gax. [pednoxeHHass MemoduKka 060CHOBaHUSI cocmasa MawUHHbLIX azpeaamoe o0 OCHO8HLIM KpUmepusim
ornmumanbHOCMU: pPou3800UMebHOCMb, PAcxod MOMuea, 3Hepaemuyeckue 3ampamsl U MpUeedeHHbIe
3ampambi MaWUHHbIX azpeaamos.

Knioyeenle croea: mexHoMo2u4ecKue npoyecchl, mexHudeckue cpedcmea, MaluHHbIe azpeaambl,
mMemoduka 060CHO8aHUS, MOUJHOCMb, payuoHasibHasi CKOPOCMb, KO3ghghuyueHm 3azpysKu, Kpumepuu on-
mumusayuu, npousgoouMesibHOCMb, Pacxod MOoMnnuea, 3Hepaemuyeckue 3ampambl, MpPuUeedeHHble 3a-
mpamei.

Sarzhanov O., Tatsenko O. The justification composition machine aggregates to perform
mechanized processes in plant based on modern technical tools

The mechanization crop production in Ukraine during the reform and development of agricultural pro-
duction requires technological upgrading high-performance, reliable hardware. They allow you to meet the
demands of modern agriculture. Further development of agriculture greatly depends on the logistics indus-
try.In terms today, the structure market means of agricultural production. It requires new approaches to sys-
tems engineering and technical support of modern technologies in agricultural production.Changes in agri-
cultural production in Ukraine and its integration into global processes led to significant changes in agricul-
ture.Reducing the cost of crop production is the actual problem. For engineering service sector is task is to
ensure high quality of the machines. Machines should do the job with a maximum load in the short term.To
ensure a certain level of quality farm machinery necessary to optimize their acquisition.At the present stage
development of agriculture. These issues are of particular relevance. In the scientific paper analyzes famous
works by justification composition machine aggregate. The scientific article is devoted to study the
composition and use machine aggregate in the performance of mechanized processes the agricultural plant.
The results and analysis indicate a sufficiently large number of scientific research aimed at solving this prob-
lem.The problem of engineering and technical support agricultural production remains understudied.An im-
portant aspect the calculation and the optimal composition machine aggregate in Ukraine is the emergence a
large number different types of foreign technical tools for agricultural purposes. Most the information about
the specifications data of means rather limited. Available information is not sufficient to justify the existing
methods rational structure, parameters and modes operation of machine aggregate. The method optimizing
the structure machine aggregate manning the presence of technical information on public facilities.

The technique is conventionally divided into three stages calculations: justification for traction and grip
capabilities energy resources; rational justification modes and parameters of machine aggregate; optimiza-
tion the use technology (machine aggregate) in industrial processes. The technique justification machine
aggregate in the main optimality criteria: performance, fuel consumption, energy costs, and given the cost of
machine aggregate.

For practical implementation of the proposed technique developed software for computers.

Keywords: technological processes, technical tools,machine aggregates,methods of study,power,
rational speed of the aggregates,engine load factor,criteria for optimization, performance, fuel consumption,
energy costs, reduced costs.

CtaTTa Haginwna B pegakuito: 23.03.2015p.
PeueHs3eHT: A.7.H., npod. TapenbHuk B.B.

Y[K629.3.017 5
ANOEPEHLUINHI PIBHAHHA PYXY KOMBIHOBAHOIO MTA

M. M. ApoweHKo,K.T.H., goueHT? CyMCbKUA HaLliOHanNbHUI arpapHui yHiBepcuteT

Y cmammi po3ansgHymo numaHHs MameMamu4yHO20 MOOEs8aHHs pyxXy KoMb6iHO8aHO20 MauwlUHHO-
mpakmopHoz20o azpezamy (MTA) e pe3ynbmami siko2o 6y/10 ompumaHo 8iciMm dugbepeHUiliHUX PiHSIHb, WO
0adymb MOXIUgiCMb OUiHUMU rnapamempu pyxy azpeaamy.

Knrovoei cnoea — kombiHosaHul azpezam, dugbepeHUuiliHe PiBHSIHHS, PiGHSAHHSA JlagpaHxa, KiHemuy-
Ha eHepaisi, TomeHUyiliHa eHepeisi, y3az2asibHeHi KoopOuHamu.

