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STUDY OF TRIBOLOGICAL PROPERTIES OF BIOCOATINGS BY DETONATION SPRAYING
METHOD

Abstract: In this study, bioactive hydroxyapatite coatings were deposited on commercially pure Grade
2 titanium substrates by detonation spraying at different O,/C;H; ratios in the range of 2.6-3.7. X-ray diffraction
analysis confirmed the predominance of the hydroxyapatite phase with partial formation of a-tricalcium
phosphate, which is attributed to high temperatures and intense dynamic processes in the detonation jet. The
formed coatings exhibit pronounced hydrophobicity, high structural heterogeneity, and a well-developed
surface microrelief, promoting improved interaction with bone tissue and accelerated osseointegration.
Tribological tests conducted under dry conditions and in Ringer’s solution demonstrated a significant increase
in wear resistance compared to uncoated Grade 2 titanium. The best friction characteristics and the lowest
wear volume were observed for coatings deposited at O,/C,H; ratios of 3.0 and 3.3, which is associated with
an optimal combination of crystallinity, phase composition, and adhesion strength. Coatings formed under
these conditions provide stable tribological behavior in physiological environments. The obtained results
confirm the prospects of detonation-sprayed hydroxyapatite for improving the durability, biocompatibility, and
operational reliability of titanium implants.
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Introduction

Materials intended for implants in traumatology, orthopedics, and maxillofacial surgery must
possess high mechanical strength, good flexibility, excellent corrosion resistance, and the ability to
accommodate complex geometries. [1]. Titanium and its alloys are extensively employed as load-
bearing implant materials owing to their excellent mechanical performance and high corrosion
resistance [2-5]. Nevertheless, titanium alloys exhibit bioinert behavior and are unable to establish a
direct chemical bond with bone tissue, while the disparity in elastic modulus between the implant
and bone may lead to bone resorption and long-term complications [4-6]. To overcome these
limitations, surface modification technologies and functional coatings are actively developed [3, 6].
Calcium phosphate coatings, particularly hydroxyapatite, are considered highly promising as they
enhance biocompatibility, stimulate bone formation, and reduce metal ion release [7-9].
Hydroxyapatite also forms strong interfacial bonds with titanium substrates [8, 12].

Among coating techniques, microarc oxidation [10, 14], magnetron sputtering [8], and thermal
spraying [11, 12] are widely applied. Thermal spray methods, including plasma, HVOF, and
detonation spraying, enable high deposition rates and effective microstructure control [11-13].
Detonation spraying represents an appealing coating technique due to its capability to produce
dense, well-adhered coatings with minimal porosity at comparatively low processing costs [8, 12].
The method accelerates hydroxyapatite particles to hypersonic velocities, resulting in coatings with
improved mechanical properties and high stability, making it promising for medical implant
applications [12, 13, 15].

Within this study, the influence of the oxygen-to-acetylene ratio in the detonation spraying
process on the formation mechanisms of bioactive hydroxyapatite coatings, their phase state,
structural and morphological characteristics, and tribological properties is examined. Particular
attention is given to identifying spraying regimes that ensure enhanced wear resistance and reduced
friction coefficient under both dry contact conditions and physiological environments when the
coatings are deposited on chemically pure titanium substrates.
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The scientific novelty of this work lies in a comprehensive investigation of the tribological
behavior of hydroxyapatite biocoatings deposited by detonation spraying on commercially pure
Grade 2 titanium at different O,/C,H, ratios. For the first time, the influence of the oxygen-acetylene
ratio in the range of 2.6-3.7 on the phase composition, surface morphology, and tribological
performance of detonation-sprayed hydroxyapatite coatings in a physiological medium (Ringer’s
solution) has been systematically analyzed. These findings provide new insights into the optimization
of detonation spraying parameters for the development of durable and biocompatible coatings for
biomedical titanium implants.

Materials and methods of research

A commercially available hydroxyapatite powder supplied by Medicoat (Switzerland) was
employed in this study. The powder particles exhibited a predominantly spherical shape with an
average size of approximately 37.5 uym. Energy-dispersive spectroscopy verified that the material
corresponded to the chemical composition Cas(PO,)sOH, with a Ca/P molar ratio close to 1.67. X-
ray diffraction analysis further confirmed the high phase purity of the synthesized hydroxyapatite.

