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OOTrpyHTYBAHHS ITApaAMETPIB pPemieTa 3 niTnHAMH
HETMOCTIHHOTO PO3MIpY

Ha ocHoBi eneMeHTIB Teopii HMOBIPHOCTI po3poOiieHa MaTeMaTWIHa MOJENb MPOIECy cemaparlii 3epHOBHX
CyMilliel Ha pemrerax 3 IMUIMHAMH HEMOCTIHHOTO po3Mipy. BHKOHAHO OOIPyHTYBaHHS IapaMeTpiB
3aMpONOHOBAHUX PELIIT 3aJE€XKHO BiJl 33JaAHOTO MUTOMOTO HaBAaHTAXKEHHS 1 HEOOX1AHOT eheKTHBHOCTI cenapariii.
BcraHoBneHi aHamiTHYHI 3B’S3KM TEXHOJIOTIYHMX XapaKTEPUCTHUK Tpolecy cemnapaiii 1 KOHCTPYKTHBHHX
rapameTpiB pemiera. 3anporoOHOBAHO METOANKY BU3HAYECHHS MIBUIKOCTI PyXy, HEOOXIIHOT JOBXKHMHU perieTa Ta
KoedillieHTa MPUBENICHHS, SKUH BPaxOBY€e PO3MIpPHY XapaKTEpPUCTUKY 3€PHOBOIO Marepiaiy.

pelleTo, OYHIEeHHs 3ePHA, 36PHOOYMCHA MALIMHA, e)eKTUBHICTH cenapamii
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O0ocHOBaHHE OCHOBHBIX mapaMeTpoB peuera Co meJsiMmu HEIMOCTOAHHOI'O pasMepa

Ha ocHOBe 21€MEHTOB TEOPUH BEPOATHOCTH pa3padOTaHa MaTeMaTHuYecKas MOZENb Ipolecca Cerapaliu
3€pPHOBBIX CMECEeH Ha pemierax co MIEISIMH HEMOCTOSHHOTO pa3Mepa. BrimomHeHo o0OCHOBaHME IapaMeTpoB
pemier B 3aBUCHMOCTH OT 3aJaHHOM YJENBHON Harpy3kd W HeoOXoauMol >(QEKTHBHOCTH cenapanuu.
Y CTaHOBIIEHB! AaHATUTUYECKUE CBSI3U TEXHOJIOTMYECKHUX XapaKTEPUCTHK MPOLECcCa CeNapalii U KOHCTPYKTUBHBIX
nmapameTpoB pereTa. [Ipeayoxena MeToIMKa ONIPEAETIECHUs] CKOPOCTH IBIDKCHNUS, HEOOXOANMOH ITHHBI peleTa
1 K03 PUIHEHTA TPUBEICHNUS, KOTOPBII YUUTHIBAET PAa3MEPHYIO XapaKTEPHCTHKY 36pHOBOTO MaTepHaa.
peleTo, 04MCTKA 3¢PHA, 3ePHOOYNCTUTEIBHAS MAIIMHA, (P (PEeKTHBHOCTL cenapamun

IocTranoBka npodjemu. Ilicas30oupanbHuii 00poOITOK € HANOLIBII E€HEPrOEMHUM
MPOLIECOM y BHPOOHHUIITBI 3€pHA, TOMY AaKTyaJlbHUM € BHPIIICHHA 3aJadl 3MEHILIEHHS
€HEePreTUYHUX BUTPAT MAIIHMH I HOTO OYHIIEHHS.

Sxmo BpaxyBatu, mo y 2018 pomi VYkpaima mnomonana iCTOPUYHHE pyOik
BUpOOHMIITBA 3epHA MoHaA 70 MiIH. TOHH [1], TO HaBiTh HE3HAYHE 3MEHIIICHHS BUTPAT Ha HOT'O
OYUIIICHHS, O3BOJIUTH OTPUMATH 3HAYHHUI eKoHOMIYHMI edekT. [Ipobiema 3yMoBiIeHa THM,
IO pelieTa, siKi BUKOPUCTOBYIOTHCSI B 3€PHOOYMCHHMX MAIIMHAX 3a0MBAIOTHCS YaCTUHKAMH,
10 MalTh pPO3MipH, OMU3bKI A0 po3mipiB mimmH pemera [2, 3]. s iX ouHImieHHS
BCTaHOBJIIOIOTH JI0/IaTKOBI MIPUCTPOT, SIKI CYTTEBO YCKIIAJHIOIOTh KOHCTPYKIIIO 3€PHOOYMCHUX
MaIITKH 1 3HAYHO 301IbIIYIOTh CHEPTreTUYHI BUTPATH.

