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Kniouesvie cnosa: xpy>kanpHble KOHCTpyKuuy, LVL,
MeTOJ, KOHEUHbIX /IeMEHTOB, HaNIPSYKEHHO-IepOPMUpPO-
BAaHHOE COCTOsIHME.

[TpepcTaBnen 4YMCIEHHDI AHANM3 HECYLIEH CIIO-
COOHOCTM KPUBOIMHEIHBIX 3/IEMEHTOB KPY>KaIbHBIX
LVL-kouctpykumit. PaboTa Hampasiena Ha pa3paboTKy
u Bepudukannio 3QPEeKTUBHBIX YNMCICHHBIX MOJEIENt,
IIO3BOJIAIOMIMX TOYHO IPEICKA3bIBATh MOBEICHME TAKMX
KOHCTPYKIMIA TI0fl BO3JIECTBMEM Pa3/IMYHBIX HATPY3OK.
Ocoboe BHMMAaHME B MCCIETOBAHNY YAEICHO YYeTy aHM-
30TPOIHBIX ¥ HEOJHOPOAHDIX CBOICTB LVL-MaTepnana,
a TaKXXe B/IMAHMIO T€OMETPUYECKNX XapAaKTEPUCTUK Ha
HECYI[YI0 CIIOCOOHOCTb KPY>Ka/lbHBIX KOHCTPYKLIMIA.
[Tpumenenue COBpeMEHHDBIX METOMOB YMCIEHHOIO MO-
TEMNpPOBAHNUsA, TAKMX KaK METOJ KOHEYHDIX 37IEMEHTOB,
TTO3BOTIUT JIETaZIbHO NPOAHA/IN3UPOBATD ITOBENEHME KOH-
CTPYKUIMI B Pa3/IMYHBIX 3KCIUTyaTaLlMOHHDIX YCTOBMAX.
[TonydeHHble pe3ymbTaThl COMOCTABIEHBI C TpebOBa-
HUAMM JEACTBYIOIMX HOPMAaTUBHBIX JNOKyMeHTOB. Vc-
cnefoBaHMEe HAIPABIECHO HA ONTUMMM3ALNIO TTPOEKTHBIX
peLIeH T, TOBbILICHVE HALEKXHOCTI 1 obecTiedeHme Oes-
omacHocTu LVL-koHCTpyKuMIA, a Tak)Ke Ha JOCTVOKEHUE
9KOHOMMYECKOM 3P HEeKTUBHOCTH.

Vin.: 8. bubmuorp.: 8 Ha3s.

Danilov E. V., Kotova E. V. Numerical analysis of the
load bearing capacity of centering LVL-structures.
Vestnik grazhdanskikh inzhenerov - Bulletin of Civil
Engineers, 2025, no. 6 (113), pp. 5-12.

Keywords: centering structures, LVL, finite element
method, stress-strain state.

The article presents a numerical analysis of the load-
bearing capacity of curved elements of LVL centering
structures. The study aims at developing and verifying
effective numerical models that can accurately predict
the behavior of such structures under various loads.
The study focuses on accounting for the anisotropic and
heterogeneous properties of LVL material, as well as on the
impact of geometric characteristics on the load-bearing
capacity of centering structures.The use of modern
numerical modeling methods, such as the finite element
method, will allow for a detailed analysis of the behavior

of structures under various operating conditions. The
results obtained were compared with the requirements of
the current regulatory documents. The study is aimed at
optimizing design solutions, improving the reliability and
ensuring safety of LVL structures, as well as achieving the
cost-effectiveness.
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Mnvkos A. 3., Conosves C. A., Casun C. H. Bepoar-
HOCTHBIVI pacyeT CTaTUYeCKN HEONpegennMbix depm
Ha 3aJaHHBIN MHAEKC Hage>XHOCTM // BecTHUK Tpax-
IDAaHCKMX MHXKeHepoB. 2025. Ne 6 (113). C. 13-22.

Kntouesvie cnosa: BepoATHOCTHOE IPOEKTUPOBAHIE,
HaJe)XHOCTD, CTyJaliHble MapamMeTpsl, pepma.

PaspaboTaH BepOSTHOCTHBIII MOAXOJ K OLIEHKe Ha-
IEXHOCTH CTanbHBIX (pepM Ha OCHOBe MeToma MoHTe-
Kapno (MCS). IlpennoxxeH anropuT™, Y4UTbIBAIONIVI
C/Ty4aiiHble Harpy3KM, CBOJICTBA MaTepuasioB U TeoMeT-
pudeckiie napaMmeTppl cedeHnit. CpaBHUTE/IbHDI aHAIN3
IIOKa3aJ, YTO CTATUYECKU OIpefe/MMble CUCTEMbI IIpK
PaBHOJT HAZIEXKHOCTHU MOTYT OBITh MEHee MaTePUaTOeMKIL,
YeM HeoIlpegnenuMble. BeposaTHoCTh 6e30TKasHOM pabo-
Tl 000CHOBAHA KaK YHIBEPCATbHBIN KPUTEPUIT CpaBHe-
HUS Hale©)KHOCTHU. Pe3yIbTaThl YMC/IEHHBIX 9KCIEPUMEH-
TOB JIEMOHCTPUPYIOT 3HAYMTE/IbHOE BIVAHME IOIYCKOB
Ha TeOMeTpHYecKIe TapaMeTpbl CeYeHNUI Ha HaZleXKHOCTD
KOHCTPYKIIVM, YTO TIOTBEP>K/JaeT BAXHOCTD y4eTa Bepo-
ATHOCTHOJ TPUPOABbI CYYaiHBIX BEIMYUH B IIPOEKTU-
POBaHMNU JJIA ONTYMMU3ALINM KOHCTPYKTUBHBIX PeIIeHMII.

Tabm.: 4. Vin.: 5. bubmuorp.: 20 HasB.

