ISSN 2305-2538 HAVYKA B IEHTPAJIbHOM POCCHH, Ne 2 (44), 2020

Caenenusi 00 aBToOpax
IIpuHaNIeKHOCTH K OPraHU3aluu

llyBanoB AHaronuii MUXalIoBHMY — JOKTOp TEXHHMYECKHX HAyK, Hpodeccop, INIaBHBIN Hay4YHBINA
corpynHuk DenepanrbHOTO TOCYJapCTBEHHOTO OIOMKETHOTO HAYYHOTO yupekaeHus «Bcepoccuiickuit
HayYHO-HMCCIICIOBATENILCKMA HMHCTUTYT WCIIOJBb30BAaHHUS TEXHHUKH M HE(TENPOAYKTOB B CEIBCKOM
xo3siicTBeY, Poccus, T. TamOo0B, e-mail: vniiti@mail.ru.

MarukoB Asekceid HukonmaeBuY — KaHAWAAT TEXHUYCCKHX HAyK, BEAYLIMil HAyYHBIH COTPYIHHK
®Denepa’dbHOTO TOCYTAPCTBEHHOTO OIOMKETHOTO HAy4dHOTO yupexkieHus «Bcepoccuiickuii HaydHO-
UCCIIEIOBATEIbCKUI MHCTHTYT HCIIONb30BAaHHUS TEXHUKH M HE(TENPOAYKTOB B CEILCKOM XO3SIHCTBEY,
Poccus, r. Tam60B, e-mail: vniiti@mail.ru.

Yepruor /[enuc CepaduMoBHY — KaHIUIAT TEXHUYSCKUX HAYK, CTAPUIMA HAay4YHBIA COTPYAHHK
®Denepa’dbHOTO TOCYTAPCTBEHHOTO OIOMKETHOTO HAy4dHOTO yupexkieHus «Bcepoccuiickuii HaydHO-
I/ICCHCZ[OBaTCJ'H:CKI/Iﬁ HWHCTUTYT HUCIIOJB30BaHHUA TEXHUKU U He(bTerO[[yKTOB B CCJIBbCKOM XOSHﬁCTBe)},
Poccus, r. Tam60B, e-mail: vniiti@mail.ru.

Author credentials
Affiliations
Shuvalov Anatoliy — Full Doctor of Technical Sciences, Professor, Chief Researcher of Federal
State Budgetary Scientific Institution “All-Russian Research Institute for Use of Machinery and
Petroleum Products in Agriculture”, Russia, Tambov, e-mail: vniiti@mail.ru.

Mashkov Alexey — Candidate of Technical Sciences, Leading Researcher of Federal State Budgetary
Scientific Institution “All-Russian Research Institute for Use of Machinery and Petroleum Products in
Agriculture”, Russia, Tambov, e-mail: vniiti@mail.ru.

Chernov Denis — Candidate of Technical Sciences, Senior Researcher of Federal State Budgetary
Scientific Institution “All-Russian Research Institute for Use of Machinery and Petroleum Products in
Agriculture”, Russia, Tambov, e-mail: vniiti@mail.ru.

Iocrymmna B penakmmro (Received): 14.02.2020 [punsra k mybmukanuu (Accepted): 20.03.2020

YK 621.899
DOI: 10.35887/2305-2538-2020-2-99-104

OLEHKA BJIUSIHUS KAYECTBA JU3EJbHOI'O TONJIMBA U XAPAKTEPUCTHUK
MOTOPHOI'O MACJIA HA UBMEHEHME EI'O CBOUCTB B JIBC 1 CPOK CJIYKBbI
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UCNONL30BAHUA MEXHUKU U He(hmenpoOyKmMOE @ CebCKOM XO3ANUCNEe»

