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Ienepanosa E. M., Kdanosa JI. B. ApT-ueHTpBI: mIep-
cnexkTuBbl passurusa (Ha npumepe r. Camapsr) // Becr-
HUK TPX/JaHCKMX MidKeHepoB. 2025. Ne 4 (111). C. 5-13.

Kniouesvie cnosa: jocyropas U KpeaTuBHas JesATe/Ib-
HOCTb B TOPOJCKOIl Cpefie, MPOCTPaHCTBA, TUIIONIOTUA
BCTPOCHHDIX M OTAEIbHO CTOSIMX OOIECTBEHHDIX 3/ja-
HUIL, TIOTEHIa/T PeKOHCTPYKI{MN.

Ha nmpumepe r. Camappl pacCMOTpPEHBI TEHAEHINN
pasBUTUA apT-LEHTPOB U TPOOIEMbl UX MHTETpalun B
TOpOACKYI0 cpemy. IIpencTaBnena KOHLNLMA BO3MOX-
HBIX (PYHKIVIOHA/IbHBIX HAIIPABJICHNUII U IPOCTPAHCTBEH-
HbIX OPM CTPYKTypbl apT-LeHTpOB. IIpuBemenbr mpu-
Mepbl BOIUIOLIEHUSI APXUTEKTYPHO-(YHKIMOHATbHDIX
PEKOMEeHIALUII B peanbHyI0 TPaKTMKy TOPOACKON 3a-
CTPOMIKH.

Tab6m.: 1. Vin.: 7. bubnuorp.: 17 nass.

Generalova E. M., Zhdanova 1. V. Art centers:
development prospects (on the example of the city
of Samara). Vestnik grazhdanskikh inzhenerov - Bulletin
of Civil Engineers, 2025, no. 4 (111), pp. 5-13.

Keywords: leisure and creative activities in the urban
environment, spaces, typology of built-in and detached
public buildings, reconstruction potential.

On the example of the city of Samara, the trends in
the development of art centers and the problems of their
integration into the urban environment are considered.
The concept of possible functional directions and
spatial forms of the structure of art centers is presented.
Examples of the implementation of architectural and
functional recommendations in the real practice of urban
development are given.

YK 656.11

DOI 10.23968/1999-5571-2025-22-4-14-25

Ilecmepos E. A., Muxaiinos A. I0. Passutne HOpM
IPOEKTUPOBAHNA TOPOACKNX YU I Kopor // BecTauk
IpakIAHCKMX MH>KeHepoB. 2025. Ne 4 (111). C. 14-25.

Kniouesvie cnosa: ynmuipl IeHTPaIbHON 30HBI TOPOLA,
ITeLIeXOHbIe TOTOKM, YPOBEHb OOCTYXKMBAHNS TEIIeX0-
TIOB.

CrpeMuUTeNbHBI POCT BHYTPEHHEro Typu3Ma, Ha-
OmofiaeMbplil B TTOCTIE{HUE TOMbI, COMPOBOXAACTCS yBe-
JIMYEeHMeM TIOTOKOB MOCeTHTe el Ha LeHTPa/IbHBIX Y/Iu-
11aX TOPOJIOB, SBJIAIOMINXC POKYCaMU TPUTSDKEHMUS Kak
MECTHOTO Hace/ieHms, Tak u TypuctoB. Cregyer mpu-

3HaTh (paKT MOsABIEHNS MHOrO(YHKI[MOHATbHBIX YINLI,
COBMEILAIOIIVX TPAHCIIOPTHBIE QYHKIMM ¢ QYHKIMAMN
O0IIeCTBEHHBIX MPOCTPAHCTB, YTO OOYCIOBUIO HEOO-
XOIMMOCTb BHeCeHNs 6oree eTalnsMpOBaHHBIX IIPEf-
JIO>KEHUII TI0 TIPOEKTUPOBAHNUIO UX IEIIeXOFHOI NHpa-
CTPYKTYPbI, YYUTBHIBAIOMINX JIy4IlIle OTeuYeCTBEHHbIE U
3apybexxHble MPaKTUKM. B 3TOM CBsI3M TNpemnaramorcs
JOMOTTHEHNA B JeiicTBymomne B Poccniickoir Penepariun
HOPMBI TPOEKTVPOBAHNA TOPOACKNX Y/INLL U JOPOT.
Tabm.: 4. Vin.: 5. Bubmuorp.: 23 Ha3B.

Shesterov E. A., Mikhailov A. Yu. Development of
design norms for urban streets and roads. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 4 (111), pp. 14-25.

Keywords: streets of the city central zone, pedestrian
flows, pedestrian service level.

The rapid growth of domestic tourism observed in
recent years has caused an increase in the flow of visitors
on the streets of city centers, which are the focus of
attraction of both local residents and tourists. It should be
recognized that multifunctional streets have appeared that
combine transport functions with the functions of public
spaces, which necessitates introduction of more detailed
proposals for the design of their pedestrian infrastructure,
taking into account the best domestic and foreign
practices. In this regard, additions to the current design
norms for city streets and roads in the Russian Federation
are proposed.

YK 69.04

DOI 10.23968/1999-5571-2025-22-4-26-34

Benvui I 1., Jlo6osckuti M. O. YcTOiIMBOCTD IBYX-
BETBEBBIX PENIETYATHIX 3/IEMEHTOB CTA/NbHBIX KOH-
CTPYKIMIT Iipu o6mieM 3arpyskeHuu // BecTHuk rpax-
IDaHCKVX MHKeHepoB. 2025. Ne 4 (111). C. 26-34.

Kniouesvte cnosa: pemieTdaThlil CTep)KHEBOI 3e-
MEHT, KOJIOHHA MOIEePEYHOI! OfHOITAXKHOII paMbl, 001ast
YCTOMYMBOCTD, YCTONYMBOCTD BETBEN MEXJY y3TaMu
PpelIeTKN, IPUBeIeHHasA YCIOBHAA THOKOCTD, aHATUTIYe-
CKMIT MeTOJ], pacyeTa.