Inkov A. E., Solovyev S. A., Savin S. N. Probabilistic
design of statically indeterminate trusses for a given
reliability index. Vestnik grazhdanskikh inzhenerov -
Bulletin of Civil Engineers, 2025, no. 6 (113), pp. 13-22.

Keywords: probabilistic design, reliability, random
parameters, truss.

There has been developed a probabilistic approach for
assessing the reliability of steel trusses based on the Monte
Carlo Simulation (MCS) method. Analgorithmis proposed
that accounts for random loads, material properties, and
cross-sectional geometric parameters. A comparative
analysis reveals that statically determinate systems, at
equal reliability levels, may be less material-intensive than
indeterminate ones. Probability of failure-free operation
is justified as a universal reliability comparison criterion.
The results of numerical experiments demonstrate the
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significant influence of geometric parameter tolerances
on structural reliability, which confirms the importance of
considering the probabilistic nature of random variables
in design to optimize structural solutions.

YK 694.1

DOI 10.23968/1999-5571-2025-22-6-23-32

Croit I]zanveyan. ViccnepoBanue BAMAHUA TreoMe-
TPUYECKUX IAPaMETPOB Ha Pa3pylIAIONIYI0 HArpy3Ky
9/1€MEHTOB apO4HbIX KoHCTpykummit u3 LVL (X) mpnu
u3rube // BeCTHMK TIpakKTaHCKMX WH>KeHepos. 2025.
Ne 6 (113). C. 23-32.

Kniouesvie cnosa: LVL, apounble KOHCTPYKLMU, YTON
HaKJIOHA BOJIOKOH JIPEBECVHBI, PaInyC KPVBU3HBI, Pa3py-
IIAIoINass HaTPy3Ka, Harpy KeHue.

[IpepcTaBnennl pe3yabTaThl UCCIELOBAHMI IO BIMA-
HIIO TEOMETPMYECKUX TTAPAMETPOB 3/1EMEHTOB aPOYHBIX
KoHCTpyKuuit 13 LVL (X) Ha paspylIamoniyro Harpysky
TaKMX KOHCTPYKLuil mpy marube. Papmyc BbIpesaeMbIx
KPUBOJIMHEIHDIX 9/IEMEHTOB aPOYHbIX KOHCTPYKLIMIL 3a-
BUCUT OT yI7Ia HAK/IOHA BOJIOKOH K IIPOJIO/IbHOM OCK JIM-
cta LVL. VccnemoBaHus mokasasnu, 4To yToa HAKIOHa BO-
JIOKHA ¥ pajinyC KPMBM3HBI CYIIeCTBEHHO BINAIOT Ha pas-
PYLIAIONIYIO HATPY3KY apOYHBIX 971eMeHTOB. OIpezeneHbl
KPUTHMYECKME 3HAYeHUs yI/Ia HaKJIOHA BOJIOKOH K IIPO-
TonbHOM ocu mucTa LVL, mpy KOTOPhIX CONpOTUBIEHNE
IIONIEPEYHOr0 CEYEHNsS 3/IEMEHTOB APOYHONM KOHCTPYK-
LIMM HA4MHAET CYIIeCTBEHHO CHIDKaTbcsA. [lomydyeHHbIE
IaHHble MOTYT OBITb MCIIONb30BaHbI IPU IIPOEKTUPOBa-
HJMI MaJIbIX apXUTEKTYPHBIX (OpM B BMIE APOYHbBIX He-
cymmx KoHcTpykumit 3 LVL (X).

Tab6m.: 5. Vin.: 8. bubmumorp.: 11 Hass.

Xu Jianguang. Study of the influence of geometric
parameters on the ultimate breaking load of elements of
arched structures made of LVL (X) at bending. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 6 (113), pp. 23-32.

Keywords: LVL, arched structures, wood fiber angle,
curvature radius, ultimate breaking load, loading.

This paper presents the results of studies on the
influence of geometric parameters of the elements of arch
structures from LVL (x) on the ultimate breaking load of
the elements of arched structures at bending. The radius
of carved curvolinear elements depends on the inclination
angle of the fibers to the longitudinal axis of the LVL
sheet. Studies have shown that the angle of the fibers and
the radius of curvature have a significant influence on the
ultimate breaking load of the arched elements. Critical
values of the fibers inclination angle to the longitudinal
axis of the LVL sheet are determined at which the cross-
section resistance of the elements of the arched structure
starts significantly decreasing. The obtained data can be

used in designing small architectural forms in the form of
arched bearing structures from LVL(X).
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Cemenos A. A. Monens nepOpMUPOBAHUA TOHKO-
CTEHHBIX 000/10YCYHBIX KOHCTPYKIUIT IPU y4deTe JC-
cunmanyuy 3Hepruy // BeCTHMK TIpakKHaHCKMX VHIKEHe-
poB. 2025. Ne 6 (113). C. 33-41.

Kniouesvte cnosa: 060104k, IMHaAMMIECKOE HarpysKe-
HIle, TeOMeTpryecKass HelIMHENHOCTb, MaTeMaTnJecKas
Mogenb, GyHKUMA fuccunanym Pames.

[TpenmoskeHbl COOTHOIIEHMA MAaTeMaTIYeCKO Mofie-
I, OIMCBHIBaONIeN mporecc nedhopMupoBaHmst 060710-
YeK M YYUTHIBAOLIEN MOTEPIO 9HEPTUM B COOTBETCTBUM C
¢bynkuueit auccunanuy Paes. Takke y4UTBIBAIOTCA He-
JIMHENHOCTb T€OMETPUYIECKMUX COOTHOUIEHMIA, II0IIEeped-
HbIe CHBWIM, VIHEPLYVIA BpallleHNs, OPTOTPONNA MaTepu-
ama. CucTeMa ypaBHEHMII TIOMy4YeHa B BUZIE YPABHEHMIA
Oitnepa—-Jlarpanxa. Ilokasan mpuMep pacdera MOOroi
000JI09KN JIBOAKOI KPUBUSHBI TIPK BIOOpPE PasHbIX KO-
s dunmentos B GpyHKIyM auccumnanuy Panes. Ipaduxu
OTPa’KAIOT MOBEEHIE KOHCTPYKIIUY ITOCTIe CHATIA IVHA-
MIYeCKOI HATPY3KIL.

