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VJIOCKOHAJIEHHS TEXHOJIOI'II TPAHCIIOPTYBAHHS 3EPHA
BIJIl KOMBAWHIB

YV pobomi nagedeno obrpynmyeanns 600CKOHANEHO20 MEXHONIOSIUHO20 NPOYECY NePeBe3eHHsl 3ePHA Gi0 3ePHOBUX
xombaiinie (3K) nanienpuuenom camockuoom (HII) 3 mpaxmopom ma cioensHum npuienom.

Kniouoei  cnosa: nepeeesenHs 3epna, KOMOAQUHU, HANIGNPUYIN  CAMOCKUO, NIOKAMHULL CIOCNbHUL  Npuyin,
NPOOYKMUBHICMb.
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“Nizhin Agrotechnical Institute”, Nizhyn, Ukraine

IMPROVEMENT OF GRAIN TRANSPORTATION TECHNOLOGY FROM COMBINES

The article provides a rationale for an improved technological process for transporting grain from grain combines (3K) by a semi-
trailer dump truck (HII) in an aggregate with a tractor and a saddle trailer. One of the main reserves for increasing the productivity of a
combine is to increase the utilization factor of its shift time by using transshipment technology based on interoperation compensators - tractor
trailers for reloaders of the PBN-30, PBN-40, PBN-50 brands, etc. and heavy vehicles (AT), in the body which grain is being reloaded outside
the field. The lack of technology is significant downtime of vehicles.

A comparative analysis of various technological schemes for the operation of the (3K) and vehicles showed that the minimum specific
duration of harvesting and transport operations is achieved by using a tractor with a tractor to work in the field, subject to the minimum time
spent on the formation (uncoupling, hitching) of transport units using a fifth wheel coupling device, which fitted with a trailer. At the same time,
vehicles are used as negotiable (HII)s, which makes it possible to organize the continuous operation of tractors in the sections “3K - edge of the
field” and “edge of the field - grain receiving point”, where possible downtime of the AT is replaced by downtime only of the HII.

We have proposed a technical solution containing a temporary redistribution of the mass of grain in the body of the HII by loading it
into the front part of the body. At the same time, the rear wheels of the HII are partially unloaded and do not over-compact the soil, and the
rolling semi-trailer, equipped with wide-profile low-pressure tires, perceives additional load without significant soil compaction.

The theoretical analysis of the rhythm of the processes of grain movement by individual technological links of the harvesting and
transport complex made it possible to determine the analytical dependences of the main parameters of these links on the productivity of the grain
combine and the volume of its bunker, the nominal load capacity of the HII, the duration of the HII recoupling, the distance of grain
transportation, the average technical speed of the tractor and the car. The use of semi-shuttle transporters operating in two stages: in the field
and on the road, provides a 1.5-fold increase in the productivity (average output) of the AT, and also eliminates the cost of specialized reloading
trailers and double reloading of grain.

Key words: Transportation of grain, combines, semi-shuttle movement, semi-trailer dump truck, rolling saddle trailer, productivity.

ITocranoBka npodJeMu

AHali3 TEXHOJIOTIYHOI CXeMH TIIepEeBE3CHHSA 3€pHa BiJ KOMOaiHIB 3 BHUKOPHUCTAHHSAM IPHYEIiB-
nepeBanTaxysauiB (I1I1), inma Ha3Ba — mepeBaHTaXyBaJbHI OyHKepu-HakonuuyBadi — [IBH, ITHB 3i muexkoBuMH
MPUCTPOSIMU JJIST PO3BAHTAXXECHHS, O3BOJIB BHSBHUTHU [1,2] psii HEpeIIKoIKarounX JOCATHEHHI0 MaKCHMAalIbHOTO
e(eKTy HeJIOMIKIB, JI0 YHCIa SKUX MOXKHA BiJTHECTH HACTYIIHI:

- HeoOXigHicTh cBoewacHoro mix i3ny AT no ITIT o6ymosiroe mpoctoi AT (1o 30% Big gacy 3minu [3]);

