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ODVII'VIHaJ'IbHOG nccneaposaHme

Pa3paboTka Bo3AyLHO-WHEKOBOro YCTPOUCTBA
ANA CYWKKW, OYUCTKU U OXJTAXKACHUA 3epHa

C.0. Weneneés, M.B. Yeckupos, '.H. Yupkos

[03HO-YpanbcKuit rocyAapcTBeHHbIN arpapHbIii yHuBepcuTeT, YensbuHck, Poccuiickas ®enepaums

AHHOTALMA

O6ocHoBaHuMe. [Ins obecrieyeHus KayeCTBEHHOW M DE30MacHOM CYLUKM 3epHa HEOOXOAMMbI MPaBWILHBIA BbIOOP CyLUMSKKM
W pauMoHanbHoe 060CHOBaHME MapaMeTpoB NpoLecca CyLWKK. Pa3paboTka cOBpeMEHHbIX KOHCTPYKLMWA MaLUMH ANA CYLIKK
W OYUCTKU 3epHa SBNIAETCS aKTyasbHOW 3afaueit.

Lienb paboTbl — aHanu3 npouecca CyLIKM U 04UCTKM 3epHa M 000CHOBaHME KOHCTPYKLMM YCTPOICTBA [NIA CYLUKK, OXaX[e-
HWS U OLLHOBPEMEHHOM OYUCTKY 3epHa.

Matepuanbl u MeToabl. [lns uccienoBaHWA NPOLIECCa CYLUKM U OYMUCTHU 3epHa NPOBEAEHbI aHANU3 ITEPaTYPHBIX UCTOYHU-
KOB M NaTeHTHbIA NOUCK. [ns 060CHOBaHMS KOHCTPYKLMW YCTPOCTBA [NIA CYLLKYW, OXNAXKAEHWUS U OLHOBPEMEHHON OYMCTKM
3epHa Dbl M3yyeHbl NepcreKTUBHbIE MALMHBI ANS NocieybopoyHon 06paboTky 3epHa.

PesynbTaTbl. PaccMOTpeHbl pa3nnyHble MeTOAbl CYLUKW 3epHa M NPOBEAEH aHanu3 C LieNiblo onpeaenenus ux apdexTms-
HOCTW 1 NpuMeHUMOCTU. CyLLecTBYeT PUCK BO3HUKHOBEHMS NPOBEM, CBA3aHHBIX C HEMPaBUIIbHOM CYLLIKOW 3epHa W HeraTue-
HbIX NOCNEACTBUSX 4151 COXPaHHOCTM 3epHa M ero AanbHeulueli nepepaboTku. [ina cBoeBpeMeHHON U Ka4eCTBEHHON OUYMCTKM
W CyLUKM 3epHa NpeAnaraeTcs MHHOBALMOHHAA KOHCTPYKLUMA — MoBMIbHas BO3AYLLHO-LIHEKOBas CyLIWKa Ans 3epHa. [laH-
HOe YCTPOWCTBO NPOBOAMT OYUCTKY 3epHa OT JIETKWUX COPHbIX MPUMECEl C MOMOLLbI0 BO3AYLUHOTO NOTOKA M CbeM NOBEPXHOCT-
HOV BNaru u3 3epHa bnarofaps NPoAyBaHuI0 ero HarpeTbIM BO3AYLUHBIM NOTOKOM. B cTaTbe NofpobHO onucaHa KOHCTPYKLMS
W MPUHLMN LeNCTBUA CyLUMNKW. [TpUBOASATCA pesynbTaThbl NPeABapUTENbHBIX 3KCMEPUMEHTOB, NOATBEPAAIOLLMX paboTocno-
COBHOCTb CYLLMIKU.

3akntoyenue. lpuMeHeHne MOBUABHBIX YCTAHOBOK ANS CYLIKM 3epHa SBNSETCSA aKTyabHbIM HanpaBieHWEM B CENbCKOM
xo3giicTBe. Mcnonb3oBaHWe CyLUMIKK C NpefJiaraeMoi KOHCTPYKLUMeHh no3BouT 3GPEeKTMBHO NPOBOAUTL NOCEYBOpOYHYHD
06paboTKy 3epHa. YcTaHOBNEHO, YTO 33 OAMH MPOXOJ, CbeM Bnaru coctaBun 4...5 %. MonydyeHHble pe3ynbTaTbl NO3BONSIOT
PEKOMEeH[0BaTb CYLUMIIKY s UCMOJb30BaHNs B KPECTBAHCKO-PepMepCKUX X03IACTBaX.
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Development of the mobile air-auger device
for grain drying, cleaning and cooling
Sergey D. Shepelev, Maxim V. Cheskidov, Grigory N. Chirkov

South Ural State Agrarian University, Chelyabinsk, Russian Federation

ABSTRACT

BACKGROUND: Correct selection of a grain dryer and reasonable justification of the drying process parameters are necessary
to ensure qualitative and safe drying of grain. Development of state-of-the-art designs of machines for drying and cleaning
of grain is a relevant task.

AIM: Analysis of the process of drying and cleaning of grain and justification of the design of a device for drying, cooling
and simultaneous cleaning of grain.

METHODS: In order to study the process of drying and cleaning of grain, the literature sources were analyzed, patent search
was carried out. To justify the design of the device for drying, cooling and simultaneous cleaning of grain, promising machines
for post-harvest grain processing were studied.

RESULTS: Various methods of grain drying are considered and analyzed to determine their effectiveness and applicability.
There is a risk of problems associated with improper drying of grain and negative consequences for the safety of grain and
its further processing. The innovative design of the mobile air-auger dryer for grain is offered for timely and qualitative cleaning
and drying of grain. This device cleans grain from light weeds by means of air flow and removes surface moisture from grain
by blowing it with heated air flow. The design and principle of operation of the dryer are described in detail in the paper.
The results of preliminary experiments confirming the operability of the dryer are given.

CONCLUSIONS: The use of mobile units for grain drying is a relevant trend in agriculture. The use of a dryer with the proposed
design helps to carry out post-harvest processing of grain effectively. It is found that the one-pass moisture removal is 4...5 %.
The obtained results make it possible to recommend the dryer for use in peasant-farming farms.

Keywords: grain drying; grain cleaning; grain separator; air flow.
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HOBBIE MALUVHBI 1 OBEOPYOBAHUE

BBEJEHUE

B cenbckoM x03sMCTBE CylUKa 3epHa — HeobXoauMbiliA
npoLiecc ANs COXPaHEeHUs Ka4ecTBa M NpeaoTBpaLLeHns nop-
un 3epHa. BaxHocTb 3TOro mpouecca 3aKnYaeTcs B TOM,
yTo 3epHO, COBpaHHOE C MoNs, UMEET BLICOKYH BIAaXKHOCTb
20-30% [1], koTopas MOXET NPUBECTM K Pa3BUTUI0 FPUDKOB,
baKTepui M Apyrx MUKpPOOPraHU3MOB, ABMAKOLLMXCA NPUUM-
HOM nopuu ypoxas. KpoMe Toro, XpaHeHue 3epHa C BlaXKHO-
CTbHO Bblle PEKOMEHAO0BaHHbIX 14% NpUBOAMT K YMEHbLLE-
HWIO NUTaTeNbHBIX CBOMCTB 3epHa.

[na obecneyeHns KayecTBEHHOM M BE30MACHOM CYLLKM
3epHa HeobXoaMM NpaBUNbHLIM BbIOOP CYLUIMNKM U paumo-
HanbHoe 060CHOBaHMe napameTpoB mpouecca cylwku. Cy-
LUMIIKM NS 3epHa — 3T0 CMeLManbHble YCTPOMCTBA, KOTOpbIe
MCNONb3YHTCS 1A YCKOPEHWS NpoLiecca CyLUIKMW 3epHa, NYTEM
yOaneHus U3NULLHE Bnaru.

B nuTepaTypHbIX UCTOYHWKaX peKOMeHAYyeMas BIaXHOCTb
3epHa, 3aKiafblBaeMoro Ha xpaHeHue, coctaenset 13-15%
(rabmuua 1).

B HacTosiLiee BpeMs CTOMT 3afia4a MHTEHCMGMLMPOBATb
MpOLIECC CYLUKM 3epHa 3a CYET pa3paboTKU HOBOM KOHCTPYK-
LMW CYLUMITKU U OJHOBPEMEHHOM OYUCTKU 3€PHa OT COPHbIX
npuUMecei.

AHAJIU3 CNOCOBOB CYLLKK U TUNOB
KOHCTPYKLIUM CYLLUUIIOK

CywecTByeT HECKONIbKO TUMOB CYLUMIOK 1Sl 3epHa, Ko-
TOpble MOrYT Pa3fiuyaTbCs N0 NPUHLMMY PaboThbl, MOLLHOCTH
W pasMepy. B cenbCKoX03AMCTBEHHOM NPOM3BOACTBE Hau-
bonee pacnpoctpaHeHbl bapabaHHble W LWaXTHbIE 3epHOCY-
wunkn. OQHWMM M3 TUMOB CYLUMIOK SIBAKOTCA MOOWSbHbIE
cywmnku. Cywmnkv faHHOro TMNa 06blYHO MCMoNb3yloTca
Ha MecTe cbopa ypoxas, U MoryT BbiTb NIerKo nepemeLLeHbl
C NofIA Ha Nose B 3aBUCUMOCTM OT HeobxoaumocTu. OHM MoryT
UMETb PasfIMyHyi0 MOLLHOCTb U pa3Mep, 1 00bIYHO OCHALLIEHbI
HarpeBaTeNiAMK, BEHTUIATOPaMU U LpPYrMU KOMMOHEHTaMK
Ans 6bicTpoi M 3P GEKTUBHOM CYLLKK 3epHa. MobunbHble 3ep-
HOCYLLIMIIKW UCMONb3YHTCA B (hepPMEPCKUX X03AICTBaX M Apy-
rux opraHusaumsx AMNK ¢ MenkotoBapHbIM (go 1000 T 3epHa)
U cpeaHeToBapHbIM (fo 3000 T 3epHa) npoussoacTaoM [1, 3].
310 06YCIOBNEHO CPaBHUTENBHO HW3KOM LIEHOM CYLIMIKM

Tom 90, Ne 6, 2023

TpaHTOpb\ M CENbXO3MallWHbI

1 MeHbLLIEN NPOM3BOAUTENBHOCTBIO MO CPABHEHUIO CO CTALIM-
OHapHbIMM aHasnoramu.

Mocne cbopa ypoxkas BaXKHO B KOpOTKWE CPOKW NpoBe-
CTU He TONbKO CYLLKY, HO M OYUCTKY 3epHa OT npuMecen [4].
[Ins ouMcTKW 3epHa OT NMpuMecen MPUMEHSIOT BO3LYLUHO-
LUHEeKOBble cenapartopbl. 3T0 cneuuanbHoe 0bopynoBaHue,
KOTOPOEe MCMONb3yeTcs [JIA OYUCTKM 3epHa OT PasfiNyHbIX
MPUMECEA, TaKUX KaK Mbifib, MENKWE KaMHM, CONIOMa, CEMEHa
COPHBIX PACTEHMI M ApYrie HeXenatesbHbIe 3IEMEHTI, KOTO-
pble MOTYT HaXoAMTLCS B Macce 3epHa nocsie yoopku ypoxas.
[laHHble cemapaTopbl MOTYT TaKXKe MCMO/b30BaTbCA 418 pas-
OeNleHNsl 3epHa Ha pasHble KaTeropuu No pasmepy, Becy
1 nnotHocty [5]. TMpuHUMN UX paboTbl OCHOBaH Ha UCMOSb-
30BaHWUW BO3[YLUHbIX MOTOKOB, KOTOPbIE MEpEMELLAKT 1 pas-
LEeNsioT 3epHOBOI BOPOX. 3epHO NOJAETCA Ha LUHEK, KOTOPBIN
MePEHOCHT ero BHYTPU KOpMyca, B TO BPEMSA KaK BO3[YLUHbIA
MOTOK [ABUraeTCsi HABCTPeYy 3epHOBOMY MOTOKY. BO3AyLUHbIN
MOTOK, BO3AEHCTBYET C Pa3fIMIHOMN CUNOI Ha 3ePHO B 3aBUCK-
MOCTU OT pa3Mepa U Beca YacTuL, 3epHOBOro Bopoxa. bnaro-
[aps 3TOMy, 3epHO, OT/MYaloLLEecs N0 a3poAMHAMUYECKUM
CBOWCTBaM, OTAENIAETCA OT COPHbIX NpuMecen [6, 7].

Bo3payLuHo-WHeKoBbIe cenapaTopbl ANS 3epHa UMEKT pas-
JMYHbIE pasMepbl U MOLLHOCTb, YTO MO3BONSET UCMOMbL30BaTh
WX NS pasHbIX TMMOB 3epHa M 00BEMOB YOOpPKU ypoxas.
OHu MoryT BbITb NONYaBTOMATUHECKAMM UM NOSTHOCTBIO aBTO-
MaTU4ecKUMH, YTo obneryaeT npoLEcC OUUCTKM U COPTUPOBKM
3epHa M yMeHbLLIAeT 3aTpaThl Ha TPyAoBbIle pecypcbl. OHM TaK-
e MoryT 6biTb MOBUMBHBIMK, YTO MO3BOSISIET UCMONIB30BaTh
Ux Ha MecTe cbopa ypoxas. K maBHbIM npeuMyLlecTBaM
3EPHOCYLLMIOK Masioii NPOM3BOAUTENBHOCTU MOXHO OTHECTH
BO3MOXHOCTb 06paboTku 3epHa NpaKTU4eCKM oboii UcXxogHOM
BNAXHOCTH, @ TaKXKe BbICOKYH PaBHOMEPHOCTb CYLLKHK [8, 9].

0paHako, B HacTosiLLee BpeMs A0MKHLIM 06pa3oM He pac-
CMOTPEH BOMPOC BO3MOXKHOCTW NpoBEeAEHUs 04HOBPEMEHHOTO
npoLiecca OYMCTKM U CYLUKW B BO3AYLUHO-LUHEKOBOM Cena-
parope.

OMUCAHWUE KOHCTPYKLUH

YCTpOWCTBO AJ181 CYLLKW, OXNTAXAEHWUS U OBHOBPEMEHHOM
OYMCTKU 3ePHA MOXHO MCMONbL30BaTh 18 NapaneNbHON CyL-
KW M OYMCTKU 3epHa. TeXHWYEeCKMit pesynbTaTr paboTbl npen-
NaraeMoii KOHCTPYKUMM CYLUMIIKW OCTUraeTcs 3a CYET Toro,

Ta6nuua 1. Cpoku be3onacHoro xpaHeHUs 3epHa NLeHULBI NPY Pa3aNYHbIX 3HAYEHUSX BNAXKHOCTM M TeMnepaTypbl [2]
Table 1. Safe storage periods of wheat grain at various values of humidity and temperature [2]

BnaxHocTb 3epHa, %
PHa,

Temnepartypa 3epHa, °C

CpoK XxpaHeHus, Mec.

13,015, 5
no 14,5

14,5-15,5
13,0-13,9
14,0-14,5

10
20
20
30
30
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yTo 0bpaboTka 3epHOBOrO BOpPOXa pa3feneHa Ha ABa 3Tana.
MepBblii 3Tan BKIIOYaET B cebs HarpeB 3epHOBOM0 BOpOXa ro-
PSYMM BO3[YLUHbIM MOTOKOM W CTeHKaMu cenapatopa. Ha nep-
BOM 3Tare TaKKe YAanseTcs 4acTb JIETKUX COPHbIX MPUMECEN.
Bropoit atan BkntoyaeT B cebst oxnaxaeHue 3epHOBOT0 BOPOXa
BO3ZYLUHbIM MOTOKOM C TeMMepaTypoii paBHOM TeMnepaType
OKpYyXKatoLLen cpefbl. [Tpy 3TOM NpOMUCXOAUT OKOHYATENbHBbIN
CbeM Bnaru 13 3epHa. KOHCTPYKTUBHO-TEXHONOMMYECKME Napa-
MeTpbl BTOPOrO 3Tara no3BonsoT A0MOHUTENBHO MPOBOAMUTH
OUNCTKY 3epHa oT Nérkux npumecei. CornacoBaHHOCTbL Napa-
METPOB CYLLKM W OYUCTKY MO3BONIAIOT HEMpepbLIBHO NPOBOAUTDL
npouecc obpabotku 3epHa, obecreunBas BbICOKOE Ka4yecTBo
1 NPOM3BOAMTENBHOCTD 3TOMO MpoLecca.

[na paumoHanbHoro npouecca chbéMa Bnaru Bo BpeMs
OYMCTKM 3epHa HeobXoaMMO Wcnosb3oBaTb ABa paboumx
opraHa, CoeIMHEHHbIX Mexay coboii nocnenoBaTensHo, puc. 1.

Cywumnka BrtouaeT B cebs iBa pabounx opraHa ans CyLIKu
W OXJTaK/IEHNS 3ePHA, KOTOPbIE XECTKO COeAMHEHbI C MOMOLLbIO
MPOMEXYTOYHOro NaTpybKa. MepBblit paboumii opraH 2 CryuT
ANA CYLUKM 3epHa COAEPIKUT LUHEK 9, 3aKpemnnEHHbIN B KOpMy-
ce 2. LLHek BpalLaeTcs 3a CYET NepeaaToyHoro MexaHusma 9.
lprEMHO-3arpy304Hoe yCcTPoMCTBO 1 pacmonoXeHo B JIEBOH
BEPXHEMN YacTu Kopryca. HarHeTaTenbHbIA NaTpybok ans Bo3-
LYLLHOrO MOTOKA C HarpeBaTesbHbIM 3IEMEHTOM 3, BEHTUNSATO-
POM 4 1 ipoccenbHOM 3aCIOHKOM YCTaHOBNEH B NPaBOiA YacT
Kopnyca. [atpybku 8 u 10 ans BbIxoga BO3LyXa, PacrosioKeHbl
B J1IeBOV HMXHEN YacTu Kopnyca. HarpeBatenbHbIn aneMeHT 3
obecneunBaeT HarpeB NPOXOAALLEr0 Yepe3 HarHeTaTeslbHbIN
narpybok Bo3ayxa 4o HeobxoauUMoli TeMneparypbl.

Pabounit opraH ans oxnaxaeHwWs 3epHa 7 COQEPHKUT
LHEK 5, 3aKpennéHHbl B Kopnyce 7, KOTOpbIM BpaLlaeTcs
3a CYET NepeaaToyHoOro MexaHusma 9.

Puc. 1. CxeMa paboTbl KOHCTPYKLMM CYLUIMNKM: | — 3arpy304HbIN
ByHKep, 2 — nepBas ceKuus, 3 — HarpeBaTeNbHbIi ANEMEHT, 4 —
BEHTUNATOP, 5 — LLHEKN, 6 — OKHO BbIXO[A OYMLLEHHOTO 3epHa,
7 — BTOpas CeKuusi, 8§ — OKHO AN BbIBOAA COPHbIX NpUMecen,
9 — aneKTpuueckue npusoabl Bpallaiolme WHekn, 10 — oKHo
BbIBOJA FOpsYero Bo3ayxa.

Fig. 1. Schematic diagram of operation of the dryer’s design: 1 —
a loading hopper, 2 — the first section, 3 — a heating element,
4 — a fan, 5 — augers, 6 — a window of output of cleaned
grain, 7 — the second section, 8 — a window for output of weed
impurities, 9 — electric drives for rotation of the augers, 10 —
a window of hot air output.
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Cywunka pabotaeT cnepywowmMm obpasoM. BnaxHoe
3epHO M3 NPUEMHO-3arpy304Horo yctponcTea 1 nocrtynaet
B Kopnyc 2 paboyero opraHa, NpegHa3HavyeHHOro Ans Cyl-
ku. [lanee OHO LWIHEKOM 5 MepeMeLLaeTcss B CTOPOHY Npo-
MEXyTO4HOro natpybka. Bo3gylHbIA NOTOK, CO3AaBaeMbli
BEHTUJIATOPOM 4 CO CKOpOCTbI0, PEryivpyeMomn ApoccesibHoM
3aC/IOHKOM, NPOXOLS Yepe3 HarHeTaTeNbHbIM NaTpyboK, Ha-
rpeBaeTcsa HarpeBaTeNbHbIM (TEMMIOBLIM) 3NEMEHTOM 3 A0 He-
06X01MOA N0 TEXHOIOMMYECKUM TpeboBaHWAM TeMnepaTyphl
1 NOCTynaeT B CenapupyloLLMin KaHan, 0bpa3oBaHHbIN Kop-
NycoM 2 U LUHEKOM 5, roe OH, HarpeBas 3epHO, NPOW3BOAMT
CbeM Bnaru, Kotopas BblBoguTca yepes natpybok 10. Ha-
rpeToe 3epHO BbIBOAWUTCS LUHEKOM 5 Yepe3 MpOMeXYTOUHBbIN
naTpyboK Bo BTOpOW pabounii opraH. 3PdeKT 04nCTKM 3epHa
ycunvBaeTcs bnaroaaps 3aKpyymBaHUI0 BO3AYLLHOMO MOTOKA
B CenapupyloLLeM KaHane M NOCTOSHHOM NepeMeLLvBaHum
3epHa. [lanee 3epHo nocTynaeT B Kopnyc 7 paboyero opraHa,
npegHa3HayeHHoro AN oxnaxaeHus. [lanee oHO LIHEKOM 5
nepeMeLL,aeTca B CTOPOHY BbIXOAHOMO naTtpybka 6. Bospywi-
HbIiA MOTOK, CO3AaBaeMblii BEHTUNIATOPOM 4 CO CKOPOCTbIO,
perynupyemoi ApoccenibHOM 3aCTaBKoM, MOCTYNaeT B cenapi-
pYIOLLMA KaHan, 06pa30BaHHbIA KOPMNYcoM 7 U LUHEKOM 5, rae
OH MOLXBATLIBAET NETKMUE YaCTULbI U YHOCUT UX Yepe3 BbIXOS -
HOW naTpybok 8. Oxna)AaEHHOEe M OYMLLEHHOE 3EPHO BbIBO-
JWTCA LHEKOM 5 yepes BbIX0LHOM NaTpyboK 6. IddekT cyw-
KW 3epHa ycunuaeTtca bnarofaps 30He OXnaXAeHus 3epHa
1 KOPPEKTUPOBKe CKOPOCTW NepeMeLLieHus 3epHa B pabounx
opraHax yCTpoiCTBa B 3aBUCMMOCTU OT ero BnaxHocTtu [10].
060yB HarpeToro 3epHa XONOAHBIM BO3AYLIHBIM MOTOKOM
MPUBOAMT K CbEMY Braru, No3BOMISS 3HAYUTENTBHO CHU3MUTD
B/TAXKHOCTb 3epPHOBOIO BOPOXa.

OCHOBHbIMM TEXHONIOrMYECKUMW MapaMeTpaMu NepBoii
CEKLIMM, BIMAIOLLMMM Ha MPOLECC CYLUKM 3epHa, ABNSIOTCS:
YacToTa BpaLLEHMs LUHEKa, CKOPOCTb BO3AYLIHOMO MOTOKa,
TeMnepaTtypa BO3AYLUHOTO NOTOKa. YBeNM4YeHWe CKOPOCTM
W TemmepaTypbl BO3AYLUHOMO MOTOKA U CHUXXEHWE YTII0BOA
CKOpOCTM LUHEKa MO3BONAT MHTEHCMGMUMpOBaTh NpoLecc
cywwky. [1pn 3TOM CKOpOCTb BO3AYLIHOMO MOTOKA IMMUTUPO-
BaHa NpefenioM, Npy KOTOPOM LIeSIbHOE 3epHO HAYHET 3axBa-
TbIBaTbCS BO3AYLUHbIM MOTOKOM W BBIHOCUTBCS YEPE3 OKHO
LN BbIXOJA ropsyero Bo3ayxa. JKCnepuMeHTabHbIe Uccne-
[0BaHWsA NOKa3aK, YTO TaKas CKOPOCTb BO3AYLUHOTO NOTOKa
HaxoguTcs B npegenax 10...12 M/c. TeMnepaTypy Bo3AyLLUHOrO
noToKa HeobxoauMo nofdupaTh UCXOASA U3 BNAXKHOCTM 3epHa,
TMna 3epHa (ToBapHOe, CEMEHHOW MaTepwart), YacToTbl Bpa-
LEHMs LIHeKa, YTobbl He JONYCTUTbL MeperpeB 3epHa W ero
nopuyy. Ha ocHoBaHMM Moy4eHHbIX AaHHBIX Bblna CNpoeKTH-
pOBaHa MHHOBALMOHHAS KOHCTPYKLIMA CYLLMIKK, pUC. 2.

3AKJIO4YEHUE

MpuMeHeHWe MOBWIBbHBIX YCTAHOBOK ANS CYLUKM 3epHa
ABNIAETCA aKTyaslbHbIM HaNpaBNeHWEeM B CENTbCKOM XO03SIWCTBE.
Wcnonb3oBaHue cyLUMKy ¢ npeaiaraeMom KOHCTPYKLMEN no-
3BONIUT 3P HEKTUBHO NPOBOAMTL NocneybopoyHyto 0bpaboTky
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Puc. 2. Mogenb cyLumnkm.
Fig. 2. A model of the dryer.

3epHa. YCTaHOBMEHO, YTO 3@ OAMH MPOXOA CHEM BRaru Co-
ctaBun 4...5 %. MonyyeHHble pesynbTaTbl MO3BONSKT PEKO-
MEH/J0BaTb CyLWIKY AJ1S UCMONIb30BaHUSA B KPECTbSIHCKO-
(epMepcKux xo3ancTBax.

NONOJIHATENIBHO

Bknap aBTtopoB [H. YuproB — 0630p nuTepatypsl, cbop
W aHanW3 iMTepaTypHbIX UCTOYHMKOB, co3aaHve 3[1 mogenw;
M.B. Yeckmmos — 0630p nuTepatypbl, cbop 1 aHanm3 nutepa-
TYPHBIX MCTOYHUKOB, NMOAFOTOBKA U HaNMCaHWe TeKCTa CTaTbi,
noarotoBka pucyHKos; C.[. Lllenenés — cbop v aHanm3 im-
TepaTypHbIX UCTOYHMKOB, NOAMOTOBKA M HAaNMCaHMWE TEKCTa CTa-
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ODVII'VIHaJ'IbHOG nccneaposaHme

MeToaMKa cMHTe3a 3aKOHOMEpHOCTeM
pacnpeaeneHUs MOLLHOCTU MeXXAy BeyLuMu
KoNécaMu NONHONPUBOAHBIX aBTOMOGUNei
Ce/IbCKOX035IUCTBEHHOr0 Ha3Ha4YeHus

A.B. Kennep' 2, A.B. MNonos?

1 LleHTp coumonornyeckux uccnefosanmii, Mockea, Poccuiickas ®epnepauns;
2 MocKOBCKUI Mo/IMTeXHUYECKNA yHuBepcuTeT, MockBa, Poccuitckas ®eaepaums;
3 LleHTpanbHblit Hay4HO-MCCIELOBATENLCKMIA aBTOMOBMILHBIA M aBTOMOTOPHBIN MHCTUTYT (HAMW), Mockea, Poccuiickas ®epepaums

AHHOTALMA

06ocHoBaHMe. [1ns pasBUTMA CENIbCKOTO XO3AMCTBA, UrPatoLLEero BaXHy0 posib B 3KOHOMUKE CTpaHbl, He0OX0AMMbI NOSIHO-
NPUBOLHbIE TPY30Bble aBTOMOOW/M, CMOCOOHLIE B3aUMOJECTBOBATL C PasiMYHbIMWA MalUMHAMKM W arperatami, BbiNOJHAS
onepauuu Ha be3popoxbe U foporax 0buiero nonb3oBaHUA. OMbIT UX 3KCMyaTaLuuMW Ha arponpeanpuUATUSX NMOKa3bIBaeT,
YTO CEpWiHbIe CUCTEMbI pacnpefeneHns MOLLWHOCTU B TPAHCMUCCUSX HE YYMTHIBAKOT BECb CMEKTP (aKTopoB, BMSIOLLMX
Ha [BIKEHWe aBTOMOBMAEN, UTO CHIKAET IPPEKTUBHOCTb UX UCMONb30BAHMS.

Lienb paboTbl — pa3paboTka MeTOAMKM CUHTE3a 3aKOHOMEPHOCTEN pacnpeAeneHns MOLLHOCTY MeXay BefyLIMMU KoNEcamu
MOSHONPUBOAHbIX FPY30BbIX aBTOMOOWNEl CENIbCKOXO3ANCTBEHHOIO Ha3HAYeHMS.

MeToabl. Ha ocHOBE METOJ0B CUCTEMHOMO aHaN3a, MHOMOKPUTEPUANIbHOM ONTUMM3aLMK, PErPECCUOHHOTO U KOPPESALMOH-
HOrO aHanu3a MpeJioXKeHa No3TanHas MeToaMKa CuHTe3a 6a30BbIX 3aKOHOMEPHOCTEN pacnpefeneHns MOLLHOCTU MeXay
BeyLLMMM KONECaMU NOJHONPUBOJHOTO aBTOMOBMNA M UX afanTaLmm K peanbHbIM YCIOBUAM ABUXEHMS. B ocHoBy uccnepo-
BaHMs NONOXeHbl 6a30Bble 3aKOHOMEPHOCTW pacnpefieNeHns MOLHOCTH, aAaNTMPOBAHHbIE K YCOBUAM (YHKLMOHMPOBaHNS
MOSHONPUBOAHOIO rPY30BOr0 aBTOMOOUNS.

Pesynbratbl. MeToAMKa CMHTE3a 3aKOHOMEPHOCTEM pacnpefeneHUsi MOLLHOCTM pacCMOTpeHa NOCTafuMHO, Ha OCHOBE
MHOTOKpUTEPUAsIbHOW ONMTUMMU3ALMW. YCTAHOBNEHbI KOHCTPYKTUBHbIE M 3KCMlyaTaLMOHHbIe daKTopbl, 3ajalolume napame-
TPbl ABWKEHWs MO A0pPOraM BCEX TUMOB W MEeCTHOCTU. BbisiBneHbl 6a30Bble 3aKOHOMEPHOCTW pacnpefeneHns MOLLHOCTH,
obecneunBatowwme 3 deKTMBHOCTb, HALEKHOCTb M Be3onacHoCTb aBToMObKASA. B 3aBuCMMOCTM OT yHKUMIA NONHONPUBOA-
Hble rPy30BMKM YCIOBHO Pa3feNeHbl Ha 4 rpynnbl CO CBOUMM MOKa3aTeNsiMu U KputepuamMmn 3 deKTMBHOCTU. Ha ocHoBaHWM
NpoBeAEHHOro UccnefoBaHUA cOpPMyIMPOBaHbI 4 3aa4n ONTUMU3ALMN.

3aknioueHue. AsTopamu paspabotaHa MeTOAMKA OMpefeneHns 3aKOHOMEPHOCTel pacnpeaeneHns MOLHOCT Mexay Beay-
LLMMM KONECaMM MOSTHONPUBOLHBIX FPY30BbIX aBTOMODMIIEN CEbCKOXO3ANCTBEHHOTO Ha3HAYEHUS U UX afianTaLmm K YCII0BUAM
ABveHUA. OCHOBHbIE CTafUW METOAMKM: MOCTAHOBKA 3aAaduyu ONTUMWU3ALMKM; BbIYUCIMTENbHAsA NpoLeaypa U onpefeneque
6a30BbIX 3aKOHOMEPHOCTE! pacrpefesneHns MOLWHOCTH; afanTtaumus 6a3oBbiX 3aKOHOMEPHOCTEN W OLEeHKa 3QHEKTUBHOCTH
peLUeHN. YCTaHOBMIEHO, YTO NPW MOLENMPOBAHNMA LBUKEHWUS MOSIHOMPUBOAHBIX MPY30BUKOB MO MapLUpYTy AOCTaTOMHO BOC-
nonb3oBatbca AnddepeHUnanbHbIMU ypaBHEHUAMM NPAMOSIMHERHOTO ABUMEHWS.

KnioueBble cnoBa: aBTOMOOMIbHLIN TPaHCNopT; rpy3oBbie asToMobOMAY; MONIHOMPUBOAHbIE aBTOMOOWUAK; aBTOMOOMAN
CeNIbCKOX03ANCTBEHHOMO Ha3HaYeHus; BeayLine Kojieca NoJIHONPUBOAHbBIX MPY30BbIX aBTOMObUNEN; TPAHCMUCCUKN NOJTHO-
MPUBOAHbIX TPY30BbIX aBTOMOOUNEN; CUCTEMDI pacnpeneneHnMa MOLWHOCTU NOJIHONPUBOAHbBIX TPYy30BbIX aBToMobUnen;
ynpaendaeMoe pacnpepneneHne MOLWHOCTU B TPAHCMUCCUAX.
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Method of synthesis of patterns of power distribution
between the driving wheels of all-wheel drive
agricultural vehicles

Andrey V. Keller"- 2, Andrey V. Popov?

1 Sociological Research Center, Moscow, Russian Federation;
Z Moscow Polytechnic University, Moscow, Russian Federation;
3 Central Scientific Automotive and Automotive Engines Institute “NAMI”, Moscow, Russian Federation

ABSTRACT

BACKGROUND: All-wheel drive trucks, capable of interacting with various machines and units, performing operations
in off-road conditions and on public roads, are needed for the development of agriculture, which plays an important role
in the country’s economy. The experience of their operation at agricultural enterprises shows that current power distribution
systems in drivetrains does not consider the full range of factors affecting the motion of vehicles, which decreases the efficiency
of their use.

AIM: Development of the method of synthesis of patterns of power distribution between the driving wheels of all-wheel drive
agricultural trucks.

METHODS: Based on methods of system analysis, multiobjective optimization, regression and correlation analyses, the step-
by-step method of synthesis of basic patterns of power distribution between the driving wheels of an all-wheel drive car and
their adaptation to real driving conditions is proposed. Fundamentals of the study are basic patterns of power distribution,
adopted to operation conditions of a all-wheel drive truck.

RESULTS: The method of synthesis of power distribution patterns is considered step-by-step, based on multiobjective
optimization. The design and operational factors that set the parameters of traffic on roads of all types and terrain have
been established. The basic patterns of power distribution that ensure the efficiency, reliability and safety of a vehicle are
revealed. Depending on the functions, all-wheel drive trucks are conditionally divided into 4 groups with their own indicators
and performance criteria. Based on the conducted study, 4 optimization problems are formulated.

CONCLUSIONS: The authors have developed the method for determining the patterns of power distribution between the driving
wheels of all-wheel drive trucks and their adaptation to traffic conditions. The main stages of the method are: formulation
of the optimization problem; computational procedure and determination of basic patterns of power distribution; adaptation
of the basic patterns and evaluation of effectiveness of solutions. It is found that it is sufficient to use the differential equations
of straight-line motion when simulating the motion of all-wheel drive trucks along the route.

Keywords: motor transport; trucks; all-wheel drive vehicles; agricultural vehicles; driving wheels of all-wheel drive vehicles;
drivetrain of all-wheel drive vehicles; power distribution systems of all-wheel drive vehicles; controlled power distribution
in drivetrain.

To cite this article:
Keller AV, Popov AV. Method of synthesis of patterns of power distribution between the driving wheels of four-wheel drive agricultural vehicles. Tractors and
Agricultural Machinery. 2023;90(6):505-514. DOI: https://doi.org/10.17816/0321-4443-568209

Received: 10.08.2023 Accepted: 15.10.2023 Published online: 15.12.2023

moscow The article can be used under the CC BY-NC-ND 4.0 International license 4
polytech © Eco-Vector, 2023 ECOeVECTOR


https://doi.org/10.17816/0321-4443-568209
https://doi.org/10.17816/0321-4443-568209
https://creativecommons.org/licenses/by-nc-nd/4.0/

TEOPUA, KOHCTPYNPOBAHVE, CTTBITAHA

BBEJEHUE

CenbCKOe X03AIMCTBO MrPaeT BaXKHYI0 poiib B 3KOHOMM-
Ke U coumanbHoil xm3nu Poccun. B LenoM B arponpoMbiiu-
NIEHHOM KOMTIIEKCE HaLLel CTpaHbl, N0 OLIEHKE 3KCMepToB,
npou3BoauTca okono 8,0% BanoBoro BHYTPEHHEro NPoAyKTa,
W3 HUX B CEMbCKOM Xo3amcTBe — 3,7%. B otpacnm B HacTos-
Liee BpeMA 3aHATO nopsaKa 4.01 MIH YenoBek (4To 3KBU-
BaneHTHO 5,8% YMCNEHHOCTM BCeX 3aHATLIX B IKOHOMMKE),
a TaKkXKe cocpenoToyeHo 2,1% OCHOBHBIX NMPOM3BOACTBEHHbIX
doHpos [1, 2].

[na panbHeiwwero paseuUTMs OTEYECTBEHHOTO CENbCKOr0
X03811CTBa HE0BX0AMMBI CrieLManu3upoBaHHbIe NOJTHONPUBO-
[Hble rpy30Bble aBTOMObWNK, cnocobHele paboTath B mone
B 0JHOM TEXHONOMNYECKON LIEMOYKE C PasfMiHbIMU MalLMHa-
MW W arperatam, a TakKe BbINOJHATb TPAHCMOPTHbIE onepa-
uum no 6e3aopoxkbio U foporam obLero nonb3oBaHua [3, 4].

BMecTe ¢ TeM, MMEIOLLMICA OMbIT CO3LAHMA W IKCTTya-
Tauum aBTOMobMnen CenbCKOXO3AIMCTBEHHOIO Ha3HaYeHMs
Ha MpeLnpuATUAX arpapHOro KOMMeKCa MOKasbiBaeT He-
LOCTaToOYHYl0 CTEMEHb peanu3aumm WX TAroBO-CKOPOCTHBIX
CBOMCTB, TOM/IMBHOWM 3KOHOMWYHOCTM, OMOPHOM NPOXOAMMO-
CTU W APYrUX BaXKHEMLLMX TEXHUYECKMX XapaKTepPUCTUK [5-9].
CepuiiHo NpUMeHsieMble B HAcTOALLEE BpPeEMSI CUCTEMb
pacnpefeneHus MOLLHOCTM B TPaHCMMCCUAX MNOSHOMPHU-
BOAHbIX FPy30BbIX aBTOMOOMMIEN YCMELLHO PeLlalT fullb
fIOKanbHble 3ajayn HedonylleHus ByKcoBaHWA BegyLLMX
Konéc, npefoTBpaLLas, TeM CaMbiM, NMOTEPK NPOXOAMMOCTM.
OHM He Y4WTBHIBAIOT BECb CMEKTP LOPOMHbIX, MPUPOLHO-
KJIMMaTUYECKWX U 3KCTTYaTaLMOHHBIX (haKTopoB, OKa3blBato-
LUMX HEMoCPenCTBEHHOE U CYLLECTBEHHOE BAMSHWE Ha ABU-
KEHWe aBToMobMNS. IT0 OrpaHMuYMBaET CTeneHb peanusaummn
NoTeHUMaNbHbIX CBOWCTB MOSTHOMPUBOAHBIX FPy30BbIX aBTO-
MobUnen n cHaeT 3G HEKTUBHOCTb UX MCMOSb30BaHMS.

LIE/Ib PABOTbI

3apaya pacnpefeneHus MOLLHOCTU MeXAy BeayLiumu
MOCTaMM 1 KONEcaMM, KaK COCTaBHas 4acTb TEOPWUM aBTOMO-
bunei, Bceraa Haxoamnach B LIEHTPe BHUMaHMWA crneumanv-
ctoB. Hanbonee nsBectHbiMM B 3T0i 0bnactu ctanu pabotel
M.B. AkceHoBa, f.C. AreitkuHa, b.H. benoycosa, B.B. BaH-
uesnya, B.A. Topenosa, 10.I. lopwkosa, T.0. [3ouennase,
I.A. 3arapuHa, A.B. Kennepa, M.A. Kosnosckoi, [.0. Ko-
TneBa, A.X. Jledaposa, H0.B. MupkoecKoro, B.®. MnatoHoBa,
N.A. Nnuesa, A.T. Ckoiibeapl, M.I1. Yuctoea, B.M. LWapwvnosa,
['b. Wununesckoro, C.b. WyxmaHa, b. bekkepa, J.Y. Wong,
P. Ku€era, F. H. Stelzeneder n MHorux apyrux aBTopos.

AHanus npoBeféHHbIX UCCeA0BaHWA NOKa3an, YTo Hau-
bonee paumoHanbHOI SBAETCA NONHOCTLH AnddepeHLmant-
Has cxeMa TpaHcMuceumn ¢ auddepeHuManamm, MELIMMH
nepeMeHHYH0 B 3aBUCUMOCTU OT AOPOKHBIX YCOBUM CTEMEHb
onokuposku [10-13]. Hay4Hoe o6ocHOBaHMe 3aKOHOMEPHO-
CTeN U3MeHeHus BIOKUpYOLLMX CBOWCTB AuddepeHUManos
B 3aBUCUMOCTM OT [OPOXHbIX, MPUPOLHO-KIMMATUYECKUX
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W 3KCNAyaTaLMoHHbIX GaKTopoB, a TakKe paspaboTka MeTo-
[0B UX peanu3aumm B TPaHCMUCCUAX MOMHOMNPUBOAHLIX Mpy-
30BbIX aBTOMOOMIEN ABNAETCA Ba)KHOW 3afaden, UMeloLLEeN
CyLLeCTBEHHOE HAapOAHOX03AMCTBEHHOE 3HaueHue [14, 15].

ObbEKT U METOObl MCCNNELOBAHUA

B ocHoBy cuHTE3a 3aKOHOMEpHOCTEN U3MeHeHUs BnoKu-
pytoLLMX CBOMCTB AuddepeHLManoB cieayeT, Mo MHEHUO aB-
TOpOB, MONOXUTL Ba30Bble 3aKOHOMEPHOCTU pacripefeneHus
MOLLIHOCTM, KOTOpble B MocreaylolweM byayT afantupoBaHb
K HenpepbiBHO W3MEHSIOLLMMCA YCNOBUAM (YHKLMOHMPOBa-
HWs NOMHOMPWBOAHOIO rPY30BOro aBToMobunA. B atom cnyyae
Ha MepBOM 3Tane NYTEM peLLeHUs 33fauM CMHTE3a 3aKOHO-
MepHOCTeN HeobXoauMo nony4uTb 6asoBble 3aKOHOMEPHOCTH
pacnpefenieHns MOLLHOCTM, COCTaBAsOLLME ALPO anropuTMa
pacnpefeneHus MoLLHocTU. 3aTeM 310 Aapo bydeT gononHe-
HO MHTENNEKTYanbHbIMK KayecTBaMM M peanu3oBaHo B BUAE
yNpaensioLLiel NporpaMMbl KOHTPOJIIEPa CUCTEMbI YNPaBIEHHS.

