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HaumeHosaHue u codepxaHue pybpuk xypHana coomsem-
cmaytom ompadcaam Hayku U 2pynnam cneyuanbHocmel Ha-
Y4HbIX pabomHukos HomeHKIamypel Hay4YHbIX cneyuanbHo-
cmedl, N0 KOMOPbLIM NPUCYXOAIMCA y4eHble cmeneHu.

2.1.1 CTpouTenbHble KOHCTPYKLUUN, 30aHNA N COOPYXKeHNA
(TexHUuecKme HayKm)

2.1.2 OcHoBaHUA 1 GyHOAMEHTbI, MOA3EMHbIE COOPYKEHUS
(TexHUuecKme HayKm)
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BO3[yXa, ra30CHabXeHe 1 OCBeLLeHMe (TEXHNYECKME HAaYKN)
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(TEXHMYEeCKme HayKu)
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TEKTypa, TEXHNYECKMEe HayKM, NCKYCCTBOBEAEHME)

2.1.12 ApxutekTypa 38aHUA N COOPY>KeHW. TBopuyeckne
KOHLENUUN apxXUTeKTypHON AeATenbHOCTU (apxXuTeKkTypa,
TeXHMYeCKne HayKMn)

2.5.5 TexHonorus n obopynoBaHne MeXaHNYeCcKon 1N Gpusn-
KO-TeXHMYECKO 06paboTKY (TEXHUYECKE HAYKM)

2.5.6 TexHONOrMA MalMHOCTPOEHNA (TEXHNYECKNE HayKN)
2.5.11 Ha3emHble TpaHCMOPTHO-TEXHOMOINYECKMe CpeacTBa
N KOMMJIEeKCbl (TEXHUYECKMNe HayKun)

2.5.21 MawwHbl, arperatbl U TEXHOMOIMYECKMEe NpPoLecchl
(TexHUYecKune HayKm)

2.6.17 MaTepuanoseneHue (no oTpacnam)

2.9.5 dkcnnyaTauma aBTOMOOMBbHOFO TpaHCNopTa (TeXHK-
yeckue HayKu)
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The name and content of the journal sections correspond to
the branches of science and groups of specialties of scientific
workers according to the Nomenclature of Scientific Workers’
Specialties for which academic degrees are awarded.

2.1.1 Construction structures, buildings and facilities
(engineering sciences)

2.1.2 Bases and foundations, underground structures
(engineering sciences)

2.1.3 Heat supply, ventilation, air conditioning, gas supply
and illumination (engineering sciences)

2.1.4 Water supply sewerage, construction systems for water
resources protection (engineering sciences)

2.1.5 Construction materials and products (engineering
sciences)

2.1.8 Design and construction of roads, subways, airfields,
bridges and transport tunnels (engineering sciences)

2.1.9 Structural mechanics (engineering sciences)

2.1.11 Theory and history of architecture, restoration and
reconstruction of historical and architectural heritage
(architecture, engineering sciences, art history)

2.1.12 Architecture of buildings and structures. Creative
conceptions of architectural activity (architecture, engine-
ering sciences)

2.2.5 Technology and equipment for mechanical, physical
and technical processing (engineering sciences)

2.5.6 Machine-building technology (engineering sciences)
2.5.11 Ground transport and technological means and
complexes (engineering sciences)

2.5.21 Machines, aggregates and technological processes
(engineering sciences)

2.6.17 Materials science (by industry)

2.9.5 Operation of motor transport (engineering sciences)
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2.1.1 CrpouTenbHble KOHCTPYKLWN,
30aHVA N COOPYKEHNA (TEXHNYECKNE HayKN)

TEMNEPATYPHbIE AEQOOPMAL N MOKPbITUA
3O0AHUA N3 ANIOMUHWEBOTO CIJIABA,
JKCMNAYATUPYEMOI'O HA OTKPbITOM

BO34YXE

A.T1. ManbiwkuH, A. B. Ecnnos, A. V. bapansk, M. A. Ecunos
TioMeHCKMIN MHAYCTPpUanbHbIn yHUBepcuTeT, TiomeHb, Poccua

THERMAL DEFORMATIONS OF THE BUILDING COVERING MADE
FROM THE ALUMINUM ALLOY OPERATED OUTDOORS

Aleksandr P. Malyshkin, Andrei V. Esipov, Andrej |. Baranyak, Mixail A. Esipov

Industrial University of Tyumen, Tyumen, Russia

AHHOTauuA. Llenbio NpoBefeHHbIX YNCNEeHHO-aHa-
NINTUYECKNX UNCCNeOBaHUN ABAANCA aHanun3 rogo-
BbIX TeMnepaTypHbIX Aedpopmauuin 6onblienponer-
HOro NOKPbITUA 3[aHKA NefoBoro [lsopua crnopTa B
r. TiomeHn. KOHCTPYKUMA NOKPbITUA BblNOSHEHA U3
anMuHMeBoro cnsasa mapku 1915 n skcnnyatupy-
eTCA Ha OTKPbITOM Bo3ayxe. [lepenafbl TemnepaTyp
Hapy»>KHOro BO3yxa B TeueHue roga npuBenu K 3Ha-
ynTeNbHbIM TEMNEPATYPHbIM AedopMaLMAM NOKPbI-
TMA B nonepeyHom HanpasneHun. ConoctaBneHue
NOSYYEHHbIX PacYeTHbIX 3HaYeHU TemnepaTypPHbIX
fedopmaumin epm MOKPbITUA C HOPMATUBHBIMA
npegenbHbIMU  BeIMYMHAMK MO3BOSINIO ChenaTtb
BbIBOJ, O HeY[ayHOM C TOUKU 3peHUA BOCAPUATUA
KNMMaTMYeCKNX BO34ENCTBUI Hecyllen CTPyKType
NoKpbITUA. [IprMeHeHne Knaccuyecknx MoAXO[0B
K MPOEKTUPOBAHMIO MOKPbITUI 3JaHUA BHYTPU Te-
NIOBOrO KOHTYPa NO3BOJIAET 3HAUNTESIbHO CHU3UTb
PUCKN BO3HWKHOBEHNA OedeKTOB U NoBpexAeHUl
KOHCTPYKLUUI NPU NX BANTENIbHOM SKCNyaTauum.

KnioueBble cnoBa: o6cnejoBaHNe MeTalIMyeckux
KOHCTPYKLMI, TemnepaTypHble BO3AENCTBUA, TeM-
nepaTypHble fedbopmaLuu, pacyeT TemnepaTypHbIX
nedopmauui

Abstract. The purpose of the numerical and analytical
studies was to analyze the annual temperature
deformations of the long-span coating of the
Sports Arena building in Tyumen. The structure of
covering is made of 1915 grade aluminum alloy and
is operated outdoors. Annual differences in outdoor
air temperatures led to significant temperature
deformations of the building covering in the
transverse direction. Comparison of the obtained
calculated values of thermal deformations of the
roof trusses with the normative limit values made it
possible to conclude that the bearing structure of the
covering is poor from the point of view of perception
of climatic influences. The use of classic approaches
to the design of building coverings inside the thermal
circuit makes it possible to significantly reduce the
risks of defects and damage to structures during their
long-term operation.

structures,
deformations,

Key words: inspection of metal
temperature  effects, thermal
calculation of thermal deformations
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BBepeHune

MNprMeHeHne OGONbLIENPONETHLIX KOHCTPYK-
UM 13 anioMUHWA B MUPOBOWM MNpaKTuKe 06y-
CNOBMEHO PAJOM PaKTOPOB, 3 UMEHHO — MasibiM
COOCTBEHHBbIM BECOM, COBMELLEHNEM GYHKLNA He-
cyllen 1 orpakpawmowen KOHCTPYKUMK, OblCcTpbiM
MOHTa»KOM MPOCTPAHCTBEHHbIX G/TOKOB MOKPbLITUA
npu manom obbeme paboT Ha BbICOTE, a TaKXKe aH-
TUKOPPO3MOHHOWN CTOMKOCTbIO 3/IEMEHTOB MOKpPbI-
TUA U CHUXKEHMEM SKCrJlyaTauMOHHbIX 3aTpaTt 3a
CYET YMEHbLUEHNA OTanIMBaeMoro oobema 34aHuns
1 MPYIMEHEHA rePMETUYHOI KPOBESIbHOM antomu-
HNEBOI MeMOpPaHbI.

MNepBoe 6OMbLENPONIETHOE MOKPbITUE U3
aNIOMUHMEBBLIX MPOCTPAHCTBEHHbLIX ONOKOB ¢
npenaBapuTenibHO HanpAXKeHHOW O6LWMBKON Obl1o
pa3paboTaHO U CMOHTUpPOBaHO B MockBe B 1971 T,
npu nopgaepxke akagemuka A. O©. benosa gna Ma-
NIOro BbICTaBOYHOIO NMaBUIbOHa BcecowsHoro uH-
ctutyTa nerkmx cnnasos (BUJIC) [1, 2]. B nocneay-
towmne rogbl B CCCP 6b110 ycnewHo ocyLlecTBneHo
CTPOUTENBbCTBO PAAA YHMKaNbHbIX OOBEKTOB C UC-
Nosib30BaHMEM aJIlOMUHMEBBIX GNIOKOB MOKPLITUA
(tTabnuua 1).

Ba’KHbIM MOMEHTOM MpPW K3roTOBAEHMM MPO-
CTPAHCTBEHHbIX G/TOKOB MOKPLITVA OblI0 OCBOEHNE
TEXHOMNOMY COeAVHEHMSA HECYLLNX CTEPXKHEBBIX 3J1e-
MEHTOB MPY MOMOLLM CBAPHBIX CTbIKOBbIX LLIBOB NOJ
3alMUTOV MHEPTHOTO rasa [3, 4], XoTa 1 6blla BO3MOX-
HOCTb NPUMEHATL 6ONTOBbIE COeANHEHMSA HE TONIbKO
B KaueCTBe BTOPOCTENEHHbIX d/1IeMeHTOB [5, 6].

OZHOBPEMEHHO C 3TUM, TEXHUYECKOE peLleHmne
C yTenneHvem MOKPbITUA 34aHNA B YPOBHE HUX-
HUX MOACOB CTPOMWUIbHBLIX Gepm MOKPbITUA, 06-
YCNOBNIEHHOE MAeell SKOHOMMM 3SHEepropecypcoB
npu yMeHbLUEHW OTanvMBaeMoro obbema 3gaHus,

Tabnuuya 1
Table 1
30aHus, nocmpoeHHble C NpUMeHeHUeM
aIloMUHUE8bIX 6J10K08 NOKPbIMUS
Buildings constructed using aluminum roof blocks

Bec,
Kr/m?

Mpo-
net, m

Pacxop,

06beKT i

BbicTaBOUHbI NaBUIbOH
(Mocksa, UHMSMN 30 13 20
MKunuwa)

Lom mebenn,
(Pura, 36 15 22
JlaTBrpakgaHnpoeKT)

Jlerkoatnetnyeckuni
MaHex

(KnwnHes, KuwnHes-
rpaxaaHnpoeKT)

48 18 25

YAC «Kpbinba CoBeToB»
(Mocksa, LIHUWAM 60 20 30
Kununwa)

BbicTaBOUHbI NaBUIbOH
(Mocksa, UHWMSMN 84 20 32
MKunuwa)

Jleposbin [iBopey
cnopta

(TromeHb, ToMeHbrpa-
LAHMPOEKT)

60 23 35

KnHOKOHLEepTHbIN 3an,

(AnTa, NeHrunpoteatp) 36 20 28

NPUBENO K BbIHY>XAEHHOWN 3KCniyaTaLum 4actu He-
CYLLMX KOHCTPYKLUUN B YCIIOBUAX OTKPbITOrO BO3A4Y-
Xa C TeMnepaTypHbIM/ Nepenagamu Kak B TeyeHme
rofa, Tak 1 B Te4eHne CyTOK.

B HacToAwee Bpems B Poccurickon Gepepaumn,
OCHOBbIBAACb Ha pe3yJibTaTaxX HayUHbIX NCCefoBa-
HMIA, GONBLUON NIACT KOTOPbIX NOCBALLEH NU3YUYEHMIO
OU3NKO-MEXAHNYECKMX CBOWCTB  antOMUHUEBBIX
cnnaeoB [7-12], peonornyecknm CBOWCTBaM arto-
MUHMEBbIX cnnaeoB [13, 14], ux cBapmBaemocTu
[15-17] n T. 4., a TakXe NPUHMMAA BO BHUMaHue
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OnbIiT BO3BeAEHMA 3[AHUMA C  UCMONb30BaHUEM
60NbLIENPONIETHLIX aNIIOMUHUEBBLIX KOHCTPYKLNIA,
npensioXKeHbl pasnnyHble NPOeKTbl PEKOHCTPYKL M
NOKPbITUN CTAANOHOB 1 CNOPTUBHbBIX KOMMJIEKCOB C
NCMoSIb30BaHMEM aNIlOMUHUEBBIX 1 CTanieantoMUHK-
€BbIX 6JIOKOB MOKPbITUA.

OpHako TeopeTnyeckme BO3MOXKHOCTU U [O-
CTOWHCTBA alilOMUHUEBBIX CMjlaBOB B KayecTBe
MaTepmana gnAa Hecywux KOHCTPYKUUI 34aHUN n
COOPYKEHUI [0 CUX Mop OblNN HEAOCTAaTOYHO W3-
YyUYeHbl C TOUKM 3peHUs SKCryaTauum 6onbLuenpo-
NETHbIX MOKPbITUI B YCOBUAX 3HAKOMEPEMEHHbIX
Temneparyp.

O6beKT 1 MeToAbl NCCIegoBaHNA

O6bekTOM uMccnepoBaHuA aBnaetca [Bopey,
cnopta B I. TiomeHu (puc. 1). CTponTenbCcTBO 3aaHKA
ocyuecTtsnaAnocb ¢ 1980 no 1985 r. no npoekTy ma-
non cnopTusHoOM apeHbl «CnapTak». [poekTnposLwu-
KOM BbICTYNWUIT MHCTUTYT «TIOMEeHbIpaXk faHMPOEKT».

MoKpbITEe CMOPTMBHOW apeHbl pa3paboTaHo
BUNC. Kpome Toro, B pa3paboTke anioMUHMEBbIX

KOHCTpYKLM npuHann ydyactue UHUWNCK, LHA-
NCK, BUIIC n gpyrne HayyHo-nccnefoBaTeNbCKme
nHcTuTyThl CCCP. BbIN pa3paboTaH HOBbIN antOMu-
HUWeBbIN cniiaB Mapku 1915 ¢ 3agaHHbIMN CBONCTBA-
Mu (BUAM), pa3paboTaHa U OCBOEHa TEXHONOMUS
NPOM3BOACTBa MPECCOBaHHbIX Npodunen us 3Toro
cnnasa (BUNC) [1].

[NoKpbiTue apeHbl nmeeT pasmep 96 X 60 m n
coctout M3 16 OTAENbHbIX, HE B3aWMOCBA3AHHbIX
MeXxay coboi, NpeaBapUTENIbHO HaMPAXKEHHbIX MPO-
CTPaHCTBEHHbIX 610KOB. BNIOKM NOKPbITHA pazmepom
60 X 6 M Kaabli MNpeacTaBnAlT cobol npo-
CTpaHCTBEHHble depMbl, KOTOpble COCTOAT U3 ABYX
CTpoNUbHbIX depm, OTCTOALMX APYr OT Apyra Ha
paccToAHnM 5.5 M 1 COeUHEHHbBIX MeXay cobol no-
nepeyHbIMU BEPTUKANbHbIMU CBA3AMM N pelleTya-
ThiMY AradparMamMu C NoABECAMU K HUXKHEMY NOACY
6noka.

CrponunbHble depMbl NPOCTPAHCTBEHHbIX 6110-
KOB - TpanevenganbHon GopMbl CO LWNPEHTeNbHON
peleTkon. BbicoTa pepm B KOHbKe 1 Ha onope — 4.5
1 1.5 M COOTBETCTBEHHO (puC. 2).

Puc. 1. Obwuti 8ud 30aHus Jeopya cnopma e 2. TiomeHu
Fig. 1. General view of the Sports Arena building in Tyumen
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Puc. 2. Koncmpykyusa nokpeimus [lJeopua cnopma
Fig. 2. Covering structure of the Sports Arena
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BepxHue nosica ¢epm BbINONHEHbI U3 HECUM-
METPUYHbIX aftoMUHUEBBIX ABYTaBPOB C Oynbbamu
Mo KpasiM BEPXHEeN MOMKN ABYTaBPa, HUKHUE — 13
antoMUHUEBBIX TaBpoB (puc. 3). PewweTtka pepm, ro-
PV30HTasNbHble 1 BePTMKalibHble CBA3M — TaKXKe 13
anioMrHKEBbIX Npodurnel B BUAE NapHbIX YrofiKOB
n Tpyo.

HuXHAA 06LWIMBKA NPOCTPAHCTBEHHbIX GJIOKOB
NOKPbITUA (MOTONIOK MOMELLEHNA NeOBON apeHbl)
BbIMOSIHEHA 13 aA/IlOMVHMEBOrO JINCTa TOJMLWUHOW
1 MM C npeaBapuUTENIbHON BbITAXKKOM PacyeTHbIM
ycunuem. ObwrBKa npurkienaHa K depmam npo-
CTPaHCTBEHHbIX 6/TOKOB 1 YUYacTBYeT B COBMECTHOM
pabote 6noka nop Harpy3Konm.

BepxHsaa o6wwuBKa MNPOCTPAHCTBEHHbIX 0510-
KOB BbIMOJTHEHA 13 MMAAKOro aNloMVHMEBOTO NUCTA
TONIWMHON 1 MM, NFPaeT PoJib OrpaxaatoLen KOH-
CTPYKUUN NOKPLITUA U ABnAeTcA Kposnen. O6LmBs-
Ka BbITAHYTa A0 BbIOOPA «X/TOMYHOB» U MPUKENaHa
K pepmam.

a) b)
B1.B24 H1.H2k
230
109, 109
e’ 12/ ol e
——q -—|
2l o & ol &
Q K 9
86 | 86
o - 1
e 160 &0

Puc. 3. CeueHue sepxHux (a)
U HUXHuUXx (b) nosicos gpepm
Fig. 3. Section of the upper (a)
and lower (b) chords of the trusses

Mo HWKHMM NNCTAM MPOCTPAHCTBEHHbIX 6n0-
KOB B KauecTBe yTennmtensa 6biiv NposioXeHbl ABa
MaTa 13 M1MHepasnbHoM BaTbl pa3mepamu 1 500 x 600
X 40 MM Kaxabin (puc. 4). Obwas TonwmHa cos yte-
nanTena coctasuna 80 mm.

MpocTpaHCTBEHHbIE 6IOKN CcobUpann Ha 3em-
ne, ykKnagbiBanu yTenauTenb M MNapom3onALuIo.
[OTOBble KpynHOpPa3mMepHble 3/1eMeHTbl MOKPbITUA

a

Puc. 4. YmensneHue 8 ypo8He HUXHUX N0sACo8 hepm
Fig. 4. Insulation at the level
of the lower chords of the trusses

BbIMONHANM KaK Hecyliue, Tak U orpakpawlime
byHKuMK [2].

B xope npoBefeHua obcnefoBaHWA TeXHUYe-
CKOrO COCTOAHUA 34aHMA Obl1 M3MEpPEeH BeC MAToB
B pa3HbIX YacTAx 6noka bl-16 1 6noka brl-12. Bec
yTennutena 6noka Mo KpasMm 3[aHUA COCTaBWN
4.5 Kr/m?, B LLeHTpanbHbIX YacTAX YephayHOro npo-
CcTpaHcTBa — 2.4-3.6 Kr/m?. BnakHoCTb 1 yBenuue-
Hue Beca yTennutens oOyc/oBfieHbl HeJoCTaTou-
HOW NPOAYBAEMOCTbI YepAayHOro NPOCTPAHCTBA,
UTO MPMBOANT K 06Pa30BaHMIO HAaNEAU U «KypXKaKa»
Ha BHYTPEeHHel MOBEpPXHOCTW BepxHel O6LINBKYK
NOKpbITMA, MNocneaylowemMy BblNafeHNIO KOHAEH-
caTa 1 HakomnneHuio Bnaru B ytennurene. Mpu 3tom
BEC yTennuTens yBennyeH HepaBHOMEPHO: MO Kpa-
AM GJIOKOB 1 BNVKe K LEeHTPY 34aHuA HabnogaeT-
cA 6onbluee 3aMaumMBaHne yTennuTens, B TopLax B
LleHTpanbHOW YacTu yTennmTenb nerye, T. K. 371 0b6-
NacTy ABNATCA NPoAyBaeMbIMU (PaboTatOT BbITAX-
Hble BEHTUIATOPbI).
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st oLeHKM TeMnepaTypHbIX BO3AENCTBUN 1 NX
BAUSIHWA Ha NOKPbITME 3[aHNA OT Nepenagos rofo-
BbIX I CYyTOYHbIX TeMMepaTyp Obls1 BbINOJIHEH TeMMe-
paTypHbI PacyeT MOKPbITMA U COMOCTABJIEHDbI Ae-
dopmaumm NOKpbITUA C NpeaenbHO AOMYCTUMbIMU
3HaveHuamM (n. 4.2.4.1 CI120.13330.2016").

PesynbraTtbl

CornacHo npoBefieHHOMY B paMKax obcnefo-
BaHMA 30aHUA KOJIMYECTBEHHOMY XMMUYECKOMY
aHanusy, matepuan depm u OO6LIMBOK MOKPLITUA
MO>KeT ObITb OTHECEH K antoMVHMEBOMY CMaBy Cu-
CTeMbl allOMUHNIA — LWMHK — MarHui (Al - Zn - Mg)
Mapku 1915. PacueTHoe conpoTuBeHUEe anto-
MVWHWA JaHHOW MapKK, B COOTBETCTBUM C n. 6.1
CIn 128.13330.20167% cocTtaBnaetr 230 Mrlla, uTO
MeHblLUe MosTly4YeHHOoro npu ucnbitaHuAax 305 Mla B
1.3 pasa. 3To cBUAETENbCTBYET 00 M3MeHeHUN Gu-
3MKO-MeXaHNYeCcKnx CBOMCTB aIloMVHMEBOrO Crna-
Ba C TeyeHnem BpemeHu [7-19].

[poBeaem oLeHKy rofoBoro nepenaga temre-
paTyp AnA pacyeTa TeMnepaTtypHO-KINMaTUYeCKNX
BO34ENCTBUMN Ha HeCyLme KOHCTPYKLMIM NOKPbITUA.

OCHOBHbIM MapameTpoM MaTepuana, OTBe-
yalWwnm 3a TemnepaTypHble aedopmaumm KOH-
cTpyKuun, asnAetca Ko3GOUUMEHT NUHENHOro

pacluVpeHns, AN1A aNloMUHNA OH paseH 0.23-107 o

B Auana3oHe TemnepaTyp ot =70 go +100 °C (npu-
noxeHne b CIM 128.13330.2016), uTo B ABa pa3a npe-

BblLLAET aHaNOrMYHbIN NapameTp Y KOHCTPYKLUNOH-
HOW CTanu.

Onpegenvm HoOpMaTUBHbIE 3HAYEHMA Temnepa-
TYp Hapy>KHOro BO3A4yXa AN TENJIOrO t, 1 XONOAHO-
ro t_ NeprofoB rofa Kak AfiA HeoTanimBaeMoro un
He3alLLEeHHOro OT BO34ENCTBUA CONTHEYHOW pagu-
ALK NOKPbITUSA 34aHNA B COOTBETCTBMM € Tabn. 13.1
CI120.13330.2016:

t,=t, +6,+6,, t

w

=t -056,

C

roe t,, t,. — CpefHue CyTOYHble TemnepaTypbl Ha-
Py>KHOro BO3fyxa B Ternnoe u XOJIOfHOe BpemA
rofa, NpYHUMaemble B COOTBETCTBUN C M. 13.4 paH-
Horo CIT;
6, — NprpalleHne cpeaHNX NO CEYEHUIO SNeMeHTa
TemnepaTyp 1 nepenaga TemnepaTtyp OT CYTOUYHbIX
KonebaHWn TeMnepaTypbl HapyHOro BO34yXa,
npvHMMaemoe no ta6n. 13.2 CM 20.13330.2016;
6, - NnpupalleHrie CPeaHNX NO CEYEHUIO dNIeMeHTa
TemnepaTyp 1 nepenaga TeMnepatyp OT CONIHEYHOM
pagnaumn, NpuHUMaemoe B CooTBeTcTBun ¢ n. 13.5
CI120.13330.2016.

CpegHue cyTouHble TemnepaTypbl Hapy>KHOro
BO3/JyXa B Ternsioe 1 XoN0fHOe BpemMsa roja:

t, =t +05-A, t, =t

ew max

~0.5-A,,

raet  wt - HOPMATMBHBIE 3HAUEHWS MAHVIMAb-
HOM U MaKCMManbHOW TemnepaTypbl BO34yxa B CO-
oTBeTCTBUM C nNpunoxeHnem E CM 131.13330.20207%;

"Harpy3ku 1 Bo3geiicteua = Loads and actions : CM 20.13330.2016 : yTBepkAeH nprkazom MyuHuctepctsa ctponTenbctBa u KKX
Poccuinckoin ®egepaunn (MuHcTpon Poccun) ot 3 gekabpa 2016 r. N2 891/np v BBeeH B gencteune ¢ 4 noHA 2017 1. / UCNonHK-
Tenu — UHUNCK mm. B. A. KyuepeHko AO «HULL «Ctpoutenbcteo» npu yyactum OIBY «MnaBHaa reopusnyeckan obcepBatopua Um.
A. U. BoelikoBa». — TeKCT : 3NeKTPOHHbIN // INEKTPOHHbIN GOHA NPaBOBbIX N HOPMATUBHO-TEXHUYECKMNX AOKYMEHTOB : canT. — URL:
https://docs.cntd.ru/document/456044318 (gata obpaiieHns: 07.03.2023).

2 AntoMrHUeBble KOHCTPYKUMM = Aluminium structures : CIM 128.13330.2016 : AKTyanu3mpoBaHHasa pefakuma CHull 2.03.06-85 :
yTBepxgeH Mpukaszom MuHnctepctea ctponTenbctBa 1 KKX PO ot 16 gekabpa 2016 r. N° 948/np v BBeneH B gencteue ¢ 17
nioHA 2017 r. / ncnonHutenn — AO «HUL «Crpoutenbcteo» LLHUUCK nm. B. A. Kyuepenko, nHcTutyT UHUWUMNCK nm. MenbHukoBa,
3A0 «METAKOH LIEHTP». — TeKCT : 3neKTPOHHbIN // INeKTPOHHbIV GOHA NPaBOBbIX 1 HOPMATUBHO-TEXHUYECKMX JOKYMEHTOB : CaliT. —
URL: https://docs.cntd.ru/document/456044319 (gata obpawyeHus: 07.03.2023).

3 CrpouTenbHas knumatonorua = Building climatology : CM 131.13330.2020 : yTBepxAeH npurkazom MUHUCTepCTBa CTPOUTENbCTBA
1 XKKX PO o1 24 filekabps 2020 1. N2 859/np 1 BBeAeH B aeicTBme ¢ 25 nioHA 2021 ./ nucnonHutenmn — OrbY «HayuHo-nccnegosatenb-
CKUI MHCTUTYT CTPOUTENbHON GU3NKM POCCUINCKON akaAeMnmn apXUTeKTYpbl 1 cTpouTenbHbIX Hayk» (HUUC® PAACH) npu yyactun
OIBY «MmaBHasA reodmsnyeckan obcepsatopura nmeHmn A. V. BoelikoBa. — TeKCT : 91€KTPOHHbIN // DNeKTPOHHbI GOHL NPaBOBbIX U
HOPMATMBHO-TEXHUYECKUX [JOKYMeHTOB : calT. — URL: https://docs.cntd.ru/document/573659358 (gata obpatyeHus: 07.03.2023).
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— cpefHne CyToOYHble aMNNINTyAbl TeMNeparty-

A,A
II
pbl BO3AyXa Hanbosnee XonoaHoro n Hambonee Te-
MnJjioro mMecAua COOTBETCTBEHHO, NPMHMMaemMble No

Tabn. 3.1 n 4.1 CM131.13330.2020.

il

HopMmaTnBHble 3HaUEHMA MUHUMANIbHOM N MaK-
CUMasIbHOM TeMMepaTypbl BO3yXa B COOTBETCTBUM
c(C20.13330.2016:t . =-50°C,t _=+38°C.

CpepgHue CyTOUHble amnauTyLbl TemnepaTypbl
BO34yxa Hanbonee XoNofgHOro u Haubonee Tenso-
ro mecaua B cootBetctBun ¢ CI 131.13330.2020:
A =92°CA,=11.4°C

Torga 3HauyeHMA CpefHUX CYTOUHbIX Temrepa-
TYpP Hapy>KHOro BO34yXa B TEM/OE U XONIOQHOE Bpe-
MA rofa paBHbl:

t, =—50+0.5-92=—454°C,
t,, =38-05-11.4=323°C.

MpupaleHne cpefHUX NO CEYEHUID SneMeH-
Ta TemnepaTtyp 1 nepenaga temneparyp OT CyTOu-
HbIX KonebaHui TemnepaTypbl HapYyXHOro BO34y-
Xa, NpuHMMaemoe no tabn. 13.2 CI1 20.13330.2016:
0,=8°C.

MpupalleHne cpegHnX No CEYEHUIO d1eMeHTa
TemnepaTyp v nepenaga TemnepaTtyp OT COTHEYHOM
paguaumm, npuHMMaemoe B cootseTcTeum ¢ n. 13.5
CIM20.13330.2016:

0,=005-p-S, . -k,

roe p — Ko3GOUUMEHT MOrMOLWEHUA CONHEYHOMN
pagvauun Matepuanom HapyHOW MOBEPXHOCTU
KOHCTPYKUMK, MpVHMMaembln no Tabn. 13.3 CIl
20.13330.2016;

S, .. — MaKcMmasibHoe 3HaueHune CyMmapHow (nps-
MOW, pacCeAHHOW 1 OTPa)KEHHOWM) CONTHEYHOW paau-
auun, BT-u/m, NpuHUMaemMoe ansa ropu3oHTaNIbHbIX
noBepxHoCTeln no Tabn. 13.4, a AnA BepTMKanbHbIX
NOBEPXHOCTEN Pa3NNYHON OpMEeHTaUuUn — no Taobn.
13.5 CI120.13330.2016;

k - k03¢ drUMeEHT, NpnHMUMaeMblin no Tabn. 13.6 CI1
20.13330.2016.

Ona anoMuHua KodpdMUMEHT nornoweHns
COSIHEeYHOWN paguaunm MaTepranom Hapy»KHOW No-
BEPXHOCTW KOHCTPYKLUum p = 0.5.

MaKkcrMManbHOe 3HauyeHne CyMMapHon (npsa-
MOW, PaCcCEAHHOW 1 OTPa)KeHHOWM) CONTHEYHOW paau-

aumm onAa ropnsoHTanbHbIX MOBEpXHOCTEN ana 57.8°
C.w. (r. TiomeHb): S =804.8 Bm-u/m.

KoaddurumeHT k = 0.7 gna meTaninyeckmx KoH-
CTPYKLMI 30aHNIA.

MpupalleHre cpefHnX MO CeYEHUI0 dNIeMEHTa
Temnepartyp v nepenaja TemnepaTtyp OT CONIHEYHOM
paanaunn:

0,=0.05-0.5-804.8-0.7 =14.1°C.

HOpMaTI/IBHbIe 3Ha4YeHuA TemMneparyp AnAa Te-
njoro tW 1 XonogHoro tc nepmnoagos roga:

t,=+32.3+8+14.1=4544°C,
t.=—454-0.5-8=-49.4°C.

Takum 06pa3om, rogoBovi Nepenag temneparyp
COCTaBUT:

At=t, +t =54.4+49.4=103.8°C.

BbinonHMM pacyeT HOPMATUBHbBIX WU3MEHEHUN
TemnepaTyp Npv 3aMblKaHUW KOHCTPYKUUM AnA Te-
N0ro n XoNnogHoro nepuopa roga.

HopmaTuBHble 3HaUYeHMA U3MeHeHWI Temnepa-
Typ NPW 3aMblKaHUN KOHCTPYKUuiA B Tennoe At n
xonoaHoe At_Bpems roga onpegensTca no gop-
Myfam:

At =t

L=t —t,, At =t —t,

roet ,t — HOpMaTVBHbIE 3HAUEHMA TemnepaTyp Ans

TEMJIOro U XONIOAHOTO BPEMEHW rofa, NpuBeAeHHble

B Tabn. 13.1 CIM120.13330.2016;

t, t, —HavanbHble TemnepaTypbl (TeMnepaTypbl 3a-

MbIKaHWA) B TEMJI0E 1 XOJTOAHOE BPeMs rofa, NpUHN-

MaeMble B cooTBeTcTBUM €. 13.6.CI120.13330.2016.
HauanbHasa TemnepaTypa, COOTBETCTByiOLLanA

3aMbIKaHNO KOHCTPYKLMU WM €e YacTh B 3aKOH-

YEHHYIO CUCTEMY, B TEMJIOE 1 XOSNIOAHOE BPeMsA roga

onpegensetcsa no gopmynam:

t,, =0.8-t,+02-t, t, =02-t,+08-t,

roet, t,,— MHOroneTHne cpefiHMe mecayHble Temne-
paTypbl BO3fjyxa B AHBape 1 utone, npruH1MmMaemble
ANA Haf3eMHOWN YacTu COopyKeHun no Tabn. 5.1
CI120.13330.2016: t=-16.3 oC, t,=185 oC.
HauanbHaa Temnepatypa, COOTBETCTBYHOLAA
3aMbIKaHMIO KOHCTPYKLUUM WUIN ee YyaCTu B 3aKOH-

YEHHYIO CNCTEMY, B TEMJIOE N XOJIOAHOE BpeEMA rofa:

Apxumekmypa, cmpoumenbscmeo, mpaHcnopm
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t,, =0.8-185+0.2-(~16.3)=11.54°C,

t,, =0.2-185+0.8-(-16.3) =-9.34°C.

HopmaTuBHble 3HaUeHnA U3MeHeHMI Temnepa-
Typ NpW 3aMblKaHUN KOHCTPYKUuniA B Tennoe At wn
xonofHoe At_Bpems roga:

At, =54.4+9.34=+63.7°C,
At =-49.4-11.54=-60.9°C.

BbinonHMm pacyer HOPMATMBHbBIX 3HAYeHUN
TemnepaTypHbIX BO34EeNCTBMA ONA Tennaoro n Xo-
NO[HOro NepuopoB roga.

HopmaTuBHble 3HaueHUA TemnepaTypHbIX BO3-
encteuii, obycnoBneHHble nepenagoMm Temnepa-
TYpP MO CEYEHUIO NIEeMEHTa, B COOTBETCTBUM C Tab.
13.1 CIM 20.13330.2016, B Tennoe Bpema 3, =46,, B
xonogHoe 4, = 0.

MNpupaleHre cpefHnX NO CeYEHUIO dfIeMeHTa
TemnepaTtyp ¥ nepenaga TemnepaTtyp OT COJSIHeY-
HOWM pafguauuu 6, NprHMMaemoe B COOTBETCTBUM C
n.13.5 CI120.13330.2016:

0, =0.05-p-S,.. (1-k)=
=0.05-0.5-804.8(1-0.7)=6°C.

Torga &,=6°C, & =0.

MpoBegem pacyeT TemnepaTypHbix aedopma-
Luin 6noka Ha rogoBo Nepenag TemnepaTtyp.

TemnepaTtypHble gepopmanum snemeHTa onpe-
JensAwTca no popmyne:

AL=L-a-At,

roe L — onuHa anemeHTa, Mm,
a — k03OOUUMEHT NUHENHOro pacwmpeHus, °CY,
npu Temnepatype ot -70 go +100 °C, npuHMmae-
MbIn no Tabn. b.1 CM 128.13330.2016;
At - MaKcuMmanbHbI roAoBON MNepenaj Temnepa-
Typ, °C.

B cootBetctBum ¢ Tabn. 6.1 CIM 128.13330.2016,
KO3QPUUMEHT NMHENHOro paclinpeHmns

a=2310"°C".

InunHa 6noka L = 60 000 Mm. MaKCUManbHbIN ro-
JoBol nepenag Temnepatyp At = 103.8 °C.

Takum ob6pa3zom, TemnepaTtypHble gedopmaunm
6noKa B MPOAOSIbHOM HanpaB/eHVM NP YNPOLLEH-
HOM PY4YHOM pacyeTe COCTaBAT:

AL=60000-2.3-107 -103.8 =143.2 mm.

C uenbio yyeTa NPOCTPAHCTBEHHOM PaboTbl Mo-
KpbITVA 1 AnA oueHKN aedopMUPOBAHHOW CXeMbl
NPOCTPAHCTBEHHOrO 6/10Ka BbINMOIHEHO YMCIIEHHOE
MoZenupoBaHne TemnepaTypHbIX BO34ENCTBUA B
nporpammHom komnnekce ING+. PacueTbl Ha Tem-
nepaTtypHble BO34EeNCTBUA BbIMOMHEHbl Ha MaKCu-
ManbHbIN rogoson nepenag Temnepatyp 103.8 °C,
NPVKIaabIBAaEMbI K BEPXHEN OOLMBKE N BEPXHUM
nosicam ¢pepm NpPoCTPaHCTBEHHOTO B/10Ka.

C yuyeToM NpPOEKTHOro npeaBapuUTeNbHOIO
Hanps)XeHUs BepPXHEeM N HKHEN OOLWIMBOK MakK-
CManibHOe MepeMelleHre B cepeanHe nposneTa
B BEPTMKANIbHOW MNOCKOCTM COCTaBUNoO 45.2 mm,
MaKCMMaJibHOe MnepemeLleHne B rOpM30OHTaNIbHOM
naockocTn coctasuno 10.3 MM Ha onope B BEpXHeN
TOUYKE OMOPHOW CTONKN 1 2.9 MM Ha OMOpPEe B HWX-
HeW TOUKe ONMOpPHON CTONKM (puc. 5).

YuntbiBad noTepu npeaBapuUTeibHOrO Hamnps-
YKEeHMA BEPXHEN N HUXKHEN OOLLMBOK, O YeM cBuae-
TENIbCTBYIOT «XJIOMYHbI» B BEpPXHel membpaHe u ne-
PEKOCbl B HWPKHEN, MAKCMMaJibHOE MnepemeLyeHne
B CcepeiunHe nposieTa B BEPTUKASIbHOW MIOCKOCTH
cocTaBuno 138.3 MM, MakCMMarnbHOe nepemelLeHne
B FOPU30HTAJIbHOW MIIOCKOCTY COCTaBUII0O 26 MM Ha
ornope B BEPXHEN TOYKE OMOPHOWM CTONKN 1 14.5 MM
Ha OMope B HVXHEN, YTO B LIeSIOM MOATBEPXKAAeTCA
HabnogeHUAMU cny»6bl SKCnyaTauum (puc. 6).

[na OueHKM TpPaHWYHbIX 3HAUYEHUI Mepeme-
LWEeHNN KOHCTPYKUMN BCeACTBUE TemnepaTypHbIX
BO3JENCTBUN onpefennm npefenbHO JONyCTUMoe
yANVHEHE  allOMUHMEBOrO MPOCTPAHCTBEHHOIO
6510Ka NOKpPbITMA OT rOAOBOroO Nnepenaga Temnepa-
Typ [AL] cornacHo Ta6n. .4 CM 20.13330.2016:

[AL] =h%90 ~11360 M'\% =568 MM,

BbiBoabI

MNMokpbiTne 3paHnA [IBopua crnopTa B I. TioMeHM
BOCMPUHUMAET UUKANYEeCKNe TemrnepaTypHble BO3-
AeNCTBMA Ha NPOTAXEHUN BCEro Cpoka dKCnyaTa-
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Puc. 5. [lehopmupo8aHHas cxema npocmpaHcmeaeHHo20 610K NOKPbLIMUS 0m memMnepamypHeix
8030elicmauli ¢ y4emom nped8apumesibHO20 HaNPAXeHUs 06WUBOK
Fig. 5. Deformed scheme of the spatial covering block taking into account the prestressing of the sheathing

<

/I\%I\ I

Puc. 6. [lehopmupo8aHHas cxema npocmpaHcmaeHHo20 6710Ka NOKPpbIMUA 0m memnepamypHeix
8030elicmauli 6e3 y4ema nped8apumesibHO20 HaANPAXEHUA 0OLWUBOK
Fig. 6. Deformed scheme of the spatial covering block without taking into
account prestressing of the sheathings

U1K, 4TO MPUBENO K ero 3HauyuTeslbHbIM TeMnepa-

TYpHbIM fedopmaumam.

1. PacueTHble TemnepaTypHble Aaedopmaumn
bepm NoKpbITUA B HaNpaBneHW NposieTa KOoH-
CTpyKUumm coctasunu 14.5 Mm, 4To 3HaUNTENb-
HO MeHblLLUe nNpeaenbHO 4ONYCTUMOW BESINUNHDI
56.8 mm (CIM120.13330.2016).

2. Bcnepcteue ocobeHHo Gpopmbl hepm NoKpbl-
TVA, COCTABAAKLWMX NPOCTPaHCTBEHHblE 6r10-
KU, Y IMeIoLLEeroca npeaBapuTenbHOro HaTa»Ke-
HUA BEPXHEN 1 H/XKHEeN 06LIMBOK, NPOAOSbHbIE
AedopMaunmn BepxHero noAaca NoKpbITUA Npu-
BENM K BbIrMbam KOHCTPYKLUUN Ha BENNUYUHY A0
138.3 Mm. 3T gedopmaLMm HeraTMBHO CKa3sbl-
BAIOTCA HE TONbKO Ha HaPY»KHbIX Orpa<aatoLLmx
KOHCTPYKLMAX, HO 1 Ha CTEHAX 1 NeperopofKax
TpeTbero 3Taxa 34aHus.

OueHvBasa B NCTOPUYECKON peTpocneKTuBe rno-
CTPOEHHble B Hallel cTpaHe coopyeHunsa 13 6onb-
LIENPOJIETHBIX aJIOMUHMEBBIX NPeABaPUTENTIbHO Ha-
NPAXXEHHbIX KOHCTPYKLUUK, cnegyeT OTMETUTb, UTO
He BCe 3afABfIeHHble JOCTOMHCTBA, TakMe Kak XOpo-
Waa KOPPO3MOHHaA CTOMKOCTb M FepMeTUUYHOCTb
KPOBEeSIbHbIX OOLIVMBOK, MOATBEPAMINCD MONOXMU-
TeNbHbIM OMbITOM WX 3KCMyaTauuu:

+  Manblii COGCTBEHHDIN BEC antOMUHMEBBIX KOH-
CTPYKUWI HepaspbiBHO CBA3aH C BblHY»KAEH-
HOW MOHWXXEHHOW »KeCTKOCTbO MaTepurana (B 3
pasa), ero mozynem ynpyroctu, 4To NpuBOAUT K

60bLWMM, YeM B CTaNIbHbIX KOHCTPYKLUAX NPO-
rmbéam 1 nepemeLleHnam;

COBMeLLeHne GYHKLMI HeCyLLen KOHCTPYKLUM
N OrpaXKaeHUs NPUBOAUT K LUKITUYECKUM TEM-
nepaTypHbIM BO3AENCTBUAM Ha HecyLmin 6nok
NOKPbITMA B TeYEHMEe BCEro CpoKa KCMyaTa-
uun, ycyrybnaembim 60/1bLLINM NO OTHOLLEHWIO
K cTanun KoadouumeHToM NMMHENHOro paclumnpe-
HUA antoMUHKUA (B 2 pasa);

pacueTHble TemnepaTypHble  gedpopmauun
depm NoKpbITMA B HanpaBneHun nposeta B 4
pa3a MeHblle npeaenbHO AOMYCTUMON Benu-
UMHbI, OAHAKO MPW 3TOM BO3HUKAKOT BbIMMOLI
depm Ha BenuumHy Ao 140 MM, He yYTeHHble
NPOEKTHOW JOKYMEHTaLMEN U HEFAaTUBHO BAUA-
foLiMe Ha CTPOUTENIbHbIE KOHCTPYKUUW TpeTbe-
ro 3Ta<a (CTeHbl 1 NepPeropoaKun);

nosBNeHne KOHTAKTHOW  (ranibBaHUYECKON)
KOppPO3uW, BO3HUKAIOLWEN MeXIY CTaNbHbIMU
AHOAMPOBAHHbBIMY 60ITaMM 1 ANTIOMUHUEBBIMYA
3N1IEMEeHTaMU, NPUBOANT K Pa3pyLUEHNIO aNlOMU-
HMEBbIX KOHCTPYKLUUNA, T. K. 3aLLUTHOE NOKPbITHE
CTaNlbHbIX 6ONTOB CO BPEMEHEM «CbeaeTCsay;
repMeTMYHOCTb KPOBENIbHOIO MOKPbITMA Hapy-
LIaeTcA 13-3a pa3pyLleHna CTbIKOB Mexay 6no-
KaMW 11 3aKeNOYHbIMI COeANHEHNAMM KpenJie-
HUS1 BepXHel 0OLINBKIM K NOACAM CTPOMUITbHbIX
depm, a TakXKe CMeLLeHNs CMEXHbIX NPOCTPaH-
CTBEHHbIX 6JIOKOB OTHOCUTENIbHO APYT Apyra.
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2.1.2 OcHoBaHWA 1 pyHOAMEHTDI,
nof3eMHble COOPYKEHMA (TEXHUYECKIME HayKM)

OTAENbHOCTOALLNN OYHOAMEHT
CO CTYNEHYATOM NOAOLLBON:
PE3YJIbTATbl HATYPHOI'O SKCINMEPUMEHTA

B. C. CadapsaH

TioOMeHCKMI MHAYCTpranbHbIA YHUBepcuTeT, TiomeHb, Poccua

FREESTANDING FOUNDATION WITH STEPPED BASE.
RESULTS OF A FULL-SCALE EXPERIMENT

Vage S. Safaryan

Industrial University of Tyumen, Tyumen, Russia

AHHOTaumA. HecMoTpA Ha 3HaUUTENIbHOE YMCIIO CY-
LeCTBYOLNX peLLleHniA, BONPOC ONTUMU3aLNN reo-
MEeTPUN OTAENbHOCTOAWMNX YHAAMEHTOB MENKOro
3aN0XKeHNA OCTaeTCA aKTyallbHbIM M HeJOCTaTOYHO
n3yyeHHbIM. O6BEKTOM HACTOALLErO NCCIIe[OBaHMA
AaBnaTca GyHAaMeHTbl CO CTYNeHYaTon NOAOLWBON,
ana  nopteBepxaeHua 3GPeKTUBHOCTM  KOTOPbIX
OblIM NPoBefeHbl TPU PA3MINYHBIX dKCMEPUMEHTA:
undppoBoe momenpoBaHue, nabopaTtopHble NCMbI-
TaHWA, HaTYPHbIN 3KCNeprMeHT. B nepByto ouepenb
OCHOBAHMA CPaBHUBANIUCL MO MOKasaTento abco-
JIIOTHOW OCafKK, B KaXJOM 13 3KCNepMMeHTOB QyH-
JaMeHT CO CTyrneHYaTon NOAOLWBOW NPOAEMOHCTPU-
poBan cebsa 6onee 3pPeKTMBHLIM MO CPABHEHMIO C
aHaNIoroM C NJI0CKOM nofoLwwBon (Nprbnn3nTenbHo
Ha 30 %). B xoge npoBefeHnA HaTypHOro 3Kcre-
pvIMeHTa Npy NTOrOBOM [aBfieHN Mo NOAOLIBOW
dyHpameHTa 18 1/M? ocapgka dpyHpameHTa C no-
CKoun nogowson coctasuna 70.67 mm, B TO Bpems
Kak PyHOaMEeHT CO CTyrneH4YaTon NoAOLLBOW Ces Ha
49.32 MM. HaTypHbIl 3KCeprMeHT NoATBepAnn pe-
3ynbTaThl NpeablayLWwmnx onbiTos, PyHAAMEHT CO CTY-
neH4yaTon NOJOLWBON NPOAEMOHCTPUPOBAN OCaAKY
CYLLeCTBEHHO MeHbllUe, YeM aHanor ¢ NNOCKOW No-
Jowson. B 6yaylumx nccnefoBaHUsaX nnaHupyeTcs

Abstract. Despite the large number of existing
solutions, the issue of optimizing the structure of
freestanding shallow foundations is still relevant
because of poorly studying. The object of the study
is foundations with stepped base. To confirm the
efficiency of these foundations, we conducted three
different experiments: digital modelling, laboratory
testsandfull-scale experiment. First, the foundations
were compared in terms of absolute settlement.
In each of the experiments, the foundation with a
stepped base was more efficient than its flat-base
analogue (by about 30 %). During the full-scale
experiment, at a final pressure under the foundation
base of 18 t/m? the foundation with flat base
settled by 70.67 mm, while the foundation with
stepped base settled by 49.32 mm. The experiment
confirmed the results of the previous experiments:
the foundation with a stepped base showed a
substantially smaller settlement than the flat base
analogue. In future studies, we plan to investigate
the operation of strip foundations with stepped
base in more detail, to determine the internal forces
appearing in the body of the foundations, and to
define the need of reinforcement for foundations
with stepped base.
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6onee Noapo6HO N3yunTb PabOTy NEHTOUHbBIX QYH-
[AAMEHTOB CO CTyMeHYaTon NOLOLBOW, ONpeaennTb
BHYTPEHHMe ycunus, noasnaiowmecs B Tene ¢pyHaa-
MEHTOB, a TakXe HeoOXOAMMOCTb B apMMPOBaHNM
byHAAMEHTOB CO CTyrNeHYaTol NOAOLIBOMN.

