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Kosamv II. C., Yepnvix A. I, Hanunoe E. B., Kné-
6an B. 1., Benos B. B. O pa6oTe cOCTaBHBIX IBYTaBpO-
BBIX 0a/IOK CO CTEHKOIT U3 NPO(IINpPOBaHHOIO CTAb-
HOTO JIVICTA M MOACAMI M3 OJHOHAIIPABIEHHOIO KIee-
HOTO IIOHA // BeCTHNUK Ipa)kTaHCKUX MH>KeHepoB. 2022,
Ne 6 (95). C. 5-9.

Kntouesvie cnosa: nepeBsHHbIE KOHCTPYKLIMM, CO-
CTaBHble 0ajKy, IOfAT/IMBBIE CBSI3M, HANPSDKEHHO-
IedOopMUPOBaHHOE COCTOSHIE.

[TpoBopMTCSL TeopeTMYecKuit aHanma paboTsl CO-
CTaBHBIX MeTA/UIOfICPeBAHHBIX JIBYTaBPOBBIX 0a/oK
CO CTEHKOII U3 CTAIbHOrO MPOGUIMPOBAHHOTO JIMCTA
U I0sCAaMM U3 OJHOHAIIPAB/IIEHHOIO KJIEEHOTO IIIIOHA
(LVL). Ha ocHOBe K/1accu4ecKoil TeOpuy COCTaBHbIX Jie-
PEBSAHHBIX CTep)KHEN Ha IOJJaT/IMBbIX CBA3SX, BbIBEIEH-
ot I1. ®. ITnemkoBsiM, A. P. P)KaHUIIBIHBIM, BBIBEJEHO
JMHEeTHOe HeofHOponHOe ArddepeHIanbHOe ypaBHe-
HIe mM3rnba COCTaBHOI OaKy, KOMOMHUPOBAHHON 13
roppypOBaHHOI CTasN, fPEeBECUHBI ¥ MaTepManIoB Ha ee
OCHOBe. YKa3aHbl BEJIMYNMHBI, TpeOyIoliye 9KCIepyMeH-
Ta/IbHOTO OIIpeJie/IeHNsl X 3HA4eHMIT /1A JAHHOTO THUIIA
KOHCTPYKIWiT (K09 UIMEHT JKeCTKOCTH IIBa, IIPUBe-
IeHHBIIT MORY/Ib YIPYTOCTH Lie/IbHOI 6aKmt).

Vin.: 1. bubmuorp.: 18 Ha3s.

Koval P. S., Chernykh A. G., Danilov E. V., Klevan V. L,
Belov V. V. Regarding the performance of composite
metal and timber I-beams with a wall of corrugated
steel sheet and belts of laminated veneer lumber. Vestnik
grazhdanskikh inzhenerov — Bulletin of Civil Engineers,
2022, no. 6 (95), pp. 5-9.

Keywords: timber structures, composite beams,
compliance joints, stress-strain state.

The article presents theoretical analysis of the
performance of composite metal and timber I-beams with
a wall of corrugated steel sheet and belts of laminated
veneer lumber (LVL). Based on the classical theory of
composite timber beams with compliance joints developed
by P. E Pleshkov and A. R. Rzhanitsyn, there has been
derived the linear inhomogeneous differential equation
of bending of composite beam made of corrugated steel,
timber and timber-based materials. There are indicated
the modules requiring of experimental determination of
their values for this type of structures (namely, the joint

stiffness coeflicient, the reduced modulus of solid beam
elasticity).
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Kpasuyx B. A., Kpasuyx E. B. PaboTa TOHKOCTEHHBIX
CTA/IbHBIX CTepP)KHell, IPefBapUTeTbHO HANIPSKEHHDBIX
BBITSOKKONM CTEHKM, IPM CIyYaliHbIX AUHAMMYECKMUX
BO3/IeiicTBUAX // BeCTHMK TpaKHZaHCKUX JH)KEHEPOB.
2022. Ne 6 (95). C. 10-20.

Kntouesvie cnosa: TpenBapuTeNbHOE HAIPSDKEHMNE,
KPYroBas 4acTOTa, yI7I0Bas CKOPOCTD, EAVHNYHBII II0BO-
POT cedeHust, cBOOOHBIE KomebaHms GamokK.

Omican crnoco6 INpeABapUTENIbHOTO HAIPsDKEHUA
TOHKOCTEHHBIX 020K aCHMMETPUYHOTO IOIEPEeYHOro
Ce4yeHNs. YCTAHOBJIEHBI IapaMeTphl HANPsKEHHOIO M
eOpMMPOBAHHOIO COCTOSHMSA CTEpXKHEL. DHepreTu-
YeCKMM METOJOM, IIOCPEICTBOM CpaBHEHNUA KUHETH-
YeCKOil ¥ IMOTEHLMANbHOM 3HEPIMil COCTABHBIX CTEpPXK-
Hell OIpefie/ieHbl KPyroBas 4acToTa, YIJIOBasA CKOPOCTb
OOBIYHBIX U [IPEABAPUTEIBHO HAMPSDKEHHBIX OAJIOK IIpK
Harpy>KeHUM MX €[NMHUYHOJM Harpyskoil. VIsydyeHo Ha-
IpsDKeHHOe 1 TeOpMUPOBAHHOE COCTOSIHUE OOBIYHBIX
U IIpeBapUTeIbHO HAIPSHKEHHBIX CTa/JIbHBIX 0a/lOK IIpK
BHE3aIIHOM €[MHIMYHOM II0BOPOTE CeYeHMs OIIOPHOTO
y3/a. YCTaHOBJ/IEHO, YTO IPefIBapUTEIbHOE HaIPsDKEHME
He OKasblBaeT BJIVMAHME Ha HalpsDKeHHoe M jedopmu-
POBAaHHOE COCTOsIHME OIOPHBIX Y3710B. MakcummanbHOE
BIMAHME TIPeJBapUTENbHOIO HANPSKEHNUs YCTAaHOBJIEHO
B 30HE MAKCHMAaJIbHOTO MOMEHTA OT BHEIITHell Harpy3KIl.
Hecymas crioco6HOCTh 6aI0K MEHSIETCsI He3HAYNTEIBHO
IIpY BHE3AITHOM €IMHMYHOM IIOBOPOTE OIIOPHBIX Y37I0B.

Wn.: 4. Bubnuorp.: 21 Ha3B.

Kravchuk V. A., Kravchuk E. V. Operation of thin-
walled steel rods pre-stressed by the wall tension under
random dynamic influences . Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2022, no. 6 (95),
pp. 10-20.

Keywords: pre-stressing, circular frequency, angular
velocity, unit rotation of the section, free oscillations
of beams.

A method for prestressing thin-walled beams with an
asymmetric cross section is described. The parameters of
the stressed and strained state of the rods are established.
By comparing the kinetic and potential energies of
composite rods, the circular frequency and angular
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velocity of conventional and pre-stressed beams when
loaded with a single load are determined using the energy
method. Stressed and deformed state of ordinary and
pre-stressed steel beams under sudden single rotation of
the section of the support node has been investigated.
It has been established that pre-stressing does not affect
the stressed and strained state of the support nodes. The
maximum influence of the pre-stressing is set in the
area of the maximum moment from the external load.
The bearing capacity of the beams changes insignificantly
with a sudden single rotation of the support nodes.
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@an Y. []. OmpepneneHye NMPOYHOCTM KaMEHHBIX
KOHCTPYKIIUII METOIOM C VICIIO/Ib30BaHIEM CKOPOCTeNl
M3TUOHBIX aKyCTHMYECKUX BOMH // BecTHUK rpaxpaH-
CKMX MHXXeHepoB. 2022. Ne 6 (95). C. 21-29.

