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BIOFUEL AND AVIAKEROSINE

Abstract. Current trends in the development of civil aviation indicate the need to
improve the efficiency and environmental friendliness of the fuels used. The use of traditional jet
fuel to a lesser extent meets the promising requirements for environmental friendliness at a
constantly growing price for it. In addition, oil reserves are not unlimited. According to many
experts, the solution to the growing problems with petroleum fuels can be the use of alternative
types of aviation fuel. A number of companies in different countries of the world, together with
aircraft manufacturers, with significant state support, are actively developing new types of fuel.
The most common at the moment biofuels, consisting of bioethanol, obtained from various plant
and animal sources. Alternative types of fuels should not be inferior to petroleum fuels in terms
of their operational properties. A possible transition to them should not require significant costs
for the modernization of aircraft and means of ground aviation fuel supply. Therefore, an urgent
task is to compare the main indicators of the quality of petroleum fuels of biofuels and their
mixtures to assess the possibility of using biofuels on aircraft.
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Introduction.

The use of fuel on an aircraft is produced by distillation from oil. Currently, oil reserves
are depleted, and the price of its extraction and processing is growing (Figure 1) [1]. Under these
conditions, the issue of research and application of biofuels on modern aircraft becomes relevant.

The development of alternative fuels is actively pursued by such countries as the USA,
China, EU countries, Canada, etc. Now synthetic kerosene is already produced on an industrial
scale from coal and natural gas and is approved for use on aircraft according to the ASTM D
7566-09 specification (Standard for fuel for aircraft gas turbine engines containing synthesized
hydrocarbons)

There are also pilot plants for the production of biofuels from algae. It should be
recognized that in the issue of creating biofuels, Kazakhstan is inferior to these countries.

The use of alternative fuels is also relevant in the Republic of Kazakhstan. However, this
is largely due to the use of gas fuels [2]. The use of alternative fuels for aircraft can make air
travel more environmentally friendly and more affordable. The world community is seriously
raising the issue of reducing emissions from the use of aviation, despite the fact that this is only 2
.. 3% [3].

Thus, there is a need for a comparative assessment of the characteristics of biofuels with
traditional kerosenes. For practical application, it is preferable to carry out experimental work to
determine the parameters of fuels, including flight tests. However, this is difficult both in terms
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of labor costs and from an economic point of view. Therefore, for the initial assessment, an
analysis of the physicochemical properties of various biofuels, their mixtures with traditional
grades of kerosene and kerosenes themselves was carried out in order to make a decision on their
use on an aircraft. The fuel used affects the reliability of engines, their specific consumption and
thrust.

$200D po st r—————————————————————aeat

e . ! H
_— ldlscovery of a deposit [ population growth i

JM e — - - - . N -

“\; oil production :
1 i
v e c—1

1900 1520 1840 1960 1580 2000 2020 2040 2080  208¢

Figure 1 - Forecast of oil production

Methods and methods.
Evaluation of used aviation fuels and their mixtures with biofuels for justification and
correlation of characteristics and emissions based on the development of mathematical models.

Results and Discussion.

Comparative analysis of aviation fuels.

Depending on the type of aircraft, the mass of the refueling aircraft can be 40-65% of the
total mass of the aircraft that passes through pipelines, pumps, fuel control equipment, which
means that its quality will affect their performance and flight safety. This dictates the need to
impose stringent requirements on the quality of the fuel used [4]. The most promising direction
for the use of alternative fuels is the creation of combined mixtures. That is, fuel is produced
from the plant, which has good, but insufficient characteristics for direct use in an aircraft. To
improve the physico-chemical properties, special additives made from petroleum raw materials
are introduced into it. The introduced additives can worsen the environmental parameters of such
a mixture, but will increase other indicators, due to which such a mixture can be more efficient
than the kerosene used.

