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MATEMATUYECKAA MOAENb PbIXINEHUA CHEXHO-
NEAQOBOIO U MEP3J10IO NPYHTA PbIXITATEJNIEM C
YWWPUTENEM
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EropOB2
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*[osonycckuii 20cydapemeennbiii mexnonozuueckuti ynusepcumen, HMHCMumym Mexanuku u MawuHoCmpoenus, 2.
Howwap-Ona

Ipu o6ycTpoiicTBe HEPTAHBIX M Ta30BBIX MECTOPOKACHNI OCHOBHOI TEXHOJIOTHYECKOH oneparieil B 3UMHHUI IIepuoJ sBIsIeTCs
PBIXJICHUE CHEXHO-JIEAOBOIO U Mep3Jloro rpyHra. OnpejeicHue yCHUIUM Ha TPEXTPaHHOM KJIMHE MMEET HE TOJAbKO HaydHOE, HO U
0O0JIBIIOE TIPAKTHUYECKOE 3HAYCHHE, TaK KaK IO3BOJHUT Oojee 0OOCHOBAHHO BBINOJNHATH HPOYHOCTHBIC pacdeTs! pabodHX OpraHoOB
MHOI'MX 3e€MJICpOMHBIX MamuH. [lJis onpeneneHys AeHcTBUS CHII Ha TPEXTPAaHHOM yCEUYEHHOM IapajuleIbHO OCHOBAaHMIO KJIMHE IIpU
YCTaHOBHUBIIEMCS ABM)KEHUH UCIIOIb30BAHBI CIEAYIOMIUE NOMYLICHH: KIHH OCTPbIHA, TPEHNE HIKHEH TPaHH O TPYHT OTCYTCTBYET.
Hayunas HOBH3HaA MpelCTaBleHa Pa3pabOTaHHBIMH TEOPETHYECKHMH IIOJI0XKEHUSMH MpU (OPMHPOBAHUH M PEaNU3aldd HOBBIX
TeXHUYECKHX pemleHuil. PazpaboTaHel MaTeMaTHueckue MOJEIH MPOLECca B3aUMOJICHCTBHS AUCKOBOTO HHCTPYMEHTA C TBEPIBIMU
cpenamu. IlomydeHsl aHAMUTUYECKHE 3aBUCHMOCTH YCHIIMS PE3aHHUs OT BUJAA CPe3a M CBOMCTB Cpellbl, YUUTHIBAIOIINE OCHOBHBIE
reoMeTpUYEeCKUEe IapaMeTpbl TaKOr0 HHCTPYMEHTAa. B mponecce pbIXJeHHMs YCTaHOBKA YHIMPHUTENsS Ha CTOMKY pPBIXJIUTEISL
YBEIMYHBACT B HIDKHEH 9acTh OOpO3/BI IIMPHHY 3aXBaTa, IIO3BOJISIET IPHOIM3UTD PEXYIINE KPOMKH KOCBHIX KIMHBEB U JHCKOBBIX
PEe3LOB K OCHOBAHMIO OOPO3MIbI M 00ECIIEUNTh BHEPEHUE HX B OOKOBEIE CTEHKH, HCKIIOYMB YIUIOTHEHHE TPYHTA 3a CUET €r0 CMATHS
M OCYIIECTBUB OTPHIB TPYHTA OT MAcCHBA MO yrioM ckona 35-40°. TIpu 5TOM Ha IPOYHBIX TPYHTAX PEKYIIAs KPOMKA HAKOHSUHHKA
CTOMKHM PBIXJIMTENS BBITAIKMBAETCS M3 OOPO3/BI M CHHKAET TATY TPAKTOPA, @ PEXKYIIHE KPOMKH KOCHIX KIIMHBEB U AUCKOBBIX PE3LI0B
3aTSATUBAIOT CTOWKY PBIXJIMTENS B TPYHT, yBEIMUHUBAS €T0 TATY, IO3TOMY YCTAaHOBKA YIIMPUTEIS CTIOCOOCTBYET YTyUIIEHUIO TATOBBIX
roKasaTeliell arperara.

Knroueswie cnosa: mamemamuueckan modens, poixaenie, Mep3avlii 2PYHM, PLIXIUMENb, YIUUPUMETD.

