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AHHOTAUMA

ObocHosaHue. HayuHble uccnefoBaHvA B 06nacTu ocagroobpas3oBaHWA B MOTOPHbIX Macnax 6epyT cBOE Haua-
no ¢ 1955 ropa. YuéHble pasHbiX CTpaH WUCKanM NPUYMHBI, ONPeaenaamn nocnefcTBuA, BbICTpaMBaNU LENOYKY NPUYMHO-
CNefCTBEHHbIX CBA3EN. TpyaamMu UccnenoBaTenen bbiio YCTaHOBNEHO, YTO 0CaA0K NpescTaBnAeT coboi KOMMEKC coeam-
HEHUM, MMEIOLIMX HU3KYI arperaTHylo YCTOMYMBOCTb. A MMEHHO: MpUCafKyW, BBOAMMbIE B OCHOBY MpW NMPOW3BOACTBE;
YaCTMYHO OKUCTIEHHbIE TOMAMBHBIE (PaKLMK, NOABEPrLUMECA TEPMUYECKOW [ECTPYKLMM; NPOOYKTbl TEPMOOKUCIUTENBHBIX
npeBpaLLeHni yrneBogopOAOB, NPUCYTCTBYIOLMX B Macne. PAg gakTopoB aKTMBM3UpYET NepexofHble NpoLecchl MpoayK-
TOB C HU3KOW arperaTHov ycronumBocTbio. OQHMM U3 Takvx (aKTOpoB ABMAETCA NpUCYTCTBME BoAdbl. Boja MoeT npo-
HWMKaTb U3 aTMOCEepHOro Bo3ayxa, NPy 06CNyKMBaHUKM OBUraTeniel (MoVKa), a TaKHKe B pe3ynbTaTe KOHAEHCALMOHHBIX
MpOLeccoB npu paboTe Ha HU3KOTEMMNEPATYPHOM peXMME. YCUIIMBAA MEMMONEKYNAPHbIE B3aUMOLENCTBUA COEAMHEHUN,
BOAA UHMLMMPYeT ocaKoobpa3oBaHue.

Llens. TpoBepKa runoTesbl 0 CBA3YIOLEM BMAHUM BOAbl HA KOMMO3MLMOHHBIV MAKeT NPUCaAoK, CO-AepKaHne KoTo-
PbiX ONpefensAeTcaA Mo UX 31eMeHTaM-UHAMKaTopaM.

Memoduka 3xcnepumeHma. 3KcnepyUMeHT NPOBOAMICA B 1abopaTopHbIX YCNoBUAX. [1nA nonyyeHns ocapKa ocyLLecT-
BNANOCb UCKYCCTBEHHOE 06BOJHEHME TOBapHbIX Macen. CoCcTaBiANMCL CMECU MOTOPHBIX Maces ¢ BOLOW B pasHbIX Nponop-
umnAx. 0bpa3oBaBLUMIACA OCALIOK OTAENANCA OT CMECH ANA AabHENLIEro UCCIeA0BaHuA.

MeTo0M pacTpoBOW 3MIEKTPOHHON MUKPOCKOMMM OCYLLECTBNIANCA MOWUCK 311eMEHTOB-MHAUKATOPOB NPUCAAOK B aHanu-
TUYecKoM obpasLie ocagka 06BogHEHHOr0 Macna. JlabopaTopHoe 060pyaoBaHMe ANOHCKOMO NPOVM3BOACTBA NPEACTaBNANOCH
PacTPOBLIM 3NIEKTPOHHBIM MUKpockonoM Jeol JCM-5700 v nporpamMmHbiM naketoM JED-2300 Analys Station. PactpoBbiii
MWKPOCKON — Np1bop, NpeaHasHa4YeHHbIN 1A NONy4eHUs, YBENIMYEHHOTO B HECKOJIBKO ThICAY pas, u3obpareHusa 06bekTa
C OFPOMHBIM MPOCTPAHCTBEHHLIM Pa3peLLIEHWEM, OMPEAENEHUEM XUMUYECKUX 3IEMEHTOB U UX COEOUHEHWIA.

