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Introduction. The use of blended fuel in
diesel engines requires its properties to be matched
to the fuel supply system parameters. In this paper,
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MODELLING THE EFFECT OF
BLENDED FUEL CONTAMINATION
ON FILTRATION PARAMETERS IN
A DIESEL ENGINE FUEL SUPPLY
SYSTEM

This paper examines the effects of particulate contaminants,
biofuel fraction and blended fuel temperature on the hydraulic
parameters of filtration in a diesel engine fuel supply system. The aim
is to substantiate a calculation approach for determining pressure drop
and filter operating time to a specified limiting value, accounting for
retained particle accumulation. The methodology combines a
contaminant mass balance with a model of the resistances of the clean
filter medium and the cake in series at a constant volumetric fuel flow
rate. Analytical relationships are obtained for calculating pressure drop,
limiting retained contaminant mass, time to the specified pressure drop
and minimum effective filtration area. Calculations are performed for
biofuel volume fractions of 0, 15 and 30%, temperatures of 20—40 °C
and particulate contaminant concentrations of 5-20 mg/L. In the
baseline calculation example, at a flow rate of 100 L/h and a filtration
area of 0.050 m? increasing contaminant concentration from 5 to 20
mg/L reduces the time to a pressure drop of 30 kPa from 39.47 to 9.87
h. Under the assumed relationship between viscosity and fuel
composition, increasing the biofuel fraction from 0 to 30% at 20 °C
reduces this time by 31.8%. To provide a calculated filtration time of 20
h at a contaminant concentration of 10 mg/L, the required area is
0.0503 m? for BO and 0.0595 m? for B30. A normalised additional
resistance index is proposed, which, within the adopted model, makes
it possible to separate the effect of contaminant accumulation from the
direct effects of fuel viscosity and flow rate. Local sensitivity coefficients
of the calculated time to the principal parameters are determined. For
the baseline conditions, the sensitivity coefficients with respect to flow
rate and filtration area are —2.20 and 2.20, respectively, confirming the
need to account accurately for these quantities when assessing filter
condition. The numerical results are obtained by analytical calculation
using specified parameters; no experimental validation of a specific filter
is performed within this study. The practical significance of the proposed
relationships lies in their potential use for test planning, preliminary
selection of filtration area and substantiation of parameters for a fuel
filtter condition monitoring system. Application of the model to a specific
fuel supply system requires determination of its coefficients from
measurements and validation of the predicted time to the limiting
pressure drop.

Keywords: fuel system, fuel supply system, petroleum
products, biofuel, biodiesel, fuel quality monitoring, quality control
systems.

petroleum diesel. B15 and B30 denote biofuel
volume fractions of 15 and 30%, respectively, while
BO denotes the baseline diesel fuel. These fractions

biofuel means a liquid ester-type fuel added to
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are calculation levels and do not imply approval of
the blends for any particular engine.

Fuel filter condition is affected by both solid
contaminants entering with the fuel and changes in
fuel properties. The biodiesel handling and use
guide [1] discusses deposit formation, temperature
effects and material compatibility. Differential
pressure readings should therefore be analysed
together with the conditions under which fuel
passes through the filter element.

Two distinct characteristics are essential to
a fuel supply system: particle retention capability
and resistance to flow. A lower pressure drop alone
does not demonstrate improved cleaning. Likewise,
a higher pressure drop does not uniquely determine
the accumulated contaminant mass unless flow rate
and viscosity are accounted for. This paper focuses
on the hydraulic aspect of filtration at a specified
contaminant retention efficiency.

Studies published in Ukrainian provide
further context for the problem. Riaboshapka [2]
systematised research directions for the transition
of diesel engines to biofuels and proposed staged
testing of alternative fuels. Halushchak et al. [3]
considered the effects of blended fuel component
temperature on fuel delivery and engine operation.
Their work concerned blends with vegetable oils; its
numerical results are therefore not transferred to
the ester-type biofuel blends considered here.
Study [4] proposed a method for determining
diesel-biodiesel blend composition according to
driving conditions and vehicle load. For filtration
analysis, these studies highlight the need to
account for temperature and component
composition when assessing the hydraulic
condition of a filter.

