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Substantiation of Sieve Parameters with Slits of Unstable Size

The purpose of the work is to develop a design of a sieve with slits of unstable size for the separation of
grain mixtures, the justification of its parameters depending on the given specific load and the necessary
separation efficiency and the establishment of analytical connections of the technological characteristics of the
separation process with the structural parameters of the sieve.

In the work on the basis of the elements of probability theory a mathematical model of separation of
grain mixtures on the sieve with slits of non-constant size is developed. The justification of the parameters of the
proposed grids is performed depending on the given specific load and the required separation efficiency.
Analytical relations of technological characteristics of the separation process and structural parameters of the
sieve are established. The method of determining the speed of movement, the required length of the sieve and the
coefficient of reduction, which takes into account the dimensional characteristic of the grain material, is
proposed. With the increase in the velocity of grain, the completeness of the selection of particles of different
sizes occurs in different ways. With an increase in the speed of the grain mixture, the efficiency of the selection
of particles of all sizes initially increases. This is due to the fact that the increase in speed contributes to the
stretching of the layer of grain mixture and its height decreases. This improves the completeness of particle
separation. Further decreases, because the particles that could stand out, do not have time to move to the slits of
the sieve. With an increase in the specific load, the completeness of the selection of particles of all sizes is
reduced. Better to separate small particles, therefore, when separating cereal mixtures with high content of large
impurities, specific loads need to be reduced

It has been established that using grate-cleaning machines with gratings of non-constant size can achieve
a significant reduction of energy costs for the separation process and ensure their self-cleaning without the use of
additional devices. The material content of grain cleaning machines created on the basis of such grills is reduced
by 10-12% compared to existing machines, and the quality of cleaning is increased by 14-16%.
sieve, grain cleaning, grain cleaning machine, separation efficiency
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BoccTaHOBIIEHHE TOAMIMITHUKOBBIX Y3JIOB CKOJIBKEHUS
OJIUaMUI0ATIOKCH THBIMHU KOMITO3UIIHOHHBIMHU
MaTepraiaMHu

Lenpto paOOTHI  SIBIUISICTCS U3ydYCHHE TPHUOOJIOTHMYCCKOTO TMOBEIACHUS —IOJUAMMIOITIOKCHIHBIX
KOMITO3MIIHOHHBIX MaTepuanoB ([IDKM), B 3aBUCHMOCTH OT KOHIIEHTPAIMH OTJCIbHBIX KOMIIOHEHTOB. B
KayecTBe OOBEKTa WCCICHOBaHMSA OBUIM BBIOpaHBI TpuOonormdeckue mnapel MeTalu—II9KM, HamonHeHHBIE
CTEKIISTHHBIMU MUKpOC(EpamMu U JPyruMU MaTepHaIaMu.
0a3aJIbTOBOE BOJIOKHO, KO3 (UIMEHT TpPeHHUs, CTeKJIsTHHbIe MHKpOchepbl, AUCYIb(PUIT MoJHOIEHA,
Momamua—12
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Binnosjienus MiJIUIHUKOBUX BY3J1iB KOB3aHHS noJIiaMizoenoKCUIHUMH

KOMIO3MUITHUMHU MaTepiajlaMu

Meta poOoTH MONArae y BUBYCHHI TPUOOJIOTIUHOI TOBEIIHKH MOJiaMiJOCITOKCHIHIUX KOMITO3HIIIHHUX
marepianis (ITEKM), B 3ajeXHOCTI Bijl KOHIEHTpAIll OKPEMHX KOMIIOHEHTIB. B sIKOCTI 00’€KTa JOCIIIKEHb
Oymm oOpani Tpubomoriuni mapu wMetan—[IEKM, ski HamoBHEHI CKISHUMH MikpocdepamMu Ta IHIIUMHU
MaTepiaramu.
0a3aJbTOBE BOJIOKHO, Koe(iieHT TepTs, ckiasiHi mikpocdepn, aicyasdua moaioaeny, IMoaiamin—12

