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B mponecce nccnenoBanus pa3aMYHbIX BOIPOCOB
arpoMH)XEHEPUH TOCTaTOYHO YacTO BCTpEeUaeTcs
3a/laya MaTeMaTHYECKOTO MOJCITHPOBAHNUS IBHKCHHUS
HEKOTOPBIX YaCTHUI] 10 KPUBOJIMHEHHBIM
noBepxHocTsAM. [1o100HBIE TPOGIEMBI BO3HUKAIOT MIPHU
paboTe anmapaToB cesIIOK TOYHOTO BHICEBA, BBIOOPE
MapaMeTpoOB U PEXUMOM pabOThI IIEHTPOOEIKHBIX
pasOpacsIBaTenei, Ipu JBIKEHUH 36PHOBOTO MTOTOKA
MO CeMapalMOHHBIM penlieTaM, P NOrpy309HO—
pas3rpy304HBIX paboTax ¢ MPUMEHEHUEM
KpPUBOJIMHENHBIX CKAaTHBIX MOBEPXHOCTEN U T.1. Bee
3TO NMPHUBOJUT K HEOOXOMMOCTH MOJIEITMPOBAHHMS
mpoIiecca IBMKEHHUS 110 pa3HOOOpa3HBIM
TpaekTopusiMm. Kpome Toro, ¢ yuerom crienuduku
Ka)KIOW KOHKPETHOH 3a7jauu, II0JyYCHHbIE
MaTeMaTHYECKHE MOJIEH O3BOJIST MPOM3BOIUTD
BBIOOp KPUBOJIMHEWHBIX HAMIPABIIIOMINX IS
JIOCTIDKEHUS 3a/JaHHBIX KHHEMAaTHIEeCKUX
XapaKTEepUCTHUK JBU>KEHUS YacTUILl U Tell. B
HacTosiIIe paboTe MPOU3BOIUTCSI MOICIIMUPOBAHNE
JIBIDKEHUE TeJl 0 KPUBOIMHEHHBIM IOBEPXHOCTSAM C
UCIIOJIb30BaHUEM ypaBHEeHHUH Jlarpania nepBoro
poaa. Kak BBISICHUIIOCH B IIPOLIECCE peau3aliy ITOMI
MOJIENIU, CKOPOCTb ABWKEHHS MO PA3IUYHBIM
M3BECTHBIM ITOBEPXHOCTSIM, 00Pa3yIONIMMH KOTOPBIX
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In the process of studying various issues of
agroengineering, the problem of mathematical
modeling of the movement of certain particles on
curved surfaces is quite common. Similar problems
arise when choosing the parameters and operating
mode of centrifugal spreaders, when grain flow moves
through separation screens, during loading and
unloading operations using curved sloping surfaces.
All this leads to the need to simulate the process of
movement along various trajectories. In addition,
taking into account the specifics of each specific task,
the obtained mathematical models will allow for the
selection of curved guides to achieve the specified
kinematic characteristics of the motion of particles and
bodies. In this work, the motion of bodies on curved
surfaces is modeled. In contrast to the usual two-
dimensional systems of equations, a one-dimensional
model is proposed, which has a simpler solution. As it
turned out during the implementation of this model,
the speed of movement on various known surfaces, the
generators of which are circles, parabolas, hyperbolas,
etc. will change significantly. When the grain flow
moves along the separating surfaces, these velocity
changes have adverse consequences. On the one hand,
a decrease in speed causes congestion when the grain
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SIBIITFOTCSI OKPY>KHOCTH, TIapa0oJIbI, THIIEPOOIIBI U T.1I.
M3MEHSIOTCS 3HAYUTENLHBIM 00pazoM. [Ipu nBrmkeHnn
CEeMsH B alIapaTax CesUIOK TOYHOTO BBICEBA, a TAKIKE
NPY JBMKEHUH 3€PHOBOTO MOTOKA 110 CENapHUpYIOIUM
MOBEPXHOCTSIM 3TU U3MEHEHUS CKOPOCTH UMEIOT
HeOnaronpusTHele nocneacTus. [Ipu ymeHnsimeHnn
CKOPOCTH JIBM)KEHHSI MOTYT 00pa30BbIBAThCS 3aTOPHI
NP JBYDKCHNH YaCTHII, 4 TIPH €€ YBEITHMICHUH MOTYT
BO3HUKHYTH ITPOOJIEMBI C TOYHOCTHIO BBICEBA B
BBICCBAIOIINX ANMNapaTax, a TAk’Ke K yMECHBIICHHIO

