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Summary

The reduction of oil reserves, development of energy-saving technologies, tightening
of standards for exhausted gases, pollution of the environment is forcing the world to find
and develop new, renewable energy sources. One of the mechanisms for improving the
ecological situation is exactly the use of renewable energy sources. These trends are
strongly reflected in programs for development of the energetic of the United States, the
European Union and other developed countries, which show that by 2040 the share of
renewable energy sources in global primary energy consumption is supposed to grow up to
30%, and the greenhouse gas emissions will be shorten by 50%. The use of renewable
energy sources leads to transition to low-carbon mixtures, which gives us a positive effect
from both an economic and environmental point of view. Today bioenergy is considered to
be the main tendency of development of the fuel market, which will retain its preference in

the development of energy supply of the world for the next 30-40 years.

Change of climate in the present-day world, being one of the most serious
environmental problems, is associated with the "greenhouse effect”, caused by a drastic
increase in the concentration of carbon dioxide (CO5) in the atmosphere. This is contrary to
the regulations of the Kyoto Protocol and the Rio de Janeiro Climate Convention, which

declare significant reductions in greenhouse gas emissions in the 21% century.

The main task of environmental requirements in the sphere of road transport is to reduce
radically the CO, content in the exhaust gases. Leading countries such as the US, China
and the EU are tightening up CO, emission standards for all types of vehicles every year,
stipulating for significant growth of their efficiency and the need to produce new,
ecologically clean fuels. For example, to obtain gasoline with high antiknock rating,
oxygenates (the oxygen-containing components) are used, the most common of which is
bioethanol, obtained from renewable biological wastes. Its use is accompanied by a
decrease in the CO, content in the atmosphere, and its combustion in the engine

significantly reduces harmful compounds as compared with the petroleum gasoline.

The production of alternative, renewable, environmentally friendly fuels is very
important for Georgia, which is almost entirely dependent on imported petroleum products.
Researches show that transport accounts for 74% of harmful emissions into atmosphere in
the whole country and 79% in Thilisi. The number of respiratory and oncological diseases
in Georgia has increased by 20% over the past 10 years. Therefore, it is important for our
country to produce environmentally friendly biofuels from renewable energy sources and

especially from the wastes. Biogasolines can successfully replace petroleum gasolines in
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vehicles with internal combustion engines that are present in Georgia. The mechanism for
improving the ecological state of the country and the development of energy-saving

technologies for energy carriers is the use of renewable energy sources.

The purpose of this Ph.D. thesis is to obtain fuel ethanol from agricultural wastes and
the production of biogasolines, which is important for the revival of the bioethanol industry
and the development of agriculture. Over the past century the ethanol production in the
world has increased 8 times. Experts predict that by 2040 at least 20% of motor fuel will be
produced from biomass. A technology for production of biogasoline from renewable
energy sources and secondary raw materials has been developed. Bioethanol is an
environmentally friendly high-octane gasoline additive that is widely used in fossil

gasolines without modification of car engine.

We have obtained 10 liters of ethanol fuel from corn and other agricultural wastes in
the laboratory conditions. Physical and chemical properties of bioethanol have been
studied in accordance with the requirements of ASTM D-4806-20. Test samples of
biogasolines — E5 (5% ethanol + 95% gasoline), E10 (10% ethanol + 90% gasoline) and
E20 (20% ethanol + 80% gasoline) were prepared on the basis of Rompetrol’s Premium
grade gasoline. The physical and chemical characteristics of the test samples and base
gasoline have been studied. The parameters of the test sample were found to meet the
requirements of EN228 and EN15376: 2014 standards. The group composition of motor
gasoline (EOQ) and of biofuels E5, E10 and E20 was also determined using the infrared

spectrometer ("PerkinElmer Spectrum, Version 10.4.2").

Studies to determine individual hydrocarbons in samples under investigation — EO, E5,
E10 and E20 were carried out using the gas chromatograph Crystallux-4000M with
NetChrom, v2 software. Certain hydrocarbons contained in the research objects have been
studied and identified. The obtained results meet the requirements of the ASTM D7096

standard. Comparative characterization of fuels was carried out.

The effect of bioethanol on the ecological compatibility of the automobile engine has
been studied. The objects of research were Regular, Premium and Super brands of
Rompetrol gasoline, as well as a bioethanol test additive, which was added to gasoline in
the amount of 10%, 20% and 30%.

The study of ecological properties of the test additive was carried out on the test stand
SAK - 670 (Germany), on which the engine and gearbox of BMW-316 motor vehicle was
installed. The stand included brake and torque gauges, as well as crankshaft rotation

frequency and fuel consumption measuring instruments. Studies have established that
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bioethanol is more effective than low-octane gasoline. It has been established that the
environmental properties of Super and Regular brands of petroleum gasoline improve upon
addition of experimental bioethanol. For example, in case of using of 10-30% trial
bioethanol as an additive to Rompetrol gasoline, the content of harmful components in the
exhaust gases of the BMW-316 engine at idle running and at full load is reduced: CO
11+15% and 10+14%; CH 21+25% and 20+23%; NOx 7+10% and 6+9%, respectively.
Especially noteworthy is the reduction of CO2, the main cause of "global warming"”, by
8+14% and 10+17%, respectively. This points to the prospects for increased use of
combustible ethanol. At the same time, the engine power decreases by 1+2% and the
hourly fuel consumption increases by 1+1.2%. Taking into account that in this case the fuel
contains 10-30% of bioethanol, there is actually a reduction in the cost of base petroleum

gasoline by about 8+18%.

In addition, testing of the “Regular” and E20 (20% of trial bioethanol + 80%
petroleum gasoline) biogasolines to determine the CO content in the exhaust gases of the
BMW-510 brand M1 category motor vehicle while the engine is in regimen of idle running
was conducted at the vehicles technical inspection center - "Chapani® (Thilisi). It was
established that during idling at rotation frequency of 1000 and 2250 sec™, the content of
CO in the exhaust gases amounted to 0.38 and 0.39%, respectively, which is significantly
less than the norm of 0,6% allowed by the standard and 5% less compared to the basic

gasoline.

Studies have been carried out to determine the shelf life of the test fuels. The test
samples were kept in the laboratory in closed chemical vessels at room temperature.
During the year, we periodically (monthly) carried out spectral analysis of the samples

under study using an infrared spectrometer and using a gas chromatograph.
It was found that the samples under study did not change during storage.

In Georgia the biofuel has been obtained for the first time and it can be used in vehicles
with internal combustion engines. For production of bioethanol the corn and other
agricultural wastes are used which ensures rational waste management, the development of

energy-saving technologies and an improvement in the ecological state of the environment.
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©IO0MO© IMJdggIL 2odMmbsdmed30 LyMI39egdol FTomdsby; 593L Tooero
MdBobmcmo MHosbgo 105. gosbmerls 3609369crm3bs 8999dos gobsdml dMsgals
o336y — 30e0bEMT0 GMIbMEoL 0fjgol BobgzseBg IgBHo 300y dgEDObO,
o3 MBMMB3geymal doas (3ol dMogsl LTS3l ABMPIL osbEMgdom
7%—00m, 5 350Mbol dmIgbEL — 20%—-0g. BoaMed MaM™m 360d3bgem3z560s, T
9056m0ol {30LsL 2MA0MHEOL s BIHAOMBSEOL bsgMMYOO 56 [o0Tm0gdbgds, Gog
MmOXIO  © NBOM JgBHI©O  FOBOEOL Bgmols s Lobomergdols ddsmdol
bobaMdz0mdsl s 1939 9600369 m3bs  SBIOMMIIL Moz IMOZL
LoABObMOOL 35SL. BIMPMOF BIBL §3mbMBoMEO BMAgdS OEOS S JNIBbMEDBY
2OLZANS  FOMINZIE05. QO dMErml, M3 T9gbgds gmobmerol §oMdmgdsby
969602 ©BsbstIxXl. Bsdmmzeoe  9bgMaool  swEgMbsGomo  igommgdol
A0390L FmM0L 9gmsbmeo 565 bMEME 256M9dMmbm30L 3690900, 56599 Foo
96GH909MM0Ess.  Bb3solbgs B3oMEFHJOL TmMol dgmsbmwo s gmsbmeo
SPV0SMGOM0, OMAMOE Y39wodg FgLoggmolo  4sbsbergdso  dombo()z93900
6539630000 sbmgds oo fizol dMmsgzgdolmzol [25 |.

dogo 30l  dM3900L  Lo3o35  A9IMYgbgdEo 9005bmwo  doowgds
39bobgds0 9bgMrools §iyomrmgdosb, MMmaMmMmoEss Fodmol wgefsdo, 3oLo39,
LodobO, JgMo s LbZ. Lobol BoMTslloH [26].

Omam®3 Al-Hasan -0l 9mbs(3999000056 BsbL, gomobmeno 53550500  560b
3960L39dGH0Mwo  3OMmEMIGO  93@GMIMdOEgddo  LS)3939  AOTMUBOYgbgdES®
65300mdL5(3530L  Bolsbs33egdws@ [30]. gmsbmeol 8moz35M0 M30MSEJLMdSS
3obobgds0 896906030 3OMEMIBHIOOL 96 Fomo bsBgbgd0IE HomDmgds;
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3o0lbgo39%000  d96B0bYdOIE  GMIgeroi  9Moybobergdso  dbgdMogz0
3OMEJAH0s.  FoMs  5doLs  g0obmel  gosBbos 3960  9bEGoyGMbsgomeo
300909%0.  mwdgs  93mbmdowmEo  sb3gdBHgdo  Foobg  bOmsgl  dob
RoOMMIIBHo0056  350mygbgdsl.  99dgb  29dmIobstg  Lmms  gmobmenols
B533w 5 808HB039 1YH3939® 309G OS JMIBME/B9EDOBOL Botgzqdo[30].

965350 933009395M0L  sDBM0m, 130M5GHILMdS 960Fgds  99bMen/d96Dobols
6569390L dMo30L AFoMTMGOMdIBS 5 gIoLogdOL FobsLOsMGIWGAL.  Toy. MooLO
s Lbggodo (Rice et.al.), [31] sDMom, d3069 Lbgsmds sMOLYdMAL 9bgMRqE03 I
3oboliosmgdEgddo, Lf3930L boGrxls s MMM 9539dGHOMBIL FMOOL dM6ZL
bLrgoms 896Bobbg s E15 Boatgzol 3990yggbgdolisl. LsdbGmgom owobmoliol
MB039MLOGHYBHT0 BoGoMmgdends 3093 gOMTs 339350 ob39bs, GMI  dMogl
LoddWH3Mg s LOH3930L boxo F30MJE Po0DBIMPS BOMLI39390m6 Botrg3z9ddo
[32]. 30mbLo(35930 9dMYMAL J306M9 MoMmEIbMdOL bsbIoMdSOL mdbolL (CO),
Bobdomfigocmdsgdls (HC), sBm@EHol mgubogdl (NOx) s 33959l 250mbsdmands
5069330 396060l L3936 FgsMgdom.

