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MOJIEJTUPOBAHUE KOJEBAHUM IIEHTPA MACC
TPAKTOPA C 'YCEHUYHBIM JABUKUTEJEM

M.A. bvikos, H.B. @ponvuyos,
M.B. Cuoopos, A.U. Illonomapes

s nogvluienus msae06020 yCunusi mpakmopos ¢ 00HO8PEMEHHbIM
CHUDICEHUEM YOEIbHO20 0ABIeHUs HA NOY8Y OOHUM U3 IPDEKMUBHBIX
Cnocob06 A6151eMCs NPUMEHEHUE 2YCeHUUH020 Osudcumens. B pabome
PACCMOMPEH APUAHII 2YCEHUYUHO20 OBUICUMENS, YCIMAHABIUBACMbIL
OMOENbHO HA KAANCOLIL eOYUULL MOCH MPAKMOPA 6Mecmo Konec. B
0CHOBe pazpabamvléaemMol KOHCMPYKYUl 2YCeHUUH020 O8UNCUMENs
JledHCUm 2yCeHuyHoe NOLOMHO, KOMopoe 0dem ymenvbuienue 0aieHus
HA 2PYHM U NOGbIUUEHUE CYENTIeHUS C NOYBOIL.

Tlpusoosimes pezynbmamul UMUMAYUOHHO2O0 MOOETUPOBAHUSL NP1~
MOTUHEUH020 OBUNCEHUS. MPAKMOPA C 2YCEHUUHbIM O0BUICUMENEM
no cmepne 3eprosvix. llomyuenvl peanuzayuu xoredanuti nepeonezo,
NnOOPEeCCOPeHHo20 U 3a0He20, HeNOOPeCCOPEHH020 MOCIO8 U OCMO8A
mpaxmopa. Konebanus opounam onoprou nosepxHocmu MoOenuposa-
JIUCH 8 BUOE CYYANHO20 NPOYECccd ¢ 3A0AHHBIMU 3HAYEHUAMU, COOM-
BEMCMBYIOWUMI ONOPHOU NOBEPXHOCTU CIEPHU 3EPHOBBIX.

Pesynbmamul mooenuposanius nokazanu npuemiemvle 3Ha4eHus KO-
nebanutl 0cmosa Mpakmopa ¢ npeonazaemol KOHCMpYKyuetl 08UNCU-
menetl. Ilpednacaemvie dgudicumeny Mocym 1e2ko YCmManasiueamscs
HA Mpakmop éMecmo Kojiec u mak dice, 8 Cyuae HeoOXo0OUMoCmu, jiee-
KO 0eMOHMUPOBAMbCSl.

Lenv. Hccnedosanue xonebanuii yenmpa mMacc mpakmopa ¢ 2yce-
HUYHBIM O8UICUMENEM C NOMOWBIO UMUMAYUOHHO20 MOOETUPOBAHUSL
6 cpeoe MATLAB Simulink.
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Memoo unu memodonozus npogedenusn pabomeul. B cmamve uc-
NONb30BANUCH MEMOObL MAMEMAMULECKO20 MOOETUPOBAHUS U AHATIU3A.

Pesynvmamot. [lonyuenvl napamempul, noxkasvigaioujue 3¢pgex-
MUBHOCMb NPUMEHEHUSL 2YCeHUUHO20 OBUNCUMENT BMeCMO KolleC Ha
mpakmope 6-20 msA208020 Kiaccad.

Oébnacms npumenenun pe3yniomamos. llonyuennvie pe3yiomanmol
Mo2ym Oblmb NPUMEHeHbl NPU NPOEKMUPOSAHUL MPAKIMOPOS 0I5l ONpe-
Oellenus npuemiIemMbiX napamempog 2yCeHUYHO20 O8UNCUMEIIL.