3¢ eKTHUBHOCTH pabOTH CEMapalMOHHbIX PEIIET, YTO
CHIDKAeT pabOTOCIIOCOOHOCTh YKa3aHHBIX YCTAHOBOK.
B cBsi3u ¢ 3THM, Hanboree panroHaIbHOM
MOBEPXHOCTBIO SIBJISAETCS Ta, TI0 KOTOPOH 4acTHIa WK
3JIEMEHT MacChl 3¢pHOBOTO BOpOXa OyIyT JIBUIaThCs C
MIOCTOSIHHOW cKopocThio. [IpuBoanTCS ypaBHEHNE
TaKOW KPUBOH U MPOBEPSETCSI CKOPOCTH JIBMKEHUS 110
Hel

Kunrouesnie cioBa: BBICEBAIOIIME AIIITAPATHI,
KPUBOJIMHEMHBIE CETTAPALIMOHHBIE
PELIETA, MOAEJIMPOBAHUE ABNXXEHN A,
JUOOEPEHIIMAJIBHBIE YPABHEHU A, BBIGOP
[HOBEPXHOCTEW, [IOCTOSIHHA I CKOPOCTh
JBWXEHU A

http://dx.doi.org/10.21515/1990-4665-181-011

flow is moving, which leads to the inability of the
separation unit to work. On the other hand, an increase
in the speed of movement leads to a decrease in the
efficiency of separation, which reduces the operability
of this installation. In this regard, the most rational
surface is the one on which a particle or an element of
the mass of a grain pile will move at a constant speed.
The equation of the curve along which the particle will
move at a constant speed is also derived

Keywords: CURVED SEPARATION SIEVES, MO-

TION MODELING, DIFFERENTIAL EQUATIONS,
CHOICE OF SURFACES, CONSTANT SPEED OF

MOTION

BBenenue. JlocTaTo4HO 4acTO B TEXHUYECKUX 3aJadyaX BO3HHUKAET IPO-
OJieMa MOJIEIMPOBAHUS JBMXKCHHUS YACTHUI[ MM T MO HEKOTOPHIM KPUBOJIH-
HEHWHBIM MOBEPXHOCTSIM WM KPUBBIM C IIEJBIO ONpPENCTICHUs WX KWHEeMaThde-
cKux xapaktepuctuk [6-9, 12]. Kpome Toro, BasxHO# 3a1aueil ABisieTCsl BHIOOD
BHJIa OTUX TOBEPXHOCTEH I TOCTHUKCHUS 3aIaHHBIX 3aKOHOB JBIKCHHS. Ta-
KHe MpOOJIEMbI, B YaCTHOCTH, BO3HUKAIOT MPH MOCITMPOBAHUN IBWKEHUS IO
KPUBOJMHEHHBIM MMOBEPXHOCTSAM alllapaToB TOYHOTO BhIceBa [3], MO cenmapupy-
fomuM moBepxHocTsm [1, 2, 4, 5, 10-16, 18], a Takke mpu BEIOOpPE BHUIA ATHUX
noBepxHocteit [17, 19-22]. CrneayeT OTMETUTD, YTO BOTHYTBIC CENapUpPYIOIIHE
MOBEPXHOCTH 3a CUET IEHTPOOECKHOM CUJIbI yBEeIUUMBatOT 3 (HEKTUBHOCTh Ce-
naparym.

MopaeaupoBaHue ABHKeHUS YaCTULbI KPUBOJIUHENHONW TPAaeKTOPHH.

PaccmoTpum HECBOOOIHOE TBUKEHHE YACTHUIILI 10 HEKOTOPOM KPUBOM BHU-

na y=f(x).

http://ej.kubaqgro.ru/2022/07/pdf/11.pdf
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C ydetom cuitel TpeHus Fip,, B mpoeknusx Ha ocu KoopauHat (X, Y) ypas-
HEHUS JBUKEHUS YaCTHUIbl UMEIOT BUJI:
mX = F, +N(t)cos(N ,x)-F, ., my=F, +N(t)cos(N,y)-F, ,,
r7ie TOYKU BBEPXY MEPEMEHHBIX 0003HAYaIOT COOTBETCTBYIOIIME MPOU3BOIHBIC
10 BPEMEHH.

