst Takoit popmar xots
U CyIIECTBYET, HO YK€ YIIIeJI Ha BTOPOH IUIaH, YCTYIUB
MECTO SKOHOMHUYECKOMY THITy 0TOOpa: JIF000H xKeJaro-
I MOKET TPHOOPECTH B COOCTBEHHOCTH MOI00HYIO
HEJIBI)KUMOCTb, €CJIM PacIiojlaraeT JI0OCTATOYHBIM KO-

JIMYECTBOM CPECJCTB HE TOJIBKO Ha €€ HpI/I06peTeHI/Ie,
HO 1 €KEMECAYHOC COACPIKAHUC.

3AKJIIOYEHUE U OBCYXJIEHUE

KityOHble 31aHus SBISIOTCS MaTepHaIbHBIM OTpa-
JKEHHEM COLMAIBHOIO 3aKa3a Ha pa3BHTHE HOBEHIIEH
TIOJIMTUKY SKOJOTH3ALMH M TOBBIILICHUS] YCTOWYNBOCTH
Pa3BUTHS Cpe/ibl OOUTAaHUS. YMEHbBIICHHE ITIOTHOCTH Ha-
CeJICHHS U 3aCTPOHKH, OrPaHUYCHHE TAKHOCTH 3/IaHUH,
MaKCHMAaJIbHOE O3eJICHEHHE U OJIaroyCTpOMCTBO TeppH-
TOPUH 3[aHUs, CO3/IaHUE UHTEPECHON HETUIIOBOU U HE-
TPUBUAJILHOW apXUTEKTYphl, BKIIIOYAIOLIEH 3I1€MEHTbI
HCKYCCTBA, TOBBIIICHHE XapPaKTEPUCTUK 0€30MacHOCTH
KWININA, TTPUMEHEHHE TOJIBKO JKOIOTHYHBIX BBICOKO-
KaueCTBEHHBIX MAaTEPHAIIOB — BCE 3TO TOBOPUT O CTPEM-
JICHUM K OpraHu3anuu Oojiee KaMepHOH M TyMaHHOM
cpenpl obutanus. Takas yHHKalbHAs cpesia TTO3BOJSIET
«OYEJIOBEUUTHY OOJIMK coceNeld, 4ero He IoydaeTcs
JOCTUYb TIPH KWIbE B MHOTOITAXKHBIX MHOTOKBApTHP-
HBIX IIOTHO 3aCENICHHBIX JIOMaX — «4EJIOBEHHUKAX).

B T0 e Bpemst pa3BuUTHE KIIyOHBIX IOMOB CTUMY-
JIMPYET MPOILeCcC UMYIIECTBEHHOTO paccioeHus oolie-
ctBa. EcTecTBenHo, B TakoMm (hopmare xwmiumina coonpa-
I0TCSI TOJIBKO COCTOSITENIbHBIE TPAXK/IaHE, T03BOJISFOIIE
cebe BBICOKHI ypOBEHBb KOM(OPTa, IPU ITOM OOoJbIIas
YacTh IPaXKIaH HE MOXKET MPETEHA0BATh HU HA KaKOH
KOM(OPT.

Ho, HecMoTpst Ha TO100HOE paccioeHue, BEICOKast
TUTaHKa apXUTEKTYPHO-XY/I0)KECTBEHHOI0 00pasa Kiryo-
HBIX JIOMOB Ja€T OTPOMHBIH TOJIOKHUTEIBHBIH (e,
oborainasi cpejiy Hamero oOUTaHUs, HAIIOJIHSISI €€ HO-
BbIMU KYJIBTYPHBIMH CMBICJIaMH U 3CTETUYCCKHUM YPOB-
HeM. 1 3TO CTaBHUT CIOKHYIO, HO HHTEPECHYIO 3a/iady
nepes COBPEMEHHBIMU apXUTEKTOPAMHU — HKCIIOJIB30-
BaTb B MacCOBOM >KMJIMIIHOM CTPOMUTEILCTBE XOTS Obl
9NIEMEHTHI apXUTEKTYPHBIX PEIIEHUH KIyOHBIX IOMOB;
JIOTIONTHAUTH OAHOOOPA3HYIO KUITYIO 3aCTPOHKY OJ00-
HBIM Ka4e€CTBOM apXUTEKTYPBI, KOTOPasi BBI3BIBACT TITy-
OOKHE SMOIMOHANBHBIC BICUATIICHUS W TPAHCIUPYET
MH(OPMAILIMIO O HOBBIX JKIJIMIITHBIX CTAaHIapTaX.
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INTRODUCTION

The development of human society has led to total
control over the environment. In the words of B. Ma-
linowski, “The human body, even among those peo-
ples who have no noteworthy clothing, is not directly
exposed to wind, precipitation and sun. It is protected
by a cultural shell, which is a shelter or dwelling” [1].
At the same time, the dwelling is a material structure,
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and its design is directly related to the need for secu-
rity. The development of cities, the spread of apartment
buildings naturally isolated man from nature. The sepa-
ration of urban dwellings from workplaces has sharp-
ened the division between private and public spheres:
“City dwellers withdraw into the private life flowing
within the walls of their flats and hide certain things
from the judgement of the public” [2]. The security of
the home over time in the worldview of people turns
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everything else that is outside the home into something
hostile, dangerous, thus increasing the desire to in-
crease the level of security more and more (fences and
walls, protected areas around the house, 24-hour con-
cierges and guards, security and surveillance systems,
etc.). Moreover, social inequality leads to inequality of
qualitative and environmental characteristics of dwell-
ings in the level of their security. The concepts of hous-
ing luxury, elite houses, etc. emerge. This phenomenon
is not modern, in the history of humankind there are
countless evidences of achieving a grandiose level of
housing luxury by rich people. Prestige and luxury of
a dwelling is a certain measure of success and confirma-
tion of status, belonging to this or that rank. It can be
said that the characteristics of the dwelling depend on
the level of development of the country and are a prod-
uct of the history of humankind.

The emergence of a new type of dwelling in
the urban environment, especially in cities with a mil-
lion inhabitants, such as a clubhouse, is a natural trend
in the development of modern society.

The history of clubhouses began in European coun-
tries. The main idea of such elite real estate is to create
a cozy private space of high comfort, uniting a small
number of residents with common interests, profession,
worldview, which is necessary to create a comfortable
emotional climate in this community.

In Russia, the first clubhouses began to form in
the early twentieth century. They were erected main-
ly in Moscow and were designed for famous politi-
cal leaders, military, scientists, writers, architects and
builders, composers and artists, athletes. At that time,
such objects were built on Prechistenskaya Embank-
ment, Patriarch’s Ponds and Ostozhenka [3].

In their studies Z.Z. Ziyatdinova, S.G. Mikhalche-
va [4, 5] offer the following formulation of the concept
of “clubhouse”: It is an apartment complex belonging
to the class of elite real estate, which is distinguished by
the simultaneous presence, along with residential flats,
of public club rooms of closed type in the basement
and/or ground, attic floors, as well as on the exploited
roof (servicing of residents and their guests); compact
placement of residential cells; storeys up to 7-8 floors;
location of no more than 2-3 flats on one site; large
areas of flats (usually from 100 m?); location in prestig-
ious, ecological and infrastructurally developed urban
areas with landscaped territory.

MATERIALS AND METHODS

The methods of review, comparative analysis and
synthesis of scientific, literary sources [6—12] and pro-
ject materials related to the development of clubhouse
architecture are applied. The projects of clubhouses in
Moscow, presented in the open access Internet, were
analyzed.

The scientific literature was searched in the scien-
tific electronic eLibrary; electronic databases including

Scopus, Web of Science, using relevant keywords in-
cluding: clubhouse, clubhouse architecture.

The search was limited to articles published in
Russian since 2015.

Social inequality in dwelling architecture was
studied by K.V. Kiyanenko, D. Litvintsev, V. Zom-
bart, R. Merton, T. Veblen, P. Bourdieu and others.
Dwelling as a physical architectural object is charac-
terized in the works of D.V. Berezin, L.Y. Anisimov,
V.R. Borodin, P.V. Pipunyrov, E.V. Kuptsova, E. Dur-
kheim, A.R. Radcliffe-Brown, T. Parsons, P. Sorokin,
M. Horkheimer and T. Adorno, E. Giddens and many
others. The development of clubhouses in Russia due
to the “freshness” of these types of houses has not been
considered sufficiently in the scientific works of domes-
tic and foreign authors so far and requires study.

An interdisciplinary approach is also used, taking
into account the influence of sociological, psychologi-
cal, engineering aspects on the architectural design of
clubhouses presented in scientific papers of related
fields [13-20].

Based on the analysis of design solutions of the re-
viewed Moscow clubhouses, their main characteristics
are revealed. Recommendations on architectural design
of clubhouses are presented in the section “Results of
the study”.

Among the projects analyzed were the clubhouse
buildings shown below.

Agalarov House Clubhouse, Bolshaya Gruzins-
kaya Street, Moscow, 1997

Agalarov House, named after the creator of Cro-
cus Group President Araz Agalarov, is considered to
be one of the first houses of the club class. There are
34 flats with the area from 120 m?. The entreprencur
himself formed the circle of future neighbours, which is
characteristic of the closed club format. A characteris-
tic feature of the house is its variable storey, it consists
of three sections of 5, 9 and 13 floors. The facades are
faced with brick. The interior solutions of the entrance
group deserve special attention. It is a business card of
the ambitious house — halls with Carrara marble finish-
ing, authentic paintings of Dutch artists of the XIX cen-
tury on the walls, crystal chandeliers, and fresh flowers.
The high level of engineering and technical equipment
is maintained by the in-house maintenance service.
The house is equipped with central air-conditioning
system, supply and exhaust ventilation, innovative fire
extinguishing and notification system, modern commu-
nication and telecommunication systems. The under-
ground part of the building is occupied by a three-level
car park with a car wash. Security is provided by round-
the-clock security, video surveillance. The clubhouse
has a 17-metre swimming pool, sauna, Turkish bath,
elite fitness club and Italian salon of aesthetic medicine.
A luxurious garden with a fountain is laid out on the in-
ner territory of the complex, and the adjacent territory
broadcasts at the same time spaciousness, elite and pri-
vacy (Fig. 1).
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Fig. 1. Agalarov House Clubhouse, Moscow, 1997!

Vesper Tverskaya (Vesper Tverskaya) Clubhouse,
Moscow, 2023 (SPEECH architectural bureau)

This architectural complex consists of two separate
volumes, which are united by a common above-ground
part with a height of two floors: a hotel and an apart-
hotel. The underground part is intended for engineering
and technical premises and car parking. In the northern
part of the facade, there is the entrance to Mayakovs-
kaya metro station, in the southern part — the entrance
to the hotel complex.

The architectural design of the building was influ-
enced by the atmosphere of first Tverskaya-Yamskaya
Street and Triumfalnaya Square. The architects paid
special attention to preserving the scale of this central
part of the city and the tradition of detailed facade de-
sign. These factors determined the modest height of
the building (35.85 and 44.25 metres) and the use of
natural stone for the facades. The stylistics of classi-
cal architecture can be traced in the general symmetry,
the structure of cornices, horizontal belts and vertical
pylons. The first two floors of the complex, which stand
out in height, are intended for public functions and are
made of dark stone, while the rest of the buildings have
light beige cladding, harmonizing with the surrounding
buildings.

The facades of the complex are designed in neo-
classical style, with a pronounced plinth and tiered com-
position, but they also have unique elements, such as
rounded forms of cornice and risalit, giving the building
a modern look. Glass fibre concrete with stone imita-
tion was used to create the complex cornice shape. This
element was a significant addition to the overall appear-
ance of the building and blends well with the natural
stone used for the facades (Fig. 2).

Clubhouse “House with Atlantes”, Solyanka St.,
Moscow, 1882 (architect V. Karneev, restoration by ar-
chitectural bureau “Tsimailo Lyashenko and Partners”)

! Agalarov House is a clubhouse near the Moscow Zoo. URL:
https://agalarov-house.com
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One of the oldest restored houses that later be-
came a clubhouse is the House with Atlantes, erected
in 1882 in Solyanka Street in Moscow. This four-storey
mansion in classical style, designed and built by Vasily
Karneev, one of the founders of the Moscow Architec-
tural Society, became a visiting card of the neighbour-
hood of that time. Its interiors embodied luxury and
advanced engineering, including a lift and Monnier
vaults. The ground floor of the building was occupied
by a teashop belonging to the dynasty of first guild mer-
chants Rastorguev, while the flats above were rented
out. Later the building was purchased by Pavel Khari-
tonenko, an industrialist and a major patron of the arts
who headed the Moscow branch of the Russian Musi-
cal Society. On the third floor apartments were rented
by the Lyapunov family, famous for their collection
of paintings, which was transferred to the Tretyakov
Gallery. After the house was handed over to the USSR
Academy of Medical Sciences, its walls “came to life”
thanks to the famous scientists living here, including
physicist Pyotr Lazarev and chemist Sergei Nametkin.
In 2019, the building will be reconstructed accord-
ing to the project of the architectural bureau Tsimailo
Lyashenko & Partners.

This house is embedded in the historical context of
the white city with its winding streets and many ancient
temples. In its vicinity, you can find many attractions,
including Zaryadye Park, the Kremlin, the Bolshoi and
Maly Theatres and many others. The architectural com-
plex of the building includes 12 flats with a common
terrace, four duplex residences with a patio, which is
not quite typical for Moscow, a villa and two penthous-
es with terraces (Fig. 3).

Clubhouse “DUQO” on Sofiyskaya Embankment,
Moscow, 1860 (architect 1. Chernik, restoration by
Marco Casamonti architectural bureau)

Another example of restoration of the old foun-
dation is the restoration of a two-century-old house
on Sofiyskaya Embankment. The surviving half of
the original building is part of the unique architec-
tural project “Kokorevsky podvorye”, designed by
Ivan Chernik in 1860. At different times such famous
personalities as Ivan Kramskoi, Vasily Polenov, Leo
Tolstoy and Peter Tchaikovsky lived and stayed in
the house. In the centre of the building, the project pre-
serves the arch that conceptually connects the histori-
cal part with the modern one.

The seven-storey clubhouse with an area of
18.7 thousand m? is designed for 49 flats, including
four penthouses and two duplex flats. Special atten-
tion has been paid to preserving the original elements
and adapting the premises to modern requirements for
deluxe class property. Under the new part of the com-
plex, there will be an underground car park. Currently,
the Italian architectural bureau Marco Casamonti has
started the careful restoration of the DUO project in ac-
cordance with the requirements of the Department of
Cultural Heritage of Moscow. The stages of the work
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Fig. 2. Club “Vesper Tverskaya™: a — architectural appearance during daytime; b — fragment of the facade; ¢ —

architectural appearance during nighttime

Fig. 3. Clubhouse “House with Atlantes”, Solyanka St., Moscow?: ¢ — architectural appearance; b — flat plan; ¢ — facade

fragment

include anti-damage measures on the facade, reinforce-
ment of the exterior walls, strengthening of the founda-
tion and restoration of the bearing capacity of the inte-
rior walls. The main goal of the project is to preserve
and emphasize the uniqueness of the historical part
of the complex, combining it with modern solutions.
The public spaces of the historic building will be “re-

2 Vesper Tverskaya. URL: https://f-vr.ru/
3 The house with the Atlanteans. URL: https://atlant.house

vitalized” with restored elements such as the cast iron
staircase and fireplace, preserving its authenticity and
aesthetics. The unusual concept of the project is evident
in every detail, including the preservation of the origi-
nal stonework and brick vaults, as well as the restora-
tion of the chimneys, allowing them to be installed in
all penthouses (Fig. 4).
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Fig. 4. Clubhouse “DUO” on Sofiyskaya Embankment,
Moscow*: a — facade; b — bird’s-eye view

Clubhouse “Stolesnikov 7", Stoleshnikov Street,
Moscow, 1882 (architect A. Erichson, restoration by
architectural bureau “Tsimailo Lyashenko and Part-
ners”’

The next example is the clubhouse “Stolesnik-
ov 7”. At the beginning of the 19th century, where
the elite house now stands, there was a mansion be-
longing to the French ballet master Jean Lamiral. He
taught at the Imperial Theatre School (now known as
the Bolshoi and Maly Theatres) and directed the Mos-
cow Ballet School. 117 years ago, a house designed
by Adolf Erichson was erected on the site of the old
building. The master is credited with many works in
the Art Nouveau style, which are recognized as refer-
ence works of world cultural value. The house belonged
to the wine merchant Yegor Leve, and on the ground
floor was his specialty shop. Leve’s trademark was
a cult brand in Russia, which is confirmed by its men-
tion in Leo Tolstoy’s novel Anna Karenina. The building
houses 12 flats, each with luxury finishes and a wood-
burning fireplace, and one penthouse on the top level of
the building. The structure of the building consists of
reinforced concrete columns, timber frames on alumin-
ium frame with gas filling and increased noise insula-
tion. Including electricity, ventilation and air condition-
ing, heating, fire alarm, and fire suppression systems
designed to modern standards. Art Nouveau architec-
ture is clearly visible in the facades of the house. Facade
elements are directed upwards and characteristically
emphasize the light verticality of the house, large-scale

4*DUO. Clubhouse on Sofiyskaya Embankment, Moscow.
URL: https://duo.moscow
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large windows, including streamlined forms, also em-
phasize the lightness and openwork of the architectural
contour, let a large amount of natural light into the flat,
which is important in modern conditions of insolation
norms. An important detail in the design or restoration
of a clubhouse is the entrance group, lobby. Preference
in finishing is given to natural expensive materials that
emphasize the uniqueness and elite architecture, such
as natural stone, metal, marble of various species, natu-
ral wood in various treatments. If the project restores
the existing interior decoration, preference is given
to preserving ancient elements, highlighting them in
the accent of the interior, emphasizing the historical es-
sence of the architecture (Fig. 5).

Clubhouse “Ilyinka 3/8”, Bogoyaviensky pereu-
lok, Moscow, 1882 (architect A. Nikitin, restoration by
Kleinewelt Architekten)

The club residence is located in close proximity to
the Kremlin. There are three iconic architectural objects
on the project site — two buildings of the Warm Trade
Rows and the ruins of one of the buildings of the Bogo-
yavlensky Trade Lines, a small part of the complex of
Russia’s first heated trade buildings of the 19th century,
almost completely destroyed in the 2000s. New struc-
tures of the future residential complex are being built in
place of the lost historical buildings.

The architecture of the complex was inspired by
the imaginative interpretation of ancient Moscow stone
chambers and palaces. The main idea of the project is
to recreate a multifaceted historical structure. Intel-
lectual saturation, multi-dimensionality of the histori-
cal context and its reinterpretation were the key ideas
in the work on the project. The contoured shapes of
the arched windows of the historic buildings flow seam-
lessly into the outlines of the new volumes. The char-
acteristic strokes of the masonry recall the white stone
carvings in the St George’s Cathedral in Yuryev-Polsky.
On the ground floors of the masonry of the new build-
ings there are inserts with stone reliefs depicting fairy-
tale animals and ornaments, which refer to the elements
of the facades of ancient architectural monuments of
pre-Mongol Russia, each fairy-tale animal is a “guard-
ian” for one of the buildings. The complex is designed
with seven mansions, three of which are genuine re-
stored historical buildings. The Zaryadye Park, Alex-
androvsky Garden and the embankment of the Moskva
River are within walking distance to the residential
buildings. In addition, the residential complex includes
a closed guarded courtyard-garden with landscaping,
paved paths with integrated cast-iron elements. The pe-
culiarity of the complex is the silent comfort systems
serving the mansions, they include modern ventila-
tion systems, air humidification, water purification,
unique soundproofing systems. Also on the territory
of the complex of mansions, there are club spaces for
the residents, which emphasize privacy, allow them to
live comfortably and fulfil most of their needs (Fig. 6).
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Fig. 5. Clubhouse “Stolesnikov 7”, Stoleshnikov Street, Moscow’: @ — facade; b — lobby interior; ¢

elements

facade elements

Savvinskaya 17 Clubhouse on Savvinskaya Em-
bankment, Moscow, 2022 (Al Stidio, London)

The four-storey clubhouse is located in the for-
merly industrial district of Khamovniki, which got
its name thanks to the weavers, now this district of
Moscow is one of the most prestigious and comfort-
able to live in. The project is interesting because of
the history of the site, the context, which both com-
plicates and suggests the direction of the building
concept, the complex sloping topography, which dic-
tates a volume that is elongated in depth, the main
residential part elevated above the public part, and
the location of the project on the site. The project
comprises 22 deluxe flats, most of which are con-
ceptually designed with riverfront views. A distinc-
tive feature of this clubhouse is the ceiling height
of the floors, which reaches up to seven metres.
The deliberate increase of space for one living unit,

3 Stolesnikov 7. URL: https://stoleshnikov7.com/
¢ Tlyinka 3/8. URL: https://ilyinka.ru/

— Art Nouveau facade

b c
Fig. 6. Clubhouse “Ilyinka 3/8” in Bogoyavlensky Pereulok, Moscow®: a« — facade; b — view from the courtyard; ¢ —

the flat, was conceived and executed in order to re-
duce the number of flats and create a more private
and club-like atmosphere.

The facades of the building are made of archi-
tectural concrete with a terrazzo effect. The modern
look is organically integrated into the surrounding
environment, harmoniously neighbouring the sur-
rounding buildings. Special attention was paid to
the facades facing the embankment so that the build-
ing would be visible from various points in the city.
The architectural concept endeavoured to achieve
the effect of “a building carved out of a block of light
stone”. The infrastructure of the clubhouse empha-
sizes its chamber-like character, with only two com-
mercial premises in the public part, one of which
functions as a restaurant with a summer veranda.
The residents are also provided with a mechanized
underground car park with electric car charging,
children’s playgrounds and adult recreation areas in
a closed courtyard (Fig. 7).
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L ——

Fig. 7. Clubhouse “Savvinskaya 17” on Savvinskaya Embankment, Moscow’: « — facade; b — view of the inner courtyard

RESEARCH RESULTS

No two clubhouses are alike, as they are either built
according to unique projects characterized by exclusive
architecture and design, or are created based on histori-
cally significant objects that have been reconstructed
but have retained their original appearance. However,
the analysis of architectural solutions of the reviewed
clubhouses allowed us to identify common features of
this type of housing.

1. Prestigious area (location advantages in terms
of ecology — on the outskirts, close to nature, or in
terms of transport convenience — in a quiet city centre;
picturesque view from the windows).

2. Developed infrastructure (location in areas with
a large concentration of commercial, administrative
and household facilities; proximity to cultural centres,
architectural monuments; transport accessibility, easy
access to the building; extensive network of personal
services for building residents, where access to outsid-
ers is possible only by club cards or invitations of flat
owners).

3. Convenient parking (closed above-ground
or underground, with the possibility of parking in
the guarded adjacent territory at the rate of at least
one, more often two parking spaces per flat; access to
the parking in some projects directly from the flat level
with an individual lift).

4. Security of the adjacent territory (fenced ad-
jacent territory; concierge, own security service with
a stationary post at the entrance to the house, entrances
to the car park, entrances to the courtyard; video sur-
veillance system at the entrance to the house, around
the perimeter of the house, on the stairs and stairwells,
in front of the entrance to the flat; fire safety — instal-
lation of sprinkler fire extinguishing, fire alarm and
smoke removal systems with information output to
a single control centre and duplication to the security
point; 24-hour dispatching of all engineering networks

7 Savvinskaya 17. URL: https://whitewill.ru/savvinskaya-17
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and systems; system of quick information and response
to failures and accidents; system of notification of third
party access to the territory).

5. Uniqueness of the architectural design. The ex-
ternal elements of the building are designed taking into
account the relief and surrounding landscape to create
a unique appearance. Improvement of the territory is
carried out with deep elaboration of landscape design,
inclusion of small architectural forms. Richness of ma-
terials, forms in the form of spheres (domes), cylinders
and complex polyhedrons; installation of sculptures,
bas-reliefs and high reliefs; absence of standard typical
solutions in the volume and on the adjacent territory —
each detail is solved as an independent architectural and
design task. A clubhouse is usually built according to
the author’s project of a famous architect and can claim
to be an architectural monument of local importance.
Most clubhouses are designed in classical style, this is
explained by the fact that about 30 % of such houses
are reconstructed old mansions. As these buildings are
objects of cultural heritage, the legislation prohibits
significant changes in their appearance. Old-foundation
houses have their own advantages, including unique fa-
cades, spacious front rooms, high ceilings with antique
mouldings, and often a good location in the infrastruc-
ture of an established city.

6. Limited number of flats and floors. Club-type
houses are designed around 3—6 floors, with 2—4 flats
on each floor. To guarantee privacy in the centre of a big
city, potential buyers are sometimes offered flats occu-
pying a floor. Classically, a clubhouse should not have
more than 40 flats, but in modern reality their number
has increased to 70, and in some residential complex-
es their number reaches 130-150 and, nevertheless,
the house is considered a clubhouse, uniting neighbours
by social status and wealth.

7. Increased comfort of volume-planning solu-
tions (increased characteristics of areas (one-room flats
from 45 m? two-room flats from 60 m? three-room
flats from 80 m?, four-room flats from 100 m?; kitchen
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areas from 12 m?)); ceiling height from 3 m; free plan-
ning of flats; often the presence of penthouses, duplex
flats, balconies, loggias, terraces of large area; the pos-
sibility of zoning the flat into guest space and private
areas; the presence of at least two bathrooms in flats
with more than two rooms. Extended range of services
in public areas: lobbies, restaurants, cinemas, wine and
cigar rooms, baths, saunas, swimming pools, sports
complexes, spa zones, recreation areas on the territo-
ry of the buildings, picnic areas, children’s and sports
grounds, etc.

8. High-quality engineering support (power sup-
ply over 10 kW per flat, emergency power supply of
the house; centralized supply and exhaust ventilation;
external split-systems, additional levels of water treat-
ment, air treatment; independent or central heating (in-
dividual heat point); high-speed lifts, with individual
finishing of cabins; modern low-current and communi-
cation networks; bimetallic radiators with thermostat;
there are places for air conditioners, drainage system;
the system “smart” is being implemented.

9. High-quality structural solutions. A clubhouse
is usually a frameless ceramic brick and monolithic
reinforced concrete frame building. Glazing is made
of modern fibreglass and wooden profiles of the up-
per price niche with double-glazed windows made of
energy-saving glass. Increased glazing area (taking into
account climatic zoning).

10. High quality of finishing and building materi-
als. High quality and environmentally friendly materi-
als are used for finishing, e.g. natural stone (granite,
marble, travertine), precious woods, porcelain stone-
ware, tile ceramics, decorative plaster, patinated brass,
tempered glass, architectural bronze, etc., materials
with low VOC content.

11. Unity of interests of the complex residents. Ini-
tially, the status of a clubhouse was strictly maintained
by selecting future owners to meet the requirements for
those living in such a house. Interviews were carried
out by special agencies, the developer, or new neigh-
bours appeared on the recommendations of people al-

ready living there. Nowadays, although this format still
exists, it has already faded into the background, giving
way to the economic type of selection: people can ac-
quire ownership of such a property if they have enough
money not only for its purchase, but also for its monthly
maintenance.

CONCLUSION AND DISCUSSION

Club buildings are a material reflection of the so-
cial order for the development of the latest policy of
ecologization and increasing the sustainability of habi-
tat development. Reducing population and building
density, limiting the number of storeys of buildings,
maximum landscaping and landscaping of the build-
ing area, creating interesting non-typical and non-triv-
ial architecture, including elements of art, increasing
the safety characteristics of the dwelling, using only
ecological high-quality materials — all this speaks of
the desire to organize a more chamber and humane liv-
ing environment. Such a unique environment makes it
possible to “humanize” the appearance of neighbours,
which is not possible to achieve when living in multi-
storey apartment buildings with dense population.

At the same time, the development of clubhouses
stimulates the process of property stratification of soci-
ety. Naturally, only wealthy citizens who allow them-
selves a high level of comfort gather in this format of
dwelling, while the majority of citizens cannot claim
any comfort.

However, despite this stratification, the high stand-
ard of architectural and artistic image of clubhouses
gives a huge positive effect, enriching our living en-
vironment, filling it with new cultural meanings and
aesthetic level. Moreover, this poses a difficult but in-
teresting task for modern architects — to use at least el-
ements of architectural solutions of clubhouses in mass
housing construction; to supplement the monotonous
residential development with such a quality of architec-
ture that evokes deep emotional impressions and trans-
mits information about new housing standards.
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IKOJIOTHYECKHEe MOAX0AbI K ()OPMHUPOBAHUIO 00IECTBEHHbIX
NPUPEYHBIX NPOCTPAHCTB KAK MHCTPYMEHT Pa3BUTHA
BO/JIHO-3€JIeHOT0 Kapkaca ropoaa HoBoky3Henka
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AHHOTAULMUA

BBeneHwue. MprpeyHble NPOCTpaHCTBa — CMOXHbIe 00bEKThI, BKIKOYaOLLMe reorpauyeckyo, 3Konornyeckyto, 3KOHOMm-
YeCKyto 1 coumanbHyto cucTeMbl. Ecnv paHbLue aTu Tepputopun B G0MbLUMHCTBE CryYaeB MCNONb30BanMCh Kak YacTb npo-
MBbILLUIIEHHO-NOMMCTUYECKON CUCTEMBI, TO B MOCNEAHee BpeMsi Bce 6onblie BHUMaHWS yaenseTcs co3naHnio KOMGOPTHOCTH
ropofckoi cpefbl. C Lenbio ynyylleHnst COCTOSIHUS 9KOMOrMYeckon cpefbl HeOOX0ANMO NMPOBECTU U3yYeHWne NPUPOAHbIX
KOMMeKcoB GeperoBbiX TEPPUTOPUIA AN CHUKEHUS aHTPOMOreHHOW Harpysku M BOCCO34aHWsl MPUPOAHOro NoTeHumana.
Llenb nccnepoBaHnus — BbISIBIEHWE OCHOBHbBIX MPUHLMMNOB (DOPMUPOBAHNS OOLLIECTBEHHbIX MPOCTPAHCTB Ha MPUPEYHbIX
TEPPUTOPUAX Ha NMPUMepPe 3KOMOrM4ecKoro napka B HoBOKy3HeLke Kak sapa BOAHO-3eMeHOro ropoackoro kapkaca (B3rK).
Mocne nsyyeHns TeopeTUieckrx HayyYHblX paboT 1 aHannsa pakTopoB, onpeaensoLWyX NPUOPUTETHbIE HanpaBneHus Ans
pasnMyHbIX TUMOB 3KOMPOCTPAHCTB, CTABATCA crneaylolune 3agayu: BelsiBNeHne npodbnem n ocobeHHocTen hopMUpoBaHUs
KOHKPETHOW TEPPUTOPUM U MHPPACTPYKTYPbl 3KOMOrMYeCcKMX napkoB B cocTaBe B3IMK npy MMHMMM3aUMKM aHTPOMNOreHHoro
BO3AEVCTBUS C LiefIblo COXPaHEeHUs 3KocuCTeMbl U BrnopasHoobpasusi; cosgaHne TeopeTUyYeckon Moaeny NpupoaHO-3Ko-
Norn4eckoro kapkaca; paspaboTka KOHLEeNTyanbHOro peLleHnst No popmMmMpoBaHMI0 3KOMOrMHYECKOro napka Kak 3HauMmoro
npupogHoro siapa B cTpykType B3IK HoBoky3HeLka.

MaTepuansi u meToabl. ViccnegosaHve 6asupyeTcst Ha U3y4eHUN akTyarnbHbIX AaHHbIX O COCTOSHUM TeppuTopun I. Hoso-
Ky3HeLka. [Mocne aHanusa knaccudmkaumii 3NemMeHTOB rPafoCTPOUTENBHOMO U SKOIOrMYECKOro kapkaca 1 obLlecTBeHHO-
peKpeaLMOHHbIX NPOCTPaHCTB pa3paboTaHa TeopeTuveckas MoAenb NPUPOAHO-IKONOrMYECKOro kapkaca.

Pe3ynkTaTthbl. PaspaboTaHo KOHLENTyanbHOe apXUTEKTYPHO-rpafoCTpOUTENbHOE peLleHne, OCHOBaHHOE Ha CoBpaHHbIX
cBefeHNsX o NpubpexxHon TeppuTopum 1 akocucteme HoBokysHeLka 1 coctaBneHHom SWOT-aHanm3e yyactka npoekTnpo-
BaHUs. BbisiBNeHbl kntoveBble NPUHLUMMBI POpMUPOBaHNS 0BLLECTBEHHBIX MPUPEYHBLIX MPOCTPAHCTB Y METOABI UX Pa3BUTMS,
cosfaHa MoAernb NPUpOAHO-3KONOrMYEeCcKoro kapkaca, kotTopasi NpeAcTaBnseT coboi CaMmoCTOSITENbHYIO HAYYHYHO LIEHHOCTb
1 NpakTuyeckoe 3HaveHue.

BbiBoabl. PaspaboTaHHble NoaxoAb! yNpoLLaloT NPOEKTMPOBaHNE 3KOMOTMYECKnX U 0BLLEeCTBEHHO-peKpeaLMoHHbIX Npo-
CTPaHCTB 3a CYET NOSABIIEHNS YETKON CTPYKTYPbl, OCHOBHbIX BO3AENCTBYIOLLMX haKTOPOB M MPUHLIMMOB CO3AaHMsA NoA06HbIX
3MeMeHTOB B rOPOACKOM MPOCTPaHCTBE.

KNIOYEBbBIE CITOBA: BogHO-3emneHbIN ropoackon Kapkac, MpUpoAHO-3KOMOTMYECKMIA Kapkac, aKkonapk, obLLeCTBEeHHOe
NPOCTPaHCTBO, NPUPEYHbIE NMPOCTPAHCTBA, JKOMOrUs, TEXHOFEHHOE BO3[ENCTBUE, KOMOrMYECKUiA Kopruaop, aKocucTema,
3eneHast MHpacTpykTypa

ona UMTUPOBAHWA: Andpornosa A.4., Huxezopoduesa FO.E., ydkos A.A. Jkonormyeckvne nogxodbl kK hopMmpoBa-
HWIO OBLLECTBEHHbIX MPUPEYHbIX MPOCTPAHCTB Kak MHCTPYMEHT pa3BuTVSA BOQHO-3EMEHOro kapkaca ropoga HosokysHeLka //
CTpouTtenbcTBO: Hayka n obpasoBaHue. 2024. T. 14. Bein. 2. C. 113—-148. URL: http://nso-journal.ru. DOI: 10.22227/2305-
5502.2024.2.113-148
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Ecological approaches to the formation of public riverside spaces as a tool
for the development of water and green framework of Novokuznetsk city

Daria D. Andropova, Juliya E. Nizhegorodtseva, Alexey A. Gudkov
Novosibirsk State University of Architecture and Civil Engineering (Sibstrin); Novosibirsk, Russian Federation

ABSTRACT

Introduction. Riverside spaces are complex objects that include geographic, ecological, economic and social systems.
Previously, these territories were mostly used as part of industrial and logistics system, but recently more and more atten-
tion is paid to the creation of a comfortable urban environment. Therefore, in order to improve the state of the ecological
environment, it is necessary to study the natural complexes of coastal areas to reduce anthropogenic load and restore

© A.A. AHaponoBa, F0.E. HuxeropoaueBa, A.A. lyakos, 2024 113
PacnpocTtpaHseTca Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)

(2G) Z HORUIAY ‘Pl WOJ oy oere et e



navke oo Tom 14. Bbinyck 2 (52)

A.4. Audponoea, KO.E. Huxxezopodueea, A.A. lNydkoe

natural potential. The purpose of the study is to identify the basic principles of the formation of public spaces in riverside
areas using the example of an ecological park in Novokuznetsk as the core of the water-green urban framework (WGUF).
After a thorough study of theoretical scientific works and analysis of the factors that determine priority areas for various types
of eco-spaces, the following tasks are set: identification of problems and features of the formation of a specific territory and
infrastructure of ecological parks as part of the WGUF while minimizing anthropogenic impact, in order to preserve the eco-
system and biodiversity; creation of a theoretical model of a natural-ecological framework; development of a conceptual
solution for the formation of an ecological park as a significant natural core in the structure of the water-green framework
of the city of Novokuznetsk.

Materials and methods. The study was compiled based on the research of current data on the state of the territory of the city
of Novokuznetsk. After analyzing the classifications of elements of the urban and ecological framework and public and rec-
reational spaces, a theoretical model of the natural-ecological framework was developed.

Results. A conceptual architectural and urban planning solution was developed based on the collected data on the coastal
territory and ecosystem of Novokuznetsk and SWOT-analysis of the design site. The basic principles of the formation of pub-
lic riverside spaces and methods of their development were identified, a model of the natural-ecological framework was
developed, which is of independent scientific value and practical significance.

Conclusions. The developed approaches simplify the design of environmental and public recreational spaces due to
the emergence of a clear structure, the main influencing factors and principles for creating such elements in urban space.

KEYWORDS: water-green urban framework, natural-ecological frame, ecopark, public space, riverside spaces, ecology,
technogenic impact, ecological corridor, ecosystem, green infrastructure
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BBEAEHHUWE

B nocniennue necsAaTHIETHS B CBA3U C M3MEHEHUEM
KIIMMAaTHYeCKUX YCIIOBUH BO3HMKJIA HEOOXOTMMOCTH
(hOpMHUPOBaHUSI CAMOCTOSITEIEHO BBIJICIICHHBIX TOPOJI-
CKUX CTPYKTYP — BOJHO-3EJICHOTO T'OPOJCKOTO Kap-
kaca (B3I'K). Oru HampaBiieHBI Ha CO3/IaHUE [IETOCT-
HOM B3aUMOCBS3aHHON MPOCTPAHCTBEHHON CTPYKTYpHI
3€JICHBIX HACaXKIEHHH, BOIHBIX OOBEKTOB M ypOaHU-
3UPOBaHHBIX TeppuTOpuid. OCHOBHOW IENBIO TaKHUX
KapKacoB SIBJISIETCS MOJJEpKaHUE 30POBOM U yCTOM-
YUBOM TOPOJCKOM Cpelbl 3a CUET COUETAHUsS 3EJIEHBIX
HAaCaXJEHUH M BOJHBIX 3JEMEHTOB, IO3BOJIAIOIINX
c(OpMHUpPOBaTh ONTHMAIILHBIC YPOBHHM TEMIIEPATYPHI,
BJIQXKHOCTH, a’palliu U COMHEYHOM paguanuu. Kpome
toro, B3T'K BbIMOMHSIOT pekpeanoHHbIC (YHKINH,
MpUHUMAsl BO BHUMAHHUE JOMyCTHUMOE aHTPONOIEHHOE
BO3/IEHCTBHE Ha JNaHAMIA(T, yIydinas CBA3b uepes 3e-
JICHBIE KOPHUIOPBHI, TEIIEXOMHYI0 M BEIOCHIIEIHYIO
JOCTYIHOCTh B paMKax IIPOEKTa, a TaKKe BBIMTOIHSS
KyJIBTYpHYIO, 00pa30BaTelbHYI0 W HIKOHOMHYECKYIO
GbyHKIMY.

Wzyuenne 3apy0eKHBIX HAYIHBIX TPYIAOB B cepe
9KOJIOTHYECKUX MPOILECCOB MO3BOJIMIO BBISIBUTH ITOI-
XOJIbI K HCCIICZIOBAHUIO BOJHO-3€JICHOW MH(]pacTpyK-
TYpbl, METOAbI KOJIMYECTBEHHOM OLICHKU W PaHXUPO-
BaHMs TEXHOT'CHHBIX BO3ACHCTBUIL, a TaKK€ BapUAHTHI
cOXpaHeHns1 OMopazHO00pa3ust Ul TOCTHXKEHUS LEIN
YCTOMYUBOIO Pa3BUTHSL.

