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BruiuB napaMeTpiB po3NnoIlIbHUKA Ha SIKICTh
PO3CitOBaHHS JOOPHUB Yy HiJJIalIOBOMY HPOCTOPi

Y crarti mpencTaBieHi pe3yibTaTd TEOPETUYHOTO JIOCTIJDKEHHS MpPOILECY TPAHCHOPTYBaHHS Ta
PO3IIOTY rpaHyIl MiHEpaJIbHUX JTOOPUB MICIs BIAOUTTS BiJl IUIONIMHU PO3MOAIIBHUKA Yy MiJIAIOBOMY MPOCTOPI
IUIOCKOPDKy4YOoro podoyoro oprany. OOrpyHTOBaHI T€OMETPHYHI IMapaMeTpy Ta KYTH PO3TAIIyBAaHHS IUIOIIMHA
BIIOWUTTS.
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Biausinue mapaMeTpoB pacnpeaecjuTe/] i Ha KAa41€CTBO pacCeuBaHUsA ynoﬁpeﬂm“/i B

MO/JIANIOBOM MPOCTPAHCTBE

B crarbe mpescTaBiIeHBI Pe3ysbTaThl TEOPETHYECKOTO MCCIICIOBAHUSI ITpOLecca TPAHCIIOPTHPOBKU U
pacupeneseHuss TpaHysl MHHEPAIbHBIX yIOOPEHHH IOCNie OTPaXEHUS OT IUIOCKOCTH pAacCIpeiesUTeIs B
MOTATIOBOM HPOCTPAHCTBE IUIOCKOPEXKYIIEro padodero opraHa. OOOCHOBaHBI I'€OMETPUYECKHE MapaMeTphbl
YIIIBI PACIIONIOKEHHS TTIOCKOCTH OTPasKeHHUS.
CKOPOCTH YaCTHIbI, PacnpeIeTnTe/] b, IOBEPXHOCTH OTPAKEHNsI, TATBHOCTD M0JIeTa

ITocranoBka nmpo6jemu. OTpuMaHHs CTaOUTBLHUX BPOXKAiB B POCIMHHMIITBI B JIAaHUH
yac HEMOJXIIMBE 0e3 3aCTOCYBaHHS BCTAaHOBJICHHMX /103 MiHEpalbHHUX HOOpHB. IcHyroui x
CrocoOW BHECEHHsI, B OLIBIIIOCTI BUMAAKIB, HE 3a0e3MeuyroTh iX €()EKTUBHOTO 3aCBOEHHS
poCIMHAaMH, TaK $K, B KpalloMy BHIIaAKy BIANOBITHI poOOYl OpraHu HEPIBHOMIPHO
PO3MOAUISIOTE JOOPHBA 1O BCiH TITMOMHI 3aropTaHHs B TPYHT. buibln e(heKTUBHUM MOXeE OyTH
Croci0 BHYTPIIIHBOTPYHTOBOTO BHECEHHS 3 BHUKOPUCTAHHSIM JIANIOBHX a00 TUIOCKOPIKYYHX
poboumnx opratiB. Y mMpoMy BHUIIAJKy BUHHKAE MPoOIeMa pIBHOMIPHOTO PO3IMOALTY TOOPUB TIO
IIMPUHI 3aXBaTy 1, BIAMOBIIHO, IO TUIOIII.