Kntouesvle cnosa: TAUTHasA KOHCTPYKLUA, KOH-
TPO/Ib Ka4eCTBa, CKOPOCTb M3IMOHBIX BOJH, (U3UKO-
MeXaHI4YeCKIe XapaKTepUCTKIL.

PaccmoTpena MeTonMKa KOHTPOJIA IIPOYHOCTY MaTe-
pMaNoB KOHCTPYKIMII IUTMTHOTO TUIIA, a MMEHHO KMp-
MIMYHON K/TAffKM C IOMOIIBI0 CKOPOCTET M3TMOHBIX BOH
IIpM MCIIONb30BAHMY MeTOfia YAapPHBIX BONH. b mpo-
BeJIeHbl 9KCIIepUMEHTA/IbHble VICCTIEOBAHN Ha HATyp-
HBIX OOBEeKTaX C y4eToM MHGpOpPMALUM O MaTepyanax
KOHCTPYKIUil (IUI0THOCTD, Koa¢¢uiuent ITyaccona u
T. 71.). IlpencraBneHHbI TOXO] MO3BOIsIET 3P deKTUB-
HO oIpefenuTb GUIUKO-MeXaHUIeCKIe XapaKTepUCTIKN
IUIMTHOM KOHCTPYKIIUY IO IMCTIEPCHOHHBIM KPUBBIM 13-
rUOHBIX BOTH B ee Matepuajie. [To pesynbraTam MUCIIbITa-
HIUIT MOYKHO IPUITH K BBIBOLY O COCTOSHUM KOHCTPYK-
Uy U pa3paboTaTh peKOMEHJAlMU II0 ee YCUICHMIO
Y PEKOHCTPYKIIVN.

Tabm.: 2. Vin.: 7. Bubmuorp.: 19 Ha3s.

Fan Ch. D. Assessing of the stone structure strength
by the method of using flexural acoustic waves'
velocities. Vestnik grazhdanskikh inzhenerov - Bulletin
of Civil Engineers, 2022, no. 6 (95), pp. 21-29.

Keywords: slab-type structure, quality control, velocity
of flexural waves, physical and mechanical characteristics.

The article considers the technique of controlling
the strength of materials of slab-type structures, namely,
the brickwork, taking into account the flexural wave
velocities, at using the impact wave method. Experimental
studies were carried out on full-scale objects, taking
into account the information about the materials of the
structures (density, Poisson's ratio, etc.). The presented
approach makes it possible to effectively determine the
physical and mechanical characteristics of a slab-type
structure from the dispersion curves of flexural waves in
its material. Based on the test results, it is possible to make

a conclusion about the structure condition and develop
recommendations for strengthening and reconstructing
the structure.
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Kamenes WM. B., Kapnos B. B., Konopamvesa JI. H.
YcroitunBocts mumnmuHgpndecknx CLT-manerneit // Bect-
HJIK TPXXJIaHCKUX MH>KeHepoB. 2022. Ne 6 (95). C. 30-38.

Knwouesvie cnosa: uymmuppuyeckre nanenyu, CLT,
¢yukuuonan  Jlarpamka,
3aKperieHue, yCTOMIMBOCTb.

B macrosmeit paboTe mMcClIefyeTcs YCTONYMBOCTD
MHOTOC/IOMHBIX IVIVMHAPUYIECKUX IaHeneil. Paccmarpu-
BaeMble 060/I0UKM — IIPSIMOYTO/IbHbIE B IIAHE, BBIIONI-
HeHHble U3 IornepevyHo-KneeHoit apesecuupl (CLT) n
UMEIOT IIapHUPHO-HENOABIDKHOE onMpaHne. B kadecTse
MatemMaTaeckon momenu uccnenoBanuss HIIC ucmons-
3yeTcsi QYHKIMOHAI HOMHON MTOTEHI[MAIbHON JHEPTUN
TebopManyy ¢ y4eTOM IONEPEYHbIX CABUIOB (MOJ/b
Tumomenko - PeiicHepa). IIpoBeneHo wncciefoBanme
YCTOMYMBOCTY TPeX KOHCTPYKLMII PasHON TeOMeTpUIL.
Ha ocHOBaHMM IIOJTy4eHHBIX JAHHBIX BBIYVMC/INTEIBHOTO
9KCIIEpPVMEHTA IIPOBeeH aHaIN3 BINSIHM YUCTIa U OPU-
EHTAINN CI0€B 0OOJIOUKY HA YCTONYMBOCTh KOHCTPYK-
uu. JJaHbI peKOMEHAAIMM MO OPUEHTALVN CIO0eB I
TTIaIKUX TTaHeTIe.

Ta6m.: 4. Vin.: 3. Bubnmorp.: 21 Hass.

LIAPHMPHO-HENOJBIHKHOE

Kamenev I. V., Karpov V. V., Kondratieva L. N. Stability
of CLT cylindrical panels. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2022, no. 6 (95),
pp- 30-38.

Keywords: cylindrical panels, CLT, stability, Lagrange
functional, hinged and rigid support.

The article considers the stability of multilayer
cylindrical panels. The shells under consideration are
rectangular in plan, made of cross-laminated timber (CLT)
and have a hinged and fixed support. As a mathematical
model for studying SSS, the total potential energy of
deformation functional is applied, taking into account
transverse shifts (Timoshenko-Reisner model). The study
of the stability of three constructions of different geometry
has been carried out. Based on the obtained data of a
computational experiment, an analysis was made of the
influence of the number and orientation of shell layers on
the stability of the structure. Recommendations on the
orientation of layers for smooth surface panels are given.
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Pasos V1. O. BnusHue TeMIepaTypbl OKpYy Karoleit
Cpenbl Ha YaCTOTHI CBOOOTHBIX KO/TeGaHMIT TOHKOCTEH-
HBIX MaruCTPANTbHBIX Fa30IPOBOJIOB GONIBIIOrO fUaMe-
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Pecpepamei

Tpa IpHU Haf3eMHON MpoKnaake // BecTHUK rpaxjaH-
CKMX MHXXeHepoB. 2022. Ne 6 (95). C. 39-46.

Kntouesvie c106a: TOHKOCTEHHBIE TPyOOIIPOBOABL,
LVIMHApPUYeCcKe 000/IOYKY, IPOLOIbHAS CKMMAIOIIAs
ciIa, onyOe3MOMEHTHas TeOpys, BIAVSAHME TeMIIepaTy-
pBI.

