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Abstract. The article presents analysis of the state of crop production in Ukraine. It was established that in 2014,
45613 agricultural enterprises were registered in Ukraine, among them 24596 were small farms with area less than 50
hectares. All small farms and most of large enterprises (holdings) use traditional farming technologies, which assume
cultivation as the prime method for surface and presowing tillage. For this purpose, cultivators are widely used, whose
operational drawbacks are described in the article.

It is stated that design concept of parallelogram mechanism for cultivators based on metal friction elements has
exhausted itself. In order to improve reliability of machines and stability of operating depth, it is proposed to use sliding
bearings made of polymer composites. Six composites were used for the study: polyamide 6,6; filled with fiberglass and
carbon fiber.

Analysis of literature showed that such scientists as Abramov L.M., Kreidlin L.M., Klimchuk Y.F., Burya O. I., Tsur-
pal .A., Murgas M. and others were involved into the problem of introduction and development of structural plastics in
agricultural machines. However, their researches did not concern machines for surface tillage and cultivators, in particular.

Several of the most common structural plastics were used for studying the properties: Nylon 66, PA-6-210X, PAG /
6.6 R196-GF30, Kocetal GF705, Kocetal K300 and CCPA-6-30.

The purpose of this work is to design and implement parts made of structural plastics into movable joints of cultiva-
tors. Properties of the movable joints were studied by original and standard methods: friction and wear, abrasive wear.

In the article, results of comparison of characteristics of the most widespread polymers and composites on their basis
are presented.

It was established that carbon plastic features the best tribotechnical characteristics with coefficient of friction being
0.16, while for all other materials this index was within 0.21...0.49. Carbon fiber wear was also by one order lower.

Basing on laboratory results, it is proposed to modernize design of cultivators through the use of polymer composite
materials. We also recommend to use polymer composite UPA-6-30 in the parallelogram mechanism of cultivators. It is
further recommended to treat the parts in oil before their installation. Such design and technology for making parts of
carbon plastic do not require their further maintenance.

The technology was implemented by the company Soyuz-Composite and introduced into educational process of the
Dnipro State Agrarian and Economic University.

Keywords: carbon plastic, cultivator, tribotechnical characteristic, abrasive.

1. Introduction.

Ukraine is one of the largest agrarian countries. In 2014, the area of arable land
in Ukraine was 32531 thousand hectares. The largest latifundists, which occupied
about 15 % of arable land, were such agroholdings as Ukrlandfarming (630000 hec-
tares), NCH (430000 hectares), Kernel Group (700000 hectares) and others [1]. Small
farms occupied 12, and about 73 % — other agro-enterprises of different sizes and forms
of ownership. At the same time about half of the crop of early grain and leguminous

© fepkay A.[., Makapenko [.A., llumsuHuesa t0.0., epkay B.[., 2018



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online), [eomexHidHa mexaHika. 2018. Ne 138 261

crops for export. These crops were grown for intensive, industrial technologies using
modern methods of seed preparation, chemical protection and plant care, and others.

Table 1 — Grouping of agricultural enterprises by size of sown area in Ukraine [2]

Sown area,

Area, hectare Number of .. |In % to the total thousand In % of total

enterprises, units area
hectares

All of them: 45613 100 19811,2 100
20,0... 50,0 24596 53,9 5483 2,8
50,1...100,0 4606 10,1 338,2 1,7
100,1...250,0 4713 10,3 774,1 3,9
250,1...500,0 3232 7,1 1171,5 5,9
500,1...1000,0 2925 6,4 2103,6 10,6
1000,1...2000,0 2822 6,2 4045,7 20,4
2000,1...3000,0 1277 2,8 3096,9 15,6
More then 3000,0 1442 3,2 77329 39,1

It is concluded that the main agricultural enterprises in Ukraine are farms with
an area of more than 3000 hectares. It occupy 39.1 % of the total acreage, their number
at the same time 1s only 3.2 % of the total number of farms. Most of these enterprises
are used in the cultivator processing system for presowing continuous tillage.

