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KypraHckui rocynapcteeHHbIv yHuBepcuTeT, KypraH, Poccuinckan Oepepauma

AHHOTAUMA

Beegenue. OTMeueHo, YTo Haubonee TAXKENbIM 3TanoM paboTbl TAra4ya ¢ MacCMBHBIMK GYKCUMPYEMbIMU 06bEKTaMM
ABNAETCA PEXUM TpOraHuA C MecTa. 370 CBA3aHO C HE06X0AMMOCTbIO NMPEeCAONEHUA CUMbl TPEHWUA NOKOA, KoTopas Cy-
LLLeCTBEHHO MPEBbILLIAET CUNTY TPEHUA [BUMKEHUA. B KauecTBe BapuaHTa peLLeHua 3Toi npobneMbl MOXHO paccMaTpuBaTh
MCMONb30BaHME HaYanbHOM KMHETMYECKOW 3Heprum TAraya, KOTOpas Pa3BMBAETCA MPU WUCMOMb30BaHUM OrpaHMYeHHO
ynpyro-aedopMmUpyeMbIX TAr0BO-CLENHbIX YCTPOCTB A0 HaYana ABUMHKEHUA BYKCMpYEMbIX 0OEKTOB.

Lienb — aHanu3 3¢pdeKTUBHOCTM MCMONb30BaHWA yrpyro-aedopMUpyeMbIX TArOBO-CLIEMHbIX YCTPOUCTB NPY TPOraHUM
aBTOMOE3[a C MacCUBHBIMU BYKCUMPYEMbIMU 06 bEKTaMM.

MeTopfbl UccnenoBaHuiA. AHaNUTUYECKOe MUCCNefjoBaHMe pa3paboTaHHOW MaTeMaTUUeCKoM MOAENM HavanbHOro 3Tana
TPOraHuA aBToMoe34a C YNpyrMum cLenkamu Ans ONTMMU3aLMm NapaMeTpoB 3TUX YCTPOMCTB C TOUKM 3PEHUA MOBbILIEHNA
3¢deKTMBHOCTM Npouecca. [ns oLeHKM 3QGEKTUBHOCTY NPUMEHEHUA YNIpYro-AedopMUPYeMbIX TAFOBO-CLIEMHbIX YCTPOICTB
Mnojly4yeHHble pe3ysbTaTbl COMOCTABNAIOTCA C aHaNOMMYHBLIMU pe3ynbTaTaMu, COOTBETCTBYIOLIMMM abCOMIOTHO HECTKUM
TArOBO-CLIEMHBIM YCTPOCTBAM.

Pesynbratbl. ConoctaBneHue nepeMeLLeHnii, CKOPOCTEN U 3HEPrui CBUAETENbCTBYET O BbICOKOW 3(dEKTUBHOCTM
NPUMEHeHUs ynpyro-aedopMUpyeMoro TAroBO-CLENHOro ycTpoicTea. Mcnonb3oBaHue ynpyro-aedopMmpyeMbix TAMOBO-
CLLENHbIX YCTPOICTB AaeT BO3MOMHOCTb HAaKOMIEHUA HauaNbHOM KUHETUYECKOW 3HEPrMM a3poJpoMHOro TAraya, uto mo-
3BOJIAET NPEOAONETb CUNTY TPEHMA NOKOA U 06eCneUnTb TPOraHUe TAMKENbIX BYKCUpYeMbIX 06EKTOB.

3akniouenne. ConoctaBneHMe KMHEMATUYECKMX M OMHAaMUYECKMX MapaMeTpoB TArava C ByKcupyeMbiMU 06beKTa-
MW [ANA BapUaHTOB C abCONMIOTHO MKECTKUMMU U Ynpyro-AedopMUpyeMbIMU TArOBO-CLIEMHbIMK YCTPOWCTBAMM MOKa3blBaeT,
4To 3QHEKTUBHOCTL UCMOMb30BaHWA MOCNEAHUX BO3PAcTaeT C YBENUYEHWEM uucnia ByKcupyeMbix 06bexToB. Ynpyro-
AeopMupyeMble TArOBO-CLIEMHbIE YCTPOWCTBA MOTYT Bbi3biBaTb KOMEHaHWA CUCTEMbl TArauy—HYKCHMpYyeMble 06BEKTHI.
[InA ux npeoTBpaLLEeHMA TAFOBO-CLENHbIE YCTPOMCTBA HAZIEMMT 6II0KMPOBATb B MOMEHT WX HaubonbLuei fe¢opMauum.