Pegpepam. B npoyecce pabomwl osucameneti mpakmopos 8 MOMOPHLIX MACIAX 8 3A8UCUMOCIU OM
CBOIICNG UCNONb3YeMO20 OU3EbHO20 MONIUBA U KAYecmed MAcd NPOUCX00um HAKONIeHUe 3a2pA3HeHUl,
CNOCObCMBYIOWUX CHUNCEHUIO IKCHIYAMAYUOHHBIX XAPAKMEPUCMUK 08Ueamesis U CpoKa Cayxcbvl macia
00 3aMeHbl. YCMAHOBIEHO, YMO U3MEHEeHUe CE0UCME MACAd MAKICe C613aHO C MEeXHUYeCKUM
cocmosiHuem dgueameinsi U Cpokom e2o sxcnayamayuu. [lonyuenst 3a6ucumocmu UsMEeHeHUs. COOePIHCAHUS
3a2PAZHEHHOCIU U WESIOYHO20 YUCLA MOMOPHO20 MACia 6 dsueamene [[-245 nepsoco 200a sxcniyamayuu
u nocie 5 nem pabomvl npu YCIOBUU BbICOKO2O KAYECMBA UCNONb3YEMO20 OU3EIbHO20 MONIUSA U
cmasoynoeo macia. Onpedeneno, ymo 3a nepuod Hapadbomku 250 wacog coodepoicanue 3a2psa3HeHull 8
macne H08020 Oguzamens umeno sHavenue na 20 % nudce, uem nocie 5 nem sxcniyamayuu. AnanioeuyHo
UBMEHAOCh WeNOYHOe YUCIO MACId, Ceudemenbcmeayouee 06 0CmamoyHoM COOepHCAHUU NPUCAOOK 8
macne. B pesynomame ucciedo8anuii no oyeHke GIUAHUA KA4ecmea OU3eibH020 MONIUBa Ha uUMeHeHue
3A2PAZHEHHOCMU  MACAA YCMAHOBIEHO, YMO MONIUBO, UMerwee OMKIOHeHUs om mpeOo8aHull
CMAHOAPMOs, CHUdICAem CPOK CAyxucObl macaa 0o 3amenvl 6onee yem Ha 20 %. Ilpu ucnonvzoganuu 6
ogueamensix MmMpaKmopos MOMOPHBIX MACel, UMEOUWUX OMKIOHEHUs OMm HOPMAMUGHbIX 3HAYEHULl,
ycmawuosnen pocm 3acpsazHenutl yoice 6 nepsvie 50 uacoe pabomwl Osucameneil u nepeoeo 200a
akcnayamayuu u nocie 5 jnem pabomol. Ilpu smom yoce k 150 uwacam napabomku codepoicanue
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3612pﬂ3H€Hulz 6 macie U eco welodHoe 4ucio umeiu 3Ha4eHusl, onusKue K 6paK0601lelM. B yeiom no
pe3yiemamam UCCAEO0B8AHUTL MOICHO ymeepofcdamb, umo Kaiyecmeo UcCnojib3yemoco OU3ebHO20 MONIUBA
U MOMOPHO2O MaAClAd 3HAYUMENbHO 6IUsom Ha e20 CPOK CﬂyDlC6bl 00 3aMeHbi. CpOK C]ly.?fC6bl macia
makoice 3HaYumenlbHo 3asucum u om cpoka C]ly()fC6bl MAUWUHDBL, ee MEXHUUECKO20 COCMOAHUA. Hpu amom
Onp@OEﬂﬂiOWMM d)aKmOpOM, BAUAIOWUM HA CPOK CﬂyOlC6bl macna 0o e2o 3AMEHDL, A6/IAEeMCA Kavecmeo
UCnob3yemoco MOmopHOco maciua.

Knrwuesvie cnosa: MOmMOpPHOE Macio, ousenvhoe monjiueo, Kaiecmeo, 3acpA3HeHHOCHIb, Oeueameﬂb,
wenodroe 4uciuo, Hapa60m1<a, IKCnityamayust.