We have investigated that it is possible to increase the rate of work on surface
tillage (cultivation) by using new materials that have high tribological properties and
do not require maintenance (lubrication). Such materials include polymeric compo-
sites.

Technological progress was based exclusively on the use of natural materials —
wood, stone, metals, by the beginning of the twentieth century.

The human used natural polymers for many years: cellulose, rubber, leather.
Synthetic polymers were first obtained in the first half of the twentieth century, this is
the beginning of the century of synthetic polymer materials.

Now a special place in the modernization of machines belongs to plastics, in-
creasing their reliability, reducing metal consumption. The unique properties of plas-
tics improve designs, improve their quality, reduce cost, increase labor productivity [3,
4].

Plastics used in engineering are divided into five groups: decorative, structural,
antifriction, anticorrosive, electrical insulating.

To improve the technical level of machines and agricultural machinery use struc-
tural and antifriction plastics. For this purpose: polyamides, capron, polyethylene with
various dispersed and fibrous fillers are often used.

Today, the use of complex plastics with different modifiers and fillers form a
new group of high-tech materials — polymer composite materials. Application of poly-
meric composite materials in engineering and agriculture occupies an important place.
This also applies to soil-cultivating machinery, which is improved for agronomic re-
quirements [4].
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Literature Review.

The problem of the development and introduction of new structural plastics in
agricultural machinery was investigated by many scientists, such as Abramov L.M.,
Kreidlin L.M., Klimchuk Y.F., Burya O. 1., Tsurpal I.A., Murgas M. and others. The
aging processes of plastics and heat treatment methods were studied to optimize the
physico-mechanical and chemical properties of articles. The results obtained in the re-
search and introduction of polymeric composite materials in agricultural crops. engi-
neering showed that the use of carbon plastics gives good results, because they simul-
taneously combine a wide range of properties, this is not present in other materials and
composites. When using them in agricultural machines, the resource, reliability, and
energy intensity are increased. A carbon fiber based on polyamide-6 (6,6, 12 and oth-
ers) and phenolone are used. The problems of introducing polymeric composite mate-
rials into the design of modern complex seeding complexes have been solved and re-
alized [3].

Machines for surface tillage combine the methods of processing with different
tools to a depth of up to 16 cm. These are lushchilniki, skating rinks, harrows and cul-
tivators. Cultivators are equipped with a parallelogram mechanism to ensure the most
qualitative preparation of the soil, the main task of the mechanism is to copy the soil
surface and ensure a stable seedbed.

Parallelogram mechanism of cultivators (Fig. 1) is a multi-hinged system for fas-
tening the four-link mechanism, the links constitute a parallelogram. Such a system
ensures high-quality copying of the field relief and a constant angle of the working
element with respect to the field. During the operation of the parallelogram mechanism
of cultivators KIIC-4,0, KPH-5,6, KIIC-8 Voskhod and others, faults were detected,
such as intensive and premature wear of the axis of the links of the mechanism. This
leads to a violation of the technological process of cultivation and non-compliance with
agrotechnical requirements. The manufacturing plants introduced system lubrication
of hinges with plastic materials. The frequency is 48...100 hours. But, for wide-spread
cultivators, the maintenance of mechanisms leads to significant overstrain of the ag-
gregates, which leads to a violation of
the agrotechnical terms of cultivation.

Positions I, II, III, IV are the
axes that are most worn out during the
movement of the links of the parallel-
ogram mechanism. We suggest plac-
ing them in bushings made of polymer
composite materials that will have
good physicomechanical and tribolog-
ical properties.

Scientists ~ Kozachenko O.V., 1 — the front bracket, 2 — the rear bracket, 3 —
Shkregal O.M., Svirin O.M., Babit- the upper link of the mechanism, 4 — the lower
sky L.F., Kuvshinov A.A., link of the mechanism, 5 — the spring, 6 — the
Tarasenko V.I., Mancinskiy Y .O. adjusting screw, 7 — the bracket clamp, I, II, III,

IV, — places of wear

were engaged in the improvement of
gag P Figure 1 — Parallelogram mechanism

cultivator designs and their working
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organs. They investigated the stability of rectilinear motion, the oscillatory device of
the cultivator paws, and improved the design of the working organs. However, these
works were not aimed at the introduction of polymer composite materials in their de-
sign.

