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OVHAMIKA PYXY YACTOYOK KOPMOBOI CYMILLI MO NIONATLI BAPABAHHOIO 3MILLYBAYA
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HauioHanbHun yHiBepcuTeT BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK

OnucaHo QuHaMiKy pyXy 4acmoOYOKKOPMOBOI cyMmiwi rno rnockil padianbHO po3miueHil nonamuyi 6a-

pabaHHO20 3Miwlysaya.

Knro4doei cnosa: kopmosa cymiuwi, nornamka, 6a

MoctaHoBKa nNpobnemu. B ocTaHHi pokn BY-
POBHNLTBO KOMOIKOPMIB 4aCTKOBO MEPEMICTUMOCH 3
koMOikopmoBMX 3aBofiB Ge3nocepedHbO B rocno-
aapctsa. [Ins Takoro BUpobHMLTBa CTBOPEHA LUMPO-
Ka HOMeHknatypa obnagHaHHsi, sika 6asyeTbcsl Ha
3MilllyBaHHi BMacHOi 3epHOBOI CUPOBUHW [OCMO-
0AapCTB Ta 3aKynfeHux KOpMOBUX [0OOaBOK. 3MeH-
WwnT cobiBapTicTb BMPOOHMLUTBA Ta MOKpaWMUTH
SKICTb KOMOikOpMIB 3a paxyHOK 36anaHcoBaHOro
cknagy MOXNMBO 3a paxyHOK BMPOOHMLTBA KOpPMO-
Bnx gobaBok 6GesnocepedHbO B rocrnopgapcreax. Y
TOW Xe 4ac, NUTaHHs BUpobHMUTBakopMoBux goba-
BOK B YMOBax rocrnogapcrBax He4oCTaTHbO HayKOBO
06r'pyHTOBAHO.

OfgHUM i3 WNaxiB BUPILLEHHSA AAaHOrO NUTaHHSA
€ BUKOpUCTaHHA HGapabaHHKX 3MillyBa4iB KOPMOBUX
000aBOK OCHaLLEHUX Mepemiylouummn nonaTkaMmm
pO3MiLLLeHNX MO TBipHIN uMniHapa. BcTtaHOBNEHHA Ha
pobouin NOBEPXHiI KaMepu HEPYXOMUX NEPEropoaok,
3 ogHoro 6oKy, MoKpalwlye yTpuMaHHA maTtepiany B
30Hi nigiimaHHA, 3anobirae MOro CnoB3aHHI, a 3
iHLIOro — po3wWupoe poboyvy 30HY MepeMillyBaHHS
3a paxyHOK akKTuBi3auii NpoCTopy Hag MOBEPXHEH
CKOYYBaHHS.

AHani3 octaHHix gocnimkeHb. [epemiwyto-
Yi nonaTkM LUMPOKO BUKOPUCTOBYHOTbCS B BapabaH-
HUX cyllapkax Ta 3MmilwyBa4vax y XiMiyHin ranysi ons
piBHOMIpHOro po3noAiny maTepiany Ta 3abeanedyen-
Hs1 KOHTaKkTy 3 pobo4Yum rasom Mo BCbOMY Nepepisy
6apabana [1]. BignosigHo o knacudikauii MawwuH i
anapartiB 6apabaHHOro Tuny nepemiwytodi nonaTku
MOXYTb OYTM YOTUPBLOX OCHOBHUX TUMIB: HEPYXOMI,
pyxomi, HepyxoMmi BigHOCHO obudainkn 6GapabaHa,
pyxoMi BigHOCHO Ao obuuarikm OapabaHa [2]. Ha
NpakTULi YacTiwe BCbOro BUKOPUCTOBYIOTb MNepeMi-
Wytodi nonaTku, Hepyxomi BigHOCHO obuyariku Oa-
pabaHa, OCKiNlbKM BOHM MPOCTi Yy BUFOTOBMEHHI Ta
HagivHi Npyn BUKOpUCTaHHI. Popma Ta po3mip nona-
TOK 3anexuTb Big (isanko-mexaHiYHMX BNacTUBOCTEN
obpobntoBaHoro martepiany. NMpu obpobui maTepia-
niB, sIKi MalTb 3HAYHy agresiel0 4o martepiany 6a-
pabaHa, BUKOPUCTOBYKOTb JIOMAaTKK, WO MigHIMaOTb
Oinbwi nopuii Mmatepiany, ans 3abesneyeHHss NOAo-
NaHHA ABMLWA aaresii 3a paxyHOK cun rpasiTadil.

lMuTaHHA BM3Ha4YeHHA po3mipiB Ta dopm no-
natok 6apabaHHuX 3MillyBa4iB 4YaCTKOBO AOCHIOXKY-

pabaHHuU 3miwysay, OuHamika pyxy.