Viccnenyercsas BIusAHME TEMIIEPATYPbI OKPY KAIOIEN
Cpefibl Ha IMHAMUYECKMe XapaKTePUCTUKM Ha/I3eMHOTO
MAarucTpanbHOTO TPYyOOIpoBofa OGOMBIIOrO AMaMeTpa.
C ucnonp3oBaHMEM PacyeTHON CXeMbl B BHUI€ TOHKO-
CTEHHOI LMINHAPUIECKON 000TOUKI ¥ TeOMETPUIECKN
HE/IMHETHOTO BapMaHTa IOTy0e3MOMEHTHON Teopun
LVUIMHAPUYECKUX O000/T0YeK OIpEeHensioTCs YacTOTBI
CBOOOZIHBIX KONeO6aHMil. YUTEHO COBMECTHOE BINSAHMUE
BHYTpPEHHero pabodero JaB/IeHNs, TapaMeTpa IpPOfONb-
HOJ CKMMaroUleil Cuibl, TemnepaTypsl. Ha ocHoBanun
YPaBHEHMUA [IBVDKEHUA B YCUIMAX, C YYETOM JONYIIEHUI
10/Ty6e3MOMEHTHOJ TeOpUM U BHEIIHMX BO3JEVCTBMIL,
IIO/IyYEeHO YpaBHEHNE JIBIDKEHMA B IepeMelleHusax. [pa-
HUYHbIE YCTIOBUA IIPUHATHI HIapHMPHbIE, PacCMaTpyBa-
10TCSL TPYOBI CpefiHell JIMHBI M JUIMHHbIE B JValla30He
OTHOIIEHMA IIMHBI K paguycy 8<L/R<15 ot omopsl fjo
omopnl. IIpoBeseHo uccrnemoBaHyue BAMAHMA M3MEHe-
HMsI TeMIepPaTypsl Ha YaCTOTBI CBOOOJHBIX KOMebaHMI
HaJI3eMHBIX I'a30NpPOBOJOB PV PA3NINIHBIX 3HAYEHUAX
IPOJO/IbHON CKUMAIONIEH CU/IbI ¥ TeOMEeTPUYECKNX Xa-
PaKTepUCTUK. YCTAaHOB/IEHA 3aBMICUMOCTD ISMEHEHM I Ya-
CTOT CBOOORHBIX KO/EOAHMIT OT HATpeBa M OXTAXKAEHMS
y9acTKa TPyOOIpOBOAA C yIETOM COBOKYIIHOTO BO3Ieli-
CTBMA BHYTPEHHEr0 pabovero faB/eHUA U IPOLOIbHON
COKMMaIOIIeN CUJIBL.

Tabm.: 2. Vin.: 2. Bubmuorp.: 21 Ha3s.

Razov I. O. Influence of ambient temperature on
the frequencies of free vibrations of thin-walled main
gas pipelines of large diameter at above-ground laying.
Vestnik grazhdanskikh inzhenerov - Bulletin of Civil
Engineers, 2022, no. 6 (95), pp. 39-46.

Keywords: thin-walled pipelines, cylindrical shells,
longitudinal compressive forces, semi-momentless theory,
temperature effect.

The influence of the ambient temperature on the
dynamic characteristics of the above-ground main
pipeline of large diameter is investigated. On the basis
of the calculation scheme in the form of a thin-walled
cylindrical shell and a geometrically nonlinear version
of the semi-momentless theory of cylindrical shells,
the frequencies of free vibrations are determined. The
design scheme takes into account the joint influence
of the internal working pressure, the parameter of the
longitudinal compressive force, and the temperature.
On the basis of the equation of motion in forces, taking
into account the assumptions of the semi-momentum
theory and external influences, the equation of motion

in displacements is obtained. Boundary conditions are
assumed to be hinged, pipes of medium length and long
ones are considered in the range of length-to-radius ratio
8<L/R<15 from support to support. A study was made of
the influence of temperature changes on the frequencies of
free vibrations of above-ground gas pipelines for various
values of the parameter of the longitudinal compressive
force and geometric characteristics. The dependence of
the change in the frequencies of free vibrations on the
heating and cooling of the pipeline section is established,
taking into account the combined effect of the internal
working pressure and the parameter of the longitudinal
compressive force.

VIIK 624.131.7
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Kycynbexos A. K., Ynuyxuii B. M., [vskonos V. IL.,
Epwosa M. B. Biusinue oco6eHHOCTel paboTHI pacyer-
HOJII CXeMBI U ee BXOJFHBIX IIAPAaMeTPOB HA BETMYMHY
medopManmii TpyHTOBOro MaccuBa // BecTHuK rpax-
DaHCKUX MHXeHepoB. 2022. Ne 6 (95). C. 47-55.

Kniouesvie cnosa: HanpshkeHHO-TedopMupyeMoe co-
CTOsIHVIE OCHOBAaHMs, pacueTHasA CXeMa, TPaHIYHbIE YCIIO-
B, TPAEKTOPYS HAIPSDKEHNUs, IPYHTOBbII MaCCUB, MO-
IemnM IPyHTa.

Han kpatkuit 0630p mpobIeM — oOmpemeseHust
HAIIPSDKEHHO-71eOPMUPYEMOTO  COCTOSIHMSI — TPYHTA.
B xope paboThl MOCTpOeHa M IIpOaHaIU3MpOBaHa 0600-
I[eHHas pacyeTHas CXeMa Harpy>KeHus TpyHTa A
r. Cankr-Iletep6ypra ¢ UCIIONTb30BaHMEM UNCIIEHHBIX MO-
menett rpynTa (Mohr-Coulomb, HardeningSoil). ITpu ana-
JIM3UPOBAHNN PACYETHOI CXEMBI VCIIONb30BA/IUCDH YNC-
JICHHBIE METOJBI PaCUYeTa, [0 UTOraM KOTOPBIX OIpefere-
HO BJIVSIHIIE TEOMETPUYECKIX Pa3MePOB CXEMBI U MO/
IPyHTa Ha OCajiky. B KadecTBe mpymepa paccMOTpeHa
9KCKaBaIVA TTyOOKOrO KOTIOBaHa B YCIOBUAX IVIOTHOI
TOPOJICKOIL 3aCTPOVIKM € MOCTEHYIOUVIM aHAIN30M Tpa-
€KTOPUM HAIlpsSHKEHUI TPYHTa. Pe3ynbrarTsl JaHHOTO MC-
CJIeIOBAHIISI MOTYT OBITh MCIIOZIb30BAHBI IIPHU Pa3paboTKe
JOIIO/THUTE/bHBIX KOMIIOHEHT B CYIIECTBYIOLIYI0 METO-
IUKY OIpefe/leHNsl HaIPsDKEHHO-/1e)OPMIUPOBAHHOTO
COCTOSIHVSI TPYHTA JUIS1 [IOBBIIIEHVSI TOYHOCTY PACYeTOB.

Tabm.: 3. Vin.: 11. bubmuorp.: 20 Ha3B.

Zhussupbekov A. Z., Ulitsky V. M., Dyakonov I. P,
Ershova M. V. The influence of the features of the design
scheme and its input parameters on the amount of
deformations of the soil mass. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2022, no. 6 (95),
pp. 47-55.

Keywords: stress-strain state of the base, design
scheme, boundary conditions, stress trajectory, soil mass,
soil models.
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This article provides a brief overview of the problems
of determining the stress-strain state of the soil. In the
course of the work, a generalized computational scheme
of loading in St. Petersburg was constructed and analyzed
using numerical soil models (Mohr-Coulomb, Hardening
Soil).When analyzing the design scheme, there were used
numerical calculation methods, based on the results of
which there was determined the impact of the geometric
dimensions of the scheme and the soil model on the
soil settlement. As an example, there is considered the
excavation of a deep pit in conditions of dense urban
development with subsequent analysis of the trajectory of
soil stresses. The results of this study can be used in the
development of additional components to the existing
methodology for determining the stress-strain state of the
soil to improve the accuracy of calculations.

