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OdHieto 3 xapakmepHux meHOeHUll PO38UMKY C8imo8o2o MawiuHobydysaHHs 8 2ary3i 8UpObHUUMea 3epHa € nodasnbuie
36inbWeHHs MpodykmueHOCMi | NIG8UUEHHS MEXHIYHO20 PIBHST MEXHIKU.
PUuHOK cinbcbk020Cn0dapCchbKOi MEXHIKU Xapakmepu3yembcs pi3HOMaHImHicmio 8UPOBHUKIG cieariok ma nocieHUX KOMIT-

neKcie, sKi 8i0pi3HAOMbCA 3a nNPOodyKmueHicmio ma siKicmio. Baxnueum YUHHUKOM € ixHS YiHa ma eapmicmb 06cy208y-
eaHHs1. Kpim moeo, 3HauHy yeazy npueepmae Hasi8HiCmb CEep8iCHUX UeHmpie. AepapHi 8UPOBHUKU cmosimb reped 8axKum
i cknaOHUM 8ubopPOM MixX Aopo2UMU BUCOKONPOOYKMUBHUMU MalluHaMu Yu Oewesliumu i 3 MEHWO NPOodyKmMUHICMIO.
Adxe 8 ymoBax Ccy4aCHOZ0 CirbCbKO20Crmo0apCbko20 8UPObHULMEa NocieHa MexHika, siKka € nepeeaxHo 8UCOKOMPOOYK-
mueHOK ma 00p02010, 8 Pi3HUX 3a PO3MIPOM 20crodapemeax nMPUHOCUMBb PisHi MpUBYMKU, BUKOPUCMOBYEMbCS M0-Pi3HOMY
poOMsi20M POKY, a OmMxe, Mae pisHUli eKOHOMIYHUL eghekm.

3acmocysaHHSs1 pi3HUX CXEM pyXy 8 MOCIBHUX KOMIIIeKCax MOXe Mamu 3HaqyHull 8rue Ha pe3ynbmamu nocigHux pobim.
B 3anexHocmi 8i0 KOHKpEMHUX YMO8 | 8UMO2, MOXYMb 8UKOpUCMOo8ys8amucs pisHi cxemu pyxy. KoxHa 3 Hux cxem mae ceoi
nepesazu i Hedoniku, i ix 8ubip ennueae Ha siKicmb i ehbekmuHICMb MOCigHUX Pobim.

OO0Hak, po3yMiHHs KiHeMamUuYHUX rnapamempie MocieH020 KOMIIIEKCY i ix 3anexHocmi 8i0 cxem pyxy € cKknaOHUM 3a80aH-
Ham. [ns yb020 HeobxiOHO nMpoeodumu OOCIOXKEHHS, 8UMIPIOBaMU PIi3HI Mapamempu pyXy ma aHarizyeamu ompumaHi
Oani. Lje sumazae 3acmocysaHHa MameMamuyHo20 MoOero8aHHs, cmamucmu4yHo20 aHani3y i onmumidayitiHux memodis.

B 3anporoHosaHiti cmammi HagedeHi MemoduyHi NidXodu cMOCOBHO BU3HAYEHHS KIHEMamUYHUX MOKa3HUKIG nocieHo20
KOMIIeKCy 8im4Yu3HSHO20 8UPOBHUYMEea 8 3anexHocmi 8id cxeM pyxy i napamempie nosns. OmpumaHri pedynbmamu 00c/ii-
OXEHHS CripusmuMymb MOKPaWEeHHI0 eghekmusHoCmi MOCiBHUX pobim i 3MeHWeHHI0 sumpam pecypcis.

