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Kaszanos A. B. PermaMmeHTany:A BBICOTHOCTH 3aCTPOMKIA
M peryIMpoBaHMe  CUCTEMBI  IPafloCTPONTENIbHBIX
BOMMHAHT B Meramonucax// BecTHUK TpaKHaHCKUX
uHKeHepoB. 2026. Ne 4 (117). C. 5-15.

Kntouesvie cno6a: BPICOTHOE CTPOUTENBCTBO, I'Pafio-
CTPOUTENBHBI PerTaMeHT, apXUTEKTypHasd JIOMUHAHTA,
pasMelleHne OMIHAHT.

IIpoBeneHo mccnemoBaHue METOIOB perlaMeHTaIlnN
BBICOTHOCTM 3aCTPOVIKM KaK OZHOro 13 (GakTopos ¢op-
MIPOBAHUA CUCTEMBI TPaJOCTPOUTENbHBIX TOMUHAHT B
Meranonucax Amepuku, EBponer u Poccun. Paccmotpe-
HbI OCHOBHBbIE TIOAXO/IbI K OTPAaHMYEHNIO BBICOTHI 3/IaHNIA,
BK/II04asi GOpMMPOBaHIe BUOBBIX KOPUIOPOB, CTYIIECH-
4aTOM 3aCTPOVIKM, BBICOTHOTO 30HMPOBAaHMA U JIp., pea-
JM3yeMble Yepes3 TeXHIYeCKNe OIpaHNYeHM M PBIHOY-
Hble MexaHM3Mbl. OCyIlleCTB/IEH CPABHUTE/IbHDIN aHA/IN3
IPEVIMYIIECTB U HELOCTATKOB, OCOOEHHOCTEI MIPaKTIYe-
CKOTO IIPUMEHEeHMS B KpyIHeimx ropopax mupa. O6oc-
HOBaHa HEOOXONMMOCTb KOMITIEKCHOTO MCIIONTb30BAHIIA
MeXaHM3MOB PeTrIaMEHTHPOBAHMS 3aCTPOVIKIL 1 IIPEAIO-
>KeHbI HallpaB/IeH!A aflaliTally MEX]YHAPOJHOTO OIIbI-
Ta J/I POCCUIICKIX MErarosucoB.

Ta6mn.: 5. Bubmuorp.: 18 Hass.

Kazanov A. V. Regulation of building height and
regulation of urban development dominants' system in
megacities. Vestnik grazhdanskikh inzhenerov - Bulletin
of Civil Engineers, 2026, no. 4 (117), pp. 5-15.

Keywords: high-rise construction, urban planning
regulations, architectural landmark, landmark placement.

The article examines the methods for regulating the
height of buildings as one of the factors in the urban
landmark system formation in the megacities of America,
Europe and Russia. It analyzes the main approaches to
limiting the height of buildings, including the formation
of view corridors, stepped housing development, high-rise
zoning, etc., implemented through technical restrictions
and market mechanisms. There is provided a comparative
assessment of their advantages and drawbacks, as well
as practical application in major cities. The need for
an integrated use of urban development regulation
mechanisms is substantiated and directions for adapting
international experience for Russian megacities are
proposed.
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Bozomasos T. A., benaws A. C. Busyanbubiii aHanus
COCTOAHNA CTPOUTETbHBIX KOHCTPYKINI IPasKFaHCKIX
00BEKTOB IOC/IE CHIBHBIX HMABOJAKOB I HaBOXHEHMII
Ha npumepe Openbyprckoit o6mactu// BecTHuk
IpaXJaHCKUX MHXKeHepoB. 2026. Ne 4 (117). C. 16-25.

Kniouesvie cnosa: HaBOIHEHNA, CTPOUTE/NIbHbIE KOH-
CTPYKUMM, TOBPEXAEHN, feopMarinn.

PaccMOTpeHBI pe3ynbTaTbl OLEHKU TEXHUYIECKOTO
COCTOAHMA CTPOUTE/IbHBIX KOHCTPYKLMIA 3MAHMI XKUJIOTO
HasHA4YeHMs [oc/e MacmTabHoro HapogHeHns 2024 roga
B Openbyprckoit obmactu. VIccienoBaHue BBIITOTHEHO
Ha OCHOBE BU3YyalbHOTO 00C/IeOBaHNMs U MHXXEHEPHOTO
aHa/IM3a HeCYIINX U OTpaKJaloNiNX KOHCTPYKIIUIL, TTOf-
BEpPrIINXCA JINTETBHOMY BO3JEICTBMIO ITaBOAKOBBIX
BOJI. YCTaHOBJIEHO, YTO KOHCTPYKIIMM HAPY/KHBIX CTEH M3
KepaM3UTOOIOKOB C OOMI[OBOYHBIM C/IOEM U3 IIYCTOTE-
JIOro OO/IMIJOBOYHOIO KUPIINYA U YTEIUINTEIEM U3 MIHe-
PasIbHOI BaThI MTOTYYM/IM HAUOObINE IOBPEXKAEHNS B
BUJe BOfOHAchIeHNs, gedopmanmit u Tpeuud. Otme-
YeHO oc/mabJeHNe CLeIUICHNA MaTepyuasioB U paspylLieHue
yrermtensi. PesynpTaTsl CBUETEIbCTBYIOT O HEOOXOAM-
MOCTM KOPPEKTUPOBKY KOHCTPYKTUBHBIX PeHICHU A
TIOBBILIECHNS BIAaTOCTOMKOCTY OTPAKAAIOUINX CUCTEM U
obecrieueHnsi HaEKHOI AKCIUTyaTaluy 34aHNIl B YCIIO-
BIAX BO3MOYXHBIX ITOATOIVIEHUN U M3MEHEHNIT TUIPOTIO-
TMYECKOTO PeXIMa.

Ta6m.: 1. Vin.: 11. Bubnuorp.: 15 Hass.

Bogomazov A. S., Belash T. A. Visual analysis of the
condition of building structures of civil facilities after
severe high water condition and floods on the example
of the Orenburg region. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2026, no. 4 (117),
pp- 16-25.

Keywords: floods, building structures, damage,
deformations.

The article presents the results of the assessment of the
technical condition of residential buildings' structures
after the large-scale flood in 2024 in the Orenburg Region.
The study was carried out using visual inspection and
engineering analysis of the load-bearing and enclosing
structures exposed to prolonged floodwater impact. It was
established that the structures of external walls made of
expanded clay blocks with a facing layer of hollow facing
bricks and mineral wool insulation had been subjected
to the greatest damage in the form of water saturation,
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deformations and cracks. A weakening of material
adhesion and deterioration of the insulation layer were
also observed. The study results highlight the necessity
of revising the structural design solutions to improve the
moisture resistance of envelope systems and to ensure
the reliable operation of buildings under conditions of
potential flooding and changes in hydrological regimes.
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Boponuyos C. M. BiussHue NOBBIIIEHHBIX ¥ BBICOKIX
TeMIIEpaTyp Ha HPOYHOCTHBIC M HAedopManoHHbIE
CBOJVICTBA KOHCTPYKI[MIOHHO-TCIION3O/LALVIOHHBIX
6eToHOB // BecTHMK TIpa’kJaHCKMX MH>KeHepoB. 2026.
Ne 4 (117). C. 26-34.