Vin.: 2. Bubmuorp.: 34 na3s.

Semenov A. A. Model of deformation of thin-walled
shell structures taking into account energy dissipation.
Vestnik grazhdanskikh inzhenerov - Bulletin of Civil
Engineers, 2025, no. 6 (113), pp. 33-41.

Keywords:  shells, dynamic loading, geometric
nonlinearity, mathematical model, Rayleigh dissipation
function.

This paper proposes relationships for a mathematical
model describing the deformation process of shells
and accounting for energy loss in accordance with the
Rayleigh dissipation function. Nonlinearity of geometric
relationships, transverse shear, rotational inertia, and
material orthotropy are also considered. The system of
equations is derived in the form of the Euler-Lagrange
equations. An example of calculating a shallow shell
with double curvature is presented, selecting different
coefficients in the Rayleigh dissipation function.
The graphs show the behavior of the structure after the
dynamic load is removed.

VIK 69.05
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Pydenxo A. A., Yepnwii B. A. Ouenka ¢paxTopos
¥ METOAMKAa KOHTPOI KadecrBa paGoT Hpy CTPOU-
TEe/IbCTBE I PEMOHTE 3AHIII C NCIIOTb30BAHIEM Ha3eM-
HOTO J1a3epHOT0 CKaHMpoBaHus:A // BecTHMK rpakjaH-
CKVX MHXXeHepoB. 2025. Ne 6 (113). C. 42-57.
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Knwouesvie cnosa: croxacTuueckas MOJIeTb, METOMKA,
KavyecTBO PaboT B CTPOUTENbCTBE, BOCCTAHOB/ICHNE 3/1a-
HUI, Ha3eMHOE JIa3ePHOE CKAHMPOBAHNWE B CTPOUTEND-
CTBe.

IIpencTaBnenbl pe3ynbTaTbl MCCTIEHLOBAHNA M OLLEHKM
(baKTOpOB, BIMAKINX HA KAYeCTBO CTPOMTETbHO-MOH-
TaxHbIx pador (CMP) ¢ ucronp3oBaHneM TEXHOTOTUN
U CPeICTB Ha3eMHOro yasepHoro ckanmposanna (HJIC).
B mccnegoBanuy ornpezenieHbl U onjeHeHbl 20 KTI04eBbIX
(bakTOpoB, BKIIOYAsA MHCTPYMEHTA/IbHbIE, 4YelOBede-
CKue, TPUPOJHDIE, TPOLEAYPHbIE, HOPMATUBHBIE U [IPY-
I'ie, BIMAOLINE HA UTOTOBBIN Pe3ynbTaT KOHTpoA. [
OLIEHKM PEe3Y/IbTaTOB MCIIONb30Ba/ICA Ta3ePHbI CKaHep
Leica RTC360. Ilenpio mccnemoBaHmusa ObIIM aHAAU3 U
oleHKa (aKTOPOB, BAMAIOIIMX Ha Ka4eCTBO KOHTPOJA
pabor ¢ mcnonp3oBanmeM cpencts HJIC, ¢ paspabort-
KOJi METOIVMKY TIPYMMEHEHUs TaKUX CPEefCTB KOHTPOJIA.
JI71A OCTIDKeHNA TTOCTaB/IeHHBIX B UCC/IETOBAHNUM LieTel
TIPOBEIeH PeTPECCHOHHDIN aHA/MN3 [JAaHHDIX, BIAVAIOLINX
Ha Ie/IeBOM ITOKa3aTenb Y. B kadecTBe 3TOro mokasare-
7151 BpIOpan mporeHT CMP, reoMerpuyeckue mapamMeTpol
KOTOPBIX COOTBETCTBOBANU TPeOOBAHMUAM IIPOEKTHOI
moxkymenTanuy. COOp aHATUTUYECKUX [JAHHBIX (3aBu-
CHMBIX IIePEMEHHBIX /I UCCIEIOBAHA) IIPOU3BONVIICA
10 pesympraTaM ux ¢ukcanuy Ha 10 pasjInyHBIX TUIAX
006DbeKTOB cTpouTenbcTBa. C yUeTOM IONTYyYEHHBIX pe-
3yJbTaTOB pa3paboTaHa MeTOLMKA KOHTPOJIA KadecTBa
CMP 1py CTpoNTENnbCTBE M PEMOHTE 3[aHMI C VICIIONb-
sopanueM cpencts HIIC.

Tab6mn.: 7. Vin.: 3. bubmuorp.: 21 Hass.

Rudenko A. A., Cherny V. A. Factor analysis and
methodology of quality control of works during
the construction and restoration of buildings using
terrestrial laser scanning. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2025, no. 6 (113),
pp. 42-57.

Keywords: stochastic model, methodology, quality of
work in construction, restoration of buildings, terrestrial
laser scanning in construction.

The article presents the results of the study and
assessment of the factors affecting the quality of
construction and installation works (CIW), using the
technology and means of terrestrial laser scanning
(TLS). The study identified and evaluated 20 key factors,
including instrumental, human, natural, procedural,
regulatory factors, etc. that affect the final result of control.
The study used the Leica RTC360 laser scanner to evaluate
the results. The purpose of the study was to analyze and
assess the factors affecting the quality of control using
TLS, and to develop a methodology for using such
control tools. To achieve the research objectives, there was
implemented a regression analysis of data affecting the
target indicator Y. As this indicator, the percentage of CIW

was chosen, the geometric parameters of which met the
requirements of the design documentation. The collection
of analytical data-dependent variables for the study was
based on the results of their recording at 10 different
types of construction sites. Taking into account the results
obtained, a methodology for quality control of CIW was
developed during the construction and repair of buildings
using the terrestrial laser scanning (TLS).