Bobo33egd o 396%Bobol LoHzo30L BOMmEIbMds  MgAMomEgds botgzdo
9056Mmol 30m396@Mwo 35B3969dwom.  mdEs 3GMdgdgdo [o®mdmoddbgds
6569380 gaol sMLYdIMOOL 250M, oD 3MIgOHEOWWs© bgwdolsfzmdo
905bMmo 03305m5© 33b30J0s Mfiywrm IEAMIsMgMdsdo [33]. 3MIGM(30IEXO®
bgdobsfizemdo gmsbmero dgogogl 10% Fyseb. 833w030Mgdds  s©0bodbgl, G:d
30650056 69gMmo 499mygbgdmeos 190°C -0sbo  x39M3bEGH0MgdMmo dod®ols
wg®mHdolb dgeols s doegdvIemo  gmobmero  dgogogl 20%  fyoel, dob
AboE0Egds LsFoMms Bo®Bgbo fywol dmiowgds [34] 0m3s69L0s s FEsATs
[35] 9980033w0gl gmsbmen 396%0b/fywrol bscrgzgdol ©odsw@gddgeo@wermero
3960935 —25-36 o -2 °C @0535BMbTo [o03o@Hgdom 59m0ygbgds R3sBgdoL
©ogmBol  25M9dg.  Lodwdocm  Foboboomgdgdo o 25dmbodmErd30
©535006d99M9090  50Mg00 Fods 3ol dMogol ddmbg dsbdsbgddo,  GMIgeros
39985md@s  909bMmE0/d96B0bols 0, 10, 15 s 20% bs69g390g  Fgbfogwrowos
365350 9339356M0L doge [36,37]. 596005, MMA 4o8mbsdmend3 s06Mqddo
9306905 CO s HC 899(339000d5 0960630 9msbmenols sds@gdoo.

Ladammantmu &:1dendamie 52
JEEIImMLAS0EN
S O



Abmxywomb bbgssbbgs J3nybgddo B39wwgd®mog 459moygbgds Lbgossbbgs
(om©OIbMdOL  gmobmen/d9bbobols 65693900,  BoQow0ms©,  93LEHMIW0S
MxB0E0sMs© 10%, dMsBowos 25%-09; 39655 10%; 839900 5%; o 593
10%-0g s Ubgs [38,39]. owdgs 0990Hm9gder o3 gddo  93@MIMdoEgdol
d0om0mgdgdo  Jgmobbdbgb, ™3 gmobmeol  10%-0g 259mygbgds 96O
0030g39090L 93EMIMBOEgdOL 5M9BEH09dDY [40].
56OLYdIMOL M58gb0Tg 3OMDdEGTs, MMIgoE 393wgbsl sHEIBL gmsbmeols s
096D0bob 30330b5:30930L 259mygbqdsBHY, 39M:dM:

1. 905b6ml 543L sdsero boGolbol Lsfigogol dobosliosmgdrgdo 896B0bmsb
090509000 (359. GHgb0sbmds, MROHM B0 308 LoMdM S FosEO
55¢gd0b (39d396M5GHv6o);

2. 905b6m@ol s 896%B0bol botg39d0l IFoMTMYGdIWMdS S LsdLobwEMOL 35
XIOXIOMOI00 ©5AID0E0 56 sGOU;

3. X96O 30093 96 SOLYIMOL  gMbM/d9bBobol  Lbgoslbgs  borg3z900l
Lo(393900L 13090930l Fglobgd 45TMEFPOWGdS;

4. bemREoml 9Ms35¢  J399sbsdo  BHoM©Ids 33193000 @S 3MM39LYOOL
53853909, 353659 X 96 300093 930609 IMbs399900 SOLYOMAU;

5. 9056m@ol gsOm™ Fomdmgdol ombgs35, 030 56 sGOL BN FIOHOWO
533™056456900L dfomdmgdgeo  3m33560930L dog6, OIQbYUION

5 GHIMb5EH00 boogEMIMdOM Bofigego [41].

534™OMq00L A.F. Kheiralla, ad other [42] dogém 9gLfsgeroeos gmobmen/
096%Bobol  Botgzgdo 35% gomobmerol 899339wmdom;  Fgdmfjdgdwos  Fsmo
Lo9gL3MSEOEOM  FobOLBOsMYPdWGd0  Bo3gMf3owsbmgdol dogs gol IMoz5BY,
OMQMOF SGHGMbsGH0Mo B5{3530 dM35L FMPORMEFOMYOOL A569dg. bs6g390T0
9056Mmols 5EH0sLMD gMmo Lsf393900 9639690BG06 MEbs3 B Lsfzo30L
dmbdo®mqdsll o FMbOHMFol oo MgMdMw 9x839JGHIOMOL;  BobdoMmdoob
mdboo  B96Bobmsb FgsMgdom  F9dzocmEs  g3zgwms  bo®gzdo. godmzown
65693906 dmEol E20 d0mbo(j3o3ds  9b39bs 3960 F9g9a9d0. bgowgmes
50900 0gm  bsbol oMol gmHdol  gosdmBsggdom  dgeslioligsb
9009990 L30MEO, sIBYIM0s JoBMW/d96%B0bol batrgzgdo EO, E10, E15,
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E20, E30, E35 o 99Lfogeoos 3500 530%03960-J0d00)6H0 s Logdldwrmsdsgom
dobolinsmgdEqdo.

93309350900 A.A.Memon  ad other [43,44] B0 JglodErgdgeos
390@Mxzowol  Bs®Bbgd0©sb  domgmsbmeol  (oMBmgds  39MAbEGHwWwo
30OM@obBol  Bodwmomgdom. 33935 9bgds  JoMEGHMFBowol  bs6MBgbgd0Ib
Lobsdgdol  2oMmOgdbl  BIMIPBEHM  BsHI0MBSI® MOl oo
bog3mo®OLy @O 9Re—5dosBIL  godmygbgdom.  B0MYMIBMOol  [FoMdmgds
d9bsdargdgos  30°C  3H9d39Mo@emsbg 84 ULom. 06399953008  39MH0mdo.
©Jbow0s, GMI JoMEMmTBowol bsMBgbgdo T9oEs3l oo Momgbmdom
Lobsdgdgerl, MMAoLYsbsg BgMBEHIE00L FBom TooEgds  SEEHIMbsEGH0O
LoH3930 BOMYMIBMO.
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530 2. 9939603960 bofowo
33930l 39093900 @S 50 A36LKY S

Loobgm@sgom bsddmddo  ,Lodobol bs®Bgbosb Towgdmwo domdgbBobols
L553¢MAMdOM  Bofi30350  3o9dmygbgdols  JgladErgdermdol  33¢g30L“ dobbom
3o6bMO 3090 gde0s:
bemgeool dgmebgmdol 6s®Bgbgdosb,  39Mdm@  Lodobol
B56h76900s6 L3O dBoMmgMbmEol sFBIIOOL Fgdbmemaools
05399d53909;
50md96%06900L 603 F9d0l STDOWYDY;
Bogoomd s Lsgogwo dombyf393900L  BOBOZMNO—JodoGO S
L59gL3WMOES30M M30L9dgd0L FxEIMJOI0MO 33¢935;
53¢™3Md0ol 39960396 s 93mEmao® d5B396939d%Bg Lo
0009gm5bMol/396%B0obols 65693930L go3cgbol Tglfogens;

2.1. 33e0930L Md309dBHYd0 S Bx0MOYdO

2.1.1 33e0g30L md0gJEgdo

33e930L  Mmd09dAHO©  9090os  bLodobol  6s6MBgbgd0Ib  Fowgdmwo
0009gm5bMo s ,OHMA39EGHOMEOL” BOMAOL ,, 39O S ,MYYWIMO™ FoM3900L

L553¢MIMd0M 396B0bgdo, 1939 BOMIMIBMEOl/d9EDOBOL bo0gzgdo 10, 20 o
30 % -0560 ©sbsdsEHgdoom.
2.1.2 33a0g30L 9g00m©9do
5) B0H03M6 - Jodo®mo Fobslosmgdergdo dqlfiogeroo odbs GOST, EN s
ASTM D U¢&obgst@gdols dobggoo [46-75]:
1. bs39380 goobmol s 89msbmerols 899339wmdol 2sblsbwz®s ASTM
D5501-12 UEHObIMEOL  dglodsdols. (Standard Test Method for
Determination of Ethanol and Methanol Content in Fuels Containing Greater than

20% Ethanol by Gas Chromatography (b&obo®@Hmo &HgLE-890MEO
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bid

9056Mmols s Fgmobmerol 9933390 mdoL 4oBLsBMZMOLmzoL  Lsfige3d0,
OMIgeog 3903936 20% -Bg 9@ 90096MmEL 5B JOMTEHMYMIBOOm).

. Bogormddo fiyeols dslemo ool aoblsbpg®s dmbs  ASTM D4928 -

12(2018) 6 s> GOST 24614-81 U@sbo®@GHol dgLsdsdolog (Standard Test
Method for Water in Crude Oils by Coulometric Karl Fischer Titration {gcools
390LsBE3MOL  LEHBIOGHMWO  GHILGHO TgPMmPO  JMEMbM-T9EHHO
39O 53099M0L BOGHMIG00M ).

. bofgegdo  BoJBoMOmo  golgdol  Asbymo  3mb6396EGHMSE00L  obLOBOZEM

dmbs GOST 32404-2013 LEeboot@ol dqbsdsdolsg, (MeTog onpeaeneHus
COofepXXaHus B TOMMBE (PaKTUYECKMX CMON BbinapusaHueMm cTpyeid Petroleum

products. Test method for gum content in fuel by jet evaporation  Usfjgeo3do

399BHoMMO  g3olgdol 8993390 MdOL  goblsbEzmol Lsgwgwo IgmmEo
095400 SMOHMJgdolL abom ).

. 05953056Md5 9m9bmobs s 9msbmen/396%B0obols Botmgzgddo  gobolisBrz®mos

ASTM D7795 — 12 LGobosd@ol 9glsdsdobsqo (Standard Test Method for
Acidity in Ethanol and Ethanol Blends by Titration U@sbs®@wwo &qbd
39000  3593056M00L  49BLIBOZIMOLMZOL  JMIBMEOLs @S gobmerol
656939090 BHoG®Ms300L 3o .

