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B HacTosiLee BpeMs onpefeneHne npucagok B CMasovHbIX Macrax OCyLLEeCTBIIAETCS NPy MOMOLLN
Takumx meTodoB aHanmsa, kak MK cnektpockonus, TCX, BOXX-Y®, 'X. [1ns ycTpaHeHNs1 MeLLatoLLEero
BMMSIHWSA KOMMOHEHTOB 6230BOro Macna ucnonb3yrTCs pasnnyHble cnocobbl N(Po6ONoAroTOBKU, KOTOPbIE
4acTo He NOAX0JAT ANSA BbIAENEHMS LWMPOKOro CNeKTpa Npncaaok, Nroxo BOCMPOU3BOAATCS UM BOBCE
OTCYTCTBYIOT. B CBA3M € 3TUM, akTyanbHON NpobrnemMon senseTcs pa3paboTka MeToamK npobonoaroToBKY,
NO3BONAOLLMX 3D DEKTUBHO BbIAENATL Pa3nnyHbie NPUCaaKkv AN nocnenytoLlero aHanusa. B gaHHou ctaTtee
npeacTaBreHa MeToauka onpegeneHust npucaiok Ans nocneayowen naeHTudukaLmm aBToMobmnbHbIX
cmasouHbix Macen (CM). Metoguka BkntovaeT TBepaodasHyto akcTpakumto (TPI) heHONbHbIX, aMUHHbIX,
docdaTHbIX U Ap. NpUcafok Ha cunukarene ¢ nocneayoLwyM aHan“3oM MeTogoM ra3oBon xpomaTorpadum
/ macc-cnekTpomeTpumn. OnpeaeneHsl onTUMarnbHble YCI0BWS, MO3BONSAIOLLME NOYYNTb XapakTepUCTUYHbIN
1 BOCMPOWN3BOAMMbIV NPounb NPUCaZoK Ha XxpoMaTorpaMmMax: Temrnepartypa BbICyLUNMBaHWSA cunmkarens,
CKOPOCTb 3M0MPOBaHNSA aHaNUTOB, COCTaB AMNOMPYHOLLEN cMecu, 06 beMbl MPOMbIBHOW XUAKOCTY U 3MI0EHTA.
Wcnonb3osaHune TO3 B coBokynHocTu ¢ 'X/MC no3BonseT BblAensATb U M AEHTUULMPOBATD LUNPOKUIN CNEKTP
npucagoK: NPOCTPaAHCTBEHHO 3aTPyAHEHHbIE (DEHONbI, anKUNAMdEeHNNaMuHbl, AnankungutuodocdaTsl
UMHKa, ankuncanuumnarbl, ankungeHonaTbl 1 HEKOTOPbIE KOMMNOHEHTbI MPOTUBO3aAUPHBIX KOMMO3ULNIA,
cofepKalumxcsa gaxe B HeOOMbLUMX KONMYECTBAX Uccrnenyemblix obpasLoB). Kpome Toro, B onucaHHowm
paboTe COKpalLeHO KONMMYeCcTBO cTaaui npoueaypbl TOS No cpaBHEHMIO C M3BECTHBIMU METOANKAMMU.
Bpewms aHanusa NX/MC coctaBnsaet 40 MuHyT. [1ns NOBbILLEHNS YYBCTBUTENBHOCTY aHann3a npeanoxeHo
UCMOMb30BaHNe pexuma UHxXekTopa 6e3 AenuTens NoToka, YTo 06yCNoBNEHO BbICOKON CTENEHbBIO OYNCTKM
nNpobbl OT KOMMOHEHTOB YrMeBOAOPOAHON MaTpuULbl. AJEKBAaTHOCTb NPEATIOKEHHON CXeMbl MPOAEMOH-
cTpupoBaHa Ha 8 peanbHbIX ob6pasLax, oueHka HageXHOCTN pe3ynbTaToB U X BOCMPOM3BOANMOCTb
KOHTpONMpoBanuch ¢ ucnosne3osaHnem kputepmes FOCT.

Knro4eenie cnoga: Macrna cMa3ouHble, Npucagku, TBepaodasHas akCTpakuums, ra3o-KnakocTHas
xpomatorpadusi/macc-cnektpomeTpus, FX/MC.
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Currently, the determination of additives in lubricating oils is carried out using such analysis methods as
IR spectroscopy, TLC, HPLC-UV, GC, and GC-MS. In order to eliminate the interfering influence of the base
oil components, various sample preparation methods are used. Oftentimes, these preparation methods are
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not suitable for isolating a wide range of additives, are poorly reproduced, or are completely absent. Therefore,
an urgent problem is the development of sample preparation techniques that can effectively isolate various
additives for the subsequent analysis. This paper presents a methodology for determining additives for the
subsequent identification of automotive lubricating oils (MO). The method includes sample preparation by
the method of solid phase extraction (SPE) with subsequent analysis by GC / MS. The following optimal
conditions for obtaining characteristic and reproducible additives profiles were determined: silica gel drying
temperature, analyte elution rate, composition of the elution mixture, volumes of washing liquid and eluent.
This method of SPE allowed isolating a wide range of additives such as sterically hindered phenoals, alkyl
diphenylamines, dialkyldithiophosphates of zinc, alkyl salicylates, alkyl phenolates and the components of
extreme pressure additives. Also, it reduced the number of stages of the SPE procedure compared to the

known methods.

