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HauuoHanbHoe a3poKOCMUYECKOE areHTCTBO,
baky, Asep6anmkar

U3BecTHO, 4TO Kaxkablit TUN HedTH,

A06bIBaeMblil B pasinyHbIX
pernoHax, umeet cBoi Habop
6MoMapKepoB, NOTEHLUMUANbHO
onpeaenAloWmnx 3ot Tun. B
cucreme ugeHtTudukayuu
MCTOYHUKOB pa3nuBoB HedTH Ha
ocHoBe 6uomapkepoB NORDTEST
peKomMeHAyeTCA MeTof0N10rUs,
coepiKalyas MHOroypoBHeBbIi
noaxoA. B nepsom ypoBHe 310l
MeTO0NOorun NpeacTaBasercs
6a3oBas undopmauyus o6
yrneBoAOpPOAAX U 0 CTENEHU UX
Aerpagauuu, popmupyemas

C NpUMeHeHNeM ra3oBoro
xpomartorpada. Bo BTopom
YpOBHe rasoBbiii XpomaTorpad
MCNoNb3yIOTCA B pexkume
MOHUTOPMHIa U3GPAHHBIX
MOHOB N8 onpejeneHuns
AMArHoCTMYEeCKUX OTHOLLEHUIA
ANA NOAULNKINYECKUX
apoMaTU4YeCcKMX yrieBo0poaoB
(NMAY) 1 HeCKONbKUX ronaHoBbIX
U cTepaHoBbIX GuomapkepoB. Ha
TpeTbem ypoBHe OCyLLecTBAAETCA
CTaTMCTUYECKUI NOAXOA K
pesynbTaTtam, NoNAy4eHHbIM Ha
npeabiayuinx ypoBHAX.

BBeaeHue

Xopolwo M3BecTHO, 4YTO CbipbeBas HedTb
obpasoBanacb MHOTO MWIIWOHOB NET TOMY
Ha3aj KaKk pe3ynbTar 3arHuBaHua 6Guomacchi
[lepeBbEB U XMBOTHbIX. BCAKMe oTnoxeHus u
KaMHW, NOKPbIB 3TOT OpraH1YecKunii matepuan,
co3aanu aHaspobHyto cpeay, rae Noa BAUAHU-
eM Temnepatypbl U AaBneHus chopmupoBa-
nacb HedTs [1]. CoipbeBas HedTb, A0ObITas B
pasnnYHbIX PEernoHax, ecTecTBeHHo, chopmu-
poBanacb U3 PasNuyHbIX GUOOPraHMYecKmx
WCTOYHMKOB, a TaKke NpPW pasnMyHbIX BHEL-
HUX ycnoBusx (aasneHue u Temneparypa). Kak
pesynbTar, Kawablii Tun HedTH, Ao6bIBaEMbIN
B Pas3/IMYHbIX pervoHax, umeer cBoi Habop
6romapKepoB, NOTeHUMANbHO OnNpeaensio-
WMx 3TOT TWN. 3TM GUOMAapKepbl ABAAKTCA
KOMMNEKCHbIMU  YrNeBOJOPOLHBIMU  MONEKy-
N1aMK, COXPaHAIWMUMU CTPYKTYPHYIO 6A130CTb
C NPUPOAHBIM MPOAYKTOM, CHOPMUPOBAHHBIM
13 MepTBbIX OPraHuM3mMoB. JTu GUomapKepbl
YCTOWYMBBI K Aerpafalnm u UCnonb3yTcsa Ans
onpeAeneHns Bo3pacTa U BHeWHEN cpepbl,
B YC/NOBMAX KOTOpOi Obina chopmupoBaHa
HedbTb.

3T GromapKepbl TaKkxe MOryT ObiTb MUC-
nonb3oBaHbl ANs oOnpejeneHus tina HedTw
[1-4].