KnioueBble cnoBa: ¢pyHOaMeHT MesIKoro 3anoke-
HUA, cTonbyatbli GyHOAMEHT, OTAENbHOCTOALNIA
YHOAMEHT, NEHTOUHbIN pyHOAAMEHT, 3PPEKTUBHbIN
dyHOaMeHT, cTyneHuyaTasa NofdoLBa, HemnnocKas no-
[OLLIBA, MEXaHVKA FPYHTOB, 0cafkn GyHAaMEHTOB

Key words: shallow foundation, columnar
foundation, freestanding foundation, strip
foundation, efficient foundation, stepped base, non-
flat base, soil mechanics, settlement of foundation

Ona yntmpoBaHmsa: CadapaH, B. C. OtgenbHocToAwmMI GyHAAMEHT CO CTyMNeHYaTol NOAOLWBON: pe-
3ynbTaTbl HAaTYpHOro 3kcrnepumenTa / B. C. CadapsaH. — DOI 10.31660/2782-232X-2023-4-17-25. — TekcT :
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BBegeHmne

Ba)kHOI yacTblo MOOOro 3gaHNA UM COopyKe-
HuA asnaetca ¢yHOameHT. CTOUMOCTb YCTPOMCTBA
HeCyLNX KOHCTPYKLUUIM HYNEBOrO LMKIa Npu Herny-
OGOKOM 3a/10’KEHUN MOXET cocTaBnATb Ao 10 % cTo-
UMOCTW CTPOUTENbCTBA.

CambiMM  pacnpocTpaHeHHbIMU  dyHAAMEHTa-
MU MEJSIKOrO 3afOXeHUA ABAAKTCA JIEHTOUHble U”
cton6buatble. OTM dyHOaMeHTbl ABNATCA b6e3anb-
TEePHATUBHbIMY A1 OLHOSTaXKHbIX MPOMbILLIEHHbIX
UAN CeNbCKOXO3ANCTBEHHbIX 34aHWIM, OHU TaKxe
LUIMPOKO UCMONb3YIOTCA B YaCTHOW 3aCTPONKe 1 Npu
CTPOUTENBCTBE MASIO3TaXKHbIX 34aHMWI XUoro, 0b-
LWEeCTBEHHOro M agMWHUCTPATMBHOIO Ha3HayeHusA
[1-3].

NccnepoBaHna  BapuaHTOB  KOHUrypauui
dYyHAAMEHTOB HEFNMYOOKOrO 3aI0KeHUs1 HanpaBge-
Hbl Ha U3y4yeHue 3aBUCMMOCTM FeoMeTpun Mnogo-
WBbl U HanpsXeHHO-AepOPMUPOBAHHOIO COCTOA-
HUSA TPYHTOBOIO OCHOBaHUSA, HECYLLE CNOCOBHOCTM
dyHaameHTa. Micnonb3oBaHue 6onee 3GGEKTUBHBIX
KOHCTPYKLUMIA WU TEXHONOMNIA YCTPONCTBA TaKmMX
OYHOAMEHTOB MOXeT MPUHECTU CYLEeCTBEHHbIN
SKOHOMMYecKUn 3bdeKT ana oTpacnu, Bbipaxae-
MbI/l B CHVXKEHMW TPYQOEMKOCTU N MaTepuanoem-
KOCTM NP CTPOUTENbCTBE HYNEBOrO LMKNa.

WccnepoBatenu npepnaratlot pasfivyHble me-
TOAbl OMTUMM3AUUM  YCTPOWCTBA GyHOAAMEHTOB
Hernybokoro 3anoxeHus [4]. Hanpumep, H. M. bo-
popayeBblM pelleHa 3aava No YMEHbLIEHUIO KOH-
LeHTpauun peakTUBHbIX AaBneHun [5]. YyeHbim
NpeanoXeHo MHTerpasbHoOe ypaBHeHWe, Npu YacT-
HOM peLleHUN KOTOPOro OAHON U3 Hanbonee onTu-
MasnbHbIX GOPM MOAOLLBbI ABMAETCA OKPYXHOCTb C
HeKOTOPbIM PafnycoM, Beln4MHa KOTOPOro 3aBu-
CUT OT reosIornyecknx yCnoBuia.

Ewe oaHo pelueHne no ycTponctey GyHaameH-
TOB MEeJIKOTO 3a510XeHusA ¢ Henockol dopmor onu-
paHuA Ha rpyHT npeanoxeHo f. A. [IpOHO3UHbIM, OH
peKkoMeHZyeT NCrosib30BaTb MOAOLWBbI PyHAAMEHTa
B Bue 0605104k [6, 7]. Mo cpaBHEHNIO CO CTaHAapT-
HbIMW pelleHnaMn PYyHOAMEHTbI-060510UKN 06sa-
patoT 60nbWKMM HabOPOM NPENMyYLLECTB (TaKMX Kak
YMeHblUeHre FyOunHbI CKMMaeMon TONLWM, YBenu-
UeHue Hecyluel CNocoBHOCTY, YMEHbLUEHNE Ocaj-
Ku 1 gp.). Takne dyHaamMeHTbl ObIN peann3oBaHbl
npu CTPOUTENbCTBE PAAA MHOMO3TaXHbIX 06 bEKTOB
B TioMmeHcKon obnactu. OgHaKo X UCNONb30BaHNe
B Mafio3TaXKHOM CTPOUTENbCTBE HelenecoobpasHo,
TaK KaK TEeXHONOrna W3roToBNEHUA KPUBOJIMHEN-
HOW NOBEPXHOCTU PYHAAMEHTOB JOCTAaTOUHO CIIOX-
Hasd, YTO MOXKET MPUBECTY K 3aBbILLEHNIO CTOUMOCTH
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$YHOAMEHTOB 3aHWI, OCHOBAHUA KOTOPbIX He BOC-
NPUHUMAIOT 6onbLUKe Harpy3Ku.

KoHdurypauum 3¢¢dekTmBHbIX PyHOAMEHTOB
HernyboKoro 3anoXeHuAa C MAOCKOW MOAOLIBOM
6bI paccmoTpeHbl Takke A. B. Tnywkosbim [8].
B ero nccnepoBaHnax 0cobo nogyepkHyTa porb
«apOyYHOro spdpeKTa», NPU KOTOPOM KpecToobpas-
HOe VAN NyyeBOe CTPOEHUE MIOCKOW MOAOLUBbI
BK/lOYaeT B paboTy JONONHUTENbHbIA 06BbEM rpyH-
Ta 3a npegenamu npoekumn ¢pyHaameHTa. 3To no-
3BOJIAET CYLLECTBEHHO CHU3WTb MaTepunanoemMKocTb
6e3 noTepu Hecyllen CNocobHOCTU dyHAAMEHTA.

KpvBonuHenHyto nogowsy ¢yHOAMEHTOB He-
rnyboKOro 3anoXeHus Takke M3y4yaloT U 3a pybe-
xom. Tak, B [9] aBTOpbI UccnegyoT HecyLlyo Crno-
COBHOCTb (YHAAMEHTOB MEJSIKOTO 3aNOKEHUA CO
CTYyMNeHYaTon MOAOLIBON Ha CKMOHAX, CIIOMEHHbIX
NPOYHbIMU FpyHTamMy, a B [10] ulyyaloT noBegeHne
Herny6oknx chepmryecknx 060o4ueK.

OfHaKo, HeCMOTpA Ha 3HauyuTeslbHOe 4MnCNIo
npeanaraeMbix MeTO4oB ONTUMU3ALUN U FTOTOBbIX
pelleHni, ynpoLLleHne TEXHONOIMM N3roTOBJIEHNA,
YMeHbLUEHVE MaTepuanoeMKoCT U TPYAOEeMKOCTM
npu yctponctee ¢yHAAMEHTOB MENIKOrO 3anoxe-
HUS, He BOCMPUHUMAIOWKMX OOMblUME HArPy3KU WU
yCcTpaunBaeMblx B c/1abbix ANCIEPCHBIX FPYHTaXx, AB-
NAeTCA akTyasbHOM 3afayen.

B sTon cTaTbe npepnaraetca 6onee adpPpekTmB-
HasA KOHCTPYKUKMA ana dyHoamMeHTOB MenKoro 3ano-
EHMNA C HENMOCKOW NOAOLWBON — CTYMEHAMU BHU3
(pwnc. 1). OcHOBaHMEM ANA JAHHOMO PeLLUeHUA MOTyT
CNYyXUNTb cnepgytowme Tesncol [11-14]:

705
1 2
Puc. 1. ®yHOameHmei co cmyneHyamoti nodoweou:
1) neHmouHsil, 2) cmosnbuyameiti

Fig. 1. Foundations with stepped base:
1) strip foundations, 2) columnar foundations

«  CTyneHyaTas NnofoLiBa MOXET ObITb BMMCaHa B
onTManbHyto [4] dopmy NofoLLBbI, UTO NpKrBe-
JeT K bonee paBHOMEPHOMY pacrnpegesneHunio
HanNpPAXXeHU B OCHOBaHUY;

+  KOHCOMbHble yyacTku Tena dyHAameHTa (cTyne-
HU) HaxXO[ATCA CBEPXY, NPV Nepefaye Harpysku
Ha FPYHTOBOE OCHOBAHWE 4YacCTb HaNpPsXKeHWNn
co3fjaeT AOMNONHUTENbHOE O6XKUMaloLlee ycu-
ne, TeM CambiM MOBbILIAA TPEHUE Mo 6OKOBOW
noBepxHoOCTN (puc. 2). B To ke BpemA pyHaa-
MEHT C KNacCUYeCcKom reomeTpuen paclumps-
€TCA KHW3Y, U MOMMMO MOJIe3HOW HarpysKku
HVXXHME CTyneHn BOCMPUHMMALOT BeC Bblllene-
Kallero rpyHTa;

+ y oyHpameHTa CO CTyneH4YaTON MOAOLIBOW
60JsIbLUe YITIOBbIX TOUEK, N3 KOTOPbIX UAET pas-
BUTME 30H NnacTnyecknx gedopmauii rpyHTa,
6narofapa yemy 3HauyeHvie BTOPOrO Kputnye-
CKOro JaBfeHUA Npu MPOYnNX PaBHbIX Y AaHHbIX
byHOaMeHTOB BbiLE;

«  naowanb CONpUKOCHOBeHWA GyHaameHTa npeg-
naraeMou KOHCTPYKLNN 1 FPYHTOB CyLLEeCTBEHHO
6onblue no cpaBHeHMio ¢ yHAAMeHTaMm C NJo-
CKOW MOAOLLBOW, YTO TaKKe MOXeT NPUBECTU K
YBEINYEHNIO ee HecyLell CnoCcoOHOCTN.
BaKHbIM MpenMyLLecTBOM W3MEHEHHbIX OYyH-

LAMEHTOB fABMIAETCA YMEHbLUEHNEe 0O6beMOB 3eMis-

HbIX PAabOT MpU NX YCTPOMCTBE. B CBA3HbIX rpyHTax

C COOTBETCTBYIOLWMM NOKasaTenem TeKyyecTn AaH-

Hble dyHAaMeHTbl MOryT YycTpauBaTtbcs ©Oe3ona-

Ny60YHbIM CNOCOOOM B COOCTBEHHOM KOT/IOBAHE,

YTO CYLeCTBEHHO YMEHbLUaeT TPYAOEMKOCTb Mo

w

77U Uy
ti %)
t 1§
57 U’ ez

teeteeetes

Puc. 2. Bo3HUKHo8eHuUe mpeHus no 60kosoli
nosepxHocmu 8 cmyneH4amou nooowee
Fig. 2. Occurrence of lateral surface friction

in a stepped base
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NX YCTPOWNCTBY. B HeCBA3HbIX »Ke rpyHTax 3ddeKkT
yMeHblleHA 06beMoB 3eMNAHbIX paboT JocTura-
eTCsA 3a CYeT KNMHOobpa3Hom dopmMbl pyHAAMEHTa

(puc. 3).

Puc. 3. Busyanusayus Komao8aHo8 ¢ 00UHAKO8bIMU
napamempamu (y2/10M 0mKocos, MamepuasoemMKoCmsio U
MexHoI02U4eCcKUMU 0MCcMynamu om Kpaeg KOHCMpPYKYuUU)

0714 hyHOaMeHMo8 cmyneHaMU 88epX U 8HU3
Fig. 3. Visualisation of foundation pit with the same
parameters (angle of dip, consumption of materials and
technological offsets from the edges of structures) for
foundations with up and down steps

O6beKT 1 MeToAbl NcCefgoBaHNA

O6beKkToM unccneaoBaHuA sBnATCA ¢yHaa-
MEHTbI CO CTyMeHYaTon NogoLwson. B nporpammHom
komnnekce Plaxis 3D 6b110 NpoBeAeHo LUnppoBoe
CpaBHUTEIbHOE  MOZeNnnpoBaHne ¢GyHAAMEHTOB
C MJIOCKOW M CTyrneH4yaTor nogowsou. VMcnonbso-
Banucb e mofenu rpyHta: Mopa — KynoHa v nu-
HeliHO-ynpyrasa. OCHOBHbIM KpUTEPUEM CPABHEHNA
6blna BennumHa ocagkn dyHaamenTa. Mo pesynbTa-
Tam MoAennpoBaHua GyHAAMEHTbI CO CTYNEHYaTON
NoJOLWWBON B 3aBMCMMOCTM OT Fe0sIorMyecKumx yco-
BMI, cnocoba MOAeNnpoBaHWA FPyHTa U COOCTBEH-
HOWM reoMeTpun NPOLEMOHCTPMPOBANN MEHbLLYIO

JlabopaTopHble 3HaUEHUA OCAAKN 1 HANPAXKEHWA NOA,
npoekuunen noaowssl pyHaameHTa ana ®M3 c nnockoi n
M3MEeHeHHOM reomeTpuen onupaHns

Hanps»keHne noa nogowson dyHaameHTa, P (kMMa)

50 100 150 200 250

50
100
150

200
—&— YcpeaHeHHbIV rpaduk no pesynbratam 3 onbitos ¢ DM3 co
CTyneH4aTou NogoLIBoOv
—&— YcpepHeHHbIVi rpadyik no pesynbratam 3 onbitos ¢ ®M3 ¢ nnockon
nogoLsoun

CpepHas ocagka dyHaameHTa, S (Mm)

Puc. 4. Pesynbmamel 1a6opamopHo20 3KcnepuMeHma
Fig. 4. Results of the laboratory experiment

ocapky (o1 6 go 28 %) no cpaBHeHWIO C pyHAAMEH-
TaMW C NSIOCKOW NOJOLLBOWA.

PykoBoAcTBYACb AaHHbIMU LUUPPOBOro mope-
nupoBaHuna ¢yHaameHToB [15], 6bina noctaBneHa
3afava noaTBepanTb 3GGEKTUBHOCTb KOHCTPYKLN
byHOaMEeHTOB MeJIKOro 3a/I0XKeHNA CO CTyneHYaTomn
NoOZOLLIBOV B X0f4e NabopaTOPHbIX UCMbITAHNA.

Ha 6a3e 3KcnepumeHTanbHOW nabopaTtopum
TioMeHCKOro MHAYCTPUanbHOro yH1BepcuTeTa Obinu
npoBefeHbl CPaBHUTENbHbIE UCMbITAHUA Mogenei
$YHAAMEHTOB C MAOCKONM N CTYNEHYATOM NOJOLLBOM
npu pabote B ycnoBuaAx cabbix BOJOHACILLEHHbIX
FMVHUCTBIX FPYHTOB, pe3y nbTaThl OMbITOB NpeAcTas-
NeHbl Ha rpaduike (puc. 4).

FEOAOIMYECKIUIA PA3PES3
CkeaxmHa N 1
HouaTa:  10.08.22 MacwTas 1:100
O<oHyeHa: 10.08.22 OTMeTKka ycTbar 63.00
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3 o
Q |cnoamMm | § So3| gk 5 gg Boas,M | T
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I oh3|58a|CX os|2s
3 ¢als E0OO Z 3|HWKa
z|oT|ao | § 5EE[52(588 i
= pox/da|ST0 22|85
HaceinHom reyHT
1 (00| 13| 13 |6370 | tOpy
213 [ 1502 6350 Jun o 1 Teco murecoren g | & %
z [ 15| 2005 [ez00 | HI-VPIT) ja187 /| Cormuok markoniacThiem, Taxenun RTAR N ¢
C BK oxe. i
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| C BKADYEHUFMU OXEAEZHEHWA, Qa ~<
[ |craveusu 3,8 M ¢ avHzamu necka e T
4 | 20|s0 | 30 |e000 oA v,
4,0—] 6
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Puc. 5. Teonoeus yuacmka
Fig. 5. Geology of the site
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JKCrMepuMeHT HarnagHo Mnokasan, uto ¢yHAa-
MEHTbl CO CTyneH4YaToM NOJOLBOM B aHANOMMYHbIX
FPYHTOBbIX YCIOBUAX AEMOHCTPUPYIOT 0CagKy npu-
6nu3uTenbHo Ha 30 % MeHbLue, Yem GyHAAMEHTbI C
NI0CKON NofoLWwBoi. Takxe 6bl10 yCTaHOBNEHO, YTO
MO CPaBHEHMIO C aHANOroM C HeM3MeHeHHOW NoJo-
LWBOW GpYyHAAMEHT C U3MEHEHHO nogoLweon 6onee
YCTONYUMB K CNyYaNHbIM SKCLLEHTPUCUTETAM U BHe-
LEeHTPeHHOMY HarpyxeHuto [16-17].

3KcnepyMeHTaNbHaA YacTb N pe3ynbTaTbl

Cnepyiowwmm 3Tanom ncciefoBaHuii 6ui10 Npo-
BeZleHNe HaTYPHbIX UCMbITaHUA GYHOAMEHTOB C He-
nnockon nopowson. [Mnowanka Ana UCMbITaHWNA
BbIOMpanacb MCXohA W3 reonornmyeckux YCsIoBUI.
MOCKOIbKY MPOYHbIE TPYHTbI HE TPEOYIOT AONONHU-
TeSIbHbIX MEPOMPUATUI NO YBENNYEHMIO UX HECYLLNIA
CNOCOBOHOCTY, HaLen Lesbto ObI10 UCMbITaTb MOAENM
¢byHOAMEHTOB B CNabbIX BOAOHACHILEHHbIX FPYHTaXx.
NcnblTaHnA NpoBOAUANCE Ha TEPPUTOPUN MOCeNKa
bepe3HAKOBCKOrO pAgoOM € TIOMEHCKOW KOMbLEBOM

aBTogoporon. feonornyeckre ycnoBuma yyactka co-
OTBETCTBOBAJIM NOCTaB/IEHHOM 3afaue (puc. 5)

WcnbiTaHua rpyHTOB dyHAAMEHTaMM C pPa3HoM
reomeTpveri NOJOLWBbI MNPOBOAUINCL COrfacHO
OCT 20276.1-2020'. 3apaHee 6bINM N3rOTOBAEHDI
ZBe Mofenu GyHOAMEHTOB — C MIOCKON U CTyMNeHYa-
TOV MOAOLUBOM, VX FEOMETPUYECKME pa3Mepbl Obinn
NPUOGNMXKEHBI K pa3Mepam peanbHO UCMONb3yeMbiX
KOHCTPYKUMIA. TakKe BaXkHbIMU YCNOBUAMU Oblnn
NpOCTOTa U3roTOBNIEHNA 1 YAOOCTBO NpoBeAeHUs
JanbHenwnx pacyetos (puc. 6).

lepen Hauyanom 3KcneprvMeHTa AnA yAaneHus
TOJICTOrO CJ10A HACbIMHOMO FPyHTa OblN BbIKOMAH KOT-
noBaH. [nyburHa norpyxeHua GyHgameHTa Co CTyneH-
YaToM MOAOLLBOW OTHOCUTENIbHO BEpPXa KOTNIOBaHa Co-
ctaBnana 600 Mm, dyHAAMEHT C MAOCKON MOAOLLIBOM
6b1n norpyxeH Ha 400 mm. Pa3Hunua B rny6rHe norpy-
XKeHUA 06ycnaBnmMBanach Tem, YTo N3HAYaIbHO CToANA
Lenb CpaBHUTb GpyHAAMEHTbI C OANHAKOBOW MaTepu-
anoemMKoCTblo B rpyHTe. lnaHupoBanocb NorpysnTb
NAOCKUA GYHAAMEHT O OTMETKMN CEPEAUHbI CTYMeH-

200 1-1
/ 1000
600 g|
<2
T
600

1000 \@

2-2
T S

1000 1000

Puc. 6. Modenu ¢pyHOamerHmos
Fig. 6. Models of foundation

' TOCT 20276.1-2020. IpyHTbl. MeTop ncnbitTaHmA wramnom = Soils. Plate bearing test methods : mexxrocygapcteeHHbI cTaHAapT :
B3ameH [OCT 20276-2012 B yacTv MeTofa UCMbITaHUA LWITaMMOM : BBefleH B feicTue Mprkazom QefilepanbHOrO areHTCTBa Mo Tex-
HUYECKOMY perynunpoBaHuio n metposnorum ot 11 aBrycrta 2020 r. N2 480-cT B KauecTBe HaLMoHanbHoro ctaHgapta PO ¢ 1 AHBapA
2021 r./ pa3pabotan HUMOCH um. H. M. TepceBaHoBa, AO «HUL| «CTpounTenbcTBo» // INeKTPOHHbIN GOHA NMPaBOBbIX I HOPMATUB-
HO-TEXHMYECKMX AOKYMEHTOB : caiiT. — URL: https://docs.cntd.ru/document/1200174754 (naTa o6pauleHus: 12.08.2023).
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yaToro - 0.3 M, HO A/1A YA0OCTBa PacyYeToB U JanbHel-
e MaTemaTyeckon 06paboTKm pesynsTaToB ryou-
Ha NOrpyeHua Oblla U3MEHeHa M COOTBETCTBOBAsA
OTMETKE HI3a BTOPOW CTyneHu. Takum ob6pa3om, nio-
CKuiA GyHAAMEHT B rpyHTe 3aHAN NpocTpaHcTeo 0.4 M3,
cTyneHyatbin — 0.28 m3. Harpy3ku npuknagbiBanmcb
cTyneHyato ¢ warom 1 000 kr. [Nepegaya HarpyxeHus
oCyLecTBAANACh MOCPEACTBOM CNeLunanbHbIX KpecTo-
BVH U TMapaBnMyecknx fomKpatoB. CpaBHUBANNCb
MoKa3zaTenn 0Cafiok GyHAAMEHTOB, faHHble CHUMASM
C MOMOLLbIO fAaTYMKOB NEpeMELLIEHNA YacOBOro TMa 1
crneumnanbHO CMOHTUPOBAHHBIX PerepHbIX CUCTEM CO
«CTONMUKamu» (puc. 7).

MokasaHnA npubOpPOB CHUMaNM pPerynapHo
0O OOCTVXEeHUs CcTabunms3aumn rpyHToB. YCnoBU-
em CcTabunmsaunm Gbina NPUHSATa ocafika He bonee
0.1 MM 3a 2 yaca. HoBasa cTyneHb npuknagbiBanacb
TONIbKO MOC/e AOCTUXKEHMA CTabunmnsaunm.

DKCNepuMeHT Hayvanca B aBrycte M npoanun-
cA 30 gHen. Mitoroeasa Harpyska gnsa oboux dyHaa-
MeHTOB cocTaBuna 18 000 kr. Mogenu Benu ce6a Bo
MHOIOM COMNacHO OXupaHuAam. ToroBasa ocapgka
dyHAameHTa ¢ nnockow nogoLwweon coctasuna 70.67
MM, @ dyHOAMeHTa CO CTYMeHYaToW MOAOLWBON —
49.32 mMm. Pe3synbratbl 3KCnepumeHTa MnpuBedeHbl
Ha nToroBom rpaduke (puc. 8).

Puc. 7. CMOHMUpOBAHHbIE YCMAHOBKU
0/19 nposeOdeHUs 3KcnepumMeHma
Fig. 7. Mounted installations for the experiment

Ycunue, nepepasaemoe Ha pyHpamer, F (1)
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Puc. 8. Pe3yniemamel HamypHo20 3KchepumeHma
Fig. 8. Results of the full-scale experiment

BbiBoabI

B xofe npoBefeHus skcrnepumeHTa Obino Ao-
CTUrHYTO AaBneHuve 18 T/m? nog nogoLweon GpyHaa-
MEHTOB (1A CTyneHYaToro pyHaameHTa — Nog npo-
eKkuven nopoLwsbl). Takoe AaBneHMe XapaKTepHO
IS peanbHbiX GYHAAMEHTOB MEJIKOrO 3a/I0KEHNA,
YCTPOEHHbIX B AUCMEPCHBIX FPYHTaX, B CBA3U C YeEM
Mbl CUMTaeM, YTO MPOBEAEHHbIV SKCMEPUMEHT MaK-
CUMasIbHO MPUBAMKEH K peanbHbIM YCIIOBUAM pa-
60Tbl KOHCTPYKLNIA.

QyHOameHT CNNOCKOV MOAOLBOM HA NOCIeAHEN
CTYMNEeHW UCMbITaHUI Cen Ha BenuuuHy — 70.67 mm;
$YHOAMEHT CO CTyneHYaToM NOAOLLBOW NPOAEMOH-
CcTpupoBan ocagky — 49.32 mm. Tak, npu npoumnx
PaBHbIX YCNOBUAX PYHAAMEHT CO CTyrneH4YaToln no-
JOLWBOW NpofeMOHCTpMpoBan ocagky Ha 30.2 %
MeHblUe CcTaHZapTHoro ¢yHAameHTa. HaTypHbIn
3KCNEPUMEHT NOATBEPAUN Pe3ynbTaTbl nabopaTop-
HbIX OMbITOB 1 JOKa3as CYLEeCTBEHHO 6oMbLUyo 3¢-
beKTMBHOCTb Uccnegyembix GyHOAMEHTOB B Cl1abbix
LVICMEePCHbIX TPYHTax MO CPaBHEHMIO C pacnpocTpa-
HEHHbIMWN CTaHAAPTHBIMU KOHCTPYKLMAMMN.

QyHAaameHTbl Herny6boKOro 3aI0XKeHNA C MOAU-
b1uMpoBaHHOM NOAOWBON MMeT 6onbLIoK Npu-
KnagHowm noteHuman. MIx nsyyeHue n ganbHernwee
BHeApeHMe MO3BONUT MPUHECTN CYLECTBEHHYIO
SKOHOMWYECKYIO BbIrofy, BbIPaXKEHHY0 B CHUMKEHUN
TPYOOEMKOCTM U MaTepuanioeMKOCTU CTPOUTESb-
CTBa, @ Tak)Ke MOBbICUT HaAEeXHOCTb 1 [OJSIrOBeY-
HOCTb BHOBb BO3BOAUMbIX 34aHWUIA.

HecmoTpA Ha TO, UTO B XOfe NpPOBeAeHUs
3KCMepVMEHTOB YAanocb MONyuYUTb pe3ynbraThl,
nogreepxgaowme 3ddeKTUBHOCTL PaboTbl ¢yH-
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AAMEHTOB CO CTYMEHYaToW MNOAOLIBON, CYMTaEM
Heob6XxoaMMbIM B fanbHENLWNX UCCefoBaHUAX U3-
YyUnTb TakKe paboTy NEeHTOUHbIX GyHAAMEHTOB CO
CTYNEeHYaTon MOAOLIBON, BAUAHME GOpPMbI NMOJO-
LUBbI HA pacnpeesieHne HanpPsXXeHNn B rPyHTOBOM
mMaccuBe, paspaboTatb MeToAuKy pacuyeta ¢pyHpa-
MEHTOB CO CTyMeH4YaTol reomeTprern MOAOLUBbI.

BnaropapHocTu

ABTOp BblpakaeT 6n1arofapHOCTb KOMNEeKTUBY
AO «TioMeHbTeNn» N JINYHO reHepanbHOMY AMpPEK-
Topy A. A. OBesHy 3a npefocTaBneHme yyacTka ann
3KCMeprMEeHTa 1M BCECTOPOHHIOK MOAAEPXKY Npu
ero nposefeHun; konnektnsy OO0 «Cubrnkom» u
nnyHo pgupektopy C. B. KotoBuuy 3a okasaHue no-
MOLM B OpraHM3aumm m NpoBedeHUU HaTYPHbIX
UCMbITaHUI, a TakXe 3aBepfyowemMy Kadenpon
CTPOUTENbHbIX KOHCTPYKLUIA TIOMEHCKOrO WHAY-
cTpuanbHoro yHuepcuteta B. ®. bato 3a ueHHble
COBETbI 1 MOMOLLb B MIaHWPOBaHWN UCCNEAOBAHUA.

Tak»ke Ba’KHbIMM BOMPOCaMU ABMAIOTCA: onpenesne-
HVMe BHYTPEHHMX YCWUANIA, BO3HUKaOWMX B dyHAa-
MeHTax CO CTyMeH4YaToN NOAOLBOW, OnpeaeneHmne
HeoOXOAMMOCTM apMMPOBAHNUA TaKuUX ¢yHOAMEH-
TOB, 6onee rnybokas oueHKa BAUAHUA dopmbl Mo-
JOLWBblI Ha Hecyllyl CnocobHOCTb ¢pyHAAMEHTOB
Npw BHELIEHTPEHHOM 3arpy»keHum [18].
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2.1.2 OcHoBaHWA 1 pyHOAMEHTBI,
Nof3eMHble COOPYKEHUA (TEXHNYECKME HayKW)

METOOWUKA ONPEAENEHAA MEXAHUAYECKUX
XAPAKTEPUCTUK BASKOYINPYTMXTPYHTOB

A. E.Tnagkos, T. B. ManbueBa, H. I1. icakoBa

TioMeHCKUI nHaycTpuranbHbI yHUBepcuTeT, TiomeHb, Poccua

METHOD FOR DETERMINING THE MECHANICAL
CHARACTERISTICS OF VISCOELASTIC SOILS

Artem E. Gladkov, Tatyana V. Maltseva, Natalya P. Isakova

Industrial University of Tyumen, Tyumen, Russia

AHHOTaUMA. JKCnepuMeHTanbHble MUCCNefOoBaHUA
NpPoLeccoB B FPYHTOBOM OCHOBAaHMWMW NOJ Harpy3Komn
MOKa3blBalOT, YTO TPYHTbl MPOABAAIOT BA3KOYMNpPY-
rme ceoncTga. lpeacrtaBneHa metoauka onpepene-
HUA MEXaHNYeCKNX XapaKTepuCTUK BA3KOYNpPYroro
rpyHTa. M3 akcneprimeHTanbHbIX AaHHbIX UCMbITaHNA
obpasua Ha monsyyecTb mnonyyeHa GpyHKUMA MoI-
3y4yecTn rpyHTa. [lanee ymciieHHO-aHaNUTUYECKUM
MeTOAOM NTOMaHbIX onpegeneHa GyHKLMA penakca-
unn rpyHTa. MNpeactaBneHme GyHKUUU NON3yyecTn
B BUAe TIOMaHOW NNHMW NMO3BOINIO NOSTYUNTb GYHK-
uMo penakcaumm (06patHyio GyHKUMIO K GYHKUMN
nonsyvyectn B n3ob6paxeHuax no Jlannacy — Kap-
COHy) KaK pelueHue 3afjaun BA3Koynpyroctu. Ha
OCHOBaHUN W3BECTHOTO WN306paXeHnA WNCKOMOro
opurmHana GyHKUUM penakcaummn B Bue JIOMaHOM
NIMHUN OCYLLECTBNEH Mepexop OT M306parkeHna K
opurMHany no MeTofy JIOMaHbIX, KOTOPbI CBeAeH
K cucteMe NMHENHbIX anrebpanyecknx ypaBHeHUI
OTHOCUTESIbHO UCKOMbIX NMapaMeTpoB GyHKLUN pe-
nakcauun. ina onpegenerHna GyHKUUN penakcaumm
no AaHHOW MeToAVKe HeT HeEOBXOAUMOCTU CTaBUTb
3KCMeprMeHT ¢ 06pasLoM rpyHTa Ha penakcauuio,
4TO NO3BONAET SKOHOMUTL Ha NpoBefeHnn nabopa-
TOPHOrO 3KcnepumeHTa. [peanoKeHHbIn anropuTm
npencTaBnAeT MHTEpeC Npu NPOeKTMPOBaHNK 06b-
€KTOB CTPOUTENbCTBA Ha CNabbiX rPYHTOBbLIX OCHO-
BaHMAX C YYETOM BA3KOYNPYrx CBONCTB rpyHTa.

Abstract. Experimental studies of processes
in soil foundations under load show that soils
exhibit viscoelastic properties. The article presents
the method for determining the mechanical
characteristics of viscoelastic soil. One of the
functions, for example, the soil creep function, is
obtained from the experimental data of testing a
sample for creep. Next, the soil relaxation function
was determined using the numerical-analytical
method of broken lines. The representation of the
creep function in the form of a broken line made
it possible to obtain the relaxation function (the
inverse function to the creep function in Laplace -
Carson images) as a solution of the viscoelasticity
problem. Based on the known image of the desired
original of the relaxation function in the form of
a broken line, a transition from the image to the
original was made using the broken line method,
which is reduced to a system of linear algebraic
equations regarding the desired parameters of the
relaxation function. To determine the relaxation
function using the proposed method, there is no
need to experiment with a soil sample for relaxation.
This saves on laboratory experiments. The proposed
algorithm s of interest when designing construction
projects on weak soil foundations, taking into
account the viscoelastic properties of the soil.
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BBepeHue

[PYHTbI — CNOXHaA MHOFOKOMMOHEHTHaA cpe-
[a, B YCJIOBUAX BHELIHUX HArpy30K B HUX MOTYT pas-
BMBATbCA C/IOXKHblE MeXaHNYecKre nNpoLeccobl, CBA-
3aHHble C pa3BMTMEM HanpsxeHUn n gedopmaunii
BO BpeMeHWU. [pn pacuyeTe HanpsaXeHHo-gebopmu-
POBAHHOIO COCTOAHWA TPYHTOBbIX OCHOBAHWN He-
06X0AMMO YunTbIBaTb WX BA3KOYMNpyrme CBOWCTBA.
OfHMM 13 NpPOABNEHUI BA3KOYMPYrocTM rpyHTa
ABNAETCA ero nonsyyectb [1], TO eCTb U3mMeHeHne
0CafKy OCHOBAaHWA BO BPEMeHM MpuU NOCTOAHHOMN
Harpy3ke. Cnabble rpyHTbl (Hanpumep, rWHbI, Cy-
rMWHKK) B [2] npeanoXeHO paccMaTpurBaTh Kak BA3-
KOYMpyrnn nnn BA3KOMNIACTUYHbIA MaTepuran. [na
NPOrHO3MPOBaHUA  HanpPAXKeHHO-AepopPMMpPOBaH-
HOFO COCTOAIHUS TPYHTa BO BPEMEHW pa3paboTaHbl
BA3KOYNpYyronnactTuyeckmne mogenn rpyHTa, yumnTbl-
BaloLne OQHOBPEMEHHO C KOHcConmMaauuen mame-
HeHne dopmbl [3]. Mofenb BKIOYAET NINHENHYIO 3a-
BVICMMOCTb MeXJY CKOPOCTbIo AepopmaLnin caBura
N HanpsxXeHuAMNU. [PYHT paccmaTpmuBaeTca Kak fe-
dopmupyemoe TBepaoe Teno. B pabote [4] npeasio-
XeHa TpexnapameTpuyeckasn BA3Koynpyrasa mogenb
rpyHTa. 3ajava BA3KOYNpyroctu npeobpasoBaHa B
3aflauy ynpyroct C nomouibio npeobpasoBaHUA
Jlannaca. B ston mogenu Agpo nonsyyectu npeg-
CTaBJIEHO 3KCMOHEeHUManbHom GyHKLMeR, KOTOPOe,
BO-MEepBbIX, UMEEeT OrpaHMYeHHOe KONNYeCcTBO na-
paMeTpoB B OTANYME OT JIOMAaHOM NIVMHWW, NPeAso-
eHHoW ana GyHKLMW NoN3yyecTn, BO-BTOPbIX, IKC-
noHeHUManbHaa QyHKUMA C Tpema napameTpamu
He MMeeT aHanMTNYeCKON 3anncm n3obpaxeHna no
JlTannacy — KapcoHy ana metoguiku, npeasioxkeHHom

B fl@aHHOW cTaTbe. [Ina moaennpoBaHUA BA3KOYMpPY-
rmx CBOMCTB rpyHTa B [5] paccmoTpeHa 0606ueH-
Hasa mogenb Qolirta Ha OCHOBe Teopux APOGHOro
ncuncnenus. B pabortax [6, 7] anddepeHumnanbHbie
3aBUCMMOCTY fedopMaunii OT HaNPAXEHUN He nc-
Mosb3ylTCA, @ PaCCMOTPEHA MHTerpanbHaa dopma
ypaBHeHMA 3aBUCUMOCTU aedopmalmii OT Hanpsa-
XEHUN N PacCMOTPEHbI SKCMepuUMeHTanbHble WUC-
ClefoBaHMA Ha Non3yyecTb claboro rpyHTa.

Ha ocHoBaHUM 0630pa MaTeMaTMUECKUX Mofe-
nen BA3KOYMNPYrMX FPYHTOBbIX OCHOBaHWM AnA 3a-
BUCMMOCTU MeXIy HanpseHvem u gedopmaumen
MCnonb3oBaHa MHTerpanbHasa ¢opma bonbumaHa —
BonbTeppbl, B KOTOPYIO MeXaHWYecKne XapakTepu-
CTMKUN BXOZAT Kak QYHKUUM BpemeHwu. MMapameTpbl
MaTEMATUUYECKON Mofenn (MexaHnyeckue xapakTe-
PUCTUKIN FPYHTa) onpefaeneHbl N3 SKCNepmMeHTa Ha
TpexocHoe CxaTue obpasua 13 ruHbl. Gusnyeckunin
3aKOH CBA3M HanpsXeHWn n pepopmaunii B BuAe
WHTerpana bonbumaHa npuBefeH K cBepTKe ABYX
byHKUMA B n30bpaxeHuax no Jlannacy — KapcoHy.
N3 coBnageHna BblpakeHWn AnA 3aKOHOB [yka u
bonbuMmaHa B n306parkeHnmn no Jlannacy — KapcoHy
C TOYHOCTbIO 0 0603HAYEHUI peLleHre BA3KOYMNpY-
rov 3afjaum NonyyeHo B fjBa 3Tana CorfacHo noaxoay
A. A. VnbtownHa n M. M. Ornbanosa, NpeaioeHHOMY
OnA pacyeTa KOHCTPYKUMIA. Ha nepBom 3Tane Bbinon-
HAETCS pacyeT ynpyroro ocHoBaHusA 6e3 yyeTa Bpe-
MeHW. [lonyyeHHoe pelueHre Ha OCHOBe MpUHLMNA
Bonbteppbl (cncTembl nepeobo3HaueHnin) 3anncbiBa-
eTcA B n30bpaxeHmsx no Jlannacy — KapcoHy. Ha sTo-
pom 3Tane ansa GUKCMpPOBaHHOM TOYKU MPOCTPaHCTBa
Jenaetca NpUONVXKEHHbIN nepexod OT U3BECTHOro

Apxumekmypa, cmpoumenbscmeo, mpaHcnopm

27



N306paXkeHNA K OpUriHany no meTogy nomaHbix J1. E.
Manbuesa. lNpeactaBneHne pelieHnsa BA3KOYNPYrom
3aaun B [1Ba 3Tana ABNAETCA HOBbIM B MaTeMaTunye-
CKOM MOZENMPOBAHMM BA3KOYMPYTMX FPYHTOB.

Baskoynpyrue cBOMCTBa rpyHTa B MaTemaTunye-
CKMX MOAENAX YUUTbIBAOTCA Yepe3 QyHKUMM BIMA-
HUA, TO eCTb GyHKLUMK nonsyyectu [1(t) (M3meHeHne
fedopmaumm nNpy NOCTOAHHOM HaMPAXEHUN) UK
byHKLUMKM penakcaumn R(t) (M3meHeHMe Hanpsxe-
HUA NpU NOCTOAHHON AedopmaLmum), KoTopble AB-
NATCA KNIOYEBLIMU NAapameTpamim BbIOpaHHOW MO-
Jenv rpyHTa 1 OCTaTCA HEM3MEHHbBIMU NP Pa3HbIX
BUAAX Harpy3Ku.

MexaHunuyeckne xapakTepucTukn maTteprana
(byHKUMM BRVAHMA) ONPeAenAlTCA Ha OCHOBAHUU
3KCNEPUMMEHTaIbHbIX JaHHbIX. DKCMEPUMEHTaIbHble
nccnefoBaHMA BA3KOYNPYrMX CBOMCTB rPyHTa OoTpa-
XeHbl B [8, 9]. B naHHoOI paboTe C MOMOLLIbIO SKCNepu-
MEHTasbHbIX AaHHbIX onpefenaeTca ¢yHKUMA non-
3y4yecTn rpyHTa, a GYHKUMA penakcaumm HaxoauTca
UYNCNEHHO-aHANTNYECKM MeToL oM. [ina onpepene-
HUA QYHKLMM penlakcaumy no NpeasioKeHHoN B pa-
60Te MeTOAVKE HET HEOOXOANMOCTM CTaBUTb SKCMe-
PUMEHT Ha penakcauuto obpasua, B3ATOro U3 rpyHTa.

O6DbeKT n meToabl NccneaoBaHNA

OOBbEeKTOM WMCCnefoBaHUA SABNAETCA BA3KOY-
npyruin rpyHT. [pegmeTom nccnefoBaHma — nonyye-
HMe MeXaHNYeCKMX XapaKTepUCTUK BA3KOYNpPYroro
rPYHTa, TO ecTb QYHKLMI NON3yyecTu 1 penakcaumum
rpyHTa.

B cTtaTbe ncnonb3oBaHbl ABa MeTofda MUccneao-
BaHUA: SKCMEPUMEHTaSbHbIN N TEOPETUYECKIIA.

JKcnepuMeHTaNbHaA YacTb

Ina onpefeneHns BA3KOYNPYrnx XapakTepu-
CTUK FIMHUCTOrO FPYHTa UCMONb30BaH Nprbop Ans
TPEXOCHOro CaTuA obpasua rpyHTa. Jlabopatop-

HbI SKCMEPUMEHT C 06pa3LioM CyrfIMHKa Obin Bbl-
nonHeH P. C. TynbtAaeBbIM (MarnctpaHTom 6a3oBoi
kadenpbl OO0 «MocTocTpoii-11»). [PyHT 6bin BbI-
6paH 12.07.2023 r. Ha rny6rHe 2 M Ha y4acTKe B KOT-
Te»KHOM nocesike «PofiHble NPoCTopbI» TOMEHCKOM
obnactu.

Dur3nKo-MexaHnyecKme XapakTepucTuku o6-
pasua: BnaxkHocTb W — 32 %; uncno nnactmyHoCTu
I,-0.22; nnoTHOCTb p — 1.43 r/cv?; Ko3dPULUMeHT no-
puctoctn e - 0.22.

JKCnepuMeHT npoBefeH B COOTBETCTBUM C
FOCT 12248.3-2020'. WcnbiTaHne npoxoauno no
KOHCONMANPOBAHHO-APEHNPOBAHHON CXeme B Ka-
Mepe ctabunometpa (puc. 1).