- HeOOXiJHICTh BUKOHAHHS IOAATKOBOI omepauii (B MOPIBHAHHI 3 TEXHOJOTIEI NPSMHUX IEPEBE3CHB) -
MEepeBaHTAXKEHHS 3epHa 13 OJHOT0 TPAHCIOPTHOrO 3acol0y  (Ipuuena-nepeBaHTaxyBaya) B  IHIIWH
(BemukoBanTakHUH AT). Take mepeBaHTaX€HHS 3€pHA i3 BUKOPHCTaHHAM ITHEKOBHX POOOYMX OpraHiB MOTpedye
JIOZIATKOBUX SHEPrOBUTPAT, BUTPAT Yacy Ta HE BUKJIIOYAE MEXaHIYHE MOIIKO/DKEHHS 3epHa.
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AHAaJIi3 0CTAHHIX T0CTiAKeHb
AHamni3 cXeM TIIepeBe3eHHs 3€pHa BiJ KOMOAHHIB 3 BHMKOPHCTaHHSAM MOOUIBHHMX MDKOIEpauiitHuX
KomrieHcaTopiB [1,3] mokasas, M0 3acTOCYyBaHHS aBTOTPAKTOPHMX IPUYEIIB Ta HAMIBIPHYEINiB 3 MiJAKATHUMH
npuuenamu (puc. 1) 3abe3nedye MiHIMaJIBHY THTOMY TPUBAIICTh 30MPaJIbHO-TPAHCIIOPTHUX Olepallii.

Puc. 1. Cxemu nepese3eHHs 3epHA BiJi KOMOiiHiB 3 BHKOPUCTAHHSM aBTOTPAKTOPHUX NPHYENiB Ta HANIBNPUYeniB 3
HiIKATHUMH NPHYENaMU

BupoOHMYe BIPOBaKEHHSI TaKoi CXeMH MOXe OyTH JOCATHYTO 32 YMOBOIO BHKJIFOUECHHS YINUIbHEHHS
rpyHTy kosnecamu HIT Ta 3a paxyHOK palioHalnbHUX BUTpPAT 4acy Ha BiguimeHHs-npuderuieHHs HIL.

MeTo10 noCJaiTKeHb € 3MEHILICHHS MUTOMOTO THCKY KOJIC TPAaHCIIOPTHHX 3ac0o0iB Ha TPYHT Ta 4acy
OYiKyBaHHS 3aBaHTXCHHS aBTOTPAHCIIOPTY LIIIXOM YJIOCKOHAJICHHS. TEXHOJIOTTYHOTO MPOLECY.

Bukian ocHOBHOro maTtepiaiay

3 ypaxyBaHHAM HO3UTHUBHUX OIIHOYHHUX ITOKA3HUKIB HAMH MIPUHHATO 30MPabHO-TPAHCIIOPTHUH KOMILIEKC
(3TK), mo mictuts rpyiry 3K Ta aBTOTpaKkTOpHI MOI3AH, 0 CKIAaLy SKAX BXOJUTH TPAKTOP, HAMIBIPUIII Ta
cigmosuit npudin [1CI1-20 (puc. 2).

Puc. 2. Cxema TpakTopHoro apronoisza 3 IICII-20

Cignosuit mpuuin TICII-20, sxuit 3'emnye tpakrop (rsirau) ta HII moi3nma, obnagHaHuii crenialbHUM
3unnHUM npuctpoeM (C3I1).

Puc. 3. Apromo0inbuuii HaniBnpuyin 3epuoso3 HIIC 3250 3 minkaTHum npuyenom IICII-20 151 po6oTH 3 TPAKTOPOM Y NOJIi

HamniBrpudenu 3 TsaradyaMu 3aCTOCOBYIOTHCSI MOCHIZOBHO B JIBOX TEXHOJIOTIYHMX JIaHKaX: Jjs poOOTH B
noii «3K — HII - tpakTop» i uis TpanciopTyBaHHs 1o aopo3i Bix nosst po XIIIT - «HIT — noposxwiit tsarau (AT -
aBTOMOOIIbHUI ab0 TpakTopHUit)» VY mepmoi janni HIT ¢yHkuioHye sik MikonepamiiHui KOMIIEHCATOp, KN
3aBaHTA)XKy€ThCS 36PHOM 3 OYHKEpiB HE MEHII YMM BiJI IBOX KOMOaHIB.