Kntouesvie cn06a: KOHCTPYKLMOHHO-TETITION3O/LALN-
OHHbIII OETOH, IOBBILICHHbIC ¥ BBICOKME TeMIICpaTypbl,
KPaTKOBPEMEHHDIJI HarpeB, AIMUTENbHBIN HArpeB, IPOY-
HOCTb OeTOHa.

Ha npumepe kepamsmtobeTOHa, LIYHIM3UTOOETOHA
1 BEPMUKYINTOOETOHA 03 IMPUMEHEHNUA XKAPOCTOMKIX
§006aBOK MOKA3aHO BJMAHNME IMOBBIIIEHHDBIX M BBICOKUX
TeMIIepaTyp Ha IPOYHOCTHbIC M AedOpMaLMOHHbIEC Xa-
pakTepuctuku. IIpemcTaBieHbl 3aBUCUMOCTH, OTpaka-
IOLMe CHIDKEHME IPOYHOCTHBIX M JedOpMaLMOHHbIX
CBOJICTB OETOHOB /A PEXKNUMOB KpPaTKOBPEMEHHOTO,
IIMTEeTbHOTO HarpeBa M OCTBIBAHUA MOC/Ie HarpeBa. Tem-
IepaTypHbIIl [Yala3oH BO3MEICTBMA Ha CTaHIAPTHBIC
o6pasipst cocraBunt ot 20 °C mo 700 °C BKIIOYMTETBHO.
[IpencTaBieHbl JaHHbIE 1O U3MEHEHUI0 KO3(duIieHTa
mornepeyHbIx gedopmanuii (koadduuuenta Ilyaccona).
ITo pesynbraTaM MCHBITAHUI OGETOHBI MCCIEHOBaHHBIX
COCTAaBOB PEKOMCH[YIOTCA K IIPUMEHEHUIO B KOHCTPYK-
IAX C TEPMUYECKON CTOMKOCTBIO V17 mp1 cooTBeTCTBY-
IoleM KOHCTPYKTUBHOM MCIOTHEHNM.

Ta6mn.: 4. Vin.: 2. bubnuorp.: 17 HasB.

Vorontsov S. M. The influence of elevated and
high temperatures on the strength and deformation
properties of structural and insulating concrete. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2026, no. 4 (117), pp. 26-34.

Keywords: structural thermal insulating concrete,
elevated and high temperatures, short-term heating, long-
term heating, concrete strength.

Using the example of expanded clay concrete,
shungizite concrete, and vermiculite concrete without
heat-resistant admixtures, the effect of elevated and high
temperatures on strength and deformation properties is
demonstrated. Dependencies are presented reflecting
the reduction in strength and deformation properties
of concrete for short-term and long-term heating and
cooling after heating. Temperature effects on standard
samples ranged from 20 °C to 700 °C inclusive. Data

on changes in the transverse deformation coeflicient
(Poisson’s ratio) are presented. Based on the test results,
concretes of the studied compositions are recommended
for use in structures with a thermal resistance rating of 17,
provided they are appropriately designed.
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lapunos A. V1. YTounenme TabmraHbIX sSHAYCHIIT KO3 -
duiyenTa ycToiMmBOCT CKATO-N3INOAEMBIX CTATBHBIX
cTepsKHell // BeCTHUK TpaklaHCKUX MH>XeHepoB. 2026.
Ne 4 (117). C. 35-46.

Kniouesvle cnosa: ycTomdmBOCTb, TMOKOCTD, KCIICH-
TPUCHTET, CKaTue, M3rnb, CTANTBHON CTEpP)KeHb, METOR
KOHEYHDIX 37IEMEHTOB, IIacTiudecKue gedopmannm.

HopmatuBHbie Tabnuipl k03 PuijmeHToB ycTomdn-
BOCTH 9/IEMEHTOB CTATbHBIX KOHCTPYKIIVIT ITPU BHELICHT-
PEHHOM CKAaTUM UMEIT HETOYHOCTM 1 He MepPeCUNTHI-
Banuch 6onpire 50 ner. Koaddumiment ncnonpzoBanms
MPOYHOCTH C Y4€TOM YIPYTOIIaCTHUYECKOI paboThl IpK
BHEL[EHTPEHHOM CXKAaTUM B HEKOTOPBIX CIy4asX OKAa3bl-
BaeTcs1 Gorblre KoaduImenTa UCIONMb30BAHUS YCTOI -
yuBocTU. [lnA yTouHeHms Ttabmmupl kod¢duimeHTosn
YCTOMYMBOCTHU BbIIOTHEHBI PacueTbl TPeMs PasaIIHbI-
MM MeTOofamm: 1) MpsAMBIM METOZOM IIO0 MPUPALIECHIIO
HAarpy3K C Y4eTOM HEPaBHOMEPHOIO pacIIpefieIeHNs
I/IACTNYeCKUX IedOpMALUil 110 [/INHE CTEPXKHS B IIPEJ-
HOJIOKEHUN ManocTu AedopManuii ¢ UCHOIb30OBAHUEM
QJITOpPUTMa, TPEITOKEHHOTO B HACTOSIIEH pabore; 2) 00-
pAaTHBIM METOZOM B IIPEANOIOKEHUN PABHOMEPHOTO
pacipepeieHusa IIacTU4eckux fgedopmaunit mo -
He CTEPXHs; 3) MeTOJOM KOHEYHBIX 371eMeHToB (MKO)
C UCIIO/Ib3OBAHUEM CTEPXKHEBOV MOJIE/IN, YIUTHIBAIOLIEN
HepaBHOMEpPHOE pacIIpefie/ieHNe IUIacTYecKux aedop-
Mauuii o IjiMHe CTepxHs 1 Oorpue gedopmarun. Pe-
3y/IbTaTBl pacyeToB MPsIMbIM MeTomoM 1 MKD xopomo
cornmacytorcst. O6paTHbIT MeTOR pacyeTa obecrednBaeT
KOHCEPBATUBHYI OLEHKY YCTOMYMBOCTH C IIPUEM/IEMOI
IVIs MHKEHEPHBIX PAacueTOB TOYHOCTDBIO, IIPM STOM Ha
nopsAnok 6picTpee. [IpencraBneHHbIe B paboTe pesynbra-
TBI pacdera KOI()ULUUEHTa YCTONYMBOCTI MOTYT ObITh
HAIIPSMYIO ITepeHeceHsl B Tabu. [1.3 HopM Ipu ux 0OHOB-
JIeHU.

Tabm.: 5. Vin.: 3. Bubmuorp.: 16 Ha3B.

Garipov A. 1. Refinement of table values of buckling
resistance factors for steel bars under compression
and bending. Vestnik grazhdanskikh inzhenerov -
Bulletin of Civil Engineers, 2026, no. 4 (117), pp. 35-46.

Keywords: buckling resistance, flexibility, eccentricity,
compression, bending, steel bar, finite element method,
plastic strains.