MocTaHoBka npobGnemun. CknagHi MexaHiyHi | LIMPOKO BMKOPUCTOBYBaHWIA B MawuMHOOYydyBaHHi, €

cucteMn, 0o Akux BigHocuTbes | MTA, € npyXHUMK
cYcTeMamMu 3 HECKiIHYEHHMM YUCIIOM CTYMEeHiB Binb-
HOCTi. BMBYEHHA pyxy Takmx CYLiNbHUX NPYXHUX
C/CTEM MOB'A3aHe 3 BENUKUMU TpyaHowamn. TexHi-
YHa npakTuka Bupobuna 6araTo pi3HWX NpUIOMIB
noGyaoBU CMPOLLEHMX CXEM, SIKi BUKOPUCTOBYHOTHCH
npu aHanisi. OgHUM 3 Takux NPUNoMIB, 0cobBNMBO

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurtety

3amiHa pearnbHOI CKNagHOi CUCTEMU eKBIiBaneHTHOM
NpMBELEHOK CUCTEMOK 3 KiHLIEBUM YUCIIOM CTyne-
HiB BinbHOCTI. Lle npurnom gouinbHO BMKOpUCTATK i
B AAHOMY BUMAAKY.

AHani3 octaHHix gocnigXxeHb i ny6nikauin.
MuTaHHAMKW OocnigKeHb PYXY CKMafHWX CiflbCbKOro-
crnofapcbkux arperatiB 3aniManocb 6araTo BYEHUX.
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Tak AsgeeB B. M. B cBoiln pobori [1] gocnigxysas
CKMaZiHM1 pyx NOCIBHOro arperaTty B CKnafi TpakTo-
pa 3 LapHipHO-34SIEHOBAHOK PaMOt0, 34iMKKn i TPbOX
3epHOBUX ciBanok. Pyx nociBHoro arperaTty 6yno
onucaHo y BUrNSdi AeKinbkoxX AndepeHuiiHMX piB-
HSAHb.

AHTOLWEHKOB P. B. [2] B AKOCTi MaTemMaTu4HO-
ro anaparta npu ckrnagaHHi gudepeHuiansHux pis-
HAHb  pyxy  KOMOGIHOBaHOro  rpyHTOO6po6HO-
MoCiBHOro arperaty B cknagi Tpaktopa XT3-150K-09
i ciBanku AlMN-6 npunHAB piBHAHHA Jlarparxa gpy-
roro poay. B akocTi ysaranbHeHuUx koopauHaT cuc-
Temu, Lo po3rnsfarTbes, Oynu NpURHATI BignoBigHi
KyTW MOBOPOTY eNeMeHTIB arperarTy.

ApTtbomoBum M. 1. [3] ana cTBOpEHHs maTe-
MaTWUYHOI MOAEnNi pyxy OopHOro arperaty Oyno BuKO-
pUcCTaHO noLUMpeHy cepen JocnigHukiB opmyny
piBHSAHHA NarpaHxa gpyroro pogy. licnsa cknagaHHs
BMpasiB  KIHETWYHOI Ta  MOTEHUINHOI  eHeprii
BpaxyBaHHS CWUM i MOMEHTIB, LU0 Ail0Tb Ha OpPHUKN
arperaTt i BUKOPUCTaHHA piBHAHL JlarpaHxa, ogep-
KaHO MaTeMaTu4Hy MOAernb Pyxy Y BUrnsgi CucteMm
AnepeHLinHnX PiBHAHb.

dopmyntoBaHHA uinen crtarTi. [poaHanisy-
BaBLUW MyOnikaLii ocTaHHIX pokiB 3pobneHo BUCHO-
BOK MpO Te, WO AOoCrnigHUKaMu Ansi ONUCAHHS pyXy
CKnagHuUX arperaTiB BUKOPUCTOBYBAIIUCb PIiBHSHHSA

Y 4

Iarpanxa gpyroro poay. OgHak OOCNIAHWKN He BK-
KOpUCTOBYBarnu B CBOIX arperatax nepeiHio HadinHy
cuctemy Tpaktopa. MeTol gaHoi cTaTTi € mogento-
BaHHSl pyxy KOMOGIHOBaHOro arperaty 3 BUKOPWUCTaH-
HAM nepefHbOi HaBiCKM 3a [JOMOMOroK CUCTEMU
OndepeHUINHNX PIBHSHb.