[MonydyeHo aHaMUTMYECKOE peleHMe 3ajaqum oObIert
YCTOMYMBOCTH JIBYXBETBEBOTO 37IEMEHTA CTATbHBIX KOH-
CTPYKIINUIT C y4eTOM 0becredeHNs YCTOMIUBOCTY BETBU
MEXIY Y3/IaMy peleTky (MeCTHON yCTONYUBOCTHU) IPK
MpPOU3BONBHOM PACIpe/ie/ieHNI U3THOAONIINX MOMEHTOB
no jynHe cTepxHA. [Ipy aToM ¢usmyeckas HemMHel-
HOCTb I10 OCU Hanbojiee Harpy>XeHHOI BETBU OT Ipefiena

154



Pechepamei

MIPONOPLIMOHATBHOCTY [0 TIpefieNla TeKy4ecTy KOMIIEH-
CUpYeTCs JOMOTHMUTEbHBIMM IKCLEHTPUCUTETAMI TIPO-
TONbHOU cubl. Vicrionbp3oBanme GakTU4eCcKOi CXeMbl 3a-
TPy>KeHU: 97IEMEHTA ITO3BON/IO BCKPBITD CyLIeCTBEHHBIE
pe3epBbl YCTOMYMBOCTH, YTO ABAETCA BECbMA BaXKHBIM
IIpM OLIEHKE TEXHMYECKOTO COCTOSHMA METaINYecKMX
KOHCTPYKIMI 9KCTUTyaTUPYEMbIX 3[laHNIi ¥ COOPY>KEHWIA.
Vn.: 6. Bubmuorp.: 17 Ha3s.

Belyy G. I, Lobovskiy M. O. Stability of two-branched
lattice elements of steel structures under general
loading. Vestnik grazhdanskikh inzhenerov - Bulletin of
Civil Engineers, 2025, no. 4 (111), pp. 26-34.

Keywords: lattice core element, column of a transverse
single-storey frame, general stability, stability of branches
between grid nodes, reduced conditional flexibility,
analytical calculation method.

There is obtained an analytical solution to the problem
of the overall stability of two-branched element of steel
structures, taking into account ensuring the stability of
the branch between the lattice nodes (local stability) with
an arbitrary distribution of bending moments along the
length of the rod. Herewith, the physical nonlinearity
along the axis of the most loaded branch from the limit
of proportionality to the yield point is compensated by
additional eccentricities of the longitudinal force. The
use of the actual loading scheme of the element made it
possible to reveal significant reserves of stability, which is
very important when assessing the technical condition of
metal structures of operated buildings and structures.

VIK 69:624

DOI 10.23968/1999-5571-2025-22-4-35-42

Jlykuna A. B. YucnenHoe nccnegoBaHue fepeBoKie-
€HOI1 6a/1KM, BBIMOTHEHHOI U3 ChIPhEBOIl [IPeBeCUHbI
TOCIE IECHOTO T0XKapa // BeCTHUK rpa’kIaHCKUX MHXKe-
HepoB. 2025. Ne 4 (111). C. 35-42.

Kniouesvie cnosa: 6anka, MPOYHOCTb, HANPsDKEHUA,
YICTIeHHbIE VICCTTE[OBAHMA.

JlecHple TOXXapbl HAHOCSAT OTPOMHBIN yiIep6 39KO-
HOMUKE CTpaHbl. [Ope/IbHUKM IIOAIE)KAT CAHUTAPHON
BpIpyOKe. OfHAKO MHOTHME [iepeBbsi, IIOBEPrHYBLINEC
HIO>Kapy, COXPAHSIIOT KM3HECIIOCOOHOCTD B TE€UCHNME He-
CKOIBbKUX JIeT. C IIpYMeHeHMeM HayYHOro 000CHOBaHNA
MIPEJIOKEHO MCTONb30BaTh TaKMe JIEPEeBbA B JIePEBO-
KJI€EHDBIX OaJOYHBIX KOHCTPYKUMAX. [/ KOHCTPYKLMIA
M3 TaKOll IpeBeCHHBI pa3paboTaHa MaTeMaTHUYECKasT MO-
nenb. IIpoBefieHo YncIeHHoe MCCIefOBAHMNeE JIepEeBOKIee-
HOVI 6aTOYHON KOHCTPYKLMY, BHIIIOMTHEHHO U3 TIIOMa-
TepUasoB ChIPbEBOIl APeBeCHHbI MTOCTIe TECHOTO MoXKapa.
PesynbraTel uccnefoBaHuA ITOKA3bIBAIOT, YTO OTpaHMU-
YeHMeM HeCylleil CIIOCOOHOCTU Cy)KaT MaKCUMabHbIe
HOpMaJIbHbIe HATIPSDKCHVS B PACTAHYTOM 30HE OaIKIL.

Vin.: 5. bubmmorp.: 18 Hass.

Lukina A. V. Numerical study of glued laminated
timber beam made from raw wood after forest fire.
Vestnik grazhdanskikh inzhenerov - Bulletin of Civil
Engineers, 2025, no. 4 (111), pp. 35-42.

Keywords: beam, strength, stresses, numerical studies.

Forest fires cause enormous damage to the country’s
economy. Burnt trees are subject to sanitary felling.
However, many trees exposed to fire remain viable for
several years. The article considers and scientifically
substantiates the proposal for the use of such trees in
wood-composite beam structures. A mathematical model
has been developed for such wood constructions. There
was conducted a numerical study of a wood-composite
beam structure made of sawn timber from raw wood
exposed to forest fire. As the study results show, the
maximum normal stresses in the tensile zone of the beam
are the limitation of the bearing capacity.

YIK 624.131.43

DOI 10.23968/1999-5571-2025-22-4-43-53

Ananves A. A., Bazypuna A. B. Onpenenenue pusu-
YeCKNX M (PUIBTPAIMOHHO-KOHCOMNAALMOHHBIX Iapa-
METPOB MJIOB, CIAraloIIIX OCHOBaHJIE€ OKEAHCKOTO THA
B paiione Knapunon-Knunnepron // BecTHUK rpaxpgaH-
cKux nmxeHepos. 2025. Ne 4 (111). C. 43-53.

Kniouesvte cnosa: oxeaHmdeckuit wi, (usandeckme
U puIbTpanMOHHO-KOMIIPeCCHOHHBIE TapaMeTpbl, 00pa-
60TKa pe3y/IbTaTOB UCIIBITAHMIL.