In the course of this investigation, detonation spraying was employed to fabricate four distinct
coating variants, with three individual specimens prepared for each coating type, ensuring
reproducible results. Spraying was performed using a CCDS2000 detonation system with computer
control, allowing precise control of spray regimes, including the oxygen-acetylene ratio and the
explosive charge volume, ensuring high accuracy and process stability [16]. The O,/C,H, ratio,
which determines the composition of the detonation products and the deposition efficiency were
observed to vary in the range of 2.6-3.7 as a function of the selected parameters coating type (Table
1). The most important process parameter referred to the fraction of the barrel volume occupied by
the acetylene-oxygen mixture (the “explosive charge”), which amounted to 73-78% and directly
affected both the detonation energy and the quality and structure of the deposited coatings.

Table 1 — Experimental parameters for hydroxyapatite powder deposition by detonation

spraying
Coating Molar ratio O2/CzH2 Explosive charge, % (volume of barrel filled with gas)
HA 2.6 2.6 73
HA 3.0 3.0 74
HA 3.3 3.3 77
HA 3.7 3.7 78

X-ray diffraction studies were carried out using an XRD-6000 diffractometer operating with
CuKa radiation (A = 1.54056 A). The diffraction patterns were recorded at an accelerating voltage of
45 kV and a tube current of 30 mA, employing a step size of 0.02° over a 28 angular range from 20°
to 80°, with a counting time of 0.5 s per step. Phase identification and full-profile analysis were
performed using the PDF-4+ reference database in combination with the POWDER CELL 2.4
software. The tribological tests were performed based on the 1ISO 20808:2016 standard. For this
purpose, a T-21 tribotester manufactured by the Institute of Exploitation Technology in Radom
(Poland) was used. The device is designed to analyze the tribological properties of cooperating
materials during sliding friction in a ball-on-disk geometry under rotational motion. A second series
of tribological experiments was performed using a TRB3 tribometer according to the conventional
ball-on-disk configuration in compliance with ASTM G133-95. The tests were carried out in Ringer’s
solution to simulate physiological conditions. The solution contained 9.0 g/L NaCl, 0.42 g/L KCI, 0.48
g/L CaCl,, and 0.2 g/L NaHCO;. A silicon nitride (SizN,) ceramic ball with a diameter of 6 mm was
employed as the counterbody. The experimental parameters included a normal load of 6 N, a sliding
velocity of 3 cm/s, and a total of 5000 sliding cycles.The wear track was examined using an Olympus
optical microscope. The analysis allowed us to determine the nature of the damage, including
delamination, cracking, and the degree of material failure. Differences in wear mechanisms between
the coatings and the titanium base were also identified.

Results and discussion

XRD analysis (Figure 1) confirms that hydroxyapatite Cas(P0O,);OH is the dominant phase in
all coatings. However, partial thermal decomposition with the formation of a-tricalcium phosphate (a-
Caz(P0O,),) is observed due to the high process temperatures. According to literature, hydroxyapatite
decomposes above ~1650 °C as a result of dehydroxylation and lattice disruption. XRD results also
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reveal slight shifts in diffraction peak positions with increasing oxygen-to-acetylene ratio. The
displacement of the (211) peak toward smaller 26 angles reflects subtle changes in the crystal lattice
parameters, possibly caused by internal stresses or compositional variations. With higher oxygen
content, this shift becomes more pronounced, suggesting improved crystallinity and reduced
structural defects. The quantitative phase composition is presented in Table 2. The hydroxyapatite
content exceeds 70% of the total phase composition in all coatings.
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Figure 1 — Diffraction patterns of sprayed hydroxyapatite coatings

