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Kosnos K. B. ®opMupoBaHue apxXuTeKTy pHO-TIZTAHMN-
POBOYHOI CTPYKTYPHI (PUTHEC-IIEHTPOB HA OCHOBAHII
duTHeC-TOHNTOB // BecTHMK Ipa’kHaHCKUX MHXKEHEPOB.
2022. Ne 4 (93). C. 5-15.

Kniouesvie cnosa: purHec-niporpaMma, purHeC-LIEHTD,
¢byHKIMOHA/IBPHAS 30HA, APXUTEKTYPHO-IUIAHVPOBOYHAS
CTPYKTypa.

ITpoBeneH KpaTKuil aHaIM3 X COCTaB/IeHa Kaccuu-
Kanus QUTHeC-IPOorpaMM Ha IpuMepe GpUTHeC-IeHTPOB
B Cankr-Iletep6ypre. BoisaBieHo ¢(yHKLIMOHANTbHOE 30-
HMpoBaHue QUTHec-1[eHTpoB. IIpoBesieH aHanMu3 cocrasa
TPYIII MOMEILeHNiT (YHKIVOHA/IBHBIX 30H, II0 UTOTaM
KOTOPOTO [aHO OIpefeeHIe MOHATNA «(pUTHEC-IOHUT»
KaK MMUHMMAJIbHOTO (PYHKIIMOHATbHOTO 37IeMEeHTa, BXO-
Asmiero B GyHKIMOHAIbHbIE 30HBL. Pa3paboTaHbl IpKH-
LUNNAJIbHble  APXUTEKTYPHO-IUIAHMPOBOYHBIE ~CXEMBbI
¢buTHeC-1IeHTPOB.

Ta6m.: 2. Vin.: 3. bubmuorp.: 10 Ha3B.

Kozlov K. V. Formation of the architectural and
planning structure of fitness centers based on fitness
units. Vestnik grazhdanskikh inzhenerov - Bulletin of
Civil Engineers, 2022, no. 4 (93), pp. 5- 15.

Keywords: fitness program, fitness center, functional
zone, architectural and planning structure.

A brief analysis and classification of fitness programs
on the example of fitness centers in St. Petersburg are
offered in the article. The functional zoning of fitness
centers is revealed. There has been made an analysis of
the composition of groups of premises related to certain
functional zones, which results in a worked out definition
of «fitness unit» concept as a minimum functional element
included in the functional zones. The author proposes
specified architectural and planning designs of fitness
centers.

YK 624.046, 624.072, 004.942
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benvuii  IT M., Iapunos A. J. 3ampepenbHble
HANpsDKeHHO-TeopMUpOBaHHbIE COCTOAHUA B IIO-
IepPeYHbIX CEYCHMAX INEMEHTOB CTAIbHBIX KOH-
CTPYKuMii // BeCTHMK TpaKIaHCKUX MHXXeHepoBs. 2022.
Ne 4 (93). C. 16-30.

Kniouesvie 3arpeyieNibHas pabora,
HaIIpsDKEHHO-IeOPMUPOBAaHHOE COCTOSIHME, IUIACTHU-

cnosa:

yeckye fedopMalyy, MeCTHas YCTONYMBOCTD, BHELCH-
TPEeHHOe C)XaTue, BHEL[EHTPEHHOe pacTsDKeHme, U3ruo,
anroput™ «CedeHne».

[IpepnoskeH MeTO, OIpefie/ieHMs — 3aIpefe/bHON
(ocTaTouHOIT) Hecyilelt CIIOCOOHOCTHU CTA/TbHBIX CTEPXK-
Hell MO0 MPOYHOCTY IpM 06lieM Clydae 3arpy>keHUs ¢
y4eTOM 3aKpUTUYECKOTO HOBEEHMS COCTABJIAIOIINX
CTepiKeHb ITACTUHOK 1 PasBUTHIX IIACTUYECKUX fAedop-
Maluil C TIepeXoIoM B CTaJ1I0 CaMOYIIpOYHeHus. Pemre-
HIIe IIPOBONTCS «OOPATHBIM» METOZIOM B 0e3pa3MepHBIX
HapaMeTpax II0 IpupalleHuaAM gedopManyy Haubomee
HAIIPSHKEHHOTO BOJIOKHA, YTO MO3BOIAET COKPATUTD Bpe-
M pacyeTa Ha HeCKOJIbKO ITOPS/IKOB IO CPAaBHEHMUIO C CY-
I[eCTBYIOIMMM MeTofaMu. IIpy 3TOM MCIOIb30BaIUCh
pe3y/nbTaTel pacueTa 3aKpUTUUECKON CTafuy paboThl
IJIACTUHOK C YYETOM FeOMeTPUYECKUX HECOBEPLUICHCTB 1
Hava/IbHBIX HaIlpspKeHuit pu 1 < g, < 6 B Bujie OrpaHu-
yeHMst rOKoCTelt pabodeit YacTy IUIACTHUH, N3TI0>KEHHBIE
B TabmyHoit popme B CIT 294.1325800.2017, xoTOpBIE
71 yrnoOcTBa ObUIY allIPpOKCUMYPOBAHBL B Bufie QYHK-
Uil ¥ 3KCTPANlONMPOBAHbl Ha 3HAYCHUA g, = 06...40.
[IpencraBneHsl rpaduKy 3aBUCUMOCTU KoadduiienTa
CHIDKEHMsI HeCyIIell CIOCOOHOCTY OT BEMYMHBI IPUBe-
IEHHOJI OTHOCKUTENIbHON gedopManuy Haubolee Harpy-
JKEHHOTO BOJIOKHA ISl HEKOTOPbIX Hanbosee UCIIONb3ye-
MBIX B IIPaKTUKe CTPOUTETbCTBA MOMEPEYHBIX CeUeHMIt.

Ta6m.: 3. Vin.: 10. bubmmorp.: 20 HasB.

Belyy G. L, Garipov A. I. Post-limit stress-strain states
of steel structure elements in cross-sections. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2022, no. 4 (93), pp. 16-30.

Keywords: post-limit resistance, stress-strain state,
plastic deformations, local buckling, combined bending
and compression, combined bending and tension,
bending, “Cross-section” algorithm.

The article proposes using a technique of calculation
the post-limit (residual) bearing capacity of steel frame
elements relating to the strength check, in general case of
loading, taking into consideration the post-critical behavior
of plates making up the frame element and large plastic strain
overflowing into the self-hardening stage. The solution is
made by the “reverse” method in dimensionless parameters
with increments of the strain of the most stressed fiber, which
allows reducing by orders of magnitude the calculation time
compared to existing methods. Herewith, the results of post-
critical resistance of plates were used, which were obtained
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considering geometric imperfections and initial stresses
under deformations 1 < g, < 6 in the form of limit relative
slenderness of working parts of plates, that were approximated
in form of functions for convenience and extrapolated to the
values gj;,,, = 6...40. The graphs showing how the bearing
capacity reduction coeficient depends on the value of the
normalized strain of the most stressed fiber for some of the
cross-sections most widely used in construction practice are
presented.

YIK 69.01

DOI10.23968/1999-5571-2022-19-4-31-36

Bypues B. M., Xeeaii E. O. AHanus pe3ynbTaToB pac-
YyeTa >Kee300eTOHHBIX INIUT C AVUCIEPCHBIM apMIpO-
BaHMEM IIPU YIIPYroil U HEYNpyroii pabore HOpMaib-
HBIX cedeHMIi// BecTHMK TpaXKHTaHCKMX MH>KEHEPOB.
2022. Ne 4 (93). C. 31-36.

Kniouesvle cnosa: 1mmra, pacdet, apMarypa, xenesobe-
TOH, apMOLIEMeHT, AMCIIepCHOe apMUpOBaHMe, SII0pa Ha-
MIPsDKEHNIL, PacYeTHOE CeYeHMe, YIPYTUIA, I/IaCTUIECKIIA.

[TpuBOoOUTCA aHanMM3 pe3yNbTAaTOB PacyeTOB JKeJe-
300€TOHHBIX IUVIUT C AUCIIEPCHBIM apMUpPOBaHUEM IIpU
YIPYToil ¥ Heympyroi paboTe HOPMAaTbHBIX CEUYEHUI U
pasmuuHbIX popMax smop HanpspkeHuit. K Matepramam
TAKMX IUINT MOTYT OBITH OTHECEHDI KJTACCUYIECKIUIT apMO-
IleMeHT (fuaMeTp apMarypsl 1,2 MM ¢ maroM 10 mMm) u
ero pasHOBMIHOCTb — TSDKEBIl aPMOLIEMEHT (AMameTp
apMatypbl 3-5 MM ¢ maroM 15-30 Mm). ApMupoBaHue
TIPUMEHSETCsS PAaBHOMEPHO IIO BCEil TOIIMHE. YCTaHOB-
JIEHO, 4TO IIPY YIIPYTOJi paboTe CeYeHMil ¥ TPEyrOIbHbIX
3MI0OpaxX HANPsDKEHMI pacyeTHas HeCylasi CHOCOOHOCTD
IUTUT OIIpefiesieTCs IPOYHOCTHI0 6eTOHA B CKATOI 30HE,
M OHA 3HauuTeNnbHO HIDKe (pakTmyeckoit. [Tpu mmactu-
4ecKoil paboTe ceyeHMiT M IPAMOYTONbHBIX SIIOpax Ha-
IpsDKEHNIT pacyeTHas HecCylasi CHOCOOHOCTD IINAT TIpe-
BhIlIaeT QaKTUIECKYI0 B cpenHeM o 15 %. PacueTHyo
HECYIIYIO CIIOCOOHOCTD IUINT C JUCIEPCHBIM apMUpPOBa-
HUEM PeKOMEHJIyeTCs OIpefe/IATh IIPY MapadomdecKux
3MIOpaxX HaNpPsKEeHUIL.

Tabm.: 2. Vin.: 2. Bubmuorp.: 12 Ha3s.

Burtsev V. M., Khegai E. O. Analysis of the calculation
results of reinforced concrete slabs with dispersed
reinforcement in elastic and inelastic operation
of normal sections. Vestnik grazhdanskikh inzhenerov -
Bulletin of Civil Engineers, 2022, no. 4 (93), pp. 31-36.