Standard tables of stability factors for steel structure
elements under eccentric compression include some
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inaccuracies and have not been recalculated for over 50
years. Strength utilization factor, taking into account the
elastic-plastic resistance under eccentric compression,
in some cases turns out to be greater than the stability
utilization factor. To refine the table of stability factors,
calculations were performed using three different methods:
1) the forward method based on load increments, taking
into account a non-uniform plastic strains distribution
along the length of the bar, assuming small deformations,
using the algorithm proposed in this paper; 2) the backward
method assuming uniform plastic strain distribution
along the length of the bar; 3) the finite element method
using a bar model that takes into account a non-uniform
plastic strains distribution along the length of the bar and
large deformations. The results of calculations, obtained
by the forward method and by the finite elements method,
are in excellent agreement. The backward calculation
method provides a conservative assessment of stability
with accuracy acceptable for engineering calculations,
while being an order of magnitude faster. The results of
calculating the stability factors presented in the paper can
be directly transferred to Table «[I.3» of the standards
when they are updated.

YK 69.059.4:624.012.45

DOI 10.23968/1999-5571-2026-23-4-47-59

Huxynun A. H., Auykosey, O. A. OnpeneneHue mapa-
METPOB YCIIECHIA BBICOKOIIPOYHBIM cTanedpubépobeTo-
HOM >KelIe300eTOHHOIT 6aTKOHHOI IINTHI, SKCIITYaTy-
pyemoii B ycnosuax 1130, ¢ yueToM CHIDKEHNMA HalEexXK-
HOCTM BO BpeMeHM // BeCTHUK TpaKTaHCKNMX UHXKeHe-
poB. 2026. Ne 4 (117). C. 47-59.

Kniouesvle cn064a: BEpOATHOCTHBIE METOMIBI pacyeTa,
HaJI@KHOCTb CTPOMTENbHBIX KOHCTPYKLWIL, YCHIEeHME
cranepubpobeTOHOM, >Keme300eTOHHbIE KOHCTPYKINN,
n3rub, UMKIIB 3aMOPKUBAHIS U OTTANBAHNI.

Ha cerongHAIIHMI IeHDb IepCIIEKTHBHBIM HAIIPaB/IeHMN-
€M pasBUTHA METOMIUK pacyeTa CTPOUTETbHBIX KOHCTPYK-
LUl SB/SIETCA BHENPEHME PUCK-OPUEHTNPOBAHHOTO
[IPOEKTHPOBAHNS, IIPU KOTOPOM BCe IapaMeTpbl KOH-
CTPYKLMM PAcCMaTPUBAIOTCA KaK CIIydaiiHble BeTMYMHBL.
B manHoOIl paboTe paccMOTpeH pacueT Aerpafaliui 13-
rubaemMoit >kene300e TOHHOI IUINTBL B YCIOBISIX LIVIK/IOB
samopaxuBauus n orrausauus (1130) ¢ npumeHennem
BEPOATHOCTHO-OPMEHTVPOBAHHOTO TIOZIXOfid 1 pacyeT
€e YCUJIEHHs C TIOMOIIbIO BBICOKOIIPOYHOTO cTanmedu-
6pobeToHa II0 MH)XEHEPHOI MeTONMKe. bblla BbIABIEHA
[IEPCIEKTHBHOCTD  JCIIONB30BAHMsI  BBICOKOIIPOYHOTO
cranedubpobeToHa B yCUIeHNN U3TOaeMbIX >Keme300e-
TOHHBIX 37IEMEHTOB.

Ta6m.: 1. Vin.: 7. bubnmorp.: 24 HasB.

Nikulin A. N., Yatskovets O. A. Determination of
strengthen parameters of a reinforced concrete balcony
slab using high-performance steel fiber concrete under
freeze-thaw exposurewith consideration of time-depend
degradation. Vestnik grazhdanskikh inzhenerov -
Bulletin of Civil Engineers, 2026, no. 4 (117), pp. 47-59.

Keywords: probabilistic calculation methods, reliability
of building structures, steel fiber reinforced concrete
strengthening, reinforced concrete structures, flexural
behavior, freeze-thaw cycles.

To date, a promising direction in the development
of methods for calculating building structures is the
introduction of risk-based design, in which all design
parameters of the structure are considered as random
variables. In this paper, we consider the calculation
of the degradation of a bent reinforced concrete slab
under conditions of freezing and thawing cycles using
a probability-based approach and the calculation of its
reinforcement using high-strength steel-fiber concrete
according to the engineering calculation method. The
prospects of using high-strength steel-fiber concrete in
strengthening bent reinforced concrete elements were
revealed.
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Casun C. H., Jlu [u, Xeeait A. O. AHanuTUYECKasI
OIICHKA BIVMAHUA TOKATbHON Aerpagaliu ecTKOCTH
Ha JIMHAMHYECKHe MapaMeTpbl KApPKaCHBIX 3TaHMii //
BecTHUK TpakTaHCKMX WIKeHepoB. 2026. Ne 4 (117).
C. 60-69.

Kniouesvle cnosa: puHaMudeckue mapaMeTpbl, Ierpa-
JaLyst KEeCTKOCTH, KapKacHOe 3JIaHMe, MeTOJ, KOHEYHDBIX
97IEMEHTOB, Mapkep pgedeKkTa, COOCTBEHHBIE YaCTOTHI,
¢dbopmbI KoMebaHMIL.

IIpencraBmena aHaIMTUYECKasA OLICHKA BIMAHUA JIO-
KaJIbHOJI ITOTePY XKECTKOCTY HeCYIIMX 37IeMEHTOB Ha 13-
MEHCHUe [VHAMUYECKUX XapaKTepUCTUK KapKaCcHbBIX
3panuit. Ha ocHOBe IapamMeTprdecKoro MOfeIMpOBaHsA
METOROM KOHEYHBIX 37IEMEHTOB MCCIEOBAHA YyBCTBU-
TENBHOCTb COOCTBEHHBIX 4acTOT U (HopM KomebaHmit K
nedekraM pasnIUYHON MHTEHCUBHOCTHU. Teopermuecku
0060CHOBAHO IpUMEHEHNE HOBOTO 6e3pa3sMepHOro KiHe-
MaTUYeCKOro MapKepa Y, BBIYUC/LAEMOro Yepes3 OTHOLIe-
HIle TAHTCHCOB YI/IOB HAK/IOHA CMEXHBIX YYaCTKOB 3III0-
PpbI Ko/ebaHmit. YCTaHOBIIEHO, YTO IPEMIIOXKEHHBIN Mapa-
MeTp o6/aziaeT BBICOKOI paspemiarolieli Croco6HOCTDHIO
U TIO3BOJIAET MaTeMaTU4eCKM TOYHO JIOKa/IM30BaTh 30HbI
CKPBITOrO JeUIVTa >KeCTKOCTU. Pe3ynbTarhl McCIemo-
BaHUA MOTYT OBITb BHE[PEHBI B CUCTEMbI MOHUTOPUHTA
TEXHMYECKOTO COCTOSAHMA M IaCIOPTU3ALUU  CEVCMO-
CTOVKOCTH 9KCIUTYyaTUPYEMBIX COOPYKEHMUIL.

Tab6m.: 3. Vin.: 3. Bubmuorp.: 20 Ha3B.
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Savin S. N., Li Qi, Khegay A. O. Analytical assessment
of the influence of local stiffness degradation on the
dynamic parameters of framed buildings. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2026, no. 4 (117), pp. 60-69.

Keywords: dynamic parameters, stiffness degradation,
framed building, finite element method, defect marker,
natural frequencies, mode shapes.