The most important thing in this case is to maintain a balance between the development
price, the amount of harmful emissions, the resulting thrust and the specific fuel consumption.
The right combination of these indicators can provide reductions in harmful emissions. In order
to select jet fuel or a mixture of biofuel and kerosene for use on an aircraft in operation, we will
conduct a comparative assessment of the physicochemical properties of traditional kerosenes and
alternative fuels and technologies for their production. One of the most promising is synthetic jet
fuel, manufactured according to ASTM D 7566-09 specification [5], which is approved for use
in aircraft. It is a blend of synthetic paraffinic kerosene (SPK) with traditional Jet A-1 kerosenes.
Such kerosene (SPK) is produced by the Fischer-Tropsch (FT) technology from coal or natural
gas according to the reaction:

CO + nH, — (—CH, —)x + H,0.
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Antioxidant additives are introduced into the fuel to reduce the oxidation of SPC. The
fuel obtained by this technology has a low content of aromatic compounds and sulfur. Due to the
low aromatics content, there may be technical problems associated with the shrinkage of the seal
to prevent fuel leakage. The minimum content of aromatic compounds should not be less than
8% [6]. As a result of the hydrogenation of fatty acids and esters (HEFA), another type of biofuel
is obtained, where plant types of biomass (seaweed, camelina, jatropha and camelina) are raw
materials for obtaining such fuel. And as a result of the hydrotreating of oils, another type of
biofuel, HVO, is obtained. Fuel can be obtained from a wide range of vegetable oils. The essence
of this technology is that oils (triglycerides) interact with hydrogen under a sufficiently high
pressure in order to remove oxygen from them.

The hydrocarbon chains resulting from this technology are chemically similar to
petroleum-derived diesel fuel. With this technology, a by-product is formed - propane, which can
also be used as fuel. The terms HVO (Hydrotreated Vegetable Oil) and HEFA (Hydroprocessed
Esters and Fatty Acide) are used to denote the sources of raw materials for such fuels - vegetable
oils and fats.

The production of biofuels using HVO technology, the main sources of raw materials are
primarily tall oil, as a by-product of paper and pulp production, soybean, rapeseed or corn oils.
This technology allows the use of animal fats as raw materials. According to researchers [7], the
raw materials for the production of biofuels using HVO technology are distributed as follows:
slaughterhouse waste is 35%, vegetable waste, including other animal waste, 23%, tall oil, 22%,
and palm oil, 15% and animals. fats - 5%. Therefore, a comparative study of the
physicochemical characteristics and performance properties of FT SPK biofuel, mixtures of
HEFA SPK and HDO SAK biofuels with kerosenes and various proportions, and TC-1, Jet A-1
petroleum kerosenes was carried out in the work. Such a comparison will determine the most
appropriate proportions of these for research in civil aviation. Let's compare some properties of
well-known brands of kerosene and three variants of biofuel mixed with Jet A-1 kerosene in
various proportions (Table 1). Using the data of Table 1 and the data of sources [8], we will
carry out the corresponding calculations.

Table 1 - Comparative characteristics of kerosenes, biofuels and their mixtures with
kerosenes