Keywords: |ubricating oils, additives, solid-phase extraction, gas-liquid chromatography / mass

spectrometry, GC/MS.

BBEAEHUE

CwmasouHble macna (CM) - aTo Taxkenble HedpTe-
NpPOAYKTbl, UCMONb3yeMble AN YMEHbLUEHNS TPEHNS
MexXay NOBEPXHOCTAMU, NPeA0TBPALLEHUS KOPPO3NK,
oTBOAA Tenna, yaaneHus 3arps3HeHnin, a Takxke ons
04MCTKM ABUraTens. ABTOMOGUIbHbIE Macna cocToAT
13 6azoBoro macna v npucagok [1], Kotopblie BBOAATCS
ANS yNyyLleHns ero aKCnyaTalMoHHbIX XapakTEPUCTMK
(oucnepraTopbl, MOKOLME BELLECTBA, MHIMOUTOPEI
OKWCIEHWS, MPOTMBO3aAMPHBLIE N MPOTUBOU3HOCHKIE
npucagku). OgHUM 13 Hanbonee BaxHbIX cBOMCTB CM
ABMNAETCA MakcMMarbHas yCTOMYMBOCTL K OKUCTIEHMIO.
AHTVMOKCUAAHTI [2] NpeacTaBnaoT cobo coeanHeHus
cepbl 1 hocdopa, apomaTuyeckme aM1Hbl M NPOCTPaH-
CTBEHHO 3aTpyAHEeHHble heHOMbHbIE COeaMHEHNS,
3almiiatoLLme Macno ot gerpagaumv. CuHepreTuieckun
ahekT ObInT 06HaApYXeH, Korga pasnuyHblie TUMbI
WHIMOMTOPOB OKUCMEHNS UCMOMNb30BaNICL BMECTE
[3]. OkncneHue macen B gBUratensix — 3T0 OAWH U3
MPOLIECCOB CTapeHus, B pe3ynbTaTe KOTOporo obpasyoTes
nonsipHble NPOOYKTbl OKUCIEHWS, Takne Kak cnmpTebl,
anbAeruabl, KeToHbI, kKapboHoBbIEe KMCNOThI 1 Ap. [4,
5]. 3Tn coegnHeHnsa noaBeprarTca AanbHENLWNM
npeBpaLLeHnsmM ¢ obpasoBaHNEM LLNIAMOB, KOTOPbIE
YXYyAWawT aKcnnyaTaunoHHble XapakTEPUCTUKN
macna. Mo aTon npuymMHe B Macna BBOAAT MoloLLMe
N aHTUKOPPO3MOHHbIe Npucagkm [6]. OcobeHHOCTbIo
ABTOMOOWIIBbHBIX CMA304HbIX KOMMO3ULMIA ABMNSETCS
MHoroo6pasve cnonb3yemMbix 4O6ABOK, MO HANMHMIO UK
OTCYTCTBUIO KOTOPbIX MOXXHO CYANUTb O MPOUCXOXOEHUM,
HaszHa4YeHUn Macna u otoxaecTarneHun ogHoro CM ¢
apyrum. NoatomMy onpegeneHne coctasa npucagok
MOXHO paccMmaTpmBaTb OLHOM M3 BaXKHbIX 3ajau
KPMMUHANMCTUYECKON SKCNEePTU3bl A1 BbIIBNEHUS
danbcudukaynmn, ANarHOCTUKN U ngeHTudmnKaLmm
CM, octaBneHHbIX Ha mecTe npectynneHus. TCX n
WMK-cnekTpockonmsa 4o cuMx nop NpUMeHsTCa Ang
aHanusa CM, ogHako MMEIOT Lienblv psig HeJoCcTaTkoB [7,
8]. B HacTosILee BpeMsi Hanbonee NpegnovTUTENbHbI
meToabl X n BOXX [7]. B Takom cnyyae npodunb
XpomaTtorpamMmmbl NPUCaAoK CAYXUT B KayecTBe
«OTneYyaTkoB nanbueB» Macra. I3BecTHbl paboThl,
B KOTOpPbIX OMNpeaeneHne npucagok NpoBoAUNIOCh C
MOMOLLIbHO 3KCKITHO3NOHHOM XpomaTorpadumn, BOXX-
YO, BOXX — MC, I'X-NMna, NX-MC, X-Ad®[ [7, 9-12].

