TexHika, eHepreTuka,

Ne 3 (134) /2026 TpaHcnoprt AIIK
& : . Technology, energy,
ISSN: 2520-6168 Vol. 134,Ne 3 / 2026 agriculture transport AIC

UDC 621.436:665.75
DOI: 10.37128/2520-6168-2026-3-14

CALCULATED ASSESSMENT OF THE EFFECT OF INJECTOR HOLE CLOGGING ON FUEL
DELIVERY

Andrii ILCHENKO, Candidate of Technical Sciences, Associate Professor
Roman HRUDOVY |, Candidate of Technical Sciences, Associate Professor
Maksym ZAIETS, Candidate of Technical Sciences, Associate Professor
Polissia National University

IJIBYEHKO Anapiii BototuMmupoBuY, K.T.H., TOIICHT
I PYI[OBHFI Poman CepriiioBuy, K.T.H., TOIICHT
3A€Nb Maxkcum JleoninoBuy, K.T.H., IOIEHT
[omickkuii HaIiOHATBHAN YHIBEPCUTET

This article examines changes in fuel delivery caused by partial blockage of the nozzle holes of the
171.1112010-50 injector equipped with the 641-20c2-50 nozzle for MTZ tractors. The study aims to assess the
effect of a reduction in the unobstructed cross-sectional area of nozzle holes on fuel flow rate and to compare
uniform and non-uniform clogging. The orifice flow equation and a geometric model of a uniform annular
deposit layer are applied. The geometric parameters of the nozzle are taken from the manufacturer's data,
while the pressure difference, fuel density, discharge coefficient and deposit thickness are specified as
calculation inputs. This approach allows the effect of geometric blockage to be assessed at constant fuel
properties, including those of a blend containing biofuel.

For a nozzle with five holes having an initial diameter of 0.32 mm, a uniform deposit layer 2—10 um
thick was found to reduce the unobstructed cross-sectional area of each hole by 2.48—12.11%. At a constant
pressure difference, fuel density and discharge coefficient, the volumetric fuel flow rate decreases by the same
percentages. At a pressure difference of 40 MPa, a density of 850 kg/m? and a discharge coefficient of 0.75,
the formation of a 10 um deposit layer reduces the calculated mass of fuel flowing through all holes over 1 ms
from 78.65 to 69.12 mg. Three clogging scenarios with a total flow rate equal to 90% of the initial value are
compared: 10% area blockage in each hole, 50% in one hole, or 25% in two holes. The coefficients of variation
of flow rates between the holes are 0, 22.22 and 13.61%, respectively. For initial diameters of 0.28, 0.32 and
0.36 mm and a deposit thickness of 10 um, the relative fuel flow rates are 86.22, 87.89 and 89.20% of the flow
rate through a clean hole of the corresponding diameter, respectively.

The results show that the same total fuel flow rate can be accompanied by different distributions of
flow rates among individual nozzle holes. The practical significance of the findings lies in supporting the joint
assessment of total fuel delivery and its uniformity among the jets when diagnosing multi-hole injectors. The
effect of changes in the discharge coefficient on the calculation results is assessed: at 10% hole area blockage,
varying the ratio of the discharge coefficient to its initial value from 0.90 to 1.10 yields a relative fuel flow rate
of 81-99%. The numerical results are obtained using a steady-flow model under the specified conditions.

Keywords: internal combustion engine, biofuel; biodiesel; fuel system; fuel supply system,; petroleum
products; fuel flow rate; injector, nozzle; clogging; discharge coefficient.

Eq. 5. Fig. 3. Tabl. 3. Ref. 11.

1. Statement of the problem

The fuel system supplies fuel to the cylinders of a diesel internal combustion engine. Deposits in the
nozzle holes change their unobstructed cross-sectional area and the fuel flow conditions. Assessing the
uniformity of fuel delivery by a multi-hole injector requires consideration of both the total flow rate and the
flow rates through individual nozzle holes. The same total amount of fuel delivered can be accompanied by
different distributions among the jets. Such non-uniformity can impair mixture formation in the diesel engine
cylinder even when the total fuel delivery per cycle meets the specified value. This may reduce combustion
completeness and increase the engine's specific fuel consumption. Therefore, monitoring total delivery alone
does not provide complete information about the uniformity of flow through the nozzle holes.
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The fuel supply system may deliver blended fuel prepared from petroleum products and biofuel,
including biodiesel. When assessing the flow rate, the effects of fuel properties and nozzle geometry must be
distinguished. In this study, fuel density is specified as a constant calculation parameter without defining a
particular blend composition, while the factor under investigation is the reduction in the unobstructed cross-
sectional area of the nozzle holes. This formulation allows changes in the total flow rate to be compared with
non-uniformity of fuel flow through individual holes.