Knioyeasble cnosa: 6GyKcuposka; mpeHue; 3Hepaus; MA2080-CyenHoe ycmpolicmao; JCecmKocme; b6/I0KUPOBKG; nepeMeleHue;
CKOPOCMb; J/CKOPEHUe.
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Towing couplers of a multi-sectional vehicle
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Kurgan State University, Kurgan, Russian Federation

ABSTRACT

BACKGROUND: The most difficult stage in the operation of a tractor with heavy towed objects is the starting mode. This is
due to the need to overcome the static friction force, which significantly exceeds the motion friction force. As a solution to this
problem, the use of the initial kinetic energy of the tractor, which can develop when using limited elastically deformable
towing couplers, can be considered.

AIMS: Analysis of efficiency of using elastically deformable towing couplers for a road train with heavy towed objects
at the starting mode.

METHODS: The analytical research of the developed mathematical model of the initial stage of starting of a road train
with elastic couplings was carried out for optimization of properties of these devices with regard to the process efficiency
improvement. In order to assess the effectiveness of using elastically deformable towing couplers, the results obtained
should be compared with similar results corresponding to absolutely rigid towing couplers.

RESULTS: Comparison of displacements, velocities and energies testifies to the high efficiency of the elastically
deformable towing coupler. The use of elastically deformable towing couplers gives the ability to accumulate the initial kinetic
energy of an airfield tractor, which makes it possible to overcome the static friction force and ensure the starting of heavy
towed objects.

CONCLUSIONS: Comparison of the kinematic and dynamic parameters of the tractor with towed objects for options
with completely rigid and elastically deformable towing couplers shows that the efficiency of using the latter increases
with an increase in the number of towed objects. Elastically deformable towing couplers can cause oscillations of the tractor-
towed objects system. In order to prevent them, the towing couplers must be locked at the time of their greatest deformation.

Keywords: towing; friction; energy; towing device; stiffness; locking; motion; velocity; acceleration.
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BBEJEHME TAray n oguH 6yKcupyeMbin 06beKT
[vHammnKka TAraya onucbIBaeTCA BblparKeHNeM:
Hanbonee TAxenbiM 3tanoMm paboTbl TAraya ¢ Mac- d’x
CMBHBIMU BYKCMPYEMBIMU 00BEKTaMU ABNAETCA PEXUM F=m 21 +k(x;,—x,). (M
TporaHua ¢ Mecta [1, 2]. 3T0 cBA3aHO C He0b6X0AMMOCTbIO dt
MpeofoNieHNA CUMbl TPEHWA MOKOA, KOTOPaA CYLLECTBEHHO 3pecb X;, X, — NyTW, NMPOAZIEHHbIE TAra4oM 1 ByKcU-
NpeBbILIAET CUIY TPEHUA OBUHKEHMA. PYeMbIM 06bEKTOM; kK — KO3GULMEHT ynpyrocTi TAroBo-
B KauecTBe BapuaHTa pelleHWs 3TOM NpobneMbl MOX-  CLEMHOMO YCTPOWCTBA.
HO paccMaTpuBaTb MCMOMb30BaHME HayanbHOM KUHETUYe- [vHamuKa byKcmpyeMoro obbekTa onucbiBaeTca Bbl-
CKOW 3Heprum TArava [3, 4], KOTopaA MOXKET pa3BMBaTLCA  ParKEHUEM: d2x
MpY UCMONb30BaHUM OFPaHUYEHHO YNpyro-aedopMUpyeMbIX 0= 2 —k(x,—x,).
TAF0BO-CLEMHBIX YCTPOMCTB.
[nAa onTMMusauMm MatemaTUveckonm Mopenu fanee lepeMeLueHMe TAra4a paBHO
NPUHUMAIOTCA AONYLIeHUA: TAroBoe ycunme F Ha Kpioke m d’x
TAra4ya — BEIMYMHA HEU3MEHHARA; MHEPTHbIE Macchl TAraya X = ;—22 s (2)
1 BYKCMpYEMbIX 06BEKTOB OAMHAKOBLI U PaBHbI 71, dt
®opmyna (1) ¢ yueToM (2) npuobpetaet BUA:
2 44 2 2 2 44 2
m-d’'x d°x d°x m-d’x d"x
=— 22 m 22+m 2+kX2 kxy, =— 22+2m 22. 3
k dt dt dr* k dt dt
0603HaunB
d*x
2=z, (4)
dt
Moy4MM BbipaxkeHue (3), NpMHUMalOLLee BUL:
k kF
z'+2—z= - (5)
m m

O6Luee pelleHne ypaBHeHuA (D) MMeeT BUa:

z=Clcos,/2£t+C2 sin‘/2£t+i.
m m 2m

2 2 o
HauanbHble ycnosua: npu =0 d xz/dt =z =0, NocKo/bKy TAroBO-CLiEMHOE YCTPOMCTBO He AepopMMUPOBaHO
U K ByKcpyeMoMy 06bEeKTY Cuia He MpUoKeHa.

