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ITonos E. B., Jla6youn b. B., Konpos O. B., Cmonoi-
nun JI. A., Yepeonuuenxo B. B., Iybenxo J/I. A. Merop,
YMCIEHHOTO pacyeTa CTEHOBLIX HaHenell U3 JpeBec-
HO-KOMIO3UTHBIX MAaTepPUaNoB, HATPY>KEHHBIX YCHIN-
eM caBura // BecTHMK TpaskJaHCKUX MHXKeHepoB. 2025.
Ne 5(112). C. 5-18.

Kniouesvie cnosa: IpeBecHO-KOMIIO3UTHDIE CTEHOBDIE
TIaHe/M, YMCTICHHbIE METOTbI, TIONTY>KeCTKME COeTMHEHN,
yCuve COBUIA, 5KeCTKOCTD CIOBUIA.

VccnenyioTcsi KOMITIO3UTHDBIE CTEHOBDIE ITAHENMN C I10-
MIepeYHOI CABUTAIOLIEI CUIION C MOMyXeCcTKuMu aedop-
MMPYEMBIMI CBA3SAMM, B pabOTy KOTOPBIX BBOLATCS 0060-
JIOYKU B HaYaJsIe HaTpy>kKeHus aneMenTa. Paspaboran umc-
JICHHBII METOJ], pacdeTa MPOYHOCTH, AePOPMATUBHOCTH
M CIOBUTOBDBIX IIEPEMEIEHMI KOMIIO3UTHDBIX CTEHOBBIX
MaHe/IEN C TMOTEPEYHO CABUIAIOLIEN CUJION, YYUTbIBA-
Iomuili M3MeHenne KoadduLMeHTa XeCTKOCTU B 3aBU-
CHMOCTM OT HAIlpaB/IeHMsA PE3YAbTUPYIOLIETO BEKTOPa
TedopMaLy CIBUTOBBIX CBA3€I OTHOCUTETbHO BOTTOKOH
IpeBeCHHDI OTIOPHBIX pebep Kapkaca. MeTof perieHus
3afiady 6asMpyeTcs Ha BapMALMOHHOM TPUHIINIIE CTPO-
WTETBHON MEXaHUKY, @ VMEHHO MMHUMYMe O0LIell 1mo-
TEHIVATbHOM 3HEPTUM CUCTeMBI B JleOopMUpPOBaHHOM
COCTOSTHUM.

Ta6m.: 1. Vin.: 3. Bubnmorp.: 26 Hass.

Popov E. V., Labudin B. V., Koprov O. V., Stolypin D. A.,
Cherednichenko V. V., Gubenko L. A. Numerical calculation
method for wood-composite wall panels loaded by
shear force. Vestnik grazhdanskikh inzhenerov — Bulletin
of Civil Engineers, 2025, no. 5 (112), pp. 5-18.

Keywords: wood-composite wall panels, numerical
methods, semi-rigid connections, shear force, shear stiffness.

Composite wall panels with transverse shearing force
with semi-rigid deformable braces are investigated, into the
operation of which shells are introduced at the beginning of
the elementloading. There has been developed a numerical
method for calculating the strength, deformability and
shear movements of composite wall panels with transverse
shear force, taking into account the change in the stiffness
coefficient depending on the direction of the resulting
strain vector of shear bonds relative to wood fibers of the
supporting ribs of the frame. The method for solving the
problem is based on the variation principle of structural
mechanics, namely, the minimum of the total potential
energy of the system in a deformed state.
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DOI 10.23968/1999-5571-2025-22-5-19-28

Hikonap &. C., Cmapooybues M. O., Cagouw-
kun M. A. DKCIepuMeHTaIbHOE MCCAeOBaHNe BKIIe-
CHHBIX CTANbHBIX MIA0, BOCHPUHVUMAIONINX YCHTHS,
HaIpaBlIeHHBIE BOTb BOTOKOH ApeBecuHbI // BecTHMK
TPXFAHCKUX MHKeHepoB. 2025. Ne 5 (112). C. 19-28.

Kniouesvte cnosa: MeTanmndeckue BKIeeHHbIE LIAObI,
y3/IOBbIE COEAVMHEHN, UCIbITaHNe, fedopMans, Hecy-
I[ast CIOCOOHOCTD.

[TpoBeneHO 9KCIepMMEHTANTbHOE UCIIBITAHNME CTBIKO-
BOTO COEIMHEHMSA C TIPYMEHEHIeM IPEBECUHBI, CTaTbHBIX
1Iai6 1 MOMMMepPHOI KeeBolt kommosurym. [Ipemioxen
obpasel], paboTa KOTOPOTO NP UCHIBITAHMAX CX0XKa € pa-
60TOl BK/ICCHHDIX Ialt6 B peanbHOM y3ie. BoibpanHas
KOHCTPYKI[VS 9KCIIEPUMEHTaIbHOTO 06pasiia Mo3BOMseT
B Ta0OPATOPHDBIX YCTOBUAX CMOZEMMPOBATH MPOJABIN-
BaHIle [peBeCMHBI KPOMKOII BKIeeHHON mait6nl. I[Tof-
TBEPIXK/IeHa TeOpus COBMECTHOI paboThl fepeBa ¢ Kilee-
BBIM IIBOM IIPM WCTIBITAHUY Ha CKAa/IbIBAIOIVE YCUINA.
CrenaH BbIBOJI, 9TO K/IeeBask KOMITO3HI[H MOBbILIAET 06-
I[YI0 HECYI[YI0 CIIOCOOHOCTD y371a, @ TaKXe YMEeHbIIaeT
ero o611y TOATINBOCTb.

Tabm.: 2. Vin.: 7. Bubmuorp.: 20 Ha3B.

Shkoliar E. 8., Starodubtsev M. O., Safoshkin M. A.
Experimental study of glued-in steel washers receiving
forces directed along wood fibers. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2025, no. 5 (112),
pp. 19-28.

Keywords: metal glued-in washers, joint connections,
testing, deformation, load-bearing capacity.

There was carried out an experiment testing of butt
joint using wood, steel washers and a polymer adhesive
composition. A sample has been developed, the operation
of which during testing is similar to the operation of
glued-in washers in a real unit. The selected design of the
experimental sample allows in laboratory conditions to
simulate the punching of wood by the edge of the glued-in
washer. The theory of joint work of wood with a glue seam
with chipping forces is confirmed.It is concluded that the
adhesive composition increases the overall bearing capacity
of the assembly and also reduces its overall compliance.

