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Abstract

The paper presents studies and substantiates extreme pressure additives that are in demand in almost all
areas where heavy equipment and machines operate: in heavy industry, metallurgy and metalworking, machine
tool manufacturing, aircraft and shipbuilding, automotive production, construction, and power engineering. At the
same time, the development and use of this type of additives in energy facilities of the agro-industrial complex is
very difficult due to their relative high cost, and the lack of a complete scientific study of the problem does not
contribute to the widespread use of extreme pressure additives in agricultural tractor engines. Therefore, there was
aneed to conduct scientific research to assess the effect of extreme pressure additives on the performance of high-
pressure fuel pumps and, based on the information obtained, to develop production recommendations. In the course
of the research, a functional model of the plunger pair performance indicator was obtained, taking into account the
performance properties of summer diesel fuel with extreme pressure additives. The results of experimental studies
are presented, taking into account the performance properties of summer diesel fuel with extreme pressure
additives. The results of production tests of plunger pairs of high-pressure fuel pumps using summer diesel fuel
with an extreme pressure additive have been obtained. The use of summer diesel fuel with an extreme pressure
additive allows increasing the service life of plunger pairs of high-pressure fuel pumps from 1230 to 2214 hours;
recommendations for using fuel for 14 kN traction class engines have been developed. The friction coefficient
decreases from 0.005 to 0.001 when plunger pairs operate on summer diesel fuel with an extreme pressure additive.
The results have been obtained for selecting the component composition of the additive in diesel fuel and
recommendations for using the extreme pressure additive in diesel fuel have been developed.

Key words: wear resistance, coefficient of friction, fuel pump, friction steam, diesel fuel, anti-seize
additive, resource tests.

Introduction

The main type of motor fuel used in modern internal combustion engines (ICEs) used in agriculture is
diesel fuel. In an internal combustion engine, motor fuel is not only a source of thermal energy, it performs a
number of other functions that are directly related to ensuring the longevity and economy of the engine. In
particular, motor fuel in diesel fuel equipment is used as a working fluid and as a lubricating medium for fuel
equipment pairs that rub, etc. Insufficient lubricity of diesel fuel is the reason for the failure of the working
elements of diesel fuel equipment of internal combustion engines, namely piston pairs high pressure fuel pumps
(HPFP). HPFP plunger pair failures account for 20 to 35% of all engine failures. The failure of the plunger pairs
occurs due to wear, galling and seizing of the materials of the parts of the precision pairs.

One of the ways to ensure the serviceable condition and resource of piston pairs of diesel equipment is the
use of an anti-seize additive in diesel fuel. Currently, such additives are not used in diesel fuel. However, in the
domestic and foreign literature, there is no information about the chemotological composition of the anti-caking
additive. In this regard, the thesis proposes the use of an anti-caking additive based on ethylene triglyceride
hydrogen hydroxide. Such an additive consists of a lubricating component, an oxidizer and a fuel combustion
stabilizer. The use of an anti-seize additive contributes to the adsorption of boundary films on the rubbing surfaces
of precision pairs. The anti-seize additive for diesel fuel, consisting of polar molecules of a chain structure, has
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high compressive strength, elasticity and, in the presence of normal pressure, provides the possibility of sliding as
a result of shifting along the planes formed by the end groups of molecules. The strength of the structured film
increases with increasing pressure, which helps prevent contact between rubbing surfaces [1].

Additive components have both a high lubricating capacity and the ability to increase the energy capacity
of diesel fuel.

The research in the article, aimed at ensuring the working condition of the plunger pairs of the high-pressure
fuel pump by using an anti-seize additive in diesel fuel, is relevant.

Literature review

It is known from the practice of operating diesel fuel equipment that failures of plunger pairs account for
about 65...80% of all HPFP failures (depending on the HPFP brand).

Failures of plunger pairs are mainly caused by natural mechanical wear of materials on the surfaces of
plunger pairs.

