TEXHUYECKHUE HAYKH

DOI 10.12737/2073-0462-2025-20-4-85-92
YK 62.838
SKCIIEPUMEHTAJIBHBIE UCCJIEJOBAHUS MAC TAT'OBOI'O KJIACCA
0,6 C ABTOHOMHBIM 3JIEKTPOIIPUBOIOM
3. A.T'ox:kaes, C. E. CenbkeBunu, U. C. Anekcees, H. A. Maiicrpenko, C. 10. Yioros

Pedepar. B naHHOI cTaThe ONMCAHO NMPOBEICHHUE KCIIEPUMEHTAIBHBIX HCCIIEI0BAHIH MOOHIBHOTO
sHeprocpeactsa (MOC) ¢ aBTOHOMHBIM 3JIEKTPONPHUBOJOM TAroBoro knacca 0,6 B MOJEBBIX YCIOBHAX
JUISL OLICHKH ero (DyHKIMOHAJIBHBIX cBOMCTB. OO0BEKTOM HccienoBanus siBissercs MOC TaroBoro kiacca
0,6 Ha 6a3e caMOXOAHBIX maccH T-16 ¢ AIEeKTPONPUBOAOM. 3aMEHa MEXaHUYECKOW CHIIOBOH Tepeaadn ¢
JABC Ha aBTOMaTH3HPOBAaHHBIN AMEKTPONPUBOX ¢ DJ] MO3BOIMIA U3MEHUTh HEKOTOPHIE XapaKTePUCTH-
ku MOC. Llens nccnenoBaHus — omeHKa GyHKIIMOHANBHBIX cBoiicTB MOC Tarosoro kimacca 0,6 ¢ mpu-
MEHEHHEM aBTOHOMHOTro DIl B KadecTBe CHIOBOW YCTAHOBKH ITyTEM IPOBEICHHMS SKCIEPHMEHTAIBHBIX
HCCIIEJOBAaHMH B MOJICBBIX yCIOBUsX. [lmomanka st MoJaeBbIX M3MEPEHUH MPEeACTaBIsIa cOO0H KIETKY
0JIs Y4e€OHO-OIBITHOTO XO3SIUCTBA TEPPUTOPUU TosieBOW ombiTHOM craHumu PIAY-MCXA um. K.A.
TumupsizeBa. DKCIEpUMEHTAIBHBIE UCCIICOBAHUSI PEKUMOB JBIKCHUSI MOOMIIBHOTO DHEPrOCPE/ICTBA
(pasroH M yCTaHOBMBIIHMICSA pEXHUMBI), IPUBEACHHBIE B PaMKax HACTOSIIEH CTaThbH, MPOBOJIINCH Ha
(doHe crepHs KoJ0COBBIX. Bricota crepuu cocrarisiia 0,12-0,15 M, BraxkHocTs mouBsl 12-13%. Bpems
UCTIBITAaHUH — JIETHUH (HOCneyOOpoUHbIi) meprnos roaa. IIoBTOpHOCTh M3MEPEHUH MIPHUHSTA TPOSKpaT-
Ho, ckopocTs arkeHns MOC - 1,5 m/c. Pe3ynpraToM MpoBeAEHHBIX MCCICIOBAHNI TIOKA3aIl CHIKE-
HHE KCIUTyaTallHOHHOH Macchl B cpexHeM Ha 300 Kr, ymydIIMiInch TATOBO-CIEHHbBIE M JUHAMHIECKUE
nokazarenu. Ilomyuensl oTHocutenbHble M3MeHeHus tarosoro KIIJ[ mist Bapmanta MOC ¢ IBC —
0,652, nnsa -Bapuanta MOC ¢ snektponpuBogoM - 0,680. MakcumansHOe 3HaueHHe KO3 (UIMEeHTA
WHTEHCUBHOCTHU Kojebanuii nentpa macc MOC, cocramseT He 6onee 3,03 mpu MakCUMAalbHO JOMYCTH-
MoMm 3HadeHud B 4,0. Jlns coBepIICHCTBOBAaHUS (DYHKIHMOHAIBHBIX XapakTepuctuk MOC 1o 3Hepro-
obecrieueHn0 U 10 9HEProd(GEeKTUBHOCTH TPH JalbHEHIIEM OCBOCHHUHM CEPUIHOIO IPOW3BOJCTBA
MDOC, HeoOX0ANMO COXPaHHUTh NPHUHIHUITHATIBHYIO CXEMY 3JIeKTpoMeXaHndeckoil TpaHcMuccnu. OnHa-
KO, HeoOxoanuM BbIOOp Oojiee ONTHMAaNbHOM CXEMBI COEIUHEHUH C MUHMMAJIbHBIM OMHUYECKHM COMpO-
TUBJICHAEM W TIOJ00POM HOBBIX JIUTHI-HOHHEIX AKDB ¢ yBenmn4eHHON eMKOCTBIO.