Kak coobuiaertcs B pabote [2], B cucreme
UAEHTUDUKALMU UCTOYHUKOB Pa3nnBoB HedTy
NORDTEST pekomeHayeTcs MeTOLONOMMA, CO-
fepxalias MHOroypoBHeBbli nogaxoa. B nep-
BOM YPOBHE 3TO/ METOA0/0rMM NpeacTaBnser-
ca 6asoBas uHbopmauus o6 yrneBogopoAax
M 0 CTeneHu ux gerpajauuu, hopmupyemas ¢
NnpUMeHeHWemM ra3oBoro xpomarorpada.
BTOPOM YPOBHe ra3oBblii xpomatorpad ncrnonb-
3yeTcs B PEXMME MOHUTOPUHTA N36PaHHbIX 1O-
HOB ANA OonpejeneHns AMarHoCTUYeCKUX OTHO-
WEeHUA AN NONMUMUKINYECKUX apOMaTUYECKNX
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yrnesogoponos (MAY) 1 HECKONbKUX ronaHo-
BbIX U CTEpPaHOBbIX GMOMapkepos. Ha Tpetb-
eM YpOBHe OCYLeCTBAAETCA CTAaTUCTUUYECKUIA
NoAX0[, K pe3ynbTaTtam, MOAYYEHHbIM Ha npe-
ObIAYWKX YPOBHAX. Bce amarHoctuyeckue ot-
HOLEHNs, KOTOpble MMEKT BbICOKUN YPOBEHb
M3MEHYMBOCTW, UCKIOYAIOTCA M3 paccmoTtpe-
Hus. Hanbonee ycTonymBble AMArHOCTUYECKUE
OTHOLIEHMA UCMNONb3YIOTCA ANA NpOBefeHus
KOPPEeNnsALMOHHOro aHanusa C uenblo onpeje-
NEHNA NOTeHUManbHOro MWCTOYHMKA. OpHako
B C/ly4yae KOMMIEKCHOro xapakrepa pasnuBsa
HedTW, T.e. MpU pas3nMBe B MOPE Pa3nUYHbIX
TMNoB HedTH, nosiBNsLMecs n3obapuyeckue
MOMex1 He NO3BOMAIOT BbipabaTbiBaTb TOUYHYIO
MAEHTUDUKALMOHHYI0 MHDOpMaumio o Tunax
BbIIUTOM HeTU.

KpaTkoe u3noxeHue
CylecTBYIOLEH METOANKY

CornacHo metoay NORDTEST, ans Bbi6opa
AMArHoCTMYecknx 61MoOMapKepoB KOHKPETHOro
UCTOYHMKA HedT HeoOX0ANMO UMETb AaHHble
0 60/bLLIOM MHOXKECTBE MOTEHUMANLHO Nones-
HbIX coeanHeHnn [2]. Mpu ncnonb3oBaHUM Tex-
Honorum GC-MS(SIM) 3to notpebyet ocyuiect-
BNIEHWA MHOTOKPATHbIX WHXEKLUA OJHOTO
TOro xe o6pasuya Ans nonydeHue Bcex cneyu-
(hMYECKMX MOHHBIX XPOMOTOrpamMm 1 nposege-
HUA OYNUCTUTENbHBIX PaboT ANs yCTpaHeHMs no-
MeX, NPUBOAALMX K UCKAXKEHUIO Pe3ynbTaToB.
Mocne 3T0ro, M3-3a CHUKEHUA MAKCUMANbHOM
CcnocobHOCTU NPOBEAEHUA OJHOMEPHOro ra-
30XPOMATUYECKOTO aHanuW3a KoNM4ecTBo Mo-
TEHUMANbHO NONE3HbIX OMOMApKepOB MOXET
6bITb YMEHbLUEHO.