F
Bceasmcatumnpu 1 =0 C, ———.

k k F
Ucnonb3ya C,, nonyunm: z =——cos 2—t+Cysin, [2—t +—. (6)
m m 2m

N3 BblparkeHua (4) cnepyet:

\/2=Izdt=—i ™ sin 2£t—C2 /ﬂcos,/2£t+it+c3,
2m\ 2k m 2k m 2m

2—Jv2dt—£cos 2K e Mg i L icivc,. W)
m 2k m 4m

PeLwan coBMeCTHO BbiparkeHua (2), (4), (6) v (7), MOXHO 3anucaTb

:——cos {2 —t+C, —sm {2kt+—+—cos 2 kt C2—51n 2kt+it +Cst+Cy,
m m  4m
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v = _an _F ‘{ —sm,/ t+C ,/2——005‘/2 t——\/ —sm\/ —t- C\/Z——cos‘/ZktJrit+C3
dt 2k m 2m

a

rae npu NpUHATBIX HadalbHbIX YCNOBUAX
F

C,=——, C,

4k’

C y4eToM YCTaHOBMEHHbIX KO3GPUUMEHTOB peLleHuA
ANA TAra4a v byKcupyeMoro 06beKTa NpuobpeTaioT BUL:

F /2k F , F
X, =——cCos,[—t+—1"+—,
4k m  4m 4k

v sin %t+ l t
v 2\/2k om
% sm %t+it
2 2\/ 2m

F 2k F F 2k F
alzﬁcos ;t+%,a2 :_%COS ;t‘f‘%

lNepvog 7,, 3a KOTOPbLIA TArOBO-CLEMHOE YCTPOMCTBO
NoABEpPrHeTcA MakcuManbHon gedopmauum [8—10], onpe-
AensetcA cnepylowmnM 06pasoM (MHAEKC «,» paBeH Yuciy
MaCCMBHbIX 3/1eMEHTOB — TAray v GyKCUpyeMblin 06BEKT):

F F [2k
al(rz)—ﬂ=0 Nz ECOS ;72 =0,
I, k T T |[m
2—1,=—, T, ==, —.

m 2 2\ 2k

3a nepvog 7, TAra4 NepeMecTMTCA Ha BENIMUUHY

\/Tc \/7
x (7 =——cos ——=
2k

T 32k 4k

Mpu 3TOM €ro CKOpOCTb CTAHET paBHa

v(r):Lsin 2kr |m
N2 km \m 2 \/k 2m2\/

F
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2\2km
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4m 4 2k K

442km
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=ﬂ=£2£cos‘f2kt—cz2£ﬂsin /251‘—£2£cos,/2£t+C22£ﬂsin,/2kt+i
dt 2k m mk m 4k m m m2k m 2m

=0, C,=0.

[InA oUeHKN 3OPEKTMBHOCTU NpUMEHEHWA Ynpyro-
AedbopMMpyeMoro TAroBO-CLEMHOr0 YCTPOMCTBA MOSyYeH-
Hble pe3ynbTaTbl CliedyeT COMOCTaBUTb C aHaNorMYHbIMM
pe3y/bTaTaMu, COOTBETCTBYIOLLMMM abCOMIOTHO HKECTKOMY
TAFOBO-CLIENHOMY YCTPOWCTBY.

F F F ,
a=—  v=—-1,x=—ot1
2m 2m m
F 7r m F7r

o) = 3k

v(g)= L fm_ fm
2 om2N2k  a2km

xl(rz)z

Fr?/(32k)+ F/(4k) . 32

=1 ~1,81.
x(z,) Fr*/(32k) e
vi(z) F/(22km) + Fr/ (4<2km) 2
—1+2~1,64.