YK 556.182: 504.062.2

DOI 10.23968/1999-5571-2025-22-6-58-70

Kymouuxkun A. B., Hlynveun O. B. Vicmonb3oBanme
MOJeny  «IBIDKYIIME CHUIbI-JaBlaeHIIe-COCTOAHME-
BIUAHIC-PEarnpoBaHMe» A aHamn3a (QyHKIVOHU-
POBAaHUSA PErMOHAIBHON CUCTEMBI BOXONIOTPEOICHILA
(na npumepe XaHTbI-MaHCHITICKOrO aBTOHOMHOIO
okpyra-IOrper) // BecTHMK rpakKJaHCKMX MHXKEHEPOB.
2025. Ne 6 (113). C. 58-70.

Kntouesvie cnosa: Bogonorpebnenne pernona, RWCS,
MeTOJ, B3BELIVMBAHNUA MH()OPMALMOHHON 3HTPONNY IO-
Kasarereil, MeTOZ, TAKCOHOMETPIYECKOTO ITOKa3aTesIA.

IIpencraBieHbl pesynbTaTbl KOMIUIEKCHOU —OLIEHKM
COCTOSIHNA PEerMOHA/MbHON CUCTEMBI BOIOMOTPEOIeH N
(PCBII) Xanutbi-MaHCHIICKOTO ABTOHOMHOTO OKpyra—
IOrpo1 B mepuop, ¢ 2013 mo 2022 rr. Ha ocHoBanuu Mozenu
«IBYDKYIIVE CUJIBI-JABJIEHVIE—COCTOSHIE—BO3IE/ICTBIIE~
pearupoBaHue», METOIOB B3BeIINBaHNA MH(OPMAIVOH-
HOJ SHTPOIMM TI0KA3aTe/IeN U TAKCOHOMETPUYECKOTO I10-
KasaTesisl BbIYMC/IAICA KOMIIIEKCHBIN TIOKasaTenb COCTOS-
Husa PCBIL. Hanbonburee BmmaAxMe Ha coctossaue PCBII
OKa3bIBAIOT 3HAYEHNS KOMIIOHEHTOB «JIaBI€HME», «COCTO-
AHMe» M «pearmposanue». Cocrogame PCBII ¢ 2013 mo
2018 IT. yXy#IIanoch OT «XOPOLIET0» /IO «HVKE CPETTHETO,
HO ¢ 2019 r. cutyauma cTabuIM3upoBaIach Ipy He3HAYM-
TEJIbHOM pOCTe 3HAYeHMII KOMIIIEKCHOIO IIOKasarens Co-
CTOAHMA PACCMATPUBAEMOII CUCTEMBL.

Tab6n.: 5. Vin.: 3. bubnmorp.: 21 Hass.

Kutyshkin A. V., Shulgin O. V. Using the “driving
forces—pressure-state-influence-response” model to
analyze the functioning of regional water consumption
system (on the example of Yugra, the Khanty-
Mansi Autonomous Region). Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2025, no. 6 (113),
pp- 58-70.

Keywords: regional water consumption, RWCS,
method of weighing the information entropy of indicators,
taxonomic indicator method.

The paper presents the results of comprehensive
assessment of the state of the regional water consumption
state (RWCS) in Yugra, the Khanty-Mansi Autonomous
Region, in the period from 2013 to 2022. Based on the
“Driving forces—pressure-state—influence-response”
model, methods for weighing the information entropy of
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indicators and a taxonomic indicator, a comprehensive
indicator of the RWCS was calculated. The values of the
“pressure’, “state” and “response” components have the
greatest influence on the RWCS. The state of the RWCS
from 2013 to 2018 deteriorated from “good” to “below
average”, but since 2019 the situation has stabilized with
a slight increase in the values of the comprehensive

indicator of the state of the system in question.

YIK 628.543
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JTu XKyiimunw, Tepexosa E. JI., Geogparos F0. A., Ia-
6anun B. B., Yepruxos H. A. ViccnemoBaHue ycoBepLICH-
CTBOBAHHOTO THIA TPYOHOTO CMECHTENsA peareHTa M
Bopsl ¢ momonbi0o ANSYS FLUENT // BectHuk rpax-
IDAaHCKUX MHXeHepoB. 2025. Ne 6 (113). C. 71-80.

Kniouesvie cnosa: TpyOHDL CTATUYECKMIT CMECUTEID,
KoMIbloTepHOe Mopenvposanne, ANSYS FLUENT.

PaccmarpuBaeTtcsa Bonpoc nosbpieHnAa 3GpQpekTuBHO-
CTU CMEIIVBAHNUA BOIbI M PEareHTOB IPY IKCIUIyaTalVIN
BOJOIPOBOJIHBIX U KaHAIN3ALMOHHBIX OYUCTHBIX COOPY-
»xeHuit B Kutae. [Ina ynyJienns cMelMBaHNA IpefIara-
€TCsI MCTIONIb30BaHMe TPYOHBIX CTATNYECKUX CMECHUTENIel
C U3MEHEHHON KOHCTPYKLIMEN B KA4€CTBE A/IbT€PHATUBDI
TPagMLMOHHOMY MeTony cMemmBanys. OLenka ¢ ¢ex-
TUBHOCTYM CMEIIMBAHMA PeareHTa OCyIleCcTBIIANACh C TI0-
MOIIbIO KOMIIBIOTEPHOTO MOMEMPOBAHMA B IIpOrpaMMe
ANSYS FLUENT. B xone MozmenmpoBaHNs paccMaTpyuBa-
nach pabora TPyOHDIX CMECUTETIEl, SKCIUTYaTUPYEeMbIX Ha
OYMCTHBIX COOPYXeHMAX 3a pybexoM. [To pesynbraTam
pacyeTa aHa/JIM3UPOBAUCh TPEMMYIECTBA M HEJOCTAaT-
K CYILIECTBYIOIIUX KOHCTPYKL[UIT TPyOHOTO CMECHTENIs
M OTMEYeH POCT 3((PeKTUBHOCTY TIePEMEIIBAHUA pe-
areHTa Py UCTIONb30BAHUU CMECHUTEIA, TIPeIaraeMoro
aBTOpaMM CTaTb.