The article presents an analytical assessment of the
influence of local stiffness loss of load-bearing elements
on the change in the dynamic characteristics of framed
buildings. Based on parametric finite element modeling,
the sensitivity of natural frequencies and mode shapes to
defects of varying intensity was studied. The application
of a new dimensionless kinematic marker y, calculated
through the ratio of the tangents of the slope angles of
adjacent sections of the vibration diagram, is theoretically
substantiated. It has been established that the proposed
parameter has a high resolution and allows mathematically
accurate localization of zones of hidden stiffness deficit.
The results of the study can be implemented in systems
for monitoring the technical condition and seismic safety
certification of operated structures.

YIK 624.134.4
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Maneywes P. A., Ocoxun A. W., Ionynun B. M.,
Bawmaxos V. b., Kynawos V. [I., llenucosa O. O. Pacuer
¥ ONITHMM3AIS PACHOPOK ¥ CTANBHBIX TPYO B cOCTaBe
KOHCTPYKIIMM OTpakfaeHusa KoTnoBaHa// BecTHuK
TPaXFAHCKUX MH>KeHepoB. 2026. Ne 4 (117). C. 70-86.

Kniouesvie cnosa: orpakmeHme KOTIOBaHA, pacrop-
HBII1 97IEMEHT, KOT/IOBAH, Y/CIEHHOE MOAIeIMPOBaHINeE.

[TpoBefieH KOMIUIEKCHBIV aHAIU3 HeCyllell CIoco6-
HOCTM CTaIbHBIX PacIOpHbIX TPyO (mmamerps 530, 630,
1020 MM, TOMIMHBI CTEHOK 8 1 10 MM) € y4eToM IIIac-
THYecKux fedopMaiyii Matepuana. Iloctpoensl nsomo-
7151 K09 PNUIMEHTOB MCIIONb30BAHNS B 3aBUCUMOCTU OT
IJIMHBL ¥ ycunus. Bepudmxanmss MeTOOM KOHEYHBIX
9/IEMEHTOB B ANSys MOATBEP//IA BHICOKYIO CXOIUMOCTD C
aHa/MUTUYECKUMM pacyeTaMu. MeTomoM HOpManusanum
VI TTIOJIMHOMMA/ILHOM allITpoKcyMariuu JIarpamxa mpejio-
JKeHa CHCTeMa YpaBHEHUIT LA ObICTPOIT IPOBEPKU IIPOY-
HOCTU ¥ YCTOMYMBOCTY PACIOpHOI KOHCTPyKUmn. B Ka-
YyecTBe ITPAKTUIECKOTO MplMepa MpuBefieHa ONTUMM3a-
I[UsA PaCIIOPHO CUCTEMBI KOTJIOBaHA Ha OCHOBE PacdeTOB
MeTOIOM KOHEeYHbBIX a1meMeHTOB B PLAXIS.

Ta6sm.: 3. Vin.: 14. bubnuorp.: 18 na3s.

Mangushev R. A., Osokin A. L, Polunin V. M.,
Bashmakov 1. B., Kulyashov I. D., Denisova O. O.
Calculation and optimization of struts and steel
pipes as part of an excavation support system. Vestnik

grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2026, no. 4 (117), pp. 70-86.

Keywords:  excavation support, strut
excavation, numerical modeling.

A comprehensive analysis of the load-bearing capacity
of steel strut pipes (diameters 530, 630, 1020 mm, wall
thickness 8 and 10 mm) was carried out, taking into
account the material's plastic deformations. Isofields of
utilization factors were constructed as functions of length
and applied force. Verification using the finite element
method in Ansys confirmed a high level of convergence
with analytical calculations. A system of equations for
rapid assessment of strength and stability of the strut
structure was proposed using normalization and Lagrange
polynomial approximation. As a practical example, the
optimization of an excavation bracing system based on
finite element calculations in PLAXIS is presented.

element,
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Dam ok Tuen, Qedoperiko E. B., Yuno Xoane Anb.
Kamu6poBka ogoMeTpudeckoro Moy gedopmanum
Kopamosoro nmecka B mogenu Hardening Soil mo pe-
3yIbTaTaM KOMIIPECCHOHHBIX VICHBITAHMI C JICIIONb30-
BaHIeM MeTOJA ONTUMM3anyy // BeCTHIK IpaXkJaHCKIX
urxeHepos. 2026. Ne 4 (117). C. 87-97.

Kniouesvie cnosa: xopa/uIoBbIl IeCOK, ApoOIeHIMe
YacTHIl, IIOTHOE cocTosHMe, Mopenb Hardening Soil
(HS), omomeTpudeckiie UCIIBITAHNA.

IpencTaBieHa MeTOfMKa KalmUOPOBKM OFOMeTpUYe-
ckoro mopyna medopmanyuu Eoed xopanmoBoro mecka
Ha OCHOBE Pe3y/IbTaTOB KOMIIPECCHOHHBIX MCIIBITAHMIL.
VicribiTanust OpUIM BBITIONTHEHBI Ha 0OpasIiiax B IIIOTHOM
COCTOAHMM TPV OTHOCUTENBHOI maoTHOCTM D = 70 %.
ITpouenypa KamuOpOBKM BBIIONHEHA C IPUMEHEHUEM
MeTofla ONTUMM3AIVHN C VCIIOIb30BaHMEM MHCTPYMEHTa
Solver B Excel myTeM MMHUMM3AIMU CYMMBI KBaJIpaToOB
OTKJIOHEHMII MEXXIY pe3y/IbTaTaM/ YUCTICHHOTO MO/
POBaHNA U 9KCIIepUMEHTaIbHBIMM IaHHbIMU. [lomydeH-
HbIe Pe3y/IbTAThI O3BONAIOT ONPENIeIUTD PAllMOHATbHOE
sHavyeHne monynsa Eoed B momenn Hardening Soil i mosbi-
CUTb JTOCTOBEPHOCTb YMC/IEHHOTO MOJEIUPOBAHUA TIPU
aHa/IM3e OCaIK/ OCHOBAHNA U3 KOPa/IOBOTO IecKa.

Ta6n.: 1. Vin.: 5. bubnuorp.: 19 uass.

Pham Duc Tiep, Fedorenko E. V., Trinh Hoang Anh.
Calibration of the oedometric deformation modulus
of coral sand in the Hardening Soil model based on
compression test results using an optimization method.
Vestnik grazhdanskikh inzhenerov - Bulletin of Civil
Engineers, 2026, no. 4 (117), pp. 87-97.

Keywords: coral sand, particle breakage, dense state,
hardening soil model, oedometric test.
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This study presents a methodology for calibrating the
oedometric deformation modulus Eoedof coral sand based
on results from odometer tests. The tests were conducted on
coral sand samples in a dense state with a relative density of
D_=70 %. The calibration procedure was carried out using
an optimization approach with the Solver tool in Excel
by minimizing the sum of squared deviations between
numerical simulation results and experimental data. The
results obtained make it possible to determine the rational
value of the Eoed module in the Hardening Soil model
and increase the reliability of numerical modeling when
analyzing the sediment of the base from coral sand.

YIK.62-96

DOI 10.23968/1999-5571-2026-23-4-98-109

bensesa E. C., Mameeesa JI. I0. Ilomyduenme
IPN-koMmosunuii Ha OCHOBe ypeTaHaKpuiaara i ¢Qo-
TONo/MNMepHoI 3D-nmeyaTn 11 oeHKa UX TePpMUIECKOI
CTOIKOCTM // BECTHUK TpaKTAaHCKUX MHKeHepoB. 2026.
Ne 4 (117). C. 98-109.