Banocs BYEHUMM XiMiYHin ranysi npomucnosocTi [1,
2, 3]. NuTaHHa pyxy YacTMHKU MaTepiany no nosep-
XHi poBOYMX OpraHiB CinbCbKOrOCNOAaPCLKUX MaLUWH
npyM OgHOYaCHOMY MPSAMOIiHIMHOMY pyci 4n obep-
TaHHi poboymx opraHiB po3kpuTo B poboTax
M. M. Bacunenka[4]. OgHak,0ocnigXeHHA OuMHaMikn
pyXy 4acTO4OK KOPMOBOI CyMilLiNO MOCKiA pagianb-
HO po3mileHin nonartui ©apabaHHOro 3miwyBada
notpebye noganbLUoi KOHKpeTu3aLlii.

Meta pocnigxeHb. Jocniagutn guHamiky pyxy
YaCTOYOK KOPMOBOI CyMilli MO MSOCKIN pagianbHo
pO3MiLLeHin nonaTui 3amiwysada 6bapabaHHoro Tuny.

Pesynbtatv pocnimkeHb. EkcnepumeHTta-
NbHi AOCNiMXXEHHA nokasanu, O BULLINA piBEeHb piB-
HOMIpHOCTI nepeMillyBaHHA KOPMOBUXCYMilLlen [o-
CAraeTbCa Npu pajianbHOMY PO3MilLeHHi nepemi-
LWytoyol nonatku. [ns BU3HAYEHHS LWMPUHK NoNaTKu
pO3rNsiHEMO pyX YacTOYKM MaTepiany no MOBEpXHi
nonartku. licna BuxoAy Kpato nonaTku i3 30HN 3aBa-
ny KOPMOBOI CyMilliOAHOYACHO BiAOYBaeTbCA PyX
mMaTepiany pa3oM 3 NIoNaTKoK Ta NepeMilleHHs Yac-
TOYOK KOPMOBOI CyMmilwino ii noBepxHi (puc. 1). Tak
SIK YacTodka pyxaeTbCs Mo pafianbHO PO3MiLLEeHin
nonaTui, ska B CBOI 4epry obepTaeTbcs BiJHOCHO
oci GapabaHa, Ha Hei AiloTb BigueHTpoBa cuna
mw?r Ta Kopionicosa cuna iHepuii 2mw %. BigueHT-
poBa cuna AigTMMe Ha 4acTOuKy, nif 3MiHHUM pagiy-
COM r, SIKMn obepHEeHO MPOMNOPLIHUIA NPONOEHOMY
LUNAXY NpY PYCi YacToYKkM o ueHTpy bGapabaHa. Ha
YaCTOYKY, sika pPyXaeTbCs BiQHOCHO rfonaTky, AilTb
TaKoX cuna TEKiHHAmMgTa cuna TepTsd No nonaTtu,
fAka oOymMOBneHa NpuUTUCKaHHAM maTepiany Ao no-
naTKM CUIOK0 TSXKIHHA Ta KOPIOSliCOBOK CUMO iHep-
uit —f (mgcos(wt + 6) — 2mw %).ﬂﬂﬂ BM3HA4YeHHSA
BIJHOCHOI LUBMAKOCTI PyXy 4acCTOYKM MaTepiany y
BUMMAA4I MaTtepianbHOI TOYKM MO MOBEPXHI JlonaTtku
CKrnagaemo AudepeHuinHe piBHAHHSA, CKOpuUCTaBs-
LWMCb NPMBEOEHOI CXEeMOK Aii Cun Ta aHaniTU4HKU-
MU nepegymoBamu, siki nepegbavaotb 06epTaHHA
b6apabaHa B 6e3noBiTpsiHOMY NpocTopi [5].

OunHamiky pyxy 4acTouku, dka nepemillyeTbCs
no nonatui BiAHOCHO PyXOMOI CUCTEMU KoopauHaT
XOY MOXHa 3anucatu y BUrnsagi:

., d ;
m¥ = mw?r —2f mwd—:+fmgcos(wt+9)—mgsm(wt+9), (1)
[ie m — Maca YacTouKM, Kr;r — MOTOYHWIA pafi- | yc posTaluyBaHHS 4acTouKM Ha nonaTui BiAHOCHO OCi
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GapabaHa, M;w — KyToBa LBUAKICTb Nonatku, ¢ ;f — | Tani, rpag,
koediUuieHT TepTs, BigH. o4.;t — Yac obepTaHHs, c; 6 abo
— KYT BUXOAY fonaTku i3 3aBany BigHOCHO rOpU30H-
¥+ 2 fwr —w?r = fgcos(wt + 8) — gsin(wt + ). (2)
[aHe PiBHAHHS € NiHIMHUM PIBHAHHSAM ApPYroro Typ = Mcos(wt + 0) + Ksin(wt + 6), (7)