BBEOAEHUE CyMMapHOe CONpOTHUBIICHHE HAa CTOMKE PBIXIHUTEIS]
o o T PaBHO:
Paiionst Boctounoii Cubupn wu Cesepa, rIe Oyzer pasHo P =P AP P/ )
HAXONIATCS 3HAYMTENBHBIC 3amackl He(PTH W Tra3a, 2 plH (Pex TPy) [ cOS Y, @)
T, — YroJl yCTaHOBKU YIIUPUTENS, IPal.
OTJINYAOTCS JOCTATOYHO IPOJOJDKUTEIBHBIM IIEPUOAOM AC ¥ — YroJl yCTaHo YUIMPHTCILS, TPajt
CymmMmapHas COCTAaBJIAIOLLAS CONPOTHUBJICHHUS

HU3KHX TEMIICPATYP, B PE3YJIbTATC KOTOPLIX NPOUCXOAUT
Hen30exHOe 06pa30BaHI/Ie CHEXKHO-JICAOBBIX U MCP3JIbIX

TPYHTOB.
[Ipu 00ycTpoicTBE MecTOpoXIeHUH HepTH W rasza

PBIXJICHHIO MEP3JIBIX TPYHTOB HAKOHEYHUKOM PBIXIHTEIS
onpenensercs [1, 2]:
P,=c,cosy tgp{b/siny+rh/4siny, tgy; +

BO)KHEHIIIMM TEXHOJOIMYECKUM MPOLIECCOM  SIBIISETCS
pa3paboTKa, a B YaCTHOCTH PHIXJICHHE CHEXHO-JIE0BOIO
1 MEp3JIOTro TPYyHTA.

OCHOBHAA YACTb

PeIXyieHHME CHEXHO-JICIOBBIX W MEP3JIBIX TPYHTOB
PBIXJIUTEIEM C YIIMPUTEIIEM MOXKHO Pa3feiiuTh Ha TpHU
OCHOBHBIE 30HBI pa3pyIIeHUs, Ky1a BXOJST:

a) 30Ha HaKOHEYHUKA P,;

0) 30Ha KOCBIX KJIMHBEB Pyy;

B) 30HA JAUCKOBBIX PE3LOB P

a) 3ona HakoHeyHHKa P,

CoCTaBJIsIONINE CHJIBI CONPOTUBJICHUS PBIXJICHUIO
COOTBETCTBCHHO Ha TepenHEd rpaHu — P, B OOKOBBIX
nmpope3sx TpyHTa — P; OT Beca IOAHAMAEMOTO
Pa3pBIXJICHHOTO TPYHTa — P, OT YIJIOTHEHUS B OOKOBBIE
CTEHKH NPOPe3H — Pys M OT HAJIIMYMSA IUIOIIAJI0K U3HOCA HA
HaKOHEYHHUKE — P,,.

P=P,+Ps+P.+Pyg+P, )

+ sin™ 7/\/[H(ctgé‘l +etgw,) - hetgy, 1 +hetg’y+
ol V28 Hetgy, + hi(ctgy, — ctgya)]H(betgy; —
ctgyy) +
+(bH’/h\*+ Heigy )(ctgd, + ctgdy) + hy(metg’y, —

3
4ctgyetgyr)] +
Hoh +(H—h1 )]-80 + tsin(6;, + p/cosu}, (3)
4b sing,
TII€ Gp, Gcy — NPEZEN IPOYHOCTH IPYHTA COOTBETCTBEHHO
paspeIBy 1 cxkaTHio, KH/M”; b — IIMPHHA HAKOHEUHHKA, M;
hy — rTnyOWMHAa paCIIUPSIONIEHCS YacTH IONCPEYHOTO
cedeHuss OOpO3MbI, M; Vi, Y, — VYIVIBI CIOBUTa TPyHTa
COOTBCTCTBCHHO B BEpPXHEH W  HIDKHCH  YacTsax
HAKOHCYHHMKA PBIXJIIUTEINsS, Tpan.; tgp — Ko3QQHUIUEHT
BHYTPCHHETO TPEHUS TpyHTA; H — IIyOWHA PBHIXICHHS, M;
0; — yroj TpeHHs TPyHTa 1O METALIy, Tpam.; Y — YIoiu
pacIMpSIOIIEHCs YaCTH NPOPE3H, TPal.; Yrp, — OOEMHBIN
BEC TPYHTA, KI/M"; V — CKOPOCTb PBIXJICHHUS IPYHTA, M/C; g
— YCKOpEHHe CBOBGOXHOrO MajeHws, M/c’; ¢ — IIMpHHA
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IUIOINAZKU H3HOCA, M; O, — Yroj HAaKJIOHA IUIOIIAJKH
M3HOCA, TPaJl.; |\ — YrOJ BHEUTHETO TPEHUs IPYHTA, TPaj.

