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PABOYEE OBOPYJIOBAHUE DKCKABATOPA
AJIS1 BBIBOPOYHOI'O PEMOHTA TPYBOITPOBOJIA

[Mpennoxen BapUaHT MO/ICPHU3AINT
KOHCTPYKIMH paboyero o0OpynOBaHHS HKCKaBaTopa
JUIsl BBIOOPOYHOTO peMOHTa TpyOonpoBoga. OCHOBHas
nyiesi 3aKIII0YaeTCs B JOIOJHEHUH OCHOBHOTO paboyero
obopynoBaHus 9KCKaBaTopa KOHCTPYKLIUEH,
cocrosimeit W3 Tpex 3yOpeB, oOpasyromux B
COBOKYHNHOCTH C KOBIIOM 3aXBaTHBIH MEXaHU3M.
[IpencraBnena pacuerHas cxema. s noaTBepKaeHUS
paboTOCTIOCOOHOCTH — TPEIUIOKEHHOH  KOHCTPYKIHA

MIPOBEICHBI TEOPETHYECKHE UCCIIEOBAHMS,
HampaBjeHHbIE HAa  ONpeJeNeHHEe  YCTOWYHBOCTH
MAIlMHBI 171 HanOoJjee ONacHBIX PAacCUeTHBIX Pado4nX
TIOJI0KEHUH 9KCKaBaTopa, u YCTaHOBIICHBI
JOIYCTUMBIE THIIOpasMepbl TpyO, mHpu padore C
KOTOPBIMH YCTOHYHBOCTE MAIIUHBI COXPAHACTCSL.
KiroueBble ciioBa: 3KCKaBaTOp, PEMOHT TPY-

6omnpoBoa, KOBII, pabodee 000pyAOBaHME, 3aXBAT.

A.B. Letopolsky, P.A. Korchagin, I.A. Teterina

EXCAVATOR WORKING EQUIPMENT
FOR ISLANDS OF PIPELINE REPAIR

Work objective. Modernization of the excava-
tor's working equipment design intended for islands of
pipeline repair together with confirmation of its opera-
bility by checking the machine for stability, carrying
out the necessary calculations of the hydraulic system.

Methods. The main idea is in accessorizing the
main working equipment of the excavator with a struc-
ture consisting of three teeth, which is in a body with
an excavator bucket form a pickup mechanism. To
confirm the operability of the proposed design, theoret-
ical studies have been carried out aimed at determining
the stability of the machine for the most dangerous
design operating positions, and permissible pipe sizes
have been established so that working with these sizes
provides the stability of the machine.

Results. A variant of improving the design of
the excavator working equipment of the third size
group has been developed. The equipment is intended
for carrying out random repair of the pipeline by the
excavator without involving other road construction
equipment (for example, a pipelaying crane). The pro-
posed design of the working body allows speeding

BBenenue

Marucrtpanbable  TpyOOmpoBOABI — —
CIIOKHEHIINE WHYKEHEPHBIE  COOPYKEHHS,
MpelHa3HauYeHHble [Ji1  TPaHCIOPTUPOBKHU
HedtH. Ceronus C HCIOJIL30BAaHUEM
MarucTpalbHbIX TPYOOIIPOBOIOB MPOUCXOAUT
nepemenienne 100 % Bcero moObIBaeMOro
raza, 95 % no6siBaemoit HedTH, Oonee 20 %
MIPOJYKTOB HeTenepepaboTKH.
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pipeline repair by reducing the time spent on changing
or relocating the equipment, which as a result reduces
the cost of repair work.

Conclusions. Calculations of the excavator hy-
draulic system have been carried out. In addition, as a
result of theoretical studies, calculated dependences
have been obtained, which made it possible to establish
the stability coefficient of the excavator of the third
size group when working with upgraded equipment and
the pipeline diameter in the range of 720 ...1420 mm.
As a result of the research, it was found that the pro-
posed equipment is effective for carrying out random
repairs of pipelines with diameters of 720, 1020 and
1220 mm. The stability of the machine in the most
dangerous positions is being carried out. The calcula-
tion shows that when the excavator does demolition
works of a pipeline with a diameter of 1420 mm, there
is a danger of overturning the machine due to a de-
crease in the Ku coefficient below the permissible val-
ue.

Key words: excavator, pipeline repair, excava-
tor bucket, working equipment, pickup.

