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Abstract: The study focuses on resource-efficient soil tillage technologies as a means of sustainable
agricultural development. It examines the limitations of traditional intensive systems and the advantages of
modern approaches (no-till, strip-till, minimum tillage, subsoiling) in preserving soil structure, moisture,
organic matter, and supporting soil biota. The economic benefits, including reduced fuel consumption and
optimized field operations, are also highlighted. Special attention is given to the conditions in Ukraine,
where the implementation of resource-saving systems enhances crop drought resistance and the resilience of
agroecosystems.

Keywords: resource-efficient technologies, soil tillage, no-till, strip-till, minimum tillage, soil fertility,
agroecosystems, moisture conservation, soil erosion, sustainable agriculture.
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Abstract. The study considered the issue of increasing the durability of machine parts by increasing their
resistance to wear and corrosion by using polymer composite coatings. Compositions were formed based on
reactive oligomeric systems, in particular, epoxy resin ED-20 and urea-formaldehyde resin, into which
dispersed modifying components were introduced - tripoli, siliceous materials, graphite and fluoroplastic. A
method of forming coatings based on the technology of application using immersion was also proposed.
Infrared spectroscopy and X-ray structural analysis were used to analyze the structural features of the formed
layers. In addition, an evaluation of operationally important characteristics was carried out, in particular,
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adhesive strength, impact strength, water absorption capacity and tribological indicators. The results
obtained indicate that the introduction of fillers is not accompanied by the formation of new chemical
compounds in the polymer matrix, but causes an increase in the order of its structure, which is manifested in
an increase in the degree of crystallinity. It was established that the addition of fluoroplastic has a positive
effect on the adhesion and impact properties of the coatings, while the use of other modifiers leads to their
certain deterioration. In the process of tribological tests, a decrease in the friction coefficient to a level of
about 0.2 was recorded with the introduction of siliceous components and tripolite. The practical value of the
results obtained lies in the possibility of their use as an alternative to existing technologies for forming
coatings on spline joints of drive shafts, which will contribute to improving their operating characteristics
and increasing their resource.

Keywords: composite coatings, wear resistance, corrosion resistance, polymer materials, epoxy resin, urea-
formaldehyde resin, modifiers, fluoroplastic, tribological properties, friction coefficient, adhesion.

The degradation of machine components and metallic structures is predominantly
caused by wear processes and corrosion phenomena. It is estimated that natural wear
contributes to nearly 70% of all failures in parts and their assemblies. At the same time,
corrosion-related losses remain considerable. Statistical data indicate that in the chemical
industries of CIS countries, annual losses exceed 200,000 tons of equipment and pipeline
elements. In the United States, even conservative evaluations suggest that corrosion damage
results in economic losses of about $70 billion per year, which corresponds to approximately
4.2% of the gross national product.

Analysis of both domestic and global engineering practices confirms that the
application of protective coatings is one of the most effective approaches to improving
resistance to wear and corrosion. Such coatings, formed on the working surfaces of
components and structures, significantly enhance their operational reliability due to their
superior functional characteristics. They act as a barrier layer, concentrating mechanical and
corrosive degradation within the near-surface region and thereby preventing damage
propagation into the bulk material. Depending on the required properties, coatings may be
produced from materials with different compositions and structural states, as well as tailored
to the substrate material. In most cases, preliminary surface preparation is also necessary [1—
3].

The aim of the present study is to design a composite material system based on cross-
linking oligomeric compounds and to develop a technological process for producing
antifriction and wear-resistant coatings. From a practical standpoint, the task involves
replacing the conventional method used in industrial practice (OJSC), where coatings on
driveshaft splines are formed by immersing components into a fluidized bed of thermoplastic
powders. The proposed composite and its application technique are expected to ensure
economic benefits while maintaining or improving coating performance characteristics. The
research methodology is described in [4—6].

As the polymer matrix for the composite systems, the following oligomeric binders
were selected:

- epoxy resin ED-20 combined with an amine curing agent in a ratio of 1:10-12;

- urea-formaldehyde resin KF-Zh(M) cured with a 10% aqueous ammonium sulfate
solution at a ratio of 1:20.

To enhance the properties of the matrices, various modifiers were introduced,
including tripoli, flint, finely dispersed graphite, and fluoroplastic. The concentration of
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modifying additives in the composites varied within the range of 0.5 to 10 wt.%. The
coatings were formed on metallic substrates using a solution-based technique involving
immersion of the prepared composition [7, 8].

The structural features of the obtained coatings were studied using infrared
spectroscopy and X-ray diffraction analysis. The results indicate that the incorporation of
modifiers into the polymer matrix does not lead to the formation of new chemical
compounds. However, changes in diffraction patterns, such as the appearance of additional
peaks and a reduction in the intensity of the amorphous halo, suggest an increase in the
degree of structural ordering or crystallinity of the modified systems. This behavior can be
explained by the absence of chemical interaction between modifiers and the polymer matrix;
instead, modifiers with uncompensated surface charges likely form a network of weak
physical interactions, contributing to a more ordered arrangement of polymer chains. The
introduction of most modifying fillers (tripoli, silica, graphite), except for fluoroplastic,
results in a decrease in adhesion strength. For epoxy-based coatings, adhesion was evaluated
at 2-3 points, whereas compositions modified with fluoroplastic demonstrated improved
adhesion, reaching 1 point. In the case of urea-formaldehyde matrices, the addition of the
same fillers led to a reduction in adhesion strength to approximately 4 points [9, 10].