KnaioueBble ci0Ba: OSKCHEpUMEHTANBHBIE  WCCIEIOBAHMS, ABTOHOMHBIM  3JICKTPOIIPUBOI,
3NEeKTPOABHUraTeb, MOOMIIBHOE IHEPTETHIECKOE CPEICTBO, TPAKTOP.

BBenenne. PacuerHO-3KCIIepEMEHTaNbHEIE  HA  YIJICPOJHOM TOIUTMBE M HCIIOIB3YIOIINX
HCCIICIOBAaHUA B O00JACTH CEIBbCKOTO XO3sif-  nBuratend BHyTpeHHero cropanus ([IBC),
CTBa, B YACTHOCTH WCCIEIOBaHHS MOOWIIb- Ha 0Ooliee HSKOJOIMYHBIE CUCTEMBI C  BOJIO-
HbIX  JHEProcpejCTB (M3C), mnpoBomaTcs  pPOTHBIMH TOIUIMBHBIMH JJIEMEHTaMH 3aHUMa-
perymsipHo. BpIOOp HampaBiieHWs IPOBOAMMBEIX — JHCh B cTaThsax [18, 19]. Tlomumo skcmepu-
HCCIICIOBAHUS MOXET OBITh CBSI3aH C OCOOCH-  MEHTOB, CBS3aHHBIX C  WM3MEHEHHSIMH B
HOCTSIMH TIOYBCHHO-KJIMMAaTH4e€CKUX  YCIOBUH  KOHCTPYKIMSAX  TPakTOpOB, MNPOBOAATCI H
pervoHa, kak B craThsx [1, 2]. JlapnmeHne Ha  3KCIICPHMEHTHI, HANpPaBICHHBIC HA IPOBEPKY
mouBy, okaseiBaeMoe MOC U ero opyausMM, METOJUK  MCHOBITAHMA M HOATBEPXKICHHE
M3y4YeHHE €ro BIUSHUS, TNPOTHO3UPOBAHME U  UX aJIeKBaTHOCTHM Kak B cTaThsx [20, 21].
ONTUMAJIFHOE pacHpeiesicHue SBIAIOTCS HarpaB- AHanmu3 BBIICNPHUBEACHHBIX HAYYHBIX paboT
JCHUAMHU JUIS SKCIEPUMEHTOB, PACCMOTPEHHBIE  IOATBEP)KIAET, YTO MPUMEHEHHE 3JIEKTPOIIPHBO-
B crathsx [3, 4, 5], Usyuenuem nemxenuss MOC, nma (OI1) B MammHax CelbCKOXO3SIMCTBEHHOTO
B UYACTHOCTH, BIMSHHE HEPOBHOCTEH TOY-  HA3HAYEHHUS OJHA M3 aKTyaJbHBIX 337134 B HACTO-
Bl [6, 7, 8], mpuuenHoro oOoOpynoBaHWS M  flIee BpeMs. B CBS3M ¢ 3THUM, SKCIEPUMEHTAIIb-
ckopoctu MOC Ha €ro TpaeKTOpUI0 M BO3-  HbIE JAaHHBIC, IOJIYUYECHHBIE B PEAIbHBIX YCIOBUIX
MOXKHOCTh YIIpaBICHUS ONpOKUIbIBAaHMEM  3KciutyaTanuud MOC, HMET NepBOCTENEHHYIO
MOC 3zanmmanuce B paborte [9]. B myOnmka-  3HaYMMOCTB NPH NPOEKTUPOBAHWUHM KayeCTBEHHO
musx [10, 11] BesICHSETM MoXeT Jid  ¢opMa  HOBOHW MAlllMHBI.