YuuTbiBas MHOroobpasune ncrnonb3yeMbix Npucagok,
AN X ngeHTudnKauum npeanoYTUTENbHER NCNonb-
3oBaHue MC-getektnpoBanus [13]. MNpu oTcyTCTBUM
npobonoarotoBku [7] Ha XxpoMaTtorpaMmax Macen
NPUCYTCTBYET YIMEBOAOPOAHbIN «ropby», MeLlaoLLmi
onpeenexuto npucagok. [ns yctpaHeHUs MeLlatoLLero
BIUSIHAS MATPULLbI MPUMEHSIKOTCS PasfinyHble Cnocobsl
nNpobonoAroToBKU, TaKUE Kak KMAKOCTHAs AKCTpaKums
[12], TCX [14], napodasHbin aHanus [15], TBepaodasHas
aKcTpakuus [16] n ap. TOS npumeHsanach 4ns BblAeneHns
2,6-gutpetbyTnn-4-metundeHona (MoHon) un 2,6-gu-
TpeTbyTundeHona B o6pasLuax M3onsUMOHHLIX Macer C
nocneaywowum aHanuzoMm BOXXX [17]. OgHako AaHHas
METOAMKa HEe OPUEHTUPOBaHa Ha onpeaeneHue opyrux
npucagok u TpebyeT cTagunto yaaneHusi IpOMbIBatoLLEero
pacTtBopuTens. Llensto gaHHon paboTbl sBnseTcs
paspaboTka MeTOAMKM TBEpAOda3HON SKCTPaKLUN,
NO3BONAOLLEN BblAENAT pa3fnmyHble Knacchl npucagok
B CBEXWX aBTOMOOMUMbHbBIX CMa304HbIX Macnax ans
aHanm3a metogom M'X/MC, 1 nsyveHune BO3MOXHOCTHU
ee NpuMeHeHnsa ang onpegeneHns nognMHHOCTH,
OnarHocTukun n ngeHtudmkauumn CM.

OKCNEPUMEHTAJIbHAA YACTb
MaTepuansi n 06eKTbl MCCrieAoBaHUs

B kavyecTBe 06beKkTOB MccneaoBaHusa Gbinu
BblIOpaHbl CBEXME CUHTETUYECKUE U MUHEparnbHble
aBTOMOOWIbHbIE CMa304Hble Macna OTe4eCTBEHHOro
W MHOCTpaHHOro nNpom3sBoacTea: 1) MOTOpHOe Macio
M8-B («lasnpomMHedTb»), 2) MOTOpHOE Macno M10-I2
(«PocHedTb»), 3) MmoTopHoe Macno Elf Excellium NF
5W-40 («ELF»), 4) moTopHoe macno Shell Hellix Ultra
5W-40 («Shell»), 5) moTopHoe Macro Shell Helix HX7
10W-40 («Shell»), 6) xnakoctb aons AKI Totachi ATF
Type T-IV («TOTACHI®»), 7) TpaHCMUCCUOHHOE Macno
NGN 75W-90 GL 4/5 («NGN Oil»), 8) TpaHCcMrUCCMOHHOE
macro TAl-15 («fasnpoMHedTb»). B kavecTBe pacTBo-
puTenemn nCnonb3oBarnm rekcaH, aueToH, Xx1opogopm,
mMeTaHon, nsonponaHon (AMC), aueToHNTpUNI Mapku
«XM.» («<Kproxpomn»).

MNpobonoaroToBka

T®3 npoBoAUIM B AMHAMNYECKOM HOpMarbHO-a-
30BOM pEXMME, UCMONb3ys CUNUKareneBble KapTPULXK
«ONAMAK» (pasmep vactuy — 63-200 MKM; guameTp
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nop — 100 A), o6bem copbenta 0.2 cm?. 30-90 Mr macna
pacteopsinu B 1.5 cm® rekcaHa. KoHamumoHvpoBanu
copbeHT rekcaHoM o6bemoM 3 cM3, mocre 4ero ¢
MOMOLLIbIO LLUMpKMLA Nponyckany npoby Yyepes KapTpuax
¢ cunukarenem. CmbIB yrneBogopOAHOM MaTpUlbl
ocywiecTBnsanu 3 cm® rekcaHa. 3ateM 13 kapTpuaxa
BO34YXOM yAansanu n3bbIToK rekcaHa. dnomMpoBaHme
NpoBOAMIM cMeckto pacTBopuTener rekcaH-UMC (9:1)
1 rekcaH-aueToH (9:1) B o6beme 3 cM®, co CKOPOCTbIO
notoka (3 cM3/MuH).

FasoxpomaTtorpaduyeckunii aIKCNepuMeHT

Anannsz CM metogom M'X/MC npoBoaunu Ha
npubope Agilent 6890/5973 N ¢ KanunnIAPHOM KONTOHKOM
HP-5MS (UI) (5 %-andennn-95 %-aumMeTunnonucunoKkcaH,
AnvHa KonoHkn 20 M, BHYTpeHHU guametp 0.18 mm,
TonwmHa HenoaswxkHon dasbl 0.18 MKM) B pexnme
nporpamMMupoBaHus Temneparypbl. Macc-cnektpomeTp
paboTan B gnanasoHe macc 33—-550 a.e.M. B pexvme
MOMHOro MOHHOIO TOKa. YCNOBUS aHanv3a ykasaHbl
B Tabn. 1.