Knroueswte cnosa: mpaxkmop, yceHuuHbll 08UNCUMENb, MOOETUPO-
sanue; MATLAB Simulink; mamemamuueckas mooens

Jlna yumuposanus. bvikos M.A., @ponvyos H.B., Cudopos M.B., [1o-
Homapes A.U. Mooenuposarue Konebanul yeHmpa macc mpaxkmopd c yce-
HuuHbIM Osudicumenem // International Journal of Advanced Studies. 2023.
T 13, Ne 4. C. 218-232. DOI: 10.12731/2227-930X-2023-13-4-218-232

Original article | Operation of Road Transport

SIMULATION OF OSCILLATIONS
OF THE CENTER OF MASS OF THE TRACTOR
WITH TRACKED PROPULSION UNIT

M.A. Bykov, N.V. Froltsov,
M.V. Sidorov, A.1I. Ponomarey

To increase the traction force of tractors while simultaneously re-
ducing the specific pressure on the soil, one of the effective ways is
the use of a tracked propulsion unit. The article considers a variant of
a tracked propulsion unit, installed separately on each drive axle of
the tractor instead of wheels. The basis of the developed design of the
tracked propulsion unit is the trackbed, which reduces the pressure on
the ground and increases adhesion to the soil.

The results of simulation modeling of the rectilinear movement of a
tractor with a tracked propulsion unit along grain stubble are present-
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ed. Realizations of oscillations of the front, sprung and rear, unsprung
axles and the tractor frame were obtained. Oscillations in the ordinates
of the reference surface were modeled as a random process with speci-
fied values corresponding to the reference surface of the grain stubble.

The simulation results showed acceptable oscillation values of the
tractor frame with the proposed propulsion design. The proposed pro-
pulsion unit can be easily installed on a tractor instead of wheels and,
if necessary, can also be easily dismantled.

Purpose. Investigation of oscillations of the center of mass of a
tractor with a tracked propulsion unit using simulation modeling in
the MATLAB Simulink environment.

Methodology. Methods of mathematical modeling and analysis
were used in the article.

Results. The parameters showing the effectiveness of using a tracked pro-
pulsion unit instead of wheels on a tractor of traction class 6 are obtained.

Practical implications. The results obtained can be applied in
the design of tractors to determine the acceptable parameters of the
tracked propulsion unit.

Keywords: tractor; tracked propulsion unit; simulation; MATLAB
Simulink; mathematical model
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JlJ1 IOBBIIIEHUS TATOBOTO YCUJIUS TPAaKTOPOB C OHOBPEMEHHBIM
CHMDKCHUEM YJIEJIbHOTO JAaBJICHUS Ha TIOUBY OJHUM M3 3()(hEeKTUBHBIX
CII0COOOB SIBISACTCS MPUMEHEHUE TyCeHHYHOro aBrkutens [1, 2]. B
OCHOBE pa3padaThlBaeMOil KOHCTPYKLHH TYCEHHYHOTO JBHKHTEIIS
JUIS TpakTopa 6-ro TSAroBOTO Kiacca JIEKUT I'yCEHWYHOEe MOJOTHO 1,
KOTOpPO€ /1aeT YMEHBIIIEHNE JaBlIeHUs] Ha TPYHT U IOBBIIIEHUE CIie-
wieHus ¢ nouBoit (puc. 1). [Ipenayaraemblii ABHKHUTENb MOKET JIETKO
yCTaHaBIMBATHCS HA TPAKTOP BMECTO KOJIEC U TaK ke, B CiIydae HeoO-
XOAMMOCTH, JIETKO IEMOHTUPOBAThCA |3, 4].
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Puc. 1. KomrmoHoBO4YHas cXeMa TyCEHUYIHOTO TBIKUTEIIS
1 — ryceHn4HO€ MOJIOTHO; 2 — IPUBOAHOE KOJIECO; 3 — Oropa IBIKUTEIIS,;