MOC 3HauMTENBHO BIMATH Ha €ro pabory. A B [enp ucciaenoBanust — omeHKa (PyHKIIMOHAIb-
cratbe [12] SKCHEpUMEHTHpOBaIM CO cXeMmol  HbIX cBoricTB MOC TsaroBoro kimacca 0,6 ¢ mpume-
ynpaBieHus OecnWiIOTHBIM TpakTopoM. Harpy-  Henmem aBToHOMHOro JOIl B KadecTBe CHIIOBOM
KEHHOCTb M €¢ BIMsHUE Ha 5((EKTHUBHOCTb  YCTAHOBKHM IIyTE€M NPOBEACHHS SKCIIEPHMEHTAIIb-
MOC Takxke sBIS€TCS TEMOM UCCIENOBAHMN,  HBIX HCCIEAOBAHUHN B MOJEBBIX YCIOBUSIX.

0 KOTOPOM MPOBOAATCS AKCIEPHUMEHTHl B Ycaosusi, MarepHajdbl M MeETOABIL
crarbsx [13, 14]. I'mOpunnbelii  anroputm oumeH-  OObekTOoM wuccnenoBaHus sBisiercs MOC -
KA MAacChl CHCTEMbl TsArada-mojynpuiena skc- roporo kiacca 0,6 Ha 0a3e caMOXOIHBIX IIAc-
MEPUMEHTAJIBHO TMpoBepsics B cratbe [15].  cu T-16 ¢ DII. DnekrpompuBox ObLT yCTaHOB-
Pasnmuunble BapWaHTHl TOIUIMBA H  CHOCOOBI  JICH B3aMEH KJIACCHUECKOTO JBHUTraTelsl BHYT-
WX Tojady, BimsAomme Ha pabory MOC  peHHero cropaHus. MOIIHOCTh 371€KTPOJBHraTe-
TaKXKEe CTAHOBATCS TEMaMH  HCCICIOBaHWM, Jia cocraBisana 11 kBT, nBuratens BHYTpeHHe-
kak B cTateax [16, 17].  DOxcnepumentamum ro cropanus 18 kBrt. Bam snekrpongsuratens
[0 3aMeHe CWJIOBBIX CHCTeM, pa0OTalomMX  HANpSAMYK COEIWHEH C IEPBHYHBIM BaloOM
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KOpOOKM TepeKitoueHus mnepenad. llepBUYHBIM
HCTOYHMKOM JHEPTHH CIy)HUT OJOK aKKyMyJIs-
TOpHBIX Oatapeit. DJ] wepe3 BEKTOPHBIN Mpeod-
pazoBaTeNb YacTOTHl MOJKIIOYEH K OJIOKY
aKKyMYJITOpHBIX Oartapei. [locnme mepeoGopy-
JOBaHUA Macca OOBEKTa HCCIICNOBaHUS CHH3H-
mace ¢ 1800 xr mo 1500 xr.
[Iporpamma-mMeToquka SKCHEPHUMEHTAIBHBIX
UCCIICIOBAaHUN MO pa3pabOTAaHHOMY U H3TOTOB-
JEHHOMY MakeTHoMy o0Opasny MOC ¢ OII
CHJIOBOH TIiepeayd MO3BOJIUT IONYyYHTh HO-
BBIC OKCICPUMCHTAIBHBIC IaHHBIC Ui BEpHU-

(ukarm KOX(pPHUIUEHTOB MaTeMaTHIECKOU
MOJCNHM,  TOATBEpXKICHHs €€ aJeKBaTHOCTH,
ycraHoBicHHe — 3()()EKTUBHOCTH  BHEIPCHUS

JJIEKTPUYECKOTO TIPHBOJA B CHJIOBYIO Mepela-
4y MOOHJIBHOTO DHEPreTHYECKOro CpeicTBa
Tarooro  kmacca  0,6.  IlepBoHavyanbHBIM
[maroM  mepel  NPOBEOCHHEM  HCIBITaHUH
OBUT pacyeT KOOPAMHATHI LICHTPA TSKECTH
MaKeTHOro o0pasia ajisd 3TOro OBUIM yCTaHOB-
JeHbl JATYMKW JUI1  CYUTHIBAHHS  OHOPHBIX
peakuuii Ha KoyiecaX, YTO OBUIO TOAPOOHO
paccMoTpeHo B paborax [22, 23].

Ilocnie  pa3pabOTKM W HU3TOTOBJICHHS
JKCIIEPUMEHTANIbHOM  YCTaHOBKH, nozgbopa
KOMIUICKTA HEOOXOIMMOTIO PETrHCTPHPYIOLIETro
000OpyZOBaHHs, a TaKKe  H3MEPUTCIBHBIX
NpHOOpPOB, YAAIOCH ONPEICIHTh B PEATBHBIX
YCIOBHSX OKCIUTyaTallid OCHOBHBIE CHJIOBBIC
xapaktepucTuku padbots MOC.

