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JKypnan BxiroueH u nugekcupyercs B 6ase ganHbsix PVHI
(Poccuitcknmit MH/IEKC HAyYHOTO LIMTUPOBAHNS,
www.elibrary.ru)) Ha yc/oB1AX IOTHOTEKCTOBOTO pasMelre-
HMAA, apXMBUPOBAHNA U JIETIO3UTHOTO XPaHEHNA.

Directory of Open Access Journals — DOAJ
(http://www.doaj.org).

Hay4nas 6u6mmoreka oTkpbitoro gocryma «Knbep-
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MellleHle MaTepuasoB )XypHana «CTpOUTeIbCTBO: HayKa
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(http://www.ebsco.com/) — KpyIHeiilileMy B MIpe arpera-
TOPY IIOTTHOTEKCTOBBIX >KYPHA/IOB U FPYTHUX UCTOYHUKOB
Hay4uHoIt uHGOpMarym. IToHbIe TEKCThI BBIITYCKOB Ky P-
HaJla MOKHO OyZieT HaliTu B 0OHOBJIEHHOI 6a3e JaHHBIX
EBSCO Applied Sciences («ITpuknajgHble HayKu»), KaK
TOJIbKO KOJUIEKI[HsI OyIeT YKOMIUIEKTOBAHa I pasMellieHa
Ha caliTe arperaropa. PacrpocTpansercs depes 9/1eKTPOH-
Hble 6ubnnoTexku «JIanp», «PykoHT», «IPRbooks», BXOIMT
B Karajor kommanuy East View Information Services, Inc.
Cratbam npucsanBaerca ungpooit naertudukarop DOL
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ABSTRACT

When constructing multi-story and high-rise buildings in limited spaces of large cities due to lack of area for construction,
optimal design of enclosing structures that protect against collapse of the excavation pit wall and against technological and
non-technological negative impacts on buildings located in the zone of influence of new construction is one of the urgent
geotechnical problems. In connection with intensive construction in large cities of Mongolia, the issue of the optimal solution
to this problem becomes relevant. This article discusses the results of the calculation and design solution of the enclosing
structure erected taking into account the soil conditions of Ulaanbaatar.
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AHHOTALUMA

Mpn CTPOMTENBCTBE MHOTO3TAXHbBIX U BBICOTHbIX 3A4aHUA B OrPaHNYeHHbIX MPOCTPaHCTBaX KPYMHbIX FOPOAOB M3-3a HEXBATKM
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Construction of enclosing structures of deep excavation pits

of buildings constructed in Ulaanbaatar P.6-14

INTRODUCTION

The urban development direction of Mongolia,
especially the construction of high-rise buildings in
the city of Ulaanbaatar, dictates the issue of rational use
of the underground space of the built-up area, as a result
of which the assessment of the impact of the work carried
out on the development of the pit on the wound of built-
up buildings and on underground pipelines is relevant.

The analytical solution of the problem of deter-
mining the quantitative assessment of the stress-strain
state of the enclosing structure and the foundation soil
was carried out in a flat formulation. In this solution, it
is impossible to take into account and evaluate addition-
al deformations arising in soil massifs and structures
of new and existing buildings. Therefore, at present,
the problem of determining the joint work of the sup-
porting structures of a newly constructed building and
nearby buildings is solved in a spatial formulation by
the method of numerical modelling based on the finite
element method using various software packages.

In the practice of solving geotechnical problems, in-
cluding for the design of the enclosing structure of a con-
struction pit, numerical methods are widely used using
calculation software packages based on the finite element
method, which allow you to estimate the stress-strain state
of the soil of the foundations of newly erected and previous-
ly built-up buildings located in the zone of influence of con-
struction work. To study the issues of numerical modelling
of the stress-strain state of the soil of the foundations of new-
ly erected and previously built-up buildings, the works
of G. Dalerci et al. are devoted [1], A.B. Fadeev [2],
L. Zdravkovic et al. [3], M.A. Bezgadov et al. [4], J.P. Car-
ter et al. [5], G.T.C. Kung et al. [6], A.L. Golubev et al. [7]
and others.

The works of P.G. Hsieh et al. [8], V.A. Ilyichev et
al.[9],C.Moormannetal.[10],D.E.Razvodovskyetal.[11],
V.I. Telichenko et al. [12], M. Son et al. [13], D.S. Ko-
nyukhov et al. [14], V.V. Znamensky et al. [15], S. Nyam-

Physical and mechanical properties of soil

dorj et al. [16], V.Yu. Leushin et al. [17] and others are
devoted to the optimal solution of the problems of calcu-
lation, design and construction of deep excavations and
their enclosing structures.

During construction in a limited urban develop-
ment site, during mandatory geotechnical monitoring to
determine the technical condition of nearby buildings,
and also monitoring of additional technological settle-
ment of buildings and movement of the pit fence, while
the horizontal deviation of the pit fence is standard-
ized from the point of view of the strength and rigid-
ity of the supporting structure. It is important to note
that the permissible bending of the pit fence can lead to
significant deformations of the foundation of new and
existing buildings and the development of limit state
zones in the soil massif of the foundation.

MATERIALS AND METHODS

The enclosing structures of pits are erected in
Ulaanbaatar by various methods, including the use
of metal sheet piles, [-beams and tubular structures with
a wooden filler, bored piles. And the classic method
of erecting a “wall in the ground” of the trench type has
not yet been implemented, due to the lack of design ex-
perience and special techniques for this work.

Currently, the construction of urban underground
structures of civil buildings and pipelines in our coun-
try is carried out by an open method of excavation
of pit soils. The depth of their pit can most often reach
5.0-9.0 m in practice for 1-3 underground floors in soil
conditions of coarse-grained and clayey soils, mainly
in the presence of groundwater. As an example, below
is considered the calculation of the enclosing structure
of a deep pit of an 8-story hospital building.

Engineering and geological conditions. The 8-story
hospital building (56 x 6 m) was planned with two-story
basements on a reinforced concrete slab foundation
(Fig. 1, 2), monolithic frame structure, gravelly loam
soil foundation (Table).

Parameters of soil’s
Soil name IGE
E C ¢ R
3 s ’ k) 0°
P, g/sm MPa kPa grade kPa
Gravel with sandy loam fillers, IGE-1 | 222 |035 48 93 39 450
semi-solid consistency
Grav.el with loamy fillers, semi-solid IGE-2 291 036 41 73 36 450
consistency
Gravelly loams, fluid consistency IGE-3 222 ]0.20 19 19 17 250
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Fig. 2. Calculation scheme of the enclosing structure

Soil - Mohr-Coulomb - W32

2B
General Parameters Groundwater Interfaces Il
Property Unit  Vale
Stiffness.
» jm?
v ()
Alternatives
G fm2
Eud K
Strength
e Kyma
@' (phi) °
w (psi) ©
Velocities
Vg mfs
v mis
= Advanced
Set to default values
Stiffness.
Eo Km3jm
2,4 m
Strength
e Wifmn
2, m
Tension cut-off
Tensie strength Kaijm?
Undrained behaviour

Fig. 3. Calculated data of soils

8

41.00E3
0.2000

17.08€3
45.56E3

(2] Plaxis SoilTest - Ur32

File  Test  Resuts  Kemel Bt  Hep
EHP &R aP
DB B Triaxal | [&] cycrriexal [ Oedometer [ cRs ¥ pss 3 coss @b General
—— yo— it Type of test Directon Consalidation
Drained | ~|  [1sovopic ~]
Material set [ L
Identfcaton w2 0
Material model Mohr-Coulomb Input
it cell pressure [6',| 1000 iaym
iivess Maximum strain [e, | 10.00 %
E 4L.00E3 KNjm2 oFape —
v () 0.2000
== s
<, 7.300 KNjm? e
ot s -4.006-3 —-400 =
@' (ohi) 36.00 © 000 5 2
= > b
w s 140 © 5 V20063 Som =
= o 1
Tension cut-off o 000 2 o ol
Tensie strength 0.000 kN/m? 000 -00300 -0.0600 -0.0900 000 -0.0600 000 -300 -600 -900
General properties W Co o3 )
Vonsae 2.0 kym > 300 7
= s = s a
Ve 2.0 kym Em _ Exo >
= -1 =
E - T100
. _ //—\
000 !
000 100 200 000 200 400
' (k] o' (k]

Session  Model history

eee1>

ok
eee2> _calculate Triaxial
o

Use the "info" command to access information about an object "
Use the "commands" command to view the command parameters expected by the commands of the target o



Construction of enclosing structures of deep excavation pits

of buildings constructed in Ulaanbaatar P.6-14

This numerical calculation was carried out using
the software package Palaxis 3D, the calculated indica-
tors of the building foundation soils were modeled in
accordance with the methods described in the works
of R.A. Mangushev et al. [18], PLAXIS Finite Element
Code!. Calculation scheme of the enclosing structure

(Fig. 3).

RESULTS

Determination of the bending rigidity of piles
of the enclosing structure (Fig. 4):

EA — compressive rigidity of piles;

EJ — bending rigidity of piles;

' PLAXIS — Finite Element Code for Soil and Rock
Analyses. User's Guide. Version 7. Saint Petersburg, NIP-
Informatika, 2004; 274.

Material sets

oy

E =3 107 kN/m?> — modulus of deformation
of reinforced concrete;
EA=3-107-d-1pm/0.85=3-107-0.8 - 1/0.85=
=28.235 - 106 kN/m;
J = (nD*/64; m* — pile rigidity,
where D — pile diameter;
0.8’

d’ -1pm
=310 ———=
12-0.85

12-0.85
=150.588 - 10* kKN/m.

Loads and impacts. The loads acting on the pile
wall of the enclosing structure were calculated based
on design solutions and material consumption, includ-
ing loads from the adjacent four-story brick building lo-
cated 8.0 m from the designed building, and loads from
the road located 9.0 m from the edge of the pit cliff.
The loads from the road were calculated in accordance
with GOST R 52748-2007 (Fig. 5).

EJ=13-10"-

FIGLE - 3P NAH UIXIJ11 IIHAN XaHd

Project materials Property

Set type irm ~| Material set
Identification
Group order None v

I.swu?ﬂﬁu:nmu‘qm

Isotropic

R — G
o ] :

| ooy [ peer |

Fig. 4. Calculated pile data
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Fig. 11. Graph of horizontal deformations of the enclosing structure in the ¥ and X directions

Calculation model. The numerical calculation
of the enclosing structure was modeled on the PALAXIS
3D programme using the finite element method (Fig. 6),
taking into account the load from the building and
the road located in the zone of influence of the new
building (Fig. 7).

Horizontal and vertical displacements, as well
as deformations from bending moments of enclosing
structure, caused by loads from horizontal pressures
of excavation pit soils and also from the adjacent build-
ing and road after excavation of excavation pit and con-
struction of enclosing structure of excavation pit, are
shown in Fig. 8-11.

Maximum settlement caused by the adjacent build-
ing S =2.9 cm, relative deformation value AS = 0.003.

The maximum value of horizontal displacement in
the Y direction is Ay =9 cm and is greater than the per-
missible value, based on this, there is a need to design
an enclosing structure.

The horizontal displacement of the pile enclosing
structure is: AX = 1.0cm; AY = 1.7cm

The strength calculations of the enclosing structure
are carried out depending on the magnitude of the be-
nding moment. Fig. 12, a shows the values of the bend-
ing moments, and Fig. 12, b shows the maximum
value of the bending moment M_ = 509.3 kNm.
M is the support moment, based on this condi-
tion, the strength calculations are carried out based
on the values of the non-support moment.

Calculated value of bending moment M =250 kNm.
In this case, when calculating the strength of a mono-

11
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Fig. 12. Moment diagram arising in enclosing structures

lithic reinforced concrete pile in the tension zone, the ob-
tained value of the cross-sectional area of the working
reinforcement As = 19.078 cm? was obtained, therefore
8D18 with an area As = 20.36 cm? was selected, and for
the full cross-section of the pile, working reinforcement
16D18A400 was selected.

CONCLUSIONS

The pile-enclosing structure of a deep pit is de-
signed from monolithic reinforced concrete piles with
a diameter of 700 mm and a length of 15.0 m, the an-
chor traction structure of the wall is carried out at a dis-
tance below 2.6 m from the pile head. The calculation
results confirmed that the horizontal displacement
of the enclosing structure of a deep pit will not ex-
ceed the maximum permissible value under the action

of the load from the building and the road located in
the influence zone.

The calculation results confirmed that, provided
that the enclosing structure of the pit wall of a newly
constructed building is designed and implemented with
the established dimensions in the calculation results, then
horizontal displacements and additional settlements for
a building located at a distance of 8.0 m from the upper
cliff of the pit will not occur in excess of the permissible
value.

Depending on the regional characteristics of Mon-
golia, it is necessary to take into account the influence
of horizontal and tangential forces from possible soil
freezing under conditions of seasonal deep freezing dur-
ing construction work and develop a calculation method.

REFERENCES

1. Dalerci G., Del Grosso A. Nonlenear Finite Ele-
ment Analysis of Piles in Cohesionless Soils. Soil Me-
chanics and Foundation Engineering: X International
Conference. 1981; 2:681-684.

2. Fadeev A.B. Finite Element Method in Geome-
chanics. Moscow, Nedra, 1987; 221. (rus.).

3. Zdravkovic L., Potts D.M., St John H.D. Model-
ling of a 3D excavation in finite element analysis. Geotech-
nique. 2005; 55(7):497-513. DOI: 10.1680/geot.2005.
55.7.497

4. Bezgodov M., Kaloshina S. Selecting soil model
for numerical modelling of the influence of deep exca-
vation on the existing building. Bulletin of PNIPU. Ur-
ban Studies. 2012; 2(6):17-27. EDN OZOMSL. (rus.).

5. Carter J.P., Desai C.S., Potts D.M., Schwei-
ger H.M., Sloan S.W. Computing and computer Model-
ling in Geotechnical Engineering. 2000 ISRM Interna-
tional Symposium. 2000.

6. Kung G.T.C.,OuC.Y., Juang C.H. Modeling small-
strain behavior of Taipei clays for finite element analysis
of braced excavations. Computers and Geotechnics. 2009;
36(1-2):304-319. DOI: 10.1016/j.compgeo.2008.01.007

12

7. Golubev A L, Seletsky A.V. On the issue of cho-
osing a soil model for geotechnical calculations. Actual
Scientific and Technical Problems of Modern Geotech-
nics. 2009; 9:6. (rus.).

8. Hsiceh P.G., Ou C.Y. Shape of ground surface
settlement profiles caused by excavation. Canadian
Geotechnical Journal. 1998; 35(6):1004-1017. DOI:
10.1139/t98-056

9. Il’ichev V. A., Konovalov P.A., Nikiforova N.S.
Prediction of deformations of buildings situated near pits
opened in cramped urban settings within Moscow. Soi/
Mechanics and Foundation Engineering. 2004; 4:17-21.
EDN SWFVBH. (rus.).

10. Moormann C., Moormann H.R. A Study of wall
and ground movements due to deep excavations in soft
soil based on worldwide experiences. Geotechnical As-
pects of Underground Construction in Soft Ground. 2002.

11. Razvodovsky D.E., Shulyatyev O.A., Nikifo-
rova N.S. Assessment of the impact of new construction
and measures to protect existing buildings and struc-
tures. Russian Architectural and Construction Encyclo-
pedia. 2008; 12:230-239. EDN WGRRUH. (rus.).



Construction of enclosing structures of deep excavation pits

of buildings constructed in Ulaanbaatar P.6-14

12. Telichenko V.I., Ter-Martirosyan Z.G. Inter-
action between long piles and the soil body exposed
to non-linear deformations. Vestnik MGSU [Proceed-
ings of Moscow State University of Civil Engineering].
2012; 4:22-27. EDN PABGIN. (rus.).

13. Son M., Cording E.J. Evaluation of building
stiffness for building response analysis to excavation-
induced ground movements. Journal of Geotechnical
and Geoenvironmental Engineering. 2007; 133(8):
995-1002. DOI: 10.1061/(asce)1090-0241(2007)-133:
8(995)

14. Konyukhov D.S., Lamonina E.V. Open-pit
construction of underground structures under unfavor-
able geological processes in Moscow. Vestnik MGSU
[Proceedings of Moscow State University of Civil En-
gineering]. Special issue. 2009; 1:500-502. (rus.).

Received August 27, 2025.
Adopted in revised form on September 15, 2025.
Approved for publication on September 24, 2025.

15. Znamensky V.V., Chunyuk D.Yu., Moro-
zov E.B. Construction of enclosing systems for excava-
tions in cramped urban conditions. Housing Construc-
tion. 2012; 9:60-62. EDN NSDYTB. (rus.).

16. Setev N., Dalain D., Mangushev R. The work
of bored piles on a horizontal load in soaked subsidence
soils. Lecture Notes in Civil Engineering. 2022.

17. Leushin V.Yu., Shishkin V.Ya., Karabaev M.1.,
Konyukhov D.S., Shmykov V.E. Analysis of deforma-
tions in the surrounding buildings during the construction
of deep pits. BST “Affordable and comfortable housing .
2011; 3:57-63. (rus.).

18. Mangushev R.A., Dyakonov L.P., Polunin V.M. Nu-
merical calculations in geotechnical practice. (Experience
in using the finite element sofiware package “PLAKSIS”).
Moscow, ASV Publishing House, 2023. (rus.).

BroNoTESs: Batsaikhan Anand — consulting engineer, postgraduate student; Mongolian University of Science

and Technology; build. 8, office 3068, 34 Ard Ayusha avenue, Ulaanbaatar, Mongolia; batsaikhan.a@soiltrade.mn;
Nyamdorj Setev — Doctor of Science, Professor, Department of Building Structures, Institute of Civil Engineer-

ing and Architecture; Mongolian University of Science and Technology; build. 8, office 3068, 34 Ard Ayusha avenue,

Ulaanbaatar, Mongolia; nmdrj.s@gmail.com;

Dashjamts Dalai — Doctor of Science, Professor, Department of Construction Production, Institute of Civil En-

gineering and Architecture; Mongolian University of Science and Technology; build. 8, office 3068, 34 Ard Ayusha
avenue, Ulaanbaatar, Mongolia; d.dashjamts@must.edu.mn;

Adyajav Ganbold — Doctor, senior lecturer, Department of Construction Production, Institute of Civil Engineer-
ing and Architecture; Mongolian University of Science and Technology; build. 8, office 3068, 34 Ard Ayusha avenue,

Ulaanbaatar, Mongolia; adiyajav1020@mail.ru.

Authors’ contributions:

Batsaikhan Anand — esearch concept, specimen preparation, testing, numerical modeling, results processing, writing

the original text, drawing the conclusion.

Nyamdorj Setev — scientific supervision, research concept, scientific consulting, text revision, final conclusions.

Dashjamts Dalai — study concept, testing, results processing, original text writing, conclusion drafting.

Adyajav Ganbold — testing, numerical modeling, results processing, conclusion drafiing.

The authors declare no conflicts of interest.

CIIMCOK UCTOYHHUKOB

1. Dalerci G., Del Grosso A. Nonlenear Finite El-
ement Analysis of Piles in Cohesionless Soils // Soil
Mechanics and Foundation Engineering: X International
Conference. 1981. Vol. 2. Pp. 681-684.

2. @aodees A.5. MeTo1 KOHEUHBIX 3JIEMEHTOB B T€0-
Mexanuke. M. : Henpa, 1987. 221 c.

3. Zdravkovic L., Potts D.M., St John H.D. Model-
ling of a 3D excavation in finite element analysis // Geo-
technique. 2005. Vol. 55. Issue 7. Pp. 497-513. DOLI:
10.1680/geot.2005.55.7.497

4. Bezeooos M.A., Kanowuna C.B. Beibop mone-
JIM TPYHTA MPH YNCIIEHHOM MOJICIIMPOBAHUN BIIMSIHUS
pa3paboTKH ITyOOKIX KOTJIOBAHOB Ha CYIIECTBYIONIYTO

3actpoiiky // Bectuuk [THUITY. Ypbauucruka. 2012,
Ne 2 (6). C. 17-27. EDN OZOMSL.

5. Carter J.P., Desai C.S., Potts D.M., Schwei-
ger HM., Sloan S.W. Computing and computer Model-
ling in Geotechnical Engineering // 2000 ISRM Interna-
tional Symposium. 2000.

6. Kung G.T.C., Ou C.Y., Juang C.H. Modeling
small-strain behavior of Taipei clays for finite element
analysis of braced excavations // Computers and Geo-
technics. 2009. Vol. 36. Issue 1-2. Pp. 304-319. DOI:
10.1016/j.compgeo.2008.01.007

7. T'onyoes A.U., Ceneyxuii A.B. K Boripocy 0 BbI-
O6ope MozenH TPyHTa I TEOTEXHUUECKUX PacueToB //

13

(8G) 1 ONSS| ‘GL'JON Hencons e canelas



Science :ﬁlt:lnftll::glii':::l: Vol. 15. Issue 4 (98]

Anand B., Setev N., Dalai D., Ganbold A.

AKTyanbpHBIE HAYYHO-TEXHUYECKUE IPOOIEMBI COBpe-
MeHHoM reotexuuku. 2009. T. 9. C. 6.

8. Hsieh P.G., Ou C.Y. Shape of ground surface set-
tlement profiles caused by excavation // Canadian Geo-
technical Journal. 1998. Vol. 35. Issue 6. Pp. 1004-1017.
DOI: 10.1139/t98-056

9. Unvuues B.A., Konosanos I1.A., Huxugopo-
sa H.C. IIporHo3 nedopmanuii 3aaHuii BOJIN3U KOTIIO-
BaHOB B YCIIOBHSIX TECHOI rOpojCKoi 3acTpoiiku Mo-
ckBbl // OcHOBaHUs, (DYHIAMEHTbI 1 MEXaHUKA [PYHTOB.
2004. Ne 4. C. 17-21. EDN SWFVBH.

10. Moormann C., Moormann H.R. A Study of wall
and ground movements due to deep excavations in soft
soil based on worldwide experiences // Geotechnical As-
pects of Underground Construction in Soft Ground. 2002.

11. Paszeodosckuii /1.E., Llyiamves O.A., Huxugho-
posa H.C. OrieHKa BIUSIHAS HOBOTO CTPOUTENBCTBA U Me-
POMPHUSATHS TI0 3aIHUTE CYNIECTBYIOIIHMX 3/IaHUI 1 COOPY-
*eHuit // Poccuiickast apXUTEKTYPHO-CTPOUTEIbHAST SH-
muksonenus. 2008. T. 12. C. 230-239. EDN WGRRUH.

12. Tenuuenxo B.U., Tep-Mapmupocan 3.I". B3a-
MUMOJENCTBUE CBau OOJIBIION JUIMHBI ¢ HEJIMHENHO-
nepopMupyeMbsIM MaccuBoM TpyHTa // BectHrk MI'CYVY.
2012. Ne 4. C. 22-27. EDN PABGIJN.

13. Son M., Cording E.J. Evaluation of building
stiffness for building response analysis to excavation-

Tlocmynuna 6 pedaxyuto 27 aseycma 2025 .
Ipunsma ¢ oopabomannom eude 15 cenmsabps 2025 .
Ooobpena onsa nyoruxayuu 24 cenmsops 2025 2.

induced ground movements // Journal of Geotechnical and
Geoenvironmental Engineering. 2007. Vol. 133. Issue 8.
Pp. 995-1002. DOI: 10.1061/(asce)1090-0241(2007)-
133:8(995)

14. Kowntoxos /.C., Jlamonuna E.B. CtponuTtens-
CTBO TIOJI3€MHBIX COOPYKECHUH OTKPBITHIM CIIOCOOOM
B YCJIIOBUAX He6HaFOHpH${THLIX r€OJIOTHYCCKUX TIPO-
neccoB B T. Mockse // Bectauk MI'CVY. 2009. Cnenu-
anbHeli Beimyck. Ne 1. C. 500-502.

15. 3namenckuii B.B., Yyniok [.10O., Moposog E.b.
YeTpoilcTBO OrpakAatoX CUCTEM KOTJIOBAHOB B CTEC-
HEHHBIX TOPOJCKUX yCIOBUsIX // JKUIHIIIHOE CTPOUTEITh-
ctBO. 2012. Ne 9. C. 60-62. EDN NSDYTB.

16. Setev N., Dalain D., Mangushev R. The work
of bored piles on a horizontal load in soaked subsidence
soils // Lecture Notes in Civil Engineering. 2022.

17. Jleywwun B.FO., Hluwkun B.A., Kapabaes M. 1.,
Komniwoxos J[.C., llImvikos B.E. Ananus nedopmaruit
B OKPY’Karollel 3aCTpOMKe MPH COOPYIKEHUH TITyOOKUX
kotioBaHoB // BCT «JlocTyrnHoe 1 KOM(pOPTHOE KUITBEY.
2011. Ne 3. C. 57-63.

18. Maneywes P.A., Josxonos U.I1., Ilonynun B.M.
UucneHHble pacueThl B FT€OTEXHUYECKON MPAKTHKE.
(OnbIT MpUMEHEHNST KOHEYHO-2JIEMEHTHOTO TIPOTPaMM-
Horo komiuiekca «ITJIAKCUCy). M. : M3natenbcTBoO
ACB, 2023.

14

OB ABTOPAX: barcalixaH AHaHJ — HUH)XEHEP-KOHCYJBTAHT, acCIMPaHT; MOHI0IbCKII YHHBEPCUTET HAYKH
M TeXHOJIOTHI; T. Yian-barop, Mouromnus, np-T Apa Aroia, 1. 34, kopi. Ne 8, oduc 3068; batsaikhan.a@soiltrade.mn;

Hsampop:x CeteB — noKTop Hayk, mpodeccop Kadeapsl CTPOUTENILHBIX KOHCTPYKIMi IHCTHTYTa Ipa)JaHCKOTO
CTPOUTEJILCTBA U APXUTEKTYPbl; MOHI0JIbCKHI YHHBEPCUTET HAYKHU M TEXHOJIOTUIA; I. YiiaH-barop, Monronust, np-t Apa
Arora, 1. 34, kopr. Ne 8, oduc 3068; nmdrj.s@gmail.com;

Jammpxamu Janaii — nokrop Hayk, npogdeccop Kadeapsl CTpOUTEIBHOTO IPOU3BOACTBA MIHCTHTYTA IpaskiaH-
CKOTO CTPOHTEIBCTBA U apXUTEKTYphl; MOHIOIBCKHUiT yHHBepCUTET HAYKH U TeXHOJIOTHii; I. Yitan-barop, MoHroms,
np-T Apa Atorra, 1. 34, kopr. Ne 8, oduc 3068; d.dashjamts@must.edu.mn;

AnbsikaB [aH00J1/1 — TOKTOp MEUITMHCKUX HayK, CTApIIHi IpenogaBareis Kadeapsl CTPOUTEILHOTO POU3BO-
cTBa MHCTHTYTA TpaXkJAHCKOTO CTPOUTENILCTBA M apXUTEKTyphl; MOHIOIBCKIiT YHUBEPCHTET HAYKH H TeXHOJIOTHii;
r. Ynan-barop, Mounromnust, ip-t Apa Aromna, 1. 34, kopir. Ne 8, oduc 3068; adiyajav1020@mail.ru.

Bxrao asmopos:

Bamcaiixan Anano — KoHyenyus uccied08anus, noOO20Mo8Ka 06pasyos, MeCMUpPOBaHue, YUCIeHHOE MOOeTUPOsanue,
00pabomka pesyibmamos, HANUCAHUE OPUSUHATLHOZO0 MEKCMA, COCMABIEHUEe 3AKIIOUEHUSL.

Hamoopow Cemes — HayuHoe pyKo80OCME0, KOHYeNyus UcC1ed08aHUs, HAYUHOE KOHCYIbIMUPOSAaHUe, peOaKmuposa-
Hlle MEeKCma, OKOHYAmenbHble 8b1800bI.

Hawoxcamy [anaii — KoHyenyus ucciedo8anus, mecmuposatue, 0Opabomra pe3yiomamos, HanUcaHue OpUeUHAalb-
HO20 meKcma, cOCMasienue 3aKao4eHUs.

Aovaoacas I'anbono — mecmuposanue, YucieHHoe MOOeIUposanue, 06pabomra pesyibmamos, cocmagieHue 3d-
KIIOYEHUA.

Asmopvt 3a561510m 06 OMCYMCMBUY KOHQIUKINOS UHIMEPECO8.



UMCAEHHOE MOAEAMPOBaHME NpoLiecca GOPMOU3MEHEHHS PETYASPHO-CTEPKHEBOM

. . C. 15-30
rekcaroHaAbHOM PeLIeTKM Npu AUCKPETHOM KMHEeMaTMyeCKOM BO3AEHCTBUM

HAYYHAS CTATbs / RESEARCH PAPER
VK 624.074.5
DOI: 10.22227/2305-5502.2025.4.2

YuciaeHHoe MoaeaMpoBaHue npouecca ¢popmMousMeHeH s
PeryJsipHoO-CTEePKHEBOU IeKCATOHAJIbHOMN pPelIeTKH
NPH IMCKPETHOM KHHEMATHY€CKOM BO31eiICTBHHU

Ierp IMaBnoBuy Iaiikypos', Hage:xkna lennaabeBna IlapuToBa’,

Hukura ApkaabeBny Kopuarun?
! Jlonckoii 2ocyoapcemeennviii mexnuyeckutl yuueepcumem (AI'TY), 2. Pocmos-na-/lony, Poccus;
2 FOocno-Poccutickuil 2ocydapemeenivlil noaumexuudeckuil ynusepcumem (HITH) umenu M.H. IThamosa;
2. Hosouepkacck, Poccus

AHHOTALUMA

BBegeHue. [pobnema vccnegoBaHus npouecca TpaHchopmMaunm perynsipHon CTEPXKHEBON CUCTEMbI M3 UCXOQHOrO No-
CKOrO COCTOSIHWS! B @apO4HYH0 (hOpMy NpU yNpaBrsieMoOM KUHEMaTUYECKOM BO3AeNCTBUN BasnpyeTcs Ha peLLeHnn reoMeTpu-
YecKu HernvHenHOW 3aJadn CTPOUTENbHOWM MeXaHuku. B nutepaTtype npakTuyecku OTCyTCTBYIOT CBEeAEeHWs O MaTteMaTuye-
CKOM MOZEeNnvMpoBaHUn TpaHCOPMUPYEMBbIX LLIAPHUPHO-CTEPXKHEBLIX CUCTEM C Y4ETOM (POPMOM3MEHEHHUS, B CBS3W C 3TUM
aKTyarnbHO HanpaereHne, CBA3aHHOEe C pa3paboTKON MHXXEHEPHOW METOAMKN, pacyeTa reoMeTpUYeckn N3MeHsIEMbIX KOH-
CTPYKLMIA C MPUMEHEHNEM METOAA KOHEYHbIX 3MIEMEHTOB.

Matepuansi u Mmetoabl. [peactaBneHbl METOAMKA KOHEYHO-3IIEMEHTHOIO MOZENMPOBaHNS (POPMOU3MEHEHNS PETYTISIPHOM
rekcaroHarnbHOW CTEPXXHEBOW peLUeTKU C UCMONb30BaHWEM YNPYrnx LUApPHUPOB B Y3MOBbIX COEAUHEHUSIX GanoyHbIX ane-
MEHTOB W NPUMeEHeHVe npoLeaypbl UHKPEMEHTANbLHOMO KMHEMAaTUYECKOro BO3AENCTBUS HA KOHTYPHbIE y3rbl. PAaccMoTpeHb!
[Be MOJenu y3noBbIX CoeaAnHEeHNI: 0bblyHas (CBSI3blBatoLLA@s NepeMeLLeHUs U YIibl MOBOPOTa Y3/10B 31eMEHTOB pPeLLETKM
C COOTBETCTBYIOLMMM y3riamu NIOLLAA0K COEAUHEHWUIA) U C YNPYTMMU LLAPHUPaMMU.

Pesynbratbl. OCOGEHHOCTL NpeanaraemMon MOAENM Y3MoBbIX COEAMHEHUN BanoYHbIX KOHEYHbIX 3NIEMEHTOB 3aKIo4YaeTcst
B BBEAEHUM LLUECTN KOMOUHUPOBAHHbIX 31IEMEHTOB C PA3NMYHbIMU 3HAYEHUSIMU KO3 DULIMEHTOB NIMHEVHBLIX Y MOBOPOTHbIX
xecTkocTel. [puBoaATCSA CpaBHUTENbHbIE PE3YnbTaThl BbIYUCIIUTENBHLIX 3KCNEPUMEHTOB A5t MOAENEN PELLETOK C ynpyru-
MW LapHUpamu 1 6e3 ynpyrux WapHUpoB; pesyrbTaTbl MOAENMPOBaHNS B BUAE rpachukoB 3aBUCMMOCTU «CTPerbl» Nogbema
OT YMcna LwaroB TpaHcgopMaLummn Ans pasnuyHbIX 3HaYEHNUIA KECTKOCTEN NMOBOPOTHbIX MPYXUWH.

BbiBoabl. Npegnaraembiii NpsIMO MHKPEMEHTamNbHbIV anropuTM peLIEHNst TeOMETPUYECKN HENMMHENHOW 3a4a4uu ABNSETCs
abconoTHO cxopsawmmes. Ha ocHoBaHUM pe3ynsTaToB MOAENUPOBaHUs npoecca hopMON3MEHEHUSI reKcaroHanbHow pe-
LLUETKN MOXET ObITb CNPOEKTMPOBaHa KOHCTPYKLUSI LUIAPHUPHO-CTEPXXHEBOMO CoOeanHeHUs. PaccMoTpeHHast TpaHcdopmaLmst
rekcaroHanbHOW peLleTku NpeacTaBnseT onpeaeneHHbl MHTepec kak 3D-apT-NpoekT B 06rnacTy apXuTekTypbl U An3aiHa.

KIKOYEBBIE CITOBA: rekcaroHanbHble peLleTku, MEeTO KOHEYHbIX 3MEMEHTOB, y3MOBble COeQNHEHUs, reoMeTpuydeckast
HENMHENHOCTb, NPAMON MHKPEMEHTanbHbI METOA,
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TENbCTBO: HayKka u obpasosaHue. 2025. T. 15. Bein. 4. C1. 2. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2025.4.2
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Numerical simulation of the shaping process of a regular-rod
hexagonal lattice under discrete kinematic action

Peter P. Gaydzhurov', Nadezhda G. Tsaritova?, Nikita A. Korchagin?
! Don State Technical University (DSTU); Rostov-on-Don, Russian Federation;
2 Platov South-Russian State Polytechnic University (NPI); Novocherkassk, Russian Federation

ABSTRACT

Introduction. The problem of studying the process of transformation of a regular rod system from an initial flat state to
an arched shape under controlled kinematic action is based on solving a geometrically nonlinear problem of structural
mechanics. There is practically no information in the literature on the mathematical modelling of transformable hinge-rod
systems, taking into account the shape change, in this regard, the relevant direction is related to the development of engi-
neering techniques for calculating geometrically variable structures using the finite element method.

Materials and methods. This paper presents a technique for finite element modelling of the shape of a regular hexagonal
rod lattice using elastic hinges in the nodal joints of beam elements and applying the procedure of incremental kinematic

© I1.1. raviaxypos, H.I. LlapntoBa, H.A. KopuaruH, 2025 15
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action on contour nodes. Two models of nodal joints are considered: conventional (connecting the displacements and angles
of rotation of the nodes of the lattice elements with the corresponding nodes of the joint pads) and with elastic hinges.
Results. A feature of the proposed model of nodal joints of beam end elements is the introduction of six combined elements
with different values of linear and rotational stiffness coefficients. Comparative results of computational experiments for lat-
tice models with elastic hinges and without elastic hinges are presented. The simulation results are presented in the form
of graphs of the dependence of the “boom” of lifting on the number of transformation steps for various stiffness values of ro-
tary springs.

Conclusions. The proposed direct incremental algorithm for solving a geometrically nonlinear problem is absolutely con-
vergent. Based on the simulation results of the hexagonal lattice shaping process, the hinge-rod joint structure can be
designed. The considered transformation of the hexagonal lattice is of particular interest as a 3D art project in the field
of architecture and design.

KEYWORDS: hexagonal lattices, finite element method, nodal connections, geometric nonlinearity, direct incremental
method
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BBEJIEHUE

OnHUM M3 KpeaTHBHBIX HAIPABICHUI B COBPEMEH-
HOM apXMUTEKType SABISAETCS TaK Ha3bIBAEMBbIl KHHETH-
YECKHUM Ju3aiiH, OCHOBAHHBIN HA YNPABIsEMOM HU3Me-
HEHWH T€OMETPUH KOHCTPYKIMHU C LIEIbI0 MOTYICHUS
TpeOyeMbIX 00bEMHO-TNIAHHPOBOYHBIX penieHui [ 1, 2].
K atomy cTout 100aBUTh (OPMONZMEHEHHE KOHCTPYK-
IIMOHHBIX JIEMEHTOB (hacasoB 37aHMH MO CXEME OpH-
ramu. Vnest co3pannst MOZOOHBIX CTPOUTEILHBIX CO-
OpYXEHUI BO MHOTOM TNEPEIIETAeTCs ¢ TEXHUYECKHUMHU
peleHusAMHU B 00JIACTH KHHEMAaTHYECKU N3MEHSIEMbIX
A9POKOCMHMUYECKHUX CHCTEM THIIa PACKPHIBAEMBIX Ia-
HeJlell CONHEUHBIX 0aTapei M KphUIbeB C U3MEHSIEMON
reomerpueit [3—7]. Takxe B TpaHCPOPMUPYEMBIX Me-
XaHUUYECKHUX CHCTEMaX BaKeH CUMON03 POOOTOTEXHHUKH
1 OMOMEXaHUKH ISl TIPOSKTHPOBAHUS pOOOTOB-aH IPO-
ujoB [8]. Kak npaBuio, UCTIONIHUTEIbHBIE MEXaHU3MBI
COBPEMEHHBIX NPOMBIIIICHHBIX POOOTOB COBEPIIAIOT
OoupIMe TEpEMENIEHUS B TPEXMEPHOM TTPOCTPAHCTBE.
CrnenoarenbHO, cucteMa U GepeHInaIbHbIX YpaB-
HEHUU KUHETOCTATHKH, OTIMCHIBAIOIIAsI PAOOUNid KT
POOOTOTEXHIMYECKON CHCTEMBI, OyAeT HETWHEHHOMH.
Kpome 31010, y310BbI€ COETUHEHUS TAKUX MEXAHU3MOB
BBIMOJIHSIIOTCSI B BU/I€ IAPHUPOB C OOPaTHBIMU CBSI3sI-
MH, 9TO CYIIECTBEHHO YCIIOXHSET MPOLECC KOMIbO-
TEPHOTO MOZEINPOBAHUSL.

Heo0XoquMo 0TMETHTb, YTO B JINTEpPATypE 10 CTPO-
UTETHHON MEXaHHUKe MPAKTHUECKH OTCYTCTBYIOT CBEJIC-
HHUSI 0 MareMaTH4eCcKOM MOJAEIHPOBAHUU TpaHchop-
MUPYEMBIX HMIAPHUPHO-CTEPAKHEBBIX CUCTEM C YUETOM
(hopmonsmenenus. B 910l cBs3M akTyanbHO Harpasiie-
HHE, CBSI3aHHOE C pa3paboTKOi HHKEHEPHON METOTUKH,
pacueTa TeOMETPUIECKH M3MEHIEMBIX KOHCTPYKITHH
C HCTIONIb30BAHUEM METO/Ia KOHEUHBIX AeMeHToB (MKD)
[9, 10]. KoneuHo-311€MEHTHOE MOIETTUPOBAHHE CTEPIKHE-
BBIX KOHCTPYKIMH 0a3upyeTcs Ha MPUMEHEHUN MaTpH-
1Bl JKECTKOCTH 0aJouHOTO KOoHeuHoro atementa (KD)
C 1IECThIO cTeneHs MU cBoOoabl B y3ie [11-13]. B pam-
Kax JIMHEHHOTO aHaJIM3a MEePEeMEILCHUSI M YITIbI II0BOPOTA
6anounoro K3 cunrarorcst MassiMu. OJJHaKO M3BECTHO,
YTO JIJIsi THOKHUX CTEPIKHEBBIX CUCTEM XapaKTEePHbI 00JIb-

16

1Y€ JIMHEIHbIE U YITIOBbIE NEPEMEIEHUs IPH MabIX
nedopmanusix [14, 15]. B atom citydae yucieHHOe pe-
HIEHHUE FeOMETPUUECKH HETMHEHHOH 3aauu CTPOUTCA
Ha 0a3e uTepanroHHOM mponeaypsl Herotona — Padceo-
HAa U METOJa «KOPPEKTUPYIOLIUX Iyr», CyTh KOTOPOTO
COCTOUT B aIallTUBHON KOPPEKTUPOBKE BEIMUYMHBI I11ara
Harpy>XeHus! P NPHOIIIKEHUH U TT0CIIE TPOXOKACHHS
TOuKH Ondypkauuu [16, 17].

VYrpouieHHbII MeTo/1 pacueTa rHOKUX YIIPYTHX CTep-
JKHEWl OCHOBAH Ha MPE/ICTaBICHUN CTEPKHS HabOpOM
NPsIMOJIMHENHBIX OanouHbx KO oanHakoBo# JUTHHEL, CO-
€IMHEHHBIX B 30HaX CONpsDKEeHUs npyxuHami [3]. Ipu-
Mep 0aIOYHO-TTPYKMHHON CXEMBI KOHCOIIBHOTO CTEPIKHS
MOKa3aH Ha puc. 1.

[onaraercst, 4TO MeXIy Y3I0BBIM MOMEHTOM H CO-
OTBETCTBYIOILUM yIJIOM ITOBOPOTA CYILECTBYET JINHEH-
Hasl 3aBUCHMOCTb!

M=ka;i=1,2,3,

rie k — k03¢ UIHEHT MPOTTOPIINOHATFHOCTH, XapaK-
TEPU3YIOMNK B TAHHOM CIy4ae yNpyrylo ’KeCTKOCTb
mrapaupa. B padore [3] anms pacuera rHOKHX CTEpKHEH
B JIByMEPHOM MOCTAHOBKE MCIOJb30BaH CIEAYIOINN
(hyHKIMOHAT:

t1 M
D= ?[Eﬁdx _Z(Miaf)x:x, +H,

rae M — n3runbaromuii MOMEHT Ha CBOOOIHOM KOHIIE
CTepKHs; £J — M3ruOHas KECTKOCTh CTEpXKHs; M,

Puc. 1. banouHo-npy>XMHHAast cXeMa THOKOTO CTep KHS (pHCY-
HOK aBTOPOB)
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0L, — PEAKTHBHBIE MOMEHTBI B MPYKMHAX COMPSKEHHS
u yriiel moBopotoB 6anounsix K9; IT — pabora BHem-
HUX CHIL

IIpu »TOM cunTaeTcs, 4To ynpyras KeCTKOCTb Mpy-
YKFH DKBUBAJICHTHA U3TMOHOMN KECTKOCTH cTepHsL. [Ipen-
CTaBJICHHAsI KOHIICMIHS 1e(hOPMALIMOHHOTO MOJICITPOBA-
HUA Y3KOCTICHATN3UPOBAHA ¥ HE MOYKET OBITh HAIPSIMYIO
pacrnpocTpaHeHa Ha 3a7ja4d CTPOUTEIbHON MEXaHUKH,
CBSI3aHHBIC C UCCIICOBAHUEM MPOCTPAHCTBECHHBIX KUHE-
MaTHYeCKH TPaHC(HOPMHUPYEMBIX CTEPIKHEBBIX CHCTEM.

MATEPHAJIBI U METO/JbI

KoneuHo-311eMEeHTHOE MOZIeIMpOBaHNE Iponecca
TpaHc(hOpMaIUU PETYJISIPHON CTEPHKHEBOM reKcaro-
HaJIBHOM PELIETKH IPHU IIarOBOM CMEIIEHUH KOHTYp-
HBIX Y3JI0B B HAallpaBJICHUH TNI00AIbHBIX ocel X 1 Y BbI-
MOJIHWIIK B cpefie nmporpaMMmHuoro kommiekca ANSY'S
Mechanical [18-20]. [lnst HanucaHusi MaKpoCcoB HcC-
10JIb30Baji BCTpOeHHbIM B ANSY'S s13b1k nporpammu-
poBanust APDL. Kaxplil cTepikeHb peleTku U Imio-
IIaJIKK Y3JIOBOTO COCIMHEHUS MPEICTABUIN B BHUJE
onHoro 6aixounoro KD.

PaccMoTpuM 1Be MOAENHN Y3TIOBBIX COSANHEHUM:

* OOBIYHYIO, CBSI3BIBAIOILYIO IEPEMEIICHUS U YIJIbI
MIOBOPOTA y3JIOB MIEMEHTOB PEUIETKH C COOTBETCTBYIO-
IIMMH y3JIaMH TUIOIIAJI0K COSTUHEHHI;

* C YNpPYrHMH IIApHUPAMH, PACHOIOKECHHBIMH
MEK/Ty Y371aM1 2JIEMEHTOB PELIETKH U y371aMH1 IJIOIIA 10K
COEIMHEHUI.

Iporiecc Tpanchopmaruu HOpPMbI KaXKIOTO CTEPIK-
HSl U3 UCXOJHOTO COCTOSTHHS B KOHEYHOE IPEICTaBUM
B BH/JIC MOCTIEIOBATEILHOCTH I1aroB. Ha xakaom mare
CHayasa yJajusieM MpeiblIyIIyi0 KOHEYHO-3JIEMEHTHYIO

()
x Y
(k)
Yj

*)
Zj

B = x* 0 Ay

() _ k=1 )
=y, +Auy’

i

k) _ (k=1 (*)
z; ) =z; '+Au

i

o _ 1,0
Yi =Y

20 = 20 4 Ay

y

Puc. 2. Cxema Tpancdopmanuu reometpun 6anoqnoro K3 (n

" =x? + Aul 4

CETKy, a 3aTeM 10 OTKOPPEKTHPOBAHHBIM C YIETOM I10-
JIY4eHHBIX MEpeMeIleHNH KoopinHaTaM y3JI0B CTPOHM
HOBYIO ceTKy. [Ipu 3ToM Tomonorndeckast nHGpopMarys
0 KOHEYHO-3JIEMEHTHON MOJIENH PEHIETKH MOJTHOCTHIO
coxpansiercsa. Ha puc. 2. mpuBezieHa cxema KOPPEKTH-
poBKH KoopanHaT y3110B KD Ha k-M miare knHemaruue-
CKOM TpaHc(opManu.

PE3YJBTATBI HCCJEJOBAHNA

1 neMoHcTpanuy npeagaracMoi KOHIETIUH Jie-
(hopmaroHHOTo OPMON3MEHEHHST BBHITIOJTHUM KOHEUHO-
3NIEMEHTHOE MOJISTMPOBAHKE Mporiecca TpaHc(hopManun
PEryJsipHON CTEpAKHEBOI CHCTEMBI U3 MCXOHOTO ILIO-
CKOTO COCTOSIHUSI B apOuHYIO (hopMy ITpH JTHUCKPETHOM
KMHeMaTH4eckoM Bo3nelcTBuu. Cxema paccmarpu-
BAa€MOW Ie€KCaroHaJIbHOW pEryJsipHO-CTEPKHEBOUM pe-
HIETKU B UCXOHOM (HauaJIbHOM) MOJIOXKEHUH MOKa3aHa
Ha puc. 3.

Ha puc. 3 KOHTpOJIbHBIE 3HAUEHUSI Pa3MEPOB STUEH-
KM PCIICTKH B HAYaJIbHOM COCTOSIHHH S, = 0,966 M, s, =
= 1,058 m; nudpamu /-3 0003HAUYECHBI CTEPKHH,
JUTSt KOTOPBIX BEIYHCIIAIOTCS YTIIBI OPHCHTALNN O, 0L, OL,
B TIporiecce (POPMONU3ZMEHEHHS PEIETKH.

Mozienb OBTOPSIIOLIETOCS Y3JI0BOTO COETUHEHMS,
MO3BOJISIONIAsT MOAEINPOBaTh (POPMOU3MEHEHNE pe-
IIETKH, MIPE/ICTaBIeHa Ha puc. 4. JlaHHAst MOZIENb BKIIIO-
yaeT marpopmy ¢, 00pa30BaHHYIO U3 TpeX HexehOopMu-
PYEMBIX CTEPKHEBBIX 2JIEMEHTOB. B Kaxkaoi BepLInHe
PaBHOCTOPOHHErO TPEYToJbHUKA ¢ MEXAY MapHBIMU
Y3JIaMH I, j paCIIOJIOKEHBI YIIPYTHE IIIAPHUPEI.

Kax noxa3zaHo Ha puc. 4, kaxJbplii ynpyTuil map-
HUP BKJIIOUAET TPH JIMHEHHBIX U TPH MOBOPOTHBIX IPY-
JKUHBL. 711 0003HAa4YEHUs SIEMEHTOB YIIPYToro Imap-

— k-1 )
=X +Aux/

— k=D *)
=y; +Auy/

— k- *)
=z; '+ Auzj

(O}
xj

1) _ (0
X, =x; +Au

M _ () )
Y =y, +hu,
o

Zj

(1) _ (0
z; =z; +Au

+Au” ! Iy X

Vi
0% 5
iG
00, 20

iep —— IMICIIO IIATOB Harpy>keHus1) (PUCYHOK aBTOPOB)
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HUPA TPUHATHI CIEAYIONINE CUMBOJIBL: K , ky, k_— xo-
3¢ unreHTH KecTKocTel MuHeHHBIX npyxuH (H/m),
OPUEHTUPOBAHHBIX BIOIbL ocell X, Y, Z; lgx, lgy, lgz —
COOTBETCTBYIOIINE )KECTKOCTH MOBOPOTHBIX MPYKHUH
(H-m/pam). Kaxxasiii crep:keHp peIIeTKA MOCTHPYeM
oaHuM OastounbsiM KD.

Ha puc. 5 npuBeneHa pacueTHas cxeMa pelieTku,
COOTBETCTBYIOIIAass CHHXPOHHOMY CHMMETPHUYHOMY
KMHEMaTH4YeCKOMY BO3/ICHCTBHUIO Ha y3JIbI C KOOP/IH-
Haramu X = 0 u x = 9,76 M. Haznagaem crnemyrormme
napaMeTpsl IS polecca TpaHc(hopMarim: cTapToBoe
3Ha4YEHHE «CTPENbD MoabeMa pemeTky f, = 0,01 m; 3Ha-
uenue mara npupamenus A = 0,01 m; yucio mraros
o = 200. Bo Bcex pacdyerax BBOJUM y4eT COOCTBEH-
HOTO Beca KOHCTPYKUUH. OTMETHM, YTO «CTapTOBOE
MIOJIOKEHUE PEUIETKH MPU 33JaHHBIX CTAaTUYECKUX Ipa-
HUYHBIX YCIIOBHUSIX COBIAJIACT C IMEPBOH COOCTBEHHON
dhopmoti.

Mexanuyeckre KOHCTAHThI CTEPKHEH pelieTKu
(aJTFOMUHUMEBBIN CIUTaB): MOMYJIh yIPYrocTH £ = 6,8 x
x 10* MIla; xoadunuent [yaccona v = 0,32; mior-
HOCTh p = 2885 kr/M*. Moyab yIpyrocTd mpakTHue-
CKH HeNe(pOPMHUPYEMBIX CTEPKHEH MIaTGopMbl £ =
= 10° MIla. Crepsxuu peurerku (aausa 0,4423 m) u y3-
noBbix miaardopm (amuHa 0,1 M) uMerT TpyOUaTyio
(hopMy HOTIEpEYHOTO CEYEHHs C HApY KHBIM THaMETPOM
0,018 M. Tonmmuna crenku TpyOsr 0,0015 M. 3HaueHus
K03((HHUIMEHTOB KECTKOCTH k , ky, k_ npuaMMaeM vuc-
JICHHO PaBHBIMU BeJIMUKHE E.

PesynbraThl MOJETUPOBaHUs B BHJE I'paHUKOB
3aBHCHMOCTH «CTPENBI» MOAbEMA [, OT YMCNIa IaroB
TpaHchopManny i Ul pa3IuIHbIX 3HAYEHHH JKECTKO-

Y

X

Puc. 3. Cxema rekcaroHaJibHOW peleTKH B UCXOTHOM TTOJIOXKE-
HUH (PHUCYHOK aBTOPOB)

CTel MOBOPOTHBIX MPYKUH MPEICTABICHBI HA pHC. 6.
Ha puc. 6 muanusm /—4 cOOTBETCTBYIOT 3HAYCHUS lgx,
k., k_: 1000, 3000, 5000, 10 000 (H-m/paz). Tpadux,
BBIITOJIHEHHBII IITPUXOBOW JIMHHEH, COOTBETCTBYET
BapUaHTy peuieTku 0e3 ynpyrux mapHupoB. U3 npu-
BEJICHHBIX I'Pa(UKOB CIICAyeT BBIBOJ O HEIMHEHHOM
3aBUCHUMOCTH 3Ha‘IeHI/IHf; OT BCJIUWYHUHBI KMHEMATU-
YECKOTO BO3JICHCTBHS Ha Y3JIbl PELICTKH C KOOPIH-
HatamMu x = 0 1 x = 9,76 M. KoHEUHBI apOUYHBIN BUJI
pewerku npu n, = 200 nns k., lgy, k. 1000 H-m/pan
u 10 000 H-m/pax mokasax Ha puc. 7.

I'paduku M3MEHEHUI pa3MepoB SYeeK B 3aBUCHU-
MOCTH OT IIIara TpaHc(OpMAaIiK IPUBEICHBI Ha pHC. 8.

st cpaBHeHus Ha puc. 9 nokazaHa rpaduyeckas
~ 1 Il pelieTKy 0e3 ynpyrux map-

3aBUCUMOCTH Sa

b

Puc. 5. PacueTHas cxema, COOTBETCTBYIOMIAs CAMMETPHYHOMY KHHEMATHIECKOMY BO3IEUCTBHIO A (PHCYHOK aBTOPOB)
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Sa.b’M
0,1
0,95
0,9
0,85
0,8
0,75
0,7
S
0,65 =
0,6 .
0 40 80 120 160 200
a
0 40 80 120 160 200 i
S M
Puc. 6. I'paduxu ]2 ~ [ (PUCYHOK aBTOpPOB) 0 97“17
0,96
0,95
0,94 %
,—.r.i'.. 0,93
e ey O,
/ﬁ'...“ 0,92 s,
??'..‘““ 0,91
)z v G S 0 40 80 120 160 200

E eSSt

2T

Puc. 8. I'paduxu s, ~i:a — lgx = lgy = IEZ =1000 H-m/paj;
b— k, =k, =k, =10 000 H-w/pan

0,968
0,966
0,964
0,962

0,96
b 0,958
0,956

Puc. 7. ApouHbIii BUI pEIIETKH: a — lgx = Igy = lgz =
=1000 H-m/pan; b — k., = k, = k. =10 000 H-m/pan (pu-
CYHOK aBTOPOB) Puc. 9. I'paduku 8, 1 AN PEIIeTKH 0e3 yIpyrux napHHpOB

0 40 80 120 160 200 i

Puc. 10. ®parmeHT apodyHON PEIICTKH (ng = lgy = Igz = 1000 H-m/pan)
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o, pan @, pan o, pan
0,64 1.3 1,4
1,2 1,3 2
0,62 2 o 5 13
0,6 / | 1 1,1 7
1
0,58 0,9 0.9
0,56 8’3 0.8
, 0,7
0,54 0.6 0.6
0,52 0,5

0 40 80 120 160 200 0’50 40 80 120 160 200 0 40 80 120 160 200

a b c

Puc. 11. I'paduxu o, ~i:a — k, = k, = k. =1000 H-m/pamx; b — lgx = Igy k. =10 000 H-m/pax; ¢ — 6e3 ynpyrux map-

HHUPOB
o, paz o, par o, pax
1,048 1,047 1,043
1,047 1,0465 1,042
1,046
: 1,041
1,046 1,0455 o4
1,045 1,045 ’
1,045 1,039
1,044 ’ 2 1,038
1,044 - :
1,043 1,0435 1 1037 | N 2
1,042 1,043 1,036

0 40 80 120 160 200i 0 40 80 120 160 200 0 40 80 120 160 200i

a b c

Puc. 12. I'papuxu o~ita—k, = IE = lgz = 1000 H-m/pax; b — lgx = Ig}, = lgz =10 000 H-m/pan; ¢ — 6e3 ynpyrux map-
HHUpPOB

o, pan o, pazn o, pax
, 1,6 1.6
15
1,55 L3 14
L5 13
; 12
1,45 1,2 ’
1,4 1,} 1
1,35 i 0.9 1 0.8 L
2 0,8 0,6
1122 0.7 b 2
2207740 T80 120 160 200i %00 20 80 120 160 200i %*(0 40 T80 130 160 200
a b c

Puc. 13. I'paduxu a_~i: a — IEX = Igy = I:tz = 1000 H-m/pan; b — ng = Igy = lgz =10 000 H-m/pan; ¢ — Ge3 ynpyrux map-
HHMPOB

HUpPOB. V3 mpuBeneHHBIX TpapUKOB BUHO, yTO Mak- = 200 (110Ka3aHO MOJIOKEHUE CTEPIKHEBBIX DJIEMEHTOB,
CHMallbHOE W3MEHEHHE pa3Mepa AYEHKHU S, COCTABIA-  NPUMBIKAIONIMX K OTIOPHBIM Y3J1aM).

er 0,4 M Ha puc. 6, a; 0,056 m Ha puc. 6, b n 0,01 m Crientyet OTMETHTb, 9TO JUIs pa3pabOTKH KOHCTPYK-
Ha puc. 9. Pasmep s, H3MEHAETCS COOTBETCTBEHHO WM Y3JOBOTO COEIMHEHMS I'€KCArOHAIBHON PEIIETKH
Ha 0,016 u 0,0014 m. [Ipudyem B 000UX Ciydasix Xa- HEOOXOIZMMO MMETh JaHHbBIC 00 M3MCHEHHH OPHCHTALMN
pakTep rpauKoB s ~ i KAYECTBEHHO COBNAJAET, T.€.  CTepKHEH B mpouecce TpaHchopmaiuu. C 3ToH 11esbio
B HavaJie TpaHC(HOPMAIMK OTMEUYAETCsl PE3KOe YMEHb-  OBLIO BBIIIOJIHEHO UCCIIEI0BAaHUE 3aBHCHMOCTH YIJIOB I10-
LICHNUE, 4 3aTeM TONOTHii pocT. Kak u ciiefoBano oxu-  BOpOTa 0, 0, 0 CTEPXKHEi /, 2 (puc. 11) ot mara TpaHc-
AaTh, pemetka ¢ k, =k, = k. = 1000 H-m/pan sensiercs  dopmanmu i. I'paduxn o ~ i, 0L~ I, O ~ i JUISL PEIIeTOK
Hanbojee «ryTTalepueBoi» NPy 3alaHHOM BHE KHHE- € YIPYTUMH IIAPHAPAMU [IPH 3HAYCHUSX apaMeTpoB £ ,
MaTtuueckoro BozzaeiicTeus. Ha puc. 10 npeacrasiena I:ty, l;z 1000 H-m/pan, 10 000 H-m/pan, a Taxxe pemiet-

BH3yaJIM3alis (pparMenTa JaHHO! PEUIeTKH K 1, =  Ki 0e3 yNMpyruX MIAPHAPOB NPHBEICHE! Ha puc. 11-13.
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PeSy.]'H:TaTI:I MOJaJIbHOT'O aHaIu3a

bes ynpyaux wapnupos

A, = 1,440 T

=

A, =3,538 T

%, = 3,707 T

C ynpyeumu waprupamu

A, = 1,404 T A, =2,010T

Puc. 15. I'paduku: a —f, ~i; b —s ~i

W3 ipencTaBneHHBIX TpaguKoB BUIHO, UTO HAHOOJIEe HH-
TEHCHBHO TIpH TpaHC(OpMaLuK IPOUCXOIUT H3MEHEHHUE
ymioB o (puc. 11) u a_ (puc. 13).

MakcumanbHOe YBENMUECHHUE YTIIa O TS CTEPIKHS 2
(puc. 1) cocraBmsiet: 5,7° (puc. 11, a); 43° (puc. 11, b);
51,6° (puc. 11, ¢). Ipu sTOoM yrom o_ ymenbmaeres: 17,6°
(puc. 13, a); 55,6° (puc. 13, b); 57,3° (puc. 13, ¢). Kpubie
Ha MPUBEICHHBIX PUCYHKaX MPAKTUYECKH COBIAIAIOT,
YTO TOBOPHT O CHHXPOHHOCTH ITOBOPOTOB CTEprKHEH / 1 2.
[TomuepkHeM, 4TO M3MEHEHHMS YIVIOB O, M O XapaKTe-
PHU3YIOT TIOBOPOT CTEPXKHS 2 OTHOCHUTEIBHO ocel X
¥ Z COOTBETCTBEHHO. YTOII 0, B IpOIECcce TpaHchop-

H W WYY

LM R HE

0 40 80 120 160 200 i

MaIiy U3MEHSACTCS He3HAUNTEIHHO, MakCUMyM Ha 0,4°
(puc. 12, ¢).

B Tabnuie npencTasieHbl pe3yibTaThl MOJIAIbHO-
ro aHanu3a (rmepBble TPH COOCTBEHHBIX Haphbl) JJIs Ba-
pPHAHTOB apKu 0e3 yIpyrux LIapHUPOB U C YIPYTUMH
HIAPHUPAMU, B KOTOPBIX l;x =k ,= l:tz =10 000 H-m/pan.
Kaxk BusiHO 13 TaONMHIIBL, IIEpBbIE COOCTBEHHBIE YaCTOTHI
IUISL paccMaTpHUBaeMBbIX BapUAHTOB apKU MPAKTHYECKH
COBIIA/IAIOT. BMecTe ¢ TeM BTOphIEe M TPEThH COOCTBEH-
HBIE TIaphI PA3IMYAIOTCs KOJIMUYECTBEHHO U Ka4eCTBEH-
HO. DTO OOBSCHACTCS HAJIMYUEM YNPYTUX LIAPHUPOB,
KOTOPBIE CHIIKAIOT )KECTKOCTh KOHCTPYKLIUH U TEM Ca-
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b

Puc. 16. ApouHbIif BUJI PEHICTKH: & — k, =

x

MBIM YMEHBIIAIOT COOTBETCTBYIOIINE COOCTBEHHBIE Ya-
CTOTBI.

B kadecTBe ambTepHATHBHOTO crloco0a TpaHC-
(hopManuy pemIeTKu paccMOTPUM PACUETHYIO CXEMY,
MOKa3aHHYIo Ha puc. 14. B naHHOM cilydae miar nepe-
MeUIeHus 3a1aeTcs BAoib ocu Y. [IpuHumaem mar Ay =
=0,01 M 1 9mCIO MIaroB o™ 200.

Pesynbrarel MoneTMpoBaHus Mpomuecca Tpanchop-
Malnuy PeIeTKH 10 IFTEPHATHBHON CXeMe B BUJIE I'pa-
(UKOB 3aBHCHMOCTH «CTPENB» TMOAbEMA aPKH . ¥ U3-
MEHEHHS pa3Mepa SYEHKH 5, OT IIara NepeMereHus
IpescTaBIeHsbl Ha puc. 15.

Kax Bunno u3 puc. 15, b rpadukn s_~ i npu 3Ha-
ueHusx k, k , k., pasueix 3000, 5000 u 10 000, Henn-
HeltHbl (uHuN 2, 3, 4). BMecte ¢ TeM mpu 3HaueHUSX
JKeCTKOCTeH moBOpOTHRIX pykuH 1000 H-m/pan (-
HUS /) ¥ U pemieTku 0e3 YIpyTuxX MapHUpOB (IITPH-
XOBast JINHKS) XapaKTep 3aBUCHMOCTH S~ i INHEHHBIH.

b

, = k. =1000 H-m/pan; b — k. =k, = k

10 000 H-m/pan

3AKJIIOYEHUE U OBCYXJIEHUE

Apounbie (HOpMBI pEIIeTKH /IS TApaMETPOB JKECT-
KOCTH TMOBOPOTHBIX mpyxkuH 1000 u 10 000 H-m/pan
MIPUBECHBI Ha puc. 16.

PacueTs! mokazanu, 4To 11l JaHHOHM pacueTHON
CXEeMBI pemIeTKH (puc. 12) MakCHMaTbHBIN YTOMI IIOBOPO-
Ta cTepkHel / u 2 npu lgx = lgy = IEZ = 10 000 H-m/pax
HE IPEBBIIIAET 0, = 6°.

Ha ocHOBaHUM BBINOJHEHHBIX BBIUUCIUTEIBHBIX
9KCIEPUMEHTOB YCTAHOBIICHO!

* IpeajaracMblidi NPsIMON MHKPEMEHTAJIbHBIN all-
TOPUTM PELIEHUS TEOMETPUUECKHU HEIMHENHOM 3a1auu
SABJISIETCA AOCOIOTHO CXOAIINMCS;

* pazpaboTaHHas METOJMKA Ha3HAYCHUS KECTKO-
CTell TIOBOPOTHBIX MPYXHH MOXKET OBITH UCIIOIb30BaHA
MIPU TPOSKTHPOBAHUH KOHKPETHOW KOHCTPYKIIUH Y3J10-
BOI'O COEAMHEHHUS CTEPKHEN PEryJIIpHON PEILIETKH.
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INTRODUCTION

One of the creative trends in modern architecture
is kinetic design, which is based on controlled changes
in the geometry of a structure to achieve the desired
spatial and planning solutions [1, 2]. To this should be
added the origami-inspired reshaping of structural ele-
ments of building facades. The idea of creating such
structures is largely intertwined with technical solutions
in the field of kinematically variable aerospace systems,
such as deployable solar panels and wings with variable
geometry [3—7]. In transformable mechanical systems,
the symbiosis of robotics and biomechanics is also im-
portant for the design of android robots [8]. As a rule,
the actuators of modern industrial robots perform large
movements in three-dimensional space. Consequently,
the system of differential equations of kinematics de-
scribing the working cycle of a robotic system will be
nonlinear. In addition, the node connections of such
mechanisms are made in the form of joints with feed-
back, which significantly complicates the process
of computer modelling.

It should be noted that there is virtually no infor-
mation in the literature on structural mechanics about

mathematical modelling of transformable hinged-rod
systems taking into account shape change. In this regard,
the development of engineering methods for calculating
geometrically variable structures using the finite ele-
ment method (FEM) [9, 10]. Finite element modelling
of bar structures is based on the use of a beam finite ele-
ment (FE) stiffness matrix with six degrees of freedom at
the node [11-13]. Within the framework of linear analy-
sis, the displacement and rotation angles of the beam FE
are considered small. However, it is known that flexible
bar systems are characterized by large linear and angu-
lar displacements at small deformations [14, 15]. In this
case, the numerical solution of the geometrically nonlin-
ear problem is based on the Newton — Raphson iterative
procedure and the “corrective arcs” method, the essence
of which is the adaptive correction of the load step size
when approaching and after passing the bifurcation
point [16, 17].

A simplified method for calculating flexible elastic
rods is based on representing the rod as a set of straight
beam elements of equal length connected by springs
at the joints [3]. An example of a beam-spring model
of a cantilever rod is shown in Fig. 1.
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Fig. 1. Beam-spring diagram of a flexible rod (figure by
the authors)

It is assumed that there is a linear relationship be-
tween the torque and the corresponding angle of rotation:

M =ka;i=1,2,3,
where £ is the proportionality coefficient, which in this
case characterizes the elastic stiffness of the hinge. In [3],

the following functional was used to calculate flexible
rods in a two-dimensional setting:

2
:le > (M) +1L,
0

2 EJ ; =

where M is the bending moment at the free end of the rod;
EJ is the bending rigidity of the rod; M, . are the reac-
tive moments in the coupling springs and the rotation
angles of the beam FE; I is the work of external forces.

At the same time, it is assumed that the elastic stiff-
ness of the springs is equivalent to the bending stiffness
of the rod. The presented concept of deformation model-
ling is highly specialized and cannot be directly applied to
structural mechanics problems related to the study of spa-
tially kinematically transformable rod systems.

X
® _
Y;

xB = x* 0y Au(")

(k)

78 =y A

(k) _
Z/. =

MATERIALS AND METHODS

Finite element modelling of the transformation
process of a regular hexagonal lattice with stepwise dis-
placement of contour nodes in the direction of the glo-
bal X and Y axes was performed using the ANSYS
Mechanical software package [18-20]. The APDL pro-
gramming language built into ANSY'S was used to write
macros. Each lattice rod and node connection platform
were represented as a single beam element.

Let us consider two models of node connections:

» aconventional model linking the displacements
and rotation angles of the grid element nodes with
the corresponding connection node nodes;

» amodel with elastic hinges located between
the grid element nodes and the connection node nodes.

The process of transforming the shape of each
rod from its initial state to its final state is represented
as a sequence of steps. At each step, we first remove
the previous finite element mesh, and then build a new
mesh based on the node coordinates adjusted to take
into account the obtained displacements. In this case,
the topological information about the finite element
model of the grid is completely preserved. Fig. 2 shows
a diagram of the adjustment of the coordinates of the FE
nodes at the £-th step of the kinematic transformation.

RESEARCH RESULTS

To demonstrate the proposed concept of deforma-
tion-induced shape change, we will perform finite ele-
ment modelling of the transformation process of a regu-
lar bar system from its initial flat state to an arched shape
under discrete kinematic action. The diagram of the hex-

X0 =0 A
J

k-1 (k)
=Yy, +Auyj

Z*D 4 Ay ®
j z;

(1) _ (0 0
X = x4 A,
M _ (0 )
Yo =y, +Auy/

@ _ 0 @)
z, =2z; +Au2,

k) _ k=1 ()
z =z +Au;
M) _ (0 )
X =x0 A 4
M _ 0 m ! X
Yi =) +Auy, S X
M) _ (0 m
z) =z +Au 0,0 0
! ! Zi j)a )’, s ,'
z
iG
RORSORO)
X , 5 J/, s ,
y

Fig. 2. Schematic representation of the transformation of the geometry of a beam FE (nwp —

by the authors)
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Ya

7.92 M=t -oe:--oae

Fig. 3. Diagram of the hexagonal lattice in its initial position
(figure by the authors)

agonal regular bar lattice under consideration in its initial
(starting) position is shown in Fig. 3.

In Fig. 3, the reference values of the lattice cell di-
=0.966m,s =1.058 m;
numbers 1-3 denote the rods for which the orientation

mensions in the initial state are s,

angles o, a, a_are calculated during the lattice defor-
mation proéess.

A model of a repeating node connection that al-
lows modelling lattice deformation is shown in Fig. 4.
This model includes a platform ¢, formed from three
non-deformable bar elements. Elastic hinges are locat-
ed at each vertex of the equilateral triangle 7 between
paired nodes i and ;.

As shown in Fig. 4, each elastic hinge includes
three linear and three torsional springs. The following
symbols are used to denote the elements of the elastic
hinge: £, k , k — stiffness coefficients of linear springs
(N/m) oriented along the X, Y, Z; k_, ky, k. — corre-
sponding stiffnesses of torsional springs (N-m/rad).
Each rod of the lattice is modelled by a single beam FE.

Fig. 5 shows the calculated grid scheme correspond-
ing to the synchronous symmetrical kinematic action
on nodes with coordinates x = 0 and x = 9.76 m. We as-
sign the following parameters for the transformation pro-
cess: the initial value of the grid lift “arrow” f. = 0.01 m;
increment value A = 0.01 m; number of steps 7, o= =200.
In all calculatlons we take into account the dead weight
of the structure. Note that the “initial” position of the grid
under the given static boundary conditions coincides
with the first natural mode.

Mechanical constants of lattice rods (aluminum al-
loy): modulus of elasticity £ = 6.8 - 10* MPa; Poisson’s
ratio v = 0.32; density p = 2,885 kg/m*. Modulus of elas-
ticity of virtually non-deformable platform rods £, =
= 10° MPa. The lattice rods (length 0.4423 m) and node
platforms (length 0.1 m) have a tubular cross-section
with an outer diameter of 0.018 m. The pipe wall thick-
ness is 0.0015 m. We assume that the stiffness coeffi-
cients k , ky, k_are numerically equal to the value of £.

The simulation results in the form of graphs show-
ing the dependence of the lift arrow f, on the number
of transformation steps i for different values of the stift-
ness of the torsion springs are shown in Fig. 6.
In Fig. 6, lines /—4 correspond to the values k k k
1,000, 3,000, 5,000, 10,000 (N-m/rad). The graph w1th

Fig. 5. Calculation diagram corresponding to symmetrical kinematic action A _(figure by the authors)
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Fig. 6. Graphs of f, ~ i (figure by the authors) 0.97
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Fig. 8. Graphs s, ~i:a — k, = k, = k, = 1,000 N-m/rad;
b— k, =k, = k. =10,000 N-m/rad
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Fig. 7. Arch-shaped grid: a — lgx = lgy = lgz =1,000 N-m/rad;
b— k., =k, = k. = 10,000 N-m/rad (figure by the authors)  Fig. 9. Graphs of s,,~ i for a lattice without elastic hinges

Fig. 10. Fragment of an arched lattice (lgx = lgy = lgz = 1,000 N-m/rad)
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Fig. 11. Graphs a_~i: a — lgx = lgy = lgz =1,000 N-m/rad; b — I:rx = lgy = lgz 10,000 N-m/rad; ¢ — without elastic joints
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Fig. 12. Graphs o ~i:a — k, = k, = k. = 1,000 N'-m/rad; b — k, = k, = k. = 10,000 N-m/rad; ¢ — without elastic joints
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Fig. 13. Graphs a_~i:a — k, = lgy = k. =1,000 N'-m/rad; b — k, = lgy = k. =10,000 N'-m/rad; ¢ — without elastic joints

Results of modal analysis

Without elastic joints
A = 1.440 Hz A, =3.538 Hz A, =3.707 Hz
=1L

With resilient hinges
A, =1.404 Hz A, =2.010 Hz A, =2.103 Hz
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Fig. 15. Graphs: a —f, ~i; b—s,~1i

the dashed line corresponds to the grid variant without
elastic hinges. The graphs show that the value of f; de-
pends non-linearly on the magnitude of the kinematic
impact on the grid nodes with coordinates x = 0 and x =
=9.76 m. The final arch shape of the grid at n, = 200
for k k k 1,000 N-m/rad and 10,000 N- m/rad is
shown in Flg 7.

Graphs showing changes in cell sizes depending
on the transformation step are shown in Fig. 8.

For comparison, Fig. 9 shows the graphical de-
pendence of s, ~ i for a lattice without elastic hinges.
The graphs show that the maximum change in cell size s,
is 0.4 m in Fig. 6, @; 0.056 m in Fig. 6, b; and 0.01 m in
Fig. 9. The size s, changes by 0.016 and 0.0014 m, respec-
tively. Moreover, in both cases, the nature of the graphs
s, ~ 1 qualitatively coincides, i.e., at the beginning
of the transformation, there is a sharp decrease, followed
by a gradual increase. As expected, the lattice with &, =
= kv = kz = 1,000 N-m/rad is the most “gutta-percha-
like” for a given type of kinematic action. Fig. 10 shows
a visualization of a fragment of this lattice at n = 200
(the position of the bar elements adjacent to the support
nodes is shown).

It should be noted that in order to develop the de-
sign of a hexagonal lattice node connection, it is nec-
essary to have data on the change in the orientation
of the rods during the transformation process. For this
purpose, a study was carried out on the dependence
of the rotation angles o, o, 0, of rods 1 and 2 (Fig. 11)
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on the transformation step i. The graphs o ~ i, o ~ i,
o~ i for lattices with elastic hinges at parameter values
k k k 1,000 N-m/rad, 10,000 N-m/rad, as well as
lattlces without elastic hinges are shown in Fig. 11-13.
The graphs show that the most intense changes during
transformation occur in the angles a_(Fig. 11) and a,
(Fig. 13).

The maximum increase in angle o, for rod 2 (Fig. 1)
is: 5.7° (Fig. 11, a); 43° (Fig. 11, b); 51. 6° (Fig. 11, ¢). At
the same time, the angle o_ decreases: 17.6° (Fig. 13, a);
55.6° (Fig. 13, b); 57.3° (Fig. 13, ¢). The curves in the fig-
ures are practically identical, which indicates the syn-
chronism of the rotations of rods / and 2. It should be
emphasized that the changes in angles a._and a_ charac-
terize the rotation of rod 2 relative to the X and Z axes,
respectively. The angle o changes insignificantly during
the transformation, by a maximum of 0.4° (Fig. 12, ¢).

The Table shows the results of modal analysis
(the first three eigenpairs) for arch variants without
elastic hinges and with elastic hinges, in which k
= k k =10,000 N-m/rad. As can be seen from the ta-
ble the first natural frequencies for the considered arch
variants are practically the same. At the same time,
the second and third natural pairs differ quantitatively
and qualitatively. This is explained by the presence
of elastic hinges, which reduce the stiffness of the struc-
ture and thus reduce the corresponding natural frequen-
cies.
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Fig. 16. Arch-shaped grid: a — ng = Igy = lgz =1,000 N-m/rad; b — lgx = lgy = Igz =10,000 N-m/rad

As an alternative method of transforming the grid,
consider the calculation scheme shown in Fig. 14. In
this case, the displacement step is specified along
the Y-axis. We assume a step A = 0.01 m and a number
of steps n,, = 200.

The results of simulating the grid transforma-
tion process using the alternative diagram in the form
of graphs showing the dependence of the arch rise f
and the change in cell size s, on the displacement step i
are shown in Fig. 15.

As can be seen from Fig. 15, b, the graphs s ~ i at
values k,, k. k_, equal to 3,000, 5,000 and 10,000 are
nonlinear (lines 2, 3, 4). At the same time, for values
of torsional spring stiffness of 1,000 N-m/rad (line /)
and for a lattice without elastic hinges (dashed line),
the dependence s ~ i is linear.

CONCLUSION AND DISCUSSION

The arch shapes of the grid for the stiffness param-
eters of the torsion springs 1,000 and 10,000 N-m/rad
are shown in Fig. 16.

Calculations have shown that for this lattice design
(Fig. 12), the maximum rotation angle of rods / and 2 at
k, =k, =k_.=10,000 N-m/rad does not exceed o =
=0°.

Based on the computational experiments per-
formed, it has been established that:

» the proposed direct incremental algorithm for
solving a geometrically nonlinear problem is absolutely
convergent;

* the developed method for assigning the stiffness
of torsion springs can be used in the design of a specific
structure of a node connection of regular lattice rods.
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AHHOTALUMNA

BBeaeHue. B ycrioBrsx HE06X0ONMMOCTU CHDKEHMS LyMa OT TEXHONOrMYEeCKoro 00opyaoBaHnsi, (yHKLMOHMPOBaHNE KOTO-
poro TpebyeT NOCTOAHHOrO BO3yxoobmeHa, Bo3pacTaeT NoTpebHOCTb B MpoayBaeMbIX 3BYKOU3ONSALMOHHBIX KOHCTPYKLIMSAX.
Ocoboe BHMMaHWe yfensieTcs npofyBaeMbiM LUYMO3aLUMTHBIM 3KpaHaM, HECMOTPS Ha OTCYTCTBME CTaHAapTU30BaHHbIX
METOAMK pacyeTa Nx akycTndeckon apeKTMBHOCTU. AKTyarnbHbIMY NPeaCTaBMAAOTCA NCCeaoBaHUS 3KPAHOB NTAMENbHOIO
TMNa, CNOCOBHBLIX coveTaTb PYHKLMM LLYMOMOHMKEHNS 1 BEHTUNMPOBaHNS 060pyaoBaHus. PaccMaTpuBaeTcs YacTHBIN Criy-
yaw TakoW KOHCTPYKUMM — peLueTka ¢ napansenbHbiMY 3a30paMu, Moaennpyemasi Kak CMcTeMa TOHKUX XKECTKMX MIacTyH,
paBHOMEPHO PacMorOXXeHHbIX MO BCEN BbICOTE 3KpaHa.

Matepuansbi u metoasl. Viccrnenyetcst nepuoanyeckas pelletka, 0bpasoBaHHasi TOHKMMU XXECTKUMW MracTUHaMK, paBHO-
MEpPHO pa3MeLLieHHbIMU C perynmpyemMbiM waroM. YncrneHHoe MoaenupoBaHue BbIMONHEHO B nporpammMHon cpege COMSOL
Multiphysics 6.2 ¢ ncnonb3oBaHWeM aKyCTUYECKOro MOAYMSA U MPUMEHEHMEM METOAA KOHEYHbIX arieMeHToB. PacueTtbl npo-
BOOWUNWCL ANsi cpefHereomeTpuyecknx yactot cornacHo MOCT 12090-80: 63, 125, 250, 500 n 1000 My npy pasnuyHbIx
KOMOMHaLMSAX ONWHBI MAACTUH U LUMPUHBI 3a30pOB MexXay HUMK. AkycTuyeckas adh(PeKTMBHOCTb dKpaHa onpepensnach
KaK pasHOCTb CpPefHMX YPOBHEN 3BYKOBOrO AaBfieHWs B obnactu HabnogeHus 3a 9KpaHOM, MOMyYeHHbIX ANS Cryyaes
C 9KpaHoOM n 6e3 Hero.

Pesynbrartbl. MakcumarnbHas akyctuyeckas apeKTMBHOCTb AOCTUMAETCS NPY YBEMUYEHUU ATTUHBI MNACTUH PeLLEeTYaToro
9KpaHa M YMEeHbLUEHMM 3a30POB MexXay HUMU. B psige KoHgUrypaunii CHKEHE YPOBHS 3BYKOBOIO AaBMeHUst 4OCTUrano
20 pob B AnanasoHe cpefHux 1 Bbicokux YactoT (250—1000 ). B 1o e Bpemsa npu yactotax 125 'y n Huxe addekTnB-
HOCTb 9KpaHa CYLLECTBEHHO OrpaHuyvMBaeTcs ANMPaKUMOHHbIMU 3hdeKkTaMm, HE3aBUCMMO OT reOMEeTPUYECKNX Napame-
TpoB. Pe3yneraThl MOATBEPXKAAOT, YTO BbIOOP COOTHOLLEHMS ANVHBI ANIEMEHTOB 1 3a30pa UrpaeT peLuaroLLyto porb B obec-
neyeHun TpebyemMoro KOMMpoMmUcca Mexay akyctuyeckon apdeKTMBHOCTBIO U NPOBETPYBaHMEM 060pyA0BaHUS.
BbiBoAbl. ViccnegoBaHve noaTBepAnMno MOTEHUMAarn peLluetyaThiX LWYMO3aLUUTHBIX KOHCTPYKUMIA Kak 3h(PEKTUBHOMO WH-
CTPYMEHTA CHWXKEHUS LLyMa Npu COXpaHeHUn NpogyBaemMocTh. B HacTosiLee BpeMs HET eAnHOM METOAMKN OLLEHKN aKyCTU-
Yeckon 3hPeKTUBHOCTM NPOAYBaEMbIX 9KPAHOB, YTO CO3aaeT TPYAHOCTM NPU UX NPOEKTUPOBaHNW. Pe3ynbraThl HacTosLwewn
paboThbl MOryT ObITb UCMONb30BaHbI ANt NPAKTUYECKNX PACYETOB.