MeToamka cuHTE3a Ha30BbIX 3aKOHOMEPHOCTEW pacnpe-
LEeNeHNS MOLLHOCTW MeX Iy BEAYLLMMM KONECaMM NOMHONPU-
BOZIHOIO [Py30BOro aBTOMObUNA M UX afanTaLmm K peasnbHbIM
YCNOBUAM [IBUXEHUS COCTOMUT U3 CIIEAYHLUMX 3TanoB:

* MOCTaHOBKA 3aJja4v ONTUMU3aLMMK;

+ o060ocHoBaHwe 1 BbIbOp KpUTEpMEB ONTUMANbHOCTK Ba3o-
BbIX 3aKOHOMEPHOCTe pacnpesenieHn s MOLLHOCTY MeXay
BeAyLIMMKU MOCTaMM W Konlécamu aBToMobuns;

» paspaboTka MaTeMaTWyecKoi MOLEenu BHYTPEHHUX pa-
Bounx npoLeccoB MONHOMNPUBOLHOMO aBTOMObUNA W ero
B3aUMOJENCTBUA CO Cpefoi QYHKLMOHMPOBaHMS;

»  MO[e/MPOBaHUe [BUKEHMS NOMHONPUBOAHONO rPY30BOro
aBTOMOOMNIA MO TMMOBLIM [OpOraM U MeCTHOCTH;

 reHepauus (Ha ocHoBe BblbpaHHbIX KpUTEpWEB) OMTU-

MarbHbIX 3aKOHOMEPHOCTel pacnpeseneHns MOLLHOCTH;
* OLEHKa YyBCTBUTENIBHOCTH MONYYEHHbIX 3aKOHOMEPHO-

CTelt pacnpefeneHns MOLLHOCTU K KOMMJIEKCY BHELLHMX,

BHYTPEHHUX 1 YMPaBAsoLLMX (aKTopoB;

e MMHMMM3aUMA KONWMYECTBA MHGOPMALMOHHBIX NepeMeH-
HbIX S afanTauuu, UCMoNb3yeMblX MPU KOPPEKTUPOBKE
0a30B0i NporpaMMbl pacripefeneHnsl MOLLHOCTM Ha oc-
HOBE KOpPEeNSALMOHHOTO aHanu3a;

» (OpMUpOBaHME PErpecCUOHHBIX 3aBUCMMOCTEN Napame-
TPOB pacnpefeneHns MOLLHOCTA MexXay BefyLiUMn Ko-
NEcaMmn 1 MOCTaMu OT MHPOPMALIMOHHBIX MEPEMEHHBIX;

» OUeHKa 3DdEKTUBHOCTM MpednaraeMblx 3aKOHOMEpHO-
CTeli pacnpeneneHns MoLLHOCTW.

PE3Y/IbTATbI U OBCYXXAEHUE

3ranbl METOAMKM CUHTE3a 3aKOHOMEpHOCTeN pacnpenene-
HUS| MOLLIHOCTU MOXKHO CrpYNMMUpOBaTh MO BUAAM peLLaeMbix
3a7ay M NpeAcTaBuTb B BUAE Tpex cTaaui (puc. 1):
1. nocTaHoBKa 3afauu ONTMMM3aLMK;
2. BblYMCNMTENbHAA Npoueaypa W onpeneneHus 6a3oBbix
3aKOHOMEpHOCTEN pacrnpeneneHns MOLLHOCTY;
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3. apanTauws 6a30BbIX 3aKOHOMEPHOCTEN U OLEHKA 3P deK-

TMBHOCTM PELLEHUIA.

KoHKpeTHOE cofepiKaHMe Kaaoro U3 3TanoB ONTUMM-
3auMM pacnpeneneHnsl MOLLHOCTM 3aBUCUT OT KOHCTPYK-
UMM M Ha3HaYeHWA MOJIHOMPUBOAHOMO TPY30BOT0 aBTOMO-
ounga. Mpu 3TOM cnefyeT yuuTbiBaTb, YTO OMNTMUMAJbHOE
pacnpefiefieHMe MOLLHOCTM MOXHO 06ecneunTb TONBbKO

1 locTaHoBKa 3azaum |:| |:|

2 BbluncnutensHas [”:I
npoenypa

3 OueHKa pesynbTaTos [H:I
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NP1 WHAMBMAYANbHOM PachpefeneHun MOLLHOCTU MeXay
BEAYLLMMM KONECAMU.

basoBble 3aKOHOMepHOCTEN pacnpefeneHns MOLLHOCTM
MEeX/y BeAyLMMM MOCTaMM W KOJIECaMU MOSHONPUBOAHOMO
aBTOMOOMNIA MOXHO MONY4YMUTb HA OCHOBE MHOTOKpUTEPUAb-
HOW ONTUMM3aLMK (puc. 2).

— 060CHOBaHMe LieNu ONTUMU3aLINK;
— (opMyn1poBKa TpeboBaHui
K ONTUManbHOMY pacnpeeneHuto
MOLLHOCTH;
— BblbOp KpUTEPWEB ONTMMM3ALIY;
— (opMynMpoBKa LieNeBoi GyHKLNK;
— BblbOp yNpaBnsioLLMX NapaMeTpoB;
— Ha3HaYeHWe orpaHnYeHmiA

— paspabotka MaTeMaTuyeckoi Mogenu [MA;

— OMpeneneHne paumnoHanbHoro KonmyecTsa
BedyLLWX KONec;

— OMpefeneHne pacnooXKeHUs BeLyLUMX KONEC;

— onpepeneHne oNTMMabHOro XapaKTepa
pacnpeLeneHms MOLLHOCTM

— CWHTE3 TUMOBOIO MapLUpyTa;

— MOJeNIMPOBaHNE ABMKEHNA MaLLMHbI
M0 TMMOBOMY MapLUpYTY;

— KOpPEeNAUMOHHbIN aHanm3;

— PErpeccuoHHbI aHau3;

— OLieHKa 3P (eKTUBHOCTM NpefIaraeMbix
peLLeHuit

Puc. 1. Metoauka onpenenexHua 36K0H0MepH0CTEl7I pacnpeneneHusa MOLLHOCTU MexXay BeayuMMn MOCTaMu U Konécamu NOJIHOMPMBOAHOIO

rpPy30BOro aBTOMOBUAS.

Fig. 1. Methodology for determining the patterns of power distribution between the drive axles and wheels of wheels of an all-wheel

drive truck.
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¥

Ynpaensiowume napameTpel

)

» MoMeHT pipuratens

« MoMeHT brokupoBKU
avddepeHumana

» TopMO3HOI MOMEHT

Y

)

» Macca 1 rabaputbl

KOHCTPYKLMA KONeCHOM MaLUWHbI

« [lapameTpbl MTY

« [lapaMeTpbl
X00BOWA YacTu

« MapaMeTpbl pyne-
BOrO ynpaeneHus

3af1aHHble NapaMeTpsl

(

« Makponpodunb
©
s =
o
« [TapameTpbl 23
MOBOPOT/IUBOCTU % g
e =
© B
« Paguychbl v yrmbl 32
nosopoTa =2
T ©
I o
Eﬂ ©
o Mukponpodune | S E
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« YcTonumMBoCTL
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Puc. 2. CTpyKTypHas cxeMa GYHKUMOHUPOBaHMSA NOSHOMPUBOAHOTO PY30BOr0 aBTOMOGUNS.

Fig. 2. Block diagram of the functioning of an all-wheel drive truck.
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TEOPUA, KOHCTPYNPOBAHVE, CTTBITAHA

MapaMeTpbl ABMMEHWUS MONHOMPUBOLHOTO aBTOMObMAA
Mo foporaM BCEX TUMOB M MeCTHOCTU OMpesensTCs PsAAoM
KOHCTPYKTMBHBIX W 3KCMNyaTaLMOHHbIX (DaKTOPOB, KOTOpbIE
MOXHO CYMTaTh 3aJaHHbIMM:

» MaccoBo-rabapuTHble NapameTpbl aBTOMObUNS, NepeBo3-
MMOTO rpy3a W/unu TEXHONOrMYecKoro 0bopyaoBaHms;

e CWIOBbIE WU CKOPOCTHbIE XapaKTEPUCTUKU SHEPreTUUECKOM
YCTaHOBKY U CUOBOM Nepeaaq;

*  TWM W XapaKTEPUCTMKW NOABECKU U KONECHOTO ABVXUTENS;

* MapaMeTpbl PyIEBOMO 1 TOPMO3HOIO YrpaBJieHUS.
MonHonpMBOAHBIN aBTOMObUIb QYHKUMOHMPYET B yCrio-

BMAX C/Ty4alHON BHELLUHEN CPefbl, XapaKTepu3yoLLEenCcs:

* K03 PULMEHTAMM CONPOTUBNEHUS KAYEHWIO U CLIENTEHMS;

rny6MHOI/BLICOTOM U YaCTOTOM BNAZAVH U BbICTYMNOB;

*  YK/IOHOM J0por;

o KPWUBU3HOMN TPAEKTOPUM.

B 3Tux ycnoBusx noBamATb Ha 3QGEKTUBHOCTb ABUKEHMUS
MOJIHOMPUBOLHOIO rPY30BOr0 aBTOMOOUIA MOXKHO, YNPaBNAs:
*  KpYTALWMM MOMEHTOM JBuratens, NoABOAMMBIM K CUNO-

BOMW Nepepave;

*  TOPMO3HBLIM MOMEHTOM, NPUKAALIBAEMBIM K BYKCyloLLe-
My Konecy;

e napaMeTpamu bnokupytomx cBoicTB anddepeHumans-
HbIX MEXaHWU3MOB pacnpefenieHust MOLLHOCTU.
basoBble 3aKOHOMepHOCTW pacnpefenieHns MOLLHOCTM

LOMKHBI 06ecrneunTb BbICOKME MoKasatenu 3heKTMBHOCTM

MOSHONPUBOAHBIX aBTOMO6WUNEN NpU BLINOSHEHUM KOHKPET-

HbIX 33734 Mo 0becneyeHnio NepPEBO3KM IPY30B U NOABUK-

HOCTU TEXHONOrMYeCKoro 06opyaoBaHus, Npu ByKcUpoBaHUK

Pa3nMYHbIX NpULENHbIX cucteM. KpoMe Toro, OHM Npu3BaHbl

obecneynTb HAAEKHOCTb YHKLMOHUPOBAHUS BCEX MEXaHN3-

MOB U Be3onacHocTb ABMXKEHUS. [py 3TOM LOMKHbI BbINON-

HATbCA cnenytowme Tpebosanma [16, 17]:

*  MPONOPLMOHANBHOCTb MOABOAMMBIX K BEAYLUMM MOCTaM
M KONEcaM KpyTALMX MOMEHTOB CWMaM COMPOTUBIEHMS
KaueHWHo KOMEC M UX CLIeMHBIM CBOMCTBaM;

e OrpaHWyeHWe KpyTALLEro MOMEHTa, MOABOAMMOIO
K KaXKoMy Kofecy, CLenHbIMM CBOMCTBaMM OMOpHOI MNo-
BEPXHOCTH;

 0becneyeHre BO3MOXHOCTU CBODOHONO BPaLLEHUS Koneca
C YII0BOW CKOPOCTbH), COOTBETCTBYHOLLEH €10 TPAeKTopuM
LBVKEHWS, Be3 BO3HUKHOBEHUA LIMPKYNALMM MOLLHOCTY;

* MoAJepKaHue B NPOLLECCE KPUBONMHENHOM ABUKEHMS
HeMTpanbHOM NOBOPaYMBAEMOCTY;

* pacnpepeneHne KpyTAWMX MOMEHTOB MeXAy Bedyluu-
MW MOCTaMW M Konécamu 6e3 HapyLueHus YCTOMYMBOCTH
LBUXEHUS;

o MoanepxkaHue
LBUXEHUS;
pacnpereneHre TOPMO3HbIX CUIT MEXAY BeLyLLMMM MOCTa-

MV 1 KONEcaMm Npy TOPMOXKEHUM ABUraTeNieM NponopLmo-

HanbHO CLieMHbIM CBOWCTBaM;

OTCYTCTBME MepepacnpeseneHns TOPMO3HbIX CUM B CTOPO-
Hy NepesHNUX KONEC MpM OTCYTCTBUW aHTMONOKVUPOBOYHOI
cuctembl (ABC);

3aflaHHON  BOAMTENEM TpaeKTopuun
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*  VCKJIOYEHWE BNMAHWA Ha pacnpeneneHne TOPMO3HbIX CUA
npu pabote ABC;

» MJIaBHOE TNpOTEKaHME MepexodHbIX MPOLEeccoB pac-
npefeneHus KpyTAWMX MOMEHTOB, MUHUMM3MpYLOLLee
WX BAIMSHWE Ha YCTOMYMBOCTb ABUXKEHUS U KomdopTa-
BenbHOCTb aBTOMOOUNA MpW OJHOBPEMEHHOM obecne-
YEHUM BLICOKOW YYBCTBUTENILHOCTU K YMpaBAsioLLieMY
BO3/EMCTBUIO.

Cnepyet 0TMETUTb, YTO 33Aa4a NOSTHOTO YAOBNETBOPEHMS
MepeYNUCNEHHbIX U BO MHOTOM MPOTUBOPEYaLUMX Apyr Apyry
TpeboBaHMi1 He UMEET OCYLLECTBIEHHOTO B MeTane TeXHU-
YECKOro peLUeHus.

JddeKTUBHOCTL MOSHOMPMBOAHOIO FPY30BOr0 aBTOMO-
Bunsa onpepenseTcs KOMMIEKCOM €ro 3KCMyaTauMoHHbIX
CBOWCTB (BbIXOAHbIX NApaMeTPOB): TArOBO-CKOPOCTHbIX, TOp-
MO3HbIX, NPOXOAMMOCTM, TOMIMBHOW 3KOHOMUYHOCTH, MNaB-
HOCTM XOAa, YNpaBAEMOCTH, YCTOMYMBOCTM U MaHEBPEHHO-
ctn [18]. B cBA3n ¢ 3T1 BaxKHOI 3apayeit noucka 6as30BbIX
33aKOHOMEpPHOCTEN pacnpefeneHns MOLLHOCTU MeXay Be-
AYLWMMM MOCTaMU W KONECaMU SIBNSIETCS OTbICKAHWE TaKMX
ynpaBnsloWMX napaMeTpoB, KoTopble obecneunnn bbl Mak-
cUManbHylo 30GEKTUBHOCTL ABUMKEHUS MONHONPUBOLHOIO
rpy3oBoro aBToMobuns.

OtMmeTuM, uTo UeneBas GyHKUMA MOWUCKA 3aKOHOMep-
HOCTell pacnpefeneHuss MOLLHOCTU OMPefeNsieTcs Posiblo
¥ MEeCTOM MOSTHOMPUBOJHOIO rPY30BOr0 aBTOMOOUNS B TPaHC-
nopTHoi cucteMe Poccuu, a TakkKe 3ajayaMu oTpacrnem,
NPeanpusTUA U BEAOMCTB, B KOTOPbIX OHM MCMONb3YHOTCA.
B 3aBucuMocTU OT BbINONMHAEMBIX (YHKLMIA MOMHOMPUBO-
OHble Tpy30Bble aBTOMOOMAM MOXHO YCNOBHO pa3fennTb
Ha 4 rpynnbl (puc. 3), KaAas U3 KOTOpbIX UMEET CBOM Mo-
Kasatenn adpdextmBHocTy [19]:
|.  ABTOMOBWMNIM TpaHCMOPTHOW rPynMbl, NpefHa3Ha4YeHHbIe

LN NepeBO3KM rpy3a MepeMeHHoi Macchl (bopToBble

aBToMobunu, aBTOMOBWMNIM-CaMOCBanbl, aBTOMOOUNK-

LMCTEPHBI U T.4.);

[Il. ABToMObMAM TArOBOM rpynnbl, NpefHa3HAYeHHbIe
ans GyKCcMpoBaHWA MPULENOB C MEpPeMEHHON Maccom
rpy3a (cepenbHble TAraum);

[Il. ABTOMOBMAM TPAHCMOPTHO-TArOBOW FPyNMbl, NpeaHa3Ha-
YeHHble [JIA NEpeBO3KM PY30B M OHOBPEMEHHO OyK-
CMpOBaHWA 0b0pyLoBaHWSA, NpULENoB (Moaynpuuenos)
MHOTOLENIEBOr0 Ha3HayeHus (HampuMep, aBTOMOOUNM-
NecoBo3bl, CESTbCKOX03ANCTBEHHbIE CAMOCBasIbHbIE aBTO-
noespa T.4.);

IV. ABTOMOBWAM N1 MOHTaXa 1 TPaHCMOPTUPOBKM TEXHOJO-
rmyeckoro obopynoBaHus (aBTOMOBUBHBIE KpaHbl, Mo-
KapHble aBToMObWM 1 1.4.)

C yd4eToM OMMCaHHOrO pasfefieHust MOAHOMPUBOAHBIX
rpy30BbIX aBTOMODOUNEN Ha FPyNMbl MOXHO BbIAENUTD Cleay-
fowme Kputepun 3ddeKTUBHOCTU nepBoro (bonee HU3KOrO)
YPOBHS:

115 aBTOMObMNEl | rpynnbl — Macca NepeBo3vMOro rpy3a;

« nnsa aeTtoMobunen Il rpynnbl — Macca Bykcupyemoro
npuuena (cuna TArv Ha KproKe);
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Macca nepesos|

1uMoro rpysa m,

TpchnopTHa rpnn

Macca Bykcupyemoro nputiena m,

Tarosas rpynna

~_~

~_~

CpeaHss TexHudeckas CKopocTb ABWKEHUA Dop
Barparbl aHepruu Ha axetne Egg

T

T

qroeas rpynna

Macca rpysa M, u 6ykcupyemoro npuuena m,

TEXHO.FIOFI/I‘-IECK\E_H rpynna
~

Macca MoHTUpyemoro o6opyaoBsaHus M,

Puc. 3. [pynnbl NoAHONPUBOLHbIX IPY30BLIX AaBTOMOGWIIEN CENbCKOXO3ANCTBEHHOO Ha3HAYeHMSA N0 YHKLMOHANBHOMY Ha3HauYeHHIo U Kpu-

TEPUM OLIEHKU UX 3P DEKTUBHOCTH.

Fig. 3. Groups of all-wheel drive agricultural trucks by functional purpose and criteria for evaluating their effectiveness.

o [nsa astoMobuneii Il rpynnbel — Macca nepeBo3uMoro
rpy3a u bykcupyemoro npuuena;

o [nAa aBToMobuneit IV rpynnbl — Macca MOHTMpYeMoro
0bopynoBaHus.

Kputepun 3ddeKTMBHOCTM BTOpOro YpoBHA SBASHITCA
0006LIEHHbIMK; B KayecTBe OCHOBHbIX 000OLLEHHBLIX MO-
Kasatenen 3P EKTMBHOCTU MOSHOMPUBOLHBIX TPY30BbIX
aBToMobunen LenecoobpasHo UCNONb30BaTb CPEAHIOK CKO-
POCTb ABWEHMS UCP Ha MapLupyTe W 3aTpatbl 3Hepriv Eap
Ha ABWKeHue. B cBA3uM ¢ TeM, YTo Macca nepeBO3MMOro rpy3a
1 ByKcupyeMoro npuuena onpefenseTcs CUou, peann3oBaH-
HOM B KOHTaKTe BEOYLLMX KOJEC C OMOPHOM MOBEPXHOCTHIO,
AN1S NOJSIHONPMBOAHBIX TPY30BbIX aBToMobunen I-lll rpynn
MOXHO WCMoib30BaTb efuHblii 0606LWEHHBIA NOKa3aTenb
3 (EKTUBHOCTM NEPBOTO YPOBHS — CUNY TAMM Ha KPHOKE.

TakuM 06pa3oM, Ha OCHOBaHUM BbILLEU3NOMEHHOTO, Lie-
necoobpasHo chopMynnpoBaThb 4 3aaa4n ONTUMU3ALMN.

1 3adaya: HaltTM ponycTUMoe ynpaeneHWe pacnpefene-
HWEM MOLLHOCTH, NepeBOAsALLEe NMOMHOMNPUBOAHBIA PY30BOiA
aBTOMOBW/b M3 HaYasbHOM TOUKM B KOHEYHYIO TOUKY 3 3afjaH-
HOe BpeMsl C MaKCMMarbHOW Harpyskom (NepeBo3wMbIM Ipy-
30M, 060pyLOBaHUEM, BYKCUpYEMbIM NPULIENOM U T.4.).

Kputepuin ontummnsaumm:

MJIB
F|M, |=P,, (1)
K6

roe ]\4)1]3 — I-(pyTFILLl,VIVI MOMEHT [Buratend, noaBoau-
MbIil K CWUNOBOW nepepave; MT — TOPMO3HbIM MOMEHTOM,

DOl https://doi.org/10.17816/0321-4443-568209

npuKnaabiBaeMbiM K byKcyroLeMy Konecy; Ky — Koaddu-
UMeHT bnokupoBku anuddepeHumnana.
LieneBas ¢yHKUMS:

M

1B

F|M, |=F, > max. )

1 T

K

OrpaHuyeHms:
* rapaHTMpPOBaHHOE NPEOLOSIEHNE BHELUHWUX CUN COMPOTUB-
NEHUS ABUMKEHUS:

DP=Y P, 3)

rae XP, — cyMMapHaa cuna Tarw; 3 P, — CyMMa
BHELLHMX 1 BHYTPEHHMX CUIT COMPOTUBIIEHUA ABUKEHMIO;
* CLenneHne KoEC C OnopHoM noBepxHocTbio [20]:

(‘PiRzi = \lez +Py2i i (&)

e OrpaHWMyeHue Mo KpUTUYECKOMY OYKCOBaHUIO BeayLMX
Konec:

8, <8, ©)
rae d;, O,,, — TeKyuee u fonyctumoe 6bykcoBaHue
Koneca.

2 3a0a4a: HalTV AONYCTUMOE YNPaB/eHe pacnpeaeneHneM

MOLLHOCTH, NEepeBoAsLLee MONHOMPUBOLHbINA rPy30BOA aBTO-
MOBWIb C MaKCUMarbHOM Harpy3Koii (fpy30M, MOHTUPYEMbIM
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obopynoBaHWeM, DYKCMpYeMbIM MPULENOM W T.4.) U3 Havasb-
HOW B KOHEYHYIO TOYKY 33 MUHUMAIbHOE BPEMS.
Kputepuin onTuMmsaumu:

MJIB
F| M, |=v,. (6)
K6
LeneBas dyHKuUMS:
MJIB
F,| M, |=v, > max. 7
K6

OrpaHnyeHus:

*  rapaHTMPOBaHHOE NPEOAOSIEHNE BHELLHUX CU COMpOTUB-

NeHns [BUKEHMS, cornacHo dopmyne (3);
 CLEMJIeHMe KONEC C OMOPHOI NOBEPXHOCTBIO, COrMacHo

dopmyne (4);

e OrpaHUyeHue Mo KPUTMYECKOMY OYKCOBaHWIO BedyLiMX

Konéc, cornacHo popmyne (5)

e OrpaHWYEHMs Ha AOMYCTUMblE CKOPOCTU ABUMEHMS:
Vgp = Uy ®)

rAe V., — [OMyCTUMas Mo YCIoBUAM YCTORYMBOCTY

W NJIaBHOCTM X0Aa CKOPOCTb ABUXEHMS.

3 3adaya: HaliTM JoNycTUMOe ynpaBneHWe pacrnpepene-
HWEM MOLLHOCTU, NepeBOALLEE MONHOMNPUBOAHbINA [PY30BOiA
aBTOMOBUNb C MaKCMManbHOW Harpyskoi (rpy3oM, MOHTH-
pyeMbiM 000pyA0BaHUEM, DYKCMpyeMbIM MpULENOM U T.A.)
W3 HayasbHOM TOYKW B KOHEUHYIO TOUKY 3a 3afiaHHOe BpeMs
C MUHUMaNbHLIMW 3aTpaTamu SHEPIUM.

Kputepuit ontuMusaumm:

MHB
F|M, |=E,. ©)
K6
LeneBas dyHKuUmA:
les
F,| M, |=E —min,. (10)
K6

OrpaHnyeHus:
*  rapaHTMPOBaHHOE MPEOAOSIEHNE BHELLHUX CWU COMpOTUB-
NEHNs JBUKEHMS, cornacHo dopmyne (3);
 CLEMMeHMe KONEC C OMOPHOI NOBEPXHOCTbIO, COrMacHo
dopmyne (4);
* OrpaHUyeHue Mo KPUTMYECKOMY OYKCOBaHWIO BedyLiMX
Konéc, cornacHo popmyne (5).
Ot™eTuM, yto 3apaum 1-3 npeactasnsatoT cobon, no cyTh,
3apady OAHOKpUTEpWanbHOW onTumm3aumu. bonee obuien
1 TpebytoLleli NPUMEHEHUS METOLOB MHOTOKPUTEPUAbHOM
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ONTUMM3aLMK ABNSeETCA 4-f 3apada. [lns eé peluenus ue-
necoobpasHo NpUMeHeHe MUHUMAKCHOW CTpaTerum NoucKa.

4 3adaya: HaliTW JonycTMMoe ynpasreHue pacrnpeaene-
HWEM MOLLHOCTU, NEepeBoasALLEee NOSHONPUBOLHLIN FPy30BOil
aBTOMOOMITb C MaKCMMarbHOI Harpy3Koi (rpy3oM, MOHTUpYe-
MbIM 060py0BaHMEM, BYKCMPYEMBIM NPULIENOM U T.4.) U3 Ha-
YaNibHOM TOYKU B KOHEYHYI0 TOUKY 33 MUHMMAJIbHOE BpeMms
¥ C MUHUMaJTbHO BO3MOXHbIM PacXofioM 3Hepruu.

Kputepum ontuMusaumm:

M, M, M,
fi MT :P}(p’ .f2 MT :Ucpl ﬁ MT :EZlB' (H)
K6 KG K6
LieneBas hyHKuyS:
MHB M}IB
F,| M, |=minmax< f;| M _ |;. (12)
Kp i
KG KG
OrpaHnyenus:

 0becneyeHne NpPUHLMNUANBLHOW BO3MOXHOCTU ABUKEHUS
MalLIMHbI, cornacHo dopmyne (3);

HaKmnafblBaeMble Ha CLiEMHble CBOWCTBA KONEC C OMOPHOM
NOBEPXHOCTbIO, cornacHo dopmyne (4);

* OrpaHUYeHUs Ha AONYCTUMbIE BEIMYWHBLI OYKCOBaHMA
KONEC, OT KOTOpbIX 3aBUCAT MybuHa 06pa3oBbIBaloLLENCS
Koneu, cornacHo gopmyne (5);

»  OrPaHWYeHUs Ha JOMYCTUMble CKOPOCTU ABUMXEHMS, CO-
rnacHo ¢opmyne (8).

B cBA3u C TeM, YTO CPeLHAS CKOPOCTb ABUMEHMSA aBTo-
MOOUNS onpefensieTca BEJIMYMHON peann3yeMblX B LaHHbIX
YCNOBUSIX ABWXEHUA YCKOpeHuii [21], KoTopble, B CBOIO 0ue-
PeAb, ONpenensiTca peannsyeMbIM1 CUNaMU TATU U NoTeps-
MW MOLLIHOCTM [BUraTens, 3agaum 1-4 noucka cpegHei cKo-
POCTU OBWXEHWUS U MUHMMYMa pacxoda SHepruu SBMATCS
3KBMBAJIEHTHBIMU.

Ha cTapum onpepenenns 6a3oBbix 3aKOHOMEPHOCTEN pac-
NpefeneHns MOLLHOCTM MeX[y BeOYLUMMM MOCTaMMU U KOME-
caMu NoSTHOMPUBOLHOTO MPY30BOro aBTOMObMNA He0bXoAMMO
HalTX COBOKYMHOCTb 3aBMCUMOCTEN MeXAy napameTpamu
caMoro aBToMoouns (MOLLHOCTb CUNOBOW YCTaHOBKM, Mac-
ca, rabaputbl, KOOPAMHATbI LEHTPOB TSKECTW, MapyCHOCTH
W TArOBO-CLIEMHOMO YCTPOCTBA), ero rpy3a 1 0bopynoBaHus
(Macca, rabapuThbl, KOOpAWHATBI LEHTPA TAXECTW) U OMOPHOVA
MoBepXHOCTM (KO3DPUUMEHTBI CLIEMNEHNS U CONPOTUBIIEHUS
KaueHuio), C OAHOM CTOPOHbI, U KO3PDULMEHTOM BNOKUPOB-
KW MEXOCEBLIX U MEXKONECHbIX AuddepeHLMancs, ¢ apy-
roi cTopoHbl. MNpy 3TOM pelwaeTtcs obpaTHas 3ajava AuHa-
MUKKM [22]: no 3apaHHbIM TpeboBaHMAM K 3 HEKTUBHOCTH
MOJIHOMPUBOLHLIX TPY30BbIX aBTOMOOMIIEN, BbIpaXKEeHHbIM
B BuAe cHOpMyNMpoBaHHbIX KputepueB 3hdeKTUBHOCTH,
OnpeLensioTcs MapaMeTpbl XapaKTepPUCTUK YNPaBNsHOLLMX
BO3/eHCTBUIA. B pe3ynbrate obecneunBaeTcs MakcMMarnbHas
3QHEKTUBHOCTb MaLLMHBI.

a1l
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3AKJIKYEHUE

B xome uccnepoBaHus aBTopamu bbina paspabotaHa
MeTOAMKa OMpejenieHns 3aKOHOMEpPHOCTeN pacnpeaeneHus
MOLLIHOCTW MeXay BeAyLiMMW KONEcamu MONHOMPUBOAHbIX
rPY30BbIX aBTOMOOWIEN CENbCKOXO3ANCTBEHHOIO Ha3HaYeHMs
W UX afanTaumu K peasibHbIM YCIoBUAM ABUMeHMs. OCHOB-
HbIMM CTaMAMU METOAMKU SBNAKTCA: MOCTAHOBKA 3aJauM
ONTUMW3aLMK; BbIYMCIUTENbHAA Npouesypa U onpepene-
Hve 6a30BbIX 3aKOHOMEPHOCTEN pacnpefenieHns MOLLHOCTH;
apjanTaums 6a3oBbIx 3aKOHOMEPHOCTEN M oLeHKa 3P deKTHB-
HOCTW NpepJiaraeMblX peLLeHui.

B 3aBMCMMOCTY OT BbINOHAEMBIX (YHKLMIA NOSHONPUBO-
AHble rpy30Bble aBTOMOOUM CENbCKOXO3ANCTBEHHOIO Ha3Ha-
YeHMs YCNOBHO pa3feneHbl Ha 4 rpynibl, KaXAas U3 KOTOpbIX
MMeeT CBOM MoKa3aTenin 3IG(EKTUBHOCTM, B TOM YUCHE:

+ Macca nepeBo3vMOro rpysa (MoHTMpyemoro obopynoBa-

Hus, ByKkcupyeMoro npuuena u T.n.);

CPELHAs CKOPOCTb ABMMEHWUA UCP HA MapLUpyTe;
« 3aTpaTbl 3Heprim EfB Ha oBMKEHMe.

YcTaHOBNEHO, YTO NPV MOAENMPOBAHUM LLBUKEHUS NOSHO-
NPUBOAHBIX rPY30BbIX aBTOMOOMIEN CeNbCKOXO3ANCTBEHHOIO
Ha3HauYeHMs N0 MapLUPYTY, OCYLLLECTBASEMOMY C LIEJIbt0 ornpe-
AeneHus 6a3oBbIX 3aKOHOMEPHOCTEN pacnpefeseHns MoLL-
HOCTM, [OCTATO4HO BOCMO/b30BaThCA AnddepeHLmanbHbIMU
YPaBHEHMSIMU MPSIMOSIMHENHOMO ABUMKEHWUS aBTOMOOUNS.
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ODVII'VIHaJ'IbHOG nccneaposaHme

Pe3synbratbl Npou3BOACTBEHHOM NPOBEPKU MAKETHOrO
o6pasua opyamsa ¢ aKTUBHbIM NPUBOAOM POTALMOHHbIX
paboumx opraHoB C OLL,EHKOM arpoTexXHU4ecKuxX
nokasareneu

P./. KpaBueHko

KocTaHalickui pernoHanbHblii yHusepcuteT umenu A. baiitypcbiHynbl, Koctanai, Kasaxcra

AHHOTALMA

06ocHoBaHWe. MofiepHM3aLms C LeNbio YNyYLLIEHUS KOHCTPYKLMM U NOBBILLEHWS KayecTBa paboTbl KONbLEBbIX paboumx op-
raHoB, JOCTUraeTCA 3a CYET U3MEHEHUS KOHCTPYKTUBHBIX MapaMeTpoB (MCMOJb30BaHMS PEKYLLUMX HOXEN INMNcouaansHomi
dopMbI, yCTaHaBNMBAEMBIX Ha CTynMLe nocpeactsoM cnuu). OgHaKo, NpuHUMN paboTbl yKasaHHbIMK pabounMmu opraHamm
0CTaeTCs MasionsyyeHHbIM W TpebyeT NpoBEpKY B MOSEBLIX YCIOBUSAX C LIENbIO U3YYEHUA KaYeCTBEHHBIX NoKa3aTesiel paboTbl
ANS YNyyLLeHUs onepaumii NoBepxHOCTHoW 06paboTku NouBbl W, KaK CnefcTBuMe, AaNbHEMLLEr0 NOBLILLEHNS YpOXKas 3epHo-
BbIX KyNbTYP.

Lienb pabotbl — mpoBepKa B NONEBLIX YCIOBUAX pa3paboTaHHOro MakeTHoro obpasua opyaus U YCTaHOBNIEHWE COOTBET-
CTBMA NOMTYYeHHbIX NOKa3aTenen arpoTpeboBaHMaM, NpeabsBNSEMbIM K NpeAnoceBHoi 06paboTKe nouBkl U Napa.
Matepuanbl u MeToapbl. MofeBble UCCNeA0BaHUA OPYAUA W OLEHKA MOKa3aTesiel BbIMOMHEHbI B COOTBETCTBUM CO CTaHAap-
Tamu: «0CT 20915-2011», «CT PK 1559-2006». MNpu npoBegeHun uccneposaHuin coboganuck cnepytolwme Tpebosanus:
noyea obpabatbiBanack Ha rybuHy h = 5..6 cM, yron ataku B=40°, A =0,9...0,96, v = 9...10 kM/u. B cooTBETCTBMM C NpuBE-
AEHHBIMW HOPMATMBHBIMW OKYMeHTaM1 OMPeAeNaiuch KauecTBEHHbIE MOKasaTenu paboTbl opyaus.

Pe3synbTarbl. o uToram noneBbIx UCCef0BaHWIA YCTAHOBEHO, YTO MOC/E NPOX0AA arperata Ha NOBEPXHOCTU NOJIA 0CTaeTcs
MeHee 98,18-98,26%, copHskos. Mpu 3TOM C LieNbio HeAOMYLLEHWS BO3HUKHOBEHUA BETPOBOI 3p03WM Ha MoJie COXpaHseT-
cs nopsaaka 64,45% cTepHW, 0[IHOBPEMEHHO BbIpaBHMBasi MOBEPXHOCTb MOJIS — MOKa3aTeslb KpoLeHUs paBeH 84,46-83,87%
1 rpebHuctocTb nosepxHoctu nons 1,41-1,63 cM. [pebHn Ha aHe obpasyembix bopo3p He 6onee 1,6-1,81 cM. Copepxa-
Hve 304 npu BLINOSHEHWW OMepaLMiA NOBEPXHOCTHON 00paboTKM NOYBLI COKPATUNOCH Ha 4,22—4,43% B cpaBHEHUM C pe3yb-
TaTamMu [0 NPOBEEHNS MOJEBbIX UCCEL0BaHMI.

3aksitoueHme. [No nonyyeHHbIM laHHBIM NOKa3aTenen KayecTsa paboThl ciefyeT, YTo NPUMEHEHNE 0pyaus C AaHHBIMK pabo-
YMMM OpraHamMm cnocobHo NOBbICUTL Ka4eCTBO paboTbl NpY NpoOBEAEHUM NPeANOCEBHOI M NapoBoii 06paboToK NoYBbI.

KnioyeBble cnoBa: poTaunoHHbIN pabounii opraH; BOM; MakeTHbIi 06pa3el opyaus; AHo bopo3abl; rpebeHb; arpoTexHuye-
CKMe noKasatenu; npodunb AHa 6opo3abi.
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The results of the operational test of a mock-up
sample of the tool with an active drive of rotary
working bodies with an assessment of agrotechnical
indicators

Ruslan I. Kravchenko

Kostanay Regional University named after A. Baitursynuly, Kostanay, Kazakhstan

ABSTRACT

BACKGROUND: Modernization aimed to improve the design and to increase the quality of operation of the ring-type working
bodies, is possible with changing the design parameters such as the use of ellipsoidal cutting knives mounted on the hub
by means of spokes. However, the principle of operation of these working bodies remains poorly understood and requires
verification in the field conditions in order to study the qualitative performance indicators to improve surface tillage operations
and, consequently, to increase the yield of grain crops further.

AIM: Field testing of the developed mock-up sample of the tool in order to define the compliance of the obtained indicators with
the agricultural requirements for pre-sowing and fallow treatment..

METHODS: The field study of the tool and the evaluation of the indicators were carried out in accordance with the GOST 20915-
2011 and the ST RK 1559-2006 standards. During the study, the following requirements were met: the depth of soil treatment
h=5...6 cm, angle of attack p = 40°, A =0.9...0.96, v = 9...10 km/h. Qualitative indicators of the tool operation were defined
in accordance with the given regulatory documents.

RESULTS: According to the results of the field study, it was found that after the passage of the unit, less than 98.18-98.26%
of weeds remain on the field surface. At the same time, in order to prevent the occurrence of wind erosion, about 64.45%
of stubble is preserved on the field, while leveling the field surface — the crumbling index is 84.46—83.87% and the ridge
of the field surface is 1.41-1.63 cm. The ridges at the bottom of formed furrows are no more than 1.6-1.81 cm. The content
of erosion-hazardous particles during surface tillage operations decreased by 4.22-4.43% in comparison with the results
before the field study.

CONCLUSIONS: According to the obtained data of operation quality indicators, the use of tools with these working bodies can
improve the quality of operation during pre-sowing and fallow treatments.

Keywords: rotary working body; power takeoff shaft; mock-up sample of the tool; furrow bottom; ridge; agrotechnical
indicators; furrow bottom profile.
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TEOPUA, KOHCTPYNPOBAHVE, CTTBITAHA

BBEJEHUE

Opyams, pabouMmy opraHamu KOTOpbIX SIBMISIIOTCA pas-
JMYHbIE MO KOH(UIYpaLUMu U MCMOSHEHUIO [MCKU, aKTUBHO
MCMONb3yOTCA BO BCEM MUpe Ha Onepaumsx MOBEPXHOCTHO
0bpabotku nousbl. Chepuyeckme AMCKM AOBOSLHO XOPOLLIO pa-
DOTalT Ha BLICOKO YBAXXHEHHBIX MOMSX, HA 3aCOPEHHbIX Mo-
yBax, Npy 3TOM OHW He 3abWBaIOTCA NOXHWUBHBIMM OCTaTKaMM
u ctepHei. 0gHaKo, AMCKOBbIe paboune opraHbl CO CMIOLLIHOM
MOBEPXHOCTbIO 06nafaloT HepocTaTkoM. Ha pabouyto yacTb
AVCKOB HaJMMaeT NoYBa, YTO NMPUBOANT K YBESIMHEHMIO SHEpro-
€MKOCT W CHUXEHMIO KauecTBa 06paboTku nouskl. B paiioHax,
rie B BUAY NPUPOAHO-KIIMMATMYECKUX YCNOBMIA Npeobnaaator
BbICOKME CKOPOCTU BETPa, NOYBLI Havbonee NofBEpIKEHDI Be-
TPOBOM 3p03uM, ANS WX BO3LENbIBAHWA MPUMEHSIOT Opyaus
M MallWHbI, OCHALLEHHblE KONbLEBbIMM pabounMu opraHa-
mu [1]. BMecTe ¢ TeM, U y AaHHoro TMna paboumx opraHos
MPOMCXOAMT HasMnaHue MoYBbl Ha pabouyylo MOBEPXHOCTD,
TEM CaMbIM MPOVUCXOLUT YBENMYEHME TAFOBOIO COMPOTUBIIEHNS
W yXy[OwwaeTcs KayectBo pabotbl. «Ha 6ase paHHbIX paboumx
opraHoB pa3pabotaH v usroToeneH PPO ¢ pexyLwmuMm Hoxamu
annmMnconpantHoi Gopmbl [2, 3]. OcobeHHOCTLIO KOHCTPYKLMH
SBNAIOTCA PEXYLLUME 3NEMEHTBI (HOXM), KOCO YCTaHOBIEHHbIE
K OCM BpalLeHus paboyero opraHa, npu 3ToM caM paboumii
OpraH UMeeT yron aTaku u npueoguTcs B pabory ot BOM Tpak-
Topa. PexylumM 3anemMeHTaM npuaaHa anamnTuyeckas opma,
KoTopasi no3BosisieT u3beratb HanMMaHus NoYBbl Ha pabouyto
noBepxHoCTb U 0becneunBaTh TpebyeMoe KayecTBO MOBEPX-
HocTHoi obpaboTku mousbl MOO. [4, 1]». HaydHas HoBuW3Ha
HaCTOALLIEro UCCef0BaHNA 3aKJTK04aeTcs B pa3paboTke MaKeT-
Horo obpasua opyaus (nanee M0O), ocHawweHHoro PPO, npuso-
LMMbIMY B iBueHWe ot BOM Tpaktopa, Kotopble No pe3ynb-
TaTaM Npou3BOACTBEHHOI NpoBepky obecneunsatoT TpebyeMoe
KayecTBO Ha Ornepaumsx MOBEPXHOCTHOW 0BpaboTku mouBbI
(npepnoceBHoi 1 NapoBoi 06paboTkax) no rybuHe 06paboTku
(koHcTpyKumMst PPO 3awmuieHa nateHToM Ha [IM PK Ne 3272).
MpennoceBHas obpaboTKa NOYBLI — 3TO MPUEM MeXaHWue-
CKO 06paboTKM NOYBLI, BbIMNONMHAEMBIA HEMOCPEACTBEHHO
nepes MOCEBOM 3ePHOBBIX KYNbTYp C LieNbio BbIpaBHUBAHMS
MOBEPXHOCTM nonst U 6opbbbl C COPHOM PacTUTENBHOCTLIO [5].
«CornacHo IOCT 26244-84. Obpabotka nouBbl NpeanoceBHas.
TpeboBaHus K KauecTBy 1 MeTofbl onpegeneHus. [oBepxHocTb
obpaboraHHoro nons [OmKHa bbiTb BbIPOBHEHA, MOYBEHHbIE
KOMbS! He [OMKHbI npesbiwats 10 cM. [pebHucTocTb noBepx-
HOCTU MofIst He Bonee 4 cM, OTKIIOHEHMe OT IybuHLI 006paboTHU
He bonee 1 cMm. MonHoe noapesaHue copHON PacTUTENBHOCTH,
coxpaHeHue He MeHee 60% pacTUTENbHBLIX OCTAaTKOB Ha Mo-
BEPXHOCTW nons [5]».