Table 2 — Results of X-ray phase analysis

Phase Content, Lattice Crystallite 3
Sample Detected Phases mas. % Parameters, A Size, nm Ad/d*10
Hydroxyapatite a=9.3949
Cas(P0O4)s0OH " c=6.8811 48 1
HA 2.6 Tricalcium phosphate b
Cas (PO, phosp 29 b = 27.2012 18 0.7
c=12.9328
Hydroxyapatite a=9.3949
Cas(PO4)s0H /3 C = 6.8897 59 1
HA 3.0 Tricalcium phosphate a=12.9515
Cas(POR) phosp 27 b = 27.3361 25 1
S\m)2 c=12.9063
Hydroxyapatite a=9.3896
Cas(PO4)s0H 1 C = 6.8866 60 038
HA3.3 Tricalcium phosphate a=12.9492
Cas(POR) phosp 29 b = 27.3800 18 0.7
s\ c =12.8901
Hydroxyapatite a=9.4128
Cas(P0O4)s0H s C = 6.9045 62 1.4
HA 3.7 Tricalcium phosphate a=12.8684
Cas(POR) phosp 25 b = 27.3485 21 2.2
S\ c =12.8559

The obtained results allow for a detailed analysis of the tribological behavior of coatings
formed at different oxygen-to-acetylene ratios and their comparison with pure Grade 2 titanium
(Figure 2). It was found that coatings produced at O,/C,H, ratios of 3.0 and 3.3, the friction coefficient
remains stable during the entire test (up to 50,000 cycles), confirming high wear resistance, whereas
the coating formed at a ratio of 2.6 displays a rapid increase in friction coefficient after approximately
8,000 cycles, which indicates rapid wear and early loss of functional properties. The low initial friction
coefficient can be attributed to a heterogeneous microstructure and a highly developed surface relief,
which reduce the real contact area between the rubbing surfaces and, consequently, decrease
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friction. With increasing friction cycles, the coating microstructure may undergo adaptation, surface
smoothing, or localized degradation at the microscale, resulting in variations in the friction coefficient
associated with surface stabilization. The coating obtained at an O,/C,H, ratio of 3.7 also
demonstrates relatively stable tribological behavior; however, it is characterized by a higher friction
coefficient, such behavior may reflect reduced antifriction capability. Although tribological
performance is generally less significant for dental implant applications, it is essential for load-
bearing systems such as joint replacements and orthopedic implants. Under such conditions,
minimizing friction and wear is essential for increasing implant service life and ensuring stable
performance under prolonged mechanical loads. Furthermore, reducing the formation of wear
particles is important, as such particles may cause inflammatory reactions or contribute to biological
rejection of the implant.
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Figure 2 — Variation of the coefficient of friction (CoF) as a function of sliding cycles for coatings
produced at different O,/C,H, ratios in comparison with pure titanium (Grade 2)

Figure 3 presents the tribological performance of hydroxyapatite coatings and Grade 2
titanium evaluated in Ringer’s solution. The dependence of the friction coefficient on the number of
sliding cycles is shown for each coating and for the titanium substrate, enabling an assessment of
their wear behavior under simulated physiological conditions. Grade 2 titanium demonstrates the
highest friction coefficient along with pronounced instability, which is indicative of accelerated wear
and degradation of mechanical performance during sliding. In contrast, hydroxyapatite coatings —
particularly those deposited at oxygen-to-acetylene ratios of 3.0 and 3.3 — exhibit markedly lower
and more stable friction coefficients throughout the entire test, reflecting superior wear resistance.
Surface micrographs further reveal wear tracks on both the coatings and the titanium; however, the
hydroxyapatite-coated surfaces preserve their structural integrity to a greater extent than the
uncoated titanium. These findings confirm the effectiveness of hydroxyapatite coatings in enhancing
the durability and wear resistance of biomedical implants, especially under exposure to physiological
media such as Ringer’s solution.
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Figure 3 — Variation of the coefficient of friction (CoF) with sliding cycles for coatings deposited at
different O,/C,H, ratios, compared with pure titanium (Grade 2), tested in Ringer’s solution