3

{
8
—
4
ey

Puc. 1. Cxema ucneimaHus 2pyHma memo0oomM MpexocHo20
oKamus: 1 — ocHosaHue Kamepel; 2 — KOpnyc Kamepel;

3 - wmok; 4 - obpasey epyHma 8 060/104Ke; 5 — 8epxHull
wmamn; 6 — HUXHUU wmamn; 7, 8 — Maucmpanau
cucmembl OpeHaxa, usmepeHuUs Nopo8o2o 0assieHUsA U
npomugooasseHusd; 9 — Mmazucmpase 0assieHUs 8 Kamepe
Fig. 1. Scheme of soil testing by triaxial compression
method: 1 - chamber base; 2 — chamber body; 3 - rod;

4 —soil sample in the shell; 5 — upper die block;

6 — lower die block; 7, 8 - lines of drainage system,
pore pressure and counterpressure measurement;

9 - pressure line in the chamber

' TOCT 12248.3-2020. TpyHTbl. OnpepeneHne xapakTepucTrK NPOYHOCTU U AeGOPMUPYEMOCTU METOLOM TPEXOCHOTO CXKaTusA =
Soils. Determination of strength and deformation parameters by triaxial compression testing : mexrocyfnapCTBeHHbIN CTaHAAPT ;
BBefeH 2021-06-01 / paspabotaH HUMOCT um. H. M. lfepceBaroBa AO «HUL| «CTponTenbcTBO» NpY y4acTUU reosiormyeckoro
dakynbreta MY um. M. B. JlomoHocoBa, OO0 «HIMMM «feotek», AO «MOCTAOPIEOTPECT-MNM», OO0 «MeTpomopenuHr». — TekcT :
3NEKTPOHHDIN // DNEKTPOHHbIV GOHA MPABOBbIX U HOPMATVMBHO-TEXHUYECKMX JOKyMeHTOB : caiT. — URL: https://docs.cntd.ru/

document/566409062 (nata obpatyeHus: 20.10.2023).
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WNcnbiTbiBanica obpasey B dopme UMANHAPA,
anameTp Kotoporo 38 mm, a BbicoTa 76 Mm. bokoBoe
faBneHve (OaBneHne B KaMepe) B Kamepe COCTaB-
nano 100 kla. BepTnkanbHaa Harpy3ka npuknagbl-
Banacb ctyneHamu no 20 % ot 60KOBOro AaBneHus
B Kamepe, ctyneHb coctasnana 20 kla. Kputepuin
pa3pyweHna obpasua COOTBETCTBOBAN MNpefesb-
HOW OTHOCUTENbHOW BepTUKanbHOW Aedopmaumnm
paBHol 15 %. MapameTp BepTMKaNbHOW CTabunn-
3aummn coctaBnan 0.05 %. Bpema crabunumsauum
BepTMKanbHou aedopmaumm — 2 yaca. Pesynbratbl
3KCMeprIMEHTa MO CTYMEHAM 3arpy>KeHns npeacras-
JleHbl Ha puc. 2.

Mo pe3ynbratam 3KCNEepUMEHTa C MOMOLLbIO
METOa HaUMeHbLUMX KBafpaToB Oblna MmonyyeHa
bYHKUMA 0OGBEMHONM MON3y4YyecT B BUAE NOMAHOM
nuHum [10] (BpemsA 6e3pa3mepHoe):

n(t)=/7(0){h(t)—2(ai+ai+7)~(t—7;)'h(t—7;)}, (1)

i=0

roe a,=0,a,,=0,T,=0, h(t)- ¢yHKuna Xesucan-
A3, NCKOMble MapameTpbl d, onpefesieHbl Ha OCHOBe
3KCMeprMEHTaNbHbIX faHHbIX.

lMapameTpbl CarHa d, BbIYNCAAIOTCA A1 KaX-
[0r0 BPEMeHHOro MHTepBana OTAe/IbHO C MUCMOSb-
30BaHMEM MeTofla HauMmeHblux KBagpaToB. Ha
HayaNbHOM BpeMeHHOM nHTepBane 0 <t < T onpe-
penstotca [1(0) v a,, a Ha OCTanbHbIX i-X CErMeHTax
HaXOAATCA Aipyrve napameTpbl a, raei=2,...,n.

Mocne TOro Kak Ha OCHOBaHWM 3KCMepPUMEHTa
onpegeneHbl NapameTpbl CAlanHoB [1(t), MOXHO 3a-
nuncaTb BblpaxeHue GyHKLUM NoN3yYecTu B u3obpa-
»eHunax no Jlannacy — Kapcony M*(p) [10]:

a _ g, -0, epT,{|/
p

a9, el _

/_I*(p)=n(0)|:7— ao;al el 1 5

p=—.
T
Mepengem K onpeneneHnto GyHKUUN oObeM-
How penakcaumm rpyHTa R(t). Mpeactasum GyHKLMIO
penakcaumm B BUae JOMaHOW IMHNN C HEN3BECTHbI-
Mu napameTpamu b, i=1,...m:

Rm:Rmﬁﬁm—EXQ+QJa—ima—i%,(m

i=0

Toukn T;, T. Ha BpeMeHHOW ocx Ana GyHKLMMN NOn3y-
yecTun 1 ana GyHKUUM penakcaumm moryT 6biTb pas-
NNYHBI.

DyHKUMM NON3yyecTun 1 penakcaymmn B n3obpa-
»eHuax no Jlannacy — Kapcory (3Hak * ykasbiBaeT
n3obpakeHne) ABNAOTCA B3aMOOOPaTHbIMU:

3)

OnAa HaxoXpeHuAa Heu3BeCTHOro opurnHana
OYHKUUN penakcaumm NpUMeHM METOZ JIOMaHbIX.
CyTb MeTofia 3aK/1t04YaeTCA B COCTaB/IEHUMN CUCTEMDI
NUHenHbIX anrebpanyecknx ypasHeHuin (CJTAY) no
npaBwy COBMAeHNA HEN3BECTHOTO OpPUrMHana B
n306paxkeHUAX C M3BeCTHON GyHKUMeln B n3obpa-
XKEHMAX Ha CcTeme ToueK (Konokaunn) p,,i=1,...4.

CJTAY meToaa nomaHbix nmeet supa [10]:

Pl _ pPiTi *
Ze ¢ bi:n*(pl)_l
=R 1 (po)

“Pialic _ pPrali * .
gelttoert, NP o @
i=1 P I (po)

(7 -7 )b, = (Puo)

o) g
i=1 m (p,)

MNocnegHee ypaBHeHMe CMCTEMbI YPaBHEHW (4)
3aMnMcaHo Ans TOUKK p, = 0, NO3TOMY OT/IMYAETCA OT
ApYrux ypaBHeHuUn cuctemsbl (4). NMpu noctpoeHnn
CJ1AY meTOAa NOMaHbIX Ha OCHOBaHWK Teopum one-
PaLOHHOTO NCUUCTIEHNA YYTeHa Teopema O npeje-
nax [10]:

{l_{gR(t)= !/)l_r)rz)R (p). {l_ng(t)= ;I;’_rZZoR (p).

MeTtoguka, npeactasneHHaa dopmynamu (1) —
(4), 6bina aBTOMaTM3MpPoOBaHa B Excel n npotectn-
poBaHa Ha AaHHbIX 3KCNeprMeHTa ana obpasua us
oprctekna [11]. MNorpewHoOCTb BbIUNCNEHUI MeTOAA
cocTtaBumna 0.9 % (puc. 3).

PesynbraTtbl

OnpedeneHue ¢pyHKYUU 06BeMHOU Nos3yyecmu

Mpouecc m3MeHeHUs pedopmaumm Tena BO
BPEMEHW MNP NOCTOSTHHOM HaNpPsXeHUN Ha3biBaeT-
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cA nonsyyecTbio. Harpy3kn Ha obpaseL paccmaTtpu-
BAOTCA TaKMMM, UYTOObI CBA3b MeXOY HanpsKeHu-
AMU 1 gedopmauusamm 6oina nuHenHon. OyHKUMA
0OBbEMHON MON3yYecTn UCMOMb3yeTCA B TEOPUN Ha-
cnepnctBeHHocT bonbumaHa — BonbTeppbl B BMAe
WHTErpanbHOro ypaBHeHus 2-ro poga [12]:

roe &(t) — otHocuTenbHaa gepopmauunsa, o(t) — Hop-
ManbHoe HanpsxeHue, K — ynpyras yactb GyHKLUN
nonsyyectu [1(t). Ana nonyyeHna GyHKUUM NON3y-
yecTy ObINN NCMONb30BaHbI 2 U 3 CTYMNeHN Harpyxe-
HUA (purc. 2). Ha purc. 4 n3obpaxeHbl rpadurky sKkcne-
PVIMEHTaNIbHOW 1 TEOPETMYECKON (MOoMyyYeHHO! No
MeTOoAY HavMeHbLUMX KBafpaToB) GYHKLMA MOn3y-
yectw. MlapameTpbl NOMaHo nHUK: a, = 2.992-107 ;

t
o (t) 7 -5 -5 -5
e(t)=T+Ejn t-t)o(t)dr, (5 a,=9571-10°; a,=2696-10°; a,=868-10°;
0 a, =0.00309; a, =9.785-107.
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0 50 100 150 200 250 of the relaxation function

OnpedeneHue hyHKUUU penakcayuu 2pyHma

Mpouecc n3MeHeHUA Hanps»KeHW B Tene BO
BPeMEeHU Npu NOCTOAHHOW Aedopmaumm ABNAeTCA
penakcauuen [12].

[na HaxoxAeHuA penakcaummy rpyHTa no cu-
cTeMe ypaBHeHWUM (4) Ha3HaueHbl cregylolmne
3HaueHua T: T, =5 T,=80, T,=150, T,=200,
T, =250. B pesynbrate peleHns cuctembl ypas-
HEHU MATPUYHBIM CNOCOOGOM MOAYUYUIN Mapame-
Tpbl b, : b =-0.0012, b, =-0.00138, b, =-0.00721,
b, =-0.00483. TpaduKN MexaHNYeCKNX xapakTepu-
CTUK FPYHTa B OpUr1Hane 1 B M306paxeHnAx npea-
CTaBJIeHbl Ha pUC. 5 1 6.

BbiBoabi

MpenctaBneHve GyHKUMU NON3yyecTv B BUAE
NOMaHOW NINHMK NO3BONAET NONYUUTb QYHKLMIO pe-
nakcaummn (obpatHyto GyHKUMIO K GYyHKUMM Mon3y-
yecTun B n306paxeHnax no Jlannacy — KapcoHy) kak
pelleHne 3agaum BA3KOynpyroctu. M3obpakeHune
NOMaHOWM INHUK N3BECTHO.

Mepexon OT M306pa)keHNA K OpUrMHany Bbl-
MOJIHAETCA MO MeToAy JIOMaHbIX, KOTOPbI CBOANTCA

K cucTemMe NIMHENHbIX anrebpanyecknx ypaBHeHU
OTHOCMTENIbHO MCKOMbIX MapameTpoB GYHKLUKN pe-
nakcauuw.

Ha TecToBOM Nprimepe nokasaHa NorpeLHoCcTb
MeTOo[a JIOMaHbIX, OHa He npeBocxoaunT 0.9 %. Obpa-
60TKa pe3yNnbTaToB IKCNEPVMEHTaNIbHbIX AaHHbIX MO
MeTOAy HauMeHbLUMX KBadpaTos coctasmna 5.2 %.
YBennueHune KonmyecTsa OTPE3KOB JIOMaHOW NUHUN
NO3BOJINT YMEHbLUUTb PACXOXKAEHME C IKCMePUMEH-
TasIbHbIMW AAHHBIMU.

Mo npennoxeHHOW MeToAuKe HeT Heobxoau-
MOCTM CTaBUTb SKCMEPUMEHT C 0Opa3LioM 13 rpyHTa
Ha penakcauuio, gna onpegeneHusa GyHKLMK Non-
3yyecT [OCTAaTOYHO UMETb 3SKCNepuMeHTaNbHble
JaHHble nonsyvyecty gedpopmaLunin BO BpeMeEHU Un
JaHHble N3MEHEHNA HaNpPAXEHWIA BO BPEMEHN.

[MonyyeHHble MexaHuYecKue xapakTepucTuKku
BA3KOYMNPYroro rpyHTa NpuMeHMMbl AnA NPOrHo3-
HOro pacyeta AepopMUPOBAHHOIO COCTOAHUS OC-
HOBAHWIN 30aHNA N COOPY>KEHWNN N3 BA3KOYMPYrnx
FPYHTOB MO peLleHnAM 3afay O eNCTBUN BHELUHEN
Harpy3Ku Ha rpyHTOBOE OCHOBAHWE, N3/TOMEHHbIM B
pabote [13].
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2.1.8 MpoeKTMpoBaHE 1 CTPOUTENBCTBO LOPOT, METPOMONIUTEHOB,

A3pOAPOMOB, MOCTOB 1 TPAHCMOPTHbLIX TOHHENEN
(TEXHUYeCKKMe HayKn)

ANOOEPEHLUUALUNA MPUMEHEHMA METOA0B
ANCTAHUMOHHOIO MCCJZIEAOBAHUA
AOPOXHOIO ABUMEHINA

A. A. Tectewes, B. []. Tumoxoseu, T. . Babuy

TIOMeHCKUI nHAyCcTpuranbHbI yHUBepcuTeT, TiomeHb, Poccua

DIFFERENTIATION OF THE USE OF REMOTE

TRAFFICRESEARCH METHODS

Alexander A. Testeshev, Vera D. Timohovets, Tatyana G. Babich

Industrial University of Tyumen, Tyumen, Russia

AHHoTayma. CywecTBytole arnomMepalnoHHble
TPeHAbl BblABUraloT HOBble TPebOBaHMA K TPaHC-
NOPTHOW UHGPACTPYKTYpe COBPEMEHHbBIX FOPOAOB.
MnaHmpoBaHVe ropoaCcKoro PasBUTUA JOJXKHO Oa-
3MpOBaTbCA Ha penpe3eHTaTMBHON MHPopMaumn o
[OPOXHOM ABVXeHUMW. [NA CHUKEHUA PecypCHbIX
3aTpaT Ha CeTeBOe UCCNefoBaHMe TPAHCMOPTHbLIX
MOTOKOB BblOpaH MeToA ANCTaHLNOHHOTO 30HAMPO-
BaHMWA ABVKEHUS MO KpUTEPUAM Mowaan n KoHdu-
rypaumm ynuyHo-LOPOXKHON ceTn ypbaHn3mpoBaH-
HOW TeppuTOopuUKM, NpeanonaravWmin NpUMeHeHne
COBPEMEHHbIX CMYTHWKOBbIX cuctem. Hanbonee
nogxoAwmMMY ana faHHom uenu B Poccun asnatoT-
cAa cnyTHUKKM «Pecypc-T» n «KaHonyc-B», nyuwinmm 3a
py6eXOM MO COOTHOLLEHUNIO KauyeCTBa CbeMKM U pe-
rynApHOCTU OGHOBMIEHNA PECYpPCOB MOXHO Ha3BaTb
The Landsat Program n Maxar (CLUA). YcTtaHoBne-
Ha Koppenauna NPOCTPAHCTBEHHOrO paspeLlleHuns
CNYTHMKOBbIX CHUMKOB M MacwTaba gewmndpurpye-
MOTO 1306paKeHUA C TEXHNYECKMMN BO3MOXXHOCTA-
MW CMYTHUKOBbIX CUCTEM; KPUTUYECKOe MPOCTPaH-
CTBeHHOe pa3pelleHne B 1/14.8 m/mMm gocturaerca
npu macwTtabe 1:450. ABTOpbl pa3paboTtanu 1 pac-
CMOTpenun Ha nprmepe 14 ropofcKnx POCCUNCKUX
1 3apybexHbIX arnomepauuini anroputMm Bblbopa
paLVOHaNbHOIO MeToAa AUCTAHLMOHHOIO 30HAU-

Abstract. The existing urban trends give new
demands on the transport infrastructure of modern
cities. Urban development planning should be based
on representative traffic information. To reduce the
resource costs of network research of traffic flows,
we chose the method of remote sensing of traffic
by criteria of area and configuration of the street-
road network of the urbane territory with the use of
modern satellite systems. The most suitable satellites
for this purpose in Russia are Resurs-P and Kanopus-B,
while the best satellites abroad in terms of image
quality and regularity of resource updates are The
Landsat Programme and Maxar (USA). We set, that the
spatial resolution of satellite images and the scale of
the image to be interpreted are correlated with the
technical capabilities of satellite systems; the critical
spatial resolution of 1/14.8 m/mm is achieved at a
scale of 1:450. The authors developed an algorithm
for selecting a rational method of remote sensing
of traffic for different spatial urban structures at
micro-, meso- and macro-levels and considered it
on the example of 14 urban Russian and foreign
agglomerations. The article presents a feasibility
study of remote sensing application based on the "
cost per unit of accuracy" criterion. Its values ranged
from 0.08 to 1393.94 thousand rubles depending
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POBaHMA AOBWPKEHMA [NA Pas3IMYHbIX MNPOCTPaH-
CTBEHHbIX FOPOACKNX CTPYKTYP Ha MUKPO-, Me30- 1
MaKpOypoBHAX. [puBefeHO TeXHUKO-3KOHOMUYe-
ckoe 060CHOBaHWE MPUMEHEHUA AUCTAHLUMOHHOIO
NCCNefoBaHNA MO KPUTEPUIO «CTOUMOCTb efVHU-
Libl TOYHOCTM». Ero 3HaueHuna coctasunm ot 0.08 oo
1393.94 Tbic. py6. B 3aBMCUMOCTU OT Bbl6paHHOIo
MeTOAa MOHUTOPWHIA U NAoWaamn nNpoCTPaHCTBEH-
HbIX CTPYKTYp M3yyaembix 06beKkToB. [Mpuoputet-
HbIM MO CTOMMOCTM €AMHULbI TOYHOCTU OKa3asicA
MeTo ANCTaHUMOHHOIO CNYTHUKOBOIO 30HAMPOBa-
HuA. C yyeTOM NOAyYeHHbIX AAaHHbIX MaHMpPYyeTCA
co3faHne NporpaMMHOro nMpoAykTa no aBTomaTu-
3aUMm AelwndpoBOYHbIX aNrOPUTMOB onpeaesneHns
napameTPOB AOPOXKHOIO ABUXKEHUSA.

KnioueBble cnoBa: maclitab cbemkuy, ONCTaHUNOH-
HO€e 30HANPOBaHNE, CbeéMOYHaA CUMCTEMa

on the selected monitoring method and the area of
spatial structures of the studied objects. The satellite
remote sensing method was found to be a priority in
terms of cost per unit of accuracy. Taking into account
the obtained data, we plan to create a software
product for automation of decoding algorithms for
determining traffic parameters.

Key words: shooting scale, remote

shooting system

sensing,
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BBepgeHme

CoBpeMmeHHbI 3Tan pa3BuTMA obLliecTBa Co-
NPOBOXAAETCA TaKUM [N106anbHbIM  MPOCTPAH-
CTBEHHbIM NMPOLIECCOM, KaK ypbaHm3auma, NpuBoas-
LM K POCTY KOHLIEHTPALMW HaceneHns B rpaHmLax
ropoAckux Tepputopuin. Jlugupyouwme no3mummn B
3TOM NpoLecce 3aHNMAOT SKOHOMUYECKW Pa3BUTbIE
CTpaHbl Mupa (6e3 yuyeTa cTpaH-rocyfapcTs, NMeto-
LMX KaYeCTBEHHble OTIINYMA B NPOCTPAHCTBEHHOM
pa3BuUTUK B CUITY TEPPUTOPUANIBHOTO PaCMonoXKe-
HUA), Takne Kak AnoHna (91.7 %), O6begnHeHHble
Apabckne dmupatbl (86.8 %), ABcTpanus (86.1 %),
BenukobputaHua (83.7 %), CoeanHeHHble LUTaTbl
Amepukn (82.5 %), OpaHuua (80.7 %), lepmaHusa
(77.4 %), Poccninckaa QOepepauns (74.6 %), Kutan-
ckan HapogHana Pecnybnuka (60.3 %) v gp.

OueHka AMHaAMWKN YPOaAHWUCTUYECKNX U arno-
MepaLMOHHbIX MPOLECCOB, a TakXe uxX npobnema-

TUKM 0a3MpoBanacb Ha BbIOOPKE CTAaTUCTUYECKMX
nokasartenewn pas3BuUTNA TEPPUTOPUIN PAAA KPYMHbIX
ropofoB Poccuiickon Qepepauum n 3apybexHbIx
CTpaH (Tabnuua 1).

M3yyeHne BbINOMIHEHHbIX WCCNefoBaHMM Mo
TEMe TOPOACKOro MfaHUpoBaHUA 1 pa3suTna [1]
MokKasaJo, YTO Ha OCHOBE KAayeCTBEHHOro aHanum3a
TeHAeHUUn ypbaHmn3aumm TeppuUTopuin NPorHo3u-
pyetcAa panbHenWnin pocT ropoAacKkuX ariomepa-
Uui, a aBTopbl [2], uccnepya xapaktep cdep yeno-
BEYECKOWN AeATeNbHOCTU, MPUXOAAT K 3aK/I0UEHNI0
0 pocTe MOOUNbHOCTY FOPOACKOro HaceseHuns, 3a-
HATOrO B peasibHOM CEeKTOpe MaTepuanbHO-Belle-
CTBEHHOW 3KOHOMUKM.

KonnuyecTBeHHbIM aHanmM3 npeacTaBieHHbIX
naHHbIX (Tabnuua 1) no3BonAeT 3aKalunUTb, UTO
TEeMMbl NPUPOCTa YNCIEHHOCTU HaceNeHna B ropo-
Jax XOTb M OTNNYAIOTCA He3HAUUTENbHbIMU GNyK-
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Tabnauua 1
Table 1

JuHamuka yucneHHocmu HaceseHUsA U NJIowadb 3aHUMAeMblX 3emMeslb 20pOOCKUMU Mmeppumopuamu
Population dynamics and land area occupied by urban areas

Tunosas lFeomeTpuye- e P e XapakTepHbie nnowaau,
CTPYK- HanmeHoBaHMe | cKue pasme- Haceneuus, % Km?
Typa ropopa pbiropopa*, | 1990- | 2000- | 2010- paiiona s
ropoga KM 2000 2010 2020 opos (cpepHsnsn) paioHa
CaHkT-TeTepbypr 52x28 -2.2 +4.6 +1.0 1439.0 60.7 0.8
- HoBocnbunpck 28 %18 -0.0 -2.2 +4.7 502.0 703 0.8
= E Camapa 58 %8 -5.7 +0.8 -0.7 541.0 48.5 0.8
g2 | Omck 34x17 -0.9 +0.4 +0.1 572.0 98.4 0.8
Z2 [va 36 x 20 +03 | 27 | +59 707.0 131.0 0.8
E g MNepmb 32x25 -3.4 -1.8 +6.1 799.0 72.5 0.8
B 8 KpacHosapck 26 %13 +0.0 +10.0 +11.0 379.0 36.0 0.8
m = BopoHex 40 x 15 +2.0 -2.0 +15.9 596.0 127.0 0.8
JloHpoH 50 x 30 +0.4 +1.7 +0.3 1706.0 60.6 0.8
MockBa 30 +1.1 +1.4 +0.9 2561.0 40.6 0.8
= -3 ExaTepuHbypr 13 -2.09 +6.2 +9.7 495.0 126.0 0.8
S 2 PocToB-Ha-[loHy 11 +0.0 +7.0 +4.3 3485 85.4 0.8
g8 & | Yenabunck 13 -27 +4.2 +5.6 530.0 75.0 0.8
E: % TiomeHb 16 +9.9 +1.4 +2.9 698.5 126.5 0.8
& -] bepnuH 16 -1.5 -1.7 +0.9 891.0 64.7 0.8
MeknH 60 +6.4 +4.8 +2.4 16 801.0 304.2 0.8
5 Bonrorpapg, 20-30 +0.2 +2.1 -1.2 859.0 71.5 0.8
§ | Hwkna 36-50 -34 -7.8 +0.0 514.0 94.0 0.8
5 < Hosropopg
§_ TOKVIOM 50-60 +2.3 +0.9 -1.5 2194.0 34.8 0.8
Hbio-Mopk 35-42 +9.4 +2.1 +2.0 12149 148.9 0.8

Tyaumsamy B CUTy MOMUTUYECKUX (MEXAYHApPOAHbIe
KOHQNMKTbI, MUrPaLMOHHblIE MNPOLECCh), 3KOHO-
MUYECKUX (caHKuuu, 3mbapro, gedont) n Apyrux
(3nngemnn, naHAEMUN 1 Ap.) BHELWHNX $aKTOPOB, B
LiesloM LEeMOHCTPUPYIOT MONOXKUTENbHY AUHAMU-
Ky M3MeHeHuA Aemorpadpuyeckon cutyaumm. [ns
obecneyeHnsa KauecTBa ropoAckol cpefbl Kak npu
SKCTEHCMBHOM (POCT HaceneHna 3a cyeT paclumpe-
HUA TePPUTOPMM), TaK U NPU MHTEHCUBHOM (3a cueT
yBeNMYeHNA NIOTHOCTN HaceneHus) ypbaHumsauum
BO3HMKaeT HeoOXoAMMOCTb YKecTounTb TpeboBa-
HUA K PasfnyHbiM chepam KU3He[EeATENbHOCTY Ye-
NOBEKa, YTO OBYC/IOBNEHO BO3MOXXHOCTAMMN TPaHC-
NOpPTHON MHPPacTPYKTYpsbl [2]. OT adpdeKTnBHOCTM
TPAHCMOPTHbBIX CUCTEM 3aBUCUT yCMeLIHas feATeNb-
HOCTb COLIMANIbHO 3HAYMMbIX OOBEKTOB — MeaMLMH-
CKMX, 06pa3oBaTesNibHbIX, CTOPTUBHbIX YUPEXAEHNN,
yUpexaeHnn coLmanbHOro 06CYXUBAHWA, KYNbTy-
pbl 1 T. 4. KauecTBO TPaHCMOPTHOro 06CYXMBaHWA

(nepemelLeHVA TOBAPOB, FPy30B, NEPeBO3KM Nacca-
XKVPOB) OLEHMBAETCA COOTHOLIEHMEM 3aTpaT Bpe-
MEHV Ha NepefBUXeHNe U TPaHCMOPTHON JOCTYn-
HOCTU. TPaHCMOPT BbIMOHAET MHTEMPALNOHHYIO 1
KOMMYHWKaLMOHHYI0 ponn 1 obecrneunsaeT NosHo-
LeHHoe OYHKLMOHUPOBAHME WHPPACTPYKTYp ro-
POACKOro X03ANCTBa.

PocT MOGUNIbHOCTM HaceneHns BblgBUraeT Ka-
YeCTBEHHO HOBble TPEOOBAaHUA K YNUYHO-[OPOXK-
HOW CeTn ropofa, KOTopas JONIXKHa ObITb peneBaHT-
HOWM 3anpocam K NOTPEOGHOCTAM COBPEMEHHOrO
yenoseka.

O6beKT 1 MeToAbl NccefoBaHNA

B uenax ¢opmupoBaHua KompopTHON ropoa-
ckom cpeabl MuHcTpon Poccun paspaboTan Haum-
OHasbHbIN NPOEKT «Knnbe 1 ropoackas cpepa» [3],
peann3aumna KOTOPOro HeBO3MOXHa 6e3 pa3BuTMA
TpaHCnopTHoM cnctembl. O6beKTOM nccnefoBaHmA
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ABMAIOTCA NapaMeTpbl TPAHCNOPTHOrO MOTOKA, KO-
NIMYECTBEHHO XapakTepu3ylme AOPOXHOe ABK-
XeHue.

MnaHupoBaHne pas3BuUTUA YPOaHN3MPOBAHHbIX
TPaHCMOPTHbIX cUCTEM 6a3mpyeTcA Ha OCHOBe pe-
Npe3eHTaTUBHON WHPOPMALUUN O TPAHCMOPTHbIX
noToKax [4], KoTopasa MoXeT ObITb cObpaHa pa3nuny-
HbIMW MeTOAaMM.

KoHTaKTHble MeToAbl, ABNAACL TPaQULMOH-
HbIMU 1 OOLEAOCTYNHbIMA, B YCIIOBUSX ¢u3smye-
CKOro B3aMMOMENCTBMA C 0O0BbEKTOM HabnoaeHus
PErncTpupyoT NoKasaHUA C MOMOLLbI Ha3eMHbIX
CpPeAcTB U3MEpPEHUN: 4eTEKTOPOB, MOCTOB MOHUTO-
PVIHra, pagapoB 1 TenemeTpun.

becKoHTaKTHble MeTOAbl, OCHOBAHHbIE Ha reo-
MHPOPMALIMOHHbIX TEXHOMOMUAX, 0becneunBaoT
nepefayy nokasaHui B LieHTpbl HabnogeHna guc-
TaHUMOHHO MOCPEeACTBOM PaAMOBOJIH, NPOBOAHbIX
CMCTEM, Yepe3 CryTHUKOBble CUrHanbl 1 T. n. Mpo-
LlecC CbeMKM MOXKeT OCYyLLeCTBAATbCA B paMKax aBU-
AUMOHHOIO MOHUTOPWHIa C CaMOJIETOB, BEPTONETOB,
MUKPOABMALMOHHbIX  paauvoynpaBisemMblX —anna-
paToB NN KOCMMYECKOTO MOHUTOPMHIA, NPOU3BO-
OVIMOTO C MUIOTMPYEMbIX OPOMTaNbHbIX CTaHUWN,
Kopabneli MHOropa3oBOro WUCMONb30BaHUA, aBTO-
HOMHBbIX CMYTHUKOBbIX CbeMOYHbIX CUCTEM U T. .

[laHHble, NonyyYeHHble C MOMOLLbIO KOHTAKTHbIX
1 6€CKOHTAKTHbIX METOZOB, MOTYT ObITb MPYMEHEHDI
ANA peLleHnaA Pas3INYHbIX UHXEHEePHbIX 3aJay: Npo-
€KTMPOBaHUA 0OBEKTOB roPOACKON UHPPACTPYKTY-
pbl, U3yYeHUsa AUHAMUKU TPAHCMOPTHOrO CMpoca,
ONTVMMM3aUUN MapLLPYTOB ABMXeHUA, obecneve-
HWA OOPOXKHOW 6e30nacHOCTU U Ap. B 3aBucMmMocCTH
OT MacwTaba CbeMKM JaHHbIE MOTYT UCMOb30BaTb-
CA Ha Pa3NNYHbIX YPOBHAX:

+  MUKPOYPOBEHb — MOHUTOPUHT YCJIOBUIN B OT-
JenbHbIX MUKPOPaMOHaXx, »KUJblX KOMMeKcax,
Ha JIOKaNbHbIX TPAHCMOPTHbIX 0ObeKTax MecT-
HOro 3HauyeHuA, Mo NoWaAn He MpeBbillato-
wmx 0.1-0.6 Km?;

+  Me30ypOBeHb — M3yuYeHWe [OBWKEHWA Ha Ma-
rMCTPanbHbIX YNMUax U TFOPOACKUX [Oporax
TPAHCMOPTHbIX OOBEKTOB  0OOLLEropoCKOro
3HaUYeHWA, a TakKe OTAENbHbIX PalfioHOB U 06-
nacTen ropofcKkmx TeppuTopuii, NO naowagun
cocTaBnawwmx 0.6-5.6 KM?;

+  MaKpOypOBeHb — WCCNefOBaHVEe TeppPUTOPUN
HacesIeHHbIX MYHKTOB U  YJNYHO-AOPOXKHOM
CeTU ropofa B LUENOM C Uefbk MNOyyYeHunn
npeactaBneHns o6 obuiet TpaHCNOPTHOM cu-
TyauuMu Ha NAoWaaaAXx, NPeBbILLAoLWNX 5.6 KM2.
[MaBHbIM HefOCTaTKOM MHOMMX MeTOAOB fB-

nAeTCcA TPYARO3aTPaTHOCTb, UTO AenaeT onpaBAaH-

HbIM WX WCMOJNIb30BaHME TONIbKO Ha JIOKasbHbIX

TPAHCMOPTHbIX 0O0bEKTax Masion niowaan nu anu-

Hbl: MepeceyeHmnaAx, oTAeNbHbIX ynuuax u T. 4. Ana

N3yYeHVA OBVKEHWA Ha BCeW YNUYHO-LOPOXKHOM

ceTn Hanbonee uenecoobpasHbiM NpeacTaBnAeTcs

nprMeHeHne pecypcocbeperatowmx metogos. Co-

BPEMEHHbIN YpOBeHb Pa3BuTUA MHGOPMALIMIOHHO-

KOMMYHWKaALVOHHBIX TEXHONOMMIA NO3BONAET AJis

NCCNegoBaHNA TPaAHCMOPTHBIX MOTOKOB C HEOOXO-

AVIMOW TOYHOCTbIO M3MEPEHUN B KauecTBe OCHOB-

HbIX UCMOJIb30BaTb ANCTAHUNOHHbIE METOAbI, @ KOH-

TaKTHble NPUMEHSITb /151 TAapUPOBKIM (BbIOOPOYHON

NPOBEPKU 1 KOPPEKTUPOBKI) pe3ynbTaToB.

B HactosAwee Bpemsi Haunbosbluee pacrnpo-
CTpaHeHne NoNyYMnIn MeTOAbI, HanpuMep, AUCTaH-
LMOHHOE 30HAMPOBaHUE [5] U CNYTHUKOBbLIN MO-
HUTOPWHT, C MOMOLLbIO KOTOPbIX BbIMOJHAETCA PAf
GYHKUMIA OQGHOBPEMEHHO.

JdncTaHUnMoHHOe 30HAMPOBaHMeE 3eMnn npea-
CTaBnAeT cobol HabrogeHne 3a MOBEPXHOCTbIO
nnaHeTbl HAa3eMHbIMKW, aBUALMOHHBIMA N KOCMWU-
YeCKUMWN CpeacTBaMu, KOTOpble OCHALLeHbl cre-
uManbHbIM/ BUAaMM CbeMOYHOM annapatypbl [6].
30HANPOBaHME MPUMEHAETCS B Pa3/IMUHbIX 0bna-
CTAX YenoBeUYecKon AesaTeslbHOCTU U ABNAETCA 40-
CTATOYHO CIOXKHOW CUCTEMOM, KOTOPaA BKOYAET B
cebs:

+  obHOoBneHve KapTorpaduyecknx pecypcos (To-
norpadpuyuecKknx, aBToA0POKHbIX, HABUTALIMOH-
HbIX 1 APYruX cneuuanbHbiX KapT);

+  MOHUWTOPVHI COCTOAHUA OKpY»Kalolen cpepbl
C yyeTOM BO3[eNCTBMA MPUPOJHbIX U aHTPO-
MoreHHbIX GpakTOPOB: OLEHKA yulepba NIeCHbIX
NnokapoB, HabNtoaeHVe 3a NejloBO 06CTaHOB-
KOW, OLleHKA BNUAHUA CENbCKOXO3NCTBEHHOMN
[eATeNbHOCTM YenoBeKa 1 ap.;

+  MOHUWTOPWHI u4pe3BblYaliHbIX CUTYyauUui, CBsA-
3aHHbIX C NMPUPOAHBIMUA N TEXHOTEHHbBIMU BO3-
DencTBNAMN.
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C nomoLblo 30HANPOBAHUA MOXHO pellaTb 1
3aflauy MeHblUero MacluTaba: ocyLecTBNATb CTPO-
UTENbHbIA KOHTPOJIb (B TOM 4MCIE MOHUTOPUHI
HECAHKLMOHWPOBAHHbIX MOCTPOEK), cneauTb 3a
GYHKUMOHUPOBaHNEM  AOPOXKHO-TPAHCMOPTHON
UHPpacTpykTypbl 1 T. 4. OgHaKo aHanmM3 nokasan,
YTO Yallle BCEro 30HAMPOBaHWE MPUMEHAETCA B
DKOMOTNYECKOM 1 MPUPOAOOXPaHHOM HanpaBsne-
HUSX, B TO BPEMs Kak HabnogeHne 3a oobeKkTamum
TPAHCMOPTHON MHOPACTPYKTYPbl NMPAKTUYECKU He
BEAETCA B CMNTy Masioll M3YYEHHOCTN ero BO3MOX-
HocTen. iccnepgoBaHmAa aBTopoB [7, 8] AoKasbiBaloT
BO3MOXHOCTb ANCTAaHLUMOHHOIO MOHUTOPUHTa yp-
6aHN3NPOBAHHbIX TPAHCMOPTHbLIX CUCTEM, YTO MO-
BbILIAET KOHKYPEHTOCNOCOOHOCTb aHHOMO MeToAa
3a CYET penpe3eHTaTMBHOCTY pa3paboTaHHOro ae-
WndpPOBOYHOrO annapara, No3BOJSAOLWEro onpee-
NATb NePBUYHbIE N MPOU3BOAHbBIE XapPaKTEPUCTUKN
TPAHCMOPTHbIX MOTOKOB. [peanaraemas B HacTo-
Awen pabote anddepeHuMauns AUCTAHLNOHHbIX
MeTOA0B 30HANPOBAHMA 6a3npyeTcs Ha yyeTte Tex-

HUYECKNX BO3MOXXHOCTEN CPeacTB HabnogeHusn,
COOTHECEHHbIX C 3KOHOMMUYECKUMU 3aTpaTammn Ha
nccnefoBaHMe TPAHCMOPTHLIX CeTel PasfInYHbIX
NAAHUPOBOYHbIX KOHGUTYpaL A, pa3mepoB 1 No-
Lwagen.

MHoroo6pasue CbemMoYHbIX CUCTEM AMCTaHLN-
OHHOrO 30HAMPOBAHUA, UX Cneumnann3aunuin N Bo3s-
MOXHOCTel [9] npegonpenennno HeobxoaMMoCTb
M3y4yeHVA MPUHLUMMNOB PaboTbl U XapaKTePUCTUK
peXxuma cbeMku (Tabnuua 2).

PasHoo6pasve BUAOB ANCTAHLMIOHHOMO 30HAN-
pOBaHUA paclIMpPAET rPaHULLbl €ro MPYMEHEHNA AnA
OOCTUPKEHUA PA3NIMUHbBIX UHXKEHEePHbIX Lenel. Hau-
6onee peneBaHTHbIMW ANA UCCNefOBaHWA TPaHC-
MOPTHbIX MOTOKOB MPEeACTaBAATCA CKaHepHble U
nasepHble MeToAbl C OPUEHTUPOBOYHON TOUHOCTbIO
35 1 65 % COOTBETCTBEHHO (B CMYy LUMPOKOrO Npu-
MEHEHUs N Hannuma B 6onbLoM KonnyecTse 06o-
pynoBaHWA 4nA TA3epPHOro CKaHMPOBaHKA).

Ha cerogHAWHWA MOMEHT [AMCTaHLMOHHOE
30HAUPOBaHMe 3emMy NOYUUSIO LWIMPOKOE pacnpo-

Tabnauua 2
Table 2
XapakmepucmuKu CbeMOoYHbIX cucmem OUCMAHYUOHHO20 30HOUPOBAHUS
Characteristics of remote sensing systems
Bup, rog Hauana Y G
npumMeHeHusA ~ _ ~
®otorpadn TeneBn3noH npu6opos < CKaHep Paguonokaun- | Nasephbie
yeckne Hble 3apApoBon Hble OHHbie (1959 T.) (1986 1.)
TexHUYECKNe (1858r.) (1960 r.) CBA3bIO (1957r.) . .
XapaKTepucTnKu (1970r.)
CneKkTpanbHas pas-
peLatoLan cnocob- 0.4-0.9 0.4-0.9 0.6-0.9 3.0-14.0 0.8-30.0 0.3-0.95
HOCTb, MKM
JInHenHan paspelua-
oLan cnocobHocTb, | Ao 8 0o 20 0o 20 nol no 10 nol
M
QotorpammeTpuye- | Makcnmanb- MwuHumanb- MwuHumanb- Makcrmanb- Makcu-
M MwuHrmanbHas
CKasA TOYHOCTb Has Has Han Han MasibHasA
DoTomeTpuyeckasn MwuHumanb- Mepemennas, Crabunb-
s CrabunbHas CrabunbHas CrabunbHas | 3aBWCUT OT BHeLU-
TOYHOCTb Han Han
HUX paKTopOB
. . ot 1:250 000 . ot 1:400 000 no .
MacLTab cbemkun 1:7 000 1:500 000 10 1:50 000 1:500 000 1:180 000 no 1:500
BbicoTa cbemKu, KM 435 1-917 250 717 ot 250 ot 0.5

* Qomozpammempuyeckas moyHoCMb Xapakmepusyem cmeneHb UCKAXeHUs CHUMKA, MAKCUMAJIbHOMY 3HAYEeHUIo CO-
omaemcmayem npedesi No2pewHoCmMu usmepeHus 8 25 % (omuocumblili K ciy4aliHol noepewHocmu)
** Domomempudeckas MoYHOCMb Xapdkmepusyem mo4YyHoCMs nepedayu nponopyuli apkocmeli CHUMAaeMbix 06vek-

maoe no noJito U306PG)KEHUFI
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Ta6auua 3
Table 3

TexHUYecKue Xxapakmepucmuku Haubosee pacnpoCMpaHeHHbIX U MOYHbIX CNYMHUKO8
Technical characteristics of the most common and accurate satellites

K
paTkue Xxapakrepucruku CTOMMOCTb CbeMKM No
Bugam, y.e.
CrpaHa Bup CnyTHUK - o - -
HaumeHoBaHMe 3Haue naH CUHTe mynb
Hue Xpoma- | 3Mpo- | TUCMeK-
Tnye- BaH- Tpanb-
cKas Hasa Hasa
. MpocTpaHCcTBEHHOE pa3pelleHne | o1 m
CKaHepHbIN Pecypc-T 5.68 5.68 5.68
PO LUnpurHa nonocbl Cbemku 97 KM
- MpocTpaHCTBEHHOE pa3peLleHme 25m
ManMquv Kanonyc-B poctP pasp 0.8 0.8 0.8
CKaHepHbIN LLnprHa nonocbl cbeMKkun 23 KM
Tenesnsu- MpocTpaHCTBEHHOE pa3peLleHmne 30m
OHHble 1 -Il_-gr?dsat LLnprHa nonocbl cbeMKkun 0o 185 km 18 324 56.4
CKaHepHbie KonMuecTBO CHUMKOB B fieHb 700 wr.
CLUA MNpocTpaHcTBeHHOE pa3pewenre | 0.15m
Konnyectso nonoc n3obpaxeHusa | 4 wr.
CKaHeprIl7I Maxal’ |_U|/|p|/|Ha Mo0oCbl CbeMKu 16'4 KM 61 .2 65.4 67.2
CpepnHAA NO3ULMOHHAA TOYHOCTb | MeHee
CHUMKOB 5™
OpaH- LUnpurHa nonocbl Cbemku 200 kKm
uus, CkaHepHbIN Spot 14.39 15.3 19.62
Wsewuns MpocTpaHCTBEHHOE pa3peLleHme 0.80m
- MNpocTpaHCTBEHHOE pa3peLleHmne 3Mm
KaHapa Pa}:lVIOﬂOvKa Radarsat pocTP pasp 9.6 16.2 24
LMOHHbIN LLinprHa nonocbl cCbemkun [0 185 km

CTpaHeHme BO MHOTMX CTpaHax Mupa. B Poccninckon
Mepepauyun opburTanbHas rpynnMpoBKa ANCTaHLK-
OHHOrO 30HAUPOBaHUA 3eMnu npeacTaBieHa KOC-
MUYeCcKMU annapatamm cepuii «Pecypc-TN»(2013r.—
H.B.), «KaHonyc-B» (2012 r. — H.B.), «MeTeop-M»
(2009-2014 rr.) n «OnekTpo-J1» (2015 r. — H.B.). AHa-
NM3 Ha3HayeHuA U TEXHUYECKUX BO3MOXKHOCTEN
CNYTHVKOB MOKa3saJl, YTo 3a CYeT BbICOKUX GYHKLM-
OHasbHbIX XapaKTepPUCTUK TONbKO MepBble AiBa arn-
napaTta MOryT WUCMOMb30BaTbCsA ANA HabnoaeHUs
3a yp6aHM3UpPOBaHHONW TPAHCMOPTHOW CEeTbI0 He-
CMOTPA Ha TO, UTO AaHHbIA BUA 30HAUPOBaHMUA He
yKa3aH B opuymanbHon cneyndurkaymm. OctaBLumve-
€A annapatbl NpeAHa3HayYeHbl NCKNIOYMUTENbHO ANA
nonyyeHmsa nHbopmaL v B 0611acT KOHTPONSA 1 OX-
paHbl OKpY»KatoLel cpefpbl.

3a pybexom npeycnenu B 31Tor obnactu Coepu-
HeHHble LLTaTbl AMepuKu co CBOMMMK CNYTHUKaMu
The Landsat Program ot NASA/USGS, Maxar [10, 11].
TakXe KocMryeckmne MmeTofbl 30HANPOBAHUA LWNPO-

Ko npumenstoTcs Bo OpaHumn, Weeunn, benbruw,
roe cosfaHa cuctema Spot; CNyTHUKOBblE CuUCTe-
Mbl aKTVMBHO Mcnonb3ytTtca B AnoHun — ALOS [12],
KaHage — RADARSAT [13], Mhgumn — RESOURCESAT,
lepmaHnm — TERRASAR-X u gp. TexHnyeckmne xapak-
TEPUCTUKN CNYTHUKOB NpPeAcTaBfieHbl B Tabnuue 3.

Pe3ynbratbl n 06cyxaeHune

[na MOHUTOPWHIa TOPOACKMX Tepputopun
npeviMyLLeCTBEHHO MCMOJb3yeTcA BblCOKOAEeTallb-
HasA CbeMKa, KOTopas MO3BOMAET MoslyyaTb CHUM-
K1 ¢ becnpelefeHTHbIM paspeLleHmem, B TOM YMC-
ne obecneuymBas BO3MOXHOCTb WAEHTUPUKALUN
TPaHCMOPTHbIX MOTOKOB.

OueHKa CNyTHMKOBBIX CHUMKOB 6blia BbIMo-
HeHa uyepe3 NPOCTPaHCTBEHHOE pa3peLleHine, Bbl-
paxatollee QaKkTMUeCcKoe KONMMYecTBO METPOB B
OQHOM MUNAUMETPe un306paxkeHua [14]. AHanu3
nokasan 3aB1CMMOCTb JaHHOro napameTpa oT Mac-
wraba n3obpaxeHusa (puc. 1).
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Puc. 1. MHo2okpamHoe ygenudeHue u30opaxeHus CHUMKGA, 8bINOJIHEHHO20
cnymHukom Landsat-8 8 macuwumabax: a) 1:600; b) 1:300; ) 1:200
Fig. 1. Multiple zoom of Landsat-8 satellite image at a scale of: a) 1:600; b) 1:300; c¢) 1:200

Bblno yctaHOBNEHO, YTO NPU MHOTOKPAaTHOM yBe-
NNYEHUN MacwTaba N306paxkeHna 00 KPUTUYECKNX
BEMNYMH BO3HUKAIOT CJIOKHOCTY C pacro3HaBaH/EM
TPaHCNOPTHBIX CpelcTB. Mpn BCECTOPOHHEM K3yuye-
HMMW CMYTHUKOBbIX CHMKOB Oblfia BbiABNIEHA JOMOI-
HUTeNIbHasi BO3MOXHOCTb ONpefeneHns X BUaa no
dopme TeHeBOW NpoeKkunn. MpaHUYHbIe 3HauyeHus
NPOCTPAHCTBEHHOTO pa3peLleHrsa 1 MacluTaba, npu
KOTOPbIX BO3MOXHO ornpefesieHre TPaHCMOPTHOrO
CpeAcTBa 1 ero Bna, Haxo4ATcA Ha OCHOBaHUM pas-
paboTaHHoro rpadukKa (puc. 2).