2. Analysis of recent research and publications

S. A. Burlaka, O. O. Halushchak and Yu. V. Humeniuk [1] investigated the flow of emulsified fuel
with alcohol additives in an injector nozzle. O. O. Halushchak et al. [2] examined the effect of the temperature
of blended fuel components on engine operation. These studies highlight the need to specify fuel properties
and delivery conditions when comparing calculations. In the present article, these factors are held constant to
examine geometric blockage of the holes separately.

J. M. Desantes et al. [3] investigated the discharge coefficient of non-cavitating diesel nozzles and
demonstrated its relationship with the flow regime. M. Sheykhvazayefi et al. [4] experimentally examined the
effect of coking on spray characteristics. A. Butmarasri et al. [5] studied injector hole deposits, injection
parameters and spray development. These studies confirm the need to consider hydrodynamic changes in
addition to hole size.

Z. Stepien [6] systematized the factors governing the formation of external and internal deposits in
diesel injectors and investigated their effects on diagnostic indicators of injector operation. These results
provide a basis for distinguishing the causes of deposit formation from the consequences of nozzle passage
blockage. D. P. Zhuravel et al. [ 7] describe the hydraulic principles of calculating liquid flow through orifices.
These relationships form the basis of the fuel flow rate model used in the present study.

A. Birgel et al. [8] reviewed the effects of temperature, fuel composition and nozzle geometry on
deposit formation. C. M. McGilvery et al. [9] used electron microscopy to investigate the structure and
chemical composition of deposits inside injector passages, revealing their layered structure. These studies
support the use of a uniform annular layer as a simplified calculation model; describing actual deposits requires
their non-uniformity to be considered.

Source [10] specifies the injector application and the geometric parameters of the nozzle holes. These
data are used to select the number of nozzle holes and their initial diameter. E. Alptekin and M. Canakci [11]
investigated the density and viscosity of fuel blends. To assess the effect of reduced hole area separately, fuel
density and the discharge coefficient are held constant in the calculations for Tables 2 and 3.

3. Purpose of the study

The aim of this study is to assess changes in fuel flow rate through the holes of the 6A1-20¢2-50 nozzle
of the 171.1112010-50 injector under partial cross-sectional blockage and to compare uniform and non-
uniform clogging. To this end, changes in the unobstructed cross-sectional area of the holes are determined,
relative fuel flow rates are calculated, and three blockage distributions among five holes are compared.

4. Results and discussion

Input conditions and calculation model.

The calculation considers the mechanical 171.1112010-50 injector equipped with the 6A1-20¢2-50
nozzle, intended for the D-240 and D-243 engines of MTZ-80/82 tractors. According to [10], the nozzle has
five holes with an initial diameter of 0.32 mm. The remaining input quantities are specified for the calculation
(Table 1). The pressure difference of 40 MPa represents the difference between the inlet and outlet pressures
of a nozzle hole and is not the injector opening pressure. Steady flow is assumed at constant fuel density, with
the passages fully filled with fuel. The baseline calculations for Tables 2 and 3 use C = Co = 0.75; the effect of
changes in the discharge coefficient C is considered separately. The model does not account for needle motion,
fuel compressibility, cavitation, pressure fluctuations or heat transfer. The numerical results are obtained
analytically. The volumetric flow rates q and Qs represent the volumes of fuel flowing through one hole and
through all holes per unit time, respectively. The fuel volume and mass reported below are determined for a 1
ms interval of steady flow, which is not equated to the duration of actual injection. Fuel delivery per cycle
denotes the amount of fuel supplied to a cylinder during one operating cycle; it is not determined in this model.
The injector is shown in Fig. 1.
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Fig. 1. The 171.1112010-50 injector

Table 1
Nozzle parameters and calculation conditions

Parameter Symbol Value
Injector model [10] — 171.1112010-50
Nozzle model [10] — 6A1-20c2-50

Number of nozzle holes [10] N 5
Initial hole diameter [10] do 0.32 mm

Pressure difference Ap 40 MPa

Fuel density p 850 kg/m?