4 — onopa MasTHUKA; 5 — HAIIPaBIIIOIIEE KOJIECO; 6 — OMOPHOE KOJIeCo; 7 — KPbIIIKa
HaIpaBIISIONIETO KoJleca; 8 — KPBIIIKa OITOPHOTO Kosleca; 9 — omopHast KapeTka;
10 — ctynuna onopHoro koneca; 11 — Kpblika CTyIHIBI OIIOPHOTO KOJIeCa;

12 — cTynuna HampaBIAOLIEro kojaeca; 13 — KpblliKa CTyUIbI
HATPaBIISIONIETO Koeca; 29 — KphIIka MasTHAKA

['ycennuHbIil IBUKUTENH COCTOUT U3 ONMOPHOHN KapeTKu 9, Ha Ko-
TOPOH Yepe3 MONIIUIHUKOBBIN y3€J KPEsITCs CTYMULIBI OMOPHBIX 10
u HanpapJstomux 12 konec. Ha crymumax 10 u 12 kpersiTcst omopHbIe
Kojieca 6 M HampaBJSIONIME Kojieca 5 cooTBeTcTBeHHO. IloamumHu-
KOBBIE Y3JIbl 3aKPBIThI KPBILIKOM OMOPHOTO Kojieca 8§ M KPBIILKOH Ha-
MpaBJIAIoNIero Koneca 7. OmopHas kapeTka 9 uepes3 MasiTHUK KPEIUT-
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Csl K OIope MasiTHUKA 4, a Ta, B CBOIO O4EPEb, K OMOPE ABMKUTENS 3.
MasTHHK 3aKpBIT KPBIIIKOH MasTHUKA 29. [IpnBomHOE KOMleco 2 Kpe-
MUTCS Ha CTYNMHIly TpakTopa. |'yceHnyHoe mojoTHO 1 HaTSHYTO IO-
BepX NMPUBOAHOTO Kojleca 2 U Harpasisitonux kouec 5 [5]. IlpuBogHoe
KOJIECO 2, BPALIASACh, TSHET I'yCEHUYHOE IOJIOTHO 1 ¥ IPUBOAUT Tpak-
TOp B IBKEHHE, OTH0as HapaBJIsIIoIIre Kojieca 5, a OTIopHbIe Kojeca
6 KaTsATCs MO MOJOTHY. MasTHUKOBBIM y3€J MMO3BOJISET HAKIOHSITHCS
OIIOPHOH KapeTke 9 Brepen 1 Ha3aj, o0ecreurnBasi BO3MOXKHOCTD TIpe-
OJIOJICHUS TIPETIATCTBUI U MIOBTOPSS penbed.

KomMnioHOBOYHOE pelieHre TpakTopa ¢ TYCEeHUYHBIMU JIBUKUTEIISI-
MU NIPEJCTABICHO HA PUCYHKE 2.
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Puc. 2. KomrnoHoBKa TpakTopa ¢ I'yCEHUYHBIM JIBUKUTEIIEM:
1 — JIBC, 2 — xapaaunsiii Ban ot [IBC k KII, 3 — nepenuuit MocT, 4 — kapJaHHbII

Ban ot KII k nepennemy mocry, 5 —KII, 6 — kapnanusiit Ban ot KI1
K 3a/IHEMY MOCTY, 7 — 3aJJHUI MOCT