YIIK 694.01
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Y ®sii. ViccnemoBaHme CeiCMOCTOMKOTO CO€IIHe-
HHuA Kapkaca 3gaHusa u CLT-maneneit mocpepgcrBom
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dpuxnuonnoro pemndepa ¢ pasTMYHBIMU NPOKIAf-
KaMM CKONb)KeHNA // BeCTHMK Tpak[JaHCKUX MHKeHe-
pos. 2025. Ne 5 (112). C. 29-40.

Kniouesvie cnoéa: ceilicMOCTONKOCTD, CEMCMOYCUIIe-
Hue, ppukymonusiit gemndep, CLT-manenu, koMmosur-
Hble MPOK/IAIKM, SKCLIEHTPUCUTET, AUCCUTIALA SHEPTUNL.

B cBA3M ¢ 9KOHOMMYECKVMMU UM 3KCIUTyaTalMOHHbI-
MU IOTPeOHOCTAMHU CEMICMOYCHICHUA CYILEeCTBYIOLINX
30aHMIT UCCTICHYIOTCST PE3MHOBDIC U aJIIOMUHMEBO-pe-
3JIHOBbIE KOMITO3MTHbIE TPOKNALKN BO (HPUKLVMOHHbIE
memridepst (AFC) B xombunanun ¢ CLT-manensvmu gt
YCVIEHNS JKee300e TOHHBIX KapKacoB. ITyTeM mukinde-
CKUX MCIBITAHUI CUCTeMATUYeCK) CPaBHUBAIU TUCTEpe-
3JICHBIE XapaKTepUCTUKY, 3P PeKTUBHOCTD AMCCUTIALINH
SHEPIUU U TeMIlepaTypHble MSMEHEHMA MPOKIALOK TpexX
BUJIOB: PE3UHOBBIX, QTIOMIHVEBBIX Y1 KOMOVHMPOBaHHbBIX
U3 9TUX JABYX MaTepPUAIOB. Pe3ybTaThl IIOKa3aa: KOM-
OMHMpPOBaHHbIE TPOKTA/IKU COXPAHWIN BBICOKYIO ITPOY-
HOCTD amoMUHMA, 3P EKTNBHO YCTPAHUIN SKCLEHTPU-
CHUTET 3a CYeT aJalTMBHOCTY PE3UHBI, IPOAEMOHCTPU-
poBanmM IpPeBOCXOAHYI0 3(G(PEeKTNBHOCTD AVMCCUIIALIUN
srepruu (L = 0,18) 6e3 paspyueHNs Pe3NHOBOTO CIIOA.
PesuHoBble TPOKIAfKM, HECMOTPs Ha 3KOHOMUYHOCTD
Y KOMIICHCALIMIO SKCIEHTPUCUTETA, MOABEPXKEHBI pas-
PYLICHNIO IIPU LUMKINIECKOM Harpy>keHuu. JIsydeHHas
CHCTeMa MpefyiaraeTcs Kak HOBOe pelleHe IS CeiicMOo-
YCUJIEHUST [IepeBsIHHO-0@TOHHDBIX KOHCTPYKI[UII B Celic-
MOOIIACHBIX pernonax Poccum.

Ta6m.: 3. Vin.: 11. bubmuorp.: 17 Ha3s.

Wu Fei. Study on seismic-resistant connections
between building frames and CLT panels using friction
dampers with various sliding shim materials. Vestnik
grazhdanskikh inzhenerov — Bulletin of Civil Engineers,
2025, no. 5 (112), pp. 29-40.

Keywords: earthquake resistance, seismic retrofitting,
friction damper, CLT panels, combined shims, eccentricity,
energy dissipation.

This study addresses the economic and safety
needs of seismic retrofitting for existing buildings by
innovatively integrating rubber gaskets and aluminum-
rubber composite gaskets into friction dampers (AFC)
combined with CLT panels for reinforcing reinforced
concrete frames. Through cyclic loading tests, the
hysteretic performance, energy dissipation efliciency,
and temperature characteristics of aluminum, rubber,
and composite gaskets were systematically compared.
Experimental results show that the composite gasket
effectively resolves eccentricity issues while maintaining
the high strength of aluminum, achieving superior energy
dissipation efficiency (p = 0.18) without damage to the
rubber layer. Although rubber gaskets offer economic
benefits and mitigate eccentricity effects, they are prone to
failure under cyclic loading. This system provides a novel

solution for seismic retrofitting of wood-concrete hybrid
structures in earthquake-prone regions of Russia.
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Bawmaxos V. b. YdeT M36BITOYHBIX IIOPOBBIX JAB-
JEHUI1 B pacyeTe OTPAXKACHNII KOTIOBAHOB B CIA0BIX
ITTHHHCTBIX TPYHTAX // BeCTHUK rpakIaHCKMX MHXKeHe-
poB. 2025. Ne 5 (112). C. 41-51.

Kniouesvle cnosa: m3bBITOUHbIE MTOPOBbBIE JABIEHUA,
crmabple ITIMHNUCTBIE TPYHTBI, OTPaKfieHNe KOT/IOBAaHOB,
TeOpJist MTHOBEHHOIT IIPOYHOCTH.

CraTbsl TOCBAIIEHA y4eTy M30BITOYHBIX ITOPOBBIX
IaBJICHMII IIpU pacdeTe OIPakKACHMII KOTIOBAHOB B Cla-
ObIX BOJIOHACBHIIICHHDBIX ITIMHMUCTBIX TPYHTaX. YCTaHOB-
NleHa Koppesauusa Mexnay koadduimertom Ckemrro-
Ha (A) M HIOKasatTeneM TeKydecTu rpynra. Paspaborano
0600111eHIe TeOPUY MTHOBEHHOI IIPOYHOCTH U METOIMKA
pacuera aKTMBHOIO U ITACCHBHOTO AaBieHus. IIposeneH
pacdeT orpaXkieHnA KOT/IOBaHa C y4eToM u 0e3 ydeTa 13-
OBbITOYHBIX IIOPOBBIX AaBleHUIl. [lokasaHo, 4TO UX y4eT
H03BOJIAET CHM3UTD MAaTepPMaNTOeMKOCTb KOHCTPYKIIMIL

Vin.: 5. Bubmuorp.: 15 HasB.