3nech

cos(N,x)= Y , cos(N ,y):#_

y,’ +1 VY +1

HaNpaBIIIOIKe KOCUHYCHI BekTopa HopMaiu N(t) k moBepxHOCTH, M—Macca Ja-
ctubl, Kr. Yepes Fy, Fy 0603HaueHpl mpoekuu Ha OCH KOOPAMHAT BHEIIHUX
CHUJI, IEUCTBYIOIIUX HA YACTHUILY, «IITPUX» Y PYHKIHUH ) O3HAYAET TPOU3BOIHYIO
10 MIEPEMEHHOM X.

Tak Kak cujia TPEHMs HAIpaBjieHa IPOTHBOIOIOKHO CKOPOCTH JABUKEHUS
YacTULEL, TO F, , = kN(t)V , TII€ X —TPOEKLHs CKOPOCTH Ha OCh X, V = /X + y* —
CKOPOCTb YaCTHLBI, K-K02(hPpuIMenT Tpenus.

Torma F,, , = kN(t)%. AHAJIOTHYHO F | = kN(t)%, _
X2 +y X2+

BBOI[SI MMOHATHEC HCOIIPCACIICHHOI'O MHOKHUTCIIA .H&Fp&H)Ka

a(t)=— N

Cmyylen

[MOoJIy4acM yYpaBHCHUA IBUKCHHUA BMCCTC C TPCTbUM, 3aMBIKAIOIIUM CUCTEMY

YPAaBHEHHUEM MTOBEPXHOCTH:

% = F, —1t)y, — kMO ;7 +1- %

X +y
§=F, +2(t)- Kty +1- L. 1)
X2 +y?
y=f(x).

Bwmecte ¢ HauaabHBIMHU YCJIOBUSAMU:

http://ej.kubaqgro.ru/2022/07/pdf/11.pdf
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X|t=0 = %01 Yt=0 = Yo: X|t=0 =Vxo» Yi=0 = Vyos
noxyyaeM 3anady Komm 114 cucTeMsl IByX KBasHIMHEHHBIX M (depeHnnab-

HBIX YpaBHEHUI U oJfHOTO anredpamyeckoro ypaBHeHus (1).

PaccmoTpum crenyromuii mpumep.
[Tycthb y(x)z(x—l)z, k=0.3,%X=0,v=0,4472 m/c.

Torna cuctema ypaBHenuii (1) u ypaBHEeHUE KPUBOM IPUMYT BU/I:

x=1(2-20-030(2—2xf +1. 2 —
VXS +Y

j=-0.8147—03h/(2—2x) +1- %
X“+y

y=(x-1),

a HAYAIBHBIE YCNOBUS—X|_ =0, Y|, =1, X,_, =02, ¥|,.o=—04.

YucneHHoe PCUICHUC HOHy‘-IGHHOﬁ 3aJa4 UIUIIOCTPUPYCTCA Ha PHUCYHKC

1.

1_
[ ]
., ] 1
= 0. 8] o 37
oL ] = 2.51
g0.6 i ;
T o4 I
5 %1.5%
[a N ]
o 0,27 4 b
O ] 17
g ]

0l T 0.51

0o 0D.20.40.6 0.8 1
FoopguHama ., M

— -

0 0.2 0.4 0.6 0.8
KoopguHama x, M
Puc.1. Tpaexkropus IBHKEHUS U CKOPOCTh YAaCTHILIbI
Kax BugHO U3 3THX rpauKOB, TPACKTOPHS JBUKEHHUS COBIAIACT C 3a-
nanHo. CkopocTh Bo3pacTtaet 10 3, 32 m/c, a 3aTeM HECKOJBKO YObIBaeT.
Kak nmokas3pIBalOT pacdeTsl, CKOPOCTh IBMXKEHUS IO PAa3IMYHBIM H3BECT-

HBIM MOBEPXHOCTSIM, 00pa3yoUMMU KOTOPBIX SBISIIOTCS OKPY>KHOCTH, mapado-

http://ej.kubaqgro.ru/2022/07/pdf/11.pdf
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JbI, TUNIEPOONBI U. T. JI. U3MEHSTCS 3HAUYUTEIBHBIM oOpa3om. [Ipu nBrxeHnn
3€pHOBOTO MOTOKA IO CEMAPUPYIOIINM OBEPXHOCTAM 3TU U3MEHEHUSI CKOPOCTH
UMEIOT HeOnaronpusiTHeie nocyienacTBusi. C 0OHOW CTOPOHBI, YMEHBIIIEHUE CKO-
POCTH BBI3BIBAET 3aTOPBI MPU JABHKEHUH 3€PHOBOrO IMOTOKA, YTO MPUBOJUAT K
HEBO3MOKHOCTH pabOThl cenapaiioHHON ycTaHOBKU. C Ipyroil CTOpPOHBI, yBe-
JUYCHUE CKOPOCTH JBMKEHHUS BEICT K yMEHBIIEHUIO0 3(()EKTUBHOCTH cermapa-
[[MU, YTO CHUXAET pabOTOCIOCOOHOCTh YKAa3aHHOW YCTaHOBKHU. B cBs3M ¢ 3THM,
HanOoJIee parmoOHAIBHON MMOBEPXHOCTHIO SIBIISICTCA Ta, 10 KOTOPOW YacCTHUIIA WK
AJIIEMEHT MacChl 36pHOBOTO BOpoxa OyAyT ABUTAThCS C IOCTOSIHHON CKOPOCTHIO.