KIMKOYEBBIE CITOBA: akycTuyeckasi 3eKTUBHOCTb 3KPaHOB, peLleTyaThblil LWyMO3aLMTHBIA 3KPaH, LUMPOKOMNOMOCHbIN
LLYM, YACTIEHHOE MOAENMPOBaHVe, MeTo KOHEYHbIX 3NIEMEHTOB, CTALMOHAPHBIA UCTOYHNK LUYMa, peLleTYaThblii 3kpaH, 30Ha
aKyCTMYeCKOW TeHU
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ABSTRACT

Introduction. In the context of the need to reduce noise from technological equipment, the operation of which requires
constant air exchange, there is an increasing interest in ventilated soundproof structures. Special attention is paid to blown
noise shields, despite the lack of standardized methods for calculating their acoustic efficiency. Studies of lamellar-type
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screens capable of combining the functions of noise reduction and ventilation of equipment seem relevant. In this paper, we
consider a special case of such a design — a grid with parallel gaps, modeled as a system of thin rigid plates evenly spaced
over the entire height of the screen.

Materials and methods. A periodic lattice formed by thin rigid plates evenly spaced with an adjustable pitch is investigated.
Numerical simulation was performed in the COMSOL Multiphysics 6.2 software environment using an acoustic module and
using the finite element method. Calculations were performed for geometric mean frequencies according to GOST 12090-80:
63, 125, 250, 500 and 1,000 Hz with various combinations of plate lengths and gap widths between them. The acoustic
efficiency of the screen was determined as the difference between the average sound pressure levels in the field of screen
observation obtained for cases with and without a screen.

Results. Maximum acoustic efficiency is achieved by lengthening the plates in the grated noise shield and reducing the gaps
between them. In a number of configurations, the sound pressure level reduction reached 20 dB in the range of medium
and high frequencies (250—1,000 Hz). At the same time, at frequencies of 125 Hz and below, the efficiency of the screen is
significantly limited by diffraction effects, regardless of geometric parameters. The results confirm that the choice of element
length and clearance ratio plays a crucial role in ensuring the required compromise between acoustic efficiency and ventila-
tion of the equipment.

Conclusions. The study confirmed the potential of lattice noise-proof structures as an effective noise reduction tool while
maintaining blowability. Currently, there is no single methodology for evaluating the acoustic efficiency of blown screens,
which creates difficulties in their design and underlines the relevance of this study.

KEYWORDS: acoustic efficiency of screens, lattice noise shield, broadband noise, numerical modelling, finite element
method, stationary noise source, lattice screen, acoustic shadow zone

FOR CITATION: Dolger A.R., Kanev N.G. The influence of the parameters of a lattice-type noise shield on its acoustic ef-
ficiency. Stroitel’stvo: nauka i obrazovanie [Construction: Science and Education]. 2025; 15(4):3. URL: http://nso-journal.ru.
DOI: 10.22227/2305-5502.2025.4.3

Corresponding author: Alexandr R. Dolger, a.dolger@yandex.ru.

BBEJIEHUE

WmxerepHOe 000pymoBaHre, pa3MeIacMoe Ha Tep-
PHUTOPUH HACEIICHHBIX ITYHKTOB FUTH OTKPBITHIX yYacTKaX
3[[aHUH, HAIPHMEP Ha KPOBIIE, CITY’KUT HCTOYHUKOM IIy-
MOBOTO 3arps3HeHus. OAHO U3 PaCHpPOCTPAHEHHBIX pe-
IIEHUH 110 YMEHBIICHUIO YPOBHS IIIyMa —IIIyMO3aIInT-
HBIE PKPaHBbl, MACCHBHBIC (JOBOJIBHO YacTO) CIUIOLTHbIC
OTpa’KAAIOIINe KOHCTPYKIINH, YCTAHABIMBACMBbIC BOJH3H
TEXHOJIOTHYECKOTO 000pynoBannsa. CHIDKEHHE yPOBHSA
ITyMa B TAaKUX CHCTEMaX JIOCTUTACTCA 3a c4eT Auppax-
IIUH 3BYKOBBIX BOITH, MEXaHM3M pacdeTa KOTOPOil XOpo-
o omucad B juteparype [1, 2]. OcHOBHBIM (hakTopoMm,
orpeensomuM 3PGEeKTUBHOCTh dKpaHa, BBICTYIAIOT
ero rabapHuTHBIE pa3Mephbl, OHAKO B CHITy KOHCTPYKTHB-
HBIX OTPAaHUYEHHN BBICOTA SKPAHOB PEIKO MPEBBINIACT
6 M, 4TO TEM HE MEHEE SBIISIETCS] BHICOKOM KOHCTPYKITUEH.
B cBs131 ¢ 3THM TIpeuTararoTcs pa3iidHbIC TEXHUUECKIES
YCOBEPIIIEHCTBOBAHMS, BKITFOYAsT 3BYKOITOTIIOMIATOIITHE TTO-
KpbITH [3] ¥ cienuanbHbIe HACAAKU Ha KpOMKax [4-6].

OMHOBPEMEHHO C 3TUM B psifie CIy4yacB BO3HUKA-
eT HeoOXOAMMOCTh 00eCIeunTh OeCTIPEnsITCTBEHHBIN
MIPUTOK BO3/1yXa K 000pY/IOBaHUIO, HATPUMED ISl CH-
CTEM BEHTWJISAILUHU, KOHAUINOHUPOBAHUS MU OXJIaXK-
JTAIONINX arperaroB. [ epMeTHUHOE Orpa)IeHUE TaKuX
YCTaHOBOK MOKET HAPYIIUTh UX (PyHKIIMOHHPOBAHUE,
YTO CTABUT IEPEe]] MPOCKTUPOBITMKAMH 33/1ady ITOMCKa
KOMIIPOMHCCA MEXKAY aKyCTHIECKOH 3(p(peKTHBHOCTHIO
U IUpPKyIsiuen Bo3ayxa. OJHUM U3 BO3MOXKHBIX pelle-
HUI BBICTYNAIOT NPOyBaeMble KOHCTPYKIIUU — DKpa-
HBI JIAMEJIBHOTO TUMA [7-9], mpencTasistonme cooon
MEPUOMUECKUE PEIIETKH U3 OTJCIbHBIX KECTKHX IJIa-
CTHH, PACTIOJIOKCHHBIX C IOCTOSHHBIM IIIarOM U HAaKJIO-
HOM (puc. 1).

32

YacTHbli ciyyail JlaMelIbHbIX 3KPaHOB — pEIleT-
YaThle SKPaHbl — ATO PEILIeTKa U3 TOHKUX ITACTUH OJIU-
HAaKOBOM MIMPUHBI, PACTIOIOKEHHBIX B OJJHOW IIIOCKOCTH
Ha HEKOTOPOM PACCTOSIHHUU JIpYT OT jpyra (puc. 2). Ha-
JIMYHE 3a30POB MEXY IUIACTUHAMH 00€CIIEUNBACT LIHP-
KYJISIIIAIO BO3/TyXa, TTO3BOJISISL [IPH 9TOM CHMDKAaTh TEXHO-
TEHHBIH LTyM.

Bomnpocs! 3amunThl OT TEXHOT€HHOTO IITyMa aKTHB-
HO M3YYalOTCsl B paMKaxX apXUTEKTYpPHO-CTPOUTEIbHON
akycTuku [10-14]. B HOpMaTHBHBIX JOKyMeHTaX' 3a-
(huKCUpOBaHBI TPEAEITHHO JOMYCTUMBIC YPOBHHU 3BY-
KOBOTO JIaBJICHNS, a TAK)KE OCHOBHBIC ITOJXOABI K €TO
cHIDKeHHo0. Hanbosnee mupoko Mcciae0BaHbl U MpH-
MEHSIFOTCSI CIUTONIHBIC IITyMO3AIIUTHBIC KOHCTPYKIUH.
Tak, B pabote N.JI. lllybuna u coast. [1] ananmusupy-
FOTCSI METO/IbI IPOEKTUPOBAHUSI TPAHCIIOPTHBIX IIyMO-
3aIUTHBIX 3KPAaHOB, OPUEHTUPOBAHHBIC MPEUMYIIIE-
CTBEHHO Ha MAaCCHUBHBIC T€PMETHYHBIC KOHCTPYKIIHH.
B T0 xe Bpems nmpoayBaemble dKpaHbl, 00Jaatonme
MEHBIIMMH MaccoTrabapUTHBIMH XapaKTepHUCTUKAMU
U CIIOCOOHOCTBHIO 00ECIeYNBaTh BEHTHIISIIINIO, OCTAIOT-
csl MEHEe M3y4YeHHBIMU. PsJ1 uccie10BaHmi B OCIe-
HHE T'OJIbl HANIPABJIEH Ha BOCIIOJIHEHNE 3TOTO Mpodera.
B craree T. Astrauskas, P. Baltrénas, T. JanuSevicius
u R. Grubliauskas [15] paccmarpuBaeTcst mpomyBae-
MBI peleTyaTrblidi 3KpaH AJis 3alUThl OT TPAHCIOPT-
HOTO IIyMa. ABTOPBI NPOBENN IKCIEPUMEHTAIbHBIC
ucneitanusd 1 CFD-MonenupoBaHue, BBISIBUB BIIHSI-
HUE yIJIa HaKJIOHA JIaMeJell U TOJIIINHBI 3BYKOIOTIIO-
IIAFOIIETro CJI0sl Ha aKyCTHYeCKyI0 3((EeKTHBHOCTb.
Hannyummue pe3ynbTaTsl JOCTUTAIUCh IpU yrie 45°

' CTI 51.13330.2011. 3ammTa ot myma. AKTyaan3upOBaHHAs
penakuust CHull 23-03-2003. M. : Munperuon Poccun, 2011.
72c.
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Puc. 1. IHyMO3aHIHTHBIﬁ OKpaH JIaMEJIbHOT'O TUIIA: a — CXEMa JKpaHa; b— MIPpUMEP UCHOJIb30BAHUSA JIaMEJIbHBIX SKPaHOB
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Puc. 2. Cxema perierdaToro 3kpaHa

U HAJIMYWH CJI0S MUHEpaIbHOH BaThl. B padote B. He,
X. Xiao, X. Zhou, J. Han u X. Jin [16] BbIIOJHEHO YHC-
JICHHOE MOJICTUPOBAHNE aKyCTHYECKHIX XapaKTePUCTUK

Pa3IUYHBIX TPOLYyBAEMBIX SKPAHOB, MCIOIb3yEMbIX
Ha BBICOKOCKOPOCTHBIX JKEJIE3HbIX JOPOrax. YCTaHOB-
JIeHO, 4TO 3((PEKTHBHOCTh TAKMX IKPAHOB BapbUPYET-
Csl B 3aBUCHMOCTH OT T€OMETPUH U YaCTOTHI, @ TAKXKe
oT tuna orpaxzenus (V-odpasHble, IMIMHIPUIECKHE
u pemerdarsie). O630p 1. Ekici u H. Bougdah [17] co-
JEPKHUT CHCTEMATHU3ANNI0 TaHHBIX MO aKyCTHYECKUM
9KpaHaM Pa3IH4YHBIX TUIIOB, BKIIFOUAs 3BYKOIOIIONIA-
oye ¥ nepGoprupoBaHHbIE CTPYKTYPHI, C aKIIEHTOM
Ha F€OMETPHIO U MaTepUaIbL.

B my6mukamuu H.I. KaneBa u A.A. Maska [18]
MIPOBEICHA OIICHKA BIMSHUS T'€OMETPHUYECKUX Iapa-
METPOB JIAMEITLHOTO KPaHa Ha €r0 aKyCTHYECKYI0 3(-
(hexkTuBHOCTH. TeopeTHYeCKOW OCHOBOM ISl aHATH3a
(G (HEKTUBHOCTH TAKUX KOHCTPYKIMH CIYKHUT Kjac-
cudeckas Au(paKkiMOHHAs TEOPHUsl, BKIIOYAs METO/bI
Kupxroda, 3ommepdensaa u Bunepa — Xonda, ycnem-
HO TIPIMEHSIEMBIC B 33/ja4aX aKyCTHKU M BOJHOBOM Me-
xaHuku [19, 20].

HacTosiee ucciaejoBaHiE HAIPABICHO Ha Jajlb-
Heiflliee pa3BUTHE MOJXOA0B K OLIEHKE aKyCTHYECKHX
CBOMCTB ITPOJyBa€MBbIX PEIIETYATHIX IKPAHOB C aKIICH-
TOM Ha M3y4eHHUE BIMSHUS T€OMETPUUECKHUX Mapame-
TPOB KOHCTPYKIIMH Ha CHIDKEHHE IITyMa.

MATEPHUAJIBI U METO/bI

UucneHHOE MOAETUPOBAHNE PELIETUATOrO IIYMO-
3aIUTHOTO KpaHa BBIOIHEHO B MPOrpaMMHOII cpene
COMSOL Multiphysics 6.2 ¢ HCIIOIb30BAaHUEM MOIYJIS
Pressure Acoustics, Frequency Domain. MozenupoBatue
OCYIIECTBISUIOCH B IBYMEPHOI IMOCTAaHOBKE B paMKax
JTUHEWHOW aKyCTUKU B YACTOTHOM oOnactu. ['eomeTpu-

33
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Puc. 3. [Inockas pemeTka miacTuH

yeckasi MOJIeb 9KpaHa — OTO BEPTUKAIBHO OpHEH-
TUPOBaHHAS PEIICTKA, 00pa30BaHHASI TOHKUMH a0COJIFOT-
HO KeCTKUMH TutactTuHamu (tommuHo#i 0,02 M), pazme-
ICHHBIMU Ha PaBHBIX MHTEpBaJIax, Ha TIACTUHAX BbI-
MIOJTHSACTCS TPAHUIHOE YCIIOBHUE:
P_ 0, ©)
on
I7ie p — 3BYKOBOE JIaBJICHHUE; /1 — HOPMaJlb K NTOBEPX-
HOCTH.

Pemerka riacTuH pacnonokeHa B IockocT x = 0.
Brmons ocu x pacnpocTpaHseTcs TIocKas 3ByKoBast BOJI-
Ha k, majaromias HOpMaJbHO Ha pemeTKy ractud. [lo-
CTaHOBKA 3a/1a4M PUBEJICHA HA pHC. 3.

3amaga MOACIMPOBAHIISI CBOAUTCS K OTIPEICIICHHIO
3BYKOBOT'O TOJIS 32 PEHIETKOM U OLIEHKE YPOBHS OcCia-

OneHus 3ByKa, MPOIIEAIIETO Yepe3 Hee, B 3aBHCHMO-
CTH OT JJIMHBI IJTACTHH / M BEIIMUYUHEI 3a30pa d MEXIY
HUMU. []j1s pacueTa akyCTHYIECKOTO TI0JIsT HCIONb30BaH
METOJ KOHCYHBIX 3JICMCHTOB.

YucneHHasi MOJIeIIb IIOCTPOEHA B JIByMEPHOMN pac-
YEeTHOI 001acTH, MPEACTABIISAIONICH cO00# MpocTpaH-
ctBO pazmepamu 30 x 20 M. Ocb x HarIpaBIeHa TOPU30H-
TaJIbHO, OCh ¥ — BEPTHKaJIbHO. CXeMaTHUeCKoe Mpe/-
CTaBJICHHE T€OMETPHH TPEACTABICHO Ha pucC. 4.

B kavecTBe rpaHUYHBIX YCIOBHH HCIIOIb30BAINCH
sectkue creHkH (Sound Hard Boundary) n nmrienancHbie
rpanrmie! (Impedance): rparmia y = 0 — aOCOMFOTHO XKecCT-
Kast, Ha rpaaumax x = 0, x = 30, y =20 — axycTHYecKuii
WMIIE/IaHC, PaBHBII Pc, € p — INIOTHOCTH BO3AYXa; € —
CKOPOCTb 3ByKa B HEM, YTO MUHUMH3UPOBAJIO OTPAKCHHE
3BYKOBBIX BOJIH OT BHEIIIHEH MPAaHMUIIbI PACUETHOH 00JIacTH.

BapbupoBaiuch TpH KIIFOYEBBIX IIApaMeTpa: JUIMHa
mwiactus / (0,1; 0,5, 1,0; 1,5 u 2,0 M), mmpuHa 3a3opa
d mexny mumu (0,05; 0,15 0,2; 0,4 u 0,5 M) u yacrora
UCTOYHHMKA ITyMa ®. BeicoTa skpaHa cocrasisuia 4 M.

AKycTHYECKUI NCTOYHHK MOZICITMPOBAJICS KaK MOHO-
XPOMHBI TOUSHUHBIH U3ITydaTellb, PACIIOI0KEHHbIN Ha BbI-
coTe 2 M M Ha paccTossiHuM 4 M niepe] skpaHom. Pacue-
THI TIPOBOJMJINCH AJISI OKTABHBIX CpEJHErcOMETpHUe-
ckrX 4acToT, permameHTHpoBaHHBIX [[OCT 12090-80:
63, 125, 250, 500 n 1000 I'm.

Ji o1ieHKH aKyCTHYeCKOH 3((EeKTUBHOCTH TIPH-
MEHSJIOCh CPAaBHEHHUE CPEAHUX YPOBHEH 3BYKOBOT'O J1aB-
JIeHusl B 00J1acTH 32 HKpaHOM. B kauecTBe KOHTPOIbHOM
30HBI UCIOJIBH30BAJIACH MPSIMOYTOJIbHAS 001acTh pa3-
MepoMm 3 X 18 M, 0003HaUCHHAs Ha PUC. 4 33 DKPAHOM.
Pacyer akycTuyeckoit 3)peKTHBHOCTH OCYIIECTBIISLICS

HcTouHuk myma

20

PacueTtHas 001acTh

18

30

Puc. 4. PacyeTHast cxema YMCIEHHOIO SKCIIEPUMEHTA
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KakK pa3HOCTb CPEJHUX YPOBHEN 3BYKOBOTO JIaBJICHUS
0e3 9KpaHa U C IKPAHOM:

R=L,~L, ©)

r1e L, — ypoBeHb 3BYKOBOTO JIaBJICHHS B pacieTHON 00na-
cru 6e3 yyera skpaHa; L — ypoBeHb 3ByKOBOTO JIaBJIeHHs
B PacUeTHO 001aCTH € yIETOM IIIyMO3aIIUTHOTO 3KPaHa.

Koneuno-anemenTHas ceTka (hopMHUpPOBAIACH C MaK-
CHMAJTBHBIM II1aroM, He TIPEBBIIIAOMM 1/16 [UTHHBI BOJI-
HBI Ha MakcuMainbHO# yactore (1000 I'x), 1 MUHUMAITB-
HBIM 11arom, paBHbIM 1/32 amHbl BojHbL. Takoit BEIOOp
mapamMeTpoB 00ecIeurBaT HEOOXOIMMYIO TOUHOCTh MO-
JIETTMPOBAHMS, YTO MOATBEPKIACTCS] IPIMEHCHNEM aHa-
JIOTMYHBIX TPEOOBAHMH B MPAKTUKE YHCICHHOTO aHAIIN3a
AKyCTHUUYECKHX 3a/a4.

PE3YJIBTATHBI HCCJIEJOBAHUA

YuciieHHOE MOJICIHPOBAHHE OBUIO BBITOJIHECHO
C YYETOM BapbUPOBAHMS TPEX KIIOYEBBIX ITApaAMETPOB
pEIIeTIaTOro YKpaHa: IHHBI KECTKUX BEPTUKAIHHBIX
IUTACTUH [/, MIUPHUHBI 3230pa MEXKy HUMHU d U 9aCTOTHI
HCTOYHUKA IIyMa , COOTBETCTBYIOIIECH CpeIHEereo-
METPUYECKUM OKTaBHBIM MosiocaMm. Bcero B xone uc-
cnenoBanus nposeneno 130 pacueToB, OXBaThIBalO-
IINX Pa3JInIHBIC COYCTAHHUSA yKa3aHHBIX MapaMeTPOB.
JIist Kaski01 KOMOWHAIIMK CTPOMIIOCH TTOJIE pacIpeie-
JICHWUS YPOBHSA 3ByKOBOTO JIaBJICHHUS B 00JaCTH 3a dKpa-

HOM, Ha OCHOBE KOTOPOTO OTIPEAEIAIACH aKyCTHIECKas
3 (EeKTUBHOCTD KOHCTPYKIIHH.

B kauecTBe nmpumepa Ha puc. 5 MIPEICTaBIEH OJUH
13 BapUAHTOB IOJISI PACIIPEAEIICHHs YPOBHS 3ByKOBOTO
JIaBJICHUS MPH cpeHereomeTprudeckoit yactore 500 Iy
B pacyeTHON 001acT: ¢ — 0e3 ITyMO3aIllUTHOTO SKpPaHa;
b — ¢ yCTaHOBIICHHBIM pELIETYATHIM SKPAHOM CO Clie-
nmytormmu mapamerpamu: [ = 0,5 m; d = 0,5 m.

B orcyTcTBUHM 3KpaHa (puc. 5, a) Habm0gaeTCS
paBHOMEpHOE pacHpOCTPaHEHUE 3BYKOBBIX BOJIH OT TO-
YEYHOTO MCTOYHMKA, (DOPMHUPYIOIIEE XapaKTEPHOE BOJI-
HOBOE noJie. HarpaBiieHHOCTb 3ByKOBOTO 110J1s1 00y CIIOB-
JieHa uHTepdepenye u qudpaxuuei BOJIH, IPH 9TOM
ypoBeHb 3ByKoBOTro napienus (Y3/l) mocrerneHHo CHU-
’KaeTcs Mo Mepe ynaneHus (poHTa BOIHBI OT UCTOUYHH-
Ka. B ciyuae ycTaHOBKH pelieT4aToro sKpaHa (puc. S5, b)
¢hopmupyercst 30Ha nossllIeHHOTO Y3/l mepen mpe-
Tpajiol BCIEACTBHE OTPAKCHUSI M HHTEP(EPEHINHN TTa-
JIAIOIMX Ha 9KpaH BOJH. 32 SKPaHOM BO3HHMKAET 30HA
AKyCTHYECKOH TeHH — 00JIacTh € CYIECTBEHHO 0CIa0-
JICHHBIM YPOBHEM 3BYKOBOro jaaBieHus. Y3/l B aToi
30HE CHIDKAETCA 110 MEPE YAAJICHUsI OT SKpaHa, 4TO CBHU-
JIETEIBCTBYET 00 3((HEKTHBHOCTH peIlIeTYaTol KOH-
CTPYKIIMU B TIOJIaBJIEHHH 3ByKOBOTO M3JTyUCHUSL.

Pesynerars! nccnenoBanus 0000IIEHEI B BUIE TPa-
(uxoB 3aBrcHMOCTH P (PEKTUBHOCTH PELLIETYATOrO IKPa-
Ha OT T€OMETPUUYECKUX XapaKTEPUCTHK MPU Pa3INIHBIX
gacTorax (puc. 6).

ﬂ&- "
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Puc. 6. Pe3ynbrarsl pacuetoB 3((EKTHBHOCTH PEIICTYATOr0 3KpaHa B 3aBUCHMOCTH OT JUTHHBI TTACTHHBI / ¥ IIMPHUHBI 3a30pa d:
a—63T; b—125T; ¢ — 250 I';; d — 500 I'y; e — 1000 I'g

Ipu yacrore 63 I't akycrryeckas 3peKTHBHOCTD
9KpaHa OCTAeTCA HU3KOHW HE3aBHCHUMO OT I'€OMETpPHU-
YeCcKUX napaMmeTpoB. VckitoueHueM sBIseTcs ciiydai
¢ nnuHoi miuactul 1,5-2,0 m u 3a3opamu g0 0,2 M,
IIPU KOTOPOM JIOCTHUTACTCS] CHI)KECHUE YPOBHS 3BYKOBOTO
nasieHus 1o 5 nb.

Vxe nipu gactote 125 ' HaGrOmaeTcst BBIpaXKeH-
Hoe moBblenue 3 dexTuBHocTy. [1pn pmHe macTu
ot 1,0 1o 2,0 m u 3a30pax 0,1-0,2 M ypoBeHb CHUXKEHHUS
V3] mocturaer 10-13 n1b. Hecmotps Ha TO, 9TO 3TO BCE
€Ille yCTyIaeT 3HaueHUsAM, TOCTUTaeMbIM Ha 0oJjiee BbI-
COKHX 4acToTax, JIAHHbBIE PE3yJbTAThl MOATBEPKAAIOT
1[eJeCO00Pa3HOCTh MPUMEHEHHUS dKpaHa B YCIOBHIX
HU3KOYaCTOTHOI'O HIyMa.

Hawnbonee Bbicokue 3HaueHIS 3P PeKTHBHOCTH 3a(hUK-
CHpoBaHbl B quanazone yactot 250-1000 I'u npu uinne
mracteH 1,5-2,0 M. B aTom ciygae mpu 3a3opax 0,1-0,2 m
YPOBEHb CHUXCHMS 3BYKOBOTO JABJICHMS TOCTHUTAeT
110 20 nb. OnHako npu yBenuueHuu 3a3opa cbiie 0,2 M
OTMEYACTCsI 3aMETHOE MaicHue 3 PEKTHBHOCTH, 0COOCH-
HO B yacToTHOM auanazose 500—1000 I'm.

I'paduxu gt wactor 500 u 1000 'y iemMoHCTpHpY-
10T HEXapaKTepPHOE MOBEJICHHE: KPUBBIE, COOTBETCTBYIO-
mye aamrHaM mwiactuH 1,5 u 2,0 M, a Taoke 0,5 u 1,0 M,
rpynnupyorca. OTIeIbHOr0 BHUMAHUS 3aCIyKHBACT
ciryyaid ¢ jumHoit miactud 0,1 M, mpu koTopom 3¢ ex-
THUBHOCTb 3KpPaHa CTPEMUTCS K HYIIO BHE 3aBUCHMOCTH
OT LIMPHHBI 3330pa U YaCTOTBL. DTO OOBSICHSIETCS TEM,
YTO KOPOTKHE IUIACTUHBI, HE3aBUCHMO OT IIMPHUHBI 3a-
30pa, MPaKTHYECKH HEe (POPMHUPYIOT 3HAYUMOTO MPETISIT-
CTBHS JUISl paCIIPOCTPaHEHHMS 3ByKOBOW BOJTHBI.

[omyueHHbBIE 3aBUCIMOCTH MOTYT OBITb UCTIOb30-
BaHBI ITPU MH)KCHEPHOM pacyeTe IapaMeTpoB pernierda-
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TBIX [IyMO3AIIUTHBIX KpaHOB. [Ipy 3aaHHOM ypOBHE
TpeOyemMoro IIyMOIOJaBlIeHHsT BO3MOXKHO 10J100paTh
KOMOWHAIIMIO JJTMHBI TUTACTHH W IIUPHUHBI 3a30pa, 00ec-
MEYHMBAIOIIYIO KaK aKyCTHYECKYIO 3 (QEKTUBHOCTD, TaK
1 HEOOXOIMMYIO ITPOTYBaEMOCTb.

[Ipu POEKTHUPOBAHUU M peaTH3alMH BEHTUIIH-
PYEMBIX IIYMO3ALIUTHBIX 9KPAHOB PEIICTYATOTO TUIIA
HEOOXOJMMO YUYHUTHIBATh HE TOJILKO aKyCTHYECKHE Xa-
PaKTepUCTHUKH, HO M TPEOOBaHMS K 00ECIIeueHIIO BO3-
JYIIHOTO MOTOKA. [IOCKOJIBKY CIIMIIIKOM Y3KHE 3a30pbl
MEXKIy SJIEMEHTAMHU 9KpaHa MOTYT OIpaHHYMBAaTh HEOO-
XOJMMYIO BEHTHJISILIMIO, 3a/1a4a 10A00pa ONTHMaILHOM
KOH(HUTryparun TpedyeT Oamanca MeXIy 3BYKOH3OIISIIH-
eil M a3pOIMHAMHUKON. DTH aCHEeKThl BBIXOAAT 32 PaMKH
HACTOSIIIEr0 MCCIICIOBAHMS 1 MPEIIONAraoT OTACIBHOe
paccMoTpeHue.

3AKJIIOYEHUE U OBCYXJIEHHUE

Axycrrueckasi 3p(heKTHBHOCTb PEIIETYaToro HIyMo-
3aIUTHOTO IKPaHa ONMPENEIICTCS, B TIEPBYIO OUEpEb,
COOTHOIICHHEM MEXY IUTHHON TUIACTHH U NIMPUHOU
3a30pa, a TaK)Ke 3aBHCHT OT YaCTOTHI IIyMOBOTO HC-
TOYHHKA. MaKCHMaIbHOC CHI)KCHHE YPOBHS 3ByKOBOTO
napnenus g0 20 nb qocturaercs nmpu JIUTMHE MJIACTHH
1,5-2,0 M 1 3a30pax He Ooxee 0,2 M IpeuMyIIECTBEHHO
B nguanaszone yactoT 250-1000 I'u. Menee 3aMeTHBIN,
HO 3HaUYUMBIH 3 PEeKT 0OecreunBaeTCs TAKKe MPHU JUTH-
He actud 0,5-1,0 M u 3a30pe mexay HuMHU 10 0,2 M,
CHIIKCHHUE YPOBHSI 3BYKOBOTO JABJICHHS COCTAaBIISCT
1o 10 nb. C mpakTruecKkoit TOYKH 3peHHS paccMaTpu-
BaeMasi KOH(UTYpaIsl IPENICTABISICTCS OTHON U3 HaM-
Ooree 11eecoo0pasHbIX JIJIsl MPUMEHEHUSI.



BAusiHue napamMeTpoB LLUYMO3aLUUTHOIO 3KpaHa peLueTyaToro Tmna

C. 3143
Ha ero akyCTM4eCKyo apPeKTMBHOCTb

[Tpu yBenmyenun mwupuHs! 3a3opa domnee 0,2 M oT-
MeYaeTcsl BBIpaKEeHHOE CHIDKEHHE BozzieiicTBHs 2 pek-
TUBHOCTH Ha BCEX HCCIIEAYEMBIX CpeIHEreoMeTpHuye-
CKHX YacTOTax.

[Nomy4ennsle rpaduyecKiie 3aBUCUMOCTH PEKOMEH-
JIyeTCsl MCIIOJIb30BaTh ITPU BBIOOpE ONTHMAILHOM TeoMe-
TPUYECKON KOH(PUTYpaLMX SKpaHa JUIsl KOHKPETHBIX YCIIO-
BUI 9KCIUTyaTalny ¢ 00s13aTeNIbHBIM YUETOM €0 BBICOTBI.
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INTRODUCTION

Engineering equipment placed on the territory of set-
tlements or in open areas of buildings, for example, on
the roof, is a source of noise pollution. One of the com-
mon solutions to reduce noise levels are noise barriers —
massive (quite often) solid enclosing structures installed
near technological equipment. Noise reduction in such
systems is achieved by diffraction of sound waves,
the calculation mechanism of which is well described in
the literature [1, 2]. The main factor determining the ef-
fectiveness of the screen is its overall dimensions, how-
ever, due to design limitations, the height of the screens
rarely exceeds 6 m, which, nevertheless, is quite a tall
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structure. In this regard, various technical improvements
are proposed, including sound-absorbing coatings [3] and
special nozzles on the edges [4—0].

At the same time, in some cases it becomes neces-
sary to ensure an unhindered air flow to the equipment,
for example, for ventilation, air conditioning or cooling
units. The hermetic enclosure of such installations can
disrupt their functioning, which poses the challenge for
designers to find a compromise between acoustic ef-
ficiency and air circulation. One of the possible solu-
tions is blown structures — lamella-type screens [7-9],
which are periodic lattices of separate rigid plates ar-
ranged with a constant pitch and tilt (Fig. 1).

Fig. 1. Lamel type noise shield: @ — screen diagram; b — example of using lamel screens on the roof of a building
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The influence of the parameters of a lattice-type noise shield on its acoustic efficiency
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Fig. 2. Grid screen diagram

A special case of lamella screens are lattice scre-
ens — a grid of thin plates of the same width located
in the same plane at a certain distance from each other
(Fig. 2). The presence of gaps between the plates pro-
vides air circulation, while reducing anthropogenic
noise.

The issues of protection from man-made noise are
actively studied within the framework of architectural
and construction acoustics [10—-14]. The regulatory doc-
uments' set out the maximum permissible sound pres-
sure levels, as well as the main approaches to its reduc-
tion. Solid noise-proof structures are the most widely
researched and used. Thus, in the work of I.L. Shubin
and co-authors [1], methods of designing transport noise
barriers are considered, focused mainly on massive her-
metic structures. At the same time, blown screens, which
have lower weight and size characteristics and the abil-
ity to provide ventilation, remain less studied. A num-
ber of studies in recent years have been aimed at fill-
ing this gap. For example, an article by T. Astrauskas,
P. Baltrénas, T. JanuSevicius, and R. Grubliauskas [15]
discusses a blown lattice screen to protect against traffic
noise. The authors conducted experimental tests and CFD
simulations, revealing the influence of the angle of incli-
nation of the lamellae and the thickness of the sound-

' CP 51.13330.2011. Noise protection. Updated edition of SNiP
23-03-2003. Moscow, Ministry of Regional Development
of Russia, 2011; 72.

absorbing layer on acoustic efficiency. The best re-
sults were achieved at an angle of 45° and with a layer
of mineral wool. In the work of B. He, X. Xiao, X. Zhou,
J. Han, and X. Jin [16] performed numerical model-
ling of the acoustic characteristics of various blown
screens used on high-speed railways. It has been found
that the effectiveness of such screens varies depending
on the geometry and frequency, as well as the type of en-
closure (V-shaped, cylindrical and lattice). Review by
L. Ekici and H. Bougdah [17] contains a systematization
of data on acoustic screens of various types, including
sound-absorbing and perforated structures, with an em-
phasis on geometry and materials.

In the work of N.G. Kanev and A.A. Mayak [18],
the influence of the geometric parameters of the la-
mella screen on its acoustic efficiency was evaluated.
The theoretical basis for analyzing the effectiveness
of such structures is classical diffraction theory, includ-
ing the methods of Kirchhoff, Sommerfeld, and Wie-
ner Hopf, which are successfully applied in problems
of acoustics and wave mechanics [19, 20].

The present work is aimed at further developing
approaches to assessing the acoustic properties of blown
lattice screens, with an emphasis on investigating the ef-
fect of geometric design parameters on noise reduction.

MATERIALS AND METHODS

The present work is aimed at further developing
approaches to assessing the acoustic properties of blown
lattice screens, with an emphasis on investigating the ef-
fect of geometric design parameters on noise reduction.

Numerical simulation of a grated noise shield was
performed in the COMSOL Multiphysics 6.2 software
environment using the Pressure Acoustics, Frequency
Domain module. The simulation was carried out in
a two-dimensional formulation, within the framework
of linear acoustics in the frequency domain. The geo-
metric model of the screen was a vertically oriented
grid formed by thin absolutely rigid plates (0.02 m
thick) placed at equal intervals, the boundary condition
is fulfilled on the plates:

p

on 0, (1
where p — is the sound pressure; n — is the normal to
the surface.

The plate grid is located in the x = 0 plane. A plane
sound wave k propagates along the x-axis, incident nor-
mally on the plate grid. The problem statement is shown
in Fig. 3.

The modelling task boils down to determining
the sound field behind the grate and estimating the level
of attenuation of the sound passing through it, depend-
ing on the length of the plates / and the size of the gap
d between them. The finite element method is used to
calculate the acoustic field.

The numerical model is constructed in a two-dimen-
sional computational domain, which is a space measur-
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Fig. 3. Flat plate grid

ing 30 x 20 m. The x-axis is horizontal, and the y-axis
is vertical. A schematic representation of the geometry is
shown in Fig. 4.

Rigid walls (Sound Hard Boundary) and impedance
boundaries were used as boundary conditions: the bound-
ary y = 0 is absolutely rigid, at the boundaries x = 0, x =
=30, y =20 is the acoustic impedance equal to pc, where
p is the density of air; c is the speed of sound in it, this
minimized the reflection of sound waves from the outer
boundary of the computational domain.

Three key parameters varied: the length of the plates
/(0.1; 0.5, 1.0; 1.5 and 2.0 m), the width of the gap d
between them (0.05; 0.1; 0.2; 0.4 and 0.5 m) and the fre-
quency of the noise source ®. The screen height was 4 m.

The acoustic source was modeled as a monochrome
point emitter located at a height of 2 m and at a distance
of 4 m in front of the screen. Calculations were per-

formed for octave geometric mean frequencies regulated
by GOST 12090-80: 63, 125, 250, 500 and 1,000 Hz.

To assess the acoustic efficiency, a comparison
of the average sound pressure levels in the area behind
the screen was used. A rectangular area measuring 3 X 18 m
was used as a control zone, indicated in Fig. 4 behind
the screen. The acoustic efficiency was calculated as
the difference between the average sound pressure levels
without a screen and with a screen:

R=L,~L, )

where L, is the sound pressure level in the design area
without taking into account the screen; L, is the sound
pressure level in the design area, taking into account
the noise shield.

The finite element grid was formed with a maxi-
mum step not exceeding 1/16 of the wavelength at
the maximum frequency (1,000 Hz) and a minimum step
of 1/32 of the wavelength. This choice of parameters
provided the necessary modelling accuracy, which is
confirmed by the application of similar requirements in
the practice of numerical analysis of acoustic problems.

RESULTS

Numerical simulation was performed taking into
account the variation of three key parameters of the lat-
tice screen: the length of the rigid vertical plates /,
the width of the gap between them d, and the frequency
of the noise source ® corresponding to the geomet-
ric mean octave bands. In total, 130 calculations were
performed during the study, covering various combi-
nations of these parameters. For each combination,
a sound pressure level distribution field was constructed
in the area behind the screen, on the basis of which
the acoustic efficiency of the structure was determined.

Simulated noise

20

Domain Probe

30

source
N <
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o
6 ﬁl, 4 2 18 .

Fig. 4. Calculation scheme of the numerical experiment
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Fig. 5. Sound pressure level distribution field at 500 Hz: « — without noise shield; » — with noise shield
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As an example, Fig. 5 shows one of the variants
of the sound pressure level distribution field at an aver-
age geometric frequency of 500 Hz in the design area:
a — without a noise shield; » — with an installed grating
screen with the following parameters: /=0.5 m; d=0.5 m.

In the absence of a screen (Fig. 5, @), a uniform
propagation of sound waves from a point source is
observed, forming a characteristic wave field. The di-
rectionality of the sound field is caused by interference
and diffraction of waves, while the sound pressure level
gradually decreases as the wave front moves away from
the source. In the case of the installation of a lattice
screen (Fig. 5, b), a zone of increased RCD is formed in
front of the barrier due to the reflection and interference
of waves incident on the screen. An acoustic shadow
zone appears behind the screen, an area with a signifi-
cantly weakened sound pressure level. The efficiency in
this zone decreases as you move away from the screen,
which indicates the effectiveness of the lattice structure
in suppressing sound radiation.

The results of the study are summarized in the form
of graphs of the dependence of the efficiency of the lat-
tice screen on geometric characteristics at various fre-
quencies (Fig. 6).

At a frequency of 63 Hz, the acoustic efficiency
of the screen remains low regardless of the geomet-
ric parameters. The exception is the case with a plate
length of 1.5-2.0 m and gaps of up to 0.2 m, which
reduces the sound pressure level to 5 dB.

Already at a frequency of 125 Hz, there is a marked
increase in efficiency. With plate lengths from 1.0 to 2.0 m
and gaps of 0.1-0.2 m, the reduction level of the RCD
reaches 10—13 dB. Despite the fact that this is still inferior
to the values achieved at higher frequencies. These results
confirm the feasibility of using the screen in conditions
of low-frequency noise.

The highest efficiency values were recorded in
the frequency range of 250—1,000 Hz with a plate length
of 1.5-2.0 m. In this case, with gaps of 0.1-0.2 m,
the sound pressure reduction level reaches up to 20 dB.
However, with an increase in the gap above 0.2 m,
there is a noticeable decrease in efficiency, especially in
the frequency range of 500—1,000 Hz.

The graphs for frequencies of 500 and 1,000 Hz
show uncharacteristic behavior: the curves correspond-

ing to plate lengths of 1.5 and 2.0 m, as well as 0.5 and
1.0 m, are grouped. Special attention should be paid to
the case with a plate length of 0.1 m, in which the effi-
ciency of the screen tends to zero, regardless of the gap
width and frequency. This is due to the fact that short
plates, regardless of the width of the gap, practically
do not form a significant obstacle to the propagation
of a sound wave.

The obtained dependences can be used in the en-
gineering calculation of the parameters of lattice noise
shields. With a given level of required noise reduction, it
is possible to select a combination of plate length and gap
width that provides both acoustic efficiency and the ne-
cessary blowout.

When designing and implementing ventilated noise
screens of the lattice type, it is necessary to take into
account not only the acoustic characteristics, but also
the requirements for ensuring airflow. Since too narrow
gaps between the screen elements can limit the necessary
ventilation, the task of choosing the optimal configura-
tion requires a balance between sound insulation and
aerodynamics. These aspects go beyond the scope of this
study and require separate consideration.

CONCLUSION

The acoustic efficiency of a grated noise shield is
determined primarily by the ratio between the length
of the plates and the width of the gap, and also depends
on the frequency of the noise source. The maximum reduc-
tion of the sound pressure level — up to 20 dB is achieved
with a plate length of 1.5-2.0 m and gaps of no more than
0.2 m, mainly in the frequency range of 250—1,000 Hz.
A less noticeable but significant effect is also achieved
with a plate length of 0.5-1.0 m and a gap between them
ofup to 0.2 m, reducing the sound pressure level to 10 dB.
From a practical point of view, the configuration under con-
sideration appears to be one of the most suitable for use.

With an increase in the gap width of more than 0.2 m,
there is a marked decrease in the efficiency effect at all
studied geometric mean frequencies.

The obtained graphical dependencies are recom-
mended for use in selecting the optimal geometric con-
figuration of the screen for specific operating condi-
tions, taking into account its height.
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AHHOTAUMUA

BBeageHue. CtpaTterven npoctpaHcTBeHHoro passutust PO go 2030 roga ¢ nporHo3om o 2036 roga pas3BuTme ONOpHbIX
HaceneHHbIx nyHkToB (OHIT) BbIABMHYTO Kak OAHO M3 NPUOPUTETHLIX. HecmMoTps Ha To, YTo Ha TeppuTopun Poccuickon
degepaunm yxe BblgeneHo 2160 OHI, 3agava no BbIGopy Hanbornee NPUOPUTETHBIX M3 HUX AN obecnedyeHus cbanaH-
CMPOBaHHOTO PasBUTUS ABMNSETCH akTyanbHOW. B cBA3M ¢ 3TUM Uenb uccnenoBaHns — pa3paboTka MeToQMYECKMX OCHOB
opmurposaHus OHIM Ha TeppuTopun cybbekta P®. B kauecTBe 06bekTa nccnefoBaHusi paccmaTpusaetcs Tepputopusi Po-
cToBckov obnacTtu. MNpakTnyeckas 3Ha4MMOCTb 3aKIo4aeTcs B TOM, YTO pe3ynbTaThl paboTbl MOTyT ObITb YYTEHbI NMPU pas-
paboTke KoHUenuun HoBow cuctembl OHIT, a Takke Npy ONTYMMU3ALMN Pa3fernoB CXeMbl TEPPUTOPUATIBHOTO NAHMPOBaHUSI.
MaTtepuansl n metopbl. PaspabotaHbl meTognyeckme ocHoBbl hopmupoBaHns OHI Ha TeppuTopumn cybbekta P® B uensx
NPOCTPAHCTBEHHOTO Pa3BUTUS TeppuTopun cybbekta PP. AganTvpoBaHa MeToAMKa KOMMIEKCHOW OLeHKU, BKMoYatoLas
KpUTEpUK OTHOCUTENBHOW LIEHHOCTM Ans BbIGopa TeppuTopum, No3sonsioLLas onpeaenstb LeHHOCTb MyHULMManbHoro 06-
pasoBaHus Ansa nocneaytowlero Beibopa OHIN Ha ero TeppuTopUK.

Pesynbrathbl. [leMoHCcTpupyeTcs MeToamka onpeaenenust OHIM cybbekta PP, paspabaTtbiBaeTcs MaTpuLia NpUopuUTETHOCTU
(haKTOpOB AN OLEHKN TEPPUTOPUM C LIENbIo MPUCBOEHNS CTaTyca ONOPHOro HaceneHHOMY MyHKTY cybbekta P®. B pamkax
peanusauumn pa3paboTaHHOro TEOPETUKO-METOANHECKOTO NHCTPYMEHTapWS NPeAcTaBneHbl ANeKTPOHHbIE KapTbl KOMMEKC-
HOW oLeHKkn Tepputopun PocTtoBckon obnactu ansa dopmupoanns OHI, pelTVHT MyHMUMNAnbHBIX paoHOB, B KOTOPbIX
MOryT BbITb BblIOpaHbl NproputeTHble TeppuTopun. CdhopMupoBaHa cuctema pacceneHus Ha npumepe OHIN benas Kanut-
Ba 1 NpunerawLwyx TeppUTOpUiA K HACENEHHOMY MYHKTY.

BbiBoabl. Pa3paboTaHHbI MHCTPYMEHTapuii NpeAHa3HaveH Ansi COBEPLUEHCTBOBAHWS Hay4YHO-MeToanYeckoi 6asbl B 06-
nacTv NpUHATUS pelueHnin o6 onpeaenedun OHI, BblaeneHns NpYopUTETHBIX ANS Pa3BUTUS B YCMOBUSIX OrPaHNYeHHOCTU
mMaTepuarnbHbIX U BpEMEHHBIX PECYPCOB, a Takke HeCTabubHOCTN SKOHOMUYECKON cuTyaumn. MeTogmyeckne OCHOBbI Xxapak-
TEPU3YIOTCS YHNBEPCATbHOCTBIO MO NPUYUHE MPUMEHEHNSI CTaHAAPTHBIX METOAOB, HO B HOBOM COMETaHUW 1 MHTEpnpeTaumn.

KINKOYEBBIE CITOBA: onopHbIi HAaceneHHbIN NyHKT, cTpaTerus, cyobekt PP, ontruMmusauums, cbanaHcupoBaHHoe pa3Butue
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TeopeTnKO-METOAMHYECKIMI MOAXOA K POPMUPOBAHMIO OMOPHBIX HACEAEHHbIX MYHKTOB
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ABSTRACT

Introduction. The Spatial Development Strategy of the Russian Federation until 2030 (with a forecast until 2036) has identi-
fied the development of key settlements (hereinafter referred as KS) as one of its priorities. Despite the fact that 2,160 KS
have already been identified in the Russian Federation, the task of selecting the most priority ones to ensure balanced de-
velopment remains relevant. Therefore, the purpose of this study is to develop methodological foundations for the formation
of KS in the territory of the Russian Federation constituent entity.

Materials and methods. A comprehensive assessment methodology was adapted, including relative value criteria
for the selection of territory, allowing the value of a municipal formation to be determined for the subsequent selection
of the KS in its territory.

Results. A methodology for determining the KS of a constituent entity of the Russian Federation is demonstrated, and a ma-
trix of priority factors for assessing a territory with the aim of assigning it the status of a key settlement of a constituent entity
of the Russian Federation is being developed. As part of the implementation of the developed theoretical and methodologi-
cal toolkit, presented electronic maps of the comprehensive assessment of the territory of the Rostov region. A settlement
system was developed on the example of the village of Belaya Kalitva and the surrounding areas.

Conclusions. The developed toolkit is intended to improve the scientific and methodological framework for making deci-
sions on determining the KS, highlighting priorities for development in the context of limited material and time resources,
as well as the instability of the economic situation. The methodological framework is characterized by its universality due
to the use of standard methods in a new combination and interpretation.

KEYWORDS: key settlement, strategy, constituent entity of the Russian Federation, optimization, balanced development
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BBEJAEHHUE

Coracuno Crpareruut MpoCTPaHCTBEHHOTO Pa3BH-
tus Poccuiickoit ®enepanun Ha nepuoA a0 2030 roga
¢ iporao3oM 110 2036 rona (nanee — Crparerust)' B npu-
OpUTETHbBIC HAIIPABJICHUSI BXOIHUT Pa3BUTHE CHCTEMBI
onopHbIX HaceneHHbIX myHkToB (OHIT). OHIT — aT0
HACEJICHHBIA ITyHKT, 00eCIeunBaloIiii KOM(POPTHYIO
cpety MPOXXKUBaHUS ISl HACENIEHUsI 3@ CUET JOCTYITHOCTU
00BEKTOB COIMATBEHO-KYIIBTYPHOIH HH(PPACTPYKTYPHI (00-
Pa30BaHUs U 3IPAaBOOXPAHEHUS, KYJIETYPHOTO OOCITYKH-
BaHMS) U IPYTHX OOBEKTOB SKOHOMHKH 1 XO3SHCTBEHHON
nesitenbHOCTH. KitroueBoit ocodennoctsio OHIT siBisiercst
COYETaHHEe MPOCTPAHCTBEHHBIX, TPUPOAHO-PECYPCHBIX,
JaH A THBIX XapaKTEPUCTUK TEPPUTOPHUI C KaYeCTBOM
TOPOJICKOM Ccperibl JUIs o0ecredeHnst KoM(OPTHOM KNU3HN
HACeNEHMs U MPEKPaICHNs OTTOKA KUTENeH U3 HeOOIb-
IINX TOPOJIOB M CEJBCKUX TIOCEICHNH B KPYITHBIE TOPOAI-
CKHE arioMeparyy 1 Meranoiucsl [ 1-3].

Taxoke B Crparerun yrBepkaensl 2160 OHII B 89
cyonpekTax PD, KOTOphIe TPENCTABICHBI B TIEpEUHE?,
BKJIFOYasi HOBBIE PErHOHBL. B kaxiom cyobexre PO ko-
mnaectBo OHIT Bapeupyercs ot 20 U BBIIIE, IPH ATOM
CYILIECTBEHHO Pa3JIM4alOTCsl TUIIBI BHIOPAHHBIX Hace-
JICHHBIX ITYHKTOB, @ UMEHHO:

* TOPOJI-SJIPO TOPOACKON arioMepaluy;

' 06 yrBepxknenuu CTpaTeruu NpoCTPAHCTBEHHOTO Pa3BH-
tus Poccuiickont @eneparnun Ha nepuon 1o 2030 roga ¢ npo-
rHo3oM j10 2036 roxa : Pacnopsbxenue [IpaBurenscta PO
ot 28.12.2024 Ne 4146-p. URL: http://publication.pravo.gov.
ru/document/0001202501060001

2 Eunblit mepedeHpb ONOpHbIX HACEIEHHBIX MyHKTOB Poccnmii-
ckoii Deneparmyt // MUHHCTEPCTBO SKOHOMUUYECKOTO Pa3BUTHSI
P®. URL: trategicheskoe planirovanie prostranstvennogo
razvitiya/strategiya prostranstvennogo_razvitiya rossii_
do 2030 goda c_prognozom_do 2036 goda/edinyy
perechen_opornyh_naselennyh punktov_rf/

* Topon (HacelmeHHBIH MyHKT), BXOAAIINN B CO-
CTaB arJIOMepaIluu;

* HayKOTpa;

* TOpOJ, HAXOASIIMICA B COCTaBE 3aKPBITOTO
aJIMUHUCTPATUBHO-TEPPUTOPHAIHLHOTO 00pa30BaHUs;

* CeNbCKHE TIOCEICHNUS H Tp.

B yciioBusX orpaHHYCHHOCTH MaTepHAbHBIX pe-
CYpCOB AJISl OCYLIECTBIEHHS ONTUMAJIBHOIO Pa3BUTUS
OHII opranaM MyHUITUTIIAIBHON U PErMOHAIBLHON Bla-
CTH, OCYIIECTBIISIOIINM TPAI0CTPOUTEIHHYIO MONTUTHKY,
HEOOXOINM WHCTPYMEHTApHH [UTs (POPMHUPOBAHUS U BEI-
00pa MPUOPHUTETHBIX HACEICHHBIX MyHKTOB. [lo mpu-
opuretHbiMu OHII B 1aHHOM uCCle0BaHUU MOAPA3-
YMEBAIOTCsl HACEJICHHBIC ITYHKTbI, COaJaHCUPOBaHHOE
Ppa3BHUTHE KOTOPHIX JOIDKHO MPOBOHUTHCS B TIEPBYIO OUe-
penb UCXONS U3 COBOKYITHOCTH MX XapaKTEPHCTHK (co-
LM ATbHO-9KOHOMHYECKHX, reorpaduueckux, IPHPOJHO-
JaHAmaQTHBIX 1 MHPPACTPYKTYPHBIX) U CBSI3HOCTHU Kap-
Kaca TeppUTOPUAIBHON cruCTeMBI B 1ieoM [4—6]. OmHo-
BpeMeHHO Pacnopsxenuem [Ipasurenscra Poceuniickoit
O®enepaunu ot 23.12.2022 Ne 4132-p yTBepkKAEHbI Me-
TOAMYCCKHIE PEKOMEHIAINH 10 KPUTEPUSIM UTs (POPMU-
poBanust OHIT u npuneraronmx tepputopuii’. JlaHHbIe
METOMYECKHIE PEKOMEHIAINH BBIACISIOT PSI KPUTEPH-
eB 1 OHIT, marmpumep:

e OHII He MOXET BXOAUTH B COCTaB FOPOJCKOMN
arIoMepanuy;

 paccrosiuue mexay OHII u ropojoMm ¢ uucien-
HOCTBIO OoJtee 50 ThIC. Ues. JOJIKHO OBITh Oojiee 50 KMm;

e ypciaennocts Haceixennss OHIT momkHa OBITH
ot Tpex 10 50 ThIc. Yen. (KPYIHOE Celo, IOCENIOK TOPOI-
CKOT'O THUIIA);

3 06 yTBepI/IeHHH METOIMYECKUX PEKOMEH/IAIH MO KpHTe-
pUsIM ONpPEJENICHUs ONOPHBIX HACEICHHBIX IIYHKTOB U IpH-
Jieraronmx tepputopuit : Pacriopsbkenue IlpaBurenscrsa PO
ot 23.12.2022 Ne 4132-p.
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* Oonee nonoBuHbl Hacenenust OHIT obecrieuensr
COLIMATIBHOM HH(PACTPYKTYPOIA (IIIKOJIBI, IETCKUE CaJIbI,
OOJILHUIIBI, CTAHIIMU MEUIITHCKOW TOMOIIH U T.JI.).

Amnanu3 kputepreB u3 MeToan4eckux pekoMeH1a-
Ui TIO3BONSIET CIETATH BBIBOJI O TIPOTHBOPEUHH MEK/TY
CYIIECTBYIOIUMU TlapameTpamu s Beiaenenus OHII
u niepedneM [5], yxxe yrBepkaeHHsIM B PD. CornacHo
MPUHATEIM MeToaudeckuM pexomeraarusm, OHIT mo-
KeT OBITh HE MPOCTO TOCEIKOM, a KOMIAKTHBIM Hace-
JICHHBIM ITyHKTOM, PaBHO3HAYHO YAJICHHBIM OT KPYyII-
HBIX FOPOZIOB U HE BXOJSIIMM B COCTaB arJIOMEpaLuil.

Lenb uccnenoBanusi — pa3paboTKa METOUYe-
ckux ocHoB (opmuposanus OHII Ha Teppuropuun
cyonekra PO.

OOBeKTOM HccIeIoBaHus sIBJIsIeTCs CyObekT PO —
PocroBckast 0651acTh.

3apy0e:kHBbIi ONBIT

B 1933 . memerkuii reorpad B. Kpucramrep [7]
U3JI0KUJ CBOIO «TEOPHIO LEHTPAJIbHBIX MECT», OTO-
OparkarolIyro HepapXHI0 TOPOJICKOTro paccelsieHus. B ee
OCHOBE JIEKHUT MOJAXOJ] K PACCMOTPEHUIO TEPPUTOPUU
B BUJIE CETH HACEIICHHBIX ITyHKTOB (IIEHTPOB), HMEIOILIHX
(hopMy MHOTOYPOBHEBBIX MTPABUIILHBIX FEKCATOHAJIBHBIX
pemeTok (puc. 1), THI KOTOPBIX 3aBUCUT OT MOKa3are-
Js1 K (4o TOTOMHUTEIBHBIX PAOHOB CIETYIOIIETO,
OoJiee HU3KOTO YPOBHS MEPApPXUH, TTOAYMHEHHBIX OJ1-
HOMY IIEHTpPaJIbHOMY MECTY JaHHOTO YpOBHA). B co-
oTBeTCTBUU ¢ Teopueil B. Kpucraniepa, neHTpanbHbie
MYHKTBI OJJHOTO YPOBHS CTPEMSTCS pacrojiaraThCs
PaBHOMEPHO, Ha PAaBHOM YIIAJICHUH JIPYT OT Apyra, (hop-
MUPYSI MAKCUMAJIBHO KOMIIAKTHYIO 00J1acTh 00CITy)K1Ba-
HUsI, UIcaTM3UpOBaHHas (hopMa KOTOPO — KpyT.

OrpannyeHus (He0CTaTKH) 3TOTO TOAX0/a:

* paccMarpuBaeMasi TEpPUTOPHSI J0JDKHA OBITH
OJTHOPOJIHOM M Oe3rpaHuyHON ¢ reorpaduyeckoi Tou-
KU 3pEHHUS;

* pacnpejesieHHue )KUTeel J0JKHO ObITh paBHO-
MEPHBIM,

* HACEJICHHBIE IYHKTHI U UX TEPPUTOPHATILHEIE
pecypchbl IOIDKHBI OBITh PaBHOY/IAJICHBI APYT OT JApyTra;

Puc. 1. Kpucramieposckas pemerka ¢ K = 3: 1, 2, 3 — 11eH-

TpanbHble MecTa 1, 2 1 3-T0 ypOBHEH nepapxuu
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* OIMHAKOBAs MOKyMaTeIhCcKasi CIOCOOHOCTH Ha-
CEJICHUS B IIEHTPaX.

COOTBETCTBEHHO, CTOUT CJICNIaTh BBHIBOJ, YTO JIaH-
Hasl TCOpHs MPUMEHUMA Ha MaJICHHKOM MaciuTade Juist
TOPO/IOB 1 HACEJICHHBIX MyHKTOB, HAXOMSIIUXCS B Mpe-
Jenax TePPUTOPHH, 00IafaroIIei OANHAKOBBIMHU COIIH-
AIBHBIMH, TTPUPOTHO-NIAHAMIA( THRIMH, KITUMaTHIeCKHU-
MH 1 SKOHOMHYECKIUMU XapaKTEPUCTUKAMH.

OTeyecTBEeHHBIH ONBIT

B 1970-x rr. «Teopust HeHTpaJIbHBIX MECT» BJIOX-
HOBMJIA COBETCKHX reorpados-skoHomuctos [.M. Jlamn-
mo, C.B. XopeBa n Apyrux Ha cO3/laHHE KOHIETIIIHA
OTIOPHOTO KapKaca pacceleHHs, MPEUIOKEHHOTO IS
teppuropun Cubupu u ApKTUKdA. B 0CHOBe KOHIlET-
UK ObLIa UJIesl CO3AaHMsI CETH HACEJICHHBIX ITyHKTOB-
LIEHTPOB, OTBEYAIONINX 3a Pa3BUTHE MPUIETAIOIINX
TEPPUTOPUN C HU3KOM IUIOTHOCTBIO OCBOEHMS U 3a-
ctpoiiku [8, 9]. B 90-e rr. npouioro Beka npou301IIo
cMenieHre oKyca ¢ ONOPHOTO KapKaca Ha KpyITHbIE
TOPOACKHUE arjioMepalyy, 4To yCUINIO aCUMMETPHIO
[IPOCTPAHCTBEHHBIX TEPPUTOPUATIBHBIX CHCTEM (CyOb-
extoB P®) u TeppuTOpHaIbHBI pa3phiB B 00ECIICUCH-
HOCTH KOM(OPTHOH Cpeiol HaceIeHNs Ha ceJle U B TO-
poxe [10, 11]. Bo3poxkaeHue uHTEpeca K KOHIETITUU
OHIT nmpowuzomnwino B Havane 2020-x rr. J.I1. CocHuH,
3. Mapksapt 1 H.H. Kucenéra nposenu moapoOHbIi
aHAJIN3 «TEOpPHUU LEHTPalbHBIX MecT» Bansrepa Kpu-
cTajiepa U OTMETHJIM, YTO COBPEMEHHAsi HeMelKas
3aKOHOAATENbHAs 0a3a 3aKPEIUIsIeT IPUHIUI CUCTEMBI
LIEHTPAIBHBIX MECT KaK OJUH U3 OCHOBOIOJIATAIOLIIX
9NIEMEHTOB MPOCTPAHCTBEHHON OpraHM3aIy rocyaap-
CTBa ¥ MOJKET OBITh BHEJIPCHA B HacTosIIee Bpems [12].

AHanu3 Mccle0BaHUN MEepPCHIEKTUB Pa3BUTHUS
OHII B mpocTpaHCTBEHHON TEPPUTOPUAILHON CUCTEME
MoKa3aJl, 4To Hanbosee BocTpeOOBaHHBIC HATPABICHHUS:

* Pa3BUTHE CEIBCKUX TEPPUTOPUI KaK armoMepa-
LU 1 BOBJIEUEHUE CPEAHNX W HEOOIBIINX ITOCENCHNIN
B KpYIHBIE OTPACIEBbIC U MPOU3BOACTBEHHBIE CTPYK-
Typsl [13, 14];

* (oKyc Ha KauecTBe YCIOBUI IS )KU3HH 1 00ec-
MIEYCHUH JOCTYIMHOW KOM(OPTHOHN Cpeisl )KU3HEeAes-
TEJIbHOCTH uesoBeka [15];

 BoBieueHue OHII B Typuctudeckuil kommiekc
cyobekTa PD, B 0COOCHHOCTH CEIIbCKUE MOCEICHUS
CO CIIOXKMBLINMCS JIAHAMA(TOM M SKOHOMHYECKOI X0-
3SUCTBEHHOM JeITeTLHOCTHIO [16];

* JIMKBUJAIMS Pa3pbIBa M CHIDKCHUE JTUCITPOIIOP-
LU MEX]ly TOPOJICKHMH arJIOMEPALUSIMH U CEITbCKUMHU
HACEJICHHBIMH ITYHKTaMH B 4aCTH 00ECTICYEHHOCTH JKH-
Tellel COlMaIbHOM, MHKEHEPHON U TPAHCIIOPTHOM HH-
¢bpactpykrypoii [17].

Bce BolensinoxkeHHbIe HANPABICHHUS PA3BHTHS
OHII TpeOyroT KauecTBEHHOH CHCTEMHOM MpopaboTKH
1 aHAJIM3a U3HAYAJIbHBIX CIOKUBILIUXCS YCIOBUHA Ha Tep-
putopun cyosexta PO, koTopas BO3MOXKHA TOIBKO TPH
TIPUMEHEHUH COBPEMEHHBIX METOJIOB M HHCTPYMEHTOB
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(B TOM umcIie TeOMH(POPMALIMOHHBIX CUCTEM, METOI0B
MaTeMaTHIeCKOr0 MOACIUPOBAHUS U 1pounx) [ 18-22].

MATEPHAJIBI U METO/JbI

K meroznam, ncronbs3yeMbIM B paMKax UCCIeI0Ba-
HUSI, OTHOCSITCSI:

* CPaBHUTEIbHBII aHAIIU3 U CUHTE3 HCXOAHOM MH-
(hopmaruy;

* METOJ B3BEIICHHBIX KPHUTEPUCB;

* aJlaNTHPOBaHHAsI METO/IMKA KOMILIEKCHOM OIlIeH-
K1 TeppuTopun cyosexra PD;

* TEONPOCTPAHCTBEHHBIN AHAIN3 TEPPUTOPHUH
B cpene ['UIC.

Jast onrummsaruu ponecca Beioopa OHIT paspa-
0OTaHbI METOIUYECKHUE OCHOBBI (DOPMHUPOBAHUS OIIOP-
HBIX HAaCEJIEHHBIX ITyHKTOB Ha TeppUTOpHH CyObekTa PD.
JlaHHAsT METOZIMIKA COCTOMT M3 3TAIOB, MPECTABICHHBIX
Ha puc. 2.

Ha niepBom srarie co3naercs nadopmarmoHHas 6aza
IIPUHSTYUS PELIEHUH, UICXOAHBIMU AJIs1 KOTOPOH SIBIIFOTCS:

* CXEMbI TEpPUTOPHAIBHOTO IUIAHUPOBAHUS CyOb-
ekxra PD;

* 0a3a HOPMAaTHBHO-TIPABOBBIX AKTOB COIPOBOXKIE-
HUS TPAI0CTPONTENBEHOM NOMUTHUKH PA3BUTHS CEITbCKHX
TEPPUTOPHUIL;

* CTparerus COlUabHO-DKOHOMUYECKOTO Pa3BH-
TS cyobekra PO;

I sTan. C6op ncxoqHOM HHPOPMAIIH

CxemMa TeppUTOpUAIbHOTO IIAHHPOBAHHSL.
Crparerust IpOCTPaHCTBEHHOTO Pa3BUTHSL.
Jannsie Poccrara cyobekra PO

¥

II sram. Amanranyst METOOUKH KOMIDIEKCHOM OILIEHKH
teppuropun Ut Beyienenus OHIT Ha Tepputopru
cyobekra PO

I sran. [TocTpoeHne KOMILUIEKCHON OLIEHKH TEPPUTOPUU
B BUJIE JNEKTPOHHBIX KapT, IIOCTPOEHHBIX C TIOMOIIBIO
reorH()OPMAIMOHHBIX CHCTEM

IV sran. Pacder mpuopuTeTHOCTH TEPPUTOPUU
JUISL BEIJIETIEHHSI OLIOPHOTO HACEJIEHHOTO ITyHKTA

TlocTpoenue MaTpHIbl IPHOPUTETHOCTH.
IpoBeneHne 3KCIEPTHOTO OMPOCa.
IocTpoenne nToroBsix kKapt ¢ BeiaeneaneM OHIT

¥

V sran. PamxupoBanne OHII cy6rexta PO

M0 TEOPUH LEHTPaIbHBIX MecT (1o Kpucramnepy)

Puc. 2. Metonnueckue ocnoBs! hopmuposanuss OHIT na Tep-
puropuu cyobekra PO

* crarucThdeckue JanHele Poccrara st Teppu-
Topuu cyobekra PD, cobupaembie aisi popMUPOBAHHS
KPHUTEPUEB KOMIIJICKCHOH OIIEHKH TEPPUTOPHUH.

Ha BTopom 3Tare nmpon3BOaUTCS afanTanus Me-
TOJAMKH KOMIUIEKCHOH OLIEHKH TEPPUTOPUH TSI ONTH-
MU3anuy nporecca Beioopa npuoputetHsix OHII B yc-
JIOBHAX cOANaHCHPOBAHHOTO pa3BUTHS cyObekTa PD.

BnepBbie MeToMKa KOMIUIEKCHOM OLIEHKH TE€pPPHU-
Topun ObuTa oTpakena B Tpynax C.U. Kabaxooii [23]
B 70-X IT. MpOILIOTO BEKa, a 3aT€M y apXHUTEKTOpa
A.Tl. Pomma [24] u Ipyrux y4Y€HBIX, UCIIOJIb3YIONTUX
MareMaTudeckue mojenu [25, 26].

KowmmurexcHast orieHka tepputopun [26] mpenmoa-
raeT MHTErPUPOBAHHBIN MOAXO0]] K aHAJIN3Y TEPPUTOPHU-
AJIEHOTO Pa3MENICHNUS N KaueCTBEHHBIX XapaKTEePUCTHK
BCEX BHJIOB pecypcoB. [TTaBHEIM 00pa3oM (aKToOpHI
pacIpeestoT 10 NOoACHCTEMAM:

* CcOIMaJbHAs MTOACUCTEMA;

* HKOHOMHYECKAs;

* IPOCTPAaHCTBEHHAS;

* DKOJOTHUYECKasl.

Metonuka KOMIJIEKCHOW OLIEHKU TEPPUTOPHUU JaB-
HO JIeIVIa B OLIEHKY Ka/laCTPOBOM CTOMMOCTH 3€MeJlb UL
neneit Hamorooonoxenust [27-30]. Ha ocHOBe MeTOaMKH
KOMIUIEKCHOM OIEHKH TEPPUTOPUH OBLTH MOAOOpaHBI
OLICHOYHBIE (DAKTOPBI HACENICHHBIX ITyHKTOB JUISl IIOCIIE-
JIYIOILIETO TIPHCBOCHUSI UM CTaTyca ONOpHBIX. PaKkTopsl
OTHOCHTEIIEHOM IEHHOCTH TEPPUTOPHH 1 OAJIIBI, COTTIac-
HO KOTOPBIM OHHU OIIEHMBAIOTCSI, MPUBENIEHBI B Ta0M. 1.
Teppuropust cyobekra PO pazdouBaeTcs Ha OIIEHOYHBIC
YUYaCTKH, KaK MPaBMIIO, BBIIEISIEMbIE TPAaHUIIAMU MYyHH-
LUIAIBHBIX 00PA30BaHMUI, M OLIEHUBAIOTCS 3TH Y4ACTKH
JIpyr oTHOCUTENbHO pyra oT 0 1o 1. Pa3sHoxapakrepHas
nH(pOpPMAIUS CUCTEMAaTH3UPYETCSI U CTPYKTYPHPYETCS
C MOMOIIBIO HHCTPYMEHTa — JINHEHHAs! HHTEPIOJISILIHS.

Tperwuii aTarn 3aKiIo4aeTcsi B MPEACTaBICHUN KOM-
TUIEKCHON OIEHKH TEPPUTOPHH B BUIE EKTPOHHBIX
KapT ¢ IOMOLIBI0 FeOMH(pOpManoHHbIX cucteM. [locie
aJIanTaly METOMKH KOMITJIEKCHOH OLIEHKH TEPPHUTO-
pHH [UIS LIETTH TIPHCBOCHUS HACEIICHHOMY ITyHKTY CTa-
Tyca OIIOPHOIO CJIEyeT IOCTPOCHHE KapT 110 (haKkTopam
OTHOCHTEJILHOW IIEHHOCTH MYHHIIUITAIBEHBIX 00pa3oBa-
Hull. Pe3ynbraroM 3TOro 3ramna ciy>KUT NpOCTPaHCTBEH-
Has BU3yaJIn3aLusl Pe3yJIbTaToB OLEHKU.

Ha ueTBepTOM 3Tare BBIMOIHIECTCS PacdeT MpH-
OpUTETHOCTH TeppuTopuu 1 Beinenenus OHII Ha oc-
HOBe ()aKTOPOB OTHOCHUTENBHOW LeHHOCTH. CTaguu
9TOTO JTara:

1) pa3paboTka MaTpHIIEl TPUOPUTETHOCTH;

2) mpoBeieHre OMpoca IKCIEPTOB IS OIpeese-
HUSI KOO PHUITEHTOB 3HAYUMOCTH;

3) pe3yapTaToM dTara SBISAETCS MOCTPOCHUE UTO-
roBoit kapTheI ¢ BeiaenaeHunem OHIIL.

[TsaTh1ii 9Tan — pamxuposanue Beiopannoro OHIT
COTJIACHO TEOPHH LEHTPAIbHBIX MECT. BriOpanHas
TEPPUTOPHSI PACCMATPUBAETCS KAK CETh PaCCENICHUs
1o Hanbosee OBICTPOMY ITYTH MOJTYYEHHS COLUAIBHO-
OpITOBEIX yeryT (10 B. Kpucranmepy).
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Taodu. 1. DakTopbl OTHOCUTEIBHOM [IEHHOCTH HACEICHHBIX ITyHKTOB

[oncucrtema DaKkTop OTHOCUTENBHOM Bann Onucanue UCXOTHON HHPOpPMAIIMK — 0a3a OLEHKH
HEHHOCTH
ConuanbHas YucneHHOCTh HaceIeHUs 0-1 Ot 3 1o 5 teIC. yen. (Poccrar) n MpOorHo3HbIE TaHHBIE
[28]
Hannune o6bexToB 0-1 Pagnyc noctynHoctn — 25 kM
amMOyTaTOPHOTO JICUCHHUST (mo xapte OpenStreetMap, Yandex)
YpoBeHb pa3BUTHS CHEphI 0-1 CTeneHpb HACBIIEHHOCTH 00OBEKTaMHU COIHATBHOM
KyJIBTypPHO-OBITOBOTO HHQPACTPYKTYPHI U KYIBTYPHI
00CITy’)KUBAaHHSI HACETICHHS (o xapte OpenStreetMap, Yandex)
(MexuIMHCKHE
YUpeXKICHHS, JETCab,
IIKOJIBI ¥ IPOYHE)
IIpocTpancTBeHHast TpancnoprHas 0-1 Paccrostane ot OHII o 6mmkaiiero ropona uiu
o0ecIedeHHOCTh HACEJICHHOTI'0 TyHKTA C YHCIEHHOCThIO Oosiee 50 Thic.
yent. coctanisier S0 km (o kapre OpenStreetMap,
Yandex)
CocTostHUE TOPOKHOH 0-1 OTBeuaeT UM He OTBEYAeT HOPMATHBHBIM
CeTH U 00eCTICYeHHOCTh TpeOOBAHMAM IO Ka9eCTBY ITOKPBITHS
JOporaMu (cormacHO MaHHBIM, MPEIOCTABIAEMBIM O IOPOKHOM
KOMILTEKCE, CXeMa TePPUTOPHAIBHOTO IITAHUPOBAHIS)
YpoBeHb HHKEHEPHOTO 0-1 KonnuecTBo NpoBeIeHHBIX MEPONPHSITHIA, CBSI3aHHBIX
00yCTpONCTBA TEPPUTOPHI C yJIy4IlICHHEeM KaueCTBa MH)KCHEPHBIX ceTeit
(BomocHabxeHue, 0 K2XKJJOMY OLIEHUBAEMOMY MYHHIUIIAILHOMY
KaHaJIM3aIus, 00pa30BaHUIO WIIK TOPOJICKOMY OKPYTY (OTUETHI
TeIIoCHaOXKeHue, T10 pea3alii rocyapCTBEHHBIX IPOrpaMM, cXxeMa
UIEKTPOCHAOKEHHE, TEPPUTOPHAIBLHOTO IIJIAHUPOBAHHS)
ra3ocHaOXeHue)
Dkonoruveckas WmxenepHo- 0-1 Ot GonbIeli MPOSBICHHOCTH MPOLIECCOB K MEHBILICH
TEOJIOTHYECKHUE yCIOBUS (maHHBIE HA OCHOBE 0OPAOOTKH PE3yIBTATOB
TEpPUTOPHN. 9KOJIOTMYECKOTO MOHUTOPHHTA)
DK30TeHHBIE
T€0JOTHUECKHE MTPOLIECCHI
(OI'TD).
3aconeHune mous
O1eHKa JICCHBIX U BOJAHBIX 0-1 OreHKa JaHHOTO (haKTOpa XapaKTepH3yeT
pecypcos yCTOHUMBOCTE ypOoskonanamadTa [29]
Y IIPOU3BOANTCS HA OCHOBAHHUY CBEJCHUH O ILIOIIA M
BOJTHOTO U JIECHOTO (hOHJIOB

PE3VYJIBTATHBI UCCJIEJOBAHUA

OObekToM uccienoBanus BeiOpaHa PocroBckas
obunactp. [loaranHast peanu3anus METOIUYECKOTO UH-
CTpYMEHTapHs IIPEACTaBICHA HIXKE.

ITepBrrit aTam — cbop ucxogHONW WHOPMATIHH:
MIPOM3BECH aHAJIN3 TEPPUTOPHATBHO-IIPOCTPAHCTBEH-
HOH opranmuzanuu PocToBckoii o0nacTu B paMkax pas-
Butus OHII, Meronnyecknx pexoMeHAanid U HOP-
MaTHUBHO-IIPAaBOBBIX aKTOB. BrisiBieHbI OCO6CHHOCTI/I
UHPPACTPYKTYPHOTO, IPOCTPAHCTBEHHOTO PA3BUTHSI,
OCHOBHBIX 30H IIPOMBIIIICHHBIX KOMITJIEKCOB 1 YPOBEHb
Pa3BUTHS COLMAIBHON MH(PACTPYKTYPBl 00BEKTOB
KyabTypbl. CoOpaHHas HH(OpMaNUs CHCTEMaTH3UPO-
BaHa JUIsl JajibHeiel ee TpaHc(hOpMalK B CHCTEMY
KPHUTEPUEB KOMILJICKCHOM OIIEHKH TEPPUTOPHUH.

Bropoit aran — ajanTaiys METOAMKHN KOMILIEKCHOM
OLICHKH TEPPUTOPUH IS ONTUMHU3ALIMH TIPOLiecca BEIOOpa
nproputerHsix OHIT B yenoBusix Poctosckoit obmacTw.
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CTOUT OTMETHTH, 4YTO B PocTOBCKO# obmacTu 55
MYHHIIUITAIbHEIX 00pa3oBanuii (nanee — MO) u ro-
porckue okpyra (nanee — ['O). B coorBercTBUU C yT-
BEPIKICHHBIMU METOANYCCKUMH PEKOMEHAAIUSIMHE®, OT-
koppektupoBaH cnucok MO u I'O, BXxoasiux B pacyer.
VckmroueHs! U3 CHCKa TEPPUTOPUH, KOTOPBIE O(UIH-
aJbHO BXOJAT B cocTaB PocToBCKOI armomeparyu:

1) ropoxnckue okpyra: Poctos-Ha-JloHy, A30B, ba-
taiick, HoBouepkacck, Taranpor;

2) MyHHUIUITaJbHBIE 00pa30BaHUA: A30BCKUH My-
HULUNAJIbHBIA pailoH, AKCalCKUNA MYHUIUIIAIbHBIN
paiioH (B TOM 4YHCIIE TOPOJICKOE M CEIbCKUE TOCee-
HUS), MSICHUKOBCKHMI MYHUIMITABHBIN paiioH u He-
KJIMHOBCKMH MYHULIMIIATIbHBIN palioH.

B Ta6n. 2—4 npuBeieH MoAPOOHBIN MIPOIIECC OMuca-
HUS OHOTO U3 KpuTepueB «COCTOSIHUE TOPOXKHOM CeTH
1 00€eCTICYEeHHOCTh TEPPUTOPUH CETHIO aBTOMOOMIIBHBIX
JIOpOI» U MEXAHU3M UX OLEHKU. DaKTOp — CIOXKHBIH.
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B undopmaiuio, BHOCUMYIO JUisi OLICHKHA TEPPUTOPHH
PocToBckoii 00acTu, BXOIT J1Ba TIo(akTopa.

1. OGecne4eHHOCTh TEPPUTOPHU CETHIO aBTOMO-
OWITBHBIX JOPOT.

2. CocTostHIE JOPOKHOU CETH.

B 1a6m. 2, 4 nponemoHcTprpoBaH npumep o 10 MO
u3 44 oneHNBaeMbIX, a B Ta0a. 3 — 10 BceM paifoHaM
PocroBckoii obnacti.

Wndopmarnus o nondaxrope 1 — obecriedeHHOCT
TEPPUTOPUH CEThIO aBTOMOOMIBHBIX Jopor. [Tokasa-
Tens obecredeHHoCcTH M3 pacdera Ha 1000 xutemei
B PocToBckoii obmacTu cocrasisgeT 8,6 kM. ITimoTHOCTH
JOpokHO# cetrt — 357 km/1000 xm?. [t PocToBCKOiM
o0J1acTH XapakTepHO HEPAaBHOMEPHOE pacIipe/eiieHne
CETH aBTOMOOWJIBHBIX JOPOI, YMEHBIICHUE IIJIOTHOCTH
JIOPOT OT KPYIHBIX TOPOACKHX LIEHTPOB K Ieprudepuu.

Paiionamu ¢ Hanbosiee pa3BETBICHHOW CEThIO aBTO-
JIOPOT SIBIISIFOTCSI PailOHBI*:

* A30BCKHIi;

* Akcalickuii;

* OkTs10pbCKNi;

* CeMuKapakopCcKHil.

Pationbl, HeOCTAaTOYHO OOECIIEUEHHbIE CETHIO aBTO-
Jiopor?:

* 3aBETUHCKHI;

* Mopo30BCKHii;

* PeMOHTHEHCKHUII.