Buknag ocHoBHoro matepiany. [Jo cknagy
MTA BxogATb eHeproHacudeHun Tpaktop tuny XT3-
121, nepedHs i 3a4HA HaBICHI CinbCbKOrocnogapchKi
mMawuHu. Posrnagatumemo pyx MTA B gBOX BUMI-
pax, BBa)aw4u, WO BepTUKarnbHi CuUnu i nepemi-
LLIeHHS He pobnATb BENMKOro BMAMBY Ha PyX B LiNo-
My. MONoXeHHs TpakTopa MOBHICTI0O BU3HAYaETbCH
KoopavHaTamu LLeHTpy Mac (y ABOX BUMIpax) i KyToM
NMOBOPOTY NOAOBXHBOI OCi TpakTopa BiAHOCHO OCi X.
KpiMm LbOro, Hanpsim pyxy BU3HA4ya€e KyT NOBOPOTY
KepoBaHux konic. [Ans moaentoBaHHs pi3koro 36inb-
LWEeHHS BWMNAAKOBUX OMOPIB HaBIiCHMMWU MaluMHaMu
arperaTy, HeobOXigHO TakOX OOMycKaTu KyTOBi i Mo-
nepeyHi nepeMileHHa HaBiCHUX MalUvH. [M0340BXHI
nepeMilleHHa HaBiCHMX MalUWH BiAHOCHO TpakTopa
BBaXaloTbCs Ayxke manumun [4]. Cxema pyxy MTA,
npv BpaxyBaHHi neperivyeHnx BULLE YMHHUKIB, npea-
ctaBneHa, Ha puc. 1. [edopmauii enemeHTiB, WO
3B'A3yl0Tb TPaKTOpP 3 HaBiCHMMM MalluMHamK, Ans
HAOYHOCTi He BKa3aHi.

Puc. 1. Cxema pyxy MTA

[o HaBegeHOi cxemMn BBOASTLCH BiCiM Yy3a-
ranbHEHUX KOOpPAMHAT: KOOPAMHATU LEHTPY Mac
TpakTopa — X, Y; KYT MOBOPOTY MNO300BXHbLOI OCi
TpakTopa — a; KyT MOBOPOTY HanpsMHMX Konic — By;
nornepeYHi nepemileHHs nepeaHboi i 3agHbOT Haui-
NHUX MawuH — O, i O3 BIAMNOBIOHO; KYTOBIi nepemi-
LLIEHHS NepeaHboi i 3a4HBbOT HAYINHUX MawnH — B; i
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B3 BignoBigHo.

Ha 3anponoHoBaHin cxemi arperaty cUMBOS
m xapaktepusye macy, F — cuny, M — momeHT. Ln-
dposi iHaeken 0, 1, 2, i 3 BKa3ylTb Ha HanNeXHICTb
00 3aHbOro BeAyyoro MOCTY, nepeaHbOro MocCTY,
nepegHbOl i 3aQHbOT Ha4YiNHUX MallMH BiAMNOBIQHO.
CumBONbHI iHAEKCKM po3nofineHi HaCTYNHUM YUHOM:
BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHiBepcutety
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cvna i MOMEHT, Lo ONuUCYITb BUNAAKoBi (yaoapHi)
BNAVBK — b; CUNW TepTa KOYEHHS — r; BiYHi cnnm — s;
MOMEHTU OMnopy MOBOPOTY — & cunun onopy, Lo Bu-
HMKaoTb Nig Yac BUKOHaHHS CiNbCbKorocnoaapChbkmx
onepauii — g; BENUYMHMN, LLIO XapaKTepu3yroTb Tpak-
Top B uinomy — T (m— maca Tpaktopa, F— cuna
TAMM TPakTopa).

[na suBeaeHHs OndepeHUinHNX PiBHAHbL py-
Xy B y3aranbHEHVX KoopAauHaTax, sik mpaBwmio, Bu-
KOPUCTOBYIOTb PiBHAHHSA JlarpaHxa gpyroro poay [2,

3,4, 6]:
d(er) or
9 1% o = 1

dz(aqk] oq; 0 =0 (1)

he r— KiHeTu4Ha eHepriﬂ cucrtemu; g, — ysa-
ranibHeHi KoopauHaTtu; O, — y3araaneHi cunn.

