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AHHOTALUMNA

BBepeHue. B HacTosiLee BpeMs pasnunyHbie BUAbl 06bI4HbIX cpeacTs nopaxenus (OCIT) aTakytoT cyLiecTByoWMe 30aHUs
1 COOPYXXEHNS Pa3HOro HasHaYeHUst: rpaXkaaHckve u npombilwneHHble. 3avactyto OCIT noBpexaatoT OTAENbHbIE CTPOUTESb-
Hble KOHCTPYKLMK, Tak1e Kak NinuThbl, KONOHHbI, 6anku n npoyee. OTcloAa OLEeHKa KaTeropum TEXHUYECKOro COCTOSIHUSI CTPO-
UTENbHbIX KOHCTPYKLMI SBNSETCS akTyanbHOWN 3aJaven ons nHxeHepos-obcnenosarenen. YkazaHHas npobnema peluaercs
BBeJEHNEeM NMory4eHHbIX AaHHbIX MO pesynbratam obcrnefoBaHus B MOBEPOYHbIN pacyeT. MNpeamer uccnegoBaHs — MeTo-
[VKa CTaTU4YecKoro pacyera no NPOYHOCTU NOBPEXAEHHbIX CTPOUTENbHbLIX KOHCTPYKUMA oT OCIT Ha npuMepe cTep)XHeBo-
ro arieMeHTa C CxaTo-n3rnbaemMbiM HanpsPKeHHO-AeOPMUPOBaHHBIM cocTosiHMeM. Lienb nccnegosanna — onpepenexne
cTenexn Bosgenctana OCIT ykasaHHOrO arieMeHTa C y4eToM (PU3N4ECKON U reOMETPUYECKON HENMHEMHOCTM MaTepuana.
MaTtepuanbl u MmeToabl. PaccMoTpeHa MeToaMKa YMCIIEHHOTo pacyeTa Ha 3anpoekTHoe Bosaencteme oT OCII, koTopas
YUYNTBIBAET HE TONIbKO OCOBEHHOCTM PU3NKO-MEXAHNYECKMX XapaKTEPUCTUK CTPOUTENbHBIX MaTeprarnos, a Takke dusmnye-
CKYI0 M TEOMETPUYECKYO HEMNMHEVHY0 paboTy o6cneayemow CTPOUTENBbHOW KOHCTPYKLUM 3AaHNst (COOpYKeHnst). Pusnyeckas
HENVHENHOCTb Xene3obeToHa yYnTbIBAETCSH Ha OCHOBE TpeboBaHMUI 0TEYECTBEHHbLIX HOPM, Takux kak ClM63.13330 u MNoco-
6ue k CIM 63.13330. B xofe YMcneHHoro pacyeta NpMMEHSATCA MeToA HavanbHbIX napametpos (MHIT) n meToa npocTbix
UTepaumi (MK YUCNeHHbI MeToa utepauuin). MeTop HavanbHbIX NapamMmeTpoB yCTaHaBNMBAET NMHENHbIE U YITOBbIe Nepe-
MeLLEeHMS CTEPXKHEBOrO arneMeHTa. MeTog utepaummn ncnonb3yeTcs Ans pelleHnst CUCTEMbl YpaBHEHUI, KOTOPbIN C 3a4aH-
HOW TOYHOCTbIO BbISIBMSIET MO NPUBNMKEHHOMY 3HAYEHWIO BENMUYMHbI CIIeAYOLLEro NpubnvmKeHns.

Pe3ynbraThl. MNpennoxeHHas mMeToauka No ONpefeneHuio YyCUnuii B Ce4eHUM CTePXKHEBOTO CXaTo-U3rMbHOro anemeHTa
1 MHI no3BonstoT nony4ntb 060CHOBaHHbIE pe3yfbTaTbl YUCIEHHOMO pacyeTa C y4eTOM OCTaTOMHbIX Aedopmaunii 1 ge-
dopmunpoBaHHoi mogenn 6eToHa n ctanu.

BbiBoabl. Pa3paboTaHHas MeToavka NPOYHOCTHOIO pacyeTa ABNSeTCs NOBEPOYHbIM PacHeTOM CYLLECTBYIOLLMX CTPOUTENb-
HbIX KOHCTPYKLUMIA. NSt NpOCTOThI U yA06CTBa BbINOMHEHUSI MOBEPOYHOIO pacyeTa anropMTM AaHHOW METOAVKV aBTOMaTu3un-
poBaH Ha s3bike VBA (Visual Basic for Applications).

KIMKOYEBBIE CJIOBA: »xene3o6eToH, husnyeckas HENMHENHOCTb, reoMeTpuyeckas HenmMHenHOCTb, METOA UTepauumn, me-
TOZ, Ha4arnbHbIX NApaMeTpPoB, OObIYHbIE CPEACTBA NMOPAXEHUS], CTEPXKEHb, YTON NOBOPOTA, NIMHENHBbIE NEPEMELLEHUS, YINO-
Bble NepeMeLLeHuns
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Determination of the degree of impact for compressed-bending
elements taking into account physical and geometric nonlinearity
from conventional means of destruction
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ABSTRACT

Introduction. Currently, various types of conventional means of destruction (CMD) attack buildings and lead to varying
uses: civil and industrial. CMD often damages individual building structures, such as slabs, columns, beams, etc. Hence,
assessing the category of technical condition (TC) of building structures is an urgent task for survey engineers. This problem
is solved by introducing the data obtained from the survey results into the verification calculation. The subject of the study
is the method of strength calculation of damaged building structures from CMD using the example of a rod element with
a compressive-bending stress-strain state (SSS). The purpose of the study is to determine the degree of impact of the CMD
of the specified element, taking into account the various nonlinearities of the material.

Materials and methods. The paper discusses a method of numerical calculation for beyond design impact from conventional
means of destruction, which takes into account not only the features of the physical and mechanical characteristics of building
materials, but also the physical and geometric nonlinear work of the building structure being examined. The physical nonlinear-
ity of reinforced concrete is considered in this article on the basis of the requirements of building codes of the Russian Federa-
tion, such as CP 63.13330 and the Manual for CP 63.13330. During the numerical calculation, the following methods are used:
the method of initial parameters and the method of simple iterations (or the numerical iteration method). The initial parameters
method determines the linear and angular displacements of the rod. The iteration method is used to solve a system of equa-
tions, which, with a given accuracy, determines the value of the next approximation based on the approximate value.
Results. The proposed method for determining the forces in the cross-section of a bar compression-flexural element and
the method of initial parameters make it possible to obtain reasonable results of numerical calculations taking into account
residual deformations and the deformed model of concrete and steel.

Conclusions. The developed method of strength calculation is a verification calculation of existing building structures. For
simplicity and convenience of performing verification calculations, the algorithm of this technique is automated in the lan-
guage VBA (Visual Basic for Applications).

KEYWORDS: reinforced concrete, physical nonlinearity, geometric nonlinearity, numerical methods, conventional weapons
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BBEJAEHUE

B xo1e mocneaHuX COOBITHH pa3IU4HBIC BUIBI
0OBIUHBIX cpencTs nopaxenus (nanee — OCII) ara-
KyIOT CYLIECTBYIOIINE 3AaHUsI U COOPY)KEHUSI pa3HO-
ro Ha3HAUEHUS: I'pa)kJaHcKue (KUIIbIe JoMa, olrie-
CTBEHHBIE COOPYKEHUS U MPOYee) U MPOMBIIIJICHHBIE
(3aBombl, pabpuku) Ha Tepputopuu Poccutickoir de-
Jiepaiuy. YKa3aHHbIE DKCIUTyaTHPYEMble 31aHus H CO-
opyxenust nocie nospexaenus OCII npenctaBasoT
c000# 0OBEKT C Pa3HO CTENEHBIO Pa3pyILEHHUsI, KOTO-
past knaccudurmpyercst mo TOCT P 42.2.01': cnabas,

'TOCT P 42.2.01-2014. T'paxaanckas obopona. OmeHka co-
CTOSIHUS IOTEHIIAIBHO OMACHBIX 00BEKTOB, 00BEKTOB 000PO-
HbI 1 OE30ITaCHOCTH B YCJIOBHSX BO3JCHCTBHS ITOPAKAIOLINX
(hakTOpPOB OOBIYHBIX CPEICTB MOPaKEHUS. METONBI pacyeTa.
M. : Craagaprundopm, 2019.

CpemHss, CHJIbHAS CTEICHH U IOJIHOC pa3pyIICHUE.
3auacTyro paspylieHusl 3MaHuil (COOPYKEHHI) Xapak-
TEPU3YIOTCS cIa00i WM CpeHEeH CTETICHBIO pa3pyIie-
HUS, T.€. TOBPEKICHA YaCTh HECYIIUX CTPOUTEIHHBIX
KOHCTPYKITUH, TAKMX KaK IUIUTHI, OAJIKU, PUTEITH, KO-
JIOHHBI, CTEHBI U MIpOYee, MIPHU ITOM OMACHOCTh UX 00-
PYILICHHUS OTCYTCTBYET. B 9TOM ciIydae S5KOHOMHYECKH
1eIecoo0pa3HbIM CUUTACTCS TIOTHOE BOCCTAaHOBJICHHE
YACTHYHO Pa3pyMICHHBIX CTPOUTCIBHBIX KOHCTPYKITHIA
3[aHUI 1TOCIIE OCHOBHBIX CPEJICTB MOPAKEHHS C MUHU-
MaJbHBIMH 3aTparamu. OTCIom1a HEOOXOJUMO OIICHUTD
U TIPUCBOUTH KAaTETOPUI0 TEXHUYECKOTO COCTOSHUS
(TC) Hecymux CTPOUTENBHBIX KOHCTPYKIUH 3/1aHUs
(coopysxkenusi) cormacao TOCT 319372

2TOCT 31937-2011. 3nanus u coopyskenust. [Ipasuna o6cie-
JIOBaHHsl 1 MOHUTOPHHIA TEXHUYECKOTO cocTosiHus. M. : CraH-
nmaptuadopm, 2014.

(9G) Z HOAUITG "GL N0 Jioeuesraqtsuken
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B.U. PumwuH, A.B. lllesyeHko, 3.P. Kyxxaxmemoea, A.H. BbiGpuH

[ToBpex/ieHHbIE CTPOUTEIIbHBIE KOHCTPYKIIUU He-
3aMeJUIMTEIBHO 00CIIEeYIOT 110 OOIIMM ITPaBUIIaM ITpO-
BesieHHs1 o0cneoBanust 1 MoHuTOpuHra TC KOHCTPYK-
IUI ¥ COOpPYKEHUIl 10 yKa3aHHOMY HOPMaTHBHOMY
nokymenty 'OCT 31937. B pesynbrare o0ciieoBaHus
OTIPENEISIOT 00BEMHO-TUIAHMPOBOYHBIE PEIICHHS 3/1a-
HUA (COOPYXKCHHS), aHATUIUPYIOT COSAMHUTEIHHBIC
y3JIbI HECYLIUX CTPOUTEIBHBIX KOHCTPYKIHH, (haKTH-
YECKYIO MPOYHOCT CTPOUTEIBHBIX MaTEPHUAIIOB, Peajb-
HBIE SKCIUTyaTHpyeMble Harpy3KH U BO3/IEHCTBHUS C yue-
TOM (paKTHUECKOM KapTHHBI Je(EKTOB U IOBPEKIACHUH
CTPOUTEIBHBIX KOHCTPYKIIHH.

B xoze o0cienoBanus Bce NOMyYEHHBIE Pe3yIIbTaThI
(PUKCHPYIOT B TEXHUYIECKOM OTUETE JJIS AAJIbHEHIIETO
BBITIOJTHEHNUS TIOBEPOYHOTO pacdeTa, KOTOPBIi ABIAeTCS
OIHUM M3 OCHOBOMOJAraroIux (hakTopoB Ui IPUCBO-
€HHUS KaTeTOPUH TEXHUYECKOTO COCTOSHUSA HECYLIUX
cTpoutensHbix KoHCTpyKiwid (eM. CIT 13-102-2003%).
JlJ1g TOYHOTO M MPaBUJIBHOTO MOBEPOYHOTO pacyeTa
[0 YCTAHOBJICHHUIO MPOYHOCTH IMOBPEXKICHHBIX KOH-
crpykimit or OCII HeoOxoauMo pa3paboTaTh METOIUKY
pacueTa Ha NpUMepe CTEP>KHEBOIO IEMEHTa C CHKaTo-
n3rubaeMbIM HarpsHKeHHO-/1e(OPMUPOBAHHBIM COCTO-
ssaneM (HJIC). HeoOxonumo BEISBUTE CTEIICHH BO3/ICH-
ctBust OCII yka3aHHOTO 3I€MEHTa ¢ YYeTOM Pa3InIHON
HEJIMHENHOCTH MaTepualla.

®dusnueckas HenuHeiHOCTH (DPH) kene3o00eToHa
XapakTepu3yercs: Heynpyrumu aedopmanusiMu OeToHa
W apMarypbl B CTEPIKHEBBIX IEMEHTAX U UX Y3JIOBBIX
COIPSDKEHMSIX, @ TAK)KE BOBHUKHOBEHUEM U Pa3BUTH-
€M B HHUX TpeIlUH. YuuTeiBaeTca u npuHumaercs ©H
no crpourtenbHbiM HopMam: CIT 63.13330* u IToco-
6ue x CII 63.13330°. ['eomeTpuyeckasi HEMUHEWHOCTb
(F'H) — 10 HenmuHEiHas 3aBHCHMOCTH MKy BHEIII-
HHUM BO3JICHCTBHEM M NTEPEMEIICHNEM, KOTOPOE BbI3Ba-
HO JIOMOJTHUTENBHBIM YCUIIHEM Ipu Ae(opMupoBaHUH
HECYILUX CTPOUTENILHBIX KOHCTPYKINH.

Lenp mcciaenoBanus — ompeaesacHne CTEHNeHU
BO3JICHCTBHSI OT OOBIYHBIX CPECTB MOPAKEHHS CIKATO-
n3rnbaeMoro MEMEHTa C y4eToM (BPU3HMYECKON U reoMe-
TPUYECKON HEIMHEWHOCTH MaTepHuaia.

B Hacrosiee BpemMst BONpocamMy THHAMUKH COOPY-
JKEHWH TIPY aBapUIHBIX BO3JECHCTBHSIX, CBS3aHHBIX C BO3-
JIEUCTBUAMH B3PBIBOB M PACIPOCTPAHEHUEM BO3IYIITHBIX
YAApHBIX BOJH Ha 371aHHUS, B TOM YHCJIE C UCTIOJIB30BaHU-
€M HEJIMHCHHBIX TOAX0M0B, 3aHuMaroTcs: [1.A. AkumoB
[1], B.X. Pummun [2], B.M. Komuynos [3], O.B. Ka-

3 CIT 13-102-2003. IpaBuia 06CIeR0BaHus HECYIIIUX CTPOU-
TEJIbHBIX KOHCTPYKLUH 31aHui 1 coopyxkenuit. M. : [occTpoit
Poccun, I'YIT LIIIII, 2004.

4 CIT 63.13330.2018. BetoHHbIe U *Kene300eTOHHBIE KOH-
cTpykuun. OCHOBHBIE MOJIOKEHHUS. AKTyalTW3UpOBaHHAs
penakius CHull 52-01-2003. M. : AO «HUL «Ctpoutemns-
ctBOY, 2019. 124 c.

5 TTocobue x CIT 63.13330. Meroauueckoe nocodue. Pacuer
JKeJIe300€TOHHBIX KOHCTPYKIUI 0e3 mpeaBapuTeNbHOrO Ha-
TPSDKEHUS apMaTyPHI.
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6annes [4], 3.H. Kogsimn [5], O.B. MxkpTsues [6],
B.JI. Monnpyc [7], A.I. Tampassu [8], H.H. Tpexusn [9],
I'I1. Tonkux [10], B.. Tpasym [1] u ap. Caenyet oT-
METHUTh 3HAYNTEIbHBIE CIOKHOCTH B MOJICIIMPOBAHUU
B3PBIBHOTO BO3/ICHCTBHSI.

MATEPHAJIBI U METO/JAbI

B kadecTBe MarepHanoB JUIsl HCCIEJOBAHUS HC-
MOJIB3YIOTCS. HOPMAaTUBHO-TEXHHUYECKHE JOKYMEHTHI
P®, nayunsie kHUTY U cTaThbu. s onpeaeneHus ae-
(hopmaruii xene300€TOHHBIX JIEMEHTOB ITPUHST METOJ
HayanbHbIX mapaMeTpoB (MHII) kak anpTepHaTHBHBIN
BapHaHT PacyeTa BEPTUKAIBHOTO CKATO-U3rHOaeMo-
TO CTEP)KHEBOTO 3JIEMEHTa METOJOM HHTEIPHUpOBa-
HUs AU depeHanbHOro ypaBHEHNsT H30THYTOH OcH
CTEP)KHEBOT'O JIEMEHTA 10 ONPeJIeNICHUIO AeopMaliny,
ykazanHoro B [Toco6un x CIT 63.13330.

[IpuBeieHHBIE METOBI MIMEIOT CBOU JOCTOMHCTBA
U HEJOCTaTKH, MOAPOOHO PacCMOTpPEHHBIC B Hayd-
HbIX kHHrax «ConporuBieHue mMarepuanony. OnHaKo
JUIsL IPUMEHEHMsI YKa3aHHBIX METO/O0B UMEIOTCS CXO-
KM€ OTPaHUYCHUS:

* paccMarpuBaeMasi KOHCTPYKIIHUS — CTEP)KHEBOM
JJIEMEHT;

e MaTepuan KOHCTPYKIUH OJHOPOJHBIN MO Bcel
ee JuTuHe (BBICOTe);

* CTECp)KEHb SIBISACTCS MPSIMOTUHEHHBIM;

* TIONEPEYHOE CEUCHHE KOHCTPYKIIUU UMEET T10-
CTOSTHHYIO (pOpMY.

* CIpaBe/UIMBa FUIOTE3a MIOCKUX PEIIeHUH, T.€.
CEUEeHHMs IUIOCKHUE J10 J1e(hOpMaIH OCTAFOTCS TUIOCKH-
MH 1focie gedopMann, a HarpsHKSHUS PacIipelesisroT-
Csl PABHOMEPHO B ITPEIEIax CCUCHUH.

WNuxenep-pacdeTuUK UCHOJIB3YET METOJ UHTE-
TPUPOBAHUSA U METOJ HaYaJbHBIX apaMETPOB HUCXOAS
M3 MCXOJHBIX JAHHBIX 3a7a4uu (TPOEKTa), MPOAOTIKH-
TEJILHOCTH BPEMEHH YHCIICHHOTO PacdeTa, CPOKOB IIPO-
eKTHpOBaHus u npodyero. Oda MeToaa pacyera 1o ycra-
HOBJIEHUIO BTOPOM T'PYIIBI MPEAEIbHbIX COCTOSHUN
(o medopmanysiM) MOXKHO NMPUMEHSThH B Ka4€CTBE I10-
BEPOYHOTO pacueTa. VMI3BeCTHO, YTO METOJl HadyalbHbIX
MapaMeTPoB ABISETCS OJHUM M3 OTHOCHUTEIBHO IPO-
CTBIX CIIOCOOOB pacyeTa yIIIOBBIX M JIMHEHHBIX Tepe-
MEIICHUH TPy U3rude, CXKATUN CTEP’KHEBBIX JIEMEHTOB
C JIIOOBIM KOJIMYECTBOM HPUHSTHIX YYaCTKOB IO €ro
quine. M3navansao B MHIT HeoOx0oquMo onpeaenuTh-
sl ¢ BBIOOPOM Hauasna KOOPAMHAT B PACUETHON CXeMe,
YCIIOBHUH 3aKpETUICHHsI PACCMaTPUBAEMOTO CTEP’KHEBO-
TO 2JIEMEHTA.

B crarbe npuBeaeHa MeTOMKA YUCIEHHOTO pac-
YyeTa 10 OMpeesIeHuIo qehopMaIiiii 11 CKaTo-U3TH-
06aeMBbIX IIEMEHTOB C YIeTOM (PH3UUIECKOI M TeOMETPH-
uveckoil HenuHeHoctn oT OCII. Anroput™m pacuera
yKa3aHHOH 3aJjaudl MPOBOJUTCS B HECKOJBKO ITAIOB.
B kadecTBe rpaHUYHBIX YCIOBUIl sl CoKaTO-n3rubae-
MOTO CTEp KHS IPUMEM HIAPHUPHbIE 3aKPETIICHUS, BHU-
3y — IMIaPHUPHO-HEOIBIKHAS OMIOPa, CBEPXY — IIap-
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Puc. 1. PacueTHble cXeMbl BEPTHKAIBLHOTO CTEP’KHEBOTO AJIe-
MEHTA: @ — W30THYTBIH CTeP)KEeHb; b — CIKATBIN CTEPIKEHD;
M — wsrubarouuii MomeHT; O — nonepednas cuia; N —
IpoJoJbHAA CUJla; ¢ — u3rudaroimuii MoMeHT; L — oOmas

JUTMHA CTEPIKHS; f, — HPOTHO CTEPKHs

HHUPHO-TIO/IBI)KHASI OIIOPA C KOHIIAMH U Harpy»XKEHHBIMU
yemmusivu (puc. 1).

Pa3o0beM jke1e300e TOHHBII BEPTHKAIBHBIA CTEPIK-
HEBOM 3JIEMEHT JUIMHOM L Ha OTAEbHBIE 71 YUaCTKHU paB-
HOH mymuHbl [ . Koo QuimeHTh! )eCTKOCTH Kax10ro 7
y4acTKa, C’KaToro B INIOCKOCTH CUMMETPUH MOTIEPEYHO-
IO CEYCHHs HKEeNIe300€TOHHOTO JIEMEHTa U PACIIONOKe-
HUH OCH X B 9TOH IIOCKOCTH, HAXOIUM U3 O0IIEH crcTe-

MBI ypaBHeHuit (1) u (2):

Dyy-1/py +Dy3- 89 = My; (1)

Dy -1/py +Ds3-89 =N, ()

rae 1/ p, — KPUBH3HA CXKaTO-U3rMOAEMOro 3JIEMEHTa;
D, D,=Dg,D,,

11° 13
y‘IaCTKa nonepeqﬂoro CeYeHHS JKeIe300€TOHHOTO BEp-

— KECTKOCTHBIC XapaKTCPUCTUKU

THUKAJIBHOTO 3JIEMEHTA.

B o0miem Bujie penieHre Ha KaKI0M k mare Mox-
HO 3amucarb B BHJIE TOCICAYIONINX UTepanuil (3arpy-
xenuit) [11-13]:

(/o)) =
4 (k=1 3)
M, D _
B (’k],l) - 13,](“) (So)gk )
Dll,j D 5_]

e (k) — HOMep UTepaluy; j — IIar 3arpyKeHUs.

VYpaBuenus (1)—(4) pemarorcs maroBo-uTepa-
IUOHHBIM MeTOJOM [14—19] ¢ KOPPEKTUPOBKOM KECT-
KOCTHBIX XapaKTEPUCTHK D 1 YIETOM JONOTHUTEIHHBIX
MOMEHTOB M TIpH MPOJIOIBHOM H3THOE.

JluHeliHbIe U YIJIOBBIC IEPEMELICHNUS CKIIAIbIBa-
F0TCS U3 IPOTUOOB OT NEWCTBUS M3TUOAIOIINX MOMEH-
TOB M IPOTHOOB CTEPIKHS OT CKUMAIOIIEH HAarpy3KH N.
B o0miem Bue BRIYACICHUE TUHEWHBIX ) U YITIOBBIX @
NepeMenIeHnil Ha KaXJIOM k I1are MO>KHO PELINTh Me-
TOJIOM HauaJlbHBIX T1apaMeTPOB:

Y 1 I el P
k k k k k k
0/ = 4% - 50+ B 0+ ¢ (6)

Koaddummentsr ypasaenuii (5) u (6) BeIpaxkaroT-
Csl CIIEAYIOINMH 3aBUCUMOCTSIMHU:
* JUISL IMHEWHBIX NIEpEMEICHHH V:

k k k k
WA A0 B o
K ok k) gk
B,(v,i) = B(,i)—l (gz)l =t ()
k k k k
i = Oy + Gyl L 9)
* IS YIJIOB TIOBOpoTa ©:
k k
(,i) = (,i)—l; (10)
k k
By = By (i
k) _ ok
é i 9 l) 1’ (12)

rae A}(,]fl-) C(k) HHJIEKChl METO/la MepeMeleHUN
MID), OHI/ICLIBaIOI_HI/Ie JINHEHHBIE IEPEMELLEHUS U YIVIb
IIOBOPOTa B PEKYPPEHTHOH (opme.

Jiist mpomonbHOTO M3rnba BEMUUNHY TepeMerie-
HUH BBIMYYMBAHMS HaXOAMM U3 CIEIYIONINX 3aBHCH-

MOCTEIL:
2
Jo) _
L

(13)
2 2.2 3 ’
XL 2— 3005( XL +| cos XL]
4 2 2
2 Ncr
= s 14
=7 (14)
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re f, — MaKCHMAaJbHBIA MPOTUO B CEpEIMHE MPOIe-
Ta NpU NEUCTBUM KPUTHUECKON CHUITBI N_;L— o0mas
JUTMHA paccMaTpUBaeMOro 3JIeMEeHTa.

Torma pacmpeneneHne MPOTHOOB MpHU Hadale
KOOpJIMWHAT HAa OJHOM W3 KOHIIOB CTEP)KHS HalgeM
o hopmyiie:

(15)

TJle X, — KOOPIMHATa CEYEHHS, B KOTOPOM OTIPENENs-
FOTCS TIPOTHOBI.

Pacuer cxato-n3rn6aeMoro BepTUKaILHOTO CTEPIK-
HEBOTI'O AJIEMEHTa MPOU3BOANM B CIIETYIOLIEM MOPSAKE:

1) pa3buBaeM CTEp)KHEBOW AJIEMEHT Ha paBHBIC
YYacTKH, YETHOE KOJIMUYECTBO;

2) ompenernseM BHYTPEHHUE YCHIIHS OT ACHCTBUS
[IOIIEPEYHOI HArpy3KH;

3) BBIUHCISICM JOTOJHUTCIBHBIN M3THOArONIHI
MOMEHT OT C:KMMAIOIIEN CHUIIBL;

4) ompenensieM TporuosI o popmymam (5)—(15);

5) KOppeKTUPYEM KOAPPHUITMESHTHI KECTKOCTH T10-
MIEPEYHOTO CEUEHUS CTEPIKHEBOTO IEMEHTA IO CIIeTy-
oM opmynam (1)—(4);

6) Bech Impolecc MOBTOPSETCS 10 CXOANMOCTH
MPUHATON BETHMYUHBI, HAIIPUMEDP 110 MaKCHMaJIbHOMY
3HAUCHUIO U3THOAOIIETO MOMEHTA, IPU KOHTPOJIE TIpe-
JINTBHBIX JleopManuii 0eToHa U apMaTyphl.

Benuuuny narpysku ot Bo3zaeiicrsust OCII Haxo-
JTUM TI0 OCTaTOYHBIM aedopmanusmM [12], cauras pas-
TPY3Ky KOHCTPYKIIUH YIIPYTOH.

0,006 0,005 —0,004 —-0,003
e JlJIATEIILHOE 3arpy’KEHUE
= = (OOBIYHBIC CPECTBA MTOPAKEHHUS

=

=

5

=

=

o

%

xR

=9

=

<

jan)

Jlis ymoOGcTBa IOBEPOYHOTO pacdeTa OMUCAHHBIN
ANTOPUTM METOAWKH aBToMaTtn3upoBaH B VBA (Visual
Basic for Applications) [13, 20].

PE3YJBTATBI HCCJEJOBAHNSA

B kadecTBe ImpuMepa YUCICHHOTO pacuyeTa paccMo-
TPUM CXKATO-U3TNOAEMBIN CTEPIKEHb C TIOTIEPEYHbBIM Ce-
4yeHneM KBajiparHoii popmbl U pazmepamu 400 X 400 mm.
JlinHa cTepkHS cocTaBisieT 6 M. MarepuranoM xeie3o-
OCTOHHOTO CTEpP)KHSA MPHUHAT TSHKENBI OSTOH Kitac-
ca B25, npononbHast apmarypa kiacca (4018) A400
o FOCT 34028-2016°. ITpoxonsHast cuia Q U M3rudaro-
U MOMEHT M OT OCTOSIHHBIX H JUTUTENBHBIX HATPY30K
(MPOIOMKUTENBHOE IEHCTBUE HATPY30K) TIPHHATHI N, =
=1700 xH, M, = 0,0 xH. Ilo pesynsraram obcneioBanms
BBISIBIICH OCTATOYHBIN MPOTHO (MM BBHITHO), KOTOPBIN
coctaBmi 52 MM. HeoOXoanMo onpenenuTs BeITHIuHY
BHelrHero Bo3neictaust ot OCIL

Ha cragnm Bo3neicTBUS OOBIYHBIMU CPEICTBAMHU
MOPAXECHMS 3HAUYEHUE MPEJEIbHBIX OTHOCHTEIBHBIX
nedopmanuii cranu €, npuaumaem 0,033 ¢ koapdunm-
€HTOM ymnpovHeHus 1,3.

st cxxaroii 30HBI OeToHa Kiacca B25 npuHIMaem
koaddurment ynpounenus 1,4, a Juist pacTIHyTOI 30HBI
6eToHa — kodpGuuueHT ynpounenus 1,1.

3HaueHHS MPEACTBHBIX OTHOCHTENBHBIX JedopMa-
MU TSDKETIOT0 OeToHa B25 miprt HEMpOoIODKUTETBHOM JeH-
CTBMU BHEIITHEN Harpy3KH (T.e. KPaTKOBPEMEHHOM PEKH-

STOCT 34028-2016. [Tpokar apMaTypHBIii s KeNe300eTOH-
HBIX KOHCTpYyKuui. Texanueckue ycnosus (¢ [Tonpaskoit). M. :
Crannaptuapopm, 2019.

5000

0,002 0,001 0,001

’ -25 000

-30 000

OtHocurenpHas aedopmarus, 1. e.

Puc. 2. lnarpamma paboTsl 6eTona B25

10
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=
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QE 0,000
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N
)
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Me 3arpykeHus) npuHuMaeM 1o 1. 6.1.14 CIT 63.13330:
&,,= 0,002 mpu oceBom cxaruu u g, = 0,0001 mpu oce-
BOM PaCTSDKCHUU.

IIpunaTeIe 115 pacdyeTa JUarpaMMbl MOKa3aHbBI
Ha puc. 2, 3.

Pesynbrarel 4ncIeHHOTO pacyeTa 1o NPUBEACHHOM
paHee METOIUKe MTPECTaBICHbI Ha puC. 4.

Jns yuactka ¢ pexumom BosaeiictBus OCII
13 pUC. 4 MOXKHO 3aIUCaTh:

N=-8,7855v — 1251.9. (16)
Jluaus pasrpy3ku OyneT UMeTh BHUI:
N=-23627v—12,286. (17)

PemuB ypaBuenus (16) u (17), Haxoqum, 9To TIpU
0CTaTOYHOM Tporude 52 MM BEJTMUYMHA BO3ICHCTBHS CO-
crasuia 1703 kH.

Pesynbrare! pacuera BeinonHeHbl B VBA 1 noka-
3aHbBI Ha puC. 4.

3AKJIIOYUEHUE

Pa3zpaboranHasi METO/IMKA pacyeTa IMo3BOJISIET OIpe-
JICJTUTh HECYILYIO CIIOCOOHOCTD U YCTOWYHBOCTD CKATO-
M3ru0aeMbIX IEMEHTOB B (DU3MYECKH U FTEOMETPUUECKU
HEJMHEWHOH MOCTAHOBKE MPH BO3ACHCTBHM OOBIYHBIX
CPE/ICTB MOPAKESHUSL.
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INTRODUCTION

In the course of recent events, various types
of conventional means of destruction (hereinafter —
CMD) attack existing buildings and structures of dif-
ferent purposes: civilian (residential buildings, public
buildings and other) and industrial (plants, factories)
on the territory of the Russian Federation. The men-
tioned operating buildings and structures after CMD
damage represent an object with different degree
of destruction, which is classified according to GOST
R 42.2.01": weak, medium, strong degree and complete
destruction. Often the destruction of buildings (struc-
tures) is characterized by a weak or medium degree
of destruction, i.e. a part of load-bearing building struc-

' GOST R 42.2.01-2014. Civil defence. Assessment
of the condition of potentially hazardous facilities, defence
and security facilities under the impact of defeat factors
of conventional means of defeat. Calculation methods. Mos-
cow, Standardinform, 2019.

tures such as slabs, beams, transoms, columns, walls,
etc. is damaged, and there is no danger of their collapse.
In this case, it is considered economically feasible to
fully restore partially destroyed building structures
of buildings after the main means of defeat with mini-
mum costs. Hence it is necessary to assess and assign
the category of technical condition (TC) of load-bear-
ing building structures (structures) according to GOST
319372

Damaged building structures are immediately in-
spected according to the general rules for inspection
and monitoring of TC of structures and facilities in ac-
cordance with the specified normative document GOST
31937. As a result of the survey, volume-planning so-
lutions of the building (structure) are determined, con-
necting nodes of load-bearing building structures, ac-
tual strength of building materials, real operating loads

2 GOST 31937-2011. Buildings and structures. Rules for
inspection and monitoring of technical condition. Moscow,
Standardinform, 2014.
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and impacts are analyzed, taking into account the actual
picture of defects and damages of building structures.

During the survey, all the results obtained are re-
corded in a technical report for further verification calcu-
lation, which is one of the fundamental factors for assign-
ing the category of technical condition of load-bearing
building structures (see CP 13-102-2003%). For accu-
rate and correct verification calculation for establishing
the strength of damaged structures from CMD it is neces-
sary to develop a calculation methodology on the exam-
ple of a rod element with a compression-bending stress-
strain state (SSS). It is necessary to identify the degree
of impact of the CMD of the specified element taking
into account the different nonlinearity of the material.

Physical nonlinearity (PN) of reinforced concre-
te is characterized by inelastic deformations of concrete
and reinforcement in bar elements and their nodal
junctions, as well as the occurrence and development
of cracks in them. PN is taken into account and ac-
cepted according to construction norms: CP 63.13330*
and Manual to CP 63.13330°. Geometric nonlinearity
(GN) is a nonlinear relationship between the external
influence and displacement, which is caused by addi-
tional force during deformation of load-bearing build-
ing structures.

The aim of the study is to determine the degree
of impact from conventional means of impact of a com-
pression-bending element taking into account the physi-
cal and geometrical nonlinearity of the material.

At present, the issues of the dynamics of structures
under emergency impacts related to the effects of explo-
sions and propagation of air shock waves on buildings,
including the use of nonlinear approaches, are dealt with:
P.A. Akimov [1], V.I. Rimshin [2], V.I. Kolchunov [3],
0.V. Kabantsev [4], E.N. Kodysh [5], O.V. Mkrty-
chev [6], V.L. Mondrus [7], A.G. Tamrazyan [8],
N.N. Trekin [9], G.P. Tonkikh [10], V.I. Travush [1] and
others. Significant difficulties in modelling the explosive
impact should be noted.

MATERIALS AND METHODS

The materials used for the study are normative and
technical documents of the Russian Federation, scientific
books and articles. To determine the deformations of re-
inforced concrete elements, the method of initial param-
eters (MIP) is adopted as an alternative variant of cal-
culation of vertical compression-bending rod element
by the method of integration of the differential equation

3 CP 13-102-2003. Rules for inspection of load-bearing build-
ing structures of buildings and structures. Moscow, Gosstroy
of Russia, GUP CPP, 2004.

4 CP 63.13330.2018. Concrete and reinforced concrete struc-
tures. Basic provisions. Updated edition of SNiP 52-01-2003.
Moscow, JSC “SIC “Construction”, 2019; 124.

> Manual to CP 63.13330. Methodological manual. Calcula-
tion of reinforced concrete structures without reinforcement
prestressing.
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of the curved axis of the rod element to determine the de-
formation specified in the Manual to CP 63.13330.

The above methods have their advantages and dis-
advantages, which are discussed in detail in scientific
books “Resistance of Materials”. However, there are sim-
ilar limitations to the application of the above methods:

* the structure under consideration is a rod ele-
ment;

* the material of the structure is homogeneous
over its entire length (height);

¢ the rod is straight;

* the cross-section of the structure has a constant
shape;

« the hypothesis of flat solutions is valid, i.e. sec-
tions flat before deformation remain flat after defor-
mation, and stresses are distributed uniformly within
the sections.

The calculation engineer uses the integration meth-
od and the initial parameter method based on the initial
data of the problem (project), the duration of the nu-
merical calculation time, the design time and other fac-
tors. Both methods of calculation for the establishment
of the second group of limit states (deformation) can
be used as a verification calculation. It is known that
the method of initial parameters is one of the relatively
simple ways to calculate angular and linear displace-
ments in bending, compression of rod elements with any
number of accepted sections along its length. Initially, in
the MIP it is necessary to determine the choice of the ori-
gin of coordinates in the calculation scheme, the condi-
tions of fixation of the considered rod element.

The paper presents a numerical calculation meth-
odology for determining the deformations for compres-
sion-bending elements taking into account the physical
and geometrical nonlinearity from the CMD. The algo-
rithm of calculation of the specified problem is carried
out in several stages. As boundary conditions for a com-
pression-bending rod, we assume hinge fixings, a hinge-
unmovable support at the bottom, and a hinge-movable
support with ends and loaded forces at the top (Fig. 1).

Let us divide the reinforced concrete vertical rod
element of length L into separate n sections of equal
length / . The stiffness coefficients of each n section
compressed in the plane of symmetry of the cross-sec-
tion of the reinforced concrete element and the location
of the axis X in this plane, we find from the general sys-
tem of equations (1) and (2):

Dy - 1/py + Dy3- 89 = M,; (1)
D3y - 1/p, + D33 -89 =N, (2)

where 1/p  is the curvature of the compression-bending

element; D, D, = D,,, D,, are the stiffness character-
istics of the cross-sectional area of the reinforced con-
crete vertical element.
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Fig. 1. Calculation diagrams of vertical rod element: « — bent
rod; b — compressed rod; M — bending moment; Q — trans-
verse force; N — longitudinal force; ¢ — bending moment;
L — total rod length; f, — rod deflection

In general, the solution at each & step can be writ-
ten in terms of subsequent iterations (loadings) [11-13]:

(1)) =
_ Mx’kj B D13,j(k_1 (80)(.16_1)’ 3)
Dll,j( -) |\ p 1,j(k71) J
(e =
S T
Dy3 k-1 D33’j(k—1

where (k) is the iteration number; j is the loading step.

Equations (1)—(4) are solved by the stepwise itera-
tive method [14—19] with correction of stiffness charac-
teristics D and consideration of additional moments M
in longitudinal bending.

The linear and angular displacements are the sum
of the deflections due to bending moments and the de-
flections of the rod due to the compressive load N. In
general, the calculation of linear y and angular ® dis-
placements at each & steps can be solved by the method
of initial parameters:

k k k k k k
R AR VR

k k k k k k
o= B e ©

The coefficients of equations (5) and (6) are ex-
pressed by the following relationships:
» for linear displacements y:

k k k k).
A)(;,i) = A)(z,i)fl + (,i)—l gout (7
k k k k).
B)(z,i) = B;,i)—l + Be(,i)—l ' LE—{’ ()
(k) _ ~(k) k) . (k).
Cy,i) = C)(z,i—l + Cé,i—l h; )
« for rotation angles @:
k k
455 = A0 (10)
k k
Be(),i) = Bé,i)—l; (11)
k k
Ce(),i) = C(g,i)—l’ (12)

where A;lfi) - Céﬁ.) are indices of the method of dis-
placement (MD) describing linear displacements and
rotation angles in recurrence form.

For longitudinal bending, the value of the bulge
displacements can be found from the following rela-
tionships:

(14)

where f is the maximum deflection in the middle
of the span under the action of the critical force N, Lis
the total length of the considered element.

Then the distribution of deflections at the origin
of coordinates at one of the ends of the rod is found by

the formula:
7= (K]
N, L

where x, is the coordinate of the section where deflec-
tions are determined.

The compression-bending vertical rod element is
calculated in the following order:

1) divide the rod element into equal sections,
an even number;

2) determine the internal forces from the action
of transverse load;

3) calculate the additional bending moment from
the compressive force;

4) determine deflections according to formulas

(5)-(15);

(15)
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Fig. 2. Performance diagram of concrete B25
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Fig. 3. Performance diagram of A400 grade steel

5) we correct the stiffness coefficients of the cross-
sectional stiffness of the rod element by the following
formulas (1)—(4);

6) the whole process is repeated until the accepted
value converges, e.g. the maximum value of the bend-

16

ing moment, when checking the ultimate deformations
of concrete and reinforcement.

The magnitude of the load from the impact
of CMD is found by residual deformations [12], con-
sidering the unloading of the structure as elastic.
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Fig. 4. Graph of interaction of external impact N, kN, with maximum deflection v, mm

For the convenience of verification calculation,
the described algorithm of the methodology is auto-
mated in VBA (Visual Basic for Applications) [13, 20].

RESEARCH RESULTS

As an example of numerical calculation, consider
a compression-bending rod with a square cross-section
and dimensions 400 x 400 mm. The length of the rod is
6 m. The material of the reinforced concrete rod is heavy
concrete of class B25, longitudinal reinforcement of class
(4 D 18) A400 according to GOST 34028-2016°. Longi-
tudinal force O and bending moment M from permanent
and long-term loads (continuous action of loads) are ac-
cepted N, = 1,700 kN, M, = 0.0 kN. According to the re-
sults of the examination, the residual deflection (or cam-
ber) was found to be 52 mm. It is necessary to determine
the magnitude of external impact from the CMD.

At the stage of impact by conventional means
of defeat the value of limiting relative deformations
of steel &, we take 0.033 with hardening factor 1.3.

For the compressed zone of concrete of class B25
we assume a hardening factor of 1.4, and for the tensile
zone of concrete we assume a hardening factor of 1.1.

¢ GOST 34028-2016. Rolled reinforcing steel for reinforced
concrete structures. Technical conditions (with Amendment).
Moscow, Standardinform, 2019.

Values of limiting relative deformations of heavy
concrete B25 under short-term action of external load
(i.e. short-term loading mode) are taken according to
p. 6.1.14 of CP 63.13330: ¢, = 0.002 in axial compres-
sion and ¢, , = 0.0001 in axial tension.

The diagrams adopted for the calculation are
shown in Fig. 2, 3.

The results of numerical calculation according to
the method given earlier are presented in Fig. 4.

For the site with the CMD exposure mode from
Fig. 4 can be written:

N=-8.7855v-1251.9. (16)
The unloading line will be of the form:
N=-236.27v+ 12,286. 17

Solving equations (16) and (17), we find that at
a residual deflection of 52 mm, the magnitude of the im-
pact was 1,703 kN.

The calculation results were performed in VBA
and are shown in Fig. 4.

CONCLUSION

The developed calculation procedure allows
to determine the load-bearing capacity and stability
of compression-bending elements in physically and
geometrically nonlinear formulation under the impact
of conventional means of defeat.
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CoBepuieHCTBOBaHME KOHCTPYKTHBHOM (DOPMBI CTAJIbHBIX
yY3K00a3bIX peleT4arbiX ONop BO3XYIIHbIX JUHUH
JJIEKTpoNepeaY NOBbIIIECHHON HAEKHOCTH

AnTton Biagumuposuy Tanacorno', Uropr Muxaiiiouu I'apan:kal,

Anarosuii Hukonaesuu Op:kexoBckmii’, Musiena MuxaiijioBHa I[lucapena’
! Hayuonanwnulil ucciedosamenvekuil Mockosckuil 20Cy0apcmeeniviil CmpoumerbHblil
yuugepcumem (HUY MI'CY), e. Mocksa, Poccus;

2 Jlonbacckas nayuoHanbHas akademus cmpoumensemea u apxumexmypot (HOHHACA);

2. Maxeeska, /[HP, Poccus

AHHOTALUMNA

BBepeHue. Pa3BuTrie aneKkTpUYecKkrx ceTe HanpsMyto 3aBUCUT OT CTOMMOCTU U HAAEXHOCTU KOHCTPYKLMIA BO3AYLLHbIX M1-
HUI anekTponepenadn (BJ1), ons yero HeobxoanMo, Npexae BCEro, YTOYHEHEe CTaTUYECKUX U AMHAMUYECKMX Harpysok v
BO3ENCTBUN C LieNbio OLIEHKM HeCyLLeln CMOCOBHOCTN NPy NMPOEKTVPOBaHUK 1 3KCMyaTauum; Nouck, paspaboTka 1 anpoba-
LS HOBBIX OMTVMarnbHbIX pelleHnin onop BJ1, a Takke KOMNMEKCHbIN Noaxoa K NPOEKTUPOBAHNIO CETU Kak eAVHON KOHCTPYK-
LIVOHHOWN CUCTEMbI Ha OCHOBE yyeTa TpebOoBaHMI N3roTOBMNEHNS, MOHTaxa W1 akcnnyatauuu. Llenb nccnegosaHns — nowck
ONTUMaIbHOW KOHCTPYKTUBHOW hOpMbI CTanbHbIX y3koba3bix HalleHHbIX 1 nopTanbHbix ornop BJ1 HanpspkeHnem 35 n 110 kB.
Matepuansbi n metoabl. pu nccnegoBaHum BalleHHbIX OOHOCTOEYHbIX M nopTanbHbix onop BJT1 35 1 110 kB ¢ guaroHans-
MW 1 pacrnopkamu Mo Macce y4YvTblBanvCb HOpMasbHble, aBapUHBIE U MOHTaXHbIE PEXUMbI PaboTbl AnS aHKepPOBaHHbIX
Yy4YacTKOB C yrnamu noBopoTa Bo3ayLHon nuHum ot 0 o 60°. JIuHua paccmaTtpuBanacsk kak eguHas cuctema. [Npu nayyeHum
aHKEpPHO-YTNOBbIX OMOP MO MACCe Y4YUTbIBaNCh BO3MOXHbIE PEXUMbI PaboThl: HOpMaribHble, aBapUHbIE U MOHTaXHbIE S
pPa3nu4yHbIX YrroB MOBOPOTa TPacChl NIMHUN.

Pesynbratbl. PaspabotaH anroputm onpefeneHust HanpsKeHWn Anst Bcex pernameHTpyeMbiX HOPMaTUBHBIMU AOKYMEH-
Tamy pexumoB paboTbl TOKOBeAYLLMX MPOBOAOB 1 He0OXoaMMOro KonnyecTtsa nporneTtos BJ1. BnepBble pelueHa 3agaya pac-
yeTa HanpsKeHHO-Ae(OpPMMPOBaHHOIO COCTOSIHWUSA BJT kak eQnHON cucTeMbl C y4ETOM COBMECTHOW paboTbl TOKOBEAYLLMX
NMPOBOAOB, MPO30TPOCOB, MMPMSHA, M30NSTOPOB, ONOp U byHAaMeHTOB. Ha ocHOBe MpeAnoXeHHOro YMCIEeHHOro meToaa
ONTUMM3ALUM JOMONMHUTENBHO CHUXKEHbI MOKa3aTenu Macchl 1 CTOMMOCTH y3kobasbix onop Ao 20 %.

BbiBoabl. NpeanoxeHHble y3kobasble Ornopbl TEXHOMOMMYHbI B M3rOTOBMEHUN, MOHTaXe M aKcnnyatauun. lNopranbHble
Onopbl C NOAKPENMSALLMMN AnaroHansamu n 6e3 HUX paumoHarnbHbl B @aHKepHO-YrroBbIx BapuaHTtax 110 kB, ocobeHHo npu
BonbLUMX Harpyskax 13 NIoCKOCTU M 3HAYUTENbHbBIX Nepenagax penbega MecTHOCTH, a TakkKe B MPOMEXYTOYHbIX BapyaH-
Tax 110 kB npu BeicoTe onop Ao 27 M. Ha BJ1 HanpsxeHnem 35 kB npumeHeHne nopTanbHbIX CBOGOAHOCTOALLMX Onop AaeT
NONOXUTENbHBIN 3 MEKT TONBKO A5 MPOMEXYTOYHbIX BapuaHTOB BbiCOTON A0 20 M.
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ABSTRACT

Introduction. The development of electric networks directly depends on cost and reliability of overhead line structures,
which requires, first of all, clarification of static and dynamic loads and impacts in order to assess the bearing capacity during
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design and operation; search, development and testing of new optimal solutions for overhead line supports, as well as well
as an integrated approach to network design as single structural system based on requirements for manufacturing, installa-
tion and operation. The purpose of work is to find the optimal structural form of steel narrow-base tower and portal supports
for 35 and 110 kV overhead lines.

Materials and methods. When studying tower single and portal supports of 35 and 110 kV overhead power lines with
diagonals and spacers by weight, normal, emergency and installation modes of operation were taken into account for an-
chored sections with overhead line rotation angles from 0 to 60°. The line was considered as single system. When studying
anchor-angle supports by weight, possible operating modes were taken into account: normal, emergency and installation for
different rotation angles of line route.

Results. Has been developed an algorithm for determining voltages for all operating modes of current-carrying wires and
required number of overhead power line spans regulated by regulatory documents. For the first time has been solved
the problem of calculating the stress-strain state for overhead power line as single system, taking into account the joint
operation of current-carrying wires, ground wires, insulator strings, supports and foundations. Based on proposed numerical
optimization method mass and cost of narrow-base supports have been further reduced by up to 20 %.

Conclusions. Proposed narrow-base supports are technologically advanced in manufacturing, installation and operation.
Portal supports with and without reinforcing diagonals are rational in anchor-angle versions of 110 kV, especially with large
loads from plane and significant differences in terrain, as well as in intermediate versions of 110 kV with support height of up
to 27 m. On 35 kV overhead lines the use of portal free-standing supports gives a positive effect only for intermediate ver-
sions up to 20 m high.

KEYWORDS: overhead power line, narrow-base support, stress-strain state, design model, automated analysis
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BBEJIEHUE

C KaXJbIM TOZOM KOJHYECTBO 3NIEKTPOIHEPTHH,
nepenaBaeMoi B 3JEKTPHUECKHUX CETAX BBICOKOTO Ha-
MpsDKeHUSA, BO3pacTaeT. DTo TpeOyeT BOBIICUCHUS
OTPOMHBIX MaTEepHANTBHBIX M TPYAOBBIX PECypCOB
HE TOJILKO B Chepe SHEPreTHKH, HO U B JAPYI'HX OTpac-
JISX mpoMbItieHHocTH [ 1-3].

Pa3zButne snexTpuyeckux cereil HampsMylo 3a-
BHUCHUT OT CTOUMOCTH KOHCTPYKIIMHA BO3YIIHBIX JTUHUNA
anektponepenaun (BJI). Iloatomy cneayer peanuso-
BaTh BCE BO3MOYKHBIE ITyTH CHUKEHUSI METAJUIOEMKOCTH
1 MOBBIIEHUS 3P (PEKTUBHOCTHU AEKTPOCETEBOTO CTPO-
UTEJIBCTBA 3a CUET COBEPLICHCTBOBAHUS TEXHUYECKUX
peuienutii [2, 4, 5].

Jist mony4eHust rapanTuu oecrepeOoitHol u A¢-
(hekTHBHOI PabOTHI BO3MYIIHOM JIMHUU KaK €IUHON
CHCTEMBI HEOOXOIMMO, ITPEXK/IE BCETO, yTOUHEHHUE CTa-
TUYECKHUX U JUHAMHUYECKHX Harpy30K M BO3ICHCTBHUN
C [ENBI0 OLEHKH HEeCyIlel CIOCOOHOCTH ITIpHU TpO-
SeKTHPOBAHUM M SKCILTyaTallnu; MOWUCK, pa3paboTka
1 anpoOanys HOBBIX ONTUMANIBHBIX pereHuid omop BJI
C NCTIOJIb30BaHNEM TBEPOTEIEHOTO MOJECIUPOBAHNS;
KOMIUIEKCHBIH TOX0J K MPOEKTHPOBAHUIO CETH KaK
€JMHOM KOHCTPYKLMOHHOM CHCTEMbI HA OCHOBE ydeTa
TpeOOBaHMIT N3TOTOBICHUS, MOHTAXka M HKCILTyaTalllH;
PEKOHCTPYKIHNS AECHCTBYIOIINX BBICOKOBOJBTHBIX JIH-
HUH dMeKTponepenauu [6, 7].

o HacTos1ero BpeMeHu npoexkruposanue BJI
CBOJWJIOCH B OCHOBHOM K M3BICKaHUSIM U PACCTAaHOBKE
TUIIOBBIX orop. [locienHue pa3paboTKy HOBBIX YHU(DH-
IIUPOBAHHBIX OMOP HHCTUTYT « DHEPTOCETHIIPOEKT 3a-
koH4YMn B 1980-X I'T., ¥ TO B KpaiiHe OrpaHuYeHHOM accop-
TuMeHTe. BMecTe ¢ TeM, Kak IMOKa3bIBaeT OIBIT, BPeMs
JeiicTBUs yHUUKAINN cocTapiseT nopsiaka 20 jer,
MOCJIE Yero MPUHATHIE TEXHUUECKUE PEIICHUS] MOpPab-

HO ycTapeBaroT. [lyist peojoIeHus 3TUX npoliieM He-
00XOIMM TIEPECMOTP MHOTHX TTOJIXO/I0B U B3IJISIOB.

Lenb uccnenoBanus — MOMCK ONTUMAIBHOM KOH-
CTPYKTHBHOH ()OPMBI CTAIBHBIX y3K00a3bIX OAIIEHHBIX
U HOPTAJIBHBIX ONOP BO3AYIIHBIX JUHUH 3JIEKTpoIepe-
naun Hanpspkenuem 35 u 110 kB.

Jnst nocTHKeHUs: MOCTAaBICHHOM LeMN peIleHbl
ClIelyolIHe 3a/1a4n:

* IPOaHaJIM3UPOBAHO HANPSIKEHHO-AEPOPMUPO-
BaHHOoe coctosHue (H/IC) Bo3aymiHOM MMHUM B BUAE
LEJIOCTHOM CHCTEMBI, IJle COBMECTHO PaboTaloT BCe
KITFOUEBBIC AIEMEHTHI — TOKOBEYIITHE IPOBO/A, TPO30-
TPOCHI, THPIIH/BI U30JIATOPOB, OMOPHI, (hyHIaMEHTHI
Y TPYHTOBOE OCHOBAHHUE;

* pa3paboTaHbl HOBBIE ONTHMAJIbHBIE KOHCTPYK-
THUBHBIE (DOPMBI CTANIBHBIX Y3K00a3bIX ONOP TOBBIIICH-
HOW Ha/Ie’KHOCTH B3aMEH )KEJIe300€TOHHBIX IJIS BO3-
JYIIHBIX JTUHUH TI0 00JIaCTH ONpeeNIeHNS;

* YCTaHOBJICHBI PAllMOHAIBHBIE 00JIACTH TIPHMeE-
HEHUs! y3K00a3bIX OAICeHHBIX U TOPTAIBbHBIX OIOP B Ka-
YeCTBE AHKEPHO-YIVIOBBIX M TIPOMEKYTOUHBIX OTIOP JUIs
BO3IYLIHBIX JIMHUH HanpspkeHnueM 35 u 110 xB.

[IpeameroM mccienoBaHust B JaHHOH padoTe IpH-
HATHl napameTpsl HJIC 351eMEHTOB CTadbHBIX Y3KO-
0a3bIX pEHIeTYaATHIX OMOp, KOHCTPYKTHBHOE PEIICHHE
KOTOPBIX MOJIy4€HO ITyTeM ONTUMU3ALUH TUIIOBBIX pe-
HICHUH.

B kauecTBe 00BEKTa NCCIIEOBAHUS PACCMOTPEHBI
KOHCTPYKIIMU CTaJIbHBIX OJHOCTOEYHBIX Y3K00a3bIX
U nopranbHeix onop ana BJI knacca HampsokeHus 35
u 110 xB.

MATEPHUAJIBI © METO/ BbI

I[J'IH OLICHKH! 3KCIIITYaTallUOHHOTI'O COCTOAHUS DJICK-
TPOCCTCBLIX KOHCprKHI/Iﬁ BBITIOJIHCHA CTATUCTHYCCKAaA
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00paboTKka MHGOPMAIIUH 110 IKCILTyaTallud, aBapUusM
u otkazam onop BJI u mopranoB OTKpBITHIX pacnpese-
nuTensHeIX ycTpoiicts (OPY) B sHeprocucremax PO.
HcTouHnkoM MHGOPMALMK CITY)KUIIM KapThl OTKa30B
BJI3a 1991-2021 rr., conepskamuecs B KapToTeke Gpup-
mMbl OPI'POC (1. MockBa). Pesynbrarhl cTaTHcTHIECKO-
TO aHaJIM3a OTKA30B IPUBEICHBI HA puc. 1.

Bonee monoBHHBI OTKAa30B OMOP BBI3BAHBI CH-
CTBUEM TOJIOJIEHO-BETPOBBIX HArpy30K Ha MPOBOAA,
TPO303aIMUTHBIE TPOCHI U KOHCTPYKIUH. Bo MHOTOM
3TO SABISIETCS CIEJCTBUEM OTCYTCTBUS J0CTOBEPHON
nHpopMaImu 0 Xapakrepe U BeIMUYNHAX THHAMHIECKUX
Harpy30K Ha 3JIEMEHTHI BO3IyIIHBIX JIUHUH [8§, 9].

Takum 00pa3om, co3aHnue HOBBIX PELICHHI OIop
BJI ¢ y3koii 06a30ii 00yclIOBICHO HEOOXOIUMOCTHIO
pa3paboTKH paloOHAIBHBIX 110 KPUTEPUIO CTOMMOCTH

(hopM CTaNTbHBIX OAIIICHHBIX OIOP C MOBBIIICHHBIMH I10-
Ka3aTelsIMU HaJIe)KHOCTH (0€30TKa3HOCTH) B3aMCH JKe-
JIe300€TOHHBIX B CBSI3U C MEPHOAUYCCKUMU aBAPHSIMHU
Ha JIEKTPUUYECKUX CETSX.

IMonoxxutenbHplii MHOTOJIETHUN OMBIT SKCILTyaTa-
A y3K00a3bIxX onop Ha ogHorenmHbx BJI 35 kB u nByx-
nensbix BJI 110 kB va Tepputopun Pecmyomuku Kpeiv
C XapaKTepHBIMHU CIOKHBIMU YCIOBUSIMHE pebeda Moa-
TBEpIKJIaeT MOTPEOHOCTh U 0OOCHOBAaHHOCTH PACCMO-
TPEHUsT BO3MOXHOCTEH pa3pabOTKH THIIOBOH Cepuu
MPOMEKYTOUYHBIX U aHKEPHO-YIIIOBBIX OJHOIETTHBIX
U JIBYXIICMTHBIX Y3K00a3bIX CTAIBHBIX OMOP IS THHHUN
35 n 110 kB B3aMeH NMpUMEHSIOIINXCS Kele300eTOH-
HBIX YHU(DUIIUPOBAHHBIX, IJIOXO Pa0OTAIONIMX Ha aBa-
puiiHbIe HArpy3KU U MPUBEIIINX K MAaCCOBBIM aBapUsIM
B 2009-2010 rr. [10-12].

60 1
50 1
B MeTammnyeckue
X
o 407 O Xene300eToOHHBIE
1) o «“
2 £ 2
E 30 JlepeBsHHEIE .
—] o
o -~
S o_|
g 20+
=
10 A
0 S .
= <
= 25 g 2 2
=B =l 5 T
3 SIS QO = =]
2 o =) o)
§’E g2 Zo 2 E
= <
5 g = 2 ol 5 g
T 3 g &
= =]
(]
jant
a
=
80 7 —
=
70 )
o~
. in+—— [ Merammmueckue
X 601
o - ~
=} - ;S
2 50 O XenezobeToHHbIE o
B4 S
S 401 o
2 | @ Nepessunbie X
g 307 2
U‘ o \o"
20 I~ =
—
10 o n
S oo
O_
=
5 ) | s
g5 g3 8 g a2EE
“”:g = s ] Q i’ﬂ: =
25 3 & 5 E G ESE
o = £ 8
58 g & Z3 £SEE
T & X3 M = c9Q
= Z O
=

b

Puc. 1. Crpykrypa otka3os omop BJI B PO: ¢ — 3a mepuon 1991-2021 rr.; b — 3a nepuox 2001-2021 rr.

22



CoBepLLEHCTBOBaHNE KOHCTPYKTMBHOM (pOPMbI CTaAbHbIX y3K0Oa3biX PELLETYATbIX 0op

C. 20-39

BO3AYLUHbIX AMHUI IAEKTPONEPEAAUM NOBbILLIEHHON HAAEXHOCTH

B pabote npencTaBineHsl pe3yIbTaThl TEOpeTHYe-
CKOTO aHaJu3a BO3MOKHOCTH MCIIOJNB30BaHUS HOBBIX
peleHui (THITOB) OJHOIETHBIX M ABYXLEIHBIX OIIOP
st BJI nanpsoxenuem 35 u 110 xB. B nponecce uc-
CJIEJOBAHNH PAaCCMOTPEHO IIECTh THIOB OJHOCTOECH-
HBIX orop OamierHoro tuma: [1-35-1, AY-35-1, [1-35-2,
AY-35-2, I1-110-1, AY-110-1 u nsTh TUIIOB OPTaJIb-
HbIX onop: [TAY-35-1, T1T1-35-2, I[TAY-35-2, TII1-110-1,
ITAY-110-1. CxeMBI pemeT4aTsIX OTHOCTOCYHBIX U TTOP-
TaIBHBIX OMOP MPHUBEICHBI HA puC. 2, 3.

HcciienoBaHbl OIHOCTBOJIbHBIE OallIEHHBIE OMO-
PBI MOCTOSIHHOTO KBaJPATHOTO MONEPEYHOTO0 CEUEHHUS
1 JIBYyXCTBOJIbHBIE TIOPTAJIGHBIE OIIOPBI CO CTBOJIAMH T10-
CTOSIHHOTO KB3JIPaTHOTO TTOTIEPEYHOTO CEUCHHUS C TOJ-
KPETUIAIONIMMH THArOHAJISIMU U pacliopKkaMu B 0e3 HUX.
AHanu3 pe3ynbTaToB pacyeToB MOATBEPAUI MPEAON0-
JKEHUE O TOM, UTO MOSIBJICHUE TONOIHUTEIbHBIX IEMEH-
TOB B KOHCTPYKTHUBHOH CHCTEME ONOPHI (B BUE ANArOHa-
JIeli ¥ PacIiopoK) ONIPaBIAHHO: 3HAYUTEILHO CHIDKAIOTCS
YCHUIIHA OT N3ruda 3JIeMEHTOB MOPTAIBEHOMN OTOPHI.

IIpu usydeHnn GameHHBIX OTHOCTOCUHBIX U TOP-
TAJILHBIX ONOP C AMArOHAISIMH M pacliOpKaMH 10 Macce
YUUTHIBAIMCH HOPMAJIbHbIC, aBAPUIHBIC 1 MOHTAXKHbIC
PEKUMBI pabOTHI AJIsI aHKEPOBAHHBIX YYACTKOB C yTJIa-
MU ITIOBOPOTA BO3AYIIHOM JrHUH OT 0 10 60°.

KitoueBbiM TpeOOBaHMEM TIPU CO3aHUU HOBBIX
pemrenwuii orop BJI ¢ yuetom obecriedenust HaIe)KHOCTH
SKCIUTyaTalluy JTUHUH SIBISIETCS CTPOTOE COOIIOICHNE
HE TOJIBKO KJIFOUEBBIX TEXHOJIOTMYECKHX TPeOOBaHUIA,
a TaKoKe acleKTOB MPOEKTUPOBAHUS U CTPOUTEINILCTBA.

[Ip1 NpOEKTHPOBAHNN ISl HCCIEAYEMBIX THIIOB
OIOp MPUHSATH ClEeAyIOLUEe AONYIIeHUsA: MaTepual
paboTaer ympyro; Tpo303alIUTHBIE TPOCHI KPEMATCS
K BEPIIMHAM OINOpP HEMOJBIKHO, a THPIISTHIBI H30JIsI-
TOPOB, Ha KOTOPBIX TTO/IBEIIEHBI TOKOBEAYIIHE IIPOBO-
Jla, OTKJIOHSISICh, OCTAIOTCS MPSIMOJIMHEHHBIMU; paboTa
MIPOBOJIOB U TPOCOB MPHU HAXOXKJICHUU HANPSIKEHUN
B HHUX OTOXKIECTBISAETCSA C pabOTON MOJIOTHX HUTEH;
IIPU OIIPE/IEIEHNH N3TMOHBIX Ae(OpMaIHii CTBOJI OII0-
PBI IPECTABIAETCS KaK YIPYro 3alleMIeHHas KOHCOIb.

B aBapuiiHOM pexuMe Ha OIOpbl IEHCTBYET CO-
cpemoToYeHHas cuia, oO0pa3oBaBIIascs IpH OOPHIBE
POBOJIa, U PAaBHOMEPHO paclipeieiieHHasi Harpyska
0T Beca IMpoBoj0oB U TpocoB. [locne 3arpyxenus pas-
HOBECHE CUCTEMBI B JIe()OPMUPOBAHHOM COCTOSTHUHU Ha-
CTYITUT, KOT/Ia Je(pOpMaliil IPOBOAOB U TPOCOB OyIyT
paBHbI JeopManusiM KOHCTpyKumii onop! [11, 13, 14].

Omnpenenenne HaNpsHDKEHUI W Hecylas crocoo-
HOCTb 3JIEMEHTOB OTIOPHI YCTAHABJINBAINCH B MOJCH-
CTEeMe pacyeTra U ONTHMHU3AINHI HECYIINX METAITIOKOH-
CTPYKIUH ONop B cocTaBe eAnHOM cetu [15-17].

Jlis onpeneneHus Harpy30K Ha aHKEPHO-YIJIOBBIE
OTIOpPBI paccMaTpUBAINCh HOPMAJIbHBIE M aBapUHHBIC
pexxuMbl padotel BJI cormmacHo 1. 2.5 TTYD 7. B pac-
yeTax NPUHUMAIIOCh JICBSITh 3arpyKeHHUMH:

1) HOpMaNbHBIA PEXUM — IMPOBOJA U TPOCHI
He 000pBaHbI M CBOOOHBI OT TOJIONE/A; BETEP HAIIPaB-
JICH BJIOJIb OCEH TpaBepc cIieBa HANPaBo;

' TEC 60826. Design criteria of overhead transmission lines
(international standard). Geneva : IEC, 2022. 87 p.
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2) HOpMalbHBIH PEXUM — MPOBOJAA U TPOCHI
He 000pBaHbI M HOKPHITHI TOJIOJIEIOM; BETEP HAPaBICH
BJIOJIb OCEIl TpaBepc ClieBa HAINPaBo;

3) HOpMaJIbHBIN PEKUM — OIOpa KOHIIEBas: MPo-
BOJIa ¥ TPOCHI HE 00OpPBaHBI M CBOOOIHBI OT TOJIOJIENA;
BETEp HaIpaBJIeH BJOJIb OCEH TpaBepcC ciieBa Halpaso;

4) aBapuiiHbIii peKM — 00OpBaH IPOBOJ B TIpa-
BOM HIDKHEH (ase; romomen Oe3 BeTpa; TsHKCHHE ClieBa
Harpaso;

S) aBapuiiHbIA peXUM — 00OpPBaH MPOBOJ B Ipa-
BOM cpemHeil (ase; romonen 6e3 BETpa; TSHKESHHE CIeBa
Harpaso;

6) aBapuiiHbIA peXUM — 00OpPBaH MPOBOJ B Ipa-
BOM BepxHeil (ase; romonen 6e3 BeTpa; TSHKCHHUE ClieBa
Harpaso;

7) aBapuilHBIN PEKKUM — OTIOpa KOHIIEBas: 000pBaH
TIPOBOII B TIPaBOM HIDKHEH (hase; rononen Oe3 BeTpa;

Bgox
HUCXOOHBIX JaHHBIX

Her OHPCHGHCHI/IC TIPUBEACHHOIO LEHTPA TSIKECTH

8) aBapHifHBII peXKUM — OTIOpa KOHIIEBas: 000pBaH
TIPOBOJI B ITPaBOii cpeHeit dase; romonen 6e3 BeTpa;

9) aBapuitHBIN PEKUM — OTIOPa KOHIICBas: 000pBaH
MPOBOJI B NpaBoii BepxHeil (aze; rononen 6e3 BeTpa.

PacdeTHbIe peKUMBI PAOOTHI MPUHUMAINCEH IS
MPSIMOJIMHEWHBIX y4acTKOB Tpaccel BJI m mpu yrmax
MoBOpOTa JTUHUU 10 60° ¢ Pa3HOCTHIO TSHKEHU B MPO-
BOJax U TpocCax B CMEKHBIX IPOJIETax.

st omperneneHus Harpy30K Ha MPOMEKYTOYHBIE
OITIOPBI TAKXKE PACCMaTPUBAINCH HOPMAIIbHBIC 1 aBAPHIi-
HbIE peXXUMBL. OTOPHI IPOMEKYTOYHOTO THITA PACCUHTHI-
BAJINChH TIPH IISITU 3arPyKEHIAX cornacHo . 2.5 I[TYD 7:

1) HOpMaNBHEIN BETPOBOH PEKUM — BETEp II0-
nepek BJI;

2) HOpMaJbHBII BETPOBOI PEKUM — BETEP IMOJ
yriiom 45° x BJI;

3) HOpMaIJTEHBIH TOJIONIETHBIN PEKUM — BETEp MPH
TOJIOJIEAC;

MPOBOZIOB U TPOCOB j-TO MPOJIETa
k-ro aHKEpOBAHHOTO Y4acTKa

BbIunciieHue eMHHYHBIX
1 YICIbHBIX HArPy30K
Ha MPOBOJIA U TPOCKI

Jj-To mpornera k-ro ygactka

l

Brruncienne TIPUBEACHHBIX U KPUTHYICCKUX

HPOJIETOB k-0 aHKEPOBAHHOTO Y4acTKa

l

VYeranoBneHne Buia ypaBHeHUs.
COCTOSHUS POBOJIA
k-ro aHKEpOBAHHOIO y4acTKa

|

Pacuer HanpsKeHHi B IPOBOJAX A-ro yuacTka
i-ro pexxuma Metonom Kaprano

Onpeznenenue crpen
MpoBeca IPOBOJIOB

Pacuer nanpsixennii
B IPO303aIIUTHOM TPOCE

l

Iposepxka ycnosust Jla
n(urep(n) =
=~ h(urep(n — 1))

CocraBieHne ypaBHEHHS
PEAYLUPOBAHHOTO TAXKEHUS

OTbICKaHHE PETYLIUPOBAHHOTO
TsKeHHs MetogoMm Herotona

Ja

Pacuer 5KBHBaJICHTHBIX POJIETOB
J-TO TpoJieTa i-ro pexuMa k-ro yqacrka

HccnenoBanne 061acTh CyIecTBOBAHMS
KOpHEH ypaBHEHUS

l

OHpCZ[CJICHI/[C BECOBBIX U BETPOBBIX IPOJICTOB

Beluncienne Harpysok Ha j-o O1opy

-1 OTOPBI i-T0 peXXUMa k-ro yuacTka

|

Pacuer MOHTaXHBIX CTpell IpoBeca
TIPOBOZIOB U TPOCOB j-TO MIPOJIEeTa
k-ro yuacTka

|

BbIBO/ HCXOHBIX TaHHBIX Ha TIeYaTh

JUIA paCYCTHBIX CXEM

B TabnnuHOM opme

|

OxoHuaHue OJ10Ka pacyeTa IIpoBOJIOB,
TPOCOB M Harpy30K Ha OLOPbI

Puc. 4. bnok-cxema onpeznenenus napamerpoB HJC ams rpo303auTHEIX TPOCOB, TOKOBEIYIIHX MTPOBOJIOB, a TAKXKE HATPY30K

Ha KOHCTPYKITHHN OTIOp
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4) aBapuHHBIN PeXUM — OOPBIB MPOBOAA OTHOMN
(hazb1 B rabapuTHOM TIPOJIETE;

5) aBapuitHBII peXxuM — 0OpBIB Tpoca B rabapuT-
HOM TIpoJIeTe.

Pacuer onops! BJI ¢ onpenenenrieM BHyTpEHHUX
CHJIOBBIX (D)aKTOPOB B JIEMEHTAX KOHCTPYKIUH H ITOJI-
0OpOM CedYeHUi ¢ y4eTOM HOPMAaTHBHBIX OIpaHUYEeHUN
U KOHCTPYKTHUBHBIX TPEOOBaHHIA BBIMOJIHSIICS B TPO-
TpaMMHOM KOMIIJIEKCe, pa3padoTaHHOM Ha Kadeape Me-
TAJIIMYECKUX U AepeBSHHBIX KoHCcTpykimii HUTY MI'CY.
B cocraB kommekca BXOAAT: MOJACHCTEMA pacyera
MIPOBOZIOB, TPOCOB U cOOpa HArpy30K Ha OMOPHI; MOJ-
cUcTeMa pacueTa ¥ ONTHMHU3AIMH HECYIINX METalIo-
KOHCTPYKIIUH OIOp B COCTAaBE €IMHOMN CETH; MOACUCTE-
Ma aBTOMAaTH3UPOBAHHOTO KOHCTPYHPOBAHUS METAJIO-
KoHCTpyKIwii orop BJI [10, 18, 19].

brnok-cxema ycranoBnenus mapamerpos HJIC
JUTS TPO303ALUTHBIX TPOCOB, TOKOBEIYIIIUX IIPOBOJIOB,
a TaKKe Harpy30K Ha KOHCTPYKILUH OTOpP HMpPUBEACHA
Ha puc. 4.

B pesynbraTe peanusanuu aaroputMa pacuera
MIPOBOJIOB, TPO30TPOCOB M HArPy30K Ha PEIIETYATYIO
KOHCTPYKITHIO TTOTydaeM (ailil NCXOMHBIX JaHHBIX JUIS
JTaJbHEHIIero pacyera y3ko0a30il ormopsl 6ameHHOTo
W TOPTaJIbHOTO THUIIA.

PE3YJIBTATHI HCCIEJOBAHUA

[TapameTpbl KOHCTPYKINH BBICOKOBOJBTHBIX JIH-
HUI DIIEKTpoIepeady OMpeesIsIOTCsI OOJIBIINM YHC-
JIOM pa3zHo0Opa3HBIX TPEOOBAHMI: COOMIOCHUE DITECK-
TPUYECKUX Ta0apuTOB MEXIY MPOBOIAMH, TPOCAMH
U OIOpPOH, yueT (axkropa YHHU(PHUKALNHU, CTYyIIEHYaTOe
N3MEHEHHUE Pa3MepoB copTaMeHTa npokara [ 18, 20-22].

3amaga onTHMaIbHOTO TpoekTupoBanus BJI ¢op-
MYJTUPYETCs CISAYIOMIM 00pa3oM: OTBICKAaTh TeOMe-
TPUUYECKUE MapaMeTphbl CETH C BapbUPOBAHHEM KOOP-
JIMHAT CUCTEMbI M TOTIOJIOTHH TIPH 33JJaHHBIX CEUSHHUSIX
¢ MuHUME3anuei Maccol (1) mpu yIoBIeTBOpEeHIH HOP-
MaTHBHBIX orpanndenuii (2)—(4) u tpedosanwuii (5), (6).

OnTumMH3aIys reOMeTPHYECKUX apaMeTpOoB OI10-
PBI C KOPPEKTUPOBKOW THIIA PEMIETKH BBHITIOTHACTCS
KOMOHMHATOPHBIM aJITOPUTMOM C TIPUMCHEHUEM METO/a
HAaIpaBJIEHHOTO CITyCKa.

Omnpenenenre MUHUMYMa IIeTIeBOI (DYHKITUH SBIIS-
€TCs CYLIECTBEHHO HEJIMHEWHON TUCKPETHOH 3amadeit
IIPH YCTAHOBJICHUH ONTHMAJIBHBIX I'€OMETPHUYECKHUX
rapamMeTpoB, TaK KaKk BEJIMKO YKHCJIO BApbUPYEMbIX Ia-
pametpos [23, 24]:

Z:f(Hﬂ LJ b’ Q’ ln) RV, ks) np)’ (l)

e BenuuuHel H, L, b, Q — 3aaHHbIC HAYaJIbHBIC T1a-
pameTpsl; H — BbIcOTa y3k00a30# OMOpHkI; L — MpoJieT
AHKEPOBAHHOTO yJacTKa; b — 0a3a omopsr; O — BEKTOP
BHEIUHEH HAarpy3Ku; BEJTMYUHEI / Rﬂ ks, n — Bapbupy-
€MBbIE TIapaMeTPhl FEOMETPUUECKOH CXeMBI; /| — JnHa
TIAHENM PENIETKH; k, — KOJIMYECTBO OONTOB B y3Jax;

1, — THII PCIICTKH y3K06a30ii OMOPET.

y’

anuiiem HOPMAaTUBHBIC OT'PaHUYCHUSA, KOTOPBIM
YIOBJIETBOPSET LeneBast GyHKIS Macchl (1):

* HecyIasl ClIOCOOHOCTh CXKATBIX M PACTSHYTHIX
3JIEMEHTOB COOTBETCTBEHHO!

Ni SA:‘ ' Ryi "0y )

N, <4 R,
rie N, — NIpOJOIBbHOE YCHINE B i-M DJIEMEHTE KOH-
CTpyKunu; R , A, ¢, — COOTBETCTBEHHO PACUYETHOE

i’

COIIPOTHUBIICHHE, TUIOLIA/Ib ITONIEPEYHOTO CEYCHUS U KO-
a¢durmeHT ycTORUIUBOCTH (TIPOIOIBHOTO U3ruda) Kax-
JI0TO [-I'0 DJIEMEHTA,

* YCJOBHE 110 MHUHUMAJIBHOW IUIOIAAHN CEUCHUS
AIIEMEHTA OTOPBI:

A2 [4), 3)
rae [A,] — MHHHMAJNBHO JIOTYyCTUMAs TIOMAb i-I0
3JIEMEHTA [0 KPUTEPHUSIM IPEIeTbHON THOKOCTH HIIN

KOHCTPYKTHBHBIM TPEeOOBaHMUSM;

* BEJIMYMHBI HEU3BECTHBIX:

JzX 2], o)
e J, M j, — BEPXHASA U HIKHSSA TPAHUIBI H3MEHYHMBO-
CTH BapbHPYEMBIX [TapaMETPOB.

OCHOBHBIE YCIIOBHS, KOTOPBIM YIOBIETBOPSET
BEKTOP BapbHPyeMbIX mapameTpos (1):

* YCJIOBHE PaBHOBECHSI:

k(x) - B - P(x) =0, )
rae k(x) — MaTpuna )KeCTKOCTH CUCTEMBI; [3 — BEKTOP
Y3J0BBIX MepeMelieHnit; P(x) — BEKTOp BHEIIHUX Ha-
TPY30K;

* YCJIOBHE COBMECTHOCTH Jie(opMaruii:

ALNi(Nl., A, 1) =AL,(Ax, Ay, Az), (6)
TIe ALNi u ALi — nedopManus COOTBETCTBEHHO i-TO
ni+ 1 anemenra.

AJ'H‘OpI/ITM ONTUMAJIBHOTO IPOCKTUPOBAHUS C IO/~
60pOM CeueHMi IEMEHTOB U ONPEACICHHEM MAaCCh
onopsl BJI mpusezneH Ha puc. 5.

Brruncnenue BekTopa BapbUpyEMBbIX MapaMeTpPOB
MPOU3BOUTCS B CIEIYOLIEH ITOCIEN0BATENbHOCTH: BbI-
TIOJIHSIETCST CTAaTHYECKUH pacyer JUisi HOpMaJIbHbIX, aBa-
PUHHBIX ¥ MOHTQ)XHBIX PEXKHUMOB paboThl y3Kk00a30ii
OTIOPBI; AJISI KAXKIOTO PEXHUMa OMPENEISIOTCS yCUIns
1 HAIPSDKCHUSI B 2JIEMEHTAX OIOPbI; TPOU3BOIUTCS MO/~
60p ceueHuit 0 PacyeTHBIM YCHIIUSAM U OCYIIIECTRISIETCS
MPOBEPKa HAPSHKEHUH ¥ THOKOCTH 3IEMEHTOB; IPON3BO-
JIMTCS TIepepacyer y3ko0a30ii ONOpsI ¢ Y4€TOM YTOUYHEH-
HBIX JKECTKOCTEH JIEMEHTOB; TIOACUUTHIBAETCS Macca OT-
JICTTBHBIX 3JIEMEHTOB M BCEH KOHCTPYKIIMH B IIEJIOM.

Pesynbrarsl mogbopa cedeHuit onophI-pecTaBu-
Tels, 1300paKeHHOW Ha puc. 6, IpUBEACHBI B Ta0IMI. 1.

B xagecTBe mpumepa Ha puc. 6—9 mpencrasie-
HBI HEKOTOpbIE pa3pabOTaHHbIE HOBBIC pelIeTYaThIe
AHKCPHO-YIJIOBBIC U NPOMEKYTOUHBIC OAHOCTOCUYHBIC
Y TIOPTaJbHBIC OTOPHI TSI IMHAHN IeKTporiepenadn 35
u 110 xB.

Bcero uccrezoBaHo oOMHHAALATH OIMOP: HIECTh
OIHOCTOEUHBIX omop Oarmennoro Tuma (I1-35-1, AY-35-1,
I1-35-2, AV-35-2, T1-110-1, AY-110-1) u msith omop
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M ONTHUMH3ALHUN KOHCTPYKIHIT

IToncucrema pacuera

onop BJI

Biiok BBOJ1a HCXOIHBIX JAHHBIX |

I

Hcxomnblii daiin

PyuHoit BBOI

‘ B1iok BeIUMCIICHNS LENEeBOH DyHKINN
‘ Onpenenenne o ITon6op
TEOMETPHICCKHX Tporparvrrii ook cedeHui
pacuera USL
TIapaMeTpoB JIIEMEHTOB
‘ Vaudukanus

Maremarudeckuit armnapar onpe/IeJICHus
ONTUMAJIbHBIX ITapamMeTpoOB

POISK

USLPOJ I‘:_' KOMBI |

| NEMID |:| KOMBI |

Puc. 5. Anropurm pacuera KOHCTPYKILIMH ONOPBI C Y4E€TOM ONTHMH3ALNH

Ta6a. 1. [Tonbop ceuenwii snemenToB aByxuenHoi onopsr BJI 35 kB tuna I1-35-2

Onpenenenne
MaccChbl

Ieuars

Ppe3yJIbTaToB

-

o
= = —
g 23 £
E = NE = E
= 9 S 5 2 £ = K
= = ) * - = <
o
: : ¢ g5 =
5 8 5 g ©
Q o) g N o = g =
) T 8 = 5 o 5
= ) = 3 o o
g 2 o ~” g S =
> z = | 22
5] g 3 o
2, = =
Tpoco-cToiika Tosic 2,26 2,30 L50 x50 %5 4,80 | 155 | 2379 | 2400 | 1M16 4,6
CrBost BepxHeil YacT Iosic 32,65 31,43 | L100x 100 x7 13,75 | 37 | 2932 | 3350 | 6M20 5,8
P Packoc 3,41 1,97 L40 x 40 x 4 3,08 88 | 2181 | 2400 | 2M12 5,8
CrBost cheameil qacT Iosic 83,34 81,61 | L160x 160 x10|31,43| 23 | 3107 | 3150 | 12M24 | 58
pea Packoc 3,40 3,40 L40 x 40 x 4 3,08 82 | 2051 | 2400 | 2M12 5,8

26



CoBepLLEHCTBOBaHNE KOHCTPYKTMBHOM (pOPMbI CTaAbHbIX y3KOOa3bIX PELLETYATLIX 0Mop

. N C. 20-39
BO3AYLUHbIX AUHUI IAEKTPONEPEAaYM MOBbILLIEHHON HaAEXHOCTH

Oxkonuanue maén. 1

o
" i =
g 23 E
E = L 3, E 3
= & S = e = 5 .
= ) I A o )
= : = 5 3
8 G&:) ° (5] g lg o)
5, | ¢ : R 2 | .
= ) © = 5 8 2
S % © Qg‘% ? S I
£ = = |28
) 2 3 =%
a, < E
CrBost HIBKHEH 9acTH Iosic 98,08 96,24 | L200 x 200 x 12 | 47,10 | 20 | 2440 | 3150 | 8M30 5,8
Packoc 3,40 3,09 L40 x 40 x 4 3,08 87 | 2166 | 2400 | 2M12 5,8
Tara 0,13 0,82 L40 x 40 x 4 3,08 | 158 | 357 | 2400 | 1M12 5,8
Tpasepca | Iosic 0,87 0,21 L40 x 40 x 4 3,08 93 632 | 2400 | 1M12 5,8

Packoc 0,13 0,13 L40 x40 x 4 3,08 | 80 83 | 2400 | 1M12 5.8

Tsra 0,0 1,09 L40 x 40 x 4 3,08 | 158 | 829 | 2400 | 1MI2 5,8
Tpasepca 2 ITosic 3,73 2,52 L45 x 45 x 4 3,48 88 2260 | 2400 | 2M12 5,8
Packoc 0,82 0,61 L40 x 40 x 4 3,08 | 102 | 659 | 2400 | 1MI2 5,8

Packoc 2,17 2,17 L40 x40 x 4 3,08 | 101 | 1730 | 2400 | 1M12 5.8

nadparmpr
Anagp Pacnopka 3,00 3,00 L40 x 40 x 4 3,08 71 1728 | 2400 | 2M12 5,8
Koucomu ITosic 0,96 0,96 L63 x 63 x5 6,13 120 | 1917 | 2400 | 1M12 4,6
490 30 600
34011150 28300 300 =L
Nl
TpococToiika g Tpococtoiika
4l Tpasepea | 26 000 [A
I =
1400]_HI 11400 K]'5 Tpasepea 1 [ Tpasepea 2 20 500
‘ 1 Tpasepca 2 22 000 ﬂ ;;:: 2l
o % 2 g 22001 2900 !_ 2900 220()‘[
}2700£2700} % § = CrBou BepxHeit
Tpasepca 1 ¢ 00 a S HacTi
<R o 5 18 000
1400‘L $1400 5 o
§ =
‘ o
% i
ﬂ = o E
= ] & 59
S % B S Jluaronans [ = §
= N 2 = b= 5
K] 55 2 g
<
[lar g g7 Ilar ©
K| & 9000
K|© N
X
%
<]
™ =
’qj 3 4000
“EE g F
2] i 5 Pacrnopka =2
=5 55
3~ 5
N 2 2 0,200
0900 S SIS -y
kX |650 | |650 200
—Heso 0,000 {650 T80 ¥

Puc. 6. IIpomexxyrounas OamenHas nByxuenHas omopa BJI  Puc. 7. AHKepHO-yIIIoBas mopTaibHasi OJHOICIHAS OIOpa
35 kB BJI 110 kB
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490 150 24 300
Tpococroiika
Tpasepca |
parep 22 000
CrBoI BepxHeit
1400 4acTn 1400
) 18 000
= ra
2700 H400{3200|1400£.2700 |
1 1
Tpasepca 2 Tpasepca 3 16 000
CrBon cpejHeit
ot YacTH
(=3
=
Iar
4000
CTBOJI HUKHEH
4acTh 0,200

44_560 7T~ 0,000

e

Puc. 8. [IpomexxyTodynas mopranpHas AByXIenHas onopa BJI
35 B

6000

23 200
Tpococroiika
Tpasepca 1 Tpasepca 3 19 000
1500 6500 1500
1 1
CrBOI BepxHei
gactn Tpanepea 4 15 000
—re = —_ SN I
12200 165013600 11250 {2600 |
1 T T |
Tpasepca 2
=
o
o]
iz
o Q
5 §
e
Jnaronanb
IHar
Pacropka 3000
CTBOJI HYKHEH
g 4acTH 0.200

A
e
6500

Puc. 9. AHKepHO-yIIIOBas MOpTaNbHas ABYXIenHas ormopa BJI
35 kB

Taou. 2. Macchl 3aIpOeKTUPOBAHHBIX OJHOCTOEYHBIX U HOpTanbHbIX ornop BJI 35 u 110 kB

OnHOCTOCUHAS OTTOpa [ToprasbHas ormopa
Tun onopst
Tudp Bericora, M Macca, xr ludp Bericora, M Macca, xr

HpOMe)KyTO‘IHaﬂ OJHOILICITHAs H-35-1 24’1 1719 . o -
HanpsbkenueM 35 kB

AHKEPHO-YIJIOBA OTHOUCIIRASL | \y; 35 | 22,5 3421 TAY-35-1 19,0 4115
HanpsbkeHneM 35 kB

Tpovexyrounas nByXuenmas |y 35 o 274 3755 I1-35-2 24,1 3932
HanpspkeHueM 35 kB

AHKEPHO-YIIOBAA IBYXUCHHAT |y 35 26,7 6193 [AY-35-2 23,0 6493
HanpsokeHneM 35 kB

TpouexyTounas oxrouenHas | o | 32,0 3879 M1-110-1 26.5 3235
HanpsokeHueM 110 kB

AHKCPHO-YITIOBAS OMHOUCTIHAT | \y/ 1y 34,1 8430 TAY-110-1 30,4 9376
HanpspkenueM 110 xB

nmopraipHoro tuma (ITAY-35-1, II1-35-2, TTAY-35-2,
[I1-110-1, TTAY-110-1).

Macchbl 3alpOeKTUPOBAHHBIX OAlIEHHBIX U TOP-
TAJBHBIX OIOP OAHOUCHIHBIX U JBYXICITHBIX OIIOP BJI
35 u 110 kB npuBeneHs! B Tadi. 2. Macchl orop ornpe-
JIEJISUTACH C YYE€TOM BCIIOMOTATEIbHBIX JeTalcii u Me-
TH30B.

SAKJIIOYEHHUE U OBCYXJAEHUE

Pa3paGoraHbl onTHMalbHbIE KOHCTPYKTHBHBIE
(opMBI y3K00a3bIX OTIOpP MO O0JACTH OIpPEaeICHUS
BJI 35 u 110 xB. 3anpoexrupoBaHHbIe y3K00a3bIe OII0-

28

PBI COOTBETCTBYIOT OTEUECTBEHHBIM HOPMAaM IPOEK-
TUPOBaHUs, TCXHOJIOT'MYHBI B U3TOTOBJICHUU, MOHTAXKE
1 9KCIUTyaTalyu.

Ha ocHOBe NpeyIoKeHHOTO YHCIEHHOTO METO/a
ONTHUMH3AIIMH, TIPH KOTOPOM I'€OMETPUYECKUE Pa3Mephl
1 TOITOJIOTHUS OTIOP, @ TAK)KE MapaMeTpPhl MacChl, TPYIO0-
€MKOCTH U CTOMMOCTH ONTHMH3UPYIOTCSI OJHOBpE-
MCHHO, AOIIOJHUTCIBbHO CHHUXXCHBI ITOKA3aTCJIN MaCChI
M CTOMMOCTH Y3K00a3b1x onop 10 20 %.

Ilo pe3ynpraraM NpOBEAEHHBIX UCCIEIOBaHUM
OIpe/IesIeHbl PAllMOHAIbHBIC 00IACTH IPUMEHEHHUS Oll-
TUMAaJIBHBIX y3K00a3bIX OIMOp IOPTAIBHOTO U OalieH-
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BO3AYLUHbIX AMHUI IAEKTPONEPEAAUM NOBbILLIEHHON HAAEXHOCTH

HOTO THUIOB. [lopTajgbHbIe CBOOOIHOCTOSIINE OMOPBI
C MOAKPEIUISFOIIAMHU THArOHAISIMA U 0€3 HUX PaIuo-
HaJIbHBI B AHKEPHO-YTJIOBBIX OMOPax HaIPSIKCHUEM
110 kB, 0cobeHHO TIpH OOJBIIMX HATPY3KaX U3 ILUIO-
CKOCTHU Y 3HAYHMTEIIbHBIX Mepenagax penbeda MecTHO-

CTH, a TAaKXX€ B IPOMEKYTOUHBIX OITOpaxX HANPsLKCHUEM
110 xB mpu BeIcoTe omop 10 27 M. Ha BO3IyIIHBIX TH-
HUSAX HampsokeHueM 35 kB nmpumeHeHne mopTalbHbIX
CBOOO/THOCTOSIIIMX OTOP JAET MOJIOKHUTEIbHBINA dPPeKT
TOJIBKO JUTSI TPOMEKYTOYHBIX OIOp BBICOTOH 10 20 M.
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INTRODUCTION

Every year the amount of electricity transmitted in
high-voltage electrical networks increases. This requires
the involvement of huge material and labour resour-
ces not only in the energy sector, but also in other indus-
tries [1-3].

The development of electrical networks direct-
ly depends on the cost of overhead transmission line
(OHPL) structures. Therefore, all possible ways to
reduce the metal intensity and increase the efficiency
of power grid construction by improving technical solu-
tions should be implemented [2, 4, 5].

To obtain a guarantee of uninterrupted and effi-
cient operation of an overhead line as a unified system
it is necessary, first of all, to specify static and dynamic
loads and impacts in order to assess the bearing capac-
ity at design and operation; search, development and
testing of new optimal solutions of overhead line sup-
ports using solid-state modelling; integrated approach
to the design of the network as a unified structural
system on the basis of taking into account the require-
ments of manufacturing, installation and operation; re-
construction of the existing high voltage transmission
lines; and reconstruction of the existing high voltage
transmission lines.

Up to now, overhead line design has been reduced
mainly to the survey and arrangement of standard sup-
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ports. The last developments of new unified supports
were completed by the Institute “Energosetproekt”
in the 1980s, and then in an extremely limited assort-
ment. At the same time, as experience shows, the valid-
ity period of unification is about 20 years, after which
the adopted technical solutions become obsolete. To
overcome these problems, it is necessary to revise many
approaches and views.

The aim of the research is to search for the optimal
structural form of steel narrow-base tower and portal
supports of 35 and 110 kV overhead power lines.

To achieve the set goal the following tasks have
been solved:

* the stress-strain state (SSS) of an overhead line
as an integral system was analyzed, where all key ele-
ments — current-carrying wires, lightning rods, insula-
tor garlands, supports, foundations and ground base —
work together;

* new optimal structural forms of steel narrow-
base supports of increased reliability instead of re-
inforced concrete ones for overhead lines in the area
of definition have been developed;

* rational areas of application of narrow-base tow-
er and portal supports as anchor-corner and intermedi-
ate supports for overhead lines of 35 and 110 kV have
been established.

The subject of research in this work are the VAT pa-
rameters of steel narrow-base lattice supports elements,
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the structural solution of which is obtained by optimization
of typical solutions.

As an object of the research the designs of steel
single-unit narrow-base and portal supports for over-
head lines of 35 and 110 kV voltage class are consid-
ered.

MATERIALS AND METHODS

Statistical processing of information on opera-
tion, accidents and failures of overhead line supports
and portals of open switchgears (SWYD) in power sys-
tems of the Russian Federation was performed to as-
sess the operational condition of power grid structures.
The source of information were the maps of overhead

line failures for 1991-2021 contained in the card file
of ORGRES (Moscow). The results of statistical analysis
of failures are shown in Fig. 1.

More than a half of pylon failures are caused by
the action of ice and wind loads on wires, lightning
protection cables and structures. In many respects,
this is a consequence of the lack of reliable informa-
tion on the nature and magnitudes of dynamic loads
on the elements of overhead lines [8, 9].

Thus, the creation of new solutions of overhead
line supports with a narrow base is caused by the need
to develop rational by cost criterion forms of steel tower
supports with increased reliability (failure-free) indica-
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Fig. 1. Structure of failures of overhead transmission line towers in the Russian Federation: ¢ — for the period 1991-2021;

b — for the period 2001-2021
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tors instead of reinforced concrete ones due to periodic
accidents on power grids.

Positive long-term experience of operation of nar-
row-base supports on single-circuit 35 kV overhead lines
and double-circuit 110 kV overhead lines on the terri-
tory of the Republic of Crimea with characteristic dif-
ficult terrain conditions confirms the need and validity
of considering the possibilities of developing a standard
series of intermediate and anchor-corner single-circuit
and double-circuit narrow-base steel supports for 35
and 110 kV lines instead of the used reinforced con-
crete unified ones, which do not work well under emer-
gency loads and led to mass accidents in 2009-2010
[10-12].

The paper presents the results of theoretical analysis
of the possibility of using new solutions (types) of single
and double-circuit supports for 35 and 110 kV overhead
power lines. In the process of research six types of sin-
gle-cell tower-type supports were considered: P-35-1,
AU-35-1, P-35-2, AU-35-2, P-110-1, AU-110-1 and five
types of portal supports: PAU-35-1, PP-35-2, PAU-35-2,
PP-110-1, PAU-110-1. Schemes of lattice single column
and portal supports are shown in Fig. 2, 3.

