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Acar sozlar: dizel yanacaginin komponentlari, qaz xro-
matoqrafiyasi-kiitlo spektrometrik analiz, neft karbohi-
drogenlari, dizel yanacaginin heteroatomlu komponentlari,
neft-kimya xammali kimi dizel yanacag.

Annotasiya

Taqdim olunan ilkin nagr, ARDNS-in istehsali olan avtomo-
bil dizel yanacaguun komponentlorinin xromkiitlo spektro-
metrik analizinin naticalarini tasvir edir.

Aliman naticalara asasan miiayyan edilmisdir ki, satigda olan
dizel yanacagmin torkibinda 55.74% alifatik, 5.04% olefin,
12.79% naften, 8.32% aromatik va 9.52% naften-aromatik
karbohidrogenlori vardir. Homginin, yanacagin torkibinda az
miqdarda heteroatomlu  komponentlor, metal komplekslar,
steroid va komponentlarin gisman oksidlagma mahsullarinin da
oldugu askar edilmisdir.

Oldo edilmis moalumatlar movsiimi yanacagin optimal
torkibinin seg¢ilmasi, bu sahonin miitoxassislari, elaca da
qiymatli iizvi mohsullarin alinmasi, dizel yanacagint xammal
kimi istifada edan neft kimyagilar ticiin faydali malumatdir.



I. GIRIS

Odobiyyat materiallarinin analizi gostorir ki, dizel
yanacagmin tarkibindo miixtalif név karbohidrogenlarin
tohlilina dair molumatlar veran silsils asarlor mévcuddur.

Belaliklo, is [1]-do dizel yanacaginin karbohidrogen
torkibi sonuncunun istismar xtisusiyyatlorina tasir aspek-
tindo noazardan Kkegirilir. Setan sayi, dizel indeksi, tokiilma
noqtasi vo s. Kimi gostaricilor yanacagin keyfiyyat meyar-
lar1 kimi gobul edilmisdir. Magalods alds edilon malumat-
larin yanacagin xiisusiyyatlorinin tam vo hoartorofli tasviri
liciin kifayat etmodiyi gonastina galinir. Mono- va bitsik-
lik arenlorin, asagi, yiiksok molekullu alkanlarin, izo-
parafinlorin nisbati, yani yanacaqda olan fordi karbohid-
rogenlorin komiyyat torkibi hagqinda olave molumatlar
lazimdir.

Basga bir moagalodo, asagi temperatur xiisusiyyatloring
tosiri  baximindan ”LUKOY LNijeqorodnefteorgsintez”
OOO tarafindan birbasa qovulma tisulu ils istehsal olunan
vo sudan tomizlonmis (yay vo qis) dizel yanacaglarinin
karbohidrogen torkibi nozordon kegirilir [2].

Miiayyon edilmisdir ki, birbasa qovulma tisulu ils ali-
nan dizel yanacaginin tokiilmo ndqtosi onun torkibinin
toxminon 20%-ni toskil edon ylingiil fraksiyalarin vo agir
yiiksok molekullu tsikloalkanlarin nisbotindon asilidir.
Yay vo qis iislubunda sudan tomizlonmis yanacaq ti¢iin to-
lob olunan tokiilma ndqtasini toyin edon amillor miivafiq



olarag, onun tarkibinin toxminan 40 va 50%-ni toskil edon
fraksiyalardir.

Eyni miialliflorin isinda, “LUKOILNijeqorodnefteorg-
sintez” OOO tarafindon istehsal olunan ekoloji cohatdon
tomiz yanacaq li¢lin oxsar sxem totbiq edilmis vo eyni
naticalar alds edilmisdir [3]. Yiingiil fraksiyalarin mogbul
axma noqtasi ilo yanasi, hom do yiiksak istilik sabitliyino
malik oldugu geyd olunur. Toxminon 80% toskil edon,
sudan tomizlonmis yanacagin agir fraksiyalart onun osas
omoliyyat xiisusiyyatlarini toyin edon yiiksok tokiilmo
ndqtaesinoe malik vo yuxar: temperaturda oriyon tsikloal-
kanlardir.

Xarici miitoxassislor do bu todgigatlardan konarda
galmayaraq, masalonin ekoloji torofini vo metodoloji
yanasmani xiisusilo qeyd etmislor. Is [4]-do, naqgliyyat
yanacaginin karbohidrogen torkibinin miioyyon edilmasi-
nin vo onun miqdarinin optimallasdirilmas: prosesinin,
hamginin, islonmis qazlarin konara atilmasi prosesi
miiharrikin dizaynmin vacib hissosi oldugu gdstorilir.
Miialliflor dizel yanacaginda karbohidrogenlarin névlari-
nin otrafli toyini liglin ¢ox vacib olan ionlagsma Kkiitlo
spektrometriyasi vo qaz xromatoqrafiyasmnin (GC-IMC)
birlasdirilmis metodunu taqdim edirlor. Mialliflor moalum
standart {isullardan istifade etmokls olds edilon yanacagla-
rin karbohidrogen torkibinin profillorini miiqayiso edorak,
toklif olunan GC-IMC metodunun somaraliliyini vo hallini
gostormiglor. GC-IMS metodunun istinliyii gostorilir ki,
bu da digorlorindon forqli olarag, n-parafinlori onlarin
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izo-analoglarindan va tsikloparafinlorden ayirmaga imkan
verir [4].

Eyni miolliflor, lakin basga bir magalods dizel yana-
cagiin samarali vo etibarli ekspress tohlili iiciin GC-IC
metodunu yenidon toqdim vo tovsiys edirlor. Metodun
yeni stlinliiklori tosvir edilmis, doymus, doymamis
karbohidrogenlarin, izo- va tsikloalkanlarin nisbati malum
olan xiisusi hazirlanmis nozarat niimunalarinin tahlilinin
naticalori verilmisdir. Miixtalif isullarla alds edilon biitiin
naticalor bir-birini tamamlayir, belolikls, aparilan tadqi-
gatlar miirokkab neft sistemlarinin karbohidrogen torkibi-
nin tahlili tigiin GC-IC metodundan istifadonin diizgiinlii-
yiinii vo aktualligini niimayis etdirir [5].

Son 50 ildo kiitlo-spektrometriya tisulu neft vo digor
yanacaglarin analizi tglin genis istifado olunsa da, bu
metoddan istifado etmoklo boylik miqyasli gaynama
diapazonunda neftin imumi torkibinin hoartorofli xarakte-
ristikas: aktual problem olaraq, galir. Buna goéra do kiitle-
spektrometrlarinin getdikco daha tokmillasdirilmis model-
lari meydana ¢ixir ki, bu da birlogsmolarin aotrafli identifi-
kasiyasi imkanlarinit shomiyyatli doracods geniglondirir.

Is [6]-da Ce-Cas torkibli neft mohsullarinin otrafls
analizi ti¢lin yiiksok hassasliga malik kiitlo-spektrometriya
xromotografi (GC-1E-HRMS) toklif olunur. Budan istifads
edorok, GC karbohidrogen molekullarini gaynama ndoq-
tolori ilo ayirir, elektrik sahasindo ionlasma (IE) hom
aromatik, hom ds doymus yag molekullar: ii¢iin biitév mo-
lekulyar ionlar yaradir. Buna goéro do, bu molekulyar
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ionlarin elementar torkibi 7000-0 godor kiitlo ayirdetmo
gabiliyyatina vo = 3 millidalton kiitlo 6l¢ma daqigliyina
malik, yiiksok hassasliqlt kiitlo spektrometri (HRMS) ilo
miayyan edilir ki, bu da 6z névbasinds neft karbohidro-
gen molekullart ii¢lin otrafli kimyavi molumatlar verir
(heteroatomlu olmasi, atom torkibi, halgalarin say1 iisto
gal ikigat rabitalor vo karbon atomlarinin say1) [6].

Elektrik sahasinds (IE-VPIA-MSVR) qaz fazasinda
yaranan ionlarin ugus vaxtt impuls analizatoru ilo tochiz
edilmis yiiksok hossasliga malik kiitlo spektrometri mii-
rokkab garisiglarin ti¢c morhalali ayrilmasini tomin edir.
Notico etibar1 ilo todgigatgilar neft mohsullarimin karbo-
hidrogen torkibi hagqinda an miifassal va otrafli melumat
olds etmok imkanina malik olurlar [7].

Is [8]-do orta neft distillatlarmmn siirotli komiyyat
tohlili tigtin ultrakritik maye xromatoqgrafiyasinin (SCLC)
imkanlarini1 ultrabondvsoyi (UVD) va alov ionlagsmasinin
askarlanmasi (FID) ilo paralel olaraq, IE-VP-HRMS saha
ionlagsmasinin ugus vaxti kiitlo spektrometriyasi ilo birlos-
diron metodun istifadossi hagqmda molumat verilir. SCLC
xromotoqrafi neftin orta distillatlarint doymus karbohidro-
genlara vo 1-3 aromatik halga ilo karbohidrogenlors ayirir,
IE SCLC-dan ¢ixarilan karbohidrogenlar tigiin molekulyar
ionlar yaradir. VP-HRMS kiitlo spektrometriyasindan isti-
fado edilmasi, yiiksok dogigliklo (doqiq kiitlo dlgmalori
naticasinda) neft mohsulu molekullariin elementar torki-
bini toyin etmoys imkan verir. Doymus birlosmalarin
migdar1 vo aromatik halgalarin névlori FID va UVD
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detektorlarindan paralel olaraq, istifado etmoklo 6lgiiliir.
Bu yanagsma vo karbon sayinin diizgiin kalibrlonmasi ilo
orta neft distillatinin torkibi daha otrafli, tez miioyyan
edilir [8].

fonlasma kiitlo spektrometriyas: (IMS) oxsar H / C
nisbatlorine malik olan, lakin 290°C (R-290) distilla
temperaturunda son fraksiyada shamiyyatli daracads forg-
lonan iki yanacagin tohlili tiglin istifado edilmisdir [9].
Miialliflor bu yanacaqlarin miixtalif migdarda islonmis qaz
va hissaciklarin ayrilmalarinin sobabini 6yranmak istayib-
lor. IMS-nin naticalori gostordi ki, asagi R-290 yanacagi
yiingiil alifatik karbohidrogenlordan va yiiksok karbonlu
aromatik karbohidrogenlordon ibaratdir, buna goro do
asag1 alovlanma gabiliyystino malikdir. Beloliklo, yiiksok
R-290 olan yanacaqlara nishoton karbohidrogenlorin vo
hissaciklorin ayrilmalariin artmasi miisahido edilmisdir
[9].

Digor, on miiasir kiitlo spektrometrik tisul is [10]-da
togdim olunur. Metod elektrik sahosindo desorbsiya
ionlasmasini vo fraksiyalasdirilmis xam neft vo emal pro-
sesindo aromatik birlogsmolorin tofarriiath toyini ti¢lin bir
tisul kimi, Furye transformasiyasi (DI-MS-ICR-F) ils ion-
siklotron rezonans kiitlo analizatorunu ohato edir. Qeyri-
qiitblii molekullarin DI-nin yiiksok effektivliyi MS-1CR-F-
don istifado edorok, goriinmoamis kiitlo halli vo dagigliklo
birlikds kondensasiya edilmis fazada ~700-1400 név Kar-
bohidrogen iiciin elementar torkibini birmonali sokilda
toyin etmays imkan verdi. Toadgigatin miialliflori elemen-
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tar kompozisiya tapsiriglarina asasen, yiiksok vo asagi
kiikiirdlii vakuumlu gazoylu, katalitik krekingin dib galig:
vo kokslasan vakuum daxil olmaqgla, neft emali prosesi
axinlarmdan zonginlosdirilmis aromatik fraksiyalar ti¢iin
sinif vo tipin tam torifini verirlor. Belo proses aximlari
miixtalif yag formulalarinda DI-MS-ICR-F imkanlarini
niimayis etdirmok {igiin se¢ilmigdir. Bu tsuldan istifads
etmoklo olda edilon moalumatlar neft emali zavodunun pro-
ses axinlarmin prognozlasdirilan xisusiyyatlori ilo yaxsi
uygunlasir.

Belaliklo, neft fraksiyalarinin karbohidrogen torkibi-
nin miayyan edilmasi sahasinds todgigatlarin qisa icmali
asasinda asagidaki naticalara galmak olar:

1. ©n informativ vo istifadods olanlar analizin kiitlo
spektrometrik tsullaridir. Eyni zamanda, ionlagma tisulla-
rin1 vo kiitlo detektorlariin novlorini, eloco do ayri-ayr
xromatoqrafik olavalori miixtoliflosdirmoklo todgigatcilar
bir sira neft sistemlorinda karbohidrogenlorin demok olar
ki, tam tohlilina nail olurlar.