[lnsa HekoHcepBaTMBHOI CUCTEMU C MOTEHL M-
HOIO eHeprielo ;7 | 30BHIWHIMKW BNNnBamMn P, , y3a-

ranbHeHi cunm 3aMnCyrTbCA Tak:

ol
Q=R -~ ()
q
Axkwo BukopmuctaTtn oyHKUito JlarpaHxa
L=T-mn (3)

TO cucTemy piBHsHb (1) MOXHa 3anucatu Ha-
CTYMHUM YUHOM:

d| oL oL
L)L _p, (4)
dt\ 0qy ) Oqy
KoopanHaTtu ueHTpiB Mac nepeaHbol i 3agHbOI
HayinHMX CUCTeM 3anexaTb Bif KoopauHAT LUEHTpYy
Mac TpakTopa i nonepevyHmx nepemiweHb HadinHMx
CUCTEM:
Xy =X+a,cosa + 0, sina
Yy =y +aysina — 8, cosa 5
X3 =X—azcosa + 03 sina ®)
y3 =y +aysino —d3cosa
KyToBi nepemilleHHa B; MOB’A3aHi 3 NO300B-
XHbBOIO BiCClO TpakTopa. [ns 3HaxXo4KeHHSA KiHeTuu-
HOI eHeprii cMcTeMn HeobXigHi MOBHI KYTOBI Nepemi-
LLeHHA BIAHOCHO OCi x . [Mo3HaYMMo Ui nepeMileHHs
(g.
pr=o—p
Pr=— (6)
p3=03+p5
Maca TpakTtopa € 3MiHHOI BenuyuHol. B 3a-
ranbHOMY BUrNSAi BOHa 3anexunTb SK Big vacy, Tak i
BiJ, LUBWMOKOCTI:
my = my(t,%,5) (7)
KiHeTu4Ha eHepris cuctemun piBHa:

T = —(mr( 24 y2)+ mz(xg + y22)+ m3(x§ + y§)+ 10a2 + Il(pl2 + ]2(p22 + 13(032) (8)

2
ae i — MOMeHTU iHepuii BigHOCHO BepTuMKarb-
HOI OCi.

MigcTaBnsAOYM OTPUMaHI cniBBigHOLWEHHS (5) i
(6) y Bupa3 ans kiHeTuyHoi eHeprii (8), oTpumaemo:

T:E[mr(x2 +y2)+ mz((x—azasma + 0, sina +52acosa)z +

+ (y +050 COS AL — 85 COS O + B0 sina)2j+

+m3((x+a3o'csina +8;ysina +53dcosa)2+ 9)

+ (j/ +0300 COS 0L — 55 COSCL + B30 sina)zj +

+ 1y’ +11(d2 —B12)+ 12(0'62 —B22)+ ]3(d2 +/5'32))

MpyxHi cnnn [QitloTb Ha HaBICHI MaLUWHKU (3MY-
LUYHOUM TX NOBEPHYTUCH B MOYATKOBE MOMOXEHHS MO
BIOHOLWIEHHIO OO0 TpakTopa) i Ha KepoBaHi koneca
TpakTopa. KoedilieHTM )XOPCTKOCTI NPY>KHUX 3B'A3KIB
nosHaunmo yepes Cy. MNpu uboMy neplinin iHoekc 1
XapakTepusye noBOpPOTHY (abo KyTOBY) XOPCTKICTb
3B'A3KIB, @ 2 — rHY4YKY XXOPCTKIiCTb.

MoTeHuinHa eHepria cuctemmn moxe OyTn 3a-
nucaHa Tak

1 2 2 2 ) G2
i :E(Cllﬁl +Co1 Py +C31B3 +C65 +C3253) (10)

Y3aranbHeHi 30BHIlLHI BNNMBM 3HaxoA4ATbCS
no HacTynHi metoauui. BignosigHin ysaranbHeHin
KoOpAvHaTi JaloTb HECKIHYEHHO Many 3MiHYy &g .