Review of recent research and
publications. Thangamani et al. [5] combined
testing and modelling of the effects of fuel blends
on a filter. For the biofuels studied, they reported an
increased pressure drop and considered changes
in temperature and filtration area as ways to reduce
it. These findings support the joint analysis of fuel
properties and filter geometry.

Paryanto et al. [6] related precipitate
formation in B20 to filter clogging time. Their
procedure assessed the limiting condition by a
pressure drop of 30 kPa. Pramudito et al. [7]
investigated B30 and B40 filterability for different
filter element characteristics. These studies show
that fuel blends should be compared under
consistent test conditions.

Haryono et al. [8] examined the combined
effects of temperature, contaminants and
precipitate formation on fuel filter lifetime. Chib and
Sharma Dugala [9] compared blocking tendencies
and changes in filter material properties in contact
with different blends. Clogging mechanisms thus
depend on fuel origin and contaminant type, and a
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single concentration relationship cannot describe
every case.

Constant flow rate cake filtration studies
[10] provide the physical basis for expressing
pressure drop in terms of the resistances of the
medium and retained particles. However, cake
parameters cannot be transferred directly between
different liquids and dispersed systems. They
require separate determination for a fuel filter.

The available findings are used to formulate
an applied problem: to derive a transparent
calculation  framework linking  contaminant
concentration, viscosity, flow rate and filtration area
to the time required to reach a specified pressure
drop limit. The contribution of this work is the
systematic derivation of relationships for scenario
analysis and a normalised resistance index; the
general filtration law is not presented as a new
physical law.

Research objective. To substantiate a
calculation approach for assessing the effects of
blended fuel contamination on pressure drop and
filter operating time to a specified limit, accounting
for biofuel fraction, temperature and filtration area.

Materials and methods. The object of the
study is the passage of blended fuel containing
particulate contaminants through a filter element.
The study examines relationships between
hydraulic resistance, retained particle mass and
operating parameters. Analytical modelling,
scenario calculations and sensitivity analysis are
employed. No original bench measurements were
performed for this paper.

The model assumes single-phase
Newtonian fuel, laminar flow through a porous
medium, uniform flow distribution and an
incompressible cake. Flow rate Q, concentration C
and mass-based retention efficiency n are constant.
The model represents single-pass flow or a test with
controlled inlet concentration. The assumption C =
const is unsuitable for a recirculating tank without
contaminant dosing.

m(t) = nCQt €Y)

where m is retained contaminant mass, kg;

C is contaminant mass per unit fuel volume, kg/m?;

Q is volumetric flow rate, m3/s; tis time, s; and n is

mass-based retention efficiency expressed as a

fraction. The initial condition is m(0) = 0. Values of

C in mg/L are converted to kg/m* by multiplying by
1073,

tp = "R, + RO @

Rc = am/A.

where Ap is the pressure drop across the
fiter, Pa; y is dynamic viscosity, Pa-s; Q is
volumetric flow rate, m3s; A is effective filtration
area, m?; Rm is clean medium resistance, m™; Rc is
cake resistance, m™'; a is specific cake resistance,
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m/kg; and m is retained contaminant mass, kg. A
resistances-in-series model is used [10]. Here, A is
the area of the medium through which fuel flows,
rather than the housing cross-sectional area.

Ap(t) = Apy + kt 3)
Apg = HQR,  panCQ?
0o - ) - T 12
A A2

where Ap(t) is pressure drop at time t, Pa;
Ap, is the initial pressure drop across the clean
filter, Pa; k is the rate of pressure drop increase,
Pa/s; t is filtration time, s; p is dynamic viscosity,
Pa's; Q is volumetric flow rate, m%s; Rm is clean
medium resistance, m™'; A is effective filtration
area, m?; a is specific cake resistance, m/kg; n is
mass-based retention efficiency, dimensionless;
and C is contaminant mass per unit fuel volume,
kg/m3.