4 Noposxkusiii kommiekce // Ouuuansubii nopran [pasu-
tenberBa PoctoBekoit odmactu. URL: https://www.donland.
ru/activity/198/

Taou. 2. YucnenHoe 3HaueHHE — 00ECIIEYEHHOCTh TEPPUTOPUU CETHIO aBTOMOOMIIBHBIX Jopor

MyHuIunanbHeIi paiioH ITnomanp, IIporsikeHHOCTD, KM IInoTHOCTB, bamn Htor
KM? Ha 100 km?
TEPPUTOPHUH
Baraesckuii paiion 950,6 DenepanpHas 0,00 0 0,47
Pernonansuas = 77,62 8,17 0,18
MexmyHuuunansaas = 72,1 7,58 0,29
BenokanuTBuHCKHUI 2649,8 DenepansHas = 40 (M21) 1,51 0,12 0,32
pation Pervonanbuas = 48,7 1,84 0,04
Mexmynununansaas = 109,5 4,13 0,16
BbokoBckuii paiton 1927 DenepanbHas 0,00 0 0,18
Pernonansnas = 106,1 5,51 0,12
MexmyHnununaabHast = 29,6 1,54 0,06
Bepxuenonckoil paiion 2675 ®DenepanbHas 0,00 0 0,2
Pernonansuas = 98,6 3,69 0,08
MexmyHununanbaas = 78,95 2,95 0,12
Becenosckuii paiion 1355 DenepasibHas 0,00 0 0,19
Pernonansnas = 89,24 6,59 0,14
MexmyHnununansHast = 18,6 1,37 0,05
Bonrononckoii paiion 1479 DenepanbHas 0,00 0 0,28
Pernonanphas = 102,51 6,93 0,15
MexmynununansHas = 49,4 3,34 0,13
JlyGoBckwmii paiion 3997,09 DenepanpHas 0,00 0 0,18
Perunonanbuas = 99,5 2,49 0,05
Mexmynnnunansaas = 136,77 3,42 0,13
Eropinbikckuii paiton 1460 ®DenepanpHas 0,00 0 0,32
Perunonansuas = 100,09 6,86 0,15
MexxmyHnununanabHas = 61,45 421 0,17
3aBeTHHCKUH paiioH 4694,56 DenepanbHas 0,00 0 0,14
Pernonanpuas = 38,6 0,82 0,01
MexmyHununansaas = 151,55 3,23 0,13
3epHorpaJcKuii paioH 2663 DenepanibHas 0,00 0 0,14
Pernonansnas = 127,01 4,77 0,1
MexmyHnununansHas = 87,4 3,28 0,13
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Tabu. 3. PacuetHblit cymmapHbIii 6aiut noadakropa coCTOSHUE JOPOXKHON CeTH

MyHHIUOaTBHBII Haubonee CocrosiHuE TOPOKHOH CEeTH OO0umit
paiion Ppa3BEeTBICHHON 0-0,33 Oamt
CETBIO IOPOT
XapaKTCpU3yIOTCA [pusenenst | 0-0,33 | Hopoxusie | 0-0,33
B HOPMAaTHBHOE CeTH,
COCTOSTHHE OTBEYAIOIINe
HOPMAaTHBHBIM
TpeOOBaHUSIM
BaraeBckmit 1 0,33 0,5 0,17 0 0,00 0,50
BenokanuTBuHCKUI 1 0,33 0,5 0,17 0 0,00 0,50
Bepxuenonckoit 0,25 0,08 0 0,00 1 0,33 0,41
Eropnbikckuii 0,5 0,17 0 0,00 0,5 0,17 0,33
3aBeTUHCKUI 0,25 0,08 0,5 0,17 0 0,00 0,25
3epHorpajckuit 0 0,00 0,5 0,17 0 0,00 0,17
KoncTanTHHOBCKHUI 0,25 0,08 0,5 0,17 0 0,00 0,25
KpacHocynunckuit 0,25 0,08 0,5 0,17 0 0,00 0,25
MarseeBo-Kypranckunit 0,25 0,08 0,5 0,17 0 0,00 0,25
Mopo3oBckuit 0,25 0,08 0,5 0,17 0 0,00 0,25
OKTSOpbCKHUit 0,25 0,08 0,5 0,17 0 0,00 0,25
IIponerapckuii 0 0,00 0 0,00 0 0,00 0,00
PemoHTHEHCKHIT 0,25 0,08 0,5 0,17 0 0,00 0,25
Canpckuid 1 0,33 0,5 0,17 0 0,00 0,50
CeMuKapakopcKuit 0,25 0,08 0 0,00 1 0,33 0,41
CoBerckuit 0 0,00 0 0,00 0 0,00 0,00
Verb-JloHenkuit 0,25 0,08 0 0,00 1 0,33 0,41
Henuacknii 1 0,33 0 0,00 0 0,00 0,33
OcranbHsble paiiors PO 0,25 0,08 0 0,00 1 0,33 0,41

ITo pesynbraTam NpoBeeHHON OIEHKHU IIIOTHOCTH
ABTOMOOMIIBHBIX JIOPOT OCYIIECTBICHBI HHTCPITOISIIHS
3HAYEHUH U MMPUBCACHUE UX B BUJC OILICHKU B Oayutax
ot 0 1o 1 (cM. Tadm. 2).

Uwncnosasi BRIPaKEHHOCTh KaKA0TO MoAdaKTopa
MIPUHUMAETCS B CICIYIONUX Npeaeax:

* YPOBEHb IJIOTHOCTH (heepasibHBIX JAOPOTr —
0-0,4;

* YPOBEHb MJIOTHOCTU PETMOHAJBHBIX JOPOT —
0-0,3;

®* YPOBCHBb IJIIOTHOCTHU MEKMYHUIIUTTIATIbHBIX J10-
por — 0-0,3.

Iloka3zarenb OTHOCUTENBHOM 3HAUUMOCTH TEPPUTO-
pHii TOPOJICKMX OKpyroB PocToBckoit obnacTu paseH 1,
TaK KaK OHU BBINOIHSAIOT POJIb OCHOBHBIX TPAHCIIOPTHBIX
Y3JI0B PETHOHA.

[Moadakrop 2 — cocTosiHUE TOPOKHON CETH Ole-
HUBAeT Ka4eCTBO MOKPBITHS JOPOKHOW CETH, HE OT-
BEUAOII[CC HOPMATUBHBIM TpeOOBaHusAM. PaiioHsl, e
4acTh AOPOTr MPHUBEAECHA B HOPMATUBHOE COCTOSIHUE,
onenusaetrcs B 0,5 0ANI0B MPY HANWYNH STHX YITydIlIe-
Huil. B paMkax oIieHKH cOCTaBcHA TaONHIA TPaallii
6aJuIoB, COMIACHO KOTOPOH KaXkKJJOMY paioHy MpHCBa-
MBaeTcs 0aI 1Mo TPeM MOKa3aTessM B 3aBHCHMOCTH
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OT COCTOSIHUSI IOPOXKHOW CETH M 00ECTIEYeHHOCTH TaKo-
BBIMH CeTSIMU (Tao0. 3).

3a 2024 1. u3 344 MyHHOHTATBHBIX OOBEKTOB
JIOCPOYHO NPHUBEJCHBI B HOPMATUBHOE COCTOsIHUE 98
YYaCTKOB YANYHO-IOPOKHON ceTH B A30BCKOM, AKCaii-
ckoM, BepxHaenoHckoM, 3epHOrpackoM, Eropiabikckom,
KoncrantnnoBckom, KpacHocynunckom, MarseeBo-
Kypranckom, HexnmmaoBckom, OKTI0phCKOM, YCTb-
Hounenxom, [ennHckom paiioHax u ropoaax: A3os, ba-
Taiick u PoctoB-Ha-/{oHy.

BwmecTe ¢ TeM B MYHHUIIUTIATBHBIX 00pPa30BaHUIX
CYIIECTBYET Pl HEPEIICHHBIX BOIPOCOB, OJTUH U3 KO-
TOPBIX — JIOJIS1 JOPOT, HE OTBEYAIONIUX HOPMATUBHBIM
TpeboBaHusM. Tak, JaHHBIA TTOKa3aTeilb B CPeJHEM
o obmactu coctasisiet 41,5 % wnn 11,4 Thic. kKM gopor
(u3 27,7 ThIC. KM). Hambomnee octpo npodiiema ¢ 1opo-
ramu, He OTBEYAIONUMI HOPMAaTHBHEIM TPEOOBAHIM,
ctout B COBETCKOM celIbckoM paiione — 68,9 %, Ilpo-
nerapckoM paiione — 65,8 %, . Taranpore — 64 %,
r. laxter — 63,2 %, baraesckom paiione — 54,9 %,
Canbckom paitone — 53,8 %*. ITociie 06paboTku pe-
3yJIBTaTOB aHAJIN3a COBPEMEHHOTO COCTOSHUS JOPOXK-
HOTO MoJIOTHA B PocToBCKOi#l oOnactu mHOpMAIuUs
npejacrasicHa B Tada. 3. B tabn. 4 00001ieHb! 1Ba
moA(aKTopa U MPOU3BEICH PACUCT UTOTOBBIX 3HAUCHHIA



TeopeTMKo-METOANUECKMI MOAXOA K HOPMUPOBAHMIO OMOPHBIX HACEAEHHbIX MYHKTOB

. C. 44-67
AF obecriedeHuss cbaraHCUpPOBaHHOIO YCTOMYMBOro pa3BuTHs cybbekta PO

Ta6u1. 4. Yucnosas BbIPaKEHHOCTb (DaKTOpa COCTOSIHUS OPOXKHOI CETH U 00€CIIeUEHHOCTh TEPPUTOPUH CEThIO aBTOMOOHIIb-
HBIX JIOPOT 110 10 MyHMIMIIANBHBIM 00pa30BaHUAM

MyHHIUTaTBHBIH palioH IMoxadaxrop — 0-0,5 Tloadaxrop — 0-0,5 | Pesynbrupyrommii
COCTOSIHHE TOPOXKHOU 00ecCIeYeHHOCTh 6asn
ceTn TEPPUTOPHU CETHIO
ABTOMOOMIIBHBIX JIOPOT
baraesckuii 0,50 0,25 0,47 0,24 0,5
benoxanuTBUHCKUI 0,50 0,25 0,32 0,16 0,4
Boxosckuii 0,41 0,21 0,18 0,09 0,3
Bepxuenoncrkoii 0,41 0,21 0,2 0,10 0,3
Becenoscekuii 0,41 0,21 0,19 0,10 0,3
Bourononckoit 0,41 0,21 0,28 0,14 0,3
JyGoBckuii 0,41 0,21 0,18 0,09 0,3
Eropmbikeknii 0,33 0,17 0,32 0,16 0,3
3aBeTHHCKU 0,25 0,12 0,14 0,07 0,2
3epHOrpajcKuii 0,17 0,08 0,14 0,07 0,2

Dakrop 3. ObecneueHHOCTh aBTOMOOUIBHBIMH
JIOPOTaMH U UX COCTOSHUE

[ o

[ o1
o2
o3
o4
o5

OBETCKHUI]

Puc. 3. DnexrpoHHas KapTa KOMIDIEKCHOH OLIEHKH TeppuTopru PocToBckoit obnactu mmo paxropy « CocTosTHEE JOPOXKHOI ceTh
1 00€CTIEYCHHOCTh TEPPUTOPHHU CETHIO aBTOMOOHIIBHBIX TOPOT»
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Tab6u. 5. MaTpuua npruopuTeTHOCTH (PaKTOPOB 11 OLICHKH
TeppuTopuu At Beioopa OHII

DyHKIHO-
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(haxropa «CocTossHHE TOPOKHOH ceTH M 00eCIIeUCH-
HOCTb TEPPUTOPUH CEThIO aBTOMOOMIIBHBIX JIOPOTY.
Tpetwnii aTanm — hopMupoBaHHE BOCHMH TEeMAaTH-
YEeCKHX KapT M0 (hakTopaM KOMIUIEKCHOH OLICHKH.
W3-3a TOTO, 4TO HEKOTOPBIE (HAKTOPBI KOMILIEKC-
HOH OIIEHKH COCTaBHbIE, HEOOXOMMO OBIJIO ITIOCTPOUTH
CHadJasa KapThl, COOTBETCTBYIOLIME X noadakropam,
a 3aTeM IOCTPOUTH PE3YNBTHPYIONIYIO KapTy. B kaue-

CTBe IpuMepa npexacranieHa kapra «CocrosHue 10-
POXXHOH CEeTH U 00ECIeYeHHOCTh TEPPUTOPUHU CEThIO
ABTOMOOMJIBHBIX JOPOT» (puC. 3).

Ha gerBeprom 3Tare nmpou3BOIUTCS pacyer MpH-
OPUTETHOCTHU TeppuTOpHH I Beroopa OHIIL.

[MocTpoenne MaTpuIbl TPHOPUTETHOCTH OCHOBBI-
BAeTCsl HA OMNpeeTIeHNH KOAP(UIMEHTOB 3HAUMMOCTH
KaXkJI0T0 (haKTOpa KOMIIEKCHOM OLIEHKH JUISL BBIICIICHHS
OHII (tabm. 5).

Pacuer ko3pduunenToB 3HAYMMOCTH (PaKTOPOB
OTHOCHTEJILHOW LIEHHOCTH JJIsl IPUCBOCHUS HACEIIeH-
HOMY IIYHKTY CTaTyca OIIOPHOTO IPOBOJHIICS C IIOMO-
IbI0 METOJIa IKCIIEPTHOTO onpoca. YeTsipe akcriepra
3aIOJIHSUIN OMPOCHBIE JINCTHI, B Pe3yibTaTe 00padoTKu
KOTOPBIX MaTpHUlla IPHOPUTETHOCTH NIPUOOPETAET BHI,
MMOKa3aHHBIN B TaOII. 6.

3aBUCHMOCTb YPOBHSI BIHSHUS (PAKTOPOB Ha MPH-
CBOCHHE OIOPHOMY HACEJICHHOMY IYHKTY CTaryca
OIIOPHOTO MOYKHO NPEJCTaBUTh B BUE (QyHKIIMU:

B =XF K/=F k+F k+F k+F k+
+F ok +F k +F -k +F -k,

rae B — mokasarellb IEHHOCTH MYHHUIUTAILHOTO
o0pa3oBaHUs Ul IPUCBOCHUS HACEICHHOMY ITYHKTY
craryca onopHoro; F,— i-i ko3 (pUIHEHT OTHOCH-
TENBHON LEHHOCTH TeppHuTOpHH; K, — KO3 Puument
3HAYMMOCTH i-T0 (haKTopa.

Pacnpenenenue peiiTuHra pakropoB MPHOPUTET-
HOCTH € IOCYMTAHHBIM MOKA3aTENEM LIEHHOCTH TEPPH-
TOPHUH JUIs KaXKJ0T0 pailoHa NMPeICTaBICHO Ha PUC. 4.

YToObl BBISIBUTH CAMbIE NEPCIIEKTHBHbBIE PAHOHBI
JUIsl PA3BUTHUS HACEJIEHHBIX ITyHKTOB B POJIM ONOPHBIX,

Taba. 6. Marpuia npuopuTeTHOCTH (HaKTOPOB VIS OLIEHKH TeppuTopuu it Beioopa OHIT nociie 06paboTky aHKeT SKCIepT-

HOTO ommpoca

OHII F, F, F, F, F, F, F, F,
UneH 3KCIepTHOM 0,5 1 1 1 0,5 0,5 0,5 0,5
Komuccuu Ne 1
YiieH 3KcnepTHON 1 0,5 0,5 1 1 0,5 1 0,25
komuccuu Ne 2
UieH sKcriepTHOM 1 1 1 1 0,5 0,25 0,5 0,5
KoMuccuu Ne 3
UsneH KCTIepTHOM 0,5 1 1 1 0,5 0,5 0,5 0,25
Komuccuu Ne 4
Cpennuit k03hGuimeHt 0,8 0,9 0,9 1,0 0,6 0,4 0,6 0,4
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C. 44-67

DaKkTOpbI OTHOCUTEIILHON
LCHHOCTH TEPPUTOPUHU

[ 10,000000-1,755000
[ 11,755001-2,480000
[ 2,480001-2,990000
I 2,990001-3,960000

Boxosckuit

3aBeTUHCKHI

PemoHTHEHCKHI

€CYaHOKOTICKY

Puc. 4. DnextpoHHast KapTa pachpeeNeHus PeHTHHTa (yHKIIMOHAIEHOH NPHOPUTETHOCTH TeppuTOpuH A1 Beioopa OHIT

OCYIICCTBIICHO PAH)KUPOBAHUEC UTOTOB BCECTOPOHHEH
oreHKH Tepputopun PoctoBckoii obnactu (Tadi. 7).
Haunbomnee npropuTEeTHHIMU COTIIACHO KOMILIEKC-
Hoi1 ortenke PocroBckoit obmacti misa cosganus OHII
aBagoTCc: baraesckuii, bemokanurBuHckuii, Bece-

Taou. 7. PanxupoBaHue pe3yabTaToB KOMIIJIEKCHON OLIEHKU

teppuropun PocToBckoii obmactu st onpeaenenuss OHIT

Iokazarens eHHOCTH YpoBeHb noTeHIMATA ATIs
TEPPUTOPHH pazsutusa OHII
1,755-2,480 Hwuzknmit
2,505-2,990 Cpenuuit
3,035-3,960 Bricokwuit

L

Puc. 5. Cetb B BUjie reKcaroHaJbHON PEHIETKH C YHCIIOM JI0-
MOJTHUTEIIFHBIX PAOHOB CIICAYIOIIETO 00Jiee HU3KOTO YPOB-
HSl MepapXuu, e LUEeHTPaJIbHOE MECTO IEepPBOro Mopsiaka —
r. bemas Kanursa
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Tabu. 8. Pesynbrars! pacipeieieHUst HACEIEHHBIX yHKTOB M0 YPOBHSIM HEpPapXHu, coracHo pemerke Kpucramnepa

‘YpoBeHb nopsiika

Cy1mecTByIoIUe HACENCHHBIE ITyHKTHI,

Hacenennsie IIYHKTBI, KOTOPBIE MOT'YT HAXOAUTHCA

HACeJIEHHOTO pacronararommecs B y3Jax pemeTKu Ha IPyroM YpOBHE HEPaApXUH
MyHKTA
1-ro mopsika r. benas Kanutsa; cranuna KpacHoznoHerkas;

xyTop HmxHecepeOpsIKOBCKHIA;
cranuia KanurseHckas

noc. XKupHoB (otHocuTcs k TanuHckoMy paifony);
XyTop BacuibeBckuii;
noc. ropojckoro tumna Illonoxosckuii

2-ro mopsiika xytop CamOypoB;
c. JINTBUHOBKA;

noc. Cuneropckuit

noBckui, Eropnbikckuii, 3epHorpaackuii, Kamenckuii,
Kpacnocynuacknii, MuinepoBckuii, OKTIOpbCKHUH,
Canbckuid, [I1010XOBCKHI pailOHBI.

3aKITIOYNTENEHBIN TIATHIN 3Tall — paH)KHPOBaHHE
OHII cy6wsexra PO mo Teopun HEHTPaTbHBIX MECT.
B xadecTBe nprmMepa BEIOepeM MyHHITUITATBHBINA PalioH,
Y KOTOPOTO ITOKa3aTelb EHHOCTH TEPPUTOPUU MAKCH-
MAaJIBHBIN, 2 UMEHHO bermokanmuTBruHCKH paiioH (3,960
IO TIOKa3aTelIio IPHOPUTETHOCTH).

Benyro KanutBy cnenyer paccmarpusats kak OHIT
nepBoro nopsajaka. HaceneHHsle MyHKTHI IEPBOTO MO-
psisika o0pas3yroTcs Ha MEepPEeceYeHnr caMmoil KpynHOU
rekcaroHaypHOM pemerku. [Ipu HasHauennu benoit Ka-
JUTBBI MYHKTOM |-TO TOpsIIKa TOPOJ] CTAHOBUTCS 1ICH-
TPaJIbHBIM ITYHKTOM («LEHTPOM BBICIIETO MOPSAKAY),
obecreunBaroInM HaceleHne pa3HooOpa3ueM yciyT
1 TOBAPOB HAWBBICIIETO YPOBHsI CIIOKHOCTH (Harpumep,
CTeNMaIM3UPOBaHHAsT MEJUIMHA, BBICIIIEE 00pa30BaHHUE,
KYJIBTYPHBIE YIPEKIICHUS).

LlenTpamu BTOpOro mopsijKa Ciry>kaT HaceleHHbIE
IyHKTBI, paclojararmiuuecs Ha MNepecedeHnt rekca-
TOHAJILHOW pelIeTKN BTOPOTO MOpsaKa. JTO MEHBIINE
roposia MM MOCEIKH, PacloIOKEHHbIE MOOIN30CTH
ot benoit Kanuteel. OHM MPeaoCTaBIsIOT 0a30BbIC yC-
Jyru (IIKOJIBI, MOJUKIMHUKH, Mara3uHbl TIEpBOi HE00-
XOZMMOCTH), OPUEHTHPOBAHbI Ha 00CITYKUBaHHE OJIM3-
JIEXKAIINX CEIbCKUX PaliOHOB M IIPUTOPOJIOB.

Pammyc okpy»XHOCTH, BHYTPH KOTOPO# cTponTcs |
coTa BTOPOTO Topsizika, coctaBisieT 7 kM. CeTh B BUIE
TeKCAarOHAJILHOM PEMIETKN C YHCIOM JOTIOIHUTEIbHBIX
paliOHOB CIEAYIONIETO 2-TO YPOBHS HEPapXHH, TA€ ICH-
TpaJIbHOE MECTO TepBoro nopsiika — r. benas Kamnt-
Ba, IPEJCTABIICHA HA pUC. 5.

B Tabn. 8 npeacraBneHsl HaceIEHHBIE ITYHKTHI,
SIBIISIIOIIMECS LIEHTpaMu 1-ro u 2-ro mopsijaka, a Takxe
T€, KOTOPbIe MOTYT CYHTATHCS TAKOBBIMU IIPU H3MEHE-
HUH IeKCaroHaJbHOW peleTku Al obecrieueHus coa-
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xyTop Pynaxos;

noc. ['opHsukuii;
xytop Iloropenos;
xyTop Huxuenonos;
xyTop MypaBeiHuk;
noc. SlcHoropka;
XyTOp MeueTHbli;
xyTop Kaxuues;
noc. KokcoBslit

JIAHCUPOBAHHOTO Pa3BUTHS MPU (HPOPMUPOBAHUH H OII-
tumuzanuu cetu OHIT [31].

SJAKJIIOYEHUE U OBCYXJIEHHUE

B pamxax mpeacTaBlI€HHOTO UCCIIEOBAHUS Pas3-
paboTaHa METOMKA, TTO3BOJISIONIAS ONTHMU3HPOBATh
MIPOLECC TEPPUTOPHATIBHOTO IIJIAHUPOBAHMS Ha YPOBHE
cyonsekTa P®. B ycinoBusAX OrpaHHYCHHOCTH PECYPCOB
(BpeMeHHBIX U MaTepuaibHbIX) pazsurne OHIT momxk-
HO OBITH CTPAaTErHUECKH BEPHBIM KaK C TOYKH 3PECHUS
CYIIECTBYIOLIETO Pa3BUTUS TEPPUTOPUH, TAK U C TOUKU
3peHust OyAyIMX W3MEHEHHH IS KaKJOT0 PETHOHA.
[leneBoe pa3BuTHE M BBHIOOP HACEJIEHHBIX MYHKTOB,
MIPUOPUTETHHIX s pa3BuTHs B kauectse OHII, Bo3-
MOYKHO TOJBKO NMPHU CTPYKTYPHOM CHCTEMHOM MOJXO-
7€, IEKOMITO3UINH CYIIECTBYIOIINX yCIOBHH B BHJIE
KPUTEPUEB Ha PErMOHAILHOM YPOBHE, 0TOOPasKAIOIINX
JOCTATOYHOCTh PECYPCOB M MOTECHIIHANIA ITUX TEPPH-
TOPHIA.

Pa3paboTaHHBI TEOPETHKO-METOIUICCKII MH-
CTPYMEHTapUil IMO3BOJISIET OCYLIECTBISITH BEIOOD OII-
TUMAaJIbHBIX HACEJICHHBIX ITyHKTOB B Ka4€CTBE «OMOP-
HBIX», OJJHAKO HEOOXOAMMO €ro pa3BUBATh Jaiblle
Ha ypOBHE NeTaIbHOH oreHKH Kaxkaoro OHII ¢ Toukn
3peHHUst:

* KOM(OPTHOI TOPONICKOH CPEIBI;

* oOecricucHHs HACCJICHUS HeoOXoauMoit nHppa-
CTPYKTYpO# (Kak COIMaIbHOM, OBITOBOI, Tak U TpaHC-
TIOPTHON);

* (hopMHpPOBaHHS yCTOWYMUBON SKOHOMHYECKON
CUCTEMBI, MECT MPUIIOKEHUS TPy U T.1.

[TpennoxxeHHast METOANKA SBJISETCS YHUBEPCAIb-
HOW M MOXeET OBITh IPUMEHEHA TPH TPUHSITHU Perie-
HUW opraHaMy MYHHULMIIAJIBHON BJIACTH B YAaCTH pac-
MpeseleHHs] MaTepruaIbHbIX PECYpCOB MPHU Pa3BUTUU
OHII, mMeHHO B YacTH MEPBOOYEPETHOTO BEIOOpa Ta-
KHUX TeppUTOpUIL.
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INTRODUCTION

According to the Spatial Development Strategy
of the Russian Federation for the period up to 2030
with a forecast to 2036 (hereinafter referred to as
the Strategy) !, one of the priority areas is the develop-
ment of a system of key settlements (KS). AKS is a set-
tlement that provides a comfortable living environment

! The approval of the Spatial Development Strategy of
the Russian Federation for the period up to 2030 with
a forecast up to 2036: Order of the Government of the Russian
Federation No. 4146-r dated 28 December 2024. URL.: http://
publication.pravo.gov.ru/document/0001202501060001
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for the population through the availability of social
and cultural infrastructure (education and healthcare,
cultural services) and other economic and commer-
cial facilities. A key feature of KS is the combination
of spatial, natural resource and landscape characteris-
tics of territories with the quality of the urban environ-
ment to ensure a comfortable life for the population
and to stop the outflow of residents from small towns
and rural settlements to large urban agglomerations
and megacities [1-3].

The Strategy also approves 2,160 KS in 89 con-
stituent entities of the Russian Federation, which are
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listed in the appendix?, including new regions. In each
constituent entity of the Russian Federation, the number
of KS varies from 20 and above, with significant differ-
ences in the types of settlements selected, namely:

* core city of an urban agglomeration;

* a city (settlement) that is part of an agglomeration;

* ascience city;

* a city that is part of a closed administrative-
territorial entity;

* rural settlements, etc.

Given the limited material resources available
for the optimal development of KS, municipal and re-
gional authorities responsible for urban development
policy need tools for identifying and selecting priority
settlements. In this study, priority settlements are un-
derstood to be settlements whose balanced development
should be carried out primarily on the basis of their
combined characteristics (socio-economic, geographi-
cal, natural landscape and infrastructure) and the con-
nectivity of the territorial system as a whole [4—6]. At
the same time, Decree No. 4132-r of the Government
of the Russian Federation dated 23 December 2022 ap-
proved methodological recommendations on the criteria
for the formation of KS and adjacent territories®. These
methodological recommendations highlight a number
of criteria for KS, for example:

* the KS cannot be part of an urban agglomeration;

* the distance between the KS and a city with
a population of more than 50,000 must be more than
50 km;

* the population of the KS must be between 3,000
and 50,000 (large village, urban-type settlement);

» more than half of the population of the KS must
have access to social infrastructure (schools, kindergar-
tens, hospitals, medical aid stations, etc.).

An analysis of the criteria from the Methodo-
logical Recommendations® leads to the conclusion that
there is a contradiction between the existing parameters
for identifying KS and the list [5] already approved
in the Russian Federation. According to the adopted
methodological recommendations, a KS may not be just
a settlement, but a compact populated area, equidistant
from large cities and not part of agglomerations.

The purpose of the study is to develop methodo-
logical guidelines for the formation of KS on the terri-
tory of a constituent entity of the Russian Federation.

The object of the study is the constituent entity
of the Russian Federation — the Rostov Region.

2 Unified list of key settlements of the Russian Federation,
Ministry of Economic Development of the Russian Federation.
URL: trategicheskoe planirovanie prostranstvennogo
razvitiya/ strategiya prostranstvennogo razvitiya rossii_
do 2030 goda c prognozom do 2036 goda/edinyy
perechen_opornyh_naselennyh_punktov_rf

3 The approval of methodological recommendations on criteria
for determining key settlements and adjacent territories: Order
of the Government of the Russian Federation No. 4132-r
dated 23 December 2022.

Foreign experience

In 1933, German geographer W. Christaller [7]
presented his “theory of central places,” which reflects
the hierarchy of urban settlement. It is based on an ap-
proach to viewing territory as a network of settlements
(centres) in the form of multi-level regular hexagonal
grids (Fig. 1), the type of which depends on the K in-
dex (the number of additional areas of the next, lower
level of the hierarchy subordinate to one central place
of a given level). According to W. Christaller’s theo-
ry, central points of the same level tend to be located
evenly, at equal distances from each other, forming
the most compact service area possible, the idealized
form of which is a circle.

Limitations (disadvantages) of this approach:

* the territory under consideration must be homoge-
neous and boundless from a geographical point of view;

« the distribution of residents must be uniform;

« settlements and their territorial resources must
be equidistant from each other;

« the purchasing power of the population in the cen-
tres must be the same.

Accordingly, it can be concluded that this theory
is applicable on a small scale to cities and settlements
located within a territory with the same social, natural
landscape, climatic and economic characteristics.

Domestic experience

In the 1970s, the “theory of central places” in-
spired Soviet geographers and economists G.M. Lappo,
S.V. Khorev, and others to create a concept of a settle-
ment framework proposed for Siberia and the Arctic.
The concept was based on the idea of creating a net-
work of population centres responsible for the develop-
ment of adjacent areas with low density of development
and construction [8, 9]. In the 1990s, the focus shifted
from the support framework to large urban agglomera-
tions, which exacerbated the asymmetry of spatial ter-
ritorial systems (subjects of the Russian Federation)
and the territorial gap in the provision of a comfortable
environment for the population in rural and urban areas
[10, 11]. Interest in the KS concept was revived in the ear-

Fig. 1. Krystallov lattice with K = 3: 1, 2, 3 — central points
of the 1st, 2nd, and 3rd levels of the hierarchy
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ly 2020s. D.P. Sosnin, E. Markvart and N.N. Kiseleva
conducted a detailed analysis of Walter Christaller’s
“theory of central places” and noted that the modern
German legislative framework enshrines the principle
of the system of central places as one of the fundamental
elements of the spatial organization of the state and can
be implemented at present [12].

An analysis of studies on the prospects for the de-
velopment of KS in the spatial territorial system showed
that the most sought-after areas are:

* the development of rural areas as agglomerations
and the involvement of medium and small settlements
in large industrial and production structures [13, 14];

» focus on the quality of living conditions and en-
suring an accessible and comfortable environment
for human life [15];

* involvement of KS in the tourist complex of
the constituent entity of the Russian Federation, espe-
cially rural settlements with an established landscape
and economic activity [16];

* eliminating the gap and reducing disparities
between urban agglomerations and rural settlements
in terms of providing residents with social, engineering
and transport infrastructure [17].

Stage I. Collection of initial information

Territorial planning scheme.
Spatial development strategy.
Rosstat data for the constituent entity of the Russian
Federation

Stage II. Adaptation of the comprehensive territory
assessment methodology for identifying key settlements
in the territory of the constituent entity of the Russian
Federation

Stage III. Development of a comprehensive territory
assessment in the form of electronic maps created using
geographic information systems

Stage IV. Calculation of the priority of the territory
for the selection of a reference settlement

Construction of a priority matrix.
Conducting an expert survey.
Construction of final maps with the selection of KS

3

Stage V. Ranking of KS of the constituent entity

of the Russian Federation according to the theory of central
places (according to Christaller)

Fig. 2. Methodological foundations for the formation of KS
in the territory of a constituent entity of the Russian Federation
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All of the above areas of development of the KS
require high-quality systematic study and analysis
of the initial conditions in the territory of the Rus-
sian Federation, which is only possible with the use
of modern methods and tools (including geographic in-
formation systems, mathematical modelling methods,
and others) [18-22].

MATERIALS AND METHODS

The methods used in the study include:

 comparative analysis and synthesis of source in-
formation;

* weighted criteria method;

+ adapted methodology for comprehensive assess-
ment of the territory of a constituent entity of the Rus-
sian Federation;

 geospatial analysis of the territory in a GIS en-
vironment.

To optimize the process of selecting KS, methodo-
logical guidelines for the formation of reference settle-
ments in the territory of a constituent entity of the Rus-
sian Federation have been developed. This methodology
consists of the stages shown in Fig. 2.

The first stage involves creating an information base
for decision-making, based on the following sources:

* territorial planning schemes for the constituent
entity of the Russian Federation;

+ a database of regulatory and legal acts support-
ing urban development policy for rural areas;

* the socio-economic development strategy for
the constituent entity of the Russian Federation;

* Rosstat statistical data for the territory of the con-
stituent entity of the Russian Federation, collected to form
criteria for a comprehensive assessment of the territory.

At the second stage, the methodology for a com-
prehensive assessment of the territory is adapted to op-
timize the process of selecting priority KS in the con-
text of the balanced development of the constituent
entity of the Russian Federation.

The methodology for comprehensive assess-
ment of territories was first described in the works
of S.I. Kabakova [23] in the 1970s, and then by archi-
tect A.P. Romm [24] and other scientists using math-
ematical models [25, 26].

Comprehensive assessment of a territory [26] in-
volves an integrated approach to analysing the territo-
rial distribution and qualitative characteristics of all
types of resources. The factors are mainly distributed
across subsystems:

* social subsystem;

* economic subsystem;

* spatial subsystem;

* ecological subsystem.

The methodology for comprehensive assessment
of territory has long been used in assessing the ca-
dastral value of land for taxation purposes [27-30].
Based on the methodology for comprehensive assess-
ment of territory, assessment factors for settlements
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Table 1. Factors affecting the relative value of settlements

Subsystem Relative value factor Score Description of source information — basis
for assessment
Social Population 0-1 From 3,000 to 5,000 people (Rosstat) and forecast
data [28]
Availability of outpatient 0-1 Accessibility radius — 25 km
treatment facilities (according to OpenStreetMap, Yandex)
Level of development 0-1 Degree of saturation with social infrastructure
of cultural and social and cultural facilities
services for the population (according to OpenStreetMap, Yandex)
(medical facilities,
kindergartens, schools,
etc.)
Spatial Transportation provision 0-1 The distance from the KS to the nearest city or
settlement with a population of over 50,000 is 50 km
(according to OpenStreetMap and Yandex maps)
Condition of the road 0-1 Meets or does not meet regulatory requirements
network and road coverage for pavement quality (according to data provided
on the road complex, territorial planning scheme)
Level of engineering 0-1 Number of measures taken to improve the quality
infrastructure development of engineering networks for each municipal entity or
in the area urban district assessed (reports on the implementation
(water supply, sewerage, of state programmes, territorial planning scheme)
heat supply, electricity
supply, gas supply)
Ecological Engineering-geological 0-1 From greater manifestation of processes
conditions of the territory. to lesser manifestation (data based on processing
Exogenous geological of environmental monitoring results)
processes (EGP).
Soil salinization
Assessment of forest 0-1 The assessment of this factor characterises
and water resources the sustainability of the urban landscape [29]
and is based on information about the area of water
and forest resources

were selected for subsequent assignment of refer-
ence status. The factors of relative value of the ter-
ritory and the scores by which they are assessed are
given in Table 1. The territory of a constituent entity
of the Russian Federation is divided into assessment
areas, usually delimited by municipal boundaries,
and these areas are assessed relative to each other
on a scale from 0 to 1. Diverse information is systema-
tized and structured using a tool called linear interpola-
tion.

The third stage consists of presenting a compre-
hensive assessment of the territory in the form of elec-
tronic maps using geographic information systems. After
adapting the methodology for comprehensive assessment
of the territory for the purpose of assigning the status
of a support centre to a settlement, maps should be con-
structed based on the relative value of municipal forma-
tions. The result of this stage is a spatial visualization
of the assessment results.

The fourth stage involves calculating the priority
of the territory for the allocation of KS based on rela-
tive value factors. The stages of this stage are:

1) development of a priority matrix;

2) conducting a survey of experts to determine
the significance coefficients;

3) the result of this stage is the construction of a fi-
nal map with the identification of KS.

The fifth stage is the ranking of the selected KS
according to the theory of central places. The selected
territory is considered as a settlement network along
the fastest route for obtaining social and domestic ser-
vices (according to W. Christaller).

RESEARCH RESULTS

The Rostov Region was selected as the object
of research. The phased implementation of the meth-
odological tools is presented below.

The first stage involved collecting initial infor-
mation: an analysis was conducted of the territorial
and spatial organization of the Rostov Region within
the framework of the development of the KS, methodo-
logical recommendations and regulatory and legal acts.
The characteristics of infrastructure and spatial develop-
ment, the main areas of industrial complexes and the lev-
el of development of the social infrastructure of cultural
facilities were identified. The information collected was

59

(8G) 1 ONSS| ‘GL'JON Hencons e canelas



scionco o ruction: g1 15, Issue 4 (58)

A.A. Fedorovskaya, D.S. Vyshlova

systematized for further transformation into a system
of criteria for comprehensive assessment of the territory.

The second stage involved adapting the meth-
odology for comprehensive assessment of the terri-
tory to optimize the process of selecting priority KS
in the Rostov Region.

It should be noted that there are 55 municipali-
ties (hereinafter referred to as MP) and urban districts
(hereinafter referred to as UD) in the Rostov Region. In
accordance with the approved methodological recom-
mendations, the list of MP and UD included in the cal-
culation has been adjusted. Territories that are officially
part of the Rostov agglomeration have been excluded
from the list:

1) urban districts: Rostov-on-Don, Azov, Bataysk,
Novocherkassk, Taganrog;

2) municipal formations: Azov municipal district,
Aksai municipal district (including urban and rural settle-
ments), Myasnikovsky municipal district and Neklinovs-
ky municipal district.

Table 2—4 provide a detailed description of one
of the criteria, “Condition of the road network and road
coverage of the territory”, and the mechanism for its as-
sessment. This is a complex factor. The information en-
tered for the assessment of the Rostov Region includes
two sub-factors.

1. Road network coverage of the territory.

2. Road network condition.

Table 2 and 4 show examples for 10 of the 44 muni-
cipalities assessed, while Table 3 shows examples for all
districts of the Rostov Region.

Information on sub-factor 1 — road network cov-
erage. The coverage indicator per 1,000 inhabitants

Table 2. Numerical value — road network coverage of the territory

Municipal district Area, km? Length, kilometres Density, per Score Result
100 km? of territory

Bagaevsky District 950.6 Federal 0.00 0 0.47
Regional =77.62 8.17 0.18
Intermunicipal =72.1 7.58 0.29

Belokalitvinsky District 2,649.8 Federal =40 (21) 1.51 0.12 0.32
Regional =48.7 1.84 0.04
Intermunicipal = 109.5 4.13 0.16

Bokovsky District 1,927 Federal 0.00 0 0.18
Regional =106.1 5.51 0.12
Intermunicipal = 29.6 1.54 0.06

Verkhnedonskoy District 2,675 Federal 0.00 0 0.2
Regional =98.6 3.69 0.08
Intermunicipal = 78.95 2.95 0.12

Veselovsky District 1,355 Federal 0.00 0 0.19
Regional =§9.24 6.59 0.14
Intermunicipal = 18.6 1.37 0.05

Volgodonsk District 1,479 Federal 0.00 0 0.28
Regional =102.51 6.93 0.15
Intermunicipal =49.4 3.34 0.13

Dubovskiy District 3,997.09 Federal 0.00 0 0.18
Regional =99.5 249 0.05
Intermunicipal = 136.77 342 0.13

Yegorlyksky District 1,460 Federal 0.00 0 0.32
Regional =100.09 6.86 0.15
Intermunicipal = 61.45 4.21 0.17

Zavetinsky District 4,694.56 Federal 0.00 0 0.14
Regional =38.6 0.82 0.01
Intermunicipal = 151.55 3.23 0.13

Zernogradsky District 2,663 Federal 0.00 0 0.14
Regional =127.01 4.77 0.1
Intermunicipal = 87.4 3.28 0.13
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in the Rostov Region is 8.6 km. The road network den-
sity is 357 km/1,000 km?. The Rostov Region is char-
acterized by an uneven distribution of the road network,
with road density decreasing from large urban centres
to the periphery. The districts with the most extensive
road networks are:

* Azov;

e Aksai;

* Oktyabrsky;

 Semikarakorsk.

Areas with an insufficient road network*:

* Zavetinsky;

* Morozovsky;

* Remontnensky.

Based on the results of the assessment of road
density, the values were interpolated and converted into
scores from 0 to 1 (see Table 2).

The numerical value of each sub-factor is accepted
within the following limits:

* level of federal road density — 0-0.4;

* level of regional road density — 0-0.3;

4 Road Complex, Official Portal of the Government of the Ros-
tov Region. URL: https://www.donland.ru/activity/198/

¢ density level of intermunicipal roads — 0-0.3.

The relative significance indicator for the urban
districts of the Rostov Region is 1, as they serve as
the main transport hubs of the region.

Subfactor 2 — road network condition assesses
the quality of road network coverage that does not meet
regulatory requirements. Areas where some of the roads
have been brought up to standard are assessed at 0.5
points if these improvements have been made. As
part of the assessment, a point grading table has been
compiled, according to which each area is assigned
a score on three indicators depending on the condition
of the road network and the availability of such net-
works (Table 3).

In 2024, out of 344 municipal facilities, 98 sections
of the street and road network in Azov, Aksai, Verkh-
nedonsk, Zernograd, Yegorlyksky, Konstantinovsky,
Krasnosulinsky, Matveevo-Kurgan, Neklinovsky,
Oktyabrsky, Ust-Donetsky, and Tselinsky districts
and the cities of Azov, Bataysk, and Rostov-on-Don.

At the same time, there are a number of unre-
solved issues in municipal formations, one of which
is the proportion of roads that do not meet regulatory
requirements. Thus, this indicator averages 41.5 %

Table 3. Estimated total score for the road network condition sub-factor

Municipal district The most Condition of the road network Total
extensive road | 0-0.33 score
network is
characterized Brought into 0-0.33 | Road networks that | 0-0.33
by compliance with meet regulatory
regulations requirements
Bagaevsky 1 0.33 0.5 0.17 0 0.00 0.50
Belokalitvinsky 1 0.33 0.5 0.17 0 0.00 0.50
Verkhnedonskoy 0.25 0.08 0 0.00 1 0.33 0.41
Yegorlyksky 0.5 0.17 0 0.00 0.5 0.17 0.33
Zavetinsky 0.25 0.08 0.5 0.17 0 0.00 0.25
Zernogradsky 0 0.00 0.5 0.17 0 0.00 0.17
Konstantinovsky 0.25 0.08 0.5 0.17 0 0.00 0.25
Krasnosulinsky 0.25 0.08 0.5 0.17 0 0.00 0.25
Matveyev-Kurgan 0.25 0.08 0.5 0.17 0 0.00 0.25
Morozovsky 0.25 0.08 0.5 0.17 0 0.00 0.25
Oktyabrsky 0.25 0.08 0.5 0.17 0 0.00 0.25
Proletarsky 0 0.00 0 0.00 0 0.00 0.00
Remontnensky 0.25 0.08 0.5 0.17 0 0.00 0.25
Salsky 1 0.33 0.5 0.17 0 0.00 0.50
Semikarakorsky 0.25 0.08 0 0.00 1 0.33 0.41
Soviet 0 0.00 0 0.00 0 0.00 0.00
Ust-Donetsk 0.25 0.08 0 0.00 1 0.33 0.41
Tselinsky 1 0.33 0 0.00 0 0.00 0.33
Other areas 0.25 0.08 0 0.00 1 0.33 0.41
of the region
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Table 4. Numerical expression of the road network condition factor and road network coverage of the territory across 10 muni-
cipalities

Municipal district Subfactor — condition 0-0.5 | Subfactor — road network | 0-0.5 | Final score
of the road network coverage of the territory

Bagaevsky 0.50 0.25 0.47 0.24 0.5
Belokalitvinsky 0.50 0.25 0.32 0.16 0.4
Bokovsky 0.41 0.21 0.18 0.09 0.3
Verkhnedonskoy 0.41 0.21 0.2 0.10 0.3
Veselovsky 0.41 0.21 0.19 0.10 0.3
Volgodonsk 0.41 0.21 0.28 0.14 0.3
Dubovsky 0.41 0.21 0.18 0.09 0.3
Yegorlyksky 0.33 0.17 0.32 0.16 0.3
Zavetinsky 0.25 0.12 0.14 0.07 0.2
Zernogradsky 0.17 0.08 0.14 0.07 0.2

Factor 3. Road coverage
and condition

[ o

o1
[ 02
o3
o4
o5

Fig. 3. Electronic map of the comprehensive assessment of the Rostov Region based on the factor “Condition of the road net-
work and availability of the territory’s motorway network”
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Table 5. Priority matrix of factors for assessing the territory
for the selection of KS
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or 11.4 thousand km of roads (out of 27.7 thousand km)
across the region. The problem of roads that do not meet
regulatory requirements is most acute in the Soviet ru-
ral district (68.9 %), the Proletarsky district (65.8 %),
the city of Taganrog (64 %), the city of Shakhty (63.2 %),
the Bagaevsky district (54.9 %), Salsky District —
53.8 %*. After processing the results of the analysis
of the current state of the road network in the Rostov
Region, the information is presented in Table 3. Table 4
summarizes the two sub-factors and calculates the final
values of the factor “State of the road network and provi-
sion of the territory with a network of motor roads”.

The third stage involved creating eight thematic
maps based on comprehensive assessment factors.

Due to the fact that some comprehensive assess-
ment factors are composite, it was necessary to first
construct maps corresponding to their sub-factors
and then construct the resulting map. The map “Condi-
tion of the road network and provision of the territory
with a network of motor roads” (Fig. 3) is presented as
an example.

The fourth stage involves calculating the priority
of the territory for the selection of KS.

The priority matrix is constructed based on the de-
termination of the significance coefficients of each fac-
tor of the comprehensive assessment for the selection
of KS (Table 5).

The calculation of the significance coefficients
of relative value factors for assigning the status of a key
settlement to a settlement was carried out using the ex-
pert survey method. Four experts completed question-
naires, which were then processed to produce the prior-
ity matrix shown in Table 6.

The dependence of the level of influence of fac-
tors on assigning the status of a reference settlement
to a reference settlement can be represented as a func-
tion:

Bmp:z;Fi.Kij:Fl.k1+F2'k2+F3.k3+F4.k4+
+F k+F k+F -k +F -k,

where B, is the indicator of the value of the municipal
formation for assigning the status of a base settlement
to a settlement; £ is the i-th coefficient of relative value
of the territory; K, is the coefficient of significance
of the i-th factor.

The distribution of priority factor ratings with
the calculated value indicator of the territory for each
district is shown in Fig. 4.

In order to identify the most promising areas
for the development of settlements as hubs, the results
of a comprehensive assessment of the Rostov Region
were ranked (Table 7).

According to a comprehensive assessment of
the Rostov Region, the highest priority areas for the cre-

Table 6. Priority matrix of factors for assessing the territory for selecting KS after processing the expert survey questionnaires

KS F, F, F, F, F, F, F, F,
Member of Expert 0.5 1 1 1 0.5 0.5 0.5 0.5
Commission No. 1
Member of Expert 1 0.5 0.5 1 1 0.5 1 0.25
Commission No. 2
Member of Expert 1 1 1 1 0.5 0.25 0.5 0.5
Commission No. 3
Member of Expert 0.5 1 1 1 0.5 0.5 0.5 0.25
Commission No. 4
Average coefficient 0.8 0.9 0.9 1.0 0.6 0.4 0.6 0.4
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Factors affecting the relative
value of the territory
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Fig. 4. Electronic map showing the distribution of functional priority ratings for areas selected for KS

ation of KS are: Bagaevsky, Belokalitvinsky, Veselovsky,
Egorlyksky, Zernogradsky, Kamensky, Krasnosulinsky,
Millerovsky, Oktyabrsky, Salsky, and Sholokhovsky dis-
tricts.

The final fifth stage is the ranking of KS in the Rus-
sian Federation according to the theory of central plac-
es. As an example, let us choose the municipal district
with the highest value indicator, namely the Belokalit-
vinsky district (3.960 on the priority indicator).

Belaya Kalitva should be considered a first-order
KS. First-order settlements are formed at the intersection
of the largest hexagonal grid. When Belaya Kalitva is

Table 7. Ranking of the results of a comprehensive assess-
ment of the Rostov Region to determine the KS

designated as a first-order point, the city becomes a cen-
tral point (“higher-order centre”), providing the popula-

T — ey 7

Territory value Level of potential
indicator for development of KS
1.755-2.480 Low
2.505-2.990 Average
3.035-3.960 High
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Fig. 5. Hexagonal grid network with the number of additional
areas of the next lower level of hierarchy, where the central
location of the first order is the city of Belaya Kalitva
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Table 8. Results of the distribution of settlements by hierarchy levels, according to the Christaller grid

Level of order
in a settlement

Existing settlements located at grid nodes

Settlements that may be at a different level
in the hierarchy

First order Belaya Kalitva;
Nizhneserebryakovsky farmstead,;

Kalatvenskaya stanitsa

Krasnodonetskaya village;

Zhirnov settlement (part of the Tatsinsky district);
Vasilyevsky farmstead;

Sholokhovsky urban-type settlement

Samburov farmstead;
Litvinovka village;
Sine-Gorsk settlement

Second order

tion with a variety of services and goods of the highest
level of complexity (e.g., specialized medicine, higher
education, cultural institutions).

Second-order centres are settlements located
at the intersection of the second-order hexagonal grid.
These are smaller towns or villages located near Belaya
Kalitva. They provide basic services (schools, clinics,
essential shops) and are focused on serving the sur-
rounding rural areas and suburbs.

The radius of the circle within which the first-order
honeycomb is constructed is 7 km. The hexagonal grid
network with the number of additional areas of the next
second-order hierarchy, where the central point of the first
order is the city of Belaya Kalitva, is shown in Fig. 5.

Table 8 shows the settlements that are centres
of the 1st and 2nd order, as well as those that can be
considered as such when changing the hexagonal
grid to ensure balanced development in the formation
and optimization of the KS network [31].

CONCLUSION AND DISCUSSION

This study has developed a methodology for opti-
mizing the spatial planning process at the level of the con-
stituent entities of the Russian Federation. Given

Rudakov farmstead;
Gornatsky settlement;
Pogorelov farmstead;
Nizhnepopov farmstead;
Muraveynik farmstead;
Yasnogorka settlement;
Mechetny farmstead;
Kakichev farmstead;
Koksovy settlement

limited resources (both time and material), the develop-
ment of KS must be strategically sound both in terms of
the existing development of the territory and in terms
of future changes for each region. Targeted development
and selection of settlements that are priorities for devel-
opment as KS is only possible with a structural, system-
atic approach and decomposition of existing conditions
into criteria at the regional level that reflect the sufficien-
cy of resources and potential of these territories.

The developed theoretical and methodological
tools allow for the selection of optimal settlements as
“supporting” ones, but it is necessary to develop them
further at the level of a detailed assessment of each KS
in terms of:

 a comfortable urban environment;

* providing the population with the necessary in-
frastructure (social, domestic, and transport);

* the formation of a sustainable economic system,
places of employment, etc.

The proposed methodology is universal and can
be applied when municipal authorities make decisions
on the distribution of material resources for the devel-
opment of KS, specifically in terms of the priority se-
lection of such territories.
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IIpocTpaHCTBEHHbIE XAaPAKTEPUCTHKU TOPOIACKON Cpeabl
KaK (PaKTOPbI JOCTYIIHOCTH
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AHHOTALUMUA

BeeaeHue. MoayepkuBaeTcs HEOOXOANMOCTE Nepexoaa OT napaaurMbl MOGUIBHOCTU K NapagurMme AOCTYMHOCTU, TPaKTy-
€MOii KaK KMio4eBon MHANKATOP KayecTBa ropoACcKol Cpeabl, OTpaXatoLLMii BO3MOXHOCTM HAceneHns 4ocTuraTb NpocTpaH-
CTBEHHO pacnpefeneHHble 06bekTbl U OYHKLMU NPy 3afaHHbIX 3aTpaTtax. [ns pocCUACKUX ropofoB 0coby0 3HaYMMOCTb
npvobpeTaeT KOMMMEKCHbIN NOAXOA, K OLeHKe AOCTYMHOCTM, NpeasycMaTpuBatoLLMii COrflacoBaHHOE pa3BUTUE TPaHCMOPT-
HOW MHPPACTPYKTYPbI U NMPOCTPAHCTBEHHOW OpraHu3aLum TeppUTopum.

MaTtepuanbl u meTtoAbl. BbinonHeH 0630p oTeYecTBEHHOW W 3apybexHoW nuTepaTypbl, CUCTEMATU3NPOBaHbI NOAXOAbI
K U3MepeHUto OCTYMHOCTM 1 NpeasiokeHa knaccudukaums METOLOB B CEMU rpynnax: TONonornyeckne, 3onuHUmU, Metoael
NoTEHLUManbHOW AOCTYMHOCTU (rpaBUTaLMOHHbIE), GanaHcoBble, MHPaACTPYKTYpPHO-CETEBbLIE, NMPOCTPAHCTBEHHO-BPEMEH-
Hble Y KOMMNNEKCHbIE MHAEKCHbIE METOAbI.

Pe3ynbraThl. YCTaHOBMNEHO, YTO NapameTpbl MIaHUPOBOYHOWM CTPYKTYpPbl — MMAOTHOCTb U CMeELLEHWe (hyHKLUWIA, CBA3HOCTb
1 NPOHMLL2EMOCTb YIIMYHON CETU, 06ECTEYEHHOCTb OCTaHOBKAMUN M MapLUpyTaMu — OKa3blBaloT 3HA4YMMOE BMUSIHWE Ha Ypo-
BEHb JOCTYNHOCTW. OBO6LLEHBI CUTTbHbIE U Criabble CTOPOHbI Pa3NMYHBIX METOLOB OLeHKU. [Moka3aHbl BO3MOXHOCTW NpumMe-
HEHWS LMPOBBIX MHCTPYMEHTOB 11 KOMMIEKCHOMO aHann3a Mopdonorum 1 TPaHCNOPTHOW CUCTEMbI B OLIEHKE AOCTYMHOCTY.
BbiBoabl. CoenaH BbIBOA, O HEOGXOANUMOCTU MHTErPanbHON OLEHKM AOCTYMHOCTU, 06bEeANHSIIOLLEN TpaHCNOPTHLIE U MOp-
donornyeckme napameTpbl. [Ins pOCCUINCKON NPaKTUKN NepPCnekTUBHbIM SBMSETCS BHEAPEHUE UHAMKATOPOB, YyBCTBUTENb-
HbIX K pasnuuusiM NiaHMpOBOYHON CTPYKTYPbI, YTO MO3BOMUT BbISBMSATH TPAHCMNOPTHOE HEPABEHCTBO 1 hopMupoBaTh 060-
CHOBaHHbIE rPafoCTPOUTENbHBIE PELLEHNUS.

KIMKOYEBBIE CITOBA: rpagocTponTenbCTBO, TPaHCNOPTHAs OCTYMHOCTb, NPOCTPAHCTBEHHbIE XapaKTepUCTUKX, NaHnpo-
BOYHAs CTPYKTypa, MOPAOnorusi ropoACKON TKaHW, CBA3HOCTb YIIMYHOW CETU, M30XPOHbI, FPaBUTaLMOHHbIE MoAeNn
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HocTwu // CTpoutenbCcTBO: Hayka u obpasoBaHue. 2025. T. 15. Bein. 4. Ct. 5. URL: http://nso-journal.ru. DOI: 10.22227/2305-
5502.2025.4.5

Aemop, omeemcmeeHHbIl 3a nepenucky: EkatepuHa OnerosHa CaBenbeBa, e.saveleva@pstu.ru.

Spatial characteristics of the urban environment
as factors of accessibility

Ekaterina O. Saveleva
Perm National Research Polytechnic University; Perm, Russian Federation

68

ABSTRACT

Introduction. It is emphasized that a shift is required from the paradigm of mobility to the paradigm of accessibility, con-
ceived as a key indicator of urban quality, reflecting the population’s ability to reach spatially distributed destinations and
functions within given costs. In the context of Russian cities, particular importance is attached to a comprehensive approach
to assessing accessibility, which presupposes the coordinated development of transport infrastructure and the spatial orga-
nization of urban territory.

Materials and methods. A review of domestic and international literature has been conducted, approaches to measuring
accessibility have been systematized, and a classification of methods into seven groups has been proposed: topological,
isoline, potential accessibility (gravitational) methods, balance methods, infrastructure-network methods, spatio-temporal
methods, and comprehensive index methods.

Results. It was found that morphological parameters such as density and land-use mix, street connectivity and permeability,
block size, and provision of stops and routes significantly influence accessibility levels. Strengths and weaknesses of dif-
ferent methods were summarized. The potential of digital tools was demonstrated for studying the interaction of urban form
and transport systems.

Conclusions. The study concludes that accessibility assessment should combine transport and morphological dimensions.
For the Russian context, the introduction of indicators sensitive to differences in urban form is considered promising, as it
can reveal transport inequality and support evidence-based planning decisions.

KEYWORDS: urban planning, transport accessibility, spatial characteristics, planning structure, urban morphology, street
connectivity, isochrones, gravity models

© E.O. CaBenbeBa, 2025
PacnpoctpaHsieTcs Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)



[pOCTpaHCTBEHHbIE XapaKTePUCTUKU I'OpOACKOPVI CpeAbl Kak GpakTopbl AOCTYIMHOCTU

C. 68-83

FOR CITATION: Saveleva E.O. Spatial characteristics of the urban environment as factors of accessibility. Construction:
Science and Education. 2025; 15(4):5. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2025.4.5

Corresponding author: Ekaterina O. Saveleva, e.saveleva@pstu.ru.

BBEJIEHUE

Ha npoTspkeHnn AN TeNnbHOTO BpeMEHHU TPaHCIIOPT-
Hasl MMOJIUTHKA B TOPOAAX OPUEHTHPOBAIAcCh Ha o0ec-
niedeHre AP PeKTHBHON MOOMITEHOCTH, IIOHNUMAaeMOH Kak
MaKCUMHM3AIMsl CKOPOCTH U JAAITBHOCTH MEPEBHIKCHUSL.
Taxoit moxxom IPUBOIUI K POCTY aBTOMOOWIH3AIIHH,
MIPOCTPAHCTBEHHOMY PacCpe0TOUCHHIO U CHIDKEHHIO
KadecTBa Topojickoii cpensl [ 1, 2]. Tlepexon k mapaaurme
ycToiunBoro pa3suths B 1990-e I 00yci10BHII CMEIIeHUE
(hoxyca OT MOOMIIBHOCTH K IOCTYITHOCTH, T.€. BO3MOX-
HOCTH JIOCTHIXKCHHS >KU3HEHHO HEOOXOAMMBIX ILeiel
B IIpejienax IpUeMIIEMBIX 3aTpaT BPEMEHH U PEeCypCcoB
[3, 4]. JocTynHOCTh cTaja paccMaTpuBaThbcsl HE TOJb-
KO KaK TPaHCHOPTHAsl XapaKTePUCTHUKA, HO U KaK UHTe-
rpajbHbIN UHIUKATOP, OTPAKAIOLIUN YCIIOBHS OpraHu3a-
LY TOPOJICKOH CPEIbI M €€ CIIOCOOHOCTH YJIOBIETBOPSITH
MOTpeOHOCTH HaceeHus [ 5, 6].

B poccuiickoi onmMTHKe uiiest JOCTYTHOCTH ObLila UH-
CTUTYIIMOHAIN3MPOBAHA CPABHUTEIILHO HEJJABHO: B TpaH-
cnoptHoii ctpareruu Poccutickoit denepanun 1o 2030
rojia BIIEPBbIE HA TOCYAaPCTBEHHOM YPOBHE IOCTaBIIC-
Ha 3a/1a4a MOBBIIICHUS IIPOCTPAHCTBEHHOM CBA3aHHOCTH
M TPaHCIOPTHOHN JOCTYMHOCTH Tepputopwmii!. OmHako
B Crpareruu JJOCTYITHOCTh TPAKTyeTCs NpEeHMYyIie-
CTBEHHO B OTpaclieBOil JIOTHke — 4yepe3 OOHOBICHHE
MOJIBMKHOTO COCTABa, Pa3BUTHE MaruCTpaJbHON WH-
(hpacTpyKTyphl U yIydIlIeHHe 1oKa3aTeiell TpaHCIopT-
HOTO 00CITy>KMBaHUsI. BONpOCk! MHTETpaIy TPaHCTIOP-
Ta U 3eMJICTIONIb30BAHUS OCTAIOTCS BTOPOCTEIIEHHBIMH,
a IrpaJIOCTPOUTEIILHBIN aCTEKT JOCTYITHOCTH HE TOJyda-
€T JIOJDKHOTO OTPaKeHUsl. B COBpEMEHHBIX POCCHUICKUX
TOpoJIaX COXPAHAETCS NE3UHTErpalys CHCTEM 3eMIle-
MIOJIB30BaHMSL U TPAHCIIOPTA; pa3MElIeHHe XKHUJIbIX paii-
OHOB, Pa0OYMX MECT U CEPBHUCOB YacCTO HE COIIACYETCS
C BO3MOXKHOCTSIMH UX AocCTHxkeHus [5, 7, 8]. B pesynb-
TaTe CKJIaJbIBAIOTCS IPOCTPAHCTBEHHBIE JUCIIPONOP-
MY, yCUIIMBAIOIIHE 3aBUCUMOCTD OT MHIMBHIYaTbHOTO
TPAHCIIOPTa M CHIKAIOIIUE YPOBEHb TEPPUTOPUAIBLHOM
cnpaBemmuBocTH. OOecIedeHrne YCTONINBON TOPOICKOM
cpensl TpedyeT KOMIUIEKCHOTO TPajioCTPOUTENLHOTO
TI0/1X0/1a, BKITIOYAOIIETO CONNIACOBAHHOE IIIAHMPOBAHKE
Pa3BUTHSL IPOCTPAHCTBEHHOU OpraHu3aliy TEPPUTOPUN
1 TPAHCTIOPTHOM HH(ppacTpyKTypsI [9].

CoBpeMeHHasl Hay4YHasl M IPAaKTHYEeCKasi IIOBECTKa
MIPEAIOIAraioT Iepexo]] OT IOHUMAHNUS TPAaHCIIOPTHON
JIOCTYTTHOCTH KaK MCKJIIOYMTEIBHO TPAHCIIOPTHOM Xa-
PaKTEPUCTUKU K €€ PACCMOTPEHHIO KaK KOMIIJIEKCHO-
ro I'paJOCTPOUTEIHLHOTO MHAMKAaTOopa. B 3TOl cBsizM
0C00YI0 aKTyallbHOCTh MPHOOPETAIOT CUCTEMATH3AIINS

! TpancmoprHas crparerusi Poccuiickoit @eneparuu 10 2030
rozia ¢ mporHo3oM Ha repuof 1o 2035 roxa : yTB. Pacmopsixe-
uueM IlpaBurensctBa PO ot 27.11.2021 Ne 3363-p.

MOHATHUITHOTO ammapara, aHaJIu3 CyIIEeCTBYIOUTNX Hayd-
HBIX TTOJIXO/I0B K U3MEPEHHIO TPAHCIIOPTHON JIOCTYIHO-
CTH, a TaKXXe UCCIIEJOBAHUE POJIM NMPOCTPAHCTBEHHBIX
XapaKTePUCTHK TOPOJICKOH cpenbl B GOpMHUPOBAHUH
YCIIOBHH TPAHCIIOPTHOH JIOCTYIHOCTH.

TeopeTuyeckue MOAX0AbI K AHAJIM3Y TPAHCIIOPTHOMH
AOCTYIMHOCTH
Iouamue oocmynnocmu

[MonsiTre nocrynHoctH (aHM. accessibility) 3anu-
MaeT BaXHOE MECTO B TEOPHUHU U MPAKTUKE HECKOJIBKUX
CMEXHBIX TUCLUIUINH: Teorpadun, perHOHAIBHON KO-
HOMHUKH, TPAHCIIOPTHOTO IJIAHUPOBAHUS U IPaloOCTPOU-
TENbCTBA. B IIMPOKOM MEKANCIUIIINHAPHOM KOHTEKCTE
JOCTYITHOCTh MOJKET PACCMaTPHBATHCS KaK XapaKTepH-
CTHKA TEePPUTOPUH, MOKA3bIBAIOIIAsA CTENEHb (TMOTEH-
[IUATFHON U PEaTbHOM) JOCTIKUMOCTH OMpPEACICHHON
TOYKH POCTPAHCTBA BBIOpaHHBIME criocobamu [10—12].
JloCTYITHOCTh B 9KOHOMHUKO-Teorpaduueckon Tpauim
MTOHUMAETCsT KaK CBOMCTBO YIaIEHHOCTH/OMN30CTH 00B-
€KTa UM BO3MOKHOCTb €T0 JOCTHKEHUS 110 CYILECTBY-
fomIeit TpaHcnopTHOH cetw [13], mnbo HHCTPYMEHT aHa-
JIM3a U30JIMPOBAHHOCTH TEPPUTOPUI M TUCTIPOTIOPIINHA
pasBurus [13-15].

B o6nacty rpaiocTpOUTENBCTBA U TEPPUTOPHAIIH-
HOTO TUIAHMUPOBAHUSI TPAHCIIOPTHAS JOCTYITHOCTH 3a-
Kpenuiachk Kak HOPMAaTHUBHO-TIPOCTPAHCTBEHHAS Xa-
paKTepUCTHKa, CBA3aHHASA C paguycaMH 0OCIyXHBa-
HUSI 00BEKTOB COLMATIBHON HH(PPACTPYKTYPHI, @ TAKKE
C [Iar0BOM JIOCTYITHOCTBIO OCTAHOBOK H IIEPECATOUHbIX
y310B [16]. MccnenoBanust o couUanbHON MOTUTHKE
W TIPUKJIAIHONW JeMorpaduu TPakTyIOT JIOCTYIMHOCTh
KaK PaBEHCTBO BO3MO)KHOCTEH HACEICHMS IO JOCTH-
JKEHHIO 0a30BBIX COIMAIBHBIX Ojar — 00pa3oBaHMs,
MEULMHbBI, 3 [MUHUCTPATUBHBIX YCIIYT, @ TAKXKE UH]IH-
KaTop TPaHCIOPTHOW nucKkpuMmuHaImu [17-19]. B un-
JKEHEPHOM TPaHCIOPTHOM MOJAEIUPOBAHUM MOHATHE
UCHOJIB3YETCs] IPEUMYIIECTBEHHO B ONEPAllMOHHOM
CMBICIIE — KaK BPEMEHHBIE W TPOCTPAHCTBEHHBIE ITapa-
METPBI IOCTyNa K TPAHCTIOPTHON CETH MU KIIFOUEBBIM
obwekram [20, 21]. [ake mpu peann3aluy CIOKHBIX
QJITOPUTMOB pacyeTa TPAHCIIOPTHBIX IIOTOKOB ITOHSTHE
JIOCTYITHOCTH 3a49aCTyI0 HE BBICTYNIAET CAMOCTOSITEIb-
HOM aHAJIMTUYECKOM KaTeropuen, a JIMIIb COPOBOKIa-
eT TPaJANIHOHHBIE TI0Ka3aTelI MOOUIBHOCTH.

Takum 00pa3oM, HECMOTPSI HA YHHUBEPCAIbHOCTh
TEPMHHA «IOCTYITHOCTB», €T0 CMBICIOBAsl Harpy3Ka
1 METOAMKA OLEHKHU CYLIECTBEHHO Pa3IM4aroTCs B 3a-
BUCHUMOCTH OT AMCLUIUIMHAPHOTO KOHTEKCTa. B poc-
CUHCKOM IpaKTHKE cOXpaHseTcsi pparMeHTapHOCTh
TPaKTOBOK: HauboJiee MOJIHO KaTeropyst JOCTYITHOCTH
pa3paboTaHa B COINAILHO-9KOHOMUYECKOH reorpadum,
YaCTUYHO 3aKpEIUIeHa B IPaJOCTPOUTEIBCTBE U COLIM-
aJIbHOM MOJHUTHKE, HO OCTAeTCA HEJOCTATOYHO MHTE-
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I'PUPOBAHHOM B TOPOJICKOE TUIAHUPOBAHUE. DTO 3aTPy/-
HSeT GOPMUPOBAHHE SAMHON METOHOIIOTHIECKOH 0a3bI
W aKTyaJM3UPYeT 3aJady aJanTalul MeXyHapOIHbIX
TIO/IXOJIOB K OT€UECTBEHHBIM yCIOBHSIM.

B pamkax HacTosIIEro UCCIeI0BaHUs MO/ TPAHC-
MOPTHOH MOCTYNMHOCTBIO ISl TPafgOCTPOUTENHHOTO
aHaJIN3a TIOHMMAETCS] HHTEeTpalibHasl XapaKTepUCTHKA
TOPOJCKOH Ccpeibl, OTpaXkarolias CyMMapHYIO JI0Cs-
raeMoCTh HaceJICHHEM IPOCTPAHCTBEHHO pacipee-
JIEHHBIX BO3MOXKHOCTEH (paboume mecTa/yCIyru/uH-
(hpacTpykTypa) mpu 3aJaHHBIX 000OIICHHBIX 3aTpaTax
Ha UX JIOCTHXXKEHHUE 0 peaJIbHOW TPaHCIOPTHOM ceTn
(TIpu 5TOM Beca BO3MOXKHOCTEH M 3aTpaThl IepeMelie-
HUS OTIPENeNAIoTCsl KoHurypanueit cetn u Mopdoio-
TUEH TOPOICKOM Cpe/Ibl).

Deontoyus Memooos oyeHKu mpaHcnopmHou
odocmynHocmu

OBOIIOIHS MTOJIXOA0B K OLIEHKE TPAHCIIOPTHOM 10-
CTYNHOCTH MPOIUTAa MyTh OT PaHHUX MOJIENEH COBET-
CKOI AKOHOMHUKO-TeOTpa(puIeCcKON IITKOJTBI, OTTUPABIIAX-
Csl Ha TaKkye MOKa3aTelH, Kak I'yCToTa JOPOKHOH CeTn
1 KO3PPUIMEHTH 00eCeYeHHOCTH HH(PACTPYKTY-
poii [13—15], Kk COBpeMEHHBIM KOMIUIEKCHBIM METOJIaM,
OCHOBAaHHBIM Ha OONBIIUX TAaHHBIX U OPHCHTHPOBAH-
HBIM Ha ()aKTHYECKOE MMOBEICHHE MoJib30oBarenei [12].
CoBeTckas 1IIKoJIa 3aJI0KMIa IPOYHBIA TEOPETHUECKUN
(hyHIAMEHT, OTHAKO €€ MOAXO/bI NMEINU PSJ] OTpaHuYe-
HUH: aKI[EHT Ha MaKPOYPOBHE 3aTPYIHSIT IPUMEHEHHE
Pe3yabTaToB B FOPOJCKOM MaciiTade, a UCIOJIb3yeMble
CTaTHYeCKHe MOKa3aTeIn He OTPAKaJIN TUHAMUYIECKYIO
MPHUPOIY TOCTYMHOCTH B YCIOBHAX BBICOKOYPOAHN3H-
poBanHoOM cpenbl. B 1990-2000-e rr. B poccuiickux
UCCIIEIOBAaHUSIX HAMETHIICS CIIBUT K yUETy MacCaknupo-
MIOTOKOB U TEPPUTOPHAIBHON OpraHM3alluyi FOPOAOB.
B mocnenaue rogpl B MPaKTUKY BCe aKTUBHEE BHEIPSI-
IOTCSI METOZBI, ONUPAIOIINECS Ha OONBIINE JaHHBIC,
UQPOBEIE CiIebl MOOMIIBHOCTH M MTOBEACHYECKUE Xa-
PaKTEPUCTHKH MOJIb30BaTeNeil. DTOT mepexo/] OTpakaeT
00IIEeMHIPOBYIO TEHACHINIO K TOHIMAHHUIO TOCTYITHO-
CTH KaK MHOTO(AKTOPHOH KaTeropuu, B KOTOPOH yUH-
THIBAIOTCSI HE TOJBKO TPAHCIIOPTHBIC, HO M COLUAJb-
HBIE, TPOCTPAHCTBEHHBIE U KOJIOTMYECKUE U3MEPEHHUS.

HecMmoTpst Ha pOAOTKUTEIBHBIN HHTEPEC K KOH-
LETIHN JOCTYITHOCTH CO CTOPOHBI OT€UECTBEHHBIX T'€0-
rpagos [11, 13, 22] u akTUBHOE pa3BUTHE 3TOW TEMBI
B MEXJYHapOJAHON HaydHOU JuTeparype B obiacTu
ypOaHUCTHUKH W TOPOJCKOTO IIaHUpoBaHUsA [23-25],
B POCCHUICKOH I'paloCTPOUTEIBHON TEOPUH U IIPAKTH-
K€ KOHIIENIHUs JOCTYIHOCTH Ha CETOAHSIIHUI JeHb
MO-TIPEKHEMY OCTAeTCsl HEAOCTAaTOYHO MPOopadboTaH-
HOU M cucTeMaTu3upoBaHHOW. Ha npukiagHom ypos-
HE B POCCHICKHUX ropofax JOCTYIMHOCTH J0 CHX IOp
OIICHMBACTCSI IPEUMYIIECTBEHHO B paMKax 0a30BO-
ro MapUIpyTHOTO aHajau3a i1 FeHepajbHbIX IIaHOB
1 KOMIUIEKCHBIX CXeM TPaHCIIOPTHOTO IIAaHHUPOBAHHUS.
DTO CYIIECTBEHHO YCTYIAET 3apyOeKHBIM ITOIXOIAM,
IJie TPaHCIOPTHAsl AOCTYIMHOCTb paccMaTpHBaeTCs
KaK OJMH M3 KJIIOYEBBIX MHIUKATOPOB COLMAIBHON
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CIIPaBEIJIMBOCTH, YCTOMYNBOTO Pa3BUTHSA, TPOCTPAH-
CTBEHHO# MHTErpanuu u 3GpQPEeKTUBHOCTH TOPOJCKON
CTPYKTYpHI [26].

CoBpeMeHHBIC TPAKTOBKH KaK B OT€YCCTBEHHBIX,
TaKk ¥ B 3apyOC)KHBIX HAyYHBIX paboTax, BCE dYalle
OTIPENeNIAIOT TPAHCTIOPTHYIO TOCTYMHOCTh KaK MHOTO-
MapaMeTPUIECKYI0 KaTeTOPHIO, BKITFOYAOIIYIO (hU3HIUe-
CKHeE, BpeMEHHbIE, JKOHOMUUYECKUE, COITHATTbHBIC U DKO-
JIOTHYECKUE XapaKTEPUCTHKH, OTHAKO YHUBEPCATHHBIN
TEPMIH TO-TIPSKHEMY OTCYTCTBYET, UTO 00yCIaBIHBACT
BapUaTUBHOCTH METO/IOB U KpUTEpHEB ee olleHkH [11].

MATEPHAJIBI U METO/JAbI

Jist cucteMarn3anuy CyIecTBYIOMNX TOIX0J0B
K OLIEHKE TPAHCHOPTHON JOCTYIHOCTH B KOHTEKCTE
TOPOJICKOTO TNIAHMPOBaHMs pa3padoraHa Kiaccupuka-
I¥s1, BKJTFOYAIOIIAs CEMb TPy MeTo0B. OCHOBaHHEM
JUTS KJTacCU(UKAIINK BBICTYNAET UX COOTBETCTBHE 3a-
JlauaM aHalIu3a U MPOEKTUPOBAHUS TOPOICKON Cpenbl,
a TaKKe Pa3JInyus 10 MaTEeMaTHYECKOMY ammapary
U CTETICHH TPUTOTHOCTH /ISl IPAKTHIECKOTO MPUMEHe-
HUSI — OT TOTIOJIOTMYECKUX MOJIEIIEH /10 MHTErpaJIbHBIX
WHJIEKCOB, YYUTHIBAIOMINX MOP(OIOTHIECKHE U COLH-
AJbHBIC XaPAKTEPUCTUKH.

Tononocuueckue memoovl ONUPAIOTCS HA aHAIIU3
CTPYKTYpHI ynuaHo-nopoxHoi cetu (YC) B rpado-
Boi (hopme. OHU TIO3BOJISTIOT BBISBIISTE KITFOYEBBIE Y3ITbI
W HaIPaBJICHUsI ABMKECHHS, YTO BAKHO ITPU MTPOEKTUPO-
BaHUM HOBBIX cBsA3el. Hanbomee nu3BecTHOMN ABIseTCA
METOJIMKa MPOCTPAHCTBEHHOTO CHMHTaKcuca (Space
Syntax), pazpadborannas b. Xumrepom u Ix. XaH-
coH [27], monmydmBIIas MIMPOKOE PACIPOCTpPAHEHHE
B aHAJIM3€ TOPOJOB pa3iuyHoro macmrada [28-30]
(puc. 1). HecMoTps Ha yHMBEpPCaIbHOCTh U LHIMPOKOE
pacrnpocTpaHeHHue, JaHHBINA MOAXO0A OTPaHHYEH TEM,
YTO UTHOPHUPYET BPEMEHHbIE U CTOMMOCTHBIE ITapame-
TPBI, UMCIOIINE KIIOYEBOE 3HAYCHUE JJI OLIEHKH pe-
aJIbHOW TPAHCIIOPTHOM TOCTYITHOCTH.

MemoOov! uzonuHuti TO3BOJSIOT BU3YaJIU3UPOBATH
IPaHUIIbI JOCTHKUMOCTH TEPPUTOPUH B POPME H30XPOH
(110 BpeMeHH), U30UCTAHT (TI0 PACCTOSIHUIO) M 3074~
naH (110 CTOMMOCTH iepeMenienus). Mx mpenmymiectBo
3aKJII0YaeTCs B HAIVISITHOCTH, UTO JICJIAeT JaHHBIC METO-
JTBI 0COOCHHO BOCTPEOOBAaHHBIMH IIPH OIICHKE PaIiyCOB
JIOCTYITHOCTH 00BEKTOB COIMATbHON HH(PPACTPYKTYPHI
W TPAHCHOPTHBIX y3710B. OTEUECTBEHHBIMU aBTOPaMHU
N30XPOHBI IPUMEHSIINCH, HATIPUMED, I aHAJIN3a TPaHC-
MOpTHOH focTynHOCTH TeppuTopun [lepmu [31] (puc. 2).
Kpome Toro, B 0Te4ecTBEeHHON Hay4YHOW TPaIUIMH I10-
JYYHIIN PACcIpPOCTPAHEHNE M30ANCTAHTHI U TaK Ha3bl-
BaeMble «KHIOMeTporpamMMb»y A.M. SIKmMHa, NCTIONb-
3yeMble ISl Tpa)oaHaTUTUYECKOH OLICHKH MTPOCTPaH-
CTBEHHBIX paznuyuii [32].

Memoodwbl nomenyuanbHol docnynHOCMY OCHOBAHEI
Ha rPaBUTALMOHHBIX MOZEIIAX, IIpeuIokeHHbIX B.I. Xan-
ceHoM [33]. OHM yUHTBIBAIOT IPHUTATATEIBHOCTD) IIENIeH
U 3aTpaTbl Ha WX JOCTH)KEHHE, YTO MO3BOJISIET OICHU-
Barh COAIAHCHPOBAHHOCTh MPOCTPAHCTBEHHOTO Pa3BU-



MpoCTPaHCTBEHHbIE XapaKTePUCTUKM FOPOACKOM CPEAbI Kak $aKTopbl AOCTYMHOCTH

C. 68-83

4-314
314-798

— 798-1459
1459-2140
2140-3610

Puc. 1. CszanHocTh Tepputopuu I. Camapbl COIIACHO TEOPUH MPOCTPAHCTBEHHOTO cuHTaKcuca [30]

Tus. [IpuMeHeHne 1MoKa3aio BRICOKYHO 3(Pp(EeKTHBHOCTH
MIpH aHAJM3e JOCTYMHOCTH pabounx mect [34], ogHa-
KO MOJIENTH KPUTHKYIOTCS 32 MTHOPUPOBAHUE BIIHMSHUS
KOHKYpeHLIUHU 3a pecypcesl [35, 36]. s yuera merona
pa3paboTansl MOIU(UITMPOBAHHEIC TTOKA3aTeNN U Oa-
aancosvie mooeau [11, 37]. CnemyeT OTMETHTD, UTO B OTe-
YeCTBEHHOH MpaKTUKe IPaBUTALIOHHBIE MOJIENIHN 3aKpe-
MIIJTACH TIPEUMYIIIECTBEHHO B COCTABE YETHIPEXITAITHOTO
TPaHCIIOPTHOTO MOJCTMPOBAHHS, TJC OHH HUCIIOIB3YIOTCS
JUIS pacdeTa KOpPeCIOHACHINI U IPOrHO3UPOBAHUS MO~
TOKOB. B MeXITyHapOoHOW TpaUIMU OHU HHTEPIIPETUPY-
IOTCS IIIAPE — KaK WHCTPYMEHT OILICHKH TPAHCIOPTHOTO
CMpOca 1 OAHOBPEMEHHO KaK MOKa3aTellb IPOCTPAHCTBEH-
HOH JOCTYITHOCTHU, IPUMEHSAEMBIH B IpaI0CTPOUTEIEHOM
anammse [38, 39] (puc. 3).

Hngppacmpykmypro-cemesule, npocmpancmeenHo-
8pemenHble U UHOEKCHble MenoObl PA3BUBAIOTCS B yC-
noBusx mudposm3anuu. [leperie ommpatorcs Ha GTFS-
naHeble (00menocTymHbId (GopMaT ommcaHus pac-
MUCAaHUH JBUIKCHHS OOIIECTBEHHOI'O TPAHCIIOPTA)
u rpadosslie 6a3b1 [40, 41]. OHM TO3BOJISAIOT yYUTHIBATH
pacmrcaHue IBIKCHUS U PeallbHYI0 THHAMHKY TPaHC-
MOPTHOTO OOCITY)KMBaHUSA, YTO JEJAET WX MOJIe3HBI-
MU ISl ONITUMHU3AIMK MapuIpyTOB U IUIAHUPOBAHHUS
TPAHCTIIOPTHBIX Y3JI0B. OrpaHUYCHUEM BBICTYIIACT 3a-
BHCHMOCTH OT ITOJIHOTHI M JOCTOBEPHOCTH MCXOIHBIX
CBEJICHUI.

Ilpocmpancmeenno-epemeHHble Memoovl, BOC-
xopsuue K koHuenuuu T. Xerepcrpanaa [42], opueH-

THPOBAHBl Ha y4eT WHIUBUAYAIbHBIX OTPAHWYCHHUH
U TPAaeKTOpUH MOOMJIBHOCTH; UCTIOJIB30BAHNE ITHX Ha-
BUTAlIMOHHBIX CHCTEM U THEBHHUKOB ITEpEMEIICHUN 1aeT
BO3MOXHOCTB BBISIBIISTh MEXKJIMYHOCTHBIC Pa3IHUUs
n obecrieyrBaeT Oosiee TOYHOE OTPAKEHNE JTMHAMUKH TO-
porckoit MoOmThbHOCTH [43]. VIX MpenMyIIecTBo 3aKITio-
9aeTcsl B BBICOKOM TOUHOCTH, & OTPAHUUCHNE — B CJIOK-
HOCTH cOopa 1 00pabOTKH MMEPCOHATBHBIX TaHHBIX.

