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OpHum 13 Hambonee 3chdeKkTMBHbIX CnocoboB NOBbILLE-
HWS NPOU3BOANTENBHOCTM TPYAa NPY BbINOSTHEHUM CEMbCKO-
XO3SIMCTBEHHbIX PaboT ABNSETCS BHEAPEHWE CUCTEM TOYHO-
ro semnegenus. BaxHeAwnm aneMeHToM CUCTEMbI SBNSOT-
Csl NOApYNMBaIoLLME YCTPONCTBA U CUCTEMbI aBTONUMOTMPO-
BaHus. B AnTl TY um W.W. MonayHoBa npoBogsTes uccneqo-
BaHWS, LENbK KOTOPbIX SBNSETCS pa3paboTka CUCTEMbI
YNpaBneHNs [OBWKEHWEM [N KOMECHbIX CEnbCKOX03si-
CTBEHHbIX MalLMH C MCMOMb30BaHUEM CMYTHUKOBbLIX pagmo-
HaBMraumoHHbIx cuctem. OgHUM 13 Haubonee BaxHbIX 3Ta-
MoB MpuW 3TOM SBNsAETCS anpobaums AaHHOM CUCTEMbI B pe-
arnbHbIX OPOXHbIX YCOBMSX. bbinn NPOBEAEHb! UCTbITaHUS
cucTeMbl ynpasnenus Ha Tpaktope MT3-80.1. lNpeasapu-
TenbHO Oblna 3anucaHa C UCMONb30BaHWEM CMYTHUKOBOTO
pagnoHasurauuorHoro npuemnuka MMOHACC/GPS 3apasa-
emas TpaekTopusi. 3aTem OCYLeCTBAANOCh ABMXEHWE MO
3a]aHHON TPAeKTOpUM C UCMONb30BAHWEM SNEKTPOMEXaHU-
4eckoi cucTembl ynpasneHus. pu gBuxeH co cpegHen
ckopocTbio 0,6 M/C MO NPAMONUHENHON TPAEKTOPUW MaKCK-
ManbHas owwmbka coctasuna 0,39 M, cpefHee KBagpaTuyHoe
oTkroHeHne — 0,17 M, KO3(h(UUMEHT YOMHEHUS NyTW —
0,9949. Tpn OBMXEHWN MO KPUBOMMHENHOW TPAEKTOPUM C
aHanorM4yHOM CKOpPOCTbIO MakcUManbHas owwnbka coctasuna
0,26 m, cpegHee kBagpaTuyHoe OTKMOHeHue — 0,13 M, Kko-
appuumenT yanuHerus nyti — 0,9804. B xoge mcnbiTaHni
ObINO YCTAHOBMEHO MPUEMNIEMOE KayeCTBO ABWKEHUS NO
32aBaeMON MPSIMONIMHENHON TPAEKTOPUM, HO B CBSA3N C
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Precision farming systems implementation is one of the
most efficient ways to increase labor productivity in agricul-
ture. Key elements of such systems include auxiliary thrust
devices and auto-piloting systems. The specialists of the
Altai State Technical University conduct researches to devel-
op vehicle wheelbase motion control systems for farm vehi-
cles featuring satellite radio navigation systems. One of the
most important parts of those research projects takes place
during system testing in real road conditions. The system has
been tested on a MTZ-80.1 tractor. The trajectories had been
set up before the experiment with a radio navigation receiver
GLONASS/GPS; after that, the vehicle was directed along
the trajectories with an electromechanical control system. At
an average speed of 0.6 m/s on a rectilinear trajectory, the
maximum error made 0.39 m, standard deviation made
0.17 m, and path elongation coefficient was equal to 0.9949.
On a curved trajectory, at the same speed, the maximum
error made 0.26 m, standard deviation made 0.13 m, and
path elongation coefficient was equal to 0.9804. During the
experiment, satisfactory quality indexes for a set-up rectiline-
ar trajectory have been determined, but, due to hard steering
and considerable steering plays, the indexes of movement
on the set-up curved trajectory were considered unsatisfacto-