AHaji3 ocTraHHiX AociaimkeHb Ta nyOJaikamiii. Ha BupimenHs naHoi mpoGieMu
HaIpaBJICHO Ipalli 0ararb0X KOHCTPYKTOPIB Ta aBTopiB [3, 6, 7, 8], asie OLIbLICTh 3 HUX CTABISTH
3a MeTy 3a0€3MeYUTH PIBHOMIPHUN PO3MOALT MOCIBHOTO Marepiaay abo IT0OpuUB 1O TUIONII
00poOIIOBAaHOI IMOBEPXHI 3a paxyHOK KOHCTPYKTHMBHHMX Ta IHIIMX HapaMeTpiB OJHOTO
€JIEMEHTY B ITOCITIJIOBHOCTI TPAHCTIOPTYBAHHS 1X B TPYHT — PO3MOAUTbHUKA. KOHCTpyKTOpaMu
3alpoOMOHOBAHO Ta 3allaTEHTOBAHO BEJHMKY KIJIBKICTh PO3MOJUIHHHUKIB PI3HOMAHITHHX 32
KOHCTPYKIII€I0 Ta TeoMeTpuuHO0 (hopmoro [3]. BimbmIicTh 3 HUX MarOTh 3aHANTO CKIIATHY
reoMeTpuuHy ¢opmy, abo k iX (opma CyTTeBO ajmanToBaHa IIiJi KOHKPETHI T'€OMETPUYHI
napaMeTpH JIAlH Ta IHIINX CYMDKHHUX €JIeMEHTIB KOHCTPYKIIiT poO0YnX OpraHis.

VY pe3ynbTaTi Or0 ICTOTHO 3POCTA€ CKIIAJIHICTh HOTO KOHCTPYKIII, aje KIHIEBHUM
OakaHUH pe3ybTaT 3AUIIAETHCS HETAPAaHTOBAHUM.

© B.A. JleiikyH, /.1O. Apremenko, C.I. Heiikyn, 2020
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JlocmiKeHHSAMH  KOHCTPYKIIM MOAIOHMX poOOYMX OpraHiB Ta MPOILECIB PO3MOJLT
MOCIBHOTO MaTepiaily abo BHECEHHs J00pUB IPYHTOBHO 3ailmanucs HacTymH1 BueHi: M.B.
INmmic, I1.B. Cuconin, B.O. 3upsuos, B.I. Menpauk, B.M. Cano, B.B. Parymmnuii, [.A.
Homros, B.B. Anamuyk, B.®. I[lamenxko, B.I. [Tactyxos, B.b. Onumienko.

I[Tix yac anani3y npaipb OyJ10 BCTAHOBJIEHO BIJIMB OCHOBHHMX TE€XHOJIOTTYHHUX (DaKTOpIB
Ta KOHCTPYKTHBHHMX MapaMeTpiB Ha €(PEeKTUBHICTh (PYHKIIIOBaHHS po3nojaiabHuka. Lle mamo
3Mory c@opMmyBaTH poOOYy TiNOTe3y CTOCOBHO MOXJIMBOCTI ONTUMI3yBaTH MpOIEC
BHYTPIIIHBOIPYHTOBOTO BHECEHHSI TPaHyJbOBAaHMX MIHEPAJbHUX JIOOPUB OJHOYACHO 3
BUKOHAHHSM OCHOBHOTO 0€3IOJIUIIEBOI0 OOPOOITKY IPYHTY.

IMocTaHoBKa 3agaHHs. MeTol0 pOOOTH € OOTPYHTYBaHHS T€OMETPUYHUX MapaMeTpiB
PO3NOUIBHIKA, SIKI 3[1aTHI 3a0€3MEUYUTH MaKCUMaJbHY JalbHICTh MOJBOTY YAaCTOK TOOPUB Y
MiJIalI0BOMY TPOCTOPI.