PaCCMOTpI/IM COBPCMCHHBIC TCHACHINU HAYYHBIX
paboT: uccenoBaHNe KUTAHCKUX yueHBIX B T. [lleHb-
WKIHB CBHUICTENBCTBYET O TOM, YTO IKOJIOTHUECKHE
WUCTOYHUKH MOTYT OBITh HWICHTU(GHUINUPOBAHBI BHP-
TYaJIbHO, U DKOJIOTHYECKHE CETH MOTYT OBITh 3HAUYM-
TCJIbHO OINTUMU3UPOBAHBI IIYTEM KOM6I/IHI/IpOBaHI/IH
AQHAJTUTHYECKUX MOJIENeH. ODTH pe3yabTaThl CITy’Kar
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METOJOJIOTHYECKIM OPUEHTHUPOM ISl TIOCTPOCHUS IKO-
JIOTHYECKHUX CceTel M OymyT IMOJIE3HBI Ul TOPOACKOIO
IUTAHUPOBAHMUS ¥ 3alUThl OnopaszHoodpasus [1]. [xu-
Oananpga [atien u JleOamkut JlarTa B CBOCH cTarhe s
pa3paboTKu KPUTEPHEB M HHANKATOPOB OILICHKU 3KOJIO-
THYECKOTO COCTOSIHUSI BOJHO-OOJIOTHBIX YTOJUH B MOH-
Max peku Muxamarn B MHAWU BBIIBHIM OCHOBHBIC
9KOJIOTHYECKHE, CONNAIbHO-SKOHOMUIECKHE M WHCTH-
TYLIMOHAJIBHBIE MTPOOJIEMBI, OKa3bIBAIOLINE HETATHBHOC
BIIMSTHHE HA COCTOSIHUE OMOpa3HO00pa3us U IKOCHCTEM
BOJIHO-OOJIOTHBIX YTOJWI METOJOM BBIWICHEHUS] OC-
HOBHBIX KOMITOHEHTOB JIaBJICHUS U X KOJTHYECTBCHHON
OLIEHKU [2].

B nHayuHoli paboTe 0 MpUYMHAX HU3KOW IKOJIOTH-
4eCcKoil 3(()EKTHBHOCTH BOCCTAHOBUTEIBHBIX MEpO-
MIPUSATHI B TOBEPXHOCTHBIX BOJax I epMaHuy peyub HIeT
00 0OHapy>XeHHH IVIaBHBIX BCEOOBEMIIIOIINX CTPECCO-
POB, BIHUSIOIIUX Ha DKOJOTMYECKYI0 3((PEKTUBHOCTD
BOCCTAaHOBHUTEJIbHBIX MEPOIPUATHH U PaHKUPOBAHHE
UX B COOTBETCTBHUHM C BO3JICHCTBHEM HA PEKH B Pa3HBIX
maciiTabax [3].

[Tpn olEHKE COCTOSIHUSI 3€JIEHOI0 TOPOJICKOTO
kapkaca TerepaHa mpou3BeNeH aHAIN3 KOJIMYECTBA
O3€JICHCHMsI Ha JyIly HACEJCHWS M IUIOIa/iei 3ele-
HBIX HacaXXE€HUIl BO Bcex Okpyrax ropoza [4]. [na
00CY>K/IeHHS U OIICHKHU JIEMEHTOB, OTHOLICHUH Pa3HO-
IUTAHOBOTO TOPO/ia UHTEPIPETHPOBAHBI MHOTOCIIOHHBIE
CHHTYJSIpHOCTH benrpajga B MHOromacumrabHOW MHO-
YKECTBEHHOCTH, BBISBJICHBI OOIIECTBEHHBIC TPOCTPaH-
CTBa, 00ONajaone MOTEHIINAIOM, U UCCIIEI0BaHbI UX
BO3MOXKHOCTH YITYUIICHHSI C TIOMOIIBIO PA3THUHBIX
(dopm nckyccrna [5].

IOittoit Yxoy, 'an Yosup u Boiium Yoy mpo-
AHAJIM3MPOBAIIM PA3JIMYHBIC MOJICIIN U AITOPUTMBI LIS
COBEPIICHCTBOBAHMS CYIIECTBYIOMINX CITyTHUKOBBIX
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HaOMIOeHNH 1 pa3pabOTKH HOBBIX MHIAMKATOPOB MO-
HUTOPHUHTA TOPOJICKOH cpersl [6].

B nayunom Tpyne «buoduibHbie “yMHBIE TO-
pona”: poib MPUPOJAbI U TEXHOJOTHHM B TMOBBIIICHUU
YCTOHYHMBOCTH TOPOIOBY OTIPEIEICHBI TOKA3aTeIH IS
OMO(UIIBHBIX M «YMHBIX» TOPOJIOB, KOTOpPbIE MOKHO
WCIIONIB30BaTh COBMECTHO JUISI TOBBIMICHUSI YCTONYH-
BOCTH WX pa3BuTHs. B Xone mccnemoBanus ObUTH ycTa-
HOBJICHBI KIIFOUEBBIC TOKA3aTEIH KaK JUIsi OMO(PHIBHBIX,
TaK ¥ ISl «YMHBIX» TOPOJIOB, H PACCMOTPEHBI OCHOB-
HBI€ TPUHIAIGI W aCTEKTHl yCTOWYMBOCTH TOPOJIOB,
YTOOBI TIOHATH, KaK ATO PabOTALT, U yKa3arh Ha UX B3a-
HUMOCBSI3b ¢ OMO(QUIBHBIMU HHTEIUICKTYaJIbHBIMA IO~
xomamu [7].

B uccnemoBanuy TopojICKoi ceTr 3esIieHON nH(ppa-
CTPYKTYpBI Ha ipumepe T. Xapoun B Kurae oocyxnaet-
CSl IPOTUBOPEYNE MEXIY TOPOACKUM SKOHOMHYECKHUM
pa3BUTHEM M IIOCTPOCHHEM CeTeil 3elieHo HHppa-
cTpykTypsl (31), a MomenupoBaHHWE W ONTHMH3AIMS
ceteil 311 B pasnuyHBIX ClIEHApPUAX OOCCICUMBACT Ha-
YUHYIO OCHOBY JUIsI Pa3pabOTKH COOTBETCTBYIOIINX
CTpaTeTHi Pa3BUTHSA M MOJUTHUKU 3aIIUTHl OKPYKAI0-
meit cpenst [8].

Happen Uun ®yn Tan, Ouapro Moppuc, MaThio
benn u apyrue B cBoel cTarbe CMOJEIMPOBAIN CBSI-
3aHHOCTH BONOCOOpHBIX OacceitHoB Kapyax-Matia,
necHoro JsaHamadTa, (parMeHTUPOBAHHOTO MaTpH-
LIeii, B KOTOPOH JOMUHUPYET ACTOUIIHOE 3eMIIE/IeNnE.
Taxoi moaxon Jaj BO3MOXHOCTh KOJTMYECTBEHHO Olie-

Jeenblii Cunanii

Sawura
OT HABOIHEHWH

DKonoruyieckue

XapaKTePHCTHKH

M LEN0CTHOCTE ]

nauamadTa YnpasjeHHe 107K /AEBbIMH
H JINBHEBBLIMH

CTOKAMH
KonnuecTBo 3e/eHbIX

HacaKaeHHIi:
KOO HYecKas
OLEHKA M101anm,
XapakTepHu3yoLeics
pasHoobpa3zuem

ITorpebaeHie Boab

FArPAZHCHHE BOIBI

3eMaenonbL30BaHue

3arpsazHeHHe Bo3yxa
1 OKpY:KatoLeii cpesibi

HUTH BaXKHOCTh MEJIKOMACIITA0HBIX OOBEKTOB, TAaKMX
KaK pa3OpocaHHBIC JEPEBbs, C TOYKU 3PCHUS CBSI3HO-
cti [9]. bonbioe BIMAHME HAa XapaKTep U COEpKaHHe
JIaHHOM cTaThM okazana kuura Ken Sur m Aman Jlu-
nanu [10]. B Helt aBTOPBI OMMCHIBAIOT YETHIPE CTpare-
THH TIPOCKTUPOBAHHSA, KOTOPHIE MOXKHO HCIONH30BaTh
B COYETAHHMH, YTOOBI JIOCTUTHYTh PAaBHOBECHS MEXKIY
HCKYCCTBEHHOH M €CTECTBEHHOH cpemoii (puc. 1). 3e-
JIeHasi THPPaCTPYKTypa — ITO B3aUMOCBSI3aHHBIE CETH
MPUPOAHBIX TEPPUTOPUI M APYTHX OTKPBITHIX MPO-
CTPAHCTB. DTO 3eJieHble HACAXK/CHUS BHYTPH OHOMa,
KOTOPBIE COXPAHSAIOT HEHHOCTH MPUPOAHON IKOCHCTE-
MBI, YUCTBI BO3MyX M BOMy. Takas cucrema sBISETCA
€CTECTBEHHOHN Cpesoil OOMTaHMs JUIs IIUPOKOTO CIEK-
Tpa TUKUX KUBOTHBIX.

ABTOpPBI OTMEUAIOT, YTO Ba)KHOM COCTaBISIOLICH
31 ciyar 3eyeHble SKOKOPHIOpHL. JIMHeHHbIe KOpH-
Jopbl GIIopel M (ayHBI COETUHSIOT CYLIECTBYIOIUC
3eJIeHble HACAXK/ICHHsSI M CO3/Ial0T HOBBIE, OoJsiee KpyIl-
HbIe cpenbl ooutanus. OHU (GOPMUPYIOT HOBBIE CBS3U
MEXTy JICCHBIMH II0JIOCAMH, BOJHO-OOJIOTHBIMH YTO-
IIbSIMU ¥ BOIHBIMU TyTsiMu. JtoOast HoBast 31 momkHa
JIOTIOJIHSATh U YCHJIMBATh €CTECTBEHHbIC (DYHKIIMHU TOTO,
YTO YK€ MPUCYTCTBYET B IeH3axe. DKOMHPPACTPYKTY-
pa I0JDKHA UMETh TIPHOPUTET HaJl MH)KEHEPHOU HH(pa-
CTPYKTypoil mpu mpoektupoBanuu. Co3naBasi, yayd-
mast 1 BOCCTaHABIIHMBAS AKOIOTHYECKYIO CBSI3aHHOCTD
OKpY’Karollel cpe/ibl, OHa IIPEBPAILAeT BMELIATEIbCTBO

Kpacusrii

ITaccusroe
1 aHeproaddexTuBHOE
NPOeKTHPOBaHHE

[TonuTHka naax HPOBAHHA

MecTHble orpaHnyeHus
Ha 3arpasHeHue
OKpYKaoLE
Cpe/ibl OTX0AaMH,
HCI0JIb30BaAHHE
CBaJIOK H T.JI.

[TpoH3BOACTBO HHEPrHH,
B TOM YHCIIe
13 BO30OHOBIACMBIX
HCTOYHHKOB

Paii HoctynHsie ynobersa
alfoHHbIE

IHEPreTHUECKHE CETH ;
(i OLHAJIBHAA MHTErpatus
VYnpasnenue
OTX0aMH
W UX nepepaborka

BogneueHnue
coobiecTra

Puc. 1. Yetbipe cTpaTernu NpoeKTHPOBAHKS B paMKax CaJIOTOTEHHOTO U 3KOJIOTHYecKoro nu3aiiHa (aBropsl Ken SHr u Anan

Junann)
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A.4. Audponoea, KO.E. Huxxezopodueea, A.A. lNydkoe

YeJIoBeKa B JIAaHAMAPT U3 HETaTHBHOTO B MMO3UTHBHBIN
MTOCTYTIOK.

Take oTMedaeTcsi BaXKHOCTb OOecredeHust
HE TOJBKO TOPU3OHTAIBHOM CBA3HOCTH, HO M BEPTH-
KanbHOW. OUeBUIHOW JEMOHCTpAIMed TOPU3OHTAIb-
HOW CBSI3M sIBIIAETCS OOeCleueHne JKOJIOTHYECKUX
KOPHJOPOB, @ COCAWHEHHE IO HENPOHHUIIAEMBIM II0-
BCPXHOCTAM U JOpOoraM MOXKET 6]>ITI) JOCTUTHYTO C I10-
MOIIIBIO HKOJIOTHIECKAX MOCTOB M TIO/I3EMHBIX 3TAXEH.
[IpoexTupoBaHne AOMKHO PACIIUPSTH IKOIOTUIECCKHE
KOPHJIOPBI 110 BEPTHKAJIH, IIPHA TOM SKOUH(PPACTPYKTY-
pa OyzeT 3aTparuBarh BCIO C(epy CTPOUTEIBCTBA IS
CO3/IaHUsI MECT OOMTaHMs Ha CTEHAX, Teppacax U Kpbl-
max [10].

E.A. KaiicapoBa B cBoeil cTraTbe paccMaTpUBaeT
BOJHO-3€JIEHBIN anameTp MUHCKa 4epe3 aHalnu3 BO-
JIHBIX CHUCTEM M O3€JIEHEHHBIX TEPPUTOPUH C TojcUe-
TOM ILIOLIAU Ha Aylly HaceneHus [11].

OmBIT OTEYECTBEHHBIX M 3apyOEKHBIX HCCIIENO-
BaHMH TTOKA3bIBAET 3HAYMMOCTh KOMIUIEKCHOW OILEHKH
TEPPUTOPUH, aHANIN3a KINMAaTHYECKHX, PEKPEaIOH-
HBIX M KyJIBTYpPHBIX OCOOCHHOCTEH TEPPUTOPUH U MIPH-
MEHEHHsI CIIEIHAIBHOTO MPOTPAMMHOTO 00eCTIeueHHs
B 00JIaCTH KIMMATOJIOTUH U SKOJIOTHH ISl MOZENIUPO-
BaHMSI PA3JINYHBIX CIIEHAPUEB PA3BUTHS TEPPUTOPHH.

Jlamee B OCHOBY HMCCIEIOBaHUS MPUHST IPOEKT-
HbBIN ONBIT HECKOJIbBKUX KPYIHBIX TOPOAOB.

B Ceepmiosckoit obmactu yreepxkaero 101 sapo
9KOJIOTMYECKOTO KapKaca WJIM KIHOYEBBIX MPHPOIHBIX
TeppuTopuii. EkarepnHOyprekas arnmomeparys — MHO-
TolydeBasi, IMEET BHJ, XapaKTEpHBIN Ul ariomepa-
LUH, CIOKUBIIMXCS B Pa3BETBICHHOM TPAaHCIIOPTHOM
y3sie. COBpEMEHHBIN ATall O3EIEHEHUS! XapaKTepH3y-
eTCsl YIUIOTHEHHEM 3aCTPOUKH, BCIEACTBHE YEro CO-
Kpamaercsi IO b MO/ O3€JICHEHUE B XKHMJIOH 30HE
1 YMEHBIIAIOTCS MJI0IAAN HEKOTOPBIX MApKOBBIX Mac-
cuBoB. Pekpearrionnsie cucrembl ExarepuHOyprckoit
aromepanuy (HopMHPYIOTCS PSAAOM C TAKUMH IPUPOI-
HbIMU 00pa3oBaHusAMU, Kak o3epa Lllaprami, [Tecuanoe,
Bepx-Hcerckoe Bogoxpanunuie u p. Mcers, nocnen-
HA B CBOIO OUEPEAb ABJIACTCA KIHOUYCBBIM 3JIEMECHTOM
BOJJHOM 3KOJIOTO-pEeKpealiioHHON 30HBI I. Exarepun-
Oypra [12].

B Actpaxanu cymiectByeT npoodieMa OTCyTCTBHS
«CBSI3aHHOW» CHUCTEMBI PEKPEAIIMOHHBIX 30H M X He-
XBaTka. MHoTHe U3 CYIIECTBYIOIUX NPHUPOAHBIX KOM-
TUIEKCOB MCIBITHIBAIOT 3HAYUTEIBHYIO aHTPOTIOTEHHYIO
Harpy3kKy W HU3MEHAIOTCA OT NEPBOHAYAJIBHOT'O ITpU-
poxnnoro cocrosHus. Eme onHa npobiema — HU3KHUH
ypoBeHb o3esieHeHust. Cpeny 03eICHEHHbBIX TOPOICKUX
MIPOCTPAHCTB BXHEHINYIO POJIb B OMOKIMMATHYECKOM
COCTOSIHUM TOpOoJia BBINOJHIET 0cTpoB «lopoackoity,
OH ABJIACTCA OKOJIOTUYCCKUM 0a3uCOM, MOBTOPAA JCIIb-
TOBBIE OMOTOIIBI MOWMEHHBIX JIECOB, BHYTPEHHUX 03€p,
OTKPBITBIX IPOCTPAHCTB U 3aJIMBHBIX JIyTOB, IECUYaHBIX
Koc OeperoBoi JIMHUH, a TAKXKE 30H BOJHO-00JIOTHCTHIX
yromwmii [13].
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Onun n3 Haubojee HMHTEPECHBIX W CIOXKHBIX
YYacTKOB ypOaHU3HPOBAaHHOH cpenpl — KaHoHepckwmid
octpos I. Cankr-IleTepbypra, B KoTOpoM OUeBHAHA HE-
00XOJJMIMOCTB CO3JJaHUS OIPE/ICICHHBIX CBSI3eH MEXIY
MIPUPOJHO-TaHAMA(THON CcOoCTaBisIOME M HCKYyC-
CTBCHHOW AaHTPOIIOTEHHOW JAeATeNbHOCThI0. OCTpoB
XapaKTepU3yeTcsl HAJHMYUEM PEKPEallnOHHOTO MOTEH-
yajga U pacTUTEILHOCTH. TeppuTOpUsl IMEET BBITO/-
HOE PACIOJIOKEHHE OTHOCUTEIBHO [IEHTPa roposa, of-
HaKO TPYAHOMIOCTYITHA JJIsl ToceteHus [14].

B MockoBckoii 001aCTH HAKOIUIEH OOJIBIION OIBIT
Pa3pabOTKN SKOIOTHIECKUX IPHHIIUIIOB COBEPIIEHCTBO-
BaHUsI TEPPUTOPUATIBLHON CTPYKTYphl. MCTOPUKO-KY/Ib-
TYpHBIH Kapkac MOCKOBCKOH 00nacTé HpecTaBiseT
c000if COBOKYITHOCTP IIEHHBIX TEPPUTOPHUIL, SBISIOMINX-
Csl MPUMEPOM CPEIHEPYCCKOro JaHanmadTa ¢ BbIpasu-
TEJIBHBIM pesibepoM M pa3HOOOpa3HBIM PACTUTEIHEHBIM
MOKpOBOM. OOBEKTHI KYITBTYPHOTO HACIIEIUS CBSI3aHBI
BU3YaJIbHBIMUA KOPHIOpPaMH C JIAHAIA(THBIM OKpYKe-
HUEM U OIPENENISIOT XapaKTep Pa3BUTHs 3HAUUTENIbHBIX
Tepputopuid. [lnaHupyemsble NPUPOJHO-UCTOPUUECKUE
1 SKOJOTHMYECKHE TEPPUTOPHU B KOMIUIEKCE C 0C000
OXpaHseMbIMHA TpUporHbIMU  TeppuTopusiMu (OOIIT)
(OpPMHPYIOT OCHOBY MPHUPOIHO-3KOJIIOTHIECKOTO KapKa-
ca permoHa, K KOTOPOMY TaKXKe OTHOCATCS MPOYHe 3a-
CeJICHHbIE TEPPUTOPHH U BOJHBIC 0OBEKTHI [ 15].

B r. Opne mis OONBIIMHCTBAa CKBEPOB XapakKTep-
Ha HeOombImas Tomans (Ho 2 ra), OJU3KUE K mpe-
JIEIbHOMY BO3pacT HAaCaXKIECHUH, BCE CKBEpPBI I'paHU-
YaT C MarucTPajJbHBIMU JIOPOTAMHU CO 3HAYUTEIHHOU
TPaHCIOPTHOM Harpy3koil. TeppuropuanabHOe pacro-
JIOKEHUE ONpeeNsieT HeraTUBHYI0 JAUHAMMKY COCTOS-
HUS ypOO3KOCUCTEM — PACTUTEIBHOCTH TTOJIBEPTaCTCs
CHJIPHOMY 3arps3HEHHUIO BBIXJIOTHBIMU Ta3aMHU U TSKe-
JIBIMU MeTaJlJIaMH, BO3JIEHCTBUIO 1IIyMa OT TPaHCIIOpTa.
CooTHOIIIEHNE THUIIOB HPOCTPAHCTBEHHBIX CTPYKTYP
Ha 00BEKTe B OOJBITUHCTBE CIIydaeB HE COOTBETCTBYET
IpaloCTPOUTENILHBIM TpeboBaHusM [16].

B Ilense 3eneHble HacaXKAEHHWS BCEX THUIIOB HC-
MIOJTb30BAHUSI CKOHIIGHTPUPOBAHBI B LIEHTPE IOpPOAa
U B paiioHe 3anaaHoi nossHel. [Inommans 61aroycTpo-
CHHBIX O3€JICHCHHBIX TEPPUTOPHH B COOTHOIICHUH
C IUIOLIAJbI0 TEPPUTOPHUN MPOMBILIIICHHBIX MPEANPH-
STHI ¥ JKUIION 3aCTPOMKM HeBelHKa. BONbIIy0 YacTh
BCEX 3€JIEHBIX MTPOCTPAHCTB 3aHUMAIOT IIPUTPAHUIHBIC
JIECHBIE MAaCCHBBI M TEPPUTOPHUHU CTETICH, JIyra U Cellb-
CKOXO3SIICTBEHHBIE MOJIsI, HE BKIIOYEHHBIC B OOLIMI
TIPUPOJHO-TPAIOCTPOUTENBHBIN Kapkac. Ha Tepputo-
pUM TOpOsia MPHUCYTCTBYET JOBOJBHO OOJNBINAS JIECO-
10JI0Ca, a TAK)KE MAapKU U CKBEPHI, KINMaTHYEeCKUH Ky-
popT AxyHsl, apyrue 3anoseauuku u OOIIT [17].

Ha tepputopuu [lepmu ocoboe mecTo B cucteme
03€JICHEHHUsI TOpO/ia 3aHMUMAIOT BOJHBIE OOBEKTHI. Bo-
JTHO-3€JIEHBIE PaJinyChl IPOHU3BIBAIOT TOPOA B Pa3HbIX
HanpasieHUsX. MHIycTpuambHas COCTaBISIOMAS TO-
POJICKOM TKaHNW YHHUTOXKUJIA YacCTh «3€JICHBIX KOPUIO-
POB», 00ECIICUNBAIOIINX BBIXOJ K OKOJOBOIHBIM IPO-
CTpAaHCTBaM. YIUIOTHEHHE 3aCTPOMKH, OpraHu3alus
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TPaHCIIOPTHBIX Y3JIOB ¥ U3MEHEHHE (PyHKIIMOHAIBLHOTO
HAITOJIHEHUsI IPUOPEKHBIX 30H COKPATHIIM YacTbh «3e-
JICHBIX KOPUAOPOB». BONBIIMHCTBO U3 BOAHBIX UCTOY-
HUKOB II0 KJIACCU(HKALMH OTHOCSATCS K «3arps3HeH-
HBIM, I'PSI3HBIM U OYEHb IPSI3HBIMY [18].

B.1. ToM030B B cBOEH cTaTbe NMpOaHAIU3UPOBAI
OJIHYy M3 IIOIBITOK T'OPOACKUX BiacTel CHOpPMYIUpO-
BaTh OOIIME TOIXOABI K PEKOHCTPYKIMH «CEPOTO II0-
sicay Cankr-IlerepOypra. MccnenoBanne cocpenoTode-
HO Ha BBISIBJICHUH B IPOEKTAX IMPHHIHUIIOB U MOAXO00B
K ()OPMHUPOBAHMIO 3€JICHOTO KapKaca 3TUX TepPPUTOPHU,
€ro HeIPEPBIBHOCTH U ycToHunBOCTH [19].

IToMuMmoO aHaMM3a SKOJOTMYECKUX ACMIEKTOB B NPO-
eKTHPOBAHUH 3€JICHBIX OOIIECTBEHHBIX MPOCTPAHCTB,
B)XHBIM (DAKTOPOM CIIY)KHUT y4eT COLHAIBHBIX ACIHEK-
TOB B TpagoctpoutenbHoM paszputuu. C.X. Mcmaru-
noBa, A.B. CusueB u F0.A. 3akupoBa B cBOCH paboTe
0 (opMHPOBaHNH PEKPEATMOHHO-TYPUCTHIECKUX Kila-
CTEPOB aHAIM3UPYIOT HHPACTPYKTYPY 0OCITYKUBAHUS
TYPHCTOB U BBISIBIISIFOT IIPUHIMITBI YCTOMYMBOTO IPajio-
CTPOUTEIBHOTO PA3BUTHSA PEKPEAMOHHO-TYPHCTHYE-
ckoii cuctemsl Axytuu [20].

Bbu1 mpoBezieH aHau3 pa3inyHbIX (PaKTOPOB BITH-
SHAS Ha KOM(OPT MapKOBOW TOPOICKOHM cpensl [21].
W3y4eH nonxos apXUTeKTypHOI ClieHorpauu ¢ TOUKU
3peHusi cpefoBoro nuzaiiHa [22]. MccneaoBana tep-
MHHOJIOTHSL B OOJAaCTH 3KOJIOTHYECKOTO IPOEKTHUPO-
BaHus [23]. PaccMOTpeHB! acreKThl aKTHBAIIUH Kyib-
TYpPHOW TPHBIEKATEIBLHOCTH TEPPUTOPUU B paMKax
cTparerun OpeHna ropona [24]. Taxke aBTOPHI CTaTbU
03HAKOMIJIMCH C IPUHIIUIIAMH IPOCSKTUPOBAHHS IKOJIO-
TUYECKHUX MapKoB [25].

Hoxrop ¢unocodeknux nayk O.H. Saumkunit wc-
CJIeI0BAJl pa3BUTHE POCCUICKOM IKOJIOTMUECKOU KYJb-
Typbl B XX B. M BBIIGJIWI YETHIPE KIIIOUEBBIX dTaIa:
HavanpHeIA mepuon (1917-1929 rr.); mepmon 3actos
(1929-1960 rr.); mepuox ykperutenus (1960—1985 rr.);
niepuon u3MeHenuit (1985-1999 rr.) [26].

COOTBETCTBEHHO CTOMT OOparnTh BHUMaHHE
Ha 3aKOHOAATeNbHBIE TpeboBaHus PD mo skomormue-
CKOMY MPOEKTUPOBAHMIO, KOTOPbIE aBTOpaMH HaCTOs-
IIETO UCCIIEA0BAHUS Pa3/eIeHbl HA CIIEAYOIIHE STallbl:

1. 3apokJieHHEe 3KOJIOTHYECKOTO 3aKOHOIATEI b~
ctBa (1950-1970 rr) — pa3paboTka MEPBBIX HOpMa-
THUBHBIX JIOKyMEHTOB.

2. Pa3BuTHE HKOJIOTMYECKOTO 3aKOHOJATENILCTBA
(1971-1990 rr.) — pa3BUTHE MOJHOLECHHOHN 3aKOHOA-
TEJBHOW 0a3bl.

3. CraHOBJIEHHE SKOJIOTHUYECKOTO 3aKOHO/ATENb-
crBa (1991-2010 rr.) — ¢dopMupoBaHHe OKOHYATEIb-
HBIX HOPMaTHBHO-TIPABOBBIX aKTOB M YCIIOBHH /ISl HO-
BOTO ITOJX0/1a K 9KOJIOTOTIOIb30BAHHMIO.

4. IlepeocMbICIEHHE 3KOJIOTHYECKOTO 3aKOHOMAA-
tenbeTBa (2011-2021 110) — Mepexon Ha MEXrocyaap-
CTBEHHBIE «3eneHbie» cTanaapTsl cepun [OCT P [27].

2017 . B HMCTOPHM SKOJIOTMYECKOTO Pa3BUTHUSL
CTpaHbI CUMTACTCS OJHUM M3 CaMbIX BaXKHBIX. YKa30M
IIpesunenta Poccuiickoit ®@eneparu ot 05.01.2016

Ne 7 2017 ron o6bsiBier B Poccuu ['omom sxomorun'.
CraproBaiy HaUIpPOEKThl «DKoJoTus», «leHepanbHas
yOopkay, «UHCTBIN BO3IYX».

B ¢epane 2021 1. Havancs poccuiicko-(panirys-
CKHH MNpoeKkT «BoaHo-3eneHbIi TOPOACKOM KapKac»
1oz pykoBoacTBoM Munctposi PO, 310 3HaunMBbIif 3Tan
HOBOTO B3[NIsi/Ia HA TOPOJICKYIO cpemy’. YueHsle u pa-
OOTHUKM aJIMUHHUCTPAIMH ITEPELLIH OT TEOPETUIECKUX
HCCIIEJOBAaHNH K MTPAaKTHYECKUM BOIPOCaM TOPOJCKON
9KOJIOTHH Ha YPOBHE pa3pabOTKM HOPMATHBHBIX YKa-
3aHUN. DTO TEPBEIM mAar K KOMIUIEKCHOMY (hopMupo-
BaHMIO HKOJOIMYECKOH Cpebl ropoja BMECTO pac-
CMOTPEHUA OTACIBHBIX aCII€KTOB, TAKMX KaK OKOJIOTUA
BOJIOEMOB, MOHUTOPHHT O3€JICHEHUSI, (IOPHI U (ayHb
B TOPOJICKUX TTapKax.

B Poccum cymecTBylOT pa3inuMsi B TPAKTOBKE
TEPMHUHOB, OTHOCSAIHXCA K KoHIenmu B3I'K, ograko
OOIBIIMHCTBO aBTOPOB COTIIAIIAIOTCS C OTIPECICHUEM,
YTBEPKACHHBIM MUHHMCTEPCTBOM CTpouTeabcTBa PD:
«BoaHo-3enensiii roponckoit kapkac (B3I'K) — sto
COBOKYITHOCTbH COEJMHEHHBIX MEX/y COOO0H TOPOICKUX
TEPPUTOPUH C PACTUTEIHHBIM TOKPOBOM U TOPOACKUMH
BOJIOEMaMH, BKJIIOYCHHBIMH B TOPOJCKYIO Cpery. JTo
MOTYT OBITh KaK €CTCCTBEHHBIC, NMPHPOIHBIC OOBEK-
ThI, TaK M UCKyCcCTBEHHBbIE. K HUM OTHOCSITCS CKBEpBI,
KIIyMOBI, TTapKH, JIy)KalKu, BOJOeMbI, peku. OCHOBHas
3ajla4a Kapkaca — obecrnedyeHre KoMm(popTa 1 co3aHue
peKpeanroHHbIX 30H, MUKPOKJIMMAaTa ropoja, yiryJlie-
HHE SKOJIOTHU»?.

B 2019 1. B KemepoBckoii 00acTu PUHAT 3aKOH
«O6 aKomorudeckoM 00pa3oBaHUM W (POPMUPOBAHHUN
IKOJIOTHYECKOU KYJIBTYPBI»’.

C OCJIbK0 MHUHHMMH3ALUMKW TCXHOI'CHHOI'O BJIMSAHHA
Ha npupoxy pernoHa B 2024 r. BcTynwia B CHILy TOCY-
JapcTBeHHas nporpamma Kemeposckoit obmactu — Kys-
bacca «IIpupomononp30BaHue U OXpaHa OKpY)KAIOIIEH
cpenp». OIEHKa TEKYIIEro COCTOSHHS AKOIOTHU B pe-
ruoHe: «K uHciy OCHOBHBIX 3KOJIOTHYECKHX MPOOIeM
TMO-TIPEKHEMY OTHOCSITCS: 3arps3HEHUe aTMoc(epHOro
BO3/yXa; 3arps3HCHHE W HCTOLICHHE BOJIHBIX OOBEK-
TOB; 00pa30BaHME OTXO/I0B MPOW3BOJCTBA U TOTpedIIe-
HUS; 3arpsiI3HEHHE W JIeTpajiaysl OYBEHHO-3€METbHBIX
PEeCypCOB; CHIDKEHHE OHOIIOTHYECKOTO Pa3sHOOOpas3ws
Kemepogrcrkoii oomacti — Kysbacca, yBenndeHue gncia

' O nposenenuu B Poccuiickoit denepanun T'oma sxonoruu :
Vka3 Ilpesunenra Poccuiickoit denepanuu or 05.01.2016
Ne 7.2016. URL: http://www.kremlin.ru/acts/bank/40400

2 TToBeIEHBI HTOTH MIEPBOTO T0f1a PabOTHI POCCHICKO-(paH-
Iy3CKOTO TIpoeKkTa «BomHo-3eneHslil Topoackoit Kapkacy //
Munctpoit Poccun. 2021. URL: https://minstroyrf.gov.ru/
press/podvedeny-itogi-pervogo-goda-raboty-rossiysko-frant-
suzskogo-proekta-vodno-zelenyy-gorodskoy-karkas/

3 3akoH Kemeporckoit obmactu — Kysbacca or 24.12.2019
Ne 165-03 // DnextponHbIil GOH[] IPABOBBIX U HOPMATHBHO-
TexHrnyeckux aokymentoB. 2019. URL: https://docs.cntd.ru/
document/561652582?ysclid=Ivf85urtsh408864254
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PEeIKUX U MCUE3AIOIIUX BUOB JKUBOTHBIX, PACTEHUI
U rprOOB; HU3Kas OKOJIIOTHYeCKask KYJIbTYpa HACeTICHUSI» .

B pamkax JIeiCTBYIOLUX IOCYNapCTBEHHBIX U pe-
THOHAIIBHBIX TPOrPaMM, HAIIPaBJICHHBIX HA BOCCTAHOB-
JeHue OIaronoNyyns MPUPOIHBIX KOMIIOHEHTOB PETHO-
HA, OTKPBIBAETCS BO3MOKHOCTD CO3/JaHUS U YKPEILICHHS
B3I'K HoBoky3nenka. B cBsizu ¢ atiM oOperaer akTy-
JIBHOCTh BBISIBIICHHE OCHOBHBIX 3KOJIOTMYECKHX I10[-
x0710B K (hopmupoBaruio B3I'K u mpuHINTIOB pa3BUTHA
OOIIECTBEHHBIX TPHPEYHBIX MPOCTPAHCTB B paMKax
KOMIUIEKCHOTO MOZXO0/la TI0 COXPAHEHUIO U BOCCTAHOB-
JICHUIO TIPUPOHBIX JIAHTIIAPTOB U Pa3pabOTKH KOHIIET-
TYaJIbHOTO PEIICHUs Ui PaccMaTpUBAEMOTO PErHOHa
C MPUMEHEHHUEM ATHUX I10/IX0/I0B ¥ IPHHIIHIIOB.

MATEPUAJIBI U METO/bI

VYdTeH poccHiCKH 1 3apyOeKHBIH OITBIT MTPOCKTHU-
PpOBaHUsI 00IECTBEHHBIX IIPUPEYHBIX TEPPUTOPHI B KOH-
TEKCTe YCTOMYMBOTO Pa3BUTHS, HA OCHOBE ATOTO MPOBE-
JIEH TIIATEJIbHBIN TPaJioCTPOUTEIBHBIA U COLUATIBHBIN
a"anm3 HoBOKy3HeIKa, BbICICHBI OCHOBHBIE SJIEMEHTHI
B3I'K, cmonenupoBaHbl (opMaThl 3JIEMEHTOB Kapkaca,
THITBI 00BEKTOB 3KOTypu3Ma. Ha 0aze pazpaboTaHHBIX
KJIaCCU(UKAIHA METOOM CTPYKTYpPHOTO aHallu3a Tep-
putopru ¢ momomrsio 3D-MoxenupoBaHus paspadora-
Ha KOHLETIHS OOIIECTBEHHOTO MPOCTPAHCTBA B MOHME
p. Tomb B rieHTpansHOM paiione HoBoky3Henka.

PE3VYJIBTATHBI HCCIEJOBAHMUA

Ecnu B ropozie eCTb HECKOIBKO BOIHBIX OOBEKTOB,
3aHUMAIOIINX BaXKHOE MECTO B €r0 apXUTEKTYpHO-TIIa-
HUPOBOYHOM KapKace M CHCTEME HMPUPOAHBIX KOMIIO-
HEHTOB, Kak B T. HoBoxy3uerke KemepoBckoit o6ma-
ctH, rae peku Tomb, Ada, KoHmoMa v TOTUHBI IPOYUX
MaJIbIX PeK MPOHMKAIOT B TOPOJ C Pa3HBIX CTOPOH, 3TO
CBHJIETENBCTBYET 00 aKTYaJIbHOCTH IPUHIIUIIOB HETIPE-
PBIBHOCTH O3EJICHEHHS M €Tr0 B3aUMOCBSI3H C OTKPBI-
TBIMU ITPOCTPAHCTBAMU Pa3HOTO YPOBHs, HA KOTOPBIX
CTPOSITCS TaKUE CUCTEMBI. B rpagocTponTenbHbIX KOH-
HENIUAX CIIeAYeT U3ydaTh TEPPUTOPHH, TAE MepeceKa-
FOTCS pa3HbIe BUIBI TaHAMADTOB W/WIH (QyHKIIHOHAIH-
HBIE 30HBI, KOTOpPBIE CIIy)KaT HEAKTUBHBIMU 00JIaCTsIMU
B TOpOJIe U3-3a UX HEOIArONpPHUsTHOTO MOJIOXKEHUSI U OT-
CYTCTBUSI HEOOXOMMOH MH(PACTPYKTYPBI, YTO PHBO-
JIUT K OTCYTCTBHIO HHTEPECA y TOPOXKAH.

B HoBoky3Helke, 0THOM U3 KPYTTHENUIINX FOPOAOB
Ky3zbacca 1o ruroma i ¥ BTOPOM 10 YHCJICHHOCTH Ha-
CeJIeHHs], a TaKXKe caMoM cTapoM ropoae Kemeposckoit
001acT, KOTOPBIH SIBISIETCS] BAYKHBIM IIEHTPOM HKOHO-
MHKH, TPaHCHOpTa U KylbTypsl B Cubupm, curyamms
C OKpY’)Kalomiel cpenoi cunTaercsi HeOIaronpusTHON
M3-3a €ro ClelUaln3aliy Kak OJHOTO U3 KPYyMHEeHIInX

400 yTBepsKICHHH TOCYIapCTBECHHOM mporpamMmbl Kemepos-
ckoit obmactu — Kysbacca «I[Ipuponomnons3oBanue u oxpaHa
okpykaromieii cpeap» Ne 719 // DnexTpoHHBIN OrOIIETEHD
IIpaButensctBa Kemeposckoit obmactu — Kysbacca. 2023.
URL: https://ako.ru/bulletin/319901
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METaJUTypPrUUeCKUX 1 yIlieo0bIBarommx paiionos Poc-
cun. 1o pesynsraram HanmoHambsHOTO 9KOJIOTHYECKOTO
pEeHTHHTa, OTPAKAIOIIETO COOBITUS B c(hepe IKOIOTHH
¢ 1 mexabps 2023 1. mo 29 ¢espans 2024 ., Kemepos-
cKast obmacTp 3aHnMaet 71-e Mecto u3 84 BOZMOXKHBIX".
DTOT HHM3KHMI pe3ynbrarT CBS3aH C HaJU4YHeM B 00Ma-
cTH OOJIBIIOTrO KOJIMYECTBA KPYIHBIX HPOMBIIIIEHHBIX
TIPEATIPUSTHH, TTOTOMY BO3HHKAIOT CEPbE3HBIC IPO-
6membl ¢ BogoemMaMu. OCTpO CTOMT BOTIPOC obecrede-
HUS peTHOHA MUTheBOU Bomoil. HaOmiomaeTcs kputnye-
CKOE YMEHBIIICHHE MaJibiX pek. ToJbKO 3a mocieHue
30 ner u3 905 pex B Kysbacce B pesyibrare Xo3sii-
CTBEHHOW JESTEIbHOCTH YHUUTOXKEHO Okoio 200, ko-
TOpBIE paHee NMUTAIN YHCTOH BOIOW INIaBHYIO BOAHYIO
aprepuio permoHa — p. Toms [28].