Takum 06pasom, KpUTUYECKMM MacLLITabom, npu
KOTOpoM wupeHTUdMKauma TPaHCMNOPTHOro cpen-
CTBa 1 COCTaBa TPAHCMOPTHOrO NOTOKA CTAHOBUTCA
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Puc. 2. [paguyeckas 3asucumocme maclumaba
U306paxeHus u e2o paspewaroujeli CnocobHocmu
Fig. 2. Graphical dependency of image scale
and image resolution

HeBO3MOXKHOW, ABnaetca 1:1350, a MakcMmanbHO
Jonyctmmoe AnA pacno3HaBaHWA NPOCTPAHCTBEH-
Hoe paspeweHne 1/14.8 m/Mm pgocTuraeTca npwu
maclTabe 1:450.

Haunyuwmm 6anaHcom no KayecTBy CbemKu
N perynapHoCcTM oOHOBMIEHNA PeCcypCcoB Ha Cerop-
HAWHNA OeHb XapaKTepusyloTCA AaHHble AUCTaH-
LMOHHOIO 30HAVPOBAHUA CAYTHUKOBBIMW KOMMa-
HuaMmn CoefHeHHbIx LUTaToB AMepunKku. [TocKonbky
30HAMPOBaHNE OCYyLeCcTBAAETCA B OOLEMNPOBOM
MacluTabe, NOABNAETCA BO3MOXKHOCTb UCMONb30Ba-
HUA ero pe3synbTaToB BO BCEX CTPaHax, BKtovasa PO.

ObwepocTynHble Bepcumn KapTorpadpuueckmnx
pecypcoB 0ObIYHO UMEIT AOCTaTOUYHO HU3KOoE pas-
pelleHne, 4TO He Mo3BonAeT MAeHTUGMUMPOBaTb
CTaThyHble 06beKTbI. MnaTHble Bepcrm, Hanpumep,
y Maxar, obecneumBalT [OCTYN nofib30oBaTenen
K BbICOKOAETASIbHOMY KOHTEHTY, MO3BOAAOLEMY
pewartb MHXeHepHble 3aJaun PasfiyHOro HasHa-
yeHuA. bnaropapa HoBenwum paspaboTkaM reo-
MHPOPMALIMOHHbIE AaHHblIE MOXHO MOMyYaTb Aaxe
npu He6naronpUATHbIX MOrOAHbIX YCNOBUAX, HO ANA
OTAENIbHbIX CbEeMOYHbIX CUCTEM BCE e XapaKTepHO
He3HauuTeNlbHOE CHUXEeHMe KayecTBa KOHEeYHOro
npoaykTa. TakxKe Heob6xoANMO yUnTbIBaTb UHBAPU-
aHTHOCTb NYTW C/IeJOBaHMA, MPU KOTOPOM KaxKabll
KOCMUYECKNI OOBEKT, Kak MPaBuIio, NPUBA3aH K NH-
AVBMAYyanbHON opburTe, YTO NPEnATCTBYET UCNOSb-
30BaHUIO CNYTHUKOBbIX CUCTEM [/1A BCEX BUAOB 30H-
ONPOBaHNA B paMKax MPOEKTHO-M3blCKaTeNbCKOM
[eATeIbHOCTY TPAHCMOPTHOIO MNaHNPOBAHNUA.
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MoBbilweHne 3PpPeKTUBHOCTN 30HAMPOBAHUA,
MO MHEHUIO aBTOPOB, MOXeT ObITb JOCTUIHYTO 3a
cyeT 060CHOBaHUA BblbOpa MeToga MOHUTOPUHTA
obcnengyemont  ypbGaHU3NPOBAHHON TePPUTOPUN.
MpocTpaHCTBEHHbIE 3MeMeHTbl MHbPaACTPYKTYpbl
rOPOACKNX TEPPUTOPUI UMEIOT PA3NINYHYI0 KOHOU-
rypauuio, pasmepbl 1 niowagb, 4To 1 npegonpe-
[AenaeT paunoHanusaumio obnacten NpUMeHeHus
CNoco60B MOHUTOPUHTA MO KPUTEPUIO MUHVMAb-
HbIX PECYPCHbIX 3aTpaT.

AnropuTtm BblibOpa MeToa MOHUTOPUHTa Npea-
CTaB/eH Ha puc. 3.

[na He3HaunTenbHbIX 06BEMOB CHEMKU U [0-
CTaTOYHO MasblX Pa3MepPOB OObEKTA WX MpPU UC-
CnefoBaHUM OAMHOYHBIX JIMHEWHbIX COOPYXEeHWUN
uenecoobpasHo npuberatb K mMeTogy aspodoTto-
cbemkn [15]. CoBpemeHHble neTaTesibHbie annapa-
Tbl (JTA) BegyT cbemMKy Ha BbicoTe oT 100 go 1 500 m
OT NOBepPXHOCTU 3eMnn. [TOCKONbKY TOUHOCTb METO-
[a 30HAMPOBaHNA 06PATHO NPOMNOPLMOHANbHA Bbl-
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Puc. 3. Aneopumm 8b160pa Memood MOHUMOpPUH2d MPAHCNOPMHbIX NOMOKO8
Fig. 3. Algorithm for selecting a method for monitoring traffic flows
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COTE CbEMKM, TO NPMMEHEHNE 6EeCnUNOTHBIX NeTa-
TenbHbIX annapaToB (BINJ1A) npeactaBnaeTca 6onee
paLrOHanbHbIM, YeM YNPaBAAEMbIX CUCTEM.

MNapameTpuyeckne OTANUNA XapaKTEPUCTUK
KOCMMNYECKON CbemMouYHom cuctembl ¢ BIJIA n J1A
npefcrassieHbl Ha puc. 4.

Ha ocHoBaHuM paHee npeacTaBneHHoM HoOp-
Mauum o KoHOMrypaumax U pasmMepHblX XapakTe-
pUCTUKAxX BblbpaHHbIX ropofoB (Tabnvua 1) 6bino

a)

>

Kocmuueckas
ChEMKa

. S —

0,5-717 xu

B=

L = 1697 xu

/’

Puc. 4. Cxema napamempuueckux ocobeHHocmeu
pa3/IuYHbIX Memoo08 30HOUPOBAHUS:
a) 8 akcoHomempuuyeckol cucmeme; b) ninockoe
usobpaxeHue ¢ demanuzayueli
Fig. 4. Schematic of parametric features
of different sensing methods:
a) in axonometric system; b) flat image with detailing

BbIMOJIHEHO 060CHOBAHME SKOHOMUYECKOW LieNieco-
006pPa3HOCTN NPUMEHEHNA CbEMOYHbIX CUCTEM pa3-
JINYHOTO BUAA B 3aBUCMMOCTM OT MIOWAAN CbEMKMN.

QopmMrpoBaHMe CTOMMOCTM AUCTAHLMOHHOIO
30HANPOBaAHUA UMeeT crneyndunyeckmne ocobeHHo-
CTU: MUHMMANbHaA MAoWaAb CbEMKW COCTaBrAeT
25 KM? npu MCNoNb30BaHMM CbEMOK, MOJyUYEHHbIX
0o 1980 roaa, 1 100 KM? Npur OCyLLEeCTBAEHN HOBOM
CbeMKWU, BCIeACTBUE Yero pasHuLa B CTOUMOCTHOM
SKBUBANEeHTe 30HAMPOBAHMA HAa MUKPO-, ME30- U
MaKpOYpPOBHe OTCYTCTBYET.

MpumeHeHre ynpaBnsembix U OeCnIOTHbBIX
JIeTaTesibHbIX annapaToB UMEET CXOXKME XapaKTepu-
CTUKN NO CTOMMOCTU N BPEMEHUN CbEMKU eANHNY-
HOro nporseTa No 3aflaHHON TPAaeKToOpuK, HO B Uy
Masnio BbICOTbI noseTa (puc. 4) 1, COOTBETCTBEHHO,
HeOONbLIOWM LWKNPVHBI 30HbI OXBaTa MPOUCXOAUT
KpaTHOe yBefinyeHre KonmyecTsa NpoxXoA0B No LWi-
pViHe nccnegyemomn TeppuTopun, YTo B CpegHeM Ha
40 % nosbiwaeT obLy CTOUMOCTb CbeMKku ¢ BIUTA
B cpaBHeHun c J1A.

Mpu 3HauMTENbHbLIX MacluTabax Lienecoobpas-
HO npuberHyTb K AMCTaHUMOHHOMY 30HAUPOBA-
HUIO MNOCPeACcTBOM CNYTHMKOBOIO MOHUTOPUHTrA.
Ina vccnegoBaHma nnowagen, YACNEHHO Npupas-
HMUBaeMbIX K OTAENbHbIM OKpyram, TPaHCMOPTHbIM
paioHam, COCTaBAAIOWMM, Kak NpaBuno, He bonee
1/4-1/10 nnowaaun ropoacknux TeppuTopuii, Hanbo-
nee NoAxoAAWMM MO BPEMEHHbIM 1 GUHAHCOBbLIM
3aTpataM CTaHOBUTCA WCMOJIb30BaHMe NunoTupye-
MbIX JleTaTeNlbHbIX annapaTtoB. [1pn mMecTHOM npo-
€KTUPOBAHUKN, B YAaCTHOCTW, OTAENbHbIX 0OBHEKTOB
YINYHO-AOPOXKHOM CeTU, NpeanovTUTeNIbHbIM ABNA-
€TCA UCMNOJIb30BaHMe 6eCnUIOTHbIX TEXHOOT .

Oco6eHHOCTbI0 CMYTHMKOBbLIX CUCTEM ABNAET-
CA UX MHOrOQYHKUMOHANbHOCTb, UYTO MO3BOMAET
noabupaTb PaLVOHabHbIN BUA CbeMKWU Mof Tpe-
6yemble ycnoBuA MCCNefoBaHKA, UTO BbIFOAHO OT-
nnyaet mnx ot bIMJIA n J1A, nmeowmx ctaHgapTHble
XapaKTePUCTMKM U MPefocTaBnAlWmX npakTuye-
CKM paBHO3HaYHble JaHHbIe.

[eTann3snpoBaHHble pacyeTbl KONnyecTBa Npo-
XOOOB U CTOMMOCTM CbEMKM, 3aBUCALLME OT MeTOAA
MOHUTOPUHIa U YPOBHA M3YYEHHOCTM TPaHCMNOpPT-
HOW CUCTEMbI, NpeacTaBieHbl B Tabnvue 4 HacTos-
LLIero nccnegoBaHums.
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CTOMMOCTb KaXKAoro OTAeNbHOro BUAa CbeMKU
3aBUCUT OT MHOXecTBa $aKTOpOB, B NeEPBYIO ove-
pefb, 3TO TOYHOCTb U MPOCTPAHCTBEHHOE pa3spe-
LeHne, KOTOpoe »KenaeT NosyynTb Nonb3oBaTesb.
Takum 06pa3om, B 3aBMCUMOCTM OT MaclTaboB K
NPOCTPAHCTBEHHOW KOHQUrypaumm m3yyaemoro
00beKTa, He0OXoAMa KOoNMYecTBeHHasA AndpepeH-
UMaumaA pas3nnYHbIX METOAOB UCCIeAOBaHNA.

B KauecTBe TEXHWKO-3KOHOMUYECKOTO KpU-
TepuA LenecoobpasHOCTU NPUMEHEHUA TOTO WU
MHOTO MeTofa UCCNeAoBaHWUA ABUXeHUA Obll nc-
Nosb30BaH NpPeaNoXKeHHbI aBTOPaMn OTHOCUTESb-
HbIi MOKa3aTeslb «CTOMMOCTb €4MHULbI TOYHOCTU»
(C,,), paccuutbiBaemblii Mo Gpopmyne:

rae C— CTOMMOCTb OMpefeneHna WHTEHCUBHOCTU
ABVXeHus, pyb6.;

T - TOUHOCTb onpeaeneHnsa NHTEHCUBHOCTY ABUKe-
HUA, %.

PaHXnpoBaHue paccmaTpuBaembiX MeTOAO0B
AVICTAaHUMOHHOTO 30HAMPOBaHUA No KpuTepuio C .
npeacTaBfiieHo Ha puc. 5.

AHanu3 nonyyYeHHbIX pe3ynbTaToB NoKasar, Yto
HavMeHbluen ctonmocTblo (0.08 Tbic. py6. Ana Mu-
KpoypoBHs, 3.4 TbiC. py6. AnA Me30ypoBHA 1 7.9 TbiC.
py06. AnA MakpOypOBHA) eAUHNLbI TOYHOCTU XapaK-
TepusyeTca MeTof AVUCTaHLUMOHHOIO CNyTHMKOBOIO
MOHUTOPWHIA, KOTOPbIA MOXET ObITb peKOMeHA0BaH
KaK NPUOPUTETHbIN ANA M3YYeHMA XapaKTepucTuK
LOPOXKHOTO ABVMEHNA HEe3aBNCMMO OT MJIOLaAN yp-
6aHN3NPOBaAHHOW TPaHCMOPTHOM ceTu (puc. 5).

BbiBoabi

M3yueHre ropoackoro TpaHCMOPTHOIO ABMXe-
HUs Heobxogumo pnsa popmmpoBaHua 3bdeKTrB-
HOW TPAHCMOPTHON CUCTEMBI B LIESIOM.
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Puc. 5. MemoQel 0ucmaHyuoHHO20 30HOUPOBAHUA MPAHCNOPMHbLIX NOMOKO8 NO KpUuMepuro
cmoumocmu eOUHUYbI MOYHOCMU: ) MAKPOYpOo8eHb (45 km?); b) mezoyposeHs (20 KM?); ¢) MukpoyposeHs (0.6 Km?)
Fig. 5. Methods for remote sensing of traffic flows according to the criterion of cost per unit of accuracy:

a) macro level (45 km?); b) meso level (20 km?); c) micro level (0.6 km?)
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[nsa nonyyeHna penpeseHTaTMBHON MHpOpPMa-
LUK Mbl NpeaJiaraeM onvMpaTbCaA Ha JaHHble ANCTaH-
LMOHHOrO 30HAUPOBaHMA. B xoae nccnegosaHua:
1. TpoaHann3npoBaHbl XapaKTEPUCTMKM COBpe-

MEHHbIX CMYTHUKOBbIX CUCTEM U BbINOJIHEHO UX

paHXMpPOBaHME MO TOYHOCTU CbEMKU, MO3BO-

nBLIEE BblOpaTb CNYTHVKM B 3aBUCUMOCTU OT

Heo6X0AMMOWN TOYHOCTU 1 CTOUMOCTU CbEMKMN.

JlyuwrMy no paccMaTpuBaeMbIM XapakTepu-

CTVIKaM MOKHO cunTaTb CnyTHUKKM The Landsat

Program n Maxar (CLLA).

2. YcTaHOBNEHa KoppenAums MpPOCTPAHCTBEH-
HOrO pa3spelleHnA CMYTHUKOBBIX CHMMKOB OT
MaclTaba n3obpaxxeHna C KapTorpapuueckmx
OHJIAH-PEeCYPCOB, MpPU KOTOPbIX BO3MOMKHA
naeHTMouMKauma TPaHCMOPTHOrO cpeacTBa U
cocTaBa [BVXeHUA. KpuTnuecknmm 3HaveHus-
MU, MPU KOTOPBIX MAEHTUDMKALNA HEBO3MOX-
Ha, ABNAIOTCA NPOCTPAHCTBEHHOE pa3peLleHne
1/14.8 m/MMm npu macwtabe 1:450, a Takke mac-
wTtab menbye 1:1 350.

3. CocTtaBneH anropuTm Bblbopa MeToja MOHU-
TOPUHra JOPOXKHOIO [ABUXEHUA MPU Cbemke
ropoACKON TEPPUTOPUN U TPAHCMOPTHON CeTn
Pa3nnYHbIX Pa3MepPOoB, MO3BONMUBLLUIA oOnpe-
LennTb KONMYEeCTBO MNPOXOLOB WCTOYHMKOB

BO3A4YLIHOrO 30HANPOBaHUA (4o 217) 1 ux cTo-
UmocTb AnA 14 ropofckux arnomepauuin PO n
3apy6eXxHbIX CTPaH.

4. BbINONMHEHO TEXHMKO-3KOHOMMYecKoe 060-
CHOBaHMe obnactell MNpPYMEHeHUs MeTodOoB
ANCTaHLUMOHHOIO 30HAMPOBAHUA JOPOXHOIo
OBVIXKEHUA NO KPUTEPUIO «KCTOMMOCTU eQUHKLbI
TOYHOCTMW» NPU Pas3NINYHON pecypcHol obecne-
YEHHOCTU CYOBEKTOB [OPOXKHOrO XO03ANCTBA
1 macliTaba pewaembix 3agay. MHMManbHoOM
CTOMMOCTbIO KpuTepua cpaBHeHua (0.08 gna
MUKPOYPOBHA, 3.4 ANnA Me30ypOBHA 1 7.9 anA
MaKpPOYPOBHSA) XapaKTepusyetca MeToh [WUc-
TaHUMOHHOIO CMYTHMKOBOrO 30HAMPOBaHMUS,
YTO MO3BONIAET PEeKOMeHAOBaTb €ro Kak npwu-
OPUTETHBIN NPW UcceqoBaHUM NOObIX NoLLa-
el rOpOACKOWN TPAHCMOPTHOM CeTU.

B pa3BuTtuMe nccnegoBaHuA B HacTosALLee BpemsA
BeayTCcs paboTbl Mo anpobauny MeTOANKN ANCTaH-
LMOHHOro 30HANPOBAHMA TPAHCMOPTHbIX NMOTOKOB
Ha ynuuax C HeperynapHbIM ABMXEeHMEM, OLeHKe
KOppPenALMOHHOM 3aBUCUMOCTM COCTaBa ABMKEHUA
OT MOLLHOCTN O6BbEKTOB ropoACKol UHPPACTPYKTY-
pbl 1 CO34aHMI0 MPOrPaMMHOro NPoAyKTa No aBTo-
MaTu3auum gewndpoBOYHbIX aITOPUTMOB ONpese-
NeHNA NapaMeTpPOB JOPOKHOIO ABUKEHNSA.
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2.1.3 Heat supply, ventilation, air conditioning,
gas supply and illumination (engineering science)

THE EFFICIENCY OF LOW-POWER
SOLID-FUEL WATER BOILERS

Parviz S. Khujaev

Tajik Technical University named after academician M. S. Osimi,

Dushanbe, Republic of Tajikistan

JOOEKTUBHOCTb MAJTOMOLLLHBIX

TBEPOTON/TMBHBIX BOAOTPENHbIX KOT/I0B

M. C. Xy>kaeB

Tag>KNKCKNIN TEXHNYECKN YHUBEPCUTET MMeHn akagemumka M. C. Ocumn,

AywaHbe, Pecnybnuka Tag»KnKnctaH

Abstract. Burning fuel in large quantities when
using hot water boilers leads to losses, which
reduces the energy conversion efficiency of the
boiler. Therefore, there were mainly small energy-
saving stoves designed to burn fuel. The author
proposed to use a small boiler with a firebox with a
vertical grate. A small boiler with an adjustable grate
water heater with a capacity of 50 kW was installed
in the boarding school building. Combustion of any
fuel in such a furnace had following results: a) the
productivity of the boiler unit had been increased
to 79-81 %; b) heat loss reduced by 2 times and
harmful emissions into the atmosphere in 1.5 once.
The costs of providing thermal energy compared
to other operating boiler houses amounted to
14 400 somoni (1 200 dollars). This is 18 % less than
the costs of the previous heating season without
using the proposed boiler. The efficiency of heating
processes in the boiler was assessed during one
heating season.

Key words: hot water boiler, furnace, vertical grate,
thermodynamic analysis, energy efficiency, heat
loss with flue gases, fuel combustion temperature

AHHoOTauma. CKkuraHue Tonamea B 60NbLWINX KOMK-
yecTBax Mpu UCMONb30BaHWM BOLOIPENHbIX KOTIOB
NPUBOAUT K OnpefeneHHbIM NoTePAM, UTO CHUXKAET
KN4 kotna. NMoatomy AnA cxuraHua Tonamea 6biiu
pa3paboTaHbl ManiorabaputHble 3SHeprocbeperato-
Wwue neyn. ABTOp NPeanoXma NCnosib3oBatb Mano-
rabapuTHbIA KOTE C TOMKOW C BePTUKaNIbHOWM KO-
NIOCHUKOBOW pelueTkol. ManorabapuTHbIn KoTen ¢
BOAOHarpeBaTefieM C perynnpyemMorn KONoCHNKOBOM
pelueTKol MoLWHOCTbI0 50 KBT 6bin ycTaHOBEH B 31a-
HUW WKONbI-MHTepHaTa. CKuraHue nioboro Tonnanea
B TaKOW TOMKe NPUBENO K CliefyoLWmnm pe3ysibTaTam:
a) Npov3BOAMUTENbHOCTb KOTioarperata yBennuu-
nacb o 79-81 %; 6) noTepu Tenna COKPaTUINCb B2
pa3a, a BpeaHble BbIbpockl B atmochepy — B 1.5 pasa.
3aTpaTbl Ha obecrneyeHne TEMSIOBOW dHeprven no
CPaBHEHUIO C APYrUMU OENCTBYIOWUMA KOTeSbHbI-
Mn coctaBunu 14 400 comonu (1 200 gonn.). 310 Ha
18 % MeHblLuUe 3aTpaT NpeablgyLero oTonUTeNbHOro
ce30Ha 6e3 MCNonb30BaHNA NpeasiaraeéMoro Kotna.
O$PEKTMBHOCTb TEMIOBbIX MPOLIECCOB B KOT/E OLle-
HMBanacb B TeYEHWE OHOrO OTOMUTENIbHOIO Ce30Ha.

KnioueBble cnoBa: BOLOrperiHbIA KOTeN, TOMKa, Bep-
TKaJIbHaA KOSIOCHUKOBAsA PeLIeTKa, TepMoarHaMunye-
CKWUI aHanwm3, sHeproadpPpeKTUBHOCTb, NOTEPM Temna C
ZAbIMOBbIMU ra3amu, TemnepaTtypa CropaHua TonamBa
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Introduction

In Tajikistan, one of the main types of accessible
and economically viable fuel is coal and lignite. At the
same time, coal has disadvantages, such as high heat
loss due to mechanical and chemical underburning,
and a negative impact on the environment due
to dangerous emissions of carbon dioxide and
combustion products. In this regard, low-power
solid fuel hot water boilers are traditionally used for
heating and hot water supply [1].

The main types of fuel for such stoves are wood,
coal and manure - local fuel, which is waste from
livestock farming. Solid fuel obtained from different
deposits differ from each other in their properties
and combustion products.

The main values of the thermophysical
properties of coal from some deposits in Tajikistan
are presented in Table 1.

The efficiency of thermal processes in the boiler
was evaluated using the first and second laws of
thermodynamics. Based on the energy balance,

the boiler efficiency was assessed [2-4]. The work is
based on well-known research in the field of heat
generating plants by K. F. Roddatis, A. N. Poltaretsky,
V. M. Fokin, E. G. Volkovyskiy, N. B. Lieberman,
Yu. L. Gusev. It is also necessary to note the works
of A. V. Vikhrov and L. K. Ramzin, which address the
issues of the organization of solid fuel combustion
and the design features of boilers with furnaces of
layered construction.

Since the 90s of the twentieth century, research
has been carried out on the conditions for the
efficientcombustion offuels of various compositions
without the formation of harmful emissions into
the atmosphere. Research is mainly aimed at
identifying methods, mechanisms for controlling
and organizing fuel combustion processes with
minimal emissions of harmful substances into
the atmosphere. The most effective methods for
calculating thermal conditions in a limited volume
are described in the works [5-8]. Research on this
topic was conducted by [9-11].

Table 1
Tabnuya 1

Thermophysical properties of coal of the main deposits in Tajikistan
Tepmocpusuyeckue colicmea yz/is OCHOBHbIX MeCMOpPOX0eHUU TaoXXuKucmana

N::I;i :S; :he Heat of Ic(:;)/rlr(\;ustion, Humidity, % AT Yield of vola‘!’:/iole substances,
Hakimi 27017-32573 52-174 4.8-19.7 26.8-46.9
Fan-Yagnob 32260 0.35-1.88 3.9-24.5 23.1-36.9
Sayat 30919 4.9 323 3243
Ziddi 28 085-32175 3.4-10.2 12.6-33.7 4.9-25.8
Mienadu 35026 1.1 11.1-30 4.9-25.8
Ravnou 31694 0.3-9.6 6.3-34.8 29.3-38.3
Nazar-Aylock 35145 0.78-4.66 1.2-4.2 3.0-5.0
Shurab 27 964 13.1 12.5 348
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However, in existing publications, practically
no attention is paid to optimizing the operating
modes of low-power solid fuel water boilers when
operating on coal with high ash content. In existing
small boilers there is no solid fuel discharge, the
firebox has only one burner, and the fireplace grate
is fixed. My colleagues and | have also devoted
our research to exploring this topic [12-14]. In the
design of a small boiler proposed by the author, all
types of fuel are burned; the grate inside the firebox
is movable in the vertical direction. A distinctive
feature of the circuit is the presence of a small
water heater boiler. The volume of the firebox has
increased for burning other solid fuels, taking into
account their characteristics.

The purpose ofthe studyisto develop the design
of a hot water boiler for efficient combustion of fuels
of various compositions. To develop the design of a
water-heating boiler, a mathematical description of
the combustion processes of fuel when the volume
of the combustion space changes was carried out.
A design of a water-heating boiler with a movable
grate was developed, and experimental studies of
the combustion of high-ash fuel on a movable grate
were carried out.

The thickness of the radiating layer is calculated
according to the formula:

§=3.6.V./F,,

where V, is the volume of the furnace chamber, m?,
F..—the surface area of the furnace walls, m.

The issues related to the energy and heat
release analysis of the efficient combustion of solid
fuel can be quite broad and complex. However, here
are several factors that should be considered when
analyzing the efficiency of low-power solid fuel hot
water boilers:

1. A method used to conduct an energy analysis
of the solid fuel combustion.

2. Factors affecting the efficiency of solid fuel
combustion.

3. Parameters and indicators used to analyze heat
release in solid fuel combustion.

4. Existing technologies for improving
efficiency of solid fuel combustion.

the

5. Environmental aspects that should be
considered in the analysis of solid fuel
combustion.

6. Opportunities to optimize the solid fuel
combustion process to achieve maximum
energy efficiency and minimum exhaust
emissions.

Exergetic analysis is one of the tools for
evaluating the effectiveness of thermodynamic
processes. It allows us to determine the maximum
possible use of energy that can be extracted from
the system to perform useful work.

When exergetic analysis is applied to boilers,
it helps to determine the level of energy losses
associated with processes such as heat exchange,
diffusion, friction and others. This makes it possible
to identify problem areas that can be optimized to
increase boiler efficiency.

Object and methods of research

The object of the study is a hot water boiler unit
with the vertical grate of furnace.

The thermodynamic efficiency of a system at
equilibrium includes:

1. Efficiency (reduces the energy conversion
efficiency) is the ratio of useful energy used to
energy expended. In the case of a reversible
transition, efficiency can be defined as the ratio
of work obtained to heat expended.

2. Thermal efficiency is the ratio of heat generated
to heat consumed. In a reversible process, the
thermal efficiency will be maximum and equal
to unity.

3. Exergy efficiency is the ratio of released exergy
(useful work) to stored exergy (expended heat).
In a reversible process, the exergy efficiency will
be equal to unity.

In an adiabatic process, the efficiency will
be high since the system does not lose or release
thermal energy.

Let us consider a method for studying
technological and exergy processes based on the
second law of thermodynamics. The action of these
processes occurs under conditions of interaction
of the system with an equilibrium environment.
Environmental parameters ensure the constancy
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Fig. 1. Diagram of a hot-water sectional solid fuel boiler: 1 — firebox; 2 — movable grate; 3 - lifting mechanism;

4 - the beam-receiving surface (additional drum); 5 - the transition gas pipe; 6 — the lower gas distribution chamber
outlet; 7 — the main drum of the boiler; 8 — the central exhaust pipe; 9 — upper gas distribution chamber; 10 — exhaust pipes
with descending flows; 11— exhaust pipes with ascending flows; 12 — thermometer; 13 — chimney with gate; 14 - cold
water inlet pipe; 15 — heated water outlet pipe; 16 — transition pipe; 17 - air outlet pipe; 18 — ash pan; 19 — thermometer
Puc. 1. Cxema 80002peliH020 CeKYUOHHO20 M8epOomMonIuBHO20 Koma: 1 — monka; 2 — N008UXHAA KOJTOCHUKOBAsA
pewemka; 3 — N00beMHbIU MeXaHU3M; 4 — JTy4esoCcnpUHUMAroWas No8epxXHoCcMe (00NoTHUMebHbIlU 6apabaH);

5 — nepexooHas 2azosas mpy6a; 6 — HUXHASA 2a3opacnpedesiumesibHAs KAMepa 0meooHds; 7 — 0CHo8HoU bapabaH
Koma; 8 — UeHMpanbHasA 2a300Me8ooHas mpy6a; 9 — 8epxHsAs eazopacnpedenumesnsHas kamepd, 10 — 2a300M800HbIe
mpy6bl ¢ HUCXO0AWUMU nomokamu; 11 — 2a300meodHele mpy6bbl ¢ 80CX00AWUMU Nomokamu; 12 — mepmomemp;

13 = dbiMOX00 ¢ Wubepom; 14 — nampy6ok 8xo0a xo/100HOU 800bI; 15 — nampy60ok 8bix00a HazpemoUl 800bl;

16 — nepexo0HoU nampy6ok; 17 — nampy6ok geinycka 8030yxa; 18 — 30/16HUK; 19 — mepmomemp

of the thermodynamic system, and energy is
converted into work. There are several types of
work. To improve the efficiency of the boiler, the
concept of chemical filling can be used [2-5, 10-14].

If calculate the exergy balance, you can take into
account the excess lost in the process of switching
between components:

Eent = Eex +ZED[ 4

where E__is exergy supplied to the object with flows
of matter and energy;

E_ - exergy leaving the installation;

E,.— exergy losses.

The article discusses the equipment of a furnace
with a variable volume of combustion space. Coal
from the Ziddi deposit was used to produce flue
gases. Their temperature was 300 K. In the mixing

chamber, the combustion products were diluted
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with air (T, = 293 K, moisture content d = 0.01 kg/kg,
p = 9.8 - 10* Pa. The air consumption for complete
combustion of 1 kg of fuel is 46.7 m*/kg [4].

The exergy balanceforthefurnaceis determined
by the formula:

E,=E,+AE +AE,

the env.

where E, is exergy of the initial fuel E, = 5 383 kcal/kg
=22 538 kJ/kg;
E_, - exergy of combustion products in the furnace
at adiabatic combustion temperature;

e o exergy of the heat flow into the
environment;
AE - 1otal losses in the furnace.

According to calculations, the energy
conversion efficiency of the furnace can be about
89 %. The operation of the furnace with a variable
volume of combustion space is 15-20 % more
efficient than standard furnace.

Results
Therefore, the exergy efficiency of the boilern_,
characterizes the share of usefully used exergy:

where E__, E_ are spent and used exergy,
respectively; E_, - common transit exergy, that
is, exergy that passes from the entrance to the
equipment to its exit without participation in energy
exchange processes. For the waste heat boiler in
this case, the transit exergy includes the exergy of
the feed water flows £ , and the air £, as well as the
physical exergy of the exhaust gas flow of the soot
production. The coal from the Ziddi deposit has the
following characteristics of its combustion, m3/kg:
Vo= 5.51;V,, = 0.915 V= 42V, ;= 0.615; V_=573.
For coal from the Ziddi deposit (Q)= 22500 kJ/kg) the
exergy of coal combustion products was calculated
(table 2, 3).

Let us determine the exergy of flue gases in
the mixture obtained by diluting the combustion
products of coal with airin the amount of 46.7 m*/kg;
p=p,=9.8-10*Pa, T =293 K, W, = 0.01 kg/kg up to
the temperature of the mixture t =573 K.

There were firebox characteristics using in the
study:

«  hearth surface was 0.2826 m?;
«  side surface - 0.7536 m?
«  ceiling surface - 0.2703 m%;

n :Ecost _ Eoit = Ereas « the inner surface of the central exhaust pipe -
ex 7
ser Eentrance - redu 0'31 4 mz;
Table 2
Tabnuua 2
Exergy of the coal from the Ziddi deposit
kcepausa yzna 3u0OUHCKO20 MECMOpPOXOeHUS
Mole fracti
VC?” m/kg ole fractions Moisture content Chemical effect of the combustion
N co H.O X, ka/kg processe0 , kJ/kg
2 2 2
6.603 0.789 | 0.1750 | 0.0983 0.0162 1046
Table 3
Tabnuya 3
Thermodynamic parameters of flue gas components
TepmoduHamuyeckue napamempsl KOMNOHEHMO8 ObIMOBbIX 24308
Substances g g Ah, kJ/ NAh, kmol/ .
V,m’/kgt | N, kmol/m h, kJ/kmol | h, kJ/kmol Kkmol kgt S, kJ/(kmol-K)
co, 0.916 0.0412 12519 761 11751 478 30.43
N, 57.20 2.551 8789 581 8211 20949 21.64
0, 15.18 0.677 9100 590 8510 5769 22.26
H,0 1.75 0.071 10 351 673 9672 818 25.56
Total 78.64 351 28020
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« the surface of the ceiling of the flue pipe -
1.2265 m?%
«  furnace volume - 1.228525- 10-" m>.

The mass flow rate of combustion products
during the combustion of 1 kg of solid fuel is
determined by the dependence:

p

A
G, =1-—+1.306 -uV°,
0 100 H

forV [kq] fuel:

p

G=B-G,=B 1= A 13060V =f(B,oc,V°)
100

kﬂ dg. tr.h

or t(x)=t,+exp cf(B,u,V”)

In the process of energy and exergy analysis
of the efficiency of operation of low-power solid
fuel hot water boilers by installing a movable grate,
it was found that the variable volume of the furnace
space, helps us to reduce fuel consumption, and also
contributes to the afterburning of volatile gases and
unburned pulverized fractions of coal.

The calculation showed that the efficiency of the
furnace was 89 % and fuel consumption decreased
by 15-20 %. Heat loss from external gases amounted
to 8.8 %; heat losses from the use of mechanical
fuel amounted to 17.4 %. The productivity of the
boiler unit has been increased to 79-81 %. On the
issue of emission of harmful substances into the
atmosphere, a boiler model with removable grates
and combustion technology is considered in the Set
of rules 89.13330.2012" .

Conclusion

Based on the research carried out, an urgent
scientific problem has been solved - a low-power
solid fuel boiler with a movable furnace and
the possibility of regulating volumetric thermal
voltage has been developed for use in the water
heating system of detached buildings to ensure the
efficiency of solid fuel combustion. The proposed
boiler design ensured a minimum airflow rate for
complete combustion of solid fuel in the boiler
furnace and a maximum direct heat transfer
coefficient in the combustion chamber. The study
showed a number of findings:

1. The maximum efficiency of the proposed
furnace when burning various solid fuel (coal)
is established by changing the furnace space of
the boiler using a movable grate, which allows
us to adjust the volume of the furnace space.

Reducing and increasing the furnace space of a
small water heater helps maintain the required
boiler temperature, which leads to a reduction
in the content of nitrogen oxides by 20-25 %.

3. In the course of economic research and

implementation of the developed project, a

small boiler with an adjustable grate water

heater with a capacity of 50 kW was installed in
the boarding school building. Over the period
of operation, one season, compared to other
existing boiler houses, cost 14 400 somoni

(1.200 US dollars), which is 18 % less than the

initial costs of previous years for the provision

of thermal energy.

Based on the results of the study, a
comprehensive automated control system for
boiler operating modes will be created, providing
regulation of the volume of the combustion space,
air supply and removal of combustion products.

N
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CACTEMDbI OXPaHbl BOAHbIX peCcypCcoB (TexHnueckne HaYKVI)

OCOBEHHOCTW PACYETA BEJINYUHDI
OAKTOPA OBHOBJIEH/A NOBEPXHOCTU

MY3bIPbKOB BO3AYXA

C. 0. AHgpees’, J1. B. benoBa?

' [leH3eHCKIMI rocyaapCTBEHHDI YHUBEPCUTET apXUTEKTYPbI U CTPOUTENBLCTBA, [eH3a, Poccna
2 TIOMEHCKUI NHAYCTPUanbHbIN yHUBepcuTeT, TiomeHb, Poccusa

PECULIARITIES OF CALCULATING THE VALUE OF THE AIR BUBBLE

SURFACE RENEWAL COEFFICIENT

Sergey Yu. Andreev', Larisa V. Belova?

'Penza State University of Architecture and Construction, Penza, Russia
2Industrial University of Tyumen, Tyumen, Russia

AHHOTauua. PecypcoeMKocTb  Gronornyeckom
OUUCTKN CTOYHbIX BOJ CHUMAETCA NPU NOBbILEHNN
3HeproadpGeKTUBHOCTU NPUMEHAEMbIX B a3POTEHKE
cncTeM NHEBMaTUyeckom aspaumn. MogepHmsauma
npouecca aspauuMy BO3MOXHa MNpu paspaboTke
a[leKBaTHON MaTeMaTUYeCKOM MOoJenn, OnucbiBa-
loLen npouecc Mmacconepefayv KUCJIOpoAa 13 ny-
3blpbKa BO3ayxa B Bogy, Heobxoanmoro ana 6uono-
rMYeCcKoro OKUC/IEHNA 3arpA3HEeHU CTOYHbIX BOS.
AHanm3 CcyLlecTByOLWMX TEOPETUYECKNX MOAenen,
ONUCbIBaLLMX NPOLECC Macconepenayn KUcnopo-
[ia BO34yXa B BOAY, @ UMEHHO — 1BYXM/IEHOYHO Teo-
puvn Jlblorca — YTMeHa, Teopum neHeTpauumn Xmrow,
Teopun OBHOBNEHUA fedpOpMUMPOBaHHON MOBEpPX-
HocTu ny3bipbKa [1. B. [laHKBepTCa, — NoKasan 0co-
6EHHOCTY X MPUMEHEHMA 415 Fa30XKUAKOCTHbIX CU-
cTem. bonbLioe 3HayeHVe ana onMcaHa NPoLLecCcoB
Maccornepefaun KUCIopoaa Bo3ayxa B BOAY Npu nc-
NoJSIb30BaHUN MHEBMATUYECKOWN CUCTEMbI aspauunm
B a’poTeHKax umeet dakTop obHoBNeHUA aedop-
MUWPOBAHHON NOBEPXHOCTU My3bIpbKOB BO3ayxa. B
TYpOY/IEHTHOM MOTOKE MPU HenpepbiIBHOM O6HOB-

Abstract. The resource intensity of biological
wastewater treatment is reduced by increasing the
energy efficiency of the pneumatic aeration systems
used in the aeration tank. Modernisation of the
aeration process is possible with the development
of an adequate mathematical model describing the
process of mass transfer from air bubble to water
the oxygen required for biological oxidation of
wastewater pollutants. The analysis of the Lewis-
Whitman two-film theory, Higbee's penetration
theory, and P. W. Dankwerts' theory of deformed
bubble surface renewal describing the process
of mass transfer of air oxygen into water showed
the peculiarities of their application to gas-liquid
systems. The factor of renewal of deformed surface
of air bubbles is of great importance for describing
the processes of mass transfer of air oxygen to
water when using pneumatic aeration system in
aeration tanks. In turbulent flow at continuous
renewal of interfacial surface created by air bubbles,
there is intensification of mass transfer process
due to turbulent diffusion, which is reflected in
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NeHUN Mexxpas3HON NOBEPXHOCTUN, CO34aBaeMoN ny-
3blpbKaMu BO3fyXa, MPOUCXOAUT MHTEHCMUKALMS
npouecca mMacconepeaun 3a cyeT TypOyneHTHON
anddy3nn, uTo OTpaXkaeTca B pacyeTHbIX MaTeMa-
TUYECKUX 3aBUCUMMOCTAX. Micnonb3oBaHve MaTeMa-
TUYECKUX 3aBUCMMOCTEN, ONPeAensaoLmX CKOPOCTb
Macconepefauv Kucaopoaa Bosgyxa B Bofy vepes
aedopmMupyemyio MOBEPXHOCTb My3blpbKOB, ¢op-
MUPYIOLNXCA B a3PaLMOHHOM 06bemMe aspoTeHKa,
NO3BOSIUT YYeCTb U3MEHEHME UX GOPMbI, UTO MO-
BbICUT TOYHOCTb ONpeaesieHNs 3HaYeHNn TeXHOMO-
TMYECKUX XapaKTepPUCTUK CUCTEM MHEBMATUYECKOMN
aspauuun.

KnioueBble cnoBa: macconepepaya KMCIOPOAQ,
peXum BCrbliBaHWA, KO3GdMLMeHT GOopMbl, KO-
druMeHT ancnepcHoct, GakTop OO6HOBNEHUA MO-
BEPXHOCTU

calculated mathematical dependences. The use of
mathematical dependences determining the rate
of mass transfer of air oxygen to water through
the deformable surface of bubbles formed in the
aeration volume of the aeration tank will make it
possible to take into account the change in their
shape. This will increase the accuracy of determining
the values of technological characteristics of
pneumatic aeration systems.

Key words: oxygen mass transfer, surfacing mode,
shape factor, dispersibility factor, surface renewal
factor

Ona untupoBaHusa: AHgpees, C. 0. OcobeHHOCTM pacuyeTa BeNNUYUHbI GakTopa OOHOBAEHUS NMOBEPX-
HocTu ny3bipbkoB Bo3ayxa / C. l0. AHgpees, J1. B. benoa. — DOI 10.31660/2782-232X-2023-4-55-63. - TeKkcT :
HenocpeacTBeHHbIN // ApXNTEKTYpa, CTPOUTENLCTBO, TPAHCNOPT. — 2023. — N2 4 (106). - C. 55-63.

For citation: Andreev, S.Yu., & Belova, L. V. (2023). Peculiarities of calculating the value of the air bubble
surface renewal coefficient. Architecture, Construction, Transport, (4(106)), pp. 55-63. (In Russian). DOI

10.31660/2782-232X-2023-4-55-63.
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BBepgeHune

Hanbonee sHeproeMKnm 31EMEHTOM KaHanu-
3aLMOHHbBIX OYMUCTHbBIX CTaHUMA, NPUHUMAOLLNX
CTOYHbIEe BOJbl, OTBOANMbIE C TEPPUTOPUIN HAaCceNeH-
HbIX MYHKTOB, ABNAITCA a3POTEHKMW, NPeACcTaBnAto-
Wure cobo MPOTOUYHblIE EMKOCTHblE COOPYKEHWUA,
060pyfoBaHHbIe CMCTEMOW aspauunu. B ceasm c Tem,
yTo 3HepPro3dPeKTUBHOCTb NMPUMEHAEMON CUCTE-
Mbl @a3paLnin B 3HaUnTeNbHom ctenenu (ao 60-80 %)
onpefenseT PecypcoeMKoCTb  Oronornyeckom
OUMCTKN CTOYHbIX BOA B @3POTEHKAX, aKTyallbHOCTb
3afjaum ONTUMU3aL MM NPOLECCOB aspauumn Hapagy
C MoAepHM3aLmen KOHCTPYKTUBHbIX pPeLleHnn He
BbI3blBa€T COMHeHUA. DTy 3aavy NOMOXET peLlmnTb
MaTeMaTuyeckass Mofefb, afleKBAaTHO ONWCbIBalo-
Las npouecc Mmacconepenayun Kncnopoda sosgyxa
B UJIOBYIO CMECb.

PazpaboTtaTtb HafleXXHYI0 MeTOANKY pacyeTa as-
PaLIOHHOW CUCTEMbI @3POTEHKA, CMOCOOCTBYIOLLYIO

ONTUMM3ALUK a3 PALMOHHbIX MPOLIECCOB U NP 3TOM
obecrneunBaiollylo rapaHTUPOBaHHbIA AMana3oH
KaueCTBEHHbIX XapaKTEPUCTUK OUMILEHHbIX CTOY-
HbIX BOA, BO3MOXHO NNLWb MyTEM MaTeMaTNUeCcKo-
ro MoAeNMpPOBaHUA TEXHONOMMUYECKNX MPOLIECCOB.
[na agekBaTHOro OMNMCaHWA PasNYHbIX TEXHOJO-
rMYeCKNX NMPoLEeCccoB, Kak MNPaBuIo, UCMOMb3YHTCA
TPW OCHOBHbIE FPYMMNbl MaTEMATUYECKUX MOAESEN.
SMnupudeckue  mMamemamuueckue — Mooesu
JAlT BO3MOXHOCTb M3y4yaTb CBOWCTBA OODBEKT],
N3MepsiA ero BXOAHbIe 1 BbIXOAHbIE SKCMEPUMEH-
TaslbHble AlaHHble C nocnefyLen nx o6paboTKon
mMaTematTmyeckummn metogamu. OpHaKko MoJyyeH-
Hbleé anMpPOKCMMMPOBAHHbIE 3aBUCMMOCTU MOXHO
NCNONb30BaTh TOMIbKO B OFPaHMYEHHbIX npeaenax
3HAUYEHUIN TEXHONOMMYECKMX MapaMeTpOB.
lMonyamnupuveckue mamemamuyeckue mooe-
JIU CO3[aloTCs MpW MoMoWM MeToga 0606LeHnn
noaobHbIX npoueccoB (MeTogoB Teopun Moao-
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61A1), KOTOpble NMO3BOJSAIOT BbIBECTU Oe3pa3mepHble
KpuTepmanbHble KommnieKkcbl. lNonyamnupuyeckne
MaTeMaTUUeckne Momenn OTAnYalTca 60sbluel
YHUBEPCANbHOCTbIO, YeM SMANPUYECKe MaTeMaTH-
yeckue mMogenu.

Teopemuyeckue (0emepMUHUPOBAHHbIE) Mda-
memamuyeckue MoOe/lu CO3LAlTCA Ha OCHOBE
byHOaMeHTanbHbIX 3aKOHOMEPHOCTEN MU3yYaeMblxX
npoueccoB. MaTemaTuyeckne mogenu AeTepmu-
HVPOBAHHOIO TWMA XapakKTepu3ylTCA He TONbKO
60nbLUe YHNBEPCAaNbHOCTbIO U afjleKBAaTHOCTbIO B
OnncaHNN OOLWINPHOro AMana3oHa M3MEHALNXCA
napamMmeTpoB NCCNEQYEMOrO OOBbEKTA, HO 1 BO3MOX-
HOCTbIO NPOrHO3UPOBAHNA.