ITocranoBka npoodJieMbl. HanexHocTs, [IPOU3BOJAUTEIILHOCTD u
KOHKYPEHTOCTIOCOOHOCTh CEIbCKOXO03MCTBEHHOM TEXHUKH, a TaKKe M CMEXKHBIX OTpacieil, B
3HAYUTENIbHOM CTENEHU OIpPENEsIeTCsl PecypcoM MOIUIMITHUKOBBIX Y3JI0B CKOJBXKEHUS,
KOTOpBIE BO BpPEMS IKCIUTyaTalllH, HaXOATCS MOJ BIUSHUEM MHOXECTBA HEOJIarompUsTHBIX
(aKTOpPOB TAaKMX KakK: BBICOKOE COJEpXKaHWE IBLIM, HEIMOroja, KoJeOaHUs TeMIlepaTyphl,
BBICOKasl BJIAXKHOCTb, arpeCCUBHAsl CpeJa, HEPAaBHOMEPHBIE HATPY3KH, MEXaHUUYECKHUE YJIaphl,
BUOpalM M yJapHbIe HArpy3Kd, HeJOoCTaToyHas cMma3ka U T.4. [loatomy paspaborka u
BHEJIPEHUE HOBBIX MATE€pPUAJIOB JJII BOCCTAHOBJICHUS MOJIIMITHUKOBBIX Y3JIOB CKOJIbKEHUS,
CTIOCOOHBIX PabOTaTh B TAKUX YCIIOBHSX, SIBJISETCS TOCTATOYHO aKTYaJIbHOM M MPEICTaBISET
MHTEpeC JJIsi HAYKH U MPaKTHKH B OOJIACTH TEXHUYECKOIO CepBHCA CEJIbCKOXO3SHCTBEHHON
TEXHUKHU.

AHaJM3 OCHOBHBIX HCCJIeI0BAHUM M nmyOjaukanuii. [ToBblIeHHEe W3HOCOCTOMKOCTH
TPYIUUMXCA TOBEPXHOCTEM JAETAJed MaIlMH BO3MOXHO B pPE3yJIbTaTe HCIOJIb30BAHUSA
M3HOCOCTOMKHX MaTepHasioB. /{151 3TOro MCHOAB3YIOT CIUIABBI, IICEBIOCILIABbI, KEPAMUYECKHUE,
MOPOULIKOBBIE ~ MaTepHajbl, CpeAM KOTOPBIX Haubojee MEepPCIEeKTUBHBIMU  SIBISIIOTCS
Komro3uimonnsie Marepuainsl (KM) [1-5].

IMocTtanoBKa 3axauu. Vcxozs ¢ BUIlle M3JI0KEHHOTO, LENIbI0 TaHHOK pabOoThl SBIATCS
pa3paboTka W BHEIPEHHE HOBBIX MATEPHUAIOB JUIsI BOCCTAHOBJICHHUS MOALIMITHUKOBBIX Y3JIOB
CKOJIb)KEHHUS.

N3i0xkxeHne ocHOBHOro Martepuana. TpuOonoruueckue HUCIbITAHUS MPOBOJIMIM Ha
yHuBepcaabHOM TpuboTecTtepe UMT-2 ¢ mMcmonap30BaHHEM CHEIHAIBHOTO MOJYJIS IS TIap
TpeHust «mtUGT—auck» (puc. 1). Busyanuzamms W 3amuch pe3ysbTaToOB HUCCICIOBaHHIA
OCYILUECTBIISIIN [PU TOMOIIH CIIELHAIBHON TPOTrPaAMMBI.

1 — 1BoIiHON ceHCOp JUTs CHIIBI TPEHUSI U HAarpy3KH; 2 — cucteMa noaBecky; 3 — pukcarop mrudra;
4 — mtudt; 5 — MUcK; 6 — cToN—omnopa JUIs AUCKa

Pucynok 1 — Yuusepcanbusiii tpubotectrep UMT-2 (CETR®, CIIIA),
C MOJIyJIEM JUTS TTAp TPEHHS «IITUPT—THCK»
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[Tepen wucnbiTanueM o60pasibl (TUPTHI ¢ TOKpbiTHeM [IDKM) ObUtH HPUTEPTHI
nundoBanneM Ha HaxgauyHod Oymare PS22K 120 125mm 241627, ¢ aBTOMAaTHYeCKOid
¢bukcanyen, 10 OCTIKEHUS HAMOONBIIEro KOHTAKTa MEXKIY IMTHUPTOM U JIHUCKOM.
[leprieHAUKYIAPHOCTh KOHTAKTa IITH(TAa ¢ AUCKOM Obula oOecreyeHa 3a CYEeT TOYHOCTH
PacroJIoKEeHUs] MOBEPXHOCTEH MOHTa)ka 00paslloB M 3aKUMHOTO ycTpoiicTBa. OTKIIOHEHHE
pacIoNIOKEHUs] COOTBETCTBYIOLIMX IOBEPXHOCTEH He mpeBblmaeT 25% OT BeIMYMHBI
pasMEepHOro JA0IMyCcKa COOTBETCTBYOIIUX MOBEpXHOCTEH (pHC. 2).