2. Dizel yanacaginin karbohidrogen torkibinin miioy-
yon edilmasi, osason, yanacagin islonmis qazlarin vo
hissaciklorin emissiyasi iizro movcud standartlara uygun-
lagdiriimasi, eloco do miixtolif yanacaglarin mdovsimi
soraitda istifadoys yararliliq baximindan keyfiyyatinin ton-
zimlonmasina yonaldilmisdir.

Belaliklo, otrafli neft-yag kompozisiyalarindan istifado
tocriibasine oasaslanarag, tadqigatcilar, ekspertlor, miitoxas-
sislar va iimumiyyatlo, maraqli soxslor aromatiksizlogdiril-
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mis vo parafinsizlosdirilmis dizel yanacag: fraksiyalarinin
komponenti, xiisusan do karbohidrogen torkibi hagqinda
molumatlar1 dyronmoakls, lazimi nozari bilikloro malik
olar, miivafiq prognozlar va diizalislor eds bilarlor.

1. Metodoloji aspektlar, istifads olunan
obyektlarin va avadanhgqlarin xiisusiyyatlori

Todgigatin obyekti kimi, Azorbaycan Respublikasi
Dovlot Neft Sirkstinin avtomobillor tgiin istehsal etdiyi
dizel yanacag: gotiiriilmiisdiir.

Yanacagin vo fraksiyalarin karbohidrogen torkibinin
tohlili m/z kiitlo = 30-550 diapazonunda komponentlorin
miioyyan edilmasi ilo GC-MS alati, Agilent texnologiyala-
r1 7890B (GC)-5977B (MSD) {izorindo xrom-kiitlo spekt-
rometrik analizlorin naticalorins asason apariimigdir.

11



I11. Kiitla-spektrometrik analizin naticalari

Cadval. Dizel yanacagi - Dizel 1

Ne Alifatik karbohidrogenlar miqdari,
%
n-parafinlar
1. | n-Heptane $$ n-C7H1s6 0,025
2. | n-Nonane $$ n-CoH2o 0,321
3. | n-Decane $3$ n-CioH22 0.659
4. | n-Undecane $$ n-C11H24 0,994
5. | n-Dodecane 1,533
6. | n-Tridecane 1.951
7. | n-Tetradecane 2.514
8. | n-Pentadecane $$ CH3(CH2)13CHs 3.613
9. | n-Hexadecane $$ Cetane 2,451
10. | n-Heptadecane 2.177
11. | n-Heptadecane 4.325
12. | Nonadecane (CAS) $$ n-Nonadecane 2.046
13. | n-Eicosane $$ Icosane 1.735
14. | n-Docosane $$ C22Has Standard $$ 1.179

N-docosane
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15. | Tricosane (CAS) $3$ n-Tricosane 0.747
16. | Tetracosane 0.329
17. | Pentacosane 0.072
18. | Hexacosane (CAS) $$ n-hexacosane $$ 0.034
cerane
19. | Heneicosane $$ n-Heneicosane 1.658
> Coami 26.186
Mono-alkilla avazlonmis alifatik
karbohidrogenlar
1. | 3-Methylhexane 0.007
2. | 2-Methylheptane $$(CHz).CH(CH2)sCH3 | 0.041
3. | 3-Methyloctane $$ Isononane 0.223
5. | 2-Methylnonane 0.136
6. | 3-Methylnonane 0.104
7. | 5-Methyldecane 0.166
8. | 4-Methyldecane 0.085
9. | 2-Methyldecane $$ n-CgH17CH(CHa): 0.209
10. | 3-Methyldecane $$ 2-Ethylnonane 0.126
11. | 4-Methylundecane 0.291
12. | 5-Methylundecane 1.061
13. | 2-Methylundecane 0.471
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14. | 3-Methyldodecane 1.026
15. | 2-Methyldodecane 1.595
16, | 4-Methyltridecane 0.882
17. | 3-Methyltetradecane 1.100
18. | 2-Methylpentadecane 0.738
19. | 2-Methylhexadecane 1.166
20. | 3-Methylhexadecane 1.096
21. | 2-Methylheptadecane 0.684
22. | 3-Methylheptadecane 1.150
23. | 3-Methyloctadecane 0.984
24. | 9-Methylnonadecane 0.300
25. | 10-Methylnonadecane 0.366
Y Cami 14.007
Di-alkilla avazlonmis alifatik
karbohidrogenlar
1. | 2,4-Dimethylheptane 0.130
2. | 2,3-Dimethylheptane 0.031
3. | 2,6-Dimethyloctane $$ Octane, 2,6- 0.219
dimethyl-
4. | 2,3-Dimethyloctane 0.086
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5. | 3,7-Dimethylnonane 0.184

6. | 2,6-Dimethylundecane 0.614

7. | 4,8-Dimethylundecane 0.572

8. | 2,5-Dimethyldodecane 0.453

9. | 4,8-Dimethyltridecane 0.567

> Comi 2.856

Tri-alkilla avezlonmis alifatik
karbohidrogenlar

1. | Dodecane, 2,6,10-trimethyl- $$ 1.411
Farnesane

2. | 2,6,10-Trimethylpentadecane 2.405

Y Cami 3.816

Tetra-alkillo avozlonmis alifatik
karbohidrogenlar

1. | Pentadecane, 2,6,10,14-tetramethyl- 4,561
(CAS) $$ Pristane (Field ion)

2. | Hexadecane, 2,6,10,14-tetramethyl- $$ 4.313
Phytane

Y Cami 8.874

> Biitiin alifatik karbohidrogenlarin 55.739

iimumi tarkibi
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Naften karbohidrogenlari

OIVoz olunmamis naften
karbohidrogenlari

1. | Cyclodecane 0.041

2. | Cyclotetradecane 0.522

3. | Cyclopentadecane 0.423

4. | Naphthalene, decahydro-, cis- $$ cis- 0.054
Decalin $$ cis-Perhydronaphthalene

5. | Naphthalene, decahydro-, trans- $$ trans- |  0.165
Bicyclo[4.4.0]Decane $$ trans- Decalin

6. | 1H-Indene, octahydro-, cis- (CAS) $3$ 0.08
cis-Hexahydroindan $$ cis-Hydrindan

7. | Pentalene, octahydro-, cis- $$ 0.016
cis-Bicyclo[3.3.0]octane

Y Cami 1.301

Mono-alkills avazlonmis naften
karbohidrogenlari

1. | Ethylcyclopentane 0,015

2. | n-Decylcyclopentane $$ Decane, 1,787
cyclopentyl-

3. | Methylcyclohexane $$ Sextone B 0,056

4. | Ethylcyclohexane 0,106

5. | n-Propylcyclohexane 0,141
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6. | 3-Methyl-1-cyclohexene 0.100

7. | n-Butylcyclohexane $$ Butane, 1- 0,181
cyclohexyl-

8. | 1-Cyclohexylheptane $$ n- 0,637
Heptylcyclohexane

9. | Cyclohexane, pentyl- $$ Pentane, 1- 0,223
cyclohexyl-

10. | Methylcyclododecane 0,335

11. | Naphthalene, decahydro-2-methyl- $$ 2- 0.219
methyldecalin

12. | Decahydro-2-methylnaphthalene 0.376

13. | 2-Methyloctahydropentalene 0.090

14. | Cyclohexane 0.536

> Cami 4.802

Di-alkilla avozlonmis naften
karbohidrogenlari

1. | cis-1,3-Dimethylcyclopentane 0.006

2. | cis-1,2-Dimethylcyclopentane 0.008

3. | 1-Ethyl-3-methylcyclopentane 0.020

4. | 1-Ethyl-2-methylcyclopentane 0.040

5. | Cyclopentane, (1-methylethyl)- $$ 0.007
Cyclopentane, isopropyl-

6. | trans-1-Methyl-2-propylcyclopentane 0.060

17




7. | Ethylpropylcyclopentane 0.046

8. | trans-1,2-Dimethylcyclohexane 0.057

9. | Cyclohexane, 1,1-dimethyl- $$ 0.006
Gem-Dimethylcyclohexane

10. | Cyclohexane, 1,4-dimethyl- (CAS) $$ 0.026
Hexahydroxylene

11. | trans-1-Ethyl-4-methylcyclohexane 0.068

12. | cis-1-Ethyl-4-Methylcyclohexane 0.029

13. | cis-1-Ethyl-3-methylcyclohexane 0.061

14. | cis-1,4-Dimethylcyclohexane 0.145

15. | 1,6-Dimethylcyclohexene 0.066

16. | 1-Methyl-2-propylcyclohexane 0.416

17. | (4-Methylpentyl)cyclohexane 0.356

18. | 1-methyl-2-phenylcyclopropane $$ 0.324
Benzene, (2-methylcyclopropyl)-

19. | 2-Cyclohexyloctane $$ (1- 0.707
Methylheptyl)cyclohexane

20. | Naphthalene, decahydro-1,6-dimethyl- 0.178
(CAS) $3% 1,6-dimethyldecalin

21. | Decahydro-2,6-dimethylnaphthalene 0.147

22. | cis-1,3-Bis(acetamidomethyl)-1,3- 0.511
dideuteriocyclohexane

> Cami 3.284
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Tri-alkilla avazlonmis naften
karbohidrogenlari

1. | Cyclopentane, 1,2,4-trimethyl-, 0.009
(1.alpha.,2.beta.,4.alpha.)-

2. | Cyclopentane, 1,2,3-trimethyl- (1.alpha 0.010
2.alpha.,3.beta)

3. | 1,1,3-Trimethylcyclohexane 0.075

4. | Cyclohexane, 1,2,3-trimethyl-, 0.019
(1.alpha.,2.alpha.,3.beta.)-

5. | 1,1,2-Trimethylcyclohexane 0.020

6. | 1,2,3-Trimethylcyclohexane 0.025

7. | 1-Ethyl-2,3-dimethylcyclohexane 0.015

8. | 1-Ethyl-2,3-dimethylcyclohexane 0.026

9. | Bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, 0.316
[1S (1.alpha., 2.beta., 5.alpha.)]-

10. | Cyclotetradecane, 1,7,11-trimethyl-4-(1- 0.393
methylethyl)- $$ Cembrane

> Cami 0.908

Tetra-alkillo avazlonmis naften
karbohidrogenlari

1. | 1,1,4,4-Tetramethylcyclohexane 0.014

2. | 1-ethyl-2,2,6-trimethylcyclohexane $$ 0.048
2-ethyl-1,1,3-trimethylcyclohexane

3. | 1,2,4,5-Tetraethylcyclohexane 0.378
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Cyclohexane, 1,2,3,5-tetraisopropyl- 0.670
Cami 1.11
Penta-alkillo avazlonmis naften kar-
bohidrogenlari
Decahydro-4,4,8,9,10- 0.656
pentamethylnaphthalene
Coami 0.656
Heksa-alkills avazlonmis naften
karbohidrogenlari
1,1,4,4,7,7-Hexamethylcyclononane 0.724
Comi 0.724
Biitiin naften karbohidrogenlarinin 12.785
iimumi tarkibi
Olefin karbohidrogenlari
9Vaz edilmomis olefin
karbohidrogenlari
4-Decene $$ (4E)-4-Decene 0.134
1-Nonene $$ n-Non-1-ene $$ 1-CoHi13 $$ | 0.026
Nonene-(1) $$ Nonylene
7-Hexadecene,(Z)-$$(72)-7-Hexadecene 0.617
1-Heptadecene $$ Hexahydroaplotaxene 1.353
Coami 2.130
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Mono-alkills avaz edilmis olefin kar-
bohidrogen

1. | 4-Methyl-1-decene 0.705
2. | 2-Methyl-Z-4-tetradecene 2.205
> Comi 2.910
> Biitiin olefin karbohidrogenlarinin 5.040
iimumi tarkibi
Aromatik karbohidrogenlar
9Voz olunmamis aromatik
karbohidrogenlar
1. | Benzene $$ [6]Annulene $$ Benzole $$ | 0.009
Coal naphtha $$ Cyclohexatriene
Y Coami 0.009
Mono-alkills avazlonmis aromatik
karbohidrogenlar
1. | Toluene $$ Methacide $$ Methyl-| 0.026
benzene $$ Methylbenzol
2. | Benzene, (1-methylethyl) $$ Isopropyl- | 0.045
benzene $$ Cumene $$ Cumol
3. | Benzene, (1-methylpropyl)- (CAS) $$| 0.053
sec-Butylbenzene $$ 2-Phenylbutane
4. | Benzene, (2-methyl-1-propenyl)- (CAS) 0.092

$3$ (2-Methylpropenyl)benzene
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Benzene, (1-methyl-1-butenyl)- $$ 0.343
2-Phenyl-2-pentene
Benzene, (1-ethyl-1-propenyl) $$ 0.230
3-Phenyl-2-pentene$$3-Phenyl-3-
pentene
1-Methylnaphthalene 0.812
alpha.,.beta.,.beta.-Trimethylstyrene $$| 0.181
2-Butene, 2-methyl-3-phenyl-