O6beKTOM [JAHHOrO MCCNefoBaHUA ABMAIOTCA
cyllecTBylolMe TeopeTUYeckne MOAenn onncaHna
npoLecca macconepeHoca KMCnopoaa Bo3ayxa 13
BCM/IbIBAIOLLEro B YNCTOW BOAe ny3bipbKa. [peamer
WNCCNefoBaHNA — OeTEPMUHMPOBAHHAA MaTemMaTtu-
yeckaa MOAesNb, afeKBaTHO OMUCbIBatOLLaa MHOrO-
KOMMOHEHTHbI NpoLecc Macconepenayuu KUCiopo-
[ia BO3Zyxa B BOAY B peXXnMe TypOyneHTHOCTN.

Mpn 0630pe 1MCnonb3oBaHbl NEPBOUCTOUHUKM
Pa3paboTUNKOB TEOPETUYECKMX MOAeNiell Macco-
NepeHOCa, a TakKe COBPEMEHHble 3apybexHble U
oTeuecTBeHHble HayyHble Nybnukaummn. B npouecce
MOAENMNPOBAHNA NPVMEHSNNCL Takne metofbl 06-
LLEHAYYHOro MCCNeaoBaHnA, Kak aHanms, obobue-
H1e 1 CuHTe3. BceCcToOpoHHMI aHanm3 Knaccnyeckmnx
1 COBPEMEHHbIX TEOPETUYECKMX MOAEeNen npolec-
COB MOJNEKYNAPHON U TypOyneHTHon aAnddy3um
NO3BOJINI BbIABMTb HOBbIM acMNeKT Macconepenaun
Kncnopoga B BOAOBO3AYLIHOM CUCTEME MpU aspa-
LN B @3POTEHKE.

Pesynbratbl

Brnepsble TeopeTnyeckoe onvcaHne npouecca
andoysnn 6bino npepnoxeHo A. Gukom [1]. OcHo-
BblBaACb Ha MPeAnosioKeHnn 06 aHanorMyHoCTU
¢dusmyecknx npoueccos anoddysnm n Tennonepe-
naun, Ouk moguduumposan ypaBHeHWe npouecca
Tennonepepaun, paspabotaHHoe Qypbe. MNonyueH-
HaA 3aKOHOMEPHOCTb MO3BONAET YCTaHOBUTbL CKO-
poctb AnddYy3MOHHOrO nepeHoca MoJIEKYNAPHOro
KMCNopoga yepes NoBepXHOCTb My3blpbKa BO34YXa,
BCM/bIBAIOLLErO B YNCTOW BOJE:

M dc
——=-DA—, (1
dt dy
dm
fAe — -~ — CKOPOCTb npolecca Macconepefiayi

KMCNIOpOAa BO3AyXa W3 BCM/IbIBAIOLWLErO B YMCTOM
Bofe MNy3blpbKa, Kr/c;

D - koadpduumeHT monekynapHon anddysnm Kuc-
nopopa 13 ny3blpbKa BO3AyXa, BCM/bIBAOLWETO B
yncTom soae, M/c;

A - nnowaab KoHTaKTa $a3 8030yx — 800ad, M

Z—C — rpafiieHT KOHLLeHTpaLmn pacTBOPEHHOIO KI1C-

nopopa B HOPManbHOM HanpaBfeHUN K MOBEPXHO-
ctn gnddysunm, Kr/m?,
CornacHo ypaBHeHwuto (1), rpagneHT KOHLeHTpa-

dcC
UMM Kucnopopa - B BOAE SBMSAETCA ABVXKYLLEN
y

cuIIon mpolecca mMacconepeHoca Kucnopoga Bo3-
Zyxa yepes rpaHuuy pasgena ¢as 8030yx — 800a.

AmepuikaHckue yyeHble A. Homec u Y. YUTHu
NpoBenu 3KCnepuMeHTasbHble UCCefoBaHNA Mo
N3yYeHNIO 3aKOHOMEpPHOCTeN pacTBOpeHUA TBep-
JIOro BelecTBa B »KMAKOCTU. bblno ycTaHOBREHO,
UTO KOHLEHTPaLMA MONEKY N B TOHKOWN XNAKOCTHOW
nneHke, obpasymoLenca Ha NOBePXHOCTM TBEPLO-
ro BeLecTBa, paBHa KOHLIEHTPALUUN HaCbILEHHOrO
pactBopa C, Kr/M’. B obbeme KnaKocTn, B CBA3M C
nepemelunBaHviem, 6bina 3adurkcrpoBaHa ycpeg-
HeHHasA KOHLeHTpaLuma ¢ onpeaesieHHbIM NOCTOAH-
HbIM 3HauveHnem C, Kr/m3.

B paborte [2], oTpakaBLUel pe3ynbTaT 3TUX IKC-
NneprvMeHTaNbHbIX MCCeAOBaHN, aBTOPbl npefa-
MONOXMMW, YTO ABMXKYLLEN CMON nmpouecca Mac-
conepeHoca MOJIeKySl PacTBOPAEMOrO B »KUAKOCTM
TBEPAOro BellecTBa ABNAETCA PA3HOCTb BbllUeyKa-
3aHHbIX KoHueHTpauun C n C, Kr/m*:

AC=C,-C. 2)

B paboTax HobeneBcKkoro naypeata B. HepHcTa
[3] npeactaBneHua o Teopun Anddysnn nonyymnm
JanbHenwee passutre. bbino gokasaHo, yto ABU-
XKyllasa cua npolecca Macconepeayn — pasHoCTb
KOHLEHTPALMM HACbILEHHOro PacTBOPa M KOHLEH-
TpaLumMmn pacTBOpa B KOHKPETHbIN Neprof BPeMeHM.

Onvpascb Ha runoTesy O CyLWecTBOBaHUN
Ha NOBEPXHOCTU BCMJIbIBAIOLWErO B BOAE My3blpb-
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Ka TOHKOTO, HaCblLEHHOro KUC0pOoAOM BO3Ayxa
cnos xungkoctu, B. Jlbtonic n B. Yntmen B 1923-24 rr.
pa3paboTanu ABYXMIEHOYHYI0 MOAENb Mpouecca
Macconepegaym Kncnopoga s sogy. B [4] oHu npega-
ctasunn Gbopmysy, onmMcbiBaloLyo npouecc mac-
conepefauu KACIOpoJa BO3ayxa B BOAy yepes no-
BEPXHOCTb BCMJbIBAOLLErO Ny3blpbKa:
dM D

—=—=A(C, (), 3
iy (e 3)

rae D, - ko3¢puLMeHT monekynapHon andeysun
(nceBpgocTaumoHapHo Aauddysnn) Kucnopoga B
BOAY, M*/C;

y — CyMMapHas TONWMHA ra3oBOW U »KUAKOCTHOWN
MIEHKN Ha NOBEPXHOCTU Ny3blpbKa BO3AyXa, M;

A - nnowagb KoHTaKTa ¢a3 8030yx — 800d B aspaLiu-
OHHOM 06beme, M2

C_ 1 C - KOHUEHTpauus HacblLWeHVs BOAbI KNCI0PO-
ZIOM BO3lyXa U CpeHAA BEIMUYMHA PAaCcTBOPEHHOIO
KMCnopoga B aspaLMiOHHOM 06beme COOTBETCTBEH-
HO, Kr/Mm>.

MNpepcTaBneHve 0 KBa3nCTaLMOHAPHOM Xapak-
Tepe npouecca Macconepenaum Yyepes rpaHuLy pas-
Zena ¢as, Ha KoTopom 6asvpyeTca ABYXMJIEHOYHAs
mogenb, B pabote [5] 6b110 NOABEPrHYTO KPUTUKE,
OfHaKO MHOTMe nccneoBaTeny cunTatoT Tesuc Jibio-
nca - YUTMeHa 0 TOM, UTO KOHLEHTPALWA BeELLEeCTBa
B NJIEHKe OAHO3HAUYHO He 3aBUCUT OT BPEMEHU [0
BTOPOW NPON3BOAHOW, BNIOSIHE 060CHOBaHHbIM [6].

B aKkcnepumeHTanbHbIX paboTax yuyeHbix [7,
8] NoOKa3aHO 3HauuTeNlbHOE BIIUSIHUE TUAPOAU-
HaMMKKN Ha mpoueccbl Macconepefauun. B teopun
neHeTpauun (MPOHMKHOBEHUS), pPa3paboTaHHON
P. Xuréu, 66110 BbiCKa3aHO NPeAnosioKeHNEe O He-
CTaUMOHAPHOM XapaKTepe npouecca MONeKynsap-
How g dy3nm yepes NOBEPXHOCTHbIN CION XULKO-
CTY, 06TeKatoLLEeN BCNJIbIBAIOLMNIA NMy3bIPeK BO3AyXa.
AcmnToTYeckoe pelleHne obliero ypaBHeHuA
HecTauvoHapHon anddysnn Ouka npefocTaBuio
Xnrév BO3MOXKHOCTb BbIBECTU YPaBHEHUE, onpege-
nAwLee CKOPOCTb Macconepenayn rasa, NPoHuKa-
IOLLEro B XNAKOCTb:

am _ 2 DV
dt zd

n

AlC, -Q), (4)

roe DHﬂ - KO3pPULMNEHT HECTALMOHAPHOW MOJIEKY-
napHon anddysunm, BenMUrHa KOTOpOro oTinyaeT-
CA OT BeINUYUHbI KO3ddurLMeEHTa CTaLMOHAPHON MO-
nekynsapHown audoysun Doy Mm?/c,

V - cpefHAs CKopoCTb BCMITbIBAHVA My3blpbKa BO3-
ayxa, m/c,

d - cpegHAs BeNMYMHa AUameTpa nysblpbka BO3-
[yxa, M.

PeanbHOCTb  ABMXKYLIMXCA  MOBEPXHOCTHbIX
MNEHOK Ha rpaHuue pasgena ¢a3 BCMIbIBAKOLLETO
nysbipbka Obina oteeprHyTa [1. B. [daHkBepTcom,
aBTOPOM Teopuu TypOyneHTHon gndoysun [9]. OH
060CHOBaN rMnoTesy 06 06GHOBEHUN MOBEPXHOCTU
TaKkoro ny3sbipbka HOBbIM 06bEMOM KUAKOCTU MOA,
BO3JeNCTBNEM TYpPOYNeHTHbIX NyNbCaLunii CKOPOCTK
ABVXKYLLErocs notoka. Vim Bnepsble 6bl1 BBEAEH B
ypaBHeHMe CKOpoCTU mMacconepepaun daktop 06-
HOBJIEHUS MOBEPXHOCTY:

am_

=S (€, =€), (5)

rae D, - KoadduumeHT TypbyneHTHOM Anddysun,
M?/C, BEIMYMHA KOTOPOrO OTINYAETCA OT 3HAUYEHUN
koappuumentoB D, n D, ,, ncnonb3yembix B Teopu-
ax Jiblonica — YutmeHa v Xuréu;

S - ¢akTop OOHOBNEHVA MOBEPXHOCTM BCMJIbIBAKO-
wero B TYypOyneHTHOM peXxume ny3blpbKa BO3Ayxa,
BeIMYMHA KOTOPOro onpeaensaeTca Kak Jona no-
BEPXHOCTU, OOHOBSEMON B €AVHNLY BPEMEHH, .

Teopua o6GHOBNEHMA NOBEPXHOCTU XKrbu -
JaHkKBepcTa nonyuuna panbHerlee pa3BuTMe B
TpyAaax M. X. KnWMHEBCKOro, KOTOpbI BHEC 60/1b-
WOV BKNag B Teopuio MaccoobMeHa, paclumpun
KUHETUYECKME XapaKTEPUCTUKL AUPPY3MOHHOro
npouecca, BBes Ko3GPMLMEHT KOHBEKTUBHOM ANd-
¢y3umm [10].

Ha ocHoBe peTanbHOro aHanmsa npepcraB-
NeHHbIX Teopuii Jlblorca — YUTmeHa, Xuroum v JaHk-
BepTca aBTopamu [11] 6b10 caenaHo 3aknoyeHne
0 BO3MOXHOCTU VX MCNOSb30BaHUA A48 NPOoLeccoB
Macconepefaun KMCopofa BO3fyxa uvepes mMex-
$a3Hyl0 MOBEPXHOCTb ABMXKYLIMXCA B Pa3fINYHbIX
rMAPaBINYECKMX PeXnmax Ny3blpbKOB BO34yXa.

Pexxvm BcnnbiBaHMA My3blpbKa BO34yxa Aua-
MeTpOM d_, M, ABMXKYLIEroCs OTHOCMTE/IbHO CJ10f
BOAbl, 3HaUeHVe KnHemaTmyeckoro kosdouumeHTa
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BA3KOCTW KOTOPOW MMEET BENMUYUHY V, M?/C, CO CKO-
pocTbio V , M/C, ONpeaenseTcs 3HaueHnem Kpure-
pva PenHonbpca:

Re=—. (6)

Teopua Jlblonca — YutmeHa onucbiBaeT nces-
LOCTALMOHAPHBIA pPeXum monekynsapHon auooy-
31K KNCIopoda BO34yxa yepes HenoABUKHbIN Mo-
rPaHWYHbIA C/IOM My3blpbKa BO34yXa, UMeEIOLLero
CcTporo coepuryeckyro Gopmy 1 BCMbIBAKOLWETO B
NAMWHAPHOM pexnme. Takon pexkum TakXe Hasbl-
BalOT CTOKCOBCKMM, 06N1acTblo BA3KOro obTeKaHus,
obnactblo nonsyuwero TeyeHua. JlamMHapHbIN pe-
UM BCMbIBaHWA Ny3blpbKa BO34yxa B OTAnYmne ot
BCNJIbIBaHMA TBEPAON cdepbl cCOXpaHAeTCcA BMNIOTb
[0 3HaueHun kputepua PenHonbaca Re=201[12, 13].

Teopua Xurbm paccmaTprBaeT mMacconepepna-
4y NOCpenCcTBOM HeCTaLuMOHapHOM MOJIEKYNAPHOM
andoy3nm yepes ABMXKYLLNIACA NOTPAHNYHBIA CIION
Ha MOBEPXHOCTW BCM/IbIBAKOLMX CHePUYECKUX My-
3blpbKOB BO3[yXa B peXmnmax Co CKOMb3AWNM Npu-
CTEHOYHbIM CJTIOEM XMAKOCTW, HabnogaemMomMm npu
3HauyeHuAx uncen PenHonbaca 20 < Re< 500 [11].

KoHuenuua [aHkBepTCca OTHOCWUTENbHO MPO-
uecca TypbyneHTHoM Anuddysum Kucnopopa BO3-
Ayxa BKJIIOUaET NOJSIoXKEHVE O TOM, YTO BO3JeNcTene
TYpOYneHTHbIX Nynbcauuii HaberatoLlero MoTokKa
XNOKOCTU MPUBOAUT K CTabnnbHOMY OOHOBREHNUIO
NMOBEPXHOCTU My3blPbKOB BO3AyXa, NpuobpeTato-
wmux Gopmy BOFHYTOrO 37MnNconsa Uan BbinyKno-
BOMHYTOW JINH3bI.

PaznuuatotT gBa Buga TypOyneHTHOro pexxuma
BCM/bIBaHWA Ny3blpbKOB BO3AyXa:

1. TypOyneHTHbIN peXunm BCMIbIBaHUA My3blpb-
KOB BO3fyxa gmametpoMm 1.4 um < dn < 5 mm,
BCM/bIBaOLWMX B BOAe Npu yncnax PenHonbaca
500 <Re < 1100.

2. TypOyneHTHbIV peXKUM BCMJIbIBaHUA NMY3blPbKOB
BO3Ayxa inameTpom d_>5 MM, BCNblBaOWMX
B Boge npwu uncnax PenHonbgca Re> 1 100 B aB-
TOMOZENbHONM 06/1aCTN KBAaZPATUYHOIO 3aKOHA
CONPOTUBNEHNA.

MonyuymBlIME WIMPOKOE PacnpoCTpaHeHne Ha
COOpPYXKeHUAX OMONOrNMYECKON OUYUCTKM CTOUHbIX
BOJ, MefIKony3blpyaTble MHeBMaTMyYeCcKne aspaTopbl
no3BonAlT GOPMMPOBaTb B adPaLMOHHOM 0O0beme

adpoTeHKa AedpOpPMMPOBAHHbIE MY3blPbKM BO3AYyXa
CO cpeaHen BenuumHon anameTpa d =2 -5 mm [6,
14-171.

[ns onucaHus npouecca paboTbl 3TUX aspaTo-
poB MoXeT ObITb MCMONb30BaHa Teopua o6HoBMe-
HUA NOBEPXHOCTN Ny3blpbKos [1. B. [laHkeepTca [18].

BBuay CnoXHoCTU 06paboTKM AaHHbIX HaTyp-
HbIX SKCMEePUMEHTOB, CBA3aHHOW C TOYHOCTbIO N3Me-
peHuit nedopmMrpyemMont MOBEPXHOCTY BCMJbIBaAtO-
LLMX MY3bIPbKOB BO3AYyXa B MePMOA aspaLmu, 4o CUX
nop OTCYTCTBYeT MeToAMKa KOPPEKTHOro pacyerta
BeNMUMHbI pakTopa OOHOBNEHMA MOBEPXHOCTU S,
c’!, pnA TypOyneHTHbIX peXxnmoB. Ha npaktuke npu
onucaHun npouecca paboTbl MenKomny3blpyaTbiX
A3PALMOHHBIX CUCTEM MPUHUMAETCA AOMNYLIEHNE O
TOM, YTO MeJIKony3blpyaTble aspaTopbl GOpMUpPYIOT
B a3paLMIOHHOM O0b6beme a3poTeHKa My3blpbKU BO3-
Zyxa cTporo chepuyeckoi Gopmbl CO CpefHUM Ana-
MEeTPOM d , M, BCM/IbIBAOLMX CO CKOpOCTbIo V , M/C.
3HaueHMA CKOPOCTM Macconepefayn KucIopoaa
BO3Jyxa AJ1A BCMJIbIBAKOLWMX MY3blPbKOB chepurye-
CKOW KOHUIrypaLmmn ycTaHaBIMBaOTCA MO popmy-
ne Xuréu (4).

B pabotax [laHKBepTCa He paccmaTpUBaOTCA
3HAUEHWs BENNYMHBI S B KQUeCTBE UMCIIEHHBIX Bbl-
paxeHuin. B nccnegosaHuy moenvMpoBaHus aspa-
LIMOHHBIX COOPYKEHUI ANIA OYUCTKM CTOUHBIX BOZ,
nposegeHHom J1. H. BparnHcknm, M. A. EBunesunyem
n ap., 6bin NpoaHanu3npoBaH GpakTop 06HOBNEHNUA
MOBEPXHOCTM BCMJIbIBAKOLErO My3blpbKa, CAeNaHo
NpeanonoXKeHune 0 CBA3M 3TOro NpoLecca C NOBepPX-
HOCTHbIM HaTsXeHWeM Ha rpaHuue pasgena ¢as
N ocyllecTBfieHa MOMbITKA ONpefenvTb 3HauyeHue
¢dakTopa nyTeM aHanv3a 6anaHca sHeprui [16].

Pewntb npobnemy onpepeneHus BeNYMHbI
¢dbakTopa OOGHOBNEHMA MOBEPXHOCTU AepopmMmpo-
BaHHbIX My3blPbKOB BO34YyXa, BCM/IbIBAKLLMX B TYp-
OyneHTHbIX pexunmax, S, ¢/, nomoraet TepmogmHa-
MUYECKUA Moaxod, KOTOpbI onpenenseT obuue
3aKOHOMEPHOCTM W HaNpaB/ieHUs NPOTEKAHNA pac-
CMaTprBaeMbIX NPOLeCCoB.

CTeneHb VMHTEHCMBHOCTU MNpouecca O6HoBIe-
HUA NOBEPXHOCTY pa3gena ¢pas3 8030yx — 8004 S, ¢/,
yCTaHaBNMBAETCA NMyTeM COOTHOLUEHUA BeINYUHbI
3NeMeHTapHON CEKYHAHOMN paboTbl (MOLLHOCTN) N,
Ix/c, BT, KoTopas nponcxoanT nop BANSIHMEM CUJbl
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N36bITOYHOrO AaBNEHVA BO3AYXa BHYTPU My3blpbka
F»r H, v BennMunHbl noteHumanbHow sHeprum E
[k, N36bITOYHOrO fABNEHNA BHYTPY My3blpbKa BO3-
ayxa AP, MNa:

S =%. (7)
AP

BennuvHa sanemeHTapHON ceKyHAHOW paboTbl
onpepensaetca Gopmynoi:

F,Al
=2 _F LV = APV, (8)

AP AT n'n’

N

rae F,, — cuna nsbbITOYHOrO AaBIeHNA BO3AyXa BHY-
TPV BCNJblBaloLWero ny3blpbKa, H;
Al - snemeHTapHOE paccToAHKe, KOTOPoe Npeoso-
neBaeT Ny3blpeK, BCMbIBAOWMNA CO CpeaHen CKO-
poctbio V , M/c, 3a anemeHTapHoe Bpemsa AT, ¢;
AP — n36bITOUHOE [aBfieHWe BO3dyXa BHYTpWU My-
3bIpbKa, [Ma;
w - NNOWaab MOMEPEeYHOro ceyeHus Mysblipbka
BO3ayxa, M%

OnpegeneHve 3HaYyeHWI BeNVNUYUHbI MNOTEHUN-
anbHOWM 3Heprun M3bbITOYHOrO AaBsieHUA BO3dyXa
BHYTPWU Ny3blpbKa, [, onpegenseTtca no dopmyrne:

E,=APW,, 9)

rae W - o6bem nysbipbka BO3ayxa, M.

COOTBETCTBEHHO, BeNMYMHa dpaktopa 06HOBIe-
HMA NOBEPXHOCTV AedOPMMUPOBAHHBIX MY3bIPbKOB
BO3/yXa, BCM/bIBAIOLMNX B TYPOYNEHTHbIX pexnmax,
yCTaHaBNNBAETCA ypaBHEHMEM:

52%2%2@1 Vn' (10)
Ev APW, W,

MpeactaBneHHoe ypaBHeHwue (10), onucbliBato-
wee dpakTop 0OHOBNEHUs MeXPa3HOW MOBEPXHO-
CTU NMy3bIPbKOB BO3AYXa, ABVKYLLMXCA B TYPOYNeHT-
HbIX MOTOKax, MpeasiaraeTcs yCOBEPLIEHCTBOBATb,
BBeasA Ko3pouLMeHTbl, yuynTbiBaowne gepopma-
LuIo 1 n3MeHeHne GOopMbl 3TUX BCMIIbIBAOLMX My-
3bIPbKOB.

Ons onvncaHna gedopMMpPOBaHHBIX MY3blPbKOB
BO3/lyXa BBOAATCA reOMETPUYECKNE XapaKTepucTu-
KM, @ UMEeHHO — Ko3ddurumeHTbl popMmbl, Ancrepc-
HOCTU 1 JMCNEePCHOro pa3mepa:

1. KoapduureHt dopmbl K onpepensetca Kak
OTHOLLEHVE Niowaan BHELWHeN MOBepPXHOCTM
AedopMUPOBaAHHOrO Ny3bipbKka Bo3fyxa f, , M,
K MaKCMMasnbHOWM Mowaan ero nornepeyHoro
CeueHVa w_, M

(1

RS

2. [ucnepcHbiii pasmep BO3AyLWIHOro ny3bipa & ,
M, ONpefenAeTca Kak OTHoweHue obbema ny-
3blpbka W, M3, K Miowaam ero BHeELWHen no-
BepxHocTw, f, M%

(12)

— Wn

o, £

3.  KoadpduumeHT cTeneHn ancnepcHOCTU BO3ayLL-
HOro Ny3bIpA K, onpeaensieTca Kak OTHOWeHe
AvameTpa ny3bipbKa Bo3ayxa d , M, K ero anc-
nepcHomy pasmepy &, , M:

(13)

Yuutbieas (11), (12) u (13), BenuumHy dpakTopa
0OHOBNEHUA MOBEPXHOCTU BCMbIBaloWwmx gedop-
MUPOBaHHbIX NMy3blpbKOB Bo3ayxa — dopmyny (10) -
MO>KHO 3anucaTtb B BUZe:

(14)

BoiBeneHHas dopmyna (14) nossonaet popmy-
ny (5) 3anucaTb cnegyowym obpasom:

(15)

MpennoxeHHaa ¢opmyna (15) pekomeHaOBaHa
AJ1A OMMCaHMA Mnpouecca macconepefayn Kucno-
pofa 13 BO3AYLIHOrO Ny3blpbka B Bogy Ana Typoy-
NEHTHbIX PEeKMUMOB ABUKEHUA Bo3ayXa. B otnmune
oT popmynbl Xurbu (4) oHa yumTbIBaeT N3MEHEHNKE
nx Gopmbl NyTemM BBEAi€HWA OTHOLEHMWA Ko3ddrLu-

€HTOB K—”, 4TO No3BonAeT 6onee KOPPEKTHO OMNUChI-
(0]
BaTb Mpouecc paboTbl MeNKOMNy3blpyaTbiX NMHEBMA-

TNYECKNX a3paTOpPOB N MOXKET UCMNOJ1Ib30BaTbCA ANA
TEXHONOIrMYeCKnx pacyeTos.
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BbiBoabI
MpoBeaeHHbIN 0630p KNacCcMYecknx Teopwuid,

OMMCbIBaOLLMX NPoLecCc Macconepenayun KMCnopo-
[la BO3Zyxa B BOAY, — ABYXM/IEHOYHOW Teopuu Jlbto-
nca — YWTMeHa, Teopuu neHeTpauumn Xnrou, Teopumn
06HOBMEeHUs fedOPMUPOBAHHOW NMOBEPXHOCTY My-
3blpbKa [1. B. laHKBepTCa, — NO3BONAET CAeNnatb He-
KOTOpble BbIBOADI.

1.

Ha ocHoBe pe3synbratoB uccnepgoBaHuii 6bino
cAenaHo NpeanosioXKeHne 0 TOM, YTO OCHOBHbIe
Teopuun guddysmm, npegycmaTpmsatone mc-
nonb3oBaHve KO3$PULMEHTOB CTaLUOHAPHON
anddysnn D, HecTtaynoHapHom anddysnn
D, TypbynentHon Anddysun D, m*/c, Mox-
HO MCMoNb30BaTb ANA OMUCaHWA MPOLECCOB
Macconepefaun Kncnopoga Bo3ayxa B Bogy 13
Ny3bIPbKOB, BCMJIbIBAIOWMX B BOAE B NaMMHap-
HOM peXume, B peXxrmMe CO CKOMb3ALWMUM Mo-
rPaHNYHbBIM CTIOEM XULKOCTK, B TYPOYNeHTHOM
pexunme.

Mpn pacueTe NMHEBMAaTUYECKMX CUCTEM aspa-
UMM M3-3a OTCYTCTBUA METOAUKM KOPPEKTHO-
ro pacyeta BenuuuHbl dakTopa obHOBNEHUA
£ebOpMNPOBAHHON MOBEPXHOCTU My3blPbKOB
BO34yXa, BCMUIbIBAOWMX B TYpOYneHTHbIX pe-
XMMax, BriepBble NpefcTaBlieHHOW B Teopuu

M. B. JaHkBepTCca, NCNONb3YIOTCA MONOXKEHNA
Teopuu neHeTpaunm Xuréu.

[nsa onpepneneHns BennuuHbl pakTopa OOHOB-
NeHnA noBepxHOCTN AedOPMUPOBAHHBIX My-
3bIpbKOB BO3/yXa, BCM/bIBAOLWKMX B TYPOYeHT-
HbIX pexumax S, ¢, NpeasioKeHo NPUMeHATb
TepMoanHamuniyecknii noagxod. CteneHb UHTEH-
CUBHOCTV NpoLiecca 06HOBNEHNA MOBEPXHOCTM
pa3sgena ¢a3 8030yx — 800a yCTaHaBNMBaeTCA
COOTHOLLEHNEM BEeNMYMHbI 3IeMEeHTapHOW ce-
KyHAHOM paboTbl (MowHoctn) N, [x/c, Br,
COBepLUaeMO CUNOW N3ObITOYHOrO AaBleHnA
BO34yxa BHYTpW ny3bipbKa F,, H, n Benn4vHbl
noTeHuuanbHow sHeprum E ,, [1X, n36bITOUHOro
JaBneHna BHyTpK ny3bipbka Bo3gyxa AP, la.

C ncnonb3oBaHMeM MeTOAa aHanu3a pasmep-
HOCTe MOSlyYeHO YypaBHeHWe, OnucbiBatLLee
npouecc macconepefayn Kucnopoga Bo3gyxa
B BOAY M3 My3blpbKOB, BCM/bIBalOWMNX B TypOy-
NEHTHBIX PeXMmax, B KOTOPOM, B OTIU4YME OT
dopmynbl Xurbu, yuntbiBaetca 3PeKT nsmeHe-
HUA popmbl feGOPMUPOBaAHHBIX MY3bIPbKOB My-
Tem BBelleHVA OTHoLWeHMA KoabduureHTa anc-
nepcHocTn K, n ko3dduumeHTa dopmbl K, uto
nossonser 6oniee KOPPEKTHO OMMUCbIBaTb MPO-
Lecc paboTbl MTHEBMATUYECKUX CUCTEM aspaLun.
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2.14 BOAOCHa6)KeHI/Ie, KaHann3saunsa, CTpouTeSibHble CUCTEMbI OXPaHbl

BOAHbIX PECYPCOB (TEXHUYECKME HAYKN)

Ob AKTYAJIbHOCTW PASPABOTKI
CNPABOYHbIX MOCOBUI MO
TMOPABJIMYECKOMY PACYHETY
M3HOLWEHHbIX UHMEHEPHbIX CETEW
FOPOACKON UHOPACTPYKTYPbI

O. A.Mpopgoyc’, A. U. Wnbiukos?, A. A. Lectakos?, A. I. YenoHeHko?
' He3aBMCKMbIN SKCMEePT NO BOLOCHAOXeHMI0 1 KaHanu3aumm, CaHkT-Ietepbypr, Poccua
2 HaumnoHanbHbI nccnegoBatenbCckuii MOCKOBCKMIA rOCYAAPCTBEHHbBIN CTPOUTENbHbIN

yHuBepcuteT, Mocksa, Poccua

THE RELEVANCE OF REVISING REFERENCE MANUALS
ON HYDRAULICCALCULATION OF WORN-OUT
ENGINEERING NETWORKS OF URBAN INFRASTRUCTURE

Oleg A. Prodous', Dmitry I. Schlychkov?, Aleksandr A. Shestakov?, Andrey G. Chelonenko?
' Independent expert in Water Supply and Sewerage, St. Petersburg, Russia
2 National Research Moscow State University of Civil Engineering, Moscow, Russia

AHHoTauwmsa. [Tpy NPOEKTUPOBAHUN N PEKOHCTPYK-
LMW VIHXXEHEPHbIX CeTell ropofCckon NHOPaCTPyKTY-
pbl MPOEKTHble OpraHM3aunn Ana rmapasamyeckoro
pacueTa TpybonpoBoOB MCMOMb3yT Habop Knac-
cuyeckmx Gpopmysi, KOTopble He YUYUTbIBAKT U3Me-
HeHUA rMppaBAMyeckoro noTeHumana B npolecce
3KCnyaTauuu, YTo NPMBOANUT K 3HAUUTENbHbIM NO-
rPEWHOCTAM. DTMM OOOCHOBaHa Heo6XOAMMOCTb
pa3paboTKM 1 YTOUHEHWA CMPaBOYHbIX MOCOOU MO
rMapaBANYECKOMY pacyeTy W3HOLWIEHHbIX MeTas-
NINYECKUX BOAOMNPOBOAHDIX, KaHANM3aLUMOHHbIX W
TENNIOBbIX CETEN ropoAckon UHPPACTPYKTypbl. Ha
KOHKpPeTHOM npumMepe rpaduryecky NpogeMoHCTpu-
pPOBaHO BAVAHKE TONLWMHbI C/TIOA BHYTPEHHUX OTNO-
MKEHWI Ha TOYHOCTb F’MAPABNNYECKOro pacyeTa Tpyo,
TO eCTb Ha onpefeneHve napameTpoB UX rMppas-

Abstract. When designing and reconstructing
engineering networks of urban infrastructure,
design organizations use a set of classical formulas
for hydraulic calculation of pipelines. They don't take
into account changes in hydraulic potential during
operation, and it leads to significant errors. This
justifies the need to develop and refine reference
manuals for hydraulic calculation of worn-out metal
water supply, sewerage and heating networks of
urban infrastructure. A specific example graphically
demonstrates the influence of the thickness of
the layer of internal deposits on the accuracy
of the hydraulic calculation of pipes, i.e. on the
determination of the parameters of their hydraulic
potential. Based on the proposed methods of
hydraulic calculation of pipes, we proved the
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nMYeckoro noteHumana. Ha ocHose npepgnaraeMbix
MeTOAUK rmapaB/nyeckoro pacyeta Tpy6 fokasaHa
aKTyaNlbHOCTb [0PabOTKM CreuranbHblX CrnpaBouy-
HbIX MOCOOWIA, YuWTbIBalOWMX (aKTUUECKME U3Me-
HEeHVA 3HAYeHWU FMAPABINYECKUX XapPaKTepUCTUK
MeTaIM4yeckrx TpybonpoBoLOB B NpoLecce nx K-
nnyaTtauuu, B YaCTHOCTY, 3HaueHne KoadouumeHTa
rmgpasnmyeckon sdpdekTnBHOCTY Tpybonposoa.

KnioueBble cnoBa: BoAonpoBoAbl M3 CTallbHbIX
Tpy6, rMapaBANYECKNn pacyeT, TONLMHA CNoA BHY-
TPEHHUX OT/IOXEHWI, TOYHOCTb FUAPABANYECKOrO
pacuyeta Tpy6

relevance of revise the special reference manuals
with taking into account actual changes in the
values of hydraulic characteristics of metal pipelines
in the process of their operation, in particular, the
value of the coefficient of hydraulic efficiency of the
pipeline.

Key words: water pipes made of steel and cast iron
pipes, hydraulic calculation, thickness of the layer of
internal deposits, accuracy of hydraulic calculation
of pipes

Ona uyntupoBaHua: O6 akTyanbHOCTM Pa3paboTKM CNPaBOYHbIX MOCOOGUI MO rUApPaBIMYECKOMY
pacueTy M3HOLLUEHHbIX NHXEHepPHbIX ceTel ropoackon nHopactpyktypsl / O. A. Mpogoyc, [. W. Wnbiukos,
A. A. WecTakos, A.T. YenoHeHko. — DOI 10.31660/2782-232X-2023-4-64-70. — TeKCT : HENOCPEeACTBEHHbIN //
ApxuTekTypa, CTPOUTENbCTBO, TPAHCMOPT. — 2023. - N2 4 (106). — C. 64-70.

For citation: Prodous, O. A,, Schlychkov, D. I., Shestakov, A. A., & Chelonenko, A. G. (2023). The relevance
of revising reference manuals on hydraulic calculation of worn-out engineering networks of urban
infrastructure. Architecture, Construction, Transport, (4(106)), pp. 64-70. (In Russian). DOI 10.31660/2782-
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BBegeHmne

O6pa3oBaHMe BHYTPEHHMX OTIIOXKEHWI HA CTEH-
Kax MeTannyecknx BogOoNpoBOAOB CBA3AHO C dekK-
TPOMarHWTHbBIMU MNpoLeccaMmy, MNPOTEKAWUMN B
npupogHoin soge. CNon BHYTPEHHMX OT/IOXKEHMI Ha
paboueli noBepxHOCTY TPYD He MMeeT 3aKOHUYEHHOM
bUKCMPOBaAHHOW CTPYKTYpPbl, TaK KakK OHa 3aBUCKT
OT GU3MKO-XUMNYECKOTO COCTaBa MUTbEBOWN BOAbI 1
ONNTeNbHOCTU 3KCNNyaTaumm Tpybonposoaa.

MN3HOC BOOONPOBOAHOM CETU — COCTOAHME BHY-
TPEHHEN NOBEPXHOCTU TPYO (13 Ntoboro matepua-
na), xapaktepmsyemoe 3HauyeHUAMU aKTUYeCKnx
XapaKTepPUCTUK WX MMAPaBANYECKOro noTeHumnana:
d:;, V., i¢ [1, 2]. TngpaBanyecknii noTeHyman Tpyo —
OLIeHOYHbIN 3KCMyaTaUMOHHbIN KPUTEPWIA, XapaK-
Tepusyembli COBOKYMHOCTbIO 3Ha4YeHUn pacxopa
g, n/c, paBneHuna PN, Mla, pakTnueckon ckopocTu
ABVXeHUA Xnakoctn V., m/c, u dakTuyecknx no-
Tepb Hamnopa Ha NpeojosieHne CONPOTMUBIEHUN MO
anure h, m (h? = iy-l,mnpul=1n. mh? =iy, M).

Mpwn 3KcnnyaTaumm NHXEHepPHbIX ceTen ropop-
CKOM MHOPACTPYKTYpbl U3 MeTannmnyeckux Tpyob (ce-

Tell BOLOMPOBOAA, KaHanm3auuu, TeMNIoBbIX ceTen)
Ha WX BHYTPEHHEW MOBEPXHOCTV Obpa3yeTca Crou
OTNOXKEHWUN, U3MEHAIOLMIA 3HAUEHME XapPaKTEPUCTUK
rMOpPaBNMYECcKoro noteHumnana Tpy6: dpakTnyeckoro
BHyTpeHHero anametpa d?, dakTuueckoii cKopo-
CTW [IBUXKEHUA XKIAaKoCTn V, 1 baKTUyecknx notepb
Hanopa no AnuHe Tpy6 h , xapakTepnsyemblx Ux ru-
APaBANYECKM YKITOHOM i¢ (h, = i¢ Lm npnl= i¢).

Ha puc. 1 npuBegeHbl ¢pparMeHTbl CTanbHbIX
TPYy6 C BHYTPEHHVMM OTNOXKEHMAMY B BOLOMNPOBO-
LHbIX, KaHANIM3aLWNOHHBIX U TEMNTOBbIX CETSAX ropoj-
CKOM MHOPaCTPYKTYpbI.

CornacHo [3], cnoi oTnoXeHun 6¢ Ha BHYTpEH-
HUX CTeHKax TPyb He ABNAETCS MOCTOSHHOWN Benu-
UYNHOWM N N3MEHAETCA NO TONLWMHE BO BPEMEHM, 3a-
BMCUT OT KayecTBa TPaHCMOPTUPYeMON Mo Tpybam
cpefbl, CKOPOCTHOTO peXrMa dKCrlyatauumn u Be-
NNYVHBI 3apAfa YacTuL, MONeKyn BOAbl. OTO XapakK-
TEPHO KakK s HAaNoOpPHbIX MeTaNInyecknx Tpyo, Tak
1 ANA HAaNOPHbIX KONJTEKTOPOB [4-6].

Bonpocbl rugpaBnmyeckoro pacyeta n crnoco-
6bl NpepoTBpalleHMA 06pa3oBaHUA BHYTPEHHUX
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Puc. 1. ®pazmeHmesl BHymMpeHHUX omJioxeHuU
Ha 8000NP0OBOOHbIX (a), KAHAIU3AUUOHHbIX (b),
mensioseix (c) cemsx
Fig. 1. Fragments of internal deposits on water supply (a),
sewerage (b), heating (c) networks

OT/IOXKEHWI Ha CTEHKax BOAOMPOBOAHbIX TPYO pac-
cmaTpumBanuncb npodpeccopom @. A. LLleBenesbim B
1953 r. [7], KaHA. TexH. HayK b. J1. Peii3nHbim B 1979 1.
[8] v ppyrmun yyeHbiMW. Tabnuupbl AnA rugpasnn-
YecKoro pacueTa MeTajsiMyecknx BOJOMPOBOAHbIX
Tpy6, paspabotaHHblie O. A. LLieBeneBbim No pesysb-

TaTaM NPOBeAEHHbIX NCCNEfOBaHNIA, UCNOSb3YIOTCA
NMPOEKTHbIMU OpraHM3aumaMn 4o cux nop. AHanus
3HauyeHuin 13 cnpaBoyHbIx nocobuin O. A. LLlesenesa
[9] nokasan, 4YTo B OTAENbHbIX C/yyasax 3T 3Hauye-
HUA UMEIOT pacxoxaeHune ¢ GakTMYecKUMM nokasa-
Tenamm go 20 % [3].

ABTOpbI CTaTby, ONUPAACb Ha pe3ynbTaTbl aHa-
n3a 3aBUCMMOCTM MOTepu Hamopa no AnuHe [10],
00BACHAIT Takoe HecooTBeTcTBUE TeM, uTo O. A. Lle-
Be/ieB NPOBOAMN MCCNeA0BaHUA HEHOBBIX CTaNlbHbIX
BOLOMPOBOAHbIX TPyO C TONWMHON (aKkTUYeckoro
CNoA BHYTPEHHUX OTNIOXKEHUA & o = 1 MM. Pe3synbraTbl
rMapaBANYeCcKMX UCCnefoBaHnin 6binn 0600LWEHbI 1
pacnpocTpaHeHbl Ha BECb COPTaMEHT TpYyo6.

CpaBHUTENbHBIN aHaNU3 XapaKTePUCTUK TU-
OpaBnNyYecKkoro noteHumMana M3HOLWEHHbIX MeTa-
NMYyecKux BoJoNpPOBOAHbIX TPy6 [11] nokaszan, uto
B cBoux uccnepgoBaHusax @. A. LLiesenes He yunTbl-
Bas BAVAHNE U3MEHAIOLWENCA BO BPEMEHU TOSLN-
Hbl C/I0A BHYTPEHHUX OTNIOXKEHNI §,, OKasbiBaloLL e
OCHOBHOE B/INSIHME Ha pe3ynbTaT rmapaBanyeckoro
pacueTa Tpy6, TO eCTb Ha 3HauyeHue aKTUYeCKmx
notepb Hanopa h, Ha conpoTUB/EHVE MO [JInHE.
B cBA3n ¢ 3Tum B 2021 . KONEKTUBOM YYEHbIX 13
CaHkT-lMeTepbypra 6bi10 paspaboTaHo 1 BbinyLye-
HO nepBoe usgaHve CnpaBoYyHOro mnocobusa ans
rMapaBAMYeCcKoro pacyeTa BOAOMPOBOAHbIX TPYO
13 CTaNn 1 CePOro YyryHa C BHyTPEHHUMMN OTNOXe-
Huamm [12]. NMocobre coctaBneHO NO YyTOUYHEHHOW
asTopamu popmyne O. A. LLlesenesa, yunTtbisatoLen
dakTnueckoe (M3MepeHHOE) 3HaueHune 6¢, BXOAA-
Liee B paCyeTHYI0 3aBMCUMOCTb, UMEIOLLYIO BUA:

A Vy
i, =0.00107 —*— = 0.00107 L =
(d) [(d,-2s,)-28,]

rae V, — dakTyeckan CKopoCTb ABVKEHUA BOAbI B
Tpybe c oTnoXeHnAMHN, M/C,

d — Hapy>Hbin arameTp Tpy6bl cornacHo MOCTy, m;
S, — TOMLMHA CTEHKM Tpy6bI NO cornacHo NOCTy, m;
6¢ — daKTnyeckas TOMLLMHA CNIOA BHYTPEHHUX OT/0-
KeHun B Tpy6e, m.

B cnpaBouHom nocobun [12] npuBeaeHbl Ta-
6n1ubl C rMAPaBAMYECKMY NapaMeTpamu ANA BCexX
BbINyCKaeMbIX AMAaMETPOB MeTannnyeckux Tpyd c
TOMNLMHON CNIOA BHYTPEHHUX OTNOXeHn fo 30 Mm
BKJTIOUMTESTbHO.

mm/m o (1)
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TaK KaK npu ruapaBanyeckom pacueTte MeTaniun-
YeCKMX NHxeHepHbIx ceTeli no dopmyne O. A. LLese-
neBa He yunTbIBaeTCA GpaKTUUECKUIA CIION OTIOKEHNI,
YTO BEET K NMOrPELLIHOCTSAM, aBTOPbI CUNTAIOT HEOOXO-
OUMbIM YTOUHUTb XapaKTePUCTUKN M PaBANYECKOro
rnoTeHuMana Tpy6 1 npu pacyeTe yuynTbiBaTb 3Haue-
HUWe ruapaBnnyeckoro kosadoduuymeHta spdeKTUBHO-
CT 3KCnnyaTaumm Tpybonposoaa K| o 33BUCALLEro OT
baKTNUeCcKoN TONWMHBI CNI0S BHYTPEHHUX OTIOXe-
HU <S¢. Mo BennuMHe 3TOro KO3pPULIMEHTa MOXHO
6yneT o6bEeKTUBHO CyanTb O HEOOXOAMMOCTY Aalb-
HelLero NCnonb30BaHWA MeTaNININYeCKnX TpyO, nve-
towmx K., < 0.8. 3T0 NO3BONNT COKPATUTL CPOK pas-
paboTKM NPOEKTOB PEKOHCTPYKLUMK TPybonpoBOaos
13 CTann 1 CePOro YyryHa.

O61beKT 1 MmeToAbl uccnefoBaHNA

Ha KOHKpeTHOM npumepe CpaBHMM 3HayeHusA
XapaKTepUCTVK rmapaBanyeckoro noteHuymana Tpyo.
MpoaHanun3npyem 3HaueHWA rMaPaBINYECcKUX XapakK-
TEPUCTUK BOSOMPOBOAHbIX /1EKTPOCBAPHBIX TPYO MO
FOCT 10704-91' gnametpom d, =325 mm (5p =7.0 Mm)
no cnpaBoYHbIM nocobuam [9] n [12]. MocTpounm ans
CpaBHeHMA rpadurKM 3aBUCKMOCTM i, = f(<5¢) n pac-
CUMTaeM MPOLIEHT PACXOXKAEHUA XapaKTepUCTUK
rmapaBaMyeckoro noTeHuuMana And cpaBHMBaeMbIX
Tpy6. Pacxon g = 120 n/c (0.120 m*/c). TonwwmHa cnos
OTNIOXEHMUI B Tpy6ax — 17 mm (0.017 m).

B Tabnuue 1 npuBepeHbl ruapaBanyeckme xa-
pakTepucTUKn TPYO NpU TONLUHE OTIOXKEHNUA 17 MM.

Pesynbratbl 1 06CcyKaeHne

Mo cnpaBouHomy nocobuio [12] onpegensT
3HaueHusa aKTUYeCKoro BHYTPEHHero AnameTpa
Tpy6 d?,, paKTuecKoi ckopocTy V,n dakTnueckoro
TUAPaBINYECKOrO YK/OHa i,. PesynbTathl 3HaueHUn
rMApPaBINYeCKX XapaKTepucTuK Tpy6 Ansa 3agaHHbIX
YCNOBUI 3afaun nNpefcTaBeHbl B Tabnnue 1.