Discharge coefficient in baseline calculations (C =
Co) Co 0.75
Steady-flow interval t 1 ms
Uniform deposit layer thickness h 0;2;4;6;8; 10 um

A density of 850 kg/m? is specified as a calculation parameter without assigning a particular fuel blend
composition or temperature. Density is held constant when comparing the clogging scenarios; the effect of the
biofuel fraction is not investigated separately. To calculate the flow rate of a fuel of a different composition,
its density at the operating temperature and pressure must be specified and the discharge coefficient refined.
Determining the permissible contaminant content in fuel and injector service life is outside the scope of this
study. The assumed deposit formation model is shown in Fig. 2.

d:(l

a — clean hole b — hole with deposits

Fig. 2. Calculation model of a hole in the 6A1-20c2-50 nozzle:
dv — initial hole diameter; d. — diameter of the unobstructed cross-section; h — deposit layer thickness

The model assumes that deposits form a uniform annular layer on the inner surface of the nozzle hole.
The unobstructed cross-section therefore remains circular. Its diameter d. and area A. are determined as follows:
d 2
d, = do — 2h; A, = = ()
where d. is the diameter of the unobstructed cross-section of the nozzle hole after deposit formation,
m; do is the initial hole diameter, m; h is the thickness of the uniform deposit layer, m; A. is the unobstructed
cross-sectional area of the hole, m?.
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To calculate the area in SI units, the diameters and layer thickness must be entered in metres; the
condition 0 < h < do/2 must be satisfied. With a non-uniform deposit distribution, the actual shape of the
unobstructed cross-section may be non-circular. In this case, calculating the flow rate requires the unobstructed
cross-sectional area and the discharge coefficient to be determined with allowance for the passage shape.

The blocked area fraction s and the volumetric flow rate q through one hole are expressed using the
orifice flow equation [7]:

A 24p
s=1-% q=caf2 @
where s is the fraction of the initial nozzle hole area that is blocked, dimensionless; A. is the
unobstructed cross-sectional area of the hole after deposit formation, m?; Ao is the initial cross-sectional area
of the clean hole, m?; q is the volumetric fuel flow rate through one hole, m*/s; C is the discharge coefficient,
dimensionless; Ap is the pressure difference between the inlet and outlet of the nozzle hole, Pa; p is the fuel
density, kg/m?®.

The initial cross-sectional area is determined as Ao = mdo*/4. A blockage of s = 0.10 denotes a 10%
reduction in the unobstructed cross-sectional area relative to the initial area, rather than a 10% reduction in
diameter. The coefficient C accounts for the deviation of actual flow from ideal flow [3].

With the same pressure difference across the nozzle hole and the same fuel density before and after
deposit formation, the relative volumetric flow rate is determined as follows:

4 _ Loy A _ (g _ 20 _
I-sa-9 2 (1 do) for C = C, 3)

where q is the volumetric fuel flow rate through the hole with deposits, m*/s; qo is the volumetric fuel
flow rate through the clean hole at the same pressure difference and fuel density, m%s; C and Co are the
discharge coefficients of the hole with deposits and the clean hole, respectively, dimensionless; s is the fraction
of the initial hole area that is blocked, dimensionless; h is the thickness of the uniform deposit layer, m; do is
the initial hole diameter, m.

Thus, at a constant discharge coefficient, the relative reduction in volumetric fuel flow rate equals the
relative reduction in the unobstructed cross-sectional area. The results in Tables 2 and 3 are obtained under this
condition. The volume and mass of delivered fuel are determined for a specified steady-flow interval; these
quantities do not account for the transient phases of actual injection.

Effect of deposit thickness on fuel delivery.

For a clean nozzle hole under the input conditions in Table 1, the volumetric fuel flow rate is qo =
1.8505-107° m%/s. The volume of fuel flowing through five nozzle holes over 1 ms is 92.52 mm?3, and the
corresponding mass is 78.65 mg. Table 2 presents the results for an equal deposit layer thickness in all holes.
The fuel mass over the specified interval is determined as the product of the total volumetric flow rate, fuel
density and flow duration.

