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Ilocmanoexa npobremu. SIx BimomMo, 30MpaHHsI BPOXKAIO € KIIFOUOBOIO
OTepaIli€el0 B 3arajlbHOMY TEXHOJOTIYHOMY JIQHIIOTY BHUPOIIYBaHHS
3epHOBUX KyJIbTyp. Ha ChOromHI OCHOBHHUM METOJIOM 30HMpaHHS €
KOMOaitHOBUH.

OpHak, BiH Ma€ psiJi CyTTEBUX HEOJIKIB:

— BHCOKI BTpaTH 3€pHA Ta HE3EPHOBOI YACTHHH BPOXKAI0, a cCaMe
COJIOMH Ta TIOJIOBH;

— 3aJIeKHICTh 30UPaTLHOTO MPOIECY BiJ BIUIMBY MOTOJHUX YNHHUKIB;

— BeJIMKa cO01BapTICTh 30UpaHHS;

— pYWHIBHUHN BILUIUB Ha IPYHT XOJJOBUX CUCTEM KOMOAIiHIB;

— BEJIMKa Maca KOMOalHiB, 1110 Be/ie /10 30UIbIIECHHS BUTPAT MajiiBa Ha
caMoTIepeCyBaHHSI,

— HEJIOCTATHs NPOAYKTUBHICTh Ha 30MpaHH1 BOJIOTUX XJ1101B.

VY 3B’s3Ky 3 4uM OyJi po3poOJieHI AIbTEPHATUBHI CIIOCOOU 30UpaHHs,
HaWOUTBII €(DEKTUBHUM 3 SIKUX € METOJ 00UiCYyBaHHSI POCIIMH Ha KOPEHi, 3
00poOITKOM BOPOXY Ha CTalliOHapi.

st obuicyBaHHS pociuH Oyna po3poOiieHa TMpudinmHa 30upaibHa
mamuHa [1-3], sika arperaryethest 3 Tpakropom MT3-80. 36ip oGuicaHoro
BOPOXY 3AiHcHIOETBCS B mpuuen-Bi3ok 2[1TC-4.0, skl dimiseTbess 10
30upanbHOi MammH#. [[ns 3a0e3nedeHHs CTIMKOro pyxy IpHUyerna-Bi3Ka
BUHUKA€ 33J]a4a BU3HAUEHHS JOMYCTUMHUX 3HAYEHb HIBUAKOCTI HOTO pyXYy.

Ananiz ocmamnHix 0ocniodxcerns. TeopeTUUHl OCHOBHU CTIMKOCTI PyXy
MexaHiyHoi cucteMu posrisHyTi O. M. JlanyHoBum B poOoTi [4].
[Topanpmuii po3BUTOK TEOpii CTIMKOCTI pyXy oTpumaHo B poborax [. I'.
Marnkina [5] Ta 1. P. Mepkina. [6].

Y  ramy3i MexaHizamii  CUIbCHKOIOCIOJAPCHKOTO  BHUPOOHUIITBA
JOCIIJKEHHSIMA  CTIMKOCTI PyXy HNPUYINHUX IPYHTOOOPOOHUX MalIuH
zaitmaBcs II. M. Bacunenko. [7,8]. [unamika Ta CTIHKICTh PyXy
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CLTBCHKOTOCIIOAAPCHKUX MAIIIMH Ta arperaTiB po3risHyTa y poborax JI. B.
['suesa. [9,10]. CTOCOBHO MPUYIMHUX 3€PHO30MPATIbHUX MAalIUNH JUHAMIKa
ix pyxy BukiageHa B poborax [11-13]. B mmx poGoTax po3risiHyTO
NUTaHHS JWHAMIKKM Ta CKIAJaHHS JuQepeHLiaJbHUX pPIBHAHb pPyXYy
30MpabHOTO arperary, aje OOIPYHTYBAaHHS PEXKUMY PyXy HOTO OKpeMux
JaHOK, 32 YMOB 3a0€3MeueHHs CTIMKOCTI iX pyXy, B HUX HE HaBOASITHCS.