Ta6auua 1
Table 1
CpasHeHue 3HayeHuli 2udpasiuyecKux
Xapakmepucmuk mpy6 no pasHoIM pac4emHoIM
308UCUMOCMAM NPU MOAWUHE C/T0A omoxeHut 17 Mm
Comparison of values of hydraulic characteristics of pipes
according to different calculation dependences at 17 mm
thickness of deposit layer

3HauyeHNs XapaKTepucTuK rugpaBamnyeckoro
noTeHuMana 3neKTpocBapHbIX BOAONPOBOAHbBIX TPY6
Anametpom d =325 mm

no cnpaBoyHomy noco6uto [9] (L)

d?™ M V¥ m/c | 10000y, MM/ m
0.309 1.58 12.2
no cnpaBoyHomy noco6uto [12] (1)
d?™* m V," m/c | 1000 iy, Mm/m
0.277 1.96 20.61
*dy, =(d, -25,)-25,, 2)
4.q
Vy=——-, (3)
¢
ﬁ-(dS’H )2
2
iy = 0.00107V+*’13. @)
m{dy)

[na npuBepneHHoOro nprmepa 60sbLIoe pacxox-
[eHne 3HauyeHUn xapakTepuctuk Tpy6 (Tabnuua 1)
MOKeT ObITb NOATBEPXKAEHO rPadKOM 3aBUCUMOCTY
i¢ = f(6¢) (pwc. 2), NOCTPOEHHbIM MO AaHHbIM TabNNLIbI
2 nA pa3HoW TONLWUHBI CIOA OTIIOXKEHUI 6¢.

MpadurKm 3aBNCMOCTH i,= f(6¢) noaTeepXxaaoT
Heob6XoAMMOCTb 0653aTENBHOIO yUYeTa Npy rMapaBs-
nuyeckom pacuete GaKTUYECKOW TOJLWMHbI CoA
BHYTPEHHMX OTNOXKEHWI B MeTannuyeckux Tpybo-
NPOBOAAX MHXEHEPHbIX CeTeN.

AHann3 3HaueHui xapakTepucTuk Tpyb, npuse-
JEHHbIX B Tabnmue 2, NOKa3blBaeT UX CyLLeCTBEHHOE
PacXoXAeHWe, YTO OOBACHAETCA HEYYETOM BESINUMHDI

'TOCT 10704-91. Tpy6bl cTanbHble 3neKTpocBapHble NpamMoLosHble. CoptameHT = Electrically welded steel line-weld tubes. Range :

MeXroCyAapCTBEHHbIV CTaHAAPT :

yTBEPXKOEH U BBeAeH B HeicTBue [MocTtaHoBneHvem KomuTteTa crtaHgapTv3auuy v me-

Tponorun CCCP ot 15.11.91 N2 1743 : B3ameH [OCT 10704-76 : pata BBefeHua 1993-01-01 / paspaboTtaH 1 BHeceH MuHucTep-
ctBom MeTannyprum CCCP. — TeKCT : 3neKTPOHHbIN // DNeKTPOHHBIN GOHZ, NPABOBbLIX N HOPMATUBHO-TEXHUYECKMX [JOKYMEHTOB :
cant. - URL: https://docs.cntd.ru/document/1200001409 (mata obpatyeHus: 02.09.2023).
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Tabnauua 2

Table 2
V3meHeHue 3HayeHuli xapakmepucmuk mpy6 npu pasHeix 3HaYeHUsx o
Variation of values of pipe characteristics at different values of &,
CpaBHeHMe pe3ynbTaToB pacyeTa XapaKTepucTuk Tpy6
TonwmHa cnos Mo pa3sHbIM CNPABOYHbIM NOCOGUAM
OT/NOoXeHnn
6, mm d*™", m Vv," M/ c iy MM/ M d*"", m Vv, m/c iy, MM/ M
0 0.311 1.58 0.01399 0.311 1.58 0.01399
5 0.309 1.69 0.01407 0.301 1.69 0.01456
10 0.309 0.81 0.01614 0.291 1.81 0.01745
15 0.309 1.94 0.01854 0.281 1.94 0.02097
20 0.309 2.08 0.02131 0.271 2.08 0.02527
ip, Mm
N
0.035 oM
0.03 BH
0.025
0.02 . i<’;>H(lll)
0.015 O O
0.01
B Puc. 2. [paghuk 3a8ucumocmu
’ i = f(6 d)) 0na mpy6ei d, =325 mm
0 > . .
0 5 10 15 20 Iflg. 2. Depend?nce diagram
8¢, Mm i,=f(6,) forpiped =325mm

3HaYeHus 6¢ > 1.0 MM Npu pacyeTe no ¢opmyne (3).

Takum obpas3om, MOXKHO YyTBep)KAaTb, YTO -
OPaBNYeCcKUin pacyeT HamopHbIX CceTen BOJO-
CHabXeHWA, KaHanusauuym 1 TEMnoBbIX ceTell 13
MeTaNnYecknx Tpyo HOMmKeH NpoM3BOAUTLCA MO
dbopmynam, yumTbiBalOWMUM N3MEHEHNE BENUNYMHDI
nXx GaKTNUECKOTO BHYTPEHHETO AAMeTPa, KOTOPbIN
N3MeHAEeTCA B NpoLecce SKCnyaTaLmm 3a cyet 06-
pa3oBaHuWA CNosA BHYTPEHHUX OTNIOXEHUI B Tpybax
(pnc. 1) [13, 14].

N3meHeHne daKTnueckoro BHYTpeHHero fua-
meTpa Tpy6 d? npuBoauT K yBenMueHuio pakT-
YECKOW CKOPOCTU [BIXKEHUA XuaKocTn V, 1, Kak
CneacTBue, yBEIMUYEHUNIO NOTEPL HaMopa Ha conpo-
TMBNEHME NO A/INHe h, (NOBbILWEeHNIO SHepPronoTpe-
6neHns HacocHoro obopygoBaHus) [15-17].

BbiBoAabIl
Wcnonb3oBaHne Ansa rmapaBnmMyeckoro pac-
yeTa HEHOBbIX MeTaJNINYECKUX BOAOMPOBOAHbIX

Tpy6 dpopmynbl npodpeccopa ®. A. LLlesenera (dop-
mynbl (3)) npyuBoAMT K nmorpewHocTam. [Ona pac-
CMOTPEHHOW B JAaHHOM UCCIe[OBaHNN 3a4aun OHU
cocTtaBunu 3.5-18.6 % B 3aBNCUMOCTUN OT CKOPOCTA

ABUKEHNA XnaKocTun. [ToaTomy aBTopaMy peKOMeH-

[OBaHoO:

- npoBecTn cneymranbHbole HAP, uenblo KoTopbix
6ynet pa3paboTka METOAMKN MM paBINYeCcKom
oueHKN 3PpPeKTUBHOCTM SKCMyaTaLmm NHXe-
HEPHbIX CeTell TOPOACKON WHPPACTPYKTYpbI
ANA NPUHATA 060CHOBAHHOTO peLleHus O Bbl-
BOZE M3 SKCMayaTauum KOHKPETHOro y4yacTka
cetu;

+ pgopaboTaTb CyllecTBylLME CrpaBOYHble Mo-
cobma AnAa NPOEKTHbIX W 3KCMNyaTUPYHOLLMX
OpraHusauuim no ruapaBINYECcKOMY pacyeTy
MeTannm4yecKnx BOAOMNPOBOAHbIX, KaHaNn3auu-
OHHbIX 1 TEMJIOBbIX CETEN C BHYTPEHHUMU OTNO-
MEHMAMU C BO3MOXKHOCTbIO MPOrHO3UPOBaHUA
OCTaTOYHOrO NMepuoAa Nx sKCnayaTayun.
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2.9.5 SkcnnyaTaumsa aBTOMO6GUIIbHOTO
TpaHCnopTa (TEXHNYECKME HayKN)

YMNPABJIEHUE MOBUJIbHOCTbBIO
MPU PA3BUTUIA BTOPOOAX CEPBUCOB
KPATKOCPOYHOW APEHbI

JJIEKTPOCAMOKATOB

[. A. 3axapos, A. A. DagownH

TioMeHCKMI MHAYCTpuranbHblA yHUBepcuTeT, TiomeHb, Poccua

MOBILITY MANAGEMENT IN THE DEVELOPMENT OF SHORT-TERM
ELECTRICSCOOTER RENTAL SERVICES IN CITIES

Dmitrii A. Zakharov, Alexey A. Fadyushin

Industrial University of Tyumen, Tyumen, Russia

AHHOTauuMA. Ha ocHOBe pe3ynbTaTtoB Makpomoge-
NIMPOBAHUA PacCMaTpPMBAETCA pPasBUTUE CEPBUCOB
KPaTKOCPOYHOWM apeHAbl 3NeKTPOCaMOKaTOB U UX
BJINAHNE Ha CTPYKTYpYy NOABVXHOCTU HaceneHuA
ropoga. Llenb nccnegoBaHua — oueHka U3MeHeHuUA
CTPYKTYpbl NOABMXHOCTU HaceNleHUsa KPYMHOro ro-
poaa, He uMeloLwero BHeYIMYHOro TpaHCcnopTa, npu
Pa3BUTUN BENOAOPOXKEK U N3MEHEHUMN TapnPOB Ha
KpPaTKOCPOUHYIO apeHy aN1ieKTpocamokaToB. Mccne-
AOBaHVEe NOKa3aso, YTO NPU CHUXXEHUN CTOUMOCTH
apeHabl 3neKTpocaMoKaTa M yBeMYeHUn npoTa-
MEHHOCTM BEIOJOPOXKEK PACTET UNCSIO0 NONb3oBaTe-
nen 3NeKTPOCaMOKaTOB M CHUMAETCA KONNYeCTBO 1
[0N1A NEePEeABMKEHNI HA UHAMBUAYaANIbHOM 1 06LLe-
CTBEHHOM TpaHcnopTte. CTOMMOCTb apeHAbl dneK-
TPOCAMOKAaTOB BAMAET TakKe Ha CcpefHee paccTos-
HMe Noe3fKu, a CyiefloBaTe/IbHO, Ha Br3Hec-Mopenb
[aHHOro cepsuca. VIameHeHne CTOMMOCTI apeHAbl
SMIEKTPOCAMOKATOB ABMAETCA OOQHMM 13 Meponpua-
T NO YNPaBNEHNIO MOOUIBHOCTBIO XKUTENIEN ropo-
[oB. Takoe mMeponpuATMe MOXET U3MEHATb 3arpys-
KY YIMYHO-OOPOXHOW CeT! ropofa M TpaHCnopTa
06LLero nosb3oBaHus.

Abstract. Article discusses the development of
electric scooter short-term rental services and their
impact on the structure of the mobility of the urban
population based on macrosimulation results. The
purpose of the study is to assess changes in the
mobility structure of the population of a large city, in
witch the transport that provides regular passenger
transportation on paths isolated from motor roads
is absent, with the development of bicycle lanes and
changes in tariffs for short-term rental of electric
scooters. The study found that when the cost of
renting an electric scooter would decrease and the
length of bicycle lanes would increase, the number of
electric scooter users would increase and the number
and proportion of journeys made by individual and
public transport would decrease. The cost of renting
electric scooters also affects the average travelling
distance and therefore the business model of the
service. Changing the cost of renting electric scooters
is one way to manage the mobility of city dwellers.
This could change the loading of the urban street and
road network and public transport.
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BBepeHmne

B HacToAWee BpemMA Ha ynuuax POCCUNCKUX
ropoaoB aKTVBHO BHeAPATCA CepBMCbl GalKLue-
pyHra (CucTteMbl KpPaTKOCPOYHOW apeHAbl Benocu-
nefoB) M KUKLIEPUHra (CMCTeMbl KPaTKOCPOYHOM
apeHAbl 3M1eKTPOCaMOKaTOB), @ B NETHUA NepUog
dbopmMmUpyeTCA MaCCoBbIN CNPOC Ha NepeaBUKEeHNSA
C MOMOLLbIO CPEeACTB MHAMBUAYANbHOW MOOUTbHO-
ctn (CMM). CUM wmncnonb3yoTca rpaxgaHamn ans
nepeaBvXeHKaA Mo BENIOJOPOXKKaM, TPOTyapam, Jo-
poram obLiero nonb3oBaHUsA, BO ABOPaxX 1 Ha ApY-
rMX NPUIeraLWwmnx TeppUTopPUsX.

B MoctaHoBneHun [paButenbctBa PO ot
23.10.1993 N2 1090 «O [lMpaBunax AOPOXHOro ABK-
XeHua»' ¢ 2023 r. BBegeHo noHAaTne CUM un pas-
paboTaH pasaen «[ononHuTenbHble TPeboBaHNA K
OBVXKEHMIO BENOCKMnegucToB, Bogutenen moneaos
W nvd, NCNONb3YLWKX ANA NepenBKeHna cpes-
CTBa MHAUBMAYaNbHON MobunbHocTW». Cornac-
HO pgokymeHTy, CVIM - TpaHCnopTHOe CpencTso,
nmeroLee OAHO WM HECKOJSIbKO Konec (ponnkos),
npefHa3HayeHHoe ANA VHAMBUAYANbHOrO nepe-
OBVXKEHNA YerioBeKka NOCPefACcTBOM MCMOJb30Ba-
HWA ABuratena (pBuratenen) (anekTpocamoKaTbl,
JNEKTPOCKENTOOPAbI, TMPOCKYTEPbI, CUFBEN, MOHO-
Koneca 1 MHble aHanornyHole cpeactea). OgHako
MHorve nonb3oBateny CYIM He 3HaloT, rAe 1 C Kakown
CKOPOCTbIO MOXHO MepeaBuraTtbCsi, Kak n3bexaTb

CTOJIKHOBEHUI 1 YeM rpO3UT HapylleHre MpaBul
OBUKEHUA.

OnbiT Knaccudumkaumm CUIM paccmoTpeH B
paboTax HayuHo-nccnenoBaTenbCckoro MHCTUTYTA
aBTOMO6UNbHOro TpaHcnoprTa [1]. Knaccndumkauyu-
OHHblE€ CUCTEMbI YYMTBIBAKOT PasfinyHble napame-
Tpbl CMIM: International Transport Forum - maccy
N MaKCManbHY0 CKOPOCTb, cnuctema EBpocotosa -
MOLLHOCTb, UCTOUYHMK NuTaHus u rabaputbl, CLLUA —
MOLLHOCTb 1 CKOPOCTb, SAE — maccy, wupuHy, cko-
pOCTb N UCTOYHUK NuTaHuA, cuctema B. C. Wen-
MaKoBa — rabapuTbl, Harpy»eHHy Maccy, Makcu-
MaJibHYK KOHCTPYKTUMBHYK CKOPOCTb 1 MOLUHOCTb
Asuratens.

B 2017 r. 6b1n ony6nunKoBaH uccnefoBaTenb-
ckuin otuet «[paBuna 1 6e30nNacHOCTb AN dMeK-
TPUYECKNX BENOCUMNEefoB N APYrMX MasOMOLLHbIX
TPaHCNOPTHbIX CpeAcTB». [JoKyMeHT 6bin NoAroToB-
neH komnaHuen ViaStrada Limited no 3aka3sy TpaHc-
nopTHOro areHTcTBa Hoson 3enaHaunn. ABTopamu
6bINV NpoBefeHbl NccnefoBaHna 57 mogenen anek-
TPOCAMOKATOB U NMOAOOHbIX TPAHCMOPTHBIX CPEACTB
N3BEeCTHbIX 6peHAoB, B TOM uncne 6bM paccmo-
TPEHbl UX MaKCMMasibHble CKOPOCTU Y MOLUHOCTM
asuratenen. CornacHo pesynbTatam UccinefoBaHus,
60NMbWNHCTBO MNpPeACTaBNeHHbIX MoAenen Takux
TPaHCMOPTHbLIX CPeACTB MMEeT MOLWHOCTb Gonee
250 BT [2], TO eCTb MO AeNCTBYOLWEMY POCCUNCKO-

! O npaBmnax JOPOXHOIO ABMKEHUS (C U3MEHeHUAMY Ha 2 ntoHaA 2023 roga) : MoctaHoBneHne CoBeTa MMHUCTPOB MpaBrTenbCTBa
Poccuitckoin ®epepaum N2 1090 : yTBepaeHO 23 oKTA6psa 1993 1. — TeKCT : INeKTPOHHbIN // INEKTPOHHbIN GOHA NPaBOBbIX U HOP-
MaTUBHO-TEXHNYECKNX AOKYMeHTOB : calT. — URL: https://docs.cntd.ru/document/9004835 (gata obpatierms: 10.08.2023).

72

Apxumekmypa, cmpoumenbcmeo, mpaHcnopm



My 3aKOHOAATENbCTBY U NPAKTUKE ero NPUMeHeHUsA
OHW MOTYT 6bITb NPMPABHEHbI K MOMeAaMm.

B mnccnepgoBaHMM Takke paccmMaTpuBanca BO-
npoc 6e30MacHOCTX MewexoaoB, 0TMeYasnochb, YTo
nelexoaHble JOPOXKKN JOMKHbI ObITb YyCTPOEHbI Ta-
KM 00pa3om, YToObl CBECTU K MUHVMYMY CTOJIKHO-
BeHuAa CIM ¢ newexogamm, NOgbE3AHBIMU NYTAMU,
a TakXKe MageHna 1 onpoKnablIBaHMA 13-3a MIOXOro
KayecTBa MOBEpPXHOCTY [2].

B cTaTtbe [3] aBTOpPbI NPOBENM aHanM3 NCNOJb-
30BaHMA C/IM B pasHbix ropogax v NpuLIn K Bbl-
BOAY, UTO Ha cerofHAWHNA AeHb Bknag CYM B ne-
penBKeHVA nogel HeoAHO3HaAUYeH W 3aBUCUT OT
MHorux ¢akTopoB, a NoBeAeHNE NoNb30oBaTeNel B
6osblUen CTeNeHN 3aBUCUT HE OT HaINYMA LEePUHTa
CUMM B ropoge, a OT HAAEXHOCTU N KayecTBa TPaHC-
NOPTHON MHOPACTPYKTYpPbI.

NccnepoBaHMA TakXke MOKa3blBaloT, YTO B He-
60MblINX TOpOofax, pPaioHax C HU3KOW MIOTHOCTbIO
HaceneHua 1 HU3KNUMK goxopamu passutne CUM 3a-
TpyAHeHo. Tak, HECMOTPA Ha XOPOLUO BbICTPOEHHYHO
TPaHCMOPTHYO cuctemy, BHegpeHre CUM B Hebonb-
LUMX WBENLAPCKUX ropofax MPOXOANI0 HeydauHo [4].

OueHka $akTopoB, BAUAKLWMX Ha Bbibop CUM
KaK cpeAcTBa nepenBuKeHUs, a He pa3BiieyeHus,
nposoaunacb B pabote [5]. Ha dopmumpoBaHue
YCTOMUMBOrO CMpoca BAWAIT He TONbKO AOCTYI-
HOCTb 1 6€30MacHOCTb AaHHOMO TPAHCMNOPTa, HO U
3MoUuuK, CBA3aHHbIe C ero ncnosibdoaHnem. Onpo-
Cbl Mosnb3oBaTesiell MOOWIBbHOIO 3M1IEeKTPOTPAHC-
nopta Bo OpaHumm n CeBepHoli Amepuke [6, 7]
nokasasnu, 4To Jiloan BblbUpatoT 3TOT cNocob nepe-
ABVIXKeHUSA, TaK KaK OH [OCTaBAAET MNONOXUTENbHble
aMoumn. K ToMy ke, Takom Cnocob nepeaBmKeHnsA
npuBfeKaeT ntofen ¢ orpaHNYeHHbIMU GU3NYECKN-
MW BO3MO>KHOCTAMM.

Tem He meHee, CIM moryT npeactaBnATb onac-
HOCTb AN NewexonoB W APYruxX YYacTHMKOB [O-
POXHOIO ABWXEHUSA 13-3a BbICOKOW CKOPOCTU, KO-
TOPYIO CNOCOOHbI Pa3BUBaATb. ITUM OBYCIOBIEHDI
OrpaHNYeHMA Ha NCMOJIb30BaHMeE NeLexoaHbIX 30H
[8]. PeweHnem ropofcKkux agMUHUCTPALUIA B HEKO-
TOPbIX PafloHaxX YCTAaHOBMEH 3aMpeT Ha MapKOBKY
M nepemeLleHnsa Ha JAaHHOM TpaHCMopTe Un BBe-
[EHbl OrpaHNYeHNA MO CKOPOCTU MepeaBUKeHUA.
Takue orpaHMyYeHnsa MOryT BBOAUTHCA Ha OTKPbITbIX

nnowagkax ¢ 60JbIMM CKOMJIEHNEM MELIeXonoB
(napkax, HabepexHbix) [9, 10]. Ona pa3geneHus
nonb3oBatenen CMIM/BenocmneancToB 1 newexo-
[I0B CO3[al0TCA BENIOAOPOXKKM, 32 CYET pasrpaHnye-
HWA NOTOKOB CHMXAOTCA 3aiePXKKM Nosib3oBaTenen
rOpOACKOW TPaHCMOPTHOW CUCTEMbI, YMEHbLUIAeTCA
KONMUecTBO KOHGMMKTOB cCpeawn nosib3oBaTenei
CMM/BenocnnegmcToB 1 NeLwexonoB, NOBbILLAETCA
ypoBeHb 6e3onacHocTy aABukeHuA [11, 12].
MaKcrManbHO [OoNyCcTMMaA CKOPOCTb ABMXKe-
HuA BenotpaHcnopta n CMM Ha ynuuax ropogos
cocTaBnseT 20-25 kKm/4. OgHAaKO CKOPOCTb coobule-
HuA Ha CMM ropaspo Huke n gocturaet 12-15 Kv/y,
TaK KakK HeKOTOpble Y4YacTKW YIMUYHO-[OPOXHOWN
CETU MOTyT BbITb He 06yCTPOEHbI 417 KOMPOPTHOTO,
6e30MacHOro 1 6bICTPOro ABMXKeHUS. Ha nyTu moryT
BCTpeyYaTbCA BblCOKME Gopaopbl, UCKYCCTBEHHblE
HEPOBHOCTW, KOMEW, HeKayeCTBEHHOE [OPOXHOoe
nokpbiTne n T. 4. [13]. B yacbl NMK cKkOpOCTb ABUXe-
HuA BenoTpaHcnopTa unu CUM moxeT 6biTb 60/1b-
Le CKOPOCTU ABUXKEHUA APYrX BULOB TPaHCNOPTa,
yTo Aenaet ero bonee npusnekaTenbHbIM [14].
Lenb paHHOro mccnefoBaHMA — OLEHKa W3-
MEHEHNA MNapamMeTpPOB FOPOLCKOW TPaHCMNOPTHOM
cUCTEMbI MPU U3MeHeHUN TaprdOB 1 Pa3BUTUN UH-
dpacTpyKkTypbl AnA nepensuxeHusa Ha CYM.

O6beKT 1 MeToAbl NCCIef0BaHNA

O6beKkToM MccnefoBaHWA ABNAETCA CTPYKTypa
NOABWMKHOCTW B FOPOACKOWN TPAHCMOPTHOM CUCTe-
me. [NpegmeTom — CTPYKTypa NOABUXKHOCTY Hacene-
HUA ropofa Npu pasnuyHbIx Tapudax Ha nepeme-
LeHme ¢ ncnonb3oBaHnem CUM.

funomesa uccnedosaHus 1 — MPU CHUKEHUU
ctoumocTn apeHabl CYIM yBenuumBaeTtca Konumye-
cTBO nosnb3osatenen CUM, cHMXKaeTca Yncno nosb-
30BaTeNiell HAMBUAYANIbHOIO 11 FOPOACKOTro obLye-
CTBEHHOrO TpaHcnopTa.

lunomesa uccnedogaHus 2 — KONMYECTBO Noes-
JOK 1 CpefHAA OanbHOCTb NOE340K 3aBUCAT OT Ta-
puda Ha ncnonb3oraHne CUM.

BnuaHve Tapuda Ha apeHAy 3neKTpocaMoKa-
TOB Ha KOMIMYEeCTBO NOe340K ONMCbIBAeTCA ypaBHe-
Huem no dopmyne (1):
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rae N, — KONMYecTBo Noe3fokK B Hac nvk Ha CUM;
C,,.., — CTOMMOCTb 1 MUHYTbI apeHAbI 3IEKTPOCAMO-
KaTa, pyo.;

a, b - napameTpbl ypaBHeHNA.

OnA oueHKN M3MeHeHUA CTPYKTYPbl NMOABMX-
HOCTU HaceneHua MCNOoNb3yeTcAa MoAenMpoBaHMe
TPAHCMOPTHbIX MOTOKOB B I. TIOMEHM Ha MaKpOypOB-
He B NporpammHom Kkomnnekce PTV Visum.

B [15] paccmMOTpeHO M3MeHeHue CTPYKTypbl
NOABMXHOCTM MPU  U3MEHEHUUN SKOHOMUYECKNX
$aKTOPOB ropPOACKON TPAHCMOPTHOW cucTeMbl (CTO-
MMOCTM MAATHOM MApPKOBKM U CTOMMOCTM npoe3fa
B rOpOACKOM TpaHcrnopTe 06LWero nosib3oBaHuUsA).
B maHHOM mccnefoBaHMK TakXKe UCNONb3yeTca CO-
NPOTMBIEHME NOE3AKM HA Pa3HbIX BUAAX TPAHCMOP-
Ta 1 cnocobax nepemelLLeHui.

Mpy NCNonb30BaHNN CEPBNCOB KUKLIEPUHra (Ha-
npumep, ot komnaHun Whoosh, tOpeHT) 06bIYHO He-
obxoauma onnara B Hauane apeHAbl (Npw cTapTe) 1 Aa-
nee no BpemeHu ncnonb3zosaHna CYIM (nomnHyTHas,
YyacoBas, CyTouHas). Hanpumep, npu ncnonb3oBaHUu
CM komnaHum Whoosh Heobxoaumo 3annatutb 50
py6neii npy cTapTe 1 ONMATUTb KaXayo MUHYTY apeH-
Ibl (0T 5 pybneii 3a MyHyTY). CtomocTb npokata CUM
MOXeT YBeNIMYMBaTbCA B 3aBMCUMOCTY OT cnpoca. Tak-
e Nonb3oBaTesb UMeeT BO3MOXHOCTb 0GOPMUTb Me-
CAYHYI0, FOAOBYIO MOANUCKY Ha CEPBUC, MPY KOTOPOW
CTOUMOCTb Havana apeHabl CIM paBHa Hynto.

EUAT ® Taken

Cronmoctb npokata CUM, py6./mMuH.
wn

ConpoTusneHue noesaku Ha CUM onpepenset-
ca no dpopmyne (2):

R T

noox

i = +Toum + Pemmno + Por  Tom )+ K, (2)
rae R, — conpoTrsneHune noesgkun Ha CUM;

T 5. — Bpemsa noaxofa Kk CIM n opopmeHns apeH-
[Obl Yepes NpunoKeHne, MmnH.;

T ,» — BPEMA peannsauuy KoppecrnoHAeHuur Ha
CUM, MUH,;

P, — HauanbHas (CTapToBas) CTOMMOCTb apeHfbl
CUM, pyb.;

P_,,— VTorosas ctoumoctb apeHabl CUIM, py6.;

k - nepeBogHo Ko3ddurLMEHT, MUH./py6.

Pesynbratbl

Mo pe3ynbTatam MakKpomoaenupoBaHuA Obino
onpegeneHo, 4YTo MNpuU YBEINYEHUN CTOUMOCTU
npokata Konnyectso nepenasuxeHnn Ha CUM
CHW)KAEeTCA, a NOCPeACcTBOM OCTasibHbIX CnocoboB
nepemeLleHnn yeennumsaeTca. Hanpumep, npwu
yBenuyeHnn ctommocTtn npokata CMIM ¢ 1 go 10
pybnen 3a ofHy MWHYTY KONMYECTBO MepenBuKe-
HUN Ha TFOPOACKOM TpaAHCMopTe OO6LeCcTBEHHOMO
nosib3oBaHUA yBenuumaaetca ¢ 19 go 21 %, a uicno
nonb3oBaTtenen NHAMBUAYaNbHOro TpaHCNopTa Mno-
BblaeTca ¢ 28 1o 30 % (puc. 1, Tabnuupl 1 1 2).

E[TOMN m[lewexogsl ™WBenocunegucrel B CUM

0 10 20 30 40

50 60 70 80 90 100

[ona nepegsuxennn, %

Puc. 1. V3meHeHUe cmpyKkmypbl NOOBUXHOCMU HACEeIeHUA NpU U3MeHeHUU cmoumocmu npokama CUM
(npomsxxeHHOCMBb 8e1000pOoXKeK 158 Km)
Fig. 1. Change in the population mobility structure with changes in the cost of renting individual mobility means
(length of bicycle lanes is 158 km)
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Tabnuya 1

Table 1
BrusHue cmoumocmu apeHObl 371eKmpoCcamokama Ha cmpyKmypy no08UXHOCMU HAceneHus
(npomsxeHHOCMb 8e/1000pOXeK 158 km)
Impact of the cost of renting an electric scooter on the mobility structure of the population
(length of bicycle lanes is 158 km)
KonunuectBo nepeaBuxeHuii no BuAgam TpaHCnopTa u cnoco6am
CTOMMOCTb NpoKaTa B YTPeHHUI Yac nuK B TiomeHu, ep.
CUM, pyG./mun. uT Takcu rron Mewexopbi EEDEETE cum
AUCTDbI
1 39983 23691 27111 23772 12522 13757
2.5 40274 24222 28138 24139 13075 10 295
5 41031 25147 28 898 23974 13659 6268
7.5 41 416 25891 29249 24111 14 046 3679
10 41714 26175 29521 24188 14 337 2008
Tabnuya 2
Table 2
BnusHue cmoumMocmu apeHObl 371eKmpocamokama Ha Cmpykmypy no08UXHOCMU HacesleHus
(npomsixeHHOCMb 8e/1000poXxeK 38 kM)
Impact of the cost of renting an electric scooter on the mobility structure of the population
(length of bicycle lanes is 38 km)
KonunuectBo ﬂepeABM)KEHMﬁ no Buaam TpaHcnopTa n cnocob6am
CronmocTb npokarta B YTpeHHMﬁ yac nukK B TioMmeHu, en.
CUM, pyG./mun. ut Takcu rtTon Mewexoapbi L cum
AUNCTDbI
1 43174 26 891 32638 26310 847 5281
2.5 43 551 27 154 33035 26 421 856 3534
5 43 690 27 232 33733 26 972 899 1624
7.5 43 843 27 395 34 257 26971 908 418
10 44 687 28 609 32948 25932 888 145
a) b)

Puc. 2. OcHosHble nepedguxeHus Ha CIM no 2o0pody: a) palioHbl — UCMOYHUKU Noe30KU, b) palioHsl — yesnu
Fig. 2. Main routs by individual mobility means in the city: a) areas as starting points of trip, b) areas as goal of trip
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Ha Bbibop CMM unn Benocunepa CyliecTBeH-
HO BAVAET Hanunuume BeslofOpPOXKEK Ha NyTu chne-
JOBaHMA, TaK KakK 3TO 3HauYUTeNbHO YBennuMBaeT
CKOPOCTb COOBLLEHNSA U CHUXKAET KONIMYECTBO KOH-
dnukToB ¢ newexogamn. OCHOBHblE NepemMelLeHNs
Ha CIM nponcxopnaT Ha yyacTkax ¢ 0b6yCTPOEHHbI-
MU BenofopoxKkamu (puc. 2).

OcHoBHble nepemelyeHna Ha CYIM cosepLuatoT-
CA U3 KUJbIX U MJIOTHO 3aCeNieHHbIX PaioHOB (pali-
OHOB — WCTOYHWKOB) B PaiOHbl C KPYMHbIMW AENO-
BbIMW LiEHTPaMu, B LieHTpasibHYyl0 YacTb ropoga u
B palioHbl, BONN3KN KOTOPbIX €CTb BENOAOPOXKKN Ha
MarncTpasnbHbIX YMLUax ropoga.

Mpun pa3BuTMN CeTN BeNoJopoOXeK (yBennue-
HUW UX NPOTAXKEHHOCTU Ha 120 KM) 1 CHUXKEHUM CTO-
nmocTtu npokata CMM c 7 (ctaHgapTHas CTOMMOCTb
npokaTta) Ao 1 py6nsa 3a MUHYTY KONMYeCTBO nepe-
asmxeHnn Ha CUIM ysenununsaetca ¢ 1 go 14 toicau
noesnok. Ha ropoackom o6LecTBEHHOM TPAHCMOP-
Te KONMYEeCTBO NepeaBuXeHUn CHKaeTca ¢ 34 fo
27 TbiCAY MOE3[0K, YTO B/INAET Ha HaMNOJIHAEMOCTb
MapLUPYTHbIX TPAHCMOPTHbIX CPeaCTB.

Ha ocHoBe pe3ynbTaToB MOAENMPOBaHNA Onpe-
JeneHa 3aBUCKMMOCTb KOMYeCcTBa MepemeLleHuni
Ha CM oT ctoumocTu npokata (puc. 3). MNpu cHu-
YKEHUW CTOMMOCTM NpOKaTa U Pa3BUTUN CETU BENO-
JOPOKEK MOBbIWAETCA CMPOC Ha WCMOJib30BaHUE
CVIM v cepBMCOB NMpokKaTa, YTO NO3BONAET CHU3UTb
KONMYeCTBO NepeaBYKEeHUA Ha WHAWBUOYaNbHOM
N TOPOACKOM TpaHCrNopTe oOLiero nosib30BaHns U
TEM CaMblM YMEHbLUUTb 3arpysky YAUYHO-[OPOXK-
HOW CeTN N HEKOTOPbIX TOPOACKMX MAPLLIPYTOB.

MNpn nosblweHun ctommocTn npokata CUM
YBEINUNBAETCA UTOrOBasA CTOMMOCTb apeHfAbl, YTO
CHUPKAET CMpOC Ha JaNbHKe Unn gnuTenbHble nepe-
MeLeHuA. 3aBUCMMOCTb CpeHero BpeMeHn noessa-
kn Ha CMIM oT cToMmoCTK npokaTta npeacTaBfieHa
Ha puc. 4. Hanbonbluee BAMAHNE CTOUMOCTY MPO-
kata CMIM Ha cpepHee BpemMsa noe3gkn oTmevaeTca
B Anana3oHe oT 1 go 4 pybnen 3a 1 MUHYTY apeHfbl
3M1eKTpocamMoKara.

O6cyxpeHne

MNpn CHWXeHun ctommocTn npoesga Ha CUMM
N PasBUTMM UHPPACTPYKTYPbl BO3MOKHO YMEHb-
LeHVe KOonmyecTBa Noe3foK Ha FOPOACKOM W WH-

- 14 A
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Puc. 4. iameHeHue cpedHel spemMeHU Noe30KU Npu
u3MeHeHUU CMouMOCMU NPOKAama 3/1eKmpocamokama
Fig. 4. Change in average journey time when the cost of
electric scooter rent changes

AVBMAYaNbHOM TPAHCMOPTE U, COOTBETCTBEHHO,
CHVXXEHMe HanoSIHAEMOCTU B CaJIOHe MapLUPYTHbIX
TPaHCMOPTHbIX CPEeAcTB W 3arpys3ku YANYHO-A0-
POXKHOW CeTW. DTO aKTyanbHO ANA Neperpy>KeHHbIX
MapLIpyTOB OOLLECTBEHHOrO TpPaHCnopTa wau B
nepuoj Ce30HHbIX NMUKOB BMPYCHbIX 3aboneBaHunm
M naHgeMunn. YMeHblleHne 3arpys3km YInUYHO-Ao-
POXKHOW CEeTW aKTyaslbHO TaKXe Mpu yMeHbLUEeHUN
NPOMYCKHOM CNOCOOHOCTN M3-3a MepeKkpbITUA aB-
TOMOOWSIbHBIX AOPOr U PEMOHTA 0OBHEKTOB TPaHC-
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NOPTHOW MHPPACTPYKTYPbI (MOCTOB, TPAHCMOPTHbIX
pa3BA30K).

MyH/UMManbHbIM BACTAM HEOOXOAMMO Ha-
NaguTb B3aMMoOAeNCTBUE C NPeanpuaTuamMn n cep-
Bucamun npokatos CMIM n B cnyyae opraHusauum
MWUHUMaNIbHOWM CTOMMOCTU npokaTa (1 py6sb) u no-
BbieHUA cnpoca xutenen Ha CMM KomneHcmpo-
BaTb 3aTpaTbl CEPBUCOB NpokaTta. Hanpumep, npu
opraHv3auum CToUMoOCTM fpokaTta B 1 pybnb 3a
MUHYTY (Npu 6a30BoM Tapude apeHabl 3N1eKTpoca-
MoKaTa 7 pyb6nern) Heobxoauma KomneHcauusa ans
cepBuca B pasmepe 157 Tbicay py6elt 3a oguH yac
nuk (gns aByx Hegenb u3 10 pabouunx gHen — 6onee
2 MnH py6newn). V3meHeHne [OXOLOB oOpraHm3a-
TopoB npokata CMM npn nameHeHUn CTOMMOCTK
npokata CMIM nokasaHo Ha puc. 5. YctaHoBneHue
MUHUManbHOM cTtoumocTn npokata CMIM B cepsu-
Cax BO3MOXKHO MW YCJI0BMY KOMMEHCaUMn 3aTpart 1
npeaoCcTaBieHNs CyoCcManin Ha Takme mMepbl.

BbiBoAabI

Pe3ynbTaThl NpoBeAeHHOro ucciefoBaHUA C
NPUMeHeHeM TPaHCMOPTHbIX Makpomopgenen (Ha
npumepe r. TIOMEHN) CBUAETENbCTBYIOT O TOM, YTO
pa3BuTre MHOPACTPYKTypbl ONA BenoTpaHcrnopTa
n CUM, yBenuueHme NPOTAXEHHOCTU BENOJOPO-
Xek Ha 120 Km, yMeHbLUeHne CTOMMOCTN MnpoKaTa B
cepBuMcax apeHabl ¢ 5-7 o 1 pybna 3a MUHYTY no-
BbILLIAET B YTPEHHMI Yac M1K CPOC Ha NCMOMNb30Ba-
Hne CUM ¢ 900 noe3gok go 14 Ttbicay. Konnuectso
nepeaBUKEHWI Ha FOPOACKOM TpaHcnopTe obLero
NoJSib30BaHNA CHUXaeTCA € 34 [0 27 TbICAY, Ha UH-
ansuayanbHom — ¢ 44 no 40 Tbicau.

A
550 +
500 +
450 +

400 +

[Noxog cepsuca, Thic. py6./uac

350 T+

300

CroumocTtb npokata CUM, py6./mMuH

Puc. 5. i3meHeHue doxo008 cepsuca no npokamy
Npu UsMeHeHUU CMouMOCMU Npokama
Fig. 5. Change in rental service revenues when the rental
price changes

MonyyeHHble pe3ynbraTbl MCCNE[OBAHUA NMe-
0T SPKO BblPaXKEHHYI0 CE30HHOCTb, O0YCNOBNEH-
HYI0 MeprOAOM pa3peLLeHHON SKCnyaTaumm Snek-
TPOCAaMOKaTOB U PaboTbl CEPBMCOB KPAaTKOCPOUHOM
apeHabl CMIM c anpens — mas no okTAGpb.

YnpasneHne ropoacko MoOUnbHOCTbIO NyTem
N3MeHeHUs TapuPoB Ha apeHy SNeKTPOCaMOKaToB
LieniecoobpasHO yunTbiBaTb B MAaKpPOMOZENAX Npu
pa3paboTke 1 KOPPEKTMPOBKE AOKYMEHTOB TpPaHC-
nopTHOro nnaHupoBaHua (Mporpammbl KOMMIEKC-
HOro Pa3BUTMA TPAHCMOPTHOM WHPPACTPYKTYPbI
n KoMnneKkcHOM cxemMbl OpraHu3aumv JOPOXHOro
OBUXKeHUA).
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2.9.5 Operation of motor transport (engineering sciences)

DISTRIBUTION OF WEEKLY WORKING HOURS
OF TRUCK DRIVERS IN URBAN LOGISTICS

Asen Asenov, Velizara Pencheva, Ivan Georgiev

"Angel Kanchev" University of Ruse, Ruse, Bulgaria

PACMIPEAENEHUE EXEHEAENbHOTO PABOYETO BPEMEHU
BOAUTENIEN rPY30BbIX ABTOMOBMWEN B FOPOACKON NOTUCTUKE

A. AceHoB, B. lNeHueBa, U. leoprunes

PyceHcknin yHuBepcuteT nmeHn AHrena KbiHueBa

Abstract. The work deals with the transportation of
cargo in small batches in an urban environment. It
was found that the weekly workload of truck drivers
is not always evenly distributed. This is a prerequisite
for dissatisfaction among them, as well as a reason
for making mistakes or the occurrence of health
problems. A partial integer nonlinear mathematical
model is proposed to solve the problem. The
solution of the task allows the difference between
the driver who has worked the longest and the one
who has worked the least to be minimal and the
workload of the drivers even.

We offer two possible solutions of this task (the
example is based on a real situation from practice).
In the first case it is the rotation principle, when
three interchangeable workers working three days
on three different activities. In the second case,
seven workers performing six activities in one
week, it is precisely determined which worker must
perform activities. As a result of the calculations, the
option, where the difference between the minimum
and maximum time is 1.7 hours for the five working
days, because it varies from 33.7 hours to 35.4 hours.
In this variant, the rotation principle can also be
applied in order for workers to be loaded equally.
These options do not exclude the search for other
solutions satisfying the problem.

AHHOTaumA. PaccmaTpurBaloTcA MepeBO3KU TPy30B
HebOoMbWYMN NAPTUAMUK B FOPOLACKUX YCNOBUAX. Bbl-
ABIEHO, UYTO HefenbHas Harpyska BoauTenemn rpy-
30BbIX aBTOMOOWUNEN He BCerga pacnpepensercs
paBHOMEPHO. ITO CTaHOBUTCA NPUYMHOW HeyoBNET-
BOPEHHOCTY Cpeav BOQUTENEN, a TaKKe MOXeT npu-
BECTU K COBEPLUEHMIO OWMNOOK NN BO3HUKHOBEHNIO
npob6nem co 3gopoBbem. [na pelweHusa npobnembl
npennaraeTca YacTUYHO LelounC/ieHHaa HenuHemn-
Has mMaTemaTnyeckas mopesnb. Ee npumeHeHve no-
3BONAET cenaTb pasHULy Mexzay BpemeHewm, 3aTpa-
YeHHbIM BoaWTeNieM, NpopaboTaBWnm Gonblue BCeX,
1 BoguTesnem, npopaboTaBWM MeHbLIE BCEX, MUHU-
MasibHOW, @ Harpy3Ky Ha BoauTenen — paBHOMEPHOW.
MpepnaraeTca fBa BO3MOXHbIX BapUaHTa peLleHus
3TOW 3ajaun (NpMMep OCHOBaH Ha peasibHOM CUTY-
auumun 13 NpakTukK). B nepsom cnyyae 31o nprHUmn
poTauuu, Npu KOTOPOM TPOe B3aUMO3aMeHAEMbIX
pabourix B TeueHue Tpex OHEWN MEHSIOT BuAbl pa-
60T. Bo BTOpOM criyuae ceMb pabourix BbIMOSHAIT
LecTb BMAOB PaboT B TeUeHMe OAHOW Hedenw, npu
3TOM TOYHO OMNPeAENeHo, KTO 13 pabounx Kakon Bua
paboT fonxKeH BbINONHATL. B pe3synbrate pacueTos
6blfI0 HaMEHO pelleHre, NPU KOTOPOM pa3Huua
MeXAY MUHUMAbHBIM Y MAaKCMasibHbIM BPEMEHEM
cocTaBnseT 1.7 yaca 3a nNATb pabouunx aHen (Bpemsa
paboTbl BapbupyeTtca oT 33.7 go 35.4 u). 3gechb Tak-
e MOXET ObITb MPVIMEHEH MPUHLMMN POTaLMK, YTo-
6bl pabouvie GbIM 3arpyeHbl PaBHOMEPHO. ITu
BapMaHTbl He NCKITIYAIOT NMOMCKa APYrvX PeLLueHuni,
YAOBJIETBOPAOLLMX NOCTaBAEHHOW 3aaue.
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Introduction

The world's population is becoming
increasingly concentrated in cities and the urban
population is expected to grow from 3.6 billion in
2011 to 6.3 billion by 2050 [1]. The increase in the
number of people in the cities leads to anincrease in
motor vehicles, air pollution, and congestion in the
streets, which makes it difficult for drivers who have
to perform deliveries on predetermined schedules
related to the serviced sites.

This requires optimization of the routes on
which the transport is performed and selection
of ecological transport means. On the issues of
the route optimization and cost reduction in [2]
solutions have been proposed that reach almost 30
% savings. With regard to urban pollution, a model
has been proposed in [3] for Belgrade, the capital
of Serbia, which uses a limited number of electric
vehicles and complementary motor vehicles with
internal combustion engines to solve this problem.

The distribution of goods to commercial sites
in cities has a number of specific features such as:
delivery of goods in smaller volumes; sensitivity to
the delivery time interval; recurrence of supplies for
the day to replenish stocks, due to the small size of
most stores in the central parts of the city; repetitive
deliveries of certain food products due to the outlet
customers’ requirement for them to be fresh (e.g.
bread and bakery products).

This is a prerequisite for the need of organizing
a large number of delivery, collection or delivery/
collection routes (a special case of circular routes)
for the transport of goods in small batches [4]. Each

of these routes has significant differences in the
time for one revolution of the car. Thus, the duration
of work for the fulfilment of the order varies for the
drivers, which is why some of them are busier, others
are dissatisfied, especially if the pay is the same
or with bonuses, but also due to difficult driving
conditions in cities associated with the chance of
traffic accidents and injuries that further increases
this stress.

Issues of the impact of fatigue on drivers are
discussed in [5]. It is determined that the most
common causes of fatigue and dissatisfaction
among drivers are related to the management of
working hours or opportunities for work and rest.
With regard to research on the hazards most strongly
associated with driver injuries in [6], it is suggested
that risk management efforts in the industry should
focus on the organisation of work and vehicle-
related hazards, and more specifically, to work
practices that cause frequent stress among drivers.
Anotherimportant reason given by the authors who
conducted research in Norway is the speed with
which vehicles are driven on road sections under
repair with and without workers on them, as well
as the influence of road signs [7]. Of the 815 drivers
surveyed, it was found that the presence of workers
in the section leads to a reduction in the speed of
vehicles, in contrast to the cases where there are no
workers, due to the risk taken by drivers and their
perception of danger.

One of the possible solutions of the above is
optimization for the even load of drivers in terms
of driving time and downtime for loading and
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unloading operations throughout the working
week, provided that the time difference between
the worker who has worked for the longest period
of time and the one who has worked the shortest
time is as little as possible.