A similar trend was observed for impact resistance: the incorporation of modifiers
generally reduces this property, with the exception of fluoroplastic. The addition of
fluoroplastic in amounts of 0.5-10 wt.% increases the impact strength of the composites by
12-17% compared to unmodified materials. The formation of a quasi-crystalline structure
within the polymer matrix also affects moisture absorption. Modified coatings exhibit a
decrease in water uptake by approximately 1-4%.

Tribological testing showed that the inclusion of silica and tripoli in the base polymer
matrices reduces the friction coefficient in the “coating—metal” friction pair to values around
0.2. According to the technical requirements of Belcard JSC, the friction coefficient for
metal-polymer contacts in splined joints must not exceed 0.2. Therefore, further testing of
such coatings was deemed unnecessary.
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AHOTaNif. Y JOCIIIKEHH] PO3TISHYTO MUTAHHS MiIBUINEHHS TOBTOBIYHOCTI JeTajeil MaIlluH 32 PaxyHOK
3pOCTaHHs iX ONOpPY 3HOUIYBAaHHIO Ta KOPO31MHOMY pYyHHYBaHHIO IIJISIXOM BHMKOPHCTaHHS IMOJIMEPHUX
KOMITO3UIIHHUX MOKPHUTTIB. C(HOPMOBAHO CKJIAIM KOMITO3UIIIH HAa OCHOBI PEAKIIITHO3IaTHUX OJIrOMEPHUX
cucreM, 30kpema enokcuanoi cmonu EJI-20 ta kapOaminodopMmaibAeriiHOi CMOJM, OO SKMX BBEICHO
aucriepcHi MoAM(iKyroui KOMIOHEHTH — Tpemels, KpeMEeHUCTI Matepianu, rpadit i ¢roporutact. Takox
3allpOIOHOBAHO €HOCIO (hOpMYBaHHS MOKPUTTIB, 110 0a3y€ThCSA HA TEXHOJIOII] HAHECEHHS 13 3aCTOCYBaHHIM
3anypeHHs. [t aHanmizy ocoOiamBocTel Oym0BU c(hOPMOBAHUX IIAPIB BUKOPUCTAHO METOAM iH(PpauepBOHOT
CIIEKTPOCKONIT Ta PEHTICHOCTPYKTYPHOro JociikeHHd. OKpiM LbOro, IpPOBEACHO OLIHIOBAHHS
eKCIUTyaTallifHO BaXJIMBUX XapaKTEPUCTHUK, 30KpeMa aAre3iiHOi MIiIHOCTI, yIapHOi B’SI3KOCTI, 3IaTHOCTI J10
BOJIONIOIJIMHAHHSA Ta TPUOONOTIYHMX MOKa3HUKIB. OTpUMaHiI pe3ynbTaTH CBiAYaTh, IO BBEJICHHS
HATIOBHIOBAYiB HE CYMPOBOKYETHCS (POPMYBAHHIM HOBUX XIMIYHHX CIIOJYK Yy IOJIMEPHIA MaTpHIli, OJHAK
CIPUYMHSE MIJBUILEHHS BIOPAIKOBAHOCTI ii CTPYKTYypH, LIO TPOSIBIAETbCS Yy 3POCTaHHI CTyIEHS
KpHUcTaiiuHocTi. BecraHOBIEHO, 0 J07aBaHHs (PTOPOIUIACTY MO3UTHBHO BIUIMBA€ HA are3iifHi Ta yaapHi
BJIACTUBOCTI TMOKPHUTTIB, TOJAI SK BHUKOPUCTAHHS IHIIMX MOAM(DIKATOPIB MNPU3BOAUTH JIO iX IEBHOTO
MOTIpIICHHA. Y mporieci TpUuOOoJOTriYHUX BUIIPOOYBaHb 3a()iKCOBAHO 3HMKEHHS Koe(]illieHTa TepTs 0 pIBHS
6mu3pko 0,2 mpu BBEJEHHI KPEMEHHMCTHX KOMIIOHEHTIB 1 Tpemeny. [IpakTHyHa LIHHICTH OAEp)KaHUX
pe3yNbTaTiB MOJSITa€ y MOXJIMBOCTI iX BHUKOPHCTAHHS SIK QIbTEPHATUBH ICHYIOUMM TEXHOJIOTISIM
(¢bopMyBaHHS MOKPUTTIB Ha LUILBOBUX 3’€JHAHHAX NPUBOJHUX BaJliB, L0 CIPHUATHME IMOKPALIEHHIO iX
poOOUNX XapaKTEPUCTUK Ta MiABUILEHHIO pecypcy.

Kiro4oBi ci1oBa: KOMMO3UIiHI MOKPUTTS, 3HOCOCTIHKICTh, KOpPO3iifHa CTIMKICTh, MOJIIMEPHI MaTepiaiu,
eMOKCHJIHA CcMoJa, KapOaminogopMmanbleriiHa cmoia, Monaudikatopu, (roporuiact, TpPUOOIOTiuHI
BIIACTHBOCTI, KOE(IIIEHT TEPTSI, aAre3is.
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Abstract. This paper presents the results of experimental studies on the influence of wear-resistant titanium

nitride (TiN) coatings on the durability of ISO K10 and ISO K20 multi-faceted, non-regrindable cemented

carbide inserts during turning of stainless steel X20Cr13 (EN 1.4021). Experiments were carried out on a
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