Kniouesvie cnosa: QoTomonuMepHble KOMIIO3UTEL,
ypeTaHaKpuIart, IMaHOBbIN 3P, B3aMMOIIPOHUKAIOIIE
nonumepHble ceTky, IPN-monmmepsl, TepMOCTOMKOCTD,
TeMIIepaTypa 13ruba Imox HarpysKoii, OTBep>KAeHNe.

[IpencraBneHbl pe3ynbTaThl MCCIEHOBAHUI MO OLIEHKE
B/IVIAAHVA LAHOBOTO 3(1pa Ha TEPMOCTOIMKOCTD POTOIIONN-
MEpPHBIX KOMIO3MIINI, NpefHasHauYeHHbIX i 3D-mevarn.
PaccMoTpeHO BAHNE KaTa/IM3aTOPOB ¥ MHUIIATOPOB TI0-
JIMMEepU3ALI Ha KOHBEPCUIO MOHOMEPA ¥ TePMOCTOMKOCTDb
kommnosnTa. IIpenioxeHpl pe>XMbl ONTUMU3ALIUY ITPOLEC-
Ca OTBEPXKECHMS OTyYEHHOTO KOMIIO3MTA.

Tab6m.: 7. Vin.: 6. bubmmorp.: 16 Ha3B.

Belyaeva E. S., Matveeva L. Yu. Production of IPN
compositions based on urethane acrylate for 3D
photopolymer printing and evaluation of their thermal
resistance. Vestnik grazhdanskikh inzhenerov - Bulletin
of Civil Engineers, 2026, no. 4 (117), pp. 98-109.

Keywords:  photopolymer composites, urethane
acrylate, cyanate ester, interpenetrating polymer networks,
IPN polymers, thermal resistance, heat deflection
temperature, curing.

The paper presents the results of studies on evaluating
the effect of cyanate ester on the thermal resistance of
photopolymer compositions intended for 3D printing.
The influence of catalysts and polymerization initiators
on monomer conversion and the thermal resistance of
the composite is examined. Optimization regimes for the
curing process of the resulting composite are proposed.
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Hnoszemues A. C., CoxonvHukosa C. P, XKuodxos IO. A.,
3vione T. K. YmHbIe O€TOHBI — Iar K TEXHOIOTHU

4D-nevaTu B CTpOMTENbCTBE // BeCTHUK TpaX{JTaHCKIX
nHXeHepoB. 2026. Ne 4 (117). C. 110-122.

Kniouesvie cnosa: agfuTUBHOE CTPOUTENPHOE MTPOU3-
BOLCTBO, 3D-meyarh, BBICOKOIIPOYHBIN JIETKMi OeTOH,
BHYTPEHHMII YXOfI, JMCIIEPCHOE apMUpPOBaHIe, IOMIMe-
PbI C TAMATDHIO POPMBL, TeTTIOAKKYMY/TUPYIOLIVe MAaTepU-
aJIbl, CyIepabcopOMpyIOLNIT TOTMMep.

Texnonorusa 3D-nevyaTyt 6eTOHOM OrpaHUYEHA OTCYT-
CTBMEM aBTOMATU3MPOBAHHOIO APMMPOBAHMH, yCaJ04-
HbIMI TeopMal[sAMU TIPU UHTEHCUBHOM MCIIApeHUN
BOZIbI B TIOIEBBIX YCTIOBUAX ¥ HEPABHOMEPHBIM TeMIlepa-
TYPHBIM TPAJMIEHTOM NPU IOCTONHON aKCTpy3um. KoH-
nenuuaA 4D-medaTu mpenmonaraeT MCIONb30BaHME YM-
HBIX MaTepHaJioB, CIIOCOOHBIX K afjAlITUBHOMY M3MEHe-
HUIO CBOJICTB BO BPEMEHM B OTBET Ha BHEIIIHME CTUMYIIbI
(BmaxxHOCTB, TeMmeparypa). B pabore skcnepumeHTaNn-
HO 00OCHOBaHbI TpM HampapjaeHUs Mmomupukanym Oe-
TOHHBIX «4epHII» I lepexofia K 4D-mevaTn. Ilokasano,
YTO JCIOIb30BAHME CYIepabcopONPYIOMNX MOMMMEPOB
Ha OCHOBE NOJIMAKPU/IATA HATPUA TO3BO/AET YIPABIATD
IIPOLIECCOM CTPYKTYPOOOpasoBaHus 6E TOHOB, ATaTUPY-
ACh K HU3KOJ BIKHOCTY OKPY>KAIOLIEN CPEMbL, IPU STOM
ycajKa cHmKaeTca Ha 25 %. IlpuBenienpl pesynbraTbl uc-
IbITaHNIT OETOHOB C TePMOAKKYMY/IMPYIOLUINM MaTepua-
7I0OM, CTa6MIN3NPOBAHHDBIM B TENNOMPOBOLHOM HOCKTE-
7le — aKTMBUPOBAHHOM yIe. [IpoYHOCTh BBICOKOIIPOY-
HOTO JIETKOro 6eToHa MpM UCHONTb30BaHUU paspaboraH-
HOJT TePMOAKKyMY/MpYyIoLeil To6aBKM He MOJBEPraeTcs
CHIDKEHMIO. DKCIIEPUMEHTDI 110 aKTUBAIUY ITOIMMEPHBIX
BOJIOKOH € TIaMATbIO ()OPMBI B 3aTBEpAEBILEH I[eMeHTHOM
MaTpulle MOKa3any 3HAYMTEbHBI POCT MPOYHOCTU Ha
n3rub, 4TO JOKa3bIBaeT BO3MOXKHOCTDb CO3JaHMS YMHbIX
6eTOHOB C CaMOINpefHAIPSKEHHBIMU BOJIOKHAMH, YTO
HO3BOMUT PEIIUTh NPO6IeMy apMUPOBaHMs U3NETUI 1
KOHCTPYKUUJ, HaledaTaHHbIX Ha 3D-mpunurepe. Ilpu-
IaHue OGETOHHBIM «4epHMIaM» aJalTUBHBIX CBOCTB —
BHYTPEHHErO YXOfla, CaMOIpeJHANpsKeHUsA, TacCuB-
HOII TepMoperynsauuu — obecrednsaeT Iepexof OT
3D-nevatu k 4D-neyaTy, rie MaTepuan U3MEHSAET XapaK-
TEPUCTUKN BO BPEMEHM Ha PA3HBIX 9TAIAX XKM3HEHHOTO
nukia. Takas aflanTMBHOCTD Ha 3TAaIlaX TBEPHECHNUA I 9KC-
IUTyaTallMy TI03BOIAET PAcCMATPUBATDL IIPENJIOKEHHbIE
COCTaBbBI KaK yMHble YepHMIa A1 4D-meyaTu, rae Bpe-
MEHHOE€ M3MEHEHME CBOJCTB CTAHOBUTCSA YIIPAB/IsAEMbIM
TapaMeTpPOM.

Ta6m.: 3. Vin.: 9. bubnuorp.: 28 Ha3Bs.

