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C KaxabiM rogoM CUCTEMbl TOYHOTO 3emnefenust Bce
yalle BHeapsoTCs B xo3amcTax Poccuiickon deaepauun,
HEOHOKPaTHO MOATBEPXAas CBOK 3KOHOMMYECKYHD 3¢-
(DEKTUBHOCTL M LienecoobpasHocTb. OAHOM M3 KITHYEBbIX
COCTaBNAOLLMX TaKMX CUCTEM SIBMSKOTCS YCTPOACTBA MOA-
pyn“BaHUs 1 aBTOMUNOTMPOBaHMUS, MO3BONSIOLME OCY-
LWeCTBNATb ABVKEHWE CEMbCKOXO3ANCTBEHHON TEXHUKN
napannensHo OT psda K pagy ¢ MAHUMATbHBIM y4acTheM
BoauTENS B npouecce ynpasneHus. OfHako B OCHOBHOM
NpeacTaBneHbl  AOPOroCTosLLME CUCTEMbI  3apyBexHOro
npoussogactea. B Antl'TY um. U.W. MonayHoBa npoBogsT-
Csl UCCMEeO0BaHNs, LIenbio KOTOpbIX ABMSIETCs paspaboTka
OTEYECTBEHHOW CUCTEMbI YMPABMEHUS ABWXEHNEM KOnec-
HbIX CeNlbCKOXO3ANCTBEHHbIX MalUWH, MCNOMb3yHoLEN
CMYTHUKOBbIE pagMoHaBUraLOHHbIE CUCTEMBI
GPS/TNOHACC, conocTaBumoi No TEXHUYECKAM XapakTe-
puUcTMKam C MMMopTHbIMK oBpasuamu. MNposepka paboTto-
CnocoBHOCTM anropuTMOB ynpaBneHus paspabaTsiBaeMon
CMCTEMbI OCYLLECTBASETCS SKCNEPUMEHTanbHO. Monesble
WCMbITAHUS CBSA3aHbI CO 3HAYUTENbHBIMW PUHAHCOBLIMA 1
BPEMEHHbIMW  3aTpaTamu, MO3TOMY  LienecoobpasHbimM
npeLcTaBnseTcs npoBepka paboTocnocobHOCTH 3nekTpo-
MEXaHWYECKON CUCTEMbI YNpaBneHWs W pa3paboTaHHbIX
anropuTMoB B nabopartopun ¢ UCMOMb30BaHNEM MaTeMa-
TUYECKOr0 MOZENUPOBAHUS B PEXUME pearbHoro Bpeme-
HW. Mpu Takom noaxoge Gonbluasi YacTb MEXaHUYECKoM
CMCTEMbI, 32 WUCKMTIOYEHMEM MCCMIesyeMoro yana, Onuchl-
BaETCA MEXaHWKO-MaTeMaTUYeCKo MOZenbio B BuAe
AanddepeHumanbHbIX ypaBHeHuin. B gaHHoi pabote npeg-
CTaBneHbl 3Tambl NOMYYEHWUS MaTeMaTUYECKO MOAEemH
OBWKEHNS MaLUMHHO-TpakTopHoro arperata (MTA), Ha
OCHOBE ypaBHeHwit JlarpaHxa 2-ro poga. bbino nposegeHo
MaTeMaT4eckoe MOAENMPOBaHWe CTaHAAPTHLIX MaHeB-
poB B nakete Matlab ans MTA, cocTosiero 13 Tpaktopa
MT3-1221.2 u kynbTueatopa KIM3-3,8. AHanna nonyyex-
HbIX pesynbTaToB MOATBEPAMN apeKBaTHOCTb paspabo-
TaHHOM mogenu MTA, 4To no3BonseT B AalbHENWeM Uc-
nonb30BaTb €e ANs CUMYNSLUNA OBUKEHUS B peXuUMe pe-

anbHOro BPEMEHW Ha 3KCMEPUMEHTANbHOM CTEHOE npu
oTnagke paspabatbiBaEMOro 3neKTpoMexaH14eckoro nog-
PYIMBAtOLLEro YCTPOMCTBA.

Keywords: precision farming, motion control system,
tractor-mounted unit, Lagrange equations of the second
kind, mathematical model, Matlab software.