Ta6.: 3. Vin.: 4. bubnuorp.: 12 HasB.

Li Ruimin, Terekhova E. L., Feofanov Yu. A,
Shabalin V. V., Chernikov N. A. Study of an advanced type
of reagent-water tube mixer using ANSYS FLUENT
program. Vestnik grazhdanskikh inzhenerov - Bulletin
of Civil Engineers, 2025, no. 6 (113), pp. 71-80.

Keywords: tube static mixer, computer modeling,
ANSYS FLUENT program.

This paper addresses the issue of improving the mixing
efficiency of water and reagents in the operation of water
and wastewater treatment plants in China. To improve
mixing, the possibility of using pipe static mixers with a
modified design as an alternative to the traditional mixing
method is proposed. Reagent mixing performance was
evaluated using computer simulation in ANSYS FLUENT
program. In the course of modeling, the operation of pipe
mixers operated at wastewater treatment plants abroad
was considered. According to the results of calculation,

the advantages and disadvantages of existing designs of
pipe mixer were analyzed and the growth of the efficiency
of mixing the reagent when using the mixer proposed by
the authors of the article was noted.

VIIK 625.7

DOI 10.23968/1999-5571-2025-22-6-81-89

Jle6edes M. A. YdeT SKBUBaNE€HTHON KONECHON Ha-
IPY3KU NPU KOHCTPYHPOBAHWMY [OPOKHBIX ONEKH ¥
HAa3HAYECHNM JONYCTUMBIX BECOBBIX IIAPaMETPOB //
BecTHUMK rpaKiaHCKMX mHXeHepoB. 2025. Ne 6 (113).
C. 81-89.

Kniouesvie cnosa: oceBass Harpyska, SKBUBaJIeHTHas
KOJIeCHasi Harpyska, HalpsDKeHHO-ieOpMIpPOBaHHOE
COCTOSIHME, HOPOXKHAA KOHCTPYKLIUA.

PaccmoTpeHa HEOOXOIMMOCTD yyeTa 9KBMBAIEHTHBIX
HArpysoK Ha Kojieca TPYTIT cOMMKeHHBIX Ocell TPy KOH-
CTPYMPOBAHUY JOPOKHBIX OFEXKH U Ha3HAUYeHUM [OIY-
CTUMBIX Harpysok. IIpuBeneHO cpaBHeHUe pacyeTHBIX U
PpaspeleHHBIX HarPy30K Ha aBTOMOOIIBHBIX ffoporax Poc-
curickoit Perepariuyu B HOPMATUBHON JOKYMEHTAI[UN. BoI-
IBVMHYTA TUIIOTE3a O MPEBbILLIEHNI TPEe/IbHBIX HATIpsIKe-
HIJL B HECBA3HBIX CIOAX KOHCTPYKILVM IIPY IIPOe3Jie TPYILI
COMDKEHHDIX OCeli ¢ Harpy3KaMI Ha OCH, paspeLIeHHbIMI
B COOTBETCTBUM C OTE€YECTBEHHBIM 3aKOHOMATETHCTBOM.
OmpeneneHbl pacyeTHbIe IIApaMeTpbl HATPy3KM TIPYIII
oceli Pa3/IMYHbIX TUIIOB M BBIYMC/ICHDI CIBUIOBbIE HAIIPS-
JKEHU: B IIPOBEPsAEMOM Ha IIPOYHOCTD C/10€ KOHCTPYKILIVIN.

Ta6mn.: 2. Vin.: 1. Bubnmorp.:12 Hass.

Lebedev M. A. Consideration of equivalent wheel
load in the design of pavement surfacing and the
establishment of allowable weight parameters. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 6 (113), pp. 81-89.

Keywords: axial load, equivalent wheel load, stress-
strain state, road structure.

The need to take into account equivalent loads on
wheels of groups of close axles when designing pavement
surfacing and assigning permissible loads is considered.
Thereis provided a comparison of calculated and permitted
loads on highways in the Russian Federation in regulatory
documentation. A hypothesis is advanced regarding the
exceeding of ultimate stresses in non-bonded structural
layers when passing closely spaced axles with loads on
the axles permitted under domestic legislation. There are
determined calculated load parameters for axial groups
of various types, and shear stresses in the structural layer
tested for strength are calculated.
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YCTIOBMAX TOPMOKEHNA // BeCTHUK IpaKJaHCKUX UHOKe-
HepoB. 2025. Ne 6 (113). C. 90-99.

Kniouesvle cno6a: TOPOXKHO-TPAHCIOPTHOE IIPO-
MCLIECTBUE, TOPMOXEHMe, KOG UIMEHT CLeIUIeHN,
3aMelIeHMe.