Ilocmanosxa 3aé0anns. PO3TIHYTH CTIMKICTH pyXy HOpuyena s
30MpaHHs 004iCaHOTO BOPOXY Ta OOIPYHTYBATH JOMYCTHUME 3HAYCHHS HOTO
MIBUIKOCTI.

OcHnosna uacmuna. Y po6oTi [14] po3riasiHyTa JUHAMIKa OKPEMHUX
JIAHOK 30MpaJIbHOTO arperary, Juis 4oro B’s31 3aMIHEHI iX peakuisMu. B
pe3ybTari TEOPETUYHUX JOCIIKEHb OTpUMaHa cucreMa
nudepeHItiaaTbHUX PIBHSIHB B OCTATOYHOMY BUTJISII:

dops +di1ps +dyp3 + d3p3 +dy@y +dsp, =0;
lo@s + L1z + Lz + I3904 + 1494 + Is@y = 0, (1)

JIe (P3 Ta P4 - y3araJIbHEH1 KOOPAUHATH;
do, dq, ... - xoediuientn | qudepeHniianbHOTO PIBHIHHS;
lp, L4, ... - xoedimientu Il qudepeHIiaabHOTO piBHSHHS.

Jns monanpmioro aHamizy CKJIaAEMO XapaKTEPUCTUYHE PIBHSHHS
cucteMu gudepeHIianbHuX PpiBHSAHL (1), 18 [BOTO MiJACTaBUMO B

pisusnns (1) @, =6e™ i @, = ge™:
d,-6e”-A°+d,-de™- 2% +d,-de* - A+d,- 56" +d,-ee* A +d, e A=
= 56" (dy- A%+ 0, A+, A+dy )+ e (d,- 27+, - 4°)=0;
0, 56" A 44,56 AP0, 8M A+, et A4 0, g6 AT 4 ()
+/5-ge4t-/1+/6-ge’“:§e“(/0-,13+/1-/12+/2-,1)+
+ee’“(/3-,13+/4-,12+/5-,%+/6)=0.
[To3naunmo uepes:
r,=d,-A°+d,-2°+d,-A+d,;
r,=d,-A°+d, - A°;
=4, A+ 2 - A°+24,-2;
l,=ly A+, A°+ 4, A+ /2.

(3)

XapakTepucTuyHl piBHSAHHSA cucteMu (1) MOXXKHa TpPEenCTaBUTH Yy
BUTJISIII BUBHAYHUKA JIPYTOTO NOPAJIKY:
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r r
AZ — 11 12 — 0 . (4)
r-21 r22
Po3kpuemMo Bu3HauHUK (4).
Myt Ty =Ty 1 =0. (5)

IlincraBumo 3HaueHHs I; B popmyiy (4):

(dyeA* 40,2240, At 0y )-(£,- 204 £, A2+ £y At £,) -

(A A4y A0) (4o A4 £ W04 £,-) =20 (02, - 0,4, ) +

+A°(dy2, +d,2,—d, 2, -yl )+ A* (d s +,2, +d,4, - d, 4, - ds 2, ) + (6)
+A° (Aol +d, 45 +d,2, +0,4,-do2,)+ A7(d £, + 0,2 +d,2, ) +

+4(d, 2 +d,45)+d,Z, =0.

XapakTepucTUYHE PIBHIHHS CUCTEMH Ju(epeHlaIbHUX PIBHAHb Ma€
BUTJISIA;

A opy+ A% p+ A, + A%+ A% p,+ AP+ P =0. (7)
Koedimientn xapakrepucTuaHoro piBHsHHS (7) MalOTh 3HAYCHHS:

P =0d¥y —d,4y; \
p,=0d,¢, +d,4;—d, ¢, —d 4, ;
P, =d0/5 +d1/4+d2/3_d2/2_d5/1;
p,=d,Z,+d, 7, +d, 7, +d,/,—d.7Z,;
p,=d,Z,+d, 7, +d.7Z,;
s =d, 4 +d,45;
Pe =0,

v

(8)