I"azompoBoel 1 HedTenpoBoasl B Poc-
culicko @enepanuy pa3BUBAKOTCA MO JIBYM
HamnpaBJICHUsAM: HedTerazanpoBoJbl, HaXo-
JSIIMecs Ha TEPPUTOPUM CTPAHbI, U COOTBET-
CTBEHHO HaxojsInuecs 3a ee mpexaenamu [1].
CratucTuyeckue JaHHbIe CBUAETEIBCTBYIOT O
TOM, YTO MPOTSHDKEHHOCTh POCCHMCKHX Tra3o-
MPOBOJIOB COCTaBisieT Oonee 162 ThIC. KM,
HedTenpoBoaoB — 70 THIC. KM, MIPOIYKTONPO-
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B0s10B — 20 ThIC. KM [2]. [TpaBuTenscTBOM PD
NPUHSATHI PEIICHUS], KOTOPBIC JIETJIH B OCHOBY
[TporpaMmbl pa3sBUTHS TPYOOIIPOBOAHBIX Ce-
Teil crpanbl B mepuon a0 2030 roma [2]. B
paMKax MporpaMMbl BaKHEUIIMMH OOBEKTa-
MH OIIPEJIC/ICHBI CTPOMTEILCTBO HOBBIX U pe-
MOHT YK€ JCHCTBYIOIIMX MAarMCTPabHBIX
TpyOOIIpoBOI10B [3].

Wcxomss W3  BBIMIECKA3aHHOTO MOKHO
clleNiaTh BBIBOJI, YTO BOIIPOCAM, CBA3aHHBIM C
o0ecrieueHreM CTPOMTEIbCTBA W PEMOHTA
TpyOOIPOBOIOB COOTBETCTBYIOLIMMHU CPE/I-
CTBAMH MEXaHH3allH, B TOM YHCJIE KCKaBa-
TOpaMH, €Ile J0JIroe BpeMs OYAET yAeIAThC
noBbiieHHoe BHuManue [3]. Kpome storo, B

Ieans uccaenoBanusi

VY coBepIIEHCTBOBATh KOHCTPYKIHIO
pabouero oOOpymOBaHUs DSKCKaBaTopa s
BBEIOOPOYHOTO  pEMOHTa  TPyOOMpOBOJIA,
MO/ITBEP/IUB ee paboToCrnocoOHOCTh

MarepuaJjibl 1 METOIbI HCCIETOBAHUS

C menpio yBEeIMYEHUS! CKOPOCTH PEMOH-
Ta U CHIKEHHS Ce0eCTOMMOCTH PaboT aBToO-
pamu OblL1a pa3paboTaHa KOHCTPYKLUs pado-
4yero oO0OpYHOBAaHUS HKCKABAaTOpa, IMO3BOJIS-

YCIOBHUAX KOHKYPEHTHOT'O Ppa3BUTHUS HeTe-
JOOBIBAIOIIECH OTPACIy SKOHOMHKH BOIPOCHI,
CBSI3aHHBIE C MOBBIIICHUEM YHUBEPCAIBHOCTH
TE€XHOJIOTMYECKUX MAlIWH, B YaCTHOCTU YHU-
BEpCaIbHOCTH paboyero o0opyaoBaHus, IPU-
oOpetaroT BaxkHoe 3Havenue [1, 3].

CHu3uTh BpeMEeHHblE U (UHAHCOBBIC
3aTpaTrhl Ha BBIIIOJHEHHUE OIEPAIUil 10 BBIOO-
POYHOMY PEMOHTY TPyOOIpOBOJa BO3MOKHO
IIyTeM COBEpIIEHCTBOBAaHUS pabouyero obopy-
JIOBaHUS HKCKaBaTOpa, KOTOPBIN sBiIsgeTCs Oa-
30BOM MalIMHOW JJIsl BBIIIOJHEHUS BBIOOPOU-
HOTO PEMOHTa MarucTpajibHOrO TPYOOIPOBO-
na [4].

MPOBEPKOM MAIIMHbI Ha YCTOWYHMBOCTH M
MpoBeAs HEe00X0IMMBbIE pacyeTsl
TUJIPOCUCTEMBI.

Io1asi MPOBOJUTH BHIOOPOYHBIN PEMOHT TpPY-
O6onpoBoja 0e3 NPHUBJICUEHUS JIOMOIHUTEIb-
HOU TexHuKH (puc.l).

750
950

6)

Puc. 1. O6mwmii Bux padouyero o00py10BaHMsA: a — IJIABHBIH BUT; O — BUJ clieBa
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[IpennaraeMplii BapuaHT KOHCTPYKIWH
pabouero 0OOpYIOBaHUSI TPEACTABISIET CO-
Ooii: 1 — pykosTh; 2 — KOBII; 3 — 3axBaT; 4 —
TAra; 5 — TAra KoBIua; 6 — orpaHUYUTEINb; 7 —
pe3WHOBas HakKIanKa, 8 — TUAPOUMIHHID
KOBINA; 9 — rugpouniuHap 3axsarta. CBapka
BCEX DJEMEHTOB paboyero 0oO0OpYIOBaHUS
npousBojautcs B coorBeTcTBUM ¢ ['OCT 5264-
80 [5].