YK 65.014:69.007
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Bbosmees C. B. AHanu3 u HampaBIeHNsA COBepIIeH-
CTBOBAHM: OPTaHM3AIVIOHHON CTPYKTYpPBI pecTaBpa-
INIOHHO-CTPOUTENbHOTO  mpennpuATnA // BecTHUK
TPXJAHCKUX MHXKeHepoB. 2022. Ne 6 (95). C. 56-64.

Kntouesvie cnosa: oprannsalnioHHasA CTPYKTypa, aHa-
T3 CTPYKTYPBI, aHKETHPOBaHIIe, MTHTEPBbIOVPOBAHIE.

Paccmorpena cdepa HeATENIPHOCTM U BBIAB/IEHDI
0COOEHHOCTU PeCcTaBPaIIOHHO-CTPOUTEIBHOTO IIpefi-
npuATHA. IIpencraBieHbl pesynbTaTbl aHaIM3a Cylle-
CTBYIOIIEV OPTaHN3AIIOHHON CTPYKTYPbI IPEeANPUATIS,
a TaxoKe IPOBEJEHHOTO IMAaTHOCTUYECKOTO aHKeTHPOBa-
HIsA, MHTEPBBIOVPOBAHNSA U TECTUPOBAHN PaOOTHIKOB
npennpuATuA. IIpoaHannsupoBaHbl pe3yabTaTbl TECTH-
poBaHus pabOTHNKOB 10 MeToxuKe Benbuna, mposeneH-
HOTO B LIeJIAX OIpefie/IeHNs COOTBETCTBS 3aHVMMAEMBIX
PabOTHMKaMM JO/DKHOCTEN UX BHY TPEHHUM KOMaHIHBIM
poam. laH pAf NpemIosKeHNII 10 COBEPIIEHCTBOBAHNIO
OPraHM3aIVIOHHON CTPYKTYPbI M CHCTEMbI YIPaBIeHNUA
PpecTaBpalOHHO-CTPOUTENTBHOTO HMPERNPUATIS, BKIIIO-
Jas pasBepThIBaHNe IPOEKTHOTrO odca U CO3JaHNe eu-
HOJ MHPOPMALMOHHOI Cpexbl.

Wn.: 4. bBubnuorp.: 15 Hass.

Bovteev S. V. Analysis and directions for
organizational structureimprovement of the restoration
and construction company. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2022, no. 6 (95),
pp. 56-64.

Keywords: organizational = structure, analysis of
structure, questioning, interviewing.

The article considers the sphere of activity and reveals
the features of the restoration and construction company.
The results of the analysis of the existing organizational
structure of the company, as well as the diagnostic survey,
interviewing and testing of employees of the company are

presented. The results of testing employees according to
the Belbin method, conducted in order to determine the
compliance of the positions occupied by employees with
their internal command roles, are analyzed. A number
of proposals are given to improve the organizational
structure and management system of the restoration and
construction enterprise, including the deployment of a
project management office and the creation of enterprise
information system.
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Toposoii H. B., Xmenvnuyxas M. K., IInemnesa K. I,
Bonxos A. B. Oprannsanusi paboTbI CHEIUATICTOB P
CO3JaHNU IKCIUTYaTAalMIOHHBIX MH(OPMAIIOHHBIX MO-
Aeneil MCTOpUIECKNUX 3XaHMIT // BeCTHUK Tpa’kJaHCKIUX
uHXeHepoB. 2022. Ne 6 (95). C. 65-74.

Knwouesvie cnosa: TVIM, BIM, koopauHaius,
00BEMHO-IITTAHNPOBOYHBIE PellleHNs, [(poBbIe TBOIL-
HUKI.

CoxpaHeHme  ucropmyeckoro ob6mmka  CaHKT-
[TetepOypra sABIAETCS ORHUM U3 aKTYaIbHBIX BOIPOCOB
B 0071aCTM apXUTEKTYPBI U IPAfOCTPOUTENBCTBA HAIlIel
crpanbl. HecmoTpst Ha my6nmkanmm 1o 3Toit mpobite-
MaTVKe, OpTaHM3aIVM, BBIIOMHAWINE SKCIUTyaTalNio
00BEKTOB KY/IBTYPHOTO HACefysi, CTaJKUBAIOTCA C
IUVIOXVMM Ka4eCTBOM WIM OTCYTCTBMEM IIPOEKTHON J0-
KyMeHTallN!, BCIEACTBUE Yero 3aTPYFHAETCA IIPOLece
PEeKOHCTPYKIMu. B cTaTbe mpeparaeTcs pelieHue faH-
HBIX IIpOO/IeM: pa3paboTKa U IOCTOAHHAS aKTyaau3alns
9KCIUTyaTaIIOHHBIX MH(POPMALOHHBIX MOZE/Iei 3TaHuUi
win 1udpoBEIX ABOHMKOB. Llelb JAHHOTO MCCTenoBa-
HIsI — BBISIBUTD OCOOEHHOCTY B3aVMOJEIICTBIS CIIeLa-
JIMICTOB Pa3/IMYHBIX Pa3feioB IPOEKTHO TOKYMEeHTAIVIN
Opy COo3ZaHuM UMQPOBBIX ABOIHUKOB MCTOPUIECKUX
3JaHMII M COOpY>KeHuMil. B pesynbrare mccnegoBaHmuAa
IpefiTaraeTcsd MeTOAMKA B3aMMOJMENICTBUA CIIeMaIN-
CTOB, BBHINIOJIHAKIINX BO3BefeHNE SKCIUTYyaTallVIOHHOM
Mofenu, B cpefie MH(POPMALMOHHOTO MOREIMPOBAHIS.
B xauecTBe pesynbprara npuBefieHa IIOIIAroBas METOAVKA
B3aMIMOJIe/ICTBISA CIIELIA/TNCTOB.

Vin.: 8. bubmmorp.: 22 HasB.

Gorovoi N. V., Khmelnitskaya M. K., Pletnyova K. G.,
Volkov A. V. Organization of specialists’ work at
developing information models of historical buildings.
Vestnik grazhdanskikh inzhenerov - Bulletin of Civil
Engineers, 2022, no. 6 (95), pp. 65-74.

Keywords: information modeling technologies, BIM,
coordination, space-planning solutions, digital twins.

The preservation of the historical appearance of
St. Petersburg is one of the urgent issues in the field
of architecture and urban planning of Russia. Despite
of numerous publications on this issue, organizations
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operating cultural heritage sites face poor quality or lack of
project documentation, which hinders the reconstruction
process. The article proposes a solution to these problems,
namely, the development and continuous updating of
operational information models of buildings, or digital
twins. The purpose of this study is to identify the features
of interaction between specialists from various sections
of project documentation when creating digital twins
of historical buildings and structures. As a result of the
study, the authors propose a methodology for interaction
of specialists performing the construction of operation
model in the information modeling environment. A step-
by-step method of interaction of specialists is offered.