Single-barrel tower supports of constant square
cross-section and double-barrel gantry supports with
constant square cross-section shafts with and without
reinforcing diagonals and struts were investigated.
The analysis of the calculation results confirmed the as-
sumption that the appearance of additional elements in
the structural system of the support (in the form of diago-

nals and struts) is justified: the bending forces of the por-
tal support elements are significantly reduced.

When studying tower single column and gantry
supports with diagonals and struts by weight, normal,
emergency and installation modes of operation were
taken into account for anchored sections with overhead
line rotation angles from 0 to 60°.

The key requirement for creating new solutions
of overhead line supports with regard to ensuring the re-
liability of line operation is strict compliance not only
with the key technological requirements, but also with
the aspects of design and construction.

The following assumptions are made when design-
ing for the investigated types of supports: the material
works elastically; lightning protection ropes are fixed
to the tops of the supports, and the insulator garlands,
on which the current-carrying wires are suspended, de-
flecting, remain straight; the work of wires and ropes
when finding the stresses in them is identified with
the work of hollow threads; when determining the bend-
ing deformations the trunk of the support is represented
as an elastically pinched cantilever.

In the emergency mode, the supports are subjected
to a concentrated force generated by the wire break-
age and a uniformly distributed load from the weight
of wires and cables. After loading, the equilibrium
of the system in the deformed state will occur when

P-35-1 AU-35-1 P-35-2 AU-35-2 P-110-1 AU-110-1
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Fig. 2. Schemes of steel single column supports of 35 and 110 kV overhead power lines
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Fig. 3. Schemes of steel portal supports of 35 and 110 kV overhead power lines

32



Structural form improvement of steel narrow-based lattice supports

for high-reliability overhead lines

P. 20-39

Input of initial data

Demermination of the reduced gravity center

of wires and cables of the j-th
span of anchored section

l

Calculation of reduced and critical spans

Calculation of unit and specific
loads on wires and carles
of the j-th span of the k-th section

of the k-th anchored section

Establishing the form of the state
equation of the k-th wire
anchored section

|

Calculation of voltages in wires
of the k-th sectionof the i-th mode
by the Cardano method

Determination
of wire sag arrows

Calculation of stresses
in a grounde wire

l

Checking
the condition
h(iter(n)) = h(iter(n — 1))

Yes Making an equation
of reduced gravity

Searching the reduced gravity
by Newton's method

Yes

Calculation of equivalent spans
of the j-th span of the i-th mode
of the k-th section

Research of existence
region roots of equation

|

Determination of weight and wind spans
of the j-th support of the i-th mode

Calculation of loads on the j-th

of the k-th section

l

Calculation of the assembly sag of wires
and cables of the j-th span of the k-th section

|

support for design schemes

Output of initial data to print in tabular form

|
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Fig. 4. Block diagram of determining the VAT parameters for lightning protection cables, current-carrying wires, as well as loads

on the support structures

the deformations of wires and cables are equal to the de-
formations of the support structures' [11, 13, 14].

The determination of stresses and load-bearing
capacity of the support elements were established in
the subsystem for calculation and optimization of load-
bearing metal structures of supports as part of the uni-
fied network [15-17].

To determine the loads on the anchor-corner sup-
ports, normal and emergency modes of overhead line op-
eration were considered according to Ch. 2.5 of PUE 7.
In the calculations nine loads were accepted:

1) normal mode — wires and cables are not broken
and free from ice; wind is directed along the axes of tra-
verses from left to right;

' TEC 60826. Design criteria of overhead transmission lines
(international standard). Geneva, IEC, 2022; 87.

2) normal mode — wires and cables are not broken
and are covered with ice; wind is directed along the tra-
verse axes from left to right;

3) normal mode — end support: wires and cables
are not broken and free of ice; wind is directed along
the traverse axes from left to right;

4) emergency mode — broken wire in the lower
right phase; ice without wind; pulling from left to right;

5) emergency mode — broken wire in the right mid-
dle phase; ice without wind; pulling from left to right;

6) emergency mode — broken wire in the right upper
phase; ice without wind; pulling from left to right;

7) emergency mode — end support: broken wire
in the lower right phase; ice without wind; pulling from
left to right;

8) emergency mode — end support: broken wire in
the right middle phase; ice without wind;
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9) emergency mode — end support: broken wire in
the right upper phase; ice without wind.

Calculated operating modes were accepted for
straight sections of the overhead line route and at line
rotation angles up to 60° with the difference of pulls in
wires and cables in adjacent spans.

To determine the loads on intermediate supports,
normal and emergency modes were also considered.
Intermediate supports were calculated under five loads
according to Ch. 2.5 of PUE 7:

1) normal wind conditions — wind across
the overhead line;

2) normal wind conditions — wind at an angle
of 45° to the overhead line;

3) normal icing mode — wind at icing;

4) emergency mode — wire breakage of one phase
in the overall span;

5) emergency mode — cable breakage in the over-
all span.

The calculation of the overhead line support with
determination of internal force factors in the structural
elements and selection of cross-sections taking into ac-
count the regulatory restrictions and design require-
ments was performed in the software package devel-
oped at the Department of Metal and Wooden Structures
of the National Research University of Moscow State
University. The complex includes: a subsystem for calcu-
lation of wires, cables and collection of loads on supports;
a subsystem for calculation and optimization of bearing
metal structures of supports as part of a single network;
subsystem for automated design of metal structures
of overhead line supports [10, 18, 19].

The block diagram of establishing the VAT param-
eters for lightning protection cables, current-carrying

Subsystem for calculating

and optimizin overhead power
line support structures
e
. |
‘ | Input block of initial data | ‘
| I l | |
|
‘ Source file Manual input ‘
L ———_ _ "
I e -
Objective function calculation blocke ‘
| i |
| | |
| | l l ‘
s : Selecti I
e Detemination of mass|
|
|
| | |
‘ Unification ‘
L |

Mathematical apparatus for determining optimal parameters
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| NEMID |':_| KOMBI |

Print of results

Fig. 5. Algorithm for calculating the design of the support taking into account optimization
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conductors, as well as loads on the support structures is
shown in Fig. 4.

As aresult of realization of the algorithm of calcula-
tion of conductors, lightning ropes and loads on the lat-
tice structure we get a file of initial data for further calcu-
lation of narrow-base tower or portal type support.

RESEARCH RESULTS

Parameters of structures of high-voltage power
lines are determined by a large number of various re-
quirements: observance of electrical dimensions be-
tween wires, cables and supports, taking into account
the factor of unification, staggered change of sizes
of rolled product assortment [18, 20-22].

The problem of optimal overhead line design is
formulated as follows: to find geometrical parameters
of the network with varying system coordinates and topol-
ogy at given cross-sections with minimization of mass (1)
while satisfying normative constraints (2)—(4) and re-
quirements (5), (6).

Optimization of the geometrical parameters
of the support with correction of the lattice type is per-
formed by a combinatorial algorithm using the method
of directed descent.

Determination of the minimum of the target func-
tion is an essentially nonlinear discrete problem in
establishing the optimal geometric parameters, since
the number of varying parameters is large [23, 24]:

Z:f(H’ L’ b! Q’ l[)’ RV’ kb) ni‘)’ (l)

where H, L, b, Q are the given initial parameters;
H is the height of the narrow-base support; L is the span
of the anchored section; b is the base of the sup-
port; QO is the vector of external load; lp, Ry, k,, n_are
the varying parameters of the geometrical scheme; lp is
the length of the lattice panel; &, is the number of bolts
in the nodes; n_ is the type of the narrow-base support
lattice.

Let us write down the normative constraints satis-
fied by the target mass function (1):

* bearing capacity of compressed and tensile ele-
ments, respectively:

N<4R,
where N, — longitudinal force in the i-th structural ele-
ment; R , 4, ¢,— respectively design resistance, cross-
sectional area and stability factor (longitudinal bending)
of each i-th element;

* condition on the minimum cross-sectional area
of the support element:

A,=21[4], 3)
where [4,] is the minimum permissible area of the i-th
element according to the criteria of ultimate flexibility
or structural requirements;

* values of unknowns:

JzXz), @
where J, and j, are the upper and lower bounds of vari-
ability of the varied parameters.

Basic conditions satisfied by the vector of varying
parameters (1):

* equilibrium condition:

k(x) - B — P(x) =0, (&)
where k(x) is the stiffness matrix of the system; 3 is
the vector of nodal displacements; P(x) is the vector
of external loads;

* joint deformation condition:

ALN,-(]Vi’ A, 1)=AL, (Ax, Ay, Az), (6)
where ALNi and AL, are the deformation of the i-th and
i + 1 elements, respectively.

The algorithm of optimal design with selection
of element cross-sections and determination of the mass
of the overhead line support is shown in Fig. 5.

The vector of varying parameters is calculated in
the following sequence: static calculation is performed
for normal, emergency and installation modes of opera-
tion of the narrow-base support; for each mode the forces
and stresses in the support elements are determined;
the cross-sections are selected according to the design
forces and the stresses and flexibility of the elements
are checked; the narrow-base support is recalculated
taking into account the specified stiffnesses of the ele-
ments; the mass of individual elements and the whole
structure is calculated.

The results of selection of cross-sections of the rep-

N<4,R, o, (2) resentative support shown in Fig. 6, are given in Table 1.
Table 1. Selection of cross-sections of elements of the double-circuit 35 kV overhead line support of P-35-2 type
& % & z
g ) 3
=
= g o > e
g = = g £
] 15} S 5} =
2 g = - S
3 = g en = § 5 %
s = Z £ 3 < | = 2 |3
= S © ™ g =
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g 8 ]2
© »n
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Table 2. Masses of the designed single and portal supports of 35 and 110 kV overhead power lines

Single-post support Portal support
Support type
Cipher Height, m Weight, kg Cipher Height, m Weight, kg

Intermediate single-circuit
35KV P-35-1 24.1 1,719 - - -
Anchor-corner single-circuit

AU-35-1 22.5 3,421 PAU-35-1 19.0 4,115
35kV
Intermediate double-circuit P-35-2 27.4 3,755 PP-35-2 24.1 3,032
35kV
Anchor-comer double-cireuit | 15 35 26.7 6,193 PAU-35-2 23.0 6,493
35kV
Intermediate single-circuit P-110-1 32.0 3.879 PP-110-1 26.5 3.035
110 kV
Anchor-corner single-circuit
110 KV AU-110-1 34.1 8,430 PAU-110-1 30.4 9,376

As an example, Fig. 6-9 shows some developed
new lattice anchor-angle and intermediate single post
and portal supports for 35 and 110 kV transmission
lines.

In total eleven supports were investigated: six
single tower-type supports (P-35-1, AU-35-1, P-35-2,
AU-35-2, P-110-1, AU-110-1) and five gantry-type
supports (PAU-35-1, PP-35-2, PAU-35-2, PP-110-1,
PAU-110-1).

The masses of designed tower and portal sup-
ports of single-circuit and double-circuit supports of 35

and 110 kV overhead power lines are given in Table 2.
The masses of supports were determined taking into ac-
count auxiliary parts and hardware.

CONCLUSION AND DISCUSSION

Optimum design forms of narrow-base supports
according to the area of definition of 35 and 110 kV
overhead power lines have been developed. The desig-
ned narrow-base supports comply with domestic design
norms, are technologically advanced in manufacturing,
installation and operation.
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On the basis of the proposed numerical method
of optimization, at which geometrical dimensions and
topology of supports, and also parameters of weight,
labour intensity and cost are optimized simultaneously,
weight and cost parameters of narrow-base supports are
additionally reduced up to 20 %.

According to the results of the conducted re-
searches rational application areas of optimal narrow-
base supports of portal and tower types are determined.

Portal free-standing supports with and without rein-
forcing diagonals are rational in anchor-angle sup-
ports of 110 kV voltage, especially at large loads from
the plane and significant terrain relief differences, as
well as in intermediate supports of 110 kV voltage at
the height of supports up to 27 metres. On 35 kV over-
head lines, the use of free-standing gantry supports has
a positive effect only for intermediate supports up to
20 m high.
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KoHcTpyKkTHBHBIE pellieHusi, IPUMEHUMBbIE [JIS pecTaBpaluu
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AHHOTALUMUA

BBeaeHue. CoxpaHeHue KynbTypHOrO Hacneausi — akTyanbHasi 3agada coBpeMeHHoro obuiectsa. O ero Heo6xoaMmMocTn
rosoputcs n B Ykase [NpesngeHta PP ot 02.07.2021 Ne 400 «O CrtpaTternm HaumoHanbHon G6e3onacHoct Poccuiickon
denepaunmn»: «...yKpernneHne TpaanumMOHHbIX POCCUACKMX OYyXOBHO-HPABCTBEHHbIX LIEHHOCTEW, COXPaHEHUE KyIbTYPHOIO
N UCTOPUYECKOro Hacneams Hapoga Poccumn». ACHO M 0CO3HaHWe POCCUICKMM OBLLECTBOM BaXKHOCTM COXPaHEHUST apXMTeEK-
TYPHOTO KyNbTYPHOIO Hacneamst Hawen ctpaHbl. MpoBoaaTcs 40OPOBOMNbHbIE 3KCNeAULUM U ApYre MepornpusiTus B Lensx
COXpaHeHNsi OOBLEKTOB KyNbTYPHOro Hacrneausi, a Takke CTapbiX AOMOB, HEe BXOAALMX B 3TOT peecTp. M3yyeHve naBku
KynuoB [MyxapeBbIX SABMSIETCA YacTbl0 MCTOPUKO-apXMTEKTYPHOro uccriegoBaHus Poibaukorn cnobogkl B r. [Nepecnasne-
3anecckoM. B 3ToM mMecTe Bce elle COXpaHeH UCTOpPUYECKMIn obrnuk, a Takke OCOBEHHOCTU, CBSI3aHHbIE C MCTOPUYECKN
CMNOXUBLLENCS MPOMbICITOBON creumanusaumen cnobogbl. MiccnenoBaHne nocBsALWLEHO OOHOW U3 CTapbiX XO3SIMCTBEHHbIX
MOCTPOeK cnobofbl — TOProBou na.ke. ATOT 0O6beKT — pefkas LeHHas noctpornka. OHa B aBapviiHOM COCTOSHUM U Tpe-
OyeT CpOYHOro BMeLLaTenbCTBa CneumanuctoB. PaccMoTpeHbl MeToabl, MPUMEHUMbIE ANS pecTaBpauun OEPEBSAHHBIX XO-
3ANCTBEHHbIX NOCTPoeK. OLeHeHa BO3MOXHOCTb MCMONb30BaHUS KaXkKAoro MeToAa Ans naBku KynuoB [MyxapeBblx, a Takke
npensioXkeHbl NPOEKTHbIE PELLEHMS KOHCTPYKLMIA 1 onpedeneHo Havbonee pauunoHanbHoe pelleHune. Beibop meTtoaa pe-
cTaBpauumn onpefensieT NpoaorMKUTENbHOCTb, TPYA03aTpaThl, 9KOHOMUYECKUE 3aTpaTbl HA NpoBeaeHve paboT n 3aBUCUT
rmaBHbIM 06pPa3oM OT COCTOSIHUS MOCTPOWKK, @ TaKKe OT ee OXpaHHOro crtaTyca.

Matepuansb! u MeToAbl. [TpoaHanuampoBaHbl cTapble fomMa Peibavkon cnobogpbl, apXuBHbIE UCTOYHUKK, HAYYHblE TPyabl,
HOpMaTMBHbIE LOKYMEHTbI. BbINonHeHO HaTypHOe MccrnegoBaHue MOCTPOMKM, B XO4E KOTOPOro caenaHbl obmepsbl, (oTo-
dmKcaunsi, OLLEeHEHO COCTOSIHUE KOHCTPYKLIMIA, MPOBEAEH X pacyeT.

PesynbraThbl. ViccnenoBaHbl BapuaHTbl YCUITEHUSI KOHCTPYKLMIA KPOBIY NTAaBKU U NoaobpaHbl CeYeHUst KOHCTPYKUMIA Ans ca-
MOTO ONMTUManbHOro BapuaHTa.

BbiBogbl. CambiM ONTUManbHbIM BapuaHTOM OKa3arnocCb yCUIeHue KpoBMM CToMKamu n nogkocamu ceyvenvem 30 x 30
n 40 x 40.

KIMKOYEBBLIE CIIOBA: pectaBpauusi, AepeBsiHHOE 3044eCTBO, [lepecnaBnb-3anecckuii, KOHCTPYKTUBHbIE NPeanoXeHns
B pecTtaBpaumu, Peibaukas cnoboga, pekoHCTPYKLUMS, pacyeT
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Constructive solutions applicable for restoration of wooden
household buildings on the example of the shop
of the Glukharev merchants in Pereslavl-Zalessky

Vitalina S. Skvortsova, Andrey Yu. Ushakov
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation
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ABSTRACT

Introduction. Preservation of cultural heritage is an urgent task of modern society. Its necessity is also stated in the Decree
of the President of the Russian Federation dated 02.07.2021 Ne 400 “The National Security Strategy of the Russian Fed-
eration”: “...strengthening of traditional Russian spiritual and moral values, preservation of cultural and historical heritage
of the people of Russia”. It is also clear that Russian society is aware of the importance of preserving the architectural cul-
tural heritage of our country. Voluntary expeditions and other activities are carried out in order to preserve cultural heritage
objects, as well as old houses that are not included in the register. The research of Glukharev merchants’ shop is a part

of the historical and architectural research of the Rybatskaya Sloboda in Pereslavl-Zalessky. In this place the historical ap-
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pearance is still preserved as well as features connected with the historically developed trade specialization of the sloboda.
The research is devoted to one of the old economic buildings of the sloboda — a trading shop. This object is a rare valuable
building. It is in an emergency condition and requires urgent intervention of specialists. The methods applicable to the resto-
ration of wooden outbuildings are considered. The possibility of using each method for the shop of the Glukharev merchants
is evaluated, and also design solutions of structures are proposed and the most rational solution is determined. The choice
of the restoration method determines the duration, labour and economic costs of the work and depends mainly on the condi-
tion of the building and its conservation status.

Materials and methods. Old houses of Rybatskaya Sloboda, archival sources, scientific works, normative documents were
analyzed. A field study of the building was carried out, in the course of which measurements were made, photo-fixation was
made, the condition of the structures was assessed, and the calculation of the structures was carried out.

Results. The options for reinforcing the bench roof structures were investigated and the cross-sections of the structures
were selected for the most optimal option.

Conclusions. The best option turned out to be the roof reinforcement with struts and underpinnings with cross sections
of 30 x 30 and 40 x 40.

KEYWORDS: restoration, wooden architecture, Pereslavl-Zalessky, constructive proposals in restoration, Rybatskaya Slo-
boda, reconstruction, calculation
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BBEJIEHHUE

ITpobnembl coxpaHEeHHS ACPEBIHHOTO HACIEIUs
PacKpBITH BO MHOTUX TPy/AaX POCCHICKUX U 3apyOex-
HBIX Hay4HBIX festeneil. B cratbe A.B. boa» pacecmo-
TPEHBI ¥ OIICHEHBI TIOAXOBI K pecTaBparmu [ 1-3]. Taxk-
ske 00 atoMm mucanu E.B. Xogakosckuii, A.C. I1leHkoB,
M.U. Komsina [4-7]. Xayke XaynTc onucai CBsI3aHHbIC
C MIPUPOTHBIMH YCIIOBHSMH MPOOJIEMbI COXPAHEHHUS JIe-
pesstaHOTO Hacneaus B Hopeeruu [8]. Hoamu Manapa,
Jlopenmo Poccet, @pangecko 3ambermnn, Auapea 3aHo-
JIa TIPEJICTaBHIIM CIIOCOO OTCIICKUBAHHS MUKPOKIIMMATa
BapUAIMOHHBIX aBTOKOAEPOB [9]. YueHble uccieayor
JepeBsaHHOe 3044ecTBO Poccun u B EBpone, HaxonsT
MYTH BOCCTaHOBJIEHHs KOHCTPYKIHH [10-16]. O6 00b-
€KTE CTaThu — JIaBKE KyMIOB [JyXapeBbiX ObUIM OITy-
ONMKOBaHBI HEKOTOPBIC MaTepHaisl [ 1, 2].

MATEPUAJIBI U METO/bI

JlaBka kymnioB [ myxapeBbIX BXOJIUT B COCTaB JIBO-
pa kymnoB [TyxapeBbIX, COCTOSIIETO B HACTOSIIEE
BpeMsI U3 JIaBKH U JKUIJIOTo foMa. J[Bop pacrnonaraercs
Ha TePPUTOPUH UCTOpHUIECKOH Pribarkoit cimodomsr [1].
PaccmarpuBaemast mocTpoiika He BXOIUT B peecTp 00b-
€KTOB KyJIbTYPHOTO HacleAMs, OHAKO paHee KUIOH
JIOM MMeJl OXpaHHbIH craryc. cTOpUKO-KyJIbTypHast
LIEHHOCTH ITOCTPOEK HE OblIa PaCKphITa, TAKXKe HE ObLT
pa3paboTaH MOIXO/ K PECTAaBPallui U PEKOHCTPYKIHH
00BekTOB crmoboxasl. JlaBka HeceT B cebe MCTOPUKO-
APXUTEKTYPHYIO U KyJIbTYpHYIO IIleHHOCTH. ITocTpolika
UMeEET 0COOCHHOCTH, CBA3aHHBIE C HCTOPUUYECKH CIIO-
JKUBIIEHCS TPOMBICIIOBOH CHienann3annuei cio00/Ibl.

OOBEKT COXpaHWJICS B CBOEM IMEpPBOHAYATIHLHOM
BUJIC, HUKAKHUX TO3HNX HACIOCHUI CHAPYKH U H3HY-
TpH HeT. B 1aHHOM cityuae pecTaBpupOBaTh NOCTPOIKY
11eJ1eco00pa3Ho, OPUEHTHUPYSICH Ha €€ TIepBOHAYATbHBIN
o6nmuk. CornacHO oOMepam, JIaBKa B IUIaHE KBaIpaTHAs
€O CTOpOHamu 5, 7 M, BbICOTA JaBKU OT YPOBHS 3€M-

71 IpuOIM3UTEThHO 4 M. Takast KOHCTPYKIHUS MPOCTa
JUIsl BBIBEIIIMBAHUS JJOMKpaTaMu.

Cornacuo «[IpuHIMIIaM coXpaHEeHHs! HCTOPUUECKUX
JICPEBSIHHBIX ITOCTPOEK» MPU paboTe ¢ AePEBIHHBIM Ha-
clieieM HeoOX0MMO TPHICPKUBATHCS TPAIUIIMOHHBIX
TEeXHUK 00paboTKH AepeBa. Kpome Toro, 3aMeHeHHas ape-
BECHHA JIOJDKHA OBITh U3 TOH 7K€ MOPOBI, YTO M TOJTHH-
HUK, C TAKOH 7K€ TEKCTYPOH, YPOBHEM BIIATOCOICPIKAHHS' .
Hcnonb3yroTes Takue TEXHOJIOTHH, KaK HapalllBaHHUE
OpeBeH MO0 JUIMHE, yCTaHOBKA KOPOHOK, BEIYMHOK C ITPH-
MEHEHHEM KJICeBBIX coeMuHEeHUH [17]. DTH TeXHOIOTuI
HY>KHBI JUIsl COXPaHEHHUsI HAaNOOJIBIIETO KOJINYeCTBa O/~
JMHHOTO Martepuana. Hapamsanne, KOpOHKH, BCTaBKH
W BBIYMHKH MPUMEHSIOTCS /ISl COXPaHEHHs TIOPaXKeH-
HOTO JIEPEBSIHHOTO Marepraa. Bee yka3aHHbIE OrpaHu-
YEHHMs1, TEXHOJIOTUH TPeOYIOTCsI ISl TOTO, YTOOBI COXpa-
HWTb ¥ TTOJUTMHHBIA MaTepual, u ero oomk. Ho mpu aTom
JICUCTBUSI HE JIOJDKHBI IPUBECTH K MyTAHHUIIE B Oy/y1em,
YTO SIBJISICTCS TIOJUTMHHUKOM, @ YTO MaTepHajoM MpOBe-
JICHHOM pecTaBpalii 1 PeKOHCTPYKIIHH.

PekoHCTpyKIMSI M IPUCTIOCOOIEHNE JI0ITYCKAIOT
BHECEHHUE HEKOTOPHIX U3MEHEHHH B 0ObekTe. Tak, Ha-
TIPUMeED, JUTS COXPaHEHHsI HICTOPUYECKOTo O0JIMKa 1 NH-
Tepbepa YTEIICHUE CTEH Ha BUANMBIX OBEPXHOCTSIX
HenorycTiMo. OHAaKo BO3MOXKHO YTEIIJICHUE Yepiaka
W 110714, HO TOJIBKO B CITy4dae 00eCHedeHusI MPOBETPHBaA-
HUs. B nmpoTtuBHOM cityyae marepuai OyJeT nopaxarb-
cst TprbaMu ¥ 1uieceHbro. st yTeruieHus CTeH MOKHO
HCIIOJB30BATh TPpaJAUIITUOHHBIC METO/IbI. I/ICTOpI/I‘IeCKI/I
CTEHBI yTENJISUIM METOJ0M KoHomarku. KoHomaTtwin

! TIpHHIMIIBI COXPAHEHUST HCTOPUYECKHX ACPEBSIHHBIX TIOCTPO-
eK // MexXIyHapOIHBIA COBET MO COXPAHEHUIO TTAMATHUKOB
1 JOCTOTIPHMEUATEIFHBIX MECT : puHAT 19 ['enepanbHoit Ac-
cambneeit UIKOMOC B Unaum, . Jleny, B nexadbpe 2017 . M. :
DeneparpHOE TOCYIApCTBEHHOE OIOMKETHOE YUPEKICHHE
KynbTyphl «l'0CynapCTBEHHBIH UCTOPUKO-apXUTEKTYPHBIN
u 3THOrpaduyeckuil Mmy3eit-3anoBenHuk «Kmxun», 2018.
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Puc. 3. Bocrounas creHa

JUKYTOM, MXOM, IakKJIel, 9TO TO3BOJSUIO YCTPAHHUTh
e Mexay OpeBHaMHM, YBEJIMUMB TEIIOU30JISIINOH-
HYIO CITOCOOHOCTb.

[IpenBapurtenbHoe obcneoBanne 00bEKTa /1aJI0

MMOHMMaHHNE, KaKUC NMOBPEIKACHUA €CTh B KOHCTPYKIIU-

ITnan #

®

5735
1576 1475

2745

®

1645 1520 1605

\oro \38 \1es \azo
®

101 2 3 435

Puc. 5. I'padmueckast peKOHCTPYKIVS JIAaBKH, T1aH 10

Paspes 1-1
ITepBoe mpoeKTHOE peene
*

+2.36
52 16

g Cpenuuii tnamerp

opesen 180 Mm

8,
~1.00

=00

Puc. 6. ['paduueckas peKOHCTPYKIHS JTaBKH, IIEPBOE MPOCK-
Hoe pemenue 10

Vaen 1

Vien 2

205/

g5 (7| 247

578

Puc. 7. Y3en 1 u yzen 2
42

Puc. 4. IOxHas creHa

sx. JIaBKa B TsDKEJIOM aBapuilHOM cocTosiHuU. Dajb-
L[eBast KPOBJISI IMEET MHOTOUHNCIICHHBIE TIOBPEKICHHS.
YacTp xepreit 00peneTky TakKe MOpaXeHbl THIIIBIO
(puc. 1-4). Cpennsisi pepma ¢ BOCTOYHOHW CTOPOHBI
moTepsijia HeCymyro crnocodHocTs. MmeroTcst 6uormo-
PaXEeHUS CTEH, B TOM 4YHcie OCNbIM JOMOBBIM TPHOOM
Ha HIDKHHUX BEHIIAX IO’)KHOW CTEHBI M BEPXHUX BEHIAX
BOCTOUHOM cTeHbI. bpeBHa cpyOa MOpaskeHBI KYKOM.
IToTonox u ogHa W3 6amoK OOpYIIEHBI, YaCTh OJHOU
0aJiku UMeeT MOBPEeX/CHUs. B 0CHOBHOM NopakeHus
Ha cpyOe JIOKaIM3yI0TCsl B HIDKHHUX BEHIIAx, 110J] KPOB-
neil. MckiroueHne coCTaBisieT CeBEPHAs 4aCTh BOCTOY-
HOH CTEHbI U BOCTOUHBIN yTOJl FO’)KHOM CTEHBI, IIE pe-
TYJISIPHBIE IPOTEYKH B KPOBJIE PaspyLIHIIN JIPEBECHHY
1o Bceit BeicoTe. Kpome Toro, moBpeskaeHnst OeIbIM J10-
MOBBIM I'PHOOM FO’KHOM CTEHBI 3aXBaTHIBAIOT JBA HUXK-
Hux OpesHa. Corntacio 'OCT P 70005-2022 cnenyer
YAAISITH MOPaYKCHHBIN y4acTOK, 3aXBaTbIBasi OJTMH METP
BOKPYT Hero. Jl[peBecuHa, MOBPEXJICHHASA KyKaMH,
TOXKE TOMJISKUT yHaJeHuIo. Eciau 3aMeHuTh moBpex-
JICHHYIO JIDEBECUHY METOJIOM BBIYMHKH, TO B pE3yJIbTa-
T€ BO3MOXKHBI iehopMaruu cpyoda. B cBs3n ¢ aTum He-
00X0OMMO TIPHOETHYTh K KPaifHEMY M HEXKEJIATEIIbHOMY
MeTony pectaBpalu — nepedopke. [lepebopka cpyda
nojipazyMeBaeT pa30oopKy cpyda ¢ mpeaBapUTeIbHON
MapKHpOBKO# OpeBeH. [IpuMeHeHne 3Toro Meroaa He-
CeT 3HAYUTEIbHOE BMEUIATEIbCTBO B MOJIMHHOCTH
koHcTpykuuu. [Ipu pazdopke cpyda OpeBHa nedopmu-
pYyIOTCSI, N3-3a 4ETO MPU cOOPKE KOHCTPYKIINH BO3MOXK-
HBI YTPaThl HCTOPUYECKUX CIIENOB OT HHCTPYMEHTOB,
HE3HAuYNTEIbHOE U3MEHEHUE FeOMETPHUN TTOCTPOUKH.
C npyroit CTOpOHBI, U NepedopKe MOCTPONKH MOSIB-
JSIETCSI BO3MOXHOCTD BBISIBUTB ITOBPEK/ICHHS, KOTOPBIE
HEBO3MO)KHO OOHAPYKUTh ITPU BHEIIIHEM OCMOTE.
OtaenbHO CTOUT 00paTUTh BHUMAHKME Ha HECOXpa-
HUBIIINECS CKJIAJICKHE TIOMEIIEHHS, KOTOPBIE COCTaBIIIN
C JTaBKOW OHY MOCTPOHKY (puc. 5-7). JIns ux BoccTa-
HOBJICHUSI MOXKHO HMCIIOJIb30BaTh B Ka4eCTBE MpUMepa
AQHAJIOTH, a TAaKXKe MPUOETHYTh K apXWBHBIM JIAaHHBIM,
ecii OHU ecTb. Kpome Toro, BO3MOXKHO IPUMEHEHUE Me-
TOJIa APXEOJIOTHYECKOH 3aUMCTKH TEPPUTOPUH IS BBISIB-
JICHHSI TEOMETPHH TUIAHOB Pa3pPYIICHHBIX ITOCTPOCK.
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PE3YJIBbTATBI

HWrak, MeTo/ pecTaBpalluyl ONpeIeiicH — TOJTHAs
nepebopka oObekTa. [IpoeKT pecTaBpaliyl 3aBUCHT
1 oT OyAyIiero Ha3Ha4YCHUs JaBKU. Ecin miaHupyercs
HCTIONB30BaTh OOBEKT TSI IPOAOIDKUTEIHHOTO TPEOBI-
BaHMS JTIOJEH, HEOOXOMUMO 00ECIIEUYNTD TEIION30JIsI-
LIMIO ¥ OTOTICHHE.

st obecrieueHust Jrydiieil Hecymiel crmocooHo-
CTH KOHCTPYKIIUH, CKPBITOW B MHTEPhEpPE, €€ MOKHO
YKpPEINUTh, HO HE MOBpPEeXas NOATUHHUKA. Hampumep,
BO3MOXKHA YCTAHOBKA JIOTIOJTHHUTEIBHBIX KOHCTPYKIIHIA
U PePMBIL: CTOCK, CTSDKEK, TOAKOCOB. Takue pemeHus
JTOITyCTUMBI B TOM CITydae, eCIi MMEIoIIasicss KOHCTPYK-
NS ICHCTBUTEIBHO HEe 00NaaeT HeoOXOIUMON Hecy-
W CIIOCOOHOCTRIO C IENTBI0 COXPAHEHHS CYIIECTBYIO-
IIEr0 MaTepuaIa.

Ob6ocHOBaHME ONITUMAJIBHOIO METOAA YCUJIEHUSI
CTPONMMJIBLHBIX CHCTEM JIePeBSIHHO# JTaBKU

1. OCHOBHbBIE BH/IbI YCUIICHUSI CTPOIIIBHBIX CH-
cteM (puc. 8).

2. OnmcaHne pacyeTHBIX CXeM CTPOIMIBHBIX CH-
creM (Talr.).

AHanu3 mpoBeieH METOOM KOHEUHBIX JIEMEHTOB
B porpaMmHoM makete CAE Abaqus [18-20]:

* Harpy3KH: BepTHKaJbHas pacipe/eleHHas Ha-
rpy3Ka Ha IOBEPXHOCTH CTPOIMIBHBIX HOT — 5 H/MM;

* 1[eJb — CHU3UTH MONEPEUHbIe PEeaklUU B OIO-
pax, pacHpeesnTh BEPTUKAIbHBIE PEAKIIMH MAKCH-
MaJIGHO PaBHOMEPHO I10 3JIEMEHTaM CTPOINMIBHON CH-
CTEMBI;

* IPOYHOCTHBIEC U Je(POPMAIIMOHHBIE XapaKTEePH-
ctuku 6epyres u3 CII «JlepeBsHHbIC KOHCTPYKITHN».
JlepeBo — cocHa.

3. Hedopmanmonnas kapTuHa. MacmTaOHBINH
(hakTOp 3HAYUTEIILHO yBeIUUeH (puc. 9).

OmnopHbIe peakuy M0Ka3al, YTO ONTHMAIBHBIM
BapUaHTOM SIBJISETCS CXeMa MoJ HoMepoM IecTs. OHa
MIPOJIEMOHCTPUPOBAJIA HAMITYUIIINE OTIOPHBIE PEAKIIH,

2 CII 64.13330.2017. TepeBsiHHbIE KOHCTPYKIUU. AKTyaTH3M-
poBanHas penakiust CHull 11-25-80.

o3 03 3 03
/ 4 ES SOk s, A 6 AT
1 21 2 1 2 1 4 ) L7145 |on2
F s £ 5 X B & 4 2
1 2 4 5
7 _.@3 g 03 2 e 3 . a3
ah 6 7 8 8
A AN ? b ® S ol
A e e YRR
6 7 8 9
Puc. 8. CxeMbl CTPONUIIBHBIX CUCTEM
OmopHbIe peakiuy TPy TPIMEHEHNH B JJABKE OCHOBHBIX CTPOMMIBHBIX CHCTEM
Homep Homep Bepruxanbnas | lopusonranbnas Homep Homep Bepruxanbnas | TopusonranbHas
y3/10B peakuns peakuus y3/10B peakuns peakuns
A 23 047,41 +13 545,18 A 8765,16 +13 545,18
1
b 23 047,41 -13 545,18 7 b 8765,16 -13 545,18
) A 23 047,56 +21 784,41 r 14 283,22 +21 784,41
b 23 047,56 -21784,41 I 14 283,22 -21784,41
A 3862,51 -8851,94 A 9981,40 -8851,94
3 b 3862,51 +8851,94 3 b 9980,09 +8851,94
r 38 373,55 - r 11 709,75 -
A 10 711,66 +7420,93 il 2713,90 +7420,93
4 b 10 711,66 -7438,14 E 11 710,58 -7438,14
r 24 673,77 - A 8982,38 -
A 5849,76 +1756,51 b 11 707,57 +1756,51
b 5849,76 -1755,51 9 r 4716,40 -1755,51
5 r 14 367,66 - il 11 709,40 -
I 5662,54 - E 8981,96 -
E 14 367,66 - - - -
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Puc. 9. [lebopmarontast kKapTuHa

KOTOPBIE TAKKE COOTBETCTBYIOT TPEOOBAHUIO pecTaBpa-
UK O COXPAHEHUSI HHTEPhEPa.

Ion6op ceuenus

B cBsi3u ¢ TeM, 4TO 3TO IEHHBIH 0OBEKT, aBTOPHI
UCIIOJIB3YIOT CTAapble TEXHOJIOTHH U MaTepHabl. B mpo-
€KTHOM PEIICHUN OCTACTCS KPOBJISI IIMHKOBAsI HA Kep-
JUIX CO CTPONUIIbHBIME (hepMaMHU.

Jeticmeyrowue naepysku. CHeroBasi Harpyska
st IV cuerosoro paiiona — 2,0 kH/m?: 200 kr/m? x
x 44,5 m? = 8900 k.

Haepyska om geca kpoenu (puc. 10):

e 0T 29 xepnelt nauHOM 6,13 M cpenHUM TUaMe-
tpom 0,11 m: 0,058 - 29 - 470 kr/m* = 790,54 kr;

* (ainblieBast KpoBis Iomanso 44,5 m>: 44,5 x
x 0,001 - 7850 xr/m? = 349,33 T}

* JIB€ CTPONWJIbHBIE HOTH JJIUHOM 3,58, cpenHumM
muamerpom 0,205 m: 0,225 m3/2 - 470 xr/m? = 211,5 kT.

Pacder HacTHa BereM Kak Oallke 110 IBYXIIPOJICT-
HOU cxeMe. PaccTosgHue Mexay onopaMu paBHO IIary
TIPOTOHOB / = 2,9 M.

ITocrosinHas pacueTHas Harpy3ka: 9,84.

Hroro, momHas pacueTHas Harpy3ka: 12,64.

KomrgecTBo cTpormmmsHbIX cricteM — 3 . (puc. 11).

Harpy3ka Ha cpenHtoro Gpepmy paBra 40 % ot Beeit
Harpy3Kd Ha CTpONWIbHBIE ¢epmbr: 12,64 - 17,8 +
+2,115-1,2=227,53 k.

. C
“ob‘ﬁ’q 92\6
)
50 560

B % D
[«]

60 | 56 xS S50 @

D
4 % % >
o
G F H E
5721

Puc. 10. Pazmeps! cTpornun

[Z) Viewport: 1 Modek Stropila-Usilia  Step: Step-1

Puc. 11. Koneuno-3meMeHTHAS MOIEH
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Puc. 13. MakcumanbHas pacTsIruBaio-

Puc. 12. Peakuuu B ornopax

Puc. 15. OceBble CHIIBI B 2JIEMEHTaX CTPONMIBHOH (epMBbl

4. Pa3mepbl ceueHnH 2IEMEHTOB KOHCTPYKIIUH:

 crporuibHas Hora AC—CE — auametp 205 mwm;

* ctoiiki BG—CF-DH — TpsIMOYTOJBHEIHN Mpo-
¢ub 30 x 30 mm;

* 10nKOChl BF—FD — npsiMOyTOJIbHBINA TPOQHIIH
30 x 30 mmMm;

* HIKHAA nepexnaanaa AE — muamerp 200 MM.

5. Koneuno-anemeHTHast Moaens (puc. 12—16).

W3 Moznenu BUIHO, YTO caMble Harpy>KeHHBIE CTPO-
MUJIbHBIE HOTH HAaXOJSITCS B cepeiHe KPbIH (puc. 12).
B nanpHelimeM Oymem paccMaTpuBaTh TOJIBKO Cpej-
HIOIO CTPONIIIIBHYIO epmy (puc. 13).

1. Yeunus B sxepsx mporoHa Kpeimd (puc. 14).

Honyctumsie: [¢] = 10 MIla.

6 < [6] — ycnoBue NPOYHOCTH BHITIOTHSIETCS.

Koaddurmenr 3anaca k = [c]/c = 10/4,5 =2,22.

2. CrpommnieHas depma (puc. 15, 16).

Vewnust:

 crponuibHble Horu AC-CE: N =36 721 H;

* croiika nentpanbias CF: N=10 192 H;

 croiika BG-DH: N =2230 H;

e monkoc BF—FD: N= 6942 H;

» Oamka AE: N=510 H.

Hanpsoxenus:

Crponmunsubie Horu AC-CE: ¢ = 3,2 MIla.

Homyctumsie [6] = 10 MITa.

0 < [6] — yc0BHe IPOYHOCTH BBITIONHACTCS.

Koaddumment 3anaca k = [6]/c = 10/3,2 =3,12.

Croiika nenrpansHast CF: ¢ = 11,3 MIla.

Homyctumsie [6] = 10 MITa.

0 < [6] — yci0BHe IPOYHOCTH HE BBITIOITHACTCS.

mas cujia Ha Koubke F' =11 028,14 H

Puc. 14. MakcuMambHbIe HaPSHKEHUS
B ceueHnd (pactsokerue) o = 4,5 Mlla

Puc. 16. [11aBHbIe HANPsKEHUS B CEUEHUU DIIEMEHTOB CTPO-
MMHJIBHON CHCTEMBI

Koadhdumment 3amaca k = [c]/c = 10/11,3 = 0,88.

Heo0xoanmo yBenuueHue Ce4eHusl, IPUMEM MPSMO-
yroasHoe cedeHue BMecto 30 x 30 mm 40 x 40 MM.

o =10 192/(3,14 - 40%) = 6,37 MIla.

0 < [6] — ycI0BHE IPOYHOCTH BBITIOIHACTCS.

Koaddurmenr 3amnaca k = [c]/c = 10/6,37 = 1,57.

Croiiku BG—-DH: ¢ = 2,5 Mlla.

Honyctumsie [c] = 10 MI]a.

0 < [6] — yc0BHe IPOYHOCTH BBITIONHACTCS.

Koaddummenr 3amaca k = [c]/c = 10/2,5=4.

Ilonxoc BF—FD: ¢ =7,7 MIla.

Homnyctumsie [c] = 10 MI]a.

6 < [6] — ycli0BHE IPOYHOCTH BBIIONHSICTCS.

Kosddumment 3amaca k = [6]/c = 10/7,7 = 1,3.

Hwxuss nepexnaguna AE: o = 1,7 MIla.

Homycrumsie [6] = 10 MITa.

6 < [6] — ycnoBue NPOYHOCTH BBITIOTHSIETCS.

Koadumment 3amaca k = [c]/c = 10/1.

3AKJIIOYEHUE

JlaBka kymioB [myxapeBbIXx — MOCTpOiiKa, 00a-
JlaroIasl UICTOPUYECKOM IIEHHOCTBIO, YTO HAaKJIAbIBAET
OTpaHWYCHUS B IMPUCTIOCOOJICHUH U BapHaHTaX yKpe-
TUTEHHST KOHCTPYKITHIA. Pazpabotan BapraHT yKpeTUICHHS
KOHCTPYKITH TIPH yCIIOBUU BOCCTAHOBJICHHUS MOTOJNKA.
OH CKpOeT JONOJHUTEIbHbIE KOHCTPYKLIUHU B UHTEPhEPE.
C y4eToM 3TOro, a TAK¥KE ¢ TOUKH 3PEHHsI SKOHOMUH Ma-
Tepuana, TPYAOEMKOCTH W TEXHUIECKUX CBOWCTB, HaH-
OoIree ONITIMATEHBIM BApHAHTOM SIBIISICTCS COBMEIIICHHEC
CTOEK U MOJKOCOB (puc. 8, cxema 6) pasmepamu 30 x 30.
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INTRODUCTION

The problems of preserving wooden heritage are
disclosed in many works of Russian and foreign scien-
tists. The article by A.B. Bode considers and evaluates
approaches to restoration [1-3]. E.V. Khodakovsky,
A.S. Schenkov, and M.I. Kolyada also wrote about it
[4-7]. Hauke Haupts described the nature-related prob-
lems of preserving wooden heritage in Norway [8].
Noemi Manara, Lorenzo Rosset, Francesco Zambelli,
Andrea Zanola presented a method for tracking micro-
climate variation autoencoders [9]. Scientists investi-
gate wooden architecture in Russia and in Europe, find-
ing ways to restore structures [10—16]. Some materials
have been published about the object of the paper —
the shop of the Glukharev merchants [1, 2].

MATERIALS AND METHODS

The shop of the Glukharev merchants is part
of the Glukharev merchants' yard, which currently
consists of a shop and a dwelling house. The court-
yard is located on the territory of the historic Rybats-
kaya Sloboda [1]. The building under consideration is
not included in the register of cultural heritage objects,
but earlier the dwelling house had a protective status.
The historical and cultural value of the buildings has not
been disclosed, nor has an approach to the restoration
and reconstruction of the sloboda objects been devel-
oped. The shop has historical-architectural and cultural
values. The building has features related to the histori-
cally established trade specialization of the settlement.

The building has been preserved in its original
form, and there are no later layers on the outside or in-
side. In this case, it is advisable to restore the build-
ing, orientated on its original appearance. According to
the measurements, the bench is square in plan with sides
of 5, 7 metres, the height of the bench from the ground
level is approximately 4 metres. Such a construction is
easy to suspend with jacks.

According to the “Principles for the Conservation
of Historic Wooden Structures”, traditional woodwork-
ing techniques should be followed when dealing with
wooden heritage. In addition, the replaced wood should
be of the same species as the original, with the same

texture, moisture content'. Technologies such as log
length extensions, crowning, and gouges with glue
joints are used [17]. These technologies are needed to
preserve the greatest amount of authentic material. Ex-
tensions, crowns, inserts, and gouges are used to pre-
serve the affected wood material. All the mentioned
limitations, technologies are required to preserve both
the authentic material and its appearance. However,
these actions should not lead to future confusion as to
what is authentic and what is material from restoration
and reconstruction.

Reconstruction and adaptation allow some chang-
es to be made to the object. For example, in order to
preserve the historic appearance and interior, insulation
of walls on visible surfaces is not allowed. However, it
is possible to insulate the attic and the floor, but only
if ventilation is ensured. Otherwise, the material will
be affected by fungi and mould. Traditional methods
can be used to insulate walls. Historically, walls were
insulated using the caulking method. Caulking was
done with jute, moss, wadding, it allowed to eliminate
the gaps between the logs, increasing the insulation ca-
pacity.

Preliminary inspection of the site gave an under-
standing of the damage to the structures. The bench is
in a severe state of disrepair. The standing seam roof
has numerous damages. Some of the purlins are also af-
fected by rot (Fig. 1-4). The middle truss on the east
side has lost its load-bearing capacity. There are bio-
infestations on the walls, including white house fungus
on the lower crowns of the southern wall and the upper
crowns of the eastern wall. The logs of the log cabin are
infested with beetle. The ceiling and one of the beams
have collapsed, part of one beam is damaged. The dam-
age on the log cabin is mainly localized in the lower
crowns, under the roof. The exception is the northern
part of the east wall and the eastern corner of the south

! Principles for the conservation of historic wooden buildings.
International Council on the Conservation of Monuments
and Sites : adopted by the 19th ICOMOS General Assembly
in India, New Delhi, December 2017. Moscow, Federal State
Budgetary Institution of Culture “State Historical, Architectural
and Ethnographic Museum-Reserve “Kizhi”, 2018.
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Fig. 1. Western wall

Fig. 3. East wall
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Fig. 2. North wall

Fig. 4. South wall

wall, where regular leaks in the roof have destroyed
the wood along the entire height. In addition, white
house fungus damage to the south wall is taking over
the bottom two logs. According to GOST R 70005-
2022, the affected area should be removed, capturing
one metre around it. Wood damaged by beetles should
also be removed. If the damaged wood is replaced by
mending, the log cabin may be deformed as a result.
Therefore, it is necessary to resort to an extreme and
undesirable method of restoration — bulkheading. Log
cabin bulkheading implies disassembly of the log cabin
with preliminary marking of the logs. The use of this
method is a significant interference with the authentic-
ity of the structure. When disassembling the log cabin,
the logs are deformed, which may result in the loss
of historical tool marks and minor changes in the geom-
etry of the structure when reassembling it. On the other
hand, when reassembling the structure, it is possible to
reveal damage that cannot be detected by external in-
spection.

Special attention should be paid to the non-pre-
served storage rooms, which formed one building with
the shop (Fig. 5-7). To reconstruct them, it is possible
to use analogues as an example and also to use archi-
val data, if available. In addition, it is possible to ap-
ply the method of archaeological mopping-up to reveal
the geometry of the plans of the destroyed buildings.

RESULTS

So, the method of restoration has been determined —
a complete reassembly of the object. The restoration proj-
ect also depends on the future purpose of the bench. If it
is planned to use the object for a long stay of people, it is
necessary to provide thermal insulation and heating.

To ensure better load-bearing capacity of the struc-
ture hidden in the interior, it can be reinforced, but with-
out damaging the originals. For example, it is possible
to install additional structures for the truss: struts, ties,
underpinnings. Such solutions are acceptable if the ex-
isting structure really does not have the necessary load-
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Fig. 8. Schemes of truss systems

bearing capacity in order to preserve the existing mate-
rial.

Justification of the optimal method of strengthening
the rafter systems of a wooden bench

1. Main types of rafter reinforcement (Fig. 8).

2. Description of design schemes of truss systems
(Table).

The analysis was carried out by finite element
method in the CAE Abaqus software package [18-20]:

* loads: vertical distributed load on the rafter sur-
face — 5 N/mm;

Support reactions when using basic truss systems in the bench

* the aim is to reduce the transverse reactions in
the supports and to distribute the vertical reactions as
evenly as possible over the elements of the rafter sys-
tem;

* strength and deformation characteristics are taken
from the CP “Wooden structures™. The wood is pine.

3. Deformation pattern. The scale factor is signifi-
cantly increased (Fig. 9).

2 CP 64.13330.2017. Wooden structures. Updated edition
of SNiP I1-25-80.

Number Node number Vertical Horizontal Number Node number Vertical Horizontal
response response response response
A 23,047.41 +13,545.18 A 8,765.16 +13,545.18
! B 23,047.41 -13,545.18 7 B 8,765.16 -13,545.18
5 A 23,047.56 +21,784.41 G 14,283.22 +21,784.41
B 23,047.56 -21,784.41 D 14,283.22 -21,784.41
A 3,862.51 -8,851.94 A 9,981.40 -8,851.94
3 B 3,862.51 +8,851.94 3 B 9,980.09 +8,851.94
G 38,373.55 - G 11,709.75 -
A 10,711.66 +7,420.93 D 2,713.90 +7,420.93
4 B 10,711.66 -7,438.14 E 11,710.58 -7,438.14
G 24,673.77 - A 8,982.38 -
A 5,849.76 +1,756.51 B 11,707.57 +1,756.51
B 5,849.76 -1,755.51 9 G 4,716.40 -1,755.51
5 G 14,367.66 - D 11,709.40 -
D 5,662.54 - E 8,981.96 -
E 14,367.66 - - - -

Fig. 9. Deformation pattern
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Fig. 10. Dimensions of rafters

The support reactions showed that scheme number
six was the best option. It showed the best support reac-
tions, which also fulfils the restoration requirement to
preserve the interior.

Section selection

Due to the fact that this is a valuable object, the au-
thors use old technologies and materials. The design so-
lution remains zinc roofing on poles with trusses.

Effective loads. The snow load for snow region IV
is 2.0 kN/m?: 200 kg/m? - 44,5 m?> = 8,900 kg.

Load from the weight of the roof (Fig. 10):

 from 29 poles 6.13 m long with an average di-
ameter of 0.11 m: 0.058 - 29 - 470 kg/m?* = 790.54 kg;

* 44.5 m? standing seam roof: 44.5 - 0.001 x
x 7,850 kg/m? = 349.33 kg/m?;

* two rafters length 3.58, average diameter 0.205 m:
0.225 m*2 - 470 kg/m* = 211.5 kg.

The deck is calculated as a beam in a two-span
scheme. The distance between the supports is equal to
the purlin spacing / =2.9 m.

Constant design load: 9.84.

Total full design load: 12.64.

[Z) Viewport: 1 Modek Stropila-Usilia  Step: Step-1

Fig. 11. Finite element model
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Number of rafter systems — 3 pes. (Fig. 11).

The load on the middle truss is equal to 40 %
of'the total load on the trusses: 12.64 - 17.8+2.115-1.2 =
=227.53 kg.

4. Dimensions of cross-sections of structural ele-
ments:

e rafter AC-CE — diameter 205 mm,;

* BG-CF-DH posts — rectangular profile 30 x
x 30 mm;

* underpinnings BF—FD — rectangular profile 30 x
x 30 mm;

* bottom crossbar AF — diameter 200 mm.

5. Finite element model (Fig. 12-16).

The model shows that the most loaded rafters are
located in the middle of the roof (Fig. 12). In the fol-
lowing we will consider only the middle truss (Fig. 13).

1. Forces in the roof purlins (Fig. 14).

Permissible: [6] = 10 MPa.

o <[o] — the strength condition is fulfilled.

The stock factor k = [c]/c = 10/4.5 =2.22.

2. Rafter truss (Fig. 15, 16).

[S[o)>]
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Fig. 13. Maximum tensile force at
the ridge F=11,028.14 H

Fig. 12. Reactions in supports

Fig. 15. Axial forces in truss elements

Forces:

e AC-CE rafters: N=36,721 H;

e CF centre stand: N=10,192 H;

e  BG-DHrack: N=2230H;

e BF-FD strut: N=6,942 N;

*  beam AE: N=510N.

Voltages:

AC-CE rafters: 6 = 3.2 MPa.

Allowable [c] = 10 MPa.

o <[o] — the strength condition is fulfilled.

The stock factor k= [c]/c =10/3.2 =3.12.

Centre post SF: ¢ = 11.3 MPa.

Allowable [c] = 10 MPa.

6 < [c] — the strength condition is not fulfilled.

The stock factor £ = [c]/c = 10/11.3 = 0.88.

An increase in cross-section is required, adopt
a rectangular cross-section instead of 30 x 30 mm
40 x 40 mm.

0=10,192/(3.14 - 40*) = 6.37 MPa.

o < [c ] — the strength condition is fulfilled.

The stock factor k= [6]/c = 10/6.37 = 1.57.

BG—DH props: ¢ = 2.5 MPa.

Allowable [6] = 10 MPa.

Fig. 14. Maximum stresses in section
(tensile) o = 4.5 MPa

Fig. 16. Principal stresses in the cross-section of the elements
of the rafter system

o < [c] — the strength condition is fulfilled.
Stock factor k= [c]/c = 10/2.5 = 4.

BF-FD strut: 6 =7.7 MPa.

Allowable [6] = 10 MPa.

o < [0 ] — the strength condition is fulfilled.
Stock factor k= [c]/c=10/7.7=1.3.

Lower crossbar AE: 6 = 1.7 MPa.
Allowable [c] = 10 MPa.

o < [c] — the strength condition is fulfilled.
Stock factor k= [c]/c = 10/1.

CONCLUSION

The shop of the Glukharev merchants is a building
of historical value, which imposes limitations in adapta-
tion and options for structural reinforcement. A variant
of structural reinforcement has been developed, provid-
ed the ceiling is restored. It will hide additional struc-
tures in the interior. Taking this into account, as well as
from the point of view of material saving, labour inten-
sity and technical properties, the most optimal variant
is the combination of struts and underpinnings (Fig. 8,
sch. 6) with dimensions 30 x 30.
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AHHOTALUMNA

BBegeHue. ApxuTekTypa MEAMLMHCKUX YYPEXOAEHUIN NPOLLMA COXHbIA U MHOTOrpaHHbIn NyTb passutusa. Ocobor BeTKon
COBPEMEHHOTO 3paBOOXPaHEHUst cYMTaeTcs nannuaTuBHasi NOMOoLLb, chopMupoBaBLLasicst B XX B., HO MPOTOTUNbI Nanu-
aTUBHbIX YYPEXAEHWUI BO3HWKIN AaBHO. DYHKLMN COBPEMEHHbIX NanMaTUBHbIX Y4PEXAEHWI MHOTUE CTONETUS BbINOMHSNM
NpYIOTHI, Ne4YebHULIbI, MOHaCTbIPW, GONbHULIbI, CTPAHHONPUUMHbIE AOMaA U Ap.

Matepuanbl n Mmetopbl. [prMeHeHbl MeToabl 0630pa, CPaBHUTENBHOTO aHanM3a u CMHTe3a No Hay4YHbIM, UCTOPUYECKUM,
NCKYyCCTBOBEAYECKVM, NUTEPATYPHbIM UCTOYHMKaM W MPOEKTHBIM Matepuanam, CBA3aHHbIM C apXMTEKTYPOI NpOTOTMNOB
nannuaTnBHbIX Y4PEXAEHNI.

Pe3ynbraThl. OcBellaeTcs B3aMOCBS3b Pa3BUTUSI XPUCTMAHCTBA U CTAHOBMEHUSI OCHOB ManfivMaTuBHOMO (XOCMWCHOrO)
[OBWKEHWS!, pacCMaTpMBalOTCS NPEANOCHINKA BO3HUKHOBEHWS M UCTOPWS CTAHOBIEHWS W Pa3BUTUSI NMPOTOTUMOB nannva-
TUBHbIX YYPEXOEHUN, X apPXUTEKTYPHbIX PELLEHUIN 1 0COBEHHOCTEN. AHanNU3MpyTCA BONPOCH! TpaHCHOpMaLum OCHOBHON
PYHKLMM XOCNNCOB B TeveHne cTonetuin go XX B.

BbiBoAbl. OBOMNOLMSA NaNIMaTMBHBLIX YYPEXAEHNI NPOMCXOAMIA B TeHEHNE BCEIN XU3HU YenoBeYeCcTBa, MHOrAa BrineTasich
B 34paBoOOXpaHeHune, HO Yalle Luna no cobCcTBeHHOMY NyTU. Henb3si cymTaTe CUHOHMMUYHBIMU NYTY Pa3BUTUS MEONLIMHCKMX
W NannuaTyBHbIX YYpeXAeHU, Tak Kak Jonrne nepuodbl, 0CObeHHO No Mepe pa3BuTHs 3DEKTUBHOCT MeOMLMHCKOro
obcnyxvBaHus, NPOBOAMNACH NPUHLMNMANbHAs pasHuLa Mexay U3nevnMbiMu 1 HeU3neYMmbIM1 NauneHTamm He B Nonb3y
nocnefHvx. SBOMOLUMS NanIaTUBHbIX YYPEXAEHWIA CBA3aHa C CoLManbHOM UCTOPMEN yxoaa 3a NOXWIbIMU 1 yMUPatoLLn-
MW, C YPOBHEM KyIbTYPHOTO pasButus obLuecTsa, ero penmurio3HOCTbI, FyMaHHOCTBIO Y MUCTUHECKUMUW NPEACTaBeHUSIMU.
3HaunTeNbHbIN 1 pelualLwwmin BKNa B 3BOMIOLMIO NaNMaTMBHOMO ABWKEHWUS BHECEH YCUNUSIMU OTAENbHbIX NUYHOCTEW
N BEMEHUSIMU UX YErOBEYECKOro 1 BpayebHoro gomnra. VX CTOMKOCTb M F'YMaHHOCTb NMO3BONUMAM 3TOW YacTu 34paBooxpa-
HEeHUs1 He 3a4axHyTb, @ PacKPbITLCS U [oKa3aTb, YTO, ECMN YenoBeka Hesb3sl BbINEYNTb, 3TO He 3HAYUT, YTO eMy Hemnb3s
NOMOYb.

KNKOYEBBIE CITOBA: apxutekTypa nannvMatuBHbIX y4pexaeHuin, apxmTekTypa XoCcrnmcoB, ryMaHHas cpefa, CTpaHHomnpu-
UMHbIE IoMa, apXUTEKTYpa MEeOVNLMHCKUX YUPEXOAEHNI, MHKIO3VBHAs cpeaa, NanvaTtuBHbIA LEHTP

bnazodapHocmu. [lanHas pabota nopaepxaHa rpaHtom 2024 r. Ha npoBedeHne pyHAaMeHTanbHbIX U NPUKMadHbIX Ha-
yuHbIx nccneposanun (HUP/HWOKP) HayyHbiMu konnekTueamu HAY MITCY, npoekT Ne 8-392/130. ABTOp Bbipaxaer riy6o-
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ABSTRACT

Introduction. The architecture of medical institutions has undergone a complex and multifaceted path of development.
A special branch of modern healthcare is considered to be palliative care, which was formed in the twentieth century, but
the prototypes of palliative care institutions emerged long ago. The role and functions of modern palliative institutions for
many centuries have been provided by orphanages, hospitals, convents, monasteries, hospitals, strange houses and others.
Materials and methods. Materials and methods of the study include methods of review, comparative analysis and synthesis
on scientific, historical, art, literary sources and project materials related to the architecture of prototypes of palliative institutions.
Results. The paper shows the connection between the development of Christianity and the formation of the foundations of
the palliative (hospice) movement. The prerequisites for the emergence and history of the development of prototypes of pal-
liative institutions, their architectural solutions and features are considered here. The paper studies the transformation
of the hospices main function over the centuries to the twentieth century.

Conclusions. The evolution of palliative care institutions has occurred throughout the life of mankind, sometimes inter-
twined with health care, but more often following its own path. The evolution of medical and palliative care institutions cannot
be considered synonymous, as for many periods, especially as the effectiveness of medical care has developed, there has
been a fundamental difference between “curable” and “incurable” patients, not in favour of the latter. The evolution of pal-
liative care institutions is linked to the social history of care for the elderly and dying, to the level of cultural development
of society, to its religious, humane and mystical beliefs. A significant and decisive contribution to the evolution of the palliative
care movement has been made by the efforts of individuals and the dictates of their human and medical duty. Their resilience
and humanity allowed this part of health care not to languish, but to open up and prove that if a person cannot be cured, it
does not mean that he cannot be helped.

KEYWORDS: architecture of palliative institutions, architecture of hospices, humane environment, hospice houses, archi-
tecture of medical institutions, inclusive environment, palliative center.
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BBEJEHUE

AnTtponosiory Mapraper MuJ npunucbiBaeTcst
MHTEpECHast MBICIIb, KOTOPYIO OHA BBICKA3aJa Ha OJHON
n3 cBomx Jiekunii. Ha Bompoc o Tom, 4uto cumraercs
MIEPBBIM ITPU3HAKOM IIMBWIIM3AlNH, OHA OTBeTHNA: «be-
JIpeHHas! KOCTh, KOTOpast OblIa CIIOMaHa, a 3aTeM CpOC-
nacey. I1o ee cioBam, B AMKOIT IpUPO/IE KUBOTHOE C Ta-
KOW TsDKENeHIIel TpaBMOM, Kak CIIOMaHHas OeipeHHas
KOCTbh, orn6aet. [ToaToMy cpocurasics KOCTh 4elnoBeKa
03HAYaeT, 4TO KTO-TO B TEUCHHE OYEHB JIOJITOTO BpE-
MEHHM 3a00THIICS, yXa)KUBaJl M 3aIIUIIAJI CBOETO CMEp-
TEJIBHO PAHEHOTO COPOAMYA, TAKOW MOCTYIIOK U SBIISI-
eTcs, 10 €€ MHEHHMIO, ITPU3HAKOM Hadalla 4eJI0BeUCCKON
IUBWIN3AINN. VIMEHHO TYMaHHOCTH 110 OTHOMICHHUIO
K YMHPAIOIIEMY CUUTACTCS MHOTUMH HCCIIEJOBATEISIMA
OCHOBOI ISl pa3BUTHSI IUBHIIH3ALINH.

Ha npotshkeHNH MpakTHYECKH BCEH MCTOPHUHU Ue-
JIOBEYECTBA CMEPTh K YEIOBEKY MPHUXOANIA MO0 TPEM
OCHOBHBIM ITPUYMHAM: TOJIOJ, SMHIEMHH WX BOMHBL.
B pesynbrare 3THX MPUYIMH CMEPTh HACTYMaja OBICTPO,
nHorAa BHe3anHo. [IoaToMy odeHb gosTo TodanbHas
3aja4a Co3JaHMsl OPraHM30BAHHOM OJITOBPEMEHHON
TIOMOIIIH JIFOISIM TIPH MX YXOZI€ B MUP WHOH, TpeOyromias
TOCY/IapCTBEHHOTO ITOJIX0/1a, HE BCTaBajla HA IOBECTKE
. Tak, BIIoTh 10 XX B. 0 NAJUTMATHBHON ITOMOIIHA
HUKTO HUYETO HE CIBIIIAJ, a BCSIKasi IIOMOIIb CTpaja-
IOIIMM B MCTOPHUH YEJIOBEYECTBA MPUHUMANA Pa3HO-
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o0pasHble (OpMBI, ObLIA CBA3aHA C PEITUTHO3HON 1 KYITh-
TYpHOH CTPYKTYypOH AaHHOTO 00IlecTBa, UMENIa Pa3HbIe
Ha3BaHUSI, METOABI U TTOJXO/Ibl B PEATTH3ALIUH.

B crarbe cienana nonsITka coOpaTh BOSANHO HCTO-
pUYecKue NPOTOTHUIBI MaJIHATUBHON MOMOIIU U BbI-
SIBUTh METOIBI X aPXUTEKTYPHOH OpraHU3aIIH.

MATEPHWAJIBI U METO/JAbI

BeInosHeHbI 0030p, aHAINU3 U CHHTE3 110 HAYYHbBIM,
HUCTOPHYCCKUM, UCKYCCTBOBEIUCCKUM, JIUTCPATYPHBIM
MCTOYHHUKAM, CBS3aHHBIM C Pa3BUTHEM apXHUTEKTYPhI
MAJUTMATUBHBIX YUPEKICHUN U UX TPOTOTUIIOB.

Iouck Hay4HO JTUTEPATYPHI TIPOBOIUIICS B HAyu-
HO AnekTporHOM 6nbmoreke eLIBRARY, B anekTpon-
HBIX 0a3ax maHHBIX Scopus, Web of Science ¢ ucrmois-
30BaHMECM COOTBETCTBYIOIIUX KITFOUCBBIX CJIOB, BKITFOUASI
«apXUTEKTypa MaIMaTHBHBIX YUPEKACHUI», «APXUTEK-
Typa XOCIHCOBY, «UCTOPHUS PA3BUTHSI MAJUTHATUBHBIX
YUPESKIACHUI, «HUCTOPHSI PA3BUTHUS XOCTIUCOBY. Takxke
MPUMEHSUICS MEXKTUCIUTILTHHAPHBIN TOIXO0/I, YYUThIBA-
OIIU# BIMSTHAE COLUOIIOTMYECKUX, PETUTUO3HBIX, TICH-
XOJIOTMYECKUX aCIICKTOB HAa apXUTCKTYPHOE MTPOCKTUPO-
BaHME MaJNTMATUBHBIX YUPEKJACHHM, MPEICTABICHHbBIX
B HAYYHBIX CTAThAX CMEIKHBIX HAMPABICHHH.

Jlo cux mop CyIiecTBYeT HEKash TePMUHOJIOTHYC-
CKasl MyTaHHI[A B OHATHSIX «XOCITHCY H «IaJTHaTHBHAS
noMoIiby. JJiss BHECEHUS SICHOCTU TPUBEAEM 00IIe-
MPUHATHIC OMPECICHUS ITUX TTOHITUH.
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Xocrmmuc (0T J1at. hospes — 1oCTh, hospitalis —rocte-
MIPUUMHBIH, IPYKETI00HBIN K CKUTAIbIIaM) — ceivac
3TO MEJIUKO-COLUATbHOE YUPEKACHUE JUUIsI OKA3aHUs
MOMOILM B CaMBbI€ TsXKEJIbIE ITAlbl IPEUMYIECTBEHHO
OHKOJIOTHUYECKOTO 3a0oneBanus [1].

TepMuH «ayuMaTUBHAS TOMOILEY (J1aT. pallium —
TUTAI WM TIOKPBIBAJIO) CHMBOJIM3UPYET yXO, HAIlCTICH-
HBII Ha 0OJNIer4eHne MyYHUTEIbHBIX CUMITTOMOB TIPH JTIO-
ObIX 3a00J1€BaHMSX, 1aBasl [IAHC YEITOBEKY MAKCHMAJIBHO
JIOJITO JKUTh ITPUBBIYHBIM 00pa3oM [2].

[Tpwu Bcei cxoXKecTH MOAXO0B JaHHBIX YUpexK/Ie-
HUI B COBPEMEHHON MUPOBOI PAKTUKE IIPUHSTHI Pa3-
HbIE ()OPMBI OKa3aHMsI MOMOIIN — T/IE-TO XOCIIHCaMH,
TJIe-TO OT/ACICHUSMH MAJUTHATUBHOTO YXOa.

Yo kacaercs Poccun, To, cornnacHo [Ipukazy Mu-
HUCTEPCTBA 3ApaBooxpaHeHuss PO u Munucrepcrsa
TpyZa U COIMANBHOM 3amuTel PO!, mannuatuBHbIC yU-
PEKACHUS OKA3bIBAIOT ITOMOIIb TIPH OOJIBIIOM CITHCKE
HEHU3JICYMMBIX MPOTPECCUPYIOINX 3a00JIeBaHUN WIIN
COCTOSIHMH, KOT/JIa MCUEPIIaHbl BOZMOKHOCTH JICUCHHUS,
a XOCIHCHI UMEIOT HEKOTOPYIO CIIEIHATH3AINIO U TIPH-
HUMAIOT MPEUMYIIECTBEHHO MAlUEHTOB C OHKOJIOIHYe-
cknMu 3aboneBaHUAMH. TakuM 00pa3oM, Ha TEKyIIHH
MOMEHT B PD nmannuaTtuBHbIE YUPEXKIEHHS OKA3bIBAIOT
TIOMOIIIb [TPH [IMPOKOM CIEKTPE 3a00JIEBaHMM, & XOCITH-
CBI SIBJISIOTCS TOJIBKO YacThIO (BETKON) IMaNTHAaTHBHBIX
YUPEKICHUI.

PE3YJIBTATHBI HCCJIEJOBAHMUSA

DOBoNONHS MANIHATUBHBIX YUPESKACHUHW LI
CJIOXKHBIMH IyTsIMU. VccienoBaHue caMbIX JPEBHUX
HEOJIMTUYECKUX NocesieHnit B MeconoraMuu, HaCHUThI-
Barommx 50 THIC. JIET, TOKAa3bIBACT, YTO MEIICPHBIC KH-
TEJIH YK€ TOTIJ]a OPraHU30BBIBAIH ce0C 3JICMCHTAPHBIC
KNI, TIPETHa3HAYCHHBIC, B TOM YHUCIIE, U yX01a
3a OONBPHBIMHU, PAHCHBIMU W YMHPAIOMINMHU COTICMEH-
HUKaMH.

C paHHel OPEBHOCTH PEIUTHH, MaTUs U CBEPXb-
€CTCCTBCHHBIC (haKTOPHI OKA3bIBAH CHIBHOC BIIHSHHE
Ha CHUCTEMBI 3paBOOXpaHCHUs U 3a00Ty O OJNMIKHEM.
Jlronu moHMUMAaNH, YTO MHOTOE B KH3HHU, B 0COOCHHO-
CTH cltaboe 370pOBbE, HAXOAUTCS] BHE UX KOHTPOJS [3,
. 2957-2980]. B ogaUX KyIBbTypax CMEPTh aCCOLUUPO-
BaJIach C TMPEUCIIOTHEH, KOJIIOBCTBOM, THMOH, B IPYTUX
YKPEIMINCh TPOTUBOMOIOKHbBIE HACTPOCHHS (HaNpH-
Mep, B peBHem Erumnre 3arpoOHast )KM3Hb CUNTATACH
ocBoOoOxIeHNEM). OHOBPEMEHHO C Marn4eckoil pe-

' O6 yrBepxaennu [lonoxkenust 06 OpraHU3anUK OKAa3aHHsI
NaJUIMaTUBHON MEIULIMHCKON IIOMOMLIM, BKJIIOYast MOPSIOK B3a-
HMMOJIEMCTBUS MEAUIMHCKUX OpraHU3aliid, OpraHu3alui colu-
AIIBHOTO 00CITY)KUBaHHS U OOIIECTBEHHBIX O0bEIMHEHHHN, HHBIX
HEKOMMEPUECKUX OpPTaHH3alNi, OCYIIECTBILIONIX CBOO Aes-
TENBHOCTH B chepe 0XpaHbl 310poBbs : [Ipuka3 MuHncTepcTBa
3apaBooxpaHeHus P@ nu MuHucTepcTBa Tpyzia U COLMANbHON
3amuThl PO ot 31.05.2019 Ne 3451/3721. URL: https:/www.
garant.ru/products/ipo/prime/doc/72180964/#10000

Puc. 1. Pyunsr ackienimona Koca (xpam 6ora MemumHb1 Ackiie-

TIHist)

JUTHO3HOHM TPAaKTOBKOW BOIIPOCOB JKHU3HU U CMEPTH
co BpeMeH ['omepa cymiecTBoBaIy Bpadu, NPaKTHKYO-
1IMe Hayajla SMIOMPUYECKOW MEIUIMHBL, a B V 1 IV BB.
JI0 H. 3. Bpauu [ MImokpara 3a10KHIH OCHOBBI palno-
HaJbHOU (Hay4HOM Menuuuubl). B pannem Erumnre
u MeconoTaMun Takxe ObUIH BpadH, TPAKTHKOBABIIIHE
JIEMEHTAPHYIO AIMITUPUUECKYIO (CBETCKYIO) MEHIIUHY.

B nro0om cityuae kak ObI HI OTHOCHIJIMCH K CMEp-
TH Ha NMPOTSHKEHUHM MHOTHX BEKOB M XK€ ThICSYEIIC-
TUH TPaJUIMK BO3Jarajid OTBETCTBEHHOCTH 32 YXOJ
3a YMHUPAIOIMIMMU Ha UX ONMKANIINX POICTBEHHUKOB.
A Tpaautn norpeOeHmiA, TOXOPOH H Tpaypa IIOMOTAIH
CMSITYUTH HEM30C)KHBIC MYKH OU3KUX JrOIei [4].

B nepuon AHTHYHOCTH JAPCBHUEC TUBUIU3AUN
Ha O6eperax Cpeam3eMHOMOPBS BEPHUIIH BO MHOXKECTBO
60roB WM OOTMHBb, MArMYECKNE CHIIBI KOTOPBIX BIIHSI-
11 Ha 370poBbe [5, ¢. 259-260]. B [pesueii [ peruun
JKPETIbl 3aHUMAJINCh PUTYaIbHBIM JICUCHUEM NTAIINEHTOB
B JIeueOHMIIAX NPU XpaMax, TaK Ha3bIBAeMbIX aCKJICIIH-
OHaXx, HEC NMPCAHA3HAYCHHBIX TJIS AJTUTCIBHOTO Hpe6m-
BaHMA [6] (puc. 1).

B 1 B. 10 H. 5. B [IpeBHeM PrmMe nmenuch neueOHu-
IIbl, TPpCAHA3HAYCHHBIC TOJIBKO JId MOMOIIHW BOCHHO-
ciyxammm [7].

[Ipu Bcex ATUX MEpBBIX LIarax B Pa3BUTUH OPraHU-
30BaHHOTO 3/JPaBOOXPAHCHUsI, HAIIEJICHHOTO Ha JICYCHUE
U BBI3JIOPOBIICHHUE, ITOMOIIb YMUPAIOIIUM OPTaHU30-
BaHHO M CHCTEMHO HE OKa3bIBaslach. Yale Bcero perie-
HUE OOTOB, BBIHECIINX CMEPTHBIN MPUTOBOP KOMY-TO,
HUKEM HE OCIIApUBAJIOCH, Ta0Bl HE OCKOPOHUTH OOTOB,
BBIKa3aBIINX CBOE HEYIOBOJILCTBHE W HUCIIOCIABIINX
cMepTenbHyo Oone3nb [1]. M mpencraButenu CBET-
CKOI MEIWMLIMHBI TOKE HE TPATHIM MHOTO CHJI Ha yXOJ
3a yMuparoumumi [5, c. 259-260].

MHorue y4eHble CUUTAIOT, 4TO OOJIBHUIIBL, JIe4eo-
HUIIBI, IPUIOTHI U JIpyTHe MPOTOTHIEI NaJUTHATHBHBIX
YUPEKACHUI B COBPEMEHHOM ITOHUMAaHHU ITOSBUINCH
JIMIIb C PacIpOCTPaHEHHEM XPUCTHAHCTBA U UJICH, YTO
«YeJIOBEK COTBOPEH 1O 00pa3y U moxoouro Boxwmroy.
Jlymia 1 Teno cTajau BOCIPUHUMATHCS KaK Hepa3phIBHO
CBsI3aHHBIE, TIOATOMY U 3a00TOH O TeJie HE CIIe0BaJIo
peHedperarh.
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Puc. 2. Karakom65! o riepkoBsio Sant’ Agnese fuori le Mura
B Pume, rie xprucTnane 3a00TIIIHCE O GOJICIONIUX U yMHUPAIO-
LIMX BO BpEMEHa FOHEHUH [6]

XpHUCTHAHCTBO TMOSBHIJIOCH B T€ BPEMEHA, KOT-
Jla Marust ¥ CBEPXbECTECTBEHHBIC (aKTOPHI UTPaH
OTPOMHYIO pOJIb B 3APAaBOOXPAHEHUH. XPUCTHAHCKAS
9THKAa MUJIOCTBIHH, OJIarOUEeCTHsl JIesATeNIbHON JII00BU
K OJIIDKHEMY M 3a00ThI, IPUHSTHIC 1IEPKOBbBIO, C/IENaIN
CBSITOW 00SI3aHHOCTBIO BCEX XPUCTHAH MOCEIICHUE Tpe-
CTapemnsix, OenHpIx u 6ombHEIX [8, ¢. 31]. U s3To mpu-
BEJIO K CTAHOBJICHUIO OCHOB MaJTMaTHBHOTO (XOCITHC-
HOTrO) ABMKeHHs. COBpeMEeHHast KOHIETIIHS OOIBHUIIBI
TaK)Ke 3apOoJMJIach B PAaHHEXPHUCTHAHCKUX OOIIMHAX
[9, c. 60-66], a ux cocTpananue u JOATOBPEMEHHAas 3a-
00Ta 0 CTPaXK/IYIIMX B KOPHE OTIMYAIIUCH OT BCETO, YTO
65110 M3BecTHO panee [10, c. 68—70].

Hu s13p19eckue XpaMsbl, HA TalfHBIE PETUTHH HE CO3-
JtaBayy 3a00TIIMBBIX OOIIMH, MTOZOOHBIX TEM, YTO ITOSIBHU-
JIUCh B paHHEM xpuctuasctse [3, ¢. 2976]. Co Bpeme-
HEM JlaKe Te PUMCKHE MMIIEPaTOphl, KOTOPbIE ycTpa-
MBaJM FOHEHUS HA XPUCTHAH, MOJOXKHUTEIbHO OT3bI-
BaJHCh 00 WX HEYCTAHHOM NMOMOIIM BCEM PAHEHBIM,
ymuparomum (puc. 2) [3, c. 2974; 11, ¢. 267-272].

UTo MpUHIMITHAIEHO BayKHO /ISl pa3BUTHSI OCHOB
MaJUIMaTUBHOTO (XOCIHCHOTO) JBH)KEHHUS, XPHUCTH-
AHCKO€ MEIMIIMHCKOE CIIy>KEHHE MPOJOKAIOCh He-
CMOTpsI Ha TUIOXKE TIPOTHO3BI Ha U3JICYCHHUE JI0 CaMoi
CMEpTH 4elloBeKa. MHOTHE HCCIeI0BATENN CUUTAIOT,
4yT0 Bpaun ['mnmokpara (rpeko-puMcKasi CBETCKasi Me-
JIMIIMHA), BEPOSITHO, OTKA3aJIUCh OBl OT MAIMEHTOB B Ta-
KHUX CUTyalusix [5, c. 266].

B IV-VI BB. LlepkOBb IlepexuBalla IPOrpecCuB-
HbIE U3MEHEHHMsI. bblia BBeZIeHA B KYJIBT acKeTHYecKas
«amoCTONBCKAsD) BEPA, YTO CIIOCOOCTBOBAJIO IIHPOKOMY
pactpoCcTpaHEHUIO OTHICTBHUKOB U «CBSITHIX JIOICH»
[8, c. 41, 42]. IIpu xpamMax U MOHACTBIPSAX CTAlU OT-
KPBIBATHCS IPUIOTHI ISl CUPOT M IIPECTAPEIIbIX, CTPaH-
HOIIPUUMHBIC JIoMa (HEKUE MPHUIOTHI AJISl TTAJIOMHHUKOB,
KOTOpBIE TAK)KEe MO’KHO CUMTATh IPOTOTUITAMH MaLIHa-
TUBHBIX YUIPESKICHAN U XOCTIHCOB), ICYCOHMUITHI.

SIpKUM IPEMEPOM XPUCTHAHCKOTO CITY>KCHHUS yMH-
PArOIINM SIBISUIACH )KU3Hb 3HATHOM PUMCKON MaTpOHBI
®abduonsl (Cearas Pabuona). Bo Bropoii noisosune
IV B. mocne cmeptu Myska U1 1107, BIUsIHUEM cBsiToro He-
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POHUMa OHA OTKAa3aJIUCh OT BCEX 3€MHBIX YIOBOIBCTBHIA
U MOCBATHIIA ceOsT MPAKTHKE XPUCTHAHCKOTO aCKECTU3-
Ma 1 OJIarOTBOPUTENILHOM esTebHoCTH. Ha Hee moBiu-
SUTH TPAIHUIANA CUPUACKAX XPUCTHAH OECIIPEKOCIOBHO
UCTIOJHSITH 3am0Bel XPUCTOBBI B TOM, YTOOBI HAKOP-
MHUTB TOJIOMHOTO, TOMOYb OOJIFHOMY, ITOJIaTh HUIIEMY,
MPHUIOTUTH OTIIeNbHIKA. OHA 0TKa3aJach OT BCETO, UYTO
MOT TIPEIJIOKUTH S MUP, U MOCBSITHIIA CBOS OIPOMHOE
OGoraTcTBO HyXJIaM OCTHBIX, OOTBHBIX, YMHUPAIOIINX.
Bwmecre co cBaTeiM ceHaropoM Pumckum [lammaxuem
dabuona co3ana nepBblid Ha 3anaje cTpaHHOIPUUM-
HBII JTOM — OOJIBITION MPHUIOT JJIs ITAJIOMHUKOB, IIPUOBI-
BalOIIUX B PUM, a Tak:Ke OTIICIBHUKOB U «CBSITBIX JIO-
Jieii», y9acTh KOTOPBIX ObLTA YMEPETh Ha YJIHIle. DTOT
MIPHUIOT CTaJl OJTHUM M3 MPEANIECTBEHHUKOB XOCIIHCOB,
rocriutaneid U OonpHUL EBpomnel. OcTatku CTpaHHO-
MPUUMHOTO JIOMa OOHAPYKHITH BO BPEMsI PACKOTIOK TIO]T
nepkoBbto Cantu-J/xoBanau-3-ITaomo B Pume. Taxxke
MarpoHa ®abuoia MPUHUMATA YIaCTHE B TIOCTPOCHHH
rocrutaias B OCTHH, CTABIIEr0 3HAMEHUTBHIM BO BCEM
mupe. OHa cama yxXakuBajia 3a MalleHTaMu, He dypa-
SICh JTaXKe T€X, Y KOTO OBLIM PaHBI U SI3BBI OT TPOKA3HI.
Bce ee uHTEpech ObUTH COCPEIOTOUCHBI Ha HYXIaX
LEPKBHU U 3200Te 0 OeqHbIX U cTpaxkayumx [12]. Hus
MHOI'HMX TaKas 3a00Ta OKa3bIBajiach ICIIMTEIILHOM, a He-
U3JICIMMO OOJIBHBIC YXOIUIIA B MUP UHOW, OKPY>KCHHBIC
JI0OPOTOI 1 3a00TOHA.

IMompem MOHaIIECTBA MPHUBEI K CO3JaHIIO MOHA-
CTBIPEH, YaCTO BBIMOIHSIIONINX (QYHKIHIO 00pa3oBa-
TEIBHBIX, COIMAIBHBIX, KYIBTYPHBIX U METUITMTHCKUX
YUIpeKICHUH, HAXOMSAIIUXCS TI0J] PeTUTHO3HBIM KOH-
TposeM. JIedeHHEeM 3aHUMAJINCh CBETCKHUE BPAYH WIIH
00y4eHHBIC MOHAXH, JCUMIIN BCeX HyXaaromuxcs. He-
KOTOpBIC U3 STUX MOHACTHIPEH, HAPHUMEP MOHACTBIPH
Casaroro Bacunus B Kecapuu u Caroro benenukra
(puc. 3) B MonTekaccuno, B [V-V BB. cTanu neHTpa-
MU TIEPEOBOI MEIHIIUHEL. 3/1eCh COOMPATICH H Iepe-
MUCBHIBAIUCH KIIACCUYECKUE TCKCTHI U MPEIOIaBaIACh
HEKOTOpbIe MEIUITMHCKUE TUCIUTUTHHEI [13, c. 9—13].

Puc. 3. Monactsips CBsiToro beneankra B MOHTEKacCHHO —
XPECTOMAaTHHHBINA MPUMEP HEAONIUTAHCKOTO OapOKKo (pas-
pyuieH 3emierpsicerreM B 1349 1., BocctaHoBieH B 1366 T,
COBpEMEHHBIH BUA MpuHs Toabko B X VII B.)
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Puc. 4. OcHOBHBIE MapIIPYThl XPUCTUAHCKUX I1aJIOMHUKOB,

BJI0JIb KOTOPBIX PacHoarajluch NPOTOTUIIBI ANIMATUBHBIX
YUpexKACHUH

IToMuMO pa3BUTHSL MOHACTBIPCKOM MEIULIMHBI,
CBITpaBIIEH BaXXHYIO POJIb B CONCHCTBUU Pa3BUTHIO
CUCTEMBI 37]paBOOXPAHEHUsI B I1€JI0M, STOT MEPUOJ Xa-
paKTepU30BaJICSl pacpOCTPAHEHUEM MAJIOMHUYECTBA
B Mepycamnm, ko I'poby ['ocrognio. Yeunusmu Kpecto-
HOCIIEB CTaJIH IOSBISATHCS U PACHIPOCTPAHSTHCS CTPaH-
HOIIPUUMHBIE JIOMa WJIN XOCIUTAIH (OT JIaT. hospes —
TOCTb, hospitalis — TOCTENIPUMMHBIN, APYKEITIOOHBINA
K CKHTaJbllaM) Ipu cobopax, MOHACTBIPSX, KaK MYXK-
CKHX, TaK U KEHCKHUX, 1, KOHEYHO, Ha OCHOBHBIX MapIll-
pyTax BEJIHUKOro MaJOMHHYECKOTo IyTH B CBATYIO 3eM-
JI10, YTO 00JIeryano TPyAHOE HCIBITAaHUE MAJIOMHHUKOB
(puc. 4). OTUMONOTHUS CIOBA «XOCIUTAIIbY, OTHOKOPEH-
HOTO C «XOCIHC», HE CBSA3BIBAJIACH C YMUPAHHEM. XO-
CIIMTAJIb 3MOXH KPECTOHOCLEB OBLI TOCTEBBIM TOMOM
U JIe4eOHULICH, CIY>KIIT [UIsl OCTaHOBKH, TTePEIbIIIKH,
03/I0pOBJICHHSI, BOCCTAHOBJICHHUS M3HEMOTTIINX, 0O0JIb-
HBIX HWJIM UCTOIICHHBIX ITaJIOMHUKOB. 3):[er npeao-
CTaBJIAIMCh KOWKO-MECTa, MUTAHHEe W MEIUIMHCKAs
MIOMOIIIb.

Hanpumep, kyrupl 3 repuorctsa AManbdu (Hesa-
BHUCHMOE TOCYJIapCTBO C IIEHTPOM B I0’KHOUTAJIbSTHCKOM
r. Amanedu B X—XI BB., nat. Ducatus Amalphitanus)
npumepto B 1080 . ocHoBanu B Mepycanume OonbHU-
ny, nocssennyto Moanny Kpecturento, nis yxona
3a 0OJIBHBIMH, OCZTHBIMH WJIM PAHEHBIMU TTAJIOMHUKaMHU
B CBatyro 3emito.

Puc. 5. bonpauna Cearoro Bapdomomes, cpenHeBEKOBBII

Hepuoz

B nauane XIV B. opaen peiuapeit rocriuranst Ces-
toro Moanna MepycanumMckoro (TocuTanbepsl), CTpe-
MUBLINICS YKPEIUTh PETUTHO3HYIO TIPEAaHHOCTh U MHU-
Jocepaue K OeIHBIM, OTKPBUI XOcHuc Ha o0-Be Ponoc,
HpeaHa3HAYeHHBIH U1 IPEIOCTaBICHHS YORXKHUIIA ITyTe-
IIECTBEHHUKAM U yXO0/1a 38 OOJIBbHBIMH M YMHUPAIOIIMH.

UYto BayKHO, B HUX HE OTKa3bIBaJIN B IOMOIIH U JPY-
THM HYXIAIOIUMCSI — OOJIbHBIM M YMHPAIOLIUM Oe/-
HSKaM, 9y>KeCTpaHIIaM, OKa3aBIIUMCSI OTOPBAHHBIMU
110 TOM WJIM MHOW IIPUYMHE OT I0OMa U Jp.

C HayasoM pocCTa HaceJIeHUs EBPOIIEHCKUX TOpPO-
noB VII-XI BB. MOHACTBIpH MepecTaiu CIpaBiIsAThCA
C HaIUIBIBOM nanueHToB. Craja pa3BUBaThCs CBETCKas
MEANIMHA, MEIUIIMHCKUE IIKOJIBI MOSBISUINCH B HO-
BBIX CPEIHEBEKOBBIX yHHUBepcHuTeTax Canepno (XI B.)
n Monnense (XII B.) [13, c. 37-40]. YuuBepcureTs
B [Tapmwke, Oxcdopae, Kemopumke, bosionse u [amye
niocienoBanu 3a Humu B XIII-XIV BB. [14, c. 312-333].
Hecmotpst Ha TO, 4TO 3TH yueOHBIE 3aBEACHHS HAXOIH-
JIMCh TI0/1 KOHTPOJIEM II€PKBU, OHU OCHOBBIBAJIU CBOM
y4eOHbIE TPOrpaMMbl Ha KJIACCHYECKOM CBETCKON Me-
JIMLIUHE CO 3HAYMMBIM BKJIaJIOM UCIIAMCKUX UCTOYHHKOB
[5, c. 271-272]. Ctanu BO3HHUKATh TOPOACKUE TOCyAap-
CTBEHHBIE OOJIBHUIIBI, (PUHAHCHPYEMBIE FOPOACKUMHU
BJIACTSIMU, IIEPKOBBIO U YACTHBIMU JIMLAMHU (pHC. 5).
['maBHEIA PEeTUTHO3HBIN MOTHB — JIEATEIIbHAS JIFOOOBD
K OJIM)KHEMY — BCE TaKIKE JIOMUHHUPOBAJI, CBSI3b MEXIY
OOJIBHHIIEH M pesTUrhel eIme J0Iro 0CTaBatach Hepas-
PBIBHOH. DTO 3aMETHO, HallpUMep, 10 FeHIUIaHy TeppH-
TOPHH: MOOIM30CTH OT HOBOM JIeUeOHHIIBI 00513aTEIBEHO
3aKJIa/[bIBAJIM YACOBHIO.

OnMH U3 TUOUYHBIX 00pa3dynKoB OOJILHUI] TOTO
BpeMeHn — Otenb-Jlpe (641-649 rT.), OCHOBaHHBIN
BEJICHUSIMUA MUJIOCEPIUS CBIAThIM JIaHApH, €MHCKOIIOM
[Mapwmxa (puc. 6). YcnoBust 3Toro rocuurans ObUIH aHa-
JIOTUYHBI BCEM MTOJOOHBIM yUPEKACHHUAM TOrO BPEMEHH
1 BBI3BIBAIOT MHTEPEC B CBOCH apXUTEKTYPHOU OpraHu-
3aIUH. YXOJ 3@ CTPAXKTYIINMH OCYIIECTBIISUIN MOCTYII-
HUKH ¥ TTOCIYIITHUIBI. MOIIHOCTh TOCIHUTANS COCTAB-
ssina 1200 koek, U3 HUX TOJbKO 486 UHIMBUYabHBIX.
Ha ocTtanpHBIX KOMKax MUPUHON 1,5 M ogHOBpEeMeH-
HO HaXOJWJINCh JI0 WECTH nanueHToB (puc. 7). B ox-
HOW KPOBaTH MOTJIH JIE)KaTh BIIEPEMEKKY MYKUNHBI,
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Puc. 6. ITanara B Otens-/lpe ¢ rpaBiopsr X VI B.
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Puc. 7. Pa3menienne yMUparOmuX MO HECKOJIBKO YEIIOBEK
Ha Koiike. My3eili o0mmecTBeHHOTO conpoTuBieHus, [Taprxk

JKCHIIIUHBI, IETH, CTAPUKH, «CTOPABIINE» OT TSKEIOU
MHMEKINH, POKEHUIIBI, BBI3IOPABINBAIOIINE U YMH-
patomtue. Kopuaopsl ObUTH CKYIHO OCBEICHHBIE U He-
MIPOBETPUBAEMBIC, HO JIaXkKe 37IeCh Ha COJIOME JIexasln
10 800 GonbHbIX. Tena ymepmux oObIYHO OCTaBa-
JUCh B KPOBATIX JI0 MOSBJICHUS 3JI0BOHUS (puC. 8).
OpraHu3oBaHbl TakkKe 8 AETCKUX KOCK, pa3MelaB-
ITUX OJHOBPEMEHHO OKOJIO ABYXCOT HOBOPOXKICH-
HBIX WU JeTed mocrtapiie. B momo0HON caHUTapHO-
TUTHEHUYECKON M (yHKIMOHAJIBLHO HENpPOIyMaHHOU
o0cTaHoBKe cMepTHOCTE gocturana 20 % [15]. Takum
00pa3oM, apXUTEKTYpHAsE OpraHU3aIus IPOCTPAHCTBA
OBLTa PIeMeHTapHas, MAUEHTHl HEe TIOIyJall He00X0-
JUMOTO — W3O0JIALNAN, THTHCHBI U PETYASPHOTO MHTA-
HUSI HOPMAJIBHOTO Ka4decTBa.

1 Bce ke, HECMOTpsI Ha Myrarolre OMUCAHUS yC-
JIOBUI TeX OOJIBbHUIL, TAKOBBI HCTOKH BpaueBaHMsI U pa3-
BUTHS OPTaHU30BaHHBIX MCTUIIMHCKAX YUPESIKICHUIH.

YeunmusiMu KpecTOHOCIIEB Ha MTAJIOMHUYECKHX ITy-
TAX TApaJUICIBHO C Pa3BUTHEM MEPBBIX METUITTHCKIX
YUIpEKICHUN TPOAOKAIN aKTUBHO CTPOUTHCS MPH-
FOTBI — XOCIHTAJIH JIs TTAJIOMHUKOB (purc. 9). CpenHe-
BEKOBbE CTAJI0 NEPHOJIOM UX paclBera (Harmpumep,
xocmuc cBsatoro [otapaa Ha MapmpyTe yepe3 AJbIIH,
COCMHSAIONIEM CEBEpHYIO U fokHYyo llIBeimaputo,
Ha niepeBanie Cen-loTapa, SBISUICS MPUCTAHAIIEM T1a-
JIOMHUKOB HauuHast ¢ 1237 1.) (puc. 10).

Bwmecte co CpeaneBekoBbeM, IO MEpE paccenuBa-
HUS BIIMSIHUS PEITUTHO3HBIX OPJICHOB, 3aKOHYHJICS U TIC-
PHOJI pacIBeTa MPUIOTOB — XOCHHUTAJICH JIJIs TAJIOMHU-
KOB U JIPYTHX HY>KIAFOIITUXCS.