[icns 3anoBHenHst 3epHoM HIT nepeBo3uThest Ha Kpail OIS, BIAYIMIIAETHCS 1 3aMIHIOETCS Ha ITyCTHH IS
noJasbIIol pobOTH B 1odii, a 3aBanTakeHi HII nepeBo3sitbest mopoxHimu Tsrauamu Ha XI1I1, e po3BaHTa)yrOThCS
1 TIOBEpPTAIOThCS ITyCTUMH Ha Kpai 1moJsl.

JI1st 3MeHIIeHHsT YUTUTbHeHHS TPYHTY HaMU 3alpONOHOBAaHO TEXHIUHE PIllIEHHS, SIKE MICTUTh THMYaCOBHI
nepepo3noii Macu 3epHa B Ky3oBi HII mix 4ac fioro TpancrnopryBatHs B modi [4]. 3 ypaxyBaHHSM TOTO, IO Ky30B
HII ( puc. 4) mae nBi y3araibHeHi ONOpH Ha IPYHT: 3a7HI0 (2-X abo 3-X BiCHY) TEJEXKKY 1 MEepeAHio 2-X BICHY -
migkataui cigroBui npuuin [1CIT1-20, skuii 00JagHY€THCS MIHMPOKONPOQIIEHUME NIMHAMH HH3bKOTO THCKY,
JIOLIbHUM € 3aBaHTA)KEHHS 3epHa EPEBAXKHO B MEPE/IHIO YacTUHy Ky3osa HII.
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Puc. 4. CxeMa THMYacOBOIr0 nepepo3noainy Macu 3epua B ky3oBi HII mix uac iioro TpancnopryBanns y noJi (miakaTauii npuuen
YMOBHO He MOKA3aHUIH)

Ie cTBOpIOE Takuil PO3MOMIT HABAHTAXKEHHS MiJ Yac pyXy TpakTopHOro apromoizaa 3 I[ICII-20 mo momto,
npu sikoMy 3aaHi koneca HII OyayTh 4acTKOBO pO3BaHTaXKEHI 1 HE YIIUIBHIOIOTH CYTTEBO I'PYHT, & IiJIKaTHHUH
CI/UTOBMH TPHUYIN CHpHUiiMae DOJATKOBE HABAHTAXKCHHS 1 3aBISIKM MIMPOKONMPO(IUILHUM IIMHAM HU3BKOTO THUCKY,
BUKJIIOYA€ HAZAMIPHE YIIUIbHEHHS TPYHTY.

SIK ToKa3yloTh MOMNEpenHi pPO3paxyHKHM 3 ypaxyBaHHSIM Teopil cumyuux MartepiamiB [5] mim dgac
3acTocyBaHHsA HamiBmpuierna 3epHoBoza HIIC 3250 3 BanTakomimgiiomHicTIO 25 TOHH (BHCoTa OopTiB 2,1 M,
JIOBXXHHA Ky30Ba 6,3 M) 3aBaHTaKCHHS 3€pHA B NIEPEAHIO YaCTHHY Ky30Ba JJO3BOJISIE 3MEHIINTH HABAaHTAXXCHHS Ha
3a1Hi Kosteca 10 5 TouH 13 3aBaHTaXeHHIM CIIC-20 mo 20 ToHH.

[Ticnst nmepeBe3eHHs HA Kpal MO Ta MEpediluIeHHs AU IepeBe3eHH 1Mo 1opo3i Ky308 HII 3a nonomororo
TIAPOLMITIHPA HAXWIAETHCA 10 TOPU3OHTY JUIS PIBHOMIPHOTO PO3MOIUTY 3€pHA IMij TI€H0 TpaBiTallil Mo JHHUILY
Ky30Ba. TeXHIYHUM pe3yJIbTaTOM, SKHUH 3a0e3MeuyeThCs HABEJCHOIO CYKYIHICTIO O3HaK € 3MEHIICHHS THCKY Ha
TPYHT 33JIHIX KOJIIC IO IOMyCTHMOTO arpOBUMOTaMH 3HauCHHSI.