Comi 1.782

Di- alkillo avazlonmis aromatik
karbohidrogenlar

Benzene, 1-ethyl-3-methyl- $$ Toluene, 0.212
m-ethyl- $$ m-Ethylmethylbenzene
p —Xylene Benzene,1,4- dimethyl-1 0.109
Benzene, 1-ethyl-2-methyl- $$ Toluene, 0.070
o-ethyl- $3$ o-Ethylmethylbenzene
Benzene, 1-methyl-3-propyl- $$ Tolu- 0.166
ene, m-propyl- $$ m-Propyltoluene
Benzene, 1-methyl-2-(1-methylethyl)- $$ | 0.072
0-Cymene $$ o-Cymol
Benzene, 1-methyl-2-propyl $$ 2- 0.079
Propyltoluene $$ o-Propyltoluene
Benzene, 1-methyl-4-(1-methylpropyl) 0.058

$$ 1-Sec-butyl-4-methylbenzene
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Benzene, 1-methyl-4-(1-methylpropyl) 0.215
$$ 1-Sec-butyl-4-methylbenzene
1,6-Dimethylnaphthalene 0.999
Cami 1.980
Tri-alkilla avozlonmis aromatik
karbohidrogenlar
1,2,4-Trimethylbenzene $$ Cumene 0.075
1,2,3-Trimethylbenzene $$ 0.286
Hemimellitene
2-ethyl-1,4-dimethylbenzene 0.094
Benzene,1-ethyl-2,4-dimethyl $$ 0.118
4-Ethyl-m-xylene
2-ethyl-1,4-dimethyl-benzene 0.078
Benzene, 4-ethyl-1,2-dimethyl $$ 0.470
0-Xylene, 4-ethyl- $$ 2-Methyl-pethyl-
toluene
Naphthalene, 1,6,7-trimethyl- (CAS) $3$ 0.767
2,3,5-Trimethylnaphthalene
4,6,8-Trimethylazulene 1.204
Cami 3.092
Tetra-alkillo avazlonmis aromatik
karbohidrogenlar
1,2,4,5-Tetramethylbenzene $$ Durol 0.223
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1,2,3,4-Tetramethylbenzene $$ 0.145
Prehnitol
AR-ethyl-1,2,4-trimethylbenzene 0.137
Benzene, 1,2,3,4-tetramethyl-4- 0.469
(1-methylethenyl)
(2)-2-(1'- propenyl)Mesitylene $$ Me- 0.486
sitylene, 2-propenyl-, (Z)-
Coami 1.460
Biitiin aromatik karbohidrogenlarin 8.323
iimumi tarkibi
Naften-aromatik karbohidrogenlar
9Vaz edilmomis naften-aromatik kar-
bohidrogenlar
Naphthalene, 1,2,3,4-tetrahydro- (CAS) 0.774
$$ Tetranap $$ Tetralin

Indane $$ 1H-Indene,2,3-dihydro- $3$ 0.249
Benzocyclopentane $$ Hydrindene
Octahydrophenanthrene 0.952
1,2,3,3a,8,8a hexahydrocyclopent[a]- 0.315
indene

Benzocycloheptatriene $$ 5H-Benzo[a]- | 0.462
cycloheptene

Cami 2.752
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Mono-alkills avazlonmis
naften-aromatik karbohidrogenlar

1- methyl-2-phenylcyclopropane 0.402
Naphthalene, 1,2,3,4-tetrahydro-2- 0.268
methyl- (CAS) $$ 2-Methyltetralin
Naphthalene, 1,2,3,4-tetrahydro-6- 0.697
methyl- (CAS) $$ 6-Methyltetralin
Naphthalene, 1,2,3,4-tetrahydro-5- 0.815
methyl- (CAS) $$ 5-Methyltetralin
Naphthalene, 6-ethyl-1,2,3,4-tetrahydro- 0.310
(CAS) $$ 6-Ethyltetraline

Cami 2.743

Di-alkills avozlonmis naften-aromatik
karbohidrogenlar
Naphthalene, 1,2,3,4-tetrahydro-2,7- 0.881
dimethyl $$ 2,7-Dimethyltetralin
Naphthalene, 1,2,3,4-tetrahydro-1,1- 0.629
dimethyl- $$ 1,1-Dimethyltetralin
. | Naphthalene, 1,2,3,4-tetrahydro-1,4- 0.352
yl- $$ 1,4-Dimethyltetralin

1H-Indene, 2,3-dihydro-4,7-dimethyl- $$ 0.371
Indan, 4,7-dimethyl-

Cami 2.233
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Tri-alkillo avezlonmis naften-aromatik
karbohidrogenlar

1. | Naphthalene, 1,2,3,4-tetrahydro-2,5,8- 0.656
trimethyl- $$ 2,5,8-Trimethyltetralin
2. | 1H-Indene, 2,3-dihydro-1,1,3-trimethyl- 0.171
$3 Indan, 1,1,3-trimethyl-
3. | 1H-Indene, 2,3-dihydro-4,5,7-trimethyl- 0.165
(CAS) $$ 4,5,7-trimethylindane
Y Coami 1.792
> Biitiin naften-aromatik karbohi- 9.520
drogenlarin iimumi tarkibi
Steroidlar
1. | 14-Beta-H-PregnaA $3$ 14B-Pregnane 3.190
> Cami 3.190
> Umumi steroid tarkibi 3.190
Heteroatomlu birlasmalar
Azot tarkibli
1. | 2,4-Dymethyl-1,5-diazabicyclo[3.1.0] 0.123
hexane (cis)
2. | 4-Phenyl-1,2,3,6-tetrahydropyridine 0.296
3. | N,N'-Dibutylidene-hydrazine 0.053
Y Cami 0.472
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Oksigenlosdirilmis

1. | 2-ethyl-4-methyl-5,6-dihydro-2H-pyran 0.026
2. | 2-heptylfuran $$ 2-n-Heptylfuran 0.192
3. | tret-Butyl-8-Methyl-10-azabicyclo- 0.521

[4.3.1]deca-3,7-diene-10-carboxylate
> Cami 0.739
> Biitiin heteroatomik birlosmalarin 1.211

iimumi tarkibi
Kompleks birlagsmalor

1. | Iron, tricarbonylchloro(eta.3-2- 0.595

propenyl)-
> Cami 0.595
> Kompleks birlosmoalorin iimumi 0.595

tarkibi
Digar birlosmalar
Oksidlasmis komponentlar
(ketonlar, spirtlar, tursular, efirlar)

1. | bicyclo[2.2.1]hept-2'-en-7'-ylidene)acetic 0.062

acid
2. | Methyl 4,6-decadienyl ether 0.496
3. | 2-Butyl-1-octanol 0.156
4. | 1-Methyl-bicyclo[4.1.1]octan-7-one 0.026
5. | Benzyl (dideuterated )methyl ether 0.180
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6. | trans-4-Methyl-5-isopropylcyclopent-2- 0.038
en-1-one

7. | 2-Cyclopenten-1-one, 2-(2-butenyl)-4- 0.339
hydroxy-3-methyl,(Z) $$ Cinerolon

8. | trans-2-Ethyl-3-methylcylohexanone 0.059

9. | Salvialane (terpenoid) 0.29

10. | Pyridine-3-carboxamide, oxime, N-(2- 0.525
trifluoromethylphenyl)-

> Oksidlasmis birlosmalorin iimumi 2.171

tarkibi
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I. INTRODUCTION

Analytical viewing on the pertinent investigations
provide distinct and valuable information on different
types of hydrocarbons placed in a diesel fuel.

So, the variety hydrocarbon type content in the diesel
fuel is considered in terms of its impact on the fuel per-
formance characteristics, such as cetane number, diesel
index, solidification temperature point, etc. [1]. It is in-
ferred and postulated in the article that the data obtained
are not sufficient to form full and complete description of
the fuel. Thus, the additional information on the ratio of
mono- and bicyclic arenes, low-molecular-weight alkanes,
iso-paraffins, i.e. the quantitative data on individual hy-
drocarbons in the fuel composition are needed [1].

The hydrocarbon content of the once-run and hydro-
fined diesel fuels (summer and winter patterns) produced
by  direct  disposal by  “LukOil  Nizhny-
Novgorodpetroleumsynthesis” LLC is considered in
terms of its effect on low temperature properties [2]. It
was found that the straight-run diesel fuel chilling temper-
ature depends on the ratio between light fractions which
make up to 20% of the total fuel content and heavy high
molecular weight cycloalkanes. Factors that determine the
required pour point for the hydrofined diesel fuels of the
summer and winter seasonal modes are constituent frac-
tions making up 40 and 50%, respectively.
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In the work of the same authors, a similar scheme was
applied to environmentally friendly fuels produced by the
“LukOil Nizhny-Novgorodorganicsynthesis” LLC and the
same results were deduced [3]. It is underlined there that
light fractions, besides acceptable pour point, have also
high thermal stability. Heavy fractions of the the hydro-
fined diesel making up up about 80% of the total fuel con-
tent, are high-meltable cycloalkanes of the high solidifica-
tion temperature index, which ultimately define the main
operational characteristics of a fuel [3].

Overseas experts did not also stay out of these studies,
however being emphasized to the ecological and methodo-
logical sides of these issues. Indeed, the [Ref. 4] indicates
the trivial importance of a transport diesel fuel hydrocar-
bon content determination being as an integrated part of
the process of optimazation of a fuel composition, as well
as for designing of an internal combustion engine with
regulating exausted gas emission.

The authors present a combined method of ionization
mass spectrometry and gas chromatography (GC-IMC),
recommended for the detailed determination of the hydro-
carbon types in a diesel fuel. The efficiency and resolving
power of the proposed GC-IMC method authors have
proved by comparing the profiles of the hydrocarbon con-
tent obtained by routine methods.

Thus, advantage of the GC-IMS method is, unlike
other ones, to separate n-paraffins from their iso-
analogues and cycloparaffins [4].
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The article [Ref. 5] re-introduces and recommends
again the GC-IC as utterly efficient and reliable express
means for exausting analysis of a diesel fuel. Additional
new advantages are thoroughly described, results of spe-
cially prepared and developed control samples with
known ratios of saturated and unsaturated hydrocarbons,
iso- and cycloalkanes are given [5].

All results obtained by different methods complement
with each other, thus, this research demonstrates the accu-
racy and relevance of the use of GC-IC method for the
analysis of hydrocarbon content of complex oil systems
[5].

Although the MS methods have been widely used for
analysis of different oils and fuels for the last 50 years, the
comprehensive characterization of oil compositions within
the wide- terms boiling range still remains actual. More
and more advanced models of mass spectrometers are be-
ing appeared to expand significantly the possibilities of
detailed identification of compounds.

High resolution mass spectrometry (GC-IE-HRMS) is
proposed for detailed analysis of oil products with a range
of carbon numbers C6-C44 [6]. Using this method, GC
separates hydrocarbon molecules by boiling points, the
ionization in an electric field (IE) generates intact molecu-
lar ions for both aromatic and saturated oil molecules elut-
ed from the GC.

The elemental composition of these molecular ions is
identified by a high-resolution mass spectrometer
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(HRMS) with a mass resolution of up to 7000 and a mass
measurement accuracy of + 3 millidaltons, which, in turn,
provides detailed chemical information for petroleum hy-
drocarbon molecules (heteroatomic composition, number
of rings, plus double bond and carbon number) as well [6].

A high-resolution mass spectrometer equipped with a
time-of-flight pulse ion analyzer generated in the gas
phase in an electric field (IE-VPIA-MSVR) provides a
three-stage separation of complex mixtures. As a result,
researchers have the opportunity to obtain the most de-
tailed information about the hydrocarbon composition of
petroleum products [7].

It is reported about the use of a method that combines
the capabilities of supercritical liquid chromatography
(SCLC) with field ionization time-of-flight mass spec-
trometry IE-VP-HRMS, in parallel with ultraviolet (UVD)
and flame ionization detection (FID) for rapid quantitative
analysis of middle oil distillates [8].

SCLC separates middle distillates of oil into saturated
hydrocarbons and hydrocarbons with 1-3 aromatic rings.
IE generates molecular ions for hydrocarbons eluted from
SCLC. High resolution and accurate mass measurements
using VP-HRMS mass spectrometry make it possible to
determine the elemental composition of petroleum product
molecules. The amounts of saturated compounds and
types of aromatic

rings are quantified using the parallel use of FID and
UVD detectors. With this approach and the correct cali-
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bration of the carbon number, the detailed composition of
the middle petroleum distillate is quickly determined [8].

lonization mass spectrometry (IMS) was used to ana-
lyze two fuels that had similar H / C ratios but differed
significantly in the final fraction at a distillation tempera-
ture of 290°C (R-290) [9]. The authors wanted to find
out the reasons why these fuels gave different amounts of
exhaust and particulate matter emissions. The results of
the IMS showed that the fuel with low R-290 consisted of
aliphatic hydrocarbons with low and aromatic hydrocar-
bons with a high number of carbon atoms and therefore
had a low flammability. Hence, the observed increased
emissions of hydrocarbons and particulate matter than in
the case of fuels with a high R-290 [9].