Results

General characteristics of the routes for
transporting goods in small batches and organization
of the drivers’ work

Delivery of goods in small batches can be done
at your own expense or for a fee. In practice, most
often this delivery is made for a fee by licensed
suppliers or by people who offer their services when
the delivery coincides with their route, known as
crowd-shipping [8, 9]. The disadvantage of crowd-
shipping is that the issue of the responsibility of the
provider and the legality of the service in different
countries is not well clarified. In this regard, this
paper will consider shipments performed by
licensed suppliers.

The following types of routes are considered
in the literature: delivery, collection and delivery-
collection [10]. In the case of a delivery route, the
loaded rolling stock at the initial point transports
the consignment in batches to the points along the
route until it is gradually unloaded. In the collection
route, the rolling stock, passing successively
through the loading points, is gradually loaded and
the cargo is transported to one point (Fig. 1).

Loading Q,=Q+ Q;
1 * ,

Q,
Loading

B 2 » X
= \\C Loading
il
| E D

ha
Unloading [¢
IRIEINI

A

—
-
e
-
-

Q,=Q,+Q,
Loading

Q,=Q,+Q, Q,

Fig. 1. Diagram of a collection route
Puc. 1. Cxema c6opHO20 Mapuipyma

Figure 1 shows the route where the vehicle
starts from the garage (G) and goes to the first
point (A), where the amount of cargo Q, is loaded,
which is transported to the second point (B). Then,
at point (B) is loaded Q; and then the total amount
of load in the vehicle becomes Q,. The scheme is
repeated in the following points, where in point
(C) the quantity of cargo loaded is Q, and up to
the last point in the case (D), where Q; is loaded.
The total quantity of cargo is delivered in point
(E). From point (E) to point (A), the vehicle returns
empty, without any load and so this route can be
repeated until the work is completed. If there is no
other work, then from point (E), the vehicle returns
to the garage (G).

In the case of collection and delivery routes,
the rolling stock simultaneously collects one load
and carries another (for example, the delivery of
food products with the simultaneous collection of
packaging). The following indicators are defined for
these routes:

- turnover length for delivery -/, . For collection
routes it is equal to route length/, =/,,;
« turnovertime-t,.
t =Ii+t h (1)
0 VT T-ps 'l
where V; is the average technical speed of the
rolling stock, km / h;
t,_r—the average time for loading and unloading for
one course, h.
For collection/delivery routes:

t g = Z?:z tT—RJ h, (2)

where tr_g is the loading/unloading time at the j*
point of the route, h;
k — the number of points on the route.

Given the planned work, let p routes be
organized for each day of the week with a
turnaround time of t,, t,,, ..., t,, and a turnaround
time of no more than 8 h, i.e.t, < 8h (Fig. 2).

Moreover t, #or =ty #or=...t,,.

The organization of drivers' working hours
in transport requires careful planning. This is the

time from the beginning to the end of the work
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t,, Itinerary 1

ty,, ltinerary 2

ty;, Itinerary 3

ty,, Itinerary p

\4

A4

t,<8h

Fig. 2. Period of time for work on the route
Puc. 2. lMepuod spemeHu pabomel Ha Mapuwpyme

assignment during which the driver is available
to the employer and exercises his functions or
activities. Conditionally, these activities can be
divided into two main groups. The first group
includes driving times and loading and unloading
times, and the second group includes cleaning,
maintenance and any other activities to ensure the
safety of the vehicle and its load, or activities to
comply with legal or regulatory obligations, as well
as appropriate assignment of other tasks.

The first group of activities is in periods related
to the times in the car's duty order.

The balance of the total working time T, for
execution of the duty order for one vehicle is:

TW = trun + tT—R + tP' (3)

wheret, = § is the travel time, h, at distance L, km,
t

for the time of the duty order and technical speed

V., km/h;

t, s — the total loading and unloading time of the

vehicle, h;

t,—theidle time spent for technical or organizational

reasons, h.

For each unit of rolling stock, the vehicle hours
(AT, ) in a work day are the sum of all hours of its
stay in the line for a given period of time D, days,
determined by the dependence:

AT, =T, ,h, @)

i=1 Tw, 7

where T, are the hours of operation of the one
vehicle on the line on the i day, where i =1,D,,.

For a group of vehicles, or for the entire fleet,
the car hours are AT, , in duty order:

AT, =30 5T, , (5)

)
where T, is the time in duty order of the j rolling
stock on the i day of the period D, , A, is the number
of cars.

Mathematical model of the problem for even
distribution of total weekly working hours of drivers

The problem of providing even workload for all
drivers within one working week is multivariate and
requires special methods and means for rational
distribution of drivers' work. In order to draw up a
model of the problem of evenly distributing the total
weekly working hours between drivers, the case is
considered in which for p consecutive days (five
working days), the same type of activities ("work")
must be carried out every day, each of which with
a duration t,,j= I,_n The everyday activities can be
performed by m employees. Each activity must be
carried out by one worker every day (one activity
cannot be carried out on the same day by two or
more workers). A worker cannot take on more than
one activity per day, i.e.m>n.

The goal is as follows: for a period of p days,
each worker has worked approximately the same
time (all days). Given the nature of the organisation
of transport, the probability of achieving this is very
small. In order to achieve the formulated goal, a
criterion is applied that the time difference between
the worker who has worked the longest time and
the worker who has worked the shortest time is
as small as possible. Decision-making with a clear
single criterion (single-criteria tasks) is relatively
easy, but with more than two criteria (two goals,
multi-criteria tasks [11-13] the decision is complex
and sometimes purely subjective factors have to
be included to find a solution). Binary variables are
involved in the composition of such models, and
the following notations are introduced to compile
the model:

m is number of workers;
n - number of activities (works);
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p - number of days on which these activities are
carried out each day;

1, if i worker performs j" activityin k" day
Xy = ;
a 0, otherwise, i=1,m, j=1,n,k=1,p

t, - time to complete an j* activity, j=1,n.
We are looking for the unknowns x,, (binary
variables) so:

Z=min, {max,(ZJ‘?:, 2 tXp) -

6
—min (20, 20 X, )}; o

U/

X, =1, Vj=1,n, Yk

i=1

o

1,p; (7)

]".z,xU.kSI, Yi=1,m, Vk=1,p; (8)

o

X, €01}, i=1,m, j=1,nk=1,p, 9)

ijk

where xindicates a vector (column) with allunknown
search values x;, "arranged in a linear manner". Thus,
a matrix Xy, is three-dimensional and contains m
rows, n columns, and the depth is p. If all elements
of are assigned with sequential numbers - starting
with the elements from column 1 of the first 2D
matrix, then — the elements from column 2 of the
first 2D matrix, etc., and when all the columns from
the first 2D matrix are numbered in depth, then the
same sequential numbering continues in the next
2D matrix. This is how the expression "arranged in a
linear manner" should be interpreted.

Let T indicate the total work of a /" worker, and
let T be a vector (column, shown in formula (11))
with these values. Then:

_Nn §p .
T = j:lzk:Ithijk’
T,
Y

(10)

(1)

Tm
where max, (X7, 20 t;x; )=max(T;) - the work
done by the worker who worked the most hours;
min, (X7, 2%, t;x; ) =min(T;) — the work done by
the worker who worked the least hours.
t will indicate a vector column with a time value
element t;. Condition (6) is the objective function

with which to minimise the difference between the
times of the driver who will work the longest time
with that of the driver who will work the shortest
time for a given period. With the notations (6) thus
introduced, it can also be expressed in the following
way:

Z =min, {max,T -minT}. (12)

Condition (7) corresponds to the fact that each
activity on all days must be performed by only one
driver.

Condition (8) reflects the fact that on all days,
one driver can perform one activity per day at most.
A driver may not be employed for a given day (if
m>n, then m - n is the number of workers per day
who are not employed).

Condition (9) is a condition for binary of the
variables due to the specifics of the model.

Thus, conditions (6) - (9) represent an
optimization mathematical model of the problem
posed with objective function (6) and constraints
(7) - (9).

The calculations and programs are made
using the product MATLAB version R2017b, which
is one of the most powerful calculation software
tools [14]; these are the so-called CAS systems
(Computer Algebra System). MATLAB has a rich
palette of optimization tools - linear, nonlinear, one-
dimensional, multidimensional, continuous, integer,
partially integer, single-criteria, multi-criteria, etc.
In MATLAB the embedded optimization functions
also have a wide choice of settings, depending on
the specific problems [14]. In addition, MATLAB also
supports its own programming language, which can
be used to make solvers for solving problem (6) -
(9) at random data entry m, t and p.

The model (6) — (9) is an integer problem of
class NP complete problems (nondeterministic
polynomial time). Such tasks are extremely
labor intensive as they take up a lot of time and
memory resources. For their complete solution, it is
sometimes necessary to completely crawl the tree
of all possible options, and these options, even with
relatively small dimensions, can reach a colossal
number of possible options for verification. In the
specific problem (6) — (9), this number is 2™". If we
consider the work of 10 drivers working on 8 routes
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per day, then for 7 days, the total number of possible
solutions is 2'%%7 =3.774-10"®, which means that
if a software makes one crawl of the decision tree
for one millionth of a second, it would take it about

10-87
2

~1.1954.10™ Yyears to

60-60-24-365.4-1000000

complete all the solutions. This requires the use of
approximate methods: heuristic, stochastic [15],
genetic, and other algorithms [16-18]. With these
methods, solutions are obtained that are close to
optimal.

The especially built-in ga function of MATLAB
makes it possible to solve problems in which it is
possible that both the objective and the constraints
are nonlinear [13, 14]. This solver is based on
genetic algorithms [18-20]. Table 1 shows the
main differences between classical and genetic

algorithms.
Table 1
Tabnuua 1
Main differences between classical
and genetic algorithms
OcHoBHble paziuyus Mexoy Knaccuyeckum u
2eHemMuYecKUM aszopummamu

Classical algorithms Genetic algorithms

Generate a single
point on each
iteration.

The sequence of
points tends to the
optimal solution

Generate a population of points
on each iteration. The point of
the population with the lowest
value of fitness function tends
to the optimal solution

The choice of the next
population is random

The choice of the next
point is determined

The solver ga solves the problem to a minimum,
i.e. it minimizes the expression:

max, T - min;T, (13)

or the expression:

max,[T,,T,,...,T,,..T, |-

(14)
-min,[T,,T,,....T,,..T,].

The two components (minuend, subtrahend)
of (13) are functions that are in the most general
case non-differentiable and discrete in the domain.
These assumptions would make it difficult for
almost any modern solver, given that it initially

seeks to calculate the gradient of the target
function. To avoid this, the functions (14) are
expressed by elementary functions and a finite
number of arithmetic operations applied to them
(including rising to an arbitrary degree). Thus, the
non-differentiable functions max,.(f,,fz,...fq) and
ml'n,-(ﬁ,le---fq), will be subject to differentiation,
provided that their arguments are continuous, as
well as the functions f, themselves. In this case, the
functions f, are continuous, but the arguments are
discrete.

Considering the displayed border crossings (15)
and (16):

1) if 20 reR,for Vizﬁ,then
1
lim(f +f; +...+f ) = maxf,

r—o

2) if f.20, reR,Vizﬁ,then
1

(15)

lim(f7 46" +...+£") " = minf, (16)

r—ow

the objective function (6) can be represented as

1
Z =min, {Iim(T,’ T 4T ) -
faires
, (17)
—lim (T + T, 44T )}
r>o

Expressions (15) and (16) are differentiated
(with continuous arguments).

In  numerical calculations, this boundary
transition would take an extremely long time for
each iteration. Therefore, a sufficiently large, specific
value is set for r. Numerical experiments on test
tasks show that it is enough for the parameter r to
take values around 30-40, but for this research the
value of the parameter has been increased to 100.

Table 2 shows three script files programmed in
the MATLAB R2017b environment, solving problem
(6) - (9), using the genetic solver ga [19, 20]. For their
use, they are in a separate folder, which is "selected"
by the user for the current one. This is due to the use
of global variables (global variables are listed in the
presented script files and functions) in the MATLAB
environment. The input variables used in the
calculations are number of workers m, a vector with
values of the times of activities t and the number of
days p.
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Table 2

Ta6auua 2
Script files programmed in MATLAB R2017b environment,
solving problem (6) — (9),
using the genetic solver ga
Dadinel cyeHapues, 3anpo2pamMmMupo8aHHsie 8 cpede
MATLAB R2017b, pewatowue 3aoauyy (6) — (9)
C UCNO/IL30B8AHUEM 2eHEMUYECKO20 aneopumma

File 1 File 2 File 3 (named optiProblems -
realizing | realizing script file) - this is the main file.
target target In it, the user enters the values
function | function (17), | of the number of workers m, a
(6) atr=100 vector with values of the times

of activities t and the number
of days p. Then the calculation
is started with the Run button
(or the optiProblems command
is set in the command
window). In the specific
example, the parameters are as
follows:

m=10;t=[1,2,3,4,56,7,8];p=7

In the optiProblems script file which solves
problem (6) — (9), in the ga server a reference is
made to the target function. This function can be set
in type (6) or in type (17) to achieve more accurate
and faster calculations. In the optiProblems script,
if the server ga is called with the first function -
myfuni, then the optimization will be performed
with the target function in the form (6), if it is called
with the second - myfun2, then the optimization
will be performed with the target function in the
form (17). The output data are p number of matrices,
each matrix being responsible for the distribution of
activities in one working day. The rows in the matrix
correspond to the workers and the columns - to the
activities. If an element in the matrix assumes a value
of 1, then the worker who corresponds to the order
of the matrix for this element performs the activity
corresponding to the activity in the given column
for this element. The data output is also the value
of the objective function (non-negative number, at
best equal to zero).

Results of application of the mathematical model
for determining the work of drivers

In order to evaluate the performance of the
already built solver optiProblems, test variants
of real tasks have been considered. In this case,

two are provided. In the first option, 3 workers are
considered who perform 3 activities for 3 days. The
duration of the activities is indicated, respectively,
by 1, 2, 3. The input data of the program are:
m=3t=[1,23];p=3.

The results are as follows:

The result of the first matrix (T(;:1)) shows
that the first worker (row one) on the first day will
perform a third activity (column three, bold unit),
the second worker (row two, bold unit) on the first
day will engage in a second activity (column two,
bold unit), and the third (row three) — on the first
day will perform a first activity (column one). The
interpretation of the other matrices is similar. They
are for the next two days. The value of the objective
function (TZ) is 0, and the problem has a trivially
optimal solution. One such solution would be (on a
rotating basis) if the first worker performed the first
activity on the first day, the second day engaged in
the second and the third day the third activity. The
ordinance of these activities by days for the first
worker would look like (1, 2, 3). The ordinance of
the activities for the second worker by days (2, 3, 1)
and for the third worker (3, 1, 2). In this way, each
worker performed each activity once and the target
function has a value of 0 (in the result, this is the
value of TZ).

This is a test option and was chosen to have
a trivial solution - one such optimal solution is
through a cyclic change, i.e. worker 1 performs
activity 1 during the first day, activity 2 during the
second and activity 3 during the third day. Worker 2
performs activity 2 on day 1, activity 3 on day 2 and
activity 1 on day 3. Worker 3 performs activity 3 on
day 1, activity 1 on day 2 and activity 2 on day 3.

In the next variant 7 workers for 5 days have to
perform 6 activities with duration in hours respec-
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tively: 6.6, 7.4, 8, 8.3, 8.7 and 9 hours. The input
data are: m=7;t=[6.6,7.4,8283,8.7,9]; p=5. For
convenience, the solution is given in Table 3.

Table 3
Tabnuuya 3
Number of an activity carried out by
a worker on a given day
Paboma, sbinosiHAemasa compyoHUKamu
8 onpeodesieHHble OHU
Day | pay1 | Day2 | Day3 | Day4 | Days
Worker y y y y Yy
Worker 1 2 1 1 1
Worker 2 5 0 6 3 4
Worker 3 1 2 2 2 1
Worker 4 4 5 4 0 6
Worker 5 6 6 0 4 2
Worker 6 3 3 5 6 0
Worker 7 0 4 3 5 5
The results in Table 3 mean the following:

Worker 1, on the first day performs activity 2 (in
bold), on the second, third, and fourth day activity 1
(in bold), and on the fifth — activity 3 (in bold).

Zero in a given row and column means that the
respective worker on a given day is not performing
any activity and is resting (in grey boxes). For
example, Worker 5 does not work on Day 3. The
working time of each employee during the week is
as follows: Worker 1 — works 35.2 hours; Worker 2 -
works 34 hours; Worker 3 — works 35.4 hours; Worker
4 - works 34.3 hours; Worker 5 — works 33.7 hours;
Worker 6 — works 33.7 hours and Worker 7 — works
33.7 hours.

The maximum time of work during the week of
Worker 1 is 35.4 hours, and the minimum of workers
5, 6 and 7, which is 33.7 hours. Thus, the difference
between the minimum and maximum time is 1.7
hours for the five working days. This example is based
on a real situation from practice and no optimal
solution is known for it. Without an algorithm based
on complete exhaustion, this solution can't be
claimed to be the optimal. The solution obtained
here on the basis of genetic algorithms is completely
satisfactory from a practical point of view. If for the
person making the decision (the manager of the
company), this decision is not satisfactory, the search

for the next solution should be continued, with the
idea to find a better solution if there is one.

Conclusion

The paper presents a solution to a problem in
which such a distribution of workers' time during
the week is sought, where the difference between
the time of the worker who has worked the longest
hours and the worker with the shortest hours is
minimal. For this purpose, a mathematical model
has been created which is an integer problem of
class NP complete problems (nondeterministic
polynomial time). The solution of the model is
done by using the built-in ga function of MATLAB,
based on genetic algorithms, which allows solving
problems in which both the target function and
the constraints may be nonlinear. For this purpose,
script files have been created, programmed in the
MATLAB R2017b environment, solving the task with
the help of the genetic ga solver.

The results obtained in the two tests, which
seek for the difference between the minimum and
maximum working time of workers to be minimal,
lead to the following:

In the first case with three workers working
three days on three different activities, the most
appropriate option is the rotation principle, in
which each worker changes his job every day/week,
if possible, and the workers are interchangeable.

In the second case with seven workers
performing six activities in one week, it is precisely
determined which worker must perform which
activities, where the difference between the
minimum and maximum time is 1.7 hours for the
five working days, because it varies from 33.7 hours
to 35.4 hours. In this variant, the rotation principle
can also be applied in order for workers to be loaded
equally. If for the person making the decision (the
manager of the company), this decision is not
satisfactory, the search for the next solution should
be continued until a better solution is found.

The proposed model is suitable in cases where
workers are dissatisfied with the fact that they work
different amount of time, with uneven workload, are
interchangeable, and receive equal remuneration or
bonuses for most of the work performed.
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2.5.11 HazeMHble TpaHCMNOPTHO-TEXHONOTMYeCcKmne
CpPeacTBa 1 KOMMNNEKChI (TEXHUYECKME HayKN)

ONPEAENEHUE 3ATPAT SHEPTUWN HA
MEPEMELLEHWE NNE3BUAA HOXKA BYJIbJJO3EPA

B HAYAJIE MPOXOAA

B. A. Hukonaes

ApocnaBckum TexHn4ecknm yHmsepcutet, Apocnasnb, Poccua

DETERMINATION OF ENERGY CONSUMPTION FOR MOVING THE
BULLDOZER KNIFE AT THE BEGINNING OF THE PASSAGE

Vladimir A. Nikolayev
Yaroslavl Technical University, Yaroslavl, Russia

AHHoOTaumsa. [Ina ynaneHma KaMHew, KyCcToB, fiepe-
BbEB C MOJIOCbI OTBOAA OyayLleln foporu Leneco-
06pa3Ho ncnosb3oBaTb arperatbl ¢ OyNbAo3epPHbIM
060pynoBaHNeM. XOTA TEOPETMYECKME OCHOBbBI Pa3-
paboTKM rpyHTa BecbMa MOAPOOHO PacCMOTPEHDI,
OCHOBbIBAsACb Ha HUX, CZIOXKHO BbIABUTb 1 COMOCTa-
BMTb YacTHble 3aTpaTbl dHeprum BO3LENCTBUA Ha
FPYHT 3MIEMEHTOB TEXHMYECKUX CpeacTB. He 3Has
BENMYMHbI YaCTHbIX 3aTpaT 3Hepruv npu pabote
KaXJoro snemeHTa paboyero opraHa, OCMbICJIEHHO
€ro COBEpLUEHCTBOBATb He MPEeLCTABMAETCA BO3-
MO>KHbIM. Llenbio npeanaraemoro TeopeTuyeckoro
nccnefoBaHNA ABNAETCA MOAPOOHbIA aHanNU3 B3a-
NUMOZLENCTBMA C TPYHTOM JIE3BUS HOXA CYLLEeCTBYIO-
wero 6ynbao3epHOro oTeana AnA nocsiefytolero
coBepLUeHCTBOBaHMA GynbaosepHoro obopynosa-
HUA, 06BEKT NCCNEfOBAHNA — MPOLIECC B3anMOAeN-
CTBUA C TPYHTOM J1€3BUA HOXa.

B npepnaraemon cxeme pesaHue rpyHTa ocyLlecT-
BNSETCA C MuKpochasuramu. B 3aBucumoctn ot
CBOWCTB IPYHTa 1 CKOPOCTW arperata B rpyHte 6y-
[eT npeobnagatb gedbopmauma nceBaocaBura, 0ob-
€MHOro Cxatus, cMATuA. [Ina onpepeneHns cunbl,
HeobXoAUMON ANA CMATUA, CKaTUA N NCEeBLOCABU-
ra rpyHTa B HaKkJIOHHOWN NOBEPXHOCTU, NCNOJIb3yeM
YCNOBHbIVi 0600LLEHHBIN Npefen NPOYHOCTU FPYH-

Abstract. To remove stones, bushes, trees from the
right-of-way of the future road it is advisable to use
machines with bulldozer equipment. Theoretical
basis for excavation has been considered in detail,
however, based on it, it is difficult to identify and
compare the partial energy costs of the impact on
the ground by the elements of equipment. Without
knowing the value of partial energy consumption
during the operation of each element of the work
tool, it is impossible to improve it in a reasonable
way. The purpose of the proposed theoretical study
is a detailed analysis of the interaction of the soil and
the knife of the bulldozer blade for the subsequent
improvement of bulldozer equipment. The object of
the study is the process of interaction between the
soil and the knife.

In the proposed scheme, soil cutting is carried out
with micro-shiftings. Depending on soil properties
and machine velocity, deformations of pseudo-
displacement, volume compression, crumpling
will predominate in the soil. To determine the force
required for crumpling, compression and pseudo-
displacement of the soil in a sloping surface, we use
the conditional generalized limit of soil crumpling
strength. After determining, the force required for
pseudo-displacement the soil in a sloping surface,

90 DOI'10.31660/2782-232X-2023-4-90-103
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Ta Ha cmATue. Onpegenne cuny, Heobxoavmyto Ans
NCeBAOCABMUIa rpyHTa B HaKJIOHHON MOBEPXHOCTU,
onpepenAaem 3atpaTtbl SHEPrMn Ha nepBnYHOE CMA-
Tie 1 NCEeBAOCABUI OOHOrO KybGuuyeckoro meTpa
rpyHTa. 3aTeM onpepensem ycunve nepBUYHOro
CABUra rpyHTa Kpaem Hoxa 6ynbfio3epa 1 CoOoTBeT-
CTBYlOLME 3aTpaTbl SHeprun. Bolumcnaem obume
3aTpaTtbl 3HEpPruv, MOLWHOCTb Ha MepemeLieHne
ne3BuA HoXa bynbao3sepa.

Ha ocHoBe pa3paboTaHHOW METOAMKMN OnpeaesieHbi
3aTpaTbl SHEPTUN: Ha NEPBUYHOE CMATVE U NCEBLO-
CABUI OLHOMO KyB1YecKoro MeTpa rpyHTa, Ha caABUr
rPyHTa B MPOAOSIbHO-BEPTUKASIbHON MIOCKOCTY
Kpaem HoXa, oblime 3aTpaTbl SHEPrumn, MOLHOCTb
Ha nepemeLlleHvie ne3Bus HoXa Oynbgo3epa npw
pasnunyHoM ero 3arnybneHuu. lNocTpoeHbl K an-
NPOKCMMIPOBaHbI COOTBETCTBYIOLME 3aBUCMMOCTH.
Pacuet 3aTpaT aHepruy Ha nepemelleHne ne3Bus
HOXa 6ynbJo3epa NO3BOMUT B JasbHellweM onpe-
AennTb 06LMe 3aTpaTbl SHEPTUN C LieNblo MOAEPHN-
3aumm 6ynbao3epHoro o60pyaoBaHMSA, HarnpaBeH-
HOW Ha YMeHbLUEHNE 3TUX 3aTpParT.

KnioueBble cnoBa: 6ynbaosepHoe obopygosaHue,
HOX BynbJ03epa, pe3aHvie rpyHTa, aHanm3 npoyecca
pe3aHus, 3aTpaTbl SHEPIN Ha NCEBAOCABWT, 3aTpa-
Tbl SHEPIUM HA CABUT KPaeM HOXa, obLme 3aTparhl
SHeprum

we identify the energy consumption for the initial
crumpling and pseudo-displacement of one cubic
meter of soil. Then we determine the primary shear
strength of the soil by edge of the bulldozer knife and
the corresponding energy consumption; calculate the
total energy costs and power to move the bulldozer
knife.

Based on the developed methodology, has been
determined the energy consumption for primary
crumpling and pseudo-displacement of one cubic
meter of soil, for shifting the soil in the longitudinal-
vertical plane by the knife edge, the total energy
consumption, power to move the knife of the
bulldozerblade at different depths.The corresponding
functions are constructed and approximated.
Calculation of energy consumption for moving
the bulldozer knife will allow to determine the
total energy consumption in order to upgrade the
bulldozer equipment for reducing the costs in the
future.

Key words: bulldozer equipment, bulldozer
knife, soil cutting, cutting process analysis, energy
consumption for pseudo-displacement, energy
consumption for shifting with knife edge, total
energy costs

Ana uyntnpoBaHma: Hukonaes, B. A. OnpegeneHne 3aTpaTt SHEPrUM Ha NepeMELLEHME Te3BMA HOXaA
6ynbfo3epa B Hauane npoxopa / B. A. Hnkonaes. - DOI 10.31660/2782-232X-2023-4-90-103. - TekcT : Heno-
CpencTBeHHbIN // ApXuTeKTypa, CTPOMTENbCTBO, TPaHCNOpPT. — 2023. - N2 4 (106). - C. 90-103.

For citation: Nikolayev, V. A. (2023). Determination of energy consumption for moving the bulldozer
knife at the beginning of the passage. Architecture, Construction, Transport, (4(106)), pp. 90-103.

(In Russian). DOI 10.31660/2782-232X-2023-4-90-103.

>

BBepgeHue

[na ynaneHna KaMHen, KycToB, iePeBbEB C MO-
nocbl 0TBOAA ByayLen [oporu, OGHaXeHNA NoACTU-
NaLLEro C/IoA NCNOJb3YIOT arperatbl ¢ Oynbao3ep-
HbiM obopyaoBaHuem. CyliecTBylolwme arperatbl
Masionpoun3BOANTENbHBI, MO3TOMY YacTO OHU Orpa-
HUYMBAIOT TEMN CTpoUTeNbCTBa. NS pa3paboTku
rPYHTa, NepemeLLeHNs Npu3Mbl BONIOYEHMA HEOO-

XOoauMbl 6osblIMe 3aTpaTbl SHeprun. B cBA3m 3tum
CyllecTByeT HeOOXOAUMOCTb COBEPLUIEHCTBOBAHMUA
6ynbjo3epHOro 06opynoBaHus.

TeopeTnyeckne OCHOBbI pPa3paboTKM rpyHTa
BeCbMa nofpobHo paccMmoTpeHbl. ChopmynmpoBa-
Hbl 06LWMe noaxodbl K npobneme [1, 2], B YacTHOCTH
NCCNefoBaHO BANAHUE HA 3aTPaTbl SHEPTUUN TPEHNS
rpyHTa o HOX [3, 4]. B. . BanosHeB [5, 6] oueHnBaeT
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B3aMMOLENCTBUE pPaboumx OpPraHoB C FPYHTOM Mo

WHTErpanbHOMy MoKasaTeno npoyHocTh. Kpome

3TOro, PAacCMOTPEHO BAMAHUE CKOPOCTM pabouero

OpraHa Ha Cuy COMPOTMBNIEHUA PE3aHUI0 TPYHTA

npu cBob6oAHOM pe3aHuu [7, 8], B3anmonenciame

C FPYHTOM paboumnx opraHOB 3eMSIePONHbIX MaLUNH

HenpepbIBHOrO AencTBuA [9], B TOM uncne C akTuB-

HbIMK pabounmmn opraHamu [10, 11]. OgHako B nc-

CcnefoBaHMAX pe3aHunA rpyHTa aBTOPbl MPUMEHAIOT

NPEeNMYLLECTBEHHO CUHTE3HbIA METOA, pPaccMaTpu-

BaA pabouwnii opraH B uenom. HepocTtaTtok 3TOro

MEeTOZa 3aKJ/IIOUEH B CJIOMHOCTM OLEHKM YaCTHbIX

3aTpaT Heprum npu paboTe KaKAoro 3femMeHTa

pabouero opraHa. Ytobbl BbISIBUTL M COMOCTaBUTb

YacTHble 3aTpaTbl SHEPruy BO3OENCTBUA Ha TPYHT

SNIEMEHTOB TEXHUYECKUX CPEAcCTB, cliegyeT npu-

MEHWTb aHanm3HbI MmeTog. Llenbio npegnaraemoro

TEOPETUYECKOro UCCNefoBaHNA ABAAETCA Noapoo-

Hbli aHanu3 B3aUMOJENCTBMA C FPYHTOM Jie3BUA

HOXa cyLecTBylowero 6ynbnosepHoro obopyno-

BaHuA [12, 13] gnAa ero nocnegyowero coBepLUeH-

CTBOBaHMA.

Jle3Bume HoXa coBepluaeT [14] (puc. 1a):

+  CcMATUe, OObEMHOEe CXaTWe W MCeBAOChBUT
rPyHTa No HaKNOHHOWM NOBEPXHOCTK, Clef] KOTo-
pon B NPOAONbHO-BEPTUKaNbHOM ceueHnn AH;

+  CABWUI rpyHTa B YycnoBHOW nnockoctn ABCH
Kpaem HOXa;

+  CO3[JaHuWe Wenu B MacCuBe rpyHTa C OAHOro
Kpasa Mpoxofa HoXKa Mpu Moy3axaToM pesa-
HUW AW MO KpasM Npoxofa Mpu 3aXkaTom pe-
3aHuK;

+  nogbeMm Kpas MacCvBa FpyHTa C OOHOro Kpas
npoxofa HOXa NPy Nosy3a)aToM pe3aHnn 1nn
Mo Kpasm nNpoxofa npu 3a>kaTom pe3aHunu;

«  MpeoponeHne Cuibl UHepLMn paspabaTbiBae-
MOTO FPYHTa;

+  NpeojosnieHne CUsbl TPEHMWA FPYHTa O Ne3Bue.
Bo-nepBbix, ABHbIV CABWI FPYHTa B HAKIOHHOWN

NIOCKOCTK, Clef KOTOPOW B MPOLONbHO-BEPTUKab-

Hom ceueHun AH, manoBeposATeH B CBA3N C 60Jb-

IOV ANMHON cnefa NoBepxXHOCTU casura. lostomy

Ha30BeM 3TO ABJIEHME NCEBAOCABUIOM. Bo-BTOpPbIX,

B CpPaBHEHMM C 3aTpaTaMu SHePrumn Ha cMATne, 06b-

eMHOe CXKaTve W MNCeBAOCABUM TPYHTa B MJIOCKO-

CTW, Cnef KOTOpOW B MPOAOJSIbHO-BEPTMKANIbHOM

ceveHnn AH, a Takxe COBUr rPyHTa Kpaem HOXa B
ycnoBHon nnockoct ABCH ocTtanbHble 3aTpatbl
SHeprun HesHauyuTenbHbl. VX BbluncieHVe BeCbMa
Tpypoemko. [osTomy LenecoobpasHO paccuUTatb
3aTpaTbl SHEPrun Ha cmATUe, obbemHoe CxKaTue U
nceBAOCABUr FPYHTa, CABUI FPYHTa Kpaem HOXa, a
npouwne 3aTpaTbl SHEPIMN: Ha CO3JaHUE e B Mac-
CMBe rpyHTa C OAHOTO Kpas Npoxofa HoXa, Nogbem
Kpas MaccvBa rpyHTa, MpeofosieHme Cuiibl UHepLnn
pa3pabaTbiBaeMOro rpyHTa, MNpeoponeHne Cuibl
TPEeHWA TPyHTa O Jle3BMe, — yyeCTb NOMPaBOYHbIM
KoapduumeHtom k , =1.1.

O6beKT n meToabl NccnefoBaHNA

O6beKTOM MCCNefoBaHuA ABMAETCA npouecc
B3aMMOZENCTBUA C FPYHTOM Jie3BuA Hoxa. Obwune
3aTpaTbl SHEPrUN Ha 3TOT NPOLIECC BKOYAIOT YacT-
Hble 3aTpaTbl SHEPTUN.

3ampamel 3Hepauu Ha cMamue, 0b6veMHoe CXa-
mue u ncesdoco8u2 2pyHMA NO HAK/TOHHOU Nogepx-
Hocmu, c/1e0 Komopoli 8 NpOOOJSIbHO-8€PMUKASIbHOM
ceyeHuu AH (puc. 1a)

B npepnaraemoin cxeme pesaHue rpyHTa ocy-
WecTBAseTCA C MUKpocaBuramu. Mexgy MUKpo-
CABUIaMU rPYHT HEMOABWXKEH Ha Ne3Bun. B MOMeHT
MUKPOCABUra rpyHT pe3Ko nepemellaeTcs no nes-
BMIO Ha pacCcToAHME MUKPOCABUra. HakonneHHbIn
B FPyHTE OT BO3AENCTBUA NIe3BUA HOXa YNpyrum
noTeHUMan peanusyerca 4yepe3 cmATMe, OObeMm-
Hoe CxKaTtue 1 ncesgocasur rpyHTa [9, 10]. B 3aBu-
CMIMOCTW OT CBOWMCTB IFPYHTa 1 CKOPOCTU arperaTa
6ynet npeobnagatb B rpyHTe Aedopmauuma casu-
ra, obbemMHoro cxatus, cMatus. MNprmMmeHeHne yc-
NoBHOro o606LeHHOro npeaena NPoYHOCTU ofMym
Ha cmATWe ygoGHO ANA pacyeToB, Tak Kak B pac-
YETHOWN CXemMe MOXKHO BbISIBUTb MOBEPXHOCTb CMSI-
TUA. BbIABUTb NONNKPUBONMHENHYIO NOBEPXHOCTb
nceBOOCABMIa rpyHTa 3HauMTeNbHO CrloXHee. Eule
CNOXHee BbIABUTb 00/1aCTM OOBEMHOro CXKaTus
rPyHTa OT BO3AENCTBMA NIE3BUA HOXa Oynbgo3epa.
Moatomy anAa onpegeneHua CUsbl, HEOH6XOAMMON
ONs CMATWA, CKaTWA U NCeBAOCABUra rpyHTa B Ha-
KNOHHOW NOBEPXHOCTW, C/ief] KOTOPOW B NPOAosb-
HO-BepTMKasbHOM ceyeHun AH, ncnonblyem yc-
NOBHbIA 0006LLEHHDBIN Npefen NPOYHOCTM FPyHTa
Ha cMsTHeE:
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F=0 _S. (1)

C cmycn T c

Mnowanb cmMATUA rpyHTa:

'SC = B I,wcd 4 (2)

rae B — wnpwuHa 3axsaTa 6ynbnosepa;
- paccTosAHNE MUKPOCABUTa.

YcnoBHbIi 0606LEeHHbIA Mpeden MPOYHOCTU
rPyHTa Ha CMATME He ABNAETCA MOCTOSHHbIM MNP
pa3nnyHOM 3arny6sieHnn Hoxa. C 0OgHOI CTOPOHDI,
yumnTbiBasA BAMAHME NCEBAOCABUIa FPYHTa, OH 3aBU-
CUT OT AJINHbI ICa cnefa AH B npogonbHO-BepTMKanb-
HoM ceueHum (puc. 1a). Yem 6onbuie anviHa cnega AH
B NPOAOJIbHO-BEPTUKANIbHOM CEYEHUN, TeM OonbLle

Imca

a)

npenen NPoYHOCTY FPyHTa Ha cMATKe. NS CyrnuH-
KOB MpUMeM AonyLieHne: YCIOBHbIA 06006LLIeHHbIN
npenen NPOYHOCTU rPyHTa Ha CMATUE ofMym nps-
MOPOMOpPLNOHANEH ANHE cnefia NIOCKOCTA NceB-
pocasura. MNpu paspaboTke Apyrux TUNOB rPYyHTOB
N3MeHeHne YCnoBHOro o06006LleHHOro npegena
MPOYHOCTYM IPYHTa Ha CMATUE NO Mepe 3arnybneHuns
HOXa cnefyeT NPUHATb OPYrMM, OCHOBbLIBAACH Ha
SKCMEPUMEHTabHbIX AaHHbIX. /13 OMbITHbIX AaHHbIX
NPVYIMEM HayvanbHbI Npeaen NPoOYHOCTM FPYHTa Ha
eMATE O na s Koraa HoX Oynbao3sepa 3arnybneH Ha
50 mm. Torga ycnoBHbIV 0606LLeHHbIV Mpesen npouy-
HOCTM FPYHTa Ha CMATUE NpW i INy6uHe Xoaa HoxXa:

B _ B i
Y =0 Hay ycn | ’ (3)

cmiyen
c0-50

A-B

Framn

Puc. 1. lMcesd0ocosuz nnacma epyHma om 8o30elicmeaus ie38us Hoxa 6y/16003epa:

a) cxema cusi, NPpUIoXeHHbIX K y4acmky ncegdocosued; b) cxema onpedenieHuUs cussl 8o30elicmaus
CMewaemozo yuacmka Ha y4acmok ncegdocosuad; ¢) cxema onpedesieHus Cusbl conpomuseseHus Q
MAccusa epyHma nepemeweHuto 1e38us Hoxa; d) cxema onpedesieHus cusibl msau
Fig. 1. Pseudo-displacement of the soil layer after impact of the bulldozer knife: a) scheme of forces applied to
the pseudo-displacement section; b) scheme for determining the strength of the influence of the displaced section
on the section of pseudo-displacement; c) scheme for determining the force of resistance Q of the soil body to the
movement of the knife blade; d) scheme for determining the traction force
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rae |, ., — AnvHa cnepa AH B NpofosibHO-BEpTH-
KanbHOM ceyeHun (puc. 1a) npu rmy6urHe Xxoaa HoXxa
a=0.05wm;

| ,,— AnvHa cnefa AH B NpoAosibHO-BEPTUKAIbHOM
ceyeHum npu i rybrHe xofa Hoxa 6ynbao3epa.

C ppyron CTOpPOHbI, cnefyeT yyecTb BAUAHUE
06beMHOro Ccxatuda rpyHTa. MNpunoxum cunbl, Bbl-
3blBaolWe ob6bemMHOe CXaTue, MO HampaBeHuo,
napannenbHoMy nepefHei NOBEPXHOCTW Jlie3BUA
Hoxa (puc. 1a). Ha yuactok ABCH nepBuYHOro
nceefocABUra cBepxy AencTByeT pacnpenesneHHasn
Harpy3ka, Bbl3BaHHasA AeNCTBMEM MPOeKL M COBO-
KynHocTn cun [13]: cMewleHns rpyHTa £, TAxKecTm
CMellaemoro rpyHta G_, npoTMBOAENCTBUA MHEP-
LUK rpyHTa Fj Cunna yckopeHua cMeLaemMoro rpyHTa
F,ysennunsaet o6bemMHoe CxKaTue rpyHTa Ha yyacT-
ke ABCH. Cnoxwus 311 cunbl (puc. 1b), onpegenum
COCPefjOTOUEHHYI0 Culy BO3fencTBua nnacta Q ,
KOTOPOW 3aMeHUM pacnpenesieHHYo Harpysky. lle-
peHecem B COOTBETCTBYlOLEM MacwTabe cuny Q
Ha puc. la. HanpaeneHwe 3Ton Cuibl Napannenb-
HO MOBEPXHOCTM HOXa, a TOUKa K ee nNpunoKeHus
pacrnonoXeHa Ha cnefe LeHTpa Macc CMeLLaemMoro
rpyHTa. CnoXus ee C CUIOM MPEOAOSIEHNA TPEHNA
rpyHTa F_ 0 MOBEPXHOCTb HOXa W HUXHEN YacTu
OTBana, NPUNOXKEHHOW K TOUKe B, nonyumnm cymmap-
HYIO Cufly BO3[encTBmA rpyHta T Ha yvactok ABCH
NepBUYHOrO MNCEBAOCABUIa CO CTOPOHbI y4yacTka
BCDE cmelllaeMoro rpyHTa.

Touky L npunoxeHuna cunbl T onpegenvum m3
nponopuuun (pnc. 1):

(4)

OnpegenviB cuny F, HeobxoauMmyto AnsA nces-
[OCABUra rpyHTa B HaKNOHHOW MOBEPXHOCTU, Cef
KOTOpPOM B MPOAOSIbHO-BEPTUKANIbBHOM CeYeHun
AH, no ¢opmyne (1), yunTbiBarowwen OAnHy crepa
nceBgoOCABUra rpyHTa, 1 COMOCTaBMB ee ¢ cunon T,
ornpenenum cteneHb BAUAHUA 06bEMHOMO CXKaTus
Ha cuIy, HeOH6XOQUMYIO AN CMATUA, CKATUS U NCEB-
JOCABUra rpyHTa no HaknoHHOW noBepxHocTn AH.
Mpeanonoxum, cuna, Heobxogumasa ANA CMATWA,
CKaTmA 1M NCeBAOCABUIa FPYHTa MO HAaKNOHHOM No-
BepxHoCTU AH:

F.=k,,F (5)

c+ ock ¢’/

rae k, — KoahdnumeHT yueta 06beMHOro CKatus
nnacTa rpyHTa.
T
k,., =1+ = (6)

4

Fop|/|30HTaanaﬂ cnna:

F. =F_, cosyg, (7)

c+eop

roe yron Y, =14° nonyueH u3 puc. 1a.

3aTpaTtbl 3HeprMM Ha MnepBUYHOE CMATUE W
nceBAOCABUI OAHOO Kybryeckoro MeTpa rpyHTa no
NOBEPXHOCTU CABUIa, CIef, KOTOPOW B MPOAObHO-
BepTUKaNbHOM ceveHnun AH:

Uoan = Fc+eop S (8)
roe s — nyTb arperaTa, Heob6xoguMbIn Ana paspaboT-
K1 OHOrO Ky6uyecKkoro MeTpa rpyHTa.

3ampamel 3Hepauu Ha cosuz 2pyHMa 8 NpooOosTb-
Ho-8epmukaneHol nnockocmu ABCH kpaem Hoxa
(puc. 1a)

Tak Kak caBuWr njacta COCTOUT U3 nepuoau-
YecKUX MWKPOCABUIOB, NPV BblYMCIIEHUN 3aTpaT
SHEeprun Ha CABUT FPYHTA criefyeT caenaTb Nonpas-
Ky Ha KO3QOuLMeHT MuKpocasuros k . = 1.5 [9].
KoaddurumeHT MUKPOCABUNIOB yunTbIBaEeT 3aTparthl
SHEpPrMM Ha HAKOMieHne B FPyHTe ymnpyroro no-
TeHumnana. [poaBneHnA 3TON dHepPrun BU3yanbHO
HUYEM He BblparkaloTcs, Tak Kak SHeprua paccensa-
€TCA B rpyHTe, TO eCTb NPOUCXOAMNT ee Anccmnayms.

Ycunne nepBMYHOrO CABUra FpyHTa Kpaem
HoXa 6ynbao3epa:

Fca = koa be ScaKH ’ (9)

rae S, — nnowajb CABMra rpyHTa KPOMKOW HOXa,
T2 - Npeaen NPOYHOCTMI FPYHTA Ha CABWT.
[opu3oHTanbHaA cuna:

F

cd 20p = Fca cos (pB ’

(10)

roe yron Y, =14°, nonyuex u3 puc. 1a.

3aTpaTbl SHEPrn Ha NePBUYHbI CABUT FPYHTa Kpa-
eM HoXa 06bemMoM ofvH Kybuyecknin meTp B nio-
ckoctn ABCH:

Ueonsch = Feoaop S

(1)

rae s — nyTb arperaTta, HeobxoAVMbIi ANiA pa3paboT-
KW OfHOro Kybryeckoro MeTpa rpyHTa.
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Obwue 3ampamel 3HepauuU, MOWHOCMb, Cuia
msau

O6wwme 3aTpaTtbl SHEPruKn, HeobxoauMon Ans
NepBUYHOrO CMATKA, MCEBAOCABMUIa U CABUra OLHO-
ro Kybrueckoro meTpa rpyHTa nessvem bynbaosepa:

Use =K, (UcaAH + Uy agcr ), (12)

rae k. — NonpaBoyYHbIN KO3GGULMEHT yuyeTa npo-
YMx 3aTpaT SHePrun: Ha co3faHue Wenu B MaccrBe
rPyHTa C OAHOrO Kpas Npoxofa HoXa, NogbeM Kpas
MaCCUBA rPYHTA, NPEOAONeHNe CUMbl MHEPLUK pas-
pabaTtbiBaeMoro rpyHTa, NpeofosieHe Cunbl Tpe-
HWA rPyHTa O NIe3BMe HOXa.

MoLHOCTb, 3aTpaurBaemMas TPaKTOPOM Ha pe-
3aHWe rPyHTa HOXOM:

N, = ui__car (13)
rae Bpems T, Heobxoaumoe ans pa3paboTku 0OgHOro
Kybuyeckoro metpa rpyHTta 6ynbgosepom, onpege-
nAeTCcA feneHnem nyTn s, Heo6xoaMMOro ana paspa-
60TKN OJHOIO KyOUYeckoro MeTpa rpyHTa, Ha CKo-
poCTb arperata v :

T=—1.
v

a

(14)

Ha puc. 1a cuny F_, Heobxoanmylo ana cms-
TWA, OKaTUA 1 NCeBAOCABUra rPyHTa, Hanpasum no
cneny ncesgocasura AH. Cuny nepBMYHOrO CABU-
ra rpyHta F_Kpaem Hoxa Gynbfosepa Hanpasum
napannenbHo cnepy ncesgocasura AH 13 Toukn J,
Aensauen npoeKkunio ne3sua Hoxa AB nononam. 31u
CWMbl B COBOKYMHOCTU C cunon T Bbi3bIBaKOT pacnpe-
[eNIeHHYI0 Harpysky g npoTUBOAENCTBUA MacCUBa
rpyHTa NepemeLLeHnto Ne3BnA HoXKa, KOTOPYHO Mpu-
BeJEM K COCpPedoTOYEHHOW cune Qeep. Cnoxus Ha
puc. 1c cunbl F_, F 1 T, nonyumm cuny Qeep. Cuny
TAMN TPaKTopa mep [NA OCyLeCTBNEHMA NepBrY-
HOro CMATUA, NCeBAOCABMIa U CABUra rpyHTa ie3Bu-
em HoXa Oynbaosepa noslyurm cnoxeHuem cun F_
n F  (pnc. 1d) n npoeynpoBaHem Ha rOpU3OHTasb.