Bashmakov I. B. Accounting for excess pore pressures
in the calculation of excavation retaining structures in
weak clayey soils. Vestnik grazhdanskikh inzhenerov -
Bulletin of Civil Engineers, 2025, no. 5 (112), pp. 41-51.

Keywords: excess pore pressures, weak clayey soils,
excavation pit enclosure, theory of instantaneous strength.

The article addresses the accounting of excess pore
pressures in the design of excavation supports in weak
water-saturated clayey soils. There has been established
a correlation between Skempton's coefficient (Af) and the
soil index of liquidity. Generalization of the instantaneous
strength theory and a method for calculating active/
passive pressure have been developed. A calculation of the
excavation pit enclosure design has been carried out with
and without considering excess pore pressures. It is shown
that accounting for them allows reducing the material
intensity of the structure.

VIK 691.535
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Kosanvuyx B. C. Peonormaeckass Mofelb I[eMEHTHBIX
COCTaBOB € pasINYHBIM Bojocogep)kanmeM // Bectank
IPXFAHCKUX MIKeHepoB. 2025. Ne 5 (112). C. 52-58.

Kntouesvte cnosa: TaMIIOHQXHBIN MOPTIAHAIEMEHT,
Peomnorus, BI3KOCTh, MaTeMaTNIeCKOe MOTE/TMPOBaHIeE.

Peonmornyeckne MOJieNy WUIpaioT PeIIAOIYI0 POTb
B POTHO3MPOBAHMM NOBENEHMA BKYLIMX MaTepua-
7I0B. AHa/II3 HAyYHbBIX MCTOYHVKOB TI0Ka3aa OTCYTCTBIE
eIVHOI TEOPUM VM3MEHEHUsI BSA3KOCTHM M TEKYYeCTM Lie-
MEHTHOTO TecTa. B paboTe TpuBeNeH SKCIEPUMEH-
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TA/IbHbII aHA/M3 PEONOTMYECKUX IMapaMeTpOB LIECTH
COCTAaBOB TaMIIOH@XHBIX CMeceil. Pe3y/nbTaTbl MaTeMa-
TUYECKOTO MOJIETTUPOBAHSI TOATBEPAUIINM 3HAYUTEIBHOC
B/IMSIHIE BOLOLEMEHTHOTO OTHOIIEHYSI HA PEOIOTHIO CY-
crensyu. B cTaTbs JaHO MpecTaBIeHME O BOSMOXHOCTH
VICCTIE[OBAHVISL BA3KOCTY M TEKYYeCTH LIEMEHTHOTO TeCTa
C TTOBBILICHHDBIM BOFOCOAEP)KAHIEM, YTO MOXKET OBITD MC-
[I0/Ib30BAHO /IS IIPOTHO3MPOBAHNS HOBEEHIsI TaMIIO-
Ha)KHOI1 CMECH B peasibHbIX YCTTOBUAX.
Tab6mn.: 4. Vin.: 1. bubnuorp.: 24 Hass.

Kovalchuk V. S. Rheological model for cement
mixtures with varying water content. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no0. 5 (112), pp. 52-58.

Keywords: grouting Portland cement, rheology,
viscosity, mathematical modeling.

Rheological models play a crucial role in predicting
the behavior of binders. A review of special literature
has revealed a lack of a unified theory of changes in the
viscosity and fluidity of cement paste. This paper presents
results of the experimental analysis of the rheological
parameters of six grouting mixtures. The results of
mathematical modeling confirm a significant influence of
the water-cement ratio on the rheology of the suspension.
The findings provide insight into the potential for studying
the flow properties of high-water-content cement pastes
and can aid in predicting the performance of grouting
mixtures under real conditions.

YIK 628.218
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Ban Tynnsan, lepexos /1. 1., Tepexosa E. JI., Maiinw III. B.
YucreHHOEe MOJETMPOBAHME NPOIYCKHONM CIOCO6HO-
ctu gedopMIPOBAHHOIO KAaHANM3ANMOHHOIO KOJIEK-
TOPpa ¢ HeIbI0 000CHOBaHNA IpuMeHennA Meroga CIPP
A ero peMoHTa // BeCTHUK TpaXkJaHCKMX MHIXKEHEPOB.
2025. Ne 5 (112). C. 59-66.

Kniouesvte cnosa: KomnekTop, fedopmariys, MOfe-
poBaHUe, KOHEUHO-37IeMeHTHBIN aHamm3, CIPP.

ITpemcTaBneHbl JaHHbIC TEKYIIETO COCTOSHMA KaHa-
mu3annoHHbix cetell B I. Hankumne KHP. B pesynbrare
YACThIX 3eMJIETPSACEHMI HA yJaCTKAaX KaHaIM3alMOHHON
CeT! Yalle BCErO BCTPEYAOTCA M3TOMBI IPOZIOTHHOTO
npo¢pwia. B kauecTBe BO3MOXKHOTO METOHA BOCCTAHOB-
neHnA mpepyaraetca npumeHenue Mertoma CIPP. [lna
oLeHKY 3PPEeKTUBHOCTY BOCCTAHOBIICHMSI YYaCTKA CETH
¢ nmomopio Metona CIPP onpepnenens! ruppasmmdeckue
XapaKTePUCTUKM TPYOOIIPpOBOIAa B YCIOBMUAX HOBOTO
mpoduIA U BBIIOTHEH KOHEYHO-3/IEMEHTHBIIT aHAIN3 fie-
($hopMMPOBAaHHOTO y4acTKa KomIeKTopa. Llenbio uccmemo-
BAHIA ABJIACTCA OIpeNe/ieHNe BINAHNA CTeIIeHN BepTH-
Ka/IbHOM fiepopmanimu TpyOOIIpOBOa Ha €ro IUApPaB/IM-
YecKye XapaKTepUCTUKN. [I/Is OLleHK) KauecTBa MOfie/b-

HBIX PaCYeTOB JCIIOIb30BANNCH JaHHBIE TaO60PATOPHOrO
9KCHEPVMEHTa Ha MacmITaOHON MOZEMN KOMIEKTOpa,
KOTOpBIE TTOKa3a/Iy XOPOMIYI0 CXOAMMOCTD C MOJE/TbHbI-
My pacuéramu. [lonydeHHBIE pe3y/IbTaThI O3BOJAT pas-
paborarb pekoMeHganuu 1Mo mpumeHennio meroma CIPP
LY peMOHTe KaHa/IM3alMOHHbBIX KOJIEKTOPOB C fedop-
Malyeit MPOKONbHOTO Mpodus U MOBBICUTD 3 PexTHB-
HOCTD pabOTbI KAHAMN3ALIOHHON CUCTEMBI.
Vin.: 10. Bubmuorp.: 6 HasBs.

