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CymcbKull HayioHanbHUl agpapHUl yHisepcumem

B cmammi po3ansHymo numaHHs1 8U3Ha4YeHHs1 CUCMEMU PIiBHSIHb, WO OMNUCYOMb KIHeEMUYHy eHepaito
KombiHOB8aHO20 MawUHHO20 azpeaamy il Yyac tioeo pobomu.

Knroyoei cnoea — KiHemu4yHe eHepeis, MaWUuHHUU azgpezam, cmilkicmb pyxy, Kym rosopomy,
y3aaarnbHeHi KoopOuHamu, rnomeHuiliHa eHepeaisi cucmemu, cucmema PieHsHb.

MocTaHoBKa npo6nemunu. MawnHHWMIA arperat
AK MexaHiyHa cuctema 4aBnsie coboto 3’eaHaHHS
ogHiei abo  OeKinbKoX  CiNMbCbKOrocnoaapChbKmx
MalUWH, nepedaBanbHOrO  MexaHiamy  (34inku,
rigporaka) i eHepreTU4Hoi YacTuHu (Tpaktopa). B uin
poboTi B SIKOCTi €HepreTM4Hoi YacTMHU MallWMHHO-
TPaKTOPHOrO arperaty po3rNs4aETbCa  KOJiCHUN
OpHO-MPOCanHUi  CiNbCbKOroCnogapChbknii  TpakTop,
IO Ma€e OCTOB (OCHOBY) Yy BWIMsAAi >XOPCTKOI pamu 3
nonepeyHMMn  fnowxepoHamu. Ha  uin  pami
3MOHTOBaHi BCi OCHOBHi BYy3nu Tpaktopa, B TOMY
yMcni i HaBsicHi cuctemn (nepegHs i 3agHs).
BusHayeHHsa KiHETUYHOI eHeprii Takoro arperaTy €
3aBAaHHA [OOCWUTb cknagHe i notpebye 3HaHHSA
BENMMYNH Mac i LWIBMAOKOCTEN PyXY Tif, WO BXOAATb
00 HbOro.

AHani3 octaHHix gocnigxeHb i nyonikadin.
Mpn pocnimpKeHHi CTIMKOCTI Ta KepoBaHOCTI pyXxy
Pi3Hi 3a KOHCTPYKLiSAMM Ta CBOIMM (OYHKLiOHANBbHUMN
NPU3HAYEHHAMWN  CiNbCbKOrocnoAapchbki - MallMHHO-
TPaKTOPHI arperatm MOXHa NpeacTaBuTU y BUINAAI
3'eQHaHNX enemMeHTapHUX KiIHEMaTUYHMX NaHoK, Lo
JonyckawTb MOXIMBICTb rOpU30OHTaNbHUX
nepemilleHs ofHa BiQHOCHO iHWOI.  HaykoBui
(ABgees B. M., AHTtoweHkoB P. B., Aptbomo M. 1.,
aues J1. B., Jlebenes A. T., PocnaBsues A. B. Ta iHLui)
[1,3,4,5,6,8], o npoBoaunun SOCAIIKEHHS MO CTINKOCTI
pyxy cinbcbkorocnogapceknux MTA BukopucToBYBanu,

Ak npasuno, 6Garatomacosi Mogeni 3 6GaraTbma
CTYNEeHAMM BiNbHOCTI.
Ona OLiHKM CTINKOCTI pyxy

BMKOPUCTOBYBanNncbL MoJeni 3 KytamMn MNOBOPOTY
arperariB OAWH LLOAO0 OOHOMo Ta A0 NPUAHATUX OCen
y3aranbHeHNX koopauHaTt, abo mogeni 3i 3MiHHUMMK
koopauHaTamu pyxy arperary [2].

Y 3a3HayYeHunx BULLLE OOCRiAXKEeHHAX
NpoOBOAMBCA aHania pyxy CinbCbKOrocnoaapcbkux
arperatiB, AWHaMidYHi Modeni skux nogasanuca y
BUrNA4I OBOX, TPbOX, YOTUPLOX i N'ATU €NeMEHTHUX
Moaenen.