Y pobomi sukopucmosytombcsi Memodu MamemamuyHo20 MOOesIK08aHHsI ma aHarli3y, 30Kpema meopisi PyXy MexaHi3-
mig, meopisi onmumisayji i cmamucmuyHutl aHani3 daHux. [1p0800sIMbCS EKCIEPUMEHMU 3 BUMIPIOBAHHSIM KiIHEMAaMUYHUX
rapamempig rMocigHo20 KOMINEKCy Ons PisHUX CXeM PyXy ma napamempie nosns. Ha ocHosi ompumarux daHux 6y0yrombcs
MamemamuyHi Modeni, siKi 0036071510Mb MPO2HO3y8amu KiHeMamuyHi napamempu noci@HO20 KOMIIIeKCy Onsi Pi3HUX yMOs.

Omxe, us cmamms pucesiyeHa BUBYEHHIO | MameMamu4YHOMy MOOETBaHHIO 83aEMO38’A3Ky MiX PyXOM OCI8HO20
KOMIIIEKCY, cxemamu pyxy ma napamempamu ronis. Oqikyembcs, Wo ompumaHi pe3yrnbmamu 00CTIOKEHHS CripusmumMymb

yOOCKOHaIEHHIO CiNbCbKO20CT00apChKuX npouecie ma 3abesneyeHH0 onmumManbHUX yMog 011 8UPOWy8aHHS POCIIUH.
Knrovosi cnoea: cigba, nocigHuUl KOMIIEKC, MPakmop, MawWUHHUU agpeaam, CXeMU PyXy, CXeMu rnosopomis.
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MocTaHoBKa npo6nemu B 3aranbHomy Burnsagi. Mpo-
b6nema nonsirac B HeOOXiOAHOCTi BUMBYEHHSI KiHEMATUYHUX
napameTpiB Cy4acHOro MOKOMIHHSA CiflbCbKOrocnoaapChbKux
MaLlWH, | 30Kpema, NMOCIBHUX KOMMIEKCIB, OCKIfbKM Li napa-
METPM CYTTEBO BNAMBAOTH B NEPLLY YEPrY HA NPOAYKTUBHICTb
MAaLLVHHWX arperaTiB Ta Ha BUTpaTy NanvBa, Lo B KiHLEBOMY
pe3yrbTaTi BNMBae Ha cobiBapTiCTb BUPOLLEHOT NPoayKLii.

AHani3 ocTaHHix gocnigpxeHb i nyonikauin. [ocni-
[DKEHHs1 CTOCOBHO BCTAHOBIEHHS 3anexHocTen KiHema-
TUYHWUX MapaMEeTPiB KOMMSIEKCHUX MALUMHHKUX arperaTiB Bif
CXeM pyxy i po3mipiB nons B3arani He NPOBOAMIIUCS.

®dopmyntoBaHHA Uini cratTti. BcTaHOBUTM aHanituy-
HUM LUNSIXOM HamnbinblWw pauioHarnibHy CXemy MOBOPOTY
MOCIBHOMO KOMMMEKCY, BUKOPWUCTOBYIOYM AN LbOro BigoMi
mMaTemMaTuyHi hopMysun, SKi 3aCTOCOBYBanMUCb AN NPOCTUX
MaLLMHHKX arperaTis.

[lns peanisauji NOCTaBNEHOI Lini po3rnsHemo Lie Ha KOH-
KpeTHOMY npuvknagi. B skocti 06’ekTy aHaniTuyHux gocni-
[DKEHb Bi3bMEMO MOCIBHWUIA KOMMIEKC BITYA3HSHOTO BUPOO-
Huytea ALCOR 10. (Puc. 1)

lMociBHWIA KOMNIIEKC NPU3HaYeHUin ans ciBoK 3epHOBMX,
3epHOB000BMX KpYM'siHUX Ta iHLWKX KynbTyp. [epesary oro
3aCTOCYBaHHs MOMSAralTb B HACTYMHOMY:

— MOBHe Migpi3aHHa Oyp’sHiB Ha rmuOWHI xogy CTpin-
yacTux nan (To6To Ha rnbuHi 3apobKM HaCIHHS):