3axBar mpencTaBiseT coOoi Tpu 3yoa,
PacIIoIOKEHHBIX napajuieIbHO u
3aKpeIUICHHBIX Ha OJHOM OCHOBaHHH. I'panu
3yObeB UMEIOT MMPOPE3UHEHHOE MOKPBITHE IS
npenoTBpamieHus  aedpopmanuu  TpyObl B
nporecce moabema [6]. CrnpoekTpoBaHHOE
pabouee obopyoBaHue MTO3BOJISIET
pa3pabarbiBaTh TPYHT B MeCTaX pPEMOHTa

_GCI + FSin600 - GCZ

rne F — cwia npuwkarus 3y0beB K
MOBEpXHOCTU TpyOompoBoaa, H; G.; — Bec
crpensl 1; Gg; — Bec crpensl 2; G, — Bec
PYKOSTH; Gy —
BEC 9KCKaBaTopa.

BEC KOBIIA U TPYO®I;, G, —

_ GC1+GC2 +Gp+Gk+m+G3
- sin60° )

F (2

s ompeneneHus TIOJIE3HOM MOIIHO-
CTH, Pa3BUBAEMON THAPOLMIMHIPOM, IIpHMeE-
HuMa dopmyna [9,10]

P=F-V, (3)

rae F — ycunue va mroke, H; V — ckopocTtsb
nepeMeleHus ToKa, M/c.

PeanbHasi CKOpPOCTh JBM)KEHUS INTOKA
paccuuTana o gopmyse [11]

QJIC
Vd = ; ) (4)

rae Q.. — pacxon Xuakoctu, m/c; S,, — 3b-
(bekTUBHAS MIOMIAAb MOPIIHS, M.
OddexTuBHAs TUIOMIAAL TOPIIHS IS
MOPITHEBO paboueli MOIOCTH ONpe/esieHa Mo
¢dopmyne [12]
2
S =", (5)
rae D — qamameTp nopiHs, M.
[Tone3nast MOIIHOCTH Hacoca Ompee-
neHa o opmye [11]
NHn = ApH ) QH ) (6)
rae Ap, — mepemnaj AaBleHus Ha Hacoce, [la;
AP, = Duon: Q,, — TIOZ1aUA NABIEHNUS, M/C.

TpyOONIPOBOJOB M BECTH  JEMOHTaX
BCKPBITOTO  TPyOONpOBOAa C  IOMOIIBIO
3aXBaTHOTO YCTPOMCTBA. Pabouee
00OpyJIOBaHUE  MO3BOJISIET  MPOU3BOJAUTH
BBIOOPOYHBIN PEMOHT TpYyOOITPOBOIOB
auamerpom 720....1220 mm [7].

[Ipy  mpoBegeHMH  TEOPETUUYECKUX

UCCIICIOBAaHU HEOOXOAMMO pEIIUTh JIBE
3aJauu:

1. TlpoBectn pacueTbl THIPOCHCTEMBI
pabouero o60pyIOBaHHMS.

2. IIpoBecTH pacyeTsl O OIMpPEICIICHUIO
YCTOMYHUBOCTH MalIvHEI [8].

Onpenenutb  ycwinsg  Ha  LITOKE
THIIPOIMIIMHIPOB 3aXBaTa BO3MOXKHO, CJICNIaB
MPOEKIIUIO Ha OCh Y paBHOM y; = 0.

- Gp - Gk+m - Ga =0, (1)
s MOJITBEP K ICHUS
paboTocrnocoOHOCTH MAaIITUHBI,
000pyIOBaHHOM MOJIEPHU3UPOBAHHBIM
paboyrM  OpraHoMm, OBIIM  TPOBEICHBI
TEOPETUYECKHE UCCIIEIOBAHMS,
HaIpaBJICHHBIC Ha oTpe/iesieHe

12

YCTOMYMBOCTH MAalIMHBI U IMPEAOTBPAIICHHUE
ee onpokuabiBanus [13]. Jlanusii napamerp

onpeneacH yepe3 koapurmeHT
ycroituusoctu Ky, [13]:
_ My
Ky - M, ' (6)

rae My, — MOMEHT CHJI, NPENATCTBYIONIMM
OTIPOKM/IBIBAHUIO 3KCKaBaTopa, M, — MOMEHT
CHJI, CIIOCOOCTBYIOIIMX  OINPOKUIBIBAHHIO
IKCKaBaTopa.