[TpenmaraeTcss KOMIUIEKCHBIV TIOLXOJ K OIPeJie/IeHNIO
¢dusugecknx U GUILTPaLYIOHHO-KOMIIPECCHOHHBIX IIa-
paMeTpoOB OKeaHWYECKUX MIOB ITTyOOKOBOLHOIO OCHO-
BaHMA HOObIYHOro KoMiutekca. OCHOBOII [T MX BBIYIIC-
JICHUST SIB/IAIOTCA TabOPATOPHDBIE METOLBI VM PE3y/IbTATHI
UCIIBITAHMIT 0OpasI[OB IPYHTa B TUPOKOMIIPECCHOHHOM
npubope, BKIIOYAIOLINE: 3HAYCHUSA OCAZOK 0OpasIoB B
3aJlaHHble MOMEHTBI BPEMEHM U CKOPOCTeil JIBVDKEHMA
BOIbI B 06pasiiax; QuibTpaluoHHble, KOMIPECCUOHHDIE
U KOHCOMUMIALMOHHBIe KpuBble. IlomydeHHBle myTeM
CTATUCTUYECKON O0OpabOTKM pe3y/nbTaTOB MCIIbITAHUIA
k09 duieHTsl PUABTpALNM, KOHCOMUAALMUA U OTHO-
CHUTE/IBbHOI ITOTTHOM CKMMAEMOCTH WJIOB IIPEAIIO/IaraeTCs
UCIIO/Ib30BATD I OLIEHKM OCafJOK OCHOBaHMA 11O MOZEe/IN
OJIHOMEPHOII PUIbTPALIVIOHHOJ KOHCOMVIALIVN.

Tab6m.: 2. Vin.: 6. Bubmuorp.: 20 Ha3B.

Ananiev A. A., Vagurina A. V. Determination of
physical and filtration-consolidation parameters of the
silts forming the base of the ocean floor in the Clarion-
Clipperton area. Vestnik grazhdanskikh inzhenerov -
Bulletin of Civil Engineers, 2025, no. 4 (111), pp. 43-53.

Keywords: oceanic silt, physical and filtration-
compression parameters, processing of test results.

The article proposes a comprehensive approach to
determining the physical and filtration-compression
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parameters of oceanic silts of the deep-water base of
the mining complex. The basis for their calculation is
laboratory methods and the results of testing soil samples
in a hydro-compression device, including the following:
values of sample settlement at specified time and water
movement velocities in samples; filtration, compression
and consolidation curves. The filtration, consolidation,
and relative total compressibility coeflicients obtained by
statistical processing of the test results are supposed to
be used to evaluate base sediments using the univariate
filtration consolidation model.

YIK 624.15

DOI 10.23968/1999-5571-2025-22-4-54-66

Honuwyx A. ., Mapunuues M. b., Huxumuna H. C,,
Bywyesa B. O. O60cHOBaHUe NPUMEHEHU CBAHBIX
¢dyHmaMeHTOB M3 3a0MBHBIX CBail B MaKpOIOPICTBIX
NPOCAJOYHBIX TPYHTAX [/ MHOTO3TA)XHBIX TIPaXK-
BaHCKUX 3gaHMii // BecTHUK Ipa)XIaHCKUX MHXXEHEPOB.
2025. Ne 4 (111). C. 54-66.

Kniouesvie cnosa: cajinble QpyHZaMEHTDI, IPOCaOY-
Hble TPYHTBI, PE3yNbTaThl SKCIIEPUMMEHTANbHBIX M YMC-
JICHHBIX MCCTIEJOBAHNIT, METOLMKA KaMnOPOBKI, ITapame-
TpbI MHTeP(eIicoB.

O060cHOBbBIBACTCA METOX INPOCKTUPOBAHMA CBAHBIX
(byHZaMEHTOB U3 3a0MBHBIX JKeTe300€TOHHBIX CBall B
MaKpOIOPUCTLIX TPOCALOYHBIX IPYHTAX BTOPOTO THIIA TTO
IIPOCAIOYHOCTH C Y4eTOM OIVIPaHMA HIDKHMX KOHIIOB Ha
Hecyliye HEMPOCATOuHbIe CIOM OCHOBAHUsA /I MHOTO-
3TAXHBIX TPAKJAHCKUX 3[AHUI. AHAIM3UPYIOTCA TPYH-
TOBBIE YC/IOBUA, BK/TIOYAA JaHHbIE O (puanmdeckux, gedop-
MAllVIOHHBIX, IIPOYHOCTHBIX, IIPOCAJOYHBIX XapaKTepu-
CTMKAaX TPYHTOB M METOJbI ¥X OMpeJe/eHNs. YCTaHOB/ICH
TUII TPYHTOBBIX YCTIOBMIA TI0 ITPOCAOYHOCTH, M3/TaraeTCA
MeToJi BbiOopa Bupa cBaii 1 ux gmuubl. [IpuBoparca sxc-
[IepPUMEHTA/IbHbIE MCCIEHOBAHNSI HECYIeil CIIOCOOHOCTH
CBalf; YMC/ICHHbIE MCCICNOBAaHUA pabOTbI CBail M OLEH-
Ka UX Hecyulelt crmocobHocTu. Ilpenoxena MeTomuka
KaIMOPOBKYM PACYETHON MOZE/M B3aMMOZEICTBIS CBAil C
IIPOCAZIOYHBIM TPYHTOM, & TAKXKe ITOPUTM HA3HAYEHVIA
IapaMeTpoB NHTEPQEVICOB I MOLETUPOBAHNA X PaOOThL

Tab6n.: 5. Vin.: 4. bubmuorp.: 21 HasB.

Polischuk A. I, Marinichev M. B., Nikitina N. S.,
Bushueva V. O. Substantiation of the use of pile
foundations with driven piles in macro-porous
subsiding soils for multi-storey civil buildings. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 4 (111), pp. 54-66.

Keywords: pile foundations, subsiding soils, results
of experimental and numerical studies, calibration
methodology, interface parameters.

For multi-storey civil buildings, there is substantiated
the method of designing pile foundations from driven

reinforced concrete piles in macro-porous subsiding soils
of the second type in terms of subsidence, taking into
account the support of the lower ends on the load-bearing
non-subsiding layers of the foundation. Soil conditions
are analyzed, including data on physical, deformation,
strength, subsidence characteristics of soils and methods
for their determination. The type of soil conditions for
subsidence is established, the method of choosing the
piles’ kind and their length is outlined. Experimental
studies of the bearing capacity of piles are given; including
numerical studies of pile operation and assessment of their
bearing capacity. A method for calibrating the calculation
model of the interaction of piles with subsiding soil, as
well as an algorithm for assigning interface parameters for
modeling their operation are proposed.