ry.
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BeeneHue

OoHum 13 Hanbonee 3dhdekTUBHLIX CnocoboB
MOBbILEHNS MPOWU3BOANUTENBHOCTM Tpyda NpW Bbl-
NOMHEHNN CENbCKOXO3ANCTBEHHLIX paboT sBnseTcs
BHEAPEHME CUCTEM TOYHOrO 3emnegenus. Heotbewm-
NIEMON YacTbl0 TakWX CUCTEM SBMSKOTCS CUCTEMBI
napanmnenbHoro M aBTOMaTUYECKOTO BOXAEHUS. OTU
YCTPOWCTBA MOSyYMUIIM LLIMPOKOE pacnpoCTpaHeHue B
Awmepuke, KaHapge, cTpaHax 3anagHon EBponbl u ak-
TUBHO BHEApPSOTCA Ha Tepputopun Poccuiickon ®e-
Aepaunn. IKOHOMUYECKUn acpdekT OT KUCnonb3oBa-
HWS CUCTEM TOYHOTO 3eMmefenust OTMEYEH B MHOO-
yncneHHbix nybnukaumsx [1-5]. OgHako cneayet oT-
METWUTb, YTO HA OTEYECTBEHHOM PbIHKE POCCUINCKOrO
NPOW3BOACTBA BCTPEYAKTCS TOMBKO KypcoyKasaTtenu,
HO He NpeaCTaBneHbl CUCTEMbI NOAPYIMBAHUS U aB-
TONWUNOTUPOBAHNS.

B Antl'TY um. V.. Mon3yHoBa NpoBOAATCS 3KC-
NepUMEHTanbHbIE UCCNE0BaHUs, LEMb0 KOTOPbIX
SBNSETCA CO34aHMe OTEeYECTBEHHOM CUCTEeMbl na-
pannenbHoro BOXAEHWS ANS YNPaBieHUs ABUKEHM-
€M KOMECHbIX CENbCKOXO3ANCTBEHHbIX MalIMH U ee
nocreaytoLLlee BHeApEHME.

Llenb paboTbl — NPOBECTW AOPOXHbIE UCTIbITAHMUS
paspaboTaHHON paHee M onpoboBaHHOM B nabopa-
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TOPHbIX YCIOBUSX 3MNEKTPOMEXaHNYECKON CUCTEMDI
ynpaeneHus Ha Tpaktope MT3-80.1; BbisiBUTL BO3-
MOXHble KOHCTPYKTUBHbIE M MpOrpamMMHble Heaopa-
BOTKM CUCTEMBI.

3apaum:

1) aganTupoBaTb SNEKTPOMEXAHUYECKYI0 CUCTe-
My YNpaBneHus K MPOBEAEHMI0 JKCMEPUMEHTa Ha
Tpaktope MT3-80.1;

2) NPOBECTU 3KCNEPUMEHT MO [ABUXEHUIO TPAKTO-
pa Mo 3afaBaeMoi TPaAeKTOPWUN C WCMONb30BAHNEM
pa3paboTaHHOW  SMEKTPOMEXAHUYECKON  CUCTEMbI
ynpaBnexus;

3) nNpoaHanuaupoBaTb pesynbTaTbl JKCNEPUMEH-
Ta; NPOM3BECTM OLIEHKY paboTocnocobHOCTM cucTe-
Mbl YNpaBneHus, caenatb BbIBOAbI.

AneKkTpomexaHuyeckas cuctema ynpaBneHus.
[na co3gaHus  3nekTpOMEXaHW4YecKoW CUCTEMbI
ynpaBneHus ABWKEHWEM Obinin MCMONb30BaHbI Crie-
pytoLme annapaTHble cpeacTsa (puc. 1):

= GNSS-npuemnuk ¢ yHkunen RTKEmlidReach;

= BEeCKONNEKTOPHI anekTpoaBuratenb
FL86BLS98 ¢ 6nokom ynpaenenus BLSD-50;

= yucppoananorosbii (LLAIM) u aHanoro-uueposon
(AUM) npeobpasoBateni, WHTErpUpPOBaHHbIE B Of-
HOM (puanyeckom yctponctae L-CardE14-140M;

Puc. 1. Cxema e3aumodelicmeusi annapamHbIx cpedcme
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" NOTEHLMOMETPUYECKUIA JaTUYMK yrna noBopoTa
konec MY-615;

= Npeobpa3oBaTenb HAaNPSHXKEHNS ANS NUTaHNS OT
ANEKTPUYECKO CETU KONECHOW MaLUMHbI;

= 3BM c onepaunoHHOM cMCTEMOi ceMeicTBa
Windows 1 Habopom Bubnuotek NET Framework 4.0
N BbILLE.

[na ygobctea mcnonb3oBaHns 6MOK ynpaBneHus
asuratenem, ycrponctso LIAM/ALIM n npeobpasosa-
TENb HanpsxeHus Bbinn 0BbeanHeHbI B KOpPNYC 0A-
HOrO yCTpoMCTBa (Ha pucyHKe 1 GOk ynpaBrneHus
yCTPOWCTBaMM).

