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Working indicators of arable machine-tractor unit which created according to the «push-pull» scheme
Receiving and analysis of experimental assessment results of trajectory, traction, power and
agrotechnical indicators of operation of the arable unit working according to the scheme «push-pull» with «2+4»
number of the bodies. When carrying out researches methods of machine using, field experiments and processing
of their results with use of the correlation and spectral analysis are used. The obtained experimental data indicate
that the working width of the aggregate which created according to the «push-pull» — «2+4» was by 20.9%
greater than that of the aggregate created according to the scheme «0+5». Working speed of movement of first
aggregate was by 1.5% lower, because of advantage in a working width productivity of its work was 19.5%
higher. Therefore the specific fuel consumption by the aggregate created according to the scheme «2+4» turned
out to be by 11.5% lower. The mean root square deviation in the depth of ploughing by both the compared
aggregates did not exceed the agrotechnical requirements (x 2 cm); however the use of a ploughing aggregate,
created according to the scheme «push-pull» — «2+4», ensures soil cultivation with more uniform plough by
depth. The arable unit consisting of a tractor HTZ-16131 and front-mounted double-bodies and a rear-mounted
four-bodies ploughs («2+4») in comparison with the machine-tractor unit consisting of a same tractor and five-
bodies rear-mounted plough («0+5») has bigger on 19.5% work performance and lower by 11.5% specific fuel
consumption. Use of the arable machine-tractor unit which works according to the scheme «2+4» allows to
process the soil with bigger stability of plows bodies movement on depth.
machine-tractor unit, plowed land, aggregation, «push-pull», frontal plow, productivity, fuel consumption
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TexHOJIOT14H1 aClIeKTH cenapaliii 3epHa y
BEPTUKAILHOMY KaHaII

Y crarti po3risiHyTO MUTaHHS TiJBUIICHHS e()EeKTHBHOCTI BiOPOBIJIIEHTOPOBOIO cenaparopa 3
CTYIIHYACTO-KOHIYHAM PENIeTOM, NUIIXOM [ii IPUMYCOBOTO MOBITPSHOTO MOTOKYy. HaBenmeHi maremaTwdHi
MOJIeINTi PyXy MaAal0uuX 9aCcTOK MPH il OOKOBOTO MOBITPSHOTO MTOTOKY.
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TexHoJ0rn4Yeckne acreKThl ceNapanyy 3ePHAa B BEPTHKATBLHOM KaHaJle

B craree paccMOTpeHBI BONPOCH! MOBBIMEHUS 3()(HEKTUBHOCTH BHOPOIEHTPOOEIKHOTO ceraparopa ¢
CTYNEHUYaTO-KOHUYECKUM peIIeTOM, IMyTéM JEHCTBUA NPUHYAUTENBHOTO BO3AYIIHOTO NOTOKa. HaseneHsl
MaTeMaTH4eCcKHe MOAEIH JABIKEHHS TaJafOINX YaCTHIL IIPH BO3JICHCTBIN OOKOBOTO BO3/YIIHOTO ITOTOKA.
3epHOBOIi MaTepuaJl, BepTHKAJIbHBINH KaHAJ, BO3AYIIHbI NOTOK, BHOPOLICHTPOOEKHBIN cenapaTop, pemero
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IMocTanoBka npo6emu. HasiBHICTh y 3€pHONPOIYKYIOUYHX TOCIOAAPCTBAX YKpaiHU
cernapaTopiB 3epHa BIOPOBIALIEHTPOBOTO THITY JOCTATHHO BHCOKOI PO yKTUBHOCTI (15-25, 50
T/ro/.) i cydacHi BUMOTH BUPOOHHUIITBA 1100 301IBIICHHS MPOIYKTHBHOCTI Ta €()eKTUBHOCTI
iX BHKOpHCTaHHsS BHCYBAIOTh 33Jayi 1X MMOAAIBIIOTO BIOCKOHAJICHHS 3 METOIO 301IbIICHHS
MATOMOI TIPOJYKTUBHOCTI 1 SIKOCTI PO3AUICHHS 3€pHOBUX MarepiaiiB. OIHMM 13 TUIAXIB
BUpINICHHs 1i€i mpoOiieMu, HE 3MIHIOIOYH €JIIEMEHTHY 0a3y CcepidiHuUX MallluH, €
BUKOPUCTAHHS IWIHAPUYHUX PEINT 13 CTYMHYACTO-KOHIYHOK (OPMOIO TMOBEpXHi, IO
JI03BOJISIE TIPH HE3MIHHMX PO3Mipax KOHCTPYKIIII cemapaTopa 301IbIINTH BEIUYHHY MTOBEPXHI
pemiera 1 iHTEHCHU(DIKYBATH MpPOLEC PO3AUICHHS BHUKOPUCTOBYIOUM JOJATKOBY CKIIAJIOBY
BEPTHKAIBHUX KOJHMBaHb [1]. Asie mpu 1pomy 3agada iHTeHCH(IKAIl BHIAICHHS IPiOHOT
(mpoximgHOT) (paKiiii 3aTHIIAE€THCS 11032 YBAroko.