YIK 691.2; 691-4

DOI 10.23968/1999-5571-2025-22-4-67-76

Mameeesa /1. FO., Mazomedosa A. V. Bmusiaue rupgpo-
AVHAMUYECKUX HAHOA/IMAa30B Ha KPHMCTA/UIMYECKYIO
CTPYKTYPY M CBOVICTBA rumca // BeCTHUK TpaKIaHCKIX
uHxeHepos. 2025. Ne 4 (111). C. 67-76.

Kntouesvie cnosa: ruiic, rumcoBble BsDKYyLIME, HAHOAT-
Masbl, HAaHOMOAMUKALNA, KPUCTA/INYECKasA CTPYKTY-
Ppa, XapaKTepUCTUKN.

PaccmoTpeHb! pasnaHblie MOgUQpUKALMM KPUCTATIIN-
YeCKOII CTPYKTYPbI TUIICA, OTMEYEHO VX OO/IbIIOe pasHo-
obpasnue. ViccnenoBaHo BIMAHNE MHHOBAIVIOHHOTO yITIe-
poxHOro HaHOMOU(UKATOPA C aJIMA3HON CTPYKTYPHOIA
PeLIeTKOM Ha KPUCTa/NINYECKYI0 CTPYKTYPY U CBOJICTBA
rumnca. YCTaHOBJIEHO, YTO YITIEPOGHbIN HaHOMOmMduKa-
TOp 0c0601 4ncToThI (99,99 %) B hopme xuaKodasHoit
CUCTEMBI, COCTOSIE 13 OUANCTIININPOBAHHON BOMBL 1
YaCTHUI] HAHOA/IMA30B, MOMTYyYEHHDBIX METONOM THIPOAU-
HAMUIYCCKOJ KaBMTALMU, MeHAeT (OpMYy KpUCTAJIIOB
runca. IIpu 3TOM OTMeYaeTcsA reTeposNMTaKCHaTbHbIN
MeXaHM3M 00pa3oBaHMsA U POCTa KPNCTAUIOB TUIICAa Ha
YacTUIIAX HAHOAJIMA30B B paHee He M3BECTHOM /I TUIIca
cepuueckoit okrasgpudeckoit popme. Ilokasano Bnms-
Hue J06aBKM XUAKOPA3HOI CHCTEMbl HAaHOAIMAa30B Ha
CPOKU CXBaTbIBaHMA U HOPMA/IbHYIO TYCTOTY I'MIICOBO-
TO TecTa Ha OCHOBE IOINY/ISAPHBIX IPOMBIIUIEHHbIX Bi-
xymux I-6 u I-16. IIpuBenens! GUsUKO-MeXxaHUYECKIE
CBOVICTBAa HAHOMOAMUIMPOBAHHDIX TUIICOBBIX MaTepy-
aJI0B B CPAaBHEHMN C TUIICOM, ITOTYIE€HHDBIM Ha MCXOFHBIX
TUTICOBBIX BKYIINX.

Ta6m.: 1. Vin.: 7. bubnuorp.: 18 Ha3B.

Matveeva L. Yu., Magomedova A. I. Influence of
hydrodynamic nanodiamonds on the crystal structure
and properties of gypsum. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2025, no. 4 (111),
pp. 67-76.
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Keywords: gypsum, gypsum binders, nanodiamonds,
nanomodification, crystal structure, characteristics.

Various modifications of the crystal structure of
gypsum are considered, their wide variety is noted.
The effect of an innovative carbon nanomodifier with
a diamond structural lattice on the crystal structure
and properties of gypsum has been investigated. It is
established that a carbon nanomodifier of high purity
(99.99%) in the form of a liquid-phase system consisting
of bi-distilled water and nanodiamond particles,
obtained by hydrodynamic cavitation, changes the
shape of gypsum crystals. Herewith, a heteroepitaxial
mechanism of formation and growth of gypsum crystals
on nanodiamond particles in a spherical octahedral shape
previously unknown for gypsum is noted. The effect of the
addition of a liquid-phase nanodiamond system on the
setting time and normal density of gypsum dough based
on popular industrial binders G-6 and G-16 is shown.
The physical and mechanical properties of nanomodified
gypsum materials are presented in comparison with
gypsum obtained on the original gypsum binders.

YIK 628.1

DOI 10.23968/1999-5571-2025-22-4-77-87

Iypoun P. A., benses A. H., Kyy E. B., lllabanun B. B.
ViccnegoBanne 3¢ PpeKTHMBHOCTH METOROB OUNCTKI ap-
Te3MAHCKOIi BOAbI OT 60pa // BeCTHUK rpa>kTaHCKUX MH-
>KeHepoB. 2025. Ne 4 (111). C. 77-87.

Kniouesvie cnosa: odmcTKa BOfbl, 60p, 9MEKTPOKOAry-
JIALVA, KOATY/IALVA.

IIpoBemeHbI 9KCTIEPMMEHTDI TT0 CHUYKCHMIO KOHLEH-
Tpauuy 60pa B INTbeBON BOJE M3 apTe3MAHCKON CKBa-
SKMHbBL B MUKpopaiione Hosossitck ropopa Kupos. Ilpen-
CTaBJIEHbl Ppe3y/lIbTaThl aHA/NIN3a PaA3IMYHBIX METOOB
CHVDKEHMsI KOHL[EHTparun 60pa, TaKMX KaK KOATy/IsALus,
IIpUMeHeHNe XVIMUYECKNX PeareHTOB (TMIIOXJIOPUT Ha-
TpUsA, COMAHAA KUCTIOTA, IIePEeKUCh BOJOPOJA), STEKTPO-
KOATy/IALA U afgcopOrus. [JobaBeH e TUIIOXI0OpUTa Ha-
TpuUst OKasanoch Hanbosnee 3¢ (PeKTUBHBIM METOLOM, UTO
TO3BOMIMIO CHU3UTH KOHIEHTpaumio 6opa Ha 98,30 %.
IIponemoncTpuposana 3G PeKTUBHOCTD METOLOB B COUe-
TaHWM C IIepeMeIlBaHeM U adpaliyieil BO3TYXOM.

Ta6m.: 2. Vin.: 10. Bubnmorp.: 13 Hass.