YKasaHHbIN peXXuM pekoMeHAOBaH B MeToAuKe
[7] Ans nony4eHns BOCNPON3BOAMMbIX pesynsraTtos ['X
aHanusa. Pesynbtathl ['X akcnepumeHTa obpabaTbiBa-
N1 C NCMNONb30BaHNEM NMPOrpaMMHOro obecneyeHmns
«AgilentChemStation». aeHTUMKaLmMo KOMNOHEHTOB
MPOBOAWNYM C NOMOLLbI BrbnuoTtek macc-cnekTpos (NIST,
Wiley) n nutepaTypHbIx AaHHbIX [7]. [ocne 0THECEHMS MUKOB
COOTBETCTBYHOLLUM NpMcagkam npoby aHanuamposanu
B PEXXMME NOH CENEKTUBHOIO MOHUTOPWHIA, 3an1cbiBas
XpomaTtorpamMMbl Mo XapakTepUCTUHECKUM MUKaM B
Macc-cnekTpax naeHTMULMPOBaHHbLIX COeANHEHMI. Ha
OCHOBaHMWU MOSy4YEHHbIX XpOMaTOrpaMM onpeaensnm

Tabnuua 1
MapameTpbl FX/MC aHannaa
Table 1
Parameters of GC / MS analysis
H
avanbHas Temneparypa u 100 °C, 2 muH

BblAEpXKKa

CkopocTb Harpesa 5 °C/muH go 290 °C

Bbigepxka npu KOHEYHOWN
TemnepaTtype

30 MUHYT

40 cm/cek (pexum
CKopOoCTb MOTOKa renus

Constant Flow)
Temnepatypa uHxekTopa 280 °C
Pexum nHxekTopa Splitless
O6bem npobbl 1 MKn
TemnepaTypa nHTepdeliica 280 °C

Macc-cnekTpomeTp

TemnepaTypa UCTOYHMKA 150 °C

OHeprus noHM3auun 70 3B
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OTHOCMUTENbHbIE NAOLLLaAM MMKOB NPUCagoK METOAO0M
BHYTpeHHel Hopmanu3aauum (%), NpUH1Mas OTHOCUTENbHbIE
KO3 (pMLMEHTBI YYBCTBUTENBHOCTU BCEX KOMMOHEH-
TOB paBHbiMu eanHule. OTHocutenbHoe CKO S, (%)
cpeaHero apudMeTUYecKoro 3Ha4eH1s OTHOCUTENBHON
nnowaam nuka Am paccyMTbIBanu U3 BbIOOPKK YeTbIpex
aHanusoB 3KkcTpakTa xugkoctu Totachi ATF Type T-IV
(n = 4). MNorpelwHOCTb ONpeaeneHns OTHOCUTENbHbIX
nnoLazaen NMKoB N3MeHsieTcq B npeaenax ot 2.3 %
(2,6-6uc-TpeT-6yTundeHon, t,= 5.6 muH) go £1.1 %
(AnHoHUNAMEHUNaMuH, t, = 37.52 MiH). S HEKTUBHOCTb
TOD oueHMBanu No BENUYMHE CTEMEHN U3BMNEYEHNS.
[nsa onpegenexHnst CTENEHN U3BNEYEHUS TOTOBUN
MogenbHble cuctemsl, cogepxatyme 0.05, 0.1 1 0.5 %
Mac. MoHona B MMHEparibHOM Macre, He coaepXallmm
npucagok, 1 nocne npoueaypbl TOD onpegensanv ero
KOHLIeHTpaunio MEeTOA0M BHYTPEHHEro ctaHgapTa
[17]. Ucnonb3oBanu ctaHaapTHble 06pasLbl oHoNa
(240028 Sigma Aldrich 2,6-di-tert-butyl-4-methylphenol)
n gumetundrtanara (1911460 Sigma Aldrich Dimethyl
phthalate). OTHocuTensHoe CKO BennYmHbl cTeneHu
N3BMEeYEeHNS MOHOMA YMEHbLLAETCS C YBEMMYEHNEM
KOHUeHTpaumm n coctaensaeT £6.3 % (0.05 % pacteop),
a onsa 0.5 % pacTtBopa paBHa 2.4 %.