Keywords: slab, calculation, reinforcement, reinforced
concrete, reinforced cement, dispersed reinforcement,
stress diagram, calculated section, elastic, plastic.

The article provides an analysis of the calculation
results of reinforced concrete slabs with dispersed
reinforcement for elastic and inelastic operation of normal
sections and various forms of stress diagrams. These
materials include classical reinforced cement (the bar

diameter is 1.2 mm with a pitch of 10 mm) and its variant,
heavy reinforced cement (the bar diameter is 3-5 mm with
a pitch of 15-30 mm). Reinforcement is applied evenly
over the entire thickness. There has been found out that
during elastic operation of sections and triangular stress
diagrams, the calculated bearing capacity of the slabs is
determined by the concrete strength in the compressed
zone, and it is much lower than the actual one. In the
plastic operation of sections and with rectangular stress
diagrams, the design bearing capacity exceeds the actual
one averagely up tol5 %.The calculated bearing capacity
of plates with dispersed reinforcement is reccommended to
be determined with parabolic stress diagrams.
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Cenvxun H. A. Yder mporpeccupymomuero oépyiue-
HUSA NPU NPOEKTMPOBAHMM ONOP BO3TYLIHBIX TMHIIA
sneKTponepenaun // BecTHUK TpaKHZAaHCKUX MHXKeHe-
poB. 2022. Ne 4 (93). C. 37-46.

Kniouesvle cnosa: mporpeccupyiomee o6pylIeHe,
CTasIbHaA ONIOPa, BO3[YLIHAA TMHUA 37IEKTPOIepesiaunl.

BoinosHeH aHanM3 HOPMATUBHBIX IIOIOKEHMIT IO
YUeTy MPOrpecCUpyIomero oOpyIeHyst Ipu NPOeKTUPO-
BaHWM JIMHENHBIX COOPY>KEHNI IPYMEHUTENBHO K CTa/Ib-
HBIM KOHCTPYKLIMAM OIOP BO3JYUIHBIX TMHUI 3/I€KTPO-
nepefiaun HampsbkeHneMm 330-750 kB. PaccmoTpensr
MeTOfibl U IIpMBENEHBI IpPUMepBl pacyeTa [BYXILEITHON
AQHKepPHO-YIVIOBOI CBOOOIHOCTOsAII el omopsl fyist BT 330
KB 1 mpoMe>XyTOUYHOII CTaTbHONM MOPTaTbHONM ONOPHI Ha
oTTsDKKax s BJI 750 kB Ha aBapuitHble HarPy3Ku U BO3-
mericTBusA. OOOCHOBAHO MPOBEJEHNE PACUETOB IIPH YCIIO-
BISIX CPeIHEIKCIUIYATALIIOHHOTO pexxnma. PazpaboTaHsl
IIPeJIOXKEHNA 110 3alUTe OIOP MMHUI /IeKTPOoIepeaadn
OT IPOTPECCUPYIOILIET0 OOPYIIeHN.

Tabm.: 4. Vin.: 3. Bubmuorp.: 20 Ha3Bs.

Senkin N. A. Consideration of progressive collapse
in the design of overhead power transmission line
supports. Vestnik grazhdanskikh inzhenerov - Bulletin of
Civil Engineers, 2022, no. 4 (93), pp. 37-46.

Keywords: progressive collapse, steel support, overhead
power line.

There has been carried out an analysis of regulations
on the account of progressive collapse in the design of
linear structures in relation to steel structures of supports
of overhead power lines with a voltage of 330-750 kV.
Methods are considered and examples are given for
calculating a two-chain anchor-angular free-standing
support for 330 kV overhead lines and an intermediate
steel portal support on guy ropes for 750 kV overhead
power transmission lines for emergency loads and
impacts. The calculations for the conditions of the average
operating mode are substantiated. Proposals have been
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developed to protect power transmission line supports
from progressive collapse.

YIK 721.011:624.07

DOI 10.23968/1999-5571-2022-19-4-47-57

Temnos B. I KoHcTpyKTHBHasA onTuMusanus Gpopm
M CIPYKTYpP apXUTEKTYPHO-QYHKIMOHANBHBIX IPO-
CTPAaHCTB OOBEKTOB Cpebl OOMTAaHMA CpefcTBaMM
CAIIP // BecTHMK TIpaXKJaHCKUX WHXKeHepoB. 2022.
Ne 4 (93). C. 47-57.

Kniouesvte cn06a: aBTOMAaTU3MPOBAHHBIN CUHTES,
aJITOPUTMMYECKas MOJeNb 3afjadl, MaTeMaTH4ecKue
METORbl ONTVMM3ALVM, HANEKHOCTb, HAIPSKEHHO-
nepopmuposannoe cocrosare (HC), Hecymas cioco6b-
HOCTb KOHCTPYKIMH (IIPOYHOCTB, KECTKOCTD U YCTONYN-
BOCTb), OVMOHIYECKIe TPUHIUIIBI, CHCTEMA aBTOMATH3M-
POBAHHOIO IIPOEKTUPOBAHNA.

[IpoexTupoBaHye COBPEMEHHBIX OOBEKTOB CTPOM-
TE/IbCTBA HEPA3PBIBHO CBSA3aHO C CMHTE30M OITUMAllb-
HBIX II0 MacCe BAPMAHTOB HECYIINX KOHCTPYKTUBHBIX CH-
creM. ITonyuyenne s dexTNBHBIX (ONTUMAIBHBIX) pellle-
HUJT IIPU CMHTe3e KOHCTPYKTUBHBIX CUCTEM CTajI0 BO3-
MO>KHBIM 1 TOCTVDKMMBIM KaK IT0 CPOKaM, TaK U IO CTOU-
MOCTHU IIPM aBTOMATU3MPOBAHHOM IIPOEKTUPOBAHUN C
UCIIONIb30BaHMEeM CPeiCTB apXUTeKTYPHO-CTPOUTEIbHON
OuoHVKY. B cTaTbe IpeyIaraloTcs aropuTMUIeCcKue Mo-
Ieny aBTOMATM3MPOBAHHOTO CMHTe3a KOHCTPYKTUBHBIX
cucteM 1o Macce. IIpeficTaBleHbl pelIeHns] KOHCTPYK-
TUBHBIX CHCTEM, IIOJIly4eHHble Ha OCHOBE pe3y/IbTaTOB
TEOpeTUYeCKUX MCCIeNOBaHMII B IpoLiecce MPOEKTUPO-
BaHuA B cpesie CAIIP.

Tabm.: 1. Vin.: 12. Bubnuorp.: 8 Ha3Bs.

Temnov V. G. Structural optimization of forms and
structures of architectural and functional spaces of
habitat objects by means of CAD. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2022, no. 4 (93),
pp. 47-57.

Keywords: automated morphogenesis, algorithmic
model of the problem, mathematical methods of
optimization, reliability, stress-strain state (SSS), design
bearing capacity (strength, rigidity and stability), bionic
principles, computer-aided design (CAD).

The design of modern construction facilities is
inextricably linked to the synthesis of optimal mass
variants of load-bearing structural systems. With
emergence of computer aided design including the
means of architectural and construction bionics, coming
to efficient (optimal) decisions at the morphogenesis of
structural systems has become possible and achievable
both in regard to timing terms and to the cost of work.
The author morphogenesis an algorithmic model for
automated synthesis of structural systems by mass.
There are presented some solutions of structural systems

obtained on the basis of the theoretical research results in
process of design in CAD environment.

YK 539.4

DOI 10.23968/1999-5571-2022-19-4-58-64

Cmupros B. 1., Maiiep C. C. Binsauue ¢popmbl BHY-
TPEeHHell TOIepeYyHOi TPEeIHbI Ha YyCTaTOCTHYIO
NMPOYHOCTD OanKy Npy DUKINYecKoM usrube // Bect-
HYIK TPXAHCKUX MHKeHepoB. 2022. Ne 4 (93). C. 58-64.

Kniouesvle cnosa: UKINdecKas TPEINHOCTONKOCTb,
KPyroBasi TpPEINVHA, OBA/JbHAsI TPEIVHA, YCTA/JOCTHOE
paspylueHue, u3rub 6aaku, pebc.

B pabore usyuaercs BausiHue GOpPMBI BHYTPEHHETO
HOIIepeYHOro AedeKTa Ha YCTAMOCTHYIO TPEelIMHOCTON -
KOCTb 6anku. Bajka Ha CIUIOIIHOM YIIPYTOM OCHOBAHUM
¢ cedeHneM B (opMe HEPABHOIIOTIOYHOTO IBYTaBPa MOf-
BepraeTcst HUKIMIECKOMY U3IMOy COCPEJOTOYEHHOI CH-
710it. PaccMOTpeHBI pas/inyHble cXeMaTusanny fedexra:
TpeIHa KPyroBoil GpOpMbI, SIIMIITUYECKas], OBaIbHas,
OBaJ/IbHAsl YETBEPTOJl CTeleH!U. BBHINOIHEH CpaBHUTEb-
HbIIT aHamM3 KO3(UIMEHTOB MHTEHCUBHOCTY HAIPs-
JKeHMIL. YCTaHOBJIEHA 3aBUCHMOCTD JOIYCTUMOTO YHC/IA
IIVK/IOB HarPy>KeHVsI OT IIPVJIOKEHHOT CUJIBL AJIsI KPYTO-
BOJI U OBAJIbHOI TPEIIVH C y4eTOM IpaHu Tena. IIpen-
JIOXKEHHasl pacyeTHas cXxeMa NMPUMEHsETCS JyIA OL[eHKU
OCTAaTOYHOTO Pecypca )ee3HOJOPOXKHBIX PETbCOB.

Tab.: 1. Vin.: 5. Bubmmorp.: 15 Hass.

Smirnov V. I, Maier S. S. Influence of the shape of
the internal transverse crack on the fatigue strength of
the beam during cyclic bending. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2022, no. 4 (93),
pp. 58-64.