Gurdin R. A., Belyaev A. N., Kuts E. V., Shabalin V. V.
Investigation of the effectiveness of methods of
purifying artesian water from boron. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 4 (111), pp. 77-87.

Keywords: water purification,
coagulation, coagulation.

There were carried out experiments aimed at reducing
the concentration of boron in the drinking water from
the artesian well in the Novovyatsk micro-district of the

boron, electro-

city of Kirov. The results of the analysis of various boron
concentration reduction methods, such as cacoagulation,
the use of chemicals (sodium hypochlorite, hydrochloric
acid, hydrogen peroxide), electro-coagulation and
adsorption, are presented. The addition of sodium
hypochlorite has turned out to be the most effective
method, which reduces the concentration of boron by
98.30 %. There has been demonstrated the effectiveness
of the methods in combination with mixing and aeration
with air.

YIK 699.87
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Hvizanxos A. B., Ilyxxan B. A., bvixanosa T. A., /lum-
suHenko A. B. MeToalKa BbIGOPA TEIITON3OAIVOHHBIX
MaTepuaroB Ha OCHOBE IKCIEPTHDIX OIleHOK // BecTHMK
IpaKIaHCKMX MHXeHepoB. 2025. Ne 4 (111). C. 88-96.

Kniouesvie cnosa: TEIION3ONALMOHHBIE MaTepHaIbL,
OR60P TEIION3OJIALIN, MHOTOIIApAMeTPIYecKast OIITH-
MU3aIA, SKCIIepTHAA OLleHKa.

V3mo)xeHbl MeTOMKA M aJTOPUTM pelleHNs 3afjadn
OITMMU3ALMN BBIOOpa TEIUIOM3OJIALMOHHOTO MaTepua-
ma. B kadecTBe pelleHMss MHOTOKPUTEPUAIbHON O TUMU-
3aL[MOHHOM 3aJlauy Ipef/IaraeTcA paccMaTpuBaTh paH-
JKMPOBaHHOE MHOYKECTBO a/IbTE€PHATUBHBIX MaTePUaJIOB.
[ mepexopa K CKaJIAPHOI Lie/ieBOil (PYyHKI[UN MCIIONb-
30BaHa afUTUBHAA QYHKUUA C BeCOBBIMM K03 uiiuen-
TaMU JIOKQJbHBIX KpHUTepueB. BecoBbie KoadduiieHTbI
BBIYVC/IAIICH METOLOM TIAPHOTO CPAaBHEHWA KPUTEpUEB
Ha OCHOBe IUIaBAIOLIETO MIPeIOYTeHNA. PaccMoTpeHHas
MeTOJVIKa HallpaB/ieHa Ha BbIOOP Marepmasa TeruIoBOW
M3OJIALMM Ha Haua/IbHbIX 3TAIaX IPOEKTUPOBAHMA M MO-
JKeT OBITb NCIIO/Ib30BAHA B CYCTEMAX MOLEPIKKI TIPIHSI-
TYSA pelIeHVIT IPpU IPOEKTVPOBAHUY 9HEProadpeKTus-
HBIX 3[JAHUI U COOPY>KEHUIA.

Ta6m.: 5. Vin.: 1. bubnumorp.: 20 HasB.

Tsygankov A. V., Pukhkal V. A., Bykhanova T. A.,
Litvinenko A. V. Methodology for selecting thermal
insulation materials based on expert evaluation.
Vestnik grazhdanskikh inzhenerov - Bulletin of Civil
Engineers, 2025, no. 4 (111), pp. 88-96.

Keywords: thermal insulation materials, selection of
thermal insulation, multi-parameter optimization, expert
evaluation.

The article presents a methodology and algorithm for
solving the optimization problem of selecting a thermal
insulation material. It is proposed to consider a ranked set
of alternative materials as a solution to the multi-criteria
optimization problem. To move to a scalar objective
function, an additive function with weight coeflicients
of local criteria is used. The weight coeflicients were
calculated by paired comparison of criteria based on
floating preference. The considered methodology is aimed
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at selecting a thermal insulation material at the initial
stages of design and can be used in decision support
systems for designing energy-efficient buildings and
structures.
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HIxaposckuii A. JL, Ipumumnun A. M., Taypum B. P.
CoxpaieHne BBIGPOCOB BPEHBIX BEHIECTB C OTXO-
BAIUMI Ta3aMM HPOMBIIIEHHBIX Iedelt // BecTHUK
TpaKIAHCKUX nHXeHepos. 2025. Ne 4 (111). C. 97-107.

Kniouesvie cn06a: POMBILIUIEHHDIE I1€YM, IPOJYKTHI
CrOpaHys, OKCUJbI a30Ta, KaTalIUTUYECKOEe OKUCIICHIE,
oxpaHa aTMOC(epaL.

[TpencTaBnenbl pe3ynbTaTbl MCCACLOBAHMIL, 11€/IbIO
KOTOPBIX SBJISIETCS CHVDKEHME BbIOpOCa BpeHbBIX Be-
1eCTB, 00Pa3yOIIXCA IPY COKUTAHNY Ta30BOIO TOILIN-
Ba B IIPOMBIIIUICHHBIX I1€YaX CHEeLMaTbHOIO Ha3HAYEHMS.
Jl1st aTOro paccMOTpeHbl 3afaun 00pPa3oBaHus U CHIDKE-
Hus BbIOpOCa OKCHIOB a30Ta IIpU COKUTAHUM TOIUIMBA B
Ieyyl IPOM3BOACTBA PaJUOTEXHIYECKON KepaMMUKM. 3Ha-
YUTEIbHYI0 TPYLHOCTb pEIIeHMs 3afjadll MpefcTaBiAeT
HEBO3MOXKHOCTb M3MEHUTD YCIIOBNS COKUTAHNS TOIUINBA,
ompefensgeMble TeXHOJIOTMYECKIMY ITapaMeTpaMu IIed.
B ocHOBY MeTORONIOrMM pabOTHI MOMIOMKEHO TEXHIKO-9KO-
HOMMYECKOe CPaBHEHIE pasINYHbIX CIIOCOOOB MMOAaBIIe-
HsT BBIOPOCOB OKCMIOB a30Ta 1 BBIOOP ONTHMAIbHOTO
BapMaHTa. BBIIOMHEHO KOHCTPYKTMBHOE IIPOEKTMPOBa-
HIE CUCTEeMbI a30TOIOAB/ICHNUA, COBMELICHHOI C Cyle-
CTBYIOLLE/ YCTAaHOBKOJ MOKPOJL OYMCTKM OTXOZSAIIUX ra-
30B. DKCIIEPUMEHTANIbHO UCCIIEIOBAHDI pa3/IMyHbIe Bapu-
aHTbI ee padotsr. Onpepenena 3¢ HeKTUBHOCTD KOKLOTO
BapuMaHTa U OOOCHOBAH IPEANOYTUTE/IbHDI BapUaHT
paboThl CUCTEMBI C MCIIOIb3OBAHMEM KaTaTUTHIECKIX
CBOJICTB MOOOYHOTO MPOAYKTA TEXHOTOTMIECKOTO IMTPO-
necca. HayuHble 1 mpakTu4eckue pe3yIbTaThl a0T BO3-
MOXXHOCTD 3HAUUTE/IDHO CHUSUTD 3arpsA3HeHMe BO3ZyXa
B IPWIETAIOINX >KIJIBIX palloHax TOpOza.