Jis oO6paboTKH MOJTyYeHHBIX 3KCIIEpPUMEH-
TaNbHBIX  JaHHBIX, (YCKOPEHHS  OTAEIbHBIX
mMacc MOC - meHTpa Macc OCTOBa, IIEHTpa
Macc OOpPTOB) TPUMEHSIICS  KO3(PPUIHESHT
MHTCHCHBHOCTH BOCHpUATUS KoNeOaHHH Ky,
onpezesieMblii  TI0  METOJMKE, NPUBEJICHHON
B pabotax [17, 18].

Koadpdmument unrencuBroctn K,y paccun-
THIBAICA TIO (opMmyle:
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Puc. 1 — MOC npu UCTIBITaHUSAX HA CTEPHE
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TA€ G, — CpelHee KBaJpaTUUECKOE OTKJIOHE-
HHUE BEPTHKAJIBHBIX YCKOPEHHWH NPH TapMOHHYE-
CKHX KOJICOaHUSAX,

®o = 62,8 c-1 — yacToTa npuBeACHNUS,

® — YacToTa KoyieOaHHH.

[Inomanka A1 MOJEBBIX HCHBITAHUM Npen-
CTaBIIsIa COOOHM KIIETKY MOJIS Y4eOHO-OIBITHOTO
xo3siictBa HA Tepputopun mNOJEBOM OMNBITHOM
cranuu PTAY MCXA um. KA. Tumupssesa.
Harpyska Ha kproke MOC ocymecTBIsIIOCh IpU
oMo TpancnopTtHoro npurnena 2IITCE. Bop-
TOBOM KOMIIBIOTEDP, COMPSKEHHBIM C JaTUMKaMH,
a TakKe TeHepaTop AJS €ro MUTAHUS pa3sMeCTIIIN
B Ky30oBe MOC.

OmnbITEl MPOBOJWINCH HA T'OPHU30HTAIHLHOM
yJacTKe IIOJII ¢ YKIOHOM He Oosee 2° mpm
CTpOTrO NpsIMONIHEItHOM aBrxeHuH. [locie ocy-
IIECTBJICHNS. TIOJTOTOBKM MAIIWHBI B CTAIHO-
HapHBIX YCJOBHSX (3apsaKa aKKyMyJsaTopa, Ka-
mMOpOBKa JaTYMKOB W HACTpOiKa INpHOOpPOB)
MOC mHampaBsuics B TONe, TIJe IPOU3BOIU-
JIach JIOTIOJTHUTENIbHASL TIPOBEpKa paboThl  IpH-
60poB. MccnenoBaHus pe>KUMOB JIBHXEHUS TPaK-
TOpa (Pa3roH M yCTAaHOBMBIIMICS PEKUMBI) TPO-
BOJWINCH Ha Ppa3IMYHBIX (OHAX: HA TPYHTO-
BOW Jopore, Ha CTEpHE M Ha IOJIE, TIOATOTOB-
JIEHHOM TIoJ ToceB. B pamkax Hacrosmeit
CTaThU IPEACTABIEHBI HCCIICAOBAHHUS TOJBKO Ha
CTEpHe.

Bpemst wucnbiTanmii — JeTHWR (mociey0o-
pouHslii) mepuox roxa. IloBropHOCTH NpHHSTA
TpoekpaTHOH. BplcoTa crepHHM  cocraBisuia
0,12-0,15 ™, BmaxHocTh TOYBHI 12-13%,
ckopocth aBmwkenuss MOC — 1,5 m/c. OOmmid
Bug MOC mnpH UCHBITAaHUSX NPEACTABICH Ha
pucyske 1.
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TsroBo-3HepreTUueckue IoOKasarend ObLIH
ONpPEJENCHbl M0 H3MEPECHHBIM 3HAYCHUSIM [Is
onsiTHOro MOC ¢ IBC u MOC ¢ anekrponsura-
TEJEM.