Inozemtsev A. S., Sokolnikova S. R., Zhidkov Iu. A.,
Duong T. Q. Smart concrete: a step towards 4D printing
in construction. Vestnik grazhdanskikh inzhenerov -
Bulletin of Civil Engineers, 2026, no. 4 (117), pp. 110-122.

Keywords: additive construction manufacturing,
3D printing, high-strength lightweight concrete, internal
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curing, fiber reinforcement, shape-memory polymers,
phase change materials, superabsorbent polymer.
Three-dimensional (3D) concrete printing technology
is limited by the lack of automated reinforcement, shrinkage
deformations caused by intensive water evaporation under
field conditions, and non-uniform temperature gradients
during layer-by-layer extrusion. The concept of 4D printing
involves the use of «<smart» materials capable of adaptively
changing their properties over time in response to external
stimuli such as humidity and temperature. This study
experimentally substantiates three approaches to modifying
concrete inks for the transition to 4D printing. The use of
sodium polyacrylate-based superabsorbent polymers is
shown to control concrete structure formation under low
ambient humidity conditions, reducing shrinkage by 25 %.
The results for concrete containing a phase change material
stabilized in a thermally conductive activated carbon
carrier are presented. The developed PCM admixture
did not reduce the strength of high-strength lightweight
concrete. Experiments on the activation of shape memory
polymer fibers in a hardened cement matrix have shown a
significant increase in bending strength, which proves the
possibility of creating smart concretes with self-stressed
fibers, which will solve the problem of reinforcing products
and structures printed on a 3D printer. Imparting adaptive
properties to concrete inks — such as internal curing, self-
prestressing, and passive thermal regulation — enables
the transition from 3D to 4D printing, where material
properties evolve over time during different stages of the
life cycle. Such adaptability during curing and service stages
allows the proposed compositions to be considered smart
inks for 4D printing, in which time-dependent changes in
material properties become a controllable parameter.

YIK 620.97
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Heseenv A. C., /lykun C. B. OnjeHKa 9HepreTM4ecKoro
NMOTEHIMANAa TENIOTHl CTOYHBIX BOJ, OTBOZUMBIX
OT JKIJIOFO MHOTOKBapTUpHOro pmoMa// BecTHmk
IpaXJaHCKNX MHXXeHepoB. 2026. Ne 4 (117). C. 123-137.

Kniouesvte cn06a: crodHbIe BOIDI, TETIOBOM TTOTEHIIN-
aJI, CHErOITaB/IeHNe, PeKyIepaIiyiA Tera.

[IpencraBnena oOIeHKA 3HEPreTMYECKOrO IIOTEHIMAsa
TEIUIOTHI OBITOBBIX CTOYHBIX BOJ, OTBOAVIMBIX OT MHOTIO-
KBapTUPHOTO YKWIOTO [IOMA, I PACCMOTPEHa BO3MOXKHOCTD
€ro VCIONb30BAHMA IA Iie7iell TOKaTbHOIO CHEroIJIaByIe-
msA. Ha ocHOBe HOpMATHBHBIX JAHHDBIX O BOZOTIOTPEOIeHIN
I Pe3y/bTaTOB CYTOYHOTO MOHMTOPVHTA PacXofa U TeMIIe-
paTypbl CTOYHBIX BOJ paspaboTaHa MaTeMaTidecKas Mo-
Tenmb (OPMMPOBAHMA TEMIIEPATYPHOTO PEXIMa ObITOBBIX
CTOKOB C y9€TOM MHTEIPAIbHDIX TEIIONOTEPh B CHCTEME
BOIOOTBEeHNA 3aHNA. IIocTpoeHbl cyToOuHbIe Ipodu
pacxopa, TeMIIepaTypbl ¥ TEIUIOBOTO IOTEHIIMA/IA CTOYHBIX
BOJI, BBITIOJTHEHA OILIeHKa B3aMMOCBSA3Y MEXIY PacXofioM 1

KOIMYeCTBOM ITOTEHIMA/IbHO M3BJ/IEKAeMOI TerIoThL. st
COIOCTAB/IEHN PACIIOIATa€MOr0 TEIIOBOTO TOTEHIMAIA €
HOTPEeOHOCTAMM CHUCTEMBI CHETOIUIAB/ICHNS BBEIEH KO9(Q-
duIeHT 00eCrIeIeHHOCTH, XapaKTePU3YIOUIil JOCTATOY-
HOCTD TEIVIOTHI 1A IUIAB/IEHNA PACYETHOIO CHEXKHOTO II0-
KpOBa. YCTAHOBJIEHO, YTO TEIJIOBOJ IOTEHIINA/I CTOYHBIX
BOJ, MHOI'OKBapTMPHOIO >KIWIOIO JJOMa B OTJE/IbHbIE Ile-
PMOLBI CYTOK MOXKET OBITH ZOCTATOYHBIM IS JIOKAILHOTO
CHETOIUIAB/IEHVA Ha OTPAHMYEHHOMN IUIOIAAN IPVIOMOBON
TEPPUTOPUNL IIPY YCTIOBUM LIUKINYECKOTO PeXXIMa PabOThI
CHUCTEMBI M JIONO/IHATE/IPHOM IIPOBEPKM TEMIIEPATYPHOIO
peXuMa BHYTPUILIONAJOYHOI KaHa/IM3allIOHHOM CETA.
Tabm.: 4. Vin.: 5. Bubmuorp.: 18 Ha3ss.

Nevgen A. S., Lukin S. V. Assessment of energy
potential of heat of wastewater discharged from
residential apartment building. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2026, no. 4 (117),
pp. 123-137.

Keywords: wastewater, thermal potential, snowmelting,
heat recovery.

This article presents an assessment of the energy
potential of domestic wastewater discharged from an
apartment building and examines the feasibility of using
it for localized snow melting. Based on regulatory water
consumption data and daily monitoring of wastewater
flow and temperature, there was developed a mathematical
model for shaping the temperature regime of domestic
wastewater, taking into account the integral heat losses in
the building’s drainage system. Daily profiles of effluent flow
rate, temperature and thermal potential were constructed,
and the relationship between flow rate and amount of
potentially recoverable heat was assessed. To compare the
available thermal potential with the snow melting system’s
needs, a supply factor was introduced, characterizing the
sufficiency of heat for melting the estimated snow cove. It
was established that the thermal potential of wastewater
from an apartment building during certain periods of
the day may be sufficient for localized snow melting in
a limited area of the adjacent territory, provided that the
system operates cyclically and the temperature regime of
the on-site sewer network is additionally verified.
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Ascmpuiickuit B. O., Bnankunwmetin M. M., Tpo-
¢umos E. C., Bopobves C. A., benoepyoos B. B. Ananus
BIUAHNA PEOKMMHBIX (PAKTOPOB HA PAacXof TOIIMBA
aBTOOYyCa B TOPOCKOM IUKIIe // BeCTHMK IpaXkIlaHCKMX
nHXeHepoB. 2026. Ne 4 (117). C. 138-149.