The cause of mechanical wear of the materials of the plunger pair is metal contact, which occurs as a result
of the contact pressure between the parts and is a consequence of the displacement of the lubricating liquid
(namely, diesel fuel) from the gap. Moreover, the magnitude of the contact voltage is subject to Hertz's law and
increases depending on the movement of the plunger in accordance with the law of motion of the camshaft cam
(the law of motion of the plunger).

Numerous studies have established that fuel equipment, being one of the main elements of a diesel engine,
in a number of cases does not ensure its required reliability in operating conditions and causes 25...30% of all
engine failures [2].

Conducted studies on determining the average working life in real operating conditions show a significant
reduction in the resource of pumps. With a confidence probability of 0.9, the average operating time of the pumps
before their replacement was from 2.94 to 4.24 thousand. motorcycle watch

As research by V.E. Gorbanevsky showed, in the vast majority of cases, deterioration of fuel injection
parameters is associated with problems of friction and wear of friction pairs of fuel equipment. Parts of friction
pairs are made of steel, have high hardness (about 60 HRC) and low roughness (Ra up to 0.04 um for precision
and up to 0.32 pum for precise surfaces). The diametric gaps are 1...2 um in precision and 10...40 pm in precise
sliding pairs.

In works on ensuring the durability of friction steel pairs of fuel equipment, the most profound generalizing
works are taken as a basis, such as, for example, the domestic structural and energy theory of friction by B.I.
Kostecki.

From [3] studies of natural of fuel equipment friction pairs, data on plunger pairs are of particular interest.
Gorbanevskyi V.E. and Kyslov V.G. it was found that the wear of the precision surface of the plunger is more
often observed on the head on the side opposite to the working cutting spiral, i.e. in the zone where the influence
of the maximum pressing forces (created by the pressure of 50...80 MPa) of an impact nature (the period of
pressure build-up) is observed, it is superimposed on the effect of the maximum (2...4 m/s) movement speed of
the plunger in each working cycle.

Our studies of the jamming of the plunger pairs of 36 in-line pumps of the MW type of combine diesel
engines (the pump's service life 746...2740 engine hours) showed that, as a rule, in in-line pumps, jamming of one,
rarely - two pairs of plungers occurs. At the same time, a similar jamming pattern was observed. It should be noted
that the other pump plunger pairs had good surface condition, without visible damage or stains. An element-by-
element analysis of the injection line of the failed sections revealed that when the nozzles of the nozzles of the
nozzles coked in the high-pressure line, the effect of water hammer was observed. Since HPFPs of the MW type
have a high injection pressure and the plunger is unbalanced (there is no symmetrical groove in relation to the cut-
off groove), as a result, jamming of the plunger pair occurs [4].

Antipov V.V., Bakhtiyarov N.I., Zagorodskikh B.P. and others note that the working surfaces of the
plungers and bushings are worn by abrasive particles contained in the fuel.

Research conducted by TsNITA showed that the wear of the plunger pair is local, in the area of the inlet
and outlet windows. The total value of the worn friction surface does not exceed 5%, and the nature of the micro-
uniformities on it indicates wear from abrasive particles that, together with the fuel, enter the super-plunger space
during suction of the plunger. During the injection stroke, part of the fuel flows back into the filler, and the fuel
flow is throttled along the plunger stroke, which is accompanied by an increase in pressure in the space above the
plunger and a sharp increase in flow rates [5].

The resource of precision pairs increases with a decrease to certain limits of their initial clearances and an
increase in hydraulic density [6]. The rational limit of reducing the gap in pairs is determined by the amount of
installation and working deformations of the bushings, as well as the fineness of fuel filtration. As the pairs wear,
their gap increases, and larger particles begin to have a sharp effect on wear. A change in the gap within 0.6...2.5
um does not significantly affect the rate of wear, so it is impractical to further reduce the gap. In ND distribution
pumps, this gap varies within 0.6...1.6 pm.