nopsiAaky 3 NOCTIHUMK KoedilieHTamMn Ta MpasBoto
YaCTUHOK Y BUrMAA TPUrOHOMETPUYHOro noniHoma
[6]. BignosigHe Womy opgHopigHe AudepeHLinHe
PIBHAHHA MaTUMe BUrNAA;
7+ 2 for —w?r =0. (3)
Ak Bigomo, B LbOMY BUNAAKY XapakTepuctuy-
He PIBHAHHA OAHOPIAHOrO ANMEPEHLINHOIO PIBHSIH-
HA BUrMagaTume:
A2+ 2fol—w? =0, (4)
a Moro KOopeHi BM3Ha4yaTMMyTbCH 3a BUpasa-

L =w(-f+Jf2+1);
X = o(—f = JfE+1), (5)

e Ay, A, - KOpeHi XapaKTepuUCTUYHOro piB-
HSHHS, C .

MU

i . 4
¥ /mgsinie «h 1)

-
3

Puc. 1. Cxema pgii cun B nonepeyHomMy nepepisi 6apabaHa
npw pyci No nonatui Ta nagiHHi

3aranbHe pileHHs andepeHLuinHOro piBHAHHA

MaTtume Burnag [6]:
r = Cexp(A:t) +C, exp(At) + 14 (6)

Ae 7, — YacTKoBe pilleHHs HeoaHOPIAHOro
AndepeHUiNnHOro PiBHAHHSA, M.

YacTkoBe pilleHHs HeoaHOopiaHoro andepex-
LiHOro PiBHAHHA 3HAXo4MMO Yy BUMMaAi TPUroHome-
Tpu4yHoro noniHoma [6]:

C, =21, [Rn + 2%005(9 + wt) — ﬁsin(@ + wt)],

A1 g
C=24 -
PiBHAHHA AMHaMIKM pyxy BU3HAYa€ MOMOXEH-
HA 4acTOYKM BIOHOCHO UeHTpa GapabaHa B Oyab
AKUN MOMEHT 4acy. [padiyHa 3anexHiCTb 3MiHu
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a 3HayeHHs KoediuieHTiB AaHOoro TpuroHome-
TPUYHOrO NOsliHOMa BM3HA4YMMO i3 CUCTEMM PIBHSAHb!

{—szK + 2fw*M = gf; (8)
—2fw?K — 2w*M = —g.
BoHu cTaHOBUTUMYTB:

M="2.K=0. (9)

202’

Topi 4yacTkoBe pilleHHs HeogHopigHoOro Au-

drepeHUINHOro piBHAHHA MaTUMe BUIMSA:
Typ = 2%005(9 + wt). (10)

[MoBHe piwleHHss HeogHOpPIAHOTO AndepeHUin-
HOrO PIBHSHHSA, SIK CyMa 3aranibHOro Ta 4YacTKOBOrO
pilleHb, MaTMMe BUrmMsaa;

r = C; exp(A4t) +C, exp(A,t) + 2%005(9 + wt). (11)

Togai BiAHOCHaA WBWNAKICTb PyXY YaCTOYKU KOp-
My MO NOBEPXHi JToNaTkM CTaHOBUTUME:

V. = 2,C; exp(A4t) +1,C, exp(A,t) — %sin(@ + wt),

(12)

ne V. — papgianbHa LWBWMAKICTb 4acTOYKM MO
nonarui, m/c.

Ockinbky nicns BUXoQy Kpato nonaTtky i3 30HM
3aBasny, YacTOYKM pyXalwTbCs B pafianbHOMY Ha-
npsMKy 0o ueHTpy 6apabaHa, B no4aTKOBUI MOMEHT
CXO)KEHHA MaTepiany BiAHOCHA LUIBUAKICTb YaCTUH-
Kn maTepiany JopiBHIOBaTUME HYMO, a cam mMaTepi-
an byge 3HaxoauTUCh Bia LEeHTpy bapabaHa Ha Bia-
CTaHi piBHiN pagiycy 6apabaHa. BpaxoBywoun noyar-
KOBi yMOBM:

t=0; r=Ry V. =0, (13)
ae Ry — pagiyc po3TallyBaHHS YacTOYKM Y Mno-
YaTKOBUA MOMEHT Yacy, M.

cuctema piBHAHb AN BU3HAYEHHSA MOCTIMHMX
BENMVYMH AM@EPEHUINHOro piBHAHHA Oyge MaTu
BUrNAA:

C;+C,=Rp+ ;ﬁcos(ﬁ + wt);

g (14)
Cl /11 +C2 Al = _zsin(e + wt),
3BiKuN:
(15)
cos(6 + wt) — %sin(@ + wt) — Rn]. (16)

pagiycy NnormoXeHHs YacTOYKM B Yaci npuBegeHa Ha
pvc.2.
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Yac pyxy yactuHku no nonatui 6apabaHa, ¢
e— YT BUXOAY NONATKM i3 CyMiLi 45 rpap.
= = KyT BUXOAY NONaTKM i3 cymili 60 rpag.