AHani3 ocTaHHiX Aocaizkens i myOJikauniii. /g 3a0e3neyeHHs cTanoro po3BUTKY
CLTBCHKOTOCTIONIAPCHKOTO  BHPOOHMIITBA BIPOBAHKEHO HOBI TEXHOJIOTIi BHPOIIYBaHHS
3epHOBUX KyJbTyp [4]. BpaxoBytoun iX pi3HOMaHITHICTB 3a ()i3UKO-MEXaHIYHUMH Ta THITUMHU
BJIACTHBOCTSAMHU PO3pOOJIEHO BIANOBIAHI 3€pHOOYMCHI MamuHU. Ha OCHOBI mIpoBeIeHHX
TEOPETUYHHUX JIOCTI[DKEHb [5-8] CTBOpeHO BeaMKy Tpyly 3€pHOOYMCHUX MAIIMH 3
BUKOPHUCTAHHAM Bi0Opallii, e BOHA CIIPHSIE K MEPEMIIICHHIO 36pPHOBOI0 MaTepiaty MO peleTy,
MPOXO/DKCHHIO HOro Kpi3b MIIJTMHU 1 OYMINEHHIO peIlleTa BiJl YacTHUHOK, SKIi B HBOMY
sactpsarin. B po6otax [9, 10] TeopeTndHO OOIpYHTOBAaHO PyX 3EPHOBHUX MaTepialliB IO
IIOPCTKUX MOBEPXHAX CLICHKOIOCHOJAPCHKUX MAIIMH, Ta CTBOPEHO MaTEeMaTU4HI MOJEN iX
pyxy mo pisux tunax pemnit [11-13], ogHak mpoOjeMa OYMIICHHS PEIIT B MAalllUHAX,
CTBOPEHUX HA OCHOBI TaKUX JOCIIPKEHb, BUPIllIEHA HE TIOBHICTIO.
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Ha ocHoBi npuHIumiB noOy0BH MOJENI i/IeaIbHOTO cenapaTopa, Ky 3anpoIroHyBaB
M.€. ABnieeB, OyJI0 CTBOPEHO PsiJi KOHCTPYKIIHA PEIIiT, K1 3a0€3Meuyr0Th iX CaMOOYHUIIICHHS.
CknamHICTh Ta 3HAYHI BHUTPAaTH Ha BHUTOTOBJICHHS HE 3a0€3MEeUyrTh EKOHOMIYHOI
e(eKTUBHOCTI BIIPOBAHKEHHSI TAKUX PEIIIT y BUPOOHUITBO [14].

3aBasKku 17ei MOJIeN 11ealbHOTO cemaparopa Ha kadeapi CilbChKOTOCIOAapChKOTO
MamuHOOYIyBaHHSI LIeHTpaIbHOYKPAaiHCHKOTO HAIIOHAIBHOTO TEXHIYHOTO YHIBEPCUTETY
OyJ10 po3p0o0IICHO HOBY KOHCTPYKIIif0 peritT [15] Ta TeopeTnuHo 0OTpyHTOBAHO iX MapaMeTpu
[16]. 3ampomoHoBaHi pelmieTa 3aJ0BUIBHO OYHIIYIOTH 3€PHOBI CyMillli, OJJHAK B ICHYIOYHX
KOHCTPYKIIisSl 36PHOOYMCHHUX MAIIMH 3aCTOCYBATH X IPAKTUIHO HE MOKIIUBO.

[Ipu BUKOpUCTAHHI TAKUX PEIIT Ty>KE BAXKO JTOCSITTH 33JIaHOT SIKOCTI PO3AUICHHS, TaK
SK BEJTUYMHA PO3XUIIY CTEPKHIB HE € CTAJIOI0 BEJIMYMHOI0. Tomy po3poOka i OOrpyHTYyBaHHS
napaMeTpiB HOBHX PEIIT I 36PHOOYMCHUX MAIIHH 13 32a0€3MEYCHHSAM X CaMOOYHIICHHS €
aKTyaJbHOIO 33/1a4€H0.