With small gaps in pairs, the issue of reducing the probability of the plunger sticking in the bushing becomes
particularly important, which is achieved, in particular, by reducing the mounting deformations of the bushing by
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reducing the tightening force of the pump fitting, increasing the stiffness of the bushing and improving its design.
Research in the State found that when the pressure fitting of the TN type fuel pump is tightened with a torque of
120 Nm, the bushing in the section below the windows is deformed by up to 3 microns. These data were confirmed
by studies of the deformation of the parts of the plunger pair during the assembly of the UTN-5 pumps, which
were carried out at the IMESH [7, 8].

Gorbanevsky V.E. and Vashchenko O.M. found that with high-quality fuel filtration (cardboard or paper
fuel), the filters retain up to 99.5% or more of mechanical particles 2 um in size and larger, abrasive wear cannot
be decisive. The working medium for precision friction pairs is diesel fuel, for precise ones (inside the HPFP) it
is a mixture of oil from the diesel oil system with fuel that seeped into the pump crankcase through the gaps of the
precision plunger friction pairs.

The use of fuels containing rapeseed oil, FAME - fatty acid methyl ethers, etc., leads to the appearance of
deposits, resin formation on parts and assemblies of HPFP, loosening and destruction of non-metallic seals. In
HPFP with electronic control, such deposits can cause a change in the characteristics of the control of the fuel
supply process and the appearance of numerous diesel malfunctions in general.

The failure of fuel pumps is due to the wear of parts and, as a result, the main adjustment characteristics
change. The processing of data obtained by TsNITA during operational tests of UTN-5 pumps showed that 29%
of all failures are due to wear of camshaft bearings, 12.5% to violations of the tightness of seals, 29.2% to increased
unevenness of fuel distribution and reduced cyclic supply (wear of plunger pairs and injection valves) and 8.5% -
to reduce the rotation frequency of the start of the regulator [9].

In fuel-lubricated VE and VP pumps, when low-quality fuel is used or the drive belt is improperly tensioned
(in diesels with a belt drive), the drive shaft and its bushings wear out, a gap appears between the drive shaft, the
cross and the cam washer, which reaches 0.35 mm. The permissible radial gap between the sleeve and the shaft is
0.25 mm.

Due to the decrease in stiffness of the springs of the mechanical regulators of the HPFP during operation,
the rotation frequency of the start of its operation will significantly decrease. Of the parts of the regulator, the
following are mainly worn out: legs and axles of loads, bearing brackets, control lever, adjusting bolts, etc. work
is 0.127 mm.

In the process of routine work, 32 MW-type pumps were checked for RSV-type all-mode regulators (the
regulator unit could not be disassembled). The analysis of the control parameters of 18 HPFPs of the MW type of
Cummins 6CTA diesels of Case 2366 combines and 4 VE pumps with all-mode regulators of 4T390 diesels of
Case 8825HP self-propelled mowers showed the stability of the regulator parameters set at the factory. In
particular, for MW pumps, the value of the rail position differed from the one specified by the manufacturer at the
nominal frequency of rotation of the camshaft by 2%, at the regulator start-up mode - by 3%.

At the same time, the volumetric supply of 8 pumps did not satisfy the regulation value due to the low
hydraulic density of the plunger pairs. A feature of the operating conditions of distribution pump regulators (types
VE, VP) is that fuel is fed into the superplunger space through the regulator cavity. If the fuel is not cleaned
satisfactorily, deposits accumulate on the internal walls and parts of the regulator, which later peel off and enter
the injection line, disrupting the operation of the plunger pair and the nozzle. In addition, the reduction of the
passage section of the jet in the drain fitting due to its clogging negatively affects both the size and the uniformity
of cyclic feeds [10].

Along with model mixtures of individual hydrocarbons, naphthenic and aromatic hydrocarbons isolated
from kerosene fractions of oil were studied [11].

The tests were carried out in the following mode: sliding speed 1.18 m/s; axial load 100 N; test duration 30
min. The material of the parts of the friction unit is ShKh15 steel.

During sliding friction, the maximum wear is observed in the environment of H-paraffin hydrocarbons.
Allowable wear in naphthenic and isoparaffinic hydrocarbons. In aromatic hydrocarbons, the wear regime
corresponds to the standard one. The mixture of naphthenic hydrocarbons isolated from kerosene fractions is
optimal in terms of lubricating properties. The addition of 10% of aromatic hydrocarbons to the mixture of
naphthenic hydrocarbons significantly improves their lubricating properties, while bicyclic aromatic hydrocarbons
are more effective [12].