J

TakuM 4YMHOM, XapaKTEpUCTHUUHE PIBHSAHHS HE MAa€ HYJIbOBUX
3HaueHb. Pyx mpuuena-Bi3ka, 3rifHO Teopemu ['ypsima [5], €
ACUMIITOTHUYHO CTIMKUM, SKIIO BUKOHYIOTHCSI YMOBU CTIMKOCTI:

po>0; p,>0; p,>0; p,;>0; p,>0;p,>0; p;>0.

p, ppb 0 O

A4 — p3 p2 pl pO > 0 . (9)
p5 p4 p3 p2
0 0 p; p

[Ipoanamnizyemo HepiBHOCTI (9), 1 4Oro BBEJAEMO KOe(iIlleHTHU:
_ 2 .
D=1, -M+m_-d/-M-d,-r,-K-m

np’

D, =l -M-Ky+m,-dZ-M-Ky+5,-d,-m_- M-k, =d,-1,-K-ky-m,;
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D,=N-d;;
D,=N;
D,=m,-r,-d K-l ,-K-m_.r/-K;

D, =ky-K-Iy+m -1} K-k

N7

5 N
Ly=m_-1,-d;
L =Ky -Myy -1, - d; (10)
L2=M-d;
= .r22;
L4= v by Hkyemer
L =d,-M;
L =M.

Tonmi koedimienTn cucremu audepeHIiaIbHUX piBHIHL (1) pyxy
MpUYena-pi3ka NpUUMarOTh BUTIISL:

d, = Dy; 4o=L;

d, =D,V ; A=Vo b

%= Da ?:L-z’ (10)
d4=D4; /4=—0L'4,

ds =-V,, - Dy; /: =—V:- L

[TincraBumo y Bupas (10) 3HaueHHs koediuieHTis d, i Z;.
P, =D,L,-D,L, >0;
P,=D,-V,-L,+D,-V, -L,—D,-V, - L +V,- DL, >0;

P,==DyLg + D,V V,- L, = D,L; = D,L, + D -V, -V, - L, > 0;
=_D0'V0'La_Dl'Vo1'L5_D2'L4'V0_D3'Vo1'L3_D5'V0'L2>O;

11
5 (11)
P,=-D, "V, -V, - Ly + DL = D, -V, -V, - L, >0;

3

4
P.=D,-V,-Li+D;-V,-L,>0;
P,=D,-V,-V,- L >0.

[IpoaHanizyeMO OTpHMaHi HEPIBHOCTI. 3 OTJIAAYy Ha T€, IO Vol #0
MOJKHA JIPYTy, YETBEPTY, IIOCTYy W ChOMY HEPIBHOCTI po3aimmTd Ha V X

TOAl TUIBKA TpeTs W mn'sTta HEpPIBHOCTI OyAyTh MICTUTH IIBUAKICTb.
Bupazumo kpuTHyHE 3HAYCHHS MIBHIKOCTI PYXy, IPH SAKIH MPUYEH-Bi30K
Oyze 30epiratu CTIUKHUI pyX, JUIsl 4OTO CKIIAJIEMO TPETE ¥ M'sITe HEPIBHOCTI.
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—Do-L5+Dl-Vozl-L4—D2-L3—D2-L2+V02-D5-Ll—Dl-Vozl-L6+D2-L5+

+V5 - L, - D;>0;
Dz'Ls_Do'Ls_Dz'|-3_D2'L2>D1'V021'L6_D1'V021'L4_
-y -D,- L, =V - L, - Ds;

Vo <\/D2'L5_D0'L5_D2'L3_D2'L2_ (12)
' Dl'Le_Dl'L4_D5'I—1_L4'D3

Bucnosxu. B pe3ynbraTi TpOBEACHUX aHATITHYHUX JTOCIiIKCHb
CTIMKOCTI pyXy MNpHUYena-Bi3ka OTpHMMaHa CHUCTEMa HEPIBHOCTEH,
PO3B’sI3aHHS SKOi JO3BOJMJIA BU3HAYUTH JIOIYCTUME 3HAYCHHS IIBUIKOCTI
pyXy Inpuyena-Bizka it 30upaHHs 009iCaHOTO BOPOXY.
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BU3HAYEHHS JOITYCTUMHUX 3HAUYEHDb IIBUJIKOCTI
PYXY IIPUYEITA-BI3KA 1JIS1 3BBUPAHHS OBYICAHOI'O
BOPOXY 3EPHOBHUX
Jlexenkin O. M., Mamora C. 1., Muxaitnenko O. 0., [Imitpies 1O. O.