IMocTranoBka 3aBaaHHsl. TakuM YMHOM, METOK POOOTH € pPO3pOOKAa KOHCTPYKIT
pemieTa 3 IIUIMHAMH HENOCTIHHOTO po3mipy. BukoHatn OOTpyHTYBaHHS TmapameTpiB
3alPONIOHOBAHOTO peIlleTa 3aJIe)KHO BiJ 33JaHOTO IMHMTOMOTO HAaBaHTaXKEHHS 1 HE0OXiIHOI
e(eKTHBHOCTI cemaparlii. YCTaHOBUTH AaHANITUYHI 3B’S3KH TEXHOJOTIYHHX XapaKTEPHUCTUK
npoIiecy cemnapailii i KOHCTPYKTHBHHX ITapaMeTpiB peleTa.

Bukiaag ocHoBHOro marepiajqy. 3amponoHOBaHE pEIIETO BHKOHaHE 3 Habopy
MOB3/I0BXKHIX CTEPIKHIB, MDJK SKMMH YTBOPIOIOTHCS IIUTMHUA HENOCTIiHOTrO po3Mipy (puc. 1), a
po3mupeHHs L 0OMexXyeThCst BIAMIOBITHUME OCSIMU HE O1IbIIe 3a/1aHOT BEIMIMHH.

YacTtku 3 po3mipamMu ONMM3BKUMHU JO PO3MIPIB IIUTHH, SIKI B TPAAMIIIHHUX pelieTax
3aCTpATar0Th, 3aBISKA TOMY, IO MiA Ji€l0 Bard OOpOOIIOBAaHOTO Martepially IOB3IO0BXKHI

CTEP)KHI XAOTHYHO IPOTHHAIOTHCS B MICHi 3rMHYy b 1 BelMYMHA IIJIMHU 30iIBIIY€EThCS,
MIPOXOJIATH KPi3b HIUIMHU, TOOTO BiOYBAETHCS CAMOOYHUIIICHHS.
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1, 2, 3 - oci; 4 — xaniOpyBaibHi mWaion; 5 — cTepKHI

Pucynoxk 1 — Cxema permera 3 IIMHAMHU HETIOCTIHOTO PO3MIpY
Hoicepeno po3pobaeno agmopamu

MarematuuHy MOJENb TMPOIECY cemaparlii BUKOHAEMO Ha OCHOBI €JIEMEHTIB Teopii
HMOBIPHOCTI, JJII 4YOT0 PO3MVISIHEMO PyX YacTOK MO JINSHII peliera i3 JABOX CTEPXKHIB,
napaMmeTpamu sikoro € S, by, b, o, T — BiANmOBiAHO NOBXMHA pelIeTa; NOYaTKOBa 1 KiHI[eBa
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IMIMPUHA IIUIMH; KT, SKUA BU3HAYA€ PO3XHI CTEPXKHIB y MONEPEYHOMY IHepepisi; Kpok
po3TanryBaHHS CTEep)KHIB. [IpuilMeMo TpPHITYyIIEHHS, [0 YaCTKM MAalOTh BHIIIAI Kymi 1
pPYXaroThcs MO pelieTy 3 MOCTIHHOK MIBUAKICTIO Ta HE BIIPHUBAIOTHCS B HBOTO, MPUUOMY
BOHM MEPEMINTYIOThCS MOIIAPOBO, @ IX MEPEMIIIEHHS MIXK CYCITHIMU €JI€MEHTapHUMH 1IapaMu
BIJICYTHE. SIKIII0 YaCTMHKA 13 HM)KHBOTO IIAapy MPOXOJUTH B IIUIMHY, TO i MiCLie MOCIiOBHO
3aMOBHIOETHCS YACTKOIO 13 BEPXHBOTO MIapy (puc. 2).
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Pucynoxk 2 — Cxema 10 OOIpyHTYBaHHSI MaTeMaTHYHOT MOJIEJII IIPOLIeCcy cenaparii
Loicepeno “pospobreno asmopamu

PosransmemMo pemiero, 1m0 CKIAMAETBCA 3 OJIHIET MIIJTMHU HIMPUHOW T, MO SKIH
PYXAETHCSI 36PHO MAPOM BUCOTOIO

H="1 (1)

1€ (, — IMTOME HABAHTAKEHHS,

p — 00’emHa maca 3epHa,

V — HIBUJKICTH PyXY 3€pHa.

Jlisi BU3HAauUeHHsT WMOBIPHOCTI BUIUICHHS YacTOK 3€pHA IMPHITYCTUMO, IO 3€pHOBA
CYMIII CKJIQJA€ETHCS 3 YACTOK OJHAKOBOTO JiaMeTpy d,, a HMOBIpHICTH 1X MOJIOKEHHS B OYIb-
SIKIF TUISHI peleTa OJHAKOBA, TOAI KUIbKICTh €IEMEHTAPHUX IIapiB YaCTHHOK JiameTpoMm d,
Ha noBepxHi peurera —n = H/d .