— MOBHE BMWYICYBaHHA | PIBHOMIPHMA pO3nogin no
LUMPWHI 3axBaTy nigpisaHnx 6yp’sHiB;

— cyuinbHa ciBb6a HaciHHA Ha rubwrHy Big 30 40120 MM;

— OfHOYaCHe BHECEHHs1 B PSAKM NEBHOI J03KN MiHe-
panbHUX [obpuB;

— MOBEPXHEBE YLUNbHEHHS I'PYHTY (KOTKYBaHHS) micns
3ap0o0OKM HaCiHHSI.
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— MigBULLYETLCA SKICTb BUKOHAHHS TEXHOMOTYHOI one-
pauii. (Melnyk L.I. et al, 2004)
BuxigHi aaHi HaBepeHi B Tabnuui 1.

3acTocyBaHHS MOCIBHOrO KOMMIEKCY [03BOMSE BUKMHO-
YUTK TaKi TEXHOMOrYHI onepauii SK opaHka Ta nepepnocie-
HUIA 0BPOBITOK I'PYHTY.

PesynsraTuBHICTb 10M0 3aCTOCYBaHHS MOMsrae B HACTyNHOMY: Cknapg nocisHoro arperarty:
— nociBHuit komnnekc ALCOR 10;

— TpakTop BENAPYC 3022[ILl.

— CKOPOYYHTLCS TEPMIHU CiBOM;
— 3MEHLLYETLCA BUTPATa eHepreTMYHMX pecypcis:

Puc. 1. NMociBHuin komnnekc ALCOR 10

Puc. 2. MocisHum arperat B po6orti (V chem..., 2017)

Tabnuus 1
BuxigHi gaHi ans pospaxyHkis
. . Po3Mipu nons no BapiaHTax
MapameTpu nons OpuHuLi BUMipy | I m
Mnowa ra 200 200 200
[loBxuHa M 1838 1414 1088
WunpwuHa M 1088 1414 1838
Hanpsm pyxy arperaty Y3n0BX JOBLIOI Y300BX OfHiET i3 Y300BX KOPOTLLOI
CTOPOHM Nnons CTOPIH CTOPOHM Mnons
BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcurtety 9
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Tabnuuga 2
Crucna TexHiuyHa XxapaKTepucTuka
mawmHHoro arperaty (Posivnyi kompleks ...)

Tun arperaty HaniBnpuyinHuMm
KoHCTpykKUiHa WupWHa 3axearty, M 9,8
KinbkicTb MalwmH B arperari 1
KiHemaTnyHa goBXWHa BigMnoBigHO, M:

— TpakTopa 3

— NOCIBHOTO KOMMEKCy 15
— pasom 18
labapuTHi po3Mipy MOCIBHOTO KOMMIEKCY, MM:

— [IOBXWHAa 14970
— luMpuHa 10500
— BMCOTA 4050
Papiyc nosopoty arperata, M 15

Bubupaem HanbinbLw OOUNbHI CXeMU pyxy i BUAY NOBO-
poTiB MawwuHHoro arperaty (Ruzhytskyi M.A. et al., 2010).

INeTnboBuii
rpywonoaiGrui

Boxkosa nerns

D

[Moagiiina nets

Puc. 3

TeopeTuyHi nepeaymMoBM BU3HAYEHHS KiHEMaTUYHUX
napameTpiB MallMHHKMX arperaris

1. Poboya wwupuHa 3axBaTy CiBanbHOro arperaty
B, 3anexwTb BiA KOHCTPYKUHOI LUMPUHW 3axBaty B,
(B, = 9,8 m), KinbkocTi MaLumH B arperari 1 (7=1) Ta koedi-
LiEHTa BUKOPUCTaHHS LIMPUHK 3axBaTy 3 (Ans BCix ciBarnb-
HUX MaLmH B = 1,0, OCKiNbKW LWMPUHA CTUKOBOTO MiXpSAAs
i WWpMHa MDXpAdb CiBanmKuW MOBMHHI ByTW OQHAKOBUMM).
TobTo (Limont A. S. et al., 2004)