Teppuropus HoBOKy3HeLka HaxomuTCsA IOJ
CHUJIBHBIM TCEXHOI'CHHBIM BOSﬂeﬁCTBHeM, YTO CBA3aHO
HE TOJIKO C HEMOCPEICTBEHHON OIM30CTHIO K JKUJIBIM
KBapTaJlaM KPYIHBIX METaJUIyprHUeCKUX U yIlIeJ00bl-
BAIOIIUX MTPOMU3BOJICTB, HO U C TeorpaMuecKuM IOJI0-
skeHueM. [opo pacnosiokeH B HU3MHE, OKPYKEHHOM
TOPHBIMH XpeOTaMH, B CBSI3U C YeM HaJl TOPOIOM 00pa-
3yeTCsl CMOT M3 3arps3HAIOIMUX BemlecTB. O0mmas mio-
aJb 3€MeJlb PEKPEallMOHHOTO 3HAYEHHsI COCTaBIISIET
9781 ra, uz Hux 7803 ra — ropozackue neca’. Ha nyury
HACEJICHUS [IPUXOAUTCSI 69 M> 03€JICHEHUsI, 9TO XOPO-
M TI0Ka3aTesb, B HECKOJIBKO pa3 MPeBbILIAOIINI pe-
TIIaMCHTUPOBAHHOC MUHUMAJIBHOC 3HAUYCHUC.

[Ipoanann3upoBas ¢ MOMOILIBIO CITyTHUKOBBIX CHUM-
KOB aKTyaJbHOE cocTosiHne HoBOKy3Helka Ha mpeaMer
KOJIMYECTBA 3€JICHBIX HACAKACHUH M NX KOHLEHTPALHIO,
MO’KHO CJIETIaTh BBIBOJL, YTO, HECMOTPS Ha XOPOILTYO 00ec-
MIEYEHHOCTh 3€JICHBIMH HACAKICHUAMM, HAOIIOnacTcs
cuibHas QparmeHraiys, oOyCJIOBIEHHAs TEMIIAMH HH-
JYCTPHAJILHOTO PA3BUTHSI U CIIOXKHUBILIEHCS 3aCTPONKON
ropoza (puc. 2). Hanbonblee cocpenoToueHne KpymHbIX
JIECHBIX MAacCHBOB IPUXOAUTCsE Ha OpIHKOHNKHI3EBCKUH
n KyiiOpireBckuii paifonbl, HanMeHbIee Ha Ky3Herkuii
u HoBowiibuHCKuii. B 1ieHTpaisHoM paiioHe JieCHbIE Kila-
CTepBl pacroyaratoTcs HepaBHOMEpHO. O3eJIeHeHHe co-
CPEI0TOYEHO Ha CEeBEpO-3amajie U I0ro-BOCTOKE paioHa,
B TO BpeMsI KaK B [IEHTPAJILHON YaCTH OTCYTCTBYIOT OOJIb-
IIME 03eJICHEHHBIE TEPPUTOPHH.

I'eomopdostornuecKre AIEMEHTHI, TAKHE KaK BOJIO-
pa3acybl U pEYHBIC JOJIUHBI, UMECIOT 3HAYUTCIIBHOC BO3-
JICHICTBUE Ha HKOJIOIMI0 U KimMar ropona. Pexa Tomb
npubixkaercs K HoBoky3HelKy ¢ ceBepo-BOCTOKa, 110-
BOpavMBas Ha 3amajl, M B IEHTPE ropoja Pe3KO MEHSET
CBOE HaIpaBJICHWE Ha ceBepO-BOCTOK. C 1ora B ropox
3axonut p. Kormoma, ¢ 3amana — p. Aba (puc. 3). I'mas-
Hasg BOJHasA MarucCTtpajb ropoja p. Tomb B LEHTpaJlb-

5 «HaunoHa bHBIH 3KOIOTHYECKUI PEHTHHT perHoHOB PDy»
o uroram 3umbl 2023-2024 1. // 3enensiii matpyns. 2024.
URL:  https://greenpatrol.ru/tpost/86a9zxhcr1-natsionalnii-
ekologicheskii-reiting-regi

¢ JTokaag 0 COCTOSIHUH OKpY»Karoliei cpeabl ropoaa Hoso-
ky3uenka 3a 2021 rox. 2022. URL: https://eko-nk.ru/user
images/File/%D0%98%D0%A2%D0%9E%D0%93%D0%9
E%D0%92%D0%AB%D0%99%202021.pdf
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@ YuacTok npoeKTHPOBaHUA

IMpoexuma pacTHTENLHOIO NOKPOBA
BhilEe 5 M

W 75-100%
[ 50-75%

[ 25-50% -
[l Toreps necos B 2000-2023 rr. ;
{71 r. Hoeoky3ueux

[ I'paHuLbI LEHTPATBEHOTO
ﬂ Iy:i]i{ona HoeokysHetka

g
s

Puc. 2. JlecHoit moxpos HoBoky3snernka (asrop I./l. AHapomoa)

@ V4acTok npoeKTHpoBaHHs
I'nasuwie pexn Hoeokysuenka
B Pexa Toms
| Peka Konnoma
B Pexa AGa
r. HoBoky3Henk

Puc. 3. Kpynusie pexn HoBoky3nenka (asrop /1./1. Arnpormosa)
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Holl yactu HoBoky3Helka B ycTbe p. Konnoma mensier
CBOM THII C TOPHOTO HA PABHUHHBIH.

W3yuuB pacnonoxeHue o3eneHeHus B uepre Ho-
BOKY3HCIIKa, MOXHO OTMCTHUTH KPYIIHBLIC JICCHBIC KJla-
CTEpbI TOPO/Ia, CTPYKTYPHPOBAB HX I10 IKOJIOTHIECKOMY
COCTOSIHUIO M PACIOJIOKEHUI0 OTHOCHUTEJIBHO BOJHOMU
UH(PACTPYKTYpBl, W BBIIEIUTH (DparMeHThl pPEeuHbBIX
aKBaTOpHH, IAe OOHAPYKUBACTCS HApYIICHHE CBS3-
HoctH (puc. 4). CocTosiHnEe BOJIHO-3€JICHOTO KapKaca
p.- Tomb B rpanunax HoBoky3Helka MOXKHO OXapak-
TEpU30BaTh Kak YynoBieTBopuTenbHOoe. B OpmxoHu-
KH/3€BCKOM paiioHe HaOiIofaeTcs KpyNHBIH pa3phiB
KapKaca U HaJIW4Ke 3eJIEHOT0 KJIacTepa CO 3HAUUTEIb-
HBIMH JIECHBIMH NOTEPSIMU. XOPOILIast CBI3HOCTh OTME-
YaeTcst Ha ceBepe ropozia B 3aBOJICKOM paifoHe, HO HKO-
JIOTHYECKasi yCTOMYMBOCTh HAPYIIACTCS COCEICTBOM
¢ oOUMpHON MPOMBIIIUIEHHOH 30HON. Takxke K ceBepy
OT yCThA p. AOBI BIOJh J1eBor0o Oepera Tomu OTCyTCTBY-
€T 3eJICHbI KOPHUJOP, U B CBSI3U C HEIIOCPECTBEHHBIM
BBIXOJIOM K pEKE KPYIHON TEXHOTCHHOW 30HbI BIIMS-
HHE HETaTUBHBIX (DAKTOPOB BO3JCHUCTBHS Ha «TOINY-
Oy10» MarucTpaib CTAHOBHTCSI KDUTHYECKH BBICOKHM.
CoctostHue 3amuiieHHocTH p. Konpoma, HecMmoTps
Ha 0OJIBIIOE KOJMYECTBO JECHBIX KJIACTEPOB BAOJb Oc-
PEToB, yCyTyOIsieTCs pacIoJIOKEHHEM TTPON3BOICTBEH-
HOTO 00BEKTa B HEMOCPEACTBEHHON OIM30CTH OT PeKn
u HaimmuueM paspeiBa B3I'K y ee ycrbsa. CymiecTBeH-
HO xyxe onenuBaercs B3I'K p. Aba, Gepera xoTopoii

© VYHacToK NpoeKTHpoBaHus
[Tpoekums NOKPLITHA PACTHTENLHOCTH
BhIIE 5 M

JlecHbie naTyu B0IbL AKBATOPHH
pex Toms, Konoma n Aba

N

Jlecusie narau,
HE CONMpHKacalomMecs
C KPYTHBIMH PEKaMu

N

; [Marau ¢ notepaMn
7%
Z necHoro Gouaa

71 TeppuTOpHu HApyWIeHHA
cesznocTn B3IK

r. Hosoky3sneux

BONIM3M BHajeHUs B TOMb Ha NMPOTSHKEHHU ITOJIYTOpa
KWJIOMETPOB YKpEIUIEHBl OCTOHHBIMH OTKOCAMH, YTO
HETraTUBHO CKa3bIBACTCSl HAa BHJIOBOM COCTaBe Owmolle-
HO3a BOJHOW aprepuu. HeTpoHyThle MONHMBI peK ¢ co-
XpaHEHHEM €CTECTBEHHOH 3KOCHCTEMBI CIIOCOOCTBYIOT
00pa30BaHUIO TCHH W, TAKUM 00pa3oM, 00eCeynBaroT
MOCTOSTHHBIA TEMIEPaTYPHBIA PEXUM, KOM(OPTHBIN
Uil oOuTarteneil BOIHOM cucrembl. Tarkke OT yCTbs
pPEeKH 10 ee MepUMeTpPy B CTOPOHY IOro-3amajia oTCyT-
CTBYET DKOJIOTMYECKUH KOPHUIOP, KOTOPHIH HEOOXOIUM
JUIA TIOAJICpXKAHUSL CTaOMIIBHOCTH COcTaBa OMOC000-
IIeCTBA, TAKOE TOJIOKEHHE YCyTyOIsieTCsl HeraTHBHBIM
TEXHOTEHHBIM BIIMSIHUEM TPOMBIIUICHHOW 30HBI, pac-
roJIararorieicss BOMM3K BIaJeHUs peKd B TOMB.

BaxHy10 posib B COXpaHEHHH U BOCCTAHOBJICHHU
B3I'K wurpator orpaHu4uTeNbHBIE MEPhl B 3aKOHOA-
TEJILHOM cepe 10 MCIIOIb30BaHUIO IEHHBIX MTPUPOJI-
HeIX Teppuropuil. B HoBokxy3Helke pacnonararorcs
Tpu OOIIT, cocpenoToueHHbIE B OJHOM MeECTE, B ca-
MOM IIeHTpe Topoaa Ha Oepery p. Toms (puc. 5), a Tak-
e Ha ceBepe M BOCTOKE ropoja B akBatopuu p. Tomb
YCTaHOBJIEHBI HEPECTOOXpaHHBIE 30HBI. Kpome Toro,
B JICCHOM MaccuBe Ha JieBoM Oepery Tomm Henmaneko
ot OOIIT ObLIM 3aMeueHbI pelIKUe XUIIHBIE TIEPHATHIC
u3 Kpacuoii kuuru Kemepockoii obmactu’.

7 JIBITL Kemeposckoii obmactu // hevf. URL: https://hevf.ru/
ru/maps/hcvf-kemerovo

Puc. 4. Kpynasie necusie naran HoBoky3sHenka (aBrop /.JI. AHapomnosa)
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Hawubornee o3esieHEHHBIM SIBISIETCS LIEHTPAIbHBIN
paiion ropoza. Iliomazap 3eIeHbIX HacaKACHHH o01e-
TO MOJIb30BaHUS B paiioHe cocTasinseT 125,41 ra. OGec-
MIEYEHHOCTh 3€JIEHBIMU HACAXKACHUSMH B IIEHTPAJIb-
HOW 4acTH ropoja cocrasisier Oonee 14 M? Ha OJHOTO
xutens®. KpoMe Toro, 3HaYUTENBbHYIO YacTh TUIOIIAH
paiioHa 3aHMMaeT MPOMBINUIEHHAs 30Ha, Pacrojararo-
masicss Ha CeBepo-3amajie ropoja. YUHUThIBas po3y Be-
TPOB, B TEYCHHUE T0/a MPEOOIIaIAI0IIUM CTAHOBUTCS 3a-
TaJHBIA BeTep, BCIEACTBUE YEro KOJIOCCalbHAsl 4acTb
ropojia MOJBEPraercsi TEXHOTEHHOMY BO3JEHCTBHIO
CO CTOPOHBI TPOMBIIUICHHON TeppuTopuu (puc. 6).
[Ton HeraTuBHOE BIMSHUE U3-3a paclpe/IeIeHUs BETPO-
BBIX ITOTOKOB MOMNAJIAIOT ¥ KPYITHBIC y4acTKu pek Tomb
1 Aba 1 0co00 oXpaHsieMble IPUPOJHBIC TEPPUTOPHH.

W3ydyenue cocrosiHusi OEperoBbIX 30H Kak He-
0J1aroyCTpOCHHBIX U 3arps3HEHHBIX CO3JACT YCIIOBHS
Uit (POPMHUPOBAHMS TOPOJCKOH CETH BOIHO-3EJICHBIX
sinep. HeGonplme pekn MpoHUKaoT CKBO3b FTOPOACKYIO
CTPYKTYpY B Pa3JIMYHBIX HANPABIEHUSX, YTO MO3BOJIS-
eT 00beIMHUTh PAliOHBI B €IUHYIO CUCTEMY. Y UUThIBAs
(parMeHTapHOCTh U HM30JMPOBAHHOCTH 3€JICHBIX 30H,
a Takke OOJBIIOE KOJIMYECTBO OOIMIMPHBIX MPUOPEXK-
HBIX TEPPUTOPHH, 0cO00€ BHUMAHHUE CIIEYeT YICTUTh
00BETMHEHHIO PUPOAHBIX eanHuIl B eanHbIil B3I'K.

B pamkax ¢opmuposanns B3I'K Hooky3nenka
B HCCJIEJOBAHUU MPEIJIaraeTcsi aBTOPCKOE MPOEKTHOE

@ Y4acTok npoeKTHpoBaHus

=
Butsl oxpansembix TeppuTopHii
. My3eii-3anoBe/iH1K
«Ky3neuxas kpenocte» Q0-1

0 3oHa 0cobo OXpaHAEMBIX
MpUpPOIHBIX TeppuToprii 00-2
| Dkonapk 00-3
= Tepputopuu o0uTaHus
pe,-'l.l(“)( IlepHa'l'hIX XHUIHHKOBR
HepecTooxpaHHsie 30HbI
} r. Hosoky3uenx

e
H

/

pellleHHe MO CO3[JaHHMI0 KPYMHOTO 3KOJIOTMYECKOTO
U KyJIbTYpHOTO HeHTpa Ha Oepery p. Tomb. Yyactok
MIPOEKTUPOBAHMs BBIOPAH B CBSI3M C MPEANPUHITHIM
aBTOpaMH U3yYEHHEM U OIICHKOM CBS3HOCTHU 3€JIEHOTO
Kapkaca ropoja. TeppuTOopusi HPOEKTHPOBAHHS pac-
TIOJIO’KEHA B LIEHTPE ropojia Ha JIeBOM Oepery IiiaBHOU
BOJIHOM MarucTpajiu B MecTe OOMTaHMS PEAKHUX IMep-
HaThIX XUIIHUKOB. PacrmonoxkeHue paccMaTpuBacMOro
ydacTKa B KapKace ropojia yHUKaJIbHO — OHO SIBJISIETCA
SIIPOM, OOBETUHSIONIMM HOBBIM M CTAphIii IIEHTPHI I'O-
pona (puc. 7).

Ha npaBom Oepery pacronaraercsi KpyIHBIN Jiec-
HOW MaccuB, IJleé CKOHLIEHTPUPOBAHBI KPYIHBIE 3KO-
JIOTHYECKHE ¥ MCTOPHUKO-KYJIBTYpPHBIC IaMSATHHUKH:
Ky3Herkas KpenocTb, dKOJIOrudeckasl Tpomna, IKOmapK
W TTaMSTHUK TpUpoJibl Tapk « TomomsHUKNY (pHc. 8).

Ha neBoM Oepery pacrojokeH COBPEMCHHBIN
LIEHTP rOpojia — MECTO KOHIIEHTPaIlui KOMMEPUYECKOil,
KyJIbTYpHOH U pa3BlEKaTeIbHON JesTenbHOCTH. Ta-
Kas MO3MIHUS B CTPYKType TOpoAa MO3BOJISIET MPEATIo-
JIOXKUTB, YTO YH4aCTOK MMEET OTPOMHBIN COIMAIbHBIN,
KyJIBTYpPHBI M DKOJIOTHYECKUH TOTEHLHAN, a TaKxkKe
CTaHET BaXXHBIM IIGHTPOM TMPUTSIKEHUS HACEICHUS
(puc. 9). Ky3nernxkas skojormueckas Tporna — YHH-
KanbHBI MapuipyT B Ky3sHerke, pacrnonararouguiics
B LIEHTPE MPOMBIIIICHHOTO Topoja, KOTOPBI Urpaer
Ba)XHYIO POJIb B CO3JIaHUU OJIarornpusTHON SKOIOruye-

Puc. 5. 30HbI 0000 OXpaHIEMBIX TPUPOIHBIX TEPPUTOPHiT U 00bekTOB HoBoKy3HetKka (aBTop J1.JI. AHApOmoBa)
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YuacTok NpoeKTHpPOBaHUA

I1peobnanatouiee HanpaeieHHe BETPOB

30Ha pacnpocTpaHeHHs
3arps3HAIOIIMX BEIIECTB

30Ha pa3MelleHHs! TPOU3BOICTBEHHBIX
NpeanpUATHI U YTHIH3ALHH OTXO10B

I'panuus! ueHTpansHoro paiioHa
Hogoky3neuka

Bujibl oXpaHseMbIX TeppHTOpHii

B My3eii-3anoBeiHHK
«Ky3sHeukas kpenoctsy 00-1

I 3oHa 0cob0 OXpaHieMbIX
NPHPOAHLIX TeppHTOpHii O0-2

[7] Skonapx 00-3

Puc. 6. Cxema pacnpocTpaHeHHs TEXHOTeHHOTO BoszaelicTus (asrop J.Jl. AHapomosa)

Cxema paitona

Puc. 7. Cxema paiiona u yuactka npoekruposanus (asrop J.Jl. Angpomnosa)
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Vu4acTok NpoeKTHpOBaHHs

\/‘6\

.\ LN

Yuac'rox Moj1 Napk uaﬁepemnyro

YyacTok noj MHOTO(yHKLIHOHATbHbIIT
KYNLTYPHBII LEHTP

I'panuup! HeHTpansHOro
paifona HoBoky3Herka

— MuorohyHKUHOHANBHBIH

MELEXOAHbIH MOCT

Bujibl 0XpaHAEMbIX TEPPHTOPHIL

My3eii-3anoBe AHUK
«Kysueukas kpenocts» 00-1
3oHa 0cob0 OXpaHAEeMBbIX
MpHpORHBIX TeppuTopuii 00-2
Dxonapk 00-3
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Kak MHCTPYMEHT pa3BUTUS BOAHO-3EAEHOr0 KapKaca ropoaa HoBoky3HeLka C. 113148

b

O e oo

My3eii-3anoBeHnK

Ky3ueuxasn
IKOJIOTHYECKas Ky3neukas kpenocts
R - Sy AR Cymectsyiomas
IMpoexrupyemas S s CTaHIMA
CTaHIMs = NPHTOPOIHOIO
MPUTOPOHOTO ETEEE .. 42 - 0 0 EEEEEE.— | #/11 coobIeHns

/1 coodieHuns «0.11. TononsHHUKH»

IpoekTnpyemsiii
OCTAHOBOYHBIH
NAaBHIBOH
0bI1ecTBEHHOTO
TpaHcnopra

[lamaTHHK PHPOBE
«TononsHUKA»

& [Tnsa# « TomonsHUKH»

. s
«JleBoOepeKHBIIT»

Kynury pHbiii yaen
MPHTHAKEHUA

i

IMpoexTupyemsiii
MHOTODYHK-
LIMOHAIbHBII
KyJILTY PHBIi
LEHTP

Lleutp
Horoky3snerika

‘ﬁ‘ -
{® 1 TIskn Kak PeKPEaLHOHBIC Y3bl IPHTSKEHHA B /loma c puteiinom Ha nepBbix dTakax

-~ -
4 @) IpoexTHpyeMbie TPAHCHOPTHBIE Y371kl MPHTAKEHHS 30HEI, COEMHAIONIME UCHTPANLHEIE Y3IbI
ut NPHTAKEHUSA C MPOEKTHPYEMBIM KOMIJIEKCOM
a‘;s' OcHOBHBIE KYNIBTYpHO-pa3BllieKaTe/IbHbIE
L)

2/ W pekpeaumonHble y3abl MPUTKEHHS  eeeee TpaHCnoOpTHO-NEWEXOAHBIE MYTH, BEAYLIHE

K MPOEKTHPYEMOMY KOMILIEKCY

- I'naeHbie oDlIeCTBEHHBIE TPOCTPAHCTBEA ropoa
['naBHas TpaHcnopTHas MarucTpaib, COE/HHAOLIAs

|| Teppwropuu ¢ noBbitmeHHbIM Tpadukom «HOBBII» 1 HCTOPHYECKHI LIEHTPBI rOpoa
M= TlpoekTHpyeMBIH MEMEXOAHEIH MOCT

OcHoOBHBIE 001IECTBEHHBIE U aAMHHHCTPATHBHBIE
31aHusA, (POPMHUPYIOLLHE Y3/bl MPUTAIKEHUA

Puc. 9. Cxema 0CHOBHBIX y3710B nputsbkeHus (asrop J.J1. AHaporosa)
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CKO# 00CTaHOBKH. 31€Ch MOJKHO HaWTH YAMBUTEIbHBIC
MPUPOAHBIE U KYIBTypHBIE JOCTONpPHUMEUATEIbHOCTH,
a Taxke IPOBECTH BpeMs ¢ IOIb30H, coueras oOyue-
HUE U OTJBIX. DKOTPOMA MPOXOJUT TI0 IIpaBoMy Oepery
p- Toms B paiione Ky3Henkoit kpenoctu 1 umeet Gopmy
KOJIBLIEBOTO MapILIpPyTa.

AHanu3upys CIOKHUBIIYIOCSI CHUCTEMY 3KOMapKOB
1 OOILECTBEHHBIX O3EJICHEHHBIX TEPPUTOPUI B PEUHOU
akBaTopuu p. ToMb, MOJKHO CKa3aTb, YTO paccMaTpHBa-
€MBIIl y4acTOK CIIY’KHT TIPOIOKEHHEM TOPOJACKOM Ha-

f}cﬁépK»

el ST

TPI] «Kourunenr
I N

— NORR
Buanec-

| 3oua npoexTHpoOBaHms

[ Ochonbie uenTph! npuTsHKEHNS
Tnsskn

LUEHTPBI NPHTAKEHNA

Puc. 10. Cxema nenrpos nputsbxenns (asrop J.Jl. Argpornosa)

Ta6a. 1. SWOT-ananu3 npoekTupyeMoit TeppUTOpUN

OepexHOI 1 BMECTE C KPYIMHEHIIUM B TOPOJIE SKOJIOTH-
YECKHMM JIECHBIM MacCHUBOM Ha Teppurtopru KysHerkon
KpernocTtH (POpMHpYET 3eJICHbIH KOPUIOP BIIOJIb PEKHU, TEM
CaMbIM CHIKasl aHTPOIIOTEHHOE BO3/ICHCTBUE 3arpsi3He-
HUIT Ha oOUTaresnel mpupoAHsIX aHamadTo (puc. 10).

B Xone mccnenoBanus Ha OCHOBaHWHU JKOJIOTHYE-
CKHUX TIOKa3areliel, BEISIBICHHBIX 0COOCHHOCTEH M MPO-
6iem Ttepputopun cocrasieH SWOT-anamus, Korto-
pBIf TOKa3bIBaeT BaxHOCTH pa3padboTku B3I'K ropona
(tabm. 1).

—

% HauGonee kpynHbIe 30HBI PEKPeALHH

OcHOBHBIE Ky/IKTypHO-pa3Biiekatesbibie || HauGosnee KpynHbie TPAH3UTHbIE TIOTOKH

Q Kiitouesnie y3ibl npHTSKeHUs
" Ilpoexrupyemblii nemexoanelii Mmocr
.-~ BTopocTeneHHsle/NPeonaraeMbie TPAH3HTHBIE NOTOKH

SWOT-ananu3

CnaOsle CTOPOHBI

CHIIBHBIC CTOPOHBI

Yrpo3sl

Bo3moxxkaOCTH

3aromsieMasi Teppu-
TOpHS

PacnionokeHue B 1ieH-
Tpe ropozaa

Bonbmoii cpok okymnae-
MOCTH

JlaHHBIN y4acTOK MOXKET CTaTh
SITPOM, OOBEAMHSIOIIMM HOBBIH

U CTapbId IIEHTp Topoaa, GopMupys
CHUCTEMY B3aUMOOIOIHAEMBIX
Y3JI0B NPUTSHKEHUS

binskoe pac-
nonoxkenue JIOTI

K YYacCTKy IPOEKTH-
poBaHUsA

bauzocth kK SKOHOMHE-
YECKOMY | KYJIBTYPHO-
My IIEHTpaMm ropoja

Puck Hapyuienus cyuie-

CTBYIOLLEN IKOCHUCTEMBI

MIPUPEYHBIX TEPPUTOPUIL
IIPY HEHAJICKAIINX YCIIO-

BUAX CTPOUTEIILCTBA

YyacTok UMeeT OrpOMHBIN COLIU-
aJIbHBIN, KyJBTYPHBIN U 3KOJIOTU-
YECKHUH MOTEHINA, a TAKKE MOJKET
CTaTh BaKHBIM IIEHTPOM MPHUTSIKE-
HUS HaCeJIEHUS

JoporoBuszHa pea-
JIU3aLUH

IIpumbikanue K rmas-

Puck 6anKpoTCTBa

Y4acToK CIIy’KUT NPOAOIHKEHHEM

HOH BOAHOM apTepuu
ropozaa

CIIOHCOPOB H3-3a JI0JITO-
TO CPOKa CTPOUTEIIHLCTBA
B YCJIOBUSIX HeCTaOHIBHO-

TOPOJICKOI HaOepPEeI)KHOW M BMECTE
C KPYITHEHIIINM B TOPOJIE JIECHBIM

124

CTH 3KOHOMHKH

MaccuBOM Ha Tepputopun Kys-
HEIIKO# KpenocTu popMupyet
9KOJIOTHYECKHUI KOPHIIOP BAOIH
PEKH, TEM CaMbIM CHHXKasl aHTPOIIO-
TE€HHOE BO3/ICHCTBUE 3arps3HEHUI
Ha YeJIOBEKa U IIaBHYIO TOPOJICKYIO
BOJIHYIO apTepuio p. Tomb
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C. 113-148

Oxonuanue maon. 1

SWOT-ananu3

CrnaOpble CTOPOHBI

CUIIbHBIE CTOPOHBI

Yrpo3ssl

Bo3moxxkHOCTH

OrcyTcTBHE
00IIeCTBEHHOTO
TPAHCIOPTA BIOJb
y4acTka

Y4acTok mpoeKTH-
POBaHUS HAXOAUTCS

B FYCTOM JIECHOM
MaccuBe, 00J1aJatonIM
00BN TTPUPOTHON
LIEHHOCTBIO

CHmxeHne komdopra
KU3HU (ayHBbl H3-32 I110-
BBIIIEHUS TOCEIAEMOCTH
SKOMapKOB

(DOpMI/IPOBaHI/IC OKOKJIaCTepa

B IICHTPC ropoga CMOKET MOBBICUTH
HUHTEPECC T'OPOKAH K np06neMaM
9KOJIOTMU U UCTOPHHU CBOCTO ropoaa

Bricokas 3arazo-
BAHHOCTH pailoHa
MIPOCKTUPOBAHUS

Pacnonoxenue psaom
C TOpOAICKON Habepex-
HOMU

BbeicTpoe noHnxenue
MHTEpeca K KOMIUIEK-
Cy IIpH HECOOIONCHNHT
HaJUIeXkKalluX YCIOBUH
SKCIUTyaTaluu

Tspxenas TexHO-
reHHast 00CTaHOBKa
B TOpofIe

banzocts k mamsTHH-
Kam rpuposst «To-
nobHUKM» U «Ky3Hen-
Kasi 9KOTpOIIa

CnoxHbIE yCIOBUS
CTPOUTEIILCTBA
U3-32 BBICOKOTO
[IPUPOJTHOTO TTIOTEH-
I[Maja y4acTka

Xopolasi TpaHCIOpT-
Has IOCTYIHOCTh

Hoporue ycnoBus
IKCIUTyaTauu 00b-
eKTa

CocencTBo ¢ KpyIHBI-
MU LEHTPaMH IPUTS-
JKEHHS HACEIICHUS

[Monorwuii penbed
HA y4acTKe

B pesynbrare aHann3a BBISBICHO, YTO TEPPUTOPHS
o0JagaeT NOTEHIUAIOM AJI Pa3BUTHU, HO CYIIECTBYET
PAL OrpaHUYEHUM, KOTOPbIE MOKHO PELIUTH C I1OMO-
IIBIO OIPE/IEIIEHHBIX ITOJIX0/I0B, & UMEHHO:

1. ITonmudyHKINOHAIIBHOCTH — CO3JaHHE pa3-
JUYHBIX 110 (DYHKIMOHAJIHHOMY HANOJHEHUIO TIpo-
CTPAHCTB, KOTOPBIE HMEIOT CBOWCTBO TPAHC(HOPMHPO-
BaThCs 110 AKTyaJIbHOMY 3arpocy o0LIecTBa.

2. CTyneH4aTocTd — pa3BelieHUe Pa3HbIX (yHK-
LUOHAJIBHBIX 30H HA HECKOJIbKO YPOBHEH C y4eTOM
CE30HHOCTH MEpOIPUSATHH, yI00CTBa KOMMYHHKAIN
MEXIy OCHOBHBIMH Y3JaMH OOILECTBEHHOIO MpO-
CTpaHCTBa M oOecriedeHHs Oe30MaCHOCTH TPaHCIOPT-
HBIX MaHHITYJISLIAH.

3. ATanTHBHOCTH — CO3[aHWE MHOTO(]YHKIIHO-
HaJIbHBIX 30H, CHOCO6HLIX MCHATHCA, YYHUTbIBasg KOH-
TEKCT MEPOIPHUSATHH, UX CE30HHOCTh, SKOHOMUYECKHUE,
MIPUPOJIHBIE, COLIMAIbHBIE N3MEHEHHS B O0IIECTBE.

4. KoopJMHUPOBaHHOCTH — O0ecredeHre rapMo-
HUYHOTO BHEJPSHUS IPUPOIHBIX SAUHHI] B TOPOICKYIO
cpeny u 00BEKTOB ypOaHU3ANH B IPHPOAHYIO CPELy.

5. MoctynmHOocTH — oOecmedeHne 0e30macHoro,
OBICTPOrO M YJOOHOTO JOCTYyIa JIsl BCEX TPYIII IMoce-
TUTeneil.

6. DKOJIOTHYHOCTH — COXPaHEHHE MPHPOIHOTO
MOTEHIMAJIa BOAHBIX U JIECHBIX PECypCOB, MUHUMH3a-
LS QHTPOIIOTEHHOTO BO3JCHCTBUS B pPaMKaX yCTOWYH-
BOTO Pa3BUTHS TEPPUTOPHH.

7. YHUKaIbHOCTH — CO3/1aHHE COOCTBEHHOTO
IU3aliH-KOa MPOCTPAHCTBA, 3AlIOMUHAIOMINXCS 00b-
€KTOB, KOTOPbIE CTaHYT BU3UTHON KapTOYKON TAHHOIO
MecTa.

8. BcrpanBaeMoCTH/MHTETPUPOBAHHOCTH — Y4E€T
OKpY’)KaloIlell 3acTpOHKH W KyJBTYpPHOTO Kojia IIpH
BKITIOYCHUH O0BEKTa B CYIIECTBYIOIIYIO Cpemdy, Oepex-
HOE€ COXPaHEHUE HCTOPHUYECKOTO HACIIEIUS TOPOAaA.

9. IeMOKpaTHYHOCTH — OPTaHMU3aIUs MPOCTPaH-
CTBa, YYMTHIBAIOILETO MHTEPECHl U BO3MOXKHOCTH BCEX
CJIOEB 00IIIeCTBa.

10. YeroitumBOCTH — CIIOCOOHOCTH COXPAHSTh
9KOHOMHYECKYI0O ¥ OKOJOTMYECKYI0 CTaOMIBHOCTH
JUISL TIOAJIep>KaHusT KOM(OPTHOTO (pyHKIMOHHUPOBAHMS
MECTHOMN 3KOCHUCTEMBI U O0IIIECTBa.

11. besonacuoct — obecrieyeHre KOM()OPTHOTO
U 3alMIIEHHOT0 NpeObIBaHUs TOCETUTENEH Ha TeppH-
TOPHUHU OOILIECTBEHHOTO ITPOCTPAHCTBA.

12. TIpocBemnieHnss — TPaHCIUPOBAHUE DKOMO-
BECTKH, Tepejada 3HAHWH O BaKHOCTH COXPAaHCHMS
OKpY’KAIOMIEH Cpeibl, MOBBIIICHNE YPOBHS 3KOIOTHYE-
CKOM OCO3HAHHOCTH HACEJICHMU.

Jlyist pa3BUTHSI PUPEUYHBIX MPOCTPAHCTB aBTOpa-
MU TIpeIaratoTcs CIeAyIONINe METOIbI:

1. MuHMMU3aUsl aHTPOMOTEHHOIO BO3AECHCTBUS
Ha CYNICCTBYIOIIYIO JKOCHCTeMy. PerymmposaHue
JIIOJICKUX MOTOKOB Ha TEPPUTOPUH IJISI CO3JAHUSI KOM-
(OPTHBIX yCIOBHN MPOXKUBAHUS GIIopsl U hayHBL. Op-
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CTNOMTENbCTB!
HayKa v 06pa3oBaH

A.4. Audponoea, KO.E. Huxxezopodueea, A.A. lNydkoe

ranuszanys Oy(pepHbIX 30H, 3aIMIIAIOMINX TPUPEIHYIO
TEPPUTOPHUIO OT TPAHCIIOPTHOTO IIIyMa U IBUIN.

2. OOHOBIIEHNE TIIABHBIX Y3JI0B MIPUTHKECHUS: BOC-
CTAHOBJIEHHE WM PAa3BUTHE INIABHBIX BOCTPEOOBAHHBIX
TOYEK KOHLIEHTPALUH OCETUTEIEH.

3. UndpactpykrypHass MHOTO(GYHKIHOHAIEHOCTS.
BHenpenue B MOHO(YHKIHOHAIBHBIE TEPPUTOPHU BTO-
POCTETIeHHBIX (DYHKITHIA, KOTOPBIE IOMOTYT pa3HooOpa-
3UTH JOCYT U TPHUBJIEYb OOJbIIE MOTEHINAIBHBIX MOCE-
TUTENEN.

4. UnTerpanus MeauanpocTpaHcTs. [Ipumenenue
HOBBIX TEXHOJOTMH H HNCKYCCTBCHHOI'O HHTCJUICKTA,
HaJIMYUE B3aMMOJICHCTBUS YEIOBEKAa C BUPTYaIbHBIM
MHPOM.

5. CoBmenienne (QpyHKIHMHA KyJIbTYpPHOTO M 9KOJO-
THYECKOTO ITPOCBELICHUS.

6. Co3nanne eAMHOW CHCTEMBl BOJHO-3EJICHBIX
snep, oovenuusomuxcs B eauabiii B3T'K.

[pu dopmupoBarnu 3U ropoma, obecrieunBaio-
el 3KOCHCTEMHBIE YCIyTH | MOBBIIIAIONIEH KadecTBO
JKM3HU JKUTEJIeH, HeOOXOAMMO YUYHMTHIBATh HE TOJIBKO
cozziaHue KOM(OPTHOM rOPOACKOH Cpelbl, HO U JpyrHe
nokazaresnu. [IpennoxeHHble METOAbl pa3BUTHS NpHU-
PEUYHBIX MPOCTPAHCTB BKIIOYAIOT 3TAIBl (OPMHUPOBA-
nus B3I'K:

1. Co3nanue akTyallbHOTO peecTpa PacTUTEIBHO-
CTH: aHaiW3 Bceil (opsl Ha ydyacTke, (POPMHpOBAHHE
JIEKTPOHHBIX NIACIIOPTOB KAYKAO0HN IPUPOAHOM EANHULIBL.

2. [epemnuce Beelt payHbI: aHATH3 TPOKABAIOIITAX
Ha TEPPUTOPHUN PBIO, NMITHI] U JKUBOTHBIX, NX MUTPALIN
1 MeCT OOUTaHUSL.

3. TmarenpHOE W3y4Y€HHE M OIEHKa COCTOSHUS
0eperoBbIX JIMHNH, PEJUIOKESHUS 110 UX YKPEIUICHHIO.

4. Onenka BIAAHUSA (GIOPHI HA BO3MYIIHYIO CPEY,
COCTaBJICHUE PEecTpa HEOOXOAMMBIX HOBBIX Hacax[e-
HUH 10 MX 9KOCUCTEMHBIM (DyHKIIUSIM.

5. Ouenka BiusiHUSI (DIIOPHI HA BOJHBIC MPOIISCCHI,
OYHCTKY BOJIBI, PACIIPE/ICIICHUE BOIOCTOKA.

6. AHaTM3 COCTOSIHHSI BOJHBIX PECypcoB, UX 00-
TaTCTBO W apean oOMTaHus XUBOTHBIX. Co3/maHue pe-
€CTpa CE30HHBIX MABOJKOB IO MX YacTOTE, MacmTaly
Y 3aBUCHMOCTH OT IIPUPOJHBIX SIBJICHUU.