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurtety

KoediuieHT npu &, y BMpasi poboTn BCiX aKTUBHUX

30BHILLUHIX BNNMBIB i Byae y3aranbHEHUM 30BHILLHIM
BnnvnBoMm. [Mpu LUbOMYy HeobXxigHO BpaxoByBaTy, LUO
KyTn B, i B; AyXKe Marni BHacnigok BENuKoi XopcCT-

KOCTi MPY>XHUX €eNeMeHTIB, WO 3B'A3Yyl0Tb HaudinHi
MaLlUWHW 3 TPaKTOPOM, a KyT f3;, HaBnaku, B 3ararb-

HOMY BWMAgKy, Moxe OyTu [OCTaTHbO BENUKUM.
[HWKMKU crnoBamu, KyTamu B, U By MOXHa 3HEXTYBa-

TV NPU 3HAXOKEHHI NPOEKLiN CUIl Ha KOoOpAWHAaTHI
BiCi M Ha NO3QOBXHIK BiCb TpakTopa.Buxogaum i3
CKas3aHoro BuLle i Kepylo4uCb HaBeOeHOo CXEMOK
pyxy MTA, 3anuwemMo ysaranbHeHi 30BHILHi BNuK-
BU:
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Fy = Fy ag = Fy ay cos By + Fyaysin By

P,B :Mtl
P:BZ ZMb -i—]\/[t2

Po=\Fp —Fy—Fgy -

y 4

HeobxigHO BIigMITUTK, L0 CUna | MOMEHT Fj i
M,, SKi MOOenoTb pi3ke 30iMblUEHHS BUNaAKOBMX

OnopiB HaBiCHUMW MalLUMHaMKW arperaty, MalTb
TUMYaCOBUIA XapakTep BMfMBY, TOOTO B NOYATKOBUW,
J0BOMi KOPOTKMI Mepiof Yacy, BOHU MaTUMYTb Bia-
MiHHI Bifj HyNs 3Ha4YeHHs, a NOoTiM Ha NpPoTA3i JoBoni
OOBroro nepiogy 4Yacy BOHM MOXYTb [OPiBHIOBATU
Hynto. Llen dakt gae MOXNuBICTbL 3acTocyBaTu B
HaCTynHOMYy, nicns BUBOAY AU EpPEeHUINHNX PiBHSHb
pyXy, 3ararbHi NOMNOXEHHS Teopii CTINKOCTI pyxy, Tak
AK OAHI W Ti X PIBHAHHSA OMUCYIOTb PiBHSAHHSA 36ype-
HOro i He30ypeHoro pyxiB.

®yHkuia Jlarparxa B pO3ropHyTOMYy BUMAi
3anvweTbCcd Tak:

L:E(mT(x2+y2)+m2((xfazasma+62sma+bzacosa)2+

+t&+azo&cosa -8, cosa +520'csinoc)2)+

(12)

+m3(()'c+a3dsina +03sina +d3a cosa)z +
+(y+a3d coso — 63 cosa +§3dsina)2J+

+]0d2 +1 (o'cz —ﬂ12)+]2(d2 —ﬁzz)+ ]3(ok2 +B32))—
*%(Cnﬁ]z +Cy B3 +C31B3 +Cd3 +C32532)

Ona BuBegeHHs OMdEPEHUINHNX PiBHSAHb PyXY
MTA HeoOxigHO BupaxyBaTu MOXigHi Big YHKLUIi
J'IarpaH>Ka no ysarallbHEeHUX KoopAauHaTax i y3a-
ranbHEeHUX LWBMAKOCTAX, a NOTIM NiACTaBUTK oTpun-
MaHi 3Ha4YeHHs pa3om 3i 3HaYEHHAMHN y3aranbHeHunx
cvn B piBHAHHSA larpaHxa (y Burnagi cuctemu (4)).

MoxigHa dyHkuii Jlarparxa no o :
oL . Lo e
- —MyXA0L COSOL + My X0y COSAL — My XS, sinoL —
(07

— 1y P20 SIN QL + 1y P8, SN + 1y 540, COSOL +

+ M3 X030 COSOL + M3xd3 COSAL — mykBa0 sinar + (13)

+4maa; 5,0 sin 0L COS AL — 2330285 + 4myaz550.% cosa —

— M3 Pas0 SN0+ My PS5 SN0 + M3 830 cosa

no ¢
oL L . .