Keywords: cyclical crack resistance, circular crack, oval
crack, fatigue fracture, beam bending, rail.

The paper studies the effect of the shape of the internal
transverse defect on the fatigue crack resistance of the beam.
The beam on a solid elastic foundation with a cross-section
in the form of an unequal I-beam is subjected to cyclic
bending by concentrated force. Various schematizations
of the defect are considered, namely, a crack of circular
shape, elliptical, oval, and oval of the fourth degree
shape. A comparative analysis of stress intensity factors is
performed. The dependence of the permissible number
of loading cycles on the applied force for circular and
oval cracks has been established, taking into account the
boundaries of the body. The proposed calculation scheme is
used to estimate the residual life of railway rails.

YIK 69.003:658.012.22

DOI 10.23968/1999-5571-2022-19-4-65-72

Bbonomun C. A., buue-oon X. B., boxan X. A., Xy-
peiinu H. K. P. IIpuknagHble acneKTbl SHTPONUITHOTO
NOKa3aTelsd OLEHKM aKTyaabHOro rpaduka crpou-
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TeNbCTBA // BeCTHUK TpaK[JaHCKUX MHXKeHepoB. 2022.
Ne 4 (93). C. 65-72.

Kntouesvie cnosa: xaneHgapHoe IVIaHNPOBAHME CTPO-
UTENbCTBA, YIPABJIeHNe IPOEKTaMI, SHTPONMA AKTyasIb-
HOro TpadyKa CTPOUTENIbCTBA, KaueCTBO YIIPaBIeHMA
CTPOUTENILCTBOM, IIPOTHO3MPOBAHME 3afIeP>KKM CTPOM-
TeNbCTBA.

KoHeuHplil pesynbraT IIpoliecca CTPOUTENbCTBA —
IIO/Ty4eHJe TOTOBOTO K 9KCIUTyaTaluy 0ObeKTa HefBU-
)umocTy. OfHaKO IVIAHMPYEMOMY XOJly CTPOMTENbCTBA
IPEIATCTBYeT HEeCBOEBPEMEHHOEe BBIIOIHEHNE OT/e/b-
HBIX PabOT M3-3a BIMAHUA MHOXKECTBA HETAaTVBHBIX
(akTOpOB, OIpeNeIAIIMX CTOXaCTUYECKUII XapakTep
CTPOUTE/ILHOTO IMpOM3BOACTBA. Ha ocHOBaHUM cTpou-
TEeJIbHOTO MOHMTOPMHIA MOXKHO OIIpeNe/UTb PAacXoXKie-
HIle BpeMEHHbIX XapaKTePUCTUK (PaKTUIeCKNX U IIaHU-
PYEMBIX IPOJO/DKATENBHOCTEN paboT Ha MOMEHT BpeMe-
HJI IIPOBEJIeHNsI MOHUTOPUHTIA. B KayecTBe OI[eHKM 3TOTO
PacXOXJEeHNsA pacCMOTPeHa SHTPONMITHASA XapaKTepu-
CTHKA aKTYyaJIbHOTO rpadyKa CTPOUTENbCTBA, KOTOpast
CUCTEMHO OTPa)KaeT COCTOsIHME CTpouTeNnbcTBa. C IoMo-
IIBIO 9TOJ XapaKTePUCTUKU MOXKHO OLIEHUTb COCTOAHNE
CTPOUTENIBCTBA KAK C MO3UIUY KOMMYECTBEHHOI OL[eHKM
ero nH(OPMAIMOHHOI HEOIPENeIeHHOCTH, TaK 1 C II0-
3MIMM OLEHKM KadecTBA YIIPABIEHMUA CTPONUTETbHBIM
IIPOM3BOZICTBOM. boree Toro, ecny NpennonoXuTh, 9To
SHTPONMITHBIN II0Ka3aTe/lb COXPAHUT CBOE 4YMCTIEHHOE
3Ha4YeHNe [I0 3aBepIleHNsA CTPOUTENbCTBA, TO IO STOMY
3HAYEHMIO MOXKHO CIIPOTHO3MPOBAaTh OOILIYIO 3afiepiK-
Ky OKOHYaHUS CTPOUTENbCTBA. PaccMoTpeHbl Haubonee
Ba)KHbIe IPUKIaJHbIe (YHKIUM SHTPOIMITHOTO IOKa-
3aTe/lsl OLEHKM aKTyaJbHOTO rpaduka CTPOUTENbCTBA,
BBICTYIIAIOLIETO B KadecTBe 00OOIIAIONEro KpUTepus,
OTPaXKAIOIIIEro Ka4eCTBO YIPaB/IeHNs, BKTIOYAOI[Eero Ta-
Kue ob1ye GYHKINY, KaK IIaHUPOBaHIE, OPraHN3aINIo
U peryl1upoBaHue X0ofja CTPOUTEIbHOTO IPOM3BOACTBA.

Ta6sm.: 1. Vin.: 1. bubmuorp.: 14 Ha3Bs.

Bolotin S. A., Biche-ool H. V., Bohan Kh. A,
Huraini N. Q. R. Applied aspects of the entropy indicator
of the current construction schedule assessment. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2022, no. 4 (93), pp. 65-72.

Keywords:  construction  scheduling,  project
management, entropy of the current construction
schedule, quality of construction management, forecasting
construction delays.

Construction is a process, the final result of which
is creation of a real estate object ready for operation.
However, the planned course of construction is hindered
by the untimely execution of certain works. This is due
to the influence of a sufficiently large number of negative
factors that determine the stochastic nature of construction
production. Based on construction monitoring, it is

possible to determine the discrepancy between the
time characteristics of the actual and the planned work
duration at the time of monitoring. As an assessment
of this discrepancy, the entropy feature of the current
construction schedule is considered, which systematically
reflects the state of construction. With the help of this
characteristic we can assess the state of construction
both from the position of quantitative assessment of its
information uncertainty, and from the position of assessing
the quality of construction management. Moreover, if we
assume that the entropy index maintains its numerical
value until the completion of construction, then by this
value we can predict the total delay in the completion
of construction. The article presents the most important
applied functions of the entropy index for evaluating the
current construction schedule, which acts as a generalizing
criterion reflecting the quality of management, including
such general functions as planning, organization and
regulation of the course of construction production.

YK 539.4

DOI 10.23968/1999-5571-2022-19-4-73-81

Momuines P. B., Kapnywxun A. C. IIpo6nemaTnka Ka-
JIEHJAPHOTO IIAHMPOBAHNS MPU CTPOUTENBCTBE 00D-
eKTOB C IpUBJIeYeHNeM OHIKeTHBIX cpeacTs // Becrt-
HIYIK TPOKJAaHCKIUX MH>KeHepoB. 2022. Ne 4 (93). C. 73-81.

Kniouesvte cnosa: mnaHnpoBaHue, rpadyK BBIIOIHE-
HUsL paboT, Ka/leHAApHBIN IIaH ctpourtenbcTa, [1ITP,
JMMUTBL GMHAHCUPOBAHIISI, OCBOEHNE, OIOfKET.

[Tponssenen 0630p 06s3aTeNnbHBIX HOPM KaneHpap-
HOTO ITAHMPOBAHMUSA Ha KKIOM 13 9TAIIOB MHBECTUIN-
OHHOTO LIMK/A. BbIfje/leHbl OCHOBHbIE TPOG/IEMBI, BO3-
HMKAIOIVe Py KaJeHAapHOM IUTaHupoBanuu. [Ipeno-
JKEHBI PeIleHs], HO3BOISIONINE COKPATUTD BBLSIB/ICHHbIE
po6/IeMBl U YBeTMIUTD 3P PEeKTUBHOCTD OCBOEHUA 0107 -
JKETHBIX CPEJICTB.

Tab1.: 6. Bubmorp.: 10 Hass.

Motylev R. V., Karpushkin A. S. The problems of
calendar planning in the construction of facilities
with the involvement of budgetary funds. Vestnik
grazhdanskikh inzhenerov — Bulletin of Civil Engineers,
2022, no. 4 (93), pp. 73-81.

Keywords: planning, progress chart, construction
calendar plan, project of work execution (PWP), funding
limits, disbursement, budget.

The article presents a review of mandatory forms of
calendar planning at each stage of the investment cycle.
The main problems that arise during calendar planning are
highlighted. Solutions are proposed intended at reducing
the identified problems and increasing the efficiency of
budget disbursement.
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Bepxomypos B. I1. OTBefieHMe IOBEPXHOCTHOTO CTO-
Ka C TepPUTOPUN KOTETbHBIX // BeCTHUK Trpa>kgaHCKIX
nHXeHepoB. 2022. Ne 4 (93). C. 82-88.

Kniouesvie cnosa: cxema BOJOOTBeIEHMA, COCTAB MO-
BEPXHOCTHBIX CTOYHBIX BOJ, MCIIONb30BaHME IOBEpX-
HOCTHBIX CTOYHBIX BOJI.

PaccmarpuBatorcss 0cob6eHHOCTV GOPMUPOBAHUA TIO-
BEPXHOCTHOTO (JOKIEBOTO U TalI0T0) CTOKA, OTBOJVIMOTO
C TEPPUTOPUI IPEAIPUATII TOIUIVBHO-9HEPTeTUYECKOT O
KOMIUIeKca. IIpefcTaBieHbl HaHHbIE HATYPHBIX MCCIIe-
TOBAaHMUII 3arpA3HEHHOCTY JOXJEBOIO U TAJOr0 CTOKA
C TEPPUTOPUM KOTENbHBIX, PabOTAIOIIUX Ha Ta30BOM
TOIUIMBE M PACIONOXXEHHBIX B pasINYHBIX pajloHax
Cankr-Tlerepbypra. PaccMoTpeHs! Tpe6GOBaHUsL, IPEb-
SBJIAeMBbIe K Ka4eCTBY BOJIBI, MICIIO/Ib3yeMOIl B CUCTeMax
060pOTHOTO BOIOCHAOKEeHNA KOTeMbHBIX. Ha ocHOBaHMM
IaHHBIX [IPOBEJIEHHbIX MICCIETOBAHMIT ObIIA TIPEfIOKeHa
palLMOHa/IbHAA CXeMa OTBe[eHYIA IIOBEPXHOCTHOTO CTOKA,
Y4YUTBIBAIONIAsA BO3MOXKHOCTD MCIIONb30BaHMA OYUILECH-
HBIX CTOYHBIX BOJ| B CHCTeMax TeXHMYeCKoro (060poT-
HOTO) BOJJOCHa0XKeHMsI KOTe/bHbIX. [Ipefaraemas cxema
OTBeJeHM: TIOBEPXHOCTHOTO CTOKA IO3BOIUT COKPATUTD
06peMbI COpOCa CTOYHBIX BOJ B KOMMYHA/IbHbIE CHCTEMBI
BOJOOTBECHN, CHU3UTh 00beMbl IOTPeO/ICHNUS BOZDI
NUTHEBOTO KauyecTBa M3 CMCTeM KOMMYHA/TIbHOTO BOJO-
CHabXXeHMsI, COKPATUTD 3aTPAThI M ONTUMUSMPOBATH CXe-
MY T€XHUYECKOTO BOZOCHAGKEHNS IIPEIIPYSATISL.