Characteristic fuel TS-1 RT Jet A- | 100% 50% 50% 17%
1 FT FT HEFA HDO
SPK SPK SPKin | SAK in
inJet | inJet | Jet A-1 HEFA
A-1 A-1 SPK
Density at 15 C 786.0 | 775.0 | 814.8 | 759.9 | 786.6 784.9 775.3
Fractional composition
of 10% distillate 150.0 | 135.0 | 173.8 | 158.6 | 160.7 155.8 148.4
of 98% distillate 250.0 | 155.0 | 259.8 | 220.9 | 250.0 268.5 276.2
net calorific value, MJ/kg 43.2 43.1 43.1 43.8 43.6 43.0 43.6
volumetric calorific  value, | 33.9 33.8 35.1 33.2 34.3 33.8 33.8
MJ/m?3x10°
volume fraction of aromatic| 17.0 20.0 18.3 0.5 17.5 10.4 15.0
hydrocarbons
kinematic viscosity at -20°C, ¢St 4.3 4.2 4.7 3.5 3.9 4.5 3.8
mass fraction of sulfur, % 0.17 0.1 0.19 0.0 0.14 0.144 <0.0003
smokeless flame height, mm 26.0 25.0 22.0 40.0 28.0 32.0 28.6
hydrogen content, % 14.0 141 13.7 15.3 15.0 145 144
carbon content, % 86.0 85.8 86.1 84.6 85.0 85.3 85.5
hydrogen to carbon ratio 0.16 0.16 0.6 0.18 0.18 0.17 0.17
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The density of the used aviation fuel is one of the important indicators of the fuel and is
determined by its chemical composition and the quality of production during oil refining. The
take-off weight of the aircraft, and consequently, its power-to-weight ratio, depends on it. For
example, a decrease in fuel density by 40 units leads to a decrease in flight range by about 5%.
The density of fuel depends on temperature - when heated, due to thermal expansion, the density
of kerosene decreases. Analysis of the studied fuels and biomixtures (Table 1) shows that they
are close in values and have satisfactory density values.

The fractional composition of aviation fuel is its most important characteristic. Analysis
shows that adding 50% FT SPK to Jet A-1 improves this performance. 100% FT SPK has good
results. The most important property of a fuel is its lower calorific value. It determines the
calorific value of the fuel used, on which the fuel efficiency of the aircraft depends. The high
calorific value of the fuel used leads to an increase in fuel efficiency. As can be seen, the
analyzed petroleum kerosenes, biofuels and their mixtures have approximately the same values
for this indicator.

To further assess the influence of properties on characteristics, it is advisable to compare
such an indicator of fuels as its volumetric calorific value, which is defined as the product of
mass calorific value and fuel density. Table 1 shows that the multipliers (densities) of the studied
kerosenes, biofuels and their mixtures have slight differences, which leads to slight differences in
the indicator under consideration.

Biofuels have a lower viscosity compared to kerosenes, which is preferable from the
point of view of the listed characteristics. Another important characteristic of the fuels used is
the non-smoking flame height, that is, the maximum non-smoky flame height (MHNP), which
characterizes such an indicator of fuel as carbon formation. The way to determine it is to
measure the height of the flame, defined in millimeters, achieved before the appearance of
smoke, when fuel is burned in a standard lamp under certain conditions. The maximum non-
smoking flame height (MSFL) depends on the composition of hydrocarbon fractions in the fuel:

h=0.48P + 0.32C + 0.20A,

where h is the smoke point, mm;

P, C, A - respectively, the content of paraffinic, cyclane and aromatic hydrocarbons,
wt.%.

As can be seen, aromatic hydrocarbons show the greatest influence on the maximum
smokeless flame height (MFLH). Those. the correlation between the value of non-smoking flame
and the volumetric content of aromatic hydrocarbons in the studied fuels is visible. Therefore, it
can be said that the lower the value of the height of the non-smoky flame of the fuels used, the
less it burns, which means that carbon formation during the combustion process is higher and
environmental friendliness is lower. For pure biofuels, the maximum non-smoky flame height
(MFNR) is much higher than that of kerosenes.

Sulfur and its compounds in fuels are undesirable compounds. Fuels with a high sulfur
content are corrosive, which leads to a decrease in the service life of structural products of the
fuel systems of an aircraft and an aircraft engine. The best in this indicator is clean biofuel, since
it does not contain sulfur in its composition, and when mixed with Jet A-1, it also reduces the
sulfur content in it.

Fuel efficiency can be estimated by comparing their calorific value. In turn, the calorific
value of a fuel is characterized by the ratio of its hydrogen to carbon content. Carbon has a much
lower heat of combustion per mass unit than hydrogen. This makes it possible to compare the
studied fuels in terms of such an indicator as the mass calorific value of its combustion.