AHaJi3 ocTaHHIX JociimxkeHb i myOaikauiil. [Ipob6nemu iHTeHCHpiKalii mporecy
BIOpOBIALIEHTPOBOI cemapamii 3epHOBUX MaTepiayliB JOCTaTHRO TIOBHO BHCBITJICHI B
bynnamenrtanpHii npami M.JI. Tumienka [2], a Takox iHmux gocmigaukis [3-5]. Busnaueno,
10 OCHOBHMM (DaKTOPOM HHU3bKOI IHTEHCHBHOCTI TPOCIIOBAHHSI € TEPEKPUTTS OTBOPIB
3epHaMHM KPYMHHX (pakiii, a apiOHi (pakiiii 3aJumarThcs Ha MOBEPXHI IMapy 3epHa i
MOXYTh MOTPAIUIITH O cX0AoBoi ¢pakuii. [lepemimyBanHsa mapy 3epHa B HpOILECI Pyxy
IPOMOHYETHCS 3AIMCHIOBATH 3a JOMMOMOIOK0 Pi3HUX 3a GOpMOIO iHTCHCH(DIKATOPIB (IIPYTOK,
radp, WTUPT TOII0) BCTAHOBJICHUX HA OMOPHIii MOBEPXHI IHJIIHIPUYHOTO PEIICTA.

JlocnipkeHHsT pyXy 3€pHa 10 TMOBEPXHI KOHIYHOTO CTYIMHYACTOTO PeIieTa BUCBITIICHI
B poborax [6-8], sik MozmenroBaHHS pyXy MarepialbHOi TOYKH, B TOMY YHCII 1 mpH [il
MIPUMYCOBOTO TOBITPSHOTO MOTOKY, CHPSIMOBAHOTO pajiaJbHO B HAMPSMKY J0 BICl poTOpa
cenmaparopa. AHaI30M ICHYIOYHMX JOCHIDKEHb BCTAHOBJIEHO, IO TNpU MAil pajiaibHO
CHPsAMOBAHOTO (BiJI MOBEPXHI peleTa 0 MOBEPXHI [Iapy 3epHa) MOTOKY MOBITPsI, PyX ApiOHOT
(;erkoi) yacTKu 1O MOBEPXHI OTBOPY rajibMye€ThCs. [Jish BU3HAYCHHS [Iii MOBITPSHOTO MOTOKY
y BUTJISIAI CTPYMEHIO Ha 3€PHO B 30HI «IEPEMIIICHH» MIapy 3 OAHIET CXOIWHKH KOHYyca Ha
1HIITY HEOOX1/IHI JOJJATKOBI JOCIIIXKEHHS.

Ha BinmMiHy Bin 3a3HaueHHUX MyOJIiKaIlii, y CTaTTi PO3TISIAETHCS 3a7a4a PyXy 4acTOK
PI3HOTO PO3MIpY 1 MacH MiJl AI€I0 CTPYMEHIO MOBITPS, CIIPSIMOBAHOTO JI0 PELIETa, MiCIs CXO01y
13 CXOIMHKH CEKIIIITHOTO peleTa.

IlocranoBka 3aBaaHHsl. BuUSBUTH aHAMITUYHUM JOCTIDKEHHSM MOXKIIUBICTh
IHTeHCU(iKalii Mpolecy pO3JAUICHHS 3€pHOBOIO MaTepiady MOBITPSHUM IIOTOKOM 1
oTpuMaHHs GOpMYIT AJisk HAOIUKEHOTO PO3PAXYHKY.