7. OnleHKa Ka4ecTBa IIOYBBI, MPCIUIOKCHUS IS
YITY4IIEHUs € TUIOAOPOIHBIX KadeCTB.

8. Onpenenenne BOCIPUUMYHBOCTH TEPPUTOPHUH
K He6HaI‘OHpI/I§ITHI)IM TEXHOI'CHHBIM BO3[[eﬁCTBH)IM.

9. Ouenka 00beMOB pabOT 1O CONEPKAHUIO pac-
TUTENFHOCTH B ONAarONpHUSATHBIX YCIOBHSX B TEPUOJ
IKCIUTyaTally O0BEKTA.

10. Co3nanne COOBITUHHOM TTPOrpaMMBbI IKCILTya-
Taluu OG’beKTa B 3aBUCUMOCTHU OT BPEMCHU CYTOK U CC-
30Ha.

11. AHanu3 noTeHIMaTbHBIX TTIOCETUTENEH 10 BO3-
pacty, HHTepecaM U TpymIaM MOOMIFHOCTH.

ITo pesynbraram aHajgu3a (GOpPMHUPOBAHUS BOIHO-
3€JICHOT0 KapKaca U OpraHu3aluy 00IIeCTBEHHBIX MPH-
PEUYHBIX TIPOCTPAHCTB BBISBICHBI OCHOBHBIC CTPYKTYp-
HBIC AIIEMEHTHI TPHPOIHO-IKOJIOTHYECKOTO KapKaca,
TTOJIXOBI K €T0 (hOPMHUPOBAHUIO HA PA3HBIX dTAIax Mpo-
CKTHPOBaHUs, (PaKTOPbI BO3ACUCTBHs Ha Kapkac. Tak-
JKE MPEUIOKCHA CXeMa Pa3pabOTKH KOHLICIIIIMU, THITBI
00BEKTOB HKOTYpHU3Ma WM MPUHIIUITEI ITPOCKTHPOBAHUS
9KOJIOTUIECKOTO Tapka (Tabai. 2).

3AKJIIOYEHHUE U OBCYXIAEHHUE

B pamkax mponenaHHoll paOOThI Ha OCHOBE BbI-
JIETICHHBIX SKOJIOTHUECKHX MOIXOA0B M METOJIOB IPO-
EKTUPOBAHUS OOIIECTBEHHBIX NMPUPEYHBIX POCTPAHCTB
pa3paboTaHa KOHLETIIHS PA3BUTHsI O0ILIECTBEHHOTO TIPO-
CTpaHCTBa ¢ OJIaroyCTPOMCTBOM DKOTIapKa Ha IMTPUPEIHON

Taou. 2. [IpuponHo-sxonorndeckuii kapkac. Bee acexrst (aBrop J.Jl. Anapomnosa)

[IPUPOIHO-3KOJIOI MYECKUIA KAPKAC

TTPUHLIATIBI * UJICOJIOTHS U
DOPMUPOBAHIS OCHOBHBIE CTPYKTYPHbBIE DJIEMEHTbBI KAPKACA METORONOTHS!
THIBI OCHOBHBIX OJOKOB YKOJIOTHYECKOTO KapKaca CO3M@tHNs MeCT
— peKpeanyu;
Kpynzo- Jluneiinbie Toueunsle (J10- bydepubie 30ub1 |, (yHKIHOHATE-
TEPPUTOPHUAJIPHOE apealibHbIe Onoxu — KaJIbHbIE MECTHBIC) HBIC H TEXHONO-
TJIAHUPOBAHUE 6a30BbIC DKOJIOTHYECKHE IIIEMEHTBI
THYECKHE OTPaHy-
pe3epBarhbl KOPHUJIOPBI

TuIbl OCHOBHBIX OJIOKOB KO-
JIOTHYECKOTO KapKaca:

* KpyIHOapeasbHble 0a30BbIe
pe3epBarbl;

* JIMHEHHbIE OJIOKH — JKOJIO-
THYECKHE KOPUJIOPHI;

* TOueYHbIC (JIOKAIIbHbBIE
MECTHBIE) 3JIEMEHTbI;

* Oy(epHbIe 30HBI

Bubl 00bEKTOB 3KOJIOTHYECKOTrO KapKaca

HannonanabHble U
IPUPOIHBIC Hap-
KU, 3alI0BEIHHKY,
3aII0BEeIHEIE yPO-
YHIIA, 3aKa3HUKH
(TOCTOSIHHEIE,
BpEMEHHBIC Ce-
30HHBIC), eca | 1
2 rpyn (ceituac —
pe3epBHEIC U
3aI[UTHBIC JIeca)

Pycna u noiimer
KPYIHBIX PeK, 10-
JIMHBI MAJIBIX PeK U
BOZIOTOKOB, BOZIOPa3-
JieItbl (M 0COOEHHO
BOZIOpa3/ieIbHBIC
neca), 03eICHEeHHbIC
KOPHIOPHI TPaHC-
MOPTHOM U MHXKe-
HEPHO-TEeXHUIECKOH
UH(PACTYKTYPBHI,
3aIIUTHEIE JIECOIIO-
cajKu

[TamsaTHHKM TpU-
POZBI PA3INYHOTO
npoduiisi, 3eneHbIe
30HBI HEOOIBIITNX
HACEJICHHBIX ITyH-
KTOB, BOJIOTIA/IBI,
KIIFOYH, OXPaHs-
eMbIe OOBEKTHI
HEKUBOM IPUPOJIBI,
MAMSITHUKA HCTO-
PHH ¥ KYJIBTYPbI

Bonooxpannsie
30HBI, OXPaHHBIC
3onb1 OOIIT, ky-
POPTHBIC 30HBI

1 30HBI OXPaHbI
0aTbHEOTOTHIECKUX
0OBEKTOB U [p., ca-
HUTApHO-3aIUTHBIC
30HBI, IIYMOBBIC U
JIpyTHE 30HbI JIHC-
koMdopTa, OXpaH-
HbIE 30HBI BOI03a-
6opoB

YEHHS;
* MOII[HOCTb,
IJIOTHOCTB OCBO-
CHUSI TEPPUTOPUH
(3aJ10KEHHBIE B
KOHIIEIITE KOM-
IIeKca);

* COllMAJIbHbIC
0COOCHHOCTH;

* KYJBTYPHBIE
0COOCHHOCTH;

* pernoHaIbHbIC
0COOCHHOCTH;

* Hal[MOHAJIbHbIC
0COOEHHOCTH U
YCTaHOBKH, OKa-
3BIBAIOIINE BIIU-
sIHME Ha )KU3HEH-
HbIE TIPOLIECCHI.

126



SKonornyeckue NoAxXoAbl K oOpMUpPOBaHUIO 061LEeCTBEHHbIX NMPpUPeYHbIX NPOCTPaHCTB

KaK MHCTPYMEHT pa3BH1THS BOAHO-3EAEHOI0 Kapkaca ropoaa HoBokysHeLka C.113-148
PAZIOCTPOUTEJILHOE CTpyKTypa rpajjo-3K0oJ0rHuecKoro KapKaca BHEIIHUE
TTPOEKTUPOBAHUE DieMeHTBI ME30YPOBHSI DJIeMEHTbI MaKpOYPOBHS
* caJibl, IAPKH, JIECONAPKH; T
* CKBEpBI, OyJIbBaphbI U 3e1e- 3es1eHO0E KOMBIIO 3enensiit pazuyc OAKTOPBI

HbIC HaCAXKICHHUS YU, HaOe-
PEXHBIX U TUIOIIAJIEH;

* HaCaX/ICHHUSI,
PACIOIOKEHHBIE BHYTPH
JKUJION, OOIIIECTBEHHOM,
MPOMBIIIJIEHHOH 3aCTPONKH;

* HACQK/ICHHS CAHUTAPHO-3a-
LUTHOTO ¥ O0IIECTBEHHOTO
Ha3Ha4YeHUsI (BETPO3ALIUTHbIC
TOJIOCHI U OyJIbBapBI, IIYMO-

M ra303allUTHBIC MOJIOCHI,
HACAKJICHUs, PACTIONOKEHHbIC
Ha TEPPUTOPUH CAHUTAPHO-3a-
LIATHBIX 30H MPOMBILIIICHHBIX
MPEANPUSATHH, OOTBHUYHBIX

!

Bogno-3enenast
yra

3eneHsle sapa

@ b

BoaHo-3encHbIi
JTHaMeTp

BoaHo-3encHbIe
KOPHIOPBI
1 3CJICHBIC CBS3U

DJeMeHTbI
KOMILIEKCOB) 3elieHble KIHHbS JIOKaJILHOTO
(MHKpO) ypOBHs
Dopmarsl AIEMEHTOB KapKaca

OBbEKTHOE Obuecrsert- Cutman + 5. | 2001 M Tpo-
MOJIEJTMPOBAHHUE HBle OTKpITHE Oxomorme- | fpa- | AYKTHBHIS IepexonHbie

mpocrparcrsa | CXME SRR | pekpeanonnele | JlanamadTel

30HBI

AHau3 KOHKPETHBIX 00beKTOB | MecTa [uist Jlyra u neca, | Pexpearu- Pexpeauus, rie | Bpemennsle
TEPPUTOPHH 1O KPUTEPUAM: | OT/IbIXA, OOIIe- | 0BECTeun- | OHHbIE 30HBI, | FCHEPHPYIOT MecTa pekpe-
* MECTOPACHONOKEHHUE; CTBEHHO JKHU3- | BaloIue OUHMILAIONIME | HOBBIC 3HAHMS, | AIMH, OYMIIA-
* PUPOJIHBIE YCIIOBHS; HH U MEJIKO- KOM(OPTHYIO | IMBHEBBIE BOJBI | BOCHPOM3BOAAT | FOIIME HOYBY U
* 30HMPOBAHHE; MaciTabHoro | cpeiy obuTa- | M BO3ayX SHEPTHIO, IPO- | OTKPBIBAIOIIIE
* (hyHKIIMOHAJILHOE HAIOJ- BBIPAIIMBAHKSA | HUSA (DIOPBI JKTBI IMTAHUS U | HOBBIE (DOPMBI
HEHHE; MIPOJIYKTOB u ayHbI 1 CO3/1al0T HOBBIH | OOIIECTBEHHOI
* COOTHOIIEHUE (YHKIIHI1; NUTaHUSA JIpyrHe 9Ko- TOPOJICKOH OMBIT | JKU3HH U TBOP-
* COOTHOIIEHHE MATEPHATIOB JIOrHYecKue YeCKHX Mpo-
1 KOMIIOHEHTOB CPEJIbl; Oyara SIBJICHUI
* YKOJIOTHHYECKHH MOAXON; * JIeTCKHUE * IPUPOJTHBIE | * KPYTIHBIE * ICCIIC/IOBATEIb- | * 30HBI VIS
* aHAJIM3 MapLIpyTOB; TUIOLIAKY; NapKu; o03epa; ckuii nanamadT; | mpoBeaeHHs
* lusaiin-xox Mecta * OKPECTHBIE * IPOMBINI- | ® HEOONBIINE | * TOPOJICKAs MEpOTIPHSTHIA;

HapKu; JIeHHBIE Hpy/BI-0TCTOM- | hepma; * BOCCTaHO-

* CIIOPTUBHBIE | IPUPOJHBIE | HUKH; * aKBAKYJIBTYPA U | BIIEHUE T0JIeit

TJIOIIA/IKY,; napku; * UHQUIBTPA- | THIPOTIOHUKA; WU JIECOB;

* peruoHanb- | * GricTpOE LMOHHbI NapK; | * BIpAIMBAHUE | * apT-TieH3aKY;

HBIE TIAPKH; neco- * 3a60J104€HHas | BofopoCIeit * ropojickue

* rIomAH; BOCCTaHO- MECTHOCTb M | U 3J1AKOBBIX KyJlb- | JIyra

* LEHTPBI BIIEHUE; MHUIBTPALKS; | TYP;

OT/IBIXA; * 9KOJIO- * IPUIOPOK- * sHeproaddek-

* Tpombl/3erie- | ruuecKas HBIE TIPY/IbI TUBHbIE TIOJIsI

HBIE JIOPOXKKH; | IPEEMCTBEH- | (BIOJIb IMPO- | WM Jleca;

* rOpOJICKHE HOCTB; KMX JIOpOT); * ycab0obl;

caipl; * noitmbl pex | * GydepHbie * KEMITHHTH

TeppuTOpuu p. TOMB 1 MEMIEXOTHOTO «OOUTAEMOT0» MO-
cra yepe3 p. Tomb B HoBoky3Helke. B nepcrniekruse pas-
BUTHS IPUPEUHBIX TEPPUTOPUI pacCMaTpUBAEMBbIN yua-
CTOK MMeET OOJIBIION MOTEHIMAI JJIs CO3aHusI SANHOTO
B3KIT. [Ipeanaraemast KOHIETIHA OOBETUHACT KPYITHbIC
JIECHBIE MACCUBBI IIPUPEYHON TEPPUTOPUHN TJIABHOW BO-

* hepmepckue
PBIHKH

30HBI 3€JICHOM
TIPOMBIIIIICH-
HOCTH;

* [TapKu ¢
CHCTEMOM
MHHAMH3AIAA
YIJIEPOTHOTO
ciena

BHYTPEHHUE

* IPUPOJTHO-KIIN-
MaTH4YeCKUEe 0COo-
OEHHOCTHU Cpeibl
HPOCKTUPOBAHH,
CTPOUTEIBCTBA U
SKCILTyaTallH;

* maHamadTHO-
HPOCTPAHCTBEH-
HbIe (aKTOpPBI
TEPPUTOPHH pa3-
MEILCHHUS;

* crieruduIeckue
(hakToOpBI OKpYIKA-
tomieit ypbanusu-
POBaHHOM cpejibl,
COIMAIBLHOM
cpenbl 1 ypoa-
HHUCTHYECKOTO
KOHTEKCTa,

* IJIAHUPOBOYHO-
KOMITO3HI[MOHHbIE
U TEXHUKO-KOH-
CTPYKTHBHBIE
WUHBAaPHAHTBI;

* SKOJIOTHYECKUE
U CaHUTapHO-
TEXHOJIOINYECKHE
TpeboBaHus;

* 3aKOHOZATEIb-
Hble TpeOOBaHMS,
(uHaHCOBBIC
OrpaHUYCHUS 1
pecypcesr;

* 00Hit comu-
AIIbHO-KYJIBTYP-
HbIH KOHTEKCT

¥ riobanbHbIe/
JIOKAJIbHbIE TPEH-
JIbI, BITUSIOIINE HA
BHJIBI pEKpealiu-
OHHOM JiesiTeb-
HOCTH

nHoM aprepun HoBoKy3HelKa B €AMHYIO CUCTEMY KOKO-
PHIOPOB, CO371aBasi B CaMOM IIEHTPE MHIYCTPHAIBHOTO
ropofia KyJbTypHBIN, SKOHOMHYECKHH, DKOJIOTHUECKUH
U pa3BIEKaTelbHBIN KJIAacTep, KOTOPbIM MOXET CTaTb
TJIAaBHBIM LHCHTPOM IMPUTSIKEHUA B PETHUOHE U O6CCH6‘H/IT

KOOPJWHHPOBAHHOCTh 33 CYET TapMOHHYHOTO BHEIpe-
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HUS TIPUPOAHBIX JaHMA(GTOB B ypOaHH3MPOBAHHYIO
cpeny. Ilpoexr mpemycmarpuBaeT 0OMMiT AW3aiH-KOX
BCEH TEPPHUTOPHH, KOTOPBIN IPOCIEKUBACTCS B IIBE-
TOBOHM raMMe, MallbIX apXUTEKTYypHBIX (hOopMax OJHOU
CTWJINCTHKH, U TIPUMEHEHUE SIMHBIX OTJEIOUHBIX KO-
MareprasioB. Pa3paboTaHHBIN KilacTep B IMEPCIEKTUBE
OIaronpuATHO TIOBIMSAET Ha SKOJIOTHYECKYI0 OOCTaHOB-
Ky B TOpOJE, MOBBICUT YPOBEHb 3aMHTEPECOBAHHOCTU
HaceJICHUs] B COXPAHEHWH IPUPOAHBIX JaHIMAPTOB
U YBEJIMYUT yPOBEHb SKOHOMHYECKOH IPHUBJIEKATEIb-
Hoctu. KoHnenus pa3paboTana B paMKax yCTOHYNBOTO
Pa3BUTHS, YTO O0ECHEUNT SIKOHOMHUYECKYIO M SKOJIOTHU-
YEeCKYIO CTaOMIIBHOCTD.

Ha paccmarpuBaemoii TeppuTopun, NpuacpKUBa-
ACh MOAXOMa MONU(YHKIMOHAIBHOCTH, TpEIaracTes
pa3MeIleHne KpPyIHOro KyJNbTypHO-00pa30BaTeIbHOTO
LEHTpa, JKOMapka W MHOTro(yHKIHOHAJIBHOIO Ielle-
XOJIHOTO MOcTa Ha npaBblit Oeper p. Tomb. Konuenms
MIPe/lyCMaTpUBaeT COXPAHEHHE PEAKOr0 MHBA3UBHOTO
BHJa PAaCTUTEIBHOCTH — YEPHBIX Tomousieil. «Bepru-
KaJbHOCTB» PEHICHHs IOCPEIACTBOM (OPMHUPOBAHMS
9KOMapKa B JABYX YpOBHsX. HmxkHss Teppaca pemeHa
B BHJIC NIPOTYJIOYHBIX TPOI B HMPUPOIHBIX JPEBECHBIX
Marepuaiax € pasMCIICHUEM Ha OTKPBITBIX IOJIAHAX
SKOJIOTMYECKUX CTAaHLUH M IJIOMIAJ0K C AKOCTEHIaMHU
U JETCKUM 00OpyIOBaHUEM, Ky/la BHEAPSIETCS B3AaHMO-
JefcTBue ¢ Bonoil. Hanuune Takux miomagok 1mo3Bo-
JIUT TIOBBICHTH 3aWHTEPECOBAHHOCTH TOPOXKaH B IPO-
6r11eMax SKOJIOTHH M COXPaHEHHH IPHPOAHBIX YTOJIKOB
TOpOZa, a TAaKXKe MPHUBHUTH JIETAM MHTEPEC K MPUPOIE.
INousa 3acasxeHa pa3HOOOPA3HBIMHU 37TAKOBBIMHU KYJIBTY-
paMH, KOTOPbIC BMECTE C TOIIOJIAMU IIPOU3ZBOIAT (1)I/IJ'II)-
Tpalrro BOJAbI B p€KE BO BPEM CE30HHBIX MTaBOJKOB.

QLT

7

I DxootenH

0 [porynoussie Tponst 2-ii Apyc -

I OcHoBHOIT TPaH3HT CO CMOTPOBOIT MIOWAKOH 2-if apyc
[ Mporynounsie Tponst ¢ noctynom MI'H 2-ii apyc

I Iporynounsie Tponst 1-i sapyc

[ Benonoposkka u Gerosas jgopoxka 3-it apyc

[ Vauua 3anoposckas

BepxHuss Teppaca u3-3a CHJIBHBIX IABOIKOBBIX
3aTOTUICHUH TIpeACTaBIsieT co00il MOmHATEIE Ha 7 M
HaJ 3eMJIeH TPOIIbI, PACHOJIOKEHHBIE MEXKTy JACPEBbsI-
MH. Ha HUX 3ampOeKTHpPOBaHBI CMOTPOBBIC M ETCKHE
TUTOIIAJIKH, MECTA OT/IbIXa U HEProd(PEeKTUBHBIE IKO-
orern ¢ BuaoM Ha p. Tomb (puc. 11). Bee amemeHTHI
KOHIICTIIIMY PEILICHbI B paMKaX a/IallTUBHOCTH: KayK/IbIi
QIIEMEHT CIIOCOOCH MEHSTHCS, YIUTHIBAas KOHTEKCT Me-
pOTPUSITUH, UX CE30HHOCTh, YKOHOMHUYECKUE, IPUPOJI-
HBIC U COIMAJIbHBIC N3MEHEHHS B OOIIIECTBE.

besomacHblif, ObICTPBIH W YTOOHBIH JOCTYN JUIst
BCEX TPYMII MOCETUTENeH 00ecednBaeTcs IMyTeM Ipo-
eKTHpoBaHusl Oe30apeepHOil cpembl. JlOCTYIMHOCTH
n 0e30macHOCTh (OPMHUPYIOTCS 3a CYET OCTAHOBKH
OOIIECTBEHHOTO TpPaHCIIOPTa B HEIOCPEICTBCHHON
OIM30CTH K KyJIBTypHOMY IEHTPY M HAJIWYHS HA/I3eM-
HBIX TICPEXOJIOB, OCHAIICHHBIX IU(PTAMU U MaJo-
MOoOMIbHBIX rpymm HaceneHus (MI'H), kotopsie pacmo-
JIATAIOTCS HAJl O’KUBJIICHHOW aBTOMOOWIIBHON IOPOTOM
BIIOJIb BCETO y4YacTKa MPOEKTHPOBaHUsA. Takke Bech
MapK OCHAIIEH BOJOHEIIPOHHUIIAEMBIMU JIU(DTAMH IS
KOM(OPTHOTO TIEpeMEIeHHsT MKy Pa3HBIMH YPOBHSI-
MU TIapKa.

Konnenmus npeaycMaTpuBaceT i BCEX COOpYyKe-
HUH KJ1acc 9HEprodPpeKTUBHOCTH A+, YTO MO3BOJIUT
YBEJIMYUTh HHJEKC DSKOJIOTHYECKOW A(PPEKTUBHOCTH
(EPI)%.

[lemexoaHblii MOCT pellieH B BUJE KPYIHOIO Te-
IIEXOIHOTO TPAaH3UTa C Pa3MEHICHUEM KYJIBETYPHO-BEI-
CTaBOYHOIO LEHTPA U caja ¢ (epMoil 1o BbIpaIIUBa-
HUIO TIONBITAHOB (puc. 12).

8 Environmental Performance Index. URL: https://epi.yale.edu/

Puc. 11. Cxema ¢parmenrta skornapka 1 KyastypHoro ueHrpa (asrop JI.J{. Augpormnosa)
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Kak MHCTPYMEHT pa3BUTUS BOAHO-3EAEHOr0 KapKaca ropoaa HoBoky3HeLka

|

IMewexoaHpiii MocT
Bonbiwoii 3umHuii can ¢ hepmoii THobNaHOB
MHOropyHKLUHOHAIBHBIH KYJIBTYPHBIH LEHTD

HAEE

-
‘_‘-.-_._T_ (R s -

= —

BbicTaBoHbIE NABHIBOHBI C MEIHANPOCTPAaHCTBAMH

Puc. 12. Cxema MHOTO(YHKIIMOHATIBHOTO MEMIEX0AHOr0 MocTa yepe3 p. Tomb (aBrop [./1. Aunporosa)

OH mpexycMaTpuBaeT CBA3b MapKa C TIIaBHBIMHU
TOYKAaMHU TIPUTSHKCHHS Ha TPOTHBOIOJIOXKHOM Oepe-
ry: Ky3Henkol 3KoJIOrM4ecKoi Tpomnoi, naMsiTHUKOM
npupoasl «TONMoNBHUKU» U TIpeyiaraeMoin KeJae3Ho-
JIOPOKHOW CTaHIMEH, Omaromapsi KOTOPO# MOSBISAET-
Csl JOTOJTHHUTEIHHOE MPHUBICUYCHNE MOTEHIIMAIBHBIX
MMOCETUTENIeH, YTO TOANEPKUBACT SKOHOMHYECKYIO
CTaOMIBHOCTH KYJIBTYpHOTO KiacTepa. Takoe pere-
HHE o0ecrednBaeT OeCIpEePHIBHBIN MEMIEXOMHBIN MO~
TOK MEXIy TJIABHBIMH y3JaMH TOpoJa M COCAHHSET
KpyIHBIE JICCHBIE MACCHBBI B CIMHYIO CETh BOJHO-
3esieHoro kapkaca Hookysnenka. Ha mocty mpen-
JlaraeTcs TOUEYHOE pa3MeIleHUE O3CICHEHUS B BUAC
OOTAaHMYECKOTO Ca/Ja C TPONWYSCKUMHU PACTCHUSMU,
YTO TaKXXe CHOCOOCTBYET CO3JaHHIO AKOKOPHIAOPOB
JUTSL CHIDKCHHSI aHTPOIIOTEHHOM Harpy3KH Ha TIaBHYIO
BOAHYIO apTepuio ropoga p. Toms. ITo Becelt mnomanu
MTOKPBITHS MOCTa MPEIyCMaTPHUBAIOTCS HEOOIBIIIHE
KJIaCTEPHI TIOAOBO-STOTHBIX PACTEHUH TSI BO3MOXK-
HOCTH TIEPEIBIDKEHUS HACEKOMBIX-OMBITUTENCH Yepes

PEKy, 4TO CITOCOOCTBYET MOACPIKAHUIO PA3HOOOpa3us
ouorieHo3a. M3orayras KoHQUTypals MOcTa Co3/a-
€T pa3JIMYHbIC BECTPOBBIC PCKHUMBI Ha €TI0 y4dacCTKax,
TO3BOJISISI CHU3UTH OOIIYI0 BETPOBYIO HArPYy3Ky Ha IMO-
KpbITHE MOCTa. JlaHHOE pelIeHne JaeT BO3MOXKHOCTb
COXPAaHUTh B OTHOCHUTEIHHOM IIOCTOSHCTBE IIBETOU-
HYIO TUCHEPCHIO JIETyUYNX OPTaHNYECKUX COCTUHEHHH
JUIsL CO3/IaHusI KOM(OPTHOIO MUKPOKJIMMATa 1IBETOY-
HBIX ONBUIMTENEH M, TAKUM 00pa3oM, copMUPOBAThH
aKoJormaeckuii kopuaop [29]. Takoit MOCT B mepcIiek-
THBE MOXET CTAaTh YHHUKAJIHHBIM OOBEKTOM apXHTEK-
Typbl B 00JacCTH SKOJOTHYECKOTO M CATIOTOT€HHOTO
Ju3aiiHa.

OOmiasi cxema mnpeajiaraeMoil KOHIEIIHH TPei-
CTaBjeHa Ha puc. 13.

LlenTpanbHOE PacToONOKEHNE B CTPYKTYpE ropoa
KPYITHOTO SKOJIOTHYECKOTO KOMIUIEKCA MO3BOJSIET 00h-
eIMHUTHh HCTOPHYCCKUN W aIMHHUCTPATHBHBIA Y3JIBI
MIPUTSHKEHUS B €AUHYIO CHCTEMY KyJIBTYPHBIX U pEKpe-
aIMOHHBIX IpocTpaHCcTB HoBOKy3HeIIKa.
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VYnuua 3anopoxckasn B o,

o JlamGa, 3aiMiaionias or naBojiKoBOro NOATOIIEHHs =

Husknuii apyc nabepemHoi

Bepxnwuii apyc HabepesxHoit

Temexonubii Mmoct

HacsIms rmoj| pocTpaHcTBO KYJILTYPHOTO LEHTPa
Bonbinoit 3uMuumii can ¢ dhepmoil TIONLNAHOB

Kpynubtii newmexoiubiii y3ein — 1r1asHas BXOIHAA 30HA napka

MHOrohyHKIMOHATIBHBIIT KyJILTY PHBIH LEHTD
BhICTaBOUHBIC MABMIILOHBI ¢ MEIHATIPOCTPAHCTBAMH
Hooky3Helkas Koj0rH4eckas pona
s K/ myTH SneKTpUYeR P
IamaTauk npuposast « TononsHUKIY ,2/
[pennaraemoe mecto #/a cranwan / ©

"

e

Puc. 13. O6mas cxema nperaraemoit konuenunu (asrop /1. Anznpornosa)
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Asmopul 3as6ns10m 06 Omcymcemeuu KOHQIUKMa uHmepecos.

INTRODUCTION

In recent decades, changing climatic conditions
have necessitated the formation of independently des-
ignated urban structures — the Water-Green Urban
Framework (WGUF). They are aimed at creating a ho-
listic interconnected spatial structure of green spaces,
water bodies and urbanized areas. The main objective
of such frameworks is to maintain a healthy and sus-
tainable urban environment through a combination of
green spaces and water features that allow for optimal
levels of temperature, humidity, aeration and solar ra-
diation. In addition, the WGUF fulfils recreational
functions, taking into account the acceptable anthropo-
genic impact on the landscape, improving connectivity
through green corridors, pedestrian and bicycle acces-
sibility within the project, as well as fulfilling cultural,
educational and economic functions.

The study of foreign scientific works in the field
of ecological processes allowed to identify approaches
to the study of water-green infrastructure, methods of
quantitative assessment and ranking of anthropogenic
impacts, as well as options for biodiversity conserva-
tion to achieve the goal of sustainable development.

Consider current trends in scientific work: a study
by Chinese scientists in Shenzhen indicates that ecolog-
ical sources can be identified virtually and ecological
networks can be significantly optimized by combining
analytical models. These results provide methodologi-
cal guidance for ecological network construction and
will be useful for urban planning and biodiversity pro-
tection [1]. Jibananda Gayen and Debajit Datta in their
paper to develop criteria and indicators for assessing
the ecological condition of wetlands in the floodplains
of the Ichhamati River in India identified the major eco-
logical, socio-economic and institutional problems neg-
atively affecting the condition of wetland biodiversity
and ecosystems by the method of delineating the major
pressure components and quantifying them [2].

A scientific paper on the causes of low ecological
effectiveness of restoration measures in German surface
waters deals with the discovery of the main overarching
stressors affecting the ecological effectiveness of res-
toration measures and ranking them according to their
impact on rivers at different scales [3].
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In assessing the condition of Tehran’s green urban
framework, the amount of green space per capita and
the areas of green spaces in all districts of the city were
analyzed [4]. In order to discuss and evaluate the ele-
ments, relations of a diverse city, the multilayered sin-
gularities of Belgrade in multiscale multiplicity were
interpreted, public spaces with potential were identified
and their possibilities for improvement through various
forms of art were investigated [5].

Yuyu Zhou, Gang Chen and Weiqi Zhou analyzed
various models and algorithms to improve existing sat-
ellite observations and develop new indicators for ur-
ban environment monitoring [6].

The research paper Biophilic Smart Cities:
The Role of Nature and Technology in Enhancing Ur-
ban Resilience identifies indicators for biophilic and
smart cities that can be used together to enhance their
sustainability. The study established key indicators for
both biophilic and smart cities, and looked at key prin-
ciples and aspects of urban sustainability to understand
how this works and to point out their relationship with
biophilic smart approaches [7].

The study of urban green infrastructure network
using Harbin city in China as an example discusses
the contradiction between urban economic develop-
ment and the construction of green infrastructure (GI)
networks, and the modelling and optimization of GI
networks in different scenarios provides a scientific
basis for the design of relevant development strategies
and environmental protection policies [8].

Darrel Chin Fun Tian, Andrew Morris, Matthew
Bell and others in their paper modelled the connectivity
of the Karuah Mayall catchments, a forested landscape
fragmented by a matrix dominated by pastoralism. This
approach provided an opportunity to quantify the im-
portance of small-scale features, such as scattered trees,
in terms of connectivity [9]. A book by Ken Young and
Alan Delaney [10] was a major influence on the nature
and content of this paper. In it, the authors describe four
design strategies that can be used in combination to
achieve a balance between artificial and natural environ-
ments (Fig. 1). Green infrastructure is interconnected
networks of natural areas and other open spaces. They
are green spaces within a biome that preserve natural
ecosystem values, clean air and water. Such a system
provides a natural habitat for a wide range of wildlife.



Ecological approaches to the formation of public riverside spaces as a tool for the development
of water and green framework of Novokuznetsk city

P. 113-148

Environmental
characteristics
and integrity

Flood protection

of the landscape

Rain and storm
water management

The number of green
spaces: an ecological
assessment of an area
characterized
by diversity

Water consumption

Land use

Air and environmental
pollution

Passive Planning policy
and energy-efficient

design Local restrictions
on environmental
pollution by waste,
the use of landfills,

elc.

Energy production,
including from
renewable sources

- Available amenities
Regional

energy networks -0 ;
Social integration

Waste
management
and recycling

Community
engagement

Fig. 1. Four design strategies within salutogenic and ecological design (by Ken Young and Alan Delaney)

The authors note that green eco-corridors serve
as an important component of GI. Linear corridors of
flora and fauna connect existing green spaces and create
new, larger habitats. They form new links between for-
est belts, wetlands and waterways. Any new GI should
complement and enhance the natural functions of what
is already present in the landscape. Eco-infrastructure
should take precedence over engineering infrastructure
in design. By creating, enhancing and restoring the eco-
logical connectivity of the environment, it transforms
human intervention in the landscape from a negative to
a positive act.

The importance of providing not only horizontal
connectivity but also vertical connectivity is also noted.
An obvious demonstration of horizontal connectivity is
the provision of ecological corridors, and connectivity
across impermeable surfaces and roads can be achieved
through ecological bridges and subterranean floors. De-
sign should extend ecological corridors vertically, with
eco-infrastructure touching the entire built environment
to create habitats on walls, terraces and rooftops [10].

E.A. Kaisarova in her paper considers the water-
green diameter of Minsk through the analysis of water
systems and green areas with the calculation of area per
capita [11].

The experience of domestic and foreign studies
shows the importance of comprehensive assessment of
the territory, analysis of climatic, recreational and cul-
tural features of the territory and application of special

software in the field of climatology and ecology for
modelling various scenarios of territory development.

The study is further based on the design experi-
ence of several large cities.

The Sverdlovsk Oblast has 101 approved ecologi-
cal framework cores or key natural areas. The Ekater-
inburg agglomeration is a multibeam agglomeration
with the appearance typical of agglomerations formed
in a branched transport hub. The current stage of land-
scaping is characterized by densification of the built-
up area, which results in a reduction of the area under
landscaping in the residential zone and a decrease in
the area of some park massifs. Recreational systems of
the Yekaterinburg agglomeration are formed near such
natural formations as Shartash, Peschanoye, Verkh-
Isetskoe Reservoir and the Iset River, the latter in turn is
a key element of the aquatic ecological and recreational
zone of the city of Yekaterinburg [12].

In Astrakhan there is a problem of lack of a “con-
nected” system of recreational areas and their shortage.
Many of the existing natural complexes are experienc-
ing significant anthropogenic load and are changing
from their original natural state. Another problem is
the low level of landscaping. Among the greened ur-
ban spaces, the most important role in the bioclimatic
state of the city is played by the island “Gorodskoy”,
it is an ecological oasis, repeating the delta biotopes of
floodplain forests, inland lakes, open spaces and flood
meadows, sandy spits of the coastline, as well as zones
of wetlands [13].
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One of the most interesting and complex arcas
of the urbanized environment is Kanonersky Island in
St. Petersburg, where the need to create certain links
between the natural landscape component and arti-
ficial anthropogenic activities is evident. The island
is characterized by recreational potential and vegeta-
tion. The territory has a favourable location relative
to the city centre, but it is difficult to access for visit-
ing [14].

The Moscow Region has accumulated extensive
experience in the development of ecological principles
for improving the territorial structure. The historical
and cultural framework of the Moscow Region is a set
of valuable territories that are an example of the Central
Russian landscape with expressive relief and diverse
vegetation cover. Cultural heritage objects are connect-
ed by visual corridors with the landscape environment
and determine the character of development of signifi-
cant territories. Planned natural-historical and ecologi-
cal territories in combination with specially protected
natural areas (SPNA) form the basis of the natural-eco-
logical framework of the region, which also includes
other populated areas and water bodies [15].

In the city of Orel, most public gardens are char-
acterized by a small area (up to 2 hectares), the age of
plantings is close to the limit, all public gardens border
main roads with a significant traffic load. Territorial lo-
cation determines the negative dynamics of urban eco-
systems — vegetation is exposed to heavy pollution by
exhaust gases and heavy metals, noise from transport.
The ratio of types of spatial structures at the site in most
cases does not meet urban planning requirements [16].

In Penza, green spaces of all types of use are con-
centrated in the city centre and in the area of Zapad-
naya Polyana. The area of landscaped green spaces in
relation to the area of industrial and residential areas is
small. Most of all green spaces are occupied by border
forests and steppe territories, meadows and agricultural
fields, which are not included in the general natural and
urban development framework. There is a rather large
forest belt on the territory of the city, as well as parks
and public gardens, Akhuny climatic resort, other re-
serves and protected areas [17].

On the territory of Perm, water bodies occu-
py a special place in the greening system of the city.
Water-green radii penetrate the city in different direc-
tions. The industrial component of the urban fabric
has destroyed part of the “green corridors” providing
access to water bodies. The densification of develop-
ment, the organization of transport hubs and changes
in the functional content of coastal zones have reduced
some of the “green corridors”. Most of the water sourc-
es are classified as “polluted, dirty and very dirty” [18].

V.I. Gomozov in his paper analyzed one of the at-
tempts of the city authorities to formulate general ap-
proaches to the reconstruction of the “grey belt” of St.
Petersburg. The study focuses on identifying in the pro-
jects the principles and approaches to the formation of

134

the green framework of these territories, its continuity
and sustainability [19].

In addition to analyzing the environmental as-
pects in the design of green public spaces, an impor-
tant factor is the consideration of social aspects in ur-
ban development. S.H. Ismagilova, A.V. Sivtsev and
Y.A. Zakirova in their work on the formation of rec-
reational and tourist clusters analyze the infrastructure
of tourist services and identify the principles of sus-
tainable urban development of recreational and tourist
system of Yakutia [20].

Various factors of influence on the comfort of park
urban environment were analyzed [21]. The approach
of architectural scenography from the perspective of
environmental design was studied [22]. Terminology in
the field of environmental design was investigated [23].
The aspects of activation of cultural attractiveness of
the territory within the framework of the city brand
strategy are considered [24]. The authors of the article
also familiarized themselves with the principles of eco-
logical parks design [25].

Doctor of Philosophy O.N. Yanitsky studied
the development of Russian environmental culture
in the XX century and identified four key stages:
the initial period (1917-1929); the period of stagnation
(1929-1960); the period of strengthening (1960—1985);
the period of change (1985-1999) [26].

Accordingly, it is worth paying attention to the leg-
islative requirements of the Russian Federation on en-
vironmental design, which the authors of this study di-
vided into the following stages:

1. The birth of environmental legislation (1950—
1970) — development of the first normative documents.

2. Development of environmental legislation
(1971-1990) — development of a full-fledged legisla-
tive framework.

3. Establishment of environmental legislation
(1991-2010) — formation of final regulations and con-
ditions for a new approach to environmental manage-
ment.

4. Rethinking environmental legislation (2011—
2021) — transition to interstate “green” standards of
GOST R series [27].

2017 is considered to be one of the most important
years in the history of the country’s environmental de-
velopment. By the Decree of the President of the Rus-
sian Federation dated 05.01.2016 No. 7, 2017 was
declared the Year of Ecology in Russia'. The national
projects “Ecology”, “General Cleaning”, “Clean Air”
were launched.

In February 2021, the Russian-French project
“Water-Green Urban Framework” under the leadership
of the Ministry of Construction of the Russian Federa-
tion was launched; it is a significant stage of a new look

" The Year of Ecology in the Russian Federation: Decree of
the President of the Russian Federation of 05.01.2016 No. 7.
2016. URL: http://www.kremlin.ru/acts/bank/40400
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at the urban environment®. Scientists and administrative
staff have moved from theoretical research to practical
issues of urban ecology at the level of developing regu-
latory guidelines. This is the first step towards compre-
hensive formation of the city’s ecological environment
instead of considering individual aspects such as ecol-
ogy of water bodies, monitoring of landscaping, flora
and fauna in city parks.

In Russia, there are differences in the interpretation
of terms related to the WGUF concept, but most authors
agree with the definition approved by the Ministry of
Construction of the Russian Federation: “Water-Green
Urban Framework (WGUF) is a set of interconnected
urban areas with vegetation cover and urban water bod-
ies included in the urban environment. These can be
both natural, natural objects and artificial ones. They
include squares, flowerbeds, parks, lawns, water bod-
ies, rivers. The main task of the framework is to provide
comfort and create recreational areas, the microclimate
of the city, and improve the ecology™.

In 2019, Kemerovo Oblast adopted the law “On
Environmental Education and Formation of Environ-
mental Culture™.