PE3YJ1IbTATbl U OBCY>XAEHUE
TeBeppodasHaga akCTpakumsa

B kauecTBe copbeHTa 6bin BbibpaH cunuvkarerb,
TaK Kak OH SIBNSIETCSA NONSPHBLIM, NPOCT B MOATOTOBKE U
obnagaeT ymepeHHON aacopOLMOHHOM aKTUBHOCTBIO,
B OTNIMYME OT OKCMAA antoMUHKS, KOTOPbINA CMOCOBEH K
HeobpaTMMOon XxeMocopOLUM KOMMIOHEHTOB, UMEIOLLINX
Kucneln xapakTep. MNpu nogbope ycnosu TOS Gbino
N3y4YeHOo BMMSHMNE TemnepaTypbl CYLLUKWN CUnnKarens Ha
copbumo-gecopbumo KOMMNOHEHTOB, 06bEM pacTBO-
puTensa ans yaaneHus matpuupsl, oobem 1 npupoga
antoeHTa. HanbonbLer rmgpodobHocThio 0bnagatoT
HeLMCCoUMMPOBaHHbIE KOMMOHEHTbI, CriefoBaTeNbHO,
TLlaTeNbHas CyLlKa CUnvKarens nogasnseT guccoumamo
KMCIbIX TMOPOKCUMbHBIX FPYMM Ha ero MOBEPXHOCTU
N yBenuumnBaeT gecopbumio npucagok nonspHbIMM
OpraHNYecKMMM pacTBOPUTENSIMU. YCTaHOBIEHO, YTO
BbICyLLUMBaHWe cunuvkarens npu 150 °C cnocobeTeyeT
Hambonee NOMHOMY yAaneHuto Boabl C MOBEPXHOCTMH,
npy 3TOM COPOEHT He TepsieET CBOK aKTUBHOCTb M3-
3a obpasoBaHusA cMokcaHoBbIX rpynn. B kavectse
pacTBopUTENS NPOOGLI Y MPOMbBIBHOW XUAKOCTU Oblin
BblbpaH rekcaH, Tak kak OH obnagaeT MUHUManbHON
AMNIOMpPYOLLEN CUMON NO OTHOLIEHUIO K MOAAPHbBIM
npucagkam n MMeeT CPOACTBO K YrneBo4OopPOSHON
mMaTpuue.

CTeneHb n3BneyYeHns npucagok 3aBucuT ot
3MIOMpPYIOLLEN CUMbl pacTBopUTens 1 ero obvema.
B kayecTBe 3M0EHTOB MCNOMNb30BaNM METAHOM,
M30MNponaHorsi, aueToH, XxJIopodopM 1 NX CMecu ¢
rekcaHoM. [1ns onpeaenexHns onTManbHoOro oobema
rekcaHa Ansi NpOMbIBKM 1 31I0UPYIOLLIETO pacTBOPUTENS
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Tabnuua 2
CreneHb M3BIEYEHNS MOHONA U3 MOAENbHBIX CMecel «6a30Boe Macno + MOHO», %
Table 2
Extraction degree of ionol from the “base oil + ionol” model mixtures, %
Obbem antoeHTa, cm? MeTaHon lekcaH-WUMC (9: 1) lekcaH-aueToH (9: 1) lekcaH-xnopodopm (19 : 1)
0.5 8.2 12.7 14.5 48.7
1.0 17.7 314 29.8 89.3
15 2741 45.3 56.5 98.6
3.0 54.6 94.4 98.2 98.7
5.0 97.2 98.3 98.3 98.7

npoBOAUNM NocrnegoBaTeNbHOEe 3NIOUPOBaHNE No
0.5 cm3, aHanu3npys KaXayto CMbIBHY nopuuto (Tabn. 2).

[aHHble aHanM3a nokasbIBakoT, YTO 4OCTATOUHbIN
ob6bem rekcaHa 4 CMbiBa yrNeBOAOPOAOB COCTaBNAET
3 cv®. [pn 3TOM Ka4yecTBEHHO yagansieTcs maTpuua
pa3nMYHOro CocTaBa (GUCTUNNATHLIE U OCTaTOuHbIE YB
MUHepanbHbIX Macen, nonuansgaoneguHoBble Macna,
mMacna rmpoKpekunHra n nusonapadguHusauum). lekca,
nocne nponyckaHns Npobbl 1 MPOMbIBKM KAPTPUZKa, MOXET
ObITb COOPaH, CKOHLEHTPMPOBAH M MPOAHaNN3MPOBaH
ans ganbHenwen naeHtudmrkaumm 6asosoro macna.
Mony4yeHHble pe3ynbTaThl MOKa3biBaKT, YTO METAHOI
W Opyrve 4nctble NonsipHble pacTBOPUTENM MIOXO
3MIOMPYHOT cNiabononsipHble Npucagku, Takme Kak MoHos
1 ero aHanoru, Ho OTIIMYHO NOAXOASAT AN Aecopbumm
BbICOKOMNOMSAPHLIX Npucagok. Hanbonbluasn adgekTuns-
HOCTb M3BfIeYEHUS CNabononsapHbIX KOMMNOHEHTOB NPK
NCMNOMNb30BaHNM HEOOMNbLUMX 06 LEMOB 3MHOUPYHOLLETO
pacTBopuTensa Habnwgaetca ANg ManononsapHbIX
CcMecen, Takux Kak rekcaH-xnopodopm (19 : 1), kotopble
MO3BOMSIOT CENEKTUBHO CMbIBATb MOHOI 1 €r0 aHarmnorm
¢ cunukarens (puc. 1).