Bukisian ocHoBHoro marepiany. CyTHICTb MiJIBULLIEHHS SIKOCT1 PO3/UIEHHS 3€pHOBOT
cymimni  (30UIBbIICHHST  MPOCIFOBAHOCTI  BIOPOBIAIIEHTPOBOTO  pelieTa) TPH  3HAYHHX
HABaHTAXCHHAX JI€I0 TMOBITPSHOTO TOTOKY Ha IIap 3€pHa, IO TEePECHIAEThCA 3 KOHyca Ha
KOHYC, TOJISITa€ y TOMY, IO TPU CXOJI MOTOKY 3€PHOBOIO Marepiajiy 3 €JIeMEHTY ONOPHOI
NOBEPXHI YacTKH (3epHIBKHM) IOYMHAIOTH PYXaTUCh y IMOBITPSIHOMY IPOCTOPI 1 Mia JIi€r0
HOBITPSHOTO MOTOKY 1X TPAEKTOPIl BIAXWISIOTHCS 3 PI3HOIO IIBUKICTIO 1 HA Pi3HY BiICTaHb.
[Mpu oMy, ApiOHI (Jierki) 3epHIBKU JAOCSTAIOTh MOBEPXHI paHilie 3a BaxKKi (KpyIHi) 1 TAKUM
YMHOM BIiZOYBA€THCSA MEPEPO3NOAIA MICIs po3TamyBaHHs (pakiiii Ha pemieri (apiOHa
(paxkitist Oyae OrKYe 10 TOBEPXHI).

JHami, B pamkax MeToAa JOCTI[UKCHb JHHAMIKA MaTepiaibHOI TOYKH TIOJaHO
MaTeMaTUYHUI OIMUC TEePEMIIEHHS 3¢PHOBOI0 MaTepiany (4acTOK pi3HOro po3Mmipy i Macw)
IpU HASBHOCTI 3ycTpiuHoro (paaialbHOr0) MOTOKY IMOBITPS 1 KBaApaTHYHOMY OIOPI PYyXy
YaCTKH.

TpaexTopii TONIIUCIIEPCHOTO 3€PHOBOTO Marepiaidy, IO CXOAUTh IOTOKOM 3

KOHIYHOTO €JIEMEHTY OIOPHOI TMOBEpXHi 31 MBUAKICTIO UVgmig KyToMm (X, TpeacTaBuMo
OKPEMHMH JIHISIMHU, B3JIOBXK SKHUX PYyXalOThCS OKpeMi 3epHiBKU. He BpaxoByroun B3a€MOJIiI0
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YaCTMHOK B XOJ1 MOJBOTY, OKpeMi JIiHii OTpUMY€EMO BapiroBaHHSAM KOe(illi€eHTy MapyCHOCTI

- . . Do .
K_, sxuif 3a BU3HAUEHHAM BPaxoBye OIIIp, PO3MIp i Macy KOXKHOI 4aCTKHL.

.,Q

VY

Pucynok 1 — TexHOIOTYHO-PO3PAXyHKOBA CXEMa CXO/y YaCTKH 3 KOHIYHOTO €JIEMEHTY

OTIOPHOT MOBEPXHI perIeTa

Jlns pospaxyHky koopamHaT x(z) 1 y(r), BH3HAYAIOUUX TIOJOKEHHS YACTKH Ha
TpaekTOpii B MOMEHT 4Yacy 7, BHMKOPHCTOBYEMO CHCTEMY HENIHIHHUX AuQepeHiiHuX

PIBHSHB!

e (524 w) (524 ) + (22))
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Sk moyaTkoBy yMOBY, IPUHMEMO:

G ¥ .
XO=p0)=0;  ==(0) = tgy ZL(0) = vy,
Vg = Up - SiNcy; Uy, = Vg * COSCL,.

Koedirient mapycuocri B piBusuHi (1) i (2) BusHagaetses 3 Gopmyiu:

£
K, ==+ Cy(Re) - 2
mededp
ne 'L = —— — Maca 4acCTKH, KT,
3y

de — exBiBaJICHTHHMI JiaMETpP YaCTKH;

. 3_
[z — TYCTHHA MaTepiajty YacTKH, Kr/m”;
W — KoedilieHT GOpMH YaCTKH;

U, — WBHUIKICTh MOBITPSHOTO MIOTOKY, M/C;
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(o (Re) — xoediuient onopy nopiTpsHOMy MOTOKY;
Re — xpurepiii PeitHonbca;

" d' 2
51; = f — IUJI0IIa MlI[eJIeBOFO NEPETUHY YaCTKU, M ,

. 2.
4 — IPUCKOPEHHS CHJIU TSDKIHHS, M/C”;

€6y — KyT CXOJly YaCTKH 3 MOBEPXHi (KyT PO3KPUTTSI TBIPHOT KOHYyCa), Tpa;

]

™ Lr
Uy = |' Ugy T Ugy — WIBUJKICTE CXOJly YaCTKM 3 ONOPHOI MOBEPXHI.