The linear increase in pressure drop follows
from the assumption of constant parameters. If the
cake compresses, particles block pores or flow rate
varies, the curve may become nonlinear and
require a different model closure.

u(b,T) = uo(1 + apb)exp[—y(T — Tp)] (4)

where b is biofuel volume fraction,
dimensionless; T is fuel temperature, °C; T, is
reference temperature, °C; u(b,T) is blended fuel
dynamic viscosity atb and T, Pa-s; y, is BO dynamic
viscosity at T,, Pa's; apn is a dimensionless
composition coefficient; and y is the temperature
coefficient, K™'. The temperature difference T - T,
has the same numerical value in kelvins and
degrees Celsius. For the numerical example, Eg.
(4) is prescribed as a scenario approximation. This
relationship is not fitted to original experimental
data. Coefficient values are given in Table 1; for a
different fuel, they should be determined from
measurements.

Apyr — Apgy)A?
t, = (4per 7;0) (5)
panCQ

where tcr is time to the specified limiting
pressure drop, s; Ape is the specified limiting
pressure drop, Pa; Ap, is the initial pressure drop
across the clean filter, Pa; A is effective filtration
area, m? J is dynamic viscosity, Pa-s; a is specific
cake resistance, m/kg; n is mass-based retention
efficiency, dimensionless; C is contaminant mass
per unit fuel volume, kg/m?; and Q is volumetric flow
rate, m3/s.

If Aper £ Apo, ter is set to zero: the clean
element already fails to meet the specified hydraulic
condition. If C = 0 and no other clogging
mechanisms are present, the model predicts no
finite time to the limit.

mer = 5(2% — g, (©)
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where me is retained contaminant mass at
the specified limiting pressure drop, kg; A is
effective filtration area, m? a is specific cake
resistance, m/kg; Ape is the specified limiting
pressure drop, Pa; y is dynamic viscosity, Pa-s; Q
is volumetric flow rate, m?%s; and Rm is clean
medium resistance, m™.

The limiting mass me describes the
attainment of a specified pressure drop at particular
values of y and Q. It should not be equated with a

constant rated dirt-holding capacity of the filter.

Adp am

= -1 =— 7
" UQRy ARy, @

where Ir is the normalised additional
resistance index, dimensionless; A is effective
filtration area, m?; Ap is pressure drop across the
filter, Pa; p is dynamic viscosity, Pa's; Q is
volumetric flow rate, m%s; Rm is clean medium
resistance, m™; a is specific cake resistance, m/kg;
and m is retained contaminant mass, kg.

The index |+ expresses additional
resistance relative to that of the clean medium.
Within the model, it removes the direct effects of p
and Q but does not identify contaminant
composition. Its calculation requires measured flow
rate and temperature, together with a justified
viscosity estimate.

uQR,, + VD

A =" "
min ZApcr (8)

D = (.UQRm)Z + 4Apcrﬂa77Ctareq

where Anmin is the minimum effective
filtration area, m?; y is dynamic viscosity, Pa-s; Q is
volumetric flow rate, m3s; Rm is clean medium
resistance, m™; Ape is the specified limiting
pressure drop, Pa; D is the auxiliary discriminant,
Pazm*; a is specific cake resistance, m/kg; n is
mass-based retention efficiency, dimensionless; C
is contaminant mass per unit fuel volume, kg/m?3;
and treq is the required filtration time, s.

Equation (8) is obtained by solving the
inequality Ap(treq) < Aper for A, where treq is the
required filtration time. The expression applies to
constant Rm and a and uniformly utilised area. It
does not account for losses in the housing or fuel
lines.