Every year, precision farming systems are increasingly
being implemented on farms in the Russian Federation,
repeatedly confirming their economic efficiency and feasi-
bility. One of the key components of such systems is steer-
ing and autopiloting devices that allow the movement of
agricultural equipment in parallel from row to row with min-
imal involvement of the driver in the steering process.
However, expensive foreign-made systems are mostly
presented. The Altai State Technical University named
after I.I. Polzunov is conducting research the purpose of
which is to develop a domestic system for controlling the
movement of wheeled agricultural machinery, using satel-
lite radio navigation systems GPS/GLONASS comparable
in technical characteristics with imported samples. The
testing of the working capacity of the control algorithms of
the developed system is carried out experimentally. Field
tests are associated with significant financial and time
costs. Therefore, it seems reasonable to test the perfor-
mance of the electromechanical control system and the
developed algorithms in the laboratory using mathematical
modeling in real time. In this approach, most of the me-
chanical system, with the exception of the studied node, is
described by a mechanical-mathematical model in the form
of differential equations. In this paper, the stages of obtain-
ing a mathematical model of machine-tractor unit motion
based on Lagrange equations of the 2nd kind are present-
ed. Mathematical modeling of standard maneuvers in
Matlab package for machine-tractor unit consisting of trac-
tor MTZ-1221.2 and cultivator KPE-3,8 was performed.
Analysis of the obtained results confirmed the adequacy of
the developed machine-tractor unit model which allows
further use it for simulation of motion in real time on the
experimental bench when adjusting the developed elec-
tromechanical maneuvering device.
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BeepneHue

C kaxmblM rogoM CUCTeMbl TOYHOMO 3emnege-
Nnns BCe Yalle BHeAPSATCS B Xo3ancteax Poccun-
ckon ®depnepauun, HeEOOHOKPATHO NOATBepPXdast
CBOK 9KOHOMUYECKYH 3(PEKTUBHOCTL U Lieneco-
obpasHocTb. OOHUMM M3 KMOYEBbIX COCTABNSIOLLIMX
TaKUX CUCTEM SIBMSIOTCA YCTPOWCTBA MOAPYnMBa-
HASl 1 aBTOMMNOTUPOBAHMS, NO3BONSIOLLME OCY-
LLECTBMNATb ABWKEHNE CEMNbCKOXO3SNCTBEHHON TEX-
HWKW napannenbHo OT psaa K psgy ¢ MUHUMarb-
HbIM Y4aCTMEM BOAMTENS B NPOLECCE YNpaBneHus.
OpfHako B OCHOBHOM MPUMEHSIOTCS JOPOroCTosiLmeE
3apybexHble cuctembl. B pamkax nporpammbl pas-
BMTWS CEMbCKOrO X035MUCTBA CTPaHbl, C Y4ETOM Mo-
NUTUKA TOCYAapCTBA, HanpaBneHHOM Ha UMNOPTO-
3aMeLlleHne CenbCKOXO3SAMCTBEHHON TEXHUKM, ak-
TyanbHbIM SBNSETCA pa3paboTka OTeYeCTBEHHOM
CUCTEMbI NApasnmnensHoro BOXAEHNS.

B Antl'TY um. U.W. MonsyHoBa NpoBoAATCS UC-
cnegoBaHus [1], cTaBswWwmMe Lenbl co3anaHne ote-
YECTBEHHOW CUCTEMbI MapannenbHoro BOXAEHMS
ANS yNpaBneHus OBWKEHWEM KONECHbIMW TPaKTO-
pamu. Cuctema pormkHa obecneuusatb AeUuMeT-
POBYI0 TOYHOCTb NPU BbIMOHEHMM NONEBLIX PaboT.
BaxHbIMM aTanamu npu CO3AaHUM CUCTEMbI SBMS-
t0TCS pa3paboTka MexaHWKO-MaTeMaTU4ECKON MO-
[eNnn MalUMHHO-TPAKTOPHOro arperata 1 nosyye-

dfer\ ar _

E(aic__) Tox,
d aTy aT _

E(acpl) Tog, e

roe *e.rYe, %1 P2 — 060OOLIEHHBIE CKOPOCTH;

HWE Ha e€ OCHOBe anropUTMOB yNpaBneHus ABu-
KEHNEM.

Llenb paboTbl — nony4nTb MexaHuko-maTeMa-
TUYECKy0 MOLENb MaLLMHHO-TPAKTOPHOro arperata
(MTA) ¢ uenbto cumynauum ero asuxeHns B nabo-
PaTOPHbIX YCIOBUAX B peanbHOM BPEMEHW, NpoBe-
PUTb MPaBUIbHOCTL MOMYYEHHON MOAENM B XOae
MogenupoBaHus apwxeHns MTA B npuknagHoM
nakete Matlab.