[Mpn ncnonbL3oBaHNN TakMX CMECen, Kak rekcaH-
auetoH (1: 1) unurekcan-UINC (1: 1) B o6beme 1.5 cm®
OOCTUraeTcs NOCTOSAHHOE COOTHOLLIEHWE niowagen
NMKOB aMUHOB, Anankunagntnodgocdaros (QAOTD)
1 Opyrmx BbICOKONOMSIPHbIX Npucagok. MNpu atom, Ans
KONMUYeCTBEHHON Aecopbumm noHona TpedyeTcs GonbLmi
06beM 3t0eHTa UM MEHEE MOSSAPHbIV SMIOEHT, TAKOW
Kak rekcaH-xnopodopm (19 : 1).Tak kak MOHON UNn ero

aHarnory o4eHb YacTo CoAepXKaTcs B CMa30yHbIX Macnax,
MCMornb30BaHNe TONbKO OAHOrO CUITbHOMOMNAPHOrO
3M0EHTa NPUBOANT K 3HAYUTENBHOMY pa3baBneHunto
npoObl, ¥, KaKk crneacTeue, He0OX0AUMOCTHY e€ AanbHeN-
LUEro KOHLUEeHTpupoBaHus. [1o 3Ton npuyMHe yMecTHO
NPOBOAUTbL APOOHOE 3MOMPOBaHWE, MOCNIEA0BaTENBHO
cnabononspHbIM 1 CpeaHENONAPHbLIM 3MHEHTaMK, AN
Nony4YeHns xapakTePUCTUHECKOro Npodnns NpUcagokK.
Kpome Toro, ucnosnb3oBaHue xrnopogpopma,
n3onponaHona unm aueToHa, No3BonseT NPONyCTUTb
CTaauio CyLUKM copbeHTa OT rekcaHa, yckopuTb Npobo-
NOArOTOBKY U 36exaTb NOTEPb NETYYMX KOMNOHEHTOB.
Ha ocHoBaHMM NpoOBeAEeHHbIX SKCMEPUMEHTOB
npeanoxeHa oNTUMM3UPOBaHHas cxema NpobonoaAroToBKM
CM metogom T3 ¢ ucnonb3oBaHNEM CUMKareneBbix
KapTpuaxen Ana onpefeneHus npucagok (puc. 2).
MpenmyLLEecTBO AaHHOW CXEMbI 3aKYaeTcs B TOM,
4YTO OHa NO3BONIAET NOcnefoBaTENbHO NPOBOAUTL
KoMMnekcHoe nccnefgoraxne CM: TOMUMO yCTaHOBMEHMS
npodunsa npucanok, BO3MOXHO nposenerHune 'X/MC
aHarnm3a rekcaHoBOro aKkcTpakTa 6a3oBoro macna.

Konmmnmonnpopanne copbenta
(V=3 cm® rekcana)
>
Brejienne npoter macia
(pacteopuTens npobsl — rexcan, V=2 cm?, m(obpasua)=30-90 M,

2500
L= =la]
2500
2000
=500
2000

1500

1000

4.‘ICFD .00 -E.‘bo 10.‘00 12100 14100 10100 13:00 20109

Puc. 1. Xpomatorpamma akcTpakta macna (6) (rekcaH-xno-
pocbopm 19: 1) (TIC). 2,6-an-TpeT-6yTn-deHon - nuk
Ha 5.6 MUH., NOHOM - MWK Ha 6 MUH.

Fig. 1. Chromatogram of (6) oil extracts (hexane-chloroform
19: 1) (TIC). DBP - peak for 5.6 min, ionol - peak for
6 min.

CKOPOCTh HPOIYCKAaHHA MPoOBI — 3 oM/ MITH)

92

IlpomeiBanne copbenTa
(pacTeopuTENh — rekcaH, V=3 cm?)

OmonpoeaHie
(pactBopurens rekcan-HIIC (19:1), V=1.5 em, cropocTs
SMONPOBARNA — 3 M3 /MITH)
<L

DImoHpOoBaHNE

(pactsopurens rexcan-HIIC (1:1), V=1.5 em’, ckopocTs
3MOHPOBaHNA — 3 cM’/MIIH)

Puc. 2. Cxema npo6onoarotoBku metogom TOO.
Fig. 2. Sample preparation scheme using the SPE method.
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UccnenosaHue ob6pa3uos metogom FX-MC

Ha npumepe BoCbMU pa3nunyHbix obpasLuoBs
CBEXMX CMa304HbIX Macern nayyanu apdeKTMBHOCTb
NPYMEHEHMNS ONMUCaHHOWM CXeMbl MPOBONOArOTOBKM.
KayecTBo nonyyaembix npo6 oLeHMBanm no HanmM4mo
ocTaTtka yrneBoAopoaHbIX KOMMNOHEHTOB MaTpULbI.
Ha xpomaTtorpamme macna, aHanusnpyemoro 6e3
Npo6onoAroToBKM, OTYETNIMBO BUAEH YINEBOAOPOSHbIN
«rop6», MeLualoLWnin onpeaeneHnto npucagok (puc. 3).