KomnosumHule unoexcuvl CTPOATCS C IPAMEHEHUEM
MHOTOKPHTEPHAIIBHBIX MTPOLIEAYP U MAIMHHOTO 00yUe-
HUs [44, 45], 9TO TO3BOJISET BBISABIIATE TUCOATAHC MEXK-
JIy OXBaTOM CeTH U (PaKTUIECKUMH YCIOBUSMH JTOCTH-
JKEHUS 11eIeid. DTH MOAXOBI 0COOCHHO BOCTPEOOBAHBI
P CLIEHapHOM MOJCIMPOBAHUH, OJHAKO MHTEpIpE-
TaIys TAaKUX WHIEKCOB 3aTPY/IHEHA, a UX MCIOJIb30Ba-
HUE TpeOyeT 3HAYUTENbHBIX 00heMOB MH(POPMAIINH.
B TO e BpeMsi IMEHHO 3TOT KJIACC METOJI0B OTKPHIBa-
€T MEepPCHEeKTUBHI AJIST HHTETPALUN MOP(OIOTUIECKIX
XapaKTepUCTUK TOPOJICKOI Cpeqpl B MOACIH OICHKU
TPAHCIOPTHOH TOCTYITHOCTH M IPUMEHEHUs Helpoce-
TEBBIX aJITOPUTMOB, CIIOCOOHBIX YYUTHIBATh HEJIHHEH -
HBIE 3aBHCHMOCTH MEX]ly IJIaHHUPOBOYHOH CTPYKTY-
poii i (paKTUIECKHUM YPOBHEM JOCTIDKUMOCTH. Takoi
MOJIXOJ JacT BO3MOXKHOCTh aJalTHPOBATh MEKIyHa-
POAHBIH OIBIT K cHENHU(HUKE TTOCTCOBETCKUX TOPOIOB
Y TIOBBICHTh YYBCTBUTEIBHOCTh QHAIUTHUYECKUX WH-
CTPYMEHTOB K MPOCTPAHCTBEHHBIM Pa3INuUsIM BHYTPH
TOPOACKOM TKaHH.
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Bre yacoB muk

OOI111eCTBEHHBIN TPAHCIOPT

JInaHBIH aBTOMOOUIIE

15 mun

=

[ 30mun

B gace muk

[ 60mun

Puc. 2. I30XpoHBI JOCTYITHOCTH TEPPUTOPUH I. [IepMu Ha 0OIIIECTBCHHOM U JIMYHOM TPAHCIIOPTE st IBYX BAPUAHTOB MHTECH-

CHUBHOCTH JBWXeHus [31]

N

1:300,000

B 0,00-1,46
B 1,47-1,57
0 1,58-1,65
1 1,66-1,71
o 1,72-1,76
O 1,77-1,84
o 1,85-1,92
N 1 1,93-2,00
B 2.01-2,18

1:450.000 o’ 19 932

a

Puc. 3. loctynaocts padounx mect B Can-Ilayny (a) u Jlonnone () [34]

CymecTByrolniee MHOr0oOpa3ue MeTOJOB OLEH-
K{ TPAaHCTIOPTHOM TOCTYITHOCTH OTPAKaeT pa3IndHbIe
HCCIIeJOBAaTEIbCKHE TTOAXOABI — OT YKOHOMHKO-T€0-
rpaduyecknx 10 MHXKEHEpHO-TeXxHUIecKknX. OnHaKo
B IPaOCTPOUTEIBHOM KOHTEKCTE 0COOYIO 3HAYUMOCTh
NPHOOPETAIOT UIMEHHO T€ aCHEKThI JOCTYIHOCTH, KOTO-
pble MOIAI0TCS IPOCTPAHCTBEHHOMY PEryJIMPOBAHUIO.
XOTs TPaHCIIOPTHOE MTOBEICHNE HACETICHHS U YPOBEHb
TPAHCIOPTHOH JIOCTYITHOCTH OIPEEIISIOTCS KOMILIEK-
coM (haKTOpPOB, BKIIIOYAsI COLUAIBHO-IKOHOMHUYECKHE
YCIIOBHSI, TPAHCIIOPTHYIO MOJUTHKY ¥ WHAMBHYaJb-
HBbIE MPENNOYTEHUS, IPOCTPAHCTBEHHAS CTPYKTypa
TOPOJICKOH TEPPUTOPUHU OCTACTCS OAHUM M3 HEMHOTHX
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apaMeTpoB, Ha KOTOPbIE IPaJl0CTPOUTENIbHAS TPAKTH-
Ka MOKET OKa3bIBaTh CUCTEMHOE BIIMSHHE.

PE3YJIIBTATBI HCCJIEJOBAHMUA

Brusnue nnanuposounou cmpykmypbl Ha 00CmynHoCcmb

CoBpeMeHHBbIE HUCCIEJOBAHHS TOJUYEPKUBAIOT HE-
00XOIMMOCTh pacCMaTpUBATh TPAHCIIOPTHYIO JOCTYII-
HOCTB KaK pe3ysibTaT B3aMMOJEHCTBUS TPAHCIIOPTHON
MHQPACTPYKTYPHl M TUIAHUPOBOYHON OpraHU3alun
TOpOJICKOH cpeabl. B yacTHOCTH, B JOKJIaA€ UCCIENO0-
Barenbckoit rpynmnsl LSE Cities akieHTHpYETCs POJib
MOP(}OIOrHYecKuX XapakTEepUCTHK B 0OECHEUCHUH
ycroitunBoit MoOmibHOCTH [46]. KoHnenmus noctyn-
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HOCTH TECHO CBS3aHA C MOHATHEM «TPAHCIIOPTHOE I0-
BEJICHHE HaceNneHus» [6, 47]: IMEHHO OHa OTpe/eiseT
BO3MOXKHOCTH BBIOOpA HarpaBJIeHHH, CIIOCOOOB U Ya-
CTOTBI TO€3/10K. UeM BhIIlIE YPOBEHb JOCTYITHOCTH, TEM
BBIIIE BEPOSITHOCThH MCIIOJIE30BAHUS 00IECTBEHHOTO
TpPaHCIOPTa ¥ HEMOTOPU30BAHHBIX BUIOB MOOMIIBHO-
CTH, TIPH yCIOBUH HAJIMUMsI COOTBETCTBYIOIIEH nH(pa-
CTPYKTYPBL.

HccnenoBanus MoKa3bIBalOT, YTO TAKHE MPOCTPAH-
CTBEHHBIEC XapaKTEPUCTHUKH, KaK INIOTHOCTh 3aCTPOHKH,
CBSI3HOCTb YJIMYHOI CETH U CTETIeHb ()yHKIIMOHAILHOTO
CMEIICHHNs], OKa3bIBAIOT MPSMOE BIUSIHUE HA TPAHCIOPT-
Hoe noBezieHue [38], XoTs UX POib YCTYIAeT COLHUO-
nemorpaduueckiuM GakTopam, BKIKYas yPOBEHb aBTO-
MOOMIIN3AINH ¥ COLUATBHO-3KOHOMUYECKHH CTaTyC WH-
quBuza [48]. IlnaHupoBoUHast CTPYKTypa BIUSIET HAa TPaH-
CHOPTHOE MOBEJICHNUE ONOCPEI0OBAHHO — Yepe3 (op-
MHUPOBaHHE YCIOBUH JOCTYITHOCTH, YTO MOJUYEPKUBACT
3HAYMMOCTb I'PAJIOCTPOUTENbHBIX PEIICHUH, HaNpaB-
JICHHBIX Ha COKpPAIllEHUE PACCTOSIHUH 10 TOYEK MpH-
TSDKEHHMS, TIOBBIIIEHHE TUIOTHOCTH U (DYHKIIMOHAIBHOM
HACBIIIIEHHOCTH TOPOACKON TKaHU HapsIy C pa3BUTHEM
TPAHCTIIOPTHOW MH(PACTPYKTYPBHI.

B HayuHoii tuTeparype B 00J1acTH FOpOICKOTO IL1a-
HUPOBAHHUS TOCTYITHOCTh PACCMATPHUBAETCS KaK MHOTO-
CJIOIHAsI KaTeropus, IA€ OJHUX TOJBKO IOKa3aTenen
PacCTOSIHUS U BPEMEHH B ITyTH HEAOCTATOYHO JUIsl 00b-
SICHCHUST pa3induil B MOOMIbHOCTH. VccienoBanus
38 roponos CIHIA nokasanu, 4TO UMEHHO IPOCTPaH-
CTBEHHAs OpraHM3alls, a He CKOPOCTh MEepEeMEICHHH,
SBISIETCA KITIOYEBBIM (pakTopoMm moctymHOCcTH [39].
EBpomneiickuii ONbIT TakKe IEMOHCTPUPYET MHTETpa-
U0 MOP(OJIOrHUIEeCKUX NapaMeTpoB: OOJIbIIUHCTBO
n3 21 nHCTpYMEHTAa OLIEHKH JOCTYITHOCTH, IPIMEHSIEMBIX
B MPAKTUKE TPAHCIOPTHOTO U I'PaJOCTPOUTENIHHOIO
IJIAHUPOBAHUS €BPONEHCKUX TOPOJOB, YUUTHIBAIOT
TaKue NMPOCTPAHCTBEHHBIE XapaKTEPHCTHKH, KaK IIOT-
HOCTb, CTPYKTypa YJIUYHOH CETH U cMelleHue (QyHK-
it [49]. Onue U3 Takux HHCTpyMeHTOB — GraBAM,
OCHOBAHHBII Ha I'PaBUTAIIMOHHBIX MOJIEISIX, HCIOb-

3yeTcs NMpU pa3paboTKe MacTep-MJIAHOB M OIEHKE
COLIMATbHO-?KOHOMHYECKHUX MOCIEACTBUI TPAHCIOPT-
HBIX 1poekToB [50]. Takum oOpazom, MexTyHAPOHAS
MpaKTHKa MOJATBEPKIAET HEOOXOJUMOCTh Tepexona
0T cyry0o TPaHCIOPTHBIX MOJENeH K KOMIUIEKCHBIM
MOIX0/1aM, HHTCTPUPYIOIIUM MOP(OIOTUYCCKHE, CO-
UaJIbHBIC U MPOCTPAHCTBCHHBLIC XapaKTECPUCTUKHU T'O-
POJICKOH CpeJibl.

IlpocmparcmeenHble Xapakmepucmuxu
NIIAGHUPOBOUHOU CIPYKIYPbl

O0630p Hay4HBIX MyONHMKaIMil MO3BOJISET BBIS-
BUTb KJIIOUEBBIE IPOCTPAHCTBEHHBIE XaPAKTEPUCTHUKH,
ONpeesaolie YPOBEHb TPAHCIOPTHON JOCTYITHO-
ct: 310 KoHpurypanus Y/C, mIoTHOCTh 3aCTPOHKH,
MIPOCTPAHCTBEHHOE pacrpesesneHne GpyHKIni U ToueK
NpUTSDKEHUs. B Tabnnie mpeacTaBieHbl OCHOBHBIE
MopdoIorndecKkre napameTpsl, Handosee 4acTo pac-
CMaTpHBaeMble B HAYYHOH JIUTEPATYpe KaK MPEIUKTO-
PBI IPOCTPAHCTBEHHOH JIOCTYITHOCTH, M 0003Ha4YeH Xa-
paKTep UX BIUSHHS.

Tosvlwenue niomnocmu 3acmpouKu, 0CoOeHHO
8 COUEemaHUlL ¢ 8bICOKOLL KOHYeHmpayue pabouux mecm
U cepsucos, CioCOOCTBYET COKPAIICHNIO PACCTOSHUN
MEK/Ty TOUKaMH TPUTSDKEHUSI, CHI)KAET TPAHCIIOPTHYIO
Harpy3Ky ¥ HoBbIIIaeT 3Pp(OEeKTHBHOCTH O0IECTBEHHOTO
Tpancnopta [39]. MccrnenoBanusi UHAUHCKUX TOPOJIOB
TIOKa3aJjIx, YTO KOMITaKTHasi popMa 3aCTPOHKH, peryisip-
Hasi OPTOTOHAJIBHAS CETh YJHIl M HAJIMYUE CyOIeHTPOB
3aHITOCTH HANPSIMYIO YITyYIIAlOT NOKa3aTea! JOCTYITHO-
CTH M 00ecIrieunBaroT 0oree paBHOMEPHOE pacIpesierie-
HHE TPAHCIIOPTHBIX MOTOKOB [51]. Cmewannas 3acmpoti-
Ka, codeTaomas Xuibe, pabouyne MecTa, TOPTOBIIO
W YCIIyTH, CHIDKAeT MOTPEOHOCTh B YaCThIX U JAIBHUX
MOEe3/IKaX, 0COOCHHO Ha JITYHOM aBTOMoOwmITe [52].

Kondghueypayus ynuuno-oopodcnou cemu TaKxKe
UTpaeT OMpeeNstonyto posb. CBA3HAs CEThb C BBICO-
KOM MIOTHOCTBIO MEPEKPECTKOB U MHOKECTBOM allb-
TEPHATHBHBIX MapUIIPyTOB MOBBIIIAET MEMIEXOAHYIO
U TPaHCHOPTHYI AOCTYNHOCTb, COKpAIaeT JJIUHY

BrmstHuE IPOCTPAaHCTBEHHBIX XapaKTEPUCTHK TOPOICKON CPebl Ha TPAHCIIOPTHYIO JIOCTYITHOCTD

XapakTepucTHKa BawusiHue Ha JOCTYITHOCTD Oo6ocHOBaHUE

YMeHbIIaeT paccTOsIHUS 10 OOBEKTOB, AeaeT 00IeCTBeHHbIH

[InoTHOCTH HaceNeHUs U 3aHATOCTU [39, 51]
TpaHcnopt 6onee 3hHeKTUBHBIM

. IoBbImaeT BepoOATHOCTD JOCTHKEHHST HEOOXOAUMBIX HeTen

Cwmenrenue QyHKIMI [52, 53]

0e3 mepeca ok ¥ Ha KOPOTKHX MapuIpyTax
. ObecnieyrBaeT BEIOOP MapIIPyTOB, YMEHBIIACT BPEMSI U JUTHH

CBS3HOCTb YJIUUHOU CeTH P MapIipyTos, y P Y [5, 54]
ITyTH, YBEIHINBAeT MOAANBHOE pa3HOOOpa3ne
[oBbImaeT 1OCTYMHOCTH B MacIITade MemexoaHoH ceTn,

[IpoHuaeMocTh KBapTaIoB [25]
0COOCHHO ISl MaJIOMOOMIIBHBIX TPYIII
Bonee mernkast ceTka KBapTajIoB CIIOCOOCTBYET JIOKAIBHOM

Pasmepsr kBapTanos . [46, 55]
JOCTYITHOCTH M TIEIICH J0CIraeMoCTH

LleHTpabHOCTh B TPAHCIIOPTHOM LlenTpanpHO pacmonoKeHHbIE PAilOHBI 00ECIIEUNBAIOT OOJIbIIE [24. 56]

cetn QIBTEPHATHUB 1 OBICTPEE TOCTIKUMBI U3 IPYTHX TOUEK ?

O0becne4eHHOCTh OCTaHOBKAMHU
[NoBeImaeT pU3NIECKYIO U BPEMEHHYIO JOCTYITHOCTD KITIOUEBBIX

1 MapLIpyTamMH OOIECTBEHHOTO . [53, 55]
HaIpaBJICHUH, CHIDKAET Oapbepsl TSl YSI3BUMBIX TPYIIT

TpaHcIopra
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MyTH U Bpems noe3nku [5]. Tormomornueckas CBI3HOCTh
VIC Hanpsamyro KOppeaupyeT ¢ 00beMaMHu Menexo-
HBIX MEepeMEeNIeHII U KOHIIEHTpae 00beKTOB MpH-
TSOKEHUS BIOJIb HanboJee JOCTYITHBIX MapIIpyToB [54].
Hanuuue ckeo3nvix ceszeti MeX 1y KBapTaaaMu o0decrie-
YUBAET MPOHUIIAEMOCTb TOPOJCKOM TKaHH, YTO BasKHO
JUIS YSI3BUMBIX IPYII HaceneHus. HanpoTtus, nepapxu-
YyecKasi OpraHn3alys yIMIHON CETH U 3aKPbIThIC KUIIbIE
KOMIIJICKCHI CHIKAIOT POHNIIAEMOCTh U OTPaHUYMBa-
10T IOCTYIHOCTSH [25, 46, 55].

Llenmpanvroe nonosicenue yuacmra ¢ CmpyKmype
20pooa obecnieanBaeT Oosee BEICOKNIT yPOBEHb OCTYII-
HOCTH Onarozapsi KOHIEHTpAuU (PYHKIMH, TPAaHCIOPT-
HBIX MaplIpyTOB M IepecaJouHbIX y3i10B. Hampumep,
uccienoBanue u3 r. JIyuCBHILIS BBISBHIIO, YTO ILIE€H-
TpaJbHBIE PaiiOHBI TOPOJIA OTIINYAIOTCS 00JIEE BHICOKOM
JIOCTYITHOCTBIO 32 CYET codeTaHus 9pPEeKTUBHON yIIHd-
HOM CETH U KOHIIEHTpaluy Touek nputspkenus [56]. Cy-
IIECTBEHHBIM (haKTOPOM SIBISIETCSI M KAUeCmE0 Mmpanc-
nOpmMHO20 00CAYAHCUBANUA: 1IATOBAsT NOCTYIHOCTD
OCTaHOBOK, INIOTHOCTh M 4acTOTa MapIIpyTOB 00IIe-
CTBEHHOTO TpaHcnopTa. MHTerpanus TpaHCIOPTHBIX
MapIIPyTOB U Pa3BUTHE MYIBTUMOJAIBHBIX Y3JIOB CIIO-
COOHBI MOBBICUTH TEPPUTOPHATIBHYIO JOCTYITHOCTH TIPH-
neraronux paiionos Ha 10-20 % [53]. B monorpaduu
HayuHo-ncciienoBaTebCkoro HHCTUTYTa aBTOMOOHIIb-
Horo Tpancmnopta (HUMAT) taxke moguepkuBaercs,
YTO MIaroBasi JOCTYITHOCTh OCTAHOBOK OOIIECTBEHHOTO
TPAHCIOPTa KPUTUUECKN BayKHA [UISi CHUKEHHS TPAHC-
MOPTHON YS3BUMOCTH [5].

MOKHO yTBEPKAATH, YTO TNIAHUPOBOYHASL CTPYK-
Typa OKa3bIBAa€T CHCTEMHOE BIHSHNME Ha (pOPMHUpPOBa-
HUE YCJIIOBUN TPAHCIOPTHOM JTOCTYITHOCTH, COITOCTaBH-
MOE TI0 3HAYMMOCTH C Pa3BUTHEM TPAHCIOPTHOH WH-
(pacTpyKTypsl. DTO MOATBEPKAAET HEOOXOAMMOCTh
BKJTIOUEHUSI MOP(OTOTHUECKUX XaPAKTEPUCTHK B HH-

CTPYMEHTHI OLIEHKH U MPOTHO3UPOBAHUS JOCTYIHOCTH
TOPOZICKOHN Cpeapbl.

3AKJTIOYEHHUE

IIpoBeneHHbII aHaIM3 TTOKA3bIBACT, YTO TPAHCIIOPT-
HYIO JOCTYITHOCTH CIIEAYyeT paccMaTpHBATh HE TOJb-
KO KaK XapaKTepUCTHUKY TPAHCIOPTHON CHUCTEMBI,
HO W KaK IPOU3BOAHYIO OT MPOCTPAHCTBEHHOW OpTraHu-
3aluu Topoackoit cpenbl. O630p HAyYHBIX paboT MoA-
TBEPIK/IACT, YTO K YUCITy HANOOJIee 3HAYUMBIX MOP(OII0-
THYECKUX (PAaKTOPOB OTHOCATCS IUIOTHOCTH U CMEIICHHE
¢yskimii, koHduryparms YJIC, pasmep 1 NpOHUIIAeMOCTh
KBapTaJoB, MPOCTPAHCTBEHHOE PACIpPEEICHUE TOUEK
MIPUTSDKCHUS.

3apyOerKHBIEC HCCIISIOBAHUS JEMOHCTPHPYIOT IIepe-
XOJl MEXKIYHAPOJAHON MPAKTHUKU OT OLIEHKH MOOWIBHO-
CTH K KOMITJICKCHOH OIIEHKE TOCTYITHOCTH, HHTET PUPYIO-
el MOpP(OIIOTHYECKIE U CONMATBHBIC XapaKTePUCTHKH
TOPOJCKOH cpefibl. B oTeuecTBEHHOM KOHTEKCTE aKTy-
aJILHOM 3aJ1a4yel CTAHOBUTCS aJlanTalys dTHX MOIXO0/I0B
C Y4eTOM OCOOCHHOCTEU IMOCTCOBETCKOM TUIAHUPOBOY-
HOU CTPYKTYpPBI, COOPMHUPOBABIIICHCS B YCIOBUSIX HH/TY-
CTPHAIIBHON MOJIENHN TPAaIOCTPOUTETHCTRA.

Takum 00pa3om, TanbHEHIIee pa3BUTHE TCOPETUKO-
METOJIOJOTHUECKUX OCHOBAHUN OIEHKH TPAHCIIOPTHOM
JIOCTYITHOCTH JIOJDKHO OBITH CBSI3aHO C MHTETpaIlfei
MOP(OIOTHYECKUX XapaKTCPUCTUK B aHATUTHUYCCKHE
MOJIeNIU. DTO MO3BOJUT MOBBICUTH UYBCTBUTEIBHOCTD
METOZOB K MPOCTPAHCTBECHHBIM PA3JIINYHAIM, BBISIBUTH
30HBI TPAHCIIOPTHOTO HEPABCHCTBA H 000CHOBATH TPaJIo-
CTPOUTENbHBIC PEIICHHsI, HAIIPaBICHHbIE HA MTOBHIIIICHUE
KauyecTBa TOPOJCKOM Cpe/ibl M YCTOMUYUBOCTh TOPOACKOM
MOOMJIBHOCTH.
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INTRODUCTION

For a long time, transport policy in cities has been
focused on ensuring effective mobility, understood as
maximizing speed and distance of travel. This approach
has led to increased car use, spatial dispersion and a de-
cline in the quality of the urban environment [1, 2].
The transition to a sustainable development paradigm
in the 1990s shifted the focus from mobility to acces-
sibility, i.e. the ability to achieve vital goals within ac-
ceptable time and resource costs [3, 4]. Accessibility
came to be seen not only as a transport characteristic,
but also as an integral indicator reflecting the condi-
tions of the urban environment and its ability to meet
the needs of the population [5, 6].

In Russian politics, the idea of accessibility has
been institutionalized relatively recently: Transport
Strategy of the Russian Federation until 2030 sets out,
for the first time at the state level, the task of improving
spatial connectivity and transport accessibility of ter-
ritories'. However, the Strategy interprets accessibil-
ity primarily in sectoral terms — through the renewal
of rolling stock, the development of trunk infrastruc-
ture, and the improvement of transport service indica-
tors. Issues of transport and land use integration remain
secondary, and the urban planning aspect of accessibil-
ity is not adequately reflected. In modern Russian cit-
ies, the disintegration of land use and transport systems
persists; the location of residential areas, workplaces
and services is often not consistent with the possibili-
ties of reaching them [5, 7, 8]. This results in spatial
imbalances that increase dependence on private trans-
port and reduce territorial equity. Ensuring a sustainable
urban environment requires a comprehensive urban
planning approach that includes coordinated planning
of the spatial organization of the territory and transport
infrastructure [9].

The current scientific and practical agenda in-
volves a shift from understanding transport accessibility
as an exclusively transport characteristic to considering
it as a comprehensive urban planning indicator. In this
regard, the systematization of the conceptual frame-
work, analysis of existing scientific approaches to mea-
suring transport accessibility, and research into the role
of spatial characteristics of the urban environment in
shaping transport accessibility conditions are becoming
particularly relevant.

Theoretical approaches to the analysis of transport
accessibility
The concept of accessibility

The concept of accessibility occupies an important
place in the theory and practice of several related disci-
plines: geography, regional economics, transport plan-

! Transport Strategy of the Russian Federation until 2030
with a forecast for the period until 2035: approved by Order
of the Government of the Russian Federation No. 3363-r dated
27 November 2021.

ning and urban planning. In a broad interdisciplinary
context, accessibility can be viewed as a characteristic
of a territory that indicates the degree (potential and actu-
al) of reachability of a specific point in space by selected
means [10-12]. In the economic-geographical tradition,
accessibility is understood as the property of remote-
ness/proximity of an object or the possibility of reach-
ing it via the existing transport network [13], or as a tool
for analyzing the isolation of territories and development
disparities [13—15].

In the field of urban development and spatial plan-
ning, transport accessibility has become established
as a normative spatial characteristic linked to the ser-
vice radii of social infrastructure facilities, as well as
to the walking distance to stops and transfer hubs [16].
Research on social policy and applied demography in-
terprets accessibility as the equality of opportunities for
the population to achieve basic social benefits — edu-
cation, medicine, administrative services — as well as
an indicator of transport discrimination [17-19]. In trans-
port engineering modelling, the concept is used primar-
ily in an operational sense — as temporal and spatial
parameters of access to the transport network or key
facilities [20, 21]. Even when implementing complex
algorithms for calculating transport flows, the concept
of accessibility often does not act as an independent
analytical category, but merely accompanies traditional
mobility indicators.

Thus, despite the universality of the term “acces-
sibility”, its meaning and assessment methodology vary
significantly depending on the disciplinary context. In
Russian practice, interpretations remain fragmented:
the category of accessibility has been most fully devel-
oped in socio-economic geography, partially established
in urban planning and social policy, but remains insuf-
ficiently integrated into urban planning. This hinders
the formation of a unified methodological basis and
highlights the task of adapting international approaches
to domestic conditions.

In this study, transport accessibility for urban plan-
ning analysis is understood as an integral characteristic
of the urban environment that reflects the total reachabil-
ity of spatially distributed opportunities (jobs/services/in-
frastructure) by the population at a given generalized cost
of reaching them via the actual transport network (where-
by the weighting of opportunities and travel costs are de-
termined by the configuration of the network and the mor-
phology of the urban environment).

The evolution of transport accessibility assessment
methods

The evolution of approaches to assessing trans-
port accessibility has progressed from the early mod-
els of the Soviet economic-geographical school, which
relied on indicators such as road network density and
infrastructure provision coefficients [13—15], to modern
comprehensive methods based on big data and focused
on actual user behaviour [12]. The Soviet school laid
a solid theoretical foundation, but its approaches had

1
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a number of limitations: the emphasis on the macro
level made it difficult to apply the results on an ur-
ban scale, and the static indicators used did not reflect
the dynamic nature of accessibility in a highly urban-
ized environment. In the 1990s and 2000s, Russian
research shifted towards taking into account passenger
flows and the territorial organization of cities. In recent
years, methods based on big data, digital mobility traces
and user behaviour characteristics have been increas-
ingly implemented in practice. This transition reflects
a global trend towards understanding accessibility as
a multifactorial category that takes into account not
only transport but also social, spatial and environmen-
tal dimensions.

Despite the continued interest in the concept of ac-
cessibility on the part of Russian geographers [11, 13, 22]
and the active development of this topic in international
scientific literature in the field of urban studies and ur-
ban planning [23-25], in Russian urban planning theory
and practice, the concept of accessibility remains insuffi-
ciently developed and systematized. At the applied level
in Russian cities, accessibility is still assessed mainly
within the framework of basic route analysis for master
plans and comprehensive transport planning schemes.
This is significantly inferior to foreign approaches, where
transport accessibility is considered one of the key indi-
cators of social justice, sustainable development, spatial
integration, and the effectiveness of urban structure [26].

Contemporary interpretations in both domestic and
foreign scientific works increasingly define transport ac-
cessibility as a multi-parameter category that includes
physical, temporal, economic, social, and environmental
characteristics. However, there is still no universal term
for it, which leads to variability in the methods and crite-
ria used to assess it [11].

MATERIALS AND METHODS

To systematize existing approaches to assessing
transport accessibility in the context of urban planning,
a classification comprising seven groups of methods has
been developed. The classification is based on their suit-
ability for the tasks of analyzing and designing the urban
environment, as well as differences in mathematical appa-
ratus and degree of suitability for practical application —
from topological models to integral indices that take into
account morphological and social characteristics.

Topological methods are based on the analysis
of the street and road network (SRN) structure in graph
form. They allow key nodes and traffic directions to be
identified, which is important when designing new con-
nections. The most well-known method is Space Syn-
tax, developed by B. Hiller and J. Hanson [27], which
has been widely used in the analysis of cities of various
sizes [28-30] (Fig. 1). Despite its versatility and wide-
spread use, this approach is limited in that it ignores time

4-314
314-798
798-1,459
1,459-2,140
2,140-3,610

Fig. 1. Connectivity of the Samara region according to spatial syntax theory [30]
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Fig. 2. Isochrones of accessibility of the Perm area by public and private transport for two traffic intensity scenarios [31]

and cost parameters, which are key to assessing real
transport accessibility.

Iso line methods allow visualizing the boundaries
of a territory’s accessibility in the form of isochrones
(by time), isodistances (by distance) and isodapanes
(by travel cost). Their advantage lies in their clarity,
which makes these methods particularly useful when
assessing the accessibility radii of social infrastructure
facilities and transport hubs. Domestic authors have
used isochrones, for example, to analyze the transport
accessibility of the Perm region [31] (Fig. 2). In addi-
tion, isodistances and the so-called “kilometrograms”
of A.M. Yakshin, used for graphoanalytical assessment
of spatial differences, have become widespread in the do-
mestic scientific tradition [32].

Potential accessibility methods are based on gravi-
tational models proposed by V.G. Hansen [33]. They
take into account the “attractiveness” of destinations and
the costs of reaching them, which allows for the assess-
ment of the balance of spatial development. Their appli-
cation has proven highly effective in analyzing workplace
accessibility [34], but the models have been criticized for
ignoring the impact of competition for resources [35, 36].
Modified indicators and balance models have been devel-
oped to take this method into account [11, 37]. It should
be noted that in domestic practice, gravitational models
have become established mainly as part of four-stage
transport modelling, where they are used to calculate cor-

respondences and forecast flows. In international tradi-
tion, they are interpreted more broadly — as a tool for
assessing transport demand and, at the same time, as
an indicator of spatial accessibility used in urban planning
analysis [38, 39] (Fig. 3).

Infrastructure-network, spatio-temporal, and in-
dex methods are developing in the context of digitali-
zation. The former is based on GTFS data (a publicly
available format for describing public transport time-
tables) and graph databases [40, 41]. They allow for
the consideration of timetables and the actual dynamics
of transport services, which makes them useful for opti-
mizing routes and planning transport hubs. A limitation
is their dependence on the completeness and reliability
of the source data.

Spatio-temporal methods, which go back to T. He-
gerstrand’s concept [42], focus on individual constraints
and mobility trajectories; using these navigation sys-
tems and travel diaries makes it possible to identify
interpersonal differences and provides a more accurate
reflection of urban mobility dynamics [43]. Their ad-
vantage lies in their high accuracy, while their limita-
tion is the complexity of collecting and processing per-
sonal data.

Composite indices are constructed using multi-
criteria procedures and machine learning [44, 45],
which allows for the identification of imbalances be-
tween network coverage and the actual conditions for
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Fig. 3. Accessibility of workplaces in Sao Paulo () and London (b) [34]

achieving goals. These approaches are particularly use-
ful in scenario modelling, but the interpretation of such
indices is difficult, and their use requires significant
amounts of information. At the same time, it is this
class of methods that opens up prospects for integrat-
ing the morphological characteristics of the urban en-
vironment into models for assessing transport accessi-
bility and applying neural network algorithms capable
of taking into account nonlinear dependencies between
the planning structure and the actual level of accessibil-
ity. This approach will make it possible to adapt inter-
national experience to the specifics of post-Soviet cities
and increase the sensitivity of analytical tools to spatial
differences within the urban fabric.

The existing variety of methods for assessing trans-
port accessibility reflects different research approaches,
ranging from economic and geographical to engineering
and technical. However, in the context of urban plan-
ning, it is precisely those aspects of accessibility that can
be spatially regulated that are of particular importance.
Although the transport behaviour of the population and
the level of transport accessibility are determined by
a complex set of factors, including socio-economic
conditions, transport policy and individual preferences,
the spatial structure of urban areas remains one of the few
parameters on which urban planning practice can have
a systematic influence.

RESEARCH RESULTS

The impact of planning structure on accessibility

Contemporary research emphasizes the need to
consider transport accessibility as the result of the in-
teraction between transport infrastructure and the plan-
ning of the urban environment. In particular, a report
by the LSE Cities research group highlights the role
of morphological characteristics in ensuring sustain-
able mobility [46]. The concept of accessibility is
closely linked to the concept of “transport behaviour
of the population” [6, 47]: it is this concept that deter-
mines the choice of destinations, modes and frequency
of travel. The higher the level of accessibility, the high-
er the likelihood of using public transport and non-
motorized modes of mobility, provided that the appro-
priate infrastructure is in place.
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Studies show that spatial characteristics such as
building density, street network connectivity and the de-
gree of functional mixing have a direct impact on trans-
port behaviour [38], although their role is secondary
to socio-demographic factors, including car owner-
ship and an individual’s socio-economic status [48].
The planning structure influences transport behaviour
indirectly — through the creation of accessibility condi-
tions, which emphasizes the importance of urban plan-
ning decisions aimed at reducing distances to points
of attraction, increasing the density and functional
saturation of the urban fabric, and developing transport
infrastructure.

In the scientific literature on urban planning, acces-
sibility is viewed as a multi-layered category, where dis-
tance and travel time indicators alone are not sufficient
to explain differences in mobility. Studies of 38 cities
in the United States have shown that it is spatial orga-
nization, rather than travel speed, that is the key factor
in accessibility [39]. European experience also demon-
strates the integration of morphological parameters: most
of the 21 accessibility assessment tools used in the trans-
port and urban planning practices of European cities
take into account spatial characteristics such as density,
street network structure and mixed use [49]. One such
tool is GraBAM, based on gravity models, which is used
in the development of master plans and the assessment
of the socio-economic impact of transport projects [50].
Thus, international practice confirms the need to move
from purely transport models to integrated approaches
that incorporate the morphological, social and spatial
characteristics of the urban environment.

Spatial characteristics of the planning structure

A review of scientific publications reveals the key
spatial characteristics that determine the level of trans-
port accessibility: the configuration of the urban devel-
opment structure, building density, and the spatial dis-
tribution of functions and points of attraction. The Table
presents the main morphological parameters most fre-
quently considered in scientific literature as predictors
of spatial accessibility, and indicates the nature of their
influence.
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The influence of spatial characteristics of the urban environment on transport accessibility

Characteristic Impact on accessibility Justification
Population and employment density Redgces distances to facilities and increases the efficiency of 39, 51]
public transport
. Increases the likelihood of reaching required destinations
Land use mix without transfers and along short routes [52, 53]
Street network connectivity Prov1des route ch(?lce, .reduces travel time and distance, and [5. 54]
increases modal diversity
e Increases accessibility at the pedestrian network scale, especially
Block permeability for groups with limited mobility 23]
Block size Smaller block grids promote local accessibility and walkability [46, 55]
. Centrally located areas provide more alternatives and are
Transport network centrality reached faster from other locations [24, 56]
Availability of public transport Improves physical and temporal accessibility of key destinations [53, 55]
stops and routes and reduces barriers for vulnerable groups ’

Increased building density, especially when com-
bined with a high concentration of jobs and services,
helps to reduce the distances between points of attrac-
tion, reduces transport loads and improves the efficien-
cy of public transport [39]. Studies of Indian cities have
shown that compact building forms, regular orthogonal
street networks, and the presence of sub-centres of em-
ployment directly improve accessibility indicators and
ensure a more even distribution of traffic flows [51].
Mixed-use development, combining housing, work-
places, retail and services, reduces the need for frequent
and long journeys, especially by private car [52].

The configuration of the street and road network
also plays a decisive role. A connected network with
a high density of intersections and multiple alternative
routes improves pedestrian and transport accessibility,
reduces travel distances and travel times [5]. The to-
pological connectivity of the SRN directly correlates
with pedestrian traffic volumes and the concentration
of attractions along the most accessible routes [54].
The presence of through connections between neigh-
bourhoods ensures the permeability of the urban fabric,
which is important for vulnerable population groups.
Conversely, the hierarchical organization of the street
network and gated communities reduce permeability
and limit accessibility [25, 46, 55].

The central location of the site within the city struc-
ture ensures a higher level of accessibility due to the con-
centration of functions, transport routes and transfer
hubs. For example, a study from Louisville found that
central areas of the city are more accessible due to a com-
bination of an efficient street network and a concentra-
tion of points of attraction [56]. The quality of transport
services is also an important factor: walking distance to
stops, density and frequency of public transport routes.
The integration of transport routes and the development
of multimodal hubs can increase the territorial accessibil-
ity of adjacent areas by 10-20 % [53]. A monograph by

the Scientific Research Institute of Automobile Transport
(NIIAT) also emphasizes that walking distance to public
transport stops is critical for reducing transport vulner-
ability [5].

It can be argued that the planning structure has
a systemic impact on the formation of transport acces-
sibility conditions, comparable in importance to the de-
velopment of transport infrastructure. This confirms
the need to include morphological characteristics in
the tools for assessing and forecasting the accessibility
of the urban environment.

CONCLUSION

The analysis shows that transport accessibility should
be considered not only as a characteristic of the transport
system, but also as a derivative of the spatial organization
of the urban environment. A review of scientific works
confirms that the most significant morphological factors
include density and mixing of functions, the configuration
of the SRN, the size and permeability of neighbourhoods,
and the spatial distribution of points of attraction.

Foreign studies demonstrate a shift in international
practice from assessing mobility to a comprehensive as-
sessment of accessibility that integrates the morphologi-
cal and social characteristics of the urban environment. In
the domestic context, the urgent task is to adapt these ap-
proaches, taking into account the peculiarities of the post-
Soviet planning structure that was formed under the condi-
tions of the industrial model of urban development.

Thus, the further development of the theoretical and
methodological foundations for assessing transport acces-
sibility should be linked to the integration of morphologi-
cal characteristics into analytical models. This will increase
the sensitivity of methods to spatial differences, identify
areas of transport inequality, and justify urban planning
decisions aimed at improving the quality of the urban en-
vironment and the sustainability of urban mobility.
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ABSTRACT
Introduction. The relevance of developing the Arctic zone of the Russian Federation is determined by Decree of the President
of the Russian Federation No. 645 of October 26, 2020 (as amended on February 27, 2023) “The Strategy for the Develop-
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ment of the Arctic Zone of the Russian Federation and Ensuring National Security for the Period until 2035”. The develop-
ment of the Arctic zone is accompanied by specific risks associated with extreme natural and climatic conditions and the deg-
radation of permafrost. According to various estimates, the air temperature in the Arctic is rising three times faster than
the global average, which leads to permafrost subsidence and creates multiple serious environmental and social threats.
The construction of civil facilities in such harsh conditions requires a risk management system at the pre-investment stage,
which includes the classification of territorial and organizational and technological risks and the assessment of an integral
site suitability index.

Materials and methods. This paper presents the main results of research work on the analysis and characterization of ter-
ritorial and organizational-technological risks in the Arctic. An approach to the multifactorial classification of territorial risks
using geoinformation data and expert weighting coefficients is proposed. A scale for the integral suitability index of a territory
is also proposed.

Results. A classification of risks for the construction of civil facilities in the Arctic sector of the Russian Federation has
been developed. A formula for an integral index of territorial suitability is proposed, taking into account the weight contri-
bution of each category. The application of the methodology is demonstrated using the example of a hypothetical site in
the Yamalo-Nenets Autonomous Okrug: the calculated suitability index corresponds to the “significantly hazardous” class
and requires adaptation measures.

Conclusions. The developed system allows for the pre-investment stage to plan a qualitative ranking of potential con-
struction sites by risk level and justify decision-making. Its application contributes to improving the safety and sustainability
of infrastructure in the Arctic by selecting optimal territories and/or developing protective measures at the pre-investment
stage of construction.

KEYWORDS: Arctic, Arctic sector, construction in permafrost conditions, risk classification, integral suitability index, civil
building construction, construction in the Arctic
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BBEJEHUE

OcBoenne Apkruaeckoit 30HbI Poccutickoit Dene-
palK TECHO CBSI3aHO C YHUKAJIBHBIMH BBI30BAMH U PH-
CKaMH, OKa3bIBAIOIIMMH OOJIBIIOE BIMSHUE HA CTPOU-
TEJILCTBO TPAXKIAHCKUX 00beKkToB. KittoueBbie (hakTopbl
pHCKa BKIIIOYAIOT B ce0s 3KCTpeMaibHbIEe KIMMaTH4e-
CKHE YCIIOBHS, JIETPa/Iallii0O MHOTOJIETHEH MEpP3JIOTHI,
OTCYTCTBHE MH(PPACTPYKTYPHI U JIpyTHe OCOOEHHOCTH
peruoHa. ITo onenkam MexXnpaBUTENbCTBEHHON TpyII-
Bl DKCTIEPTOB MO u3MeHeHuto knuMara OOH, Temsl,
C KOTOPBIMU Ha 3emile CTAaHOBHTCS JKapde, BO3pacTa-
1oT. Tak, cpenHss Temneparypa Ha TUIaHETE BBIPACTET
Ha 1,5 °C yxe k 2030 ., Ha 10 jeT paHbpIIe, 9eM 0XKH-
Janock npeskae. [Ipu 3ToM cuibHee BCero MOBBIIICHHE
TEMIIEpaTyphl Ha IUTAHETE OLIYIIACTCs Ha ¢ MOIocax
1 BBIpA)KaeTCs B OBICTPOM TasTHHUH JIB/IOB M BEYHOU Mep3-
noter’ [1]. CormacHo MEKIyHAPOAHOM TpOrpamMme ap-
KTHYECKOTO MOHUTOPHHTA U OIICHKH (Arctic Monitoring
and Assessment Programme — AMAP) u naopmarim
ApPKTHYECKOTO COBETa, HECyllast CIOCOOHOCTh IPyH-
TOB B 30HaX BEYHON Mep3ioThl CHU3UTCA Ha 25-50 %
B nepuoza ¢ 2015 mo 2025 r., Ha MecTopoXkaAeHUIX SMma-
ma — Ha 50-70 % [2]. OTn U3MEHEHUS CO3MAI0T YTPO3Y
YCTOWYMBOCTH 3MaHNH 1 MHPACTPYKTYphl. [1o naHHBIM
cratucTuky, bonee 50 % cymectByronel HHPpacTpyK-
TYpHI B BEUHOI MEp3JI0TE PACIIONOKEHO B 30HaX C BbI-
COKMM PHUCKOM ITIpOTamBaHus rpyHTOB. CTOUT TaKxke
OTMETHTB, 4TO B HacTosIee Bpems 10 30 % 31anuii B 0T-

! Kak cTpouTh Ha Beka Ha Taromieil mep3nore obcyminn Ha 11
Dopyme «ApkTrka — Pernonsn / BocTouHbI LIEHTp rocyaap-
cTBeHHOTrO Tanuposanust. 2024. URL: https://vostokgosplan.
ru/en/kak-stroit-na-veka-na-tajushhej-merzlote-obsudili-na-ii-
forume-arktika-regiony/

JETBbHBIX TOPOJAX UMEIOT Ae(hOpPMALIH U TOBPEKICHHS
KOHCTPYKIIMI W3-3a JIerpajialiii OCHOBaHus [3].

CTpOoUTENHCTBO TPAKIAHCKUX OOBEKTOB B APKTH-
K€ CTAJIKNBACTCS HE TOJBKO C TEXHUYECKHMH TPYIHO-
CTSIMH, HO U C BBICOKHMH TEPPUTOPHAILHBIMH PUCKa-
Mmu. Ilox TeppuropuanbHbBIMU PUCKAMU IOHUMAOTCS
YIpo3bl, KOTOPBIE CBA3aHbl CO CBOWCTBAMH KOHKPETHOU
MECTHOCTH, KOTOPBbIE MOTYT OKa3bIBaTh HEraTHBHOE
BIIMSTHUE HAa CPOKU M CTOMMOCTbH CTPOUTENLCTBA. B yc-
JIOBHUAX ApKTI/IKI/I K TaKUM pHUCKaM MOXHO OTHECTHU:

* MH)XEHEPHO-reoJornyeckue (HecTaOuIbHbIE Ipy-
HTBI, TEOKPHOJIOTHYECKHE TIPOLIECCHI, INIyOWHA MTPOTau-
BaHMS MEP3JIOTHI, TOA3EMHBIE BOJIBI);

° KpUOTEHHbIE (Jerpajanus Mep3JioThl, BOJIO-
3aCTOM, TEMIIEpaTypHasi HEOJHOPOIHOCTD);

* KJIMMaTH4YecKue (IKCTpeMalIbHbIC TEMIIEPaTyphl,
CHE)KHBIE 3aHOCHI, KOPOTKHIA CTPOUTENBHBINA CE30H, 00-
JieICHEeHue);

* JIOTUCTHYECKHE (OTCYTCTBHE KPYIJIOTOJUYHOTO
JOCTYT, 3MMHHK H JIEIOBBIE IEPENPaBbl, BBICOKAs CTO-
UMOCTB JIOCTaBKH, YAAJCHHOCTh OT CHAOKEHHSA);

* uH(ppacTpyKTypHBIE (OTCYTCTBHE CeTeii, mpobiie-
MBI C ITOJKIIIOUYEHHUEM, HEOOXOANMOCTh TOABE3IHBIX
myTei);

* JKoJOTHYECKHE (0C000 OXpaHseMble MPUPOI-
Hele Tepputopun (OOIIT) u MuUTpalMOHHBIE MYTH,
YyBCTBUTEJIbHBIE YIKOCHCTEMBI, BOJIOOXPAHHBIE U CAHU-
TapHBIC 30HbI).

B coBpeMEHHBIX peanusix BO3pacTaeT MoTpeOHOCTh
B U3YUCHUU BJIIMAHUA ACTPpaJallii MEP3JIOThI HA I/IH(bpa-
CTPYKTYpPY M pa3paboTKe IO/AX0Ja K OLIEHKE PUCKOB.
3apyOesKHBIN OMNBIT MMOKa3bIBAET, YTO HCCIIENOBATEIN
MIPUMEHSIOT TeOMH(DOPMATMOHHBIE MOACTH I Tpadu-
YECKOTO TPEICTABICHHS ONACHBIX 30H, IPUMEPOM MOYKET
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ciyxuth npoekT The Arctic Risk Map ot HopBexckoii
komranud DNV GL?, ocHoBanubiii Ha 6aze ArcGIS for
Server. OTOT IPOEKT UHTErPUPYET HH(POPMALINIO O TEM-
neparype, ITOPMOBOH aKTUBHOCTH, JISZIOBOH 0OCTaHOB-
Ke, HaJIM4MK CriacaTeNbHbIX CIykO0 1 T.11. B oreyecTBeH-
HBIX Hay4YHbIX paboTax aHaIM3UPyeTCsl yCTOWYMBOCTD
KOHCTPYKIHUI U COOPYKEHHUH B YCIOBUSX U3MEHUYHUBOTO
KiuMaTa (moTerieHne u T.4.) [4, 5], mpemnararorcs me-
TOJMKH WHKEHEPHOH 3alIUThl OCHOBaHUH [6—8]. OmHako
HET €JJMHOW CHUCTEMBI KJIaCCU(HUKALUKN TEPPUTOPHAIIH-
HBIX PHUCKOB JUISI apKTHYECKOTO CTPOUTEIHCTBA O0BEK-
TOB I'pakJaHCKOro Ha3HaueHus. Hacrosmee HayuHOE
HCCIEIOBaHNE TpeIaraeT BOCIOIHUTD 3TOT mpoode,
npejiarasi CTpyKTYpPUpPOBAHHBIN MOAXOJ K UIECHTU(DU-
Kallu1 ¥ OLICHKE PHUCKOB, OPHEHTHPOBAHHBIX Ha apKTH-
gyeckue Teppuropud. HoBrn3Ha mpeacTaBieHHON paboThI
3aKJTIOYaeTCs B alalTaIll UMEIOIIUXCSI METOIOB PHCK-
MEHeKMeHTa K ycnousiM Kpaitnero CeBepoM ¢ yueToM
COBPEMEHHBIX TEXHOJIOTHH M TCHACHUWH W3MEHEHUS
OKPYXKAaFOIIHX (haKTOPOB CPEIIBL.

Iens nccienoBaHust — pa3paboTKa U OMUCAHUE
CUCTEMBI KilacCHU(UKALMU TEPPUTOPUAIBHBIX PUCKOB
U METOJ]a OIICHKH MHTETPAJIbHOTO IOKA3aTessl MpH-
TOTHOCTH y4YacTKa JAJIsl TPaXJaHCKOTO CTPOUTEIhCTBA
B ApxTudeckoif 30He Poccuiickoit denepannu.

B poccuiickoii akaieMuueckol JuTeparype cy-
IIECTBYIOT SMIIMPUIECKHAE CBHCTEIBCTBA CHCTEMHOTO
BIIMSIHUSI KDHOTEHHBIX MPOLIECCOB HA HH(PPACTPYKTYPY
apKTUYECKUX ropoJioB (nedopmanus GyHIaMEHTOB,
TEPMOKapCT, MPOCAAKH, HAPYLIECHUE APEHaKka) U UMe-
eTCsl HeOOXOMMOCTh PErHOHAIBHONW KOPPEKTUPOBKU
WH)KEHEPHBIX PEIICHUH 1 MOHUTOPHHTA MEP3JIOTHI [9].
Wroroseie paboThl MO ajantanuu UHOPaCTPYKTYPhI
ApKTHUKH AeNaloT aKIeHT Ha Mepbl OXJIAXKIEHUS OC-
HOBaHMM, pa3BUTHE CETEH UM yJIyUILIEHHE TEXHOJIOTHI
B TPaIOCTPOUTENbCTBE 1 dKcruryaTaruu [10]. [Ty6mu-
KallMY 110 IPOEKTUPOBAHUIO U YCTPOUCTBY OCHOBAHMI
B YCIIOBUSIX MHOTOJIETHEMEP3JIbIX rpyHTOB (MMI') ornu-
CBIBAIOT TEXHOJIOTHYECKHUE pelIeHHs (CBaiiHbIe MO,
TETUION30JISILIUS, KOHCTPYKTHBHBIE CXEMBI ISl CEHCMO-
1 MOPO30CTONKOCTH) M TPAaHUYHBIC YCIOBUS UX MPH-
menumocTH [11]. TlapamnensHo ¢ 3TUM pa3BUBAIOTCS
MOJXObI K OLIEHKE T'€OJNHAMUYECKUX W MPUPOIHO-
TEXHOTEHHBIX PHCKOB Ha IIPOEKTaxX, OPHEHTHPOBAHHBIX
Ha Kpaiinuit CeBep, — OT BEpOATHOCTHBIX JI0 HEUETKUX
KJIaCCU(DUKATOPOB U IKCIIEPTHBIX BecoB [12].

WmxeHepHble 0030pbI M TEMaTHYECKHE CTaTby ITpel-
JIaraloT OOLIMPHBIN CIIEKTP Mep aAanTallu: MPeaoT-
BpaIlleHHEe MPUTOKA TEIUIa B TPYHT, YCHJIICHHE OTBOJA
Terua (MMacCHBHbIE/aKTUBHBIE CUCTEMBI TEPMOCTa0MITH-
3aI1K), yCHJICHHE OCHOBAHHS M HACBITICH, a TAaKXkKe KOp-
PEKTUPOBKY KOHCTPYKTHBHBIX CXEM M PEKUMOB ITPOH3-
BozcTia [13, 14].

2 Kaprorpadgus ApKTHKH: PUPOJHBIE YCIOBHUS, OCBOCHHE
u pucku // Esri CIS. ArcReview. URL: https://arcreview.esri-
cis.ru/2017/05/10/arctic-development-mapping/
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PaccMoTpuM pocCHiiCKYI0 NMPaKTHKY: 2a30mpan-
cnopmuwlil Kopudop «bosanenkoso — Yxmay (FIHAO)
KaK cegepnas «20106a» cucmemvl «Aman — Eeponay.
Jlns Beimaum ra3a ¢ momyoctposa SIman B EauHyro riry6oxo-
BonHYt0 cuctemy EBpomneiickoit uactu Poccuu (EI'TC)
MIOCTPOCHBI /IBE HUTKN «BOBaHEHKOBO — YXTa», BKITFOUAs
CJIO)KHBIE IPHOPEIKHO-MOPCKHE M 3a00I0YEHHBIC YUacT-
ku. [IpMeHEeHbI pemeHust 0 3aUTe U30IALIN B MEP3-
JIBIX U CKaJIbHBIX TPYHTaX (TIOYIIKH, aMOPTH3UPYIOIIHE
CJIOM), IPOTHBOIPO3HMOHHBIC MEPOTIPUATHS (TeOpeIeT-
KH, OeperoyKperuieHne), yyiepskanue TpyHTa Ha OTKOCaX,
YTSDKENIeHUs Ha Mepexoiax BOJOTOKOB. Llens — MuHH-
MH3anus TeIUIONPHUTOKA K TpyOe 1 aedopmariiii ocHo-
BaHUs Ha (POHE TEPMOKAPCTA U CE30HHOTO OTTAMBAHHS’.

«VYxma — Topowcoky u skcnopmmuwlil Mapupym
«Aman — Esponay. Poccuiickas yacts «Sman — EBponay
HaunHaetcs B Topixkke; ras u3 AHAO noctynaet no ko-
punopy «boBanenkoBo — Yxrta — Topskok». [Tepmadpocrt-
KPUTHYHBIE PEIICHHUSI COCPENOTOUCHBI Ha CEBEPHOM ILIE-
ye («boBaHEeHKOBO — YxTay), TOrna Kak «Yxra — Topixok»
B OCHOBHOM BHE KPHOJINTO30HBI U 0OECIIEUNBAET MPO-
MYyCKHYIO CITOCOOHOCTH U IaBJieHue".

«Cuna Cubupuy. Tpacca iepecekaeT paiioHBI € JIe0-
HACBIIIEHHOW MEP3JIOTON M SKCTPEMaJIbHBIMU TEMIIepa-
typamu 10 —60 °C. VIcionb3yroTCst CTau U CBApOYHEIC
TEXHOJIOTHH JJIsl HU3KOTEMIIepaTypHOl paboThl, MOA-
xox strain-based design Ha mOTEeHIMATBEHO NeOPMUPY-
€MBIX Y4acTKax, YCHJICHHBIH T€OKPHOJIOTHYECKHH MO-
HHUTOPHHT, CE30HHOE IIIAHUPOBAHKE PAOOT, JTOKAIbHbIE
MEpBbI IpeHaka U cHerosaaepxkanus [15].

Hegpmenposoonas cucmema Bocmounasi Cubups —
Tuxuu oxean (BCTO). Ha nepmadpocT-ydacTkax npu-
MEHSIIOTCSI CE30HHO-ACHCTBYIOIINE TEPMOCTaOnIM3a-
TopH! (nByxdaszusie Tpyoku/ TPCT) mns mognepikaHus
OTPHIIATENIBHBIX TEMIIEPaTyp OCHOBAHMS, TETIOU30s-
VST, IPEHAX M MHXKEHEPHAs! 3aIUTa OTKOCOB/HACKIIECH;
MIPOBOJIUTCS PETYJISIPHBIA MOHUTOPHHT () (PEKTUBHOCTH
yCTpOHCTB.

MATEPHAJIBI U METO/JAbI

Hayunas paGoTa HOCHUT KOMIUIEKCHBIA ITOIXOT
1 OIIMPAETCs Ha JIAaHHBIE METOAOJIOTUH CTPYKTYpPHPOBAH-
HOTO aHAJIN3a PUCKOB. J{JIsl COCTABICHHS CHCTEMBI KJIac-
cuduKanuu puCKoB ObUTH cOOpaHbI CBeIeHHS O (PaKTo-
pax, BIUSIOIINX HAa CTPOUTEIIbHBIE IIPOEKTHI B APKTHKE.

3 BoanenkoBckoe HI'KM u crcTeMa MarucTpaibHbIX Ta30-
npoBoaoB boanenkoBo — Yxta // T'asmpom. URL: https://
proektirovanie.gazprom.ru/press/ehntsiklopediya-proekti-
rovshchika/krupnejshie-proekty/bovanenkovskoe-ngkm-i-
sistema/

* Ukhta — Torzhok (Yamal) 2 Gas Pipeline // Global energy
monitor WIKI. URL: https://www.gem.wiki/Ukhta-Torzhok
%28Yamal%29 2 Gas_Pipeline

5 000 «TpancuehTs — BocTOK» 00CIEI0BATIO CHCTEMBI TEPMO-
CTa0WIM3any Ha 0OBbEKTaX B 30HE BEYHOI Mep3ioThl // Slcna.
URL: https://ysia.ru/ooo-transneft-vostok-obsledovalo-sistemy-
termostabilizatsii-na-obektah-v-zone-vechnoj-merzloty/
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3a ocHOBY (pOpPMHUPOBAHUS MEPEUHSI PUCKOB MPHHSTHI
KaTreropuy, peKOMEH/I0BaHHBIE IKCIIEPTaMH, OPUCHTHPO-
BaHHbBIE Ha APKTUIECKHE TPOCKTHI: TIPUPOIHO-KINMATH-
YeCKHe, MH)KeHEPHO-TE0JI0rMYeCKHe, HHPPACTPYKTYPHO-
JIOTUCTHYECKUE U IKOJIOTHUYECKHUE.

PaccMOTpuM KakIyl0 U3 ONMCAHHBIX BBIIIE KaTe-
TOpHil PUCKOB ISl CTPOUTENLCTBA OOBEKTOB TPAXKIAH-
CKOTO Ha3HaYeHUs! B APKTHKE.

Ipupoono-kaumamuueckue pucky. K HIM oTHO-
CSITCSL OKCTPEMAJIbHBIE TEMIIEPATYPhl BO3/yXa, CHIIbHbIC
BETPHI, OOMIIBHBIE CHETOMAAbl M METENH, Apeiidyrommid
nen 1 oOpasoBanue Hajenu. OHU BIHUSAIOT HA yBEJHUe-
HHUE CPOKOB CTPOUTEIILCTBA, IIOBBILICHHBIH H3HOC TEX-
HUKH ¥ KOHCTPYKIMH, HEOOXOAMMOCTb B YHUKAJIbHBIX
TexHONoTusX. TakxkKe M3-3a MePEeUnCIICHHBIX (aKTOpOB
BO3HMKAIOT TPYJHOCTH C paboueil 1esTeIbHOCThIO HH-
JKEHEPOB, CTPOUTENBHBIX OpHras u T.1I.

Huorcenepno-eeonozuveckue pucku. B nannyio
IPYIILY BXOJSIT PUCKH, CBSI3AHHBIE C COCTOSIHUEM IPYH-
TOB OCHOBaHUS, HAIpUMEp HaJIWYWE MHOTOJIETHEU
MEp3JI0THl, TIIyOWHA CE30HHOTO MPOTaMBaHMS, JEI0-
HACBIIIEHHOCTh I'PYHTA, PUCK TEPMOKAPCTA, MPOCAT0K
u Hajened. DTH PUCKH TTO3UIIMOHUPYIOTCS KaK KITIoUe-
BBIE, TaK KaK yCTOMYMBOCTH U COATAHCHPOBAHHOCTD OC-
HOBaHMsI — 3TO COXPAHHOCTH BCETO COOPYIKEHUSI.

Hnppacmpykmypno-noeucmuveckue pucku.
TpaHCTIOPTHBIE CHCTEMBI B OCHOBHOM yZIAJICHBI OT pa3-
BHUTBIX apKTHYECKUX TEPPUTOPHI, TaKKe UMEIOTCS
poOJIeMBl ¢ MH)XXEHEPHBIMU KOMMYHUKanusMu. OT-
CYTCTBHE KPYIJIOTOUYHBIX JIOPOT, TOPTOB, OTPAaHNIECH-
Hasl IOCTYITHOCTh — BCE 3TO CO3/[aeT PUCKHU YOpOKa-
HUSI 3aB03a MaTE€pHAIOB, 3aJICP)KKU JTOCTABKH TEXHUKU
n cHaOkeHus. OTMEJaroTcss HEOOXOAMMOCTh CTPOH-
TEJIbCTBA ABTOHOMHBIX MCTOYHHUKOB dHEPTHHU, OTPaHU-
YEHHBIE MOIITHOCTH MECTHBIX CETEH, OTCYTCTBHE KBa-
TUGUIIPOBAHHBIX OpUTax HAa MecTe (7 yCTpaHeHUS
9KCTPEHHBIX CUTyalUii, MOJIOMOK U T.1I.).

Oxkonoeuueckue pucku. Croga ornocsatcs OOIIT
U MHTPAIMOHHBIC ITyTH )KUBOTHBIX, UyBCTBUTEIILHBIC
9KOCHUCTEMBI, & TAK)Ke BOJOOXPAHHBIC Y CAHUTAPHBIC
30HBI. DTH (DaKTOPHI HAKJIAABIBAIOT OT'PAHUYCHUS
Ha pa3MelIeHne MIIOmaaKu U rpapuk padot. Kakme-
TO TEPPUTOPHH HE MOAXOJAT JUIsS CTPOUTEIBCTBA, I/Ie-
TO HYXXHBI YBeJIM4eHHbIe Oy(epsl. Bo3Hnkator nomos-
HUTEJbHBIC TPEOOBAHNUS K LIyMY, 3aIIUTE BOABI U MTOYB.

Kaxxnplii U3 mepeurcieHHbIX OJOKOB paclucaH
Ha OoJyiee neTanbHBIC TOKa3aTenu ((PakTOpbl pHCKA).
Jst kaxoro pakTopa onpeiesieHbl KaueCTBEHHBIE U KO-
JIMYECTBEHHbIE rpajaluy pucka. Harpumep, no paccros-
HUIO 710 HH(PACTPYKTYphl: MeHee 50 KM — HU3KUH PHCK
(6mm3Koe pacoNoKeHue K IeHcTBYIOMEeH HHPAaCTPyK-
Type), 50-200 kM — cpeanuii, 6oaee 200 kM — BbICO-
KU (TpyIHOOCTYITHAS MECTHOCTB).

Memoo oyenxu u gecosvie Ko3Qpuyuenmaoi.
J111 KONMMYECTBEHHON OLIEHKU TEPPUTOPUAIIBHOIO PUCKA
UCIIOJIB3YETCS] METO/I OAJUIBHON OIEHKH C IOCIIETyTO-
MM CyMMHPOBaHHEM C BECOBBIMH KOA(PHUITMECHTaAMH.
Kaxnomy dakropy pucka X, NpuCBaMBaeTCs 3HAYCHUE

unekca 7, mo mxkane or 0 go 1, rne 0 — orcyrcTBHE
yrpo3bl, a 1 — MakcuManbHasi HeOJIaronpusiTHas CH-
Tyanus. baiibl MOTYT yCTaHAaBIMBATHCS M KOPPEIUPO-
BaThCsl HA OCHOBE M3MEPEHHBIX JAHHBIX HIIH DKCIIEPT-
HOH oneHKH. BecoBble KOA(GHUINEHTHI OIOKOB MOTYT
OBITb IPUHATHIMU PAaBHBIMHU, €CJIN CYUTATh BCE TPYTIITBI
PaBHO3HAYHO BaKHBIMH, JTM00 MU HEepeHIINPOBAHHBIMU
Ha OCHOBE AKCIEPTHOTO pamXKUpoBaHus. B HaydHOM HC-
CJIeTIOBAaHUM B 0Q30BOM BapHaHTE MPHUHSTHI PaBHbIC Beca
onoxos (a,= a,= a,= a,= 0,25). Ilocne npuceoenus
6ayToB BceM (paKTopaM W BBEIYUCIICHUS CPETHUX 3HAYe-
HHH 110 OJIOKaM PacCUNTHIBACTCS] MHTETPAJIbHBIA HHIEKC
HPUIOHOCTH TepPPHTOpPHIL I, — 000OIIeH b KpHTE-
pHii, OTpa)karOMMUN CTENEHb MPUEMIIEMOCTH y4acTKa
Juist cTpouTenbeTBa. MHneke gpopmupyercst kak B3Be-
IICHHAs cyMMa (WITH cpefHee) OalljIoB M0 OCHOBHBIM
6JI0KaM PHUCKOB C YUETOM HX BECOB:

m
I, = Zj:] aR;,

rae m = 4 — 4uciao OJIOKOB; R/_ — CBOJHBII pUCK
1o j-my 0moxy (0 — orcyTcTByeT, | — MakcHMaJbHO
KpUTH4YeCKHui). B mpocTeiimem ciaydae (Koraa nCHoib-
3YIOTCS paBHbIC ) I €CTh CpejHee apupmeTHYeCcKoe
YeThIpeX CBOAHBIX OLEHOK. B manHo# pabore mox uH-
JIEKCOM MPUTOIHOCTH MMOHUMAETCS A0 PUCKOBOM CO-
crasystonieit: 0 03HaYaeT NOJHOCTHIO TIPUTOIHBIH (0e3-
PHUCKOBBI y4acTOK), | — MONMHOCTBIO HEPUTOIHBIH,
6e3 upe3BblyaiiHbIX Mep. Takum o6pa3om, 4eM BhIIIE
MHJICKC IPUTOIHOCTH, TEM CEphEe3HEe CyMMAapHBIN Tep-
PUTOPHUANIBHBIM PUCK M TEM MEHEee MpPHBIIEKATENbHA
IUIOINAKA JUI CTPOUTENBCTRA.

Jnst MHTepIpeTay HHTErPalbHOTO HHJIEKCA pa3-
paboTana mkana kareropuzanuu. Onupasich Ha MOIXO/,
ONMCaHHBIN B HAay4yHBIX HcclieqoBaHusax [16], npex-
JIOKEHHBIX U HE(TETAa30BBIX 00BEKTOB B APKTHKE,
YCTaHOBHMM CEMb I'paJlalliii pUCKA 110 BEJTUYUHE /" = 1l1p

 OeszomacHas teppuropus: r < 0,2. [Ipaktudeckn
HE HECeT YTrpo3 JJIsl CTPOUTENHCTBA, CTAaHIAPTHBIE YCIIO-
BUST;

* cimabo omacHas: 0,2 < r < 0,3. Hebonpmue pu-
CKH, JIETKO KOHTPOJIUPYEMBbIC IITATHBIMU PEIICHUSIMU;

» ymepenHo onacHast: 0,3 <r <0,45. Cpenuuii ypo-
BCHB PUCKOB, TPEOYIOTCS CTIEINAIBHBIC MEPHI B IPOCKTE;

e omnacHas: 0,45 <r <0,6. Beicokuii puck, 3Ha4H-
TEJILHOE BIHMSIHUE Ha MPOEKT, HEOOXOAMMOCTE CEpbhe3-
HBIX WHKEHEPHBIX PEIICHU;

e 3HayMTeNbHO onacHast: 0,6 <r <(,8. O4ueHb BbI-
COKHH PHUCK, 0€3 aIalTalliOHHBIX MEPOTIPUATHI peau-
3a1us IPOEKTa KpaHe YCIOKHACTCS;

* ype3BbIyaiiHo onacHas: 0,8 <r < 0,9. UpesBbI-
YallHO BBICOKHMI PUCK, CTPOUTENILCTBO HA TAKOM y4acT-
Ke ITOYTH BCET/Ia YKOHOMUYECKH HEIeJIeco00pa3Ho Win
TEXHUYECKH CIIOXKHO;

» katactpoduuecku omacHas: > 0,9. Puck neno-
IIyCTUMO BBICOK, TEPPUTOPHUS MPAKTUUECKU HEIPUTO-
Ha JUIsl OCBOGHHS B TEKYIIUX yCIOBUSIX.

DTH KaTeropuu MPUBOJAT OLICHKY K MOHATHOMY
YPOBHIO, YTOOBI MIPHUHSATHIE peIICHHs OB 000CHOBA-
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HBI, KOPPEKTHBI U yNOOHBI. CTOMT OTMETHTH, YTO HIOPO-
TOBBIC 3HAYEHNUS BEIOPAHbI CXO/s U3 aHAN3a HAYTHOU
JUTEPaTypBl, X MOXKHO BapbUPOBATh MO/l KOHKPETHbIE
TpeboBaHus mpoekra. [IpeyroxenHas mKana yqYuTbiBa-
€T POCCUMCKUI OIBIT PUCK-OLEHKH ISl apKTHUYECKUX
Teppuropuii [17].

Jannvie u uncmpymenmut. C LENBIO IPAKTUYECKON
peann3alnuu U3JI0KEHHOTO MOAXOoAa MPEeIoIaraercs
ucnons3zoanue [ MC-mardopmel yist cOopa 1 aHan3a
MIPOCTPAHCTBEHHBIX JaHHBIX M PUCKOB. B pamkax mc-
cireoBaHus C(hOPMUPOBAH HAOOP YCIIOBHBIX CBEICHHUN
JUISL IEMOHCTPALlMOHHOTO MpUMepa: KIMMaTH4YeCcKUue
mapaMeTpsl (TeMIeparypa Bo3ayxa U T.1.); TeOKPHOJIO-
THYECKHE XapaKTEPUCTUKH — O0OOOIIECHHBIE PE3YBTATHI
MOHHUTOPHHTa MEP3JI0ThI, IpoBoANMOro Hay4yHeiM 11eH-
TpoMm u3yuenust Apkruku [ 18]; uHpacTpyKTypHBIC CBe-
JICHHSI — CITyTHUKOBBIE CHUMKH, OTKPBIThIE KapThl J10-
por u mocenkoB. MHTerpanys komriekca gaHHbIxX B [ IC
MO3BOJISICT HAIVISAHO MACHTU(QHUIMPOBATH KIIOUEBBIC
(hakTOpbI prCKa Ha KapTe U COMOCTaBUTh MH(OPMAIINIO
o pa3HbIM y4acTkaM. K mpumepy, npu momomu Arc-
tic Risk Map mimu aHaIOTHYHOTO TIPHUIIOKEHUS MOJKHO
BU3YaJIbHO OLIEHUTH, HAXOANUTCS JIM paccMaTpHUBaeMbIi
Y4acTOK B 30HE YaCThIX MITOPMOB, B 30HE MHUIPALUU
KUBOTHBIX WJIM PAJIOM C 0CO00 OXpaHSIEMbIMH TePPH-
TopusaMH. B HacTosmelt paboTe Mg yOPOIICHHUS BCe
OLICHKH IIPOBE/ICHBI aHAIUTHYECKH, OJJHAKO B TIEPCIIEK-
TUBE Npeasiaraercsi pa3padorarb HUPPOBOH HHCTPY-
MeHT — ['YIC opueHTHPOBaHHYIO CUCTEMY MOIACPIKKH
MPUHATHS PELICHNH, Kyaa Oy/IyT HHTETPUPOBAHbI U TIPO-
MUCaHbl MOZIEJH pacdyeTa MHAEKCA MPUTOHOCTH. DTOT
MHCTPYMEHT CMOKET aBTOMaTHUECKH IIPHCBaNBaTh Oaj-
JIbI 1O (PaKTOpaM Ha OCHOBE 3arPyKEHHBIX CIIOEB (KapTa
MEP3I0THI, KIMMaTH4eCKUE KapThl, TPAHCIOPTHAS CXe-
Ma), a 3aTeM BbIJIaBaTh MHTETPAIBHYIO OLIEHKY M PEKO-
MEHJIAIMIO M0 KaTerOpUH pUCKa.

PE3YJIBTATBI HCCJEJOBAHUA

Obwas xapakmepucmura cucmemsl. B pesynsrare
MIPOBEJICHHOTO HCCIEeI0BaHUS c(hpopMUpOBaHa IIEIOCT-
Hasl CHCTeMa KJ1acCH(UKALMK 1 OLICHKU TePPUTOPUAITb-
HBIX PHCKOB, peIHA3HAYCHHAS IS TIPEIBAPUTEIBHOTO
aHaJHM3a TEPPUTOPHUH TSI CTPOUTENHCTBA B APKTHKE.
CucTeMa BKJIIOUACT: OMUCATENBHYIO CTPYKTYPY PUCKOB;
MeTo/1 0aJUIbHOM OlleHKH (AaKTOPOB U pacyeTa WHTe-
TPaTbHOTO MHJIEKCA TPUTOTHOCTH; MIKATUPOBAHHUE UH-
JIeKca 10 KaTeropusaM pHCKa ¢ HHTepIpeTaIueil; pexo-
MEHIAINU — THUIOBBIE MPEAJI0KECHUS IO MepaM
JUTS KQXKTOW KaTeTOPUHU pUCKA.

Onucamenvnas cmpykmypa puckog. CocTaBleHa
JIPEBOBHIHASL CX€Ma PHCKOB MPOEKTa CTPOUTEIIHCTBA
B Apkruke (pucyHok). Bepmmaa — TepputopuanbHbIH
PUCK MIPOEKTa, Jlajiee UAET pa3BeTBICHUE Ha 6 KaTeropuit
MIEPBOTO YPOBHS: HHKEHEPHO-T€OJIOTNIECKIE; KPHOTEH-
HBIC; KIMMAaTHYECKHUE; JOTUCTHICCKIE; HHPPACTPYK-
TypHBIe; dKojoruueckue. Kaxnas kareropus, B CBOIO
ouepesib, pacrucana Ha 4—5 KOHKPETHBIX MOKa3aTemei.
Takoe neTampHOE OMHCAHHE JaeT BOZMOXKHOCTH CKOH-
LEHTPUPOBATH COOP JIAHHBIX 110 KAKIAOMY ITyHKTY.

IIpumep pacuera 1Jisl THNIOTETHYECKOI0
yuyactka B AHAO

Jis neMoHCTpanuu pabOThl CUCTEMBI PAcCMO-
TPUM yCIOBHBIN mpumep. [Ipeanonoxum, 4To miaHu-
pPYETCsl CTPOUTENBCTBO KUJIOTO MUKpOpaiioHa B SIMano-
Heneukom aBroHoMHOM OKpyre B 30 KM K c€BEpO-BOC-
ToKy OT I. HoBBIii YpeHroit. MeCTHOCTh — IJIATO C BbI-
cotam, mpuMepHo 60 M HaJl YpOBHEM MOpsI, TOKPBITOE
necoTyHapoi. VMcxonHble nanHbIe (THIIOTETHYECKHE,
HO OJM3KHME K CPEJHUM 3HAYCHMSM JUISl ATOH JOKa-
[IMK): cpenHerogonas temmeparypa —8 °C, pacuerHas
MuHuMaibHas —50 °C; npoAOIKUTEIBHOCTD 3UMBI ~ 8
MECSLEB; p03a BETPOB — YACThIE€ CUIbHBIC BETPHI 3U-

WHKkeHepHO-reo1ornyeckue Kpuorennsie Kinmarnueckue
Y v Y
.
* HeCTaOHIIbHbIE 'PYHTEL; SKCTPEMAJILHBIC
O3eMHbIE B * TepPMOKApCT; TEMIIEpaTyphl;
* II 'MHBIC BOJIbI, .
ﬂ6 e aﬂ ; * Jlerpajialus Mep3IoTL; * CHEIKHBIC 3aHOCBI;
* INIyOHMHa IpoTanBaHUs .
y p « BozI03aCTON . 06neueugﬂme, .
MEP3JI0ThI * KOPOTKHUHU CTPOUTEIIbHBIN
Ce30H

DaKTOPBI TEPPUTOPUATILHBIX PUCKOB

Jloructnueckne HndpacrpykrypHsie

Dkosoruyeckue

Y Y

Y

* OTCYTCTBHE KPYIJIOTOAMYHOIO
JlocTyna;

* JIEZIOBBIE TIEPENPABDI;

* YAAJICHHOCTb OT CHAOMKEHUs;

* BBICOKAasi CTOMMOCTD JTOCTaBKH

* OTCYTCTBHE CETeli;

* IPOGIEMBI C HOJKITIOYEHUEM;
* HEOOXOAUMOCTh HOBBIX
TMOABE3AHBIX MyTel

* 4yBCTBHTC/IbHBIC 9KOCHCTEMBI;
* BOJIOOXPAHHBIC U CAHUTAPHBIC
30HBI;

* OOIIT 1 MUTrpaLOHHBIE ITyTH

Cxema TeppUTOPHATEHBIX PHCKOB ITPOEKTOB CTPOUTENLCTBA B APKTHKE
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MOI{; CHET BBINAAAET 0 2 M 3a 3UMY. | pyHTHI — Be4UHas
Mep3JI0Ta ¢ TeMIleparypoil Ha rryouHe dyHaaMeHTa
~ =3 °C, MOLIHOCTh CE30HHO-TAJIOr0 cios 1,5-2 wm;
penbed OTHOCHUTENBEHO POBHBIN, HO OMM3KO MpPOTEKa-
eT peka (MOTeHIHaJbHOE MOATOIUICHNE IIPU MaBOJIKE
HCKJIFOUEHO, TaK KaK y4acTOK Ha BO3BBIIIEHHOCTH).
CelicMuuHOCTD paiioHa Hu3Kas (He Ooiyee 6 OamIoB).
NudpacTpykTypa: Ommxkaimas acharbTHpOBaHHAS
JIopora — B 25 KM; 3JIEKTPUUYECKHE CETH OTCYTCTBY-
0T, HO B OyAyIleM IUIaHupyeTcs: cTpouTenbeTBo JIDIT;
J10 Keje3Hou aoporu ~ 40 KM; 10CTaBKa I'py30B BO3-
MOXKHA 3UMOH Hanpsimyto oT Ypenros. [logBoas uror:
Y Yy4acTKa BBICOKUH MHKEHEPHO-IFE€OKPHOJIOrnYECKUI
puCK (Temas Mep3J0Ta cO JIJOM), YMEPEHHO BBICO-
KUH KIUMaTHYECKUU PUCK (IKCTPEMaTbHBIN XOIOJ
1 BETPHI), HHPPACTPYKTYPHBIH PUCK CPETHUNA (OTHOCH-
TellbHasi OJIM30CTh FOPO/Ia, HO OTCYTCTBHE MHKEHEPHBIX
KOMMYHMKAIUH Ha JOKALUH), COIIMAIbHO-I)KOHOMUYE-
CKHU pHCK YMEpEHHEIH (HeoOuTaemast 30Ha). [IpoBenem
KOJIMYECTBEHHYIO OLICHKY 1O METO/IHKE:

* MHXEHEPHO-TEOKPHOJIOTMYECKHHi Ook: R, =
= 0,65;

* KJIMMaTHYECKUU OJIOK R_ =07,

* MH(PACTPYKTypHBIA OMOK R o~ 0,55;

* COLMAIbHO-OKOHOMUYCCKHI 0ok R~ 0,5.

Hanee npocymMmupyem monyuuBimecs seca: /=
=0,25(0,65+0,7 + 0,55 + 0,5) = 0,6. DT0 3HAYCHHE TIO-
magaeT B nuana3oH 0,6—0,8 — «3Ha4yuTeIbHO OIIacHas»
Kareropusi pucka. Takoi ydyacTOK elle MOXKET ObITh
MIPUTOJICH /ISl TOCTABJICHHOMN 3a/1auu, HO TpeOyeT ce-
PBE3HBIX MEp: B JAHHOM CIIydae HeOOXOANMO Ipeayc-
MOTPETH OpOTHe PyHIAMEHTHI Ha CBasAX C TepMOCU(O-
HaMU ISl OXJIQXK/ICHUS TPYHTa (4TOOBI IPEAOTBPATHTh
€ro OTTamBaHHe) U T.A. DTOT NPUMEDP WILIFOCTPUPYET
MPAKTHYECKYI0 IIEHHOCTh METOJIMKH: €Ille Ha JTare
IUTAHUPOBAHUSI NHBECTOP M MPOCKTHUPOBIIUKHA MOTYT
COCTaBUTh «IOPTPET» TEPPUTOPUH.

SAKJIIOYEHHUE U OBCYXJIEHUE

CTpouTeNnsCTBO B APKTHKE CONPSDKEHO ¢ YHHUKAIb-
HBIM COYETaHHEM IPUPOAHBIX ¥ TEXHOTCHHBIX PHCKOB,
TpeOyromux 0co00ro BHUMaHUs Ha dTanax IUIaHUPO-
BaHUs, IIPOCKTHPOBAHUS M IKCILUTyaTallMM OOBEKTOB.
Pa3paboTka cuctembl kKiaccu(UKaluu H OICHKH Tep-
PHUTOPHATIBHBIX PUCKOB II03BOJISAET CTPYKTYPUPOBAHHO
HOJXOIUTH K 3ToM 3aade. Kinaccudukanys puckos 1o Ka-

TETOpUAM (I(JTI/IMaTI/I‘{eCKI/IM, OKOJIOTHYCCKHUM, COLIMAJIbHO-
HKOHOMUYECKHM U JIp.) AT BO3MOXXHOCTb OXBATHTH BCE
ACTICKTHI YTPO3, CBA3AHHBIX C TEPPUTOPHEH CTPOUTEIh-
crBa. KonmmuecTBeHHast OLeHKAa M MOAEIMPOBAHNE PH-
CKOB, B CBOIO OU€PE/ib, 1al0T MHCTPYMEHTLI JI IIPOrHO3a
1 CpaBHCHUS BAapHaHTOB — 3TO OCHOBA JJId MPUHATUA
000CHOBAHHBIX YIPABICHUECKUX PEIICHUH.

[IpuMeHeHne ONMMCaHHON CUCTEMBI Ha MPAaKTHKE
03HAuaeT, YTo JI0 Havyaja CTPOUTEILCTBA MOXKHO HJICH-
TUGHUIMPOBaTh Hanboee ornacHble GakTopbI Al KOH-
KpeTHOH Tutomaaku (Oyab TO BEpOSITHOE MPOTAMBAHKE
MEP3JI0THI, 30Ha BO3MOKHOTO MOJATOIUICHHUS WM OT-
CYTCTBHE PE3EPBHBIX ITyTel CHAOKEHHS) U OLCHUTb,
HACKOJIBKO KPUTHUYHBIM Oy/IeT UX BIUSIHUE. DTO MO3BO-
JIACT 3aJI0KUTH B IPOCKT HCOGXOI[I/IMI)Ie MCEpPHbI 3alUThI:
YCHUJICHHBIE KOHCTPYKIINH, JOIOTHUTEIBHBIE PECYPCHI,
IUIAHBI 110 YpE3BbIUAHBIM cUTyanusM. B xoze peannsa-
IIH TIPOEKTa HETIPEPHIBHBIA MOHUTOPUHT U IIEPECMOT]
OLICHOK pHCKa 00€CIIeUNBAIOT aKTYalIbHOCTb IPHHSATHIX
Mep Ha BCeM MPOTSHKEHUHU KM3HEHHOTO LIUKJIA 00bEKTa.

BaxHO NOTYEPKHYTh, YTO B YCIOBHUSIX YCKOPEHHO-
TO U3MEHEHUsSI KIIMMaTa ¥ aKTHBHU3AIMH XO3SHCTBEHHO-
TO OCBOCHMS APKTHKH CHUCTEMa YIIPABJICHUS PUCKaMHU
He ocTaeTcs cTaTuuHOM. OHa IBOJIOLUOHUPYET, OMH-
padcCb Ha TaHHBIC I/ICCJ'IG}IOBaHI/II\/’I U TCXHOJIOTMYCCKUC
nHHOBaMu. Hampumep, BBIABICHHE HOBBIX OMACHBIX
TEOJIOTHYECKUX MPOLIECCOB, CBSI3aHHBIX C Jerpaganuei
MEp3JIOTHI, BEJIET K IIEPECMOTPY KIIaCCH(UKALMN PUCKOB
1 METOJ0B UX OLICHKU, ITIOABJICHUC 60.]166 TOYHBIX KJIHN-
MaTUYECKUX MOAEJIEH yilydlaeT POrHO3UPOBAHUE IKC-
TpeMaJIbHBIX HArpy30K U T.1. Takum oOpaszom, cucrema
KJIacCU(HUKAIMH ¥ OLIEHKH PHUCKOB JOJDKHA OBITH THOKON
W aIalITUBHOM, PETYSIPHO OOHOBIISIEMOH COBMECTHBIMU
YCUIIUAMU YUYCHBIX, MHXKXCHCPOB U YIIPABJICHIICB.