[IBUAKICTh CXOMY YACTKH 3 OTMIOPHOI MOBEPXHI, SIKa JOPIBHIOE MOYATKOBIH MIBUAKOCTI

pyXy 4YacTKd y TOBITPSIHOMY IPOCTOpPI MOXKHA BHU3HAUWUTH 3 aHANI3y pyXy YacTKH
(mMaTepianbHOI TOYKM) MO KOHIUHIM MOBEpXHI, siKa 3/iiicHIOE 00epTanHs HaBkoyo Bici Oy 3
KOJIOBOIO IIBHUJIKICTIO (2 1 KOJMBAJbHUX TapMOHIYHUX PYXIB y BEPTUKAJILHOMY HAINPSMKY
B310BK Bici Oy [7,8]:

i g =g

E— ®)
2o

HepeMimeHHﬁ YaCTKH Bropy Ta BHHU3 32 OAUH 06€pT'

l‘.[|:. =

Fo = sosl@ . gA. (coswr,y, — cosat,) — Uy, - (T, = Tyl —.
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CoSa
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ne £g, £y — mepeMillleHHs YaCTKM 110 HOBEPXHi PElIETa 3a OJHE KOJMBAHHS Bropy Ta

BHU3, BIAMOBIAHO, M

BICI.

H
i 1

—_ - KOC(I)ILI1€HT IMUTOMOI'O TUCKY,

K,

K, = "g — KOe(ilieHT BiLEHTPOBOCTI;

Dgim — IIBUJIKICTh BITAHHS YaCTKH, M/C;

R — cepenniii paaiyc periera, M,

Ty, Tyg— MOYATKOBUII MOMEHT pyXy YacTKH BrOPY Ta BHU3, BIAMOBIIHO, C;

T., Ty— KIHIIEBHII MOMEHT PYXY YaCTK{ Bropy Ta BHU3, BiAMOBIIHO, C;

A, ® — amMIUTITY1a Ta 4acTOTa BEPTUKAIHLHUX TAPMOHIYHUX KOJIMBAHb;

¢, B — KyT TepTs 1 KyT HaXWIy TBIpHOI KOHIYHOI MOBEPXHI pelieTa 10 BEPTUKAIbHOT

Tpaekropii pyXy YacTOK pi3HOTO pO3Mipy HaBeleHO Ha puc. 2 (OTpUMAHO MpHU

napaMmerpax: Vs =0,2 mlc; %= 60° V=5 wic; lI"-“:1:l=0,272; Kn: =0,159). Sk ™oxxHa
BU3HAYUTH 3 TpadikiB MEHIIA YacTKa BIAXWISAETHCS KPYTIIIEC 1 paHille JOCATaE OMOPHOL
MIOBEPXH1, TAKMM YMHOM Bi10yBa€ThCS MEPEPO3NOILT “MalluX 1 BETUKUX 4aCTOK HA MOBEPXHI
pemieTa i TUM CaMHUM JIOCSITA€ThCsI IMIIBUINCHHS MPOCIIOBAHOCTI 1 €(EKTUBHOCTI PEIIiTHOTO
PO31iJIeHHS Y BIOPOBIALIEHTPOBOMY ITOJI.
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1 — npi6Hi; 2 — kpynHi
Pucynok 2 — Tpaekropii pyxy 4acTox
HaGnmxene aHamiTHuHe piBHSHHS 3a1adi [8] 3 BU3HAUYEHHS TPAEKTOPiK pyXy 4acTOK

MOYKHA OTPUMATH HACTYITHUM HAOJIMKCHHSIM.
Skuio 3anucaty piBHsHHS (1), (2) y BUrISiIi:

¢ =K, (1+2) -U"\((l +§)E + G}: ©
pmg-febo (1424 ()

y

.\ 2 .

X

TO BCJIIMYUHY ([)=\/ (1+—j +(—j MO’KHAa BBaXXaTH CTAJIOIO, SIKa B MCIKAX MPAKTUYHHUX
L L

PEKUMIB 1 peallbHUX MIBHIKOCTEH MepeMillieHHs YacToK 3miHoeThes Big 1,02 no 1,12 [8].
Tomy pisusaHs (8), 3 ypaxyBaHHsM npunymenns ¢=Cconst=1.07, moxna 3anucaru y
BUTTISL:

Fmg—K-u-T, ©)

#=—Ky-v®—Ky 0?5 (10)

1
L

ne K, =K, -, Kl MOKHa IPOIHTErpyBaTH OKPEMO.