. P9ods 00mbgdol pH  256LsBO3MS gmobmeobs s §0sbme/d96%Bobols

6o69g390d0  dmbs ASTM D 6423-13sbs®@Eol dqloadsdolac, (Standard
Test Method for Determination of pHe of Denatured Fuel Ethanol and Ethanol

Fuel Blends Lsbos®@mwo &gb@o d900m@o ©gbs@wymomgdyao Lofigsgo
9095600l 5 90bMEol Lafigzog0L Botgzgd0l pH- ol by )bo).

. 3056 Mw0 Jerm®Hogdol dsbvMo foo - goblobrzms dmbs GOST

EN 15492-2013 L3oboot@ol dqLoadsdolbo, (STaHON B KayecTBe KOMMOHEHTa
beH3nHa. OnpegeneHne CoAepXKaHUs HeopraHWYecKUxX Xnopuaos W Cy/b(haTos

METOAOM  MOHHOW  Xpomartorpauu  goobmeoo,  Mmameg  396%obol
3™33mbgbBo,  9MMEMRYBMmo  JmEOoEgdol s Ly gds@gdols
999(339¢>™d0L 256LSBEZMS 0MBMEOO JOMA>EHMYMIGOOm).

. 3Mma0MEolL  dsbymo oo  4obolobegMs  GOST ISO 20884-2016

LEObIMEOL gLsdsdologo [63], (Liquid petroleum products. Determination of
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sulfur content of automotive fuels. Wavelength-dispersive X-ray fluorescence
spectrometry obgzs@o  65300md360Mm@Yd3Hgo0. BosgzEmdmdowm Bsfigegol
33000 999(3390Md0L goblsbwg®s.

8. Loggwo  ¥0mMd96Bobgdol  60dmdgdol  gobozm®o - JodomGo
3obollosmgdegdo  aobolabwg®ms EN228 o GOST P 51866-2002
(TonnnBa MOTOPHbIE. BEH3UH HEITUNMPOBAHHBIN. TeXHUYECKME YCNOBUS.) .

9. 9gbfogeoe 0dbs dowgdmwo 6503Mdgdol RMsd30Iwo  d9ygbomdy,
330935  29bbmM09ws (65300md3OMOMIBHJOol  odmbgools
LEBHbIOEMOo BHoLE dgomeo Standard Test Method for Distillation of
Petroleum products) - ASTM D - 86-93 U@sbo®m@Eol dglsdsdolo  bob.
2.1.1.

"
-
-
-
-
-
-
£

65b.2.1.1 6530000 godmbol bgwlsfiym

10. bsgger  603m39gddo  mA0MmOL  gobolobrgms  ASTM D 3227-92
LEBHOBIOEOL FgLodsFOLOE. (LEHBWIOEHMWO BHILE - Bgom©o ¥96%B0bTo,
Bogomdo,  Losgosgom  bsgmdo o Lbgs  aodmbow  Lsfi30390d0
996 353¢ 960 3MoMHEOL 239BLOBOZOS 3m39b3omagEHMomEo
dgomeom. Standard Test Method for Mercaptan Sulfur in Gasoline, Kerosine,

Aviation Turbine, and Distillate Fuels Potentiometric Method) .
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11.

12.

13.

14.

30OMbBomwo 5JBHo3mds (s B30 bdol BOOROHIDY)  oboLIBOIMs
GOST 6321-92 (MCO 2160-85) L3oba®EHoL dqLodsdolba. MeToA UcnbITaHusA
Ha meaHoi nnacTuHke Engine fuels. Method for copper strip test.

0553056Md5 2560LsBMZMs  ASTM D664 - 18e2 LEobot@Hol dglsdsdobs.
Standard Test Method for Acid Number of Petroleum Products by Potentiometric
Titration .

1003360039 29b0LsBM3Ms ASTM D287 -12 s GOST ISO 3675-2014
UEOBOMEHOL Tglodsdobo. J1abopaTopHbIA METOZ OMpeaesieHNs MI0THOCTY C
ncronb3oBaHnem apeometpa. Crude petroleum and liquid petroleum products.
Laboratory method for determination of density by hydrometer Standard Test
Method for API Gravity of Crude Petroleum and Petroleum Products
(Hydrometer Method).

306935303600  LodEsb@g  bsgommddo s 6s30Md3OM©YJEHgddo
39b0LsBegMs  GOST 33-2016 ULEHobot@ol dglsdsdolbs  OnpeaeneHue

KWHEMaTMYeCKOM 1 AUHaMUYecKoin BA3KocTu. Petroleum and petroleum products.
Transparent and opaque liquids. Determination of kinematic and dynamic

viscosity.

Bob.2.1.2. bgerbsfym 3069353039600 LodEsb@Eob 3sblsbwzmolmgzol
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15. bofi3039000  d9bbBMOols o X90MOH0  9OMISEH Mo BogMmgdols
dm3MMdomo fowo Asbobsbmgms GOST P EH 12177-2008 s GOST
29040-2018  LBHobIMEHJdOl Tgbsdsdobo.  OnpeaeneHne coaepXkaHua

beH3ona rasoxpomarorpagumyeckum MeTogom. Liquid petroleum products.
Petroleum. Determination of benzene content by method of gas chromatography.
MeTog onpeaeneHuss 6GeH30/la M CYMMApHOrO COAEPXKaHWsi apoMaTUYecKmX
yrnesogopogoB  Gasolines. Method for determination of benzene and total
aromatics.

16. 8593H0M0 goligdol 399339 mds gobolobrg®ms GOST 1567-97(MNCO6246-
95) LEBHIbIMEOL Tgbododoboe  MeTod onpefeneHns CMon BbinapuBaHem
cTpyeii. Motor gasolines and aviation fuels. Determination of gum content by jet
evaporation method.

17. g @obmeo GoEbgol 2sblsbn3z®ms 330930000 gmnMm©om gobbm09w©s
ASTM D2699 - 19el > GOST P 52947-2019 Usbs®dol 3gbsdsdols

OnpepgeneHve AETOHALMOHHbIX XapPaKTEeEPUCTUK MOTOPHbIX TOMNNUB.

Wcecneposatensckuii metod. Determination of knock characteristics of motor
fuels. Research method.

18. mg@Hobmemo  Gogbzol  4obLyBOZMS dnGHMOWo  JGOMEOm
2obbmdiogmes  ASTM  D2700 - 19l oo GOST P52946-2008
(EHMCO5163:2005)  LEobood@Eol  dglodsdola OMNPEAENEHUE

OJETOHALMOHHBIX XAPAKTEPNCTUK MOTOPHbIX Z
ABVALIVIOHHBIX TOM/IMB. MOTOPHbIN METO/, Determination of knock

characteristics of motor and aviation fuels. Motor method Standard Test Method
for Research Octane Number of Spark-Ignition Engine FuelStandard Test
Method for Motor Octane Number of Spark-Ignition Engine Fuel (MON).

19. Boxgbo mOmdeol §bg3s  gobolobegms GOST P EH 13016-1-2008

LEBHOBIOEOL 99L50s30bS© OMPEAENEHNE OABNEHNA
HACDBILEHHbIX NMAPOB Part 1. Determination of air saturated vapour pressure
(ASVP).

20. 509330039 °API gaM5mlgddo 3obolobegms GOST P 51069-97

UBHSBIOEOL FgLsdsdobs MeToa onpefeneHns MA0THOCTU, OTHOCUTELHON

NIOTHOCTM M NAOTHOCTU B rpagycax APl apeometpom Crude Petroleum and
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bid

21.

Petroleum Products. Determination of Density, Relative Density and API Gravity.

Hydrometer method .

Lo39w 608999030 06E030YYISWEMO BobToMfysed5GO0 Ao6OLIBOZIMS
Kpuctannokc-4000M 3m@geool 5bu6 4emds@my®on®y, ,NetChrom v2,
36MyM53ME0 MBOWb39gymBom Qo 5QM-00b0oBo30MMO
©9GH9JOMO0  (50MT5GIMdgo  bgg@do  sHBmBo,  ©9BIIEH™MTo
Fyoed0), LzgBHOL $9039Go¢y s 40-245°C, 25°C  Boxom. 8ys®r0 BsBo:
100% dimethyl polysiloxane; Cat#70199; Serial #1650246; (Made in USA)
13930bL boaMdg 108, osdg@®o 0,5330. sbscrobol boba@derogmds 30fom.
d9LPogowo s 0 bEHOBOEOMYOM-e0s 1533193 Md0YJGJOTo 89053500
060003000195¢0M0 B5bJoMysedoqd0; 331935 39bbm®mE0gws ASTM
D-7096-05 LEGobo®@EolL ,Standard Test Method for Determination of the

Boiling Range Distribution of Gasoline by Wide -Bore Capillary Gas
Chromatography* 99L506530L5 .

— -
sose y y.,d{:':

- EALLELLEEFTERITIT ]

']
-

Bob. 2.1.3. JOms@macmogo Kpucramrokc-4000M
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22. bsggero  603Mdgdol — B30mdIbBobgdol XaMBMMo  Fgaqbowmds
29bobsbegms  ,PerkinElmer  Spectrum  Version 10.4.2% obg®sfomger
139dBHMMAYGBHODY BoOHDM EOs35DMbIo (450-4000cm-1).

65b.2.1.4. 0bg@sfomger L3gdBHO™Ag@®o PerkinElmer Spectrum Two

0) 33930l  ™d09dBHJOOL  gogwgbs  93BMIMdool  Fgdbozm o

930 myomE 35839690 gdbg 499m33w Mo 0dbs Lods@mgzgwml  Ggdbozmeo
1B039MLOGHYGHOL  LOGHMBL3MOEHM  LobiBgdgdols s  8gdobozol  0bgobgmools

333MLOEG®MIBLEMOGM dM53900L WHOMESBHMM05T0.