Another one of, the most modern mass spectrometric
method is presented in work [10]. The method includes
desorption ionization in an electric field and a Fourier
transform ion-cyclotron resonance mass analyzer (DI-MS-
ICR-F) as a method for the detailed determination of aro-
matic compounds in fractionated crude oil and refinery
process streams. The high efficiency of DI of nonpolar
molecules in combination with unprecedented mass reso-
lution and accuracy using MS-ICR-F made it possible to
unambiguously determine the elemental composition for ~
700-1400 types of hydrocarbons in the condensed phase.
Based on the elemental composition

assignments, the authors of the study provide a com-
plete definition of the class and type for enriched aro-

39



matic fractions from oil refining process streams, includ-
ing vacuum gas oil with high and low sulfur content, cata-
Iytic cracking bottoms and vacuum coking gas oils. These
process streams were selected to demonstrate the capabili-
ties of DI-MS-ICR-F for various oil formulations.

The data obtained with using this method are in good
agreement with the predicted characteristics of the process
streams of the refinery. Analysis of DI-MS-ICR-F is able
to cover all oil components, from metal porphyrins, nitro-
gen-containing compounds to naphthenic acids, aromatic
hydrocarbons and thiophenoaromatic compounds [10].

Thus, based on a brief review of studies to determine
the hydrocarbon composition of petroleum fractions, the
following conclusions can be drawn:

1. The most informative and under development are
mass spectrometric methods of analysis. At the same time,
by varying the methods of ionization and types of mass
detectors, as well as various chromatographic attachments,
researchers manage to achieve an almost complete analy-
sis of hydrocarbons in a wide variety of oil systems.

2. Determination of the hydrocarbon composition of
diesel fuel is mainly aimed at adjusting the quality of the
latter, in order to bring the fuel in line with existing stand-
ards for emissions of exhaust gases and particulate matter,
as well as for its suitability for use in various seasonal
conditions.

Thus, having data on the component composition,
and, in particular, on the hydrocarbon content of a diesel
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fuel and based on the existing theoretical background, re-
searchers, experts, specialists and, in general, interested
persons can make appropriate predictions and adjustments
for purposeful applications of these wonderful oil compo-
sitions.

I1. Methodological aspects, characteristics of ob-
jects and equipment used in

The object of this research was diesel fuel produced
by the State Oil Company of the Azerbaijan Republic for
refueling motor vehicles.

The analysis of the diesel fuel hydrocarbon / content
was carried out by chromatography-mass spectrometry on
a GC-MS instrument, Agilent Technologies 7890B (GC) -
5977B (MSD), with the identification of components in
the mass range m / z = 30 - 550.
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I11. Results of mass spectrometric analysis

Table. Diesel Fuel — Diesel 1

Ne Aliphatic hydrocarbons content,
%
n-paraffins

1. | n-Heptane $$ Skellysolve $$ Heptyl hy-| 0,025
dride $$ n-C7H1e

2. n-Nonane $$ Shellsol 140 $$ n-CoHoo 0,321

3. n-Decane $$ Isodecane $$ n-CioH22 $$ De- 0.659
syl Hydride

4. n-Undecane $$ Hendecane $$ $$ n-Ci1iH24 | 0,994
$$ Undecan

5. n-Dodecane$$ Adakane 12 $$ Isododecane 1,533

6. n-Tridecane $$ n-tri-decanene 1.951

7. n-Tetradecane 2514

8. | n-Pentadecane $$ CH3(CH:)13CHs 3.613

0. n-Hexadecane $$ Cetane 2,451

10. | n-Heptadecane $$ Normal-heptadecane 2.177

11. | n-Heptadecane 2.148

12. | Nonadecane (CAS) $$ n-Nonadecane 2.046

13. | n-Eicosane $$ Icosane 1.735
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14. | n-Docosane $$ Cz2Has Standard $$ 1.179
N-docosane
15. | Tricosane (CAS) $$ n-Tricosane 0.747
16. | Tetracosane 0.329
17. | Pentacosane 0.072
18. | Hexacosane (CAS) $$ n-hexacosane $3$ 0.034
cerane
19. | Heneicosane $$ n-Heneicosane 1.658
Y Sum 26.186
Mono-alkyl-substituted aliphatic
hydrocarbons
1. | 3-Methylhexane 0.007
2. | 2-Methylheptane $$ (CH3).CH(CH2)4CHs 0.041
3. | 3-Methyloctane $$ Isononane 0.195
4. | Octane, 3-methyl- (CAS) $$ 3- 0.028
Methyloctane $$ Isononane
5. | 2-Methylnonane 0.136
6. | 3-Methylnonane 0.104
7. | 5-Methyldecane 0.166
8. | 4-Methyldecane 0.085
9. | 2-Methyldecane $$ n-CgH17CH(CHa): 0.209
10. | 3-Methyldecane $$ 2-Ethylnonane 0.126
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11. | 4-Methylundecane 0.291
12. | 5-Methylundecane 1.061
13. | 2-Methylundecane 0.471
14. | 3-Methyldodecane 1.026
15. | 2-Methyldodecane 1.595
16, | 4-Methyltridecane 0.882
17. | 3-Methyltetradecane 1.100
18. | 2-Methylpentadecane 0.738
19. | 2-Methylhexadecane 1.166
20. | 3-Methylhexadecane 1.096
21. | 2-Methylheptadecane 0.684
22. | 3-Methylheptadecane 1.150
23. | 3-Methyloctadecane 0.984
24. | 9-Methylnonadecane 0.300
25. | 10-Methylnonadecane 0.366
> Sum 14.007
Di-alkyl-substituted aliphatic
hydrocarbons

1. | 2,4-Dimethylheptane 0.130
2. | 2,3-Dimethylheptane 0.031
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3. | 2,6-Dimethyloctane $$ Octane, 0.219
2,6-dimethyl- (9CI)
4. | 2,3-Dimethyloctane 0.086
5. | 3,7-Dimethylnonane 0.184
6. | 2,6-Dimethylundecane 0.614
7. | 4,8-Dimethylundecane 0.572
8. | 2,5-Dimethyldodecane 0.453
9. | 4,8-Dimethyltridecane 0.567
Y Sum 2.856
Tri-alkyl-substituted aliphatic
hydrocarbons
1. | Dodecane, 2,6,10-trimethyl- $$ Farnesane 1.411
2,6,10-Trimethylpentadecane 2.405
> Sum 3.816
Tetra-alkyl-substituted aliphatic hydro-
carbons
1. | Pentadecane, 2,6,10,14-tetramethyl- (CAS) 4,561
$$ Pristane (FIELD ION)
2. | Hexadecane, 2,6,10,14-tetramethyl- $3$ 4.313
Phytane
> Sum 8.874
Y The total content of all aliphatic 55.739

hydrocarbons
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Naphthenic hydrocarbons

Unsubstituted naphthenic hydrocarbons

1. | Cyclodecane 0.041

2. | Cyclotetradecane 0.522

3. | Cyclopentadecane 0.423

4. | Naphthalene, decahydro-, cis- $$ 0.054
cis-Decalin $$ cis-Perhydronaphthalene

5. | Naphthalene, decahydro-, trans- $$ trans- | 0.165
Bicyclo[4.4.0]Decane $$ trans- Decalin

6. | 1H-Indene, octahydro-, cis- (CAS) $3$ 0.08
cis-Hexahydroindan $$ cis-Hydrindan

7. | Pentalene, octahydro-, cis- $$ 0.016
cis-Bicyclo[3.3.0]octane

Y Sum 1.301

Mono-alkyl-substituted naphthenic
hydrocarbons

1. | Ethylcyclopentane 0,015

2. | n-Decylcyclopentane $$ Decane,- 1,787
cyclopentyl

3. | Methylcyclohexane $$ Sextone B 0,056

4. | Ethylcyclohexane 0,106

5. | n-Propylcyclohexane 0,141

6. | 3-Methyl-1-cyclohexene 0.100
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7. | n-Butylcyclohexane $$ Butane, 0,181
1-cyclohexyl-

8. | 1-Cyclohexylheptane $$ n-Heptyl- 0,637
cyclohexane

9. | Cyclohexane, pentyl- $$ Pentane, 0,223
1-cyclohexyl-

10. | Methylcyclododecane 0,335

11. | Naphthalene, decahydro-2-methyl- $$ 0.219
2-methyldecalin

12. | Decahydro-2-methylnaphthalene 0.376

13. | 2-Methyloctahydropentalene 0.090

14. | Cyclohexane, 1,1' -(1,4-butanediyl)bis- 0.536
(CAS) $% 1,4-Dicyclohexylbutane

Y Sum 4.802

Di-alkyl-substituted naphthenic
hydrocarbons

1. | cis-1,3-Dimethylcyclopentane 0.006

2. | cis-1,2-Dimethylcyclopentane 0.008

3. | 1-Ethyl-3-methylcyclopentane 0.020

4. | 1-Ethyl-2-methylcyclopentane 0.040

5. | Cyclopentane, (1-methylethyl)- $$ 0.007
Cyclopentane, isopropyl-

6. | trans-1-Methyl-2-propylcyclopentane 0.060
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7. | Ethylpropylcyclopentane 0.046

8. | trans-1,2-Dimethylcyclohexane 0.057

9. | Cyclohexane, 1,1-dimethyl- $3$ 0.006
Gem-Dimethylcyclohexane

10. | Cyclohexane, 1,4-dimethyl- (CAS) $$ 0.026
Hexahydroxylene

11. | trans-1-Ethyl-4-methylcyclohexane 0.068

12. | cis-1-Ethyl-4-Methylcyclohexane 0.029

13. | cis-1-Ethyl-3-methylcyclohexane 0.061

14. | cis-1,4-Dimethylcyclohexane 0.145

15. | 1,6-Dimethylcyclohexene 0.066

16. | 1-Methyl-2-propylcyclohexane 0.416

17. | (4-Methylpentyl)cyclohexane 0.356

18. | 1-methyl-2-phenylcyclopropane $$ 0.324
Benzene, (2-methylcyclopropyl)-

19. | 2-Cyclohexyloctane $$ (1-Methylheptyl)- 0.707
cyclohexane

20. | Naphthalene, decahydro-1,6-dimethyl 0.178
(CAS) $3% 1,6-dimethyldecalin

21. | Decahydro-2,6-dimethylnaphthalene 0.147

22. | cis-1,3-Bis(acetamidomethyl)-1,3- 0.511
dideuteriocyclohexane

Y Sum 3.284
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Tri-alkyl-substituted naphthenic
hydrocarbons

1. | Cyclopentane, 1,2,4-trimethyl-, (1.alpha., 0.009
2.beta., 4.alpha.)-

2. | Cyclopentane, 1,2,3-trimethyl- (1.ALPHA., 0.010
2.ALPHA., 3.BETA)

3. | 1,1,3-Trimethylcyclohexane 0.075

4. | Cyclohexane, 1,2,3-trimethyl-, (1.alpha., 0.019
2.alpha., 3.beta.)-

5. | 1,1,2-Trimethylcyclohexane 0.020

6. | 1,2,3-Trimethylcyclohexane 0.025

7. | 1-Ethyl-2,3-dimethylcyclohexane 0.015

8. | 1-Ethyl-2,3-dimethylcyclohexane 0.026

9. | Bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, 0.316
[1S(1.alpha.,2.beta.,5.alpha.)]-

10. | Cyclotetradecane, 1,7,11-trimethyl-4-(1- 0.393
methylethyl)- $$ Cembrane

Y Sum 0.908

Tetra-alkyl-substituted naphthenic
hydrocarbons

1. | 1,1,4,4-Tetramethylcyclohexane 0.014

2. | 1-ethyl-2,2,6-trimethylcyclohexane $$ 2- 0.048
ethyl-1,1,3-trimethylcyclohexane

3. | 1,2,4,5-Tetraethylcyclohexane 0.378
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4. | Cyclohexane, 1,2,3,5-tetraisopropyl- 0.670
Y Sum 1.11
Penta-alkyl-substituted naphthenic
hydrocarbons
1. | Decahydro-4,4,8,9,10- 0.656
pentamethylnaphthalene
Y Sum 0.656
Heksa-alkyl-substituted naphthenic
hydrocarbons
1. | 1,1,4,4,7,7-Hexamethylcyclononane 0.724
> Sum 0.724
> The total content of all naphthenic 12.785
hydrocarbons
Olefinic hydrocarbons
Unsubstituted olefinic hydrocarbons
1. | 4-Decene $$ (4E)-4-Decene 0.134
2. | 1-Nonene $$ n-Non-1-ene $$ 1-CoHis $$| 0.026
Nonene-(1) $$ Nonylene
3. | 7-Hexadecene, (Z2)- $$ (7Z)-7-Hexadecene 0.617
4. | 1-Heptadecene $$ Hexahydroaplotaxene 1.353
Y Sum 2.130
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Mono-alkyl substituted olefinic
hydrocarbons