ASSESSMENT OF INFLUENCE OF QUALITY OF DIESEL FUEL AND
CHARACTERISTICS OF MOTOR OIL ON CHANGE OF ITS PROPERTIES IN INTERNAL
COMBUSTION ENGINES AND SERVICE LIFE

'Ostrikov Valery
"Nagdaev Viadimir
'Zabrodskaya Alla
"Koshelev Alexander
'FSBSI “All-Russian Research Institute for Use of Machinery and Petroleum Products in Agriculture”

Abstract. The accumulation of contaminants that contribute to the reduction of engine performance
and oil life before replacement occurs during the operation of tractor engines in engine oils, depending
on the properties of the diesel fuel used and the quality of the oil. It is established that the change in the
properties of oil is also associated with the technical condition of the engine and its life. The
dependences of changes in the pollution content and alkaline number of motor oil in the D-245 engine of
the first year of operation and after 5 years of operation, provided that the diesel fuel and lubricating oil
are of high quality, were obtained. It was determined that the content of contaminants in the oil of the
new engine for a running time of 250 hours was 20% lower than after 5 years of operation. The alkaline
number of oil, indicating the residual content of additives in the oil, changed similarly. As a result of
studies evaluating the effect of diesel fuel quality on the change in o0il pollution, it was found that fuel that
deviates from the requirements of the standards reduces the life of the oil before replacement by more
than 20%. When using motor oils in tractor engines with deviations from standard values, an increase in
pollution was established already in the first 50 hours of engine operation and the first year of operation
and after 5 years of operation. The content of contaminants in the oil and its alkaline number had values
close to rejects already by 150 hours of operation in this case. t can be argued on the basis of research
results that the quality of the diesel fuel and motor oil used significantly affect its service life before
replacement. The service life of the oil also greatly depends on the service life of the machine, its
technical condition.At the same time, the quality of the engine oil used is a determining factor affecting
the life of the oil before it is replaced.

Keywords: engine oil, diesel fuel, quality, pollution, engine, alkaline number, operating time,
operation.

BBenenune. HakoruieHne nmpoIyKTOB CTapeHUs B pabOTAIONIEeM MOTOPHOM Maclie 3aBUCUT OT MHOTHX
(hakTOpOB, B TOM YHCIIC OT HApaOOTKH, TEXHUYECKOTO COCTOSIHUS JBHTATENsI, KAYECTBEHHOTO COCTaBa H
CBOICTB, UCITOJIb3YEMBIX TOILJIMBA M CMa304yHOro Marepuana [1,2].

[IpakTryeckn Bce NepeYHCIICHHBIC (AKTOPHI SBIAIOTCS YIPABISEMBIMH, OJIHAKO B YCIOBHAX
peabHON OKCIUTyaTallil HE BCErla MPEJCTABISACTCS BO3MOXXKHBIM VIIPABJIATH BCEMHU  (haKTOpaMu
omHoBpeMeHHO [3, 4]. OcoOeHHO ciemyeT BBIICTUTh BIMSHUAE KAadecTBa JU3ENHHOIO TOIIMBA H
MOTOPHOT'O Macja Ha HHTEHCUBHOCTH 00pa30BaHUs CMOJI, aC(haTETEHOB, MPOYKTOB CTAPEHUS B MaciaX.

ITo Mepe uX HAKOTUIEHUS! yXyAMIAIOTCS HE TOJBKO IKCIUTyaTAIIMOHHBIE XapaKTEPUCTHKHU IBUTATEIS,
HO yBEIMYMBACTCA U3HOC OCHOBHBIX J€Tallel IMIMHAPOTIOPITHEBOH IrpymIs [5, 6].

Pe3yabTaThl U UX 00cyxkaeHne. Ha oCHOBaHUM TPOBEICHHBIX HCCICAOBAHHI YCTaHOBICHO, YTO B
JIBUTATENIC TEPBOTO rojila JKCIUTyaTallkd W B JIBUTATENIe, MMEIONIEM 3HAYUTEIBHYIO CTEICHb HM3HOCA,
paloTaroNIKMX MPH OJHUX U TEX K& YCIOBHIX Ha KaYECTBEHHOM TOILUIMBE M MOTOpHOM Maciie M-10/IM,
HAKOIUJICHUE TIPOTYKTOB CTAPEHUS U 3arPsS3HCHUN B MacIie IPOUCXOUT M0 -Pa3HOMY.