Wang Dongliang, Terekhov L. D., Terekhova E. L.,
Mayny Sh. B. Numerical modeling of flow capacity in
a deformed sanitary sewer collector to substantiate
the use of the CIPP method for its repair. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 5 (112), pp. 59-66.

Keywords: sewer collector, deformation, modeling,
finite element analysis, CIPP.

This paper presents an assessment of the current
condition of sanitary sewer systems in the city of Nanjing,
China. As a result of frequent seismic activity, there are
observed widespread longitudinal profile fractures across
sewer network segments. The authors propose using
the Cured-In-Place Pipe (CIPP) rehabilitation method
as a viable repair solution. In order to evaluate the
effectiveness of the of the network section repair using the
CIPP method, the hydraulic characteristics of the pipeline
were determined under the conditions of a new profile.
Through the finite element analysis (FEA) there was
determined the condition of the deformed collector sewer
section. The purpose of the study is to determine the
effect of the degree of vertical deformation of the pipeline
on its hydraulic characteristics. To assess the quality of
model calculations, data from a laboratory experiment
on a scale model of the collector were used, which
showed good convergence with computational results.
The results obtained will make it possible to develop
recommendations for the use of the CIPP method in the
repair of sewers with longitudinal profile deformation and
increase the efficiency of the sewer system.

VIIK 697.98
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Micun Xesoii. ViccnemoBanue yCTpOCTBA LA OYMCT-
KII BO3JyXa OT CBAPOYHOTO a3p0307:A // BecTHUK Tpax-
IDaHCKUX nHXeHepos. 2025. Ne 5 (112). C. 67-76.

Kntouesvie cnosa: BeHTUIALNA, CBAPOYHBIIT a9P0O30/1b,
HepeBIDKHOE YCTPOIICTBO, YMC/IEHHbIT 9KCIIEPYIMEHT.

[TpexmeToM MCCIENOBAHMS SIBIISICTCS IPOLIECC OUUCT-
KJ1 BO3JIyXa OT TBEPABIX YaCTUL] CBAPOYHOTO a3PO30JiA B
CBapOYHOM IfeXe. BpIrtonHeH aHanus g1ucrnepcHoro cocra-
Ba CBapOYHOrO aspo3osist. [list obecriedenust Hopmupye-
MOTO Ka4ecTBa BO3lyXa B IIOMEIeHISIX CBAPOYHBIX LIEXOB
IIPEIOXKEHO HOMOMHEeHMe 00111e00MEHHOI CHCTEMBI BEH-
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TWIALVY TIEPEJBIDKHBIM YCTPOICTBOM I cOOpa IbIIK
¢ ¢unbrpom. IlpencTaBieH HOBBI TUI TEPESBIKHOTO
YCTPOICTBA J/IA OYMCTKM BO3AYXa OT TBEPALIX YACTUII.
[TpepnoskeHpl ueTbIpe BapyMaHTa KOHCTPYKLUM IIepe-
IBVDKHOTO JIOKAJIbHOrO arperara: 0a3oBas KOHCTPYKLMA
6€3 TOMONMHUTENbHDBIX 9MEMEHTOB /sl MepeMelIBaHIL;
C OHO- M JIBYXCJIOMHOM CETKOI; ¢ ABYMsA JIONACTAMU U
ceTKOM Mexpy Humn. [Ins 060cHOBaHUS BBIOOpa Ham-
6ormee paLMOHATBHOTO BapuaHTa BBITOTHEHO YMCITEH-
HO€ MOJe/IMPOBaHMe IPOILeCCOB B3aMMOEICTBUA ra3a
" SKMIKOCTM B TUAPOAMHAMIYECKOM KoMmImekce ANSYS
Fluent. ITormy4eHbI pe3y/IbTaThbl YMC/ICHHOTO 9KCIICPUMEH-
Ta B BUZE TUIOLIAM KOHTAKTa Ia3—KWUIKOCTD ST KaXK-
IOro BapMaHTa, MOATBEP)KAAIOIME Le7IeCO00pasHOCTD
VICTIONb30BAHNUA BapMaHTa C ABYMs JIOTTACTAMU U CETKOM
MEXJy HIMM, B KOTOPOM ObecIeunBaeTcss Hanbo/bias
TUTOIIA/Ib KOHTAKTA Ta3a M XKUIKOCTI.
Vin.: 8. Bubmuorp.: 20 Ha3B.

Jin Hewei. Examination of device for air purification
from welding aerosol. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2025, n0. 5 (112),
pp. 67-76.

Keywords: ventilation, welding aerosol, mobile device,
numerical experiment.

The subject of research is the process of air purification
from solid particles of welding aerosol in the welding
workshop. There was performed an analysis of the
dispersed composition of the welding aerosol. To ensure
the standardized air quality in the premises of welding
shops, it is proposed to supplement the general ventilation
system with a mobile device for collecting dust with a
filter. A new type of mobile device for purification of
air from solid particles is presented. There are proposed
four versions of the mobile local unit design: basic design
without additional elements for mixing; a design with one-
and two-layer mesh; with two blades and mesh between
them. In order to justify the choice of the most rational
option, numerical modeling of gas-liquid interaction
processes in the ANSYS Fluent hydrodynamic complex
was performed. There are obtained results of a numerical
experiment in the form of a gas-liquid contact area for
each option confirming the feasibility of using an option
with two blades and a mesh between them, in which the
largest gas-liquid contact area is provided.

YIK 697.978:621.577.64
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Ilempos M. M. KoMniiekcHoe MoeTupoBaHie Npu-
TOYHO-BBITSDKHOM YCTAaHOBKM CO BCTPamMBaeMbIM Te-
IIOBBIM HacOCOM // BeCTHUK rpaXkJaHCKMX TH)KEHEPOB.
2025. Ne 5 (112). C. 77-89.