0) 30HA KOCBHIX KJIUHbEB P,,.

OnpenencHue YCHIUA Ha TPEXTPAHHOM KJIMHE UMEET
HE TOJNBKO HAydyHOE, HO H OOJBIIOE MPAKTHIESCKOE
3HAYE€HME, TaK KakK IO3BOJUAT 0ojiee 0OOCHOBAHHO
BBITIONTHATL TIPOYHOCTHBIE pacdyeThl pabounX OpPTraHoOB
MHOTHX  3eMJepoiHBIX  MammH. CxemMbl  pacder
COCTABIIIIONINX YCHJIMA pEe3aHhs KOCOTIOCTaBJICHHBIM
KJIIMHOM ITOKa3aHbl Ha puc. 1 3, 4, 5].

Jlns ompeneneHuss ACUCTBUS CHI HAa TPEXTPAHHOM
YCEUYCHHOM  MApajUICIbHO OCHOBAHHIO KIMHE IIpH
YCTAaHOBHBIICMCS IBUKCHUU HUCIIOJIb30BAHbBI CIICIYIOUIHEC
JIOMYIICHUSI: KIIMH OCTPBIA, TPEHHE HWKHEH TpaHH O
IPYHT  OTCyTCcTByeT. Takod  KIMH  MOJydaceTcs
MepeceuyeHueM TpeX B3aWUMHO MEPIECHIUKYISIPHBIX Ocei
KOOpAMHAT HAKJIOHHOM TUIOCKOCTBIO W JOTIOJHUTEIHHON
IJIOCKOCTBIO MapayijIeIbHOM OCHOBAHMIO KJIMHA Ha BBICOTE
K.

7 g

a— BBaMMOHCﬁCTBHﬂ CHJI TIIpU pa60Te KOCOro KJInHa, 60— ONpeaACICHU
COOTHOILICHUA CHUIT

Puc. 1. Cxema cui1, 1elCTBYIOLIMX HA KOCO KJIMH

YFJ'II)I, OIpeAC/IA0oIne IMOJIOKCHHUC KOCO
MOCTAaBJICHHOT'O KJIMHA BO BpEMs pE3aHUsd TPYyHTa,
cleayrommue:

yroJl yCTAaHOBKH B IJIAHE K HAIIPABICHUIO IBUKCHUS B
wiockoctd XOVY () u B BEpTHKAJIBbHOW IIIOCKOCTH (9),
00pa3oBaHHBIA  IIEpeceYeHUEeM KIMHA  IJIOCKOCTBIO,
MpoXosIel 4epe3 och Z TMEPIEeHAUKYISIPHO HUXKHEH
pexxymieir rpaan AC, MPOEKIUs KOTOPO Ha IIIOCKOCTh
X0V - Ob.

BokoBasi MOBEPXHOCTh KIMHA COCTOWT W3 YETHIPEX
cocTaBIsIOMUX: padbodeit moBepxHoctu ABC, ocHOBaHUs
— AOC wu OoxoBeix miaockocter AOB m COB. B
KOHCTPYKIIUU YITUPUTENST K PBIXJIUTCI0 B KadcCTBE
KJIMHA WCIOJbh30BAHA HIDKHASA YCEUYCHHAs 4YacTh €ro,
MOJyYeHHAs: CEYEHHEM IUIOCKOCTBIO  IapajuleiIbHON
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OCHOBaHHIO KiuHa Ha BbicoTe OO’ = k. YceueHHas
pabouas Gokosas nosepxaocts A A' C' C pasua

S5 = (6 ctgy siny tgd — x)(ctgd tgy +ctgd ctgy)+ b/sin v]

K/2sind, “4)
rjie ¢ — IIUpHWHA KJIMHA BIOJhL ocH Y (Ha puc. 1)
ob6o3HaueHa AO.