Ha pucynke 1 mpenacrtaBieHa 3aBUCHMOCTh HM3MCHEHHUS COJCPIKAHHS HEPACTBOPEHHOI'O OCaJKa M
IIEIOYHOTO YHCJIa B Macje 3a mepuoji HapaOboTku 250 YacoB B JABUTATENSIX C PA3IUYHOU CTEMEHBIO
M3HOCA M TEXHHYECKOTO COCTOSHHS
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Pucynok 1 — 3aBUCUMOCTh U3MEHEHUS COJIEPKaHuUs 3arpA3HEHHOCTH (1, 2) ¥ MIENIOYHOTO YKcia
moTopHoro Macna (1', 2") ot mapabotku: 1, 1’ - nBurarens J[-245 nepBoro roga skcmiayaranuy; 2, 2" —
JIBUTATEI TIOCIIE 5 JIET 3KCIUTyaTaluu

B pesymerate mccnemoBaHWN YCTaHOBICHO, YTO 3a mepuoa HapaboTku 250 4acoB B «HOBOM»
JIBUTaTeNie COAEp)KaHUE 3arpsA3HeHud B Macie cocraBimsuio 0,65%, B aBurarene mocie 5 JeT
sKcmyatauuu npesbiano 0,85%. AHaJIOrMYHO CHMXKAJIOCh U COAEpXaHUe NpPUCaJOK B Macle,
OIICHUBAeMOE TI0 IIEIOYHOMY 4HCy (e 1, 2). B qBuraTene mepBoro roga SKCIUTyaTalyy MEIT0YHOES
gyuciao cocraBisio 3,5 mr KOH/r u 2,7 mr KOH/r B nBuratene, MMEIOIIEM UIHTEIBHBIA CPOK
HCIIOJIb30BaHUA.
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PucyHoxk 2 — 3aBHCHMOCTb U3MEHEHHS COJIepKaHus 3arpsi3sHeHuH (1, 2) 1 IeI09HoTo Ynca
MoTtopHoro mMacia (1', 2") ot HapaOGOTKH IIPH UCTIOIB30BAHUHU TOILIMB YTSDKEIEHHOTO (PPaKIIHOHHOTO
COCTaBa C MOBBIILIEHHBIM cOAep:kaHueM cepsl: 1,1’ - nuratens [[-245 nepBoro roaa skcmnyatanuu; 2,2 -
JIBUTATEJNb TI0CIE 5 JIET SKCILTyaTallun
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Ha cnenyromem 3tane nccieoBaHus ONPENesuIoCh H3MEHEHNE TEX JKe ToKa3aTeneil mpu padore Ha
JU3ETIBHOM TOIUIMBE YTSDKEIEHHOTO (DPAaKIIOHHOTO COCTaBa C IOBBIICHHBIM COAEPKAHUEM CEPBI H
(akTHyecKkux cMoi ¢ oTkiIoHeHHeM ot Tpedosanust [OCT 32511-2013 na 10...20%.

OmnpeneneHo, 4YTO MPH UCIOJIB30BAHUH AM3EIBHBIX TOIUIMB YTSDKEJIEHHOTO (PPAKIMOHHOTO COCTaBa,
COJIepXKaHUe 3arpsa3HeHuil B Macie (pUCyHOK 2, NuUHMM 1, 2) yBeIMUYUBAeTICs IO CPABHEHUIO C
UCTIONIb30BaHUEM TOIUIUB, cooTBeTcTByromMX ['OCT. Ilpu 3ToM B ABHUrarene co 3HaUUTENBHBIM CPOKOM
9KCIUTyaTallK COJIEpKaHue 3arps3HeHUH B Maciie 0oJIbIIe, YTO MOATBEPKIAeT 3aKOHOMEPHOCTD BIMSHHA
TEXHUYECKOTO COCTOSIHUS JIBUTATelsl, CPOK €ro JKCIUIyaTallid Ha CPOK CIIY)KObI MOTOPHOTO Macia Jo
3aMeHbl. [laHHBIE (PaKTHl HOATBEPXKIACT M 3aBHCUMOCTh U3MEHEHHS IIEIOYHOT0 YMcIa Macia (JuHuu 1,
2"), OIHOTO U3 TIOKa3aTelNel, XapaKTepu3yIOIIero HHTEHCUBHOCTH cpadaThIBaHUS MIPHUCAIOK.