Mineral liquid (DP) [7] (DSTU 2511) is used as a fuel in ground machinery. Under the operating conditions,
the DP is in the system and repeatedly passes through friction pairs, being exposed to high temperatures and
pressures. During operation, accumulation of oxidation products can occur in the DP during operation, as well as
due to long periods of time, the formation of insoluble solid wear products of the system's frictional elements.

For some non-hydrocarbon liquids (synthetic), the wear of ShX15 steel is significantly dependent on the
sliding speed (compared to hydrocarbon liquids), which indicates that more complex processes than in
hydrocarbons occur in the friction zone.

Purpose
The purpose of the research is to ensure the operational condition and increase the wear resistance of the

plunger pairs of the high-pressure fuel pump using an anti-seize additive based on ethylene triglyceride hydrogen
hydroxide diesel fuel.
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Research methodology

The research stages included:

- selection and justification of the components of the anti-seize additive for summer diesel fuel;

- conducting laboratory comparative resource tests on commercial diesel fuel and diesel fuel with an anti-
seize additive;

- estimation of hydraulic density of plunger pairs;

- conducting operational production tests of plunger pairs with an anti-seize additive in diesel fuel.

The experimental research program included the development and improvement of the following methods:

- methods of selection of anti-seize additive components and the process of obtaining finished motor fuel,

- methods of assessing the stability of additive components in diesel fuel;

- methods of evaluating the operational properties of diesel fuel with an anti-seize additive;

- methods of comparative resource tests of plunger pairs of a high-pressure fuel pump;

- methods of estimating the hydraulic density of plunger pairs of a high-pressure fuel pump;

- methods of operational and motor tests of plunger pairs in the high-pressure fuel pump of the D-240
engine.

The method of selecting anti-seize additive components in summer commercial diesel fuel was based on a
cluster analysis of existing components of numerical modeling. Numerical modeling involved modeling the
density of multicomponent hydrocarbon liquids and the calorific value of fuel with an anti-seize additive.

For numerical modeling, optimization methods were used taking into account vector algebra.

The stability of the additive in diesel fuel was evaluated in static and dynamic mode. Static mode provided

evaluation of the delamination of the components of the anti-seize additive in diesel fuel without
mechanical influence under the conditions of natural settling of diesel fuel.

In the dynamic mode, the diesel fuel was affected by forced mechanical oscillations with a frequency and
amplitude equal to the operating frequency and amplitude of the tractor.

The evaluation of operational properties was carried out according to the methodology outlined in [8] and
involved determining the viscosity and density of diesel fuel with an anti-seize additive.

Bench comparative resource tests of plunger pairs were carried out on HPFP type UTN-5 on commercial
summer diesel fuel L-40 (DSTU 2511) and commercial summer diesel fuel L-40 (DSTU 2511) with an anti-seize
additive.

Research was conducted on serial and specially manufactured equipment.

Diesel fuel of operational group ES/E100 according to DIN classification was used as a prototype of diesel
fuel. This motor fuel is a mixture of hydrocarbon petroleum fuel and organic raw material (ethanol), used as an
oxidizer and density regulator.

As research [13] shows, ethanol in the hydrocarbon fuel solution is a solvent that reduces the lubricating
ability of motor fuel.

The second criterion for the use of ethanol in fuel is a relatively lower calorific value, which reduces the
calorific value of the main fuel. The use of pure ethanol in motor fuel, as a rule, involves the modification of diesel
fuel equipment and some engine systems.

It is known from [14] that the use of triglyceride helps to change the contact conditions and increase (by 2
or more times) the carrying capacity of hydrocarbon fuels. However, in modern scientific literature, data on the
use of this component (including as a component of an anti-caking additive) are not confirmed [15].

Hydrogen hydroxide is used to form a stable colloidal compound, a combustion stabilizer, and a fuel density
regulator. The influence of which resource of precision pairs is currently also not investigated.