Kniouesvte cnosa: pexxuMmubie HakTOphL, PacxXof, TOI-
JIVIBa, TOPOZCKOIT aBTOOYC, KOPPEIALIIOHHO-PEIPECCIOH-
HbIJ aHA/IN3, OH/IAJTH-MOHUTOPYMHI, HOPMUPOBAHME pac-
XOJja TOIUIMBA.
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IIpencraBneHpl pe3ynbTaThl KCHEPMMEHTATLHOTO VIC-
C7IeNIOBaHYIA BAVSAHUA POKMMHbIX (PAKTOPOB Ha PacXof TO-
IIIYBa TOPOZICKOTO aBTOOYCa B PeabHbIX YCIOBUAX MeTario-
mmca. MeTomaMyt KOppeAIIOHHO-PErpecCHOHHOTO aHa/M3a
BBIABTICHDI (DAKTOPDI, HanbOoMIee TECHO CBA3AHHbIE C PACcXo-
TOM TOIUIVBA, ¥ TIOCTPOEHDI JIMHEITHbIe, KBaJJPaTIIHbIE MO-
Temy, a Taxoke Mogenm ¢ mapHbpiMu addexramm. Crenan Bbl-
BOJ], 0 HeOOXOIMMOCTH TIepexoyia K MTHAMITIECKIM MOJIETIAM
I1s1 TIOJTHOTO y4eTa MepPEXOIHbIX TTPOLIECCOB.

Tabn.: 6. Vin.: 4. bubmuorp.: 16 Hass.

Avstrysky V. O., Blyakinstein 1. M., Trofimov E. S.,
Vorobyov S. A., Belogrudov V. V. Analysis of the influence
of regime factors on bus fuel consumption in the urban
cycle. Vestnik grazhdanskikh inzhenerov - Bulletin of
Civil Engineers, 2026, no. 4 (117), pp. 138-149.

Keywords: regime factors, fuel consumption, city bus,
correlation and regression analysis, online monitoring,
fuel consumption rationing.

The article presents the results of an experimental study of
the influence of regime factors on the fuel consumption of city
buses in real conditions of the megalopolis. Using correlation
and regression analysis methods, the factors most closely
related to fuel consumption have been identified, and linear,
quadratic, and pair-effect models have been constructed It is
concluded that it is necessary to switch to dynamic models for
full consideration of transients.
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Apugpynnumn M. B., Esmioxos C. A., Iycvkosa O. C.
OnrnMusanyusa IPOLECCOB KOMIUIEKCHOTO obecmede-
HHA 3aaCHBIMM YaCTAMY CHENAIbHONM aBTOMOOVIID-
HOJ TeXHMKM B a3pomopTax// BecTHMK rpa’kJaHCKMUX
nmxeHepos. 2026. Ne 4 (117). C. 150-157.

Kniouesvle cnosa: crienimanbHOe aBTOMOOIIBHOE 060-
pyZOBaHNE as3pOIOPTOB, YIIpPABECHME 3aMACHBIMM 4Yac-
TAMU, TEOPUs HEOTIPEJIe/IEHHOCTY, MHOTOKpUTepUaIbHas
ONITMMU3AIVA, TEHETUYECKUIT aITOPUTM, TeTePMUHUPO-
BAHHBIIl 9KBUBAJIEHT, JIOTVMCTUKA TEXHIIECKOro 00Ciy-
JKUBAHWA, IOKA3aTeM IOANEPKIUBAEMOCTH.

ViccnenyeTcst 3amada KOMIUIEKCHOTO 0ObeCriedeH s 3a-
MTACHBIMM YaCTAMM CIELMAIbHON aBTOMOOMIBHONM TeX-
Huku (CAT), skciuryatnpyeMoil B a9pOIIOPTOBBIX KOM-
wiekcax. Ocobennoctn nHomenknatypsl CAT, Bxmouas
BBICOKYIO JOJII0 HOBBIX, PELKO TOTPeOIseMbIX 1 JOPOro-
CTOALIMX arperaros, 0OYCIOBIMBAIOT OTCYTCTBME perpe-
3€HTATVBHBIX CTATVCTIYIECKUX BBIOOPOK, ITO [IE/IaeT Tpa-
IVMLMOHHbIE BEPOATHOCTHDbIE MOZEMM TIPOTHO3MPOBAHMA
CIIpoca HEKOPPeKTHBIMI. B KayecTBe MeTO[OIOrMYecKOi
OCHOBBI TIPUMMEHSETCA TEOpUsA HEONPeNeNeHHOCTH, TI0-
3BOJAIOIAA POPMaTN30BaTh IKCIEPTHDIC OLIEHKI B BUJIE
¢yuxumit yBepeHHoctu. Pa3paboTaHa MHOTOKpUTEpy-
a/IbHasA ONTUMM3ALMOHHAA MOJIe/Ib, HTEIPUPYIOIIAsa MU-

HUMM3AIMIO COBOKYITHBIX JIOTUCTIYECKUX 3aTpar ¢ obec-
TeYeHreM 3aflaHHbIX IOKas3aTesell IOANEPKNBAEMOCTH
TEXHMKI. BepoATHOCTHbIC OrpaHUYeHNs IPeoOpa3OBaHbI
B JIETEPMMHMPOBAHHbIE SKBMBAJIEHTbI Y€pe3 IPUHIUII
3aJJAaHHOTO YpOBHsA fioBepus. JIns pemeHna chopmynn-
POBaHHON 3afauyt MOIMQULPOBAH I'eHeTUYIeCKUII ajIro-
PUTM, aflalTMPOBAHHbIN TOJ AUCKPETHO-HENPEPHIBHYIO
TIpUPOLy TIePEMEHHBIX M HEMMHENHbIe OrpaHMYEHMUS.
YucnenHas anpobauus Ha mpuMepe 19 06bekToB aspo-
HOPTOBOI MH(PPACTPYKTYPHI MOATBEP/ANIA YCTONINBOCTD
MPEIJIOKEHHOTO TIOIXOAA M JIEMOHCTPUPYET CHVDKEHME
IIPOCTOEB TEXHMKU Ha 18-22 % mpm cokparieHun u30bl-
TOYHBIX CK/IAICKMX OCTarkob.. IIpemroxennas merono-
norusi ob/1afiaeT BbICOKOI TOTOBHOCTDIO K MHTETpaLluy B
KOpPIOpaTMBHbIE CUCTEMBI YIIPABICHNA TEXHUYECKNM 00-
CITY>KMBaHMEM U JIOTMCTUKON a3pONOPTOB.
Ta6n.: 1. Vin.: 1. bubnuorp.: 9 Hass.

Arifullin 1. V., Evtukov S. A., Guskova O. S.
Optimization of integrated provision with spare parts
for special airport automotive equipment. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2026, no. 4 (117), pp. 150-157.

Keywords: airport ground support equipment; spare
parts management; uncertainty theory; multi-criteria
optimization; genetic algorithm; deterministic equivalent;
maintenance logistics; supportability indicators.