In order to minimize the technogenic impact on
the region’s nature, the Kemerovo Region-Kuzbass
State Programme ‘“Nature Management and Envi-
ronmental Protection” came into effect in 2024. As-
sessment of the current state of ecology in the region:
“The main environmental problems still include: air
pollution; pollution and depletion of water bodies; gen-
eration of production and consumption waste; pollution
and degradation of soil and land resources; reduction of
biological diversity of the Kemerovo Oblast — Kuz-
bass, increase in the number of rare and endangered
species of animals, plants and fungi; low environmental
culture of the population™.

Within the framework of the existing state and re-
gional programmes aimed at restoring the well-being
of the region’s natural components, there is an opportu-
nity to create and strengthen the Novokuznetsk WGUF.
In this regard, it becomes relevant to identify the main
environmental approaches to the formation of WGUF
and the principles of development of public riverside

2 The results of the first year of the Russian-French project
“Water-Green Urban Framework”, Ministry of Construction
of Russia. 2021. URL: https:/minstroyrf.gov.ru/press/pod-
vedeny-itogi-pervogo-goda-raboty-rossiysko-frantsuzskogo-
proekta-vodno-zelenyy-gorodskoy-karkas/

3 Law of the Kemerovo region — Kuzbass from 24.12.2019
No. 165-0OZ, Electronic fund of legal and regulatory and tech-
nical documents. 2019. URL: https://docs.cntd.ru/document/
561652582?ysclid=1v{85urtsh408864254

* Approval of the State Programme of the Kemerovo Re-
gion — Kuzbass “Nature Management and Environmental
Protection” No. 719, Electronic Bulletin of the Government
of the Kemerovo Region — Kuzbass. 2023. URL: https://ako.
ru/bulletin/319901

spaces within the framework of an integrated approach
to the conservation and restoration of natural landscapes
and to develop a conceptual solution for the region under
consideration using these approaches and principles.

MATERIALS AND METHODS

Russian and foreign experience of designing pub-
lic riverside areas in the context of sustainable develop-
ment was taken into account; on this basis, a thorough
urban and social analysis of Novokuznetsk was carried
out, the main elements of the WGUF were identified,
the formats of the framework elements and types of
ecotourism objects were modelled. Based on the de-
veloped classifications, the concept of public space in
the Tom River floodplain in the central district of No-
vokuznetsk was developed by the method of structural
analysis of the territory using 3D modelling.

RESEARCH RESULTS

If a city has several water bodies that occupy an im-
portant place in its architectural and planning framework
and system of natural components, as in Novokuznetsk,
Kemerovo region, where the Tom, Aba, Kondoma rivers
and valleys of other small rivers penetrate the city from
different sides, this indicates the relevance of the princi-
ples of continuity of landscaping and its relationship with
open spaces of different levels on which such systems are
built. Urban planning concepts should study areas where
different types of landscapes and/or functional zones in-
tersect, which serve as inactive areas in the city due to
their unfavourable location and lack of necessary infra-
structure, resulting in lack of interest among citizens.

Novokuznetsk, one of the largest cities in Kuzbass
in terms of area and the second largest in terms of popu-
lation, as well as the oldest city in the Kemerovo Region,
which is an important centre of economy, transport and
culture in Siberia, is considered to have an unfavour-
able environmental situation due to its specialization as
one of the largest metallurgical and coal mining areas in
Russia. According to the results of the National Envi-
ronmental Rating, which reflects environmental events
from 1 December 2023 to 29 February 2024, the Ke-
merovo Region ranks 71st out of 84 possible’. This low
result is due to the presence of a large number of large
industrial enterprises in the region, so there are serious
problems with water bodies. The issue of drinking wa-
ter supply in the region is acute. There is a critical de-
crease of small rivers. Only for the last 30 years, out of
905 rivers in Kuzbass as a result of economic activity,
about 200 have been destroyed, which used to supply
clean water to the main water artery of the region —
the Tom River [28].

’ “National Ecological Rating of Russian regions” by the re-
sults of winter 2023-2024, Green Patrol. 2024. URL: https://
greenpatrol.ru/tpost/86a9zxhcr1-natsionalnii-ekologicheskii-
reiting-regi
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Fig. 2. Forest cover of Novokuznetsk (by D.D. Andropova)

The territory of Novokuznetsk is under a strong
technogenic impact, which is due not only to the imme-
diate proximity to residential neighbourhoods of large
metallurgical and coal mining facilities, but also to its
geographical location. The city is located in a lowland
surrounded by mountain ranges, due to which smog
from pollutants is formed over the city. The total area
of land of recreational importance is 9,781 ha, of which
7,803 ha are urban forests®. There is 69 m? of green-
ery per capita, which is a good indicator, several times
higher than the regulated minimum value.

Having analyzed the current state of Novokuznetsk
with the help of satellite images with regard to the num-
ber of green spaces and their concentration, we can
conclude that, despite the good provision with green
spaces, there is a strong fragmentation due to the pace
of industrial development and the existing building of
the city (Fig. 2). The greatest concentration of large for-
est areas is in Ordzhonikidzevsky and Kuibyshevsky
districts, the least concentration is in Kuznetskiy and
Novoilinskiy districts. In the central district forest clus-
ters are unevenly located. Greening is concentrated
in the north-west and south-east of the district, while
the central part lacks large green areas.

¢ Report on the state of the environment of the city of No-
vokuznetsk for 2021. 2022. URL: https://eko-nk.ru/user_im-
ages/File/%D0%98%D0%A2%D0%9E%D0%93%D0%9E
%D0%92%D0%AB%D0%99%202021.pdf
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Geomorphological elements such as watersheds
and river valleys have a significant impact on the ecol-
ogy and climate of the city. The Tom River approaches
Novokuznetsk from the north-east, turning to the west,
and in the city centre abruptly changes its direction
to the north-east. The Kondoma River enters the city
from the south and the Kondoma River from the west.
The Kondoma River enters the city from the south and
the Aba River from the west (Fig. 3). The main water-
way of the city, the Tom River in the central part of
Novokuznetsk at the mouth of the Kondoma River
changes its type from mountainous to plain.

Having studied the location of landscaping within
Novokuznetsk city limits, it is possible to note large for-
est clusters of the city, structuring them by their ecolog-
ical condition and location relative to the water infra-
structure, and to identify fragments of river water areas,
where disruption of connectivity is detected (Fig. 4).
The condition of the water-green framework of the Tom
River within the boundaries of Novokuznetsk can be
characterized as satisfactory. In Ordzhonikidzevsky
district a large break in the framework and the pres-
ence of a green cluster with significant forest losses
are observed. Good connectivity is noted in the north
of the city in the Zavodskiy district, but environmen-
tal sustainability is compromised by the neighbour-
hood of an extensive industrial zone. Also to the north
of the mouth of the Aby River along the left bank of
the Tom River there is no green corridor, and due to
the direct access to the river of a large anthropogen-
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Fig. 3. Major rivers of Novokuznetsk (by D.D. Andropova)

ic zone, the impact of negative impacts on the “blue”
highway becomes critically high. The state of protec-
tion of the Kondoma River, despite the large number of
forest clusters along its banks, is aggravated by the lo-
cation of the production facility in close proximity to
the river and the presence of a break in the WGUF at its
mouth. The WGUF of the Aba River, whose banks near
its confluence with the Tom River are reinforced with
concrete slopes for a kilometer and a half, has a much
worse impact on the species composition of the wa-
terway’s biocenosis. Intact floodplains with preserved
natural ecosystems contribute to the formation of shade
and thus provide a constant temperature regime com-
fortable for the inhabitants of the aquatic system. In ad-
dition, from the river mouth along its perimeter towards
the south-west, there is no ecological corridor, which
is necessary to maintain the stability of the composi-
tion of the biocommunity, this situation is aggravated
by the negative anthropogenic impact of the industrial
zone located near the river’s confluence with the Tom.
Restrictive measures in the legislative sphere on
the use of valuable natural areas play an important role
in the conservation and restoration of WGUF. Novo-
kuznetsk has three protected areas, concentrated in
one place, in the very centre of the city on the bank of
the Tom River (Fig. 5), and spawning protection zones
have been established in the north and east of the city in

the water area of the Tom River. In addition, rare birds
of prey from the Red Book of the Kemerovo Region
were spotted in a forest area on the left bank of the Tom
River not far from the protected area’.

The most greened is the central district of the city.
Theareaofpublicgreenspacesinthedistrictis125.41 hec-
tares. Provision with green spaces in the central part
of the city is more than 14 m? per inhabitant®. In addi-
tion, a significant part of the area of the district is oc-
cupied by the industrial zone located in the north-west
of the city. Taking into account the wind rose, during
the year the prevailing wind is the west wind, as a re-
sult of which a colossal part of the city is subjected to
anthropogenic impact from the industrial area (Fig. 6).
Large areas of the Tom and Aba rivers and specially
protected natural areas are also negatively affected due
to the distribution of wind flows.

The study of the condition of coastal zones as un-
favourable and polluted creates conditions for the for-
mation of an urban network of water-green cores. Small
rivers penetrate through the urban structure in various
directions, which makes it possible to unite neighbour-
hoods into a single system. Given the fragmentation
and isolation of green areas, as well as a large number

"HCVF in the Kemerovo Oblast // hevf. URL: https://hevf.ru/
ru/maps/hcvf-kemerovo
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of extensive coastal territories, special attention should
be paid to the unification of natural units into a single
WGUFE.

As part of the formation of the Novokuznetsk
WGUEF, the study proposes the authors’ design solution
for the creation of a large ecological and cultural cen-
tre on the bank of the Tom River. The design site was
selected due to the authors’ study and assessment of
the connectivity of the city’s green framework. The pro-
ject area is located in the centre of the city on the left
bank of the main waterway in the habitat of rare raptors.
The location of the site under consideration in the city
framework is unique — it is the nucleus uniting the new
and old city centres (Fig. 7).

On the right bank there is a large forest area, where
large ecological and historical-cultural monuments are
concentrated: Kuznetsk fortress, ecological trail, eco-
park and nature monument park “Topolniki” (Fig. 8).

On the left bank is the modern city centre —
a place of concentration of commercial, cultural and
entertainment activities. This position in the city struc-
ture suggests that the site has a huge social, cultural
and environmental potential and will become an im-
portant centre of attraction for the population (Fig. 9).
The Kuznetsk Ecological Trail is a unique route in
Kuznetsk, located in the centre of the industrial city,
which plays an important role in creating a favour-
able ecological environment. Here one can find amaz-
ing natural and cultural attractions, as well as spend
time with benefit, combining education and recreation.
The eco-trail runs along the right bank of the Tom River

in the area of the Kuznetsk fortress and has the form of
a circular route.

Analyzing the existing system of eco-parks and
public green areas in the river water area of the Tom
River, we can say that the site under consideration
serves as a continuation of the city embankment and
together with the largest in the city ecological forest on
the territory of the Kuznetsky Fortress forms a green
corridor along the river, thereby reducing the anthropo-
genic impact of pollution on the inhabitants of natural
landscapes (Fig. 10).

During the study, based on the environmental in-
dicators, identified features and problems of the area,
a SWOT analysis is made, which shows the importance
of developing the WGUF of the city (Table 1).

The analysis identified that the area has potential
for development, but there are a number of constraints
that can be addressed through certain approaches,
namely:

1. Polyfunctionality — the creation of spaces with
different functional content that can be transformed ac-
cording to the actual demand of the society.

2. Steps — divide different functional zones on
several levels, taking into account the seasonality of
events, ease of communication between the main nodes
of public space and ensuring the safety of transport ma-
nipulations.

3. Adaptability — creating multifunctional zones
capable of changing, taking into account the context
of events, their seasonality, economic, natural, social
changes in society.
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Table. 1. SWOT analysis of the projected area

SWOT analysis
Weaknesses Strengths Threats Opportunities
Flooded area Location in the city centre | Long payback period This site could become the nucleus that
unites the new and old city centre, form-
ing a system of complementary nodes of
attraction
Close proxim- Proximity to the economic | Risk of disturbance of The site has great social, cultural and

ity of power lines to
the project site

and cultural centre of
the city

the existing ecosystem

of riverside areas under
inappropriate construction
conditions

environmental potential and has the po-
tential to become an important centre of
attraction for the community

Expensive to realize

Adjacent to the main water
artery of the city

Risk of bankruptcy of
sponsors due to the long
construction period in an
unstable economy

The site serves as a continuation of

the city embankment and together with
the city’s largest forest area on the ter-
ritory of the Kuznetsk fortress forms

an ecological corridor along the river,
thereby reducing the anthropogenic im-
pact of pollution on humans and the main
urban water artery of the Tom River

Lack of public trans-
port along the site

The project site is located
in a dense forest area of
great natural value

Decrease in fauna comfort
due to increased visitation
to ecoparks

The formation of an eco-cluster in

the city centre will be able to increase
the interest of citizens in environmental
issues and the history of their city

Highly gassy design
area

Location close to the city
seafront

Rapid decline in interest
in the complex if proper
operating conditions are
not met

Severe technogenic
situation in the city

Proximity to nature monu-
ments “Topolniki” and
“Kuznetskaya eco-tropa”

Difficult construc-
tion conditions due
to the high natural
potential of the site

Good transport
accessibility

Expensive site
conditions

Proximity to major centres
of population attraction

Gentle relief on the site

4. Coordination — ensuring harmonious introduc-
tion of natural units into the urban environment and ur-
banization objects into the natural environment.

5. Accessibility — providing safe, quick and con-
venient access for all groups of visitors.

6. Environmental friendliness — preservation of
natural potential of water and forest resources, minimi-
zation of anthropogenic impact within the framework
of sustainable development of the territory.

7. Uniqueness — creating your own design code of
the space, memorable objects that will become the busi-
ness card of the place.
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8. Embeddedness/integrity — consideration of
the surrounding development and cultural code when
incorporating the site into the existing environment,
careful preservation of the city’s historic heritage.

9. Democracy — organizing a space that takes into
account the interests and opportunities of all segments
of society.

10. Sustainability — the ability to maintain eco-
nomic and environmental stability to keep the local
ecosystem and society functioning comfortably.

11. Security — ensuring comfortable and protect-
ed stay of visitors in the territory of public space.
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12. Education — broadcasting of environmental
messages, transfer of knowledge about the importance
of environmental conservation, raising the level of en-
vironmental awareness of the population.

The authors suggest the following methods for
the development of riverside spaces:

1. Minimization of anthropogenic impact on
the existing ecosystem. Regulation of human flows on
the territory to create comfortable living conditions for
flora and fauna. Organization of buffer zones protecting
the riverside area from traffic noise and dust.

2. Renovation of the main nodes of attraction: res-
toration and development of the main sought-after visi-
tor concentration points.

3. Infrastructural multifunctionality. The introduc-
tion of secondary functions into mono-functional areas
that will help to diversify leisure activities and attract
more potential visitors.

4. Integration of media spaces. Application of new
technologies and artificial intelligence, presence of hu-
man interaction with the virtual world.

5. Combining the functions of cultural and envi-
ronmental education.

6. Creation of a unified system of water-green
cores uniting into a single WGUF.

In the formation of the city GI, providing eco-
system services and improving the quality of life of
residents, it is necessary to take into account not only
the creation of a comfortable urban environment, but
also other indicators. The proposed methods of river-
side space development include the stages of WGUF
formation:

1. Creation of an up-to-date vegetation register:
analysis of the entire flora on the site, formation of elec-
tronic passports of each natural unit.

2. Census of all fauna: analyses of resident fish,
birds and animals, their migrations and habitats.

3. Thorough study and assessment of the condition
of shorelines, proposals for their strengthening.

4. Assessing the impact of flora on the air environ-
ment, compiling an inventory of needed new plantings
according to their ecosystem functions.

5. Assessing the influence of flora on water pro-
cesses, water treatment, and drainage distribution.

6. Analyzing the status of water resources, their
richness and animal habitat. Creation of a register of
seasonal floods by their frequency, scale and depend-
ence on natural phenomena.

7. Evaluation of soil quality, suggestions to im-
prove its fertility.

8. Determination of the territory susceptibility to
unfavourable anthropogenic impacts.

9. Assessment of the scope of works to maintain
vegetation in favourable conditions during the opera-
tional period of the facility.

10. Creation of an event-based programme of fa-
cility operation depending on the time of day and sea-
son.

11. Analyze potential visitors by age, interests and
mobility groups.

Based on the results of the analysis of water-green
framework formation and organization of public river-
side spaces, the main structural elements of the natu-
ral-ecological framework, approaches to its formation
at different stages of design, and factors of impact on
the framework are revealed. The scheme of concept de-
velopment, types of ecotourism objects and ecological
park design principles are also proposed (Table. 2).

Table 2. Natural-ecological framework. All aspects (by D.D. Andropova)

NATURAL AND ECOLOGICAL FRAMEWORK

* ideology and
methodology of

creating recreational

areas;

PRINCIPLES
FORMATIONS THE MAIN STRUCTURAL FRAME ELEMENTS
Types of basic blocks of the ecological framework
TERRITORIAL - o F v
PLANNING arge-scale basic | Linear blocks — Buffer zones

reserves

ecological corridors

Point (local) elements

Types of basic blocks
of the ecological
framework:

* large-scale basic
reserves;

« linear blocks —
ecological corridors;
* point (local local)
elements;

* buffer zones

Types of objects of the ecological framework

National and
natural parks,
nature reserves,
protected tracts,
sanctuaries
(permanent,
temporary
seasonal), forests
of groups 1 and
2 (now reserve
and protective
forests)

Riverbeds and
floodplains of large
rivers, valleys of
small rivers and
watercourses,
watersheds (and
especially watershed
forests), landscaped
corridors of transport
and engineering
infrastructure,
protective forest
plantations

Natural monuments of
various profiles, green
areas of small settlements,
waterfalls, keys, protected
objects of inanimate
nature, historica

Water protection
zones, protected
areas of
protected areas,
resort areas and
protection zones
of balneological
facilities,

etc., sanitary
protection
zones, noise and
other discomfort
zones, protected
areas of water
intakes

« functional and
technological
limitations;

* capacity, density
of development
of the territory
(embedded in

the concept of

the complex);

« social features;

« cultural features;
« regional features;
* national
characteristics
and attitudes that
influence life
processes
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End of the Table 2

URBAN PLANNING The structure of the urban-ecological framework I ——
DESIGNING Meso-level elements Macro-level elements
* gardens, parks, g 3 T
forest parks; ) & by ' ;
« squares, boulevards The green ring s Green radius FACTORS
and green spaces of l
streets, embankments
and squares; INTERNAL
* plantings located
insi i i The water-green
1n51d.e r§51dent.1al, & Green Kernels « natural and climatic
public, industrial arc .
Tdines features of the design,
buildings; .
i construction
* plantings for .
. . and operation
sanitary protection .
environment;

and public purposes
(windproof strips and
boulevards, noise and
gas protection strips,
plantings located

on the territory of

Water-green
diameter

* landscape and

spatial factors of
the location area;
« specific factors
of the urbanized

Water-green corridors
and green connections

sanitary protection
zones of industrial

enterprises, hospital Green wedges

environment, social
environment and
urban context;

* planning-

Elements of the
local (micro) level

©

complexes .-

P ) compositional and
OBJECT-BASED Formats of the frame elements technical-constructive
MODELING Community open | Ecological Blue + Green | Working + Transitional invariants;

spaces landscapes infrastructure productive landscapes ° enylronmental an.d
landscapes sanitary-technological
- - requirements;
Analysis of specific Landscapes Meadows and | Landscapes Landscapes that | Temporary . IZgal requirements
objects of the territory | for recreation, forests that that capture generate new landscapes that financial cons traints’
according to criteria: | social life and provide habitat | stormwater and | knowledge, clean soil and and Tesources:
* location; small-scale food | and other clean air grow energy enable new « the general s,ocio-
natural conditions; cultivation environmental and food, forms of social
. . . cultural context and
* Zoning; benefits and create life and creative
. . global/local trends
« functional content; new urban displays - .
. . affecting recreational
« the ratio of experiences R
functions: activities
nctions; ) » playgrounds; « nature parks; | ¢ large lakes; * research « event
* the ratio of materials |, eiohborhood |+ industrial + smaller landscape; landscapes;
and components; parks; nature parks; retention ponds; | ¢ urban farm; « remediation

+ of the medium; * sports fields; « rapid « infiltration + aquaculture | fields or forests;
+ ecological approach; |, resional parks; | reforestation; | park; and « art-scapes;
* route analysis; * plazas; « successional | ¢ swales and hydroponics; « urban
* design code of « recreation road; infiltration « algae-culture; | meadows
the place centers; « roads to rivers | medians; « energy fields
* trails/ * roadside ponds | or forests;
greenways; (along wide » homesteads;

roads);
* green
buffer;
* parks

* urban gardens;
« farmers markets

system

CONCLUSION AND DISCUSSION

Within the framework of the work done, based on
the highlighted environmental approaches and meth-
ods of designing public riverside spaces, a concept
of public space development with the improvement of
an eco-park on the riverside territory of the Tom River
and a pedestrian “inhabited” bridge over the Tom River
in Novokuznetsk was developed. In the perspective of
riverside territories development, the area under con-
sideration has great potential for creation of a single
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a carbon
footprint
minimization

* campgrounds
industry

with

WGUF. The proposed concept unites large forest ar-
eas of the riverside territory of the main water artery
of Novokuznetsk into a single system of eco-corridors,
creating in the heart of the industrial city a cultural,
economic, ecological and entertainment cluster, which
can become the main centre of attraction in the region
and provide coordination through the harmonious in-
troduction of natural landscapes into the urban environ-
ment. The project envisages a common design code for
the entire territory, which can be traced in the colour
scheme, small architectural forms of the same style, and



Ecological approaches to the formation of public riverside spaces as a tool for the development
of water and green framework of Novokuznetsk city

P. 113-148

Eco-hotels
Walking trails 2nd tier
Main transit with observation deck 2 tier

Walking trails 1st tier
Bike path and treadmill 3 tier
Zaporozhskaya Street

|
=
==
/
==
—1

Fig. 11. Schematic diagram of a fragment of the ecopark and cultural centre (by D.D. Andropova)

the use of uniform finishing eco-materials. In the long
term, the developed cluster will have a favourable im-
pact on the environmental situation in the city, increase
the level of public interest in the preservation of natural
landscapes and increase the level of economic attrac-
tiveness. The concept is developed within the frame-
work of sustainable development, which will ensure
economic and environmental stability.

In the area under consideration, adhering to the ap-
proach of multifunctionality, it is proposed to locate
a large cultural and educational centre, an eco-park and
a multifunctional pedestrian bridge to the right bank of
the Tom River. The concept provides for the preserva-
tion of a rare invasive species of vegetation — black
poplars. “Verticality” of the solution through the for-
mation of the ecopark in two levels. The lower terrace
is solved in the form of walking paths in natural wood
materials with the placement of ecological stations and
sites with eco-benches and children’s equipment on
open glades, where interaction with water is introduced.
The presence of such sites will increase the interest of
citizens in environmental problems and preservation of
natural corners of the city, as well as instil in children
an interest in nature. The soil is planted with a variety
of cereal crops, which together with poplars filter water
in the river during seasonal floods.

The upper terrace, due to severe flooding, con-
sists of paths raised 7 metres above the ground between
trees. On them are designed viewing and children’s
playgrounds, recreation areas and energy-efficient eco-
hotels overlooking the Tom River (Fig. 11). All ele-
ments of the concept are designed within the framework
of adaptability: each element is able to change, taking

Walking trails with access for low-mobility groups of the population 2nd tier

into account the context of activities, their seasonality,
economic, natural and social changes in society.

Safe, quick and convenient access for all groups
of visitors is ensured by designing a barrier-free envi-
ronment. Accessibility and safety are shaped by public
transport stops in close proximity to the cultural centre
and the presence of elevated passages equipped with
lifts for low mobility groups (LMG), which are located
above the busy motorway along the entire design area.
The entire park is also equipped with waterproof lifts
for comfortable movement between the different levels
of the park.

The concept envisages an energy efficiency class
A+ for all structures, which will increase the Environ-
mental Performance Index (EPI)®.

The pedestrian bridge is designed as a large pedes-
trian transit with the location of a cultural and exhibi-
tion centre and a garden with a tulip farm (Fig. 12).

It provides a link between the park and the main
points of attraction on the opposite bank: the Kuznetsk
Ecological Trail, the Topolniki Nature Monument and
the proposed railway station, thanks to which there is
an additional attraction of potential visitors, which sup-
ports the economic stability of the cultural cluster. This
solution ensures a continuous pedestrian flow between
the main city nodes and connects large forest areas into
a single network of Novokuznetsk’s water and green
framework. On the bridge it is proposed to place point
landscaping in the form of a botanical garden with
tropical plants, which also contributes to the creation
of eco-corridors to reduce the anthropogenic load on
the main water artery of the city, the Tom River. Small

8 Environmental Performance Index. URL: https:/epi.yale.edu/
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Fig. 12. Scheme of a multifunctional pedestrian bridge over the Tom River (by D.D. Andropova)
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Fig. 13. General scheme of the proposed concept (by D.D. Andropova)
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clusters of fruit and berry plants are provided through-
out the bridge’s pavement area to allow insect pollina-
tors to move across the river, which helps to maintain
the diversity of the biocenosis. The curved configura-
tion of the bridge creates different wind regimes on
its sections, thus reducing the overall wind load on
the bridge pavement. This solution makes it possible
to keep the floral dispersion of volatile organic com-
pounds relatively constant to create a comfortable mi-
croclimate for flower pollinators and thus form an eco-

logical corridor [29]. Such a bridge in the future can
become a unique object of architecture in the field of
ecological and salutogenic design.

The general scheme of the proposed concept is
shown in Fig. 13.

The central location of a large ecological complex
in the city structure makes it possible to unite the his-
torical and administrative nodes of attraction into a sin-
gle system of cultural and recreational spaces in Novo-
kuznetsk.
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HccaenoBanue BoAONOTPEOHOCTH T0JIOMUTOBBIX 3aI0JTHUTEIEH
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AHHOTALMUA

BBepeHue. PaccMoTpeHbl OCHOBHbIE CBOMCTBA KapOOHAaTHbBIX 3anornHUTeNen, KOTopble UMEKT LUMPOKOE MpUMEeHeHue npu
N3roToBMeHUn GETOHHBIX CMecel, paboTaloWwmx B YCMOBUSX MOBbILIEHHbIX TeMnepaTyp WM MOHWKEHHOW OTHOCUTENbHOW
BriaXHocTu. beToHbl ¢ KapboHaTHbIMM 3anonHUTENs MU obnagakT MOBbILIEHHOW BOAOMOTPEOHOCTLIO, YTO CBA3AHO C WX
BbICOK/M BOZOMOrMOLLEHNEM, MOPUCTON MOBEPXHOCTBIO WU Pas3nNUYHON yAenbHOW MOoBepxHOCTblo. [NpuBefdeHa meToavka
onpefeneHns BogonoTpebHOCTU 3anonHUTENS YNbTPa3ByKOBbIM W YCKOPEHHBIM METOL0M, KOTOPbI NPOBOAMTCS HA paBHO-
NoaBWXKHbIX cMecsiX. [onyyeHHble AaHHble SABMSIOTCS BaXKHbIMW NokasaTensiMu u B AanbHenwem 6yayT y4uTbiBaTbCsA Npu
pac4yete cocTaBa beToHa.

MaTtepuanbl U Metoabl. [pumeHsncsa noptnaHguemeHT LIEM | 52,5H «XanpgenbbeprllemeHT» B coOTBETCTBUM
¢ MOCT 31108-2020; gonomuToBbIN LWebeHb dpakumm 5-10 MM; cTaHAapTHbIA MOHOMPAaKUMOHHbIA MECOK B COOTBET-
ctBun ¢ FOCT 6139-2020. XvMuyeckunii aHanuna noptnaHaLemMeHTa u 4ONOMUTOBOIO 3aMoNHUTENS N3y4varcsi Ha peHTreHoB-
ckoM aHanusatope Bruker S4 Pioneer n Bruker S8 Tiger. MuHepanoruyeckuii coctaB noptnaHaLeMeHTa ycTaHaBnmBarncs
Ha nasepHom gudpaktometpe Bruker D2. OnpepeneHne BooonoTpebGHOCTY KPYMHOro 3anofiHUTENS U3 JONoMMTa MpoBO-
OWIoCh ynbTPa3ByKoOBbIM METOOM, padpaboTaHHbiM B HNY MICY. Takke BbisiBNeHMe BOAOMNOTPEOHOCTM MENKOro 3anosiHu-
Tens NPOU3BOAMITOCH MO YCKOPEHHOW METOAMKE Ha PaBHOMOABWMXKHbBIX CMECSX MO AUaMeTpy pacnbiBa LleMEHTHOro TecTa,
paBHoMy 170 MM. YCTaHOBReHWe cpedHel MoTHOCTY B KyCKe B LIeMeHTHOM TecTe KapboHaTHoro wwebHs dpakuyum 5—-10 mm
npoBogunock B cootBetcTBum ¢ NOCT 9758-2012.

PesynbraTtbl. KapboHaTHble 3amonHUTENW OTNMYaloTCSt NMOBbILLEHHOW BOAOMOTPEOHOCTLIO MO CpaBHEHWIO C APYrMKU 3a-
nonHutensamu. BogonotpebHOCTb 4ONOMUTOBOIO 3anonHUTENs coctaenseT 5,4 %, a BOOOMNOMOLEHNE N CoAepXXaHue Mbl-
NEeBUAHBIX U MHUCTBIX YacTUL, HaxoauTes B npefenax 2,6 n 2,95 % cooreerctBeHHO. CpedHsAs NNOTHOCTb 3epeH J0NIoMU-
TOBOrO LLEGHSA B Kycke, onpegensiemas B LLEMEHTHOM TecTe, coctaBuna 2,5 r/cm®.

BbiBoabl. B ycnoBusix NoBbILLEHHbIX TEMNepPaTyp Y MOHWKEHHOW OTHOCUTENBHOWN BNaXXHOCTW MPUMEHEHNE A0NOMUTOBbIX
3anonHuTenen sSBnNseTca ocobeHHo akTyanbHbiM. OgHako GeTOHHble cMecu ¢ KapboHaTHbIMU 3anonHuTensiMu obnagatoT
NOBBILLEHHOW BOAOMNOTPEOHOCTHIO, YTO CBSI3aHO C BbICOKMM BOAOMOIIOLLEHNEM, NMOPUCTON MOBEPXHOCTLIO UM PasfNYHOWM
YAENbHON MOBEPXHOCTbLIO 3aMnoNHUTENeNn.

KNIOYEBbLIE CITOBA: 1onoM1TOBbIV 3an0fHUTENb, BOAONOTPEGHOCTL, 6ETOH, NOpTNaHALEMEHT, OTceB ApobneHns fo-
rioMuTa, ynbTpasBykK, LLEMEHTHOE TECTO, Nepuos (HOPMUPOBAHUS CTPYKTYpPbI

ona UWMWTUPOBAHWUA: CamueHko C.B., JlapceH O.A., Anbobaudu [.A.H. ViccnepoBaHue BogonotpebHOCTN fonoMu-
TOBbIX 3anonHuTenen anst 6eTOHOB B YCMOBUSIX CYXOro »apkoro knvmata // CTpouTenbCcTBO: Hayka U obpasoBaHue. 2024.
T. 14. Bbin. 2. C. 149-165. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2024.2.149-165
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Study of water consumption of dolomite aggregates for concrete under
conditions of dry hot climate

Svetlana V. Samchenko, Oksana A. Larsen, Dheyaa Abdulkadim Naser Alobaidi
Moscow State University of Civil Engineering (National Research University) (MGSU),
Moscow, Russian Federation

ABSTRACT

Introduction. The basic properties of carbonate aggregates, which are widely used in the manufacture of concrete mixtures
working in conditions of elevated temperatures and reduced relative humidity, are considered. Concretes with carbonate

© C.B. CamueHko, 0.A. NapceH, Ans Abayrkaaum Hacep Aabobamam, 2024 149
PacnpocTpaHseTca Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)

(2G) Z HORUIAY ‘Pl WOJ oy oere et e



navke oo Tom 14. Bbinyck 2 (52)

C.B. CamueHko, O.A. JlapceH, fuss A6dynkadum Hacep Anbob6audu

aggregates have increased water demand, which is associated with their high water absorption, porous surface and differ-
ent specific surface area. The methodology for determining the water demand of aggregate by ultrasonic and accelerated
methods, which are performed on the same workability mixtures, is given. The obtained results are important indicators and
in the future will be taken into account in the calculation of concrete mixture.

Materials and methods. Portland cement CEM | 52.5H “HeidelbergCement” in accordance with GOST 31108-2020; do-
lomite crushed gravel (5—-10 mm); and standard monofractional sand in accordance with GOST 6139-2020 were used in
the study. The chemical analysis of Portland cement and dolomite aggregate was investigated on the Bruker S4 Pioneer
and Bruker S8 Tiger X-ray analyzers. The mineralogical composition of Portland cement was determined on a Bruker D2
laser diffractometer. The water demand of dolomite coarse aggregate was determined by an ultrasonic method developed at
the National Research University of Moscow State University of Civil Engineering. Also, the determination of water demand
of fine aggregate was carried out by the accelerated method on the same workability mixtures with a diameter of cement
paste mixing equal to 170 mm. Determining the average density in a lump in the cement paste of carbonate crushed stone
(5-10 mm) was determined in accordance with GOST 9758-2012.

Results. Carbonate aggregates are characterized by increased water absorption compared to other aggregates. It was
found that the water demand of dolomite aggregate is 5.4 %, and the water absorption and content of dust and clay particles
are within 2.6 and 2.95 %, respectively. It was found that the average density of dolomite crushed gravel grains determined
in the cement paste was 2.5 g/cm®.

Conclusions. In conditions of high temperatures and low relative humidity, the use of dolomite aggregates is especially rel-
evant. However, concrete mixtures with carbonate aggregates have increased water demand due to high water absorption,
porous surfaces, and different specific surface areas of the aggregates.

KEYWORDS: dolomite aggregate, water demand, concrete, Portland cement, dolomite crushing screenings, ultrasonic,
cement paste, the period of structure formation
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BBEJAEHUE

YpoBeHb HCIIONB30BAHMUS KAPOOHATHBIX CHIPHEBBIX
MarepuasoB M UX OTXO/IOB B BUJIE OTCEBOB, IbIIH acIH-
PALMOHHBIX CUCTEM U TaK Jalice SBISACTCS BaXKHEHIITNM
(axTopoM, 00ECHEUHBAIOIINM CHIDKCHUE DHEPreTH-
YCCKUX 3arpaTr U BO3BMOKHOCTH BBIITYyCKa HOBOH Kaue-
CTBEHHOMH MPOIYKIIIH.

TpaauimoHHO KapOOHATHBIC MaTEpUabl HAILTH
MIPUMEHEHHE B IIPOMBIIIUIEHHOCTH COOPHOTO XKene300e-
TOHA, B JIOPO)KHOM CTPOUTEIBCTBE, MPH ITPOU3BOJICTBE
LIEMEHTa U U3BECTH. Takke KapOOHATHBIE MaTepHalIbl
UCIIONB3YIOTCS B METaJUTypTUYECKOM IPOU3BOJICTBE,
CEJIbCKOM XO3SHUCTBE U APYTHX 00TaCTAX.

KapOoHaTHbIE 3allOJHUTENN IIUPOKO IpUMeE-
HSIOTCSL TIPU NPOEKTHPOBAHHH COCTAaBOB OETOHOB,
paboTaomuX B YCJIOBHSIX IOBBIIICHHBIX TeMIepa-
Typ U HOHMXEHHON OTHOCHUTENBbHOM BiIaxkHOCTH [1].
Kap6onaTHbIii meb6eHp MOTYYaroT MyTeM APOOICHUS
Ha Kapbepax HEPYIHBIX MCKOIAEMBIX, IPU 3TOM 00-
pasyeTcsl 3HAYUTENIbHOE KOJIMYECTBO (PaKIUK KpyTi-
HOCTBIO 10 5 MM, cogepskauei ot 12 no 40 % 3epeH
pasmepom menee 0,16 MM [2]. OTX0abI TPOU3BOACTBA
KapOOHATHBIX 3AIIOJHUTENECH MOTYT MyTEM JIOTIOIHH-
TEJIBHBIX OMNEpali H3MENbUCHHs HCIOIb30BaThCs
JUIS IPOM3BOACTBA APOOICHOTO MeCKa M HAOTHUTEIS
JUIsI OETOHOB.

AHanm3 JIUTepaTypHBIX JaHHBIX MOKa3al, 4To Oe-
TOHHBIE CMECH Ha KapOOHATHBIX 3alOJIHUTEISIX 00Ja1a-
IOT MOBBIIICHHON BOIOMOTPEOHOCTHIO [3]. DTO MOXKHO
OOBSICHUTb, B TIEPBYIO OYEpE/b, TIOPHCTON CTPYKTYpOH
kapOoHaTHON mopombl. OTMe4aeTcs, 4To OCTOHHBIC
cMecH Ha KapOOHAaTHOM IE€CKE MMEIOT XOPOLIYI0 BOJIO-
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YACP>KUBAIOIIYIO CIOCOOHOCTB, IPH 3TOM OTCYTCTBYIOT
pacciioeHre CMECH M BOAOOT/IEICHHUE! .

3anoHUTENb BIMSCT HAa CTPYKTYPY I[EMEHTHOTO
KaMHsI, CBOWCTBa OETOHHOW cMecH M OeToHa. B 3aBu-
CHUMOCTH OT €TO CONICPIKAHUSA U YACTHHOMN MOBEPXHOCTH
YMEHBIIAeTCs MTOIBIKHOCTh OETOHHOM CMECH M COKpa-
IIAIOTCSl CPOKU CXBATBIBAHUSA. DTO OOBSCHSAETCS TEM,
YTO 3aMOJHUTENIb OTBJCKACT YacTh BOJIbI 3aTBOPCHHUSI,
[MO3TOMY CBOWCTBA OETOHHOW CMECH OMPEACIISIOTCS
HECKOJIbKO MEHBIIUM BOJOIIEMEHTHBIM OTHOIIECHH-
€M TI0 CPaBHCHHIO C BOJOLIEMCHTHBIM OTHOIICHHEM
3aTtBopeHns [4]. BBenmeHne OMOTHHUTENHEHOTO KOJIH-
YyeCTBA BOAbLI AJII OHOCTHUIXKCHHS OAWHAKOBBIX CBOMNCTB
XapaKTepu3yeT BOAONOTPEOHOCTD 3aroaHuTeNs |5, 6].
[Ipo4HOCTE 3aMONHUTENS, OMPEACISIONIAs MPOYHOCTD
0eToHa, XapaKTepHU3yeTcs He TOIBKO BHIOM TOPHOH I0-
pOIBI, U3 KOTOPOH OH IMONy4YeH, HO M KPYITHOCTHIO 3e-
peH. Uem MeHbIIIE 3epHA, TEM MEHBIIE OHHU CONEpKaT
nedeKkToB ¥ NpOYHOCTh UX BbIme [7, 8].

JIO7IOMUT MOTYYHII IIUPOKOE TPUMEHEHHE B CTPO-
UTEIFHOW WHIYCTPUHA M JOPOKHOM CTPOUTEIIBCTBE.
Hmeer MecTo MpUMEHEHHE TOJIOMUTA JIIS MTPOU3BOI-
cTBa ac(arbTOOETOHHON CMECH Ui JOPOXKHOTO IO-
kpeITHA [9].

KpymnHbIil 3amoaHUTeNb U3 A0JIOMUTA MOXET HC-
MTOJIb30BAaThCSI IS TIPOM3BOICcTBA OeToHa [6, 10—12].