To obtain a stable solution of hydrocarbon motor fuel based on commercial diesel summer fuel with an
anti-seize additive, the method of mixing fuel components with the help of ultrasonic influence was used.

Research results

The conducted resource tests of the plunger pairs of the high-pressure fuel pump showed that the use of
commercial summer diesel fuel with an anti-seize additive reduces the intensity of the cyclic supply reduction.
That increases the coefficient of stability by 35%, and this indicates an increase in the hydraulic density of the
plunger pairs.

The error of approximation of experimental data curves does not exceed 5%, estimated by the method of
least squares. The fuel supply at the starting revolutions allows you to determine the technical condition and
predict the remaining life of the plunger pairs of the fuel pump. According to the recommendations, fuel supply
by plunger pairs of HPFP brand UTN-5 at 100 min™!' should be at least 14.5 cm? [16].

The obtained experimental data show that when using commercial diesel summer fuel with an anti-seize
additive, the resource of the plunger pairs of the fuel equipment increases from 1230 to 2214 motor hours.

Deviations in the resulting data do not exceed 5%, this indicates an accurate theoretical description of the
operation of plungers. pairs of HPFP.
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At the same time, the comparative resource during resource tests of plunger pairs was 2214 engine hours.
when using commercial summer diesel fuel with an anti-seize additive and 1230 engine hours. when running on
commercial summer diesel fuel. The data are presented in Fig. 1.
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Fig. 1. The density function of the resource distribution of plunger pairs during resource tests

To determine the relationship between the factors, the correlation coefficient was determined. This
coefficient was 0.8889 between the coefficient of kinematic viscosity and the density of fuels, -0.8796 between
the kinematic viscosity and hydraulic density of piston pairs, -0.8851 between the density and hydraulic density
of piston pairs, -0.99647 between the coefficient of friction and hydraulic density of plunger pairs. This indicates
a close interrelation of factors.

In Fig. 2, 3 show graphs of changes in the hydraulic density of plunger pairs as a function of kinematic
viscosity and friction coefficient.
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Fig. 3. Graph of changes in the hydraulic density of plunger pairs as a function of the friction coefficient

Fuel with an additive must have certain operational properties. In order to determine the possibility of
operation of the plunger pairs of the high-pressure fuel pump on commercial summer diesel fuel with an anti-seize
additive, the external speed characteristics of the D-240L diesel engine were determined when it was operating on
commercial summer diesel fuel with an anti-seize additive and commercial summer diesel fuel. The obtained
results show that when working on commercial summer diesel fuel with an anti-seize additive, the effective power
of the engine decreases by 5.7% and the specific effective fuel consumption increases by 10.7%.

Based on the conducted theoretical and experimental studies, when transferring agricultural machinery
from one type of fuel to another, no adjustments were made, then it is possible to operate on commercial summer
diesel fuel with an anti-seize additive.

The work was carried out on MTZ-82 tractors. Commercial summer diesel fuel and commercial summer
diesel fuel with an anti-seize additive were used. Summer diesel fuel (100% DP) was used on the control tractor.
The tractors used in the study there are of the same year of production, with the same technical condition.

For the study of piston pairs of HPFP of internal combustion engines, corresponding to the technical
requirements of the manufacturing plant were used. Before the test, the hydraulic density of the plunger pairs was
determined.

At the HPFP of tractors on the stand, adjustments were made in accordance with the recommendations of
the D-240 manufacturer (4Ch 11/12.5). At a frequency of 1100 revolutions per minute, the volumetric cyclic fuel
supply in the nominal mode was 74 £ 3% cm? for 1000 cycles. After measuring the speed characteristics of HPFP
on diesel fuel. In the tractor engine, when working on commercial summer diesel fuel with an anti-seize additive,
the angle of the moment of fuel supply has been changed from 26 degrees. p.k.v. up to 28 degrees p.k.v. in
accordance with the regulatory documentation of the D-240 diesel engine when operating on diesel fuel. Control
of the working hours of the tractors was carried out using the used fuel collection card and the motor-hour counter.
Motor fuel was supplied to the farm in the required amount based on the calculation of the variable working hours
of the tractor [17]. The tractors used in the study performed the same field and transport work.