Ta6m.: 2. Vin.: 1. bubmuorp.: 10 Ha3Bs.

Verkhoturov V. P. Surface runoff disposal from
the territory of boiler houses. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2022, no. 4 (93),
pp. 82-88.

Keywords: wastewater disposal scheme, composition
of surface runoff water, use of surface wastewater.

The article discusses the features of the formation of
surface runoff (rainfall runoff and melt water runoff)
disposed from the territories of enterprises of the fuel
and energy complex. There are presented some data of
natural studies of pollution of rainfall and melt water
runoft from the territory of boiler houses operating on gas
fuel and located in various districts of St. Petersburg. The
requirements for the quality of water used in circulating
water supply systems of boiler houses are considered. Based
on the data of the conducted research, there is proposed
a rational scheme for surface runoff disposal, taking into
account the possibility of using treated wastewater in the
technical (circulating) water supply systems of boiler
houses. The proposed scheme for surface runoff disposal
will allow reducing the amount of wastewater discharged
into public sewerage systems, cutting the consumption of
drinking-quality water from public water supply systems,

reducing costs and optimizing the industrial water supply
scheme of the enterprise.

VK 628.1, 628.3
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Omumpuesa K. I. ViccnemoBaHue afcopOLMOHHOI
AKTMBHOCTU YITIEPOJHOTO agcopOeHTa NI OYMCTKU
BOJIbI, IIOTYy4aeMOr0 TePMOXMMIYIECKONM eCTPyKImen
ocajgKa CTOYHBIX BOJ, OyMakHOII ¢abpuku // BecTHMK
TPaXJAaHCKUX MH>KeHepoB. 2022. Ne 4 (93). C. 89-95.

Kntouesvie cnosa: sK0MOTNA, 04NCTKA BOADI, IPOMBIII-
JIeHHBIE CTOYHBIE BOJIBI, YIIEPOSHBIIT aCOPOEHT, TepMO-
XMMU4ecKas IeCTPYKIMs, aficOpOLOHHAs aKTYBHOCTD.

VicTouHuKM ITpecHOl BOAbI MPOJOIKAIOT 3arPA3HATD-
Csl CTOYHBIMU BOJaMM TIPOMBIIUIEHHBIX MPefIpUATUIL.
B To0 >xe BpeMsA MaTepuasbl, MCIOIb3yeMble [/l OYMCTKA
BOJIBI, HE B IIOJTHOJ Mepe OTBEYAI0T COBPEMEHHBIM BO3-
pacTarouM MOTPeOHOCTAM HAyKM, TEXHVKM Y IIPOMBIII-
neHHoCTH. [IprMeHeHMe B KaueCcTBe aficOpOEHTOB BCEBO3-
MOYKHBIX HelOPOTHX YITIEPOACOTEPIKAINX OTXOOB I10 Cell
TleHb OCTaeTCs aKTya/lbHOI 3ajjadeil. ABTOPOM IIpefia-
raeTcsi HOBOE ChIpbe I IIPOU3BOJCTBA YIJIEPOHOTO al-
cop6OeHTa [/Is1 OYMCTKY BOfbI, IIO3BOJIAIOLIEE YTUIN3UPO-
BaTb OTXO]] IPOMBIIIEHHBIX IpegnpuATuit. ViccregoBana
afIcCOPOIIMOHHAsT CITOCOOHOCTD (afCOpPOLUMOHHAS AKTUB-
HOCTb) II0/Iy4aeMOr0 YITIEPOZHOIO aficopOeHTa, a TakoKe
yKasaHbl paKTOPBI, BAMIOLIVE HA 9TOT II0OKa3aTeIb.

Tabm.: 1. Vin.: 3. Bubnuorp.: 20 Ha3B.

Dmitrieva K. G. Investigation of the adsorption
activity of carbon adsorbent for water purification
obtained by thermochemical destruction of paper
mill sewage sludge. Vestnik grazhdanskikh inzhenerov -
Bulletin of Civil Engineers, 2022, no. 4 (93), pp. 89-95.

Keywords: ecology, water purification, industrial
wastewater, carbon  adsorbent, thermochemical
destruction, adsorption activity.

At present, fresh water sources continue to be polluted
by industrial wastewater. At the same time, the materials
used for water purification do not fully meet the modern
growing needs of science, technology and industry. The
use of various inexpensive carbon-containing wastes as
adsorbents remains an urgent task to this day. The author
proposes a new raw material for the production of a carbon
adsorbent for water purification, which makes it possible
to utilize the waste of industrial enterprises. There has
been studied adsorption activity of the resulting carbon
adsorbent, as well as the factors influencing this indicator.
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Muponos B. B., Epogees E. A. DKcnepuMeHTaNb-
Hble MCCIefoBaHNMA 3(PPeKTUBHOCTI HPAMOro Ipe-
00pa3oBaHNsA TUAPABINYECKON SHEPIuMy B ITHEBMa-
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TUYECKYI0 // BeCTHMK Ipa)KFaHCKMX MHXXeHepoB. 2022.
Ne 4 (93). C. 96-101.

Kniouesvte cnosa: ruppasmndeckuit ygap, MeMOpaH-
HBIJl KOMIIPECCOP, CKATBI BO3IYX.

OpHoit u3 mpobreM Ipeobpa3oBaHuA TUpaBINYe-
CKOJl 3HEprMM B ITHEBMATUYECKYIO CUMTAETCH, OTCYT-
CTBUE MHPSIMOTO Ipeob6pasoBaHMs AAHHBIX BUJOB SHep-
rvn. Ilenpio jaHHOI cTaThy ABIAeTCA onpenenerue KITJT
nporecca mpeobpasoBaHusl MCXONHON TUJ[PABINYECKO
SHEPIUM B II0/IE3HYI0 THEBMATNYECKYI0 MOIHOCTD Ha J/a-
60paToOpHOII 9KCIIEPUMEHTAIBHOI YCTAHOBKe. B pesyib-
tare uccnenoBanus 6sut onpenenés KIII npsimoro mpe-
obpasoBaHums sHepruitl. [laHHAs TEXHONMOTUS UCKITIOYAeT
4yeThIpe JIMUIHMX CTYHeHU IpeobpaszoBanusa. Iddex-
TUBHOCTb JJAaHHOTO IpPeoOpasoBaHNs TMAPABINIECKOI
SHEPIMM B IHEBMATMYECKYI0 MOIIHOCTh IPMMEPHO Ha
30 % 6orbliie B CPaBHEHUY C TPAJUIIMOHHON TEXHOMIOI M-
eii. [lonmyyeHHble pe3ynbTaThl BHOCAT BKIaZ, B pasBUTHE
TEXHOJIOTMH HPSIMOTO IPeoOpa3oBaHist TMAPABINIECKOI
9HEPIUM B IIHEBMATUYECKYIO.

Ta6m.: 1. Vin.: 4. bubmuorp.: 12 Ha3B.

Mironov V. V., Erofeev E. A. Experimental studies of
the efficiency of direct conversion of hydraulic energy
into pneumatic one. Vestnik grazhdanskikh inzhenerov -
Bulletin of Civil Engineers, 2022, no. 4 (93), pp. 96-101.

Keywords:  water hammer effect, membrane
compressor, compressed air.

The lack of direct conversion of hydraulic energy into
pneumatic energy is considered to be one of the current
problems in the sphere of energy conversion technologies.
The purpose of this study is to determine the efficiency
of the process of converting the initial hydraulic energy
into useful pneumatic power at a laboratory experimental
installation. As a result of the study, there has been
determined the efficiency of direct energy conversion.
This technology eliminates four extra stages of conversion.
The efficiency of this conversion of hydraulic energy
into pneumatic power is approximately 30% higher as
compared to traditional technology. The results obtained
contribute to the development of the technology of direct
conversion of hydraulic to pneumatic energy.
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Hosocénos M. I, Ymopux [I. B., benkanosa M. IO.,
Huuyxas C. I Pacyer paccekaTensl MOTOKAa >KUIKOCTU
asparopa Noj3eMHbIX BOJL // BeCTHUK IPayKIaHCKMUX MH-
»KeHepoB. 2022. Ne 4 (93). C. 102-107.

Kniouesvie cnosa: aspauys, ferasanus, asparop, pac-
CeKaresb.