OyerKa pe3ynbmamog. BbiBoabl 3KCNepuMeHTa chOpMyNMpoBaHbl Ha OCHOBE BU3YasbHbIX HAabMIOAEHUA M pe3ynbTaToB
PacTpOBOW 3NTEKTPOHHON MUKPOCKOMUK.

lpakmuyeckas 3na4yuMocme. lpakTUYeCKanA 3HAYMMOCTb 3aK/I04YaeTCA B LIEIOCTHOCTU NOAX04a K BOMPOCY U3MEHEHMA
COCTOAHMMA MOTOPHBIX Macen Mof BAMAHMEM BOfbI, B YacTW Mepexofa pacTBOPEHHbIX NpUcadoK B TBEpLoe (amopdHoe)
cocTonHue. K nocnenctemaM 06BOJHEHUA MOXHO OTHECTM: 6/IOKMPOBaHUE CETOK MaCTONPUEMHUKOB 1 GUILTPYIOLLMX 3ie-
MEHTOB; HEONPaBAAHHO aKTMBHbLIE NPOLECCHI KOPPO3WM; U3HALLMBAHWUA NOBEPXHOCTEN CONPAMEHHBIX AeTanen.

Kntoyesbie coaa: 3neMeHMbI-UHOUKAMOpPLI NPUCAO0K; PACMPOBAsA 3/IeKMPOHHASA MUKDOCKONUS; demepaeHmHo-ducnepaupyoujue
CB0LCMBA; BbICOKO-WE/I0YHbIE CY/Tb@OHAMI.
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The analysis of the watered engine oil sludge

Alexander V. Kolunin

Omsk Armored Engineering Institute, Branch of Khrulev Military Academy of Logistics, Omsk, Russia

ABSTRACT

BACKGROUND: Researches in the field of engine oils sludging take its origin from 1955. Scientists from different
countries were searching for the reasons, defining consequences, building a chain of cause-effect links. Researchers
have found that sludge represents a complex of compounds with low aggregative stability, such as: the additives inserted
into a basis during production, partially oxidised fuel fractions subjected to thermal destruction, products of thermo-oxidative
transformations of oil hydrocarbons. A number of factors stimulate transient processes of products with low aggregative
stability. One of these factors is presence of water. Water may penetrate through ambient air, during engine service (washing),
and as a result of condensation processes during operation at low temperature mode. Strengthening intermolecular
interactions of compounds, water initiates sludging.

AIMS: Verification of the hypothesis about the binding effect of water on the composite package of additives, the content
of which is determined by their indicator elements.

MATERIALS AND METHODS: The experiment was carried out under laboratory conditions. Production engine oils were
watered intentionally in order to obtain sludge. Mixes of engine oils with water were made in different proportions. The formed
sludge was separated from the mixes for the further research.

The search of the elements-indicators of additives in the analytical sample of a watered oil sludge was carried
out with the method of raster electron microscopy. The Japanese-manufactured labware was represented by the Jeol
JCM-5700 raster electronic microscope, the JED-2300 Analys Station software package. A raster microscope is the device
intended for acquisition of object images, increased in several thousand times and with the huge spatial resolution, definition
of chemical elements and their compounds.

RESULTS: The experiment conclusions are formulated on the basis of visual investigations and the raster electron
microscopy studies.

CONCLUSIONS: The practicalimportance lies in integrity of the approach to the engine oils state change under the influence
of water, regarding transition of the dissolved additives to a firm (amorphous) state. Possible consequences of watering are
blocking of oil pickup screens and filtering elements, unfairly active corrosion and wear processes of surfaces of the related
details.

Keywords: elements-indicators of additive; raster electron microscopy; detergent and dispersant properties; high alkaline
sulfonates.
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BBEOEHWUE