BHeznpenue cHCTEMHOrO MMOAXO0Aa K OLIEHKE Tep-
PUTOPHABHBIX PHCKOB MPU CTPOUTENBCTBE B APKTHKE
TIO3BOJIMT 3HAYHUTEIILHO ITOBBICHTH 0€30MacHOCTh U 3(-
(exTuBHOCTB NpOoekToB. Kitaccudukanus prckoB odec-
MeYrBaeT BCECTOPOHHEE BUJICHUE MPOOJIEM, OlleHKa —
KOJIMYECTBEHHOE ITOHNMAaHNE BEPOSITHOCTU M MOCIE-
CTBHH, a TOCJIEIyIOlIee yNPABIEHUE PUCKAMHI — CHH-
JKCHUE DTUX BEPOSTHOCTEH M TTOCIIEACTBUN IO MTPHUEM-
JIEMOTO ypOBHs. Bce 3T0 CIy)KUT 3aJ10r0M YCTOWYHBOTO
Ppa3BUTHA apKTHYCCKUX PETMOHOB, COXpaHCHUS KU3HU
1 30POBbsI JIIOAEH, a TAKXKE 3alUThl YHUKAJILHOU NpH-
pozxst CeBepa py OCBOSHHH €r0 OOTraTcTB.
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INTRODUCTION

The development of the Arctic zone of the Rus-
sian Federation is closely linked to unique challenges
and risks that have a significant impact on the construc-
tion of civil facilities. Key risk factors include extreme
climatic conditions, permafrost degradation, lack of in-
frastructure and other characteristics of the region. Ac-
cording to estimates by the UN Intergovernmental Panel
on Climate Change, the rate at which the Earth is getting
warmer is increasing. The average global temperature
is expected to rise by 1.5 °C by 2030, 10 years earlier
than previously expected. The most significant increase
in global temperatures is being felt at the poles, where
it is causing rapid melting of ice and permafrost' [1].
According to the Arctic Monitoring and Assessment
Programme (AMAP) and information from the Arctic
Council, the bearing capacity of soils in permafrost
areas will decrease by 25-50 % between 2015 and
2025, and by 50—70 % in the Yamal deposits [2]. These
changes pose a threat to the stability of buildings and
infrastructure. According to statistics, more than 50 %
of existing infrastructure in permafrost is located in
areas with a high risk of soil thawing. It is also worth
noting that currently up to 30 % of buildings in some
cities have structural deformations and damage due to
foundation degradation [3].

The construction of civil engineering structures in
the Arctic faces not only technical difficulties, but also
high territorial risks. Territorial risks are understood to
be threats associated with the properties of a specific
areca that may have a negative impact on construction
timelines and costs. In the Arctic, these risks include:

* engineering-geological (unstable soils, geocryo-
logical processes, depth of permafrost thawing, ground-
water);

* cryogenic (permafrost degradation, waterlogging,
temperature heterogeneity);

* climatic (extreme temperatures, snow drifts, short
construction season, icing);

* logistical (lack of year-round access, winter roads
and ice crossings, high delivery costs, remoteness from
supplies);

* infrastructural (lack of networks, connection
problems, need for access roads);

 environmental (specially protected natural areas
(SPNA) and migration routes, sensitive ecosystems,
water protection and sanitary zones).

In today’s reality, there is a growing need to study
the impact of permafrost degradation on infrastructure
and to develop an approach to risk assessment. For-
eign experience shows that researchers use geoinfor-
mation models to graphically represent hazardous ar-

' How to build for centuries on melting permafrost was dis-
cussed at the Il Forum “Arctic — Regions”, Eastern Centre for
State Planning. 2024. URL: https://vostokgosplan.ru/en/kak-
stroit-na-veka-na-tajushhej-merzlote-obsudili-na-ii-forume-
arktika-regiony/

eas. An example is The Arctic Risk Map project from
the Norwegian company DNV GL?, based on ArcGIS
for Server. This project integrates information on tem-
perature, storm activity, ice conditions, the availability
of rescue services, etc. Domestic scientific works ana-
lyze the stability of structures and facilities in condi-
tions of a changing climate (warming, etc.) [4, 5] and
propose methods for the engineering protection of foun-
dations [6—8]. However, there is no unified system for
classifying territorial risks for the construction of civil
facilities in the Arctic. This scientific study aims to fill
this gap by proposing a structured approach to the iden-
tification and assessment of risks specific to Arctic ter-
ritories. The novelty of this work lies in the adaptation
of existing risk management methods to the conditions
of the Far North, taking into account modern technolo-
gies and trends in environmental factors.

The aim of the study is to develop and describe
a system for classifying territorial risks and a method
for assessing the overall suitability of a site for civil con-
struction in the Arctic zone of the Russian Federation.

Russian academic literature provides empirical
evidence of the systemic impact of cryogenic processes
on the infrastructure of Arctic cities (foundation defor-
mation, thermokarst, subsidence, drainage failure) and
the need for regional adjustments to engineering solu-
tions and permafrost monitoring [9]. The final works
on the adaptation of Arctic infrastructure focus on foun-
dation cooling measures, network development and im-
provement of technologies in urban planning and opera-
tion [10]. Publications on the design and construction
of foundations in permafrost conditions describe techno-
logical solutions (pile fields, thermal insulation, structural
schemes for seismic and frost resistance) and the bound-
ary conditions for their applicability [11]. In parallel with
this, approaches to assessing geodynamic and natural-
technogenic risks in projects focused on the Far North
are being developed, ranging from probabilistic to fuzzy
classifiers and expert weights [12].

Engineering reviews and thematic articles offer
a wide range of adaptation measures: preventing heat
flow into the ground, enhancing heat removal (pas-
sive/active thermal stabilization systems), strengthen-
ing foundations and embankments, and adjusting design
schemes and production modes [13, 14].

Let us consider Russian practice: the Bovanenko-
vo — Ukhta gas transport corridor (Yamalo-Nenets Au-
tonomous Okrug) as the northern “head” of the Yamal —
Europe system. To deliver gas from the Yamal Peninsu-
la to the EGTU, two Bovanenkovo — Ukhta lines were
built, including complex coastal, marine, and marshy
areas. Solutions were implemented to protect insulation
in frozen and rocky soils (cushions, shock-absorbing
layers), anti-erosion measures (geogrids, shore rein-
forcement), soil retention on slopes, and ballast on wa-

2 Esri CIS. ArcReview. URL: https://arcreview.esri-cis.ru/
2017/05/10/arctic-development-mapping/
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tercourse crossings. The goal is to minimize heat flow
to the pipe and foundation deformation due to thermo-
karst and seasonal thawing?.

Ukhta — Torzhok and the Yamal — Europe export
route. The Russian section of Yamal — Europe begins in
Torzhok; gas from the Yamal-Nenets Autonomous Okrug
is transported via the Bovanenkovo — Ukhta — Torzhok
corridor. Permafrost-critical solutions are concentrated
on the northern branch (Bovanenkovo — Ukhta), while
Ukhta — Torzhok is mainly outside the cryosphere and
provides throughput and pressure*.

Power of Siberia. The route crosses areas with ice-
saturated permafrost and extreme temperatures down to
—60 °C. Steels and welding technologies for low-temper-
ature operation are used, along with a strain-based de-
sign approach in potentially deformable areas, enhanced
geocryological monitoring, seasonal work planning, and
local drainage and snow retention measures [15].

The ESPO oil pipeline system (Transneft). Sea-
sonal thermal stabilizers (two-phase tubes/TPCT) are
used in permafrost areas to maintain negative base tem-
peratures, thermal insulation, drainage and engineering
protection of slopes/embankments; the effectiveness
of the devices is monitored regularly?.

MATERIALS AND METHODS

The scientific work takes a comprehensive ap-
proach and is based on structured risk analysis meth-
odology. To develop a risk classification system, infor-
mation was collected on factors affecting construction
projects in the Arctic. The list of risks is based on cate-
gories recommended by experts focused on Arctic proj-
ects: natural and climatic, engineering and geological,
infrastructure and logistics, and environmental.

Let us consider each of the above categories of risks
for the construction of civil facilities in the Arctic.

Natural and climatic risks. These include extreme
air temperatures, strong winds, heavy snowfall and bliz-
zards, drifting ice and ice formation. They contribute
to longer construction times, increased wear and tear
on equipment and structures, and the need for unique
technologies. These factors also create difficulties for
engineers, construction crews, etc. in their work.

Engineering and geological risks. This group in-
cludes risks associated with the condition of the founda-
tion soil, such as the presence of permafrost, the depth

3 Bovanenkovskoye NGCM and the Bovanenkovo — Ukhta
trunk gas pipeline system, Gazprom. URL: https://proek-
tirovanie.gazprom.ru/press/ehntsiklopediya-proektirovsh-
chika/krupnejshie-proekty/bovanenkovskoe-ngkm-i-sistema/
4 Ukhta — Torzhok (Yamal) 2 Gas Pipeline, Global en-
ergy monitor WIKI. URL: https://www.gem.wiki/Ukhta-
Torzhok %28Yamal%29 2 Gas_Pipeline

5 Transneft Vostok LLC inspected thermostabilizing systems
at facilities in the permafrost zone, Yasia. URL: https://ysia.
ru/ooo-transneft-vostok-obsledovalo-sistemy-termostabilizat-
sii-na-obektah-v-zone-vechnoj-merzloty/
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of seasonal thawing, ice saturation of the soil, the risk
of thermokarst, subsidence and ice jams. These risks are
considered key, as the stability and balance of the foun-
dation is crucial to the integrity of the entire structure.

Infrastructure and logistics risks. Transport sys-
tems are mostly located far from developed Arctic ter-
ritories, and there are also problems with engineering
communications. The lack of year-round roads and
ports, as well as limited accessibility, create risks of in-
creased costs for the delivery of materials and delays in
the delivery of equipment and supplies. There is a need
to build autonomous energy sources, limited capacity
of local networks, and a lack of qualified teams on site
(to deal with emergencies, breakdowns, etc.).

Environmental risks. These include protected ar-
eas and animal migration routes, sensitive ecosystems,
as well as water protection and sanitary zones. These
factors impose restrictions on site location and work
schedules. Some areas are unsuitable for construction,
while others require larger buffers. Additional require-
ments arise for noise, water and soil protection.

Each of the above blocks is broken down into
more detailed indicators (risk factors). Qualitative and
quantitative risk gradations are defined for each factor.
For example, based on distance to infrastructure: less
than 50 km — low risk (close proximity to existing in-
frastructure), 50200 km — medium risk, more than
200 km — high risk (difficult-to-access terrain).

Assessment method and weighting coefficients.
To quantitatively assess territorial risk, a scoring method is
used, followed by summation with weighting coefficients.
Each risk factor X' is assigned an index value , on a scale
from 0 to 1, where 0 indicates no threat and 1 indi-
cates the most unfavorable situation. Points can be set
and correlated based on measured data or expert assess-
ment. The weighting coefficients of the blocks can be
taken as equal if all groups are considered equally impor-
tant, or differentiated based on expert ranking. In the sci-
entific study, equal weights of blocks (¢, =a,=a,=a,=
= 0.25) are taken in the basic version. After assigning
scores to all factors and calculating the average values
for each block, the integral index of suitability of the ter-
ritory /  is calculated — a generalized criterion reflect-
ing the degree of acceptability of the site for construc-
tion. The index is formed as a weighted sum (or average)
of scores for the main risk blocks, taking into account
their weights:

L= Z,-:1 a;R;,
where m = 4 is the number of blocks; Rj is the com-
bined risk for the j-th block (0 — absent, 1 — most
critical). In the simplest case (when equal a,are used),
I, is the arithmetic mean of the four combined assess-
ments. In this work, the suitability index is understood
as the share of the risk component: 0 means completely
suitable (risk-free area), 1 means completely unsuitable,
without emergency measures. Thus, the higher the suit-
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ability index, the more serious the total territorial risk
and the less attractive the site for construction.

A categorization scale has been developed to inter-
pret the integral index. Based on the approach described
in scientific studies [16] proposed for oil and gas facili-
ties in the Arctic, we will establish seven risk gradations
according to the value of r =1

* safe territory: » < 0.2. Practically no threat to
construction, standard conditions;

¢ slightly dangerous: 0.2 < r < 0.3. Minor risks,
easily controlled by standard solutions;

» moderately dangerous: 0.3 < r < 0.45. Average
level of risk, special measures required in the project;

* dangerous: 0.45 <r < 0.6. High risk, significant
impact on the project, serious engineering solutions
required;

* significantly dangerous: 0.6 < r < 0.8. Very
high risk, without adaptation measures, project imple-
mentation becomes extremely complicated,

+ extremely dangerous: 0.8 < r < 0.9. Extremely
high risk, construction on such a site is almost always
economically unfeasible or technically difficult;

* catastrophically dangerous: » > 0.9. The risk is
unacceptably high, the territory is practically unsuitable
for development under current conditions.

These categories bring the assessment to an un-
derstandable level so that the decisions made are jus-
tified, correct and convenient. It is worth noting that
the threshold values are selected based on an analysis
of scientific literature and can be varied according to
the specific requirements of the project. The proposed
scale takes into account Russian experience in risk as-
sessment for Arctic territories [17].

Data and tools. For the practical implementation
of this approach, a GIS platform will be used to collect
and analyze spatial data and risks. As part of the study,
a set of conditional data was compiled for a demonstra-
tion example: climatic parameters (air temperature,
etc.); geocryological characteristics — summarized re-
sults of permafrost monitoring conducted by the Arctic
Research Centre [18]; infrastructure data — satellite
images, open maps of roads and settlements. Integrat-
ing the data set into a GIS allows key risk factors to be
clearly identified on a map and information on different
areas to be compared. For example, using Arctic Risk
Map or a similar application, it is possible to visually
assess whether the area in question is located in a zone
of frequent storms, in an animal migration zone or near
specially protected areas. In this work, for simplicity,
all assessments were carried out analytically, but in
the future, it is proposed to develop a digital tool —
a GIS-oriented decision support system, where models
for calculating the suitability index will be integrated
and prescribed. This tool will be able to automatically
assign scores for factors based on uploaded layers (per-
mafrost map, climate maps, transport scheme) and then
provide an integrated assessment and recommendation
for the risk category.

RESEARCH RESULTS

General characteristics of the system. As a result
of the research, a comprehensive system for classify-
ing and assessing territorial risks has been developed,
designed for preliminary analysis of territories for
construction in the Arctic. The system includes: a de-
scriptive risk structure; a method for scoring factors
and calculating an integral suitability index; scaling
of the index by risk category with interpretation; recom-
mendations — typical proposals for measures for each
risk category.

Descriptive risk structure. A tree diagram of the risks
of the construction project in the Arctic has been drawn
up (see Fig.). At the top is the territorial risk of the proj-
ect, followed by a branching into six first-level categories:
engineering and geological; cryogenic; climatic; logistical;
infrastructural; and environmental. Each category, in turn,
is broken down into 45 specific indicators. Such a de-
tailed description makes it possible to concentrate on col-
lecting data for each item.

Calculation example for a hypothetical site
in the Yamalo-Nenets Autonomous District

To demonstrate how the system works, let’s con-
sider a hypothetical example. Suppose that a residential
neighbourhood is planned to be built in the Yamalo-
Nenets Autonomous District, 30 km northeast of Novy
Urengoy. The terrain is a plateau with elevations of
approximately 60 m above sea level, covered with
forest-tundra. Initial data (hypothetical, but close to
the average values for this location): average annual
temperature —8 °C, estimated minimum —50 °C; win-
ter duration ~ 8 months; wind rose — frequent strong
winds in winter; snowfall up to 2 m per winter. Soils —
permafrost with a temperature at the foundation depth
of ~ =3 °C, seasonal thaw layer thickness 1.5-2 m;
the relief is relatively flat, but a river flows nearby
(potential flooding during high water is excluded, as
the site is on high ground). The seismicity of the area is
low (no more than 6 points). Infrastructure: the nearest
asphalt road is 25 km away; there are no electrical net-
works, but the construction of a power line is planned
for the future; the railway is ~ 40 km away; cargo de-
livery is possible in winter directly from Urengoy. To
sum up: the site has a high engineering and geocryo-
logical risk (warm permafrost with ice), a moderately
high climatic risk (extreme cold and winds), an average
infrastructure risk (relative proximity to the city, but
no engineering communications at the location), and
a moderate socio-economic risk (uninhabited area). We
will conduct a quantitative assessment using the follow-
ing methodology:

» engineering and geocryological block: R ie™
~0.65;

* climatic block R, ~0.7;

* infrastructure block R . 0.55;

» socio-economic block R ~0.5.

soc-econ
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Territorial risk map for construction projects in the Arctic

Next, we sum up the resulting weights: 7 , =
=0.25(0.65 + 0.7 + 0.55 + 0.5) = 0.6. This value falls
within the range of 0.6-0.8 — the “significantly dan-
gerous” risk category. Such a site may still be suitable
for the task at hand, but requires serious measures: in
this case, it is necessary to provide for expensive foun-
dations on piles with thermosiphons for cooling the soil
(to prevent it from thawing), etc. This example illus-
trates the practical value of the methodology: even at
the planning stage, investors and designers can create
a “portrait” of the territory.

CONCLUSION AND DISCUSSION

Construction in the Arctic involves a unique com-
bination of natural and man-made risks that require
special attention during the planning, design and opera-
tion stages of facilities. The development of a system
for classifying and assessing territorial risks allows for
a structured approach to this task. Classifying risks by
category (climatic, environmental, socio-economic, etc.)
makes it possible to cover all aspects of the threats asso-
ciated with the construction site. Quantitative risk asses-
sment and modelling, in turn, provide tools for forecast-
ing and comparing options, which is the basis for mak-
ing informed management decisions.

Applying the described system in practice means
that before construction begins, the most dangerous
factors for a specific site can be identified (whether
it is probable thawing of permafrost, a zone of pos-
sible flooding, or the absence of backup supply routes)
and their critical impact can be assessed. This allows
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the necessary protective measures to be incorporated
into the project: reinforced structures, additional re-
sources, emergency plans. During the implementation
of the project, continuous monitoring and review of risk
assessments ensure that the measures taken remain rel-
evant throughout the entire life cycle of the facility.

It is important to emphasize that in the context
of accelerated climate change and increased economic
development in the Arctic, the risk management sys-
tem is not static. It evolves based on research data and
technological innovations. For example, the identifica-
tion of new hazardous geological processes associated
with permafrost degradation leads to a revision of risk
classifications and assessment methods; the emergence
of more accurate climate models improves the predic-
tion of extreme loads, etc. Thus, the risk classification
and assessment system must be flexible and adaptive,
regularly updated through the joint efforts of scientists,
engineers and managers.

The introduction of a systematic approach to as-
sessing territorial risks in construction in the Arctic will
significantly improve the safety and efficiency of proj-
ects. Risk classification provides a comprehensive view
of the problems, assessment provides a quantitative un-
derstanding of the probabilities and consequences, and
subsequent risk management reduces these probabilities
and consequences to an acceptable level. All this serves
as a guarantee of sustainable development in the Arctic
regions, the preservation of human life and health, and
the protection of the unique nature of the North while
exploiting its riches.
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AHaJIM3 NMOAX0I0B K NPOEKTHPOBAHUIO MEIUIIUHCKHUX YYPEeKICHNH
IPU NPOBEACHUN KANTUTAJIbHOIO PEMOHTA

IOus FOpveBna UBakuna'!, UBan Oueropuy Parymmnii'?
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AHHOTALUMNA

BBeaeHue. 30aHvsa MeEOMLMHCKUX YUPEXOEHUA NOABEPKEHbI MOPanbHOMY 1 (DU3NYECKOMY M3HOCY, BCNEACTBME KOTOPOro
nepecTarT YAOBMETBOPSATb COBPEMEHHBIM CaHUTAPHO-TUIMEHWYECKUM HOpMaMm, TpeboBaHusim 6e3onacHocTy u ap. lpo-
BeJEeHMEe KanuTanbHOro peMOHTa SIBMSIETCA OOHUM M3 KIOYEBbLIX PELUeHWA OaHHOW nNpobnemMbl. OTO CNOXHbIM Mpolecc,
TpebyoLmi yyeTa MHOXeCTBa (hakTOPOB, BAMSAIOLWMNX Ha 3 EKTUBHOCTL BbINOMHEHMS NOCTaBNEHHOM 3agayn. PaccmaTpu-
BalOTCA NOAXOAbI K MPOEKTUPOBAHMIO MEAVNLMHCKUX YUPEXAEHWIA MPU KanuTarbHOM PEMOHTE.

MaTtepuansb! u metoabl. [lpoaHanM3npoBaHbl HOPMaTUBHO-MPABOBOE PErynMpoBaHve B 06nacTu KanuTanbHOr0 PEMOHTA,
MCnonb3yemoe npu NpOeKTUPOBaHNK, a Takke CTPOSILLMECS N peanv3oBaHHbIE NPOEKTbI MO KanuTanbHOMY PEMOHTY Meau-
LIMHCKMX yypexaeHuin Mocksbl 1 MockoBckow obnacTu.

Pe3ynbraTtbl. BolgeneHbl WeCTb KMoYeBbIX NMOAXOAOB K MPOEKTUPOBAHUI0O MEOULIMHCKMX YYpeXxaeHUA npu npoBeLeHUU
KanuTanbHOrO PeMOHTa: obecrneyeHne MexaHW4ecKOW, CaHUTapHO-TUTMEHWYECKON M MPOTUBOMOXApHOM 6Ge3onacHocTy;
co3gaHne KoMOPTHOrO NPOCTPAHCTBA; AOCTKEHME DYHKLMOHANbHOCTU 3aaHnst Ans 3deKTMBHON opraHn3auun Tpyaa;
obecneyeHne AOCTYNMHOCTU OObekTa AN ManomMoOUIbHbIX TPYMN HAceneHus; peanusauus Mep no dHeprocoepexeHuo
1 paumoHanbHOMY pacxo4oBaHMI0 SHEPTETUYECKMX PECYPCOB; COONOAEHNE eanHbIX apXUTEKTYPHbIX, 06 bEMHO-NPOCTPaH-
CTBEHHbIX N UHTEPLEPHbIX PELUEHWI AN MEAULMHCKUX YYpeXaeHUA, 00 beaMHEHHbIX OBLLHOCTLIO TUNa NMbo opraHM3aLm-
OHHOW MpPUHAANEXHOCTbIO. [prBeaeHbl KOHKPETHBIE NPUMEPbLI peanu3auun Kaxaoro U3 nepevyncrieHHbIX NoAxXoaoB B pe-
anbHbIX NPOeKTax.

BbiBoAbl. [1Na AOCTMKEHUSA MaKCUMarbHOro addekTa Npy NPOEKTUPOBaHUN MEANLIMHCKMX YUPEXOEHU B Xo4e KanuTanb-
HOro peMOHTa PEKOMEHAYETCS PYKOBOACTBOBATLCS YKa3aHHbIMU NOAX0A4AMMU, KOTOPbIE MO3BOMAIOT 3HAYNTENBHO YBENUYNTD
KayeCTBO OTPEMOHTUPOBAHHbLIX MEANLIMHCKMX YYPEXOEHNN, MOBLICUTL KOMPOPTHOCTL N 6e30nacHOCTbL NpebbiBaHNUs Naum-
EHTOB M NepcoHarna, a Takke byayT cnocobCcTBOBaTL 9KOHOMUM PECYPCOB U YBEMNMYEHUIO NPOJOIMKUTENBHOCTMU XN3HEHHOTO
LMKNa 30aHuni.

KNKOYEBBLIE CINOBA: kanutanbHbIA PEMOHT, MEAULIMHCKUE YUPEXOEHUS, NMPOEKTUPOBaHWE, AOCTYNHOCTL, ManomMobusb-
Hble rpynmnbl HAaceneHusl, 3HeproaddekTMBHOCTbL, BesonacHoCTb

AnaA UWWTUPOBAHUA: MeakuHa HO.10., PamywHut M.0. AHanv3 noaxonoB K MPOEKTUPOBAHNI0 MEANLIMHCKUX YYpEXOaEeHUN
npu NpoBedeHNN KanuTanbHoro peMoHTa // CTpouTenbCcTBO: Hayka u obpasosaHue. 2025. T. 15. Bein. 4. Ct. 7. URL: http:/
nso-journal.ru. DOI: 10.22227/2305-5502.2025.4.7
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Analysis of approaches to the design of medical
institutions during capital repair

Yulia Yu. Ivakina', Ivan O. Ratushny'?
I Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation;
2 AFA GENPROJECT: Moscow, Russian Federation

ABSTRACT

Introduction. Buildings of medical institutions are subject to moral and physical deterioration, which makes them unsuitable
for modern sanitary and hygienic standards, safety requirements, and more. Capital repair is one of the key solutions to
this problem. However, this is a complex process that requires careful consideration of various factors that can affect the ef-
fectiveness of the repair. This article aims to explore the approaches to designing medical institutions during capital repair.
Materials and methods. The authors study the regulatory documents for major repairs used in design. They also consider
completed and under-construction medical institutions in Moscow and the Moscow Region.

Results. According to the results of the study, the authors identify six key approaches to the design of medical institu-
tions during major repairs: ensuring mechanical, sanitary, hygienic and fire safety; creating a comfortable space; achieving
building functionality for effective work organisation; ensuring accessibility of the facility for people with limited mobility;
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implementation of measures for energy efficiency and rational use of energy resources; compliance with uniform architec-
tural, planning and interior solutions for medical institutions united by a common type or organisational affiliation. Specific
examples of the implementation of each of the listed approaches in real projects are given.

Conclusions. To achieve maximum effect in the design of medical facilities during capital repairs, it is recommended to
follow these approaches, which can significantly improve the quality of renovated medical institutions, increase the comfort
and safety of patients and staff, and help to save resources and extend the life cycle of buildings.

KEYWORDS: major repairs, medical institution, design, accessibility, people with limited mobility, energy efficiency, safety
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BBEJEHUE

HccnenoBanus mokas3biBaIOT, YTO YPOBEHb MaTepH-
AJTBHO-TCXHUYCCKOTO O0CCIICUCHHS MEIUIIMHCKUX Y-
PSKICHUN UTpacT OOJNBIIYIO POJIHh B MPEIOCTABICHUH
Ka4ueCTBEHHOM U CBOEBPEMEHHOW METUIIMHCKON TIOMOIIIH,
yAOBJIETBOpsIoLIeH Hacenenue ctpansl [ 1-4). [Ipu 3na4n-
TEITHHOM YPOBHE (PM3UYCCKOTO H/HTH MOPATEHOTO U3HOCA
37IaHUE MEIUIIMHCKHUX YIPEKICHAHN TIepecTaeT OTBEYaTh
COBPEMEHHBIM CAHUTapHO-TUTUEHUYECKUM HOPMaM: CTa-
HOBHUTCSI HEBO3MOYKHO MCIIOIb30BATh HOBOE MEJTUIIMHCKOE
TEXHOJIOTHYECKOE 000PYAOBaHHUE, YXYIIIAIOTCS Mapame-
TPBHI MEKPOKJIMATa TIOMEIICHUN, CHUKACTCSI YPOBEHb
koMmdopTa 1 6e30MaCHOCTH AIMEHTOB [5, 6].

IIpoBenenue KanuTalbHOTO PEMOHTA METUITMHCKUX
YUpEXKJIEHUH SBISETCS BaXKHOM COCTABIISIOLIEH ToAIep-
JKaHUS KaueCTBEHHOTO (DYHKIIMOHUPOBAHUS CHCTEMBI
3paBooXpaneHus [7]. DTo CIOXKHBIN Tpoliecc, Tpedy-
IOLIHIA yyeTa MHOXKeCTBa (PAKTOPOB, BIIHSIONINX HA d(-
(heKTUBHOCTH BBIITOJHCHIS TIOCTABICHHOM 3a1a4n [§].
B mpenpigynmx uccieqoBaHUsSX aBTOPOB PaccMaTpH-
BaJIUCh HIOAHCHI M CJIOKHOCTH KalUTaJIbHOTO PEMOHTA
MEIUIIUHCKUX YUPCIKICHUN MPHU yCIOBUH HX (DYyHK-
IUOHUPOBAHUS: OT HEJIOCTATOYHON WH(DOPMATHBHO-
CTH HOPMATHBHON 0a3bl 10 OpraHU3alNdN PEeMOHTHO-
CTpOUTENBHBIX padoT [9, 10].

Ceroaus nepes; IPOSKTUPOBIIUKAMU CTOUT CIIOXK-
Has 3a7adya — YBS3aTh MEKIY cOOOH B pEIICHUSX
MHOXXECTBO acmekToB. Ha TeMy mMoaxomoB K MpOeK-
TUPOBAHUIO MEIUIMHCKUX YUPEKIECHHUHN CYIIECTBY-
IOT UCCJIEIOBAHMS], YUUTHIBAIOIINE SPTOHOMUUYHOCTD,
sHeprodddexruBHOCTS U T.A4. [11-16]. OnHAKO, HECMO-
TP HA HAJIMYHUE JIUTEPATYPHI, a TAKKE PEKOMEHIAIHNA
10 MCTOJIB30BAHUIO TEX WJIM MHBIX PEIICHU, BOIIPOCHI
KOMILJIEKCHOTO aHaJI13a MOAX0/A0B K IIPOEKTUPOBAHUIO
MEIUIITHCKUX YUPEKACHNH, TPUMECHICMBIX TIPH KaTlH-
TaJIbHOM PEMOHTE, COXPAHSIOT CBOIO AKTYaJIbHOCTb.

Ilenb maHHOM cTAaTbu — aHaAIW3 OCHOBHBIX IO/I-
XOA0B K IPOEKTUPOBAHUIO MEIULIMHCKUX YUPEXKICHUN
TIPY TIPOBEICHUH KaITUTaIHbHOTO PEMOHTA.

MATEPHUAJIBI U METOJbI

Jl1s BBIIOJTHEHMSI TIOCTABIEHHOI 1eIn MPUMEHs-
JIUCH CJIEAYIOLIUE METOIBI UCCIICI0BaHUS:

* aHaJIM3 HOPMATUBHO-TEXHUYECKON JOKYMEHTa-
LUU, UCTIOIb3YEMOM MPU IIPOEKTUPOBAHUU U OCYLIECT-
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BJICHUHU paloT 10 KaluTaJIbHOMY PEMOHTY MEIUIMH-
CKHX YUPEKICHMIA;

* W3y4YCHHE OTBITA MPOBEICHNS KalTUTAIEHOTO pe-
MOHTa Ha IPUMEpPE peabHbIX 00BeKTOB. BbUT paccMo-
TPEH PSAJ] TOCYIAPCTBEHHBIX OIO/PKETHBIX YUPEXKICHUN
31paBooxpaHeHust MOCKBEI. B 1aHHBIX 00BEKTaxX KOM-
nanueit OO0 «ADA TTEHITPOEKT» pazpabarsiBanach
NPOEKTHAs ¥ pabouast TOKyMEHTALWs JUIsl AajbHeHIe-
TO BBITOJTHEHUSI Pa0OT MO KalUTaIbHOMY PEMOHTY.

PE3YJIBTATHBI HCCIEJOBAHMUSA

Ha ocHoBe ananuza ABTOPLbI BBIACIAIOT 6 OCHOB-
HBIX TOAXOA0B K IMPOCKTUPOBAHUIO MEIUIINHCKUX y4d-
pe)KJICHI/Iﬁ IIPU BBINOJJHEHUHN KallUTAJIbHOI'O PEMOHTA,
MPEACTABJICHHBIX CXEMATUYHO HA pUC. 1.

Be3onacHocts

ObecrieucHre 6€30MACHOCTH — KIIFOYEBOE TPeOo-
BaHUE, MPEIBIBIIEMOE KO BCEM 3JIaHUSIM U COOPYXKE-
HUS Ha Bcex dranax xuzHenHoro nukia (JKII). OcHos-
Hble TpeOoBaHMs conepxkarcs B PenepaibHOM 3aKOHE
or 30.12.2009 Ne 384-03 «TexHuueckuil periamMeHt
0 06€30TacHOCTH 3JaHAH U cOOpyKeHni». ObecreueHe
6G3OH3CHOCTI/I — KOMIIJICKCHOC MMOHATUEC, YUUTBIBAIO-
I11ee TaKue acleKThl, KakK:

1. Mexanndeckast 6e30MacHOCTb

CrpouTtenbHbIe KOHCTPYKIIUN U OCHOBaHHUS JOJIK-
HbI 00J1aiaTh HEOOXOJUMON MPOYHOCTHIO U YCTOM-
YHUBOCTHIO, YTOOBI BO BPEMsI CTPOUTEIBCTBA U JKC-
TUTyaTallid HEe BO3HHUKAJIO YTPO3BI IPHUWHEHHS Bpena
3JI0pPOBBIO M JKW3HU Jojiei. PernmamMentupyercs 3Ha-
YUTEIbHBIM KOJIMYECTBOM HOPMATHUBHBIX JOKYMCH-
toB: CII 70.13330.2012 «Hecymue u orpaxaaromniie
koHCcTpyKium», CIT 16.13330.2017 «CtanbHble KOH-
crpykuum», CIT 63.13330.2018 «beroHHbIe 1 Kene30-
OeTOHHBIC KOHCTPYKIHH. OCHOBHBIC TOJOXKCHUSY,
CII 64.13330.2017 «/lepeBsHHBIC KOHCTPYKITUID H IP.

B pamkax obecnieueHnst MexaHHUUECKOH Oe3ormac-
HOCTH 3JIaHUH MPOBOIATCS 00CIICIOBAHUS JJIsl OLICHKH
TEXHUYECKOTO COCTOSHUS AJIEMEHTOB 3[aHUS, B TOM
4YpcIie HeCylIMX KOHCTpYKUUi. B ciiyuae onpenenenus
HEYJIOBJICTBOPUTEIILHOTO COCTOSIHUSI KOHCTPYKIIMIA BbI-
MOJTHAIOTCS. PEMOHTHO-BOCCTAHOBHUTEIBHEIE PaOOTHI:
yCHUIICHHUE, 3aMEHa OTICIBHBIX 3JIEMEHTOB FITH TIOTHAS
3aMeHa KOHCTpykuuu. Ha puc. 2 moka3zaHna cxema ycu-
JieHHsI COOPHOI MHOTOITYCTOTHOM TUTUTHI MIEPEKPBITHS
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Puc. 2. Cxema ycuiieHust COOPHON MHOTOITYCTOTHOM IUTHTBI IEPEKPBITHS

OJTHOTO M3 0OOBEKTOB IyTEM 3aMOHOJIMYMBAHUS ITyCTOT
C YCTaHOBKOHM apMaTypHBIX KapKacoB.

2. [IpoTuBonIO’kapHas 6€30MaCHOCTb

Bxmrogaer B ce0st IPUHSTHIE MEPBI U PELICHHUS,
HalpaBJICHHBIC Ha MPEIyIpexIeHIe M0XkKapa, OrpaHu-
YEeHHE ero PacIpoCTPaHEHUS B CIIydae BOSHUKHOBEHHUS
U MUHUMHU3ALUIO MOCIeACTBUN. PermaMmentupyercs
TaKUMH HOPMaTHBHBIMH JIOKyMEHTaMu, kak Penepaib-
HbIi 3ak0H OT 22.07.2008 Ne 123-®3 «Texuuueckuii
peraMeHT o TPeOOBaHMSIX MOKAapHON 0E30IacHOCTHY,
CIT 112.13330.2011 «IToxxapHast 6e301MacHOCTD 3MaHHHA
u coopyxkenuit», CIT 1.13130.2020 «Cuctema npoTuBo-
MOYKapHOH 3alTUTHl. DBaKyaI[HOHHBIE ITyTH U BBIXOJBI
(c U3menenuamu Ne 1-3)» u nip.

3. CannTapHO-rUrHeHHYeCcKas 6e30MacHOCTb

Bxirouaet Meps! M pelleH s, HalpaBIeHHbIE HA Orpa-
HUYEHHUE pacIpOCTpaHEHUSI MH(EKIMOHHBIX areHTOB
U TIATOTCHOB BHYTPH MEIUIIMHCKHUX YUPEKIACHNH, TTPO-
HUKHOBEHUSI BPEIOHOCHBIX MHKPOOPTaHI3MOB B OKpY-
JKAIOULYIO Cpelly M YCTPaHEHHE HeraTUBHBIX (haKTOPOB
BHEIITHEH Cpesibl, BPEAHBIX JJIS YEJIOBEUECKOTO OpraHm3-
Ma: XUMHYECKHE aKTHBHBIE BEIECTBa, OAKTEPUH, BUPY-
cbl ¥ T.1. Tak, B OIHOM M3 MpenbIayIX paboT aBTOpOB

AHAJTM3UPOBAIIUCH OTIICIIOYHBIC PEIICHUS TOMCIICHUN
nyquoﬁ JAUArdHoCTHUKU MPU MPOBECACHUN KalIUTAJIBHOT'O
PEMOHTA C y4ETOM pa3HbIX TpeOOBaHMil, B TOM YHUCIIE Ca-
HUTapHO-TUTHEHWYecKuX [17].

IHeprodPpPekTUHBHOCTH

DHeprocbepexeHne CTaHOBHUTCS Bce Oojee ak-
TyaJIbHOH 3a/auell B MUpE HM3-3a pOCTa HACEJICHMS,
9KOHOMUYECKOH aKTHBHOCTH M BBICOKHX TEMIIOB I10-
Tpebinenus pecypcos [18-20]. /lanHoe HanmpaieHue
B CTPOUTEIILCTBE periaMmeHTupyercs denaepasibHbIM 3a-
koHOM 0T 23.11.2009 Ne 261-®3 (pexn. ot 13.06.2023)
«O06 sHeprocOepeKeHNU M O TOBBIIICHUN YHEPTECTH-
yeckoi 3(pPeKTUBHOCTH, U O BHECCHUHM M3MEHEHHH
B OTZEJIbHBIE 3aKOHOJATeNbHbIe akThl Poccuiickoi Pe-
Jepanumn». B oxymeHTe 3aKperuieHo MoHITHE «IHepze-
muueckas s¢pgpexmusrocmuvy. [lox Helt monpazymeBaroT
XapaKTEPUCTUKH, OTPAKAIOIINE OTHOLIEHHE IT0JIE3HOTO
3¢ deKTa 0T HCIIOTH30BAHUS YHEPTETHIECKUX PECYPCOB
K 3aTparaM SHEPreTHYECKUX PECypcoB, MPONU3BEICH-
HBIM B IEJISIX TTOJTyYEHUsI TaKoro 3 dexTa.

B mumpokoM MoHATHH TOA dHEProdPPEeKTUBHO-
CTbIO B CTPOUTEILCTBEC NOHUMAIOT COBOKYIIHOCTb pPE-
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Puc. 3. ®parmenT dacanga o0bekTa, e IPOBOAATCS pabOTHI IO MOHTAXKY CUCTEMBI HABECHBIX (hacaioB

IICHUH ¥ METOJI0B, OPUCHTUPOBAHHBIX Ha CHHKCHUE
noTpeOJICHNsT SHEPTUH U ONTUMHU3AIMIO HCIIOJIB30-
BaHMS PECYPCOB KaK B IIPOLIECCE CTPOUTEIHCTBA, TAK
U B NIEPHOJ DKCIUTyaTallMH 3JaHUIl, IPU ITOM HE CHU-
JKast YpOBEHb KauecTBa yCJIOBUH peObIBaHNS YeTIOBEKa
B 31aHuu. [Ipyu npoBeeHNU KalnuTaaibHOr0 PEMOHTA
MEIHMIMHCKHUX YIPEKICHHI MOKHO BBIICIIUTE CIISIYIO-
M€ MEPOTIPUSTHSI 110 TIOBBIICHHUIO SHEProd(dexTHBs-
HOCTH:

1. CHWKEeHHUE TeIIonoTephb

CHIDKEHHE TeIUIONOTeph OCYLISCTBISIETCS ITyTeM
TEIUION30JISIIMH OTPAKIAIONINX KOHCTPYKIMH 31aHUH
W MCIOJIb30BaHUsI SHEProd(h(HEeKTUBHBIX JIBEPEH U OKOH,
00ecneYnBaOINX JTyYIIy0 H30JISAIHI0 U CHUKAFOLINX
terutonorepu. Ha puc. 3 npencrasnen ¢gparment dacaga
OJIHOTO U3 PacCMaTpPHBACMbIX aBTOPAMHU OOBEKTOB, IJIe
IPY KallUTaJIbHOM PEMOHTE NMPUMEHSIACh CHCTeMa Ha-
BecHOTro BeHTHIMpyemoro ¢acana (HBD). B xagectse
OTJEIIKH HCIIOJb30BaJIach OOJIMIIOBOYHAs Kepamorpa-
HHUTHAs! IUINTKA, & B KAYECTBE YTEIUTUTEISI — MHUHEPAJIo-
BaTHbIE IUIUTHI, ITIOTHOCTHIO He MeHee 90 kr/m®. Mex iy
MarepualoM OTIENIKA M YTEIUIUTEIEeM IPHCYTCTBOBAI
BEHTHJIILIMOHHBII 3a30p, Iie CBOOOIHO LUPKYIHPOBAT
BO3ZIYX.

2. MoznepHu3anus CUCTEMbI OTOIUICHHS

OcytiiecTBisieTcs: 3aMeHa KOTJIOB M palaTopoB OTO-
IUICHHS], @ TAKKE TIPOUCXOUT OCHAILICHHE OTONUTEIBHBIX
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NpHOOPOB HHIIMBUYaIbHBIMU aBTOMATHYECKUMU PETy-
JSTOPAaMH TETUIOBOTO MTOTOKA (TEPMOCTATaMH).

3. 3ameHa OCBEIIEHNS

3aMeHa JaMN HaKaJUBaHUS U JIFOMHHECIICHTHBIX
CBCTHUJIIBHUKOB Ha CBCTOAHMOAHBIC ITO3BOJIACT CHU3UTH
NoTpedIeHHEe SHEPrHH.

4. MoaepHU3aIHs CHCTEMbI BEHTHIIALMN U KOH/IU-
LIMOHUPOBAHUS

OIHO U3 pelIeHHH — YCTaHOBKa YMHBIX CHCTEM
ynpasienus. OHU yIpaBisioT paboToi Bcero 000pyio-
BaHUS B MH)KCHEPHOH CETH U IOJICP)KUBAIOT HYKHbIC
napaMeTpsl Bo3ayxa Onarogaps HHGOPMALUU OT AaT-
4yuKoB. Takue cucTeMsl cOCOOHBI PeryJIupoBaTh HH-
TEHCHBHOCTB I10J[a4¥l BO31yXa, MUHUMU3UPOBATh Tepe-
pacxoy1 AMEKTPOIHEPTUH U TTOJIEPKHUBATH KOM(OPTHBIE
YCIIOBHS KPYIIIOCYTOYHO.

JloCTYIHOCTD /ISl MAJIOMOOMJILHBIX TPYIHI
HaceJIeHUs

dopmupoBaHre KOMMDOPTHON 1 OE30MTACHOH CPE/IbI
oOWTaHUsI TS BCEX KaTErOPHH IpakIaH, BKITFOUast MaJIo-
MoOwuIbHBIE Tpynnbl HacenaeHus: (MI'H) — oxHa u3 rnas-
HBIX 3aJ]ad COBPEMEHHOTO mpoekTupoBanus [21, 22].
CornacHo HOpMaTuBHOU fokyMeHTauuu, Kk MI'H otHo-
CSITCSI JIIOAM, UCTIBITHIBAIOIINE 3aTPYAHEHUS IIPU CaMo-
CTOSITENILHOM IE€PEIBUKEHUH, TTOIyYE€HUH YCIYTH, He-
00xoanMoii MH(GOPMALIUU WIIM TIPU OPUEHTUPOBAHUU
B mpocTpancTse. [Ipu mpoekTupoBaHuK 0000 MECTO
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AcHeKTbl IPOCKTUPOBAHKA C Y4ETOM TPEOOBAHMUH JUI MaJIOMOOMIBHBIX IPYIII HACEICHUS

ACTIeKTBI MPOCKTUPOBAHUSA

IIpumepsr MeponpusATHi, TPOBOAUMEIX B paMKaX KaHTAJILHOTO PEMOHTA

Bxoanble rpymnmbt

YeTpoicTBO MaHIyCOB U MOLEMHHUKOB.
YCTpoICTBO MUPOKUX JIBEPHBIX TPOEMOB.
YCeTpoiicTBO aBTOMaTHUECKUX JIBEpen

BryTpennss opueHTanus
1 HaBHUTAIHA

UYeTkast BU3yasnbHasi pa3MeTKa U rpaIeCKHe CUMBOIIBI, TOHSITHBIE JTIOSIM

C OTPaHWIEHHBIMHU BO3MOXKHOCTSMH 3PEHHSI.

KoHTpacTHBIE I[BETa CTEH U MOJIOB ISt O0JIETUYSHNS OPHEHTAINHN CITA00BHUAAIINX
MAIUEeHTOB.

Vcrionb30BaHne ayIHOHABUTAIIMHI 1 TOIOCOBBIX MOJICKA30K B KOPHAOPAX M JIHUPTAX.
YCTpoHCTBO TaKTHIIBHBIX TAOMHMYEK W MUKTOTPAaMM, BBIIOIHEHHBIX MpupToM bpaiins

[Tyt nepeaBrKeHUS

OTcyTcTBUE IOPOIOB.

ObecrieyeHne 0CTaTOYHO MIUPUHEI KOPHIOPOB.

VYerpoiicTBO NOIOB U3 HECKOMB3AIUX MATEPHAIIOB, INIaJKUX U YCTOWYUBBIX K U3HOCY.
Hanmuwe nmudToB, npeaycMaTprBaoInX IEPEeBO3KY JIFOeH Ha HHBAJIHIHBIX KOJSICKAX

CaHI/ITapHO-FI/IFPICHI/I‘IeCKPIe
IIOMCHIICHUA

YCTpOﬁCTBO WHBAJIMAHBIX NYHICBbIX KOMHAT.
YCTpOﬁCTBO nopqueI‘?I, pbI4aroB Ui CItyCKa BOJbI U Ap.
YcranoBka 3€pKaJI U pAKOBHMH Ha OIITUMAJIbHYIO BBICOTY

Mebesb 1 TeXHUYECKHE cpeacrea

Hcnonp3oBanue CHCHHaHBHOﬁ MeOei M TEXHUYIECKHX CpeacTs pea6I/IJ'IPITaIII/II/I

[TapxoBka

BbI}ICJ’[eHI/Ie ClIEUAJIBHBIX ITAPKOBOYHBIX MECT, OTMEUCHHBIX COOTBETCTBYIOIIIUMU
3HaKaMHu

3anumaet CII 59.13330.2020 «/locTynHOCTh 3MaHUM
U COOPY)KCHHUH ISl MaJIOMOOMIIBHBIX TPYIIT HACEIICHUSL.
AxtyanusupoBanHas penakuus CHull 35-01-2001»,
KOTOPBII BKIIIOUEH B MEpeueHb 00sA3aTEIbHBIX K IPH-
MEHEHHUIO CTPOUTENBHBIX CTAHAAPTOB U CBOIOB ITPABHIL.
B nokyMeHTe ycTaHOBIIEHBI OCHOBHBIE TPeOOBaHMS,
MpeabsIBIsIEMbIE K TPOSKTUPOBAHUIO 31aHUH U COOPYIKe-

HU U1 00eCTIIeYeHUs IOJDKHOTO YPOBHS JOCTYITHOCTH
st MITH. B xoHTEKCTe KamUTallbHOTO PEMOHTA MeJU-
MUHCKUX YUPESKICHUNA MOXKHO BBIJCIUTH CICAYIONINE
TIPUMEPB MEPOTIPHUSATHI TT0 00ECTICICHUTO TOCTYITHOCTH
it MI'H, yka3anubie B TaOmuite.

Ha puc. 4 npuseneHb! (parMeHTHI IUTaHA TIEPBOTO
JTa)xka OJJHOTO U3 UCCICAYEMBIX 00BCKTOB, III¢ B IPO-
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Puc. 4. OparmenT mana BXOTHON IPYIIIEL @ — (parMeHT ImiaHa A0 KaluTaJbHOTO PEMOHTA; b — TOCIIe IPOBEACHNS KaIH-

TaJbHOTO PEMOHTa

IICCCC KAaluTaJIbHOTO peMOHTa BXOIHBIC prHHLI 30aHUA
MOJICPHH3HPOBAIIH C IO 00CCIIEYCHUSI JOCTYTHOCTH
s MI'H.

Ha puc. 5 mokazana sxunasi siuerika Juisi pa3me-
menust MI'H onHoro n3 paccmarpuBaeMbIX aBTOPAMH
00BEKTOB, TPEIOCTABISIONIMX MEIUIUHCKYIO TOMOIIb
B CTAIMOHAPHBIX YCIOBHAX, B KOTOPOH MPETYCMOTPEHBI
CaHUTAPHO-TUTUEHUYECKUE TTIOMEIIEHHSI, YIUTHIBAIOIIHE
ocobennoctu MI'H, a Takke uMeroIye CrieluaibHbIe
TCXHHUYCCKUC KpaHbI JJIs1 MOAHSATUA TAaKUX IMAIMCHTOB
C KpOBaTH M TIOCA/IKH B KPECIIO.

EnnnooOpa3ne apxXuTeKTypPHBIX, TU3aHHEPCKUX
U 00beMHO-IVIAHUPOBOYHBIX peleHui

B nocnenHue roas! B NpOEKTUPOBAHUU COLUAIIb-
HBIX 00BEKTOB, BKIIIOUasi MEANLIUHCKHIE YUPEKICHHUS,
IPU HOBOM CTPOMTENIBCTBE, KAIUTAJIBHOM PEMOHTE
U PEKOHCTPYKIHMH HAONIOZaeTCs] TEHACHIHS €INHO-
00pazusi B 00beMHO-TNIAHUPOBOYHBIX, aQPXUTEKTYPHBIX
U AM3alHEPCKUX pelIeHusX. JlaHHble pemenns pas3pa-
0aTpIBAIOTCS HA OCHOBE €MHOM KOHIICTII[UH, SJHHOTO
0/1X0/1a, PUPMEHHOTO CTHIISL, PEJICTABICHHBIX B TAKUX
JIOKyMEHTax, Kak OpeH0yK, raif/i1ailH Uitk JIOTO0YK.

SIpkuM npuMepoM eMHO00pasnst MPH KaUTalb-
HOM PEMOHTE MEJULIUHCKUX YUPEXKICHUH SIBISIETCS MO-
CKOBCKHI MPOoeKT «Mosl ITOTMKIINHUKaY, T B paMKax
MIPOBE/ICHUS] PEMOHTHO-CTPOUTENBHBIX padoT 3MaHus

102

MOJMKJIMHHK TPUBOMAT K €AMHOMY (pUPMEHHOMY CTH-
mo. Ha puc. 6 mpencraBieHbl (OTO OTPEMOHTHPOBAH-
HBIX 3[JaHUH MOCKOBCKHX TTOJIUKJIMHHK, BBITOJTHEHHBIX
10 €MHOMY CTAaHAAPTY.

CTOUT OTMETHTH, YTO HE TOJILKO MOCKOBCKHE I10-
JUKJINHUKA MOJIEPHU3UPYIOTCS B €IUHOM cThie. Taxk,
npukasoM JlemaprameHTa Tpyaa M COIMAIBLHOM 3alUThI
HaceneHus T. MockBeI oT 23.08.2024 BHECEHBI TIPaBKU
B €JMHO00PA3HBII MOIX0/ K PYKOBOJICTBY IO O(hopmIie-
HHIO HHTEPHEPOB COIMATBHBIX JIOMOB 1 T€POHTOJIOTUe-
CKHX IIEHTPOB IPH KOMIUIEKCHOM KaIlUTAJIILHOM PEMOH-
Te. Takke Py MPOEKTHPOBAHUH KaITUTAIBHOTO PEMOHTA
W HOBBIX YYPEXJEHHUH Ipynnbl KoMnaHuii «Mare n
JTATSD» UCTIONTE30BAJICS OpeHIOYK.

Cpean TOCTOMHCTB TaKOTO MOAX0/1a K MPOEKTHUPO-
BaHMIO MOYKHO BBIJICITUTD:

* (opMHUpOBaHHE KOPIOPATHBHOTO NMHJKA;

* SKOHOMMIO BPEMEHHU U PECypcoB — yHH(UKa-
sl pEIICHUH COKpalaeT BpeMsi U pecypchl Ha paspa-
OOTKY IPOEKTHOH 1 pabodeli TOKyMEHTAIINH;

* yI00CTBO MOJIb30BATEIICH — CITUHBII CTUJIB T0-
3BOJISIET OBICTpEE aIalTHPOBATHCS K IPOCTPAHCTBY, 00-
JIeryaeT OPUEHTAIMIO B 3/1aHHH, TaK KaK IPOCTPAHCTBA,
OPraHU30BAHHBIC MO CXOXKEH CXeMe, CTAHOBSTCSI MHTYH-
THBHO TTOHSTHBIMH M YJJOOHBIMH B HCIIOJIb30BAHHUH JIaXKe
JUTSL BIIEPBBIE TTOCEIIAIONIETO YIPEKICHUE TTaI[NeHTa.



AHaAn3 MOAXOAOB K MPOEKTUPOBAHMIO MEAULIMHCKUX y‘{pe)Ké\eHMﬁ

C. 97113
npu MPOBEAEHUM KannTaAbHOro PEMOHTa

e

|
JKunas koMmHaTa \ -
Ha 4 JemoBeKa
106

TS

— | == :

Puc. 5. XKunas saeiika 1y1s pa3MenieHus: MaTOMOOMITBHBIX TPYIIIT HACEICHUS

Puc. 6. 3nanust MOCKOBCKUX MOJMKIMHUK, BBITOJHEHHBIX 110 €IUHOMY CTaHIAPTY

Takum 00pa3oM, MPUMEHEHNE €AMHBIX PEIICHUN
B 00BbEMHO-TNIAHUPOBOYHBIX, APXUTEKTYPHBIX ¥ HHTE-
PBEPHBIX PEUICHHUAX JaeT BO3MOXXHOCTh 00CCIICUHUTH
BBICOKYIO CTE€NEHb OPraHM30BaHHOCTH, MPEICKA3yeMO-
CTH M yI00CTBa KaK MpY MPOSKTHUPOBAHUH U peaji3a-
IIUH NIPOEKTA, TaK U MPH SKCILTyaTaluH.

DOYHKIHOHAJIBHOCTH
B KoHTeKCTE MEMIIMHCKUX YUPEXKACHNH 1101 pyHK-
HUOHAIILHOCTBIO MOXKHO TIOHATH CIEYIOIIEe: 3aHHe

JIOJDKHO BMEIIATh BCEX HEOOXOANMBIX CIEIIHAIINCTOB,
nabopaTopHbIe M JAMArHOCTUYECKHE MO/Ipa3ieieHHs,
MYHKTBI BBIJIa4H JICKAPCTB M IMPOYUE CEPBUCHI, YTO UC-
KITFOYaeT HEOOXOAMMOCTh OOpAIIeHHS TTAIIIIEHTOB B JIPy-
rue yupexxenus. [Ipu takom moxxone obecreqnBaeTcs
OBICTPBIA M S(PEKTUBHBIN TOCTYH MALUEHTOB K HEO0-
XOJMMBIM YCITyraM, MUHHUMHU3UPYIOTCSI TPAHCIIOPTHBIC
3arparhl M yJaydliaercs o0llee BOCHPUSTHE KauecTBa
MeauuHCKol nomonty. Co3maroTest YeTKHe Iy TH Clie-
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JOBaHUs JJIA MAIIMCHTOB U MCIUITMHCKHX paGOTHI/IKOB,
HCKIIIOYAIOTCA MEPECEUCHUE U CMEIINBAHUE ITOTOKOB.

KomdopT

BaxxHO MOHUMATH, YTO KOM(OPT MEAUIHHCKOTO
YUpEXKICHHUS JIOJDKEH OXBAaThIBATh HE TOJBKO TallM-
CHTOB, HO U MEIMIIMHCKUHN mepcoHal. Pabouee mpo-
CTPAaHCTBO COTPYAHHKOB HEOOXOIUMO OPraHU30BBIBAT
TakuM 00pa3oM, 4TOOBI 00ECTIeUnTh OBICTPHIN JOCTYII
K 000py/I0BaHHIO, JOKYMEHTaM U JIEKapCTBaM, yMEHb-
B (PU3NYCCKUE HATPY3KH U CTPECC.

[IpocropHble manaTel AjIs MAHMEHTOB, OCHALICH-
HBIC YIOOHOH MeOeIpi0 1 00€CIIEYNBAOIIIE XOPOIITHIA
BO3/lyXOOOMEH, CBETJIbIC TOHA CTEH M ITOTOJIKOB, BU3Y-
AJIHO PACIIMPSIOIIME TOMEUIEHHE U CO3/aOIIHE OIILy-
IIEHHE [IPOCTOPA U YHCTOTHI, HCTIOIb30BAHHUE IKOJIOTH-
YEeCKU YHUCTBIX M THIIOAIIEPIEHHBIX MaTEPUAJIOB, JIETKO
OYHIIIAEMBIX ¥ CTOWKUX K arpeCCHBHBIM CPEJICTBAM JI€3-
MH(EKIHUU, OTCYTCTBHE MEPErPyKEHHOCTH MPOCTPaH-
CTBa, MOHATHAS HAaBUTalUs BHYTPH 34aHHUA — BCE 3TO
CIIOCOOCTBYET CHIIKECHHIO CTPECcca U CO3aHUI0 Oaro-
MIPUSITHOW CpeJIbl JUIsl BBI3OPOBIICHUS TAIIEHTOB.

SAKJIIOYEHUE U OBCYXAEHUE

KanuransHbii PEMOHT — OJHMH U3 KIHOYCBBIX
ACTICKTOB MOJACPHU3AIINN CUCTEMBI 31PAaBOOXPaHECHUA,
HOBBOJ’IHIOH.[HIZ MOBBICUTBH JKCIUTYaTAllMOHHBIC XapaK-
TEPUCTUKHU SHaHHﬁ, a TAaKXC YpOBCHb COOTBETCTBUA
COBPEMEHHBIM Tpe60BaHI/I${M K Ka4€CTBY OKa3bIBA€MbIX
MEOUIUHCKUX YCIIYT. KiroueBpiMu 3amagamu MOIEP-
HU3alluHu ABJIAIOTCA obecrieueHue (I)yHKI_[I/IOHaJ'ILHOCTI/I
MCOULUHCKOTO YUYPECIKACHHNA, a TAKIKE (l)OpMI/IpOBaHI/Ie

0e30macHoi 1 KOM(POPTHOU Cpelbl KaK JJIs MAIICHTOB,
TaK U JJIsl IepCcoHaa.

[IpoekTupoBaHKe KaUTAIBHOTO PEMOHTA MENIU-
UHCKUX YUPEKIACHUH TpeOyeT ydeTa MHOXKECTBa (hak-
TOPOB ¥ TpeOoBaHuid. [lepes MpOeKTHPOBIUKAME CTOUT
HeINpocCTasi 33/1aua — COo3/laHue OajaHca penieHui, op-
TaHWYHO COYETANOIIUXCS IPYT C APYTOM U COOTBETCTBY-
OIIMX COBPEMEHHBIM TEHACHIMSIM B 3PaBOOXPAHECHHUH.

B nanHoO# craTheil Ha mpuUMepe CTPOSILUXCS U pe-
ATM30BaHHBIX OOBEKTOB aBTOPAMH HCCIIEIOBAHBI TIOA-
XOIIBI K TIPOSKTHUPOBAHUIO MEIUIIMTHCKIX YUIPEKICHIH
TP TIPOBEICHUN KAITUTATHHOTO PEMOHTA, BEIICICHO
IIeCTh TOAXOI0B: 00CCIICYCHUE MEXaHUICCKOM, CaHH-
TapHO-TUTMEHMYECKOH M MPOTHBOIOKApHOH Oe3orac-
HOCTH; CO3/1aHHe KOM(OPTHOTO MPOCTPAHCTBA; TOCTH-
JKeHUE (YHKIIMOHAIBHOCTH 3AaHust s 9pdeKTHBHON
OpraHu3aliy TPY/Ia; 00eCIeUCHUE JOCTYITHOCTH 00BEK-
ta anst MI'H; peanuzanus Mep 1mo sHeprocOepereHHI0
U PAllMOHAIILHOMY PacXOJ0BaHHIO SHEPTETHUECKHUX pPe-
CYpPCOB; COOMIONICHNE SANHBIX APXUTEKTYPHBIX, 00BEMHO-
MIPOCTPAHCTBEHHBIX M HHTEPHEPHBIX PEIICHUH [T M-
IIIHCKHX YUIPEKICHIH, 00beANHEHHBIX OOIITHOCTHIO THITA
TIO0 OPraHM3AIIOHHON TTPUHAICKHOCTEIO.

Ha BrImrenepedncieHHbIC TIOXOBI CIIENYET OpH-
CHTUPOBATHCS MPOCKTHPOBIIUKAM TIPH MPOCKTHPOBA-
HUU MEIHMIUHCKUX YUPEIKICHUN MPU MPOBEACHUN Ka-
NUTaIbHOTO peMoHTa. OHM TO3BOJISIOT 3HAYUTEIHHO
YBEJIUYUTh KaUE€CTBO OTPEMOHTHPOBAHHBIX MEAMIIUH-
CKHX YYPEXJCHHI, MOBBICUTh KOM(OPTHOCTh U 0e3-
OIIaCHOCTH Hpe6I)IBaHI/IH MalMEeHTOB U IEpCOHAJIA, a TaK-
e CIIOCOOCTBYIOT SKOHOMUH PECYPCOB U YBEIUUCHHIO
npopokuTesibHocTy XKL 3nanuii.
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INTRODUCTION

Studies show that the level of material and technical
support for medical institutions plays a major role in
providing high-quality and timely medical care that
satisfies the country’s population [1-4]. With a significant
level of physical and/or moral wear and tear, the buildings
of medical institutions cease to meet modern sanitary
and hygienic standards: it becomes impossible to use
new medical technological equipment, the microclimate
parameters of the premises deteriorate, and the level
of comfort and safety of patients decreases [5, 6].

The overhaul of medical facilities is an important
component of maintaining the high-quality functioning
of the healthcare system [7]. This is a complex process
that requires consideration of many factors that affect
the effectiveness of the task at hand [8]. In previous
studies, the authors examined the nuances and com-
plexities of major repairs to medical facilities while
they remain in operation: from the lack of information
in the regulatory framework to the organization of re-
pair and construction work [9, 10].

Today, designers face the difficult task of coor-
dinating many aspects in their decisions. There are studies
on approaches to the design of medical facilities that take
into account ergonomics, energy efficiency, etc. [11-16].
However, despite the availability of literature and recom-
mendations on the use of certain solutions, issues related
to the comprehensive analysis of approaches to the design
of medical facilities used in major repairs remain relevant.

The purpose of this article is to analyze the main
approaches to the design of medical facilities during
major renovations.

MATERIALS AND METHODS

The following research methods were used to
achieve the set goal:

» analysis of regulatory and technical documentation
used in the design and implementation of major repairs
of medical facilities;

* study of the experience of major repairs using
real facilities as examples. A number of state-funded
healthcare institutions in Moscow were examined. For
these facilities, AFA GENPROEKT LLC developed
design and working documentation for further major
repairs.

RESULTS OF THE STUDY

Based on the analysis, the authors identify six
main approaches to the design of medical facilities
during major repairs, which are presented schematically
in Fig. 1.

Safety

Ensuring safety is a key requirement for all buil-
dings and structures at all stages of their life cycle (LC).
The main requirements are contained in Federal
Law No. 384-FZ of 30 December 2009, “Technical
Regulations on the Safety of Buildings and Structures”.
Ensuring safety is a complex concept that takes into ac-
count aspects such as:

1. Mechanical safety

Building structures and foundations must have
the necessary strength and stability so that during con-
struction and operation there is no threat of harm to human
health and life. This is regulated by a significant number
of regulatory documents: CP 70.13330.2012 “Load-bearing

Approaches in the design of building of medical institutions
during capital repair

Safety ]‘

:{ Functional

A

Energy efficiency

N

Uniformity of architectural, design
and planning solutions

Comfort

.

Accessibility for people with limited mobility

Fig. 1. Main approaches to the design of major repairs of medical facilities
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Fig. 2. Reinforcement diagram for a prefabricated hollow core floor slab

and enclosing structures”, CP 16.13330.2017 “Steel Struc-
tures”, CP 63.13330.2018 “Concrete and Reinforced Con-
crete Structures. Basic Provisions”, CP 64.13330.2017
“Wooden Structures”, etc.

As part of ensuring the mechanical safety of build-
ings, inspections are carried out to assess the technical
condition of building elements, including load-bearing
structures. If the condition of the structures is found to
be unsatisfactory, repair and restoration work is carried
out: reinforcement, replacement of individual elements
or complete replacement of the structure. Fig. 2 shows
a diagram of the reinforcement of a prefabricated hol-
low core floor slab at one of the facilities by grouting
the voids and installing reinforcement cages.

2. Fire safety

Includes measures and solutions aimed at prevent-
ing fires, limiting their spread in the event of an out-

break, and minimizing their consequences. Regulated by
such normative documents as Federal Law No. 123-FZ
of 22 July 2008 “Technical Regulations on Fire Safety
Requirements”, CP 112.13330.2011 “Fire Safety of Buil-
dings and Structures”, CP 1.13130.2020 “Fire Protec-
tion System. Evacuation Routes and Exits (with Amend-
ments No. 1-3)”, etc.

3. Sanitary and hygienic safety

Includes measures and solutions aimed at limiting
the spread of infectious agents and pathogens within
medical institutions, the penetration of harmful micro-
organisms into the environment, and the elimination
of negative environmental factors harmful to the human
body: chemically active substances, bacteria, viruses, etc.
Thus, in one of the authors’ previous works, finishing
solutions for radiology rooms undergoing major repairs

Fig. 3. Fragment of the facade of the facility where work is being carried out to install a curtain wall system
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were analyzed, taking into account various requirements,
including sanitary and hygienic ones [17].

Energy efficiency

Energy conservation is becoming an increasingly
pressing issue worldwide due to population growth,
economic activity and high rates of resource consumption
[18-20]. This area of construction is regulated by Federal
Law No. 261-FZ of 23 November 2009 (as amended
on 13 June 2023) “Energy Saving and Energy Efficiency
Improvement, and on Amendments to Certain Legislative
Acts of the Russian Federation”. The document
establishes the concept of “energy efficiency”. This refers
to characteristics that reflect the ratio of the beneficial
effect of energy resource use to the energy resources
expended to achieve that effect.

In a broad sense, energy efficiency in construction
is understood as a set of solutions and methods aimed
at reducing energy consumption and optimizing the use
of resources both during the construction process and
during the operation of buildings, without reducing
the quality of the conditions for people in the building.
When carrying out major repairs to medical facilities,
the following measures to improve energy efficiency
can be identified:

1. Reducing heat loss

Heat loss is reduced by insulating the building
envelope and using energy-efficient doors and win-
dows, which provide better insulation and reduce heat
loss. Fig. 3 shows a fragment of the facade of one
of the buildings considered by the authors, where a ven-
tilated curtain wall system (VCS) was used during ma-
jor repairs. Porcelain stoneware tiles were used as a fin-
ish, and mineral wool slabs with a density of at least
90 kg/m3 were used as insulation. There was a ventila-
tion gap between the finishing material and the insula-
tion, where air circulated freely.

2. Modernization of the heating system

Boilers and radiators are being replaced, and
heating devices are being equipped with individual
automatic heat flow regulators (thermostats).

3. Replacement of lighting

Replacing incandescent and fluorescent lamps
with LED lamps reduces energy consumption.

4. Modernization of the ventilation and air con-
ditioning system

One solution is to install smart control systems.
These control the operation of all equipment in the en-
gineering network and maintain the required air param-
eters based on information from sensors. Such systems
are capable of regulating air flow intensity, minimizing
energy overconsumption and maintaining comfortable
conditions around the clock.

Accessibility for people with reduced mobility

Creating a comfortable and safe living environ-
ment for all categories of citizens, including people
with reduced mobility (PRM), is one of the main tasks
of modern design [21, 22]. According to regulatory
documentation, people with reduced mobility are those
who have difficulty moving independently, obtaining
services, necessary information, or orienting themselves
in space. CP 59.13330.2020 “Accessibility of buildings
and structures for people with reduced mobility. Up-
dated version of SNiP 35-01-2001”, which is includ-
ed in the list of mandatory construction standards and
codes. The document establishes the basic requirements
for the design of buildings and structures to ensure
an adequate level of accessibility for people with re-
duced mobility. In the context of major repairs to medi-
cal facilities, the following examples of measures to
ensure accessibility for people with reduced mobility,
listed in the Table, can be highlighted.

Design aspects taking into account the requirements for people with reduced mobility

Design aspects

Examples of measures carried out as part of major repairs

Entrance areas

Installation of ramps and lifts.
Installation of wide doorways.
Installation of automatic doors

Internal orientation and

navigation visual impairments.

patients.

Clear visual markings and graphic symbols that are understandable to people with
Contrasting colours on walls and floors to facilitate orientation for visually impaired

Use of audio navigation and voice prompts in corridors and lifts.
Installation of tactile signs and pictograms in Braille

Ways to get around No thresholds.

Ensure corridors are sufficiently wide.
Floors made of non-slip materials that are smooth and wear-resistant.
Elevators that can accommodate people in wheelchairs

Sanitary facilities

Installation of disabled shower rooms.
Installation of handrails, levers for flushing water, etc.
Installation of mirrors and sinks at an optimal height

Furniture and technical aids

Use of special furniture and technical rehabilitation equipment

Parking
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Fig. 4 shows fragments of the first-floor plan of one
of the objects under study, where, during the course
of major repairs, the building’s entrance areas were
modernized to ensure accessibility for people with dis-
abilities.

Fig. 5 shows a residential unit for accommodat-
ing people with limited mobility in one of the facilities
considered by the authors that provide inpatient medical
care. It includes sanitary and hygiene facilities that take
into account the specific needs of people with limited
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Fig. 4. Fragment of the entrance hall plan: @ — fragment of the plan before major repairs; b — after major repairs
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Fig. 5. Living quarters for people with limited mobility

mobility, as well as special technical cranes for lifting
such patients from their beds and placing them in chairs.

Uniformity of architectural, design and spatial
planning solutions

In recent years, there has been a trend towards
uniformity in spatial planning, architectural and design
solutions in the design of social facilities, including
medical institutions, in new construction, major repairs
and reconstruction. These solutions are developed
on the basis of a unified concept, a unified approach,
and a corporate style, as presented in documents such as
brand books, guidelines, or logo books.

A striking example of uniformity in the major reno-
vation of medical facilities is the Moscow project “My
Polyclinic”, where, as part of the renovation and construc-
tion work, polyclinic buildings are brought into line with
a single corporate style. Fig. 6 shows photos of renovated
Moscow polyclinic buildings, built to a single standard.

It is worth noting that it is not only Moscow poly-
clinics that are being modernized in a uniform style. Thus,
by order of the Moscow Department of Labour and Social
Protection of the Population dated 23 August 2024, amen-
dments were made to the uniform approach to the gui-
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delines for the interior design of social homes and geron-
tological centres during comprehensive capital repairs.
A brand book was also used in the design of major
renovations and new facilities for the Mother and Child
group of companies.

The advantages of this approach to design include:

+ the formation of a corporate image;

* saving time and resources — standardizing
solutions reduces the time and resources needed to
develop project and working documentation;

* user convenience — a unified style allows users to
adapt to the space more quickly and facilitates orientation
in the building, as spaces organized according to a similar
scheme become intuitive and easy to use, even for patients
visiting the facility for the first time.

Thus, the use of uniform solutions in spatial plan-
ning, architectural and interior design solutions makes it
possible to ensure a high degree of organization, predic-
tability and convenience both in the design and imple-
mentation of the project and in its operation.

Functionality
In the context of medical facilities, functionality can
be understood as follows: the building must accommo-
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Fig. 6. Moscow polyclinic buildings renovated to a uniform standard

date all necessary specialists, laboratory and diagnostic
departments, medicine dispensing points and other ser-
vices, eliminating the need for patients to visit other
facilities. This approach ensures fast and efficient access
to necessary services for patients, minimizes transport
costs and improves the overall perception of the quality
of medical care. Clear routes are created for patients
and medical staff, eliminating cross-traffic and mixing
of flows.

Comfort

It is important to understand that the comfort
of a medical facility should extend not only to patients
but also to medical staff. The workspace for employees
must be organized in such a way as to ensure quick ac-
cess to equipment, documents and medicines, reducing
physical strain and stress.

Spacious patient rooms equipped with comfort-
able furniture and providing good air exchange, light-
coloured walls and ceilings that visually expand
the room and create a feeling of space and cleanliness,
the use of environmentally friendly and hypoallergen-
ic materials that are easy to clean and resistant to ag-
gressive disinfectants, no clutter, and clear navigation
within the building all contribute to reducing stress and
creating a favourable environment for patient recovery.

CONCLUSION AND DISCUSSION

Major renovations are one of the key aspects of mo-
dernizing the healthcare system, allowing for improved

building performance and greater compliance with mod-
ern requirements for the quality of medical services pro-
vided. The key objectives of modernization are to ensure
the functionality of the medical facility and to create
a safe and comfortable environment for both patients
and staff.

The design of major repairs to medical facilities re-
quires consideration of many factors and requirements.
Designers face the difficult task of creating a balance
of solutions that fit together organically and correspond
to modern trends in healthcare.

In this article, using the example of facilities under
construction and completed projects, the authors exam-
ine approaches to the design of medical facilities un-
dergoing major renovations, identifying six approaches:
ensuring mechanical, sanitary, hygienic, and fire safety;
creating a comfortable space; achieving building func-
tionality for effective work organization; ensuring ac-
cessibility for people with disabilities; implementing
energy-saving measures and rational use of energy re-
sources; compliance with uniform architectural, spatial
and interior design solutions for medical facilities that
are similar in type or organizational affiliation.

Designers should be guided by the above approach-
es when designing medical facilities during major reno-
vations. They make it possible to significantly improve
the quality of renovated medical facilities, increase
the comfort and safety of patients and staff, and contrib-
ute to resource savings and an increase in the life cycle
of buildings.
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Heo0xoaumMocTh MCNOIb30BAHUSA UMUTALUU MOCIAEACTBUH
HApPYLIEHUH B paMKaxX 00y4eHus 0e30IacHbIM MeToaM
U NpUeMaM BbINOJHEHUS PadoT

Hapne:xxna Angpeesna Cy60oTruna, Anapeit Hukonaesuuy Hukyaun
Cankm-Ilemepoypeckutl eocydapcmeenubill apxumexmypHo-cmpoumenvhuiil yHugepcumem (CII0TACY);
2. Canxm-Ilemep6ype, Poccus

AHHOTALUMA

BBepeHue. TpaBMaTnamM B CTPOUTENBHOWN OTPACIN OCTAETCA Cepbe3HON NpobremMoli, 0CO6EHHO 13-3a BbICOKNX PUCKOB, CBS-
3aHHbIX C MaAEHNAMM C BbICOTbI, KOTOPbIE YACTO Bbl3BaHbl YeNOBEYECKUM hakTOpoM. [ANsi CHUKEHNS ypOBHSA TpaBMaTmaMa
HeobX04MMOo cucTemaTnyecKkoe 1 Ka4eCcTBeHHOe 0byyeHne paboTHMKOB, OAHAKO TEKYLLME MPOrpamMmmbl NOArOTOBKU He BCeraa
obecneunBaloT JOMKHbIV YPOBEHb OCBEAOMIIEHHOCTU O pearbHbIX pUcKax, YTO NMoAYEpKMBAET BaXXHOCTb MCCredoBaHWA
3(PPEKTUBHOCTU CYLLECTBYHIOLLMX METOLOB O0YyYEHNS.

MaTepuanbi 1 MeToAbl. B Liensx oueHkM pe3ynsTaTBHOCTM 00y4eHnst pa3paboTaHbl aHkeTa U TeCTMPOBaHWeE, NO3BONSIO-
LLiMe BbISBUTb BOCMPUATME pabOTHMKaMM ONacHOCTEN M YPOBEHb OCTATOYHbIX 3HAHWI MO OXpaHe Tpyaa. PesynbraThl aHke-
TMPOBaHMUs 1 TecTUpoBaHuUsi obpaboTtaHbl B Microsoft Office Excel.

PesynbraTtbl. AHann3 aHKkeTMPOBaHWUS Ha BbISIBNEHWE OTHOLLEHUS PabOTHUKOB K pa3nMyHbIM OMacHOCTSIM Nokasar, 4To pa-
BGOTHMKM He HaxoasT LeHHOCTU B 06yYeHnmn No oxpaHe Tpyda. B uenom otcyTcTBue obyveHust He SBMSIETCS BaXHbIM acnek-
ToM GesonacHocTu Ans paboTHWKOB. [poBeAEHHbIV KOPPENsLMOHHBIA aHann3 aHKeTUpOBaHUS MOATBEPXKAAET BaXKHYHO
B3aMMOCBSI3b, KOTOpasi MPOCNEXMBAETCS MEXAY pasnuyHbIMU BuAaMu obyyeHust no oxpaHe Tpyaa. [poBepka ocTaTouHbIX
3HaHWUIA yCTaHOBWMA, YTO 3HaHUSi paboTHNKOB CHU3NUNUCL Bonee Yem Ha 30 % 3a 3—6 MecsALeB nocne nocnenHero obyyeHus
no oxpaHe Tpyaa. [NageHne ocTaTouHbIX 3HAHUI MOXKET CBUAETENBCTBOBATL O HEAOCTAaTOYHON MOTUBALMM COTPYAHWUKOB, He-
XBaTKe NPaKTUYECKOro NPUMEHEHUSI U3YYEHHOro MaTepuarna Unm o Tom, 4To obyveHne He Gblno AOCTaTOUYHO 3PMDEKTUBHBIM.
MccnepnosaHue nokasarno, 4YTO 3a4acTylo Ha CTPOUTENbHBIX NIIOLaAKax MPUOPUTET BbINOMHEHNS NPON3BOACTBEHHbIX 3a4a4
yCTaHaBNMBaEeTCs Bbille npuopuTeTa obecneveHnsi cobcTBeHHON 6e3onacHocTu. MoBbILEHNE NPUOPUTETHOCTU BOMPOCOB
nM4HoN 6e30MacHOCTN BO3MOXHO MNPV MOMOLLM U3MEHEHUSI MOAXOAO0B K 0Oy4eHWIo Mo oxpaHe Tpyaa, cnenyeT yuTu ot gop-
Manuama oby4eHus n 4o6aBuUTb UMUTaLMIO MOCINEACTBUIN HapYLLUEHWI 1 MOAENUPOBaHNE HECHACTHOrO Crlyyas B npoLecce
00y4eHns paboTHUKOB.

BbiBoabl. [1nsnoBbiLeHNs kayecTBa 06yyeHUs Bcpepe 6e3onacHOCTM HEOOXOANMO BHEAPEHWE MPAKTUKO-OPUEHTUPOBaHHbIX
noaxodoB, TaKUX Kak WHTEPaKTUBHbIE MPaKTUYECKUE 3aHATUS UM CUMYNSUMS HecqacTHbIX cryyaeB. YYeOHbIi MonuroH
«YMHbI TpyA» npepnaraeT UHHOBALMOHHbIE METOAbl, KOTOPbIE YYMTHIBAIOT MCUXONIOMMYECKME acreKTbl U MOo3BOnsAT
paboTHMKam rry6xe ycBanBaTb 3HaHWUs 0 6e30NacHOCTH, YTO CNoco6CTBYET hopMMpOBaHMi0 Ge3o0nacHoOro noBeAeHNs Ha pa-
604Kx MecTax.

KIMKOYEBBIE CIIOBA: nageHve C BbICOTbl, HECYACTHbIN Cryyan, MMUTaLMs NOCNeACTBUA HapyLUeHWI, CTPOUTENbLCTBO,
obyyeHne GesonacHbIM MeTodam W MpuemaM BbIMOMHEHUst paboT, paboTbl Ha BbicOTe, Ge3onacHOCTb, oxpaHa TpyAaa,
MOMUIOH «YMHBbIV TpyA»
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ABSTRACT

Introduction. Injuries in the construction industry remain a serious problem, especially due to the high risks associated with
falls from height, which are often caused by human factors. Systematic and high-quality training of workers is necessary to
reduce the level of injuries, but current training programs do not always provide the proper level of awareness of real risks,
which emphasizes the importance of studying the effectiveness of existing training methods.

Materials and methods. In order to assess the effectiveness of training, the authors developed a questionnaire and testing
to identify workers’ perception of hazards and the level of residual knowledge on labour protection. The results of the ques-
tionnaire and testing were processed in Microsoft Office Excel.

Results. Analysis of the questionnaire to identify the attitude of workers to various hazards showed that workers do not
find the value of labour protection training. In general, the lack of training is not an important aspect of safety for workers.
The conducted correlation analysis of the questionnaire confirms an important relationship that can be traced between differ-
ent types of labour protection training. Checking the residual knowledge found that the knowledge of workers decreased by
more than 30 % in 3—6 months after the last labour protection training. A drop in retained knowledge may indicate insufficient
employee motivation, a lack of practical application of the material studied, or that the training was not effective enough.
The study showed that often at construction sites, the priority of performing production tasks is set higher than the priority
of ensuring one’s own safety. Increasing the priority of personal safety issues is possible by changing approaches to occu-
pational safety training - moving away from formalism of training and adding imitation of the consequences of violations and
accident modeling in the process of training workers.

Conclusions. To improve the quality of safety training, it is necessary to introduce practice-oriented approaches, such as
interactive practical classes and accident simulation. The “Smart Labour” Polygon offers innovative methods that take into
account psychological aspects and allow workers to more deeply absorb knowledge about safety, which contributes to
the formation of safe behavior in the workplace.