Hdnst pospaxyHky poboumx mapamerpiB 3TK B poGori [1] po3risHYTO PHUTMIYHICTH POOOTH MHEPILOi

TexHosoriunoi yanku: «3K — HamiBOpu4inm caMOCKHI 3 TPAaKTOpOM» 1 BH3Ha4YeHa KiibKicTh HII , AKi
Lo M
00CIIyTOBYIOTh TPyIly KOMOAaitHiB 3a hopMyJI0K0:
mg
n,, = CEILING "% ox. )
My
ne CEILING — dyHKIis, ska TOBepTae HAHOMMKYe OLITBIINe 1iie 3HAYCHHS;
K - zaranbHa KinbKicTs KOMOANHIB B IpyTIi;
Mgy - KUIbKICTh KOMOaHIB, siki 00cimyroBytoThes oauuM HII. Bona BusHawaethes sk [1, 6]:
9,25 8,33
m = INT(w.d,(=—+ )—8,33¢,, —0,667) 00.,
KH ) 2)
KP LK (

ne INT — ¢hyHKITis, sSTka ToBepTae HaWOIKYe MEHIIIE TIiJie 3HaYSHHS,

W, . .
kp- - mpomyxTuBHicT 3K 32 | ToAMHY OCHOBHOTO Yacy ioro poboTH, T/Tox.;
UK - qpoyKTHUBHICTh BUBAaHTaXyBaJbHOTO HiHeKa 3K 3a 1 rognHy 0CHOBHOTO 4acy, T/TO1.;

e . . o ]
- cepe/iHs TPUBAIICTD NepedinkH (BiquiruieHHs - npuuerienss) HIT;
ok — 00’eM GyHKepa KoMOaiina, M>;
ds — 006’eMHa Maca 3epHa, T/M°.
3araneHa kinekicts HII, sxi moTpi6Hi 11 pobotn 3TK (pyxaroTses, O4iKyIOTh IPUYEIUICHHS Ta
3HaXOMATHCS il HABaHTa)KEHHIM) HopiBHIOE KinbkocTi HIT, 1o mparrioioTs y 000X JaHKax: Ta BU3HAYAETHCS 3a

dhopmyroro [3]:

II=n, +n,+n, 3)
on.,

ae - nonarkosa Kinbkicte HII, sika ypaxoBye CTOXacTHYHICTB iX pyXy HO A0po3i 1 HeoOXimHa uist
3aCTOCYBaHHs Mij yac BUIaakoBoi 3aTpuMky AT. L[ KUIBKICTh BU3HAYa€ThCsl €KCIIEPUMEHTAIIBHO MiJ Yac poOOTH
3TK i po3MiltyeThbest Ha Kparo MoJisl.
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n ;. - KinbKicTs aproTsradis (AT3) mis nepesesenns sepua B XIIII 3 piBHAHHS:

2117
N 2ty g+ —+ )

V.
n,, = CEILING r
a7 0,08+0,12p+1, , “)

o1,

BB tpupanicts nepebyBanus AT B IyHKTI pO3BaHTaXKEHHS, KA 3aJI€KUTh BiJ PiBHA MeXaHizaii i
oprasisaiii po0iT, rof.;
lij— BimcTaHb MEepeBe3CHHS 3epHa 3 MO (IYHKTY i) B MyHKT po3BaHTaxkeHHs XIII1

r__ cepenHs TexHiuHa mBUAKICTE AT.

B-IT cepesiHs TPUBAJIICTh IepevinkHu (BiquineHHs - npuuerienss) HIT;

P _ kinbkicts oynkepis 3K, siki BMicTsTECS B Ky30B HIIL.
Jlist KinBbKICHOT OLIIHKM MEepEeBE3CHHsI 3epHa 3 IMOJIsL 3aCTOCYEMO MMOKAa3HUK MPONYKTUBHOCTI T3 3a pobounii
JICHb.

Or ’lij
Wea ==, — ®)

n

AT TKM/p.JI.,

e QPg
pobounit IcHb.