Based on the conducted studies, we can conclude that a promising direction in
improving the design of the parallelogram mechanism is the introduction into the de-
sign of parts made of polymer composite materials.

In [4] describes the use of polymeric composite materials based on aliphatic pol-
yamide CCPA-6-40 in this mechanism, but its increased hygroscopicity led to wedging
of the hinges of the mechanism after seasonal storage. Also, sometimes materials that
have a complex, low-productivity and energy-intensive processing technology have
been proposed for use in similar mechanisms.

Previously, we found that polymer composite materials based on aliphatic poly-
amides provide a stable process of friction and wear in similar mechanisms [3].

The introduction of polymer-composite materials in the construction of mobile
compounds of agricultural machines requires careful experimental studies of the char-
acteristics and properties of polymer-composite materials, structural designation, espe-
cially tribotechnical, resource, operational, etc.

2. Materials andMethods
Methot of research of relativeabrasive stability of materials

The manufactured samples for the research of relative abrasive stability were
linear dimensions 53%29x7 mm, which comply with GOST 23.208-79 (Fig.

1 2 3 4 5 6
1 — Nylon 66; 2 — ITA-6-210KC; 3 — PA6/6.6 R196-GF30; 4 — Kocetal GF705;
5 — Kocetal K300; 6 — UPA-6-30
Figure 2 — General view of samples for determining relative abrasive stability

The research of samples on the relative abrasive resistance was carried out on a
specially laboratory equipment installed (Fig. 3) on the basis of the friction machine
SMZ-2.

The essence of the method was that under the same conditions, forced wear of
the studied and reference samples was carried out. Wear was carried out using an abra-
sive non-rigidly fixed material (electric iron No. 16-N, GOST 3643-71), which was fed
to the friction zone and pressed to the specimen with a rotating rubber roll (Fig. 3, b).



264 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online), l'eomexriyHa mexaHika. 2018. Ne 138

Before the test, the
abrasive was dried to a
relative humidity of no
more than 0.16 %. The
spinning of the roller was
carried out by friction
method on the surface of
a grinding paper type 2
(GOST 6456-75) with
grainy number 8P (GOST
3647-71), fixed in a sam-
ple holder on a flat steel

plate. After spin, the roll 1 — rubber roller; 2 — abrasive material; 3 — mechanism of load
was washed in gasoline. creation; 4 — a sample of the studied material
Test conditions are given Figure 3 — Friction machine SMZ-2 (a) and scheme of imple-
in Table 2. mentation of the process of abrasive wear (b)

The following
equipment was also used for research purposes: drying nozzle SNOL-465/4 11; analyt-
ical balance of WLR-200 with an accuracy of 0.2 mg (0.0002 g); calipers ShZ-125,
precision class 2, serial number E99344; other auxiliary non-standard equipment.

Table 2 — Test conditions when wearing is not hard fixed abrasive particles

Frequency of Specification of rubber roller
Load, N rotation, revo- Diameter, | Width, Hardpess Relative ultimate
lutions per mi- mm mm according to cloneation. %
nute GOST 263-75 gaton.7
44 60 50 mm 1540,1 78-85 15-20

The weight of the samples was determined by weighing before and after the test.

Relative durability of the investigated material was calculated by the formula:
Ku:Ue'pa'no, (1)

Ud ) 10 e’ n e

where p., p» — density of reference and investigated materials, kg/m?; n., no — number

of roller rotations during tests of reference and test samples; U., U, — wear of reference

and investigated samples, kg.

The density of samples p was determined by the method of hydrostatic weighing
according to GOST 15139-69. The arithmetic mean value of density, obtained as a re-
sult of at least three measurements, differing no more than 1 %, was taken for the final
result.