Knwouesvie c106a: BeHTUIALYA, YTUIN3ALUA TETIIOTHI,
BOS3JIYLIHbIII TETIOBOM HACOC.

PaccmarpmBaroTca pesynbTaThl MMMTALMIOHHOTO MO-
IeMMPOBAHNS CUCTEMbl YTWIM3ALMM TEIUIOTHI Ha 6ase
BO3fyuHOro rtemiosoro Hacoca (BTH), BcrpauBaemo-
ro B IIPUTOYHO-BBITDKHYI0 ycTaHOBKY (IIBY) cucremsr
BeHTUALUN. [Io/ydeHbI 3aBUCMMOCTI pabOThI BCTpan-
Baemoro BTH B IIBY npu pasnnysbpIx ee KOMIOHOBKAX.
CHIDKEHIE TeMIlepaTypbl HApy>KHOTO BO3/IyXa OKa3bIBa-
eT CYLeCTBEHHOe BIMAHMe Ha Koo duiment mpeobpa-
sosanus sHepruu (KII9) BTH. B IIBY ¢ yrummsatopom
«BO3IyX—-BO3AyX» IpU yCTaHOBKe KoHaeHcaTopa BTH B
KaHasie IIPUTOYHOTO BO3AyXa MOC/IE yTUIN3ATOPa, a MC-
TapuTeNsA B KaHajle BBITSDKHOTO Bo3gyxa o Hero KIID co
CHIDKEHMEM TeMIlepaTypbl Hapy>KHOI'O BO3JyXa BO3pac-
TaeT, HO IIPM IIepeHOCEe UCTIAPUTE/IA 32 YyTUTU3ATOP «BO3-
nyx-Bo3nyx» KIIO cumxaerca. Buenpenue BTH B IIBY
CONPOBOXKAAETCA BO3POCIINM a3POANHAMITIECKUM CO-
IIPOTUBJIEHIEM, Ha IIPeOfoJIeHIle KOTOPOro Heobxonyma
TOIOHUTENbHASA 3MIEKTPUYECKas MOLIHOCTD, IOfIBOAM-
Masi K BEHTUIATOpaM, 4To cHinkaeT KIIO xonopmnbHoil
mauabl. [Ipumenenne BTH B cocrase IIBY naer nosbi-
IIeHMe TeMIIepaTypHOIl 3 (eKTMBHOCTY BeHTUIALVOH-
HOIT ycTaHOBKM Ha 15-30 %, a coBMeCTHOE IpUMEHEHMe
BTH ¢ yTunmnsaTtopoM «BO3AyX—BO3/yX» O3BOJIAET CHU-
3UTh 9HEpProsaTparsl Ha 25-60 %.

Vn.: 12. Bubmmorp.: 19 Ha3s.

Petrov M. M. Comprehensive modeling of a supply
and exhaust air unit with an integrated heat pump.
Vestnik grazhdanskikh inzhenerov - Bulletin of Civil
Engineers, 2025, no. 5 (112), pp. 77-89.

Keywords: ventilation, heat recovery, air heat pump.

The article discusses the results of simulation modeling
of a heat recovery system based on an air-to-air heat
pump (AHP) integrated into an air handling unit (AHU)
ventilation system. The dependences of the operation of
the built-in AHP in the AHU with their various layouts
are obtained. A decrease in outdoor air temperature has a
significant effect on the coefficient of performance (COP)
of AHP. In an AHU with an air-to-air utilizer, when
installing the AHP condenser in the supply air duct after
the utilizer, and the evaporator in the exhaust air duct
before it, the COP increases with a decrease in outdoor
air temperature, but when the evaporator is transferred
behind the air-to-air utilizer, the COP decreases. The
introduction of AHP into the AHU is accompanied by
increased aerodynamic drag, which requires additional
electrical power supplied to the fans, which reduces the
efficiency of the refrigerating machine. The use of AHP as
part of the AHU increases the temperature efficiency of
the ventilation unit by 15-30 %, and the combined AHP
with the air-to-air utilizer reduces energy consumption by
25-60 %.
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Kniouesvle cnosa: maporasoBble BBIOPOCDHI, BpeLHBIE
BelljeCTBa, TepMudeckoe obe3BpexuBanue, 3¢QexTus-
HOCTb, OXpaHa aTMOC]EpBI.

B craTtbe mpencTaBienbl pesynbTaThl MCCIENOBAHNIA,
LIe/IbI0 KOTOPBIX AB/IAETCA IOBbILIeHNE 3G (eKTUBHOCTH
TEPMUIECKOTO 00Ee3BPEXKMBaHNA IapOra3oBbIX BBIOPO-
coB. JInA aTOro paccMOTpeHB! 3afauu 3¢ QeKTUBHOTO
OKJCTIEHVSI OPTaHNYeCKUX BPeIHbIX BEIeCTB B TIIAMEHN
TOpAIIETO ra30BOrO TOIIMBA. B OCHOBY MeTomonormu
paboThl TONIOKEHO TeOpeTUUeCcKoe MCCIefOBaHMe IIO-
CTIefIOBaTe/IbHbIX 3TAIIOB OKMCIEHNA OPTaHMKM B YCIIO-
BUAX NTAPaJITIE/IbHO Pa3BMBAIOLINXCA IPOLIECCOB TOPEHMA
OCHOBHOT'O TOIUIVBA. BBINOTHEH aHa/IN3 MUTEepaTypHBIX
IaHHBIX 110 9P PEeKTUBHOCTU TEPMUIECKOIO 00e3BPeKN-
BaHMA U IIPeJJIOKeHa MOJIe/Tb ITPOoIiecca Ha OCHOBE JMHa-
Mudeckoro noxpxozna. IIpoananmsmpoBano KOMIUIEKCHOE
BO3JIeJICTBIE Pa3/IIYHbIX (aKTOPOB BIMAHNUA Ha OBeTe-
Hye 00e3BpeXIBaeMOro BelecTa B Iwiamenu. Omnpere-
neHa 9 (PeKTUBHOCTb BapUAHTOB TOAYM MAPOTa30BbIX
BBIOPOCOB B yCTAHOBKM 00€3BPEKUBAHUS N 00OCHOBAH
IIpeNIOYTUTE/IbHbII BAPMAHT C IOAMENIMBAHUEM BbI-
OPOCOB HEIIOCPEACTBEHHO B [YTbEeBOI BO3LYX rOPEIOd-
HBIX yCTpoiicTB. HayuHble 1 IpaKTHyecKye pe3ynbTaTbl
paboTBl [Al0T BO3MOXXHOCTD 3HAYUTEIBHO MOBBICUTD
9} PeKTUBHOCTD YCTAHOBOK TEPMUYECKOTO 00E3BPEKU-
BaHUA [IAPOra30BBIX BBIOPOCOB, COEPKAINX BPELHBIE
OpraHMvecKye BeIlecTBa, U OOIIMe MOKa3aTe/M OXPaHbl
arMoc(epHOro BO3/yXa.
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and atmosphere protection: some issues of theory
and practice of formation and neutralization of harmful
substances. Vestnik grazhdanskikh inzhenerov - Bulletin
of Civil Engineers, 2025, no. 5 (112), pp. 90-97.