Puc. 9. I'paBropa XIII B. — mpuem MyTHUKOB U YXOJ 32 OOJIb-
HBIMH B XOCIIHTAJIE
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Puc. 8. [TaumeHT B KpoBaTH C TPYNOM B OJIATOTBOPUTEIBHOM
rocnurane XVI-XVII B. I'paBropa /lombe

Pa3Butre MEIUIIMHCKUX yUPEKICHUH 111JIO 110 CBO-
€My IIyTH U, €CIIM ONUCaTh B KPYIHBIX uepTax, B VIII B.
MPOUCXOAUT ITOCTETIEHHOE OTAENIEHNE OOIBHULIBI OT LIEP-
KBH, HAYMHAIOT Pa3BUBATHCS OIarOTBOPUTEIBHBIE U TO-
CYJapCTBEHHBIC YUPEIKICHHSI, OKA3bIBAIOIINE METUIINH-
CKHe yciayry, a ¢ XIX B. rocynapcTBo cTajio IpUHUMATh
aKTHBHOE y4acTue B OPMHUPOBAHNH 3PABOOXPAHCHUS
KaK OTIEIBHON OTPaciH, KOTOPask OKa3bIBAECT MEIUIINH-
CKYIO MOMOIIb HacedeHuto. U ecnu pa3Butue meau-
IIMHCKOH chepbl MPOMCXOANT CEMUMMIIBHBIMY IIaraMu
B CTOPOHY TEXHOJIOTHYECKOIl TpaHc(opMaLuy, cTaH-
JapTH3aLuy, paclIupeHns: aMOyJIaTOPHBIX OTAEICHU,
YBEIWYEHHS] MOIIIHOCTH YUPEKACHHH, TO MAITHAaTHBHOE
XOCITMCHOE JIBKEHHE 0Ka3aJI0Ch B IITyOOKOM yIIajKe.
ITo mepe pa3BuTHs Tak Ha3bIBaeMOIl A3(PPEKTHBHOCTH
MEIUIITHCKOTO 00CITYKMBAHUS MEAUIINHCKHE YUPEXK-
JIGHUsI CTaJid MPOBOAUTH PA3HUIY MEXIY «U3JICUH-
MBIMU» U «HEH3JICYMMBIMI» MAIIUEHTAMH HE B MOJIb3Y
MOCJIEIHUX.

C cepenunbl XIX B. 2BOJIIOIUS NaJTHATUBHBIX
YUIpeKJACHUH 0 YXOAy 3a Oe3HaIeKHO OONbHBIMH
MPOJIOJIKACTCS reorpapMuecky TOUEUHO YCHITUSIMU OT-
JICNbHBIX JIMYHOCTEH U BEJICHUSIMU MX YEJI0BEUYECKOTO
1 BpaueOHOTO J0ITa.

Bo ®pannuu B 1842 r. XKanna ['apHbe oTKphIIa
B CBOEM JIOME B I. JINOH NPHIOT /ISl yMUPAIOIINX JKEH-
e, Ha3BaB ero «lonroday, roe mapuia arMocdepa
«YBQ)XKHUTEJIBHOHM OJM30CTH, MOJIIMTBBI ¥ CHIOKOMCTBUS
nepes JIMLOM cMepTH». Hepes roj mocie OTKPHITUS XO-
cnca JKanHa ymepra, HalmicaB HE3a10JT0 10 CMEPTH:

n
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Puc. 10. Xocnuc cestoro [orapaa (mepesan Cen-l'orapn,
LIBeiitapus)
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Puc. 11. Apxurexrypa xocnmcoB XIX — Hagana XX B.: @ — ¢acan xocmuca ebpycc (JInon, ®paniws); b — mmansl xocnuca Jle-
opycc (JInon, dpanims); ¢ — acansl xocnmca 1e bpu-Kont-Podep (Iaprk, Opaniwms); d — mmansl xocnuca 1e bpu-Kont-Pobep
(ITaprx, Opanmms); e — dacan xocnuca B Llonn (Dpanrms); f — dacan xocrmca Cent-Antyan-ne-Ilanys (Konru, @panmmst)

«s1 OCHOBAJa 3TOT MPHIOT «...» — a boxwuit [Ipombicn
3aKOHYUT HAYaToe».

W ee neno mponomKmm MHOTHE, HAapumep, Aype-
mmst XKycce B 1843 1. ocHOBasa Bropoii nputot «lonroday
B [lapwke, notom ee crioasrxHULBI («/Iambl Tonrodby)
OTHpaBUWIIUCE B ApyTHe ropoaa @panrmu ([Taprox, [oxu,
Konrn, Pyan, Mapcens, Bopmo, Cen-OTbeH 1 Ap.) 1 B Ipy-
rue crpansl (bensruto, Aurmito, CIIA n 1.1.). CoBpemen-
HbIE PUHIIUITBI NAJUTMATHBHOM IIOMOILI BO MHOTOM 0a3u-
pytorcst Ha 3anoBezisix «/lam Fonrods» [16].

ApxutekTypa HanboJee N3BECTHBIX XOCIIHCOB TOTO
NepHo/ia MpeaCTaBisieT co00i OAHO-, TPEXITAKHBIE
3/IaHHsI KOPUIOPHOTO MJIHM TajepeifHOTO THUIIA WK pe-
OpraHu30BaHHbIC 0COOHsKH (puc. 11).

@. JI»Buzcon B 1885 . OTKpBLIA TOM IS YMHpa-
tomux B JIoH10He, a 1o3aHee oM yMUPOTBOPEHUS JUIst
OenHsKOB ¢ TyOepkyne3oM. P. XoTopH ocHOBana oM
cBATOM Po3bI s Hen3neunMbIx 00IpHBIX B HinkHeM

MagnxeTTeHe, o0Jerdas CTpagaHus MPU OHKOJIOTHH
[16]. Upnanackas MoHaxuHss M. DiikeHXe1 MOCBATHIA
ce0st CITy’)KeHUIO TSKEeT000JIbHBIM BHE MOHACTBIPCKUX
CTEH, MeuTas CO3aTh MPHUIOT s yMupatommx. [locie
ee cMepTu cecTpsl munocepaus B 1874 r. npesparu-
JIU JKEHCKHUW MOHACTHIPh B OeqHOM KkBaptaie Jyomnu-
Ha, TJIC JIFOIN KUK B TIyOoUaiiiieit OeMHOCTH U 4acTo
yMHUpalld Ha yAUIaX, B TaKoW mpuioT. B ABcTpanun
(. Anenanna, r. CuaHEH) CTal OTKPBIBATHCS XOCIIHCHI,
OCHOBAHHBIEC PA3IMYHBIMU MOABMKHUIIAMU KaTOJIHUYe-
CKOM M aHMIMKAHCKOW 1epkBel. MOUIHOCTh yupex/ie-
HHUH COCTaBIIsIa TPUMEPHO 8—35 KOMKO-MECT.

Uucmo X0CIHCOB Pociio Oaarogapss caMOTIOKePT-
BOBAHUIO U BJJOXHOBJIEHHOCTHU OTAEIbHBIX JIUYHOCTEH.
[TosiBuiicst B Hauane XX B. Takxke xocnuc cearoro Mo-
cuta B Jlonmone (puc. 12). ImeHHo 31€Ch Hadamics
nyts Cecmnn Cangepc (1918-2005), nmpusHecei
3HAYUTENIbHBIN BKJIAJ B pa3BUTHE MaJJIHATHBA.
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ST. JOSEPH'S HOSPICE, MARE STREET, HACKNEY E.8.

Puc. 12. Xocmuc cesatoro Mocuda B Jlongone

Puc. 13. [Tanara B canaropuu [laiimuo Anapa Aasnro (1929).
TexXHOJIOTMYHOCTh ¥ OTCYTCTBUE YKPALICHHH — THUITHYHBIN
UHTEpbEp MEIUIMHCKUX YupekaeHuit XX B.

B XX B. cymiecTBoBaI psijt MPEANIOCHUIOK JUTS Pa3BH-
THSI HOBOM MOJIETI ITOMOIIN YMHPAFOIINM. MeiIHCKast
apxurekTypa ¢ XIX B. pa3zBuBajiaCh B CTOPOHY IOBBIILIE-
HUSA () PEKTHBHOCTH, U C YIETOM PACTYIINX COMATBHBIX
1 SKOHOMUYECKHX TPeOOBaHMI TIPUBETCTBOBAINCH OOITh-
IIMe, CTaHIapTHU3NPOBAHHBIE CTPYKTYPBI. ParinoHansHble,
TEXHOJIOTUYHbIE METa00JIBHUIIBI, PACTIPOCTPAHHUBIINECS
B EBporie nocne IlepBoit MUpOBOI1 BOIHBI, TAKHE KaK ca-
Haropuii [Taiimro AnBapa Aanto (puc. 13), Belpakanu
MOACPHUCTCKHE aKIICHThI HA YUCTBIC JIMHUU, TUTUCHUY-
HBIC MMOBEPXHOCTU U OTKPBITYIO MEXaHU3UPOBAHHOCTH

1 CTaHJAPTU3UPOBAHHOCTH OOCTAHOBKH.

Taxue xkpynHble 60TBHUYHBIE CUCTEMBI CO BpeMe-
HEM pacUIUpPsUINCh, U JIMHEUHBIH MOJEPHU3M YCIIOXK-
HSUICA 10 TAOUPUHTOOOPA3HOM CTPYKTYPBI C JUTMHHBIMU
KOPUAOpaMH, EPEXOJaMH, PE3KUM HEOHOBBIM OCBEIIlE-
HHUEM, yCyTyOusisl OIIyIeHHEe PacTepPSIHHOCTH B TIPO-
cTpaHcTBe. MeraboapHUIIEI, 6€CCTIOPHO, TTO3BOJISLIH
pa3BUBaTh MEIUIMHCKYIO HAYKy, HO IPOUCXOIUIIO 3TO,
K COKaJICHHIO, B yIIepO cpeJOBBIM BOIIPOCAM JJIsl BOC-
CTaHOBJICHUS NanueHTa. [loBbIIIeHNne XapaKTepUCTHK
(DYHKIIMOHAIBHOCTH, TUTHUEHBI 1IUIO B yIep0o KoMdopTy,
JIaKe 3aJ1eBaJI0 YyBCTBO JOCTOMHCTBA NanueHTa. Tumo-
BbI€ YHBUIbIE, CTEPUIIBHBIE U OTKPBIThIE OOJLHUYHBIC
majgaTel ¢ psgaMU KOGK CTajlW CTAaHJapTHOM Manar
koHUa XIX B. ¥ OKa3bpIBajIu BIUSHUE HA apXUTEKTYpY
MEIULMHCKUX yupexaeHuil B XX B. IIpu sToM cMepTh
B OOJIBHUIIE CUMTANIaCh HEy/aueH, IO3TOMY yMHUPAIO-
KX MEPEBOANIH B yAAJICHHBIE MOMEIICHUS, YTOOBI
He OECTIOKONTh M HE YTHETATh APYTHX MAEHTOB, WIN
B JIOMa MPE3PEHMs, OTKy/Aa MEAUIIMHCKAs Opuraaa yja-
JSUTach, OCTABIISSA yMuparomiero 6e3 momornw [17, 18].

ITo cnoBam DaBuHa XUTKOYTa, SMOLIMOHAIIBHO ITy-
CTast apXUTEKTypa yMaJsieT CBATOCTh )KU3HEHHBIX I10-
POTOB, U UMEHHO B T€ MOMEHTBHI, KOI/1a Mbl HauboJee
HY’KJaeMCsl B OCMBICIICHHOCTH U TyXOBHOM MOJBEME,
MBI OKa3bIBaEMCsI B OKPY)KEHUU YHBUIBIX MPOSIBICHUN
rurueHsl 1 3 dexruHoCcTH [19].

Kondnukt Mexny jgedeHuem u 3a00TOH cTan
ocTpeM B 1950-X 1T, TpeOys HOBBII CONMATBHBIN U ap-
XUTEKTYPHBIH OTKIHNK. Xocruc Csaroro Kpucrodepa
COBPEMEHHOI MOJIENN SIBIJICS TIPEUIOKEHUEM Ha 3TOT
3anpoc obmectBa. imenno Cecunus Canumepc mama
CBOEMY YUPEXK/ICHHIO Ha3BaHHE «XOCITHUCY», U B HEM I10-
SIBUJICS] HOBBIM BH/ TOMOIIN — MAJJTMATUBHAS («YKpPbI-
BaHue» ot 6onu) [20]. Unes Cecwmuu CaHnepc, 94To
ApXMUTEKTypa XOCIHUca JOIDKHA ObITh THOPHIOM MEXITY
OOJIbHUIIEH U JIOMOM, MPOJOJIKATh PEITUTHO3HYIO Tpa-
JIIIHIO 3a00THI, OTHOBPEMEHHO MPEAO0CTABIISS TIOME-
IICHHUs IS COBPEMEHHOTO MEJIMUIMHCKOTO 00CITyKH-
BaHUA U MCCIEIOBAHUN, aKTUBHO PacIpoCTpaHUIaCh
1o Mupy. B 3TOM yHUKanbHOM 37aHUH ObUIA CO3aHa
cnenruIeckas IpOCTPaHCTBEHHAS OCHOBA, O0BETUHS-
oIIast TPH PaBHO3HAYHBIX (DYHKIINH — OOIIECTBCHHAS
opraHu3aIys, OONBHUIA U YIOTHBIN oM (puc. 14).
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Puc. 14. Xocmuc Cesitoro Kpucrodepa (bpomnu, JIOHIOH): @ — apXUTEKTYpHBIIT 00NNK; b — HHTEpbep ManaThl; ¢ — KOH-

COJILHOE JITHEBHOE MPOCTPAHCTBO

IIpu Bceit 4yenTOBEKOOPUCHTHUPOBAHHOCTH CBOCTO
YUIpEKICHUS HEIb3st ObUIO 3a0bIBaTh TaKXKE O HEOO-
XOAMMOCTH TIPOBEJCHUS HAYYHO 0OOCHOBAHHBIX WC-
clieIoBaHUM OOJIM, BaKHBIX IS MOJOJON MEIHUIUH-
ckoit otpaciu. C 3TOH 1eIbI0 Ha TEPPUTOPHUN XOCTIHCA
CIIEIMAIEHO BBIJEICHBI MIOMEIICHUS IS BCKPBITHA,
HE OCBelaeMble B OpoIIopax WiIH MyOIuIHBIX 00pa-
HICHUAX. 9TI/I IIOMCUICHHU A 6BIJ'II/I l'[OCTpOGHBI BHC I10JIA
3peHus, 0]l MOJbE3IHON JOPOTroi K MECTY 3aXOpOHe-
Huil. [locmepTHBIE HCCe10BaHNs TPOBOJUIUCH MOCIIE
MOJIyYeHHUsI pa3pelieHus YJeHOB ceMbU. Pe3ynbTaThl
WCCJICIOBAHUI MPUHECIIN 3HAYUMBIN BKIIAJ B TIOHUMA-
HUC MPUYXH 00NN Y YMHPAKIIUX U JalibHeHIee 00e3-
OoJIMBaHKE.

ApXUTEKTypa 3MaHHsI MOXKET OYEHb IIOMOYb B pea-
mu3armd prurocodun Xocmuca TeM, 9TOOBI MUHUMHU3H-
POBaTh yCTAJIOCTh MIEPCOHAA U YITYIIITHTh HACTPOCHUE
MAIIEHTOB, Beb YIOT U 3CTeTHKa ucueistoT [21]. Ta-
KO€ «OJIOMAITHEHHOE» TIPOCTPAHCTBO IMO3BOJISITO TAIH-
€HTaM COCPEJOTOYHTHCS Ha CTIOCOOHOCTH BEPHYThHCS
K 00pa3y HE3aBHUCHUMOW MMOBCEIHEBHOM XU3HH. BHY-
TpeHHI/Ie IIOMCHICHHUS XOCITHMCOB 6I>IJ'II/I HOHHOﬁ HpOTI/I-
BOIOJIO)KHOCTBIO MPOCTPAHCTBAM METa0OJIHHUII: Ma-
JICHBKUMH, YIOOHBIMY ISl HABUTAI[UH U 3HAKOMBIMH.

Xocmuce Cesaroro Kpucrodepa He TOIBKO TOBIHSLIT
Ha CTPOUTEIBCTBO XOCIHUCOB 10 Bcell BenmkoOpwura-
HUH, HO U CTaJI 00pa3IoM IS Pa3BUTHS XOCIHUCHOTO
U TMAJUTHATUBHOTO IBWKCHHS B APYTUX CTpaHax [22].
NmenHo otcrona B XX B. HAQUMHAETCS BCIUIECK Pa3BU-
Tus nammratuBa. CHav9aga B pa3BUTHIX CTpaHaX U MO3-
e pacIpoCTPaHIETCA 10 BCEMY MHPY, CTAHOBSICH Of-
HUM M3 TIPOSIBJICHUH YETOBEKOTIO0US U OCO3HAHHOCTH
o01ecTBa.

SAKJIIOYEHHUE U OBCYXAEHUE

Takum 06pa30M, MOHO PE3IOMHUPOBATh, YTO 9BO-
JIFOIUS TaJIJIMaTUBHBIX y‘lpe)KZlCHI/Iﬁ npoucxoaunia B Te-

YeHHE BCEH JKM3HHU YeJIOBEUECTBa, MHOT/A BILJICTASChH
B 3[paBOOXpPaHCHUE, HO YaIlle 1A 0 COOCTBEHHOMY
myTtd. Hemp3s cauTars CHHOHUMUYHBIMU ITyTH Pa3BH-
THS MEIUIUHCKUX U MAJUTHATUBHBIX YUPEKICHUH, 1M0-
TOMY YTO OYEHB JOJITHE NEePUOIBI, 0COOEHHO 10 Mepe
pa3BUTHS TaK Ha3biBaeMOU 3(h(HEKTUBHOCTH MEIHUIINH-
CKOTO OOCITy)KHBaHUS, MPOBOANIACH IPHHIUITHAIBHAS
pa3HUIA MEXK/Y U3JICYMMBIMH U HCH3JICUUMBIMU TTAIU-
eHTaMH He B MONk3y nocienannx. Kak Bo BpeMeHa aH-
TUYHBIX OOTOB YMUPAIOIIUI OCTABIISIICS HACTUHE C CO-
00, Tak 1 BO BpeMeHa «3(PPEKTUBHBIX)» METraOOIbHHUI
YMHPAFOIIETO OTAAJSUTU B CAMbIC HEIPUMETHBIC YTOJIKH
WM OTHPABISUIA JOMOM.

Ha 3BoTionuo najyiimaTUBHBIX YUPEIKIACHUI CUITb-
HOE BIIMSHUE OKa3bIBAJIM PEITUTHO3HBIC U MICTHICCKHE
MPEICTABICHHS, TYMAHHOCTh OOIIECTBA U €ro TPaIu-
LIHH.

Benuualimuii BkiIag B 3BOJIIONUIO MaJLIMATHBA
U pa3BUTHE MEIWIHHBI B IIEJIOM BHECIO XPUCTHAH-
c¢tBo. OHO 3aKII0YaI0Ch B CO3AaHUHU 3a00TIMBBIX 00-
IIVH, TIPUIOTOB, CTPAHHOIPUUMHBIX JOMOB, XOCIIHTA-
JIel, MOHACTBIPEH U JAPYTUX, KOTOPhIC 00eCIeYnBaIH
WHINBUAYATbHBIH METUIITHCKHNA yXO[ 32 OOIBHBIMU
U YMHPAIOIIUMH, HE3aBUCUMO OT HAITHOHAIBHOCTH, CO-
[IHATFHOTO CTaTyca, BO3pPacTa WK TSHKECTH COCTOSHHS.
B KOHEYHOM UTOTE ITO MPUBEJIO K CO3MAHUIO OOJIHHHMII
1 TAJUTHATUBHBIX YUPEKACHUH B TOM BHAE, B KOTOPOM
MBI 3HAEM MX CETOHS.

DOBOIIONHS MAJUTHATUBHBIX YUPEKACHUI IO yXOIy
3a 0e3HAJCIKHO OOJNBHBIMH B TCUCHUE BCErO MEPHUOJIA
CBOETO Pa3BUTHUS MPOIOIDKAIACH B 3HAYUTEIHHOHN CTe-
MCHU YCHJIUSIMH OTICIBHBIX JTHYHOCTCH M BEJICHUSIMU
MX YeJOBEYECKOTO W BpadeOHOTO monra. IMEHHO uX
CTOWKOCTh M TYMaHHOCTb [TO3BOJIMJIM STOW HBIHCITHEH
YaCcTH 3APAaBOOXPAHCHHS HE 3a4aXHYTh, @ PACKPHITHCA
U JI0Ka3aTh MHPY, YTO, €CIIM YCIOBEKA HEIIb3sl YK€ BbI-
JICYUTH, 3TO HE 3HAYMT, YTO €My HEIIb35 TIOMOYb.
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INTRODUCTION

Anthropologist Margaret Mead is credited with an
interesting thought that she expressed in one of her lec-
tures. When asked what is considered the first sign of civ-
ilization, she replied, “A hip bone that has been broken
and then fused”. In the wild, she said, an animal with
an injury as severe as a broken femur would die. There-
fore, a fused human bone means that someone cared for,
nursed and protected their mortally wounded kin for
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avery long time, such an act and is, in her opinion, a sign
of the beginning of human civilization. It is humanity to-
wards the dying that is considered by many researchers
to be the basis for the development of civilization.
Throughout virtually all of human history, death
came to man for three main reasons: famine, epidemics,
or war. As a result of these causes, death came quickly,
sometimes suddenly. Therefore, for a very long time,
the global task of creating organized long-term assis-
tance to people in their passing away, requiring a state
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approach, was not on the agenda. Thus, up to the twen-
tieth century no one had heard anything about palliative
care, and any assistance to the suffering in the history
of mankind took various forms, was connected with
the religious and cultural structure of a given society,
had different names, methods and approaches to imple-
mentation.

The paper attempts to bring together historical
prototypes of palliative care and identify the methods
of their architectural organization.

MATERIALS AND METHODS

Review, analysis and synthesis on scientific, his-
torical, art history, literary sources related to the devel-
opment of architecture of palliative care institutions and
their prototypes were performed.

The scientific literature was searched in the sci-
entific electronic e-LIBRARY, in electronic databases
Scopus, Web of Science using appropriate keywords,
including “architecture of palliative institutions”, “ar-
chitecture of hospices”, “history of development of pal-
liative institutions”, “history of development of hos-
pices”. An interdisciplinary approach was also applied,
taking into account the influence of sociological, reli-
gious, psychological aspects on the architectural design
of palliative care facilities presented in scientific papers
of related fields.

There is still some terminological confusion in
the concepts of “hospice” and “palliative care”. To
make it clearer, we will give the generally accepted
definitions of these concepts.

Hospice (from Latin hospes — guest, hospitalis —
hospitable, friendly to wanderers) is now a medical and
social institution to provide assistance in the most se-
vere stages of predominantly oncologic disease [1].

The term “palliative care” (Latin pallium — cloak
or blanket) symbolizes care aimed at alleviating distress-
ing symptoms in any disease, giving a person a chance to
live as long as possible in a familiar way [2].

Despite the similarity of approaches of these insti-
tutions, different forms of care are adopted in modern
world practice — somewhere by hospices, somewhere
by palliative care units.

As for Russia, according to the Order of the Minist-
ry of Health of the Russian Federation and the Mini-
stry of Labour and Social Protection of the Russian
Federation', palliative care institutions provide care for
a large list of incurable progressive diseases or condi-

! Approval of the Regulations on the organization of palliative
care, including the procedure for interaction be-tween medi-
cal organizations, social service organizations and public as-
sociations, other non-profit organizations carrying out their
activities in the field of health protection : Order of the Min-
istry of Health of the Russian Fed-eration and the Ministry
of Labour and Social Protection of the Russian Federation
from 31.05.2019 No. 345n/372n. URL: https://www.garant.
ru/products/ipo/prime/doc/72180964/#10000

tions when treatment options are exhausted, and hos-
pices have some specialization and accept mainly pa-
tients with oncological diseases. Thus, at the moment
in the Russian Federation palliative care institutions
provide care for a wide range of diseases, and hospices
are only a part (a branch) of palliative care institutions.

STUDY RESULTS

The evolution of palliative care institutions fol-
lowed complex paths. A study of the oldest Neolithic
settlements in Mesopotamia, dating back 50,000 years,
shows that cave dwellers were already then organizing
rudimentary dwellings designed, among other things, to
care for sick, injured and dying tribesmen.

Since early antiquity, religion, magic and supernat-
ural factors have had a strong influence on health care
systems and the care of neighbors. People realized that
many things in life, especially poor health, were beyond
their control [3, pp. 2957-2980]. In some cultures, death
was associated with the underworld, witchcraft, and
darkness, while in others the opposite sentiment was re-
inforced (for example, in ancient Egypt the afterlife was
considered liberation). Simultaneously with the magical
religious interpretation of the issues of life and death
since the time of Homer there were doctors practicing
the beginnings of empirical medicine, and in the 5th
and 4th centuries B.C. the doctors of Hippocrates laid
the foundations of rational (scientific medicine). Early
Egypt and Mesopotamia also had physicians practicing
elementary empirical (secular) medicine.

In any case, no matter how death has been treat-
ed for many centuries and even millennia, traditions
have placed the responsibility for caring for the dying
on their closest relatives. And traditions of burial, funer-
al, and mourning helped mitigate the inevitable agony
of loved ones [4].

In the period of Antiquity, ancient civilizations
on the shores of the Mediterranean believed in many
gods or goddesses whose magical powers influenced
health [5, pp. 259-260]. In ancient Greece, priests were
engaged in ritual treatment of patients in temple hospi-
tals, the so-called asclepions, which were not intended
for long-term stay [6] (Fig. 1).

Fig. 1. Ruins of the asclepion of Cosa (temple of the god
of medicine Asclepius)
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Fig. 2. Catacombs under the church of Sant” Agnese fuori le
Mura in Rome, where Christians took care of the sick and
dying in times of persecution [6]

In the 1st century BC, Ancient Rome had medical
centres designed only for the care of military person-
nel [7].

With all these first steps in the development of or-
ganized health care aimed at treatment and recovery, as-
sistance to the dying was not provided in an organized
and systematic way. More often than not, the decision
of the gods, who passed a death sentence on some-
one, was not challenged by anyone, so as not to offend
the gods, who expressed their displeasure and sent down
a fatal disease [1]. And the representatives of secular
medicine did not spend much effort to care for the dying
either [5, pp. 259-260].

Many scientists believe that hospitals, hospitals,
asylums and other prototypes of palliative institutions
in the modern sense appeared only with the spread
of Christianity and the idea that “man was created in
the image and likeness of God”. The soul and body were
seen as inextricably linked, and care of the body was not
to be neglected.

Christianity emerged at a time when magic and
supernatural factors played a huge role in health care.
Christian ethics of almsgiving, piety of active love for
neighbor and care accepted by the church made it a sa-
cred duty of all Christians to visit the elderly, the poor
and the sick [8, p. 31]. And this led to the formation
of the foundations of the palliative (hospice) movement.
The modern concept of the hospital also originated in
early Christian communities [9, pp. 60—66], and their
compassion and long-term care for the suffering were
fundamentally different from anything previously
known [10, pp. 68-70].

Neither the pagan temples nor the secret religions
created caring communities like those that emerged in
early Christianity [3, p. 2976]. In time, even those Roman
emperors who organized persecutions against Christians
spoke positively about their tireless help to all the wound-
ed, dying (Fig. 2) [3, p. 2974; 11, pp. 267-272].

What is fundamentally important for the devel-
opment of the foundations of the palliative (hospice)
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movement, Christian medical ministry continued de-
spite poor prognoses for cure until the death of the per-
son. Many researchers believe that Hippocratic physi-
cians (Greco-Roman secular medicine) would probably
have abandoned patients in such situations [5, p. 266].

In the fourth through sixth centuries, the church expe-
rienced progressive changes. The ascetic “apostolic” faith
was introduced into the cult, which contributed to the wide-
spread use of hermits and “holy men” [8, p. 41, 42].
At temples and monasteries began to open orphanages
and orphanages for the elderly, strange houses (some kind
of shelters for pilgrims, which can also be considered pro-
totypes of palliative institutions and hospices), hospitals.

A vivid example of Christian service to the dy-
ing was the life of the noble Roman matron Fabiola
(St. Fabiola). In the second half of the fourth century,
after the death of her husband and under the influence
of St. Jerome, she renounced all earthly pleasures and
devoted herself to the practice of Christian asceticism
and charitable work. She was influenced by the tradi-
tions of Syrian Christians to obey the commandments
of Christ unquestioningly in feeding the hungry, help-
ing the sick, giving to the poor, and sheltering the her-
mit. She gave up all that the world had to offer and
devoted her great wealth to the needs of the poor,
the sick, the dying. Together with St. Senator Pamma-
chius of Rome, Fabiola created the first strange house
in the West, a large orphanage for pilgrims coming
to Rome, as well as hermits and “holy men” whose
fate was to die in the streets. This orphanage was one
of the forerunners of hospices, hospitals and hospitals in
Europe. The remains of the orphanage were discovered
during excavations under the church of Santi Giovan-
ni e Paolo in Rome. Matron Fabiola also took part in
the construction of the hospital in Ostia, which became
famous all over the world. She took care of the pa-
tients herself, not neglecting even those with wounds
and sores from leprosy. All her interests were centered
on the needs of the church and the care of the poor and
suffering [12]. For many such care proved to be healing,
and the terminally ill went to the next world surrounded
by kindness and care.

The rise of monasticism led to the establishment
of monasteries, often serving as educational, social, cul-
tural, and medical institutions under religious control.
Treatment was provided by secular physicians or trained
monks, treating anyone in need. Some of these mon-
asteries, such as those of St. Basil in Caesarea and
St. Benedict (Fig. 3) in Montecassino, became centres
of advanced medicine in the fourth and fifth centuries.
Here classical texts were collected and transcribed and
some medical disciplines were taught [13, pp. 9-13].

In addition to the development of monastic medi-
cine, which played an important role in promoting
the development of health care in general, this period
was characterized by the spread of pilgrimages to Je-
rusalem, to the Holy Sepulchre. Through the efforts
of the Crusaders, hospices (from Latin hospes — guest,
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Fig. 3. The Monastery of St. Benedict in Montecassino —
a textbook example of Neapolitan Baroque (destroyed by
an earthquake in 1349, rebuilt in 1366, it took its modern form
only in the XVII century)

hospitalis — hospitable, friendly to wanderers) be-
gan to appear and spread in cathedrals, monasteries,
both male and female, and, of course, on the main
routes of the great pilgrimage route to the Holy Land,
which eased the difficult ordeal of pilgrims (Fig. 4).
The etymology of the word “hospital”, homonymous
with “hospice”, was not associated with dying. A Cru-
sader-era hospice was a guest house and healing center,
serving to stop, respite, recuperate, and restore weary,
sick, or exhausted pilgrims. Beds, meals, and medical
care were provided here.
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Fig. 4. The main routes of Christian pilgrims along which

o Them whi
the first hospices were located

the prototypes of palliative institutions were located

Fig. 5. St. Bartholomew’s Hospital, medieval period

For example, merchants from the Duchy of Amalfi
(an independent state centered in the southern Italian
city of Amalfi in the X—XIT centuries, lat. Ducatus Amal-
phitanus) in about 1,080 founded a hospital in Jerusa-
lem, dedicated to John the Baptist, to care for sick, poor
or wounded pilgrims to the Holy Land.

In the early 14th century, the order of Knights
of the Hospital of St. John of Jerusalem (Hospital-
lers), seeking to foster religious devotion and charity
for the poor, opened a hospice on the island of Rhodes,
designed to provide shelter for travelers and care for
the sick and dying.

Importantly, they did not deny help to others in
need — the sick and dying poor, strangers who found
themselves separated from home for one reason or an-
other, and others.

As the population of European cities began to grow
in the 7th—11th centuries, monasteries could no longer
cope with the influx of patients. Secular medicine be-
gan to develop, medical schools appeared in the new
medieval universities of Salerno (XI c.) and Mont-
pellier (XII c.) [13, pp. 37—40]. Universities in Paris,
Oxford, Cambridge, Bologna and Padua followed them
in the XIII-XIV centuries. [14, pp. 312—-333]. Despite
the fact that these educational institutions were under
the control of the church, they based their curricula
on classical secular medicine with a significant con-
tribution from Islamic sources [5, pp. 271-272]. Ur-
ban public hospitals financed by the city authorities,
the church and private individuals began to emerge
(Fig. 5). The main religious motive — active love for
neighbor — was still dominant, and the connection
between the hospital and religion remained unbreak-
able for a long time. This can be seen, for example, in
the master plan of the territories: a chapel was necessar-
ily laid near the new hospital.

One of the typical examples of hospitals of that
time is the Hotel-Dieu (641-649), founded by the dic-
tates of mercy of St. Landry, Bishop of Paris (Fig. 6).
The conditions of this hospital were similar to all such
institutions of the time and are interesting in their ar-
chitectural organization. The care of the sufferers was
provided by novices and novices’ novices. The capacity
of the hospital was 1,200 beds, of which only 486 were

Fig. 6. Chamber at Hotel-Dieu from a sixteenth-century
engraving
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Fig. 7. Placement of the dying in several persons per bed.
Museum of Social Resistance, Paris

Fig. 9. Engraving of the XIII century — reception of travelers
and care of the sick in a hospice

individual beds. The remaining beds were 1.5 m wide
and could accommodate up to six patients at a time
(Fig. 7). Men, women, children, old people “burned”
by severe infection, women in labor, convalescing and
dying patients could lie in one bed at the same time.
The corridors were poorly lit and unventilated, but
even here up to 800 patients lay on straw. The bodies
of the dead were usually left in the beds until the stench
appeared (Fig. 8). Eight children’s beds were also or-
ganized, accommodating about two hundred newborns
and older children at a time. In such a sanitary-hygienic
and functionally ill-conceived environment, the mortal-
ity rate reached 20 % [15]. Thus, the architectural orga-
nization of the space was rudimentary, and patients did
not receive what they needed — isolation, hygiene, and
regular nutrition of normal quality.

Yet, despite the frightening descriptions of the con-
ditions of those hospitals, these are the origins of heal-
ing and the development of organized medical institu-
tions.

Through the efforts of the Crusaders, pilgrim-
age shelters — hospices for pilgrims — continued to
be actively built along the pilgrimage routes in paral-
lel with the development of the first medical institu-
tions (Fig. 9). The Middle Ages was the period of their
flourishing (for example, the hospice of St. Gotthard
on the route through the Alps connecting northern and
southern Switzerland, on the St. Gotthard Pass, was
a refuge for pilgrims since 1237) (Fig. 10).
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Fig. 8. Patient in a bed with a corpse in a charitable hospital,
16th—17th century. Engraving by Daumier

Fig. 10. St. Gotthard’s Hospice (St. Gotthard Pass, Switzer-
land)

Along with the Middle Ages, as the influence of re-
ligious orders dissipated, the heyday of asylums — hos-
pices for pilgrims and others in need — ended.

The development of medical institutions went its own
way and, if to describe in large features, in the VIII cen-
tury there is a gradual separation of the hospital from
the church, charitable and public institutions providing
medical services began to develop, and since the XIX cen-
tury the state began to take an active part in the forma-
tion of health care as a separate industry that provides
medical care to the population. And if the development
of the medical sphere is seven-mile steps towards techno-
logical transformation, standardization, expansion of out-
patient departments, increasing the capacity of institutions,
the palliative hospice movement was in deep decline.
As so-called efficiency of care evolved, medical institu-
tions began to distinguish between “curable” and “incur-
able” patients not in favor of the latter.

Since the mid-nineteenth century, the evolution
of palliative care facilities for the hopelessly ill has
continued to be geographically pinpointed by the ef-
forts of individuals and the dictates of their human and
medical duty.

In France, Jeanne Garnier opened a hospice for
dying women in her home in Lyon in 1842, calling it
Calvary, where an atmosphere of “respectful intimacy,
prayer and tranquility in the face of death” prevailed.
A year after opening the hospice, Jeanne died, writing
shortly before her death, “I founded this shelter “...” —
and God’s Providence will finish what I started”.
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Chauny. — Krankentaus-L Hospice.
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Fig. 11. Architecture of hospices of the XIX — early XX centuries: a — facade of the Debrousse hospice (Lyon, France); b —
plans of the Debrousse hospice (Lyon, France); ¢ — facades of the Hospice de Brie-Cont-Robert (Paris, France); d — plans
of the Hospice de Brie-Cont-Robert (Paris, France); e — facade of the hospice in Chauny (France); f — facade of the hospice

of St. Antoine de Padoue (Conti, France)

And her work was continued by many, for example,
Aurelia Jusset in 1843 founded the second “Calvary” or-
phanage in Paris, then her companions (“Ladies of Cal-
vary”) went to other cities in France (Paris, Chauny,
Conti, Rouen, Marseille, Bordeaux, Saint-Etienne, etc.)
and to other countries (Belgium, England, USA, etc.). Mo-
dern principles of palliative care are largely based on
the precepts of the “Ladies of Calvary” [16].

The architecture of the most famous hospices
of that period is one-, three-story buildings of corridor
or gallery type or reorganized mansions (Fig. 11).

F. Davidson opened a home for the dying in Lon-
don in 1885 and later a house of tranquility for the poor
with tuberculosis. R. Hawthorne founded St. Rose’s
Home for the terminally ill in Lower Manhattan, alle-
viating suffering in oncology [16]. Irish nun M. Aken-
head devoted herself to serving the seriously ill outside

the convent walls, dreaming of creating an orphanage
for the dying. After her death, the Sisters of Charity in
1874 turned a convent in a poor neighborhood of Dub-
lin, where people lived in deep poverty and often died
in the streets, into such a shelter. In Australia (Adelaide,
Sydney) hospices began to open, founded by various
ascetics of the Catholic and Anglican churches. The ca-
pacity of the institutions was about 8-35 beds.

The number of hospices grew due to the sacri-
fice and inspiration of individuals. St. Joseph’s Hos-
pice in London also appeared in the early 20th century
(Fig. 12). It was here that the journey of Cecilia Saun-
ders (1918-2005), who made a significant contribution
to the development of palliative care, began.

In the twentieth century there were a number of
preconditions for the development of a new model
of care for the dying. Medical architecture had been
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ST. JOSEPH'S HOS

Fig. 12. St. Joseph’s Hospice in London

Fig. 13. A ward in Alvar Aalto’s Paimio sanatorium (1929).
Technologization and lack of ornamentation are typical
of the interior of twentieth-century medical institutions

evolving towards greater efficiency since the nine-
teenth century, and large, standardized structures were
welcomed in response to growing social and economic
demands. The rational, technologically advanced mega
hospitals that proliferated in Europe after World War I,
such as Alvar Aalto’s Paimio Sanatorium (Fig. 13), ex-
pressed modernist emphases on clean lines, hygienic
surfaces, and open mechanized and standardized envi-
ronments.

Such large hospital systems expanded over time,
and linear modernism became complicated to a laby-
rinthine structure with long corridors, passages, and
harsh neon lighting, adding to the sense of confusion

in the space. Mega hospitals undoubtedly allowed for
the advancement of medical science, but this was un-
fortunately at the expense of environmental issues for
patient recovery. Increasing the characteristics of func-
tionality, hygiene came at the expense of comfort, even
hurting the patient’s sense of dignity. The typical dull,
sterile and open hospital wards with rows of beds be-
came the standard ward of the late nineteenth century
and influenced the architecture of medical institutions
in the twentieth century. At the same time, death in
the hospital was considered a failure, so the dying were
transferred to remote rooms so as not to disturb or op-
press other patients, or to houses of contempt, from
which the medical team would depart, leaving the dying
unattended [17, 18].

According to Edwin Heathcoat, emotionally emp-
ty architecture detracts from the sanctity of life’s thresh-
olds, and it is at those moments when we are most in
need of meaningfulness and spiritual uplift that we find
ourselves surrounded by dismal displays of hygiene and
efficiency [19].

The conflict between treatment and care became
acute in the 1950s, demanding a new social and archi-
tectural response. St. Christopher’s Hospice of the mod-
ern model was a proposal to this societal demand. It
was Cecilia Saunders who gave her institution the name
“hospice” and a new kind of care, palliative (“shelter-
ing” from pain) [20]. Cecilia Sanders’ idea that hospice
architecture should be a hybrid between a hospital and
a home, continuing the religious tradition of care while
providing facilities for modern medical care and re-
search, spread actively around the world. This unique
building created a specific spatial framework that com-
bines three equivalent functions — community organi-
zation, hospital, and comfortable home (Fig. 14).

For all the human-centeredness of their institution,
the need for evidence-based pain research, important
to the young medical industry, could not be overlooked
either. To this end, the hospice grounds were specifi-
cally designated autopsy rooms, not covered in bro-
chures or public addresses. These rooms were built
out of sight, under the access road to the burial site.
Postmortem examinations were conducted after ob-
taining permission from family members. The results
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Fig. 14. St. Christopher’s Hospice (Bromley, London): ¢ — architectural appearance; b — ward interior; ¢ — cantilevered day space

of the studies have made a meaningful contribution to
the understanding of the causes of pain in the dying and
further pain management.

The architecture of the building can greatly help
in implementing the philosophy of hospice by minimiz-
ing staff fatigue and improving the mood of patients,
because comfort and aesthetics heal [21]. This “domes-
ticated” space allowed patients to focus on the ability to
return to a pattern of independent daily living. The inte-
rior spaces of hospices were the exact opposite of mega-
hospital spaces: small, easy to navigate, and familiar.

St. Christopher’s Hospice not only influenced
the construction of hospices throughout the UK, but
also became a model for the development of the hospice
and palliative care movement in other countries [22].
It is from here that the development of palliative care
begins to surge in the twentieth century. First in de-
veloped countries and later spreads all over the world,
becoming one of the manifestations of humanity and
awareness of the society.

CONCLUSION AND DISCUSSION

Thus, it can be summarized that the evolution
of palliative care institutions has occurred throughout
the life of humanity, sometimes intertwined with health
care, but more often following its own path. The paths
of medical and palliative care institutions cannot be

considered synonymous, because for very long periods,
especially as the so-called efficiency of medical care de-
veloped, a fundamental distinction was made between
curable and incurable patients, not in favor of the latter.
Just as in the days of the ancient gods the dying were
left to their own devices, so in the days of “efficient”
mega-hospitals the dying were relegated to the most in-
conspicuous corners or sent home.

The evolution of palliative care was strongly influ-
enced by religious and mystical beliefs, the humanity
of society and its traditions.

The greatest contribution to the evolution of pal-
liative care and the development of medicine in general
was made by Christianity. It consisted in the creation
of caring communities, asylums, asylums, strange houses,
hospices, monasteries and others that provided individ-
ualized medical care for the sick and dying, regardless
of nationality, social status, age or severity of condition.
This eventually led to the establishment of hospitals and
palliative care facilities as we know them today.

The evolution of palliative care facilities for
the hopelessly ill has continued throughout its devel-
opment largely through the efforts of individuals and
the dictates of their human and medical duty. It is their
resilience and humanity that has allowed this present-day
part of health care not to wither away, but to open up and
prove to the world that just because a person cannot be
cured does not mean that he or she cannot be helped.
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AHHOTALUMA

BBeageHue. [pegmeT MeToooNorMyeckoro UCCnenoBaHnsi — ONMcaHue HOBOBBEAEHUS B UCCIELOBATENbCKOW MPaKTUKe
ONsi perynvpoBaHnsl cpefbl XuaHeaesTenbHocTu. NpeacTaBneHa cxema cucTemaTtusaumm CBeAEHUA U AaHHbIX, HEOOXo-
OVMbIX ONS CO304aHUsi CUCTEMbl NMOAAEPXKKU MPUHSATUSI TPagOCTPOUTENBHBIX PELLEHWUI U B3aMMOCBSI3W OCHOBHbIX rpafo-
CTPOUTENbHBIX NPOLIECCOB Ans pa3paboTkv rpafoCTPOUTENBHOMO MHPOPMAaLMOHHO-KOMMYHMKaLmoHHoro noptana (MKI),
kpatko cxema CIMP — moaudukaums u reHepaums CyLecTBYHOLMX METOAOB UCCIeOoBaHus, B TOM YUCIE CBA3aHHbIX
C CUTYaLMOHHBIMU LIEHTPaMu1, B OCHOBE KOTOPbIX Hay4Hbl€ LLIKOMbl OpraHn3auMoHHO-AeATENbHOCTHbBIX UrP, OpraHn3aLmnoH-
HOrO ynpaBreHusi 1 MeTodoNorMm paspaboTkn MHOPMALMOHHBIX CUCTEM M KOHLENTyarnbHOro aHanusa, CUCTeMOo-Mbicre-
[eATeNnbHOCTHON MEeTOAOMNOMN.

Martepuanbl 1 meTtoabl. [1poBefeHbl U3yveHne, 0600LeHne n aHanm3 obLEeMNPOBBLIX TEHAESHUMIA NPUMEHEHUS HOBbIX
LMPOBbLIX TEXHOMOTWI (B TOM YMCIe OTEYECTBEHHbIX MOPTanoB (CanToB) ANs NNaHWPOBaHWSA U CO34aHNs NPOEKTHOW A0-
KyMEHTaLuu C Lenbto rpafocTpouTENbHON TpaHcopMaL iy TEPPUTOPUN U OGBLEKTOB), BKIOYAst BO3MOXHOCTU UCKYCCTBEH-
HOro MHTENNeKTa B cchepe rpafocTponTeNbCTBA AN PEryNMPOBaHNS cpeabl XU3HeAeATENbHOCTU.

Pesynbrathbl. MpeanoxeH noptan MKl ans KOMMyHULMPOBaHNSA BCEX 3aMHTEPECOBAHHBIX YYaCTHVUKOB rpafoCcTponTesb-
Houn gesTenbHocTy (3YI) No BCem BO3MOXHBLIM TUMaM (YCNOBHO pasgeneHHbiM Ha: «Bnactb», «busHecy, «O6LwecTBoy,
«MHamBua»). HayyHyto OCHOBY Takoro KOMMYHULIMPOBAHUSI COCTaBNsAOT CHOPMUPOBAHHbIE NpeanKaTbl COOTHOLLEHMWI 3a-
Ka34MKOB rpafloCTPOUTENbHON TpaHchopMaLIMmn TEPPUTOPUN; @ TakKe TPU KBAHTOPHbIE (hOPMYIbl Ans TPUHATUS rpafoCcTpo-
UTENbHbIX PELUEHUA MO PasnNNYHbIM BUAaM rpafoCcTpouTeNbHOM TpaHcdopmaummu Tepputopun. Jlornyeckme B3ammocBsaan
Mexay Takumu popMynamu npeacTaBneHbl B BUAE NpeavkaToB: NepBbii — obLuee BbipaxeHue AN NpUHATUS rpagocTpo-
UTEMBHOIO PELUEHNsI HA TEPPUTOPUM; BTOPOM — YACTHOE BbIpaXeHWe Ans NPUHATUSI TPafoCTPOMTENBHOMO PeLLeHUst; Tpe-
TUIN — BbIPAXXEHME O CyLLLeCTBOBAHWUMN IPafi0CTPOUTENBHOTO PeLLeHWs], 4111 KOTOPOTro yYTEHbl OAMH U 6onee peneBaHTHbIX
hakTopoB kaxgoro 3YI[], OTHOCUTENBHO OAHOIO UMM HECKOMBbKMUX NMPU3HAKOB TEPPUTOPUU, Arsi KOTOPOW OCYLLECTBNSAETCS
MOUCK rPaloCTPOUTENBHOIO PELLEHUSI HA TEPPUTOPUN.

BbiBogbl. lNpeactaBneHa rmnotesa 06 onucaHum B3aumopenctsust ona 3YI[, B TOM yncne ans ynydweHus U 3awimTbl
paboTbl rpagocTpoutens B Buae cxembl CITP, KoTopas MOXET nevb B OCHOBY CO3[aHUsi NPearioKeHHOro LngpoBOro nH-
ctpymeHrTa. MMKIMT — 370 Hay4yHO 060CHOBAHHBIN NOPTan C UCMOMb30BaHNEM BO3MOXHOCTEN UCKYCCTBEHHOIO MHTENneKTa
(BeG-canT n/unu MobunbHOe NPUNOXeHUE), KOTOPbI NPeAoCTaBMT Nonb3oBaTensM AOCTYN K CreumanbHO nporpaMmMe cu-
CTEMbI NOAAEPXKKN NPUHATUS PELLEHUI C UCMOMNb30BaHNEM CKBO3HbIX LIMGPOBbLIX TEXHOMOMMI, BKMoYas Beb-kapTorpaduio,
'C n gp.

KINMOYEBBIE CJIIOBA: rpagocTpouTensCTBO, rpagoCcTpouTenbHas AesTeNbHOCTb, CKBO3Hble LMEpOBble TeXHOMornu
B rpafoCTpOUTENLCTBE, CUCTEMA NOAAEPXKKM MPUHSTUSA PELLEHN B rPafoCTPOUTENbCTBE, 3aMHTEPECOBaHHbIE Y4aCTHUKU rpa-
[ocTpoutenbHou AeatenbHocTu: «Bnactby, «busHecy, «ObLiectBoy», «HONBMAY, TPagOCTPOUTENBHBIN MHEOPMALIMOHHO-
KOMMYHMKaALIMOHHbIV MopTan, npeankatbl COOTHOLLEHWI NOnb3oBaTenen rpagocTponTeNbHbIM MHPOPMALNOHHO-KOMMYHU-
KaLMOHHBIM NMopTanoM, CXemMa CUCTeMbl NOAAEPXKKN MPUHSATUS PELLEHWUIA B TpafoCTPOUTENBCTBE, UCKYCCTBEHHbBIN MHTENNEKT

bnazodapHocmu. ABTOpbI BblpaxatoT bnarogapHocTe ampektopy LIHAWIM MuHcTpost Poccun, kaHauaaTy SKOHOMUYECKUX
Hayk [1.B. MuxeeBy; aupektopy VHCTUTyTa apxuTekTypbl U rpagoctpoutensctBa HAY MICY, 4OKTOpY UCKyCCTBOBEAEHUSI
A.10. KasapsiHy; 3aBenytolemy kadeapon rpagoctpoutensctsa HAY MICY, goktopy TexHuuyeckux Hayk H.B. JanunuHow;
3aBeyroLemMy kadeapon MHPopMaLIMOHHBIX CUCTEM, TEXHOMNOMIA U aBToMaTusaummn B ctpoutensctee HAY MICY, kaHau-
Aaty TexHnyecknx Hayk O.H. KysuHoi; aHOHUMHBIM peleH3eHTam cTaTbu. PaboTa BbinonHeHa B pamkax rocyaapCTBEeHHbIX
hbyHOaMeHTanbHbIX Hay4HbIX nccrefoBaHuii Poccuiickon Penepaumm Ha gonrocpoyHbiv nepuog, (2021-2030 rr.) B pamkax
lMnaHa dyHaameHTanbHbIX Hay4HbIX uccnegosaHuii PAACH n MuHctpos Poccun Ha 2024-2025 rr. no Teme «KoHuen-
TyarnbHble OCHOBbI NMPUMEHEHNS WCKYCCTBEHHOIO MHTEMMNeKTa B cdepe rpagocTponTenscTBa Ans perynnupoBaHns cpeabl
KN3HEOESTENbHOCTMY.
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ABSTRACT

Introduction. Scheme for systematizing information and data required to create an urban planning decision support system
and interrelating the main urban planning processes for developing an Urban Information and Communication Portal.
Materials and methods. The Scheme DSS in Urban Planning is a modified and generated version of existing research
methods. It is based on scientific schools of organizational-action games, organizational management, methodology of in-
formation systems development, and conceptual analysis, as well as system-mind-action methodology related to situation
centres.

Results. The study formed predicates of relations. The Urban Information and Communication Portal includes stakeholders
from four groups involved in urban planning activities: “Public authorities”, “Businesses”, “Communities” and “Property own-
ers”. In addition, quantifier formulas are used to make urban planning decisions for different types of territory transformation.
The logical relationships between these formulas are presented in the logic of predicates. The decision-making process for
urban planning on a specific territory is expressed in formula 1. The expression formula 2 is used to make an urban plan-
ning decision, while expression formula 3 confirms the existence of an urban planning decision. This decision takes into
account the relevant factors of each stakeholder involved in urban planning activities and considers one or more attributes
of the territory.

Conclusions. This hypothesis can serve as the foundation for developing a new digital tool, the Urban Information and
Communication Portal with access to a decision support system that employs end-to-end digital technologies such as web
mapping, GIS, and artificial intelligence.

KEYWORDS: Urban Planning and Urban Development, End-to-end digital technologies can be used in urban planning,
Decision Support System in Urban Planning, Stakeholders in urban planning decision support system and interrelating
the main urban planning processes for developing an involved in urban planning activities include “Public authorities”, “Busi-
nesses”, “Communities” and “Property owners”, Urban Information and Communication Portal, Scheme for systematizing
information and data required to create Urban planning information and communication portal, artificial intelligence
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BBEJAEHHUE ne Cnapraka HukanopoBa (paboraBiero B Hay4HO-
uccnenoBarenbckoM HHCTUTYTE [occTpost CCCP) omgna
13 TIEPBBIX MO0 CUCTEMOTEXHUKE U CHCTEMHOMY aHaITU3y
nosiBusiack kuura C. Sura [2] ans nuu, npakTHYeCcKH
3aHMMAIOLINXCS COBEPIICHCTBOBAHUEM OPTaHU3ALNU
Y YOpaBJICHUS, a TAKXKE BEIYIIUX METOJOIOTUYECKYIO
U TEOPETHYECKYI0 padOTy B 3TOI 00JacTH B mporecce
[IPUHSTHS PELLICHU.

Hpoueccm rno6ann3au1/m HCCHGZ[OBaHHﬁ, HCIIOJIb-

B 1enom 3a pyOekom HayqHO-TIPAaKTHYECKUE UC-
CIIeZI0BaHMs PA3BUTHS TEXHUUECKUX CPEJICTB U MaTeMa-
TUYECKUX METOJIOB YIPaBJICHHs IIPOLECCAMHU CO BTOPOi
NOJNOBHHBI XX B. YUUTHIBAIOT M YCIIO)KHEHNE 0OCTAaHOB-
KH, U TIOBBILICHNE TPeOOBAHNH K yNpaBICHHIO, H He-
00XOMMOCTB CO3/JJaHHUS MOIIHBIX METO/IOB TIOBBIIICHHS
3¢ (eKTUBHOCTH B IPUHSTUH PEILICHUH, U TOUCKH «IT0JI-

naTMTSILETSO: T 15. BbInyck 2 (56)

HOW 1 POBOI» MOMIETH CHCTEMBI YIIPABICHUS C BHE-
npenuem OBM u maremarnueckux mozeneil. B ote-
YEeCTBEHHOH HayKe cO BTOPOM MOJIOBHHBI XX B. ObUIH
HAYYHBIC HCCIICIOBAHUS CUCTEMHO-KHOCPHETHYECKOTO
rpagoctpoutenscta 1], a B 70-e rr. XX B. B IepeBo-

72

30BaHUE reorpapuyeckux HHHOPMALMOHHBIX CHCTEM
(F'C) n cBepxbompunx 00bemMoB nanHbIX (big data)
AQHAJIOTHYHO CPEJCTBAM MPOMBILIIICHHOTO TPOU3BOI-
CTBa ONPENEISIIOT HEOOX0IMMOCTh UX (PMHAHCUPOBA-
HUS, BBISBICHNS IPHOPUTETHBIX HANIPaBICHUH HCCIie-
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noBaHui. OTHAKO OTEYEeCTBEHHAs TPalOCTPOUTEIbHAS
HayKa I0Ka He cTaja JOCTOMHBIM 3JIEMEHTOM rocyaap-
CTBEHHOH MOJUTHUKHU JUISl IPAKTUYECKOTO COBEPIIECH-
CTBOBAHMS COLMATBHO-2KOHOMUYECKOH, IKOJIOrHYe-
CKOH, KYJIBTYPHOU U APYTHX cep OBITHSI TEXHOTCHHOU
UBUIIN3ALINH.

B nocneanue roasl NosBUIICS HOBBIM BUTOK BO3-
MOYKHOCTEH ncKyccTBeHHOro nHTemiekra (M) B paz-
BUTHH U3YUYCHHUs NIPUHSTUS PEIICHHUI C BOBJICUCHHEM
IIUPOKOTO Kpyra 3aMHTEPECOBAHHBIX YYaCTHUKOB,
B TOM 4HCJIe B cepe IrpaloCTPOUTENILCTBA JUIsl PETYITH-
POBaHUs CpeJibl )KU3HEAEATeNbHOCTH. OTMETUM JIUIIb
PSI M3MAaHUH, OKa3aBIINX HANOOIbIIIee BIUSHIE Ha HC-
cienoBaHue — KHHATH [3—5], craThu [6—15].

3auHTEepPECOBAHHBIC YUYaCTHUKHA B TPAJOCTPOH-
tenbHOM aesrensHocTH (3YT]!) ycinoBHO pasiesneHs
Ha Tunbl: «Biactey, «busnecy, «O0mecTBo», « MHIM-
Bu» [16].

Takue 3YT/] BcTynaroT Mexay co00i BO B3aMO-
JleficTBUE MpPU MEPMAHEHTHON I'PajoCTPOUTENBHON
TpaHc(hOpMAIlUA TEPPUTOPUU U OOBEKTOB Ha HEH.
B HacTosmee Bpems B cepe TpaoCTPOUTEITHHOTO pe-
TYITHPOBAHUS 3a PyOEKOM €CTh pazIHyHbIe HH(POBEIC

' B Poccun 3YTT («Bmactey, «busnecy, «O6mecTBo», «MH-
JIBUJ») IMEIOT CIISAYIONIHE HICHTH(HKAINOHHBIC TPH3HAKH
Ka>)KI0TO THUIIA 110 XapaKTePHOH AEATETbHOCTH:

1. «BrmacTe)» B COOTBETCTBUH C YCTAHOBICHHBIMHU MOJIHOMOYH-
ssmu (Konerutynust PO, denepanbublii 3akon ot 21.12.2021
Ne 414-®3 «O06 o0muX MpUHLUNAX OPTaHU3AIUU IIy-
OnuyHO# BracTu B cyObekTax Poccuiickoit denepammm»
u ot 06.10.2003 Ne 131-®3 «O6 0o0mmX NMpUHIKIIAX Opra-
HU3alMU MECTHOTO camoynpasieHusi B Poccuiickoit ®@ene-
paium») OCyIIECTBIAET IPaJOCTPOUTENHEHOE PETYITHPOBAHHUE
KaK COBOKYITHOCTb PEIICHNH, ONPEEAIOMNX eI , TPUHII-
Bl M XapaKTep TPaoCTPOUTENHHON AESTENbHOCTH, MOPATOK
ee PEeTyIUPOBaHMUS, MEPBl yCTAHOBIECHUS U 00ECHEYEHHS CO-
OJIOZEHNUS STOTO MOPSIIKA.

2. Kommepueckre n HEKOMMEPUYECKHE OpPTaHU3alHNH, OCY-
IIECTBIIAIOIINE CBOIO AEATENLHOCTh HAa TEPPUTOPHU MM OKa-
3BIBAIOIME BO3/ICHCTBHE HAa TEPPUTOPUHU U OOBEKTHI HA HEH
Kpartko, 0003HaunM «Bbu3Hec» (OT aHMI. cioBa business —
neno). busnec — 310 AeATENBHOCTH, KOTOPYIO PETTIAMEHTH-
pyet I'paxnanckuit kogexc PO, ni1st oprannzanuu u npeanpu-
ATHS PA3IUYHBIX (OPM COOCTBEHHOCTH.

3. «O011ecTBO» — pa3IUYHbIe O0IECTBEHHbIC 00bEIMHEHNS
B Cpelie JKU3HEAEATECIbHOCTH, HICHTHQUIMPYEMbIE IO HC-
M10JIb30BaHMIO MaTEePHAIBHBIX O0OBEKTOB U (WJIN) TEPPUTOPHUIA
WU BBIPAXKAOIIe NOTPEOHOCTH B HHUX; UX JAEATEIbHOCTD pe-
miamenTupyeT dexnepanbhblii 3akoH 0T 19.05.1995 Ne 82-03
«O06 001IECTBEHHBIX 00BbEAUHCHUAXY.

4. «IHauBHI» — BCe (pU3NYECKHE U IOPUANYSCKUE JINIA, 00-
JIalaolIMe IpaBaMy Ha 3€MJII0 U (MJIH) Ha OOBEKTHI B COOT-
BETCTBUU C 3eMesbHBIM KopekcoM Poccuiickoit denepanuu,
DenepanbHbIM 3ak0HOM 0T 13.07.2015 Ne 218-P3 «O rocy-
)lapCTBeHHOI\/'I perucTpanu HEABUXKUMOCTUY, UX NCATCIIb-
HOCTh CBSI3aHa ¢ OOpPETEHUEM, 3alIUTOH U TpaHchopManueit
TEPPUTOPUU U OOBEKTOB HA HEH.

MHCTPYMEHTBI, COJIEpIKAIUE OTACIbHBIE 3JIEMEHTBI
MpeJyIaraeMoro rpaioCTPOUTENEHOTO HH(OPMaIOHHO-
KoMMyHHKanronHoro noprana (I'MKIT):

¢ BeO-TuTarGopma HHHOPMAIIUK TAHHBIX> MEKIY-
HapoxHo# kommanuu Urban Interface 8 Kohn Pedersen
Fox, Scout (KPF.com) Ha ocHOBE OTKpHITOTO cOOpa UH-
(hopmMaru ¢ BO3SMOXKHOCTBIO B3aMMOJICHCTBOBATD C CO-
001IIeCTBOM;

 unctpyment CityMatrix® (CLLA), koTopsIii mo-
MOTaeT Kak Mpod)eCCHOHAIBHBIM, TaK M HEPO(eccHo-
HaJIbHBIM TOJIB30BATEIISIM JIyUIlIE TOHATH TOPOJI, YTOOBI
IPUHUMATh COBMECTHBIE 1 0OOCHOBAHHBIC PEIICHUS
(0OpaboTka M aHAIU3 KOJIMUYCCTBEHHBIX M KaueCTBCH-
HBIX JTaHHBIX) [17];

* mporpamMMHBbIi (peitmBopk FixMyStreet.com*
C OTKPBITBIM HCXOTHBIM KoztoM oT mySociety (Bemmko-
OpuTaHNS), KOTOPBIA MO3BONSIET 3aIlyCTUTh BEO-CalT
Jutsi coopa uHdopmaiyu 00 yIUYHBIX TpodiieMax 1 co-
OO0ILEHHSIX O HUX, CIOCOOEH 00padaThiBaTh pazIM4YHbIe
KapThl, BKIrouast OpenStreetMap;

* miardopma CitizenLab® 1iist BOBICYSHHS Ipak-
JlaH B pabOTy MECTHBIX OPTaHOB BIACTH B bembrum —
CHCTEMa MOJICIUPOBAHMS TOPOZIOB C OTKPBITBIM HMCXO[-
HBIM KOJIOM JUIs IIPOTHO30B ITOTEHIMATIBHBIX PE3YJIBTATOB
Pa3NUYHBIX TPAHCIIOPTHBIX WHBECTHLUH M MOJUTHUKA
3€MJICTIONb30BAHNS, aKTHBHOTO IPAXKIAHCKOTO YYaCTHs
B 3a4aCTYIO CIIOPHBIX Zie0aTax o TPaHCIIOPTHOM HH(pa-
CTPYKTYpPE MM 36MENIbHOM TOIUTHKE C HEPAaBHOMEPHBIM
pacmpenenenueM BbITo 1 3atpar [18];

+ mopran UrbanSim® ¢ npumenennem U B CILA,
[OxHoit Adpuxe, EBpornie (Opannus, r. [lapmx; [1Beit-
napusd r. Llropux) n Apyrux cTpaHax M ropojaax co-
KpalaeT BpeMs, yCHJINS U 3aTpaThl Ha TUIAHUPOBaHHE
MPOEKTOB TPAZ0CTPOUTEIBHON TpaHC(HOPMAIUH, OHO-
BPEMEHHO TOBBIIIAsl YBEPEHHOCTh B TOM, YTO OHH TIPH-
BEJlyT K JKeJIAaeMbIM pe3yJIbTaram.

ITonusix ananoros npemiaraemoro ['MKII 3a py-
0exKoM He MMeeTcs.

3HaUNMBbIE MTPOCKTHI TOPOJICKUX HU(PPOBBIX ABOMH-
HHUKOB YCIICIIHO Pa3BUBAIOTCS, HanpumMep, B CuHramy-
pe, ABcrpanmun, Hosoit 3enanauu. C 2023 1. ynpasne-
Hue Cunranypa (MAS) coBmectHo ¢ Google Cloud
3aMyCTHIIO pa3paboTKy Ha OCHOBE TI'€HEpPaTUBHO-
ro MU, opununansayto mwiathopmy s yIpaBIeHUS
Ha ypoBHe ropoja. Takas miuargopma 1o Ha3BaHHEM
Al Government Cloud Cluster (AGCC) na 6a3e «00-
JIAYHBIX» TEXHOJOTHH MCIIOIb3YyeTCs Ui pa3paboTKu
rocylapcTBeHHBIX MpoekToB B cdepe UU. Opranam
nyonu4HOM Biactu («BiacTe») M 4acTHOMY CEKTOPY
(«buznecy) OyayT HOCTYIHBI pa3HOOOpa3HbIE MOJEIN
WU st co3nanms pa3nndHbIX cepBUCOB. B wacTHOCTH,

2 URL: http://scout.build

3URL: https://www.media.mit.edu/projects/citymatrix/
overview/

*URL: https:/fixmystreet.org/

S URL: www.citizenlab.com

¢ URL: www.urbansim.com
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OZIHUM U3 MEPBBIX IJaHUpyeTcs cosznanue [ocynap-
CTBEHHBIM TeXHOJIOTHYeCKUM areHTcTBoM (GovTech)
Cunrarypa yar-00Ta, KOTOPBIA roCyJapCTBEHHbIE CITy-
JKallre CMOT'YT UCIIOJIb30BaTh ISl TIOBBIICHHS ITPOH3-
BOJMTEIEHOCTH TPY/a, KOHTPOJISL COOIIOICHNST HOpMa-
TUBHBIX TPEOOBaHMH U TIP.

IIpu sToM MHOTHE uccienoBatenu [19-27] yxe
OCO3HAIOT, YTO JTIO0BIE KapThl, B TOM YHUCJIE MU(PPOBHIE
(HEeCMOTpsl Ha OTHOCHUTEIIbHYIO KOHICTITYaJIbHYIO aBTO-
HOMHUIKO MAaTE€MaTHYCCKHUX U TCXHUYCCKHUX HOCTpOCHl/Iﬁ
U JICHCTBUI1, HEOOXOANMBIX ISl U3TOTOBJICHHST KapThI),
HU B KOEM CJIy4ae He MOTYT paccMaTpHUBaThCs KaK He-
YTO aBTOHOMHOE.

Jlro6ast kKapTa dMEpIKEHTHA, CYIIECTBEHHO HH-
CTPYMEHTaJIbHA, CUTyaTHBHA U 00J1a/1a€T 3HAUUMOCTBIO
JIMITG B TOH Mepe, B KaKOW OHa SIBJISIETCS 4acThio 00-
Jiee NIMPOKUX CHCTEM, CETeil 1 KOHTEKCTOB, B KOTOpPbIE
oHa (PyHKIMOHAJILHO BKItoueHa. Kapra npennonaraer
HE TOJIBKO M3TOTOBHUTEIIS, HO ¥ OTPEOUTENsI — TOTO,
KTO ee untaeT. [Ipuuem mpouecc npouTeHusl, BbI3bIBac-
MBI K )KH3HH pEIIeHUEM KaKOoH-IN00 KOHKPETHOU 3a-
JIa4¥, MOXKET OBITh MHTEPIPETHPOBAH KaK TBOpUYECKAs
JIOPUCOBKA HMMEIOIIENCS «HECOBEPIIEHHOM» KapThl
JI0 TOW ee HeOOXOJUMOHN IKCIUIMKAIIUH, KOTOpasi KaKk
MOKHO 00Jiee TOJIHO MOJXOAUT JJIsl PEIICHHsI TIOCTaB-
JIeHHOM 3amauu [24].

B crarbe «IlepeocMmbicnss kapTe» [25], mo MHe-
Huto Po6a Kutunna n3 MpnaHackoro HallMOHAIBLHOTO
yHuBepcutera B Meiitnyte (NUIM) n Mapruna [lo-
JUKa 13 MaHdecTepcKkoro yHuBepcuteTa Bemnnkoopu-
TaHUH, KapThl CUTYaTHUBHBI M MOPOXKIAIOTCS TPAKTH-
KaMd (TeJIEeCHBIMHU, COIMAIBHBIMM, TEXHUUYECKUMH),
a KapTorpaupoBaHue MpeacTaBisieT coboil mpouecce
HENpEepbIBHOI peTeppuToprain3aniy (3To Korua Joau
B KaKOM-JII0O MeCTe HaYMHAIOT CAMH CO3/1aBaTh KaKOi-
7100 aceKT MOMYJSIPHOI KyJIbTypBbl, OCYILECTBIISS 3TO
B KOHTEKCTE CBOEH MECTHOH KYJIBTYPHI U JIeJasi €r0 CBO-
UM COOCTBEHHBIM) C MCIIOJB30BAHUEM BCETrO CIIEKTPa
KapTorpadnIecKix MPakTHK, B TOM YHCIIE TPOdeccro-
HaJbHOHN KapTorpaduu, KOHTpKapTorpadhupoBaHuUii’,
COy4acTBYIOLIEro KaprorpadupoBanus u nephopma-
TUBHBIX® Kaprorpaduposanuii [21].

CoBpemMeHHbIe MH()OPMaMOHHO-KOMMYHHKA-
ronnsle cucteMsl (MKC) B BUjie BeO-MOPTAIOB U T€OHH-
(hopMaroHHBIE CUCTEMBI B BHIE BeO-KapTorpaduueckux
TIOPTAJIOB, B TOM 4HCIIE cosepkamux 3D-rpaduueckoe
MpeACTaBICHNE MECTHOCTH, a Takxke CIM-TexHomornu
(City Information Modeling) nus memne#t rpagoctpo-

" TIpuMepbl KOHTPKAPTUPOBAHUS BKIIFOYAIOT: TTOMBITKH pa3-
TPaHUYMTh U 3aLIUTUTH TPAAULMOHHBIC TEPPUTOPUH; KapTO-
rpadupoBanue coolIiecTB; reorpadguyeckre HHGOPMALTHOH-
HbIC CHCTEMBI C y4aCTHEM OOIIECCTBEHHOCTH.

8 Tlepdopmarue (ot cp.-Bek. nar. performo — xeiicTBo-
BaTh) — BBICKA3bIBAHNE, SKBUBAJICHTHOE JCHCTBHUIO, TOCTYII-
Ky. IlepopMaTiB BXOIUT B KOHTEKCT KM3HEHHBIX COOBITHIA,
€O3/1aBasi CUTYALHIO, BIEKYIIYIO 32 COOOM OIpeIe/ICHHbIE MO-
CIICZICTBUSL.
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HUTCJIBHOTO YIIPAaBJICHUSA, OTHOCATCA K KOMIIJICKCHOMY
croco0y (hUKcaluy MaTepruaibHOTO U HeMaTepPHUaIbHO-
ro mupa [28-30]. IToka npumenenne CIM-TexHOIOTUI
B T'PaJIOCTPOUTEIBCTBE TOJBKO HAOUpaeT 00OpPOTHI,
HO OTZEJBbHBIC TEPPUTOPHN U 0OBEKTHI Ha HUAX YKe 00pe-
71 TA(POBBIX ABOIHUKOB, YTO OYEHb CHIIBHO YITPOINa-
€T [IPOTHO3MPOBAHUE, TNIAHUPOBAHUE, IPOCKTHPOBAHKE
Ha TEPPUTOPHH.

Onnako B Poccum moka emie HeJOCTaTOYHO TPO-
paboTaHBl BO3MOKHOCTH KOMMYHUKAITHI B TPag0CTPO-
WUTEIHHOM TPOTHO3HPOBAHUH, IJIAHUPOBAHUHU H TIPO-
eKTUPOBaHHUH, KOTOPBIE OCYIIECTBISIOTCS B KOHTEKCTE
MHOXECTBa 00CTOSITENIbCTB, OXBATHIBAIOT (hesiepab-
HbIE, peTHOHAJbHbIC, MyHHIIUITAJIBHBIE M KOPIIOpa-
TUBHBIC YPOBHH YIPABJICHUS, U [P ITOM YUHUTHIBAIOT
MOJTUTUYECKIE, IKOHOMUYICCKIE, COITATILHBIC U TEXHO-
JoTHYeCcKue (PaKTOPHI, a TAK)KE UCTOPHUIECKUE U HAITHO-
HaJbHBIE 0COOEHHOCTH, TPAJOCTPOUTEIBHYIO THITONO-
TUI0 TEPPUTOPUM.

C y4eToM pa3BHUTHSI COBPEMEHHBIX CKBO3HBIX LU (]-
pobix TexHonorui (L[T) B rpanocTponTenseTBe 1 0co-
OCHHO C YYETOM CTPEMHTEIBHO PAa3BHBAFOIIUXCS BO3-
MokHOCTeN npuMmeHeHust MU npennaraercs co3ganue
T'UKII B Poccun ajis rpajoCTPOUTENBHOTO PETYIUPO-
BaHMS CPEJIbl JKU3IHEEITEILHOCTH C UCIIOJIb30BAHUEM
00paboTku cBeieHni U NaHHbIX Kak oT 3YT/] [16], Tak
M O BBISIBJICHHBIX X PEJICBAaHTHBIX (hakTopax: 1) mo ot-
HOIIICHUIO K CYIIECTBYIOMICH IpaIoCTPOUTEIBEHOMN Ccpeie
JKU3HEACSITENFHOCTH; 2) K 3ampocaM Ha TpaJoCTpOu-
TEJIFHYIO TPaHC(HOPMAIHIO TEPPUTOPHH (TI0 PASTHIHBIM
IpaloCTPOUTENIEHBIM THIIAaM TEPPUTOPUH) U 3) K IITaHH-
PYEMBIM I'Pa0CTPOUTEIBHBIM PEIICHUSIM.

Co3nanne cucTeMbl NOEPKKHU IIPHHSATHS Ipajio-
crpoutenbHbiX pemenuii (Cxemsr CIIIP) 6asupyercs
Ha HOBOM THIIE€ TIOKOJICHHUSI COBMECTHOTO PETYIHpPOBa-
HUS ¢ IPUHATHEM pPEIIeHUH Ha ocHOBe MeTpuK (GY5)
(T.e. mMoOCEeHEM B CMEHE MOKOJIEHHUI PeryJupoBaHuUs
u siemstroriiemcest mo CripaBouHuKy Beemuproro 6anka’
JIOTIOJTHEHUEM K MpeAbplaymuM nokonenusm G1-G4);
IIPY TOM KOJIMYECTBEHHBIE TIOKa3aresnu G5 onpeness-
I0TCSI C TIOMOIIBIO HHCTPYMEHTA OTCIIS)KUBAHUS HOpMa-
tuBHO-TIpaBoBoit 6a3wl B oomactu UKT (ICT Regulatory
Tracker). Taxxe B ocHOBY co3manust cxembl CIIITIP mo-
JIO)KEHBI HAKOIUIGHHBIE OTEYECTBEHHBIC U 3apyOeKHbIC
Hay4HbIC TPYABl O PEryIUPOBAHUU CPEIbI JKUZHEICS-
TEJIBHOCTH C yYETOM B3aWMOCBSI3aHHBIX (B3aWMOBIIH-
SIOIIHX) TPAJOCTPOUTEIBHBIX MIPOIECCOB Pa3pabOTKN
TPaZoCTPOUTEIBHON JOKyMEHTAINH (B TOM umcie ¢hop-
MHpPYEMBIX BIIEpBBIC B Poccun MacTep-TuIaHOB, YIHUTHI-
BaromMx BOBJIeYeHHOCTH 3YIJI, mpuMepsl KOTOPHIX

¢ KoMIUIeKCHasi MOZIENb OLIGHKH U3MEHEHHUIT aKTHBHOTO BIIH-
STHUSI TU(POBOH IKOHOMHKH B PA3THIHBIX OTPACIAX, TO3BO-
JIOMAst OTCIECKUBATh CMEHY MOKOJICHHH pEeTyTHpOBAHUS
(ot G1 mo G5) / CripaBoYHUK 1O TUPPOBOMY PEryIUpOBa-
Huto. JKenesa : MexnyHapoJHbIN COI03 AIIEKTPOCBs3H U Bee-
MupHbIi 6ank, 2020. URL: https:// www.itu.int/net4/itu-d/
irt/#/generations-of-regulation
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€cTb Ha caiTax: EquHOro MHCTUTYTa IPOCTPAHCTBEH-
soro mnaauposanus (EUIIIL.P®), lom.PD u np.) mis
Pa3IUYHBIX TPAJOCTPOUTENBHBIX TUIIOB TEPPUTOPUU.

MATEPHUAJIBI U METO/bI

Jl1g mpoBesieHus UCCIIe/I0BAHUS BBITIOJTHEHBI U3Y-
YeHue, 00001eHIe OTEUeCTBEHHBIX U 3apYOEIKHBIX BEO-
mopTanoB/Be6-caiiToB!’ (nanee I HACTOSIIEH CTaThH
TaKKe PAaBHO3HAYHO HCIIOJIb30BAHHUE TOPTAJIOB/CANTOB),
aHaJM3 OOLEMUPOBBIX TEHICHIMI TPUMEHEHHST HOBBIX
LT. TeopeTnueckyro 0OCHOBY (hOPMHPOBAHUS CXEMBI
CHUCTEMAaTH3allNH CBEJICHUN M JaHHBIX, HEOOXOIMMBIX
JUISL CO3JIaHUSI CUCTEMBI MOJICPAKKU MPUHITHS Tpasio-
CTPOUTENBHBIX PEIICHUH M B3aMMOCBSA3M OCHOBHBIX
TpaioCcTPOUTENbHEIX mpoteccoB (cxema CIIIP) mis
paspabotku 'MIKII, cocrasnstor Tpyastr K. Jlunu [31]
(OCHOBOTIONIATAIOIINMHU ABISIOTCS MATh KIFOUEBBIX
AIIEMEHTOB, KOTOPBIE OPTAHU3YIOT YEJIOBEUECKUN OIIBIT
B TOpOJax: MyTH, TPAHUIIBI, PAHOHBI, y3JIbl U OPHEH-
TupHl [32]) U uAeosora «apXUTEKTYPHOH MaIIMHBI»
(Architecture machine) — MIT Architecture Machine
Group H. Herpononre, KOTOpbI NPOBOJAUI MEPBBIE
UCCIIE/IOBaHHS Y€JI0BEKO-KOMITBIOTEPHOTO MHTEpQEii-
ca B TOPOJICKOM IPOCTPAHCTBE 4epe3 (HopMUPOBaHUE
pearupytomieit cpensl (Responsive environment) [33],
OTEYECTBEHHBIE METO/Ibl TPAJOCTPOUTENBHOTO UCCIIE-
noBaHusl (KpaTkuii 0630p KOTOpBIX ¢ Hayana 70-x TT.
XX B. mpencrasieH B pabote [34]), a Takxe TPYIBI
merononoros u3 l'occtpos CCCP I.II. llenposurko-
ro [35], C.II. Hukanoposa [36], B TOM 4uCJe O CO3-
JlAaHUM CUTYaIlMOHHBIX IIEHTPOB MPUHSTHUS PEIICHUI,
B OCHOBE KOTOPBIX HAYYHBIE IIKOJBI OPTaHU3allHOHHO-
JIeSITEJIbHOCTHBIX MI'P, OPraHU3allMOHHOTO YITPABICHHS
1 METOJIONIOTHHU pa3paboTKH HH(YOPMAIIIOHHBIX CHCTEM
1 KOHIIETITYaJIbHOTO aHaJIN3a, CHCTEMO-MBICIIECSTEIh-
HocTHOM Merononoruu [37-40], HOBbIE ele TOIbKO
(hopmupyronmecs mMoaXoAsl B HUGPOBOH KapTorpa-
(bum [24, 26], BKiIrOUAIONINE OIpeneIeHne rPagoCcTpo-
UTEIBHBIX TUTIOB TEPPUTOPHA U UX rpaHul [41].

PE3VYJIBTATHI UCCJIEJOBAHUA

Ha ocHoBe ayieMeHTapHBIX KBAaHTOPHBIX (HOPMYJ
VxP(x), 3xP(x) B McclenOBaHUHU TTOCTPOCHBI KBAHTOP-
HBIe (GOPMYIBI TSI TIPUHSITHS TPAJI0CTPOUTEITHHBIX pe-
meHui. Jlornyeckue B3aMMOCBSI3M MEXly TaKUMHU (hop-
MyJaM¥ MPEACTaBIeHBI B Joruke npeaukaros (1)—(3).

I'pagocTpoutensHOE penierne Ha Tepputopuu (1):

D(S, T, y, x), (1)

rae D — npeaukar (T.e. CBsI3Ka, OTHOIIEHHE, KOTOPOE
CYHIECTBYET B CYKJIEHUH) TPaJ0CTPOUTETHHOTO pe-
LICHHS HA TEPPUTOPUH; S — IPajOCTPOUTENIHLHOE pellie-

1" What is the Difference between Website and Web Portal.
URL: https:// www.geeksforgeeks.org/difference-website-
web-portal/?ysclid=lypv6h9870934081599

Hue; T — TeppuTopus; y — IPU3HAKU TeppuTopuu 7,
x — dakropsl Tepputopun 7.

CrnoBecHbIN cMBICT BhIpaxkeHus (1) B TOM, 4TO
TpaloCTPOUTENHLHOE PENICHUE S yUUTHIBACT MHOKECTBO
JIOTYCTUMBIX PEIIEHUH C YYETOM BCEX NMPHU3HAKOB Y
1 GaKTOPOB X TEPPUTOPHH 7.

CdhopmynupoBaHo BeipaskeHue (2) Ausi NPUHSITHS
IPaJloCTPOUTEIBHOTO PELICHHUS: «eCTh XOTsI ObI OJTHO
TpaIoCTpOUTENbHOE penteHue (S) Ha TEepPUTOPHH, JUTS
KOTOPOTO MMEET MECTO OBITh: JUISl BCEX YIACTHHKOB I'pa-
JIOCTPOUTEIHFHOTO perieHus (R(x)) YITeHBI HX peleBaHT-
HBIE (DaKTOPHI (X) B OTHOIIIEHUH OJJHOTO MJTH HECKOIBKUX
13 MHOYKECTBA MPHU3HAKOB (Y (X)) TEppUTOPUNY:

S3x(R(x) => V(Y(y) = X(y, X)), )

rae Sdx — CyIIecTByeT Takoe X, 9T0: R(X) — y4TEHBI
peneBaHTHBIE (AaKTOPBI U1 BCEX YYaCTHUKOB I'pajo-
CTPOUTENBHOTO pelIeHus x; ¥V — KBaHTOp BCeoOII-
HOCTH — YCIIOBHE, KOTOPOE€ BEPHO I BceX 0003Ha-
YEeHHBIX ( ) 3JI€MEHTOB; Y()) — OIMH WM HECKOJIBKO
U3 TIPU3HAKOB ); X(), X) — YUTEHBI pelleBaHTHEIC (pak-
TOPBI yYaCTHUKOB TPAJOCTPOUTEIBHOTO PEIICHHUS B OT-
HOIIEHUH TIPU3HAKOB ).

CrnoBecHBIN CMBICI BBIpakeHHS (2) B TOM, YTO Cy-
IIECTBYET XOTs ObI OJTHO IPaOCTPOUTEIHHOE PELICHHE
S, 111 KOTOPOTO YUYTEHBI OJMH M 00Jiee PeIeBaHTHBIX
(hakTOpOB X Ka)KAOTO yYaCTHUKA IPATOCTPONUTEITHLHOTO
pemeHus R (Ipyu TOM, 9TO TaKHMe pEJIeBAaHTHEIE (PaKTo-
PBbI OBUTH BBICKa3aHbI MHOXKECTBOM YYaCTHUKOB R Tako-
TO pEIIeHHs).

CdopmysmpoBaHo BbipaxkeHHe (3) K BEIpayKeHHIO (2):

IS(@XR(CH(REA) v R(B) v REPD Y RP) A3
A INSO))),

rae 35 — cymecTByeT Takoe S, s KOTOPOTO YUTEHBI:
Jx — peneBaHTHbIE (PAKTOPBI X JUJIsI KOHKPETHOTO CO-
o01ecTBa; R — y4aCcTHHK TPaJ0CTPOUTEIHLHOTO pellie-
Hust; R(C) — T «O0mecTBo»; R(A) — T «Briactey;
Vv — JIoTHYecKast TU3bIoHKINS, R(B) — tun «buznecy;
R(P) — tun «nguBuny; (Pl) — ropuamdecKoe JIHIIo;
(Pn) — usmueckoe TUI0; A — JOTHYECKast KOHbIOHK-
1us; 3y — OpU3HAKU Tepputopuu y; S(y) — rpajo-
CTPOUTEIILHOE penIeHue S Ha TEPPUTOPHH.

Ci10BeCHBIN CMBICI BBIpaXeHUs (3) B TOM, UTO Cy-
IIECTBYET I'PAJOCTPOUTENBHOE PELIeHHE S, T KOTOPO-
TO YUYTEHBI OJUH WJIN OOJiee PEIEBAHTHBIX (HaKTOPOB X
Ka)KJIOTO YYaCTHHUKA I'PaJIOCTPOUTEIBHOTO pelleHus R,
OTHOCHTEJIHHO OJHOTO MM HECKOJBKUX IPU3HAKOB
TEPPUTOPHH y, JUI KOTOPOU OCYILECTBISIETCS MOUCK
TPaJoCTPONUTENFHOTO peIIeHNs S Ha TEPPUTOPUH KOH-
KpeTHBIM coobmectBoM «O6mectBo» (C). [Ipu aTom
perneBaHTHBIE (PAKTOPHI OBUTH BBICKA3aHBI MHOKECTBOM
YYaCTHHKOB R TPafioCTPOUTEIBHOTO PEUICHHS 110 IPyII-
[aM C y4eTOM 3aJIaHHBIX TPU3HAKOB UX 00bEJANHEHUSI:
«Bnacte» (4), «busnecy (B), «uauBugy (P) — oH xe
MpaBoO00OIaAaTeNb TEPPUTOPHN/00BEKTa HEABIKUMOCTH
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nayEeTMTSNLCTES: 10 15, BbINYCK 2 (56)

H.A. Camoltinoea, N.B. MockaneHko

Ha Hell, rne « HauBI (P) MOXKET OBITh KaK I0pUanye-
ckuM ynoM Pl «Bnacteio» (A4) mim «buznecom» (B),
TaK ¥ (GU3MIECKUM JIMIIOM Pr, OTHOCUTEIBHO OJHOTO
WJIN HECKOJIBKUX TPU3HAKOB TEPPUTOPUH Y, ISl KOTO-
POH OCYILIECTBIISIETCSI TOUCK I'PaIOCTPOUTEIHLHOTO pe-
HIeHHs S Ha TEPPUTOPHH.

Takue BeIpaXXeHHs! MOMOTaT (HOPMATN30BATH
YCJIOBHSI MIPUHSTHS IPaJOCTPOUTEIBHBIX PELICHHI,
YUHUTHIBast GakTOPHl ¥ NMPU3HAKU, HEOOXOANMBIE IS
OTIpEe/ICIICHHS BapHUaHTa ISl TEPPUTOPHN B KOHKPETHBIX
YCIIOBUSIX U CJIOXKHBIIEHCS HCTOPUYECKU CUTYallHH.

B ocnoge cozganust 'UKII atu popmynel, a Takxe
TPagoCTPOUTEIBHBIC THITBI TEPPUTOPUH; BHJIBI OOBCK-
TOB CTPOUTEIHCTBA U HHKCHEPHOH MH(PACTPYKTYPHI;
THUIIBI TPAIOCTPOUTENBHBIX TPAHC(HOPMAIUI TEPPUTO-
puu (5 tuno); Tunsl 3YI/1: «Bmactey», «O0mecTBO»,
«buznecy, «IHANBUA»; BBHIABICHHBIC PEJICBAaHTHBIC
(axropsl 1ist pasabix 3YT]I B iporpamme!! u ee maHu-
pyeMoii MoJIepHHU3aINH, C YI€TOM OLCHKH 10 YPOBHIO
TIOJTHOMOYHH (COOTBETCTBHE, HECOOTBETCTBHE).

! TIporpamma 1yist 9BM RU Ne 2019667346. 2019.

CdopmupoBana cxema cucTeMaTH3alUl CBeJie-
HUW W NaHHBIX, TPeOYEeMBIX JJIS CO3MaHUS CHCTEMBI
MOICPIKKU TIPUHSITHS TPAJI0CTPOUTEIBHBIX PEIICHUN
W B3aMMOCBSI3M OCHOBHBIX I'Pa/IOCTPOUTEIBHBIX PO-
recco aist pazpaborku ['MKII, B koTOpO#i BBIACICHBI
W CHCTEMaTHU3MPOBAHBI B JBYX OJOKaX B3aWMOCBS3U
OCHOBHBIX I'PaJ0CTPOUTEIBHBIX IIPOIECCOB (PUCYHOK).

bnox 1 «Mnentndukanus oobexra 7 » BKIOYaET
YeThIpE MOCICI0BATEIBHBIX Mpoliecca: 1) uaeHTnuka-
U THIIa TEPPUTOPHUH; 2) UACHTUPHUKAINAS TUHAMAYC-
CKHX M3MCHCHUH Ha TePPUTOPHUH; 3) UACHTU(DHUKAIHS
YAOBIETBOPEHHOCTH T10JIb30BaTENCH Cpeibl; 4) BhIsBIIC-
HHe U uaeHTuuKanus peaeBaHTHbIX haktopos 3V

Bbrnok 2 «aerTnukanis mpu3HaKkoB T) » BKJIIOYA-
€T TPH MOCIICIOBATENBHBIX Iporiecca: 1) KOHKypC mpea-
JIOXKEHUH OT TpajlocTpouTenei; 2) onpeneieHne Kpyra
3VT/l; 3) cpaBHEHHE HECKOJIBKUX BApUAHTOB TPajo-
CTPOUTEIBHOH TpaHChOopMaK TEPPUTOPHH.

Haganom nevicteuit B cxeme CIITIP sBistercs 3a-
sIBKa Ha IpajIoCTPOUTEIBHYIO TPaHC(HOPMALIUIO TEPPH-
TOpUH OT JHIa, MpuHuMatomero pemenue (JIIIP) (ato
MOJKET OBITHh B JIOTHKE TpeauKaToB iro6oit u3 3YI/:

(" 3asexana 2Paoocmpoumenbiyio
mpancgopmayuio meppumopuu
\_ om JIIIP (B, b, O, 1)

epadocmpoumenvrozo nomenyuana noryuaem JIIIP (B, B, O, 1) )

~

Tpomesicymounviti omeem na 3a56Ky 0 2padocmpoumensHoll
mpancghopmayuu meppumopuu 6 6Ude 8bisA61EHHO20

brnok 1: npenrudukanus oobexra TX

r-———-"""—"=—"="="="—"="—"=-"=—-=-= l
I TIpouecce 2:

|
| |
| MlIeHTl/lq)l/lKal.ll/lﬂ JUHAMHYCCKUX |

: YUMBIM BDEMEHHBIM NEPUOOAM

I
|
| 0151 npunsimust pewienusi JIIIP) |

5
E T T S — 4
o
o=l
<

=

r-—"-"-"""""""-"="-"=—-—"=-"=-"=—="=-= al
IIpouecc 1:
HIeHTHPUKAINS THIA
TeppUTOpUH

(mekcm, epagpuxa, ayouo, eudeo)

(no oxeamy meppumopuu
071 onpeodeneHus yposHs
npunsimus pewerusi JI[TP)

HOMHWHATHUBHBIC, METPUYCCKUEC, PAHTOBBIC

| I3MeHeHHIi Ha TePPUTOPHH (110 3Ha-————————>1

r-——"""""-"="="="="="—"=""==-= l
I TIpouecc 3: |
| upeHTHPUKAINA |

! ynosaersopennoctu : =

| ToJb30BaTeel cpeabl | = 5

| (no oxeamy oceoennoi | £ =

I meppumopuu) I E &

L o __ a Lo

=

=
S
&

=B

o<

o=

F——— === == = = = = = = = bl ==

I ITpouecc 4: | 85

| MaeHTH(UKAIMS pesieBAHTHBIX | =53

: daxropos 3VI]] : =
, (sanpocos |
| HA 2padocmpoumensHyto |
| mpanchopmayuro meppumopuu)l
/ ————— 7‘ -——=- T\‘ —4

,_ﬁae_cc_T_____A_/_ ______ B P —— = SN R o _N_______ R
! cg)a;llenné HeCKOJILKHX BAPHAHTOB ! ! Tporece 6: ! : Ipouecc 5: . :
! rpagocrpouTtennnoii Tpancopmamumn | | onpenenenne kpyra 3VIJ| ! | KOHRYPC NPELIORCHUM
[ eppHTOpHH | | (01151 coenacosanus 6apuanmos | 0T rpajiocTpouTeiei |
! (no munumusayuu Kongukmuoi ! I gpadocmpoumensrot ! 1 (woes/konyenyus: |
U cumyanuu: yoosiemeopeniio | | mpancghopmayuu X meppumopuu | | HeCKONbKO 6apUanmos |
| perceanmibix paxmopos 3VIJ]) I | ¢ yuemom ee muna) | I ona X meppumopuu) |
L T D —_— — [y —_——— — L e e e e e e e e e e = = - J S I U U R 4

brok 2: npeHTHGUKALHS IPU3HAKOB TJ )

Bapuanmet 015 npuxsamus pewieruil
JIIIP (B, b, O, H) ona X meppumopuu

Ipunamue pewtenus ynonnomouennvix JIITP

(opopmnenue peuwerus opeanom nYOIUYHOU 61ACU:

0 N0020MOsKe 2padoCmpoOUmenbHoll OOKYMEHMAayuu/o HeCeHUU
usMeHeHUll 6 2padoCmpoUmentHylo OOKyMeHmayuio)

CxeMa cuCTeMaTH3aluy CBEICHUI U TaHHBIX, HCOOXOIMMBIX ISl CO3IAHMS CHCTEMBI TIOAICPIKKU MPHHSATHS IPaI0CTPOUTENb-

HBIX PEIICHHH U B3aNMOCBSI3M OCHOBHBIX TPAOCTPOUTEIBHBIX TPOIECCOB AT pa3pabOTKH IPaioCTPOUTETHHOTO HHPOPMAITH-

OHHO-KOMMYHHKaIImoHHOTO opTaina (cxema CIIIIP), H.A. Camoiinosa
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C. 71-89

«Bnacte», «O6mmectBo», «busnecy, «UHAMBUIY).
C HCIoIB30BaHNEM COBPEMEHHBIX ITU(PPOBBIX CPEICTB
MIPOU3BOUTCSI 00pab0TKa HOMHUHATUBHBIX, METpUYC-
CKUX Y PaHTOBBIX AaHHBIX (TpaMueCcKHX, B TOM YHCIIe
TUTAaHOB, KapT, KAPTOCXEM H T.II.; TEKCTOBBIX; YHUCIIOBBIX;
3BYKOBBIX U BHJICOAAHHBIX), PE3yIbTaTOM I'€HEPATHB-
HOW 00pabOTKH KOTOPBIX B OJI0KE 1 SIBIISICTCS BBISIBIICH-
HBIM IPaIOCTPOUTENBHBIN TOTEHIHAT X TEPPUTOPHUH.

3aBeplIeHNeM ITociIe MPOXOKAeHHs OJloka 2 B cXe-
Mme CIIIIP cranu BapuaHTHI ISl IPUHATHS PEIICHUN
JITTP mnst X Ttepputopun (JIIIP MokeT OBITH B JTOTHKE
npeaukaros oo w3 3YI: «Bractey, «O0mecTBOY,
«buznecy, «<MHauBUDY).

IIpu Heobxonumoctu B cxeme ot JIITP «Ob6me-
CTBO» MOXKET BBICTYNATh TOJIBKO JETUTUMHBINA OpraH,
MPEJCTABIISIIOIINN HHTEPEChl KOHKPETHOrO cooOIie-
CTBa B JAaHHOM HCTOPHUIECKOM KOHTEKCTE, a TIPHHIMA-
€T pelleH’e O MOATOTOBKE IPajloCTPOUTENBHOM T0KY-
MEHTAllUU UJIM O BHECCCHUU U3MEHEHUH B HEE TOJBKO
OpraH MyOJUYHOH BIaCTH B COOTBETCTBHH C YPOBHEM
YCTAHOBJICHHBIX MOJHOMOYMH (IPHUHATHE PEIICHUs
ynosHoMoueHHbIM JIIIP «Bnacte», a B OoTleNbHBIX
CiIy4asiX, yCTaHOBJIEHHBIX B HOpMaTUBHbIX akTax, JIIIP
«buszHecy).

SAKJIIOYUEHHUE U OBCYXAEHUE

ABTOPBI TTOJIATAIOT, YTO MPEATIOKEHUE O CO3TAHNN
T'UKII naiigeT 1OCTOMHOE MECTO B OTEYECTBEHHON CHU-
cTeMe MOAJIEPIKKU MPUHSITHS IPaloCTPOUTETBHBIX pe-
LIEHUH.

B macTosimee BpemMs BO MHOTHX cyOBbekTax PO
MMEIOTCS pa3Hble MOPTaJbl TUMA: KAKTUBHBIM Irpaxk-
JTAaHWH» — CHUCTEMa 3JIEKTPOHHBIX ONPOCOB MPABH-
TerbcTBa MockBHI; «JloOponeny, «Pemaem mpoOieMsr
BMECTE» — HHTEPHET-NOPTAJIbI MpaBUTEIbCTBA Mo-
CKOBCKOM 00JIaCTH, B TOM YHCJIe KOCBEHHO 3aTparuBa-
0TI B3aMMOCBSI3M YYACTHUKOB MPOQECCHOHATHFHON
JICSITEIILHOCTH B I'PaZ0CTPOUTEIBCTBE. DTH MOPTAIbI/
CalTHl MOAJEpKUBAIOTCS TakuM TuUnoM 3YT/] kak
«Brnactby.