YIK 658.512:624.05

DOI 10.23968/1999-5571-2022-19-6-75-82

Xypeiinu Haoum K. P. CoBepleHCTBOBaHI€e METONOB
aHanu3a, OLEeHKU U IVITAHUPOBAHNA PIUCKOB B CTPOU-
TeTbHBIX IMPOeKTaX // BeCTHNMK rpa’kHaHCKUX WMHXKeHe-
poB. 2022. Ne 6 (95). C. 75-82.

Kntouesvie cnosa: yrpasyieHne puCKaMu, OLEHKa pu-
CKa, YIpaBJIeHIe CTPOUTEIbHBIMYU IPOEKTaMI, HeoIpe-
IeIeHHOCTH, CTPOUTENbCTBO.

O60cHOBaH MeTOf, IIpeHAa3HAYCHHBIN I aHaIM3a
B3aMIMOCBSA3U MEXJy PUCKaMM VI HECBOEBPEMEHHOCTBIO
BBIIIOJTHEHNS CTPOUTEIbHBIX MOHT)KHBIX PaboT 1 OIeH-
KI1 X BO3JIeJICTBUSA Ha NPOJO/LKUTETbHOCTD CTPOUTEND-
HOTO IIPOeKTa. 3aIePKKI U PUCKY, TPUBOJALINE K HECBO-
€BPEMEHHOCTY 3aBepIIeHN s IIPOEKTOB, ABJLAIOTCSA OLHO
U3 Hayubosee YacThIX ¥ OCHOBHBIX IIP00JIEM B CTPOUTE/Ib-
HBIX IpOeKTax. [JoCTynmHbIe MCCTIelOBAHMA 110 Ka4eCTBEH-
HOJ U KOJMYECTBEHHOI OLl€HKE PUCKOB HE yYUTBIBAIOT,
YTO BeINYMHA KPUTEPIEB PICKA 3aBUCUT OT MHOTUX (DakK-
TopoB. Hampumep, BpeMeHHO-IIPOCTPaHCTBEHHOE pac-
HIOJIOKEeHMe 3a/jaul, /I KOTOPOJ Ha3HadyeH pucK. Takxe
OHM He YYUTHIBAIOT 3aBMCUMOCTb M B3aMMOJENCTBIE
MeX[y pucKaMu. B Hamrert paboTe HOMONMHUTEIBHO HpPef-
JIOXKEHO PasbUTh paclycaHMe MPOEKTa Ha eXeHeJeNb-
HbIe KOHTPOJ/IbHBIE TOUKIL, T7ie VCIIONIb3yeTCs Hee/TbHbIN
MHIEKC Iporpecca paboThl, CpeHEeB3BeIIeHHbI NH/EKC
Ka)X/IOTO PMCKA J/Is KPUTUIECKUX ¥ HEKPUTUIECKUX pa-
60T, ONIpeReINTD OO KAXKJOTO PUCKA, YTOOBI IIpencTa-
BUTb HEOOXOAMMYI MH(OPMALMIO INLAM, IIPUHIMAI-
IIMM pellleHue, [y paspaboTKM COOTBETCTBYIOMIUX Mep
pearnpopanuA. VicXoa us NpUBENEHHOTO HAMIU IIpYMMe-
pa pacyeTa 6bIIO YCTAHOBJIEHO, KaKlie PUCKU OKa3bIBAIOT
Hanbosbllee BO3/EICTBIE Ha COOTIOfIeHIE CPOKOB.

Ta6m.: 1. Vin.: 1. bubmuorp.: 19 Ha3s.

Nadim Q. R. Huraini. Improving methods of analysis,
assessment and planning risks in construction projects.
Vestnik grazhdanskikh inzhenerov - Bulletin of Civil
Engineers, 2022, no. 6 (95), pp. 75-82.

Keywords: risk management, risk assessment,
construction  project ~management, uncertainties,
construction.

The article presents a substantiation of the method
designed to analyze the relationship between risks
and failure to keep deadlines in construction project
installation work and assess its impact on the duration
of a construction project. Delays and risks leading to the
untimely project completion are one of the most frequent
and major problems in construction projects. Available
research works on qualitative and quantitative risk
assessment do not take into account the fact that the value
of the risk criteria depends on many factors, for example,
the temporal and spatial location of the task to which the
risk is assigned. Neither do they take into account the
dependence and interaction between risks. Our study
additionally proposes to break down the project schedule
into weekly checkpoints, where we apply the weekly
work progress index, the average weighted index of each
risk for critical and non-critical work, to determine the
proportion of each risk in order to provide the necessary
information to decision makers to develop appropriate
response measures. Based on the example calculation
we give in the article, it has been determined what risks
have the greatest impact on compliance with project work
deadlines.

YIK 691: 666.961

DOI 10.23968/1999-5571-2022-19-6-83-91

Ipuwiuna A. H., Kopones E. B. Oco6eHHOCTI XUMITYe-
CKOTO COCTaBa I'MAPOCHINKATOB Gapius, MOTyYeHHBIX
IO PAa3TMYHBIM TEXHONOTUAM // BeCTHUK IpaXJaHCKUX
nHXeHepoB. 2022. Ne 6 (95). C. 83-91.

Kniouesvle crrosa: TMIPOCHINKATHI 6apyis, TEXHONTOTUA
CUMHTe3a, XMMUYECKIIT COCTaB, KapOOHM3aIIVA.

B crarbe paccMOTpeHO BIVsIHNUE TIPOLIEAYPHOTO (ak-
TOpa Ha XVMUYECKMII COCTaB IMAPOCIINKATOB Oapus,
IpUMeHSAEMBIX /I YIpaBIeHUs CTPYKTypooOpas3oBa-
HIEM IIEMEHTHOIO KaMH:A. YCTAaHOBJIEHO, YTO JMICXOJHbIE
XapaKTePUCTUKU PacTBOPOB TUIPOCUIMKATOB HATpPU:A
(OKMAKOTO CTeK/Ia) MOTYT OKa3bIBaTh BINMsIHIME Ha KapOo-
HI3ALMIO IPOAYKTa OCaXK/IeHNA. BbIABIE€HO, YTO IpK /TN -
TeJIbHOM IIPOMBIBAHMM HPOAYKTOB OCAKAEHMUA KUAKUX
CTeKoJI (TUPOCUINKATOB 6apyis) UX XMMUIECKUIT COCTAB
He n3MeHseTcA. KoHIeHTpalum pacTBOPOB A CUHTE3a
TaK>Ke OKA3bIBAIOT BJMsIHNE Ha KapOOHM3AUMI0 — UC-
M0/Tb30BaHle HU3KOKOHIIEHTPMPOBAHHBIX PACTBOPOB CO-
JIelt TIOBBIIIAET COflepyKaHIe B IIPOAYKTe KapboHaTa 6a-
pus. IlpemiaraeTcs uccnenoBaHme XMMIIECKOTO COCTaBa
meTopioM VIK-Dypbe crieKTpocKonyy IpOBOANUTD TONBKO
I/ TOPOIIKOB IMPOAYKTOB OCaXK[leHM:, IOJBEPTHYThIX
TeMIepaTypHOit obpaboTtke mpu Temmeparype 800 °C B
tedeHne 60 MUH. Pe3y/IbraThl NCC/IeOBAHMS MOTYT ObITh
VICTIO/Ib30BAHbI JI/I1 KOHTPOJIA KadyecTBa TMIPOCH/IMKAT-
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HBIX ;00aBOK, JMCIIO/Ib3yeMbIX HPM CO3LaHMU KOMIIO3M-
LIVIOHHBIX MV HEPa/IbHBIX BSDKYIIJX.
Tabr.: 3. Vin.: 8. Bubmuorp.: 14 Ha3Bs.