. . ax
InTerpytoun piBastaHA (9) 1 (10) mpu movaTkoBux ymoax: 7 = 0, X=y=0, =— = i,
a #
& _ o (o . . - :
= = Lg:,(t. 0z, Uge — TIPOCKUII NOYATKOBOI MIBUIKOCTI HA BICI Ox 1 Oy), oTpUMaEeMo
AQHATITUYHI 3QJIEKHOCTI JIJISl CKJIQJIOBUX IIBHIKOCTI 1 TIEPEMIIICHHS YaCTOK 3epHOMAaTepialy

IIPU EPEXO0/i 3 BEPXHBOTO €JIEMEHTa OIIOPHOI MOBEPXHi JI0 HIKHBOTO:

E‘f}- — b': - (b’: - U.:h.-,-’) ’ e_f:l:'ut :‘?, (11)
e, = (U, +ug, ) e Rt — g (12)

E L " fa— ; ™ L pe— ¥ a— _R‘ﬂ'r:'-tlr
Y e T R (KE ™ Lﬂ_’:") (l1-e )} (13)
T o= 1 ® | 3 | eff ] =-— _'l;"-:l'."“":"T — .'11| B 14
X = (B, + Vg )r(1—e J—u, T (14)

3a gonomororo ¢opmyn (11-14) po3paxoBYIOTBCS TPAEKTOPil PyXy HYacTOK 3€pHO
Mmatepiary B Oy/b-AKii TOUIl KOHIYHOTO €JIEMEHTY OIMOPHOI MOBEPXHI pelIeTa.

BenuunHa x KiHI[EBa TOYKa TPAEKTOPIi pyXy YacTKU npu oMy x = |, ne | — mupuna
cxonuuku pemera. IligcraBnsroun 3HaueHHss x = | y piBusuas (14), BU3HAYa€ThCsA dYac
naaiHas (mepemimieHHs) dactku. I[licTaBusioun OTpHUMaHe 3HAYCHHS Tx y piBHsHHA (13),

158



ISSN 2414-3820 KoHcTpyroBaHHsI, BHPOOHHUIITBO Ta €KCILTYaTAIlisl CLTbChKOrocrnoaapchbkix MarmH, 2016, purt. 46

BU3HAYAETHCS BHCOTA MaaiHHS y=h; 3a 3HadeHHsAM h U1 HAWOUIBII KPYNMHOI YacTKU
BU3HAYAETHCSI BUCOTA CTPYMEHS TIOBITPS 1 IIMPHUHA JIOTIATEeH BEHTUIIATOPA.

BucHoBku. VY pe3ynbraTi TPOBENEHHX TEOPETUYHUX TOCITI/DKCHb BH3HAYCHO
MOXKJIMBICTh TIEPETPYIyBaHHS YaCTOK PIi3HOTO PO3MIpy Yy HIapi CIIPSIMOBAHUM IOBITPSIHUM
HOTOKOM IPU MEPEXO0/ii 3 OTHOIO EJIEMEHTY CTYMIHYaCTO-KOHIYHOTO pelleTa Ha APYTHid.

CtBOpeHa cnpoleHa MaTeMaTHYHa MOJIeNb PyXy KOMIIOHEHTIB 3€pPHOBOTO MaTepiary
y TIaJIar0goMy Iapi mpu Jii G0OKOBOTO MOTOKY TOBITPSI.

JUnis KUTbKICHOI OIIHKM BIUIMBY TOBITPS HAa PyX YacTOK 3 PI3HUM Koe(]ilieHTOM
MapyCHOCTI HEOOX1THO TOAATKOBI YUCIIOBI EKCIIEPUMEHTH.
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Technological aspects of grain separation in the vertical channel

The purpose of research — to identify analytical study the possibility of intensifying the process of
separating the grain of the material air flow and obtain formulas for approximate calculation.

The system analyzes the forces that act on a piece at a gathering with stair-stepped conical sieve in a
horizontal air flow. Thus we obtained nonlinear differential equations on the basis of which the numerical
method constructed the trajectory of motion of particles with different sizes. Approximate analytical calculation
of particles motion trajectories based on the fact that the value of the absolute velocity is assumed constant and
equal to 1.02 to 1.12.

As a result of theoretical studies determined the possibility of rearrangement of particles of different
sizes in the layer of the air flow direction in the transition from one element of the step-conical sieve into
another. Created a simplified mathematical model of the motion of the grain of the material components in the
incident layer when exposed to side airflow.
grain material, a vertical channel, airflow, vibrocentrifugal separator, sieve
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