Omnpenensist KOAPHUIMEHT YCTOWYMBO-
CTH, HEOOXOJMMO YYHUTBHIBATH pa3MEPHYIO
TpyINIly MalluHbl, padouee MOJOXKEHHE Ma-
HIIMHBI, TUI padodero oOOpyHOBaHUS U Pl
apyrux mapamerpoB [2]. lnst pa3HBIX BHIOB
CMEHHBIX pabOYMX OPraHOB W Pa3HBIX PEXKH-
MOB pabOTBhl MNPUHATO HCHOJIb30BATH KOH-
KpeTHbIE HHTEpBaJIbl KO3(uIirenTa ycToi-
9uBOCTH. JIJI1 HOpMaJbHBIX YCIOBHM M pac-
cMaTpuBaeMoro pabodero 000pyIdOBaHUSA
npumeHuM kodpdunment Ky, = 1,1...1,2 [14].

D¢ dekTuBOCTh PaboThHI TpeaIaraeMoro
BapHaHTa pabouero 000pyI0BaHUs
JKCKaBaTopa paccumTaHa s paboTel ¢
Tpybamu nmuamerpamu 720, 1020 u 1220 mm.
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Py3yabTaThl HCCIEI0BAHUSA U UX 00CYKIeHHE

IIpoBepky Ha yYCTOMYMBOCTb JKCKaBa-
TOpa HEOOXOAMMO IPOBECTH Kak AJs yCIo-
BUH, KOTOpBIE COOTBETCTBYIOT paboueMy pe-
KUMY, TaKk W YCJIOBHH, COOTBETCTBYIOIIHUX
YCIIOBUSIM  TPAaHCHOPTHOIO pexuma (Wiu
TPAHCHOPTUPOBAHUS arperara) ¢ y4eToM Hc-
[10JIb30BAHUS IPENJIOKEHHOTO BapuaHTa pa-
6ouero obopynoBanus [15].

Teopernyeckue HcCCIENOBaHUA IPOBO-
OWIACH JUIsl JABYX PACUYETHBIX IIOJIOKEHUHN
JKCKaBaToOpa ¢ y4ETOM MEPEMEHHBIX IUIEY CHU-
Jbl TSDKECTH pabodero o0OpyIOBaHUS U Ma-

a)

Taxxke B pe3ynbraTte HCCIEIOBAHUN
OBUTIO YCTAaHOBJIEHO, YTO paboTa MAIIWHBI C
TpyOONpPOBOJOM, JTUMETP KOTOPOTO paBeH
1420 MM, ¢ mpuMmeHeHUEM paboyero odopy-
JOBaHMS B KOMIUJIEKTAI[MH C 3aXBAaTOM IIPHUBO-

Ky

LIMHBI, TJE€ XOJI0BOE YCTPOMCTBO PACIIOJIOXKE-
HO TEPIEeHIUKYISIPHO M MapajulebHO TpaH-
ree (puc. 2).

Ha puc. 3 orpaxens! rpadudeckue 3a-
BHUCUMOCTH, MOCTPOCHHbIE B XOJE IpPOBEAC-
HUS TeopeThyeckux uccieaoBanuid. U3 rpa-
¢buka ciuenyer, YTO YCTOHYMBOCTH IKCKABATO-
pa coxpaHsieTcsl B IOJTHOW Mepe Kak AJis mep-
BOT0, TaK U JUIsI BTOPOTO paboOdvero moyoxe-
Hus. Ilo ocu x BUIHO, YTO YCTOMYUBOCTH CO-
XpaHsercs npu padbote ¢ TpydbaMu, UMEIOIIN-
mu auametpsl 720, 1020 u 1220 mm.

P

A\
W——
v | g—

A
,‘)

)

6)
Puc. 2. PacueTHble MOIOKEHUS IKCKABATOPA: a — PACIIOI0KCHHE XOJJOBOTO YCTPOICTBA
NepIeHNKYIISIPHO TpaHiiee; 6 — pacroioKeHue X0J0BOr0 YCTPOHCTBA MapaljIeibHO TPaHIIee

JUT K ONPOKUJIbIBAHUIO. J[pyrumMu ciioBamu,
KOA(DPUIIMEHT YCTONYMBOCTH MAIIUHBI B T10-
JIO’)KEHUU 2 HIKE YCTaHOBJIEHHOTO K03(du-
[UEHTA JIJIs MAIllUH 3TON pa3MepHOM KaTero-
pumn.
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Puc. 3. 3aBucumocTts K03 PUIIMEHTa YCTOHYMBOCTH OT JUaMeTpa TPYOBI IPH HOJIOKEHUIX
skckaBaTtopa: [1; — pacnonoxeHue X0J0BOT0 YCTPOUCTBA NEPIEHANKYIIIPHO TPAHIIEE;
1> — pacnonoxxeHue Xo0A0BOro yCTpONCTBA NapaIeIbHO TPAHILIEe
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3akiir0ueHue