Keywords: gas-vapor emissions, harmful substances,
thermal neutralization, efficiency, protection of the
atmosphere.

The article presents the results of studies aimed at in
creasing the efficiency of thermal neutralization of gas-
vapor emissions. For this purpose, the problems of efficient
oxidation of organic harmful substances in the flame of
burning gas fuel are considered. The methodology of the
work is based on a theoretical study of successive stages of
organic oxidation under conditions of parallel developing
processes of combustion of the main fuel. An analysis
of special literature data on the efficiency of thermal

neutralization is performed and a model of the process
based on a dynamic approach is proposed. A complex
effect of various factors influencing the behavior of the
neutralized substance in flame is analyzed. The efficiency of
options for feeding gas-vapor emissions to neutralization
units is determined and the preferred option with mixing
emissions directly into the blast air of burner devices is
substantiated. Scientific and practical results of the work
make it possible to significantly increase the efficiency of
units for thermal neutralization of gas-vapor emissions
containing harmful organic substances, and general
indicators of atmospheric air protection.
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POCTU TPAHCHOPTHOTO HOTOKA B CBOOOIHBIX YCTOBUAX
HA OCHOBEC JAHHBIX, HOCTYIAIMINX OT CTALIIOHAPHOTO
PaMOIOKAIOHHOTO IeTeKTopa // BecTHUMK rpakiaH-
CKUX MHXXeHepoB. 2025. Ne 5 (112). C. 98-110.

Kniouesvie cnosa: ypoBeHb 00CTy>KUBaHMA, CKOPOCTDb
B YCTIOBMAX CBOOOIHOTO JBYDKEHNA, OMarpaMma TpaHc-
HIOPTHOTO II0TOKA, PAJIMOIOKALIMOHHBII IeTeKTOP.

B HacTosIee BpeMs METORUYECKUMM TOKYMEHTAMU
Munncrepctsa TpaHcropra P® mpemycmarpuBaercsa
OLICHKa YPOBHA OOCTY)XMBAaHUA JOPO>KHOTO IBIDKEHUA,
HPeJICTaBIIALIEro COO0I OTHOIIEHNE CPEHEN CKOPOCTH
TBJDKEHNA TIOTOKAa TPAHCIOPTHBIX CPENCTB K €ro CKo-
pocTu B CBOOOZHBIX yCIOBMAX. B crarbe Teopermueckn
000CHOBBIBACTCA Y IKCIIEPUMEHTAIBHO IIOATBEPKAACTCA
BO3MOYXHOCTD OLICHKM CKOPOCTI B CBOOOJHBIX YC/IOBU-
AX Ha OCHOBE JJAHHBIX PafIUONOKAI[IOHHBIX JIeTeKTOPOB.
3HaYeHMe CKOPOCTH B CBOOOJHBIX YC/IOBUSAX OLICHMUBACT-
€51 KaK Koo PUIINEeHT TMHEIHOI perpeccOHHOI MOeIN
«MHTEHCUBHOCTb—IIOTHOCTD», IIO/IY9aeMON JyIg HUBKMX
3HAYeHWIT MTHTEHCUBHOCTY [IBVDKEHMA.

Tabm.: 4. Vin.: 7. Bubmuorp.: 25 Ha3B.

Mikhailov A. Yu., Tarakhovskii I. 1. Estimation
of traffic flow speed in free conditions based
on the data from a stationary radar detector. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 5 (112), pp. 98-110.

Keywords: level of service, free flow speed, traffic flow
diagram, radar detector.

Currently the Russian Ministry of Transport manuals
require assessing the level of service of traffic flow, which is
the ratio of the average traffic speed to its speed under free-
flowing conditions. This article theoretically substantiates
and experimentally validates the feasibility of estimating
traffic free flow speed in free conditions using radar
detector data. The free flow speed value is estimated as the
coefficient of the intensity-density linear regression model
obtained for low traffic intensities.
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Xonmvwes H. B., Munosanos A. B., IIpoxopos A. B.,
Beouwies C. M. VIMnTanuoHHasi MOJENb MPUBOLA aB-
TOMOOWMIA // BeCTHUK TpaXJaHCKNX MH>KeHepoB. 2025.
Ne5(112). C. 111-120.

Kniouesvte cnosa: 1udpoBoil OBOIHNK, TPUBOL, aB-
TOMOOWJIS, 9KCITyaTalMIOHHbIE CBOJCTBA aBTOMOOWIIA,
SimInTech.

[TpuBopATCA ommcaHue ¥ OCHOBHbIE (YHKIIMU MMU-
TAIIMOHHON MOJIeNM HPUBOJA TPAHCIOPTHOTO CPENCTBA,
paspaborannoii B cpege SimInTech. B ocnoBy Mogenu mo-
JIO’KeHa YTOYHEeHHasA MeTOIUKA pacyeTa TATOBO-IMHAMU-
YeCKIX CBOIICTB aBTOMOOWIs. Moze/ib T03BOJISIET Omepa-
TUBHO BBIYVC/IATD MOTPEOHYI0 MOIHOCTD ABUIATEIA IO
TpefyeMoli MaKCHMaTbHOI CKOPOCTH C YYeTOM YCTIOBMIL
IBIDKEHNUA 1M HarpykeHnsa. OHa TakkKe TpeoOCTaBIIAeT
Gonblire BO3MOXKHOCTM IIPOBEEHMA YMC/ICHHBIX 9KC-
MIePUMEHTOB IO MCC/IEHOBAHUIO BIVAHNUA YCTIOBUI JBU-
JKEHIS Ha pe>XUMbI paboTbl aBTOMOOMIA. B pabore mpu-
BeJIeHbI Pe3y/IbTaThl YMC/IEHHOTO IKCIIepUMEeHTa 110 OIIpe-
TeNIeHNI0 BIUAHNA yITIa IPONONbHOrO HAK/IOHA JOPOTITH,
CKOPOCTY ¥ HAIIPABJEHMA BeTpa HA BEINYMHY pacxona
TOIIIVBA HA 3aJaHHOM ITy T

Vin.: 6. bubmuorp.: 15 Ha3s.