15533MIMBOW ™M  dM53930L  dMMGHMOM05d0  9Ju3gMH0TIBBHIO0  BoBIM©S
SAK-670 85630l (296085605) Logsdmiom BEgbbYy, HMIGBY3 ITMBESHgdMwo
0y4m 533™IMdoo “BMW-316"-0l d0o35 J9OHMMO ©5 299390000 3MEMBO.
U960 (65bsBYdO 2.5 s 2.6) IMO(353L LodMbEWFm (1) s FsdGMbo ImIgbEoL (2)
2390DMm3 bgerbisfymadl, sbg3g dmbars oergol LobdoMmol s boH3zs30L boGxols
dBma bgabofymagodl [91].
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BoboBo 2.1.5. bogodmEom bgbwo: 1 — gargdGH©Hmambewo;
2 — 3586bo 3396 oL Qodbmdo bgwlisfym; 3 -BMW 316 d6rogs

Bobobo 2.1.6. gengdBHemambmoyFols Lggds

1.00396M0; 2. 994G ™MIM530; 3.LOLHMOOL dgdsboBdo; 4.9cdEMsgz0L Fogsfizol
653056 V5353930069090 35MIBOL 0EI30; 5.0019630L LobJoMmOl Yosdfimeo
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99396039630 ML FgxzsLs MO39l L3530l botrxo »ddo gwrols Mgm0dbY
95gdL0do Mo BoAAEH3MOL 30MMDYIT0. FbOLIBOZMS Lofizo30L botrxo, s3Mgm39
2390mb53Mend3 5069030  bobdoMEebgols s BHToMFYsed5EIO0L MroM©YbMdS.
2490mbsdmendg  s0Mgddo CO-U 99d;339cmds  2obolobgms go®ds  “dmdol”
§o63mgdol “BEA-460" 35630L 5065b5¢00bs@m®om (bobsbo 2.1.7).

Bobobo 2.1.7. “dmdol” §o0dmgdols “BEA - 460” 356 30L 506565¢00Bs@memo

99b39603g6GHOL  EMML  bgdms  Lomsbom  bgwlsfymmo  (65b.2.1.5)  dMogsl
053060>bo dmdgbEHoL s LH3930L 93B0L 50 g. LHZ930L obsGx 30l Fglodsdolo
©@®MoL (fodBmBom) A5BMIZs. MMIgerms LoWOEYJOOL JobgE3z0m 056ASMOTIOM®S
65356 Loddgsgeg Ne Ls{3930L LosmMmo bty o BMOINWgdom

Ne =0,00105* Me *n (2.1)

G, =36 %
(2.2)
Logss Me -d6o30L 35836bo dmdgb@o (63.)

n -d6535L IMbEs rorzol 3Mybzol Lobdomyg (for!)
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Q - Lsfiz030L 93H0B 3000l POML bR MO Lsfi3o30L MoMmEIbMBS( @); o3
9399 990mbggzsdo dvdogos - Q=50y.

t - L3930l 93H0sb 50 §. LHzo30L (396B0bgdo s dsmo batrgzgdo 10, 20 s 30 %
Lo BOMYMIBMEMB) botrxgol glodsdolbo M.

2.1.3 65356 259mb5dmend3 soMgddo HC, CO, CO2 NOx 3m33mbgb@gdol
2456LsBOZMS

BOSCH @o®mdob  9gMdsbymo  fo@Bmgdols BEA 460  3odol
500565¢0Bs@GMM0  (65b.2.1.75,0)  §o®Bmoagbl  659Mgzs60  S0Mgdols
365¢0Bol  2obloBEOZMOL dmEerl [81]. gl 9MHOL 0EIICMEO  BsdIHM
bgbofym 653893560 506900L 5309090 d93mdgdolsmgol, Hmdgeos
3999995390990 53¢¢™3Mmdowgdols 3946039960 3MbE®Mmob
093505396356 (39M35605) 3965dFOMAMB0m. IMEOIEOL 3bLEHO™MJ30S
Uodwoqdsll  0derg3zs  goobomEml  LobGgdol  BmbzomboerMo
99LodgdEMdgd0  dMO30L  OOMLBH0Z0L  3m33wgdue  Loli@gdsdy.
bgabofgmlb  doOmzs  bmOE309w©gds  3gOlmbowo  3m3309GH)M0D
b5 9bm 3538060 (Bluetooth) 56 3509cols 39d39md00m.

Bobobo 2.1.7 5. BOSCH g30®80b BEA 460 35630L 5065bsemoBo@meo
(396056009)
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Bobo®02.1.7 8. BEA 460 95630L 506565¢00Bs@HMmM0: [81]
1.Lobgenm69d0; 2. LgbLmEOL gobymazowgds; 3.AMM 396%obols
399mbsdMmEg30 506H0L dmEwo; 4. Bluetooth Lg®owo ssd@gdo 5.
99dBHO™Isdgo 6. Bluetooth LgMowo 5@s3EgMol 339006 derm3o.

BEA 460 o030l 506565¢00BsGHm®mo  959m0ygbgds d96Bobol  desgols
93¢™MIMB0gdoL  godmbsdmendzo s0Mgdol  sboserobolmgol. BEA 460-ob
3033gdbdo  Fo@mBmgbowos  L3gEoswobomgdmwo ESA EURO
35910 MBOHMDZgYmes, MMIgEoa dom35¢oliobgdmeos Windows
3960030 LobEgdsdo. BEA 460-ob s KTS 525/530/540/570 (c IO
ESI[tronic]2.0)  LoLEgINGo  LIbgHol  gMmMdogzo  godmygbgdom
99L5dgd905 6599989356 5069dT0 (QodMbsdmerdgzo) CO, HC, CO,, O, NO
3033mb96@&gd0L 983390 MdoL, slgzg  dMegdo Bgmol  GH9gddgeo@ ol
3oBLOBOZMS.  bMowdo  2.1.1  (o@mdmopqbowos BEA 460  ds630L
5005650 0BsGHMMOL 394603290 FobsLosMYdgdO.
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3H0002.1.1. 506565¢0BsBHMOOL 39dbo3mEmo Tobslosmgdwrgdo [81]

356599G®900L  sLobggds 36003690 m™ds
Mmoo BEA 460
209 3535¢00 Logbowrols swygbol ™ 100
999G Jugeols 339000 33¢9@0 Hgstrcmls dsd3s 220 +10%
53¢ ™bM3om©mo 33900l Fyomrml 9gbol dsd3s 12
LodmBom oMl 39gdgho@Ewes, °C +5 @ob +40 g
RBIOOMO0N0 39b0sbmds, % 0 b 90 gy

5GHIMbggOeo §Bggs, 330

700056 1008¢09

23905600 HBmdgdo (LogMmdgxLogsbgxliodsweg)

410X 330X 275

3sLs 33900L 05EHIMIOL 456909

8,8

BobsbBg Foedmagboos BEA 460 56300 506565¢00BsGm®o bdgdo@ Mo

=
=

s @}
AR ©
’_ i,
—
Cr-
M)
1

T

) Ii- .J-:-#*.t.i-t#- 4 "-._

g 4

Bobobo 2.1.7 . BEA 460 356306 506565¢00Bs@mem0ol lsggds:

1. 8905960090390 - %930 («9896d30m) 2. Bluetooth LgMHowmeo s@s3@gMO ;

3. RTM 430 -ob 930 4. TDC ULgbbm&Mol 6 m3EHo32Mo bgblmeMols x930; 5.

533900 BgbbmEMOL ¥930; 6. IboL  BIFOMZYWO; 7. sIFJOHO BHMOYIOOL

5053390 35090l x930 @ 1/TD/TN/EST Hodob 30dgob x930; 8. B+/B—

09959609090 3950900l %9305 9. OBD ©052bmliEo3mMo 35090l x930; 10.
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Bgool  3gd3gmoG ol LgblmMol  x930; 11.  sbmgdol  dmIgbEol
0930 GHMM0L x930  (1L39305W MO 5Jugbys®o); 12. Bluetooth ULg®owmero
5033960l PS2 339000 d¢em3o .

AMM - 396060l g59mbsdmendzo s0mol Imoyemo  (bsb. 2.1.7 ©) .

2450m0ygqbgds 396%oboll gdolool 3mA3mbgbEgdol HC, CO, CO, O
239LsBMIo be HYEBOHMBOMES30590 (2560ddb653¢Y).
AMM 958m0ggbgds d96D0obol 3ol ML 4sdmbsdmendzo HC, CO, CO, O3
NO  3m33mb76@3gd0l goloBmdo. FoMB0 359MH0L BoJBHMOOL godmmgs
bgds oBMmowro s0Mol 360d3bgemdgdool Logmdzgwby. HC, CO, CO,
3003306963930 golisDmBo 259m0Ygbgds 5M5oL3GMOLOYICO 0bgGMsfomgmo
0900M0, bmem 59605008  ©o9bs bgds Oz -0l gergd@EMmdodon®o
LgbLlmMob 9dz9mdoom.

12

Bobo®bo. 2.1.7 @: AMM —396%0b0b 959mbsdmend30 s060L dmpyero: [81]
1. NO2  ULgbbm®o(»nmbdsom) 2. NO Lybbmeo (L3gEosw Mo sguglbwysto)
3.996905000L Oz LgblmMo; 4. 59dBHomMgdo bsbdoMol gowEmgdo; 5.
GMIdML 93930 ow@®o GF3; 6. GF2 0905350 gow@®o; 7.
3900bs0Mend30 5060l  dBMIoL  globgwrgero; 8. Asdmbsdmed3zo  socmol

Ladammantmu &:1dendamie 6 7
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6503m3ob sLogdo 30@M™bol 8 @ dogro (d530); 9. GF1 mbgdo gow@®o; 10.
60330l sLswgdo 30EHmbol 30 L  doero (s30);  11. Bsdwdgzs60 S0MOl
6031930l sLowgdo Bmbo; 12. Bsd3gdHo Jwedsbo;  13. 353500006090
5060L dgloligegero; 14,15,  3meogzobodwmm®mool, 4sdFoMzswg 23 LI
dowo; 16. 3mbgblsdol s Bsdwmdgzsm0 506M9d0L dodmbaligergwo;  17.
L5565¢P0BM 50MHOL Q5TMLOLZGO.

BEA 460 506565¢00b5@mMol 8850m30L5m30L LoFoMm 2560930 306Mmd900
BsB3969005 sbGrowdo 2.1.1

3b6owo 2.1.2 BEA 460 506565¢005@™6M0l 8dsmdols 496990 3060089080

[81].
3996039960 dsbslosmgdegdo 9539690 gd0
245693l 35960 39d39M5EHMMs °C 5-20°C
239M99mb BSOOMO0MNO 3Hgb0sbmds % 30-90 %
5G0mbEBgOHMo §6935 339 84,0-106,7
3°099mb $9939M5GMHOL 330G 56M5m39gBHL 2
399m{d9d0lL ML
5659898590 MToMgMd5d0 T9bsbgzol 5-40°C
399396536 °C
5658998595 gMdsT0 5BHIMLBIOHYO 700-1060 335
06935 335

- b5 29dmoMoibmlb d94sb03meMmo Bg0mddggds, BH3MOL SOLYDIMDS, 2569dq
9IIHOIOo s obod®o 3gergdo.

dmdBgds 998mfdgdobmgol:

999mfjd9d0L ob Mbs Jglermeal 89990 dMbETDoIdgE0 bsdMTomgdo:
[82]

- 5005650 BoEGM™MO <bgs dmIboL 99L3MO@ 5300
Lobgerddm3zs69wml GgLodsdobo
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- 5069d0L 65693900 d5¢mbgddo Mbs mm3Lgl 990mf{iagdol gotgdmdo
24 155507000 5QMY
- b Boo®mml 25d(mg0 Lsggb@owo@om Loligds.