B pa6ore [3] coobuaercs o NnpoBeAeHHOM
IKCNEePUMEHTE N0 ONpejeneHwio Tna HebTn
C WCNOMb30BaHMEM MHGMOPMATUBHLIX 6Gu1O-
MapKepHbIX OTHOWeHWA. [na onpeaenexus
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Puc. 1 — OmHouweHus duazHocmuyeckux 6uomapKepos, ucnosibzyembix ons pasiudeHuda munos
nezkol Het;bmu, 06[.703L{bl KOMOPbIX B3AMbl U3 pa3/IUYHbIX UCMOYHUKOB
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Bce AuMarHocTnyeckue oTHOLWEHUSA,
KOTOpble UMEHT BbICOKNI1 YPOBEHb
M3MEeH4YUBOCTHU, UCKNIOYAIOTCA

u3 paccmotpenus. Haubonee
ycToNumMBble ANArHOCTUYECKNe
OTHOLEHUA UCNONb3YIOTCA ANA
npoBeAeHUA KOPPenALUOHHOIo
aHanu3a c uenblo onpeaeneHuns
NOTEHLUANbHOIO UCTOYHUKA. B
npeasaraemom nHpopmauuoHHOM
MeToAe CTaBUTCA 3aAaua
BbIYNC/IEHMA TAKOTO PeXuma
npoBeAeHUA N3MEepPUTEIbHOIO
3KCNepMMEHTa No UCCNEeA0BaHUIO
GUOMapKepHbIX OTHOLIEHUN,

NP1 KOTOPOM NOABNAIOLLAACA
HeonpejeNneHHOCTb pe3ybTaToB
IKCNEePUMEHTOB UM X
MH(OPMATMBHOCTb JOCTUTHET
HauMMmeHbLIero 3HayeHus. Takoi
NOAXOA K pelleHuto 3a4aum
onpeaeneHus Tuna Hedtu

B CMbICJIOBOM OTHOLUEHUY
aHanorn4yeH K U3BeCTHOMY meToay
MCKJII0YEeHUA U3 PAaCCMOTPEHUA
CUNIbHO M3MEHYUBDIX
ANArHOCTUYECKNX OTHOLLEHUA.

Marepuanbl U meToAbl

[na pocTvKeHnA NoCTaBNEHHON Lenn
cchopmmnpoBaHa maTematuyeckas 3agada
HaXOXAEHUA YCNOBUIA AOCTUKEHUA
3KCTpeMyma (QYHKLMOHaNA OLEeHKN
MH(OPMATUBHOCTM pe3ynbTaToB
3KCNepUMEHTaNbHbIX UCCNEA0BaHNN
6roMapKepHbIX OTHOLIEHWI. PelieHne
3afiauu 6e3ycnoBHOI BapuaLMoHHO
ONTMMM3AL MM OCYLLECTBIEHO MO METOAY
Jinepa.

KntoueBble cnoBa

6romapKepbl, cbipbeBas HedTb,
nHdopmayms, onTummsauns, GyHKUMoHan,
Xpomartorpamma

XapaKTepuCTUK 3TMX GUOMapKepHbIX OTHOLe-
HWiA GbINK MccnefoBaHbl 06pasLbl ErKOMN Cbl-
pbeBoit HedTH, fobbiBaemoii B CLIA, KaHaaae,
CaypoBckon Apasuu, ipake n Hurepuu. boino
onpeAeneHo, YTO WOHHble XPOMATOrpammbl
[OCTaTOYHO MHGMOPMATUBHbLI ANA OLEHKU 06-
pasyos. CpaBHeHME MOHHbBIX XpOMaTOrpamm no
npu3HaKam 6MOMapKepoB, TaKUM KaK CTepaHbl
M ronaHbl, MO3BOAMAM ONPEAenuUTb Hanuuue
YETKMX Pas3NnYUit NO 3TUM NpU3HAKAM Y Ucche-
ayembix 06pasuyoB..