Ha ocHOBe OTCEBOB NpOOJICHHUS TONyYCH IecYa-
HBII KUpPOUY C 3aMEHOI MEJKOI0 3aIllOJIHUTEINS J10JI0-
MHTOBBIM B KojudectBe 25, 50, 75 u 100 % oT macchl
sanonauTens [13]. Tlecok u3 orceBa ApoOICHUS 10JI0-
MUTa MPUMEHSUICS JTsl TIOTYYEHHUS aBTOKIIABHOTO Ta30-

! PyKOBOZICTBO TIO IIPOU3BOACTBY OCTOHHBIX pabOT B YCIOBHU-
SIX CyXOro yapkoro knmumara. M. : Crpoiiusaar, 1977. 81 c.
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0eTOHA, UMCIOIIETO MOBBIIICHHBIC YKCILTYaTallHOHHBIC
nokazarenu [ 14].

Bruto ycTaHOBNICHO, YTO IMOABMKHOCTH OETOHA
CHIDKAeTCS TIPH BBEICHUH OTCEBOB IPOOICHUS TpU
YaCTUYHOM 3aMEHE BsDKYIETO0 MaTepHayia KakK Harloj-
HuTels’. BBeeHue 3amoHUTENs U3 OTCEBA IPOOICHHs
nosomuTa B konudectse oT 10 1o 100 % cHmkaeT nmoj-
BMOKHOCTH OeToHa [15].

HaGnromaercss BIUSHHE MEIKOTO 3allONHUTEISA
W3 TOJIOMHUTA Ha TOABMKHOCTH OeToHa. [Ipu BBeneHNH
B COCTaB OCTOHA IMECKa M3 JOJIOMUTA B KOJIMYCCTBE
ot 25 no 100 % moABMKHOCTH OETOHHOW CMECH KOH-
TPOJBLHOTO cocTaBa cHuU3miack co 105 1o 70 mm [16].

OtMmeyaeTcss BIMSHUE 3alONHUTENCH Ha Mpod-
HOCTHBIE CBOICTBa OCTOHOB, IKCILTYaTHPYEMBIX B yC-
JIOBHSAX TOBBIIICHHBIX TEMIIEPATyp M HU3KOH OTHOCH-
TenbHOW BiakHOCTH. [Ipu BBemeHun B cocTaB GeToHA
MEJIKOTO KapOOHATHOTO 3aIIOJIHUTEIIS,, HECMOTPS Ha €To
OOJIBIIYI0 BOMOIOTPEOHOCTh MO CPABHCHUIO C KBap-
LEBBIM MMECKOM, 00ecreurBaeTcsi 0ObIas MPOYHOCTh
6etonam. [ToBbIIIIEHHASI TPOYHOCTD CBs3aHa C 0OJIbIICH
BOJIONOTPEOHOCTHIO M TOBBIIIEHHBIM BOJIOIOIIIONIE-
HUCM, CHIDKCHHEM (DaKTHYECKOrO BOIOLEMEHTHOTO
OTHOIIICHUS TIPH TBEPICHUH M BO3BPATOM paHEe I0-
IJIOIMICHHOU BOJIBI IIEMEHTHOMY KaMHIO, YTO ITOBBIIIACT
CTETICHb TUAPATAIINH [IEMCHTA.

OKkaspIBaeTCsl IOJOKUTENEHOE BIUSHHUE 3aIioli-
HUTEJIeW M3 oTceBa NpoOiieHHss Ha nedopMaTUBHBIC
CBOMCTBA CaMOYILTIOTHSIOIIMXCs OeToHOB’. Jledopma-
MU YCAIKHU TPU BBICBIXaHUU COCTABOB, COICPIKAIIUX
MEJIKHH 3aI0JIHUTEIh U3 TOJIOMHUTA B KOJHYCCTBE OT 7
10 28 %, OblIM MEHbIIE, TI0 CPABHEHUIO C KOHTPOIIb-
HBIMHU cocTaBaMi. ONITUMAIFHOE COMICPKAHNE MEJTKOTO
3aMoNHATENS U3 fooMuta — 7—14 % OT Macchl Bcex
3aIOJTHUTENCH CAMOYIUIOTHSIIOIICHCST OCTOHHO cMecH,
YTO MPEIATCTBYET PACCIOCHUIO CMECH, IOBBIIICHHUIO
MTOJBIDKHOCTH W YIYYIICHUIO MEXaHHYSCKUX CBOMCTB
6erona. OnHaKo JanpHEHIIee YBETHUCHUE COCPKAHNS
B cocTaBe OE€TOHA CIIOCOOCTBOBAIO YBEIMUEHHUIO ycCa-
JIOYHBIX Je(opMariuii.

BononoTpeOHOCTh TPaHUTHOTO MICOHS 1O Macce
¢pakium 5-20 MM cocrasisier 3,25-3,4 %, rpaBus ped-
HOTO C TIPENENBbHOW KPYMHOCTBIO MeOHS 5—20 MM —
2,6-2,98 %, meOHs H3BEeCTHSKOBOTO — 5,15-5,5 %,
recka KBapIeBoro crpoutenabHoro — 7,1-8 %, mecka
peunoro — 7,15-8,1 %, xepamsuta dpaxmuu 0,14—
20 mm — 20-24,5 %, xepam3uToBoro necka — 23,8—
26,2 % [17].

JI0TOMHT TOTYYHI MIUPOKOE MPHUMEHEHHE B CTPO-
WUTENBHOW WHIYCTPUHA M JOPOKHOM CTPOUTEIBCTBE,
KPYIIHBIE U MEJIKUEC 3alIOJTHUTEIN U3 JOJIOMHUTA — MPH

2 Barbhuiya S. Effects of fly ash and dolomite powder on
the properties of self-compacting concrete // Construction and
Building Materials. 2011. No. 25 (8). Pp. 3301-3305.

3 RudZionis Z., Ivanauskas E., Senkus M. The Analysis of sec-
ondary raw materials usage in self-compacting concrete pro-
duction. Mater. Sci. 11. 2005. Pp. 272-277.

MIPOM3BOJICTBE KapOOHATHBIX OETOHOB IS JOPOXKHOTO
CTPOUTEIBCTBA, YTO CBSI3aHO C MX BBHICOKOM aKTHMBHOU
CTPYKTypooOpa3yromiei poipio [6]. DTo BIUSHUE TIPO-
SIBJISICTCS. B YIPOYHEHWH KOHTAKTHOW 30HBI MEXIY
LIEMEHTHBIM KaMHEM M KapOOHAaTHBIM 3allOJIHUTENIEM,
KOTOPOE MPOUCXOINT 3a CUET BBHICOKOTO aJre3HOHHOTO
CLICIUICHHS] MEXJy HUMHU BCJIEACTBHE BBICOKOH MOPH-
CTOCTH 3aIOJHUTENS M (PU3UKO-XUMHIECKOH aKTHBHO-
CTH M3BECTHSKOB U JIOJIOMUTOB.

PacTBOpHI Ha 10OJJOMHTOBOM M M3BECTHIKOBOM 3a-
MTOJTHUTEISIX COXPAHSIOT CBOIO MPOYHOCTH NPH BBICO-
kux Temneparypax o 700 °C no cpaBHEHHIO ¢ OObIY-
HBIM TPaHUTHBIM [18].

KpynHblii 3an01HUTENb HA OCHOBE JOJIOMUTA IIPU-
MEHSETCSI JUIsl TIPOM3BOJICTBA OETOHA C IOBBIILICHHOW
MIPOHUIIAEMOCTBIO sl HOKpeITUiL gopor [10], a Takxke
JUIA TIPOM3BOACTBA ac(albTOOCTOHHBIX cMmeceidt [9].
Hcnonp30BaHue JOJIOMHTAa UMEET MECTO IPH IPOU3-
BOJICTBE CTEHOBBIX KaMHEW B KauecTBE 3aMEHBI KBap-
LIEBOT'0 MEeCKa NMpU €ro BBeAeHUU B Koiuuectse 0, 25,
50, 75 n 100 % ot maccel Menkoro 3amonHuTens [19],
a Tak)Ke IPpU POU3BOJCTBE aBTOKIABHOTO ra300eToHa,
KOTOPBIN MOKa3aJl BBICOKHE 3KCIUTyaTaI[IOHHBIEC TOKa-
3aTeJH MO CPAaBHEHHIO C OOBIYHBIM aBTOKJIABHBIM I'a30-
oeronom [14].

Ha ocHOBaHMM BBIIIEU3IOKEHHOTO MOXHO CJie-
JaTh BBIBOZA, YTO OTPEICICHHE TAaKMX MOKa3aTenei,
KaK BOJOMOTPEOHOCTh, BOAOIOMIIOIEHHE 3aI0IHUTEIS
Ha OCHOBE JIOJIOMHUTA SIBIISICTCS HEOOXOAMMBIM U BaK-
HBIM B CBSI3H C €0 OCOOCHHOM CTPYKTYPOH.

MATEPHAJIBI U METO/JbI

B nanHOM HCcenoBaHUM MPUMEHSUINCH CIIETYTO-
1€ MaTePUaJIbL:

* moptianaiuement [{IEM 1 52,5H «Xaiinenn0epr-
Hement Pyc», B coorBerctBun ¢ 'OCT 31108-2020,
C YIENBHOM TOBEPXHOCTHIO 377,3 M2/KT, MHHEPAJIOTH-
YCCKUM U XUMHUYCCKUM COCTaBaMHU, IPECACTABICHHBIMU
B Tabn. 1, 2. OcHOBHBIE CBOWCTBA MOPTJIAH/IIEMEHTA:
CPOKH CXBATBIBAaHWSI — HAYaJI0O M KOHEI] CXBAaThIBAHMS
195 u 235 MUH COOTBETCTBEHHO, BOAOIIOTPEOHOCTH —
30,2 %; mpOoYHOCTH Ha CkaTHe B Bo3pacTte 2 u 28 cyT —
29,9 u 62,6 MIla cOOTBETCTBEHHO;

* TOJIOMHUTOBBIH mmebeHs Ppakuuu 5—10 ¢ rpaHy-
JIOMETPUYECKUM COCTaBOM, TPHUBEACHHBIM Ha puc. 1.
XUMHYECKUI COCTaB  3allOJIHUTENS  MPE/ICTaBICH
B Tabx. 3, $a3oBbIil cOCTaB — Ha pHC. 2;

* CTaHJIapPTHBIA MOHO(PAKIIMOHHBIN IECOK B COOT-
BercTBUM ¢ [OCT 6139-2020 «Ilecok /it UCTIBITAaHUIA
nemeHTa. TexHn4ecKne yCcIoBus».

XUMHYECKHH aHaIN3 MOPTIAHALEMEHTa U JI0JI0-
MHTOBOTO 3allOJIHUTENsI U3y4dajcs Ha PEHTIEHOBCKOM
ananmuzatope Bruker S4 Pioneer m Bruker S8 Tiger.
MHUHEpaNIorHuecKiii cocTaB MOPTIAHIIEMEHTa Ompe-
Jensicsa Ha Ja3zepHoM audpaxromerpe Bruker D2.
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Taou. 1. Munepanoruyeckuii coctas nmopmiananementa [IEM [ 52,5H «Xaiinens6eprliement Pyc»

Munepanoruueckuit cocras, %

CS C,S CA C,AF
64 14 7 11
Taou. 2. Xumuueckuii coctas noprianauementa LIEM I 52,5H «Xaiinens6eprliement Pyc»
Xumuueckuit cocras, %o
Sio, ALO, Fe,O, CaO MgO SO, K,0 Na,O MnO TiO, P,O, ILILIL
21,23 4,78 3,31 62,95 1,65 3,22 0,66 0,12 0,08 0,28 0,06 1,60

100

- 90
R

g 80
=

3 70
g

= 60
=

g 50

o 40

= 30
S

= 20

10

0

12,5 10 7,5 5

Puc. 1. I'panynomerpudeckuii cocTas JOJIOMHTOBOTO IeOHS Ppakuuu 5—10 MM

~&— BepxHusas rpannua —®— JlonomMuTOBbIil 1Ie0eHb

Juamerp oTBepcTuil cHT, MM

Taoa. 3. XuMHYECKHIl COCTAB JOJIOMUTOBOTO 3aIIOJIHUATEIIS

—— HukHss rpanuna

Xumuueckuit coctas, %

Si0, | ALO, | FeO, | CaO | MgO | SO, | KO | NaO | MnO | TiO, | PO, | mmm
2,12 0,69 0,32 35,56 17,38 0,15 0,19 0,08 0,01 0,03 0 45,16
-
Z
1O | o T e Jlomomur
: = Kanbuur
08 |
0.6 | i
........ §§
6,00 64.0 70,00

Puc. 2. Pentrenopudpakrorpamma oTcesa JpoOieHNs 10IOMUTA
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OmnpezienicHHE BOJOMOTPEOHOCTH KPYITHOTO 3a-
TTOJTHUTEISI U3 TOJIOMUTA MTPOU3BOIMIIOCH YIBTPa3ByKO-
BBIM MeTo1oM [20].

YcraHoBICHHE BOJOTOTPEOHOCTH MEITKOTO 3aIoJi-
HUTENS OCYHIECTBISUIOCh MO YCKOPEHHOM METOHKE
Ha PaBHOITOJBIKHBIX CMECSX.

CpenHsisi TWIOTHOCTh B KYCKE B IIEMEHTHOM TECTE
kapOoHaTHoro medHs ¢pakiun 5—10 MM BbISBIsIIACH
B cootBercTBHH ¢ ['OCT 9758-2012 «3amomuurenn
MTOPUCTHIC HEOPTaHWYCCKHE IS CTPOUTEIBHBIX pa-
60ot. Metonsl ucnblTaHuidy. beina oroOpana HaBecka
kapOonatHoro mieoHs ¢pakiuu 5—10 MM 00beMOM
3,5 n. Jlamee BBIMONHSIIOCH TepeMernnBaHue 1,7 Kr
eMeHTa u 3,4 KT CTaHAapTHOTO MOHO()PAKIIHOHHOTO
Mecka B MPOTHBHE. B MOMydeHHYI CMECh BBOIMIIOCH
HEOOXOAMMOE KOJMYECTBO BOJBI ISl JIOCTHIKEHHS
KOHCHCTEHIIMH CMecHu ¢ kecTkocThio 5—10 ¢ (puc. 3),
KoTOpasi oIlecHHMBajack Ha mpudope Bebe. [lomyuen-
Has CMech BBIIEp)KHBalach B TeueHWe |5 mwuH, 3a-
TEM €10 3aMOJHSJICS COCYI eMKOCTBIO 5 JI, B KOTOPOM
CMECh Jaliee YIIOTHSITN Ha BHOPOTITONIAIKE B TCUCHHE
30-60 c u B3BEIIMBAIH.

CpenHss IIIOTHOCTH 3€PEH JTOJIOMUTOBOTO IICOHS
B KyCKe cocTaBmia 2,5 r/em®, onpenenentas mo FOCT
9758-2012 «3anosHUTEIN MOPUCTHIE HEOPTaHUUECKUE
JUISE CTPOUTEIBHBIX paboT. MeTomsl uchbiTaHmit». Ta-
KM€ BaKHBIC TIOKA3aTeNH 3alloHUTENs, KaK IyCTOT-
HOCTb H IIOPUCTOCTH JOJIOMUTOBOTO 3aIIOTHUTES YCTa-
HABJIMBAJIMCh UCXOMsl M3 JIAHHBIX CPEIHEH IIOTHOCTH
B KyCKE 1 HACBIITHOU MIIOTHOCTH. O0bEeM MEK3EPHOBBIX
ITyCTOT JIOJIOMHTOBOTO 3aIOHUTENS cocTaBmit 41,9 %,
€ro PaCCYUTHIBAIIA B COOTBETCTBUHU C METOIUKOM, TIPE/I-
ctaneHHoit B [OCT 8735-88 «Ilecok mns cTpouTens-
HBIX paboT. MeTObI NCTIBITaHUI.

BomomnorpedbHOCTh ompenesuiach MO0 YCKOPEH-
HOM MeTomuke, mpenjoxenHod HO.M. baxeHOBBIM,
Ha PaBHOMOABIDKHBIX CMECSIX. DTa METOIMKA BKIOUYa-
€T HCIOJh30BAaHUE BCTPSIXUBAIOIICTO KOHyca Xarep-
MaHa, TIPU HEW yCTAaHABIUBACTCS JUAMETD PACILIbIBA
LIEMEHTHOTO TecTa IpH (B/L[)u, COOTBETCTBYIOIINH €ro

HOpMaJbHON TrycToTe M paBHbIM 170 MM. Jlanmee us-
TOTaBIMBAETCSA pPAcTBOp cocTaBa 1:2 m mombmpaercs
KOJIMYECTBO BOJIBI (B/I_I)p, HEOOXOIUMOe LTS TIOTyde-
HUsl auamerpa paciuibiBa 170 mm. BomomorpebHOCTB
YKpPYIHEHHOTO Tecka, cocrosmiero u3 50 % xBapie-
Boro mecka u 50 % mecka U3 oTceBa qpoOIeHUs I0I0-
MHUTOBOTO IIEOHs, cocTaBmia 5,3 % ¥ pacCYHTHIBaIaCh
o hopmye:

K, =w100 %. )

Taxoke onpenensiocs BOJOMOMIONICHUE JT0JIOMHU-
TOBOTO IIEOHSI U COJIEP)KAHUE TMbUICBUAHBIX M [JIMHHU-
CTBIX YACTHII B 3aIOJIHUTEINE, KOTOPOE COCTaBHIIO 2,6
1 2,95 % cooTBeTCTBEHHO (puc. 4).

PE3YJIBbTATBI

OmnpezeneHne  BOJONOTPEOHOCTH  3AIlOJIHUTEINS
YABTPa3BYKOBBIM METOIOM 3aKIJIFOUAeTCsl B CIEIYIOLIEM.
YcranaBnuBaeTcs BOJIONOTPEOHOCTh 3aIlOJIHUTEINS He-
TIOCPE/ICTBEHHO B CaMOM OETOHHOW CMeCH, NPH STOM
MPOMCXOJUT CPaBHEHHUE Neprosia (POPMUPOBAHNUS CTPYK-
Typsl (IIOC) 6etona ¢ IIOC eMeHTHOTO KaMHS, TIPHTO-
TOBJICHHOTO Ha TOM JK€ [IeMeHTe. J{yisl 3Toro n3rorasiu-
BAETCsI LIEMEHTHOE TECTO C Pa3IMYHBIM BOIOLEMEHTHBIM
OTHOIIEHHUEM, HaXOAMIUMCs B ipenenax 0,876 —1,65K
TP KOTOPOM IPOUCXOANT 0Opa3oBaHHE CBSA3HOHM Koa-
TYJSLIHOHHON CTPYKTYpBl LIEMEHTHOro Ttecra. llpuro-
TOBJICHHOE TECTO 3aJIMBAIOT B INIACTMACCOBYIO (hOpMy
¢ pasmepoM staeiiku 10 x 10 X 10 cm (puce. 5). [damee
OIIPENIEIISIETCSI CKOPOCTH TPOXOXK/ICHUS YIBTPa3ByKa ue-
pe3 LEMEHTHOE TECTO Yepe3 Kaxkble 5 MUH.

OxoHvyanne (HOpMHUPOBAHUS CTPYKTYPHI XapakTe-
pHU3yeTcsl Pe3KUM YBEIMYCHHEM CKOPOCTH ITPOXOXKJIe-
HUS YIIbTpa3Byka (puc. 6). Onpeaeaus IpoI0KUTEIIb-
HOCTh TBEPICHUS LIEMEHTHOTO TECTa B 3aBHCHUMOCTHU
ot paznuuHoro B/II, crpost rpaduk (puc. 7). Takum
00pazoM, MOTy4aroT ATAJTOHHYIO KPUBYIO 3aBHCUMOCTH
B/1] oT BpemeHu TBepCHUS ISl TAHHOTO LIEMEHTA.

Puc. 3. IIpu6op Bebe aist onpeneneHust )KeCTKOCTH OSTOHHOM CMecH
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Puc. 5. ®opwmel ¢ pazmepom stueriku 10 x 10 x 10 cm gist onpenenenus [IOC nementTHoro recra
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Ckopocts V3, M/c

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420
Bpemsi TBepaeHus, MHH
—0— 0,876*Kur —@— Kur - 1,65%Kur

Puc. 6. M3mMeHeHne CKOPOCTH MPOXOXKACHHS YIBTPa3ByKa B 3aBHCUMOCTHU OT BPEMEHHU TBEPACHNUS IEMEHTHOTO TeCTa
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0,40
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0,45 0,50 0,55

Puc. 7. 3menenue IPOAOJIKUTEIbHOCTU TBEPACHUA HEMEHTHOI'O TECTA B 3aBUCUMOCTHU OT B/]_I

Mertonuka oIpeneNneHusi BOAOMOTPEOHOCTH 3a-
MOJHUTENSI OTIIMYAETCSl OT CYMIECTBYIOIIMX M POBO-
JIUTCA U OSTOHHOM CMecH, KOTopast COCTOUT U3 650 KT
MOPTIIAH/IIIEMEHTa 1 MAacChl 3aIIOIHUTENS, PACCUMTAH-
HoW 110 hopmyIie:

Msan =0’5pg’ (2)

IJIE P, — CPEIHSIS IVIOTHOCTD 3aMOTHUTENS B KyCKe, T/M’.

ToToBAT OCTOHHYIO CMECh, BBOIS HEOOXOAMMOE
KOJIMYECTBO BOJBI JIS JIOCTHIKEHUSI TIOBHKHOCTH, TTPU
KOTOPOU TOCTUTAETCs Ocajika KoHyca 1-2 cum (puc. 8).
OmnpeneneHne CKOPOCTH PACIIPOCTPAHEHUS! YIIBTPa3By-
ka (Y3) mpou3BOJUTCS C HCIIOIb30BAHUEM ILTACTMAC-
COBBIX (hOPM, B KOTOPBIE MOMEIAETCS TPUTOTOBICHHAS
OeToHHast cMeCh. M3MepeHne CKOPOCTH MPOXOXKICHHUS

VY3 BemonHsercs: yepe3 kaxaele 20 muH. Ha puc. 9
MIPECTaBICHBl JaHHBIE 00 M3MEHEHHH CKOpocTH Y3
OT BPEMEHH TBEPACHHUS CMECH C Hadalla €€ 3aTBOPCHUSL.
Janee ycranasiuBator Bpemsi [IDPC OGeronHou
CMECH C HCHBITYEMBIM 3alloHUTENIEeM 1o puc. 9. 3a-
TEM OIpEHessieTCsl KOJIMYEeCTBO BOJBI, OTBIEKae-
Mol 3amonuuTeneM (B ), KOTOpoe paccYnThIBaeTCSA

o gopmyiie:
Baan = BSETB _B ;

n?

b1 B ®)

HUCT
B Tabn. 4 MPUBCACHBI TaHHBIC, MOJYYCHHBIC MTPpU

OTIpEICIICHUH BOJOMOTPEOHOCTH 3aIIOTHATEIIS B OCTOH-
HOM cMecH.

Puc. 8. IlpuroroBnenue 3TaJOHHON OETOHHOH CMECH C TOTOMHUTOBBIM 3aIIOTHUTENIEM
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Puc. 9. lzmenenue CKOPOCTHU NPOXOKACHUS YIIbTPa3ByKa B 3aBUCUMOCTHU OT BPEMEHU TBEPACHUS OETOHHOI cMecH

Taou. 4. OnpeeneHue BOJONOTPEOHOCTH 3aIOTHATENS B OCTOHHON CMECH

% K =B_/P
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3AKJIIOYEHHUE U OBCYXIAEHHUE

B ycnoBusAX TOBBINICHHBIX TEMIIEPaTyp W MOHU-
JKCHHOW OTHOCHTEIBHOH BIQXKHOCTH MPUMEHECHHUE JI0-
JIOMUTOBBIX 3aIlOTHUTEICH SBISICTCS OCOOCHHO aKTy-
anpHBIM. OnmHAKo OCTOHHBIE CMECH C KapOOHATHBIMU
3aMOTHUTEISIMA 00JT1aJaf0T TIOBBIIIICHHON BOAOMOTPEO-
HOCTBIO, YTO CBSI3aHO C BHICOKHM BOZOMOIJIOIMICHUEM,
MOPUCTON MOBEPXHOCTBIO U PA3JIMYHON yAEIBHOM I10-
BEPXHOCTBIO 3aIlOJIHUTENEH.

OmnpeneneHsl BOXOMOTPEOHOCTh KPYITHOTO I0JI0-
MHUTOBOTO 3armoIHUTENS ¢ppakunu 5—10 MM yIsTpa3By-
KOBBIM METOJIOM; BOAOIOTPEOHOCTH MEJIKOTO 3arlOJIHHU-
TeJIs 110 YCKOPEHHOW METOIMKE, KOTOPBIN IPEACTABIAET
co0O¥ YKPYITHEHHBIN IECOK M3 OTCEBa IPOOJICHUS [10-
JIOMHUTOBOTO IIICOHS.

67 195 140

VCTaHOBIIEHO, YTO CPEIHSA TUIOTHOCTH 3€PEH JI0-
JIOMUTOBOTO IEOHS B KYCKE, ONpeeseMas B [IEMEHT-
HOM TeCTe, cocTaBmia 2,5 r/em?’.

BrisiBiieHa BeJlUMYMHA BOZOIOIVIOIIEHUS JI0JIOMH-
TOBOTO 3aIlOJHUTENS, a TAKXKE COMepKaHHe THUICBUI-
HBIX ¥ ITIMHUCTBIX YaCTHII.

Hcnonb30BaHue  JOJOMHUTOBOIO  3allOJHUTEIS
JIOJDKHO OBITH OIPaHMYEHO B GETOHAX, SKCILTyaTHpye-
MBIX IIPU OTPHUIATEIbHBIX TeMmIeparypax. Heooxoaum
KOMIIJICKC HCCHC}]OBaHI/Iﬁ O BJIUIHHUU OOJOMUTOBOIO
HAIOJHMUTEIS Ha MPOYHOCTh M JOJIITOBEYHOCTH OETO-
Ha B YCJOBHSAX CYXOTO »apKoro Kiaumara. Beumy mo-
BBIIIIEHHON BOIOMOTPEOHOCTH, OCOOEHHO B YCIOBHSX
MOBBIIICHHBIX TEMITEPATyp W HU3KOM OTHOCHTEIBHOM
BJIaYKHOCTH, UCCIIEA0BAHUE BIUAHUS JOJIOMUTOBOIO 3a-
MOJIHUTENISI HA COXPAHAEMOCTL OETOHHBIX CMECEH SIBIIs-
€TCsI 0COOCHHO aKTyalbHbIM.
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INTRODUCTION

The level of utilization of carbonate raw materials
and their wastes in the form of siftings, dust of aspira-
tion systems and so on is the most important factor en-
suring the reduction of energy costs and the possibility
of producing new quality products.

Traditionally, carbonate materials found applica-
tion in the prefabricated reinforced concrete industry,
road construction, cement and lime production. Car-
bonate materials are also used in metallurgical produc-
tion, agriculture and other areas.

Carbonate aggregates are widely used in the de-
sign of concrete compositions working in conditions
of elevated temperatures and reduced relative humidi-
ty [1]. Carbonate rubble is obtained by crushing at quar-
ries of non-metallic minerals, which produces a signifi-
cant amount of fractions up to 5 mm in size, containing
from 12 to 40 % of grains smaller than 0.16 mm [2].
Carbonate aggregate production waste can be used for
the production of crushed sand and concrete filler by
additional grinding operations.

Analysis of literature data showed that concrete
mixtures on carbonate aggregates increased water
consumption [3]. This can be explained, first of all,
by the porous structure of carbonate rock. It is noted
that concrete mixtures on carbonate sand have good
water-holding capacity, while there is no stratification
of the mixture and water separation®.

The aggregate affects the structure of the cement
stone, the properties of the concrete mix and the con-
crete. Depending on its content and specific surface area,
the mobility of the concrete mixture decreases and
the setting time is shortened. This is because the aggre-
gate diverts part of the mixing water, so the properties of
the concrete mixture are determined by a slightly lower
water-cement ratio compared to the mixing water-cement
ratio [4]. The introduction of additional water to achieve
the same properties characterizes the water demand of
the aggregate [5, 6]. The strength of aggregate, which
determines the strength of concrete, is characterized not
only by the type of rock from which it is obtained, but
also by the grain size. The smaller the grains, the less
defects they contain and their strength is higher [7, 8].

Dolomite is widely used in the construction in-
dustry and road building. There is the use of dolomite
for the production of asphalt concrete mixture for road
pavement [9].

Coarse aggregate from dolomite can be used to
produce concrete [6, 10—12].

Sand bricks were produced on the basis of crush-
ing sands with replacement of fine aggregate with dolo-
mite aggregate in the amount of 25, 50, 75 and 100 %
of aggregate weight [13]. Sand from dolomite crushing
sands was used to produce autoclaved aerated concrete
with improved performance [14].

! Guidelines for concrete works in dry hot climates. Moscow.
Stroyizdat, 1977; 81.
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It was found that the mobility of concrete de-
creases with the introduction of crushing screenings
when the binder material is partially replaced as filler?.
The introduction of aggregate from dolomite crushing
sands in the amount of 10 to 100 % reduces the mobility
of concrete [15].

The influence of fine dolomite aggregate on
the mobility of concrete is observed. When dolomite
sand was introduced into the concrete composition in
the amount from 25 to 100 %, the mobility of the con-
crete mixture of the control composition decreased
from 105 to 70 mm [16].

The influence of aggregates on the strength prop-
erties of concrete used in conditions of elevated tem-
peratures and low relative humidity is noted. When fine
carbonate aggregate is introduced into concrete compo-
sition, despite its higher water consumption compared
to quartz sand, higher strength of concrete is ensured.
Increased strength is associated with higher water con-
sumption and increased water absorption, lower actual
water-cement ratio during curing and return of previ-
ously absorbed water to the cement stone, which in-
creases the degree of cement hydration.

There is a positive effect of aggregates from
crushing screenings on the deformation properties of
self-compacting concrete®. Shrinkage deformations
during drying of the compositions containing fine ag-
gregate from dolomite in the amount from 7 to 28 %
were smaller in comparison with the control composi-
tions. The optimum content of fine dolomite aggregate
is 7-14 % of the weight of all aggregates of self-com-
pacting concrete mixture, which prevents the delamina-
tion of the mixture, increases the mobility and improves
the mechanical properties of concrete. However, further
increase of the content in the concrete composition con-
tributed to the increase of shrinkage deformations.

Water consumption of granite crushed stone by
mass fraction 5-20 mm is 3.25-3.4 %, river gravel with
a limiting size of crushed stone 5-20 mm —2.6-2.98 %,
limestone crushed stone — 5.15-5.5 %, quartz con-
struction sand — 7.1-8 %, river sand — 7.15-8.1 %,
expanded clay of 0.14-20 mm fraction — 20-24.5 %,
keramzite sand — 23.8-26.2 % [17].

Dolomite is widely used in the building industry
and road construction, large and fine dolomite aggre-
gates — in the production of carbonate concrete for
road construction, which is due to their high active
structure-forming role [6]. This influence is manifested
in the strengthening of the contact zone between ce-
ment stone and carbonate aggregate, which occurs due
to the high adhesive bond between them due to the high

2 Barbhuiya S. Effects of fly ash and dolomite powder on
the properties of self-compacting concrete. Construction and
Building Materials. 2011; 25(8):3301-3305.

3 Rudzionis Z., Ivanauskas E., Senkus M. The Analysis of
secondary raw materials usage in self-compacting concrete
production. Mater. Sci. 11. 2005; 272-277.
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porosity of the aggregate and the physical and chemical
activity of limestone and dolomite.

Mortars on dolomite and limestone aggregates re-
tain their strength at high temperatures up to 700 °C
compared to conventional granite [18].

Coarse aggregate based on dolomite is used for
the production of concrete with increased permeabil-
ity for road surfaces [10], as well as for the production
of asphalt concrete mixtures [9]. Dolomite is used in
the production of wall stones as a substitute for quartz
sand when it is introduced in the amount of 0, 25, 50, 75
and 100 % of the weight of fine aggregate [19], as well
as in the production of autoclaved aerated concrete,
which showed high performance indicators compared
to conventional autoclaved aerated concrete [14].

Based on the above, it can be concluded that
the determination of such indicators as water consump-
tion, water absorption of dolomite-based aggregate is
necessary and important due to its special structure.

MATERIALS AND METHODS

The following materials were used in this study:

* portland cement CEM 1 52,5H “HeidelbergCe-
ment Rus”, in accordance with GOST 31108-2020,
with specific surface area 377.3 m?kg, mineralogical
and chemical compositions presented in Tables 1, 2.
The main properties of Portland cement: setting time —
beginning and end of setting 195 and 235 min respec-
tively, water content — 30.2 %; compressive strength
at the age of 2 and 28 days — 29.9 and 62.6 MPa re-
spectively;

* dolomite crushed stone of fraction 5-10 with
particle size distribution shown in Fig. 1. Chemical
composition of aggregate is presented in Table 3, phase
composition — in Fig. 2;

« standard monofractional sand in accordance with
GOST 6139-2020 “Sand for cement testing. Technical
conditions”.

Table 1. Mineralogical composition of Portland cement CEM I 52.5H “HeidelbergCement Rus”

Mineralogical composition, %

CS, CS, CA, C,AF
64 14 7 11
Table 2. Chemical composition of Portland cement CEM I 52.5H “HeidelbergCement Rus”
Chemical composition, %
Sio, AlO,, FeO,, CaO MgO SO, KO, NaO, MnO TiO, PO,, n.p.s.
21.23 4.78 3.31 62.95 1.65 322 | 0.66 0.12 0.08 0.28 0.06 1.60
100
90
= 80
g 170
2
2 60
=}
L
E 50
‘w40
z
s 30
=
= 20
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Upper limit —a&— Dolomite rubble —ao— Lower limit
Fig. 1. Particle size distribution of dolomite coarse aggregate with size of 5-10 mm
Table. 3. Chemical composition of dolomite coarse aggregate
Chemical composition, %
Sio, AlO,, FeO,, CaO MgO SO, KO, NaO, MnO TiO, PO,, n.p.s.
2.12 0.69 0.32 35.56 17.38 0.15 0.19 0.08 0.01 0.03 0 45.16
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Fig. 2. X-ray diffractogram of dolomite crushing screenings

Chemical analysis of Portland cement and dolo-
mite aggregate was studied on Bruker S4 Pioneer and
Bruker S8 Tiger X-ray analyzer. Mineralogical compo-
sition of Portland cement was determined on Bruker D2
laser diffractometer.

The water content of coarse dolomite aggregate
was determined by ultrasonic method [20].

The water content of fine aggregate was deter-
mined using an accelerated method on equal-size mix-
tures.

Average density in a piece in the cement test of car-
bonate crushed stone fraction 5-10 mm was detected in
accordance with GOST 9758-2012 “Porous inorganic
aggregates for construction works. Test methods”. A 3.5
litre specimen of carbonate crushed stone of 5-10 mm
fraction was taken. Then 1.7 kg of cement and 3.4 kg of
standard monofractional sand were mixed in a baking
tray. The required amount of water was introduced into
the resulting mixture to achieve a mixture consistency
with a stiffness of 5-10 s (Fig. 3), which was evaluated
on a Vebe instrument. The obtained mixture was kept
for 15 min, then it was filled into a 5 litre vessel, in

which the mixture was further compacted on a vibrating
platform for 30-60 s and weighed.

The average density of dolomite crushed stone
grains in the piece was 2.5 g/cm?, determined in ac-
cordance with GOST 9758-2012 “Porous inorganic ag-
gregates for construction works. Test methods”. Such
important indicators of aggregate as hollowness and
porosity of dolomite aggregate were established on
the basis of data of average density in a piece and bulk
density. The volume of intergranular voids of dolomite
aggregate was 41.9 %, it was calculated according to
the method presented in GOST 8735-88 “Sand for con-
struction works. Test methods”.

Water demand was determined by the accelerated
method proposed by Yu.M. Bazhenov on equal-moving
mixtures. This method includes the use of a shaking
cone Hagerman, it sets the diameter of the spreading
of cement paste at (W/C)_, corresponding to its normal
density and equal to 170 mm. Then the mortar of com-
position 1:2 is made and the amount of water is select-
ed. (W/C),, required to obtain a spreading diameter of
170 mm. The water requirement of consolidated sand

Fig. 3. Vebe consistometer for determining the stiffness of concrete mix
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consisting of 50 % quartz sand and 50 % sand from
dolomite crushing sands was 5.3 % and was calculated
by the formula:

K,, =(W/C)'";(W/C)f 100 %. (1)

The water absorption of dolomite crushed stone
and the content of dust and clay particles in the aggre-
gate were also determined, which were 2.6 and 2.95 %,
respectively (Fig. 4).

RESULTS

The ultrasonic method for determining the water
content of aggregate is as follows. The water content
of the aggregate is determined directly in the concrete
mix itself by comparing the structure formation period
(SFP) of the concrete with the SFP of the cement stone
prepared with the same cement. For this purpose, ce-
ment batter is made with different water-cement ratio,
which is in the range of 0.876-1.65K ,at which a cohe-
sive coagulation structure of the cement paste is formed.
The prepared paste is poured into a plastic mould with

a mesh size of 10 x 10 x 10 cm (Fig. 5). Next, the rate
of ultrasound passage through the cement paste is deter-
mined every 5 min.

The end of structure formation is characterized
by a sharp increase in the ultrasound passage velocity
(Fig. 6). Having determined the curing time of cement
paste depending on different W/C, a graph is plotted
(Fig. 7). Thus, a reference curve of W/C dependence on
curing time for a given cement is obtained.

The methodology for determining the water con-
tent of aggregate differs from the existing ones and is
carried out for a concrete mixture consisting of 650 kg
of Portland cement and mass of aggregate calculated
according to the formula:

M, =0.5p,, )

where p; — is the average density of aggregate in
the lump, t/m? .

The concrete mixture is prepared by adding
the necessary amount of water to achieve a mobility at
which a cone settlement of 1-2 c¢m is achieved (Fig. 8).
The ultrasonic velocity (UZ) is determined using plas-

Fig. 5. Moulds with cell size 10 x 10 x 10 x 10 cm for determination of PFS of cement paste
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Fig. 6. The variation of ultrasonic velocity as a function of cement paste curing time
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Fig. 7. Variation of cement paste curing time as a function of water-cement ratio

tic moulds in which the prepared concrete mixture is termined v, which is calculated according to the for-
placed. The measurement of the ultrasonic velocity mula:

is performed every 20 min. Fig. 9 shows the data on W =W,-W,;
the change of ultrasonic velocity with the curing time of W 3)
the mixture from the beginning of its mixing. w.=C- .
Next, the PFS time of the concrete mixture with frue
the tested aggregate is set according to Fig. 9. Then Table 4 shows the data obtained in determining

the amount of water diverted by the aggregate is de- the water content of aggregate in the concrete mix.
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Fig. 8. Preparation of a reference concrete mix with dolomite aggregate
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Fig. 9. The variation of ultrasonic velocity as a function of curing time of concrete mixture

Table 4. Determination of water content of aggregate in concrete mixture

/4
K ,% K =W IM W =w —Ww W,=C— PFS, min
ag ag ag -~ ag ag m ¢ Ctru
5.4 0.054 67 195 140

CONCLUSION AND DISCUSSION

In conditions of high temperatures and low rela-
tive humidity, the use of dolomite aggregates is espe-
cially relevant. However, concrete mixtures with car-
bonate aggregates have increased water consumption,
which is due to high water absorption, porous surface
and different specific surface area of aggregates.

Water consumption of coarse dolomite aggregate
of 5-10 mm fraction by ultrasonic method was deter-
mined; water consumption of fine aggregate by accel-
erated method, which is enlarged sand from dolomite
crushed stone screening.

