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VIOCKOHAJIEHHS TEXHOJIOI'TI TPAHCIIOPTYBAHHSA
3EPHA BIJI KOMBAWHIB

Y po6omi HasedeHo 06rpyHmyeaHHsi 800CKOHA/IEHO20 MeXHO/A02IYHO20 Npoyecy nepese3eHHs 3epHa 8i0 3epHOBUX
Kom6atinie (3K) Hanisnpuuenom camockudom (HII) 3 mpakmopom ma cideabHUM npu4denom.

Knawuvoei caoea: nepeseseHHsi 3epHa, kom6aliHu, Hanienpuyin camockud, nidkamHuil cideavHuli npuuin,
npodykmusHicmb.

FRYSHEYV Sergii, LUKACH Vasyl, IKALCHYK Mykola, VASYLYUK Volodymyr
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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 HIL

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.

IHocTanoBKa npo0/1eMH y 3arajibHOMY BHIJISIAI
Ta ii 3B’f130K i3 BA2KJINBHMH HAYKOBHMH Y¥ NPAKTHYHUMH 3aBAAHHAMHA

AHaji3 TEXHOJIOTIYHOT CXEMM IIepeBEe3eHHs 3epHa BiJ KOMOAiHIB 3 BHKOPHUCTAaHHSM IPHYEIiB-
nepesanTaxyBauiB (I1IT), inmma HazBa — nepeBaHTaKyBanbHI OyHKepHu-HakonuyyBadi — [IBH, ITHB 3i niHekoBumu
MIPUCTPOSIMH JUISL PO3BAHTa)KCHHS, JJO3BOJIB BHUSABUTH [1,2] psia MEepeniKomKarouux JOCSTHEHHIO MaKCHMAJIbHOTO
e(heKTy HeNIOJIIKIB, JI0 YHCia SKHX MOYKHA BITHECTH HACTYITHI:

- HeoOXximHicTh cBoeyacHoro mix’i3ay AT mo IIIT o6ymosmroe mpoctoi AT (10 30% Bix wacy 3minu [3]);

- HeoOXiJTHICTb BUKOHAHHS JOJATKOBOI omeparii (B MOPIBHAHHI 3 TEXHOJIOTIEI0 MPSAMUX IEPEBE3CHB) -
MepeBaHTAKEHHST 3€pHa 13 OJHOT0  TPAHCIOPTHOTO 3aco0y  (mpudena-niepeBaHTaKyBada) B  IHIIWAK
(BenmukoBanTaxHUil AT). Take mepeBaHTa)KEHHS 3€pHA i3 BUKOPUCTAHHSIM ITHEKOBHX POOOYMX OpraHiB MOTpedye
JI0JIATKOBHUX €HEPTrOBUTPAT, BUTPAT YaCy Ta HE BUKIIOYA€ MEXAaHIYHE MOMIKOIKCHHS 3€pHa.
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AHani3 nocainkenb Ta myoJpikanii
AHamiz cXeM IepeBe3eHHs 3€pHa BiJg KOMOAifHIB 3 BHKOPUCTAHHAM MOOUIBHHMX MiXOIepauiiiHuX
komIieHcaTopiB [1,3] mokasaB, 0 3acTOCYBaHHsS AaBTOTPAKTOPHUX NPHUYENIB Ta HAMIBIPHYEIIB 3 IiKaTHUMH
npuuenamu (puc. 1) 3abe3nedye MiHIMaJIbHY TUTOMY TPHBATICTh 30MPaIbHO-TPAHCIIOPTHUX Olepallii.

gL .

Puc. 1. Cxemu nepeBe3eHHsI 3epHA BiJl KOMOaiiHiB 3 BHKOPHCTAHHIM aBTOTPAKTOPHHUX
NpUHYeniB Ta HAMIBNPUYENiB 3 NiIKATHUMHU NPHYeNaMu

BupoOHHYe BIpOBa/KEHHS! TAKOi CXEMH MOXe OYyTH JOCATHYTO 32 YMOBOIO BHKJIIOUCHHS YIIIJIbHEHHS
rpyHTy Kostecamu HIT Ta 3a paxyHOK pariioHaJbHUX BUTpaT Yacy Ha BiguirueHHs-npudersienHs HIL.