KEYWORDS: fall from height, accident, simulation of consequences of violations, construction, training in safe methods and
techniques for performing work, work at height, safety, labour protection, “Smart Labour” Polygon
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BBEJAEHUE

TpaBMaTu3M B CTPOUTEIHHON OTpaciu OCTaeT-
Csl aKTyaJIbHOHM TIpoOIeMOll COBPEMEHHOTO OOIIIEeCTBaA.
CTpOUTENbCTBO COMPSIKEHO C BHICOKMMU PUCKAMU,
KOTOPBIE MOTYT IIPHBECTU K CEPbE3HBIM TPaBMaM H Jie-
TanbHBIM ucxonaM. [1o nanusiM BeemupHoii opranu-
3alMH 3PaBOOXpaHeHNS U MHUHHCTEPCTBA TPyJa U CO-
UANBHOM 3amuTel PO" 2 cTpouTeIbHbIC MIOMIAIKN
3aHMMAIOT OJIHO U3 MEPBBIX MECT MO KOJIUYECTBY He-
CYACTHBIX CIIy4aeB Ha IPOM3BOJCTBE, UYTO MOTICPKH-
BaeT HEOOXOMUMOCTh BHEIPCHUS 3(PPEKTUBHBIX MEP
mo obecredeHuro 6e3onmacHocTH Tpyna. CTpouTenpHas
cthepa oTmugaeTcs OonbIIME 00beMaMu paboT, KOTO-
prIe TpebyeTcs BBIOIHUTH, COONonas cpoku. Jlrobas
CTPOUTENbHAS TUIOMIAKa — 3TO MepedeHb padoT mo-
BBIIIEHHOW OMAaCHOCTH, KOTOPBIE OCYIIECTBISIOTCS
MHOXECTBOM OpHTal OTHOBPEMEHHO, UTO CITY’KUT 0CO-
OCHHOCTBIO JTAaHHOU cepsl IKOHOMHUKHU. [Ipobiemam
TpaBMaTH3Ma B CTPOHUTEIHCTBE TMOCBSIIEHO OONBIIOE
KOJIMYCCTBO ITyOITUKAINI, YTO TOAYSPKUBACT BAXKHOCTh
uccnenoBanumii [ 1-4].

AHaNU3HUpPYs CTAaTHCTHYECKUE CBeneHus” [3] u Tpy-
IbI [5, 6], MOXHO BBIJIEIUTH OCHOBHOM BUJ MPOUC-
IIECTBHS, TIPUBOIAMINN K TSHKEIIOMY U CMEPTEIHHOMY

! Baswl manHbix // EBporneiickuii mopran nHdopManum 31paBo-
oxpanenus. URL: https://gateway.euro.who.int/ru/datasets/

2 MOHHTOPHHT yCIIOBHUIA 1 OXpaHsbI Tpyia B Poccuiickoit @enepa-
un 2018-2023. URL: https://eisot.rosmintrud.ru/monitoring-
uslovij-okhrany-truda

TpaBMaTH3My, Ha MPOTSHKEHUH MHOTHUX JIET HEU3MEH-
HBIM JIMACPOM SBJIACTCA NMAACHUC C BBICOTHI, IPUYMHBI
TaJICHAI 3a9acTyr0 — denoBedeckuit gpaxrop [7—11].

OnuH u3 Hanbosee NEHCTBEHHBIX CIIOCOOOB CHH-
JKEHHs YPOBHS TpaBMaTu3Ma 110 IPUYHHE YeJloBede-
cKoro (axropa, Mo MHEHHIO aBTOPOB, — CHCTEMaTHYe-
ckoe oOydeHue paboTHHUKOB. KauecTBeHHOE 00yUcHHE
HE TOJIBKO TTOBBIIIAET YPOBEHb OCBEIOMIIEHHOCTH CO-
TPYAHUKOB O MOTEHLIUAIBHBIX PUCKAX, HO U (hOpMHUPY-
€T y HUX KYJIBTYpy 0€30MacHOCTH, CLIOCOOCTBYIOMIYIO
0osiee OTBETCTBEHHOMY OTHOIICHHIO K BBIIIOJTHEHUIO
CBOMX 00s13aHHOCTEH. B yclnoBUsIX TUHAMHYHO pas-
BHBAIOIIETOCS CTPOUTEIBHOTO PBIHKA, T/I€ TEXHOJIOTHU
U METOIBI Pa0OTHI TOCTOSIHHO COBEPIICHCTBYIOTCS, HE-
00XOIMMOCTB B PEryJIsIpHOM OOHOBJICHUY 3HAHUI U Ha-
BBIKOB CTAHOBUTCSI OCOOCHHO aKTyaIbHOH.

CBoeBpeMEeHHOE M Ka4eCTBEHHOE 00yUeHHUe Tpe-
OOBaHUSAM OXpaHBI TPyJla HECOMHEHHO BakHO. OJJHAaKO
coBpeMeHHble uccnenoanuss BHUU tpyna Muntpyna
Poccun 3a 2019-2023 rr.’ noka3pIBalOT, YTO MAaKCH-
MaJIbHOE KOJINYECTBO PAOOTHHUKOB MOTHOAET B IEPBhIC
MoJITo/1a Tocie mociieAHero odyuenus (puc. 1).

OTa CTaTHUCTHKA CBHIETEIBCTBYET O TOM, YTO Tpa-
JUIIMOHHBIC MTPOTPAMMBI ITOJTOTOBKH HE BCerna odec-
MEYMBAIOT HEOOXOANMYIO OCBEJOMIIEHHOCTH paOOTHH-
KOB O peabHBIX PUCKAaX HA CTPOUTEIHHBIX IUIOMIAIKaX,

3 Oxpana tpyza B mudpax / BHUU tpyna Muntpyna Poccun.
URL: https://s.vcot.info/document/poleznoe/media/5/66d99c-
1a16c0e568797996.pdf

115

(8G) ¥ HORLIGG 'GL WOL Scaieionty ™



N ITSLETSO: T 15. Boinyck 4 (58)

H.A. Cy66omuna, A.H. Hukynux

23,30 %
25,00

£ 2000 16,50 %

Ex

(e} Cﬂn

= £ 1500

B =

£ £ 10,00

Lo

g <

éﬁ 5,00

0,00

24,30 %

16,20 %

11,60 %
8,20 %

i1

ol Orlmo3 Or3mo6 Or6m09 Or9mol2 Bonee 12

KonyecTBo MecsieB, Mpoleumx
mocie 00y4eHus 10 OXpaHe Tpyaa

Puc. 1. 3aBucuMoCTh KOIMYECTBA MOTUOLINX OT BPEMEHH, Mpolueantero nocie ooyuyenus, 2019-2023 rr.

T.€. IPOBOJMMOE PabOTHHKAM 00yUYEeHHE HEJOCTATOUHO
3¢ GEKTHBHO, a MPOBEPKA 3HAHUI TPECOOBAHMI OXPAHBI
TpyZa HEPEIKO TPOBOTUTCS (HOPMAITBHO.

Lenb rceremoBanmst — OTpe/esIeHne KauecTna Cy-
IIECTBYIOIIETO 00yYeHHsI O€30MACHBIM METO/IaM U TIPH-
eMaM BBINOJIHEHUS] pabOT HA BHICOTE HA OCHOBAHUU
AHKETHUPOBAHUS PAOOTHUKOB, HEMOCPEACTBEHHO MTPOBO-
JSIIAX PabOTHI, CBSI3aHHBIC C BHICOKHM PHCKOM TIajie-
HUS C BBICOTBI, & TAK)KE TPOBEPKH ITyTEM TECTHPOBAHHSI
OCTaTOYHBIX 3HAHUU YKa3aHHBIX PaOOTHUKOB. Pe3yiib-
TaThl UCCIIEAOBAHUS TPOAEMOHCTPUPYIOT OTHONICHHE
PabOTHUKOB K Pa3IMYHBIM OMACHOCTSIM, KOTOPbIE MO-
T'yT MPUBECTH K TAJCHUIO C BBICOTHI, & TAK)KE TOKAXYT
JTMHAMHAKY TIOTEPH 3HAHUI 110 UTOTAM TIOCIIEIHETO MPOo-
1reero o0y4yeHus: 6€30MacHbIM METOIaM M TPUEMaM
OCYIICCTBICHHS pabOT Ha BBICOTE.

MATEPHAJIBI U METO/JbI

Jy1s TOTO YTOOBI OLIEHUBATH KAYECTBO CYIIIECTBYIO-
mero o0y4deHusl paOOTHHKOB B 00JIaCTH OXPAHBI TPy/Aa
CIIeyeT MOHNMaTh, Kakue TPeOOBAHUS TPEIbIBISIOT-
Csl K HEeMy B HOPMaTHBHO-TIPABOBBIX aKTaxX. ABTOpaMu
MPOaHAIM3UPOBAHBI HMEIOLIHECs TPEOOBaHMUS K 00yUe-
HUIO 0e30MacCHBIM METOJaM U MpHEeMaM BBITIOJTHEHUS
paboT Ha BBICOTE U CJIEaH BBIBOJ, YTO PEIIIAMEHTH-
pyercst 00yueHne IByMsi OCHOBHBIMHA HOpPMaTHBAMH —
ITocranosnenue IlpaBurensctBa PO ot 24.12.2021
Ne 2464 «O nopsiake o0ydeHus 1Mo oxpaHe Tpyja u mpo-
BEPKH 3HAHUS TPEOOBAHHUN OXpaHbI Tpyaa»”’ U IpHKa3
Muntpyna Ne 782w, yrBepxkaaromuii [Ipasuna mo ox-
paHe Tpyna npu paboTe Ha BBICOTE’.

4 O mopsizike 00yd€EHHS 110 OXPaHE TPY/Ia U MPOBEPKU 3HAHUSI
TpeGoBaHmid oxpaHbl Tpyna : yTB. [locranoBnenunem [IpaBu-
tenbetBa PO ot 24.12.2021 Ne 2464 (pen. ot 12.06.2024) (Bme-
cre ¢ [IpaBuaamMu 0Oy4deHHUs 110 OXpaHe TPy/a U IPOBEPKHU 3Ha-
Hust TpeboBanuii oxpansl Tpyaa). URL: https://www.consultant.
ru/document/cons_doc LAW 405174/

* O0 yTBep)KICHUH TPABHJI [10 OXpaHe TPy/a Ipu paboTe Ha BbI-
cote (1. 132) : yTB. Ilpukazom Muntpyana Poccnn ot 16.11.2020
Ne 782n. URL: https://www.consultant.ru/document/cons_doc
LAW_371453/
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Wcxonst u3 tpebosanmii [locranosnenuns [Ipasu-
tenbcTBa PO? . 36, mporpamMma oOyueHuUst pabGOTHHKOB,
BBITTOJTHAIOMINX paOOThI Ha BBICOTE, JI0JDKHA BKIJIIOYATH
TEOPETHYECKYIO M TPAKTHUECKYI0 YacTH. TeopeTnde-
CKasl 4acThb MPH STOM MOXET OBITh JIUCTAHIIMOHHOM,
HO TIpakTHKa 00s13aTe’bHO — OouHOU. EcTh emre onHO
TpeboBaHMe, Kacaromieecss MPakKTHIecKoil yacTu o0y-
YeHHS, — MPAKTHUECKNE 3aHATHUS JOJDKHBI 3aHUMATh
o0beM He MeHee 25 % OT 00X YacOB MPOrpaMMEI 00Y-
uyenust* 1. 49.

Ob6parumcsa k TpeboBanusaM [IpaBun mo oxpane
TpyZaa npu paboTe Ha BBICOTE, KOTOPBIE MPONUCHIBAIOT
00s13aTesIbHOE MPOBEJICHUE MPAKTHYECKON YacTH 00-
yueHus 663OHaCHI:nIM MCTOAaM U IMpueMaM MpoBCIC-
HUS pabOT Ha BBICOTE Ha CIIEIHATEHO 000PyIOBaHHBIX
crengax wi nonuronax’ m. 17. Takxke npukaz MuH-
Tpyna Ne 7821 nenut Bcex pabOOTHUKOB, BBITOIHSIOMINX
paboThl Ha BBICOTE, HA TPU TPYMIIBI 10 OE30IACHOCTH.
[TpucBoeHne TpynIel 03HAUAET AOIYCK K OCYIIECTBIIC-
HUIO OTIPE/ICTICHHBIX BHJIOB PadOT M Pa3TpaHUINBACT
30HBI OTBETCTBEHHOCTH, T.€. UL KaXKI0H U3 TPEX TPy
no 6e3onacHoct [IpaBuiamu mponucansl TpeboBa-
HUSI TI0 3HAHUSM U YMEHUSIM, KOTOpPbIC TOJKHBI OBITH
c(hopMHpOBaHBI y pabOTHUKA OINPEACICHHON TPYIIIIBL.
Ha ocHoBanum TpeGoBaHMH K 3HAHHUSIM M YMECHHSM,
MPOMHUCAHHBIM HOPMAaTUBHO, 00YYaIOIIMMHU [IEHTPaMU
pa3pabaTeIBalOTCS MPOTPaMMBI OOyUEHHS IS Kax-
JION M3 TPEX TPYIII C yYETOM HAIMUIHS TEOPETHIECKUX
U TIPAKTUYECKUX 3aHATHH MO0 COOTBETCTBYIOLIMM TeMa-
TUKaM. B pe3ynbTrare ycrnenHoro npoxoxaeHus ooyue-
HUS Ha TPyNIy pabOTHHUKY BBIAAETCS YIOCTOBEPEHHE
Ha TPaBo MPOU3BOACTBA PAOOT HA BBICOTE, MPEIbSIBIIC-
HHUE KOTOPOTo 0053aTeNIbHO NMOTpeOyeT reHepaibHbINA
MOAPSITYMK TPH 3aKIIIOUSHUN aKTa-J0MyCcKa C MOAPsi-
HOU opranuzaunueid. Kax BUIHO U3 IpeacTaBlIeHHON
nHpOpMan, TpeOOBaHUS K CYIIECTBYIOIIEMY 00yde-
HUIO NTPOMUCAHbBI HEJOCTAaTOYHO CTPOrO U YETKO, HET
YHUGUIMPOBAHHBIX NporpamMm oOyuenus. [Toatomy
PE3yIbTaTUBHOCTD U KaueCTBO OOyUEHUS HAIPSIMYIO
3aBUCST OT KBATN(HUINPOBAHHOCTH U JOOPOCOBECTHO-
CTH y4€OHOTO LIEHTPA, C KOTOPBIM 3aKJIIOYAETCs JI0T0-
BOp Ha IpOBeJIeHNe 00y4YeHUs paOOTHHUKOB. A B cilyyae,
KorJa 00y4deHHe OCYIIECTBISICTCS CHIIaMH PaboToaTe-
751 (4TO TaKoKe JIOIYCKAETCs ATl ONMPEACTICHHBIX KaTe-
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ropuii pabOTHHKOB), — OT OTHOLICHHUsI paboroares
K BYKHOCTH TIporiecca 00ydIeHNsI.

Jaist oneHKY 3P PEKTHBHOCTH TEKYIIEro 00yUeHHUs
0e30macHbIM METOZaM M IpHeMaM paboThl Ha BBICOTE
OpLTa co3mana aHkeTa, cocrosmas u3 30 Bompocos. Ona
HarpaBlieHa Ha N3yYeHHE MHEHHS paOOTHUKOB O TOM,
HACKOJIBKO OIIaCHBI Pa3JINYHbIC HAPYIIEHUSI HOPM OXpa-
HBI TPyZa.

Kax/p1if BOrpoc aHKeThl KacaeTcsi HOTEHIIHANb-
HOTO OTacHOTO (hakTopa, KOTOPBIH MOXKET MPHUBECTH
K TpaBMaM B OIPEJCIICHHBIX yCIOBUAX. YUaCTHUKAM
UCCIICIOBAHUS TIPEIIOKIIN OLCHUTH CTETICHb OMACHO-
cTi Kax0ro dakropa no 10-0ayuibHOI 1IKaje, YTo 1M03-
BOJISIET YCTAHOBUTB €TI0 BIUSIHUE HA BEPOSATHOCTb ITOJTY-
YeHHsI TPaBMbI B paboueil cpeje. 3amonHssl aHKETY,
PECIIOH/ICHTBI JIOJDKHBI ObLIIH BBIOPATh COOTBETCTBYIO-
IIyIo saeiiky: | 6amr yka3plBaeT Ha MUHUMAJIBFHOE BO3-
neiicrBue Qakropa Ha puck TpaBMel, 10 6amioB 06o-
3HA4YaCcT MAaKCUMAJIbHOC BJIIMAHUC.

[Tocne BBISBIEHHS OTHOIICHUS K KOHKPETHBIM OI1ac-
HOCTSIM ITPOBEJICHO MCCIICI0OBAHNE, IOCBSIIICHHOE aHa-
JIN3Yy YPOBH:A OCTATOYHBIX 3HAHUH MO pe3yibTaraM 1o-
CJISITHETO TPOILIE/IIEero 00yYeHHs 110 OXpaHe Tpyaa pa-
OOTHUKOB, BBINOJIHSIOIINX padOTHI Ha BBIcOTE. J[iIst 9TO-
ro aBTOpaMH IMOJTrOTOBIEHO KOPOTKOE TECTHPOBAHUE
(15 BompOCOB) Ha OCHOBaHHMH KJIFOUEBBIX TPeOOBaAHMIA
K Oe3omacHoOil opranu3anuy padboT Ha BBICOTE U3 HOP-
MaTHUBHO-IIPABOBBLIX AKTOB. TCCTI/IpOBaHI/Ie crenu-
aJBHO pa3padaThIBAIIOCh TAaK, YTOOBI OBITT BCETO OAHMH
NIPaBMWIIBHBIN OTBET B KaX/1I0M Borpoce. OneHnBaich
OCTATOYHbIE 3HAHUS Y PaOOTHUKOB, Ybe MOCIE/IHEE
oOydeHne TpeOOBaHUAM OXPaHBI TPyIa MPOBOIIIIOCH
He Oosiee Tpex MecsieB Haszal. Pe3ynbraTsl TecTHpO-
BaHUs 00pabaThiBaIKCh B penakTope Microsoft Office
Excel, B uTore 00pabOTKH MOTYUCHBI TPaQUKH, THCTO-
IpaMMBbl, KOPPEISIMOHHBIC 3aBUCUMOCTH, TPUBEJICH-
HbIE JaJee.

PE3YJIBTATHI HCCIEJOBAHUA

Hauasno u3ydeHus 1o BBISIBICHUIO OTHOIICHUS pa-
OOTHHUKOB K Pa3JIMYHBIM OMACHOCTSM OBLIO MOJIOKCHO
B 2023 1. Torna ObLI MpOBeIeH NIEPBUYHBIN aHamu3 173
AHKET, 3aMOJIHEHHBIX PA0OTHUKAMHU C BEICOKMM PUCKOM
MaJICHUS C BBICOTHI (PAaOOTHUKH MONPSIIHBIX OpraHu3a-
LU Ha CTPOUTENBHBIX Momaakax Cankr-IlerepOypra,
BBITOJTHSIOIINE KPOBENbHbBIE, (DacaHble U MOHTAXKHbIE
pa6otsr) [12, 13]. AHanu3 mokasaji, 9YTO HaUMCHEE
TPaBMOOIIACHBIMU (DaKTOpaMH U OCOOCHHOCTSIMHU Op-
raHU3aIUU TPY/a 10 MHEHUIO pAaOOTHHUKOB SIBIISIOTCS:

* JIOIYCK K BBIITOJTHEHUIO Pa0OT Ha BBICOTE O€3 00-
YUEHHSI TI0 OXpaHe TPY/Ia;

* JIOMYCK K BBITIOJIHEHUIO paboT Ha BhICOTE O€3 11e-
JICBOTO MHCTPYKTaXKa,

* OTCYTCTBHE WM HE3HAHHE MHCTPYKIMH MO OX-
paHe Tpyaa;

* HEXBaTKa MEepPCOHAA.

W3 nony4YeHHBIX JIaHHBIX MOXKHO CJIeJIaTh BBIBO/I,
4TO PaOOTHUKU HE HAXOJST IEHHOCTH WM YBIICUCHHUS

B KJIACCUYECKOM OOY4YeHHWH, TaK Kak OHO B OCHOBHOM
MpeaoCTaBIsIeT HHYOPMAIUIO O TPaBMaX W JIETAllb-
HBIX MCXOJaX Yallle BCETO B BUAC KPATKUX HHCTPYKITHA
Mo pe3yabTaTaM paccie0BaHUN HECYACTHBIX Clyda-
eB. COTpYIHUKH BOCIIPUHUMAIOT TaKy WH(POPMALIUIO
KaK HeTPsIMYIO ¥ HE3HAYUMYIO, CIUTAs €€ MaJIOBEPOSIT-
HOM 17151 ce0si: «cO MHOM ATO HUKOT/IA HE TIPOU30HAET.
B 1iennom oTcyTcTBHE 00YyYEHUS HE SIBIISIETCS BaXKHBIM
ACTIEKTOM 0€30TaCHOCTH TS PAa0OTHHKOB.

IIpoBeneHHBIN KOPPEIALMOHHBIA AHAJIN3 PE3Yilb-
TaTOB aHKETUPOBAHUS TIOKA3aJl BAYKHYIO B3aUMOCBSI3b,
KOTOpast IIPOCIEKUBACTCSI MEXKIY Pa3INIHBIMH BUIA-
MH OOydeHHS 10 OXpaHe Tpynaa. B mpeacTaBieHHOM
HCCIIeIOBaHUU YCTAHOBIIEHO, YTO CYIIECTBYET IPO-
OreMa HETOOIICHKH PAOOTHHKAMU, BBITIONHSIIOIIUMHA
paboThI Ha BBICOTE, BOMIPOCOB, KACAIOIIMXCS 00yUEHUS
B 00J1acTH OXpaHbI Tpyaa. B mononHeHne HEOOXOMUMO
OTMETHUTb, YTO Pean3yeMble O0yJaIONIIMH [IEHTPAMHU
MpOrpamMMBbl 3a49acTYI0 HAMpaBIEHBI HA TPHOOPETCHIE
HCKJIIOYUTEIbHO TEOPETUUECKUX 3HAHUM MO OXpaHe
Tpya, 9TO HECOMHEHHO OKa3bIBACT BIMSHIE HAa OLICHKY
JITAHHOTO 00y4eHHsI paOOTHUKAMH.

IIponomxkeHneM JaHHOTO HMCCIEJOBAaHUS CTasla
MPOBEPKA OCTATOYHBIX 3HAHUN pAOOTHHUKOB C OONBIITHM
PHCKOM TIaJIeHUsl C BBICOTHI IO pe3ysbTaTaM MOCIe/-
Hero oOydeHus. [lens mpoBepku OCTaTOYHBIX 3HAHHMA
PabOTHUKOB IO pe3yIbTaTaM MPOMIEANIIETO 00yICHUS
M0 OXpaHe TpyAa 3aKJIIYaeTCs B OIEHKE YCBOCHUS
KITFOUCBBIX 3HAHUI U HABBIKOB, HCOOXOAMMBIX IS 00eC-
TeYeHUs1 OE30MMaCHBIX YCIOBUH Tpyaa. JTO MO3BONIAET
BBISIBUTH MTPOOEJTBI B MOHUMAaHUK pa0OTHUKAMU Tpebo-
BaHUU 0C30MACHOCTH U, C IPYTOil CTOPOHBI, B IMO/Ia4e
MHPOPMAIIUH TIPETIONABATEIIIMU BO BpeMsT O0yICHUSI.

ITo paspaboTanHOll aBTOpamMu aHkeTe U3 15 Bo-
MPOCOB IPOBEACHO TECTUPOBaHHE 38 PaOOTHUKOB
¢ OONIBIINM PHCKOM TMAaJeHHS C BBICOTHI, MPOIIEAITIX
nocjenHee o0ydeHrne O€30MacHBIM METOAaM H IpH-
eMaM BBITIOJTHEHUS pa0dOT Ha BBICOTE B SIHBApE — MapTe
2025 r. (puc. 2).

Pe3ynbrarel TecTUpOBaHUS PaOOTHUKOB CBEJCHBI
B Tabnuiy Excel mist nanpHeineit oopadboTku. B pe-
3yIbTaTe aHadu3a IMOJIYYCHO, YTO CPeIHUi Oai mpo-
XOXKJICHUSI TECTUPOBAHHUS PAOOTHUKAMH COCTaBUI
54,7 % npaBUIBHBIX OTBETOB (pHC. 3, KpacHast JMHUS).
Kak mpaBuito, moporom [uist yCIenTHOTO MPOXOKICHUS
MPOBEPKU 3HAHUU TOCJEe O0yUYeHUs MO OXpaHe Tpyaa
siBrisiercst 80 % mpaBHIBHBIX OTBETOB. Mcxoms u3 aToro,
Ha rpaduke yka3zaHa JHHUSA «HOpMay (pUC. 3, KOpHIHe-
Bas JUHMS) — 110 ypoBHIO 80 %.

YCTaHOBJICHO, YTO OCTATOYHBIC 3HAHUS PaOOTHU-
KOB CHH3WIHCE Ooiree ueM Ha 30 % 3a 3—6 Mecs1eB 110-
cJe mocneaHero o0y4deHus o oxpane tpyaa. [lagenue
ocTarouHbIX 3HaHUU Ha 30 % B TeueHHE HECKOJIbKUX
MECSIIeB TMOciie O0YUYeHUS TI0 OXpaHe TPYAa TOBOPHUT
0 HEO0OXOMMOCTH PETYISIPHOTO OOHOBIICHUS 3HAHHI
Y IPAKTUYECKUX HABBIKOB. DTO MOXET CBUJIETEILCTBO-
BaTh O HEJJOCTATOYHOW MOTHBAIIUU COTPYIHHUKOB, HE-
XBaTKe MPAKTHUECKOTO MPUMEHEHHSI U3YYEHHOTO MaTe-
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Puc. 2. 3anonHennse pabOTHHKAMH OJIAHKH TeCTHPOBAHUS
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Puc. 3. [luarpamma, oTpakarolasi pe3yJibTaThl TECTUPOBAHMS PAOOTHUKOB HA OCTATOYHBIE 3HAHMS CILYCTS 3—6 MECSLIEB OCIe

MOCJICAHETO O6y'-ICHI/I$I 0e30MmacHbIM METOZaM U IprueMaM BbIIIOJTHEHUA pa60T Ha BBICOTEC

pHaa Ui o TOM, 9T0 00ydeHne He OBUIO 0CTATOYHO
3 PEeKTHBHBIM.

B pesynbrare peTaibHOTO aHaIM3a TECTHPOBAHMUS
B YaCTH KOJIMYECTBA MPABMWIIBHBIX OTBETOB HA OTACIb-
HBIE BOIIPOCHI OBUIO YCTAHOBJICHO, YTO HAMMEHBIINN
MIPOIICHT MPABIIBHBIX OTBETOB UMEIOT BOIPOCHI, CBE-
JICHHBIC B TAOHILY.

3a/lyMbIBasICh O MPUYUHAX MPOCATKHU IPOIICHTA
MIPAaBWIBHBIX OTBETOB HMEHHO MO JaHHBIM BOIPOCAM,
YMECTHO BCIIOMHHUTB O TOM, 4TO IIPU BBIIIOJHEHUH CTPO-
UTEIBHBIX paboT Y MOAPSIHBIX OpraHnu3alMii BO3HUKA-
€T HECKOJBKO KIIIOYEBBIX MPUOPUTETHBIX HAlpaBie-
HU, KOTOpBIE YaCcTO MEPECEKAIOTCS] U B3aUMOCBSI3aHBI.
IlepBoe HanpaBnenne — obecrneyeHne 6e30MacHOCTH
JKM3HU U 30POBbsI PAOOTHUKOB, MUHUMH3ALIUSI PHCKOB
BO3HMKHOBEHHSI HECUACTHBIX CIIy4aeB U OXpaHa OKpy-
JKaromen cpeasl. Bropoe HanmpaBiieHHe — KOHTPOIIb
Ka4ecTBa BBIIIONHAEMBIX Pa0OT, KOTOPBII BKIIIOYAET CO-
OrrofieHre MPOCKTHOW JJOKYMEHTAINU U TEXHUYECKUX
PETIaMEHTOB, HCTIONIb30BAaHNE KaueCTBEHHBIX MaTepua-
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70B 1 000pya0oBaHus U T.11. TpeThe HampaBIeHHE — 3TO
coOJTI0/IEHNE CPOKOB, OIOJKETa U JIOTOBOPHBIX 00s13a-
TEJILCTB C TEHEPAIIEHBIM MOAPSTINKOM.

B coBpeMEHHBIX YCIOBHUSX KECTKON KOHKYPEHIIUU
U CTPEMJICHHUS] K MAKCHMH3AIUU TPUOBIIH MOJPSAHbIC
OpraHM3aIM{ YaCTO CTABST COOIIOICHNE CPOKOB 1 O107I-
JKeTa Bbllle o0ecreueHus: 0e301acHOCTH PabOTHUKOB.
DTO MOXKET MPHUBECTH K CEPHE3HBIM MOCIEICTBUSIM
KaK Ui paOOTHUKOB, TaK W AJIS KOMIIAHUU B LIEJIOM.
W3 pe3ysbTaTtoB TECTUPOBAHHS MOXKHO C/IENaTh BBIBO/,
YTO pabOTHHUKH MOKa3aId HAaMMEHBIINN CpeTHIN Oarut
10 TEM BOIPOCaM, KOTOPBIE HANPSMYIO CBSI3aHbI ¢ 00ec-
MICUCHUEM JINYHOM Oe3omacHocTH. Eciu mpoBecTr aHa-
JIM3 HapyUICHUH, TPUBOAAIINX K MAJCHUSIM C BBICOTHI
(TIpUYMHBI HECYaCTHOTO ciydas B aktax H-1), yuects
MHEHHUS JIIOJIeH, UMEIOINX MPOIOJKUTEIBHBIH OIIBIT
npodeccCuoHanbHON NEeATeIPHOCTH B cdepe padbor
Ha BBICOTE, & TAK)Ke MPUHSATh BO BHUMAaHHUE PE3YIlib-
TaThl HAyYHO-UCCIIEJIOBATEIBCKUX BBIC3JOB aBTOPOB
JAaHHOH CTaTbM Ha CTPOUTEIbHBIC Momankn CaHKT-



Heobx0AMMOCTb MCMOAb30BaHUSI UMMTaLIMKU MOCAEACTBUH HapyLLIeHMI;I B pamkax O@yHeHMH

6e3onacHbIM MeToAaM M npuemMam BblMOAHeHUs paboT C.114-128
Bonpocs! U3 TecTupoBaHusl, KOTOPble HAOPAIH HAMMEHBILIHI NPOLEHT IIPaBUIILHBIX OTBETOB
Howmep n/n Bompoc Bapuants! oTBeTOB IIpaBuiibHBIE
(kax B aHKeTe) (IpaBUITBHBIN OTBET BBIACIEH KypPCHBOM) OTBETHI, %
Ha xakoM paccTossHHM OT HeorpaxIeHHbIX | A) Bauoice 2 m.
nepenasios 1o Beicote 1,8 M mpoBomsmuecs | b) broke 4 M.

2 Ha IUIOMIaAKaxX paboThl MOTYT OBITh B) Brmxe 3 m. 28,9
OTHECEeHHI K paboTaM Ha BEIcOTE? I') bxe 1 M
TIpu Kakoii BLICOTE 3alUTHBIX orpaxaenuii | A) IIpu evicome menee 1,1 m.
pabounX MIOMIAN0K MPU YCIOBUU b) Ilpu Beicote Gonee 1,1 M.

3 nepenazos no seicore 1,8 M Bemonnsemsie | B) Ilpu Beicote ot 0,5 10 1,5 M. 21,1
paboTh! GyayT cuuTaThCS paboTaMu I') ITpu BeIcOTE OT 1,1 710 2,2 M
Ha BbICOTE?

IIpu xakoM ycnoBUM JOIyCKAETCs A) Ilpu cxopocTu BeTpa MeHee 5 M/c.
BBINOJIHEHUE PA0OT Ha BBICOTE IPU IPO3€ B) I1pu ncnons30BaHUH BCEX BO3MOKHBIX

5 I TYMaHe, HCKIIIOYar0IIeM BUAUMOCTD CPEJICTB UHIMBUAYaIbHOM 3aIIUTHI. 26,3
B mipezenax ¢ppoHra pabot? B) Hu npu kakom ycroguu.

I') llpn Hanuuuu Hapsga-IomycKa
3a KaKyro TOUKY JOIMyCKaeTCsl KPEIUTh A) 3a TouKy Ha T10sICe.

6 COCIMHUTEIHHO-aMOPTU3UPYIOIYIO B) 3a mouky na epyou unu mesxncoy 474
TIOZICHCTEMY K Balllel CTPaXOBOYHOIT JIONamox. ’
npuBsA3u? B) O6a BapnanTa BepHEI
B xaxowm ciyyae nonyckaercst A) Ecnu npumensiiomes cucmembl
IIPOM3BOACTBO PabOT Ha BBICOTE obecneuenus bezonacnocmu pabom
IIPY HEBO3MOXKHOCTH MPUMEHEHHS Ha evicome.
3aIUTHBIX OIPAXKJEHUN? b) Eciau ckopocTh BeTpa He MpeBbIIIaeT

8 20 m/c. 36,8

B) Hu B xakom cityuae.
I') B 1r060M cityuae 3a HCKITFOYEHHEM
CIIy4aeB, KOT/JJa BO3MOXKHO ITaIeHUe
PpaboTHHUKOB ¢ BBICOTHI OoJiee 5 M
B xaxnx ciywasx mnomyckaercs pabora A) He oonyckaemcsi Hu 6 KaKux CLyyasix.
CO CITy4aifHBIX TIOACTABOK? b) IIpn ncrionp30BaHUN CTPAXOBOYHBIX
9 CHCTEM. 237
B) Ilpu cTpaxoBke IpyruM pabOTHUKOM.
I') B mpucyTcTBHH OTBETCTBEHHOTO
HCTIOTHUTEIS paboT
UYto 01mycKaeTcst CHOML30BaTh B KAYECTBE | A) AHKEPHbIE TOUKH/TMHUH,
AHKEPHOU TOUKH ISl 3aLETICHUS 3aKpEeIUICHHBIE K KOHCTPYKTUBHBIM
pu paboTte Ha BEICOTE? SJIEMEHTaM 3/1aHHs1, COOPYKEHHSI.
15 b) AukepHsie 56
TOYKHW/JINHUY, 3aKPETUICHHBIE K JTI00BIM ’
METaJTIOKOHCTPYKIMSIM Ha YCMOTPEHHE
OTBETCTBEHHOTO UCIIOJIHUTEIS paboT.
B) O6a BapuaHTa BepHBI

[TerepOypra (oaTBEepsKAAIOIINE, YTO PAOOTHUKH JOITY-
CKaloT OOJIBIIOE KOJIMYECTBO OIPEJICIICHHBIX OMACHBIX
JICHCTBUI), TO MOXKHO CJIeJaTh BBIBOJ, YTO CAMBIMH
KPUTUYHBIMH HapyIICHUAMH, HanOOJIee 9acTo MPHUBO-
JIIIIMH K TIQJEHHIO C BBICOTHI, SIBIISTFOTCS:

1. BriOop HEeHaIE)KHOW aHKEPHOUM TOYKH TSI Kpe-
TIJICHU CTanOBO‘IHOi/'I CHUCTEMbI K KOHCTPYKIHH 31a-
Hus (Bompoc 15 B TecTupoBaHuH Bhimie). CreruaaicTsl
MOATBEPKAAIOT, YTO 3TO OJIHA U3 CAMBIX YaCTBIX IPH-
YUH MaJeHUN ¢ BBICOTHI. HanexHas aHKepHas TOYKa
JIOJDKHA 00J1a/1aTh OCTATOYHOM MPOYHOCTHIO U yCTOM-
YUBOCTBIO, YTOOBI BBIACPKUBATH HATPY3KH B CIIydae
MaJCHNS, YTO JOJDKHO TOATBEPIKAATHCS PacUeTaMH.

Bo MHOTHX city4asx MpOUCXOIUT OIIPEICIICHIE HaIexk-
HOCTH ¥ IPOYHOCTH «HA I1a3», YTO U MPUBOIUT K JalTh-
HEWIINM HeOIaronpusTHBIM HOCIIEACTBHAM.

2. BriOop HEBepHOH TOYKH KPEIUICHUS CTPaxo-
BOYHOTO CTpOTa K MPHUBS3U (Bompoc 6). 3auacTtyro pa-
OOTHHKH HCIOJIB3YIOT IJId KPECIJICHUA TOYKY Ha IOosACE,
TOT/Ia TIPH MaJeHUH BCSI HATpy3Ka MPHUXOIMUTCS HA TI0sIC
pabOTHMKA M TIPOUCXO/IHT IEPEIOM NO3BOHOYHHUKA.

3. OTcyTCcTBUE CTPaXOBOUYHON CHUCTEMBI B HEMO-
CpPE/ICTBEHHOI OIM30CTH OT Iepernaa 1o BeIcoTe Ooree
2 M WM TIpH OTpaKIeHUH BhICOTON MeHee 1,1 M (Bo-
mpocsl 2 1 3). Takke 9acTo BCTPEJaeTcs CUTyaIus, KOT-
Ja GOpMaIbHO OTpaXKICHHE 110 IepUMeTpy pabodero
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TOPU30HTA YCTAHOBJIEHO, HO (DaKTHUECKU OHO He yOe-
peraet OT MaJICHNs ¢ BBICOTHI, TaK KaK HE 00J1a1aeT 10-
CTaTOYHOH NMPOYHOCTHIO M HA/IS)KHOCTBIO.

4. Wcnonp30BaHNE MOHTAXXHOTO (TpeIoXpaHu-
TEIFHOTO) TI0sICa TIPU BBITTOIIHEHUH PabOT ¢ PUCKOM
najaeHust ¢ BeIcOThI (cormacHo Ilpuka3sy’® 3amperieHo
HCTIONBb30BaHKE MPEAOXPAHUTEIBHBIX MOSCOB).

Pe3ynbrarel TECTUPOBAHUS MOATBEPKIAIOT, YTO
10 JTaHHBIM BOTIPOCAM €CTh CEphEe3HBII MPOBaJ B 3HA-
Husix. Yacto pabOTHUKHM HE OCO3HAIOT CEPbEe3HOCTH
MOCIICZICTBUH HapyImIeHUH TpeOOBaHUN OXpaHBI Tpyna
IIPY BBITIOJTHEHUHU pabOT HA BBICOTE, YTO MOXKET IPH-
BE€CTH K TPpAarndye€CKuUM IOCICACTBUAM. Henonumanue
WM HEIOOLEHKAa PHCKOB, CBSI3aHHBIX ¢ 0€30MacHO-
CTBIO, JIeJIaeT UX OoJiee YA3BUMBIMH, OCOOCHHO €CIH
Y4YeCTb, 4TO, KaK MPaBUIIO, Mbl HE IPUMEPSIEM MTOCIIE-
CTBUS HapyIICHUH Ha ceds («cO MHOH TaKOro HUKOTIA
HE TIPOM30HACT», «s MHOTO pa3 Tak Jejal ¥ HUYIETOo
HE TIPoUCXoauiIo»). [To 7TM npuurHaM pabOTHHUKH I10-
3BOJISIIOT YCTAHOBHUTH MPHOPUTET OCYILECTBICHUS IIPO-
M3BOJICTBEHHBIX 33/1a4 HaJl IPHOPUTETOM O00ECIICUCHNUS
cobcTBeHHOM Oe3omacHocTH. [loBbIIEHHE MPUOPHU-
TETHOCTH BOIIPOCOB JIMYHOH 0€301MacHOCTH BO3MOXKHO
IPY MTOMOIIIN U3MEHEHHS TTOJIX0/I0B K 00YYEHHIO TI0 OX-
paHe Tpyaa, CIeayeT YUTH OT ¢opMann3mMa o0ydCHHsI
1 100aBUTH UMUTAIIUIO TTOCTICCTBUN HAPYIIICHUI U MO-
JIETUPOBaHIE HECUAaCTHOTO CIIydas B Ipolecce o0yue-
HUSI PAOOTHUKOB.

SJAK/IIIOYEHHUE U OBCYXJAEHUE

Ha ocnoBanun mybnukamuu [14] MoxHO cre-
JIaTh BBIBOJI, YTO B TEX CTPOMTEIBHBIX OPTaHU3AIMSIX,
rae obydeHue ocymiecTBisieTcs: GopMaabHO, YPOBEHb
TpaBMaTH3Ma B IIEPBBIC JBE HEAEIH ITOCIIC 3aBEPIICHHS
oOyd4eHus peBhINIaeT rmokasarenu 0ojee yem B 7 pas
10 CPABHCHHUIO C TEMH, I7I¢ 00yUEeHHE IPOXOIUT He(op-
MaJIbHO TIPH PAaBHBIX yCIIOBHUSIX. B yCIOBHSAX BBICOKOH 1H-
HaMUKH paboT ¥ TpeOOBaHMH K BHITIOIHEHUIO MECSYHO-
CYTOUHBIX I'pa)MKOB Ha OOBEKTHI JOMYCKAIOTCS CO-
TPYIHHKH, HE IMEIOIIHE HeOOXOMUMON KBaTU(UKAIINH,
HO (hopMaTbHO TpoIIe e 00ydYeHUE 1T0 OXpaHe TPY-
nma [12, 15]. Janusie GakThl MOYCPKUBAIOT ITPOOICMBI
CYIIECTBYIOIIETO O0YUYCHHUS TI0 OXpaHe TpyHa padOTHH-
KOB, BBITIOJIHSIIOMINX paOOTHI MOBBIIICHHON OMACHOCTH
B cTpouTensCcTBe. [ ymyumenus kadecta u 3ddek-
TUBHOCTH OOYy4Y€HHMSI CTOMT OOpaTUTh BHIMAaHHE HA He-
00X0IMMOCTB BHEAPEHUS Ooiee ITyOOKHX U MPAKTHUKO-
OPUEHTHPOBAHHBIX MOJIXO0B K 00yUYEHHIO, BKIIIOYAs
peryJsipHble TPEHUHTH, CUMYIISILIUN CUTYaIllMid U MOJIe-
JIMPOBaHNE HECYACTHBIX CITy4aes.

MogaepHusaiust 00yueHus B cepe 6e30macHOCTH
JIOJDKHA OCHOBBIBATHCS HA KOMITIEKCHOM rtoaxoze. Tpe-
Oyercs, 4TOOBI 00yUeHHE HE TOJIBKO BO3AEHCTBOBAIIO
Ha CO3HAHUE 00YYAOIIUXCSl, HO U YUUTBIBAJIO IICUXOJIO-
TMYECKHE aCHEKThI BIMSHUSA Ha HUX. B cBOMX cTaThsax
[16—18] aBTOpPBI 1 UX KOJIETU NPEACTABUIN YUTATEISIM
IOJINTOH «YMHBIU TPy, KOTOPBIM IIpenaracT HHHO-
BAaIIMOHHBIE METO/IbI 00Y4EHHSI COTPYJHHUKOB I10 BOIIPO-
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cam 0e30MacHOCTH C YYETOM TICHXOJIOTHYECKHX (ak-
TOpoB. B HacTosiiiee BpeMst TOJTUIOH BKITIOYAET JICBSIThH
MHTEPaKTHBHBIX 00yYalOmnX MOJTyNeH, KaKIbIH U3 KO-
TOPBIX TTOCBSIICH OJHOMY M3 JICBSITH Hanbojee pac-
MIPOCTPAHEHHBIX BU/IOB CTPOUTEIBHBIX PadoT. Kaxkprit
MOy COCTOUT U3 ABYX YaCTEH: ImepBast IEMOHCTPH-
PYET BBITIOTHEHNE KOHKPETHOTO BHIa paboT ¢ colimozie-
HUEM HOpPM 0€30MaCHOCTH, BTOpasi HILTIOCTPUPYET I10-
CJIEICTBUS HAPYIIEHUIN OXPaHbl TPYZa Yepe3 IPUMEPBL
HECUYaCTHBIX cilly4yaeB. PeamucTuyHO mpencTaBieHHast
Ha MaHEKeHe TpaBMa B pe3yJbTare CMOJICITMPOBAHHOTO
HECYaCTHOTO CITydast 3acCTaBisieT pabOTHUKA 33 [yMaTh-
Cs1 0 )KU3HH ¥ 3710pPOBbE U IIEPEOPUEHTHUPOBATD TIPHOPH-
TET ¢ BBITIOJHEHHS MTPOU3BOJICTBEHHBIX 33/1a4 Ha o0ec-
nedeHne JugHon O6e3onmacHocTH. [Ipenmonaraercs, 9To
dhopmar oOyueHwUs, I7Ie pAOOTHUK CaMOCTOSTEIBHO (Hop-
MyYJIUpyeT TpeOoBaHus 0e30MacCHOCTH, aHAIM3UPYS JBE
MHCTAJUISIIUK TI0 OTHOMY M TOMY k€ BHJIY palor, 1mo-
3BOJISICT TTyO)kKe MPOHUKATh 3HAHUSM U JOJIBIIE OCTa-
BaThCsl B TAMATH y PaOOTHHKA.

Hnst apdexTnBHOTO 00yUSHUS COTPYIHUKOB, pa-
OoTarommx Ha BBICOTE, HEOOXOANMa COBpEMEHHAs Ma-
TepHaANbHO-TEXHUYECKas 0aza, BKIIOYAIOIas yueOHo-
TpeHI/IpOBO‘-IHI)H\/’I TIOJIMT'OH JIsA 0Tpa6OTKI/I TPaKTUICCKUX
HaBbIKOB. B pamkax mpoekra «CoBpeMeHHbIE 00pa3oBa-
TEJIbHBIE TEXHOJIOTUH JUIsl 00eCTIeueHNs1 0€301TacHOCTH
Tpyda B CTPOUTEIbHOM oTpaciam» (2022-2026 rr.)% ’
Ha TIOJIUTOHE « YMHBIH TPyI» CO3/aH Y4eOHO-TPEHUPO-
BOUHBIN NIOJUTOH «BeicoTay. Takum 0O6pazom, TuIoma-
Ka IIOJIMTOHA « YMHBIN TPYI» JAa€T BO3MOXKHOCTb pealu-
30BaTh KOMIUICKCHBIN MO/IX0/ K 00yUeHHUI0 O€301acHbIM
METO/IaM W TpueMaM MPOBEJeHHs padoT Ha BBICOTE.
ABTOpBI TIpEATIONAraloT, YTO KOMIUIEKCHBIN MOAXO,
BKJIIOYAIONNI M3ydeHHe TpeOOBaHMH OXPaHBI Tpyna
Ha OCHOBE MOAYJIEH C pealMCTUYHON MHCLEHUPOBKOU
HECUACTHBIX CIIy4acB U OTPAOOTKY NMPAKTUYECKHUX Ha-
BBIKOB 0€30MacHOr0 BBIMOJHEHUsI paboT Ha y4eOHO-
TPCHUPOBOYHOM ITOJIUTOHE ((BI)ICOTa», TMMO3BOJIUT JIy4llIC
YCBaWBaThCsl 3HAHUSM U MOBBICUT YPOBEHb OCTaTOYHBIX
3HaHMH paOOTHHKOB.

Ha nanublit MOMEHT yepe3 oOydeHne Ha MOJIUTo-
HE «YMHBIH Tpya» MPOIIIO0 JOCTATOYHOE KOJIMYECTBO
pabOTHUKOB AJIsl IPOBEACHHS AATBHEHIINX HCCIEN0-
BaHUI — ONpeJeeHUs] YPOBHSA OCTATOYHBbIX 3HAHUU
gepe3 3—6—9—12 mecsues nocae o0ydeHUs. ABTOPHI
MoJararot, 4to copMUpPOBaHHAS B paMKax 00y4YeHMs
Ha Tosiurone Oe3onacHas MoBeAeHUECKast MOJIEb OyIeT

¢ CTIGBI'ACY npucBoeH cratyc (emepanbHON HHHOBAIHOHHON
wromanku. URL: https://www.spbgasu.ru/news-and-events/
news/spbgasu_prisvoen_status_federalnoy innovatsionnoy
ploshchadki-1/

706 yTBepKICHUHN MIePEYHs OPraHU3alMil, OTHECEHHBIX K (e-
JiepaJbHBIM MHHOBAIIMOHHBIM IUIOIIAKAM, COCTABIISIOIINM
WHHOBAIIMOHHYO HHPACTPYKTYpyY B cdepe BrIcIIero o0pazo-
BaHUS U COOTBETCTBYIOILIETO JIOTOIHUTEIBHOTO MIPOdeccHo-
HaJbHOTO 00pa3oBanus, Ha 2022 rox : [Ipukaz MuHncTepcTBa
HayKH U BbIcmero oopazoBanus PD ot 03.03.2022 Ne 195.
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b6e3onacHbIM MeToAaM U npruemam BblMOAHEHUS paboT

CHoco0CTBOBATH J0JITOBPEMEHHOMY COXPAaHEHHUIO 3Ha-
HUH U HABBIKOB 0€30MaCHOTO BBHITIOJTHEHHS paboT. JTo,
B CBOIO 0Y€pE/b, IPUBEIET K CHUKEHHUIO YPOBHS TpaB-
MaTu3Ma Ha CTpOUTENbHOM mionajake. UHBecTuiuu
B Ka4€CTBEHHOE 00y4eHHE U MPAKTHUECKYIO OTPabOTKY
0e30MacHbBIX METOIOB PaOOThl HE TOJIBKO MOBBIIIAIOT
ypOBeHb 0€3011aCHOCTH, HO U (OPMHUPYIOT KYJIbTYpY
OTBETCTBCHHOCTH 3a COOCTBEHHYIO 0€30MIaCHOCTb.
YueOHbIi MONUToH «YMHBIH TPyI» yXKe AeMOH-
CTPHUPYET CBOIO 3 (PEKTHBHOCTH OIarofapst yHUKaIbHbIM
O0COOEHHOCTSIM M CIIOCOOHOCTHU BBI3BIBATh OIpE/IENICH-

HBIE SMOLMH y YYACTHHUKOB 00yueHus. Pa3HooOpa3Hbie
YCJIOBECYCCKUEC PCAKIIUN Ha HETATUBHO MTPEACTABIICHHBIC
Cl€Hapuu B 06y‘{aIOH_[I/IX MOIAYJIAX CBHUIACTCIBCTBYIOT
0 3HAYUMOCTH MOI0OHO# cpesibl 00yueHwus. HezaBucumo
OT TOT'O ABJIACTCA JIU pEAKIINA MHOJIOKUTEIBHON UJIM OT-
pHLIATENEHON, OHA B JIFO0OM Cllydae COACHCTBYET JIyd-
IeMy 3allOMUHAHHIO0 HH(OPMALUK. DTO TOATBEPKIALT,
4TO MepeaaBac€MbIC 3HAHUA O ITOTCHIIUAJIBHBIX OIMaCHO-
CTAX OCTAHYTCA B MaMATH 06y‘-IaIOHII/IXCH J0JIbIIC U I10-
CIOCOOCTBYIOT (DOPMUPOBAHIIO OS30IIACHOTO TOBEACHHS
Ha pabo4nx Mecrax.
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INTRODUCTION

Injuries in the construction industry remain a press-
ing issue in modern society. Construction involves high
risks that can lead to serious injuries and fatalities. Ac-
cording to data from the World Health Organization and
the Ministry of Labour and Social Protection of the Rus-
sian Federation'-2, construction sites rank among the top
places in terms of the number of accidents at work, which
highlights the need to implement effective measures to
ensure occupational safety. The construction industry
is characterized by large volumes of work that must be
completed on time. Any construction site involves a list
of high-risk tasks that are carried out by multiple teams
simultaneously, which is a distinctive feature of this sec-
tor of the economy. A large number of publications are
devoted to the problem of injuries in construction, which
highlights the importance of research [1-4].

Analyzing statistical data® [3] and works [5, 6],
it is possible to identify the main type of accident lead-
ing to serious and fatal injuries. For many years, falls
from height have been the undisputed leader, with
the causes of falls often being human factors [7—11].

! Databases, European Health Information Portal. URL: https:/
gateway.euro.who.int/ru/datasets/

2 Monitoring of working conditions and occupational safety
in the Russian Federation 2018-2023. URL: https://eisot.ros-
mintrud.ru/monitoring-uslovij-okhrany-truda
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According to the authors, one of the most effective
ways to reduce the level of injuries caused by human
error is through systematic training of employees. High-
quality training not only raises employees’ awareness
of potential risks, but also fosters a culture of safety that
encourages a more responsible attitude towards their
duties. In a rapidly developing construction market,
where technologies and working methods are constantly
improving, the need for regular updating of knowledge
and skills becomes particularly relevant.

Timely and high-quality training in occupational
safety requirements is undoubtedly important. Howev-
er, recent studies by the Russian Ministry of Labour’s
Research Institute of Labour for 2019-2023° show that
the maximum number of workers die in the first six
months after their last training (Fig. 1).

These statistics show that traditional training pro-
grammes do not always provide workers with the neces-
sary awareness of the real risks on construction sites, i.e.
the training provided to workers is not effective enough,
and testing of knowledge of occupational safety require-
ments is often carried out in a perfunctory manner.

The aim of the study is to determine the quality
of existing training in safe methods and techniques for
working at height based on a survey of workers directly
involved in work associated with a high risk of falling

3 Occupational safety in figures, All-Russian Research Institute for
Labour of the Ministry of Labour of Russia. URL: https://s.vcot.
info/document/poleznoe/media/5/66d99¢1al6c¢0e568797996.pdf
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Fig. 1. Dependence of the number of fatalities on the time elapsed after training, 2019-2023

from height, as well as testing the residual knowledge
of these workers. The results of the study will demon-
strate the attitude of employees to various hazards that
can lead to falls from height, as well as show the dynam-
ics of knowledge loss following the last training course
on safe methods and techniques for working at height.

MATERIALS AND METHODS

In order to assess the quality of existing occupa-
tional safety training for employees, it is necessary to
understand the requirements set forth in regulatory and
legal acts. The authors analyzed the existing require-
ments for training in safe methods and techniques for
working at height and concluded that training is regu-
lated by two main standards: Resolution of the Govern-
ment of the Russian Federation No. 2464 of 24 Decem-
ber 2021 “The procedure for occupational health and
safety training and testing knowledge of occupational
health and safety requirements™ and Order No. 782n
of the Ministry of Labour, approving the Rules for oc-
cupational safety when working at height>.

Based on the requirements of the Resolution
of the Government of the Russian Federation* P. 36:
The training programme for workers performing work
at height must include theoretical and practical com-
ponents. The theoretical component may be delivered
remotely, but the practical component must be deliv-
ered in person. There is another requirement concern-
ing the practical component of the training: practical
classes must account for at least 25 % of the total hours
of the training programme* P. 49.

4 The procedure for occupational safety training and testing
knowledge of occupational safety requirements: approved by
Resolution of the Government of the Russian Federation No. 2464
dated 24 December 2021 (as amended on 12 June 2024) (to-
gether with the Rules for occupational safety training and test-
ing knowledge of occupational safety requirements). URL:
https://www.consultant.ru/document/cons_doc LAW 405174/
5 The approval of occupational safety rules for working
at height (clause 132): approved by Order of the Ministry
of Labour of Russia No. 782n dated 16 November 2020. URL:
https://www.consultant.ru/document/cons_doc LAW 371453/

Let us turn to the requirements of the Occupation-
al Safety Rules for Working at Height, which stipulate
the mandatory practical training in safe methods and
techniques for working at height on specially equipped
stands or training grounds® P. 17. In addition, Ministry
of Labour Order No. 782n divides all workers perform-
ing work at height into three safety groups. Assignment
to a group means admission to perform certain types
of work and delineates areas of responsibility, i.e.,
for each of the three safety groups, the Rules specify
the knowledge and skills requirements that must be de-
veloped by an employee of a particular group. Based
on the knowledge and skill requirements set out in
the regulations, training centres develop training pro-
grammes for each of the three groups, taking into
account the availability of theoretical and practical
classes on relevant topics. Upon successful completion
of the training, the employee is issued a certificate for
the right to perform work at height, which the general
contractor will require when concluding an admission
agreement with the contractor. As can be seen from
the information presented, the requirements for exist-
ing training are not strictly and clearly defined, and
there are no unified training programmes. Therefore,
the effectiveness and quality of training directly de-
pend on the competence and integrity of the training
centre with which the contract for employee training is
concluded. And in cases where training is provided by
the employer (which is also permitted for certain cat-
egories of employees), it depends on the employer’s at-
titude to the importance of the training process.

To assess the effectiveness of current training in
safe methods and techniques for working at height,
a questionnaire consisting of 30 questions was created.
It is designed to study employees’ opinions on the de-
gree of danger posed by various violations of occupa-
tional safety regulations.

Each question in the questionnaire concerns a po-
tential hazard that could lead to injury under certain
conditions. Participants in the study were asked to rate
the degree of danger of each factor on a 10-point scale,
which allows determining its impact on the likelihood
of injury in the work environment. When filling out
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the questionnaire, respondents had to select the appropri-
ate cell: 1 point indicates the minimum impact of the fac-
tor on the risk of injury, 10 points indicates the maximum
impact.

After identifying attitudes towards specific haz-
ards, a study was conducted to analyse the level of re-
sidual knowledge based on the results of the latest oc-
cupational safety training for workers performing work
at height. To this end, the authors prepared a short
test (15 questions) based on the key requirements for
the safe organization of work at height from regulatory
and legal acts. The test was specifically designed so that
there was only one correct answer for each question.
The residual knowledge of employees whose last occu-
pational safety training was no more than three months
ago was assessed. The test results were processed in
Microsoft Office Excel, resulting in the graphs, histo-
grams, and correlation dependencies shown below.

RESEARCH RESULTS

The study to identify workers’ attitudes towards
various hazards began in 2023. At that time, an initial
analysis was conducted of 173 questionnaires completed
by workers at high risk of falling from heights (contrac-
tors working on construction sites in St. Petersburg, per-
forming roofing, facade and installation work) [12, 13].
The analysis showed that, in the opinion of workers,
the least injury-prone factors and features of work or-
ganization are:

» permission to perform work at height without
occupational safety training;

» permission to perform work at height without
specific instruction;

* lack of or ignorance of occupational safety in-
structions;

« staff shortages.

The data obtained suggests that workers do not
find value or interest in traditional training, as it mainly
provides information about injuries and fatalities, most
often in the form of brief instructions based on the re-
sults of accident investigations. Employees perceive
such information as indirect and insignificant, consider-

ing it unlikely to happen to them: “it will never happen
to me”. In general, the lack of training is not an impor-
tant aspect of safety for employees.

A correlation analysis of the survey results revealed
an important relationship between different types of oc-
cupational safety training. The study found that work-
ers who perform work at height tend to underestimate
the importance of occupational safety training. In ad-
dition, it should be noted that the programmes imple-
mented by training centres are often aimed at acquiring
exclusively theoretical knowledge of occupational safe-
ty, which undoubtedly influences the assessment of this
training by employees.

This study was followed by a review of the resi-
dual knowledge of employees at high risk of falling
from a height based on the results of the latest train-
ing. The purpose of testing the residual knowledge
of employees based on the results of the previous oc-
cupational safety training is to assess the acquisition
of key knowledge and skills necessary to ensure safe
working conditions. This allows us to identify gaps in
employees’ understanding of safety requirements and,
on the other hand, in the presentation of information by
instructors during training.

Using a questionnaire developed by the authors
consisting of 15 questions, 38 employees at high risk
of falling from a height who had undergone the latest
training in safe methods and techniques for working at
height in January-March 2025 were tested (Fig. 2).

The results of the employee testing are compiled
in an Excel table for further processing. The analysis
shows that the average score for employee testing was
54.7 % correct answers (Fig. 3, red line). As a rule,
the threshold for successfully passing the knowledge
test after occupational safety training is 80 % correct
answers. Based on this, the graph shows a “normal”
line (Fig. 3, brown line) at the 80 % level.

It was established that employees’ residual knowl-
edge decreased by more than 30 % within 3—6 months
after the last occupational safety training. A 30 % drop
in residual knowledge within a few months after occu-
pational safety training indicates the need for regular
updating of knowledge and practical skills. This may

Fig. 2. Test forms completed by employees
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Fig. 3. Diagram showing the results of testing employees on residual knowledge 3—6 months after the last training session

on safe methods and techniques for working at height

indicate insufficient motivation among employees,
a lack of practical application of the material studied,
or that the training was not effective enough.

As a result of a detailed analysis of the test in terms
of the number of correct answers to individual questions,
it was found that the questions summarized in the Table
had the lowest percentage of correct answers.

When considering the reasons for the decline in
the percentage of correct answers to these questions, it
is worth remembering that when carrying out construc-

tion work, contractors have several key priorities that
often overlap and are interrelated. The first priority is
ensuring the safety and health of workers, minimizing
the risk of accidents and protecting the environment.
The second priority is quality control of the work per-
formed, which includes compliance with project docu-
mentation and technical regulations, the use of high-
quality materials and equipment, etc. The third area is
meeting deadlines, budgets, and contractual obligations
with the general contractor.

Questions from the test that received the lowest percentage of correct answers

Number . Answer options Correct
(as in the questionnaire) Question (the correct answer answers, %
d is highlighted in italics) >0
At what distance from unprotected A) Closer than 2 m.

) height differences of 1.8 m can work | B) Closer than 4 m. 289
carried out on platforms be classified | C) Closer than 3 m. ’
as work at height? D) Closer than 1 m
At what hélght (?fp rotect.l Ve bgmers A) At a height of less than 1.1 m.
on work sites, given a height difference .

. . B) At a height of more than 1.1 m.
3 of 1.8 m, will the work being . 21.1
erformed be considered work at C) At a height of between 0.5 and 1.5 m.
pel D) At a height of between 1.1 and 2.2 m
height?
A) When the wind speed is less
Under what conditions is it permissible |than 5 m/s.

5 to perform work at height during B) When using all possible personal 26.3
a thunderstorm or fog that obscures protective equipment. ’
visibility within the work area? C) Under no circumstances.

D) When an access permit is available
At which point is it permissible A) For a point on the belt.

6 to attach the connecting and shock- B) For a point on the chest or between 474
absorbing subsystem to your safety the shoulder blades. ’
harness? C) Both options are correct
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End of the Table

Number

. . . uestion
(as in the questionnaire) Q

Answer options
(the correct answer
is highlighted in italics)

Correct
answers, %

In what circumstances is it permissible
to carry out work at height when it

A) If safety systems for working
at height are in place.
B) If the wind speed does not exceed

8 . . . 20 m/s. 36.8
is not possible to use protective .
. C) Under no circumstances.
barriers?
D) In any case, except when workers
may fall from a height of more than 5 m
A) Not permitted under any
circumstances.
9 In what circumstances is it permissible | B) When using safety systems. 3.7
to work with random stands? C) When secured by another worker. ’
D) In the presence of the person
responsible for the work
A) Anchor points/lines fixed to structural
What can be used as an anchor point le%l)e r;lrelrclflso?f2?;ig;ﬁﬁzsog)s(ter§ctures.
15 for attachment when working P 52.6

at height?

In today’s environment of fierce competition and
the pursuit of profit maximization, contractors often
prioritize meeting deadlines and budgets over ensur-
ing the safety of workers. This can have serious conse-
quences for both workers and the company as a whole.
The test results show that employees scored lowest
on questions directly related to personal safety. If we
analyse the violations that lead to falls from height
(the causes of accidents in H-1 reports), take into ac-
count the opinions of people with extensive professional
experience in working at height, and also consider
the results of the authors’ research trips to construction
sites in St. Petersburg (confirming that workers commit
a large number of certain dangerous actions), we can
conclude that the most critical violations that most often
lead to falls from height are:

1. Choosing an unreliable anchor point for attach-
ing the safety system to the building structure (question
15 in the test above). Experts confirm that this is one
of the most common causes of falls from height. A reli-
able anchor point must be sufficiently strong and stable
to withstand the load in the event of a fall, which must
be confirmed by calculations. In many cases, reliability
and strength are determined “by eye”, which leads to
further adverse consequences.

2. Choosing the wrong point for attaching the safe-
ty sling to the lanyard (question 6). Often, workers use
a point on the belt for attachment, so that in the event
of a fall, the entire load is transferred to the worker’s
belt, resulting in a spinal fracture.

3. Absence of a safety system in the immediate vi-
cinity of a height difference of more than 2 m or with
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to any metal structures at the discretion
of the responsible contractor.
C) Both options are correct

a guardrail less than 1.1 m high (questions 2 and 3). It
is also common for a guardrail to be formally installed
around the perimeter of the working area, but in fact it
does not protect against falls from height, as it is not
sufficiently strong and reliable.

4. Use of a safety harness when performing work
with a risk of falling from height (in accordance with
Order® the use of seat belts is prohibited).

The test results confirm that there is a serious gap
in knowledge on these issues. Employees often do not
realize the serious consequences of violating occu-
pational safety requirements when working at height,
which can lead to tragic consequences. A lack of un-
derstanding or underestimation of safety risks makes
them more vulnerable, especially considering that, as
a rule, we do not imagine the consequences of viola-
tions happening to ourselves (“it will never happen to
me”, “I’ve done it many times and nothing has hap-
pened”). For these reasons, workers allow the priority
of performing production tasks to take precedence over
the priority of ensuring their own safety. It is possible to
increase the priority of personal safety issues by chang-
ing approaches to occupational safety training, moving
away from formalistic training and adding simulation
of the consequences of violations and accident model-
ling to the training process for workers.

CONCLUSION AND DISCUSSION

Based on publication [14], it can be concluded that
in construction organizations where training is formal,
the injury rate in the first two weeks after completion
of training exceeds the rate by more than seven times



The need to use simulations of the consequences of violations

P. 114-128

as part of training in safe working methods and techniques

compared to those where training is informal under
the same conditions. In conditions of high work dynam-
ics and requirements for the fulfilment of monthly and
daily schedules, employees who do not have the nec-
essary qualifications but have formally completed oc-
cupational safety training are allowed on site [12, 15].
These facts highlight the problems of existing occupa-
tional safety training for workers performing high-risk
work in construction. To improve the quality and effec-
tiveness of training, attention should be paid to the need
to introduce more in-depth and practice-oriented ap-
proaches to training, including regular training sessions,
situation simulations and accident modelling.

The modernization of safety training should be
based on a comprehensive approach. Training must not
only influence the minds of learners, but also take into
account the psychological aspects of influencing them.
In their articles [16—18], the authors and their colleagues
introduced readers to the Smart Work training ground,
which offers innovative methods for training emplo-
yees on safety issues, taking psychological factors into
account. Currently, the training ground includes nine
interactive training modules, each of which is dedicated
to one of the nine most common types of construction
work. Each module consists of two parts: the first dem-
onstrates the performance of a specific type of work in
compliance with safety standards, while the second il-
lustrates the consequences of occupational safety vio-
lations through examples of accidents. The realistic
representation of an injury on a mannequin as a result
of a simulated accident makes workers think about life
and health and shift their priority from performing pro-
duction tasks to ensuring personal safety. It is assumed
that the training format, where the employee indepen-
dently formulates safety requirements by analyzing
two installations for the same type of work, allows for
deeper knowledge penetration and longer retention in
the employee’s memory.

Effective training of employees working at height
requires modern material and technical resources, includ-
ing a training ground for practicing practical skills. As part
of the project “Modern educational technologies for ensur-
ing occupational safety in the construction industry” (2022—

2026)%7 the Smart Labour training ground has created
the Height training ground. Thus, the Smart Labour training
ground provides an opportunity to implement a comprehen-
sive approach to teaching safe methods and techniques for
working at height. The authors suggest that a comprehen-
sive approach, including the study of occupational safety
requirements based on modules with realistic accident
simulations and the development of practical skills for safe
work at the Vysota training ground, will improve knowl-
ed-ge retention and increase the level of residual know-
ledge among workers.

At present, a sufficient number of employees have
undergone training at the Smart Labour training ground
to conduct further research — determining the level of re-
sidual knowledge 3—6-9—-12 months after training. The au-
thors believe that the safe behavioural model formed dur-
ing training at the training ground will contribute to
the long-term retention of knowledge and skills for safe
work performance. This, in turn, will lead to a reduction
in the level of injuries on the construction site. Investing in
high-quality training and practical practice of safe working
methods not only increases safety levels, but also fosters
a culture of responsibility for one’s own safety.

The Smart Work training ground is already proving
its effectiveness thanks to its unique features and ability to
evoke certain emotions in training participants. The variety
of human reactions to the negative scenarios presented in
the training modules demonstrates the importance of this
type of training environment. Regardless of whether
the reaction is positive or negative, it in any case contrib-
utes to better memorization of information. This confirms
that the knowledge conveyed about potential hazards will
remain in the memory of trainees for longer and contribute
to the formation of safe behaviour in the workplace.

¢ SPbGASU has been granted the status of a federal inno-
vation platform. URL: https://www.spbgasu.ru/news-and-
events/news/spbgasu_prisvoen_status federalnoy innovatsi-
onnoy ploshchadki-1/

" The approval of the list of organizations classified as federal
innovation platforms, constituting the innovation infrastruc-
ture in the field of higher education and relevant additional
professional education, for 2022: Order of the Ministry of Sci-
ence and Higher Education of the Russian Federation No. 195
dated 3 March 2022.
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CoBMecTHMOCTH MOAM(PUKATOPOB BA3KOCTH U r'uAPoodOu3aTopos
NpH aare3un Mmarepuasios st 3D-nevaru

HNabsa Omapouu Pa66aa, Oxcana AnexkcanapoBHa Jlapcen
Hayuonanvnoiii uccnedosamenvexuii Mockosckutl 20cy0apcmeenbiil
cmpoumenvhwiil yhusepcumem (HUY MI'CY), e. Mocksa, Poccus

AHHOTAUMUA

BeeaeHwue. B TexHonormun ctpoutensHo 3D-nevaty npu 6onbLumx obbemax 6eToHmpoBaHus TpebyeTtca obecneveHve Tex-
HOMNOTrNYECKNX NepepbIBOB U pa3feneHne obbekTa Ha 3axBaTku, NPV 3TOM pacTBOpPHas CMeChb AOJhKHa ycrnesaTtb obpecTu
HecyLLyo cnocobHOCTbL MaTepuana npy HapaliMBaHWM BbICOTbl BEPTUKAmNbHbLIX 3neMeHToB. OCOBGeHHOCTbI0 BedeHu st pa-
60T C NPMMEHEHNeM 3TON TEXHONOMMN CTPOUTENbLCTBA ABNSATCSA NPO6neMbl 06pa3oBaHNsA «XONOAHLIXY LLUBOB, CBSI3aHHbIe
¢ obecneyeHnemM NPOYHOCTY CLEMNEHNs rpaHnYaLLyx Croes Npyu 0OAHOBPEMEHHOM perynmpoBaHumn Tpebyembix peonornye-
CKMX M TEXHOMNOIMMYECKNX nokasatenen matepuanos Ans 3D-nevatn. BonblUMHCTBO UccneoBaHWn 3aTparvBaeT paboTy ue-
MEHTHbIX CUCTEM MO CPABHEHWIO C MMMNCOBLIMY B CBSA3M CO CMOXHOCTAMMW PErynmpoBaHUsi CPDOKOB CXBaTbIBaHWSA U BOAOCTON-
KOCTU KaMHs1. AKTUBHblE MUHeparbHble J06aBKN UCMONb3YOTCA ANS PerynpoBaHns peosiorniyeckyx CBOMCTB PacTBOPHON
cmecu. OpraHnyeckne [o6aBkn MOTyT NOBbILLATE NPOYHOCTb CLENSIEHUS U afre3unto, HO TPebyoT COBMECTUMOCTU C ApYrMMu
rpynnamu go6aBok. [ns aToro Heo6XxoauMo U3ydeHne BUSIHUSA OpraHM4eckor MoauduumpyoLwen nobaskm n rmapodobu-
3aTopa Ha aAre3noHHYH MPOYHOCTb C BETOHHBIM OCHOBaHMEM.

Matepuanbl u metoabl. [purotoBrneHne pacTBOPHON CMECU U BOSHOIO pacTBopa OpraHMYeckon MonndyHKUMOHANbHOM
no6aBK1 NPOBOAUMNOCH MO YCTAHOBMEHHOMY PEXMMY C YYETOM MOSHOrO ANCNEePrnpoBaHns MoandULIMPYIOLLIErO KOMIMOHEHTa
B BOAE Mpw nocreayoLemM 3roToBleHNN U XpaHeHnn 0b6pasLioB NCMbITaHW B COOTBETCTBUM C METOAMUKON, pernaMeHTpo-
BaHHOW HOPMAaTUBHbLIMY JOKYMEHTaMU.

Pe3ynbraThl. Pedynsrathl CNbITaHWSA NOKa3bIBAOT Ha CHWXEHWE aare3un matepuana k 6etoHy npu gobaeneHnn moau-
dmkaTopa BSI3KOCTU ¥ COBMECTHOM UCMOMb30BaHWUK C rnapodobusaTtopom, NoCKomnbKy Npu B3aMMOOEeNCTBUM Ha rpaHuLe
pasgena pacTBOPHOW cmecn ¢ GeTOHOM He obecneymBaeTcsi NpoTeKaHne NpoLeccoB 06pa3oBaHNsA PU3NKO-XMMUYECKON
cBa3n. Takke npu BBeAeHUN rmapodobHOro KOMNOHEeHTa B COCTaB pacTBOPHOW CMecu HabnogaeTca nnactuduumpyoLlee
OencTBMe C yBeNMYeHneM NpoHMKatoLwen CnocobHOCTN BO BHYTPEHHUE crion 6eToHa, Ha YTO ykasblBaloT U3MEHEHUs npe-
MMYLLEECTBEHHO KOre3VOHHOTO XapakTepa pa3pyLueHus oO6pasLoB Ha aare3vioHHbIN NPy NOSIBIIEHN y4acTKoB C BUAOM OT-
pbiBa MO MaTepuany OCHOBaHWSI.

BbiBoabl. O6ocHoBaHa v MoaTBeEpXAeHa akTyanbHOCTb 06ecrneyeHMs COBMECTMMOCTM OpraHU4ecKkoro mogudukatopa
1 rugpodobusatopa AN aare3vioHHON NPOYHOCTM MaTepvana B agAuTVBHOM CTPOUTESNIbHOM MPOU3BOACTBE. AKTyarnbHOCTb
TeMbl JanbHeilen paboTbl 3aKknovaeTcs B yCTAHOBMNEHUM PaLMOHaNbHOrO COOTHOLEHUs rmapodobuaatopa v opraHuye-
cKkovi o6aBKM C Lienblo obecneyvenmnsi BbICOKVX 3HA4YEHWI aAre3VoHHON MPOYHOCTU U MPOHKKAIOLLEN CMOCOOHOCTH paCcTBOPHOW
cMecm.

KNKOYEBBIE CIOBA: ctpouTenbcTtBo, Matepuansl Ans ACIl, agouTvBHbIE TEXHOMOMMWU, OpraHuveckas nonmdyHKUmo-
HanbHas fobaska, ruapocgobmsaTop, NPOYHOCTb CLEMNSIEHNS C OCHOBAHMEM, KOMMO3ULIMOHHOE TMMCOBOE BSXYLLEE, MEX-
crnowviHas agre3us

BnazodapHocmu. ViccnepoBaHue BbINOMHEHO Ha 060pyAoBaHWK, NpeaocTaBneHHoM HayyHo-vccneoBaTenbCkum NHCTUTY-
TOM CTpOUTENbHBIX MaTepuanos n TexHonorun HNY MICY (URL: https://nii-smit.ru/).

onAa UATUPOBAHUA: Pab6aa U.0., JlapceH O.A. CoBMeCTUMOCTb MOoandUKaTopoB BA3KOCTU U ruapocdobusaTopos
npu agresun matepunanos Ans 3D-neyatu // CTpouTenbCTBO: Hayka n obpasoBaHue. 2025. T. 15. Bein. 4. Ct. 9. URL: http://
nso-journal.ru. DOI: 10.22227/2305-5502.2025.4.9

Asmop, omeemcmaeHHbIl 3a nepenucky: inbst OmapoBuy Pab6aa, ilya_rabbaa@mail.ru.
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ABSTRACT

Introduction. In the technology of construction 3D printing, with large volumes of concreting, it is necessary to ensure tech-
nological breaks and divide the object into sections, while the mortar mixture must have time to acquire the bearing capacity
of the material when increasing the height of vertical elements. The peculiarity of conducting work using this construction
technology results in problems of forming “cold” joints associated with ensuring the strength of the adhesion of adjacent lay-
ers while simultaneously regulating the required rheological and technological parameters of materials for 3D printing. Most
studies concern the operation of cement systems in comparison with gypsum systems due to the difficulties in regulating
the setting time and water resistance of the stone. Active mineral additives are used to regulate the rheological properties
of the mortar mixture. Organic additives can increase the strength of adhesion and adhesion, but require compatibility with
other groups of additives. This requires studying the effect of an organic modifying additive and a water repellent on the ad-
hesive strength with a concrete base.

Materials and methods. The preparation of the solution mixture and the aqueous solution of the organic polyfunctional
additive was carried out according to the established mode, taking into account the complete dispersion of the modifying
component in water during the subsequent production and storage of test specimens in accordance with the methodology
regulated by regulatory documents.

Results. The test results indicate a decrease in the adhesion of the material to concrete when adding a viscosity modifier
when used together with a water repellent, since the interaction at the interface of the mortar mixture with concrete does
not ensure the formation of a physical and chemical bond. Also, when introducing a hydrophobic component into the com-
position of the mortar mixture, a plasticizing effect is observed with an increase in penetrating ability into the inner layers
of concrete, which is indicated by changes in the predominantly cohesive nature of the destruction of specimens to adhesive
with the appearance of areas with a type of tearing along the base material.

Conclusions. The relevance of ensuring the compatibility of an organic modifier and a water repellent to ensure the adhe-
sive strength of the material in additive construction production is substantiated and confirmed. The relevance of the topic
of further work lies in establishing a rational ratio of a water repellent and an organic additive to ensure high values of adhe-
sive strength and penetrating ability of the mortar mixture.

KEYWORDS: construction, materials for ACP, additive technologies, organic multifunctional additive, hydrophobisator, ad-
hesion strength to the base, composite gypsum binder, interlayer adhesion
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BBEJAEHUE

TexHODIOTHs BO3BEICHUS CTPOUTEIFHBIX 00BEKTOB
C MPUMEHEHUEM CTPOUTEITHHON TPEXMEPHOU IedaTu
Moipa3yMeBaeT HaJU4YHe TEXHOIOTHYECKUX NEePEPHIBOB
B paboTe 000pyIOBaHUS U pa3aesicHHe 00bEKTa Ha TeX-
HoJloruueckue 3axBarku. [lo mpomecTBuM BpeMeHHU
HAaHECCHHAs PAacCTBOPHAS CMECh yCIIEBAaeT MpHOOpecTH
KPUCTAJUTN3AMOHHYIO CTPYKTYpYy ¢ HaOOpOM MPOYHO-
CTH JIJ1s1 00eCTIeUeHHsT HECYIIIeH CTTIOCOOHOCTH MaTepura-
na [1-3], Ha KOTOPBI HAYMHAIOT OKAa3bIBATH BO3/ICHCTBIE
HapacTarollye CI0M YKIaAKH, OCNIEe YeTro 3aTBep 1B
[IEMEHTHBI KaMeHb CIIeAyeT pacCMaTpPHUBaTh B KAYECTBE
OCHOBaHMS I10]1 HAHECEHHE MaTepuaa JJisl aJJINTUBHOTO
ctpouTenbHOro npousBozacTa (ACII), MOCKOIBKY BO3-
HUKAeT PUCK BOZHUKHOBEHUSI XOJIOJHBIX IIBOB [4, 5].

V marepuanoB g ACII, npuMeHsieMbIX Ha CTPO-
UTEITHFHOM PBIHKE, CYIIIECTBYIOT HE PEIICHHBIC B TIONHON
Mepe TPYIHOCTH B 00€CIeYeHUH IPOYHOCTH CIIETIIe-
HUS 3aTBEPCBIIETO IIEMEHTHOTO KaMHS TPaHHUYAIINX
CIIOCB B CBSI3M C TEXHOJIOTHYCCKUMH MPHHIIUIAMH
MIPU 3KCTPYIUPOBAHUH PACTBOPHOM CMECH uepe3 COIl-
o 3D-mpuHTEpa, a TakKe aAre3ud K MOBEPXHOCTH
HaHECEHUS, BbIpaKaeMble OECIIOBHBIM IEPEX0A0M
MIpU YBEIUYCHUH yPOBHS BO3BEICHUS BEPTHKAIHHON
KOHCTPYKIIMH, B pe3yJbTare 4ero Tpedyercst mpoBe/e-
HUE MEpPONPUITHI M0 00eCIeyeHnI0 OTHOPOIHOCTH
XapaKTEPUCTHK CICTICHHUS MaTepHralia CTPOUTEIHHOTO
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00BEKTa C IeThI0 COOTBETCTBHS MIPUHITUIIAM MOHOIHUT-
HocTH. O3ByueHHas mpoliieMa B COBPEMEHHOM CITOCO-
Oc BeIeHUS CTPOUTEIECTBA 3aTPArUBACTCS B HAYIHBIX
pabotax [6, 7], IIg penieHus] KOTOPBIX MPeAiaracTcs
PETYIHUPOBKA PEIENTyPhl COCTaBa JJISl CTPOUTEIHHOM
3D-mevaryu myTeM 00eCIeYeHHsI COXPaHIEMOCTH TeX-
HOJIOTHYECKHUX TOKa3aTesel BO BpeMEHH MPHU OJHOBpE-
MEHHOM TIPHIaHAH HAaHECCHHOMY MaTepHaly HeCyIen
CIIOCOOHOCTH C MCIIOJIb30BAHUEM aKTHBHBIX MUHEPAITh-
HBIX 100aBoK (M) B kauecTBe MOIU(UKATOPOB PEOJIO-
THYECKHAX CBOMCTB PaCTBOPHOI CMECH.

BoNbIIMHCTBO UCCIIEIOBATENBCKUX PA0OT IO U3-
YYCHHIO PEOJIOTHYECKUX U TEXHOJIOTUYECKUX MOKa3a-
Tenel MarepuanoB sl cTpouTenbHo 3D-nieuaru 3a-
TparuBaeT CMECH, MPUTOTOBJICHHbIE HA IIEMEHTHOM
BSDKYIIIEM T10 CPABHEHHUIO C THIICOBBIM U €TO KOMITO3UT-
HBIMH aHaJIoramMH [ 8], HOCKOJIBKY MOI00HbIH BEIOOD ChHI-
PBs 00YCIIOBIIEH IPOCTOTOM TapaHTHH COXPAHAEMOCTH
TEXHOJIOTHYECKHUX CBOHUCTB PaCTBOPHOIN CMECH B COOT-
BETCTBHH C YCTAHOBJICHHBIM PEKUMOM H TPeOyeMou
CKOPOCTBIO BO3BENCHHS, a TAK)Ke€ OTCYTCTBHEM BO3-
MOXKHOCTH MOJYYEHHS] KOMIIO3UIIUOHHOTO BSIXKYILETO
C BBICOKUMHU TEXHUUYECKMMH U IKCILUTyaTallMOHHBIMU
XapaKTePUCTUKAMH C TIPUMEHEHUEM BSKYIIETO HU3KOU
Mapku. K Hanbonee 3HaYUMBIM MPOOJIEMaM HCIIOIB30-
BaHUs TUIICOBOTO CBHIPBS MPHU pa3pabOTKe perenTypsl
Marepuana ansi ACII otHOcHTCs oOecnieueHue JIeTKo-
CTH PETYIHPOBAHUS CPOKOB CXBATHIBAHUS U CTOWKOCTH
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K BO3JICHCTBHIO BOJBI THIICOBOTO KaMHS, BEIPAYKaeMoe
K03(h(HUITEHTOM €T0 pa3MATUCHHS.