In order to compare the relative abrasive stability of the PCM, which are studied
simultaneously, a reference material (Nylon 66), the absolute value of which wear was
taken per unit, was selected.
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Methods of determination of tribotechnical characteristics and properties of
elements of movable connections.

The study of the properties of moving compounds materials was carried out on
the basis of original and standard techniques.

Tribotechnical characteristics of parts of mobile joints with PCM when not
rubbed greased were determined on a friction and wear machine CMII-2.

Indicators of the potentiometer KCII-2 were fixed on a special chart paper GOST
7826-75. The tests were performed according to the “disk-block™ scheme. The radius
of the sample was R = 0.025 m.

Before the beginning of each test, the samples were cleaned. This was done so
that the friction surfaces of the samples had a parallel shape and the contact area was
at least 85 %.

Friction coefficient of slip was determined by the formula:

M

= @)

where M kp — the torque that occurs on the disk, H-m; P — load on the sample, H; A —
step of the paper, m. For all experiments the same, A = 0,0025 m.

The temperature in the friction zone was measured using the chromed-alumel
electronic thermocouple «Termometer 301 Type K». The hole for measuring the tem-
perature is carried out at a depth equal to half the diameter of the sample, and at a
distance of 1 mm from the surface of the friction.

The contact area of the tribo-conection «disc disk» was 2 cm?. Study mode:
p=0.5MPa, v=0.785 m/s. The process of rubbing occurred in the following modes:
maximum specific pressure p = 0,25 MPa, slip velocity v= 0,785 m/s. It the curing
process was completed when reaching the contact area of the pad with a conjugate
sample of 85 % of the projection area.

The number of repetitions of all experiments is 3.

Thermal treatment method for protection against environmental impact.

In order to solve the problem of protection of PCM from the negative influence
of the external environment, it is proposed to heat the finished parts processing with
PCM in the following lubricants: MS-20, PMS-400, and 1-40.

Thermal treatment of composite materials:

e temperature — 393 K;;
e heating and cooling mode — 1 K/min;
e exposure time — 120 min.
3. Results and Discussion

Six types of high-molecular compounds were used to study materials of parts
made of polymer-composite materials: Nylon 66, PA-6-210X, PA6 / 6.6 R196-GF30,
Kocetal GF705, KocetalK300 and CCPA-6-30. The research carried out on the relative
abrasive stability of polymer composite materials, which showed (Fig. 4), that sample
Ne 1 (Nylon 66) has the highest relative abrasive resistance and substantially differs
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positively from other materials. The visual ranking of samples according to the crite-
rion of relative abrasive stability showed, that the Kocetal GF705 material (5 times
lower than standard) has the lowest abrasive durability.
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nal interaction of the steel conjugate
part with polymer samples

Experimental studies of tribotechnical characteristics of PCM have been per-
formed, which showed that under identical test conditions, with a factor of

pv=0,392 MPa-m/s,

the minimum wear was made from samples made from

CCPA-6-30, the maximum wear — samples made of Kocetal material GF705 (Fig. 5).
In addition, other polymer-composite materials have a value of wear, an order of mag-
nitude larger than CCPA-6-30.
Determination of friction coefficient f showed that its value is within the limits
0f 0,163...0,491 (Fig. 6). The results of the temperature research in the friction zone
(Fig. 7) indicate that this parameter correlates with the values of friction coefficient f.
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Stabilization of temperature
T in the friction zone for all sam-
ples comes in the range of 8
minutes. (for Kocetal GF705) up
to 40 minutes (Nylon 66) (Fig. 8).