MeTta pocnigxeHb. [NpoaHanisyBaBlIM CTaH
nybnikauin ©6yno 3pobneHo BUCHOBOK Npo Te, LWO
MATaHHAMM HaMUCaHHA MaTeMaTU4HUX MoJenewn
KIHETUYHOI eHeprii 3anmanucs 6araTo OOChigHWKIB.
Ane, B OCHOBHOMY, BOHW pPO3po0nsnuM 3anexHoCTi
O OKpEMUX CKIagoBux arperarty. B 3B’A3ky 3 uum
METOI [aHoi poboTn € po3pobka CUCTEMU PIBHSIHB,
IO OnMMCyBaTUMyTb KIHETMYHY €HEeprito MallMHHOro
arperaty nig 4Yac BWKOHAHHA HUM TEXHOSOrYHOro
npovecy.

Pe3synbtatn pocnigkenb. [ns po3pobku

mMaTemMatu4Hoi  Mogeni  pyxy  KOMBGiHOBaHOro
MOCIBHOrO arperaty npeactaBumo MOro y Burnagi

TPbOXENeMeHTHOI mMogeni i O6ynemo
BMKOPUCTOBYBaATW  ONSl  PO3pPaxyHKy  PiBHAHHS
Jlarpanxa gpyroro poay [7]:
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pe T — KiHETUYHa eHepria cuctemu; q —
y3arasibHeHa Gﬁl — ysaranbHeHa

wBmakicte; Q; — y3aranbHeHa cuna; [1 — noTeHuinHa
€Hepris cucTemum.

Mpn cknagaHHi mMaTemaTudHOI mogeni Gynu
NPUNHATI HACTYMHI AONYLLEHHS:

- eNeMeHTn cuctemmn (TpPakTop, KynbTuBaTop,
ciBanka) € abcontotHo TBepanmu Tinamm (ATT);

KoopauHarta,

- nocTynanbHa wBmMakicte pyxy MTA -
NoCTiNHa;

- BEPTUKanNbHi  NepeMilleHHa  Komic  He
BPaxoBYEMO;

- HEPIBHOMIPHICTb  34iMHMX  BRacTUBOCTEN

I'PYHTY Ha Pi3HUX Konecax arperaty BpaxOBYETbCS
3a [0MOMOrol0 Pi3HMX TArOBUX 3YCUMb Ha Konecax i
Pi3HMX CUMN ONOPY NEPEKOYYBAHHIO;

- NiHiHa WBNAKICTL PYXy LLEHTPY Mac ciBanku
B3aoBX oci OX OOpiBHIOE MiHINHIN LWBUAOKOCTI pyxXy
LeHTpa Mac TpakTopa;

- nig Yac BMAMBY MexaHi3aTtopa Ha MexaHi3Mm
pynbOBOro KepyBaHHs MepedHi Kepytodi Koneca
NoBepTaTbLCA Ha 0aHaKoBuWiA KyT (B11 = B1z = B).

Mepwe OONYWEHHA € MPUAHATHUM AN
OinblOCTi  TpakTOpiB i  CinbCbKOrocnogapcbknx
MawwuH. Ix pamu (abo niBpamu) ABMAOTL CO6OKO
OOCTaTHbO XOPCTKi KOHCTPYKLil, Aedopmauii akux

Mani i He BNNMBaKTb Ha npouecu, WO
po3rnagarTbCs.

Opyre ponyweHHs € NpUAHATHUM  AnS
posrnsgy MTA B npoueci 6e3nocepegHboro

BWKOHAHHS TEXHOMOrYHOT onepauii, Konn KorMBaHHS
LUBMOKOCTEN HE3HAYHI.

TpeTe QonyLleHHs 3aKknio4aeTbcs B TOMY, LLUO
npu po3paxyHKy CTIMKOCTI i KepoBaHOCTI pyxy He
po3rnagaTbCa BepTuKanbHi nepemiweHHs MTA.
Lle ponyuwieHHs cnpaBegnveBe 4epe3 Te, WO B
3agady AOCnimgXKeHb He BXOAWUTb OLiHKa BNUBY
ernieMeHTIB MigBICKM Ha CTiMKICTb Ta KepoBaHICTb.
OueBnaHO, WO NpU BUPILLEHHI Takoro kona 3agad
cnif, YTOYHUTM PO3pPaxyHKOBY CXEMY, BKIOYMBLLM B
Hei BEeNuKi By3nu i arperatv y BUrNsiAai OKpeMmnx mac i
BpaxoByBaTW HEPIBHOCTi ONMOPHO| MOBEPXHI.

