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HccnenoBana pnerpaganusi yriieBOAOPOJOB M HCTOUICHHE NPOTHBOM3HOCHOW TNPHUCAIKU IAHAKHII-
mutrodocdara nmuaka (ZDDP) B 0TpaboTaHHBIX CYIOBBIX MOTOPHBIX MacliaXx METOJIOM SIICPHOTO MarHUT-
HoOTO pe3oHaHca (SIMP) Beicokoro pa3pemenus. [Tokazano, 94To B mporiecce paboThl IBUTATEIS H3MEHISTCS
PSLI XapaKTepUCTUK MOTOPHOTO Macia: CTENIeHb apOMAaTHIHOCTH, COOTHOIIIEHHE METHJII/METHIICHOBBIX TPYIITI,
cogepxkanue ¢ochopoconepkammx mnpucagok. [lokazaHa Bo3MOXKHOCTH ONpPEICICHUs Macia 10 JIMHUSAM
SAMP criekTpa IPOTHBOU3HOCHBIX MPHUCATOK. Y CTAHOBIECHO, YTO U IPOTHBOU3HOCHBIX MPHUCAIOK, COJep-
xamux ocdop, Takux kak ZDDP u Momu6aen muankmiautaodocdar (MoDDP), metox SIMP *'P nmo3Bo-
JSIET ONPEAETUTh KaK CKOPOCTh UCTOILEHHS, TaK 1 MEXaHU3M H3HOca npucanok. [lokasana Beicokas addek-
TUBHOCTh TIprMeHeHus: MeToga SIMP crekTpocKomuy B BHICOKOM IIOJIE JUIS WCCIIEIOBAaHUN CBEXHUX U Jie-
CTPYKIIMH OTPabOTAHHBIX CYIOBBIX MOTOPHBIX Macen. IIposenennsie IMP 'H, 1°C u *'P uccnenosanms mo-
Ka3bIBAIOT HaJIMUMe N3MESHESHUH B MOTOPHOM MacJi€, BbI3BaHHBIX HAKOIIJICHUEM IIPOAYKTOB €0 pa3JIOXKCHUs,
Jerpagaliy U pa3iioKeHUs IPUCAIOK B poliecce padoThl IBUTATENsl. AHATH3UPYETCS BO3MOKHOCTh METO/1A
paanocnexTpockornuu SIMP oTcrnexxuBaTh UCTOILIEHNE MPUCAIOK, YTO SBISAETCS, IO-BUANMOMY, OJHON W3
CaMBbIX CIIOKHBIX 3aJ1a4 aHallM3a OTPa0OTaHHOTO Maciia. XapaKTepHOH 0COOEHHOCTHIO criekTpoB SIMP Bcex
0TpaOOTaHHBIX Macell sIBIsieTCs YIIMPEHUE JTMHNHN, BEI3BAHHOE HAJTMUYMEM METaNTHUECKUX YacTHIL H3HOCA.
XapakTepHo, 4To ymupenue muauii SIMP C 118 oTpaGOTaHHBIX Macel ITIPOSBIAETCS CYLIECTBEHHO
MeHbIIIe, 4eM JTHHHI B criekTpax SIMP nportonos. B criektpe SIMP '*C orpaboranHoro Macna HaGmomaeTcs
YBCINYCHUC MHTCHCUBHOCTHU JIMHHUU OT apOMAaTUYCCKUX YTJIEBOAOPOAOB, TO €CTh C YBCIMNYCHUCM CTCIICHU
JeTpaiallii Macel CoJiep)KaHie apoMaTHYECKUX COCNMHEHHI yBenuurnBaercs. [loiydeHHbIe pe3ybTaThl
MOTYT OBITh UCTIONB30BAHBI IS CO3/TaHUSI CHCTEMBI KOHTPOJIS KaueCTBa MOTOPHBIX Maced, ISl THarHOCTHKH
HEHMCIIPABHOCTEH JBUrATENs 10 0TpabOTaHHOMY Maciy.

KiioueBble cioBa: CYAOBBIC MOTOPHBIC Macjia, IPOTUBOU3HOCHBIC IMMPUCAIKHU, U3HOC, TUAIrHOCTHUKA, AMP
CIICKTPOCKOIINS BBICOKOI'O pa3pCIICHUs.
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Abstract

This work investigated the hydrocarbon degradation and depletion of the anti-wear additive zinc dialkyl-
dithiophosphate (ZDDP) in several used marine motor oils using high-resolution nuclear magnetic resonance
(NMR). The article presents research results showing that during engine operation a number of characteristics
of motor oil change: degree of aromaticity, ratio of methyl/methylene groups, and composition of phospho-
rus-containing additives. The possibility of determining oil using the NMR spectrum lines of antiwear addi-
tives has been demonstrated. For anti-wear additives containing phosphorus, such as ZDDP and molybdenum
dialkyldithiophosphate (MoDDP), *'P NMR has been found to provide both depletion rates and insight into
the wear mechanism of the additives. The high efficiency of using the high-field NMR spectroscopy method
for studying fresh and destruction of used marine motor oils has been demonstrated. 'H, *C and *'P NMR
studies show the presence of changes in motor oil caused by the accumulation of products of its decomposi-
tion, degradation and decomposition of additives during engine operation. The ability of the NMR radiospec-
troscopy method to monitor additive depletion is analyzed, which is apparently one of the most difficult
problems in used oil analysis. A characteristic feature of the NMR spectra of all used oils is line broadening
caused by the presence of metal wear particles. It is characteristic that the broadening of the 13C NMR lines
for waste oils is significantly less than the lines broadening in the NMR spectra of protons. In the 13C NMR
spectrum of used oil, an increase in the intensity of the line from aromatic hydrocarbons is observed, i.e. as
the degree of oil degradation increases, the content of aromatic compounds increases. The results of the study
of fresh and used motor oils obtained in this work are new. They can be used to create a system for monitoring
the quality of motor oils and for diagnosing engine malfunctions using used oil.

Keywords: marine motor oils, anti-wear additives, wear, diagnostics, high-resolution NMR spectroscopy.
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