Table 2
Fuel flow rate and delivered mass for an equal deposit thickness in all five holes
Thickness . Hole area blockage, Relative fuel flow | Fuel mass over
Diameter d., mm
h, pm % rate, % 1 ms, mg
0 0.320 0.00 100.00 78.65
2 0.316 248 97.52 76.69
4 0.312 4.94 95.06 74.76
6 0.308 7.36 92.64 72.86
8 0.304 9.75 90.25 70.98
10 0.300 12.11 87.89 69.12

The formation of a 2 um deposit layer reduces the diameter of the unobstructed cross-section from
0.320 to 0.316 mm, and reduces its area and the volumetric fuel flow rate by 2.48%. At a layer thickness of 10
um, the unobstructed diameter is 0.300 mm, and the fuel flow rate is 87.89% of that through a clean hole. The
mass of fuel flowing through all five holes over 1 ms is 69.12 mg. The decrease in this mass relative to a nozzle
without deposits is approximately 9.52 mg when calculated without intermediate rounding.

Additional calculations are performed for do = 0.28, 0.32 and 0.36 mm to assess the effect of the initial
nozzle hole diameter. The diameter of 0.32 mm corresponds to the selected nozzle, while 0.28 and 0.36 mm
are used to compare the sensitivity of the flow rate to an equal deposit thickness. According to Eq. (3), when
h =10 pm and C = Co, the fuel flow rates are 86.22, 87.89 and 89.20% of the flow rate through a clean hole of
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the corresponding diameter, respectively. The dependence on deposit layer thickness is quadratic. For the same
layer thickness, the relative reduction in unobstructed cross-sectional area and fuel flow rate is greater for a
hole with a smaller initial diameter.

For an initial hole diameter do = 0.32 mm and a constant discharge coefficient, a calculated 10%
reduction in volumetric fuel flow rate corresponds to a uniform deposit layer thickness h =8.21 pm. This value
is obtained from Eq. (3) for q/qo = 0.90. It characterizes the assumed calculation conditions and does not
establish an injector rejection criterion. Assessing a particular nozzle requires consideration of the actual
deposit shape and discharge coefficient.

Uniform and non-uniform clogging.

To compare clogging distributions, equal initial diameters are assumed for all nozzle holes, together
with the same fuel density and pressure difference. The total volumetric flow rate Qs and its ratio to the initial
total flow rate Nqo are determined as follows:

& =3 = =1-y3ks 4)

where Qs is the total volumetric fuel flow rate through all nozzle holes, m?*/s; q; is the volumetric fuel

flow rate through the i-th hole, m%/s; N is the number of nozzle holes, dimensionless; i is the hole index, from

1 to N; qo is the initial volumetric flow rate through one clean hole, m?/s; s; is the fraction of the initial area of
the i-th hole that is blocked, dimensionless.

The second relationship in Eq. (4) is valid when the discharge coefficient is the same for all holes and
equals its initial value Co. Under this condition, the total fuel flow rate depends on the sum of the blocked area
fractions, but does not determine the distribution of flow rates among individual holes.

Non-uniformity of fuel flow rates among the nozzle holes is assessed using the coefficient of variation
K, defined as the standard deviation of the flow rates through individual holes divided by their mean value
and expressed as a percentage:

100% (1 _
Ky = 2% L5 - 02 )

where K, is the coefficient of variation of volumetric fuel flow rates among the nozzle holes, expressed
as a percentage; q is the mean volumetric fuel flow rate through one hole, m3/s; qi is the volumetric fuel flow
rate through the i-th hole, m*/s; N is the total number of nozzle holes, dimensionless; i is the hole index, from
1 toN.

The mean volumetric flow rate through one hole is § = Qs/N. The denominator of the expression under
the square root uses the total number of nozzle holes N because the flow rate through every hole is included in
the assessment of non-uniformity. The coefficient K, is a dimensionless quantity expressed as a percentage. It
characterizes differences in flow rates among holes, rather than measurement error or variability between
repeated injections. When all holes have the same flow rate, Kq = 0.

Table 3
Distribution of hole area blockage and flow rate non-uniformity at the same total fuel flow rate
Scenario Specified hole area blockage Relative total flow rate, % qufﬁc1ent O(f
variation K., %
A All 5 holes: 10% each 90.00 0.00
B 1 hole: 50%; others: 0% 90.00 22.22
C 2 holes: 25% each; others: 0% 90.00 13.61

In all three scenarios, the sum of the blocked area fractions s; is 0.5, so the total fuel flow rate is 90%
of its initial value. In Scenario A, the flow rate through each of the five holes is 90% of that through a clean
hole. In Scenario B, the flow rate through one hole is 50% of the initial value, while the other four holes each
retain 100%. In Scenario C, the flow rate through two holes is 75% each, while the other three holes each retain
100% (Fig. 3).
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Fig. 3. Calculated distribution of relative fuel flow rates among nozzle holes for Scenarios A, B and C in Table 3