Kak u3BecTHO, NpupoLHO-KIMMaTtuyeckue ycnosus Ce-
BepHoro KasaxcraHa XapaKTepusyloTcs CUNbHbIMU BETpamu
W ManbiM KOAMYeCTBOM 0CAfKOB, YTO MPUBOAMT K BbiCTpo-
My WCMapeH1Io NpOLYKTMBHOM BRaru ¢ NMOBEPXHOCTM MNOAS.
Bo usbexanue notepum Bnarv arpapusam crnegyet obpabarbl-
BaTb MOYBY Ha KaK MOJHO MEHbLLYI0 [TyOuHY, B ToXe Bpems,
obecneunBas Ka4yecTBO BbIMOJHAEMBIX Onepaumii. B gaHHOM
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pervoHe Haubonbluee pacnpocTpaHeHWe NpU MOLIOTOBKE
nosif K NoceBy NoflyyaloT MexaHuyeckue crnocobbl 0bpaboTku
nousbl. CornacHo gaHHbiM M.K. CyneitMeHoBa Hanboree -
POKO Nons nog noces niueHuuei (a 3to 85-90% Bcex nioLua-
Aeii B PK) 06pabatbiBatoT o 2 TEXHONMOrUAM: NoYB03aLLMTHOM
1 no TexHonorun Mini-Till [6].

[ins Toro, uT06bI UIMETB BBICOKWI YPO3Kali 3ePHOBBIX KyJlb-
Typ, HeobxoaMMo obecneumnTb BCe YCNOBUA L1 CBOEBPEMEH-
HOro BCX0Aa CEMsH 3epHOBbIX. KayecTBeHHbIM NoKasaTtenem
B TaKOM Cflyyae CNyXWT co3faHue bnaronpusTHOro noxa
CEMSH, T.e. AHO cOPMUPOBaAHHOM 60pPO3Lbl LOMKHO BbITh
[0CTaToO4HO YMNIOTHEHO M BbIPOBHEHO. C 3ToM LieNbio npuMe-
HAIOTCA pa3nnyHble MalMHbl U opyams ¢ PPO.

Llenb vccnepoBauii — npoBepKa B NOMEBbIX YCIOBMSX
pa3paboTaHHOro MakeTHoOro 0bpasLa opyams ¢ LieNbio Co0TBET-
CTBMA MONYYEHHBIX MOKa3aTesel arpoTpeboBaHusaM Ha npeg-
MnoceBHy0 06paboTKy nouBbl M 06paboTkyM napa.

YcnoBHble 0603HaueHus:

POO — potauuoHHbIN pabounin oprak;

MOO — MmaKeTHbIi 0bpa3eL, opyaus;

BOM — Ban otbopa MoLuHoCTH;

J0Y — 3p03MOHHO-0NacHbIe YacTULbI;

A — KMHEMaTWYeCKuiA napameTp;

V — CKOPOCTb ABWKEHWS arperata, M/c;

[B — yron ataku pabouero opraHa, °;

h — rnybuHa obpaboTku nouBkl, CM.

MATEPUAJIbl U METObI

Ina obecneyeHns KauecTBeHHOW 06paboTkM noYBHI
Ha orepauuax npeaLnoceBHo 06paboTkm 1 napoBoi 06paboTok
nousbl paspaboraH MO0, ocHalleHHbIM PPO, KoTopble npuBo-
OATCS B AencTBure HermocpeacTaeHHo oT BOM TpakTopa, puc. 1.
MOO no Tvny arperaTMpoBaHus: HaBeCHast MaLUMHa, COCTOALLAs
U3 Hecywei pambl |, otkoca II, PPO I, onopHoro koneca IV,
KapAaHHoro Bana V, ciyxallero Ans nepefayu KpyTswlero
MoMeHTa nocpencteoM Lenm VI K pabourm opraHaM, yrnoBoro
penykrtopa VI, npegoxpanutencHoii VIl u 0broHHon MydT IX [7].

C nomolublo ruapaBnMyeckoil cucteMsl Tpaktopa MOO
NepeBoAMTCA B COCTOSIHME arperaTtupoBaHus Ao nons. B pa-
Boyee nonoxeHune AN yCTaHOBKM 3afaHHOM rybuHbl 0bpa-
6oTKM cekums PPO npuBOAMTCA C NOMOLLbIO BUHTOBOIO Mexa-
HW3Ma, pacronoXeHHOro Ha 0NopHOM KaTke. PaMa ¢ cekumeit
(baTapeeit) pabouux OpraHOB KpemuTCs K pame HecyLuei.
Ha Bany ¢ batapesiMn PPQ uMeloTca 3Be3404KM, KOTOpbIE NO-
CpeacTBOM LIEMHOM nepefaym nepepatoT BpalleHve ot BOM
TpaKTopa K pabounM opraHam.

Paboumin npouecc BKtouaeT B cebs cneaytoLLme TexHono-
rM4eckue onepauum (puc. 2):
CMOMOLLbI PYKOSITKM Ha OMOPHOM KaTKe yCTaHaBIMBaeT-

cs TpebyeMas rnybuHa 06paboTku noyBbI;
 bartapes PPO npusoautca B aeiicteue ot BOM TpakTopa;
« 3a cyeT BOM bartapes ¢ pabounmm opraHamu BpalLaeTcs,

3arnybnsetca u obpabartbiBaeT TpebyeMbIn C0W NOYBI,

pa36uBas NOYBEHHbBIE KOMbS U YHUUTOXAA COPHSKMU.
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Puc. 1. KoHcTpykums MakeTHoro obpasua opyaus Ha npenmno-
ceBHol 06paboTke nouBbl: | — Hecywas pama, [| — otkoc, Il —
baTtapes poTauMoHHbIX pabounx opraHos, IV — onopHoe Koneco,
V — kappanHbii Ban, VI — uens, VIl — yrnoson peaykrop, VIl —
MydTa npepoxpaHutensHas, IX — MydTa obroHHas.

Fig. 1. Design of the mock-up sample of the tool at the pre-sowing
soil treatment: | — a carrying frame; Il — a sloping link; Ill —
a pack of rotational working bodies; IV — a supporting wheel;
V — a driveshaft; VI — a chain; VIl — a bevel reduction gear;
VIl — a slip clutch; IX — an overrunning clutch.

MoneBble UCCNEAOBaHNSA MO ONPeSeNeHnio arpoTexHuye-
CKMX MoKasateneii (KpoLLeHre MoYBbl, NOPe3aH1e COpHSIKOB,
COXpaHeHMe pacTUTENbHbIX 0CTaTKOB, copepanue 304 v BbI-
coTa rpebHeli AHa bopo3abl) AN NOBEPXHOCTHOM 06paboT-
Ke NoYBbl NMPOBOAMNMCL Ha 2 ee onepaumsx (NpeLnoceBHoM
1 naposoit) B cootBeTcTBMM ¢ «[OCT 20915-2011» [8, c. 11]
n «CT PK 1559-2006» [9]. ArpoTexHuyeckue nokasarenu oue-
HuBatotcst cornacHo «CT PK 1559-2006». nybuna obpabotku
nouBbl B 060MX Ciyyasx He npesbilLana 6 cM, Npu 3TOM OTHO-
LeHMe OKpyxHoW ckopocTv PPO K mocTynatenbHoi cKopocTu
arperara 6bino B npegenax A = 0,9-0,96, ckopocTb aBueHUS
noyBoobpabatbiBaloLLero arperaTa coctaensia v = 9—10 kKm/u.

Puc. 2. TexHonoruyeckuii npouecc npeanoceBHoi 06paboTKu
MoyBbl C MOMOLLbK MaKeTHoro obpasua opyaus, arpernpyemoro
TpakTopoM MT3-82.

Fig. 2. A technological process of the pre-sowing soil treatment
using the mock-up sample of the tool coupled with the MTZ-82
tractor.

OnHMM 13 3HauYMMBIX MOKa3aTeneii Kadyectsa 06paboTku
NOYBbI 415 NOJYYeHUs XOPOLLETO YPoXKas 3epHOBLIX ABNSET-
A rpebHUCTOCTb Ha [He copMMpoBaHHOW Hopo3abl nocne
npoxopa arperata. 4acTHas METOANMKA M3MEPEHUA hypeg,ei
AHa bopo3abl BK/oYana B cebs 4-x KpaTHyl0 MOBTOPHOCTb
NpOBeAeHUs U3MEepeHUiA, [IBa U3 KOTOpbIX — MO Hanpasne-
HWIO ABUXEHMA arperata, iBa — NpoTuB (Bcero 24).

PE3YJIbTATbl U OBCYXAEHUE

Ycnosus npoBefieHus ucnbitaHuii MOO Ha npeanoceBHoOM
1 napoBoii 06paboTkax NoYBbI ONPefeNsNCh B COOTBETCTBUM

Tabnuua 1. Ycnosus npoBeAeHWs Npon3BOACTBEHHOM NpoBepkn MOO
Table 1. Conditions of conducting the operational test of the mock-up sample

[oyBeHHbIV cnow

MNokasatenb
no5cm 5-10 cM 6onee 10 cM

BnaxHocTb noussbl, %
— [peanoceBHas obpabotka 12,57 26,68 2725
— MapoBas obpabotka 15,12 26,68 26,91
Teeproctb noyskl, Mla
— [pepnoceBHas obpabotka 0,45 1,48 2,1
— [MapoBas obpaboTka 1,28 2,01 2,32
Macca crepHu, r/m2
— [peanoceBHas 0bpaboTka 879

— [MapoBas obpaboTka

[pebHMCTOCTb NOBEPXHOCTH, CM
— [peanoceBHas 0bpaboTka
- [NapoBas 0bpaboTKa

He u3MepsaeTca

1,41
1,63
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¢ «l0CT 20915-2011» u npepctaBneHsl B Tabnuue 1. MMo-
YBa — YepHO3EM.

Pe3ynbTaTbl nonydeHHbIX KM 06paboTaHHbIX AaHHBIX
Mo onpejenieHunio arpoTeXHNYECKMX NMOKa3aTeNeii Ha NoBepx-
HOCTHy0 06paboTKy MOYBbI, TAKMUX KaK: COXPaHEHUE CTEPHMU,
Noape3aHue COPHbIX PacTeHWiA, rPeBHMCTOCTb MOBEPXHOCTH
nons, rpebHMcTocTM AHA chopMUpoBaHHOK Bopo3abl, Kpo-
LeHWe noysbl W copepxanue 304 Ha AByX onepauusx no-
BEPXHOCTHOM 06paboTku nouBbl (MPesnoceBHON 1 NapoBoW)
npeAcTaBneHbl B Tabnmue 2.

B Tabnuue 3 npuBeneHbl pesynbTaThl 06paboTKM faHHBIX
Mo OMpefeneHnI0 COXPaHEeHNs CTEPHU Ha NpeanoceBHoON 06-
paboTKe MoYBbLI.

B tabnuue 4 npuseneHbl pesynbTatel 06paboTKM faHHbIX
Mo NoApe3aHuMio COpHbIX PacTeHWU Ha NMPeANOCEBHOM W Na-
poBoi 06paboTKax NouBbl NPY CKOPOCTM ABUMKEHMA arperaTa
9.6 KM/u.

CornacHo TpeboBanmam [OCT Ha noBepXHOCTHyt0 0bpaboT-
Ky MoyYBbl MOCTe NPOM3BOLACTBEHHON MPOBEPKW OpYAMs Mpo-
BeJeHa OLeHKa CriefyloLmx MoKasatenei: KpoLLeHue MoYBbl,
CTeneHb MOApPe3aHUs COPHBIX PacTeHWUH, COXpaHEHWe pacTu-
TeNbHbIX OCTAaTKOB (CTEPHM), FPEBHUCTOCTL NOBEPXHOCTU NOS,
conepxanua 304, a Takeke hrpebHeit Ha aHe 6opo3abl, puc. 3.

OueHKka n u3MepeHue rpebHein Ha aHe 6opo3abl, cdop-
MupoBaHHoi MO0 ¢ aktueHbIM npuBooM PPO npoBoamnach
npu 4-X KpaTHOM MOBTOpPHOCTU (BCero 24 onbita) Mo paHee
YKa3aHHOW YaCTHOW MEeTOAMKE MpeAcTaBeHbl B Tabnuue 5.
Bce pesynbraThl noaBepranucb MateMaTuyecKoii 0bpabotke
LaHHBIX.

TakuM 0bpasoM, B pesynbTaTe NpoU3BOACTBEHHOW Npo-
BEPKM MaKeTHoro obpasua opyans (MOO) Ha 2 onepaumsx
MOBEPXHOCTHOM 06paboTKM NOYBbI C OLEHKOW arpoTeXHU-
UEeCKMX MOKa3aTenen MOXHO cfienaTtb BbiBOf, YTO NMpuMe-
HeHWe [JaHHOro opyaus crnocobHo obecneuntb Tpebyemoe
KauecTBO NpM MOAFOTOBKE MOYBbI K MOCEBY 3€PHOBbIX

KynbTyp.

Tom 90, Ne 6, 2023

TpaHTOpb\ M CENbXO3MallWHbI

Tabnuua 2. Pe3ynbTathl NOMy4eHHbIX NOKa3saTeneii Ha 2 onepa-
LMAX NOBEPXHOCTHOM 06paboTku NoYBLI

Table 2. Results of the indicators obtained at two operation
of surface soil treatment

MNokasarenb BennuuHa nokasartens
v, KM/u
— [pennoceBHas obpabotka 957
— [NapoBas o0bpabotka 929
h, ™
— lpennoceBHas obpabotka 58
— [NapoBas obpaborka 6,1
KpoweHue nousel, %
— lpennoceBHas obpabotka 84,46
— [NapoBas obpabotka 83,87
MonpesaHue copHsAKoB, %
— lpennoceBHas obpabotka 98,26
— [NapoBas obpaborka 98,19
CoxpaHeHue pacTUTENbHbIX
0cTaTKoB (cTepHu), %
— lpepnoceBHas obpabotka 64,45

— MapoBas obpabotka He u3MepseTcs

BbicoTa rpebHeii noBepxHoCTy

nons, cM
— lpennoceBHas obpaboTka 1,41
— MapoBas obpabotka 1,63

BbicoTa rpebHeii iHa 6opo3pabl, ¢M
— MpeanoceBHas obpaboTka 1,81
— [NapoBas obpabotka He u3mepseTcs

W3meHeHue copepxanmnsa 304
B C/I0€ [0 5 cM nocrie npoxofa
arperata, %

— lpennoceBHas obpabotka

— MapoBas obpabotka

4,22
443

Tabnuua 3. PesynbTaTbl 06paboTKK AaHHbIX MO ONpPeeNeHnio COXpaHeHUs CTEPHN
Table 3. Results of data processing on definition the stubble preserving

MNoBTOpHOCTB Macca crephu, T CoxpaHenue cTepHu, %
[o npoxopa Mocne npoxopa
1 2754 166,3 60,38
2 256,4 175,6 68,19
3 263,7 165,5 62,76
4 2671 1678 62,72
5 256,8 181,2 70,56
Cymma 325,02
CpenHee 64,45

CpeaHsst Macca cTepHu, r/m2

879
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Tabnuua 4. Pe3ynbtatel 06paboTky AaHHBIX N0 NOAPE3aHUIO COPHBIX PacTEHUM

Table 4. Results of data processing on weeds cutting

MosTopHoCTS Kon-Bo copHbix pacTeHui, wr MoapesaHue C(:}JHI:IX pacTeHuii,
Ilo npoxopa Mocne npoxopa 0
1 51/40 0/1 100,0 / 97,5
2 44/59 1/0 975/100,0
3 37/45 1 973 /976
4 46/34 1”1 972 /911
5 52/41 0/0 100,0/ 100,0
6 50/46 0/1 100,0 /977
CpenHee 98,26 / 98,19

anMe'—IaHMe: yucnuTenb — npeanoceBHan 06p360TKa NnoyBbl, 3HaMeHaTeNlb — 06p360TKa napa.

He meHee 97

He meHee 80

He 6onee 4

80
60 |—

40— —
20

He meHee 60

40 3

WcxonHoe

He Gonee 2

20

M NpennocesHas o6pabotka noutsl
} MakeTHbI 0bpaseL, opyaus

M 06pabotka napa
B Arporexuuueckve Tpebosanus

Puc. 3. PesynbTaThl Npou3BoACTBEHHOI NPOBEPKY C OLLEHKOM arpo-
TEXHWYECKUX MOKa3aTeNeil MaKeTHoro obpasLia opyaus: @ — Kpo-
LeHue noysbl, %; b — noppesaHue COpHOI pacTuTenbHocTy, %;
C — COXpaHeHuWe pacTUTe/bHbIX 0CTaTKOB (cTepHu), %; d — BbicoTa
rpebHeii Ha NOBEpXHOCTH Monis,, cM; e — coaepxanme 304, %; f —
BbicOTa rpebHeil aHa 6opo3papl, CM.

Fig. 3. Results of the operational test with the assessment
of agrotechnical indicators of the mock-up sample of the tool:
a — soil crumbling, %; b — weed cutting, %; ¢ — stubble
preserving, %; d — height of ridges on field surface, cm; e —
content of erosion-hazardous particles; %; f — height of ridges
at the bottom of a furrow, cm.

DOL: https://doiorg/10.17816/0321-4443-568438

BbIBObl

1. MNpousBopctBeHHas nposepka MOO, ocHaweHHoro PPO
NMNCOMAANLHON QOPMBI C OLIEHKOW arpoTEXHUYECKUX
noKasaTefieil Ha NpeanoceBHOW M napoBoW 06bpabor-
Kax noysbl (He bonee 6 cM), xapaKTepusyetcs Tpebye-
MblM KauyecTBOM — rMojpesaHue copHsaKoB 6Gonee
98,18-98,26%. OgHOBpEeMEHHO AOCTMraeTcs BblpaBHU-
BaHWe MOBEPXHOCTU NoJs — BbicoTa rpebHeii He bonee
1,41-1,63 cM, KpoLleHne NOYBEHHbIX KOMbEB [0 84,46—
83,87%. Co3pmaeTcs NNoTHOE NOXe ANS CEMSIH — Bbl-
cota rpebHen fHa bopo3abl He npeBbiwaeT Tpebyemyto
BennumHy — 1,81 cm.

2. Bo wusbexaHue BO3HWKHOBEHWS BETPOBOM 3P0O3UK
MoYB Ha MOBEPXHOCTM MONs coxpaHseTcsa 64,45% pac-
TUTENIbHBIX OCTaTKOB (CTEPHM), MpU 3TOM COAepHa-
Hue 304 npu BbINONHEHWUM OMepauuii MOBEPXHOCT-
HoOW 06paboTKM nouBbl COKpaTUnoch Ha 4,22-4,43%
B CPaBHEHMM C pe3ynbTaTaMu [0 NpOBeLEeHUS MONEBbIX
uccnefoBaHuin.

AO0NOSIHATESIbHO

Bknap, aBTopa. PU. KpaByeHKo — npoBeieHme 3KCneprmeH-
TabHOM YacTw, OMpeLieNneHune noKasatenei Kaqectsa As no-
BEPXHOCTHOM 06paboTKy MouBkl, pa3paboTka YacTHoW MeTo-
OVKU 1S onpefeneHns BbICOThl rpebHel Ha aHe bopo3gp,
obpabaoTka pe3ynbTatoB. ABTOp MOLTBEPHAET COOTBETCTBUE
CBOEr0 aBTOPCTBAa MeX/ayHapoaHbiM Kputepuam [CMJE (aB-
TOp BHEC CYLLECTBEHHbIA BK/IaZ B Pa3paboTKy KOHLEenuuu,
nNpoBeJieHne WMCCNeAOoBaHUA M MOATOTOBKY CTaTbi, MpOYes
v 080bpun GuHanbHylo Bepcuio nepes nybivkaumen).
KoHdbnunkT uHTepecoB. ABTOp [eKNapupyeT OTCyTCTBME SIB-
HbIX W MOTEHLMANbHbIX KOH(QIMKTOB UHTEPECOB, CBA3aHHbIX
C NybAMKaLwen HaCTOALLIEN CTaTby.

WUcTouHnk dmHaHcupoBanus. AsTop 3asBnsieT 06 oTCyT-
CTBUW BHELUHEro GUHaHCMpOBaHUs NpU MPOBELEHUM UC-
CnefoBaHus.
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Tabnuua 5. PesynbTatbl U3MepeHuii BbICOTbI pebHelt AHa 6opo3abl Ha NpeanoceBHOM 06paboTKe NoyBH
Table 5. Results of measuring height of ridges at the bottom of a furrow at the pre-sowing soil treatment

hrpesueii AHA 60PO3ADI, CM

hrpesuein AHA 60po3AbI, CM

OnbIT MoBTOpHOCTHL OnbiT MoBTOpPHOCTBL
1 2 3 4 1 2 3 4

I 6 20 20 20 Xvi 18 20 16 20
Il 20 1,6 1,6 1,6 Xvii 6 20 20 16
I 18 20 20 18 XVl 20 16 16 20
v 1,6 14 20 20 XIX 1,6 8 20 20
) 20 20 18 20 XX 1,6 18 20 16
VI 20 16 20 20 XXI 20 16 1,8 1,6
Vil 1,6 18 14 18 XXl 20 20 20 20
vill 20 18 20 16 XXl 1,8 1,6 18 1,6
IX 18 16 1,8 1,6 XXIV 20 1,6 18 20
X 20 18 1,8 1,8
X W20 20w 1
Xl 2020 20 20 Incnepcms, cm? 0,2456
il 22 16 16 18 CpeaHeKBagpaTUyecKoe
XIv 1,4 1,8 1,8 1,8 OTKJIOHEHMWE, CM 0,498
XV 1,6 1,6 2,0 1,6 KoadduumeHT Bapnaumm, % 27536
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ODVII'VIHaJ'IbHOG nccneaposaHme

Pa3paboTrka onTMMM3aLMOHHBIX MaTeMaTUYECKUX
Mojesiek ANs NPUHATUA KOMNPOMMUCCHDBIX peLeHUH
no 3¢¢peKTUBHOCTU NapKa CesIbCKOXO03AUCTBEHHbIX
MOOMUNbHBIX 3HEepreTMYeCcKUX CpeacTB

B.A. 3ybuHa, T.3. loaxkaes, U.C. Manaxos

(MepeparbHblif HayYHbI arpouHxeHepHbIn LeHTp BUM, Mocksa, Poccuiickas ®epepaums

AHHOTALIMA

06ocHoBaHMe. CTpyKTypu3aumMs 1 BbIOOP KOMMPOMMUCCHOMO PELLEHUS U3 MHOMKECTBEHHOMO YUCNa NPOTUBOPEUMBLIX KpUTE-
pueB obneryaet auuy, npuHuMaioLiemy petwenune (JIMP) Ha cTaguu NpoEKTUPOBaHUA onpeefieHNe KOHCTPYKTUBHBIX XapaK-
TEPUCTUK U B3aUMOCBSA3aHHbIX C HUMM BbIXOJHbIX BO3AEACTBUIA.

Lienb pabotbl — pa3paboTka Hambonee 3HaYMMbIX KPUTEPUEB ANA PELLEHWUS 33[a4u MHOMOKpUTEPUATbHONM ONTUMM3aLIMK
3 PeKTMBHOCTU NapKa MobUNbHBIX 3HepreTudeckux cpefcTs (M3C) B ycnosusx uMppoBU3aLMK CENbCKOr0 X03AWCTBa.
Matepuanbl u MeToabl. B ocHoBe aHanmM3a nexut 0630p HayyHbIX NYDAMKaLMIA M APYrUX UCTOYHMKOB MHGOpPMaLMK No pas-
paboTke HMOKP, HanpaBneHHbIX Ha CO34aHUe MHTEINEKTYaNbHbIX TPAHCMOPTHO-TEXHUYECKUX CPeACTB U COBEpLUEHCTBOBA-
HWe METOAMYECKOro M NpOrpaMMHOro 0becreyeHns MHOTOKPUTEPUANbHBIX OMTUMU3ALMOHHBIX PacyéToB 3G dEeKTUBHOCTH
napka M3C. B xofie HacTosLLero uccneioBaHUsA MCNosb30BaHbl METOAbI HAY4YHOro 0606LLEeHNs 1 CTaTUCTMYECKOM 06paboTku
UMEILUXCA MHGOPMALMOHHBIX M aHANUTUYECKUX MATEPUasoB MO 0TEYECTBEHHBIM M 3apyOeXHbIM UCTOYHMKAM.
Pesynbtatbl. B pesynbtate aHanm3a bbinu BbibpaHbl Hanbonee NpeAnoyTUTENbHBIE KPUTEPUM ONTMMM3aumn napka M3C,
chopMMpoBaH NepeyeHb BapbMpYeMbIX MapaMeTpoB LS LajIbHEWLWEr0 peLleHns 3aaqum onTUMU3aLmy.

3aknioyeHue. [paKTUYecKas LIEHHOCTb HacTosALlen paboTbl 3aK/YaeTcs B ONPeAENeHUN TNaBeHCTBYIOLWMX KpUTepueB
onTUMM3aUMK Napka M3C, ¢ Lenblo NpoBeAeHUs NocieLyoWmMX ONTUMU3aLMOHHBIX PacyeToB.

KnioueBble cnoBa: MHOrOKpuTepuanbHaa oNnTUMMU3aLna; MOOUNbHbIE JHeprocpencTBa; d)YHKLI,VIOHaJ'IbeIE CBOWCTBa, Kpu-
Tepun Ka4yeCTBa; BapbupyeMblie napaMeTpbl; NPUHATUE KOMMPOMUCCHbIX pEI.IJEHVIVI.
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Development of optimization mathematical models
for making compromise decisions on the efficiency
of the fleet of agricultural moving power units

Valeria A. Zubina, Teymur Z. Godzhaev, Ivan S. Malakhov

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Structurization and selection of a compromise solution from a multiple number of contradictory criteria
facilitates the decision-maker (DM) to determine the design characteristics and output impacts related to them at the design
stage.

AIM: Determination of the most significant criteria for solving the optimization problem using the software and hardware
system of multi-criteria optimization in terms of the efficiency of the MPU fleet for the selection of a compromise decision
by the decision-maker.

METHODS: The analysis is based on the collection of scientific papers, scientific articles and other information sources on R&D
works on the creation of intelligent transport-technical units and on the improvement of methodology and software of multi-
criteria optimization analysis of efficiency of the MPU fleet. In addition, methods of scientific generalization and statistical
processing of available information and analytical materials from domestic and foreign sources were used.

RESULTS: As a result of the analysis, the most preferable criteria of the MPU fleet optimization were chosen, the list of variable
parameters for further solution of the optimization problem was formed.

CONCLUSIONS: The practical value lies in determining the main criteria for optimization of the MPU fleet in order to perform
subsequent optimization analysis.

Keywords: multicriteria optimization; mobile energy vehicles; functional properties; quality criteria; variable parameters;
making compromise decisions.
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BBEJEHUE

Mpu bopMMpoBaHUK ONTUMANTBHOTO MO COCTaBY W MO KO-
nnuyectBy napka M3C oyeHb CNOXHO ONpPefenuTb eauHYH
LeneByto GyHKUMIO, T.e. MaTeMaTUYECKY0 MOAENb, XapaKTe-
puytoLLyo agdeKkTnBHOCTL napka M3C, KoTopas yuuTbiBa-
na bbl Bce BblbpaHHbIe KpuUTepun onTMMM3aumm napka M3C.
MocnegHee 06CTOATENLCTBO CBA3AHO C TEM, YTO KaMAblii
KpuTepuii npencTtaBnseT cobon oTaenbHble GyHKUMM, 3a-
YacTyl0 ABNSIOLMUMACA NPOTUBOPEUMBLIMU U 3aBUCALLUMH
OT pa3/UYHbIX BapbUpyeMbIX napameTpoB (pakTtopos). B yc-
noBuAx 3kcrtyatauum M3C MoryT BO3HMKATb pasnuyHble
npuopuTeThl Ans Bblbopa KpuUTepUEB KayecTBa, 3aTpyoHs-
loLwme pa3paboTKy eaunHoi LeneBor QyHKLUKM ANS ONTUMU-
3aumu. Moatomy, NopobHbIe 3afaun HeobxopuMo peluaTtb
B MHOFOKpUTEpPWasIbHOM NOCTaHOBKE. B paMKax yKasaHHbIX
MHOTOKPUTEPUANBbHBIX ONTUMM3ALMOHHBIX PacyeToB B Kaye-
CTBE KpUTEPUEB, XapaKTepusyoLmx 3GheKTUBHOCTb NapKa
M3C, Bbibpanncb 0CHOBHbIE YHKLMOHASBHBIE U 3KCMITya-
TaLMOHHbIE MOKa3aTeNn Napka.

Lenb uccnepoBaHms — paspabotka Haubonee 3Haum-
MbIX KpUTEPUEB A PELUEHUS 33a4M MHOMOKPUTEPUATbHO
onTuMu3aumn adppekTuBHocTM Nnapka M3C B ycnosusax umg-
POBU3aLMM CENBCKOTO X03AICTBa.

MATEPUAJIbI U METO/bI

OcHoBaHWe A1 MOCTaHOBKM W PELLEHUs 33JauW ONTH-
MM3aLMW COCTABUNK Hay4Hble NybiMKaumm 06 3KoHOMUYe-
CKMX M DYHKUMOHANbHbIX MoKasatensx akcnayarauum M3C,
a TaKkxe mHdopMaumsa o paspabotke HUOKP no cospanuio
MOBUNBHBIX CPEACTB CEbCKOX03MCTBEHHOMO Ha3HAYeHUS.
B pabote npuMeHanuch MeToapbl TEOpUM ONTUMM3ALUK, TEO-
puA MPUHATUA peLIeHNd, MaTeMaTUYecKoro MofenupoBa-
HWs, Teopus TpakTopa, nporpamMmupoBahus. Kpome Toro,
UCMONb30BaUCh MeToAbI Hay4Horo 0606bLLeHMs 1 cTaTuCTH-
yeckomn 06paboTku MMeKLLMXCA MHDOPMALMOHHBIX W aHanu-
TMYECKUX MaTepuanoB Mo OTEYECTBEHHLIM U 3apybexHbIM
MCTOYHUKaM.

PE3YJIbTATbl U OBCYXXEHUE

B HacTosiLee BpeMst B yCNOBMSAX LMGPOBU3ALIMU CEMbCKO-
ro xo3sicTBa bblna ycTaHoB/IEHa OCHOBHAs 3aJaya BbISBUTb
1 NoaobpaTh TaKoW 0OLLMI KPUTEPUIA UM CUCTEMY KpUTEPHEB,
0bbenuHsoLLyI0 Bce Haubonee BaHble QYHKUMOHAMbHBIE,
NPOM3BOACTBEHHO-IKOHOMUYECKME UM 3KCMJyaTaUMOHHbIE
nokasatenu napka M3C, otpaatowwme nonHyw ero paboty
1 N03BONSIOLLME JOCTOBEPHO OLEHUTb 3G HEKTUBHOCTL BCEro
napka M3C [1-6].

[lns nonHOLIEHHOM KOPPEKTHOM NOCTaHOBKM 3aaun Heob-
X04MMO 6bINI0 BKITOUMTDb BCE 25 KpUTEpPHEB, HO BbINO NPUHATO
PeLLEHWe OrpaHNINUTLCA 67.

OcHOBHBLIMW apryMeHTamMu npu BbIOOpe AaHHbIX KpuTte-
pueB Bbinu creaytoLLme:

Tom 90, Ne 6, 2023
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Tpamopb\ /1 CeNbX03MalUMHbI

1. Mo MHenwmto JIMNP 5 BbIBpaHHbIX KpUTepueB Hambonee 3Ha-
YUMbI 4519 oLeHKU apdekTuBHOCTM napka M3C B Lenom.

2. OctaBuwumecs 17 KpuTepreB 04YeHb CUIIbHO KOPPEeNUpYHOT-
csi ¢ BblbpaHHbIMM HamMK 7 KpUTEpUAMM, MO3TOMY COrfac-
HO afIropuUTMY NOCTAHOBKY peLUeHMs 3aa4u MHOMOKpHU-
TepuanbHon ontuMusaumm (MKO) moxHo 6e3 yuiepba
u be3 cepbesHbIX MOTEPb PaccMOTpeTb ANSA pelue-
HUS ONMTUMM3ALMOHHOM 3afadM 3TU NEPEYUCTIEHHBIE
KpUTEpUM.

3. BoblbpaHHble HaMK 5 KpuUTepreB AOMUHUPYIOT Haf, OCTanb-
HbIMU. WX uccnegoBaHue [OCTAaToOMHO A1 TOro, 4Tobbl
J0CTOBEPHO OLeHUTb 3 deKTUBHOCTL Napka M3C.
TakuM 06pasoM, UCXoas U3 3HAYMMOCTU NEPEUMCNIEHHBIX

25 xapakTepucTuk napka M3C, Hamu BbibpaHbl cregytoLime

OCHOBHbIE KpUTEPUW NS BKIKYEHUS B MHOFOKpUTEpUANb-

HYlO MOCTaHOBKY 3afayu ONTUMU3aUWK, YHUBEpCasib-

Hble MaTeMaTuyecKue MOLEeNM KOTOpbIX NpeAcTaBeHbl

Huxe [2, 4-11]:

*  KpUTEPUA MMHMMU3ALMM NOTEPb CESTbCKOXO3ANCTBEHHON
npoayKumm;

»  KpUTEPUWA MaKCUManbHOW NPOM3BOAUTENBHOCTY;

*  KpUTEPUI MaKCUMAambHOTO KO3IQMUUMEHTA HA[EKHOCTM
napka M3C;

*  KpPUTEPUA MUHUMM3ALMA CPEAHEN CTOMMOCTM 3KCMyaTa-
LM TEXHUKM 3a eAMHULY BPEMEHMY;

» Kputepui MakcumaneHoro KM/ napka M3C.

CornacHo aHanu3y peLueHusi NogobHbIX 33day B Apyrux
0TPac/sX NPOMBILLIEHHOCTH, HaMK Bbina ycTaHoBMEHa che-
[OyHoLLas NOCTAHOBKA peLLeHUst MHOTOKpUTEpPUanbHOM 3afaduu
LNS MPUHATUS KOMMPOMUCCHBIX PeLLeHuii o 3hdEKTUBHOCTH
napKa cenbcroxossancTeeHHbIx M3C (puc. 1).

C y4yeToM BblbpaHHbIX HaMu AOMUHUPYIOLIMX KpuTe-
pveB, 00Llas MOCTaHOBKA 3afadM MHOFOKPUTEPUASIBHONO
obocHoBaHusA apdeKTuBHOCTM napka M3C umeeT cnepyro-
WA BUL:

F(x,%y,...,

F,(x,x,,...,

x)=W
X,) = Ky
x,)=Cy
F,(x,%,,...,x,)=11
,x,)=3

(MapeToBCKOE MHOXECTBO BapuaHToB).

F(x,x,,..., = opt

| F5(xp, x5

cyMm

rae ' — KpwuTepus KayecTea, X,,X,,...,X, — Bapbupye-
Mbl€ NapaMeTpbl.

B paHHOM 3apauye rnaBHOM Lenblo ABNAETCA MOUCK
MNapeToBcKoro MHoMecTBa. [1apeToBCKOe MHOMXECTBO — 3T0
TOYKY, Fe 3HAYeHWA BCeX KpUTEPUEB KayeCTBa Hesb3s Yiyd-
LUMTb OLHOBPEMEHHO MO BCEM KPUTEPUSM, HE YXYALLMB XOTA
Obl 0AHO K3 HUX [8, 9].

B nanbHeliwem bbinu paspaboTtaHbl MaTeMaTU4eCKMe MO-
[eNM YKa3aHHbIX 5 KpUTepueB, KoTopble NpuBeAeHs! B Tabn. 1
[2, 10-13]. KoadduumeHT BECOMOCTM AN BCEX KpUTEpUEB
MPUHAT pPaBHbIM K 1.
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Kputepuanbhble
orpaHeHys
MHorokpuTepuanbHas _ i
Koutepnn MaKCUMU3aLVA YPOXKAIHOCTI
Bﬁg;gﬂ)g;::e onTuMu3aLma napka M3C Kgqecha — MaKCMMU3aLMA NPOU3BOANTENBHOCTH
— MUHUMU3ALVSA NOTepb CEMIbCKOXO3AMCTBEHHO MPOAYKLMM

1

— KOMMYECTBO TEXHUKU
— nnowaau nonei OyHKUMOHANbHbIE
— KOJMYECTBO MeXaHW3aTopoB OrpaHn4eHus

— cyMMapHas MoluHocTb M3C B napke (NceBaoKpUTEPUM)

— MaKCuMu3sauua I'IpVI5bIJ'IVI

— BpeMs paboTbl B NpeAenax arpocpoka
— 3arpy3Ka Auratens

— 06beM BbINonHAEMbIX pabot

— noTepy NpoayKLuv npu paboTe 3a npeaenamm arpocpoka u ap.

OnTUManbHble 3Ha4eHus
I'Iapemacr(oe MHOXeCTBO

Puc. 1. MocTaHoBKa 3a[ia4u MHOTOKpUTEPUANbHON ONTUMM3aLMK 3 deKTBHOCTU Napka M3IC.
Fig. 1. Formulation of the multi-criteria optimization problem of efficiency of the MPU fleet.

Tabnuua 1. MateMaTMyecKue MOAENM KpUTEPUEB KA4eCTBa, XapaKTepu3yoLLmMx 3 deKTMBHOCTL Napka M3C
Table 1. Mathematical models of quality criteria describing efficiency of the MPU fleet

Kputepuii kayecTBa

Matematunyeckas Mogenb

F, — Npou3BoputensHocTb

F, — KoadduumeHT HagexHocTv napka M3C

F3 — CpepnHsaa cToMMOCTb IKCMyaTaLmMn TEXHUKM 3a e[UHULY BpeMeHH

F;, — MMoTepm cenbCKoX03AMCTBEHHON NPOAYKLIMK

F; — CyMMapHble 3aTpaTbl Ha NpoBefeHue paboTsl

Wzo’l.BK'I/p'Ttﬂ(cn

K, -K.
:( cp 1—1).100%
K

t

ralu

HaJ

C,=C+C,, +C

amopT
u.-U
H - Hay KOH 6.
U Py

Ha41

D i(E, +ae)-B, -k,
e Wij't[.kcm'kuM'Tz

+ Cron + Copern PYOH

+11, py6.

Kpumepuii MmakcumaneHoii npouseodumenibHocmu
OPUEHTMPOBAH Ha MaKCMMW3aLMI0 MPOM3BOAUTENILHOCTM
TPaKTOpPOB. B pacyeT BKIKOYAKOTCA Takue daKTOpbl, KaK CKo-
pocTb paboThl, TAFOBOE YCUNWE, MOLLHOCTb AABUraTens 1 apy-
e TeXHUYECKWe XapaKTepucTuku. [lns atoro Heobxopmmo
paccuuTaTh NPONU3BOAMTENBHOCTb KAXKAOM0 TPaKTopa (Hanpu-
Mep, Nowanb, KOTopylo OH MOXKeT obpaboTaTb 3a emnHu-
Lly BPEMEHM) W ONpefenuTb CPEAHIO0 NPONU3BOAMTENBHOCTD
ANs BCEro napka. 3aTeM MOXHO NpoaHanu3upoBaTh, KaK U3-
MeHeHWe CoCTaBa napka (fobasneHune WK yaaneHue TpaKTo-
pOB) BNMSAET Ha 3Ty NPOU3BOAUTENLHOCTb.

(OopMyna pacyeTa MaKCUManbHOM YMCTOW NPOM3BOAM-
TENbHOCTW OAHOMO TpaKTopa (HanpuMep, NNOLaAb, KOTOPYH
OH MoxeT 0bpaboTaTh 3a eAMHULY BPeMeHW) MOXKeET BbiTb
npeacTaBneHa cnegytowmm obpasom:

W =§ ra/v, M
roe S — nnowaab (reKTapbl), KOTOpYlo MoXeT 0bpabo-
TaTb TPaKToOp 3a 3ajaHHoe BpeMsi; ¢ — BpeMs (Yachl),

DOI: https://doiorg/1017816/0321-4443-569403

HeobXxooMMoe [ BbIMOSHEHWS 3ajaHHOW  Myowanu
0bpaboTKm.

[lna onTUMM3auMK KpuTepuUs MakcMMarbHOW Npou3Bo-
AUTENIbHOCTV HEeobX0AMMO paccuuTaTh NPOU3BOAMTENBHOCTD
KaM[oro TpaKTopa B NapKe W ONpefenuTb CPeHIon Npons-
BOAMTENBHOCTb /1A BCETO NapKa. 3aTeM MOXHO NpoaHanusm-
poBaTb, KaK U3MeHeHMe cocTaBa napKa (nobaenenuve unm yaa-
NeH1e TPAKTOPOB) BUSET HA 3Ty NPOU3BOAUTENBHOCTb.

F=W=0,1-B.-V -1, ral, v

30ecb B, — KOHCTPYKTMBHasA LUMPUHA 3aXBaTa CE/bX03Ma-
LMK, M; ¥, — cKopocTb TpaKTopa B coctase MTA npu Bbl-
MONHEeHUN paboTbl, KM/Y; T, — KO3DdULMEHT MCNoNb30-
BaHMA KCM/yaTaUMoOHHOMo BpeMeHn (T, =1).

Lenblo npuMeHeHns Kpumepus MaKCUMU3auuu Ko3g-
uyuenma HadexcHocmu napka M3C aBnaeTcs MaKCUMK-
3auMa HaJeXHOCTW U [ONroBEYHOCTU TpaKTopoB. B pacuer
BKJIIOYAIOTCS TakMe (aKTopbl, KaK CTeneHb M3HOCA, YacToTa
MOJIOMOK M PEMOHTOB, CPOK CNYXObl.
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(MopMyna pacyeTa KpUTepUS MaKCMMasbHON HaEKHOCTH
TPaKTOpOB MOKET bbITb NpeacTaBNeHa cnefytowmM 0bpasoM
yepe3 KoIPHULMEHT HaLEIKHOCTW TPAKTOPOB:

F, =k, =M-100%, (3)
NHa'-l
rne N, — konmyectBo M3C B Hayane nepuoda Habnio-
fieHns, WT.; N 5 — KOMMYeCTBO TPaKTOPOB, BbILUE/LINX
U3 CTPOA B TeYeHMe Nepuoaa HabnopeHus, L.

®opmyna (3) no3sonseT onpeaenuTb KOIQQULMEHT Ha-
JeXHocTu coBoKynHocT M3C B napke.

[nga Toro, 4Tobbl paccuMTaTh 3aTpaTbl Ha 3KCMTyaTaLMio
Ka)X[oro TpakTopa (TonnmBo, Macna, PeMOHT, aMopTU3aums
W T.0.) U ONpeaenuTb CPedHIo CTOMMOCTb 3KCMyaTauuu
Ha eauHULY BPEMEHM A1 BCEro mapka Hamu 6bin BbibpaH
Kpumepuli MUHUMU3QYUU cpedHell cmouMocmu 3Kcnya-
mayuu mpakmopoe 3a edUHULY 8peMeHU.

lpoaHanu3upyeM Tenepb, Kak M3MEHeHWe COCTaBa NapKa
M3C BnusieT Ha CTOMMOCTD.