Anomauin

CraTTs npucBsYeHa aHajli3y pyXy Ipuyena-pi3ka Juist 300py 004icaHOIO BOPOXY,
KM € eJEeMEHTOM 3epHO30MpPaJIbHOrO arperaty, SKHi CKIAJa€ThCs 3 KOJIICHOTO
TPaKTOPY, MPHUUIMHOT 30MpaibHOi MAIIMHK 3 POOOYMMH OpraHaMu O04iCyIOUOro THUILY,
npuyena-Bizka Jiuis 300py 009icaHOT0 BOPOXY.

TexHomnoriunuii nporec (¢GyHKLIIOHYBAaHHS 30UpajbHOrO arperary mOJsIrae y
HactyrmHOMY. [Ipu pyci arperary 1o moyo 004iCcyrunii IpUCTpiil 30MpabHOT MAITMHA
0o0yicye pOCITUHH, MOBITPSHUN MOTIK, IO YTBOPIOETHCA NMPU 0OEPTaHHI 00UICYIOUMX
OapabaniB, ogae o04icaHuit BOPOX y MpUUMaIbHY KaMepy, 3B1IKH THEBMOMEXaHIYHHNA
TPaHCHOPTEP TPAHCIIOPTYE HOTo y MpUUYE-Bi30K /A1 30UpaHHs 004iCaHOTO BOPOXY.

[Tix gac pyxy arperary o IMoJito i Ji€r0 30BHINIHIX YAHHHUKIB JJAHKH arperary
BIIXWIISAIOTHCA BiJ MPSAMOINIHIMHOT TpaekTopii. Y 3B’SA3Ky 3 YMM BHHHUKA€E 3a/1aya
JOCTIPKEHHS CTIHKOCTI pyXYy.

Jlnist cipollieHHs aHallizy pyxy TPbOXJIAaHKOBOTO 30MpalIbHOTO arperary B’s31 Oyu
3aMiHEeH1 IX peakUisMHU 1 pO3IJIAJaBcs PyX KOXKHOI JaHKW okpemo. s aHamizy
CTIMKOCTI pyXy npuyena-Bizka 0yj10 BUKOPUCTAHO CHCTEMY TU(epeHIiaIbHUX PiBHSIHb
Horo pyxy : Ha IepHIOMYy eTaml aHali3y CTIHKOCTI pyxy Oylno cKiIaaeHo
XapaKTEePUCTHYHI PIBHAHHS CUCTEMHU AU(epeHIIaTbHUX PIBHSIHb.

XapakTepuCTU4H1 PIBHSAHHS OYNM MpEeACTaBIEH! y BUIJIAAI BUSHAUYHUKA JIPYroro
nopsaky. Ilicns  anreOpaiyHMX mepeTBOpeHb OyJIO OTPUMAHO XapaKTEPUCTHUHE
PIBHSIHHS CUCTEMHU (D epeHIiaIbHUX PIBHAHD B OCTATOYHOMY BUIJISIL.

AHaui3 CTIMKOCTI pyXy Hpudyerna-Bi3ka BHUKOHYBAaBCS 3a JOMNOMOTOK TEOpEeMHU
['ypBina 1y yoro 6yu BU3HAaYEH1 KOEPIIIEHTH XapaKTEPUCTUUHOTO PIBHSAHHS 1, 3T1THO
teopemu ['ypBina, Oynu chopMynboBaHI YMOBM, HpPHU SKUX pyX IpHYena-Bi3ka €
ACUMIITOTUYHO CTIAKUM, a camMe HeOOXITHICTh JOJIaTHUX 3HAa4YeHb KOEQIIIEHTIB
XapakTepucTUuHOro piBHAHHA. Ilicis mpoBeseHHS HEOOXITHMX — anreOpaidyHuX
NepPEeTBOPEHb OyJ0 OTPUMAHO CHCTEMY JIIHIMHUX HEpPIBHOCTEH, aHaii3 SKOi J03BOJISE
BU3HAYUTH JIONYCTUME 3HAYEHHS MIBHJKOCTI pPyXy IMpHYena-Bi3ka MpU SIKOMY
30epiraeThbCs HOro CTIMKUN pyX.