3agauu:

1) cocTaBuTb MeXaHWKO-MaTeMaTNYeCKyHo
MOZenb MalIMHHO-TPAKTOPHOrO arperarta ans onu-
CaHusi ero ABUKEHUS B FOPU3OHTANBHOM NIIOCKOCTY;

2) paspabotatb nporpammy B cucteme Matlab
ANS peLLeHns NoMny4YeHHbIX YPaBHEHWA OBUKEHNS;

3) npoBecTM MaTemMaTU4eckoe MOAenupoBa-
HWe [OBWXEHUS MaLUMHHO-TPaKTOPHOro arperata u
OLEHMTb agekBaTHOCTb Mogenu MTA.

AuddhepeHumanbHble YypaBHEHUSA ABWXEHUSA
MTA. T[lpn coctaBneHun auddepeHymanbHbIX
ypaBHeHuin MTA 6binn npuMeHeHbl ypaBHeHus J1a-
rpaHxa 2-ro poga (1). Cuctema mmeet 4 crenexu
cBoboabl. OBbobLeHHbIE KOOpAWMHATbI CUCTEMbl —

KoOpANHaThl X c. 1 Ye. LieHTpa Macc TpakTopa
yrbl NOBOPOTa MPOAOMbHLIX Oceil Tpaktopa ¥1 u
arperata ¥z B rOpPU30HTaNbLHOM NAOCKOCTH:

d [ dT aT
de\ay_ a}rc__ o Q}'r'_ !

(1)
2 (57.) 50~

_E —_— Q"F:’

T_ KWHEeTn4eckaa dHeprua MallMHHO-TPAKTOPHOro arperata,

Cx e’ Q}'r-_’ Q‘F"_ ! Q‘P:

— 06006LLEHHbIE CUMbI CUCTEMBI.

TpakTop 1 arperat npu NepemeLLeHn B FTOpU3OHTaNbHOM MAOCKOCTY COBEPLUAKT MyiockonaparnensHoe
[BWXEHNE. B 3TOM criyyae KMHETUYECKast 3HEprUs OMPEeenseTcs Kak CyMma KUHETUYECKON SHEPruM B MOCTY-
naTenbHOM [BVKEHUM C LIEHTPOM MacC W BPaLLEHUM OTHOCUTENBHO BEPTUKANbHOM OCU, MPOXOAALLEN Yepe3
LieHTp Macc. KnHeTuyeckas aHeprusi CUCTEMbI paBHa CyMME KUHETUYECKOI SHEPrumM TpakTopa v arperara (2):
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ml[.\‘; i VE] T Je Wi t o ws m:[_rr + w, (c + b)sinp, + w, dsuup:]

’ @

??1_.[\"_, — wy(c+ b)ecoseg, — ‘uJ:(!COS(’Q_w]_

)

roe ™1 — mMacca TpakTopa;

M3z — macca arperarta;

*e,Ye, — npoekLMM CKOPOCTH LIGHTPa Mace €1 TpaKTopa Ha OCH FOPU3OHTAMNBHOM NAOCKOCTH;

Wy, Wy _ YrnoBbl€ CKOPOCTU TPAKTOPa U arperata B FOpI/I30HTaJ'IbHOI7I MOCKOCTW;

Je, Je, - LieHTparnbHble 0CEBbIE MOMEHTbI UHEPLWW TpakTopa v arperara.

BokoBble cvnbl B MOZenu NpeacTaBneHbl kak (yHKUMKM yrna yBoAa WM AEeNCTBYIOT B KOHTaKTe Komeca ¢
OMOPHOW NMOBEPXHOCTLH. YTMbl YBOAA BbIPAXAKTCA Yepes KUHEMATUYECKUe napaMeTpbl ABWKEHUS 3BEHLEB
MTA 1 ux reomeTpuyeckue pasmepbl. [locnesoBaTenbHOCTb NOMYYEHUS BbIPAXeEHWA ANs onpeaeneHns yrios
yBOZa [eTanbHoO 13noxeHa B [2]. BolpaxeHus ans yrmnos yBoga UMEKT BUA,