Grishina A. N., Korolev E. V. Features of the chemical
composition of barium hydrosilicates synthesized
by different technologies. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2022, no. 6 (95),
pp. 83-91.

Keywords: barium hydrosilicates, synthesis technology,
chemical composition, carbonation.

The article considers the procedural factor effect on
the chemical composition of barium hydrosilicates used
to control the structure formation of cement stone. It
is established that the initial characteristics of sodium
hydrosilicate solutions (liquid glass) can influence the
carbonation of the deposition product. It has been revealed
that during prolonged washing of the deposition products
of liquid glasses (barium hydrosilicates), their chemical
composition does not change. Concentrations of solutions
for synthesis also have an effect on carbonation - so, the
use of low-concentration salt solutions increases the
content of barium carbonate in the product. It is proposed
to study the chemical composition by FTIR spectroscopy
method only for powders of deposition products subjected
to temperature treatment at a temperature of 800 °C for
60 minutes.The results of the study can be used to control
the quality of hydrosilicate additives used at producing
composite mineral binders.

YK 069.44

DOI 10.23968/1999-5571-2022-19-6-92-99

Xapumonos A. M., Ilanoea E. I, llaneuna H. H., Cu-
306 JI. C. MarepuanoBefdecKas OlleHKa KOHCTPYKIMIT
TpuymdanbHoit Apku B ITanemupe // BecTHuk rpax-
TaHCKMX MHXeHepoB. 2022. Ne 6 (95). C. 92-99.

Kniouesvie cnosa: Tpuymdanbras Apka, Ilambmupa,
pecTaBpanys, MHXeHePHO-TeXHO/IOTNYeCKIe VICC/IeoBa-
HUA.

PectaBpannus Tpuymdanbroit Apku Ilanpmupsl, 065-
exta Becemupnoro macnenns IOHecko, Tpebyer nposene-
HUA MAacIITaOHBIX KOMIUIEKCHBIX HAay4YHBIX MCCIIEfOBa-
HUJL, BOXHENIINM 91EMEHTOM KOTOPBIX SAABIAETCA aHA/IU3
CHCTEMBI MaTePUA/OB, MCIIONb30BAaHHBIX IIPU BO3Befe-
HuM coopykeHusA. Ilomumo momydeHms HemoOCTaloOLIei
nHpOpMaLVM O BUJAX, COCTaBaX U CBOJCTBAX MCTOPU-
YeCKMX MaTepuajoB, AjIs obecredeHMs HeOOXOMMOro
pecypca JOIroBeYHOCTI KOHCTPYKIMIT 06beKTa Heo6Xo-
IUMO OIIPEfeNIUTb OCHOBHBIE NECTPYKTMBHBIE (HAKTOPDI
Cpenpbl, TpeOyIolye y4eTa Ipy pecTaBpalyn. 3a BpeMs
CYIIeCTBOBaHMA APKI HEOJHOKPATHO IPOBOANINICH BOC-
CTQaHOBUTE/IbHBIE PAGOTBI, MMOITOMY MCCIEHOBaHME Ma-
TepUajoB MO3BOJLIET TAKXKe BBLIBUTH, YTO M KaK OBIIO
M3MEHEHO IIPM IO3JHMX PEMOHTHBIX BMeEIIAaTeTbCTBAX.

B cTaTbe paccMOTpeHBI 06001eHHbIE Pe3yIbTaThl HATYP-
HOTO 00CTIefloBaHNs, @ TAK)Ke Tab0paTOPHBIX MCCIENOBa-
HIIT 06PA3I[0B CTPOUTEIbHBIX MaT€PUATIOB, OTOOPAHHBIX
U3 PasINYHbIX KOHCTPYKIMIT APKII, OIIpe/ie/ieHbl COCTaB
VI CBOJICTBA MATEPUAJIOB, UX HOJBEPKEHHOCTD paspylIe-
HMIO TIOfT JIeliCTBYIEM aHTPOIOTEHHBIX 11 IPUPOJHBIX BO3-
neiictBuit. Ilomy4deHHble JaHHbIE IO3BO/IAIOT BBIIIOTHUTD
HayYHO 060CHOBAHHBIIT BEIOOP CHCTEMbI PECTABPALINOH-
HBIX MaTepIaoB U Pa3paboTaTh TEXHONIOTMY BOCCTAHOB-
JIeHUS M COXPaHEHUs MaMATHUKA.
Vin.: 10. Bubmmorp.: 8 HasB.

Kharitonov A. M., Panova E. G., Shangina N. N.,
Sizov D. S. Material science assessment of the Palmyra
Arch of Triumph structures. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2022, no. 6 (95),
pp- 92-99.

Keywords: Arch of Triumph, Palmyra, restoration,
engineering and technological research.

The restoration of Palmyra Arch of Triumph, which
is a UNESCO World Heritage Site, requires large-scale
comprehensive scientific research, the most important
element of which is the analysis of the materials used in
the structure erection. In addition to obtaining the missing
information about the types, compositions and properties
of historical materials, it is necessary to determine the
main destructive factors of the environment that must be
taken into account during restoration in order to ensure
the necessary longevity of the structures of the object.
Over the period of the Arch existence, the restoration
works have been repeatedly carried out, therefore, the
study of materials also allows identifying what and how
was changed as a result repair interventions of later time
period. The article considers the generalized results
of a full-scale survey, as well as laboratory studies of
samples of building materials selected from various Arch
structures. The composition and properties of materials,
their susceptibility to destruction under the influence of
anthropogenic and natural influences are determined.
The data obtained make it possible to make a scientifically
sound choice of a system of restoration materials and
develop technologies for the restoration and preservation
of the monument.

YIK 666.9

DOI 10.23968/1999-5571-2022-19-6-100-107

Yepesxo C. A. YckopuTenb CXBaTbIBAHIA U3BECTKO-
BBIX CMeceif Ha OCHOBE TeXHOT€HHOTO ChbIphA // BecTHMK
TpaXJAHCKUX MHKeHepoB. 2022. Ne 6 (95). C. 100-107.

Kntouesvie cnosa: TeXHOT€HHOE ChIpbe, IIIAK ajIio-
MUHNA, U3BECTKOBbIE CMeCH, YCKOPUTEIb CXBATBIBAHNA,
peHTreHo]a30BbIiT aHANNS.