The general view of the ex-
perimental parts made of poly-
meric-composite material CCPA-
6-30 is shown in Fig. 9

We have developed meth-
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ods for heat treatment in oils, 0 2°Durati22 ofex?rimentsgnin 100 120

which make it impossible to hy- Ne 1 — Nylon 66; Ne 2 —pHA-6-,2lOKC; Ne3—

groscopic PKM based on aliphatic PA6/6.6 R196-GF30; Ne 4 — KocetalGF705; Ne 5 —

polyamides in volumes that led to KocetalK300; Ne 6 — UPA-6-30

a change in geometric dimensions Figure 8 — Dependence of temperature on the friction

or changes in properties. surface in the frictional interaction of the steel conju-
The results of the research gate sample with the polymer samples from the time

have shown that the Ny- of the experiment

lon 66 PCM, which provides rela-
tive abrasive stability, is 39 % higher than the PA-6-210X composite and 77 % higher
than Kocetal GF705.

Figure 9 — General view of experimental details: a — details of the upper lever; b — details of the
lower lever

Table 2 — Influence of heat treatment in oil on the strength of polymeric composite materials of
grade CCPA-6-30

Parameter Control After processing Deviation, %
Strength of compression strength 1347 133.1 1,18
o, MPa
Modulus of elasticity £, MPa 1883,1 1743,9 7,39
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It is not recommended to use as abrasive resistant materials Kocetal GF705 and
Kocetal K300.

On the basis of the obtained data it can be assumed that the materials of the
specimens for NeNo2, 5, 6 are antifriction because they have a coefficient of friction
< 0.3, and the materials of the specimens for NeNe 1, 3, 4 are frictional materials with
moderate high coefficient of friction, therefore their use in movable connection of cul-
tivators is inappropriate.

The research of the dependence of friction coefficient f on the duration of the
experiment showed that the stabilization f for all samples comes after 3...22 min. from
the beginning of the test. For samples Ne 2 — 6, during 120 minutes, f did not increase,
or its deviations were within the measurement error. Only when tested with a Ny-
lon 66 PCM sample this indicator slightly increased steadily. The growth rate of this
parameter was 0.01 h'l.

In order to ensure the stable operation of mobile machines and mechanisms op-
erating under conditions of friction without lubrication and a small amount of abrasive,
it is recommended to use a polymer composite — UPA-6-30, which at a specific pres-
sure p = 0.5 MPa and slip velocity v = 0,785 m/s provides a minimum friction coeffi-
cient (f= 0,16), temperature in the friction zone (7 = 313 K); their own wear, which is
an order of magnitude smaller than the other samples being studied. This composite
has stable performance over long periods of operation.

In general, the proposed method of heat treatment reduced the hygroscopicity of
this polymer composite material, and the amount of moisture accumulated during the
storage of equipment decreased from 0.70 % to 0.35.

This technology is realized in Development Enterprise “Soyuz-Composite” and
recognized as cost-effective.

4. Conclusion
The use of polymer composite materiales in hinged joints of parallelogram
mechanisms of soil tillage machines will improve the quality of the implementation of
agrotechnical requirements, eliminate the cost of idle time during the maintenance of
mechanisms, reduce the cost of operation and maintenance of modernized cultivators.
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AHoTauis. Y cTaTTi npeAcTaBneHuin aHania cTaHy POCIMHHULTBA B YkpaiHi. BcTaHoBneHo, Wo 3a cTaHoM Ha 2014
pik, B YkpaiHi 3apeectpoBaHo 45613 arpapHux nignpuemcTs, 24596 cepen sikux — mani hepmepchbki rocnogapcrsea, nno-
weto fo 50 ra. Bci mani hepmepcbki rocnoaapcTtaa i nepeBaxHa GinbLUiCTb 3 BENUKUX MiZNPUEMCTB (XONAMHIIB) BUKOPHUC-
TOBYIOTb TPAANLiNHI TeXHONOrii 3eMnepobeTBa. Y TpaanuinHiin cuctemi 3emnepobeTsa nepeadavaeTses, Wo KynbTuBaLlis
€ NepeBaxHUM cnocobom NOBEPXHEBOI | NepeanociBHOi 06pobkmM fpyHTY. s LLbOro LMPOKO BUKOPUCTOBYHOTLCS KYNbTH-
BaTopu. HaBegeHo onuc Hegonikis B poboTi KynbTUBATOPIB.