Jnst TpeOyeMbIx rmokasarerneil MaTepratoB Ha MHOTO-
KOMITOHEHTHOM THIICOBOM BSDKYIIEM TSI QA IUTHBHBIX
CTPOUTENIFHBIX TEXHOJIOTHH TIpesIaraeTcs IpHMEHEHNEe
akTUBHBIX M/I, yuacTBYIOIINX B PETYIUPOBAHUU PEOIIO-
TMYECKUX U TEXHOJIOTMYECKUX CBOMCTB PAaCTBOPHOM cMe-
CH ¥ 00€CTIeUNBAIONINX THIPABINIECKYI0 aKTHBHOCTh
HMPUMEHSEMOro BsKyIIero [9]. B HEKOTOPBIX HAay4YHBIX
TpyZAax aBTOPOB, MOCBANICHHBIX U3yUYEHHUIO PEOJIOTH-
YECKHUX CBOICTB pacTBOPHOM cMecH ¢ moMolibo M/,
OBUIO YCTAHOBJIEHO, YTO MX 3(P(HEKTUBHOCTH ACHCTBHUS
B KauecTBE MOAM(DUKATOPOB BS3KOCTH CHCTEMBI BO3-
MO’KHA TTPY 3HAYUTETBHBIX PAcXo/iax Mo Macce BsUKYyIIe-
ro [10-12]. ITo aTo¥t nprunHe B KadecTBe d(PPEKTHUBHBIX
100aBOK, MOTHU(DHUITUPYIOIIMX PEOTOTHUCCKUE CBOMCTRA
pPacTBOPHOI CMECH, HCIIOIb3YIOT MaTeprabl OpraHu-
YECKOr0 MPOUCXOXKAEHUS, KOTOPbIE TAaK:Ke MOTYT MO-
BBIIIATH IPOYHOCTH CIETUICHHS IPaHUYAIINX CJIOEB Ma-
Tepuaiga ¥ K OCHOBAHUIO HAHECEHHS, OHAKO TPH 3TOM
ClIelyeT PyKOBOACTBOBATHCSA UX COBMECTUMOCTBIO C JIPY-
THMH TIPUMEHsIeMbIMH 100aBKaMK B COCTaBE CMECH, T10-
CKOJIBKY TIPEIISITCTBHE ACHCTBUIO OJHOTO M3 KOMITOHEH-
TOB MEXaHU3MYy PadOTHI APYroro BEAET K CHIKCHHIO
s¢dexTruBHOCTH pabOTHI COCTaBa, 3aTPYAHSIS IIPH STOM
moxdop perentypsl [13—15].

B nensx Hacrosieil paboTHI MOCTaBIeHA 3a/1a4a
M3yYCHUS BIMSHUS OPraHUYeCKON Moauduuupyromen
J100aBKH MONMM(YHKIIMOHAIBHOTO HA3HAYEHHS Ha aJre-
3MOHHYIO IIPOYHOCTH ¢ OETOHHBIM OCHOBaHHEM. Kpome
TOTO, BaYKHO YUYHUTHIBATH €0 COBMECTUMOCTH C THIPO-
dobuzaropamMu mpu MOAOOPE ONMTUMAIBHOTO COOT-
HOILEHUS B COCTaBE Ha KOMIIO3UIIMOHHOM THIICOBOM
BSDKYIIIEM JIJIs1 IOBBIIICHHS BOJOCTOMKOCTH 3aTBEPICB-
IIEr0 KaMHsl, TOCKOJIBKY OTCYTCTBHE COOMIONEHHS ITO-
TO YCJIOBHSI MOXET IPUBECTH K CHIDKEHHIO d(pdekra
OTTAJKUBAHHUSA U, KaK CIIEACTBUE, K YBEIMUYCHHUIO BOJIO-
MOTJIOMIEHUS] MaTepraa, a TakKe CHIKEHHUIO a/re3u-
OHHOI MPOYHOCTU MaTepHala 3a cueT HeHTpanu3auu
JeHCTBHS MaKpoOMOJIEKy] Mojudukaropa 1no oopaso-
BaHUIO TOJIMMEPHON CBSI3M C OCHOBAaHWEM HaHECECHUS
U IPYTHUX KCIUTyaTallMOHHBIX XapakTepucTuk [16, 17].

MATEPHWAJIBI U METO/JbI

B kauecTBe MCXOIHOTO CHIPHS, MPHUMEHIEMOTO
IUTSL ICCITEIOBATEIIECKON paOOTHI M YIOBIETBOPSIIOIIETO
TpeOOBaHNIO HOPMATHBHOTO JOKYMEHTA Ha MaTepUaJIbI
JUISL AJAUTHBHOTO CTPOUTEIBFHOTO MPOM3BOACTBA, UC-
TTOJTF30BAHBI CICAYIONINE KOMITOHCHTHI:

1) runcoBoe BsXKYyIllee BHICOKOIPOYHOE MapKH
I'-16 b II (3A0 «Camapckuii TUTICOBBII KOMOHWHATY)
B cootBeTcTBHU ¢ ['OCT 125-2018;

2) runcoBoe Bsky1ee crpoutensHoe Mapku -5 B 11
(BAO «Camapckwuii THIICOBBI KOMOMHATY») B COOTBET-
crBun ¢ 'OCT 125-2018;

3) noptnanauement IHEM I 42,5H (AO «beno-
ropoackuii iemeHT») B coorBeTcTBuu ¢ OCT 31108—
2020;

4) 3oma-yHoca (OO0 «3KO-30m0mpoayKkr») B co-
orBeTcTBHH ¢ TY 5712-003-84800065-2010;

5) MeNnKuil MOPUCTHIN 3aMOTHUTENh, TOTyJICH-
HBIN U3 OTCEBa APOOJICHHS HEKOHAUIIMOHHON (DpaKiuu
MIEHOCTEKOJIBLHOTO MIeOHS (paKkLuK C pa3MepoM 3epeH
0,63-0,16 mm;

6) nopoikooOpasHsblii cynepruactudukarop Sika
ViscoCrete-226 P Ha ocHOBe 3(h)upoB momMKapOOKCHIIa-
TOB;

7) ruapododuszupyromas 100aBKa: MOPOIIKOBBII
0JIeaT HAaTPUs C COZIepAKAHUEM BelllecTBa He MeHee 95 %;

8) opranmdeckas nodu(yHKIIMOHAIbHAS 100aB-
Ka, BBIMOJHSIOMAs (QYHKIUIO MOAU(HUKAaTOpa BA3KOCTH
¢ BHyTpeHHUM mudppom VM-XG;

9) BOonOnpoBOHAS BOJIAa TUTHEBAsI B COOTBETCTBUN
¢ 'OCT 23732-2011.

Pacxo/ipl KOMITOHEHTOB ISl TTIOJIyYEHUS] MaTepH-
ajia MCCIe0BaHMsI ObUTH MPUHATH HA OCHOBaHWHU pa-
Hee pa3paboTaHHOTO COCTaBa, MPUMEHSIEMOro pU H3-
YUYEHHUU PEOJIOTUYECKUX CBOUCTB M TEXHOJIOTHYECKUX
ToKazareseil pacTBOPHON cMecH ¢ MOAN(HUINPYIOIINM
komrnonenToM. KonmuectBo ruapododusaropa Juist npu-
roToBJIeHHs MaTepuaia npuHaTo 0,3 % oT Macchl Cyxoi
cmecu. OnpeziesneHre IPOYHOCTH CHETIIICHHUS pacTBOPa
¢ OCTOHHBIM OCHOBAaHMEM BBITTOJIHUIN MO METOIUKE
I'OCT P 58276-2018. IIpuroroBieHue pacTBOPHOU
CMECH C IIEJBI0 U3TOTOBJICHHS 00pa3I0B UCTIBITAHUN
MPOBOAMIIHN TIO CIEAYIOMIEMY PEXUMY: IepeMeIInBa-
HUE KOMIIOHEHTOB B TeueHue 120 c, 3aTeM 0CTaHOBKa
cMecurens Ha 90 ¢ i CHATUS HaJIMIIIEH pacTBOPHOM
CMECH Ha JIOTIACTh M CMECHUTENBHYIO Yallly, Aajiee 0Cy-
LIECTBIISIN OBTOPHOE MepeMelInBaHue B TedeHue 60 ¢
JUIsl 0OECIIeUeHNsI CyMMapHOTO BPEMEHH IepeMEIInBa-
HUS, PABHOTO 3 MHUH.

3aTBOpEHHE CYXOH CMECH MPOU3BOIAMIN C HOMOIBIO
8%0-HOTO BOJJHOTO PacTBOPA OPraHMYECKOH MONMH(YHKIINO-
HaJbHOM 00aBku. [y oOecriedeHus OIHOTO MPOTeKa-
HUSI TIpoliecca JUCTIEPIUPOBaHUS MOAM(UIIMPYIOIIETO
KOMITOHEHTa B 00beMe JKUAKOH (pa3bl MPOBOAMIIN TIEPH-
OJIMYECKOE TIEPEMEIINBAHIE HAOyXaroIIero Moaudukaro-
pa ¢ NOMOIIBIO JPENH C JIONACTHOM HACaKOW C 4aCTOTOM
BpamieHus He 6omee 450 06/muH. C 1eTBI0 YCTpaHESHHS
BIMSTHUS HETIPOTHIPATHPOBABIINX YaCTHI OPraHUIeCKON
nonyHKIMOHAIBHOH 00aBKH Ha 0OpaszoBaHue Jiedex-
TOB B 3aTBEPJEBIIEM THMIICOBOM KaMHE HCIIOJIb30BAJIH
MIPUTOTOBIICHHBIN T'eJib B KaUECTBE 3aTBOPUTEINS CyXOH
cMecH He paHee yeM uepe3 90 MMH OT MOMEHTa Hadania
MIPUTOTOBJICHNUS PACTBOPA MOIU(UKATOPa BSI3KOCTH.

Hanecenue npuroToBiIeHHON pacTBOPHON CMecH
Ha MOBEPXHOCTh OCTOHHOW TUTUTHI-OCHOBAHMS, H3T0-
TOBJICHHOH B cooTBeTcTBHH ¢ TpeboBanuem ['OCT P
58277-2018, BBIIOJHMIM C IOMOIILIO LIMATENS C IIH-
puHoIt ne3Bus 10 MM B OTUH NIPHEM C IPUIKATUEM CMe-
CH ¥ BBIPABHUBAHUEM JIMLIEBOI MOBEPXHOCTH 00PA3IOB
CTaJbHOW NMUHEHKOU. /[ M3roToBIEHUS 00pas3IoB
JUIMHOH pebpa 50 MM HCHOIB30BAJICS CHIMKOHOBBIN
aNIUIMKaTop, 00eCeYNBAIONINH TOJNMHY HAaHECCHUS
clost pacTBOpHOM cMecu 5 MM. CHATHE anminKaropa
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MIla
0,60
0,50
0,40
0,30
0,20
0,10
0,00

HpO‘IHOCTL CLCIUICHUA (a,Z[l"eSI/ISI) ¢ OCTOHHBIM OCHOBaHHUEM

B JJo6aBka VM-XG

B Jlo6aBka VM-XG u rugpopobuzarop

Puc. 1. Bimsinue oprannueckoii noinnyHKIHOHAIBHON 100aBKH U ruapodobuzaropa Ha aare3uto Marepuaia it ACIT

C IUIMTHI OCHOBAHHUS OCYIIECTBIAIOCH IPU PyKOBOJ-
CTBE COXPaHsAEMOCTBIO CBOICTB pacTBOPHOH cMecH,
MPEABAPUTEIBHO MPOBOAMIOCH MOAPE3aHNE BHEITHEH
TPaHM BJOJb OTBEPCTHH aIlIUIMKATOpPa MPH ITOMOIIH
JIe3BUSI JJI MPEAOTBPAIECHHS BOZMOXXHOCTH Hapylie-
HUSI [IEIOCTHOCTH M3TOTOBICHHBIX 00Pa3IOB.

XpaHeHHUE TUINTHI-OCHOBAHHS ¢ 00pa3IaMy HCIIbI-
TaHUS OCYLIECTBILUIOCH B TEUEHHE 7 CYT B IIOMEIICHNH,
o0ecIeurBaroIeM OAAepKAHUE TEMIIEPaTypbl U OTHO-
CHUTEITFHON BIIAXHOCTH Bo3ayXa f=(22+2)°Cunop=(52=+
+ 10) % coorBercTBeHHO. [lo mporiecTBuu BpeMeHH
XpaHEeHUs IUIMTHI K 3aTBEPACBIINM 00pa3iaM IpUKIeH-

b

C

Puc. 2. Buennnii Bug 006pa3nos uis onpesesieHnst IPOYHOCTH clerienus (aare3nu) marepuana 1t ACII ¢ 6eToHHBIM oc-

HOBaHMEM: @ — TIepe]] IPUKJIEHBAHUEM IITAMIIOB; b — TMOCIe OTPBIBA CEPUH 00PA3IOB ¢ OPTaHUIECKONH MOTU(PHIHPYTOIIeit

T00aBKOIf; ¢ — TIOCJIE OTPBIBA CEPHU 00Pa3IOB C OpraHMYECKOH MoanUIHpPYIOIEH 100aBkol 1 Tuapododu3zaTopom
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BaJIUCh CTAJIbHBIC HITAMIIbI KBAAPATHOI'O CCYCHU (pa3-
Mep rpaneid 50 MM) ¢ IOMOIIBIO JBYXKOMIIOHEHTHOTO
KJIEsl Ha OCHOBE JIIOKCHIHOM cMonbl. Ilepen HaknenBa-
HUEM HITaMIIOB IMPOBOJNUJIOCH BbIpABHUBAHUE IMOBEPX-
HOCTH MaTepualia UCIIBITaHus IyTeM 3aTHPKH 00pa3lioB
C UCTIONB30BaHNEM NITH(OBAIBEHON OyMaru ¢ mociemy-
FOIIUM O6CCHBI.HI/IBaHI/ICM MMOBEPXHOCTH. HcneiTanue
Ha aJIre3MOHHBIN OTPBIB 00PA3I0B OT OETOHHOM MIIUTHI
OCYIIECTBIISUIOCH M0 UCTEUCHUH 24 4 OT MOMEHTA MpH-
KJICUBAHHWA IITAMIIOB C ITOMOIIBIO HOpTaTHBHOﬁ UCIIbI-
TaTeNbHON MAIIMHbI JUISI N3MEPEHUI YCHIIUS OTpPbIBa
(amresmm) HP 1000 Haftprufsystem ¢ npumeHeHrem ru-
JIPABIMYECKOTO CHJIOBOTO IIMJIMH/APA ¢ MAKCUMAaIIbHBIM
n3MepsieMbIM ycuimeM otpbiea 9 kH npu ckopoctr Ha-
pacranms Harpy3ku 250 = 50 H/c.

PE3YJIBTATHBI HCCIEJOBAHMUA

Ilo pe3ynbsraram nccnenosanus Marepuana st ACIT
C TIPUMEHEHNEM OpPTaHMYeCKOi MoIH(yHKIMOHAIEHON
JI00aBKH OBLIO YCTAHOBJICHO €€ BIIMSHHE Ha MPOYHOCTb
CIIEIUICHUsI ¢ OSTOHHBIM OCHOBaHHEM M COBMECTHMOCTD
¢ TUIPooOM3aTOPOM B COCTABE 3aTBEPIECBIIIETO PACTBO-
pa (puc. 1).

W3 nomy4yeHHBIX 3Ha9eHUH MPOYHOCTH CHETUICHHS
cepuu 00pa3IoB MOXKHO HAOMIOIATh CHIKEHHE a/Ire3un
Marepuana k 6eTonaomy ocnoBanuto ¢ 0,53 10 0,35 Mlla
npu 1o6aBieHn ruApohoOU3NpyOIIeH T00aBKH co-
BMECTHO C MOAM(HUKATOPOM B COCTaB cyxoif cmecH. [1o-
JI0O0HOE TPOSIBJICHHE MOJTBEPIKIACTCS MEXAaHN3MOM JIeH-
CTBUSI THPO(POOHBIX KOMITOHEHTOB, MEXaHU3M JICHCTBHS
KOTOPBIX 3aKJIFOYACTCS B MPOTEKAHUH XUMHIECKHUX TIPO-
LIECCOB Ha IPaHUIIe pa3/iesia MOBEPXHOCTHU 3aTBep/eBa-
IOIIETO pacTBOpa M OCHOBAHMS, @ TAKKEe BHYTPH MHUKPO-
nedexroB OeToHa ¢ 00pa30BaHUEM IIICHOK, IPETISTCTBY-
IOIIUX JJIBHEHUIIEMY KallWIJIIPHOMY IIOLCOCY BOJBI
U3 PaCTBOPHON CMECH, KOTOPOE HEOOX0ANMO /Tt 00pa-
30BaHKE (PU3UKO-XUMHUECKOH cBs3u ¢ OeToHoM [ 18, 19].

B xozne BU3yaJIbHOM OLICHKM XapakTepa OTpbIBa
(puc. 2) orpeznesneHo, 4To 00pasIsl cOCTaBa 3aTBEP/ICB-
IIETO KaMHS MPU MPUMEHEHUH OPTaHMYECKON MOJH-
¢yHKuMOHANBHON n00aBKkU obecrneynBaoT 55,2 %
KOT€3MOHHOTO paspyuieHus u 44,8 % aAre3moHHOro
pa3pymeHus B cepur 00pa3IoB UcHbITaHus. B 1o xe

BpeMsi ceprsi 00pa3loB, U3rOTOBJICHHBIX IIPH COBMECT-
HOM HMCHOJIB30BaHIH MOAN(HUINPYIONIETO KOMITIOHCHTA
U runpododm3aropa, 00IaaeT 1oIe TOBEPXHOCTH HC-
MBITAHHOT'O PacTBOPA C pa3pylICHHEM MaTepHraia OCHO-
BaHUsI, paBHBIM 25,3 %.

[NomoOHOE N3MEHEeHNe XapaKTepa OTPhIBa OT OETOH-
HOW MMOBEPXHOCTH IIPU COACPKAHUU TuApododu3aTopa
B PaCTBOPHON CMECH MOXKET OBITh OOBSICHEHO MPEIIOo-
JIOXKEHHEM, YTO MHOTHE BHBI JJOOABOK M3 3TOH TPYIIIIBI
obnagarot wiactTuduiupyonmm 3GHEKToM, MPH KOTOo-
POM YBEJIMYMBAETCS] IPOHUKAIOMIAs CITIOCOOHOCTH pac-
TBOPHOIT CMECH C 3aITOJTHEHHEM MHKPOJE()EKTOB U Ka-
MIUTAPHBIX TTop 6eToHHOTO ocHOBaHus [20, 21]. Takoe
MIPE/IONIOKEHUE TAKXKEe MOATBEPXKIACTCS YTy YIICHUEM
yIO000YKIIaJbIBAEMOCTH PACTBOPHOH CMECH U JIETKOCTH
€€ NEPEMCIIMBAaHUA B Yalll€ CMECUTECIIA.

3AKJIIOYEHUE U OBCYXJIEHHUE

O0ocHOBaHa BO3MOKHOCTb COBMECTHOTO HCIIONb-
30BaHMS OPraHUYECKOr0 MOJH(UKATOPA PEOIOTHUECKUX
CBOWCTB ¥ rHApodoOH3aTopa ¢ 1EeTbo 00eCIIeUeHHs are-
3MOHHOH TIPOYHOCTH PACTBOPHOI cMecH 1yt 3D-newatn
Ha KOMITO3MI[IOHHOM T'MIICOBOM BSDKYIIEM C OITHMallb-
HBIM COOTHOIIEHHEM KOMIIOHEHTOB JUISI MEXKCIOMHON
alre3un.

YcraHOBIIEHO, YTO BBEIICHHE THIpOoQodu3aropa co-
BMECTHO ¢ MOJU(UIMPYIOIIEH J0OaBKOW criocoOCTByeT
CHIDKCHHUIO a/IT€3MOHHON MPOYHOCTH K OeToHy. [Tpnume-
HEeHUe 00BEMHOM TuAPoPoOU3aLH TIPUBOAUT K CHUKE-
HUIO NIPOYHOCTH cuerienus Ha 34,2 %. V3ydyeHnne xa-
pakKTepa OTpBIBA 3aTBEP/IEBIIIETO PACTBOPA K OCTOHHOMY
OCHOBAHUIO CBUJIETEIILCTBYET 00 YBEIMUEHHU IPOHH-
KaloIei criocoOHOCTH pacTBOPHON CMECH, YTO OOBsIC-
HSIETCS MOJIOKHUTENIBHBIM BIMSIHHEM Tuapododu3aTopa
Ha yJIy4llIeHHe KOHCHCTEHIIMHI PacTBOPHOI cMecH, obec-
TIEYCHHE CBSI3HOCTH CHCTEMBI.

AKTyaJTbHOCTB TEMBI OyAyIINX MCCIEIOBAHUH 3a-
KITIOYAETCsl B ONPEJEICHUH PAalMOHAIbHOIO COOTHO-
meHust ruapodobduzaropa U OpraHUIecKol 100aBKU
nonn(pyHKIIMOHAIBHOTO HAa3HAYEHHS JUIsl 00eCTIeueHUs
BBICOKMX 3HAYEHMI aJre3MOHHON MPOYHOCTH 3aTBEp-
JIEBIIICTO MaTepuaja 1 MPOHHUKAIOIIEH CIIOCOOHOCTH pac-
TBOPHOW COCTaBJISIFOILIEH.
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INTRODUCTION

The technology of constructing buildings using
three-dimensional printing involves technological breaks
in the operation of equipment and the division of the ob-
ject into technological sections. Over time, the applied
mortar mixture acquires a crystalline structure with
a set of strengths to ensure the load-bearing capacity
of the material [1-3], which begins to be affected by
the growing layers of the structure. After that, the hard-
ened cement stone should be considered as a base for
the application of material for additive construction pro-
duction (ACP), as there is a risk of cold joints [4, 5].

Materials for ACP used in the construction market
have unresolved difficulties in ensuring the strength
of the bond between the hardened cement stone and
the adjacent layers due to the technological principles of
extruding the mortar mixture through the nozzle of a 3D
printer, as well as adhesion to the application surface,
expressed by a seamless transition as the level of verti-
cal construction increases, as a result of which measures
are required to ensure the uniformity of the adhesion
characteristics of the construction material in order to
comply with the principles of monolith city. The prob-
lem raised in the modern method of construction is ad-
dressed in scientific works [6, 7], which propose adjust-
ing the composition of the mixture for 3D construction
printing by ensuring the stability of technological indi-
cators over time while simultaneously imparting load-
bearing capacity to the applied material using active
mineral additives (MA) as modifiers of the rheological
properties of the mortar mixture.

Most research studies on the rheological and techno-
logical indicators of materials for 3D construction print-
ing concern mixtures prepared with cementitious bind-
ers rather than gypsum and its composite analogues [8],
since this choice of raw materials is due to the ease of en-
suring the preservation of the technological properties
of the mortar mixture in accordance with the established
regime and the required speed of construction, as well as
the inability to obtain a composite binder with high tech-
nical and operational characteristics using a low-grade
binder. One of the most significant problems in the use
of gypsum raw materials in the development of a materi-
al formulation for ACP is ensuring the ease of controlling
the setting time and water resistance of gypsum stone,
expressed by its softening coefficient.

To achieve the required performance of materi-
als based on multicomponent gypsum binders for ad-
ditive construction technologies, it is proposed to use
active MA that participate in regulating the rheologi-
cal and technological properties of the mortar mix-

ture and ensure the hydraulic activity of the binder
used [9]. In some scientific works by authors devoted
to the study of the rheological properties of mortar
mixtures using MA, it was established that their ef-
fectiveness as viscosity modifiers of the system is
possible at significant costs in terms of binder mass
[10-12]. For this reason, materials of organic origin
are used as effective additives that modify the rheo-
logical properties of mortar mixtures, which can also
increase the adhesion strength of the boundary layers
of the material to the application base. However, their
compatibility with other additives used in the mix-
ture should be taken into account, since the inter-
ference of one component with the mechanism of
action of other leads to a decrease in the effectiveness
of the composition, making it difficult to select the right
formulation [13-15].

The aim of this work is to study the effect of a multi-
functional organic modifying additive on the adhesive
strength with a concrete base. In addition, it is impor-
tant to consider its compatibility with water repellents
when selecting the optimal ratio in the composition
of a composite gypsum binder to increase the water re-
sistance of the hardened stone, since failure to comply
with this condition may lead to a decrease in the repel-
lent effect and, as a result, an increase in the water ab-
sorption of the material, as well as a decrease in the ad-
hesive strength of the material due to the neutralization
of the action of the macromolecules of the modifier in
the formation of a polymer bond with the application
base and other performance characteristics [16, 17].

MATERIALS AND METHODS

The following components were used as raw ma-
terials for the research work, which meet the require-
ments of the regulatory document on materials for ad-
ditive construction production:

1) high-strength gypsum binder grade G-16 B II
(“Samara Gypsum Plant” CJSC) in accordance with
GOST 125-2018;

2) gypsum binder for construction, grade G-5 B
IT (“Samara Gypsum Plant” CJSC) in accordance with
GOST 125-2018;

3) Portland cement CEM I 42.5N (“Belogorodsky
Cement” JSC) in accordance with GOST 31108-2020;

4) fly ash (“ECO-Zoloprodukt” LLC) in accor-
dance with TU 5712-003-84800065-2010;

5) fine porous filler obtained from the screen-
ing of crushed substandard foam glass aggregate with
a grain size of 0.63-0.16 mm;
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Fig. 1. Effect of organic multifunctional additive and water repellent on the adhesion of material for ACP

6) Sika ViscoCrete-226 P powder superplasticizer
based on polycarboxylate esters;

7) hydrophilizing additive: powdered sodium ole-
ate with a substance content of at least 95 %;

8) organic multifunctional additive acting as a vis-
cosity modifier with internal code VM-XG;

9) drinking tap water in accordance with GOST
23732-2011.

The costs of the components for obtaining the re-
search material were accepted based on a previously
developed composition used in studying the rheologi-
cal properties and technological indicators of a mor-
tar mixture with a modifying component. The amount
of water repellent for preparing the material was ac-
cepted as 0.3 % of the dry mixture weight. The adhe-
sion strength of the mortar to the concrete base was
determined according to the method specified in GOST
R 58276-2018. The mortar mixture for the preparation
of test specimens was prepared according to the fol-
lowing procedure: mixing of components for 120 sec-
onds, then stopping the mixer for 90 seconds to remove
the mortar mixture adhering to the blade and mixing
bowl, followed by re-mixing for 60 seconds to ensure
a total mixing time of 3 minutes.

The dry mixture was mixed with an 8 % aqueous
solution of an organic multifunctional additive. To en-
sure complete dispersion of the modifying component in
the liquid phase, the swelling modifier was periodically
mixed using a drill with a blade attachment at a speed
of no more than 450 rpm. In order to eliminate the influ-
ence of non-hydrated particles of the organic multifunc-
tional additive on the formation of defects in the hard-
ened gypsum stone, the prepared gel was used as a binder
for the dry mixture no earlier than 90 minutes after
the start of preparation of the viscosity modifier solution.

The prepared solution mixture was applied to
the surface of the concrete base plate, manufactured in
accordance with the requirements of GOST R 58277—
2018, using a spatula with a blade width of 10 mm in
one pass, pressing the mixture and levelling the front
surface of the specimens with a steel ruler. A silicone
applicator was used to make specimens with a rib
length of 50 mm, ensuring a 5 mm thick layer of mor-

136

tar mixture. The applicator was removed from the base
plate while maintaining the properties of the mortar
mixture. The outer edge was first cut along the applica-
tor holes with a blade to prevent damage to the integrity
of the manufactured specimens.

The base plate with test specimens was stored for
7 days in a room maintaining a temperature and relative
humidity of r = (22 + 2) °C and ¢ = (52 + 10) %, re-
spectively. After the storage period, square steel stamps
(50 mm edge length) were glued to the hardened speci-
mens using a two-component epoxy resin-based adhe-
sive. Before gluing the stamps, the surface of the test
material was levelled by sanding the specimens with
sandpaper, followed by dust removal. The adhesion pull-
off test of the specimens from the concrete slab was car-
ried out 24 hours after the stamps were glued using a por-
table testing machine for measuring the pull-off force
(adhesion) HP 1000 Haftprufsystem using a hydraulic
power cylinder with a maximum measurable peel force
of 9 kN at a load increase rate of 250 & 50 N/s.

RESEARCH RESULTS

The results of research into material for ACP us-
ing an organic multifunctional additive established its
effect on adhesion strength to concrete substrates and
compatibility with a water repellent in the composition
of hardened mortar (Fig. 1).

From the adhesion strength values obtained for a se-
ries of specimens, a decrease in the adhesion of the ma-
terial to the concrete base from 0.53 to 0.35 MPa can be
observed when a water-repellent additive is added to-
gether with a modifier to the dry mix. This phenomenon
is confirmed by the mechanism of action of hydrophobic
components, which involves chemical processes at the in-
terface between the surface of the hardening mortar and
the base, as well as inside microdefects in the concrete,
with the formation of films that prevent further capillary
suction of water from the mortar mixture, which is nec-
essary for the formation of a physicochemical bond with
the concrete [18, 19].

During a visual assessment of the nature of the de-
tachment (Fig. 2), it was determined that specimens
of hardened stone composition with the use of an organic
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Fig. 2. Appearance of specimens for determining the adhesion strength of the material for ACP with a concrete base: a — be-
fore gluing the stamps; b — after tearing off a series of specimens with an organic modifying additive; ¢ — after tearing off
a series of specimens with an organic modifying additive and a water repellent

multifunctional additive provided 55.2 % cohesive fail-
ure and 44.8 % adhesive failure in a series of test speci-
mens. At the same time, a series of specimens made using
a combination of a modifying component and a water re-
pellent has a proportion of the surface of the tested solu-
tion with destruction of the base material equal to 25.3 %.
This change in the nature of separation from the con-
crete surface when a water repellent is included in
the mortar mixture can be explained by the assumption
that many types of additives from this group have a plas-
ticizing effect, which increases the penetrating ability
of the mortar mixture, filling microdefects and capillary
pores in the concrete base [20, 21]. This assumption is
also confirmed by the improved workability of the mortar
mixture and the ease of mixing it in the mixer bowl.

CONCLUSION AND DISCUSSION

The possibility of combining an organic rheologi-
cal modifier and a water repellent to ensure the adhesive

strength of a mortar mixture for 3D printing on a com-
posite gypsum binder with an optimal ratio of compo-
nents for interlayer adhesion has been substantiated.

It has been established that the introduction
of a water repellent together with a modifying addi-
tive contributes to a decrease in adhesive strength to
concrete. The use of volumetric water repellent leads
to a 34.2 % decrease in adhesion strength. The study
of the nature of the detachment of the hardened mor-
tar from the concrete base indicates an increase in
the penetrating ability of the mortar mixture, which is
explained by the positive effect of the water repellent
on improving the consistency of the mortar mixture and
ensuring the cohesion of the system.

The relevance of future research lies in determin-
ing the optimal ratio of the water repellent and the mul-
tifunctional organic additive to ensure high adhesion
strength of the hardened material and the penetrating
ability of the mortar component.
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IIpuMeHeHre TEXHOJIOTMH UCKYCCTBEHHOI0 HHTEJJIEKTA
JJISL pa3pad0TKU MPOEKTOB M0 PEKOHCTPYKUUM 31aHU K
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AHHOTALUMUA

BBegeHune. PaccmatpuBatoTcsl pasHble BapvaHTbl aBTOMaTm3auuy NoaroToBKU MPOEKTOB PEKOHCTPYKUMM 3aaHui. Korpa
peyb UAET O TakMX NPOEKTax, MPUXOANUTCS CTaNKMBATLCA C OrPOMHBLIM CMEKTPOM 3ajay: Hanpumep, aHanua TeXHUYEeCKoro
COCTOSIHUSA 3AaHNSA U pasnnyHble TpeboBaHWS No HOpMaM, TEXHUYECKNe OrpaHMyYeHnst B KX yucne. B cBA3n ¢ 3TUM pekoH-
CTPYKUMSI — NPOLIECC CMOXHbINA U, MOXHO CKa3aTb, TPYAOEMKMI, KOTOPbIA TPEOYET MHOMO CUI U BpEMEHW. B Bek akTUBHO
pa3BuBaloLLENCH aBTOMaTU3aUmMmn U LmMdgpoBmusaLMm ocobeHHO BaXKHO AenaTb NpoekTupoBaHue bbicTpee 1 adpdekTnBHeE,
4YTOObI 3KOHOMWTL BPEMSI CNeLManucToB. B Takmx ycnoBusix LndgpoBble TEXHOMOMMM CTaHOBSITCA NMPaKTUYeCKn He3aMeHw-
Mbl, MOTOMY YTO MOMOFatT YMyyLIMTb Ka4eCTBO AOKYMEHTaLUM U YMEHbLUWUTb YACNO OWMBOK. AKTYanbHOCTb 3TOW TeMbl
00BACHSETCS TeM, YTO LMPOBMU3aLMA CTPOMTENBHOM OTpacnu pa3BMBaeTCs o4eHb ObICTPO, a NpakTuyeckasi nonb3a 3a-
Krno4aeTcs B TOM, YTO NPOEKTHbIE PeLLeHUst CTAHOBATCS HAAEXHEN, a Takke apdeKTUBHEN.

Matepuanbi u metoabl. [peanaraetca Noaxod, B KOTOPOM MCMNOMb3YHOTCS U MHOPMaLMOHHOE MOAENUPOBaHUE 34aHuUN
(BIM), n anropuTmbl AN aHanmM3a NpoeKkTHbIX AaHHbIX. Takas MeToAmka COoefuHsieT uudpoBoe MogenupoBaHue 1 aBTo-
maTuyeckyto o06paboTky MHopMaLmK, YTO MOMOraeT aBTOMaTU3NPOBaTh HEKOTOPbIE PYTUHHbLIE 3a4ayun 1 obnerynTb TpyA
NPOEKTUPOBLLMKOB.

PesynbraTtbl. C NOMOLLLI NPEANOXEHHOW METOAUKN MOXHO co3fdaTb MNOAPOOHbIE LMMPOBLIE MOAENM, KOTOPbIE MpUMe-
HSAOTCS Kak OCHOBA Ans MPOEKTHbIX pelleHuii. MNpu 3ToOM BCerga yunThIBalOTCSt CBEAEHUS| MHXEHEPHbIX U3bICKaHWA 1 He-
06xoAMMble HOPMAaTUBbI, NO3TOMY AOKYMEHTaLMsi COOTBETCTBYET BCeM TpeboBaHusim. PaspaboTaHa KoHuenuusi aBToma-
TU3NPOBaHHOW CUCTEMbI, coBMeLLatoLas obpaboTky MHdOpMaLuKY, BbISIBIIEHWE HEKOTOpbIX Npobnem v NoAroToBKY BCeW
OoKymeHTauum. Cuctema aHanmampyeT UCXOAHYI0 MHAOPMaLIMIO U NpeanaraeT pasHble, MHOMAa OYeHb pasHble BapuaHThl
opraHv3aummn PeKOHCTPYKLMN C yHETOM TEXHUYECKUX U S3KOHOMUYECKMX (DaKTOPOB.

BriBoabl. BHeapeHue aToro noaxofa no3sossieT CyLEeCTBEHHO YCKOPUTbL NMOArOTOBKY NMPOEKTOB, caenaTbk pacyeTbl To4Hee
M CHU3UTb KONMYECTBO OLUMOOK. Takmne peLleHVs MOMOratoT MCMoNb30BaTh PeCYpChbl paLMoHanbHee U AalT BO3MOXHOCTb
npoasuraTb LMpoBM3aLMI0 B PEKOHCTPYKLMW 30aHWIA eLle fanbLue.

KNKOYEBBIE CITOBA: nckycCTBEHHbIN MHTENNEKT, BIM-TexHonornm, cuctemMHbI aHanusa, pekoHCTPYKLUMS 30aHUA, HEMPOH-
Hble CETW, aBTOMaTM3aLMsi MPOEKTUPOBAHNS, MPOEKT OpraHN3aLMn PEKOHCTPYKLIMK, MaLLMHHOE oby4eHne
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ABSTRACT

Introduction. This work is dedicated to the study and development of approaches to applying artificial intelligence (Al)
technologies for the automation of the development of organizational projects for building reconstruction. The reconstruc-
tion of construction objects is a complex and multifaceted process associated with a high degree of uncertainty, the need
to consider numerous factors, and strict adherence to regulatory requirements. Given the growing need to optimize design
processes and reduce labour costs, there is an objective necessity to create innovative methods that would enhance effi-
ciency and minimize risks related to human error. The relevance of the study is driven by the digitalization of the construction
industry, while its novelty lies in the integration of Al with modern design tools. The practical significance of the work is in its
potential to improve project quality and reduce time expenditures.
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Materials and methods. The study developed a methodology based on the comprehensive use of various types of neural
networks adapted for data analysis and design automation. The proposed approach includes the integration of Al technolo-
gies with Building Information Modeling (BIM) tools.

Results. The developed methodology enables the creation of highly detailed digital models of objects, which serve as a ba-
sis for analysis and decision-making. The work accounts for engineering survey data and current regulatory requirements,
ensuring compliance with standards. A concept of an automated system is proposed that combines the processing of large
volumes of data, problem forecasting and automatic generation of documentation and is capable of analyzing input data,
identifying optimal solutions and proposing options for organizing reconstruction taking into account technical and economic
aspects.

Conclusions. The use of Al reduces project development time, improves calculation accuracy, minimizes errors, and en-
sures more rational resource use. The proposed methodology and system concept open new prospects for the digitalization
and automation of the construction industry, contributing to the overall efficiency of reconstruction processes.

KEYWORDS: artificial intelligence, BIM technologies, system analysis, building reconstruction, neural networks, design
automation, reconstruction organization project, machine learning
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BBEJIEHUE

PexoHCTpyKINS 0OOBEKTOB CTPOUTEINHCTBA TPEOy-
€T 3HAYMTEIILHBIX AHAUTHYCCKUX U MPOCKTHBIX PadoT,
BKJTIOUAs aHAJIM3 CYIICCTBYOIICTO COCTOSIHUS O0BCKTA,
WH)KCHEPHBIX M3BICKAHUI 1 HOPMAaTUBHBIX TPEOOBAHUIA.
Hcnonbs3zoBanue nckyccTBeHHOro uHTemuiekra (M)
JUTS. aBTOMATH3alUH pa3pabOTKH MPOCKTa OpPraHu3aIuu
pexorcTpykiwn (ITOP) mo3BomuT CHU3NTH TpyaO3aTpa-
TBI, MUHUMH3HPOBATh OIIHOKU M YCKOPUTH MPOIIECC TIPO-
exTupoBaHus [1].

B nacrosimie#t pabote mpemiaraeTcsi KOHIIETIINS
ABTOMATH3UPOBAHHOW CHCTEMBI, (DOPMHUPYIOIICH YacTh
[TOP Ha ocHOBe pa3IMYHBIX UCTOUHUKOB JIAHHBIX:

» BIM-mogmesb cymecTByroiero oonekra (popma-
161 [FC, Renga, Revit);

* 3D-Mozmenb 00BEKTa C TPEIIOIaracMbIMU U3-
MCHCHUSMU;

* nH(pOpMaII HHXKEHEPHBIX U3bICKaHUH (Teoje-
3Ws, TEOJOTHS, THAPOMETCOPOIIOTHS);

* HCTOPUYCCKHE CBEACHHUS IO CTPOUTEIILCTBY U 3KC-
IUTyaTain (Pacxoibl, 3aTPaThl HA MaTePUAIIbI, OTKIIOHE-
HUS OT TUTaHA);

» HOopMmatuBHbIe TpeboBanus (CHull, CII, TOCT,
TKII);

* MJJAaHUPOBOYHBIC OTPAaHUYCHHUS (TOPOICKHUE pe-
TJIAMEHTHI, COCETHUE 3/IaHHsI, 30HbI CTPOUTEIIHCTBA);

° TEXHUYCCKUC XAPAKTCPUCTUKU MAIIIMH M MeXa-
HU3MOB (/17151 TO00pa ONTUMAIILHOTO HA0Opa TEXHUKH );

* peanpHBIC TpaUKHA TPOU3BOACTBA paboT (co-
OpaHHBIC U3 AHAJIOTUYHBIX IIPOCKTOB).

ApXHUTEKTypa mpenjaracMoil aBTOMaTu3upOBaH-
HOW CHCTEMBI BKJITIOUACT B C€0sI HECKOIBKO KITFOUEBBIX
monmyneil. [enepatuBabie Mogenu UM obecnieunBaror
(hopmupoBaHKe 6a30BOTO TEXHOJIOTMYCSCKOTO ITaHA BhI-
noJHeHus paboT. PekyppenTtHsie Heliponnsie cetr (HC)
peaTu3yroT QYHKIHIO ONTUMAJIBHOTO IIAHUPOBAHUS
U pacIpe/esICHUs] MaTePHaIbHO-TEXHUICCKHIX U TPYIIO-
BbIX pecypcoB. I'padoBbiec HC ocymiecTBIsSIOT aHaIu3
B3aMMOCBSI3eH MEKIY KOHCTPYKTHBHBIMH IIEMEHTAMHA
3[IaHUS, @ TEXHOJIOTHH 00pabOTKH €CTECTBEHHOTO SI3bI-
Ka 00eCIeYMBAIOT aBTOMATHYCCKOE M3BJICUCHUE U HH-

TEePIPETALNIO TaHHBIX U3 HOPMATUBHO-TCXHUYCCKOM
JIOKyMeHTaIuu [2].

B paMKax peU_leHI/IH IIOCTABJICHHBIX 3a1a4 UCIIOJIb-
3yeTCsl KOMILIEKC MaTEeMaTHUECKUX METOIOB:

* aJITOPUTMbI MHOTOKPHUTEPHAIBHON ONTHMH3AIIHH;

¢ 3BOJIOLMOHHEIE BEIYUCIIEHHS Ha OCHOBE ME€HETH-
YECKHX aJrOPUTMOB;

* METOJIbI KJIACTEPHOTO aHa/In3a HH(OpMAaIIHH.

MATEPUAJIBI U METO/JbI

Jnst aBromarmyeckoro opmuposanus [1OP ciemy-
€T BBICTPOUTH KOHBeHep 00paOOTKH JaHHBIX, KOTOPBIN
oOecrnieunT nepenayy uHpopmanuun or BIM-monenn
(Renga) k HelipoceTH. ITO BKIIIOYAET HECKOJIBKO KITIO-
YEBBIX ITAIlOB.

IlepBelii 3Tan — u3BJIeUEHUE CBEAeHUM U3 Renga.
Jns uHTerpannum MoxkHo ucrnosnb3osath [IFC kak yHuBep-
canpHbIil popmar oOmeHa BIM-nanusimu, APl Renga
JUTS TIPSIMOT'O JTOCTYTIA K MOJIEIN WIIM CKpUNTHI Ha Python
it padots ¢ IFC-daitmamu [3].

Twurer n3BnekaeMoil HpOPMALINH:

* FeOMETPUUECKHE XapaKTePUCTUKH — pa3Mephl,
00BEMBI, TIOLIA/IN;

* KOHCTPYKTHBHBIEC 3JIEMEHTHl — CTEHBI, Iepe-
KPBITHS, KOJIOHHBI, ()yHJaMEHTBI;

* MarepHajbl — OETOH, CTallb, KUPIHY U UX CBOW-
CTBa;

* HMH)KEHEPHBIE CETU — PACHOJI0KEHHE KOMMYHU-
Kaluii, Harpy304HbIC XapaKTePUCTUKH;

* nedexThl 1 ToBpekaeHns — eciu B BIM-monenm
€CTh METKH C JIeeKTaMHu;

* paboune Harpy3KH M TEXIPOLECChl — JaHHBIC
MO TEKYIIeH dKCIUTyaTanuu 3aaHus [4].

IMocne n3BnedeHs CBEACHNS KOHBEPTHPYIOTCS B Ta0-
JIMYHBINA Wi rpadoBbIi popmar st JaibHEeHIero ana-
nm3a.

Mogenb aBTOMaTU3UPOBAHHON CHCTEMBI MOXKHO
MIPEICTaBUTH B CIIEyIOIIeM BHE (B BHAC Habopa (yHK-
LIMOHAJIBHBIX MOJTYJIEH):

S={P,G,V, U}, O
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rae P — moxyns obpabotku u ananusa [FC-daitnos
(IFCProcessor); G — MOaynb reHEpaluu OMUCAHUN
(IFCDescriptionGenerator); ' — Moay/ib BU3yain3a-
uun 3D-moneneii (IFCViewer); U — nonb3oBareb-
ckuit unrepgeiic (IFCAnalyzerUI).

I/IHTeraHBHaH MOJ€CJIb CUCTEMbBI I'CHEpAlUU OIIU-
CaHMH OMpe/eIsIeTCs CICAYIOIUM 00pa3oM:

F[FC_)(Q’F’T’C5S)_)D_)O9 (2)

e F, . — UCXOaHbIH ¢aiin monenu; Q0 — Ka4ecTBO
MoJIeNu; ' — XapaKTepUCTHUKU 00beKTa; 1 — THII 3/a-
Hus; C — TUN KOHCTPYKTHUBHOM CUCTEMBI; S — Mpo-
CTPaHCTBEHHAs CTPYKTYypa; D — TEKCTOBOE OITUCAHHUE;
O — BU3YyaIM3UPOBAHHBIN PE3yJIbTAT.

OrieHKa KauecTBa MOJICIIU TPOU3BOIUTCS IO Clie-
nyromieit hopmyiie:

0 =1/n-Y0, ()

rae O — HTOroBas OIEHKA Ka4ecTBa MOJENH; /1 —
KOJIMYECTBO OLEHMBAEMBIX KPUTEPUEB; (), — OLEHKA
MOJIEJH TI0 i-My KPUTEPHIO.

Ha BTOpOM 3Tare BHINOIHIETCS MOATOTOBKA JIaH-
HBIX JUIS1 OCJIEYIOIIEH Iepeiaun B CUCTEMY. DTOT IIpo-
IIecC BKJIIOYAeT HECKOJIBKO IIaroB: OYUCTKY U HOPMAITH-
3anuio (yoalieHue AyOINUKaToOB, HCIPABICHIE OIIHOO0K),
npeoOpazoBaHue HHPOPMAIMH B YIOOHBIH TS MAIIH-
HOTO aHanu3a (opMart, a TakKe JIONOJHeHHe Habopa
CBEJICHUSIMU U3 BHEIIHUX MCTOYHHKOB, HAIPUMEpP HOP-
MaTHBHBIX JIOKyMEHTOB WJIM apPXHUBHBIX CBeJeHHUH. B pe-
3yJIbTaTe JJAaHHBIE MOTYT OBITh NIPEACTABICHBI B TaOIHY-
HOH, TpadoBOIl WIIH TEKCTOBOH (hopme.

[ocne nmoaroroBkn MHMOPMAIHS MOCTYIIACT B CH-
cTeMy, KoTopast aHalu3upyet o0bexT u popmupyet I1OP.

Cucrema BKIIIOYACT TPU KIIFOUEBBIX MOJLYJIS:

BxonHble 1anHbIC

Nmxenepusie BIM-moaens
M3bICKAHHS 3D-vonerb obbekTa
mp“"‘elg“”e o e PernamMeHTsI

OOBEKTOB _— M HOPMEL

1. Monynb aHaIH3a TEKYIIETO COCTOSIHUSA 00BEKTa
Y TIPOTHO3WPOBAHUS N3MEHEHHI PUMEHSIET rpaoBbIe
HC nns BeIsSBIEHUSA CBA3EH MEXTy KOHCTPYKTUBHBIMU
3JIEMEHTAaMH; ONpeJielsieT aBapuiHbIe YIACTKH, IIOTEH-
UabHbIe Ie(PEKThl 1 HEOOXOMMOCTb YCUJICHUS KOH-
CTPYKLIHUH.

2. Monyns ONTUMHU3ALINHU IJIAaHA PEKOHCTPYKIIUU
ucrons3yet pexyppentasie HC aist mporuosupoBanus
ONTHUMAJILHOM MOCIIEA0BATEILHOCTH PA0OT; IPUMEHSIET
TEHETHUYECKUE aJITOPUTMBI JUUISI TIOCTPOCHUST HanboJee
3¢ (eKTHBHOTO IJIaHa PEKOHCTPYKIHH.

3. Moy reHepanny JOKyMEHTALUH aHAIN3UPY-
€T HOPMaTUBHbIE JOKYMEHTHI ¢ IoMoLbi0 NLP-Monenu
n ¢popmupyer TekcToByro yacts I[IOP; Ha 6a3e reHepa-
TUBHBIX MOJIelIei co3iaet rpauku padoT, CMETHBIE J0-
KyMEHTBI U BEZIOMOCTH PECYPCOB.

Ha BbIxoze cuctema noAroTaBiauBacT MOIHbIN a-
KET MPOEKTHOH JJOKYMEHTAINHU: TEXHOJIIOTHYECKHE Kap-
ThI (C ONKCAHHUEM ITAINOB U HEOOXOAUMBIX PECYpPCOB),
rpauKu MPOU3BOJCTBAa paboT (AmarpamMmbl ['aHTa,
KaJICHJIapHbIe IJIaHbl), a TAK)KE BEIOMOCTH MOTPEeOHO-
CTH B Marepuayiax, TeXHUKe 1 padbouei cuie. Bee aTo
(hopMupyeTcst B COOTBETCTBUU C 33JJaHHBIM I11a0JIOHOM
U TIPE/ICTaBIsICT cOOOM rOTOBBIN MPOEKT OpraHU3aNN
PEKOHCTPYKLNHU. BIOK-CXemMa npeaaraeMoro pereHus
npescTaBiIeHa Ha puc. 1.

HnTerpanus ¢ NpoeKTHOMH A0KyMeHTALHEH
W3BnedyeHHbIe TaHHBIE CTPYKTYpupyioTcs B JSON-
111a0JI0HbI, aBTOMATHYECKH MOMOJIHSIOIINE Pa3aebl:
* HMCTOpHUYECKAasl CIIPABKa;
* OrpaHMYEHUs Ha MOAN(DUKALIUIO KOHCTPYKIIHI;
* PEKOMEHIANNH TI0 MaTepHalaM.
Cucrema BblesIeT KOHQIUKTYIOMNE TPEOOBaHUS
KpPacHBIM MapKepoM, Mpejiarasi HHKEHepY BapHuaHTHI

TloaroroBka JaHHBIX

OuncTka, HOpMaNH3aLUus Ipeobpa3zoBanue JaHHBIX
U yCTpaHEHHe B (hopMmar, NPUroIHbIi
Jtyomipyromei IS aHATIM3a
uHpOpPMALHI | | M MaumHHOro o0yueHHst

TIpencrapieHue B TabIMIHOM, rpadoBOM
WJIM TEKCTOBOM BHJIC

PaGora momyseit aBTomaru3anuu B cucteme Gopmuposanus IIOP

Monyib aHanM3a CyIeCTBYOIETO COCTOSHUS
1 OTIPE/ICNICHHS IPENOIaraeMbIX H3MEHEHHI

I

MOI[yHL ONTUMHU3ALNH TJIaHA PEKOHCTPYKIIUN

Monyib reHepanyy JOKyMEeHTaIuN

Puc. 1. Cxema nperaraeMoro penieHus
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pa3peLieHus IpOTUBOPEYMi. 11 MHOIOCTpaHUYHBIX J10-
KyMEHTOB PealT30BaH MEXaHU3M IIEPEKPECTHBIX CCBUIOK,
CBSI3BIBAIOLINIT YIIOMHUHAHUSI OOBbEKTOB B TEKCTE C MX T'pa-
(huuecKUMH TIPEACTABICHUSMH.

MHurerpanust ¢ cucTeMOM MPOUCXOAUT Yepe3 JUHA-
Muueckue maodinonsl. Kaxioe BbIsIBIEHHOE OrpaHuye-
HUE aBTOMATUYECKHU IEHEPUPYET METKY B TPEXMEPHOU
MOJIEITH, a CIIOpHBIE TpeOOoBaHMS O(YOPMITAIOTCS KaK 3a-
Jadu Ui uHkeHepa. [Ipu u3MeHeHun HOpMaTUBHOU
6a3bl cucTeMa IepecMaTpUBaeT APXUBHBIC TOKYMEHTHI,
IpeAsIarast akTyaln3upoBaTh MapaMeTPhl KOHCTPYKIHUA,
3aTPOHYTHIX MONPABKAMHU.

B3aumopneiicTBue ¢ ApyruMHu MO JISIMA

1. I'eHeTH4eckue anropuTMsl momxydarT oT NLP
CIHCOK OXPAHSAEMBbIX JIEMEHTOB.

2. I'padoBble ceTn MCIIONB3YIOT N3BJICUCHHBIE MTa-
paMeTpsl MaTepHaIoB JUIs pacdeTa Harpy3oK.

3. LSTM-Monenu yYUTHIBaIOT HOPMaTHBHEIE CPO-
KU COIVIACOBAHUU MPH MIPOTHO3E.

4. Cucrtema TOKyMEHT0000pOTa (POPMHUPYET OTUEC-
TBI HA OCHOBE CTPYKTYpPHPOBaHHBIX JAHHBIX.

OO0paboTKa €CTECTBEHHOTO SI3bIKa CTAHOBHTCS CBSI-
3YIOIMM 3BEHOM MEX]ly UCTOPHUECKOH HH(popManuen
U IIUPPOBBIMI METOAAMH TIPOSKTHPOBAHUS, 00eCTeyn-
Bast [IPEEMCTBEHHOCTh PELIEHUH Ha BCEX ATAIax PeKOH-
CTPYKIIHH.

PE3VIBTATHBI HCCIEJOBAHUA

IIpusoxkenue 1is1 H3BJIeYEHHS JAHHBIX
B ¢popmar IFC

Paccmorpum rpaduueckuii maTepdeiic pazpado-
TaHHOTO MPWIOKECHHS U €r0 BO3MOXXHOCTH B PaMKax

7 IFC Analyzer - Temeparop onucaruii BIM-mogenes
; 7 &8
S|P vV se

Sarpyska IFC daiina Onucarme

Dpwibpats IFC dasin. ..
Boibpan daiin: 20160414office_model_CV2_fordesign.ifc

HacTpoiia1 rerepaym

Tian spamms: AsToOnpeaenerme X

P> Crenepiposats onucariie
Ynpasnerue pesynsTaram

o KoruposaTs & 6ydep | kel Coxparure k... | | [E)3xenopr & Excel

Puc. 2. I'padudeckuii mHTEpEiic MporpamMmbl

3D Npoarotp

MEepBOTO dTamna KOHIENIIUU — H3BJIICUCHUE JaHHBIX
u3 Renga (puc. 2, 3).

Pa3paboTanHOe MPHIIOKEHHE TTO3BOIISET MEPEBO-
muth [FC-Monens B MammmHOYNTAaEeMBINA (pOpMAT U T10-
Jy4aTh CTCHEPHPOBAHHOE OMMMCAHKE MOAETH (puc. 4).

Taxoke nmeercss BO3MOXKHOCTb 3KCIOPTA OIMCAHUS
U XapakTepucTuk mMozenu B ¢popmar Excel. Ha puc. 5
MIpeACTaBIeHA BU3YyaIn3allis poliecca BRITPY3KH JaH-
HBIX JIJISI OTYETOB U3 MOJEIH.

Knaccudukarms BIM-moneneii mpoBoanuTcs Ha 0c-
HOBE OIICHKH MX Ka4eCTBa 10 YSTHIPEM OCHOBHBIM KpH-
Tepusm [5-8]:

* TOJIHOTa TeOMETpUIECKor HH(POPMAIMU — OTIpe-
JeNnsgeTcs KOJTUYECTBOM M Pa3HOOOpa3ueM IJIEMEHTOB
Mozenu (CTEHBI, MePEKPHITHI, KOJIOHHBI, OKHA, TBEPH
HT.J.),

* MOJIHOTA aTpUOYTUBHON WH(pOpMAaHH — oIIe-
HUBAETCS HAJIMYNE KIFOUEBBIX XapaKTePUCTHK 3IaHHUS
(Ha3BaHMe, TUI, OTIMCAHUE, ITAXHOCTH), a TAKXKE 3a-
TMOJTHEHHOCTh JaHHBIX TI0 TIOMEMIEHUSIM U MaTepHa-
nam;

* MPOCTPAHCTBEHHAS CTPYKTypa aTpHOyTHBHOU
WH(POPMALINU — YCTaHABIUBACTCS KOPPEKTHOCTHIO He-
papxuu ATakel U MOMEeLeHUH;

* JIeTaJau3alns MOJCNIH — 3aBHCUT OT KOJIMUECTBA
BTOPOCTETICHHBIX 3JIEMEHTOB (MeOenb, OrpakIeHNs,
JIECTHHIIBI, MH)KEHEpHBIE ceTH) [9].

AHanmu3 KauecTBa MOJEIN aBTOMAaTH3UPOBAHHON
CUCTEMOW TIPOM3BOAUTCS B J[BA dTAra: Ka) bl U3 KPH-
TepueB HopMUpyeTcs o mkazue ot 1 go 10 u onpene-
nsercs ero oneHka Q.. COOTBETCTBEHHO, YeM 0O0JIbIIIE
AJIEMEHTOB COACPIKUT MOJIENIb U YeM pa3zHOoOOpa3Hee
€e THUIOJIOTHS, T.e. YeM BBIIIC YPOBEHb JETATU3ALNN

XaparTepucTini
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MOJIENIH, TEM BBILIE OLEHKA (), IO COOTBETCTBYIOIEMY
KPUTEPHUIO; JlaJiee ONPEeIIieTCsl UTOroBasl OLIEHKa MO-
nenn Q. comtacHo (opmyie (3).

* 7—8 0as10B — XOpOIIee KaueCTBO, IPUTOTHOCTh
JUTS. OOJTBIITITHCTBA MPOCKTHBIX 33]1a4;
* 5-6 6amIoB — cpeaHee Ka9ecTBO, He0OXommuma

B pabory aBTOMaTH3MpOBAaHHON CHCTEMBI MOJIO-  J0paboTKa;
JKEHa cieayromas Kiaccupukanus Mojesiel B COOTBeT- * 3-4 6ajuta — HU3KOE KaueCTBO, 3HAYUTEIbHBIC
CTBUH C MOIy4eHHOH onenkoii [10, 117]: poOeIBI;

* 9-10 6a/I0B — BBICOKOE KAa4eCTBO, COOTBET-
creue BIM Level 2;

R drmyaee - Fomtprep snatsrd Bl wastred
rwp

3> WV 5
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Dintpare 20 gaiie

Bt Quin 3504 eler model £7 Serdssgn B

|
rpesre cenmTEE

= S——— || P——— || T——

* 1-2 Oamma — OYeHb HU3KOE KauyeCTBO, HE PEKO-
MEHJIyeTCsl K HCTIOJIb30BAHHMIO.

Ormase | TP aowrmee

sy Grepmay Gy M oo
P ereleantra o)
L T Nips Fantimew i iy
Caar sepymen 240 T lePie_modd_ OV fordegado
Puc. 3. Moaynb TpexMepHOW BU3yalU3alnd
®7 IFC Analyzer - Fenepatop onucanuii BIM ] = (=] x
|
P
=N 2 D J e
3arpysxa IFC daiina Onmcanme 3D MNpocHoTp XapaKTepucTikK

DBuibpats IFC daiin...
Buibpar daiin: 201604 14office_model_CV2_fordesign.ifc

100%

Narinan urdopHaLmonnan Moaens NpeacTasnneT coboi mrorodyrkumonansHoe 3aanme Building', sxmouarouiee 4 sTaxei
W CNPOEKTHPOBAHHOE C YUETOM aKTYaNbHSIX HODH W CTaHAAPTOS.

CTPYKTYPHAR OPraH13aMa BKNOYAET 4 STaKER PasHON QYHKLIMOHANBHOCTM: HIDKHIA ypoBeHs (3Tax 1) oTeedeH noa
obWecTBEeHHbIe 30HB! M BXOAHBIE TPYNNGI, cpearme yposHi (3Taxm 2-3) conepXaT ocHOBHbIE dyHKLIOHANLHBIE
NOMEULEHA, BEPXHIMIT YPOBEHS (3Tax 4) NPEAHA3HAYEH NG BTIOMOraTENLHLIE M TEXHUYECKHE NOMELIEHIS,

HacTpoiiku resepalym
B MOAENH ONPEAEneHD 14 hYHKLIMOHANEHEIX NPOCTPAHCTE, BKAYAA KOMMEPUECKIE NoMewweHna (4), kabuxeTsl (4), obwume
ey T = u oblwecTeeHHbIe 30HbI (2), TEXHUHECKIE W BCNOMOraTeNbHbIe (1), cnyxeb (1), npoume
: nomewerma (2). N obecr or y1o by Y10 OPraHU3aLI0 303HHA.
P> Crenepyposats onucare KOHCTPYKTMBHAR CMCTEMA 30aHMS NPEACTABNEHS 71 MOAENMDOBAHHLIMU SAEMEHT MM, B TOM HMCNE! HECYLLME KOHCTPYKLIMN
BKMIOYIOT 10 KONOHH; OrPaKASIOWME KOHCTPYKLIM BKAIOYSIOT 8 3neMeHTos nepexpsmi M 33 cTeH; BepTukansHsie
KOMMYHMKALIM BKAIOYAIOT 3 NECTHMLL; PacanHan UCTEMa BKNIOUAET 8 OKOH, NPENMYLLECTBEHHO € SHEProcheperaiouLM1
Yrpaenerse pesyreTaTa CTeKnonaxkeTamu AnA ofecnederia sHeprosdbeKTMBHOCTH.
u Kor B Bydep u Coxp KaK... :EBKC”W" B Excel WHTepbepHbie pelweHns BI0YAIOT 9 ABepei pasamHLIX THNOS (B TOM YMcne 1 aBTOMATHHECKHX ANA obecedeHms

fesbapsepoii cpeas).

WridhopMaLMOHHAR MOAEND 30aHUA 06ENEUNBAET BLICOKYIO TOUHOCTS NPOEKTHUPOBAHMS, NO3BONRET BLIABUTE M YCTPaHUTL
MOTEHLMANLHBIE KOHGNMKTEI MEXAY PASAMUHBIMIA CACTEMAMIA 1 SNEMEHTAMU 0 HAYANA CTPOUTENLCTEA
MHOTOGYHKLWMOHANEHOMO KOMNNEKCa.

O VCMELLHO Cri

Puc. 4. Omucanne IFC-monenn
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ANS pa3paboTKK MPOEKTOB M0 PEKOHCTPYKLMU 3AaHMM
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Puc. 5. BI/I3yaJII/I3aHI/I$[ JAaHHBIX, BBII'PYKA€MbIX U3 MOICIIN: d — 06111&5[ I/IH(i)OpMaHI/ISI; b— OTAXHU; ¢ — SJIECMCHTBI MOACIIU;

d— Marepualibl; € — aHaJIu3 Ka4€CTBa

Takol OAXO/ MO3BONIAET HE TOJIBKO JaTh KOJIHYE-
CTBEHHYIO OLICHKY MOJICJIH, HO M KJIacCH(UIMPOBATh €e
M0 YPOBHIO KauecTBa JUIsl MOCIIEAYIOIEro IPUMEHEHHS
B aBTOMATH3MPOBAHHBIX CHCTEMaX peKOHCTpyKmnu [12].

Kpowme Toro, MeTonnka HHTETPUPYETCS C IKCIIOP-
ToM naHHbIX B Excel, e hopmupyrorcst oTuersl 1o sra-
JKaM, JICMEHTaM, IOMEIICHUSIM 1 MaTepuaiaM. B Tadmnu-
I[[aX aBTOMATHYECKH BBIICIISIOTCS KITFOUEBBIC TOKA3aTeNn
U CTPOSTCS THarpaMMBI PACTIPEICIICHUS SIIEMEHTOB.

Pe3ynbraThl OIEHKH MOTYT OBITH UCIIOJIb30BaHBI
JUIS. aBTOMAaTHYECKOTO ()OPMUPOBAHMUS ITPOSKTHOM J10-
KyMEHTAIlNH, BKJIfouas rpaduku padoT, pecypcHBIC Be-
JIOMOCTH ¥ TEXHOJIOTHUYECKUE KapThI [ 13].

Takum o6pazom, kinaccudpukanus BIM-moneneit
06’I)CJII/IHH€T KOJIMYCCTBCHHBIC MCTPUKH, SKCIICPTHBIC
MpaBHjIa ¥ BU3YAIH3alUI0 JaHHBIX, 00CCTIeYNBAast KOM-

IUIEKCHBIN MOJXO0/] K ONIPEAETICHUIO Ka4yeCTBA U IIPUTOI-
HOCTHU MOJENEH JUIsl IPOEKTUPOBAHUS U PEKOHCTPYK-
nuu. Pa3paborannas B paboTe METOAUKA SBISIECTCSA
YHHUBEPCAIBHON M MOXET IIPUMEHSTHCSI B aBTOMATH3H-
POBAHHBIX CUCTEMAX MOAACPHKKU IPOEKTHBIX PELLIEHUI
B CTPOHUTEIBCTBE.

3AKJTIOYEHHUE U OBCYXIAEHHUE

B maHHO# paboTe mpHUBeICHBI KOHIICIIIINS U TTOJI-
poOHOE OTICaHNe aBTOMATH3NPOBAHHOM CHCTEMBI, (hop-
mupyromeit yactu [TIOP ¢ momomsio metonos MU [14].
PaspabarpiBaemasi cucreMa M3BJIEKaeT HHPOPMALIUIO
n3 BIM-mozenu, 4To yxe peann30BaHO aBTOPaMH U IPo-
JNIEMOHCTPHUPOBAHO Ha IpHUMEpe B paMKax paspado-
TAHHOI'O NPUJIOKEHUA. B nanpHeleM Ha OCHOBaHUU
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[IPEJIOKEHHON KOHLIENIIMY aBTOMaTU3upOBaHHas CU-
creMa OyleT reHepupoBaTh ONTHMAJBHBIN IUIaH pe-
KOHCTPYKIIMH, BKJIIOUAIOIIMNA OCIEI0BATEIBHOCTD Jie-
MOHTAaKHBIX, [IOAIOTOBUTENIBHBIX U CTPOUTEIbHBIX ME-
pONpUATUI, TPOBOJUTH OLEHKY BO3MOXHBIX PUCKOB,
a TaKKe aBTOMATHYECKH (POPMHPOBATH MPOECKTHBIE BE-
JIOMOCTH, BKJIFO4asl TEXHOJIOTHIECKHE KapThl, rpapuku
IIPOMU3BOJCTBA Pa0OT U PECYPCHBIE PACUETBHI.
IIpumenenue metonoB MM 1 HaKOIUIEHHBIX JaH-
HBIX O PaHEe BBIIIOJHEHHBIX IIPOEKTAX II03BOJIUT MC-

IMOJIB30BAaTh MPOBEPECHHBIC PEHICHUSA JI1 HOBBIX 00BEK-
TOB, CHIKAsl KOJIMYECTBO OIIMOOK U yCKOPSist pa3padoTKy
MPOEKTa OpraHn3aluy PEKOHCTPYKIMU. KoMruiekcHbIN
MOAX0/1, OOBbEAMHSIONINHA aHAIN3 CBS3EH MEXIy dJe-
MEHTaMH 37aHHsl, IPOTHO3WPOBAHUE ONTHMAaJILHOTO
HopsiIKa pabOT M FeHEePALHI0 HEOOXOIHUMBIX TOKYMEH-
TOB, CO3JIaCT THOKYIO CHCTEMY, CIIOCOOHYIO HE TOIBKO
aBTOMATH3MPOBAaTh PYTHHHBIE NPOLECCH], HO U MOBbI-
cUTh 3P PEKTUBHOCTH BCETO MPOIecca PEKOHCTPYKIHH
B 1iesiom [ 15].
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INTRODUCTION

The reconstruction of construction projects requires
significant analytical and design work, including analysis
of the existing condition of the facility, engineering sur-
veys, and regulatory requirements. The use of artificial
intelligence (Al) to automate the development of a re-
construction project (RP) will reduce labour costs, mini-
mize errors and speed up the design process [1].

This paper proposes a concept for an automated
system that generates parts of the RP based on various
data sources:

* BIM model of the existing facility (IFC, Renga,
Revit formats);

* 3D model of the facility with proposed changes;

* engineering survey information (geodesy, geol-
ogy, hydrometeorology);

* historical data on construction and operation
(expenses, material costs, deviations from the plan);

* regulatory requirements (SNiP, CP, GOST, TKP);

* planning restrictions (urban regulations, neigh-
bouring buildings, construction zones);

» technical characteristics of machines and mecha-
nisms (for selecting the optimal set of equipment);

« actual work schedules (collected from similar
projects).

The architecture of the proposed automated system
includes several key modules. Generative Al models
provide the formation of a basic technological plan for
the execution of work. Recurrent neural networks (NN)
implement the function of optimal planning and distribu-
tion of material, technical and labour resources. Graphi-
cal NN analyze the relationships between the struc-
tural elements of a building, and natural language pro-
cessing technologies provide automatic extraction and
interpretation of data from regulatory and technical
documentation [2].

A set of mathematical methods is used to solve
the tasks at hand:

* multi-criteria optimization algorithms;

* evolutionary computing based on genetic algo-
rithms;

» methods of cluster analysis of information.

MATERIALS AND METHODS

To automatically generate RP, a data processing
pipeline must be set up to transfer information from
the BIM model (Renga) to the neural network. This in-
volves several key steps.

The first stage is to extract information from Ren-
ga. For integration, you can use IFC as a universal BIM
data exchange format, the Renga API for direct access to
the model, or Python scripts for working with IFC files [3].

Types of information extracted:

» geometric characteristics — dimensions, vol-
umes, areas;

* structural elements — walls, floors, columns,
foundations;

 materials — concrete, steel, brick and their proper-
ties;

 engineering networks — location of communi-
cations, load characteristics;

* defects and damage — if there are defect tags in
the BIM model;

» working loads and technical processes — data
on the current operation of the building [4].

After extraction, the information is converted into
a tabular or graph format for further analysis.

The model of the automated system can be repre-
sented as follows (as a set of functional modules):

S={P,G,V, U}, (D
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where P is the IFC file processing and analysis modu-
le (IFCProcessor); G is the description generation mo-
dule (IFCDescriptionGenerator); ¥ is the 3D model vi-
sualization module (IFCViewer); U is the user interface
(IFCAnalyzerUTI).

The integral model of the description generation
system is defined as follows:

F,.—(Q.F,T,C,8 —D— 0, )
where F . is the source model file; Q is the model qual-
ity; F'is the object characteristics; 7 is the building type;
C is the structural system type; S is the spatial structure;
D is the text description; O is the visualized result.

The model quality is assessed using the following
formula:

0, =Yn-2.0. ()

where O is the final model quality assessment; n is
the number of criteria assessed; O, is the model assess-
ment according to the i-th criterion.

The second stage involves preparing data for subse-
quent transfer to the system. This process includes several
steps: cleaning and normalization (removing duplicates,
correcting errors), converting information into a format
suitable for machine analysis, and supplementing the data
set with information from external sources, such as regu-
latory documents or archival data. As a result, the data can
be presented in tabular, graph or text form.

After preparation, the information is sent to the sys-
tem, which analyses the object and generates an RP.

The system includes three key modules:

1. The module for analyzing the current state of
the object and forecasting changes uses graph neural

Input data
Engineering Designed BIM model
surveys 3D model of the object
Historical - Regulations
data on objects IRestrictions and standards

networks to identify connections between structural ele-
ments; it determines emergency areas, potential defects
and the need to reinforce structures.

2. The reconstruction plan optimization module
uses recurrent neural networks to predict the optimal se-
quence of works; it applies genetic algorithms to build
the most effective reconstruction plan.

3. The documentation generation module analyses
regulatory documents using an NLP model and gener-
ates the text part of the RP; based on generative models,
it creates work schedules, cost estimates and resource
statements.

The system outputs a complete package of project
documentation: process charts (describing the stages
and necessary resources), work schedules (Gantt charts,
calendars), as well as lists of material, equipment and
labour requirements. All this is generated in accordance
with a specified template and represents a ready-made
reconstruction project. A block diagram of the proposed
solution is shown in Fig. 1.

Integration with project documentation

The extracted data is structured into JSON tem-
plates that automatically populate the following sections:

* historical reference;

* restrictions on design modifications;

* recommendations on materials.

The system highlights conflicting requirements
with a red marker, offering the engineer options for re-
solving the contradictions. For multi-page documents,
a cross-reference mechanism is implemented, linking
references to objects in the text with their graphical
representations.

Data preparation

Converting data into
a format suitable
for analysis and machine
| learning

Cleaning, normalization
and removal of duplicate
information

Presentation in tabular, graph or text form ‘

Operation of automation modules in the RP formation system

Module for analyzing the current state
and determining anticipated changes

I

Reconstruction plan optimization module

Documentation generation module

Fig. 1. Diagram of the proposed solution
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Integration with the system occurs through dynamic
templates. Each identified constraint automatically gen-
erates a label in the 3D model, and conflicting require-
ments are formalized as tasks for the engineer. When
the regulatory framework changes, the system reviews
archived documents, suggesting updates to the param-
eters of structures affected by the amendments.

Interaction with other modules

1. Genetic algorithms receive a list of protected ele-
ments from NLP.

2. Graph networks use the extracted material pa-
rameters to calculate loads.

3. LSTM models take into account regulatory ap-
proval deadlines when making forecasts.

4. The document management system generates
reports based on structured data.

Natural language processing becomes the link be-
tween historical information and digital design meth-
ods, ensuring continuity of decisions at all stages of re-
construction.

RESEARCH RESULTS

Application for extracting data into IFC format

Let us consider the graphical interface of the de-
veloped application and its capabilities within the first
stage of the concept — extracting data from Renga
(Fig. 2, 3).

The developed application allows converting an [FC
model into a machine-readable format and obtaining
a generated description of the model (Fig. 4).

%7 IFC Analyzer - Teneparop onucarui BIM-mogeneit
. 7 &

=N S ™ Y 24

3arpyska IFC daiina SR

Dpwibpats IFC dasin. ..
Boibpan daiin: 20160414office_model_CV2_fordesign.ifc

o]
HacTpoiixm rerepawsm
Tun 3aaHms: AsToonpeaeneriie >
P> Crenepiposats onucariie
Ynpasnexue pesynbTaramu
o Konuposate & 6ydep el Coxparmrs kax... | |[E)3xenopr & Excel

Fig. 2. Graphical user interface of the programme

3D Npoarotp

It is also possible to export the model description
and characteristics to Excel format. Fig. 5 shows a visu-
alization of the process of exporting data from the model
for reports.

BIM models are classified based on an assessment
of their quality according to four main criteria [5—8]:

e completeness of geometric information — de-
termined by the number and variety of model elements
(walls, floors, columns, windows, doors, etc.);

» completeness of attribute information — assessed
by the presence of key building characteristics (name,
type, description, number of floors), as well as the com-
pleteness of data on rooms and materials;

* spatial structure of attribute information — de-
termined by the correctness of the hierarchy of floors
and rooms;

* model detail — depends on the number of sec-
ondary elements (furniture, fences, stairs, engineering
networks) [9].

The automated system analyses the quality of the mo-
del in two stages: each criterion is normalized on a scale
from 1 to 10 and its Q, rating is determined. According-
ly, the more elements the model contains and the more
diverse its typology, i.e. the higher the level of detail
of the model, the higher the Q, rating for the correspond-
ing criterion; then the final model rating Q,  is deter-
mined according to formula (3).

The automated system uses the following classifica-
tion of models according to the rating received [10, 11]:

* 9-10 points — high quality, compliance with
BIM Level 2;

XaparTepucTini
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Fig. 4. Description of the IFC model

» 7-8 points — good quality, suitable for most de-
sign tasks;
* 5-6 points — average quality, requires refinement;
* 3—4 points — low quality, significant gaps;
1-2 points — very low quality, not reccommend-
ed for use.
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MHTepsepHbie PeWeHN BKAKOYAIOT 9 ABEpeit pasauHBIX THNOS (8 ToM Lucne 1 aBTOMATIIEOMX AN obecevern
BesbapeepHoil cpeael).
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This approach allows not only to give a quantita-
tive assessment of the model, but also to classify it by
quality level for subsequent use in automated recon-
struction systems [12].

In addition, the methodology is integrated with
data export to Excel, where reports are generated by
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Fig. 5. Visualization of data exported from the model: @ — general information; b — floors; ¢ — model elements;

d — materials; e — quality analysis

floor, element, room, and material. Key indicators are
automatically highlighted in the tables and element dis-
tribution diagrams are constructed.

The assessment results can be used to automatically
generate project documentation, including work sched-
ules, resource statements, and technological maps [13].

Thus, the classification of BIM models combines
quantitative metrics, expert rules, and data visualiza-
tion, providing a comprehensive approach to deter-
mining the quality and suitability of models for design
and reconstruction. The methodology developed in this
work is universal and can be applied in automated sys-
tems for supporting design decisions in construction.

CONCLUSION AND DISCUSSION

This paper presents the concept and detailed descrip-
tion of an automated system that generates parts of the RP
using Al methods [14]. The system under development ex-
tracts information from the BIM model, which has already
been implemented by the authors and demonstrated in
an example within the developed application. In the future,
based on the proposed concept, the automated system will
generate an optimal reconstruction plan, including a se-
quence of dismantling, preparatory and construction ac-
tivities, assess possible risks, and automatically generate
design specifications, including technological maps, work
schedules and resource calculations.
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The application of Al methods and accumulat-
ed data on previously completed projects will allow
proven solutions to be used for new facilities, reduc-
ing the number of errors and speeding up the develop-
ment of the reconstruction project. A comprehensive
approach that combines analysis of the relationships

between building elements, forecasting the optimal or-
der of work, and generating the necessary documents
will create a flexible system capable of not only auto-
mating routine processes, but also increasing the ef-
ficiency of the entire reconstruction process as a who-
le [15].
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AHHOTALUMUA

BBepeHue. boicTphbii pocT 06paboTkun Harpy3ok MCKyCCTBEHHOIO nHTennekTa (MW-Harpy3ku) CMecTun KrnoyeBble orpaHmye-
HVSA LeHTpoB 06paboTku AaHHbIX (LIO[]) ¢ nnowaamn v BO3AYLLIHOTO OXNaXaeHWs K AOCTYMHON MOLLHOCTU MPUCOEANHEHUS, Te-
nnockemy 1 BOAHOWN MHdpacTpykType. Al-ready CTaHOBUTCS CBOMCTBOM CTPOUTENIbHOMO MPOEKTA: PEeLUEHNs O KUAKOCTHbIX/
MMMEPCHOHHBIX CXemax, yTUnusaumm Tenna, peseperMpoBaHnmn 1 Mporpamme nyckoHanagku AOMKHbI MPUHUMATLCS Ha paH-
HVX cTagusax v 6blTb hOpManu3oBaHbl B MPOEKTHBIX MapameTpax 1 Jonyckax.

MaTepuanbi u meToAbl. BbinonHeH LeneHanpasneHHbIi 0630p Mybnvkaumin ¢ BKMOYEHNEM peLieH3pyeMblX cTaTel 1 npo-
dunbHbix ctaHgapTtos (EN 50600, pekomeHaaunm ASHRAE TC 9.9, cepus ISO/IEC 30134). icTouHUKM Npoxoamnu TemaTu-
Yyeckoe KoAVpOBaHKe No TEMaMm «OXINaXAeHUe/TEeNNOCbeM», «INEeKTPOCHAXKeHNe, «BOAa U IKOMOrMsa», «noLiaaka u KoM-
noHoBKa», «perrnameHTbl 1 KPI». AHanus ocyliecTBnancsa kak npoekuust «tpebosaHne NN — ctpoutenbHoe pelueHne —
— MpOBEpPSEMbIV NapamMeTp» C NOCTPOEHNEM MaTpULibl COOTBETCTBUSA U CXEMbl «pPUCK — MeponpusatTne — KPI — meton
NPUEMKM», YTO MO3BOMMUIIO YBA3ATb NUTEPaTypHble AaHHbIE C MPAKTUYECKUMWN MHXEHEPHBIMU A0MyckaMu 1 npolenypamu
UCMbITaHNN.

Pesynbrathl. LieneBasi apxuTekTypa BbICOKOMMOTHbIX MI-knacTepoB TpebyeT MpUHATUSE XUOKOCTHBIX KOHTYPOB OXI1aX-
OEeHNs C MOATrOTOBKOW K MMMEPCUU, NOATBEPKAEHHOW YCTOMYMBOCTU 3MEKTPOCHAbXeHNS K NepexodHbIM npoleccam, no-
ctaHoBku BogHbIx KPI (WUE) HapasHe ¢ PUE, a Takke npoekTupoBaHusi MHTepdencoB yTUnm3aumnm HU3KONoTeHLMansHoro
Tenna. ApdPeKTUBHOCTb NOBLILLAKT MOAYIIBHOCTb 1 BOKM 3aBOACKOro NMPOM3BOACTBA, KackaAHbI BBO, MOLLHOCTEW U Npu-
MeHeHue LnpOoBbIX ABONHMKOB. [peanoxeHbl MHTErpupoBaHHasa KapTa pUCKOB M MaTpuLa HOPMaTUBHOTO COOTBETCTBUS,
CBA3bIBalOLLME perfiaMeHTbl C NPOEKTHLIMU NapaMeTpaMu 1 MPUEMOYHbLIMU NpoLeaypamu.

BbiBoabl. «oToBHOCTL K WY chopmumpyeTcs Kak pesynbraT CornacoBaHHbIX OPraHU3aLMOHHO-TEXHOMOMMYECKUX peLleHni
CcTpouTenbCTBa. YnpasrneHyeckasa pamka, Bkrtovatowas KPI-6romkeTbl Ha aTane NnpoekTMpoBaHus, MaTpuyLly COOTBETCTBUSA
TpeboBaHUsIM 1 nporpammy stress-ucnbiTaHuin, obecneynBaeT BOCMPOM3BOAMMOCTL LeneBbix nokasartenen (PUE/WUE/
ERE/ERF), ynpaBnsieMoCTb CPOKOB 1 CTOMMOCTU U YCKOPSAET JOCTUXEHNE NPOEKTHOW BbIYUCITUTENBHOW MOLLHOCTHU.