As can be seen from Table 1, the values of the ratio of hydrocarbons for biofuels and
mixtures with kerosene are somewhat better than for pure kerosenes. However, the ratio of
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hydrocarbons also characterizes the carbon-forming properties of fuels. Those. the lower this
ratio, the higher the carbonization of the fuel. In addition, an increase in the ratio of
hydrocarbons leads to a decrease in the density of the fuel, which, as can be seen from Table 1,
for pure biofuels is lower than the density of petroleum kerosenes and their mixtures with
biofuels. Thermal stability is an important indicator of a fuel. Its evaluation is carried out in
static and dynamic conditions. Under dynamic conditions - on the JFTOT instrument.

Thus, the comparison of the main properties of traditional kerosenes, biofuels, as well as
their mixtures, carried out in the work, showed that the main indicators of the studied fuels have
values \u200b\u200bthat are permissible according to the requirements of regulatory documents
and can be applied on an aircraft. During operation, under the influence of various factors, these
indicators may change. Therefore, the determination of the physicochemical properties of both
the biofuel itself and its mixture with traditional kerosene under various conditions of their
operation, as well as their influence under these conditions on the operation of the fuel-control
equipment of the engine, pumps, etc., their interchangeability, requires additional operational
research. In general, biofuels, and especially their mixtures with petroleum kerosenes, meet the
requirements for aviation fuels and can be applied to an aircraft.

Theoretical substantiation and calculation of the choice of fuel mixture with ratios of
biofuel and kerosene.

Aviation fuel quality indicators have a significant impact on engine performance, such as
throttle response, specific consumption, thrust, etc.

As noted above, today's technologies for the production of biofuels from various types of
raw materials make it possible to obtain it with the performance of aviation kerosene, but so far
it has not been possible to completely replace it. A comparative analysis of the properties of
aviation kerosenes and biofuels obtained by various methods, carried out in the work, showed
that it is most expedient to use mixtures of biofuels and kerosene on board an aircraft. It remains
to clarify the question - what proportion of kerosene and biofuel should be in such a fuel
mixture.

The resulting mixture must meet the requirements for it according to current regulations
in order to ensure that engine performance is obtained. Biofuels and kerosene have their own
quality indicators.

It can be noted that a change in the calorific value of such a mixture ultimately affects the
thrust and specific fuel consumption [9]. It can be seen that a comparative assessment of the
obtained indicators of a mixture of biofuel and kerosene is of not only theoretical, but also
practical interest. To develop a calculation model for evaluating the properties of a mixture of
biofuel and kerosene, the calculation formulas of the authors [10] were used in the work. To
carry out the calculations, we used the indicators of kerosenes and synthetic biofuel SPK,
presented in Table 2. This calculation allows us to evaluate the main indicators of the mixture in
order to select the percentage ratio in the mixture of biofuels and traditional kerosenes.

Table 2 - Main indicators of the properties of SPK petroleum kerosenes

Characteristic fuel TS-1 Jet A-1 100% SPK
Density at 15 C 0.786 0.8148 0.7599
Fractional composition

of 10% distillate 150.0 173.8 158.6

of 98% distillate 250.0 259.8 220.9
net calorific value, MJ/kg 43.2 43.1 43.8
volumetric calorific value, MJ/m3x10° 33.9 35.1 33.2
volume fraction of aromatic hydrocarbons 17.0 18.3 0.5
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kinematic viscosity at -20°C, cSt 4.3 4.7 3.5
mass fraction of sulfur, % 0.17 0.19 0.0
smokeless flame height, mm 26.0 22.0 40.0
hydrogen content, % 86.0 86.1 84.6
carbon content, % 14.0 13.7 15.3
hydrogen to carbon ratio 0.16 0.16 0.18

Let us first consider the change in the basic properties of jet fuels. First of all, these
include the density of the fuel (p) and the mass heat of combustion (Hu). Figures 1 and 2 show
these dependences of the Jet A-1 with SPK and TC-1 with SPK fuel mixtures on its composition.
It can be seen that the addition of biokerosene to petroleum kerosenes reduces their density in
direct proportion to the increase in the percentage of biokerosene, which is quite understandable.
Table 2 shows that biokerosene has a higher mass calorific value and its addition to kerosene
increases it in direct proportion.
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Figure 1 - Dependence of the density of the fuel mixture on its composition