999mfjdgdol  3OHmEgENMs:  3oMzgr  Gogdo  mbs  dmbgl 29609
QIM35¢0gMgds. 9605 OER0bIL:

L. 506565¢00BsGHMOM0L 300339 Go3ool  dglodsdolmds, 9dudEmd@sEool
Lobgrddzob9wmbmsb

2. 506565¢00BBHMOOL 256M926MEo@ 56 SHOL Db YdMEO

AILEHOMGOOLSL,  S0MBsWOBsGHMOO  Mbs  BsoMdml s F99m{dgl
03000536mbEH030L  3OMAGMmsdom. Mbs JgamPAIL 506650 BIGHMOOL
396009 BHEmds,  I3OAbMdgMds @5 39639690 gdol  BEGodOEOMDS.
336M9m3g dmfjdgds 3OHMyMsdmwo MBOHMb3gmygmazol Looab@ogozsgom
dmbs399990 S F9EBHOMMY0IOHO FoboLOSMGOGdO.

303309939M0L  oL3Egol LEHIBdOEMdOL F9dm{dgds bgds d90gybsoco:
93696%g  99L505F0LO FOMAGMSAOL  BsM30L T9d9y 9503369 ™dGdO 5O
Mbs 90(33500ml M0 ool 496353¢mdsdo 12 ppm-bg 99¢)oQ.

gb®owo 2.1.3.  bdom®ol slsdzdo 3mdowgdgdo [81].

3M0330bgbEgd0 139308035309 900093 MdS
CO 0 % deags. +0.005 % deags.
CO 0 % deags. +0.2 % 9mg,
CO2 20,9 % deags. + 0.4 % dmg.
CH 0 ppm + 12 ppm
NO ppm 0 ppm +0,02 %

99b39603gbBHOL ML dMOZsL  Bbews

0bM390Mm©d 0600309900 gosdhrom s gEgdBHOMbMO FodmdgBmom,

boom bs3930L Hmboomo dgommpoom.
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dMo39L 98399 BHMOO  LoIIWH3MOL  FOBMIZOL  OML  SBLMEMEOWEO
30M30gds A Ne  3560L5B030M9d BMEOHIME00):

A Ne1 = 103(Paspe + A Paspe)(n+ Ain) — Ne1

bogS3

Paps - 56G0b 379berm Fols bolfemmo dgdobobdol B3gbgds;

A Pagpe - bobemdo 999ds60Ddob B3owsBg oboymaol «dzotMgbo i3slio;

n - 3Mbs o300l dMHY630L Lobdomy

Ain - 53LMEEHMOO 300MI0Egds FMbens Eoegol dbzol LobdoMols

396LsBE3OOL OMU;

Ne1 - d6530L 9839JGHM0 Lo s3Mg;

519 85905, 99mb3z930Lm30L Nei-11 33¢ s n= 1500 for! doowgds
ANe1=103(7,33 + 0,05)(1500 + 8)-11 =+ 1,17%

39600 3535¢0000LbmM30L LOId 53Ol ABLIHBLIMHOL FSMOMBOMO

3030905 F999bL Tglodsdolo :

AN
e, 100% =+ 0.129

Ne, 11

100% ==1,17%

dNe, =

ROOOMO0MO  300MI0gds  Lo(I3930L  Lso0IMOdMmOZ0 boGxol  2sBmAz0L ML
§900mo96L 9e9dEH®Mbeo Fodbmaol 3@ §10. = 0,006% s 2osdfmeol
0939 3 =+ 0,5 % (300m30¢gdsms K 5AL.

8Gu = 85+ 63 =+ 0,506%

B5300mdd96B0oboL Mg sMoL”  oMm3olb s 20% ULsggero  domgmsbmenols
99933900 03039  896Bobol  MmBoEoIMMO  BLEGMds oo 493egbols
©oLoygboe  BMW 356308 M1 353936008 53@™MIMd00ol  g59mbsdmends
50609ddo  CO - 09933300 MdsDg, dMogz5L  ¢ddo Lgol M9n0dBg FdsmdoLLL,
BoGdGH©  933HMLOGMBL3MOGHM  BsdMowgdgdol  Fgdbozmeo  0bldgdEotMgdols
396®®30 - ,F53560% (J.00d0EOLO).
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396@®do  0blL3gdBHoMgdol  bsHYy  ©odmbFggdmos MAHA - GHodol
300565 0BsEMMo (bsb 2.1.8)

BoboBo 2.1.8 FBmTo 535650l 3:mdergdLo:

1- MAHA -b 030l 506565c00bBs@mo;
2 — dbgz0L LobdoMol IbBmdo

365¢00BsGHMO0 Jugedo BsOM30056 byom fmdo 3Bsss 0dolsmzol M 3GrMaMsds
Bo0G3060mMl  LOMEYMROWSE @S  3ddBmdol  Lodoergds  dmzogl  dwds
9™ 35M9Md580. OHMOYLOE 50MBIODsGHMMO dmyzsboeos dwds dyMIsMmdsdo,
99L539090s 533MIMOdOEOL 0bL3gJEHOMIOOL 3OMEILOL IYgds. 0bl3gdEotgdols
36MHm3qLo 0()gqds 3MIMPM55d0 M1GROLAEHMSEF00M, oG S3BMISGHYO M9:10ddo bds o
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99bodsdol 3909080 53BMIdBH MO  S0LIHYds 0BGFMOTo305  93BMLIEGHMIBLEMEOE M
Lodw95eqdol Jqlobgd; 8999y bgds dMs35d0 Bgmob gddgmo@ ol asbloBwgms s
dM535L dmbers oergol dMmbzol LobdoMg J00Yy3s690s ©94d Ly sBy. GHILGHOMYOOL
UBObIMEHOM YIBOE LoodEg (900 foo!). M) 0go bMEIsTos (osBEMIGdOM
80C?) M35l dGB30L LobToMgl 0BL3gIBHMOMO 5AIBL Je9gdEOMbMwo 0d3Mliols 56
OBD - bsdwoengdoom (bob. 2.1.8)

300565 0BsGHMMOL Dmbo ( bsb. 2.1.9) mogligds 93EGHMIMdOEoL doyshdo o
500565 0BIGHMM0  953BMAsGH s  0fjggol CO - 25BMIZL.  35@SW0BMEMmO
690G 0DsGMMOL 8Jmbg 53 MIMBOEgOOL BHYLBH0MYdS bgds M35l 94 bLgwsby,
069630l LobJoMOLSL - 900 s 2250 Horl. MbgoEHMILOBIGHMOM 53EHMIM-B0 GOl
dbMwmE dM35L MJd b3EsBy oLsbYdMEs MMPYLsE dMb30L Lobdomg 900 foo! -0l
AM0s. B9LEGH0M9d0L 99093900 (mgddgdo Nel s Ne2) solobgds dmbo@mmby.

65b.2.1.9 BMW 05630L 93&™MImdogol ¢gb¢o®gds aodmbsdmerdgdo CO -b
099339 ™d5bYg, 39d603900 0bL39gJEH0MYd0L 396EGHOT0 - ,,Fo3560% .
1.563¢™0Md0w0; 2. MAHA -l 356306 506565c00BsGmc0o; 369630l
LobdoMob 3Bmdo OBD; 4. 569630l Lobdo®ols IBmAoL Lsgbo; 5.

5005650 EGHMMHOL BMbo; 6. Joymbo.

Ladammaotmu addenddmik 72
AGKIMLIKSOAN
R e



Bobobo 2.1.10 BMW 356300 53¢ ™3mdoeols d6ogs d6+bgol bobdoMol dbmdo

Logboo: 1. dM53s; 2. 0MHBb30L LobJoMol dBMTo Lygbo Josdhimwom

Ladammaotmu addenddmik
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R e
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2.2 b53YX0 30MmgMNBMEOol Lodobol Bs®BIbgd0s6 Jowgdols

A99bmmao0l ©sdd53905 O TBOEIdS

d0mgmobrmenol dogds d9L5dgd9w0s bemgeol 399OHbgmdoL
Bo®B9b9g00LA6, BIMAMOOES 39OEGMBOEO, FodMol FoMbowo, JgMo,  bmGmdOl
@5 0M0obxol Bodyxs, Foddol @gMfdo s ULbgs., GMIwgdog Fomdmoybqb
39b65bEgds000 9bgMR00l Fysmrmb. domgmsbmeo 800wgds L3oMEHWWO WYVOOL
(083969690 FogMols s Lobsdgdol BgMIgbEs300m) 89gysw, d9dyamdo
69JGH08035300Ls @S 30MHMWOBOL JgmmEgdom [83]. domgmsbowro  sGol
©93006M5GH0MIOMo (B0 3mbab@G®momgdmwo)  L3oOGHo,  MHMIgwos
3990094gbgds MHmamO3 Lofizo30L BsTsG0. g ML Fbs LyRms Lofigego  dogo
030L d053900Lm30L, OGO 530S JMg3d Hosmoligmer 396Bobl [84].

00Mmgmobmol domgdol domdodow®mo dgmm©o oo bsbos 3bmdowos,
3553 dobo Lsf3935 259mYgbgdol 0@gs 95JGIOXMMO 2oMES d9-20 Lowy3mbol
90-056 9080, 65300md0L 3M0DOLOL OHML, MHMEILsE AbmBEomdo bsgmmdols
2391900 83390MOE FOODBIMs S 3936 J399s65d0 Lsfizo30L gRO0EOGO dgogdbs.
365JBHo3Mwo©  LBjmMgo 95806 ©@sofigm  domlsfizegol  3oMgzqwo  dlbgowo
Lofo®mdmgdols dgddbs, GMIgedsg  96EMB LBEBHMsEI0wo 3603369 Mds3
390d0b6s. 535L 96 OGOHDM JEPMBIWOO EIMOMDS S Je0TddEOL (33C0gdY,
Go3  0obsdgoMmzg  bmxzoml  3OMdWYds©  0d3d  ©d 399m{39990s
Bobdomfigocdsgool (obo, Bosgmmdo) 0bEgblormo dmbdsdgdoom. sMLYdMYWO
Abmxywom 356@gdool 3060HMdJOdo  9MIbMmErol gsdmygbgdols Lyzombo 3093
MIOM 59 BH OO0 A9bS. M) 00sbdE 9353530, MMT LSH3930 gMIBMEOl
d00ds d9LodgdgE0s LmBErol dgwMBYMBOL Bo®BBgd0B, gl 360369 m3bo
BMOoL dobo FoMmdmgdol 59930 gdEXMASL.