—X¢ sing, + ¥, cosg, + ¢ a

0, = —arctan- - . — .
X cos¢y + Ve sing, —0.5L,¢,

—X¢ sin @, + Ve, €OS @y + ¢ a

dg = a — arctan- - , — .
X, cosgy + Ve sing, + 0519,

—X¢, sing, + ¥y, cose, — @b

8, = —arctan- - : —;
X¢, €05 @ + Ve sing, +0.5L,¢,

—%X. Sing, + V. cos@, —¢, b

0, = —arctan - : , i
X, COS @y + Ve, singy — 0.5L,9,

—¢, Sin @, + Ve cos@, — @y (c+ b)cos(g, — @) — @,e
0 = —arctan——= — - . —:
ip, €05 @, + Ve sin g, + ¢, (c +b) sin(@, — @,) —0.5L,6,

—X¢, Sin@, + Ve cos @, — ¢y (c+ b)cos(g, — ¢.) —@oe
O0p = —arctan - 2 -

k¢, cos @, + Ve, sing, + @, (c + b) sin(@, — @,) +05L,¢,

Ha pucyHke 1 npeacTaBneHbl cunbl, AencTaytowme Ha MTA BO BpeMst ABIKEHNS.

Cunbl £ HanpaBRSOTCS MO MHIM BEKTOPOB CKOPOCTEN LIEHTPOB COOTBETCTBYHLLMX KOTEC, GOKOBbIE CHTTb

T; — neprenavkynsipHo nnockocTin 06oza.

YacTHble npou3BoaHble 1 (2) Mo 0606LLEHHbIM CKOPOCTSIM PaBHbI:
aT

P = m,x, +m, [::r':c__ + @, (c + b)sing, + ¢, dsing, ); (4)
T i i i i
Fra =m¥, +m, [:_1_.;5__ — @,(c + b)cosp, — ¢p,dcose, ); (5)
aT ) . . .
%%, = Jo. @, +m,(c+ b)sing, (%, + ¢,(c + b)sing, + ¢,dsing,) +
T ] (6)
+ m,(c+ b)cosg, (—y. + ¢,(c + b)cosg, + ¢, dcosg, );
;—; = Jo. ¢, + mydsing, (%, + ¢,(c + b)sing, + ¢,dsing, )+

+m,dcosg, (—v, + ¢,(c + b)cosg, + ¢,dcosg, ).
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Puc. 1. Cunbi, delicmeyroujue Ha MTA 8o epems 8uxeHus:
Cr.Cr UeHmpbI Macc mpakmopa u aepezama; 0_ wapHup Mexdy mpakmopom U azpe2amom
(mouyka npuyena); © — paccmosiHue do 3adHell ocu mpakmopa om wapHupa O;
d, €, k_ paccmosiHusi om yeHmpa mMacc, 3a0Hell Ocu U yeHmpa cun conpomuesieHusi azpe2ama
do wapHupa 0; “1- %2 — yanib1 noeopoma konec nepedHeli ocu mpakmopa; LyLs_ WwupuHa Koneu;
¥P1: %2 — yanb1 nogopoma npodonbHbIX 0cell mpakmopa u a2pezama e 20pU30HManbLHOU NI0CKOCMU;
T: _ 6okoesie cunsr; Fi - dsuxyujue cunbl U Cuslbl CONPOMUBIIEHUST;
G; - yenbl yeoda Kosiec mpakmopa u azpezama;
* o F . FX .,FY M M
gozl’ “mozml’ “Eo3mI Y mozmz TV mozml’ MEomMI - NPOEKYUU 251a8HO20 8EKMOPA U 2/1a8HO20 MOMEHMa 803-
Myw,aroujux cusi co CmopoHbI pesibegha ONOPHOLU NOBEPXHOCMU;
- 2naeHbIll eekmop cun e3aumodelicmeusi pabo4yux op2aHoe azpezama ¢ Nnoyeoll;

Y - yeon, cocmaensiembiii 2naeHbIM eekmopom & ¢ ockto cummempuu azpezama.

R

np0M3BO,EI,HbIe Nno BpeMeHU Bblpa)KeHVIVI YaCTHbIX MPON3BOOHbBIX KMHETUYECKON SHeprum T CUCTEMbI PaBHbl:

da [ aT : S . 5
E(ﬂi ) = (my +my)i,, +ma(@(c+b)sing, + ¢ (c+ b)cosg, + $rdsing, + ¢Idcose,); (8)
Cy
d §aT . . o\ . -
b ={my +m )y, +my(—¢ (c+ blcosg, + ¢ (c + blsing, — @, dcosg, + ¢Idsing,); 9)
£y
* { J — | = Jg, @ + molc + blsin @, ., + @l + blsing, + @ilc + bleose, + d.dsing, + ¢3dcose- )
+ ¢ymalc+ b)sing, ( i+ ¢ lc+ blsing, + ¢.dsing, ) -
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—ma.le + b]cusml{j}l — @,(c+ blcose, + ¢2lc + blsing, — §.dcosp, + pidsing,) + (10)
+oymalc + I’]EDS@L{J'}, —¢,(c + blcosg, — godcosp,);