Determination of the characteristics of HPFP was carried out with a periodicity of 100 engine hours of
operation in the conditions of a repair workshop according to the parameter of hydraulic density of plunger pairs.
Cyclic feed measurements with the number of cycles of 1000 were performed at starting and nominal crankshaft
revolutions. Experimental data show that during the operation of piston pairs on commercial diesel summer fuel
with an anti-seize additive, the cyclic supply decreased on average from Vts=74+3% mm?/cycle to
Vts=55mm?/cycle after observations, and on control piston pairs HPFP, working at the DP changed on average
from Vts=59+3% mm?®/cycle to Vts=37mm?/cycle. Changes in the hydraulic density of the state from 24 to 17
from the operation of plunger pairs on commercial summer diesel fuel with an anti-seize additive and from 24 s
to 6 s when operating on commercial summer diesel fuel.

Conclusions

1. Established:
- the main failure of HPFP of tractor engines is the failure of plunger pairs (about 65 - 80% of all high
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pressure fuel pumps failures);

- the resource of HPFP plunger pairs under normal operation is generally absorbed in 50-60% of the
resource declared by the manufacturer.

Failures of plunger pairs are caused by the seizing of their materials, which is a consequence of contact
loads and the absence of an anti-seize additive in summer commercial diesel fuel. To ensure the working condition
of the plunger pairs, it is necessary to develop the component composition of the anti-seize additive for commercial
summer diesel fuel.

The component composition of the anti-seize additive commercial summer diesel fuel, which includes:
ethanol, triglyceride, hydrogen hydroxide, is proposed. In this additive, ethanol is a regulator of the anti-seize
density of the additive, triglyceride is a component that regulates the process of adhesion of the materials of the
plunger pair parts, hydrogen hydroxide is a component that stabilizes the oxidation of triglyceride and the
combustion of diesel fuel. The concentration of the additive components is substantiated: ethanol — 25%,
triglyceride — 15%, hydrogen hydroxide — 5%, from the total volume of commercial summer diesel fuel. The
concentration of components is determined based on the operational properties and calorific value of diesel fuel.

2. The indicator of the working condition of the plunger pair is theoretically substantiated. The functional
dependence of the indicator of working condition (watertightness) was developed, taking into account the gap in
the "sleeve-plunger" combination and the operational properties of commercial summer diesel fuel with an anti-
seize additive.

3. Operational tests established that:

- the water tightness of plunger pairs when working on summer diesel fuel with an anti-seize additive is 17
- 24 s (with the normative value of the water tightness of new plunger pairs 18 - 24 s);

- the hydraulic density of plunger pairs when working on commercial summer diesel fuel was - 6 - 12 s;

- the friction coefficient is reduced from 0.005 to 0.001 during operation of piston pairs on summer diesel
fuel with an anti-seize additive.

4. It was established during comparative bench resource tests that the resource of plunger pairs increases
from 1230 to 2214 engine hours when working on summer diesel fuel with an anti-seize additive.
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Mapuenko .., MatBeeBa K.C., Kypemin B.M. IlinBuiieHHs 3HOCOCTIMKOCTI IUTYHXXCPHUX Iap
MAIMBHUX HACOCIB BUCOKOTO THCKY 3a JIOTIOMOTOI0 TIPOTH3aTUPHUX MPUCAIOK