UeTBepTe OoNyLLEHHS rOBOPUTbL MpPO Te, LWO



npu CUMETPUYHOMY PO3MiLLEHHi
CifTbCbKOroCnoAapCbkMX MalluMH Ha TPaKTopi, SKUN
Mae camobnokytunii andbepeHuian,
HEpPIiBHOMIPHICTb  34iMHMX  BracTMBocTen Oyae
KOMMeHCOoBaHa, ane BoHa Mae Micue, sK i pisHi cunm

Oonopy nNepeKko4yBaHHsl, i TOMY BOHM MOBWUHHI
BpaxoByBaTUCb Y MaTeMaTUYHIN Moaeni.
[Tare ponyweHHA € MPUUAHATHAM  Ans

po3rnagy npsMoniHiiHoro pyxy MTA, sakun mae
HaBiCHI MaLUWHW, XXOPCTKO 34enreHi 3 TpakTopomMm.

Llocte ponyweHHA € NpUAHATHUM  ONs
po3rnsay CTiMKOCTi | kepoBaHocTi pyxy MTA, wo
BMKOHYE TEXHOMOriYHy onepauito 3 BUCOKUM
CTyneHeM [OTPUMaHHA TEXHOMOrYHUX [JOMYyCKiB,
KOMW HaBiTb HE3HaYHe KOSMBAHHSA HanpsMHWUX Konic
npussege A0 BiOXWNEHHA Big  NPSAMOSIHINHOT
TpaekTopil.

Ona 3pydHocTi B po3pobui
Mozeni BBe4eMO NO3HAYEHHS:

m; — Maca ciBanku; m, — maca TpakTopa;
M3 — Maca KynbTmBaTopa;

m; + my + mg =
kombiHOBaHOro arperary;

J1 — MOMEHT iHepuii ciBanku; J, — MOMEHT
iHepuii  Tpaktopa; J3 —  MOMEHT  iHepuil
KynbTMBaTOpa;

Wy | W — crna onopy KOYEHHIO MiBOro i
NpaBoro ONOPHUX KOMIC KynbTMBaTopa BiAnoBigHo;

Wi | Wy, — cnna onopy KOYeHHIo niBoro i
NpaBoro nepefHix HanmpsAMHWX  KomiCc TpakTopa
BiAMNOBIAHO;

W, i Wy, — crna onopy KOYeHHKo niBoro i
npasoro 3afHix BeQy4nx Konic Tpakropa BiAnoBsifgHo;
Wi | Wy — cuna onopy KOYeHHIo niBoro i

OMOPHO-NPUBOAHUX Konic ciBanku

MaTemMaTU4yHoI

m — maca nocCiBHOro

npaBoro
BiQMOBIAHO;
Taon 1 Ty — cuna TAru niBoro i npasBoro

nepegHix Kosic TpakTopa BianoBigHO;

Tsn i T, — cvna TarM niBoro i npaeoro
3aHix Konic TpakTopa BianoBigHO;

Cy i Cyc — KoediLieHTN BiYHOT XKOPCTKOCTI
LWWH KynbTUBaTopa i ciBarnku BianoBigHo;

Cy1 i Cy, — KOEiLiEHTN Bi4HOT XKOPCTKOCTI
LUMH 3afHiX i nepeHix Konic TpakTopa BiANOBIAHO;

K Kac — KOeilieHTn gemngyBaHHSA LWKH
KynbTuBaTopa i ciBarnku BianoBigHo;

Ka1, Ka» — koedilieHTn gemndpyBaHHS LWKH
3aHix i nepeaHix Konic TpakTopa BignoBigHO;

Psy | Psc — 3ycunnst 6iyHomMy yBoAy Koric
KynbTuBaTOpa i CiBanku BignoBigHo;

Pes1i Ps, — 3ycunnsa 6i4HOMy yBOAY 3afHiX i
nepegHix Kosic TpakTopa BianoBigHo;

Y; ... Yig — MpOeKuia cun onopy CekLin
KynbTuBaTopa Ha Bicb X;

X1 ... Xig — NpoeKuis cun onopy Cekuin
ciBanku Ha Bicb X;

C1» — XOPCTKICTb 34iMKM MiXX TPaKTOpPOM i
ciBankoto npu obepransHOMY pPyci;

C,3 — XXOPCTKICTb 34iMKM MiXX TPaKTOpPOM i
KynbTMBaATOPOM Mnpu 0bepTanbHOMY pYyCi;

Bt, €k, bc, bK, bl, b3, S,, Ko, dai, ap, asz, dg —
reoMeTpu4Hi po3mipu arperarTy.