YacTuia rpyHTa B IIPOLIECCe pe3aHus MOTHIMAETCs Ha
pabouyto moBepxHOCTh KiinHa ABC He 10 HOpMaLHOMY
HanpaBJIeHUIO K pexymeil rpaan AC, a mog yriom (90° —
V) k ocu X. JImHUS neHCTBUS CHIT TpeHus N, Ha paboueit
IUIOCKOCTH KIIMHA 00pa3yeT ¢ HopMaiblo K Jie3Buio AC
yron A. VI3 reoMeTpuuecKuX COOTHOLIEHHH cienyeT [3]:

cosy = sind siny; (5)
ctgh = coso tgy (6)

CocTaBnsommas COMPOTHBICHHUS PE3aHHUI0 TPYHTA II0
ocu X, KOTOpasi onpeaesnsieTcs mpoenupoanrem cuil N u
1N Ha 3Ty 0Ch (C YIETOM yTila YCTAaHOBKH YIIHPHUTEIS Ha
CTOUKY PBIXJINTENS ) paBHA:

P = (N cosy + N siny) / cosy =2PS; (cosy + p; siny)/

/cosy, @)
rae W, — Ko3QOUIMEHT TpeHUs TPYHTA M0 MeTaluty; N —
HOpMallbHasl ~ CWia, JeHCTByIOmas Ha  pabouyro
MMOBEPXHOCTh KJIMHA, KH; % — yroJl yCTaHOBKH YIIMPHUTEIS
HA CTOWMKY PBIXJIUTEJS, TPal.

N=PS;; ®)
rae P — BeqMYMHA IABICHHS HA rpaHu KiuHa, KH* M7
S3 — momaae Tpanenuu (00KOBOH paboyei IOBEPXHOCTH
YCEUCHHOTO KIIMHA), M°.

P = Cyct g, [e”*m tg* l:; + %) - 1] )
e Cy — cuemienus rtpyHTta, kKH/M% ¢ — yrom
BHYTPEHHETO TPEHUs, Ipag; © — yroi 30HBI pagdalbHOTO
CIBHTA, Pas.

boxoBas cocrasmnstomast npoekuu cwi Ny u | Ha och
VY paBHa:

Py =ctg(B +y)(N cosy + N siny)/ cosy,  (10)

VYrou B HaXOAUTCS U3 BBIPAKCHUS

ctgB =N,/ F;=(p; sinA+ cosod ctgh) / p; sind, (11)
rae N — ycunus, AeHCTBYIOLIE HOPMAIIBHO K pexXyliei
kpomke AC, xH; F; — ycunus, peiictByrouiue BIOJb
pexymeit kpomku AC, kH.

DTH YCUIIUS ONIPEICIIAIOTCS MpoeuupoBaHreM cui N u
1N Ha 3TH HampaBICHUS

N; =N sind + ;N cosd cosA; (12)
F] = H'IN sinA (13)
BepTukanpHas ~ COCTaBISIOMAs  CONPOTHUBICHUS

pe3aHuI0 Ha OCh Z, ONpeAeIIsieTCs] MPOEKINeil CHII Ha 3Ty
oCh
P, =(N cosd — N sind cosh)/cosy = P S3( cosd — p;sind

cosA)/cosy, (14)
[MonyueHHbIe COCTABJISIFOIIHE COIPOTUBJICHHS
PE3aHUIO TPyHTA KOCHIM  KIMHOM  MOTYT  OBITh

HCTOJB30BaHbl IIPH TMPOYHOCTHBIX pacyerax padodmx
OpTaHOB 3eMJICPOMHBIX MAIIHH C TAKUM HHCTPYMEHTOM.
B) 30Ha TMCKOBBIX pe3loB P;.
CxeMa HaBECKH YIIUPUTEINS HA CTOHKY PBHIXJIUTENS U
30HBI pa3pymeHus rpyHTa COOTBETCTBEHHO
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HAKOHEYHHKOM, KOCBIMH KJIMHBSIMH W  JHCKOBBIMHU
pe3iamMu MoKa3aHbl Ha pHC. 2.

Piar = PSi[(p cosd + sind)(1 + £;)sin(0,/2) + (cosd —

Wisind)py J/cosy (15)

P\ 1g=PS;(1cosd+sind)(1+f))cos(a,/2)/cosy, (16)

P15 =PS; (cosd — psind)/cosy, (17

XapakTepHble NPOGHIM  HONEPEYHOTO  CEUCHUS

00pO3/1 NPH PHIXJICHUH MEP3JIbIX TPYHTOB PHIXJIUTEIEM C
YIIHPUTENIEM U 0€3 YIIUPUTES MKa3aHbl Ha pHC. 3.