F,=C,=C+C,, +C

amopT

+ Cron + Copern PYO/Y,
(4)

roe C; — CTOMMOCTb TOMMBA 3a eAMHULY BPEMEHH, pyb/y;
C,., — CTOMMOCTb pPeMOHTa W 0BCNYKMBaHMA 33 efnHM-
uy BpemeHu, py6/y; C,,,,. —— CTOMMOCTb MCMO/b30Ba-
HUA TpaKkTopa (aMopTU3aums) 3a eauHULY BpeMeHu, pyb/y;
C on — CTOMMOCTb JOMOHUTENBHBIX MaTEPMAoB U pacxos-
HbIX MaTepuanos 3a efuHuuy spemenu, py6/y; C, ...,
CTOMMOCTb apeHAbl, CTPAaX0BKW, HasoroB M Apyrux 3atpat
3a efuHNLYy BpeMeHu, pyb/J.

bes yueta noTepb CenbCKOXO3ANCTBEHHON MPOAYKLWM
B HacTosillee BpeMs B ycnoBusX LMUdpPoBM3aLMKN HEBO3-
MOJHO CMPOrHo3upoBaTb 3QdeKTMBHLIM Napk M3C, notomy
CneayoLwmMM KpUtepueM Hamm bbin BbibpaH kpumepull Mu-
HUMU3ayuu nomepb cesbcKoxo3slicmeeHHol nPodyKyuu.
Kputepuit opueHTUpOBaH Ha MaKCMMasbHOE COXpaHeHue
KayecTBa W KonM4yecTBa cobpaHHo npopmyKumun. [ins ato-
ro HeobXxoAMMO paccuuTaTb NOTEPU CENbCKOXO3ANCTBEHHOM
NPOAYKLMM Ha Kax oM 3Tane ee obpabotku u cbopa, Takue
KaK notepu npu TPaHCMOPTUPOBKe, yOOpKe, CyLUKe, XpaHe-
HWM U1 T.0. 3aTeM MOXHO NMPOaHaNN3MUPOBaTh, Kakue u3Me-
HeHus B npouecce cbopa u 0bpaboTkM npoayKuMu MoryT
NOMOYb MUHUMU3UPOBATL NOTEPM.

Qopmyna pacyeta noTepb CENbCKOXO3ANCTBEHHOM
NPOAYKLMM MOXET BbIMMAAETb CleaylLwmuM 0bpasom:

Uﬂa‘i - UKOH
U

Ha4

F :H:

4

pyb, (5)

roe U,,, — 00beM npopmyKuuu, mosyyeHHoii nocne cbo-
pa ypoxas; U, — o00beM npoayKumu, KOTOpbIA MO-
KeT OblTb peanu3oBaH Ha pbIHKE WM UCMONb30BaH
Ha X03qMCTBe.

Tom 90, Ne 6, 2023
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TpaHTOpb\ M CENbXO3MallWHbI

[lns MMHUMM3aLMK NOTepPb CENbCKOXO3AMCTBEHHON NpO-
AYKUMM TaKKe MOKET BbITb NONE3HbIM paccyeT nokasartenen
3 PEKTUBHOCTM Ha KaXaoM 3Tane 0bpaboTkM npoayKumm
W onpepneneHne Haubonee ys3BMMbIX MOMEHTOB B NpoLiecce,
rfie MoTepy MoryT ObITb COKpALLEHbI.

CymmapHbie 3ampamel Ha npoeedeHue pabomel e py6-
nax Ha 1 2a — 3, MOXHO BbIYUCUTL MO dopMyre:

cym

D i(E, +ae)-B, -k,
Wij 'ti ‘kCM ‘kl/lM T;

=3, = +11, py6,  (6)

roe £, — HopMaTuBHbIi KO3 duumneHT 3 dERTUBHOCTY Ka-
NUTaNOBMOXEHUA; I — KONMYECTBO TPAKTOPOB B NapKe, LWT.;
ae — HOpPMaTuB rofI0BbIX OTYMCIIEHMIA HA PEHOBALMIO e Ma-
LWKHbI M TpakTopa; b, — banaHcoBas cTOMMOCTb MalLMHbI
W TpaKkTopa; k, — KO3QGUUMEHT UCMONb30BaHUS MaLLMHbI
U TpakTopa Ha paboTe OTHOCMTENBLHO ee rof0BOM 3arpy3Ku
Ha Bcex paboTax, T.e. OTHOLLEHWe BPEMEHW MCMO/b30BaHMS
TPpaKTopa Ha i -0i paboTe K CyMMapHOMY BpeMeHu; W, —
MPOMU3BOAUTENBHOCTb j-T0 arperaTa 3a Yac JKCMyaTaLmoH-
HOTO BpEMEHM; !, — MPOACKUTENLHOCTb CMeHbl; k,, —
CMEeXHOCTb pabotbl; &, — KO3(®OMUMEHT UCMONb30BaHUA
KaneHLapHoro BpeMeHu Mo MeTeoyC0BUSM MPU BbINOSHEHUHN
i -0V pabotbl; 7; — NPOLOMKMTENLHOCTb BLINONHEHUS I -0
paboTkl (KonmuecTso KaneHaapHbix AHen); 11, — ctoumocts
noTepb (Henobopa ypoas), COOTBETCTBYHOLAs ONpenenéH-
HOM MPOLOIKUTENBHOCTY NPOBEAEHNSA NONEBbIX pabor.

[ins npoBefeHNs fanbHEWLMX OMTUMWU3ALMOHHBIX pac-
YeToB B WCCNIeAyeMOM MpOCTpaHCTBE NapameTpoB cdop-
MMUPOBaH MepeyeHb BapbMpyeMbIX MapaMeTpoB, KOTOPbIi
BKJ/Il04YaeT 0Kono 30 HaUMeHOBaHWN: KOHCTPYKTUBHAS LUK-
PWHa 3axBaTa arperaTvpyemoil CefbXo3MalLuHbl, CKOPOCTb
TpakTopa B coctaBe MTA npu BbinonHeHun pabotbl, bana-
COBasA CTOMMOCTb MalLIMHbI M TPaKTopa W Apyrie napameTpbl.
[lnanasoHbl U3MeHeHUs BapbUpYeMbIX 3JKCTTyaTaLMOHHBIX
napametpoB M3C Bbibupanuch ¢ Y4ETOM peanbHbIX YCOBUM
akcnayataumm M3C — cywecTByloWwmMX NoKasaTtesei cesb-
CKOX03AIMCTBEHHbIX OpraHm3aumi LieHtpaneHoi HeuepHoseM-
HOM 30HbI Poccuu.

Mo pesynbtataM NpoBefeHHbIX MPOBHBLIX ONTUMU3ALMOH-
HbIX pacyeToB NOMy4eHbl AonycTUMbIe U apeToBcKue Mope-
N, T.e. Haubonee NyyluimMe BapuaHTbl 3HAUEHUI KpUTEpUeB
KauectBa Ana obecneyenns adpdektmBHocTM napka M3C.
[lnsa BbIOPaHHOrO HaMM MofeNbHOM X03sMcTBa cpeam 5 [Ma-
PeTOBCKMX Mofefen nuuo npuHuMatowee petwenne (JIMP)
BbiOpan cregywLwWwmMin NpeanoyTUTENbHBIA BapuaHT (TOUKy)
CO 3HAYeHWUsIMM KpuTEpueB: mpomssoauTensHocTb 30 ra/y;
MoTEpPU CEeNbCKOX03AUCTBEHHOM NpofyKumn 763 L; cyMMap-
Hble 3aTtpathl 1,135 Thic. pybneit; KoahPUUMEHT HaLEeKHOCTH
napka M3C 0,88; cpenHss CTOMMOCTb 3KCMTyaTaLUM TEXHUKM.
674 ThiC. pyb.

CornacHo MHOTOKpUTEpUaNbHOW MOCTaHOBKE 3ajauu
n npegnoyteHun JINP ona npuHATMS KOMNPOMUCCHBIX pe-
WweHMiA No 3hGEKTUBHOCTU NapKa CeNlbCKOX03ANCTBEHHbIX
M3C BbibpaHHble 1 yCOBepLLIEHCTBOBaHHbLIE MaTeMaTUUeCK1e
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MOZIENM, U [IMana3oHbl M3MEHEHUs BapbUpyeMbIX NapaMe-
TPOB WrpatoT KIKOYEBYIO POsib.

BbIBOAbl

Wcxops M3 3HauMMocTU paccMaTpuBaeMblx Beex 25 xa-
pakTepucTuK napka M3C, 6binmn BbibpaHbl cneaytolme Hau-
bosee 3HauUMMbIe KpUTEPUM 1S BKIKOYEHUS| B MHOMOKpUTE-
pUasbHYI0 MOCTaHOBKY 3aadu ONTUMM3aumn 3G GeKTUBHOCTU
napka M3C: MMHMMM3aUMA NOTePb CENbCKOXO3AINCTBEHHOM
MPOAYKUMM; MaKCMManbHas NPOM3BOLUTENIBHOCTb; MaKCH-
MarbHbIA KO3 GULMEHT HaaexHoCTH napka MIC; MUHUMM3a-
LMA cpefHen CTOMMOCTY 3KCTNyaTaLun TEXHUKM 33 eQUHULY
BPEMEHMU; MUHWUMaJIbHbIE CYMMapHble 3aTpaTthbl Ha MpoBefe-
Hue pabotbl B pybnsx. Pa3paboTaHbl 1 yCOBEpPLLEHCTBOBAHbI
MaTeMaTU4ecKue MOJEN KpUTEPUEB KauyecTBa, BXOAALUME
B MOCTAHOBKY 3a/layu W 3aBUCALLME OT MHOTUX BapbUpyeMbIX
napametpos. CdhopMupoBaH nepeyeHb BapbUpyeMbiX Mapa-
MeTpoB, B KonudecTBe 0Koo 30 HaMMeHOBaHMI, @ TaKKe
AMana3oH WX BapbUpOBaHMs N1 NPUHATUS KOMMPOMUCCHBIX
pelLeHuii no addeKTMBHOCTM Napka M3C Ha npuMmepe Mo-
AenbHoro xo3siicTea LieHTpanbHoi HeuepHo3eMHoI 30HbI PO,
Mpy hopMUPOBaHUM NOCTAHOBKY U PELLEHUS 3a[a4W MHOIO-
KpuTepuanbHoii oueHKkn addekTuBHocTn napka M3C, pas-
paboTaHHble MaTeMaTUyeCKue U NporpamMHble obecneyeHms
no3sonstot JINP npuHMMaTh KOMNPOMUCCHOE peLLeHue.
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ODVII'VIHaJ'IbHOG nccneaposaHme

3aKoHbl ynpaBneHus UHAUBUAYANbHBIM TArOBbIM
3/1eKTPONpUBOAOM (PPOHTANILHOTO NOrpy3yMKa

B.A. Faptdenbaep’, A.A. CrapyxunZ, H.A. MokpeLos2

! YyBaLCKMI rocyaapcTBeHHbIi yHuBepeuTeT umenn W.H. YnbsHosa, Yebokcapsl, Poccuitckan ®epepaums;
2 MOCKOBCKMI roCYapCTBEHHBIN TEXHUYECKMIA YHMBEpCUTET MeHn H.3. bayMaHa (HaMOHasbHbIR MCCTIef0BaTesbCKWIA yHMBEpCUTeT), MocKBa,
Poccuitckas ®epepaums

AHHOTALIKA

06ocHoBaHMe. PaboTa TEXHOMOMMYECKUX MALUMH COMPAXEHA C MOCTOSHHBIM BYKCOBaHUEM BEAYLLMX KOMEC, YTO MOXKET Mpu-
BECTU K MOBBLILLEHHOMY M3HOCY LUMH M MOBPEXAEHUI0 NouBbl. 370 00ycnaBnMBaeT aKTyasbHOCTb WMCCef0BaHW|, Hanpas-
NEeHHbIX Ha U3Y4eHWe U YMeHbLLeHNe bYKCOBaHMSI.

LUenb paboTbl — aHanM3 paccMaTpuBaeMblX CTpaTerMn ynpaBieHWs WHAMBUAYabHbIM TATOBLIM 3NIEKTPONPUBOAOM
(pOHTaNLHOro NOrpy34MKa C TOUKM 3peHNUs DyKCOBaHMA BeayLLMX KONEC.

Matepuanbl u MeToapl. B cTatbe pacCMOTpeHbI TpK CTPaTerM YNpaBAeHUs UHAMBUAYANbHBIM TATOBLIM 3MIEKTPONPUBOAOM
(GpOHTaNLHOro NOrpy3yuKa: UCXoAHas!, C OAMHAKOBLIMM CTENEHAMM UCMOMb30BaHUA 3EKTpoaBUraTenen Konec (cTpaterus 1),
UMUTaLMs BIOKMPOBaHHOIO NpKUBOAa (CTpaTervia 2), a TakKe NpeJIoXKeH BapuaHT opraHu3aLmm npoTMBOOYKCOBOYHOM CUCTe-
Mbl (cTpaterus 3). C ucnonb3oBaHUeM UMUTALMOHHOW KOMMBIOTEPHOM MOZENM AMHAMUKKM DbiN UccneoBaH pabounit npouecc
(GpOHTaNLHOro NOrpy34MKa Npy BbINOSHEHWM OYNbA03EPHbIX OMepaLuii U NpK pasroHe.

Pesynbrartbl. lonyyeHo, uto npu BynbA03UPOBaHUM NPUMEHEHWE CTpaTernu 2 No3BosseT 06ecneunTb NpaKTUYECKU OfMHA-
KOBbIN KO3 PULMEHT BYKCOBaHUA BEAYLLUMX KOMEC, YTO MOTEHUMANBHO NO3BOJIAET YMEHBLUMTD M3HOC LUMH W PacxoA TonavBa
(no cpaBHeHuto co ctpaterveit 1). llpuMeHeHMe cTpaTermm 3 B TaKMX YCNOBMAX OKAa3anochb HewenecoobpasHo, TaK KaK orpa-
HWYeHWe OYKCOBaHWUS B laHHOM Cily4ae OrpaHUYMT U CKOPOCTb BbIMOSIHEHUS onepauun. MofenmpoBaHue npouecca pasroHa
(GpOHTaNLHOrO NOrpy3yMKa NPOAEMOHCTPMPOBANO HEKOTOPOE NPEUMYLLECTBO CTpaTerMn 3 nepen ocTalbHbIMKU MO 3aTpayeH-
HOW 3HEprum.

3akntouenue. [1o pesynbTataM UCCNEe0BaHUSA ONPeSeneHo, YTO NPK BbINOSHEHUM QPOHTASbHBIM NOrPY34UKOM TSIKENbIX TEX-
HOMOTMYECKWX OMepaLuid, TaKMX KaK Bynbo3uMpoBaHue, paumMoHanbHO MCMOMb30BaTh CTPATeEruio YNpaBeHus 2, KOTopas UMKU-
TMpYyeT BNOKMPOBaHHYI TpaHCMMCCHIO. B cnydae mpouecca pasroHa, KOTOpbIi XapaKTepeH Ans BbIMOSHEHUS TPAHCMOPTHBIX
onepauumi 1 ABVKEHUs N0 Aoporam o0LLero nosb3oBaHus, 3QHeKTUBHO UCMO/Ib30BaHWe cTpaTerum 3.

KnioueBble cnoBa: (poHTaNbHbIA NOrPy3YMK; UHAMBUAYANbHBIA MPUBOA; 3aKOH YNpaB/eHus; 6710KMPOBaHHbIA NPUBOA;
NpoTMBOGYKCOBOYHAS CUCTEMA.
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Control laws for individual traction electric drive
of a front loader
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2 Bauman Moscow State Technical University, Moscow, Russian Federation

ABSTRACT

BACKGROUND: The operation of technological machinery is associated with regular slipping of driving wheels, which can lead
to increased tire wear and soil damage. This determines the relevance of works aimed at study and reduction of slip.

AIM: Analysis of the considered control strategies of individual traction electric drive of a front loader with regard to driving
wheels slipping.

METHODS: The paper considers three control strategies of individual traction electric drive of a front loader — initial, with equal
utilization rates of electric motor-wheels (strategy 1), simulation of locked drive (strategy 2), and the proposed option of building
traction control system (strategy 3). Using a simulation computer model of dynamics, the working process of the front loader
was studied during earthmoving operations and when accelerating.

RESULTS: It was obtained that the application of the strategy 2 during earthmoving helps to ensure almost the equal
slip coefficient of the driving wheels, which potentially helps to reduce tire wear and fuel consumption (in comparison
to the strategy 1). The application of the strategy 3 in such conditions turned out to be unsuitable, as the slip limitation in this
case reduces the operation speed as well. The simulation of the front loader acceleration process showed some advantage
of strategy 3 over the others in terms of energy consumed.

CONCLUSIONS: According to the results of the study, it is reasonable to use the control strategy 2, which simulates a locked
transmission, in case of performing heavy technological operations by a front loader such as earthmoving. In the case
of the acceleration process, typical for transportation operations and driving on public roads, it is effective to use the strategy 3.

Keywords: front loader; individual drive; control law; locked drive; traction control system.
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BBEJEHUE

KonecHble ¢poHTanbHble norpysumkn (O1) cnocobHb
3ddeKTMBHO NepeMeLLaTbcs Mo A0poraM C TBEpAbIM Mo-
KpbiTueM. OfiHaKo, TexHonoruyeckue onepauuu (morpyska
UM bynba03MpPOBaHKE) TaKMe MaLUMHBI OCYLLECTBASIT B 6o-
flee CNOXHBIX YCNOBUSAX: HA pa3bUTOM WM 3aCHEXEHHOM
NPUPOLHOM FPYHTE M Ha CTPOUTENBHBIX Mnowaakax. Mo 3ol
npuunHe OF1 LoMmKHbI COYeTaTb CPaBHUTENLHO BbICOKYIO CKO-
POCTb Ha achanbTe C XOpoLLen NMPOXOAMMOCTLIO M yNpaBnise-
MOCTbHO Ha cnaboHecyLLeM rpyHTe.

B paborax [1, 2] 6binm paccMoTpeHbl BOMpockl Bbibopa
MnapaMeTpoB U OLEHKM 3Hepro3hdeKTUBHOCTM 3MIeKTpOMeXa-
Huu4eckoi TpaHcmuceumn @M. OpHako, pacxonpl Ha aKcnyata-
LMK NOAO0BHBIX MaLLIMH XapaKTepU3YHTCA He TOJbKO pexuMa-
MW paboTbl ABUraTeNs BHYTPEHHETO CropaHuUsA U TPAHCMUCCUM,
HO TaKxe noTepsAMM Ha ByKcoBaHME U COMPOBOXAAMOLLMM
WX MOBbILIEHHBIM M3HOCOM LUMH W MOBPEMAEHWEM MOYBLI.
OueHKa ByKcoBaHWSA TPAHCMOPTHO-TEXHONOMMYECKON MaLLMHBI
AIBNSETCA LUMPOKO pa3paboTaHHOW 3afayen, HO [0 CUX Mop
MpWBNEKaeT BHUMaHMWe uccnegoatenient [3, 4]. Takxe aKTMBHO
UCCneayTca NOAXOAbl U anropuTMbl YNPaBEHNS MaLLMHOM,
MO3BOJIAIOLLME OFPaHUYUTL BYKCOBaHUE NPY BbIMOMHEHUN TEX-
HONOIMYECKMUX onepauuii [5].

Y Ol ¢ uHAMBMAYaNbHBIM 3MEKTPOMEXAHUYECKUM NpU-
BOZOM BeAYLLMX KOJleC CyLIecTBYeT BO3MOXHOCTb 4OCTaToY-
HO rMbKO yNpaBnATb pacnpefeneHueM Taru, 4to cnegyeT uc-
Mno/b30BaTh Afs NOJTy4eHWUs AOMONHUTENBHBIX NPEUMYLLLECTB
Mpu 3KCnTyaTaLum.

TaK, BO3MOXHa UMUTaLMA AU depeHLmManbHoi MexaHu-
YECKOI TPAHCMUCCUM, NP KOTOPOM K KaXA0MY U3 BeLyLLMX
Konéc bymeT MpunoXKeH OAMHAKOBBIN KPYTALLWA MOMEHT,
HE3aBMCMMO OT CKOPOCTW BpalleHus Koneca. Cnepyet oT-
METWUTb, YTO TaKas CTpaTerus ynpaBfieHWUs Npu TAXENbIX
TEXHOJIOTMYECKMX onepaumsax HeaPdeKTUBHa, TaKKe,
KaK M MexaHuyeckas auddepeHumanbHas TpaHCMUCCKS,
KoTopas Ha (pOHTaNbHBIX NOrPy34MKax 00bIYHO UMEET Ka-
Koii-nubo cnocob bnokuposku. BMecto atoro npegnaraet-
€Sl UCTIONb30BaTb CTPATEruio YNpaBNeHUs, KOrLa KpyTALLMA
MOMEHT YMEHbLLAETCA NpU YBESIMYEHUN CKOPOCTH BEAYLLETO
Koneca, Kotopas [JofHa ObiTb MeHee CKII0HHaA K U30bIToY-
HoMy ByKcoBaHMio.

LIE/Ib UCCNIEAQOBAHUA

Llenbto uccnefoBaHus SBNSETCA aHanM3 paccMaTpuBae-
MbIX CTpaTeruit YnpaBneHUs WHAMBUAYANbHbIM TATOBbIM
anekTponpueoaoM @I ¢ ToUKM 3peHns DyKCoBaHWs BeayLIMX
KONEC NpU NPAMOJIMHEHHOM ABUMEHMM.

MATEPUAJIbI U METOAbI

Ina uccneposanust bykcoBaHua O B 3aBUCMMOCTM
OT 3aKOHa YNpaBieHNs UHAUBUAYANbHLIM TATOBLIM MEKTPO-
MPUBOJOM NpeanaraloTcs TpK CTpaTerum yrpaenieHus.

Tom 90, Ne 6, 2023
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Crpaterusa 1 npegnonaraeT yMeHbLUEHWE KPYTALLEro Mo-
MEHTa Ha Ka)K[OM Konece Mpu YBEJIMYEHUM CKOPOCTH ero
BpaLLeHus U 0becneynBaeTCcs 0OAMHAKOBBIMU CTENEHAMMU UC-
Mno/b30BaHWA BCEX 3JIEKTPOABUraTeNiel, COOTBETCTBYIOLLM-
MW YPOBHIO Ha)kaTus BOOMTENEM Ha Nejanb aKcenepatopa,
TO eCTb:

ha):[i =h,,
rae /.y, — cTeneHb UCMONb30BaHMA i-T0 3NEKTPoABUraTe-
ns; h, — ynpaensioLlee BO3[EACTBUE CO CTOPOHbI BOAUTENSA
(HakaTWe nepanM akceneparopa).

Peakums npuratens Ha ynpaensioLLee BO3AeNCTBUE, He-
3aBMCMMO OT CTpaTeruy ynpaeneHus, MoLEeNMpYeTca creayto-
MM obpasom:

My, ((’)9[[; > ha;u ) =

max
e RAL T
o " Maps CCIH Wy, Vs
e
_ max max
=M )| h3)1i N3 max ,

, €CITH Oy 2 ——— U Oy <Oy
O o1

max

0, ecrm @, 2 5,

rae M, (maﬂi,haﬂ,.) — TEKYLLMIA KPYTALUMIA MOMEHT -r0
3NeKTpofBUraTens; M., — TeKyLUas yroBas CKOPOCTb Bajla
i-ro aneKTpopBuratens; M 5" — MaKcUMarTbHbIii KpYTALLMIA
MOMEHT 3/ieKTpoziBuraTens; N5, — MaKcuManbHas MoLL-
HOCTb 3MIEKTPOABMIaTeNs; M5 — MaKCUManbHas yriosas
CKOPOCTb Bajla 3/1EKTPOLBUraTeNA.

W3 BbiLecKasaHHoro criedyer, YTo Ntoboe U3MeHeHWe Bo-
AMTENeM YNpaBnsIoLLEro BO3AENCTBUS /1, NpUBEAET K M3-
MEHEHMI0 KPYTALLEro MOMEHTa KaXXAoro 3/IeKTpogBuratens.
B naHHou pabote npuBOA, ynpaBnseMblii N0 ONUCaHHOM CTpa-
TEruu, NPUHAT 33 UCXOOHBIN.

Crpaterna 2 npepctasnsieT cobon umutaumio 6nokupo-
BaHHOr0 NpMBOAA BeAyLLUMX Konec. BesaexoaHble nonHonpu-
BOZHbIE KONECHbIE MALUMHbI C MEXaHUYECKOW TpaHCMUCCHEN
06bIYHO MMeIOT BO3MOXHOCTb TaK MM MHade broKupoBaTh
MPUBOA, YTO BbIpa)KaeTcsl B OAMHAKOBOM YIII0BOW CKOPOCTH
BCEX BeAyLUMX Konec (ecnm Bepylume Koneca OAMHAKOBOIO
paguyca). Takoe pelueHue camo no cebe He rapaHTupyet
orpaHuyeHune BYKCOBaHWS B XeNaeMblx Npefenax, ofHaKo,
obecrneunBaeT ecTecTBeHHOe NepepacnpezieneHme Tarv B 3a-
BMCMMOCTM OT CONPOTUBIIEHNS ABUKEHWIO KaXK0r0 BELyLLEro
Koneca.

[ins uMuTaumm 610KMPOBaHHOIO NpUBOAA BbIYMCNIAET-
CA MeAWaHHas yrnoBas CKOPOCTb BCEX BedyLUWX Konéc.
MeanaHHoe 3HayeHWe YINOBOW CKOPOCTU onpenensiercs
cnepylowmM 06pa3oM: NpPOM3BOAMTCA COPTUPOBKA BCEX
YINOBbIX CKOPOCTE BpalleHus BeyLimx Konec (Hanpumep,
Mo BO3pacTaHuio), 3aTeM bepeTcs cpeHee Mexay BTOPbIM
W TPETBMM 3HaYeHUEM COPTMPOBAHHOIO CMMcKa. PasHocTu
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MEXY HaWLeHHOW MeLMaHHOW U LeACTBUTENbHBIMU YII0-
BbIMM CKOPOCTAMM KONEC GOPMMPYIOT OLUMOKM e;, Ha OCHO-
Be Kotopbix [M-perynstop onpenensieT KOppeKTUpyioLLmMe
ynpasnswowme Bo3AeicTBUSA hKi IS KaXaoro 3/eKTpo-
[BUraTens:

h, =kpe +k, |edt,

roe k, — nponopumoHanbHbIii koadduumeHt MU-peryns-
Topa; k, — wHTerpanbHbii Koapduument MN-perynatopa.

CKOppeKTUpOBaHHOe yrpaBnsiolee BO3AeicTBUe /iy,
onpefenseTcs cnefyoLmM obpasom:

’
R

= hs + hm’ .

CronT 0TMeTUTb, YTO BO3MOXKHA CUTyauMs, Korga 3Ha-
YeHue yNpaBnAOLLEro BO3AEHCTBUA /1, ONM3KO K eavHuUe,
a 0JHO M3 KONEC JBMKETCA B ycnoBUaX ¢ 6omblwmM conpo-
TUBNEHUEM JBIKEHUIO. B TakoM cnyyae cucteMa ynpasneHus
ByneTt cTpeMUTLCS YBENUYMTL CTEMEHb UCTOb30BaHUS 3TEK-
TPOABUraTens,, CBA3aHHOMO C OTCTALMM KOJECOM, 3a CYET
KOppeKTupytoLlero Bo3aeicTeus /. OaHaKo, WToroBas
BEJIMYMHA CTEMEHN UCMOb30BaHNA 3eKTpoaBUraTens Ay,
He MOXeT bbiTb 6onblue egnHULbl. Takum 06pasoM, B 3ToM
C/lyyae KOppeKTupylowee Bo3aelicteue /1, He bymeT pea-
JIM30BaHO B MOJIHOM Mepe, 1 3NIeKTPoABMUraTeslb OTCTAloLLEro
KOfleca NMLLb HE3HAUUTENbHO YBENIMUUT KPYTALLMA MOMEHT.
370 npuBedEeT K TOMY, YTO pasfinuMe B YITIOBbIX CKOPOCTAX
He CMOXET ObITb YCTPaHEHO U BIIOKMPOBAHHBIA TUM CBA3W
MeX Ay Konecamu He BymeT cbiIMUTUpOBaH. YTobbl n3bexarb
3TOr0 ABNIEHUS, B paccMaTpUBaEMOM CUCTEMe YMpaBneHns
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WTOroBas CTereHb MCNONb30BaHNA 3NEKTpoaBUraTenen /iy,
[OMOJHUTENBHO KOPPEKTUPYETCA Ha BEMYMHY, HA KOTOpYto
MaKCMMaribHOe M3 CKOPPEKTMPOBAaHHbIX YNPaBNsOLMX BO3-
ReVcTBUA /'y, MpeBbILLAET eAHULY:

Py = By, —(max(héﬂl.)—max(min(l, h,;ﬂi))) .

lMpuHUMNManbHas cxeMa peanusaumm cTpaterum 2 npeg-
cTaBneHa Ha puc. 1.

Crpaterus 3 npeacrtaBnset coboit HEKOTOpYKO peanu3a-
Lo npoTuBobyKcoBoyHoi cuctemsl (MBC) Ha ocHoBe Ucxoa-
HOro npuBofa. B paHHOM nocTaHoBKe 3agaya ynpaBneHus
CBOAMTCA K NOLAEPXKaHWI0 3HaueHns KoadduumeHTa bykco-
BaHWsA Konéc S, He bonee 3afaHHOM S, .-

Ning onpenenenns KoahduLMeHToB OyKCoBaHUA S, UC-
nonb3yetca creaytowas gopmyna:

O)Ki — 0)1(01'

Sei = >
(O]

Ki
roe ®, — YroBas CKOpOCTb i-ro Koneca; M, — YIJo-

Bas CKOPOCTb -T0 KOJeca, COOTBETCTBYIOLLAA ABWMEHUIO
6e3 npockanb3blBaHuA, BblYUCIAETCA MO GopMyne:

k0

T — Ppadunyc KayeHua Koneca bes CKOJIbXeHua; v, ., —
OLEHKa JINHEMHOU CKOPOCTU LIeHTPa -0 KoJieca, KoTopas Bbl-
qyucndaetca no d)opMyne: Vi =V, TO_ Y, ; V., — OLEHKa
NUHENHON CKOPOCTH LEeHTPa Macc (DI'I, ®_ — yrnoeas CKo-
POCTb nNoBOpOTa (DI'I, Y — nonepeyHasa KoopauMHata LeHTpa

1-T0 KoJeca OTHOCUTENIbHO LieHTpa Macc.

h ' ™
2 CuurtbiBanHe hy H ), ; 1
- -
W CKOppEKTHPOBaHHBIE
k u
v VTIPABTISIONTHE BO3ASHCTBHS
o hapi’
Brruncienne MeIHaHHOH

YIJIOBOH CKOPOCTH KOJIEC Wiy

BeruuciaeHue
KOPPEKTHPYIOMIHX

hani = hyy

hapi = hyp; — (max(hsy”) = 1)

YTIPaBISIONIHX BO3/EHCTBHIT
hm' = kpei + k[ f eidt

CTemneHb HCIONb30BAHHA
aNeKTpoBHraTenet hyy;

Puc. 1. lNpuHumnmancHas cxeMa ynpaBneHust TpaHCMUCCUEN NO cTpaTtermm 2.
Fig. 1. Principal block diagram of transmission control according to the strategy 2.
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B naHHoii pabote npennonaraetcs, YTO yIoBas CKOPOCTb
nosopota O ®_ bGyaet M3MepATLCA C MOMOLLbBI0 [aTYMKa
yroBbIx cKopocTel. CKOpoCTb Morpysumka v, OLEeHWUBaeTcs
C NPUMEHEHMEM [ATYMKa YCKOPEHWH, TO €CTb C MUCMOMb30-
BaHMEM MHTErpupoBaHUs NMPOAOSLHOMO YCKOPEHUS Kopryca
MaLUWHI.

HeobxoanMo UMeTb BBUAY, YTO MPM UCMOb30BaHUM AaT-
YWKa YCKOPEHUIA (Aaxe UAEanM3NpOBaHHOTO, KaK B AaHHOM
UccneaoBaHUM) B pesyribTaTe MHTErPUPOBaHMUS MpU OLEHKe
CKOPOCTM HaKaniuBaeTca owwubKa. 310 BeLET K pacxXox-
AEHWI0 NPOrHO3UPYEMON U peanbHOi CKOPOCTU ABUKEHUS
MalUMHbl U 0bycnaBnMBaeT He06X0AMMOCTb perynsipHoro
YTOYHEHWS 3HayeHus ckopocTu. [oaToMy B cnyyae Ma-
oV BEJIMYMHBI 3a[laBaeMON BOAMTENEM CTEMEHU HaXaTus
Ha nejanb aKcenepaTopa CKOPOCTb MalUMHbI MPUHUMAETCS
PaBHOW KMHEMaTW4ecKol. 3T0 03Ha4aeT, YTO HAKOMJEH-
HOe MPW MHTErpUPOBaHUM YCKOPEHWA 3HauyeHue cbpachbl-
BaeTc A0 KMHEMAaTW4eCKOW CKOPOCTU V., Onpeaense-
MOW W3 CpPefHeli CKOPOCTW BpaLLeHUs BedyLMx Komec
norpysuymka:

Iaxdt, npu h, >0,1;

v, =
* _Zimki.r

k0 , mpu h, <0,1,
n

roe a, — MpoJoNbHOE YCKOPeHWe MalluHbl; n — obluee
uucno Konéc OI1.

MpyUHUMNUanbHaA cxeMa peanusauumm cTpaterun 3 npea-
CTaBJeHa Ha puc. 2.

B uenax uccnenoBaHWA pasnUYHbIX CTpaTeruid ynpae-
NEHWA TAroBbIM 3NIEKTPONPUBOAOM Obia COCTaBNeHa

w ©z
i[ CuntsiBanne hy, w,, ;, W, 1 ay

Tom 90, Ne 6, 2023

TpaHTOpb\ M CENbXO3MallWHbI

KOMNblOTEpPHas UMUTaUMOHHas Mogenb O, laHHas Mopenb
noapobHo bbina onucaHa B ctatbe [2]. [nsA BbINOAHeHUs
pabounx onepauwit B MOJeNu NpesycMOTPeHa MMMTaLUS
yNpaBnsiowWwmx SEeNCTBUI BOAMTENS, KOTOpblE OonpefensioT
paboTy MHAMBUAYaNbHOIO 3IEKTPONPUBOAA B COOTBETCTBUM
C BblbpaHHOW cTpaTerven. [Ins HarnAgHOCTW pe3ynbTaTos,
NPOBOLMMBIX 33€3/0B, MPUHUMAETCS, YTO CUNOBas YcTa-
HoBKka Ol nonHocTblo 0becneymBaeT NOTPEBHOCTM TAMOBLIX
3/leKTpoABuraTenei B nNuTaHuW. B Takom cnydvae uMmeetcs
BO3MOKHOCTb MCCNEAOoBaTh BblOpaHHbIE CTpaTerMu ynpas-
NIeHUs 3NEKTPOMPUBOAOM BHE 3aBUCMMOCTU OT CWUNOBOM
YCTaHOBKM M COCTaBa TPaHCMMUCCUM.

OueHKy adeKTUBHOCTM BbIbpaHHbIX CTpaTeruii ynpaene-
HWA TATOBbIM 3/IEKTPONPUBOAOM MpeasiaraeTcsl Npou3BoaUTb
no 6YKCOBaHWIO KOMEC, BbIPaXKEHHOMY KO3 dULMEHTOM ByK-
coBaHUA S;; M N0 MoLHOCTH ByKcoBaHua N, . Bblumcnsatb
MOLLHOCTb OyKcoBaHus Ny, npepnaraetca cieaytowmm oo-
pasoM:

N6i :Rm '((Dki "o _V:cxi)v

roe R, — npofonbHas cocTaBnsiolLas peakumu, AencTByH-
Leit B NATHE KOHTAKTa i-ro Koneca B MAOCKOCTU OMOPHO
MOBEPXHOCTH; V., — [ENCTBUTENbHAsA SIMHEHasA CKOPOCTb
LieHTpa i-ro Kosneca.

CnepyeT oTMeTUTb, YTO HeobxoauMas ans onpefeneHus
BykcoBaHWa 1 MolHOCTU ByKCOBaHMS [LeMCcTBUTENbHAA K-
HelHas CKOPOCTb LIEHTPa Koseca V., BbIYMCNAETCA Ha OCHO-
Be [eNCTBUTENbHON NPOLOSbHOM CKOPOCTU ABUKEHUS KOPMY-
ca O, KoTopas B peanbHbIX YCNOBUSX HEU3BECTHA, HO JIETKO
onpegenseTcs Npy UMUTALLMOHHOM MOJENIUPOBaHNN.

HET

pit:}

€i = Sgi ~ Sgmax

€;

r
BriancieHie
KOPPEeKTHUPYIOIIHX
YIpPaBJIIOMIHX BO3JeHCTBHI

hm' = kpei + kI J- Efdt

hki

Y ¥

ha,z[i = h, haﬂi =hy — hy

e ~\
CremneHb HCTIONB30BAHMS
3NeKTpoNBHTaTeNei hyp;

\ S/

Puc. 2. MpuHumnuanbHas cxema ynpasrneHns TpaHCMUCCUEN NO cTpaTterm 3.
Fig. 2. Principal block diagram of transmission control according to the strategy 3.
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NMuTaumoHHas Mogenb, Ucnonb3yeMast B HacTosLLel pa-
bote, onucbiBaeT OI1 ¢ 3neKTpOMeXaHUYECKOI TPaHCMUCCUEN.
TexHuuyeckue xapaktepuctuku uccnegyemoro ®fN npeacras-
NeHbl B Tabn. 1.

PE3Y/IbTATbl U OBCYXOEHUE

[na oueHKkW npepnaraeMbix CTpaTerMin ynpaBneHus
Bbino uccnenoBaHo BuinosHeHWe 1 6ynbao3epHbIX onepa-
LW, TaK KaK 3TOT paboumin pexxuM XoTs U ABNAETCS peaKo
BCTPEYAIOLLMMCS, HO XapaKTepu3yeTcs BbICOKUM CONPOTUB-
JIeHWEM [IBUKEHUIO, U, COOTBETCTBEHHO, BbICOKMM OyKcoBa-
HWMeM Koneéc.

B paMKax npoBef€HHOro uccrnepoBaHua pabouni
UMK Bynbao3vpoBaHKs npeacTaBnseT coboi 3aesn, co-
CTOSIMA W3 Habopa Mpu3Mbl FpyHTa M NoCNeayLero
e€ BonoyeHus [6]. Habop npu3Mbl npoucxofut Ha npo-
TSIKEHUM 5 METPOB NYTU M NpeanoniaraeT JIMHeNHoe no-
BbILUEHME 3HAYeHUs COMpoTMBNeHWs ABuxeHuio ot 0,055
no 0,505. BonoyeHne npoponkaeTca A0 KOHUA UMKNa
M XapaKTepu3yeTcsi COXpaHEHUEM [OCTUrHYTOro 3Haue-
HUS CONMPOTUBNEHUS [BWXEHUI. Ha npoTseHWW Bcero
paboyero UMKNa ynpaensioLiMe BO3AENCTBUA BOLMTENS
UMUTUPYIOTCA TaKUMU, YTODOLI NOALEPHMBATD KMHEMATH-
yecKyto ckopocTb ABuxeHus ON 1 m/c. KuHemaTnyeckas
CKOpOCTb MPKU 3TOM OLEHUBAETCA Yepe3 YCPeAHEHHYI0
cKopocTb Konéc Q.

Vol. 90 (6) 2023
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lMoMMMO pa3Hoit BEPTUKANBHOWM Harpy3KM Ha NepesHion
u 3apHiol0 ocb @I BegylwMM KonécaM ObinM HasHaueHbl
KO3 dMLUMEHTBI CLIENNEHUS C ONOPHOM NOBEPXHOCTHIO, 3HaYe-
HUS KOTOPbIX NpeAcTaBnieHbl B Tabnuue 2. NogpasymeBaetcs,
4yTo BopTa NOrpy3yMKa HaxoaATCA Ha OMOPHBIX NOBEPXHOCTAX
C Pa3nMuyHbIMW CBOWCTBAMM, YTO MOXET Habniwopatbes, Ha-
NpUMep, NPX 0YUCTKE 0B0UMHBI JOPOTH.

PesynbTaTbl MogenupoBaHus OynbaosupoBaHus O
MpY peanu3aunm pasHblX CTpaTerni ynpaeneHus NpeacraB-
neHbl Ha puc. 3-6.

[padmkn Ha puc. 3, COOTBETCTBYIOLLME YMPABNEHMIO
TArOBLIM 3/IEKTPOMPUBOAOM M0 CTpatermu 1, nokaskiBalT Ha-
Nnume 3HauYUTeNbHOro BYKCOBAHMSA, TaK KaK BbICOKas CTeNeHb
UCMOMb30BaHWUA Ha3HAYaEeTCs B TOM YUCTIE U TEM ABUraTeNsM,
Koneca KOTopbIX UMetoT cnaboe cLensieHme ¢ OMopHbIM 0CHO-
BaHWeM. 3Heprus, 3aTpayeHHas Ha OyKCOBaHWe BCeXx Konec
3a BpeMsl ByNbA03VpOBaHUs NPM yNpaBneHny no crpateruu 1,
coctaBuna 422 k[x.

Ha puc. 4, a BugHo, 4to KoadpuumeHTbl ByKcoBaHMA
LNl BCEX KONEC BNM3KM Mo 3HAUEHNIO, TaK KaK Npu cTpatermu
ynpaenexust 2 (6NoKMpoBaHHLIN NPUBOA) YAanock obecre-
YUTb UX OIMHAKOBLIE YIIIOBLIE CKOPOCTU. CyMMapHas aHeprus
ByKcoBaHWA BCex KOMEC Npy yNpaBneHuu no cTpaterum 2 co-
ctaBuna 402 k.

W306paxkeHns Ha puc. 5 COOTBETCTBYHIT peXkuMy bynbao-
3upoBanus O npu ynpaenexun no ctpaterum 3. NotpayeH-
Has Ha bykcoBaHue 3Heprus coctaBuna 402 kx. Bo Bpems

Ta6nuua 1. TexHuyecKkue xapaKTepuUCTUKM 00pasLa GpoHTaNbHOrO NOrpy34MKa

Table 1. Technical specification of an example of a front loader

Mapametp 3HaueHue
[py30MoabEMHOCTL NOTPY3yMKa, Kr 3500
CHapsKEHHas Macca norpysymKka, Kr 10800
MaKcuMarnbHas MOLLHOCTb TATOBOTO NeKTpoaBuraTens, kBT 26
MaKcuManbHbIii MOMEHT TATOBOIO 3/1eKTpoasuratens, Hm 1040
MaKcuMarbHas YacToTa BpaleHUsl poTopa TArOBOr0 3/IEKTPOABUraTeNs, 06/MuH 2790
CBobopaHblit paguyc Koneca, M 0,7
lNepepaTtoyHoe UnCNO KONECHOMO peayKTopa 197
[lons BepTMKanbHOM Harpy3KkM Ha NepefHIol/3afiHIon oCb 0,48/0,52
Kones norpysuunka, M 1,93

Ta6nuua 2. KoapduumeHTs cLienneHus Konéc GppoHTabHOro Norpy3ymMKa ¢ ONopHoi NOBEPXHOCTbI0 BO BPeMs OyNbA03MpoBaHus
Table 2. Grip coefficients of front loader wheels with ground surface during earthmoving

Koneco 3Hayenue
MepeaHee nesoe (koneco 1) 0,550
MNepenHee npasoe (koneco 2) 0,700
3apHee nesoe (koneco 3) 0,550
3apHee npasoe (Koneco 4) 0,700
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Puc. 3. Ipadmku koadpuumeHToB (@) 1 MoLHOCTel (b) DykcoBaHUA Konec GppoHTaNbHOro NOrpy3yMKa Npu BbINOHEHWUM BYba03MPOBaHMS
C yNpaB/eH1eM TAroBbIM 3IEKTPONPUBCAOM Mo cTpaTermm 1 (MCXonHbIi NpUBOL).