B crarbe IpUBOAATCA pe3yNbTaThl UCCIENOBAHNA,
HOCBAILEHHBIE BOIPOCAM IepepabOTKM TEeXHOTEHHOTO
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cpIpbsi (CO/MEBOrO IaKa) OT IMepeIIaBKM aTOMMHIMA.
IIpeparaeTcst TEXHOMOTMYIECKIII ITPOLIECE, LieIeBBIM IIPO-
IYKTOM KOTOPOTO SIB/sIETCs 3 PeKTUBHBII YCKOPUTEIh
CXBATBIBAHIISI CTPOUTE/IBHBIX CMeCell Ha OCHOBE M3BECTIL.
[IpuBefieHbIl JaHHBIE 10 XMMIYECKOMY 1 MUHEPATIBHOMY
cocTaBy IHUIaka. PaspaboraHa IMpMHIMONMAIbHAS TEXHO-
JIoTMYecKas CXeMa I1epepaboTKM TeXHOTEHHOTO CBIPbI.
BhinonHena maboparopHas anpoOaums IpeIoKeHHOro
TEXHO/IOTMYeCKOro mporecca. [Tokasana s pexTuBHOCTD
IIPYIMEHEHVsI [OTy4eHHOTO YCKOPUTEIS Ha CTPOUTEND-
HBIX CMeCsIX. Pe3y/IbTaThl MCCIeOBAHNSI MOTYT OBITH NC-
[I0/Ib30BAHBI [IS1 IIPOEKTUPOBAHMS CTPOUTENIBHBIX CMe-
Cell pas/IMYHOrO HAa3HAYEHNS HA OCHOBE M3BECTH, B TOM
4yIC/Ie JIs BBIIOJIHEHWSI PeCTaBPAL[VIOHHBIX PaboT.
Tabm.: 2. Vin.: 12. Bubnuorp.: 20 HasB.

Cherevko S. A. Accelerator for lime mixture
setting based on man-made raw materials. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2022, no. 6 (95), pp- 100-107.

Keywords: man-made raw materials, aluminum slag,
lime mixtures, setting accelerator, X-ray phase analysis.

The article presents the results of a study on the
processing of man-made raw materials (salt slag) from
aluminum smelting. A technological process is proposed,
the target product of which is an effective accelerator
for lime-based building mixes' setting. Data on the
chemical and mineral composition of slag are given. A
basic technological scheme for processing man-made raw
materials has been developed. Laboratory approbation of
the proposed technological process was performed. The
efficiency of using the obtained accelerator on building
mixes is shown. The results of the study can be used for the
design of building mixes for various purposes based on
lime, including those intended for performing restoration
work.

YK 504.062.4 : 303.725.36

DOI 10.23968/1999-5571-2022-19-6-108-116

Kymouukun A. B., lllynveun O. B. icnonb3oBaHue i1-
HaMM4YeCKOTO0 HOPMAaTHBa /1A OLIEHKI 9KOTOTNYeCKOro
acnekTa (yHKIMOHUPOBAHUSA PErMOHAIBHON CUCTe-
MBI HOTPEeOMTETHCKOTO BOJONONb30BaHMA // BecTHUK
TPXJAHCKUX MHXKeHepoB. 2022. Ne 6 (95). C. 108-116.

Kntouesvie cnosa: puHaMm4eckuil HOpPMAaTUB, BOZA,
BOJ[ONIOTpebIeH e, OYMCTKA BOJIBL.

B crarbe mpemIoXeHO MCIO/Nb30BaHNE AVHAMMUe-
CKOTO HOpMAaTHBa /I OLEHKM (YHKIVOHMPOBAHMSA
PETMOHA/IBHOI CUCTEMbI HMOTPEOUTENBCKOIO BOJOIMONb-
30BaHNUA. B ero cocras BKIIIOYEHBI IIOKA3aTeNM, Xapak-
Tepu3yIollye OCHOBHblE ITapaMeTphbl JJAHHOM CHCTEMBI,
perucrpupyemble JIeJICTBYIOLIENl CUCTEMON ToOCyZmap-
cTBeHHOIT cTaTucTKN. [IpoBefeHa anpobarus guHaMmde-
CKOTO HOpPMaTVBa Ha COOTBETCTBYIOIINX JAHHBIX XaHTBI-

Mancniickoro aBTOHOMHOTO OKpyTa 3a nepuog ¢ 2013 .
o 2020 r. YcTaHOB/IEHO, YTO HaubOJIblilee BIUSAHNE Ha
Pe3y/IbTaTUBHOCTb PETMOHAIBHON CUCTEMBI IIOTpebu-
Te/IbCKOTO BOJIONIOIb30BAHMA OKa3bIBaeT HEJOCTATOK eé
OCHOBHBIX IIPOM3BOJCTBEHHBIX (OHMIOB. PesybraThl Mc-
CNefloBaHMA B 11€/IOM COITIACYIOTCA C OLJEHKaMU Haau4us
a¢dekra meKaIIMHTA B SKOHOMMKE, MOTyYeHHBIMU HA
OCHOBE pacyeToB MOAMGUIVPOBAHHOIO K03 duiyeHTa
TeKaIUIMHTA, U OLeHKAMI SKOJIOTMYEeCKOTO COCTOSHVA
PEeruoHa, eXXeroJHO IIy6IMKyeMbIMU PETMOHANIbHOI IPO-
¢bunbHOI CTyXO60IL.
Tab6yr.: 5. Bubsorp.: 20 Hass.

Kutyshkin A. V., Shulgin O. V. Use of dynamic standard
to assess the environmental aspect of the functioning
of the regional system of consumer water use. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2022, no. 6 (95), pp. 108-116.

Keywords:  dynamic  standard,
consumption, water treatment.

The article proposes using the dynamic standard
for assessing the functioning of the regional system
of consumer water use. It includes the indicators that
characterize the main parameters of this system and
are recorded by the currently used system of the state
statistics. The dynamic standard was tested on the
corresponding data of Khanty-Mansi autonomous region
for the period from 2013 to 2020. It has been found
out that the greatest impact on the performance of the
regional system of consumer water is induced by the lack
of its basic production assets. The results of the study are
generally consistent with the estimates of the decoupling
effect present in the economy obtained on the basis of
calculations of its modified decoupling coefficient, as well
as with the estimates of the ecological state of the region
published annually by the regional specialized service.

water, water

YIK 621.565.952.78
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Huxynun H. IO., llepemem E. O., Anugparnosa A. J1.,
Axosnes B. A. OnpefeneHne reoMeTpuy MOBEPXHOCTI
TeII000MeHa M3MEeHEeHHOI (OpMBI B KOXKYyXOTPyOHOM
Temoo6MeHHMKe // BeCTHUK rpakIaHCKUX MHXEHEPOB.
2022. Ne 6 (95). C. 117-124.

Kniouesvle cnosa: TenmnooOMeHHNK, TOBEPXHOCTD Te-
I1006MeHa, TeII000MeHHasi TPyOKa, MeXTPYOHOe Mpo-
CTPaHCTBO.