[Ipomiec cemapariii MOKHA pO3MISIIATH SIK CKJIQJHWUW BHIAJOK, SKUW BKJIIOYAE TPHU

MPOCTi: IEHTP MacH YacTKU BUSBUTHCS HAJ| IUIOUIMHOIO IIJTMHU; MOKE TIPOUTH Yepe3 LIUINHY;
IIiTMHA BIJIbHA BiJl HE IPOCISTHUX KPi3b HET YAaCTOK 3 HUKHIX €JIEMEHTAPHUX II1apiB.
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[Mepumii BUNIa 0K MOXKe BiZIOYTHCS 32 YMOBU
- b(s).
P:: — ( )I , (2)
T(9);
ne Db(s); — pos3paxyHkoBa IIMpPHMHA INUIMHA HAa JOBXHHI IMUIMHE S,, TOOTO

b(s), =T(s),/cosa, —d_; T(S) — kpok Mix cTepKkHAMH, T (S) :b(s)+ d; o
CTepIKHiB, (puc. 3).
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Pucynok 3 — Cxema /10 BU3HAYCHHS! IIUPHHU LIIUTHHN pellieTa HEMOCTIHHOTO po3Mipy
Howcepeno po3pobaeno agmopamu

Jpyruit BUMagok MOKIMBUN TO1, KOJIM PO3Mip 3epHAa MEHIIUH 3a pO3MIp IIIHHH.
2
b(S)| - de
S | T (3)
’ b(s),

Ko 9acTKy 13 mapis, MO PO3TAIIOBaHI HIKYE BUAUIAIUCH, TO CKJIATYThCS YMOBH
JUTS. BUJIIJICHHSI BEPXHBOI YaCTKH.

Pai = H P (4)

3arasipHa WMOBIPHICTB TOTO, 110 YacTKa Buaimutecst P'=P'-P, - P .
SIKIIO BpaxyBaTH MOMEPE/IHi 3ayBaKECHHS, TO OTPUMAEMO

A [CORESN [CORa ©)

i

I3 anamnizy piBHsHHS (5) BHAHO, 1[0 BWU3HAYCHHS HMOBIPHOCTI BHJIJICHHS YacCTOK
3BEJIOCh [0 BH3HAYCHHS PO3PaxXyHKOBOI NIMPHUHU IMUTMHU JUISI KOXKHOTO 13 €JIEeMEHTapHHUX
mapiB. BugineHHss 9acTok i3 mepmioro mapy BimOyJeTbcs uepe3 dac t, MICHs TOro sK
3a0e3rneuaThCsl YMOBH iX TPOXO/DKCHHS. Tak sIK 4aCTKU MPOXOAATh KPi3h IIUTHHH peIieTa i
JI€10 CUIIM TSDKIHHSA, TO t=,/2-d, /@, @ 414 i-Toro eaeMeHTapHoro mapy t, =/2-i-d,/g .

SIKo mpoaHai3yBaTH MPOIEC MPOXOHKEHHSI YaCTOK, TO 3 MEPIIOro mapy MpouIyTh
Kpi3b LIUTHMHY TUIBKH Ti, JAJI SKUX BiTOYJIHMCS YMOBH BUAUICHHS Ha MEBHIM JOBXKHUHI IIUTMHU
S;<(S,-V-t). Tom nana mepmoro Imapy 3HaueHHA D(S),
b(s), =b, +2(b, —b,)-V -t,, a s wacroxk I- Toro mwapy

b(s), =b, +2(b, —b,)-V -/2-i-d. /g . (6)

BU3HAUUTLCA  SIK
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HaBeneni piBHSHHS JalOTh MOXJIMBICTH BHU3HAUUTH YMOBHM MPOXO/DKEHHS TUTBKU
OJTHAaKOBHX 32 PO3MipaMM YacTOK, BPaxyBaTH PO3MIpHY XapaKTEPHUCTHKY 3€PHOBOI cyMmimri B
JlaHIi MOJeNll HEMOXKIMBO. J[s ypaxyBaHHS pO3MIpHOI XapaKTEPUCTHUKH 3€PHOBOI CYMIiIli
BBE/IEMO KOE(ILI€HT Y, BiHOUIEHHS CEPEHBOI0 PO3MIPY WIIIMHK pereTa b, 10 BinxunenHs