KauyecTBo MOTOpPHOro Macnia MMeeT BaxKHOE 3HAYeHWe
B BOMPOCE HAaAEXKHOCTU paboTbl MOPLUHEBOrO ABMraTens.
YnyJweHue ycnoBuii TPeHUA, OXNawaeHue, BbIHOC Mpo-
LYKTOB M3HOCA U3 30Hbl TPEHWA, 3aluMTa AeTanent oT Xu-
MWYECKM aKTUBHBIX COEMHEHWIA 0becneumBaloTcs IKCny-
aTaUMOHHLIMM CBOMCTBaAMU, CHOPMMPOBAHHBIMK PAcTBOPOM
6a3oBoro Macna M naKeToM MpWcapok. Takom pacTBop
OpraHofenTUYeCcKU BOCMIPUHUMAETCA KaK pacTBOP HUOKO-
ro coctoaHua. OpHako cTabunbHOCTb pacTBopa oCTaBnAeT
¥enarb nyuyiero. Mpy BHUMATENBHOM PacCMOTPEHUN MOMK-
HO 0bHapy*WTb B3BeCb MNM TBepAble YacTuubl. Hanbonee
HarnAgHo, obpasoBaHuA amMop¢HOro U TBEpPAOro COCTOSA-
HUM NPOABAAIOTCA MPU 3a4YUCTKE MACNAHbLIX pe3epByapoB
WM NpY PEMOHTE ABUraTesNiei.

B pBuratensx npoAyKTbl 0cafgKoobpa3oBaHuaA OTKNAAbI-
BAIOTCA Ha [eTaNAX, CeTKax MaconpUEMHUKOB, 3NIEMEHTaxX
MacnAHbIX (MNLTPOB, TEM CaMbIM, COKpallaA MX pecypc.
lpon3BoaMTENN MOTOPHBIX Macen HaknafblBalOT OrpaHu-
UEHUA Ha YCNOBMA U NPOLOMKMUTENIBHOCTb UX XpPaHEHUA.

Pan ¢akTopoB BAMAKOT Ha npouecckl CefUMEeHTauuu
B MOTOPHbIX Macnax.

Ocoboro BHMMaHMA 3acny*KMBaeT BONPOC 06BOAHEHUS
Macna. HesHaumTenbHoe KoNM4YecTBO Bogbl CMOCOBHO CBECTM
Ha HeT 3KCn/lyaTaLMOoHHbIe CBOMCTBA Macna U UHULMMPOBATh
o6pa3oBaHmMe ocafKa. Kak npuHATO roBopuTh: «J1oMKa AErTs
B 604Ke MEfar. TpyaaMu U3BeCTHbIX y4eHbIX Henoroapbes A.B.,
Monok K.K., bontaHnHa M.A. yctaHoBneHa npefenbHo Ao-
MycTUMasA KOHLIEHTpaumMA Bodbl B MoTopHoM Macne — 0,1%
no macce [1]. CywiecTByeT MHOMECTBO MyTeW NOCTYMAEHUA
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BOfbl B MOTOPHbIE Macna, Kak B YCNIOBUAX XpaHeHWA (TpaHc-
NOPTUPOBAHUA), TaK W B YCIOBUAX X NpUMeHeHuA [2, 3].

YcTaHoBneHo, 4To 06BOAHEHME NPUBOAMT K CHUMKEHWIO
3KCMyaTaLMOHHBIX CBOMCTB M0 NPUYMHE CHUMEHNA COAep-
¥aHuA npucafok. 0gHako HaxodACh B EMKOCTU NpUCajKu
TOBapHOro Macna He MoryT ucyesHyTb beccnepHo. Bopa
VHALMMpPYET GU3NYeCKMe, XMMUYECKMe NPoLiecchl CO CMe-
HOM arperaTHbIX COCTOAHWI U 06pa30BaHMEM HOBbIX COeM-
HeHu. Takum 06pa3oM, BbIABMHYTa MMMNOTE3a O CBA3YIOLLEM
BAVAHWUM BOAbI HA KOMMO3WULIMOHHBIN NaKeT NpUcajioK, co-
LepKaHue KoTOpbIX OMpedenAeTcA Mo MX 3eMeHTaM-WH-
avkatopaM. CoBpeMeHHble AeTepreHTHO-AncneprupyioLLue
NpUCajKN NpeACcTaBnAT CO60M BbICOKO-LUENOYHbIE CyNb-
daHaTbl Kanbuma, MariuA, bapua. [inA ynyyweHna npotu-
BOM3HOCHBIX U aHTUOKMCAUTENbHBIX CBOMCTB MPUMEHAIOT
auteoochar LMHKa, COAEPHKALLMICA B MPUCaAKaX oTeye-
cTBeHHoro npoussofctea [@-11, HM-354 [4]. XuMuyeckue
3M1IeMeHTbI (KanbLyi, MarHui, UMHK, docdop) MoXHO pac-
CMaTpvBaTb B KayecTBe 3/1EMEHTOB-MHAMKATOpoB [5, 6].
B pamKax novcKa Takux 3neMeHTOB B 0CajiKe aBTOPOM Ha-
CTOALLEN CTaTbi NPOBEAEH SKCMEPUMEHT.