Fig. 3. Graphs of slip coefficient (a) and slip power (b) of front loader wheels during earthmoving with traction electric drive control
according to the strategy 1 (the initial drive).
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Puc. 4. [pacdumky koadduumeHTos (a) u MoLLHocTel (b) OykcoBaHWs KONEC GPOHTANBHOTO NOrpy34MKa NPM BbINOSHEHUN BYNba03vpoBaHUS
C yNpaB/eH1eM TAroBbIM 3IEKTPONPUBOAOM Mo cTpaTery 2 (MIMUTaLms BIIOKMPOBaHHOTO NPUBOAA).

Fig. 4. Graphs of slip coefficient (a) and slip power (b) of front loader wheels during earthmoving with traction electric drive control
according to the strategy 2 (simulation of locked drive).
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Puc. 5. [pacdmku KoadpuumeHTos (a) u MoLHocTel (b) GyKcoBaHWs KoNEC GPOHTANBHOTO NOrpy34MKa NPY BhINOSHEHUN BYNbA03MpoBaHMA
C yNpaB/eHUeM TAroBbIM 3MIEKTPOMPUBOAOM MO cTpaTeruu 3 (UCXOAHbIA NPUBOA C NPOTUBOBYKCOBOYHOM CUCTEMOIA).

Fig. 5. Graphs of slip coefficient (a) and slip power (b) of front loader wheels during earthmoving with traction electric drive control
according to the strategy 3 (the initial drive with the traction control system).
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Puc. 6. CpaBHeHue cKopocTeii hpOHTaNbHOM NOrpy34MKa npu Bbl-
MOSHEHNUM BYNbA03UPOBaHMA C YNIPaBNeHNeM TpaHCMUCCHEN Mo pa3-
JIMYHBIM CTpaTerusM.

Fig. 6. Comparison of front loader velocities during earthmoving
with transmission control according to various strategies.

NPOBeLEeHUs NpeaBapUTENbHBIX UCMbITaHWIA ObIO YCTaHOB-
NeHO, YTO MPM 3alaHM HEKOPPEKTHOTO BYKCOBAHUS Sg ax
npu BblbpaHHbIX ycnosuax pabotel I cuctema ynpasne-
HWS NPensTCTBYET Pa3BUTMI0 HEOOXOAMMOW CWAbl TArW.
Mpu 3TOM BbINO YCTaHOBMEHO, YTO MUHUMANIBHOE 3HAYeHUe
S5 max COCTaBAsAET 0,2, 4TO, C HEKOTOPOI MOTPELLHOCTLIO,
bbino obecneyeHo. M3 ckasaHHoro cnepyert, 4to s obe-
cneyeHus Tpebyemoil NpoU3BOAMTENBHOCTM Neper, HayanoM
TEXHOJIOTMYECKOW Onepauuu BOAWUTEN0 NpuUAeTcs nopbu-
paTb 3HayYeHWe MaKCUManbHOro OYKCOBaHMSA B 3aBUCUMO-
CTW OT CBOJWCTB FPyHTa, KOTOPble 3apaHee HeW3BecTHbI. 3Ta
0C0OEHHOCTb He MO3BOIUT UCMONb30BaTh CTpaTEruio ynpas-
nenus 3 ons 6ynbao3vpoBaHKa B peasbHbIx ycnosusx. 0a-
HaKo, AaHHas cTpaTerns MoXeT ObiTb NONE3HO U NO3BONUT
YMEeHbLNTb pacxopn, Tonanea U U3HOC LUKMH B APYIUX PeXn-
Max ABVXKEHWS, HanpuMep, Npy pasroHe.
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MopenvpoBaHme pasroHa O Bkntouaet pasroH @I ¢ me-
cta Ao 15 KM/4 Ha OMOpHOM NOBEPXHOCTW MpU 3HAYEHUSAX
KoadduumenTa conpotuBnenus gauxenuio 0,02 n koadpdu-
umeHTa cuennenus 0,4, KoTopble 0AWMHAKOBBI 1S BCEX KOJIeC.

Pesynbtatbl MogenupoBaHus pasroHa Of1 npu peanusa-
LMK pasHbIX CTpaTeruii npeacTasneHbl Ha puc. 7-10.

[padmky noKasbiBalOT NpeMMyLLECTBO (MeHblUas MaK-
CMManbHas MOLLHOCTb bykcoBahus, puc. 9, b) ctpaterum 3
Haj ocTanbHbIMU. BrOKMpoOBaHHbIA NpUBOA (cTpaTerus 2)
MMEEeT 3HAUUTENbHOE MPEUMYLLLECTBO Mepen cTpaterven 1.
JHeprus, 3aTpayeHHas Ha byKcoBaHMe BCex Konec 3a BpeMs
pa3roHa, coctaBuna s crpatermm 1 — 43 kK, ana cTpa-
Termm 2 — 23 k[bx, ans ctpatermn 3 — 20 k.

BbiBOAbl

B ctatbe 6blan paccMoTpeHbl Tpu CTpaTerii ynpaenexus
WHAVBMOYanbHbIM anekTponpueogoM Oll: ucxoaHas, xapak-
TepU3YIOLLAACA OAMHAKOBLIM YNPaBASIOLMM BO3LENCTBUEM
3NeKTPOABUraTeneil Begywmx Konec (ctpaterus 1), umuta-
umsa brokupoBaHHOro npuBofa (cTpaterus 2) U peanusauus
NPOTUBOBYKCOBOYHOI cucTeMbl (cTpaTerus 3). C ucnonb3oBa-
HWEM UMWTALMOHHON KOMIMbKTEPHON Mofenu AuHaMuky O
ObInn MccnenoBaHbl TakMe PeXuUMbl paboThl KaK BbINOSHEHME
Bynbao3epHbIX onepauui U pasroH. MonyyeHo, UTo Npu Bynb-
[031POBaHWM MPUMEHEHME CTpaTerMm 2 no3BonsieT obecne-
YUTb OAMHAKOBbIN KO3 UUMEHT BYKCOBAHMA BELyLLMX KO-
nec, 4To MOTEHLMANbHO MO3BONSET YMEHBLIUTb U3HOC LLUMH
U pacxop, TonnuBea (no cpaBHeHuo co cTpatervei 1). Hanpo-
TUB, MPUMEHEHWE CTpaTerMu 3 B TaKMX YCNOBUSAX HeLLeneco-
00pa3sHo, TaK KaK orpaHuyeHue DYKCOBaHWA Ha HEKOTOPOM
3apaHee 33JJaHHOM YPOBHE He MO3BOJIUT AOCTUYb HEoDXoau-
MOI NPOM3BOAMTENBHOCTU JaHHON TEXHONOTMYECKOMN onepa-
UMM — orpaHuyeHmne ByKcoBaHMs B AAHHOM Cly4ae OrpaHu-
4uT U passusaemyto Tary Ofl.
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Puc. 7. [padmku KoadpduumeHTos (a) u MoLHocTel (b) ByKcoBaHWs KONEc pOHTANbHOMO NOrpy34MKa Npy PasroHe C YNPaBeHNEM TAT0BbIM

3MEKTPONPUBOAOM Mo cTpaTermu 1 (MCXofHbIA NpUBoA).

Fig. 7. Graphs of slip coefficient (a) and slip power (b) of front loader wheels during acceleration with traction electric drive control

according to the strategy 1 (the initial drive).
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Puc. 8. [paduku koadduumenTos (a) u MoLHocTel (b) BykcoBaHWs Konéc GppoHTanbHOMe NOrpy34mMKa Npy pasroHe ¢ ynpaBieHneM TAroBbIM

3/71eKTPONPUBOLOM N0 cTpaTermmn 2 (6110KMpoBaHHbIA NPUBOL,).

Fig. 8. Graphs of slip coefficient (a) and slip power (b) of front loader wheels during acceleration with traction electric drive control

according to the strategy 2 (simulation of locked drive).
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Puc. 9. [padukm koaddmumeHToB (a) M MoLHOCTel (b) GyKcoBaHMS KONEC GPOHTANbHOM NOrpy34MKa Npy pasroHe C ynpaBieHUeM TAroBbIM
3/71eKTPONPUBOLOM MO CTpaTermn 3 (MCXOAHbIA NPUBOA, C NPOTUBOOYKCOBOYHOM CUCTEMONA).

Fig. 9. Graphs of slip coefficient (a) and slip power (b) of front loader wheels during acceleration with traction electric drive control
according to the strategy 3 (the initial drive with the traction control system).
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Puc. 10. CpaBHeHMe CKOpOCTEM (POHTANBLHOTO MOrpy34MKa

NpX pasroHe ¢ ynpaeneHeM TPaHCMUCCUEN MO PasfIMYHBIM CTpa-
TErusIM.

Fig. 10. Comparison of front loader velocities during acceleration
with transmission control according to various strategies.
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MogenupoBaHue npouecca pasroHa Of npoaeMoHcT-
pvpoBano 3¢ deKTUBHOCTL CTpaTeruii 2 U 3 ¢ HEKOTOpbIM
npenMyLLecTBoM cTpaterin 3 (go 15% MeHbluas 3aTpayeH-
Has 3Heprus N0 CPABHEHWIO CO cTpaTeruei 2).

TakuM 06pa3oM, MOXKHO 3aKMIOYUTb, YTO MpU TAXe-
NbIX TEXHOJIOTMYECKUX OMepaumsX, TakuX Kak bynbaosu-
poBaHue, Ha O®I1 pauuoHanbHO McMonb30BaHWe CTpaTte-
TMW YNpaBneHus 2, KoTopas UMUTUpYeT BNOKMPOBaHHYI0
TpaHcMUcCHi0. B cnydae pasroHa, KOTOpbIA XapaKTepeH
OIS BbIMOSIHEHUA NIEMKMX MOTPY30YHbIX MAW TPAHCMOPT-
HbIX OMepauuii U OBWKEHMA Mo foporaM obLuero nonb3o-
BaHWA 3Q(HEKTMBHO UCMOb30BaHWe CTpaTernu 3, To ecTb
NPOTUBOOYKCOBOYHOW CUCTEMBI, MPU 3TOM MCMO/b30BaHUE
cTpatermm 2 (MMuTauma ONOKMPOBAHHOMO NpUBOLA) MO-
KET NMPUBECTU K MOBBILLIEHHOMY COMPOTMBIIEHMIO MOBOPOTY,
4TO He NO3BOJISIET PEKOMEH[I0BATb £€ NMPUMEHEHUN B JAHHOM
cnyJae.
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JIOMOJTHUTE/IbHO

Bknap aBtopoB. B.A. [aptdenbaep — novcK nybnamKaumii
Mo TeMe CTaTby, yTBepaeHWe GuHanbHon Bepeum; AA. Cramy-
XUH — pa3paboTka 3aKOHOB YPaBMeHUS TAMOBLIM 3/IEKTPONPU-
BogoM; H.A. MoKpeL0B — NpoBefieHie MOAEMPOBAHUA U aHa-
/U3 pe3ynbTatoB. ABTOPbI NOLTBEPXKAAIOT COOTBETCTBME CBOEMD
aBTOPCTBA MEX/yHapoaHbIM KpuTepusm ICMJE (Bce aBTopsl
BHEC/IM CYLLECTBEHHbIM BKAL B Pa3paboTKy KOHLenumu,
npoBefeHne WCCNefoBaHUs W MOLTOTOBKY CTaTby, MpoYnu
1 omobpunn GUHaMbHY0 BEPCUIO Nepen nybnvKaumen).
KoHdnuKT uHTepecoB. ABTOpbI [eKNapupytoT OTCYTCTBUE
SBHBIX W NOTEHLMAMbHBIX KOH(DMKTOB MHTEPECOB, CBA3AHHbIX
C NybAMKaLMeN HaCTOALLEN CTaTbM.

WUcTouHuk ¢umHaHcMpoBaHus. ViccnenoBaHUs BbIMOMHEHbI
Ore0y BO «HI'Y um. M.H. YnbsHoBax» no gorosopy Ne 517-21
ot 22 anpens 2021 r. npu ¢mHaHCOBOM Noaaepke MuHobp-
Haykn Poccum B paMKax peanm3aliv KOMMAEKCHOro Mpo-
ekTa no Teme «Co3maHve BbICOKOTEXHOMOMMYHOMO MMMOP-
TO3aMeLLAlLLEero NpoM3BOACTBA CEMECTBA (MPOHTANbHBIX
MOrpy34MKOB C rMbpMIHBIM 3MeKTponpuBOAOMy» CornateHus
N® 075-11-2021-051 ot 24 wionsa 2021 1.
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ODVII'VIHaJ'IbHOG nccneaposaHme

BubpoHarpy)XeHHOCTb LUTAaHI CaMOXOAHOr0
ONpbICKMBaTENA Ha WWMHAX CBEPXHU3KOr0 AaBeHus

B.W. MNpagkuy, M.A. Konsgu

BopoHecKuii rocynapcTBeHHbIN NecoTeXHUIecKuii yHuepeuTeT UMenm 0. Mopo3oBa, BopoHex, Poccuitckas ®epepauus

AHHOTAUMA

BeepeHue. B HacTosLen cTaTbe NpuBedeHbl pe3ynbTaTbl IKCNEPUMEHTaNbHbIX UCCeA0BaHMI BUOPOHArPYEHHOCTM LUTAHT
CaMOXO[IHOT0 ONpLICKMBaTesIsi, 000pyA0BaHHOIO LMHaMK CBepXHM3Koro aAanenus 1020x420-18 monenm ben-79 npu npoes-
e Yepe3 eMHUYHbIE UCKYCCTBEHHbIE HEPOBHOCTU. o pesynbTaTaM NpoBeAeHHbIX UCMbITaHMIA NONyYeHbl 3aBUCUMOCTM BIIUSA-
HWSl MaKCMMabHbIX BEPTUKANbHbIX YCKOPEHWI Ha HAaBECKE LUTAHT 0T CKOPOCTW ABUXEHMUS NpY pa3fMiHOM [AaBNeHUM BO3AYXa
B LUMHAX W YPOBHAX 3anpaBKy DaKa onpbICKMBATENS TEXHONOTMYECKOMN KMAKOCTHI0. YCTAHOBEHO, YTO CHUMKEHWUE 3aMOSIHEHNS
€MKOCTM TEXHOJIOrMYECKO MOKOCTBI0 M YBESIMYEHUE CKOPOCTMU ABUIKEHUS CAMOXOAHOM0 OMPLICKMBATENS NO3BOAMIO YBEU-
YuTb ypoBeHb KonebaHuii Ha LiTaHrax OnpbICKMBaTeNs MPONOPLMOHaNbHO OTHOCUTENBHO MONHOW 3anpasku. Mpu nepeesge
CaMOXOHOr0 OMPbICKMBATENS Yepe3 UCKYCCTBEHHbIE HEPOBHOCTM C PacKpbITbIMW B paboyeM MOMIOXEHWM LUTaHraMK, pacrno-
NOXKEHHbIMK Ha paccTosiHum 700 MM OT OMOPHOI NOBEPXHOCTH, BO BCEM AManasoHe CKOPOCTel ABuxeHus ot 3 M/c go 12 M/c,
amMnanTyaa KonebaHuin Ha KOHLAX LUTaHT He npeBbiwana 80 MM.

Llenb paboTbl — 3KcCnepuMeHTanbHas OLEHKA BAMSHUSA 3KCMJyaTaLMOHHLIX NapaMeTpoB MoOMILHOTO 3HEpPreTM4ecKoro
CpefcTBa, 000pyL0BaHHOMO LUMHAMM CBEPXHM3KOMO AABIEHUS, Ha BUOPOHArpYEHHOCTb LUTAHT OMPbLICKUBATENS.
Matepuansl u MeTogbl. lpyBeAeHbI METOAMKM NabopaTopHO-MONEBbIX MCCAEL0BaHMIA N0 Npoe3ay MoBUIBHOO 3HepreThye-
CKOro cpencTBa, 060py40BaHHOIO LUTAHIOBbIM OMPbICKUBATENEM, Yepe3 UCKYCCTBEHHbIE HEPOBHOCTU. MaKcuManbHble BepTH-
KasnbHble YCKOPEHWS Ha HABECKe LUTAHT OMPbICKUBATENs OnpeseNianmch npu noMolum npubopHoro Komnnekca «ACCUCTEHT
TOTAL», cocTosiLLero u3 uamMepuTenbHoro 60Ka ¢ aHanmsaTopoM Bubpauuum Bubponpeobpasosatens AP38P.

PesynbTatbl. [lonyyeHbl 3aBUCMMOCTY BAIMSHWA AaBNEHUA BO3MYXa B LUMHAX CBEPXHU3KOTO AaBAEHUS U CKOPOCTU ABUMKEHNSA
M3C-600 Ha ypoBeHb KonebaHuii LTAHT ONpbICKMBATENS NPU ABUXEHUM MO UCKYCCTBEHHBIM eMHWNYHBIM HEPOBHOCTAM. Mu-
HWUManbHbIi YpoBEHb KONebaHii Ha LUTaHrax Mpy pasfaMyHOM [aBNeHWM BO3[yXa B LWIMHAX M PasfMYHOW CTEMeHW 3anpaBKu
€MKOCTW focTuraeTcs npu ckopocty asuxenus M3C 9 M/c. CambIM BMBpOHArpyeHHbIM AN LUTAHT OMNpLICKWUBATENS ABNAET-
CA PEXUM [IBUMEHMSA B MOPOXKHEM COCTOSHUM.

BbiBoAbl. MHUManbHBI YpoBeHb KOebaHWi Ha LUTaHrax onpbICKMBaTENs UMeET MeCTo B AMana3oHe ckopocteii 7,5-10,5 m/c.
Mpu CHYXeHWM faBneHusa Bo3ayxa B winHax ¢ 80 kMa po 20 klla BMGpOHaArpyeHHOCTb LWTaHr cHUXaeTca B 2,8 pasa. Yee-
JM4yeHWe BUBPOHArpy:KEHHOCTU UMeeT MeCTO B AMana3oHe YPOBHA 3anoHeHus baka onpeickusatens ot 50% o nopoxHero
cocTosHuA. Mpy ABMKEHUM NO e AUHNYHBIM HEPOBHOCTAM B AMana3oHe cKopocTelt 0T 3 M/c fo 12 M/c WwTaHrv onpbicKMBaTens
YCTOMYMBO HaXOAUNUCh B FOPU3OHTANBHOM MOJIOXEHWUM, MHTEHCUBHBIX KONEOAHUA M PE30HAHCHBIX PEXWUMOB CEKLMA LUTaHT
He Habnopanoch.

KnioueBble cnoBa: MobunbHoe 3HeprocpencTso; CaMOXO0/IHbIN OnpbiCKMBaTe b; WTaHra; WHa CBEPXHU3KOro AaBJIeHUSd;
BVI6p0Hany>KEHHOCTb; MUCKYCCTBEHHbIE HEPOBHOCTW.
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Vibration loading of booms ofaself-propelled sprayer
with ultra-low pressure tires

Vladimir I. Pryadkin, Pavel A. Kolyadin

Voronezh State University of Forestry and Technologies named after G.F. Morozov, Voronezh, Russian Federation

ABSTRACT

BACKGROUND: The results of experimental studies of the vibration loading of booms of a self-propelled sprayer equipped
with the Bel-79 1020x420-18 ultra-low pressure tires when driving through single artificial bumps are given in the paper.
Based on the results of the tests, the dependences of maximal vertical accelerations of the booms suspension on motion
velocity at various tire pressure and levels of filling the sprayer tank with process liquid were obtained. It has been found
that with a decrease in level of filling of the tank with process liquid and an increase in motion velacity, the oscillations
level of the sprayer booms increases proportionally relative to the full filling. When the self-propelled sprayer moves through
artificial bumps with the booms opened in the operating position, located at a height of 700 mm above the ground surface,
the oscillation amplitude at the ends of the booms did not exceed 80 mm in the entire velocity range from 3 m/s to 12 m/s.
AIM: Experimental evaluation of influence of operational parameters of a mobile power unit (MPU) equipped with ultra-low
pressure tires on the vibration loading of sprayer booms.

METHODS: Methods of laboratory and field research on moving of a mobile power tool equipped with a boom sprayer through
artificial bumps are given. The maximal vertical accelerations on the sprayer booms were determined using the ASSISTANT
TOTAL instrument facility consisting of a measuring unit with a vibration analyzer and the AR38R vibration transducer.
RESULTS: The dependences of the influence of air pressure in ultra-low pressure tires and motion velocity of the MES-600
on the oscillations level of the sprayer booms when moving through single artificial bumps are obtained. The minimal oscillations
level on the booms at various tire pressure and various degrees of tank filling is reached at a velocity of the MPU of 9 m/s.
The most vibration-loaded for sprayer booms mode is moving with empty tank.

CONCLUSIONS: The minimal oscillations level of the sprayer booms takes place in the velocity range of 7.5-10.5 m/s. When
tire pressure is reduced from 80 kPa to 20 kPa, the vibration loading of the booms is decreased by 2.8 times. An increase
in vibration loading takes place in the range of filling level of the sprayer tank from 50% down to being empty. When moving
along single bumps in the velocity range from 3 m/s to 12 m/s, the sprayer booms were stable in a horizontal position,
any intense vibrations and resonant modes of boom sections were not observed

Keywords: mobile power unit; self-propelled sprayer; boom; ultra-low pressure tire; vibration loading; artificial bumps.
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KAYECTBO, HALIEXKHOCTD

BBEJEHUE

B Crpaterum ycTolumBoro passuTusi CENbCKOX03ANCTBEH-
Hbix TeppuTopmin Poccum Ha nepuog go 2030 r. BaxHas ponb
OTBOAMUTCA TEXHWUKO-TEXHOJIOMMYECKOMY 0becreyeHno cenb-
CKOX03AWCTBEHHOM0 MPOWU3BOACTBA C LENblo 0becneyeHus
NPoA0BONLCTBEHHOM 6e30macHoCTH cTpaHbl [1]. MHHOBaLMOH-
Has MOJLepH13aLMa arpornpoMbILLIEHHOrO KoMnnekca Poccuu
nossosuna obecneynTb pocT MPOAYKLMM pacTeHVMeBOACTBA
B yCNOBMSAX CaHKUMW, Tak B 2022 r. Bnepsble bbino cobpaHo
peKopaHoe KonmnyecTBo okoso 150 MAH. TOHH 3epHa.

MoBbILLEHWUE YPOKANHOCTY 3ePHOBBIX KYNLTYP HEBO3MOXHO
[0CTMYb 6e3 LUMPOKOro NPUMEHeHUs CPEACTB XMMM3aLmMK, No-
3BONAIOLLMX 3ALLUMTUTL KYNbTYPHbIE PacTeHUs OT BpeauTene,
BonesHeit 1 copHaKoB. B Poccum 3HaumnTeNbHbIN NpoLEHT pabot
BbINO/IHAETCA Ha NOYBAX C HM3KOM HecyLen CrnocoBbHOCTbLIO,
KoTopble cocTaBnsAtoT 11,2 MAH. ra NaxoTHoW NoLLaau 3eMenb.
Ocobyto CoXHOCTL NPEACTaBNAIT TEXHONOTMYECKME OnepaLmm
npu pabote arperatoB B paHHWUA BECEHHWUIA U MO3AHUA OCEH-
HUWI1 Nepurofpbl, KOrAAa ABUXKEHWE MALLMH MO MOS0 B 3T0 BpeMS
CTaHOBUTCA HEBO3MOMXHBIM. [1py BbIMONHEHUM 3HEPrOEMKUX
TEXHOIOMMYECKUX MPOLIECCOB B PacTEHNEBOACTBE LUMPOKO UC-
MoNb3YKTCA KOMECHbIE U MYCEHWYHbIE TPAKTOPbI PasfMyHOI
MOLLIHOCTW, 0fiHaKo, npobneMa obpaboTtku noneit repbuum-
JaMu He MOXeT BbiTb pelleHa 3a CYET UCMONb30BaHWSA 3TUX
MOBUNBHBIX CPEACTB M UX YBENMYEHMS B MapKe. [103ToMy Bax-
HYI0 pOfib B 3KOHOMMKE MPOM3BOLCTBA CENbCKOXO3ANCTBEHHO
MPOAYKLMM pacTeHNEBOACTBA UIPaeT UCMONb30BaHKe creuma-
NIM3UPOBaHHbIX MobWMbHBIX 3Heprocpencts (M3C) u Bbicoko-
3 eKTBHasA opraHM3aLms ux npuMeHeHus [2-5].

JIPheKTUBHEIM NYTEM MOBLILEHNA arpoTeXHUYECKOW
NPOXOAMMOCTM M 0BeCneyeHUs BbIMOIHEHUS TEXHOMOTUYeE-
CKUX Onepauuid B 33[jaHHbIE arpOCPOKW HA NOYBaX C HU3KOM

Tom 90, N2 6, 2023

Tpamopb\ M CENbXO3MallWHbI

HecyLeii cnocobHocTbio siBnseTca npuMeHeHne M3C Ha wm-
Hax CBEpPXHM3KOro AaeneHus. 3a nocnegHue ABa gecATuie-
1A 6b1TK paspaboTaHbl pa3nUyHbIe CAMOXOAHbIE ONPbICKMBA-
TeSW, C PasfiNyHbIM PaCcMoNOoKEHNEM LUTAHT: C LEHTPaIbHBIM
pacrnonoXeHUeM, Ha NepefHen U 3aHEN HABECKaX.
WccnepoBakna no uenecoodpasHocT npumeHenus M3C
Ha LUMHAX CBEPXHWU3KOrO [aBNEHWS MPOBOAMIIUCE MHOMMMM
uccneposatensmu. MNpoBeAeHHbIMU UCCNE0BaHUAMMU Teope-
TMYECKM 0D0CHOBAHO U 3KCMEPUMEHTANBHO MOATBEPIKAEHO,
4TO AWanasoH AaBfieHW BO3AyXa B LUMHAX JO/KEH COCTaB-
natb 5-40 kMa npu geuxermn M3C no no4YBaM ¢ HU3KOI He-
CyLLiei cnocobHOCTbH) B paHHUIA BECEHHWI Nepuog,. ABTOpaMu
NPOBEAEH psL, UCCNEA0BAHUA MO OLEHKE KOHTaKTHbIX JaBne-
HM M3C, 0bopynoBaHHbIX LLUMHAMW CBEPXHM3KOIO AaBMEHMS,
Ha MOYBEHHO-PACTUTENbHBIA MOKPOB (Hanpumep, cM. [6]).
Takxe npoBefeHbl TEOPETUHECKUE U IKCMEPUMEHTANIBHBIE UC-
CNef0BaHMsA MO OLEHKE BUOPOHArpyMXeHHOCTU CaMOXOLHbIX
OnpbICKMBaTeNEN M 060CHOBAHMIO OBUMEHWS Ha MOBbILLEH-
Hbix pabounx ckopoctax 20-40 km/4 [7-10]. UccnepoBanus
Mo OLieHKe BUBPOHarpyKeHHOCTU LUTAH OnpbICKUBaTeNei npo-
BOAWIMCb B OCHOBHOM [L11 BbISIBIEHWS! PE30HAHCHBIX PEXMMOB
NPy OBVWIKEHWUM CAMOXOLHBIX M MPULIENHbIX ONPbICKUBATENEN
Ha NOBbILUEHHBIX PaboUMX CKOPOCTAX, @ TAKIKE OLLEHKU BNnS-
HUA PE30HAHCHBIX PEXMMOB Ha pecypc LwTaHr [11, 12]. OgHako,
1ccneaoBaHUA MO OLEHKE BUOPOHArpyEeHHOCTH LUTaHT onpbl-
ckuBartens M3C Ha LnHax CBEPXHU3KOT0 AaBeHWs Marnoi rpy-
30M0ABEMHOCTH, B HACTOSALLLEE BPEMSA U3YHeHbl HEA0CTATONHO.

LIE/Tb UCC/IELOBAHUU

Llenblo paboTbl ABNSeTCA IKCMepUMeHTasIbHas OLeH-
Ka BNMAHMA 3KCMJIyaTaUMOHHBIX MapaMeTpoB MOBMIbHO-
0 3HEpreTM4YECKOro CpPeacTsa, 0BOPYAOBAHHOIO LUMHAMM

Puc. 1. MobunbHoe 3HepreTMYeckoe CPeACTBO Ha LUMHaX CBepXHM3Koro aasnenus M3C-600.
Fig. 1. The MES-600 mobile power unit with ultra-low pressure tires.
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CBEPXHM3KOr0 [aBneHus, Ha BWUDOPO3aLLMTHblE CBOMCTBA
LUTaHroBOro onpbickuBatens (puc. 1).

MATEPWUAJIbI U METOAbI

[lns npoBefeHUs HACTOSLLMX UCCENOBaHN BbiNo paspa-
6oraHo u usrotosnieHo M3C Ha LWKWHax CBEPXHWU3KOTO AaBNEHUS,
obopyaoBaHHOE OMpbLICKMBAaTENEM, C PACMONOKEHNEM LUTAHT
Ha 3aaHen HaBecke. [Tpy ABUMKEHUM B TPAHCTIOPTHOM MOSIOKE-
HUM LUTaHTU CKagblBanuch. JleBoe W MpaBoe KPblbsl LUTAHT
BbIMOJHEHBI WX TPEX ceKumid. MepBas 1 BTOpas CeKumM UMetoT
MPOCTPAHCTBEHHYID (EPMEHHYH) KOHCTPYKLMIO, BbIMONHEH-
HYI0 M3 aniOMMHWEBOTO NpOKaTa. TPeTbs CEKUMSA BbINOHEHA
13 aniOMMHWEBOTO NPOKaTa, LUApHUP 3TOW CeKLMM 0bopynoBaH
aBTOMaT BO3BpaTa B UCXOLHOE MOMOKEHWE NPY KOHTaKTe Kpas
LUTaHIM C NOYBOA JINBO APYriM MPEnsTCTBUEM.

J1abopatopHo-noneBble UCMbITaHUS MO OMPeAENeHUIo
BUOpPOHArpy»KEHHOCTU HABECKY LUTAHTOBOr0 ONpPbICKMBATENS
NPOU3BOAMNMCH HA FOPU30HTa/IbHOM Y4acTKe [OpOrM C TBep-
AbIM NMOKPbITUEM [iMHOK 1200 M 1 ¢ MaKCUMarbHBIM YKI10-
HOM Ha 0TAeNbHbIX Y4acTKax, He npesbiwaolmx 2%. C uenbto
ONpefeneHUsi MaKCUMAaNbHOMO BEPTUKANIbHOMO YCKOPEHUS
Ha HaBecKe, OblI1 U3TOTOBNEHBI BE EAMHWUYHBIE UCKYCCTBEH-
Hble HEpPOBHOCTM AN Konec npasoro 1 nesoro 6optos M3C,
UMEKLLMX TpaneLmneBUaHbI Npodunb, € AJIMHON HUXKHEro
ocHoBaHus 700 MM, anuHoii BepxHero ocHoBaHua 100 MM
1 06LLEeN BbICOTON HEPOBHOCTEN 79 MM.

Wcnbitanns no onpegeneHnio aMnauTydbl KonebaHui
Ha KOHLaX LUTaHT OMnpbICKMBaTENs NOBOAWIMCL NPU PacKpbl-
TbIX LUTAHrax v onyLeHHbIX Ha paccTosiHuy 700 MM oT onopHom
nosepxHocTW. CornacHo peKoMeHLAUMA MPEBbLILLEHNE OTKIO-
HEHMs OT 3afaHHOM BbICOTbI HE A0MKHO npesbiwatb 100 MM
[13, 14]. Ha KoHuax LUTaHr ycTaHaBNMBaNUCh CreLuanbHble
MapKepbl, PerucTpaums NpoU3BOLMNach C MPUMEHEHWEM CTa-
LIMOHApHO YCTaHOBIEHHOW BbICOKOCKOPOCTHOM BULEOKaMepbl,
YCTaHOBMEHHOW Ha paccTosHuu 12 M OT Kpasl LLTaHru.

MaKcuManbHoe BepTHMKanbHOe YCKOPEHWe Ha HaBecke
LUTaHI OMPbICKUBATENA ONPELENsU NPY NOMOLLY NPUBOpHOTo
Komnnexkca ACCUCTEHT TOTAL» (SIU V3RT), cocTosLuero us us-
MepuTENbHOrO B/10Ka € aHanM3aTopoM BUBpaLMK, pa3MeLLeH-
Horo B KabuHe onepatopa u Bubponpeobpa3soBatens AP38P,
KpenseHWe KOTOpOro OCYLLECTBASN0Ch pe3bboBbIM CoeayHe-
HMEM K HWXHEI 4acTW HaBECKM, MPOXOAALLEN MO OCK LLUTaHT
onpbickuBartens. 06paboTka nomyyeHHbIX AaHHBIX OT aHamM-
3aTopa 1 ux nepesofa B gopMar Microsoft Excel npoussoau-
nack C NPUMEHEHWEM MPOrpamMM 1S NPMBOPHOTO KOMMeKca
«ACCUCTEHT TOTAL» — «AssistentDataCenter».

MobunbHoe 3HepreTMYecKoe CpPeacTBO 3KCMITyaTupyeTca
Mpu BbINOHEHUN TEXHONOMUYECKMX OMEpaLUiA KaK no NonaMm
C NOYBOWM Pa3fINYHOM HecyLLeil CoCOBHOCTBIO, TaK U N0 PyH-
TOBbIM MOJIEBBLIM [JOPOraM B LUMPOKOM [Mana3oHe [aBieHus
BO3/yXa B LUMHAX W CKOPOCTeW ABUKEHUS. YPOBEHD 3arofHe-
HWs 6aKa U3MeHSETCA N0 Mepe PacxoAa KUAKOCTU ONpbICKU-
BaTeNieM U ero nocnefyloLlen 3anpaske. [oatoMy npu npo-
BefleHUW NabopaTopHO-MoneBbIX WUCCNEA0BaHUI CKOpPOCTb
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BapbMpoBanacb B WHTepBane 0T 3 M/c 00 12 M/C M KOH-
TponupoBanacb onepaTopoM ¢ nomouibio GPS npuémHuka
KOMIblOTepa 1 NOMEBBIX OMPbICKMBaTeNe cepumn «Bravo
180S». [laBneHue B LUMHAX CBEPXHM3KOIO AABMIEHUSA YCTaHaB-
nuBanock cootBeTcTBeHHO: 80 Klla, 60 Klla, 40 kMa n 20 kla;
M KOHTPONMPOBANOCh Nepef KaM[aon cepueil NPoBefeHus
UCnbITaHMIA. YpoBeHb 3anoniHeHWs baka Ha nabopaTopHo-no-
NeBbIX UCMbITaHUsX onpefenunu 3Hadennamu: 0% (0 n), 50%
(300 n) n 100% (600 n).

OnpegensieMbIMX NapaMeTpaMu 3KCMEPUMEHTa SBNSNNC
3HaYeHMsA MaKCUMaJbHbIX BEPTUKANbHbLIX YCKOPEHUIA Ha 3a.-
Hel HaBecke M3JC 1 aMnAMTYAbI KonebaHmii Ha KOHLLaX LUTaHT.

PE3Y/IbTATbI U OBCYXXOEHUE

JlabopatopHo-noneBble uccnenoBaHMA No OLEHKe BUOpa-
LIMOHHOW Harpy»eHHOCTM LTaHT onpbickusatens M3C Ha wwu-
Hax CBEPXHU3KOTO JaBNeHWs NPOBOAUAMCE B TpU 3Tana.

Ha nepsom atane 6bina npoBefeHa OLEHKA BAMSHUA
cKopocTu ABueHust M3C 1 cTeneHn 3anoiHeHUs eMKOCTH
TEXHOJIOTMYECKOM KUAKOCTBIO NPU MaKCUMAIbHOM M ONTK-
MaslbHOM [JaB/EHWM BO3[yXa B LUMHAXHA BMOpPOHarpyMeH-
HOCTb WTaHr [15, 16] (puc. 2).

Pe3ynbTaTbl MCMbITaHWI MOKa3anW, 4To0 CTeneHb 3a-
MOJIHEHUS EMKOCTM TEXHONOMMYecKon KuakocTblo ot 50%
Ao 100% He OKasbIBaeT CYLLECTBEHHOIO BIMAHMA Ha BMOPO-
HarpyeHHoCTb WTaHr. Co CHWUXEHWEM 3amosHEHUs eMKO-
CTW TEXHOJIOTMYECKON MUAKOCTBIO W YBEIMYEHNEM CKOPOCTH
OBVKEHWS YPOBEHb KonebaHuii Ha LUTaHrax onpbICKVUBaTENs
MPONOPLMOHANBbHO YBENIMYMBAETCS OTHOCUTENBHO MOJTHOW
3anpasku. Mpu auxennn M3C co cKopocTbio 3 M/c UMeeT
MECTO MaKCMMarbHbIN YpOBEHb BUOPOHArpyXeHHOCTH, fanee
C YBENMYEHUEM CKOPOCTM ABUKEHMS, BPEMS B3aUMOLENCTBUSA
LUMH C HEPOBHOCTHIO YMEHBLUAETCS, M KaK CEACTBUE CHU-
aeTcs BUOpOHarpyeHHOCTb LUTaHT. MUHUManbHBIN YpoBeHb
KonebaHuii Ha LUTaHrax Mpu pasMYHOM AaBfeHUM BO3MyXa
B LUMHAX W Pa3fINYHOM CTEMEHN 3anpaBKV EMKOCTU JOCTUraeT
npu ckopocTu auxeHus M3C 9 M/c. YetaHoBneHo, 4To B Ana-
nasoHe ckopocten 7,5—10,5 M/c uMeeT MecTo MMHUMANbHbIN
YpPOBEHb KonebaHuii NpW pasfMYHONM CTEMEHU 3amosHEHUs
€MKOCTU TEXHONOrMYECKON XUAKOCTLIO W [ABNEHUAX BO3LY-
Xa B LWMHax. B ananasoHe ckopocteit ot 9 fo 12 M/c ypoBeHb
KonebaHuil He3HauMTENbHO YBETMUMBAETCS, UTO 06YCIOBNEHO
BO3HWMKHOBEHMEM ranonuposanms M3C.

CaMbIM BUOPOHArpYKEHHBIM SBNISIETCA PEKUM [BUKEHMS
M3C B nopoxHeM cocTosiHUW. TaK, NpK ABUMHKEHWM B MOPOXKHEM
COCTOSIHWM, B AMana3oHe cKopocTed oT 3 [0 6 M/C ypoBeHb
KonebaHuii LUTaHr 0CTaeTCA NPaKTUYECKM NOCTOAHHBIM, Janee
CHW)aeTcA [0 MMHMMANbHOIO 3HaueHus npu ckopocth 9 M/c,
3aTeM HE3HauMTENbHO BO3pacTaeT MpW AABNEHUW BO3AyXa
B WwmHax 80 Klla, a npu paeneHnu 40 kMa uMeet mecto Bonee
MHTEHCMBHBINA POCT KonebaHui WTaHr ao ckopocTut 12 m/c.

Mpu pevmeHrn M3C co ckopocTbio 9 M/c 1 aaBneHus Bo3-
Ayxa B wuHax 80 Klla ypoBeHb KonebaHui Ha HaBeCKe LTaHr
OTHOCWUTENIEHO MOPOXKHEN 3anmpaBKU CHUXaeTcs B 3 pasa
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Puc. 2. 3aBMCUMOCTb MaKCUMarbHOTO BEPTUKANIbHOMO YCKOPEHWUS! HA HABECKe LUTAHT OT CKOPOCTM ABMXKEHUS MPU AABNEHUM B LUMHAX:
a — 80 klMa; b — 40 klla. YpoBeHb 3anonHeHus baka: 1 — 0%; 2 — 50%; 3 — 100%.
Fig. 2. Dependence of maximal vertical acceleration of booms suspension on motion velocity at tire pres-sure of: @ — 80 kPa; b —

40 kPa. Tank filling level: 7 — 0%; 2 — 50%; 3 — 100%.

npu 3anpaBke emkocTu Ha 50%, u B 4,8 pasa npu non-
Hoi 3anpaske. [lpu aguxenun M3IC ¢ 3Toii e CKOpOCTbIO,
HO JaBneHun Bo3ayxa B LmHax 40 klla ypoBeHb KonebaHwii
Ha HaBecKe LUTaHI OTHOCUTE/bHO MOPOXKHEN 3anpaBKU CHU-
3wics B 2,6 pa3a npu 3anpaske eMKocT Ha 50%, u B 2,9 pasa
CHU3WNCA NPU NOJTHOM 3anpaBKe.

CrouT 0TMEeTUTb TEHAEHUMIO CHUXEHUS MaKCUMaIbHOrO
BEPTUKANbHOTO YCKOPEHWS Ha HABECKE LUTAHT OMpbICKUBATENS
MOOMNBHOMO 3HEpPreTMYeCcKoro CpeAcTsa B AManasoHe CKo-
pocteit ot 3 M/c Ao 9 M/c 1 HebofbLLIOE BO3pacTaHWe B Aua-
na3oHe ot 9 M/c fo 12 M/c. 1nsa obocHOBaHMA 3aBUCUMOCTEN
YCKOpeHuin ot ckopocTv aBukeHns M3C 6Bbinm paccMotpe-
Hbl CMEKTPbI BEPTUKaNbHbIX YCKOPEHUIA Ha 3afHeil HaBecke
npu gaeneHmn B WwinHax 40 klla v ypoBHsA 3anonHeHus baka
onpbickueatens 0 % (puc. 3).

PaccmatpuBas nonyyeHHbIe CMEKTPbI YCKOPEHUS, Heobxo-
LMMO OTMETUTb [1Ba MaNa30Ha Pe30HaHCHBIX YacToT: NepBbIii
AnanasoH B uHTepBane ot 1,6 Ty go 4 My, a BTopon — ot 4 [
Ao 8 Tu. Pe3oHaHCHas 4yacToTa Ha MepBOM [ManasoHe cMe-
waeTcs B 0bnacTb bonee BbICOKMX YaCTOT MpU YBEAMUEHUN
ckopocTn aBwxenna M3C ¢ 2 Ty npu cKOpoCTM ABMMEHWSA
3 M/c o 3,15 Ty npu ckopoctvt 9 u 12 m/c. OpHoBpeMeH-
HO CO CMeLLEHUEM Pe30HAHCHOM YacToThl BepTUKaNbHOE
yckopeHue cHuxaetcs ¢ 0,1583 g npu ckopocTu aBuKeHuMs
3 m/c po 0,1065 g npm ckopoctn 12 m/c (B 1,49 pas).