Jis ucciienoBaHus IVIABHOCTU XOJla TPAKTOpa C HpeAjaraeMbIM
TYCEHWYHBIM JBWKHMTENIEM Oblla COCTaBJIeHa MaTeMaTH4yecKas MO-
nensb (1) u mpoBeeHO UMUTALMOHHOE MOJIEIMPOBAHNE C HCIIOIb30Ba-
HUEeM mporpamMmbl Simulink Ha S3bIKe TIPOTPaMMHUPOBAHHUS BEICOKOTO
ypoBHs [6-8]. IIporpamma Simulink mo3BossieTr MoaenupoBaTh Mpo-
CTPaHCTBEHHOE ABMKEHHE TPAKTOpa BO BpeMeHH [9-11].
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Puc. 3. biiok xoneGaHust IIEHTpa Macc TPAKTOPA U €T0 YIIIOBBIE KOIeOaHNs
OTHOCHTEIBHO IPOJIOJIBHOMN U MOIEPEUHON OCel TpakTopa
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Nmuranmonnoe moxenupoBanue B cpene MATLAB Simulink mo-
3BOJISIET HA OCHOBE MareMaTHYECKON MOJIEIIH MPOBOAUTH BCECTOPOH-
HUE UCCIICJI0BaHUs pa3padaTbiBaeMO KOHCTPYKIIMU. biiok Mojenupo-

BaHMsI, COOTBETCTBYIOUIMI cucTeMe ypaBHeHHH (1), mpencTasieH Ha
pHUCYHKe 3 ¥ TTO3BOJISET MOJEIINPOBATh KOJIeOaHus IIEHTPa MacC TPaK-
TOpa, a TAK)KE €r0 YIIIOBbIC KOJIeOAHHUST OTHOCHTEIBEHO MPOIOTIBHOMN 1
nonepeuHo oceil Tpakrtopa [12-13].
brokx mMonenupoBaHusl U3MEHEHUS MPOrMOa W CKOPOCTH MPOoruda
MTOIBECKH TIEPETHET0 MOCTA IPECTaBIcH Ha pucynke 4 [14-15].
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Puc. 4. biiok MonenupoBaHus U3MEHEHHS IPOrHda U CKOPOCTH Iporuda

Pesynbrarsl

IMMOABECKHU MEPEAHETIO0 MOCTA

[Tpn MUMHUTaIMOHHOM MOZAENIMPOBAHHS OBUIM MOJNYyYEHBI TpauKn
KoJiebaHu 3a1HEero MocTa 0e3 MOIBECKH C TYCEHUYHBIM JIBHKUTEIEM

(puc. 5), mepenHero MocTa ¢ MOABECKOI M I'yCEHUYHBIM JABHKUTEIIEM
(puc. 6), u IeHTpa Macc Tpakropa (puc 7).
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Puc. 5. Konebanust 3aHero Mmocra 0e3 MOIBECKH € TYCEHUYHBIM JIBIDKUTEIIEM
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Puc. 6. Konebanus nepeHero MocTa ¢ oiBECKOM 1 TyCEHHUYHBIM JIBHKUTEIICM

CpaBHI/IBaSI IMOJIYUYCHHBIC l“pa(bI/IKI/I, MOXHO OTMETHTDH, UTO aMIIJIH-
Tyaa KoJeOaHui nepeaAHero MocTa ¢ HOI[BGCKOﬁ IIpu ABUKCHUU T'yCC-
HUYHOTI'O TpaKTopa IO CTEPHE 3€PHOBLIX COCTABIIACT OKOJIO S5cmuB
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MOJITOpa Pa3a MEHbILIE aMIUTUTYAbI KOleOaHni 3aHEro MocTa, KOTo-
PBIil HE UMeEeT NOJBECKU. AMIUINTYA KOoJeOaHUH LEHTpa Macc Tpak-
TOpa COCTaBUJIAa MEHBIIIE 5 CM.

M T
1,45 ¢ ﬂ ’|

1,40 | [l ‘ ‘ |1'

) 5 - 10 15 20 25 tc

Puc. 7. Konebanus neHtpa Macc TpakTopa ¢ TyCEHHYHBIMH ABHKHTEIIIMHI

BriBoABI

[IpuMeHeHue TyCeHUYHOro ABMXKUTENS IpearaéMoil KOHCTPYK-
un o0ecIieunBacT KojeOaHrme 0CTOBa TPAKTOpa B AOMYCTHUMBIX TIpe-
nenax. IIpumeHeHne MoJABECKH Ha BEAYILEM MOCTY C I'yCEHHUYHbIM
JIBHOKHTEJIEM TO3BOJISICT YMEHBIIIUTh €r0 KOJIeOaHHEe B MOJATOPA pasa.