HccnenoBanust ObUIM TPOBENEHBI MPH CIEIYIOMUX yciaoBusix: gasineHue 1 MIla,
CKOPOCTh CKOJIbKeHHUs 1,5 M/c, B KauecTBe CMa3KH HCIOb30Banu Jiuton 24.

Jlnist GomnbIiel TOCTOBEPHOCTH PE3yJIbTATOB KaXKIbIH TECT ObUT MOBTOPEH TPHKIBI IIPH
OJIMHAKOBBIX YCJIOBUAX, Oyyun peann30BaHHbIM Ha paauyce 40 MM OT LEHTpa IUCKa 10 OCU
oOpasra.

[IpennoxkeHHbII KOMIO3ULMOHHBIM Marepuaj, B KadeCTBE MAaTpPHUILBI COJEPIKUT:
noaunamug [TA-12 (OCT 6-05-425) — 70% wu snokcuansiii oauromep I1-O11. 534 (TY 6-10—
189-83) — 30%, a B kauecTBe HAMOJHUTENCH: TUCYIbduL Monmoaena DM-1 (TY 48-19-133-
90), monbie crekmsHuble MuKpochepsr MC-BII rp. 5-4% wu GasanbroBoe BosokHO [1-5].
KoMmo3umnmoHHbIii Matepuall OblI HaHECEH METOJOM TOpSYEero IMPECCOBAHHMS HA OJUH U3
KOHIIOB MITHU(TOB, HU3TOTOBICHHBIX W3 OOBIUHOM YTIIEpOAUCTON cTanu, 0e3 TepMUYecKOon
00paboTKH, KOTOPBIEC BIIOCIICACTBUH ObUIM 00pabOTaHbl HA TOKAPHOM cTaHKe [6].

Uccnenoanus o ontumm3aiuu coctaBa [I9KM Obuin mpoBeACHBI ¢ UCIIOIB30BAHUEM
MaTeMaTHYeCKOTO  IUIAHUPOBAHHMS  AKCIEPUMEHTOB, a HMEHHO 3-X  (pakTopHOro
HEKOMITO3UIIMOHHOTO IIaHa Ttuna bokca—benkuna [6-7]. IlomyueHHble maHHBIE OBLIH
obpaboranbl ¢ mpuMeHeHreM nporpamMmmbl STATGRAPHICS [8-10].
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a— cxema; 0 — pa3mepsl napsl Tpenust; 1 — mrudr; 2 — nokpeirue [I19KM; 3 — auck

Pucynox 2 — I1apa TpeHust «iuTHT—IHCK»
Hcmounux: paspabomarno aemopamu

[Tpu BBIOOpPE MaTepUaOB AJII PEMOHTa TPUOOJOTHYECKHX Map, HEOOXOIUMO YTOOBI
KOA(P(QUITMEHT TPSHHUSI MATEPHUAJIOB, KOTOPBIC COCTABJISIOT IMapy, ObUT HAMMEHBIIUM. TeCTHl,
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npoBenéHHble B pexxume cmazku ¢ JIMTOJI 24 wa tpuborecrepe UMT-2, mnokazamu
pasnmuuHoe TpuOosormueckoe moBeaeHne I[IDKM B 3aBucHMMOCTH OT TIPOILIEHTHOTO
cofiepKaHusl AMcyibduaa MonuOaeHa, TMOJIBIX CTEKJISIHHBIX MHKpocdep U 0azaibTOBOTO
MHUKPOBOJIOKHA. [loiydeHHbIEe pe3ysbTaThl TPEACTABICHBI HAa PUCYHKE 3 W ONHCaHBI C
noMouiplo ypaBHeHust perpeccuu (1), KoTopoe B KOJMPOBAaHHBIX KOOpAWHATAX BBIPAYKAET
HBOJIIOLIMIO  KOd((ULIMEeHTa TpeHuss KOMIO3MIIMOHHOTO MaTepuaja Ha OObIKHOBEHHOMN
YTIIEPOIUCTOMN CTAJIH.

K=0,157-0,039x;—0,024x,—0,017x3+0,01 X;X,+0,0075x,Xz+ )
+0,0075x,X3+0,002x,%+0,012%,2+0,019x5>

Amnanu3 ypaBHenus (1) BU3yanu3upyeMoro Ha pucyHKax 3 U 4, MOKa3bIBaeT, U4TO BCE
(dakTopsl BHOCAT BKJIAJ B CHIXKEHHE KOI(DdUIMEHTa TpeHUs M[OJINaMHI03TOKCHIHON
kommo3uiuu co cranbto (D1, by u b3, umeroT orpunarensHbie 3HaueHus). bosbine Bcero
BIIUSIET HAa KOOPPUIUEHT TPEeHUs: TUCYIb(hu MOIMOIEHA, 3aTeM CTEKIIIHHbIE MUKpOChepH! U,
HakoHell, 0a3aIbTOBOe MUKPOBOJIOKHO (|D1|>|b2|>|bs|). Brusiaue xaxxnporo cocrasisiomero Ha
KO3 (ULIMEHT TPEHUS T0BOJIBHO JIETKO MPOCIEAUTh Ha PUCYHKE 4.