Ccp BiJ1 Hel BIAMOBITHUX PO3MIPiB YaCTOK
x=b,IC,, (7)
. . >Ci-a
Ie Ccp — CepeHbOCTATUCTHYHUH PO3MIp 4acToK, C,, = ==—r-.
23
2Xd . i—1

B ORI [COR ®

CryniHb po3aiieHHs: 00pO0III0OBaHOTO MaTepiary
g=1-e", 9)

T

1€ p — Koe(iLleHT cenaparii.
Pi
. — 10
H V1 (10)

3 ypaxyBaHHsM Gopmyiu (9) 10oBKHHA pereTa
s=Linly. (11)
p l-g

Cywmicue pimenns piBasab (1), (7), (8), (10), (11) no3Bossie BU3HAYUTH HEOOXIiHI
napaMeTpH pelieTa 3 IUIMHAMHU HEMOCTIHHOTO po3Mipy .
Amnauni3 rpapiyHux 3aJIEKHOCTEH, BUKOHAHUX pu q, =6,21/™m-Tog,

f =0,3,y =750 kr/me, b,=2,0 mm, b, =22 mm, d, =15 mm, V,=3,8 m/c; ©,=0 rpan.,

MacoBiii o1 KokHoro kommonenta 20% (puc. 4a) mokasye, 110 i3 3MiHOK IOYaTKOBOI
IIBUKOCTI TOBHOTA BUIUICHHS YacCTOK PI3HMX PO3MIpiB BiOyBaeThcs 1o pizHOoMy. [lpm
30UTBIIEHH] IIBUAKOCTI €(PEKTUBHICTh BHWJIUICHHS YacTOK BCIX PO3MIPIB  CIOYATKY
30UTBIIYETHCS, a MOTIM 3MEHINYETHhCS. 30UIBIICHHS IIBUIAKOCTI CIPUSE PO3TATYBAHHIO IIapy
3epHa, IO 3MEHIIy€e HWOro BUcOTy. [lpum 30UIBIIEHHI MHTOMOrO HaBaHTAXKEHHS IMOBHOTA
BU/IICHHS PI3HUX KOMIIOHEHTIB 3MeHIIy€eThes (puc. 4, 0).

a — i\\
. //))//4 ) ’ \\‘\f&
74l RS

——

I/
|

20 74 50 [~ T~ =
.
3 4| s ——
10 40
0 3,0 45 60 7.5 90 ¥k 3 6 9 12 15 gs T/MTON
a) 0)

1-d, =12w2-0, =15um;3-d, =1,7mm;4-0, =18mm;5- d, =20

PucyHok 4 — 3anexHicTh MOBHOTH BUAIJICHHS KOMIIOHCHTIB BiJl IIBUKOCTI PyXy YacTOK a)
i MUTOMOTO HABAHTAXCHHSI 0)
Hoicepeno po3pobaeno agmopamu
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BucnoBku. BcraHoBneHo, 1110 3aCTOCYBAHHAM B 3CPHOOYMCHUX MalllMHAX pemiT 3

IIUJTMHAMHA HETIOCTIMHOTO PO3Mipy MOJKHA JIOCATTH 3HAYHOTO 3MEHIICHHS EHEePreTHYHHUX
BUTpAT Ha MPOIIEC cenaparlii i 3a0e3Me4nTH X CaMOOYHIIIeHHs 0e3 3aCTOCYBaHHS T0JJaTKOBUX
npuctpoiB. TeopeTHuHo OOTPYHTOBAHO AHATMITHYHI 3B S3KM TEXHOJOTIYHHX XapaKTEPUCTHK
IpolLeCcy cenaparii 3epHa i KOHCTPYKTUBHHX MapaMeTpiB peniera 3 MUIMHAMU HEMOCTIHHOTO
po3mipy. Ha ocHOBi eneMeHTIB Teopil HWMOBIPHOCTI BUKOHAHO OOIPYHTYBaHHS IapameTpiB
3aMpONOHOBAHOTO pEIIeTa 3aJICKHO BiJl 33/J[aHOTO NMHMTOMOIO HaBaHTA)XCHHS 1 HEOOXITHOT
e(peKTHUBHOCTI cenapartii.

BunpoOyBanHsl mokazanu, 110 Taki peliera J03BOJISIOTH 3MEHIIUTH METATIOEMHICTh

3epHOOYHCHUX MamuH Ha 12-14 %, a sxicts ountnenns migsuiutu 10-12%.
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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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