MpoBe/eHHble WCCNefoBaHUA NoKasanu,
yto obpasubl cbipoit HedTH, B3ATbIE C 6AM3-
nexalux reorpatuyeckux MectHoCTei, pas-
nuyalotcs  TpyaHee. Mcnonb3oBaHue TOMbKO
HECKONbKMX CTePaHOBbIX WM FOMAHOBbLIX OTHO-
LWEHW NO3BONSAET NOMYYNUTb HEKOTOPbIE Masble
pasnunyma no UcnbiTyembim obpasuam, U 3aechb
Heobxoguma cratucTuyeckas obpaboTka pe-
3y/bTAaTOB  MHOTOYMC/IEHHbIX MCCNefoBaHUiM.
Bblno obHapyxeHo, 4To fobaBneHne K AnarHo-
CTUYECKUM OTHOLIEHUAM anKUaTHbIX ANBEH30-
TMOEeHOB 1 heHaHTPEHOB NO3BONAET NONYYUTb
6onee 4eTkoe pasnuyeHne obpas3yoB HedTH
B3ATbIX AAdXe C reorpaduyeckm OTHOCUTENbHO
6nusnexalnx nctouHmnkos (puc.1)

B Tab. 1 npuBeAeHbl NOMHbIE Y COKPaLLeH-
Hble Ha3BaHMA GMOMapPKEpOB, MCMOMb3YEMbIX
AN onpepeneHus TMnos HedTU MCCAeAyembiX
06pasLioB, NOKa3aHHbIX Ha puc.1

Mpepnaraembliit meToa

[lanee B HacToslen cTaTbe Mbl Paccmo-
TPUM BONpoc 06 MHPOPMALMOHHON ONTUMK3a-
UMM meTona 6GiomapKepoB, UCMOMb3YEMOrO AN
onpegeneHns Tmna Hedtu.

[JonycTum, 4TO NPOBOAMUTCA Cepua 3Kcne-
PUMEHTaNbHbIX NCCNEeA0BAHUI B KONMYECTBE n,
Npu 3TOM KONMYECTBO UCMONb3yeMbIX B1uomap-
KEPHbIX OTHOLWEHUA NPONOPLUMOHANBHO HO-
Mepy NPOBOAMMOrO UCCNeAOBaHUA, T.e. B 1-m
3KCNepVMeHTe NCMOoMb3yemcs 2 OTHOLEHNA; BO
2-M 3KCnepumeHTe — 4 oTHOleHUA, B 3-M — 8
OTHOLUEHWUN U T.[.

Cyntaem, 4YTO KO/NMYECTBO [OCTOBEPHO
pasnuyaembix rpafiaLMOHHbIX YPOBHEN M Haxo-
OUTCA B HeABHOM (DYHKLMOHANbHOW CBA3M, T.€.
MMeeT MeCTo 3aBUCMMOCTb

m=m +f(N) @

rae N=0; f(N)=0

Mpu 3tom pgonyckaem, 4to dyHkumua f(N)
YO,0OBNETBOPAT CNeayiolemMy OorpaHuyuTeNbHO-
My YCNOBUIO

Z (mu + /1 3\’,-])= {4 2

=l

Biomarkers

aaa20S_Cholestane
abb20R_Cholestane
17a(H),21b(H)-Hopane
17a(H),21b(H)-22S-Homohopane
17a(H),21b(H)-22R-Homohopane
17a(H),21b(H)-30-Norhopane
Dibenzothiophene
Phenanthrene

Dimethyl or ethyl substation

C3 substation

C y4yeTom BbILWEMN3NOKEHHETO, MOMHO CO-
CTaBUTb CNEAYIOWNIA AUCKPETHBIA hYHKLMOHAN
6e3ycnoBHOM BapMaLUOHHON ONTUMU3ALUN

F,= Zv “log [im,+ (N, )+ }i{m) +f(N)) )

rae 2 — MHOXuTenb JlarpaHxa.
B HenpepbiBHOW topme BbipaxeHue (3)
NPUHUMAET CneayoLmnin Bug

Fu= j\f log, L’”.. + 1 ;\f')j
dN +3 II{J::‘, + f(N)dN. @

BbipaxeHue (2) B HenpepbiBHON dopme
“MeeT BUA
N

s

[Gny+f (N)aN=C, ©)

rae c= const.

PelweHune 3agayn onTMMmM3aLmm 3aknoyaer-

CA B Ciefytollem.

1) OnpepeneHve  onTumanbHOM  YHKUMK
m,=f(N)opt npu KoTopom FH joCTMraer sKc-
TpemanbHOW BENNYUHbI.