Janee paccMaTpuBaioCh BIMSHHE KadeCTBA MOTOPHOTO Macia Ha CPOK €ro CIyXO0bl 10 3aMeHbl. B
XOZI€ TIPOBEJICHUS HMCCIIEIOBAHNS AHAIN3UPOBATNCH 3aKOHOMEPHOCTH M3MEHEHUsI CBOHCTB MOTOPHOTO
Macia M-10/IM B aBurarene mepBOro roja 3KCIUTyaTallMd M ABUraTeNsl TPAKTOpa Mocie 5 - TU JIET
SKCIUTyaTalliy C TIOBBIIICHHBIM PAacXoJIOM TOIUIMBA U MOHIKECHHBIM JaBJICHUEM B cUCTeMe cMa3ku (2-2,5
Kre/cM”) M KOMIIpeccHeii B IITMHAPAX Ha 15 % OT/IMYaolIeiicss OT HOPMATHBHOTO 3HAUCHHS.

Ha pucynke 3 mpencrtaBieHa 3aBUCHMOCTh M3MEHEHMsSI CBOWCTB Macila OT €ro HCXOJHBIX
XapakTepUCTHK. B apuratenu 3anuBajioch macio M-10/IM, cootercTBymomee TpedboBanusm ['OCT
8581-78 u macno ¢ menounsM yucioM 5,1 mr KOH/r, T.e. uMeroniee OTKIOHEHHS OT HOPMaTHUBHBIX
3HAa4YCHUH.
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PucyHok 3 - 3aBucHMMOCTH U3MEHEHHUs (PU3NKO-XMMHUYECKHX XapaKTEPUCTUK MacJia OT HapabOTKH U
Ka4ecTBa UCIIOIb3YEMOT0 MOTOPHOTO Maca: 1- N3MEHEHHE IEIOYHOT0 YHCIIa Maciia B IBUraTele
MEPBOT0 rojia HKCILTyaTalluy; 2- U3MEHEHHE IIEJI0YHOTO YHCIa Macia B IBUTATENe S-TH JeT
SKCILTyaTaluy; 3- U3MEHEHHE IEI0YHOTO YUCIIa Macia ¢ OTKIOHEHUSIMH OT TpeOOBaHUI CTaHAAPTOB
(HOBBIH TpakTOp); 4- UI3MEHEHNE LIETOYHOTO YHMCIIa Macia C OTKJIOHEHUSIMHU OT TpeOOBaHUI CTaHapTOB
(TpakTop mocie 5-tu net skcruryaraumn); 1, 2, 3', 4’ - u3sMeHeHust 3arpsI3HEHHOCTH MOTOPHOT'O Maciia
(TIpH TeX Ke YCIIOBHSX).

B pesynpraTe aHanm3a YCTAaHOBJICHO, 4YTO IIpoIlecC OOpa3OBaHWS 3arpsA3HCHUA W H3MCHEHUS
IIETIOYHOTO YHCa B OONBIION CTENEHH 3aBHUCAT OT KadecTBa HCIIONB3YeMOTO MOTOpHOro macia. Ilpum
3TOM OMpezeNieHo, uTo yxe K 150 — 170 wacam HapaOOTKH MIEIIOYHOE YHCIIO MAcia U y TPAKTOpa ¢ HOBBIM
JIBUTATENIeM M y TPaKTOpa, paHee DKCIUTYyaTHPYIOIIerocs, uMeao OpakoBoyHOe 3HadeHHWe (IMHUU 3, 4).
AHaJOTUYHO U3MEHSJIOCH U COJIEPKaHUE 3arps3HEHUN B MOTOpHOM Macie (iuauu 3', 4') .

BoiBoabl. Ha ocHOBaHMM TPOBECHHBIX MCCIEIOBAHUN YCTAaHOBJICHO, YTO HAWOOJbIIEe BIMSHUE HA
00pa3zoBaHUe 3arpsI3HEHUI B MOTOPHOM Macje OKa3bIBaeT KadeCTBO AU3ETHHOTO TOTUIMBA M MCHOIB3YEMOTO
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MOTOpPHOTO Macia. V3MeHeHHe MIENOYHOrO 4HciIa B OOJNBINEH CTETICHM XapaKTepH3yeTCs COCTABOM H
(hM3UKO-XUMHUYECKUMH CBOMCTBAMH MCXOHOTO 3alPaBIEHHOTO B ABUTaTE)Ib MOTOPHOTO Macia.
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PE3YJIbTATBHI UCCJIEJOBAHUIM CBOMCTB U XAPAKTEPUCTHUK MACEJ METOJ10M
CHUHXPOHHOI'O TEPMHUYECKOI'O AHAJIM3A