Cnucoxk numepamypul
1. KytbkoB I'M. TpakTtopsl 1 aBTOMOOHIH. TeOpHst U TEXHOIOTHUECKHE
cpoiictBa. M.: MH(pa-M, 2014. 506 c.
2. Bonko E. B. Teopusi skcruryaTalliOHHBIX CBOWCTB aBTOMOOWJIS:
yaeOHuK a7 By30B. Cankt-IletepOypr: Jlans, 2022. https://e.lanbook.
com/book/197455



International Journal of Advanced Studies: Transport and Information Technologies, Vol. 13, No 4,2023 227

3. Cunnukwuii, C. A., Xadwusos, K. A., Hypmues, A. A., Xaduzos P. H.,
Mengenes, B. M., JIyminoB M. A. YueOHOe TOCOOUE MO AUCIUILTAHE
“KoHcTpykiusi aBToMoOmiel u Tpakropos”, 2019. https://e.lanbook.
com/book/202586

4. KoHcTpyKIMs TPaKTOpPOB M aBToMoOMiel: yuebHoe nocodue / O. M.
[Monuaes, O. M. Koctukos, A. B. Bopoxooun, O. C. Benpunckuii.
Canxkr-IlerepOypr: Jlans, 2022. https://e.lanbook.com/book/211322

5. Harent 2 441 795 Poc. ®enepanus, MIIK B62D Cwmennsiii ryce-
HUYHBIA ABwkuTens Tpaktopa: Ne 2010131483, 2010.07.27: 3asasm.
2010.07.27: omry6i. 2012.02.10 / [Tonmusaer O. U., Benpunckwuii O. C.,
benoycos A. B., badanun H. B. 5c. URL: https://yandex.ru/patents/
doc/RU2441795C1 20120210

6. 3apynxuii, C.A., Braceako E.A. ABromaruzanus aHaian3a JaHHBIX
IKCIIEPUMEHTAIILHBIX McclienoBannii // MHkeHepHbId BecTHUK JloHa,
2019, Ne 8. URL: https://ivdon.ru/ru/magazine/archive/n1y2018/4753

7. XKuneiikun, M. M. Marematnueckie MOJENIN CUCTEM TPAHCIOPTHBIX
cpeacTB: Metoandeckue ykazanus / M. M. XKunetikun, I O. Kotu-
eB, E. b. Capau. MockBa: MI'TY um. H.D. baymana, 2018. https://e.
lanbook.com/book/103321

8. CemenoB M.A., Cepexkun C.C., CkpeinaukoB A.B., TTomoB A.A.,
CunopoB M.B. Maremarnueckasi MOJieIb JIBUKCHHUSI MAJTOTOHHAXK-
HOTO TPY30BOTO aBTOMOOWIISI C y3JIOM PEKyIepaluud MeXaHU4eCKOM
sHepruu // International Journal of Advanced Studies. 2023. T. 13,
Nel. C. 62-76. https://doi.org/10.12731/2227-930X-2023-13-1-62-76

9. ®aneea, M.D., Uynakos, [[.A., Maramués, A.A., Cunopos, B.H.,
ITonomapes A.M. MoaenupoBaHre MEXaHHUYECKON TPAHCMUCCUU KO-
JIeCHOM MamuHbl 4X2 ¢ 3a/IHel Benyieit ockro // HXeHepHbIi BecT-
muk Jlona, 2022, Ne 12. URL: https://www.ivdon.ru/ru/magazine/
archive/n12y2022/8090

10.Momynrsin, A.A. Marematrueckasi MOZICNIb TUHAMUKHA TPAHCMHUCCHH
KOJICCHOW MAITMHBI NP JBMYKCHUU 10 TBEPJOW HEPOBHOM Jtopore //
Bectouk MI'TY um. H.D. baymana. Cep. Mammnoctpoenue, 2003,
Ne 4, C. 15-25.