Input data and calculation scheme. The
input quantities are listed in Table 1. All numerical
fiter parameters and viscosity relationship
coefficients are assumptions of the calculation
scenario. The illustrative limit of 30 kPa is selected
by analogy with the criterion in study [6]; it is not a
universal filter replacement requirement for diesel
engines.
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Table 1
Assumed scenario calculation parameters
Parameter Value Unit
Biofuel fraction b 0; 0.15; 0.30 Volume fraction
Temperature T 20; 30; 40 °C
Contaminant concentration C 5; 10; 20 mg/L
Flow rate Q 100 (2.778-107%) L/h (m3/s)
Filtration area A 0.050 m?
Clean medium resistance Rm 3.0-10° m™
Specific cake resistance a 4.0-10% m/kg
Mass-based efficiency n 0.95 Fraction
Reference viscosity yo at To = 20 °C 3.0-107® Pa-s
Coefficients ab; y 1.20; 0.025 1; K™
Assumed pressure drop limit Apcr 30 kPa

A constant mass-based efficiency of n =
0.95 is introduced to isolate hydraulic effects. It is
neither a measured value nor a specification of a
particular filtration rating. In engineering practice,

particle-count efficiency is determined for a
specified particle size using the B-ratio [11]. This
quantity cannot automatically replace mass-based
n without information on the particle distribution.

7
Ap=p1—pz
1 p:
\ P »—Outlet
| 6 [ ]
Q h -. R :7 .
. N
2 3 * W /

s/

Fig. 1. Calculation schematic for blended fuel filtration: 1 — blended fuel tank; 2 —fuel feed
pump; 3 — flowmeter; 4 — filter housing; 5 — filter element; 6 — particulate contaminants; 7 —
differential pressure sensor; p; and p; — pressures upstream and downstream of the filter.

Figure 1 shows an arrangement that could
be used to validate the model; it does not depict a
constructed test rig. Pressure taps are positioned
close to the filter to minimise the influence of line
losses. Temperature and concentration are
prescribed at the inlet, and flow rate is maintained
constant until the selected limit is reached.

For the selected b and T levels,
crystallisation, a free water phase and new
precipitate formation during passage through the
filter are assumed absent. Biofuel effects are

therefore represented solely through viscosity.
Ageing, precipitation and water separation are not
included in this model; additional state variables
would be required if these processes occurred.
Results and discussion. Fuel property
effects are first evaluated at fixed C = 10 mg/L, Q
= 100 L/h and A = 0.050 m2 Table 2 gives
calculated values for nine combinations of biofuel
fraction and temperature. Pressure drop after 10 h is
reported only for conditions in which the specified
limit has not yet been reached.
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Table 2

Effects of biofuel fraction and temperature (C = 10 mg/L)
Blend T, °C p, mPa-s Apo, kPa Ap(10 h), kPa ter, O
BO 20 3.000 5.00 17.67 19.74
BO 30 2.336 3.89 13.76 26.46
BO 40 1.820 3.03 10.72 35.10
B15 20 3.540 5.90 20.85 16.12
B15 30 2.757 4.59 16.24 21.82
B15 40 2.147 3.58 12.64 29.14
B30 20 4.080 6.80 24.03 13.47
B30 30 3.178 5.30 18.71 18.41
B30 40 2.475 4.12 14.57 24.76

At T = 20 °C, changing from BO to B30 in
the assumed scenario increases viscosity from
3.000 to 4.080 mPa-s, initial pressure drop from
5.00 to 6.80 kPa, and pressure drop after 10 h from
17.67 to 24.03 kPa. Accordingly, tcr decreases from
19.74 to 13.47 h, or by 31.8%. These differences
follow from the prescribed Eq. (4), rather than a
demonstrated universal effect of all biofuels.