[opiBHsAEMO maHW BapiaHT TEXHOJIOTii 30MpaHHS Ta MEPEBE3CHHS 3¢pHA 3 HAWOUIBII IMPOTPECHBHOIO 3a

TEeMIAMH BIPOBA/DKCHHA B YKpaiHi IepeBaHTa)XKyBalIbHOIO TEXHOJOTI€ 13 BHKOPHCTAaHHAM IIpHYena-

NepeBaHTaKyBada y HaCTYyHOMY NpHKiIazdi. PO3TIsHEMO 3aCTOCYBaHHS TEXHOJOTIYHHMX CXeM 30HpaHHS YpOXKaro
3epHa 3 wromi 2100 ra 3epHOBHMEU KoMOaitHamu [IxoH dip 9780 i mepeBe3eHHs 3epHa HAa MPUHAMAIBHUHA TyHKT(

- 00csr 3epHa, KU 30UpPAETHCS 1 MEPEBO3UTHCS 30MPaJbHO-TPAHCIOPTHUM KOMIUIEKCOM 3a 1

Wkp=15,31/ron., @« = 102’ , dg =0,75 1/M°, ypoxaiinicts U = 6 T/Ta, KUIBKICTh pOOOYMX JHIB I 30MpaHHS 3€pHA
3a arpoBumoramu p = 10 amHiB, TpuBamicth 3MiHH T3m = 8 rom., koedimienT 3minHOCTI K3m = 1,5, Bigcranb
nepeBe3eHHs 3epHa lij =8 kM, vr = 40 KM/ro1., TpaHCTIOPTHUI CKITaa MOAaHo B Tadmmi 1

Po3paxyHkH mapaMeTpiB Ui TeXHOJOTII i3 3actocyBanHsM HII mpoBemeHO BiAOBIHO METOIHKH, SKa
MpeACTaBiIcHa B JaHOT poOoTi. JIJsl mepeBaHTaKyBaabHOT TEXHOJIOTIT PO3paxyHKH BUKOHAHO 3T1THO METOIUKH, KA
MicTUThCs B po0OoTi [1]. PesynbraTti po3paxyHkiB 1moaaHo B Tadiumi 1.

3 mpeacTaBiICHUX JAaHWX BHIHO, 110 BUKOpucTaHHs HII, ski mpaiforoTh 3a HAMIBYOBHUKOBHM PYXOM Y
JIBOX JIAaHKAX: B MOJII Ta Ha J0pPO3i, 3a0e3Meduye MiABHUIICHHS MPOIYKTUBHOCTI (cepeanboro Bupoditky) AT3 B 1,5
pasu 3 210 mo 315 T/p.A. 3a paXyHOK 3MEHIICHHA iX MpocToiB. Lle 103BoIse BIAMOBIAHO 3MEHIIUTH X KiNbKiCHUH
cxian B 3TK.

Tao6mmms 1
HopiBHsIbLHI TexHiKO-ekcIIyaTaliiHi Ta KinbkicHi nokasnuku podéorn 3TK
TexnoJoriuni Mammnu 3TK Cepenniii
BapiaHTH 3K il HIT Tpakrop ABTO- AT3 | HMiakaTHuii | BHPOOITOK
Haxon | Kinze | 3epHoB03 Joxon TATaY KamA3 | cinjoBuii OJIHOT'O
Hip 850 HIIC Hip 8440 Iveco 6520 npuyin AT3,
9780 3250 Trakker | AGRO IICII-20 T/p.1.
AT260T44
[lepeBanTaxxyBanpHa 9 3 - 3 - 6 - 210
TEXHOJIOTiYHa cCXeMa
ITepeBesenus 9 - 7 3 4 - 3 315
HamiBIIpUYeIaMu

BucHoBknu
1. TumuacoBuit mepepo3mnoAin Macu 3epHa B Ky30Bi HII mix wac #ioro TpaHCHIOpPTYBaHHS B MOJIi TPAKTOPOM
i 3acrocyBanHs cigmoBoro npudena [1CII-20 3 mmpoxonpodiTbHUMH IIHHAME HHU3BKOTO THUCKY J03BOJISIE 3HU3UTH
YIIITbHEHHS IPYHTY.
2. Bukopuctanns HII, sxi mparroroTs 3a HalliBYOBHUKOBHM PYXOM Y JBOX JIaHKaX: B ITOJIi Ta Ha JOPO3i,
3abe3nedye MigBUIICHHS MPOIYKTUBHOCTI (cepeaHboro Bupoditky) AT3 B 1,5 pasu 3 210 mo 315 1/p.a. 3a paxyHOK
3MEHIIEHHS X MPOCTOIB, 10 JI03BOJISIE BiIIOBIIHO 3MEHIINTH iX KinbKicHuH ckian B 3TK.
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