1. | 4-Methyl-1-decene 0.705

2. | 2-Methyl-Z-4-tetradecene 2.205

Y Sum 2.910

> | Total content of all olefinic hydrocarbons 5.040

Aromatic hydrocarbons
Unsubstituted aromatic hydrocarbons
1. | Benzene $$ [6]Annulene $$ Benzole $$| 0.009
Coal naphtha $$ Cyclohexatriene
Y Sum 0.009
Mono-alkyl-substituted aromatic
hydrocarbons

1. | Toluene $$ Methacide $$ Methylbenzene | 0.026
$$ Methylbenzol

2. | Benzene, (1-methylethyl) $$ Isopropyl-| 0.045
benzene $$ Cumene $$ Cumol

3. | Benzene, (1-methylpropyl)- (CAS) $$ 0.053
sec-Butylbenzene $$ 2-Phenylbutane

4. | Benzene, (2-methyl-1-propenyl)-(CAS) $$| 0.092
(2-Methylpropenyl)benzene

5. | Benzene, (1-methyl-1-butenyl)- $$ 0.343

2-Phenyl-2-pentene
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Benzene, (1-ethyl-1-propenyl) $$ 3-Phenyl- |  0.230
2-pentene $$ 3-Phenyl-3-pentene
1-Methylnaphthalene 0.812
alpha.,.beta.,.beta.-Trimethylstyrene $$ 0.181
2-Butene, 2-methyl-3-phenyl-

Sum 1.782

Di-alkyl-substituted aromatic
hydrocarbons

Benzene, 1-ethyl-3-methyl- $$ Toluene, 0.212
m-ethyl- $$ m-Ethylmethylbenzene
p —Xylene Benzene,1,4- dimethyl-1 0.109
Benzene, 1-ethyl-2-methyl- $$ Toluene, 0.070
o-ethyl- $$ o-Ethylmethylbenzene
Benzene, 1-methyl-3-propyl- $$ Toluene, 0.166
m-propyl- $$ m-Propyltoluene
Benzene, 1-methyl-2-(1-methylethyl)- $$ 0.072
0-Cymene $$ o-Cymol
Benzene, 1-methyl-2-propyl $$ 0.079
2-Propyltoluene $$ o-Propyltoluene
Benzene, 1-methyl-4-(1-methylpropyl) $$ 0.058
1-Sec-butyl-4-methylbenzene
Benzene, 1-methyl-4-(1-methylpropyl) $$ 0.215
1-Sec-butyl-4-methylbenzene
1,6-Dimethylnaphthalene 0.999

Sum 1.980
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Tri-alkyl-substituted aromatic
hydrocarbons

1. | 1,2,4- Trimethylbenzene $$ CUMENE 0.075

2. | 1,2,3-Trimethylbenzene $$ Hemimellitene 0.286

3. | 2-ethyl-1,4-dimethylbenzene 0.094

4. | Benzene,1-ethyl-2,4-dimethyl $$ 4-Ethyl- 0.118
m-Xxylene

5. | 2-ethyl-1,4-dimethyl-benzene 0.078

6. | Benzene, 4-ethyl-1,2-dimethyl $$ o- 0.470
Xylene, 4-ethyl- $$ 2-Methyl-pethyltoluene

7. | Naphthalene, 1,6,7-trimethyl- (CAS) $$ 0.767
2,3,5-Trimethylnaphthalene

8. | 4,6,8-Trimethylazulene 1.204

Y Sum 3.092

Tetra-alkyl-substituted aromatic
hydrocarbons

1. | 1,2,4,5-Tetramethylbenzene $$ Durol 0.223

2. | 1,2,3,4-Tetramethylbenzene $$ Prehnitol 0.145

3. | AR-ethyl-1,2,4-trimethylbenzene 0.137

4. | Benzene, 1,2,3,4-tetramethyl-4-(1- 0.469

methylethenyl)
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5. | (2)-2-(1'- propenyl)Mesitylene $$ Mesity- 0.486
lene, 2-propenyl-, (2)-
Y Sum 1.460
> The total content of aromatic 8.323
hydrocarbons
Naphthene-aromatic hydrocarbons
Unsubstituted naphthenic-aromatic
hydrocarbons
1. | Naphthalene, 1,2,3,4-tetrahydro- (CAS) $$ 0.774
Tetranap $$ Tetralin
2. | Indane $$ 1H-Indene,2,3-dihydro- $$ Ben- 0.249
zocyclopentane $$ Hydrindene
3. | Octahydrophenanthrene 0.952
4. | 1,2,3,3a,8,8a-hexahydrocyclopent[a]indene 0.315
5. | Benzocycloheptatriene $$ 5H-Benzo[a]- | 0.462
cycloheptene
> Sum 2.752
Mono-alkyl-substituted
naphthene-aromatic hydrocarbons
1. | 1- methyl-2-phenylcyclopropane 0.402
2. | Naphthalene, 1,2,3,4-tetrahydro-2-methyl- 0.268

(CAS) $3% 2-Methyltetralin
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Naphthalene, 1,2,3,4-tetrahydro-6-methyl- 0.697
(CAS) $$ 6-Methyltetralin
Naphthalene, 1,2,3,4-tetrahydro-5-methyl- 0.815
(CAS) $$ 5-Methyltetralin
Naphthalene, 6-ethyl-1,2,3,4-tetrahydro- 0.310
(CAS) $$ 6-Ethyltetraline
Sum 2.743
Di-alkyl-substituted
naphthene-aromatic hydrocarbons
Naphthalene, 1,2,3,4-tetrahydro-2,7- 0.881
dimethyl $$ 2,7-Dimethyltetralin
Naphthalene, 1,2,3,4-tetrahydro-1,1- 0.629
dimethyl- $$ 1,1-Dimethyltetralin
Naphthalene, 1,2,3,4-tetrahydro-1,4- 0.352
dimethyl- $$ 1,4-Dimethyltetralin
1H-Indene, 2,3-dihydro-4,7-dimethyl- $$ 0.371
Indan, 4,7-dimethyl-
Sum 2.233
Tri-alkyl-substituted
naphthene-aromatic hydrocarbons
Naphthalene, 1,2,3,4-tetrahydro-2,5,8-tri- 0.656
methyl- $$ 2,5,8-Trimethyltetralin
1H-Indene, 2,3-dihydro-1,1,3-trimethyl- $$ 0.171

Indan, 1,1,3-trimethyl-
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3. | 1H-Indene, 2,3-dihydro-4,5,7-trimethyl- 0.165
(CAS) $% 4,5,7-Trimethylindane
Y Sum 1.792
Y The total content of 9.520
naphthenic-aromatic hydrocarbons
Steroids
1. | 14-Beta-H-PREGNA $$ 14B-PREGNANE 3.190
Y Sum 3.190
> Total steroid content 3.190
Heteroatomic compounds
Nitrogen-containing
1. | 2,4-Dymethyl-1,5-diazabicyclo[3.1.0]- 0.123
hexane (cis)
2. | 4-Phenyl-1,2,3,6-tetrahydropyridine 0.296
3. | N,N'-Dibutylidene-hydrazine 0.053
Y Sum 0.472
Oxygenated
1. | 2-ethyl-4-methyl-5,6-dihydro-2H-pyran 0.026
2. | 2-heptylfuran $$ 2-n-Heptylfuran 0.192
3. | tret-Butyl-8-Methyl-10-azabicyclo[4.3.1]- 0.521
deca-3,7-diene-10-carboxylate
> Sum 0.739
> The total content of all heteroatomic 1.211

compounds
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Complex compounds

1. | Iron, tricarbonylchloro(eta.3-2-propenyl)- 0.595
Y Sum 0.595
> | The total content of complex compounds 0.595
Other compounds
Oxidized components
(ketones, alcohols, acids, ethers)
1. | bicyclo[2.2.1]hept-2'-en-7'-ylidene)acetic 0.062
acid
2. | Methyl 4,6-decadienyl ether 0.496
3. | 2-Butyl-1-octanol $$ Michel XO-150-12 0.156
4. | 1-Methyl-bicyclo[4.1.1]octan-7-one 0.026
5. | Benzyl (dideuterated )methyl ether 0.180
6. | trans-4-Methyl-5-isopropylcyclopent-2-en- 0.038
1-one
7. | 2-Cyclopenten-1-one, 2-(2-butenyl)-4- 0.339
hydroxy-3-methyl,(Z) $$ Cinerolon
8. | trans-2-Ethyl-3-methylcylohexanone 0.059
9. | salvialane (terpenoid) 0.29
10. | Pyridine-3-carboxamide, oxime, N-(2- 0.525
trifluoromethylphenyl)-
> Total content of oxidized components 2.171
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makdice 051 8XOHCOeHUsL 8 OAHK OAHHBIX NO KOMNOHEHMHOMY
cocmagy Ou3eibHbIX MONIUS.

63



I. BBEAEHHUE

AHanu3 TUTEpaTypHOIrO MaTepuala MoKa3blBaET, YTO
uMeeTcsl cepus paboT, TIe MPUBOAATCA JAHHBIE 110
aHaJIM3Y Pa3JIMYHBIX THUIIOB YIJIEBOJOPOJIOB B COCTABE JH-
3€JIbHOT'O TOIUIMBA.

Tak, B paboTe [1] paccMOTpeH TpynnoBoil yrieBoo-
POIIHBII COCTaB IU3EJIBHOTO TOIUIMBA B aCHEKTE BIUSHUSA
Ha 3KCIUTyaTallUOHHBIE CBOMCTBA MOCIEAHET0. B kauecTBe
KpUTEPHUEB KauecTBa TOIJIMBA ObUIM PAaCCMOTPEHBI TaKHE
MIOKA3aTeau KaK LIETAaHOBOE YHUCIO, AW3EIbHBIA HHIEKC,
TeMIepaTypa 3acTbiBaHus U Apyrue. B cratee chopmymnu-
pOBaH BBIBOJ, YTO IOJIyYEHHBIE JAHHBIE HEJOCTATOYHBI
IUI. TIOJIHOTO M HMCYEPIIBIBAIOLLIEIO OIMCAaHUSA CBOMCTB
TOIUIMBA ¥ YTO HEOOXO0JMMa JOMOJIHUTEIbHAs HHpOpMa-
U O COOTHOIIEHHUH MOHO- M OMIMKINYECKHX apeHOB,
HU3KO- UM BBICOKOMOJIEKYJISIDHBIX QJIKaHOB M HU30-
napauHOB, TO €CTh TPEOYIOTCA JaHHBIE IO KOJIHYe-
CTBEHHOMY COJIEP’KaHMIO WHJMBHUIYAJIBHBIX YIJIEBOJO-
POJIOB B COCTaBE TOILIMBA.

B npyroii ctatee paccMOTPEH YIJIEBOJOPOIHBIN CO-
CTaB MPSMOTOHHOTO M THJIPOOYMILEHHOIO (JIETHETO H
3UMHEr0) JU3ENbHBIX TOIUIMB, Mpou3BoauMbix B OOO
«JTYKOMJTHukeropoase(pTeoOprcHHTEs», B aCIeKTe MX
BIUSHUS Ha HU3KOTEMIIEPATYpHBIE CBOMCTBA JU3EIBHBIX
TOIUIMB [2]. YCTaHOBIIEHO, YTO TeMIEpaTypa 3aCThIBAHUS
B IIPSIMOTOHHOM JAM3EJIbHOM TOIJIMBE 3aBUCUT OT COOTHO-
HIeHUs JETKuX (pakiuii, cocTaBisiromux okoio 20% co-
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CTaBa U TSHKEIBIX BBICOKOMOJIEKYJISPHBIX ITUKJIOATKAHOB.
JI71st TUAPOOUHUIIIEHHOT'O TOILJIMBA JIETHETO U 3UMHETo (a-
coHa (paKTOpOM, OMpPEACISAIONIUM HYXHYIO TeMIIepaTypy
3aCThIBaHUS, SIBIAIOTCA (PPaKIUU, COCTABISIONINE MPH-
Oomm3utenbHO okojo 40 m 50% ero cocraBa, COOTBET-
CTBEHHO.