5)0dobol Bs®PBIBmd0IE Tglodergdgeros oligmo FoMoo §3MEMYOIOHO
30L90900L dJmbg LSH3530L MBS HMAMMO3SS BOMIMIBMO.
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3b®0oo 2.2.1. 35960H0L ©sd0bINMHJdOL LogsMomm gdolool {ystrmgdo [80].

956496900L BHo3gdo L5H3930 CO HC NOx
adbmdmdo 096%obo 46.65 14.47 5.72
905bmero 8.60 4.13 1.37
Botggo 13.27 6.81 2.46
(096%D0b/gmsbmaero)
3M39m3E0wMwo 096%obo 5.42 1.76 0.72
905b6m@o 0.78 0.38 0.13
Botgzo 0.60 0.30 2.84
(0896%06/9056me0)
O0bByEo 0.29 0.34 2.84
Lbo@gomomm | dbwmdmdo 09bbobo 0.16 0.23 1.77
LodoM o0BYo 0.81 1.15 8.74
ddody ©oBYo 2.92 3.36 32.00
533MdM9Go0 | MGMOIBMEo | CoBgwo 1.87 2.30 19.94
Logognogmo— | @obgwo 0.43 0.53 4.72
dmMHobm
ImGM(303900 096%0bo 15.56 12.92 1.15
Botgzo 0.04 0.04 0.01
(096%D0b/gmsbmero)

535Lm9b  golomgzaoliiobgdgaros, M™A Lodobol bsmbgbgdo sd0BIMGYdL

d0b3Mgdl bmem sfigol 99dmbggzedo 359ML. Lodobob gl bs@bgbo 56

390009g9gbgds  Logdmberols 15339050. BogsBoxbm  bs3mdomgdol O™

039396, G5 0393l 35960L sd06IMEIGSL.

580-  9bgMygBH030L

93563599630l

(DOE)

30 mbols

9003bwo

WOMMSEGMOHO0L  833c0g350930L  JogH  BoGoMmgdo  33¢0935  3boymxL, MmJ
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10d0bOLYD FoLgdMEro G0BMEEOL L3935 Fodmygbgds 5330MgdL BobdoMdOL
553900L 5 LML S0MYOOL [FoTMJdbols [24].

2005 Herosb 2019 fiemsdg Lodobolpasb  gmsbmenols fo®mdmagds 53d3-do
MObRIO 250DMEO. U IBWMYd0oM 1,6 6 15 F0Er05MI© Foermbsdgs (6,1 —sb
57 80wo0sME @o@™m9g).  33wg3sdo,  OMIgWoE bbbl  gsdmdlzgyboos
39965e0BgOMos  B0MbH353900L s BOM3MMOIGHJOOL Fotdmgds, Fgz3elgdw—
05 LodobEOLYG FoMGdMWO JmbMEIOlL 30l Fggye© Ho®Bmgdboero LomdwmGmols
506900 9dologdols 0bEBLogmds (GHG, b  b5b3ocmdsol 0b@gblogmds — Cl)
BobdoMdool 0b6@9blogmds Cl-23 %—-00 9993060 s. sB939 GHG -b (390mymaowo
00)M0 506900) Jn0sbo dsB3969d9e0 F9d30m®s 500 b GHMbBsdy. sEymbol
2685 98 33930LM30L gsdmoyggbs GREET® (Lscdvnéols 506980, M9ameo®gdso
900L0gd0 S 3H9dobmeErMa0gddo godmygbgdmeo gbgMa0s) dmEaro. Mbozse Mo
LCA 5b5¢00@o03mMo obbdMmdngb@o, Gmdgmo sbgbl 3sbdsbgdols o Lafgogol
Ubgoolbgs  3003306530900L  9bgGgool  Imbdsgdol s  godmbsdmendzols
0mgoMgdsls [44].

990L0gdoL FglogslndErs© d93609M9dTs gsdmoyabals 9.§. LLogmEbwol 3ozwrols
3BseoBo 96w LCA®. LEobo®Emewo dgmmo — bsf3s30L Homdmadols bgswalibgs
3590l ImGoL LB 50M9dOL 9doLogdOL HBgIMgdngdoL FgLoEMYIS.

Q5 dml, Mg d99bgds gmobmol (omdmgdsdg 9bgMam obsbotxls: —
5396030l 89900930 JBoGH9d0olL Lmgwolb dgmMbymdols ©g3se@sdgbEHol dogH
3990d39969d9o  2o8mm3wgdol mobsbdo, gmobmero msgolbo  LogmaEberol
3030l 4563530mdsdo  (omdmgdbols  134% 9bgMaosL, bmerm  gmobmenol
0o00mgdsbg  (8396sMI0L  Fmygzsb60l,  FMbogErol  sMgdol s 3Fs39d0U),
bR Mo 969Ma0s Fgoagbl 100%.  396%Bobl dgmdeos ssdMHMBML ol
§o00mgdsbg obsrxmwo 9bgMaools dbmermo 80%. Ubgs Lo@yzgdom G®I
300935m, Bsdmmzwow  9bgMaool se@GHgMbsdomwo ysmmgdol GHodgdl, dmemols
goobmwo 56y FbmmE  gocgdmbogol 369090, 939  Fomoen
96@GHsdgmeog [25].

LodoboL bsMhY6IO0IB BdOMYMIBMEEOL ToboMIdsE© FT539dw9o 0gbs
Lomobom  3gdbmemyos, MmIgmoa dmoisgl obgom 3MMEgLlgdL  OHMYMOOEY:

69w gmols 3mdbogds, godMmds, ©sdM3ds3g0s, BJMIDGBHE0s, 9JuEHMOJE0s
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S 29BOWAE3Ms. BgMTIBEIE00L @OML Jar3mDBs s bodobdo sMLYdIMO
859560 356050436905 9096MEs© O BobToMMM56s [77].

2.2.1 domgmabmenols Jomgdols Bgdbmanmaos

00mgmobemerol doegds 39dbozmcme bmM309wgds LBl IgMMbgmdOL
Bs®Babgdol  domgodomGmo 45349 dsg9d0l  F9gRo®  FMbMLIbIMOIOS.
L3oOGOL Foegds  bMOE0JYds  Bo]GH0B0ZdE0M 139AHDY  Fodmbog
dgoomom. 9999y L3odEOL  3mbablo@o  Fogdsmgds  gmsbmenol
399094mgdoll  oboasmbg,  Lssg  bgds  fyrol  ImEgoergds.
©9JAH0B0E0MPRPMWo  gmobmwol domgds FoMdmoygbl MHY39@ 3OMEQLL,

3905 6990l dmdbsgdol 3MMEgLOLS (FolRM39ds, WIFMETSEJdS
o 39OIIBGHS305). 98 BHgdbmemyomo 3MmEgbol  Losbergl  Foedmowyqbl

9056meols 2399909 gds (92,6%-96,5%—-0¢09). 5B GHOHM3ME0

93BH0B03530000 96 096900030 3gMoEHOL  IMEIMBoEHOL  45dmygbgdoo.

36m39Ldo 459tmygbgdmeo 25dblbgewo (303wm39dlsbo) dmwosbs 3o ©gds.
39990909390 9msbmerols 8omgdol Ldqds HoMdmygbowos bobsbbg 2.2.1

p—

ponasbBergmo
C2H50H gojzremindbsbo

L Coriz
_1 " f

a>mbyeregdoeno
L3oMmEHo 96-97% 2

BoboBo 2.2.1 gosbemerol domgdol bdqds.

d0Mmgmobmero 80300900 M©9dEH0R035300m (350mbEom), 58 OML Jogdmwo
00MgmbMo 56 5MOL Lobogmbeg 36MHM©MJ3E0s, Bob LFoMIds oy magds
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dobo  3OHMmEgbGMwo 9339w ™mdOL  ASBEOOL dobboo. Bobobby

090096005 LoMgdBH0B0IsE0M 93560l IMEOYIEO.

J

& emnacgeny
8 amrpepepy

BoboBo 2.2.2 .65300000L LoMJEGH0B0ZOFOM 535M5E0

1- 339 mo  ImEEemds; 2- 0535¢dbMog0  Bs33930; 3- d0dwgdo; 4, 6, 19,
20, 21- 009®0m{ly30¢0900; 5 99399953035600; 7 - 3006@gbLsEHMG0; 8, 17 - LoblMosbo
Jobbo; 9 - LoMgdBHoxozssom Uggdo; 10,15 - sdFqmo; 11, 12 -39emEberoliiyerols
3939999999360; 13 -0xgM9630sw®mo  dsbmdgBHMo; 14 - 303990 GHv)ddm; 16 -
dogo; 18- 35009; 22- 300; 23- 0939w0; A -bsdlgeosbo b63560; b -
Bobggz96mImn3z5mH0LYdMMHO Mmb3sbo; B, I, [, XK, E - mb63569d0; 3. - mb3560 (©0s93960).

Bygmeol 39MmGBEE300L 19b sbeog msbsdg 3OMYdEHgd0 (dBo0Tgo35
QS 3W03mgdo). oo  dmEowgds  bgds 905b6mols  g5fdbolsls.
©9000obsL goerblibs®do 80MqdEo 9mIbmMeEo sdSM3OHM39DEH0s60s, bgds
doLo godmymazs, Folwa3Ms39ds sSELMMBE00LS S POLEOWSEO0L gHoo.
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anedgbiingod

C H,,Os—> 2CH,CH,OH + 2CO, + 28.7 T
Byeergnero Joabmgo BabBommGgbao
100 51.11 48.89

BoboBo 2.2.3 . d0mgmsbmeol Bmyso domgdols biggds

d0Mado  B0MIMIBMEOl 9Py mads 49BbmM 09 s 3503030
&9dbmmaom®mo  bdgdom, Gobomzgobss  godmygbgdme  odbs  LemMdbEGo -
dmOm©gboGo, MHMIgElLsg gooBbos  Fomowo  Fmobmddol wmbs®o, dgdsbozmEo
9aM5QMds O 93MWMA0NMSQ MLIRODMbMs. JMMIboEHO MIMIMIYMHIO
SLMOOIBEH 09, 9939900 J05MGOS M19gbge30L.

dmOgboBo - FobgMowo  (39MmE0@JOol  XaMB0IBsS, 030  [oMmBmoygbl
39w 309dol, Bo@®omdol, 3oeodol 5 dmboeo3s@l.