BcTaHOBMEHO, LU0 KOHLLENLLS KOHCTPYKLT napanenorpaMHoro MexaHiamy KynbTuBaTtopiB, Ha OCHOBI METaneBux ene-
MeHTiB TepTs cebe Buyepnana. HagiiHiCTb iCHYIUMX KOHCTPYKLIN KynbTUBATOPIB HU3bKa, PyXNUBI 3'€4HaHHS NOTPebyioTh
MOCTINHOrO TEXHIYHOrO 06CMYroBYBaHHSA 3 Masno NEPIOAUYHICTIO. 3aKITMHIOBAHHS PYXOMUX 3'€HaHb KYbTUBATOPIB TaKOX
MPM3BOAMUIO 4O MOPYLUEHHS TMOMHM 06POOKK. 3anponoHOBaHO AN MiABMLLEHHS HAAINHOCTI Ta CTabinbHOCTI rMMGMHM
06pobKK BUKOPUCTOBYBATY MiALUMMHWKW KOB3aHHSI, BUrOTOBAEHI 3 NOMIMEPHIX KOMMO3MTIB.

NiTepaTypHuit aHania nokasas, Lo NpobnemMoto BNPOBamKEHHS i PO3POOKOI0 KOHCTPYKLIHUX NACTUKIB B CiNbCbKO-
rocrnofapcbkux MalumHax 3aimManucs Taki BueHi, sk Abpamos J1.M., KpengniH J1.M., Knumuyk t0.®., Bypsa O.1., Lyp-
nan LA., Murgas M. Ta iHwi. OgHak, ix 4OCRiMKEHHS He TOPKanMUCs MalUMH 451 NOBEPXHEBOI 06pOBKY IPyHTY, 30Kpema,
KynbTMBATOPIB.

[nsa gocnigxeHb BnactTuocTen Bynin BUKOPUCTaHI AeKirnbka HabinbLL NOLWMPEHMX KOHCTPYKLiiHMX nnacTukis: Nylon
66, PA-6-210X, PA6 / 6.6 R196-GF30, KocetalGF705, Kocetalk300 i CCPA-6-30.

MeToto gaHoi poboTtn € po3pobka KOHCTPYKLi | BIPOBa@KEHHS AETaNeN BUrOTOBMEHUX 3 KOHCTPYKLiAHWX NNAcTUKIB
B PyXIMBi 3'€JHAHHS KynbTUBaTOpPIB. BMBYEHHS BNACcTUBOCTEN AeTanen pyxoMux 3'e4HaHb NPOBOAWIIOCH HA OCHOBI OpU-
MiHaNbHUX Ta CTAHOAPTHUX METOZIB: TEPTS i 3HOLIYBAHHS, abpasnBHUIA 3HOC.

Y cTaTTi HaBeAeHo pe3ynbTaTh AOCigXeHb NOPIBHANBHUX XapakTepUCTUK HaMbINbLL NOWMPEHNX NONIMEPIB i KOM-
MO3MTIB Ha X OCHOBI.

BcTaHoBMEHO, WO HakpaLLMn TPMOOTEXHNYECKUMM XapaKTEPUCTKaMM BONOLIE BYIMENIacTuK, Skuin Mae koedi-
LieHT Tepta — 0,16, B TOM Yac K y BCIX iHLWWX MaTepianis Lem nokasHuk bys B mexax 0,21...0,49. Takox Byno 3adikcoBaHo
Ha NOPSAOK HUXYUIA 3HOC BYrnennacTuka.