Holshev N. V., Milovanov A. V., Prokhorov A. V.,
Vedishchev S. M. Vehicle drive simulation model. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 5 (112), pp. 111-120.

Keywords: digital twin, vehicle drive, vehicle
performance characteristics, SimInTech environment.

The article provides a description and main functions
of the simulation model of a vehicle drive developed in
the SimInTech environment. The model is based on a
refined method for calculating the traction and dynamic
properties of the vehicle. The model allows quickly
calculating the required engine power according to
the required maximum speed, taking into account the
conditions of movement and loading. It also provides
great opportunities to conduct numerical experiments to
study the effect of driving conditions on vehicle operating
modes. The paper presents the results of a numerical
test to determine the effect of the angle of longitudinal
inclination of the road, wind speed and direction on the
value of fuel consumption on a given path.
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Acayn A. H., Iposdosa U. B., Toxynosa I. O. IBo-
JTIONMA YCTOMYMBOIO ¥ IUKINYECKOTO YIIPABICHILA
orxogamu // BeCTHUK TpaKHaHCKUX MHXeHepos. 2025.
Ne 5 (112). C. 121-130.

Kniouesvle cnosa: obpalienne ¢ OTXOfaMu, yTUIN3A-
I[OHHASA MOJieNb, MHAYCTPUA MepepabOoTKH, IMPKYILAp-
HaA 9KOHOMMKaA, YCTOﬁI‘I]/IBOC YIIpaBJIEHNE OTXOOaMMU.

[TpencTaBneHa BOMIONA MMPOBOTO U OTEYECTBEH-
HOTO OIIbITA OOpAlLeHNs C OTXOHAMIL: OT MOZENIU «yfia-
JIEHUS OTXOZIOB» K PeCypCOOPMEHTUPOBAHHON MO
«yIpaB/IeHUsI OTXOJAMIU» C OPMEHTALMel Ha SKOHOMUKY
3aMKHyTOro Lukaa. VccinemoBaH reHesuc ¢popMmpoBa-
HVIA TIPOMBINVIEHHOTO CETMEHTA B CUCTEME YIIPaB/I€HUA
obpamiennem c orxomamu. IlokasaHo TpaHcHOpPMAIIMOH-
HOe Pa3BUTIIE POCCHUIICKOI CUCTeMBI B 9TOM cdepe, faHa
OlLleHKa «MycopHOll pedopme»r. CremaHo sakmodeHue,
YTO IIPK YCIOBUM COMETAHMSI HAYYHO 000CHOBAHHOI I10-
TUTHKY, 3(G(EKTUBHBIX TEXHOMOIMIA, 3KOHOMUYECKUX
CTUMY/IOB ¥ OTBETCTBEHHOrO OTHOIIEHNA OOlIecTBa
MOXKHO JOCTMYDb YCTOIYMBOrO YIpaBleHUs paboToil
C OTXOJAMIL

Vin.: 2. bubnuorp.: 18 Hass.
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of sustainable and circular waste management. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 5 (112), pp. 121-130.

Keywords: waste management, recycling model,
recycling industry, circular economy, sustainable waste
management.

The article considers the issues associated with evolution
of global and societal waste management practices,
transitioning from a «disposal-oriented model» to
a resource-focused model aligned with the principles
of a circular economy, the genesis of the formation of
an industrial segment in a waste management system is
investigated. The transformational development of the
Russian system in this area is considered, an assessment of
the «garbage reform» is given. It is concluded that, subject
to a combination of evidence-based policies, effective
technologies, economic incentives and a responsible
attitude of society, sustainable waste management can be
achieved.
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SAX MMIOpTOo3aMeniennsa // BeCTHUK IpaXaHCKMX UH-
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KOMITOHEHTHas 0asa, yOBIETBOPEHHOCTb 3aKa34MKOB,
TOCYHZApCTBEHHDBIC 3aKyTIKM, TEXHOMOTMYecKas He3aBU-
CHMOCTD, cepTUUKaLUA IOCTaBOK, HAJIOrOBas JIOKasIy-
3a1uA, KpUTIYeCKle KOMIIOHEHTEL, II1$poBoit Ipodub
MOCTABIIMKA, OIleHKa KauyeCTBa.
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IIpepcraBieH aHaIM3 MHCTUTYLMOHANIDHDBIX, TEXHO-
JIOTUYECKNX U TOBEfIeHUeCKNX (PaKTOPOB, BIUAIIIUX Ha
VIOBTETBOPEHHOCTb 3aKa34YMKOB MPM 3aKyNKax 9JeK-
TPOHHOIT KOMIIOHeHTHOII 6asbl (OKB) B ycrmoBusix momu-
TUKY uMHopro3aMentenuns. Ocoboe BHUMAHUE YIEMICHO
BBIAB/ICHNUIO Pa3pbIBa M)XKy HOMEHK/IATYPHOI TOKaIIN-
3aLueil U peaqbHOM (PyHKLMOHATbHOM He3aBICUMOCTBIO,
KOTOPBIiT 0COOEHHO KPUTIUEH IS CHCTEMOOOPA3YIOLIIX
KOMIIOHEHTOB  Pa/jMO3/ICKTPOHHOIM MpoxgyKuuu. Pac-
CMOTPEHBI CTaTUCTHYECKNE [JaHHbIe O TpaHChOpMALUN
CTPYKTypbl umiiopta B 2021-2025 rT., Keiicbl 3aKYIIOK
IS IPOJYKIMHU 060POHHO-IIPOMBIIIIEHHOTO KOMITIEKCA
(OIIK). Omucansl pacyersl Ko3dgduimeHTa HaIOrOBOM
JIOKa/IN3alny, MO3BOAIOLINE OLIEHNBATb BK/IaJ MOCTaB-
KU B HALIVIOHATbHYIO 9KOHOMIKY depe3 puamy (uckaib-
HOTO BO3Bpara. BhLAB/IEHBI Gapbepsl, MPEISITCTBYIOLIIE
(HOpMMPOBAHMIO YCTOMYMBOM CUCTEMBI MMIIOPTO3aMe-
I[AOIIMX 3aKYIIOK U BK/TIOYAIOIINE MHCTUTYIVIOHAIbHYIO
aCYMMETPHIO, TEXHOTIOTMYECKYIO 3aBIUCHMOCTD OT KPUTH-
YeCKIX KOMIIOHEHTOB U OTCYTCTBIUE BOCIIPOM3BOIVIMBIX
MeXaHU3MOB OLieHKM oOparHoit cBasu. OOocHOBaHa He-
06XOIMMOCTD Tepexofa OT GpOpManbHBIX HOPMATUBHBIX
KPUTEPUEB K SMIMPUYECKN BepuUIMPYeMOil CICTeMe
yIpaBIeHNsA 3allpocaMU 3aKas3dMKoB. IIpemnoxxeHa aB-
TOpCKas TPeXypOBHeBas METOLUKA KOMIUICKCHOI OLleH-
KU Y/IOBIETBOPEHHOCTH, BK/IIOYAIOIIAS IIPEABAPUTEID-
HYIO CepTH(UKALNIO, SIKOHOMIIECKYIO KabKY/IALUIO U
[IOCTKOHTPAKTHBIII AHAIN3 OT3BIBOB, MHTETPUPYEMBIX
B 111ppoBoIt mpoduIb moCTaBIYKA.