PaccnenoBanme u skcriepTusa HOPO>KHO-TPAHCIOPT-
HpIx Tpouciuectsuit (JJTII) — BaXKHbI ITpOLIECC BBIAB-
JIeHVs IIPUYVH VX BO3HUKHOBEHNA, CPeIM KOTOPbIX 3Ha-
YMMOE MECTO 3aHMMaeT TOPMOXKeHue. B craTbe paccmo-
TpeHa mpobreMa TOPMOXKEHMs TPAHCIIOPTHBIX CPEACTB
(TC) B ycnoBusX, OTIMYAIOLMXCA HECTAHAAPTHBIMU
XapaKTepUCTUKAMU UM JOCTATOYHO YacTO COIPOBOXKTA-
IOLIMX JOPOXKHO-TPAHCIOPTHbIC IIPOUCLIECTBUA (HATIPU-
Mep, TopmoxkeHne TC Ipyu HEKOHTPONMPYEMOM TiepeMe-
LIeHVM MY 6OKOBOM CKOMBKEHMH, ITPU HeCTAHAAPTHOM
coctosgHmy muH Komec TC miu JOPOXXHOrO MOKPBITUA).
IIpoBepieHBI 9KCIIepUMEHTAIbHbIE MCCIEJOBAHMA IIPO-
Ijecca TOPMOXKEHMsI B HECTaHJAPTHDBIX YC/IOBUAX, HA OC-
HOBe KOTOPBIX ITOTy4eHa HOTOTHUTETbHAA MHPOpMaLVA
IS aKTyamu3anmy 6a3 JaHHBIX O IPOLiecce TOPMOXKEHNA
TC, ycTaHOB/IEHDBI SMIMPUYECKIE 3aBUCUMOCTI XapaK-
TepUCTUK Tpouecca 3amenieHns TC oT HeCTaHZAPTHBIX
YC/IOBUI TOPMOXEHMA. DTO TO3BOIMMUT SKCIIEPTHBIM U
CIIe[ICTBEHHbIM  IIOApa3fie/IeHNAM, OCYLIEeCTB/IAIOIM
paccegoBanme JITII u ero sxcriepTHOE CONPOBOX/EHUE,
60/1ee TIO/THO 11 BCECTOPOHHE OIPEAe/IsITh COCTABILAIOILNE
MeXaHM3Ma ero 006pasoBaHms.

Ta6m.: 1. Vin.: 12. bubmmorp.: 20 HasB.

Lazarev D. A. Vehicle braking performance study
under non-standard braking conditions. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 6 (113), pp. 90-99.

Keywords: road traffic accident, braking, coefficient of
adherence, deceleration.

Investigation and examination of road transport
accidents (RTA) is an important process of identifying
the causes of their occurrence, among which braking
occupies a significant place. The article discusses the
problem of vehicle braking in conditions that differ in
non-standard characteristics and quite often accompany
road accidents (for example, vehicle braking in case of
uncontrolled movement or lateral sliding, in case of non-
standard condition of vehicle wheel tires or road surface).
Experimental studies of the braking process in non-
standard conditions were carried out, on the basis of which
additional data were obtained for updating databases on
the vehicle braking process, empirical dependencies of the
characteristics of the vehicle deceleration process from
non-standard braking conditions were established. This
will allow expert and investigative units investigating the
road transport accident and its expert support to more
fully and comprehensively determine the components of
the mechanism of its formation.
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Heyen T., Ye6omaes A. A. MeTon moBbIeHN: 3¢-
({eKTUBHOCTH OPraHM3aLUK TEPEBO30K CKOPOMOPTA-
myxcA rpy3os B ycnosuax Commanucrimdyeckoi Pecmy-
6mky BperHam // BecTHMK TpaXHaHCKMX MHXXEHEPOB.
2025. Ne 6 (113). C. 100-106.

Kniouesvte cnosa: rpysoBble aBTOMOOMIIbHBIC TIepe-
BO3KI, CKOPOIOPTAILIMIICA I'PYy3, CIELMaTU3/POBAHHbII
MOJBIDKHOM COCTaB, BecoBble KO3 uimeHTsl, addex-
TUBHOCTb.

TpaguIMOHHBI METORMYECKIIT TIOAXOT ITPU OIpefie-
neHnu 9 PeKTUBHOCTH IIPUMEHEHNUS TPY30BbIX CITeIfya-
JIM3UPOBAHHBIX ABTOMOOIIEI 3aK/TI0YaeTCsI B CPABHEHNI
3P PEKTMBHOCTY MPUMEHEHN CIIEIVATN3UPOBAHHOTIO 1
60opToBoro (06Iero Ha3HaYeHNs) MOLBIKHOTO COCTABA.
IIpn sToM nenenonaraHue MeTOfA CKOHLEHTPUPOBAHO
Ha peLIeHNN JOKAIbHBIX 3afiad ONTUMM3AINN IpoIjecca
HEPEBO30K CKOPOIOPTAIMXCA TIPYy30B: MapLIPyTH3a-
I[1M, BbIGOpA TOABIDKHOTO COCTaBa, MUHMMM3AINU 3a-
TPaT Ha [epeBO3KY. BOIpocsl, cBsI3aHHbIE C MEXaHM3MA-
MM TIPUMEHEHNsI TOTO WM MHOTO YaCTHOTO pelIeHNsI, B
ob1eit cucTeMe OpraHM3alMU MEPEBO3OK TAKUX TPY30B
HEJJOCTaTOYHO WU3YYEHBL. B cTaTbe MpEJIOKEH MeTOf
onpeneneHnst 3PQPeKTUBHOCTY KaK (PYHKLIMM CUCTEMBI
PAIKMPOBAHNSI [IPM OPraHM3AINU IIEPEBO3OK CKOPO-
HOPTALMXCA IPY30B: IMONydeHHas CTPYKTypa 3HAYEHUI
k03 Puientos Becomoctn (OTKINMKOB (hakTOPOB) 6-
IeT COOTBETCTBOBATH COCTOSHNIO MAaKCHMAIbHON 9¢-
(eKTUBHOCTM B paMKaX IPAHUI UCCIEHYEMOI CUCTEMBDI
U IPUHATBIX OTPAHMYEHMII B OTAINYNE OT TPALMUIVIOHHO
MOJIeINH, KOT/Ia 3HaYeHUs OTK/INKOB (PaKTOPOB KOHCTATH-
PYIOT TeKylilee COCTOAHNE MCCIeTYeMOTo IpoLecca.

bubnuorp.: 13 HasB.