B 10 e BpeMsl, Ha BTOpPOM [Mana3oHe TaKKe Pe3oHaHC-
Has YacTota cMeluaetca ¢ 5 T npu ckopoctn 3 M/c Ha 6,3 T
npu cKopocTsx asvennst M3C 6, 9 u 12 m/c. Ho ¢ yBennuennem
ckopocTh ot 3 M/c Ao 12 M/c B paccMaTpuBaeMoM MHTepBane
HabmtonaeTca poct yckopenus ¢ 0,0725 g mo 0,1414 g (B 1,95 pas).

Takum 06pasoM, Npu CHUKEHUW YCKOPEHWUW Ha MepBOM
PE30HAHCHOM MHTepBasie 4acToT, Ha BTOPOM Pe30HAHCHOM
WHTEpBaNe YCKOPEHMs BO3pacTaloT. Ha cKopocTU [BUMEHMS

DOl https://doiorg/10.17816/0321-4443-567796

MobunbHOro cpencTea Ao 6 M/c NepBbIi Pe30HAHCHBIA yya-
CTOK WMeeT Gonbluee YCKOpPEHWe, a NMpu cKopocTw Gonee
9 m/c — ye BTOpOIA. COOTBETCTBEHHO MaKCMManbHOE Bep-
TUKa/IbHOE YCKOPEHWE Ha HABECKE LUTAHr Oy#eT CHMMKaThCs
[0 CKOPOCTW JBIKEHUs 9 M/C U3-3a YMEHbLUEHWUS BPEMEHM
B3aMMOLENCTBUSA ABVWKUTENS C €AVMHUYHON HEpPOBHOCTHIO
n ¢ 9 M/c bynet TonbKo BO3pacTaTh, YTO 0OBACHSETCS YBe-
JIYEHNEM BO3[EMCTBUA Ha HABECKY OT LUIMH U TPAHCMUCCUN.

BTopbIM 3TanoM 3KcmepuMeHTanbHbIX UCCef0BaHUM
npesycMaTpuBanach OLEHKA BIUSIHUA Ha BUOpPOHarpyxeH-
HOCTb LUTAHr ONpbICKMBATENs [LaBNEHUS BO3AYXa B LUMHAX
1 cKopocTu Asuxenns M3IC B nopoxHeM coctosiHuu, be3 3a-
npaBKK baka TeXHONOTMYECKON XUAKOCTbIO (pUC. 4). YcTaHoB-
JIEHO, YTO CO CHUMEHMEM [aBNeHMs BO3AyXa B LUMHAX TaKKe
CHUKaeTCs ypoBeHb KoNebaHuil Ha HaBeCKe LUTaHT OMpbICKU-
Batens. B ananasone ckopoctent 75-10,5 M/c, umeeT MecTo
MWHUMabHbIA YPOBEHb KonebaHuMin Npu pasnuyuHbIX LaBne-
HWAX BO3JyXa B LUMHAX, MUHUMYM KonebaHuii jocTuraetcs
npu ckopoct 9 M/c. [laBneHue Bo3gyxa B wuHax 80 Klla
yCTaHaBIMBAETCA MPW Nepeesfie C Mofs Ha rnone npu LBu-
YKEHUM N0 TPYHTOBLIM YKaTaHHbIM A0pPOraM W Mo Aoporam
C MOKpbITMEM. py BBINOIHEHUM TEXHONIOMMYECKUX OnepaLimii
npeabloyLLMMIU UCCTIefoBaHNAMM ObliIo PeKOMEHA0BaHO JaB-
neHve Bo3ayxa B WwiuHax 40 Kla. [laBneHue Bo3ayxa B LWKMHAX
20 kla peKoOMeHAOBAHO A1 KPaTKOBPEMEHHOIO Npeofone-
HWUS TPYLHOMPOXOAUMBIX YYacTKOB MONS MPU BbIMNONHEHUN
paboT Ha NoyYBax C HU3KOM HECYyLLEN CMOCOBHOCTLIO.

MaKcuManbHbIi ypoBeHb KonebaHuii Ha HaBEeCKe LUTaHr
npu asuxeHu M3C B NOpOXKHEM COCTOSHWM CO CKOPOCTH
9 M/c uMeeT MecTo npu AaBneHun Bo3ayxa B wiuHax 80 Klla,
npu paenenmnsax 60 KMa u 40 Klla ypoBeHb KonebaHWi cHu-
xaetca coorBeTcTBeHHO B 1,1 1 1.4, a npn naenenun 20 klla
ypoBeHb KonebaHun cHusunca B 2,8 pasa.
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Puc. 3. CneKTpbl BepTUKambHbIX YCKOPEHWIA HA HABECKE LUTAHT Npu ypoBHe 3anonHeHus baka 0% u aaenequm B lwnnax 40 klla Ha ckopocTy

nukenus: 1 —3 m/c; 2 — 6 M/c; 3 — 9 M/c; 4 — 12 M/c.

Fig. 3. Spectra of vertical accelerations of booms suspension at a tank filling level of 0% and tire pres-sure of 40 kPa at motion velocity

of: 1—3m/s;2—b6m/s; 3 —9m/s; 4 — 12 m/s.
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Puc. 4. CneKTpbl BEPTUKaNbHbIX YCKOPEHUIA HA HABECKE LUTaHT
npy ypoBHe 3anojiHeHus 6aka 0% u paBneHun B wwuHax 40 kMa
Ha cKopocTn aBuxenus: 1 —3 M/c; 2 — b m/c; 3 — I Mic; 4 — 12
m/c.

Fig. 4. Spectra of vertical accelerations of booms suspension at
a tank filling level of 0% and tire pres-sure of 40 kPa at motion
velocity of: 1 — 3 m/s; 2— 6 m/s; 3 — 9 m/s; 4 — 12 m/s.

TpeTbUM 3TanoM 3KCMepUMEHTaNbHbIX WUCCNeR0BaHWM
npegycMaTpuBanoch OnpefeneHne amnauTyasl Konebauii
Ha KOHLX LUTaHT ONpbLICKMBaTeNs Ans Hanbonee BubpoHarpy-
JKEHHOIO pPeXuUMa ABUMKEHMS. YCTaHOBNEHO, YTO NpU Nepee3fe
Yepes MUCKYCCTBEHHbIE HEPOBHOCTM C PacKpbITbIMU B paboyeM
MOJIOXEHMM LUTAHTaMM, PacnosioXeHHbIMU Ha paccTosHuu 700
MM OT OMOPHOM NOBEPXHOCTM, BO BCEM [iMaNa30oHe CKOpOCTel

DOl https://doiorg/10.17816/0321-4443-5677%6

ABUXeEHWA oT 3 M/c fo 12 M/c, aMnnTyaa KonebaHmiA Ha KOH-
Liax LUTaHr He npe.biwana 80 MMm.

lpoBenéHHble McCnepoBaHMs BUBPOHArpyXeHHOCTM
LUTaHr OnpbICKUBaTeNs nokasanu, yto obopyaosanue M3C
LUMHaMKU CBEPXHW3KOTO [aBfIeHWA OKa3sblBaeT Liaffllee
BO3/ENCTBME Ha LUTAHTM onpbickuaTens. Ha Bcex pexu-
MaxX MCMbITaHWA Pe30HAHCHBIX fBMEHUIA He 6bino BbIB-
NeHo, Npu 3TOM amnauTyaa KonebaHuii Ha KOHUAX LUTaHr
npu nepeesfie Yepe3 eAvHUYHbIE HEPOBHOCTU He MpeBbILLIa
KPUTUYECKMX 3HAYEHMM.

BbIBOAblI

MuHMManbHbIN YpoBEHb KONebaHW Ha LuTaHrax onpbl-
CKMBaTENs MpU PasfuuHbIX pexumMax pabotbl MMeeT MecTo
B AManasoHe ckopocTent 7,5-10,5 M/c. Tpu 3TOM CHUMEHWe
AaeneHus Bosayxa B wmHax ¢ 80 kMa go 20 kla no3sonset
CHU3MTb BUOPOHArpPYKEHHOCTb LUTAHT B 2,8 pasa.

lpoBeAeHHbIE MCCNEAOBaHUS MOKA3anM, YTO CHUKe-
HWe 3anpaBKku baka TexHonormyeckon xmakoctolo co 100%
0o 50%, He oKa3biBaeT CYLLECTBEHHOMO BAUAHUA Ha BUDpO-
HarpyXeHHOCTb LUTAHr OMpbICKUBaTeNs. YBenuuyeHue BU-
OpoHarpyeHHOCTM MMeeT MecTo B AManasoHe 3anpaBoK
ot 50% Lo nopoxHero coctosiHUA. CaMbIM BUOpOHarpyxeH-
HbIM [J191 LUTAHT OMPbICKUBATENA ABMIAETCA PEXUM ABUMKEHUSA
B MOPOXKHEM COCTOSHUMW.

JKCMEepPUMEHTaNbHO  YCTAHOBEHO, 4TO MpU  [BUXKe-
HWM MO eOMHWYHBIM HEPOBHOCTAIM B AMana3oHe CKOpOCTeW
oT 3 M/c [0 12 M/c LUTaHIW ONpLICKMBATENS YCTOMYMBO HAX0-
LMIUCb B FOPU30HTANIEHOM MOMOMXKEHWM, UHTEHCUBHBIX Koneba-
HUWIA M PE30HAHCHBIX PEXXMMOB CEKLMIA LUTaHT He Habnoaanock.




KAYECTBO, HALIEXKHOCTD

AMnnuTyna KonebaHWd Ha KOHUAX LITaHr Npu nepeesfe
uepes eMHNYHbIE HEPOBHOCTU He NpeBbiLLana 80 MM, yTo yaoB-
NIETBOPSIET arpoTeEXHUYECKUM TpeboBaHMAM NMpU BLINOTHEHWM
TEXHOMOMMYECKUX MPOLIECCOB No 06paboTKM KyNbTYpHbIX pac-
TEHWI.

AOMOHUTE/IbHAAA UHOOPMAL UA

Bknap aBtopos. B.. NpsagkvH — obLuee pykoBOACTBO MC-
CNeAOBaHMAMY, MHUUMATOP Ppa3paboTku M co3naHns 0bb-
eKTa WCCNefoBaHMIA, paspaboTka nporpamMMmbl - METOAUKM
NCCNe0BaHNM, yd4acTMe B HamMCaHWM TEKCTA PYKOMUCH;
M.A. KonsgnH — ydyacte B co3aaHum obbeKTa MccneaoBa-
HWIA, pa3paboTka MporpamMMbl UCCe0BaHUIA, ydacTue B Mpo-
BEJEHWM UCMbITaHWIA, 0bpaboTKa pe3ynbTaToB WMcCnefoBaHuUi;
PeaaKTMpOBaHKe TeKCTa. ABTOpbI MOATBEPIK/AAIOT COOTBETCTBME
CBOEro aBTOPCTBA MeX/yHapoaHbIM kputepusam ICMJE (Bce aB-
TOPbI BHEC/M CYLLIECTBEHHBIN BK/1aZ, B pa3paboTKy KOHLENUmK,
MpoBefeHNe WCCefoBaHUA W MOLTOTOBKY CTaTby, MpoYny
1 omobpunn GUHaMBHY0 BEpCUIO Nepen NybnvKaumen).
KoHdnuKT uHTepecoB. ABTOpbI [eKNapupyloT OTCYTCTBUE
ABHBIX W NOTEHLMAMbHBIX KOHDMKTOB MHTEPECOB, CBA3AHHbIX
C NybAMKaLWen HaCTOALLEN CTaTbM.

CMUCOK JITEPATYPbI

1. [lporHo3 Hay4HO-TEXHOMOMMYECKOr0 Pa3BUTWS arpoMpOMBILLI-
neHHoro KoMnnexca Poceuiickont Mepepaumnm Ha nepvoa oo 2030
roga. M.: MunCenbXo3 PO, HWY BLLU3, 2017.

2. be3syrnos B.I. AHanu3 TEXHONOTW U TEXHUKM A5 BHECEHWS XM~
MUYECKUX CPEACTB 3aLLuThl pacTeHuit // TexHUKa 1 0bopyLoBaHus
ond cena. 2013. N2 2. C. 7-10.

3. bBbikos C.H. [okasaTenb «3Ha4MoCTb MHPOPMALIMOHHOM TEXHO-
NIOrUM» KOHKYPEHTOCMOCOBHOCTM HAYKOEMKOW MaLUMHOCTPOUTESb-
Ho npogykumy // CoBpeMeHHble HayKoeMmkue TexHomnoruu. 2018.
Ne 12. C. 25-30.

4. [lemnn EE., Crapues A.C., Masnos MMW., n gp. Pe3ynb-
TaTbl  MCCNeAO0BaHWA  MOLLHOCTM  YCTAHOBMEHHbIX [BWUra-
Teflel U MacChl CaMOXOLHbIX LUTaHroBbIX OMpbICKMBaTe-
nen // ArpapHbli HayuHbid xypHan. 2022. Ne 12. C. 73-76.
doi: 10.28983/asj.y2022i12pp73-76

5. LeronmxmHa T.A. TeHaeHUMM pa3BUTUS 3apybexHbIX CaMoXof-
HbIX OnpbicKuBaTenen. B KkH.: CoBpeMeHHble pecypcoahdeKTBHbIE
TEXHOMOrMM 1 TexHuyeckune cpeactsa B AlNK; Matepmansl Bcepoc-
CUMCKOM (HaUMOHaMbHOM) Hay4HO-NPaKTUYECKOM KOH(MepeHUMH,
r. Kypck, 31 mapta 2021. Kypck, 2021. C.116-120.

6. Tpsgkud BM., Wanwpo B.A., Tomkaes 3.A., v ap. TpaHcnop-
THO-TEXHOJOrMYECKUe CPeSCTBa Ha LUMHAX CBEPXHW3KOr0 aBAEHUS.
Boponex: BIJITY. 2019.

7. KoHctantnHoB M.M., MeTtpeHko E.C. TexHWMKo-3KOHOMMYeCKoe
000CHOBaHME LUMPWHBI 3aXBaTa LUTAHroBOro OnpbickuBatens //
N3sectms OAY. 2018. Ne 1 (68). C. 122-125.

8. Kpyk W.C, Toppeenko 0.B., Kapnoswu CK. n gp. Hampas-
NEeHVs NOBBILLEHNS 3QOEKTUBHOCTM MCMOMb30BaHUS MONEBBIX
LUTAHrOBbIX OMpbicKuBaTenei // ArponaHopama. 2022. N° 5 (153).
C. 2-10.

Tom 90, Ne 6, 2023

DOl https://doiorg/10.17816/0321-4443-5677%6

TpaHTOpb\ M CENbXO3MallWHbI

UcTouHuk  dmHaHcupoBaHua. ABTopbl  3asBAAKT
06 OTCYTCTBMM BHELUHErO (QUHAHCUPOBAHWA NPW MPOBEAEHNN
nccnefoBaHum.

ADDITIONAL INFORMATION

Authors’ contribution. V.I. Pryadkin — general management
of the study, initiation of development and creation of the object
of the study, development of the program and methodology
of the study, writing the text of the manuscript; PA. Kolyadin —
creation the object of the study, development of the program
of the study, conducting tests, results processing; text editing.
The authors confirm that their authorship complies with
the international /CMJE criteria (all authors made a significant
contribution to the development of the concept, research and
preparation of the article, read and approved the final version
before publication).

Competing interests. The authors declare no any transparent
and potential conflict of interests in relation to this article
publication.

Funding source. Authors state that this research was not
supported by any external sources of funding.

9. Metyxos [.A., l03eHko H0.A. TexHWKO-3KCMNyaTaLMOHHbIE
rnoKasaTenn camoxofHbIx onpbickusateneit // ArpoCHab®opym.
2018.N° 2. C. 13-16.

10. Mommwyk 10.B., Nantes H.B., Komapos A.M. 3ddekTnBHOCTL
CMO/b30BaHUS CAMOXOAHOrO OMpbICKMBaTENS 060pyLOBAHHOMO
CMCTEMOIA aBTOMaTU4eckoro BoxaeHusa // Huea lMosomkbs. 2021.
N 4 (57). C. 86-92.

11. Kapnoswu CK., Mapunmy J1.A., Kpyk U.C., 1 ap. MeToamka oueHKK
TEXHUYECKOr0 COCTOSHWSA MOJIEBLIX LUTAHMOBLIX OMpLICKMBATENEw
1 TeXHOJIorMYeckmne TpeboBaHms K HUM. MuHck: BITATY, 2016.

12. lWmenes A.B., Jlonyx [1.I"., Apobbiwesckas 0.B. Mogenmposarme
W aHanu3 CWII0BON HarpyXeHHOCTU CUCTEMbI LUTAHI CaMOXOAHOM0
onpbickmeatens B cpege MSC.ADAMS // AxTyanbHble BOMPOCHI
MalumHoseaeHus. 2016. N2 5. C. 91-94.

13. bawkupes AN, Weapy AA., Lkaberko AQ. AHanms nonesbix
onpeickuBatenei // Hayka B ueHTpansHoi Poccuu. 2019. N2 6 (42).
C. 50-58.

14. Kpyk W.C., Kot T.IN, Topaeerko 0.B. Cnocobbl 1 TexHnyecKme
CpeAcTBa 3almThl dakena pacnbina OT NPSMOro BO3LENCTBUS
BETpAa B KOHCTPYKUMAX NOJEBBIX OMpbICKMBaTENEN. MUHCK:
BrATY, 2022.

15. lomxaes 3.A., MoHyapeHko C.B., Aptémos A.B., u ap. Ynpyrue
XapaKTEPUCTUKM LWUMHBI CBepXHM3Koro paaBnewms 1020x420-18
Mogenm ben-79. Y. |. BepTukanbHble Harpysku// AsToMobunbHas
npombiwneHHocTs. 2020. N° 8. C. 18-21.

16. Topxaes 3.A, [psagkud BMW., Konaguw MA, w gp.
MepcnexTVBHbIE MOBUIbHBIE CPEACTBA HA LUMHAX CBEPXHW3KOIO
LaBeHWNs [ONs  CENIbCKOXO3AMCTBEHHOrO npoussoacTea  //
TpakTopbl M cenbxo3MawuHel. 2022. T. 89, Ne 4. C. 277-286.
doi: 10.17816/0321-4443-115016

549


https://doi.org/10.28983/asj.y2022i12pp73-76
https://doi.org/10.17816/0321-4443-115016

550

QUALITY, RELIABILITY

REFERENCES

1. Forecast of scientific and technological development of the
agro-industrial complex of the Russian Federation for the period
until 2030. Moscow: MinSelKhoz RF, NIU VShE; 2017. (In Russ).

2. Bezuglov VG. Analysis of technologies and equipment for applying
chemical plant protection products. Tekhnika i oborudovaniya
dlya sela. 2013;2:7-10.(In Russ).

3. Bykov SN. Indicator “importance of information technology”
of competitiveness of high-tech engineering products. Sovremennye
naukoemkie tekhnologii. 2018;12:25-30. (In Russ).

4. Demin EE, Startsev AS, Pavlov P, et al. Results of studies
of the power of installed engines and the weight of self-propelled
boom sprayers. Agrarian Scientific Journal. 2022;(12):73-76.
doi: 10.28983/asj.y2022i12pp73-76

5. Shchegolikhina TA. Development trends of foreign self-propelled
sprayers. In: Modern resource-efficient technologies and technical
means in the agro-industrial complex; materials of the All-Russian
(national) scientific and practical conference, Kursk, March 31, 2021.
Kursk; 2021:116-120. (In Russ).

6. Pryadkin VI, Shapiro VYa, Godzhaev ZA, et al. Transport and
technological means on ultra-low pressure tires. Voronezh: VGLTU,;
2019. (In Russ).

7. Konstantinov MM, Petrenko ES. Feasibility study of the working
width of a boom sprayer. lzvestiya 0GAU. 2018;1(68):122—125. (In Russ).
8. Kruk IS, Gordeenko OV, Karpovich SK, et al. Directions for
increasing the efficiency of using field boom sprayers. Agropanorama.
2022;5(153):2-10. (In Russ).

0b ABTOPAX

* Mpaakud Bnagumup Unbuy,

L-P TeXH. HayK,

npodeccop Kaheapbl aBTOMOBUNEN 1 CEPBHCa;
appec: Poccus, 394087, BopoHex,

yn. Tummpszesa, 4. §;

ORCID: 0000-0002-5436-1122;

eLibrary SPIN: 6343-4430;

e-mail: vip16.vgltu@mail.ru

Konspux MaBen AnekcaHaposuy,
acnupaHT kadeapsl aBToMobumnei 1 cepauca;
ORCID: 0000-0003-3003-7894;

eLibrary SPIN: 7457-1844;

e-mail: kpa.022@yandex.ru

* ABTOp, OTBETCTBEHHHIN 3a nepenucky / Corresponding author

Vol. 90 (6) 2023

DOl https://doiorg/10.17816/0321-4443-5677%6

Tractors and Agricultural Machinery

9. Petukhov DA, YuzenkoYuA. Technical and operational indicators
of self-propelled sprayers. AgroSnabForum. 2018;2:13-16. (In Russ).
10. Polishchuk YuV, Laptev NV, Komarov AP. Efficiency of using
a self-propelled sprayer equipped with an automatic driving system.
Niva Povolzhya. 2021;4(57):86=92. (In Russ).

11. Karpovich SK, Marinich LA, Kruk IS, et al. Methodology for
assessing the technical condition of field boom sprayers and
technological requirements for them. Minsk: BGATU; 2016. (In Russ).
12. Shmelev AV, Lopukh DG, Drobyshevskaya OV. Modeling and
analysis of the force load of the boom system of a self-propelled
sprayer in the MSC.ADAMS environment. Aktualnye voprosy
mashinovedeniya. 2016;5:91-94. (In Russ).

13. Bashkirev AP, Shvarts AA, ShkabenkoAYu. Analysis of field
sprayers. Nauka v tsentralnoy Rossii. 2019;6(42):50-58. (In Russ).
14. Kruk IS, Kot TP, Gordeenko OV. Methods and technical means of
protecting the spray torch from direct exposure to wind in the designs
of field sprayers. Minsk: BGATU; 2022. (In Russ).

15. GojaevZA, Goncharenko SV, Artyomov AV, et al. Elastic
characteristics of an ultra-low pressure tire 1020x420-18 model
Bel-79. Part I. Vertical loads. Avtomobilnaya promyshlennost.
2020;8:18-21. (In Russ).

16. Gojaev ZA, Pryadkin VI, Kolyadin PA, etal. Promising mobile
vehicles with ultra-low pressure tires for agricultural production.
Tractors and Agricultural Machinery. 2022;89(4):277-286.
doi: 10.17816/0321-4443-115016

AUTHORS’ INFO

* Vladimir 1. Pryadkin,

Dr. Sci. (Engineering),

Professor of the Cars and Service Department;
address: 8 Timiryazeva street, 394087 Voronezh,
Russian Federation;

ORCID: 0000-0002-5436-1122;

eLibrary SPIN: 6343-4430;

e-mail: vip16.vgltu@mail.ru

Pavel A. Kolyadin,

Postgraduate of the Cars and Service Department;
ORCID: 0000-0003-3003-7894;

eLibrary SPIN: 7457-1844;

e-mail: kpa.022@yandex.ru



https://doi.org/10.28983/asj.y2022i12pp73-76
https://doi.org/10.17816/0321-4443-115016
https://orcid.org/0000-0002-5436-1122
https://www.elibrary.ru/author_profile.asp?spin=6343-4430
mailto:vip16.vgltu@mail.ru
https://orcid.org/0000-0003-3003-7894
https://www.elibrary.ru/author_profile.asp?spin=7457-1844
mailto:kpa.022@yandex.ru
https://orcid.org/0000-0002-5436-1122
https://www.elibrary.ru/author_profile.asp?spin=6343-4430
mailto:vip16.vgltu@mail.ru
https://orcid.org/0000-0003-3003-7894
https://www.elibrary.ru/author_profile.asp?spin=7457-1844
mailto:kpa.022@yandex.ru

KA4ECTBO, HAEHHOCTb Tom 90, N° 6, 2023 TpaKTOPbI V1 CeMbX03MaLLMHL!

DOI: https://doi.org/10.17816/0321-4443-568992

ODVII'VIHaJ'IbHOG nccneaposaHme

[marHocTupoBaHue ruapoLUIMHAPOB
CTPOUTENbHO-A,0PO0XKHbIX MalLUMH C MOMOLLbIO
ruapaBaMYecKoro noanopa

A.N. Munnep" 2, K.T. Nyruu’ 2

1 MepMcKuit HaUMOHaNbHBIA UCCTIE0BATENLCKUI MONMTEXHUYECKNIA yHuBepeuTeT, MepMb, Poceuitckas Qenepaums;
Z [TepMCKuiA rocyaapCTBEHHBIN arpapHo-TexHoNoryeckuii yumsepcurer, Mepmb, Poceuitckas Oeaepaums

AHHOTALMSA

06ocHoBaHMe. 3QQEKTMBHOCTL 3KCMNyaTaumu rMapodUUMPOBAHHBIX MALUMH CYLLECTBEHHO 3aBUCWT OT HaluuMs COBpe-
MEHHbIX METOJ0B M CPEACTB AMArHOCTMPOBAHMA MallMH B LIESIOM W MMAPaBMYECKUX CUCTEM B YacTHOCTU. U3MeHsiowmecs
MpK 3KCMTyaTaLMm NapaMeTpbl MUAPaBAMYECKUX CUCTEM TEXHOMOMMYECKUX MALlLMH OLLEHWBAIOTCA PasfIMYHBIMU AMArHOCTUYe-
CKMMMW MeTOZaMK, 00/1afialoLLMMK OrpefesieHHbIMUM NpeUMYLLLeCTBaMU U HeAocTaTkaMu. Belbop MeTof0B AMarHoCTMpoOBaHuS
CyLLECTBEHHO 3aBUCUT OT TUMa, Ha3HaYeHWIA M YCIOBUIA IKCTTyaTaLMm, @ TakKe OT OCHALLLEHHOCTU 3KCTTyaTalMOHHBIX NojA-
pasfenieHuii CpeACcTBaMU AUArHOCTUKM.

Lienb paboTtbl — paspaboTka HOBOro MeTOAa AMArHOCTUKY TMAPOLMIMHAPOB. [PUMEHUTb annapaTHO-AWMarHOCTUYECKMIA
KOMMNIEKC ANA UCTIbITAHUA TMAPOLMIMHAPA; NPOBECTU aHanW3 rpadmKoB 3aBUCUMOCTY JABEHUS OT BPEMEHM, @ TaKXKe Bbl-
SBUTb OCHOBHOM AMAarHOCTUYECKUIA NOKa3aTeslb, XapaKTepU3YIoLLMiA TEXHUYECKOe COCTOSHUE MMAPOLMIMHADPA.

Martepuanbl 1 MeToApl. B KayecTBe AMArHOCTUYECKMX MOKa3aTesied, UCMONb3yeMbiX A1 AMArHOCTUKM TEXHUYECKOTO CO-
CTOSIHWSA TMAPABNMYECKUX CUCTEM U OTAEMbHBIX 3/IEMEHTOB, B HAaCTOSLLEE BPEMS, UCTIONb3YIOTCS: AABNIEHMe, PacxoA U TeM-
nepatypa paboyei JMAKOCTU. M3MeHeHWe 3TUX MoKa3aTeneil No3BoNSeT CyAuTb O COCTOSHUM MMAPOCUCTEMbI CTPOUTENbHOM
MaLunHbl. 0aHaKo, yKa3aHHble NOKa3aTeNn NOMOratoT OLEHUTb CyLLECTBYIOLLLEE COCTOSIHUE U, KaK NPaBuio, He AaloT BO3MOX-
HOCTM OLIEHWUTb OCTATOYHBII PECYpPC 3IEMEHTOB FAPOCUCTEMBI.

PesynbTatbl. TexHM4ECKOE COCTOSHUE W OCTAaTOYHbINA PECYpc rMAPOLMIMHAPOB MOXHO OMpeAenuTb NyTeM CpaBHEHUS yrna
MOBLILLEHUS [ABMIEHUA Ha 3TA/IOHHOM M Ha WUCTIbITYEMOM TMAPOLMAMHAPE. Yron MOBbILLEHUA [ABMIEHUS MPU OpraHU3aLum
MOANOPa B C/IMBHOM JIMHWM MOXKET BbiTb AMArHOCTUYECKMM NapaMeTPOM NP ONpPefeNeHNn TEXHUYECKOro COCTOSHUS TMAPO-
UMIMHAPA M NO3BONSAET ONPEAEesIUTb U3MEHEHUE ero TEXHUYECKOro COCTOSHMS.

3akntoyehue. MpaKTuyecKas LEHHOCTb UCCIEA0BaHUA 3aKIIOHAETCA B ONPeAEIEHUN TEXHUYECKOr0 COCTOSIHUSA MMAPOLMINH-
[ipa Mpu COBMECTHOM MCMO/b30BaHUM annapaTHO-AMarHOCTUYECKOr0 KOMIJIEKCa M pa3paboTaHHOro MeToAa AMAarHOCTUKM.
MpennaraeMblil MeTOL, OLIEHKN TEXHUYECKOr0 COCTOSHUA NO3BOJISIET OLIEHMBATL PECYpC M1APOLMIMHAPOB, KaK Ha CTeHAe, TaK
Y TIPU BbINOJIHEHWM NPOM3BOLCTBEHHBIX MPOLECCOB Ha MallMHe. 3T0 MO3BOSIAET COKPATUTL BPeMs MPOCTOS MaLLMH, a TakKe
YMEHbLUAETb PACX0f, [IEHEXHBIX CPEACTB Ha UX 0BCIyXKMBaHME N PEMOHT.

KnioueBble cnoBa: CTPOUTENIbHO-A0PO0XHbIE MalUWHbI; TMAPOUMNKHAD; TMApaBIMyeCKaa CUCTeMa; HaAEXHOCTb; AuarHo-
CTUKa.
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Diagnostics of hydraulic cylinders of road building
machines using hydraulic support

Alexander P. Miller'- 2, Konstantin G. Pugin'-2

1 Perm National Research Polytechnic University, Perm, Russian Federation;
2 Perm State Agro-Technological University, Perm, Russian Federation

ABSTRACT

BACKGROUND: The efficiency of operation of hydroficated machines significantly depends on the availability of modern
methods and means of diagnosing machines in general and hydraulic systems in particular. The parameters of hydraulic
systems of technological machines that change during operation are evaluated by various diagnostic methods that have certain
advantages and disadvantages. The choice of diagnostic methods significantly depends on the type, purpose and operating
conditions of hydraulic systems, as well as on the equipment of operational units with diagnostic tools.

AIM: Development of a new method for diagnosing hydraulic cylinders. Application of a hardware diagnostic facility for testing
a hydraulic cylinder. Analysis of time-domain graphs of pressure. Identification of main diagnostic indicator characterizing
the technical condition of the hydraulic cylinder.

METHODS: The pressure, flow rate and temperature of the working fluid are currently used as diagnostic indicators of technical
condition of hydraulic systems as a whole and their individual elements. Changes in these indicators makes it possible to judge
the state of the hydraulic system of the construction machine. However, these indicators help to assess the current state and,
as arule, are not enough to assess the remaining service life of hydraulic system elements.

RESULTS: The technical state and remaining service life of hydraulic cylinders can be determined by comparing the angle
of pressure increase of the reference hydraulic cylinder and of the tested hydraulic cylinder. With the hydraulic support
in the drain line, the angle of pressure increase can serve as a diagnostic parameter when determining the technical state
of the hydraulic cylinder, makes it possible to determine the change in its technical state.

CONCLUSIONS: The practical value of the study lies in the fact that with the help of a hardware diagnostic facility used together
with the developed diagnostic method, it is possible to assess technical state of the hydraulic cylinder. The proposed method
of assessing the technical state helps to evaluate the service life of hydraulic cylinders, both on the bench and during their
operation. It helps to decrease the downtime of machines, as well as to decrease costs their maintenance and repair.

Keywords: road building machines; hydraulic cylinder; hydraulic system; reliability; diagnostics.
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KAHECTBO, HANEHHOCTD

BBEJEHUE

B HacToswee Bpems HabniopaeTcs pocT mapKka CroX-
HOW UM [JOpOrocTosillel TEXHUKW, K KOTOPOW OTHOCATCS
CTPOUTENIbHO-A0POXHbIE MallMHbl. B gaHHbIX MawuHax
NPUMEHSIKOTCA TMApPAaBAMYECKUE NpUBOLLI. Bbicokui ypo-
BEHb CNIOXHOCTM TMAPABMYECKUX CUCTEM, @ TaKKE BbICOKME
TpeboBaHus K ux 6e3onacHocTH, 6e30TKA3HOCTM U JONToBeY-
HOCTU TpebyloT TOYHOW OLEHKW UX TEXHWYECKOrO COCTOSIHMS
B npouecce 3Kkcnayatauum [1, 2].

JIbpeKTMBHOCTL 3KCTUTyaTaUuu TMAPOGULMPOBAHHBIX
MallWH CYLIECTBEHHO 3aBUCWUT OT HalU4Ms COBPEMEHHbIX
MeToA0B W CPeACTB AMArHOCTUPOBAHWA MalUMH B LIEJIOM
W TMOpPaBAMYECKUX CMCTEM B yacTHocTH [3]. M3MeHstowme-
CA NpU 3KCN/yaTauuu napaMeTpbl MMAPABAMYECKUX CUCTEM
TEXHOMOMMYECKMUX MALUMH OLIEHMBAIOTCA Pa3fiMyHbIMU auMa-
FHOCTMYECKUMU MeTofaMK, 0bnajatoLLMMn onpeLeneHHbIMU
npenMyLLecTBaMM M HepocTaTkamu [4, 5]. Beibop metonos
AVarHOCTUPOBaHWUA CYLLECTBEHHO 3aBUCWT OT TUMa, Ha3Ha-
YEeHWI M YCNOBMIA 3KCMyaTauuu MAPaBIUYECKUX CUCTEM,
a TaKe 0T OCHALLEHHOCTYW 3KCNTyaTaUMoHHbIX Noapasaene-
HWiA CpeaCcTBaMmM anarHocTukm [6-9].

JKCnNyaTaumMoHHbIE pacxXofbl Ha TexHWYecKoe o0bcny-
JKMBaHWe CTPOUTEIbHO-AO0POKHbLIX MALUMH B TEYEHWE BCErD
CpoKa cnybbl MoryT BbiTb B HECKOMbKO pa3 BhlLUe, YeM ee
nepsoHayanbHas ctouMoctb [10]. Pacxoabl Ha aKkcnnyaTaumio
CTPOMTENbHO-A0POXKHBIX MaLlMH B 3HAYMTENIbHOW CTEMeHM
3aBMCAT OT YCIOBMIA 3KCMTyaTaLym, HarpysKu1, permoHa aKc-
nyaTauum, NponsBoanTens u Tuna Mawmnsl. [11]. MosbicuTb
HaJEWHOCTb MMAPaBIMYECKUX CUCTEM U TEM CaMbIM CHU3UTb
pacxofbl Ha NpOBEAEHWE BHE3aMHbIX PEMOHTOB MOXHO,
COCPEiOTOYMB BHUMaHWe Ha AWArHOCTUKE TMApPaBINYECKOI
CUCTEMBI.

LIE/Ib UCCNEAOBAHUA

Lenb uccnenoBaHus cocTouT B pa3paboTke HOBOIO MeTo-
0@ OMarHOCTUKM rMapoumnuHapoB. MpUMeHUTL annapaTHo-
ONarHOCTUYECKUIA KOMMMEKC ANA WUCMbITaHWA TUAPOLM-
nuHapa. NposecTu aHanu3 rpadyUKoB 3aBUCMMOCTM [LaBEHNA
OT BPEMEHU, a TAKIKE BbISBUTb OCHOBHOW AWMArHOCTUHECKMIA
MoKa3aTeslb, XapaKTepU3YHLLMIA TEXHNYECKOE COCTOAHWE M-
ApOUMNMHApA.

MATEPWUAJIbI U METOAbI

B kauecTBe AMArHOCTUYECKUX MOKasaTesen, Ucnonb3ye-
MbIX AN AMArHOCTUKM TEXHUYECKOTo COCTOSIHUSA M1apaBnnye-
CKMX CUCTEM B LIENIOM W €€ OTAENbHbIX 3/1EMEHTOB B HACTOSA-
LLee BPeMS UCMOMb3YHTCA [aBNeHWe, pacxop, u TeMnepaTypa
paboueit xuaKoctn [12—-14]. U3meHeHne 3TUX noKasatenei
MO3BOSIOT CYAUTH O COCTOSHUN MUAPOCUCTEMBI CTPOUTENBHOM
MaLuMHbl. OHaKO 3TV NOKa3aTesu NOMOrakT OLEHUTb CyLLe-
CTBYIOLLIEE COCTOSIHME W KaK NPaBUNIO He LaloT BO3MOXKHOCTM
OLIeHUTb OCTAaTOYHbIA PECypC 31eMEHTOB MMAPOCUCTEMBI.

Tom 90, Ne 6, 2023
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Tpamopb\ /1 CeNbX03MalUMHbI

B cratbe Yunukuna A.A. v TpywmHa H.H. [11], kak ogun
U3 NPeLNOYTUTENBHBIX METOAOB AMArHOCTUKM, NPeaCcTaBieH
BMBPOAKYCTMYECKUIA METOf, OCHOBBIBAOLLMIACA Ha U3Mepe-
HUM aKyCTUYECKOM 3IMUCCKW, 0BYCNOBMEHHON BUBpaLMAMM
06beKTOB AnarHocTupoBaHms. o Mepe U3Hoca MexaHU3MOB
WM NpU BO3HWKHOBEHWUM B HUX Le(EKTOB XapaKTep LyMa
“ BMbpaumin MeHsieTcs. YKa3aHHbIi Bbille MeTod npegyc-
MaTpuBaeT U3MepeHWe 3a30POB B COMPSKEHMAX AeTanen
Mo BENMYMHAM UX BUOPALMOHHBIX XapaKTEpPUCTUKaM W aKy-
CTMHYECKMUM LLYMaM, BO3HWKaLLMX B pabote auarHoctvpye-
MOM MallmHbl. [loCTOMHCTBaMM AaHHOMO MeTOAA KOHTPONS
ABNAKOTCA BbICOKas MWHGOPMATUBHOCTb BUOPOAKYCTUHECKUX
CUrHaJoB, NpOCTOTa UX Npeobpa3oBaHus B ANEKTPUYECKME
CUTHanbl 1, CnefoBaTeNbHO, BO3MOXHOCTb aBTOMAaTM3aLuu
npouecca KoHTpons. HepoctaTkoM MeToaa sBnsieTcsl Heob-
XOLMMOCTb MPUMEHEHUA CeLManbHbIX NpeobpasoBateneil
ANA pa3feneHns nonesHbIX CUrHanoB 1 MoMex.

B cratbe bypmuctposa B.A., BonkoBa B.H., Tumo-
xoB P.C. [1] npepcTaBneH MeTton, AWarHOCTUKU, KOTOPbIN OC-
HOBBLIBAETCA Ha M3MEPEHWM BPEMEHW 3aMycKa U Mporpesa
ABUraTens, TeMneparypbl Macna U oxNaxAaloLlei KuaKo-
CTW, BPEMEHM BbIHYXAEHHbIX 0CTAaHOBOK. [1o Mepe nporpesa
rmapocucTeMbl B e€ TpybonpoBogax nosenslTcs obnactu
C He paBHOMEPHO MPOrpeToi paboyen HULKOCTbI0, HTO MOXKET
NPOBECTU K MOBLILLEHHOMY M3HOCY ruapoarperatoB. Metoq
npeLycMaTpuBaeT M3MepeHuUe TeMMepaTypbl B Pa3HbIX TOUKaX
Y3M10B ¥ rMAPONpMBOAOB. [JOCTOMHCTBAMM AaHHOrO MeToda
KOHTpONS SBNSETCA WUCMOb30BaHWe TeMnepaTtyphbl, Kak no-
KasaTens, mpocToTa ee npeobpa3oBaHWs B ANEKTPUYECKME
CUTHanbl U, CnefoBaTeNbHO, BO3MOXHOCTb aBTOMAaTM3aLuu
npouecca KoHTpons. HepoctatkoM MeTofa ABNsieTcs Heobxo-
[VMOCTb NPUMEHEHUS CNeLManbHbIX YCTPOICTB Ans obpabot-
KM 1 Npeobpa3oBaHWs aHaNoroBbIX CUrHaMOB.

B cratbe TapbeeBa A.A., A.W. Maenosa [10] npepcras-
NeH MeTod, AMArHOCTUKM TMAPOLMIMHAPOB C UCMONb30Ba-
HMEM WMCKYCCTBEHHOMO ruapoyaapa (nepexogHoro npouecca)
B €ro CMBHOM Maructpanu. [lo Mepe U3Hoca MexaHU3MOB
WNM NpY BO3HUKHOBEHMU B HUX leeKTOB MeHSIeTCs XapaKTep
nepexofHoro npouecca. MeTon npeaycMaTpuBaeT co3faHue
WCKYCCTBEHHOIO MMAPOYAApa NMpU HarpyXeHuu ruapoLMIvH-
ppa. KoHTponb TEXHWUYECKOTO COCTOSHMSA OCYLLEcTBASETCS
Mo TPEM NOKa3aTeNAM: BENUYMHA NOBBILIEHMS, YacToTa Kone-
6aHus 1 nepuop KonebaHus gasnexms. [loCTOMHCTBaMM AaH-
HOro MeToAa ABNAKOTCA NPocToTa Npeobpa3oBaHUs yKazaHHbIX
napaMeTpoB B 3/IEKTPUYECKUE CUTHaMbl U, CNefoBaTesbHO,
BO3MOXHOCTb aBTOMaTK3auum npouecca KoHTpons. Hepo-
CTaTKOM MeToAa, KaK M B NpedbloyLUMxX cnyyasx, ABnsercs
HeobXxoaMMOCTb NPUMEHEHUS CreLManbHbIX NpeobpasoBarte-
newt ansa npeobpa3oBaHNs aHaNOroBbIX CUrHAMOB.