228  International Journal of Advanced Studies: Transport and Information Technologies, Vol. 13, No 4, 2023

11. Modular-technological scheme for tractors of traction classes 1.4 /
Sidorov V.N., Voinash S.A., Ivanov A.A., Petrov S.A. // IOP Conference
Series: Earth and Environmental Science: “International Science and
Technology Conference “Earth Science” - Chapter 3 2021. P. 042048.

12.Cygeiiko O.B., Cunopos B.H., Cunopos M.B. Nmuranuonsoe Mo-
JeTMPOBaHNe BHOPOHATPYKCHHOCTH MAaCCaKUPCKUX MECT aBTOOY-
ca IUId BHYTPHUXO3SHCTBEHHBIX IIEPEBO30K CEIBCKOXO3IHCTBEHHBIX
npennpustait / ArpoOxoHudo. 2021. Ne 2 (44). http://agroecoinfo.
ru/STATY1/2021/2/st 216.pdf

13.Rosheila Binti Darus. Modeling and control of active suspension for a
full car model. A project report submitted in partial fulfillment of the
requirements for the award of the degree of Master of Engineering
(Electrical — Mechatronics and Automatic Control). 2008.

14.Influence of mass affecting tractor’s rear axle and rigidity of tires on
the control coefficient / Voropaev G.D., Sidorov V.N., Maksimovich
K.Yu., Sokolova V.A., Krivonogova A.S., Pushkov Yu.L., Taradin
G.S. // IOP Conference Series: Earth and Environmental Science.
Krasnoyarsk Science and Technology City Hall of the Russian Union
of Scientific and Engineering. Krasnoyarsk, 2021. P. 52047.

15.Investigation of the damping properties of the process module for
a tractor of traction class 1.4 / Sidorov M.V., Troyanovskaya I.P.,
Sokolova V.A., Partko S.A., Dzjasheev A.M.S., Ivanov A.A., Kopaev
E.V. // 10P Conference Series: Earth and Environmental Science.
Krasnoyarsk Science and Technology City Hall of the Russian Union
of Scientific and Engineering. Krasnoyarsk, 2021. P. 52056.

References
1. Kut’kov G.M. Traktory i avtomobili. Teoriya i tekhnologicheskie
svoystva [Tractors and automobiles. Theory and technological prop-
erties]. M.: Infa-M, 2014, 506 p.
2. Volkov E. V. Teoriya ekspluatatsionnykh svoystv avtomobilya: ucheb-
nik dlya vuzov [Theory of operational properties of the automobile].
St. Petersburg: Lan, 2022. https://e.lanbook.com/book/197455



International Journal of Advanced Studies: Transport and Information Technologies, Vol. 13, No 4,2023 229

3. Sinitskiy, S. A., Khafizov, K. A., Nurmiev, A. A., Khafizov R. N.,
Medvedev, V. M., Lushnov M. A. Uchebnoe posobie po distsipline
“Konstruktsiya avtomobiley i traktorov” [Textbook for the discipline
“Design of automobiles and tractors”], 2019. https://e.lanbook.com/
book/202586

4. Konstruktsiya traktorov i avtomobiley [Design of tractors and automo-
biles]/ O. 1. Polivaev, O. M. Kostikov, A. V. Vorokhobin, O. S. Vedrins-
kiy. St. Petersburg: Lan, 2022. https://e.lanbook.com/book/211322

5. Patent 2,441,795 Ros. Federation, MPK B62D Interchangeable trac-
tor crawler: No. 2010131483, 2010.07.27: avt. 2010.07.27: published
2012.02.10/PolivaevO. 1., Vedrinsky O. S., BelousovA.. V., Babanin N.
B. 5p. URL: https://yandex.ru/patents/doc/RU2441795C1 20120210