It was found that the average density of dolomite
crushed stone grains in the lump determined in the ce-
ment test was 2.5 g/cm’.

The water absorption value of dolomite aggregate as
well as the content of dust and clay particles was revealed.

The use of dolomite aggregate should be limited in
concrete used at sub-zero temperatures. A set of studies on
the effect of dolomite aggregate on the strength and dura-
bility of concrete in dry, hot climates is needed. In view of
the increased water consumption, especially in conditions
of high temperatures and low relative humidity, the study
of the influence of dolomite aggregate on the storability of
concrete mixtures is particularly relevant.
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MCTO}IBI yYupaBJ/JICHHUSA )KU3ZHCHHBIM IIUKJIOM
00bEKTOB KalUTAJIbLHOI0 CTpoUuTECJIbCTBA C
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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].
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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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IIpumeHeHnne MeToAa KAHOAH JJIS AHAJIM3A IOTOKA MPOECKTOB
B KPYIHOW NOAPSTHON OPraHU3alUU CTPOUTEIBLHOI0 CEKTOPAa
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AHHOTALMUA

BBeaeHue. KpynHble noapsiaHble opraHM3aummy CTPOUTENIbHOTO CeKTopa XapakTepuayTCst HannymeM 3HauMTENbHOTO KO-
YecTBa OAHOBPEMEHHO peanunayeMbix MPOEKTOB, UTO YCIIOXKHSAET paboTy KOMMaHUiA U NoBbILIAET TPEGOBaHMS K OpraHM3aLmnm
crnaxeHHoW paboTbl Bcex ee noapasfeneHuii. B cBssu ¢ Yyem uLenecoobpasHo MCMonb3oBaTb PasfivyHbie UHCTPYMEHTbI
yrnpaBreHnsi NPOU3BOACTBEHHBIMM MPOLIECCaMM, OCHOBAHHLIMU Ha MPUMEHEHUW HarMsAHBIX MHCTPYMEHTOB aHanusa nony-
YeHHbIX AaHHbIX. MeTop kaHbaH, n3HavanbHo pa3paboTaHHbIi Ans ynpaBneHust Npou3BOACTBOM, Nprobpen nonynspHoOCTb
B IT-MHAYCTPUM, OAHAKO €ro NPUMEHEHNE B CTPOUTENBHON OTPachn, B TOM YUCHE B MEHEI)KMEHTE, OCTaeTCsl ManousyyeH-
HbIM U He MOMNyYno oTpaXkeHue B Hay4YHON nuTepartype.

Martepuanbl u metoAbl. [poBefeH aHanMa noToka NPOEKTOB KPYMHOW NOAPALHOW OpraHu3aumu, cneuuanusvpytoLleincs
Ha CTPOUTENBLCTBE UHKEHEPHBIX CETEN, C MPUMEHEHNEM METOAA KaHbaH.

Pesynbrathbl. MpoussBeaeH pacieT OCHOBHbIX METPUK KaHBaH-CMCTeMbI, MOCTPOEHbI AnarpaMMbl Ha OCHOBE AaHHbIX O Bbl-
MOMHEHHbIX 3Tanax peanu3auuny NPOEKTOB B PACCMaTPUBAEMON KOMMaHUN.

BbiBoAbl. PaccmatpuBalotcs npenmyLLecTsa U orpaHuYeHnst UCMonb3oBaHNs MeToda KaHbaH Ans ynpaeneHusi NoTOKOM
CTPOUTENbHBIX NMPOEKTOB B KPYMHOW MOAPSAHON opraHusaumu. Mo utoram NpoBEAEHHOTO UCCMEAOBaHWSI NMOATOTOBIEHbI
npeasiokeHust No oNTUMU3aLuM NPOLIECCOB U YTyYLLEHWIO COrIaCOBaHHOCTM paboT B YCMOBUSX NMOCTOSIHHO PacTYLLEro Ymc-
a NpoeKTOB B KPYMHbIX NOAPSAHBIX OPraHn3aLmMsix CTPOUTENBHOMO CekTopa.

KNIOYEBbBIE CITOBA: 6epexnmBoe CTpoUTENbLCTBO, KaHbaH-aHanun3, kaHbaH-cucTemMa, KpynHas NoApsigHas opraHu3aa-
LUsi, HAKOMUTENbHAs AMarpaMmMa noToka

Ona UWTUPOBAHWUA: Jlebedesa A.E., Kapako3osa M.B. NpumeHeHne meTofa kaHbaH Ans aHanmusa notoka npoekToB
B KpYMHOW NOAPSIAHON opraHmn3aummn cTpoutenesHoro cektopa // CTpouTensCcTBO: Hayka U obpasoBaHue. 2024. T. 14. Bobin. 2.
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Application of the kanban method to the analysis of project flow
in a large contracting organization of the construction sector

Alexandra E. Lebedeva, Irina V. Karakozova
Moscow State University of Civil Engineering (National Research University) (MGSU),
Moscow, Russian Federation
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ABSTRACT

Introduction. Large contracting organizations in the construction sector are characterized by the presence of a significant
number of simultaneously implemented projects, which complicates the work of companies and increases the requirements
for the organization of well-coordinated work of all its departments. In this regard, it is advisable to use various production
process management tools, as well as visual data analysis tools. The kanban method, originally developed for production
management, has gained popularity in the IT industry, but its application in the construction industry remains poorly de-
scribed in the scientific literature.

Materials and methods. A project flow analysis of a large contracting organization specializing in the construction of utility
networks was carried out using the kanban method.

Results. The main metrics of the kanban system were calculated and diagrams were built based on data on the completed
stages of project implementation in the company under consideration.

Conclusions. The advantages and limitations of using the kanban method to manage the flow of construction projects in
a large contracting organization are considered. Based on the results of the study, proposals for optimizing processes and
improving the consistency of work in the context of an ever-increasing number of projects in large contractors in the con-
struction sector are prepared.

© A.E. N\ebepeBa, M.B. KapakosoBa, 2024
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BBEJAEHUE

TpaauIMoHHO CTPOUTENHHOE MPOU3BOJCTBO pac-
CMaTPHUBAETCs KaK COBOKYITHOCTH PadOT, peanu3anus
KOTOPBIX HAlpaBlicHa Ha JOCTIDKCHHE ICNCH MPOCKTa.
OTOT B3I Ha MPOLIECC CTPOUTENHLHOTIO TPOU3BO/ICTBA
NPUCYTCTBYET KaK B TPAJULMOHHBIX METOIAX OpraHH-
3alliU CTPOUTENIHCTBA, TaK U B COBPEMEHHBIX, OIHAKO
TaKOM MoaXoJ UMEET psAll HenocTaTtkoB [1]. AnbTepHa-
THUBOH TPaMIIMOHHOMY IOAXOJY BBICTYNAET PaccMO-
TPEHHE CTPOUTENIEHOTO TPOM3BOACTBA KAaK COBOKYII-
HOCTH TIOTOKOBBIX ITPOIECCOB IO CO3IaHUIO [IEHHOCTEH
U CBSI3aHHBIX C OTHUM H3ICPIKEK.

Peanu3zanusi CTPOUTENBHOTO IPOEKTa BKIFOYAET
JIBa OCHOBHBIX IIpolecca:

* TIOATOTOBUTENBHBIA, TPEACTABIAIOMNNA COOOM
MMOJTAaHOE YTOYHEHHE TEXHHYECKHUX YCIOBHH, T
MOTPEOHOCTH W JKEJIaHWs 3aKa3zunka MpeoOpasyroTcs
B TpeOOBaHMs, a 3aTeM B MOJAPOOHBIE MPOeKThI. OHO-
BPEMEHHO OH SIBJISIETCSI MPOIIECCOM BBISBICHHS MPO-
OJeM M PHUCKOB, CBS3aHHBIX C peann3allfieid MPOeKTa,
a TaKkKe BBIPAOOTKH ITyTEeH UX PEUICHUS;

* IPOLECC pealn3alui IPOEKTa, COCTOSIIHH
U3 HECKOJILKUX THUIIOB TIOTOKOB: MOCTaBKH U 00padoT-
KM MaTepuajoB, paboumMX MPOIECCOB CTPOUTEIHHBIX
Opura, IpyTHX, CBI3aHHBIX C KOHTPOJIEM H TIO/IIepKa-
HUEM OCHOBHBIX IPOIECCOB (aBTOPCKUIT M TEXHAI30p,
yIpaBJIeHHE IPOEKTOM U Jp.).

[lepeuncienHbIe 3Tanbl XapaKTePU3YIOTCS HX CTO-
MMOCTBIO, Ka9€CTBOM H TIPOHOIDKUTEIBHOCTHIO, KOTO-
pble HEOOXOAMMO U3MEPATH U KOHTPOIUPOBATE.

Poct noapsiaHO# CTpOUTENIBHON KOMITAHUM COTIPSI-
JKeH C yBEITMYEHHEM YHCIIa MPOEKTOB, pabOTHI Ha KO-
TOPBIX MIPOUCXOIAT OIHOBPEMEHHO, YTO BJIEYET 3a CO-
60#1 00TBIION MOTOK MH(POPMANU BHYTPH MOJPSAHON
KOMIIaHUH, KOTOPYIO HEOOXOOMMO 00padaThIBaTh.
Ha npaxTrke 4acTo BO3HHKAIOT IPOOJIEMbI ¢ OOMEHOM
nHpOpMannel MeXAy MOAPa3ICICHUIMH KOMITaHUH,
a TakKe OONBIIMM YHUCIIOM PAa3IHYHBIX TaOIAIHBIX
(dopM It XpaHEeHHs ¥ CUCTeMaTH3alKi HH()OpMaIin
0 TIporeccax, Tak Kak OoJblIoi o0beM MH(OpMaIUH
CTAaHOBUTCS CIOKHBIM JUISI 00paOOTKM W BOCIIPHSITHS
corpynHuKaMu. J{ns obnerdenus ooMeHa MHpOpMAIH-
€l CyIIecTByeT JOCTaTOYHOE KOJIMYECTBO IIPOTPaMM-
HBIX [IPOJYKTOB, OJIHAKO MX BHEAPECHUE U ITPUMEHEHHE
B TaKOW KOHCEPBATHBHON 00JaCTH KaK CTPOUTEIHLHOE
MIPOU3BOJICTBO OCTAETCSI HA HU3KOM ypOBHE, 0COOCHHO
B YacCTH YNPaBJICHUS NMPOEKTAMHU U KOHTPOJISI CTOMMO-
cru' [2-14].

! Cepuc AroBOII. URL: https://pik.digital/blog/120

JlocTikenue 0anaHca MeX/y MPOU3BOICTBEHHbI-
MU MOLIHOCTSMM M 3aKa3aMu, a TaKkKe paBHOMEPHOI
3arpy3Kd COTPYIHUKOB SIBISICTCS CIIOKHOW TPaKTH-
yeckoi 3amadeit. TakuM 00pa3oM, BO3HHKAET MOTPEO-
HOCTb B CO3[JaHUU €IUHON U BU3YaJIM3UPOBAHHOW CH-
CTEMBI VIIPABICHUS IMOTOKOM MPOCKTOB B IMOIPSTHOU
OpTaHU3AINH, YTO TIOATBEPKAACT aKTyaTbHOCTh TEMBI
HCCIIIOBAHHUS.

B naHHOI cTaThe paccMaTpUBACTCS OPTaHU3AIUSL
paboTHl O peanmu3ali MPOEKTOB B KPYITHOW ITOI-
psaanoit opranuzarnun (KITO) xak mOTOUHON CHCTEMBI,
2JIEMEHTAMH KOTOPOU CITyKaT 00BEKThI CTPOUTEIILCTRA.
HccrienoBanne MpoBEACHO C LENbI0 OLEHKU MTPUMEHE-
HUS KaHOAH-CHUCTEMBI JJIsl OpTraHU3alny OToKa pabdo-
1ol B KIIO cTpouTensHOro cexropa.

MATEPHUAJIBI U METO/JbI

Merton kanOaH, pa3pabOTaHHBIH AMTOHCKON KOMIIA-
nuelt Toyota B 1950-x rr. ¥ cTaBIIKi OJHUM U3 KIIIOYE-
BBIX 3JICMEHTOB CHCTEMBI OEpEeKITMBOTO CTPOUTEIHCTBA
Lean [14], npexacraBisier co00il CHCTEMHBIH MOIXO
K YIPaBICHUIO MIPOU3BOJACTBOM. DTOT METOA MpPHU3BaH
ONITUMH3UPOBATH TPOM3BOACTBEHHBIC M OW3HEC-TIPO-
LIECChl, yCTpaHssi M30BITOUHBIE PECYPChl U MOBBILIAs
3G PEKTHBHOCTD.

Merton kauOaH, cormacHo pabore [14], — 31O
METOZ JJISl ONpEAETICHUS, YIPABICHHS M COBEPILICH-
CTBOBaHMUsI NPOLECCOB, OH ITUPOKO MPUMEHSETCS C 11ie-
JBI0 CO3MAHMS IMOTOYHBIX CHUCTEM W WX YIPABICHUS.
B cooTBeTcTBHM C HMCCIENOBAHUSIMH, TMPOBEACHHBIMH
B Agile-opranmnzanusix [14], kaHOaH UCTIONB3YETCS KaK
CaMOCTOSITENIbHO, TaK U B COBOKYITHOCTH C JPYTUMHU CH-
CTeMaMH, HaIlpuMep C CUCTEMOH Scrum.

KanOan, xak uH(pOpPMAIMOHHAsI CHCTEMa, M03BO-
nsieT 0ObEIMHNUTE B €IMHOE 1IEJI0€ BCE TOIPa3ICICHHS
KOMITaHHUH, YCTAHOBUTH MEXKIYy HUMH CBS3H, a TaKXKe
CBSI3M MEXAY Pa3IMYHBIMHU TIPOIECCAMH, TOCIE YEro
KOOPJMHUPOBATh MOTOK CO3JaHMS LIEHHOCTH B COOT-
BETCTBHUU C UMEIOLIMMCS cripocoM [14].

B mepeBone ¢ SMOHCKOTO KaHOAH O3HAYAET «3a-
MUChy WK «Tabmuukay. Kommnanus Toyota cosmana
U BHEApUJa B NPAKTUYECKYIO NEATEIbHOCTb CIELH-
ANBHYI0 KAapTOUYKY, BBICTYIAIONIYI0 B POJH CHUTHAIA,
HH(POPMUPYIOIIETO O MOTPEOHOCTH B INPOU3BOJCTBE
JIOTIOJIHATEIILHOTO KoJinuecTBa jaeraiei [14]. Meron,
pa3paboraHHbIii Kommanueil Toyota, momydymn HasBa-
Hue Lean u Hammen mupokoe MPUMEHEHUE B TPOU3BOI-
CTBE, a 3aTeM ObUI aJanTHPOBaH I CTPOUTENHCTBA,
TakuM 00pa3oM, TOSBWICS TepMUH Lean construction
H «OepeKITNBOE CTPOUTEIECTBOY.
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CTNOMTENbCTB!
HayKa v 06pa3oBaH

A.E. Jle6edesa, U.B. Kapakosoea

B HayuHoOI JIuTeparype BBLACISIOT Y€ThIPE OCHOB-
HBIC KOHIEMIMH Lean Kak OepexIMBOTO CTPOUTEIh-
CTBA: «TOYHO B CPOK», CO3JaHME HETMPEPHIBHOTO MOTO-
Ka, TTOCTOSIHHOE YIYYIICHUE W OPTaHW3alds CHCTEMBI
«BBITATHBAIOIIETO MTPOM3BOACTBAY [14].

[epBbIil IPUHIIKIT TOYHO B CPOK» O3HAYALT pado-
Ty 63 3amacoB: IPOIECC MPOU3BOICTBA JOIKCH OBITH
obecrieyeH pecypcamMu B HEOOXOAMMOM KOJIMYCCTBE
7 TOTZa, KOTJa 9TO HEOOXOIMMO — TOYHO B CPOK 0e3
co3manus ckiaazos [ 14].

[IpuHIUI HENpPEpBIBHOTO ITOTOKA O3HAYAET, YTO
MIPOU3BOJCTBEHHBIC MOTOKH HE JOJKHBI OCTaHABIH-
BaThCs. Ero HEMpephIBHOCTH TOJKHA OBITH TAPAHTUPO-
BaHAa TOCPEICTBOM CHCTEMATHIECKOTO KPaTKOCPOYHO-
T0, CPEITHECPOUHOTO U JIOJITOCPOYHOTO MIaHUPOBAHHUS,
B XOJI¢ KOTOPOTO OmpeaersieTcss 00beM padoT, KOTOPHIHA
JIOJKEH OBITh ITPOM3BEICH.

CucTeMa «BBITSTUBAIOIICTO MPOU3BOIICTBA» IIPEII-
CTaBIsAET CcOOOM CXeMy OpraHM3AIlUH IMPOU3BOICTBA,
MpH KOTOPOH 00BEM padOT M CPOKH Ha KaxKIOM MpO-
W3BOJICTBCHHOM JTalle YCTaHABIHMBAIOTCSA IOTPEOHO-
CTSIMU TIOCJICAYIOIMX JTAlOB, & B KOHCYHOM HTOre —
MOTPeOHOCTAMHU 3aKa3unka. Tak TIpeIOTBpaIacTcs
HAKOIUICHHE 3allacoB WIIM 33734 JJIS TIONpa3aciICHHs,
YTO NPUBOAUT K ONITHMHU3AINHU paboThl KoMIaHuw [1].

[IpuHIIUTT TIOCTOSHHOTO COBEPIICHCTBOBAHHUS —
9TO CTPEMIICHHE K COBEPIICHCTBY, SIBISICTCS ICHHBIM
WHCTPYMEHTOM TSI KOHTPOJS W YIyYIICHHUS IIPOIeC-
COB, B KOTOPBIH JOJIKHBI OBITH BOBJICUCHBI BCE COTPY/I-
HUKU KOMITaHUH.

Oco0oe BHMMaHHE B KOHIICTIIHU OCpPEKIMBOTO
MPOU3BOJICTBA YICIACTCS U3MECPCHHUSIM M MOHUTOPUH-
Ty, TOCKOJIBKY TIOCTOSIHHBIC U3MEPEHUS Jaf0T BO3ZMOXK-
HOCTh OOCCIIEYUTH MPOIIECC COBCPIICHCTBOBAHUS ITy-
TEM BBISIBJIICHUS TOTEHLMANa ISl yyuuenus [1].

CTOUT OTMETHUTB, YTO KoHIIenus Lean Takke nme-
€T 0COOBII OAXO/T K U3MEPEHUSIM, KOTOPBIY HAIIPABJICH
Ha COKpameHue noteps [2, 3] BpeMEHH W PEecypcoB,
a TaKkKe Ha ONTHUMH3AIUIO MPOIIECCOB U COKpAIICHHE
BPEMEHH Ha Ka)IbIi TIPOIIeCC MPOM3BOACTBEHHOTO I10-
ToKa. JlaHHBIe M3MepeHuil HEOOXOAUMBI JJIsi HECKOIb-
KHX [eJICH: CTUMYIUPOBAHUS BHYTPECHHETO YTy IIICHHS
OpTaHU3aINH U CPAaBHEHHUS IIPOCKTOB, a TAKKE OIpee-
nenus neneit B KI1O.

Merton kaHOaH mTpedycMaTpHBaeT M BHEIPEHHE
[UKJIOB OOPaTHOM CBSI3U Il KOOPJMHAIIUK T10CTAaBKU
W YIydIIeHWs TpenocTaBlIeHUs cepBuca. Hambomee
4acTO HCIOJIb3YeMbIC MHCTPYMEHTBI IS IIUKJIOB 00-
PATHOM CBSI3M — PETYJSPHBIC BCTPEYH H 00CYKICHUS,
KOTOpBIE HA3BIBAIOTCS KaJACHIIUSIMI.

Busyanusayus pabouux npoyeccos. Meron kanOau
Oa3mpyeTcsl Ha BU3yaJH3allMd HEMaTepHaIbHON mes-
TEJIBHOCTH B IEJISIX OPraHU3aIUH MPABUILHON PabOThI
CUCTEMBI, a TaKXe I JOCTIDKCHHS OajlaHca MEKIY
MIPOU3BOJICTBEHHBIMU BO3MOXHOCTSIMHA KOMITAHUH U 3a-
Ka3aMH{ C TIOMOIIBbIO UCIIOTB30BaHMsI BU3yaJbHBIX CHT-
HAJIOB.
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B 3aBucumoctu or macmiraba NpUMEHEHUS Me-
TOAa KaHOAaH-CHCTEMa MOXKET HMPUMEHSITHCS 10 OTHO-
IIEHUIO K OJHOMY IIPOIIECCY MM OXBaThIBATh padoTy
Pa3IMYHBIX TOJPa3/ICICHUH ¢ pa3HbBIMU YPOBHSIMH Jie-
TaJIM3al|K TPOLECCOB U CBSA3EH MEX/Y HUMH.

Jna Busyanmu3amuu paboOTHl IpU BHEIPEHUHU KaH-
0aH-CHCTEMBI B KOMITAHHUSIX HCIIOJIB3YIOT KaPTOUKH, KO-
TOpBIE pa3MeIIaroT Ha kKanOaH-ocke (puc. 1). [To mepe
3aBEpUICHHs TPOLECCOB KapTouka IepeMeriaeTcs
10 CTONIOIaM B KaHOaH-TOCKE clieBa HAMIPaBO JI0 3aBep-
mIeHust paboT Mo Kaprouke. Busyammsamus mporecca
MOXET OBITh peaJM30BaHa Kak Ha (hPU3MUECcKoil Jocke,
Tak 1 B nuppoBoM Qopmare ¢ NPUMEHEHHEM CIELH-
QJILHOT'O POTPAMMHOT0O 00ECTICUEHHMSI.

Puc. 1. [Tpumep dpusnueckoil kKaHOAH-TO0CKH

PE3YJIBTATBI HCCJIEJOBAHNA

B KIIO, BbIOpaHHOH ulsi aHANIN3a, UCIIOIB3YETCs
nH(pOPMALMOHHAS CUCTEMA ATl IUNITAHUPOBAHUS U KOH-
TPOJISL BBITIOJIHEHUSI KITFOYEBBIX COOBITHH IPOEKTOB.
Ha ocHoBe moiyuaeMbIX cBelE€HHMH O 3alljlaHUPOBAH-
HbIX U BBIIIOJIHCHHbIX COGI)ITI/IHX MpoBE€AEM aHaJInu3
JUTUTENBHOCTH 3TAIOB PEaIU3alliK MPOEKTOB C BU3ya-
JIU3anuel TOCPEICTBOM MOCTPOCHUS JHarpaMM.

B kauecTBe MCXOIHBIX JIAaHHBIX, I10 KOTOPBIM MPO-
BOJMJICS aHAJIM3 M KOTOPbIE OTHOCSTCS K OCHOBHBIM
METpHKaM CHCTEMbl KaHOaH, BBICTYHAIOT CIIEAYyIOLIHe
TIPOIIECCHI:

* OIIpE/IETICHNE CPEIHEr0 BPEMEHH MTPOM3BOJCTBA
(Lead Time — LT);

®* YCTAaHOBJICHUC BPEMCHHU OXUAAHUA 3aKa3yuKa
(Customer Lead Time), mepron oT 3aKIIOYCHUS JTOTO-
BOpa JI0 c/1aun O0BEKTa;

* OIIpE/ICIICHUE CKOPOCTH MTOCTABKH;

* [IOCTPOCHUE JHarpaMMbl PAacCEUBAHUS 110 Bpe-
MEHH 3aBepIIeHus padoT;

* IOCTPOCHNE HAKOTIUTEIBHOH AnarpaMMbl MOTOKa.

[To pesynbraram mpoBeAeHUs aHamu3a (GopMyIIH-
PYIOTCSl peKOMEH MK 1o ymydiieHnto padotsl KI1O.

[TpuMeHUTENbHO K OpraHM3alMM IIOTOKA MpOo-
extoB B KIIO kapToukamu SBISIIOTCSI OOBEKTHI CTPO-
UTEJIbCTBA, KOTOPBIE MPOXOJAT ITallbl OT MOIYyYSHHMS
3ampoca OT 3aKa34yHKa, ero o0pabOTKH M pealu3aliny,
a 3areM caaun OOBEKTa.
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Buenpenne metona kan6an B pabdory KI1O Bkito-
4acT OTACJIbHBIC 3Tallbl, MCPEUCHbL U OIMMCAHUC KOTO-
PBIX IPUBE/ICHBI B Ta0. 1.

[TockonbKy Mporecc CTPOUTEIBHOTO POU3BOJ-
CTBa IO CBOCH CYTH ABJIACTCA MMOTOYHBIM, PACCMOTPHUM
npumeHenrne metona kanban s KI1O, koropas cre-
LUATM3HPYETCS] HA CTPOUTENBCTBE HHKEHEPHBIX CETEH.
st peanu3zanuu NOCTaBICHHON LENH [IPOAaHAIU3UPY-
€M TIOZIXO0fbI K opranm3anuu padbots! B KI1O.

[MoppsiiHbIE KOMMAHWUHM BBITIONHSIOT CTPOUTEIH-
HO-MOHTaHBIe paboTel (CMP) U OKa3bIBaIOT ApyTHE
CTEUATIM3UPOBAHHBIC YCIYTH IO JOTOBOPY C 3aKa3uH-
koM. Paboty mag mpoektom B KIIO MOXHO paznenuTh
Ha CIEIYIOIINe ITIOCIICIOBATEIbHBIC ITAMbl MM BEXU
MIPOEKTa, ITPUBE/ICHHBIC B TAOM. 2.

Ta6a. 1. Dranbl BHeAPEHHS KaHOAH-CHCTEMBI

B 3aBucumocTH OT TpeOyeMoli CTeneHH! IeTanun3a-
MU MOXHO BBIJICIIUTH OOJIBIIIC WU MEHBIIE BEX po-
€KTa, a TaKKe€ YCTAHOBUTb HECKOJBKO ypOBHEH J€Ta-
JU3alud U pa3paboTarh IENOYKy MPOILECCOB BTOPOTO
YPOBHSL Ul KaXJIOTO W3 COOBITHH IE€PBOTO YpPOBHSI.
Takum oOpazom, kanOaH-mocka s KIIO Moxer BHI-
IJISLIeTh, KaK MOKa3aHO Ha puc. 2. Yucna, yka3aHHBIE
B CKOOKax, O3HAYaIoOT JIMMHUT HE3aBEPLICHHOH paboThI
JUIA JaHHOTO TIpoliecca.

B naHHO# crarbe aHamu3MpyeTcs NEATENIbHOCTh
KIIO, xotopasi BXOAWUT B COCTaB TPYIIBI KOMITAHHH
[INK — kpynHneiimero 3actpoiiiuka B Poccun. st
IUTAHUPOBAHMSA WM KOHTPOJIS BBIMOIHEHUS KITFOYEBBIX
COOBITHII B TpoIlecce CTPOUTEIhCTBA MPOEKTa — BEX

Dramn HasBanue

Omnucanue

1 HccnenoBanue Tekymero
COCTOSIHHS

II0JIC3HBIM

W3ydenune TeKyero CoCTosHUs OM3HEC-TPOIIECCOB B KOMITAHHHU BKJIFOYAET
aHaJIn3 CYHIECTBYIOIIMX PA0OUHX MPOIECCOB, BBISIBICHUE Y3KUX MECT
U OTIpelieNieHre 00IacTel, I/ie MeToll KaHOaH MOXKeT OBITh HarmOoIee

2 | Busyanu3zanus npoLeccoB

IIPUOPUTETHL

Criey onmm [1aroM siBsieTCsT BU3yallu3aliisi OU3HEC-IIPOLIECCOB

C MOMOIIBIO KaHOaH-10coK. Kaxiblit aTar npoexra nim ouzHec-

npolecca MpeCcTaBIseTcs B BUAE OTACIbHON KOJIOHKH Ha JOCKE, a 3a/1a4u
0003Ha4ar0TCsl KAPTOUYKAMHU. DTOT CHOCOO TTO3BOJISIET BCEM Y4aCTHHKAM
Hporecca BUICTh TEKYIIEe COCTOSHUE MIPOM3BOMMBIX PabOT U ONPEACISTh

3 | YopaBieHue mOTOKOM padoThI

Hcnonb3oBaHue MeTosia KaHOAH JaeT BO3MOKHOCTD THOKO YIIPABIISTh
MIOTOKOM paboThl. Korna HOBBIE 3a/1a4 NOSIBIISFOTCS, UX MOXKHO JT00aBHTh
Ha JIOCKY, ¥ KOMaHJJa Ha4HeT paboTy Hajl HUMH, ITPH STOM YUHUTHIBAs
TIPUOPHUTETHI U TOCTYITHEBIE pecypchl. B kanOaH paboTy B mporiecce
OTPaHMYHBAIOT, YTOOBI COATAHCHPOBATH MCIOIB30BaHIE PECYPCOB

1 TIPH 3TOM 00eCTIeYnBaTh IIOTOK PabOTHI

4 MOHUTOPHUHT ¥ ONTUMU3ALIUS

Taou. 2. DTansl peann3ayy MPOeKTa

MeTOﬂ KaHOaH TakKe OpeaAOCTaBIACT MHCTPYMEHTDI JJI1 MOHUTOPHUHIA
MMPON3BOAUTEIIBHOCTU U OIITUMHU3ALINU 6H3HeC-HpOHeCCOB. HyTeM aHaJim3a
BPCMCHU BBINIOJIHECHUA 3a1a4 U 06pa6OTKI/I JaHHBIX C TOCKHU MOXKHO
BbIABUTH Y3KHMC MCCTAa U BHCCTU YIIYUILICHUA

Hassanwme sTamna

CocraB paboT IpU peaIn3aliy Tara

IToaroroBuTenbHLIN TAI

* y4yacTue B TCHIEpE;

* pacueT 00BEMOB paboT;

* [10JIy4E€HHUE IPOCKTHON JOKYMEHTAIUN;

* OIIpeJieNIEHNE 1IEH Ha MaTepHabl (cO0p KOMMEPUYECKUX MPEATOKEHUN
OT MOCTABIIMKOB) U COCTABJICHHE JIMMUTHO-3a00pHbIX KapT (JI3K);
* COCTaBJIEHHE U COITAaCOBAHUE CMETHOTO Pacyera;

* 3aKJIIOYCHHE OTOBOPA C 3aKa34HKOM,;
* [IO/IFOTOBKA OIO/KETa MPOEKTa

Peanuzauus npoexra
* Hagajso CMP;
* okonyanue CMP;

B OKCILTyaTalluio

° nepeaava riomaaku CTpOUTEIIbLCTBA,

¢ caa4da o0beKTa 1 TIOJIy4€HUEC CIIPABOK O COOTBCTCTBUU U pa3p6HICHPIﬁ Ha BBO/J]
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IMoarotoska
KOMMEPHECKOro
NPEUIOKEHHS

3akmoueHue
J0ToBOpa

[onyuenue

Obwexr | ObbexT 8

OobexT 2 OonekT 9

ObBekT 6

OonexT 3

3aKasa

Obbexr 7

O6bexT 4

Puc. 2. [Tpumep xandan-gocku st KITO

MpoeKTa B TPYIIE KOMIAHUHA pa3padoTaH mu(pOBOM
cepsuc «ABTobOI» [14].

CucremMa HAIIHO  OTOOpakaeT — IMPOIECCHI
M0 KaXXJIOMY TIPOCKTy C yKa3aHWEM CpPOKOB M OTBET-
CTBCHHBIX COTPYIHUKOB (pHC. 3), 9YTO TIO3BOIISIET OCY-
MICCTBIATh TUTAHUPOBAHHUE CTPOUTEIHECTBA OOBEKTOB,
CO3MIaBaTh CBS3aHHBIC IICTIOUYKHA COOBITHI OOBEKTOB,

Hauano CMP Okonuanne CMP Cpaua obbekrta

a TaKKe JAaeT BO3MOXKHOCTB 3arpy3KH JOKyMEHTAIH
10 COOBITHSIM H €€ cortacoBaHue (Tadi. 3).

[Tpoananu3upyeM BeXH MPOEKTOB METOAOM KaH-
0aH, NCTIONB3YSl TaHHBIE O TUIAHUPYEMBIX W BBITIOIHECH-
HBIX COOBITHSX U3 cucTeMbl «ABTOBOID» mo o0bekTam
KIIO, peanu3anus KOTOpBIX ocymecTBisiack B 2022 1.
(Tabm. 4).

a
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Puc. 3. Cucrema «ABTobOI»
Ta6a. 3. Peectp coObITHIf (BeX MpoeKTa)
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1 |27.07.2022 | 29.07.2022 | 18.08.2022 | 22.09.2022 | 24.09.2022 | 24.09.2022 | 06.10.2022 | 20.07.2023 | 11.08.2022

2 [10.05.2022 | 15.05.2022 | 17.05.2022 | 15.07.2022 | 29.06.2022 | 25.10.2022 | 30.06.2022 | 18.09.2023 -

3 114.03.2022 | 22.03.2022 | 29.03.2022 | 21.09.2022 | 26.05.2022 | 28.11.2022 | 27.05.2022 | 03.03.2023 | 04.09.2023

85 122.06.2022 | 24.06.2022 | 27.06.2022 | 12.11.2022 | 10.11.2022 | 12.11.2022 | 17.11.2022 | 15.06.2023 -
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Taou1. 4. KonnuecTBO BBITOJIHEHHBIX COOBITHI
B paccmarpuBaemoii KI1O B 2022 .

Konngectso
HanmenoBanne coOBITHS BBITIOTHEHHBIX

BeX
[epenada MpoeKTHOM JOKYMEHTAIIH 105
Pacuer o6bema pabot 104
dopmuposanue JI3K 100
[oanucanne 1OroBOpa ¢ 3aKa3YHKOM 90
[MoaroToBka OroKeTa MPOEKTA 95
[NonroroBka 1 COrIacCOBaHUE CMETHOTO 99
pacuera
Hauano CMP 85
Oxonvanne CMP 58
Crnava 00beKTa 1 TIOTy9YeHHE CIIPABOK 27

Kak BumHO U3 Tabm. 4, 3a paccMarpuBaeMbli Te-
puon KIIO Obuto mony4eHo MpOeKTHOW JOKyMEHTa-
uuu it 105 HOBBIX 0OBEKTOB CTPOHMTEIBCTBA, HAYATO
CTPOHTENBCTBO 85, 3aBepIIeHo 58, a 3aKIIFOueHIE O CO-
OTBETCTBHH BBIIIOJIHEHHBIX Pa0OT B OpraHax rocyaap-
CTBEHHOT'O CTPOHMTEIBHOTO HaJ[30pa MOIYyYeHO B pac-
CMaTpPUBAEMBIl IEPUOJT TOJIBKO 1S 27 U3 HUX.

B Tabn. 4 npuBeneHna nHpopmanus O Aarax BbI-
TIOJTHEHMS 3THX COOBITHH, KOTOpBIE MPEACTABISIOT CO-
0011 TIOTOYHYIO CHCTEMY peaJn3alliy MPOEKTa B pac-
cmarpusaemoit KITO.

PabGora Ha/i MPOEKTOM NPOXOAUT Pa3INYHBIC dTa-
TIBI OT MOJTYYEHHs IPOEKTHOM JOKYMEHTAIUH JI0 CIa4un
obbekTa. J{ist Toro 4ToObl JaHHAs TOTOYHAsI CHCTEMa
cTana KaHOaH-CUCTeMOH, B HEll TOJDKHBI OBITH OTIpeie-
JICHBI:

* CUTHAJIBI, ONPEJIEISIONNE JIUMHUT He3aBepIIeH-
Ho#i pabotsl (WiP);

* TOYKa IMPUHSTHUSI 00513aTEIHCTB M TOYKA TOCTABKH.

B Haiewm ciydae TOYKO# MpUHSTHSL 00513aTeNILCTB
SBJIACTCS 3aKJIIOYEHHE JOTOBOpa MOApsIa C 3aKa3uu-
KOM, a TOYKOH MOCTaBKH — cJlada 00bEKTa CTPONUTEIb-
cTBa. B cooTBeTCTBUM C METO/IOM KaHOaH Iepet TOUKOH

MPUHSATHUS 00S13aTCIILCTB (POPMUPYETCS PSIIT 3aIPOCOB
B Ouepear, KOTOPhIE KOMITAaHUS MOXKET MPUHSITH B pa-
00Ty WM OTKA3aThCs OT peau3ali. B cTpourenscTse
9TOT 3Tal, B 3aBUCUMOCTH OT (POPM COOCTBEHHOCTH
KIIO, Ha3piBatoT TeHAEpHOW padOTOIl MITH TTOITrOTOBH-
TEIBHBIM 3TAllOM pPealU3alliil HHBECTUIIHOHHO-CTPOU-
TEJIBHOTO MPOCKTA.

[lepron BpeMeHH, KOTOPBIH 3JIEMEHT CHCTEMBI
MIPOBOJHT B TIPOIIECCE MEXKAY TOUKOH MPUHSTHSA 00s13a-
TEJIHCTB M TOYKOH MTOCTAaBKH, HA3bIBAIOT BPEMEHEM ITPO-
n3BozctBa (Lead Time — LT) nnm BpemeneMm B KaH-
Oan-cucreme. [Ipu 3TOM Bpemsi OXKHJaHUS 3aKa3unKa
(Customer Lead Time) — nepuos, B TEICHNE KOTOPOTO
3aKa3uMK OKHUJACT TTOCTABKH 3JIeMeHTa [ 14].

B crarbe 3a Bpemsi IpOM3BOACTBA TPHHSATO Bpe-
Ms OT Hadaja mpousBojactBa CMP 1m0 uX OkoHUYaHWUS,
BpEMCHEM OXHIAHHUS 3aKa3uhMKa CUUTACTCS TEPHOJ
OT JIaThl 3aKJIIOYCHUS JOTOBOPA MOAPSIA 10 cja4un 00b-
exta. [lepmon HaXxoXIEeHUs OOBEKTa CTPOMTENILCTBA
B KaHOaH-CHCTeMe — OT IOJY4YEeHHs 3ampoca M Mpo-
SKTHOH JOKYMEHTAITIH OT 3aKa3uuKa JI0 cladyl 00bheKTa
B 9KCILTyaTalHUIO.

Jlyist HarIsITHOTO M300paKeHHsT PE3yJIbTaTOB pac-
4YeTa BPEMCHH OXXHIAaHUS 3aKa3dhKa CTPOUTCS [ha-
rpamMMa pacceuBaHus (puc. 4).

Bpewmst oT MOMeHTa 3aKITIOueHHsI JOTOBOPA JI0 C/ia-
gn 00BsekTa cocrasmseT ot 0,2 mo 17,8 mecsmes, cpen-
Hee 3HaueHHe BpeMeHu oxuaanusg — 8,5 mec. OnHa-
KO BpeMs IPOU3BOICTBA pabOT HAXOMUTCS B Ipejeax
0,2-14,8 wmec. (puc. 5). B cpeanem mnpous3BOACTBO
CMP 3arnMmaet 6,7 Mec., a MOATOTOBUTEIFHOTO TIEPH-
ona 7,6 mec. O0miee BpeMs B KaHOaH-cHCTeME 00bEKTa
CTPOMTENHCTBA COCTABIACT 70 23 Mec.