(2'2) Fr/(42km) n

E(n2) 5 60

E(z,)
3mecb E(7,),E(7,) — KuHeTMuecKkue sHeprum

TArava.
ConoctaBneHne nepeMeLlLeHUA, CKOPOCTEA M 3Hep-
FMA CBUOETENbCTBYET O BbICOKOW 3QGEKTMBHOCTU Npu-

MEHeHWUA ynpyro-gegopMUpyeMoro TArOBO-CLEMHOMO
YCTpOMCTBA.

Taray u aBa byKcupyeMbix 06beKTa

[lMHamuKa TArava u 6YI-(CVIpy9MbIX 00BEKTOB OMUCHI-
BAETCA BblpaXeHUAMMU:

2

d’x
F=m dt2l +k(xX —Xx,), ®8)
2
)
k(x,—x))=m——=+k(x, —x3), 9)
d*x,

k(x, —x3)=m P
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lepeMmeLLeHMe BTOporo byKcupyeMoro 06beKTa paBHo
md’x,
k df

. (10)

X, =
IunddepeHumpoBaHme 3TN popMynbl AaeT
d*x, _m d*x, N d*x,
ar*  k ar* dr* -’
YpaBHeHue (9) ¢ yueToM AByx nocnegHux ¢popmyn npuobperaet BUA:

m d*x, m* d*x; md’x m d*x m* d*x m d*x
X =— +2%x, =Xy =+ 32— 4+ 2x 43—t (11
e TR T e e e Chae T T ae T
JunddepeHumposaHme 3ton dpopmynbl aaet
d’x, m*d°%, md'x, d’x,
a’ Kk dt® k art ar
YpaBHeHue (8) ¢ y4eToM nonyueHHbIX popMyn npuobpeTaeT BUA:
6 4 2 2 2
AX gkd X K dx KF (12)
dt m dt* m- dt m
Mpu 0603HaueHUM
d’x,
=z 13
% (13)
BbpaxkeHue (12) npuHMMaet Bua:
2 2
L +3k—z_k—f. (14)
m m

Obuliee peleHmne ypaBHeHua (14) uMeet Bua;:

z=C,cos }%t+Czsin /%H—Q cos\/Et+C4sin\/Et+i. (15)
m m m m 3m

N3 Bbiparkenua (13) cnepyert:

vy =lzdt =C, ‘/ ,/ / ,/ t+C\/:sm\/:t C\/:cos\/:t+—t+C5, (16)
Xy =[vydt = C—cos‘/ -C, —st —cos\/ﬁ —Sll’l\/:t-i-—f +Cst+Cy. (17)

Pewwan coBMecTHO BbiparkeHua (10), , MOXHO 3anucatb

0s /—t+—C / t+—+ t +Cst+ Gy, (18)
@:__ /3’" / t+ /3m s‘f%t+3£t+C5, (19)
m m
a, :ﬂz -2C, cos %t—ZCZ sin,/%t +i. (20)
dt \jm m 3m
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(22)
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B Buiparkenuax (16), (17), (18), (19), (20), (21), (22) n

F F

Ci=rr C=0,C=—o
m

C y4eTOM ycTaHOBNEHHbIX KO3QOULMEHTOB peLLEHNUA
[NA TArava 1 byKcmpyeMblx 06bEKTOB NpuobpeTaloT BULA:
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Mpn 3TOM nepuop 75, 3a KOTOpbIA TArOBO-CLIEMHOE
YCTPOWCTBO MOABEPrHETCA MaKCMManbHOM AedopMauuy,

paBeH T3 = 0,4277r\/%_
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(23) onA NPUHATBLIX Ha4YanbHbIX YCOBUM:

,Cy =0, C5= 0C——4—F

9k

3a aToT nepuon 75 TAra4y nepeMectuTCA Ha BEJINYUHY

F
xl(r3):0,78;, a ero CKOpoCTb CTaHeT paBHa

F

N

[InA oUeHKM 3OPEKTUBHOCTU NPUMEHEHWA YNpyro-
nedbopMUpyeMbIX TAMOBO-CLEMHbIX YCTPOWUCTB MONyYEHHbIE
pesynbTaTbl CleAyeT CONOCTaBUTL C aHaNOrMYHbLIMU Pe3syrib-
TaTaMu, COOTBETCTBYIOLLMMM abCOMIOTHO MKECTKUM TAroBO-
CLieMHBIM YCTPOMCTBAM:

FoF,  Fa
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=
=
)
w
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|
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=15
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[\*)
Il
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W
|

xl(r3):26 VI(T3):2 22 E1(2-3)_4 93

o v(z3)
3AKJ/TIOYEHUE

Wcnonb3oBaHue ynpyro-aegopMupyeMbix TAr0BO-
CLENHbIX YCTPOMCTB [aeT BO3MOMHOCTb HAKOMMEHWUA Ha-
YanbHOWM KMHETWYECKOM 3HEepruM TArauya, yto No3sonser
npeogoneTb CUny TPEHUA MOKOA M 06ecneynTb TporaHue
TAMKENbIX BYKCUpPYeMbIX 06EKTOB.