3HaueHne ontumanbHoro ko3 ¢urmenra rpenus (K=0,115) naxoaurcs B criemyromeit

KOMOMHAIUK yPOBHEN (PaKTOPOB BIMUSHUS:
OnTHManwHoe 2HaueHwe K= 8,115899

daKTop Low High Optim
Oucynodun monubpena -1,8 1,0 1,8
CTeKknsHHble MUKpoCpepbl -1.8 1.8 8,537
BazanbTOBOE MHKPOBOJSIOKHO -1,8 1.8 8,156
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Pucynok 3 — Ouenka sBomonun K03 UIneHTa TpPeHUs B 3aBUCUMOCTH
OT TPOIEHTHOTO COJEPKAHNS COCTABIISIOIINX
Hcmounux: paspabomano agmopamu
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Standardized Pareto Chart for K
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Pucynok 4 — CraniaptHble U JOMUHAHTHBIC 3()()EKTHI TOTHMAMHI0ITIOKCHTHOTO
KOMITO3MIIMHHOTI'O MaTepHaa
Hcmounux: paspabomano asmopamu
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Pucynox 5 — DBomonust koauimeHTa TpeHust BO BpeMsi TECTUPOBAHUSI ITapbl TPEHUS
«tudT ¢ mokpeitueM (I1D + 5% MoS,; + 23% mnosnble CTeKISHHbIE MUKPOC(hEpBI,
+ 4,31% 6a3abTOBBIC MUKPOBOJIOKHA) — JAUCK», U3 YIIIEPOAUCTON CTAIU B COCTOSTHUHU MOCTABKH.
[pu cnexyromux ycnosusix: V=1,5 m/c; nasnenue — 1MPa;
YCJIOBHE CMa3Ku — IpaHU4YHOe; cMa3ka — Jluron 24
Hcemounux: paspabomano asmopamu

3HavyeHuss STUX (PAKTOpPOB B 3aKOJUPOBAHHBIX KOOPAHMHATAX COCTaBIAIOT. 5% —
nucynbbuaa MmoauoaeHa, 23% — momsie crekissHHbIe MUKpochepsl u 4,31% — GazanpTOBOE
MHUKpPOBOJIOKHO OT C€OCTaBa KOMIIO3MLIMH. /[l KOMIO3MIIMOHHOIO MaTepuana JaHHOIO
COCTaBa, Mbl MPOCIEIWIN 3BOIIOLNIO KO3(puLmeHTa TpeHusl, KoTopas MoKa3aHa Ha PUCYHKE
S.

BuiBOaBI:

1. TpubGonornyeckuii MOHUTOPUHI J1AOOPATOPHBIX OOPA3LOB M3 KOMIO3ULIMOHHBIX
MOJINAaMU03IOKCUIHBIX MaTepUalioB, TECTUPOBAHHBIX HAa JIUCKAX W3 YIJIEPOJAUCTOM CTalu C
ucnonb3oBanueM cmazku JIMTOJI, mokazan OnaroTBOpHOE BIUSHME BCEX KOMIIOHEHTOB
KOMITO3UIIUHN HAa KOA((ULIMEHT TpEeHUsl.

2. Ilomy4eHHble pe3yibTaThl MO3BOJIMIN ONPENETUTh ONTUMalbHbIM coctaB [19KM,
IpU KOTOPOM ObLT JOCTUTHYT HauMeHbIHH kodpuuuent tpenns (K=0,115).
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Restoration of Sliding Bearing Units With Polyamide—-epoxy Composite Materials

The reliability, productivity and competitiveness of agricultural machinery, as well as related industries,

is largely determined by the resource of sliding bearing units, which during operation are influenced by many
adverse factors such as: high dust content, bad weather, temperature fluctuations, high humidity, aggressive
medium, uneven loads, mechanical shocks, vibrations and shock loads, insufficient lubrication, etc. Therefore,
the development and implementation of new materials for the restoration of sliding bearing units capable of
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working in such conditions is quite relevant and is of interest to science and practice in the field of technical
service of agricultural machinery.