IIpenyiokeHHBI BapuaHT KOHCTPYK-
uuu pabodero opraHa paspaboTaH s Mpo-
BEJICHHUSI BHIOOPOYHOTO PEMOHTa TPYyOOIpo-
Boja 0e3 MpHUBICYEHUS JOMOJHUTEIbHOU
TEXHUKH, [IPUBJIEKAEMOM I MOAbEMA TPY-
6onpoBona. Kosmr skckaBatopa, mpu HeoO0-
XOJMMOCTH pabOTaloUINii Kak 3axBar, IM03-
BOJISIET  yBEJIUYUTh CKOPOCTh PEMOHTA
TpyOomnpoBoaa. PesynbTaT goctuaercs 3a
CYET COKpalleHUss BPEMEHHBIX 3aTpaT Ha
CMEHY TEXHHKH, €€ mepe0a3upoBKY, YTO B
UTOTE CHI)KAaeT ce0eCTOMMOCTh PEMOHTHBIX
pabor.

[IpoBenenbl pacyeTbl THAPOCUCTEMBI
skckaBaTopa. Kpome srtoro, B pesynbrare
TEOPETUYECKUX uccIe0BaHUuM ObLTH
MIOJTyYEHbI pacueTHble 3aBUCHUMOCTH,
KOTOpBIE MO3BOJIUIIU YCTaHOBUTH
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MOJICPHUZHPOBAHHBIM  O0OPYJOBAaHHEM H
IUaMeTpoM TpyOoNpoBOJa B HHTEpBale
720...1420 mmM.

B pesynpTare wuccienoBaHuii OBLIO
YCTaHOBJIEHO, 4TO IPEJI0KEHHOE
obopynoBaHue 3 dexTuBHO TS
MPOBEICHUS BBIOOPOYHOTO peMoHTa
TpyoomnpoBona auamerpamu 720, 1020 wu
1220 mMm.  YCTOMYMBOCTH MAIIMHBI B
Haubozee OTacHBIX MOJIOKEHHUSIX
BBITIOJTHsIeTCs. Pacder moxkaszan, d4To TpH
paboTe  9SKCKaBatopa MO  JE€MOHTaxy
TpyOompoBoaa  nuamerpom 1420 MM
BO3HUKAET  OMACHOCTb  OMPOKHUIABIBAHUS
MAaIllMHbl HM3-32 CHIDKEHUS Kod(duimenta
K, HI>kKe 1OMYCTUMOTO 3HAYCHHUS.

6. Letopolsky, A. B. Working equipment of the sin-
gle-bucket excavator for the development of fro-
zen ground / A. B. Letopolsky, P. A. Korchagin,
I. A. Teterina // IOP Conference Series: Mechani-
cal Engineering and Materials Science (IC-
MTMTE 2019). - 2020. - P. 044027. - DOI:
10.1088/1757-899X/709/4/044027.

7. Tpenorun, E. O. IlateHTtHoe wHcclenoBaHUe
BO3MOHBIX KOHCTPYKIMH pabouero
000pyOBaHMs OJHOKOBIIOBOTO 3KCkaBaTopa / E.
O. Tpenorun, C. U. Baxpymes // CoBpeMcHHBIC
TEXHOJIOTHUH B CTPOUTECIBCTBC. TeOpI/IH u
mpakrtuka. — 2016. — T. 2. — C. 303-311.

8. Suryo, S. H. Optimization of bucket tooth exca-
vator design using topology optimization and fi-
nite element method / S. H. Suryo, R. S. Sastra //
Journal of Physics: Conference Series. - 2021. —
Vol. 1858(1). - P. 012081. - DOI
10.1088/17426596/1858/1/012081.

9. Mo6eraiigo, II. A. O nponopiusx pabodero 060-
pyaoBaHUA OJHOKOBIIIOBBIX TUAPABINYCCKUX
skckaBaTopoB / II. A. TloGeraiino // TopHEIl WH-
(hopManMOHHO-aHATUTHYECKU  OIOJUIeTeHh. —
2015. — Ne 2. — C. 143-147.