a
Puc. 2. Cxema HaBeCKH YIIHPHTe/Isl HA CTOHKY PBIXJIHTE (@)}
(6)30HbI (a, 0, B) pa3pylIeHUsi TPYHTA COOTBETCTBEHHO:
HAKOHEYHHKOM, KOCBIMH KJIMHBSIMH H THCKOBBIMH pe3HaMH

Beicota £, u yronm 30HBI pasBaja f; ompejeNeH IO
dopmynam [6]:
h, = bh /(b + 0,5k.0,h), (18)
Bi=90%(b+h+0,39 kh)/(b+kh+0,78 k), (19)
rI€ O, — yrol PhIXJEHHs TPyHTa HAKOHEYHUKOM 3y0Oa
PBIXJIUTENS, pal.; b — MUPUHA HAKOHEYHHUKA PHIXITUTENS,
M; h — TayOuHa pBIXJICHUA, M; k. — K0dpdurmeHr,
XapaKTePU3YIONINI CIMOCOOHOCTh TPYHTOB K XPYIIKOMY
pa3pylICHUIO
ke =0,/ Ocx (20)
TI€ GOp, Ocx CONPOTHUBIICHUE TPYHTa pa3pblBy H
OJHOOCHOMY cxaTH1o, Klla.

Puc. 3. XapakTepHble NpoQH/IH NONEPEYHOT0 cedeHust 60po3
MOJY4YEHHBIX: @ — MPH PbIXJIUTEEeM IIACTHYHO-MeP3JIbIX TPYHTOB
6e3 yuMpuTesi; 6 — yUIHPHTEJIEM C YIJIOM YCTAHOBKOi 16°; 6 — B
MJIOTHBIX TAJIBIX TPYHTAX ¢ MUHUMAJIBHBIM YIVIOM YCTAaHOBKH

YIIHPHUTeIs

I'myOuHa 30HBI pa3Balia MOXET OBITH OIpeneicHa B
3aBUCUMOCTH OT TIIyOWHBI pbixnenus [7]: h, = (0,65-

0,85)A. Memnsbmiee 3HaYCHUE koapunmenTa
COOTBETCTBYET OOBIITHM 3HAYCHUSAM TITyOUHBI
PBIXJICHHUSL.

BbiBOAbI

B mpomecce pHIXJCHHS YCTaHOBKA YIIUPUTENsS Ha
CTOWKY pBIXJIUTENS YBEIMYMBACT B HIDKHEH YacTH

O0opo3npl mmpuHY 3axBara g0 4 (b), mo3BoiseT
NPUOJIM3UTh PEXKYIIUE KPOMKH KOCBIX KJIMHBEB H
JIUCKOBBIX PE3I[0B K OCHOBAHUIO OOPO3IBI M 00CCHCUUTH
BHEJIPCHHE UX B OOKOBBIC CTCHKH, UCKIIOYHB YINIOTHCHHUE
IPYHTa 32 CUET ero CMSTHs U OCYLIECTBHB OTPBIB TPyHTa
oT maccuBa nox yriom ckoma 35-40°. Tlpu stom Ha
NPOYHBIX TPYHTaX peXylias KpPOMKa HAaKOHEYHHKA
CTOMKHM pBIXJIUTENs] BBITAIKUBACTCS H3 OOpO3Abl U
CHIDKAET TATY TPAKTOpa, a PEeKYIIHe KPOMKH KOCBIX
KJIMHBEB M JIUCKOBBIX PE3LOB 3aTSATHBAIOT CTOMKY
PBIXJIUTENST B TPYHT, YBEIHYMBAs €ro TSry, MOITOMY
YCTAaHOBKA  YIIUPUTENS  CIIOCOOCTBYET  YIIYYILICHHIO
TSATOBBIX ITOKA3aTeNeH arperara.
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MATHEMATICAL MODEL OF SHOWING OF SNOW-ICE AND
FROZEN SOIL WITH REDUCER WITH EXPANDER

R.B. Zhelukevich', Yu.F. Kaiser', V.G. Shram', A.V. Lysyannikovl, V.L. Tyukanovl, A.V.