Tribological tests were carried out on a universal tribometer UMT-2 using a special module for the pin—
disk friction pairs. Visualization and recording of research results were carried out using a special program. The
deviation of the location of the corresponding surfaces does not exceed 25% of the size tolerance of the
corresponding surfaces. The studies were carried out under the following conditions: pressure 1 MPa, sliding
speed 1,5 m/s, radius from the centre of the disk to the axis of sample 40 mm, Litol 24 was used as a lubricant.
The proposed composite material as a matrix contains PA-12 polyamide (OST 6-05-425) — 70% and the epoxy
oligomer P-EP.534 (TU 6-10-189-83) — 30%, and as fillers: molybdenum disulfide DM-1 (TU 48-19-133-90),
hollow glass microspheres MS-VP gr. 5-4% and basalt fibre. The composite material was applied by hot
pressing to one of the ends of the pins made of ordinary carbon steel without heat treatment.

Studies on optimizing the composition of PECM were carried out using mathematical planning of
experiments, namely, a 3—factor non—compositional plan of the Box-—Benkin type. The obtained data were
processed using the STATGRAPHICS program. An analysis of the equation shows that all factors contribute to a
decrease in the coefficient of friction of the polyamide epoxy composition with steel (b1, b2 and b3, have
negative values). Molybdenum disulfide, then glass microspheres and, finally, basalt microfiber (Jb1|>|b2|>|b3|)
most affects the coefficient of friction. The value of the optimal coefficient of friction (K=0,115). The values of
these factors in coded coordinates are 5% — molybdenum disulfide, 23% — hollow glass microspheres and 4,31%
— basalt microfiber from the composition.

Based on the results of the studies, the following conclusions can be drawn: tribological monitoring of
laboratory samples from composite polyamide—epoxy materials tested on carbon steel disks using LITOL
lubricant showed a beneficial effect of all components of the composition on the friction coefficient; The results
obtained made it possible to determine the optimal composition of PECM, at which the lowest coefficient of
friction was achieved (K=0,115).
basalts microfibres, friction coefficient, glass microspheres, moliybdenum disulfide, Polyamide PA12.
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CraTucTUyHA OI[IHKA SIKICHUX ITOKA3HUKIB
MHEeBMOCeIapallii mpu 6araTopiBHEBOMY BBEJICHHI 3€pHA

BpaxoByroun IIBHIKOIUIMHHICT ITHEBMOCEIAPALIIHOTO MPOILECY 1 BIUIMB Ha HHOTO 3HAYHOI KUIBKOCTI
(akTopiB € HEOOXITHUM TIPOBEJCHHS HOTO CTATUCTUYHOI OIIHKH MPHU KOHTAKTHI B3a€MOIii JIETKUX JTOMIIIOK 3
3epHOM B poOouiii 30HI THeBMocemaparlii. B cTaTTi mpoBeneHO MOIENIOBAHHS KOHTAKTHOTO PYyXy JIETKHX
JIOMIIIIOK Yepe3 OaraTomapoBHii 3€pHOBHH MMOTIK B BEPTUKAJIHHOMY ITHEBMOCETIAPYIOUOMY KaHali TpH ix
0araropiBHEBOMY OJHOIIAPOBOMY BBeJeHHI. OTpUMaHO CTAaTHCTHYHY MOJEIb HMOBIPHOCTI IMPOXOJPKEHHS
JIETKUX JIOMIILIIOK Yepe3 3epHOBI LIAPH, sIKa JO3BOJISIE BCTAHOBUTH 3aKOHOMIPHOCTI BIUIUBY OCHOBHHX IapaMeTpiB
ITHEBMOCEIApPYI040ro KaHaly Ha sKiCHI MOKa3HUKH Tpolecy cenapaiii. Ha 0cHOBI IbOro OTpHMaHO aHAJIITUYHY
3aJI@KHICTh TOBHOTH PO3JUICHHS JIETKUX JIOMILNIOK BiJl TPOAYKTHBHOCTI 3 ypaxyBaHHsIM KoedilieHTa
PO3pIILKEHHsT 3€pPHOBOTO MIapy Ta KUIBKOCTI 3aJisIHUX PIBHIB JKUBHJIBHOTO MPUCTPOIO ITHEBMOCENApYyIOYOTo
KaHaly.
nHeBMocenapanisi, mHeBMocenapyoumnii kanan (IICK), nosirpsinuii motik, 6aratopiBHeBe BBeIeHHS,
KOHTAKTHHUH pPyX, 3epHOBHIi MaTepiaJ, IKiCHi NOKa3HMKHU cenmapauii
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