Nguyen T., Chebotaev A. A. Method for improving
the efficiency of organizing freight transportation of
perishable goods in the socialist republic of Vietnam.
Vestnik grazhdanskikh inzhenerov - Bulletin of Civil
Engineers, 2025, no. 6 (113), pp. 100-106.

Keywords: road freight transportation, perishable
cargo, specialized rolling stock, weight coefficients,
efficiency.

The traditional methodological approach to
determining the efficiency of applying specialized trucks
involves comparing the efficiency of specialized and flatbed
(general-purpose) rolling stock. This method focuses
on solving local problems of optimizing the perishable
cargo transportation process, such as routing, rolling
stock selection, and minimizing transportation costs.
However, issues related to the mechanisms for applying a
particular solution in the general system of organization
of transportation of such goods are not sufficiently
studied. The article proposes a method for determining
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the efficiency as a function of the ranking system in
organizing the transportation of perishable goods, which
consists in the following: the obtained structure of the
values of the weighting coefficients (factor responses) will
correspond to the state of maximum efficiency within
the boundaries of the studied system and the adopted
restrictions, in contrast to the traditional model, when
the values of factor responses state the current state of the
investigated process.

YIIK 332.146, 338.26
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Bupiokos H. A., bupioxos [[. B., Xanxuwues O. M.
MeTtoguka OIEHKM 3KOHOMMYECKOII Oe3omacHo-
CTU OpraHM3aNNil, PeaTH3YIOINX WHBECTUIMOHHO-
CTPONTENbHbIE MPOEKTHI 10 BOCCTAHOBIECHIIO 00beEK-
TOB He3aBepPIICHHOIO CTPONTENbCTBA // BecTHMK rpa-
TaHCKMX MHDKeHepoB. 2025. Ne 6 (113). C. 107-118.

Kniouesvie cnosa: MeTOVIKa, MHTETPATIbHbII ITOKa3a-
Tejb, 9KOHOMMYECKasi 0e30MacHOCTb, BOCCTAHOBJIEHMUE,
00BEKT HE3aBEPLICHHOIO CTPOUTEIbCTBA, MHBECTULVIOH-
HO-CTPOUTE/IbHBIN IIPOEKT.

[IpencTaBnena MeTOAMKA OLCHKM 3KOHOMMYECKON
6€30IIaCHOCTYI OPraHM3aLVIl, PeIM3YIOIUX IPOEKTDI
II0 BOCCTAHOBJICHUIO OOBEKTOB HE3aBEPLICHHOIO CTPO-
UTENbCTBA. MeTofyKa yYUThIBaeT crenuduky BoccTa-
HOBJIEHUSI OOBEKTOB, MO3BOJISIET TPOBECTY MHOTOKOM-
IIOHEHTHYIO OLICHKY SKOHOMIYECKOil 0e30IacHOCTV Ha
OCHOBE MHTErPalMM KAaYeCTBCHHBIX U KOMUYECTBEHHBIX
naHHbIX. [TpefcTaB/ieHbl OCHOBHBIE 3TAIbl ¥ KOMIIOHEH-
TBI €€ OLIEHKM, aJITOPUTM peajn3aliuu METORMKN U pac-
4eT MHTETPaTbHOTO TOKa3aTess. [IpuBefieHs! pe3ynbTaTsl
ampobaumuy MEeTOLVIKY U IIONTyYeHHbIC JAHHDIC, TIPeACTaB-
JIEH aHaJ/IN3 PErpecCuit ¥ YyBCTBUTETbHOCTY METOIAMKIL.

Ta6m.: 10. Vin.: 4. bubnuorp.: 22 HasB.

Biryukov N. A., Biryukov D. V., Khankishiev O. M.
The methodology for assessing the economic security
of organizations implementing investment and
construction projects for the restoration of unfinished
construction  projects.  Vestnik  grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2025, no0. 6 (113),
pp. 107-118.

Keywords: methodology, integral indicator, economic
security, restoration, unfinished construction project,
investment and construction project.

This article presents a methodology for assessing the
economic security of organizations implementing projects
for restoration of unfinished construction projects.
The methodology takes into account the specifics of
restoration projects and enables carrying out a multi-
component assessment of economic security based on the
integration of qualitative and quantitative data. The key
stages and components of economic security assessment

are presented, as well as the methodology implementation
algorithm, and the calculation of the integrated indicator.
The results of the methodology testing and the data
obtained are presented, along with a regression and
sensitivity analysis.

YK 338.49

DOI 10.23968/1999-5571-2025-22-6-119-128

Kosaxos P. P VIndppacTpyKTypa MHBECTULIIOHHO-
CTPONTENBHOTO WHKMHIPUHIA B  3KOHOMIKe //
BecTHUMK rpaKaHCKMX MHXeHepoB. 2025. Ne 6 (113).
C. 119-128.

Kniouesvte cnoea: MHTErpupOBaHHbIN KOHTPAKT, CHU-
CTeMHas 9KOHOMUKA, 9KOHOMMKA TeXHOIOTUI, MH>KUHY-
PMHT B CTPOUTENIBCTBE.