B pabote Tex ke aBTOpOB MpUMEHEHA aHAJOTUYHAS
cXxema JJisi SKOJIOTMYECKH YMCTOrO TOIUIMBA, MPOU3BOU-
moro B 000 «JIYKOMJTHmxkeropoaHedTeopreMuTes), 1
chopmynupoBaHbl aHaioru4Hbie BbIBOABI [3]. Tlomuépk-
HYTO, YTO JErkue (Qpakiuu, MTOMHMO, TPUEMIIEMOM
TEMIIEpaTypbl 3acThIBaHUs, O0JATAIOT €mI€ U BBHICOKOU
TEPMOCTaOMIIBHOCTHIO. TskENbIe ke (Ppakiuu TUAPOOUH-
HIEHHOTO TOIUIMBA, cocTaBistomue okoio 80%, npeacras-
JISIOT COOOM BBICOKOILIABKHUE ITUKJI0AIKaHbI, 00JIagalonue
BBICOKOM TEMIIEPaTypOU 3aCTBIBAHMS, YTO U OIPENEIACT
OCHOBHBIE JKCILTyaTalldOHHbIE CBOMCTBAa JHU3EIbHOIO
TOTUTHBA.

3apyOeKHbIC MCCIICIOBATEIIM TAKXKE HE OCTAINCh B
CTOpOHE OT 3TUX HCCJIEOBAaHUM, CIENaB, OJTHAKO, aKI[EHT
Ha DKOJIOTHYECKYIO CTOPOHY BOINpPOCAa U METOAMYECKHE
noaxonbel. B padote [4], yka3piBaeTcs, 4TO OmMpeeIcHIe
YTJIEBOJIOPOTHOTO COCTaBa TPAHCIIOPTHOTO TOTLIMBA SIBJIS-
€TCd BaXHOW COCTAaBHOM YacThIO IMpolecca ONTUMHU3ALNU
CcOCTaBa TOIUIMBA, a TaKXX€ KOHCTPYKLMM JIBUTATENs IS
pEryIupyeMoro BbIOpOCa BBIXJIOMHBIX Ta30B. ABTOPHI
MIPEICTABISIOT CKOMOWHUPOBAHHBIA METOJ MOHU3AIHOH-
HOW MAacc-CIIEKTPOMETPUHM U Ta30BOM XpomaTtorpaduu
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(I'X-UMC) kak oueHb >h(EKTUBHBIA MJis1 JI€TATBLHOTO
ompeJieNICHUs TUIIOB YIJI€BOJAOPOJIOB B COCTaBE IU3EIHHO-
ro torauBa. D(G(PEKTUBHOCTh M PA3pEIIAIONIYIO CIIOCO0-
HOCTh mpeioxkenHoro wMeroaa [ X-UMC  aBtops
MOKa3aa MyTéM CpaBHEHUS MPO(HIIeH yIriieBOIOPOIHOTO
COCTaBa TOIUIMB, IOJYYEHHBIX C INOMOIIBI0 H3BECTHBIX
CTaHJApTHBIX MeTOauK. [lokazaHo mpenmyIiecTBo MeTo1a
I'X-UMC, xoTOpblii, B OTIMYHE OT APYTHX, MO3BOJISIET
pasnensaTh H-TapaduHBI OT UX U30-aHAJIIOTOB | ITUKJIONA-
paduHOB [4].

Te e aBTOPBL, HO YK€ B JIPYrOM CTaThe OISTh MPE-
cTaBisitoT U pekomeHaytoT meton I'X-UMC mns sddex-
TUBHOTO W HAaJAEKHOTO OJKCIpEecc-aHalin3a IU3eJIbHOTO
TornBa. OMNUCHIBAIOTCA HOBBIE JOCTOMHCTBA METOAA U
MIPUBOJISITCSA PE3ybTaThl aHAM3a CICIUATBHO  MPUTO-
TOBJICHHBIX KOHTPOJIbHBIX 00pa3lloB C M3BECTHBIM COOT-
HOIIICHUEM HACBIIICHHBIX M HEHACBIIEHHBIX YIJIEBO-
JIOPOJIOB, M30- U LHUKJIOATKaHOB [5]. Bce pesynbTaThl, mo-
Jy4eHHbIE PA3IUYHBIMM METOJAMHU, OKAa3aJIUCh B3aUMO-
JOTIONTHSAEMBIMH, JIEMOHCTPUPYS TEM CaMbIM, KOPPEKT-
HOCTb M PEJIEBAHTHOCTH UCcOJIb30BaHusA Mmetoaa [ X-UMC
JUTSL aHAJTM3a YTJIEBOJOPOJHOTO COCTaBa CIOXKHBIX HEQTS-
HBIX CHCTEM [5].

XoTsi Mmacc-criekTpoMetrpus B nociennue S50 ner
IMIUPOKO UCIONB3YyeTCs JUIsl aHaim3a HepTH W JPYTHX
HCKOIAaeMbIX BHUJOB TOIUIMBA, BCECTOPOHHSS XapaKTEpH-
CTHKa OOMIero cocTtaBa HEe(TH B IMIMPOKOM JHANa3zoHE
KHUIEHUSI C MOMOIIBIO ATOTO METOAAa OCTAETCs MO-MPEexK-
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HeMy akTyaidbHOU. [lOSBIAOTCA BCE HOBBIE W HOBBIC
COBEpIICHHBIE MOJEIH MacC-CIIEKTPOMETPOB, KOTOpPbIE
3HAQUYUTEJIBHO PACHIUPSIOT BO3MOKHOCTH AETAIBHOW HJIEH-
TU(DUKALUYA COSTUHECHUM.

B pabore [6] mpennaraercs Macc-CIIEKTPOMETPHUS
BbicokorO paszpemenus (I'X-MUD-MCBP) nns neramsHOTO
aHayiM3a HE(PTENPOAYKTOB C JMAINa30HOM YIJIEPOJHBIX
grcen Ce-Cas. C momompto 3Toro Merona I'X pazpensier
MOJIEKYJIBl YIJI€BOAOPOAOB IO TEMIEpaTypaM KHUIICHHUS,
voHu3alusl B anekrpuueckom mnoie (D) renepupyet
HETIOBPEXJIEHHbBIE MOJIEKYJISIPHBIE MOHBI, KaK JJIsl apoMa-
TUYECKUX, TaK W JJIs HACBIIIEHHBIX MOJIEKY1 HedTU
amonpyeMbiX u3 ['X. DJIeMEHTHBIA COCTAaB 3TUX MOJIEKY-
JSIPHBIX MOHOB UACHTHPHUIIUPYETCS MacC-CIIEKTPOMETPOM
BbIcOKOTO pazpemienus (MCBP) ¢ pa3pemarorneit crnocoo6-
HOCThI0O o Macce 10 7000 u TOYHOCTBIO H3MEpPEHUs
Macchl + 3 MWJUIMAANBTOH, YTO, B CBOIO Oue€peib, Na€T
NETATBHYI0 XUMHYECKYI0 HWH(MOpPMALUIO 7 MOJICKYII
HEe(TAHBIX  YTIEBOAOPOIOB (T€TEPOATOMHBIM  COCTaB,
KOJIMYECTBO KOJIEI TUIIOC JBOIHAs CBSI3b U YIJIEPOJHOE
9qucIio) [6].

Macc-creKTpoMeTp BBICOKOTO pa3pelleHusi, CHao-
KEHHBIN BPEMAMPOTECTHBIM HMITYJIBCHBIM aHAIN3aTOPOM
WOHOB, TEHEPUPYEMBIM B Ta30BOM (pa3e B AIEKTPUUECKOM
note  (UD-BIIMA-MCBP), o6ecnieunBaet TpéxaTamnHoe
pas3zesieHue CI0XKHBIX cMecer. B pe3ynbrare mccnenosa-
TEJIN UMEIOT BO3MOXKHOCTh TMOJYYUTh CaMYK0 TOJIPOOHYIO
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nHopManuio 00 YriaeBOJOPOJHOM cOCTaBe HedTenpo-
IYKTOB [7].

CooOmraeTcst 006 UCIOJIB30BAaHUM METO/A, TJe cove-
TAlOTCSI BO3MOXXHOCTH CBEPXKPUTHYECKON KMIKOCTHOU
xpomarorpadun (CKXKX) ¢ moneBodt HMOHU3AIMOHHOM
BPEMSAIIPOJIIETHOM MacC-CIIEKTPOMETPHUEN BBICOKOTO pa3pe-
menuss M3-BII-MCBP, nmapamnensHo ¢ ynbrpaduonero-
BbIM (Y®/]) ¥ muiaMeHHO-MOHU3aUUOHHBIM JI€TEKTUPOBa-
nuem (ITMJI) mas OBICTPOro KOJWYECTBEHHOTO aHaIU3a
cpenauux muctwiisatoB Heptu [8]. CKIXKX paspenser
CpelHue TUCTWLISATH HE(TH HA HACHIIICHHBIE YTIEBOJO-
POJIbI M YIIIEBOAOPOAbI ¢ 1-3 apoMaTuueCKUMH KOJIbLIAMHU.
NO renepupyer MOJEKYISpPHBIE HOHBI I YTJIEBOJO-
ponos, anmonpoBanHbix U3 CKIKX. Bricokoe pa3peuieHue
Y TOYHBIE U3MEPEHUsI MACChl C MOMOIIBI0 MacC-CIEKTPO-
Metpun BII-MCBP no3BosistoT onpeaenuTsb 3J1eMEHTHBIH
cocTaB MOJEeKyn HeTenpoaykra. KomndyecTBa HachIIeH-
HBIX COCJIMHEHUN U TUIOB apOMATHYECKHUX KOJIEI[ OIpe-
JENSI0TCS KOJMYECTBEHHO C MapaJlyieIbHbIM HCIIOIb30Ba-
Huem aetektopoB [N/ nu Y®/I. [Ipu takoM noaxonae u
MpaBUJIbHON KaJIMOPOBKE YIJIEPOJAHOIO 4YHUCHa OBICTPO
oTpesieNiIeTcs MOAPOOHBIA COCTaB CPEAHETO HEPTIHOTO
TUCTUIIATA [8].

Nonnzannonnas macc-criekrpomerpus (MMC) 6puta
WCIIOJIb30BaHA [l aHaJIu3a JBYX TOIUIUB, KOTOPbIE HMeE-
mu cxoxue otHomeHus H / C, HO 3HauUMTEeNbHO pa3ianya-
JUCH IO KOJIMYECTBY KOHEUHOW (hpaKkiluu MpHU TeMIiepaTy-
pe muctuwusanuu 290°C (R-290) [9]. ABTopsl XOTenu BbI-
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SICHUTh TIPUYMHBI, 110 KOTOPBIM 3TU TOIUIMBA JIaBAlId pa3-
JIUYHBIE KOJIMYECTBA BHIOPOCOB BBIXJIOMHBIX Ta30B U TBEP-
neix yactull. Pesynbsratel UMC nokaszanu, 4TO TOIUIMBO C
HU3KUM R-290 cocrosio u3 anudaTudeckux yrieBoaopo-
JIOB C MaJIbIM M apOMAaTHYECKUX YIJIEBOJIOPOJOB C BBICO-
KMM YHCIIOM aTOMOB yIJiepoJia U Mo3ToMy 00Jafano HU3-
KOU BocruiameHsemoctbio. OTcrofia 1 HaOI01aeMblid T0-
BBIIIICHHBIN BBIOPOC YTJIEBOJOPOJOB M TBEPMABIX YACTHII,
4yeM B clydae ToIriuBa ¢ BeicokuMm  R-290 [9].