Knwuoei cnosa: o04icyBaHHsS POCIIMH Ha KOpEHi, 30MpalbHUI arperart, CTIHKiCTh
pyXy, AMQepeHianbHl pIBHIHHS, IIBUAKICTb PYXY.
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OIIPEJAEJIEHUE JOIIYCTUMBIX BHAYEHU CKOPOCTH
JABUXKEHMUS IIPULEIIA-TEJIEXKKH JIJIS1 CBOPA
OYECAHHOTI'O BOPOXA 3EPHOBBIX

Jlexenkun A. H., Mamora C. 1., Muxaiinenko E. 1O., [Imutpues 0. A.,

Annomauusn

CraTbsi TOCBflIEHA aHAINW3Y JABWKEHMsS IMpPULENA-TENEKKH I cOopa
OYECAHHOTO BOPOXa, KOTOPBIA SBISETCA SJIEMEHTOM 3epHOYOOpOYHOIrO arperara,
COCTOALIETO0 M3 KOJIECHOI'O TPAKTOPAa, MPHULENHONH yOOpOYHOW MallMHBI C paboYuMu
OpraHaMH OYeChIBAIOIIETO TUIIA, TPULIENA-TEIEKKH sl cOOpa 0YECaHHOTO BOPOXa.

TexHonornueckuit mpouecc (GYHKIMOHMPOBAHUS  yOOpOUYHOrO  arperara
3aKirodaercs B ciaenytouieMm. [lpu nBMkeHuMM arperara IO IIOJIIO OYECHIBAIOLIEE
YCTPOMCTBO yOOpPOYHOM MAaIUMHBI O4YEChIBAET PACTEHMs, BO3AYIIHBIH MOTOK,
o0pa3yromuiics Mpy BPaIIeHUH 0YEChIBAIOIINX OapabaHOB, MOAAE€T OYECAHHBIN BOPOX B
IPUEMHYIO KaMepy, OTKY/1a THEBMOMEXaHUUECKUI TpaHCIIOpTEpP TPAHCIOPTUPYET €ro B
MPULIETI-TEJIEKKY /17151 cOOpa 0UECaHHOTO BOPOXa.

Bo Bpems aBmKeHMs arperara 1o MO0 MOJ AeHCTBUEM BHEUIHMX (aKTOPOB
3BEHbsl arperara OTKJOHSIOTCS OT IPSAMOJIMHEMHOW TpaekTopuu. B cBsa3u ¢ yem
BO3HHMKAET 3aJjaua MCCIIEJOBAHUS YCTOWYMBOCTH JBU)KEHUSI.

Jlig ynpolieHusl aHauu3a JBUKEHHUS! TPEX3BEHHOro yOOpOUHOTO arperara Bsi3u
ObUIM 3aMEHEHBbl MX peaKkLUsIMM M PACCMATPUBAJIOCH JBWKEHHME Ka)KJOrO 3BEHa B
oTnenbHOCTU. [l aHanm3a YCTOWYMBOCTHM JBHKEHHUS IpULIETIA-TEJIEKKH Oblia
UCIOJIb30BaHa cucTeMa Iu((depeHIralbHbIX YpaBHEHUH €ro ABM)KEHHs: Ha IMEpPBOM
JTale aHajau3a YCTOMYMBOCTU JBUKEHMSI OBUIO COCTaBICHO XapaKTEPUCTUUECKHE
YpaBHEHMsI CUCTEMBI JU(PPepeHIINATbHBIX YPaBHEHUH.