Kpome yka3aHHbIX BbilLe YCTPOWCTB WUCMONb3yeT-
Csl CepBUC BUPTYanbHbIX 6a30Bbix cTaHuuin SmartNet
[6] Ans gocTyna K KOppekTUpytoLLen NHdopmaLmumn ¢
Lienblo BbICOKOTOMHOMO ONpeAeneHnst TeKyLLero me-
cTononoxenus. Mpu 3TOM JOCTYN K CEPBUCY OCY-
wecrensetrcs ¢ [IK nocpegcteom  MHTepHeT-
coeaunHeHus yepe3 USB mogem, a ¢ K nonpasku Ha
GNSS-npremnnk nepegatotes no Wi-Fi coeguHeHmto.

MocnepoBaTenbHOCTb PaboTbl CUCTEMBI BbIMS-
QuT cregyowum obpasom. B camom Havane 3apaet-
CSl TPAeKTOpUS ABWKEHMS KONECHON MaLLKHbI. 3aTem
aBTOMOOMINb  HAUMHAEeT [ABWKEeHWe, a cucTema
HenpepbIBHO BbINOIHSET CrieayloLe AenCTBUS:

— HaBUraLMOHHbIA NPUEMHUK Ha OCHOBE monpa-
BOYHON WHGOpPMaLMM W COBCTBEHHbIX W3MEPEHMI
BbIYMCIISET TEKYLLME KOOPANHATLI MECTOHAXOXAEHMS
aBToMObMNA, a Takke MPOEKUWUN CKOPOCTEN ABWXe-
HUS;

— [aTyMK yrna noBopoTa (PUKCUPYET TEeKYLLMM
yron noBopoTa Konec;

— C 9neKkTpoaBuraTens nocpeacTsoM ero 6noka
yNpaBneHns CYMTLIBAOTCS NOKa3aHUs C Tpex AaTdu-
koB Xonna;

— MOKa3aHWs C JaTtynka yrna noBopoTa Konec u
AaTuMKoB Xonna nepepatotcs Ha bnok AL, a oTTy-
Aa B ynpasnstowlyto nporpammy Ha [1K;

— Ha OCHOBE MOJMyYEeHHbIX AAHHbIX YNpaBnsto-
Was nporpaMma paccyuTbiBaeT HanpasneHue Bpa-
LeHNs 3NeKTpoaBUraTens, OTKMOHEHWE KOMeCHOM
MallWHbI OT 3aJaHHOW TpaekTopuu W onpegenser
HeobXoanMMbIi Yron NoBOpoTa YNpaBnseMbIX KOMec,
KOTOpbIN 00eCcrneunT aBWXKEHMEe N0 HeobXxoaumon
TpaekTopuu;

— MOMyYyeHHass  BENWUYMHA  YNPaBMALLETO
HanpsxkeHus nepegaetcs uvepe3 LAIM Ha 6nok
ynpaBfieHns ABUraTenem, a OTTyAa Ha CaMm 3rneKkTpo-
ABUraTenb, peanuayloLuin 3agaBaemblid Yron noso-
pota. AHanornyHbiM 06pa3om nepegaeTcsa curHan B
cnyyae, Korga anekTpogsuratenb AOMKEH CMEHWUTb
HanpaBneHue BpaLleHus.

JKcnepuMeHTanbHas 4acTb

lMocne ycneluHon anpobauyuu cuctemMbl ynpasne-
HWS Ha 3KCMEepUMEHTamnbHOM CTEHOEe B pexumMe pe-
arnbHOro BpemeHu [7] ¢ Ucnonb3oBaHWeM matematy-
4eCKoro MOLENMPOBaHUS YNPaBSEMOro [BUXEHUS
[8] Bbinn NpoBeAEHbI JOPOXHbIE UCMbITAHUS CUCTE-
Mbl Ha KonecHom Tpaktope MT3-80.1.

lMepen npoBefeHMEM 3KCnepuMeHTa 6bbina Mo-
[EpHU3NpOBaHa CUCTEMA KpenneHus daTyuka yrna
NoBOPOTa YNpaBnsemblX KOMec Ans KOHKPETHON Mo-
[enu Tpaktopa, a Takke AopaboTaH KpOHLUTENH
KpenmneHus anekTpoasuraTens K pyneBoMy KOrecy.
Ha pucyHkax 2, 3 npeAcTaBfieH KOMMMEKT UCMOSb3y-
emoro 0bopyaoBaHus.