3KCnepuMeHT NpoBOAMACA MO CheumanbHo paspabo-
TaHHOM MeTofuKe, B NabopaTopHbIX YCNOBMAX C NpuMe-
HeHMeM MeTofja PacTpOBOM 3MEKTPOHHOW MUKPOCKOMMUK.
B pesynbrate aHanu3a XapaKTepUCTMK MOTOPHbIX Macen
ONA NpoBefieHNA 3KCrepuMeHTa bbino BbibpaHo ToBapHOe
MoTOpHOe Macnio M8I2K ¢ BbICOKWMM YpOBHEM 3KCMyaTaLm-
OHHbIX CBOWCTB. KaK 13BeCTHO, ToBapHOe Macno —3T0 Mac-
110, NOCTYNMBLLEe C 3aBOAA M3rOTOBMTENA M HaxofALLeecA
B TPAHCMOPTHOW eMKOCTU (MK EMKOCTU XpaHeHus), conpo-
BOJaeMoe CepTUPUKATOM MAM NacnopToM npeanpuATUA
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Puc. 1. QoTorpadum BogoMacnaHbIX CMeCel ¢ 3epKalbHbIM 0TParKeHWEM JOHHOM YacTu EMKOCTel: @ — cogepanue Boabl 0,1%, 0,3%,

0,6%; b — conepkanue Boabl 1%, 3%, 5%.

Fig. 1. Photographs of water-oil mixes with mirror reflection of a bottom part of the bottles: a) the water ratios are 0.1%, 0.3%, 0.6%;

b) the water ratios are 1%, 3%, 5%.
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Puc. 2. Ocagok, sKCTparMpoBaHHbIW B LNPULbI.
Fig. 2. The sludge separated in syringes.

M3roToBUTENA, YOOCTOBEPAIOLLMM €ro COOTBETCTBUE Tpebo-
BaHWAM [EMCTBYIOLUMX CTaHOAPTOB.

MotopHoe Macno M-82K nonyyaloT CMeLLeHWeM auc-
TUNIATHOrO U OCTAaTOYHOr0 KOMMOHEHTOB C KOMMO3WLMeN
npucafok. Macna rpynnbl 2 BblpabaTbiBaloT U3 CEPHUCTBIX
1 ManocepHUCTbIX HedTen [4].

AHanuTMYeCKWI ocafioK Obin MONYYeH WMCKYCCTBEHHBIM
06BoHeHMeM Macna. [1aHoM 3KcnepuMMeHTa NpegycMoTpe-
HO BBeJeHWe BOAbl B pasHbIX NpOMOPUMAX B OAUHAKOBbLIE
HaBECKM MOTOPHBLIX Macefl, NepeMeLLInBaHMe [0 OJHOPOS-
HOW 3MyNbCUM, BbIAEPHKKA B COCTOAHUM MOKOA B TEYEHUE
72 yvacoB W, nocnepylolee, Bu3yanbHoe HabniopgeHue.
Mo MCTeYeHMM yKa3aHHOMO BPEMEHM MPOM30LLO paccroe-
Hue. Ha puc. 1 npepacraeneHbl goTorpagmm cMecen ¢ 3ep-
KasbHbIM OTPaKEeHWEM [OHHOM YacTu EMKOCTEN.

B HMMKHeM YacTu cMecu 06pa3oBanca XNonbeBUOHbIN
0CafiOK HKENTOro/CBETNO-KENTOro LBeTa, npescTaBnsio-
LUMIA UHTEpEC B paMKax NpPOBOAMMOr0 3KcnepuMerTa. Oca-
[OK 3KCTparupoBanu WnpuuoM (puc. 2) ona npoBedeHUs
aHanusa MeTofioM pacTpOBOM 3MEKTPOHHON MMKPOCKOMUM
M0 HUHKEONUCAHHON METOAMKE.