Figure 4 presents the 3D profilometry results and wear volume measurements obtained after
tribological testing of hydroxyapatite coatings and commercially pure Grade 2 titanium in Ringer’'s
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solution. The corresponding 3D surface profiles clearly demonstrate significant differences in the
wear behavior of the hydroxyapatite coatings compared with the titanium substrate after the
tribological tests. The coating deposited at an oxygen-to-acetylene ratio of 2.6 exhibits severe
surface degradation with extensive delamination areas. This behavior corresponds to higher friction
coefficient values and indicates relatively poor wear resistance. In contrast, the coating produced at
a ratio of 3.0 shows noticeably less damage and a more uniform wear pattern. This is reflected in
lower friction coefficient values and suggests improved mechanical stability of the coating. The
coating obtained at a ratio of 3.3 demonstrates an even lower and more stable friction coefficient,
which corresponds to uniform wear and a minimal number of surface defects observed in the 3D
profilometry images. Similarly, the coating deposited at a ratio of 3.7 maintains good surface integrity
and exhibits limited wear, as indicated by consistently low friction coefficient values.

HA26 [T

Figure 4 — 3D profilometry of wear tracks and wear volume of hydroxyapatite coatings deposited at
different O,/C,H, ratios and Grade 2 titanium

In contrast, Grade 2 titanium experiences the most severe wear, characterized by the
formation of deep grooves on the surface. This behavior is associated with the highest and most
unstable friction coefficient values, indicating the relatively low wear resistance of the material.
Overall, the obtained results clearly demonstrate that hydroxyapatite coatings-particularly those
deposited at oxygen-to-acetylene ratios of 3.0 and 3.3-provide significantly higher wear resistance
compared with titanium. Therefore, such coatings represent a promising solution for biomedical
implant applications, where long-term durability and resistance to friction are essential performance
requirements.

Table 3 provides a comparative summary of the tribological performance of coatings
deposited at various oxygen-to-acetylene ratios, along with that of commercially pure Grade 2
titanium, evaluated under dry sliding conditions and in Ringer’s solution. Under dry friction, the
coating prepared at an O,/C,H, ratio of 2.6 exhibits the lowest friction coefficient (0.5); however, it
also shows the highest wear, indicating limited durability. The coating produced at a ratio of 3.3
demonstrates the minimum wear, while coatings deposited at ratios of 3.0 and 3.3 offer the most
favorable compromise between low friction and enhanced wear resistance. In contrast, the coating
formed at a ratio of 3.7 displays relatively low friction but suffers from excessively high wear. Pure
titanium shows inferior tribological performance compared to the coatings obtained at O,/C,H, ratios
of 3.0 and 3.3.
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Table 3 — Tribological performance of coatings deposited at different O,/C,H, ratios under
dry conditions and in Ringer’s solution, in comparison with Grade 2 titanium

In dry conditions In Ringer's solution
Sample Coefficient of Volumetric wear index Coefficient of Volumetric wear index
Friction [u] x10-6 [Mm3/Nm] Friction [u] x10-6 [Mmm3/Nm]
A2.6 0.5+0.29 741+283 0.302+0.014 150443
HA 3.0 0.87+0.06 422+73 0.287+0.01 11334
A 3.3 0.90+0.06 331190 0.296+0.01 108130
HA 3.7 0.85+0.09 12301148 0.31940.014 152135
Grade 2 0.65+0.04 7341266 0.471£0.014 630+120

In Ringer’s solution, coatings deposited at ratios of 3.0 and 3.3 exhibit the lowest friction
coefficients and minimal wear, confirming their superior performance in a simulated physiological
environment. In contrast, pure titanium shows the highest friction and wear, indicating its poor
suitability under these conditions.

Overall, coatings formed at oxygen-to-acetylene ratios of 3.0 and 3.3 demonstrate the best
tribological performance in both dry and wet environments, making them the most promising for
applications requiring low friction and high wear resistance.