The article investigates the problem of integrated
spare parts supply for special purpose vehicles (SPV)
operated at airport complexes. The specifics of SPV
nomenclature characterized by a high proportion of
new, rarely consumed, and expensive components leads
to the absence of representative statistical samples,
rendering traditional probabilistic demand forecasting
models inadequate. Uncertainty theory is applied as a
methodological foundation, enabling the formalization of
expert assessments into belief functions. There has been
developed a multi-criteria optimization model, integrating
total logistics cost minimization with the achievement of
target equipment supportability indicators. Probabilistic
constraints are transformed into deterministic equivalents
through the principle of a predetermined confidence
level. To solve the formulated problem, a modified
genetic algorithm is employed, which is adapted to the
discrete-continuous nature of variables and non-linear
constraints. Numerical testing on the example of 19
airport infrastructure facilities confirms the stability of
the proposed approach and demonstrates a decrease in
equipment downtime by 18-22 % while reducing excess
warehouse inventory. The proposed methodology exhibits
high readiness for integration into corporate airport
maintenance and logistics management systems.
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Maspun B. I, Maxaposa V. B. OnTuMusamysa pas-
MCLIeHNA OOBEKTOB TPAHCIOPTHO-TOTUCTIYECKOIT
CrcTeMbl O0OpaleHNs C NMPOMBIIIICHHBIMI OTXOJaMI
HAa OCHOBE MMUTALMIOHHOTO MOJeTNPOBaHNsA (Ha mpu-
Mepe Pecrry6nuku Tarapcran) // BecTHUK TpagaHCKIX
MHXeHepoB. 2026. Ne 4 (117). C. 158-169.

Knwouesvie cnoséa: MpOMBILIIEHHbIE OTXObI, TPaHC-
HOPTHO-JIOTUCTUYECKAsA CUCTeMA, MMUTALIMOHHOE MOJie-
JMpOoBaHue.

PaccmarpuBaerca mpobnema moblueHyA 3¢ dexTns-
HOCTU TpaHCHOPTHO—HOI‘I/ICTI/I‘IeCKOIU/I CUCTEMDbI OGan.ICHI/[H
C TIPOMBIIIIEHHBIMHU OTXOJaMM. PaspaboTaHa MMMTALIOH-
Has Mofienb B cpeie AnyLogic, mcronbsyiommas peanbHyio
moposkHyto ceTb OpenStreetMap 1A pacyeTa MapIIpyToB
¥ IIPOOETOB CIIeIMa/IM3NPOBAHHOTO aBTOTPAHCIIOPTA 1 HIO-
3BOJIAIONAs  ONPENE/ATh ONTUMANBHYI0 KOH(UIYpALIIO
CUCTEMbI (KO]II/I‘ICCTBO, KOOPAMHATBI I MOIITHOCTN COPTUPO-
BOYHBIX CTAHIMII U [lepepadaThIBAIOIIIX 3aBOIOB) C y4ETOM
OrpaHMYEHNI, HAK/IA/IbIBA€MBIX K/IACCOM OITACHOCTV OTXO-
TIOB Ha PEKMMBI TIepPeBO3KN. DKCTIEPUMEHT Ha MOJIE/IN T10-
3BO/IMJT ONIPEAENTNTD ONTUMU3NPOBAHHYIO KOH(bMpraHI/IIO
cuctembl (Ha ipumepe Pecriybmukn Tatapcran), obecreun-
BAIOLIYIO pOCT JO/ HepepaboTku ¢ 29,8 1o 65,5 %.

Tab6n.: 5. Vin.: 2. bubmuorp.: 20 HasB.

Mavrin V. G., Makarova I. V. Optimization of placing
the facilities of industrial waste handling transport
and logistics system based on simulation modeling
(on the example of the Republic of Tatarstan). Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2026, no. 4 (117), pp. 158-169.

Keywords: industrial waste, transport and logistics
system, simulation modeling.

The article addresses the problem of improving
the efficiency of the transport and logistics system for
industrial waste management. A simulation model has
been developed in the AnyLogic environment, which
uses the real OpenStreetMap road network to calculate
the routes and mileage of specialized vehicles and allows
to determine the optimal system configuration (number,
coordinates and capacities of sorting stations and
processing plants), taking into account the restrictions
imposed by the waste hazard class on transportation
modes. Experiments with the model allowed determining
an optimized system configuration (using the Republic
of Tatarstan as an example), ensuring an increase in the
recycling rate from 29,8 to 65,5 %.
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Acayn B. B., Bepmaxoea IO. B., Enoscxas M. A., IInom-
HUKo6 B. A. AHanu3 COCTOAHUA U NEPCHEKTUB TEXHO-

JTOTMYECKOTO PpPA3BUTUA COBPEMEHHOI POCCUIICKOM
9KOHOMMKNM // BeCTHUK TpaKTaHCKUX MHXeHepoB. 2026.
Ne 4 (117). C. 170-185.

Kniouesvie cnosa: MHHOBAIIIOHHOE pa3BUTHE, MIEPeNiO-
Bble NPOM3BOJICTBEHHBIE TEXHONIOTUN, TEXHOIOTUYECKOe
pasBuUTHe, MMIIOPTO3aMeIIeHNe, TEXHOMTOTMYeCKIUIT CyBe-
PeHNTET, aHTUPOCCUIICKUE CAHKLMIU, TOCYZapCTBEHHAsA
9KOHOMUYECKAs TIONMUTHKA.

B ycnoBusAx HapacTalolero CaHKIMOHHOTO JaBlIeHNA
U CTPYKTYpHOII TpaHchopManuy mob6anbHOTO MUPO-
YCTPONCTBa MHHOBAIIOHHO-TEXHOTIOTMYECKOEe Pa3BUTIHEC
CTaHOBUTCSI KIIIOYEBBIM (DaKTOpOM 0becredeHrsi 9KOHO-
MIYECKOIO POCTa, HALMOHA/IbHOM 0e30IIaCHOCTI M MeX-
IyHApORHOI KOHKypeHTocmocobroctu Poccym. Lenn nc-
CTeOBaHNA — BBbIABIICHIE 3aKOHOMEPHOCTEN M TPEHIOB
TEXHOJIOTMYECKOTO Pa3BUTUA POCCUIICKON 9KOHOMMKM,
a TaxoKe OILIEHKA B3aMMOCBASY MEX/Y TEXHOIOTMYECKIMM
VHIMKATOpaMyl ¥ MaKpPOISKOHOMMYECKOI AMHAMMKON Ha
OCHOBe O(DNIIMATIBHBIX CTATICTUIECKUX JAHHbIX 32 IEpU-
oz 2000-2025 tr. ViccnenoBanme 6a3npyeTcst Ha UCIIONb30-
BaHWM JaHHBIX Poccrara. 151 ux 06paboTKM NCITONMb30BaH
KOMIUICKC METOJIOB: IECKPUIITUBHBIN CTaTUCTUYECKUI
aHa/IN3, pacyeT LEMHBbIX ¥ GAa3MCHDBIX TEMIIOB IPYUPOCTA,
KOpPpENAIMOHHbBIN aHaMu3, TOCTPOEHNEe PErpecCOHHbIX
Mofie/lell ¢ BpeMeHHBIMM JIaraMU, aHaIN3 CTPYKTYPHBIX
CIIBUTOB, BBIABJICHVIE TPEHJOBbIX KOMITOHEHT.
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In the context of increasing sanctions pressure and
the structural transformation of the global world order,
innovative and technological development is becoming a
key factor in ensuring economic growth, national security,
and Russia’s international competitiveness. The objective
of this study is to identify patterns and trends in the
technological development of Russian economy and assess
the relationship between technological indicators and
macroeconomic dynamics using official statistical data for
the period of 2000-2025.The study is based on official data
from ROSSTAT. A combination of methods was used to
process these data, namely, descriptive statistical analysis,
calculation of chain and base growth rates, correlation
analysis, construction of regression models with time lags,
analysis of structural shifts, and identification of trend
components.