Buxkiaa ocHoBHOro mMartepiajy. Bitomo, 1110 yacTku Marepiaiy, 1O HalpaBiIsSIOThCS
BIJIMIOBITHO 10 3aJaHUX TPAEKTOPIH y TMOmepeaHbo mependadeHi 30HU MOBEPXHI OOpO3HH,
YTBOPEHOI pOOOYMM OpPraHOM, IPH KOHTAKTI 3 IPYHTOM iCTOTHO MEPEPO3MOAUIAIOTECS, 1 CEHC
TPaTUIIIHOTO MiAXO0My 0 3a0e3neueHHs] PIBHOMIPHOCTI MOBHICTIO BTpadaeThes. Kpim 11p0r0,
HEOOXITHO BPaxOBYBaTH Te€, IO IS PO3MIIICHHS TOOPUB B IPYHTI, B OLIBIIOCTI BHIAJKIB,
BUKOPHCTOBYIOTBCS TNIOCKOPIKYUI (J1armoBi) podoui opranu. J{is HoOpManbHOT poOOTH, 3 TOUKH
30py 3ariau0JIeHHs B IPYHT, 1X HEOOX1IHO BCTAHOBJIIOBATH 3 HAXWJIOM BIEpE] IiJ KyTOM JI0
3°. YV pesynbTati 1IbOro JHO OOpPO3HHM, Ky BOHH YTBOPIOIOTH, HAOyBa€ KOHIYHMX OOPHCIB 3
HaXWIOM JI0 LIEHTPY. Y LIbOMY BHUIAJKy CTa€ OYEBHJHHUM, 11O MaTepial HEOOXIAHO MOJaBaTH
HE PIBHOMIPHO MO HIMPHHI pOOOYOro opraHy, a OuIbIIy HOro 4acTWHY HANpaBiIATH Ha YITKO
BCTaHOBJIEHY BIJICTaHb B HaIPAMKY, EPIEHAUKYISIPHOMY Horo oci. YnucenbHe 3HaUeHHs 1€l
BiJICTaHI BU3HAYAETHCS XapaKTEPOM MEPEPO3NOALTY I'paHy B pe3yJIbTaTi KOHTAKTY 3 TPYHTOM.
VY mpomeci ckodyBaHHS TpaHysd a00 YaCTHHOK JO IIEHTPY PIBHOMIPHICTH pO3MOIiLTY Oyne
BiJTHOBJIIOBaTHCS.

VY 3B'A3ky 3 1IUM BUHUKAE€ HEOOXIAHICT, BUPIMICHHS 3aBJaHHS 3a0e3MeUYCHHS
MaKCUMAaJIbHOI JJAIbHOCTI MOJBbOTY YaCTUHOK B IONEPEYHOMY HAIPSIMKY 3 BHUKOPHCTAHHIM
MaKCHUMaJIbHO TMPOCTOI TeoMeTpli MOBEpXHI po3noAlbHUMKA. Ha Ham morisa, Takoro
NOBEpXHEI0 Moxke OyTu npusma (puc. 1).

V

nao,

Pucynok 1 — CxeMa KOHTaKTy YaCTUHOK JOOPUB 3 ILIOMIHHOIO BiIOUTTS

IDicepeno: pospobaeno asmopamu 3 suxopucmannsim [3]
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Po3rnssHemMo mporec mepeMilieHHs TIpaHysl JO0OpWB HACTYIHUM IIISIXOM: BHXIJ 3
TYKOIIPOBOJY, KOHTAKT 3 PO3MOIUIBHUKOM, BITOWUTTS, MOJIT B HANPSAMKY, IOINEPEUYHOMY
HaIpsIMKy pyxy poOo4oro oprasy.

KoMmmoHeHTH IMBUAKOCTI YaCTHHOK Mics yAapy OO IUIOLUIMHY T MOKHA BH3HAYHUTH,
CKIIABIIM DIBHSHHA iX BUIBHOTO TONBOTY Yy BEPTHKaIbHIA miomwmui OY,Z, ne Bick OY,

OTpHMaHa B pe3ynbTari oBopoty oci OY B IIIOLIMHI HA KYT ¥, B poeKwisax Ha oci OY, 1 OZ :
my, =—ky,; mZ=-mg-kZ. 1)
BBiBIIM O3HAaYEHHS
. . . - ’
yv:VyY’Z:Vz’yv:(vy«,)t’zz(vz)t (2)
pimeHHs1 piBHsHB (1) MOXHA 3aMucaTh y BUIIISII:
k
g+—Vv,