2) Onpeaenexune xapaKkrepa 3KCTPEMyMa U Bbl-
paboTka pekomeHAauuu no BbI6OpY GyHK-
unn m,=f(N)

3) B cnyyae, ecin npu QyHKUMM m,=f(N)0pt F,
JOCTUraeT MaKCMMyMa, TO (YHKUMSA f(N)[W
HaumeHee XenaHHas ANA WUCNONb30BaHMUA
B [aHHOW 3ajadye M HaobopoT, ecim npu
peweHun 3apayn F, Aocturaer MUHUMYMA,
TO BblyMcneHHas GyHKUMA Haubonee xe-
NaHHaA pJna nNpoBefeHUA CepUHbIX 3IKC-
nepuvMeHTaNbHbIX UccnefoBaHUA. Ana wc-
cnefoBaHMA  BO3MOXHOCTEN peanu3ayuu
npeanaraemoro mMetoAa NpoBefeM MOAefNb-
Hoe nccnenoBaHue.

MopenbHoe uccnepoBaHue

CornacHo metogy 3Jinepa onTuMmanbHas
tyHKUMA, NpuBoAsALLan dyHKUMOHaN (4) K 3KC-
nepyvMeHTaNbHON BennyvHe, onpesenseTcs u3
ycnosus

d {N log, Eu.r" + f(N )]+ 2.(:1?“ + f(N ))}
= , =0.(6)
d(f(N)+my)

M3 ycnosua (6)
ypaBHeHue N

In2- I;”u.f{N}]
M3 BbipaxeHus (5) Haxoanm

N
(M) = . 8
(my + f (V) = ®)

noayymm cnepyrwouiee

+A4 =0, @)

Abbreviation
aaa20S_C
abb20R_C
30ab
31abS
31abR
29ab

DBT

Ph

c2

C3

Ta6. 1 — [loniHble U COKpaujeHHble Ha3BaHus 6UOMapKepos, UCNo/b3yembix 01 onpedeneHus
munos Hegpmu uccnedyembix 06pa3yos
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C yyeTom BbipaxeHuit (5) u (8) nonyunm
Nuns .

Y max I\c’

- dN =C.

Aln2 ©)

0

PeweHne ypaBHeHnue (9) oTHocuTenbHO A
0603HaunM KaK 1,

M3 BbipaxeHus (8) Haxoanm
y )

g N
—h = ——ma (10)
C-2In2
Cyyetom (8) v (10) nonydum
sopi  ANG
J(N) = e o )

t ¥ max

Mpwu BbinonHeHun ycnosua (11) dyHKumo-
Han (4) pocTMraeT MaKCMManbHOW BENUYMHBI.

CnepoBatenbHo, NpW BbINOAHEHUU YCNO-
Bua (11) ontumanbHaa dyHKUMA f{N) BOMKHA
pactn ot N,. [pn BbINONHEHUN 3TOTO YCNOBUSA
dyHKUMOHan (4) gocTuraer MaKCUMyma, T.e.
MaKCUMWU3NPYETCA HeonpeAeneHHOCTb, CBfA-
3aHHasA C UCXOA0M MPOBOAMMOTO IKCNEPUMEH-
Ta no onpeaenexuto Tuna Hedtu. Mo 3tTon npu-
YMHEe ONTUManbHbIM ClefyeT NPU3HaTh TaKylo
yHKuuto f(N), KoTopas yb6biBaeT ¢ poctom N.

ENGLISH

Utorn

Takum ob6pasom, npegnaraembiit MHoOpMa-
LMOHHOW MeToh onpejeneHus Tuna HedTn ¢
“cnonb3oBaHMem O6UOMApKEPOB CO3BYYeH C
meTtoaukon NORDTEST, cornacHo KoTopomy
AMarHOCTUYeCKne OTHOWEHUs ¢ BoNbWUM pas-
6POCOM UCKNIOYAETCHA U3 PACCMOTPEHUS.