T'MKII — »TO HOBBIIf HHCTPYMEHT B3aUMOJEH-
ctBus s 3YI/], B TOM 4mCie ¢ eNpl0 YIydIIeHNs
1 3aIIUTHI pa0OTHI TPAOCTPOUTENA. [ pamocTponTens
B pesynbrare BHenpenus ['MKII nonyunr nudposoit
HHCTPYMEHT PabOTHI HE TOJIBKO C OpraHaMU BIACTH
(B HacTOsIIEe BpPEMsI TPAIOCTPOUTEIIO 3aKa3bl JICTH-
TUMHO BO3MOXKHO MOJYUUTh Ha caifte «[oc3akynkmy),
a C Pa3NUYHBIMH TTOJIB30BATEIISIMHI 10 TPYIIIIaM, BKIIO-
yas «Bmactey.

B Poccuu eme oueHb Mano NpUMEpPOB TaKUX
AJIIEKTPOHHBIX TI01A0K. [I[puMepom oHOM U3 TOJIBKO
HAYMHAOIIEH CBOE Pa3BUTHE IEKTPOHHBIX TUIOIIAT0K
JUIsL IPOEKTUPOBIIUKOB U CTPOUTENEH SABISETCS CalT
komnanuu «MHKOU»'2, Ha KOTOPOM KasK/IbIi KeNaro-

12 URL: https://inkoch.ru

IIMHA MOXKET 3apETUCTPUPOBATHCS U pa3MeEIaTh yxkKe Io-
TOBBIE TIPOEKTHI MJIM OpaTh 3aKa3bl. ITO KaK Pa3HOBH/I-
HOCTbH CITCIIHATH3UPOBAHHON B cpepe CTPOUTEIHCTBA
KpayadanamaTroBoil wiargopmer. Kpayndbanauar —
CIOCO0 MOJy4eHHs1 IeHeT [y1si (PUHAHCUPOBAHHS ITPOEK-
TOB M OM3HECA, KOTOPBIN II03BOJISIET aBTOPaM MPOEKTOB
coOMpark IEHBIH ¢ OONBIIOTO KOJINYECTBA JIFOIeH uepes
oHnaitH-TuIaTdopMel. KpayndaHauHT damie BCero mc-
TMOJIB3YETCsI CTapTallaMy MM PacTyIuM OU3HECOM Kak
Croco0 JI0CTyIIa K ajlbTepHaTUBHBIM (oHaM. B ocHOB-
HOM 3TO MHHOBAIIMOHHBIH CII0CO0 MOUCKA UCTOUHUKOB
(hmHAHCHPOBAHUS /7S HOBBIX MIPOEKTOB, IPEATIPHATHN
i uaei. B Poccun nomysisipabie miarhopMbl 71 Kpay/-
(anmunra’® — Boomstarter, Planeta.ru, BJleno, oqxako
OHH MIPUMEHSIIOTCSI B OCHOBHOM TakuMu tunamu 3YT]I,
kak «busnec» u «OO0IIECTBO», M TPAKTHYECKH HE HIC-
MONB3yIoTCs «BmacTeion. JTa cuTyalnus aHaJIOTHYHA
n s «MTHKOYy.

B Tabnuue npencraBiieHO CpaBHEHNE OTEUECTBEH-
HBIX [TOPTAJIOB/CalTOB (B TOM YHCIIE IT0 BCEM CMEKHBIM
6a3aM ITaHHBIX, K KOTOPBIM HMEETCS TOCTYI Yepe3 3Th
pecypenl) ¢ npeanaraembiM [ KII. A nmMeHHO TipuBe-
JICHO CpaBHEHHUE TIOPTAJIOB/CaliTOB MO IapaMeTpaM aHa-
JU3a JaHHBIX C MCIIOJIb30BAHHEM BO3MOXKHOCTEH IS
TUTAHUPOBAHMS U CO3/IaHUS TPOCKTHON TOKYMEHTAINN
JUIsl TPAJIOCTPOUTENBHON TpaHchopMaIK TEPPUTOPHH
1 00BEKTOB Ha HEil.

B npeanaraemom I'MKII nns Bcex monb3oBare-
Jelt mIaHupyeTcss 00ecIednTh MOUCK KOMIIPOMHCCA
Ha MPEeANPOEKTHOMN CcTaauu MpopaboTKH IpagoCcTpOu-
TEJIBHOTO TIPOEKTAa, YTO CHUMET KOH(IIMKTHYIO COLH-
AJBHYIO HATIPSHKCHHOCTH HAa pAHHEH CTajuu, HE JOITy-
CKas HeTaTUBHBIX (PMHAHCOBBIX MOCJEICTBUU, ITyTEM
OpraHM3alMy BOBJICYCHHOCTH pa3HbIX 3YI ]l mo rpym-
mam: «Biactey, «busnecy, «O0mecTBo», «HAUBH I
B IPUHATHE PEIICHHS (IOCTHIKECHHUE KOMIIPOMUCCA)
0 BBIOOPY T'PaZOCTPOHUTEIHHOTO BapHaHTa TpaHC-
(dhopmalnuK TEPPUTOPUN B OHJIAWH-PEKHME C YUETOM
HEOOXOIUMBIX PETJIAMEHTOB B3aUMOJICHCTBHS U yCTa-
HABJIMBA€MBIX YPOBHEH JOCTyIa K Pa3IUYHBIM BUAAM
nHpopMalun. Bee yeTpIpe rpymnimsl moas30BaTeneii Mo-
T'YT BBICTYTIaTh B POJIM 3aKAa3YUKOB IPaI0CTPOUTENEHON
TpaHc(hOopMaUU TEPPUTOPUHU W/WIIM COYy4aCTBOBATH
B KOHKPETHBIX IIPOCKTAX HA MPEAIPOCKTHON CTa TN UX
npopabotkn. @yaxmmornposanue I MKII mo Tumy kpa-
yadaHIMHTa MOXKET OBITh CIIOCOOOM CO3/IaHuUsI Ipajio-
CTPOUTENBHOTO COOOIIECTBA KaK JJIsl KOHKPETHOTO 00b-
€KTa, TaK ¥ [T Pa3IMYHBIX TUIIOB TEPPUTOPUH (HICH-
TU(UKAIAS KOTOPBIX MPOU3BOIUTCS Ha HAyYHOW OCHO-
BE, 2 HE PaHJIOMHO).

Hcnonb3yst BOSMOKHOCTH UJICHTH(MKALIMN Ha TT0p-
Taje MOXKHO OyIeT IOyYUTh TTOJIC3HYI0 HH(OPMAIIHIO

3 TOTII-10 mardopm s kpayadanaunra — 2023. URL:
https://marketing-tech.ru/online-services_tags/crowdfunding/
?ysclid=lp6k6z673v307547034.
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DopmupoBaHUe rpapo0CTPOUTEABHOIO MHGOPMAaLMOHHO-KOMMYHUKaLIMOHHOIO noptasa

C. 71-89

0 pBIHKE Tpy/a B cpepe rpaiocTpoUTeIbCTBA, €r0 yuacT-
HHKAaX, TOCTYT K HOBBIM KITHEHTaM, Y3HaTh MOTPEOHOCTH
peanbHBIX MOTpeOuTeNel rPaloCTPOUTEIIBHON CPEIbI
1 MX 3aIPOCHI Ha TPAZOCTPOUTENBHBIE TPaHC(HOPMAIIH
teppuropun 1 Kpyr 3YT/] ams npearnpoekTHO# mpopa-
OOTKH TPaIOCTPOUTEITFHOTO TIPOCKTA.

TakuMU BO3MOKHOCTSIMU JIAITh YaCTUIHO 00Ja-
JIAI0T 3apyOexKHbIe MUPPOBBIC HHCTPYMEHTBI MEXTy-
Hapoanoit komnaunu KPF.com, UrbanSim u CityMat-
rix (CIHA), FixMyStreet.com (Benukoopuranus), Citi-
zenLab (benbrust).

Takum oOpas3om, mnpeaiaraemas uatdopma
I'MKIT — 310 BeO-CaliT, KOTOPBII TO3BOJIAT B3aUMOJICH-
CTBOBATh OTe4eCcTBeHHBIM 3Y ]I, BKITFOUas HHBECTOPOB
1 COOpIIMKOB CPEeICTB Ha (pMHAHCHPOBAHUE TIPOEKTA,
MTOCPETHUKOB ISl HAXOXKICHNS KIIMEHTOB 3aKa3dnKaMH,
B TOM YHCIIE CaMOe TJIaBHOE — TPO(HECCHOHATBHBIX UC-

MIOJTHUTEIIEH TIpoeKTa (TpaxocTtpouTeneii). BosmokHoM
nepcrektuBor passutust ['MKII Gyner ero nuTerpa-
IUsI B JISTUTUMHBIC [IU(PPOBbIE HHCTPYMEHTHI (HATIPH-
mep, B TMC OIJT MockBbl'* 'S uau B HallMOHATBHBIN
«Crpoiikomrurekc.POy), aganrarws u pacipocTpaHEeHHEe
B 3aMHTEPECOBAHHBIX CTPaHaX, TaK KaKk HU(PPOBU3AIINS
B TPAJOCTPOUTENBHON JIESITENLHOCTH SIBIISIETCSI MEKY-
HapOJHOH 1 BOCTPEOOBAHHOM.

14 Ha koHKypc M3pa MOCKBbI CPE/Ii HHHOBAIIMOHHBIX IPOECKTOB
JULSL JTYYIINX HpeNpUHUMATeNeH, ydeHbIX 1 n3o0perareneii
Mocksbl «HoBatop MockBbI» 1o HarpaBiaeHHi0 «O01IecTBeH-
HbIe TIPOEKTHI (HOBAaTOPCKUE pPellIeHus B cepe KpeaTHBHBIX
TEXHONIOTHit)» B HOMUHanUK «IIpoekT Oymyero (uaes/paspa-
00TKa MPOTOTHIIA)» MPECTABICH MPOEKT «I pazocTpouTenbHbIH
nH(popMaroHHO-KoMMyHHKarmonHsIi noprai (TUKIT)». URL:
https://i.moscow/novator

1S URL: https://gisogd.mos.ru/
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INTRODUCTION

In general, abroad scientific and practical studies
of the development of technical means and mathemati-
cal methods of process control since the second half
of the XX century take into account both the increasing
complexity of the situation, and the increasing require-
ments for management, and the need to create Authori-
tyful methods to improve efficiency in decision-making,
and the search for a “full digital” model of the control
system with the introduction of computers and mathe-
matical models. In domestic science since the second half
of XX century there were scientific researches of system-
cybernetic urban planning [1], and in the 70s of XX
century in translation Spartak Nikanorov (who worked
in the research institute of Gosstroy of the USSR) one
of the first on system engineering and system analysis
appeared the book by S. Young [2] for persons practically
engaged in improving organization and management, as
well as leading methodological and theoretical work in
this area in the decision-making process.

The processes of globalization of research, the use
of geographic information systems (GIS) and ultra-large
volumes of data (big data) similar to the means of in-
dustrial production determine the need for their funding,
identification of priority research areas. However, domes-
tic urban planning science has not yet become a worthy
element of public policy for the practical improvement
of socio-economic, environmental, cultural and other
spheres of existence of technogenic civilization.

In recent years, a new round of artificial intelli-
gence (Al) capabilities has appeared in the development
of the study of decision-making involving a wide range
of stakeholders, including in the field of urban planning
to regulate the living environment. Let us only men-
tion a number of publications that have had the greatest
impact on the research — books [3-5], papers [6—15].

Stakeholders in urban development (SUD') are
conditionally divided into types: “Authority”, “Busi-
ness”, “Society”, “Property owners” [16].

Such SUD interact with each other during the per-
manent urban development transformation of the terri-
tory and objects on it. Currently, in the field of urban

! In Russia, the SUD (“Authority”, “Business”, “Society”,
“Property owners”) have the following identification features
of each type by characteristic activity:

1. “Authority” in accordance with the established authori-
ties (the Constitution of the Russian Federation, Federal Law
No. 414-FZ of 21.12.2021 “General Principles of Organiza-
tion of Public Authority in the Constituent Entities of the Rus-
sian Federation” and No. 131-FZ of 06.10.2003 “General
Principles of Organization of Local Self-Government in
the Russian Federation”) implements urban planning regula-
tion as a set of decisions defining the goals, principles and
nature of urban planning activities, the order of its regulation,
measures to establish and ensure compliance with this order.
2. Commercial and non-commercial organizations that op-
erate on the territory or have an impact on the territory and
objects on it shall be briefly referred to as “Business” (from
the English word business — business). Business is an activ-
ity regulated by the Civil Code of the Russian Federation for
organizations and enterprises of various forms of ownership.
3. “Society” — various public associations in the environment
of life, identified by the use of material objects and (or) ter-
ritories or expressing needs in them; their activities are regu-
lated by the Federal Law of 19.05.1995 No. 82-FZ “On Public
Associations”.

4. “Property owners” — all individuals and legal entities with
rights to land and (or) objects in accordance with the Land
Code of the Russian Federation, Federal Law No. 218-FZ
“State Registration of Real Estate” dated 13.07.2015; their
activities are related to the acquisition, protection and trans-
formation of the territory and objects on it.
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planning regulation abroad there are various digital
tools that contain some elements of the proposed urban
information and communication portal (UICP):

* The web-based data information platform?
of the international company Urban Interface at Kohn
Pedersen Fox, Scout (KPF.com) based on open infor-
mation collection with the possibility to interact with
the community;

* CityMatrix tool® (USA), which helps both profes-
sional and non-professional users to better understand
the city in order to make collaborative and informed de-
cisions (processing and analyzing quantitative and quali-
tative data) [17];

 FixMyStreet.com* open source software frame-
work from mySociety (UK), which enables the launch
of a website to collect and report on street problems,
capable of processing various maps including Open-
StreetMap;

* CitizenLab® platform for citizen engagement in
local government in Belgium — an open source urban
modelling system for predicting the potential outcomes
of different transport investments and land use policies,
active citizen participation in often contentious debates
about transport infrastructure or land policies with un-
equal distribution of benefits and costs [18];

* UrbanSim® portal using Al in the US, South
Africa, Europe (France, Paris; Switzerland, Zurich)
and other countries and cities reduces the time, effort
and cost of planning urban transformation projects
while increasing confidence that they will lead to de-
sired outcomes.

There are no complete analogues of the proposed
UICP abroad.

Significant urban digital twin projects are being
successfully developed, for example, in Singapore,
Australia, and New Zealand. Since 2023, the Singapore
Metropolitan Administration of Singapore (MAS), to-
gether with Google Cloud, has launched a generative
Al-based development, a formal platform for city-level
governance. Such a cloud-based platform called Al
Government Cloud Cluster (AGCC) is used to develop
government Al projects. Public authorities (“Authori-
ty”’) and the private sector (“Business”) will have access
to a variety of Al models to create various services. In
particular, the Government Technology Agency (Gov-
Tech) of Singapore is one of the first to create a chatbot
that government employees can use to improve produc-
tivity, monitor compliance, etc., and many researchers
[19-27] have suggested that Al can be used to improve
productivity, monitor compliance, and so on.

2 URL: http://scout.build

3 URL: https://www.media.mit.edu/projects/citymatrix/over-
view/

4 URL: https://fixmystreet.org/

S URL: www.citizenlab.com

® URL: www.urbansim.com
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At the same time, many researchers [19-27] al-
ready realize that any maps, including digital maps (de-
spite the relative conceptual autonomy of mathematical
and technical constructions and actions necessary for
map production), can by no means be considered as
something autonomous.

Any map is emergent, essentially instrumental, situ-
ational and meaningful only to the extent that it is part
of the wider systems, networks and contexts in which
it is functionally embedded. The map presupposes not
only a maker but also a consumer — someone who
reads it. Moreover, the process of reading, triggered by
the solution of a particular problem, can be interpreted as
a creative refinement of the existing “imperfect” map to
the necessary explication of it, which is as fully as pos-
sible suitable for the solution of the task at hand [24].

In the paper “Rethinking maps””® [25], accord-
ing to Rob Kitchin of Ireland's National University
of Maynooth (NUIM) and Martin Dodge of the Uni-
versity of Manchester in the UK, maps are situational
and generated by practices (corporeal, social, tech-
nical), and mapping is a process of continuous reter-
ritorialization (this is when people in a place begin to
create an aspect of popular culture themselves, doing
so in the context of their local culture and making it
their own) using the full range of cartographic prac-
tices, including the use of web-based mapping systems
and geographic information systems in the form of web
portals and web-based mapping portals, including 3D
mapping portals.

Modern information and communication systems
(ICS) in the form of web portals and geoinformation
systems in the form of web-mapping portals, including
those containing 3D-graphic representation of the ter-
rain, as well as CIM-technologies (City Information
Modelling) for the purposes of urban planning man-
agement, refer to a complex way of fixing the tangible
and intangible world [28-30]. So far, the application
of CIM-technology in urban planning is only gaining
momentum, but some territories and objects on them
have already acquired digital twins, which greatly sim-
plifies forecasting, planning and design in the territory.

However, Russia has not yet sufficiently developed
the possibilities of communications in urban planning
forecasting, planning and design, which are carried out
in the context of multiple circumstances, cover federal,
regional, municipal and corporate levels of manage-
ment, and at the same time take into account political,
economic, social and technological factors, as well as

" Examples of counter-mapping include: attempts to delineate
and protect traditional territories; community mapping; par-
ticipatory geographic information systems.

8 Performative (from the Middle Ages Latin performo — to act)
is a statement equivalent to an action or deed. A performative is
a statement that is equivalent to an action or deed. It enters into
the context of life events, creating a situation that entails certain
consequences.
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historical and national peculiarities and urban typology
of territories.

Taking into account the development of modern
end-to-end digital technologies (DT) in urban planning,
and especially taking into account the rapidly devel-
oping possibilities of Al application, it is proposed to
create a UICP in Russia for urban planning regulation
of the living environment using the processing of infor-
mation and data both from the SUD [16] and on their
identified relevant factors: 1) in relation to the existing
urban planning living environment; 2) to the requests
for urban transformation of the territory (for different
urban planning types of the territory) and 3) to the ur-
ban planning and development of the territory.

Creation of the urban planning decision sup-
port system (DSS Scheme) is based on a new type
of co-regulation generation with decision-making based
on metrics (G5) (i.e. the last in the change of genera-
tions of regulation and being according to the World
Bank Handbook® an addition to the previous genera-
tions G1-G4); in this case, the quantitative indicators
of G5 are determined using the ICT Regulatory Tracker
tool. The DSS scheme is also based on the accumulated
domestic and foreign scientific works on the regulation
of the living environment taking into account the inter-
connected (mutually influencing) urban planning pro-
cesses of developing urban planning documentation (in-
cluding masterplans formed for the first time in Russia,
taking into account the involvement of SUD, examples
of which are available on the websites: Unified Institute
of Spatial Planning (EIPP.RF), Dom.RF, etc.) for differ-
ent urban planning types of the territory.

MATERIALS AND METHODS

To conduct the research, the study, generalization
of domestic and foreign web portals/websites!' (herein-
after for this paper also equals the use of portals/sites),
analysis of global trends in the application of new DT
were carried out. The theoretical basis for the forma-
tion of the scheme of systematization of information
and data necessary for the creation of the urban plan-
ning decision support system and the interrelation
of the main urban planning processes (DSS scheme) for
the development of UICP is formed by the works of
C. Lynch [31] (the fundamental are five key elements
that organize human experience in cities: paths, bound-
aries, districts, nodes and landmarks [32]) and the ideol-

® A comprehensive model for assessing changes in the active
influence of the digital economy across industries to track reg-
ulatory generational change (G1 to G5). Handbook on Digital
Regulation. Geneva, International Telecommunication Union
and the World Bank, 2020. URL: https:// www.itu.int/net4/
itu-d/irt/#/generations-of-regulation

' What is the Difference between Website and Web Portal.
URL: https:// www.geeksforgeeks.org/difference-website-
web-portal/?ysclid=lypv6h9870934081599

ogist of the “architecture machine” — MIT Architecture
Machine Group N. Negroponte, who conducted the first
studies of human-computer interaction in the field of ur-
ban planning.

RESEARCH RESULTS

Based on elementary quantified formulas VxP(x),
3xP(x) the study constructs quantified formulas for urban
planning decisions. The logical relationships between
such formulas are represented in predicate logic (1)—(3).

The urban planning decision in the area (1):

D(S, T, y, x), ()

where D is a predicate (i.e., a conjunction, a relation
that exists in a judgement) of an urban planning deci-
sion on the territory; S is an urban planning decision;
T is a territory; y is attributes of the territory T x is fac-
tors of the territory 7.

The verbal meaning of expression (1) is that
the town-planning decision S considers the set of admis-
sible solutions taking into account all attributes y and fac-
tors x of the territory 7.

Expression (2) for an urban planning decision is
formulated: “there is at least one urban planning de-
cision (S) in the territory for which it takes place: for
all participants in the urban planning decision (R(x))
their relevant factors (x) with respect to one or more
of the set of attributes (¥(x)) of the territory are taken
into account”:

SAx(R(x) => Vy(X(y) => X(y, x))), 2)

where S3x — there exists such x that: R(x) — relevant fac-
tors for all participants of the urban planning solution x are
taken into account; ¥ — universality quantifier — a condi-
tion that is true for all designated () elements; Y(y)) — one
or more of the features of y; X(y, x) — relevant factors
of the participants of the urban planning solution with re-
spect to the features of y are taken into account.

The verbal meaning of expression (2) is that there
exists at least one town-planning decision S for which
one or more relevant factors x of each participant
of town-planning decision R are taken into account (pro-
vided that such relevant factors have been expressed by
the set of participants R of such decision).

Expression (3) to expression (2) is formulated:

AS((FxR(C)(R(A) v R(B) v R(PI) v R(Pn))) A
A SH))),

where 35 — there exists such S for which the following
are taken into account: 3x — relevant factors x for a par-
ticular community; R — participant of an urban planning
decision; R(C) — type “Society”; R(A) — type “Au-
thority”; v — logical disjunction; R(B) — type “Busi-
ness”; R(P) — type “Property owners”; (Pl) — legal
entity; (Pn) — natural person; A — logical conjunction;

(€)
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3y — attributes of territory y; S(y) — urban planning
solution S on the territory.

The verbal meaning of expression (3) is that there ex-
ists an urban planning solution S, for which one or more
relevant factors x of each participant of the urban planning
solution R are taken into account, in relation to one or more
attributes of the territory y, for which the urban planning
solution S is searched on the territory by a particular com-
munity “Society” (C). At the same time, the relevant factors
were expressed by a set of participants R of the town-plan-
ning solution by groups taking into account the given attri-
butes of their association: “Authority” (4), “Business” (B),
“Property owners” (P) — he is the right holder of the ter-
ritory/property on it, where “Property owners” (P) can be
either a legal entity P/: “Authority” (4) or “Business” (B),
or a natural person Pn, with respect to one or more attri-
butes of the territory y, for which the urban planning solution .S
in the territory is searched.

Such expressions help to formalize the conditions
for making urban planning decisions, taking into ac-
count the factors and attributes necessary to determine

the option for the territory under specific conditions and
the historically established situation.

These formulas are the basis for the creation
of the UICP, as well as urban planning types of the ter-
ritory; types of construction objects and engineering
infrastructure; types of urban planning transformations
of the territory (5 types); types of SUD: “Authority”,
“Society”, “Business”, “Property owners”; identified
relevant factors for different SDGs in the programme'!
and its planned modernization, taking into account
the assessment by the level of authority (compliance,
non-compliance).

A scheme of systematization of information and
data required for the creation of an urban planning deci-
sion support system and interrelationships of the main
urban planning processes for the development of UICP
was formed, in which the interrelationships of the main
urban planning processes were identified and system-
atized in two blocks (Figure).

' Computer programme RU No. 2019667346. 2019.

/Application for urban planning
territory transformation
\from the Decision-making (4, B, C, P)

The Decision-making (A, B, C, P) receives an interim response
in the form of identiaied urban planning potential to the application
for urban transformation of the area Y,
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Scheme of systematization of information and data required for the creation of an urban planning decision support system and
interrelation of the main urban planning processes for the development of an urban information and communication portal (DSS
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Block 1 “Identification of the object T includes
four consecutive processes: 1) identification of the type
of territory; 2) identification of dynamic changes in
the territory; 3) identification of the satisfaction of users
of the environment; 4) identification and identification
of the relevant factors of the UICP.

Block 2 “Identification of 7 attributes” includes
three sequential processes: 1) competition of propos-
als from urban planners; 2) identification of the range
of SUD; 3) comparison of several options for urban
transformation of the territory.

The beginning of actions in the DSS scheme is
a request for urban transformation of the territory from
a decision maker (DM) (it can be in the logic of predi-
cates of any of the SUD: “Authority”, “Society”,
“Business”, “Property owners”). Using modern digital
means, nominative, metric and rank data (graphic, in-
cluding plans, maps, cartographic schemes, etc.; text;
numeric; sound and video data) are processed, the re-
sult of the generative processing of which in Block 1
is the identified urban planning potential of X territory.

Completion after passing Block 2 in the scheme
of DSS became options for decision-making of the DM
for X territory (The DM can be in the logic of predicates
of any of the SUD: “Authority”, “Society”, “Business”,
“Property owners”).

If necessary, in the scheme, only a legitimate body
representing the interests of a particular community in
a given historical context can act from the DM “So-
ciety”, and only a public authority makes a decision
on the preparation of urban planning documentation
or on making changes to it in accordance with the level
of established Authority (decision-making by the autho-
rized DM “Authority”, and in certain cases established
in regulations, by the DM “Business”).

CONCLUSION AND DISCUSSION

The authors believe that the proposal to create
UICP will find a worthy place in the domestic system
of urban planning decision support.

Currently, in many constituent entities of the Rus-
sian Federation there are different portals such as: “Active
Citizen” — a system of electronic surveys of the Moscow
government; “Dobrodel”, “Solving Problems Togeth-
er” — Internet portals of the Moscow Region govern-
ment, including indirectly affecting the interconnection
of participants of professional activities in urban planning.
These portals/sites are supported by such type of SUD as
“Authority”.

The UICP is a new interaction tool for the SUD,
including for the purpose of improving and protecting
the work of the urban planner. As a result of the UICP
implementation, the urban planner will receive a digital
tool for working not only with the authorities (currently,
it is legitimately possible for an urban planner to obtain

orders on the “State Procurement” website), but also
with various users by groups, including “Authority”.

There are still very few examples of such electron-
ic platforms in Russia. An example of one of the elec-
tronic platforms for designers and builders, which is
just beginning its development, is the site of the com-
pany “INCOCH”'?, where everyone can register and
place ready-made projects or take orders. It is a kind
of crowdfunding platform specialized in construction.
Crowdfunding is a way to raise money to finance proj-
ects and businesses, which allows project authors to
raise money from a large number of people through on-
line platforms. Crowdfunding is most commonly used
by startups or growing businesses as a way to access
alternative funds. It is basically an innovative way to
find sources of funding for new projects, businesses
or ideas. In Russia, popular crowdfunding platforms!?
are Boomstarter, Planeta.ru, and VDelo, but they are
used mainly by such types of SUD as “Business” and
“Society” and are practically not used by “Authority”.
This situation is similar for “INCOCH”.

The table presents a comparison of domestic
portals/sites (including all related databases accessed
through these resources) with the proposed UICP.
Namely, the comparison of portals/sites is given for
the parameters of data analysis using the capabilities
for planning and creation of project documentation for
urban transformation of the territory and objects on it.

In the proposed UICP for all users, it is planned
to ensure the search for compromise at the pre-project
stage of urban development project elaboration, which
will relieve conflicting social tensions at an early stage,
preventing negative financial consequences, by organiz-
ing the involvement of different SUD by groups: “Au-
thority”, “Business”, “Society”, “Property owners” in
decision-making (compromise) on the choice of urban
development option of transformation of the territory in
online mode, taking into account the necessary regula-
tions of interaction and established levels of access to
different types of information. All four groups of users
can act as customers of urban development transfor-
mation of the territory and/or participate in specific
projects at the pre-project stage of their development.
The crowdfunding-type functioning of the UICP can be
a way of creating an urban planning community both
for a specific site and for different types of territory
(identification of which is done on a scientific basis, not
randomly).

Using the possibilities of identification on the por-
tal it will be possible to get useful information about
the labour market in the field of urban planning, its

12 URL: https://inkoch.ru

13 Top 10 crowdfunding platforms — 2023. URL: https://mar-
keting-tech.ru/online-services_tags/crowdfunding/?ysclid=
1p6k62673v307547034.
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participants, access to new clients, to know the needs
of real consumers of urban planning environment and
their requests for urban transformations of the terri-
tory and the circle of SUD for pre-project development
of the urban planning project.

Such opportunities are only partially possessed by
foreign digital tools of the international company KPF.
com, UrbanSim and CityMatrix (USA), FixMyStreet.
com (UK), CitizenLab (Belgium).

Thus, the proposed UICP platform is a website that
will allow interaction between domestic SUD, includ-
ing investors and fundraisers for project financing, in-
termediaries for finding clients by customers, including
most importantly — professional project implementers

(urban planners). A possible prospect for the develop-
ment of UICP will be its integration into legitimate
digital tools (e.g., in the GIS OGD of Moscow!* !* or in
the national “Stroycomplex.RF”), adaptation and dis-
semination in interested countries, as digitalization in
urban planning is international and in demand.

' The project “Urban Information and Communication Portal
(UICP)” was submitted to the Moscow Mayor's competition
among innovative projects for the best entrepreneurs, scientists
and inventors of Moscow “Innovator of Moscow” in the direc-
tion “Public projects (innovative solutions in the field of cre-
ative technologies)” in the nomination “Future project (idea/
prototype development)”. URL: https://i.moscow/novator

1S URL: https://gisogd.mos.ru/
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AHHOTALUMNA

BBeaeHue. AkTyanbHOCTb MCCIEAOBaHUS 3aKIIOYAETCs B TOM, YTO B KPYMHEMLIMX ropodax B NMpoLecce rpagocTpouTenbHOroO
pasBUTUA NosiBNsSieTCs AemumuT B 06ecrneveHnn MecT B AeTCKUX caaax 1 Lwkomnax. OaHOBPeMEHHO C Npobremol KonmyecTBeHHON
obecneveHHOCTY BO3HMKAET BOMPOC O HEOBXOAUMOCTU (hOpMUPOBaHUS y4eGHO-BOCTITATENBHBIX KOMMIIEKCOB, KOTOPbIE NPeAo-
naratot 06befiHeHNe AETCKUX CafoB U LLKOJ, NMO3BOMNsis 06ecnevnTb NpeeMCcTBEHHOCTb B 06pa3oBaTenbHOM NpoLiecce, a Takke
ONTUMU3MPOBATL MIIOLWaAb 3eMENbLHOTO yyacTka. Takue BOMpoCh! MPUBOASAT K NOCTaHOBKE TepPUTOPUAbHO-NPOCTPAHCTBEHHBIX
3aaay B 06nacTu rpafoCcTpoMTESNbHOM AESTENBHOCTU, KOTOPasi, C OAHOW CTOPOHbI, (hOPMUPYET XUMyHo 3aCTPOVIKY 1 yBENUYMBAET
yumcno notpebuTenein obbekToB 06pa3oBaHNs, C APYron — BbIAENSET NPOCTPAHCTBO AJ1S UX CTPOUTENLCTBA.

Matepuanbl u Mmetoabl. OfHOM U3 Lienen MexaHn3ma KOMMMEKCHOro pa3BUTUSi TEPPUTOPUM ABRSETCS obecrnedyeHne yc-
noBwiA PYHKLMOHANBHO-NPOCTPAHCTBEHHON OpraHM3aummn coumanbHOM MHAGPACTPYKTYpbl, OAHAKO Ha CErofAHSILUHUIA AeHb
peLleHnsi ee pasBUTUSA He B3aUMOYBsi3aHbl C 06eCneYeHHOCTbI0 MeCTaMu B AETCKMX caax W LUKOMax, YTo B [ONTOCPOYHON
nepcrnekTvBe Hen3BbexHO OTPasUTCS Ha KayecTBe rOPOACKON cpeabl. PaccmaTpuBaeTcs TeppUTOpPUSt KOMMNEKCHON 3acTpon-
Kn; NnpeaMeT uccrnenoBaHusi — mMetoanka 060cHOBaHMS NOTPEBHOCTU KONMYECTBEHHOTO obecneveHns MecT, cnocobbl 1 ad-
dhekTbl (hOPMUPOBAHUS AETCKUX CAA0B U LLKOS B Ka4ecTBe y4eBHO-BOCTMTATENbHBIX KOMIMIEKCOB.

Pe3ynbraThl. BbinonHeH aHanua Hay4HbIX UCcrnesoBaHUi, NOCBSLLEHHbIX 06eCNeYeHHOCTH ETCKMMM caaamm U LKoamu,
B pe3yrnbraTe KOTOPOro BbISIBEHbI OCHOBHbIE acMeKThl, @ UMEHHO obecneyeHne NoTPebHOCTY B MecTax C y4eTOM BO3MOXHO-
CTV afjanTauuy eMKOCTU K AemMorpadnyeckum U3MeHeHUsIM, NpeeMCTBEHHOCTH NPOrpamMMbl AOLLKOSIbHUKOB AJ1st 0ByYeHust
B LUKOME; 3HaKOMCTBO AeTel C NPaKkTUYeCKMMM KOMaHAHLIMU 3a4aqamMu, B TOM YMCHe Ha NpUpoae B YCIOBUSIX KPYMHENLWMX
ropofoB.

BbiBoAbl. B vccnegoBaHnn ¢ UCMonb30BaHNEM CUCTEMHOMO M MaTeMaTUYeCcKoro aHanm3a paccMOoTPEHb! NapaMeTpbl KOM-
NMEKCHOro pa3BuUTUs TeppuTopumn B . MOCKBeE, KOTOPbIE NMOKa3biBalOT HanpaeneHne n3mMeHeHuin hyHKLMOHaNbLHOro HasHa-
YeHWsi TeppuTOpUK, NO3BOMSIOLLME peann3oBaTb N3yYeHHble NoAXoabl kK oGecrneyeHno Mectamm B o6bekTax obpasoBaHus
Ha TEPPUTOPUN KOMMEKCHOTO Pa3BUTUSI.

KNKOYEBBLIE CITOBA: pa3suTue Tepputopun, KOMNekcHoe passutue tepputopuii (KPT), xxunas 3acTpoiika, obpasosa-
TenbHblE YYpexaeHus, AeTckue cafbl, WKorbl, 06ecnevyeHHOCTb, AOCTYMHOCTb
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BUTWU Xunon 3acTpoiiku B . Mockse // CTpouTenbCcTBO: Hayka u obpasoBaHune. 2025. T. 15. Bein. 2. Ct. 6. URL: http://nso-
journal.ru. DOI: 10.22227/2305-5502.2025.2.6
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ABSTRACT

Introduction. The significance of this research lies in the observation that major urban centres face a shortage of available
spaces in kindergartens and schools during their development. In addition to addressing the quantitative shortfall, there is
a pressing need to establish educational complexes that integrate kindergartens and schools. This integration can facilitate
continuity in the educational process and optimise land use. These challenges give rise to territorial and spatial planning
issues within urban development, which, on one hand, drive residential construction and increase the population of educa-
tional facility users, while on the other hand, necessitate the allocation of space for the construction of these facilities.
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ObecrneyeHHOCTb 06bEKTaMM 06Da3OBaHMﬂ npn KOMMNAEKCHOM pa3BnUThUn

o M C. 90-111
XXMAOU 3aCTporiku B I. MockBe

Materials and methods. One objective of the mechanism for integrated territorial development is to establish conditions that
promote the functional and spatial organisation of social infrastructure. However, to date, the solutions for this development
have not been coordinated with the availability of spaces in kindergartens and schools. This disconnection is likely to have
a long-term negative impact on the quality of the urban environment. The study focuses on areas designated for complex
development, while the subject of inquiry is the methodology used to justify the quantitative need for available spaces and
the methods and implications associated with the establishment of kindergartens and schools as educational complexes.
Results. A comprehensive analysis of scientific studies focused on the provision of kindergartens and schools has been
conducted. This analysis identified several key aspects, including the need for adequate placements, the capacity for ad-
aptation in response to demographic changes, the continuity of educational programmes for preschoolers transitioning to
school, and opportunities for children to engage in practical team tasks, including those set in natural environments within
major urban areas.

Conclusions. This study employs system and mathematical analysis to examine the parameters of integrated territorial
development in the city of Moscow. It highlights the trends in the functional utilisation of the territory, thereby facilitating
the application of the proposed methodologies for allocating spaces in educational facilities within the context of integrated
development.

KEYWORDS: area development, Integrated Territorial Development (ITD), residential development, education facilities,
kindergartens, schools, observation, accessibility
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BBEJEHUE

O0ecneyeHHOCTh U TOCTYITHOCTh OeCIIaTHOTO J0-
IIKOJIBHOTO M MIKOJIBHOTO 00pa30BaHUs rapaHTHPYeTCs
Koncrurynueit PO. Oxnako B crmity MHTEHCH(DUKAIIMN
rpaaoCTpOUTEIbHBIX NPOLECCOB, BhI3BAHHBIX KOM-
TUICKCHBIM Pa3BUTHEM TEPPUTOPUH' U CBSI3AHHBIX C pe-
aJM3aIel )KUIoN 3aCTPOMKHU Ha TEPPUTOPHSIX OBIBIINX
MIPOM3BO/ICTBEHHBIX 30H, BO3HUKAET Yyrpo3a Heobecre-
YEHHOCTH HACEJCHMS JETCKUMH CaJaMH U IIKOJIaMH
13-32 OTCYTCTBHS B3aMMHOM YBSI3KH PEIICHUH MO pa3-
MEIICHHIO KUJION 3aCTPOMKU U €eMKOCTbIO 00pa3oBa-
TEJIbHBIX YUPEKIECHUM, pacrojlaraéMblX U IUIaHUpye-
MBIX K pealu3aly, B TOM YHCIIE U Ha MPUIIECTAFOIINX
tepputopusix. Ha ceronusimnuil nens B I. Mockse
cthopmupoansl 6oee 500 yIacTKOB 711 KOMITICKCHO-
TO Pa3BUTHUSI TEPPUTOPHH, CYLICCTBEHHAsI YaCTh KOTO-
PBIX IpEeAIonaraeT pa3sMeIIeHNe KUION 3aCTPOIKH’.

MexaHu3M KOMIUIEKCHOTO Pa3BUTUs TEPPUTOPUU
CTaBUT LETH (OPMHUPOBAHHUS FTAPMOHUYHOTO TIPOCTPaH-
CTBa JUTS )KU3HEIESITeIbHOCTH HaceneHus roposios. Ta-
KHM 00pa3oM, B paMKaX HAcCTOSIIEr0 MCCIEIOBAHUS
BBISIBIICHA Hay4yHast Ipo0iieMa, COCTOAMIast B HECOOT-
BETCTBUH HOBBIX (DaKTOB U JaHHBIX, BBI3BAHHBIX HEOO-
XOAMMOCTBIO Yy4Y€Ta B3aUMOCBA3H IapaMETPOB MMPOCK-
TOB IJIAHUPOBKU TEPPUTOPHUU B YACTH 00ECTICICHHOCTH
MECTaMH B JIETCKHX CaJax U IIKOJIaX ¢ HOBOW U CyIIe-
CTBYIOIIEH 3aCTPOUKOM, M CTApbIM CIOCOOOM UX 00B-
SICHEHNSI, HE YUMTBIBAIOIIUM [1apaMETPhI IIOTPEOHOCTH
MpUJIETaloNIe CyIEecTBYOMEed U IIaHUpyeMoil 3a-
CTPOMKH, a TaKKe 0COOCHHOCTH BapUaHTOB 00pa3oBa-
HUSI yYACTKOB pa3MEIICHHs AETCKUX Cal0B U IIKOJI.

3a mocyieAHNE HECKOJBKO AECATUICTUN B Hayd-
HOM 3HAaHHH C(POPMHUPOBATOCH MTyOOKOE MOHMMAHHE

' 06 obpasoBanuu B Poccuiickoit @eneparyn : DemgepanbHblii
3akoH Poccutickoit @enepannu ot 29.12.2012 Ne 273-D3.

2 TpamocTpouTelbHBINA Kojieke Poccuiickoit @epepanun
ot 29.12.2004 Ne 190-D3 (B pen. ot 08.08.2024).

MpoOIeMBI 00ECTIEYeHHOCTH COIMATBHON HHPPACTPYK-
TypOH B IpaJJOCTPOUTENBHOMN NESITENBHOCTH, KOTOpast
HamnpsMYyIo CBsi3aHa C JAeMorpaduuecKoil curyanuen
U ONpeIeNIsieT MOTPEOHOCTH B EMKOCTH JETCKHUX CaJI0B
1 mIKoJ1. B paMkax BBISIBICHHOW MPOOIEMBI paccMOTpe-
HbI nccnenoanus JI.B. ImeOymkunoii, M.10. Uybapku-
noii, E.H. benoii, A.B. Cunoposoii, I.B. Jleonunosoii,
3.A. Acanosa, I.M. Jlanmuesny, O.C. Cauasa, C.I1. Ky-
npsiBieBa, H.C. JlonoTka3zuHa v Ipyrux, HalpaBieHHbIE
Ha peleHre MpoOIeMHON CUTYalH 110 00eCIICUYSHHIO
00beKTaMu 00pa30BaHMsl, B YaCTHOCTH JIETCKUMHU cajia-
MH H IIKOJIAMH, C YIE€TOM BO3HHUKAIOIIUX MOTPEeOHOCTEH
HaceJleH!sI 1 Heo0X0AnMOoCTH (HhOpMHUPOBAHUS yueOHO-
BOCITUTATEIBHBIX KOMIUIEKCOB, a TAK)KE MX PALIMOHAIb-
HOTO PacIIOIOKEHUS Ha TEPPUTOPUH JKUIION 3aCTPOHKH.
Tak, HanpuMep, B padoTe «PeKOHCTPYKIHS TeppHUTO-
pHii KHIIOH 3acTpoiiku roposoB Bocrounoit Cubupuy»
JI.B. I'meOymKuHON NMpeyioKeHO aHaIUu3UpOBAaTh I10-
TpeOHOCTh B COLMANBHBIX 00BEKTAaX UCXOJs M3 Kilac-
CU(UKALUK KBAPTHUP 110 YPOBHIO KOM(OpTa: COIHAIb-
HBIH, J1JIOBOM U MPECTUKHBII. YPOBEHb OINpPEACISIeTCS
Ha OCHOBE OI[EHKH N3HOCOCTOHKOCTH KOHCTPYKTHBHBIX
CHUCTEM THIIOBBIX CEPHI JKMIJIBIX JIOMOB, M Y€M BBIIIE
MOKa3aTeIb KOHCTPYKTUBHBIX CUCTEM, TEM BBIIIE YPO-
BEHb KOM(popTa KBapTUPHI, IPH 3TOM HOpMa 0OIIeH
IUTOIAAN B pacyeTe Ha OJHOTO YeJIOBEKa BO3PAcTaeT
COOTBETCTBEHHO YpOBHIO KoMpopTa. s onTuMu3a-
UM JKWJIOH 3aCTPOUKH MPEUIOKEHBI IATh 00BEMHO-
MPOCTPAHCTBEHHBIX IPHUEMOB:

1. MonepHu3amust MyTeM NeperuiaHupOBKY IS Cy-
IIECTBYIOIIETO (POH/A COLMAITBEHOTO POHNA.

2. Hancrpoiika KHUIBIX AOMOB, CYILIECTBYIOIINX
JIOMOB COLIMAJIbHOTO (DOH/IA MTPEAYyCMaTPUBAET JIEIOBOU
(hoH[ B HAJCTPOUKE.

3. BcTaBku MeXIy SKMIBIMU TOMAaMH CYIIECTBY-
I0IIEro (pOH/A COLUATBHBIX JOMOB MPEAYyCMaTPUBAIOT
JIEITOBOM (OHI BO BCTABKaX.
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4. YmupeHue Kopiryca HJIOTro I0Ma C MOJIy4YeHU-
€M KBapTHp J€JI0BOTO THIIA.

5. KomIuiekcHast peKOHCTPYKIUS, UCTIOIb3YOIast
COUCTaHUC NPEACTABICHHBIX ITPUECMOB, COHHaJ’[BHBIfI
THI KUIbS MOJAy4YaeT OPU MOAEPHU3ALMM JEIOBOU
YPOBEHB, a HAJICTPAUBAEMBbII TUIl — MPECTUKHBINA YpO-
BCHb.

B pamkax aHanu3a Hay4yHBIX paboT 1Mo mpoodie-
Me 00ecIieueHNsT MECTaMH B AETCKUX Calax M IIKOJIax
JUISL OTIpEJIeNICHHsI pa3MelIeH sl 00BbEKTOB 00CITyKHBa-
HUSI IPUMEHSUINCH HAaTypHOE 00CiIeIoBaHNE U OTpOC,
KOTOpBIE TTOKa3aJl HEpaBHOMEPHOE pacHpeecHne
10 UCCIEAYeMO TepPUTOPHH Takux 00bekToB. 1o pe-
3yAbTaTaM UCCIIEOBAHUS AETCKUE Ca/lbl U MIKOJIBI OKa-
3aJIMCh PACIIOJIOKEHBI B IEHTPE KBAapTaja MepBoro me-
pHOAa MHIYyCTPHAIBHOTO JoMOoCTpoeHus [1].

B pat6ore JI.JI. Hukynbmmaa «I'pagoskonoruye-
ckoe 000CHOBaHME Pa3MEIICHUS 00pa30BaTENBHBIX Y-
peXIAeHUN NpU PEKOHCTPYKLIUU TOPOJCKOMN 3aCTPONKI
MIPEIOKEHO OTPENIeNIATh pa3MelleHre 00pa3oBaTesb-
HOTO yUYPEXJCHHsI Ha OCHOBE pacdeTa MoTpedHOCTH
OT YHUCJICHHOCTH HACCJICHUA U HOPMATUBHBIX PaiuyCOB
JIOCTYIHOCTH € YYETOM JOKyMEHTAllU1 TePPUTOPHAIIb-
HOTO TIJIAaHUPOBAHUS B YACTH CHOCHMOTO JKHJIOTO ()OH-
J1a ¥ INIAaHUPYEMOU HOBOM >KMJIOHN 3aCTpoiiKu. I TaBHBIM
MIPUOPUTETOM TPH BEIOOPE MECTOIOIOKEHNUS 00pa3oBa-
TEJIHOTO YUPEXKICHNS MPEICTABISAETCS 3KOIOTHIECKas
cutyanus. B 1aHHOM HayyHOI paboTe paccMaTpUBAIOT-
Cs MOCJE0BATEIbHOCTD ACHCTBUI 1O ONpEeAEIeHUI0
TEPPUTOPHATBHOTO pecypca M HEOOXOANMBIX JUIS pa3-
MEILEHHsI UCXOJIsl U3 TIOTPEOHOCTEH HACEIeHUsI y4acT-
KOB, ()OPMHPOBAHHUE MEPEUHSI OLIEHOYHBIX (PAKTOPOB,
MPUCBOCHNE OAJUIBHBIX OIEHOK M pacueT peiTHHTra
orieHouHOTO (akropa. [IpencraBiieHHass METOAMKA
npeaIaraéT MOHUTOPUHT HKOJIOTMUECKOTO COCTOSHUS
TOPOZCKUX TEPPUTOPHH ISt COKPAIICHHS 3200/1eBaeMO-
cTH neTeit B 2,5 pasa. Takum oOpa3om, B paborte mpe-
JIO’KEHO HCHOJIb30BaHNE MH()OPMAIIMOHHON CHCTEMBI
B Ka4eCTBE MHCTPYMEHTa KOHTPOJISI 00ECTIeUCHNSI MECT
00pa3oBaTeIbHBIX YUPEHKACHUI C YyUETOM IKOJIOrHYe-
ckux TpeOoBaHuii [2].

B pabore «MeToanueckne OCHOBBI BOCIPOH3-
BOJICTBa OOBEKTOB COLMAIbHON HMH(PACTPYKTYpPBI
ypOaH-0JIOKOB C MCIOJIB30BAHUEM [IEHHOCTHOTO MOJ-
xoma» W.IO. UybapkuHOil mpuBeIeH HOBBIH TEPMHUH
«ypOaH-0JIOK» B KaueCTBE KOMIIJICKCHOTO MHBECTH-
LUOHHO-CTPOUTEIBHOTO MPOEKTa, B KOTOPBIN BXOAAT
JKATUITHBIA (QOHI W colmaiabHas HHPpaCTPyKTypa.
OpHaKo, COTIaCHO MCCIEIOBAHMIO, B paMKaxX TePMHUHA
«coumanbHas THPPACTPYKTypa» MPEAIonaracTes COBO-
KyITHOCTB TPYIOBOH, OOIIIECTBEHHOW, KYJIBTYPHOH U CO-
UAJIbHO-OBITOBOM JEATENBHOCTH 0€3 yueTa JeTCKHX
cajoB u ko [3].

E.H. Benoit B cBOEM nccnenoBanni « IKOHOMH-
4eckoe 000CHOBAaHUE Pa3MEIICHHSI TOIIKOJIbHBIX 00-
pa30BaTeNbHBIX YUPEKACHUN MPU PEKOHCTPYKLUU TO-
POICKOM 3aCTPOMKI» MPEICTaBUII aJITOPUTM Ha OCHOBE
OaJIbHOM OLICHKHU I10 COMAJIbHBIM U 3KOHOMHWYCCKUM
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(akTopam ans 000CHOBaHHUS pa3MEIICHUS JIETCKUX
canos. IlpennoxeHHas METOANKA B paMKax (DakTopoB
COLMAJILHOTO 00O0CHOBAHUSI YUHUTHIBACT JAeMorpaduye-
CKYIO CHTYaIIHIO, TOTPEOHOCTh HACEJICHNUS B IOIIKOIIb-
HBIX 00pa3oBarelbHBIX yupexaeHusix ([JOY), onenky
coctostaust cet JIOY B roposie, a B paMKax SKOHOMHUYE-
ckoro obocHoBanust pasmerieHust /IOY oneHKy TpaHc-
IIOPTHON JOCTYIHOCTH U YKOHOMMYECKUX YCIOBUM.
s peann3anuu JaHHON OLEHKHU IIPEAYCMaTpUBACTCS
AJITOPUTM, COCTOSIIINI M3 ATanoB: | — BBIOOpP ydacTka
Ha OCHOBAaHUH NOKa3arenel cymectpyronmx J10Y; 2 —
ompezenenue norpednocrert Hacenenus B JIOY myrem
YCTAHOBIICHHSI PA3HUIBI MEXKAY (PaKTHUECKOW M Tpo-
€KTHOH MOIIHOCTBIO; 3 — aHaJINu3 TEPPUTOPUH HA CO-
OTBCTCTBUE I'PaIOCTPOUTEIILHBIM PEITIaMCHTAaM ITpaBUl
3eMJICTIONB30BAHUS U 3aCTPOHKHN; 4 — pacdeTr Oaib-
HOMW OLIEHKN YYaCTKOB COIVIACHO NMPOCTPAHCTBEHHBIM
U CTaTUCTHYCCKHUM JAaHHBIM; 5 — (GopMHUpOBaHHE Ta-
ONHIBI COMATTBHO-YKOHOMUYECKON [IEHHOCTH 10 KaX-
JIOMY Y9acTKy; 6 — BBIOOp ydacTKa 110 MaKCHMaIbHO-
My Oaiuty. B paMkax OayuTbHOM OICHKHU MPEIIOKCHBI
JIMana30Hbl BIMSIHUS KaXKI0TO YIUTHIBAEMOTO (hakTopa
TakK, 4YTO AeMOrpaduIecKuil MOKa3aTelb OIlCHNBACTCA
B 2 0ala; IUIOTHOCTh HACEJIEHHMsI, 03€JICHEHHSI 1 00ec-
neueHHOCTH JJOY — 5; TpaHcnopTHast AOCTYIHOCTb —
5; cocTosiHME cpeapl — 5; SKOHOMHUYECKHI TOKa3a-
Tenb — 5 [4, 5].

A.B. Cunoposoii B Tpyne «Kpearnsuas o6pa3oBa-
TENbHAs CPE/ia MPEAIIKOIBHOTO 00pa30BaHuUs: BOIPOCHI
MPEeMCTBEHHOCTH» paccMaTpHuBaeTcs mpobiiema ajiarn-
TaIUy y NepBoKiIaccHUKOB. Ha ocHoBe obmienust ¢ me-
JaroraMu B popMare Kpyrioro cToia chopMyTupOBaHbI
ClIe/TyolIHe TIPOOJIeMBbI aJaNTaluy EPBOKIACCHUKOB:

1. HecrmocoOHOCTE TOTOBApUBATHCS MEKIY COOOM
B Tpymmnax 3—4 denoBexa.

2. HecriocoOHOCTB K OpraHM3aliy NpoCTPaHCTBa
JUTSE PaOOTHI.

3. OTcyTCcTBHE HaBBIKA MIOMCKA HH(POPMAITHIH.

4. OTCyTCTBHE IEMEHTAPHBIX MaTeMaTUYECKHUX
OCHOB.

g permenus 3Tux npoodiieM npemiaraeTcs ¢hop-
MHUPOBaHHE KPEaTHMBHOW MpPEIMETHO-Pa3BHUBAIOIICH
Cpezbl B Ka4eCcTBE €IMHOr0 y4eOHO-BOCTIUTATEIHHOTO
KOMILJIEKCa, YUYUTHIBAIOMIel 0coOeHHOCTH 00pa3oBa-
TEJILHOM CpeJibl 32 CYET MPEeMCTBEHHOCTH, MO3BOJISIIO-
el PemnTh BOMPOCH Ha4aJIbHOTO 00IIero oopasona-
Hus [6].

I.B. Jleonunosoii («/lomxkonbHoe oOpa3oBaHue
B Poccun: obecnedeHHOCTD 1 IOCTYITHOCTBY) y/ACISIeT-
cs1 0coboe BHIMaHHE MPoOIeMe JOCTYITHOCTH TETCKUX
CaJIOB C YYETOM aKTHBHOMW jJeMorpadgpuyeckoi TuHaMu-
KH, BIUSIONICH Ha UX TIOTPEOHOCTH ¢ Havyana 1990-x rT.
1m0 2010-x rt. B P®. B pabore paccmarpuBaioTcs Ha-
NPSOKEHHOCTh B COLIMAJIbHOM cdepe B CBs3M C cylie-
CTBEHHBIMH M PE3KHMH PA3IUYMIMU B MOTPEOHOCTH
B nerckux camax B 1990-x m 2000-x rr. B xauectse
AJIIBTEPHATUBHOIO PeCypca MECT B IETCKUX Cajiax Mpe/-
JIararoTCsl YaCTHBIE TOMIKOIBbHBIC YUPEXKICHUS, TPYIIITHI
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KpaTKOBPEMEHHOT'0 NpeObIBaHUS, TPYIIIbI CEMEHHO-
TO BOCIIMTaHMS, CEMEHHBIE JJETCKHE CaIbl, C LIEIEBbIM
rnmoxasareyneM 5 % or o0meld MOIIHOCTH. DTa OIS
B I. MOCKBE Ha MOMEHT HCCIIEIOBAHHS yXKE COCTABIISI-
na 6onee 6 %. Takue moka3zaTeu OOBSICHSIIOTCS HEXe-
JAaHUEM YaCTHBIX CTPYKTYp MPOXOAUTH HEOOXOIUMBIE
MPOLIECCH JIMIIEH3UPOBAHNSA U HECOOTBETCTBHEM HC-
TIOJIb3YEMBIX TTOMEIICHUH eHCTBYIOIUM CTAaH/IapTaM.
B nyOnmkannm AeMOHCTPHPYETCs MPSIMOE BIUSHUE
Jnemorpaduyeckoro IuKIia Ha Harpy3Ky B JIETCKHX ca-
nax. B xauectse crienuduky 00ecriedeHHOCTH IETCKUX
CaJI0B TIPE/ICTABIICTCS 0c00asi aKTyaJThbHOCTh B MECTaxX
s geteit ot 1-3 net, Hexenu ot 3—6 jet. OT™MeueHa
Hu3Kas BapuatuBHOCTH BU0B JIOVY. Tak, nerckue cajibl
KOMITEHCHPYTOIIIETO THUTIA COCTABISIOT 2 %, a IeTCKue
canpl Juis ereid pannero Bospacrta 0,5 %. Ilpennara-
IOTCS /IBa HANpaBJICHUS pabOThI JUIsl PEIICHUS] 3TOTO
Bompoca: 1) pa3BuUTHE aTbTEPHATHBHBIX BHJIOB JO-
IIKOJILHOTO 00pa3oBaHus; 2) MOBBIIIEHHE YPOBHS CO-
[IUAJILHON 3aIIUTHI CEMEH C IEThbMH JOIIKOJIEHOTO BO3-
pacTta B BHUJI€ MaTepHATHHOW KOMIICHCAIIUU CEMBbSIM,
KOTOpbIE HE UMEIOT BO3MOXKHOCTH YCTPOHUTH peOeHKa
B TOCYJIapCTBEHHBIN AeTckuit can [7].

B pamkax myOmukanun 3.A. AcamoBoit «O ¢op-
MaX CBA3HU ACTCKOI'O calda U IIKOJIbD)» 6BIJ'[ BBIIIOJIHEH
OIIpoc, B pe3ynbTare KOToporo GpopMupyercst norpeo-
HOCTH B YYaCTHH HIKOJBHBIX MEAaroroB B IpoIlecce
MOATOTOBKH JIETEeH TOIIKOJIIFHOTO BO3PAcTa K IIKOJIBHON
nporpamme. HeoOxonumo npuBiedenue aeTeil K npax-
THYECKUM KOMaHIHBIM 3a7a9aM CaMOOOCITYKHBAaHHUS,
AaKTUBHOM JieATeNbHOCTH. B nccnenoBanuu nocrasieH
9KCIIEPUMEHT MPOJOIDKUTEILHOCTBIO 2 TOAA C y4acTH-
€M BOCIIUTATEIEN U NMpenojaBaTesieil, HalpaBIeHHBII
Ha B3aI/IMOJIeI‘/IICTBI/IC MCKIAY ACTCKHUM CaaoOM U IIKO-
JIOM TIOCPEICTBOM B3aMMOJCHCTBHSI MEXKTy €/IaroroM
1 ICTbMH, TICJAaTOTOM M BOCIIUTATEJIEM, C YIETOM TIPO-
CTPAHCTBEHHBIX 0COOCHHOCTEH JETCKOTO cajia U IIKO-
abl. Takoe TecHOE B3aUMOJICHCTBHE Ha JIOJITOCPOYHOM
OCHOBE TIPEACTABISICTCS BOSMOXKHBIM TIpH (HOPMHPO-
BAaHUU HAJCKHBIX U CTaOMIIBHBIX AJIMUHUCTPATUBHBIX
U IPOCTPAHCTBEHHBIX CBsi3el [8§, 9].

WM. Jlanmesud n O.C. CauaBa B cBoeii pabore
«EnnHoe 00pa3oBarebHOE MPOCTPAHCTBO ““JleTCKuid
caj — ImKoJIa”: OT TEOPUH K NMPAKTHKE» aHAIH3UPYIOT
MPEUMYIIECTBA, PUCKHA M MPAKTHUYECKHE MPOOIEMBI
npu 0OBEIMHEHUH ACTCKUX cafoB W mkoid. IIpen-
JaraeTcs pacCMOTPETh COIOCTaBIeHUE TpeOOBaHMM
K BBIITYCKHUKY JIETCKOTO caja ¥ IITKOJIBI COTTacHO Jei-
CTBYIOIIUM (eiepaibHBIM HOPMATHBHBIM TPEOOBaHU-
SIM B YaCTH JINYHOCTHBIX, MPEIMETHBIX PE3yIbTaTOB,
KOTOpBIE TEMOHCTPHUPYIOT MPUHITUIHAIBHYIO TTPEeM-
CTBEHHOCTb U TOTOBHOCTb K OOBEAMHEHUIO (pyHKIMH
JIETCKOTO €a/1a 1 mKojbl. Kak mpenmyIecTBo oT 00b-
€IMHEHHS IETCKOTO CaJla M IITKOJIBI IPUBOAUTCS dPPEKT
CHIDKECHUS Harpy3Kku Ha peOeHka B niepuoj ¢ 5-10 ser
3a CYET IPEEMCTBEHHOCTH, BTOPBIM TUIIOCOM SIBIISICTCS
BO3MO)KHOCTH JIONTOCPOYHON W TUTAHOMEPHOU pabo-
ThI C pe6eHKOM B CJIy4ya€ HaJIUYUA JIOTONMEANYCCKUX

WA TICUXOJIOTHYECKUX U PYTUX TPOOIIeM, TPEThUM —
HOPMAaTHUBHO-TIPABOBOE PETYIHPOBAHUE JONIKOIHHON
JIESITEIIbHOCTH B KQUECTBE 00pa30BaTE/IbHOM, 1 UMCHHO
00BEAMHEHHBIN CO MIKOJIFHOMN OMIKEH BapHaHT CITOCO0-
CTByeT 00pa30BaTeNbHON (PYHKIINU PeaT30BaThCs HaM-
6osee apdexkTrBHO. B yacT puCKOB OT 0OBEAMHCHUS
JIETCKOTO Ca/ia ¥ LIKOJIbl IPUBOIUTCS IEPEHOC METOJIOB
paboTHI CO IKOIHHUKOB HA AOIIKOJIBHHUKOB, T.€. CUTYa-
1Us1, IPU KOTOPOH MporpaMmMa MmepBoro Kiacca mpoxo-
JIUTCS] HA paHHEM JTarle, He MPEAIoJaraonas pa3BuTue
HEOOXOIUMBIX ISl 00yUeHHs B IIKOJIE Ka4ecTB. Takum
00pa3oM, MPEEeMCTBEHHOCTh HE OTMEHSICT CTapoe, a pas-
BHMBAET €ro Ha CJeayIoleM dTarne cTaHoBieHus. Ove-
PEAHOM PUCK CBSA3aH C HEBEPHOU TPAKTOBKOW ITOHSTHUS
«TOTOBHOCTH K IIIKOJIE», YACTO 3TO BOCIPUHUMAETCS
KaK TOTOBHOCTb K M3YUEHHIO KOHKPETHBIX MPEIMETOB,
TaKWX KaK HaBBIKH CUETa, YTCHHS W Muchbma. OHAKO
TOTOBHOCTBH B IIKOJIC MPEAYCMATPUBACTCA, B IICPBYIO
ouepellb, HE Ha COJEpkKATEIbHOM, a Ha JAEATEIbHOM
ypoBHE. B maHHOM HCCIeIOBaHIH TaK)Ke OTPAKEHBI T10-
3ULUU PA3JIMYHBIX POJICH: I POAUTENIEH — B IIpeeM-
CTBEHHOCTH TIPOIleCCa Pa3BUTHS, OIIM3KOM MPOCTPaH-
CTBEHHOM PAaCIIOJIOKEHUH JETCKOTO Cajla ¥ IIKOJIHI,
BO3MO)KHOCTEH JIOMOJHUTEIBHOTO 00pa3oBaHus, ooec-
MedeHHsT OECIIOBHOTO IICUXOJIOTO-TIEIarOTHIECKOTO CO-
MIPOBOXKICHUS IETEH; ISl IEAaroroB — B YBEIHUCHHUH
KOHTUHI'CHTA BOCIIMTAHHUKOB U 06yqa}ou1y1xca, IIOBBI-
WIEHUH TEeAAroruyeckoro MacTepcTBa U yIy4ylleHUU
MaTepHaIbHO-TEXHUIECKOH 0a3bl; Ui AeTel — B €IH-
HOW TpaeKTOpUHU TPeOOBaHUI HA Pa3NUYHBIX YPOBHSIX,
MPEEeMCTBEHHOCTH 00pa30BaTeNbHBIX TIpoTrpamMm, (Gop-
MHPOBAaHUU JOJITOCPOYHBIX JTHYHOCTHBIX OTHONICHHUN
BHYTPH KOJUICKTHUBA. B otHOmEeHun COLIMAJIbHO-IICUXO-
JIOTUYECKOTO aCTIeKTa 0OBEINHCHIE KOJUIEKTHBOB Tpe-
OyeT aHaNMM3a TOMUHUPYIOMIHUX B KOJUICKTHBAX CHCTEM
LIEHHOCTEH, cpeau KOTOPBIX MOTYT OBITh KU3HEHHas
MYyIpPOCTh, KpacoTa MPUPOJIEI, TI000Bb, MAaTepUATHHO
obecriedeHHas )KU3Hb, TO3HAHUE U T.]I., HA OCHOBE ITHX
(haKTOPOB MOCTABJICH KCIICPUMEHT, B PAMKaX KOTOPOTO
KOJUICKTUBBI OIICHUBAIOTCS M OMPEICIISAETCS OOIHOCTh
UX LEeHHOCTEeH. B uccienoBaHuu npencTaBieHbl AeTa-
JIM3UPOBAHHBIC MPAKTUYCCKUC PCKOMCHAAIIUU T10 I10-
JTAITHOMY OOBEITMHEHHUIO TIKOJIBI M IeTcKoro cana [10].

C.II. Kynpsuesa, H.C. JlonoTka3zuna B Tpyze
«CoBpeMeHHbIC HAIlpaBICHUs CO3/1aHUS JACTCKUX 00-
pa3oBaTeNbHBIX YUPEXKACHUI» paccMaTpPUBAIOT BO3-
MOYKHOCTH (DOPMHUPOBAHUS ATANTHBHEIX IPOCTPAHCTB
00pa3oBaTeNbHBIX YUPEKICHUH, TPUBOAUTCS TIOHITHE
«OTKPBITOIO MPOCTPAHCTBAY» B KAYECTBE €IUHOTO CBO-
0OIHOTO MPOCTpPAHCTBA A AETEH, TIe HEe MPEayCMO-
TpEHBI Pa3JINUHbIEC BO3PACTHBIC IPynIbl. B Buie oTBeTa
Ha JeMorpaduuecKkue U3MEHCHHS TpeIIaracTcst aar-
THPOBATh EMKOCTh OOBEKTa, HCIIOIH30BAaTh MOAYIBHEIE,
KOHTelHepHble Onoku. [IpencraBiieH SKCIIepUMEHTalb-
HBIM apXUTEKTYPHBIN IPOEKT, B paMKax KOTOPOTO Mpe-
JIOKEHBI EMKOCTH JIETCKOTO caja Ha 75, 140 u 200 mect
Ha OCHOBE MOAYJIbHOU KOHUenuuu. B pamkax mnpo-
€KTHBIX peLIeHUI NpeasioKeHbl UTPOBbIE MIOUIAIKH
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Ha CTUJIOOATHOM YacTH, I0Ka3bIBAIOIINE BO3MOXXHOCTh
IKCILTyaTalluu HaJ[3€MHOT0 YpoBHs Tepputopuu [11].

PaccMoTpeHHBIE BBIIIE UCCIEAOBAHNS BO MHOTOM
c(hopMHPOBAIH HAYYHO 000CHOBAHHOE MPEICTABICHHE
00 00ecreyeHHOCTH JETCKUMH CaJaMH ¥ IIKOJIaMU
MIPOEKTOB JKUJIOH 3aCTPOUKH U BX B3aUMOCBs3n. OHa-
KO B 4aCTH OINpPEACICHUs] TEPPUTOPUAILHOTO pecypca
paHee Ipe/I0KEHHBIE MTOXO0/Ibl HEaKTyaIbHBI JJIsl IPH-
MEHEHHUs B KPYIHEUIINX ropojiax, Takux kak Mockaa,
Harpumep, BBUAY 0oJiee BHICOKMX TPeOOBaHHI K TO-
POJICKO cpese, a TakKe HIKOHOMHUYECKHUX YCIOBHI,
TpeOyromux 6oee BHICOKOH TUIOTHOCTH 3aCTPOUKH.
HawuGosnee peneBaHTHBIM TEPPUTOPHATILHBIM PECYPCOM
JUISL KPYTTHEHIIIMX TOPOOB MOTYT BBICTYIATh yYacTKU
KoMIuTekcHOTO pa3sutus teppuropuu (KPT), kotopsie
MO3BOJISIIOT, C OJHOM CTOPOHBI, (POPMHUPOBATH KUITYIO
3aCTPOMKY C yUE€TOM COBPEMEHHBIX TPeOOBaHHI K T0-
POZCKOW cpelie U MIOTHOCTU 3aCTPOMKH, J1enas BO3-
MOXKHBIM SKOHOMHUECKYIO 11€71eCO00pa3HOCTh peain3a-
LUU KUJION 3aCTPOIKY; ¢ Apyroi — co3gaBaTh MecTa
B JIETCKUX caJiaX, 00eCTIeINBAIOIINX MOTPEOHOCTH TIPO-
E€KTHUPYEMOH U IPUMBIKAIOUIEH K HEH CyLIEeCTBYIOIIEH
U IUTAHUPYEMOH! JKunoi 3acTpoiiku. Takxke B aHanU3H-
PYEMBIX HCCIEOBAaHHUAX HE MPEACTaBICHB 0COOCHHO-
CTHU TEPPUTOPHUAIIBHO-IIPOCTPAHCTBEHHOM OpraHu3aluu
pa3IMyYHBIX BapMAHTOB Pa3MELICHHsS JIETCKUX Ca/oB
U IIIKOJI, KOTOPBIE MOTYT KOPEHHBIM 00pa3oM U3MEHHUTH
paccMarpuBaeMbie B HaydHBIX paboTax mpoOJIeMBI.
C oT10i1 1enpr0 He0OXOMMO HCIIONB30BaTh HHCTPY-
MEHTBHI, HallpaBJICHHbIC Ha JOCTIKCHUE YCTOHYNBOTO
pPa3BUTHSA TEPPUTOPUH, BBICOKUX MTOKA3aTeen KUITUIIL-
HOTO CTPOUTENBCTBA, YCIOBUH pa3BUTUS HH(YPACTPYK-
TYPHBIX TOPOJCKHX CUCTEM. TaKNM MEXaHI3MOM MOXKET
ciyxuth KPT — 0coOblii BU rpaioCTPOUTENBHOM Je-
ATEIBHOCTH, KOTOPBIH MpeAcTaBiIsieT co00i COBOKYI-
HOCTB MEPOTIPUATHH B paMKaX COBETYIOIIETO J0r0BOpa,
TaKUX Kak: pa3paboTka JIOKyMEHTAIIH 10 TUIAHUPOBKE
TEPPUTOPHUH, pa3padOTKa apXUTEKTYPHO-I'PaT0CTPOH-
TeNBHBIX PemIeHnH, pa3paboTka MPOEKTHON 1 paboden
JOKYMCHTallUX 1 T.J. BIJIOTH 1O BBOAA O6’bCKTOB Kanu-
TAJBHOTO CTPOMTENILCTBA B OKCIUTYaTAIMIO U TIepeadn
HHGPACTPYKTYpHBIX 00BEKTOB Ha OallaHC TOPOICKUX
opranu3zarmii [12—-15].

B MockBe naHHBII MeXaHU3M NpHoOper Crely-
(uKy pasBUTHS, TIPEXKIE BCETO, MPOU3BOACTBEHHBIX
30H [16]. Ha cerogusimuuii IeHb MeXaHu3M 1 3G QeKThI
ot peasm3anuu KPT sBISIIOTCS aKTHBHO HCCIIEAYEMbIM
00BEKTOM B 9aCTH MPAaBOBOTO perymupoBanns [17, 18],
BBISIBJICHUS] HETaTUBHBIX (DAKTOPOB, MPETSTCTBYFOIIUX
noctuxenuto eneit KPT [19, 20]. B orHomenuun yr-
BEPXKJICHNS HAIIPABICHUS I'PaI0CTPOUTEIEHOTO Pa3BH-
tuss KPT B 1. MockBe chopmynupoBaH mopsigok 000-
CHOBaHMsS M YCTaHOBIICHHS TPE/IEIbHBIX apaMeTPOB
KOMIUIEKCHOTO Pa3BUTHS TEPPUTOPUN — ITO Mapame-
TPbl, YCTAHOBJICHHBIC B IMOCTAHOBJICHUU HpaBI/ITeHB-
cTBa MOCKBBI 1 BKJIFOYAIOIINE: TPAHHIIBI KOMIIJIEKCHOTO
Pa3BUTHS TEPPUTOPHH, TUIOIIAIH yUaCTKa KOMILIEKCHO-
IO Pa3BUTHUA TEPPUTOPUHU, MAKCUMAIIBHYIO CYMMapHYIO
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MOATaXHYIO IUIOMaAb B IPAaHUIAX HAPYXKHBIX CTEH,
BHUJIBl Pa3pELIEHHOTO0 HUCIOJb30BAaHUS TEPPUTOPUH,
CPOKH MOJATOTOBKU JAOKYMEHTALMM IO IUIAHUPOBKE
Tepputopun, cpoku peanuzauuu KPT, onepatopa KPT
[16, 21-23].

C y4eToM CyIIECTBYIOLIEIO OMbITa (yHKIIHO-
HaJIbHO-IIPOCTPAHCTBEHHOM OpraHu3aluy >KWION 3a-
CTPOMKH ILIEJIbI0 HACTOAIIETO UCCIEAOBAHUS SABIISETCS
H3ydeHHe MPOOIIeMBI 00€CTIeYeHIS MECTaMH B IETCKUX
cajax M HIKOJIaX IPH KOMIIJIEKCHOM Pa3BUTHH JKHAIIOU
3aCTpOKU I. MOCKBBI.

I'unoresa uccnenoBaHus — MEXaHU3M KOMILIEKC-
HOTO Pa3BUTHUS TEPPUTOPHH JKHIIOH 3aCTPOIKH (Ha TIPH-
Mepe I. MOCKBBI) IIPU peaiu3aliy KHUIOH 3aCTPOUKH
MOXKET CTaTh TEPPUTOPHAIBHBIM PECYPCOM st oOectie-
YEeHHUs IPUJIETaloluX TEPPUTOPHUIl MecTaMH B IETCKUX
CaJax U LIKOJIaX, YYUTHIBAIOUINHA MOTPEOHOCTH Hacee-
HUSI BO B3aMMOCBSI3U CO crielu(uKoil 1 TpeOoBaHUSIMU
pasMenieHust 00beKTOB 00pa30BaHUsI.

MATEPHWAJIBI U METO/JAbI

O6macTp MCCIEIOBAHUSA — C YYETOM MHOTO-
YHUCJIIEHHOCTH M CYLIECTBEHHON MPOCTPAHCTBEHHOM
JUBepCU(GUKAIINH YYAaCTKOB KOMIUIEKCHOTO Pa3BUTHSA
B I. MockBe® mpeuiaraetcesi paccMOTPETh 3TH YYaCTKH
JUISE BO3SMOXKHOCTH 00€CTICYeHHST MECTaMH B JIETCKUX
cazax u mkonax (puc. 1) [18].

PE3YJIBbBTATHBI U OBCYXJIEHHUE

Amnanu3 40 nocranosnenuit [Ipasutenscta Mo-
CKBBI O KOMITJICKCHOM Pa3BUTUU TEPPUTOPUU MOKa3al,
YTO Ha UCCIEAYEMBbIX Y4acTKaX, Ha KOTOPhIX Ha Cerof-
HAIIHUN JICHb PACIIOI0KEHBI TPON3BOICTBEHHBIE 00b-
eKTbl 1 00BEKTHI, 00CIYKHUBAIOIINE UX, IUTAHUPYETCS
pasMelleHUe MPEUMYLIECTBEHHO KUIJIOH 3aCTPONKHU
¢ 00BEKTaMH JIOUIKOIBHOTO U MIKOJIEHOTO 00pa30BaHMS.
PaccMOTpUM TUIAHUPYEMYTO 3aCTpO#Ky 10 20 ThIC. M?
cymmMmapHo# mostaxkHo# mmomanu (CIIIT) B oTHOMIE-
Huu 40 yuyactkoB KPT, Mo KOTOpBIM yTBEPKIAEHBI MO-
cranosienus [IpaBurenscrBa MockBbl. Pacnipenenenne
yuactkoB KPT npeacraBineHo 1o ropu3oHTay, a noka-
3atenb CIIIT — mo Beprukanu (puc. 2)*.

OOBexTbl 00pa30BaHMsl, CPEIU KOTOPBIX MIKOJIBI
U JIETCKHE Cajlbl, PACTIONIOKEHBI B fuarna3zone 6—20 ThiC. M,
00BEKTBI CIIOPTa — JI0 8 THIC. M?, TOCTHHHIIBI BAPHPYIOT-
cs ot 10 1o 20 TeIC. M?, @ MEAUIIMHCKHE — 10 15 ThIC. M.
[Tpu 3TOM HEOOXOIUMO OTMETHUTH, YTO OOIIECTBEHHO-
nenoBas (PyHKIUS 3aHHMMAaeT BECh pacCMaTpPUBAECMBbIN
JIMana3oH IUIOIAHBIX XapakTepucTrk. [nomans 00b-

3 O Mepax Mo peanu3ayi MPOSKTOB KOMIUTEKCHOTO Pa3BHTHSI
TEPPUTOPUI HEKMIION 3acTpoiiku ropoga Mockabl : [locTaHoB-
nenue [IpaButenscTBa Mockssl oT 23.03.2021 Ne 331-I111.

4 Knaccuukarop BHIOB Pa3pelIeHHOTO UCTIOIb30BaHHMs 3eMelTb-
HBIX yYaCTKOB : TiprKa3 derepanbHON CITyKObI TOCYAapCTBEH-
HOU permcTpanuu, kagactpa u kaprorpaduu ot 10.11.2020
Ne I1/0412.
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Puc. 1. Cxema rpaHul] y4acTKOB KOMIIJIEKCHOTO pa3BUTHsA B I. MOCKBe

€KTOB a/]MUHUCTPATHBHOIO Ha3HaueHHs: — 6—8 ThIC. M?
(puc. 3)°.

AHanu3 cpaBHEHM CYIIECTBYIOILIEH U ITaHUpYe-
Mol IIOTHOCTH 3acTpoiiku B rpanunax KPT npeanara-

5 Tepeuens noxymentos // Caiit Mapa Mockssl. JleriaprameHt
MHBECTHIIMOHHON W MPOMBIIUICHHON MOJUTHKU ropoaa Mo-
ckBbl. 2023. URL: https://www.mos.ru/dipp/documents/proekty-
reshenii-o-kompleksnom-razvitii-territorii-nezhiloi-zastroiki/

18 001
16 001
14 001
12001

10001 O A

8001 + o
6001 © so -

4001 &

2001 &

0 5 10 15 20
< MHOroKBapTHPHBIE )KHIIBIC 10Ma
x OOpa3oBanue

- AZ[MHHI/ICTpaTI/IBHI:Ie

o OOIIeCTBEHHO-ICIIOBBIE
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€TCsl ITyTEM COITOCTABJICHHS YHCIIOBBIX ITOKa3aresel (puc.
3). B GonpmMHCTBE CcayvaeB IUIaHUpyeMasl IUIOTHOCTh
MHOTOKPATHO IPEBBIIIAET CYIIECTBYIONIYIO, OHAKO €CTh
uckiouenue — KPT, pacnonoxkeHHoe mo ajupecy: yi.
IIpecuenckuii Ban, Bi1. 27 B CyIIeCTBYIOIIEM MOJIOKEHUU
nmeet 9,25 ThiC. M? Ha T4, a INIAHUPYETCSI pa3MEIICHUE 3a-
CTPOMKH C TIOTHOCTHIO 6,25 ThIC. M? [19].

PaccmoTpum u3MeHeHHe PYyHKIMHN, IPearacMbIxX
B pamkax KPT (puc. 4). Ha npeacraBieHHO# anitoBu-
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< KommyHainpHOe 00CITyKHBaHNE

Puc. 2. AHaIM3 TWIONIAHBIX [TOKa3aTelel MIaHupyeMO 3aCTpOiKH B Auarnasone 1-20 Teic. M
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TOxHbIH nOpT
Bonrorpazackuit npocrext, 130
yi. O6pyuesa, 23-25A
1OsxnE1it mOpT (TeEp. 2.1)
TOxn0e OuakoBo
3amagHas CTaHIUSA
TymmsHo

Boctpsikosckoe mocce
Xubunckuii mpoesn, BiI. 3
Tonecckwuii nmpoesn, Bi. 16
Yepemyuku

JlokTopa I'aasa yi.
MeznsekoBo

JloHckue ynuisl
JIMuTpoBckoe 1.
Jerynnno-JInxo60pst
Kanubp

CokomnuHast ropa

np. Mupa, Bi1. 220A
CeBepsiHUH

CB1010BO

Oropoxnblii mpoesn (CeBepHas 4acTb)

yia. Dasapna Ipura
T'paitBopono (Psi3ancknii)

Kgapran 25A Yepemyiku

2-s1 CunnukuHa yi., Bi. 4, Cepn u Moot

1-s T'opnoBckast yi., Bi1. 4
TIpecHenckwuii Ban, Bi1. 27
A3zoBckas, BiL. 39
BaronopmemMoHT
Kynueso

Bounrorpackuit npocrexr, Bi. 32
1O:xn0e OuakoBo

yn. Hukymusckas, 1. 2
Manuno

Brixuno

1-it BoTkuHCKMi Tpoesn

Cepr 1 MOJIOT

0°0S

KPT

17870 TUTAHUPYEMOU TUIOTHOCTH 3aCTPOMKHU B T'paHULAX

Puc. 3. /lnarpamma cpaBHEHUS CyIIECTBYIOIIC
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XKMAOW 3acTporiku B I. Mockse

C. 90-111

CymiectBytomnue GpyHKIHH

Il AMEHHCTPATHBHO-IIPOM3BOCTBEHHOE
e
W Brirosoe obcyxuBanie

. VYnpasnenue

l CityxeOHbIe TapaxH

OO0I111eCTBEHHO-/ICTIOBBIE

OO6cTyKHBaHHE KUIOU 3aCTPOUKH

KommyHaneHOe o0cmyKuBaHue

IIpomblIIIEHHOCT

ITnarnpyemeie GpyHKIHN

VYnpagienue =

\FOCTHHHHH .

HapKPIHTI

MenyupexaeHust I

[
CriopTuBHBIE COOPYIKEHUS, I

HpOMBII.LIJ'IeHHOCTb I

com

OO0111eCTBEHHO-/ICTIOBBIE

MHOI‘OKBapTI/IpHLIe JKUIIBIE TOMa

Puc. 4. AmumoBransHas auarpamMma usMeHeHus: yHkiui B pamkax KPT

aJbHOM auarpaMMe cjeBa MPEICTaBICHBI CYIICCTBY-
rore GyHKIUY, ClpaBa — IUTaHupyembie. [lox Hau-
MEHOBaHUEM KaX/10# (DYHKIIUHM HAIIMCAHO KOJINYECTBO
BBISIBIICHHBIX (DYHKIIUH B TIEPEYHE HCCIICAYCMBIX Y9acT-
xoB KPT. Vcxons n3 muarpamMMbl, MO)KHO CHIETATh BbI-
BOJI, UTO Ha CETOJIHALIHUN JIeHb B paMKaX MeXaHHU3Ma
KPT wacTo pacnonararoT AeTCKHE Ca bl U IIKOJBI.
IIpoBeaeHHbBIN aHAIN3 TOKA3bIBAET UHTEHCUBHOE
pa3BUTHE OBIBIINX MPOU3BOJCTBEHHBIX TEPPUTOPHA.
Ha peopranuzyemoii TeppUTOpUH MTPEyCMATPUBAIOTCS
pasznuuHbie (PYHKIHH, OTHAKO OJIHOW M3 Haubosee ya-
CTO BCTPEUAEMBIX SIBJISIETCS JKUJIasl 3aCTpoiika, KOTopast

B COOTBETCTBHH C COLUAIBHBIMI HOPMaMH HpeJIoia-
raet obecreueHne MEeCTaMH B JIETCKUX calax M IIKO-
nax®. Tem He MEHee MHOTHE ITAHHPOBOYHBIC peLiIe-
HUS, IPUHATHIC B paMKaX pa3MeLIeHHs AeTCKHUX Ca/loB
U IIKOJ, HE UMEIOT HAyYHOTr0 000CHOBAHHOTO ITOAXO0/a
K OIIpeeTICHNIO THIa (hopMHUPOBaHUSI 00pa30BaTEIbHO-
TO YUpexJIeHHs U eMKocTer mect [20, 22, 23].

¢ O KOMIUIEKCHOM Pa3BHUTHH TEPPUTOPUH HEXKIIIOHN 3aCTPOUKA
ropona Mocksbl Ne 551, pacrionokeHHOi#t 1o aapecy: T. Mockaa,
yi1. [Ipecuenckuii Ba, 8. 27 : [Tocranosnenue [IpaButenscTBa
Mockss! ot 28.06.2023 Ne 1219-T1IT.
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Omnpenenenne NoTpeOHOCTH HACEJIEHUS B MeCTax
B JIETCKHUX €aJaX ¥ IIK0JIAaX U cnoco0bl popmupoBa-
HHA 3eMeJbHBIX YuacTkoB 15 JJOY n COII
Bomnpoc pa3menienns JeTCKUX CafoB U IIKOJ Mpes-
CTaBIISIETCS 1I€TIECO00PA3HBIM pacCMaTPUBATh C MO3H-
Uil ydera morpeOHOCTell HaceaeHus u TpeOoBaHNH
UX JIOCTYMTHOCTH B paMKax JAeHCTBYIOIEH HOpMaTUBHO-
IpaBoBOii 6a3sl. ECiii TOBOPUTE O AMHAMHIYHO pa3BUBa-
IOMINXCS TOPOJax, TO MOTPEOHOCTh HACETICHUS MOXKET
MEHATBCSA B MPSIMOI 3aBUCHMOCTH OT MEHSIOLEHcs
CIIIT »xwuoit 3aCTpOiiKK COTIACHO pEerHOHaIbLHBIM HOP-
MaTHBaM TPaIOCTPOUTENIFHOTO perynupoBanus. Muaue
TOBODSI, 32 POCTOM JKHJION 3aCTPOIKH pacTeT moTpeo-
HOCTb B JIETCKHUX €ajax M mkonax. Cleayer OTMETHTb,
YTO BOIIPOC 0OECHEYSHHOCTH MECTAaMH B JIETCKHX Ca-
JIaX M IIKOJIaX MOXET OBITh YCIIOXKHEH B CIIyyae OJHO-
BPEMEHHOTO HE B3aMMHO YYHTHIBAEMOTO MPOQHUINTA
obecneuenus Teppuropun. Hampumep, ecnu B cymie-
CTBYIOIIEH XKMIIOHM 3acTpoiike ¢ M30BITOYHOH (Ipo-
(huuTHON) 00eCIeYeHHOCTHI0 MECT B IETCKHX cajax
U IIKOJIAX €IMHOBPEMEHHO IIAHNPYETCS Pa3MelleHIe
JKUJION 3aCTPOMKH, KOTOpasi HE YUYUTBIBAIOT HATPY3KY
Ha MecTa B JIETCKUX cajax, OT Pealn3allii MPOEeKTOB
JIpyT Apyra BO3HHUKAET CUTyalHs, IpU KOTOPOi oOpa-
3yeTcsl HEXBAaTKa MECT B IETCKUX Ca/laX M IIKomax [24].
C 1enbio NpeJoTBPALIEHUS TAKOTO POAA CUTyaluil
TpeOyeTcst KOMIUIEKCHasI OlleHKa 00eCTIe4eHHOCTH Tep-
PUTOPUH MECTAMH B IETCKUX CaJaX M IIKOJIAX C yYETOM
npuierarouei reppuropun. M3 3toro yTBepKIACHUS
BO3HHMKAET 3aKOHOMEPHBIH BOMPOC, UTO MOKHO CUH-
TaTh TEPPUTOPHEH MPUIIETAIOIIEH, KOTOPYIO HEOOXOIH-
MO YUHUTBIBAaTh TAKUM 00Pa30oM, YTOOBI IPU pearn3aIiiu
MIPOEKTA MIAHUPOBKH YIECTh BO3MOKHBIE CYIIECTBYIO-
IIYe ¥ TUIaHWPyEMble TIOTPEOHOCTH B MECTaX B IETCKUX

-
(===

e
f—n

&= &5

camax u mkosax? Jluist ompeaeneHus mpuieraromei
TEPPUTOPHU CTOMT, MOJIB3YSICh MAaTEMATHYECKUM U CH-
CTEMHBIM METOJAMH, yUECTh TEPPUTOPHIO, CIIOCOOHYIO
BIMATH Ha 00ECIIEYEHHOCTh MECT B JCTCKUX Cajax
U IIKOJIAX, COOTBETCTBEHHO 3TO TEPPUTOPHS, PACIIONO-
JKCHHasl B 30HE JIOCTYITHOCTH JIETCKOTO CaJla MJIH LIKO-
ael (puc. 5). Takum 00pa3om, MpHUIIETaroe TeppUTO-
pHell MOXXHO Ha3BaTh TEPPUTOPHIO, PACIIOIOKEHHYIO
Ha PAacCTOSHUM YBOEHHOTO paJinyca HOPMaTUBHOM 10-
CTYITHOCTH JIETCKOT'O CaJla MIIN ILIKOJIBI.

BaXHO OTMETHUTB, YTO JOCTYIHOCTH IETCKOTO Caza
U IIKOJIBI OTIIMYAETCS1, 3TO O3HAYACT, YTO U yUUTHIBAEMAs
MpUJIETAoMIAst TEPPUTOPUS JIETCKOTO Ca/la U IIKOJIBI Oy-
JIeT oTyarbest. Tak, Hapumep, pu J0CTYITHOCTH JeT-
ckux canoB 300 M npueraromias repputopust — 600 M
OT IPOEKTUPYEMOI], a TpU OCTYMHOCTH 1Ko 500 M npu-
neraromas Teppuropus coctasut 1000 m’. Heobxo-
TUMOCTB y4eTa JOCTYTHOCTH O0OBEKTa 00pa30BaHUS
BO BCEX HAIPABJICHUSIX 3aKJIIOYAETCSl B TOM, YTO B Ipa-
HUIaX JTOCTYITHOCTH C HMPOTHBOIIOIOKHONW CTOPOHBI
MOXET PacIoylaraThCsl JKUilas 3aCTpOKa, BIUSIOIAs
Ha Harpy3Ky YIUTHIBAEMOH IIKOJIBI MITH JIETCKOTO Caja.
[ToMuMO TUTAHUPYEMOH KMIIOH 3aCTPOWKN MOTYT OBITh
IUTAHUPYEMBbIE JETCKUE Cabl U IIKOJIBI, EMKOCTh KO-
TOPBIX TAKXke ClieJyeT IPUHUMAaTh BO BHUMaHUE, TaK
KaK OHH MOTYT HE TOJBKO MOKpPBIBATh IMOTPEOHOCTH
TUTAHUPYEMOI1 3aCTPOMKH, HO U IpelycMaTpUBaTh odec-
TIeUeHIE TIPUIIETAoNIeH TeppuTopun. TakuM oOpa3zoM,
JUTSE KOMIUIEKCHOH OIICHKH MOTPEOHOCTH B ACTCKUX
cajiax ¥ IIKOJIAX CIIeIyeT PAcCUUTHIBATH MOTPEOHOCTH

7 O6 yTBEpK/ICHIH HOPMATHBOB TPaI0CTPOUTEIBHOTO IIPOEKTH-
poBaHus TOpoaa MockBbI B 00macTu odpasoBanus : [loctaHos-
nenwue [IpaButensctBa Mockser ot 21.12.2021 Ne 2151-I111.

I'panuusr KPT

IInanupyemas sxunas 3acTpoiika

CymecTByIOIIHE IIKOJIBI

Ilnarupyemble IIKOJIBI

I1nanupyemble JeTCKUE Cabl

OO6cIyKHBaHHE C yU4eTOM IIaHUPYEMBIX IITKOJ
OOcCITyKMBaHHE C YUETOM CYHIECTBYIOMIUX IIIKOJ
OOcCTy’>KMBaHHE C YUETOM IUTAHUPYEMBIX JETCKHX CaJJ0B

CymecTByomas >KiIas 3acTpoiKa

i

R1JIOY Pajiyc 10CTyIHOCTH OT MIKOJIBI
R2 JIOY Paauyc oGecredeHust OT rpaHuIl TEPPUTOPHI
R1 COUI Paanyc JOCTYIHOCTH OT IKOJIBI

R2 COII Pammyc obecrieueHus OT TPaHHI] TEPPHTOPUH

Puc. 5. Cxema JOCTYITHOCTH M 00ECTICUCHHOCTH CYIIECTBYIOIIECH 1 TNTAHUPYEMOH 3aCTPOMKN MECTaMH B JIETCKHX CaaX M IIKOJIAX
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MpUJIETraoleil TEpPPUTOPHUH, ONPEEIUB TPeOyeMyto
JIOCTYITHOCTb, @ 3aT€M OLICHUTh MOIIHOCTb JAETCKHX Ca-
JIOB U 1LIKOJI Ha NPUJIEratollel 3aCTPOMKE U PacCUUTaTh
CYIIECTBYIOIIYIO U IUIAHUPYEMYIO 00ECIIeUeHHOCTh Me-
CTaMH B JISTCKHUX cajax v mkomiax [25, 26].

Pesynbrarel ananusa 40 MOCTaHOBIEHUN O KOM-
TUIEKCHOM Pa3BUTHH TEPPUTOPHHU ITOKA3AIH MEPEXO]
0T (YHKIHI TTPOU3BOACTBEHHOHN H MIPOYEH HEKIIIOHN 3a-
cTpoiiku B 13 nerckux cagax u 16 mxomnax. Bakxo paccma-
TPUBATB ITH JICTCKHE CaJIbl ¥ ILIKOJIBI B KOHTEKCTE 24 City-
4aeB pa3MENICHUs] MHOTOKBAPTUPHBIX KHIBIX JOMOB.
Pesynbrarsl aHaM3a TakKe MO3BOJIMIM OLEHUTH ILIO-
1113/1b 00pa30BaTebHBIX yUpexaeHHi 0T 6 10 19 ThiC. M%)
a TaroKe ONPEJeNTUTh MacIuTald yBEIHMYCHNS IUIOTHOCTH
3aCTPOHKHM Ha TEPPUTOPUH KOMIUIEKCHOTO Pa3BHTHUS
5-35 ThIC. M2

Juist onpenesnieHust pa3MeIieHus U eMKOCTH JIeT-
CKOT'0 cajia M IMIKOJIBI TpeIaraeTcsl MoIX0 Ha OCHOBE
YCTaHOBJICHHUS MOTPEeOHOCTEH HACENEeHHUS W JOCTYI-
HocTu. COBMEIIEHHE 3THX JIByX YCIOBUH y4YHUTHIBA-
eT cenuPuKy 00eCIeYeHHs IIKOI U JIETCKUX CalIoB.
OnpeneneHue NOTpeOHOCTEH POPMUPYETCS U3 CYMMBI
HACEeJICHUS B CYILECTBYIOLIEH, INIAHUPYEMOH U MPOEK-
TUPYEMOM 3aCTPOMKE; BbISIBJICHUE JOCTYIIHOCTH, IIPHU-
JIeTaolIel K MPOeKTUPYEMOH TEPPUTOPUH, YCTaHABIIH-
BAETCs KaK 30Ha JIOCTYITHOCTH JISTCKOTO CaJia U HIKOJIbI,
KOTOpasi MOYKET BIHSTHh Ha 00ECIIEYeHHOCTD ITPOCKTH-
pyeMoii TeppuTOpHu U OpaTh Ha cedst Harpy3Ky OT IpH-
JIeTaIoIIeH TePPUTOPHH.