Tabm.: 4. Vin.: 2. bubmumorp.: 10 Hass.
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comprehensive assessment of customer satisfaction
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Keywords: import substitution, electronic component
base, customer satisfaction, public procurement,
technological independence, supply certification, tax
localization, critical components, digital supplier profile,
quality assessment.

An analysis is presented of the institutional,
technological, and behavioral factors influencing
customer satisfaction in the procurement of electronic
component bases (ECB) under the import-substitution
policy. Particular attention is paid to identifying the gap
between nomenclature-based localization and actual
functional independence, which is especially critical for
system-forming components of radio-electronic products.
Statistical data are examined on the transformation
of import structures during 2021-2025, along with
procurement cases for the defense-industrial complex
(DIC). Calculations of the tax localization coefficient

are described, enabling the assessment of a supplier’s
contribution to the national economy through the lens
of fiscal return. Barriers impeding the formation of a
sustainable import-substitution procurement system
are identified, including institutional asymmetry,
technological dependence on critical components,
and the absence of reproducible feedback-assessment
mechanisms. The need is substantiated for a transition
from formal regulatory criteria to an empirically verifiable
system for managing customer requirements. The author
proposes a three-level methodology for comprehensive
satisfaction assessment, encompassing preliminary
certification, economic calculation, and post-contract
feedback analysis integrated into the supplier’s digital
profile.
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C. 141-151.

Kniouesvie cnosa: xommyHanbHass WMHQPACTPYKTY-
Pa, TOCYZapCTBEHHO-YaCTHOE ITAPTHEPCTBO, KOHIIECCU,
eIVHBIIT OIIepaTop, pecypcocHabKaroline OpraHu3aIumn.

PaccmoTpeHa akTyanbHasA MpobieMa M3HOCA M Head-
(eKTMBHOIO yIpaBjIeHNsI KOMMYHa/IbHOM MHQpacTpyK-
TYpOIl B ManbIx ropogax Poccun, Tpebyromas IpuHsITIs
CHCTeMHBIX pemeHui. OfHOI M3 NEPCHEKTVBHBIX Mep
AB/IAETCA BHEpPEHNME MOMEMU EAWHOTO oIepaTopa —
XOJIINHTOBBIX CTPYKTYP, B PaMKaX KOTOPBIX CO3[JAI0TCS
¢dumnanpl B HeOOMBIINX HACETEHHBIX ITYHKTAX Ha OCHOBE
KOHI[€CCMOHHBIX COIIANIEHNIT, B b (PYHKIINU OYIET BXO-
IOUTH pelIeHre IPOU3BOACTBEHHDIX 3ajjad U peannsanys
VMHBECTULMOHHBIX U PEMOHTHBIX IIPOrpaMM, KOTOpbIe
HarpaBsjIeHbl Ha OOHOBJIEHIIE OCHOBHBIX GoHIOB. [IpuBe-
IeH aHa/M3 TPeGOBaHMIT 3aKOHOATEIbCTBA K KOHIIECCH -
OHHBIM ITPOEKTaM, PE3yIbTAaTOB HAYIHbIX MCCIETOBaHNIA
110 BOIIPOCAM MX peajm3alyi, pacKpbITbl 0COOCHHOCTI
Hayajia OIEPalMOHHOI M MHBECTUI[MOHHON esATENbHO-
cTi pecypcocHabxaromeit opraunsaunn. [1o utoram mc-
CIefoBaHIA pa3paboTaHa IPOLleCCHasA MOJENb CO3aHNA
($uIManoB egyHOro olepaTopa B paMKax KOHILIeCCHUIL.

Ta6m.: 1. Vin.: 1. bubmuorp.: 11 Hass.

Ustinov O. V. Process model of creating branches
of a single operator within the framework
of concession. Vestnik grazhdanskikh inzhenerov -
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Keywords: communal infrastructure, public-private
partnership, concession, single operator, resource supply
organizations.

The article considers the problem of deterioration
and inefficient management of municipal infrastructure
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in small towns of Russia, which requires systemic
solutions. One of the promising measures is the
introduction of a single operator model, namely, holding
structures, within which branches are created in small
settlements on the basis of concession agreements,
whose functions will include solving production
problems and implementing investment and repair
programs aimed at updating fixed assets. An analysis of

the requirements of the legislation for concession projects,
the results of scientific research on their implementation is
presented, the features of the beginning of the operational
and investment activities of the resource supplying
organization are disclosed. Based on the results of the
study, there has been developed a process model for the
implementation of branches of a single operator within
the framework of the concession.