B HacrosIee BpeMms yernseTcss BHUMaHVe BaXKHOI 3a-
ade B IPOMBIIUIEHHOCTI — HOBBILIEHNIO K09 duimeH-
Ta TeIUIoNepefadl TeIJI00OMEHHUKOB C ITTAfIKIMU TPYO-
KaMIL. B cTaTbe paccMOTpeH OfiMH U3 CHOCOOO0B MOBBIIIIe-
HMsA Koa(pPUIMEHTa TeIIonepefadll MeXJY TIPeonM
1 Harpe€BaeMbIM TEII/IOHOCUTENAMI B KO)KYXOTPY6HOM
TEIUIOOOMEHHOM ammapate. [Ipenioxken croco6, ysenu-
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YMBAIONINII CTENeHb TYPOYIEHTHOCTI IIOTOKA TEIlIOHO-
cuTesns MyTEM OCHAIeHMs IUIACTVMHBI pEOpaMM ILVINH-
mpudeckolt popmbl. [TpefcTaBieHbl NCCIENOBAHNA, IPO-
BefIEHHbIE METOIOM MAaTeMaTIIeCKOTO MOIE/TMPOBAHNA B
nporpamme ANSYS Fluent. Ilo pesynbraram maremary-
4eCKOr0 MOJEIMPOBaHMsA BbIOpaHA ONTHMMAJIbHAsI CXeMa
pasMeleHus pebep, MO3BOAIOIIAsA 00ecednTb Hanbo-
Jlee MOHOE OOTeKaHMe IUTACTUHBI TYpOYIU3UPOBaHHBIM
IOTOKOM. [IpeficTaB/IeHbl BapuaHThbI pasMelljeHus pébep
C OIMCaHMeM OCHOBHBIX TEIIOBBIX M THJPaBINYECKMX
XapaKTepPUCTHUK IIOTOKOB TEIJIOHOCUTETIEL.
Ta6sm.: 2. Vin.: 5. bubmuorp.: 21 Ha3B.

Nikulin N. U., Sheremet E. O., Alifanova A. I,
Yakovlev V. A. Determining the geometry of the modified
shape heat transfer surface in the shell-and-tube heat
exchanger. Vestnik grazhdanskikh inzhenerov — Bulletin
of Civil Engineers, 2022, no. 6 (95), pp. 117-124.

Keywords: heat exchanger, heat exchange surface, heat
exchange tube, inter-tube space.

At present, much attention is paid to an important
task in industry, namely, increasing the heat transfer
coefficient of heat exchangers with smooth tubes. The
article considers one of the techniques to increase the
heat transfer coeflicient between the heating and heated
coolants in a shell-and-tube heat exchanger. The authors
propose using the method of increasing the degree of
turbulence of the coolant flow by equipping the plate
with cylindrical ribs. The results of research carried out
by the method of mathematical modeling in the ANSYS
Fluent program are presented. Based on the results of
mathematical modeling, the optimal rib arrangement has
been chosen, which makes it possible to ensure the most
complete turbulent flow around the plate. Options for
placing ribs with a description of the main thermal and
hydraulic characteristics of coolant flows are presented.

YIK 625.7/.8

DOI 10.23968/1999-5571-2022-19-6-125-133

JKykoscxuii E. M. MeToguka NpOeKTUPOBAHNA
M KOHCTPYMPOBAHMA HEXKECTKMX JOPOXKHBIX OJEX],
C PasIMYHOM NPOYHOCTHPIO MO INMpPHUHE NPpOoe3Ken
gacTu // BecTHMK TpaXJaHCKMX WH>XeHepoB. 2022
Ne 6 (95). C. 125-133.

Kntouesvle cnosa: moposkHas ofiexkfia, IIPOEKTUPOBa-
HII€ OPOT, IPOYHOCTD.

CraTbsl TOCBAIEHAa aKTYaJbHBIM BOIPOCAaM IIPOEK-
TUPOBAHNA HEXKECTKUX JOPOXKHBIX ofiex/l. B HacToAmmiA
MOMeHT 0e3 JO/DKHOTO BHIMAHUS OCTAeTCs BOIPOC KOH-
CTPYMPOBaHIA NOPOXKHBIX OJIEX], C Y4ETOM peasbHOTO
BO3JIEJICTBMA TPaHCIIOPTHOM HArpy3KM, BIarOHAKOIIe-
HUA U IpoMep3aHys. TpaJuIMIOHHO JJOPOXKHAs OfieX[a
YCTpamBaeTCsA C OJMHAKOBOI IIPOYHOCTHIO Ha BCIO M-
PUHY IIpOe3)Kell YaCTV MHOTOIIOIOCHOI aBTOMOOMIBHOI

JOpOIM, C OGMHAKOBOV KOHCTPYKLMEN KaK I CaMoii
3aTPY>KEHHOI! MO/IOCHI, TaK U I BTOPOCTENEHHBIX T0-
70c. BraronakorneHne 1 mpomMep3aHne B MIPOYHOCTHBIX
pacuerax He yyacTByeT. IIpenmaraemas MeToMKa IO3BO-
nseT 00beMHNTD JaHHble pakTOpbl. Pe3ynbrarsl ucce-
TOBaHMA LAHHOJ CTATbM MOTYT OBbITD MCIIONb30BAHbI IIPH
MPOEKTMPOBAHUY HEXKECTKMUX TOPOXKHBIX OJEXK.
Vn.: 5. Bubmmorp.: 20 Hass.

Zhukouski Ya. M. Methodology for the design and
construction of non-rigid road pavement with varying
strength values across the width of the roadway. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2022, no. 6 (95), pp. 125-133.

Keywords: road pavement, road design, strength.

The article is devoted to topical issues of designing
non-rigid road pavement. At present, the issue of road
pavement design is not paid due attention, taking
into account the real impact of traffic loads, moisture
accumulation and freezing. Traditionally, road pavement
is constructed with the same strength for the entire
width of the carriageway of a multi-lane highway, with
the same design for both the busiest lane and secondary
lanes. Moisture accumulation and freezing are not taken
into account in strength calculations. The proposed
methodology allows combining these factors. The results
of the study of this article can be used in the design of
non-rigid road pavements.
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B craThe paccMaTpyMBaOTCA KOHCTPYKIVIM CYIIe-
CTBYIOLIMX CUCTeM cOOpa ¥ HaKOIUIEHVS S9HEPIuu, Ipu-
MeHseMBIX Ha aBTOMOOMIbHOM TpaHcmopTe. [IpuBenena
CTaTUCTMKA BBIITYCKAa HOBBIX aBTOMOOM/IE!, OCHAIIIAeMbIX
IMOPUIHBIM IIPUBOJOM, a TAKXKe BO3pAaCTHAA CTPYKTypa
Iapka MalliyH Ha Tepputopun Poccuiickoit depgepanun.
CpenaH BBIBOJ, O BO3MOXKHOCTY IOOCHAIIIEHNUA Y)Ke 9KC-
IUTyaTUPYEMBIX TPAaHCIIOPTHBIX CPEACTB CUCTEMAaMIU pe-
Kyllepalyyi HEPrUU C ITHEeBMOIMAPOAKKYMY/IATOPaMIL.
Ha ocHoBaHuu paspabGoOTaHHOTO aaropuTMa IpPUBENEH
IpUMep OIleHK) BO3MO>KHOCTHU BHECEHUsI TIOJOOHOTO M3-
MEHEeHMsI B CIIEIVAIV3MPOBAaHHOE TPAHCIOPTHOE Cpel-
CTBO, OCHAIllEHHOE MIOMOTHUTENbHBIM 000pyLOBaHNEM
C TUZIPaBINYECKUM IIPUBOJIOM.
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The article discusses the designs of existing energy
collection and storage systems used in road transport.
The authors present the available statistics regarding the

production of new cars equipped with a hybrid drive, as
well as the age structure of the car fleet in the Russian
Federation. It is concluded that it is possible to retrofit
already operated vehicles with energy recovery systems
with pneumohydraulic accumulators. Based on the
developed algorithm, an example is given of assessing the
possibility of making such a change in a specialized vehicle
outfitted with additional equipment with a hydraulic drive.