Conclusions

Tribological evaluation performed under dry sliding conditions and in Ringer's solution
revealed that coatings deposited at O,/C,H, ratios of 3.0 and 3.3 exhibit the lowest friction
coefficients along with minimal wear. In comparison with uncoated Grade 2 titanium, these coatings
demonstrate markedly enhanced wear resistance and more stable frictional performance. The
results indicate that detonation spraying at O,/C,H, ratios of 3.0 and 3.3 promotes the formation of
an optimized coating architecture with high density and a homogeneous phase distribution on the
titanium substrate. Such a microstructural state provides reliable wear resistance and stable friction
behavior in both dry and physiological environments. These findings confirm the suitability of the
selected spraying parameters for the fabrication of functionally robust biocoatings. Consequently,
hydroxyapatite coatings produced at O,/C,H, ratios of 3.0 and 3.3 can be considered the most
promising candidates for biomedical implant applications.
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AOETOHALUMANDBIK BYPKY ©AICIMEH ANbIHFAH BUOXXABbIHOAPObIH TPUBONOTINANbIK
KACUETTEPIH 3EPTTEY

3epmmey 6apbicbiHOa O,/IC,H, kambiHacbl 2,6-3,7 apanbifbiHOa e32epmine  ombipbir,
GemoHayusnblK  OypKy mMexHO/o2usChbl apkbliibl  xumusnblk masa Grade 2 mumaH HeaislepiHe
eudpokcuanamummiy 6uoakmuemi xabbiHOapbl KarnbinmacmelpbiniObl. PeHmeeHgasansbik manday
eudpokcuanamum  ¢hasacbiHbliH b6acbiM  ekeHiH alKkbiHOar, OemoHaUUsblK  afbiHHbIH  XKOFapbl
memmnepamypacsbl MeH KapKblHObI OUHaMuKarbiK yoepicmepiHiH biKnanbiHaH a-mpukanbyutighocchammaiH
iwiHapa mysinemiHiH kepcemmi. KanbinmackaH xabbiHOap aliKkblH 2udpoghobmabifibIfbIMEH, XOfapbl
KypbiribiMObIK 6ipmekcizdiciMeH XoaHe daMbiraH MUKpopensegmi 6emki mornoepaghusicbiMeH curiammanrnaosbl,
byn cyldek ynnacbiMeH e3apa opekemmecyOiH XaKkcapyblHa XoHe ocmeouHmezpayusi yoepicmepiHiH
xedendeyiHe biknan emedi. Kyprak xarOalinapda xsHe PuHeep epimiHOiciHOe xypeidineeH mpubonoaussbik
cbiHakmapObiH Hemuxenepi bacmarnkbl Grade 2 mumaHbiMeH carnbicmbipFraHda mo3yra mesimOinikmiH
elayip apmkaHbIiH Kepcemmi. YUkenic KoaghpuuueHmiHiH eH muimOi MoHOepi MeH mo3y KeneMiHiH
muHumandbi kepcemkiwmepi O/C,H, = 3,0 xoHe 3,3 kambiHacmapbiHOa anbiHFaH xabbiHOapda balikanobl,
byn KpucmanobinbiKk Q8pPeXeECiHiH, thasarnbiK KypaMHbIH XoHe mpubosoausiibiK KacuemmepiHiH oHmadinbi
ytnecyimeH balinaHbicmbl. AmarnraH pexumoepde KasnbinmackaH xabbiH0ap ¢husuonoausinbik xardalinapda
mypakmbi mpuboroausinbiKk cunammamanapobl Kammamachi3 emedi. AfbiHFaH Homuxxesnep 0emoHayusinbIK
b6ypky odiciveH anbiHFaH eaudpoKcuanamummi mumaH UuMnIaHmammapblHbiH y3aK Mep3imoinieiH,
buocalikecminiziH xoaHe natidanaHy ceHiMmdinieiH apmmbipy ywiH muiMOi ekeHiH anendeldi.

Tytin ce3dep: mumaH Heezi3ziHOezi Mamepuandap; buocalikecmi xxabbiHOap; demoHayussnbiK 6YpKy
mexHooeusickl;, 2udpokcuanamum xabbiHOapbi, bemki KabammabiH Kacuemmepi.