Ha ceromssmiuuii 1eHb chopMupoBayics 00beM
Hay4yHBIX pa0oT, HANPaBJICHHBIH HAa O0ECIIeYeHUEe I10-
TPeOHOCTH B JETCKUX cafax W mioiax. OqHUM U3 Hau-
OoJiee 4acThIX BOIPOCOB 00ECIIEYCHHOCTH MPUBOIUTCS
YAOBJIIETBOPEHHOCTH ITOTPEOHOCTH HACENICHUS B MECTaxX
B JICTCKHX cajax | IKonax. PeampHas ((hakTuaeckas)
NoTpeOHOCTh B MECTax JAETCKUX CaJOB U IIKOJI 00Ja-
JTAeT CYIICCTBCHHOW M3MEHYHBOCTHIO KaK B OOJBIIYTO,
TaKk ¥ B MEHBIIYIO CTOPOHY, B 3aBUCHIMOCTH OT OOIIeH
JeMorpaduuecko cutyanuu B crpane. [ yiydimeHus
KadecTBa 00ecIieueHus JeTCKIMH CalaMd W IIKOJaMH
HeO6X0[[PIMO Pa3sBUTUEC AJIBTCPHATHUBHBIX BHUAOB J10-
IIKOJILHOTO 00pa30BaHMsI ¢ y4eToM (DOPMHPOBAHHS YacT-
HOTO OOecIIeueHns TaKuX MeCT. Peanmsarus pa3mmaHbIX
BapUaHTOB 00BEKTOB 00PAa30BaAHUS JISKHUT B INIOCKOCTH
TPaJOCTPOUTETHHON NEITEIFHOCTH U TPEICTABIISIET CO-
0o0if 3aaqy, TpeOYIONTYI0 MPUMEHEHHUsT KOMITJIEKCHOTO
nozixoza. Pasmenenne o0pa3oBaresIbHOTO yUpEsKACHHs
MpesIaraeTcsi Ha OCHOBE OQJTHHBIX CHCTEM, YIUTHIBA-
IOIIMX OIpe/eICHUe MOTPEOHOCTH HACEIICHHS, OLIEHKY
TPaJIOCTPOUTENIBHBIX OTPaHUYEHHH U OaIIIbHOM OLIEHKH
o (pakTOpaM ITIOTHOCTH HACEJIECHUs, TPAHCTIOPTHOM J10-
CTYITHOCTH M SKOHOMHYECKOTO COCTOSIHUSI, HOPMATHBHOU
JIOCTYITHOCTH W ITOCTOSIHHOW OIEHKH SKOJOTHYECKUX
oKazaTesien JJis COXPaHEHHUs 3J0POBbS IETEH.

OTcyTCcTBHE COOTBETCTBYIOIIEH MOATOTOBKH MOCTE
JICTCKOTO caJla MOKET MPEeNsITCTBOBATh HAMIYUIIEMY
Havyary 0Oy9YeHHUS B IIKOJIC B CBSI3U C OTCYTCTBHEM IIpe-

€MCTBEHHOCTH. Pemenne 3Toi mpoOiIemMbl mpeacTaB-
JISIETCSL BO3MOXHBIM 3a CUeT POPMHUPOBAHUS YIeOHO-
BOCIIMTATEILHOTO KoMILIeKkca. JlJisi mHTerpanuu erei
B IIIKOJIbHOE 00pa3oBaHue TPeOyeTC sl CrierranbHas MoI-
TOTOBKAa W (POPMUPOBAHIE OMPEACICHHBIX HaBBIKOB.
B »TOM cMmbIciie yueOHO-BOCIUTATENBHBIA KOMILIEKC
MOXET CTIOCOOCTBOBATh O0Jee TIIABHOMY TEPEXoay
JIETEeH B Cpeay MIKOJIBEHOTO 00yUeHHs. Y 00BheINHCHHS
JIETCKOTO Cajia U IIKOJIbl €CTh MPEUMYIECTBA B BUJE
CHIDKCHHUS Harpy3KH B NEPHOJ HadyalbHOTO 00pa3o-
BaHMUs, TONTOCPOYHAs paboTa MO3BOIACT Meaaroram
Oonee 3 PeKTHBHO padOTaTh U MHAMBHYAIBHO yUH-
THIBaTh OCOOCHHOCTH JIETEH, a Cpelld PUCKOB 00beIr-
HEHHS IETCKOTO Ca/ia U IIKOJIBl — IEPEHOC IIKOIHHBIX
METOZI0B pabOTHI B IETCKHUI Cal.

B cuiy Toro, 94To IIIOTHOCTH U TEPPUTOPHATIHHBIC
XapaKTePUCTHKH METAIlOJIUCOB JIENAI0OT IPOCTPAHCTBO,
MPUTOTHOE YISl pa3MEIEHHsI 3arOPOJIHBIX JIOMOB, 00-
Jiee KOHKYPEHTHBIM U HEJJOCTYIHBIM JIsi OOJIbINei ya-
CTH HaCeJICHHUS, OTCYTCTBYET BOBMOKHOCTh 3HAKOMCTBA
JieTeil B KpyIHEeHIINX Topoiax ¢ KyJIbTypOl HapOJHOTO
X0341CTBa, TEPSIETCS BO3SMOKHOCTh TAaKTHIHBHOTO BOC-
TIPHUATHSI €CTECTBEHHBIX MPUPOIHBIX TEKCTYp (IT0YBa,
JIUCThSI, Kapa, TUIONbI PACTEHUH), PEKPEallnOHHON CO-
CTaBJISIFOLIEH OT MPSIMOTO B3aUMOJICHCTBUS C PACTEHU-
SIMU X OTBETCTBCHHOCTB 32 OKPYKAFOIIYIO CPEITy B BUIC
6uocdepsl. B pamkax MOIylbHBIX 00BEMHO-TIPOCTPAH-
CTBEHHBIX PEIICHUH BOZMOXHO MTPEIYyCMOTPETH B HECe-
30HHOE (JIETHEE) BpeMsI CO3/IaHHE Ha SKCILTyaTHPYEMbIX
KPOBJISX JIETCKHMX CaJIOB M LIKOJ CaJIOB, II€ JIETH MOT-
nu OBl yXa)KMBaTh W HAOMIOMATh 32 Pa3BUTHEM pacTe-
Huil. C 0gHOM CTOPOHBI, 3TO MOTJIO OBl C(HOPMHUPOBATH
NPAaKTHYECKYIO 3a7a4y sl JAeTeld, KOTOPYI0 OHH Obl
MOTJIM BBITIOJHATH CO00Ia, ¢ APYrod — 3TO MOT-
710 OBI TIOCTYXUTDH aJbTEPHATUBON NTE(HUITUTY B3aHMO-
JICHCTBUS C IPUPOJIOI JICTEH, XKUBYIIUX B OOJBIINAX TO-
pomax.

Taxxe mist obecriedeHNs C TOYKH 3PSHUS IMPO-
CTPaHCTBEHHON OpraHU3al[MM BaYKHBIM SIBIISIETCSI Op-
TaHU3AIMsl OTKPBITHIX MPOCTPAHCTB, KOTOPBIE MOJOKH-
TEITHHO CKA3bIBAIOTCS HAa KPEaTHBHOHN COCTABISAIOMICH
BOCIIMTAHHUKOB M LIKOJILHUKOB, & OTBETOM Ha JIEMO-
rpaduueckre U3MEHEHUs NPeIaraeTcss MOIyIbHOE
CTPOUTETHCTBO, KOTOPOE MOXKET KaK yBEIUINBATh, TaK
Y YMEHbBIIATh EMKOCTh 00pa30BaTeIbHOI0 0OBEKTA.

3AKJTIOYEHHUE

Ha cerogusmnuil 1eHb CyIIECTBYIOT pa3jindHble
BapHaHThl 00pa30BaTENIFHBIX YUPESKIACHUH, pacrioara-
IOLIUX MPEUMYIIECTBAMHU, PUCKAMH U ycioBUsAMH. Of-
HOBPEMEHHO C 3THM NOTPEeOHOCTh HACEICHHs B 0bec-
MEYCHUH MECT B JETCKUX CaJax M IIKojax oOiamaer
NU3MCHYUBOCTBKO, OJJTHAKO Ha CeFO}lHSIHJHI/lﬁ JCHb Ha-
yKa HE pacroiaraeT UCCJIEA0BATEIbCKUMHU paboTaMH,
Mpe/UIaralouMH TEPPUTOPHATBHO-TIPOCTPAHCTBEHHOE
PCHICHUC JaHHBIX BOIIPOCOB.

MexaHn3M KOMIUIEKCHOTO Pa3BUTHS TEPPUTOPHUN
(hopMHpYET HOBYIO KHIIYIO 3aCTPOHKY Ha MeCTe OBbIB-
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IIMX TPOU3BOJICTBEHHBIX 30H, Ha MPUJIETAIONIEH TEpPH-
TOPHUH KOTOPBIX PACIIONIaraeTcsl CyIIeCTBYIOIAs U Tia-
HUpyeMas Kujiasi 3aCTPOKa, YTO CO3TaeT yIIIOTHEHHE
HAaCEeJICHHbIX TEPPUTOPHUI U MO3BOJISIET BO3IEHCTBOBATh
Ha obecreyeHne HACEJICHUS IETCKUMH CaIaMH | KO-
namu. KoMIuiekcHOe pa3BUTHE MOXKET OBITh pacCMOTpe-
HO B Ka9e€CTBE TEPPUTOPHAIIBHOTO pecypca s peau-
3aluK 00ECIIeUeHUsI MECT B JIETCKHMX Caax U IIKOJax.
OpHa U3 KIYEBBIX MPoOIeM oOecrnedeHus: Me-
CTaMHM B JIETCKUX CaJaxX M IIKOJaX MPHU KOMIUIEKCHOM

Pa3BUTHH — OTCYTCTBHE B3aMMHON yBSI3KH MOTPeEO-
HOCTEH IPOEKTUPYEMON U MPUJIETAIOIIENH TEPPUTOPUU
C Y4ETOM CYLIECTBYIOIIEH U IJIaHUPYEMOM XKHUIOH 3a-
CTPOMKH.

Takum 00pazom, JUlst HAy4HOTO cOOOIIECTBa IPao-
CTPOUTCIIBHOI'O HallpaBJICHUA CKJIaAbIBACTCA OCTpas
HE0OX0AMMOCTh B MPOAOKEHUH HCCIEHOBAHMS IS
KOMIUIEKCHOTO OTIpEeJeIeHHUs MOTPeOHOCTH U BHIOO-
pa BapuaHTa peaau3aluy 00pa30BaTEbHbIX yUPExKIe-
HUU.
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INTRODUCTION

The provision and accessibility of free pre-school
and school education is guaranteed by the Constitution
of the Russian Federation. However, due to the intensi-
fication of urban planning processes caused by the in-
tegrated development of the territory' and associated
with the implementation of residential development
on the territories of former production zones, there is
a threat of failure to provide the population with kin-
dergartens and schools due to the lack of mutual co-
ordination of decisions on the location of residential
development and the capacity of educational institu-
tions located and planned for implementation, includ-
ing in the adjacent territories. As of today, more than
500 plots have been formed in Moscow for integrated
development of the territory, a significant part of which
involves residential development?.

' On Education in the Russian Federation : Federal Law
of the Russian Federation of 29.12.2012 No. 273-FZ.
2 Town-planning Code of the Russian Federation from
29.12.2004 No. 190-FZ (in edition from 08.08.2024).

The mechanism of integrated development
of the territory sets the goals of forming a harmoni-
ous space for the life activity of the population of cit-
ies. Thus, the present study reveals a scientific problem
consisting in the discrepancy between the new facts and
data caused by the need to take into account the rela-
tionship between the parameters of territory planning
projects in terms of the provision of places in kindergar-
tens and schools with new and existing development,
and the old way of explaining them, which does not
take into account the parameters of the needs of the ad-
jacent existing and planned development, as well as
the peculiarities of the options for the formation of kin-
dergarten and school sites.

Over the past few decades, scientific knowledge
has developed a deep understanding of the problem
of social infrastructure provision in urban planning,
which is directly related to the demographic situation
and determines the needs in the capacity of kindergar-
tens and schools. In the framework of the identified
problem the studies of L.V. Glebushkina, I.Yu. Chu-
barkina, E.N. Belaya, A.V. Sidorova, G.V. Leonidova,
Z.A. Asadova, .M. Lapcevich, O.S. Sachava, S.P. Ku-
dryavtsev, N.S. Dolotkazin and others, aimed at solv-
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ing the problematic situation of providing educational
facilities, in particular kindergartens and schools, tak-
ing into account the emerging needs of the population
and the need to form educational complexes, as well as
their rational location on the territory of residential de-
velopment. For example, in the work “Reconstruction
of residential areas of Eastern Siberian cities” L. V. Gle-
bushkina proposed to analyze the need for social facili-
ties based on the classification of flats by comfort level:
social, business and prestigious. The level is determined
on the basis of assessment of wear resistance of struc-
tural systems of typical series of residential buildings,
and the higher the index of structural systems, the high-
er the comfort level of the flat, while the norm of the to-
tal area per person increases accordingly to the comfort
level. Five volumetric and spatial techniques are pro-
posed for the optimization of residential buildings:

1. Modernization through redevelopment for exist-
ing social housing stock.

2. Superstructure of residential buildings, existing
social housing provides for business stock in the super-
structure.

3. Inserts between dwellings of existing social
housing stock provide for business stock in the inserts.

4. Extension of the block of flats to provide busi-
ness type flats.

5. Complex reconstruction using a combination
of the presented techniques, the social type of housing
receives a business level during modernization, and
the superstructure type receives a prestige level.

Within the framework of the analysis of scientific
works on the problem of providing places in kinder-
gartens and schools, field survey and interviews were
used to determine the location of service facilities,
which showed an uneven distribution of such facilities
in the study area. According to the results of the study,
kindergartens and schools were located in the centre
of the quarter of the first period of industrial housing
construction [1].

In the work of L.L. Nikulshin “Urban-ecological
substantiation of educational institutions location in
the reconstruction of urban development” it is proposed
to determine the location of educational institutions
based on the calculation of the need from the popula-
tion and the standard radius of accessibility, taking into
account the documentation of territorial planning in
terms of demolished housing stock and planned new
residential development. The main priority in selecting
the location of the educational institution is the environ-
mental situation. This research paper considers the se-
quence of actions to determine the territorial resource
and the necessary sites for location based on the needs
of the population, the formation of a list of evaluation
factors, the assignment of point estimates and the cal-
culation of the rating of the evaluation factor. The pre-
sented methodology offers monitoring of the ecologi-
cal state of urban areas to reduce the incidence of child
morbidity by 2.5 times. Thus, the paper proposes the use
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of an information system as a tool to control the pro-
vision of places of educational institutions taking into
account environmental requirements [2].

In the paper “Methodological bases of reproduc-
tion of social infrastructure objects of urban blocks
using the value approach” by I.Yu. Chubarkina gives
a new term “urban block” as a complex investment and
construction project, which includes housing stock
and social infrastructure. However, according to the study,
the term “social infrastructure” assumes the totality of la-
bour, social, cultural and welfare activities without taking
into account kindergartens and schools [3].

E.N. Beloi in his study “Economic justification
of pre-school educational institutions placement in
the reconstruction of urban development” presented
an algorithm based on the scoring of social and eco-
nomic factors to justify the placement of kindergar-
tens. The proposed methodology within the frame-
work of social justification factors takes into account
the demographic situation, the need of the population
in pre-school educational institutions, the assessment
of the state of the network of pre-school institutions
in the city, and within the framework of economic
justification of the location of pre-school institutions
the assessment of transport accessibility and economic
conditions. To realize this assessment, an algorithm
consisting of stages is envisaged: 1 — site selection
based on the indicators of existing preschools; 2 — de-
termination of the population’s needs in preschools by
determining the difference between the actual and de-
sign capacity; 3 — analysis of the territory for compli-
ance with urban planning regulations of land use and
development rules; 4 — calculation of the score assess-
ment of sites according to spatial and statistical data;
5 — formation of a table of socio-economic value for
each site; 6 — selection of the site for the maximum
score. Within the framework of the score assessment,
the ranges of influence of each factor taken into ac-
count are proposed so that the demographic indicator
is evaluated in 2 points; population density, landscap-
ing and provision of preschools — 5; transport acces-
sibility — 5; environmental condition — 5; economic
indicator — 5 [4, 5].

A.V. Sidorova in her work “Creative educational
environment of preschool education: issues of con-
tinuity” considers the problem of adaptation in first-
graders. On the basis of communication with teachers
in the round table format the following problems of ad-
aptation of first-graders are formulated:

1. Inability to negotiate among themselves in
groups of 3—4 people.

2. Inability to organize space for work.

3. Lack of information retrieval skill.

4. Lack of basic math fundamentals.

To solve these problems, it is proposed to form
a creative subject-developmental environment as a uni-
fied educational complex, taking into account the pecu-
liarities of the educational environment at the expense
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of continuity, allowing to solve the issues of primary
general education [6].

G.V. Leonidova (“Preschool Education in Russia:
Availability and Accessibility”) pays special attention to
the problem of kindergarten availability, taking into ac-
count the active demographic dynamics affecting their
need from the early 1990s to the 2010s in the Russian
Federation. The paper considers the tensions in the so-
cial sphere due to significant and sharp differences in
the need for kindergartens in the 1990s and 2000s. As
an alternative resource of places in kindergartens, private
pre-school institutions, short-term stay groups, family
education groups, family kindergartens are proposed,
with a target of 5 % of the total capacity. This share
in Moscow at the time of the survey was already more
than 6 %. Such indicators are explained by the reluc-
tance of private structures to undergo the necessary li-
censing processes and the non-compliance of the prem-
ises used with the current standards. The publication
demonstrates the direct impact of the demographic
cycle on the load in kindergartens. As a specific feature
of kindergarten provision, there is a special urgency in
places for children from 1-3 years of age, rather than
from 3—-6 years of age. The low variability of types
of preschools is noted. Thus, kindergartens of compen-
satory type make up 2 per cent, and kindergartens for
young children 0.5 per cent. Two directions of work to
address this issue are proposed: 1) development of al-
ternative types of preschool education; 2) increasing
the level of social protection of families with preschool
children in the form of financial compensation to fami-
lies who are unable to place a child in a state kinder-
garten [7].

Within the framework of Z.A. Asadova’s publica-
tion “The forms of kindergarten-school connection”,
a survey was carried out, as a result of which a need for
school teachers’ participation in the process of prepar-
ing pre-school children for the school programme is
formed. It is necessary to involve children in practical
team tasks of self-care, active activity. The study set up
a 2-year experiment with the participation of kinder-
garten teachers and educators aimed at interaction be-
tween kindergarten and school through the interaction
between teacher and children, teacher and educator, tak-
ing into account the spatial features of kindergarten and
school. Such close interaction on a long-term basis is
possible if reliable and stable administrative and spatial
links are formed [8, 9].

[.M. Lapcevich and O.S. Sachava in their paper
“Unified educational space “Kindergarten — School”:
from theory to practice” analyze the advantages, risks
and practical problems in combining kindergartens and
schools. It is proposed to consider the comparison of re-
quirements for a kindergarten and school graduate ac-
cording to the current federal normative requirements
in terms of personal and subject results, which demon-
strate the fundamental continuity and readiness to unite
the function of kindergarten and school. The advan-

tage of combining kindergarten and school is the effect
of reducing the load on the child from 5-10 years of age
due to continuity, the second advantage is the possibil-
ity of long-term and systematic work with the child in
case of speech therapy or psychological and other prob-
lems, the third advantage is the legal and regulatory
regulation of preschool activities as educational activi-
ties, and it is the combined with school option that helps
the educational function to be realized most effectively.
The risks of combining kindergarten and school include
the transfer of working methods from schoolchildren to
preschoolers, i.e. the situation in which the first grade
programme is passed at an early stage, which does not
involve the development of the qualities necessary for
schooling. Thus, continuity does not cancel the old, but
develops it at the next stage of formation. Another risk is
related to the misinterpretation of the concept of “school
readiness”, often it is perceived as readiness to learn
specific subjects, such as numeracy, reading and writ-
ing skills. However, school readiness is not primarily
envisaged at the content level, but at the activity level.
This study also reflects the positions of different roles:
for parents — in the continuity of the development pro-
cess, close spatial location of kindergarten and school,
opportunities for additional education, providing seam-
less psychological and pedagogical support for children;
for teachers — in increasing the number of pupils and
students, improving pedagogical skills and improv-
ing the material and technical base; for children — in
a common trajectory of requirements at different levels,
the continuity of educational programmes, the continuity
of educational programmes, the continuity of educational
programmes, the continuity of educational programmes,
the continuity of educational programmes, the continuity
of educational programmes, the continuity of educational
programmes, the continuity of educational programmes,
the continuity of educational programmes, and the conti-
nuity of educational programmes. With regard to the socio-
psychological aspect, the unification of collectives re-
quires the analysis of the value systems dominating
in the collectives, among which may be life wisdom,
beauty of nature, love, materially secure life, cognition,
etc., on the basis of these factors, an experiment is set, in
which the collectives are evaluated and the commonality
of their values is determined. The study presents detailed
practical recommendations for the gradual integration
of school and kindergarten [10].

S.P. Kudryavtseva and N.S. Dolotkazina in their
work “Modern directions of creating children’s educa-
tional institutions” consider the possibility of forming
adaptive spaces of educational institutions, the con-
cept of “open space” as a single free space for chil-
dren where different age groups are not provided.
As a response to demographic changes it is proposed
to adapt the capacity of the facility, to use modular,
container blocks. An experimental architectural design
is presented, proposing kindergarten capacities for 75,
140 and 200 places based on a modular concept. As part
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of the design solutions, playgrounds on the stylobate
part are proposed, proving the possibility of exploita-
tion of the above-ground level of the territory [11].

The above studies have largely formed a scientifi-
cally sound idea of the provision of kindergartens and
schools in residential development projects and their
interrelation. However, in terms of determining the ter-
ritorial resource, the previously proposed approaches
are not relevant for application in the largest cities,
such as Moscow, for example, due to higher require-
ments to the urban environment, as well as economic
conditions that require a higher density of development.
The most relevant territorial resource for the largest cit-
ies may be the areas of integrated territory development
(ITD), which allow, on the one hand, to form residential
development taking into account modern requirements
to the urban environment and building density, making
possible the economic feasibility of the implementation
of residential development; on the other hand, to create
places in kindergartens to meet the needs of the pro-
jected and adjacent existing and planned residential
development. Also, the analyzed studies do not present
the peculiarities of territorial and spatial organization
of various options for the location of kindergartens and
schools, which can fundamentally change the prob-
lems considered in scientific works. To this end, it is
necessary to use tools aimed at achieving sustain-
able development of the territory, high rates of hous-
ing construction, and conditions for the development
of infrastructural urban systems. Such a mechanism
can serve as ITD — a special type of urban planning
activity, which is a set of activities under the advisory
contract, such as: development of documentation on ter-
ritory planning, development of architectural and urban
planning solutions, development of design and work-
ing documentation, etc. up to commissioning of capital
construction objects and transfer of infrastructure facili-
ties to the balance of urban organizations [12—15].

In Moscow, this mechanism has acquired the spe-
cifics of development, first of all, of production zones
[16]. To date, the mechanism and effects from the im-
plementation of ITD are actively studied in terms of le-
gal regulation [17, 18], identification of negative factors
that hinder the achievement of ITD goals [19, 20]. With
regard to the approval of the direction of urban devel-
opment of ITD in the city of Moscow, the procedure for
justification and establishment of the limit parameters
of integrated development of the territory is formula-
ted — these are the parameters established in the reso-
lution of the Moscow City Government and include:
the boundaries of integrated development of the terri-
tory, the area of the area of the complex development
of the territory, the maximum total floor area within
the boundaries of external walls, the types of permitted
use of the territory, the terms of preparation of docu-
mentation on the planning of the territory, the terms
of ITD implementation
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Taking into account the existing experience of fun-
ctional-spatial organization of residential development,
the purpose of this study is to examine the problem
of providing places in kindergartens and schools in
the integrated development of residential development
in Moscow. Moscow.

Hypothesis of the study — the mechanism of inte-
grated development of the territory of residential devel-
opment (on the example of Moscow) in the implementa-
tion of residential development can become a territorial
resource to provide adjacent territories with places in
kindergartens and schools, taking into account the needs
of the population in relationship with the specifics and
requirements of the location of educational facilities.

MATERIALS AND METHODS

Research area — taking into account the large
number and significant spatial diversification of com-
plex development sites in Moscow? it is proposed to
consider these sites for the possibility of providing
places in kindergartens and schools (Fig. 1) [18].

RESULTS AND DISCUSSION

The analysis of 40 Moscow Government resolu-
tions on integrated development of the territory has
shown that on the studied sites, where production fa-
cilities and facilities serving them are currently located,
it is planned to locate predominantly residential devel-
opment with pre-school and school education facilities.
Let’s consider the planned development of up to 20 thou-
sand sq. metres of total floor area (TFA) in respect
of 40 ITD plots, for which resolutions of the Moscow
City Government have been approved. The distribution
of ITD plots is presented horizontally, and the TFA in-
dicator is presented vertically (Fig. 2)*.

Educational facilities, including schools and
kindergartens, are located in the range of 6-20 thou-
sand m?, sports facilities — up to 8 thousand m?, ho-
tels range from 10 to 20 thousand m?, and medical fa-
cilities — up to 15 thousand m?. It should be noted that
the public-business function occupies the entire range
of area characteristics under consideration. The area
of administrative facilities is 6-8 thousand m? (Fig. 3)°.

An analysis of the comparison between the exist-
ing and planned density of development within the ITD

3 Measures to implement projects of integrated development
of non-residential building territories in the city of Moscow :
Resolution of the Moscow City Government No. 331-PP
of 23.03.2021.

* On approval of the classifier of types of permitted use of land
plots : Order of the Federal Service for State Registration, Ca-
dastre and Cartography of 10.11.2020 No. P/0412.

5 List of documents // Moscow Mayor's website. Department
of Investment and Industrial Policy of Moscow. 2023. URL:
https://www.mos.ru/dipp/documents/proekty-reshenii-o-kom-
pleksnom-razvitii-territorii-nezhiloi-zastroiki/
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Fig. 1. Scheme of boundaries of integrated development sites in Moscow

boundaries is proposed by comparing numerical indica-
tors (Fig. 3). In most cases, the planned density is many
times higher than the existing one, but there is an ex-
ception — the ITD, located at the address: Presnensky
Val St., bld. 27 in the existing situation has 9.25 thou-
sand m? per ha, and it is planned to locate the develop-
ment with a density of 6.25 thousand m? [19].

Let’s consider the change of functions proposed
within the ITD (Fig. 4). In the presented alluvial dia-
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gram, existing functions are shown on the left and
planned functions on the right. Under the name of each
function is written the number of identified functions in
the list of ITD study sites. Based on the diagram, it can
be concluded that today kindergartens and schools are
often located within the ITD mechanism.

The analysis shows intensive development of for-
mer industrial areas. Various functions are envisaged in
the reorganized territory, but one of the most common
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Fig. 2. Analysis of the area indicators of the planned development in the range of 1-20 thousand sq. metres
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is residential development, which, in accordance with
social norms, involves the provision of places in kinder-
gartens and schools®. Nevertheless, many planning deci-
sions taken within the framework of kindergartens and
schools’ location do not have a scientifically grounded
approach to determining the type of educational institu-
tion formation and capacity of places [20, 22, 23].

¢ Comprehensive development of the territory of non-residen-
tial development of the city of Moscow No. 551, located at:
Moscow, Presnensky Val str., bld. 27: Resolution of the Gov-
ernment of Moscow of 28.06.2023 No. 1219-PP.

Determination of the population’s demand
for kindergarten and school places and ways
to form land plots for pre-schools and secondary
schools

It seems reasonable to consider the issue of kin-
dergartens and schools’ location from the perspective
of taking into account the needs of the population and
the requirements of their accessibility within the current
legal framework. If we talk about dynamically develop-
ing cities, then the need of the population can change in
direct dependence on the changing SPP of residential
development according to the regional norms of urban
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planning regulation. In other words, the need for kin-
dergartens and schools grows behind the growth of resi-
dential development. It should be noted that the issue
of provision of places in kindergartens and schools can
be complicated in case of simultaneous non-mutually
accounted surplus of provision of the territory. For ex-
ample, if in the existing residential development with
excess (surplus) provision of places in kindergartens
and schools there is a simultaneous planned placement
of residential development, which does not take into ac-
count the load on places in kindergartens, from the im-
plementation of each other’s projects there is a situation
in which there is a shortage of places in kindergartens
and schools [24].

In order to prevent such situations, a comprehen-
sive assessment of the provision of kindergarten and
school places in the territory, taking into account the ad-
jacent territory, is required. From this statement, a natu-
ral question arises: what can be considered as the ad-
jacent territory, which should be taken into account in
such a way as to take into account possible existing and
planned needs for kindergarten and school places dur-
ing the implementation of the planning project? In or-
der to define the adjacent territory, it is necessary, using
mathematical and system methods, to take into account
the territory that can influence the provision of places
in kindergartens and schools, respectively, it is the ter-
ritory located in the zone of accessibility of kindergar-
ten or school (Fig. 5). Thus, the adjacent territory can
be called the territory located at a distance of twice
the radius of normative accessibility of kindergarten
or school.

It is important to note that the accessibility of kin-
dergartens and schools is different, which means that

the considered adjacent territory of kindergartens and
schools will also be different. So, for example, if kin-
dergartens are 300 m accessible, the adjacent territory
is 600 m from the designed territory, and if schools
are 500 m accessible, the adjacent territory will be
1,000 m’. The need to take into account the accessibil-
ity of the educational facility in all directions is that
within the boundaries of accessibility from the op-
posite side may be located residential development,
affecting the load of the school or kindergarten taken
into account. In addition to the planned residential de-
velopment can be planned kindergartens and schools,
the capacity of which should also be taken into account,
as they can not only cover the needs of the planned de-
velopment, but also provide for the provision of the ad-
jacent territory. Thus, for a comprehensive assessment
of the need for kindergartens and schools it is neces-
sary to calculate the need of the adjacent territory,
having determined the required accessibility, and then
to assess the capacity of kindergartens and schools in
the adjacent development and to calculate the existing
and planned provision of places in kindergartens and
schools [25, 26].

The results of the analysis of 40 ordinances on com-
plex development of the territory showed the transition
from the functions of industrial and other non-residential
development in 13 kindergartens and 16 schools. It is
important to consider these kindergartens and schools
in the context of 24 cases of multi-apartment residen-
tial buildings. The results of the analysis also made it

" Approval of standards of urban planning design of the city
of Moscow in the field of education : Resolution of the Gov-
ernment of Moscow from 21.12.2021 No. 2151-PP.

Boundaries of the CDT

i........i Planned residential development
Existing school

Planned schools

Planned kindergartens

Maintenance based on planned school
Service tailrad to existing schools

Maintenance based on planned kibdergartens

Existing residential development

]

Rl The radius of accessibility from the kindergarten
kindergarten

R2 The radius of the provision from the borders of the territory
kindergarten
R1 school The radius of accessibility from the school

R2 school The radius of the provision from the borders of the territory

Fig. 5. Scheme of accessibility and provision of places in kindergartens and schools in the existing and planned developments

108



Provision of educational facilities in the integrated development

of residential buildings in the Moscow city P. 90-111

possible to estimate the area of educational institutions
from 6 to 19 thousand sq. metres, as well as to determine
the scale of increase in building density in the integrated
development area of 5-35 thousand sq. metres.

To determine the location and capacity of kinder-
gartens and schools, an approach based on establishing
the needs of the population and accessibility is pro-
posed. The combination of these two conditions takes
into account the specificity of provision of schools and
kindergartens. Determination of needs is formed from
the sum of the population in the existing, planned and
projected development; identification of accessibility
adjacent to the projected area is established as the zone
of accessibility of kindergarten and school, which can
influence the provision of the projected area and take
the load from the adjacent area.

To date, the volume of scientific works aimed at
ensuring the need for kindergartens and schools has
been formed. One of the most frequent issues of pro-
vision is the satisfaction of the population’s need for
places in kindergartens and schools. The real (actual)
need for places in kindergartens and schools has signifi-
cant variability, both upward and downward, depending
on the general demographic situation in the country. In
order to improve the quality of kindergarten and school
provision, it is necessary to develop alternative types
of preschool education, taking into account the forma-
tion of a private provision of such places. The imple-
mentation of various options of educational facilities
lies in the plane of urban planning and is a task that
requires a comprehensive approach. Placement of edu-
cational facilities is proposed on the basis of point sys-
tems that take into account the definition of population
needs, assessment of urban planning constraints and
scoring on the factors of population density, transport
accessibility and economic condition, normative acces-
sibility and continuous assessment of environmental in-
dicators for the preservation of children’s health.

The lack of appropriate preparation after kinder-
garten can hinder the best possible start at school due to
a lack of continuity. This problem can be solved through
the formation of a learning and education centre.
The integration of children into school requires special
training and skills development. In this sense, a learn-
ing and education centre can contribute to a smoother
transition of children into the school environment.
Combining kindergarten and school has advantages in
the form of reduced workload during the primary edu-
cation period, long-term work allows teachers to work
more effectively and to take into account the individual
characteristics of children, and among the risks of com-
bining kindergarten and school is the transfer of school
methods of work to kindergarten.

Due to the fact that the density and territorial charac-
teristics of megacities make the space suitable for coun-
try houses more competitive and inaccessible for the ma-
jority of the population, there is no opportunity for chil-
dren in the largest cities to get acquainted with culture
of the national economy, the possibility of tactile percep-
tion of natural textures (soil, leaves, rind, fruits of plants),
recreational component from direct interaction with
plants and responsibility for the environment in the form
of biosphere is lost. Within the framework of modular
volumetric and spatial solutions it is possible to envis-
age in the off-season (summer) time the creation of gar-
dens on the exploited roofs of kindergartens and schools,
where children could care for and observe the develop-
ment of plants. On the one hand, this could form a prac-
tical task for children, which they could fulfil together,
on the other hand, it could serve as an alternative to
the deficit of interaction with nature of children living
in big cities.

Also important for provision in terms of spatial
organization is the organization of open spaces, which
have a positive effect on the creative component of pu-
pils and schoolchildren, and the answer to demographic
changes is offered by modular construction, which can
both increase and decrease the capacity of the educa-
tional facility.

CONCLUSION

Today, there are various options for educational
facilities with advantages, risks and conditions. At
the same time, the population’s demand for kindergar-
ten and school places is variable, but to date there is no
research work that offers a spatial and spatial solution
to these issues.

The mechanism of integrated development of
the territory forms new residential development on
the place of former production zones, on the adjacent
territory of which the existing and planned residential
development is located, which creates densification
of populated areas and allows to influence the provision
of kindergartens and schools. Integrated development
can be considered as a territorial resource for realizing
the provision of places in kindergartens and schools.

One of the key problems of providing places in
kindergartens and schools in integrated development is
the lack of mutual coordination of the needs of the pro-
jected and adjacent territory, taking into account the ex-
isting and planned residential development.

Thus, there is an urgent need for the urban planning
research community to continue the study for a compre-
hensive determination of the need and choice of option
for the implementation of educational facilities.
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AHHOTAUMUA

Beepenue. B 2024 r. MNpe3ungeHty PP npencrasneHa Ctpaterusi ycrtonumsoro pa3sutus lNpuasosbsa go 2040 roga, uenb
KOTOPOW co34aHne HaLuMOHaNbHOro pekpeaLnoHHOro LEeHTpa MUPOBOrO YPOBHSI HA OCHOBE 3KOMOMMYECKOro BOCCTaHOBMe-
Hus A3oBckoro mopsi, 6acceiiHoB, BNafatoLLmMX B HEr0 pek 1 obecneyeHmnst yCToYMBOro pa3BuTusi MHpacTpykTypsbl. [aHHas
CTpaTerns B TOM YWCre HanpaBneHa Ha pas3BuTME MIsHKHOro Typmama Ha Gepery AsoBckoro mopsi. B cBs3u ¢ yem Bbl-
MoJIHSAETCA Hay4YHO-MUccrneoBaTenbckas pabota, ee Lenb — UCCrnefoBaHNe COBPEMEHHOTO re03K0NOrMYeckoro COCTOSIHUSE
HacceiiHoB pek CeepHoro Mpra3oBcKoro rmaponorMiyeckoro paioHa Ha npumepe mManow p. [pysckon Enanuuk (L = 91 km,
F = 1250 km?). 3agaym ons BbibpaHHoro 6acceliHa peku: co3aath 6a3bl AaHHbIX B 6acceliHe p. Mpy3ckon EnaHuuk, copep-
Xalyme nHcpopMaumio: 0 NnapameTpax COOpYXeHUs, PYHKLMOHANbHOM Ha3Ha4YeHnM, MOpdOMETPUYECKUX NPU3HaKaXx, reo-
MOpOnornyeckmx oCO6EHHOCTAX, PUINKO-XMMUYECKUX NPOBax BOAbl, O TEXHUYECKOM COCTOSIHUMN COOPY>KEHUIA.
MaTtepuansi u metoabl. Pabota ocHoBaHa Ha hakTuyeckoM MaTtepuane, cobpaHHOM B NoneBbIX UccnegoBaHusix. Mpose-
[OEH aHanu3 NpoeKTHOW, CTPOUTENBHON M 3KCMNyaTalunoHHOW AOKYMEHTaLMM KOMIMIEKCOB COOPYXKEHWI MO pycry peku; Bbl-
MosiHeHa OLleHKa UX KOHCTPYKTMBHbIX 3eMeHTOB; oTobpaHbl Npobbl BoAb! AN MPOBeAEHNsT KOMMMEKCHbBIX nabopaTopHbIX
ncenegoBaHun.

Pesynbrathbl. [Ins BbiGpaHHOro 6acceiiHa peku paspaboTaHbl cxeMbl rpagaumin Ans 06beKToB BOAOXO3SACTBEHHOIO CTPOU-
TenbcTBa. Co3gaHbl reoMHopMaLMoHHbIe 6a3bl JaHHbIX.

BbiBogbl. CobpaHbl AaHHble ANnst onpedenieHnst CTENeHN aKonormieckor 6e3onacHoOCTU, COCTaBMNEHHblE NO pe3ynsrataM
HaTypHoro o6crnefoBaHus, cucTeMaTuampyoLme ceefeHust 06 oobekTax BOAOXO3ANCTBEHHOIO CTPOUTENBCTBA: NPOBEAEHbI
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Mo NPoBeAEHMI0 KOMMiekca MepPonpUSTUA A NOBbILLEHUs1 6e30MacHOCTY.

KIMKOYEBBIE CJTOBA: BogHOE X03ACTBO, Marnble peku, BOOOXPaHUNMLA, NPUPOAHO-TEXHUYECKME CUCTEMbI, MOHUTOPWHT,
nporHo3unpoBanue, NC, 6a3bl JaHHbIX

Onsa UWTUPOBAHWUA: MeaHkosa T.B., ®eceHko J1.H., Poxkos B.C. CocTosiH/e NpUpoaHO-TEXHUYECKON cuctembl baccen-
Ha peku pysckor Enanuunk JoHeukon HapogHow Pecny6nukm // CTpoutenbCcTBo: Hayka n obpasoBaHue. 2025. T. 15. Bbin. 2.
Cr. 7. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2025.2.7

Asmop, omeemcmeeHHbIl 3a nepenucky: TaTbsiHa BuktopoBHa VBaHkoBa, academy-design@mail.ru.

State of natural and technical system of the Gruzskoy Elanchik
River basin of the Donetsk People’s Republic

Tat’yana V. Ivankova', Lev N. Fesenko', Vitalii S. Rozhkov*
! M.I. Platov South-Russian State Polytechnic University (NPI); Novocherkassk, Russian Federation;
2 Donbas National Academy of Civil Engineering and Architecture (DonNACEA);
Donetsk People's Republic, Makeyevka, Russian Federation

112 © T.B. MBaHkoBa, A.H. ®eceHko, B.C. Poxkos, 2025
PacnpoctpaHsietcs Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)



CocrosiHne I'IpMpOAHO-TeXHMLIeCKOﬁ cuctembl bacceriHa PEKN

by3ckor EnaHumk AoHeukos HapoaHor Pecrybanku C.112-140

ABSTRACT

Introduction. In 2024 the President of the Russian Federation has instructed to approve the Strategy for the Sustain-
able Development of the Azov Region until 2040 and the action plan for its implementation, ensuring the synchronization
of decisions on the financing of these activities with national projects and strategic planning documents; significant plans
are connected with this, including improvement in living standards in the Azov region. This strategy, among other things, is
aimed to develop beach tourism, as well as well as the fish industry with a great potential of the Azov Sea. In this regard, we
are carrying out this research, focusing on studying the current geoecological state of the river basins of the Northern Azov
hydrological region as exemplified by the small river Gruzskoy Elanchik (L = 91 km, F = 1,250 km?). Aims for the selected
river basin are the following: create databases of construction and urban facilities in the basin of the Gruzskoy Elanchik river
containing structural parameters, its functional purpose, morphometric features, geomorphological features, physicochemi-
cal water specimens.

Materials and methods. The work is based on factual material collected in the field research in the basin of the Gruzskoy
Elanchik River. The analysis of the design, construction and operational documentation of the complexes of structures along
the riverbed were carried out, their structural elements were evaluated; water specimens were taken for complex laboratory
studies.

Results. Gradation schemes for reclamation and water management facilities have been developed for the selected river
basin. Geoinformation databases including spatial data have been created.

Conclusions. Data were collected to determine the degree of environmental safety, compiled based on the results of a field
survey, systematizing information about water management construction facilities in the river basin: studies of operated
water management and reclamation construction facilities were conducted; certified devices and equipment were used to
ensure the accuracy and reproducibility of the results; the data obtained were analyzed and the results evaluated; the as-
sessment of the technical condition and safety level, according to the current codes and rules, was given at the moment
of examination; recommendations on carrying out a set of measures to strengthen the safety of structures were given.

KEYWORDS: water management, small rivers, reservoirs, natural engineering systems, monitoring, forecasting, GIS,
databases
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BBEJAEHHUE

Cornacno Korcrutyiuu P®, Jlonenkas Hapomnas
Pecmy6mmuka (JJHP), JIyranckas Hapomnas PecrmyOnuka
(JIHP), 3anoporkckasi u XepcoHCKast 001acTH BKIFOUCHBI
B [lepeveHb PErHMOHOB CTpaHbl'. J{iist perenust Bomoodec-
TICYCHHOCTH HACEJICHUS U OOBEKTOB IKOHOMHUKH B TICPH-
on1 CCCP (mo 1991 1) ucnons30Bamick BojbI U3 Oacceiina
Juenpa u Ceepckoro [lonia (mpaBoro nputoka p. JloH).
CerozHsi peaJibHbIH 3a00p BOIHBIX PECYPCOB U3 MaJIbIX
pEeK HOBBIX cyOBekTOB PO ~ 1,0 kM*/rO, TIipH mpoXxuBa-
foleM HacesneHud N = 7,5 MIIH Yeil. yaeabHbIH 3a00p
(2024 ) = 130 M*/(uen. rom). J[yist corocTaBneHus: ynemb-
HBIE PacXoJIbl BOABI Ha YeJIoBeka B Tof: A Vrtamnn ~
=~ 910 m/(uen. ron), mis Ucnanuu =~ 750 m3/(uen. ropm).
CymmapHno peunoii crok JJHP, JIHP, 3anopoxckoit u Xep-
COHCKOH 001> W 0% 3232,0 mutH M, ynenbHbIe
BoziHbIe pecypesl (2024 1) — 431 m¥/yen. (1991 ) —
231 m*/gen. [1]. Tlnomans 4eThipex HOBBIX CYyOBEKTOB
(JIHP, JIHP, XepcoHckoii u 3armopoxcKoit obnacreit) co-
crapmsiet 108,9 Toic. kM2, JleUIUT BOMIBI OIICHUBACTCS
Wpeq ~ 12 xm*/rox. ITnomans JJHP F e 26,5 - 103 xm?,
JUTSI TOJIa CPEeTHE BOTTHOCTH Wpeq ~ 0,3 km*/roz.

' O mpunsitiu B Poccuiickyro @eneparuio Jonenkoit Hapon-
HoH PecyOmuky u 06pazoBanuu B coctaBe Poccuiickoit dene-
paumu HOBoro cyObekTa — Jlonenkoit Hapoxnoii Pecmy6iu-
ku : DenepanbHblii KOHCTUTYIHOHHBIH 3akoH oT 04.10.2022
Ne 5-®K3 (pen. ot 25.12.2023).

2 Pecypcsbt oepxaocTHBIX Bogt CCCP. Tom 06. Ykpanna u Mo-
nasust. Beimyck 3. bacceiin CeBepcroro Jlonna u pexu [Ipraso-
Bbsi / ot pen. M.C. Karanepa. JI. : T'unpomerns, 1967. 492 c.

B neprog CCCP Ob11i TOCTPOEHBI M AKCILTYaTHPO-
BAJIMCh KaHaJIbl MexK0OacceitHOBO 1epedpoCKy, HaJIUB-
HBIC BOJOXPAHWIHIIA, BOAOXPAHWIHIA MHOTOJICTHETO
pa3nuBa. BonHbiit 6amanc A30BCKOTO MOPSI COCTABIISICT
W =~ 290 kM® (4TO COMOCTABUMO C JBYMS TOIXOBBIMH
crokamu p. Bousra). Ilpu stom ctok p. on (cpenne-
MHOroJIeTHHI) — 27 km*/rof, p. Kybane — 13 km*/rox,
410 B cymme X = 40 km*/roj. OCHOBBIBAsICH Ha TAHHBIX
rOCYIAPCTBEHHOTO JOKJa/a’, MbI BOIIUTH B IIMKJI MaJIo-
BOJIHBIX JIET, ¢TOK p. Jlon — 12 km3/rox (2020 1), p. Ky-
6anp — 6 km/ron (2020 1), B cymme X = 18 km*/ro.
HMMeHHO mo3TOMY COJNEHOCTh A30BCKOTO MOpSI YBEIHU-
yuaercs. Ecau B JIHP mecTHbIE pecypchl coCTaBis-
10T (IUIs1 CPETHEro 110 BOAHOCTH roja) 750 muH M/rog,
TO B BOJOXPAaHWIUIIAX U MpyJax akkymynupyercs 80 %o
croka — 600 MiH M.

[IpoGeMbl ¢ BOmOCHAOKEHNEM MMHUTHEBOI BOIOM
B /IHP nagamuce B 2022 1., uMeHHO TOTa OblIa Hapy-
mena padora kanana «Cesepckuii Jloner — Jlonbaccy.
JIyist X pereHus ObUTH TOCTPOCHBIL: BOIOBOJ OT p. JloH
U PsIT BOIOBOJOB M3 MECTHBIX MCTOYHHKOB U MaJIbIX
BOJIOXPAHMJIUII, a TaKXKe MPOOYPEHBI ACCATKHA HOBBIX
CKBa)XXHH. B CBsI3U ¢ mpomomKaonmmcs AeUIuTOM
BOJHBIX pecypcoB B [IHP, BrI3BaHHBIM OTCYTCTBU-
€M TOJ[a4u BOJABI U3 OCHOBHOI'O MCTOUHHKA — KaHaja
«Cesepckuit Jlonern — Jlorbacc» U orpaHUYCHHBIMUA
BO3MO)KHOCTSIMH PE3EPBHOTO BOIBIHIIEBCKOTO BOJO-

3 O cocrosHUM 1 06 OXpaHe OKPYKAKOLIEH cpebl PocCHiicKoi
Denepanyu B 2020 roxy : ToCyIapCTBEHHBIH HoKIaa. M. : MuH-
npupozs! Poccrn; MI'Y uvenn M.B. Jlomonocosa, 2021. 864 c.
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XpaHWIHUIIA, T0Ja4ya BOABI MOTPEOUTEIAM OCYyIIeCT-
BisieTcs 1o rpaduky. CtpouTtenscTBo BojoBoaa «JloH —
Jlonbaccy ymaydmmiao CHUTyaluio, HO HE YCTPaHHUIIO
mpobieMy HeXBaTKH BOABI. Tak, MOITHOCTH BOAOBOIA
B CTaHIapTHOM pekume — meHee 300 Thic. MP/cyT,
49TO oOecrmeynuBaeT He OoJiee YeTBepTH 00BeMa OT ITo-
Tpebnenns pecypca Ha 2010 r. DxkOHOMHKA B TaKUX
YCIIOBHAX HE MOXET HOPMAJIbHO BOCCTaHABIUBATHCH,
a TeM Ooree pa3BUBATHCI. A30BCKOE MOpE CTAIKHUBA-
€TCS C CePhEe3HBIM IKOJIOTHUSCKAM KPH3MCOM, BEI3BaH-
HbIM MasioBoabeM p. Jlon. Hauunas ¢ 2007 r., cTok Bozibl
B JIoHY 3HaYUTEIBHO CHHU3MWJICS, YTO MPHUBEIO K IO-
BBILIEHUIO coJieHOCTU A3oBckoro mops [2]. Cpenne-
ToZI0Basi COJIEHOCTh Mopsi, kotopasi B 2006 1. cocTaBisi-
na 9,6 %o, nocturna pexopansix 15,1 %o B 2020 r. [3].
JleuuuT peyHoro cToka U BO3POCHINE PACXO/IbI BOJIBI
Ha WCIAPCHUE, HAPSIY C MPOYUMH (PaKTOpaMH, CIIpo-
BOIIMPOBaJIHM OECNpeNeeHTHBIH POCT COJICHOCTH BOJ
A30BCKOTO MOps, CPEAHEroJ0BOE 3HAYEHHE KOTO-
poit B 2021 r. nocturio Beicokoro ypoBHs (14,97 %o).
[Tpu Hanbosee BeposTHOM ciieHapuu (60 %o) ¢ coxpa-
HEHUEM MaJIOBOHOTO MEPHOA U MATEPUKOBBIM CTOKOM
pek Jlon u Kybanbs B A30BCkO€ MOpE CyMMapHbBIM 00b-
e€MOM OKOJIO 22 KM® CpeHEro0Bast CONICHOCTh A30B-
CKOTO MOpsI, BKJTFOUYast TaraHpOTCKUiA 3aJiB, MOXKET J10-
crtuub 3HaueHui 15 £ 0,40 %o ¢ quana3oHoM KoJieOaHui
B COOCTBEHHO Mope B mHTepBasie ot 14,5 1o 16,5 %o [3].

Bacceitn p. JloH 3aHMMaeT TeppuToputo 422 ThIC. KM?,
Ha KOTOpoii pa3menieHsl 15 cyobextoB PO: Tynbckas,
Opnosckasi, Psa3anckas, Jluneukas, Boponexckas,
TamOoBckas, Kypckas, benropoackas, Ilenzenckas,
Caparogsckas, Bonrorpasickas u PoctoBckast obnactu,
Craspononsckuit, KpacHonapckuii kpas u Pecry6mu-
ka Kanmbikus (369,0 teic. km? uiam 87,4 % Oacceiina),
a Tarke XapbkoBckas, Jlyranckas u Jlonemnkas obmna-
cru (53,0 Teic. kM? nnu 12,6 % teppuropun Gacceii-
Ha). JlnmuHa BomoToka coctapnsger 1870 kM, muromranb
BomocOopHOTrO OacceiitHa — 422 THIC. KM?; CpeIHUN
pacxox Boasl — 680 M*/c; ykioH pexu — 0,096 M/km,
Bo3pact ~ 23 muH yet’. Boma p. Jlon aktuBHO 3a6u-
paeTcs Ui pa3uYHBIX HYXK]I Ile O BIAJCHUS PEKH
B [{uMIITHCKOE BOTOXpAHIIIHIIIE, TO3TOMY ITPOCKT BOJIO-
Boza «J{oH — JIoHOaccy, XOTS U MOXKET BPEMEHHO YIyd-
IINTh CUTyalWio ¢ BojpocHaOkenueM B JIHP, He cra-
HET JOJITOCPOYHBIM pemeHueM. B Oacceiine p. [on
MPOJOJDKUTCS TCHACHIIUS CHIDKCHHSI 00hEMOB PEUHO-
IO CTOKa BCJIEJICTBHE YMEHBILIEHHUS OJOBBIX OCAJKOB
Y YBCJIMYCHUS UCTIAPCHHUS B TCIUTBIN ce30H. B Oacceiine
p. KyOaHb MOJHOCTBIO MIIM YaCTHMYHO PacIojararoTcs
yeTbIpe cyobekra PD: Pecriyonuka Anpires, KapauaeBo-
UYepkecckas Pecniyonuka, KpacHomapckuit kpaii u Cras-
pomonbckuit kpait. J[muHa BogoToka coctapmsieT 870 kwm;

4 Ilicamanos PI, Kupeesa M.B., Koconanos A.E., @ponosa H.JI.
Bonnsie pecypcbl Oacceiina [loHa 1 HX 9KOJIOTHYECKOE COCTO-
stHUE : MOHOTpadus / DenepanbHOE areHTCTBO HAyYHBIX Opra-
Hu3auwid, MacTuTyT BomHbIX ipodiem PAH u ap. M. : TEOC,
2017.204 c.
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II0IIAaAb BOgoCcOOpHOTro Gacceitna — 57,9 ThIC. KM?;
cpemaHuil pacxoa Bomsl — 398 M3/c; YKIIOH peku —
1,53 mM/kM, Bo3pacT =~ 5-9 MiH JieT.

CrnenyeT OXHIaTh, 9YTO CTOK PEK B FOXKHBIX pe-
runonax Poccun cumsurces Ha 3 % 10 2030 . u Ha 4 %
o 2041-2060 u 2080-2099 rr. [3]. OcBoOOXKICHHUE
Bcel Tepputopun JIHP siBiisieTcst eIMHCTBEHHBIM ITyTEM
JUISE BOCCTAHOBJICHUSI HOPMAJIBHOTO BOZOCHAOKECHHS
Y TIPEKPAIIICHHUS BOJTHOM OJIOKa bl CO CTOPOHBI YKpanHbL.

B JIHP ner xpynHbIX pek, kpome CeBepckoro
Jonna ¢ ymHoit Bogoroka 1053 kM 1 11011181610 BOJO-
cbopa 98,9 Thic. kM’ KpymHeiiiue BOMOXpaHUINIIA
B Oacceiine p. CeBepckuii JloHei: YepBOHOOCKOIBCKOE
(445 muu m?), Tleuenexckoe (383 mun M), Kpacho-
naBnoBckoe (414 mma M*), Yrmeropekoe (162 muH M%)
u Muponosckoe (76,3 min M*). B 6acceiine 3Toii pexku
pacrionoxeno 6onee 240 MaTBIX BOJOXPAHWIINII U TIPY-
JIOB CO CpEIIHEH TUIOIIAIBI0 3epKaia OKOJIO 2 KM?,

Hcnons3oBanme mom3eMubix Boa B JIHP HeBo3mMok-
HO 13-32 BEICOKOH TUTOTHOCTH IIIAXT, pa3padoTKa KOTOPHIX
BIIMSCT KaK Ha DIyOWHY 3aJIeTaHus TPYHTOBBIX BOJ, TaK
U Ha UX Ka4ecTBO. Bosbl HENTPUTOAHBI B CHITY UX Kpaii-
HEil 3arps3HEHHOCTH TsHKENIbIMU MeTaamu® &7 [4].
Tem He MeHee TOA3eMHBIE BOJBI B psijie TOPOJOB UC-
MOJIB3YIOTCSl B KQUECTBE TEIJIOHOCHUTEINS JUISI CUCTEM
LEHTpaIn30BaHHOTO oToruieHus. Eciu no nasana CBO
B I. Jlonenke momaBaau 280—-320 Thic. M BOIBI/CYT,
TO K HOSIOpro 2022 1. — nmuiib 42—55 ThIC. M*/CYT, U3 KO-
TOphIX 20 % BOIBI TPUMEHSITH JTSI pAOOTHI KOTEJIbHBIX.
Curyanus ycyryomnseTcsi 0COOCHHOCTSIMH JKCILTyaTa-
WU TIepebosIMH C AIIEKTPOCHAOKEHHEM, BOSHHKHO-
BEHHEM THIPABINYCCKUX YIapOB, aBapHsIMH Ha BOIO-
BOJIaX, MMOPHIBAMH Ha BOJOMPOBOIHON CETH; aHAJO-
TUYHAs CUTyalus ¢ 000PyIOBaHUEM: HACOCHI BBIXOMIST
n3 cTpost. Takum 0Opa3oMm, THICSYM JIFOZIEH 10 CHX TIOp
JKMBYT B YCJIOBHSIX HEXBATKH BOJIBL.

B coorBerctBum ¢ nopyuenusmu Ilpesngenra
Poccuiickoit @eneparnuu B.B. ITytuna ot 01.04.2023
Ne [Ip-650 u ot 27.07.2023 Ne I1p-1477 o pa3paboTke
Crparerun pa3BUTHS aKBaTOpUU A30BCKOTO OacceifHa
W TEPPUTOPUI MPHUA30BCKOTO MOOEPEKbs ObLIa pa3pa-
6otana «Crparerus yCTOMIMBOTO pa3BuThs [Ipra3oBes
10 2040 roma»®. Crparerust HarpaBjieHa Ha BOCCTAHOB-
JICHHUE SKOJIOTHH A30BCKOTO MOPS M @30BCKOTO Mmodepe-

5 Boposuu H.1., T'openos A.C., Topcmrko A.B. u op. Panronanb-
HOE HCIIOIBh30BaHUE BOTHBIX PECYpcoB OacceitHa A30BCKOTO
Mops : Matr. Mozenu / mox pen. .M. Boposuya. M. : Hayxka,
1981.359 c.

¢ Menvmuxun A.C. Ocobennoctu pek JJonbacca u pexpears //
Typusm — nepcrneKkTuBHast OTPACib SKOHOMUKN YKPAUHBI :
¢0. Mar. Hay4.-TIpakT. kKoH(. [Jonerk, 1995. 267 c.

" Bempog C.@., Epmauenxo A.B., I'puwenro C.B. u op. T'uru-
€HMYECKast OI[EHKa MMTHEBOTO BOAOCHAOKEHNS HACENECHHS OT-
IenbHBIX paiioHoB Jlonenkoit Hapoamnoit PecmyOmikm // Becr-
HUK TUruessl ¥ saugemuonorun. 2019. T. 23. Ne 3. C. 236-244.
8 Crparerus ycroitunBoro passutust [Iprasosbs 10 2040 roza.
URL: http://www.kremlin.ru/acts/assignments/orders/74442
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Kbsl, Pa3BUTHE PHIOOX03IHCTBEHHOTO, TYPHUCTHUECKOTO
U PEKPEaMOHHOTO IIOTEHIMAla YeThIPEeX HOBBIX CyOb-
extoB P® (JIHP, JIHP, Xepconckas u 3amopoxckas
obrnactm), Teppuropuii Pecryonuku Kpsim, KpacHo-
Japckoro kpast 1 PocroBckoii o0nacTu, MpHIIeTaloImmx
K A30BCKOMY MOPIO, B IIEJISIX TIOBBIIICHHS 0J1ar0COCTO-
STHUSI JTIOZIEH.

Pa3BuTHe Typu3Ma U KadecTBa KU3HHM JIIOAEH He-
BO3MOXKHO 0€3 MOJHOLEHHOTO JIOCTYIa K 0€301acHOM
IIUTHEBON BOAE. B CBA3M € 3TUM HM3y4YEHHE MalbIX
U CpPEeIHUX PEYHBIX OacCEeHOB CTAaHOBUTCS Bce Ooiee
Ba)XXHBIM B CBETE TEKYLIMX NMPOOJIEM, BKIIIOUAs HM3Me-
HEHHE KJIMMaTa U yBEJIMYEHHE aHTPOIIOI'€HHOTO BO3-
neiictBus [5]. HecMoOTpst Ha MIX OTHOCUTENIFHO HEOOIb-
M€ pa3Mepsl, 3TH 0acCEHHbI UIPAIOT KIFOYEBYIO POJIb
B l"J'IO6aJ'H:HI)IX CHUCTEMAX KpyroBopora BOAbI, BEIIECTBA
1 DOHEPrum, BJIMAA Ha COLMAJIBHO-OKOHOMHUYECKUE IIPO-
neccsl [6]. IloaToMy HM3ydeHHE DaHHBIX OaccelHOB
B CO3/IaBILIMXCS YCIOBHAX SIBIISIETCS CII0XKHON 1 BaXKHON
00IacThIO HAYYHBIX MccIeqoBaHui [7, 8].

Bonnsiii horn JHP Brimtodaer 1695 moBepxHOCT-
HBIX BOJIHBIX OOBEKTOB (PEKH, BOAOXPaHMIIUILA, TIPY/IbL,
o3epa), a Takxke moa3eMHubie Bogbl. [1o Teppuropun Jlo-
Heukoil Haponunoit PecniyOnuku nporekaer 4 cpennue
peKH 001l MPOTHKEHHOCTHIO B TPAHUIAX PECITYOTHKH
410 xm 1 851 MambIX pex U py4useB. OCHOBHBIE BOTOTOKH
B JIHP — 10 pexu: Kanemuyc, Muyc, Kpbinka, I py3sckoii
Enmarunk, BepxoBbs pek Jlyrans, Cyxoii u Mokpsrit Enan-
quk, OcukoBa, JlozoBas, BogsHas, oOriast mpoTsHKeH-
HOCTb PEYHOM ceTH 1o Tepputopuu — 5843,9 km” ° [9].
I'ycrora peunoii cetit JJHP — 0,22 xm/xm>.

Bonpuive 3anacel moNe3HbIX UCKonmaembIx B J{o-
HEIIKOM YTOJIBbHOM OacceliHe crocoOcTBOBaIM B XX B.
OypHOMY Pa3BUTHIO TPOMBIIUIEHHOCTH U 3HAYUTEIb-
HOW KOHIICHTpaIuy HaceneHus B perunoHe. Chopmupo-
BaBIIMecs B o0yiacTu Oojee 4eM 3a CTOJIETHE OTPaCIIn
MIPOMBIIIJICHHOCTH XapaKTepU3yIOTCsS 3HAYUTEIbHBIM
BOJIOTIOTPEOJIEHUEM, TTOTOMY B PETHOHE CYIECTBY-
eT ocTpas npobieMa 3arpsi3HEHUs] BOJHBIX PECYPCOB
U CBSI3aHHBIM C DTUM }:[e(bI/II_[I/IT KAa4C€CTBCHHBIX BOJ

% Peunas cets B JIHP. URL: https://gkvrh.ugletele.com/vodnye—
obekty—natsionalnye—dostoyanie—naroda—dnr/

10 Bonocyxun B.A., Menvruxos B.B. A3oso-Kacrmiickuii BoO-
JIHBIH MyTh: UCTOPHS, POOIEMBI, epcreKTuBbl. PoctoB H//L. :
Nzn-Bo FODY, 2008. 242 c.

JUISL XO3SIHCTBEHHO-TIUTHEBOTO BOJOCHAOXKEHUS Ha-
CeJICHHS, CeNIbCKOTO XO3siCTBa, nmepepadaTriBaromen
MPOMBIIIUICHHOCTH | T.Jl. APXUBHbBIE CBEJCHMUS 110 XH-
MHUYECKHM aHaJIn3aM BOJbI BOJOHOCHBIX TOPH30HTOB
B 9TOM pailOHE CBHJIETENILCTBYIOT O HAIIMYUHU COJICHBIX
MOJI3€MHBIX BOJ Ha IyomHe 1,25 M ¢ KOHIEHTpanuen
cosieit 39 /11 ¥ ¢ IPEUMYIIICCTBEHHBIM COACPKAHUEM
WOHOB HATPHsI U XJopa'l.

OcnoBHas Macca Bogb pex JIHP (60—70 % ot rona)
CTeKaeT B 3UMHe-BeceHHul nepuo. Pexu JIHP nuraror-
cs 3a CYET BECEHHETO TastHUs cHera, uto gaeT 40—80 %
TOZI0BOTO cTOKA. JloK/IeBOe TMTaHUE HE3HAYUTENBHO.

Crox pex JIHP BbICOKO 3aperyanpoBaH BOIOXpaHHU-
JUIIAMH ¥ TIpyaaMu, moctpoeHHbsiMu B 1950—-1970 rr.,
UCIIOJIB3YETCsI ISl TUTHEBOTO, CEbCKOX03SIHCTBEHHOTO
Y TIPOMBIIIIEHHOTO BOJIOCHAOKEHNUSI, phIOOpA3BEICHHUS
u opomaemoro 3emienenus. OOmmas miomaab BOAHO-
IO 3epKajia paclojaokeHHbIX Ha Tepputopuu JJHP Bo-
JHBIX 00bekToB (799) cocrapmusier 11 097,68 ra. O0bem
BOJIHBIX PECYPCOB JUISl CPEJHETO 110 BOJAHOCTH Toja —
525,142 mau m°. B JIHP 46 Bogoxpanunuil ¢ obmiei
IJI0IIa b0 BOJHOTO 3epkana 7491,7 ra, ooObemoM
464,417 man M.

Pa3zpaborkoii u peanusanueil rocyaapcTBeHHON
MOJINTHKHU B c(hepe YIpaBIICHHs1, UCIIOJIb30BaHHUS U BOC-
MPOM3BOJICTBA MOBEPXHOCTHBIX BOJHBIX PECYpPCOB,
Pa3BUTHS BOAHOTO XO3SHCTBA U MEJIMOPAIMU 3eMEJlb,
9KCILUTyaTal[i rOCYJapCTBEHHBIX BOJOX03IHCTBEHHBIX
00BEKTOB KOMIIJIEKCHOTO Ha3HAYEeHUSs!, XO31HCTBEHHBIX
OPOCHTEIILHBIX M OCYUIMTEIIbHBIX CUCTEM 3aHUMAETCs
Komuret BozHOTO M pHIOHOTO X03s1iicTBa JloHenkoi Ha-
ponHoi Pecnyonuku. [To qaHHBIM MOCIIEIHEH HHBEH-
Tapu3auuu Ha Tepputopuu JJHP HacuuThiBaeTcs okoio
800 runporexuuyeckux coopyxenuit (I'TC), Goiub-
IIMHCTBO M3 HUX HAXOJMTCS B HEYJIOBJIETBOPUTEIHHOM
Y aBapUIHOM COCTOSIHUH.

CocrosiHue THAPOTEXHNYECKHX 00bEKTOB
U Ka4eCTBO BOJ

B xauectBe 00BeKTa BBIOpaH OacceiiH p. [py3ckoit
EsaHumk, Ha KOTOPOM PACIIOIOKEHO TP BOILOXPAHUITH-
mra: MuxaittoBckoe, Muxaitnosckoe | (puc. 1) u Illes-

11 TTokimag 0 COCTOSIHUM OKpYKarolieii cpeibl B JloHerkoit ooa-
ctu /o pen. C. Tperwsikosa, I. ABepuna. J{onenk, 2007. 116 c.

Puc. 1. Buz ¢ BepxoBOro oTkoca MIOTHHBL, IAXTHEIA BogocOpoc Muxaitnosckoro | Bomoxpanminia
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Puc. 2. Bux Ha npubpexHyto BogooxpaHuyo 30Hy IlleBuen-
KOBCKOT'O BOJOXPaHUIIUILA

geHKoBcKoe (puc. 2, 3). Kpome macmopra o6sekral? 13 14
(1981, 1984 u 1984 rT. COOTBETCTBEHHO), HUKAKOH
WHOI JOKyMEHTAIMU HE COXPAaHHUIIOCh.

CornacHo pocCHHCKOMY 3aKOHOIATEIILCTBY, Ha BCEX
I'TC nomxkeHn ocymecTBIATbCS (enepanbHbI Tocy-
JapcTBeHHbIN Han3op. [Ipenocrasienne nekinapanuu
oe3omacuoctu ['TC 1 npoBeieHNE €€ IKCICPTU3BI —
o0s13aTenpHOE TpeOoBaHNE, HEBBITTOTHEHHE KOTOPOTO
paccMaTpuBaeTCs Kak HapylIeHHE 3aKOHOJATeIbCTBA
B obnactu obecneuenus: oezonacuoctu ['TC. B co-
OTBETCTBHHU ¢ TpeboBaHusIMH DenepallbHOrO 3aKOHA
«O 6e30MacHOCTH THAPOTEXHUUECKUX COOPYKEHUI»
No 117-®3 B ob6s3annocTu cobctBennnka [ ' TC, a Taxkxe
IKCIUTYaTHPYIOIEH OpraHu3alui BXOAUT peryispHas
npoueaypa pa3padoTKU M YTBEPXKICHUS JICKIapaluu
6e3onacnoctu I'TC Ha Beex dTanax >KU3HEHHOTO IHK-
na. CornacHo ct. 3" nexnapanust 6e3omacuocta [ TC —
JIOKYMEHT, B KOTOPOM 0OOCHOBBIBAETCSI OE30MaCHOCTh
I'TC u onpenenstoTcst MepsI IO obecnedennto de3omac-
Hoctu I'TC ¢ yueTtom ero kiacca.

Eme onHol 3HaunMol mpoOiaeMoi s U3ydeH-
HBIX TEPPUTOPHUI SABIIACTCS IPUOPEKHAS BOLOOXPAHHAS
30Ha. Bce Tpu BOIOXpaHMINILA PACTIONOKEHBI Y JIOPOT,
YTO mpuBiekaeT poioakoB. Cy/st IO JaHHBIM 9X0JI0Ta,
cpenHss ryOuHa BOAOXPAHUIUIL OKOJo 2,5-3,5 M,
prI0a ¢pukcupoBanack Ha mryomse 2,0-2,7 M. B 30Hax
CBOOOJTHOTO TIO/ThE3/Ia MAIINH BBISBICHBI OYark CBaJIOK
Mycopa, IJIaCTHKa, OTX0J0B (pHuc. 2, 3).

[IpuBeneHbl OCHOBHBIE MapaMeTpsl TPEX BOZO-
XPaHWIHIL, PACIIONOKEHHBIX B Oacceitne p. ['py3ckoit

12 BooX03sICTBEHHBII MacmopT Bopoxpanmimina [lleBueH-
KOBCKOe, 3armopoxkbe. 1983. 25 c.

13 Bo1oX03sIHCTBEHHBIIH MACTIOPT MUXaHIOBCKOTO BOJOXPaHH-
nuia, T. Jlonenk. 1981. 32 c.

14 BoioX03sIHCTBEHHBII TACTIOPT BOAOXPaHUIIHIIA MUXaiIoB-
ckoro I, 3amopoxse. 1983. 26 c.

'3 O 6e30MacHOCTH THIPOTEXHHYECKUX COOpYKeHHi : De-
nepanbHbiil 3akoH oT 21.07.1997 Ne 117-®3 (c u3M. u mom.
ot 29.07.2018). URL: http://www.consultant.ru/document/cons_
doc_ LAW_15265/
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Puc. 3. Bun na akBatoputo llleBueHKOBCKOTO BOJOXpaHU-

Jimiga

Taou. 1. OcHoBHBIC MapaMeTpbl Muxaiinosckoro I Bogoxpa-
HUIUIIA (IPOEKTHBIC)

2 =

P g © -

= o E.\ = g o o >§

= = = 3 2 2| 3 =
g s 3 = s g E | &®|E| 5.,
| EE| S | EE| 2 |2F|eZ| 52
E| &5 & | © 3 5| gE|EE| Sk
= = 2 = < ST = 5
E | 3 2 s = E Z 5 =| 5 =

= 5 E|=2| £ |EE|Z 5

| & s| 2 |2E|S 2
241 054 | 022 4.8 2,04 | 0,52 | 1,06 | 0,75

Enarunk: Muxaitnosckoe [ (tabm. 1), MuxaitnoBckoe
(Tabn. 2) u llleBuenkonckoe II (Tabdm. 3).

Otmetrka «HopmanbHbIll NOANOPHBIA YPOBEHB
(HITY) — 30,48 m;

OTMeTKa « YpOBeHb MepTBOro oobema» (YMO) —
28,48 m;

orMeTKa «DOopCcUpOBaHHBIN MOATIOPHBIN YPOBEHB
(OI1Y) — 31,68 ™.

MakcumanbHbIi pacxon Bogsl — 71,1 M/c.

[TnoTrHa — Tityxasi, 3eMJIsTHas1, IPOE3Kasl, [UTHHA
1o TpebHI0 — 663 M, mHpHHAa 1Mo poekTy — 10 M, dpak-
THYECKas — 25 M, MaKcuMaJjibHast BbIcoTa — 8,99 M.

OtMmeTKa rpebHs:

* mpoekTHas — 33,18 m;

* makcuMmalnbHast — 33,71 M;

* MUHHUMAalbHas — 32,69 M;

e cpeansisi — 33,40 m.

3a0KeHne OTKOCOB:

* BepxoBoro: m = 3,0;

* HHU30BOrO: m = 2,5.

Kpemnnenue oTkocos:

* BEPXOBOT0 — IUIMTAMHU JIO OTMETKH 32,95 M;

* HH30BOTO — MTOCEBOM MHOTOJICTHHX TPaB.

Booocbopoc — miaxTHbIN, aBTOMAaTHYECKOTO JACH-
CTBUS, PACIIOJIOKECH B JICBOM IPUMBIKAHUH TIOTHHBL,
BHYTpEHHHUH auameTp maxtel — 9,0 M, Beicota— 5,23 M
(o mpoekry 5,0 M) u3 OyToOCTOHA; TONIIMHA CTCHKH =
= 0,8 M, oTmMeTKa Bepxa maxTel — 30,48 M. /[Be HUTKH
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[py3ckor Enanumk AoHeLko HapoaHo# PecrybAankm

oTBOIAIIKX TPYO pazmepom 2,0 X 2,3 M cOOPHO-MOHO-
JUTHON KOHCTPYKIIMH 3aKaHYHUBAIOTCS OETOHHBIM pac-
MIAPSIONIMMCS B TUTaHE TaCHTENIEM, IIUPHHA OETOHHOTO
racuTtens B Hadane 6,8 M, B koHue 10,5 M. OTBoasmmii
KaHaJ Ha jutrHe 20 M KpenuTest KaMHeM. /JoHHblI 6000-
6bINYCK COBMEIIEH C LIaXTHBIM BOJIOCOPOCOM U Ipe-
cTaBieH JOBYMs cTaibHbIMU TpyOamu JI = 300 mm;
TI0 TIPOEKTY JIOHHBIH BOJIOBBIITYCK 000pYI0BaH phIOO-
3alIMTON B BHJE MEpPOPHUPOBAHHON TPYObl — CTOsIKA
BBICOTOM 1,5 M U cTep>)KHEBOU CETKH Ha BXOJHOW BO-
pownke. Pacxox mpu HITY — 0,53 M*/c. Hacocnast cman-
yus pacrojokeHa B HIDKHEM Obee BOJOXpaHMIIHIIA,
pacxon 0,20 m*/c. 3abop Boapsl HacocHoi craniuu (HC)
MIPOM3BOJUTCS U3 JIOHHOTO BOIOBBIITYCKA JIBYMsI HUTKa-
MH CTampHOTO TpyOompoBoaa D = 400 MM mrHON 57 M.
Bonoyuernsvu cpeacreamu HC He o6opynoBaHa.

OcHogHule 2udponocuieckue xapakmepucmuru
sooomoxa p. I pysckou Enanuux:

* TUIOHIaAb BOJOCOOpPHOTO OacceifHa O CTBOpa
ruapoysna — 150 km?;

* XapakTep NMHUTaHUS — CHEroBOE, JOXKAEBOE,
TPYHTOBOE C TIPe00IIafaHIEM CHETOBOTO;

* 00beM cToka 50%-Hast 00€CIeYeHHOCTh, TO/I0-
BOol — 5,80 mutH M3, 3a mosoBoabe — 3,48 MiIH M>;

* Mepuoj MoyioBoabs — 40 nHei;

* 00bEM CTOKa B PacUYeTHBIA MaJOBOAHBIN TOJ
75%-H0i1 00eCIEYEHHOCTH COCTaBISIET 3,59 MiIH M°,

Taou1. 2. OcHoBHBIE apamMeTpbl MUXaillIoBCKOr0 BOAOXPaHU-
A (IPOEKTHBIE)

JlmuHa, KM
(mpu HITY, ra)

[Hupuna cpeassis, KM
[Tnomane 3epkana
[myOuHa MakcUMalbHas!, M
Tny6GuHa cpeussis, M
[Tnomans 3epkana
(pu HITY, xm?)
O06BEM MONHBINA, MIIH M?
O0ObEM TONIE3HBIN, MITH M3

0,420 | lupuHa MakcuManbHast, KM

5,45
0,176

96
13,0
4,6
2,6
4,652
2,6

Otmetka HITY — 48,0 M;

* ormetka YMO — 36,0 m;

* ormerka OITY — 50,0 m.

MaxkcuManbHBIH pacueTHBIN pacxojl BOJBI C 3aJIaH-
HOI BEpOSATHOCTBIO MPEBBIIIEHUs, HOpMaJbHBIH 1 %
obecnieueHHOCTH — 224 M¥/C.

1. 3emnanas nromuna Beicoroit 18,0 M, mmpuHOH
0 TPeOHIO 6 M, JUTHHA IIOTHHB — 269 M.

3ai0KeHNUEe OTKOCOB:

* BepxoBoro m = 3,0;

* HU30BOTO m = 2,5.

[TnoTrHA BO3BOMUTCS U3 CYIIIMHKOB C OOBEMHBIM
BecoM 1,65 r/cm®. BepxoBoii OTKOC KpEnuTCst COOPHBIMU
)Kkene300eToHHbIME (k.0.) TomuTamu 300 x 200 X 8 cm

Ha mebHe 20 cm. [Tox mBbI yKiIapIBaeTCsl CTEKIOBOM-
JIOK ¥ CTEKJIOXOJICT. 3y0 ymopa u3 COOpHBIX X.0. IUIAT
300 x 80 x 20 cm. Kpennenue BepxoBoro orkoca ot 37,50
o orMeTku 50,90; ormerka rpeOHs miotuHbl 51,30.
Koaddunuent ycroitunBoctu Huzosoro 1,3. B ocHoBa-
HUHM HU30BOTO OTKOCA IUIOTHUHBI YIOXKCEHA JIPEHAXKHAS
JIEHTA C OTBOASILEH APEHOM.

2. Boodocbpochoe coopyscenue — OTKPBITOTO
THIIA PACIIOJIOKEHO Ha JICBOM CKIIOHE OaJKH, MMOJBO-
IAmni KaHat ¢ OeicTpoTokoM. [IuprHa mogBoasIero
KaHaua 1o qHy — 50 M, mHA — 54,5 M. [lluprna ObI-
crporoka — 15,2 M, minna — 88 m, ykion — 0,18,
3aJI0KEHHE OTKOCOB — 1,5.

JIHO M OTKOCHI JIOTKA KPETIATCSI COOPHBIMU IIINTA-
Mmu 300 x 200 % 20 cm 1 300 x 150 x 20 cm Ha ciioe To-
mero OeroHa 15 cM. J{is rameHust 3HEpPruy B HIDKHEM
obede mpeayCcMOTPEeH BOAOOOHHBIN KOIOCI TITyOnHON
2,45 M, mmHON 16 M ¥ 3aJI0)KEHUEM OTKOCOB m = 1,5.

Korozen BBITTOITHEH M3 MOHOJIIMTHOTO XK.0. TOJIIH-
Hoit o aHy 80—-100 cMm. ITox aHOM KoONOAIIA MMEETCS
00patHbIi GUABTP U3 IICOHS, MECKa.

Pucbepma mmmHOM 12,6 M KperuTcst COOpHBIM XK.0.
wmaramu 300 x 200 x 20 cm. Kpererune pucoepmsr
3aKaHYMBaeTCst 3yOOM M3 KamHs niryounoi 2 m. [Toaro-
TOBKA I0J] IUTUTHI KperuieHust u3 medHs 10 cm.

3. HonHvlli 80008binyCcK PACIIONOXKEH Ha JEBOM
ckioHe Oanku KaMmeHka, BBITIOJIHEH U3 CTAIBHBIX TPYO,
D =400 MM, TOJIMMHONW CTEHKH 12 MM B TPU HHUTKH.
[Tponycknas ciocodHocTh — 1,98 M3/c. Bpemst ormo-
poxxkHeHust ipyna — 42 cytok. TpyObl yiaoKeHbI B 3a-
IIMTHBIA KOKYX U3 jkese300eTona M200.

BxonHast 9acTh KPEenuTCsl KAMEHHBIM MOIICHHEM
15 cMm. Ha BbIXOA€e ycTpauBaercs JBa CMOTPOBBIX KO-
JozLa ISl pa3MelleHus 3aropHoil apMarypsl. Uepes
TPYOBI TOHHOTO BOJIOBBIIYCKa OCYIIECTBISIETCS] 3200D
BOZIbI Ha OPOIICHHE.

OcHogHble 2udponocuieckue XapakmepucmuKu
600omoxka npaewtii npumox p. I pyzckou Enanuux:

* IUIOIIAAb BOAOCOOPHOroO OacceiiHa 10 CTBOpa
ruapoysna — 163/72,0% km?;

* XapakTep MUTaHHUs — CHETOBOE, JIOXKAEBOE;

* 00beM cToka 50%-Has 00eCIeUYeHHOCTh, TO10-
BOI — 3,4 MiH M, 3a monoBoase — 1,44 MuH M?;

* 1epuoz 1nosioBoJbs — 40 nHel.

Ta6J. 3. OcHoBHble apameTpbl [IIeBUEeHKOBCKOTO BOIOXpa-
HUITHUINA (IPOCKTHBIC)

] ] ol =
2 cEE8|gE= g s = =
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< S ® ) E[ janl
= S 3|lwo S = 2 = [=H- L M o
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0,500%* 8.60*
5,0 0,77 3,33 3,04
’ 0,155 | 4,32 ’ ’ ’

Ipumeuanue: * B rpade 2 yuciutesnr — 00IIAs IO
BO/10cOOpa BOJOXpAHIIININA, 3HAMCHATEIb — COOCTBEHHAS.
CobcTBeHHas — YacTh ero o01ei BOnocGOpHOiT MIoam, 3a-
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KJTFOUEHHON MKy CTBOPAMH IUIOTHH U ONIDKANIIMX K HEMY
BOJIOXPaHHJINILL, PACTIONOKEHHBIX BBEPX T10 TEUEHUIO OCHOBHO-
0 BOJIOTOKA U €TI0 MPUTOKOB M PETYIUPYIOIIUX CTOK CO CBOMX
BOZIOCOOPHBIX IUTONIazeH; B rpadax 3, 4 nmpuBeeHbl 00bEMBbI
CTOKa B CTBOpPE BOJOXPAHWININA: OOLIMI ¢ yueToM cOpocoB
¢ BbiepacnosiokeHHoro lllesuenkosckoro 111 Bogoxpanu-
Juia (YMCIUTENb) U ¢ COOCTBEHHOM BOAOCOOPHOH TUIOIIAIM
(3HamMeHareb); 00beM CTOKA B PACYCTHBIN MaJIOBOJHBIN I0OJl
P =75 %, ¢ cobcTBeHHOI BomocOOpHO# uiomanu (cOpocos
u3 [lesuenxosckoro 11 He Oyner) cocrasisier 0,28 MiH M,

Otrmetka HITY — 56,83 wm;

orMmeTrka YMO — 49,83 m;

ormeTka OITY — 58,83 m;

[InoTrHa — 3eMIIsgHAs, Tpoe3Kas, [UTHHA 10 Tped-
HI0O — 195 M, mpuHa Mo nNpoexTy — 6 M, MaKCHUMaJb-
Has BeicoTa — 12,4 ™.

OTmeTka TpelHs:

* npoektHas — 60,23 m;

* (akrrueckas — 60,66 M.

3an0KeHne OTKOCOB:

* BepxoBoro: m = 3,0;

* HU30BOTO: m = 2,5.

Kpennenue oTkocos:

* BEPXOBOTO — XK.0. IuMTaMu 0 OTMETKH 57,80 M;

* HU30BOTO — IOCEBOM MHOTOJICTHHUX TPaB.

B HI30BOM OTKOCE TUTOTHHBI YCTPOCHA IpEeHaKHASL
JIEHTA.

Omxpbimulii 6000cOpOC PACTIONOKEH Ha ITPAaBOM Oe-
pery Bogoxpanunuia. COCTOUT U3 MOJABOMSAIIETO KaHa-
Jn1a, OBICTPOTOKA, BOIOOOWHOT0 KOJIO/IIA, PUCOCPMBI U OT-
BOJIAIIIETO KaHaja. BomocOpoc BRITIOIHEH B CKaJIbHBIX
rpyHTax 6e3 kperuieHust. [lonBosimii kaHan u ObICTPO-
TOK TpPanelenIaTbHOTO CEUCHUSI C 3aJI0KCHHEM OTKOCOB
m = 0,5, mupuHoi mo aHy 20 M, o0me amuHo# 182,5 M.
Bomo0Ootinsrit konozen nryounoit 1,0 M, mmHo# 15,0 M
U MUPUHOH 10 AHY 22,0 M BBITIONHEH 0€3 KPeTUICHHS.

Pucbepma u omeoosiwuii kanan o niauae 27,5 M Kpe-
msaTes kamHeM 0,5 M. Kanan TpanenengansHOTO cede-
HUSI C 3aJI0KEHUEM OTKOCOB 711 = 3,0 M, HIUPUHOM MO THY
26,9 M. Jlonnvlil 60006binycK — U3 CTAIBHBIX TPYO, D =
=400 MM B 1Be HuTKU AnuHo# 106,5 m. B npenenax Ha-
CBITH TUIOTHHBI TPYOBI 3aKJIIOUEHBI B MOHOJIUTHBIH XK.0.
KokyX. [1o IpoeKTy TOHHBIN BOIOBHIITYCK 000pYyIOBaH
pbI0o3anuToi 3oHTHYHOTO THIA. Pacxon npu HITY —
1090 n/c. MakcuMadpHBIH pacxoi BOIBI C 3aJaHHOU
BEpOSITHOCTBIO MpeBbinieHuss — 185 m*/c. [IpomyckHas
CIIOCOOHOCTH BOIOCOPOCHBIX COOPYKECHHHU (C ydIeToM
PEryIHpYIOIIETo BIUSHKS BOAOXpaHmuiia) — 172 m¥/c.

OcHosnbie eudponocuieckue xXapakmepucmuxu
68000MOKA:

* MIOIIaaAbh BOJAOCOOpHOTrO OacceiiHa 10 cTBOpa
ruapoysina — 2,00/21,4 km?;

* XapakTep NMUTAaHHUS — CHEroBOE€, J0XKIEBOE,
TPYHTOBOE C TIpeoliTaganieM CHETOBOTO;

* 00beM cToka 50%-Hast 00eCIIeUeHHOCTh, TOIOBONH —
2,25/0,61 muma M°, 3a monmoBoabe — 1,94/0,30 mumH M3*;

* nepuof noaoBoass — 40 axeil.

Pe3ynbTaThl Ia00paTOPHBIX HCCJIEI0OBAHMIT

bruto orobpano 16 mpob Ha BCeM MPOTSHKEHUH
pycna pekn. OTOOPBI MPOBOAMINCH B YCTHEBOH HacTH,
MOAMOCTOBBIX NPOCTpPAaHCTBAX, B MPUTOKAX, BOJOXpa-
HWINIIAX, NPpyAax U UcTOKe. /I OLlEHKH KadecTBa
BOJIbI @HAJIM3 OCYIIECTBIISUICS IO MOKA3aTeNsIM IPH-
6opoB: MAPK-303; mopraTuBHOTO IH(POBOTO TECTE-
pa Water Test anst m3mepennst pH; gporomerpa «Dkc-
niept-003» u «xcnept 003-3»; RealUVT REALTECH
U1 U3MepeHuss MyTHocTH, 3xonota Lucky Knight
FF718LIC-WT nns onpeneneHust peibeda Ha, a Tak-
KE KOHIYKTOMETpPa C J1abOpaTOPHBIM MPOTOYHBIM
naruyukom Dkenept-002-2-6-IIp anst usmepenus co-
necojepkanus. XapakKTepUCTHKAa OTOOpaHHBIX MPOO
10 pyciy NpHUBe/ieHa B Ta0I. 4.

Tabu1. 4. Pesynbrarsl 1a00OpaTOPHBIX MCCIEN0BaHUI Ha conepxanue coneid, PO,, NH,, NO,

Kunomerpos Homep 1pohi MeToqmmK Munepammzamms, | PO,, | NH,, | NO,,
OT MCTOKA r/n mr/a | mr/im | mr/n
8,00 16 p- I'py3ckoii Enanunk, [ToGena 1,97 0,14 | 0,09 | 32
12,20 15 IIpaBsiii npuTok, Jlysxku 3,16 0,15 0,3 | 13,42
15,32 14 p. I'py3ckoit Enanunk, Inmunku 2,25 0,37 0,24 | 32,4
17.89 TpoGa 13 JleBniii npuTok B llleBueHKOBCKOE 3.68 036 | 7.08 | 35
BOJOXPAHWIIUILE
2145 Tpo6a 12 p. I'py3ckoii Enanuuk, [lleBuenkoBckoe 243 014 | 022 | 02
BOJIOXPAaHWIIUILE
Ky3nenoso- .
27,96 MuxaiioBcKkoe p- I'pyscxoii Enaramk, Kysnenoso- 2,66 014 | 1,61 | 828
Muxaii0BCKOe BOJOXPaHUIINILE
BOJIOXPAHUITUIIE
p- I'py3ckoii Enanuuk,
36,96 Mocr 8 Anexcanipo-I' pexoBckoe 2,97 0,035 | 0,8 | 5,97
BOJIOXPAHWIIUILE
39.24 MuxaitnoBckoe JleBwlii mputok, MuxaiioBckoe 3.64 0.14 6.6 | 736
BOJIOXPAHUITUIIE BOJIOXPAHUITUIIE
46,43 Mocrt 7 p- I'py3ckoii Enanuuk, liBaHoBKa 3,16 0,13 0,63 | 0,19
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[py3ckor Enanumk AoHeLko HapoaHo# PecrybAankm

Oxkonuanue maon. 4

Kunomerpos Homep npor R pET— Munepammzamms, | PO,, | NH,, | NO,,
OT UCTOKA r/n MI/n | Mr/a | mr/n
53,28 IIpyn 1 JleBwrit mpurox, CaMCOHOBO 3,82 0,01 0,53 | 9,83
63,03 Mocr 6 p- I'py3ckoii Enanunk, Burasa 3,37 0,68 1,3 | 6,61
65,58 Mocr 5 p- I'py3ckoii Enanunk, XomyToBo 3,31 0,035 0 2,17
76,38 Mocr 4 p'PE ‘;y;j;‘:(’i iia%‘g;“’ 3,49 032 | 5 |89
85,79 Mocr 3 p- I'py3ckoii Enanuunk, ['ycenpmmkoBo 3,51 0,07 3,5 |16,69
89,66 Mocr 1 p- I'py3ckoit Enangnk, HoBoazoBck 3,11 0,054 | 3,3 10,1
92,52 Veree Yerbe pexu 8,54 0,18 | 0,15 | 27,2

Couneconepkanue B M3y4aeMOM PETHOHE BBICO-
koe. CiemyeT OTMETUTh, 94TO IpobireMa KadyecTBa BOJIBI
B pekax JlonOacca cymiectByeT 6osiee 60 net. 3apery-
JUPOBAaHUE CTOKAa OOJBIINHCTBA PEK BOAOXPAHMUIIH-
IIaMH TIPUBEJIO0 K YMEHBIICHUIO UX BOZOOOMIBFHOCTH.
Hanpuwmep, ecu 1o 1958 1. (mo BBeneHus kanana Ce-
Bepckwii Jlonen — lonb6acc) ctok p. CeBepckwii JloHen
OBLT ONMM3KUH K MPUPOTHOMY M OE3BO3BpATHBIA 3a-
60p Boabl cocrasisut 2—3 m¥/c, To k 2000 . OH BeIpOC
1o 23,2 m*/c. Jannsie 2005-2010 rr. mokassiBaroT!'!,
gT0 B CeBepckom JloHIIE 3HAYUTEIIEHO BO3POCIO COaep-
JKaHUEC MOHOB KaJIbllUA, YBEINYNIIACh O6IJ.Ia§I MUHEpa-
Ju3anus BoJ. MI3MeHeHne coJieBOro cocrana sIBISeTCs
HETUTTUYHBIM TSI TIPUPOIHBIX TPOIECCOB U OOIBIIEe
BCEro CBUJIETEIILCTBYET O XO35UCTBEHHOU AESATENbHO-
CTH 4elloBeKa B OacceiiHe peku. B Boje npaktuueckn
Bcex pek JJHP naOmromaeTcst MOBBIIICHHOE COACPIKAHIe
costeit. OJtHa M3 OCHOBHBIX IIPUYUH 3TOIO — COPOC BbI-
COKOMMHEPAJIM30BAHHBIX LIAXTHBIX BOJ, C KOTOPBIMHU
B PEKH 3a TOJ ITOCTynaeT 6oyee 1 MITH T COJEH.

Pexa ['py3ckoit Enanunk nmeer rioina s Bogocoopa
1190 km?, pacxon Boasl — 0,91 m*/c, 066eM — 0,029 km?.
Pecypcer mpecHBIX BOA, TOCTYIHBIE IS MCIIOJIB30Ba-
HUs B Teyenue noiau, %, spemenu: 50 % — 0,022 km?;
75 % — 0,011 km*; 95 % — 0,0029 km?.

Konnenrpamus

Bpie ITJIK | .

MK
Hwoxe ITIK .

OIIaCHOCTD 3arpsBHCHUST 2

Puck 1

bencreue . _

Hopma

Kpusuc

B Joxnane o cOCTOSHHM OKpY’KalOIIeH Cpeabl
B Jlonemkoit obmactu (2007 r.) mpuBeaeHa OIEHKA
OMAaCHOCTH 3arpsA3HCHUA BOAbLI IO OCHOBHBIM ITOKa-
3aressimM (puc. 4) U SKOJIOTHYECKasi OLIEHKA COCTOsI-
HUS BOAHI B p. ['py3ckoit Emanunk Ha 2006 . (puc. 5),
MPEeBbILICHUE CYIb(PAaTOB (PUKCHPOBAIOCH B JBa pasa.
[IpupomHbIMH yCIOBUSIMI U3y4aeMOil TEpPUTOPHUHN 00-
YCJIOBJICHO PAcIpOCTPAaHEHHE B PETHOHE COJIOHOBATBIX
Cynb(aTHO-HATPUEBBIX BOJI, KOTOPHIC UMCIOT OTPaHHU-
YEHHOE HCIIOIb30BAHUE B XO3IHCTBEHHO-ITUTHEBOM BO-
JOCHAO)KCHUH HACEJICHHUS, CEIbCKOM X035HCTBE U Iepe-
pabaThIBaOIICH POMBIIUICHHOCTH. KOJIHMYECTBO TaKuX
BOZ B 005acTH U3 rofa B rof pacter. [IpropurerHsle 3a-
IPSI3HUTEIIH IIOBEPXHOCTHBIX BOJ PErHOHa — CYIIb(aThI
1 OMOTCHHBIC BelecTBa (coenuHeHust a3ota u hocdo-
pa), a TakXKe Apyrue OpraHmdeCcKHe BEIIeCTRa.

B oTo6panHBIX Mpobax Takxke PUKCHPYIOTCS CKad-
k1 (hocdaros, a30Ta aMMOHUHHOI'O M a30Ta HUTPATOB.
Copocsl pocdaroB HabmIONaOTCsA y ¢. BuTtasa (63 kM
OT HCTOKa), a30T aMMOHUHHEIHA y ¢. Po3a JlrokcemOypr
(76 xm ot ucroka), ¢. I'ycenbiukoBo (85,7 kKM OT Hc-
ToKa), . HoBoa3oBck (89,6 KM OT MCTOKA); a30T HU-
TpaThl PUKCHPYIOTCS BOMM3M UCTOKA: . [lobena (8 kM
OT HcTOKa), . [nHKM (15 KM OT UCcTOKa), TaK U OIMKe
K ycthio ¢. ['ycenpummkoBo (89,6 kM oT ucToka) (puc. 6).

Awmmonnit Hutpater Hutputer Cynegaret @ocharer Hedre-

Kene3o Mapranen bruoxummaeckuit
OKa3arelib
KUCIIOpoza

TIPOIYKTBI

Puc. 4. Onenka OmacHOCTH 3arpsA3HEHAS BOJIBI 10 OCHOBHBIM MOKasarensm 1t p. I'pysckoit Emamank (2006 T.): ITAK, —

CAHUTAPHO-TUTUECHUYCCKUE MPEACITBbHO NOITYCTUMBIC KOHIICHTPAIluN
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nayEeTMTSNLCTES: 10 15, BbINYCK 2 (56)

T.B. UeaHkoea, JI1.H. ®eceHko, B.C. Poxkoe

' MK
CanurapHo- PLIGoXO3TCTBEHHBIE
THUTHCHUYCCKHE TIpEee- TIPEJICTIbHO 01Ty C-
JIBHO JIOITYy CTHMBIC THMBIC KOHIICHTPa-
KOHIIEHTPALMH, MI/JT MK, MI/JT
AMMOHHU# _ 0,500
HuTtpatsr 45,00 40,00
Hurpursl 3,300 0,080
Cymbarst 500,0 100,0
Docdarsr 3,500 _
Hedre-
IDOIVAET 0,300 0,050
Keneso 0,300 0,100
Mapranen 0,100 0,010
BIIK, 3,000 2,000

Puc. 5. Dxonornueckas OlleHKa COCTOSIHUA BOABI B p. [ py3-
ckoit Emanunk B 2006 r.: HI[KPX — pbI00OXO3sIiiCTBEHHBIE
MPEIENbHO AOMYCTUMbIE KOHLIEHTPALIUU

Cormnacno nanHsiM Munctpos JIHP, o Bcemy Teuenuto
p. I'py3ckoii Enanumk nenTpann3oBaHHbIe COPOCHI OUU-
IIEHHBIX CTOYHBIX BOJI HACEJECHHBIX ITYHKTOB (3a HC-
kiroueHreM I. HoBoa30BCK, pacnonararouierocs B yCcTbe
peKH) OTCYTCTBYIOT. B paitone c. Po3sr JIrokceMOypr
(yHkuoHupyeT nrunedadpuka, YTO MOXKET SBISTHCS
MPUYNHON pPOCTa KOHLIEHTPAIMI a30Ta aMMOHUNHOTO
B CTBOpPE pekw mociie 76 KM 1o pyciy (puc. 6, ¢).
OTtoOpanHbIe IPOOBI 110 BCEMY PYCILy pPeKH ObUIN
KJIaCCU(QUIUPOBAHBI 110 TAKKM [apaMeTpaM, Kak: TeM-
neparypa Bojsl, pH, MyTHOCTS, coneconepxkanue, PO,,

NH,, NO,, knaccupuramus Box no pH, xapakrepucTu-
Ka BOJ 110 0O0IIel MUHepaIu3aliy, XapaKTepuCTHKa
BO/] TI0 MTPO3paYHOCTH. J[OTIOIHUTEIBHO B J1aboparop-
HBIX YCJIOBUSIX IPOBEACHBI aHAJIU3bl BOJIBI U3 UCTOKA,
BITQJICHUS TIPUTOKOB M YCThS IO KiaccHpukaropam:
I[BETHOCTb, 3aIlax, IEpPMaHTaHATHAsI OKUCIIIEMOCTh, 00-
I11ast )KECTKOCTh; comeprkanue: Kapiuii (Ca®"), MarHuii
(Mg*), narpuii + kanuit (Na* + K), rugpokapbonar
(HCO;,), xnopunget (Cl'), cynbarst (SO,*) , 60p (B*),
¢rop (F), sxene3o ob1ee, Mapranelt, amfOMHUHAH, cepo-
BOIOpOJ (Tadm. 5, 6).