AHanus Bbille yKa3aHHbIX METOLOB AMArHOCTMKU No-
380/ pa3paboTaTb COBCTBEHHBINM METOA, AMArHOCTUKM TU-
apounnuHapos. CyTb 3Toro Metoda 3aKilouatcs B UCMOfb-
30BaHuUM 3ddeKTa «ruaponoanopax» 4N1s Co34aHNSA Harpy3Ku
Ha 3IeMEeHTbl TMAPOLMAMHAPA U MOYYEHUS XapaKTEPUCTUKH
OTK/IMKA Ha 3Ty Harpy3ky. B KauecTBe mapaMeTpa OTK/IMKa
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NPeaoKeHo UCMomb30BaTb CKOPOCTb HapacTaHus AaBne-
HMA B HanopHoM Maructpanu. CpenaHo npeanonoXeHue,
YTO TEXHUYECKOE COCTOSIHME 3JIEMEHTOB TMAPOLMAMHApA
OyneT BMATb Ha CKOPOCTb HapacTaHUs AABNEHUs MU pes-
KOM W3MEHeHWW BHeLUHel Harpysku (hopMupoBaHMM MoA-
nopa B C/IMBHOM MarucTpanu). 310 0bycnoBNeHO NepeToKoM
paboyeit XMAKOCTM M3 MOPLUHEBOW MONOCTU B LUTOKOBYH
(1 0bpaTHO) NpY PE3KOM WU3MEHEHUM AABNEHUS B HarMOPHOIA
MarucTpanu (0bycnoBneHHOe M3MEHEHUEM BHELLHEN Harpys-
KVI) 3a CHeT UHepLMM NOPLUHA U LUTOKa NpU X HeyCTaHOBUB-
wemcs ABMxeHUU. MpruMepHas cXeMbl NepeTeYKN KUOKOCTHU
yepes U3HOLLEHHbIE YMIOTHEHUS NOPLUHS MO BO3LENCTBUEM
npeacTaBneHa Ha puc. 1 YEpPHbIMU CTPEsKaMy.

[N n3ydyeHus NpeLnoXeHHOro MeToAa OLeHKM pabo-
TOCMOCODOHOCTU TMAPOLMAMHAPOB Obin pa3paboTaH CTeHA
W nporpamMMa uccnegoBaHus. CTeHf no3BonifeT NpOBOAUTL

14

Y

7
\|
|
S

1

Puc. 1. MpuMepHas cxeMa NepeTeuKm XUOKOCTU Yepes ynioTHe-
HUS NOPLLHSA: |, 2 — HanpaBnsioLLmMe KonbLia, 3 — YNNOTHUTENb-
HOe KONbLio, 4, 5 — LUTOKOBbIE YNIOTHEHWS MOPLUHS.

Fig. 1. An approximate scheme of fluid flow through the piston
seals: 1, 2 — guide rings, 3 — a sealing ring, 4, 5 — piston rod
seals.

N
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A
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rMAPaBINYECKUE UCTIBITAHUSA TMAPOLMIMHAPOB MPU HOMU-
HanbHOM AasneHun 2 Ma u npu MakcumansHoM 3 MMa.

B KauecTBe McnbITyeMoro ruapouunmMHap bein ucnonb-
30BaH TMAPOLMIMHAD ABYXCTOPOHHEr0 AEWUCTBMSA C OAHO-
CTOPOHHMM LwToKoM [-100.50.400.700(690).40. B KauecTse
YN/OTHEHMIA Ha NOPLLUHE UCMONb30BaHbI ABA HaNpaBNAOLLMX
M OLHO YNOTHUTENbHOE KOMblLO. Takke Ans YnnoTHeHus
B COEAVNHEHWM NOpLLEHb-LUTOK UCMONb30BaHbI ABa YNOTHU-
TeNbHbIX Konblia. MoplueHb nsrotoeneH u3 ctanm 40. Mnb3a
M3roToBNIEHa U3 CTanm 45. AcnbITyeMblii ruapoumunmHap, ycra-
HOBJEHHbIA Ha CTEHAE C MOAKIIOYEHHBIM K HeMy npeobpa-
30BateneM u3bbitouHoro aasnenus (ML ykasaH cTpenkon),
npeacTaeneH Ha puc. 2. B ucnbitaHum ncnonb3oBancs ruapo-
LMIMHAP CO LUTATHBIMM YMNOTHEHWUAMU MOPLLHS, KOTOPbIe pa-
Hee y4acTBoBanu B ero pabore.

3D-Mogenb cTeHaa, cobCTBEHHOM KOHCTPYKLWM, NPeaCcTaB-
neHa Ha puc. 3. B KadyecTe npuBofa ruapoHacoca Mcnosb-
3yeTca anekTpoasuratens Mapku AUP 112 M4 ¢ MolwHocTbIo
5,5 KB, ¢ yactotoit Bpawenus 1440 06/MUH 1 KpyTALIMM Mo-
MeHTOM 36,5 H-M. Mcnonb3oBaH ruapoHacoc Mapku HLL 10 T-3
¢ pabounm o6bEMoM 10 cM3, ¢ nopadeit 21 /MUK, C MaKcK-
MarbHol YacToton BpateHust 3600 06/MUH, C HOMUHANBHBIM
naenexvem 16 Mla. B kauectse TpybonpoBoaoB Mcnosb3ytoTcs
PyKaBa BbICOKOr0 [aBfieHWs C NpefenbHbIM pabounM aaene-
Hvem 40 Mla. B kauecTBe paboyen HuULKOCTW MCMONb30BaHO
rMApaBMYeCKoe Macno ¢ TOBapHOi Mapkoin BMI3,

MpuHUMNManbHas ruapaBnMyecKas cxeMa CTeHAa npeg-
CTaBNeHa Ha puc. 4.

Anroput™m npegnaraemMoro Metofa AMarHoCTUPOBaHMSA
TMOPOLMIVHAPOB 3aKlouaeTca B cnepytoweM. Pabovas
XUEKOCTb U3 baka b Hacocom H nopaetcs B LWTOKOBYHO (MK
MOpLUHEBYI0) MOJOCTb TMApPOLMAMHApa Yepe3 ¢unbTp @, no-
Ce Yero NpoxoauT Yepes apoccenb [P, ¢ noMoLbio Kotoporo
NPOM3BOAUTCA PErynupoBaHue AaBEHUS B CUCTEME, MOCTY-
naet B ruapopacnpegenutens P1. uapopacnpenenvtens Ha-
npaensieT paboyyio KWAKOCTb B LUTOKOBYH WM MOPLUHEBYIO
nonocTb ruapouunuHapa. [ns dopmupoBalus nopnopa
Ha C/IMBHOW JIMHWM YCTAHOBMEH LUAPOBOW 3amnopHbIiA Kna-
naH (LWW3K). Mepen nopayeii pabouyen KMOKOCTM B rUapo-
UMMHAP NPOM3BOAMTCA MEPEKPLITUE CAUBHOW MarucTpanm

Puc. 2. UcnbiTyeMbld rUapoLmMaMHAP C NOAKIIOYEHHBIM K Hemy T,

Fig. 2. The tested hydraulic cylinder with the excessive pressure transmitter connected to it.

DAl https://doiorg/1017816/0321-4443-568992
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Puc. 3. 3D-Mogenb cTeHa.
Fig. 3. The 3D model of the bench.

¢ noMolybto LW3K. [lanee ¢ noMoLlbio 3NEKTPOMarHUTHbIX
KnanaHoB rugpopacnpegenutens P1 no HanopHoi Maru-
CTPanu B MOPLUHEBYIO MONOCTb MMAPOLMIMHAPA NPOUCXOAUT
nogaya paboyei xuaKocTu. Peructpauns xapaktepa nosbl-
LUEHMA [JaBNeHMs B LUITOKOBOI NOIOCTM NPOM3BOAMTCA Npeobd-
pa3oBateneMm 13bbitouHoro aaenenus (ML) MaHoMeTpbl K3-
BbiTouHoro faenequs MH3 n MH2 cnykat onis nybnmposanus
MOKa3aHuWi Npy NpoBefeHnn UcnbiTaHuid. MaHoMeTp MH1 uc-
nosb3yeTca 1A KOHTPONs AaBNeHUs B rMapocucTeMe Mpu eé
pabote u perynupoBke. [pemoxpaHuTtenbHblii KnanaH KIl
He [I0NYCKaeT NOBLILUEHWS LABNEHUSA B rUAPOCUCTEME CBEPX
€ero perynmpoBKy.

Ta6nuua 1. TexHnuyeckue xapaktepuctukm Arduino Uno
Table 1. Technical characteristics of the Arduino Uno
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S E}) MH3
——— mn

v
[/

¢

Puc. 4. [puHuMnuanbHas rmapaenuyeckas cxema creHga: b —
6aK, ® — ounbTp, H — Hacoc, KIT — KnanaH npegoxpaHnTeNb-
HbliA, LI3K — wapoBoi 3anopHbii knanaH, MH1 — MaHomeTp,
[P — perynupyemblit gpoccenb, Pl — ruapopacnpegenvrens,
MH2 v MH3 — pybnupytoLmne MaHOMETpbI M3DLITOYHOMO AaB/eHMS
no Maructpansam, [1M/] — npeobpa3oBartenb M3bbITOUHOrO Aasne-
Hus, L] — vccnemyeMbliin TMAPOLIMIMHAD.

Fig. 4. Schematic hydraulic diagram of the bench: 5 — a tank,
® — a filter, H — a pump, KIT — a safety valve, LLI3K — a ball
shut-off valve, MHT — a pressure gauge, 4P — an adjustable
throttle, P1 — a hydraulic distributor, MH2 and MH3 — secondary
excessive pressure gauges at circuit branches, [I4/] — an excessive
pressure transmitter, Lf — a studied hydraulic cylinder.

XapakTtepucTuka 3HaueHue XapaKTepuUCTUKU
MWKpoKoHTponnep ATmega328
Pabouee Hanpsxenwe, B 5
BxogHoe HanpsixeHue (pekoMeHayemoe), B 7-12
BxoaHoe HanpsikeHue (NpefentHoe), B 6-20

Lindpostie Bxoabl/Bbixogb!

Ananorosele Bxofbl

MocTosHHbIN TOK Yepes3 BXoA/Bbixod, MA
MocTosHHbIN TOK ans BbiBoAa 3.3 B, MA
Oneww-namaTb

03Y, K6

EEPROM, Kb

TakToBas yactorta, Ml

14 (6 U3 KOTOpbIX MOTYT MCMONb30BATLCSA
KaK BbIXOibl LLIMPOTHO-UMMNYNbCHOM Moaynsuum (LUAM))

6
40
50
32 Kb u3 kotopbix 0.5 Kb ucnonb3ytotcs ans 3arpysymnka
2
1
16
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[lnarHoctTMuecKMn KoMMeKc COCTOMT M3 annapaTtHo-
nporpammHoro cpeactea (AMC), IBM (Hoytbyk), MO (pas-
paboTaHHas KOMMbKOTEpHas nporpamma aas otobpakeHus
rpaduka noBbILEHUS AaBneHus), npeobpasoBatens us-
obiToyHoro pasnenusa (M), momens MA-100[1) n 6noka
nutatma (bM). B kauecte AINC Bbictynaet Arduino Uno.
Arduino — 310 oTKpbITas nnatdopma, Kotopas Mo3Bo-
NAeT CO3AaBaTb PasfiWyHble YCTPOMCTBA ANA M3MepEeHHS,

Puc. 5. 00OLWiA BUA, IMArHOCTUYECKOrO KOMMEKCa.
Fig. 5. General view of the diagnostic facility.
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npeobpa3oBaHus 1 yNpaBeHUs aHaNoroBbIMU U LMGPOBLI-
MK curHanamu. puHUMNUanbHas cxema AMarHOCTUYECKOro
KOMMIeKca npefcTaBreHa Ha puc. 6.

TexHuyeckue xapakTepuctukn Arduino Uno npeactaene-
Hbl B Tabmuue 1.

06meH uHpopMauuen mexay MUA-AMNC-3BM ocywiect-
Bnsetcs no npotokony USB 2.0.

KomnblotepHas nporpamMMa 6bina HanucaHa B cpepe
Arduino IDE 1 no3BonseT aHanU3WpoBaTb aHaNOMoBbIN CUr-
Han u npeobpasoBaTtb ero B LW(POBOW, 3aTeM NpeAcTas-
nss B BMAe rpaduKa 3aBUCUMOCTM [ABNEHMS OT BPEMEHM.
B nHTtepdeiice nporpamMmel ecTb ABe KoMaHabl «0BHOBUTL»
u «[Mogknountecsi». Mop, KoMaHaon «06HOBUTE» NOHUMAET-
Csl, YTO NpU €€ HaMaTUM aBTOMATUYEeCKU BbibupaeTcs nopt
nopgKnodennsa B AlC. KoMaHpa «[logkniountbcsa» COOTBET-
CTBEHHO 03HAYaET YCTAHOBUTL CBA3b C MOPTOM MOAK/IOYEHMS.
Mo pe3ynbTataM NpoBeLEHHOO OMbITa NOMy4aeM rpadmKk 3a-
BMCUMOCTW A@B/IEHUA OT BPEMEHH.

Ha KomnbloTepe Npu NpoBefeHUM UCTIbITaHUA aBTOMATH-
YecKy cTpouTcs rpaduK NoBbileHUs faBnenus. Ha rpaduxax
Mo ocu X OT/IOXEHO BpeMs B CEKyHAaX, a no ocu Y AaBneHue
B Meranackansx (Mna). WHTepBanbl Mexay BepTUKanbHbIMM
ocaMM Ha rpaduke pasHbl 10 cekyHaaMm. Mo OTKNOHEHMIO
OT 3TaNIOHHBIX 3HAYeHuit rpadmKa cyaaT o TEXHUYECKOM CO-
CTOSIHMM UCMbITYEMOro ruapouunuuapa. lNpumep rpadukos
3TaNOHHOI0 W HEMCNPABHOMO MMAPOLMAMHAPA NPefCTaBeHbl
Ha puc. 7 1 8 COOTBETCTBEHHO.

BIT

+12B
USB 2.0

I A p— AIIC

A4

3BM 1o

il

Puc. 6. lNpuHuMnManbHas cxeMa AMarHOCTUHECKOTO KOMMEKCa.
Fig. 6. Schematic diagram of the diagnostic facility.

Puc. 7. [padmK noBbILLEHNS AABNEHWS 3TANIOHHOM MTMAPOLMIMHADA.
Fig. 7. Graph of pressure increase of the reference hydraulic
cylinder.
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Puc 8. [padmk noBbileHNs AaBEHUS TMAPOLMIMHAPA, UMEHLLETO
BHYTPEHHME YTEUKW.
Fig. 8. Graph of pressure increase of a hydraulic cylinder with

internal leaks.
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Puc. 9. Yron noBbllWeHWs AaBNEHNS Y UCTIPABHOMO LMIMHAPA.
Fig. 9. The angle of pressure increase of the fault-free cylinder.

B KauecTBe AmarHocTM4ecKoro napameTpa npegnaraeM
MCMONb30BaThb YroN NOBBILIEHUS AABEHMS, MPUMEp YKa3aH
Ha puc. 9.

PE3Y/IbTATbl U OBCYXXOEHUA

CKopocTb HapacTaHus AaBneHust (yron MOBbILLEHUS
[AaBNeHNs) MOXHO MCMOMb30BaTb B KayecTBe AMArHOCTU-
YECKOro mapameTpa, KOTOPbI XapaKTepusyeT CTeneHb W3-
HOCQ YMNOTHUTENBHBIX 3/IEMEHTOB Ha MOPLUHE WK CTeMeHb
M3HOCA BHYTPEHHEH MOBEPXHOCTW MMNb3bl MMAPOLMIMHAPA.
Mpu npoBeaeHUM UcMbITaHuiA (Npu Aaenenuun 2,1 Mlla) Obino
3a(MKCUPOBAHO, YTO Ha HOBBIX YMAOTHUTENBHBLIX KOMbLiaX
Ha MopLUHe Yron HapacTaHus aBneHus coctasui 58 rpagy-
coB. [lpu yCTaHOBNEHHbIX MOPLUHEBBIX YNJIOTHEHUSAX, UMEl0-
LUMX M3HOC, Yron HapacTaHus AaBneHus coctaBun 49 rpa-
pycoB. CaMu ynnoTHeHWst BMeCTe € MOPLUHEM UCMbITYEMOro
rMapounMHapa npeactaBneHbl Ha puc. 10. Ha Hanpaensio-
LUMX M YNIOTHUTENILHOM KOJfbLie MPUCYTCTBYKOT Cnefbl abpa-
3MBHOIO W3HOCA W 3KCTPY3WM, YTO MPUBOAMT K MepeTeykam
pabouen KMAKOCTU MEeX Y NONOCTAMM.

C noMoLLblo AaHHOT0 MEeToAa AMarHOCTUKM MOXHO onpe-
AenuTb 061acTb U3HOCA BHYTPEHHEN MOBEPXHOCTU MUNb3bl.
Mpy 3KcnyaTaumnn BHYTPEHHSN NMOBEPXHOCTb MMNb3bl TMAPO-
LMIMHEPA MOXET UCMbITHIBATb Pa3Hble KOHTAKTHbIE YCUinS,
nepegaBaemble MOPLUHEM OT AEWCTBUA BHELUHEW Harpys-
Ku. Bo Bpems BbinonHeHus pabounx onepaumii MopLueHb
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Puc. 10. lMopLieHb rMAPOLMIMHApPa BMECTe C YIIOTHEHUAMM.
Fig. 10. A hydraulic cylinder piston together with seals.

KaK NpaBuno He MCNofb3yeT BCHO LJIMHY runb3bl. B 3aBucu-
MOCTM OT XapaKTepa BbINO/HAEMON paboThl NOPLLEHb MOXKET
OonbLUee KONMYECTBO Pabounx LMKIOB COBEpLUATbL B CPeaHeil
YacTU WM B KOHLE Xofa NopLuHs. 310 GpopMupyeT pasHble
YYaCTHUKM M3HOCA BHYTPEHHel NOBEPXHOCTU MUNb3bl. 30HbI
M3HOCa MMNb3bl MMAPOLMAMHAPA NPeacTaBneHbl Ha puc. 11.

Jins OLeHKM CTEeNeHM M3HOCA Pa3HbIX 30H MMib3bl MOMKHO
ucnonb3oBatb npegnaraeMbld Metod. OcTaHaenuBas nop-
LWeHb B pasHbIX 30Hax M MONyYas yron MoBbILUEHWs AaBne-
HWS BO3MOXXHO MOJTYYUTb KAYECTBEHHYIO U KOJIMYECTBEHHYIO
OLIEHKY CTEMEeHM U3HOCA rMNb3bl B PasHbiX 30Hax. [pu obHa-
PYKEHWM 30HbI C NMOBbILLEHHBIM U3HOCOM, BO3MOHO OMnpeje-
NUTb ee pa3mepbl (M0 AJIMHE), a TaKXKEe CKOPOCTb YBENUYeHHS
30Hbl M3HOCa (NpW NpoBefeHNN 3aMepoB BO BPeMsl MPOK3-
BOZCTBEHHOM 3KCMTyaTaLum).

BbiBObl

HPOBE,D,GHHI:IE MUCNbITaHKUA NO3BONAKT CAENaTb PAA Bbl-
BOJ0B. TEXHUYECKOE COCTOAHME U OCTATOYHbIN pecypc ruapo-
UMNMHOPOB MOXHO onpepenntb nyteM CpaBHEHUA Yyria
NoBbIlWEHMA [OaBNeHUA Ha 3TaJloOHHOM W Ha UCNbITYeMOM
rmopounnnHpe. Yron noBbiLeHNUA AaBneHus npw opraH1sa-
UMM nognopa B C/IMBHOW JIMHUM MOXET OblTb AMarHoCTUYe-
CKMM TNapaMeTpoM npu onpepeneHnn TeXxHn4eCcKoro cocroa-
HUA TMAPOUWIKHADPA, NO3BOIAET onpenenAaTb UsSMeHeHne ero
TeXHMYeCKoro coctosHuA.

Puc. 11. 30Hbl M3HOCA rMb3bl TUAPOLUMIMHAPA: 1, 2 — 30HbI KpaHUX NOMOXEHMIA NOPLUHS, 3 — 30Ha OCHOBHOM PaboTbl MOpLUHS.
Fig. 11. Wear zones of the hydraulic cylinder sleeve: 1, 2 — the zones of the extreme positions of piston, 3 — the zone of the main

operation of a piston.
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[laHHbI NapaMeTp npefHa3HaYeH [J1 KOCBEHHOTO onpe-
LEeNeHUs CTeNeHU M3HOCA TWNb3bl WU YNIOTHEHWA TUAPOLM-
JMHEPA, NMPU KOTOPOM AanbHEMLLas ero 3KCnayarauus siB-
NAETCA IKOHOMUYECKU HeLienecoobpasHoi.

Mpennaraemblii METOA OLEHKW TEXHUYECKOTO COCTOSIHUS
Mo3BOJISET OLEHUBATbL PeCcypC rMAPOLMIMHAPOB, KaK Ha CTeH-
A€, TaK W NpW BbINOJHEHUM NMPOU3BOLCTBEHHBIX MPOLLECCOB
Ha MalLMHe. 310 MO3BOSIUT COKPATUTb BPEMS NPOCTOS MaLUKH,
a TaKkxKe YMeHbLUMTb Pacxop, AEHEXHbIX CPeACTB Ha ux obeny-
XU1BaHWE U PEMOHT.
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Original Study Article

The procedure for improving the management
of the maintenance and repair process using
the neural network technology

Anton V. Shimokhin, Oleg M. Kirasirov

Omsk State Agrarian University, Omsk, Russian Federation

ABSTRACT

BACKGROUND: Stable significant degree of wear of on-ground vehicles of transport industry and of agricultural machinery
keeps improvement of maintenance management relevant. Development of the procedure for improving the maintenance
process using state-of-the-art digital technologies is a relevant technical problem.

AIM: Determination of parameters for development of the procedure of making good managing decisions in the process
of maintenance and repair of products in conditions of planned and preventive repair system using the neural network
technology.

METHODS: Simulation of operation of the proposed neural network was performed in the Deductor software. The built model
of the neural network contains one hidden layer with 10 neurons. A sigmoidal function was used as an activation function
in neurons of the neural network model. Tools and definitions of mathematical statistics and algorithms theory were used
for solving the given problems.

RESULTS: The cycle variation coefficient is proposed for revealing the necessity of managing impact on the processes
of maintenance and repair of products. The proposed values of the coefficient describe stability of product maintenance and
repair process. Using these values, the block diagram of the procedure of improving the maintenance process was developed.
The tool of the industry 4.0 neural networks was considered. The performed simulation based on the example of vibrational
diagnostics of a bearing unit showed that neural networks are capable of defining defects using amplitude-frequency response
of a vibration signal that means to interpret the diagnostic information that can be crucial in conditions of expert absence.

The scientific novelty of the study lies in presenting the values of the cycle variation coefficient for making managing decisions
in maintenance and repair processes, as well as in obtaining the results of simulation of the neural network operation that
confirms potential for their use for interpretation of diagnostic information which is presented in a form of various spectrographs.
CONCLUSIONS: The practical value of the study lies in the potential of using the proposed neural network for development
of the system of diagnostic information analysis in condition of expert absence and using the proposed values of the cycle
variation coefficient for decision-making in management of maintenance and repair.

Keywords: maintenance; planned and preventive repair system; neural networks.
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ODVII'VIHaJ'IbHOG nccneaposaHme

MexaHU3M cOBepLUEHCTBOBAHMSA YNpaB/ieHUs
NPoOLLECCOM TEXHUYECKOro 06C/Iy)KMBAHMA U PEMOHTa
C NpUMeHeHneM HepoceTeBOW TEXHONIOrUU

A.B. lWnumoxuH, 0.M. Kupacupos

OMCKUI rocyaapcTBeHHbI arpapHbii yHuBepcuteT, OMck, Poccuiickas ®Oepepauvs

AHHOTALMA

06ocHoBaHuMe. Bce elue ocTaeTcsi 3Ha4MMON CTENEHb M3HOCA Ha CYXOMYTHOM TPAHCMOPTE TPAHCMOPTHOMW OTPAc/M U B Ceflb-
CKOXO3IMCTBEHHON TEXHWUKE, YTO MOATBEPXAAET aKTYaNbHOCTb [anbHENLIEro COBEPLUEHCTBOBAHUSA OpraHM3aLmu TeXHUue-
cKoro cepsuca. C 3TMM CBA3aHa TEXHUYECKON 3af,aun pa3paboTKn MexaHWU3Ma COBepLLEHCTBOBAHUA MPOLIEcca TEXHUYECKOro
cepBuca C UCMOMb30BaHNEM COBPEMEHHBIX LIMPPOBbLIX TEXHOMOMUN.

Lienb pabotbl — onpefeneHne napaMeTpoB Ans pa3paboTku MexaHW3Ma MPUHATUA KayeCTBEHHbIX YMpaBiEHYeCKUX pe-
LUEHWUN B NpoLiecce TEXHUYECKOro 0BCNyMBaHWA U PEMOHTA U3LeNuUi B YCNOBUSX NNaHOBO-NPeAynpeanTeNibHOM CUCTEMBI
PEMOHTA C NPUMEHEHNEM TEXHOMOMMN HEMPOHHBIX CETEM.

Matepuansl n MeToabl. MofennpoBaHue 1cciesyeMoro npoLecca ¢ NoMOLLb NpefJiaraeMon HeMPOHHOW CETU BbINOJHEHO
B nporpamme Deductor. MocTpoeHHas MoAenb HEPOHHOM CETU COAEPIKUT OAMH CKPbITbIN cnoi ¢ 10 HelipoHamu. B kauectse
(YHKLMM aKTUBALWMM B HElipOHaX MOLLeNN HEMPOHHOM CeTU UCMoNb30Banach cMrMomuaHas GyHKUMA. [ing pelueHns noctasneH-
HbIX 33,4 NPUMEHSANNCL METOAbI W MOHATUA MaTEMATMYeCKON CTAaTUCTUKM U TEOPUM anrOpUTMOB.

PesynbTatbl. [1ns BbiABNEHUS HEOOXOAMMOCTH YNpaBNEHYECKOr0 BO3AECTBIUA HA MPOLECChl TEXHUYECKOro 06CNyKMBaHUS
W pEMOHTa M3AeNns NpeanoKeH KoaGGuumeHT Bapuaumm umkna. lMpeanaraioTcs 3Ha4eHUs koaddULMEHTa, KOTopble XapaKTe-
pu3yloT cTabunbHOCTL NpoLiecca PEMOHTa U TeXHUYecKoro obcnyKuBaHus usgenus. Ha ocHoBe 3TUX 3HaueHuiA NpeAcTaBneHa
b10K-cxeMa MexaH13Ma COBEpLUEHCTBOBAHWSA NpoLiecca TeXHMYecKoro cepsmca. PaccMoTpeH HCTPYMeHT uHAycTpumn 4.0 —
HeiipoHHble ceTw. [lpoBei€HHOE Ha NpuUMepe BUOPOAUArHOCTUKM NOALLMIHUKOBOrO y3/1a MOJeNNpoBaH1e NoKa3ano, YTo Hen-
POHHbIE CETWU MOrYT pacrno3HaBaTb Ae(eKTbl N0 aMMINTYAHO-YaCTOTHON XapaKTepUCTUKKM BUBpOCUrHana, To ecTb UHTepnpe-
TUPOBaTb [MArHOCTUYECKYKD MH(DOPMaLMIO, YTO MOXKET BbITb KPUTUYHO B YCNOBUSX OTCYTCTBMA 3KcnepTa. HayuHas HOBM3HA
UCCnef0BaHUA 3aKIIOYAETCA B MPeACTaBAEHUM 3HAUYEHUN KOIQPULMEHTa BapuaLmu LMKNA AN1S NPUHATUA YNpaBeHYecKux
peLUeHNi B NpoLieccax TEXHUYECKOro 06CNyXMBaHNSA 1 PEMOHTA, a TaKXKe B NOJTy4eHUU pe3ybTaToB MOLeNMpoBaHns paboThl
He/pPOHHON CeTU, KoTopble MOATBEPAVIN BO3MOXHOCTb UX UCMOb30BaHNA LIS MHTEpPRpeTaLmu AMarHocT4eckon MHdopMa-
LK, NPefOCTaBNAIOLLENACA B BUAE Pa3NIMYHbIX CMIEKTPOrPaMM.

3akntoyeHue. [paKTyecKas LIEHHOCTb UCCe0BaHNUA 3aKIOYAeTCA B BOMOXHOCTUA UCMONb30BaHUs NPEeLJIOXKEHHON Hel-
POHHOI CeTW ANA pa3paboTKM CMCTEMBI aHanW3a AMArHOCTUYECKOM MHGOPMALMK B YCNIOBUAX OTCYTCTBUS 3KCMEPTOB U Npu-
MEHEHUW NpefJlaraeMblX 3HaYEHUN KOIQOULMEHT BapUaLMM UMKNA 1A NPUHATUIA PELUEHW B YNPaBNeHUN TEXHUHECKUM
CepBMCOM M PEMOHTOM.

KnioueBble cnioBa: TeXHUYECKUIA CEPBUC; CUCTEMA NJIAHOBO-NPEeAYNPeAUTENIbHOM0 PEMOHTA; HENPOHHbIE CETU.

Kak untupoBarts:
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BACKGROUND

Machine operability can be ensured by improving
the physical and mechanical properties of materials
and the design of parts, timely and high-quality technical
service, and, which is equally important, through high-quality
repairs.

In conditions of high wear of equipment, the maintenance
and repair system must be improved. One of the options
for ensuring the quality of maintenance and repair is
improvement of the organization's technical service
management system. Using modern diagnostic systems
can also ensure timely detection of defects in components
and mechanisms. Not all enterprises with these systems
may have qualified specialists who can analyze correctly
the diagnostic information, a solution to which may be the
use of modern digital technologies.

It is worth noting that in Russia, there are two types
of maintenance and repair systems, namely, the traditional
system of planned preventive maintenance [1-4] and
the system of maintenance based on technical condition
[5-8].

This study aimed to determine the parameters
for developing a mechanism for making quality
management decisions in the process of technical
maintenance and repair of products under conditions of a
planned preventive repair system using neural network
technology.

The research was aimed at solving the following
problems:

» determination of the general aspects or principles
of implementation of a repair system for technical objects
for various purposes;

« identification of a parameter for assessing the impact
of management influences on the process of maintenance
and repair;

« analysis of the application of neural network technology
in technical diagnostics;

7 7 7 2 7 7 71 2
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« development of a mechanism for improving the technical
Service process.

ANALYSIS OF THE STATE OF THE ART

The system of planned preventive maintenance involves
the implementation of maintenance or repair of transport,
technological, and industrial equipment at certain intervals
of calendar time or operating time.

The alternation and frequency of technical maintenance
and repairs based on the national standard GOST R 20793-
2009 “Tractors and Agricultural Machines. Maintenance” are
displayed in Fig. 1.

The types of car and tractor maintenance are almost
the same. However, the period for routine repairs of tractors
is not determined by the frequency of mileage; they are
performed when necessary and combined with the next
maintenance.

For example, the maintenance of agricultural machinery
includes scheduled maintenance and overhaul and daily
maintenance, maintenance No. 1 (M-1), maintenance No. 2
(M-2), and maintenance No. 3 (M-3).

Maintenance of agricultural machines is characterized
by the fact that due to the short period of use of certain
machines, some types of maintenance are not conducted.
For example, self-propelled agricultural machines are
limited to M-2, complex machines coupled with a tractor
are limited to M-1, and simple machines (plows, tooth
harrows, cultivators for broadcast tillage) are subject
to only monthly maintenance. Meanwhile, all other
types of maintenance and repairs are performed during
the storage period.

The frequency of vehicle maintenance is determined
by mileage and varies depending on operating
conditions.

Data from the national standard GOST R 21624-81
“System for maintenance and repair of automotive
equipment. Requirements for operational manufacturability

77 2 7 7 71 RI
1 1 | | |

| | | | ol |

25 250 375 500 825 750 845 KOO 7125 37 BOO 625 1450 1875 2000

1 fr r 2 ¢t ¢ t 3
1 1 ! ! 1 1 |

71 2 71 71 1 R
1 |1 1 | |

2125 2250 2375 2500 2625 Z750 F8753000 3125 3375 3500 3625 3750 3875 4000

7 7 7 2 1 1 71 3
[ 1 1 11 | | |

7 7 2 1 71 1 0
1 1 | |

4175 4250 4375 4500 4625 4750 48755000 5125 5375 5500 5625 5750 5875 6000

Puc. 1. WKkana nepMoanyHoOCTM 1 YepesoBaHWA TEXHUYECKOTO 06CyXuBaHUsA U peMoHToB TpakTopos: | — T0-1; 2 — T0-2; 3 — TO-3.
Fig. 1. Scale of frequency and sequence of maintenance and repairs of tractors: 7 — TM-1; 2 — TM-2; 3 — TM-3.
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and maintainability of products” for Central Russia and the
frequency of maintenance are summarized in Table 1.

Thus, it is typical for a planned preventive repair
system to assign equal intervals between maintenance
(repairs), which can vary for different objects depending
on the intensity and operating conditions.

The Federal State Statistics Service's “Transport of Russia.
Information and statistical bulletin” noted the average wear
in land transport of the transport industry of the Russian
Federation to be 41.9%, while the “Industrial Production
in Russia” indicated the wear value for 2021 for fixed assets
of manufacturing production to be approximately 51%.
These wear values are significant; therefore, improving
the organization of technical service currently remains
relevant. In addition, a number of factors can influence the
technical condition, namely, wear of machinery and equipment
[9] and the lack of qualified repair personnel in organizations
in various industries [10, 11].

Table 1. Frequency of maintenance types
Tabnuua 1. lNeproanyHOCTb BUA0B TEXHUHECKOTO 06CYKUBaHUS

Vol. 90 (6) 2023

Tractors and Agricultural Machinery

In addition, ensuring the trouble-free performance
of products by their functions is especially important
for industries such as transport and agricultural machinery.
The main tasks of transport include qualitative satisfaction
of the needs of the national economy and population
for transportation, and agricultural machinery must ensure
the timely completion of certain work. For example,
for agricultural organizations, there is a risk of crop loss,
and to prevent this, the crop must be harvested at a strictly
defined time.

Thus, we can highlight the general principles
of functioning of the planned preventive repair system
for such types of equipment as industrial equipment,
transport, and agricultural machines, and there is an
appointment of maintenance and repair periods at equal
intervals of time or operating time. It is worth noting that
improvement of technical service is possible by ensuring
the quality of management of this process.

Maintenance frequency

Maintenance
Product type ] ] M-1 M-2 according to
Daily maintenance vehicle log books
km, no less
: . Once a working day, regardless
Light motor vehicles of the number of work shifts 5000 20000 10000
Buses 5000 20000
Truck_s, busgs ba§ed on trucks 4000 16000
or using their main units
Trailers and semitrailers 4000 16000
All-wheel drive vehicles 4000 16000
a R R R R a
M M M M M
5280 2640

26400

Fig. 2. Diagram of the repair cycle of the 1A616 machine: R — repair; 0 — overhaul; M — maintenance.
Puc. 2. [lnarpaMma peMOHTHOro UuMKna ctaHka 1A616: R — peMoHT; 0 — KanuTainbHblii peMOHT; M — TexHu4Yeckoe obcyuBaHue.

DOl https://doiorg/10.17816/0321-4443-546006
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PROBLEM SOLUTION

The review and analysis of literature sources showed
that in the process of maintenance and repair, certain
management decisions can be made, namely, searching
for a provider of maintenance and repair services, determining
the timing of maintenance and repairs, and determining
the equipment for repair.

The national standard GOST R 18322-2016 “Equipment
maintenance and repair system” adopts the concept of
“maintenance (repair) cycle” as the smallest repeating
interval of time or running time of an object, during which
all established types of periodic maintenance (repair) are
performed in a certain sequence based on documentation
requirements, and the concept of “frequency of maintenance
(repair)” as the time interval, or running time, between
a given type of maintenance (repair) and the subsequent one
of the same type or another type of greater complexity.

For tractors, their maintenance cycle is assumed to be
125 engine hours and the frequency of M-2 is 500 engine
hours; for motor cars, the maintenance cycle is 5000 km
and the frequency of M-2 is 20,000 km; for equipment (taking
the 1A616 machine as an example), the maintenance (repair)
cycle is 2640 h of operation (Fig. 1, 2).

The coefficient of variation of the maintenance (repair)
cycle to assess the effect of management influences on the
process of maintenance and repair [12]:

C, ==, (1)

where o is the root-mean-square (standard) deviation
of the actual values of the time interval (running time)
between stops for maintenance (repairs, including unplanned
ones) and y is the average value of the time interval (running
time) between the product outage for maintenance (repairs,
including unplanned ones).

According to mathematical statistics and process
control theory [13, 14], if the coefficient of variation is less
than 10%, then the degree of data diffusion is insignificant
and the process under study can be considered stable and
controllable; at 10%-25%, the degree of data diffusion is
average, the process has some deviations in the parameter(s);
at values greater than 25%, the degree of data diffusion is
large and the process has a significant scatter in parameters,
is unstable, and uncontrollable. In accordance with these
judgments, the following ranges of values of the parameter
under consideration are proposed (Fig. 3):

e 0 < C, <10 for group of products, %, which is
characterized by good technical condition, almost all
repairs are performed on schedule, minor fluctuations
in the coefficient can be associated with various
production tasks and operating conditions;

e 10 < C, < 25 for a group of products, %, which is
characterized by random failures, if they lead to significant

Tom 90, Ne 6, 2023
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losses in production, performance of the main functions

of the product, then an analysis of these causes should

be performed, followed by a possible search for other
technical service providers;

» C,> 25 for a group of products, %, which is characterized
by poor technical condition, which leads to significant
losses and the need to analyze the causes of these
failures.

Thus, the parameter under consideration in the
conditions of a planned preventive repair system allows
identifying areas of the maintenance and repair process
where management actions are necessary. If the values
exceed 10% with significant losses for repairs or exceed
25%, we propose searching for the causes of failures
and, on its basis, selecting a technical service provider
and improving the personnel competence.

Note that this coefficient may vary slightly due
to production needs, but for significant shifts, a large value
of the dispersion coefficient will occur during unplanned
shutdowns associated with recovery from an unexpected
product failure.

MECHANISM FOR IMPROVING

THE TECHNICAL SERVICE PROCESS
USING NEURAL NETWORK
TECHNOLOGY

Let us consider Industry 4.0, i.e., neural networks that can
learn based on the data provided and generalize them. Neural
network-based software products can replace experts and
specialists in their absence in various areas of management
and provide decision support.

At certain values of the V. parameter proposed in this
article in technical service management, a decision can be
made to “search for a technical service provider.”

Previous studies [15, 16] presented the possibility
of using neural network-based algorithms to assess the
level of reliability of technical service providers and their
assessment based on reviews on the internet [16]. These
algorithms can be used as an additional tool in making
decisions regarding supplier selection. Thus, neural networks
can select appropriate suppliers based on indicators such
as time of presence on the market, the ratio of positive and
negative reviews, etc. To test the ability of neural networks
to analyze positive and negative reviews on the internet,
a separate study was performed on reviews of car
maintenance services organizations with a neural network
created using Python. Its training involved using expressions
from these reviews. This neural network displayed high-
quality work with a large array of data on reviews of car
maintenance companies, which is currently one of the ways
to obtain characteristics of service providers.

Previous works [18-23] analyzed the operation
of neural networks with graphical information aiming
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" Management decisions in the process
Bl of performing maintenance and repairs 1
with different values of the coefficient
of variation (C,).

l

G<10

10<C,<25

/

" Continuation of work
with the current technical
service provider while
I expanding constantly "
 the competence of employees g

In case of significant financial
losses due to failures,
performing an analysis

of the reasons that caused
these failures

BHTE OIMHUTR MOUCK TINUYHUH
Search for the causes

of failures, selection of a new
service provider, technical
service, improvement
of the competence
of employees

-———rJ

Fig. 3. Block diagram of the application of the maintenance (repair) cycle variation coefficient in process management.
Puc. 3. bnok-cxeMa npuMeHeHns KoadduLMeHTa BapuaLmMy LMKIa TeXHUYECKOTo 06CNyMBaHUA (pEMOHTA) B YNIPaBEHUM NPOLIECCOM.

at application in technical diagnostics. For example, when
diagnosing an engine using a motor tester, oscillograms are
obtained [20], using which a neural network can determine
defects [20, 22].

Also, I.V. Karakulov [18] reported the results of vibration
diagnostics of pumping equipment obtained in the form
of vibration—velocity spectrograms. Their information was
stored in graphic files. The author developed and prepared
neural networks based on these data. Overall, good
accuracy was achieved in recognizing the technical condition
using a neural network according to the classification of
satisfactory, acceptable, and unacceptable. The neural
network in this simulation analyzed graphical information
(vibration—velocity spectrograms). A.E. Yablokov [22]
conducted an experiment in the Matlab environment
to study the ability of neural networks to operate with
graphical information that carries data on the technical
condition of an object and obtained vibration diagnostic
results for various conditions of gear units. He concluded
that the neural network recognized the states of gears from
images saved in files of 781 x 781 pix with 95% accuracy.

Another group of researchers [23] obtained the results
of vibration diagnostics of bearings with various technical
conditions and developed a neural network-based algorithm
to analyze spectrograms, showing the ability to determine
correctly the technical condition of bearings from graphical
information with 75%-80% precision.

Research data and many other similar experiments
allows drawing a conclusion on the possibility of using
neural network technology as a tool for using complex
diagnostic equipment, including in the absence of an expert.

Thus, it becomes possible to use expensive, complex
equipment in the absence of experts.

DOl https://doiorg/10.17816/0321-4443-546006

To simulate the process of defect recognition, we
consider the example of vibration diagnostics of rolling
bearings. Bearing defects may include wear on the surface
of the outer and inner rings and rolling elements. There
may be defects in the installation of rolling bearings and
lubrication defects. All of them are diagnosed by vibration
diagnostic methods when, depending on the defect, they
manifest themselves in the form of increased amplitude
at a certain frequency.

Let us consider the 6226-2RS TIMKEN bearing, which
is used in various mechanisms and industrial equipment.
Using known dependencies [24], we construct a frequency
map of the occurrence of defects.

Table 2 summarizes Fy,(F1) (which is the frequency
at which the defects in the bearing outer ring appear
with increased vibration amplitude), Fy,,(F2) (the frequency
at which the defects in the bearing inner ring appear
with increased vibration amplitude), F,(F3) (the frequency
at which the defects in the bearing separator appear
with increased vibration amplitude), and F.(F5)
(the frequency at which an installation defect manifests itself
with increased vibration amplitude). For inhomogeneous
radial interference, fp is the rotation speed of the shaft
or inner ring of the bearing, z is the number of rolling
elements, d is the inner diameter of the bearing, and D is
the outer diameter of the bearing.

To create a data set for preparing a neural network,
the rotation speed f, is assumed to be 1200 rpm or 20 Hz.
Then the defects from Table 2 will create increased
amplitude at the following frequencies for a given bearing
(Table 3).

Based on the dependencies presented in Table 2, we will
create a data set for preparing a neural network. In this set,
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the highest amplitude values will be at frequencies
that correspond to certain defects, if any exists (Table 2).
At other frequencies, it will simulate amplitudes with a value
of approximately 30% of the peak values.

The data set in this case represents a collection
of input vectors, while the output vectors correspond
to them. Each input vector X is in turn referred to the input
of the neural network, and its output is compared with a given
output vector D paired with an input vector, after which
the parameters of the neural network are adjusted in such
a way as to reduce the difference between the actual and
required output of the network.

The input vector will be formed from the frequencies
with the largest amplitudes. The output vector in this case
will be a vector with four defects, in which the frequencies
from Table 2, corresponding to these defects, will have
the largest amplitudes.

A fragment of the input signal matrix is listed in Table 4.

Accordingly, each set (row) of amplitudes at certain
frequencies can correspond to a specific defect, and
a matrix of output vectors can be obtained (Table 5).