d aT : , , .
E(a) = Je. @2 +mad(i, 5@y + %, @rcos@s + @y (c + blcos(ey — @2) — @y (c + b)(gy \
z i i i 11
—@o)sin(@, — @;) — ¥, cos@, + ¥ @o5ing; + '-ffj:d}- .
YacTHble npoun3soaHble T no 0606L|J'eHHb|M KoopAuHaTtam paBHbl:
ar 0 ar 0
dx,, - av., -
aT : : :
E = @,m,(c+ b) [xc. cosg, + ¥, sing, — @, dsin(@, — @, j)a (12)
. 1 1
aT : : :
To. — ¥ m,d(x, cos@, + ¥, sing, + ¢,(c + b)sin(@, — @,)).
P2 ) 3
Mony4aem BbipaXeH!s AN BbIYUCIEHNS 0606LLEHHBIX CUI:
Q.. = [:F;lcos(al— 8,) — Tysin(a,) + Fycos(a, — &5) — Tgsin(a,) + Fycos(8,) +
chos(ﬁc) + FX,1 )cos(py) — (TAcos(rxl) + Fysin(a, — 8,) + Tycos(a,) + Fgsin(a, — 85) +
F’ 4 +Tp+T.—Fysin(,) - F, sm(n’;?t-])sm[gul] +(F%,. — Frcos(8z) — Reos(y) —
Fycos(8;))cos(@,) — (Frsin(8;) + Rsin(y) 4+ Tp + Ts + Fysin(8;) + F2_ ., )sin(@,);
Q. = (Fycos(ay— 8,) — Tysin(a,) + Fycos(a, — 85) — Tgsin(a,) + Fycos(8,) +
F, cos(d‘?f] + FX 0 )sin(e,) + (T cos(a,)+ Fysin(a, —8,) + Tgcos(a,) + Fysin(a, — §) +
FY +Tp+T.— Fysin(8,)—F, sm(&?,_-])cos(rpl] +(F%,,. — Frcos(8;) — Reos(y) —
Ecas[:ﬁ'E])sm[qu:) + [:FF sin(8z) + Rsin(y) +Tp +Tg + Fgsin(8z) +F._, )cos(cp:); (13)

Qp, = [Tﬂcos(rxl) + Fysin(a, — 8,) + Tgcos(a, — SB)) a — (TD + T, — Fysin(d,) —
Ffsin(t’icj) b + (Tﬂsin(rxlj — Fycos(a, — 8,) — Fycos(8,) + Fycos(8.) + Fgcos(a, — G5) —
TBsin(rx:)) 0.5L, + M, ., +M, . — (T + Fesin(8z) + Tz + Fesin(8z))(e + (c +

b] cos(p, —@,)) — Rsz’n[}*][k + (¢ +b)cos(e, —¢,)) — Reos(y)(c + b)sin(p, —@,) +
Ffo2(c +b)sin(e, —@,) —F2_.(d+(c+b)cos(e, —@,)) — Feoos(8:)(0.5L, +
(c+ b)sin(@, — @,)) + Frcos(8:)(0.5L, — (¢ + b) sin(g; — @,));
= (Frcos(8z) — Fzcos(85))0.5L, — (Tr + Tg)e + Rsin(y)k — F2_d + M, .
lMocne matemaTudyeckux npeobpa3oBaHuin ypasHeHun (4)-(13) Bbina nonyyeHa cucteMa HeOOHOPOAHbIX
HENUHENHbIX ,Ell/lq)(*)epeHLll/laﬂbeIX ypaBHeHI/II/I BTOpOFO I'IOpﬂD,Ka
“uxc +ay; Vc tagpe taue, = Q.rc-._
Ay Xp +apVe +a;3¢; +a,¢@;, = Q:»'.:.
. . .. o (14)
A3 Xg, T Q3 Ve, + A33@) T Aza0: =@,
r:"'415‘51:-_ + ay, j'&r:-_ tag,g@, +aug, = e,
a;; =m; +m,, a;; =0, a;3 =m,(c+b)sin(e,), a,, = m.dsin(g,),a,; =0,a,, = m,; +
My, (.3 = —m,(c +b)cos(@, ).a;, =m,(c+ b)sin(e,).a;; = —m,(c+ b)cos(p,),az;; =
Jo. + my(c+b)*, a3, = my(c+ b)d, ay, = mydsin(e@,), ay; = myd(c + b)eos(@, — ¢,), a5 =

re Jc, +mqd”.