6. Zarutskiy, S.A., Vlasenko E.A. Inzhenernyy vestnik Dona, 2019, no.
8. URL: https://ivdon.ru/ru/magazine/archive/n1y2018/4753

7. Zhileykin, M. M. Matematicheskie modeli sistem transportnykh sred-
stv: metodicheskie ukazaniya [Mathematical models of vehicle sys-
tems: methodical instructions] / M. M. Zhileykin, G. O. Kotiev, E. B.
Sarach. Moscow: N.E. Bauman Moscow State Technical University,
2018. https://e.lanbook.com/book/103321

8. Semenov M.A., Serezhkin S.S., Skrynnikov A.V., Popov A.A., Sidor-
ov M. V. International Journal of Advanced Studies, 2023, vol. 13, no.
1, pp. 62-76. https://doi.org/10.12731/2227-930X-2023-13-1-62-76

9. Fadeeva, M.E., Chudakov, D.A., Matashnev, A.A., Sidorov, V.N.,
Ponomarev A.l. Inzhenernyy vestnik Dona, 2022, no. 12. URL: https://
www.ivdon.ru/ru/magazine/archive/n12y2022/8090

10.Polungyan, A.A. Vestnik MGTU im. N.E. Baumana. Ser. Mashinostro-
enie, 2003, no. 4, pp. 15-25.

11.Modular-technological scheme for tractors of traction classes 1.4 /
Sidorov V.N., Voinash S.A., Ivanov A.A., Petrov S.A. IOP Conference
Series: Earth and Environmental Science: “International Science and
Technology Conference “Earth Science” - Chapter 37, 2021, 042048.

12.Sudeyko O.V., Sidorov V.N., Sidorov M.V. AgroEkolnfo, 2021, no. 2
(44). http://agroecoinfo.ru/STATY1/2021/2/st_216.pdf



230 International Journal of Advanced Studies: Transport and Information Technologies, Vol. 13, No 4, 2023

13.Rosheila Binti Darus. Modeling and control of active suspension for a
full car model. A project report submitted in partial fulfillment of the
requirements for the award of the degree of Master of Engineering
(Electrical — Mechatronics and Automatic Control). 2008.

14.Influence of mass affecting tractor’s rear axle and rigidity of tires on
the control coefficient / Voropaev G.D., Sidorov V.N., Maksimovich
K.Yu., Sokolova V.A., Krivonogova A.S., Pushkov Yu.L., Taradin
G.S. IOP Conference Series: Earth and Environmental Science. Kras-
noyarsk Science and Technology City Hall of the Russian Union of
Scientific and Engineering. Krasnoyarsk, 2021, 52047.

15.Investigation of the damping properties of the process module for
a tractor of traction class 1.4 / Sidorov M.V., Troyanovskaya L.P.,
Sokolova V.A., Partko S.A., Dzjasheev A.M.S., Ivanov A.A., Kopaev
E.V. IOP Conference Series: Earth and Environmental Science. Kras-
noyarsk Science and Technology City Hall of the Russian Union of
Scientific and Engineering. Krasnoyarsk, 2021, 52056.

JAHHBIE Ob ABTOPAX

BuikoB Muxaui AnapeeBud, cTyaeHT kadenpsl «KonecHpie mamm-
HBI U IPUKJIATHAS MEXaHUKa
Kanyorcexuti punuan «Mockosckuii eocyoapcmeenublii mexHu-
yeckutl yHugepcumem um. H.0. Baymana»
vn. Tacapuna, 6, . Kanyea, Kanyscckas obnacmo, 248000, Poc-
cutickas Dedepayus
palavan2013@yandex.ru