ConocTaBneHne KUHEMATMYECKUX W AMHAMUYECKMUX
napameTpoB TAraya C OykcupyeMbiMM 06BbEKTaMK




TPAHCIOPTHBIE 1 TPAHCTOPTHO-
TEXHONOI MHECKNE KOMITTERCEL

Tom 17 N2 1, 2023

Vzgectua MITTY «<MAMM»

Ta6nm.|a 1. ConocTaBneHne KMHEMATUYECKUX U AVNHAaMUYeCKNX napaMeTpoB

Table 1: Comparison of kinematic and dynamic parameters

YUCNO MaccUBHBIX 3MeMEHTOB X (T) Vi (T) E, (T)
x(7) v(r) E(7)

1,81 1,64 2,69

2,6 2,22 4,93

ONA BapuaHToB C abCOMIOTHO MECTKUMWU U ynpyro-
nepopMUpyeMbIMU  TArOBO-CLEMHBbIMK  YCTPOMCTBaMM
(cM. Tabn.) nokasbiBaeT, 4To 3PHEKTUBHOCTb MCMOSb30BaAHUA
nocnefHUX BO3pacTaeT C yBEJIMYEHUEM Yncia ByKeupyeMbiX
06bEKTOB.

Ynpyro-aedopMupyeMble TArOBO-CLIEMHbIE YCTPOWACTBA
MOrYT Bbl3blBaTb KoNebaHWA CUCTEMBI TAra4—byKcMpyeMmble
06beKTbl. [nA WX nNpeaoTBpalleHMA TAroBO-CLEMHble
YCTPOVCTBA HaANEHUT BNIOKMPOBATb B MOMEHT MX Hanbosb-
wen negopmaumm.

AO0MOJIHUTENBHO

Bknap aBTopa. ABTOp MOATBEpHAAeT COOTBET-
CTBME CBOEr0 aBTOPCTBA MEMAYHAPOOHbIM KpUTEPUAM
ICMJE (aBTop BHEC CyLlecTBeHHbW BKnag B pa3pabot-
Ky KOHLenuuu, npoBefjeHve MCCNedoBaHWA U MOAroTOB-
Ky CTaTbi, npoyen u ofaobpun GuHanbHylo Bepcuio nepeq
nybnvKaumen).
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KoHdnuKT mHTepecos. ABTop [eknapvpyeT OTcyTCTBYE
ABHbIX M MOTEHLMANbHbIX KOHPSIMKTOB MHTEPECOB, CBA3AHHBIX
C NyBAMKaLMEN HacTOALLIEN CTaTbM.

McTouyHMK  ¢uMHaHcupoBaHMA. ABTOp 3aABnAeT
06 OTCYTCTBMM BHELLHEro GMHAHCMPOBaHUA NPY NPOBEAEHNN
1ccnenoBaHuA.

ADDITIONAL INFORMATION

Author’s contribution. The author confirms that
his authorship complies with the international ICMJE
criteria (the author made a significant contribution
to the development of the concept, research and preparation
of the article, read and approved the final version before
publication).

Competing interests. The author declares that they have
no competing interests.

Funding source. This study was not supported by any
external sources of funding.

6. Tlonos W.I. MpuMeHeHWe CUMBOMMYECKOrO (KOMMEKCHOMO)
MeTofa ANnA pacyeTa COMHbIX MEXaHUYECKWX CUCTEM MpW rapMo-
HWYecKkux Bo3aencTuaAx // TNpuknagHaa ¢u3mka U MaTeMaTuKa.
2019. N? 4. C. 14-24. doi: 10.25791/pfim.04.2019.828

7. Popov I.P. Application of the Symbolic (Complex) Method
to Study Near-Resonance Phenomena // Journal of Machinery
Manufacture and Reliability. 2020. Vol. 49, No. 12. P. 1053-1063.
doi: 10.3103/51052618820120122

8. Monmoe WM. . PacyeT MexaHuyeckmx KonebaHun
B mone KoMmnexcHblx umcen // Tpymsl MAM. 2020. N° 115.
doi: 10.34759/trd-2020-115-01

9. MMonos W.I. BoiHysaeHHbIe KonebaHnA MexaHU4ecKUX cucTeM
B yCTaHOBMBLUEMCA perkume // MalLMHOCTPOEHWE W UHKEHEPHOe
obpazoBaHue. 2019. N2 4 (61). C. 13-19.