Bbi00op KpuBOil, MO0 KOTOPO# JBUKEHHE NMPOUCXOAHUT C MOCTOSAHHOH
CKOPOCTHIO.

IlycTh Ha IUIOCKOCTH 3aJaHbl IB€ TOYKA KPUBOW: HadalbHasl C KOOpIUHA-
tamu (Xo; Yo) ¥ KOHEUHas ¢ KoopauHaTtamu (Xk; Yk). Hekoropas yactuiia, aBura-
ACh OT HAYaJIbHOW K KOHEYHOM TOYKH MO KPHUBOJIMHEWHOW TPACKTOPHUH JOJKHA
MOAJEPKUBATH MMOCTOSHHYIO CKOPOCTh V, PAaBHYI0 HAYAJIBHOM CKOPOCTH IIOIa-
JTaHUSI YaCTUIbI HA KPUBYIO.

B pabote ogHoro u3 aBtopoB [14] OpUI0 MOJNYyYEHO YpaBHEHUE TAKOM KpHU-

BOW:
o 9(. Y :
y :—V—2(1+?J(1+y2) . (2)
['pannuHbIe yCIIOBHUS:
y(Xo)=Yo, Y(X)=Yk , (3)

3aMBIKAIOT TOJyYCHHYIO 3a7a4y.
CrnemyeT OTMETHTh, YTO UCKOMasi (PYHKIHS JaJIeKO HE BCETAa CyIIeCTBY-
€T. DTO 3aBUCHUT KaK OT ITOJIOKEHHUS HaYaJIbHOW U KOHEYHON TOYCK TPACKTOPHH,
TaK U HA9aJbHOW CKOPOCTH JIBHKECHUS YACTHIIBI.
Paccmorpum cnenyrommii mpumep. [lycts Xo = 0, Yo = 0,107 ™M, Xk =
0,0748 M, yx = 0, v =1,7 m/c. Pemenue 3amaqu (2), (3) maer unciacHHyo (yHK-

A0, aHAJIIMTHYCCKAs alllIpOKCUMAIUA KOTOpOﬁ HNMCCT BHU.

http://ej.kubaqgro.ru/2022/07/pdf/11.pdf
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y(x)=511-10"x" - 2,49-10" x* +543699659527251x"® — 6994495528)263x° +
+5901615613%78x°® — 343309466830’ +1409066293«° — 4105101146x° + . (4
+8428145x* —119768x> +1160x° — 9x + 0,107

Bri6op TopsiIKa
0.1 aIMpOKCUMHPYIOIIETO HOJIMHOMA
0 o8] OOyCIIOBJIEH  CJIOKHOCTBIO  BH[a
YHCIIEHHOTO PEIIEHHS U II03BOJISET

0.067
MOJIyYUTh  JOCTATOYHYIO TOYHOCTH

0.04]
TPUOIIHKEHMYS, OTHOCHTEITbHAS
0.027 HOrPELIHOCTH KOTOPOTO HE

npeBbimaer 3% W TO TOJBKO B

L L B B L B IS AL R
0 0.010.020.030.040.050.060.07
CopusoHmanbHas koopguHama x, m OJJIACTH OKOJIO X =0 . Ha pucynke 2
Pucynok 2. Tpaektopus 1BHKEHUS MPE/ICTABICHO HAJOKEHUE TI'papuKOB
(uncneHHas ¥ anmpOKCUMHUPOBAHHAS ) .
YUCJICHHO TOJIYYeHHOW  (PYHKIIKUU
TPACKTOPUH JIBUKECHUS (CIUIOIIHAS JIMHUS) M €€ aHaJUTHYECKOM aIlmpoKcHMa-
1y (MyHKTUpHAs JuHus). Kak BUIHO M3 3TOr0 pUCYHKA 3TH KPUBBIC IIPAKTUYE-
CKUA coBMajaroT. HeoOXonuMOCTh MOJYyYEHHsS] annpOKCUMUPYIOMEeH (QyHKIIUH
BBI3BAHO TEM, 4YTO IJIs aHalu3a aJeKBAaTHOCTH TMOJNyYEHHOW TPACKTOPUHU B
cucreme ypaBHeHuit (1) mokeH OBITH HCIOIB30BAH AHATUTHUCCKUN BH/T
byHKIHN Y(X).
C uensto npoBepku 3G (HEKTUBHOCTH BHIOPAHHOW TPACKTOPUU JABUKECHUS,