Let's analyze such a change in the density of the air-fuel mixture from the percentage of
biokerosene in it. As you can see, the density changes in direct proportion when added to both
Jet A-1 and TS-1. Such a decrease in density leads to a decrease in the power-to-weight ratio of
the aircraft and, consequently, to a decrease in the flight range. It is known that the density of the
fuel changes with temperature, so the use of 100% biokerosene as the main fuel can lead to a
reduction in flight range by 10%.
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Figure 2 - Dependences of the mass calorific value of the fuel mixture on its composition
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An important characteristic of fuel is the volumetric heat of combustion (Hy), which
allows comparison of an aircraft in terms of such a characteristic as its power-to-weight ratio.
The volumetric heat of combustion is defined as the product of fuel density and its mass heat of
combustion. Since the value of the product is directly proportional to the percentage of the fuel
mixture, the volumetric heat of combustion also has a linear dependence (Figure 3)
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Figure 3 - Dependence of the volumetric heat of combustion of the fuel mixture on its
composition

To carry out the combustion process, oxygen contained in the air is used as an oxidizing
agent. Therefore, with the known chemical composition of the fuel used and the required mass of
the oxidizer for the complete oxidation (combustion) of the air-fuel mixture used (Table 3), the
following mass of air (stoichiometric coefficient (L0)) will be required:

Lo = 433 % G, = 433+ (2.66g; +7.94gy + g5). (1)

Table 3 - Mass of oxidizer required for complete oxidation of fuel elements
(stoichiometric ratio)

Reaction Oxygen consumption, kg Air consumption, kg
C+0—-CO ~2.66 ~11.52
H, +0,5* O, —» H,0 ~7.94 ~34.38
S+ 02— SO2 ~1.00 ~4.33

The stoichiometric coefficient, as is known, depends on the carbon-hydrogen ratio in the
air-fuel mixture used. For further calculations of the influence of the composition of the fuel
used on the characteristics, we simplify this formula, namely, we neglect the mass fraction of
sulfur (gS) in the fuel. After simple transformations, the formula for calculating the
stoichiometric ratio of the air-fuel mixture will be as follows:

8
z8c 188y
Lop=2—"——. 2
0 w0, 2)

In the process of organizing the combustion process in the combustion chamber, the real
composition of the air-fuel mixture is somewhat different from the stoichiometric one. The
difference between the actual composition of the air-fuel mixture and its stoichiometric
composition is estimated by the excess air coefficient - this is the excess of the oxidizer in
relation to its mass in the stoichiometric mixture. It can be calculated using the formula:
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o = —0

(3)

Depending on the value of the coefficient o, when organizing the combustion process, a
rich mixture is distinguished, when the value of the coefficient a is in the range from 0.85 to
1.25, and a lean mixture, when the value of the coefficient o is over 1.25.

The calculation of indicators of biofuel and its mixture with kerosenes carried out in the
work showed that a significant increase in the content of biofuel in a mixture with traditional
kerosenes reduces the ratio of hydrocarbons in such a mixture, which, in order to organize the
combustion process, requires an increase in the required gas flow through the engine, which
means an increase in its size and mass, which is not desirable, and with an increase in the content
of biofuel in traditional kerosene (over 7%), it leads to an increase in the temperature of the
combustion products of the mixture, and, consequently, to an increase in the required excess air
coefficient, as well as to a decrease in kinematic viscosity, which positively affects the fineness
of its spray in the combustion chamber and the pumpability of the fuel mixture through the fuel
equipment. But with a decrease in the viscosity of the mixture below the critical value
(approximately less than 1.3 cSt), lubricity decreases.