"Haz0aee Bnaoumup Koncmanmunoeuy
UKepnosnuxos Imumpuii Huxonaeeuu
! Ocmpukoe Banepuii Bacunveeuu
'®I'BHY «Bcepoccutickuii nayuno-ucciedo8amensckutl uHCImumym
UCNONL30BAHUSA MEXHUKU U He(hmenpoOyKmMo8 8 CebCKOM XO3ANUCEe»

Peghepam. Memooom CUHXPOHHO2O MEPMUYECKO20 AHAAU3A ONPeOensIcs yeap MO8ApHO20 U
ompabomannozo momopuoeo macia M-10 I'2 npu nacpese 0o 300°C. Usmepenus npogoounuce Ha
mepmocpagpe modenu NETZCH — 449F1 Jupiter. Tepmuyeckoe paznodicenue mo8apHO20 U
ompabomannozo macen nauunaemcs eviuie 220°C.  Ouuyennoe ompaGomannoe macio umeem
00CMAamoyHO 8bICOKYI0 YCMOUYUBOCb K MEPMUUECKOMY PA3N0NHCEHUIO 8 unmepaane memnepamyp om 40
0o 140 °C. ITocne 140 °C nauunaemecs mepmuueckoe paziodxcenue Macid, 8bl36AHHOE OCMAMOUHBIM
codeporcanuem  u30nponUI06020 cnupma nocie ouucmiu. Ilpu memnepamype 300°C  naubonree
mepmuyecky YCmouuussl K yeapy mogapHoe u ompabomannoe macia (nomeps maccvl okono 10%).
Ouuwennoe ompabomanmoe macio npu Hazpese mepsem oxono 20%. Hsmenenus mennogozo nomoxka y
06pasyoe mosaprozo u ompadomannozo macia udenmuynsi — om 30 0o 90°C npoucxodum noznowenue
menaa oxono 0,1 mxBm/me, a ¢ 90 oo 150°C nesnauumenvnoe evidenenue menia. Y OUUUYEHHO20
ompabomanHo2o0 macna pgexm nozioujenus menia MeHvule, YemM )y MOBAPHO20 U OMPAOOMAHHO20
macen una 0,2 mxBm/me.Codeparcanue 600bl 1 yenepooHol cocmasnsioujeli (caxicu) onpeoensiocs npu
nazpese obpaszya macna 0o 800" C na o3dyxe co ckopocmwvio nacpesa 10° C/mun. Ipu nazpese
mosapno2o macna yemawnosneno, umo 6 unmepeane memnepamyp 40 — 160°C npoucxooum yoanenue
60061 (sn00mepmuueckasn peaxyus). Om 160 0o 450°C npomexaem namo sK30mepmuneckux peaxyui
PA3NOICEHUS MACIA U NPOUCXOOUM 3HAYUMENbHAs nomeps maccwl oopasya — 92%. B unmepeane om 450
00 600°C npomexaem peaxyus okucienue y2iepooHoli cocmasisioweii MomopHo2o macia. Pesynsmamot
uccne008aHull NOKA3ANU, 4MO OYUUeHHOe OMPAOOMAHHOE MACIO0 MONMCHO UCHOIb308AMb KAK 0A308billl
KOMROHEHM npu paspabomke cocmasd O0OKAMOYHO20 U NPOMBIBOUHO20 Mdacei Oisl MPAKMOPHbIX
odguzamesnell.

Knroueevie cnoea: macia momopHvle mogapHvle, OmpabomanHvle, OHYUUEeHHble OMPAOOmMAaHHbIE,
00KAMOUHblE, NPOMBIBOYHbIE, CUHXPOHHBIL MEPMUYECKUL AHATU3, Yeap MACId, COOepIuCcaHue 800bl U
caoicu.
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