nojactaBuM (yHkiuio (4) B cucremy ypaBHeHui (1). HauanbHbIME yCITIOBHSIMU

ABJIAIOTCA:

X, _, =0, Y] =0107, x|,_, =v/1+y/(0f =01878, y|,_, =—1689

Ha pucynke 3 mpeicTaBiieH 3aKOH U3MEHEHHUSI CKOPOCTH JBIKCHHS 4Ya-
CTHUIIBI 110 3TOM TPAEKTOPHH B 3aBUCUMOCTU OT BPEMEHHU JABUKEHUS 10 JOCTH-
KEHUSI KOHEYHOU TOYKM MoBepXHOCTU. Kak BuHO U3 3TOTO Tpadrka, CKOpOCTh
JBY)KCHUSI YaCTHUIIBI OCTA€TCsl MPAKTHYECKW HEU3MEHHOM, YTO WM JIOKa3bIBAeT

BCPHOCTDH HOHyLIeHHOI;‘I TPAaCKTOPHUH OBUIKCHU:I. HGKOTOpLIe HC3HAYUTCIIbHBIC

http://ej.kubaqgro.ru/2022/07/pdf/11.pdf
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KOJIe0aHUsI CKOPOCTH BBI3BAHBI AMMIPOKCUMUPYIOIIEM MPUOIMKEHUEM YUCICHHO

MOJIyYEeHHOU peaibHOU TPACKTOPHH.

Cropocmb M.C

0.03 0.05 0.07
KoopguHama x, ™

Pucynok 3. CKOpOCTh 4aCTUIbI IPH
JNBWKCHUU TIO KPUBOU

00.01

OcHOBHBIE Pe3yJIbTAThI U BbIBO/BbI.

C ucnonbs3oBaHMEM METO/A ypaBHEHU Jlarpanka nepBoro pojaa BbIBeE-
Hbl YPaBHEHUS JIBWKCHHUS YACTHI] MO IIEPOXOBATOM MOBEPXHOCTH C KPUBOJIM-
HEWHOM Hampapiistoniel. YucieHHoe peleHne noJiy4eHHbIX YPABHEHUN C COOT-
BETCTBYIOIIUMHU HAYAJIBHBIMHU YCJIOBUSIMHU MO3BOJIMJIO CAENATh BBIBOJ O 3HAYM-
TEJIbHBIX U3BMEHECHUSX CKOPOCTHU JBUKEHHUS YacTHIl. B ciiydyae mpuMeHeHHs Kpu-
BOJIMHEMHBIX HANPABJSAIOIIMX B KAU€CTBE MOJAIOLINX YCTPOUCTB B COITHUKOBYIO
30HY CEsUIKH, 00Jiee MPEANOUYTUTEIIbHBIMU SIBIISFOTCS KPUBBIE, IO KOTOPHIM 4a-
CTHUIIbI IBUKYTCS C MOCTOSSHHOM CKOPOCTBIO, YTO MCKJIIOYAET 3aBajibl U CIIOCO0-
CTBYET OoJiee palMoHaIbHBIM peXruMaMm paboThl ycTaHOBOK. [IpuBeneHo ypas-
HEHUE TAaKUX KPUBBIX, U MPEJCTABICHA MPOBEPKA MOCTOSHCTBA CKOPOCTHU JIBU-
KEHUU TI0 HUM. YKa3aHHBbIC KPHUBOJWHEWHBIE MOBEPXHOCTH MOTYT OBITH HC-
IIOJIb30BaHbI ITPU KOHCTPYMPOBAHUH BBICEBAIOIIMX aIapaToB CESJIOK TOYHOIO
BBICEBA, a TAKXKE CEMapalMOHHBIX PEUIET MPHU NOCIeyOOPOYHON OUYHCTKE 3€pHa,

B 4aCTHOCTH, B I'PaBUTAIIMOHHBLIX CCIIapaTOpax.

http://ej.kubaqgro.ru/2022/07/pdf/11.pdf
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