In—M = —"t;

abo
9 9,
v, =Ce " ; v,=-V +Ce " (3)

ne Cl, C2 — MOCTifHI IHTETpyBaHHs, K1 BU3HAYAIOTHCS 3 IOYATKOBUX YMOB

=V, =Vsinp (4)

vy, <0 Vyso =V Cosf, v,

V, =V, singy1+p’ctg’e . (5)

I3 (3), (4) orpumyemo
C, =V cosB; C,=V, +V_sinf. (6)

i pimiensst (6) HaOyBalOTh BUTIISLY
g 9,

—2t
v, =Vge * cos; v, =-V, +(V, +Vsinp)e " . (7

Jnis BU3HA4YeHHs JaTbHOCTI MOJIBOTY MOTPIOHO 3HATH Yac MONbOTY. Moro Bu3HayaeMo,
BUPIIIMBIIA PIBHSHHS U BU3HAUCHHS MIBUAKOCTI V,. BpaxoByroun (2), mepie piBHSHHS B
(7) naOyBae BUTISIY:

9,

2, =V, +(V, +V_sinB)e .

PimieHHAM 11bOTO PIBHSHHS €

14



ISSN 2414-3820 KoHcTpyroBaHHsI, BAPOOHHMIITBO Ta EKCILTyaTallist clTbcbKorocroaapchkux mMarmH, 2020, Burr. 50

9
.Vt
z=-Vt—(V,+V sinp)—=e " +C,,
g
e C3 — noCTiiiHa iHTerpyBaHHs, KA BU3HAYAECTHCA 3 IOYATKOBHX YMOB ~ — 0 npu t=0

C3 = (VB +V7r0 Slnﬂ)\£
g .

3 ypaxyBaHHSM IOCTIMHOI IHTErpyBaHHS, BUPA3 JJI1 BU3HAUYEHHS JaJIbHOCTI MOJIbOTY
YaCTOK JI0 KOHTAKTY 3 MEPEIKO/I010:

9

.V v
Z2=-Vt+(V, +V ,sinB)—=|1-e " |. (8)
g
3BIJICH, YaC MOIBOTY A0 3YCTPidl 13 36MJICIO SIBISETHCS PIICHHSM PIBHSIHHS

- V ’glp
Vot +(V, Vg Smﬁ‘)g“(l—e g J—hp =0, 9)

fie h, — BUCOTa NaiHHS YaCTKH MICIs yAapy 00 IUIOUHHY.

3MiHa TOPU3OHTAIBHOI KOOPAWHATH TOYKH TMOTPAIUITHHS YacTKM Ha  3EMITIO
BU3HAYUTHCS [UISIXOM pillieHHs nepinoro piBHsHH (7). BpaxoByroun (2), Mmaemo

V;z'VB 7\/%t
y:—?e cosf+C, (10)

ne C, — mocriifHa iHTETpyBaHHSI.

[Mocriiina inTerpyBanns C, 3MiHM ropu3oHTanbHOI KoopauHatu (10)
HaOyBa€ BUTIISLY

_ VﬂOVB _%t
y_T l-e cosf (12)

[TincTaBuBIIM B OCTaHHIO 3ajJexHicTh Yac t 3 (9), orpuMaeMo 3MiHYy TOPH30HTAIBHOT
KOODPJMHATH:

— Vn OVB ; P

Yo . 1- e_Et CoSP. (12)