JlmarpaMMBl pacCemBaHUS HATATHO HILTIOCTPH-
pyroT HHPOPMALUIO 0 (HAKTHIECKUX CPOKAX, KOTOpas
MOYKET MCIIONIB30BAThCS ISl IUIAHUPOBAHUS U ONpesie-
JIeHH IeNiel kKoMmaHuu. B paccmarpruBaemMoMm ciydae,
WCXOAS W3 NAHHBIX, NMPUBEICHHBIX Ha PHUC. 5, MOXKHO
cyenarb BBIBOJ O TOM, YTO KOMITAHMM HEOOXOANMO
MIPOBECTH ONTHUMHU3AIMIO JITUTEILHOCTH TIOJITOTOBH-
TEIHHOTO MEPUOa, TaK KaK MEXAY dTAllOM COCTaBie-
HUS CMET ¥ HavajJoM padoT Mo 0OBEKTy MMEET MECTO

Bpems oxuaanug 3akaunka

;20,0
§ 18,0 ®
. 160
g 140 o o e
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JlaTa nocTaBKH

Puc. 4. Jlnarpamma paccerBaHus BpEMCHH OXKHIAHHUS 3aKa34MKa OT JIaThl 3aKJIFOYCHUS OTOBOPA TOAPSIA 10 CIadl 00beKTa
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Puc. 5. /luarpamma paccenBaHus BpeMeHu npousBoactBa CMP 1 AnuTenbHOCTH OATOTOBUTENIBHOTO IEPUOA

3HAYNUTENIBHBIH MPOMEXYTOK BPEMEHU MO OTHUM 00B-
€KTaM, B TO BpEeMA KaK JJId JPYTUX OH 3aHUMACT HE-
CKOJIBKO JTHEH.

Habop smeMeHTOB, KOTOpbIE B KaXIblii MOMEHT
BPEMCHHU HAXOAATCS B KaHOAH-CHCTEME, a TAKIKE KOJIH-
YECTBO TAKHX JJIEMCHTOB HA3bIBAIOT HeBaBepH_IeHHOI\/'I
pabotoii (WiP). YcraHOBKa JTUMHUTOB Ha KOJIMYECTBO
MPOEKTOB JJIsI KYKIOTO ATara padoThl MO3BOJISIET n30e-
JKaTh TEPErpy3KH MOAPA3IeICHUNA U ONTHMHU3HPOBAThH
paboTy CUCTEMBI B IICJIOM.

CKOpOCTh, ¢ KOTOPOIl BBIMOJHSIOTCS BEXH IPO-
€KTa, Ha3bIBAIOT CKOPOCThIO mocTaBKu. OHa paccym-
TBIBAETCS KaK 0OpaTHas BEIMYMHA KO BPEMEHHU MEKIY
JBYMS TIOCIIEHUMHU COOBITHSMH, & CPETHIOI0 CKOPOCTh
MTOCTABKH 3a OMPENEICHHBIH MEPHOA MOXXHO PacCUH-
TaTh KaK pe3ylIbTaT JENeHHs KOJIWYEeCTBAa ITOCTABOK
Ha JUTUTEIBHOCTh BPEMEHHOTO TIEPHO/Ia.

Ha ocHoBe maHHBIX O Jarax 3aKpBITHS BEX IMPO-
eKTOB (Tab. 4) MOCTPONM HAKOTIUTEIFHYIO AHArPAMMY
notoka (Cumulative Flow Diagram — CFD) (puc. 6).

1o BepTHKaIBbHOM OCH OTKJIAIBIBAETCS KOJIUYECTBO
BBITTOJTHEHHBIX COOBITHH HAKOMUTEIBHBIM HTOTOM, TO-
PH30HTANBHAs OCh Ha Tpaduke — 3TO IIKaja BPEMEHH,
KQXKIBIH 00BEKT paObOT MPOXOJUT BCE BUIBI AKTHBHOCTH
C TCYCHHEM BPEMEHH 1O MOMEHTA 3aBEPIICHHS BCEX
paboT 1Mo 0OBEKTY CTPOUTENBCTBA. JlmarpaMma CITy»KHT
JUTSL HATJISITHOTO M300pa)keHus pabOTHI CHCTEMEI, a TaK-
K€ TaeT BOZMOJKHOCTH OBICTPO OIIEHHUTH TEKYIIIEe COCTO-
SHUE CHCTEMBI M €€ OCHOBHBIC METPHUKU. AHAIM3UPYS
HAKOTIUTEIBHYIO JTHArpaMMy ITOTOKA, MOXKHO BBISIBUTH
MpoOIeMBI U c1adble MECTa, C KOTOPBIMHA MOJKET CTOJI-
kayThCs KI1O, 9TO sIBNISICTCA OMHMM W3 TIABHBIX TIpe-
HMMYIIIECTB UCTIOJIF30BAHMS METO/Ia KaHOAH.

[Ipu oGecnieyeHNN paBHOMEPHOH 3arpy3KH IIUPHU-
Ha obnactell Ha quarpaMme OyIeT OCTaBaThCs OfWHA-
KOBOH, 3TO MICATBHBIA ClIeHapuii pabOTHl KOMITaHHUH,
K KOTOPOMY JIOJKHO CTPEMUTHCSI PyKOBOZICTBO, TEM Ca-
MBIM O00€CTIeUHBas CIAKEHHYIO PabOTy BCEH CHCTEMBI
¥ paBHOMEpPHOE pacIpeienieHne padoThl MEXIY IOJ-
pa3eIeHnsIMH, B TO BpeMs KaKk HepaBHOMEpHAs! IIHPH-
Ha KaKoH-100 007acTH SABISETCS CUTHAJIOM O BO3HHK-
e mpobieMe B 3TOM Iporiecce.
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Ha mpuBenennoit nuarpamme (puc. 6) MOXXKHO 3a-
METUTh HEPaBHOMEPHOCTh B HIMPUHE 00JacTei, 4To
yKa3bpIBaeT Ha HEAOCTATKH B OPraHW3aIMH PabOTHI CH-
CTEMBI, 3elieHasi 00JacTh, MOKa3bIBAIOIIAS KOJIMYECTBO
CMETHBIX PacdeTOB, PaCIIHPICTCS B TIEPBON TPETH THa-
TpaMMBI, a 3aTeM JUHAMHKY TOBTOPSET JMHUS Hadania
CMP, npu sTOM JIMHUS 3aBeplLIeHHs padoOT ocTaeTcs
paBHOMepHON. TakuM 00pa3oM, UIMEET MECTO TIeperpy3-
Ka MPOU3BOACTBEHHBIX MOIIHOCTEH M3-32 OAHOBPEMEH-
HOW peanu3any OOJBIIOTO YHCIa HOBBIX IIPOCSKTOB,
YTO MPUBENO K YBEINYEHHUIO HArpy3KH Ha OCTaBIIUIICA
MPEXHUM IITaT COTPYAHUKOB. OAHONW M3 BO3MOMKHBIX
MIPUYAH MOXKET SBIATHCS (DAKTOp CE30HHOCTH, KOTO-
PBIil IPUCYTCTBYET B padOTe MOAPSIHBIX OpraHNU3alui
1 (opMHpYeT TPEANOCHUIKH s HepaBHOMEPHOH 3a-
IPY3KH OT/IeNa CTPOUTEIBHOTO MPOU3BO/ICTBA B BECCHHE-
JIETHUH epuo.

B norouHoi#i cucreme, B KOTOPOW BCE 3JIEMEHTHI
rocTaBlieHbl (paOoThl IO KapTOYKaM 3aBEpILICHBI), Ha-
OmromaeTcss MPOCTas 3aBUCHMOCTh MEXKIy CPEIHUMU
3HAUCHUSIMU TIOKa3aresiel 3a OINpEeAesICHHbIA MEepUO.
DTa 3aBUCUMOCTb U3BECTHA Kak 3aKkoH Jluttna [12, 13]:

CxopocTh 3aBeplIeHUs =

_WiP 27 IIPOEKTOB 1
LT 9,93 MecsIl
rae CKOpPOCTh 3aBEpIICHUS — CpeIHEee KOJIMYECTBO

0TpabOTaHHBIX JIEMEHTOB B KaHOAH-CHCTEME Ha €JH-
HULy BpeMeHH, npumenutensHo k KITO — ckopocts
3aBepIIeHUS MPOEKTOB; WiP — KOIM4eCcTBO 2JIEMEHTOB
B pabore 3a nepuox; LT — cpennee Bpemst mponsBoj-
CTBa, B TEUCHNE KOTOPOTO AIIEMEHT MPOXOANUT OT TOUKH
MIPUHSITHUS 00S3aTENILCTB K TOUKE MOCTABKH.

Hcnons3yst 3akoH JIMTTiA, MpoaHAIN3UPyeM I10-
KazaTelu IO COCTABIIAIOINM KaHOAH-CUCTEMBI C HpH-
MeHEeHHEM NaHHBIX 0 BpeMeHu B mporecce (TiP). Tlox
BPEMEHEM B TIPOIIECCe TTOHUMAETCS TIEPUOJ, B TEUCHHE
KOTOPOTO JJIEMEHT HAxXOJUTCS B paccMaTpHUBacMOM
mporecce [14], Hanpumep TpeOyemoe BpeMs s pac-
yeTa 00beMOB PabOT MO TOJTYYEHHOW MPOEKTHOU JI0-
KyMEHTaIlMK. 3Has MOKa3aTesid BPEMEHHU B Ipolecce,
MOKHO OIPENIENIUTD «IPOITYCKHYIO CIIOCOOHOCTB» UIS
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Puc. 6. Haxorutensuas nuarpamma notoka (Cumulative Flow Diagram)

9JIEMEHTOB KaHOaH-cucTeMbl. KommuecTBo paboumx
9JIEMEHTOB KaK 3aBEPILICHHBIX, TaK U OTOPOIICHHBIX
BBIXOJISIILMX M3 CHCTEMbl Ha €IUHUIYYy BpeMeHH (op-
MHPYET HPOITYCKHYIO CITOCOOHOCTH CHCTEMBI, KOTOpast
N3MeEpSIeTCs B KONMYECTBE PAaOOUNX IIEMEHTOB Ha €/TH-
HUILYy BpEeMEHH:

WiP
[pormyckHas crtocoOHOTH = ﬁ . 2)
i

rae [IpomyckHast CllocOOHOCTh — CpeHee KOINIECTBO
pabo4MX 3IEMEHTOB, BBIXOAAIINX U3 Ipollecca CUCTe-
MBI Ha eAMHKILy BpeMeHnu; WiP — cpenHee koinndecTBo
3JIEMEHTOB B paboTe B paccMaTpHBacMOM MPOLECCE;
TiP — cpennee Bpemst B mporiecce.

ITockonbky B CTPOHMTENBCTBE CPOK BBIIOTHEHUS
CMP 3aBucut ot 06beMa padOT, KOTOPBIH OTIIMYACTCS
JUISL KasKI0TO MPOEKTA, IPOaHaIN3UPyeM CKOPOCTb I10-
CTaBKH U MPOIYCKHYIO CIIOCOOHOCTH ISl TOJTOTOBH-
TeJNBHOTO Nieproa B paccmarpusaemoit KI1O (tabm. 5),
KOTOPBII BKJIFOYAET TOJBKO HMHTEJUIEKTYaJIbHBIM TPYZ
U COCTOUT M3 ITAIOB, OMMCAHHBIX BHIIIIE.

Tabu. 5. PacueT ckopocTH MOCTaBKK M MPOIYCKHOM
CIIOCOOHOCTU CHCTEMBI

IIponycknas
[pomecc Ccroco0HOCTh
(TIPOEKTOB B MeCSIIT)

Pacuer o6bema pabot 6,0
®dopmuposanue JI3K 16,9
[oaroToBka OromkeTa MpoeKTa 18,4
CocraBiieHre CMETHOTO pacuera 4,9
[loanucanue norosopa 2,9

Taknum 00pa3oM, MOMY4YMB 3HAYCHUS] CKOPOCTH
B MPOLIECCE W IPOIMYCKHOH CIOCOOHOCTH ISl Kax-
JIOTO Tpolecca, BO3MOXKHO YCTaHOBHUTH JIMMUTHI He-
3aBepIIeHHON paboTel. BBemeHne wu coOmomeHme
WiP-TMMHUTOB TO3BOJISIET 3aMEHHUTH CHCTEMY «IIPO-
TaJKMBAaHMS) MPOU3BOJCTBA HA CHUCTEMBI «BBITATHBA-
o1I1ero Mpou3BoACTBay |14, 15]. Ileperpy3ka cucTeMsl
Ype3MEepHbIM KOJMYECTBOM YaCTHYHO 3aBEPIICHHBIX
IIPOCKTOB YBEIMYMBAET 0OIIee BpeMsi MPOU3BOJICTBA
paboT 1Mo NpoeKTaM U He JIaeT BO3MOXKHOCTh OpraHn3a-
II{ ONEPaTHBHO OTKJIMKAThCs Ha MOTPEOHOCTH 3aKa3-
YMKOB U PearnpoBaTh Ha BO3HHUKAIOMNE puCKH. [TyTem
HaOJII0/IeHNsT HEOOXOAMMO OTPaHUYMBATh U ONITHMHU3U-
poBaTh 00BbEM HE3aBEpIICHHOH PpaboThl, YTO BIOCHEN-
CTBHM TPHBENET K COKPALICHHIO BPEMEHH HPOU3BOI-
CTBA, NMOBBIMICHUIO KaUeCTBA U YBEIMUCHUIO CKOPOCTH
MIOCTaBKH.

SJAKJIIOYEHHUE U OBCYXIAEHHUE

B mocnennue necsatuieTrs MeTo KaHOaH Halel
HIUPOKOE NPHMEHEHHE HE TOJNBKO B IIPOU3BOJCTBE,
HO U B IpyTuX oTpacisx [16—18], Bkiroyas cTpOUTEIh-
CTBO.

Meron kaHOGaH 1o3BoONIIET C(HOPMUPOBATH MOHH-
MaHHe TOr0, KaKhe MPOLECCH MPOXOIAT B KOMITaHHH,
YCTaHOBHUTD B3aWMOCBS3U MKy HUMH, a TAKXKE OIpe-
JICTINTh, C KAaKKMM 00bEMOM 33/1a4 MOT'YT CIIPaBUThCSI CO-
TPYAHUKH 32 €MHUILY BPEMEHU U Kakoid 00beM padoT
MOXXET OBITh C/IaH 3aKa3zdukaM. 1o 1ocTmkeHnn Tako-
TO MOHMUMAHHS MOXKHO IEPEXOIUTh K COBEPIIEHCTBO-
BaHUIO 3aJa4 U IPOLECcCOB Iy Oonee paBHOMEPHOIO
pacnpezeneHus 3a4ad ¥ IUIAHUPOBAHUS PE3yJIBTaTOB.
B Xome cOBepLICHCTBOBAaHHS IPOLIECCOB yCHIMBAET-
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Csl B3aUMOJICHCTBHE MEXKIY COTPYAHHKaMH, a BMECTE
C HUM IOBBIIIAETCS KAYECTBO.

[IpumMeHeHne MeTona KaHOAH B KPYIHBIX IOJI-
PSHBIX OPTaHW3ALMSIX CTPOUTENHEHOTO CEKTOpa MO-
KET 3HAYUTEJIbHO YIYUIIHUTh KaK YIIPaBJICHHUEC ITOTOKOM
MIPOEKTOB, TaK M OM3HEC-MPOIECCaMH, TOBBICHTh (-
(EeKTUBHOCTh MCHOJB30BAHHSI PECYPCOB U YIYUIIHUThH
KOMMYHHMKAIMIO C 3aKa3uMKaMu. DTOT METOA Ipeio-
CTaBJIIET MHCTPYMEHTBI ISl BU3yallU3alllH, yIpaBiie-
HUSI M ONTUMH3ALIH PabOUYHX MPOIIECCOB.

K nmpenmymiectBaM BHEAPEHUS KaHOAH B KaueCTBE
nHpopMannoHHo# cuctemsl B fesrenbrHocTr KI1O cre-
JIyeT OTHECTH:

* BU3yaJIM3alMI0 TIpoLlecca YIPaBICHHUs IPOEK-
TaMH: METOJl KaHOaH oOecnednBaeT HANIAHOE TIPE-
CTaBJICHUEC TCKYIIUX 3aJia4 U 5TAIIOB BBITIOJTHEHUA IIPO-
€KTOB, YTO CLIOCOOCTBYET IPO3PAYHOCTH ¥ HOHUMAaHHIO
craryca pabor;

* ONTUMHM3AIMIO TIPOLIECCOB: MyTEeM aHaJIN3a JaH-
HBIX KaHOAH-CUCTEMbI KOMITAHUU MOTYT BBISIBUTH y3KHE
MecCTa, U30BITOUHBIC ATANbI ¥ Apyrue GpakTopsl, Mena-
formye YPPEKTUBHON peanu3auy mpoekTos [19];

* 'THOKOCTh M aJalTHBHOCTH: KaHOAH TO3BOJISIET
JIETKO BHOCUTH M3MEHEHHUS B HMPHOPUTETHI M PacIpe-
JIeJICHUE PECYpCOB B OTBET Ha HOBBIE TPEOOBAHMS MIIN
MPOOIIEMEBI, YTO OCOOCHHO Ba)KHO B CTPOUTEIBCTBE, HC-
XOZIsl U3 €ro JMHAMUYHOM TPUPO/BL;

* KOHTPOJIb HAJ padOYNMH IMOTOKAMH: METO]] KaH-
0aH JaeT BO3MOXKHOCTH OoJiee 3p(heKTHBHO yIpaBisITh
pabounMH MOTOKaMu, MPEIOTBpaIiasi MeperpysKy co-

TPY/ZHUKOB U oOecreunBasi paBHOMEPHOE pacrpesielie-
HUE 3a/1a4;

* [IOCTOSTHHOE YIYYIICHNE IPOLECCOB YIpaBile-
HUSI: aHaJIW3 METPUK KaHOAH M CHCTEMAaTHYECKOE H3-
YUEHHE IPOIIECCOB MOOMIPSIIOT MOUCK BO3MOXKHOCTEH
JUISL TIOCTOSIHHOTO YiTydnIeHHst 3pEeKTHBHOCTH 1 Kaue-
CTBa YIPaBIJICHHUS MPOCKTAMHU B CTPOUTEIIHCTBE;

* HHCTPYMEHTApUil UId aHATUTHYECKOH pabo-
ThI: HAKOMMTENbHASl JUarpaMMa IOTOKa SIBISIETCS T10-
JIC3HBIM UMHCTPYMCHTOM I HAINIIAHOIO U 6bICTpOFO
aHaJM3a II0TOKa ITPOEKTOB, OTCJIEXKHMBAS W3MECHCHMS
BO BPEMEHH, AHarpaMma o3BOJIsIET paclo3HaTh CUTHA-
JIBI JUISL BMEIIATENBCTBA, ISl TOTO YTOOBI pa3o0parhes
B BO3HHKAIOIIHNX npo6neMax " MPEIATCTBUAX B ITOTOKE
pabotsl. OHa He TOJNBKO TOMOTaeT HaWTH MpoOiiemy,
HO M B INHAMUKE TTOKa3bIBAET, HACKOJIBKO YCIICITHO OHA
pemraercs. Ha ocHOBe muarpaMMbl Takke MOXHO ycTa-
HOBUTb, JUISl KaKUX 3314 CJIEAYET YBEJIUYUTH MPOH3-
BOACTBCHHBIC MOIITHOCTH,

* BO3MOYKHOCTb ONITUMH3AIIH CPOKOB peain3aiuu
OT/ICJIBHBIX MPOLECCOB: MPOIOLKUTEIBHOCTD TPOIIEC-
COB MOXHO aHAJIM3MPOBATh AHAJOTUYHO CTOUMOCTH,
OINITHMU3AIMS BPEMEHH B ITPOIIECCE CHUKACT U3ACPIKKU
CTPOUTEIIBHOTO MPOU3BOJICTBA.

Takum 00pa3om, Ha OCHOBE IOJYYEHHBIX PE3YJb-
TaTOB ONPEJICIICHBI HEOOXOMMBIE YCIIOBHS [UIsl BHEpE-
HUSI CUCTEMBI KaHOAH C LENbI0 TUITAHWPOBAHUS W KOH-
Tpoist motoka mpoektoB B KIIO. IToaroroBka stamon
TJIAaHUPOBAHUA U KOHTPOJIA IIPpU pCain3aliin IMPOCKTOB
B CTPOMTENILCTBE SIBJISICTCS IIEPBBIM IIaroM Ha ITyTH
K JOCTIKEHUIO 3(h(heKTHBHOM pabOTHI KOMITAHHH.
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INTRODUCTION

Traditionally, construction production is con-
sidered as a set of works, the realization of which is
aimed at achieving the project objectives. This view of
the construction production process is present both in
traditional methods of construction organization and
in modern methods, but this approach has a number of
disadvantages [1]. The alternative to the traditional ap-
proach is the consideration of construction production
as a set of flow processes of value creation and associ-
ated costs.

The realization of a construction project involves
two main processes:

* preparatory, which is a step-by-step refinement
of specifications, where the customer’s needs and de-
sires are transformed into requirements and then into
detailed designs. At the same time, it is a process of

identifying problems and risks associated with project
implementation and developing ways to address them;

e project implementation process consisting of
several types of flows: delivery and processing of ma-
terials, work processes of construction teams, others re-
lated to control and maintenance of the main processes
(author’s and technical supervision, project manage-
ment, etc.).

The steps listed are characterized by their cost,
quality and duration, which need to be measured and
monitored.

The growth of a contracting construction company
is associated with an increase in the number of projects
where work is taking place simultaneously, which en-
tails a large flow of information within the contracting
company that needs to be processed. In practice, there
are often problems with the exchange of information
between the company’s divisions, as well as a large
number of different tabular forms for storing and sys-

187

(2G) Z HOALIGG "PL WOJ usanesrnechien



Science atil‘:lnfslll:ll::(:llloﬂilll “0I' 14- Iss“e 2 [52]

Alexandra E. Lebedeva, Irina V. Karakozova

tematizing information about processes, as a large
amount of information becomes difficult to process and
perceive by employees. There is a sufficient number of
software products to facilitate information exchange,
but their introduction and application in such a conserv-
ative area as construction production remains at a low
level, especially in terms of project management and
cost control' [2—14].

Achieving a balance between production capaci-
ties and orders, as well as even loading of employees is
a complex practical task. Thus, there is a need to create
a unified and visualized system of project flow man-
agement in a contracting organization, which confirms
the relevance of the research topic.

This paper examines the organization of project
workflow in a large contracting organization (LCO)
as a flow system with construction projects as its ele-
ments. The study was conducted to evaluate the appli-
cation of kanban system to organize workflow in LCO
of the construction sector.

MATERIALS AND METHODS

The kanban method, developed by the Japanese
company Toyota in the 1950s and which became one of
the key elements of the Lean construction system [14],
is a systematic approach to production management.
This method is designed to optimize production and
business processes, eliminating redundant resources
and increasing efficiency.

The kanban method, according to [14], is a method
for defining, managing and improving processes and is
widely used for the purpose of creating and manag-
ing flow systems. According to research conducted in
Agile-organizations [14], kanban is used both indepen-
dently and in conjunction with other systems such as
Scrum.

Kanban, as an information system, makes it pos-
sible to bring together all the company’s departments,
establish links between them, as well as links between
different processes, and then coordinate the flow of
value creation according to the available demand [14].

In Japanese, kanban means “record” or “plate”.
Toyota created and implemented a special card that acts
as a signal informing about the need to produce an ad-
ditional number of parts [14]. The method developed
by Toyota was called Lean and found wide application
in production, and then it was adapted for construction,
thus the term Lean construction or “lean construction”
appeared.

The scientific literature identifies four main con-
cepts of Lean as lean construction: “just-in-time”, cre-
ating a continuous flow, continuous improvement and
organising a “pull production” system [14].

The first just-in-time principle means working
without inventories: the production process should be

" AutoBOP service. URL: https://pik.digital/blog/120

188

provided with resources in the right quantity and when
needed just-in-time without creating warehouses [ 14].

The principle of continuous flow means that pro-
duction flows must not stop. Its continuity must be
guaranteed through systematic short-, medium- and
long-term planning, which determines the amount of
work to be produced.

The system of “pull production” is a scheme of
production organization in which the scope of work and
deadlines at each production stage are set by the needs
of subsequent stages, and ultimately by the needs of
the customer. In this way, the accumulation of inven-
tories or tasks for a unit is prevented, which leads to
optimization of the company’s performance [1].

The principle of continuous improvement is
the pursuit of excellence and is a valuable tool for con-
trolling and improving processes, in which all employ-
ees of the company should be involved.

Measurement and monitoring are emphasized in
the concept of lean manufacturing because continuous
measurement enables the process of improvement by
identifying potential for improvement [1].

It is worth noting that the Lean concept also has
a specific approach to measurement, which aims to
reduce wasted [2, 3] time and resources, as well as to
optimize processes and reduce the time per process of
the production flow. Measurement data is needed for
several purposes: to stimulate internal organizational
improvement and project comparison, as well as to de-
fine goals in LCO.

The kanban method involves the implementation
of feedback loops to coordinate delivery and improve
service delivery. The most commonly used tools for
feedback loops are regular meetings and discussions
called cadences.

Visualization of work processes. The kanban meth-
od is based on the visualization of intangible activities
in order to organize the correct operation of the system,
and to achieve a balance between the company’s pro-
duction capabilities and orders using visual cues.

Depending on the scale of application of the meth-
od, the kanban system can be applied to a single process
or cover the work of different departments with differ-
ent levels of detail of processes and links between them.

To visualize the work when implementing a kan-
ban system, companies use cards that are placed on
a kanban board (Fig. 1). As processes are completed,
the card is moved along the columns in the kanban
board from left to right until the work on the card is
completed. Process visualization can be implemented
either on a physical board or digitally using special soft-
ware.

RESEARCH RESULTS

The LCO selected for the analysis uses an infor-
mation system to plan and control the execution of key
project events. Based on the information received on



Application of the kanban method to the analysis of project flow
in a large contracting organization of the construction sector

P. 178-194

Fig. 1. Example of a physical kanban board

planned and executed events, we will analyze the dura-
tion of the project implementation phases and visualize
it through the construction of diagrams.

The following processes serve as the inputs for
which the analysis was conducted and which relate to
the main metrics of the kanban system:

e determination of the average production time
(Lead Time — LT);

* establishment of Customer Lead Time, the pe-
riod from the conclusion of the contract to the delivery
of the facility;

Table 1. Stages of kanban system implementation

¢ determining the speed of delivery;

* construction of a scatter diagram by time of work
completion;

* construction of an accumulative flow diagram.

Based on the results of the analysis, recommenda-
tions are formulated to improve LCO performance.

In the case of project flow organization in LCO,
the cards are construction projects that go from receiv-
ing a request from the customer, to processing and im-
plementing it, and then delivering the project.

Implementation of the kanban method in LCO in-
cludes separate stages, the list and description of which
are given in Table 1.

Since the construction process is inherently flow-
based, let us consider the application of the kanban
method to LCO that specializes in the construction of
utilities. In order to realize this objective, we will ana-
lyze the approaches to work organization in LCO.

Contractors perform construction and installa-
tion works (CIW) and other specialized services under
contract with the client. Project work in LCO can be
divided into the following sequential stages or project
milestones shown in Table 2.

Depending on the level of detail required, more or
fewer project milestones can be identified, and multiple

Stage Title

Description

1 Current status survey

Examining the current state of business processes in the company includes
analyzing existing workflows, identifying bottlenecks and determining areas where
the kanban method can be most useful

2 Process visualization

The next step is to visualize business processes using kanban boards. Each stage
of a project or business process is represented as a separate column on the board,
and tasks are labelled with cards. This method allows all process participants to
see the current state of the work being done and to prioritize tasks

3 | Workflow management

Using the kanban method gives you the flexibility to manage the flow of work.
When new tasks appear, they can be added to the board and the team will start
working on them, while taking into account priorities and available resources. In
kanban, work in process is constrained to balance the use of resources while still
ensuring the flow of work

4 | Monitoring and optimization

Table 2. Stages of project implementation

The kanban method also provides tools to monitor performance and optimize
business processes. By analyzing task times and processing data from the board,
bottlenecks can be identified and improvements can be made

Stage name

Scope of work during the implementation of the stage

Preparatory phase

* participation in the tender;

* obtaining project documentation;

* calculation of the scope of work;

* determination of prices for materials (collection of commercial proposals from suppliers)
and drawing up limit and intake cards (hereinafter referred to as LIC);

* preparation and approval of estimates;

« conclusion of a contract with the customer;
* preparation of the project budget

Project implementation

permits

« transfer of the construction site;

* the beginning of construction and installation work (hereinafter referred to as CIW);

» completion of construction and installation works;

» commissioning of the facility and obtaining certificates of compliance and commissioning
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levels of detail can be established and a second level
process chain can be developed for each of the first
level events. Thus, a kanban board for LCO may look
like the one shown in Fig. 2. The numbers in brackets
denote the work-in-progress limit for the process.

This paper analyzes the activities of LCO, which
is part of the PIK Group of companies — the larg-
est property developer in Russia. To plan and control
the fulfilment of key events in the project construction

Preparation :
Inquiry of a commercial . S::cmiﬁzm
proposal gre

Object 9

Object 6

Object 10

Object 7

Obiject 4

Object 11

Fig. 2. Example of a kanban board for LCO

process — project milestones, the group of companies
has developed a digital service “AutoBOP” [14].

The system visually displays the processes for
each project with indication of deadlines and re-
sponsible employees (Fig. 3), which allows planning
the construction of objects, creating linked chains of
events of objects, as well as provides the ability to
download documentation on events and its coordina-
tion (Table 3).

Start Completion
of construction of construction Project
and installation and installation delivery
works works

Object 12

Object 16

Object 1

|
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Fig. 3. AutoBOP system
Table 3. Register of events (project milestones)
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Let us analyze the project milestones by kanban
method, using data on planned and executed events
from the AutoBOP system for LCO facilities imple-
mented in 2022 (Table 4).

Table 4. Number of executed events in the considered LCO
in 2022

Number
Event name of milestones
completed
Obtaining design documentation 105
Calculation of the scope of work 104
Drawing up limit and intake cards 100
Signing the contract with the customer 90
Preparation of the project budget 95
Preparation and approval of estimates 99
Start of construction and installation works 85
Completion of construction and
) . 58
installation works
Handing over the object and obtaining 27
certificates

As can be seen from Table 4, during the period un-
der review LCO received design documentation for 105
new construction projects, started construction of 85,
completed 58, while the conclusion on compliance of
the performed works with the state construction super-
vision authorities was received during the period under
review only for 27 of them.

Table 4 summarizes the dates of these events,
which represent the flow system of project implementa-
tion in the LCO under consideration.

The project work goes through various stages from
receiving the project documentation to the delivery of
the project. In order for this flow system to become
a kanban system, it must define:

« signals defining the work in progress (WiP) limit;

* the point of commitment and the point of de-
livery.

In our case, the commitment point is the conclu-
sion of the contract with the customer, and the deliv-
ery point is the delivery of the construction project.
In accordance with the kanban method, a number of

queued requests are formed before the commitment
point, which the company can accept into work or re-
fuse to realize. In construction, this stage, depending on
the forms of LCO ownership, is called tender work or
preparatory stage of investment and construction pro-
ject realization.

The period of time that an element of the system
spends in the process between the commitment point
and the delivery point is called Lead Time (LT) or kan-
ban time. At the same time, Customer Lead Time is
the period of time during which the customer waits for
the delivery of an item [14].

In the article, the time from the start of construc-
tion and erection works to their completion is taken as
the production time, the waiting time of the customer is
the period from the date of the contract conclusion to
the commissioning of the object. The period of the con-
struction object being in the kanban system is from
the receipt of the request and project documentation
from the customer to the commissioning of the object.

To visualize the results of the customer waiting time
calculation, a scatter diagram is constructed (Fig. 4).

The time from the moment of contract conclusion
to the object delivery ranges from 0.2 to 17.8 months,
the average waiting time is 8.5 months. However,
the time of works production is within 0.2—14.8 months
(Fig. 5). On average, the production of construction and
erection works takes 6.7 months and the preparation
period takes 7.6 months. The total time in the kanban
system of the construction object is up to 23 months.

Scatter diagrams clearly illustrate information
about actual timelines that can be used for planning
and setting company goals. In the case under considera-
tion, based on the data shown in Fig. 5, it can be con-
cluded that the company needs to optimize the length
of the preparation period, because between the stage
of preparation of estimates and the start of work on
the object there is a significant time lag for some ob-
jects, while for others it takes a few days.

The set of elements that are in the kanban system
at any given time, as well as the number of such ele-
ments is called work in progress (WiP). Setting limits
on the number of projects for each stage of work allows
you to avoid overloading departments and optimize
the work of the system as a whole.

Customer Lead Time

20.0

16.0
14.0
12.0
10.0 o
8.0
6.0 . ? * 4 &
4.0 o
2.0 ®

Production time, months

18.0 @

c". =
&

s 1) “J cegq ® H

23.07.2021 31.10.2021 08.02.2022 19.05.2022 27.08.2022 05.12.202215.03.2023 23.06.2023 01.10.2023 09.01.2024 18.04.2024

Date of delivery

Fig. 4. Scatter diagram of the customer’s waiting time from the date of the contract conclusion to the delivery of the object
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Fig. 5. Scatter diagram of the time of construction and installation works production and duration of the preparatory period

The rate at which project milestones are met is
called the delivery rate. It is calculated as the inverse
of the time between the last two events, and the aver-
age delivery rate for a given period can be calculated
as the result of dividing the number of deliveries by
the length of the time period.

Based on the data on the closing dates of all pro-
jects (Table 4), let us build a Cumulative Flow Diagram
(CFD) (Fig. 6).

The vertical axis shows the number of complet-
ed events by cumulative total, the horizontal axis on
the chart is the time scale, each work item undergoes
all types of activity over time until all work on the con-
struction project is completed. The diagram serves as
a visual representation of the system’s operation and
also provides a quick assessment of the current state of
the system and its key metrics. By analyzing the cumu-
lative flow diagram, it is possible to identify problems
and weaknesses that LCO may face, which is one of
the main advantages of using the kanban method.

While ensuring an even workload, the width of
the areas on the diagram will remain the same, this is

120
M Obtaining design documentation
B Calculation of the scope of work
100 & Drawing up limit and intake cards

"] Preparation of estimates
M Signing a contract
80 [ Start of construction and installation work

I Completion of construction and installation works
B Handing over the object and obtaining certificates

60

40

20

0

Fig. 6. Cumulative Flow Diagram
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the ideal scenario of the company to which the manage-
ment should strive, thereby ensuring smooth function-
ing of the entire system and even distribution of work
among the departments, while an uneven width of any
area is a signal that there is a problem in the process.

In the diagram above (Fig. 6), one can notice
an unevenness in the width of the areas, which indi-
cates deficiencies in the organization of the system’s
work; the green area, showing the number of estimates,
expands in the first third of the diagram, and then
the dynamics is repeated by the line of the beginning
of the construction and assembly works, while the line
of work completion remains uniform. Thus, there is
an overload of production capacity due to the simulta-
neous implementation of a large number of new pro-
jects, which has increased the load on the remaining
staff. One of the possible reasons may be the seasonal-
ity factor, which is present in the work of contracting
organizations and forms the prerequisites for uneven
loading of the construction production department in
the spring and summer period.
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in a large contracting organization of the construction sector

In a flow system, in which all elements are supplied
(card work is completed), there is a simple dependence
between the average values of indicators for a certain pe-
riod. This dependence is known as Little’s law [12, 13]:

Completion rate = W_IP = 27 =3.162% ects
T 993

where Completion rate is the average number of items
worked in the kanban system per unit of time, for LCO
it is the project completion rate; WiP — number of ele-
ments in operation per period; LT — average produc-
tion time during which an element passes from the point
of commitment to the point of delivery.

Using Little’s law, let us analyze the indicators for
the components of the kanban system using time-in-
process (TiP) data. Time in process means the period
during which an element is in the process under consid-
eration [14], for example, the time required to calculate
the amount of work on the received design documenta-
tion. Knowing the indicators of time in process, it is
possible to determine the “throughput” for the elements
of the kanban system. The number of work items both
completed and discarded leaving the system per unit
of time forms the throughput of the system, which is
measured in the number of work items per unit of time:

Throughput = \E’, (2)
TiP
where Throughput is the average number of work items
leaving the system process per unit time; WiP is the aver-
age number of work items in operation in the process un-
der consideration; TiP is the average time in the process.
Since in construction the lead time depends on
the scope of work, which is different for each project,
let us analyze the delivery rate and throughput for
the preparatory period in the considered LCO (Table 5),
which includes only intellectual labour and consists of
the stages described above.
Thus, by obtaining the values of speed in process
and throughput for each process, it is possible to set lim-
its for work in progress. Introducing and enforcing WiP
limits allows replacing the “push production” system
with “pull production” systems [14, 15]. Overloading
the system with an excessive number of partially com-
pleted projects increases the overall project production
time and prevents the organization from being able to
respond quickly to customer needs and react to emerg-
ing risks. Through observation, it is necessary to limit
and optimize the amount of work in progress, which
will subsequently lead to reduced production time, im-
proved quality and increased speed of delivery.

()

month

CONCLUSION AND DISCUSSION

In recent decades, the kanban method has found
wide application not only in manufacturing but also in
other industries [16—18], including construction.

The kanban method helps to develop an under-
standing of what processes are going on in the com-
pany, to establish interrelationships between them, and
to determine how many tasks employees can handle per

Table 5. Calculation of delivery rate and system capacity

Throughput
Process (projects

per month)
Calculation of the scope of work 6.0
Drawing up limit and intake cards 16.9
Preparation of the project budget 18.4
Preparation of estimates 4.9
Signing the contract 2.9

unit of time and how much work can be delivered to
customers. Once this understanding is achieved, you
can move on to improving tasks and processes to more
evenly distribute tasks and plan for results. As process-
es are improved, communication between employees
increases and with it quality.

The application of the kanban method in large
contracting organizations in the construction sector can
significantly improve both project flow and business
process management, increase resource efficiency and
improve communication with customers. This method
provides tools to visualize, manage and optimize work
processes.

The advantages of implementing kanban as an in-
formation system in LCO operations include:

* visualization of the project management process:
the kanban method provides a visual representation of
current tasks and project milestones, which facilitates
transparency and understanding of the status of work;

* process optimization: by analyzing kanban sys-
tem data, companies can identify bottlenecks, redun-
dant steps and other factors that hinder the effective
implementation of projects [19];

« flexibility and adaptability: kanban allows for
easy changes in priorities and resource allocation in
response to new requirements or challenges, which is
particularly important in the construction industry due
to its dynamic nature;

 workflow control: kanban enables more efficient
workflow management, preventing employee overload
and ensuring an even distribution of tasks;

e continuous improvement of management pro-
cesses: kanban metrics analyzes and systematic process
studies encourage the search for opportunities to continu-
ously improve the efficiency and quality of construction
project management;

« analytical tools: the accumulative flow chart is
a useful tool for visually and quickly analyzing the flow
of projects by tracking changes over time, the chart al-
lows you to recognize signals for intervention in order to
understand emerging problems and obstacles in the flow
of work. It not only helps to find the problem, but also dy-
namically shows how well the problem is being solved.
The diagram can also be used to identify for which tasks
the production capacity should be increased;

« the possibility of optimizing the timing of individ-
ual processes: the duration of processes can be analyzed
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in a similar way to cost, optimizing the time in the pro-
cess reduces the costs of construction production.

Thus, based on the results obtained, the necessary
conditions for the implementation of a kanban system to

plan and control the flow of projects in LCO were identi-
fied. Preparation of planning and control stages in the im-
plementation of projects in construction is the first step
towards achieving efficient operation of the company.
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