Tab6n. 1. Vin.: 2. Bubnmorp.: 30 Ha3s.

Shkarovskiy A. L., Grimitlin A. M., Taurit V. R.
Reduction of emissions of harmful substances
with exhaust gases of industrial Kkilns. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 4 (111), pp. 97-107.

Keywords: industrial kilns, combustion products,
nitrogen oxides, catalytic oxidation, atmosphere
protection.

The article presents the results of studies aimed at
reducing emissions of harmful substances formed during
combustion of gas fuel in special-purpose industrial kilns.
For this purpose, the problems of formation and reduction
of nitrogen oxide emissions during fuel combustion in a
kiln for the production of radio-technical ceramics are

considered. A significant difficulty in solving this problem
was the impossibility of changing the fuel combustion
conditions determined by the technological parameters
of the kiln. The methodology of the work is based on a
technical and economic comparison of various methods
for suppressing nitrogen oxide emissions and selecting
the optimal option. There has been performed a structural
design of a nitrogen suppression system combined with an
existing wet exhaust gas treatment unit. Various options
for its operation have been experimentally studied.
The efficiency of each option has been determined and
the preferred option for the system using the catalytic
properties of a by-product of the technological process
has been substantiated. The scientific and practical results
of the work make it possible to significantly reduce air
pollution in the adjacent residential areas of the city.
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HOui I11., ®edopos C. B. MopenupoBaHme 0CaKIeHIL
YacTHUI, B TOHKOCTIOHOM Mopyne // BecTHUK TpamaH-
CKUX MIKeHepoB. 2025. Ne 4 (111). C. 108-116.

Kntouesvie cno6a: TOHKOCIOHBIN MOLY/Ib, OCaXKEHUE
YaCTUII, TPAeKTOPUA JIBVDKEHNUA YaCTUII.

[IpencTaBneHo mccnenoBaHyMe OCAKICHUA YaCTHIL
B TOHKOCJIOMHOM MOZY/J€ HOBOJM KOHCTPYKLUMI: [JIA
ynyduieHust 3QQGEKTUBHOCT OCAXKICHUA MEXIUIACTHU-
HOYHOE HPOCTPAHCTBO MOJY/NA Pa3JeNeHO Ha BepXHUIA
KaHa/l JIBVDKEHVSI CTOYHBIX BOJ M HVDKHUII KaHall JBU-
JKEeHMA OCafiKa, IMAPABINIECKN CBA3AHHDIN C BEPXHUM
PAZOM OTBepCTUIL. 1714 aHanM3a KMHETUKM OCAKACHNA
YaCcTUI] NpeiIaraeTca MareMaTnieckas MOJe/b, OCHO-
BaHHas Ha TEOPUM OCKAEH B IIOTOKE MasION ITyOVHBI.
Matemarnyeckast MOZie/Ib IS IIPOTHO3MPOBAHMSA TPaeK-
TOPUM [IBVYDKEHUA YaCTHUI YIUTBIBAET [IEHCTBYIOLIME Ha
YaCTHUIBI CUJIbI IUIABYYECTHU, TSKECTH, CONPOTUBICHMA
SKUZIKOCTM UM JIOTIOJTHUTEIIbHOM CWJIBI IIOTOKA B KaHase
yIaleHuUsA 0CafiKa, YTO II03BOJIMIO COCTABUTD ypaBHEHME
Gamanca cuiL. [l OLleHKM MaTeMaTI4eCKOl MOZe/IU po-
BOIVICS 9KCIIEPUMEHT. Pe3ynbrarsl 1ab0paTopHOro mc-
CrefoBaHMA TOKA3a/IM, YTO MOJEND I0CTATOYHO XOPOIIO
nepeaaeT MpoLecc OCAX/EHNA YaCTNL, B TOHKOC/IOIHOM
Mopyie. JlaHHOe UccefloBaHNe TIO3BOIUT MOTYYUTD Te-
opeTndeckoe 060CHOBaHME I IIPAKTHYECKIE PeKOMEeH/IA-
LM [ TPOEKTUPOBaHNA HOBOI KOHCTPYKIVIM TOHKOC-
JIOIHOTO MOZYJISL.

Vin.: 7. Bubmuorp.: 20 Ha3B.

Yu S., Fedorov S. V. Modeling particle deposition in
lamella module. Vestnik grazhdanskikh inzhenerov -
Bulletin of Civil Engineers, 2025,n0. 4 (111), pp. 108-116.

Keywords: lamella module, particle deposition, particle
motion trajectory.
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Pechepamei

This study examines particle deposition in a newly
designed lamella module. To improve deposition
efficiency, the inter-plate space of the module is divided
into an upper wastewater flow channel and a lower sludge
flow channel, which is hydraulically connected to the
upper row of orifices. To analyze the kinetics of particle
deposition, a mathematical model based on the theory
of deposition in shallow depth flow is proposed. The
model for predicting particle motion trajectories accounts
for the forces of buoyancy, gravity, fluid resistance, and
additional flow forces acting on the particles in the sludge
removal channel, which has made possible to formulate
a force balance equation. An experiment was conducted
to evaluate the mathematical model. The results of the
laboratory study indicate that the model accurately reflects
the process of particle deposition in the lamella module.
This study provides theoretical justification and practical
recommendations for the design of new lamella modules.