XapaKkTepuCTUUYECKHE ypaBHEHUs ObUIM MPEACTaBIEHbl B BUJE ONPEACIUTENSA
BTOporo nmopsaka. Ilocme anreOpandyeckux npeoOpa3oBaHUM ObUIO  IMOIYYEHO
XapaKTEPUCTHUECKOE YpaBHEHHE CHUCTeMbl U QEepeHIaTbHbIX YpaBHEHHH B
KOHEYHOM BUJIE.

AHanu3 ycTOMYMBOCTH JBUKEHHS IPULIETIA-TEJIEKKH BBITOJIHAJICS C MOMOUIBIO
TeopeMbl ['ypBHLa 111 4ero ObUTH onpeAeaeHbl KOAPOHUIMEHThI XapaKTepUCTUIECKOTO
ypaBHEHUs M, corjacHo TeopeMe ['ypBuma, Obuin cPOpMyIMpPOBaHBI YCIOBUSA, MPHU
KOTOPBIX ABM)KCHHUE IPUIIENA-TENEKKH SBIAECTCS ACUMITOTUYECKH YCTOMYMBBIM, a
MMEHHO HE00X0MMOCTh ITOJIOKUTENBHBIX 3HAYCHUU KO3 (ULIUEHTOB
XapakTepucTHUecKoro ypaBHeHus. [locie npoBeneHnss HEOOXOAUMBIX aNredpanyecKux
npeoOpa3oBaHuil ObUIO MOJIYYEHO CUCTEMY JIMHEHHBIX HEPABEHCTB, aHAJINW3 KOTOPOM
MIO3BOJIIET ONPEACIUTD JTOIyCTUMOE 3HAUEHUE CKOPOCTH JBUKEHHS MpULETA-TEIEKKN
IIPU KOTOPOM COXPAHSIETCS €T0 YCTOMYMBOE JIBUKECHHE.

Knwuesvie cnoea: odecblBaHME pacTeHUl Ha KOpHe, YOOpOUHBINM arperar,
YCTOMYMBOCTD ABMXKEHUS, TU(depeHIInaIbHble YPaBHEHUS, CKOPOCTb JIBUKEHHUSL.

DETERMINATION OF PERMISSIBLE VALUES OF MOVEMENT
SPEED OF THE TRAILER-TROLLEY FOR COLLECTING
CLEANED GRAIN SPEED
O. Lezhenkin, S. Maliuta, O. Mykhailenko, Yu. Dmitriev

Summary
The article is devoted to the analysis of the movement of the trailer-trolley for
collecting the combed heap, which is an element of the grain-harvesting unit, which
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consists of a wheeled tractor, the trailer harvesting machine with working bodies of the
combed type, the trailer-trolley for collecting the combed heap.

The technological process of operation of the harvesting unit is as follows. When
the unit moves on the field, the combing device of the harvesting machine combs the
plants, the air flow generated by the rotation of the combing drums feeds the combed
heap into the receiving chamber, where the pneumatic conveyor transports it to the
trailer-trolley to collect the combed heap.

During the movement of the unit in the field under the action of external factors,
the units of the unit deviate from a straight path. This raises the challenge of studying
stability.

To simplify the analysis of the movement of the three-link harvesting unit, the
elms will be replaced by their reactions and the movement of each link will be
considered separately. To analyze the stability of the trailer-trolley, a system of
differential equations of its motion was used: at the first stage of the analysis of the
stability of motion, the characteristic equations of the system of differential equations
were compiled.

Characteristic equations were presented as a second-order determinant. After
algebraic transformations, the characteristic equation of the system of differential
equations in the final form was obtained.

The analysis of the stability of the trailer-trolley motion was performed using
Hurwitz's theorem for which the coefficients of the characteristic equation will be
determined and, according to Hurwitz's theorem, the conditions under which the trailer-
trolley motion is asymptotically stable are formulated, namely the need for positive
values of the characteristic equation coefficients. After carrying out the necessary
algebraic transformations, a system of linear inequalities was obtained, the analysis of
which allows to determine the allowable value of the speed of the trailer-cart at which
its stable motion is maintained.

Key words: harvesting unit, stability of movement, differential equations, speed of
movement.