30 === _.‘

25 A

20 A

15 A

Pressure drop Ap, kPa

= C=5mg/L
== C=10mg/L
== C=20mg/L

T T T T

0 10 20 30 40
Filtration time t, h

104 ¢

The initial value in Fig. 2 is 5 kPa because

the clean filter medium already offers resistance. At
C =5, 10 and 20 mg/L, the rates of pressure drop
increase are 0.633, 1.267 and 2.533 kPa/h,
respectively. The curves terminate at 30 kPa;
operation beyond this limit was not modelled.
Under baseline conditions, the retained
contaminant mass after 10 h is m =
0.95-0.010-0.100-10 = 0.0095 kg, or 9.5 g. The
additional resistance is 7.60-10° m™ and
contributes 12.67 kPa to the pressure drop. Adding
the initial 5.00 kPa gives 17.67 kPa, consistent with
direct calculation using Eq. (3).
Time to the pressure drop limit and effects of
contamination. Temperature is fixed at 20 °C to
evaluate particulate contaminant effects. The
results in Table 3 and Fig. 3 are obtained with
unchanged filter parameters. The calculated ter
represents only the attainment of the hydraulic limit;
it is not a recommended service interval.

Fig. 2. Calculated pressure drop
evolution for B0 at T =20 °C
Table 3
Time to Ap, =30 kPaat T =20°C
C, mg/L BO: ter, h B15: ter, h B30: ter, h
5 39.47 32.25 26.93
10 19.74 16.12 13.47
20 9.87 8.06 6.73
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Fig. 3. Calculated time to the pressure
drop limit versus contaminant concentration

In the adopted model, ter is inversely
proportional to concentration. For BO, increasing C
from 5 to 20 mg/L reduces this time from 39.47 to
9.87 h. The corresponding values for B30 are 26.93
and 6.73 h. This fourfold reduction follows directly
from the mass balance at constant mass-based
retention efficiency.

For BO at C = 10 mg/L, the limiting
contaminant mass is 18.75 g, compared with 12.79
g for B30 at the same temperature. The difference
arises because higher viscosity causes the
specified pressure limit to be reached at a lower
additional resistance. Thus, the same Apcr does not
correspond to equal contaminant accumulation at
different viscosities.

At fixed b and C, increasing temperature
from 20 to 40 °C increases the calculated ter from
19.74 to 35.10 h for BO and from 13.47 to 24.76 h
for B30. This is a hydraulic consequence of the
assumed temperature dependence of viscosity. It
does not account for possible changes in deposit
solubility, cleaning efficiency or filter material.

Using Eq. (8) for a required time treq = 20 h,
C=10mg/L and T = 20 °C gives Amin = 0.0503 m?
for BO and 0.0595 m? for B30. With other conditions
unchanged, this scenario therefore requires an
increase in effective area of approximately 18.4%.
Applying the estimate to a design requires
consideration of available pleat area, nonuniform
flow and additional losses.

Sensitivity assessment and monitoring
potential. The local analysis uses the
dimensionless coefficient Sx = dIn(ter)/dIn(x), which
describes the relative change in ter caused by a
small relative change in parameter X. The
derivatives are obtained from Eq. (5) with all other
parameters held constant.

S¢ =8 =8, = -1 )
where Sc, Sa and Sy are dimensionless

local sensitivity coefficients of ter with respect to
contaminant concentration C, specific cake
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resistance a and mass-based retention efficiency n,
respectively; ter is time to the specified limiting
pressure drop, s; C is expressed in kg/m?3, a in m/kg,
and n is dimensionless.

Aper

- 10
Apcr - Apo ( )
where S, is the dimensionless local
sensitivity coefficient of ter with respect to dynamic
viscosity Y; ter IS time to the specified limiting
pressure drop, s; U is expressed in Pa-s; Apcr is the
specified limiting pressure drop, Pa; and Ap, is the

initial pressure drop across the clean filter, Pa.

_ZApcr — 4Ap,
Aper

S, =

So T (11

where Sgq and Sa are dimensionless local
sensitivity coefficients of te with respect to
volumetric flow rate Q and effective filtration area A,
respectively; ter is time to the specified limiting
pressure drop, s; Q is expressed in m%s and A in
m?; Apcr is the specified limiting pressure drop, Pa;
and Ap, is the initial pressure drop across the clean
filter, Pa.