YIK 519.6: 656.13: 537.8

DOI 10.23968/1999-5571-2025-22-4-117-125

Azypees . E., Axpomewun A. B. IlarrepHpl TpaHCc-
IIOPTHOTO MOBENCHN:A HACENCHUA TOPOACKNUX aIrIoMe-
panmii. Teopua m npakTuka // BeCTHUK TpaKIaHCKMX
nmxeHepos. 2025. Ne 4 (111). C. 117-125.

Kniouesvle cn06a: TpaHCIOPTHOE TOBEfIeHNE, TPAHC-
MIOPTHAsA CUCTEMA, TACCAKUP, TOBeIeHMEe 4YeoBeKa,
II0€3/IKa, IATTePH.

PaccmarpmBaroTcss BOIPOCHI  TeOpuy IATTCPHOB
TPAHCIIOPTHOTO TIOBENEHMA HACe/IeHNUA, CUCTEM IIOf-
TepXKKM TPUHATHA PELICHUMI O COBEpIICHUM MOe3f0K
IaccaXpaMu C TOYKM 3peHMA BBLABJICHUA IATTep-
HOB TOBeAeHMsA, UX KIaccuduKaumm 1 KIacTepusaLiuu.
CpenaH BbIBOJ O HEOOXOZMMOCTV OOOOIIEHHOTO IIpef-
CTaBJIeHMA TPAHCIIOPTHOTO TIOBEMICHNUsA, a CIefOBaTe/b-
HO, ¥ €TO MATTepHA, B BUJE JIOTUYECKIX MOJE/Iell N B
BIUJIe TPAEKTOPUII B COOTBETCTBYIOIVX IIPOCTPAHCTBAX.
YcTaHOB/IEHa B3aMMOCBA3b T€OPUN NATTEPHOB C TEOPU-
€/l CaMOOPraHM30BaHHON KPUTUYIHOCTH, CUHEPTETUKMN,
TeOpuell CJIOKHOCTI, a TaKkXKe pacCMOTPEHBI NMATTEPHBI
KaK [MHAMMKA CETU MapaMeTPOB COCTOSHUI 57IEMEHTOB
TPAHCIIOPTA ¥ TPAHCIOPTHAA CUCTEMa MHAVBHU/ yaTbHbIX
nepemelennit. [IpuBegena mMeropmka M3ydeHUsA U II0-
CTPOEHMA NaTTEPHOB TPAHCIIOPTHOTO IIOBEHEHYI.

Vin.: 2. bubnuorp.: 22 Ha3B.

Agureev 1. E., Akhromeshin A. V. Patterns of public
transport behaviour of urban agglomerations. Theory
and practice. Vestnik grazhdanskikh inzhenerov -
Bulletin of Civil Engineers, 2025, no. 4 (111), pp. 117-125.

Keywords: transport behavior, transport system,
passenger, human behavior, trip, pattern.

This paper examines the issues of studying the
theory of patterns of transport behavior of population,

decision support systems for passenger travel in terms of
identifying patterns of such behavior, their classification
and clustering. It is concluded that there is a need for a
generalized representation of transport behavior, and,
consequently, its pattern, in the form of logical models or
in the form of trajectories in the corresponding spaces.
There is established an interrelation of pattern theory
with the theory of self-organized criticality, synergetics,
and complexity theory, and patterns are considered
as the dynamics of a network of transport elements’
state parameters and a transport system of individual
transportations. The methodology of studying and
constructing patterns of transport behavior is presented.
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brankunwmertin M. M., Muxaiinos C. II., Tapa-
cos II1. M. O HeoOGXOMMOCTY TOBBILIEHUS JOCTOBEP-
HOCTHM OLICHKV TOPMO3HBIX CBOJCTB TPaHCHOPTHBIX
CpefICTB Ha PONMKOBBIX CTeHAax // BecTHUK rpaxaaH-
CKVX MHKeHepoB. 2025. Ne 4 (111). C. 126-136.

Kniouesvie cnosa: m3amepeHne TOPMO3HBIX CUJT, JOCTO-
BEPHOCTD, PO/IMKOBBIII CTEH].

PaccmarpuBatotcsi GakTopsl, BAMAIOLINE HA [OCTO-
BEPHOCTD OLIEHKN TOPMO3HDBIX CBOWCTB TPAaHCIIOPTHBIX
CPefCTB Ha POMMKOBBIX CTE€H/IAX B IIpOIecce SKCITyaTa-
oum. HPEIU'IO)KEHO TEXHNYECKOE PEIICHNE KOHCTPYKIINN
POMMKOBOTO CTE€HAA I MMPOBEPKM TOPMO3HBIX CBOIICTB
KOJIECHBIX TPAHCIIOPTHBIX CPEHCTB, KOTOPOe obecredn-
Ba€T IIOBBIMIEHVIE TOCTOBEPHOCTN OLIEHKY TEXHUIECKOTO
COCTOSIHMA TOPMO3HOI CHCTeMbI aBTOMOOMIA. Opuru-
Ha/ZIbHOCTb CTEHJA TOATBEPKJeHa pellleHNeM O Bblfiaue
nateHTa Poccmiickoit Denepanyn Ha nsobperenne. Ilo-
Ka3aHO BIVIAHNE U3MEHEHVA BEINYIMHDI MHCTPYMEHTAIb-
HOJI ITOTPEIIHOCTY TOPMO3HOTO CTEH/Ia Ha BEPOATHOCTH
oLMOOK M3MePEHNIT IIEPBOTO 11 BTOPOTO POfA.

Ta6mn.: 1. Vin.: 5. bubmumorp.: 17 Hass.

Blyankinshtein I. M., Mikhailov S. P, Tarasov P. M.
On the need to improve the reliability of vehicle braking
system evaluation using roller dynamometers. Vestnik
grazhdanskikh inzhenerov - Bulletin of Civil Engineers,
2025, no. 4 (111), pp. 126-136.

Keywords: measurement of braking forces, reliability,
roller dynamometer.

The article considers the factors influencing the
reliability of the assessment of braking properties of
vehicles on roller dynamometers during operation. There
is proposed a technical solution for the design of a roller
dynamometer for testing the braking properties of wheeled
vehicles, which provides an increase in the reliability of
the assessment of the technical condition of the vehicle’s
braking system. The originality of the roller dynamometer
was confirmed by the decision to grant a patent for an
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invention of the Russian Federation. The influence of
changes in the magnitude of the instrumental error of the
brake tester on the probabilities of measurement errors of
the first and second kind is shown.