Cospanne HagexxHoro u 3ddexTuBHOrO0 060pyHoBa-
HUSL JUIsE @9paliny-Jiera3aniy MOA3eMHBIX BOJ| [I03BOJISET
pelLIaTh TeXHOMOTMYECKIe 3aadll YIa/eHNsT PACTBOPEH-

HBIX Ta30B M HACBIIIEHNA BOIbBI KUCIOPOJOM BO3JyXa.
Llenblo MAHHOTO MCC/IENOBaHMA ABIAETCA COCTaB/IEHNUE
HOpsAJKa pacyeTa pacceKaTess IOTOKa >KUAKOCTY J/IA as-
paropa koMmOuHMpoBaHHOro Tuna. OmpeneneH fuaMeTp
IPOCCETbHOTO OTBEPCTHS, PACCYNTAH AMaMeTpP pacceKaTe-
7151, KOTOPBIJ OIpefieNAeT CKOPOCTh BbIIETa TOTOKA BOMbI
€ KPOMKM pacceKaress. PacueT BbIIIONIHEH /I MeaIbHON
JKUKOCTH ¥ IPEJIIONATAET, YTO MMOTOK BOMIBI IIOCTIE pacce-
KaTess pa3bMBaeTCs Ha MHOXXECTBO CTPYEK C sleMeHTap-
HBIM pacxopioM. IIpencrapnena pacyeTHas cxeMa JBIDKe-
HISA BOAIBI IOfI pacceKkareneM. IIpyMeneHne pesynbraTtoB
pacdera [03BOJIAET CO3/IaTh MaKCHMa/bHO OOIBIIYIO II/IO-
IIa/ib KYTIO/Ia BOABI B IIPEfe/Iax KOIOHHbI a3paTopa.
Ta6m.: 1. Vin.: 4. Bubnnorp.: 10 HasB.

Novoselov M. G., Ulrikh D. V., Belkanova M. Yu.,
Nitskaya S. G. Calculation of the liquid flow splitter
of the groundwater aerator. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2022, no. 4 (93),
pp. 102-107.

Keywords: aeration, degassing, aerator, splitter.

Creation of reliable and efficient equipment for
aeration-degassing of groundwater solves the technological
problems of removing dissolved gases and saturating
water with atmospheric oxygen. The purpose of this study
is to compile the procedure for calculating the liquid flow
splitter for a combined type aerator. The diameter of the
throttle hole is determined, the diameter of the splitter
is calculated, which determines the speed of the water
outflow from the edge of the splitter. The calculation is
made for an ideal liquid and assumes that the water flow
after the divider is divided into many streams with an
elementary flow rate. A design scheme for the movement
of water under the splitter is presented. Application of the
calculation results allows creating the largest possible area
of the water dome within the aerator column.
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Decvkosa A. . AKTyanbHbIe IIPOGIEMBI THAPABIN-
YeCKHIX PpacyeToOB TPAHCIIOPTHBIX COOPYKEHUIT CUCTeM
OTBeleHN:I MOBEPXHOCTHOTO CTOKAa // BecTHMK rpax-
DaHCKUX MHXeHepoB. 2022. Ne 4 (93). C. 108-114.

Kntouesvie cnosa: palyioHa/lbHBIN MeTOJ, TUAPABIN-
YeCKOTO pacdeTa, MeTOf] MpeelbHbIX NHTEHCUBHOCTEI,
CUCTeMa BOJIOOTBEIeHNA, [IOBEPXHOCTHBIN CTOK.

[Tpo6memMbl THAPABINYECKUX PACYETOB TPAHCIOPT-
HBIX COOPY>KEHUII BKIIIOYAIOT PAJ, MPUHATBHIX [OIYyIle-
HUIT B MeTORMKe, pa3pabOTaHHON B IPOLIIOM BeKe,
U BAVSIOMMX Ha JOCTOBEPHOCTb MONTYyYaeMBbIX pPe3yib-
taroB. HecMOTpss Ha MHOTOYMCIIEHHOCTD ITyONMKaIuii
0 9TOJ mpobIeMaryKe, IPAKTUYECKU OTCYTCTBYIOT MC-
CriefloBaHMsA 110 OLleHKe CTelleHY BIIMAHUSA 3TUX JOIylle-
HUI Ha IOCTOBEPHOCTD IMPABINIECKIX PAaCUeTOB CeTel
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U pe3epByapOB CUCTEM OTBEJEHNUA IOBEPXHOCTHOIO CTO-
Ka. PesynmbraThl mcciefoBaHus pacxofoB Ha KOHEYHOM
y4yacTKe KO/JIEKTOPa, Io/Ty4eHHbIe C IPUMeHEeH)eM MeTO-
Jia IPEeMebHBIX MHTEHCUBHOCTEN U 110 TU/IPaBINYECKON
MOJIe/IN, TI0Ka3alM UX CXOAVMOCTD IIPY YC/IOBUM HeIpe-
PBIBHOTO PABHOMEPHOTO HapacTaHMA IUIOLIAJEil IIo-
BEPXHOCTHOTO CTOKa. B pesynbrare nccnefoBanus Ob1o
BBISIBJIEHO, YTO NPV PABHOMEPHOM JIMICKPETHOM HapacTa-
HUM TUIOWA/IeNl CTOKA IPVMMEHEH)Ee METOMA IPefle/TbHbIX
VHTEHCUBHOCTEN NPUBOIAUT K 3aHVDKEHMIO PAaCYeTHBIX
pacxonos Ha 15-20 %. IIpu HepaBHOMEPHOM [VICKpET-
HOM HapacTaHUM IOTPEUIHOCTb PacYeTOB MOXKET 3HAYM-
TeJIbHO YBennunThbcA. IlomydeHHble pe3ynbTaThl BHOCAT
BKJIQJi B BOIIPOCHI 00 aKTya/jmsalnuy METOAVKI TUPAB-
JIMYECKUX PacyeTOB TPAaHCIIOPTHBIX COOPYKEHUI CUCTEM
BOJOOTBENIEHNA TIOBEPXHOCTHOTO CTOKA.
Tabm.: 1. Vin.: 4. Bubmuorp.: 20 Ha3B.

Feskova A. Ya. Actual problems of hydraulic
calculations of transport facilities for surface runoff
drainage systems. Vestnik grazhdanskikh inzhenerov -
Bulletin of Civil Engineers, 2022, no. 4 (93), pp. 108-114.

Keywords: rational method of hydraulic calculation,
limiting rate method, drainage system, surface runoff.

The problems of hydraulic calculations of transport
facilities include a number of accepted assumptions
in the methodology developed in the last century and
affecting the reliability of the results obtained. Despite
the large number of publications on this subject, there
are virtually no studies to assess the degree of influence
of these assumptions on the reliability of hydraulic
calculations of networks and reservoirs of surface
runoff disposal systems. The results of the study of the
flow rates in the final section of the collector, obtained
using the method of limiting intensities and according
to the hydraulic model, show their convergence under
the condition of a continuous uniform increase in the
surface runoff areas. Consequently, it was found out
that in case of uniform discrete growth of runoff areas,
application of the method of limiting intensities leads to
underestimation of calculated discharges by 15-20%. In
the case of non-uniform discrete growth, the calculation
error can increase significantly. With an uneven discrete
growth, the calculation error can increase significantly.
The obtained results contribute to the issues of updating
the methodology of hydraulic calculations of transport
facilities of surface runoft drainage systems.
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Asepvanos B. K., bnunos A. H., Tsepckoii V. B. Ilytn
YIyYlIeHus 3KOMOTMYEeCKUX IIOKasaTeleil Merarosu-
coB 3a cueT ucnonb3osanua CIIT' B kauecTBe peseps-

HOTO TONIMBA // BecTHMK Tpa)KTaHCKUX WHXKEHEPOB.
2022. Ne 4 (93). C. 115-124.

Knrouesvie cnosa: pesepsHOE TOIUIMBO, XO3CTBO pe-
3€PBHOTO TOIUIMBA, C)KVKEHHBIN IIPUPOIHDIA Ias, ra3o-
pacIpesenuTenbHasA CTaHIMNA, Ta30IIPOBOJIBL.

Kpynnuple TOC, pacnonoxkeHHble BHYTPU TOPOJCKUX
TeppUTOpUIi, MMEIOT B KauecTBe Pe3ePBHOIO TOIINMBA
(PT) pusenbHOe TOIUIMBO WIM Ma3yT, B OTHE/IbHBIX CITy-
YasX Yro/ib, YTO OKa3bIBAeT HETAaTUBHOE BIIVAHNE Ha 9KO-
7IoTHI0 ropofa. B cooTBeTCTBMIU C 3TUM, HOBBII IOPAOK
CO3JlaHMA M UCIIO/Ib30BaHMA TEIJIOBBIMU 3/1€KTPOCTAH-
LMAMMU 3aI1aCOB TOIUIMBA IPEyCMaTPUBaEeT KaK BapMaHT
VICIIO/Ib30BaHMe CKIDKEHHOro npyupozpHoro rasa (CIIT) B
KauyecTBE PE3ePBHOTIO M aBAPUITHOTO 3aIlacoB TOILIMBA.
3amena PT Ha npupopHblil Tas IO3BOIUT B ONpefeneH-
HOIl Mepe CHM3UTDb HArPy3Ky Ha OKPY)KaloIlyl0 Cpeny U
COKpaTUT TePPUTOPUN, 3aHATHIE TIOJ] XO3AMCTBA pe3epB-
Horo Torusa (PTX). Tak kak CTpOUTENbCTBO 1 COTepIKa-
Hie PTX Ha xoTenpubIx 1 TOI] TpeOy0T 3HAYNTEBHBIX
KaIlMTa/IbHBIX BJIOKEHMII ¥ 3KCIUTyaTallMOHHBIX 3aTpar,
nepexop Ha CIII, nMmerommit cBoo crennuxy, Tpedyer
TOIIO/THUTE/ILHOTO aHa/IN3a, IPUBEEHHOTO B HACTOAII eI
cTaTbe, B KOTOPOII OIIEHNBAIOTCSA TPpebOBaHMsA K 06BeMaM
CIII, mecTa mpousBOACTBa, XpaHeHuA u gocrasku CIIT
Ha TOC. OueHeHB! NOTEHIMANTbHbIE IUTIOCH OT MEPexo-
ma PT na CIII' u chopmynmupoBansl 3afauy, Tpebyromue
JIaIbHENIINX UCCAeNOBaHMIA.

Tabm.: 5. Vin.: 4. Bubmuorp.: 10 Ha3s.

Averyanov V. K., Blinov A. N., Tverskoy 1. V. Ways
of improving the environmental performance
of megalopolises by using LNG as a reserve fuel. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2022, no. 4 (93), pp. 115-124.