10.Zenkov, S. A. Method of defining rational pa-
rameters for excavator buckets vibrating devices
in order to reduce soil adhesion / S. A. Zenkov //
IOP Conf. Series: Earth and Environmental Sci-
ence. - 2017. — Vol. 87. - P. 082057. - DOI:
10.1088/1755-1315/87/8/0820572017

11. Kyaemon, A. B. Onrtumuzanus MeTaqIOKOH-
CprKHI/Iﬁ HCIIOJTHUTEIIBHOTO OpraHa ruapaBJInyc-
ckoro skckaBaropa B cpege CAIIP / A. B. Kyue-
moB, B. A. Cnemuenko, MU.B . Cuemuenko //
Bectunk Tomckoro ToCyaapCTBEHHOI'0 apXUTCK-


https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57192423225&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85103786515&origin=resultslist&sort=plf-f&src=s&sid=bffd4ed333fea7c0944b533dbaed08b9&sot=b&sdt=b&sl=34&s=TITLE-ABS-KEY%28Excavator+equipment%29&relpos=8&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85103786515&origin=resultslist&sort=plf-f&src=s&sid=bffd4ed333fea7c0944b533dbaed08b9&sot=b&sdt=b&sl=34&s=TITLE-ABS-KEY%28Excavator+equipment%29&relpos=8&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85103786515&origin=resultslist&sort=plf-f&src=s&sid=bffd4ed333fea7c0944b533dbaed08b9&sot=b&sdt=b&sl=34&s=TITLE-ABS-KEY%28Excavator+equipment%29&relpos=8&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57192423225&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57222709304&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=36238199000&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=36465015800&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=35409405200&zone=
https://doi.org/10.1088/1757-899X/709/4/044027
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56038530600&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85105279115&origin=resultslist&sort=plf-f&src=s&sid=6895c8dcc6db050449948a69555b88d6&sot=b&sdt=b&sl=31&s=TITLE-ABS-KEY%28excavator+bucket%29&relpos=10&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85105279115&origin=resultslist&sort=plf-f&src=s&sid=6895c8dcc6db050449948a69555b88d6&sot=b&sdt=b&sl=31&s=TITLE-ABS-KEY%28excavator+bucket%29&relpos=10&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85105279115&origin=resultslist&sort=plf-f&src=s&sid=6895c8dcc6db050449948a69555b88d6&sot=b&sdt=b&sl=31&s=TITLE-ABS-KEY%28excavator+bucket%29&relpos=10&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56038530600&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57217531163&zone=
https://www.scopus.com/sourceid/130053?origin=resultslist
https://www.elibrary.ru/item.asp?id=28983874
https://www.elibrary.ru/item.asp?id=28983874
https://www.elibrary.ru/item.asp?id=28983874
https://www.elibrary.ru/contents.asp?id=34472154

BecTHuk BpsiHCKOTro0 rocyiapcTBeHHOr0 TeXHHYECKOr0 YHUBEPCHTETa

Ne 11(108) 2021

TypHO-CTpOUTENbHOTO yHHBepcutera. — 2017, —
Ne 2 (61). — C. 204-210.

12. Teterina, 1. A. Investigation of soil destruction
by trench chain excavator cutting element process
/1. A. Teterina, P. A. Korchagin, A. B. Letopol-
sky /I Lecture Notes in Mechanical Engineering.
2019. Pp. 2123-2132. DOI: 10.1007/978-3-319-
95630-5_229

13. Tpomnn, . WU. TloBbimenne 3¢QeKTHBHOCTH
koBmied sSkckaBatopoB. /JI. U. Tpommu, B. A.
Huxkonaes // CtpouTtenbHble M JOPOXKHBIE MallM-
Hel. — 2019. — Ne 11. — C. 22-25.

1. Veselukha, V. M. Determination of the remain-
ing life expectancy of the line section pipes based
on diagnostic information about typical defects /
V. M. Veselukha, A.V. Bogdanovich. Actual is-
sues of machine science, 2017, Vol. 6, pp. 226-
230.

2. Transport Strategy of the Russian Federation
for the period up to 2030: approved by the Order
of the Government of the Russian Federation no.
1734-r of November 22, 2008: put into force by
the Order of the Government of the Russian Fed-
eration no. 1032-r of June 11, 2014

3. Zorin, A. E. Development of approaches to the
maintenance of long-term oil and gas pipelines of
the European North /A. E. Zorin, N. E. Zorin, A.
S. Chernyatin. Technologies and economics of
development, 2018, no. 3(13), pp. 52-64.

4. Wermelinger, M. Grasping and object
reorientation for autonomous construction of
stone structures / M. Wermelinger, R. Johns, F.
Gramazio, M. Kohler, M. Hutter /Il |EEE
Robotics and Automation Letters. — 2021. — Vol.
6(3). — Iss. 9392354, - Pp. 5105-5112. - DOI
10.1109/LRA.2021.3070300

5. GOST RF 5264-80. Shielded metal arc welding.
Welding joints. Basic types, structural elements
and dimensions = Manual arc welding. Welding
joints. Main types, design elements and dimen-
sions: Interstate standard: stated, approved and
put into effect by the Resolution of the USSR
State Committee on Standards dated 07/24/1980
no. 3827: introduction for the first time: date en-
tered: 1981-07-01, Moscow: Standartinform,
2010, 35 p.