METOOWUKA UCCNEOOBAHUA
AHAJIMTUYHECKOI'0 ObPA3LIA OCALIKA

[nAa npoBepeHWs aHanu3a METOQOM PacTpOBOM 3MeK-
TPOHHOM MMUKpPOCKONWUM HeobXO0AMMO NepeBecTU 0CafoK
B TBEpOE COCTOAHME.

Mocne otgeneHna, Bce Npobbl aHANMTUYECKOro 0cafKa
CnuUnK B 0AHY 06LLylo EMKOCTb M cMeLLanu. MeToguka nony-
YeHuMA TBepaoM Gasbl 0cafKa npeaycMaTpuBana BbiCyLIMBa-
HWe Npw BbICOKOM TeMneparType.

Wcnonb3oBanwch cnepyiowme npubopsl 1 060pyaoBaHme:
1. TMrnn ¢apdoposble 2 WT., HApPYKHbIM OUaMeTpoM 7

n2cMm;

2. mydenbHanA yHuBepcanbHan anekTponeys SNOL 6,7/1300;
3. wuMnupl gnAa Turnen.
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DQl: https://doi.org/10.17816/0321-4443-105492

Tractors and Agricultural Machinery

B Turenb 6onbluero guaMeTpa, HanNOSHEHHBIA MECKOM,
MOMeLLaeTcA TUrefb C TILATeNIbHO NepeMeLLaHHol npoboit
UCMbITYeMOro ocagka Macna TonwmtHon 1 mM. [ina npose-
AEHWA MUKPOCKOMMYECKOr0 MCCnefoBaHWA obpasel npea-
BapWUTENbHO HarpeBasncA Npy TEMNepaType HUKe Temnepa-
TYpbl BCTIbILLKK.

HarpeBaHwe Ha necouHo 6aHe Ucnonb30Banock AnA fo-
CTUMEHMA bo/ee paBHOMEPHOro pacnpefeneHuA TeMrepa-
Typbl. 3aTEM TUIX C UCMOMbL30BaHUEM MYydEsbHbIX LLMMLOB
nepeHocunm B MydenbHyto neyb. Temnepatypa B neum nocte-
NeHHO NoBbILLaNach (CKopocTb Harpesa coctaBnAeT 3 °C/MuH).
06paseu BbiaepmBanca npu Temnepatype 350 °C B Te4eHMM
4-x yacoB 0 06pa3oBaHMA TOHKOrO MPOYHOO SIAKOMOA06HO-
ro C/oA YepHOro LiBETa C MeTa/IMYECKMUM 0TOJIECKOM.

MonyyeHHbIN 0bpasel, MccnefoBancs Ha PacTpoOBOM
3MeKTpoHHOM MuKpockone Jeol JCM-5700 B perkume Bbico-
Koro BakyyMa. Tun curHana — BTopyyHble 3neKTpoHbl (SE).

BennuunHa ycKopAtoLLEro HanpAMKEeHWA MeHANach B Auana-
30He oT 15 go 20 KB, npu 4eM ana nonyeHns bonee BLICOKOro
pa3peLLeHnA YCKOpAIOLLIee HanpAMKeHWe YMeHbLanock. M3 uH-
dopMauum, NonyyeHHON METOAOM pacTpoOBOM 3NIEKTPOHHOM
MWKPOCKOMWM, OCHOBHBIM ABNAIOTCA CBEAEHMA O NOKAMbHbIX
M3MEHEHWAX 3/1EMEHTHOrO COCTaBa TBepAOW a3kl ocapka.

TexHonornyHoe o6opynoBaHWe MO3BOAMO MOAYYUTH
MUKpogoTorpaduio TBepaoi gasbl 0CafKa C MHOrOKpaTHbLIM
yBenuyeHneM. MukpodoTtorpagua NoBEPXHOCTU BbICYLLEH-
HOro ocafKa, NpefcTaBneHHan Ha puc. 3 obecneuvBaeT ee
BM3Yyanun3aumio.