P maxaz sino + myxd; coso + 4myazozasina cosa +
a
+ myyaz coso + myydysino — 2m3a353 cos?o —
— MyasXsina + myxd, cosa + my ya, Cos o — (14)
- m2a252 + fl‘Zza%O-C + l’}1363206 + m3a353 + m;,a_%ok +
+my836 + 1yG — I By + 16— L By + 16 +

+I3ﬂ-3 + m2j/52 sina +13d
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F,—F3 )cosa -F, cos(a - ﬁl)—Fsl sin(a - ﬁ1)+ Fyysina
P, = (FT —Fy,=Fp = Fy —Frs)Si“(X — Fyysin(a = By) = Fyy cos(a - fy) - Fyg cosax

MigcTasnsoumn Bupa3 gna P, i3 (11) pasom 3
OTPMMaHMMM 3Ha4YeHHAMM NnoxigHux yHkuii Jlarpa-
HXa Mo o i & B cucTemy (4) oTpuMaemo nepiue am-
bepeHLUinHe PIBHAHHS PyXYy:

—2m3a3d263 +4m3a363d2 cos?a + 4m3a353d sino cosa +
+ mya3 i + myaz X sin o + myazds + myS3di +

+ a3 + My + myazycosa + Iy By — myaydy +

+myX3cosa +4myazddssina cosa — myar¥sina + (15)
+ Ld — I | — 2myas, cos?a + mzyodysino + 110 +
+2m385685 + LyGi + nyay ycosa + myid, cosa —
— 1By + my 6, sina + I36 + 2my5,G8, =
= Fyoap — Fyjay cos By + Fya; sin
MoxigHi pyHkuii Narpamxa no B, i g, :
s—; =G
(16)

a—l.‘ :—Ild +IlBl
Py
OTtxe, apyre piBH‘ilHHFl Pyxy 3anunieTbCa Tak:

— L6+ I By + Cyy By = My, (17)
MoxiaHi cpyHkuii Narpamxa no B, i g,:
oL
B, =-Cp
, | (18)
—_— :—Izd'i‘[zﬂz
op,
TpeTe piBHAHHA pyXY:
— D6 + 1y By + Co By = My + My (19)
MoxigHi no B3 i g5 :
oL
B =-G315;
’ (20)

a—; = I3a + [3ﬁ3
P
BignosiaHo, YeTBepTe PiBHAHHA PyXY :

36 + I3y + C3 By = M 3
MoxigHa dyHkuii Jlarparxa no 4§, :

(21)

L .. . .
% = My XL COSCL + 1y YA SING. + 1150255 — ConSs (22)
2

no s, :
oL . . : )
—— = MyXSINOL — Myay oL + MOy — My Y COSAL
06,

3Biacu, n'ate andepeHuiiHe pPiBHAHHS pyXy :

(23)

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHiBepcutety
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MoXsin @ — Moyasd + my8y — My Y COS A — Myl 252 + Cpd, =

Fy, (24)

AHarnoriyHo 3anuwemMo noxigHy dyHkuii JlarpaHxa no §; :

oL .. . . L .
o5, - Mmtacosa +2mya3a% cosasina + my yasina + my 28y — Cypbs (25)
3
ino s;:
oL 2
5 = naxsina + nmzaz00 — 2mza3a oS~ o + m353 — iy cosa (26)
i : oL . 10 10
LHocTe piBHAHHA pyXY : OL ppsis LOMr 2 L OMr o e myaydsina +
ma¥sina + myaz + 2myazai” cosasino — ox B 2 ox
) . + my8yasina + my0,a cos o + m3x + (
-2 3 03 —mzy - (27 :
mM3a30. COS” o + m303 — nyy cosa ( .. . ,
+ m3aza sin o + m303 sin o + m3030L cos o
.2
—my0 "85 + C3p03 = Fig 28)

MoxigHa dyHKkuii JlarpaHxa no . AOpPiBHIOE
HYMio, a Mo X:

OTxe, cboMe AudepeHLinHe PIBHAHHSA pyxy
MOXHa 3anMcaTn Takum YNHOM:

mpx + ! Gm_T 2 +am—Txx+lam—T 2 L amy —— W+ myX— mzazazcosa myao sina +
ox ox 2 Ox ox
+ My SINGL + 22850 COSOL — MyS20 % SIN G + MyBGL COS 01 + My + maasa > cos oL + (29)
+ M3z sin o + mads Sin o + 2mad30 cos o — myS36 % sina + myS36 cos o =
=(FT—Fb—F -F,-F, )cosoc Flcos( ﬁl) Slsm( —ﬁ1)+Fsosina
MoxiaHa dyHkuii NarpaHxa no ,, aK i No «, 16 + 1By + Cy By =My + M, (34)
AOpiBHIOE Hymto. [oxigHa no y 3anucyeTbes Tak: 136 + I3B3 + C3, B3 = M (35)

oL 1omy > 1 om omy.
—=mpy+—— ZL 52 4 gy + myand cos o —
oy 2 oy 2

— my8 COS o + mySy0i sin & + my Y + (

+ m3a30. cos oL — m353 cos a + m303a sin a
30)
BignosigHo, ocTaHHe BocbMe AudpepeHuinHe
PIBHSIHHSA pyXy Oyae TakuM:
9y 2 4 0N i
- R

+myy— m2a2d2 sina + mya,d cosa —

omr ...
=T+

lamT .2+
—. Y &

|
mry +—
Ty 5

— My cOSQ + 2mSyd Sin ot + mySyd > cosa +
+ myB,0 sina + myy — myaza’ sina + (31)
+ mya36i oSO — mads cosa + 2mydiasina +
+ 38567 cosa + mySdi sina =
~(Fp = Fy = Fyp oy~ Fy3)sina

rl Sin( ﬂl) Fy COS( ﬁl)
OTxe, 3acTocoBytoun yHKLito JlarpaHxa i pi-
BHSIHHA JlarpaHxa Oyno oTpumaHo yci Bicim gude-
PEHLINHUX PIBHAHb PYXYy A5 NPUBEAEHOI CUCTEMN.
3anuwemo noBHYy cucTeMy AndepeHUinHMX
piBHSIHb pyxy MTA:

— 23030285 + 4maaz 8507 cos® @ + 4myayd0 sin o cos o +

Fyycosa

+ myadd + myaz¥sina + myasds + mySdi +
+ My a3+ myd3G + myasycosa + I3y — myandy +
+ m3X03 cosa + 4myaz0ids sina cosa — myarxsina +
+ L6 -1

+2m385085 + oG + myay i cosa + my¥, cosa —

(32)

—2mza;36; cos? o+ msydysina + 10 +

— 1oy + my 8, sinat + [5G + 2my5,G8, =
= Fyoao — Fyja; cos By + Fryay sin By
- N6 + 1By + Cpy By = M

(33)

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurtety

t1

My Sin Q@ — my@yli + myBy — My cos & — myti 25, + Cyp8y = Fyy (36)
ma¥sina + myazd + 2myazai” cosasino —
— 2m3a30i c0S% 01 + mzdy — My cosa — (37)
—my6 8y + Cypdy = Fig

omy ...
L+ ——L

+ mMyX — myaya 2cosa — myaK o sina. +
+myd,y sina + 2m,8,0 cosa — n12620'c2 sina +

+ my0,0 cosaL + mzX + m3a3d2 cosa + (38)
+ My sin o + By Sin o + 2ms0;0 cosa —

— 3830 sinat + myB36 cosa =

=(Fr =7~ P o
-B)-
ag”yf 2 ag"—y?xjmlag”—; 2

+myy— m2a2d2 sina + mya,d cosa —

-F3 )cosoc -

ncos(o = By) = Fyysinfa = )+ Fyg sina
amT
— Wt

1
mpy +—
Ty S

+

— My COSQ + 2myS5a SN0t + mySya > cosa +
+mydyosina +myy — m3a3o'c2 sina +
+ mzaz0 cosa — myd3 cosa + 2mydsasina +

+myS50% cosa + mydsdi sina =

—(Fp = By~ Fyp ~ Fp ~ Fy3 Jsina
-F, sin( ﬁl) B cos( ﬂl) 0 cosa
BucHoBku. Cuncrtema AudepeHuinHnx pis-