Bsb. 2.2.4 8mG©960&0b bHGIEes ((Na2,Ca,K2)4(AI8Si40)096*28H20;

Yo Jodoemo 99agbowmdom 543l HMIdOLYOMMO, JMOLEICMGO
LEHOWMJEGHOs; Lod33M039 2,1 /3% Muem bJoGs NBRIEMm b 0gMEOs.
0553509009305  9MIMBE00MMH0;  a5Bbos  0mbysalzmomo  m30Lgds,  sbvy
369600 [omdmoygbl dmbgd®mog ombo@l, MHMAgebsg dgmdeos 2o6mgdmdo
35369 506900l Jmsbgzs s 930l 9935096 Mdsdo sOLYGdME0 LobOMAGOXM

99396¢90L 353995 [79].
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dmm960E0 LObMYHBME 39ME0EHIOMB F9IMJO0? 059305, dmMmEgboEol 1-2
30 83M5J305 393959JBH0IMgm M9MHIMLBHSGTo 100°C-bg 1,5 Lor—ob 496393 Mdsd0,
3935303900 @5 Bo34stgo  slMmMd9MH9dd0. JowgdMEo  ©d3MHME96E0s60
905bMmwo  Fgool  s3smOHmngwgdgedo, 306039 933Dy bgds 85%, bmerm
LodME MM 96% gsbmerols BoMgds .

1d0BsGHEOE  B0MgMIbMEOol  gomfgmgdol  3Mmaglo  Homdmoygbowos
BobsBbg 2.2.5

BoboBo 2.2.5. domgmsbmeol yomhgumgdols biggds

B30bL F0gH d0MgMIbmeEro Fowgd)eros Lodobol Bas®Bgbologsb, dugeglo
3996m005 5 bgEgMWo 56 5MHOL 5I3EGH0MGOIMwo Bzgbo Egdbmemyom®o
sbollosmgdmgdo  dg30Mgm  bolb  dgdbol  Bo®Pgbgdo©Ib  gmsbmerols
39dbmemaool  Bsbolinsmgdegdl:  Bz9bL  3MmEqldo 993306 9dME0s  EMMOl
boba®domds dgoygbl  30Go-U - 2-3be bBogzwo; bmem  3Hga3gMsd e
09950096l 85-95°C-b - 160-190°C-0l bs33es. 3GM3EqLd0 dmogsdo 360d3zbgarmds
5943 Ho@mgdbogro  dmbmbsbstogdol  dodlodoeMo  d9bsmBMbgdsls, o3

3990099 390507436905 900l BL30ME)S.
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2.3 bHE3IL0 BOMYMNIBMOL BOBOIMEM JoToEo JobsLSMYIGdO

Lodobob BsMBIBId0E FogdmEo LozIo doMmgmsbmerol BobBogMH -

JodomGo  m30L90900L 33935 BoGots 2.1 Jggmsgzdo  Hedmpqbogro
LGObIMEHJIOL IMMbMzbadol Jglodsdols. F9wgagd0 SLobMwos bMHowgddo

23.1.232. > Bsbsbgdby 2.3.1.

3b®owo 2.3.1. 90560l 30H03MO —J0dor)MHo Fsbsliosmgdegdo

05639690900 doboboomgd | Bz9bL dog® LGHObIOEO
@wgoo 800gd o
d0mgmsbmeo
23960936990 ©IHILOSMYdS 39930635¢9
9000l L3oMEHo, sLL.% 92,1 95-96% ASTM D5501 - 12
39000l bL3oME0, Aobls.% 0,5 0,35 ASTM D5501 - 12
$yeob 899339emds, % 7,5 2,5% ASTM D4928 -
12(2018)
8953056mds 9p/d° 56 30 ASTM D7795 - 12
0900500l 0mbgdol 6,5-9,0 6,5 ASTM D 6423-14
sdGogmds pH
Jerm®ogdol sbrydo fowo 10 8 GOST EN 15492-
92/33 2013
20000 3sLwMHo Fowwo 10 10 GOST 1SO 20884-
92/33 2016

00Mmgmobmeol  BEGHOWJGHMOMW  XIIBMYOO  TJYIPOMDdS  2o6OLIBWIMS
~PerkinElmer  Spectrum*® 1399dGHOMIGGHODY. Bobobbg 2.3.1  FoMdmepqbowos

00Mgmbmol 0byGmsfomgwo b3gdGHeo.
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(=] - 669 II
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] 2927 1455 1381
9 2887
30 i s®81
o ] 2974 066
] 3358 S
10 T T e S T S S
000 3 500 3000 2 500 & 000 1 500 1 000 =00

V,cv?

Bobs®o 2.3.1. boggero d0mgmsbmol 0bg®msfomgwo b3gd@eo

00gmsbmeol s 396B0bol B0BOIMO - JodomMo BsbslinsmgdEgdol TgEcIGdS
fo6dmpgboos sbMowdo 2.3.2

35000 2.3.2. L3I0 30Mmgmbmols s 396%Bobols Mgy smo“-ol

dsboliosmgdEgdo
dsbolinsmgdEqdo 909bmo d9bbobo

J080M0 BMOIMS C,H,OH -
09050039600 Mds (c) =52% (c) =85%

(H) =13% (H) = 15%

(0) =35%
I3 ©o Hmbo, 3/30men 46 111
000l 3933909 6s, °C 78 30-225
0009656H056Mds, dx/3p LH353%Y 29 45
08336039, 36/83 785.0 745.0
MdGobmemo MHosbzo 331930000 IgNMEO’ 111 95
MdGobm®mo MHosbzo dmEHmemEo dgommEom 94 85
SMOHMJ 900l B0 LOMDdM, 335¢/ 3 204 70-100
Box 9o mEomdwols §6935[335] 18.5 75
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OMamO3 3OO0 BBL  domgmsbmero dgogogh 35%  g963d0U,
09H0bmsb 3905609d0m domgmobmendo Bobdomdool M50 9bMds
36003b69wmgbs dzotgs s 89500396l  52%-L, bmerm  ¥96%0bdo  85%.
d9L50530L5@  B0MYMIBMEOL L3530 IBSTsGO Podmyqbgds 3b0d3bgemgbo
29BOOL d96D0bol 3ol boeolbl s  godmbsdmendy s06Mgddo 8959306090l CO
©> CH - ob 999339 mdsl.  Lo3Io 30Mmgmsbmero sB939 dgo3Eegl bs3wgd
0950l @9 593L 6530900 355530969M3s FgsMgdOm.

39w MOMH0MEMds (00MY656MH05bMds) FoMdmoagbl  Lofzs3900lL gH—9OH
36003690356 3obslosmgdgls. gbMHowdo 2.3.3 {o@mdmpygbowos Lbgsslbgs
Lobols bof353900L POMMBIG0DMDS.

3b®owo 2.3.3. 1530 d0MYMNIBMEOL S Lb3ssLL3ZS Lfz939d0L

000bM056MdS
Lofig303900 b0d336M039, {30l {30l
33/0 MdMB5M056MdS, | MIMBIH0S6MdS,
9%/33 Ox/e

096%bobgdo 724.0-784.0 42,9-44,38 32,13-33,10
306053060 godmbols 724.0 44,38 32,13
39GowobmEOo 730.0 42,96 33,16
(ogm®Iobyols
09M3oero 3093060l 734.0 44,17 32,31
39GowoHMEO 784.0 43,63 32,34
36930620l
15530530M Lo(3930 781.0 19,26 15,24
0DYEob bofzsgo 822.0 43,12 35,45
990000l BL30MEO 791.0 19,26 15,24
9000l L30OEO 789.0 30,60 24,14
0BM3MOM356meo 785.0 34,14 26,80

B396L dogh FgMbgmeos ,,HMI3YEHOMWO -l oMol d96Bobgdo: ,Lw3gHo“ s
»O9SM0 5 oYM B0MIYEDBOBYdOL Botgzgdo EO, E5, E10, E20 s
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E30. gb®owdo 2.3.4 9m3gdmeos bdggwo 603dgdol Lboggwro 60dmdgdols
3LObYEgds. 53D BodsDM 396B0bs S©gdos EO.

3bOowo 2.3.4. L3I0 60dIadOL ILIHYGDS O SOMOZ0SEVIMS

Ne Botg3900 3069305 MS
1 | 100% 653000396060 (LodsHm) EO
2 | 95% d96%0bo + 5% goobmero E5
3 | 90% 396%0bo + 10% gosbmero E10
4 | 80% 996%0bo + 20% gosbmero E20
5 | 70% 096%0bo + 30% gomsbmero E30

331939900 596005, HMI B39mqgdMm0og 3569569080 ™m3EH0doeMos
E30 30md96%060. L3030l botrxo d9Hdz00ms 1%—-0m 396%0bmsb dgsdgdoom.

09092900  Bomgdmos  «Toyota  Camry» @S «Ford  Fusiom» 356300
933MAMd0wgdbHy. ,Flex-Fuel’-3o30oL 8545bgdobmzol m3@odswwmémo séob E20
00md96%B0bo. LoHzo30L bodxo TgdzoMms 15%-0m B96D0bmsb Fgsmgdoom.
990093900 domgdos «Chevrolet Impala»  dmggeol dobdsbabyg [27].

)60y s1g3g 09bBob ,MHJAMWIH“-0l s BOMYMIBMOL b5¢Mg39d0L
EO, E5, E10, E20 35000m609)e0mds, OHm3gwog foddmoygbowos gbGowdo 2.3.5.

3bMowo 2.3.5. ,693wsc -0l s E5, E10, E15, E20 6693900l

00Mm)bsMI056Mds
Logo30 00Mm)bsM06MdS, 00Mm965O056Mds,

3X/33 0%/33

d96%obo EO, 44260.12 44, 260
E5 40013.05 40,013

E10 33818.92 33,818
E15 30730.68 30,730

E20 28671.85 28.671
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53D50gd0s JaMgom §MgdmEo 30mdgbbBobgdol Loggwo bodmdgdo

EO,

E10 o> E20

Qo

d9LHogoos Fomo gobozm® - Jodonmo

doboboomgdegdo EN228  L@obaod@Hol dmmbmgbgdols dgladsdolo

900900 89093990 Homdmygboos bW gddo 2.3.6. s 2.3.7

3b®owo 2.3.6. Lsgogwo 60399900l BoH03M6 — Jodor)MHo dsbslosmgdagdo.