B,=B,*n*f (1)

2. KiHemaTunyHa foBXWHa ciBanbHoro arperary/, ckna-
JaeTbCA i3 KIHEMATUYHOI JOBXMHM TpakTopa lmp Ta nocie-
Horo komnnekcy /,, , T0670:

he=1,+1,

(2)

3. [loBxuHa BMi3gy HaniBNPWUYINHOTO MOCIBHOIO arpe-
raty e npsiMo MponopLiiHa MNOro KiHEMAaTUYHIN JOBXWHI
I, TO6TO :

e =(0,25...0,75)* I, (3)

4. llinpuHa noBopoTHOI cMyrn E 3anexwuTb Big pagiyca
rMoBOPOTY arperata R, LIMPUHA KOMMnekcy d, i cxemu
MOBOPOTY:

— NEeTNbLOBUI rPYLIONOAIOHNIA

E=28"R_+0,5%, (4)

— bokoBa netns

E=2,0'R, +0,5", (5)

— NoABilHa NeTns
E=28R +0,5%d, (6)

®aKTW4YHa LWKpUHA NOBOPOTHOI CMYyrY MOBUHHA OyTU He
MeHLLe po3paxyHKOBOI i BiANOBiaTi HAMMEHLLIOMY 3HAYEHHHO
napHiv kinbkocti pobounx npoxoais (Pastukhov V.1, 2001).

5. DoBxuHa poboyoro xogy IpX 3anexuTb Bi JOBXMHM
CTOPOHM NONS Y30BX AKOI pyxaeTbcs arperar (L — LoBXUHa
nons, B — wupwuHa nons):

— Npw pycCi y300BX JOBLUIOI CTOPOHMU NONS:

=L -2*E 7)

L
— NpW pyci 3 OAHAKOBUMM CTOPOHAMM NONS:

l,=L(B)-2*E (8)

— MPpM pYCi y300BX KOPOTLLOT CTOPOHW NONS:

l,=B —2*E 9)

6. [loBx1Ha X0roCTOro XoAy Ha noBopoTax |, 3anexuTtb
Bif, CXemu nNoBOpOTY:
— NETNBLOBUIN rPYLUONOAIOHNN;

I =(6.0..80)R , (10)

— bokoBa netns:
I =(11,0...13,0)'R

XX 14

(1)
— NoABiViHa NeTns:

[, =(11,0..14,0)'R , (12)

7. KinbkicTb po604MX MPOXOAIB M1 3aNeXWTb Bif PO3-

Mipy CTOpPOHM nons, [0 SKOi pyxaeTbes arperat (L abo B) Ta

poboyoi LWMPUHKM 3axBaTa arperaty Bp:
— arperat pyxaeTbCs Y340BX JOBLLOI CTOPOHU MONS:

B
n_ =— 13
"B, (13)
— arperat pyxaeTbCsl Y3[0BX OAHAKOBMX CTOPIH MONS :
L(B)
Mo =5 (14)

P
— arperar pyxaeTbCsl YO0BX KOPOTLLOi CTOPOHU NONS:

- — (15)

8. KinbKicTb X0MocTux XxodiB 1, Ha [ABa MeHLUE, HiX
poboumnx (He BpaxoBYOTLCS 3ai3f i BUi3g arperary):

Ny =Ny —1 (16)

9. 3aranbHa A0BXUHa poboYmnx Xoais Sp CKnagaeTbes i3
[IOBXWUHM pOBOYMX XOiB HA OCHOBHIA YacCTMHI nons Sp" Ta
MOBOPOTHUX CMYyrax Sp”:

S,=S2+S, (17)

S,= Nyl +(2EB) ... (18)

P PX *px

Ae | noBXMHA MOBOPOTHOI CMyrM (BOHa AOPIBHIOE
O[Hil i3 CTOPIH Mons, y34OBX AKOi pyxaeTbCs arperar).
3aranbHy JOBXMHY poBOYMX XOZIB MOXHA BW3HAYUTW

3a iHWwoto cpopmynoro, sIka BKIovae B cebe ABa NOKa3HMKM:
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nnotly nonsa F(ra) Ta poboyy LUMPUHY 3axBaTy CiBanbHOrO
arperaty B (m):

S =10*F/B..