[IpencrapieHHBIE PE3yNBTaThl XapaKTEPU3YIOT BO/-
HBI OOBEKT C TOYKH 3PEHUS IMPUTOAHOCTH TS XO3Sii-
CTBEHHO-ITUTHEBOTO BOJIOCHAOKEHHUST KaK MaJIOTIPUIO/I-
Hbli. [ToBbIIIEHHAs: MUHEpaM3aIysl, 001Ias )KECTKOCTh
BOJIBI, BBICOKOE COJICp)KaHUE CYIb(aToB JUKTYIOT HE00-
XOIAMMOCTB YCTPOICTBA CHCTEM KOPPEKTUPOBKH HOHHO-
TO COCTaBa BOJBI B IPOIIECCE OUUCTKH ISl IOBEJICHUS €€
1o KadecTBa, perameHtupyemoro CanlluH 1.2.3685-21.
MepornpusiTis Mo KOPpPEKTHPOBKE MOHHOIO COCTaBa
B IIPOLIECCE BOIOTIOITOTOBKH JIOCTATOYHO JIOPOTOCTOSIIIINE
[9, 10] 1 TpeOyIOT BCECTOPOHHETO TEXHUKO-IKOHOMHUYC-
cKkoro obocHoBaHMs. CleayeT OTMETHTD, YTO TIOBBIIICH-
Hasl MUHEPAIN3ALHS 1 KECTKOCTb XapaKTEPHBI TS MAJIBIX
pex [puazoBwst [ 1] 1 00ycIOBIEHBI IPUPOTHBIMU YCIIOBU-
sIMH (POPMHUPOBAHUSI TAKMX BOJHBIX OOBEKTOB.

Bo;lOXpaHunume- Banpyna - XOMYTOBCKast CTEMb

3,82

| N

Coneconepsxanue, I/71

[Ipurox
3,16 3,68 3,64
9
8
7
6
5
4
3
2
1
0 10,00 20,00 30,00 40,00
0.8 0,15 0,36 0,14
O | |1
0,6
0,5
0,4
0,3
0,2
0,1
0 10,00 20,00 30,00 40,00
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py3ckov EnaHumnk AoHeuko# HapoaHori Pecriybamnku C. 112-140
A30T aMMOHHUIHBIN, MI/JT
6 0,3 35 6,6 0,53
4
3
2
1 M
0 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00
I . I I . - - - KM OT UCTOKa
c
13.42 13.42 7.36 9.83 A3OT HUTPATOB, MI/JI

40
: |
30
25
20
15
10

5

0

10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00

d

H N .

OT UCTOKa

Puc. 6. OToOpanHbIe MPOOBI: @ — MO CONIECOAEPKAHUIO; b — 10 cofepkaHuio (HocdaToB; ¢ — MO COACPIKAHUIO a30Ta AMMO-

HHMIHOTO; d — MO COJIEPIKAHUIO A30Ta HUTPATOB

Tabu. 5. JJabopaTopHbIil aHAIM3 BOJ YCThS, BIIAJCHHS IIPUTOKOB U UCTOKA

Howmep 1 Howmep 2 Howmep 3
[Tokazarenn Hcrok VYerbe Canxu HOomep 19
MMOJIL/ 1 mr/am? MMOJIB/ 113 mr/am? MMOJIL/ 1} mr/am3
IIBeTHOCTH - 34,5 - 75,0 - 69,0
pH, exn. - 7,86 - 7,7 - 7,9
3armax, Oauibl - 3 - 3 - 4
[lepmaHranaTHas OKUCISEMOCTD — 1,44 - 52 — 8,32
OO0m1as )KeCTKOCTh 20,9 - 36,3 - 36,8 -
Kanbuii (Ca®") 12,9 258,0 19,0 380,0 18,6 372,0
Maruuii (Mg 8,0 97,6 17,3 207,6 8,2 98,4
Harpuwii + xamuit (Na*® + K*) 5,25 120,75 9,7 223,1 11,2 257,6
I'napoxap6onar (HCO,) 6,15 375,15 4,5 274,5 3,5 213.,5
Xnopuasr (C1) 8,0 283,6 17,8 631,1 17,0 602,7
Cymbdarer (SO,>) 12,0 576,0 23,7 1137,6 27,5 1320
bop (BY) - 0,59 - 1,32 - 1,3
Drop (F) — 1,37 — 1,06 — 1,4
H/O H/0 H/0O
XKeneszo obmee - ND - ND - ND
Mapraer B H/O B H/O 3 H/O
ND ND ND
JNSp— B H/O 3 H/0 3 H/O
ND ND ND
Ceposoiopor B H/O B H/O 3 H/O
ND ND ND
OO6u1as MuHepanu3anus (pacueTHas) — 1713,1 — 2856,3 — 2866,9
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C. 112-140

[py3ckor Enanumk AoHeLko HapoaHo# PecrybAankm

Hexotopoe cHMXeHHEe MUHEpATU3alluu B IIpese-
nax . HoBoaszoBcka 00bsiCHIETCS cOPOCOM OUHIIIEHHBIX
XO3STHCTBEHHO-OBITOBBIX CTOYHBIX BOJI C MEHBIIIMM COJIE-
colepkaHueM W pa3z0aBieHUEM CTOKa peku. Takoe
SBJIGHNE TAaKXK€ XapaKTEPHO ISl BOJHBIX 0OBEKTOB
ManoBoaHoro Jlonbacca, Korjga HeOOXOIUMBIC 00bEMBI
BOJIBI JIJIS1 TUTHEBOTO BOAOCHAOKCHHSI HE 3a0UParOTCs
U3 MECTHOTO BOJOUCTOYHUKA, a TPAHCIOPTUPYIOTCS
Ha 3HAUYNTENbHBIC PACCTOSHUS U3 TIOJTHOBOAHBIX 00B-
ektoB (p. CeBepckuit Jloner, p. [{on).

Kpome Toro, ycraHoBIE€HO, 4TO OTHOCUTEIBHO
JTAHHBIX, IPUBEJICHHBIX B JIOKIIae O COCTOSIHUH OKpY-
xarorieit cpennl B Jlonenkoii obnactu (2007), B HacTo-
siee BpeMsi HaOJIo1aeTcsl HeKoTopasi cTabumin3anus
BOJHOTO OOBEKTa IO COAEpKAHUIO OMOTCHHBIX dJIe-
MeHTOB. Tak, MOBHIIIEHHOE 3arPA3HEHNE BEIIECTBAMH,
cojiepKaMMHu a3oT U Qocdop, HabIIOIACTCS TOJIBKO
B IIpEZIeTIax SICHO OYEPUCHHBIX HCTOYHUKOB cOpoca —
HoBoazoBckoit nruiiedadpuku (a30T aMMOHHIHBII)
u . HoBoa3zoBck (a30T HUTPATOB, KaK CIIEICTBUE BO3-
MOXHBIX HEJJOCTaTKOB OpTraHU3allNH IpoIecca JIeHH-
TpudUKaAMK HA TOPOICKUX OYMCTHBIX COOPYIKESHHSIX).
ViydiieHne 3KOJI0rHYeCKOi XapaKTepUCTHKH 00beKTa
B 9TOM IUTaHE CBSA3aHO CO CHIDKEHHEM WHTCHCHBHOCTH
X035CTBEHHOU JESATENbHOCTH B PETMOHE 3a MpOIle/-
niee AeCATUIETHE.

B xome mccnemoBanms paspaboTaHa rpananus
JUIsl OOBEKTOB THIIPOTEXHUYECKUX COOPYIKEHUH, pacIio-
JIOKEHHBIX B OacceiiHe peKH, pe/icTaBlIeHHas B Ta0. 7.
JIIst KaXKZI0TO COOPYXKEHUs, COTTIACHO Tpasiallii, OblIH
3ar0JIHeHb! U(POBbIE U UH(OOPMATUBHBIE [TOKA3ATEIH,
oTpaxxeHHbIE B «ba3e TaHHBIX COOPYKEHHUH BOJAHOTO XO-
3qiicTBa B Oacceitne pexu [ py3ckoit Emanamk.

Crparerust yCTOWYMBOM SKCIITyaTallMd U TEXHUYE-
ckoro obciyxusanust I TC nHHIMUpyeTCs eme 10 mpo-
€KTHPOBAHUS M ONTHUMH3UPYETCS B TEUEHUE CPOKa
ux ciayx0sbl [11], 4TO CTAOMIM3UPYET OKPYKAIOULYIO
cpeny u dkoHOMUKY. CienoBaTesbHO, HENPaBUIIbHAS
IKCIITyaTanus 1 TexHmaeckoe oocmyxusanne [ 'TC mo-
I'YT TIPUBECTH K JKEPTBAM, SKOHOMHUYECKUM TOTEPSIM
U Bpely okpy»katouieii cpeze [12]. B nacrodiiee Bpems
HU OJTHO COOPY’KEHHUE HE IKCIUTyaTUpPyeTCs 110 Ha3Haue-
HUIO, HA HUX HET CIIY)ObI 3KCIUTyaTallii, MOHUTOPUHT
3a HUMU He Bezercs. Tak, aBropamu Obli1 0OHapy eH
TpopBIB TPpyObI HA MuxainoBckoM | BomoxpaHuuIe
(puc. 7, 8). BousiBiieHue 1eeKTOB JOHDKHO HAYMHATh-
csl B IIpouecce dKcruryaranuu u oocmyxusanust [ TC.
DakTOpHI, BIUSIONINE HA yXYANICHUE CTPYKTYpPHBIX
CBOWCTB I'MIPABINYECKHX CUCTEM, JIOJKHBI ObITh BbI-
SIBIICHBI ¥ HEMEUIEHHO yCTpaHeHBl. B kauecTBe ajb-
TEPHATHUBBI HEPa3pyIIarONIi KOHTPOIb MOXKET UMETh
Oosbioe 3HaueHue s BblsiBiaeHus crapeHus ['TC.
Takoli KOHTPOJIb TIPECTABISET COOOW MPSIMYIO M KOC-
BEHHYIO OlleHKy mH]popmaruu o coctossHuu [ TC. D10
HEOOXOJMMO Il TOTO, YTOOBI MOXKHO OBIJIO HEMEJ-
JICHHO BMEIIAThCSl B CUTYAIMIO M N30€XKaTh CEPhe3HBIX
nocaeacTBuil. KOCBEHHYIO OLIEHKY CTapeHus CIeIyeT
OCYUIECTBJISTh yTeM MOHHUTOpPHUHTA 3((HEKTOB U I10-

Taodu. 7. ['paganus 11t 00bEKTOB THAPOTEXHUYECKOTO CTPO-
UTEIIbCTBA

HaunmenoBanue

Koopaunars!

HaumeHoBaHKe MyHHIIUTIAIBHOTO 00pa30BaHUs,
Ha TeppuTopun kotoporo Haxoxstes ['TC

Bmwkaiimuii HaceneHHbIH TyHKT

O0BeM TONHBIN, MITH M?

OOBEM TIONIE3HBIN, MITH M3

Tlnomae 3epKaiia pu HOPMAILHOM MOIIOPHOM YPOBHE, KM?
Ormetka HITY, m

OrMmetka OITY, m

Ormetrka YMO, m

MakcHMaJIbHBIN PacXojl BOIBI, M/C

Bomorok

Bup perynuposanust ctoka

Hasnauenne

Marepuan niaoTHHbI

OtMmeTka rpeOHs, M

3a10keHHEe OTKOCOB

Kpennenue orkocos

JmHa, kM

[nprHa BOOOXpaHUIUILA MAKCUMaJIbHAsL, KM

Inpuna BOZOXpaHWIMILA CPEAHSA, KM

I'myGuHa BoMOXpaHUIIHIIA MAKCUMAITBHAS, M

I'myOuna BomOXpaHMINIIA CPEIHSS, M

Z[J'II/IHa IIJIOTHHBI 110 FpeGHIO, M

[[rpuHa MIOTUHBI 110 MPOEKTY, M

IupuHa mIOTHHBI aKTHYECKAs, M

BricoTa mioTuHbl, M

rO]l BBOJa B 3KcnnyaTaun}o/ro;[ KanuTaJbHOTO pEMOHTa

Hammane HpOGKTHOﬁ JOKYMEHTaIuu

Hanmame ciy>x0bI SKCIITyaTaIuy

bananconepxarens

CocTaB coOpy>KeHHI

OrieHKa ypOBHsI 6€30MIaCHOCTH Ha MEPUo] 00CICI0BaHUS

cienctBuii crapenus [13]. Xopo1io n3BecTHO, 4TO BCe
KOHCTPYKIIHOHHBIE MaTE€pHaIbl IMEIOT OTPAaHUICHHBIN
CPOK CJIy’)KOBI M MOTYT ITOJIBEPIaThCsl BO3JIEHCTBUIO
okpyxaromieit cpeasl [14]. Drtan nmpegorBpalieHus
crapenus I'TC 3akmiogaeTcs B JeTaJIBHOM aHAIH3€
JUTSL OIIpeZiesieHus] 0€30MacCHOCTH COOPYKEHHUS U €To
HKOHOMHUYECKOTO COCTOSIHMA. Ba)KHOCTh HaKOIUICHUS
U HCIIOJB30BAHUS BOJBI JUISI PETHOHA HEBO3MOXHO
MEPEOIICHUTh, U IMOATOMY OOCIy)XKMBaHUE U Oe30omac-
Has skcrutyaranus ['TC uMeroT pemaroiiee 3HaUYCHHE.
KoHcTpyKIinm HE JOJKHBI MPOTEKATh, Pa3pyIIaThCs;
KaHaJbl U BOJOXPAHWINIIA JOJKHBI OBITH YHCTBIMU
1 cBOOOIHBIMH OT 3amIMBaHMsA. [1oIOMKa MM BBIXOJ
n3 crpost ' TC MoryT npuBecTy K IMOITOIUICHHIO H 3a-
TOIJICHUIO HUXKHEro Obeda, a 0OpylIeHne rpyHTOBOM
IUTOTHHBI — K HABOTHEHUIO U 3po3uu [15, 16].
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Puc. 7. [IpopsiB TpyOBI MIAXTHOTO BOJOCOpOCA HAa BOIOXpa-
HuHIne Muxaitnosckoe I

MATEPHUAJIBI U METO/bI

Pabora ocHoBaHa Ha (paKTHYECKOM MaTepuale,
COOpaHHOM B IOJICBBIX HCCIICIOBAHUSAX B OacceliHe
p. I'pysckoit Enanuuk /IHP. IIpoBenen ananus npoekt-
HOM, CTPOUTEIBHON U 9KCIUTyaTallMOHHOHN JTIOKYMEHTa-
IIUY KOMIIJIEKCOB COOPYKECHHH M BBIIOJIHEHA OLIEHKA
UX KOHCTPYKTHBHBIX JIEMEHTOB COIVIACHO JIEHCTBYIO-
UM HOpMaM U mpaBmiam!'s 17 18:19.20,

MOHHTOPHHT TEXHUYECKOTO COCTOSIHUS THIPOTEX-
HUUYECKUX COOPY)KEHHH, HAXOSIIUXCS HA TEPPUTOPUU
Gacceitna pexu ' py3ckoit Enmangnk, BKiIO9an eTaitb-
HOE 00CIIeI0BaHNE NX TEXHHIECKOTO COCTOSIHUS B PaM-
Kax AKCIUTyaTallHOHHOTO KOHTPOJISI.

MOHHTOPHHT OCYIIECTBIISAETCS B LEAX NPUHATHSA
YIpaBJICHYECKNX PEILICHUH ITOCPEICTBOM:!

* oOecrnieueHusi 00ObEKTUBHOW HH(pOpManHeii
0 COCTOSIHUU COOPY>KEHUH;

* o0ecrieyeHus! IKCIUTyaTallHOHHOTO KOHTPOJIS
Y KOHTPOJIS 32 TIOKA3aTeNIIMU COCTOSIHUSI COOPYKEHHI;

* nHpopManmoHHOTO ObOecmedeHust hOoPMHUPO-
BaHUSI [IEPEYHS COOPYKEHHM, TTOAIEKAIIUX PEMOHTY
U PEKOHCTPYKIINH;

* YTOYHEHHUS] OCHOBHBIX Pa3MepOB KOHCTPYKTHB-
HBIX DJIEMEHTOB;

16 CII 58.13330.2019. Tuaporexunueckue coopyxenus. Oc-
HoBHBIE nonokenus. [lepecmorp CHull 33-01-2003 : BBeneH
17.06.2020. URL: http://docs.cntd.ru/document/564542210
"TOCT 31937-2024. 3nanus u coopyxkenust. [IpaBuna 06-
CJIIOBaHUSI © MOHUTOPHHTA TEXHIYECKOTO COCTOSHHUS : BBE-
nen 01.05.2024.

18 00 yTBEpXKIECHUH KPUTEPUEB KIIACCH(DUKAIIMN THIPOTEXHHU-
yeckux coopyxenuit : [locranosnenne IIpaButenscrsa PO
ot 05.10.2020 Ne 1607. URL: http://www.garant.ru/products/
ipo/prime/doc/74632297/

1 O rocyaapcTBEHHOM KOHTpOJIE (HaA30pe) U MYyHHIIHIIAb-
HOM KoHTposie B Poccuiickoit @enepanuu : @enepanbHbiii 3a-
koH oT 31.07.2020 Ne 248-®3. URL: http://www.consultant.
ru/document/cons_doc LAW 358750/

20O 3amuTe MpaB OPUIMIECCKUX JIAI ¥ HHAXBUIYATbHBIX
MpeIMPUHAMATENeH MPH OCYIIECTBICHUH TOCYAapCTBEHHOTO
KOHTPOJIS (Hag30pa) U MyHHIUIAIBHOTO KOHTpois : Dexe-
panbHbI 3aK0H OT 26.12.2008 Ne 294-03. URL: http://www.
consultant.ru/document/cons_doc LAW 83079/
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* OCMOTpa BHAMMBIX YacTel COOpPYKEHHS KOH-
CTPYKILHUH C BBIIBICHUEM Ne(EKTOB; COCTABICHUS Jc-
(heKTHBIX BEIOMOCTEI;

* BBISIBJICHHS HAIWYHS U Pa3MEPOB JIE(PEKTOB;

* PaHXUPOBAHUS COOPYKCHUH MO CTEIICHH OTac-
HOCTH.

[IpenyioxkeHo ynpasiieHHe 0€30MaCHOCTBIO C I10-
Moitbio 0a3 nanubix (B/l), OHM MO3BOJISAIOT BHISIBUTH
HaunboJiee KPU3KUCHBIC 30HBI, B KOTOPBIX HEOOXOIUMO
pear30BaTh MEPHI M0 YITyUIISHHIO SKOJIOTHUECKOH 00-
cranoBkH [17, 18]. Co3nanue karanora BOJOTOKOB U CO-
orBeTcTByomel B/l moTeHnmatpHO criocodHo obec-
TICYUTPH PEIICHUE 3a/1ad OIITUMHU3AIIH TIPHUPOIOTIONB30-
BaHU B OacceifHax MaibIX pek [19].

ITo pesynpraTaM aBTOPCKHX HCCIEIOBAHUU CO-
CTaBJICHA CTPYKTypa Jisi popMupoBaHus 0a3 JaHHBIX
00BEKTOB BOIOXO3SHCTBCHHOTO CTPOUTEIHCTBA IO KPH-
TepUATbHBIM 3HAYCHUSM, TEXHUYCCKOMY COCTOSHHIO
1 OIIEHKE YPOBHS 0€30MaCHOCTH.

PE3YJIBTATHBI HCCIEJOBAHMUA

Ha ocHoBanuu 0000IICHHS TPOBEACHHBIX HC-
Cclle/IoBaHMid pa3paboTaHa cucTeMa Juisi coopa JaHHbBIX
00BEKTOB BOJHOTO X03s1iicTBa B Oacceiine peku. basa co-
JIEPKUT 00pabOoTaHHYI0 HH(POPMAIHIO: TAPAMETPBI COOPY-
JKeHMsI, (PyHKIIMOHATBHOE Ha3HaueHHe, MOp(oMeTpH-
YEeCKHe MPU3HAKH, TeOMOP(OIOTHIeCKIe 0COOCHHOCTH,
(hU3UKO-XMMHUYECKHIE HCCIICNOBAHIS IPOO BOMIBI, OIICHKY
TEXHUYECKOTO COCTOSIHUA. basza MaHHBIX MpencTaBseT
CHCTEeMaTH3UPOBAHHBIH MacCHB CTPOUTEILHON HHPOP-
MallM{ C BO3MOXHOCTBIO (PMIBTpALMK U COPTHPOBKU
COOpY)KEHHH I10 Pa3IMYHbIM ITapaMeTpam, TaKUM Kak:
«HanmenoBanuey, «Koopaunaren», «HanmeHoBaHne my-
HUIMIIATBHOTO 00pa30BaHus, HA TEPPUTOPUU KOTOPOTO
HaXOAATCS TUIPOTEXHUUECKUE COOPYKEHUsD», «bkaii-
MY HACCJICHHBIN MyHKT», «O0beM MOIHBIH, MIH M3,
«O0bem mosesHsblit, Myt My, «Ilnomans 3epkana
[pH HOPMAJIBHOM MOANIOPHOM YPOBHE, KM>», «OTMeTKa
HOpMasbHOTO noeproro yposs (HITY), My, «Otmer-
ka QopcuposanHoro nojmneproro yposus (PITY), m»,
«Ot™meTka ypoBHsi MepTBOro 00bema (YMO), m», «Max-
CHMAJTBHBIHM pacxoj Bojbl, M*/c», «Bogorok», «Bun pe-
TYTUpOBaHMSA CTOKay, «Hasnauenune» u ap. [20].

CoOpaHBl CBEIEHUS IS OMpPENENeHUs CTCTICHI
9KOJIOTHYECKON 0€30MacHOCTH, COCTAaBICHHBIE 110 pe-
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3yJIbTaTaM HaTypHOro oOCJIeOBaHMS, CHUCTEMATH3H-
pytomue cBegeHuss 00 00beKTax BOIHOIO XO35HCTBA
B OacceifHe peKu: MPOBEIEHBI NCCIIETOBAHUS IKCILTY-
aTHPYEMbIX 00BEKTOB CTPOUTEIHCTBA; NCIIOIb30BaHBI
cepTU(HUINPOBAHHBIC TPHOOPH! H 000PyIOBaHKE, 00EC-
MEYNBAOIINE TOYHOCTh W BOCIPOU3BOIAUMOCTH pe-
3yJIBTaTOB; TPOaHAIN3UPOBAHBI TTOTyUCHHBIE TaHHBIC
U OLIEHEHBI PEe3yJIbTATHI; JaHa OICHKA TEXHUICCKOMY
COCTOSIHHIO M YPOBHIO 0€30TIaCHOCTH, COTJIAaCHO ACH-
CTBYIOIINM CBOJIaM U IIpaBHJIaM, HA MOMEHT 00cCeo-
BaHWs; IPUBEACHBI PEKOMCHAIIUN 10 BEITIOTHEHUIO
KOMILUTEKCA MEPOIIPUATHI JIJIsI TIOBBIIIICHHUS 0€30TIacHO-
CTH COOPYKEHUH.

SJAKJITIOYUEHUE U OBCYXJAEHUE

Jonbacc 0THOCHTCS K MaJIOBOHOMY PETHOHY, a TI03-
TOMY Tpo0iieMa COXpaHESHHs BOIHBIX PECYpPCOB OCTa-
eTCst ISl JKUTelNel pecnyOnuKy KpaiiHe octpoii. Boa-
HBIE pecypchl afMUHUCTpaTuBHOro nentpa JHP mo-
CTOSIHHO HCIHBITBIBAIOT aHTPOIOT€HHOE BO3/eiicTBHE
MIPOMBIIIEHHOTO noTeHIana ropoga. B JIHP cocpe-
JIOTOUYEHBl Pa3IUYHBIE OTPACIU MPOMBIIIIEHHOCTH
(MeTammyprudyeckasi, KOKCOXUMUYECKas, YrojbHas),
OTCIOJIa CYIIECTBEHHOE MOCIENCTBUE — YXYALICHHE
COCTOSIHUSI OKpPY>KAIOIIeH cpeibl, B TOM YUCJE COCTO-
SIHUSI 36MeJIb U BOJHBIX 00BEKTOB. BomocHabxkeHue
naceneaus JTHP na 85 % obecneunBaercs 3a CUeT Imo-
BEPXHOCTHBIX BOJOMCTOYHHUKOB U OK0JIO 15 % mpuxo-
JIATCSI HA JIOJI0 TIOJI3€MHBIX. YUHUTHIBAS, YTO TIPAKTH-
YECKHU BCE ropoja u HacesleHHble MyHKThl JJHP pac-
MOJIOKEHBI Ha MOAPaOOTAaHHBIX YTOJBHBIMH MTAXTaMH
TEPPHUTOPHIX, YACTh U3 KOTOPHIX 3aTOIICHA U pa3pyIiie-
Ha B XoJie 00€BbIX NelcTBHA (MaxThl «OKTIOpbCKas,
«Tpynosckas» 1. Honenk; «Komcomoner Jlonbacca»
r. KupoBckoe), mocTymieHne maxTHBIX CTOYHBIX BOJI
B MTOBEPXHOCTHBIC ¥ MO36MHBIC BOJOMCTOUHUKH SIB-
JsIeTCsl OCTPOM DKOJIOTMYECKOM M TUTMEHUYECKOU
mpobiemoii [21].

HecrabunpHoe BomocHAOKEHUE HA TPOTSHKEHUH
IIByX JIET OcTaeTcs mpobimeMoit mis sxkureneir JJTHP.
Ha ceronssiiinuii 1eHb, HECMOTPSI Ha YTBEP>KAEHHBII
rpaduK Mogadu BOIBI pa3 B JBa JTHS, MHOTHE JIOMa,
KaKk U B TE€YEHHE MOCIEIHUX IBYX JIET, OCTAIOTCS
0e3 BomocHaOkeHus. 1 Takue orpaHUYeHUs KOCHYJIHCh

HE TOJIBKO MPU(POHTOBBIX PaiOHOB, B THUTY T. JloHenKa
HACOCHI HE CIIPABIISIIOTCS € MO/Ia4eil BOJIbI HA BEPXHUE
9Ta’K MHOTO3TAXKEK, KHUTEIN KOTOPHIX pa3 B HECKOIBKO
JIHEH BBIHY>K/ICHBI TOTIOHSATH 3arachl U3 MallliH, 3aHU-
MAFOIINXCS TIOIBO30M, YACTHBIA CEKTOP CTPAJacT U3-3a
W3HOLIEHHOCTH TPYO. ITO 00YCIOBICHO KOMIUIEKCOM
(hakTOpOB: aBapuU Ha CETSIX BOJO- M TEILIOCHaOXe-
HUSI, @ TAKXKE PErYJSIPHBIC TIEPeOOH 3JICKTPOCHAOKCHUS
Ha 00bEKTaX, KOTOPBIC MIPUBOJIAT K OCTAHOBKE TEXHOJIO-
THYECKOTO 00OPYIOBAHUS U THAPABINYCCKUM yaapam
Ha CeTsX.

OCHOBHBIM UCTOYHUKOM BojiocHaOxenust st JJHP
B Hacrosiiiee Bpems siBisieTcst BojgoBoJ «Jon — Jon-
Gaccy, moctpoenHslit B 2023 1. BonoBoa mMeeT npons-
BOAUTENBLHOCTE 300 ThIC. M*BOMIBI/CYT M 0OECIICUHBACT
Bogoil 'opnoBckuid, Jlonenkuii 1 EHakueBckuid npo-
MBIIIUICHHBIC PafOHBI, BKIFOYAIONIE Topoaa: JJoHenk,
MakxeeBka, Xapibizck, [Hlaxtepck, Kuposckoe u Topes.
Jo 2022 . IHP craGxanacek Bomoit o kanairy «Cesep-
ckuit Jloner — Jlon6accy», OJHAKO OH MOTYYMIT KPUTHYC-
CKHE TIOBPEXKICHHS B XOJIc OOCBBIX JICHCTBUIA.

Bomosox «Jlon — Jloubace» 3abupaet 0,1095 xkm?
BOJIbI B rofi, uto cocrasiusieT 0,54 % ot cpenHeronoBo-
ro cToka p. Jlon B paiione cranuubl Pazgopckoii 3a no-
ciennue 70 net (¢ 1952 mo 2022 1), 3TO 3HAYUTEIHHO
MEHbIIIE, YeM MaKCHUMaJIbHbIM rooBOU cToK p. [loH,
cocraBisromuii 0,29 % nasg camMoro MHOTOBOIHO-
ro roma (1979 r.) u 1,15 % s camoro MajJoBOJTHOTO
roga (2020 r.) 3a atot nepuon. Tak, BogoBon «JoH —
Jlonbacc» obecriednBaeT CTaOMILHOE BOJIOCHAOKEHHE
st JIHP, HO ero nmpou3BOIUTENbHOCTh OIpaHUYEHA
U HE MOXET MOJHOCTHIO PEIIUTh MPodIeMy AepuInuTa
BOJIbI B PETHOHE.

B pecmybomuke cocpemorodero ceimie 800 rumpo-
TEXHUYECKUX COOPYKCHHUHU, OJHAKO Oe30macHasi dKC-
IIyaTalusi, COrIaCHO POCCUICKOMY 3aKOHOAATENbCTRY,
HE BeJeTCH.

[IpoBenennsbie uccaeqoBanus B Oacceiine p. [pys-
ckoii EnaH4nK O3BOJIMIIM OYEPTUTH OCHOBHOM KpYT Xa-
PaKTepHBIX JJII pErMOHAa aCleKTOB COCTOSHUS BOJHBIX
PECYpPCOB C TOUKH 3PCHHUS OS30MTACHOCTH dKCILTyaTaI[iH
I'TC, 3KONOTHYECKOTO COCTOSHUS MaJbix pek JJonbac-
ca, 0COOCHHOCTEH BOMOTOIH30BAaHUS HA TEPPUTOPUU
HOBBIX PerMOHOB POD.

CIIMCOK HCTOYHHUKOB

1. Bonocyxun B.A., ®ecenxo JI.H., Poockoe B.C.
[Tpo6sieMbl BOZ00OECIIEYEHHOCTH HOBBIX CYOBEKTOB
Poccuiickoit @eneparyu // CoBpeMeHHBIEC TIPOOIEMBI
THUAPABIUKU U THIPOTEXHUYECKOT'O CTPOUTEILCTBA :
¢6. Te3. mokiu. VII Beepoce. Hayd.-IpakT. ceMUHApa.
2024.C. 116-117. EDN PSGKVW.

2. Mamuwos I'.T"., I puecopenxo K.C. I'napoxumu-
YECKHI COCTAaB BOJABI HA B3MOPBE U aBaHJeNbTe JJoHa
B yCIoBHsIX MaoBo b (XX—XXI BB.) // Hoxmangst Poc-

cuiickoii akagemuu HayK. Hayku o 3emie. 2021. T. 499.
Ne 2. C. 193-202. DOI: 10.31857/52686739721080077.
EDN NWPFYM.

3. XKyxoea C.B., Mup3zosan A.B., [Huwxun B.M.,
Hoomapesa T.U., Jlymeinckas JI.A., Tapaouna E.A.
u Op. Bo3MoxHBIE crieHapun (hOPMUPOBAHNS MATEPHKO-
BOT'O CTOKA M COJICHOCTH BOJ A30BCKOT'O MOPSI C y4ETOM
COBPEMEHHBIX M NEPCIEKTUBHBIX TEHACHINN N3MEHe-
HUS KuMarta // BomHbie Gnopecypchl U cpeia OOUTaHMA.

125

(9G) Z HOAUITG "GL N0 Jioeuesraqtsuken



naTMTSILETSO: T 15. BbInyck 2 (56)

T.B. UeaHkoea, JI1.H. ®eceHko, B.C. Poxkoe

2023. T. 6. Ne 4. C. 7-30. DOI: 10.47921/2619-1024
2023 6 4 7. EDN WQWAHX.

4. Enusaposa O.B. Ananu3 xauecTBa BOJIbI U3 UC-
TOYHUKOB IEHTPAIM30BAaHHOTO BogocHaOxenus JTHP
B COBPEMEHHBIX YCIOBUSIX // APXUB KIIMHUYIECKON U DKC-
nepuMeHTanbHOM MenunuHbl. 2023. T. 32. Ne 4. C. 32-35.

5. Pourmahmoud J., Shahdany S.M.H., Roozbah-
ani A. Practical drought risk assessment and management
framework: A step toward sustainable modernization in
agricultural water management // Journal of Hydrolo-
gy. 2024. Vol. 644. P. 132121. DOI: 10.1016/j.jhydrol.
2024.132121

6. LouH., LiH, Yang S., Wang X, Pan Z., Zhang Y.
et al. River discharge recovery lag in the small and medi-
um-sized rivers occurred in response to climate change and
human activities // Journal of Hydrology. 2023. Vol. 620.
P. 129453. DOI: 10.1016/j.jhydrol.2023.129453

7. Foroumandi E., Nourani V., Kantoush S.A. In-
vestigating the main reasons for the tragedy of large sa-
line lakes: Drought, climate change, or anthropogenic
activities? A call to action // Journal of Arid Environ-
ments. 2022. Vol. 196. P. 104652. DOI: 10.1016/j.ja-
ridenv.2021.104652

8. Wray N., Bowie D., Pattison I., Angeloudis A.,
Beevers L. Disentangling climate change & land use
change effects on river flows: A probabilistic approach //
Journal of Hydrology. 2024. Vol. 639. P. 131665. DOI:
10.1016/j.jhydrol.2024.131665

9. Jlypve IL. M., Ilanos B./]. Pexu Oaccelina A30B-
ckoro mopsi. PoctoB H//I. : JIOHCKOM H3MaTENbCKU AOM,
2021. 670 c.

10. Panagopoulos A. Water-energy nexus: desalina-
tion technologies and renewable energy sources // Envi-
ronmental Science and Pollution Research. 2021. Vol. 28.
Issue 17. Pp. 21009-21022. DOI: 10.1007/s11356-021-
13332-8

11. WangS., GuC., LiuY., GuH., Xu B., Wu B. Dis-
placement observation data-based structural health mon-
itoring of concrete dams : a state-of-art review // Struc-
tures. 2024. Vol. 68. P. 107072. DOI: 10.1016/j.istruc.
2024.107072

12. Xu B., Rong Z., Pang R., Tan W., Wei B.
A novel method for settlement imputation and monitor-
ing of earth-rockfill dams subjected to large-scale miss-
ing data // Advanced Engineering Informatics. 2024.
Vol. 62. P. 102642. DOI: 10.1016/j.2€1.2024.102642

Hocmynuna 6 pedaxyuro 15 okmsbps 2024 e.
Ipunsama  oopabomarnnom eude 15 noabps 2024 2.
Ooobpena ons nyoruxayuu 15 nosops 2024 2.

13. Lu Y., Wu Z. A vine-copulas based multi-sen-
sor fusion structural damage monitoring method and its
application in dam engineering // Applied Soft Comput-
ing. 2024. Vol. 167. P. 112356. DOI: 10.1016/j.asoc.
2024.112356

14. A4i Z.,, Ma G., Zhang G., Liu R., Deng S.,
Chang X. Multi-source monitoring data filtering assisted
deformation analysis model updating of ultra-high rock-
fill dam // Computers and Geotechnics. 2024. Vol. 171.
P. 106323. DOI: 10.1016/j.compgeo.2024.106323

15. Cnecapes M.FO., Hsankoea T.B., @ecenxo JLH.
CocTtosiHIe 00BEKTOB MEITHOPATUBHOTO CTPOUTEIHCTBA
B OacceitHe maioii pexu Anbpma Pecryonukn Kpev //
Okonorust ypoaHU3UPOBaHHBIX TeppuTopuil. 2022. Ne 1.
C. 15-22. DOI: 10.24412/1816-1863-2022-1-15-22.
EDN OQNXDN.

16. Usanxosa T.B. ObecnieyeHne SKOIOTMIECKON
6e30macHOCTH MPUPOTHO-TEXHIUECKIX CUCTEM Oacceii-
HOB MaJIBIX PeK B YCIOBHAX KpBIMCKOTO MOIyOCTpO-
Ba : MoHorpadus. M. : Uadpa-M, 2023. 171 c. DOLI:
10.12737/1903315. EDN SGVKPV.

17. Lu Y., Li Y., Fang G., Deng M., Sun C. Eco-
logical risk assessment and management for riverfront
development along the Yangtze River in Jiangsu Prov-
ince, China // Ecological Indicators. 2023. Vol. 155.
P. 111075. DOI: 10.1016/j.ecolind.2023.111075

18. Vitale C. Understanding the shift toward
a risk-based approach in flood risk management, a com-
parative case study of three Italian rivers / Environmen-
tal Science & Policy. 2023. Vol. 146. Pp. 13-23. DOI:
10.1016/j.envsci.2023.04.015

19. Qin X., Gu C., Guo J., Yuan D., Shao C.,
Chen X. Load combination feedback of fracture in
concrete dams based on monitoring data with simpli-
fied fuzzy association rules // Structures. 2023. Vol. 47.
Pp. 2354-2364. DOI: 10.1016/j.istruc.2022.12.056

20. CBuaeTEeNHCTBO O perucTpanuu 0a3bpl JaH-
HbIX RU Ne 2024624777. baza naHHBIX COOPYKEHUN
BOJIHOTO XO03sicTBa B Oacceiine peku ['py3ckoit Enan-
yuk / T.B. IBaHKOBa; 3asBUTEH U MPaBOOOIAIaTENb
T.B. UBankoBa; nara perucrpanuu 30.10.2024.

21. I'onosamenxo E.JI. O1ieHKa COCTOSIHUS BO-
JTHBIX PECYPCOB Ha TeppUTOpUH JJOHEIIKOTO pernona //
Becrauk JloHOacckoi HAIMOHAIEHOMN aKaJIeMUH CTPOU-
TENBCTBA M apXUTeKTyphl. 2023. Ne 5 (163). C. 118-125.
EDN QEFPGS.

Op ABTOPAX: Tarpsina BukropoBna MBaHkoBa — KaHIMJAT TEXHUYECKUX HayK, CTApIIMN HAy4YHBIH COTpYy.-

HUK Kageapsl BOAHOTO X034HCTBA, HH)KEHEPHBIX CETEH M 3aluThl OKpyxatomiel cpezpl; FOxxno-Poceniickuii rocy-

AapcTBeHHBIH noauTexundeckuii ynusepeurer (HIIN) um. M.U. Ilnarosa; 346428, PoctoBckas o61., . HoBo-
yepkacck, yia. [Ipocsemenus, n. 132; PUHIL ID: 47991684, Scopus: 57209806818, ORCID: 0000-0003-0902-9670;

academy-design@mail.ru;

126



State of natural and technical system of the Gruzskoy Elanchik River basin

of the Donetsk People’s Republic P.112-140

JleB HukonaeBnu ®eceHKo — JOKTOp TEXHUUECKHUX HayK, Mpodeccop, 3aBeayomuii kadeapoit BOqHOTo xo-

3HCTBA, MHKCHEPHBIX CeTel U 3aIlUThI OKpyskaromeil cperpl; HOxuo-Poccuiickuii rocyrapcTrBeHHbI NOJUTEXHU-

yeckuii ynusepcurer (HIIN) um. M.HU. IlnaroBa; 346428, PoctoBckas o6i., . HoBouepkacck, yi. [IpocBerienus,
1. 132; PUHIL ID: 461079, Scopus: 6603681244, ORCID: 0000-0001-6570-0460; 65613 @mail.ru;
Burtanmii CepreeBnd PoskkoB — JOKTOp TEXHHYECKUX HAyK, AOILEHT, podeccop kadeapbl BOJOCHAOKESHUS,

BOJIOOTBEACHHMS U OXPaHbI BOIHBIX pecypcoB; Jlonfacckasi HAMOHAJbHAS aKa/IeMUsI CTPONTE/ILCTBA H ADXHTEKTY-
pobl (IOHHACA); 286123, loneukast Haponuas Pecriyonuka, r. MakeeBka, yi. Jlepxasuna, a. 2; PUHLL ID: 584962,

Scopus: 56825406700; v.s.rozhkov@donnasa.ru.

Brrao asmopog:

Hsanrosa T.B. — coop u obpabomxa mamepuana, pazpabomxa 6a3z OAHHBIX, HANUCAHUE MEMOOOL02UU, UCXOOHO20

mexcma u e2o 00pabomKa 8 COOMEemMcmsull ¢ NPedoCmMasieHHbIMU KOPPEKMUPOSKAMU, opmynuposanie

Pe3yIbmamos u 8bl80008.

Decenko JI.H. — nayunoe pykogoocmeo, KOHYyenyus uccie0o8anus, pasgumue Memoooio2ull, 0opabomxa mexkcma,

UMmMo2086ble 6b16000bL.

Pooickos B.C. — ananuzwl npob 600bi, 0opabomka mekcma, opmyauposanue pe3yibmamos U 6b160008.

Aemopbl 3a5a61510m 06 OMCYMCMEUU KOHGIUKMA UHIMEPEeCOs.

INTRODUCTION

According to the Constitution of the Russian
Federation, the Donetsk People’s Republic (DNR),
Lugansk People’s Republic (LNR), Zaporozhye and
Kherson oblasts are included in the list of regions
of the country'. In the period of the USSR (until 1991),
water from the Dnieper basin and Seversky Donets
(a right tributary of the Don River) was used for water
supply of the population and economic facilities. Today,
the real water withdrawal from small rivers of the new
subjects of the Russian Federation = 1.0 km?*/year,
with the living population N = 7.5 million people spe-
cific withdrawal (2024) = 130 m*/(person year). For
comparison: specific water consumption per person
per year: for Italy ~ 910 m*/(person year), for Spain ~
=~ 750 m*/(person year). Total river runoff of DNR,
LNR, Zaporozhye and Kherson oblasts* W, | S0 =
= 3,232.0 mln m’®, specific water resources (2024)
431 m3/person year (1991) — 231 m3/person [1].
The area of the four new entities (DNR, LNR, Kherson
and Zaporozhye oblasts) is 108.9 thousand km?. Wa-
ter deficit is estimated W = 12 km?/year. The area
of the DNR F . =26.5 - 103 km?, for a year of average
water availability W =~ 0.3 km?/year.

During the USSR period, inter-basin transfer ca-
nals, fill reservoirs, and perennial spill reservoirs were
constructed and operated. The water balance of the Sea
of Azov is W = 290 km?® (which is comparable to two
annual discharges of the Volga River). At the same time,
the flow of the Don River (annual average) is 27 km*/year,
the Kuban River — 13 km?®/year, which in total ¥ =

! The admission of the Donetsk People's Republic to the Russian
Federation and the formation of a new subject within the Rus-
sian Federation — the Donetsk People's Republic : Federal Con-
stitutional Law of 04.10.2022 No. 5-FKZ (ed. of 25.12.2023).

2 Surface water resources of the USSR. Volume 06. Ukraine and
Moldavia. Issue 3. Seversky Donets basin and rivers of the Azov
region, ed. by M.S. Kaganer. Leningrad, Hydrometiz, 1967; 492.

=40 km?/year. Based on data from the state report’, we have
entered a cycle of low-water years, the Don River flow —
12 km*/year (2020), the Kuban River — 6 km*/year (2020),
totaling X = 18 km?/year. This is why the salinity of the Sea
of Azov is increasing. If in the DNR local resources
are (for an average water year) 750 million m?/year,
reservoirs and ponds accumulate 80 % of the runoff —
600 million m>.

Problems with drinking water supply in the DNR
started in 2022, when the Seversky Donets — Donbass ca-
nal was disrupted. To solve these problems, a water con-
duit from the Don River and a number of water conduits
from local sources and small reservoirs were built, and
dozens of new wells were drilled. Due to the continu-
ing shortage of water resources in the DNR, caused by
the lack of water supply from the main source — the Sev-
ersky Donets — Donbass canal — and the limited capacity
of the reserve Volyntsevskoye reservoir, water is supplied
to consumers on schedule. The construction of the Don —
Donbass water pipeline has improved the situation,
but has not eliminated the problem of water shortage.
Thus, the capacity of the water pipeline in the standard
mode is less than 300 thousand m?®/day, which provides
no more than a quarter of the resource consumption for
2010. The economy in such conditions cannot recover
normally, let alone develop. The Sea of Azov is facing
a serious ecological crisis caused by the low water con-
tent of the Don River. Don. Since 2007, the water flow
in the Don River has significantly decreased, which has
led to an increase in the salinity of the Sea of Azov [2].
The average annual salinity of the sea, which was 9.6 %o
in 2006, reached a record 15.1 %o in 2020 [3]. The defi-
cit of river runoff and increased water consumption for
evaporation, along with other factors, provoked an un-

3 On the state and protection of the environment of the Russian
Federation in 2020 : state report. Moscow, Ministry of Natural
Resources of Russia; Lomonosov Moscow State University,
2021; 864.
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precedented increase in the salinity of the Azov Sea wa-
ters, the average annual value of which reached a high
level (14.97 %o) in 2021. Under the most probable sce-
nario (60 %o) with the preservation of the low-water pe-
riod and the mainland flow of the Don and Kuban rivers
into the Sea of Azov with a total volume of about 22 km?,
the average annual salinity of the Sea of Azov, including
the Gulf of Taganrog, may reach values of 15 + 0.40 %o
with a range of fluctuations in the sea proper in the inter-
val from 14.5 to 16.5 %o [3].

The Don River basin covers an area of 422,000 km?
with 15 constituent entities of the Russian Federation:
Tula, Orel, Ryazan, Lipetsk, Voronezh, Tambov, Kursk,
Belgorod, Penza, Saratov, Volgograd and Rostov Regions,
Stavropol and Krasnodar Territories and the Republic
of Kalmykia (369.0 thousand km? or 87.4 % of the ba-
sin), as well as Kharkov, Lugansk and Donetsk Regions
(53.0 thousand km? or 12.6 % of the basin area).
The length of the watercourse is 1,870 km, catchment
area — 422 thousand km?; average flow rate — 680 m®/s;
river gradient — 0.096 m/km, age = 23 million years*.
The water of the river. The Don River is actively with-
drawn for various needs even before the river flows into
the Tsimlyanskoye reservoir, so the Don — Donbass wa-
ter pipeline project, although it may temporarily improve
the water supply situation in the DNR, will not be a long-
term solution. The Don River basin will continue to expe-
rience a downward trend in river runoff due to decreased
annual precipitation and increased evaporation during
the warm season. Four subjects of the Russian Federation
are located fully or partially in the Kuban River basin:
Republic of Adygea, Karachay-Cherkess Republic, Kras-
nodar Krai and Stavropol Krai. The length of the wa-
tercourse is 870 km; catchment area — 57.9 thou-
sand km?; average water flow — 398 m¥/s; river slope —
1.53 m/km, age = 5-9 million years.

It should be expected that river runoff in the south-
ern regions of Russia will decrease by 3 % until 2030
and by 4 % until 2041-2060 and 2080-2099 [3].
The liberation of the entire territory of the DNR is
the only way to restore normal water supply and end
the water blockade by Ukraine.

There are no major rivers in the DNR, except for
the Seversky Donets, which is 1,053 km long and has
a catchment area of 98,900 km?. The largest reservoirs
in the Seversky Donets basin are Chervonooskolskoye
(445 million m?), Pechenezhskoye (383 million m?),
Krasnopavlovskoye (414 million m®), Uglegorskoye
(162 million m*) and Mironovskoye (76.3 million m?).
More than 240 small reservoirs and ponds with an aver-
age mirror area of about 2 km? are located in the river
basin.

4 Jamalov R.G., Kireeva M.B., Kosolapov A.E., Frolova N.L.
Water resources of the Don basin and their ecological state :
a monograph | Federal Agency of Scientific Organisations,
Institute of Water Problems of the Russian Academy of Sciences
and others. Moscow, GEOS, 2017; 204.
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Groundwater use in the DNR is not possible due
to the high density of mines, the development of which
affects both the depth of groundwater and its quality.
The waters are unusable due to their extreme contami-
nation with heavy metals> %7 [4]. Nevertheless, ground-
water in a number of cities is used as a heat carrier for
centralized heating systems. If before the start of SMO
in Donetsk city 280-320 thousand m*/day of water was
supplied, then by November 2022 — only 42-55 thou-
sand m?*/day, of which 20 % of water was used for
the operation of boilers. The situation is aggravated
by the peculiarities of operation: power outages, oc-
currence of hydraulic shocks, accidents on water pipe-
lines, breakages on the water supply network; similar
situation with equipment: pumps fail. Thus, thousands
of people still live in conditions of water shortage.

In accordance with the instructions of the Presi-
dent of the Russian Federation V.V. Putin dated
01.04.20. Putin from 01.04.2023 No. Pr-650 and from
27.07.2023 No. Pr-1477 the development of the Strat-
egy for the development of the Azov basin water area
and territories of the Azov coast, the “Strategy for sus-
tainable development of the Azov region until 2040”
was developed®. The Strategy is aimed at restoring
the ecology of the Azov Sea and the Azov coast, de-
veloping the fishery, tourism and recreational potential
of the four new constituent entities of the Russian Fed-
eration (DNR, LNR, Kherson and Zaporozhye regions),
the territories of the Republic of Crimea, Krasnodar
Krai and Rostov Oblast adjacent to the Azov Sea in or-
der to improve people’s well-being.

Tourism and quality of life cannot be developed
without full access to safe drinking water. Therefore,
the study of small and medium-sized river basins is be-
coming increasingly important in light of current chal-
lenges, including climate change and increasing anthro-
pogenic impacts [5]. Despite their relatively small size,
these basins play a key role in global water, matter and
energy cycling systems, influencing socio-economic
processes [6]. Therefore, the study of these basins under
the current conditions is a complex and important area
of scientific research [7, 8].

The water fund of the DNR includes 1,695 sur-
face water bodies (rivers, reservoirs, ponds, lakes), as

>Vorovich LI., Gorelov A.S., Gorstko A.B. et al. Rational use
of water resources in the Azov Sea basin / mat. Models, edited
by LI. Vorovich. Moscow, Nauka, 1981; 359.

¢ Peltikhin A.S. Peculiarities of Donbass rivers and recreation,
Tourism — a promising branch of Ukrainian economy : collection
of mats. of scientific and practical conf. Donetsk, 1995; 267.

" Vetrov S.F., Ermachenko A.B., Grishchenko S.V. et al. Hy-
gienic assessment of drinking water supply to the population
of certain districts of the Donetsk People's Republic. Vestnik
hygiene and epidemiology. 2019; 23(3):236-244.

§ Strategy of sustainable development of the Azov region
until 2040. URL: http://www.kremlin.ru/acts/assignments/
orders/74442
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well as groundwater. There are 4 medium-sized rivers
with a total length of 410 km and 851 small rivers and
streams flowing through the territory of the Donetsk
People’s Republic. The main watercourses in the DNR
are the Kalmius, Mius, Krynka, Gruzskaya Yelanchik,
the upper reaches of the Lugan, Sukhoy and Mokry
Yelanchik, Osikova, Lozovaya and Vodyanaya rivers;
the total length of the river network in the territory is
5,843.9 km® '° [9]. The density of the DNR river net-
work is 0.22 km/km?.

Large mineral resources in the Donetsk coal ba-
sin contributed to the rapid development of industry
and significant population concentration in the region
in the 20th century. The industries formed in the re-
gion for more than a century are characterized by signifi-
cant water consumption, therefore, there is an acute prob-
lem of water pollution in the region and the associated
deficit of quality water for household and drinking water
supply for the population, agriculture, processing industry,
etc. Archival data on chemical analyses of water from aqui-
fers in the area indicate the presence of saline groundwater
at a depth of 1.25 m with a salt concentration of 39 g/l and
a predominant content of sodium and chlorine ions''.

The bulk of the water of the DNR rivers (60—70 %
of the year) drains during the winter-spring period.
The rivers of the DNR are fed by spring snowmelt,
which accounts for 40-80 % of the annual flow. Rain-
fall feeding is insignificant.

The flow of the DNR rivers is highly regulated by
reservoirs and ponds built in 1950-1970 and is used for
drinking, agricultural and industrial water supply, fish
farming and irrigated agriculture. The total surface area
of water bodies (799) located on the territory of the DNR
is 11,097.68 ha. The volume of water resources for
an average water year is 525.142 million metres®. There
are 46 reservoirs in the DNR with a total surface area
of 7,491.7 ha and a volume of 464.417 million metres’.

? River network in the DNR. URL: https://gkvrh.ugletele.com/
vodnye-obekty-natsionalnye-dostoyanie-naroda-dnr/

1 Volosukhin V.A., Melnikov V.V. Azov-Caspian Waterway:
History, Problems, Prospects. Rostov n/D, 1zd-vo YuFU,
2008; 242.

I Report on the state of the environment in Donetsk
region, edited by S. Tretyakov, G. Aveyev. Donetsk, 2007;
116.

The Committee for Water and Fisheries of the Do-
netsk People’s Republic develops and implements the state
policy in the sphere of management, use and reproduction
of surface water resources, development of water man-
agement and land reclamation, operation of state water
management facilities of complex purpose, economic irri-
gation and drainage systems. According to the latest inven-
tory, there are about 800 hydraulic engineering structures
(HES) on the territory of the DNR, most of which are in
unsatisfactory and emergency condition.

Condition of hydraulic structures and water quality

The selected site is the Gruzskaya Yelanchik
River basin, which contains three reservoirs: Mik-
hailovsky, Mikhailovsky I (Fig. 1) and Shevchenkovs-
koye (Fig. 2, 3). Apart from the site passport!> 13 14
(1981, 1984 and 1984, respectively) no other documen-
tation has survived.

According to Russian legislation, all HS must
be subject to federal state supervision. The submis-
sion of a HS safety declaration and its expert review
is a mandatory requirement, failure to comply with
which is considered a violation of HS safety legisla-
tion. In accordance with the requirements of Federal
Law No. 117-FZ “The Safety of Hydraulic Structures”,
the responsibilities of the owner of HS, as well as
the operating organization, include a regular procedure
for the development and approval of HS safety declara-
tion at all stages of the life cycle. According to Article
3 of's, a HS safety declaration is a document that sub-
stantiates HS safety and defines measures to ensure HS
safety, taking into account its class.

Another significant problem for the studied areas
is the coastal water protection zone. All three reser-
voirs are located near roads, which attracts fishermen.
According to echosounder data, the average depth

12 Water management passport of Shevchenkovskoye reser-
voir, Zaporozhye. 1983; 25.

13 Water management passport of Mikhailovsky reservoir, Do-
netsk. 1981; 32.

14 Water management passport of the Mikhailovsky I reser-
voir, Zaporozhye. 1983; 26.

15 The safety of hydraulic structures: Federal law from
21.07.1997 No. 117-FZ (with amendments and additions
from 29.07.2018). URL: http://www.consultant.ru/document/
cons_doc LAW 15265/

Fig. 1. View from the upper slope of the dam, shaft spillway of the Mikhailovsky I reservoir
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Fig. 2. View of the coastal water protection zone of the Shev-
chenko reservoir

of the reservoirs is about 2.5-3.5 m, and fish were
recorded at a depth of 2.0-2.7 m. In the areas of free
access of vehicles, the centres of rubbish, plastic and
waste dumps were detected (Fig. 2, 3).

The main parameters of three reservoirs located in
the basin of the Gruzskaya Elanchik River are given:
Mikhailovsky I (Table 1), Mikhailovsky (Table 2) and
Shevchenkovskoye II (Table 3).

Table 1. Main parameters of Mikhailovsky I reservoir (design)
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The mark “Normal retaining level” (NRL) —
30.48 m;

Dead Volume Level” mark — 28.48 m;

The mark “Forced retaining level” (FRL) — 31.68 m.

The maximum water discharge is 71.1 m?/s.

The dam is a blind, earthen, drivable, crest length —
663 m, project width — 10 m, actual width — 25 m,
maximum height — 8.99 m.

Ridge marking:

* design — 33.18 m;

e maximum — 33.71 m;

* minimum — 32.69 m;

+ average — 33.40 m.

Slope embedment:

 upstream: m = 3.0;

* bottom: m =2,5.

Fixing of slopes:

* upper slopes — with slabs up to the mark
0f 32.95 m;

 lower slopes — by sowing perennial grasses.
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Fig. 3. View of the water area of the Shevchenkovskoye

reservoir

Spillway — shaft, automatic action, located in the left
abutment of the dam, inner diameter of the shaft —
9.0 m, height — 5.23 m (5.0 m according to the proj-
ect) made of concrete; wall thickness = 0.8 m, top mark
of the shaft — 30.48 m. Two strings of diverting pipes
of 2.0 x 2.3 m prefabricated-monolithic construction end
with a concrete damper extending in plan; the width
of the concrete damper at the beginning is 6.8 m, at
the end 10.5 m. The diversion channel is stone-fastened
for a length of 20 m. The bottom outlet is combined with
the mine spillway and is represented by two steel pipes
with a diameter of 300 mm; according to the project the bot-
tom outlet is equipped with fish protection in the form
of a perforated pipe — riser 1.5 m high and a rod net at
the inlet funnel. The flow rate at the NRL is 0.53 m?/s.
The pumping station is located in the lower reach of the re-
servoir, flow rate 0.20 m?/s. The water intake of the pump-
ing station (PS) is made from the bottom outlet by two
strings of steel pipeline D =400 mm 57 m long. The PS
is not equipped with water-metering facilities.

The main hydrological characteristics of the Gru-
zskaya Yelanchik River watercourse:

» catchment area up to the hydro scheme site —
150 km?;

 feeding character — snow, rain, groundwater
with predominance of snow;

* runoff volume — 50 % availability, annual —
5.80 million m?, during the flood period — 3.48 million m?;

¢ flood period — 40 days;

¢ the volume of runoff in the estimated low-water
year of 75 % availability is 3.59 million m>.

Table 2. Main parameters of the Mikhailovsky reservoir (design)
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NRL mark — 48.0 m;

DVL mark — 36.0 m;

FBL mark — 50.0 m.

Maximum design water discharge with a given
probability of exceedance, normal 1 % probability
of exceedance — 224 m?/s.

1. Earthen dam 18.0 m high, crest width 6 m, dam

length 269 m.
Slope embedment:
e topm=3.0;

» downstream m = 2.5.

The dam is constructed of loam with volumetric
weight 1.65 g/cm®. The upper slope is fixed with prefabri-
cated reinforced concrete slabs 300 x 200 x 8 cm on crushed
stone 20 cm. Glass fibre reinforced concrete and glass fleece
is placed under the joints. Stop tooth made of prefabri-
cated reinforced concrete slabs 300 x 80 % 20 cm. Fixing
of the upstream slope from 37.50 to mark 50.90; dam crest
mark 51.30. The stability coefficient of the downstream
slope is 1.3. At the base of the downstream slope of the dam
a drainage strip with a diversion drain is laid.

2. The open-type spillway structure is located on
the left slope of the gully, the inlet channel with a fast flow.
The width of the inlet channel along the bottom is 50 m,
length — 54.5 m. The width of the quick-flow channel is
15.2 m, length — 88 m, slope — 0.18, slope — 1.5.

The bottom and slopes of the flume are fixed with
precast slabs 300 x 200 x 20 cm and 300 x 150 x 20 cm
on a 15 cm layer of lean concrete. For energy dissipa-
tion in the downstream section, a water well with a depth
of 2.45 m, length of 16 m and slope m = 1.5 is provided.

The well is made of monolithic reinforced concrete
with a bottom thickness of 80—100 cm. Under the bot-
tom of the well there is a return filter made of crushed
stone and sand.

The 12.6 m long apron is fixed with prefabricated
reinforced concrete slabs 300 x 200 x 20 cm. The fixing
of the apron ends with a 2 m deep stone tooth. Prepara-
tion under the fixing slabs made of crushed stone 10 cm.

3. The bottom outlet is located on the left slope
of the Kamenka gully, made of steel pipes, D =400 mm,
wall thickness 12 mm in three strings. The discharge
capacity is 1.98 m*/s. The pond emptying time is
42 days. The pipes are laid in a protective casing made
of reinforced concrete M200.

The inlet part is secured with 15 cm stone paving.
At the outlet, two inspection wells are installed to ac-
commodate the shut-off valves. Water intake for irriga-
tion is carried out through the bottom outlet pipes.

The main hydrological characteristics of the wa-
tercourse is the right tributary of the Gruzskaya Yelan-
chik River:

* catchment area up to the hydro scheme site —
163/72.0* km?;

* feeding character — snow, rain;

¢ runoff volume — 50 % availability, annual —
3.4 million m?, during the flood period — 1.44 million m?;

* flood period — 40 days.

Table 3. Basic parameters of Shevchenko reservoir (design)
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Note: * In column 2 numerator is the total catchment area
of the reservoir, denominator is its own catchment area. Own is
the part of its total catchment area enclosed between the dams
and the nearest reservoirs located upstream of the main water-
course and its tributaries and regulating runoff from their catch-
ment areas; columns 3, 4 show runoff volumes at the reservoir’s
site: total including releases from the upstream Shevchenko IIT
reservoir (numerator) and from its own catchment area (denom-
inator); the volume of runoff in the design low-water year P =
=175 %, from its own catchment area (there will be no releases
from Shevchenko III) is 0.28 million m®.

NRL mark — 56.83 m;

DVL mark — 49.83 m;

FBL mark — 58.83 m;

Dam — earthen, passable, length along the crest —
195 m, width according to the project — 6 m, maxi-
mum height — 12.4 m.

Crest marking:

¢ design — 60.23 m;

* actual — 60.66 m.

Depositing of slopes:

 top: m=3.0;

* bottom: m =2.5.

Fixing of slopes:

* upper slopes — with reinforced concrete slabs
up to the mark of 57.80 m;

* lower slopes — by sowing perennial grasses.

A drainage strip is installed in the downstream
slope of the dam.

The open spillway is located on the right bank
of the reservoir. It consists of an inlet channel, a fast
flow channel, a spillway, a drawbar and an outlet chan-
nel. The spillway is made in rocky soils without an-
choring. The inlet channel and the rapid flow channel
are of trapezoidal cross-section with slopes m = 0.5,
20 m wide at the bottom, with a total length of 182.5 m.
The water well 1.0 m deep, 15.0 m long and 22.0 m
wide at the bottom is made without anchoring. Apron
and diversion channel along the length of 27.5 m are
fixed with 0.5 m stone. The channel of trapezoidal
cross-section with slopes m = 3.0 m and a bottom width
of 26.9 m is made without anchoring. The bottom out-
let is made of steel pipes, D = 400 mm in two strings
106.5 m long. Within the dam embankment, the pipes
are encased in a monolithic reinforced concrete cas-
ing. According to the design, the bottom outlet is
equipped with umbrella-type fish protection. The flow
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rate at the maximum permissible flow rate is 1,090 1/s.
The maximum flow rate with a given probability of ex-
ceedance is 185 m?/s. Capacity of spillway structures
(taking into account the regulating influence of the res-
ervoir) — 172 m?/s.

Main hydrological characteristics of the water-
course:

 catchment area up to the hydro scheme site —
2.00/21.4 km?;

* feeding character — snow, rain, groundwater
with predominance of snow;

* runoff volume 50 % availability, annual —
2.25/0.61 mln m?, for flood — 1.94/0.30 mln m**;

* flood period — 40 days.

Laboratory results

Sixteen specimens were collected along the entire
length of the river channel. Sampling was carried out at
the mouth, under bridge, tributaries, reservoirs, ponds
and headwaters. To assess water quality, analyses were
carried out using the following instruments: MARK-
303; portable digital tester Water Test for pH mea-
surement; photometer Expert-003 and Expert 003-3;
RealUVT REALTECH for turbidity measurement; echo
sounder Lucky Knight FF718LIC-WT for bottom re-
lief determination; and conductometer with laboratory
flow sensor Expert-002-2-6-Pr for salt content measure-
ment. Characteristics of the selected stream specimens
are given in Table 4.

Salt content in the studied region is high. It should
be noted that the problem of water quality in the rivers
of Donbass has existed for more than 60 years. The reg-

ulation of the flow of most rivers by reservoirs has led
to a decrease in their water availability. For example,
if before 1958 (before the introduction of the Seversky
Donets-Donbass canal) the flow of the Seversky Donets
River was close to the natural one and the irretriev-
able water withdrawal was 2—3 m?¥/s, then by 2000 it
increased to 23.2 m*/s. Data from 2005-2010 show!!
that the content of calcium ions in the Seversky Donets
has increased significantly and the total mineralization
of water has increased. The change in salt composition
is atypical of natural processes and is most indicative
of human economic activity in the river basin. In-
creased salt content is observed in the water of almost
all rivers in the DNR. One of the main reasons for this
is the discharge of highly mineralized mine water, with
which more than 1 million tonnes of salts enter the riv-
ers per year.

The Gruzskaya Yelanchik River has a catchment
area of 1,190 km?, a water discharge of 0.91 m?¥/s, and
a volume of 0.029 km®. Freshwater resources available
for use for a fraction, %, ofthe time: 50 % — 0.022 km?;
75 % — 0.011 km?; 95 % — 0.0029 km’.

The Report on the State of the Environment in
Donetsk Oblast (2007) provides an assessment of wa-
ter pollution hazard by main indicators (Fig. 4) and
an ecological assessment of water condition in the Gru-
zskaya Elanchik River for 2006 (Fig. 5), sulphate excess
was recorded twice. The natural conditions of the study
area are conditioned by the distribution in the region
of brackish sulphate-sodium waters, which have lim-
ited use in the household and drinking water supply

Table 4. Results of laboratory tests for salt content, PO,, NH,, NO,

Kilometres . Minerali- | PO,, | NH,, | NO,,
from Specimen number Source . 4 4 3
the source zation, g/l | mg/l | mg/l | mg/l
8 16 p. Gruzskaya Yelanchik, Pobeda 1.97 0.14 | 0.09 | 32
12.2 15 Right tributary, Luzhki 3.16 0.15 | 03 |13.42
15.32 14 p. Gruzskaya Yelanchik, Glinki 2.25 037 | 0.24 | 324
17.89 Specimen 13 Left tributary to the Shevchenko Reservoir 3.68 0.36 | 7.08 | 35
21.45 Specimen 12 p. Gruzskaya Yelar‘;ziljo isrheVChenkOVSk"ye 243 | 014|022 | 02
Kuznetsovo- . Gruzskaya Yelanchik, Kuznetsovo-
27.96 Mikhailovsky reservoir P Mik};lailovsky re;ervoir 2.66 0.14 1 1.61 | 8.8
36.96 Bridge 8 A1exgﬁ(?r?gf;ij:gggéwoir 297  10.035| 08 | 597
39.24 Mikhailovsky Reservoir Left tributary, Mikhailovsky Reservoir 3.64 0.14 | 6.6 | 7.36
46.43 Bridge 7 p. Gruzskaya Yelanchik, Ivanovka 3.16 0.13 | 0.63 | 0.19
53.28 Pond 1 Left tributary, Samsonovo 3.82 0.01 | 0.53 | 9.83
63.03 Bridge 6 p- Gruzskaya Yelanchik, Vitava 3.37 068 | 1.3 | 6.61
65.58 Bridge 5 p. Gruzskaya Yelanchik, Khomutovo 3.31 0.035| 0 2.17
76.38 Bridge 4 p- Gruzskaya Yelanchik, Rosa Luxemburg 3.49 0.32 8.99
85.79 Bridge 3 p. Gruzskaya Yelanchik, Guselshchikovo 3.51 0.07 | 3.5 |16.69
89.66 Bridge 1 p. Gruzskaya Yelanchik, Novoazovsk 3.11 0.054 | 3.3 | 10.1
92.52 Mouth River mouth 8.54 0.18 | 0.15 | 27.2
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Concetration

Above MPCSg .

PDKSg
Below MPCSg .

Danger of contamination 2

Risk 1

Standart

Crisis
Ammonium Nitrates Nitrites ~ Sulfates Phosphates Petroleum Iron Manganese Biochemical
products index
of oxygen

Fig. 4. Water pollution hazard assessment by main indicators for the Gruzskaya Elanchik River (2006): MPCSg — sanitary-

hygienic maximum permissible concentrations

of the population, agriculture and processing industry.
The amount of such waters in the region is growing
from year to year. The priority pollutants of surface wa-
ters in the region are sulphates and biogenic substances
(nitrogen and phosphorus compounds), as well as other
organic substances.

Phosphate, ammonium nitrogen and nitrate nitro-
gen spikes are also recorded in the selected specimens.
Discharges of phosphates are observed near Vitava
village (63 km from the source), ammonium nitrogen
near Rosa Luxemburg village (76 km from the source),
Guselshchikovo village (85.7 km from the source), No-
voazovsk town (89.6 km from the source); nitrate ni-
trogen is recorded near the source: village. Pobeda vil-
lage (8 km from the source), Glinki village (15 km from
the source), and closer to the mouth in Guselshchikovo
village (89.6 km from the source). Guselshchikovo vil-
lage (89.6 km from the source) (Fig. 6). According to
the Ministry of Construction of the DNR, there are

4 MPC,, MPC,
Sanitary and hygienic Fishery maximum
maximum permissible permissible
concentations, mg/1 concentration, mg/1

Ammonium - 0.500
Nitrates 45.00 40.00
Nitrites 3.300 0.080
Sulfates 500.0 100.0
Phosphates 3.500 =
Petroleum

products 0.300 0.050
Iron 0.300 0.100
Manganese 0.100 0.010
Biochemical 3.000 2.000
oxygen

consumption

Fig. 5. Ecological assessment of water condition in the Gru-
zskaya Elanchik River in 2006: MPC, — fishery maximum
permissible concentrations

no centralized discharges of treated wastewater from
settlements (except for the town of Novoazovsk, lo-
cated at the mouth of the river) along the entire course
of the Gruzskaya Elanchik River. There are no central-
ized discharges of treated wastewater from settlements
(except Novoazovsk located at the river mouth). There
is a poultry farm near the village of Rozy Luxemburg,
which may be the reason for the increase in ammonium
nitrogen concentrations in the river reach after 76 km
along the channel (Fig. 6, c).

Specimens collected from the whole river channel
were classified according to such parameters as: water
temperature, pH, turbidity, salinity, PO,, NH,, NO,, wa-
ter classification according to pH, water characteriza-
tion according to total salinity, water characterization
according to transparency. Additionally in laboratory
conditions analyses of water from the source, tributary
inlets and estuary were carried out according to the clas-
sifiers: colour, odour, permanganate oxidizability, total
hardness; content: calcium (Ca?"), magnesium (Mg*),
sodium + potassium (Na* + K*), hydrogen carbonate
(HCO,), chlorides (CI'), sulphates (SO,*) , boron (B*),
fluorine (F7) , total iron, manganese, aluminium, hydro-
gen sulphide (Table 5, 6).

The presented results characterize the water object
from the point of view of its suitability for household
and drinking water supply as poorly suitable. Increased
mineralization, general hardness of water, high content
of sulphates dictates necessity of the device of systems
of correction of ionic composition of water in the pro-
cess of treatment for bringing it to the quality regulat-
ed by SanPiN 1.2.3685-21. Measures to correct ionic
composition in the process of water treatment are rather
expensive [9, 10] and require comprehensive techni-
cal and economic justification. It should be noted that
increased mineralization and hardness are typical for
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small rivers of the Azov region [1] and are caused by
natural conditions of formation of such water bodies.
Some decrease in salinity within the city of Novo-
azovsk is explained by the discharge of treated domestic
wastewater with lower salt content and dilution of the riv-
er flow. This phenomenon is also typical for water bodies
of low-water Donbass, when the necessary volumes of wa-
ter for drinking water supply are not taken from the local
water source, but transported over considerable distances
from full-water bodies (Seversky Donets River, Don River).
In addition, it was found that, in relation to the data
given in the Report on the State of the Environment in
Donetsk Oblast (2007), there is currently some stabiliza-

l Inflow

tion of the water body in terms of the content of biogenic
elements. Thus, increased pollution by substances con-
taining nitrogen and phosphorus is observed only within
clearly defined discharge sources — Novoazovsk poultry
farm (ammonium nitrogen) and Novoazovsk city (nitrate
nitrogen, as a consequence of possible deficiencies in
the organization of the denitrification process at the city
treatment facilities). The improvement of the environ-
mental characterization of the site in this respect is as-
sociated with the reduction of the intensity of economic
activity in the region over the past decade.

In the course of the study, a gradation was de-
veloped for hydraulic engineering facilities located in

Water reservoir - Dam - Khomutovskaya steppe

316 3.68 3.64 3.82
9 Salinity, g/l
: | I
7
6
5
4
3 & ——
2
1
H BN =m m
0 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00
a
03 0.15 036 0.14 0.01 Phosphates, mg/l
0.7 I
0.6
0.5
0.4
0.3
0.2
0.1
0 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00
. - - -km from
the source
b
Ammonium nitrogen, mg/1
6 0.3 35 6.6 0.53
4
3
2
1 M
0 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00
. - - - km from
the source
c
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the source
d

Fig. 6. Selected specimens: a — by salt content; 5 — by phosphate content; ¢ — by ammonium nitrogen content; d — by nitrate

nitrogen content

Table 5. Laboratory analyses of water of the estuary, tributaries and source

Indicators Number 1 Source Number 2 Mouth Garc?clﬁnlzﬁlﬁglger 19
mmol/d? mg/dm? mmol/d? mg/dm? mmol/d? mg/dm?
Colour - 34.5 - 75 - 69
pH, units. - 7.86 - 7.7 - 7.9
Odour, scores - 3 - 3 - 4
Permanganate oxidisability - 1.44 - 52 - 8.32
Total hardness 20.9 - 36.3 - 36.8 -
Calcium (Ca*) 12.9 258 19 380 18.6 372
Magnesium (Mg?") 8 97.6 17.3 207.6 8.2 98.4
Sodium + potassium (Na* + K) 5.25 120.75 9.7 223.1 11.2 257.6
Hydrogencarbonate (HCO,") 6.15 375.15 4.5 274.5 35 2135
Chlorides (CI") 8 283.6 17.8 631.1 17 602.7
Sulphates (SO,>) 12 576 23.7 1137.6 27.5 1320
Boron (B") - 0.59 - 1.32 - 1.3
Fluorine (F) - 1.37 - 1.06 - 1.4
Colour B n/a B n/a B n/a
ND ND ND
Colour 3 n/a 3 n/a B n/a
ND ND ND
Colour B n/a B n/a B n/a
ND ND ND
Colour 3 n/a 3 n/a 3 n/a
ND ND ND
Total mineralization (estimated) - 1,713.1 - 2,856.3 - 2,866.9

the river basin, presented in Table 7. For each facility,
according to the gradation, numerical and informative
indicators were filled in the “Database of water man-
agement facilities in the basin of the Gruzskaya Elan-
chik River”.

The strategy for sustainable operation and main-
tenance of HS is initiated before design and optimized
during their lifetime [11], which stabilizes the environ-
ment and economy. Consequently, improper operation
and maintenance of HS can lead to casualties, economic
losses and environmental damage [12]. Currently, none

of the structures are not operated as intended, there is no
operation service on them, and they are not monitored.
Thus, the authors detected a pipe break at Mikhailovsky
I reservoir (Fig. 7, 8). Detection of defects should start
in the process of operation and maintenance of HS.
Factors influencing deterioration of structural proper-
ties of hydraulic systems should be identified and im-
mediately eliminated. Alternatively, non-destructive
testing can be of great importance for detecting ageing
of HS. Such inspection is a direct and indirect assess-
ment of information on the condition of the HS. This is
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Table 7. Gradation for hydraulic engineering facilities

Name

Coordinates

Name of the municipality where the HS are located

Nearest settlement

Total volume, mln m?

Usable volume, mln m?

Mirror area at normal retaining level, km?
NRL mark, m

FBL mark, m

DVL mark, m

Maximum water discharge, m?/s

Water flow

Type of flow regulation

Designation

Dam material

Crest elevation, m

Slope embedment

Slope bracing
Length, km

Reservoir width maximum, km

Reservoir width average, km

Reservoir depth maximum, m

Reservoir depth average, m

Dam crest length, m

Dam width by design, m

Dam width actual, m

Dam height, m

Year of commissioning/year of overhaul

Availability of project documentation

Availability of maintenance service

Balance holder

Composition of facilities

Assessment of safety level for the survey period

necessary in order to be able to intervene immediately
and avoid serious consequences. The indirect assess-
ment of ageing should be done by monitoring the ef-
fects and consequences of ageing [13]. It is well known
that all structural materials have a limited life span and
can be affected by the environment [14]. The ageing
prevention phase of the HS consists of detailed analyses

. — Tt pr——

Fig. 7. Breakthrough of the mine spillway pipe at the Mikhai-
lovsky I reservoir

to determine the safety of the structure and its economic
condition. The importance of water storage and utiliza-
tion for the region cannot be overemphasized and there-
fore the maintenance and safe operation of the HS is
critical. Structures must not leak or collapse; canals and
reservoirs must be clean and free of siltation. Breakage
or failure of HS can lead to waterlogging and down-
stream flooding, and collapse of the earth dam can lead
to flooding and erosion [15, 16].

MATERIALS AND METHODS

The work is based on actual material collected in
field studies in the basin of the Gruzskaya Elanchik Riv-
er in the DNR. The design, construction and operational
documentation of the complexes of structures was ana-
lyzed and their structural elements were assessed accord-
ing to the current norms and rules!®: 17- 181920,

Monitoring of the technical condition of hydraulic
structures located in the territory of the Gruzskaya Yelan-
chik River basin included a detailed examination of their
technical condition as part of operational control.

Monitoring is carried out in order to make man-
agement decisions by:

» providing objective information on the condi-
tion of the structures;

16 SP 58.13330.2019. Hydraulic engineering structures. Ba-
sic provisions. Revision of SNiP 33-01-2003 : introduced
17.06.2020. URL.: http://docs.cntd.ru/document/564542210
17 GOST 31937-2011. Buildings and structures. Rules for in-
spection and monitoring of technical condition : introduced
01.01.2014.

18 Approval of criteria for classification of hydraulic structures :
Resolution of the Government of the Russian Federation
0f05.10.2020 No. 1607. URL: http://www.garant.ru/products/
ipo/prime/doc/74632297/

19 State control (supervision) and municipal control in the Rus-
sian Federation : Federal Law of 31.07.2020 No. 248-FZ.
URL: http://www.consultant.ru/document/cons_doc_
LAW_ 358750/

20 Protection of the Rights of Legal Entities and Individual
Entrepreneurs in the Implementation of State Control (Super-
vision) and Municipal Control : Federal Law of 26.12.2008
No. 294-FZ. URL: http://www.consultant.ru/document/cons_
doc_LAW_83079/

Fig. 8. Upper slope of the dam, shaft spillway
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 ensuring operational control and control over
the condition indicators of structures;

* informational support of forming a list of struc-
tures subject to repair and reconstruction;

* specification of the main dimensions of struc-
tural elements;

* inspection of visible parts of the construction
of structures to identify defects; preparation of defect lists;

* identification of the presence and size of defects;

 ranking of structures according to the degree
of danger.

Safety management with the help of databases
(DB) is proposed; they allow to identify the most cri-
sis zones, where it is necessary to implement mea-
sures to improve the environmental situation [17, 18].
The creation of a catalogue of watercourses and the cor-
responding database can potentially provide a solution
to the problems of environmental management optimi-
zation in small river basins [19].

Based on the results of the author’s research,
a structure for the formation of databases of water man-
agement objects by criterion values, technical condition
and safety level assessment was compiled.

RESEARCH RESULTS

Based on the generalization of the conducted re-
search, a system for data collection of water management
objects in the river basin was developed. The database con-
tains processed information: parameters of the structure,
functional purpose, morphometric features, geomorpholog-
ical features, physico-chemical studies of water specimens,
assessment of technical condition. The database represents
a systematized array of construction information with
the possibility of filtering and sorting of structures by vari-
ous parameters such as: “Name”, “Coordinates”, “Name
of the municipality where the hydraulic structures are locat-
ed”, “Nearest settlement”, “Volume full, mln m*”, “Volume
useful, mln m*”, “Mirror area at normal retaining level,
km?”, “Normal Retaining Level (NRL) mark, m”, “Forced
Backwater Level (FBL) mark, m”, “Dead Volume Level
(DVL) mark, m”, “Maximum water discharge, m*/s”, “Wa-
ter flow”, “Type of flow regulation”, “Purpose”, etc. [20].

Information for determining the degree of envi-
ronmental safety, compiled on the basis of field survey
results, systematizing information on water manage-
ment facilities in the river basin, was collected: investi-
gations of operating construction facilities were carried
out; certified instruments and equipment were used, en-
suring the accuracy and reproducibility of the results;
the obtained data were analyzed and the results were
evaluated; an assessment of the technical condition and
safety level, according to the current codes and regula-
tions, at the time of the survey was made.

CONCLUSION AND DISCUSSION

Donbass is a low-water region, and therefore
the problem of water conservation remains extremely
acute for the inhabitants of the republic. The water re-
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sources of the administrative centre of the DNR are con-
stantly affected by the anthropogenic impact of the city’s
industrial potential. Various industries (metallurgical,
coke and chemical, coal) are concentrated in the DNR,
hence the deterioration of the environment, including
land and water bodies. Water supply to the population
of the DNR is 85 % provided by surface water sources
and about 15 % by underground water sources. Given
that almost all cities and towns of the DNR are located in
areas mined by coal mines, some of which were flooded
and destroyed during the hostilities (Oktyabrskaya and
Trudovskaya mines in Donetsk; Komsomolets Donbassa
in Kirovske), the flow of mine wastewater into surface
and underground water sources is an acute environmental
and hygienic problem [21].

Unstable water supply has been a problem for
residents of the DNR for two years. As of today, de-
spite the approved schedule of water supply every two
days, many homes remain without water supply, as
they have been for the past two years. And such restric-
tions have affected not only the frontline districts; in
the rear of Donetsk, pumps cannot cope with the sup-
ply of water to the upper floors of high-rise buildings,
whose residents have to replenish their supplies from
delivery vehicles every few days; the private sector suf-
fers because of worn-out pipes. This is due to a com-
plex of factors: accidents on the water and heat supply
networks, as well as regular power outages at facilities,
which lead to the shutdown of technological equipment
and hydraulic shocks on the networks.

The main source of water supply for the DNR is
currently the Don — Donbass water pipeline, built in
2023. The pipeline has a capacity of 300,000 m* of wa-
ter per day and supplies water to Gorlovsk, Donetsk and
Yenakiieve industrial areas, including the cities of Do-
netsk, Makeyevka, Khartsyzsk, Shakhtersk, Kirovske
and Torez. Until 2022, the DNR was supplied with wa-
ter through the Seversky Donets-Donbass canal, but it
was critically damaged during the fighting.

The Don — Donbass conduit withdraws 0.1095 km?
of water per year, which is 0.54 % of the average annual
flow of the Don River near Razdorskaya village over
the last 70 years (from 1952 to 2022), significantly less
than the maximum annual flow of the Don River, which
is 0.29 % for the highest-water year (1979) and 1.15 %
for the lowest-water year (2020) over this period. Thus,
the Don-Donbass water pipeline provides a stable water
supply for the DNR, but its capacity is limited and cannot
fully solve the problem of water scarcity in the region.

More than 800 hydraulic structures are concen-
trated in the republic, but they are not operated safely
according to Russian law.

The studies carried out in the basin of the Gruzs-
kaya Yelanchik River allowed outlining the main range
of aspects of the state of water resources characteristic
of the region in terms of the safety of operation of HS,
the ecological condition of small rivers in Donbas, and
the peculiarities of water use on the territory of the new
regions of the Russian Federation.
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AHHOTALUMUA

BBeaeHue. ViccnegoBaHve NOCBALLEHO BUSIHUIO TEXHOMNOMMIN MHOPMaLMOHHOTO MoaenupoBanus 3ganduin (TUM) Ha adp-
(PEKTUBHOCTb OMEPATUBHOIO YMNpaBreHUst HEOBWKMMOCTbIO. B ycnoBusix undpoBmnsaunm 1 yCrnoxHeHUs1 NpoLeccoB 3KC-
nnyaTtauumn 3gaHuii akTyanbHO NPUMEHEHNE MHTErPUPOBAHHbIX LMPOBbLIX NNaTdopM, CMOCOBHbIX YYULLNTL KOOPAUHALUMIO
Mexay ynpasnsoLLMMM OpraHn3aumnsMm, TEXHUYECKUM NepcoHanom v xunbuamm. HayuyHasi HoBusHa paboTbl 3aknoyaeTcst
B KOMMNJIEKCHOM aHanu3e Bnusiiust TVIM Ha cokpallueHve BpeMeHW pearnpoBaHusl, ONTUMMU3ALMNIO TEXHUYECKOTO 0BCyXu-
BaHWSI U CHIDKEHME JKCMyaTaumoHHbIX 3aTpat. Llenb nccnegoBaHus — oueHnTb Bosgerictere TVIM Ha adbdeKkTMBHOCTD
onepaTvBHON AeATENbHOCTU U BbISIBUTL KIOYeBble (DAKTOPbI, BAMSOLIME HA YCNELLHOe BHEAPEHME TaKMX TEXHOMOTUIA.
Martepuanbi u metoabl. [pYMEHEH CMELLaHHbIN METOA, OObEANHSIIOLLMI KAYECTBEHHBIN 1 KONMYECTBEHHLIN aHaNn3 AaH-
HbIX, CObpaHHbIX B nepuogd ¢ 2022 no 2024 r. Hdopmauwms nonyyeHa NnocpeacTBOM Kenc-uccrnefoBaHuii, aHKETUPOBaHWS,
MHTEPBbLIO M HAbMAEeHUI 3a aKCMyaTalLMOHHBIMU Noka3aTenamm 3aaHuni. [ns oueHKn U3MeHEHUN MCnonb3oBanmnch cra-
TUCTUYECKME MeToAbl (BKItOUas NapHble t-TeCTbl) U TEMATUYECKUIA aHanmu3, YTo 06ecnevmno TpUaHrynsaumio AaHHbIX U 06b-
EKTUMBHYIO UHTEPNpETaLMNio pe3ynbsTaToB.

Pesynbratbl. BHegpeHne TVIM no3Bonuno cokpaTuTb BpPeMsi OTKIIMKA Ha 3asiBkM Ha 35 %, CHU3UTb SKCMyaTauMOHHbIE
3aTpatbl Ha 20 % ¥ yMeHbLUINTL 3HepronoTpebneHne Ha 15 %. Kpome Toro, undpoBunsaumsi npoLeccoB obecneuunna sHaum-
TenbHOEe NOBbILIEHNE YAOBMETBOPEHHOCTU XMMbLIOB 32 CYET NMPO3PAYHOCTM OOCIY>KMBAHUS N YIyYLLIEHHON KOMMYHMKaLIMK
MeXay 3anHTEPEeCOBaHHbLIMIU CTOPOHAMMU.

BbiBoabl. [Nony4yeHHble pe3ynsTaTbl NOATBEPXAAIT BbICOKYH0 ahdeKTUBHOCTL NpuMeHeHns TVIM B onepatuBHOM ynpas-
NeHnn HeaBWXMMOCTbIO. VccnegoBaHne OeEMOHCTPUPYET, YTo nHTerpaums TUIM cnocobeTByeT onTuMmsaumm npoLeccos,
CHWKEHUIO 3aTpaT 1 MOBbILLEHWIO 3HEProadhHEKTUBHOCTU. PekomeHayeTcsa AanbHenwas niterpaumsa TUM ¢ TexHonorusamm
10T 1 MCKyCCTBEHHBIM MHTENNEKTOM, a Takke pasBuUTUE 00yyaloLwmnx NnporpamMm AN nepcoHana, Yto no3BonuT obecnevnTs
yCcTOnYMBOE 1 3h(PeKTMBHOE ynpaBrneHne obbekTaMmy HELBUXXUMOCTU.

KIMKOYEBBIE CITOBA: TVIM, onepaTuBHOe ynpaBfneHue, ynpasrneHne HeABMKMMOCTbIO, YNPaBneHNe XU3HEHHBIM LIMKIOM,
umdposas TpaHcopmaums, ynpasneHme obbekTamu, NPorHo3Hoe obcnyxmBaHne

ona UWMTUPOBAHUA: OnedHuk .., Mameeee /[.A. BnusiHne TexXHONOrMin MHGMOPMaLNOHHOIO MOAENMPOBaHUS 34aHNI
Ha achcheKTUBHOCTb OnepaTBHOM paboThl yNpaBnstoLLmMX opraHu3auuii // CTpoutenbcTBo: Hayka n obpasoBaHue. 2025. T. 15.
Bein. 2. Ct. 8. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2025.2.8
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The impact of building information modelling (BIM) technologies
on the efficiency of operational management of property
management organizations

Pavel P. Oleynik, Dmitry A. Matveev
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. The study is devoted to the impact of Building Information Modelling (BIM) technologies on the operational ef-
ficiency of property management. In an era marked by digitalization and increasingly complex building operations, the use of in-
tegrated digital platforms that enhance coordination among property management companies, technical personnel, and resi-
dents has become essential. The novelty of this work lies in its comprehensive analysis of BIM’s impact on reducing response
times, optimizing maintenance procedures, and lowering operational costs. The objective of the study is to assess the influence
of BIM on operational performance and to identify the key factors affecting the successful implementation of such technologies.
Materials and methods. A mixed-methods approach was employed in this study, combining both qualitative and quantita-
tive analyses of data collected between 2022 and 2024. Data were gathered through case studies, surveys, interviews, and
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observations of building performance metrics. Statistical methods, including paired t-tests, alongside thematic analysis, were
utilized to evaluate changes, ensuring robust data triangulation and an objective interpretation of the results.

Results. The implementation of BIM resulted in a 35 % reduction in response times for service requests, a 20 % decrease
in operational costs, and a 15 % reduction in energy consumption. Moreover, the digitalization of processes significantly
increased tenant satisfaction through enhanced service transparency and improved communication among stakeholders.
Conclusions. The findings confirm the high effectiveness of utilizing BIM in the operational management of property.
The study demonstrates that BIM integration contributes to process optimization, cost reduction, and improved energy
efficiency. It is recommended that further integration of BIM with loT and Al technologies be pursued, along with the devel-
opment of comprehensive training programs for personnel, to ensure sustainable and efficient management of real estate
assets.

KEYWORDS: BIM, operational management, property management, lifecycle management, digital transformation, facilities
management, predictive maintenance
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BBEJEHUE

YnpasiieHHe HEIBIKUMOCTBIO, 0COOEHHO JKMIIBIX
3M1aHNH, CTAHOBUTCS BcE OOJIeE CIIOKHBIM IPOLIECCOM,
TpeOYIONIMM MHTErPallii COBPEMEHHBIX TEXHOJIOTHI
JUISL IOBBILICHUSI D((PEKTUBHOCTU U YCTOWYUBOCTH.
L{udpoBu3aiyst )KUIUIHO-KOMMYHAJIBHOTO X03HCTBa
(KKX) sBisieTcss OMHUM M3 TMPHOPHUTETOB PA3BUTHUSA
B Poccniickoit ®enepannu’ [1, 2], Kak ¥ BO BCeM MHpPe
[3-5]. Texnomornu WHPOPMAITMOHHOTO MOJEITHPOBA-
nust 3nanunii (TUM) npencraBistior co00i TEXHOJIOTH-
YEeCKHI POPBIB, CIIOCOOHBIH TPaHC(HOPMUPOBATH Tpa-
JIUIIMOHHBIE METO/BI OMEPATUBHOIO yIpaBieHus [3].
Hudporuzanus XKX maeT BO3MOKHOCTH CBs3aTh
B €IMHOEC MH()OPMAIIMOHHOE TOJIE MPOLECCH B3aHNMO-
JIEHCTBHSI W MPENOCTABICHNS OTYETHOCTH Ha BCEX
ypoBHsIX ynpasienus. ObecrednBas HoJIHOE HUPPOBOE
IpeJcTaBIeHue 0 MOCTpoeHHoi cpene, TUM obnerya-
eT MPUHSATHE PELICHNH B peaJbHOM BPEMEHH, CHHXKAET
MH(OPMALMOHHbIE Oapbepbl U YIy4IlaeT KOOPIHHALIIIO
MEX]Ty 3aWHTEPECOBAaHHBIMH CTOpOHAMH [4].

Buenpenne TUM nHanbonee akTyanbHO B YCIIO-
BHSIX INOBBIIIEHHBIX TPEOOBAaHUH K yCTOWYMBOCTH,
9HEProdPEeKTUBHOCTH U ONITUMH3UPOBAHHOMY (yHK-
nuoHupoBaHuto 3n1anuil. TUM npennaraet MHTErpupo-
BaHHOE PEIICHNE, OXBATHIBAIOIIEE PA3INUHBIC ACTIEKTHI
YOpaBICHNUS HEIBMKMMOCTBIO:! OT TEXHHUYECKOTO 00-
CITy’)KUBaHHS W PEMOHTA /10 B3aNMOACHCTBUS C KUITb-
IaMM 1 MOHUTOpHHTa >Hepronorpednenus [5]. TUM
TaKXKe MpeJoCTaBIsIeT iaTGopmMy JUIs MPOAKTHBHOTO
00CTy>KUBaHMSL, TIO3BOJISIS YIPABIAIONIIM OpTaHU3aIH-
SIM TIPOTHO3MPOBATH BO3MOXHBIE IPOOIEMBI 10 MOMEH-
Ta UX CEPbE3HOT0 00OCTPEHNUS, TEM CAMBIM COKpAIIast
BpEeMsI TIPOCTOSI M COTTYTCTBYIOIIME 3aTpaThl. B cBs3n

! Tlnan mepornpusiTiil («IOpOXKHAsST KapTa») 110 UCIOIb30Ba-
HUIO TEXHOJIOTHH MH()OPMAIMOHHOTO MOAEIHPOBAHHS TPH
MIPOEKTHPOBAHNH M CTPOUTEIBCTBE OOBEKTOB KaMUTAIBHOTO
CTPOUTEBCTBA, a TAKKE M0 CTUMYIHPOBAHUIO TPUMEHCHHUS
9HEeprod(pGeKTUBHBIX M IKOTOTHUHBIX MATEPHAIIOB, B TOM
YHCiIe C y4eTOM HeOOXOOMMOCTH HX MPOU3BOACTBa B Poccuii-
ckoii denepannu : yTB. Pacnopsokenuem Ilpasutenscrsa Poc-
cuiickoit deneparyum ot 20.12.2021 Ne 3719-p.
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¢ 3TuM noHuMmanue BiausiHus TUM Ha onepanuoHHyrO
3¢ GEKTUBHOCTD BaXKHO /ISl YIPABIISIONINX OpTaHU3a-
IIUH B MX YCHIIMSIX IO COXPAHEHUIO KOHKYPEHTOCIOCO0-
HOCTHU Ha U3MEHSIOIIEMCS PhIHKE.

OcHOBHas 1LIeNIb UCCIE0BAaHUS — OLIEHUTDH BIIUS-
nue TUM na onepanuonnyto 3¢dekruBHOCTS B chepe
yIpaBlieHHs: HeIBUKUMOCThI0. Crienuduueckue 3aa-
4y BKJIIOYAIOT OLeHKY Bkiana THM B ontumuszanuo
3aa4 [0 TEXHHYECKOMY OOCIyKHBAaHUIO, yITydllle-
HHUE paclpeieIeHNs] PeCypCcoB U IOBBIIICHUE TOYHO-
CTH JaHHBIX. | MIIOTE3a MCCIeI0BaHuUs MIPEAIIONaraeT,
yto uHTerpauus TYIM B nesiTebHOCTD 10 YIPaBISCHHUIO
HEJIBIDKUMOCTBIO MOXKET IIPUBECTH K Oosiee deKTHB-
HOMY HNPUHATHUIO pEH_ICHI/Iﬁ 1 CHUKCHHIO DKCITyaTal -
OHHBIX 3aTpaT. AHATU3UPYd KaK KaueCTBEHHYIO, TaK
U KOJMUYECTBEHHYIO MH()OPMAIHIO, PEIIPUHSTHI M0-
IBITKH C(hOPMHUPOBATH KOMIIJIEKCHOE TOHUMAaHHE TOTO,
kak THIM MOXXeT yay4ImuTh OOIIHi poriecc yrpasie-
HUSI U CO3/1aTh OLIYTHMBbIE IIPEUMYIIECTBA [UIsl 3aHHTe-
PECOBaHHBIX CTOPOH [6].