YK 338.001.36

DOI 10.23968/1999-5571-2025-22-4-137-142

Bapawes M. H., J]lsoprukosa M. ., Kypbamos K. A.
CHOXXHOCTM NPUMEHEHNIA KPUBOI KOHCOMUTAIUM OT-
pacnu (Ha mpUMepe POCCUIICKOTO PhIHKA CYXUX CTPOU-
TEeMbHBIX cMeceii) // BecTHMK TpakIaHCKUX MHXKXEHEPOB.
2025. Ne 4 (111). C. 137-142.

Kniouesvle cnosa: KpuBasi KOHCOMuAaLuu, Oapbepsl
BXOJIa, PHIHOK CYXJX CTPOMTEIBHBIX CMeCell, IPpOoOmeMbl
Pa3BUTHA OTPAC/IN, IIPOTHO3MPOBAHME PhIHKA.

PaccmoTpenpl BO3SMOXXHOCTH MCIIONMb30BaHMA KPUBOA
KOHCONMUIAIMI OTPAC/NU [ IPOTHO3MPOBAHMSA Pa3BU-
TUA POCCUIICKOTO PbIHKAa MOFUMLIMPOBAHHBIX CYXUX
CTPOUTENbHBIX cMecell. IIpoBenen ero aHamms, omicaHa
TeKylas CUTyalMs, IPefiCTaBlIe€Hbl EMKOCTD I JUHAMMKA
¢ 2009 mmo 2024 rr., onpefienieHbl OCHOBHbIE UTPOKM U UX
monu Ha pplHKe. Ha 0CHOBe IOMy4YeHHBIX B XOfl€ aHa/IN3a
pe3ynbTaToB ClieNIaH BHIBOJ, O HETPUMEHMMOCTHI KOHIIEM -
MU KJIACCUYECKO S-00pa3Holl KpUBOI KOHCOMUIALINH,
paspaboranHoit kommanueit Kerney mna orpacrmeit ¢
GONbIINM KOMMYIECTBOM UIPOKOB, pabOTAOMINX Ha JIO-
Ka/IbHbIX PBIHKAX ¥ 3aHMMAIOIMX KpaliHe Majylo JO/I0
B CTPOMTEIbHOIN OTPaC/IN.

Ta6mn.: 1. Vin.: 2. bubnuorp.: 11 Hass.

Barashev M. N., Dvornikova M. I, Kurbatov K. A.
Problems of applying the industry consolidation curve
(on the example of the Russian market of dry building
mixes). Vestnik grazhdanskikh inzhenerov - Bulletin of
Civil Engineers, 2025, no. 4 (111), pp. 137-142.

Keywords: consolidation curve, barriers to entry,
market of dry building mixes, industry development
problems, market forecasting.

The article considers the possibilities of using the
industry consolidation curve to predict the development
of the Russian market of modified dry building mixes. The
analysis of the dry mixes market has been carried out, the
current market situation is described, the capacity and
dynamics of the market from 2009 to 2024 are given, the
main market players and their market shares are identified.
Based on the results of the analysis, it is concluded that
the concept of a classic S-shaped consolidation curve
developed by Kerney is not applicable for industries with
a large number of players working in local markets and

occupying an extremely small share in the construction
industry.
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Koprnunosa A. 0. Kmaccupukanmsa mokasatenein
sHepreTndeckoii 3¢ PeKkTUBHOCTM B 3KOHOMUKe //
BecTHUMK rpakflaHCKMX MHXXeHepoB. 2025. Ne4 (111).
C. 143-153.

Kniouesvte cnosa: kmaccudukaiys moKasaTerne sHep-
roa¢HeKTUBHOCTI, SKOHOMUYECKIE 3a/jaull, KOHIeTIIIV
«BOIIIOI[EHHOI S9HEPTHI», KOHIIETIIMA «3€/IEHOI» 9KOHO-
MMKY, KOHLSTTLUSA TTePBYYHON SHEePTHL.

VlccnemoBaHbl COBpeMeHHbIe KOHLEIIVM B OTede-
CTBEHHON 1 MMPOBOJI SKOHOMIYECKOI HAyKe, TAKME KK
KOHIIENINA «BOIUIOIEHHOV S9HEPTUN», «3€TIEHON» 9KOHO-
MUK U TIepBuYHON sHeprun. Ha nx ocHose copmymnu-
POBaHBI IApaMeTpbl 3HeProadPeKTUBHOCTHU, paspabo-
TaHa KIaccuduKauusa mokasaTeell ¢ y4eToM IOfXOf0B
K OIleHKe, XapakTepy 1 3¢ dekty oT morpebnenus u ap.
Vicxoma m3 Tumonorum Imokasareneii sHeproaddexrus-
HOCTY, OIIpele/ieHbl 3afladll 3KOHOMMIYECKOTO aHalIu-
3a IIPOLIECCOB IPOM3BOACTBA M IOTPEOJICHUA SHEPIUIL
ITpencraBieHHble MaTepyabl IO3BOMAT HAXOAUTDH HaM-
6onee appexTUBHDBIE TEXHONIOIMM SKOHOMUHU U OIIpeLie-
JIeHU:A Pa3IMIHBIX UCTOYHVKOB IIOTPe6IeHNA SHEPTHN.

Ta6m.: 1. Bubnnmorp.: 21 HasB.

Kornilova A. Yu. Classification of energy efficiency
indicators in economy. Vestnik grazhdanskikh
inzhenerov - Bulletin of Civil Engineers, 2025, no. 4 (111),
pp. 143-153.

Keywords: classification of energy efficiency indicators,
economic objectives, concept of «embodied energy»,
concept of «green» economy, concept of primary energy.

Modern concepts of domestic and global economic
science, such as the concept of xembodied energy», «green»
economy and primary energy are investigated. On their
basis, the parameters of energy efficiency are clarified, the
classification of its indicators has been developed taking
into account approaches to assessment, nature and effect
from consumption, methodology for formation of costs,
etc. Taking into account the typology of energy efficiency
indicators, the tasks of economic analysis of processes
of production and consumption of energy are defined.
The materials presented will help applying cost-effective
technologies and identifying different sources of energy
consumption.