P p

[lns BCix BapiaHTIB Sp = 204082 m.

3aranbHy [OBXMHY XOMOCTUX XOMiB S, MOXHa BW3Ha-

YynTU 32 POpMYyIoH, Lo BKIOYae B cebe NpakTUYHO OfHi
BUXiOHI JaHi:

S;=S°+S"=k R[(BIB)-11* k R [(2k ‘R /B )-1]= (20)
=k R {[(BIB,)-1]+{(2k ‘R /B )-1]}

(19)

ne k, k — nonpaBo4HUit koedilieHT [0 pafiyca noso-
poTY BIiAMOBIOHO [0 BW3HAYEHHS OOBXWHW MOBOPOTY Ta
WwmpuHK noBopoTHoi cMyru (llichenko V.Yu. et al., 1996).

10. KoediuieHT poboumnx xogiB ¢ 3HAXOAWUTLCS K ChiB-
BiJHOLUEHHS pob6oUmnX Sp Ta Xornoctux S, xoais

¢ =S,/(S,+5) (21)

11. KoediLieHT NOBOPOTNMBOCTI K 3anexuTb Bid pO3Mi-
piB NO300BXHLOI 6a3n TpakTopa /mp (3,01m). noctynanbHoi
LUBMAOKOCTI arperata Ha nosopoti V' (1,4...2,6 m/c) Ta kyTO-

Boi weuakocti o, . (0,215...0,22 nc(:ﬁ)

k=1 *V |o
n ‘mp " nog I

nos

(22)

08

[Ang Beix BapiaHTiB k= 1,72.

(Didenko M.K. 1983)

Pesynbtatm  aHanitMyHmnx
B Tabnuui 3.

BucHoBku:

1. Hanbinble 3Ha4eHHs koediuieHT poboumx xoais
(@ =0,94) mae B cuTyaUji, konu ciBanbHU arperat pyxa-
€TbCS Y3[0BX JOBLUOI CTOPOHM MoNs i 34iMICHIOE NETNBOBMIA
rpyLionogibHuii NOBOPOT, TOMY MOr0 MOXHa BBaXaTu Ham-
6inbLL AoUINbHUM CNOCOB6OM NOBOPOTY.

2. HalimeHLwe 3HaveHHs koedpilieHTa pobounx xopis
(¢ =0,84) 6yne Topi, konu ciBanbHU arperat byae pyxa-
TUCb Y3O0BX KOPOTLUOi CTOPOHW Mons i 3fiicHioBaTuMe
MOBOPOT MNOABIHOK NETINelo.

3. Akwo nigpaxysaTn koedilieHT poboumx xodis 3 ypa-
XYBaHHSM TiflbKM OCHOBHOI MMOLLi NOSS, TO AOro 3HAYEHHS!
Oyne BiOpi3HATUCL Big TOro 3HauyeHHs, ge Gynu Bpaxo-
BaHi NOBOPOTHi cMyrn B MeHwwuin 6ik Ha 0,01 (Ha 1%), wo
€ HECYTTEBUM.