X.B. Cargonguna’?, [.P. Banxan'?, H.E. BepaimypaTtoB’, B.A. Anu6ekoBa®’
Hay4Ho-nccnegoBaTeNbCKU LIEHTP «VIHXEeHepus NOBEPXHOCTU U Tpuborornsy,
BocTto4uHo-KaszaxcTaHckuin yHusepcuteT uMmeHn CapceHa AMaHXonosa,
070002, Pecnybnuka KasaxcTaH, r. Ycrb-KameHoropck, yn. Lakapuma, 148
2lllekapim yHUBEpPCUTET,

071412, Pecnybnuka KasaxctaH, r. Cemeit, yn. MuHkn, 20A
*e-mail; aibek.alibekov.03@mail.ru

WCCNEOOBAHUE TPUBOJIOMMYECKUX CBOMCTB BUOMNOKPbLITUWA, MONYYEHHbLIX METOAOM
OETOHALUMOHHOIO HAMbINTEHNA
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B pabome nony4eHbl 6uoakmueHbie MOKPbIMUs 2udpoKcuanamuma Ha roonoXKax U3 XUMUYECKU
yucmoz2o mumaHa Grade 2 memodom OemOoHaUUOHHO20 HarblIeHUs Mpu Pasfiu4yHbIX COOMHOWEHUSIX
0,/C,H, 6 OduanasoHe 2.6-3.7. PeHmzeHogha3osbili aHanu3 nodmeepdun rnpeobnadaHue ¢basbl
eudpokcuanamuma C Yacmu4HbiM 06pasosaHUeM a-mpukanbuyutigpoccpama, 4Ymo  06ycroeneHo
g8o3delicmeueM 8bICOKUX memMrepamyp U UHMEHCUBHbIX OUHaMU4YecKux rpoueccoe 8 OemoHayuoHHOU
cmpye. Copmupo8aHHble MOKPbIMUS Xapakmepu3yrmcsi 8bipaxXeHHoU auldpogobHOCMbIO, 8bICOKOU
CMpyKmypHoU HeOOHOPOOHOCMbIO U pa3eumol MuKpopesrbeHoU Mo8epxHOCMHoU monozgpagued,
criocobemsyrowel  yrny4duweHHoMy 83aumModelicmeurd ¢ KOCMHOU mMKaHbl U YCKOPEHUI Mpoueccos
ocmeouHmezpayuu. Pe3ynbmambi mpubonioaudeckux ucrnbimaHuli 8 Cyxux ycrioeusix u 8 pacmeope PuHeepa
rioKkasarnu cywecmeeHHoe NosbilueHUe U3HOCOCMOUKOCMU 10 cpasHeHUr ¢ UCXOOHbIM mumaHom Grade 2.
Haunydwue 3HauyeHus koaghchuyueHma mpeHusi U MUHUMarnbHbil 06béM u3HOoca rPodeMoHcmpuUposanu
nokpbimusi, nony4YyeHHbie npu coomHoweHusix O,IC,H, = 3.0 u 3.3, ymo cesi3aHO ¢ onMmumMaribHbIM
coyemaHueM cmerneHu KpucmarnnuyHocmu, ¢ha3oeo20 cocmasa u mpubosioaudeckux ceoucms. okpbimusi,
cghopmuposaHHble npu OaHHbIX pexumax, obecrieyusarom cmabusibHoe mpubonoauyeckoe rosedeHue 8
¢gusuonoauyeckux  ycrosusix. [lony4yeHHble  pe3ynbmambl  noomeepxoarm  NepcrnekmueHoOCmMb
ucronb3o8aHusi O0emoHayUOHHO HaHeCcEHHO20 eudpokcuanamuma Ond roebiweHUs1 00/1208€4HOCMU,
buocosmecmumocmu u 3KcryamayUuoHHOU HadéxXHOCMU mumaHo8bIX UMiaHmamaos.

Knroyeeblie cnoea: mamepuaribl Ha 0OCHo8e mumaHa; 6uoco8MecmuUMbIe MOKPbLIMUS;, MexHO102usl
0emoHayUOHHO20 HanbINIeHUsT; MOKPbIMUS U3 2udpoKcuanamuma; ceolicmea nogepxHocmu.
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OMPEAENEHUE TENNIO®U3UYECKUX CBOUCTB NOYATKOB KYKYPY3bl