@DopmyIIOBaHHA 1ijel cTaTTi
MeTor AOCIHiPKEHh € 3MEHIICHHS MUTOMOTO THUCKY KOJIC TPAaHCIOPTHHX 3ac00iB Ha TPYHT Ta Yacy
OUiKyBaHHS 3aBaHTA)KCHHS aBTOTPAHCIOPTY MUIIXOM YJOCKOHAJICHHS TEXHOJIOTIYHOTO IPOIIECY.

Bukiag ocHOBHOT0 MaTepiaiy
3 ypaxyBaHHSAM HO3UTUBHUX OLIIHOYHHUX NOKa3HUKIB HAMHU MPUIHATO 30MPabHO-TPAHCIIOPTHHI KOMILICKC
(3TK), mo mictutsh rpymy 3K Ta aBTOTpaKTOpPHI MOI3IH, 0 CKIaay SKUX BXOIHUTH TPAKTOP, HAIBIPHUYIIT Ta
cioBuid npuyin I[1CI1-20 (puc. 2).

Puc. 2. Cxema TpakropHoro apromnoizaa 3 IICII-20

Cignosuit  npuuin  TICII-20, sikuii 3'eHy€ TpakTop
(tsrau) ta HII moi3ma, obmagHaHWK —CHEMIAIBHAM  3YHITHUM
npuctpoeM (C3II).

Hanisnpuyenu 3 TArayamu 3aCTOCOBYIOTBCS
MOCJIITOBHO B IBOX TEXHOJIOTIYHHX JIAHKAX: JUIS POOOTH B IMOJII
«3K — HII - Tpaktop» i Juis TpaHCHOPTYBaHHS IO JIOPO3i BiX
monst 1o XIIIT - «HIT — mopoxHiit Tsarad (AT - aBTOMOOLTHHHN
abo TpakTtopHHH)» Y mepmoi manmi HIT ¢yskmionye sk
MDKOTIEpaIlifHAN KOMITEHCATOp, SKUH 3aBaHTaXYEThCS 3EPHOM
3 OYHKepiB HE MEHIII YMM BiJ] TBOX KOMOAaifHiB.

[Ticns 3anoBHeHHs 3epHoM HII mepeBo3uThest Ha Kpaid
TIOJISI, BiYIMIISIETHCS 1 3aMIHIOETHCSI HA ITYCTHH TSI TTOMAIBIION
poboTu B moii, a 3aBaHTaxxkeHi HII mepeBo3AThCA ITOPOKHIMH
Taraduamu Ha XIIII, ge poO3BaHTaXYIOTHCA 1 TOBEPTAIOTHCS

ITyCTUMH Ha Kpau IOJIA. . Puc. 3. ABToMo0inbHMiT HaniBnpuyin 3epuoso3 HIIC
Hns  3MeHIIEHHS — YIIUIBHEHHA  TPYHTY — HaMu 3250 3 migkarnum npuyenom ICII-20 aist podoTu 3

3aMPOTIOHOBAHO TEXHIUHE PIlllEeHHS, SIKE MICTUTh THUMYaCOBUM TPaKTOpOM y moui

nepepo3nois Macu 3epHa B Ky30Bi HII min wac #ioro TpancriopryBanHs B ot [4]. 3 ypaxyBaHHSIM TOTO, III0 Ky30B
HIT ( puc. 4) mae nBi y3araibHEHi OIOPH Ha TPYHT: 3aAHIO (2-X a0 3-X BiCHY) TENEXKKY 1 HEpeiHIO 2-X BICHY -
minkaTHui cignoBuit mpuyin IICII-20, skuit oOnamHYyeTbCs MHMPOKONPO]IIPHUMH IIMHAMH HHU3BKOTO THCKY,
JIOLTBHAM € 3aBaHTa)KEHHS 3epHA MIEPEBAXKHO B MEpe/IHIO yacTuHy Ky3osa HII.