HanparkeHne myyka 3MEKTPOHOB, YCKOPAEMbIX 3MeK-
TPUYECKUM MONEM, CO3[aHHBIM MeKOY NYLIKON U aHOLOM,
coctaBnAet 15 Kunosonbt. Hagnucb «x1,000» o3Havaer,
uto M3obparkeHue ysenuyeHo B 1000 pas3. Pacctosuue
B 10 MKM BM3yanu3upoBaHo B BUE NIMHWUM Hah HaANUChHID
10 ym. MukpodoTorpadua ¢popmypoBanach B pexmMe BTO-
pUYHbIX aneKkTpoHoB (SEL) ¢ aHepruen n3MepaeMomn BHeCU-
cTeMHoW pa3MepHocTbio 0950 aneKTpoH-BoAbT [7].

CnekTporpaMMa foKanbHoM 0611acTv NoBEePXHOCTH aHa-
NUTMYeCKOro 06pasLia BbICYLLIEHHOMO 0CajKa NpeSCTaBieHa

15kV 09 50 SEI

10pm

X1,000

Puc. 3. Mukpodotorpadua nosepxHocTu TBepaoi dasbl ocafKa.
Fig. 3. The microphotograph of the sludge solid phase surface.
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Ha puc. 4. Hanbonbluas MHTEHCMBHOCTb 3HEPreTUYECKUX
JIMHUN B XapaKTepPUCTMYECKUX CMEKTPax aTOMOB COOTBET-
cTeyeT Ka-nepexopam. Cpean npoumx aneMeHToB, 06Hapy-
YKEHbl 3N1eMEHTbI-MHAMKATOPbl NPUCAAOK: KambLWi, Mar-
HWUM, UMHK, $ocdop.

(Oa3oBbIN aHanu3 obpasua co cneKTpanbHbIM pacnpefe-
NEHWEM MHTEHCMBHOCTEW CUrHaNoB XMMWUYECKUX 3NeMeH-
TOB NpefCTaBeH Ha puc. 5. bbinu 0bHapyKeHbl 3neMeHTbI-
MHAMKATOpbI NPUCAJOK: KalbLyin, MarHum, LuHK, docdop.
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Puc. 4. CnektporpamMma fnokasnbHov 061acTy NOBEpPXHOCTM aHa-
NMTUYECKOro 06pasLia BbICYLLEHHOrO 0CafiKa.

Fig. 4. The spectrogram of local area of the analytical sample
of the dried up sludge.

Tabnuua 1. MaccoBblIii M aTOMHBIA COCTaB 3/1EMEHTOB TBEPLOM
¢asbl ocagKa
Table 1. Mass and nuclear structure of elements in the solid phase
of the sludge
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YucneHHble 3HaYeHWA MaccoBbIX M aTOMHbIX [0nen
3n1eMeHTOB TBEPAO0M (asbl aHaNUTUYECKOro 0bpasua ocagKa
CBefeHbl B Tabnuuy 1.
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Fig. 5. The diagram of the phase analysis of the sludge solid
phase.

Tabnuua 2. MaccoBbIf 1 aTOMHBIN COCTaB COeAUHEHWUI TBEPAOM
das3bl ocagKa

Table 2. Mass and nuclear structure of compounds in the solid
phase of the sludge

InemeHT Maccosas pons, % AtoMHasa gond, % CoeguHenue MaccoBas gons, % ATtoMHasa gond, %

C 60,18 90,29 C 60,18 50,7734
0 16,12 - Na,0 0,28 0,3433
Na 0,21 0,08 Mg0 0,27 0,2631
Mg 0,16 0,12 P,0s 3,73 3,4223
P 1,63 0,47 So? 14,55 12,7906
S 5,83 3,28 Ca0 16,54 25,2751
Ca 11,82 5,31 Zn0 0,57 0,8168
In 0,46 0,13 Pb0 3,87 6,3154
Pb 3,60 0,31
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QUALITY, RELIABILITY

YncneHHble 3HAYeHMA MacCoBbIX W aTOMHBIX [OJiei
XMMUYECKMUX COeAMHEHUI TBEPAOM $a3bl aHaNMTMYECKOr0
obpasua ocafiKa cefieHbl B Tabnuuy 2.