For the baseline conditions Ap, =5 kPa and
Apcr = 30 kPa, the coefficients are S, = -1.20, Sg =
-2.20 and Sa = 2.20. Thus, a 1% flow rate error
locally corresponds to an approximately 2.2%
change in predicted time. Sensitivity rises sharply
as Ap, approaches Apcr, making the time estimate
unstable with respect to input errors.

A scenario-based uncertainty check for a
shows that a —20% change increases the baseline
ter from 19.74 to 24.67 h, whereas a +20% change
reduces it to 16.45 h. This range results from an
assumed parameter variation and should not be
interpreted as a statistical confidence interval.

After 10 h for BO at 20 °C, I = 17.67/5.00 -
1 = 2.53. If temperature rises to 40 °C after the
same mass has accumulated, the modelled
pressure drop decreases to approximately 10.72
kPa, while the normalised index remains 2.53. A
reduction in pressure drop caused by heating is
therefore not misinterpreted as deposit removal.

This separation is valid only if a, Rm and
cake structure remain unchanged. Temperature
may affect these quantities in actual fuel, so the
compensation requires experimental verification. If

biofuel fraction is unknown, a calculated
temperature correction alone is insufficient:
composition information or an independent
viscosity estimate is required.

Model validation should begin by

determining Rm from clean element characteristics
at several flow rates. Next, a and n should be
estimated using measured y, C and retained
particle mass. Particle size distribution must be
maintained or monitored because it affects
retention and cake structure. Separate test series
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should be reserved for validating the ter prediction
rather than also being used to fit the coefficients.
Limitations. The model does not cover cake
compression, particle detachment, depth pore
blocking, biological contamination or crystallisation.
Under variable flow rate, the mass balance takes an
integral form and resistance must be coupled with
the pump characteristic. Values of R?, statistical
significance and experimental error are not
reported because no independent measurement
dataset is available.

Conclusions. Relationships for pressure
drop, limiting cake mass, time to a specified limit
and minimum filtration area are derived from the
contaminant mass balance and a resistances-in-
series model. They combine the effects of
contamination and blended fuel properties under
constant flow rate conditions.

In the baseline scenario at Q = 100 L/h, A =
0.050 m? and T = 20 °C, increasing contaminant
concentration from 5 to 20 mg/L reduces the
calculated time to 30 kPa from 39.47 to 9.87 h. At
C = 10 mg/L, increasing biofuel fraction from 0 to
30% reduces this time by 31.8% under the
assumed viscosity relationship.

For a required duration of 20 h, the calculated
areais 0.0503 m?for BO and 0.0595 m?for B30. The
local sensitivity coefficients of time to flow rate and
area are —2.20 and 2.20, respectively, supporting
the need for accurate flow rate control and
determination of effective area.

Within the model, the normalised index I
separates additional resistance from the direct
effects of viscosity and flow rate. Practical
application requires coefficient identification and
independent validation for a specific filter. The
numerical results are scenario estimates rather
than established operating requirements.
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®INbTPALII B CUCTEMI XXUBJEHHA
AN3ENbHOIO ABUIN'YHA

Y cmammi po3ansiHymo ernnue MexaHidHUX
domiwiok, Yacmku bionanuea ma memrnepamypu
cymilegoeo nanuea Ha eidpaeniyHi napamempu
inbmpauii 8 cucmemi XueneHHs1 du3eslbHO20
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dsueyHa. Memotw pobomu € o06rpyHmMyeaHHs
pOo3paxyHKo8020 1idxody 0o 8U3Ha4YeHHs nepenady
mucky ma mpusasiocmi pobomu inbmpa 00
docsieHeHHs1 3ad0aHo20 2PaHU4YHO20 3HA4YeHHS 3
ypaxyeaHHSM HaKoMu4YeHHs1 3ampumaHux
yacmuHoK. Memoduka noedHye 6anaHc macu
3abpydHeHb i3 MoOeso nociidoeHo20 0odasaHHs
oropig 4ucmoeo hinbmpysansHo20 Mmamepiany U
wapy ocady 3a cmarioi 06’eMHOI sumpamu nanuea.