Lle cTBOprOE TakMii PO3NOALT HaBaHTaKEHHS M 4ac pyxXy TpakTopHoro aBromoizna 3 [ICII-20 no nosro,
npu skoMmy 3anHi konmeca HIT OyayTe 9acTKOBO poO3BaHTaKEHi 1 HE YUINBHIOIOTH CYTTEBO TPYHT, a IiIKATHUH
CIJUIOBHMH TPUYIN CHpPUIIMA€e TOJAaTKOBE HABAHTAXKCHHS 1 3aBISKH IIHPOKOMPO(MIIBPHUM IIMHAM HU3BKOIO THCKY,
BUKJIIOYA€ HAIMipHE yIIUTbHEHHS TPYHTY.

Sk ToKa3yroTh TOMEpeAHi pO3paxyHKH 3 ypaxyBaHHAM Teopii cumydmx wmarepiamiB [5] mig dwac
3actocyBaHHsA HamiBmpuderna 3epHoBo3a HIIC 3250 3 BanTakomimiomuicTio 25 ToHH (BHcoTa OopTiB 2,1 M,
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JIOBXKMHA Ky30Ba 6,3 M) 3aBaHTa)KEHHS 3€pHA B IIEPEIHIO YACTHHY Ky30Ba JO3BOJSE€ 3MEHIINTH HABaHTAXXCHHS Ha
3a1H1 Kosieca 10 5 ToHH i3 3aBanTaxeHHsM CIIC-20 go 20 ToHH.

4 3 4 B

a
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Puc. 4. Cxema THMYacOBOI'0 Nepepo3noijay Macu 3epHa B Ky3osi HIT
Ny yac fioro TpaHCHOPTYBaHHS y MO (MAKATHHII MPHYeN YMOBHO He MOKAa3aHMii)

[Micns nepeBe3eHHs HA Kpaii MOJIsl Ta MEpeilUIeHHS T IepeBe3eHHs Mo 1opo3i Ky3oB HII 3a momomororo
TiAPOIMITIHAPa HAXWISETHCSA 0 TOPU3OHTY UL PIBHOMIPHOTO PO3IOALTY 3€pHA I Ai€l0 TpaBiTamii Mo JHUILY
Ky30Ba. TeXHIYHUM pe3yJIbTATOM, SKUH 3a0€3MMEeUYyEThCS HABEICHOI CYKYITHICTIO O3HAK € 3MEHIICHHS THCKY Ha
TPYHT 3a/IHIX KOJIC JI0 IOMYCTHMOTO arpOBUMOTraMH 3HAYCHHSI.

Hdus  pospaxyHky poboumx mapameTpiB 3TK B poOoti [1] po3risHyTO PHTMIYHICTE POOOTH MEpIIOi

TexHonoriyHoi nanku: «3K — HamiBnopudin camMockua 3 TpakTopom» 1 BH3HadeHa Kinekicte HIT 7, , sxi

00CIyTOBYIOTh IpyIly KOMOAlHIB #1; 3a GopMyJI050:

m
n,, = CEILING —-,o01. (1)
Myy
ne CEILING — dyHKIis, sika MOBEpTaE HaHOImKIe OLIbIIE IiJIC 3HAYCHHS;

K _ 3arambHa KiTbKicTh KOMOAMHIB B TPyIIi;
Mgy - KUTBKICTh KOMOaiHIB, siki o0cimyroBytoTbes oqunM HII. Bona Bu3nauaetbes sik [1, 6]:

9,25 8,33
m = INT(@pd, (22 + 222) -8, 331, —0,667)
KP UK 00.,. 2)
ne INT — yHKIis, sKa MOBEPTAE HAUOIMIKYEC MEHIIIE I[iJIC 3HAYCHHS,