[MokasaHo, 4To NpegnoxeHHas metoauka THID
no3sonseT ahHeKTNBHO cOpbUPOBaTL aHaNM3Npyemble
BELLeCTBa M yAansTb KOMMOHEHTbI MaTpuubl (puc. 4 n 5).
MoaTomy A4S NOBbILWEHWS YyBCTBUTENBHOCTU aHanusa
ucnonb3aosancs pexum «Splitlessy. Mpu nomoLwm Gubnuorek
macc-cnektpoB NIST n Wiley, a Tak xxe nutepaTypHbIX
OaHHbIX [7] naeHTunUnpoBaHbl aHTUOKCMAAHTHbIE,
aHTMKOPPO3UOHHbIE ((DEHONBHBIE, aMUHHbIE, OAOT®),
MotoLLMe (ankuncanuumnatsl U ankundgeHonaTsl) u
NpOTMBO3aAMpHbIe NPUCaKN (KOMMOHEHTLI MPUCaaKM
AHnrnamon-99, anbytunnonucynedug). CTpykTypHble
hopmynbl AEHTUDULMPOBAHHbIX NPUCAAOK NPEeACTaBMNEHbI
Ha puc. 6, a X OTHOCUTENBHOE codepXaHne B Macrnax,
onpefeneHHoe MeTo40M BHYTPEHHEN HopManuaaumu,
npeacTaeneHo B Tabn. 3.

Mpu cpaBHeHun puc. 4, 5 1 Tabn. 3 BUAHO, YTO
Macrna pasnm4aloTcs Kak Mo Ka4eCTBEHHOMY COCTaBy,
Tak 1 Mo OTHOCUTENTbHOMY COAEepXaHW Npucagok.
Onupasicb Ha 3TV AaHHblEe MOXHO MOEHTUULMPOBATL
CM v ycTaHaBnmBaTh ero noa4IMHHOCTb. B pesynkrate
3KCneprMeHTa 0bHapyXEHO, YTO B Macnax 0Te4eCTBEHHOTO
NPOW3BOACTBA OTCYTCTBYIOT NPUCAAKU, XapaKTePHbIe AN

100

Abundance, %

10 16 18

. MMH

12 14

Puc. 3. dparmeHT xpomaTorpammel macna (4) no nonHomy
noHHomy Toky (TIC).

Fig. 3. Fragment of (4) oil chromatogram for the total ion
current (TIC).

MHOCTPaHHbIX Macen, Takue Kak 2,6-auTpetoyTundeHon,
oktun-3(3,5-gutpetoyTun-4-rugpokcudeHmn)nponnoHaTt
1 HoHunandeHnnamuel (HAPA). MeTunosbivi achmp
nsonponun-1,3-gumeTundyTun-ATOK ncnonb3yembin B
Macnax uHOCTPaHHOro NPOV3BOACTBA, SIBNAETCA aHanorom
MEeTUNoBOro achmpa n3odyTun-(2-atnnrekcnn)-4TOK n
MOXeT BbITb OTNNYeH No Macc-cnekTpy. OCHOBHbIMM
AHTUOKCMAAHTaMM B Macnax oTe4eCTBEHHOIO NPOu3-
BOACTBa ABnatoTcs moHon n JAOTO, uTo cornacyetcs
C nuTepaTypHbIMU gaHHbIMK [7]. B crnyyae macen
WMHOCTPaHHOIO MPON3BOACTBA, OCHOBHbLIMW aHTUOKCK-
OaHTHBbIMW NpUcagKkamun SBnsTCA aMuHbl, a JAOTO
MPUCYTCTBYIOT B HEOOMbLLIOM KOMYECTBE, NO-BUAVMOMY,
ans obecnevyeHnss aHTMKOPPO3MOHHbLIX CBONCTB.

Tabnuuya 3

OTHOCKTENbHOE coaepXaHme NAeHTUGULNPOBAHHbLIX MPUCAI0K B Pa3fINYHbIX Macax, onpeneeHHoe MeTOA0M BHY-

TpeHHen HopmMmanusauumn, %

Relative content of the identified additives in various oils determined by internal normalization method, % Table 3
Mpucaaka t, MuH Me-B | mio-r2 | g |oneNOW-| Shell L ehi | NGN | TAM-15
i 40 10W-40
1 3,5 - - - - - - 26,1 -
2 4;4,2,5,54 - - - - - - - 14,3
3 6 - - 1,5 - - 2,5 - -
4 75 56 6,8 1 - - 41 - -
5 10 1,1 0,1 - - - - - -
6 10,5 - - - - 0,1 - - -
7 15,2-21,6 3,9 - - 17,5 - - 57 -
8 14; 17; 18 45,6 10,8 21 11 54 - 3,2 11,6
9 17,5 - - 0,1 0,1 - - - -
10 22,2-30,75 14,8 74,4 9,8 - 23,5 - - -
1 25,8-27.1 - - 12,5 16,3 321 13,2 4,4 -
12 27,2-29,3 - - - 4,3 - 23,5 - -
13 36,2-39 - - 44,7 34,7 14,9 33,2 5,2 -

MprmevaHue: * — Homepam NPMCaaok B TabnyLe COOTBETCTBYIOT HOMEPA, yKasaHHbIE B MOAMUCH K puC. 6; t - Bpems
YAEPXMBAHMSA B AaHHbLIX XPOMaTOrpadpuUHecKmnx ycoBusix; «-» — KOMIMOHEHTbI He 0GHaPYXeHbI.
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Puc. 4. XpomaTorpamma akcTpakTa u3 macna (4) (rekcan-ArMc

9:1) (TIC).
Fig. 4. Chromatogram of (4) oil extract (hexane-isopropanol
9:1) (TIC).
100
b
8
c
5 %0
; |
<
0 Pt N lk i Ld ‘ “‘ 'u‘l v JjJﬂlf},‘f.::

LMK

Puc. 5. dparmeHT xpomaTorpamMmbl 3KCTpakTa U3 macna
(2) (rekcaH-MrC 9 : 1) (TIC).