Emé onauH, camplii COBpEMEHHBIM MacC-CHEKTPO-
METPHUYECKHIA MeTO TpeAcTaBieH B padbore [10]. Meron
BKJIIOYAET B CeOsl 1€COPOLIMOHHYIO MOHU3AIUIO B DJIEK-
TPUYECKOM TI0JIE M MaccC-aHAIU3aTOpP MOHHO-IIMKJIOTPOH-
HOTO pe3oHaHca ¢ mpeobOpazoBanuem Dypre (AN-MC-
NIP-®) xak MeTON AETaabHOTO OMpPEACNICHHs] apOMaTH-
YECKUX COCIUHEHUN BO (PaKIMOHUPOBAHHOW CHIPOU
He(PTH M TEXHOJIOTMYECKHUX TMOTOKaX HedTernepepaboTKH.
Bricokas sddextuBHOCT, AW HEMmOMSIPHBIX MOJEKYT B
COYeTaHMHM C OecHpereACHTHOM pa3pelraroniel crocoo-
HOCTBIO TTI0 Macce€ M TOYHOCTHIO ¢ nmomoinbto MC-UIP-®
MO3BOJISIIO OJHO3HAYHO OMPENENATh JIEMEHTHBIM COCTaB
st ~700-1400 BUIOB yTIIeBOJOPOIOB B KOHICHCHUPOBAH-
Holt (ase. Ha ocHOBe 3amaHMii 2JIEMEHTHOTO COCTaBa
aBTOPbl HUCCJIEAOBAHUSI MPUBOIAT IOJHOE OMNpeJEIeHUE
KJIacca W TUMA IS O0OTalEHHBIX apOMaTHYECKUX (pak-
WA M3 TEXHOJOTUYECKHX MOTOKOB HedTenepepaboTKH,
BKJIFOYAsl BAaKyyMHBIM Ta30iJib C BBICOKMM W HHU3KUM
COJIep’)KaHUEM Cepbl, KyOOBBI OCTATOK KAaTaJIMTUYECKOTO
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KPEKHHra M BAaKyyMHBIM ra3oijab KOKCOBaHHSA. DTH TEX-
HOJIOTMYECKHUE TIOTOKHU OBLIM BBIOpaHbI JUIsl I€MOHCTpA-
nuu  Bo3MmoxkHoctet JU-MC-UIIP-® 1 pa3iudHbIX
He(TAHBIX KOMIO3ULMH. /laHHBIE, MOJIyYEHHbBIE C TIOMO-
IIBI0 YKA3aHHOT'O METOJa, XOPOLIO COTJIaCyTCs ¢ Mpor-
HO3UPYEMBIMH  XapPAaKTEPUCTHUKAMH  TEXHOJIOTHYECKHX
MOTOKOB HedTernepepadaThIBaIOIEr0 3aBojaa. AHaIU3
JAN-MC-UI1IP-® B cocTOSSHUM OXBaThbIBaTh BCE KOMIIO-
HEHTHI He)TH, HAYMHASL OT METAJUIMOPPUPUHOB, a30TCO-
JepKalX COESAMHEHUI 1O HapTEHOBBIX KHUCIOT, apoMa-
TUYECKUX YTIEBOJAOPOJIOB M THOPEHOAPOMATHUECKHX
coequnenuit [10].

Takum o0pa3om, Mo KpaTkoMmy 0030py HccieaoBa-
HUHN 0 OMPEJEIICHUIO YTIEBOJIOPOJHOTO cOocTaBa HedTs-
HBIX (Ppakuuil MOKHO C/IENaTh CJIEIYIOIINE BHIBOBI :

1) CambiM HHPOPMATUBHBIM M HAXOSAIIUMCS B pa3-
BUTUU SABJISIOTCS MAacCC-CIIEKTPOMETPUUYECKUE METOMbI
aHanuza. [Ipu sTOoM, Bapbupys crocoObl MOHU3ALMUU U
THUIIBI MACC-/IETEKTOPOB, a TAKXKE pa3IMUHbIE XpoMaTorpa-
(uyeckue NpUCTaBKU UCCIEAOBATENAM YIAETCS TOOUTHCS
MIPAKTUYECKHU TOJHOTO aHAJIN3a YIJIEBOJOPOJIOB B CaMbIX
Pa3TUYHBIX HE(PTSIHBIX CHCTEMaX.

2) OnpeesieHUe yriieBOA0POIHOIO COCTaBaA TU3EIIb-
HOTO TOIUIMBA HAIpaBJ€HO, B OCHOBHOM, Ha KOPPEKTHU-
POBKY KauecTBa MOCIIEIHET0, /Il PUBEICHUS TOIJIMBA B
COOTBETCTBUE C CYHIECTBYIOIIUMH CTaHIAPTAMHM 10 dMHC-
CUHU BBIXJIONHBIX Ta30B U TBEPIBIX YACTHUI, a TAKXKE IS
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MNPpUTroAHOCTU €TI0 HUCIOJb30BAHUA B PA3JIMYHBIX CC30H-
HBIX YCIIOBHAX.

HNmes naHHbIC 110 KOMIIOHCHTHOMY H, B YaCTHOCTH,
mo yrjicBOAOpPOAHOMY COCTABY HAWU3TOINIMBA, a TaAKIKC,
BJ1agcsa HCO6XOI[I/IMBIMI/I TCOPCTHUYCCKUMHU  3HAHUSAMMU,
HCCIICOAOBATCIIM, OKCIICPTHI, CIICOUAINCTBI U, BOO6I_HC,
3aMHTCPCCOBAHHBIC JIMIIa MOI'YyT JCJaTb COOTBCTCTBYIO-
IIMKUC IIPOTHO3bI W KOPPCKTHBEI I10 IIPAKTHUKE HCIIOJIB30Ba-
HHMs OTHUX 3aMCYaTCIIbHBIX He(bT}IHBIX KOMITIO3HILIUH.

Il. MeToanueckne acneKThbl, XapaKTePUCTUKA
00bEKTOB H HCNOJIb30BAHHON aNNaparypbl

B kadectBe 00BeKTa Mccneq0BaHUN OBLIO BHIOpaHO
JIU3EIbHOE TOIUIMBO, MPOU3BOAMMOE [ OCynapCcTBEHHOU
Hedranoit Kommanueit Aszepbaiimxanckoit PecmyOnuku
JUTSI 3alpaBKU aBTOMOOMJIBHOTO TPAHCTIOPTA.

AHanu3 yrJieBOJOPOJHOrO0 COCTaBa TOIUIMBA H
¢bpakuuii TPOBOAWIM XPOM-Macc-CIEKTPOMETpUEel Ha
npubope GC-MS, Agilent technologies 7890B(GC) -
5977B (MSD), ¢ uaenTrduKkanueii KOMIOHEHTOB B JHa-
nazone macc m/z = 30-550.
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I11. Pe3yabTaTsl Macc-CIEKTPOMETPUYECKOT 0

aHaJIn3a

Taoauua . /IuseasbHoe Tonmso — J{uzeas 1

Ne AdmndaTudeckne yrieBoa0poabl Conep:xa-
Hue, %
H-nIapa@uHbI
1. | n-Heptane $$ n-C7Hs¢ 0,025
2. | n-Nonane $$ n-CoHazo 0,321
3. | n-Decane $$ n-CioH22 0.659
4. | n-Undecane $$ n-C11H24 0,994
5. | n-Dodecane 1,533
6. | n-Tridecane 1.951
7. | n-Tetradecane 2.514
8. | n-Pentadecane $$ CH3(CH2)13CH3 3.613
9. | n-Hexadecane $$ Cetane 2,451
10. | n-Heptadecane 2.177
11. | n-Heptadecane 4.325
12. | Nonadecane (CAS) $$ n-Nonadecane 2.046
13. | n-Eicosane $$ Icosane 1.735
14. | n-Docosane $$ C22Has Standard $$ 1.179

N-docosane
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15. | Tricosane (CAS) $3$ n-Tricosane 0.747
16. | Tetracosane 0.329
17. | Pentacosane 0.072
18. | Hexacosane (CAS) $$ n-hexacosane $$ 0.034
cerane
19. | Heneicosane $$ n-Heneicosane 1.658
> Cymma 26.186
MoHo-ankuja3aMeléHHbIe
anmndaTruyecKue yrieBoa0poabl
1. | 3-Methylhexane 0.007
2. | 2-Methylheptane $$ (CHs).CH(CH2)sCHs 0.041
3. | 3-Methyloctane $$ Isononane 0.223
5. | 2-Methylnonane 0.136
6. | 3-Methylnonane 0.104
7. | 5-Methyldecane 0.166
8. | 4-Methyldecane 0.085
9. | 2-Methyldecane $$ n-CgH17CH(CHa): 0.209
10. | 3-Methyldecane $$ 2-Ethylnonane 0.126
11. | 4-Methylundecane 0.291
12. | 5-Methylundecane 1.061
13. | 2-Methylundecane 0.471
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14. | 3-Methyldodecane 1.026
15. | 2-Methyldodecane 1.595
16, | 4-Methyltridecane 0.882
17. | 3-Methyltetradecane 1.100
18. | 2-Methylpentadecane 0.738
19. | 2-Methylhexadecane 1.166
20. | 3-Methylhexadecane 1.096
21. | 2-Methylheptadecane 0.684
22. | 3-Methylheptadecane 1.150
23. | 3-Methyloctadecane 0.984
24. | 9-Methylnonadecane 0.300
25. | 10-Methylnonadecane 0.366
> Cymma 14.007
JAun-ankuniazamemiéHHbIe
agudaTnyecKue yriaeBoaopoabl
1. | 2,4-Dimethylheptane 0.130
2. | 2,3-Dimethylheptane 0.031
3. | 2,6-Dimethyloctane $$ Octane, 2,6- 0.219
dimethyl
4. | 2,3-Dimethyloctane 0.086
5. | 3,7-Dimethylnonane 0.184
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6. | 2,6-Dimethylundecane 0.614
7. | 4,8-Dimethylundecane 0.572
8. | 2,5-Dimethyldodecane 0.453
9. | 4,8-Dimethyltridecane 0.567
> Cymma 2.856
Tpu-ankwizaMmelméHHbIE
anupaTuyecKue yrieBoaopoabl
1. | Dodecane, 2,6,10-trimethyl- $$ Farnesane 1.411
2. | 2,6,10-Trimethylpentadecane 2.405
> Cymma 3.816
Terpa-aJakuwizaMenéHHbIE
anupaTuyecKue yrieBoaopoabl
1. | Pentadecane, 2,6,10,14-tetramethyl- 4561
(CAS) $$ Pristane (Field ion)
2. | Hexadecane, 2,6,10,14-tetramethyl- $$ 4.313
Phytane
> Cymma 8.874
> CyMMmapHoe coiep:kaHue Bcex 55.739
ann@aTudecKux yrieBoaopoaoB
HadreHoBrblie yriieBoaopoasl
He3ameménnnie HapTreHOBBIE
YIJI€eBOAOPOABI
1. | Cyclodecane 0.041
2. | Cyclotetradecane 0.522
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3. | Cyclopentadecane 0.423

4. | Naphthalene, decahydro-, cis- $$ 0.054
cis-Decalin $$ cis-Perhydronaphthalene

5. | Naphthalene, decahydro-, trans- $$ trans- 0.165
Bicyclo[4.4.0]Decane $$ trans- Decalin

6. | 1H-Indene, octahydro-, cis- (CAS) $$ 0.08
cis-Hexahydroindan $$ cis-Hydrindan

7. | Pentalene, octahydro-, cis- $$ 0.016
cis-Bicyclo[3.3.0]octane

> Cymma 1.301
Mono-ankun3amemiéHHble HaQTEeHOBbIE

YIJ1€BOAOPOAbI

1. | Ethylcyclopentane 0,015

2. | n-Decylcyclopentane $$ Decane, 1,787
cyclopentyl-

3. | Methylcyclohexane $$ Sextone B 0,056

4. | Ethylcyclohexane 0,106

5. | n-Propylcyclohexane 0,141

6. | 3-Methyl-1-cyclohexene 0.100

7. | n-Butylcyclohexane $$ Butane, 0,181
1-cyclohexyl-

8. | 1-Cyclohexylheptane $$ n- 0,637
Heptylcyclohexane

9. | Cyclohexane, pentyl- $$ Pentane, 0,223

1-cyclohexyl-
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10. | Methylcyclododecane 0,335

11. | Naphthalene, decahydro-2-methyl- $$ 0.219
2-methyldecalin

12. | Decahydro-2-methylnaphthalene 0.376

13. | 2-Methyloctahydropentalene 0.090

14. | Cyclohexane 0.536

> Cymma 4.802

JAun-ankuniazamemiéHHble HAaQTEeHOBbIE
YIJ1€BOJAOPOIbI

1. | cis-1,3-Dimethylcyclopentane 0.006

2. | cis-1,2-Dimethylcyclopentane 0.008

3. | 1-Ethyl-3-methylcyclopentane 0.020

4. | 1-Ethyl-2-methylcyclopentane 0.040

5. | Cyclopentane, (1-methylethyl)- $$ 0.007
Cyclopentane, isopropyl-

6. | trans-1-Methyl-2-propylcyclopentane 0.060

7. | Ethylpropylcyclopentane 0.046

8. | trans-1,2-Dimethylcyclohexane 0.057

9. | Cyclohexane, 1,1-dimethyl- $$ Gem- 0.006
Dimethylcyclohexane

10. | Cyclohexane, 1,4-dimethyl- (CAS) $$ 0.026
Hexahydroxylene

11. | trans-1-Ethyl-4-methylcyclohexane 0.068
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12. | cis-1-Ethyl-4-Methylcyclohexane 0.029