Ha ocHoBi pe3ynbTartie nabopaTopHux gocnimkeHs Byno 3anponoHOBaHO MOAEPHI3yBaTh ByAiBHALTBO KynbTUBATO-
piB 3a JONOMOroK MONIMEPHUX KOMMO3WLiAHMX MaTepianis. My pekoMeHAyeEMO BBEAEHHS MOMIMEPHOrO KOMMO3WUTY
YTA-6-30 B KOHCTPYKLi0 napanenorpaMHoro MexaHiamy KynbTusaTopis. [ns 3HUXKEHHS HEraTUBHOIO BNAMBY BOMOM Ha
BKa3aHUi NoniMepHUi KOMMO3UT, PEKOMEHOOBAHO AeTani nepeq YCTaHoBKOW 06pobnaTh B Macni. Taka KOHCTPYKUS i
TEXHONOri BUPOBHWLTBA AeTarel 3 ByrnennacTukis He BUMaratoTb NoAarnbLoro 06cnyroByBaHHs.

TexHonoris BnpoBamkeHa B nignpuemctsi «Coto3-KomnosuTy i BnpoBamkeHa B HaBYarnbHWiA npoLec [HINpOBCHKOro
[EPXaBHOTO arpapHO-eKOHOMIYHOTO YHIBEPCUTETY. EKOHOMIYHMIA €CDEKT Bif BUKOPUCTAHHS PO3POOKM NMO3NTUBHUN.

KntouoBi cnoBa: ByrneLesnin NnacTuk, KynbTUBaTop, TPUOOTEXHIHHUX XapakTepucTuk, abpasus.

AHHoTaums. B ctatbe npefcTaBneH aHanm3 COCTOSHWS pacTeHMEBOACTBA B YKpauHe. YCTaHOBIEHO, YTO NO COCTO-
aHno Ha 2014 rog, B YkpanHe 3apernctpupoBaHo 45613 arpapHbix npeanpustuia, 24596 cpeam KoTopbix — Manble dep-
MepCKue X03sMCTBa, nnowaabto 4o 50 ra. Bce manble dyepmepckue Xo3scTBa U nogasnstolee 6OMnbWUHCTBO U3 Kpyn-
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HbIX NPEANPUSTUIA (XONZWUHIOB) MCMOMbB3YIOT TPAANLMOHHBIE TEXHOMOTMM 3eMnesenus. B TpaguumMoHHo cucTeme 3emre-
Aenus NpefycMaTpUBaETCs, YTO KyNbTMBALMS SBMNSETCA NMPENMYLLECTBEHHBIM COCOOOM NOBEPXHOCTHOM 1 NPEANOCeB-
Hon 06paboTky NoyYBbI. NS 3TOMO WMPOKO UCMONb3YHTCA KynbTuBaToOpbl. [pUBEAEHO ONMCaHe HeQOCTaTKoB B paboTe
KyrnbTUBaTOPOB.

YCTaHOBMEHO, YTO KOHLENUMS KOHCTPYKLMM NapansienorpaMmHOro MexaHuama KynbT1BaTopoB, Ha OCHOBE MeTar-
NIMYECKMX 3NEMEHTOB TpeHus cebs ucyepnana. HagéXHoCTb CyLECTBYIOLUMX KOHCTPYKLMA KyNbTUBATOPOB HU3Kas, No-
ABWXHblE COEVNHEHMS HY)XOAKTCA B MOCTOSAHHOM TEXHUYECKOM OBCNYXMBaAHUM C Manon NEPUOANYHOCTBLI0. 3aKNMHMBA-
HWe NOABWXHBIX COeaNHEHUI KyNbTUBATOPOB Takke MPUBOAMIO K HapyLleHuo rnybuHbl 0bpaboTku. MNpeanoxeHo ans
MOBbILIEHWS HAAEXKHOCTM M CTaBUIBHOCTY rNy6uHLI 0B6paboTKK UCNONb30BATL NOALWMMHUKM CKOMBXKEHUS, U3rOTOBIIEHHbIE
13 NOAMMEPHBIX KOMMO3WUTOB.

NvTepaTypHbIn aHanu3 nokasan, Yto Npobnemon BHeAPeHUs U pa3paboTKOM KOHCTPYKLMOHHBIX NANaCTUKOB B CeMb-
CKOXO3SINCTBEHHbIX MaLLMHaX 3aHUManuch Takue y4éHble, kak Abpamos J1.M., Kpengnuu J1.M., Knumyyk t0.9., Byps O.U.,
Lypnan U.A., Murgas M. u gpyre. OfHako, UX WCCrnegoBaHus He kacammcb MalwH NS MOBEPXHOCTHON 06paboTku
MOYBbI, B YACTHOCTW, KYNbTUBATOPOB.