Fig. 5. Fragment of (2) oil extract chromatogram (hexane-
isopropanol 9 : 1) (TIC).
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Puc. 6. CTpykTypHble hopmMyIbl MOEHTUDPNLNPOBAHHBIX
npucagok: 1 - gnbytunnonucynbdug, 2 - AHrmamon-99
(ToyHas cpopmyna HemsBecTHa), 3 - 2,6-guTpeT-
6yTundeHon, 4 - Monon, 5 - meTnnosein acump
an(stop-6yTun)-ATOK, 6 - MeTnnoBbIN 3chmp nsonpo-
nun-1,3-gumetunoytun-ATOK, 7 - nogeunndeHonsTyl,
8-0AOT®, 9 - meTnnoBbIN 3chup N300y TUN-(2-3TUN-
rekcun)-OTOK, 10 - ankuncanuumnatsl, 11 - HOOA,
12 - oktun-3(3,5-anTpeTdyTNN-4-rapoKCMdeHnn)
nponuoHart, 13 - HO®A.

Fig. 6. Structural formulas of the identified additives: 1 - dibutyl
polysulfide, 2 - Anglamol-99 (the exact formula is
unknown), 3 - 2,6-ditertbutylphenol, 4 - lonol, 5 - methyl
ester di(sec-butyl)-DTPA, 6 - methyl ester isopropyl
-1,3-dimethylbutyl-DTFC, 7 - dodecylphenolate,
8 - DADTP, 9 - isobutyl-(2-ethylhexyl)-DTPA methyl
ester, 10 - alkylsalicylates, 11 - NDPA, 12 - octyl-3(3,5-
diterbutyl-4-hydroxyphenyl)propionate, 13 - DNDFA.

B pesynbrate aHanm3a 6biro ycTaHOBMEHO, YTO
HEKOTOpble CoeAMHEHNS CNOCOOHbI JaBaThb NPaKTUYECKM
WOEHTWNYHbIE MACC-CNEKTPbI. ATV COEANHEHNS SBNSIOTCS
n3omepamu (HOHUNAMMDEHNNTAMUHBI, anNKUNGEeHoNATLI U
Ap.) U NPOSBASIOTCA Ha XpoMaTorpamMmmMax B BUAE rpynnbl
MI0X0 pasaensioLLmnxcs nukos. FOMOMOr Ha Macc-CnekTpax
(anankunguTnodocdatsl LMHKa, ankuncanuumnaTtbl)
MMEIOT OAMH U TOT Xe MWK XapaKkTepUCTU4ECKOro MoHa u
pa3nuyaloTcs NMKamm pparMeHTapHbIX MOHOB, OTIINYHBIX
Ha 14 a.e.m. (rpynna CH,), HO Ha xpomaTtorpamMmax
CYLLLECTBEHHO OT/IMYATCS BPEMEHAMM YA PXUBAHUS.
HekoTopble npucagku, HanpuMmep HoHungudeHuna-
MUH 1 okTUN-3(3,5-anTpeTdyTun-4-rugpokcmdeHunn)
MpOonMoHaT He MOryT ObITb MOMHOCTLIO pasferneHbl B
[AaHHbIX YCINOBUSIX, OAHAKO MOTYT ObITb pasnuyeHsbl
npu NOMOLLY PEKOHCTPYMPOBAHMSA XpOMaTorpammel
Mo BbIGPaHHbLIM MOHaM.

3AKJTIOMEHUE

Takum obpasom, paspaboTaHa mMeToauka
aHanu3a npucagok K CMa3oyHbIM Macnam MeToaoM
FX/MC. lNpegnoxeHHasa cxema NpobonoaroToBKM
no3BosisieT OAHOBPEMEHHO BbIAENATb Pas3nuyHble
Knacchl NOMsipHbIX MPUCALO0K, MOMHOCTBLIO YCTPaHSs
BnmsHue matpuubl. OBHapyxeHbl 1 naeHTudunum-
poBaHbl aHTUOKCUOAHTbI (3aTpyAHEHHbIE (DEHONbI,
ankunamdeHnnammHbl, anankungutmodocdaTbl LMHKa),
MOIOLLME areHTbl (ankuncanuuunarel, ankungeHonsTol),
NpoTMBO3aamMpHble Npucaaku. Onupasice Ha 3Tv AaHHble
MOXHO AndhepeHLUMpoBaTb CMa30YHbIe Macna Mexay
coboi. CokpalleHune Yucna ctaguin fenaet npoueaypy
T®3 6onee aKCNPECCHOW, MO CPABHEHUIO C U3BECTHLIMU
MeToauKamu.
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