AHnHOomauyus: B pabome paccmampueanucb mennoguudeckue ceolicmea 3epHa KyKypysbl, a
makxe noyYyamkoe KyKypy3bl [pu PasfiudyHbIX YPOBHSX efnaxHocmu. Llenbto uccredoeaHusi s67s/10Chb
onpedeneHue menaoéMKOcmMuU, mMenaonpogodOHoCMuU U memrnepamyponposodHocmu Onsi  aHanusa
npoueccos menmnosol o0bpabomku U CYWwKU KyKypy3bl. [onornHumernsHo 6biiu  onpedesieHbl
mennogu3uYecKue xapakmepucmuKu, 8KIToYas niiomH{oCMb 3epHa U roYamkos KyKypy3bl, U yCmMaHOoB8/1EHb!
3asucuMocCmu 3amux napamMempo8 Om ypoe8HSs efiaxHocmu. [1osly4eHHbIe 3agucumocmu 1o38osnsom bonee
MOYHO Orucki8amb MPOUECCHI MepeHoca meria U ef1azu rpu Cywke U XpaHeHuU KyKypy3bl. [ns onpedeneHusi
mennoghu3uYecKUXx ceolicme roYyamkoes KyKypy3bl ucrionb3osaricsi npubop UTI MI4-100, obecriequsarowjuti
U3MEpPEHUEe OCHOBHbIX mernoguduydeckux rnapamempos ¢ mpebyemol movyHocmbio. B pabome makxe
rPUMeHSISICS Wwaposol bukanopumemp, ¢ MOMOWbIO KOmMopo2o onpedensnuce mernaoguiaudeckue ceolicmea
3epHa KyKypy3sbl U paccyumbleaniucb OCHOBHbIe Mersioeble XxapakmepucmuKku Mamepuana. VismepeHue
memrnepamypHbIX rapamMmempos Ha MO8EePXHOCMU 104amkKo8 KyKypy3bl OCYLWECmesIsIoch C UCM0/1b308aHUEM
UHbpakpacHozo mepmomempa «Fluke», ymo no3eonuno Npoeodums KOHMPOSL MeMiepamypbl 8 rnpoyecce
akcriepumeHma. Cywka obpa3syoe npogodusnachk 8 cywusbHol ycmaHoeke «llIC-40 CI1Y» e 3adaHHOM
Ouana3oHe memMrepamyp U 671aXHOCMHbIX pexumos. B xol0e uccrnedosaHusi ©Obiniu  orpederneHbl
mennogu3udeckue ceolicmea 3epHa U I04amkKo8 KyKypy3bl Mnpu pasHoU enaxHocmu. Takxe U3y4YeHbl
rnpoueccel 8nazoobMmeHa 8 pesdyribmame CyWwKU 8/1axHocmb npodykyuu cHusunack ¢ 72% 0o 60%. AHanu3
aKcriepuMeHmalsibHbIX OaHHbIX U [Ofy4eHHbIX 3asucumocmeli criocobcmeyem pa3pabomke mennoeol
0bpabomku u cywku, obecrequgarouux CHUXeHUe 3ghghekmusHOCMU CYWKU KyKypy3bl.

Knroyeebie cnoea: 3epHO KyKypy3bl, MoYamku KyKypy3bl, mennoguaudeckue ceolicmea, waposou
6ukanopumemp, AT M4 100.

BBepneHue

Kykypy3a — ogHa M3 BaXXHEWLLMX CENbCKOXO3ANCTBEHHbIX KyNnbTyp, 3aHMMaloLWwas TpeTbe
MEecTo B Mupe MO MOCEBHOW Nrowaan rnocne nweHuUbl 1 puca. YHUKarbHOCTb KyKypys3bl
3aKnYyaeTcsa B pa3HOCTOPOHHMX HanpaBneHUsaX UCNonb30BaHWs 3epHa U nuctoctebenbHOM Macebl.
Tennoduanyeckme CBOMCTBA MOYATKOB W OTAENbHbIX 3€pPeH SABMSATCH BaXHbIM (PaKkTopom,
BMMSAIOLLMM Ha KQ4eCTBO CYLLUKN, XPaHEHUS, O4UCTKU U nepepaboTku Kykypy3bl [1]. MoyaTku Kykypy3bl
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