MNonyueHHble n3 noctpoeHun cunol Q__, F

2ep’ " maeunep’

F canefyet yBeJininTb, YMHOXKWB Ha I'IOI'IpaBO‘-IHbIVI

5n8ep

KO3PUUMEHT yueTa NPOYKX 3aTpaT sHeprumn k  :

Oe’ Fmﬂeun' Fne = kc6+ (Qeep’ Fmﬁzunep’ Fnaep )' (15)

rae (Q,,, Fruwnoy Fresp) — 3HAYEHNA COOTBETCTBYIO-

WX CUN, NoNyYeHHble rpaduryecknm nytem. Touky

U npunoxeHns ropmsoHTanbHom cunbl Q, NpoTrBo-
JeNncTBUA MaccrBa rpyHTa nepemeLleHuio fe3sumsa
HOa BbIUMCIIUM M3 YCNOBUA PaBHOBECMA MOMEH-
TOB OTHOCUTENbHO TOYKK A:

3 Tl +F,-1.+G, -1,
Q - 7
Q,
roe Gca— Ccuna TAXKEeCTU yyacTKa FpyHTa, nnoLjagb ce-

YyeHNs KOTOPOro B NPOAONbHO-BEPTUKANIbHONM MJ10-
ckocTn ABCH:

h

(16)

G = gPBS spey- (17)

Cuna conpoTtusneHuna Q MaccrBa rpyHTa nepe-
MELLEHNIO Ne3BUS HOXKa HanpaBfeHa He FopPU30H-
TaJfIbHO, @ OTKNOHeHa Ha yron B (puc. 1c). Beptu-
KasbHaA cuna BO3LENCTBUA Ne3BUA Ha FPYHT F””p

HanpaseHa BBepx (puc. 1d). PaBHas el cuna Bo3-
JeNnCcTBUA rpyHTa Ha fie3Bre HanpaBfieHa BHU3.

PesynbraTtbl

OnAa pacuyeta npumem cnegylowme UCXOfHbIE
JaHHble.[pyHT—CyrMMHKUNNOTHOCTbIo p=1600K2/M°.
[BvixXeHne arperata co ckopoctbio v, = T m/c. -
pvHa oTtBana B = 2.5 m. [Ipymem HayanbHbI YC0B-
HbI Npefesn NPOYHOCTU FPyHTa Ha CMATKE C yYeToM
Hanpsa»KeHNn NnceBgocaBuUra ofMHaqym = 0.6 Mlla npwu
3arnybneHun Hoxa a = 50 Mm; Npefen NPOYHOCTM
rPyHTa Ha MEePBUYHBIA CABUM Ne3BUEM HOXa Oynb-
Jo3epa npu nosysaxaTtom pesaHuu ng = 0.8 MTla.
PacctoaHne mukpocasura 18 mm. KoadduumeHTt
MUKpocaBuros k .= 1.5. MonpaBoyHbin Ko3gpprLm-
€HT y4eTa npounx 3atpat sHepruu k , = 1.1. Iny6u-
Ha pa3paboTkm rpyHTa a = 0.05 mm.

3ampamel 3Hepauu Ha cmamue, ob6veMHoe CxXa-
mue u ncesdocosue 2pyHMaA No HAKIOHHOU Nosepx-
Hocmu, c/1ed Komopoli 8 NPO00JIbHO-8EPMUKATbHOM
ceyeHuu AH

Mnowanb cMATMA NnacTa rpyHTa HOMXOM OYrb-
Jo3epa Ha pPaccToAHUN MUKpocaBura (2):

S, =2500-18 = 45000 (Mm? ).

Cwuina, HeobxoayMan AnsA CMATUS C yYETOM NCEB-
JOCABUra rpyHTa B HaKNOHHOW MOBEPXHOCTU, ceq
KOTOPOW B NPOAONbHO-BEPTUKANIbHOM cevyeHnn AH
(1):

F.=0.6-45000= 27000 (H).

Apxumekmypa, cmpoumenbscmeo, mpaHcnopm
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CnoxviB cunbl cMeweHns rpyHTa F_ - (puc. 1b),
TAXKECTV CMewaemoro rpyHta G_, mpoTuBoAaen-
CTBUA HOXa MHEPLIN FPYHTa Fj, YCKOPEHUA CMeLLae-
MOTO rpyHTa Fy, onpepennm CocpefoTOUYEHHYI0 CUITY
BO3AencTBuA cmewaemoro nnacra Q [10] Ha nnact
rpyHTa, nogseprawowunca ncesgocasury. Cocpe-
AOTOUEHHOW cuniot Q_ 3aMeHVM pacnpefesneHHyio
Harpysky. lNlepeHecem B COOTBETCTBYIOLLEM MacCLUTa-
6e cuny Q Ha puc. 1a, HanpaBuWB ee Ha cnef Nlyya
OK, napannenbHOro nepegHen NoBepxXHOCTMN HOXa
N NPOXOAALLero yepes LEHTP MacC yyacTKa Cme-
waemoro rpyHTa. Cuna Q =1 336 H. Cnoxue cuny
Q  ccunon F=1033H[10] npeogonexuns TpeHuns
rPyHTa O NOBEPXHOCTb HOXKa M HVXHIOK YacCTb OTBa-
na, nonyyYnm CYMMapHYo CUy BO3AENCTBUA FPyHTa
T Ha yyactok ABCH nepBnYHOro nceBgocABura co
CTOPOHbI yyacTka BCDE cmelleHunsA rpyHTa:

T=1336+1033=2369(H).

N3 puc. 1anneyo cunbl Q_: | =50 mm. Touky L
npunoxeHna cunbl T onpeaenm U3 nponopunn (4):
I, =50 1336 _ 28 (Mm).

2369

KoaddurumeHT yyeta ob6bemHOro cxatua nna-

CTa rpyHTa (6):
Z14 2369

o 27000
Cvina, HeobxofMmas Afig CMATUA, CKaTUSA 1 NCEB-
[OCABMra rpyHTa no Hak/IoHHo noBepxHocTu AH (5):

F.,=1.088-27000 = 29 369 (H).
lopu3oHTanbHana cuna (7):

F...., =29369-cos14°= 28497 (H).

c+eop

1.088.

MyTb 6ynbpo3epa, HEOOXOAUMDBIA ANA paspa-
60TKM O HOTO Kybryeckoro meTpa rpyHTa:

s= v . 8 (m).

B-a 25-0.05

3aTpaTbl 3HEPrUN Ha NEPBUYHBIA CABUT TPYHTA

06bemMoM ofvH Ky6UYecKUin MeTp B MOBEPXHOCTM

CABWra, HAKIIOHEHHOW K ropm3oHTanu nog yrnom (8):

U, =28497-8=227969 (x / M’ ).

3ampamel 3Hepauu Ha cosu2 2pyHMa 8 NPooosIb-
Ho-8epmukansHoU niockocmu ABCH Kpaem Hoxa
Mnowafb ceuenus S,, . CABWra rpyHTa npasow
N NIeBOM KPOMKOW HOXa BO3bMeM 13 puc. Ta. Ecnn

3arnybneHne Hoxa 50 mm, miowagb NMOBEPXHOCTM
CABMra rpyHTa KPOMKOM HoXa S, = 2 882 mm?. MNpe-
[en NPOYHOCTY FPYHTa Ha NEPBUYHBIA CABUT NI€3BU-
eM HoXa Oynbpo3epa MpuW MOJNy3a)KaToM pe3aHunm
2 = 0.8 Mla. KospdrumeHT MUKPOCABITOB k ,=15.
Ycnnue nepBUYHOrO CAABUra rpyHTa B NPOAOSbHO-
BEPTMKanbHOM MOBEPXHOCTY CABMIa Kpaem Hoxa (9):

F,=15-08-2882= 3458 (H).
lopu3soHTanbHasa cuna (10):
Fs.., =3458-cos14° = 3355 (H).

c0 20p

MyTb, HeobxoaMMbIA ANnA pPa3paboTKyu OfHOro
Kybunyeckoro mMeTpa rpyHTa, s = 8 M. 3aTpaTbl SHep-
rMU Ha NEePBUYHbIV CABUT rPYHTa B NPOAONbHO-BEp-
TUKanbHOW noBepxHocTu (11):

Ueascn =3355-8=26 845(,ﬂ)K / M3) .

Obwue 3ampamel 3Hepauu, MOWHOCM®b, CUaa
msau

MonpaBoyHbIN KO3PPULMEHT yueTa NpoUunXx 3a-
TpaT SHeprumn, KPoOMe SHePrumn Ha NePBUYHbIN CABUT
rpyHTa, k, = 1.1. O6wwe 3aTpatbl 3HepPruun, Heob-
XOAVMMOU ANA NePBUYHOIO CMATUA, NCEBAOCABUNA,
06bEMHOro CKaTuA 1 cABUra OJHOro Kybmyeckoro
MeTpa rpyHTa nessmem bynbaosepa (12):

Us =1.1-(227 969 + 26 845) = 280 296 [ / M’ ).

Bpems, Heobxoaumoe Ana pa3paboTKu oaHOro
Kyburueckoro MeTpa rpyHTa 6ynbgosepom (14):

8
T=—=28(c).
1
MolyHOCTb, 3aTpaunBaemasn TPaKTOPOM Ha pe-
3aHue rpyHTa nessmem Hoxa (13):

N, = 280296

= 35037(Bm) ~ 35 (kBm).

Cuny F_, Heobxoanmyto 451 CMATUA, CKaTUA U
nceBAoOCABUra rpyHTa, HanpaesyM No cnegy nceBno-
cagvira AH (puc. 1a). Cuny F, nepBuYHOro cAsura
rpyHTa Kpaem Hoxa Oynbao3epa Hanpasum naparn-
nenbHO cnefy ncesgocasura AH n3 Toukn J, gens-
e nNpoeKuuto ne3sunsa Hoxka AB nononam. Cnoxuve
3TV cunbl 1 cuny T, rpadumyeckum nyTeM nosyuum
rOPV30HTaNIbHYI0 CUJly COMPOTUBAEHNA MacC/Ba
rpyHTa Qeep =33 374 H (puc. 1c). NonpaBo4HbIi KO-
s3dduumenT k , = 1.1. TopnzoHTanbHas cuna (15):
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Q,=1.1-33374=36 711 (H).

Cuny Tarv Tpaktopa F_ (puc. 1d) gna ocy-
LWEeCTB/IEHNA NEePBMYHOIO CMATWA, MNCEeBAOCABUra
W CABUWra rpyHTa nessriem Hoka Oynbgo3epa nony-
4M rpadUUecKM cnoxeHuem cun £ n F, n npo-
eLMpOoOBaHNEM Ha FOPU30OHTab: Fmﬂeunep =371 832 H.

C yueTom nonpasoyHoro KoadpduruureHTa (15):
F_ .. =11-31832=35015(H).

msaaun

BepTukanbHaa cuna BO3[eNCTBMA Ne3BMA Ha
rpyHT: F =7 908 H. MonyyeHa rpadpuuecknm ny-

neep

Tem. C yueTom nonpaBoYHoro Koapduumenta (15):

F_=1.1-7908=8699 (H).

nezp

Cvna TaXecTn nogBeepraroLerocsa nceBfocaBm-
ry yyacTka rpyHTa, niolwaib Ce4YeHUs KOToporo B
NPOAONbHO-BEPTMKaNbHOM NnockocTn ABCH (17):

G,=9.8-1600-2.5-3458-10° =113 (H).

M3 puc. 1a nneum cnn OTHOCUTENbHO TOUKK A:
[, =28 mm; |.= 7.7 mm; | = 82 mm. Touky U npuno-
YKEHUA TOPU3OHTANIbHOM CW/bl MPOTMBOAENCTBMA
mMaccrBa rpyHTa Q, MepemelleHunio Ie3Brs HOXa
BbIUMCIIUM M3 YCJIOBMA pPaBHOBECUS MOMEHTOB OT-
HOCUTENbHO TOUKM A (16):

b= 2369-28+3458-7.7 +133-82

= 3.1 (Mm).
? 36711

Cuna conpoTmBneHna maccusa rpyHTa Q nepe-
MELLIEHUIO NIe3BUS HOXKA Oy eT HanpaBeHa He ropu-
30HTanbHO (puc. 1a), a OTKNOHeHa Ha yron 3= 10.3°.

BbINOMHMB aHaNOrMYHbIe MOCTPOEHNS N pacye-
Tbl, ONPEeeNnVM NnapaMeTpbl NPY PasNYHOM 3arny-
6neHun HoXa. OHK faHbl B Tabnuuax 1-6.

Ta6auua 1
Table 1

CymmapHas cuna 8o3oeticmsus epyHma T Ha yuacmok ABCH nepsuyH020 nceddoco8u2a co CMOPOHbI y4acmka
BCDE cmeweHus epyHma u ee njie4o omHocumesibHO moyku A
Total force T of ground effect on the ABCH section of primary pseudo-displacement from the side of the
BCDE section of ground displacement and its shoulder relative to the point A

FTATE Cuna Bo3paencTBuA Cuna TpeHuna nnacra o no- CymmapHas cuna Bospelii- TR Mnevo [,
Z o cmeLjaemoro BEPXHOCTb HOXa M HVPKHEI | CTBUA Ha NCeBAOCABUraemMblii I am cnbi T,
Y nnacra, Q , H vactuorBana, F_, H y4acTtoK rpyHTa, T, H i MM
0.05 1336 1033 2369 50 28
0.1 2950 2 646 5596 122 64
0.15 6 806 6128 12934 182 96
0.2 12252 12020 24272 248 125
0.25 19500 19200 38700 317 160
0.3 27 820 27 331 55151 381 192
Tabnuya 2
Table 2
3ampamel 3Hepauu Ha cMamue, 06veMHoe CXamue U Nceadoco8u2 2pyHMA HOXOM
Energy costs for crumpling, volume compression and pseudo-displacement of soil with a knife
Hanps- Cuna Cuna BO3- Koa¢- Cuna, He- MyTb 6ynbposepa, O6bemHble 3a-
fy- | enmes | CMATMAM | AeiicTBUA $uumnent o6xopumas Heo6XoAuMbBI ANA | TpaTbl SHEPrum Ha
6MHa, rOVHTE ncespno- cmeLya- yueta ANA cMATHA, pa3paboTkm ogHoro cmMATUE, OKaTne
am |_‘|’/‘,’WMZ’ caBura, emoro 06bemMHOro | CkaTuAunnceB- | Kybmuyeckoro meTtpa 1 nceBAo-cABUT
H rpyHTta, H coKaTusa pocasura, H TPyHTa, s, M rpyHTa, [x/m?
0.05 0.6 27000 2369 1.088 29369 8 227 969
0.1 1.2 54000 5596 1.104 59596 4 209 580
0.15 1.797 80870 12934 1.16 93 804 2.67 209 243
0.2 2.397 107 870 24272 1.225 132142 2 209 327
0.25 2.997 134870 38700 1.287 173570 1.6 209378
0.3 3.597 161870 55151 1.34 217 021 1.33 209412
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Ta6bauua 3

Table 3
3ampamel 3Hepauu Ha c08U2 2PyHMA Kpaem HoXa
Energy costs for soil displacement by the knife edge
Hanpsxe- Mnowapb Cuna, Heo6- O6bemHble
6r"y' HMe cABUra | cABurarpyHTa L xoaumas ans MyTs Gynuiosepa, Heobxoau- 3aTparbl
MHa R T GHTMUKPO- | o ovhTa Mblii AnA pa3paboTKu ogHOro 3Heprum
am ! ! CABUTOB ' | Kyb6uuyeckoro meTpa rpyHTa, s, m !
MnMa mm? H ox/m3
0.05 0.8 2882 0.5 3458 8 26 845
0.1 0.8 6293 0.5 7552 4 29309
0.15 0.8 9590 0.5 11508 2.67 29776
0.2 0.8 12924 0.5 15509 2 30096
0.25 0.8 16 271 0.5 19525 1.6 30312
0.3 0.8 19618 0.5 23542 1.33 30456
Tabnuua 4
Table 4
MowHocms, 3ampayusaemas Ha pe3aHue 2pyHmMa Hoxxom 6yib0o3epa
Power used to cut the soil with the bulldozer knife
. _ | O6wue 3aTpaTbl 3Heprumn .
y6un Koadpdpuunm Ha pe3aHme ORHOTO Ky- Bpems paspaboTku MowHocTb, 3aTpauu MouwHocTs,
Haa, eHT 6114ECKOrO METPa rDYHTa ofHoro Ky6uueckoro Baemas Ha pe3aHue BT
M k :P PyHTa, meTpa rpyHTa, C rpyHTa HOXoM, BT
o+ A)K/M
0.05 1.1 280 296 8 35037 35
0.1 1.1 262778 4 65 694 65.7
0.15 1.1 262921 2.67 98 595 98.6
0.2 1.1 263 365 2 131683 131.7
0.25 1.1 263 659 1.6 164 787 164.8
0.3 1.1 263 854 1.33 197 891 197.9
Tabnauua 5
Table 5
Cusel 8030elicmaus s1e38UA HOXA HA 2pYHM U cuiia npomugodelicmaus
maccusa 2pyHma nepemeweHuro s1e368Us HOXa
Forces of the knife edge impact on the soil and the force of the
soil mass counteracting the movement of the knife edge
Tny6u- Cuna _Ic_:r"“a BepTtukanb- Koadppuumenr Cuna CunaTarn, | BepTtukanbHasA cuna,
Haa, M Q ,H ! HaA cuna, H Q,H kH H
22p) KH o+ t4
0.05 33374 31.8 7908 1.1 36711 35.0 8699
0.1 68 731 65 16187 1.1 75604 71.5 17 806
0.15 110470 102 25509 1.1 121517 1124 28 060
0.2 158 739 143 35660 1.1 174613 157.4 39226
0.25 212142 187 46 848 1.1 233 356 206.1 51533
0.3 268 816 233 58316 1.1 295 698 256.7 64 148

98

Apxumekmypa, cmpoumesnbcmeo, mpaHcnopm



Tabauua 6
Table 6

Cuna c0suza 2pyHma se3suem HOXa U OmK/IoHeHue cusiel Q om 20pusoHmManu
Force of soil displacement by the knife edge and deviation of force Q from horizontal

Iy | | cana | ‘ca | Cana | cana | camm | cana | Kocmyeymaor | yronorwionenns
am ;;3; FaH gﬁ Gy H Q./H %;IP’ E OT rOpU3OHTanNu 30HTanNun

005 | 77 | 3458 | 8 | 113 | 33374 | 31 | 31832 0.954 103

01 | 77 | 7552 | 183 | 247 | e8731 | 67 | 65011 0.946 9.8

015 | 77 | 11508 | 282 | 376 | 110470 | 13 | 102220 0.925 8.1

02 | 77 | 15500 | 385 | 507 | 158739 | 21 | 143120 0.902 6.2

025 | 77 | 19525 | 482 | 638 | 212142 | 31 | 187340 0.883 46

03 | 77 | 23542 | 769 | 769 | 268816 | 42 | 233334 0.868 34

[na eviyucneHus npedena npoyHocmu epyHma
Ha cmAamue ¢ y4emom HanpsxeHul ncesoocosuad
npu Opy2om 3az/1ybeHuUU HoXa byb0o3epa ciedyem
ucnone3osames hopmyny (3).

3aBMCMMOCT MapamMeTpoB OT 3arnybneHus
HOXa AaHbl Ha puc. 2-9. Pe3ynbTaTbl annpoKcMma-
LMW npeAcTaBneHbl Ha rpadukax.

3aBMCMMOCTU CUMbl CMATWA TPYHTA JIe3BMEM C

y4yeToOM ero nceBgocaBura, CUibl TAXeCTU TPYHTa,
180000
160000 4
=
¢ __ 140000
a T y=26970+17.391
i E 120000 P
S R2=1
'ﬂ_; ?[ 100000
S 8 80000
2 & /
« @ 60000
E ) /
2 g 4/
O = 20000
© U
= J
s > Y T T r
U v 0.05 0.1 0.15 0.2 0.25 0.3
[ny6viHa xopa HoXa, M
60000 =
%0000 1y =1999 3x78
R*=0.9859

40000

y =-121.92x% + 2967 .4x* - 4973.4x + 453V

R’ =1
20000 //
10000 ‘_%./y =841.04 X2 - 529.65x + 875.4
0 R*=0.9997 ‘

0.05 0.1 0.15 0.2 0.25 0.3
[ny6buHa xofa HOXa, M

30000

Cvna BO34eiCTBUA CMeLaeMoro

rpyHTa, H

BospelncTBme cmelaemMoro rpyHTa 1 Cuibl €ro TpeHus
BospelcTBume cmellaemoro rpyHTa

CreneHHas
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MNMonnHommHanbHan
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NOABEPXKEHHOTO CMATUIO, OOGBEMHOMY CXaTuio W
NceBAOCABUTY NIE3BMEM HOXKa, CUJbl CABUIa rpyHTa
KpaeMm Jie3BMA HOXa, MOLLHOCTU Ha CMATKE, 00beM-
HOe CKaTue 1 NCeBAOCABUT TPYHTa Ne3BMEM HOMXKa,
MOLLHOCTU, HEOOXOAMMOW ANA CABUFa FPYHTa Kpaem
ne3BKA HOXA B Hauyane npoxoaa Oynbaosepa, oT 3a-
rny6neHnsa HoXa MMeIoT NINHENHbIN BUA. TN napa-
MeTpPbl MOHOTOHHO BO3PAacTaloT No Mepe 3arnybne-
HUS HOXaA.

Puc. 2. 3asucumocme cusibl CMAMUA 2pyHMA sie3guem

C y4emom e20 ncegdocosu2d 8 Hayase npoxooa
6ynb003epa om 3a2ybeHUs HOXa

Fig. 2. Dependence of soil crumpling force by the knife on
the knife depth, taking into account pseudo-displasemant
of the soil at the beginning of the bulldozer passage

Puc. 3. 3asucumocme cusibl 8030elicmaus CMeuwaemo2o
2pyHmMa Ha cmamue, 06seMHoe cxamue U Ncegoocosu?
2pyHmMa sie3guem HoOXd 8 Havadsie npoxooda byne0o3epa
om 3aznybieHuUa HOXa

Fig. 3. Dependence between the knife depth and the
force of the displaced soil impact on crumpling, volume
compression and pseudo-displacement of the soil by
the knife edge at the beginning of the bulldozer passage
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Puc. 4. 3asucumocme cusbl maxxecmu 2pyHma,
noodsepxeHH020 CMAMUI0, 06bEMHOMY CXaMUIo

U ncegdocosuzy /1e38UeM HOXA 8 Havase npoxooa
6yn1b003epa om 3azsybeHuUs HOXa

Fig. 4. Dependence between the knife depth and the gravity
force of the soil affected by crumpling, volume compression
and pseudo-displacement by the knife at the beginning

of the bulldozer passage

Puc. 5. 3asucumocme cusbl cMamus ¢ yyemom
ncegoocosu2a U 06LEMHO20 CXXAMUA 2pyHMA se3suem
HOXa 8 Hauasne npoxooa 6ysb0o3epa

om 3a2/1y61eHUs HoXa

Fig. 5. Dependence of soil crumpling force on the knife
depth taking into account pseudo-displacement and
volume compression of the soil by the knife at the
beginning of the bulldozer passage

Puc. 6. 3asucumocme MowHOCMU HA cMamue, 06vemMmHoe
ckamue U nces0oco8U2 2pyHMA f1e38UeM HOXd 8 Hadyasie
npoxoda 6y16003epa om 3azs1y6eHUA HOXa

Fig. 6. Dependence between the knife depth and power
for crumpling, volume compression and
pseudo-displacement of soil by the knife at the beginning
of the bulldozer passage

Puc. 7. 3asucumocme cusibl cO8U2a 2PYHMA Kpaem
J1e38Usl HOXa 8 Hayasie npoxoda b6ys10o3epa om
3a2ny6neHus HoXa

Fig. 7. Dependence of soil displacement force by
the knife edge at the beginning of the bulldozer
passage on the knife depth
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3aBUCMMOCTb CWUSIbl BO3AENCTBUSA CMELLLAEMO-
ro rpyHTa Ha cmMATUe, o6beMHoe CKaTue U MceB-
LOCABUT TPyHTa Ne3BMeM HOXKa B Hayane npoxopa
Oynbfo3epa oOT 3arnybneHus Hoxa (puc. 3) nmeet
6onee CnoxHbin BMA. B yacTHOCTW, 3aBMCUMMOCTb
BO3AENCTBNA CMELLAaeMOoro rpyHTa 1 CUsbl ero Tpe-
HUA MOKHO anMpPOKCUMMPOBATh C BbICOKOW TOUHO-
CTblO KaK MOJIMHOMOM TpeTben CTeneHwu, Tak 1 cTe-
neHHon GyHKUMeNn. 3aBUCMOCTb CUJbI TAMN U CUMbI
COMPOTMBAEHNA TPYHTA MNepemeLleHnio Jfe3Bus
HOXa B Hauane npoxoga Gynbpo3epa OT 3arny6ne-
HUA HOXa MOXHO anmnpOKCMMUPOBATb C BbICOKOW
TOYHOCTbIO MOSIMHOMOM BTOPOW CTeneHW. ITu na-
pameTpbl TakXe MOHOTOHHO BO3pacTaloT Mo Mepe
3arnybneHmna Hoxa.

BbiBOAbI

1. 3aBUCUMOCTU MOLLHOCTY Ha CMATNE, 06beMHoe
oKaTve 1 NCeBAOCABUT TPYHTa Nle3BMEM HOXa
N MOLLHOCTW, HEOOXOAMMOW ANA CABUra rpyHTa

Puc. 8. 3asucumocme mowHocmu, Heobxooumoui 0715
c08uU2a 2pyHMa Kpaem J1e38Us HOXA 8 Ha4dse npoxood
6yn1b003epa, om 3a2/1ybrieHUs HOXa

Fig. 8. Dependence between the power required to displace
the soil by the knife edge at the beginning of the bulldozer
passage and the knife depth

Puc. 9. 3asucumocme cusbl maau U cusibl CONpoMugieHus
2pyHmMa nepemeleHuUIo 1e38Us HOXA 8 Hayasie npoxood
6yn1b003epa om 3az/nybaeHus HOXa

Fig. 9. Dependence between tractive power and soil
resistance to knife edge movement at the beginning of the
bulldozer passage and knife depth

KpaeMm Nle3B1A HOXa B Hauane npoxopa bynbao-
3epa OT 3arnybneHna HoXa MMEIOT JIMHENHbIN
BuA. MoLHOCTb, 3aTpayMBaemasa Ha nepeme-
LeHne ne3Busa Hoxa Oynbfo3epa, OYeHb Be-
NNKa, CyLWeCTBEHHO YBeNMYMBaETCA NO Mepe
3arny6neHna HoXa. 3aBUCUMOCTM CUJTbI TATU U
CUNbl CONPOTUBNIEHNA TPYHTa NepemeLleHnto
ne3BuUA HoXa B Hauane npoxopa bynbfgosepa ot
3arnybneHuna Hoxa 6IM3KK K INHENHBIM.

2. CpepHue 3aTpaTbl SHEpPrun Ha pesaHne Ho-
oM 6ynbao3epa OAHOro Kybuyeckoro metpa
FPYHTa OYeHb BENNKN: Uy, , = 266 145 [x / M.
BbiaBneHve 3aTpaTt aHeprun Ha nepemelyeHne
nes3sua Hoxa OynbAo3epa NO3BOAUT B Aab-
Helwem onpeaennTb obLymne 3aTpaTbl SHEPrun
C uenbio MogepHM3auumn Oynbao3epHoOro 060-
PYyAOBaHWUA, HaMpaBNeHHOW Ha YMeHblueHune
3Tux 3aTpat [15].

MonyyeHHble B Xofe UCCNeAoBaHMA 3aBUCUMO-

CTV HeoOXOAUMbI A1 CONOCTaBNEHUA NapaMeTpoB,

Apxumekmypa, cmpoumenbscmeo, mpaHcnopm

101



MOMyYeHHbIX 13 B3aVMOMEWCTBUA JIE3BMSA HOXKa C
FPYHTOM, CYLLECTBYIOLLErO U YCOBEPLLEHCTBOBAHHO-
ro [15] 6ynbpo3epHoro ob6opynoBaHus. Ctatba 06-
nafgaeT Hay4YHOW HOBM3HOW, TaK KakK B INTePaTypPHbIX
NCTOYHMKAX MOSIHOMO aHanmM3a B3aUMOAENCTBUA
6ynbo3epHOro 060pyAOBaHUA C TFPYHTOM HeT,

BCTPEYaloTCA Nnb YaCTHbIE MOMbITKU. anIBequ-
Hbl€ pe3ynbTaTbl MOT'YT MMETb NMPaKTN4YeCKoe 3Haye-
HWe KaK anAa aHasin3a pa6OTbI TeXHN4YeCKnx cpeacTs,
Tak U OnAa ycoBepleHCTBOBaHMA 6ynb,q03epHoro
o6opynosava C uenbto ocyuwiecTBineHnA pa6oqero
npouecca C MeHbLUMMW 3aTpPaTaMn SHEPTUN.
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WHOOPMALMWMA /19 ABTOPOB

MPABUJTIA TOATOTOBKU PYKONMUCI

1. KnpepoctaBnaemoi pyKonucu AomKHbI ObITb NPUNOXKEHDBI CleaytoLne AOKYMEHTbI:

«  COMpOBOAUTESIbHOE MUCbMO aBTOPA Ha VMMSA IMABHOIO pefakTopa XypHana, NoATBepKaatoLee, Yto
CTaTbA HUrLe paHee He 6binia onybnnKoBaHa;

«  DKCMepTHOE 3aKJ/IloUeHre opraHn3aunn, oTKyaa NCXoauT PYKOMUCh, O BO3MOXKHOCTM OTKPbITOrO ony-
GNMKoBaHUSA.

B cnyyae npuHATMA NONOXKUTENBHOIO pelleHnsa o Nybnukaumm pyKonucu B »KypHane aBTop [OSIKeH
NpefoCTaBuUTb B pefakuuio NOANUCaHHbIN BapuaHT PyKoNucy (UNv ee CKaH).

2. Bce noctynatowue B pefaKkLumio XKypHana pyKonucy cTaTby MPOXOAAT MPOBEPKY Ha HaNlMumne 3aumcTBO-
BaHWi. CTaTby, copepalymne meHee 75 % opurnHanbHOro TEKCTA, B )KypHane He nybnukyoTca (npoBepka
YHVKaNbHOCTU TeKCTa ocyLlecTBnaeTca 6e3 yueTa meTafaHHbIX 1 6ubnuorpaduryeckoro cnmcka).

3. PyKOI'II/ICVI, COOTBETCTBYHOLWME TEMATUKE XKYPHAaNa, NpOXo4AT npouenypy [J,BOI7IHOFO cienoro peueHsn-
POBaHNA C LieJIbIO X 3KCI'IepTHOVI OLEHKW. PeLieH3eHTbI ABNAOTCA NPM3HaHHbIMU CneunanmncTtamm nNo TemMa-
TUKE peleH3NPYyEMbIX MaTepPranoB. PeueH3nu XPaHATCA B pefakunn B TeHeHune 5 net.

4. TexHuuecKkune TpeboBaHUsA K TEKCTY.

®opmam ¢atinoe 011 mexkcma - Microsoft Word (*.docx). HassaHve darina gomkHo Bknouyatb da-
MU0 Y MHULMAnbl aBTopa cTatby (Hanpumep: MBaHos_WW.docx) CtaTbuy, copepatime Gopmysibl, TOMU-
Mo word-daiinia Heobxogumo npoaybnuposatb pdf-painom Bo n3bexaHne NcKakeHnsa Gopmyr, KoTopble
cnepyeT HabupaTtb B MathType 4.0 Equation.

O6wvem cmambu - He MeHee 5 1 He 6onee 15 cTpaHuy (He BKtovas Gubnmorpadpuyecknii Cncok).
Pasmep wpndta 12 Nt (Times New Roman), MEXCTPOYHbIN MHTEPBAs OAWHAPHBIN, ab3au 0,5 cm. Mons cTpa-
HUL: BepxHee 20 MM, HUXHee 20 MM, neBoe 20 Mmm, npasoe 20 mm.

Bce epagpuyeckue 06veKkmbi [ONXKHbI ObITb NPefoCTaBeHbl OTAENbHbIMY dalrfiamun: OAUH PUCYHOK —
opvH dann rpadurueckoro ¢popmata. PactpoBble pucyHKM (poTo) npepoctasnaiTca B popmate JPG ¢ pas-
peweHriem He meHee 300 dpi. Kaxablh pucyHOK JOMKeH ObITb MOMELLEH B TEKCT 1 CONMPOBOXAATLCA HyMe-
pOBaHHOW NOAPUCYHOUYHON noanucbio. CCbIIKM Ha PUCYHKM B TEKCTe 0653aTeNbHbI.

Ta6nuybl cnepyet NoOMeLLaTb B TEKCT CTaTbl, OHY JOJIXKHbI UMETb HYMepaLuio, 3arofloBOK M YETKO 060-
3HauyeHHble rpadbl, yao6Hble 1 NOHATHblE AnA YTeHUA. CCbTKM Ha Tabnuubl B TEKCTe 06A3aTesNbHbI.

O6vem u/IIocMpamueHbIx Mamepuanos (Tabnuy 1 rpapuruecknx MaTepuasnon) He JOMKeH NpPeBbl-
watb 1/3 obuiero o6bema pyKonucu.

bubnuozpadguyeckutii cnucok (He meHee 15 NCTOYHUKOB) JOIKEH COAEPXKaTb CCbINIKN HA akTyaslbHble
HayuyHble paboTbl OTeUeCTBEHHbIX 1 3apybexHbIx creyunannctoB. O6bem caMouuTMPOBaHUA — He Gosee
30 % OT 0OLero Yncna ccbiiok.

Hymepayus ucnos1b308aHHbIX UCMOYHUKOB 8 cnucKe [1aeTcA B NOPAAKE NocsieoBaTeNbHOCTA CCbl-
NoK. Ha Bce NCTOYHUKM OMKHbI ObITb CCITKY B TEKCTE CTaTbM B KBaAPATHbIX CKOOKaX. B cnvcke He fomkHO
ObITb «<HEaBTOPM30BaHHbIX» NcTouHKKoB (CI1, CHulMos, FTOCToB U T. N.) — Ha HMX CCbINKK JAOTCA Henocpen-
CTBEHHO B TeKCTe CTaTbM.

bu6bnuozpadguyeckuli cnuUcoK Ha pycckom s3biKe [oMmKeH 6bITb opopmneH cornacHo FOCT P 7.0.100-2018.

5. Pykonucb cTaTby JOMKHA BKOYATb:

«  nHaekc YIK;

+  Ha3BaHWe CTaTby Ha PYCCKOM A3bIKE;

«  MHWUKManbl 1 GaMuanio aBTopa Ha PYCCKOM A3blKe (eC/NM aBTOPOB HECKOJIbKO, OHM paboTatoT B pasHbIX
OopraHusaumax, To nocsie Gamunnm CTaBUTCA BEPXHUN NHAEKC (1, 2 1 T.4.), COOTBETCTBYHOLUMIA OpraHu-

104 Apxumekmypa, cmpoumenbcmeo, mpaHcnopm



6.

3aL1K, OTKYAa UCXOAUT PYKOMUCD, YKa3aHHOW HIXKE NOf TEM »Ke HOMEPOM, CJIeloM HEOOXOAMMO YKa-
3aTb ropop 1 cTpaHy. Ecnu aBTop oauH mnm Bce aBTopbl paboTatoT B O4HOW OpraHmn3auumu, To MHAEKCI
He cTaBATCA);

AHHOTAUWA Ha PYCCKOM fA3blKe (06wl 06beM aHHOTaLUN — He 6osiee 500 3HaKOB);

KnioyeBble C/I0Ba Ha PYCCKOM A3blke (0o 10 cnoBs u (Mnun) cnoBocoyveTaHni);

[TyHKmMel 2-5 He06x00uMo Npody6/1UPOBAMb HUXE HA AH2/TUUCKOM A3blKe

OCHOBHOW TEKCT CTaTbW Ha s13blKe OPUrMHana;

6ubnuorpadryeckun CNMCoK Ha PyCcCKOM A3bIKe;

cBepeHuna o6 aBTopax (Information about the authors): nonHbie ®©./.0., BOMKHOCTDb, yueHaa cTeneHb,
3BaHMe, MecTo paboTbl, TenedoH, e-mail — Ha pycCKOM 1 aHFTMNCKOM S3blKax.

CprKTypa OCHOBHOTIO TEKCTa CTaTbW OOJIXKHA BK/KOYaTb cieayolne p)/6pI/IKVI, COrMmacHO CTaHfapTy

IMRAD: BBeaeHue, 06BEKT M MeToAbl MCCNefOBaHMWA, SKCNepUMeHTanbHas YaCTb/NOCTaHOBKA 3KCMepu-
MEHTa, pe3ynbTaTbl, 06CyKaeHe, BbIBOAbI, MPUAOXKEHWS.

7.

BeedeHue. BkntouaeT akTyanbHOCTb MCCNieoBaHUsA, 0630p nuTepaTypbl NO TeMe UccnefoBaHus, No-
CTaHOBKY Npobnembl, opMynmpoBaHue Lenmn 1 3agay nccnefoBaHus.

06vexm u memoObl uccsiedo8aHus. [JaHHbIN pa3fen BKIOYaeT AeTanbHOe onrcaHe METOA0B U Cxe-
Mbl SKCNEPUMEHTOB/HabNoAeHN, MO3BONAOLWMX BOCNPOU3BECTU UX Pe3yNbTaThbl, MOSb3yACb TONbKO
TEKCTOM CTaTbM; MaTepuanbl, Nprbopbl, 060PYAOBaHNE U ApPYrVe YCIOBMA NPOBEAEHUS IKCNEPVMEH-
TOB/HaGNOAEHNIA.

dKcnepumeHmanbHaA 4acme/nocmMaHoeKka >3KcnepumeHma. HeobAzaTtenbHblll pasgen. Moxet
BKJIOYATb MOAPOOHYI0 MHPOPMALMIO O CTaAUAX Peann3aLnn SKCNePYMEHTa, BKJTIOUYAIOLLYO rpaduye-
CKune matepuanbl Ansa Hanbonee NOHOIO PacKpPbITUA METOAUKU 1 YCNOBUI MPOBEAEHMSA OMbITOB.
Pe3ynbmamel. Pe3ynbraTtbl peKoMeHAYyeTCsA NpeAcTaBnaTb NPenumyLecTBEHHO B BUAe Tabnuu, rpadu-
KOB M UHbIX HAarnAgHbIX Gopmax. DTOT pa3fen BKIIKYAET aHaIN3 MOyYeHHbIX Pe3yNibTaToB, UX NHTEpP-
npeTauuio, CpaBHEHKe C pe3ynbTaTaMu APYrX aBTOPOB.

0O6c¢cyxo0eHue. Cofep>KUT MHTEPMPETALMIO NMONYUYEHHbIX Pe3yNbTaToB UCCNE[0BAHNA; OFPaHNYEeHNA UC-
CflefoBaHuA 1 0606LLEHUS ero Pe3ynbTaToB; NPEAJIOKEHUS MO NPaKTUYECKOMY MPYIMEHEHUIO; Npea-
NOXKEHWA NO HanpaBneHno 6yayLwnx nccnefoBaHmi.

Bb1800b1. [logBOAATCA MTOMM HAYYHOTO MCCIefoBaHMA. 3aKloUeHne COQEPKNUT BbIBOADI, KPAaTKo dop-
MynMpYloLLMe OCHOBHble HayUHble pe3ynbTaTbl CTaTbU. BbIBOABI 4OMKHbBI NTOMMYECKN COOTBETCTBOBATb
nocTaBneHHbIM B Hauasie cTaTby 3afjlayam, cofeprKaTb KpaTKne UTorv pasfenos cTaTby 6e3 nosTope-
HUA GOPMYNNPOBOK, MPUBEAEHHDBIX B HYX.

MNMpunoxeHus. HeobasatenbHblli pasgen. MoxeT BKtoYaTb MHGOPMALMIO O FPAHTOBON MOAAEPXKKE,
npu KOTOPOW 6bINo peanv3oBaHO NCCIefOBaHME, a TakXKe coflepkaTb 6narofapHOCTY B adpec Apyrmx
YUYeHbIX /NN NPesnpuATUN, OKa3aBLLUX COAeNCTBIE B peanm3auumn ncciefoBaHus.

Pykonucb, gonylieHHas K ny6nvkauumn, npoxoamT NPUHATLIA peJakumen npouecc goneyaTHou nog-

rOTOBKW, BK/TIOYAIOLMIA pelaKTUPOBaHNe, KOPPEKTYPY, BEPCTKY.

8. MCHpaBﬂeHHble CTaTbW aBTOpPaM He NpeaoCcTaB/IAIOTCA. PYKOI'IVICVI, He yaoBneTBopAwme nepedncrieH-
HbIM Tpe6OBaHVIFIM, K PaCCMOTPEHNIO HE NPUHMMAOTCA N aBTOPaM HE BO3BpallatoTCA.

9.

MNnaTta 3a OI'Iy6J'Il/IKOBaHVIe pyKOI'IVICGVI He B3mMaeTcA.

Mepeneyatka MaTepunanoB WIN X GparMeHTOB BO3MOXKHA TOJIbKO C MWCbMEHHOTO pa3peLleHus

penakumu. Ccbinka Ha HayYHO-MHGOPMALMOHHDIV KYPHaN «APXUTEKTYPA, CTPOUTENBCTBO, TPAHCMOPT»
o6sa3amenvHa!
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INSTRUCTIONS FOR AUTHORS

MANUSCRIPT PREPARATION GUIDELINES

1. The following documents must be attached to the submitted manuscript:

« acover letter from the author addressed to the editor-in-chief of the journal, confirming that the article
has not been published anywhere else;

«  expert evaluation of the organization where the manuscript comes from on the possibility of open
publication.
If a positive decision is made to publish the manuscript in the journal, the author must submit to the

editor a signed version of the manuscript (or its scan).

2. All manuscripts submitted to the journal are checked for plagiarism. Articles containing less than 75%
of the original text are not accepted for publication in the journal (verification of the uniqueness of the text
is carried out without taking into account metadata and bibliographic list).

3. Manuscripts corresponding to the subject matter of the journal undergo a double-blind peer review
procedure for the purpose of their expert evaluation. The reviewers are recognized experts in the subject
matter of the reviewed material. The reviews are kept in the editorial office for 5 years.

4. Article format requirements

The file format for the text is Microsoft Word (* .docx). The file name must include the surname and
initials of the author of the article (for example Ivanov_AA.doc) Articles containing formulas, in addition
to the word file, must be duplicated with a pdf file in order to avoid distorting the formulas that should be
typed in MathType 4.0 Equation.

The article should be no less than 5 and no more than 15 pages (not including the reference list). Use
12 pt Times New Roman, single line spacing, paragraph 0.5 cm. Page margins: top 20 mm, bottom 20 mm,
left 20 mm, right 20 mm.

All graphic objects must be submitted in separate files: one figure — one graphic format file. Raster
images (photos) are submitted in JPG format with a resolution of at least 300 dpi. Each figure should be
placed in the text and accompanied by a numbered figure caption. References to figures in the text are
required.

Tables should be placed in the text of the article, they should have a numbering, heading and clearly
marked columns, convenient and easy to read. References to tables in the text are required.

The volume of illustrative materials (tables and graphic materials) should not exceed 1/3 of the total
volume of the manuscript.

The list of references (at least 15 sources) should contain links to current scientific works of national
and foreign specialists. Self-citations should not exceed 30 % of the total number of links.

The numbering of the sources used in the list is given in the order of the sequence of references.
All sources should be referenced in the text of the article in square brackets. The list should not contain
"unauthorized" sources (SP, SNiPs, GOSTs, etc.) - links to them are given directly in the text of the article.

Thelist of references in Russian must be drawn up in accordance with GOSTR 7.0.100-2018 (in English -
with APA 6% Edition).

5. The manuscript of the article should include:

« UDCindex;

+ title of the article;

- initials and surname of the author (if there are several authors, and they work in different organizations,
then a superscript (', 2, etc.) is put after the surname, corresponding to the organization which the
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6.

manuscript comes from, indicated below under the same number, followed by the city and country. If
there is one author or all authors work in one organization, then the superscripts are not used);
abstract (no more than 500 characters);

key words (up to 10 words and (or) phrases);

main text of the article in the original language;

references;

information about the authors: full name, position, academic degree, title, place of work, telephone,
e-mail.

The structure of the main body of the article should include the following sections, according to the

IMRAD structure: introduction, object and methods of research, experimental part/experiment, results,
discussion, conclusions, applications.

7.

Introduction. It includes the relevance of the research, literature review on the research topic, problem
statement, formulation of the goal and objectives of the research.

Object and methods of research. This section includes a detailed description of the methods and
schemes of experiments/observations that make it possible to reproduce their results using only
the text of the article, as well as materials, devices, equipment, and other conditions for conducting
experiments/observations.

Experimental part/experiment. It is an optional section. It may include detailed information about
the stages of the experiment, including graphic materials for the most complete disclosure of the
methodology and conditions of the experiment.

Results. It is recommended to present the results mainly in the form of tables, graphs, and other visual
forms. This section includes the analysis of the results obtained, their interpretation, comparison with
the results of other authors.

Discussion. It contains the interpretation of the obtained research results, limitations of research and
generalization of its results, suggestions for practical application, suggestions for future research.
Conclusions. Here the results of the research are summed up. Conclusions summarize the main
scientific results of the article. Conclusions should logically correspond to the objectives set at the
beginning of the article, contain brief summaries of the sections of the article without repeating the
formulations given in them.

Applications. It is an optional section. It may include information about grant support under which
the research was carried out, and also gratitude to other scientists and/or enterprises who contributed
to the implementation of the research.

The manuscript, admitted for publication, goes through the prepress process adopted by the editors,

including editing, proofreading, and layout.

8. Corrected articles will not be provided to authors. Manuscripts that do not meet the listed requirements
will not be accepted for consideration and will not be returned to authors.

9.

There is no fee for the publication of manuscripts.
Reprinting of materials or their fragments is possible only with the written permission of the publisher.

A link to the scientific and reference journal "Arhitektura, stroitel'stvo, transport" ["Architecture,

Construction, Transport"] is required!
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