13. | cis-1-Ethyl-3-methylcyclohexane 0.061

14. | cis-1,4-Dimethylcyclohexane 0.145

15. | 1,6-Dimethylcyclohexene 0.066

16. | 1-Methyl-2-propylcyclohexane 0.416

17. | (4-Methylpentyl)cyclohexane 0.356

18. | 1-methyl-2-phenylcyclopropane $$ 0.324
Benzene, (2-methylcyclopropyl)-

19. | 2-Cyclohexyloctane $$ (1-Methylheptyl)- 0.707
cyclohexane

20. | Naphthalene, decahydro-1,6-dimethyl- 0.178
(CAS) $$ 1,6-dimethyldecalin

21. | Decahydro-2,6-dimethylnaphthalene 0.147

22. | cis-1,3-Bis(acetamidomethyl)-1,3- 0.511
dideuteriocyclohexane

> Cymma 3.284
Tpu-ankuiazameniéHHbIe HAQTEHOBBIE

YIJ1€BOJA0POIbI

1. | Cyclopentane, 1,2,4-trimethyl-, (1.alpha., 0.009
2.beta., 4.alpha.)-

2. | Cyclopentane, 1,2,3-trimethyl- (1.alpha 0.010
2.alpha., 3.beta)

3. | 1,1,3-Trimethylcyclohexane 0.075

4. | Cyclohexane, 1,2,3-trimethyl-, (1.alpha., 0.019

2.alpha., 3.beta.)-
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5. | 1,1,2-Trimethylcyclohexane 0.020
6. | 1,2,3-Trimethylcyclohexane 0.025
7. | 1-Ethyl-2,3-dimethylcyclohexane 0.015
8. | 1-Ethyl-2,3-dimethylcyclohexane 0.026
9. | Bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, 0.316
[1S(1.alpha., 2.beta., 5.alpha.)]-
10. | Cyclotetradecane, 1,7,11-trimethyl-4- 0.393
(1-methylethyl)- $$ Cembrane
> Cymma 0.908
Terpa-ankuji3zaMelIéHHbIE
Ha(TEeHOBBIE YIJI€BOAOPOAbI
1. | 1,1,4,4-Tetramethylcyclohexane 0.014
2. | 1-ethyl-2,2,6-trimethylcyclohexane $$ 0.048
2-ethyl-1,1,3-trimethylcyclohexane
3. | 1,2,4,5-Tetraethylcyclohexane 0.378
Cyclohexane, 1,2,3,5-tetraisopropyl- 0.670
> Cymma 1.11
IlenTa-ajakuiazaMmeiriéHHbIE
Ha(TeHOBbIE YIJI€BOAOPOAbI
1. | Decahydro-4,4,8,9,10-pentamethyl- 0.656
naphthalene
> Cymma 0.656
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T'ekca-aakunia3zaMeniéHHLIE
Ha()TeHOBBbIE YIJIEBOXOPOIbI

1. | 1,1,4,4,7,7-Hexamethylcyclononane 0.724
> Cymma 0.724
> CymMapHoe coaepskaHue Bcex 12.785
HAa(TEHOBBIX YIJIE€BOJIOPOI0B
OJiepuHOBBIE YII1€BOAOPOABI
He3ameménnnlie ojiepuHOBBIE
yIJIEBOIOPO/IBI
1. | 4-Decene $$ (4E)-4-Decene 0.134
2. | 1-Nonene $$ n-Non-1-ene $$ 1-CoHig $$| 0.026
Nonene-(1) $$ Nonylene
3. | 7-Hexadecene, (Z)- $3$ (72)-7-Hexadecene 0.617
4. | 1-Heptadecene $$ Hexahydroaplotaxene 1.353
> Cymma 2.130
MoHo-ajKku3aMeléHHbIe oJ1e()MHOBbIE
YrJIeBOAOPOABI
1. | 4-Methyl-1-decene 0.705
2. | 2-Methyl-Z-4-tetradecene 2.205
> Cymma 2.910
> CyMMmapHoe cofep:kaHue Bcex 5.040

0J1e(DMHOBBIX YIJ1€BOI0PO/I0B
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ApoMaTHyecKue yrieBoJI0poabl

He3ameménnbie apoMaTnieckue
yIJIeBOIOPOIBI

Benzene $$ [6]Annulene $$ Benzole $$ 0.009
Coal naphtha $$ Cyclohexatriene

Cymma 0.009

MoHo-ankuja3aMeléHHbIe
apoMaTH4ecKue yrijieBoa0poabl

Toluene $$ Methacide $$ Methylbenzene 0.026
$$ Methylbenzol
Benzene, (1-methylethyl) $$ Isopropyl- 0.045
benzene $$ Cumene $$ Cumol
Benzene, (1-methylpropyl)- (CAS) $$ 0.053
sec-Butylbenzene $$ 2-Phenylbutane
Benzene, (2-methyl-1-propenyl)-(CAS) $$ 0.092
(2-Methylpropenyl)benzene
Benzene,  (1-methyl-1-butenyl)-  $$ 0.343
2-Phenyl-2-pentene
Benzene, (1-ethyl-1-propenyl)$$3-Phenyl- 0.230
2-pentene $$ 3-Phenyl-3-pentene
1-Methylnaphthalene 0.812
alpha.,.beta.,.beta.-Trimethylstyrene  $$ 0.181
2-Butene, 2-methyl-3-phenyl-

Cymma 1.782
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JAun-ankuna3zameméHHble
apoMaTHyecKHe yrjieBoJa0poabl

Benzene, 1-ethyl-3-methyl- $$ Toluene, 0.212

m-ethyl- $$ m-Ethylmethylbenzene

p —Xylene Benzene,1,4- dimethyl-1 0.109

Benzene, 1-ethyl-2-methyl- $$ Toluene, 0.070

o-ethyl- $$ o-Ethylmethylbenzene

Benzene, 1-methyl-3-propyl- $$ Toluene, 0.166

m-propyl- $$ m-Propyltoluene

Benzene, 1-methyl-2-(1-methylethyl)- $$ 0.072

0-Cymene $$ o-Cymol

Benzene, 1-methyl-2-propyl $$ 2- 0.079

Propyltoluene $$ o-Propyltoluene

Benzene, 1-methyl-4-(1-methylpropyl) $$ 0.058

1-Sec-butyl-4-methylbenzene

Benzene, 1-methyl-4-(1-methylpropyl) $$ 0.215

1-Sec-butyl-4-methylbenzene

1,6-Dimethylnaphthalene 0.999
Cymma 1.980

Tpu-ankwizaMmeméHHbIe
ApOMaTUYCCKHE YIJI€BOI0POAbI

1,2,4- Trimethylbenzene $$ Cumene 0.075

1,2,3-Trimethylbenzene $$ Hemimellitene 0.286

2-ethyl-1,4-dimethylbenzene 0.094
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4. | Benzene,l-ethyl-2,4-dimethyl $$ 4-Ethyl- 0.118
m-Xxylene

5. | 2-ethyl-1,4-dimethyl-benzene 0.078

6. | Benzene, 4-ethyl-1,2-dimethyl $$ 0.470
0-Xylene, 4-ethyl- $$ 2-Methyl-pethyl-
toluene

7. | Naphthalene, 1,6,7-trimethyl- (CAS) $$ 0.767
2,3,5-Trimethylnaphthalene

8. | 4,6,8-Trimethylazulene 1.204

> Cymma 3.092

Terpa-ankuji3aMelIéHHbIE
apoMaTH4ecKHe yrieBoJI0poabl

1. | 1,2,4,5-Tetramethylbenzene $$ Durol 0.223

2. | 1,2,3,4-Tetramethylbenzene $$ Prehnitol 0.145

3. | AR-ethyl-1,2,4-trimethylbenzene 0.137

4. | Benzene, 1,2,3,4-tetramethyl-4-(1- 0.469
methylethenyl)

5. | (2)-2-(1'- propenyl)Mesitylene $$ Mesity- 0.486
lene, 2-propenyl-, (Z)-

> Cymma 1.460

> CyMmMmapHoe cojep:KaHue Bcex 8.323

APOMATHYIECCKHUX YIJI€BOA0PO/I0B
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HadreHno-apomaTuueckue
YIJIEBOOPOAbI

He3amemiénabie HapTEHOBO-
apoMaTH4YeCKHe YI1eBOJI0POAbI

Naphthalene, 1,2,3,4-tetrahydro- (CAS) 0.774
$3$ Tetranap $$ Tetralin

Indane $$ 1H-Indene,2,3-dihydro- $3$ 0.249
Benzocyclopentane $$ Hydrindene
Octahydrophenanthrene 0.952
1,2,3,3a,8,8a-hexahydrocyclopent[a]- 0.315
indene
Benzocycloheptatriene $$ 5H-Benzol[a]- 0.462
cycloheptene

Cymma 2.752

MoHo-ankuji3aMeléHHbie HapTeHo-
apoMaTH4ecKue yrijieBoJa0poabl

1- methyl-2-phenylcyclopropane 0.402
Naphthalene, 1,2,3,4-tetrahydro-2-methyl- 0.268
(CAS) $$ 2-Methyltetralin
Naphthalene, 1,2,3,4-tetrahydro-6-methyl- 0.697
(CAS) $3% 6-Methyltetralin
Naphthalene, 1,2,3,4-tetrahydro-5-methyl- 0.815

(CAS) $3% 5-Methyltetralin
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5. | Naphthalene, 6-ethyl-1,2,3,4-tetrahydro- 0.310
(CAS) $$ 6-Ethyltetraline
> Cymma 2.743
JAu-ankuazaMeméHnble HAQTEeHOBO-
apoMaTH4YeCKHUe yrjeBoA0POabl
1. | Naphthalene, 1,2,3,4-tetrahydro-2,7- 0.881
dimethyl $$ 2,7-Dimethyltetralin
2. | Naphthalene, 1,2,3,4-tetrahydro-1,1- 0.629
dimethyl- $$ 1,1-Dimethyltetralin
3. | Naphthalene, 1,2,3,4-tetrahydro-1,4- 0.352
dimethyl- $$ 1,4-Dimethyltetralin
4. | 1H-Indene, 2,3-dihydro-4,7-dimethyl- $$ 0.371
Indan, 4,7-dimethyl-
> Cymma 2.233
Tpu-ankuiazaMmemiéHHbIe HAPTEHOBO-
APOMATHYECCKHE YIJIE€BOAOPOAbI
1. | Naphthalene, 1,2,3,4-tetrahydro-2,5,8- 0.656
trimethyl- $$ 2,5,8-Trimethyltetralin
2. | 1H-Indene, 2,3-dihydro-1,1,3-trimethyl- 0.171
$$ Indan, 1,1,3-trimethyl-
3. | 1H-Indene, 2,3-dihydro-4,5,7-trimethyl- 0.165
(CAS) $% 4,5,7-trimethylindane
> Cymma 1.792
> | CymMmapHoe coJep:xaHue Bcex HaTe- 9.520

HOBO-apOMaTHYCCKHUX YIJICBOA0OPOAOB
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Crepouanl

14-Beta-H-PregnaA $$ 14B-Pregnane 3.190
Cymma 3.190
CymMapHoe coepkaHue CTePpOUI0B 3.190
I'eTrepoaTromMHbIe cOeAMHEHUS
A30Tc0)1ep>lcamne
2,4-Dymethyl-1,5-diazabicyclo[3.1.0] 0.123
hexane (cis)
4-Phenyl-1,2,3,6-tetrahydropyridine 0.296
N,N'-Dibutylidene-hydrazine 0.053
Cymma 0.472
Kucsopoaconepxamue
2-ethyl-4-methyl-5,6-dihydro-2H-pyran 0.026
2-heptylfuran $$ 2-n-Heptylfuran 0.192
tret-Butyl-8-Methyl-10-azabicyclo[4.3.1]- 0.521
deca-3,7-diene-10-carboxylate
Cymma 0.739
CymMapHoe coepkaHue Bcex 1.211

rerepoaToMHbIX coeIMHEeHU
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KoMmmiekcHbIe coeTUHEHUS

1. | lron, tricarbonylchloro(eta.3-2-propenyl)- 0.595
> Cymma 0.595
> | CymmapHoe cojiepkaHie KOMILIeKCHBIX 0.595
coeIMHEeHU
IIpoune coequHeHus
OKHucJIeHHbIe KOMIIOHEHTHI
(KeTOHBI, CIUPTHI, KHCJIOTHI, 3(PUPHI)

1. | bicyclo[2.2.1]hept-2'-en-7"-ylidene)acetic 0.062

acid
2. | Methyl 4,6-decadienyl ether 0.496
3. | 2-Butyl-1-octanol 0.156
4. | 1-Methyl-bicyclo[4.1.1]octan-7-one 0.026
5. | Benzyl (dideuterated )methyl ether 0.180
6. | trans-4-Methyl-5-isopropylcyclopent-2- 0.038

en-1-one
7. | 2-Cyclopenten-1-one, 2-(2-butenyl)-4- 0.339

hydroxy-3-methyl,(Z) $$ Cinerolon
8. | trans-2-Ethyl-3-methylcylohexanone 0.059
9. | Salvialane (terpenoid) 0.29
10. | Pyridine-3-carboxamide, oxime, N-(2- 0.525

trifluoromethylphenyl)-
> | CymmapHoe coaepxaHue OKHCIECHHBIX 2.171

coeIUuHEeHUuM
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