W, . .
kP - ipomykTuBHicTh 3K 3a 1 roanHy OCHOBHOTO Yacy ioro podotu, T/roj.;

MK - qpoyKTUBHICTh BUBaHTaXyBaJbHOTO IHeKa 3K 3a 1 rognHy OCHOBHOIO 4acy, T/TO1.;

ty 1 . . o )
- CepelIHs TPUBATICTB MePedinKy (BiAUiIUIeHHS - npuderuienss) HIT;
ok — 00’eM OyHKepa koMOaiiHa, M>;
ds — 006’emua Maca 3epHa, T/M°.
3aranpHa Kinbkicte HII, aki motpiOHi mnst pob6oru 3TK (pyxaroThcs, OUIKYIOTh HpPUYCIUICHHS Ta
3HAXOJITHCS MiJl HaBaHTaKEHHAM) JopiBHIOE Kinbkocti HII, mo mpariorors y 000X JIaHKaX: Ta BU3HAYa€ThCS 3a
¢dopmyioro [3]:
II=ng, +n,+n, on, (3)

ze n, - nomatkoBa Kinekicte HII, fxa ypaxoBye CTOXacCTHUHICTB iX pyXy MHO J0po3i i HeoOXimHa Juist

3aCTOCYBAHHS TiJ 9ac BUMAAKOBOI 3aTpUMKH AT. LIs KiNbKicTh BU3HAUAETHCS SKCIEPUMEHTAIBHO MiA 9ac poOoTH
3TK i po3MimIyeTbest Ha Kparo moJisl.

N, - KinbKicTs aBToTsraqiB (AT3) ms nepesesenns sepna B XIIII 3 piBHAHHS:

21,
i (213—17 + 7 + tBI/IB)
n,. =CEILING B -
A 0,0840,12p41, , @
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BHB __ tpuBamicth epeOyBants AT B IyHKTI pO3BAHTAKEHHS, KA 3AJICKUTH Bijl piBHS MexaHizarii i

opradizatiii po0iT, ro.;
l;;— BimcTaHb mepeBe3eHHs 3epHA 3 MO (IIYHKTY 1) B MyHKT po3BaHTakeHHS XI1I1

T cepenus Texniuna meuaxicts AT.

B-IT . CepeHs TPUBANICTh MEePedinKu (BiqUiIUIeHHs - npuyeruieHas) HIT;
L - Kinekictb Oynkepis 3K, ki BmicTaThCs B Ky30os HII.

JAnst KinbKiCHOT OLIHKM NEepEeBE3eHHS 3epHa 3 I0JIsI 3aCTOCYEMO MOKa3HUK MPOIyKTUBHOCTI T3 3a pobouwmii

JCHb.
w,, = ng .Iij /
pp = TKM/p.A, (5)
nﬂ
e QPZZ - ob0cAar 3epHa, SKUHA 30MpaeThCcA 1 MEPEeBO3UTHCA 30MPaTbHO-TPAHCIOPTHUM KOMIDIEKCOM 3a |

poOoumii ICHS.

[NopiBHseEMO MaHWi BapiaHT TEXHOJIOTIi 30WpaHHSA Ta IEPEBE3CHHS 3¢pHA 3 HAMOULIBII MPOTPECHBHOIO 3a
TEeMIAMH BIPOBADKCHHA B YKpaiHi I[IePeBaHTaXyBAIGHOK TEXHOJIOTI€I0 13 BHUKOPUCTaHHSIM IpUYerna-
MepeBaHTaXKyBaya y HACTYIHOMY NpuKiaai. Po3risHeMO 3acTOCYBaHHS TEXHOJOTTYHHMX CXEM 30MpaHHsS YpoXKaro
3epHa 3 miomi 2100 ra 3epHoBumu komOaitnamu J[xoH ip 9780 i nepeBe3eHHs 3epHa Ha NPUUMAIBHUN ITyHKT(