10. Monos W.[. PacyeT napaMeTpoB MexXaHWYeCcKMx Cu-
CTeM MNpW rapMoHW4eckux KonebaHuAx // CnpaBouHuK.
WHeHepHBIM wypHan ¢ npunoxenveM. 2021. N° 4. C. 29-35.
doi: 10.14489/hb.2021.04.pp.029-035

41



42

TRANSPORT AND TRANSPORT-
TECHNOLOGICAL SYSTEMS

REFERENCES

1. Popov IP. Compensation of peak loads of transport and
technological machines. Vestnik MGTU im. N.E. Baumana.
Seriya «Mashinostroenie». 2020;3(132):85-93.
doi: 10.18698/0236-3941-2020-3-85-93

2. Popov IP. Energy storage for transport and technological
machines. Vestnik YuUrGU. Seriya «Mashinostroenie». 2019;19(4):61-
68. doi: 10.14529/engin190407

3. Popov IP. Mathematical model of an artificial electric
capacitance to reduce the peak load of a shunting diesel locomotive.
Prikladnaya matematika i voprosy upravieniya. 2019;3:57-64.
doi: 10.15593/2499-9873/2019.3.03

4. Popov IP. Inert-capacitive energy storage for shunting
diesel locomotive. Mir transporta.  2019;17(3):82-87.
doi: 10.30932/1992-3252-2019-17-3-82-87

5. Popov IP. About resonance and antiresonance.
Problemy mashinostroeniya i avtomatizatsii. 2019;4:45-48.
doi: 10.52190/1729-6552_2021_2_14

Ob ABTOPE

Monoe Uropb MaBnosuy,

KaH[. TEXH. HayK,

[O0LEHT Kadeapbl «TeXHONOrA MaLUMHOCTPOEHUS,
METaNOPERKYLLME CTAHKM U MHCTPYMEHTbI;
appec: Poccuinckan Oepnepauws, 640020, Kypra,
yn. CoBeTcKas, A. 63/4;

ORCID: https://orcid.org/0000-0001-8683-0387;
eLibrary SPIN: 9668-2780;

e-mail: uralakademia@kurganstalmost.ru

Vol. 17 (1) 2023

DOI: https://doi.arg/10.17816/2074-0530-321254

lzvestiya MGTU «<MAMI»

6. Popov IP. Application of the symbolic (complex) method
for the calculation of complex mechanical systems under
harmonic effects. Prikladnaya fizika i matematika. 2019;4:14-24.
doi: 10.25791/pfim.04.2019.828

7. Popov IP. Application of the Symbolic (Complex) Method
to Study Near-Resonance Phenomena. Journal of Machinery
Manufacture  and  Reliability. ~ 2020;49(12):1053-1063.
doi: 10.3103/51052618820120122
8. Popov IP. Calculation of
the field of complex numbers.
doi: 10.34759/trd-2020-115-01

9. Popov IP. Forced vibrations of mechanical systems in steady
state. Mashinostroenie i inzhenernoe obrazovanie. 2019;4(61):13-19.
10. Popov IP. Calculation of the parameters of mechanical systems
with harmonic vibrations. Spravochnik. Inzhenernyy zhurnal
s prilozheniem. 2021;4:29-35. doi: 10.14489/hb.2021.04.pp.029-035

mechanical vibrations in
Trudy MAI  2020:115.

AUTHOR’S INFO

Igor P. Popov,

Cand. Sci. (Tech.),

Associate Professor of the Technology of Mechanical Engineering,
Machine Tools and Instruments Department;

address: 63/4 Sovetskaya street, 640020 Kurgan,

Russian Federation;

ORCID: https://orcid.org/0000-0001-8683-0387;

eLibrary SPIN: 9668-2780;

e-mail: uralakademia@kurganstalmost.ru



https://orcid.org/0000-0001-8683-0387
mailto:uralakademia@kurganstalmost.ru
https://orcid.org/0000-0001-8683-0387
mailto:uralakademia@kurganstalmost.ru