Heobxomumo cobmroieHre Oananca MOITHOCTH
u TssroBoro KI1J] MoOHIBHOTO 3HEProCcpeCTBa:

Me=Nep M5 " N )
NT:NB_NHOT:NB_NTp_N5 'Nf» kBT (3)

rae N. — MOIIHOCTh JBHTAaTeNs MOOWIBHOTO
3HEprocpeacTsa, kBT;

Nior — CyMMapHble IOTEPH MOILTHOCTH JBHIa-
TeJIsl Ha IBKEHHE MOOMIIHOTO SHEPTrOCpe/ICTRa.

Nip— HOTEPU MOIIHOCTH B TPAHCMUCCHU MO-
OMIBHOTO 3HEprocpencTBa, KBT;

N;s— rmorepu MOITHOCTH Ha OyKcoBaHHE, KBT.

Nf — moTrepn MOIIHOCTH HAa KauyeHHWE MOOMIIb-
HOTO 3HEprocpencTsa, KBT;

ns — KIIJI mMobumbHOro sHEprocpeacTBa IO
OYKCOBaHHIO.

ne — KIIJ mMoOunbHOrO 3HEprocpencTa Io
Ka4eHHIO.

Nrp — Mexanuueckuit KIIJI TpancMuccum.

M. — TsaroBerid KIIJ] MoOuiapHOTO SHEprocpea-
CTBA.

3nagenus Tarosoro KIIJ[ ompenensior mo
bopmyie P

7y =(1=8) 1, -2

- “4)

rae P, — cuia conmpoTHBIIEHHS Ha KPIOKE MO-
OmipHOTO dHEeprocpescTsa, KH;

P, — cuina xacaTtenbHas Ha Kojiece MOOWIIBHOTO
sHeprocpencTsa, kH.

8 — kodddunreHT OyKCOBaHUS Ha 3aJaHHOM
peXHME;

PaccunteiBatoTcs 3HAa4YEHUs! AEHCTBUTEIBHBIX
CKOPOCTEH JBIKEHUS 110 (hopmyJie:

Vi=( -6 - 1 , M/cC, )

rae Oy — ko3 dunreHT OyKCcoBaHHS Ha 3aJlaH-
HOM PEKUME;
O — YIJI0Bast CKOPOCTh KoJjieca, pay/c;

Iy — YTJIOBasi CKOPOCTh KoOJieca, M.

Cocrapnstomue Tsarooro KITJ moOuiabHOTrO
SHEProcpeicTBA M MOTEPh MOIIHOCTU [BUrATEINs
o opmymam:

NTp =N, (1- T]Tp) KB, (6)

rae Ny, — IOoTepu MOIIHOCTH B TPAaHCMUCCUH
MOOHMJIBHOT'O YHEPrOCpPE/ICTBA, KBT;
Nrp — Mexanuueckuit KITJ{ TpancMuccum.

Ns = Ny Myp - Ox , KB, @)
rae Ng — MoTepu MOIIHOCTH Ha OyKCOBaHUE,
kBrT.
Ns = I- 6x (8)

rae Ms — KI1J] MoOmiibHOTO SHEprocpencTBa mo
OyKCOBaHUIO.

b
N/‘:P/"Vo; 77/:PP (9)

K

rae Ny — moTepd MOUTHOCTH Ha KaueHHE MO-
OWIBHOTO 3HEprocpeacTsa, KBT;

P¢— cuna conpoTuBiieHHs KaueHnIo, KH;

V, — ZIeHCTBHTENbHAS CKOPOCTh JBIKCHUS
MOOMIIBHOTO SHEPTOCPE/ICTBA, M/C;

ne — KIIJI mMoOmiapHOTO SHEprocpencTsa Io
Ka4eHHIO.

ITonmy4yeHHbIe 3HaUEHUS 3aHOCST B TaOIHITy 3.

TsaroBass MOIIHOCTh MOOHIBLHOTO 3JHEPTO-
CpelncTBa, TOJbKO C ydeToM TsaroBoro KIIJ]
ornpezenseTcs 1o Gopmye:

N;=N; ' N, kKBT. (10)

rae N, — MOIIHOCTH JBUTATENS] MOOHIBLHOIO
SHEeprocpeacTsa, KBT;

N: — TIATOBBIH KI1J MOOHMIBHOTO
9HEProcpeaCcTRa.

PesyabTraTel M oOcy:xaeHue. B pesymbrate
MPOBEACHUS  WCTBITAaHUH  OBITM  ITOJTy4YEeHBI

SKCHEPUMEHTANbHbIE OCHILIOIPaMMbI U3MeEps-
eMBIX [apamMeTpoB Ha (QoHe —  CTepHs,
4acTb pe3ynbTaToB MIpUBE/JEHA Ha
pucyHkax 2-4.