6. Letopolsky, A. B. Working equipment of the sin-
gle-bucket excavator for the development of fro-
zen ground / A. B. Letopolsky, P. A. Korchagin,
I. A. Teterina // 10P Conference Series: Mechani-
cal Engineering and Materials Science (IC-
MTMTE 2019). - 2020. - P. 044027. - DOI:
10.1088/1757-899X/709/4/044027.

7. Trenogin, E. O. Patent investigation of possible
designs of working equipment of a single-bucket
excavator / E. O. Trenogin, S. |. Vakhrushev.
Modern technologies in construction. Theory and
practice, 2016, vol. 2, pp. 303-311.

15

14.Lukashuk, O. N. Operation of single-bucket ex-
cavator transmission system / O. N. Lukashuk, A.
P. Komissarov, K. Yu. Letnev // IOP Conf. Se-
ries: Materials Science and Engineering. 2018.
Volume 323(1). P. 012016. DOI:10.1088/1757-
899X/323/1/012016.

15. YuacnekoB, b. A. Pa3paboTka WHHOBAIIMOHHOTO
0o0OpyIOBaHHS W MYTH €€ HCIOJb30BAaHUSI B
TEeXHUKE W TEXHOJIOTHH MamuHocTpoeHus / b. A.
VuacnekoB, [. M. AOnykamukoma, JI. A.
CuBauenko // CoBpeMeHHbIE NpPOOJIEMBI TEOPUU
manruH. — 2017. — Ne 5. — C. 101-105.

8. Suryo, S. H. Optimization of bucket tooth exca-
vator design using topology optimization and fi-
nite element method / S. H. Suryo, R. S. Sastra //
Journal of Physics: Conference Series. - 2021. —
Vol. 1858(1). - P. 012081. - DOl
10.1088/17426596/1858/1/012081.

9. Pobegailo, P. A. Speaking about proportions of
the working equipment of single-bucket hydraulic
excavators / P. A. Pobegailo. Mining information
and analytical bulletin, 2015, no. 2, pp. 143-147.

10.Zenkov, S. A. Method of defining rational pa-
rameters for excavator buckets vibrating devices
in order to reduce soil adhesion / S. A. Zenkov //
IOP Conf. Series: Earth and Environmental Sci-
ence. - 2017. — Vol. 87. - P. 082057. - DOI:
10.1088/1755-1315/87/8/0820572017

11.Kuleshov, A.V. Optimization of metal structures
of the hydraulic excavator executive body in the
CAD environment / A.V. Kuleshov, V. A. Slep-
chenko, 1.V. Slepchenko. Bulletin of the Tomsk
State University of Architecture and Civil Engi-
neering, 2017, no. 2 (61), pp. 204-210.

12. Teterina, I. A. Investigation of soil destruction
by trench chain excavator cutting element process
/1. A. Teterina, P. A. Korchagin, A. B. Letopol-
sky // Lecture Notes in Mechanical Engineering.
2019. Pp. 2123-2132. DOI: 10.1007/978-3-319-
95630-5_229

13. Troshin, D. I. Improving the efficiency of excava-
tor buckets. / D. I. Troshin, V. A. Nikolaev. Con-
struction and road machines, 2019, no. 11, pp.
22-25.

14. Lukashuk, O. N. Operation of single-bucket ex-
cavator transmission system / O. N. Lukashuk, A.
P. Komissarov, K. Yu. Letnev // IOP Conf. Se-
ries: Materials Science and Engineering. 2018.
Volume 323(1). P. 012016. DOI:10.1088/1757-
899X/323/1/012016.

15.Unaspekov, B. A. Development of innovative
equipment and ways of its use in engineering and
technology of mechanical engineering / B. A. Un-
aspekov, G. M. Abdukalikova, L. A. Sivachenko.
Modern problems of machine theory, 2017, no. 5,
pp. 101-105.