Kpowme toro, ucciaenoBanue paccMaTpuBaeT poib
THUM B ynydlleHUM B3aUMOCBS3EH MEXIy ydact-
HUKaMH Iponecca SKCITyaTaluu 3HaHHﬁ, BKJIKOYaA
YHPaBISIIOIINX HEABMKUMOCTBIO, TEXHUUECKHIT Tep-
COHAJ W XIIBIOB. DP(HEKTUBHOE B3aUMOJCHCTBHE
B)XHO YIS YCIICIITHOTO YIIPABJICHUS 3TUM IIPOLIECCOM,
1 BO3MOXXHOCTh TUM ciy’)XKUTh LEHTPAIN30BaHHBIM
XPaHWINILIEM JaHHBIX CIIOCOOCTBYET JO0CTHXKEHUIO
MPO3PAaYHOCTH U MOJOTUYETHOCTH. DTO KE OTHOCUTCS
k BiustHuio TUM Ha ynpasieHue sHepromnorpeOieHu-
€M, COCpeloTayuBasch Ha ToM, kak TMIM MO>xHO IIpu-
MEHSITh Ui MOHUTOPHUHIA U ONTUMH3ALNHU HUCTIONb30-
BaHMS YHEPTHUH, CIIOCOOCTBYS YCTOMYMBOMY Pa3BUTHIO
COOTBETCTBYIOLLEH CPEbI.

MATEPHUAJIBI U METO/JbI

IIpuMeHeH cMmelanHbIil MEeTO, COYeTaIONN Ka-
YECTBEHHBIN M KOJMYECTBEHHBINH aHanm3. VHpopma-
U0 COOMPAU B PaMKaX CEPUHU KeHC-UCCIICIOBAHMIA,
BKJTIOYAIOLIUX YIIPABIISIONINE KOMIIAaHUH, BHEIPUBIIIHE
THUM B cBorwo nesTenbHOCTh. MccaenoBanust mpoBo-
nunuch B iepuona ¢ 2022 mo 2024 r. B xo1e paboThI
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HaJ MarucTepckoi nucceprauuei, moAroToBICHHON
B HNIY MI'CY, u BKIrOuaiu aHKETUPOBAHUE YIIPABIISIIO-
XX OpPTraHn3ali, TEXHHIECKOTO TIEPCOHANA U IPyTHX
3aMHTEPECOBAHHBIX CTOPOH, YYaCTBYIOUIUX B IKCILTY-
aTanuu >KUiblX 3paHuil. Keiic-uccinenoBanus npeno-
CTaBHIIN MOAPOOHYI0 WHOOPMALIUIO O MMPAKTUYECKOM
npuMmeHeHud TUM u ux BIMSIHUM HAa ONEPATUBHYIO
3P PEKTHUBHOCTD.

KonmaecTBeHHbIE JaHHBIE OBIIN MOTYYESHBI U3 9KC-
IJ1yaTallMOHHBIX IO0Ka3aTesed, 3a()MKCUPOBaHHBIX
no u nocne BHeApeHus TUM. B cocTtaB uccinenoBan-
HBIX TTOKa3aTeJIel BXOIWIN BPeMs OTKJIMKA Ha 3asSBKU
10 TEXHUYECKOMY 00CITy)KMBAHHMIO, 3aTPaThl HA PEMOHT,
YPOBEHb YJOBIETBOPEHHOCTH KHIIBI[OB U JIaHHBIE
0 TOTpeOIeHNH YHEepTHH [7]. DTH METPHUKHU BHIOpAHBI
JUISL CO3/IaHMsI KOMIUIEKCHOTO TIpeICTaBIeHuUs 00 orepa-
TUBHOH 9()()eKTUBHOCTH, OXBATHIBAIOIIETO KaK (hHHAH-
COBBIE, TaK ¥ HE()UHAHCOBBIC ACTIEKTHI YIIPABICHUS He-
JIBIKUMOCTBI0. Hampumep, Bpems OTKIIMKA Ha 3asSBKH
U3MEpSIOCh B Hacax, a YPOBEHb yAOBIETBOPEHHOCTH
CcOOCTBEHHHUKOB OIleHMBAaJICS 110 1Kaie ot 1 go 5. Cae-
JICHUS O MOTPEOICHUH YHEPTHH MOTYUYCHBI U3 CUCTEM
yIpaBlIeHUs 3laHUEM, UHTerpupoBaHHbIX ¢ TUM,
YTO MO3BOJMIIO BBHITIOJHUTH MOHUTOPHHT B PEATbHOM
BPEMEHHU M aHAJIN3UPOBATh UCTOPUYECKHE JaHHBIE.

KauecTBeHnHble naHHBIE COOpAaHbI B X0J€ YIITyO-
JICHHBIX HHTEPBBIO C KITIOYEBBIMH 3aHHTEPECOBAHHBIMA
CTOpPOHAMM, UMEBIINX IEJIBIO TIOHATH BOCTIPUATHE TIpe-
UMYILECTB 1 Ipo0iIeM, CBSI3aHHBIX ¢ BHeapenueM TUM
B OTIEpaTUBHOE yTpaBiieHne. Bompocs! HHTepBbIO (HOKy-
CUPOBAJIMCh HAa TAKUX ACMEKTaX, KaK U3MEHEHHs B 3(-
(eKTUBHOCTH pabouMX MPOIECCOB, YIyUIIEHHE KOM-
MYHHUKaIlMU ¥ 00IIee BIMSHIE Ha YIOBIETBOPEHHOCTh
COOCTBEHHHKOB. JIOMOHUTELHO POBOMIIUCH 00CY K-
JIeHns B poKyc-rpymnmax ¢ TeXHUYECKUMH KOMaHJIaMH
JUISL TIOJTYyYeHHsI uX OT3bIBOB 0 TMIM-uHCTpymMeHTax,
BKJIFOYasl YI00CTBO JI0CTyMa K MHPOPMAIIUK U BIHUSHHE
HAa MOBCEIHEBHBIC 3a/1auU.

AHanuTHYeCcKas CTPYKTypa MCCIEAOBAHNS BKIIO-
Yaja CTaTUCTUYECKHUH aHAJIN3 KOJTMYECTBEHHBIX CBEJC-
HUI ¥ TeMaTUYECKHUI aHaJIU3 KaueCTBEHHBIX JAHHBIX
nHTEpBbI0. CTaTHCTHYECKUH aHaIN3 BKIIIOYAJ TTApHbIE
t-TeCThI JJIsi OLIGHKH 3HAYMMOCTH HAOJIOIAEMbIX H3-
MeHeHul [8], a KaueCTBEHHBIN aHaIn3 OCYIIECTBISUIICS
C MCTIONTB30BaHNEM TIPOTpaMMHOTO obectiedeHns NVivo
JUTSL KAaTeTOPU3allii M MHTEPIPETAIllii OTBETOB HA HH-
TepBbI0. CMENIaHHbIH 0AX0/ 00ECTIeU I TIOJTHOE TIOHU-
MaHNE KaK U3MEPUMBIX PE3yIbTaTOB, TAK M CyOBEKTHB-
HBIX BIEUYATIICHUH, CBsI3aHHBIX ¢ BHeIpernueM TUM [9].
KomOnHanms Konm4ecTBEHHBIX U Ka4eCTBEHHBIX JIaH-
HBIX T03BOJIMJIA OOjee ACTANbHO OIEHWUTDH BIIMSHUE
THUM Ha onepariioHHY10 3()(HEKTUBHOCTS.

C 1ernbio MOBBIICHNST HAJISKHOCTH JJAHHBIX ObLIa
TIPUMEHEHA TPUAHT YIS, IPETONATaroIast HCIOJb30-
BaHHE HECKOJIbKUX HCTOYHHKOB MH(OPMALIUK HITH MOJIXO-
JIOB JUIs IEPEKPECTHOM MPOBEPKH PE3YJILTATOB, UTO CIO-
COOCTBYET YBEIMUCHUIO BAJIUAHOCTH ITOTYYCHHBIX CBE-
nenunit. OObeAMHKUB JJAHHBIE ONPOCOB, HHTEPBBIO U I10-

kazarenu 3(p(EeKTHBHOCTH, NPEATPUHUMAIINCE YCH-
JUS IPOBECTH COATaHCUPOBAHHBIN M 000CHOBAHHBIH
aHanu3 pesynsratoB BHeapeHus THUM. Kpowme Toro,
HaOIIOIeHUsT cOOMPAIN B XOJI€ MOCENICHNsT 0OBEKTOB
JUIS JTy4IIEero TOHMMAaHUs €KEJHEBHOTO MCIIOJIb30Ba-
Husg TUM-UHCTpYMEHTOB TEXHUYECKUM IEPCOHAIOM
U YNPaBISIOMMMA. JTH HaOJIOAEHUS TPEI0CTaBUIN
KOHTEKCTYaJIbHY0 HH()OPMAIINIO, TOMOIHHUBIIYIO KOJIHU-
YECTBCHHBIC METPUKH U Ka4eCTBEHHbIC HHTEPBIO.

B cocraBe meTogonoruu npeaycMoTpeHoO cpas-
HeHue BHeapeHuss TYIM ¢ TpaquMOHHBIMU METOAAMU
YIPaBJICHUS, OXBAThIBasi KOHTPOJIBHYIO TPYIITY yNpaB-
JSIOIUX OPTaHM3alUM, KOTOPHIE elle HEe BHEIPHIU
THUM. DTo mo3BONMIO CO3AaTh Ooyiee YeTKoe Mpes-
CTaBJICHUE O MPEHUMYIIEeCTBaX U Mpobiemax, CBA3aH-
HbIX ¢ npuMeHeHueM TUM Ha srame skcrutyaTalui.
COOTBETCTBYIONINI CPaBHUTEIBHBIN aHAJIU3 MOMOT
BbIICIUTH 00nactH, riae TUM npuHOCUT HanOosbIIMe
YAy4IIEHHs], @ TaKXKe 00JIacTH, IJie TPAAUIIUOHHbIE Me-
TOZBI COXPAHSIOT OIPEAEICHHbBIE TPEUMYIIECTBA.

OTtcnexuBas U3MEHEHHUS Ha MPOTSHKCHUH JTH-
TEJIBHOTO TIEPUOAA, YIAIOCh 3aUKCHPOBATh TCHJICH-
UM 1 YITy4IIeHHs, KOTOPbIE MOITINA OBITh HEOUEBUIHBI
cpa3y. Takoll moaxo/ TakKe MO3BOJIMII CO3/1aTh MPei-
crasieHue 00 ycroiunBoctn npeumymects TUM,
BKJTIOUasi BO3MOXKHOCTb COXPAaHEHHS WIIH YBEIHUCHUS
HavyaJbHBIX YIy4dlleHni B 3pQEeKTUBHOCTH, SKOHOMHHU
3aTpar M yJOBJIETBOPEHHOCTH COOCTBEHHHKOB CO Bpe-
MeHeM. «IIpomoNbHBI» acleKT uccaeaoBannus Obul
Ba)KEH NJI1 MOHUMaHUs TUHAMUKK uHTerpauuun TUM
U UX JOJIFOCPOYHOM MEPCHEKTUBHOCTH KaK HHCTPYMEH-
Ta JUIs ONIEPaTUBHOTO YIPABICHHUS.

Hcnonp30BaHue Kak KaueCTBEHHBIX, TaK U KOJIH-
YECTBEHHBIX JAaHHBIX JaJ0 BO3MOXKHOCTb MPOBECTHU
TPUAHTYJISIUIO, TTOBBIIIAS HA/IS)KHOCTH BBIBOZOB. CMe-
IIAHHBIN MTOJIXO/ TAK)KE MO3BOIUI BBIIBUTh 3aKOHOMEP-
HOCTH, KOTOPBIE MOTJIM OBITH HEOUYEBHUIHBI U3 OHOTO
MCTOYHHKA JaHHBEIX (Tabn. 1). Hampumep, B To Bpems
KaK KOJTMYECTBEHHBIC JaHHBIC MTOKA3aJIN CHIDKCHHE 3a-
Tpar Ha 00CITy)XMBaHUE, KAYECTBEHHbBIC CBEJCHUS BbI-
SBHJIM, YTO NEPCOHAT TEXHUYECKOTO OOCITYyKMBAHUS
cuurtai uHctpyMenTsl TUM none3usivu [uist Gosee a¢-
(heKTHBHOTO TUTAHUPOBAHUS ¥ TIPHOPUTH3ALNH 33/1a4.

MeTo050THsl TAKXKE HCCIIEA0BAIa NCHOIb30Ba-
Hue reonHdopmannonusix cucreM (I'MC) B coueranunn
¢ TUM nnsa ycusieHUsl MPOCTPAHCTBEHHOIO aHaIu3a
00bexToB HepBmwkuMocTh. [ MIC Obla mHTETpUpOBaHa
¢ monessimu TUM nnst BU3yasnuzaiuu reorpaduuecko-
TO pacupesesieHus: MoTpeOHOCTeH B 00CITy KUBaHUH
U paclpeneieHns pecypcoB, obecrednBas 0ojee mo-
HOE TpEeICTaBlIcHUE 00 OMeparMoOHHOM JaHamadre.
OTa MHTEerpanus IM03BoJINIa yIPABISIIOIIUM OpraHu-
3ausAM ONTUMHU3UPOBATH JOTHCTHKY, TAKyI0 KaK pac-
npejesieHue KOMaHJA TEXHHUYECKOro OOCITy)KHUBaHUS
M0 Pa3INYHBIM JIOKAI[USM Ha OCHOBE NMPOCTPAHCTBEH-
HOM OJM30CTH U CPOYHOCTH 3a/1a4.

Kpome Toro, B uccinenoBaHuN paccMaTpUBAIIUCh
Mpomuecchl 00y4YeHUs W ajanTanid, HeoOXOoauMble
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Taoua. 1. CBoiKa HCTOUHUKOB JaHHBIX M METO/IOB

Tun gaHHbBIX Ucrounnk Meton
Konuuectsennsie 3anmcu o0 TeX00CTyKHBaHUI CTaTHCTHYECKHUE TeCThI
KauectBennsie WHTEPBBIO € 3aMHTEPECOBAHHBIMU CTOPOHAMU TemaTnueckuii aHaIn3
CMmel1aHHbIe Onpocsl apeHAaTopoB OnucarenbHas CTaTUCTHKA

Ju1st yenemHoro BHeApenus TUM. JleranbHble 3amKcH
0 CceCCHuiax 06y‘IeHI/I$I, BKJItO4YasA OT3bIBbI YUaCTHUKOB
U OIICHKY HaBBIKOB, IPOAHAIM3UPOBAHBI JJISI TTOHH-
MaHus 3QPEKTUBHOCTH Pa3IMYHBIX MOAXOA0B K 00-
Y4EHHUI0. DTOT aHAJIU3 MOJYEPKHYI BaXXHOCTh MpPaK-
THYECKOTO, CIEHAPHOTO OOyYeHHUsS ISl TOTO, YTOOBI
MepCcoHal MOJHOCTHIO OCO3HAJ NMPAaKTHUYECKUE MPHU-
MeHEeHUs1 UHCTpYMeHTOB TUIM B cBOMX €KEAHEBHBIX
3ajauax. BrIBO/BI OKa3aIn, YTO XOPOILO CTPYKTYpPH-
POBaHHLBIC IMMPOTrpaMMbI 06yquI/1;1 OBLIM KJIIOYEBBIMU
JUTS TIPEOIOTICHHS COTIPOTUBIICHNS U3MEHEHUSIM 1 00ec-
MIEYCHUSI TOTO, YTOOBI BCE YJICHBI KOMaHbI IPHOOpEn
KOMIETEHIUH B UCTIONB30BaHUK TexHonoruii TUM.

PE3VYJIBTATHBI U OBCYXJIEHUE

Buenpenune TUM (puc. 1) 3HaYUTEIBLHO MOBBIIIA-
eT 3(PEKTUBHOCTH ONEPAIHil TI0 YIPABICHUIO 00BEK-
TaMU HEIBIKUMOCTH.

OTO MOATBEPIKAAIOT CIECAYIONME OCHOBHBIE pe-
3YIBTATHI:

1. Cokpamienre BpeMEHHU OTKJIMKa Ha 3asBKH
no obciyxuBanuto. Crnocodonocts TUM mnpenocras-
JSATH aKTyaJbHOE U TIOHOE MPEICTABICHUE O COCTOS-
HUH aKTUBOB 3/IaHMsI IPHUBEJIA K COKPALIEHUIO BPEMEHU
OTKJINKA TIPUMEPHO Ha 1/3, 9TO COOTBETCTBYET MOIY-
4yeHHBIM B padote [10] 35 % mo cpaBHEHHUIO C TpaaHIIH-
OHHBIMHU MeToaMu (puc. 2).

OT1o ymydmieHne OO0BSICHAETCS LEeHTPan30BaH-
HBIM JIOCTYIIOM K JETalM3MpPOBaHHON MH(OpManuu
0 CUCTEMaxX 34aHUA, YTO IMO3BOJACT TCXHUYECCKOMY
MepcoHaIy OBICTpee BBIABIATH M YCTPAHATH MpoOlIie-
MbI2. KpoMe Toro, nHTerparus MOOUIBHBIX YCTPOHCTB

2 BuildingSMART International. IFC Standards for BIM. 2020.

Cosznganne
monenn TUM

WuTerpanus
JIaHHBIX

¢ TUM-mopnensiMu peocTaBuiIa KOMaHAaM TeXHUYe-
CKOTO OOCITYXMBaHUS BO3MOXKHOCTB ITOJIy9aTh U 00-
HOBJISITH MH(POPMALIMIO HETIOCPEICTBEHHO Ha MeECTe,
YTO TaK)X€ COKPAaTHIO BpeMs OTKIuka. COTpyaHHUKU
OTMETHUJIH, YTO JOCTYI K JAaHHBIM O 31aHUU yAAJIEHHO
Yyepes TUTAHIICTH FITH CMapT(HOHBI CTal 3HAYUTEIEHBIM
MIPEUMYIIIECTBOM, OCOOCHHO B SKCTPEHHBIX CHUTYaLUIX.
THUM rakxe npeaocTaBuil KOMaHIaM TEX00CTyKH-
BaHUS JOCTYH K UCTOPUUECKUM JAHHBIM, KOTOPBIE MO-
MOTJIH BBISBJICHUIO TIOBTOPSIOIINXCS IIPOOITIEM U peaIi-
3alUM JOJTOCPOYHBIX pereHui. Takoi mpoakTUBHBIN
MOAXOJ K OOCITY)KMBAHUIO HE TOJILKO COKPATHJI BPEMs
OTKJIMKA, HO U CIIOCOOCTBOBAJI CHIDKCHHIO OOIIUX 3a-
TpaT Ha OOCIy)XKMBaHUE B pe3yibTaTe yMEHBIICHUS
YacTOTHI MOBTOPHBIX cO0eB. MHTErpamus nporHo3HOK
AHAIMTUKH elle OoJblie nmoBbicuia 3GpPpeKTHBHOCTD
orepanuii Mo 00CIyKUBAHHIO, ITO3BOJISISL YIIPABIISIO-
MM 0O0BEKTOM TPEIBHUICTH MOTECHIINATHHBIC OTKA3BI
U TUIAaHUPOBATH MPOPUIAKTHIECKOE OOCITyKUBAHNE.
udpoBble BOBMOKHOCTH YIPaBJICHUS aKTHBaA-
Mu, npegocrasiseMblie THM, Takxke ChIrpaiy BaxHYIO
OB B ONTHMH3AINHN OIEPAIUil IO 00CITy)KUBAHUIO.
ITonneprxnBast akTyaIbHBIN III(PPOBOI HHBEHTAPH KOM-
MTOHEHTOB 3/1aHUs, YIPABIAIONIUE MOIJIH JIETKO OTCIIe-
JKMBaTh COCTOSIHUE PA3IMYHBIX aKTUBOB, TAKHX KaK CH-
CTEMBI OTOIUICHUS, BOMOCHAOKEHUS U BOIOOTBEACHUS
(OBK), nu¢Te 1 MpoTHBOIIOKapHOE 00OPYAOBAaHUE.
COOTBETCTBYIOIIHNIA YPOBEHb ACTANM3AIUU CIIOCO0-
cTBOBaJI Oosee A3 PEeKTUBHOMY TUIAHUPOBAHUIO M pac-
MIPEICIICHUI0 PECYPCOB, TAPAHTUPYS, UYTO KPUTHUECKH
Ba)KHBIC KOMITOHEHTHI MOIy4Yadl HE0OXO0IUMOE BHH-
MaHHe 10 TOTO, KaK BO3HUKAJIN CEPbE3HbIC MPOOIEMBI.
Kpome Toro, unterpanus cucteM aBToMaTH3allUU 3/1a-
Huii ¢ TUM oOnerdnia aBTOMaTHYECKUA MOHUTOPHHT

[TnannpoBanne
TEXHUYECKOTO
00CITyKUBaHUS

=

MoHuUTOpUHT
B peaIbHOM
BpPEMEHHI

T

[Tpunsatue
pelieHui

Puc. 1. Cxema unrerpanun TUM B ynpasineHne 00beKTOM HEABHKUMOCTH
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Jlo Buenpenuss TUM

[Tocne BHenpenuss TUM

Puc. 2. Bpems oTkinka Ha o0CITy)KiBaHHE 10 U Tocie BHeApeHus TUM

1 paHHEee BBISBICHUE OTKJIIOHEHHUH B paboTe, 9To 3HAYH-
TEJTBHO COKPATHJIO BPeMs OTKIIHKA.

2. CHmxkenwue 3arpar. AHanu3 nokasan 20%-Hoe
COKpaIeHne KCIUTyaTallHOHHBIX 3aTpaTr Omaromaps
6osee 3phekTHBHOMY TIIAHUPOBAHHUIO OOCITY)KMBAHMS
1 ONITUMM3aLUM paclnpesneneHus pecypcon uepe3 THM-
Mozaenu (puc. 3). [IporHo3upoBanue morpedHOCTEH
B TEXHUYECKOM O0CIYy)KMBaHHH Ha OCHOBE MCTOpHYE-
CKHUX CBEJIEHHMH M JJAHHBIX C JATYUKOB romoraer TUM
MUHUMH3HPOBATh HEO)KUIAHHBIE TIOJJOMKH U JOPOTO-
CTOSIIINE aBAPHUITHBIE PEMOHTHI. AHAJOTHYHBIE Pe3yib-
TaTHI MOJTyYeHBI B HccinenoBann [11].

DKOHOMHSI CPEJICTB TaKxKe ObLIa IOCTUTHYTA OJ1aro-
Jiapst YIy4llieHHOMY YIIPABJICHUIO SHEPronoTpeOieHueM.
THUM-Mozeny, HHTErPUPOBAHHBIE C CUCTEMaMU YIIpaB-
JIEHUS 3AaHUEM, JAIH BO3MOXKHOCTH YIPABISIOIINM
B peaJbHOM BPEMEHH KOHTPOJIHPOBATH MOTpeOIeHHE

200 000}

175 000

150 000

125 000

y.e.

100 000

3arparbl

75 000

50 000

25000

3arpaTbl Ha 00CITy)KUBaHUE

Puc. 3. AHanu3 3aTpar Ha ONEepaTUBHOE YIIPABICHHE

SHEPruH, BbISBISATh HeA(P(EKTUBHBIE 30HBI U BHEAPSTH
IIeJIeBbIe MEPHI [0 3KOHOMHUH dHepruu. Hampumep, aB-
ToMarrueckoe ympasienne cucteMamu OBK Ha ocHOBe
JTAHHBIX O 3aHATOCTH IIOMEIIEHUH TOMOKET CHU3UTB T10-
TEpU PHEPTHU B HEMMMKOBBIE Yachl. BO3MOXHOCTE MOzie-
JIMPOBATh PA3INYHbIE CLIEHAPUH HOBBIILICHUS SHEPro3(-
(hextrBHOCTH B cpene TYIM mo3Bommiia ynpaBIIsOIIM
OpraHU3alKsIM NPUHUMATh 0OOCHOBAHHBIC PEIICHUS
[0 MOJIEPHHU3AIMK 000PYIOBaHUSI 1 OOHOBICHHIO WH-
(pacTpykrypeL.

OKOHOMUS PHEPTUH TaKKe MOXKET OBITh JOCTHUT-
HyTa Ojarojapsi MHTETpalli CUCTEM BO300HOBIIsIC-
MBIX HCTOYHUKOB sHepruu (BUD) ¢ TUM-moaensio.
ComnHeunble nanenu u/wnu apyrue BUD moryT orcie-
s)kuBarbest yepe3 TUM-monens, 4To 03BOIUT yIpas-
JAIOMAM OpPTaHU3AIMUAM ONTUMU3UPOBATH UX IPH-
MEHEHHE W CHU3HUTH 3aBHCHUMOCTH OT AJIEKTPUUIECCKON

mm J{o BHeapenus THUM
= [Jocne BHenpenus TUM

DHepro3arparbl
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cetn. TUM-mozenb 00ecrednT Hel0CTHOE TPeICTaB-
JICHUE O TeHEpalnH, XPAHCHUH B OTPEOICHUN dHEp-
TuH, 410 OyzneT crnocoOcTBOBaTh Oomee 3(h(heKTHBHOMY
VIPaBICHUIO YHEPTETHYCCKUMHU pecypcaMu. JTa UH-
Terpanus He TOJbKO CIIOCOOCTBYET SKOHOMHH 3aTpar,
HO M TTOJ/ICPXKUBAET 1IN YCTOWYHBOTO Pa3BUTHSI, CHU-
JKas yIIepOAHBIN Clie/l 31aHus.

3. TloBbIIeHUE YIOBICTBOPEHHOCTH JKHIIBIIOB.
Omnpockl TOKa3aIy 3HAYUTETFHOE YITyUIIeHHE YIOBIECTBO-
PCHHOCTH >KWIIBIIOB: 3/4 pECIIOHICHTOB OTMETIUTH Ooliee
ObICTpOE pearupoBaHUe M YIydlIeHHEe KOMMYHHKaINH,
9TO MOATBepsKAacTes (puc. 4) u3 uccienosanus [12].

[Ipumenenne TUM cnocoOcTBOBaIO TOBBILIE-
HUIO TPO3PAYHOCTH MPOIECCOB TEXHUIECKOTO 00CITy-
JKUBAHUS, TOCKOJNIBKY COOCTBEHHUKH MOTJIH TONy4YaTh
nH(GOPMAIIHUIO O CTaTyce PEMOHTHBEIX paboT B pealib-
HOM BpPEMEHH. YIIyUIIEHHOE B3aUMOACHCTBUE MEXKIY
YOPaBISIONIUMHI OPTaHU3alUsIMU U COOCTBEHHUKAM
TAaKXe COACHCTBOBAJIO MOBBILIEHUIO YPOBHS JOBEPUS
1 BOCTIPHSITHS Ka4eCTBA YCIYT, KaK 1 OTMEUAeTCs B pa-
6ote [13]. OT3BIBBI COOCTBEHHUKOB TOAYEPKHYIIH BaXK-
HOCTHh CBOCBPEMEHHBIX OOHOBJICHHI, H HHCTPYMCHTBI
KOMMYHHKaluu, npeaoctasisiemble TUM, ceirpanu
B)XHYIO POJIb B YJIOBJIETBOPEHHH dTUX OXKUIaHHH.

[ToMuMO MPO3pavyHOCTH B BOIIPOCAX OOCITYKHBa-
aust, TUM Taxoke 1aroT cOOCTBEHHHMKAM BO3MOYKHOCTH
B3aUMOJEHCTBOBATh C YNPABISIOLIEH OpraHu3anuei
yepe3 nuppoBbie IATGOPMBI, TaKHEe KaK MOOWIBHEIC
MIPUJIOXKEHUSI, KOTOPBIE B PETbHOM BPEMEHH BHOCHIIH
OOHOBJICHHUSI O COCTOSIHUU CHCTEM 3JIaHHsl, TpaduKax
00CITy)KUBaHUS ¥ SHEPronoTpeOieHnu. ITH HU(PPOBbIC
T1aT(OPMBI TTIO3BOJISIIH KHJIBIIAM HAIPSAMYIO COOOIIATh
0 Tpo0JIeMax M OTCIIEKHUBATh WX PEIICHHE, YTO ITOBHIIIA-
JIO UX BOBIICUCHHOCTP U YIOBICTBOPEHHOCTH YCIIyTaMH

40 | == Jlo Buenpenus TUM
mm [Jocne Bueapenuss TUM

(98] w
(e (]

N
[}

[IpoueHT cOOCTBEHHUKOB, %o
—_ )
9 S

(=]

IO YIIPABJICHHUIO HEBIIKUMOCTRIO. MIHTErpaius OT35IBOB
>KubloB B TUM-Mozens Takke moMorasa ynpasJsito-
M Oosiee Y(PPEKTHBHO pelIaTh MPOOIEMBI U aalTH-
pOBaTh YCIyTH MO/ KOHKPETHBIC HY Kbl COOCTBEHHUKOB.

4. Tloseimenue sueprodddexrusaoctu. MuTe-
rparus TYIM moMoria coKpaTuTh SHEPTONOTPEOICHIE
Ha 15 % 3a cyeT ONTUMHU3UPOBAHHOTO MOHUTOPHUHTA
u koHTpois cucteM OBK [14] (pe3ynsraTsl moka3aHbI
Ha puc. 5).

[Ipenocrapnsis AeTaln3upoOBaHHYIO HU(POBYIO
MO/JIeJIb dHEPreTUuUeckux cucteM 3aanus, TUM no-
3BOJIMJIN YIPABIISIIONINM BEISBISATE HEd(PPEKTHBHBIC
YYaCTKU W BHEAPSATH IICJIEBbIC MEPbl. BO3MOXKHOCTH
MOJICTUPOBATH PAa3NIUYHBIE SHEProcOeperammue cle-
Hapuu B cpeae TUM Taxke moamepskuBaia 000CHO-
BaHHOE MPHUHSITHE PEIICHHUH, YTO CIIOCOOCTBOBAIO
JbHEUIIIEMY TOBBIIICHUIO YHEProdHEeKTUBHOCTH.
AHanorn4HbIe 000CHOBAHUS TIPUBOIATCS B CBPOMCH-
CKOM PYKOBOJICTBE?.

DKOHOMHUS YHEPTHH TaK)Ke ObLIa TOCTUTHYTA I10-
cpeactBoM unTerpanuu cuctem BUD ¢ TUM-monenbio.
ConHeynsle anenu u apyrue BUD orcnexxuBanuch
yepe3 TUM, 4To MO3BOJIMIIO YHPABIISIOIINM ONTUMH-
3UPOBATh UX MPUMCHCHUE M CHU3UTH 3aBUCUMOCTH
ot anekrpoceTn. TUM-Monens obecrednia 1eI0CTHOE
MpeACTaBICHUE O TEHepalud, XPaHSHUH U MOTpeO-
JICHUU 3HEPIUH, YTO CIOCOOCTBOBANIO Ooiee hdhek-
THBHOMY YIIPABIICHUIO pecypcaMu. Takass HHTerparust
HE TOJBKO 00ecTeuriIa ’KOHOMHIO, HO U MOJIePKHUBAIIa
L[EJIH YCTOMYUBOTO PAa3BUTHS, COKpAIasi YIIIEPOIHBIN
CIIeT 3aHHUS.

3 Federation of European Heating, Ventilation, and Air Condi-
tioning Associations. Guide to BIM and Building Services. 2021.

Puc. 4. Pe3ynbrars! onpoca yIoBIETBOPEHHOCTH COOCTBEHHHUKOB
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Puc. 5. CpaBHeHHE 5HEpronoTpedaeHus

ITosyueHHbIe pe3yabTaThl CBUAETEIBCTBYIOT, YTO
THUM npenoctaisieT 3HaYUTENbHbIE NMPEUMYIIECTBA
JUISL OTIEPATHBHOTO ympaBieHUs (Tabn. 2), 0coOeHHO
B OTHOILEHUU COKpAIEHUs BPEMEHU OTKIIMKA U CHHU-
KEHMH HKCIUTyaTallMOHHBIX 3aTpar. MHTerpanus gaH-
HBIX B PEaJbHOM BPEMEHH U TPOTHO3HOW aHAIUTUKU
B Monen TYIM cymecTBeHHO yiIydIaeT CliocOOHOCTh
YIPaBISIONIMX TPUHUMAaTh 000CHOBAaHHBIE PEIICHMS,
MO3BOJISASE UM OBITH OOJIEE MPOAKTUBHBIMHU BMECTO I10-
CJICIYIOIEH PEaKIX Ha BBISBICHHBIC OTKA3bI.

[pumenenne TUM Takke CriocoOCTBOBAIIO JTydIlIe-
MY pacHpeelieHHI0 PeCypcoB M YIpaBICHUIO paboyeii
cutoit. KoMaH eI TeX00CTy>)KUBaHUS TIOTy4arOT BO3MOXK-
HOCTh Oosee A(p(heKTHBHO TUIAHUPOBATH CBOM I'paUKH
Ha OCHOBE JIaHHBIX, IIpefocrasieHHbIx THUM-Monensto,
KOTOpasi yYUTHIBaCT MH(POPMALIUIO O COCTOSHUU 000-
PYZOBaHUS, HCTOPUN TEXHUYECKOTO OOCITYXKMBAHUS
U MIpe/NoJIaraeMbIX MOTPEOHOCTSX. DTOT yPOBEHbB JIeTa-
JIU3AIMHU TI03BOJISIET YIPABIISIIONINM BBIICNATH PECYPCHI
Tyrna, TAe OHU HanboJee BOCTpeOOBAaHBI, COKpAIast Mpo-
CTOM MepCOHAJIA U MOBBIIIAS €r0 IPOU3BOAUTEIBHOCTD.
Kpowme Toro, nnTerparys tuppoBbIX KOHTPOIBHBIX CITH-
CKOB M aBTOMAaTHYECKUX HAIIOMHHAHUH 0OecreunBacT
CBOEBPEMEHHOE BBITIOJIHEHHE IUIAHOBBIX PadoT, 4TO TaK-

Taou. 2. OcHoBHBIE TpenMyIiecTBa BHeApeHuss TUM

IIpenmyecTBo

Dddexr

Bpemst orknmka Ha obcmyxuBanue | CokparmieHo Ha 35 %

OKCIUlyaTallUOHHBIC 3aTPaThl Coxparens! Ha 20 %

V0BJIETBOPEHHOCTD JKUJIBIIOB YBenuuena Ha 75 %

[lorpebnenue sHeprun CHmxeHo Ha 15 %

2022 2023

)K€ CIIOCOOCTBYET MOBBIIICHHIO ONEPAIMOHHON 3 pek-
TUBHOCTH, 3TO MOATBEPHKAAETCS U B HccieaoBaHuu [15].

Murerpanus ceHCOpHBIX JaHHbIX ¢ MoaesiMu TUM
o0JerdaeT MporHo3HOe 00CITyKUBAaHUE, MUHUMH3UPYS
BEPOSITHOCTb TIOJIOMOK M TIPOJIJIEBAsi CPOK CITYKOBI KOM-
NOHEHTOB 31aHus. OO aHaJIOTMYHBIX pe3yJbTraTax co-
obmaetcs u B padorax [16, 17].

Ha puc. 6 otobpaskeH nMoTok nHGOpPMAILUK B Cpe-
ne TUM B pexxuMe peanbHOro BPEMEHHU, ITOKa3bIBas,
KaK yNpaBJsoNe HeJBUKUMOCTBIO UCIIONB3YIOT JaH-
HBIE JUISl IPUHATHS PEILIEHUI B 9KCTPEHHBIX CUTYaLUsAX
Y IUTAHUPOBAHHMS TEKYILIETO 00CITyKHBAHHH.

Ha puc. 6 nokazassr:

1. baza mannbix mogenu TUM kak 0CHOBHOM HC-
TOYHUK JaHHbIX.

2. brnok aHanmMTHKN U 00pabOTKM JTaHHBIX, MIPE0d-
Pa3yIOIIHi «CBIPBIS)» JAHHBIE B TTOJIE3HYI0 HH(OPMALIHIO.

3. [Nanens ympaBieHUS HEABMKUMOCTBIO IS J10-
CTyIa MEHE/DKEPOB K OOHOBJICHHUSIM M YBEAOMIICHHAM
B PEaJIbHOM BPEMEHHU.

4. UnTepdeiic komaHIbl 00CITYy:KUBaHHS C IIU(PO-
BbIMU KOHTPOJIbHBIMU CIIMCKaMH M HAIOMHUHAHUSIMHU.

5. OTnenbHBIEC TOTOKM JUIS 3ajia4 TIAHOBOTO 00-
CIY’KUBAHUS U SKCTPEHHOI'O PearupoBaHMs ISl IPU-
OpHUTH3ALMU PAOOTHI HA OCHOBE JAHHBIX.

Pone TUM B coaeiicTBUM COTPYIHUYECTBY MEKIY
3aMHTEPECOBAHHBIMU CTOPOHAMHU CJIOXHO Tepeolle-
HUTh. [IpenocTaBiss HeHTPAIN30BaHHYIO TUIATPOPMY
st oomeHa nHpopmareit, TUM ymydmiaioT KoMMy-
HUKAIUIO0 U KOOPAMHALMIO MEXIY YNPaBISIOIUMH,
TEXHUYECKUMH KOMaHJaMHM, MOAPSAYUKAMU U KHUJIb-
naMu. YKa3aHHbBIH TOAXOMA K COTPYIHHYCCTBY CIIOCO0-
CTBYeT 00€CIIEYeHNI0 OCBEJOMIICHHOCTH BCEX CTOPOH
0 TeKyIIeH NesTeTbHOCTH, CO3AaHuI0 TpaduKOB mpe-
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Puc. 6. Jloctyn k 1aHHBIM B peaJlbHOM BpEeMEHHU U Ipolecc NpuHsTus pemenuii 8 TUM

CTOSIIIIETO TEXHUYECKOTO 00CITYKMBAHHS M BO3MOYKHBIX
3aTpyAHEHHsIX. B pe3ynbrare 3amHTepecOBaHHBIE CTO-
POHBI OKa3bIBAIOTCS JTy4IIe MOATOTOBICHBI X OJHOBPE-
MEHHO CHIJKACTCSI BEPOATHOCTh KOH(IMKTOB U HEN0-
pazyMeHHM.

Hurerpauus TUM ¢ npyrumu TEXHOJIOTUSIMU, Ta-
knmu Kak [oT, eme GosbIre pacmmpseT BO3MOXHOCTH
THUM. Hanpumep, naruuku loT, BcTpoeHHbIE B CUCTE-
MBI 3/1aHUS, MOTYT IIepeaaBaTh JaHHbIE B PEaJbHOM
BpemeHu B TMIM-monenb, MO3BOJISISL YIPABISIOLIUM
KOHTPOJIMPOBATh MAPAMETPBhI, TAKHE KaK TeMIeparypa,
BIIAKHOCTh M COCTOSIHNE 00opynoBanusi. Takas nHTe-
rpanus MoAAep>KUBACT MPOTHO3HOE O0CTyXHBaHHE,
YBEIOMIISISL YIPABISIOMMUX O MOTEHIUATIBHBIX MPO-
OreMax /10 X Cepbe3HOTO BOSHUKHOBEHHMs. CoueTaHue
THUM u 10T coznaer «yMHYyI0» Cpeqy 3AaHus, [IE pele-
HUSI, OCHOBaHHBIC Ha JAHHBIX, IPUBOMAAT K YITyUIICHHIO
MIPOU3BOIUTEIIEHOCTH U CHIDKCHHIO KCILTyaTallnoOH-
HBIX 3aTpar.

BwMmecTe ¢ TeM nccneoBaHne BEISIBIIIO MPOOIEMBI,
cBsizaHHbIE ¢ BHeApeHrueM THIM, Bkiaroyast BLICOKUE Ha-
YaJIbHBIE 3aTPAThl HA pEalTn3annio 1 He0OX0IUMOCTh
CHEMAIN3UPOBAHHOTO 00yUYeHHs MepcoHaa. 3arpa-
THl Ha MpOrpaMMHOE obecnedeHune, 0OOpyaOBaHHE
1 TIEpPBOHAYAIBHYIO HACTPOWKY MOTYT OKa3aThCs Tpe-
MSATCTBUEM ISl HEOONIBIINX YIPABIISAIONINX KOMIAHUH,
0 YeM CBHUJICTEIILCTBYIOT TAKXKe 3apyOeKHBIC HCCIIE/I0-
Banus [18]. Kpome Toro, ycnemrnoe BHenperne TUM
TpeOyeT M3MEHEHNH B OpraHU3aLMOHHOW KYJIbType
U TIpoIeccax, YT0 MOXKET OBITh TPYTHO OCYIIECTBHUTH
6€e3 CHIILHOTO JINIEPCTBA M YETKOTO BUICHHS TIPOOIIe-
Mbl. HecMOTpst Ha 3TO, 1OJITOCPOYHBIE BBITOABI OT HC-
nonb3oBaHuss TUM, Takue Kak yJlIydylI€HHOE yIpaB-
JICHWE aKTUBaMM W TTOBBIIICHHAS yJIOBJIETBOPEHHOCTD
JKHJIBIIOB, TIEPEBEIINBAIOT HAYAJIbHBIC HHBECTHIINH.

SJAK/IIOYEHUE

OnucaHHOE HMCCIEI0BaHUE MPUBOIUT K BBIBO-
ny, uto uHTerpanus TUM B omepatuBHyI0 paboTy
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YIPaBISIOMINX OPTAaHU3ANUN 3HAYNTEIHHO MOBBIIIACT
3(h(heKTUBHOCTH, CHIDKAET 3aTPAThl M YIIydIIaeT Kade-
cTBO obcmyxuBanus. [Ipenmymecta BHeapenus TUM
B OIIEPATUBHOE YMPABICHUE OUYEBUIHBI: COKPAILICHHUE
BPEMEHH OTKJIMKA Ha 3asiBKH 110 00CIY)KUBAHUIO, YKO-
HOMMUSI 3aTPaT U MOBBILICHNE dHEPTOIPPEKTUBHOCTH.
DTO MOATBEPXKIAETCS U BHIBOJIAMU 3apyOSIKHBIX HCCIIe-
nosareneit [19, 20]. HecMoTpst Ha BBI3OBBI, CBSI3aHHbBIE
C HauaJbHBIMH 3aTpaTaMu U TPEOOBaHHUIMHU K 00ydYe-
HUIO, TOJITOCPOYHbIE BbITobI AenaloT THUM neHHbIM
BJIO)KEHHEM ISl YIIPABIISIOINX OPraHUu3aIiii.

Bynymue uccnenoBaHust JOIKHBI COCPETOTOUUTh-
csl Ha pa3paboTKe CTaHJAPTU3UPOBAHHBIX MPOTPAMM
oOyuenus uist TUM n Ha u3y4yeHUH NoTeHIHa a UH-
terpariun THM ¢ HOBBIMU TEXHOJIOTHUSIMU, TAKUMHU
kaKk [0T u MCKyCCTBEHHBIN MHTEIJIEKT, JUIsl TalibHEH-
mieil ontumuzanuu. Kpome Toro, nansHeimue uccie-
JIOBaHUS OyIyT CONPSDKEHBI C M3yYEHHEM MaclITaboB
npumenenust TUM B HEOONBIINX YIIPABISIONINX KOM-
MaHUSIX U C ONpEIENIEHUEM CTPaTeruy MPEeOoJoJICHUs
BO3MOXHBIX 0aphepoB BHeApeHus. MHTerpamus pac-
IIIPEHHONW aHATMTUKA M MAaIlTMHHOTO 00y4ueHms ¢ TUM
TaKKe MPE/ICTABIIAET HHTEPECHOE HAIIPABJIEHHE JUIS NC-
CIIEZIOBAHUS, UMEsI IOTCHINAN IS TATbHEHIIIEro Mo-
BBIIICHUSI TPOTHO3HBIX BO3MOXKHOCTEH M ONTUMHU3AIMN
SKCIUTyaTaluy 31aHUM.

PazButue crangaptoB u sy4ymux npaktuk TUM
OyZeT nMMeTh peraroliee 3Ha4eHUe AJIs TOr0, YTOOBI
YIPaBIAOMINE KOMIIAHUU MOTJIU B IIOJIHON MEpe peau-
30BaTh MOTEHIMANT 3TOH TeXHONOTHH. COTPYIHUYECTBO
MEXy MPEACTaBUTENIAMU OTPACTH, aKaAeMUICCKUMHU
YUIPEXKACHUSIMH U TOCYAaPCTBEHHBIMH OpraHaMH ChI-
rpaeT KIYEeBYIO POJb B MPOABHKEHHUN MHHOBAIIUN
W YCTaHOBJICHUH PYKOBOJSIINX MPUHIUIIOB, CIIOCO0-
CTBYHOIIUX WUpokoMy BHeapeHutro THM Ha sTame
SKCIUTyaTanuu 3aaHuid. Baeapss TUM, ynpasnstomue
OpraHu3aluy MOTYT co3JaBarh Ooiee d3PEeKTHBHEIE,
YCTOWYMBBIE U THOKHE YCIOBUSI, OTBEUAIOIUE MEHSIIO-
IIAMCSI TOTPEOHOCTSM JKMJIBLIOB U 3aHHTEPECOBAHHBIX
CTOPOH.
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INTRODUCTION

Property management, particularly for residential
buildings, is becoming an increasingly complex process
that requires the integration of modern technologies to
enhance efficiency and sustainability. The digitalization
of housing and utilities (H&U) is one of the develop-
ment priorities in the Russian Federation' [1, 2], as
well as globally [3—5]. Building Information Modelling
(BIM) represents a technological breakthrough capable
of transforming traditional operational management
methods [3]. The digitalization of H&U enables the in-
tegration of interaction processes and reporting at all
management levels within a unified information envi-
ronment. By providing a comprehensive digital repre-
sentation of the built environment, BIM facilitates real-
time decision-making, reduces information barriers, and
improves coordination among stakeholders [4].

The implementation of BIM technologies is par-
ticularly relevant under increasing requirements for
sustainability, energy efficiency, and optimized build-
ing functionality. BIM offers an integrated solution
covering various aspects of property management, from
maintenance and repairs to tenant interactions and en-
ergy consumption monitoring [5]. Additionally, BIM
provides a platform for proactive maintenance, allow-
ing management organizations to predict potential is-
sues before they escalate, thereby reducing downtime
and associated costs. Consequently, understanding
the impact of BIM on operational efficiency is crucial
for management organizations striving to maintain
competitiveness in a rapidly evolving market.

The primary objective of this study is to assess
the impact of BIM technologies on operational effi-
ciency in property management. Specific tasks include
evaluating the contribution of BIM to maintenance task
optimization, improving resource allocation, and en-

! Plan of Measures (“Roadmap”) for the Use of Building Infor-
mation Modelling Technologies in the Design and Construc-
tion of Capital Construction Projects, as well as for Stimulating
the Use of Energy Efficient and Environmentally Friendly Ma-
terials, Including the Need for Their Production in the Russian
Federation). Order from 20.12.2021 No. 3719 1.
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hancing data accuracy. The research hypothesis posits
that integrating BIM into property management activi-
ties can lead to more efficient decision-making and re-
duced operational costs. By analyzing both qualitative
and quantitative data, the study aims to develop a com-
prehensive understanding of how BIM can enhance
overall management processes and create tangible ben-
efits for stakeholders [6].

Furthermore, the study examines the role of BIM
in improving relationships among building operation
stakeholders, including property managers, technical
personnel, and residents. Effective interaction is essential
for successful management, and BIM’s ability to serve
as a centralized data repository contributes to transpa-
rency and accountability. This also applies to the impact
of BIM on energy consumption management, focusing
on how BIM can be utilized to monitor and optimize
energy use, promoting the sustainable development
of the built environment.

MATERIALS AND METHODS

This study employs a mixed-method approach that
combines qualitative and quantitative analysis. Data
were collected through a series of case studies involving
management companies that have implemented BIM in
their operations. The research was conducted between
2022 and 2024 as part of a master’s thesis prepared at
NRU MGSU and included surveys of management or-
ganizations, technical personnel, and other stakehold-
ers involved in residential building operation. The case
studies provided detailed insights into the practical
application of BIM and its impact on operational effi-
ciency.

Quantitative data were obtained from operation-
al performance indicators recorded before and after
the implementation of BIM technologies. The ana-
lyzed indicators included response time to maintenance
requests, repair costs, tenant satisfaction levels, and
energy consumption data [7]. These metrics were se-
lected to create a comprehensive view of operational
efficiency, covering both financial and non-financial as-
pects of property management. For instance, response
time to requests was measured in hours, while tenant
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tional management of property management organizations P. 141157
Table 1. Summary of Data Sources and Methods
Data Type Source Method
Quantitative Maintenance records Statistical tests
Qualitative Stakeholder interviews Thematic analysis
Mixed Tenant surveys Descriptive statistics

satisfaction was assessed on a scale from 1 to 5. Energy
consumption data were obtained from building manage-
ment systems integrated with BIM, enabling real-time
monitoring and historical data analysis.

Qualitative data were gathered through in-depth
interviews with key stakeholders to understand per-
ceptions of the benefits and challenges associated with
BIM implementation in operational management. In-
terview questions focused on aspects such as changes
in workflow efficiency, communication improvements,
and overall impact on tenant satisfaction. Additionally,
focus group discussions were conducted with technical
teams to collect feedback on BIM tools, including ease
of information access and influence on daily tasks.

The study’s analytical framework included sta-
tistical analysis of quantitative data and thematic
analysis of qualitative interview data. Statistical anal-
ysis involved paired t-tests to assess the significance
of observed changes [8], while qualitative analysis
was performed using NVivo software to categorize and
interpret interview responses. The mixed-method ap-
proach ensured a comprehensive understanding of both
measurable outcomes and subjective experiences re-
lated to BIM adoption [9]. The combination of quanti-
tative and qualitative data allowed for a more detailed
assessment of BIM’s impact on operational efficiency.

To enhance data reliability, triangulation was ap-
plied, utilizing multiple data sources and approaches to
cross-validate results, thereby increasing the validity
of findings. By integrating survey data, interviews, and
performance indicators, efforts were made to conduct
a balanced and well-founded analysis of BIM imple-
mentation outcomes. Additionally, observational data
were collected through site visits to better understand
the daily use of BIM tools by technical personnel and
management staff. These observations provided con-
textual information that complemented the quantitative
metrics and qualitative interviews.

The methodology also included a comparison
of BIM implementation with traditional management
methods by analyzing a control group of management
organizations that had not yet adopted BIM. This ap-
proach provided a clearer understanding of the benefits
and challenges associated with BIM use in the opera-
tional phase. The comparative analysis helped identify
areas where BIM delivered the most significant im-
provements, as well as areas where traditional methods
retained certain advantages.

By tracking changes over an extended period,
trends and improvements that may not have been im-
mediately apparent were recorded. This approach also

allowed for an assessment of the sustainability of BIM
benefits, including the potential for maintaining or en-
hancing initial improvements in efficiency, cost savings,
and tenant satisfaction over time. The longitudinal as-
pect of the study was crucial for understanding the dy-
namics of BIM integration and its long-term viability as
a tool for operational management.

The use of both qualitative and quantitative data en-
abled triangulation, increasing the reliability of findings.
The mixed-method approach also facilitated the iden-
tification of patterns that may not have been evident
from a single data source (Table 1). For example, while
quantitative data indicated a reduction in maintenance
costs, qualitative data revealed that maintenance staff
found BIM tools useful for more effective task planning
and prioritization.

The methodology also examined the use of Geo-
graphic Information Systems (GIS) in conjunction with
BIM to enhance the spatial analysis of real estate as-
sets. GIS was integrated with BIM models to visualize
the geographic distribution of maintenance needs and
resource allocation, thereby providing a more compre-
hensive view of the operational landscape. This integra-
tion enabled management organizations to optimize lo-
gistics, such as deploying maintenance teams to various
locations based on spatial proximity and task urgency.

Furthermore, the study considered the training
and adaptation processes necessary for the successful
implementation of BIM. Detailed records of training
sessions — including participant feedback and skill
assessments — were analyzed to assess the effective-
ness of various training approaches. This analysis un-
derscored the importance of practical, scenario-based
training to ensure that personnel fully comprehend
the real-world applications of BIM tools in their daily
tasks. The findings indicated that well-structured train-
ing programs were essential for overcoming resistance
to change and ensuring that all team members acquired
the competencies required for effective use of BIM
technologies.

RESULTS AND CONCLUSION

The results demonstrate that the implementation
of BIM technologies (see Fig. 1) significantly enhances
the operational efficiency of property management.

These findings are supported by the following key
results:

1. Reduction in Response Time for Maintenance
Requests. The ability of BIM to provide up-to-date and
comprehensive information on building asset conditions
resulted in a reduction of response time by approximate-
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Fig. 1. BIM Integration Scheme in Property Management

ly one-third, which corresponds to a 35 % improvement
compared to traditional methods [10] (see Fig. 2).

This improvement is attributed to the centralized
access to detailed information about building systems,
which enables technical personnel to identify and resolve
issues more rapidly?. Moreover, the integration of mobile
devices with BIM models allowed maintenance teams to
access and update information on-site, further reduc-
ing response times. Staff reported that remote access to
building data via tablets or smartphones was a significant
advantage, particularly in emergency situations.

BIM also provided maintenance teams with access
to historical data, which helped identify recurring is-
sues and implement long-term solutions. This proactive
maintenance approach not only reduced response times
but also contributed to a decrease in overall mainte-
nance costs by minimizing the frequency of repeated

2 BuildingSMART International. IFC Standards for BIM.
2020
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failures. The integration of predictive analytics further
enhanced maintenance efficiency by enabling property
managers to anticipate potential failures and schedule
preventive maintenance.

The digital asset management capabilities pro-
vided by BIM also played a crucial role in optimizing
maintenance operations. By maintaining an up-to-date
digital inventory of building components, managers
could easily monitor the condition of various assets,
such as heating, water supply, and drainage systems
(HVAC), elevators, and fire safety equipment. This
level of detail facilitated more effective planning and
resource allocation, ensuring that critical components
received necessary attention before severe issues arose.
Additionally, the integration of building automation
systems with BIM enabled automatic monitoring and
early detection of operational deviations, significantly
reducing response times.

2. Cost Reduction. Analysis revealed a 20 % de-
crease in operational costs, attributed to more efficient

After BIM

Fig. 2. Maintenance Response Time Before and After BIM Implementation
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Fig. 3. Cost Analysis of Operational Management

maintenance planning and optimized resource allocation
via BIM models (Fig. 3). Predictive maintenance, based
on historical data and sensor information, enabled BIM
to minimize unexpected breakdowns and costly emer-
gency repairs. Similar results were reported in [11].

Cost savings were also achieved through improved
energy management. BIM models integrated with build-
ing management systems allowed property managers to
monitor energy consumption in real time, identify in-
efficient zones, and implement targeted energy-saving
measures. For example, automatic control of HVAC
systems based on occupancy data helped reduce energy
losses during off-peak hours. The ability to simulate
various energy efficiency scenarios within a BIM en-
vironment enabled management organizations to make
informed decisions regarding equipment upgrades and
infrastructure improvements.

Additionally, energy savings could be realized
through the integration of renewable energy systems with
BIM models. Solar panels and/or other renewable energy
sources can be monitored via BIM, allowing management
organizations to optimize their usage and reduce reliance
on the electrical grid. The BIM model provides a compre-
hensive overview of energy generation, storage, and con-
sumption, thereby facilitating more effective management
of energy resources. This integration not only contributes
to cost savings but also supports sustainability objectives
by reducing the building’s carbon footprint.

3. Enhanced Tenant Satisfaction. Surveys indi-
cated a significant improvement in tenant satisfaction;
approximately 75 % of respondents reported faster
response times and improved communication, as con-
firmed by [12] (Fig. 4).

The use of BIM contributed to increased transpar-
ency in maintenance processes, as tenants were able
to access real-time information on the status of repair
work. Improved interactions between management
organizations and tenants further enhanced trust and
the perceived quality of services, as noted in [13]. Ten-

mm Before BIM
mm After BIM

Energy costs

ant feedback emphasized the importance of timely up-
dates, and the communication tools provided by BIM
played a key role in meeting these expectations.

In addition to transparency in maintenance issues,
BIM also provides property owners with the ability
to interact with the management organization through
digital platforms, such as mobile applications, which
update in real time on the status of building systems,
maintenance schedules, and energy consumption. These
digital platforms allow residents to directly report prob-
lems and track their resolution, increasing their engage-
ment and satisfaction with property management ser-
vices. Integrating resident feedback into the BIM model
also helps managers more effectively address issues and
tailor services to the specific needs of owners.

4.Improving Energy Efficiency. BIM integration
helped reduce energy consumption by 15 % through
optimized monitoring and control of HVAC systems
(similar results are shown in Fig. 5 from [14]).

By providing a detailed digital model of the building’s
energy systems, BIM enabled managers to identify ineffi-
cient areas and implement targeted measures. The ability
to model various energy-saving scenarios in the BIM envi-
ronment also supported informed decision-making, further
contributing to energy efficiency improvements. Similar
justifications are provided in the European Guide®.

Energy savings were also achieved by integrating
renewable energy systems with the BIM model. Solar
panels and other renewable energy sources were moni-
tored through BIM, allowing managers to optimize their
use and reduce dependence on the power grid. The BIM
model provided a holistic view of energy generation,
storage, and consumption, promoting more efficient re-
source management. This integration not only ensured
savings but also supported sustainability goals by re-
ducing the building’s carbon footprint.

3 Federation of European Heating, Ventilation, and Air Condi-
tioning Associations. Guide to BIM and Building Services. 2021.
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Discussion the obtained results indicate that BIM
provides significant advantages for operational manage-
ment (Table 2), particularly in reducing response time
and lowering operating costs. Real-time data integration
and predictive analytics in BIM models significantly
enhance managers’ ability to make informed decisions,
allowing them to be more proactive rather than reactive
to identified failures.

BIM implementation also contributed to better re-
source allocation and workforce management. Mainte-
nance teams gained the ability to plan their schedules

154
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more effectively based on data provided by the BIM
model, which considers equipment status, mainte-
nance history, and projected needs. This level of detail
allows managers to allocate resources where they are
most needed, reducing staff downtime and increasing
productivity. Additionally, integrating digital checklists
and automatic reminders ensures timely completion
of scheduled work, further enhancing operational effi-
ciency. This is also confirmed in [15].

Integrating sensor data with BIM models facili-
tates predictive maintenance, minimizing the likelihood
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Table 2. Key benefits of BIM implementation

Benefit Effect
Response time to service requests Reduced by 35 %
Operating costs Reduced by 20 %

Resident satisfaction Increased by 75 %

Reduced by 15 %

Energy consumption

of failures and extending the lifespan of building com-
ponents. Similar results are reported in [16, 17].

Fig. 6 illustrates the flow of information in a real-
time BIM environment, showing how property manag-
ers use data for decision-making in emergencies and
routine maintenance planning.

The figure depicts:

1. The BIM model database as the primary data
source.

2. The data analytics and processing unit, convert-
ing raw data into useful information.

3. The property management dashboard for man-
agers to access updates and real-time notifications.

4. The maintenance team interface with digital
checklists and reminders.

5. Separate workflows for planned maintenance
and emergency response to prioritize work based
on data.

The role of BIM in facilitating collaboration
among stakeholders cannot be overstated. By provid-
ing a centralized platform for information exchange,
BIM enhances communication and coordination among
managers, technical teams, contractors, and residents.
This collaborative approach ensures that all parties are
informed about ongoing activities, upcoming mainte-
nance schedules, and potential issues. As a result, stake-
holders are better prepared, and the likelihood of con-
flicts and misunderstandings is reduced.

The integration of BIM with other technologies,
such as IoT, further expands BIM’s capabilities. For
example, IoT sensors embedded in building systems
can transmit real-time data to the BIM model, allowing
managers to monitor parameters such as temperature,
humidity, and equipment condition. This integration
supports predictive maintenance by notifying managers

BIM model
database

=

Data
analytics &
process unit

l

of potential problems before they escalate. The combi-
nation of BIM and IoT creates a “smart” building envi-
ronment where data-driven decisions lead to improved
performance and reduced operational costs.

At the same time, the study identified challenges
associated with BIM implementation, including high
initial costs and the need for specialized staff training.
The expenses for software, hardware, and initial setup
can be a barrier for smaller management companies, as
also indicated by foreign researchers [18]. Additionally,
successful BIM implementation requires changes in or-
ganizational culture and processes, which can be difficult
to achieve without strong leadership and a clear vision.
Despite these challenges, the long-term benefits of using
BIM, such as improved asset management and increased
resident satisfaction, outweigh the initial investment.

CONCLUSIONS

This study concludes that integrating BIM tech-
nologies into the operational work of management or-
ganizations significantly improves efficiency, reduces
costs, and enhances service quality. The benefits of BIM
implementation in operational management are evident:
reduced response time for maintenance requests, cost
savings, and increased energy efficiency. These conclu-
sions are also supported by findings from international
researchers, as reflected in [19, 20]. Despite the chal-
lenges related to initial costs and training requirements,
the long-term advantages make BIM a valuable invest-
ment for management organizations.

Future research should focus on developing stan-
dardized BIM training programs and exploring the po-
tential for integrating BIM with emerging technologies
such as [oT and Al for further optimization. Additional-
ly, future studies will need to examine the scope of BIM
adoption in smaller management companies and deter-
mine strategies for overcoming possible implementa-
tion barriers. The integration of advanced analytics and
machine learning with BIM also presents an intrigu-
ing avenue for further research, with the potential to
enhance predictive capabilities and optimize building
operations.

]

Property
management
dashboard

Maintenance
team

Routine
maintenance
task

@) Process step

interface

Emergency
response

Fig. 6. Real-time data access and decision-making process in BIM
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The development of BIM standards and best prac-
tices will be crucial for management companies to fully re-
alize the potential of this technology. Collaboration among
industry representatives, academic institutions, and gov-
ernment agencies will play a key role in driving innovation

and establishing guidelines that promote the widespread
adoption of BIM in building operations. By implement-
ing BIM, management organizations can create more ef-
ficient, sustainable, and adaptable environments that meet
the evolving needs of residents and stakeholders.
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I'eHepaTUBHBIN JU3AH U OHTOJOIMYEeCKUN MHKUHUPUHT
B I'Pa0OCTPOUTEIbCTBE

Huxomnain Muxaiisionu Pamescknii, Koncrantun Pomanosuuy Hazapos,
BsiueciaB Anapeesnu /I:xxaraes, Aprem I'ennaabesuy Lllep6akos,

Aprém JImutpuesny Unkux
Boneoepaockuii cocyoapcmeennviii mexunuueckuii ynusepcumem (Bonel TY), e. Boneoepao, Poccus

AHHOTALUMUA

BBegeHue. MeHepaTviBHbIV AM3aliH — 3TO METOAONOrMSi, OCHOBAHHAs Ha WCMOMb30BaHUW anropuTMOB U MPUMOXEHWI
ANSA reHepauyn nTepaTmBHLIX U BapuaTyBHbIX AnM3aiHepckux pelleHnin. OH No3BoNseT aHanManMpoBaThb U Y4UTbIBATb MHO-
XXeCTBO (haKTOpPOB, TAKMX Kak Tornorpadus, KnmMmaTuiyeckmue ycrnoBus, NOTOKW MoAen, TPaHCMOPTHbIE CeTU 1 Apyrue napa-
MeTpbl, 4TOObI pa3paboTaTe Haunyylne peLleHust Ans KOHKPETHOro Mecta. OHTONOMMYECKUIA MHXUHUPUHE CBA3aH C CO3-
AaHnem cpopmarbHbIX ONMCaHWI U MoAene ANa NpeacTaBneHns 3HaHWn 0 NpeaMeTHoM obnactu. B rpagocTpontenscTee
OHTONOIMMYECKNIN UHKMHUPUHT MOXET ObiTb MPUMEHEH Ans co3faHna opmansbHOV MOAenu ropoaa, kotopas obbeanHsaeT
nHdopMaLmio 0 ero puranyeckon cpeae, MHPPaCTPyKType, 06LEeCTBEHHbBIX MPOCTPaHCTBaX M TPAHCMOPTHON CeTU.
Martepuanbl U Metoabl. Peanu3aums npoekta OCHOBaHa Ha MallMHHOM OOy4YeHuW, CBEPTOYHOW HerpoceTn B obnactu
reHepaTVBHOrO An3aiHa. OnuceiBaeTcst Npouecc pa3paboTkv cUcTeMbl AN onpeaeneHns 1 Bu3yanusaumm onTuMansHoro
pacnonoxeHns 06bLEKTOB CTPOUTENbLCTBA B rPaA0CTPONTENBCTBE HA NPUMEpe NapKoBbIX 30H.

Pesynbrathbl. [TpuBeaeHa oHTonornveckas mofens Cl1475.1325800.2020 «[Mapku. MNMpaBuna rpagocTponTenbHOMO NPoekK-
TMpOBaHUS 1 bnaroyctponcTeay. [peanoxeH MeToq CO3AaHNS NNaHMPOBKY NapKOBOMN 30HbI C MPYMEHEHNEM reHepaTUBHO-
ro Av3anHa. [okasaH npumep peanusauum NpearioxXeHHOro MeTofa ¢ NOMOLLBH KpoccnnaTtopMeHHON cpeabl pa3paboTku
KOMMbIOTEPHBIX NpunoxeHun Unity.

BbiBoabl. MNpy 06beanHEHNM reHepaTUBHOTO An3ariHa Y OHTONOMMYECKOTO UHXUHUPUHTA B rpafoCTPOUTENBCTBE BO3HMKAIOT
HOBble BO3MOXHOCTU AN MPOEKTUPOBAHUS MHHOBALMIOHHOW ropoAckon cpedbl. C reHepaTtuBHbIMK anroputMamm MOXHO
1CNosnb30BaTh OHTONONMYeckne Moaenu, YTobbl aBTOMaTUYECKN MPOEKTMPOBATb U OLEHVMBATL Pa3nuyHble BapuaHTbl rpaso-
CTPOMTENbHbIX PELUEHW, yUnTbIBas 3adaHHble napaMeTpbl U Lenn. 3To No3BONSET ccnefoBaTh 60sbLIOe KONMMYECTBO Ba-
PVaHTOB U HAXOAUTb ONTUMarnbHbIE PELLIEHUS C Y4EeTOM MHOXeCTBa (bakTopoB. BbINonHeH aHanv3 npuMeHeHns TEXHONorunm
reHepaTVBHOIO An3aiHa N OHTOMNOIMYECKOro UHXVHUPUHTa B cdhepe rpafocTpomTenbCTBa.

KIMKOYEBBIE CITOBA: oHTONOrMmM, MHpopmaLMoHHOe MOAENUPOBaHNE, CTPOUTENbHaA oTpacrib, LNMpoBU3aunsi, ceMaH-
TUYecKkasi MOAeNb, MHTErpauust 3HaHWUN, aHanu3 AaHHbIX, MPUHATUE PELLEHUA, OHTONOMMYECKNA MHXUHUPUWHT, reHepaTUBHBbIN
Ou3aliH, NPOeKTMPOBaHWE, aHaNM3 AaHHbIX, FPafoCTPOUTENLCTBO, rEeHepaLyst NIaHUPOBKU

bnazodapHocmu. ViccnepoBaHune BbINOMHEHO 3a CYeT rpaHTa Poccuiickoro HayyHoro oHga v agMmuHucTpaummn Bonro-
rpagckovi obnactu Ne 22-11-20024 (URL: https://rscf.ru/project/22-11-20024/). ABTopbl BbipaxatoT GrarogapHOCTb Kornne-
ram no kadpeipe LMPOBbLIX TEXHOMOMMI B ypOAHUCTUKE, apXMTEKTYpe 1 cTpouTenbcTBe Bonr TY, npyHuMaBsLuMm yyactue
B paspaboTke npoekTa.

onA UATUPOBAHUA: Pawesckuti H.M., Hazapoe K.P, [Ixazaes B.A., lllepbakos A.I., HYukuH A.[. TeHepaTuBHbIN An-
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ABSTRACT

Introduction. Generative design is a methodology based on the use of algorithms and applications to generate iterative and
variable design solutions. It allows analyzing and considering multiple factors such as topography, climatic conditions, hu-
man flows, transportation networks and other parameters to develop the best solutions for a specific location. Ontology en-
gineering is concerned with the creation of formal descriptions and models to represent knowledge about the subject area.
In urban planning, ontology engineering can be used to create a formal model of a city that integrates information about its
physical environment, infrastructure, public spaces and transportation network.
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Materials and methods. The realization of the project is based with on machine learning, convolutional neural network in
the field of generative design. We describe the process of developing a system for determining and visualizing the optimal
location of construction objects in urban planning, using park areas as an example.

Results. The ontological model of CP 475.1325800.2020 “Parks. Rules of urban planning and landscaping”. A method for
creating a park area layout using generative design is proposed. An example of the implementation of the proposed method
using the Unity cross-platform computer application development environment is given.

Conclusions. By combining generative design and ontology engineering in urban planning, new opportunities arise for
designing innovative urban environments. With generative algorithms, ontology models can be used to automatically design
and evaluate different urban design options, taking into account the given parameters and goals. This allows to explore
a large number of options and find optimal solutions considering multiple factors. The paper analyzes the use of generative
design and ontology engineering technologies in the field of urban planning.

KEYWORDS: ontologies, information modelling, construction industry, digitalization, semantic model, knowledge integra-
tion, data analysis, decision making, ontological engineering, generative design, design, data analysis, urban planning,
layout generation
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BBEJIEHUE

ABToMaru3anus npodecCHoOHAILHON JesITeIbHO-
CTH 3aTparuBaeT MHOXECTBO C(ep KU3HU COBPEMEH-
HoTro ob1iecTBa. B 061acTy rpalocTpONTENBCTBA U ApXH-
TEKTYpbI Pa3BUBAIOTCS TEXHOJIOTHH aBTOMAaTH3UPOBAH-
HOTO TPOEKTHPOBaHus. OHIM N3 BEAYIIHX U MOJIOIBIX
HaTpaBIICHUH, KOTOPOE €KETOAHO HaOMpaeT 000POTHI
U MOAEPHU3UPYET CBOM BO3MOXKHOCTH, SIBIISICTCS Te-
HEpaTUBHbIM Au3aiiH. JlaHHBIM METOA aBTOMaTU3UpPO-
BAaHHOTO TPOECKTHPOBAHUS TO3BOJISIET CIICIHATINCTAM
B KpaT4yaiIre CPOKH BBINOJIHATH TIOCTAaBJICHHBIC 3a/1a-
YH, IEMOHCTPUPOBATH KIIMEHTaM MHOTOYHCIICHHBIE CTe-
HEpHPOBAaHHBIC BAPUAHTBI PEIICHNI 1 MUHUMH3HPOBATh
pa3uuHble HHKEHEPHO-TEXHUUECKUE PUCKH B TIPOCKT-
HOH IOKyMEHTaluuu. ['eHepaTUBHBIN Ju3aiiH ynpouia-
eT paboTy MPOEKTHPOBIINKA, ACTIETUPYS 00S3aHHOCTH
nporpammHoMy obecrmedenuo (I1IO) u Tem cambiM
nmoBbImIas 3G(HEeKTUBHOCTh CIENHaNNCcTa. B TaHIe-
M€ C HEHPOCETEBBIMH TEXHOIOTUAMH ITOT METO] I10-
3BOJINT MHTEIUIEKTYyaIM3UPOBATh MPOLECC TeHEepaun
IIPOCKTOB.

Taxum 00pa3oM, HEOOXOMMO H3ydaTh BO3MOX-
HOCTH M NEPCIEKTHUBBI I'€HEPATHBHBIX TEXHOJIOTHH
U BHEJPATH UX B TPAJIOCTPOUTEIBHYIO JIESITEIBHOCTh
Jutst oOpeTeHus boJiee KaueCTBEHHOTO YPOBHSI TPOEKT-
HBIX PELIEHUM.

['eneparuBHbIN AM3alH — MOAXO/ K MPOEKTUPOBA-
HUI0, 0a3UPYIONTUICS Ha KOMIUIEKCE BBIYUCIUTETBHBIX
AJTOPUTMOB, MOJOMPAOIINX MHOXKECTBO BAPHAHTOB
peleHus TOM UM MHOM 3a/1aui, OCHOBAHHBIX Ha 3a/a-
BaeMBIX TTapaMeTpax, U OTOMPAIONINX HanOoJee ONTH-
MaJbHBIC Pe3yabTaTHl [1].

['eneparnyst OrpOMHOTO MHOXKECTBA PEIIEHHUH (BbI-
OOPOK) BBIMOIHSIETCS] KOMITBIOTEPOM ITOCPEJICTBOM Ma-
TEMaTH4YEeCKHX AJTOPUTMOB M MALIMHHOTO OOy4eHHUS.
PesynsraT 3TOTO IMpoIriecca — HE OIHO UM HECKOJIBKO

MTOJIXOISAIINX PEIIeHUH, a MHOKECTBO BBIOOPOK. B cBs-
3W C 3TUM TIPOCKTUPOBAHHE MIPEBPAIIACTCS B U3yUCHHE
MIPUYHHHO-CIIEJCTBEHHBIX CBSA3EH.

OTe4eCcTBCHHBIC MCCIIECIOBAHNS T€HEPATHBHOTO
nIu3aifHa U ero TeXHOJIOTHUH C TOYKHU 3PEHHS Tpajo-
CTPOUTENIHOM MPAaKTUKU HEMHOTOYUCIIEHHEL. JlaHHOE
HaIpaBJICHUE TOIBKO PAa3BUBACTCS, OAHAKO TPYIBI Te-
OpeTHYECKON HAIPaBICHHOCTH OTBEYAIOT HA MHOTHE
BOMPOCHI, CBSI3aHHBIE ¢ MpeuMyliecTBamMu [1] u Bo3-
MOKHOCTSIMU MPUMEHEHUS TeHEPaTUBHOTO AHM3aiiHa.
B nayunoii craree A.A. Jlaymkunoit [2] paccMOTpeHbl
CYIIECTBYIOIME METOABl U aJITOPUTMBI F€HEPaTUB-
HOTO MU3aiiHa IPH TOPOACKOM IIAHUPOBAHUU C yde-
TOM H3MCHCHUS XapaKTEPUCTUK OKPYKAFOIICH CPEIIbI.
Ha ocHoBe aHanu3a cymiecTBYIONIMX pPEIICHUH ObUIN
BBISABJICHBI Pa3lINYHBIC OTPAaHUYCHHS, C KOTOPBHIMH
CTAJIKMBAIOTCS Pa3paOdOTUYNKH, TIIABHOE U3 KOTOPHIX —
HEOOXOIMMOCTb BHECEHHMSI N3MEHEHHH B ITOJIb30BATEIb-
CKOM pEeXHME.

[IpakTHdeckue UCCIeqOBaHUS TaKXKE UMEIOT Me-
CTO OBITH B HAyYHBIX TPYJaX OTEUCCTBEHHBIX YUCHBIX.
Hanpumep, B mpoekre A.S. TlaxraeBoii u 1O.B. Po-
IMOHOBOH [3] pa3paboTaH MeTOJ reHEPATUBHOTO JTH-
3aiiHa JuIsd JaHIa@THOTO MPOEKTHPOBAHMUS, KOTOPBIN
(hopMupyeT TEXHHYECKOE 3a/JaHue pa3paboTINKaM CH-
CTeM HCKYCCTBEHHOTO MHTEIUICKTa. M mes 3akirouaercs
B TOM, YTO Ha 0ase onpee/eHHbIX (aKTOPOB, BIIHSIO-
IIMX Ha TeHEPaTUBHBIC PEIICHHUS, CHCTEMa MOJICIPYET
3aKOHOMEPHEIC ¥ €CTECTBEHHBIE ITPOIECCHI C IIOMOIIBI0
UX ONHMCAHUS C UCIOJIb30BaHUEM Habopa MpaBuil B CH-
CTeMe aBTOMaTH3MPOBAHHOTO MMPOCKTUPOBAHUA. MeTon
MO3BOJISIET (POPMHUPOBATH MEIIEXOTHO-TPOIMTHHOTHYIO
CeTh IapKka Ha OCHOBE OIIPE/IENICHUs TOUEK MPUTSHKEHUS
JKUTEJIEN U TOCTPOEHUS IPEICKA3yeMOI TPOEKLINH BU-
JKCHUS TEIIEX0/I0B, a TAKXKE C MMOMOIIBI0 MAITMHHOTO
00y4eHUs IPOBOJIUTH ICTETUYECKYIO BEIOOPKY 00BEK-
TOB. [IpUHITMIIEI ”HHOBAIIMOHHOTO MTOX0a B MPOIIEC-
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cax IMpeIIpoeKTHOTO ATana PacKphIBAlOTCS B CTaThe
H.I'. Aiipanersina u A.A. 3aiiuesa [4], a UMEHHO aHa-
3 Hamboree Y3PPEKTHBHOTO HCIIONB30BAHUS 36MEITh-
HOTO y4YacTKa MoJ OyIylIyI0 3aCTPOHKY MPH OMOIIH
TeHEPaTUBHOTO Jn3aiiHa. YKa3aHHBIH MOAXO0M JaeT BO3-
MOYKHOCTD TIOJTy9UTh MaKCUMAaJbHBIA SKOHOMHYECKAN
MOTEHI[UAJl TEePPUTOPHUH, TTOBBICUTH 3(P(PEKTUBHOCTD
npoliecca pa3padOTKH MPEABAPUTENHHON IOpUITUECKON
SKCIePTH3Hl HA PAHHUX CTAIUAX MIPOCKTA.

B pa6ote B.B. T'apsieoii u A.H. T'apsiea [5]
MIPECTABIICHBI PE3YJIBTAaThl aHAN3A U MPAKTHIECKON
peanm3auy MOAX0A0B K 00paboTke WHPOpPMAIUH
NP aBTOMATU3aLUKU CTPOUTEIBHOIO IPOEKTUPOBAHUS
C IPUMEHEHHUEM TEXHOJIOTMH TeHEePaTHBHOTO AU3aiiHa.
PazpaboTanHBIif METO/ TIO3BOIIMII C TIOMOIITHIO OTIpEe-
JICHHBIX IIPOIrPAMMHBIX IPOAYKTOB aBTOMaTUYECKHU CO3-
JlaTh MHOYKECTBO PEILICHUH JJIsl 33/1a41 MOJICIINPOBAHHS
KOHLIENTYyaJIbHON 3aCTPOMKH, TEM CAMBIM COKpaTHUB
BpPEMEHHBIE 3aTPaThl CHIEUAINCTA Ha pa3paboTKy Ipo-
EKTHOW JIOKYMEHTALUH.

3apy0OexHble ydeHbIe BHECIH OTPOMHBIA BKJIAL
B MHHOBAIIMOHHOE Pa3BUTHE OTPACIIA T€HEPATHBHOTO
JU3aiiHa C TOYKU 3PCHUSI BHEAPCHUS €ro B MPaKTH-
YECKyI0 TPaJOCTPOUTEIBHYIO NeSITEIHbHOCTh. MOXK-
HO OTMETHUTb TPYAbI CIEIYIOIIMUX HCCIeA0BaTeeH:
O. Mocxkou, lleitnu bapar [6], 103 Cyns [ 7], 1. Kyma-
macapu [8], Hdynmze Ban [9], Peitaxapaa Kernra [10, 11],
Ceiiku Koma, FOuumpo SIma6s [12].

E.W. Peii30ux B cBoeii crarbe [13] mpemaraer uc-
MTOJTb30BaTh TEHEPATUBHBINA TU3AHH AJIS TECTHPOBAHUS
KaKI/IX-J'[I/I6O IIPOCKTOB J10 UX pcajr3alnnn, a UMEHHO,
KaKoe BJIMSIHHE OHU OKaXYT Ha OKPYXKaloIlylo Cpe-
Iy M C KaKUMH MpoOIeMaMid MOXHO CTOJIKHYTHCS
npu peanusanuu. B 3Toif pabore aBTOp pacckas3biBa-
eT 00 MCITOIb30BaHNN WHCTPYMEHTOB T€HEPAaTHBHOTO
Iu3aiiHa B POTPaMMe ¢ OTKPBITBIM HCXOTHBIM KOJIOM
Grasshopper [14]. D.b. Okcy3 npeiaraet NpUMEHSThH
TeHEePaTUBHBIN TM3aliH U aJUIOMETPHIO Ul CO3JaHMs
Oomnee appexkTuBHBIX GopM B MacmTadbe ropoma [15].
A. Ex u K. JIu nogauMarot TeMy 00beTUHEHHUS METOJIOB
HelpoceTell ¥ TeHepaTUBHOTO JIN3aiiHa, KaK Ipe/nosia-
raemoe Oymytiee pa3BUTHE TEXHOIOTHH [ 16].

B nybnukanuu Pelinxapna Kenura [11] onucano
yCHEIIHOE NPUMEHEHHE alrOpUTMa JBOJIIOIIMOHHON
ontumuzanuu (EMO) 11 co3nanns HeCKOIbKHX TIja-
HHUPOBOYHBIX CTPYKTYP, TAKUX KaK YIMYHAs CETh, KBap-
TaJjbl, 3eMEJIbHBIC YYaCTKU ¥ 3/1aHusl. Vcnonp3oBanue
CTPYKTYpHI TaHHBIX peanuzoBaHo B [10 Grasshopper
11t Rhino3D kak yactu ruOKoi, MOIY/IbHOM U pac-
MIMPSIEMOM CHCTEMBI ONTHUMH3AIUHU, KOTOPasi MOXKET
TMIPUMCHSTHCS IS PEIICHNS Pa3TUIHBIX 3a7ad TOPO-
CKOTO IPOEKTHPOBAHMS M CIIOCOOHA COTNIACOBHIBATH
MOTCHIMAJIBHO MPOTHBOpEYANIUE IPYT APYTY LelIn
MPOEKTHPOBAHUS B TMOJYaBTOMAaTHUECKOM DPEXUME.
Ceiikn Koma u FOuuupo fIma6s [12] B cBOeM dKcrie-
PUMEHTAIBHOM HCCIIEIOBAHUY NPEAIIOKHIN CHCTEMY
ONTHUMH3AIAA TOPOACKOTO JaHAMAPTHOTO Ir3aifHa
C UCIIOJIb30BAHUEM MHTCPAKTUBHOTO T'€HCTHUYCCKOTI'O
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anroput™a (IGA). C momomipio JaHHOTO METOAA HC-
CJIEIOBATENH ONPEEIIAIN ONTUMANIBHBIN c1oco0O BHE-
JIPEHUST MHEHHUH TOPOKaH OTHOCUTEIFHO KOM(OPTHOM
TOPOJICKOH Cpelbl B TEXHOJIOTHIO aBTOMAaTH3UPOBaH-
HOTO MPOEKTUPOBAHUS ISl OLEHKU (PPOHTA YIMUYHOM
3aCTPOMKH.

Hcnonb3yst 0OBIYHBIE HHCTPYMEHTHI, OyzeT mo-
TpayeHo OrPOMHOE KOJIMYECTBO BPEMEHHU Ha MPOEKTH-
pOBaHUE TOJBKO Ul OJHOTO BapuaHTa IJIaHWPOBKH,
KOTOPBIX 3a4acTyI0 TpeOyeTcsl HeCKOJIBKO.

B »ToM Kak pa3 u MOXKET TOMOYb T'€HEepaTUBHBII
nu3aiH. biarogapss HeMy HNPOEKTHUPOBILMK MOXET
3a Ooyiee KOPOTKHH CPOK MPEJOCTaBUThH Pa3IMUHBIC
BApHUAHTHI MJIAHUPOBOK, MOTPATUB HA 3TO TOpasjio
MeHbIIe pecypcoB 1 Bpemenu [17, 18]. [Tpu stom emy
He 00s3aTe’abHO 3HATHh BCE MPaBUiIa U OTPAaHUYCHHS,
MO KOTOPBIM (POPMUPYETCS YEPTEK, BEllb BCE ITO yKe
Oyner yuumThIBaThCs Mpu reHepanuu. Kak ckaszama
H.U. Cmeranuna: «l'eHepaTHBHBINA Ju3aiH pu pado-
T€ YYUTHIBACT M aHAIM3UPYET OOJIBIIOE KOJIUYESCTBO
JAHHBIX, IPUHUMas BO BHUMAaHNE MHOXECTBO (paKTo-
POB W BBIJCIISAS U3 HUX Hambolee BakHBIe» [19]. DtoT
METOJl yIIPOCTUT PabOTy MHOTHX apXUTEKTOPOB, MOJI-
HUMET WX NPOU3BOAUTEIBLHOCTh U Ka4€CTBO PaOOTHI
Ha HOBBIH yPOBEHb.

MATEPHUAJIBI I METO/bI

Ha srane moarotoBku mpoexra 6iaroycTpoicTaa
OTIPENEISIOTCS MPUOMU3UTEIbHBIE TPABMIIA IO PACIIO-
JIOKEHUIO Pa3IMYHBIX MapKOBBIX O0OBEKTOB, a TaKXkKe
MIPOBOJUTCS pa30MeHNe MapKOBOM TEPPUTOPUH IO 30-
HaM. Pasmelenue 5TUX 30H yCTaHABIMBAETCS MX Ha-
3HaYCHHEM, PACHOJIOKEHUEM TNIaBHOTO BXO/a, MECTO-
TMIOJIOXKEHHEM TapKa, pesibehoM TeppUTOpUH, HATNYUEM
BOJOEMOB U COCTABOM 3€JIEHBIX HACAXKICHH.

30HBI MACCOBBIX 3PEIHIIHBIX MEPOIIPUSTHH U (HU3-
KyJIBTYPHBIX COOPYKEHUI, TIPUBIEKAIOIIIE MHOTOUHC-
JIEHHBIX ITIOCETUTENEH, pa3MEIAIOTCs B palioHEe ITIABHOTO
BXOJIA.

I'maBHBIN BXOJ B MapK yCTPAauBAaETCs C y4ETOM
HNOABOAALIMX Marucrpaineil u ynun. Kpome Toro, momx-
HBI OBITH BTOPOCTENEHHBIE BXOJbI C MPHJIETalONINX
VIUI] ¥ XO35IICTBEHHBIEC Bhe3/bl. JleTckast 30Ha pacro-
JIaraeTcs B OTAAIEHUH OT 30HbI 3PEJIUIIHBIX MEPOIPUS-
THH U QU3KYIBTYPHBIX COOPYKEHUH.

30Ha THXOTO OT/(bIXa MAKCUMAJIBHO ylaJeHa OT HC-
TOYHHUKA IIIyMa ¥ HaXOAWUTCS B HanOoJee >KUBOMMCHON
YacTH T1apKa, CpPeAH HacaXJeHUH, BOJIM3H BOJOEMOB.
OHa 10/KHA BKITIOYaTh YYACTKU C TIEPECEUECHHBIM PEilb-
e(hoM 1 TI0 BO3MO>KHOCTH IMIPUMBIKATh K €CTECTBEHHBIM
MaccUBaM.

OcHOBHOM (hOH MapKa — 3eJIeHbIe HACAKICHUS,
MIO3TOMY BCE IIOCTPOUKH B TIAPKE JIOJKHBI OBITH BIHCA-
HBI B 3€JICHb ¥ TAPMOHUYHO COYETAThCsI MEXKTY CO00I0,
JIOTIONHSS KPacoTy JAPYT JIpyTa, Co3JaBasl BICUATICHHE
€IMHOTO TAPMOHUYHOTO aHCaMOIIs.

I'maBHBIE CpeACTBa XYNOKECTBEHHOW KOMIO3ULIUU
mapKa — 3eJICHbIEe HAaCaXJICHHUS, KOTOPBIE C TEUCHUEM
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BpeMeHH H3MeHsIoTCs. [loaToMy mpu apXUTEKTypHO-
TUTAHUPOBOYHON KOMIO3HUIIMU MAPKOB CIEAYET YUHUTHI-
BaTh UX PAa3BUTHE HA MPOTSHKEHUH PSAA JIET.

[Ipubnu3uTenbHbIE NaHHbBIE TT0 Pa3MELICHUIO, CO-
CTaBy ¥ O1aroycTpONCTBY 30H MHOTO(YHKIIMOHAIBHBIX
MTAapKOB NPHUBE/ICHBI B TaOMIHUIIE.

Ha ocHOBe IMpoBEIEHHOr0 aHaNn3a aBTOpaMu IPeJi-
JaraeTcst MeTosl (POpMHUPOBAHUSI TUIAHWPOBKH MapKOBOM
30HBI C IOMOILBIO AJITOPUTMOB I'€HEPATUBHOIO AU3aiiHa.
Mopens JaHHBIX TPEIMETHOH 001acTH, B KOTOPYIO BXO-
JUAIT: TIpaBUJIa, OrPaHUYEHUS, PEKOMEH AU U T.11., IpeJi-
CTaBJIEHHBIE B BUJI€ OHTOJIOIMYECKOM MOJIENH, a TaKXKe

PasmerieHue, cocTaB 1 61aroycTpoiCcTBO 30H MHOTO()YHKIIHOHAIBHBIX [APKOB!

% o0reit
Bunpr 308* TUTOIAIN Pasmemenne B cocraBe mapka OpUEHTHPOBOYHBIN cOCTaB**
napka
[TyHKT OXpaHbl, TeaTpabHbIC, TAHIICBAIBHBIC,
KHHO-3CTPAJHbIC TUIOIIAIK!, ATTPAKIIUOHBI,
1. 30Ha MaccoBBIX MYHKTHI IIpOoKaTa, IpeanpHusITUs
. 5-15 BOnu3u miaBHOTO BXOAA Y P » IpeArp .
MEPOTIPUSATHIA OOIIIECTBCHHOTO MUTAHUS W POZHUYHOMN
TOPTOBJIH, TyaJIeThl, MTOJIS IS (eCTUBAIICH,
MacCOBBIX U U T.II.
Pa3meraercs B HauMeHee
MOCEIIaeMbIX MECTaX.
Jlo/kHa OBITH OT/ICIIeHA
JIEKOPATUBHELIMU 3€JICHBIMH Pasmernienre coopykeHuit He 0y CKaeTCsl.
2. 30Ha THXOTrO OTJbIXa 75-40 P Py y
HACaXICHUSIMHU OT 30H ITomanku Iyist OTABIXA
MaCCOBBIX, PH3KYIBTYPHO-
03/I0POBUTEIBHBIX, KYJIBTYPHO-
MIPOCBETUTEIBHBIX MEPOIPUSITHI
Brigenenue B oTaenbHOM
BricTaBoYHbIC TABHIIBOHBI, MPEAIPUSATHS
30HE WU CBOOOIHOE .
3. 30Ha KyJIBTYpHO- OOIIECTBCHHOTO MUTAHUS H POZHHYHOMN
pa3MeleHne Ha TEPPUTOPUH
MPOCBETUTEIIBHBIX 3-8 TOPTOBJIH, TABUIIbOHBI JIJIsl YTCHUS,
N 00BEKTOB KalMTaIbHOIO .
MEPOTPHSTHIA [IOMEILEHMS JIJISl JIFOOUTENILCKUX 3aHSATHI,
W HEKAMTaIbHOIO
JICKTOPHUH, TyaJCThI
CTPOMUTENBCTBA
DU3KYIBTYPHO-03I0POBUTEIILHBIC
Y CIIOPTHBHBIC COOPYKCHUS: TUIOMIAKH
1151 BoJieliboia, 6ackerboia,
0aJIMUHTOHA, HACTOJILHOTO TEHHHKCA,
4. OU3KYIBTYpPHO- 10-20 Pexomenayercst 00beIMHEHIE MHOTO(YHKIIMOHAIBHBIC CIIOPTUBHBIC
03I0POBUTEIIbHAS 30HA B €JIMHbIN KOMITJIEKC IUIOIIA/IKU, CIIOPTUBHBIC TUIOIIAIKA
JUTSE DKCTPEMAITbHBIX BUJIOB CIIOPTA, KATOK,
IUTOIAJIKY JIJIsl OT/IbIXA, IYHKT MpOKaTa,
MPEANPUATHSI OOIIECTBCHHOTO MUTAHUS
Y PO3HUYHOM TOPTOBIIH, TyaJICThI
0O060c00eHHO,
. JleTckue UrpoBbIC TUTONIAIKH, IUTOIAAKA
5. 30Ha 1715 OTIbIXa JIeTel 5-10 HA HE3HAYMTEIILHOM yIalIeHUU
JUTSL OTJIBIXA, aTTPAKIIMOHBI (IETCKHE)
OT BXOJIOB B ITapK
XO34MCTBEHHBIE TIJIONIAJIKH,
aJIMHHUCTPATUBHBIE COOPYIKEHUS,
ABTOHOMHBIH BBI€3/] Ha TPHUIICTAIOILYI0
YIHILY, TAPKOBKH JUTsl aBTOTPAHCIIOpTa
6. AIMMUHHUCTPATHBHO- MaJIOMOOMIBHBIX TIIT HACEJICHHUS, TYHKT
. p 2-7 0060c006eHHO Py 1Y
XO3sCTBEHHAsI 30HA OXpaHbl, KaCChI, TYHKT MPOKaTa UTPOBOTO
U CIIOPTHBHOTO HHBEHTAPSI, ITyHKT MPOKaTa
MUKHAKOBOTO MHBEHTAPS, HHPOPMAIIMOHHbIC
CTeH/Ibl, MecTa ISl yOOPOUHOU TeXHHKH,
TyaJleThl, TUIOIA KK ISl BBITYNA cO0aK

Ipumeuanue: * — B 3aBUCUMOCTHU OT MECTHBIX YCJIOBHH B IapKe JOIyCKaeTcs npeobiananie Kakoi-In0o oHOM Min IBYX

30H IIPpU COKpAlICHUU IUI0Ma i JPYTUX (HpH COXpaHCHUHN MHUHUMAaJIbHON iom@aaun 30HbI TUXOT'O OT}:[I)IXB.); *k pasMECUICHUE

OGBeKTOB, H€06XOHI/IMI>IX JUIs O6CJ'Iy)KI/IBaHI/I$[ OTAbIXAKOIIHUX U CBA3AHHBIX C HpPIpOZ[HOfI CHeHPI(l)PIKOfI HapKOBOﬁ CpE€abl [IpU MaKCHU-

MaJIbHOM COXPaHCHUH IPUPOIHOI'O naHz[mad)Ta.

' CIT 475.1325800.2020. ITapkwu. [TpaBuiia rpaioCTpOUTEILHOTO IPOSKTHPOBAHMUS U OnaroycTpoiicTsa. 2020.
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BBISIBJICHHBIE HEMPOCETEBBIMU aJITOPUTMAMHU MATTEPHBI
Y TIOIXO/TBI K PACTIONIOKEHHIO OOBEKTOB.

Memoo ecenepayuu ungpacmpykmypol napka

Oran 1. Urenue pailioB HACTPOCK.

Ilepen HawamoM reHepanuu 3TOT aITOPUTM JIOJI-
JKEH CUMTATh (ailll HaCTPOEK, €CIIM TAKOBOH MMeeTCH,
W/ BBEJICHHBIC IOJIB30BATENIEM JTOTIOJHUTEIbHBIC
napameTpbl: HaJu4Hue JETCKUX IUIOLIaJ0K, pa3sMep
JIOPOT, PAacCTOSHUE MEXKIY JIaBOUKaMHU (MJIH IPYTHUMH
oOBbexTamMm) U T.1. B 00s13aTeIbHOM TTOpsiIKE HEOOXOTH-
MO 3arpy3uThb Qaiin, comepxkanuii OWL-oHTOMOTHIO,
C 3aMMCaHHBIMU MIPaBUIIAMH U HOpMaMH, KOTOPBIE pe-
TIIAMEHTHPYIOT MPAaBIIBHOC pa3MEIleHHe 00BEKTOB
B napke [20-22]. Ha puc. 1 npuBeseHa OHTOJIOTHYE-
ckas monenb CIT 475.1325800.2020 «ITapxu. ITpaBuna
I'PaJIOCTPOUTEIHEHOTO MPOSKTHPOBAHUS U OJIAT0yCTPOii-
CTBay, Ha PUC. 2 — JCTaTN3NPOBAHHBINA (PparMeHT.

Oran 2. [locTpoeHue ceTku.