Based on a matrix of input signals containing
200 records, a neural network was prepared in the
Deductor software package. Meanwhile, when modeling
the neural network, the following designations of types
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of defects were used: outer ring defect — DNK; inner ring
defect — DVK; separator defect — DS; nonuniform radial
interference — NRN. Thus, a neural network model was
developed, which contains 2 hidden layers of 9 neurons
in layer 1 and 10 neurons in layer 2. The graph of this
network is illustrated in Fig. 4. The sigmoid function was
used as the activation function [12, 15].

The developed neural network recognized correctly
the type of defect from the matrix of input signals and
was also able to recognize the defect from the new
values of the input signals. The simulation confirmed
that neural networks can classify or recognize a defect
based on the amplitude-frequency characteristics
of the vibration signal obtained through vibration
diagnostics.

Their ability to recognize defects expands the possibility
of using complex diagnostic equipment in the absence
of experts. Let us present the mechanism for improving
the technical service process in Fig. 5.

In this mechanism, ensuring the quality of management
decisions in the process of maintenance and repair
is achieved by using the variation parameter of the
maintenance (repair) cycle and a software product based
on a neural network, as well as neural network technology
in technical diagnostics [25, 26].

Table 2. Frequency map of defects of the type 6226-2RS TIMKEN bearing
Tabnuua 2. YacToTHas KapTa AedeKToB NoALwmMnHMKoB TUna 6226-2RS TIMKEN

Wear defects Frequency formula (sign of defect) Value, Hz

Wear defects

Quter ring defect F, .= E(l —ij F1=2.64f,
g 2 D

Inner ring defect F_ = E(Hij F2=9.36f,
8 2 D

Separator defect F = é(l —ij F3=0,22f,

2 D
Installation defects
Nonuniform radial interference F,=15f, Fs=15*f,

Table 3. Frequency of appearing of defects at /, = 20 Hz for the 6226-2RS TIMKEN bearing
Tabnuua 3. YacToTbl nposiBneHns AedeKToB npmfp =20 'y pna nopwmnuuka 6226-2RS TIMKEN

Type of defect Frequency of defect appearance during vibration diagnostics Hz (f, = 20 Tu)
Wear defects
QOuter ring defect 50
Inner ring defect 200
Separator defect: 5
Installation defects
Nonuniform radial interference 30
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CONCLUSION

Based on the analysis of planned preventive repair

systems for various types of agricultural machinery, vehicles,
and industrial equipment, the following conclusions can be
drawn:

For all studied types of equipment, equal intervals
of operating time or running time are assigned between
the same types of maintenance and repair. To identify
the need for managerial influence on the processes

Table 4. Fragment of the matrix of input signals
Tabnuua 4. OparMeHT MaTpULbI BXOAHBIX CUrHANOoB

Vol. 90 (6) 2023
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of maintenance and repair of a product, a cycle
variation coefficient is proposed, which is
determined by the values of time intervals (running
time) between equipment outage for maintenance
(repairs, including unplanned repair). Coefficient
values are proposed that characterize the stability
of the product repair and maintenance process.
In case of instability of the maintenance and repair
process, we proposed searching for the causes
of failures and, on its basis, selecting a new technical

—_

O 0O N o o NN

5 30 50 70
10 3 4 2
4 3 1 5
5 15 b4 3
5 4 6 5
12 4 5 4
15 5 4 3
4 15 4 4
5 16 5 4
5 4 12 3
b4 5 15 3
5 5 3 A
3 3 3 4

90 100 125 150 200
3 3 4 4 3
3 4 4 5 3
5 b4 3 4 5
6 3 5 6 20
5 3 5 4 3
3 4 4 5 5
4 3 5 5 5
4 3 b4 5 3
5 5 4 4 5
5 b4 5 3 5
5 4 3 5 15
2 2 4 3 10

Table 5. Matrix of output vectors of types of defects
Tabnuua 5. MaTtpuua BbIXoAHbIX BEKTOPOB BUAOB LedeKToB

Outer ring defect Inner ring defect

Separator defect Nonuniform radial

interference
1 0 0 1 0
2 1 0 0 0
3 0 0 0 1
4 0 1 0 0
5 0 0 1 0
6 0 0 1 0
7 0 0 0 1
8 0 0 0 1
9 1 0 0 0
10 1 0 0 0
11 0 1 0 0
12 0 1 0 0
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JKOHOMUKA, OPTAHMSALINA
W TEXHOMNOMA MPOM3BOACTBA

service provider and improving the competence
of the employees.

« |t is demonstrated that the ability of neural networks
to interpret graphical information allows using them
in technical diagnostics at the stage of analyzing
diagnostic information, which in turn leads to the use
of complex diagnostic equipment in the absence
of experts.

« Input signal matrices have been developed to elaborate
a neural network model based on the known amplitude—
frequency characteristics of vibration of bearings
for various defects. The simulation confirmed the ability
of the neural network to classify the type of defect
based on the amplitude—frequency characteristics
of the vibration signal. In our opinion, neural networks
can recognize a defect based on the results of other
diagnostic methods that provide diagnostic information
in the form of various spectrograms. The constructed
neural network model comprises 1 hidden layer with
10 neurons, layer 1 with 9 inputs, and an output layer
with 4 outputs. The sigmoid function was used as
the activation function in the neurons of the neural
network model.

« Therefore, a mechanism for improving the technical
service process is proposed, which includes

assessment of the stability of the maintenance
and repair process. Based on this assessment,
management decisions are made for the maintenance
and repair process. The mechanism also includes

Tom 90, Ne 6, 2023
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the use of neural network technology to conduct
technical diagnostics and support decision-
making in searching for a supplier providing repair
services.
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M ARen MTaATRARA IS TINATTaN~a

Improving the maintenance
and repair process

P a

— M

“Using the coefficient of variation-
of the maintenance (repair) cycle
to make management decisions

on the MRO process

0%<0%<Cv<10% 10%<Cv<25% Cv>25%

HenonwsoBanne TEXHONOMHH
The use of neural network

technology in management decisions
in the MRO process and directly
in certain MRO processes

L 7 L 7

L7

In case

Continuing to deal of significant

with the current

of the competence

of employees of the causes

of these failures

for the causes

. . financial losses . Technical
technical service . selection of a new - . ;
. due to failures, . . diagnostics  :
provider, constant . technical service .
X performing X using complex
improvement ; provider, and :
an analysis equipment

mandatory increase
in the competence

Search

of failures,

of employees

Fig. 5. Block diagram of the procedure for improving the maintenance process.
Puc. 5. bnok-cxeMa MexaHW3Ma coBepLUEHCTBOBaHS MPOLIECCa TEXHUYECKOIO CepBuCa.

aBTOPCTBA MeEX[yHapoaHbiM Kputepuam ICMJE (Bce aBTo-
Pbl BHEC/IM CYLLECTBEHHBIA BKMaA B Pa3paboTKy KoHLen-
UMM, NpOBEAEHMEe WCCNENO0BaHWA M MOATOTOBKY CTaTbM,
npoYnM 1 0ao0bpunmn GUHaNbHYlD Bepcuio mepeq nybnu-
KaLmen).
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ODVII'VIHaJ'IbHOG nccneaposaHme

UccnepoBanue 3¢ dpeKTUBHOCTU HarpeBa BOAbI
B pe)XXMMe KaBMTaLMM HAa HavyaJibHOM 3Tane
NPUroTOB/IEHNA 3ePHOBOM NMATOKK

B.H. Heuaes', A.B. Anéwwkun?, MN.A. CaBuHbIx3

1 HUKeropoCKmil rocy1apCTBEHHBIN MHMXEHEPHO-3KOHOMUYECKWIA yHuBepeuTeT, KHArMHuHO, Poceuitckas Qeaepaums;
2 BATCHMIA rocyapcTBeHHbIN yHuBepcuTeT, Kupos, Poccuiickas ®epnepauus;
3 MepepanbHblit arpapHbIi HayuHbIl LeHTp CeBepo-BocToka uMenn H.B. Pyanuukoro, Kupos, Poccuiickas ®Oenepaums

AHHOTALMA

O6ocHoBaHMe. 3epHOBas MaToOKa — LiEHHbIA UCTOYHUK MepeBapUMOro NpoTeMHa M KOPMOBOIO caxapa sl CenbCKOXo-
3ACTBEHHBIX KWBOTHbIX. Ha HayanbHOM 3Tane npou3BoACTBA AaHHOW KOPMOCMECH CYLLECTBYIOLLME YCTPOMCTBA M CXEMBI
HarpeBa Bofbl HeocTaTouHo 3addeKTUBHbIL. B 310N cBA3N paspaboTaHo HOBOE YCTPOICTBO AMS YCKOPEHHOTO HarpeBsa BoAbl
MaccuBHOIO TUMA.

Lenb pabotbl — oueHKa 3GdEKTUBHOCTM NPUMEHEHWS KaBUTaTopa AJ18 HarpeBa BoJbl B YCTaHOBKE AN NPOM3BOACTBA
3epHOBOM NaTOKM!.

MeToapbl. [Ins npoBefeHWs UCCe0BaHUI KaBUTaToOp, BbIMOHEHHBIN B BUAE KOHYCa C JlenecTKaMu, Yroa pacTBopa KoTo-
poro 16°8’, CMOHTMPOBaH B CTEKJIAHHOM Tpybe HarHeTaTenbHOW BETBM BOASHOTO KOHTYpa YCTAHOBKW A1S MPUrOTOBNEHUSA
3epHOBOM NaToku. JlenecTku Bo BpeMs NPOBEAEHWS OMbITOB YCTaHaBUBaIMCh B TPYOY NpAMbIMU UAM OTOTHYTbIMM Ha 15°.
B nabopatopHbIx ycnoBUsX NPOBOAMNICS CPABHUTENbHBINA 3KCMEPUMEHT MO HarpeBy BoAbl 06beMoM 50 11, HauMHas co 3Hade-
Hua ee Temnepatypbl 20°C 1 Yepes Kaxabiv rpagyc ao 30°C, Kak ¢ KaBMTaTOpPOM, TaK M 6e3 Hero. Kputepusmu addekTus-
HOCTM MpoLiecca BbICTYNanu: BPEMS U YOebHbIE S3HEPro3aTpaTthl HarpeBa BoAbl.

Pe3ynbtathl. B pe3ynbrate npoBefeHHbIX MCCNEA0BaHWA YCTAHOBJIEHbI 3HAYeHUS KpuTepueB 3HEKTUBHOCTU mpoLec-
Ca HarpeBa BOfbl C WUCMOJSIb30BaHWEM KaBuTaTopa U 6e3 Hero. llonyyeHbl NIMHEMHbIE 3aBUCMMOCTW TeMMNepaTypbl BOAbI
0T BpeMeHM Harpesa. [1oKa3aHo, YTo co3gaBaeMbii 3DdEKT KaBUTaLMM 338 0CHOBAHWEM KOHYCa He cTabuieH, Ho, BCe-Takwy,
bonee UHTEHCUBHBIW 33 KOHYCOM C NpAMbIMU NlenecTkamu. OTMeueHo, 4To KoadGUUMEHT rMapaBaMYecKoro conpoTUBIEHUS
ANsA KaBuTaTOpa C 0TOrHyTHIMK Ha 15° nenectkamu bonblue Ha 10%, YeM ¢ NpAMbIMK.

3aksioueHue. Vcnonb3oBaHue KaBWTaTopa MpU HarpeBe BOAbl HA Ha4aslbHOM 3Tane NPUrOTOBNEHWA 3epHOBOW MaTOKM
noBbilwaeT 3G PeKTMBHOCTL NpoLiecca Ha 20%.

KnioueBble cnoBa: KaBuUTaTop; 3C|)¢)EI-(T KaBUTaUuu; BpeMA Harpesa; yAaeJibHble 3Hepro3artparhbl.
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Study of water heating efficiency in cavitation mode
at the initial stage of grain molasses preparation

Vladimir N. Nechaev!, Alexey V. Aleshkin?, Peter A. Savinykh?

! Nizhny Novgorod State University of Engineering and Economics, Knyaginino, Russian Federation;
2 \lyatka State University, Kirov, Russian Federation;
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ABSTRACT

BACKGROUND: Grain molasses is a valuable source of digestible protein and feed sugar for farm animals. At the initial stage
of production of this feed mixture, the existing devices and water heating schemes are not effective enough. Therefore, a new
passive-type device for accelerated heating of water has been developed.

AIM: Evaluation of efficiency of a cavitator for heating water at the grain molasses production plant.

METHODS: In order to conduct studies, a cavitator made in the form of a cone with vanes, the apex angle of which is 16°8’,
is installed in a glass pipe of the injection branch of the water circuit of the plant for the preparation of grain molasses. During
the experiments, the vanes were installed in the pipe straight or bent by 15°. In laboratory conditions, a comparative experiment
was carried out to heat water with a volume of 50 liters, starting from its temperature of 20°C and through each degree to 30°C,
both with and without the cavitator. The process efficiency criteria were: time and specific energy consumption of water heating.
RESULTS: As a result of the conducted studies, the values of the efficiency criteria for the water heating process with and
without the cavitator are found. Linear dependence of water temperature on heating time is obtained. It has been shown that
the created cavitation effect behind the base of the cone is not stable, but still more intense behind the cone with straight petals.
It is noted that the coefficient of hydraulic resistance for the cavitator with vanes bent by 15 ° is 10% greater than with straight
ones.

CONCLUSIONS: Use of a cavitator when heating water at the initial stage of preparing grain molasses increases efficiency
of the process by 20%.

Keywords: cavitator; cavitation effect; heating time; specific energy consumption.
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SKOHOMUKA, OPTAHA3ALIAA
N TEXHONIOTVA TIPON3BOLCTBA

Ob0CHOBAHUE

Kak n3BecTHo, nokasaTenu NpoLyKTUBHOCTH U 300pOBbA
CEeJIbCKOX03ANCTBEHHBIX KMBOTHbIX Ha 60-70% 3aBuceAt
OT KayecTBa KOPMOB M YPOBHS KOPMJIEHUS, @ B OCTalbHOM
ONpeaensioTcs TeHETUYECKUM TMOTEHLWANOM UBOTHbIX
W YCNOBUAMM UX cofepxaHusa. lpu 3ToM Ha npuroToBne-
HWe KOpMOB B XXMBOTHOBOACTBE npuxoamtcs Ao 30% Bcex
3Hepro3aTpaTr KOPMOMPOM3BOACTBA, BK/OYas Takue one-
paLMK KaK 3aroToBKy M pasgady kopmos [1]. B cBoto oye-
pefb, YAeNbHbIE 3aTpaThl 3HEPrM Ha MPOM3BOACTBO KOPMOB
B Poccum B 1,5-3 pasa npeBocxoaAT aHanornyHble nokasa-
Tenu ctpaH EC, npu 3ToM NpoayKTUBHOCTb KWUBOTHBIX HUXE
Ha 35-50% [2]. OcobeHHO 3HEproeMKUM ocTaeTcs npouece
TennoBsoi 0bpaboTkM KOPMOB, Ha KOTOPYIO EXErofHO 3a-
Tpauusaetca o 1,8 mnpa. KBty 3nekTpoaHeprum [3].
B cBA3M C 3TMM BONPOC CHUMXEHUA YAENbHBIX 3aTpaT 3Hep-
reTMYECKUX PEeCYpCoB MNpU NMpUroTOBIEHUM KOpPMa, B TOM
uucne, obpabotaHHoro TennoBbiMK criocobamu, sBnseTCS
aKTyanbHbIM. B HacToswee BpeMs B dhepMepcKuX Xo3siu-
CTBax Haubonee LUMPOKOE NMPUMEHEHUE HAXOAMT TEXHOJIO-
rvs BnaroTepMoMexaHU4yeckon 06paboTku 3epHa 3NaKOBbIX
Ky/bTyp B 3epPHOBYH NaToKy, cOanaHcMpoBaHHyo no nepe-
BapMMOMY MPOTEUHY M KOPMOBbIM caxapaM [4]. Yalue Bce-
ro B YCTPOMCTBAX A4S NMPUrOTOBAEHUS COOTBETCTBYIOLLENO
KopMa HarpeB BOAbl Mano3pdeKTMBeH u TpebyeT MOHTaXa
LONOJHUTENBHOM0 aKTUBHOIMO UCTOYHWKA Tenna, YTo NoBbl-
waeT cebecToMMocTb rOTOBOMO NPOAYKTa. JKCNepuUMeHTab-
HO-TEOPETUYECKMX UCCNIEA0BAHNM, NOCBALLEHHBIX NPUMEHE-
HWI0 NacCUBHBIX MCTOYHMKOB TeMJIa, CO3AALLMX, HanpuUMep,
3¢ deKT KaBUTaLMK B YCTPOWUCTBAX NPOU3BOACTBA 3ePHOBOM
NaToKW NpaKTUYecKn HeT. Mo3ToMy coBepLUEHCTBOBaHUE
TEXHOM0rMM M 000pyAOBaHUA LAA NPUroTOBAEHUA 3ep-
HOBOW MaTOKW HOCMT, Ha Hall B3rNAf4, CBOEBPEMEHHbIN
XapakTep.

Tom 90, Ne 6, 2023

Tpamopb\ M CENbXO3MallWHbI

LIE/Ib PABOTbI

Llenbto MccnepoBaHma SBNSETCA OLEHKA Z-)CIJdDEKTVIBHOCTVI
NPUMEHeHUA KaBuTaTopa AJIA HarpeBa BOAbl B YCTAaHOBKEe
0n4 Nnpon3soacTea BEpHOBOVI MaToKW.

MATEPUAJIbl U METObI

PaHee aBTOpaMu HacTosLLEN CTaTb¥ U3Yy4eHbl BOMPOCH
MPUrOTOBNEHNUA NATOKM M3 3epHA 3NMaKOBbIX KyNbTyp (POXb,
MLIEHNLA, IYMeHb), e bbinu onpeseneHsl ONTUManbHbIe pe-
UMbl M HacTPOEeYHble NapaMeTpbl UCMOb3YEMON YCTaHOB-
kv [5]. OgHaKo, ocTancsa He A0 KOHLA M3y4YeH BOMpOC npega-
BapuTeNbHOro Harpesa Boabl Ao Temnepatypbl 30°C, kotopas
0bycnoBneHa TEXHOOMMEN NPOU3BOACTBA NATOKW.

[ing ycTpaHeHus paHHoM npobneMebl paspabotaHa na-
bopaTopHas ycTaHoBKa (puc. 1), coctosias U3 pamsbl 1, Bo-
OSHOTO KOHTYpa, BKJIIOYaloLLero B cebs TeXHOMOrMYecKyio
€MKOCTb 2, MacCUBHbIN WU3MeNbuYnTeNb 3, LEHTPODEKHbIN
Hacoc 4 1CM65-50-160/2-M ¢ npuBOAOM OT 3MEKTpoABHra-
Tens 5 AUP 100L2 Y2 MowwHocTbio 5,5 KBT 1 ciucTeMsl Bcackl-
BalOLLLEro 6 1 HarHetatenbHoro 7 TpybonpoBoAoB.

Ha ropu3oHTanbHOM y4acTKe HarHeTaTeNbHOW BETBM
npesycMoTpeHa BO3MOXHOCTb MOHTaXa KaBuTatopa B CTe-
KnsHHoi Tpybe 8, Npo3paqHOCTb KOTOPOM 0becrneuunsaet yc-
NoBWA HabNKLEHMA M perncTpaumum 3a NPOUCXOLALLUMU Npo-
LieccamMu MoToKa Jxugkoctu. Kpome Toro, Ans onpegeneHus
[aBNeHUs Nepej KaBUTOPOM Ha HarHeTaTesbHOM BETBU
rnocne Hacoca ycTaHoeneHbl MaHoMeTpbl POCMA TM-310P
ao 0,16 MMa u (unn) MPF po 6 6ap. [1ns usMepeHus Temne-
paTypbl BoAbl B eMKOCTH MCMOb30BaCA faTuMK TeMmepary-
pbl 6 TST-81-1,5.

[lna nsyyeHus npouecca HarpeBa BoAbl B HarHeTaTeslb-
HOW BETBM BOASHOTO KOHTYPa YCTaHOBMEH KaBuTaTop (puc. 2),
OCHOBHbIM 3/IEMEHTOM KOTOpOro SBASieTCA KOHyc 1 ¢ YoM

Kaeumamop 3
R .
AN BT
8 /
7 .
~ . 2

6

| 7

Puc. 1. JlabopatopHas ycTaHoBKa: @ — 00LLMI BUL; b — cxeMa YCTaHOBKM.
Fig. 1. Laboratory setup: a — general view; b — setup layout.
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pactBopa 16°8’, cnocobCTBYHOLLMIA CYyXKEHWIO NPOXOLHOIO Ce-
yeHust TpybonpoBsoaa U, NpeanonoXuTeNbHO, 06pa3oBaHuio
addeKTa KaBuTaLMM 33 OCHOBaHMEM KoHyca. [lononHuTenb-
HbIM 3/IEMEHTOM KaBWUTaTopa SIBNAIOTCA NEMEeCTKU 2, KoTo-
pble B CBOW O4epefb YCTaHaBNMBaUCh B Tpyby NpsMbIMU
UM oTorHyThIMM Ha 15°. OcHOBHaA GyHKLMA NenecTKoB — 3T0
3aKpenseHue KoHyca B Tpybe W co3aaHue AOMONHUTENBHOTO
CONPOTUBIEHUSA MOTOKY KULKOCTH.

[lns BuaeoperncTpaLmm noBeAeHNS XULKOCTM Ao, Npu 06-
TEKaHUW KOHYCa 1 Nocrie NPOXOXAeHUs KaBuTaTopa bbina uc-
Mnosb30BaHa BbICOKOCKOpOCTHas kaMepa Evercam 1000-4-M
MOHOXPOMHOM 3anuck ¢ Yactotoid 1000 K/c npu paspele-
Hum 1280x800. HabniopeHune 3a pacnpedeneHueM Temne-
paTypbl MccnefyeMon MOBEPXHOCTU OCyLiecTBsAnoch bec-
KOHTaKTHbIM cnocoboM ¢ noMoLLbo Tennosu3opa Testo 865.
3HauyeHne noTpebnseMomn YCTaHOBKOM MOLLHOCTM (UKCUPO-
Banocb npubopom K-505.

Mpu NpoBeAeHUM OMbITOB UCMONb30Banach BOAa CPea-
Hel KeCTKOCTU C MUHepanusauuen 214 ppm (Mr/n), onpe-
JeneHHoW ¢ momolblo npubopa TDS-3. Kak u3BecTHo,
KauecTBO BOAbl KaK TEMIOHOCUTENS MO CBOEMY CONEBOMY
COCTaBy M MpUMECAM CYLIECTBEHHbIM 00pa3oM BnuseT
Ha 3 deKTUBHOCTL paboTbl cucTeM TensiocHabxeHus [6, 71.
TemnepaTypa Bo3ayxa B nabopatopuu 1 aTMocdepHoe aB-
NeHue BO BPeMsi NPOBELEHWUA 3KCMEepUMEHTa COCTaBfIfANo
coorBetcTBeHHO 16°C n 750-755 MM.pT.cT. Yucno napan-
NeNbHBIX OMbITOB PaBHANOCH TPEM, MO3TOMY 3KCMEPUMEH-
TanbHble [aHHble, NpefCcTaBNeHHble HUXE, OnpedesieHb
Kak cpegHue apudmMeTnyeckue. lNocne Kaxaoro onbiTa Boa
C/MBanacb, BOASHOW KOHTYP YCTAHOBKMW MPWUHUMaN UCXop-
Hyl0 TeMneparTypy.

Vol. 90 (6) 2023

Tractors and Agricultural Machinery

TexHonorMyeckuin npoLiecc nNpoTeKaeT creaytoLmM obpa-
30M. TexHonornyecKas eMKOCTb YCTaHOBKM 3anofiHAeTCs BO-
noii 06beMomM 50 11, nocne Yero BKITOHAETCA LIEHTPOBEXKHBIN
Hacoc. [lanee 3a cyeT NMOCTOSHHOW LMPKYNALUMM B 3aMKHY-
TOM BOASHOM KOHTYpe BoAa HarpeBaeTcs Ao 3Hauenuns 20°C.
C aToro MoMeHTa ugeT GUKcaLus NapaMeTpoB Harpesa Bofbl
yepe3 Kampbi rpagyc no 30°C Kak C KaBMTaTopoM, Tak
u 6e3 Hero MpW NpoYMX paBHbIX ycnoBuUsX. [l oLeHKM pa-
Bouero npovecca BbIbpaHbl Takue Kputepumn aQhEKTUBHOCTH,
KaK BpeMs U yAenbHble 3HEPro3aTpatbl Harpeea BOAbI.

PE3Y/IbTATbl U OBCYXOEHUE

Ha nepsoM 3Tane ana noATBepXAeHUs WM onposep-
JKEHUs runotesbl 06 MHTEHCUUKALMKM npoliecca Harpesa
BOAbl B YCTAHOBKE A NPUroTOBAEHUS 3epHOBOW MaTOKU
NPOBEeLEH CPABHUTENbHBIN 3KCMEPUMEHT MO HarpeBy BOAbI
¢ 20 po 30°C B MpUCYTCBMM M OTCYTCBUM YCTaHOBNEHHOIO
KaBWTaTopa Npu ABYX BapuaHTax MOM0XEHWUS NenecTKOB.
Mo pe3ynbTataM 3KcnepuMeHTa MocTpoeH rpadmK npo-
Lecca Harpeea (puc. 3), KoTopblii NOKa3bIBAET, YTO Harpes
naeT aQdeKTUBHEN C UCMONb30BaHWEM KaBuTaTopa. [puyem
BpeMSs, 3aTpayeHHoe Ha Harpes 50 n Bofbl, YyTb MeHbLUE
NPy WUCNOb30BaHUM KaBWUTaTopa C MNpAMbIMU JlenecTKa-
MW, YEM C OTOFHYTBIMW MPU COOTBETCTBYHILLMX 3HAYEHUAX
11,32 mMuH. 1 11,38 MuH. CxeMa c npUMeHeHWEM KaBuTaTopa
C NpsAMbIMK JieNecTKaMm N03BOASET YCKOPUTb NpoLiecc Ha-
rpesa Bofbl 6onee yeM Ha 20% Mo cpaBHEHWIO CO CXEMOW,
rAe OH OTCYTCTBYeT. XapaKTep M3MeHeHUs Temneparypbl
HarpeBa Mo BPEMEHW BO BCEX CIy4asX UMEET JIMHENHYH
3aBUCUMOCTb.

Puc. 2. KaButatop: @ — cxeMa: | — KoHyc; 2 — nienecTku; b — obLumin Bua (nenectku oTorHyTbl Ha 15°); ¢ — B CTEKNAHHOI Tpybe
C NpAMBIMM NENecTKamy.
Fig. 2. The cavitator: a — layout: 7 — cone; 2 — vanes; b — general view (petals bent by 15°); ¢ — inside a glass pipe with straight

vanes.
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M TEXHOMOMVA NPOV3BOACTBA
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Puc. 3. Bpems Harpesa Boabl no 30°C.
Fig. 3. Time of water heating up to 30°C.

Mpu aHan13e pesynbTaToB NoMyYeHbl YpaBHEHNS U3MEHe-
HUS 3HaYEHWIA TeMrepaTypbl BOAbI OT BPEMEHMU:

T=0,7043 -1+ 20,292, (1
T, =0,8482-1+20,315, )
T,, =0,8449-1+20,263. 3)

YpaBHeHMs HaunyyLLMx annpoKcuMaumin dyHKumia (1)—(3)
[0CTaTo4HO TOYHO OMUCHIBAKOT MPOLIECC HArpeBa, 0 YeM CBU-
LETeNbCTBYHOT BbICOKME 3HAYEHUS KOIQHMLIMEHTOB AeTEPMU-
Hawm: R} =0,997, R; =0,9964 , R} =0,9967 .

[lanee onpeaeneHsbl yaenbHble 3aTpaThl IEKTPOIHEPTUM
Ha HarpeB 1 nutpa Bogbl Ha 1°C no dopmyne:

Pt
w, = , 4
VAT @

roe P — cpepHsis notpednsemMas MOLLHOCTb 3/IEKTPOABUra-
Tens, KBT; T — Bpems HarpeBa Bofbl, C; V' — 00bEM Boabl
B bake, n.; AT — u3MeHeHne TeMnepaTtypbl Boabl, °C.

B pe3ynbTate BblYMCNEHUIA MOCTPOEHA MUCTOrpaMMa pac-
npenenexus yaenbHbIX 3Hepro3atpat (puc. 4). Kak MoxHo
3aMeTUTb, MMHUMaNbHOE 3HauYeHWe BblbpaHHOro KpuTepus
3@ deKTMBHOCTM HabntofaeTca Npu MOHTaXe KaBuTaTopa
C npsMbIMK fenecTkamm u coctasnset 1,8878 Br-u/n-°C,
YTO MeHbLUE MO 3HAYEHWH aHaNOrMYHOro NoKasaTtens npu-
MepHo Ha 3% pana HarpeBa Bofbl be3 KaBuTaTtopa. Pac-
XOX[EHMEe 3HAYeHWIA NpU YCTAHOBKE KaBUTATOpa C PasHbIM
MOJIOXKEHWEM JIeNecTKOB HE3HAYWTeNIbHO UM COoCTaBnseT
He bonee 1%.

Ha BTOpOM 3Tane uccnepoBaHusa nocne Toro, Kak bbina
[oKa3aHa 3ddEeKTUBHOCTb NPUMEHEHNS KaBUTaTopa, BU3Y-
anbHO MOXHO onpeaenuTb IGHEeKT KaBUTaLUM C NOMOLLbIO
BbICOKOCKOPOCTHOM CbeMKM. [INs Hayana paccMoTpuUM reo-
METPUYECKYI0 KapTUHY Ha NMpUMeEpe LBUXKEHWUS MULKOCTHU
B CTEKNsHHOW TpyOe, B KOTOPOM YCTaHOBNIEH KaBWUTaTop
C npaAMbIMK nenectkamm (puc. 5). He cneynet 3abbiBath,
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Tpamopb\ M CENbXO3MallWHbI
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= 0e3 KaBHTaropa
- KABUTATOP (JEMeCcTKH MPAMEIE)

-+ KaBuTATOp (EMECTKH OTOrHYTH Ha 15%)

Puc. 4. CpeaHue 3HaueHMs YoenbHbIX S3Hepro3aTpar Harpesa Bogpl.
Fig. 4. Average values of specific energy consumption of water
heating.

"XBOCT"
KaBUTaL MK

:.—:5"

FOUIONbIBAHMe —————
e
My3bIPbKOB

Puc. 5. CxeMa npouecca KaBuTaumm.
Fig. 5. Cavitation process diagram.

YTo MO pesynbTaTaM NpefblayLWmMX OMbITOB 370 camas 3d-
(eKTMBHasA cxeMa HarpeBa. Kak MoxHo 3aMeTuTb, npouecc
LBVWXEHUS HULKOCTU B HEYCTaHOBUBLLEMCS PEXMME [0CTa-
TOYHO CNOXHbIA W, B 00LLEM Cnyyae, [0 U Npu 06TeKaHUM
KOHyCa [BMXYLLAsACS XMAKOCTb NPeAcTaBnseT coboii ce-
MEWCTBO JIMHUIA TOKA, KOTOpble QOPMUPYIOT CMEKTp Teue-
Hus. pu NpubnMKEHMM K OCHOBaHWIO KOHYyca AaBleHue
pe3Ko nagaet C 04HOBPEMEHHBIM MOBLILLIEHUEM CKOPOCTH
OBWXeHMSA BoAbl. B pesynbrate 3akunanus xupkon asbl
3a 0CHOBaHMeM KoHyca W Ha pacctosHum ao 0,30 (0 — aua-
MeTpP 0CHOBaHMs KOHyCa) OT ero 0CHOBaHMS CTAaHOBMUTCA 3a-
MeTHbIM 00pa3oBaHMe Ny3bIpbKOB Napa, AMaMEeTP KOTOpbIX
He npesbiwaeT 1,5 MM. B onpepeneHHblii MOMEHT BpeMEHU
“3-3a BO3MYLLAKLIMX GaKTOPOB NpeanonoXuTesbHo, Ha-
npuMep, M3-3a CKauKa AaBMEHWUS UM BHYTPEHHETO TPEHUS
yacTuL Kuaroctu obpasylotca Buxpu. [y3bipbku napa,
OBUrascb Jasnblie Npyu pacUMPeHUN XUBOTO CEYEHUs TpY-
Obl C BbICOKOI CKOPOCTbIO CXJOMbIBAKOTCSA C BbIAENEHUEM
TENNOBOW 3HEPruu, YTo, B CBOK OYepedb, MPUBOLMT K A0-
MoJHUTENbHOMY HarpeBy Bogbl. [lof Bo3fenCTBMEM Teue-
HUS BUXPU YNIIbIBAIOT, 00pa3ya «xBoCT» KaBuTaumu. o ero
NPOTAXKEHHOCTU KOCBEHHO MOXHO CYAUTb 06 MHTEHCUBHOCTH
addeKTa KaBuUTaumu. 3a, TaK Ha3blBaeMbIM, «XBOCTOM» Te-
YeHWe KMAKOCTW npuobpeTaeT YCTAHOBMBLUMICA XapaKTep.
[lanee npouecc noBTopseTcs, T.e. 33 OCHOBAHMEM KOHYyCa
NpoMCcXoAnT 06pa3oBaHKe HOBBIX MY3bIPbKOB, BUXPEH U T.4.
BaHo, 4To Nony4yeHHble pesynbTaThl B LENOM He NMPOTUBO-
peyar Teopuu KasuTaumm [8, 91.
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K coxaneHuio, B paMKax HacToALLEro MccnesoBaHus
He NpeacTaBnseTcs BO3MOXHBIM rpauyeckn npeactaBuTh
OVHaMUKY [IBVIKEHWUS XULKOCTMW, NOITOMY NPUHSATO peLLeHme
MOKa3aTb HECKOJIbKO NoCNefoBaTeNlbHbIX KaapoB Ans ABYX
BapMaHTOB YCTaHOBKM KaBuTatopa (puc. 6). [na obowmx
CyyaeB BWAHO, 4TO 3(GGEKT KaBUTaLMM 33 OCHOBAHUEM
KOHyca HeCKoNbKo He cTabuneH. OpnHako, Ans nepBoro
cnyyas (puc. 6, a) BUXpeBble 30HbI Ooee NNOTHbIE, a AK-
Ha «XBOCTa» KaBuTauuu bonee npotskeHHas. OTorHyTble
NenecTkM CnocoBCTBYIOT HE3HAUMTENBHOMY 3aKpyYMBaHUIO
MOTOKA, YTO BUAHO MO JIMHWAM TOKA, HO HE BAMSKT Ha [0-
nosHWTENbHOE NapoobpasoBaHue (puc. 6, b).

[lns nopTBepXAeHWs pesynbTaToB HabniofeHuid bbina
NpoBeLeHa TEeMNOBU3UOHHAA CbEMKA CTEKNSHHOM TpyObl
B 30He 10 KaBMTaTopa W MOC/e HEro B OLHOM W3 OMbITOB
B PeXWMe HarpeBa C UCMoNb30BaHWEM KaBuTatopa C nps-
MbIMK fienecTKamu (puc. 7). B HayanbHbIii MOMEHT HarpeBa
(puc. 7, @) no nepeKpecTHOMY Kypcopy TennoB130pa 3aMeTHo,
YTO TeMnepaTypa BOAbl 33 KABUTATOPOM MOBbILIAETCS Npy-
bnuautensHo Ha 5,5% c 20,1° go 21,2°C, nanee B cepeanHe
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TeMmnepatypHoro pexuma (puc. 7, b) u B koHue (puc. 7, ¢) TeM-
nepaTypa Bo3pactaeT B cpefiHeM oKono 3%.

Ha 3akniounTtenbHOM 3Tane UccnefoBaHWin onpefeneHb
TMAPaBNMYECKMe COMPOTUBIIEHNS B CETH, Bbi3blBaeMble Ka-
BuTaTopoM. [N npepniaraeMon KOHCTPYKUMW KaBuTaTopa
C NPAMbIMA W OTOTHYTBIMKM JIENecTKamm1, NafieHne Hanopa
onpenensnoch no pesynbTatam aKcnepuMeHTa hopMynoii:

N (5)

pg

roe AP — pasHocTb [aBneHuii Ha BXoAe nepep, KaBuTato-
POM U BbIXoAe nocne Kautatopa, Ma.

CornacHo pesynbTaTaM MAPaBAMYECKUX UCMbI-
TaHWA YCTAaHOBKW [AaHHbI MOKasaTeflb OMpejeneH
ANS [IBYX Cy4aeB: /181 KaBUTaTopa C NPAMbIMM NlenecTKamm
AP =34474 Ta, a TaKKe C OTOrHYTbIMW JienecTKamu
Ha 15° — AP, =37921 Ma; p — NNOTHOCTb BOABI, KI/M3,
Mpu TemMnepatype Boabl 20°C NAOTHOCTL BOALI NPUHATA paB-

Hon p =998 kr/m? [10].

Puc. 6. MocnenosatenbHble Kaapbl 3an1cK NpoLiecca KaBuTaLmm (cneBa-HanpaBo) BbICOKOCKOPOCTHOM KaMepoil B MHTepBane TeMneparyp
Boapl ot 20 fo 30°C: @ — KaBWTaTOp C NPAMBIMU JIENECTKaMK; b — KaBUTaTop C JIenecTkamu, OTOTHYTbIMK Ha 15°.

Fig. 6. Sequential frames of recording the cavitation process (from left to right) by a high-speed camera in the water temperature range
from 20 to 30°C: @ — the cavitator with straight vanes; b — the cavitator with vanes bent by 15°.
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I TEXHONOMAA TTPO3BOLCTBA Tom 90, N° 6, 2023 TpaKTopbI 1 CeMbX03MalLIMHbI 1
Torpa cornacHo ¢opmynbl (1) nageHue Hamopa paBHo: Toraa pAna Kaeutatopa C MNpAMbIMM  NenecTkamu
AnA nepsoro Bapuanta AH,  =3,52 M, ana BToporo — G ) =175, c oTOrHyTHIMN 0y = 1,92.
AH =387 ™. BuaHo, 4To NpM BTOpPOM BapMaHTe YCTAHOBKM KaBWTaTopa
3ateM, K03 dULMEHT rMapaBINYECKOr0 COMPOTUBIEHUS  NafeHue Hanopa 1 KoahdULMEHT rMapaBIMYECKOro COMpOTUB-
MOXXHO BbIYMC/IUTb COTJIACHO COOTHOLLIEHMIO: NIEHWS N0 CPABHEHMIO C NEepBbIM BapuaHToM bonbLue Ha 10%.
AP Kak M3BECTHO MNOTHOCTb BOAbI HECKOJIbKO CHUXAeTcs
C . =7 (6)  npu noBblweHUM ee TemnepaTypbl, 0OAHAKO, MPU Harpese

BoAbl ¢ Temnepatypbl 20°C go 30°C cywwecTBeHHbIX U3MeHe-
rie v — CKOpOCTb TeYeHUA BOAbI B HarHeTaTesIbHOM Tpybo-  HUil B 3HAYEHWAX MMAPaBIMYECKUX COMPOTUBNIEHUI He Mpo-
npoBozae paBHa v =6,29 m/c. UCXOLMT.

IRODOO37 11] IROD0O38

IRODOOS2 IRODO0S3

Puc. 7. V1306pareHns TepMorpaMM Tpybbl C KaBUTATOPOM B MpoLiecce Harpesa BoAbl C TeMJOBU3MOHHBIM NPULENOM [0/Noce KaBuTaTopa:
a —Ttemneparypa 20,1°C/21,2°C; b — Temnepatypa 26,2°C/26,9°C; c— temnepatypa 28,7°C/29,4°C.

Fig. 7. Images of tube thermograms with the cavitator during water heating with thermal imaging sight before/after the cavitator: ¢ —
temperature is 20,1°C/21,2°C; b — temperature is 26,2°C/26,9°C; c — temperature is 28,7°C/29,4°C.
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3AKJIKYEHUE

B 3akni04eHumn cTouT 0TMeTUTD, YTo, BE3YCoBHO, CyLle-
CTBYeT MHOr0 CnocoboB HarpeBa BOAbI MPU MPUIOTOB/IEHUN
JULKMX KOPMOBBIX CMECEN, Y KaX[0ro U3 HUX HaUayTcs CBOM
npeuMyLLEeCTBa W HepocTaTku. Ho, Bce-Taku, Cenbxo3npouns-
BOAMTENM B MEPBYI0 0Yepefb OPUEHTUPYHIOTCA Ha MPOCTble,
HO 3 dEKTUBHbIE TEXHUYECKME pelueHus. B Hawem cny-
yae no pesynbTaTaM NabopaTopHbIX UCCNEA0BaHMIA YAANoCh
YCTaHOBWTb, YTO B YCTAHOBKAX /IS MPUIOTOBNEHNS 3ePHOBO
MaToKy BO3MOXHO NOBbLICUTL 3PHEKTMBHOCTb HarpeBa Bofpl
MyTeM MOHTa)a B HarHeTaTeSibHbIM TpybonpoBop, KaBuTa-
Topa. llpencTaBneHHoe YCTPOICTBO, COCTOSALLEE M3 KOHYCA,
He NpeAcTaBNSeT CIOXHOCTU B U3TOTOB/IEHUN U B MOHTaXe.
OcTaeTcs HepelUeHHoI HeboMbLIas KOHCTPYKTUBHO-TEXHOMO-
rmyeckas npobnema: nocne Harpesa Boabl 40 30°C u nobas-
NIEHUN B TEXHOMOTMYECKYI0 eMKOCTb 3epHa NepeHanpaBuTh
MOTOK BOAHO-3epHOBOW cMecH B 06xof KaBuTaTopa. Micnonb-
30BaHe YCTPOMCTBA NpU HarpeBe BOAbI HA Ha4anbHOM 3Tane
MPUroToB/IEHUS 3ePHOBOM MATOKM NOBbILIAET 3D GEKTUBHOCTL
npouecca Ha 20%.

AOMOHUTE/IbHAAA UHOOPMAL UA

Bknap aBtopoB. B.H. HeuaeB — moprotoBka 1 nposege-
HWE WCMbITaHWIA, MPeACTaBneHne pe3ynbTaTos, OMMCcaHue
pe3ynbTatoB M (HOpPMYIMPOBaHWE BbIBOAOB WMCCNEAO0BaHUS,
MOAroTOBKa TeKcTa cTatby; A.B. ANEWIKMH — MOCTaHOBKa
npobnembl, pa3paboTKa KOHLENUMM CTaTbM U MeTomoMo-
MK 1ccnefoBaHus, aHanu3 ganHblx; M.A. CaBuHbIX — Ha-
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MOLTBEPX AT COOTBETCTBME CBOETO aBTOPCTBA MEXAYHAPOL-
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ABHbIX M NOTEHUMAMbHBIX KOHDIIMKTOB MHTEPECOB, CBA3AHHbIX
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UcTouHnk  dmHaHcupoBaHua.  ABTopbl  3asBAAIT
06 OTCYTCTBMM BHELUHEro GUHAHCMPOBaHKA NPY NPOBEAEHWM
WCCeoBaHUA W NOAOTOBKe MybanKaumm.
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