Based on the calculations of the quality indicators of biofuel and its mixtures with
kerosenes and a comparative analysis of these indicators, it was found that it is most expedient to
use a 1:1 mixture of SPK and Jet A-1 as jet fuel for an aircraft, which allows for acceptable
operational technical characteristics does not require changes in the infrastructure of the existing
aviation fuel supply system and changes in the design of the functional systems of the aircraft
and aircraft engines.

The evaluation and justification of the effectiveness of the studied fuels showed that
when using biofuel or its mixture with kerosenes, the cost of refueling an aircraft increases, but
the amount of harmful emissions and specific fuel consumption decrease. The results obtained
make it possible to further improve the use of fuel mixtures of petroleum kerosenes and biofuels
to reduce harmful emissions into the environment and obtain rational throttle altitude
characteristics depending on operating conditions.

Conclusion.

Thus, the calculations carried out in the work and the analysis of the results obtained
show that the addition of biokerosene to petroleum kerosenes leads to a change in their
physicochemical properties. At the same time, a number of indicators improve, and a number, on
the contrary, worsens. Each of the studied indicators has a different impact on overall
performance, as indicated above in the study of each individual indicator. The weight of the
contribution of each individual indicator is difficult to assess, since many indicators are
interrelated and have both the same and opposite effects. The calculations carried out allow us to
conclude that the most rational ratio of the mixture of SPK and Jet A-1 and TS-1 kerosenes is
50:50.
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BUOOTBIH ’KOHE ABUAKEPOCHUHHIH ®U3UKAJBIK-XUMUAJIbIK
KACHUETTEPIH CAJIBICTBIPMAJIBI TAJIJIAY

AnpaTrna.  A3aMaTTBIK ~ aBHAlMSHBl  JaMBITYAbIH  Kasipri  TEeHJEHUHUsIaphl
naiiianaHbplIaThlH OTBIHHBIH THIMJUIIIT MEH OSKOJIOTHSJIBIK Ta3aJbIFbIH apTThIPy KaKETTIrH
kepceteni. JlocTypni aBHakepOCHHJII MaiifanaHy OHBIH TYpPaKThl ©CINl Kelle >KaTKaH Oarachl
OOMbIHIIa KOpIIaFaH OpTara 3USHCHI3 OOy TalanTapblH a3 JopekeAe KaHaraTTaHJIbIpajbl.
ConbIMeH KaTap, MyHail KOpbI J1a mekci3 emec. Kenreren capaniibuiap/iblH MiKipiHIIe, MyHai
OTHIHBIHA KATBICTBI ©CIN Kelie JXKaTKaH Moceleliep/li ey aBUAlMsIIBIK OTHIHHBIH OaraMa
TYpJepiH mnaiganaHy Ooiybl MYMKIH. OJEMHIH 9opTypial enAepiHiH Oipkarap KOMIaHMsIIApbI
aBUALMAJIBIK OHAIPYIIUIEpMEH Oipiiece OTBIPHIIN, €Jeysll MEMIIEKETTIK KOJlJIay KOpCeTy apKbLIbl
yKaHapMalIbIH KaHa TypJiepiH O6encenal Typae urepyzae. Kasipri yakbITra opTypiii ©CIMIIK jKoHE
XKaHyapiap Ke3JepiHeH allblHaThIH OHOATAHONZAH TYpaThlH OHOOTHIH €H KeIl TapajFfaH.
OTpiHHBIH OanamManbl Typliepl MaijanaHy Kacuerrepi OoilblHIIIA MyHail OTBHIHAAPBIHAH KeM
Tycrieyi kepek. Onapra BIKTMMaJl Kelly oye KeMeJepiH KOHEe >Kepleri aBHaIMsUIBIK OTBIHMEH
KaMTaMachl3 €Ty KypalJapblH >KaHFBIPTYFa alTapJIbIKTall MIBIFBIHIAP/BI Tallall eTIeyi Kepek.
CoHIBIKTaH OMOOTBIH MEH OJIAPJbIH KOCHaJapbIHBIH MYHail OTBHIHBIHBIH CallachlHBIH HET13Ti
KOPCETKIIITEPIH dye KemelepiHae OMOOTHIH KOJAaHy MYMKIHJITIH Oaraniay YIIiH CaJbICTBIPY
KE3€K KYTTIpMEHTIH MiHAET OOJIbI TaObLIA B
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Tyiiinai ce3nep. brooTeiH, KepocuH, OalaMa OTHIHAAP, KOMIPCYTEKTEP, CaTBICTBIPMAIIBI
Tanaay.
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CPABHUTEJBLHBIA AHAJIN3 ®U3UKO-XUMHUYECKNX CBOVCTB
BUOTOIIVIMBO U ABUAKEPOCHHA