Y poGoTi HaBeIeHO JOCIIIKEHHS Ta O0IPYHTOBAaHO MPOTH3AJUPHI NPUCAIKH, SIKi 3aTpeOyBaHi IPaKTUIHO
Yy BCIX Taly3dx, [ Ipamfoe€ BaKKe OONaJHAHHS Ta MAIIMHHU: y BaXKIH IPOMHCIOBOCTI, METalyprii Ta
MeTanooOpol1i, BepcTaTtoOyayBaHHi, aBia- Ta CyqHOOYAyBaHHI, aBTOMOOLIEHOMY BHPOOHHMIITBI, OYIiBHHIITBI,
eHepreturi. Pazom 3 THM, po3poOKa Ta 3aCTOCYBaHHS JaHOTO BHIY NpPHUCAJOK B eHeprosacodax
arporpoOMHCIIOBOI0 KOMIUIEKCY Ay)K€ CKPYTHa 4epe3 iXHIO BiJHOCHY JOPOKHEUY, a HEeIOCTAaTHICTh MOBHOTO
HAYKOBOTO JIOCITI/PKEHHS TPOOJIeMH HE CIIPHUSIE IHPOKOMY BUKOPHCTAHHIO IIPOTU3AIUPHHUX TIPUCAIOK Y IBUTYHAX
CLUIBCHKOTOCTIOIAPCHKHUX TPAaKTOpiB. TOMY BUHHKIIA HEOOXIHICTD JJIsl IPOBEACHHS HAYKOBHX JIOCHI/PKEHD [I0/I0
OLIIHKY BIUIMBY NMPOTH33JUPHOI NMPHUCAJKK HA Mpane3aTHICTh MaJMBHUX HACOCIB BUCOKOTO THUCKY Ta Ha 0asi
oTpuMaHO1 iH(popMaIlii po3poOKH BHPOOHMYUX PEKOMEHAAIlN. Y X0l ITOCTiIKEHh OTPUMAHO (YHKIIOHATBHY
MOJIeTIb TIOKa3HHMKa IMPaIe3/1aTHOTO CTaHy IUTYH)KEPHOI Mapy 3 ypaxyBaHHSIM EKCIUTyaTalliHHMX BIaCTHBOCTEH
JITHBOTO JHM3EIBHOTO TAlIMBa 3 NPOTH3aJUPHOIO TpHCcaIKoi0. HaBemeHo pe3ymbraTd eKclepUMEHTaIbHUX
JIOCITI/KEHb 3 ypaxyBaHHAM EKCIUTyaTal[ifHUX BIACTHBOCTEH JIITHHOTO IH3EILHOTO IMAJMBa 3 NMPOTH33aAUPHOIO
npucaako. OTpIMaHO pe3yiIbTaTH BHPOOHHYNX BUIPOOYBAaHb IUTYHKEPHUX Map IMaJHBHUX HACOCIB BUCOKOTO
THCKY IIPY BUKOPUCTaHHI JITHBOTO AU3EJBHOTO MaMBa 3 MPOTHU3aJUPHOIO IIPHUCAIKOI0. BUKOpHCTaHHS TITHEOTO
JHM3ETBFHOrO MajKBa 13 MPOTU3aJUPHOI0 IPHCAIKOI0 JO3BOJISIE€ 30UIBIINTH pecypc IUIYH)KEPHUX Hap MaTuBHUX
HacoCiB BUCOKOro TUCKY 3 1230 mo 2214 romun; po3pobieHi pekoMeHaallii moa0 BUKOPUCTAHHS ManuBa Jjis
neuryHiB Tsrosoro kiacy 14 kH. Koedimient Tepts 3umxkyetnes 3 0,005 mo 0,001 mig wac poOGOTH ITyHXEPHUX
map Ha JITHPOMY IM3€IbHOMY IajHBi 3 MPOTH3aIUPHOIO MpHcaakon. OTpUMaHO pe3yibTaTH LIOA0 MiI00opy
KOMITOHEHTHOTO CKJIaJy NpHCaAKH Yy AM3ENbHE MAJMBO Ta PO3POOJIEHO pEeKOMEHJalii 100 3acTOCYBaHHS
NPOTU3AAMPHOT IPUCAAKH Y N3EJIbHE NaJIMBO.

Kiro4oBi ciioBa: 3HOCOCTIHKICTD, KOS(IIIEHT TePTS, MAJUBHUAN HACOC, Iapa TePTs, AU3CIbHE TaUBO,
MPOTH3aIUPHA PUCAJIKA, PECYPCHI BUIPOOYBaHHS