OmpumaHo aHanimuyHi 3anexHocmi Ons
po3paxyHKy nepenady mucKy, 2paHu4YyHoi macu
3ampumaHux OOMIWOoK, 4Yacy 00 OOCA2HEeHHS
gcmaHoerieHoeo  rnepernady ma  MiHiManbHOI
egpekmueHoi nnowji  ¢pinbmpauyii. Po3apaxyHKu
B8UKOHaHO 0ris 06’emHol yacmku b6ionanuea 0, 15 i
30 %, memnepamypu 20—40 °C ma KoHueHmpauji
MexaHiyHux Jdomiwok 5-20 me/n. Y 6asosomy
po3paxyHKkogomy npuknadi 3a eumpamu 100 51/200
i nnowji cpinbmpauii 0,050 M? 36inbUWEHHS
KoHUeHmpauii domiwok i3 5 0o 20 me/n ckopo4ye
yac 0o OocsieHeHHs1 nepenady mucky 30 klla 3
39,47 0o 9,87 200. 3a npulHsamoi 3anexHocmi
g’a3kocmi 8id cknaldy nanuea 36ifbWeHHST 4acmKu
bionanuea 3 0 do 30 % 3a memnepamypu 20 °C
3MeHwye uel 4ac Ha 31,8 %. [ns 3abe3nedyeHHs
po3paxyHKosoi mpusanocmi ¢inbmpauii 20 200 3a
KoHuyeHmpaujii domiwok 10 me/n HeobxiOHa nnowa
cmaHosump 0,0503 m? 05151 B0 i 0,0595 m? s B30.

BariporioHoeaHO HOPMOBaHUU  MOKa3HUK
dodamkogoz2o ornopy, AKUlU y Mexax npulHamor

Ne 3 (122) Bibpauii e mexHiyi
ma mexHoJsoz2isix
2026
modeni  Oae  3mMoey  eidokpemumu  8rue
HaKonu4yeHHs1 3abpydHeHb 8i0 b6e3rnocepedHb020
enqusy e8’askocmi  ma eumpamu  rnasnuea.

BusHauyeHO sioKanbHi KoegbiyieHmu 4Yymiaueocmi
po3paxyHKo8o20 HYacy 00 OCHOBHUX Mapamempis.
[ns 6asosux ymos koegbiuieHmu 4ymmueocmi 00
sumpamu ma nnow inempaujii cmaHoesnsme
gidnogidHo -2,20 i 2,20, wo nidmeepdxye
HeobXidOHicmb MOYHO20 8paxy8aHHs UuX 8eUYUH
nid yac ouiH8aHHs cmaHy inbmpa.

YHucnosi pe3ynbmamu ompumaHo
aHanimu4Hum pO3paxyHKOM 3a 3adaHux
napamempis;,  ekcriepumeHmarnsHa  rnepesipka
KOHKpemHoeo @pinbmpa 8 mMexax pobomu He
nposodurnacs. lMpakmuyHe 3HaYeHHs
3anporioHoB8aHUX  3ajiexxHocmel  ronseae 8

MOXu8ocmi Ix euKkopucmaHHsi Ofis1 MiaHy8aHHs
surpobysaHb, rnonepedHbL020 8ubopy  nnowli
insmpauii ma 0b6rpyHmysaHHs rapamempie
cucmeMu  MOHIMOPUH2y  cmaHy  nanueHo20
inbmpa. 3acmocysaHHA modesni 0 KOHKpPemHoi
cucmemu XueneHHs nompebye 8u3HaYyeHHs i
KoegiuyieHmie 3a eUMIpPOBaHHAMU ma rnepesipku
MpoeHo0308aHo020 4Yacy 00 2paHu4yHo20 repenady

MUCKY.

Knro4oei cnoea. nanusHa cucmema,
cucmema JKUBIIEHHSI, Hagbmonpodykmu,
bionanuso, 6iodusenb, MOHIMOPUHZ  SKOCMI

nanuea, cucmemu KOHmMpOIJio sKocmi.
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