4. fk nokasanu CNOCTEPEXEHHS B BUPOBHWYMX YMO-
Bax, HanbinbLL NonynspHUM cnocobom noBopoTy € GokoBa
NEeTNs, OCKINbKW NpY LibOMY LUMPWUHA MOBOPOTHOT CMYrY Hal-
MeHLLa, Lo B JesKUM BUNagkax MOXe matu CyTTeBe 3Ha-
YeHHS.

po3paxyHKiB  HaBefeHi

Tabnuusa 3

PesynkTaTn po3paxyHkiB

. Hanpsm pyxy arperarta
CxeMu noBopoTiB " o - =
Y3[0BX AOBroi CTOpOHW nons Y3[0BX OAHIEI i3 CTOPiH NoNs | y3A0BX KOPOTKOI CTOPOHM Nons
[MetnboBui E =58,8m E =58,8m E =58,8m
rpywIOnoAiGHwiA S, = 204082m S, =204082m S, =204082m
I, =1720m I, =1296Mm I, =970m
I =120m I =120m [ =120m
m, =11 n,=144 n,=188
n, =110 n, =143 n, =187
S_=13800m S =17760m S_=23040m
¢ =0,9%4 ¢ =0,92 ¢ =0,89
k=172 k=172 k=172
BokoBa netns E =39,2m E =39,2m E =39,2m
S, =204082m S, =204082m S, =204082m
I, =1760m I, =1276m I, =950m
I, =195m I, =195m I, =195m
n, =111 n,=144 n,=187
n, =110 n, =143 n, =186
S, =21810m S, =28245m S, =36829m
¢ =0,90 ¢ =0,88 ¢ =0,85
k=172 k=172 k=172
MopgiiHa neTtnsa E =58,8m E =58,8m E=58,8
S, =204082m S, =204082m S, =204082m
I, =1720m I, =1296m I, =970m
I, =210m I, =210m [ =210m
=111 n, =144 mn, =188
n, =110 n =143 n =187
S, =23700m S, =30630m S, =39870m
¢ =0,89 ¢ =0,87 ¢ =0,84
k=172 k=172 k=172
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Mathematical modeling of the dependence of the kinematic parameters of the sowing complex on the motion
schemes and field parameters

One of the characteristic trends in the development of world engineering in the field of grain production is the further
increase in productivity and the improvement of the technical level of equipment.

The market of agricultural machinery is characterized by a variety of manufacturers of planters and sowing complexes,
which differ in productivity and quality. An important factor is their price and cost of maintenance. In addition, the presence of
service centers attracts considerable attention. Agricultural producers are faced with a difficult and difficult choice between
expensive high-performance machines or cheaper and less productive ones. After all, in the conditions of modern agricultural
production, sowing equipment, which is mostly highly productive and expensive, brings different profits in farms of different
sizes, is used differently throughout the year, and therefore has a different economic effect.

The use of different movement schemes in sowing complexes can have a significant impact on the results of sowing
operations. Depending on specific conditions and requirements, different traffic schemes can be used. Each of these
schemes has its advantages and disadvantages, and their choice affects the quality and efficiency of sowing operations.

However, understanding the kinematic parameters of the sowing complex and their dependence on movement patterns
is a difficult task. For this, it is necessary to conduct research, measure various movement parameters and analyze the
obtained data. This requires the use of mathematical modeling, statistical analysis and optimization methods.

The proposed article presents methodical approaches to determining the kinematic indicators of domestically produced
seeding complex depending on the movement patterns and field parameters. The obtained results of the research will
contribute to the improvement of the efficiency of sowing operations and the reduction of resource costs.

The work uses methods of mathematical modeling and analysis, in particular the theory of movement of mechanisms,
the theory of optimization and statistical data analysis. Experiments are conducted to measure the kinematic parameters of
the sowing complex for various movement schemes and field parameters. Mathematical models are built on the basis of the
obtained data, which allow predicting the kinematic parameters of the sowing complex for various conditions.

Therefore, this article is devoted to the study and mathematical modeling of the relationship between the movement
of the sowing complex, movement patterns and field parameters. It is expected that the obtained research results will
contribute to the improvement of agricultural processes and ensure optimal conditions for growing plants.

Key words: sowing, sowing complex, tractor, machine unit, movement patterns, turning patterns.
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