9539690900 EO, 00md96%b0bo 259myg9b9gdeo
09bbobo E 10 E 20 L3obsdEGHo
L,Uw93960"
109336039 15 °C 3‘(5/83 744,1 749,6 754,6 |ASTM D287 - 12
09336039 20 °C 36/83 740,0 745,4 750,5 |GOST P 51069-97
1093360039, °API 59.20 57.67 56.41 |GOST P 51069-97
J&obol Mosbgo 98 98 98  |ASTM D2699 - 19el
330093000 39NMPOM
mg&obol Mogbgo 88 88 88  |ASTM D2700 - 19el
GO0 F90OMPO
306905303960 Lod 6@, 0,4910 0,5434 0,5906 |ASTM D445
092/(d
0575305605 93 KOH/g 0,015 0,005 0,004 |ASTM D664 - 18e2
bafi303b9
0399 GH0M0 Bolgdolb 999:339— 2 1,5 1 GOST 1567-
do, dy 100 9 396%06%9 97(M1CO6246-95)
399m3s bL3ogrgbdol «)degodl GOST 6321-92 (MCO
3060530359 (3 Lo 50°C ) 2160-85)
Box gm0 mOmdwol (6930, 335 60 70 80 GOST P EH 13016-1-
096BMol 999339 ™ds, % 0,9 0,8 0,7 GOST P EH 12177
X599960 5OHMI53035, % 31,5 30,2 28,5  |GOST 29040-2018
3My0M©olL 9993390 mds, % | 0,05 0,045 0,04 |ASTM D 3227-92
BOJ30ro 99pgbowmds
@Yool sbsfyolo, °C 35 40 40 IASTM D - 86-93
10% 55 °C 51 °C 52°C |ASTM D - 86-93
50% 87°C 75 °C 70°C  |ASTM D - 86-93
90% 160 °C 150 °C 150°C |ASTM D - 86-93
©¥Y)00OoL ELLLEOWWO, 166 °C 168 °C 172°C |ASTM D - 86-93
Bo@bhgbo 1,5 1,5 1,5 IASTM D - 86-93

Lodobm bgEOEgMOE© 950JO0s  53EHMRASLETIMMO Lo col  ,,309domdol”

3o630L 65300Mdd96Dobo (ED). 0sdbs@s d0mdgbbobol bstgzgdo E5, E10, E20.

3960LsBEZMS om0 B0B0OIZMM-JoToMo oboliosmgdwgdo  s®LYdero EN228

UGObIMEHJIOL IMNbM3bydol Tglodsdols.
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gb®owo 2.3.7. 1533930 6033900l B0B0IMO — JodoEMO FobolinsmMGdgdO.

05639690900 EO 00md96%B0bgdo LBobomEgdo
R E10 E20
NI
560"
bod3zM039 15 °C-by, 3‘(5/83 749,1 7520 | 757,0 | 762.0 | ASTM D287 -12
bod3gM0z9 20°C by, 3‘(5/83 745,0 747,7 | 753,0 | 758.0 | GOST P 51069-97
bod3zmogzg °API 57,41 56.6 55,42 | 54,19 | GOST P 51069-97
mgd@obol Mogbgo 93 95 96 98 ASTM D2699
330930000 390OMPOM 19el
mg@obob Mogbgo 83 85 86 88 ASTM D2700 -
I GHMOHWEO JJ0OMPOM 19el
3069853037960 LodEb @), 0,5052 | 0,5364 | 0,5564 | 0,6188 | ASTM D445
aa%/§o
0553056mds dg KOH/g 0,016 0.015 | 0,008 | 0,004 | ASTM D664 -
LoH393%9 18e2
399 GH0OO gobgdob 3 2.8 25 2,0 | GOST 1567-
999339 ™do, 9 100 dgw 97(M1CO6246-95)
bafize3by
BoxgMo meodaobs {16930, 50 55 60 70 GOST P EH
335 13016
3°9m3s bL3ogbdol dgdl GOST 6321-92
5300R0G>DY (3 boo 50 °C) (MCO 2160-85)
096bmerol 990333900™ds, % 1,1 1,0 0,9 0,8 GOST P EH
12177-2008
X 90MM0 56OMI>EH039, % 32,5 32.0 30,0 28,5 GOST 29040-
2018
3M30MobL dobmeo oo, | 0,05 0.047 | 0,045 0,04 ASTM D 3227-92
%

096D0bols gMsgzomwo dgygbowmds

Q©IOOOolL sLsfyoLo, °C 35 3 40 40 ASTM D 86-93
8
10% 55 °C 50°C | 51°C | 52°C ASTM D - 86-93
50% 85 °C 80°C | 75°C | 70°C ASTM D - 86-93
90% 150 °C 155°C | 150°C | 150°C | ASTM D - 86-93
OOOoL OO 170 °C 172°C | 175°C | 180°C | ASTM D - 86-93
Bo@bhgbo 2 2 2 2 ASTM D - 86-93

OMAMOE 3BOO0EGOL BBl L3I0 30Md76B0bgdOL 60dMdgdol bodzzmozol
Lodmoemm 360d3690mdgdo (33/3%) 15°C-Bg 09gopqbl  749,139/3% (09360
096%obo E0) s Botgzgdol (E5, E10, E20) T9opqbl 752,033/33% 757,032/0%
762,03/3%,  QgLodsdolo 6093990l Lod330M039 0BOEIYdS MHY39BHO© 53
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0539300690905 6560939000 9m9bMEOL MoMm©abMdOL  goBOILML.  bmenm
1003360039 API 36509030 I3060Jds S F9oa9bl 57,41 (d96Bobolbmzol) o
56,6 (E5), E10 (55,42); (54,19) E20 65693900Lm30L. ©050039b00s, 63 gomsbmerols
3M6396@G®s3ool  BOoLLl  LodzzMozg APl 4®smlgddo  LHimObsbm3zbs
3306M©0o.

360083690mg5605 obog M Lyggwro 60dxdqdol 306905¢03M0 LodEBE,
OmIgeog Lrgms 395Bobobmgol dgoa9bl 0.5052 33%/fom, beeom batgzqdol (E5,
E10, E20). 3069953039960 Lodsb@g o0BOm©gds  ©s dgo90L 0,5364; 0,5564;
0,6188 88%fjo, TgLodsdobo  5dsbmsb  Bscg3900L  3069353039M0  LodEsbE9
65396f 30060 560930l IM53900LMZ30L L3900 Os35BMBT0..

mM3dm 36093690 mgz5605 ol BodBHo, GMI 6560939008 MmdEHebmemo Moibgo
0DMmYds  30M096bB0bgddo  gmIBMWOL  MoMm©IbMIOL  oBOILMD  ghHMo.
Lodobm B96B0bmab FgsMmgdom 0BM©Ids, T9POWOMSE, ,MJALIsOOLIMZOL,
d9L50500bo:  33¢930m0  dgmEol  dobgzom  93-sb - 98-8y, bmEom
dm@GHmOmo  dgoomEol  dobgogzom  83-sb  86-00g. gl gobsdommdgdl
©9AHMD(305090093MO0L  FOBOEIL, M3 OIWIIOMOE  s0LObYds  Lofhzogol fzol
LoLEOW9HY S JLdSFOBOE 53EMIMDOEIOL 93MEMAOOMISDY.

51939 50LEB0T6s305, MM L3I0 BOMIMIBMEOL sT5BHIOOM SOYOWO
5936 (U390 L,MYYMEG0) F553056MmBOL, BoJEHOMMO BoLYdOL, d96DMEOL s
X907MH0  5OMI>BH030L 3600369356 F9I30609dL.  FogoOmMO: MY SMHOL
356 30L 89606%g 20% Bo3IWO GbMEIOL HTsEJO0 F3060JdS: T5553056Mds
0,016 -s6 0,004 KOH/y 15)353%9, Bog@H0mMo 530bgdol 999339emds 3-sb 2 dy-
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n, foo ! 1000 2500 3500 1000 2500 3500
0330 Lws
Guo, /b 0,860 1,181 1,730 0,882 1,200 | 1,757
Me, 63 0 0 0 0 0 0
Ne, 33¢ 0 0 0 0 0 0
CO, % 0,61 0.57 0,55 1,03 0,85 0,66
CH, % 273 108 79 197 125 83
CO2, % 13,6 13,9 14,3 12,7 12,9 13,1
NOx, ppm 101 283 497 85 315 525
LEOYYWO PIGHZOOMIS
Guo, 0/l 5,27 7,81 11,21 5,30 7,84 11,25
Ne, 330 12,9 39,6 64,3 12,7 38,9 63,5
CO, % 0,52 0,49 0,38 0,61 0,54 0,44
CH, % 291 210 138 317 258 161
CO2, % 13,1 13,5 14,0 12,4 12,8 13,0
NOx, ppm 1780 4710 5300 1570 4600 4970
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Me, 69 0 0 0 0 0 0
Ne, 336 0 0 0 0 0 0
CO, % 0,55 0,52 0,49 0,92 0,76 0,58
CH, % 224 89 65 156 99 66
CO2, % 12,9 13,2 13,6 12,6 12,7 13,0
NOx, ppm 95 267 467 79 293 489
LEOHYPO PIGHZOOMNZS
Guo, 0/l 5,30 7,86 11,28 5,34 7,89 11,32
Ne, 330 12,8 39,4 63,1 12,5 38,6 63,1
CO, % 0,48 0,44 0,36 0,55 0,49 0,37
CH, % 242 174 121 254 206 141
CO2, % 12,2 12,5 13,0 12,3 12,6 12,8
NOx, ppm 1691 4474 5035 1476 4324 4672
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CO, % 0,90 0,74 0,57 0,87 0,72 0,56
CH, % 156 99 66 148 94 62
CO2, % 12,5 12,6 12,9 12,3 12,5 12,7
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Guo, 0/l 5,34 7,90 11,34 5,39 7,94 11,44
Ne, 330 12,4 38,3 62,9 12,2 38,1 62,7
CO, % 0,53 0,48 0,38 0,54 0,47 0,37
CH, % 257 209 131 245 199 124
CO2, % 12,2 12,4 12,7 12,1 12,4 12,5
NOx, ppm 1460 4368 4623 1429 4186 4523
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