KINKOYEBBIE CITOBA: LeHTpbl 06paboTku AaHHbIX, UCKYCCTBEHHbIN UHTENIEKT, OpraHM3aLOHHO-TEXHOMNOMMYECKME peLLe-
HUYSA, XKMOKOCTHOE OXNaxaeHne, MIMMEPCUOHHOE OXnaxaeHue, yTunusauus tenna, Bbioop nnowagkm, PUE

onAa UMTUPOBAHUA: Camcoros P.O., JlomkuH B.C. OpraHn3auMoHHO-TEXHOMOMMYECKME peLLEHUs] CTPOUTENbCTBA LieH-
TpOB 06paboTKM AaHHbIX NOA HArpy3ku UCKYCCTBEHHOTO MHTennekTa: TpeboBaHus, pucku, pernameHTsbl // CTpouTenbLCTBO:
Hayka 1 obpasoBaHue. 2025. T. 15. Bein. 4. C1. 11. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2025.4.11
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Organizational and technological solutions for data
centres construction under AI workloads: requirements,
risks, and regulations

Roman O. Samsonov, Victor S. Lotkin
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. The rapid growth of Al workloads has shifted the key constraints of data centres from floor space and air
cooling to available connection power, heat removal capacity, and water infrastructure. Al-ready is becoming an inherent
property of building design: decisions regarding liquid/immersion cooling schemes, heat recovery, redundancy, and commis-
sioning programs must be made at early stages and formalized within design specifications and tolerances.

Materials and methods. A targeted review of publications was conducted, incorporating peer-reviewed papers and relevant
standards (EN 50600, ASHRAE TC 9.9 guidelines, ISO/IEC 30134 series). Sources were thematically coded under the cate-
gories: “cooling/heat removal”, “power supply”, “water and ecology”, “site layout and configuration”, and “regulations and KP!".
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Analysis was performed as a mapping of “Al requirement — building solution — measurable parameter”, resulting in a corre-
spondence matrix and a risk-mitigation framework structured as “risk — mitigation measure — KPl — acceptance method”.
This approach effectively linked academic literature with practical engineering tolerances and testing procedures.

Results. The target architecture for high-density Al clusters requires implementation of liquid cooling circuits with readiness
for immersion cooling, validated resilience of power supply against transient loads, establishment of water usage effective-
ness (WUE) KPI on par with PUE, and design of interfaces for low-grade heat recovery. Efficiency is enhanced through
modularity and factory-built modules, staged power ramp-up, and digital twin technologies. An integrated risk map and
a regulatory compliance matrix are proposed, explicitly linking standards to design parameters and acceptance procedures.
Conclusions. “Al-readiness” emerges as the outcome of coordinated organizational and technological construction deci-
sions. A management framework encompassing KPI budgets during design phase, a requirements-compliance matrix, and
a stress-testing program ensures reproducibility of target metrics (PUE/WUE/ERE/ERF), control over schedule and cost,
and accelerated achievement of designed computational capacity.

KEYWORDS: data centres, artificial intelligence, organizational-technological solutions, liquid cooling, immersion cooling,
heat recovery, site selection, PUE
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BBEJIEHUE

CrpeMuTeNnbHOE pacpoCTpaHeHNE MPHUKIIAJAHBIX
Y TeHEPATUBHBIX TEXHOJIOTHH UCKYCCTBEHHOIO HHTEII-
nekra (M) cyiecTBeHHO TpaHC)OpMUPOBaIO TpeOOoBa-
HUS K LeHTpaM o0pabdorku nanueix (LIO/]). B otmmune
OT TpaJULOHHBIX BBIYUCIUTENBHBIX KoMIUIekcoB, 1H-
KJIaCTEePhl XapaKTEPHU3YIOTCS BBICOKOH TUIOTHOCTBIO BBI-
YHCITUTENIBHBIX HAaIPY30K, MTOBBIIICHHOH YyBCTBUTEIIb-
HOCTBIO K TEMIIEPATYPHBIM U SJIEKTPHUECKUM PEKUMaM,
a TaKk)Ke )KECTKUMH OTPaHUYCHUSIMH 110 OTKA30-yCTOM-
YUBOCTH M MacIITabMpyeMOCTH. YKa3aHHBIE CBOM-
CTBa OIIPEJCISIIOTCS He ToibKo BbiOopoM UT-060-
PYIOBaHU, HO, IPEKE BCETO, apXUTEKTYpOH U Kade-
CTBOM OPTaHU3alMOHHO-TEXHOJOTHYECKUX PELICHUN
(OTP) B cTpouTenbcTBE Ha MPEIBIHBECTUIHOHHON
u HpOCKTHO-CTpOHTeHBHOﬁ CcTaausix )KU3HCHHOI'O ITUK-
na (OKII) o6pekra. CriemoBarensHo, criocobHoCTh LIO/]
HAJCKHO U 3PPeKTUBHO 00caykuBaTh UM -Harpy3ku
sBysieTcst PyHKIMEH KOPPEKTHO MPUHATHIX U MOCIIEN0-
BaTeIIbHO PEaIM30BaHHBIX CTPOUTEIBHBIX PEIICHHH.

Kiroueoii ocodbennoctsio Al-ready IO/ BbicTy-
naeT U3MEHEHHE OrpaHMYHBaIOMUX (akTopoB. Eciu
IIpu TPAAUIUOHHOM MPOCKTUPOBAHUN JOMUHUPOBAIN
reOMETpHsI MALTMHHBIX 3aJI0B M BO3MOXKHOCTH BO3/TyII-
HOTO oxJaxkaeHus, To [uist U-knactepa onpenesnsony-
MU CTaHOBSTCS JOCTYITHAsI JIEKTPHUYECKasi MOIIHOCTh
NPHUCOCNINHEHH, TEIIOBasi HArpys3ka u Tpedyemsble
PEXHUMBI TEIUIOChEMa. DTO IMpeaoIpeneser nepe-
XOJI K TEXHOJIOTHSIM KUAKOCTHOTO OXJIAKACHHUS (B TOM
gucie direct-to-chip u TeriooOMeHHbBIE ABEPH 33 THETO
THTIA) 1 UMMEPCUOHHBIM CHUCTEMaM, a TaKkke K Ipo-
paboTKe yTHJIM3alUU HU3KOMOTCHLIUAIBHOTO Terja
MOCPE/ICTBOM TEILIOBBIX HACOCOB M IOJKJIIOUEHUIT K CH-
cTeMaMm TertocHaokeHns. COOTBETCTBYIOLIHE pellie-
HUA UMCIOT IMPAMBIC CTPOUTCIIBHBIC IMTOCTICACTBUA: U3~
MEHSIOTCSI TPEOOBAHMSI K KOHCTPYKTHBHBIM 3JIEMEHTaM
(Hecymias cmocoOHOCTh MEPEKPHITHH, (PyHTAMECHTOB,
y3JI0B BBO/Ia), MJIAHUPOBKE (TEXHOJIOTHYECKHE BBICO-
THI, TPACCHPOBKA TPYOOIPOBOAOB M IIMHOIIPOBOIOB),
BHOPO- M LITyMO3AIIUTE HACOCHBIX arperaToB, KOPPO3u-

OHHOM CTOHKOCTH MaTe€puaioB U TEXHOJIOTMH MOHTaXa
KOHTYPOB OXJIaXK/ICHHsI 1 BOJOTIOITIOTOBKH.

BbI60p MIOMAAKK ¥ THIM3AIMS IPOEKTa B yC-
noBusx MM-Harpy3ok npuoOpeTaroT MHOTOKPHUTEPH-
AJBHBIA XapakTep, B KOTOPOM CTPOUTEIbHASI OTPaCIb
UTPAET ONPEAEISIONIyIo poib. K unciy mpropuTeTHBIX
(haKTOPOB OTHOCSTCS: CPOKH M YCIOBHUSI TEXHOJIOTHYE-
CKOTO TIPUCOETUHEHHS K JJIEKTPUYECKUM CETSIM, J10-
CTYITHOCTB M KQ4ECTBO BOJHBIX PECYPCOB, ME3OKINMa-
TUYECKNE MapaMeTpsl (BIMAIONNE HA PEXUMBI CBO-
601HOTO M aANabATHYECKOTO OXIaXKACHUS), TPUPOIO-
OXpaHHBIC ¥ I'PAJIOCTPOUTEIILHBIC OTPAHUYCHNS, @ TaK-
)K€ TEOTEXHUYECKUE U THJIPOre0JOrHUYeCKUE PHUCKH.
IIpunsTHIC HA 3TOM CTaqUU PELICHUS IPEAOIPEACIISIIOT
1esieBbIe nmokasaresiu 3G hexTnBHOCTH — Kod(duImeHT
sueprodpexruBHocTH (PUE), k03 punnent BogHOM
s¢pdexruBHOocTH (WUE), Moka3aTenu 3HepreTHIecKon
nosropHoit yrwm3sanuu (ERE/ERF) — n kpurnaeckn
BIIMSIIOT Ha [OKa3aTelb time-to-compute, T.e. CPOK J10-
CTHIKEHMS IPOEKTHOM BBIYMCIMTEIBHON MOLIHOCTH.
[TpakTyka nokasbiBaeT ApHEeKTHBHOCTH MOTYIILHOCTH,
HCITOJIE30BAHMUS MU3IAEINNA U OJIOKOB 3aBOICKON T'OTOB-
HOCTH, PAaHHETO Pa3MENICHUS 3aKa30B HA JITMHHOLIM-
KII0OBOE 00opynoBaHue (TpaHC(HOPMATOPEI, pacipee-
JUTENbHBIE yCTPOMCTBA, UCTOUYHUK Oecriepe0oiHOTro
nuranus (UBI1), TerniooOMeHHbIe M HACOCHBIE TPYIIIIBI)
M KacKaJHOT'O BBOJIa MOIITHOCTEH.

OpraHu3anoHHO-TEXHOIOTHIECKUH KOHTYP CTPO-
utenberBa [IO/1, opuerTupoBannoro Ha U, momxken
oOecrieunBaTh KOHCUCTEHTHBIA MEPEBOJ TEXHOJIOTHYE-
CKUX TpeOOBaHUIl B MH)KEHEPHO-CTPOHUTEIILHBIE periia-
MEHTBI ¥ IPOLIETYPhI.

Onexkmpochabcenue u pezepsuposarue. PopMupo-
BaHue KoHpuryparmit N+1/2N st icTouHnKoB Oecriepe-
0OMHOTO TIUTaHUS U AN3EIb-TEHEPATOPHBIX YCTAHOBOK,
obecrieueHne CEICKTUBHOCTH 3aIIUThI U Ka4ecTBa JJICK-
TPOSHEPTUH ITPU HAJIMYUH MOIITHOM CHIIOBOH SJIEKTPOHH-
KH, YYET FapMOHHYECKHX U TIEPEXOTHBIX TPOLIECCOB.

Cucmembl oxnadicoenus u menniocvema. IIpoexru-
pOBaHUE KUAKOCTHBIX KOHTYPOB (BKJIIO4ast OJIOKHU pac-
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MpeeNeHIsI OXIaXKAAI0NIeH KUAKOCTH, KOIICKTOPHBIE
rpymmsl 1 OainacHble IMHNH), HOPMHUPOBAHHE TTapame-
TPOB TETJIOHOCUTENS (TEMIIepaTypa, 1aBJIeHHEe, XUMH-
YeCKHi cocTaB), o0ecrnedyeHue 0TKa30yCTOMYNBOCTH
U PEMOHTOIPUTOJHOCTH 0€3 OCTAaHOBKHM KPUTHUYECKHX
30H, MOATOTOBKA K MPUMEHEHHIO HMMEPCHOHHBIX TEX-
HOJIOTHI.

Booonoozomosxa u sxonoeuyeckue pesicumoi. Bel-
MTOJTHeHNE 00bEeMHO-0aIaHCOBBIX PacyeTOB, OPTaHMU-
3aIlsl CHCTEM IMOATOTOBKH U MOAMMUTKH, COONIOICHHE
TpeboBaHMii K cOpocaM ¥ MOHUTOPUHTY BOJIHOTO Clie-
J1a, BKITFOYEHHE COOTBETCTBYIOIINX MEPOTIPHUSATHH B pa3-
PEIIUTETHHYIO JOKYMEHTALHUIO.

Apxumexmyprno-nianupogounvie pewenus. Odec-
MIEYCHNE HECYIIelH COCOOHOCTH ISl BEICOKMX TOYEH-
HBIX Harpy3oK CTOEYHBIX PSIAOB M MMMEPCHOHHBIX
BaHH, (POPMHPOBAHHE TEXHOJIOTHUECKUX MTPOCTPAHCTB
W MIaXT 75 TPAHCIIOPTUPOBKH KPYMHOTAa0apuTHOTO
000pyIOBaHUs, Pa3lelIeHUE KIUCTBIX» U (TPI3HBIX»
30H MOHTaXa.

Ilyckonanaoounsie pabomel u 6600. IlocTpoeHne
CTYTIEHYATHIX MPOTPAaMM TEPMHUECKUX U dIIEKTpUYE-
CKHMX HCIBITAaHUH, IPOBEACHHUE CTPECC-TECTOB, MPHU-
MEHEHHE U(PPOBBIX YEK-JIIUCTOB U CHCTEM TPACCUPY-
eMOCTH JIe(heKTOB, HCI0JIb30BaHHE HH(POPMALIMOHHOTO
MOJICTUPOBAHHUS ISl KOOPJIMHAIIMNA HHXXCHEPHBIX CH-
CTEM M JIOTUCTUKH MOHTaXa.

ConeprkarenpbHOE 3HAUCHNE UMEET HOPMATHBHO-
TEXHUYECKHMI KOHTEKCT. MeXyHapoAHbIE U HalUO-
HaNbHBIe cTaHaapThl (Hampumep, EN 50600 mo mpoek-
TupoBaHuto W dkcruryaranuu [{OJ]; pexomeHgannu
ASHRAE TC 9.9 no TemneparypHbIM KJIaccam JIst KU -
koctHOTO oxnaxkaenus; cepust ISO/TEC 30134 mo xiro-
yeBbIM mokazatessiM s pexrusHoct: PUE, WUE,
ERE/ERF) 3anator pamounble TpeOOBaHHSI K Ka4€CTBY
NPOEKTHBIX M CTPOUTENBHBIX pemeHuil. Jna NUU-
Harpy3o0K NMPUHIUIHAIbHA KOPPEKTHAs WHTETpanus
9TUX TpeOOBAHMH B MPOEKT: OT PAcUYE€TOB DHEPTOIO-
TpeOJIeHHs ¥ BOJOMOIB30BAHMS 10 CIICHAPHUEB pe3ep-
BUpPOBaHMsI U oOecrieueHusi 0e301acCHOCTH Ha CTaAUU
CTPOUTENBLCTBA U JKCIUTyaTaluu. B psae ropucaukuuii
BBOJSITCS JIOTIOTHNUTENBHBIE KOJIOTHYECKHE KPUTEPHUN
(BOAHBII ciies, ypOBEHb IITyMa, TPeOOBaHUS K yTUIH3a-
IIVM TeIlIa), OKA3bIBAIOIINE TIPSIMOE BIUSIHUAC HA apXH-
TEKTypy 00BEKTa M KaJICHIapHBIC CPOKH PEaTH3AIHIH.

3aBucumocts UM-HAarpy30Kk OT CTPOUTEIBHBIX
OTP HOCUT NIPUUUHHO-CIIEICTBEHHBIN XapaKTep U Ipo-
sBasieTcd Ha Bcex craausax JKL[: or TpaHcmopTHOM
U PeCypCHOI 00eCIeYeHHOCTH TUIOMIAAKH 10 PEMOHTO-
HPUTOAHOCTU U MOJEPHU3UPYEMOCTH HHIKEHEPHOU
UHPPACTPYKTYPBI MO MOCIEIYIOINE MOKOJICHHS arl-
napaTHbIX yckopurenei. Jljist 3aka3yuka 3T0 Bblpaxa-
€TCs B CHIDKCHUH KalTUTAJIBHBIX M OKCIUTyaTallHOHHBIX
3aTpart, ynpaBIsieMOCTH PUCKOB M YCKOPEHHWHN BBIXOAA
BBIUHCIIUTENFHBIX MOIITHOCTEH Ha PHIHOK.

CoBpemeHHasl HayuyHas JIUTepaTypa MocieaoBa-
TEJIFHO AEMOHCTPHPYET, YTO SKCIIOHEHIIHATBHBIN POCT
Harpy3oK, 00yCJIOBIEHHBIX TPUMEHECHHEM YCKOPUTETIEeH
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it W, npuBomuT K nepecOopke 0a30BOM MHXKEHEP-
Hoit mapaaurMbl L{O/] 1 mepeHOoCHT aKIEHT ¢ «KITacCH-
YECKHUX» apXUTEKTYp Ha PEIICHUs], IJie TeIUIOTEXHHUKA,
EKTPOCHAOKEHHNE U BOJIOTIONB30BaHHE TIPOCKTUPYIOT-
Cs1 KaK B3aMMOCBSI3aHHBIE 3JIEMEHTHI €JMHOTO OPTraHU-
3alIMOHHO-TEXHOJIOTMYECKOTO KOHTYypa CTPOUTEINILCTBA.
HanGonee 3amMeTHBIM SABISETCS YCTOHUMBBIN Aperd
OT BO3AYIIHOTO OXJAXICHUS K )KUIAKOCTHBIM U HMMEp-
CHOHHBIM TEXHOJIOTHSIM: 0030DPbI U NMPUKJIIAHbIC HCCIle-
JIOBaHMS (PUKCUPYIOT HEOOXOJMMOCTh IPSIMOTO OTBOAA
teruta ¢ kpucrasia (direct-to-chip), BHeapeHHS TeILIO-
OOMEHHBIX JIBEpEil 3a/HETO THIA U OJHO-/ABYX(a3Ho
MMMEpPCUH KaK OTBET Ha POCT YAEIbHBIX TETJIOBBIX Ha-
TPY30K, a TAK)KEe KaK CPEJICTBO CTAOMIN3ANH PEXUMOB
npu BeicOKUX motHOCTIX UU-cToek [1-6]. [TokazaHo,
YTO TaKHWE CXEMBI HE TOJIBKO PACIIUPSIOT JIOMYCTHMBIE
JMana30Hbl AKCIUTyaTalluy, HO U CO3JAf0T HPEINOCHII-
KM K ITOBTOPHOMY HCIIOJIb30BAaHHIO TEIIa, YTO BaKHO
Uil (hOPMHPOBAHUS IIEIEBBIX MOKazaTenel d3PQeKTHB-
HOCTH Ha CTAJUU MPEIIPOEKTHON MOATOTOBKU 1 YBA3KH
C Tpajio- U MPUPOAOOXPAHHBIMHU OrpaHndeHusMH [ 7, 8].
[TapamrensHO BO3pacTaeT 3HAYMMOCTH BOJIHOTO
cliesia ¥ BOJHO-?HEPTETHUECKUX KOMIIPOMHUCCOB, UTO Ha-
NPSMYIO BJIMSET Ha BHIOOD IUIONIAJKK ¥ KOMIOHOBKY
CUCTEM OXJIaXJeHHs. VccienoBaHus MoJ4epKUBaroT,
YTO BEJIMYMHA BOIOMOTPEOICHHS BAPEUPYET B MINPOKNX
npesienax B 3aBUCUMOCTH OT KJIMMaTHYECKUX YCIOBHMA
1 BBIOPAHHOW TEXHOJIOTHH (aa1abaTHIecKne, «CyXue»
1 THOPUIHBIC PEIICHHS), YTO TpeOyeT YIUTHIBATH Me-
TPUKH BOTHOH 3()(hEKTUBHOCTH HapaBHE C YHEPIETH-
yeckuMu [9—11]. B ycnoBusX Kapkoro 3acyuijdBOro
KJIIMMAaTa ONTUMAJIbHBIE PEXUMBI OXJIAXKICHUS HEN30ekK-
HO COMPSDKEHBI ¢ KOMIIPOMHCCAMH MEX/y CHHYKEHUEM
9HEProNoTPeOIeHHsT M POCTOM BOJIOTIONB30BAHMS, a T10-
TOMY TPOEKTHBIE PEIICHUS TOJLKHBI BKJIFOYATh 00BEMHO-
0aaHCOBBIE PacyueThl, CHCTEMbI BOJIOTIOATOTOBKH ¥ TIO/I-
MUTKH, a TaK)Ke CIEHAPUH CE30HHOH MepeHacTpOnKH
pesxxumoB [10, 11]. OTmewaercst u BIUSHUE TPOPIIIA
pabounx Harpy3ok: M-3ama4un, OTIHYasCh MO ATUTCITb-
HOCTH ¥ MHHTEHCHBHOCTH HCIIOIb30BaHMS YCKOPHUTEIEH,
(hopMHPYIOT MHOH MaTTEpH TEIUIOBBIACICHUS H, CIe-
JIOBaTEJIbHO, MEHSIOT TPeOOBaHMsI K BOJHOMY KOHTYPY
U anropuT™Mam ero ympasienus [11, 12].
CymecTBeHHOE BHUMAHUE YICISAETCS yTUIN3AAN
Hu3KonoteHnuansHoro teria [{O/] u ero unrerpamnuu
B cHCTeMBI TerutocHa0xkenus. Cepust paboOT MOKa3bIBa-
€T KaK MHBECTUIIMOHHYIO COCTOSITEIbHOCTh TAKHX IPO-
€KTOB, TaK M WH)KEHEPHBIC MPEANOCHUIKH UX yCIIel-
HOCTH: TeMIIepaTypHble rpadukn ceTei, mpuMeHeHne
TEIJIOBBIX HACOCOB (BKIJIFOYAs KAaCKaJIHBIC PEIICHIS),
a TaK)Ke MCIOJIb30BaHHUE LIUKJIOB OpraHndeckoro Pen-
krHa (ORC) 111 MOBBINICHUS TEPMOIMHAMHYECKOTO
moTeHnuaina Bo3BparHoro temia [13—17]. KoncTpyk-
THUBHO-ITAHUPOBOUYHBIC PELICHUSI PU 3TOM JOJKHBI
IIpe/lycMaTpHUBaTh pa3MelleHne HaCOCHO-TETIO0OMEH-
HBIX TPYMI, TPAHCTIIOPTHBIE KOPHUIOPHI JIJIsI KPYITHO-
rabapuTHOTO 00OPYIOBaHMSI, KOPPO3UOHHOCTONKHE Ma-
TepHalbl ¥ BO3MOKHOCTH 00CITy)KHBaHMs 0€3 0CTaHOB-
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KU KPUTHYECKUX 30H — TpeOOBaHMs1, KOTOPbIe HE00X0-
JIMMO 3aKJIa/[bIBaTh Ha CTaMIX KOHLETIUH U TIPOEKTa,
MIOCKOJIBKY OHHM OIPEIEINSIOT U apXUTEKTYpy 31aHUMH,
Y KaJieHIapHble TUIaHbl cTpouTebeTBa [15—-17].

Bri6op mnomanku st crpoutenscrsa L{O/], pac-
cunTaHHbIX Ha IM-Harpy3ku, paccMarpuBaeTcs Kak MHO-
TOKpUTEepHaNbHAs 3a7ja4ya, B KOTOPOH KIFOYEBBIMH CTa-
HOBATCSI JOCTYNHOCTb U CPOKHM TEXHOJIOTHUYECKOIrO
TIPHCOEAMHEHMS K AIIEKTPOCETSIM, ME30KIIMMATHIECKHE Xa-
PaKTEPUCTUKH TEPPUTOPUH, BOAHBII CTpecc, TPaioCcTpou-
TEJIbHBIE ¥ IPUPOI0OXPAHHBIE PEKUMBI, a TAKXKE T€0TeX-
HHUYECKHe W ruaporeosniorndeckue (akropsl. [lokazano,
YTO Jla’ke BHYTPH CPABHUTENBHO KOMITAKTHBIX TEPPUTO-
pHil ME30KIMMAT MOXKET OKa3bIBaThb 3aMETHOE BIIUSHHE
Ha 3HEproIoTpedIeHNe Yepe3 MOTEHINAIBHO JOCTYITHbIE
PEeXKHMMBI CBOOOIHOTO M 31MabaTHYECKOro OXJIaXKICHUS,
YTO OTPaAXKAETCsS HA COBOKYMHON CTOMMOCTH BIaJI€HUS
[17]. B ropoackux arsoMepanusx K 3TOMY JT00aBIISFOTCS
PMCKH HEMPEPhIBHOCTH OM3HECA M OCOOCHHOCTH JIOKAIIb-
HOHM PeryjsiTOpHOHM Cpejibl, TpeOyIoIue OT JIeBeIonepa
PaHHETO COTIACOBAHMS MH)KCHEPHBIX MHTEP(EICOB 1 JI0-
THCTUKH cTpouTenbeTBa [14]. ['eompocTpaHcTBeHHBIE
mojenu npurogHoctd (GIS/MCDA) monreepxaator
BO3MOKHOCTh ()OPMAJIN30BAHHON OLEHKH «OKHA BO3-
MOYKHOCTEI» IUIOMIAKH — OT OIM30CTH MCTOUYHUKOB
U MOACTaHLUM 10 TPAHCIOPTHOM TOCTYIHOCTH M CaHU-
TapHO-3AIIUTHBIX 30H — M CITy’KaT OCHOBOMH JUTsl 000CHO-
BaHUS OPraHU3AIOHHO-TEXHOJIOTMYECKIX PELICHHH yxkKe
Ha TIPE/IFIHBECTUIIMOHHOM (aze [18-23].

OTaenbpHBINA TUIACT UCCIIEN0BAHNI TOCBAIIEH B3a-
umogerctBuo L[OJ] ¢ sHEeprocucTemMoil B yCcloBHIX
BBICOKMX M JUHAMHUUYHBIX Harpy3oK, CBOMCTBEHHBIX
NH-xnacrepy. IIpeacraBiensl MOAEAN pacupeaee-
HUS MOIIHOCTH U 3MYJSATOPHI, YUUTHIBAIOIINE PaboOTy
MoIIHOMH cuitoBoit anexTponuku (UBII, BempsimuTeny,
mpeoOpa3oBaTeNn) U MepeXoqHbIe MPOIECChl, YTO TO-
3BOJISIET TNIAHUPOBATh KOH(PUTYPALUU Pe3epBUPOBaA-
Hus (N+1/2N), oOecrieynBaTh CEICKTHBHOCTH 3AIIHUTHI
M Ka4eCTBO 3JIEKTPOIHEPTHH Ha MNHAX KPUTHIECKON
Harpy3ku [19-20]. J{ns cTpouTeabHON MPAaKTUKH 3TO
03Ha4aeT HeOOXOAMMOCTh KOPPEKTHOTO 3aJaHusl Tpacc
U CEUCHMH IIMHOMPOBOAOB, MMAPAMETPOB 3a3EMIICHUS
1 OTIEPaTUBHOMN Ha/Ie)KHOCTH pacTIpeeTUTEeIHHOTO YCT-
poiictea (PY), a Taxoke BKIIFOYEHHS B IPOIPAMMBI [Ty CKO-
HaJIaJIoYHBIX padoT CeHAPHEB, IMUTHPYIONINX peailb-
Hble podunu MH-Harpy30k 1 comyTCTBYOLIHE rapMo-
HUYECKHE UCKAKEHMUS.

VHTEHCHBHO pa3BHBAETCS HANPABICHUE AITOPUT-
MHYECKOTO YIPABICHHUS OXJIAXKICHHEM U COITyTCTBYIO-
mieit merposoruei 3pdexkruBrocTH. CHCTEeMaTH3AIMH
CTpaTeTHil ONTUMHU3AIMOHHOTO YIIPABICHHUS, MTPEIIO-
JKEHHBIE B IPOQIIBLHOMN JINTEPAType, OIMPAIOTCS Ha pac-
IIMPEHHBIE HA0OPBI METPHK, BKIJIIOYAIONINE HE TOJIBKO
TPaIUIIMOHHEIE TTOKA3aTeNN dHepreTndeckoil dddex-
TUBHOCTH, HO ¥ MHJUKATOPHI MTOBTOPHOI'O MCIOIB30-
BaHMS YHEPTUH U BOTHOH 3(h()EeKTHBHOCTH; TOTIECPKH-
BAeTCsl BAXKHOCTh HACTPOWKM CHCTEM aBTOMAaTH3aIlMN
1 TATYUKOBBIX TTOJICHCTEM O] KIIMMaTHYECKUE U TEXHO-

JIOTMYECKUE CLIEHApUU KOHKPETHOM miomanxu [21, 22].
DTO MOATBEPKIAET TE3UC O HEOOXOANMOCTH «HHIKE-
HEPHOW yHpaBJIsIeMOCTH» MPOCKTUPYEMBIX CHUCTEM
C MOMEHTA 3aKJIaJK/d UX B CTPOUTEIbHYIO JOKYMEH-
TanWIo, BKIOYas TpeOOBaHUSA K PE3EPBHPOBAHUIO,
0aiiITacupOBaHUIO U CEKIIMOHMUPOBAHUIO KOJUIEKTOPOB
JUIsl TIOJLICPIKaHUSI PEMOHTOIIPUTOAHOCTH Oe3 aerpaja-
UM BBIYHUCIIUTEIBHON TOTOBHOCTH O0OBEKTA.

Haxower, Ha ypoBHE y3J10B U KOMIIOHOBKH JI€MOH-
CTpUpYETCs TTOTEHINAN MHKCHEPHBIX MHHOBAINH, Ha-
MIPaBJICHHBIX HA CHIDKEHUE CYyMMapHOTO TEPMHUYECKOTO
COIPOTHBIICHUS] MEX/y HCTOUHMKAMH TEIIa U KOHTY-
POM €ero OTBO/Ia: OT KOHCTPYKIHI C TETJIOOTBOSIIIUMH
«CTIMHKaMI» 10 ONTHUMHU3AINH THAPABINYECKIX PEKH-
MOB U KOHTAaKTHBIX ITOBEpPXHOCTEH B OJI0Kax pacrpe-
JleTieHus oxJaaxkaarouien xuakoctu [8]. B coueranuu
¢ mpakTHKod BHeapeHus direct-to-chip u nmMmepcu-
OHHBIX PELICHUH 3TO MOJABOAUT K BAXKHOMY OpTaHH-
3aIMOHHO-TEXHOJIOTHYECKOMY BBIBOIY: apXHTEKTypa
Al-ready LIO/l TpeOyeT HE TOIBKO BHIOOpA MPUHIIH-
MUAJILHON CXEMBI OXJIXKIACHUS U AIIEKTPOCHAOKEHMS,
HO ¥ TIPOCKTHPOBAHMS MapUIPyTOB MOHTa)Ka, CEKIHi
JUIs OOCITYKHMBAHUS, & TAKXKE MHUPOKOrO MPUMEHEHHUS
MOAYJIBHOCTH U U3AEINH 3aBOJICKON TOTOBHOCTH B CO-
crabe MEP-nmoncucrem (Mechanical, Electrical, and
Plumbing) amnst cHU)KEHHMST PUCKOB ITyCKOHAJIAIKU U CO-
KpaIlleHUs] BpEMEHH JI0 BBOJIA PACUETHBIX BBIYMCIH-
TeIBHBIX MOITHOCTEH [3, 4, 6, 7].

CyMMapHO ITpoaHaIM3UPOBAHHOE TI0JIE UCTOUHH-
KOB IT03BOJISICT 3aKJIIOYUTh, YTO «TOTOBHOCTH K VMM»
SIBJISIETCSI MHTETPAJIbHOM XapaKTEePUCTUKOHN CTPOUTEIh-
Horo npoekta [{O/], Bo3HUKatOMIEH U3 COTIIaCOBAHHO-
CTH PEIICHUH IO TEIUIOTEXHUKE, SIEKTPOCHAOKEHHIO,
BOJIOTIOJIb30BAHUIO M TETIJIOBOW MHTETPAIMK C TOPO-
ckoil mHGpacTpykTypoil. Hayunsle pesynbrarsl mo-
CJEeIHUX JIET IPEJOCTABIAIOT METOAUYECKYIO OCHOBY
IS TIepeBO/ia TeXHOJIOTHIeckux Tpedosanuii UM B
WH)XEHEPHO-CTPOUTEIbHbBIE PEITTAMEHTHI U KaJleHAap-
HBIC TUIAHBL: Yepe3 PaHHWH MHOTOKPHTEPHAIIbHBIH BbI-
0op IuIOIIaIKK, HOPMHUPOBAHHE IENIEBBIX MTOKa3aTeIeH
3hPeKTUBHOCTH, (POPMHUPOBAHUE MTPOrPAMM HCIIBITA-
HUH ¥ 9KCIUTyaTallMOHHBIX PEXXHMOB, a TAaKXKe 3aKpe-
TUIEHHE MOIYITBFHOCTH U TipedadpuKaniy Kak 6a30BBIX
OpPraHN3alMOHHO-TEXHOJIOTMUECKUX PUHIIUIIOB pea-
nu3anuu npoekra [1-23].

MATEPHUAJIBI U METOJbI

Hayunas paGoTa HOCHUT KOMIIJIEKCHBIA MOJIXOJ
U OIMPAETCs HA JaHHbIE B (JOpMaTe KOHBEPTEHTHOTO
AHAIMNTUYECKOTO 0030pa ¢ HOPMAaTHUBHON BepHpUKa-
1uel U MPOEKTHO-TEXHOJIOTUYECKON TEKOMMO3UIUEH.
B nccnenoBanuM paccMaTpUBaINCh Hay4dHbIE PaOOTHI,
conep Kalire MHXCHEpHbIE MapaMeTphsl U METOIUKH
pacdera, a TaKKe JOKYMEHTBI CTAaH/IAPTOB U PYKOBO-
CTBA, PEJIEBAHTHbIE CTPOUTEIBHBIM peneHusM. Hckiro-
YaJHuCch paboThl cyry0o HH(POPMAMOHHO-TEXHOJIOTHYE-
ckoro npoduiist 6e3 HHPPACTPYKTYPHOI KOMITIOHEHTBI,
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HEIpOBepsieMbIe 0030pbl M TyOIHPYIONIHE MyOInKa-
M.

W3 Ka)10r0 UCTOYHNKA U3BJICKAINCH XapaKTepH-
CTHKH KOHTEKCTa!

* KJIMMaT;

* TEXHOJIOTHS;

* KOJIMYECTBEHHbIE [T0Ka3aTeNH (TEILUIOBbIe/THIPAB-
TMYeCKUe/AEKTPUICCKIE TapaMeTPHI).

Jlanee mpoBOAMIOCH TEMAaTHYECKOE KOAMPOBAHHE
10 MATH KPUTEPHUSAM:

1. OxJta)IeHNe U TEIIOCHEM.

2. DNeKTpoCcHA0XKEHUE M Ka4eCTBO JIEKTPOIHEP-
T'HH.

3. Bonononab30BaHUE U HKOJIOTHYECKHE OTpaHUYe-
HUSL.

4. BbIOOp TUIOIIA/IKH, KOMIIOHOBKA M JIOTUCTHKA.

5. Perynsropuka u meTpuku 3¢phekTHBHOCTH.

CuHTE3 0CYIIECTBIISIICS Yepe3 JIOTUKO-CTPYKTYP-
Hoe conocraBienue «rpedbosanne UM — crpourenn-
HOE pelleHne — MPOBEPSEMBIH ITapaMeTpy, ¢ MOCTpoe-
HHEM CXEMBI «pHcK — meponpusitue — KPI — meron
IMPUEMKN) U MaTpHrlbl COOTBECTCTBUA CTaHAapTaM.

Bepuduxamnms 3aximodanack B IepeKpecTHON po-
BEPKE BBIBOJIOB 110 HE3aBUCHMBIM UCTOYHHUKAM H B CO-
[JIACOBAHHUU IIPOEKTHBIX ITAPAaMETPOB ¢ HOPMHUPYEMBIMHU
JIOITyCKaMH | MIPOIIEypaMy HCITBITAaHN I, OTTMCAHHBIMA
B cranaaprax. OrpaHn4eHus MoAXo/a CBSI3aHbl C Orpa-
HUYCHHOHN JOCTYITHOCTHIO MOTHO(OPMATHBIX IKCILIY-
ATallMOHHBIX JaHHBIX M0 UMMEPCHOHHBIM CHCTEMaM,
HEOTHOPOJHOCTHIO ONMCAaHHI PeIICHNIT U BapUaTHBHO-
CThIO HALIMOHAJIBHOW HOPMATHBHOI 0a3bl. TeM He Mme-
Hee BBHIOpaHHAs METOAMKA 00ecTeunBaeT BOCIPOU3-
BOJMIMYIO TPacCHPYEMOCTb OT JIUTEPATYPHBIX JIAHHBIX
K (l)OpMaIII/ISOBaHHI)IM CTPOUTCIIbHBIM PCIICHUAM U KOH-
TPOJIBHBIM MPOLIETypPaM.

PE3VYJIBTATHBI HCCJIEJOBAHUA

IIpoBeneHHBIN aHANN3 MOATBEPHKJIAET, UTO «IO-
TOBHOCTH K Iy sIBIIsSIETCS HE TIPOM3BOIHOM OT BEIOOpA
CEpBEPOB M YCKOPHTENeH, a HHTETPaJbHBIM CBOMCTBOM
crpoutensHoro npoekra [{O/l. Ha npakruke npodunb
TpeboBaHuil hopmMupyercs 3a10ro 10 nocrasku UT-
000pyIOBaHUS — Yepe3 PEIICHUS O CXEME TETUIOChE-
Ma ¥ 3JEKTPOCHAOXKEHHS, BOJHOW MH(PACTPYKTypeE,
KOMITOHOBKE, PE€3E€PBUPOBAHUHU U CLEHAPHUAX ITyCKO-
HaJIaJ09HBIX paboT. ConocTaBlIeHNE BEISIBICHHBIX B M-
TepaType TeHIEHIUN ¢ peaau3yeMbIMH IPOEKTaMH I10-
Ka3bIBAET pa3pblB MEXy TEKYILEH TPAKTUKON U Liese-
BOI MOJIENBbI0: MHOTHE OOBEKTHI BCE €IIe TPOCKTHPY-
I0TCSI B IApaJUIMe «BO3AYX 110 YMOTUAHHIO» C MO3THUM
J00aBICHUEM >KUIKOCTHBIX KOHTYPOB M JIOKaJIbHBIX
YCWIICHHUH TIO SIEKTPONUTAHUIO, TOT/Ia Kak Tpedyemas
st MU apxuTexTypa 10/ KHA IpeAnoaraTb xKHUIKoCT-
HOE OXJIAKJICHHNE KaK 0a30BYIO IPENMOCHUIKY U YIHTHI-
BaTh IWHAMUKY MOIITHOW CHIIOBOH DJICKTPOHUKH YKe
Ha KOHILIENITYaJIbHOW CTauu.

B yactu TpeGoBaHuii HaMOOIbIIIEEe PACXOKIACHHE
HaOMromaeTcst B 00IaCTH TEIUIOChEeMa U AIIEKTpoodecte-
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yeHus. PactipocTpaneHHast MpakTUKa — KOPPEKTHPOB-
Ka CXeM OXJIKICHUS Ha CTaJUH padovel TOKyMEHTa-
i (P/T) momw maske B Tmporiecce CTpONTENbCTBAa — Orpa-
HUYHMBAET KOMIIOHOBKY, TIOBBIIIAET HArPy3Ky Ha KOH-
CTPYKTHB M OCJIOXKHsIET cepBuc. LleneBast koHpUrypa-
U, HAMPOTUB, TpeOyeT PaHHETO PEUICHHUS B IOIH3Y
direct-to-chip /i UMMEPCHOHHBIX CXEM C PE3epBH-
pPOBaHUEM IO CEKIUSAM, C MPEIyCMOTPEHHBIMH KOJ-
JIEKTOPHBIMH TPYIIIIaMu, OaifltacHpoBaHUEM, MECTAMHU
nog, CDU (Coolant Distribution Unit) u TerioBsMu
HAacOCaMH, a TaKKe ¢ BOSMOKHOCTBIO O€30CTaHOBOYHO-
ro OOCITy)XHBaHUA. DIEKTPOCHAOKEHNE TOJIDKHO TIPO-
CKTHUPOBATLCS HE TOJBKO C pe3epBrpoBanueM N+1/2N,
HO U C NOATBEPXKAECHHON yCTOMUMBOCTBIO K MEPEXO-
HBIM TIPOIIECCaM U TapMOHHYECKUM HCKa)KEHHUSIM, Xa-
pakTepHbIM a1 NM-knactepoB; 3To TpebyeT pacueToB
U MTOJICBBIX MCIBITAHUN, UMHTHUPYIOIIUX PEaTbHBIC TIPO-
(unmm Harpy3ok. BogHO-XHMHUYECKHE mapaMeTphl Te-
TUTOHOCHUTESI M BOTHBIN OalaHC — CaMOCTOSTENIbHBIC
OTPaHWYMTENN: IPOEKT 0053aH coziepKaTh 00BEMHO-
OaraHCOBBIC PacYeThl, TPEOOBAHUS K Ka4eCTBY BOIBI,
CE30HHBIC PEKHUMBI U CI[EHAPHH MOIMUTKHU, a TAKKe
MPEAyCMaTPUBATh YTHIM3AINI0 HU3KOMOTCHIIATBHOTO
TEeIUTa KaK YacTh IPOEKTHOTO 3a/laHMsl, a He (haKyiIbTa-
TUBHYIO om0, OpraHu3anioHHO-TEXHOJIOTUYECKU 03-
HavyaeT MPUOPUTHU3ALMIO MOAYIHHOCTH U U3JEIHM 3a-
BOJICKO# ToToBHOCTH (prefab) B MEP-mmoncucremax, xa-
CKaIHBIH BBOJI MOIITHOCTEH U II(PPOBHIC YIpaBIIeMbIe
nyckoHasnanounsie paborer (ITHP) ¢ tepmuueckumnu
1 EKTPUICCKIMHU CTPECC-TIPOTOHAMHU.

[Tpodunb pUCKOB MOATBEPKIAET HEOOXOJUMOCTh
nepexozia OT Pa3pO3HEHHOTIO YIPABJIEHHs K UHTETPUPO-
BaHHOH KapTe pUCKOB. TpaAWIIMOHHO YHEPTETHUCCKUE
PHUCKH 3aKpPBIBAIOTCS PE3EPBUPOBAHUEM U «3alacaMm
MO0 MOIIHOCTH, TEIIOTEXHHUYECKUE — 3aBbIIICHUEM
MIPOU3BOIUTEIFHOCTH OXJAJAUTENeH, BOJHBIE — JIO-
KaJbHBIMU pe3epByapaMu, a perynsaTOpHbIE — KOPPEK-
TUPOBKAMHU Ha CTaJUU dKCHepTu3bl. Takoil momxon
HE 00ECIeYnBaeT BOCIPOU3BOANMOCTH PE3YIbTaTOB
B NU-knactepax. [{eneBast nmpakTuka J10J17KHa CBSI3bIBATH
Ka)KIBIH PUCK C KOHKPETHBIM MPOCKTHBIM MEPOTIPHSTH-
€M, H3MEPUMBIM TTOKa3aTeIeM U METOIUKON MPHEMOYHO-
TO UCTIBITAHUA: TS ANIEKTPOCHAOKEHUS — MOATBEPIK-
JIEHUE CEJIEKTUBHOCTH U KaueCTBa DJIEKTPOIHEPTUU
npu «M-ipopuisaxy; s TeMIOTEXHUKH — CEKITH-
OHHMPOBAaHHUE U THAPABINYECCKOE Pa3BsI3bIBAHNE KOHTY-
POB C BO3MO)KHOCTBIO M30JIMPOBAHHOIO 00CITYKHBaHUS,
BHOPO- U ITyMO3aIIXTa HACOCHBIX CTaHINH, KOHTPOIb
KOPPO3MHU U YHUCTOTHI TEINIOOOMEHHBIX TIOBEPXHOCTEH;
JUTSL BOJIOTIONB30BaHUS — clieHapHbBIH Oamanc ¢ KPI
WUE, TexHog0orn4eckue CXeMbl ITOJTOTOBKH M JO3H-
poBanust; st wiontaaku — GIS/MCDA-oreHka mMe30-
KJIUMAaTa, TUAPOTEOJIOTHH U MPUPOIHBIX OMACHOCTEH
C TIEPEHOCOM OTPaHUYCHHH B IUTAHUPOBOYHBIC PEIICHHS
U KaJleHJapHble Tpaduku. Pe3ynsTaTHBHOCTH TaKOro
MO/IX0/1a BO3PACTAeT MPHU HCIOIb30BAaHUH IIU(PPOBOTO
JIBOMHUKA CTPOUTEIHCTBA, 00ECIICUNBAIOIIETO TPACCH-
PYEMOCTb OT UCXOAHBIX OorpaHnyeHuit 10 akroB [THP.
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P.O. CamcoHos, B.C. JlomkuH

PerynsiTopHas cocTaBismonasi 0CTaeTCs KpUTHYE-
CKM Ba)XHOM U B 3HAQUUTEIbHON CTENEHH OMPEEIIsIeT
HCITOJIHUMOCTD TIPOEKTHHIX pemeHnii. HaOmronaercs
TenaeHuus GpopmanpHoro ynomunanus EN 50600,
pexomengannii ASHRAE TC 9.9 u merpuk ISO/IEC
30134 (PUE, WUE, ERE/ERF) 6e3 ux mpsimoii TpaHc-
JISIIIAY B TIAPAMETPBI IIPOEKTA, JOIYCKH, CIICIH(pUKAIIH
MaTepuasoB U IPOLEAypbl UCIBITaHUN. Jloka3aTenbHas
MpaKTHKa TpeOyeT HHOTO: MaTPHIIBI COOTBETCTBHUS, B KO-
TOPOH KakJ0e TpeboBaHME CTaHAAPTa CBSI3aHO C KOH-
KpETHBIM apameTpoM paszena «IIpoext», KoHTponupy-
€MBIM JIOITyCKOM, METOTMKOH MPOBEPKH U IOKyMEHTOM
npueMku. Buytpu 3toii matpursl KPI nepecraror Ob1Th
«IKCIUTyaTallMOHHBIMU OTYETHBIMU LU(BPAMU» U CTa-
HOBSITCSI IPOEKTHBIMU OIOIPKETAMH, PacIipeieIeHHBIMI
[0 CHCTEMaM: JIoIycKaemasi THApABINYEcKas moTeps
Ha Y4acTOK, TEIUIOBOW OIO/KET Ha y3el, KJIAcChl J10-
CTYITHOCTH ¥ PEXHMBI PE3E€PBUPOBAHNS Ha IEKTPH-
YeCKHX IIMHAX. DKOJIOTHMUYECKHUE KPUTEPUU — IIyM,
cOpOCHI, TEIUIOBOH ciell — MEPEeHOCATCS B pas3psl
MIPOEKTHBIX OTPAaHWICHUH, BIUSIONINX HA KOMIIOHOBKY,
MaTepHaibl ¥ CPOKH.

[IporHo3 Ha GysKaiIMe M Th JIeT yKa3blBaeT Ha KOH-
COJMIANUIO KUIKOCTHBIX M UMMEPCHOHHBIX TEXHOJIO-
TUi Kak OTpacji€eBOT0 CTaHAapTa AJid BbICOKOIIJIOTHBIX
NU-narpy3ok u Ha (pOPMHUPOBAHHE COBMECTHMBIX HH-
TepdeiicoB y310B (KOJUIEKTOPHI, (PUTHHTH, MaTEPHAITHI),
YTO YNPOCTUT IPOEKTUPOBAHUE U MOHTaX. BoxHble
U TEIUIOBBIE TTOKa3aTeny 3(p(HEeKTUBHOCTH OYyyT HHCTH-
TYHHOHAIM3UPOBAHEI B 33/JaHNSAX HA MPOEKTHPOBAHNE,
a yTUJIM3AI¥s Terja CTAHOBUTCS YCIOBHEM COTJIACcO-
BaHUI B TOPOJICKUX U KAMITyCHBIX IpoekTax. MacuiTa-
OBI IpedadpuKaIi BO3PACTYT, YTO COKPATUT time-to-
compute u cau3ut pucku [THP; nudpossie nBoitHukm
CTPOUTENBCTBA CTAHYT HOPMOM AJIs yHpaBICHUS CO-
OTBETCTBHEM M puckaMu. OXKHIAETCS yKECTOUCHHE
IKOJIOTUYECKUX TPeOOBaHUI M CMelleHue reorpapuu
MIPOEKTOB B IOJI3Y TEPPUTOPHIA C ONIArONPUSITHHIM ME30-
KIIMMATOM, JOCTYIMHOH MOITHOCTBIO MPHUCOCTUHECHNUS
U BOAHBIMHU pECypcaMy; MapajjeNbHO YCHIHTCS 3a-
MPOC CETEBBIX OPraHU3alMi Ha MPEIUKTUBHBIE MOAEIH
crpoca ¥ moseBkle ucnbitanus ¢ « M -mpodumsvm» Ha-
Tpy3KHU. B COBOKYTTHOCTH 3TO 3aKpEMHT 32 CTPOUTEIHHON
OTPACIIBIO POJIb KOOPAUHATOPA, IPEBPAILAIOIIETO HHIKE-
HEpHBIC U PETYISTOPHBIE TPEOOBAHUS B pEATH3yeMble
KOMITOHOBOYHBIC U TEXHOJIOTMYCCKHUE PEHICHUS.

CyMMupys, pe3ynbTaTbl UCCIEA0BAHUS IEMOHCT-
PUPYIOT, UTO JOCTHKEHHUE 1ieJIeBbIX nokazarenei M-
11O/] — 1o rI0THOCTH, HEPro- U BOJHOU AP eKTHBHO-
CTH, PEMOHTOIPUTOAHOCTH U CPOKaM BBOAA — OIIpe-
JIeJIIeTCs] Ka4eCTBOM OPTaHW3alMOHHO-TEXHOIOTHYe-
CKOM Mopenu cTpouTeabcTBa. D HEeKTUBHAS MOICIIb
BKJIFOYACT PaHHHUI BBIOOP M «3aIMPaHHE» CXEM OXJIaXK-
JICHUSI U YTAIN3AIUH TETUIa C OTPAKCHHEM B KOHCTPYK-
THBE, (OpPMaJIM30BAHHYIO KapTy PUCKOB M MaTpUILy
HOPMaTUBHOTO cOoOTBeTCTBUS, Oto/pkeThl KPI Ha arame
MIPOEKTHPOBAHMS, ITaH MpedadpruKaIii 1 KackaJHOTO
BBOJIa MOIITHOCTEH, a Takxke nporpammy [THP, Bocmipo-
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U3BOJALIYIO peanbHble pexuMbl MN-Harpy3ok. Takoe
MOCTpPOEHHE 00ECIeUnBaeT NPUINHHO-CIIEICTBEHHYIO
CBSI3b MEXKIY PEIIEHUSIMH Ha IUIOIIAAKE U SKCILTyaTaly-
oHHOM roToBHOCTBIO LIOJI, CHMXKAeT COBOKYIHBIN PUCK
U YCKOpSIeT JOCTUKEHUE IIPOEKTHOM BBIYUCIUTEIbHOU
MoITHOCTH. B pamkax mccienoBanmst Obia chopMupo-
BaHA MaTpUIIa, IpeJICTaBIeHHAs B TaOIuIIe.

3AKJITIOYEHHUE U OBCYXIAEHHUE

[IpoBeneHHOE HCCIEIOBaHUE TOATBEPIMIO UCXO/I-
HBIH TE3UC O TOM, YTO «rOTOBHOCTb K U siBisieTcs Mu-
TerpaJibHBIM CBOMCTBOM cTpouTenbHoro npoekra O/
1 GOpMHpYETCSl Ha CTaJAMKU OPraHU3aIMOHHO-TEXHO-
JOTHYeCKHX pemeHnid. ConmocTaBIeHne COBPEMEHHBIX
pa3paboTOK 1O TEIUIOTEXHUKE, AJIEKTPOCHAOKEHUIO,
BOJIOTIOIB30BAHUIO 1 TETJIOBOM MHTETPAIUH C TPAKTH-
KOM IMPOEKTUPOBAHUS U CTPOUTENILCTBA MTOKA3BIBACT:
ycToiunBoe n 3pPEeKTHBHOE pa3MENIeHHE BBICOKO-
ninoTHBIX M-knacTepoB ompenensieTcss He BEHIOOPOM
BBIYUCIIUTENBHBIX CTOEK, @ COIVIACOBAHHOCTBIO pelLle-
HUIA TI0 BEIOOPY TUTOIIAIIKH, aPXUTCKTYPHO-TUIAHUPOBOY-
HOW KOMITOHOBKE, KOHPUTYPAIIUU CUCTEM OXJIAXKIACHUS
1 3JIEKTPOIIUTAHUS], OPraHU3aLMK [TyCKOHAIaJOYHbIX pa-
0OT U YIIPABIICHUIO )KU3HCHHBIM IIUKIIOM.

C ToukM 3peHus] TpeOOBaHMI IesieBasi apXUTEK-
Typa Al-ready mpenmnonaraer IpUHATHE KUIKOCTHOTO
OXJIQXK/ICHUS KaK PEILIeHUs «I10 YMOJIUaHHUIO» C 3apaHee
MPEeAYyCMOTPEHHOM IBOJIOLIMEN K UMMEPCHOHHBIM TEX-
HOJIOTUSIM, TIOATBEPKIEHHYIO YCTOMYMBOCTb IEKTPO-
CHAOXKCHHUS K MEPEXOIHBIM MPOIeCCaM M TapMOHUYEC-
CKUM HCKaKEHHUSAM, a TaKXKe MOJHOICHHYIO TOCTAaHOBKY
BOIHBIX U TeroBbIX KPI HapaBHe ¢ sHEpreTHYeCKUMU.
Konuenuus crpouTenbcTBa J0MKHA BKIIOYATH YTH-
JU3AIUI0 HU3KOTIOTEHIIHAIBHOTO TeTjia M MHTepdeii-
Cbl C BHEIIHUMU TENJIOBBIMU CETSMH, MOAYIBHOCTD
n npedadpukannio MEP-nogcucrem, kackagHblii BBOX
MOIIHOCTEH W MPOTrpaMMHPyEMbIe CTPECC-UCTIBITAHMS,
BocrpomsBomsmue npoduins MH-rarpy3ok. B Takoii mo-
CTaHOBKE CTPOHTEIILHBIC PEIICHHS IPHOOPETAIOT CTaTyC
MIEPBUYHBIX JIETEPMUHAHT HKCIUTYaTallMOHHBIX TIOKa3a-
teneit — or PUE/WUE/ERE 10 peMOHTONIPHUTOAHOCTH.

AHanu3 pUCKOB MOKa3aJl OrPAaHUYEHHOCTh Pa3po3-
HEHHBIX MTOJIXOIOB U HEOOXOMMOCTb TIepexo/ia K eIMHOM
YIPaBIEHYECKOH CXEME, TI€ KaXKIOMy PUCKY COIOCTaB-
JIEHBI TPOEKTHOE MEPOTIPUSITHE, U3MEPUMBI TOKa3aTelh
U TIpoIieIypa MpUeMoYHoro KOoHTpods. Ilpaktudeckum
MHCTPYMEHTOM BBICTYIIAET «KapTa PUCKOB» U CBSI3aHHAS
C Hell MaTpUIla HOPMAaTUBHOTO COOTBETCTBHS, 00CCIICUH-
BAIOIINE TPACCHPYEMOCTh OT MCXOIHBIX OTPaHUYCHHUN
TUTOIIA/IKA U CETeBOU MHPpacTpyKTyphI 1o akTtoB [THP.
Brmtouenne GIS/MCDA-onieHKH Me30KIMMara, THIPO-
T€OJIOTUN U PETYISITOPHBIX PEKUMOB Ha TPEABIHBECTH-
LUOHHON CTaJUU MO3BOJSET TPAHCIUPOBATH BHEIIHHE
OTrpaHUYEHUsI B TUIAHUPOBOYHBIE PELICHHS U KaJleHAap-
HbIe TpadUKH, CHIKAsI BEPOSITHOCTh MO3THUX M3MEHE-
HUH 1 TEXHOJIOTMYECKUX KOJUTU3HM.

PerynstopHslii KOHTYp TpeOyeT onepaluoHaiu-
3aIuu: MexayHapoaHbie pykoBojactsa (EN 50600, pe-
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rkomennaiu ASHRAE TC 9.9, cepust ISO/IEC 30134)
JIOJDKHBI TIEPEBOAUTHCS M3 JEKJIAPATHBHBIX CCHUIOK
B IIPOEKTHBIE TTAPAMETPHI C SIBHBIMU JIOMYCKaMH, METO-
JIMKaM¥ UCTIBITAHUN U KPUTEPHUSIMU MPUEMKH. DKOJIO-
rHYECKUE TPEOOBAHUS — IIIyM, COPOCHI, BOIHBIN CIIC],
MTOBTOPHOE MCIOJIb30BAHKME IHEPTUU — IIeJIecO00pas-
HO 3aKpeIlIATh Ha YPOBHE UCXOJIHO-Pa3peIINTEIbHON
JIOKYMEHTAIMH, 4TOObI X BIUSHHUE HAa KOMIIOHOBKY,
MaTepHasbl U CPOKH OBLIO YUTCHO 10 3aKITFOYCHHUS KOH-
TPAKTOB MOCTABKHU JUIMHHOIMKIOBOTO 00OPYIOBaHHUS.
Takass HHCTUTYIMOHAIHU3AUS JeTIaeT MPOBEPSIEMBIMHU
kak uenesbie KPI, Tak 1 npeaesnbHble YCIOBUS KCILTY-
arauuu Juis BbIcOKoruioTHbIX MU -knacTepos.
OxumaeMble OTpaciaeBbie TEHACHIIMA HA TOPU30H-
Te OJIMKAMIINX MTH JIET YKa3bIBAIOT Ha KOHCOIUIAIIHIO
YKUJIKOCTHBIX 1 IMMEPCHOHHBIX TEXHOJIOTUH, POCT JIOJIH
W3/eIUi 3aBOJICKOM TOTOBHOCTH, IOBCEMECTHOE BHE-
JIpeHHE U(PPOBBIX IBOHHUKOB CTPOUTEIIHCTBA M IKC-
MJTyaTaluy, THCTUTYTUOHAIU3AINIO BOIHBIX U TETIO-
BBIX ITOKa3aTesel 3 (PeKTUBHOCTH U PACIIUPEHHE ITPAK-
THUK I10JIE€3HOI0 UCNO0JIb30BaHus Teruia. [lapannenbHo
ycunutcsa unrerpanusa L{OJl ¢ sHeprocucreMoii mo-
CpPEeACTBOM MPEIUKTUBHOIO MIAHUPOBAHUS HATPY30K
U TIOJICBBIX MCIBITAHU, a Teorpadus MPOCKTOB CMe-
CTUTCS B I0JIb3Y ILIOMIAZO0K C OJaronpUsTHBIM ME30-
KJIIMATOM, JOCTYITHOW MOIIHOCTHIO MPUCOETUHEHUS
Y YCTOWUYMBBIMU BOJHBIMH PECypCaMH. DTH CIBHUTH

Tocmynuna 6 pedaxyuro 27 aszycma 2025 .
Ipunsama é oopabomarnnom eude 15 cenmaodps 2025 .
Ooobpena ona nyoruxayuu 24 cenmsaops 2025 e.

3aKPEIAT 32 CTPOUTEIILHONU OTPACIIBIO POJIb KOOPAHHA-
TOpa, 00eCTIIEYNBAIOIIETO COITTACOBAaHIE MHKCHEPHBIX,
HKOJIOTMYECKUX U PETYIISITOPHBIX TPeOOBaHUI B peasu-
3yEMbl€ KOMIIOHOBOUHBIE U TEXHOJIOITMUECKUE PELLICHUS.

OrpaHu4eHUs UCCIEIOBAaHUS CBSI3aHBI C Orpa-
HUYEHHBIM 00BEMOM OTKPBITHIX IKCIUIyaTallMOHHBIX
J@HHBIX 10 JJIUTEIbHONW paboTe MMMEPCHOHHBIX CH-
CTEM, HEOJTHOPOJHOCThIO HOPMAaTHBHOM 0a3bl B pa3HbIX
FOPUCIUKIUAX ¥ OBICTPBIM TEXHOJIOTHYECKUM LIUKIIOM
anmnaparHbIX yckopurenei. /lanpHeiime uccuenoBaHus
BUJISITCS B CTAHJIAPTU3ALMH Y3JI0B U HHTEPPENCOB KK/
KOCTHBIX U MMMEPCHOHHBIX CUCTEM Ha CTPOUTEIbHOM
ypOBHE, B pa3paboTke YHHU(PHUIUPOBAHHBIX MPOTPAMM
cTpecc-ucnbiTanuii ¢ TunoBeiMu «MHU-npodunsimuy,
B KO-ONTHMH3AIIMU SHEPro- U BOAHOU 3P PEKTUBHOCTH
C y4eTOM ME30KJIMMaTa U B HAKOIUIEHUU SMIIMPUKU
10 SKOHOMUKE YTUIM3aLUU TeIlIa B Pa3JIMUHbIX IOPOL-
CKHX M KaMIIyCHBIX CLICHApUSIX.

B coBOKynHOCTH NOJTy4eHHbIE PE3yJIbTaThl POPMH-
PYIOT LEJIOCTHYIO OpraHU3alMOHHO-TEXHOJIOTHYECKYIO
pamKy npoekTupoBanus U crpoutenbera Al-ready LIO/I.
Ee npumeHeHue 1o3BoisieT yMEHBIIUTh COBOKYIIHBIM
PHCK, 00€CIIeUrTh BOCIPOU3BOMMOCTh TPEOYEMBIX DKC-
IUTyaTallMOHHBIX [IOKA3aTelled U YCKOPUTDH JOCTHKEHUE
IIPOEKTHOM BBIYMCIIUTENIBHON MOLIHOCTH, @ 3HAYUT —
npeBpatuth MM-TpeboBaHus U3 UCTOUHUKA OTPAaHIMYECHHIN
B YIIPaBJIIEMbIE ITAPAMETPbl CTPOUTEIBHOIO PELLECHUS.
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INTRODUCTION

The rapid spread of applied and generative arti-
ficial intelligence (AI) technologies has significantly
transformed the requirements for data centres. Unlike
traditional computing complexes, Al clusters are char-
acterized by high computing load density, increased
sensitivity to temperature and electrical conditions, and
strict requirements for fault tolerance and scalability.
These properties are determined not only by the choice
of IT equipment, but above all by the architecture and
quality of organizational and technological solutions in

construction (OTS) at the pre-investment and design and
construction stages of the facility’s life cycle (LC). Con-
sequently, the ability of a data centre to reliably and ef-
ficiently serve Al loads is a function of correctly adopted
and consistently implemented construction solutions.

A key feature of Al-ready data centres is the change
in limiting factors. While traditional design was dominat-
ed by the geometry of machine rooms and air-cooling ca-
pabilities, for Al clusters, the available electrical connec-
tion power, thermal load and required heat removal modes
become decisive. This predetermines the transition to
liquid cooling technologies (including direct-to-chip and
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rear-type heat exchange doors) and immersion systems,
as well as the development of low-potential heat uti-
lization through heat pumps and connections to heat supply
systems. The corresponding solutions have direct con-
struction implications: requirements for structural ele-
ments (load-bearing capacity of floors, foundations, input
nodes), layout (technological heights, piping and busbar
routing), vibration and noise protection for pump units,
corrosion resistance of materials, and installation tech-
nology for cooling and water treatment circuits.

The selection of a site and the standardization
of a project under Al loads are becoming multi-criteria in
nature, with the construction industry playing a decisive
role. Priority factors include: terms and conditions for
technological connection to electrical grids, availability
and quality of water resources, mesoclimatic parameters
(affecting free and adiabatic cooling modes), environ-
mental and urban planning restrictions, as well as geo-
technical and hydrogeological risks. The decisions made
at this stage determine the target efficiency indicators —
power usage effectiveness (PUE), water usage efficiency
(WUE), energy reuse (ERE/ERF) indicators — and criti-
cally affect the time-to-compute indicator, i.e. the time
required to achieve the design computing power. Practice
shows the effectiveness of modularity, the use of factory-
ready products and units, early ordering of long-cycle
equipment (transformers, switchgear, UPS, heat ex-
change and pump units) and cascaded power input.

The organizational and technological framework
for the construction of an Al-oriented data centre must
ensure the consistent translation of technological re-
quirements into engineering and construction regula-
tions and procedures.

Power supply and backup. Formation of N+1/2N
configurations for uninterruptible power supplies and
diesel generator sets, ensuring selectivity of protection
and power quality in the presence of powerful power
electronics, taking into account harmonics and transient
processes.

Cooling and heat removal systems. Design of lig-
uid circuits (including coolant distribution units, mani-
fold groups and bypass lines), standardization of heat
transfer fluid parameters (temperature, pressure, chemi-
cal composition), ensuring fault tolerance and maintain-
ability without stopping critical areas, preparation for
the use of immersion technologies.

Water treatment and environmental modes. Per-
forming volume balance calculations, organizing treat-
ment and feed systems, complying with discharge and
water footprint monitoring requirements, and including
relevant measures in the permitting documentation.

Architectural and planning solutions. Ensuring
load-bearing capacity for high point loads of rack rows
and immersion baths, forming technological spaces and
shafts for transporting large-sized equipment, separat-
ing “clean” and “dirty” installation areas.

Commissioning and start-up. Development of step-
by-step thermal and electrical testing programmes,
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stress testing, use of digital checklists and defect trace-
ability systems, use of information modelling to coordi-
nate engineering systems and installation logistics.

The regulatory and technical context is of signifi-
cant importance. International and national standards
(e.g., EN 50600 on the design and operation of data
centres; ASHRAE TC 9.9 recommendations on temper-
ature classes for liquid cooling; ISO/IEC 30134 series
on key performance indicators: PUE, WUE, ERE/ERF)
set out the framework requirements for the quality
of design and construction solutions. For Al loads, it is
essential that these requirements are correctly integrated
into the design: from energy consumption and water use
calculations to redundancy and security scenarios dur-
ing construction and operation. A number of jurisdic-
tions are introducing additional environmental criteria
(water footprint, noise levels, heat utilization require-
ments) that have a direct impact on the architecture
of the facility and the implementation schedule.

The dependence of Al loads on construction OTS
solutions is causal in nature and manifests itself at all
stages of the life cycle: from transport and resource pro-
vision for the site to the maintainability and upgrade-
ability of the engineering infrastructure for subsequent
generations of hardware accelerators. For the customer,
this translates into lower capital and operating costs,
risk management, and accelerated market entry for
computing power.

Contemporary scientific literature consistently de-
monstrates that the exponential growth in loads caused
by the use of accelerators for Al is leading to a rethink-
ing of the basic engineering paradigm of data centres
and shifting the focus from “classical” architectures to
solutions where heating, power supply and water use
are designed as interconnected elements of a single
organizational and technological construction circuit.
The most noticeable trend is a steady shift from air
cooling to liquid and immersion technologies: reviews
and applied research highlight the need for direct-to-
chip heat removal, the introduction of rear-type heat ex-
change doors and single/two-phase immersion as a re-
sponse to the growth in specific heat loads, as well as
a means of stabilizing operating modes at high Al rack
densities [1-6]. It has been shown that such schemes
not only expand the permissible operating ranges, but
also create the conditions for heat reuse, which is im-
portant for setting performance targets at the pre-design
stage and coordinating with urban and environmental
restrictions [7, 8].

At the same time, the importance of water foot-
print and water-energy trade-offs is increasing, which
directly affects the choice of site and the layout of cool-
ing systems. Studies emphasize that water consump-
tion varies widely depending on climatic conditions
and the technology chosen (adiabatic, “dry” and hybrid
solutions), which requires water efficiency metrics to
be taken into account alongside energy metrics [9—-11].
In hot, arid climates, optimal cooling modes inevitably
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involve compromises between reducing energy con-
sumption and increasing water use, and therefore design
solutions must include volume balance calculations,
water treatment and replenishment systems, as well
as scenarios for seasonal mode adjustments [10, 11].
The influence of the workload profile is also noted: Al
tasks, differing in the duration and intensity of accel-
erator use, form a different heat dissipation pattern and,
consequently, change the requirements for the water
circuit and its control algorithms [11, 12].

Significant attention is paid to the utilization of low-
potential heat from data centres and its integration into
heating systems. A series of studies demonstrates both
the investment viability of such projects and the en-
gineering prerequisites for their success: temperature
graphs of networks, the use of heat pumps (including
cascade solutions), and the use of organic Rankine
cycles (ORC) to increase the thermodynamic potential
of return heat [13—17]. Design and planning solutions
must provide for the placement of pump-heat exchange
units, transport corridors for large-sized equipment,
corrosion-resistant materials, and the possibility of ser-
vicing critical areas without shutdown — requirements
that must be laid down at the concept and design stages,
as they determine both the architecture of buildings and
construction schedules [15-17].

The selection of a site for the construction of data
centres designed for Al loads is considered a multi-
criteria task, in which the key factors are the availability
and timing of technological connection to power grids,
mesoclimate characteristics of the territory, water stress,
urban planning and environmental protection regimes,
as well as geotechnical and hydrogeological factors.
It has been shown that even within relatively compact
areas, the mesoclimate can have a significant impact
on energy consumption through potentially available
free and adiabatic cooling modes, which affects the total
cost of ownership [17]. In urban agglomerations, this is
compounded by business continuity risks and the pecu-
liarities of the local regulatory environment, which re-
quire developers to agree on engineering interfaces and
construction logistics at an early stage [14]. Geospatial
suitability models (GIS/MCDA) confirm the possibility
of a formalized assessment of a site’s “window of oppor-
tunity” — from proximity to sources and substations to
transport accessibility and sanitary protection zones —
and serve as the basis for justifying OTS decisions as
early as the pre-investment phase [18-23].

A separate area of research is devoted to the inter-
action of data centres with the power grid under high and
dynamic loads characteristic of Al clusters. Power dis-
tribution models and emulators are presented that take
into account the operation of powerful power electron-
ics (UPS, rectifiers, converters) and transient processes,
which allows planning backup configurations (N+1/2N),
ensuring selective protection and power quality on criti-
cal load buses [19, 20]. For construction practice, this
means the need to correctly specify busbar routes and

cross-sections, grounding parameters and operational
reliability of switchgear, as well as to include scenarios
in commissioning programmes that simulate real Al load
profiles and associated harmonic distortions.

The field of algorithmic cooling control and related
efficiency metrology is developing rapidly. The system-
atization of optimization control strategies proposed in
the relevant literature is based on extended sets of met-
rics that include not only traditional energy efficiency
indicators, but also indicators of energy reuse and wa-
ter efficiency. The importance of configuring automa-
tion systems and sensor subsystems for the climatic
and technological scenarios of a specific site is empha-
sized [21, 22]. This confirms the thesis of the need for
“engineering controllability” of the designed systems
from the moment they are included in the construction
documentation, including requirements for redundan-
cy, bypassing and sectioning of manifolds to maintain
maintainability without degrading the computational
readiness of the facility.

Finally, at the node and layout level, the potential
of engineering innovations aimed at reducing the total
thermal resistance between heat sources and the heat
removal circuit is demonstrated: from designs with
heat-dissipating “backs” to the optimization of hydrau-
lic modes and contact surfaces in coolant distribution
blocks [8]. Combined with the practice of implement-
ing direct-to-chip and immersion solutions, this leads
to an important organizational and technological con-
clusion: Al-ready data centre architecture requires not
only the selection of a basic cooling and power supply
scheme, but also the design of installation routes, main-
tenance sections, and the widespread use of modularity
and factory-ready products in MEP subsystems to reduce
commissioning risks and shorten the time to achieve
design computing power [3, 4, 6, 7].

A comprehensive analysis of the sources allows
us to conclude that “Al readiness” is an integral char-
acteristic of a data centre construction project, arising
from the coordination of decisions on heating, power
supply, water use and thermal integration with urban
infrastructure. Scientific results from recent years pro-
vide a methodological basis for translating Al techno-
logical requirements into engineering and construction
regulations and schedules: through early multi-criteria
site selection, standardization of target performance in-
dicators, development of testing programmes and oper-
ating modes, and the establishment of modularity and
prefabrication as basic organizational and technological
principles for project implementation [1-23].

MATERIALS AND METHODS

The scientific work takes a comprehensive ap-
proach and is based on data in the format of a convergent
analytical review with normative verification and design
and technological decomposition. The study considered
scientific works containing engineering parameters and
calculation methods, as well as standard documents and
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guidelines relevant to construction solutions. Works
of a purely informational and technological nature with-
out an infrastructure component, unverifiable reviews
and duplicate publications were excluded.

Contextual characteristics were extracted from
each source:

e climate;

* technology;

 quantitative indicators (thermal/hydraulic/elec-
trical parameters).

Thematic coding was then carried out according
to five criteria:

1. Cooling and heat removal.

2. Power supply and power quality.

3. Water use and environmental constraints.

4. Site selection, layout and logistics.

5. Regulations and performance metrics.

The synthesis was carried out through a logical and
structural comparison of “Al requirement — construc-
tion solution — verifiable parameter”, with the creation
of a “risk — measure — KPI — acceptance method”
diagram and a standards compliance matrix.

Verification consisted of cross-checking conclu-
sions against independent sources and aligning design
parameters with the standardized tolerances and testing
procedures described in the standards. The limitations
of the approach are related to the limited availability
of full-format operational data on immersion systems,
the heterogeneity of solution descriptions, and the vari-
ability of the national regulatory framework. Neverthe-
less, the chosen methodology provides reproducible
traceability from literature data to formalized construc-
tion solutions and control procedures.

RESEARCH RESULTS

The analysis confirms that “Al readiness” is not
derived from the choice of servers and accelerators, but
is an integral property of the data centre construction
project. In practice, the requirements profile is formed
long before the IT equipment is delivered — through
decisions on heat removal and power supply schemes,
water infrastructure, layout, redundancy, and commis-
sioning scenarios. A comparison of the trends identi-
fied in the literature with actual projects reveals a gap
between current practice and the target model: many
facilities are still designed in the “air by default” para-
digm with the late addition of liquid circuits and local
power supply amplifications, whereas the architecture
required for Al should assume liquid cooling as a basic
prerequisite and take into account the dynamics of pow-
erful power electronics already at the conceptual stage.

In terms of requirements, the greatest discrepan-
cy is observed in the areas of heat removal and pow-
er supply. The common practice of adjusting cooling
schemes at the design stage or even during construction
limits the layout, increases the load on the structure,
and complicates servicing. The target configuration,
on the contrary, requires an early decision in favour
of direct-to-chip and/or immersion circuits with sec-
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tional redundancy, with provision for collector groups,
bypassing, space for CDU and heat pumps, as well as
the possibility of non-stop maintenance. The power
supply must be designed not only with N+1/2N re-
dundancy, but also with proven resistance to transient
processes and harmonic distortions characteristic of Al
clusters; this requires calculations and field tests simu-
lating real load profiles. The water-chemical parameters
of the coolant and the water balance are independent
constraints: the design must include volume balance
calculations, water quality requirements, seasonal
modes and make-up scenarios, and provide for the uti-
lization of low-potential heat as part of the design brief,
rather than an optional extra. In organizational and tech-
nological terms, this means prioritizing modularity and
prefabricated products in MEP subsystems, cascaded
commissioning of capacities, and digitally controlled
CW with thermal and electrical stress tests.

The risk profile confirms the need to move from
fragmented management to an integrated risk map.
Traditionally, energy risks are covered by reserves
and capacity “stocks”, thermal risks by overestimat-
ing the performance of coolers, water risks by lo-
cal reservoirs, and regulatory risks by adjustments at
the examination stage. This approach does not ensure
the reproducibility of results in Al clusters. Target prac-
tice should link each risk to a specific project activity,
a measurable indicator, and an acceptance test method-
ology: for power supply — confirmation of the selectiv-
ity and quality of electricity in “Al profiles”; for heat-
ing engineering — sectioning and hydraulic decoupling
of circuits with the possibility of isolated maintenance,
vibration and noise protection of pumps, corrosion and
cleanliness control of heat exchange surfaces; for water
use — scenario balance with KPI WUE, technologi-
cal schemes for preparation and dosing; for the site —
GIS/MCDA assessment of mesoclimate, hydrogeology
and natural hazards with the transfer of restrictions to
planning decisions and schedules. The effectiveness
of this approach increases when using a digital twin
of the construction, which ensures traceability from
the initial restrictions to the CW acts.

The regulatory component remains critically im-
portant and largely determines the feasibility of design
solutions. There is a tendency to formally mention
EN 50600, ASHRAE TC 9.9 recommendations, and
ISO/IEC 30134 metrics (PUE, WUE, ERE/ERF) with-
out directly translating them into project parameters,
tolerances, material specifications, and testing proce-
dures. Proven practice requires something else: a com-
pliance matrix in which each standard requirement is
linked to a specific parameter in the “Project” section,
a controlled tolerance, a verification method, and an ac-
ceptance document. Within this matrix, KPI cease to
be “operational reporting figures” and become project
budgets distributed across systems: permissible hydrau-
lic loss per section, thermal budget per node, availabil-
ity classes and redundancy modes on electrical buses.
Environmental criteria — noise, emissions, thermal
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footprint — are transferred to the category of design
constraints that affect layout, materials, and deadlines.

The forecast for the next five years points to the con-
solidation of liquid and immersion technologies as
the industry standard for high-density Al loads and
the formation of compatible node interfaces (mani-
folds, fittings, materials), which will simplify design
and installation. Water and thermal efficiency metrics
will be institutionalized in design specifications, and
heat recovery will become a condition for approval in
urban and campus projects. The scale of prefabrication
will increase, reducing time-to-compute and mitigat-
ing CW risks; digital twins of construction will become
the norm for compliance and risk management. Envi-
ronmental requirements are expected to become more
stringent and the geography of projects will shift in fa-
vour of areas with a favourable mesoclimate, accessible
connection capacity and water resources; at the same
time, network organizations will increase their demand
for predictive demand models and field tests with Al
load profiles. Taken together, this will cement the con-
struction industry’s role as a coordinator, transforming
engineering and regulatory requirements into feasible
layout and technological solutions.

In summary, the results of the study demonstrate
that achieving the target indicators for Al-data cen-
tres — in terms of density, energy and water efficiency,
maintainability and commissioning times — is deter-
mined by the quality of the organizational and techno-
logical model of construction. An effective model in-
cludes early selection and “locking in” of cooling and
heat recovery schemes reflected in the design, a for-
malized risk map and regulatory compliance matrix,
KPI budgets at the design stage, a prefabrication and
cascading capacity commissioning plan, and a CW pro-
gramme that reproduces real Al load modes. This struc-
ture provides a cause-and-effect relationship between
on-site decisions and data centre operational readiness,
reduces overall risk, and accelerates the achievement
of design computing power. As part of the study, a ma-
trix was formed, which is presented in the Table.

CONCLUSION AND DISCUSSION

The study confirmed the initial thesis that “Al readi-
ness” is an integral property of a data centre construction
project and is formed at the stage of organizational and
technological decisions. A comparison of modern develop-
ments in heating engineering, power supply, water use and
thermal integration with design and const-ruction prac-
tices shows that the sustainable and effective placement
of high-density Al clusters is determined not by the choice
of computer racks, but by the consistency of decisions
on site selection, architectural and planning layout, con-
figuration of cooling and power supply systems, organiza-
tion of commissioning works and life cycle management.

In terms of requirements, the target Al-ready ar-
chitecture assumes the adoption of liquid cooling as
the default solution with a pre-planned evolution to im-
mersion technologies, confirmed power supply stability
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against transient processes and harmonic distortions,
as well as full-fledged water and heat KPI on par with
energy KPI. The construction concept should include
the utilization of low-potential heat and interfaces with
external heating networks, modularity and prefabrica-
tion of MEP subsystems, cascaded power input, and
programmable stress tests that reproduce the Al load
profile. In this scenario, construction solutions become
the primary determinants of operational performance
indicators, from PUE/WUE/ERE to maintainability.

Risk analysis has revealed the limitations of frag-
mented approaches and the need to transition to a unified
management scheme, where each risk is matched with
a project activity, a measurable indicator, and an accep-
tance control procedure. A practical tool is the “risk map”
and the associated regulatory compliance matrix, which
ensure traceability from the initial site and network in-
frastructure constraints to the CW acts. The inclusion
of GIS/MCDA assessments of mesoclimate, hydrogeol-
ogy and regulatory regimes at the pre-investment stage
allows external constraints to be translated into planning
decisions and schedules, reducing the likelihood of late
changes and technological conflicts.

The regulatory framework requires operationaliza-
tion: international guidelines (EN 50600, ASHRAE TC 9.9
recommendations, ISO/IEC 30134 series) must be trans-
lated from declarative references into design parameters
with explicit tolerances, test methods and acceptance cri-
teria. Environmental requirements — noise, emissions,
water footprint, energy reuse — should be enshrined in
the initial permitting documentation so that their impact
on layout, materials, and timelines is taken into account
before contracts for long-cycle equipment are signed. Such
institutionalization makes both target KPI and operating
limits for high-density Al clusters verifiable.

Expected industry trends over the next five years
point to the consolidation of liquid and immersion
technologies, an increase in the share of factory-ready
products, the widespread introduction of digital twins
for construction and operation, the institutionalization
of water and heat efficiency indicators, and the expansion
of heat utilization practices. At the same time, the inte-
gration of data centres with the energy system will be
strengthened through predictive load planning and field
testing, and the geography of projects will shift in fa-
vour of sites with a favourable mesoclimate, accessible
connection capacity and sustainable water resources.
These shifts will cement the construction industry’s role
as a coordinator, ensuring that engineering, environmen-
tal, and regulatory requirements are aligned with the lay-
out and technological solutions implemented.

The limitations of the study are related to the limited
amount of publicly available operational data on the long-
term operation of immersion systems, the heterogeneity
of the regulatory framework in different jurisdictions, and
the rapid technology cycle of hardware accelerators. Fur-
ther research is envisaged in the standardization of com-
ponents and interfaces of liquid and immersion systems
at the construction level, in the development of unified
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stress testing programmes with typical “Al profiles”, in
the co-optimization of energy and water efficiency, tak-
ing into account the mesoclimate, and in the accumula-
tion of empirical data on the economics of heat utiliza-
tion in various urban and campus scenarios.

Taken together, the results form a comprehensive
organizational and technological framework for the de-

sign and construction of Al-ready data centres. Its ap-
plication makes it possible to reduce the overall risk,
ensure the reproducibility of the required performance
indicators, and accelerate the achievement of the de-
sign computing power, which means transforming Al
requirements from a source of constraints into manage-
able parameters of the construction solution.
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