Wip=15,31/r0R., Pk = 10° , dg =0,75 /M3, yposxkaitnicts U = 6 T/ra, KilbKiCTh pOOOYMX JHIB 1151 30MpaHHS 3€pHA
3a arpoumoramu [lp = 10 gmiB, TpuBamicte 3Mmiau Tizv = 8 rop., koeoimient 3minnocti Kav = 1,5, BigcTtans
nepeBe3eHHs 3epHa lij =8 kM, vr = 40 KM/TOA., TPaHCTIOPTHUI CKJIaJ MOAaHO B Tadimmi 1

Po3paxyHku mapameTpiB misi TeXHOJOTIT i3 3actocyBanHsM HII mpoBemeHO BiANOBITHO METOIMKH, sSKa
IpesCcTaBIeHa B JaHOi poOoTi. 1 mepeBaHTaXyBaJIbHOI TEXHOJIOTI] pO3paxyHKH BUKOHAHO 3TiHO METOAWKH, sIKa
MiCTHTECS B poOoTi [1]. Pe3ympraTti po3paxyHkiB momaHo B Tabmmi 1.

3 mpeACTaBICHUX JAHWX BUAHO, IO BUKopucTtaHHA HII, sKi mparforoTe 3a HamiBYOBHUKOBHM PYXOM Yy
JIBOX JIaHKaX: B TIOJI Ta Ha J0pPO3i, 3a0e3medye MiABHUIICHHS NMPOAYKTUBHOCTI (cepeanboro Bupoditky) AT3 B 1,5
pa3u 3 210 mo 315 T/p.A. 3a paxXyHOK 3MEHIICHHS iX MpocToiB. Lle m03BoMsS€ BIANOBIIHO 3MEHIINUTH X KiNbKiCHUH
cxiang B 3TK.

Tabmums 1
IopiBHsJILHI TeXHiKko-ekcnJIyaTaniiiHi Ta KinibkicHi mokasuuku podoru 3TK
Mammau 3TK : Cepe it
o . 3K 111 HIT Tpakrop | ABTO-TATay AT3 HI.HKaTHI{H BUPOOITOK
TexHonoriuHi BapianTu| JIKOH | .. - KamA3| cigmosuit
Tlip Kinze| 3eproBo3 |/lxon [ip |Iveco Trakker 6520 | npuuin TICIT- onHoro AT3,
9780 850 [HIIC 3250| 8440 AT260T44 AGRO 20 T/p.1.
IlepeBanTaxxyBapHA 9 3 - 3 - 6 - 210
TEXHOJIOTIYHA CXeMa
IlepeBesenns 9 - 7 3 4 - 3 315
HariBIpHUYeIaMu

1. BUCHOBKH 3 JaHOT0 A0CJiIKEHHS i NePCIEeKTUBH NMOJAJBIIMX PO3BIAOK Y JaHOMY HANPAMI
2. TumyacoBuii nepepo3mnoain Macu 3epHa B Ky3oBi HII mix yac #oro TpaHcropTyBaHHS B ITOJIi TPAKTOPOM
i 3acrocyBaHHA cijyroBoro npudena [1CI1-20 3 mmpoxonpodinbHUMU HHAMH HU3BKOTO THCKY J03BOJISIE 3HU3HUTH
YIIiTbHEHHS IPYHTY.
3. Buxopucranas HII, ski mpaifioroTs 3a HalmiBY4OBHUKOBHM PYXOM Yy JIBOX JIaHKaX: B MOJI Ta Ha J0pO3i,
3a0e3mnedye miIBUIIEHHS IPOIyKTHBHOCTI (cepenuboro Bupobitky) AT3 B 1,5 pasu 3 210 mo 315 1/p.a. 3a paxyHOK
3MEHIIIEHHS X MPOCTOIB, IO TO3BOJISIE BiMIOBITHO 3MEHIIUTH iX KinbKicHUH ckian B 3TK.
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