®poabnoB Hukura BacuiabeBuu, cryneHt xadenpsr «KomecHbie
MAIIMHbI ¥ MPUKIIATHAS MEXaHUKa)
Kanyoscexuii punuan «Mockosckuil 20CyO0apcmeeHHbllL MeXHU-
ueckuii ynugepcumem um. H.O. Baymana»
ya. Taeapuna, 6, 2. Kanyea, Kanysicckas oonacmo, 248000, Poc-
cutickas Dedepayus
nikita@froltsov.ru



International Journal of Advanced Studies: Transport and Information Technologies, Vol. 13, No 4, 2023 231

CunopoB Makcum BaagumupoBud, noueHT kadeapsr «KonecHbie
MAaIlllMHbl W MPUKIaHAS MEXaHHKa», KaHIUIAT TEeXHUYECKHX
HayK
Kanyscexuii punuan « Mockosckuil 20Cy0apcmeeHHbllL MeXHU-
ueckuii ynugepcumem um. H.O. bBaymana»
yi. Kocmonaema Komaposa, 36, e. Kanyea, Kanyscckas o6-
aacms, 248000, Poccuiickas @edepayus
sidorov.maxim.v@bmstu.ru

Ionomapes AJjekceii UBanoBu4, noreHT kadeapsl «Komecusie ma-
LIMHBI ¥ TPUKJIAIHAS MEXaHUKa, KAHIUIAaT TEXHUYSCKUX HAyK
Kanyorcexuii punuan «Mockosckuii 20cy0apcmeenuvitl mexmu-
yeckutl ynueepcumem um. H.0. Baymanay
yi. Mockosckas 113, ke. 41, e. Kanyea, Kanysccrkas obnracme,
248000, Poccuiickasi @edepayust
apon2005@yandex.ru

DATA ABOUT THE AUTHORS

Mikhail A. Bykov, student of the department “Wheeled vehicles and
Applied Mechanics”
Kaluga Branch Federal State Budgetary Educational Institution of
Higher Education “‘Bauman Moscow State Technical University”
6, Gagarin Str,, Kaluga, Kaluga Region, 248000, Russian Fed-
eration
palavan2013@yandex.ru

Nikita V. Froltsov, student of the department “Wheeled vehicles and
Applied Mechanics”
Kaluga Branch Federal State Budgetary Educational Institution of
Higher Education “Bauman Moscow State Technical University”
6, Gagarin Str., Kaluga, Kaluga Region, 248000, Russian Fed-
eration
nikita@froltsov.ru



232  International Journal of Advanced Studies: Transport and Information Technologies, Vol. 13, No 4, 2023

Maksim V. Sidorov, associate professor of the department “Wheeled ve-
hicles and Applied Mechanics”, Cadidate of Technical Sciences
Kaluga Branch Federal State Budgetary Educational Institu-
tion of Higher Education “Bauman Moscow State Technical
University”

36, Cosmonaut Komarov Str., Kaluga, Kaluga Region, 248000,
Russian Federation

sidorov.maxim.v@bmstu.ru

SPIN-code: 6131-3669

ORCID: https://orcid.org/0000-0002-6686-2282

Scopus Author ID: 57211752346

Alexey I. Ponomarev, associate professor of the department “Wheeled
vehicles and Applied Mechanics”, Cadidate of Technical Sci-
ences
Kaluga Branch Federal State Budgetary Educational Institu-
tion of Higher Education “Bauman Moscow State Technical
University”

113, Moskovskaya Str., Kaluga, Kaluga Region, 248000, Rus-
sian Federation

apon2005@yandex.ru

SPIN-code: 3154-3892

ORCID: https://orcid.org/0009-0007-0268-7511
ResearcherlD: HHM-3404-2022

Scopus Author ID: 7102493558

IMocTtymma 25.11.2023 Received 25.11.2023
IMocne penensnuposannms 30.11.2023 Revised 30.11.2023
Ipunsra 10.12.2023 Accepted 10.12.2023