Puc. 2. 3anexHicTb 3MiHM pagiycy NONOXeHHS YaCTOYKM B Yaci

BucHoBok. OTpvMaHO 3anexHiCTb, fika BW- | Toyui umniHgpa. Tak npu KyTOBiN LWIBWAOKOCTI Gapa-
3Ha4ae guMHaMiKy pyxy martepiany cymiwen kopmo- [ 6aHa 10 ¢’ Ta KoeilieHTi 3anoBHEHHA Kamepu
BMX Ao6aBOK MO Nnockii pagianbHO po3miweHin | 0,5nonatka NigHIMETbCS Yy KpalHE BEPXHE MOJIOXEH-
nonaTui 3miwyBaya 6apabanHoro Tuny i gossonse | HA 3a 0,1 c. Wnax skvi nporige Yactodka maTepiany
BCTAHOBUTU LUMPUHY MepeMillylodoi nonatku npu | No MNOBEpxHi nonatku 3a Uen 4ac CTaHOBUTUME
AKin MaTuMe Micle T NoBHa po3rpyska y BepxHii | 12 mm.
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Aukeeuy A.H., lony6 ' A. QuHaMmuka OsuikeHUs Yacmuy, KOPMO8bIx cMmecel o sionamke 6apa-
6aHHBLIEe cMecumenu

OnucaHa OuHamuka O8UXXeHUS Yacmul, KOpMO8oU CMeCU Mo r0cKol paduanbHOpPacrnosoXeHHoU J1o-
namke 6apabaHHO20 cMecumernsi.

Knroyeenble crnnoea: kopmosasi cMechb, siornamka, 6apabaHHbIl cmecumerb, QUHaMUKa O8UXEHUS.

Achkevych O., Golub G. Dynamics of motion of particles feed mixture in pan drum mixer

For the production of animal feed in the farms of an extensive range of equipment that is based on
mixing raw own grain farms and purchased feed additives. To reduce production cost and improve the quali-
ty of animal feed through balanced composition is possible due to the production of feed additives directly to
farms. At the same time, the issue of the production of feed additives in terms of farms not scientifically justi-
fied.

One solution to this issue is the use of feed additives drum mixer equipped with mixing blades placed
on generating cylinder. Installing the camera on the working surface of fixed partitions, on the one hand,
improves retention of the material in the area of lifting prevents it slipping, and the other - extends the work
area by enhancing mixing space above the slide. Stirring blades are widely used in drum mixers and dryers
in the chemical industry for even distribution of material and ensure contact with the working air around the
drum section.

According to the classification machines and apparatus drum mixer blades may be four main types:
fixed, mobile, fixed relative to the drum shell, movable relative to the drum shell. In practice most often used
shovels mixer, as they are easy to manufacture and reliable in use. The shape and size of the blades de-
BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHiBepcutety
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pends on the physical and mechanical properties of the material. When processing materials that have con-
siderable material adhesion to drum, using shovels that lift larger portions of material for overcoming the
phenomenon of adhesion due to the forces of gravity.

The question of determining the size and shapes of blades drum mixers partially scientists studied the
chemical industry. The question of motion of a particle to the surface of the working bodies of agricultural
machinery, exposed in the works of P. Vasilenko. However, the study of the dynamics of motion of particles
feed mixture on a flat radial posted pan drum mixer needs further detail..

Experimental studies have shown that high levels of uniformity mixing feed mixtures achieved with ra-
dial placement stirring blades. To determine the width of the blade consider the movement of material parti-
cles on the surface of the blade.

Since the particle moves along a radial posted scoop, which in turn rotates around the axis of the
drum, on it acting centrifugal force and Coriolis force of inertia . . On a particles that is moving on the blade,
acting gravity and friction on of scoop.

To determine the relative speed of the particles of the material in the form of a point on the surface of
the scapula make up the differential equation using a present scheme of the forces and analytical assump-
tions, which involve rotation of the drum in a space.

The result obtained dependence that determines the dynamics of motion material mixtures of feed ad-
ditives on the scoop mixer drum , since the angular velocity of the drum 10 rev./sec. Ratio filling the chamber
with 0.5, lifting scoop in extreme top position for 0.1 s.. The path which particles will take place on the sur-
face of the material during this time will be 12 mm.

Keywords: feed mix, scoop, drum mixer, dynamic movement.
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