BblBOAbl

Mpu nccnegoBaHMM aHanuTUuecKoro obpasua ocapka,
06BOAHEHHOr0, TOBApHOr0, MOTOPHOI0 Macna MeTOA0M pac-
TPOBOW 3/IEKTPOHHOW MUKPOCKOMMM YCTaHOB/IEHO:

* MPOLEHTHOE cofiepHaHne Bofbl OKa3biBaeT BO3pacTalo-

LLlee BAMAHME Ha KONIMYECTBO 0CajiKa B CMECH C MacnoMm;
* M0BEPXHOCTb BbICYLLIEHHOW MPobbl npeacTaBnAeT cobow

Xa0TMYHO PacrosoKeHHble BO3BbILIEHHOCTM U BNAJUHbI

pasNnyHbIX GOPM U pa3MepoB; LBET MOBEPXHOCTW YEp-

HbI C XapaKTepHbIM MeTanIMYeCcKUM 0TONECKOM.

B pesynbTtate nmoucka B aHanuTM4eckoM o6pasue
0CajiKa, CpeaM NMpOYMX XMMUYECKUX 3NEMEHTOB, HaNZEHbI
371EMEHTbI-UHAUKATOPbI NPUCAAOK (KanbLWi, MarHum, LUMHK,
docdop), a TakKe UX oKCUapbI.

JIUTEPATYPA

1. bontaHnHa M.A. KonnonaHo-xmMmyecKkme npespalLLeHna B Mac-
nax Npy 06BOJHEHNM: AMC. ... KaH[. TexH. HayK. Mockea, 2001.

2. XasveB AA, JlaywkmH A.B. TMprunHbl 06BOHEHNA MOTOPHOMO
macna B akcnnyataumm // Becthuk MALIN. 2012. N2 1(28). C. 63—67.
3. Kolunin AV., Bur'yan LA, Gel'ver S.A. Influence of the Arctic
climate on watering of engine oils in operatingconditions of road
transport // Journal of Physics: Conf. Ser. 2019. Vol. 1260. P. 062012.
DOI:10.1088/1742-6596/1260/6/062012

4. TpeMbau E.B. MotopHble Macna, gob6aBKM, npucagku. M.:
®eHnkc, 2000. 160 c.

5. Kolunin AV, Dudkin V.M., Korneev S.V. Water Cntamination
and Colloidal Stability of Motor Qils // Chemistry and

REFERENCES

1. Boltanina MA. Kolloidno-khimicheskie prevrashcheniya
v maslakh pri obvodnenii. [dissertation]. Moscow; 2001. (in Russ).
2. Haziev AA, Laushkin AV. Reason water engine oil in operation.
Bulletin MADI. 2012;1(28):63-67.

3. Kolunin AV, Bur'yan IA, Gel'ver SA. Influence of the Arctic
climate on watering of engine oils in operatingconditions of road
transport. Journal of Physics: Conf. Ser. 2019;1260:062012.
DOI: 10.1088/1742-6596/1260/6/062012

4. Trembach EV. Engine oils, additives, additives. Moscow: Phoenix;
2000. (in Russ).

Ob ABTOPE

Konyuun Anekcangp ButanbeBuy,

JIOLIEHT, K.T.H.;

agpec: Paccua, 644098, OMck, n. YepémyLukn,
14 BOEHHbIN FOPO/IOK;

ORCID: https://orcid.org/0000-0001-7151-8489;
eLibrary SPIN: 7483-9619;

e-mail: kolunin2003@mail.ru

Vol. 89 (4) 2022

DQl: https://doi.org/10.17816/0321-4443-105492

Tractors and Agricultural Machinery

MoaTBepaeHa runotesa CBA3YIOLLEr0 BAMAHWA BOAbI
Ha KOMMO3ULMOHHbLINA NaKeT NPMCafoK MOTOPHOMO Macna.

AO0NOJIHUTE/IbHAA UHOOPMALIUA

KoHdnuKT mHTepecoB. ABTOp AeKnapupyeT OTCyTCTBUE
ABHBIX 1 NOTEHLMANbHBIX KOHBIMKTOB MHTEPECOB, CBA3aHHBIX
C Ny6nMKaLmen HaCTOALLLEN CTaTbM.

UcTouHMK  ¢uHaHcupoBaHuAa. AsTop 3aABnAeT
06 OTCYTCTBUM BHELLHEr0 GMHAHCUPOBaHWA NPy NPOBELEHNN
“ccnenoBaHuA.
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