The coefficients of variation of fuel flow rates among the holes for Scenarios A, B and C are 0, 22.22
and 13.61%, respectively. Thus, the same 10% reduction in total fuel flow rate can be accompanied by different
degrees of flow rate non-uniformity among the holes. The practical significance of this comparison lies in
supporting the joint assessment of total fuel delivery and its distribution among the jets when diagnosing an
injector. Experimental determination of this non-uniformity requires a method for separately assessing the
amount of fuel in each jet.

Sensitivity to the discharge coefficient and scope of application.

To assess the effect of the discharge coefficient at a blocked area fraction s = 0.10, the ratios
C/Co=10.90, 1.00 and 1.10 are considered. According to Eq. (3), the corresponding volumetric fuel flow rates
are 81, 90 and 99% of the initial flow rate through a clean hole. These scenarios illustrate the consequences of
a decrease, no change and an increase in the discharge coefficient, but do not determine how it actually changes
as deposits form. Therefore, assessing the flow rate solely from the unobstructed cross-sectional area requires
justification of the assumed C value. For a particular nozzle, the discharge coefficient must be refined using
the relationship between fuel flow rate and pressure difference at a known fuel density.

The model describes the effect of geometric blockage of nozzle holes on fuel flow rate under steady-
flow conditions. It does not establish a relationship between deposit thickness, injector operating time and fuel
contaminant content. Quantitative assessment of spray angle, droplet size, in-service fuel consumption, engine
power and emissions requires additional measurements or models of the corresponding processes.

5. Conclusions

At a constant pressure difference between the inlet and outlet of a nozzle hole, fuel density and
discharge coefficient, the ratio of the volumetric fuel flow rate through a hole with deposits to that through a
clean hole equals the ratio of the corresponding unobstructed cross-sectional areas. For a uniform annular
deposit layer, this ratio is (1 — 2h/do)?, where h is the deposit layer thickness and do is the initial nozzle hole
diameter. The resulting relationship makes it possible to determine the relative reduction in flow rate for
specified geometric parameters of the hole and deposits.

For the 6A1-20c2-50 nozzle of the 171.1112010-50 injector, which has five nozzle holes with an initial
diameter of 0.32 mm, the formation of a uniform 10 um deposit layer in each hole reduces the calculated total
fuel flow rate by 12.11%. At a pressure difference of 40 MPa, a fuel density of 850 kg/m* and a discharge
coefficient of 0.75, the mass of fuel flowing through all holes during 1 ms of steady flow decreases from 78.65
to 69.12 mg.

At a total fuel flow rate equal to 90% of the initial value, different clogging distributions among five
nozzle holes produce different degrees of flow non-uniformity. Area blockage of 10% in each hole, 50% in
one hole or 25% in two holes corresponds to coefficients of variation of 0, 22.22 and 13.61%, respectively.
The coefficient of variation is a dimensionless indicator expressed as a percentage. The results support the
assessment of fuel distribution among individual jets alongside monitoring of total delivery when diagnosing
multi-hole injectors.

At a blockage of 10% of the initial nozzle hole area, varying the ratio of the discharge coefficient of
the fouled hole to its initial value from 0.90 to 1.10 changes the relative volumetric fuel flow rate from 81 to
99% of the initial flow rate through a clean hole. Therefore, applying the model to a particular nozzle requires
refinement of the discharge coefficient using its flow characteristic. The results characterize steady flow and
require verification under actual injection conditions.
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PO3PAXYHKOBA OLIHKA BIIVINBY 3ACMIYEHHSA OTBOPIB ®OPCYHKMU HA IIOJAYY
MMAJIUBA