Puc. 2. 9nekmpodeuzamens
C KPOHWMeUHOM KpensneHust

Puc. 3. KpenneHue damyuka yana nosopoma
ynpaensiembIx Konec

CyTb NPOBOAMMOrO 3KCMEPUMEHTa 3akntoyanach
B cnegytowem. CHayana BOAWTENO TpakTopa Npea-
naranocb npoexaTb Mo NPOWU3BONbHOM TpaekTopum. B
37O BPEMsI MPOUCXOAMUNA 3an1Cb KOOPAMHAT Tpaek-
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TOPUN OBUXEHWS, (hOPMMUPOBArCs CMCOK 6a30BbIX
TOYEK 3a4aBaeMon TpaekTopun. 3aTeM TpaKTop BO3-
BpaLlancs B HayanbHoe MomnoxeHne u chopMupo-
BaHHas TpaekTopus fomkHa bbina ObiTb peanusoBa-
Ha C MCMOMNb30BaHMEM pa3paboTaHHOW 3neKTpome-
XaHU4ecKon cucTeMbl ynpasneHus 6es BmeLlaTesb-
CTBa BOAWTENS B NPOLIECC YNPaBREHUS.

Ha pucyHke 4 npefcraBneHbl pesynbTaTbl 3KCne-
PUMEHTa NpW 3afaBaeMo NPSAMOSIMHENHON Tpaek-
TopUN  ABWKeHNS. CpedHss CKOPOCTb  [BMXEHUS
TpaKTopa O 6 M/C MaKcuMarbHas owmnbka coctaBuna

HUe o 1
K = (4,9549.

Ha pucyHke 5 npefcraBneH pesynbTaT ABUXEHNS
No KPUBOMMHENHOW TPAEKTOPUM C aHamnorMyHon CKo-

N 17 nx

0,17 r, KOI(PUUMEHT YONMHEHUS MyTW

)

pocmo aBuxeHust. Mpu Kpl/IBOJ'II/IHeVIHOM }J,BVI)KeHVIl/I
“mx—(l/hM r=013m K
BbiBoabl
Ha ocHoBaHuM aHanusa pesynbTaToB NPOBEAEH-
HOrO 3KCMepUMeEHTa MOXHO CAenaThb BbIBOA O AOCTa-
TOYHO XopoLuen paboTocnocobHOCTH pa3paboTaHHON
9NEeKTPOMEXaHMYECKON CUCTEMbI YMpaBReHUs npu
OBWKEHUM MO NPSAMONUHENHON TpaekTopuu. B 10 xe
BpPEMS W3-3a TYroro pyneBoro ynpasneHus W 3Hauu-
TENbHbIX MOGTOB PYyNeBoro koneca cuctema ynpae-
NeHnst He cmorna obecneymnTb Ka4eCTBEHHOE ABMXKE-
HWE MO 3aaBaeMON KPUBOMMHENHOW TpaekTopuu. B
X0Ze 9KCnepuMeHTa Obino YCTAHOBNEHO, YTO Mpw
3HAYMTENBHOM COMPOTMBNIEHWN MOBOPOTY PYNEBOrO
Koneca KpenneHwe anekTpoaBuraTens K pyneBon
KOMOHKE (PyHKLMOHMPYET HEeLOCTaTOYHO HaAEXHO.

Puc. 4. 3adasaemas u peanu3soeaHHasi mpaeKmopuu npu NPAMOSUHEUHOM 08 UKeHUU

Puc. 5. 3adasaemas u peanusoeaHHass mpaeKmopuu NPuU KPUeonUHeliHOM 08 UXeHUU
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N.10. KayecoBa
L.Yu. Kachesova

MPUMEHEHWE HEUPO-HEYETKOIO METOJA
AnA OLEHKW TEXHOIEHHBIX PUCKOB JNEKTPOYCTAHOBOK

APPLICATION OF NEURO-FUZZY METHOD TO ESTIMATE TECHNOGENIC RISKS
OF ELECTRICAL FACILITIES

Kntovesble crosa: aniekmpoycmaHoska, mexHO2eHHbIl
pucK, Heyemkass HelipOHHasi Ccemb, NPUYUHHO-Criedcm-
BEHHasi CB853b, Heyemkasi Jfioauka, Heyemkul roaudeckul
8b1800.

Keywords: electrical facilities, technogenic risk, fuzzy
neural networks, cause-and-effect relationship, fuzzy logic,
fuzzy logical inference.

BecTHuk AnTanckoro rocyfapcTBEHHOro arpapHoro yuuepcuterta Ne 6 (164), 2018