Ak y3aranbHeHi  koopAuHATM  CUCTEMMU

NPURHATI: NiHINHI KOOPAWHATM LEHTPY Mac ciBasiku
g: = X i 2 = Y; KyT MOBOPOTY CiBanku ¢q; KyT

MoBOPOTY paMu TpakTtopa ¢, KyT MOBOPOTY
KynbTuBaTopa s.
KineTuuHa  eHepria  cuctemn  (puc. 1)

CKNagaeTbCa 3 KiIHETUYHOI eHeprii nMocTynanbHOro
pyxy LUEHTPY Mac ciBamnku, KHETUYHOI eHepril
0o6epTanbHOro pyxy LEeHTpY Mac CiBasnku, KIHETUYHUX
eHeprin noctynanbHOro Ta obepTanbHOro pyxy
LeHTPY Mac TpakTopa i LeHTpYy Mac KyrnbTuBaTopa:



Puc. 1. AnHamiyHa mogens kKoMGiHOBaAHOMO NOCIiBHOro arperaTy
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eHeprii MOCTynanbHOro pyxy CiBanku B3AOBX OCEN
OX 1a OY BignosigHo;
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eHeprii NOCTynanbHOro pyxy TpakTopa B3OOBX Ocen
OX 1a OY BignosigHo;
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€Heprii NoCTynanbHOro pyxy KynbTMBaTOpa B3O0BX
ocen OX ta OY BignoBiaHO;
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06 — 2
— KiHETUYHi eHeprii 0bepTanbHOro pyxy CciBarsku,
TpakTopa i KynbTuBaTopa BiAnoBigHO.

Ona onucy AuHaMmiyHUX  3B’SI3KIB MiX
ernemMeHTamMu arperaty Ta MiX arperaToMm i 'pyHTOM,
OyoneMo npefacTtaBnATM iX Yy BUMNSAI  NPYXHMX
3B'A3kiB. Bupasumo niHinHi nepemilweHHs ueHTpiB



Mac TpakTopa i KynbTuBaTtopa 4yepes3 nepemilleHHs
LEHTPY Mac ciBarnku:
Xo = X1 + a1SinQ; + a,sing;,
Y2 = Y1 + a1C0S@; + a,C0SQy,
X3 = X, + azsing, + a,sings, )
Y3 = Y2 t 83C08Q; + ,C05¢s, _ _
Oe @1 — KYT MK LleHTparnbHOI BICCIO CiBarnku

Ta Biccto OX; ¢, — KyT MK LIeHTparnbHO BiCCHO pamu
TpakTopa Ta Biccto OX; @3 — KyT MiX LleHTpansHO
BicClo KynbTMBaTopa Ta Biccto OX; 8 — KyT NOBOpPOTY
Kepyroumnx Konic.

Micna pesknx nepeTBOPeHb OTPUMAEMO
BMpa3 KiHETUYHOI eHeprii KOMBGIHOBAaHOro MOCIBHOMO
MaLUMHHO-TPAKTOPHOro arperaTy B Linomy:
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MigcTaBuBWN 3HAYEHHA KiHETMYHMX eHeprin (4) B piBHAHHA (1) 3anuwemo piBHAHHA pyxy MTA
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Ons BM3HA4YeHHs y3aranbHEHMX CuI, $Ki
BiANOBIgAlOTh y3aranbHEHUM koopauHaTam, byaemo
BMKOPUCTOBYBATM iHLUI MaTeMaTUYHi 3aNeXHOCTiI.