3HaiiieMo 3B'I30K Mik KyTtamu f, y (puc. 1), sKi 3a7ar0Th HAmPsIMOK IIBHIKOCTI
YacTKM B MOMEHT BIIOMTTS Bill TOBEpXHI 7, 1 KyTaMu ¢, 6, sKi 3a/al0Th MOJIOKEHHS
CUMETPUYHOI JIiHIT BITHOCHO KoopauHaTHOI IuiommHu OXZ mnpusmu ABCO, ne ¢ — KyT,
SKU yTBOPIOIOTH pedpa OA3 miommHOr0 OXY ; 20 — nBorpanHuii Kyt mpu pedpi OA
(puc. 2). Bkazanwuii 3B'130K 3HaiIeMO 3 YMOBH
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m=n (13)

ne N, — ONMHUYHUM BEKTOD, AKUH ABISETHCS 30BHIIIHBOIO HOpMasuto rpaHi OCA, ska
SBISIETHCS (PAKTHYHO TUTONTUHOIO BIIOUTTS 7.

4
VA
E [ 4
X 0L s
0 D
Y C

PucyHoxk 2 — B3aeM03B'130K MiXK KyTaMH, SIKi 33/1af0Th HAMPSIMOK BEKTOPA IIBHIKOCT] YaCTH MicCIsI
BiIOWTTS BiJI TUTONMHM 77, 1 KyTaMH, sIKi 3a1al0Th ITOJIOKEHHS TPU3MH BiTOUTTS

Lcepeno: pospobneno asmopamu

3HaiineMo HopManb N, a0 miomuHM BiaoutTsa. Hexait OA=L 1 muomuna ABC
neprenaukyssipaa g0 OA, Toxi (puc. 1) maemo

_ __&xﬁ
*“loc <A .
— O cin T
e OA = (—cosg; 0; sin @) ,
- 1 . T
oC — (~1; singctgd; 0)
\Jcos? @ +sin? p sec? 6 '
Takum ynHOM
T ik
OCxOA= ! -1 singtgd 0 |=
Jeos? g+sin’ g sec? 0 —Cos ¢ 0 sing
- (sin ¢ tg0; 1; cos @ tg0)"
Jctg?e +sec? 0
1
N, = (singsing; cosd; cosgsing) (15)

Bpaxoyrouu (15), i3 piBHocTi (13) maemo:
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n,6 =cosé,
n, =Ccos¢ siné,

Cﬂy . . coSa Sing
ze N, :—25|n5, n, =sina c055+—2.
1/1+Cﬂ7 1/1+Cﬁy

Taxum unHOM,

H:Zarccosny,

n
Q= arccos—zz. (16)
1-n;
I'padiuna iHTEpmperTalis OTPUMAaHUX AHATITHYHUX 3AJEKHOCTEH 3 BHUKOPUCTAHHAM

nporpamuoro 3aoe3nedennss MathCAD 15 (puc. 3) 103BoJisi€ POBECTH MOTMEPEIHIN aHATI3.
7
mn M

03

p=50"
p=60
{p-00

=70

4z

=80

a1 (/)——9[7

o

0

. . n . .
Pucynok 3 — 3ajexHicTh JaIbHOCTI MIONEPEYHOTO MOJIBOTY TPAHYI 14 n Bl KyTa & Mixk

a 40 60 80 ag 120

TpaHsIMH PO3MOJUTFHHUKA NPH (PIKCOBAHOMY HaXmili pedpa Npu3Mu @
Howcepeno: pospobaeno agmopamu

3a yMOBHM 3HAa4YCHb BUXIJHUX IapaMeTpiB. MBUAKICTh BuTanHs — V, = 10 m/c; Bucota
po3TalyBaHHs pO3MOAUIFHIKA HAJl TTOBEpXHEo 1Ha 00opo3Hu — h = 0,05 M; mBUAKICT TpaHyJ
Ha BUXOJIi 3 TYKONPOBOAY — V.0, = 1,7 M/c; BiicTaHb Bijl BUXOIY 3 TYKOIPOBOY /10 MOBEPXHI
BinoutTs — ¢ = 0,05 M; KoedimieHT BiiHOBIEHHS MpH yaapi 06 nepemkony = 0,9.