Y cmammi posenanymo 3miny nooagsanHs nanueéa 6HACHIOOK HACHWKOB020 NEPEKPUMMs CONNO08UX
omeopie gpopcynxu 171.1112010-50 i3 posnuntosauem 6A41-20c2-50 ona mpaxmopie MT3. Mema oocrioscenns —
OYIHUMU 6NIUE 3MEHUEHHS NIOWIL 6LIbHO20 Nepepi3y CONN06UX OME0PI6 HA 6UMPAmy NAAU6A Mda NOPIGHAMU
pisHoMIpHE Ul HePIBHOMIDHE 3ACMIUeHHs. 3ACMOCOBAHO PIBHAHHS BUMIKAHHSA PIOUHU Yepe3 OMBIp i 2eoMempudny
MoOenb PIBHOMIPHO20 Kible8020 uapy 6ioknadens. | eomempuuni napamempu posnuIo8ayd NpUtiHamo 3a
OaHuMU BUPOOHUKA, a NEPenao MUCKY, 2yCIMUHY NATUGA, KoeiyieHm sumpamu ma moujuHy 6i0K1a0eHb 3a0aH0
K BUXIOHT yMO8U po3paxyHKy. ITi0Xi0 Oae 3mocy OyiHumu NauU6 2eoMempuyH020 NepeKpumms omeopie 3a
HEe3MIHHUX 81ACMUBOCHEl NAUBA, 30KpeMda CyMiuti, 00 CKIady AKoi 6Xxo0ums 6Ionanueo.

s posnunrosaua 3 n’amoma CoOnioguMU omeopamu nowamrosum oiamempom 0,32 mm ycmaHnogneHo,
wWo piGHOMIPHUL Wap BIOKIADeHb 3a8MOBUIKU 2—1 () MKM 3MeHULYE NAOULY BLIbHO20 Nepepizy KOICHO20 OMBOPY
Ha 2,48-12,11 %. 3a uesminnux nepenady mucky, 2yCmMuHu Nameéa ma Koeiyicnma sumpamu 00 eMHa
sUMPAMA NATUBA 3MEHULYEMbC HA MAKi cami 3HauenHs y siocomkax. 3a nepenady mucky 40 Mlla, cycmunu
850 xe/m? i koegpiyienma eumpamu 0,75 ymeopeuna wapy 6iokiaoeHv 3aémoguiku 10 mxm 3menuiye
PO3PAxXyHKO8Y MACY NAIUBA, Wo sumikae wepes yci omseopu npomszom I mc, 3 78,65 0o 69,12 me. 3icmasieno
Mpu 6apianmu 3acMiueHHs, 05 AKUX cymapHa eumpama cmarnosums 90 % nowamkosoi: nepekpumms naowi
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KodcHo20 omeopy Ha 10 %, oonoeo omeopy Ha 50 % abo 0eox omeopis na 25 %. Koeghiyienm sapiayii sumpam
Midic omeopamu cmanosums 8ionogiono 0; 22,22 ma 13,61 %. 3a nouamkoeux diamempis 0,28, 0,32 ma 0,36
MM | moswuny 8ioKkaadens 10 Mrkm 8i0HOCHA gumpama naiuea 0opisHe 8ionosiono 86,22; 87,89 ma 89,20
% 6i0 sumpamu wepes yucmuii Omsip 8i0n08IOHo20 diamempa.

Tokazano, wo 00HAKOBA CYMAPHA BUMPATNA NAUBA MONCE CYNPOBOONCYBAMUCS PIZHUM PO3NOOLIOM
BUMPAM MidIC OKpEMUMU CONLOBUMU OMBOpamu. IIpakmuune 3HaueHHs pe3yTbmamis noiaeac 6 00IPYHMY8aHHI
CHILHO20 OYIHIOBAHHS CYMAPHO20 NOOABAHHS NAAUBA MA U020 PIBHOMIPDHOCMI MIJC CIMpYMeHsIMU nid 4ac
diaenocmysanus 6a2amoomeopogux opcynox. OyineHo 6Naue 3MiHU KoeiyicHma eumpamu Ha pe3yibmamu
Ppo3paxyuky: 3a nepexpumms 10 % niaowi omeopy smina 8i0OHOUEeHH Koehiyienma sumpamu 00 HOYaAmKO8020
sHauenus 6i0 0,90 oo 1,10 sionosioae ionochil sumpami nanusa 6io 81 0o 99 %. Yucnoei pezyromamu
OMPUMAHO OJ151 MOOEITL YCIMANEHO020 BUMIKAHHS 3d 3A0AHUX YMOS.

Knouosi cnosa: 0sucyn eHympiunb020 320panis, Oionanugo, 6ioousens, NAIUEHA CUCEMA; CUCTNEMA
JHCUBTEHHSL, HADIMONPOOYKMU, GUMPAMA NAAUBA, (POPCYHKA, PONUTIOBAY, 3ACMIYEHHS, KoepiyicHm sumpamu.
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