B oTanyme oT Takoro nopsaKa, B npeanaraemom
MHbOpPMaLMOHHOM MeToae TpebyeTcs npose-
[EHUS CEepUU IKCNEPUMEHTOB C PacTyLUM KO-
NnYecTBOM BMOMApKEPOB, NMPU 3TOM C POCTOM
KONMYecTBo 6MOMapKepoB UX BENUYMHA [OK-
Ha cTabUNM3NpPOBaTLCA B ONpeaeNeHHoi Y3Koi
30HE TeM CaMbIM YMEHbLUINB HEOMpPEAEeNeHHOCTb
B pe3ynbTupylowen nHcbopmaumu, ncnonbsye-
MOV AN onpefeneHuns tuna HedTu.

BbiBOAbI

Mpeanaraemblii NOAXOA K pelleHWio 3agadu
onpeAeneHus Tuna pasnuton Hedtm C wuc-
nonb3oBaHuem OGuomapkepos obnagaer 60-
nee BbICOKOW CTeneHbld 0O6BLEKTUBHOCTU, T.K.
MMeeT YyeTKoe maTemaTtuyeckoe 06OCHOBaHMe
C NPUMEHeHMEM 3/1EMEHTOB TEOpUU WUHGOPp-
mauumM M QyHKLUMOHANbHOrO aHanusa. 3aechb
WCKNIOYAIOTCA  BCEBO3MOXHblE  CyObeKTUB-
Hble OLEHKW, NpUCyLMe U3BECTHOMY MeToay,

npeAycMaTpuBaloLLEro yaaneHue M3 paccmo-
TpeHust Hanbonee N3MEHUYNBbIX OOMAPKEPHbIX
OTHOWeHWI. MpesnoKeHHbIN METOL MOXET Mo-
BbICUTb 3((HEKTUBHOCTb NPOBOAUMbBIX MPaKTU-
Yyeckux paboT no onpeaeneHnto TMna pasnnuTon
HedTV C ucnonb3oBaHMem GOMapKepoB.
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Abstract

It is well-known that all types of crude oil
produced in different regions have its own

set of biomarkers potentially determining this
type. In the known system of identification of
sources of oil sticks on the basis of biomarkers
NORDTEST the methodology based on
multilevel approach is proposed. At the first
level of this methodology the basic information
on hydrocarbons and level of their degradation
formed by gas chromatograph is presented.

At the second level the gas chromatograph

is used in regime of monitoring of selected
ions for determination of diagnostic relations
for polycyclic aromatic hydrocarbons and
several hopans and sterans biomarkers. At the
third level the statistic approach on results
received in the previous levels is applied. All
diagnostic relations with high level of variation
are removed from the consideration. The most
robust diagnostic relations used for carrying
out the correlation analysis to determine the
potential source. The suggested information
method provides for determination of such a
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regime for carrying out of measuring experiment
on research of biomarker relations upon which
the uncertainty of results of experiments

or their informativeness would reach the
minimum. Such an attitude to solution of task
of determination of oil type is similar in sense
with known method based on removal of
strongly variable diagnostic relations.

Materials and methods

It was formulated the mathematical task on
determination of conditions providing for
extremum of functional representing the
estimate of information content of results

of experimental researches of biomarkers
relations to solve described problem. Solution
of unconditional variation optimization task is
carried out using the Euler method.

Results

In comparison with the known method the
suggested information method provides for
carrying out of series of experiments with
increasing number of biomarkers where upon
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increase of number of biomarkers their value
should be stabilized in the some narrow
zone meaning decrease the uncertainty in
resulting information used for determination
of oil type.

Conclusions

The suggested approach for solution of task
on determination of spilled crude oil type
using biomarkers make it possible to derive
more objective results because it is well-
grounded using the theory of information

and functional analysis. The all possible
subjective errors in estimates generic for known
method based on removal of highly variable
biomarker relations are lacking in suggested
method. The suggested method can lead to
increase of effectiveness of practical works on
determination of spilled crude oil type using
biomarkers.
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biomarkers, crude oil, information,
optimization, functional, chromatogram
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