Keywords: reserve fuel, reserve fuel facility, liquefied
natural gas, gas distribution station, gas pipelines.

Large thermal power plants (TPP) located within the
boundaries of urban areas usually use diesel or black oil
as a reserve fuel (RF). In some cases, coal is also used.
That has a negative impact on the natural environment of
the city. In accordance with this, the new procedure for
the creation and use of fuel reserves by thermal power
plants provides as an option the use of liquefied natural
gas (LNG) as a reserve and emergency fuel. Replacing RF
(reserve fuel) with natural gas will, to some extent, reduce
the load on the environment and reduce the area occupied
by reserve fuel facilities (RFF). Since the construction and
maintenance of RFFs at boiler plants and thermal power
plants (TPP) requires significant capital investments and
operating costs, the transition to LNG, which has its own
specifics, requires additional analysis, given in this article,
which evaluates the requirements for LNG volumes,
places of production, storage and delivery of LNG to the
TPP. The potential benefits of RF's transition to LNG have
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been assessed and challenges requiring further research
have been formulated.
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Hikaposckuii A. /1., Ipumumaun A. M., Taypum B. P,
CoBepLICHCTBOBAHME VCHOIb30BAHMA TBEPAOIO TO-
IUINBAa TIPU CI0eBOM crocobe oxuranus // BecTHmk
TpaXKHAHCKUX MH>KeHepoB. 2022. Ne 4 (93). C. 125-131.

Knouesvie cnosa: TBeppoe TOIIMBO, CTTIOEBOE CXKNUIA-
HIle, aKTVBHbIE J0OaBKM, moBbiueHre 3¢ dekTuBHOCTH,
CHIDKEHMe 3aTPA3HEeHN aTMOC(epBbL.

IIpencraBrieHbl pe3y/IbTaThl MCCIENOBAHUIL, IE/IbIO
KOTOPBIX SBJIAETCA TIOBbIIeHNe 9()(EKTUBHOCTY U Ka-
4eCTBa MCIO/Ib30BAHNUA TBEPHOTO TOIUINBA IIPU CTIO€BOM
criocobe CKUTaHMS B KOTIaX Majoil MOINHOCTH. [lis
9TOr0 KOMIUIEKCHO PacCMOTPEHbI 3ajlaull ITOBBILICHMA
3P PEKTUBHOCTU HCHOIb30BAHUA TOIUIMBA, CHYDKEHVIA
3arpsA3HEHNUs aTMOCGEepDI U YIy4IIeHNs CBOJICTB II/NaKa,
YIPOIIAIOIe ero fajabHellyio mepepaboTky. B ocHo-
By MeTOHOJIOTMY PabOThl IIOJIOOKEHO NCIIONb30BaHNUE
aKTMBHBIX [00AaBOK, BHOCUMBIX HENIOCPECTBEHHO Ha
crIoit ropsiuero Tomnusa. [lericTBre [06aBOK OIperene-
HO MeTOJaMU Ia30BOrO aHAINM3a M COCTABJIEHMA TEIUIO-
Boro GamaHca xorma. IlomydeHsl mokasarenu paboThI
KOTJ/IOB, KOTOpBIE JOKa3bIBAIOT 9¢)(PeKTMBHOCTb METOA.
PaspaboTaHbl peKOMeHfjalluy 110 BHEAPEHUI0 METOAa B
YCIOBMAX €160 aBTOMATU3UPOBAHHBIX KOTEIbHBIX IIPU
MUHJMaJIbHBIX 3aTpaTax Ha ero peannsannio. Haydynole n
IIpaKTUYeCKUe pe3yIbTaThl paboThl JAIOT BO3SMOXKHOCTD
3HaYNTENbHO MOBBICUTH KIIJI KOT/IOB, CHUSUTD BHIOPOCHI
IPOYKTOB HEIOIHOrO CrOpaHust B aTMocdepy, yBemn-
9UTh IUIOTHOCTD IITAKA, CHU3UTD €ro 0ObeM 1 PasMbl-
BaeMoCTb. [lononunTenbHbIMY 9 deKTaMm COLManbHOro
XapakTepa ABJIAIOTCA YIydlIeHne YCTOBMIl paboThl oOlle-
PaTOpPOB KOTEIbHBIX U MOBBIIIEHIE KYIBTYPBI 00CTYXN-
BaH KOT/IOB.

Wn.: 2. bBubnuorp.: 15 Hass.

Shkarovskiy A. L., Grimitlin A. M., Taurit V. R.
Improving the use of solid fuel in the layered combustion
method. Vestnik grazhdanskikh inzhenerov - Bulletin of
Civil Engineers, 2022, no. 4 (93), pp. 125-131.

Keywords: solid fuel, layered combustion, active
additives, increasing efficiency, reducing atmospheric
pollution.

The article presents the results of studies, the purpose
of which is to improve the efficiency and quality of
using solid fuel in the layered method of combustion
in low-power boilers. In order to achieve this, there are
considered the tasks of increasing the efficiency of fuel
use, reducing atmospheric pollution and improving the
properties of slag, simplifying its further processing.
The methodology of work is based on the use of active

additives applied directly to the burning fuel layer.
The action of the additives was determined by the
methods of gas analysis and the compilation of the heat
balance of the boiler. There have been obtained boiler
performance indicators, which prove the effectiveness
of the method. Recommendations have been developed
for the implementation of the method in the conditions
of poorly automated boiler houses with minimal costs
for its implementation. Scientific and practical results
of the study make it possible to significantly increase
the efficiency of boilers, reduce emissions of products of
incomplete combustion into the atmosphere, increase the
density of slag, and reduce its volume and erosion. An
additional positive social effect is an improvement in the
working conditions of boiler operators and an increase in
the culture of boiler maintenance.
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Tepeenos C. M., ©edomos A. V1., Japxanos K. B. IIpo-
1IecC B3aMIMOJEICTBIA 3TACTUYHON INMHBI C ONOPHOI
NOBEPXHOCTBbI0 [OPOTM, HOKPBITON IPOTUBOIONO-
NegHbIM MaTepuaioM Ha OCHOBe TeXHUYeCKOoi comu //
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C. 132-140.

Kniouesvie cnosa: CHeXXHO-Je[isTHble OT/I0KEHM, COTIb,
TOPOXXHBII «COHBIY», LIJHA, IIITHO KOHTAKTa, 60KOBOE
CIIeTITIeHNe.

BaxHyo ponb B MCCIEOBAaHMM CLEIHBIX CBOVICTB
97IACTMYHOJ IIVHBI UTPaeT M3ydeHue Ipolecca Gopmu-
poBaHsI 6OKOBOJ peaKIyui B IIATHE ee KOHTAKTa C OIop-
HOJI TIOBEPXHOCTBIO IIPU ABIDKEHUM KOJieca ¢ GOKOBBIM
yBopoM. HecMoTps Ha MHOTOUMC/IEHHOCTD ITyO/IMKaLIMi
IO 9TOJ Ipo6IeMaTyKe, IPAKTUYECKU OTCYTCTBYIOT MC-
ClIefoBaHysi OOKOBOTO CLEIJIEHVS 9MAaCTUYHONM ILIMHBI
KoJleca ¢ JIOpOroii, MMerolleil 3MMHIOI CKONb3KOCTb U
00pabOTaHHOI XMMUYECKUMM IIPOTUBOTOTOIENHBIMI
MarepuanaMi. Ilenbio JaHHOTO MCCIeOBAHUS SABJIAETCA
aHa/nM3 Tpoliecca B3aMMOJEIICTBMA 37MACTUYHON INMHBI
C OIIOPHOII TIOBEPXHOCTDIO JOPOTH, IIOKPBITOI CHEKHBIM
HAKaTOM M IIeCYaHO-CONAHOM cMechio. B pesynbrare nc-
CJIeiOBaHMs ObUIVM YCTAHOBJICHBI TPV BapUaHTa B3aVIMO-
JeVICTBYA 9MaCTUYHOIN IIMHBI C 3UMHEN JOPOTOoll, OCHO-
BaHHbIe Ha MOJIe/IIX TPAHMYHOTO, CMELIAHHOTO U BA3KO-
rO TPEHWIT, B 3aBUCUMOCTHI OT IIaBAIIEN CIOCOOHOCTH
TeXHUYECKOI conmu. IIpy BOSHUKHOBEHNY CMEUIaHHOTO 1
BA3KOTO TPEHMI MEXY IIMHOM ¥ IOBEPXHOCTDIO IOPOTU
00pasyeTcst «TpeThe» TeNO, COCTOsAIIee U3 CMeCH YacTULL
CHEXXHO-JIE[ISTHBIX OT/IOXKEHMIT, COMM U TIeCKa, CIIocobHOe
CKOJIB3UTD 110 06Pa30BAHHOMY Ha OIIOPHOII II0OBEPXHOCTH
IOPOTH CI0I0 >KU/IKOTO CO/IEBOTO PacTBOPA, U 3HAUUTE/Ib-
HO CHIDKAThb CIeITHble CBOVICTBA LIMHBI IPU JABUKEHUN
¢ 60KOBBIM yBOLOM. Ilo/mydeHHBIe Pe3yIbTaThl BHOCST
BKJIaJ] B IIOJIy4eHVE HOBBIX HAyYHBIX 3HAHUIT 0 60KOBOM
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CHEIUVICHUN 3/TAaCTUYHbIX IINH C OHOpHOIu/I HOBerHOCTbIO
Jopory, obmafaleil 3MMHeN CKOMb3KOCTBIO, IMEIOIIX
Ba>XHO€ 3HAYEHIE /1A IIOBBIIICHIIA AKTUBHOI 6630H8C-
HocTi ATC Ha goporax B XOTOfHOe BpeM:I rofia.

Ta6m.: 1. Vin.: 5. bubmuorp.: 16 Ha3Bs.

Gergenov S. M., Fedotov A. I, Darkhanov Zh. V.
Process of interaction of the elastic tire with the road
surface covered with de-icing agent based on technical
salt. Vestnik grazhdanskikh inzhenerov — Bulletin of Civil
Engineers, 2022, no. 4 (93), pp. 132-140.