https://www.elibrary.ru/contents.asp?id=34472154
https://www.elibrary.ru/contents.asp?id=34472154&selid=28983874
http://dx.doi.org/10.1088/1757-899X/323/1/012016
http://dx.doi.org/10.1088/1757-899X/323/1/012016
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57192423225&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85103786515&origin=resultslist&sort=plf-f&src=s&sid=bffd4ed333fea7c0944b533dbaed08b9&sot=b&sdt=b&sl=34&s=TITLE-ABS-KEY%28Excavator+equipment%29&relpos=8&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85103786515&origin=resultslist&sort=plf-f&src=s&sid=bffd4ed333fea7c0944b533dbaed08b9&sot=b&sdt=b&sl=34&s=TITLE-ABS-KEY%28Excavator+equipment%29&relpos=8&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85103786515&origin=resultslist&sort=plf-f&src=s&sid=bffd4ed333fea7c0944b533dbaed08b9&sot=b&sdt=b&sl=34&s=TITLE-ABS-KEY%28Excavator+equipment%29&relpos=8&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57192423225&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57222709304&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=36238199000&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=36465015800&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=35409405200&zone=
https://doi.org/10.1088/1757-899X/709/4/044027
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56038530600&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85105279115&origin=resultslist&sort=plf-f&src=s&sid=6895c8dcc6db050449948a69555b88d6&sot=b&sdt=b&sl=31&s=TITLE-ABS-KEY%28excavator+bucket%29&relpos=10&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85105279115&origin=resultslist&sort=plf-f&src=s&sid=6895c8dcc6db050449948a69555b88d6&sot=b&sdt=b&sl=31&s=TITLE-ABS-KEY%28excavator+bucket%29&relpos=10&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85105279115&origin=resultslist&sort=plf-f&src=s&sid=6895c8dcc6db050449948a69555b88d6&sot=b&sdt=b&sl=31&s=TITLE-ABS-KEY%28excavator+bucket%29&relpos=10&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56038530600&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57217531163&zone=
https://www.scopus.com/sourceid/130053?origin=resultslist
http://dx.doi.org/10.1088/1757-899X/323/1/012016
http://dx.doi.org/10.1088/1757-899X/323/1/012016

BecTHuk BpsiHCKOTro0 rocyiapcTBeHHOr0 TeXHHYECKOr0 YHUBEPCHTETa Ne 11(108) 2021

Ccvlnka 0na yumuposanusi:

Jlemononvckuil, A.b. Pabouee 060opydosanue sxckasamopa 0Jist 8bl60pouH020 pemonma mpyoonposooa | A.5. Jlemo-
nonvckuil, I1.A. Kopuaeun, U.A. Temepuna // Becmuux BpsHcko2o 20Cy0apcmeeHHo20 MeXHUeck020 YHUeepcumema. —
2021.—- M 1]1.—C. 10- 16 . DOI: 10.30987/1999-8775-2021-11-66-72.

Cmamws nocmynuna 8 pedaxyuio 09.07.21.
Peyensenm: 0.m.n., doyenm Openbypeckozo
20CY0apCmMBeHHo20 YHugepcumema

Paccoxa B.U.,

ynen peocosema dicypuana « Becmuux BI'TY ».
Cmambs npunsma x nyoauxayuu 27.10.21.

Caenenust 00 aBTopax:

Jlerononbckuidk AHTOH BopucoBHY, K.T.H., JOIECHT HO-nopoxHoro yHuBepcurera (CuGAJIN), e-mail:
Ka(beﬂpbl «TexHukKa i1 CTPOMUTEILCTBA U CEPBHUCA korchagin_pa@mail,ru,

KOMILICKCOB U HH(PacTpyKkTyp» CHOMPCKOro aBTOMO- Terepuna Upuna AJiekceeBHa, K.T.H., HAy4. COTPY/-
ounbHO-0poXkHOr0  yHuBepeurera (CuOAIN),  e- muk HIO HUY ®I'BOY BO «Cu6AJIN» Cubupckoro
mail: antoooon-85@mail.ru. aBTOMOOMIIEHO-Z0pOXHOTO yHHBepcuTeta (CubAJIN),
Kopuarun ITaBen AjexkcaHapoBH4, I.T.H., Ipodec- e-mail: iateterina@mail.ru.

cop kadenpsl «llogbeMHO-TATOBBIC, TPAHCIOPTHHIC
MallMHBl U TUIpONpHuBon» CHOMPCKOro aBTOMOOWIIB-

Letopolsky Anton Borisovich , Candidate of Tech- the Siberian State Automobile and Highway Academy
nical Sciences, Associate Professor of the Department (SibADI), e-mail: korchagin_pa@mail.ru.

"Equipment for Construction and Maintenance of Teterina Irina Alekseevna, Candidate of Technical
Complexes and Infrastructures”, e-mail: antoooon- Sciences, academic spesialist of the SibADI Research
85@mail.ru. Institute of the Siberian State Automobile and Highway
Korchagin Pavel Alexandrovich, Doctor of Technical Academy (SibADI), e-mail: iateterina@mail.ru.

Sciences, Professor of the Department of Lifting and
Traction, Transport Machines and Hydraulic Drive of

16


mailto:antoooon-85@mail.ru
mailto:korchagin_pa@mail.ru
mailto:iateterina@mail.ru
mailto:antoooon-85@mail.ru
mailto:antoooon-85@mail.ru
mailto:korchagin_pa@mail.ru
mailto:iateterina@mail.ru