Hcxons u3 mapaMeTpoB CTPOUTCS CETKa COOT-
BETCTBYOIIEH pazmepHOocTH. CeTKa JJOIKHA COCTOSITh
U3 sYeeK, Kax1asi U3 KOTOPhIX XpaHHT B cebe orpee-
JICHHYIO0 UH(OPMAIIHIO: BO3MOKHOCTh CTPOUTEIHCTBA
Ha Hel, 00BEKT HaJl TOH SYEHKOW M THMII 30HBI, K KO-
TOpOI ATa suelika oTHOCHUTCA. [l paboThI anropuT™Ma
PaBHOMEPHOTO 3aITOHCHHS CETKH 3aJJaHHON TUTOINAIH
ObuTH pa3paboTaHbl CIEAYIONINE KIACCHI:

1. Kmace Ground, ¢ momMouis0 JaHHOTO Kiacca
MOKHO CO37IaTh AK3EMILUISPHI TICHKHU 3eMITH. DTOT 00h-
eKT CMOYKET XpaHHUTh B ceOe CICAYIONIe JaHHBIC:

* JOCTYIICH JIM OH JUTA TIOCTPOHKH;

* KaKOW THIT 00bEKTa HAXOIUTCS HAJl HUM;

* K Kakoll 30He OH IPUHAJICIKHT;

* KakoWd Marepuaj HY»KeH AJd OKpalluBaHUS
30HBI, K KOTOPOH OTHOCHUTCS 00BEKT. B Oymymiem Oyner
MCTIONB30BAThCS /111 HAHECEHHS TEKCTYP.

2. Kitace GronudBuilder — ocHOBHOI Ki1acc JaH-
Horo Moxayisi. C ero moMomIIbi0 MOXKHO 3aIyCTHTh ajl-
TOPUTM MOCTPOCHHS STYEEK 3EMJIH, a TAK)KE OH XPaHUT
CEeTKY 3eMIJIH.

[Ipormecc paboTe! anroputma:

* TONyYeHHUE Pa3MEpPHOCTH — JUITMHA U ITUPHUHA
CeTKH;

* CO3/1aHHE BUPTYaJIbHOM CETKH — CO3/IaeTCs CeT-
Ka MOJIy4YeHHON pa3MEepHOCTH, KaKJJON S4eHKHU KOTOpOo
COOTBETCTBYET K3eMILLsIp Kinacca Ground;

* MOCTPOCHHUE MOJEIH — CTPOUTCS MOJIENb 3eM-
JI 711 TIapKa, OTMPAsiCh Ha TaHHBIC, KOTOPBIE XPAHATCS
B BUPTYyaJbHOH CeTKe.

Oran 3. BoluncieHnue 30H.

[Tocne mocTpoeHust CETKU BBIYUCIISIOTCSI CBOOOI-
Hble A-KBaJIpaThl U pa3/ieisiOTCs Ha 30HBI.

AJITOpUTM pacyeTa IMIomaau KaxJ 101 30HbI, MO-
CTPOCHHUS ITHX 30H M pa3MeIIeHus 00bEKTOB BHYTPHU
HUX TIPEICTABISCT COOO0I CIEAYIONIYIO MOCIEeIOBATEITh-
HOCTb JI€UCTBUM:

1. ANropuTm nojyyaeT CIHCOK 30H JJIs TeHepa-
IUHU.
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2. Tlpoucxoaut pacyeT MmiIowaaei B 3aBUCUMOCTH
oT obmieit tromany. [Imomans 30HBI pacCUUTHIBACTCS
o opmyme:

p - 100
s 0

rae S, — IUIOIAAb 30HbL; p — €€ TPOLEHT OT O0IIeH
romay; S — o0ras mIoIaab 3aCTPOHKH.

3. Hcxonst u3 mopsiika TeHepaluu, HaunHaeTcs
reHepanus KaxJI0W U3 30H C COOIOEHNEM TPaBUI,
3a/laHHBIX TIoJh30BateneM (puc. 3). [enepamnus omHOM
30HBI TPOMCXOANT CIEAYIOIIM 00pa3oM:

3.1. PaccuuTsiBaeTCs IEHTpaNbHAs TOYKA 30HBI
OTHOCHUTEJIFHO TOYKH OpHEHTHpaA. TO eCTh 30HA JTOMIK-
Ha BXOAMTH B IPAHUIIBI TApKa BCEH CBOEH ILIOIA bI0
(mepecedenue ¢ IpyruMH 30Ha pasperraercs). Toukoi
OpPHEHTHPA MOXET OBITh SBHBIH OOBEKT, KaK B CIydae
C 30HOH MacCOBBIX MEPOIPUATUH, I]I€ TOUKOH OpUEH-
THpa MOXET CIYXHUTh TJIABHBIM BXOJ B MapK, €CIH Ta-
KOBOW UMEETCSL.

3.2. Ilocne HaxoXkAEHUS LIEHTPATILHON TOUKHU pac-
CUMTBIBAIOTCSI KOOPAMHATBI KpaliHEH JIeBOW HMKHEH
W KpallHell BepXHEH MpaBOW siY€EK AJi1 MOCTPOEHUS
MPSIMOYTOJIbHUKA 30HBI.

3.3. Ilo xoopAMHATAM CTPOUTCS MPSAMOYTOIbHAS
30Ha.

3.4. B a10i1 30He pacnonararorcst 00bekThI. 1o cire-
JYIOIEeMy NPUHIMITY: HAaHOOIBIINN TIPUOPUTET — HaH-
OorpImii pazmep.

3.5. Tlepexon k cieayromie 30He U Hadaso padboThl
¢ myHkTa 3.1.

JlaHHBIE 30HBI MOXKHO OyZET 3alOJIHUTH pa3iny-
HBIMU OOBEKTaMH OJJHOTO THIA U OKPYXHUTh UX IPO-
TyJIOYHBIMHU JOpokKkaMu. Hampumep, MOXKHO crenarb
KOMMEPYECKYIO0 30HY, B KOTOPOH OyayT NMpoaaBaThCs
€/1a WM CTOSATh ATTPAKIMOHBI; 3€JICHYIO 30HY C Aepe-
BBSIMH, KIIyMOaMH 1 ()OHTAHAMU H T.1I.

Oran 4. UTeHne Touek BXoJa.

AJTOpUTM CUUTBIBAET BBEJCHHBIE M10JIb30BATEIIEM
BXOJIbI B MTApPK U F€HEPUPYET MEKIY HUMU MapIIpyThl
OIIHUM 13 HECKOJIBKHX CIIOCOOO0B:

1. Yacbl — re"epauuu JOPOru OT OJHOIO BXOJa
K ClelyIonieMy ONMKailleMy Mo 4acoBOW CTpEIKe,
MOJIy4yasi B UTOTE JOPOTY MPAKTHUYECKH T0 MEPUMETPY
napka.

2. INaytuHa — reHepanust AOPOTH OT KaXJ0ro BXO-
Jla B Kbl Bxon. Jlomyctum, mMeercs 4 Bxoaa B Oymy-
Uil MapK, COOTBETCTBEHHO KaK/bIi BXOJ OyJeT NMeTh
JIOPOTY B KaX/IbIi 13 BXOJI0B. Bcero B KaXJ10M U3 TakuX
BXOJIOB JIOJDKHO OBITh IO TPU JJOPOTH B OCTAJIbHBIE.

3. KoMOMHUPOBaHHBI — KOMOWHALUS U3 JABYX
TPEABITYIINAX CIIOCOOO0B.

AJNTOPUTM MOCTPOCHUS MAPIIPYTOB MTPEACTABISIET
CO0OH CITEAYIONIYIO ITOCIEAOBATEIbHOCTD JCHCTBHIL:

1. HauanpHoli siuelikoii 3aaeTcss OJUH U3 BXOI0B
B MapK, a KOHEYHOU JTFOO0H APYTOH.

2. ANropuTM HoJy4aeT CHHCOK AOCTYIMHBIX siue-
€K JJIs IepeMeleHus AueeK. JloOCTymHBIMU SABISIOTCS

S, =
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Ja

——

Omnpenenenue TuIa 00bEKTa
B siYeHKe BbIILIE

l

Onpeznenenye NpUHAUICKHOCTH
K 30HE

l

OHpeI{CHCHI/Ie Marepuajia
JUIS1 HAHECCHUS TCKCTYPhI

A

JocrtynHa nu siueiika Ne i
CeTKHU ISl TOCTPOUKHU

l

JlobaBneHue sUeHKN Ha CETKY

Konerng

Puc. 3. I'enepanns 30H ¢ 100aBIEHHEM sUEEK HA CETKY

T€ STYCHKH, KOTOPBIC MTPUMBIKAIOT K TEKYIIeH 1 Ha HUX
€CTb BO3BMOXHOCTbH CTpOI/ITB O6’BCKTI)I.

3. Jlns Bcex HaWJEHHBIX SiYEEK TEKyIlasl 3alucChl-
BaeTCsI KaK MPeIbIAyIIas.

4. Jlampmre mpoXOIUT pacdeT CTOMMOCTH KasKIOH
H‘ICﬁKI/I, HUCXOOs N3 €€ CTOUMOCTHU U JUCTAHIIMN 1O KOHCY-
HOU TOuKH. [IMCTaHIuMs paccuuThIBacTCs 1o popmyrre:

D=4 -B|+|4 -B), @)

e A — Tekylas suyeiika; B — koHeuHasl.
Ecnu ecTh BO3MOXKHOCTB NEPEABIKEHUS TT0 JIHa-
TOHAJIH, TO OOJIBIIIE TOJOUIET hopMyIa:

3)

CTOMMOCTB pacCYUTHIBACTCS 110 CICAYIOIEH pop-
MyJe:

D=/(4,-B,) +(4,~B,).

Z=D-(4_+B), “

rae D — qucraHiys OT TeKyIIed STYelKH 10 KOHEYHOM;
A — Tekymiast siueiika; B — coceHsist CBOOO/IHAs siueliKa.
5. IIpocMaTpuBaeTcst CTOUMOCTb BCEX BBIUHUCIIsE-
MBIX SYEEK, JJaKe €CIIM 3Ta A4eiKa HaXOIUIach B CITH-
CKE HCCIIEJOBAaHHBIX.
6. Ecnau ctoumMocTh paccMaTpuBaeMoil BHITOJIHEE
JIPYyTUX, TO OHAa CTAHOBUTCS TEKYILEH, 1aXke ecIi oHa

OBLTa yXKe HCClIeoBaHa, HO TOTAA €€ MpPEIbIAyIast
siueiika repe3arnuchbiBaeTCsl.

7. Ecnm 970 ObLI1a KOHEYHAs TOUKA, TO aJTOPHTM 3a-
KaHYUBACT PadOTY, €CIIM HET, TO IIOBTOPSIET ITyHKTHI 2—5.

8. Ilo urory momyyaercst, 9T0 OT KOHEUHOH sTUeHKH
y Hac eCTh MyTh U3 IPEIBIAYIINX SUSeK O HauaIbHOM,
0 KOTOPBIM H CTPOUTCS JIOpOTa.

Hcxons u3 BEIOPaHHOTO METO/IA, CTPOUTCS TOPOTa,
OJIHOBPEMEHHO T'€HEPHUPYIOTCS U (IIPOCTHIE» OOBEKTHI,
HaTIpUMep, JTaBOYKH C MYCOPHBIMH OakaMHd, KOTOpBIC
JTOJDKHBI CTOSITH OKOJIO Jlopor (puc. 4). Takke 3To MOTYT
OBbITh 00BEKTHI 3€JICHOI 30HBI, HAIIPUMED JAEPEBbSI, KITyM-
051 i poHTaHEL [Ipenmonaraercs, 9To Ka)IbIid TeHe-
PUpPYEMBIii 00BEKT 3aHMMAET JINOO Il A-KBaapar,
100 KaKyl0-TO €ro 4acTh, TaK YTOOBI JIpyroid 0OBEKT
MOT 3aHSTH CBOOOTHOE MECTO.

Oram 5. [TocTpoeHue orpassl.

[Tocne 3aBepiueHus reHepali HY)KHO BEPHYTh-
¢ X F-kBagparaMm, a UMEHHO TeM, B KOTOPBIX €CTh
YaCTH TUIOCKOCTH MONHUTroHa. VcXoas W3 MX JaHHBIX,
0 TPaHUIIAM IUIOCKOCTH ITOJIMTOHA HY)KHO CT€HEpUpO-
BaTh OTPaay, KpOMe TOUCK BXOAA (OHH TOXKE SBISTFOTCS
F-xBaaparaMu) B HUX JIOJDKHBI OBITH BopoTa. [Ipenmomna-
raeTCsl, YTO JOJDKHBI ObITh Pa3JIMYHBIC BAPHALIUH OIPaK-
JICHUH, KOTOPBIE TaK)Ke MOXKET BHIOPATH MOTB30BATEIb.
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Hauano

HonyquI/Ie CIIMCKa
TOYCK BXOJa

Bri6op MeTozia renepanim
MapIIpyToB

MeTton «Jacei»?

Tenepamust qopor ot Bxona
KO BXOJY TI0 YaCOBOH CTpEJIKe

T'enepanus nopor
OT KaXJI0TO BXOJa
K Ka’kKIOMY BXOTY

Her
Meron «mayTuHKa»?

T'enepanus nopor
KOMOMHAIIMEH METOI0B
«4achl» U «IayTHHA»

T'enepanus u pacnonoxenue
00BEKTOB BJI0JIb MapIIPYTOB

ITocTpoenue orpanbt

Komnerr

Puc. 4. ITocTpoeHne MapIpyTOB IOPOT U PACIOIOKEHHE 0OBEKTOB

PE3YJIBTATHBI UCCJIEJOBAHUA

Peanusanus merona nokasaHa ¢ MOMOIIBIO Kpocc-
m1aTGOPMEHHOM cpebl pa3pabOTKU KOMITbIOTEPHBIX
urp Unity. JlanHOE pemieHne Ha TEKYIIeM dTare mMe-
€T HECKOJIbKO OCHOBHBIX MOJYJIEH, KOTOpbIE OTBEYa-
0T 3a T€ WK UHble yactu anropurma: GroundBuilder,
AreaBuilder 1 RoadBuilder. B xauecTBe BXOIHBIX JaH-
HBIX IT0JIB30BATEIb 331aeT NapaMeTpbl BHYTPH 00BEK-
TOB, KOTOpBIE ObLIM PACCMOTPEHBI BbIlle. BBIXOIHBIMU
JTAHHBIMH CITY>KUT CTEHEPHPOBaHHAs TUIAHUPOBKA BHY-
Tpu uHTepdeiica Unity.

[ar 1. ITporpamMma CIUTHIBAET TAHHBIE CO BCEX MO-
Iyneit u 3amyckaet Moayinb GroundBuilder. Otot Momynb
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TEHEPUPYET IIIOCKOCTD «3EMIII», PA3IEIECHHYIO Ha sTaeH-
ku. Kaxkmas siaeiika mmeet cBon napameTpbl. OCHOBHBI-
MU SIBIISIIOTCS: pa3pelIeHne Ha CTPOUTENBCTBO, THIT 30HBI
1 HH(POPMAIHS O THUIIE 00BEKTa HaJl COOOH.

[ar 2. [Toce co3ganus miockoct GroundBuilder
nepenaeT curaan RoadBuilder, koTopsrit B cBOtO 0Ye-
penb paccTaBisieT BXOAbI B ipeAnonaraeMblii napk. I1o-
cie gero nepenaet curHan AreaBuilder.

[Tar 3. Ha texymiem 3tame pa3paboTKHd MOIYIb
AreaBuilder cTpouT TOJBKO 1BE 30HBI: 30HY MaCCOBBIX
MEPOIPUSATHI U 30HY THIIMHBI HIIH OT/ABIXA.

[ar 3.1. l'eneparus HaYMHACTCSA C 30HBI MACCO-
BBIX MEPOIPUATUI OT I1aBHOro Bxona. Mexons us no-
ITyCTUMOTO HPOIEHTA, KOTOPBIH MOXKET JaHHas 30HA
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Puc. 5. ITocTpoeHue 30H U 3aM0THEHUE UX O0BEKTaMHU

3aHSITh, BBICUMTBIBACTCS €€ IJIOMIAAb U PaJHyC, Ha KO-
TOPBI OHA MOXET PacIpOCTPAHUTHCSI.

[ar 3.2. Slueiku 3eMJIN U3MEHSIOT CBOM THII HA CO-
OTBETCTBYIOLIUH.

lar 3.3. TenepupyroTcst 0ObEKTHI, XapaKTepHbIC
JUIS 3TOM 30HBI.

Iar 3.4. 3oHa TUIIUHBI TEHEPUPYETCS B CaMOil
JTalIbHEN TOYKE OT 30HBI MACCOBBIX MEPONPUTHIL. JlaTb-
III€ TIOBTOPSIFOTCS ITyHKTHI 3.2-3.3 (puc. 5).

[ar 4. RoadBuilder renepupyet TPONMUHKH MEXTY
BXOZIaMH, N30erasi NpersiTCTBHUS C TOMOIIBIO allrOpUT™Ma
KparJaiIero myTH, a TakKe CTPOUT JONOJIHUTEIbHBIC
00BEKTHI, TAKUE KAaK JJABOUYKH U MYyCOPHEIC OaKH.

[ar 5. [Tomp30BaTeNs MosTyyaeT 3-MepHBIi CreHe-
pUPOBaHHBIN Mapk (puc. 6).

Puc. 6. [Ipumep creHepupoOBaHHOTO MapKa ¢ OTMEYCHHBIMU
30HAMH

3AKJTIOYEHHUE U OBCYXJAEHHUE

[puBenen 0030p CylIECTBYIOIMX HOOXOA0B K re-
HEPaTUBHOMY JM3aiiHy B 00JIaCTH IpaJOCTPOUTEIHCTBA.
Ipemnoxen Meron (OpMUPOBAHHS TTAHUPOBKH MTAPKOBOM
TEPPUTOPUH HA OCHOBE TEXHOJIOTUI T€HEPATUBHOTO JH-
3aiiHa, a TAaKXKe OHTOJIOMMYECKOIO MH)KUHUPUHTaA. JlaHHBII
TMOZIXO], TTIO3BOJIUT COKPATHTh BPEMsI Ha MPOCKTUPOBAHUE
HOBBIX TEPPUTOPHIA 1 OLIEHKY CYILECTBYIOIIIX IIPOEKTOB.

B nanpHelmux ucciaenoBaHUSIX MPEAINONAraeTces
pacIIMpeHne OHTOJIOTMYECKOH MOJEH 3a cueT 00aB-
JICHHs HOBBIX CBOJIOB IIPABMJI, yCOBEPILICHCTBOBAHUE aJl-
TOPUTMOB I'€HepaluHy, 100aBjIeHe HHTEPAaKTHBHOCTH,
a TaKoKe paBuiI GOPMHUPOBAHMS TOPOJICKUX TEPPUTOPHIA,
peanu3anys MpeyIoKeHHBIX MOIXO0/I0B U METOJIOB B HaH-
0oJ1ee IOMYISPHBIX IPOrPAMMHBIX IIPOAYKTaX.
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INTRODUCTION

Automation of professional activity affects many
spheres of life in modern society. In the field of urban
planning and architecture, automated design technolo-
gies are developing. One of the leading and young
trends, which annually gains momentum and modern-
izes its capabilities, is generative design. This method
of computer-aided design allows specialists to perform
tasks in the shortest possible time, demonstrate numer-
ous generated solution options to clients and minimize
various engineering risks in project documentation.
Generative design simplifies the designer’s work by
delegating responsibilities to software (SW), thereby in-
creasing the efficiency of the specialist. In tandem with
neural network technologies, this method will intellec-
tualize the process of project generation.

Thus, it is necessary to explore the possibilities
and prospects of generative technologies and introduce
them into urban planning activities to acquire a better
level of design solutions.

Generative design is an approach to design based
on a set of computational algorithms that select many
variants of solving a given problem based on given pa-
rameters and select the most optimal results [1].

The generation of a huge set of solutions (speci-
mens) is performed by a computer through mathemati-
cal algorithms and machine learning. The result of this
process is not one or a few suitable solutions, but many
specimens. In this regard, design becomes a study
of cause and effect relationships.

There are few domestic studies of generative de-
sign and its technologies from the point of view of ur-
ban planning practice. This direction is only developing,
but theoretical works answer many questions related to
the advantages [1] and possibilities of generative design
application. In the scientific paper by A.A. Laushkina [2]
the existing methods and algorithms of generative de-
sign in urban planning taking into account changes in
the characteristics of the environment are considered.
Based on the analysis of existing solutions, various limi-
tations faced by developers were identified, the main
of which is the need to make changes in user mode.

Practical research also takes place in the scientific
works of domestic scientists. For example, the project

of A.Y. Pakhtaeva and Y.V. Rodionova [3] developed
a generative design method for landscape design, which
forms a technical task for developers of artificial intelli-
gence systems. The idea is that based on certain factors
influencing generative decisions, the system models
regular and natural processes by describing them using
a set of rules in the computer-aided design system.
The method makes it possible to form a pedestrian-
trail network of the park on the basis of determining
the points of attraction of residents and building a pre-
dictable projection of pedestrian movement, as well
as using machine learning to carry out aesthetic selec-
tion of objects. The principles of innovative approach
in the processes of the pre-project stage are revealed
in the article by N.G. Hayrapetyan and A.A. Zait-
sev [4], namely, the analysis of the most effective use
of the land plot for future development with the help
of generative design. The mentioned approach makes
it possible to obtain the maximum economic potential
of territories, to increase the efficiency of the process
of development of preliminary due diligence at the ear-
ly stages of the project.

In the work of V.V. Garyaeva and A.N. Garya-
ev [5] present the results of analysis and practical im-
plementation of approaches to information processing
when automating construction design using generative
design technology. The developed method allowed using
certain software products to automatically create a set
of solutions for the task of conceptual building mod-
elling, thereby reducing the time spent by a specialist
on the development of design documentation.

Foreign scientists have made a huge contribution
to the innovative development of the generative design
industry in terms of its implementation in practical
urban planning activities. We can mention the works
of the following researchers: O. Moskovitz, Sheini
Barat [6], Yue Sun [7], D. Kumalasari [8], Dongjie
Wang [9], Reinhard Koenig [10, 11], Seiki Koma,
Yuichiro Yamabe [12].

E.L. Reisbich in his article [13] suggests using
generative design to test any projects before their
implementation, namely, what impact they will have
on the environment and what problems can be encoun-
tered during implementation. In this paper, the author
talks about the use of generative design tools in the open
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source programme Grasshopper [14]. E.B. Oxuse pro-
poses to apply generative design and allometry to cre-
ate more efficient forms at the city scale [15]. A. Yeh
and K. Lee raise the topic of combining neural network
methods and generative design as a proposed future de-
velopment of technology [16].

Reinhard Koenig [11] described the successful ap-
plication of the Evolutionary Optimization Algorithm
(EMO) to create multiple planning structures such as
street networks, neighbourhoods, land parcels and
buildings. The use of the data structure is implemented
in Grasshopper software for Rhino3D as part of a flex-
ible, modular and extensible optimization system that
can be applied to a variety of urban design problems
and is able to reconcile potentially conflicting design
goals in a semi-automatic manner. Seiki Koma and
Yuichiro Yamabe [12], in their experimental study, pro-
posed an urban landscape design optimization system
using interactive genetic algorithm (IGA). Using this
method, the researchers determined the optimal way to
incorporate citizens’ opinions of comfortable urban en-
vironment into computer-aided design technology for
street frontage evaluation.

Using conventional tools, a huge amount of time
will be spent designing for just one layout option,
of which there are often several required.

This is exactly where generative design can help.
Thanks to it, the designer can provide different vari-
ants of layouts in a shorter period of time, spending
much less resources and time [17, 18]. At the same
time, he does not need to know all the rules and con-
straints by which the drawing is formed, because all
this will already be taken into account during genera-
tion. As N.I. Smetanina said: “Generative design takes
into account and analyses a large amount of data when
working, taking into account many factors and selecting
the most important ones” [19]. This method will simpli-

fy the work of many architects, raise their productivity
and quality of work to a new level.

MATERIALS AND METHODS

At the stage of preparation of the landscaping
project, rough rules for the location of the various park
facilities are defined and the park area is divided into
zones. The placement of these zones is determined
by their purpose, the location of the main entrance,
the location of the park, the topography of the terri-
tory, the presence of water bodies and the composition
of green spaces.

The areas of mass spectator events and physical
fitness facilities, which attract many visitors, are placed
in the area of the main entrance.

The main entrance to the park shall be designed
with regard to the supplying thoroughfares and streets.
In addition, there should be secondary entrances from
adjacent streets and utility entrances. The children’s
area is located away from the entertainment area and
physical education facilities.

The quiet recreation zone is as far as possible from
the source of noise and is located in the most pictur-
esque part of the park, among plantations, near water
bodies. It should include areas with rugged terrain and,
if possible, be adjacent to natural massifs.

The main background of the park is green spaces,
so all the buildings in the park should be integrated
into the greenery and harmoniously combine with each
other, complementing the beauty of each other, creating
the impression of a single harmonious ensemble.

The main means of artistic composition of the park
are green spaces, which change over time. Therefore,
the architectural and planning composition of parks
should take into account their development over a num-
ber of years.

Location, composition and landscaping of multifunctional park areas'

% of total Accommodation as part . .
Types of zones* ’ p Indicative composition**
park area of the park
Security point, theatre, dance, film and variety
. . venues, amusement rides, rental facilities, caterin
1. Public events zone 5-15 Near the main entrance >, . ’ . &
and retail outlets, toilets, fields for festivals, mass
games, etc.
It shall be located in the least
frequented places. It should
. . b ted by d ti .
2. Quiet recreation © sepatated by cecorative Placement of structures shall not be permitted.
75-40 green plantings from the areas .
area . Recreational areas
of mass, physical culture,
recreational, cultural and
educational events
Allocation in a separate zone o e . .
3. Cultural and . Exhibition pavilions, catering and retail
. or free placement of capital and . ; i ..
educational events 3-8 . . . establishments, reading pavilions, amateur activity
non-capital construction objects f
zone . rooms, lecture halls, toilets
on the territory
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End of the Table

% of total Accommodation as part of L .
Types of zones* ’ p Indicative composition**
park area the park
Sports and recreational facilities: volleyball,
. . . basketball, badminton, table tennis courts,
4. Fitness and It is recommended to combine . .
. 10-20 . . multifunctional sports grounds, sports grounds for

recreational area into a single complex Lo .
extreme sports, skating rink, recreation grounds,
rentals, catering and retail outlets, toilets

5. Children’s 510 Detached, at a slight distance | Children’s playgrounds, recreation grounds,

recreation area from the park entrances amusement rides (children’s)
Service areas, administrative buildings,
autonomous exit to the adjacent street, car parks

. . fi hicles of 1 ili i i
6. Administrative pr vehicles of low mobility groups, secgrlty point,
. 2-7 Separately ticket office, playground and sports equipment

and economic zone . : . .
rental, picnic equipment rental, information
boards, places for cleaning equipment, toilets, dog
walking areas

Note: * — depending on local conditions in the park it is allowed to dominate one or two zones while reducing the area of other
zones (while maintaining the minimum area of the quiet recreation zone); ** — placement of objects necessary for servicing
holidaymakers and related to the natural specifics of the park environment with maximum preservation of the natural landscape.

Approximate data on the location, composition
and landscaping of mixed-use park areas are shown in
the table below.

Based on the analysis, the authors propose a meth-
od of forming the layout of a park area using generative
design algorithms. The data model of the subject area,
which includes: rules, constraints, recommendations,
etc., presented in the form of an ontological model, as
well as patterns and approaches to the location of ob-
jects identified by neural network algorithms.

Method of generating park infrastructure

Step 1: Read the settings files.

Before starting the generation, this algorithm must
read the settings file, if any, and/or additional param-
eters entered by the user: the presence of playgrounds,
the size of roads, the distance between benches (or other
objects), etc. It is mandatory to load a file contain-
ing an OWL ontology with recorded rules and regula-
tions that govern the correct placement of objects in
the park [20-22]. Fig. 1 shows the ontological model
of CP 475.1325800.2020 “Parks. Rules of urban planning
design and landscaping”, Fig. 2 shows a detailed fragment.

Step 2: Grid construction.

Based on the parameters, a grid of appropriate dimen-
sionality is constructed. The grid should consist of cells,
each of which stores certain information: the possibility
of building on it, the object above this cell and the type
of zone to which this cell belongs. The following classes
have been developed for the operation of the algorithm
of uniform filling of the grid of a given area:

1. Ground class, with this class you can create in-
stances of a ground cell. This object will be able to store
the following data in it:

« if it’s available for construction;

» what type of object is above it;

» which zone it belongs to;

» what material is needed to colour the area to which
the object belongs. In the future it will be used to apply
textures.

2. The GronudBuilder class is the main class of this
module. It can be used to run the algorithm for building
ground cells, and it also stores the ground mesh.

Algorithm process:

* obtaining dimensionality — length and width
of the grid;

« virtual grid creation — a grid of the obtained di-
mensionality is created, each cell of which corresponds
to an instance of the Ground class;

* model building — a model of the land for the park
is built, based on data that is stored in a virtual grid.

Step 3: Calculating the zones.

After grid construction, the free A-squares are cal-
culated and divided into zones.

The algorithm for calculating the area of each
zone, constructing these zones and placing objects with-
in them is the following sequence of actions:

1. The algorithm receives a list of zones to generate.

2. Area calculation takes place depending on the total
area. The area of the zone is calculated according to
the formula:

p - 100
S, = (1)
where S, is the area of the zone; p is its percentage
of the total area; S is the total built-up area.

3. Based on the generation order, the genera-
tion of each zone starts, following the rules defined by
the user (Fig. 3). Generation of one zone is performed
as follows:

3.1. The centre point of the zone is calculated rela-
tive to the point of reference. That is, the zone must be
within the park boundaries with its entire area (intersec-
tion with other zones is allowed). The point of refer-
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Fig. 2. Detailed fragment of OWL-ontology CP 475.1325800.2020

Start
Yes No
l Is there a settings file? l
Reading User input
the settings file of parameters
| Loading OWL ontology

Creating a virtual grid

Calculating zone areas

Generating zones while
complying with
ontology rules

i=l.n
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Yes

——

Determining the object
type in the cell above

l

Determining zone affiliation

l

Determining the material
for applying the textures

A

Is cell Ne j available
for construction?

l

Adding a cell to the grid

Fig. 3. Zone generation with adding cells to the grid

ence can be an obvious object, as in the case of the mass
event zone, where the point of reference can be the main
entrance to the park, if there is one.

3.2. After finding the centre point, the coordinates
of the leftmost lower and rightmost upper cells are cal-
culated to build the zone rectangle.

3.3. A rectangular zone is constructed from the co-
ordinates.

3.4. Objects are placed in this zone. According to
the following principle: highest priority — largest size.

3.5. Move to the next zone and start from point 3.1.

These zones can be filled with different objects
of the same type and surrounded by walkways. For
example, there could be a commercial zone with food
sales or amusement rides; a green zone with trees, flow-
erbeds and fountains, etc.

Step 4: Reading the entry points.

The algorithm reads the park entrances entered
by the user and generates routes between them in one
of several ways:

1. Clockwise — generating a road from one en-
trance to the next nearest clockwise, ending up with
a road almost around the perimeter of the park.

2. Web — generation of a road from each en-
trance to each entrance. Suppose there are 4 entrances
to the future park, respectively each entrance will have

174

End

aroad to each of the entrances. In total, each of these
entrances should have three roads to the other entrances.

3. Combined — a combination of the two previous
methods.

The algorithm of route construction is the follow-
ing sequence of actions:

1. The start cell is defined as one of the entrances
to the park, and the end cell as any other.

2. The algorithm receives a list of available cells for
moving cells. The available cells are those that are adja-
cent to the current cell and on which it is possible to build
objects.

3. For all cells found, the current cell is written as
the previous cell.

4. Next, the cost of each cell is calculated based
on its cost and the distance to the end point. The dis-
tance is calculated according to the formula:

D=4 -B|+|4 -B), (2)
where A4 is the current cell; B is the destination cell.

If there is a possibility of travelling diagonally,
the formula is more suitable:

D=(4,-B,)" +(4,-B,)". (3)
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Start

Getting list
of entry points

Choosing route
generation method

“Clock” method?

Generating roads
from entry to entry clockwise

Generating roads
from each entry
to every other entry

“Spider web” method?

Generating roads
by combining “clock”
and “spider web” methods

Generating and placing
objects along routes

Building fence

End
Fig. 4. Construction of road routes and location of objects

The cost is calculated using the following formula:
Z=D—(A,+B), 4

where D is the distance from the current cell to the des-
tination cell; 4 is current cell; B is the neighbouring free
cell.

5. The value of all calculated cells is viewed, even
if that cell was in the list of investigated cells.

6. If the cost of the one under consideration is
more favourable than others, it becomes the current
one, even if it has already been investigated, but then its
previous cell is overwritten.

7. If this was the endpoint, the algorithm termi-
nates, if not, it repeats steps 2-5.

8. As a result, we have a path from the final cell
from the previous cells to the initial cell, along which
the road is built.

Based on the selected method, a road is built, and
at the same time “simple” objects are generated, such as
benches with bins, which should stand near the road (Fig. 4).
They can also be green space objects, such as trees, flow-
erbeds or fountains. Each generated object is assumed to
occupy either the whole 4-square or some part of it, so
that another object can occupy the free space.

Step 5: Building a fence.

After the generation is complete, we need to return
to F-squares, namely those that contain parts of the poly-
gon plane. Based on their data, a fence should be gener-
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Fig. 6. Example of generated park with marked zones

ated along the boundaries of the polygon plane, except for
the entry points (they are also F-squares) there should be
gates in them. It is assumed that there should be different
variations of fences, which can also be chosen by the user.

RESEARCH RESULTS

The implementation of the method is shown using
the Unity cross-platform computer game development
environment. This solution at the current stage has
several main modules that are responsible for certain
parts of the algorithm: GroundBuilder, AreaBuilder and

RoadBuilder. As input data, the user sets parameters in-
side the objects that were discussed above. The output
data is the generated layout inside the Unity interface.

Step 1: The programme reads data from all mod-
ules and starts the GroundBuilder module. This module
generates a ground plane divided into cells. Each cell
has its own parameters. The main ones are: building
permit, zone type and information about the type of ob-
ject above it.

Step 2: After creating the plane, GroundBuilder
sends a signal to RoadBuilder, which in turn places
the entrances to the proposed park. After that it sends
a signal to the AreaBuilder.

Step 3: At the current stage of development,
the AreaBuilder module builds only two zones: Mass
Event Zone and the Quiet or Rest Zone.

Step 3.1. Generation starts with the mass event
zone from the main entrance. Based on the allowable
percentage that this zone can occupy, its area and the ra-
dius to which it can extend are calculated.

Step 3.2. The ground cells change their type to
the appropriate one.

Step 3.3. Objects characteristic for this zone are
generated.

Step 3.4. The silence zone is generated at the fur-
thest point from the mass events zone. Steps 3.2-3.3 are
repeated (Fig. 5).

Step 4: RoadBuilder generates paths between en-
trances, avoiding obstacles using a shortest path algo-
rithm, and builds additional objects such as benches and
rubbish bins.

Step 5: The user gets the 3-dimensional generated
park (Fig. 6).

CONCLUSION AND DISCUSSION

A review of existing approaches to generative de-
sign in the field of urban planning is given. The method
of park area layout formation based on generative de-
sign technologies and ontological engineering is pro-
posed. This approach will reduce the time for designing
new territories and evaluating existing projects.

In further research it is supposed to expand the on-
tological model by adding new sets of rules, improve
the generation algorithms, add interactivity, as well as
rules for the formation of urban areas, and implement
the proposed approaches and methods in the most pop-
ular software products.
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HoBble BO3MOKHOCTH COXPAHEHUS 00bEKTOB APXUTEKTYPHOI0
HacJieAusa B UM(pPPoOBOH cpeae MeTaBCeJIeHHOMN
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AHHOTALUMA

BeepeHue. [NpeanoxeHa TEXHOMOMMS METaBCENEHHOW, B KOTOpoW ocoboe BHWMaHWE YAEnsieTCsl OpPUEHTMPOBaHHOM
Ha nonb3oBaTensi TEXHONOrMYeckon aganTauuy kak cpeabl Ans BOCNPOM3BeAeHUst oM POBaHHbIX NAMSATHUKOB apXUTEKTY-
pbl. Llenb nccnenoBaHws — onpefenuTe OCHOBHbBIE KIMHOYEBbIE TEXHONOMMYeckne CerMeHTbl Ans 0ObekToB apXUTEKTYPHOTO
Hacrneamsi B 3aBUCHMOCTY OT TuNa MeTaBceneHHoW. [ns AOCTWXEHWS Lienn UccnefoBaHusl NMoCcTaBneHbl 3a4aqn: aHanma
MPOPbIBHbIX ¥ CKBO3HbIX TEXHOMOIMI; OLIEHKa KPUTEPUEB KIOYEBOrO TEXHOMOrMYECKOro CermeHTa ObbekToB apXMTEKTYp-
HOro Hacrnegusi B cpede mMetasceneHHon. OcHoBononaraLwmmMmn No OTHOLLIEHUIO K AAHHOMY WUCCIEefOBaHMI0 MOXHO CYM-
TaTb TPYAbl, PACKPbIBAOLLME acneKTbl: yNpaBneHus HacneameM, npeacTaBneHHoro HopmaTMBamu, CTaHgapTamu; onvcaHus
CKBO3HbIX TEXHOMOTUA, (POPMUPYIOLLIMX METABCENEHHYI; COXpaHeHUsi 0OGbEKTOB apXUTEKTYPHOTO Hacrneamsi ¢ BHeApeHneM
TEXHONOrMm undpoBmU3aLnm.

Matepuansi u meToabl. [pyMeHeHb! 06LLEHaYYHbIe METOAbI (MOMMYECKUIA, METOA aHaNorum, CUCTeMaTU3aLun), KOHKPETHO-
Hay4Hble MeToAbl (CPaBHUTENbHbI aHanM3 Hay4HbIX MICTOYHMKOB MHCpOpMaLIMK, NPOBEeAEHHbIN Ha 6ase LumMdpoBbIx G1bNMo-
Tek Researchgate, CyberLeninka), undpoBoii MeToq (3anpockl B CETU UHTEPHET, rnobarnbHble TpeHabl).

Pe3ynbraThl. B pesynsrate aHanmaa kino4YeBbIX TEXHONOMMYECKUX CErMEHTOB B 06MacT COXpaHEeHWst apXMTEKTYPHOTO Ha-
cneavs B cpefe MeTaBCceSleHHON BbISIBNEHb! KpUTEPUM ANS OLEHKV NoTeHLMana npuMeHeHnst JaHHOM TexHonornm B cpepe
HeLBMXMMOCTM, UHXUHUPUHIA U CTPOUTENBCTBA, HayYHO 3HAYMMbIX OOBEKTOB, BOCCO3AAHNS PEKOHCTPYKLIMIA, NOCELLEHUS
0ObEKTOB Hacneausi B BUAE My3eiHbIX 3KCMOHATOB, NMB0 kak 06bEeKTOB B cdepe Typuama.

BbiBogbl. CoxpaHeHne 06bEKTOB apXMTEKTYPHOrO Hacneavs B Buae LUMgpoBbIX Modernen, 3N1eMeHTOB METABCENIEHHOW MO-
3BOMUT BOCMPOU3BECTU NaMsATb U GoraTyto UCTOPUIO Pa3BUTUS apXUTEKTYPbl U rPafoCTPOUTENbCTBA.

KNKOYEBBIE CITOBA: apxuTekTypHOe Hacrneaue, NpopbiBHblE TEXHOMOMMKU, MeTaBcerneHHas, 6riokyelH, BUpTyanbHas pe-
anbHOCTb, AOMOMHEHHAs pearnbHOCTb, CMeLlaHHas peanbHOCTb

OnA UATUPOBAHUA: Cadbikosa J1.M. HoBble BO3MOXHOCTU COXPaHEHUs1 0O bEKTOB apXUTEKTYPHOro Hacneams B undpo-
BOWVI cpefie meTaBceneHHou // CTpoutenbCcTBo: Hayka n obpasosanue. 2025. T. 15. Bein. 2. Ct. 10. URL: http://nso-journal.
ru. DOI: 10.22227/2305-5502.2025.2.10

Asmop, omeemcmeeHHbIl 3a nepenucky: Nenican NpekoBHa CaabikoBa, architectoramineva@mail.ru.

New opportunities for the preservation of architectural heritage
in the digital environment of the metaverse

Leysan I. Sadykova
RN-BashNIPIneft; Republic of Bashkortostan, Ufa, Russian Federation

ABSTRACT

Introduction. In this paper, a metaverse technology is proposed, in which special attention is paid to user-oriented techno-
logical adaptation as an environment for reproducing digitised architectural monuments. The purpose of the study is to iden-
tify the main key technological segments for architectural heritage sites, depending on the type of metaverse. To achieve
the purpose of the study, the following tasks were set: analysis of breakthrough and end-to-end technologies; evaluation
of criteria for a key technological segment of architectural heritage objects in the metaverse environment. Consequential
fundamental in relation to this study can be works which is revealing aspects of: heritage management, represented by
norms, standards; descriptions of end-to-end technologies forming the metaverse; preservation of architectural heritage
objects with the introduction of digitalisation technologies.

Materials and methods. In this paper general scientific methods (logical, method of analogy, systematisation), specifically
scientific methods (comparative analysis of scientific sources of information conducted on the basis of digital libraries Re-
searchgate, CyberLeninka), digital method (Internet queries, global trends) were applied.
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Results. As aresult of the analysis of key technological segments in the field of architectural heritage preservation in
the metaverse environment, criteria were identified for assessing the potential of using this technology in the field of real
estate, engineering and construction, scientifically significant objects, reconstruction of reconstructions, visits to heritage
sites in the form of museum exhibits, or as objects in the field of tourism.

Conclusions. The preservation of architectural heritage objects in the form of digital models, elements of the metaverse will
preserve and reproduce the memory and rich history of architecture and urban planning.

KEYWORDS: architectural heritage, breakthrough technologies, metaverse, blockchain, virtual reality, augmented reality,

mixed reality
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BBEJIEHUE

[IpennoxeHa TEXHOIOTUS METaBCEICHHOM, B KO-
TOpOi 0c000C BHUMAHUE YIACISICTCS OPUCHTUPOBAH-
HOM Ha IOJIL30BATEeIIsl TEXHOJOTHUYECKOW aJanTaiuu
KaK Cpeﬂbl JJIs1 BOCHpOI/I3BeZleHI/I§I OHI/I(prBaHHI)IX Ina-
MSTHHKOB apXHUTCKTYPHI.

lens ucciienoBanusi — OMPEICIUTh OCHOBHBIC
KJIFOUEBBIC TEXHOJOTMYECKHE CETMEHTHI JIJIsi 00BEKTOB
APXUTEKTYPHOTO HACIICANS B 3aBHCUMOCTH OT THIIA ME-
TaBCEJICHHOM.

JIIst TOCTYOKEHUS TIeJIH UCCIISJOBAHMS TTOCTaBIe-
HBI 3a/1a4H:

* aHAJIN3 IPOPBIBHBIX M CKBO3HBIX TEXHOJIOTHIA;

* OIICHKA KPHUTEPUEB KIIOYEBOTO TEXHOJOTHYEC-
CKOTO CerMEHTa OOBCKTOB apXUTCKTYPHOIO HACICIUS
B Cpe/Ie MCTaBCEIICHHOM.

OCHOBOITOJIATAFOIIUMH 10 OTHOILICHUIO K TAHHOMY
MCCIIEIOBAHUIO MOKHO CUUTATH TPY/BI, PACKPHIBAIOIIIHE
ACTICKTBI:

* yOpaBJeHHsI HACIEIUEM, TIPEACTABICHHOTO HOP-
MaTHBaMH, CTaHIapTaMH;

* ONHUCAHUs CKBO3HBIX TEXHOJIOTHH, (pOopMUDY-
romux Merascenennyio: .U, Cazepnenn, C.K. bax-
tuapu, JI.X. JIu, T. bpon, II. Uxoy, J.B. Canaros,
M.A. Xaputonos, E.A. Togynosa, A.C. Ilyprus;

* COXpaHCHUS OOBEKTOB apXUTEKTypPHOTO Ha-
ciaeausi C BHEAPCHUEM TEXHOJIOTHH IU(DPOBU3AIMH:
A.H. HecrepoBa, A.E. Cemuna, JI. fur, 10. Hue,
C. Unnocenre, ®. Honuc, A.JI. dapo, P. Pymxue-
pu, J.I. IlIkaes, N.II. I'magumiuna, E.B. Knumkosuy,
A.C. bonnapeHko.

MATEPHAJIBI U METO/JAbI

[IpumeHeHbl O0lIeHAayYHBIE METOABI (JIOTHYe-
CKHi1, METO/I aHAJIOTHH, CUCTEMATH3aIINH ), KOHKPETHO-
Hay4HbIEe METO/IbI (CPABHUTENBHbIN aHAIN3 HAYYHBIX HC-
TOYHUKOB MH(OPMAIMHK, IPOBEACHHBIN Ha Oa3e g po-
BbIX OuOmnorek Researchgate, CyberLeninka), nud-
POBOI MeTOJ (3aIPOCHI B CETH MHTEPHET, II00AIbHbBIC
TPEHJIBI).

TpaaunmnonHoe coxpanenue 00beKTOB
APXMTEKTYPHOIO0 HACJIeIUs

Pabora ¢ oObexTamu Hacieaus, cornacHo Dene-
panpHOMY 3aK0HY OT 25.06.2002 Ne 73-@3 «O6 005B-
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eKTaxX KyJIbTypHOro Haclienus (MmaMsTHUKaX UCTOPUH
U KyJIBTYpbl) HapoaoB Poccuiickoit @enepannu»’, Tpe-
OyeT mpenocTaBIEeHNs MPOEKTa C palHOHAIN3aNNEH
MPUHATHIX PEIICHUH U 0053aTENbHBIM IPOXOKICHH-
€M rocyunapcrBeHHoM skcneptussl. Ilo I'pagocTpou-
TENFHOMY KOZlekCy PD? rocymapcTBEHHOM 3KCIIepTH3E
MOJUIE’KAT MPOEKTHAsA JTOKyMEHTAIMS M PE3yIbTaThl
WHKXCHEPHBIX M3bICKAHUH, BBIITOJHEHHBIX IS TOA-
TOTOBKH JOKYMEHTAIlMH OOBEKTOB KyJIbTYPHOTO Ha-
cnequs (OKH) pernoHanbHOTO W MECTHOTO 3HAYCHHUSA.
B coorBercrBuu ¢ IloctanoBnenuem IlpaBurenbcrsa
PD or 05.03.2021 Ne 3313 mist o6bexTOB, PUHAHCH-
pOBaHNE KOTOPBIX OCYLIECTBIAETCA C IPUMEHECHHEM
TOCYIapCTBEHHBIX CPE/ICTB, HEOOXOANMO BHEIPECHHE
nudposoit mHPOpManmorHoi monenu (LIMM). Co-
macHO TpeboBaHUAM K II(PPOBBIM HH()OPMAITHOHHBIM
MOZEIISIM ITPOU3BO/ICTBEHHBIX M HEMPON3BOJCTBEHHBIX
00BEKTOB KaIlUTAIBHOIO CTPOUTENBCTBA st MOCKBBI*
n Cankr-IleTepOypra’ pernameHTupytoTcs: Gpopmar,
HAaUMEHOBAaHUE, pa3JeICHUE U MOArOTOBKa (ailnoB

' 06 o0bekTax KyJIbTypHOTO Hacsequs (MaMITHUKAX HCTOPUH
U KyJIBTYpbl) HaponoB Poccuiickoit @enepanmu : Penepaib-
HbIH 3ak0H PO 01 25.06.2002 Ne 73-D3 (¢ u3m. Ha 25.06.2002).
URL: http://www.kremlin.ru/acts/bank/18230

2 I'pagocTpouTeNbHbIA Komeke Poccuiickoit Denepanuu
or 29.12.2004 Ne 190-@3 (pen. ot 25.12.2023) (c u3Mm.
u gom., Betyi. B cuny ¢ 01.02.2024). URL: https://legalacts.
ru/kodeks/Gradostroitelnyi-Kodeks-RF/

3 O6 yCTaHOBJIEHUH CIIydYaeB, TP KOTOPBIX 3aCTPOMIINKOM,
TEXHUYECKIM 3aKa3UHKOM, JIMIIOM, 00ECTICINBAIOIINM HITH OCY-
LICCTBIISIONINM ITOATOTOBKY 000CHOBAHHS MHBECTHIHHA, 1 (VITH)
JIMIIOM, OTBETCTBEHHBIM 32 KCILTYaTaI[Mi0 00bEKTa KalnuTallb-
HOTO CTPOUTENBCTBA, 00ECTICYNBAIOTCS (POPMHUPOBAHUE U BEJIC-
HHE HHPOPMALMOHHON MOZIEN 00BEKTa KaUTaIBHOTO CTPOH-
TenbeTBa (¢ u3M. 1 goit.) : [locranonenue [IpaBurensctBa PO
ot 05.03.2021 Ne 331. URL: https://base.garant.ru/400424628/

* TpeboBauust K 1E(pOBEIM HHPOPMAIIMOHHBIM MOJIEIISIM [IPOH3-
BOJICTBEHHBIX M HETIPOU3BOICTBEHHBIX O0BEKTOB KAIINTAIBHOTO
CTPOUTENBCTBA, TPEICTABIACMBIM IS TIPOBEICHNS SKCTIEPTU3bL.
URL: http://www.moexp.ru/doc/req_cim_ot 08-2022.pdf

5 TpeGoBauust K E(BPOBHIM HHPOPMAITMOHHBIM MOIEISIM 00b-
€KTOB KallMTaJIbHOTO CTPOUTEIHCTBA, MPEACTaBISEMBIM IS
nposenenust sxkcrepTusbl. URL: https://www.spbexp.ru/upload/
iblock/906/trebovaniya k tsim redkatsiya 18 06 2020.pdf
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WM. IIpuBeneHHbIE BbILIE JOKYMEHTHI IOATBEPKIAA-
0T, 9YTO MOJICIIMPOBAHUE OOBEKTOB IS TPOXOXKIACHUS
SKCIEPTU3HI TOCTETICHHO CTAHOBUTCS 00S3aTEIBHBIM.
Taxxe B Poccun Ha (enepalibHOM YPOBHE CYIIIECTBY-
€T peecTp IS CHCTEMaTH3allii M XPaHEHUs JTaHHBIX
no OKH B ungposom popmare.

OneIT coxpaHeHHsI O0OBEKTOB apXUTEKTYPHOTO
Hacienus (OAH) HampaBieH Ha W3y4YCHHE U OXpaHy
KyJIBTYpPHBIX IIEHHOCTEH, TOUCK MPUHIUIIOB U METOI0B
KOHCEpBAallUM M peCcTaBpallid, COBEPIICHCTBOBAHUE
HOpPMAaTHUBHOW 0a3bl, cTpaTeruueckoe MiaHupOBaHHE
U yIpaBiieHUEe 00BhEKTaMHU HACIEIUS B YCIOBHSX TIIO-
Oanuzanuu. [lepeunciieHHbIE TOAXO/BI CO BpEMEHEM
HnpeTeprneBald U3MEHEHUs, HalpUMep, PEIIeHHe BO-
MPOCOB M3YYCHHUS M OXPAHBI KyJIbTYPHBIX LIEHHOCTEH,
MOUCK MPUHIIUIIOB U METOI0B KOHCEPBALIUU U PECTAB-
pammy CMEHHUIICS TIePEX0IoM K MOHYMEHTAIbHOH 0Xpa-
HE HacleIus Tak JKe, Kak M KOHCEPBAI[HOHHbIE TTOIXO/bI
K HACJICJINIO, Pa3BUTHE PEKOHCTPYKIIUH, MOJICPHU3AIHN
u nepenpoduIMpoBaHusl 00BEKTOB HACIenus ObLIN
peoOpa3oBaHbl B PEKOHCTPYKTUBHBIE, ITParMaTHYHbIe
TTOJXOABI K HACIIEIHIO.

[epeuncnennsie MeToap! 3HHEKTHBHBI 17151 pado-
THI C CYIIECTBYIONUMH 00BEKTaMU HAaCJICIUS B TO Bpe-
MsI, KOTJIa MHOTHE OOBEKTBI Hacjaeausi 0C3BO3BPATHO
YTEPSIHBI MJIN HaXOASTCS B aBapUITHOM COCTOSTHHH.
C 3TUMU IpoIeccaMy CBA3aHbI OTCYTCTBHUE JICHCTBEH-
HOTO MeXaHH3Ma KOHTPOJIS 32 COXPAHEHUEM U COJep-
JKaHHEM OOBEKTOB KYJIBTYPHOTO HACIIEIHS, CII0KHOCTD
BKIIIOUEHHS 00BEKTOB Hacjeaus B COBpeMeHHbIﬁ oTe-
YECTBEHHBIN PHIHOK (TypHCTHYCCKHUHA PBIHOK, PHIHOK
KUITbSA), OTCYTCTBHE MPOPabOTaHHBIX MEXaHH3MOB
B DKOHOMMUYECKHX CEKTOpax JUIsl MOCJIEJ0BATEIbHOTO
penieHns mpobIeM NaMSATHHKOB, a TaK)Ke BKIIIOYCHHUS
MaMSTHUKOB B XO3SIICTBEHHBIH 000pOT C U3MEHEHHEM
UX UCTOPUICCKON (DYHKIINH.

AHanu3 NIUTEpaTypHBIX UCTOYHHUKOB IMO3BOJIMI
ONpEIeIUTh TEHJCHIUIO aKTYaJIbHOCTU COXPaHEHUs
OAH c npumenennem nudpoBeix TexHomoruit (I1T).
BrrsiBieHHast ”HGOpMAIHs CBUAETEIBCTBYET O BBICO-
KOH 3aMHTEPECOBAHHOCTH YUYEHBIX JaHHOW Tpooie-
MOH ¥ BO3POCIINM KOJMUYECTBOM LIU(PPOBBIX TIPUEMOB,
HHCTPYMEHTOB U IMOJXOJOB, KOTOPEIE KAa4eCTBEHHO
JTIOTIONTHAIOT KJIACCHYECKHUE MOAXOABl K COXPAaHEHHUIO
OAH. Hanpumep, nudpoBoe obciaeioBaHHE U COOT-
BETCTBYIOIIAs MU(PPOBAst CHCTEMA TOKYMEHTHPOBAHUS
00BEKTOB MPEAOCTABISIOT BOBMOXKHOCTH U CITOCOOBI
COXpaHEHUs CYIIECTBYIOIIET0 HACIEANS H BOCCTAHOB-
JICHUST yTpadeHHOro [1], He0OXOAMMOCTh pa3pabdOTKu
METOAMYECKUX OCHOB JUISl TPAJ0IKOJIOTHIecKoro odec-
MIEYCHUS COXPAHHOCTH OOBEKTOB HACTEINs HAa OCHOBE
MH(POPMALMOHHBIX MOJIeNIell U TeonH(OPMaMOHHBIX
0a3 maHHBIX [2], JOTOTHEHNE TPAAUIIHOHHBIX TIOIXO-
JIOB K COXPAaHEHHIO KYIbTYPHOTO HACIEAUs COBPEMEH-
HBIMHU (QPEKTUBHBIMA TUPPOBHIMHU TTOAXOJAMH ITyTEM
TEOPETHYECKOT0 pacyera, Kpunrorpaduu, Onokueitn-
TEeXHOJIOrHi [3], BUPTYyalbHOTO BOCCO3JaHUS yTpauCH-

HOTO WJIM HAXOISIIETOCs MOJ YyTPO30H MCUE3HOBEHHUS
Hacyeaus B cpefie MeTaBceseHHon [4-8].

CKBO3HbI€ TEXHOJIO0THH, (hpopMuUpyIOLIHe
MeTaBCeJeHHYI0

Konmentms BUpTyaIbHOTO MUPa, HACKOJIBKO MBI €TO
ceifuac moHMMaeM, npociexnBaeTcs eme ¢ 1960-x 1T,
KOT/Ia YUYEHBIC MPEIOKIIN KHHECTeTHYeCKUI HHTEp-
(eiic ¢ uHTEpaKTUBHOM Tpadukoii, 00paTHON CBS3bIO,
JIBIDKCHUSAMH Tena u 3ByKoM [9]. Tlocne mocTrkeHwi
B BBIYMCIIMTEIBHON MOITHOCTH KOMITBIOTEPOB U KOMMY-
HUKaIMOHHBIX TEXHOJIOTHH HEKOTOpbIE pa3paboTUnKu
MIPEATONATaloT, YTO (PU3HUYECKUNA U BUPTYaJIbHBIA MUPHI
CXOJISITCS B HEKYIO THIIEpPeaibHOCTh — (DEHOMEH cruMy-
Juuun aevcreurenbHocta [10].

Cornacno onenke Konrpecca CIILIA texHomoruii
JUTSL TIOJIb30BaTeIe B cepe KOMIBIOTEPHBIX CUMY-
JSINUM U BEPTYaIbHBIX MEPONPHUATHI B HHTEpHETE®,
TEXHOJIOTHH BKJIIOUaioT B ceds AR (momomHenHas pe-
anbHOCTh), MR (cMmemanHast peanbHOCTE), VR (BUpTY-
aJbHas pealbHOCTh), KOTOPBIE 0071a1aI0T OTSHIIHAIOM
B MHHOBAIMSIX HECKOJIBKUX HAINPABICHUN: pa3Biede-
HUS, 3/10POBbE, MHKUHUPHUHI, HEJIBUKUMOCTb, PO3-
HUYHAsl TOPTOBIISl, BOGHHOE /1710, 00pa3oBaHUe U CO-
BMecTHasi pabora. [Ipobnembl MeTaBcesleHHOM 1 cama
TEXHOJIOTHA TTOIPOOHO paccMaTpHUBalOTCs B pabote, re
OIIpE/IeNICHbI CYIIECTBYIOIINE TEXHOJIOTHH U TEXHOJIO-
rudeckas HHQpacTpyKTypa JUIs CO3aHuUsI METaBCeJICH-
HOH, XapaKTepU3YIOILEHCsl TOCTOSIHHBIMU, COBMECTHO
HCHOJIb3yEMbIMH, TapaJUICIbHBIMA U TPEXMEPHBIMU
BUPTYaJIHBIMH [TPOCTPAHCTBAMH, O0BEAMHSIOIINMHCS
B BOCIIPHHUMAEMYIO BUPTYaJIbHYIO BCEICHHYIO.

CoryTCTBYIOIIHE TEXHOJIOTHU COCTOAT U3 BOCHBMHU
TEXHOJIOTHYECKUX HHCTPYMEHTOB: HHTEPHET, O0JIaqHbIe
XpaHuiuma, I/ICKyCCTBCHHI)Iﬁ HWHTCJIJICKT, KOMIIbIOTEP-
HOE 3peHHe, OJOKYCHH, MHTEPHET Bellell, HHTepak-
THUBHOCTH TOJIb30BATEICH, paclINpeHHas PeaJbHOCTD;
U LIECTU UHCTPYMEHTOB 3KOCHUCTEMbI METaBCEICHHOM:
aBaTapbl, CO3/1aHNE KOHTEHTA, BUPTyaIbHAsl YKOHOMH-
Ka, COIMAJIbHAS IOMYCTUMOCTb, 3aIINTa TIEPCOHAIBHBIX
JIAHHBIX, MOA0TYETHOCTH [11].

OcHOBHBIE IPOOTIEMHBIC ACTIEKTHI METaBCEICHHOIL:

* TIpoOJIeMBl OpTaHN3ANK CPEAbl B BUJE CIICHA-
pUs NIOBE/EHUSI U OIPAaHUYCHHBIC BHIUYNCIUTEIbHBIC
BO3MOXXHOCTHU JJId JIyU1IETO BSaHMOﬂeﬁCTBHX;

* TIpoOJIeMBI HHTEPOTIEPAOETFHOCTH MEKIY CH-
CTeMaMH;

* OTCYTCTBHE IICH3YPBbI;

* KyJIbTypa CO3JaTeNss — CO3JaHHEe KOHTCHTa
B METABCEJIEHHOW IIIOTHO CBSA3aHO C B3aUMOJEHCTBH-
€M, TaK KaKk O'paHHYEHHE B JIOCTYITHBIX HHCTPYMEHTaX
B METABCEIICHHOM HE MO3BOJISICT HOBUYKAM MITH HEpOo-
(heccroHanam peann3oBaTh CBON MMOTEHINAI;

* OTCYTCTBHE IICHTPAJIM30BAHHON CHCTEMBbI TOCY-
JIApCTBEHHOTO PETYINPOBAHMS;

® The Metaverse: Concepts and Issues for Congress. URL:
https://crsreports.congress.gov/product/pdf/R/R47224
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Puc. 3. Merascenennas Marperika

* OTCYTCTBHE JOBEPEHHON BAJIOTHI M OAHKOBCKOI
CHCTEMBI, KOTOpast He TIPOTHBOPEYUT OCHOBOIIOJIAraro-
et uaee neueHTpanuzanuu [11].

MeraBcenieHHbIE JEISITCs Ha TP TUIMA: TPOMBIII-
JICHHBIE, KOPIIOPATHBHBIC U IOTpeduTebekue [12].

IIpomvruunennvie memasgcenennvie 0a3UPyOTCs
Ha cOOpe AaHHBIX U NX MAaKCUMAaJIbHOM HCIIOIb30BAaHUN
JUTS YCKOPEHUsI TPAaH3aKIUi 1 oOecredeH st HHTerpa-
IIUU TeXHOJOTHH. THBECTHUPYIOT B 3Ty TEXHOJOTHIO
TaKWe MPOMBIIUICHHBIC THTAHTHI, Kak Siemens, BMW,
Hyundai, Schlumberger, I'a3npom, Poctex, Pocarom.

Kopnopamusnvie memascenennvie CBSI3aHBI C Op-
raHu3anueil IMMEPCHUBHOTO pabouero nmpocTpaHcTBa
JUIs KOM(OPTHOH COBMECTHOH yHaleHHOHW paboThI.
C nmaHHOW TeXHOJIOTHeH paboTaloT Takue KOMITaHWH,
kak Meta Platforms, Microsoft Corporation.

Ilompebumenvcxue memascenennvie CBI3AHDBI
¢ MEIMauHAYCTpUeH, pekaamMoi, reiMIUHIoM. J{0BOIb-
HO 0OJIbIIOE KOJMYECTBO KPYMHBIX KOMITAHUH HHBE-
CTHPYIOT B MeTaBceneHHyto: Alphabet Inc., Apple Inc.,
Roblox Corporation, Epic Games Inc.

Pa3paboTka 1 pa3BUTHE METAaBCEIEHHON KaK TeX-
HOJIOTMH HE ONPENEIEHBI, TaK KaK /I MOIepKaHNs ee
9KOCHCTEMBI HEOOXOIUMBI OoJiee TPOIBUHYTHIE TEXHO-
noruu. Tem Gonee OrpoMHOE KOIMYECTBO TEXHOIOTHA,
MIPUIIOKEHNH, TIIaropM, KOTOPbIE MOTYT B3auMOJIEH-
CTBOBATh C METaBCEJICHHOM, pa3pabarbkiBatoTcsi beccuc-
TEMHO U ¢ HECOBMECTHMBIMU OM3HEC-cTparerusmu [13].

Camble U3BeCTHBIE MeTaBCeJeHHbIE
Iompebumenvcrue: Decentraland (2017)7 —
nepBasi pabodasi METaBCEICHHAsI, B KOTOPOH MOYKHO

" Decentraland. URL: https://decentraland.org/
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Puc. 4. Merascenennas Liberland

3a KPHUIITOBAIIOTY KYITHTh 3€MITIO, 3aKa3aTh MHUIIILY, pe-
KJIaMHPOBAaTh TOBAPBI, TOCETUTh KUHOTEATP C IPYTHMHU
TIOJTE30BATEISIMU, CXOANTH Ha ayKnuoH (puc. 1). OcHo-
BaHa Ha OnokyeiiH Ethereum.

The Sandbox® — urposast sxocrcTemMa Ha OIIOKYEH-
He Ethereum. MoxHO co3maBath, ICIUTHCS U IIPOIaBaTh
aKTHBBI B BUpTyanbHOM Mupe. Sand — toxeH ERC-20,
KOTOPBIN YIPaBIISET BCEMHU TPAH3AKIHAMH (pHC. 2).

Marpemka Peneccanc (2023, Poccus)’ — 3a-
POXKIAOIIASICS METABCEIICHHAS, 9TO TPEXMEPHbII BHUP-
TYaJIbHBII TOPOJL JUISl TPOBEJICHUS BBICTABOYHBIX, JIEJI0-
BBIX, ITO3HABATEJILHBIX 1 Pa3BIEKaTEIbHBIX MEPOTIPHSI-
T, TOCTYITHBIX BCEMY MUPY, U OpraHu3anuu dpQex-
TUBHOTO HeTBOpKHHTa. [Ipesmonaraercs pasMelieHue
U(POBBIX JTBOWHUKOB MPOMBIIIICHHBIX TPEATPUSTHN
JUTS BUPTYaJIbHOTO Tocenierns (puc. 3).

Merascenennas Liberland!® — pesynbrar cotpyn-
HugectBa Liberland, Zaha Hadid Architects, Mytaverse
u ArchAgenda a.0. — 3aaymana Kak [[EHTP BHPTYyaslb-
HOM WHJTyCTPUH CHHEPTUH U CETEBOTO B3aUMOJICHCTBHUS
JUISL KPUIITOIIPOEKTOB, KPUIITOKOMIIAHUN W KPHUIITO-
co0ObITHit (puc. 4).

[IpencraBiieHHBIN THIT METABCEICHHBIX HanbOoOJee
TECHO CBsI3aH C IPOCTPAHCTBOM, apXUTEKTYPOH, Iu3aii-
HOM, TaK Kak oT 3(pdexTa MECTHOCTH 3aBUCUT BOBJIE-
YEHHOCTh I0JIb30BATENCH U UX UHTEPAKTUBHOCTb.

8 The Sandbox. URL: https://www.sandbox.game/en/

° Poccuiickast MetaBcelicHHas. Marpemika Peneccanc. URL:
https://metarenessans.ru/

1 Liberwerse. URL: https://world.liberland.org/
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Puc. 5. BapuaHT BUpPTYansHOTO IpOCTpaHCTBa B Areena virtual
space

Kopnopamusnwie: Areena virtual space'' — cep-
BUC JUIsl OPTaHU3alUN MEPOIPHUITHN B BUPTYaJbHOM
npoctpancTBe. leiimudunupoBanusii mHTEpdeEiic,
o0ImeHne 1 KOMMYHHUKAIUS C TIOMOIIBIO aBaTapa u co3-
JTaHWE MEPONPHUATHI Pa3IMIHOTO MacIiTada, a TakxKe
paboTa ¢ J11000T0 YyCTpOHCTBa aKTyaJIbHBI JJISl CO3MaHHs
BCTpeY pa3HbIX ypoBHEH (puc. 5).

Azur digital twins — cucTema, KoTopast HHTEIpH-
pyer obnaxa, nntepHet Beuiei (IoT), rpanuuHbIC BBI-
gyucienus (Edge Computing), HCKyCCTBEHHBIH WHTEI-
nekt (Al) u cmenrannyto peanbHocTb (Mixed reality).

Ipomviuinennvie: Siemens'?> — 3TO KOHIETIIUS
uu(ppoOBOro MHpa, OTPAKAIOLIETO U UMUTHUPYIOIIETO
pealibHbIe MaIInHbI U PaOpUKH, 371aHHS ¥ TOPOJIa, CETH
Y TPAHCIIOPTHBIE CUCTEMBI (puC. 6).

BMW! — mudpoBoii 1BOWHKK 3aBO/Ia, KOTOPBIi
MO3BOJISIET MPEABAPUTEIBHO OLECHUTH 3TAIBl CTPOU-
TEIBCTBAa U ONTUMHU3HPOBATHh MX. DTO MOIHBIA IH)-
pOBOIl TBOWHHK 3aBO/a, BUPTYaJIbHBIM HHTEpGeic
KOTOPOTO MOXOK HA CIIOXKHYIO 00JaqHYI0 BHIICOUTDY.
Y Ka¥10ro mnpenMera U3 peajbHOro MUpa €CTh TPeX-
MEpHBIH aHAJIOT, KOTOPBIN AEHCTBYeT TOYHO TaK Xe,
Kak ero (usnyeckas Bepcus (puc. 7).

l"azripom — opmupoBaHKe MOIKIIOYEHHOMN dKO-
CUCTEMBI TIYTEM Tepexojia OT CO3JaHusi HH(POBBIX

Omniverse

Puc. 7. IIpombiniennas merascenennas BMW

'l Advanza 3amyckaer ruiarhopMy 1st OHITaiH-UBEHTOB B Poccum.
URL: https://www.sostav.ru/publication/advanza-46082.html

12 The Industrial Metaverse // Siemens. URL: https://www.
siemens.com/global/en/company/digital-transformation/
industrial-metaverse.html

13 The iX1 metaverse experience / BMW. URL: https://www.
bmw.com/en/events/dreams.html

NVIDIA Omfiiverse"

Siemens Te€nomatix

Puc. 6. IIpombInieHHast MeTaBceleHHas: Siemens

JIBOMHMKOB 000pyIOBaHUA K OOIIeH 3KOCHCTEME BCeX
IUIOMIA/IOK.

Coxpanenne OAH u MeTaBce/ieHHAs.
OneHka KJII0YeBOI0 TEXHOJIOTHYeCKOI0 CerMeHTa

OOBEKTH APXUTEKTYPHOTO HACIEANS UMEIOT IITH-
POKHIi CHIEKTp B3aUMOJACHCTBHA B Cepe oXBaTa MeTa-
BceneHHoH. PaceMotrpum mozaens OAH ¢ Touku 3peHus
yHOpaBieHus 00BEKTaMU HEABIKUMOCTH U apXUTEKTY-
Pbl, MHXKMHUPUHIA U CTPOUTENBCTBA. THII 3THX 0OBEKTOB
pacmpenesieH MeX Ly KOpnopamusHbIMu MemasceeHibl-
Mu: BOBMOXKHOCTbH Y/IaJISHHOW COBMECTHOU paboThI, BUP-
TyaJIbHOTO O(prca aKTyaJIbHA ISl YUEHBIX U IPOSKTHPOB-
IIUKOB; U NPOMbIULTIEHHBIMU MEMABCeIeHHbIMU: B BUMIE
I (POBBIX IBOWHHUKOB, €CIIN PEYb UAET O COXPaHCHUU
JIEHCTBYIOIIETO IPOMBIIUIEHHOTO 00BEKTa U ero HH(pa-
CTPYKTYpHl. Habop TeXHONOTHIT LTS 33129 HMMEPCHBHON
xomutabopari B OAH mo3BonmuT co3manue THOPHIHBIX
pabovrX MECT JUII COBMECTHOU PabOTHI B BUPTYaTbHON
peaNbHOCTH: OPTaHMW3AIMH BCTped, 00ydeHHs, obmie-
HUSA COTPYAHUKOB, MMPOCKTUPOBAHUA U UCIIOJIB30BAHUA
MHCTPYMEHTOB CO3/1aHusl LU(POBBIX MoJieseil 00bEeKTOB
u nporieccoB. CoBMecTHas paboTa ¢ HH(GOPMAIIMOHHON
MOJIEITBIO IPOEKTHPYEMOro 00bEKTa MOJKET CTaTh Oosee
WHTEPAKTUBHOM, leTanu3upoBaHHON. Tak jxe B pamkax
paboThl ¢ MpenpUATHIMH MoApaszeieHus, 11uoo ¢a-
KyJIETETOB YHUBEPCUTETA MOTYT OBITh CO3/IaHBI METa-
BCEJICHHBIC, 00yUeHHE U COBMECTHAs pab0Ta ITPOBOAATCS
B BUPTYQJIbHBIX POCTPAHCTBAX, HAITPUMED, TAKUM 00pa-
30M pearn30BaHo 00yueHHe B TOKMICKOM YHHBEPCUTETE
1 IaHHOE B3aUMOJICHCTBHE aKTUBHO pa3BuBaeTcs. TpeH-
JIOM KJIFOUEBOTO HAIIPABJICHUSI PA3BUTHS B COBPEMEHHON
paboTe YHHBEPCUTETOB TOCTENEHHO CTAHOBSTCS METa-
Bcenennsie [ 14, 15].

Crnenyer akleHTUPOBATh BHUMAaHHE Ha HAyYHOU
3Hauumoctn OAH, xortopsie Gmaronapsi nudpoBbIM
JIBOMHHUKaM ¥ CUMYJISILIUSIM TIOJTy4aT COBPEMEHHbIE LU (-
POBBIE HHCTPYMEHTHI JUIsl HarOosee 3()(pEeKTHBHBIX TIPO-
€KTOB PECTaBpaIH, PEKOHCTPYKIINH | T.11. JJaHHbII crio-
€00 OTHOCHTCS K THILY HPOMbBIUUIEHHOU MEeMABCENeHHOU
[12]. OcHoBHas 3ama4a — IMOBBIIICHUE OMICPAITIOHHOMN
3¢ PEKTHBHOCTH 32 CYET MAKCHMAIILHOTO UCTIOH30BAHI
coOMpaeMbIX JaHHBIX, 00SCIIedeHNMS MHTETPaiy P po-
BBIX TeXHOJIOTHH (MHTEponepadensHOCTH). HTepomnepa-
0eNbHOCTh, B CBOIO 0Y€PE/ib, PACKPHIBACT BO3MOXKHOCTH
cozzanus 1aT(GopMbl METaBCEIICHHOM YISl TOTO, YTOOBI
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MOXKHO OBLJIO HCCIIE/IOBATh OOBEKT HACIEHS U PACKPBITH
LENBIA PSR 3a/1a4, BKITI0Uasi ONTUMH3AIINIO CIOKHOCTH
UGPOBON MOJIENHN JUTSI METaBCEJICHHOW M TOHKYIO Ha-
CTPOWKY TEKCTYp M MaTE€pHaJIOB IJIsl OOECIIeueHHs pe-
ATUCTUYHOCTH BOCHpHUTHA. s 3TOro HEoOXonnm
MOJPOOHBIN aHaNN3 IeNel, METOJJOB U PE3yIbTaToB
JUISL CO3JJaHMsI PEKOHCTPYHPOBAHHOTO B ITU(POBOM BH/IE
MHpa, JeMOHCTPUPYIOIIEr0 0CO0yI0 BaXKHOCTh B 00I1a-
CTH coxpaHenus uHpopmarmu [16].

Haxkoner, monesnie OAH HE00X0IMUMO paccMOTPETh
Kak 2JIEMEHThI BUPTyaJIbHBIX MUPOB. Boccosganue ucro-
PHYECKHX aHTypaKel, MmocenieHne 00beKTOB HACIE M
B BUJE MYy3CHHBIX PKCIIOHATOB BIOXHYT B HUX HOBYIO
KH3Hb, 0COOCHHO, €CJIM OTH 0OBEKTHI OBLIN yTpaYCHBI
B pusuaeckom mupe [17]. OcHOBHOH THIT — nompedu-
menvckas memascenennas. Ilorpyxenne udpoBEIX MO-
JieTieil B BUPTyalIbHOE OKPY>KEHHE TI03BOJISIET OOBEANHATD
UX B CUCTEMBI M HICTIOIIb30BATh B PA3JIMYHBIX CLICHAPHSIX,
Harpumep B mudposomM Typusme [18]. OrcyrcrBre reo-
rpadu9IecKnx OrpaHUueHUH /TSl TOCEIIEHUs] 00BEKTOB
HacJeAus, BO3MOKHOCTb NIEPCOHAIM3ALIHN [10Ib30BaTeNs
IIyTeM CO3[aHMs aBaTapa, MOBBIIIEHHE BaPUATUBHOCTU
B3aUMOJICHCTBHUS C MPOCTPAHCTBOM JJIsl MATIOMOOMIBHOM
TPYIIIBI HACENICHUSI — HanOoJIee MOMYJIPHBIE aTTPAKTO-
PBI ISl COBPEMEHHBIX MoJib3oBareneii. [{udposbie nu-
HOBAIM{ B METaBCEIEHHOI TaKKe CIIOCOOCTBYIOT CO3/1a-
HUIO YCTOMYMBOM TypHCTHYECKON HHTyCTPUH Oarogaps
AKTHBHOMY COTPYIHUYECTBY C MECTHBIM COOOIECTBOM
1 CO3/IaHMIO CLICHApUEB B3aUMOICHCTBHSI IIOJIb30BATENEH
1 udpoBoit HHPPACTPYKTYpHI Tt HanOonee (D PeKTHB-
HOW perpe3eHTaTHBHOCTH MOCeImaeMoro oobsexra [19].
Heo0xoauMpl MeXTMCIUIUIMHAPHOE B3aUMOJICHCTBHE
JUISL peajin3aliii CTpaTeruy, ooecnedeHrne HHTepornepa-
0ebHOCTH, TPOPA0OTKA JOPOXKHBIX KapT JUIs UCCIIEN0-
Barenel, apxXUTeKTOPOB, TPOrPaMMHUCTOB U JU3aifHEPOB
o pa3paboTke KOMIUJIEKCHOTO Iu1aHa faeicTsuil [20].
[TpumeHeHne MpOPBIBHBIX TEXHOJIOTHIT opMupyeT HO-
BBI TUI MHTEIJIEKTYaIbHOTO HACHIEIHsl, KOTOPOE MOXKHO
OIIPEe/INUTh KaK BUPTYAJIbHYIO CPELY C MOAEPIKKOM HH-
TEPaKTHBHOTO B3aHMOICHCTBHSI, KOTOPAsl yIOBJIETBOPSET
TpeOOBaHMSAM PA3ITMYHBIX 3aMHTEPECOBAHHBIX CTOPOH,
TaKMM KaK OHJIAHH-9KCKYPCHH IO HACIIEINI0, OXpaHa Ha-
cIlesis M yCTOHYMBOE MPOABMXKEHUE KYIIBTYPBI, @ HTPO-

BOM TUII B3aUMOJEHCTBHS CTAHET KIFOYEBBIM BAPHAHTOM
UCIIOJIb30BAHUS METABCEJICHHON U3-3a €0 IPUBBIYHOIO
U yBIIEKaTeJIbHOTO Xapakrepa [21, 22].

Be3ycnoBHO cnenyeT yunThIBaTh IPEUMYIECTBA,
pPHUCKH ¥ IPOOJIEMBI, CBSI3aHHBIE C BUPTYaJIbHBIM BOC-
CO3[JaHUEM HacJeaus, HallpuMep COXpaHEeHUs, pac-
MPOCTPAHEHNUS KyJbTYPHOTO HACaeIusl, BO BHEIPEHUU
HOBBIX TEXHOJIOTUH Ha PBIHOK KyJIBTYPHOTO TypHU3Ma
C TIOMOIIIBIO MOJIEJIeH, HalpaBIICHHbBIX Ha oOoralieHne
U yIydlIeHHe MOJIb30BaTEeIbCKOTO OIBITa, KOTJa peub
3aXOAUT 00 aKTHBHU3AILMH MCTOPHUYECKOTO U XYJIOXKE-
cTBeHHOTO Hacienus [23].

PE3YJIBTATBI

B pesynbrare aHanm3a KIOYEBBIX TEXHOJIOTHYE-
CKHX CETMEHTOB B 00JIACTH COXPAHEHHS apXUTEKTYPHO-
0 HAcCJIeaud B cpezle MeTaBCGJ’[eHHOﬁ BbISIBJICHBI KpI/I-
TEPHH I OLIEHKH MOTCHIIHATa IPUMEHEHHUS TaHHOM
TEXHOJIOTHH B chepe HEABMKMMOCTH, HHKMHUPUHTA
U CTPOUTENILCTBA, HAYYHO 3HAYMMBIX OOBEKTOB, BOC-
CO3JIaHMsI PEKOHCTPYKIUH, MOCeeHNns 00bEKTOB Ha-
cJequs B BHJIIE My3€HHBIX IKCIIOHATOB, JIN0O KaK 00b-
eKTOB B cepe TypusMa.

3AKJIIOYEHUE U OBCYXJIEHHUE

[lepcriekTiBa pUMEHEHUS HUPPOBBIX TEXHOJO-
THH B 00J1aCTH COXpaHEHUsT OOBEKTOB apXUTEKTYPHOTO
Hacjequst odyeBHHA. TeXHOIOTHH MO3BOJISIOT MOBBI-
CHUTb TOYHOCTB BBIIIOJIHSEMBIX Pa0OT, BBISIBUTH HECO-
OTBETCTBUS €lIe Ha PAaHHUX CTaJHAX IPOCKTUPOBAHUS,
BOCCO3/IaTh CPELy € BBICOKOI TOYHOCTBIO YTPAuCHHOTO
B (DM3HYECKOM MHUpE 00bEKTa, MPEIOCTABHTh BO3MOK-
HOCTh MIMMEPCHBHOTO TTOCEIICHUS 00BEKTA /ISl JTF0AeH
C OTpaHWYCHHBIMU BO3MOXHOCTSIMH. MeTaBceneHHas
B JIaHHOW CHUTYallM{ BBICTYIAET aKKyMYJISITOPOM Iepe-
YHCJICHHBIX TPOLIECCOB, TaK KakK ISl O/Jep KaHus ee
JKU3ZHEIESITEIBHOCTH HEOOXOANMBI COITYTCTBYIOIINE
TEXHOJIOTHH ¥ MEXANCIMIUINHAPHOE B3aUMOJICHCTBHE.

CoxpaHeHre 00bEKTOB apXUTEKTYPHOTO HACIIEANs
B BHJIE HU(PPOBBIX MOJEJICH, 2JIEeMEHTOB METaBCEJICH-
HOW J1aeT BO3MOXKHOCTb COXPAaHUTh U BOCIIPOHU3BECTH
namsTh U OOraTyro MCTOPHIO PA3BUTHS apXUTEKTYPhI
U IPajOCTPOUTEIILCTRA.
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INTRODUCTION

A metaverse technology is proposed, focusing
on user-centred technological adaptation as an environ-
ment for the reproduction of digitized landmarks.

The aim of the study is to identify the main key
technology segments for architectural heritage sites de-
pending on the type of metaverse.

In order to achieve the aim of the study, the objec-
tives of the study are:

* analyzing breakthrough and end-to-end tech-
nologies;

* evaluation of criteria of the key technological
segment of architectural heritage objects in a metaverse
environment.

The works revealing aspects of this study can be
considered as fundamental in relation to this study:

* heritage management represented by regula-
tions, standards;

* descriptions of end-to-end technologies forming
the metaverse: 1.I. Sutherland, S.K. Bakhtiari, L.H. Lee,
T. Brod, P. Zhou, D.V. Sanatov, M.A. Kharitonov,
E.A. Godunova, A.S. Purgin;

o preservation of architectural heritage objects
with the introduction of digitalisation technologies:
A.N. Nesterova, A.E. Semina, L. Yang, Y. Nie, S. In-
nocente, F. Nonis, A.L. Faro, R. Ruggieri, D.G. Shkaev,
I.P. Gladilina, E.V. Klimkovich, A.S. Bondarenko.

MATERIALS AND METHODS

General scientific methods (logical, method
of analogy, systematization), specific scientific meth-
ods (comparative analysis of scientific sources of in-
formation, conducted on the basis of digital libraries
Researchgate, CyberLeninka), digital method (queries
in the Internet, global trends) were applied.

Traditional preservation of architectural heritage
sites

Work with heritage sites, in accordance with
the Federal Law of 25.06.2002 No. 73-FZ “Objects
of cultural heritage (monuments of history and cul-
ture) of the peoples of the Russian Federation™!, re-
quires the submission of a project with rationalization
of the decisions taken and mandatory passing of a state
expert review. According to Town-planning Code
of the Russian Federation? state expertise is subject to
design documentation and results of engineering sur-
veys performed for the preparation of documentation

! Objects of cultural heritage (monuments of history and
culture) of the peoples of the Russian Federation : Federal
Law of the Russian Federation from 25.06.2002 No. 73-FZ
(as amended on 25.06.2002). URL: http://www.kremlin.ru/
acts/bank/18230

2 Town-planning Code of the Russian Federation from
29.12.2004 No. 190-FZ (ed. from 25.12.2023) (with
amendments and additions, effective from 01.02.2024). URL:
https://legalacts.ru/kodeks/Gradostroitelnyi-Kodeks-RF/
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of objects of cultural heritage (OCH) of regional and
local significance. In accordance with the RF Govern-
ment Decree No. 331 dated 05.03.2021° for the objects
financed with the use of public funds it is necessary to
introduce a digital information model (DIM). Accord-
ing to the Requirements for Digital Information Models
of Production and Non-Production Capital Construc-
tion Facilities for Moscow* and St. Petersburg’ the for-
mat, naming, division and preparation of DIM files are
regulated. The above documents confirm that modelling
of objects for expert examination is gradually becom-
ing mandatory. Also, in Russia at the federal level there
is a register for systematization and storage of data
on OCH in digital format.

The experience in the conservation of Architec-
tural Heritage Objects (AHO) has focused on the study
and protection of cultural property, the search for prin-
ciples and methods of conservation and restoration, im-
provement of the regulatory framework, strategic plan-
ning and management of heritage sites in the context
of globalization. The listed approaches have undergone
changes over time, for example, addressing the study
and protection of cultural values, the search for prin-
ciples and methods of conservation and restoration
was replaced by a transition to monumental protection
of heritage just as conservation approaches to heritage,
the development of reconstruction, modernization and
repurposing of heritage sites were transformed into re-
constructive, pragmatic approaches to heritage.

These methods are effective for working with ex-
isting heritage sites at a time when many heritage sites
have been irretrievably lost or are in a state of disrepair.
These processes are associated with the lack of an ef-
fective mechanism of control over the preservation and
maintenance of cultural heritage objects, the difficulty
of including heritage objects in the modern domes-
tic market (tourist market, housing market), the lack
of elaborated mechanisms in the economic sectors to
consistently address the problems of monuments, as

3 Establishing the cases in which the developer, technical
customer, the person providing or carrying out the preparation
of investment justification, and (or) the person responsible
for the operation of the capital construction object, ensure
the formation and maintenance of the information model
of the capital construction object (with amendments and
additions) : Resolution of the Government of the Russian
Federation of 05.03.2021 No. 331. URL: https://base.garant.
ru/400424628/

* Requirements for digital information models of production
and non-production capital construction objects submitted
for expert review. URL: http://www.moexp.ru/doc/req_cim
ot_08-2022.pdf

5 Requirements for digital information models of capital
construction objects submitted for expert review. URL:
https://www.spbexp.ru/upload/iblock/906/trebovaniya k
tsim_redkatsiya 18 06 2020.pdf
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well as the inclusion of monuments in the economic
turnover with a change in their historical function.

The analysis of literary sources allowed to deter-
mine the tendency of relevance of OCH conservation
with application of digital technologies (DT). The iden-
tified information indicates a high interest of scientists
in this problem and an increased number of digital tech-
niques, tools and approaches that qualitatively comple-
ment classical approaches to the preservation of OCH.
For example, digital survey and the corresponding
digital system of documenting objects provide oppor-
tunities and ways of preserving existing heritage and
restoring lost heritage [1], the need to develop meth-
odological frameworks for urban-ecological conserva-
tion of heritage objects based on information models
and geoinformation databases [2], supplementing tradi-
tional approaches to cultural heritage conservation with
modern effective digital approaches through theoretical
calculation, cryptography, blockchain technology.

Cross-cutting technologies shaping
the metaverse

The concept of a virtual world, as we now under-
stand it, can be traced back to the 1960s, when scien-
tists proposed a kinaesthetic interface with interactive
graphics, feedback, body movements and sound [9].
Following advances in computing power of computers
and communication technologies, some developers sug-
gest that the physical and virtual worlds are converging
into a kind of hyperreality — a phenomenon of reality
simulation [10].

According to the US Congressional Technology
Assessment for Users in Computer Simulations and Vir-
tual Activities on the Internet®, technologies include AR
(augmented reality), MR (mixed reality), VR (virtual
reality), which have potential in innovation in several
areas: entertainment, health, engineering, real estate,
retail, military, education, and collaboration. The chal-
lenges of the metaverse and the technology itself are
discussed in detail in the paper, which identifies existing
technologies and technological infrastructure for creat-
ing a metaverse characterized by persistent, shared, par-
allel and three-dimensional virtual spaces that combine
to form a perceived virtual universe.

The associated technologies consist of eight tech-
nology tools: internet, cloud storage, artificial intelli-
gence, computer vision, blockchain, internet of things,
user interactivity, augmented reality; and six metaverse
ecosystem tools: avatars, content creation, virtual econ-
omy, social permissibility, privacy, accountability [11].

The main problematic aspects of the metaverse:

* problems of organizing the environment as a be-
havioural scenario and limited computational capabili-
ties for better interaction;

* interoperability issues between systems;

* lack of censorship;

® The Metaverse: Concepts and Issues for Congress. URL:
https://crsreports.congress.gov/product/pdf/R/R47224

* creator culture — content creation in the meta
universe is tightly tied to interaction, as the limitation
in available tools in the meta universe prevents novices
or non-professionals from realizing their potential;

* lack of a centralized system of state regulation;

* the absence of a trusted currency and a banking
system that does not contradict the fundamental idea
of decentralization [11].

Metaverses are divided into three types: industrial,
corporate and consumer [12].

Industrial metaverses are based on collecting data
and maximizing its use to accelerate transactions and
enable technology integration. Industrial giants such
as Siemens, BMW, Hyundai, Schlumberger, Gazprom,
Rostec, and Rosatom are investing in this technology.

Corporate metaverses are related to the organiza-
tion of immersive workspace for comfortable joint re-
mote work. Such companies as Meta Platforms, Micro-
soft Corporation work with this technology.

Consumer metaverses are related to the media in-
dustry, advertising, and gaming. Quite a large number
of large companies invest in metaverses: Alphabet Inc.,
Apple Inc., Roblox Corporation, Epic Games Inc.

The design and development of the metaverse as
a technology is not defined, as more advanced technolo-
gies are needed to maintain its ecosystem. Moreover,
a huge number of technologies, applications, platforms
that can interact with the metaverse are developed in
a haphazard manner and with incompatible business
strategies [13].

The most famous metaverses

Consumer: Decentraland (2017) is the first work-
ing meta universe where you can buy land with crypto-
currency, order pizza, advertise goods, visit a cinema
with other users, and go to an auction (Fig. 1). It is
based on the Ethereum blockchain.

The Sandbox® is a gaming ecosystem on the Ethe-
reum blockchain. You can create, share and sell assets
in a virtual world. Sand is an ERC-20 token that man-
ages all transactions (Fig. 2).

" Decentraland. URL: https://decentraland.org/
8 The Sandbox. URL: https://www.sandbox.game/en/

Fig. 1. Vegas City in Decentraland
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Fig. 4. Liberland metaverse

Matryoshka Renaissance (2023, Russia)’ is an eme-
rging metaverse, it is a three-dimensional virtual city
for holding exhibition, business, educational and en-
tertainment events accessible to the whole world and
organizing effective networking. It is supposed to place
digital twins of industrial enterprises for virtual visit
(Fig. 3).

The Liberland meta universe'’ is the result of the co-
operation between Liberland, Zaha Hadid Architects,
Mytaverse and ArchAgenda a.o. — is conceived as
a centre of virtual industry synergy and networking for
crypto projects, crypto companies and crypto events
(Fig. 4).

The type of metaverses presented is most closely
related to space, architecture, design, as user engage-
ment and interactivity depends on the effect of locality.

Corporate: Areena virtual space'! is a service for
organizing events in virtual space. Gamified interface,
communication and communication with the help of av-
atar and creation of events of different scale, as well
as work from any device are relevant for the creation
of meetings of different levels (Fig. 5).

Azur digital twins is a system that integrates cloud,
Internet of Things (IoT), Edge Computing, Artificial In-
telligence (Al) and Mixed reality.

’ Russian meta-universe. Matryoshka Renaissance. URL:
https://metarenessans.ru/

1 Liberwerse. URL: https://world.liberland.org/

' Advanza launches platform for online events in Russia.
URL: https://www.sostav.ru/publication/advanza-46082.html
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Fig. 5. Virtual space variant in Areena virtual space

Industrial: Siemens'? is the concept of a digital
world that reflects and simulates real machines and
factories, buildings and cities, networks and transport
systems (Fig. 6).

BMW?" is a digital factory twin that allows you to
pre-assess construction phases and optimize them. It is
a complete digital twin of the factory whose virtual in-
terface is like a sophisticated cloud-based video game.
Every object from the real world has a three-dimensional
analogue that acts just like its physical version (Fig. 7).

Gazprom — the formation of a connected eco-
system by moving from the creation of digital twins
of equipment to a common ecosystem of all sites.

~
<

NVIDIA Omiiiverse"

Siemens Te€ndmatix

Fig. 6. Siemens industrial metaverse

12 The Industrial Metaverse, Siemens. URL: https:/www.
siemens.com/global/en/company/digital-transformation/
industrial-metaverse.html

13 The iX1 metaverse experience, BMW. URL: https://www.
bmw.com/en/events/dreams.html
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Omniverse

Fig. 7. BMW industrial metaverse

OCH conservation and the metaverse. Assessment
of key technology segment

Architectural heritage objects have a wide range
of interactions in the scope of the metaverse. Let’s con-
sider the OCH model from the point of view of property
and architecture, engineering and construction manage-
ment. The type of these objects is distributed between
corporate metaverses: the possibility of remote collabo-
ration, virtual office is relevant for scientists and design-
ers; and industrial metaverses: in the form of digital
twins, if it is a question of preserving an existing indus-
trial facility and its infrastructure. The set of technolo-
gies for immersive collaboration tasks in OCH will al-
low creating hybrid workplaces for collaborative work in
virtual reality: organization of meetings, training, com-
munication of employees, design and use of tools for
creating digital models of objects and processes. Joint
work with the information model of the designed object
can become more interactive and detailed. Also, within
the framework of work with the enterprises of a subdi-
vision or university departments metaverses can be cre-
ated, training and joint work are carried out in virtual
spaces, for example, this is how training is implemented
at the University of Tokyo and this interaction is actively
developing. Metaverses are gradually becoming a key
development trend in the modern work of universities
[14, 15].

It is necessary to emphasize the scientific signifi-
cance of OCH, which, thanks to digital doubles and sim-
ulations, will receive modern digital tools for the most
effective restoration, reconstruction projects, etc. This
method refers to the type of industrial metaverse [12].
The main objective is to increase operational efficien-
cy by maximizing the use of collected data, ensuring
the integration of digital technologies (interoperability).
Interoperability, in turn, reveals the possibilities of cre-
ating a metaverse platform so that a heritage site can
be explored and a range of tasks can be uncovered, in-
cluding optimizing the complexity of the digital model
for the metaverse and fine-tuning textures and materials
to ensure a realistic perception. This requires a detailed
analysis of the goals, methods and outcomes to create
a reconstructed world in digital form, demonstrating

a particular importance in the field of information pres-
ervation [16].

Finally, the OCH model should be considered as ele-
ments of virtual worlds. Recreating historical entourages,
visiting heritage objects in the form of museum exhibits
will breathe new life into them, especially if these objects
were lost in the physical world [17]. The main type is
the consumer metaverse. The immersion of digital mod-
els in a virtual environment allows them to be combined
into systems and used in different scenarios, such as digi-
tal tourism [18]. The absence of geographical restrictions
for visiting heritage sites, the possibility of personalizing
the user by creating an avatar, and increasing the variabil-
ity of interaction with space for the less mobile population
are the most popular attractors for modern users. Digital
innovations in the metaverse also contribute to the creation
of a sustainable tourism industry by actively collaborating
with the local community and creating scenarios of user
interaction and digital infrastructure for the most effec-
tive representation of the visited site [19]. There is a need
for interdisciplinary collaboration to realize the strategy,
interoperability, roadmaps for researchers, architects, pro-
grammers and designers to develop an integrated action
plan [20]. The application of breakthrough technologies
is shaping a new type of smart heritage, which can be
defined as an interactive virtual environment that fulfils
the requirements of various stakeholders such as online
heritage tours, heritage protection and sustainable cultural
promotion, and game-like interaction will be a key option
for utilizing the metaverse because of its familiar and en-
gaging nature [21, 22].

Certainly, the benefits, risks and challenges associat-
ed with virtual recreation of heritage, such as preservation,
dissemination of cultural heritage, should be considered
in introducing new technologies to the cultural tourism
market through models aimed at enriching and improving
the user experience when it comes to activating historical
and artistic heritage [23].

RESULTS

As aresult of the analysis of key technological
segments in the field of architectural heritage preser-
vation in the metaverse environment, criteria for as-
sessing the potential of this technology application in
the sphere of real estate, engineering and construction,
scientifically significant objects, recreating reconstruc-
tions, visiting heritage objects as museum exhibits or as
objects in the sphere of tourism were identified.

CONCLUSION AND DISCUSSION

The prospect of applying digital technologies in
the field of preserving architectural heritage objects is ob-
vious. Technologies make it possible to increase the ac-
curacy of the work performed, to identify inconsistencies
at the early stages of design, to recreate the environment
with high accuracy of the object lost in the physical
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world, to provide an opportunity for immersive visits to
the object for people with disabilities. In this situation,
the metaverse acts as an accumulator of the above pro-
cesses, as accompanying technologies and interdisciplin-
ary interaction are required to maintain its vital activity.

Preservation of architectural heritage objects in
the form of digital models, elements of the metaverse
provides an opportunity to preserve and reproduce
the memory and rich history of the development of ar-
chitecture and urban planning.
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