HAHb (32)-(39) € HeniHiINHO, OCKINbKN HeNiHiNHI yCi
il piBHAHHS 3a BUKNOYeHHsM (33)-(35). O6umncnnTu
3Ha4YeHHA YHKLUIN  (3anexXHoCcTen y3aranbHEeHUX
KoopauHaT Big 4acy), TO6TO nmpoiHTerpyeatu cucre-
MYy OUdEepeHUINHNX PiBHAHb, aHamniTM4HO He npepn-
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CTaBNAETbLCA MOXNuBUM. Manosiporigium 6yae i | andepeHuiiHux piBHSHb pyxy. Omxe, HamnbinbL
BMKOPUCTaHHA dyHKUiA JlanyHoBa [5] Ans ouiHkM | BigNoBigHUM MiAXO4OM B pilleHHi MocTaBrneHol 3a-
CTIIKOCTi pyXy He BMKOHYKOUM iHTErpyBaHHA cuctemMun | Aadi 6yae BUKOPUCTaHHS YNCENbHUX METOLIB.
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Spowenko 1. H. JugphepeHyuanbHbie ypagHeHUs1 d8uxeHUss KoM6uHupoeaHHo20 MTA

B cmambe paccmMompeH 80rpoc Mamemamu4ecko2o ModenuposaHusi 08UKXeHUs1 KOMBUHUPOBaHHO20
MawuHHO-mMpakmopHozo azpezama (MTA) e pe3dynbmame Komopo20o bbifio Noy4YeHo 8o0ceMb QU pepeH-
yuasibHbIX ypasHeHuUl, komopble dadym 803MOXHOCMb OUEHUMb rnapamMmempbl 08LXKeHUST agpez2ama.

Knroveebie crnoea-koMOUHUpPOBaHHbIU azpezam, dughgbepeHyuanbHoe ypasHeHue, ypasHeHue Jla-
epaHxa, KuHemu4eckasi a3Hepaus, nomeHuyuarbHas 3Hepausi, 0606wWeHHbIe KOOpOuHamel.

Yaroshenko P. Differential equalizations of ruh combined MTA

The difficult mechanical systems to that belongs MTA are the resilient systems with the endless num-
ber of degrees of liberty. The study of motion of such resilient semilongwalls is related to large difficulties.
Technical practice produced many different receptions constructions of the simplified charts, that is used for
an analysis. One of such receptions, especially widely used in an engineer, replacement of the real difficult
system the equivalent brought system over is with the eventual number of degrees of liberty. This reception it
is expedient to use and in this case.

Analysing the publications of the last years drawn conclusion that researchers for description of mo-
tion of difficult aggregates were use equalizations of Lagrange the second family. However researchers used
the front hand up system of tractor in the aggregates. The aim of this article is a design of motion of the
combined aggregate with the use of front hand up by means of the system of differential equalizations.

In the complement of MTA enter the energysaturated tractor as KTP-121, front and back hanging agri-
cultural machines. Will examine motion of MTA in two measuring, considering that vertical forces and moving
do not render large influence on motion on the whole. Position of tractor is fully determined by the coordi-
nates of centre-of-mass (in two measuring) and corner of turn of longitudinal axis of tractor in relation to the
axis x. Except it, direction of motion determines the corner of turn of the guided wheels. For the design of
sharp increase of casual resistances by the hanging machines of aggregate, it is necessary also to assume
the angular and transversal moving of hanging machines. The longitudinal moving of hanging machines in
relation to a tractor are considered very small. Chart of motion of MTA, at the account of the above enumer-
ated factors, presented. Deformations of elements that bind a tractor to the hanging machines, for evident-
ness not indicated.

The got system of differential equalizations is nonlinear, as all her equalizations are nonlinear after an
exception three. To calculate the value of functions (dependences of the generalized coordinates on time), id
est integrate the system of differential equalizations, analytically is not possible. Improbable will be and the
use functions Ljapunova for the estimation of firmness motion not executing integration the system of differ-
ential equalizations of motion. Thus, the most corresponding approach in the decision of the put task will be
the use numeral methods.

Keywords — the combined aggregate, differential equalization, equalization of Lagrange, kinetic ener-
gy, potential energy, generalized coordinates.
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