AnHoTanusi. CoBpeMeHHbIE TEHJCHIIMY Pa3BUTHs TPakJaHCKON aBUALlMU yKa3bIBalOT Ha
HEOOXOMMOCTh TOBBIIEHUS A(PPEKTHBHOCTH M OSKOJIOTUYHOCTH TPHUMEHSEMBIX TOIUIUB.
[IpuMeHeHHEe TpaJULIMOHHOIO aBUAKEPOCHHA BCE B MEHBIIEH CTENEHU YAOBIETBOPSET
NEPCIEKTUBHBIMU TPEOOBAHUSM IO SKOJOTMYHOCTH IPHU MOCTOSHHO PACTYLIEH Ha HEro LEeHE.
Kpowme Toro, 3anacel HeTu He Oe3rpaHuuHbl. 10 MHEHMIO MHOTMX CHELUAINUCTOB, PELICHUEM
HApacTalOmMX MmpoOseM ¢ HeYTIHBIMH  TOIUIMBAMH MOXET OBITh  HCIIOJIb30BaHHE
aIbTEPHATUBHBIX BHJIOB ABMALIMOHHOIO TOIUIMBA. Psii komMnaHuii B pasHBIX CTpaHax MHpa
COBMECTHO C IIPOMU3BOAMUTEISIMM AaBUALMOHHOM TEXHHMKM IIPH BECOMOM TI'OCYIapCTBEHHOMU
HOJ/IEP)KKE aKTHUBHO pa3padaThIBalOT HOBbIE BUbI TomuuBa. Haubonee pacmpocTpaHeHbl Ha
JaHHBIA MOMEHT OMOTOIIMBA, COCTOALIEe W3 OMO3TaHOJA, IOJYYEHHbIE W3 Pa3IMYHbIX
pPacTUTENbHBIX M JKUBOTHBIX MCTOYHHMKOB. AJBTEpDHAaTUBHBIE BHIbl TOIUIUB II0 CBOUM
AKCIUTYyaTallMOHHBIM CBOMCTBaM HE JOJDKHBI YCTYNaTh HE(TSHBIM TOMJIUBaM. B03MOXKHBIN
nepexo/ Ha HUX He JO0JDKeH TpeOoBaTh 3HAUMTENIBHBIX 3aTPAaT HAa MOJIEPHU3ALUIO BO3IYIIHBIX
CYyIOB M CpEICTB HAa3eMHOIO aBHALMOHHOrO TOIUIMBOOOecnedeHusd. [loaTomy akTyanbHOU
3ajaueil SBJISIETCS MPOBEACHUE CPAaBHEHMsI OCHOBHBIX IOKa3aTesed KauecTB He(TAHBIX TOIUIMB
OMOTOIUIMB U MX CMeceil Il OLEHKH BO3MOXKHOCTH NPUMEHEHUS OMOTOIIMB Ha BO3JYIIHBIX

Cyaax.
KarueBble cjioBa. BHOTOMINMBO, KEPOCHH, aTbTEPHATUBHBIC TOIUIMBA, YTIIEBOJIOPOIBI,

CPaBHUTEbHBIN aHAIIN3.
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