O606LLEeHHbIE CUMbI CUCTEMBI 1 KOIDPULIMEHTDI METPUYECKX W 3KCNNyaTaLUMOHHbIX MapaMeTpoB
NPy BTOPbIX NPOWU3BOAHBIX OT 0BOBLYEHHBIX KOOP- 3BeHbeB MTA.
puHat B cucteme (14) 3aBucat ot 0606LLEHHbIX JKcnepuMeHTanbHas YacTb
KOOpAMHAT W CKOPOCTEN CUCTEMbI, MAcCOBbIX, reo- C Lernbto NpoBepku afekBaTHOCTW MOMYyYEHHO

MexaHuko-matematnyeckor mogenum MTA ©Obina

BecTHuk AnTanickoro rocyAapCTBEHHOro arpapHoro yHmeepcuterta Ne 7 (213), 2022



NPOLIECCHI U MALLUWHBI ATPOUHXEHEPHbIX CUCTEM

paspaboTtaHa nporpamMma B NPUKNagHOM nakeTe
Matlab.

[NepeMeHHble COCTOSIHUS: KOOPAUHATbI U CKOpO-
CTW LeHTpa Macc TpakTopa B MPOeKuun Ha ropu-
30HTanbHble ocn OX u OY; yrnbl noBopoTa u yrmno-
Bble CKOPOCTU NPOLOSIbHBIX OCEN TpakTopa U arpe-
rata B ropu30HTarnbHOM NMOCKOCTM.

lMapameTpbl MOAENU: MaccoBble 1 reoMeTpuye-
CKME  XapaKTepuCTWKW  3BEHbEB  MaLUWMHHO-
TPAKTOPHOTO arperata, ABWKYLiME CUMbl U CUTb
COMPOTUBNEHUS OBUXEHWIO; LieHTparbHble OCEBble
MOMEHTbI UHepuuu 3BeHbeB MTA, rmaBHbIN BEKTOP
CUI B3aMMOZENCTBNS paboymnx opraHoB arperata ¢
NoYBOW, KOIPULMEHTBI CONPOTUBNEHNS HOKOBOMY
yBOZy Kosiec.

MogenupoBsanoch ABWKeHWe TpakTopa
MT3-1221.2 ¢ kynbTuBaTopom KI13-3,8. XapakTte-
puCTUKN BOKOBOrO YBOAA KOMec TpakTopa onpese-
NANUCb pacyeTHbIM NyTeM. 3HaveHne koadduLm-

eHTa conpoTuBneHns BOKOBOMY yBOAY [ANs KOrec
nepegHei ocu 6bino NpuHATO paBHbIM 125500 1
210500 H/pag ons konéc 3agHen ocu. MpuHUma-
NUCb BO BHWMaHWe pesynbTaTbl 3KCrepUMeHTanb-
HbIX UCCNeJoBaHUN, nNpeacTaBneHHble B [3-6]. 3Ha-
YeHne Ko3(hULMEHTa COMPOTMBIEHUS BOKOBOMY
yBogy ans konec KIM3-3,8 6bino onpegeneHo akc-
nepumMeHTansHo W paBHo 42870 H/paa. PacyéTHbim
nyTeM, C UCMONb30BAHWEM 3aBOACKMX AaHHbIX, NO
Macce M pasmepam OTAeSbHbIX Y3M0B U JeTanen
TpakTopa Obin onpedeneH LeHTparbHbIA OCEBOM
MOMEHT WHepLWW TpakTopa OTHOCUTENBHO BepTH-
kanbHOM Ocu. B conocTaBneHun ¢ pesynbratamu
nccnenoBaHuid [7] BbINO NPUHSATO 3HAYEHWE, paB-
Hoe 5000 kr*m2. 3HayeHWe rMaBHOrO BeKTOpa CWI
B3aMMOAENCTBUS pabounx OpraHoB KynbTMBaTOpa
KIM3-3,8 ¢ nousoin onpeaensnocb Ha OCHOBaHUM
nccneposanuit [8] u pasHo 20000 H.
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Bbino npoBefeHO MoZEenMpoBaHWe YCTaHOBMB-
Lwerocs kpyrosoro aswxeHns MTA. Yron nosopota
yrpaBnsieMblX KOMec W TPaeKTopuW LeHTPOB Macc
TpakTopa W arperata Ans CKOPOCTW [BWXeHUS
2,5 M/c n30bpaxeHbl Ha pUCyHKe 2. Yron nosopoTa
Konec annpokcumupoBasncs yHkuuen Step, onu-
CbiBaKLLeil MnaBHbIM CTyneH4aTbld nepexon OT
OLHOTO 3HaYeHWs K APYroMy C MCMonb30BaHWEM
KyBuyeckoro nonnHoma. 3HayeHne KuHeMaTnyecko-
ro paguyca yCTaHOBMBLUErOCS NOBOPOTa TpaKToOpa