BucHoBku. B cTaTtTi po3rnsHyTi nuTaHHA
BM3HAYEHHS KIHETMYHOI eHeprii  KomMBiHOBaHOro
MaLLWHHOro arperaty. B pesynbTtati MmatemaTnyHoro
MoZenoBaHHA Oyno 3’'AcoBaHO, WO KiHETMYHAa
eHepria  kOMOIHOBaHOro arperaty CknagaeTbca 3
KiIHE TUYHNX eHeprin noro CKNagoBUX:
NoCTynanbHOrO  PyxXy LEHTPYy Mac  ciBanku,
KiIHETUYHOI eHeprii obepTanbHOro pyxy LEHTPY mac
ciBanku, KiHETUYHWX eHeprin nocTynanbHOro Ta
obepTanbHOro pyxy LEeHTpy Mac TpakTopa i LeHTpy
Mac KynbTusaTopa.
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SlpoweHko I1. H. 06 onpedeneHuu KUHeMuU4YecKol 3Hepa2uu KOMOUHUPOBAHHbLIX MaWUHHBLIX
azpezamoe.

B cmamse paccMompeH 80rpoc orpederneHuss cucmeMbl ypasHeHul, Komopskle Oruchigarom
KUHemMUYecCKyto aHepauo KOMOUHUPOBaHHO20 MalLUHHO20 azpeaama 80 8peMs e2o pabomei.

Knroyeeble crioea - KUHemuyeckasl sHepaus, MauwuHHbIU azpeaam, ycmolyugocmbs O8UXEHUS,
yaor nogopoma, 0606weHHble KoopOUHamMbI, MoMeHyuanbHasi 3Hepausi cucmeMbi, cucmema ypasHeHUU.

Yaroshenko P. About determination kinetic energy of combined machine aggregates.

A machine aggregate as mechanical system shows by itself connection of one or a few agricultural
machines, transmission mechanism (coupling, hydrogacka) and power part (tractor). In this work as
power part of machine tractor aggregate the wheeled arable-cultivated agricultural tractor that has a
frame (basis) as a hard frame with transversal longerons is examined. On this frame all basic knots of
tractor, including hanging systems (front and back), are mounted. Determination of kinetic energy of such
aggregate is a task is difficult enough and requires knowledge of sizes of the masses and rates of
movement of bodies that enter to him.

At research of firmness and dirigibility of motion different after constructions and functional settings
agricultural machine tractor aggregates can be presented as the united elementary kinematics links that
assume possibility of the horizontal moving one in relation to other. Scientists (Avdeev V. M., Antoshenkov
R.V, Artiymov N. P., [jathev L. V., Jlebedev A. T., Roslavthev A. V. but other), that conducted research on
firmness of motion of agricultural MTA multimass models used, as a rule, with many degrees of liberty.

For the estimation of firmness of motion models were used with the corners of turn of aggregates in
relation to each other and to the accepted axes of the generalized coordinates, or model with the variable
coordinates of motion of aggregate.

The analysis of motion of agricultural aggregates the dynamic models of that were given as two
was conducted in the researches marked higher, three, four and five element models.

The first assumption is acceptable to most tractors and agricultural machines. Their frames (or half-
frame) show by itself hard enough constructions, deformations of that are small and does not influence on
processes that is examined.

The second assumption is acceptable to consideration of MTA in the process of direct
implementation of technological operation, when the vibrations of speeds are insignificant.

The third assumption consists in that at the calculation of firmness and dirigibility of motion the
vertical moving of MTA is not examined. It assumption is just because in the task of researches the
estimation of influence of elements of pendant is not included on firmness and dirigibility. Obviously, that
at the decision of such circle of tasks it follows to specify a calculation chart, including for her large knots
and aggregates as the separate masses and to take into account inequalities of underlayment.

Fourth assumption talks that at the symmetric placing of agricultural machines on a tractor that has



a self-locking differential, the unevenness of coupling properties will be compensated, but she takes
place, as well as different forces of resistance of rolling, and that is why they must be taken into account
in a mathematical model.

Fifth assumption is acceptable to consideration of rectilineal motion of MTA, that has the hanging
machines hardly coupled with a tractor.

Sixth assumption is acceptable to consideration of firmness and dirigibility of motion of MTA, that
executes a technological operation with the high degree of observance of technological admittances,
when even insignificant oscillation of directing wheels will result in deviation from a rectilineal trajectory.

It was found out as a result of mathematical design, that kinetic energy of the combined aggregate
consists of kinetic energies of his constituents: forward motion of centre-of-mass seeder, kinetic energy
of rotatory motion of centre-of-mass seeder, kinetic energies of forward and rotatory motion of centre-of-
mass of tractor and centre-of-mass of cultivator.

Keywords: kinetic energy, machine aggregate, stability of motion, corner of turn, generalized
coordinates, potential energy of the system, system of equalizations.