AKTYaZbHOCTb MCCIEHOBaHMs CBSI3aHA C TeM, 4YTO
B CyILIECTBYIOLIMX HAyYHBIX paboTax He B ITOTHON Mepe
packpbiTa CYLIIHOCTb WHBECTUIVIOHHO-CTPOUTEIBLHOTO
MIDKMHYPYHTA, U, KaK CJIeACTBME, OTCYTCTBYET €ro Teo-
peTmueckoe omncanie. [l ycTpaHeH st TeOPeTIYeCKOro
npobena paspaboTaH BapMAHT KOHIIETIINI CUCTEMbI VMH-
¢dpacTpykTypHOro obecriedeHnst HHBECTUIMOHHO-CTPO-
UTETbHOTO MHXXMHUPUHTA. JlOKa3aHo, YTO IeIbI0 TaKOM
CHCTEMBI sB/sIETCS POpPMUpPOBaHUEe HEOOXOAUMBIX Iapa-
MEeTPOB IPOLIECCHBIX, IIPOEKTHDIX, CPEIOBBIX, 00'beKTHBIX
MOACUCTEM PErMOHAIbHOI 9KOHOMMKM, OfOecleuynBalo-
I{MX CONPsDKEHHOCTD MOZLe/Ie CyOBeKTOB PErMOHA/Ib-
HOJl 9KOHOMMKM 3a CYET JOCTIDKEHUA 3¢PPeKTNBHOCTH
IIPOLIECCOB TIPOM3BOACTBA, MOTpebIeHns, obmeHa, pac-
npepenenna. Kpurepuem 3¢ @deKTMBHOCTY BBICTYIACT
IDOCTIDKEHME OITUMAIbHOCTH PelleHNs 3afad IpodieM-
HBIX CHCTEM PETMOHA ¥ MHBECTULVOHHO-CTPOUTEIbHOI
cdepbl, TpenonpeneNéHHbIX IPUOPUTETAMU U TOTPeo-
HOCTSIMHU CYO'BEKTOB U OOBEKTOB MaKpOIKOHOMMIYECKO-
ro ypoBHs. llonydeHHple pe3yabTaTbl MOTYT UCIOIB30-
BaTbCsl TOCYAAPCTBEHHBIMM OpraHaMM /IS TOATOTOBKMU
Pery/mpyIoniero BO3efiCTBIA Ha OT€YECTBEHHYIO chepy
VMHXVHUPYHIA X MOTYT Jiedb B OCHOBY OT€YeCTBEHHDIX
00pa3oBaTeNbHBIX IPOrpaMM B 00/1acTy MHBECTULMOH-
HO-CTPONUTEIBHOTO MH)KVHUPIHTA.

Vin.: 1. Bubmuorp.: 20 Ha3Bs.

Kozakov R. R. Infrastructure of investment and
construction  engineering  in economy.  Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 6 (113), pp. 119-128.

Keywords: integrated contract, systemic economics,
economics of technology, construction engineering.

The relevance of this study stems from the fact that the
essence of investment and construction engineering has
not been fully explored in the existing scientific works and,
consequently, there is a lack of its theoretical description.
In order to overcome this theoretical gap, there has been
developed a conceptual framework for an infrastructure
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support system of investment and construction
engineering. It has been demonstrated that the purpose
of such a system is forming the necessary parameters for
the process, design, environmental, and object subsystems
of the regional economy. The subsystems listed above
ensure the conjugation of the sub-goals of the subjects
of the regional economy by achieving the efficiency of
the processes of production, consumption, exchange,
and distribution. The criterion for efficiency is achieving
optimal solutions to the tasks of the regional problem
system and the problem system of the investment and
construction sector, predetermined by the priorities and
needs of entities and objects of macroeconomic level.
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Jlackun M. b., Kpewenckuii B. []. Momenn MHoOxe-
CTBEHHOIl IMHEIHON perpeccuy um aHcamOneBbie ai-
TOPHUTMBI PEUIAIOIINIX IEPEeBbEB B 3aJa4aX MacCCOBOII
OLEHKM HEABIDKMMOTIO MMYyllecTBa // BecTHUK rpax-
IaHCKMX MIKeHepoB. 2025. Ne 6 (113). C. 129-138.
Knwuesvie cnosa: maccoBast OIleHKA HEIBVHKUMOTO
MMYILECTBA, KaJJaCTPOBas OLIEHKA, METOJbl MAIIMHHOTO
o0yueHns, aHcaMOIeBble METObI, PeLIAIOIIe JePEeBbs.
PaccmarprBaeTcsi BO3MOXHOCTb IIPMMEHEHMs aH-
caMOJIeBBIX /ITOPUTMOB PeLIAIOINX [ePEeBbEeB B 3ajadax
MacCOBOW OLIEHKM HEJBIDKMMOTO MMYINECTBA, BKIIIO-
Yyasg KaJacTPOBYI0 OLEHKYy. Pesynbrarpl, IO/Iy4eHHbIE

aHCaMONIEBBIMM METOLjAMM, CPaBHUBAIOTCA C OLICHKAMIU,
TIOMY4YEHHDbIMM TI0 MOJENM MHOXXECTBEHHOM JIMHEHOM
perpeccun. IlokazaHo, 4TO METOHbI MALIMHHOTO O0yde-
HISI, OCHOBAHHDBIC Ha PELIAIOIIUX IePeBbAX, MOTYT OBITh
TOYHEE, YeM perpeccuonHble Momenu. OHM MOTYT TTpuMe-
HSTBCS I71s1 BepudpmKauy Mojierniet, TOCTPOEHHbIX TPay-
LMOHHBIMM OLICHOYHBIMM TEXHUKAMI, a TaKXXe obecredyn-
BaTb IIOBTOPSIEMOCTDb U BOCIIPOU3BOAMMOCTD PE3Y/IbTaTOB.
Ta6n.: 3. Vin.: 9. bubnuorp.: 20 Hass.

Laskin M. B., Kreschensky V. D. Multiple linear
regression models and ensemble algorithms of decision
trees in problems of mass real estate evaluation. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 6 (113), pp. 129-138.

Keywords: mass evaluation of real estate, cadastral
evaluation, machine learning methods, ensemble
methods, decision trees.

The article considers the possibility of applying
ensemble algorithms of decision trees in the problems
of mass evaluation of real estate, including cadastral
evaluation. The results obtained by ensemble methods are
compared with the results of multiple linear regression
models. It is shown that machine learning methods based
on decision trees can be more accurate than regression
models. They can be used for verification of models
built by traditional evaluation techniques, as well as for
providing repeatability and reproducibility of results.