Tak, MakCUMaJIbHOI JaTbHOCTI MOJBOTY TpaHyd mpu (iKCOBAHOMY 3HAYCHHI KyTa |l
HaxwmIy pedpa po3noAlTbHIKAa MOKHA JOCSTTH, SKIIO KyT MK T'paHsMHu ctaHoBUTh € = 90 ...
110° B 3aJI€)KHOCTI BiJl 3HAYCHB KyTa (.

XapakTepHUM € Te, 110 31 3HIKEHHIM 3HaueHHs KyTa ¢ Big 90° no 50° mporHo3oBane
3HAYEHHsS JALHOCTI TOMEPEYHOTO TOJBOTY T'PaHyJ 30UTBIIYETHCS, a MOJANIbIINE 3HIKECHHS
3HAYEHHS KyTa ¢ 3a0e3neuye Horo 3HUKEHHS.

BucHoBku. OrTpuMaHi 3aJ€XHOCTI  JO3BOJISIIOTH ~ OOTPYHTOBAHO  BCTAHOBHTHU
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reoMEeTpPUYHl MapaMeTpu pPO3MOAUIbHUKA, SKUM 3a0e3MeduTh 3aJaHy JaJbHICTh MOJIbOTY
YacTOK Marepiaiay Uil poOOYMX OpraHiB pi3HOI IIMPUHU 3axBaTy 1 Jocsratu Oa)KaHOTro
pe3ynbTaTy 3 ypaxyBaHHSIM 3aKOHOMIPHOCTEH iX MEePepO3NoALTy MPU KOHTAKTI 3 IPYHTOM.
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Influence of Distributor Parameters on the Quality of Fertilizer Scattering in the Under-

foot Space

The aim of the work is to substantiate the geometric parameters of the distributor, which are able to
provide the maximum range of fertilizer particles in the subclavian space, based on the analysis of all factors
affecting the material particles during their transportation to the surface of the distributor. The result of research
is to achieve a uniform distribution of fertilizers on the width of the capture and, accordingly, on the area.

It is known that the particles of material sent in accordance with the given trajectories in the pre-
provided areas of the surface of the furrow formed by the working body, in contact with the soil are significantly
redistributed and the meaning of the traditional approach to uniformity is completely lost. In addition, it is
necessary to take into account that for placing fertilizers in the soil, in most cases, flat-cutting working bodies are
used. For normal operation, in terms of deepening into the ground, they must be installed with a forward tilt at an
angle of up to 3°. As a result, the bottom of the furrow, which they form, acquires a conical shape with a slope to
the center. In this case, it becomes obvious that the material must be fed not evenly across the width of the
working body, and most of it to be directed at a clearly defined distance in the direction perpendicular to its axis.
The numerical value of this distance is determined by the nature of the redistribution of the granules as a result of
contact with the soil. In the process of rolling the granules or particles to the center, the uniformity of distribution
will be restored. In this case, it becomes obvious that the material must be fed not evenly across the width of the
working body, and most of it to be directed at a clearly defined distance in the direction perpendicular to its axis.
The numerical value of this distance is determined by the nature of the redistribution of the granules as a result of
contact with the soil. In the process of rolling the granules or particles to the center, the uniformity of distribution
will be restored. In this regard, there is a need to solve the problem of ensuring the maximum range of particles in
the transverse direction using the simplest geometry of the distributor surface. In our opinion, such a surface can
be a prism.

In the article the results of theoretical research of process of portage and distributing of granules of
mineral fertilizers are resulted after a reflection from the plane of reflection in sub paw space of trivial cutting of
working organ. Geometrical parameters and corners of location of reflecting plane are grounded. The obtained
dependences allow to reasonably establish geometrical parameters of the distributor which will provide the set
range of flight of particles of material for working bodies of various width of capture and to reach desirable result
taking into account laws of their redistribution at contact with soil.
speed of particle, distributor, distance of flight, surface of reflection
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