Keywords: snow and ice deposits, salt, road «sandwich»,
tire, contact patch, lateral traction property.

When studying the traction properties of the elastic
tire, it should be kept in mind that it is the investigation
of the lateral reaction formation in the wheel contact
patch with the supporting surface when it is moving
with a lateral drifting that is particularly important for
the researcher. In spite of numerous publications on this
problem, there are practically no studies of lateral traction
of the elastic wheel tire with a winter slippery road treated
with chemical de-icing agent. The purpose of this study
is to analyze the process of interaction of the elastic tire
with a road surface covered with snow glaze and sand-
salt mixture. As a result of this research, three variants
of interaction of the elastic tire with the winter road have
been revealed based on the different models of friction,
namely, boundary, mixed and viscous models of friction,
depending on the melting ability of technical salt. When
mixed and viscous friction occurs between the tire and
the road surface, a «third» body is formed, consisting of
a mixture of particles of snow-ice deposits, salt and sand,
which is able to slide on the layer of liquid salt solution
formed on the supporting road surface, and significantly
reduce the tire traction properties when driving with lateral
drifting. The obtained results contribute to enlarging new
scientific knowledge regarding lateral traction of elastic
tires with the supporting surface of the road with winter
slipperiness, which is important for increasing the active
safety of vehicles on the roads in the cold season.
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Tonos E. B., Copoxuna E. B., Esmiwoxkos C. C. IIpo-
671eMHBIe BOIPOCHI VICHOTb30BAHNA CITyTHUKOBOI Ha-
BUTAIlMM IIPY OLEHKE COCTOAHNA (PAKTOPOB «JOPOTra»
un «cpega» B cucreMe BAJIC // BecTHMK Tpa>kJaHCKMX
MH>XKeHepoB. 2022. Ne 4 (93). C. 141-150.

Kniouesvte cnosa: 6€30MacHOCTb JOPOXKHOTO JBIDKE-
Hus, cuctema BAJIC, GPS.

OCHOBHBIM VMHAMKATOPOM, XapaKTepPU3YIOLIMM OCO-
OeHHOCTU M CHelM(UKY TOPOKHOTO JBVDKEHIS, ABJIACT-
¢S mUHaMu4eckas cucrema «Bogurens — ABTOMOOMIIb —
Hopora - Cpema» (BAJIC), B KOTOpOil IPONCXOJUT

HeIIpepbIBHBI 00MeH MHOpMaLueil MeXAY ee KOMIIO-
HEHTaMU. YPOBEeHb 0€30IacHOCTY JOPO>KHOTO [IBYDKEHMS
HaIpsAMYIO 3aBUCUT OT HaJIeXXHOCTH 57IeMEHTOB CUCTEMBI,
a Taxke crenuUKY UX BHYTPEHHETO B3alMOJE/ICTBUA
MeXJy coboil. B craTbe mpuBeneHa olieHKa (aKTOpOB,
BAUSAIONMX Ha HafleXKHOCTH cucteMbl BAJIC. O6ocHOBa-
Ha HeoOXOAMMOCTD IOBBILIIEHNA KaueCTBa OLE€HKM KITIO-
4yeBbIX (akTopoB nopcucteM «JJopora» u «Cpena» ¢ 1e-
7bI0 obecriedeHnsi JOPOXKHOI 6e30MaCHOCTY aBTOTPAH-
CIIOpPTHOTO KOMIUIekca. IIpousBeneH aHamM3 METOLMKMA
IIPOBEJeHNMs IIOJIEBBIX M3BICKAHMII IpPU ONpeleleHNN
TPAHCIOPTHO-IKCITyaTal[IOHHBIX KaueCTB 37IeMEHTOB
nozicucremsl «Jlopora» st obecriedeHns 6€30MacHOCTI
TOPOXHOTO [BIDKEHUSA C y4eTOM HEOTbEeMJIEMBIX CO-
crapatomux cuctembl BAJIC. OmpepenieHbl OCHOBHBIE
Ipo0/IeMbl IIOJTy9eHMA IUIAHOBBIX KOOPAMHAT BBICOKON
TOYHOCTY Ipu paboTe JOPOKHON TeXHUKU. VI3ydeHbI
BO3SMOXXHOCTM IpuMeHenns texHomormii RTK (knuema-
THUKa peabHOro Bpemenn) u VRS (BupryanbHas 6a3oBast
CTAQHLMA) C LIEJIbI0 COBEPIIEHCTBOBAHMS METOJOMIOTIYe-
CKOTO ammapaTa IMpOBeeHNI aBTOLOPOXKHBIX 9KCIIEPT3.
PesynbraThl mccieoBaHusA IO3BONAIT HAPAaCTUTD IIO-
TEHIVAJI /51 JATbHENIINX paboT B 06/1acTy MOBbILIEHIS
6€30MacHOCTY [IBVDKEHUS U CHIDKEHMs aBapMIlHOCTIH,
YUYUTBIBAIOLINX OCOOCHHOCTY IOPOXHOI Cpefibl.
Wn.: 11. bubmuorp.: 19 Hass.

Golov E. V., Sorokina E. V., Evtyukov S. S. Problematic
issues of using satellite navigation in assessing the state
of the «road» and «environment» factors in the DCRE
system. Vestnik grazhdanskikh inzhenerov - Bulletin of
Civil Engineers, 2022, no. 4 (93), pp. 141-150.

Keywords: road traffic safety, DCRE system, GPS.

The main indicator characterizing the features and
specifics of road traffic is the dynamic system «Driver —
Car - Road — Environment» (DCRE), in which there
is a continuous exchange of information between its
components. The level of road traffic safety directly
depends on the reliability of the system elements, as well
as the specifics of their internal interaction with each
other. The article provides an assessment of the factors
affecting the reliability of the DCRE system. The authors
substantiate the necessity of improving the quality of
assessing the key factors of the subsystems «Road» and
«Environment» in order to ensure road traffic safety of the
motor transport complex. There has been carried out an
analysis of the methodology of conducting field surveys
in determining the transport and operational qualities of
the elements of the «Road» subsystem to ensure the road
traffic safety, taking into account the integral components
of the DCRE system. The main problems of obtaining
high-precision planned coordinates during the operation
of road equipment are determined. The possibilities
of using RTK (real-time kinematics) and VBS (virtual
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base station) technologies have been studied in order to
improve the methodological apparatus for implementing
road safety examinations. The results of the study allow
increasing the potential for further work in the field of
improving road traffic safety and reducing road traffic
accidents’ rate, taking into account the road environment
features.
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Ilysaxos A. B. ViccnemoBanue ¢aKTOpOB, BINMAIOLINX
Ha BHYTpPeHHee COIPOTUB/IEHIe aBTOMOOIIBHBIX aK-
KYMYIATOPHBIX Garapeii // BecTHUK Ipa’kTaHCKMX MH-
JKeHepoB. 2022. Ne 4 (93). C. 151-160.

Kniouesvte cnosa: crapTepHas akKyMynATopHas 6ara-
pes, BHyTpeHHee COIPOTUBIICHNE, CTEIIeHDb 3apsKeHHO-
CTHU, CTelleHb PabOTOCIIOCOOHOCTH, TeMIlepaTypa 3JeK-
TPONNTA, HapabOTKa, MOJIEMPOBaHE HEVMCIIPAaBHOCTEI!

VccnenoBanne akTopoB, BIMAIIUX HA BHYTpEH-
Hee COIPOTUB/IEHNE aBTOMOOMIBHBIX aKKYMY/IATOPHBIX
Oarapeil, O3BOMUT CHU3WUTh HETATHUBHbIE MOCTEACTBIS
BHe3aIlHbIX OTKa30B. HecMOTps Ha MHOTOYNMC/IEHHOCTb
myOIMKAIMIil 110 3TON MpobIeMaTyKe, MPAKTUYECKN OT-
CYTCTBYIOT UCCTIEIOBAHIISI, B KOTOPBIX MI3MEHEHE CTPYK-
TYPHBIX M [JMATHOCTUYECKNUX IIAPAMETPOB MU3YdYaeTCsl C
IIOMOIIBI0 (PM3NIECKOTO MOJEIVPOBAHNS XapaKTepPHbBIX
HEVCIIPaBHOCTel aKKyMYNIATOpHbIX Oarapeit. Ienbio
[aHHOU PabOTHI SAB/IAETCS aHAIN3 M3MEHEHNs] BHYTPEH-
HEro CONIPOTMB/ICHNSI AKKYMY/LSITOPHBIX Oarapeit Ha
OCHOBe 00PaOOTKI JaHHBIX B PEXJMe CTaPTEPHOTO pas-
pana. B pesynbrare mccienoBaHMsA OBIIO 3KCIIEPMMEH-
TaJIbHO YCTAHOBJIEHO BJIMSHIE HAa BEINYMHY BHYTPEHHe-
TO COIPOTUB/IEHNMS AKKYMY/IATOPHBIX GaTapeil TeMepa-
TYPBI 9/IEKTPOJINTA, HAPaOOTKY, CTEIIeHN 3apsDKEHHOCTH
u cTeneHn paborocrnocobHocTu. [Ipennoxena MaTeMaTu-
JecKasi MOJIe/Ib BHY TPEHHETO COIIPOTUB/ICHST aKKYMYJL-
TOpHOI1 Garapen, y4uThIBaIOLIAs M3MeHeHMe (aKTOPOB
aKCIUTyatanym. IIpakTuyeckoe UCIIONb30BaHME TAHHOM
MOJIe/IY TTO3BOIUT OIIPENeNUTh TeXHUYECKOe COCTOSHME
aKKyMY/IATOPHOI 6aTapen Ha 60pPTy aBTOMOOWIISL.

Vn.: 11. Bubnmorp.: 20 Ha3B.

Puzakov A. V. Research of factors affecting the
internal resistance of automobile storage batteries.
Vestnik grazhdanskikh inzhenerov- Bulletin of Civil
Engineers, 2022, no. 4 (93), pp. 151-160.

Keywords: automobile storage battery, internal
resistance, state of charge, efficiency rate, electrolyte
temperature, operating time, failure simulation.