[ns uccnepoBaHnii CBOWCTB ObIKM UCNONb30BaHbl HECKONbKO Hambonee pacnpoCTPaHEHHBIX KOHCTPYKLUMOHHBIX
nnacTukos: Nylon 66, PA-6-210X, PA6 / 6.6 R196-GF30, KocetalGF705, Kocetalk300 n CCPA-6-30.

Llenbto gaHHom paboTbl sBnsieTcs pas3paboTka KOHCTPYKLMM W BHELPEHUE AeTanei U3roTOBMEHHbIX N3 KOHCTPYKLM-
OHHbIX NNACTMKOB B NOABWXHbIE COEOUHEHNS KYNbTUBATOPOB. M3yyeHune CBONCTB AeTanei NoABMKHbLIX COEANHEHNIA NPo-
BOAWIOCH HA OCHOBE OPUIMHANbHBIX M CTaHAAPTHLIX METOAOB: TPEHME U U3HALLMBAHWE, abpa3uBHbIN U3HOC.

B cTaTbe npueeaeHbl pesynbTaThl UCCNeaoBaHUi CPaBHUTENbHBIX XapaKTEPUCTUK Haubonee pacnpoCTPaHEHHBIX
NONMMEPOB W KOMNO3UTOB Ha UX OCHOBE.

YCTaHOBMNEHO, YTO Ny4LIMMM TPUBOTEXHUYECKMMI XapaKTepucTukamu 06naaaeT yrinennacTuk, KOTopbIn UMeeT Ko-
athmumeHT TpeHns — 0,16, B TO Bpems Kak y BCEX OCTallbHbIX MaTepuarnoB 3TOT nokasaTtenb Obin B npegenax 0,21...0,49.
Taioke ObIn 3adhMKCMpPOBaH Ha NOPSIAOK HIKE M3HOC yrnennacTuka.

Ha ocHoBe pesynbTaToB NabopaTopHbIX MCCNEnoBaHWA OblNO NPeanoXeHO MOAEPHU3MPOBATbL CTPOUTENLCTBO
KynbTUBATOPOB C MOMOLLBK) MOMMMEPHBIX KOMMO3WULMOHHBLIX MaTepuanoB. Mbl pekoMeHayeM BBELEHWE MOSIMMEPHOTO
komnosuta YIA-6-30 B KOHCTPYKLMIO NapannenorpaMMHOro MexaHusma KynbTMBaTopoB. [ns CHUXEHUS HeraTMBHOTO
BMWSIHUS BMar Ha ykasaHHbIA MOMMMEPHbIA KOMMO3UT, PEKOMEHOOBAHO AeTanu nepeq yCTaHoBKoW obpabaTbiBath B
Macne. Takas KOHCTPYKLMS M TEXHOMOMUS NPOU3BOACTBA [eTanei 13 yrnennacTukoB He TpebyloT fanbHenwwero obeny-
XUBaHMS.

TexHonorusi BHeapeHa B npeanpusatumn «Coto3-Komnosut» 1 BHeapeHa B y4ebHbIN npouecc [JHenpoBCKOro rocyaap-
CTBEHHOTO arpapHO-3KOHOMWYECKOTO YHUBEPCUTETA. KOHOMUYECKUI 3GGEKT OT UCMOMNb30BaHNS pa3paboTku NoNoXu-
TesbHbIN.

KnroyeBble cnoBa: yrnepoamcThIn NNacTuk, KynbTueartop, TpMGOTEXHUYECKAs XapakTepucTika, abpasus.

Cmamss nocmynuna e pedakyuro 13.02.2018
PexomeHdosaHo k nedamu d-poM mexH. Hayk, npog. B.U. [Ibipdol
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