Be3 yyeta aBneHns 60koBoro ysoga konec 6bino
OnpeaeneHo npeaBapuTeNlbHO pacyeTHbIM MYTEM.
Mpwu yrne nosopoTa ynpasnsembix konec 10° pagu-
yc paBeH 15,9 m.

TpaeKkTopun LIEHTPOB Macc TpakTopa 1 arpera-
Ta, 3aBUCUMOCTb Yrfia NoBOPOTa ynpaBnseMbix Ko-
Nec TpakTopa OT BPEMEHM NpWU MaHeBpe «mnepe-
CTaBka» CO CKOpOCTbK 2,5 M/C, 1300paxeHbl Ha
puCyHke 3.

Sa,anGEMbII;I yron noeBopoTta Konec
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Puc. 3. Yeon nogopoma ynpasnsieMbiX KosieC mpakmopa u mpaekmopuu y4eHmpos Macc
mpaKkmopa u azpe2ama npu MaHespe «nepecmaska»

BbiBOAbI
Ha ocHOBaHWM pacCMOTPEHNs pesyrbTaToB Mo-
[ENMpOBaHNA MOXHO CAefiaTb BbIBOA, YTO Tpaek-
TOpUN 3BeHbeB MTA npu ycTaHOBMBLUEMCS MOBO-
poTe U nepecTtaBke COOTBETCTBYIOT [EWCTBUTENb-
HOCTH.

PesynbTaTbl MaTeMaTU4eCKOro MOAENMPOBAHMS
B cpege Matlab nossonswT coenatb BbiBog 00
afeKBaTHOCTM pa3paboTaHHON MeXaHWKO-MaTeMa-
TU4eckon mogenu peansHomy MTA. Mogenb npu-
MeHsnacb Ang CUMyNSUMM OBWXEHUS MallWHHO-
TPaKTOPHOrO arperata B pearnbHOM BPEMEHU Ha
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UCMbITATENbHOM  3KCMEPUMEHTAlNbHOM CTeHAe C
Lienblo 0Tnagku paspabatbiBaeMoro onbITHOro 06-
pasua 9nekTPOMEXaHUYecKoro MoapyMBaloLLEero
yCTpOWCTBA.
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OPrAHU3ALKA U TEXHONOIrNA TEXHUHECKOro CEPBUCA
CEJIbCKOXO3AWCTBEHHOW TEXHUKW HOBOI'O NMOKOJEHUA

ORGANIZATION AND TECHNOLOGY OF TECHNICAL SERVICE
OF NEW GENERATION AGRICULTURAL MACHINERY

Knroyesbie cnoea: opaaHusayus, mexHomoaus, mex-
HUYeCKUl cepsuc, mexHuKka H08020 NOKOIEHUS, CelbCKoe
Xo3siticmeo.