Egorov2
!Siberian Federal University, Institute of Oil and Gas, Krasnoyarsk
’Povolzhsky State Technological University, Institute of Mechanics and Mechanical Engineering, Yoshkar-Ola

Abstract — When equipping oil and gas fields, the main technological operation in the winter is the cultivation of snow-ice and
frozen soil. The determination of efforts on a trihedral wedge is not only scientific, but also of great practical importance, since it will
allow more reasonably carry out strength calculations of the working bodies of many earthmoving machines. The following
assumptions were used to determine the action of forces on a trihedral wedge parallel to the base of the wedge with steady motion:
the wedge is sharp, there is no friction of the lower face on the ground. Scientific novelty is represented by the developed theoretical
principles in the formation and implementation of new technical solutions. Mathematical models of the process of interaction of a
disk tool with solid media are developed. Analytical dependences of the cutting force on the type of cut and the properties of the
medium are obtained, taking into account the basic geometric parameters of such a tool. In the process of loosening, the installation
of the extender on the cultivator rack increases the working width in the lower part of the furrow, makes it possible to bring the
cutting edges of oblique wedges and disk cutters closer to the furrow base and to ensure their introduction into the side walls,
eliminating soil compaction due to crushing and soil separation from the massif under a cleavage angle of 35-400. At the same time,
on strong soils, the cutting edge of the tip of the cultivator strut is pushed out of the furrow and reduces tractor traction, and the
cutting edges of oblique wedges and disk cutters tighten the cultivator strut into the ground, increasing its traction, so installing an
expander improves the traction performance of the unit.

Index terms: mathematical model, cultivation, frozen soil, cultivator, expander
REFERENCES

1. Gorbachev, Yu.G., Shapirshtein RB Analysis of the formation of loads during the destruction of soil by a cutter / Yu. G. Gorbachev, R. B.
Shapirshtein // Construction and road machines. - 1991. - No. 4.— P. 2-9.

2. Khmara, L. A. Improving the design of the working body of the cultivator for the development of strong and frozen soils / L. A. Khmara, S. V.
Shatov // Construction and road machines. - 2009. - No. 10. - S. 44 - 49.

3. Alekseeva, T. V. Road cars. Part I. Machines for earthworks / T.V. Alekseeva, K.A. Artemyev, A.A. Bromberg et al. / 3rd ed. add. - M.:
Mechanical Engineering, 1972. - 504 p.

4. Goryachkin, V. P. Collected Works. T.2. Ed. 2 nd .— M., Kolos, 1968.— 455 s.

5. Khmara, L. A. Scientific basis for the formation of multicomponent working bodies of earth-moving machinery: dis. ... doctor. tech. Sciences /
L.A. Khmara. - Dnepropetrovsk. 1983.- 382 p.

6. Emelin, V. L. Development of frozen soils: theory and practice: monograph / V. I. Emelin. - Krasnoyarsk: IPK SFU, 2008 .-- 248 p.

7. Machines for the development of frozen soils. Ed. Ph.D. V. D. Telushkina. M., "Mechanical Engineering", 1973. 272 p.

Zhelukevich Ryshard Borisovich - Doctor of Technical Sciences, Professor of the Department of Aviation Combustive-Lubricating Materials,
Institute of Oil and Gas FSAEI of Siberian Federal University, tel. 8 (913) 5600580, e-mail: kaiserl70174@mail.ru

Kaizer Yuri Filippovich - Candidate of Technical Sciences, Head of the Department of Aviation Combustive-Lubricating Materials, Institute of
Oil and Gas FSAEI of Siberian Federal University, tel. 8 (923) 3277999, e-mail: kaiser170174@mail.ru

Shram Vyacheslav Gennadievich - Candidate of Technical Sciences, Associate Professor of the Department of Fuel Supply and Combustive-
Lubricating Materials, Institute of Oil and Gas FSAEI of Siberian Federal University, tel. 8 (950) 4014163, e-mail: Shraml8rus@mail.ru

Lysyannikov Aleksey Vasilievich - Candidate of Technical Sciences, Associate Professor of the Department of Aviation Combustive-Lubricating
Materials, Institute of Oil and Gas FSAEI of Siberian Federal University, tel. 8 (950) 4071604, e-mail: av.lysyannikov@mail.ru

Tyukanov Vasily Leonidovich - Senior Lecturer, Department of Aviation Combustive-Lubricating Materials, Institute of Oil and Gas FSAEI of
Siberian Federal University, tel. 8 (923) 3277666,e-mail: vastuk85@mail.ru

Egorov Aleksey Vasilievich - Doctor of Technical Sciences, Professor of the Department of Transport and Technological Machines, Institute of
Mechanics and Mechanical Engineering, FSBEI HE PSU, tel. 8 (964) 8612121, e-mail: aleksej _egorov@bk.ru

51 Ne 2 (30) anpens 2020