The study of the factors affecting the internal
resistance of automobile storage batteries will reduce the
negative consequences of sudden failures. Despite the
large number of publications on this subject, there are
almost no studies in which the change of structural and

diagnostic parameters is investigated by means of physical
modeling of batteries' characteristic failures. The purpose
of this work is to analyze the change in the internal
resistance of automobile storage batteries based on data
processing in the mode of starter discharge. As a result of
the study, it was experimentally established that the value
of the internal resistance of automobile storage batteries
is affected by the electrolyte temperature, operating time,
the degree of charging and the degree of serviceability.
The author proposes a mathematical model of the battery
internal resistance taking into account the change of
operation factors. The practical use of this model will
allow assessing the technical condition of the automobile
storage battery on board the vehicle.
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Xamvikos B. 0. AHanus cTparermyeckux mpobiem
M IIEPCIeKTUB PasBUTUA Ta30MOTOPHOTO pbIHKA B
YCIOBUAX Pa3IMYHBIX CIleHAPUEB «3€7IeHOTO Iepexoia»
sHepreTuku B Poccun u 3a py6exxom // BecTHuK rpax-
TaHCKUX MHXeHepoB. 2022. Ne 4 (93). C. 161-171.

Kniouesvle cn06a: Ta30MOTOPHBIl PBIHOK, «3IE€HBII
9HEePIroIepexofl», SHEPreTUKa, IaPHUKOBDII Ia3, YITIEPOT,
9HEProapPeKTUBHOCTD, TeKapOOHM3AIS, GMOTOIUINBO,
YIJZIEPOJHBIN HAJIOT.

B pabore paccMOTpeHBI COCTOSIHUE ¥ OCHOBHBIE TTOJI-
XOIbl K pelIeHNI0 Ipob/IeM CHIDKeHNsI BBIOPOCOB map-
HUKOBBIX ra3oB B Mupe m Poccmiickoit ®egepaunm c
yIeTOM BO3MOXXHBIX CIIEHAPUEB «3€/IEHOTOIEPEXO/ar,
CTpaTeruy HM3KOYITIepOJHOro pasButus Poccum mo
2050 r. ¥ mepCIeKTUB UCIOIb30BaHMA MIPUPOSHOrO rasa
KaK MOTOPHOTO TOIIIMBA. Lle/Ibi0 JAHHOTO MCCIeTOBAHMS
SIBJISIETCST AHAJIN3 MEXXYHAPOHBIX M POCCUIICKIX ITOfXO-
TIOB, a TAKXKe MHCTPYMEHTOB PETYIMPOBaHUA BHIOPOCOB
[APHMKOBBIX Ta30B. B mccmemoBanum 6pimm 06061eHbI
aMUHNCTPATUBHO-TeXHUYECKIe U PBHIHOYHBIE MeEPHI,
JICIIO/Ib3yeMble B MIPOBOII IIPAKTYIKE JIsI CHVDKEHMS BbI-
6pocoB MapHMKOBBIX ra3oB. CemaH BBIBOJ, 00 aKTyalb-
HOCTH UCCTIeJOBAHNUIT, HATIPAB/ICHHDIX Ha M3ydeHNe KOM-
MEpPYeCKOro MOTEHI[MajIa VCIIONb30BAHNS IIPUPOFHOTO
rasa C Lje/Ibl0 JOCTVDKEHNsI IUIAHMPYEMBIX IIOKa3aTesel
CHIDKEHVS BBIOPOCOB MapHMKOBBIX Ta3oB. PesynbTaThl
UCCTIeIOBAHNs OTKPBIBAIOT HOBOE TEOpeTMYecKoe Ha-
IpaBjIeHNe B U3YYeHUN MpOO/IeM CHIDKEHMsI BBIOPOCOB
IAPHUKOBBIX Ta30B.

Ta6m.: 2. Vin.: 7. Bubmmorp.: 20 HasB.

Khatkov V. Y. Analysis of strategic problems and
prospects for the development ofthe gas engine
market in the context of various scenarios of the «green
transition» of the energy sector in Russia and abroad.
Vestnik grazhdanskikh inzhenerov - Bulletin of Civil
Engineers, 2022, no. 4 (93), pp. 161-171.

189



BecmHuk epax0aHckux uHxeHepos. 2022. N2 4 (93)

Keywords: NGV market, «green transition», energy,
greenhouse gas, carbon, energyefficiency, decarbonization,
biofuels, carbon tax.

The paper considers the status and main approaches
to solving the problems of reducing greenhouse gas
emissions in the world and the Russian Federation, taking
into account possible scenarios of the «green transition»,
the strategy of low-carbon development of Russia until
2050 and the prospects for using natural gas as a motor
fuel. The purpose of this study is to analyze international
and Russian approaches, as well as the tools for regulating
greenhouse gas emissions. The study has summarized the
administrative, technical and market measures used in the
world practice to reduce greenhouse gas emissions. The
conclusion is made about the relevance of research aimed
at studying the commercial potential of using natural gas
in order to achieve the planned indicators for reducing
greenhouse gas emissions. The results of the study open
up a new theoretical direction in the study of the problems
of reducing greenhouse gas emissions.
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crpud 4.0 B yepefe TEXHONOTMYECKUX YKIIAIOB M IIPO-
MBIIIZIEHHBIX PEBOTIONMIT: TpaHCPOpMAaIMA CTPOU-
TebHOM MHAYCTpuM // BeCTHMK Tpak[JaHCKUX MHYKeHe-
poB. 2022. Ne 4 (93). C. 172-179.

Kntouesvie cn06a: TeXHONMOIMYECKMIT YKJaJ, TPaHC-
¢dbopmarusa cTrpoutensHoi uHpyctpun, Munycrpus 4.0,
COIMANIbHO-3KOHOMMIYECKAs CUCTEMA.

ITpermoyKeHbI aKCMOMBI, PAaCKpbIBAOIIVie 0COOEHHOCTI
PasBUTH:A TEXHONIOTMYECKUX YK/IA/IOB Yepe3 IPOMBIIIJICH-
Hble peBomOIMM. PaccMOTpeHa pOb TEXHONMOTMYECKMX
YK/TaJioB B PasBUTUM OOILIECTBA U UCC/IENOBAH MEXaHM3M
CMEHBI [IOMUHMPYIOIETO Ha 3apOXKJAIOLIMIICA YK/Iaf,.
[TpuBenena aprymeHTanysa pPasBUTHUA TEXHOTOTMYECKUX
YK/TaJioB KaK OOJbIINX COLMANTbHO-SKOHOMUYECKUX CH-
CTeM, 4TO JlaeT Iy6oKoe MOHMMAaHUEe perpecca TeXHOJO-
IMYECKMX YK/IAJIOB, 2 UCCIENOBAHNS YKa3hbIBAIOT Ha UCYEp-
IIaeMOCTb 3BO/MIOLMOHHBIX YIY4LIEHWIA CyIIeCTBYIOMIEeN
(byHIaMeHTaIbHOI MHHOBAIM U HeM30eXHOCTb CMEHBI
TEXHOIOIMYECKMX YKIafoB. OmpeneeHo, 4TO OCHOBHBIE
XapaKTepUCTUKM, CBOVICTBEHHBbIE ToNMbKo VHgycTpun 4.0,
MO3BOJIAIOT ee VAEHTUGNUIMPOBATh U CAENaTh BBIBOZ 00
YCUIIEHVY BIIVISTHYSL 3HAaHMI YelOBeKa U CPefibl ero obuTa-
HMA Ha 00BbeM BaJIOBOTO BHYTPEHHETO NPOJYKTA CTPaHBI.

PesynbpraThl IpuMeHeHNA METOIMKY 9KCIIEPTHOTO OITpoca
OIIpefieNN/IM pasHble YPOBHU B3auMocBaAsu VIHpycTpum
4.0 1 ocHOBHBIX (DaKTOPOB, BAMAIOIMX Ha MUPOBYIO
CTpOUTENbHYI0 MHAYCTpUI0. Ce/laH BbIBOJ, YTO B PaMKax
Nupycrpun 4.0 rmaBHas npobrmemMa SKOHOMUKM — OTpa-
HUYEHHOCTb PECYPCOB, a HM3KasA MaTePUATOEMKOCTb U
9HEPTrOeMKOCTb IPOU3BOJCTBA B VIHgycTpuy 4.0 mossonAT
OTKa3aTbCA OT NPMHLMIIA TEPPUTOPUATBHOTO pa3Melle-
HIUS TIPOM3BOACTB BOMM3M ChIPbs, ICTOUYHMKOB 3HEPIMN,
TPYHOBBIX PECYPCOB.
Ta6m.: 1. Vin.: 1. Bubnnorp.: 19 Hass.

FedoseevI. V., Yudenko M. N., Vasiliev A. N. Industry 4.0
in a series of technological paradigms and industrial
revolutions: transformation of the construction
industry. Vestnik grazhdanskikh inzhenerov - Bulletin of
Civil Engineers, 2022, no. 4 (93), pp. 172-179.

Keywords: technological paradigm, transformation of
the construction industry, Industry 4.0, socio-economic
system.

The article proposes axioms which reveal the
features of technological paradigms' development
through industrial revolutions. The role of technological
paradigms in the development of society is considered
and the mechanism of change from the currently
dominant paradigm to the incipient one is investigated.
The argument for the development of technological
paradigms as large socio-economic systems is given,
which gives a deep understanding of the regression of
technological paradigms, and research points to the
exhaustibility of evolutionary improvements of the
existing fundamental innovation and the inevitability of a
change in technological paradigms. It is determined that
the main features of Industry 4.0 allow it to be identified
and conclude that the influence of people's knowledge and
their living environment on the volume of gross domestic
product of the country is evidently increasing. The results
of the expert survey methodology determine different
levels of Industry 4.0 interaction and the main factors that
influence the world construction industry. Conclusion is
made that within the framework of Industry 4.0, the main
problem of economy is resource scarcity, and the low
material intensity and energy intensity of production in
Industry 4.0 will allow rejecting the principle of territorial
location of production near raw materials, energy sources,
labor resources.