MpvBeseHbl pesynbTaTbl aHanuaa COCTOSHWA Aen B
obnacTu opraHu3aLmm 1 TEXHOMOTUM TEXHUYECKOTO CEpBU-
Ca CerbCKOXO3AMCTBEHHON TEXHWKM HOBOTO MOKOSEHMS,
MOCTaBNAIOLLENCH NPOM3BOAUTENSMI B NMOCNEAHME Oecs-
TUNETWS ONS HYXO CENbCKOro X03NUCTBA CTpaHbl. YCTa-
HOBMEHbI OCHOBHblE 3aKOHOMEPHOCTU COBEPLLEHCTBOBA-
HWS OPraHM3aLUMOHHBIX MEPOMPUSTUA U COAEPXAHUS Tex-
Honmoryeckux npoueccoB TO 1 pemoHTa MawmH B AlK
Poccuiickon denepaumn. OBbEKTOM MUCCNEaoBaHWA SBNS-
0TCA pe3ynbTaThl MOAEPHM3ALMN OpraHM3aLMOHHOMO W
TEXHONOMYECKOrO MPOLIECCOB TEXHMYECKOTo CepBuca Ma-
LUMH, MCNOMNb3yeMbIX B Mpou3sogcTee npogykumn AlK. B
kayecTBe MaTepuanioB WCCEOOBaHUA MCMONb3yKTCs No-
CneaHWe Hay4Hble JaHHble U pesynbTaTbl NPOM3BOACTBEH-
HOrO OMbiTa OCYLLECTBAEHUSI TEXHWYECKOrO CepBMCa Ha
COBPEMEHHOM 3Tane X03siiCTBOBAHWS CenbX03MpoM3BOaM-
Tenei. AHanm3 npeacTaBNeHHbIX pe3ynbTaToB MCCreao-
BaHWA MO OpraHM3auuM NnaHOBO-NpeaynpeanTENbHON
cuctembl TO TpakTopoB M KOMGANHOB POCCMIACKOTO W 3a-
pybexHOro Mpou3BOACTBA MO3BOMSIET YTBEPXKAATL Credy-
towee. CospemeHHas cuctema TO, pekomeHAoOBaHHas
poccuiickuMn 1 BenopycckMM NpoKU3BOAUTENSAMU Cenb-
CKOXO3SIICTBEHHOIN TEXHWKM, OCHOBaHA Ha TEX MONOXeEHMsIX
B obnacTu TexHuyeckoro cepeuca MawmH AlK, kotopble
Bbinmn paspabotanbl B 60-80 rogbl npowunoro Beka. 3apy-
OexHble NPOM3BOAMTENN TPAKTOPOB, KOMOAWHOB U Cenb-
CKOXO3AMCTBEHHbIX MalUUH PEKOMEHOYKT K WUCMonb3oBa-
HAK ~ aHamorMYHyld  POCCWICKOM  MNaHOBO-Npeaynpe-
putencHyto cuctemy TO € onpedeneHHbIM KOnMU4YECTBOM
BvaoB TO 1 C YCTaHOBMEHHBIMM HOPMaTMBaMM HapabOoTKy
A0 MomeHTa nposefeHust ovepegHoro TO. CopepxaHue
TexHonornyecknx onepauuin TO  CenbCKOXO3SNCTBEHHOM
TEXHUKW WHOCTPaHHOrO MPOWM3BOLCTBA MO CBOEMY COCTaBy

TaKkKe BO MHOrOM COOTBETCTBYET TEXHOMOMMYECKMM Kap-
Tam Ha TO poccuiickux n Benopycckux TPaKTOpoB U KOM-
GaHOB, Npu 3TOM ANA MalunH 3apybexHoro u oTeve-
CTBEHHOTO MPOM3BOACTBA LUMPOKO WCMOMb3YHTCH COBpe-
MeHHble METOAMKM OMArHOCTMKU 3MEKTPOHHBIX CUCTEM C
MPYMEHEHNEM KOMMbIOTEPHBIX TEXHOMOTMIA 1 COOTBET-
CTBYHOLLErO 060pya0BaHMS.

Keywords: organization, technology, technical service,
new generation equipment, agriculture.

This paper discusses the analysis of the situation in the
field of organization and technology of technical service of
new generation agricultural machinery supplied by manu-
facturers in recent decades for the needs of the country’s
agriculture. The main regularities of improving organiza-
tional measures and the content of technological processes
for the maintenance and repair of machines in the agro-
industrial complex of the Russian Federation were identi-
fied. The research targets are the results of modernization
of organizational and technological processes of technical
service of machines used in agricultural production. As
research materials, the latest scientific data and the results
of production experience in the implementation of technical
service at the current stage of management of agricultural
producers are used. The analysis of the presented re-
search results on the organization of preventive mainte-
nance system for tractors and combines of Russian and
foreign production allows stating the following: the modern
maintenance system recommended by Russian and Bela-
rusian manufacturers of agricultural machinery is based on
the provisions in the field of technical service of agro-
industrial complex machines which were developed in the
1960-1980s. Foreign manufacturers of tractors, combines
and agricultural machines recommend the use of a similar
planned preventive maintenance system to Russia with a
certain number of types of maintenance and with estab-
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