60
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Puc. 2 — OcmumnorpamMmMa (ha3HBIX TOKOB IMPH U3MEPEHHSIX Ha CTEPHE BO BPEMEHH

AHamu3 w3MepeHHi, Tpu KoTtopoM MDC-
NPOTOTHUII, C NPULENOM B KayeCTBE Harpy3KH Ha
KpIOKe, JIBUTAJICS IO CTEepHE Ha 4 mepenaye
NIPUBEJICH HIKE.

OcouyiorpaMMa TSATOBOW HarpysKH IIpHBere-
Ha Ha DHUCYHKe 3, OCHWJUIOTpaMMa YCKOPECHUS
neHTpa Macc ocroBa MOC mpexacTaBieHa Ha
pucyHke 4.
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Puc. 3 — Ociumnorpamma TAroBoH Harpy3KH IIPH U3MEPEHHUSX Ha CTEpHE
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Puc. 4 — OcuunnorpaMmma ropu30HTaIBHBIX YCKOPEHHs LIeHTpa Macc octoBa MOC

B nporpammuoii cpene MathCad Prime 4.0  crekTpanbHbBIE INIOTHOCTH 3THX curHanoB. Hop-
ObUT TNpOBENEH CHEeKTPaJbHBIH aHalW3 CHrHa-  MHPOBAHHBIC CIIEKTPAJIbHBIE IUIOTHOCTH ITOKa3a-
JIOB M3MEpPSAEMBIX BEIMYMH. DBBUTM TONydeHBl  HBI HA PUCYHKaX 5, 6.
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Puc. 5 — HopMupoBaHHasi crieKTpalibHas INIOTHOCTb TOPU30HTANIBHBIX YCKOopeHuil ocroBa MOC npu
4acTOTax BO3MYIIEHUH
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Puc. 6 — HopmupoBaHHas crieKTpaibHas ITIOTHOCTE TATOBOTO COTIPOTHUBJICHUS MPH YacTOTaxX
BO3MYLLIEHUN
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HopmupoBaHHast criekTpainbHasi IJIOTHOCTh
yckopeHuit nentpa macc MOC (puc. 5) umeer
JIBE SIPKO BBIPAXKEHHBIE MPEOOIAIAI0INE YACTOTHI
Ha OTMeTKax ®;=15,5 pan/c u ®,=25,5 pan/c. Otn
YacTOTHl HAM HEOOXOAMMBI Ui OMpeIe/ICHHs
Kod(pPHUINEeHTa WHTEHCUBHOCTH BOCHPHUSTHS IO
JAHHBIM C JaTYMKOB YCKOpEHHH JeBOro — Kiep,

npaBoro 60pToB — Kpps, @ TaKkke IEHTpa Macc
MOC — Kyemp (12671, 1).

HopmupoBaHHasi crieKTpalibHasi IJIOTHOCTh
TSATOBOTO COTIPOTHBIICHUS (pHC. 6) MMeEeT SIpKO
BBIPOKCHHBIE MPEOOIaqalone 4YacToThl Ha
ormetkax ®;=0,38 pan/c; ©,=0,88 pamn/c;
®3;=1,26 pan/c.

Tabnuna 1 — Tabauna k03¢ HUITHEHTOB MHTCHCUBHOCTH BOCIIPUSITHS

N(_) KﬂeB NQ KrmaB NQ KHQHTT)
1,99 1 2,76 1 2,12
2,84 2 - 2 3,03
Ananu3 Tabmuiel 1 OKa3BIBaeT,  UToO, cocrapnsier He Ooisee 3,03 (momyckaeTcst - He
KOHCTPYKTUBHbIE =~ W3MEHEHMs, a uMeHHo  Ooiee 4,0).
ycTaHOBKa  aBTOHOMHoro  OIl  ymywmaror BeposiTHOCTHBIE  TIOKa3zaTenW  CIydaifHBIX
YCIIOBUS Tpyna omepaTopa 3a CUET  [apaMeTpoB OIBITAa HAa CTEpHE TaKWe Kak
TOHWKCHUS BuOpanmii B IEHTpe Macc  MaTeMaTHYecKoe  OKHIaHWe,  JHUCHEpCHsi U
MO3C, mnpm »5TOM MaKCHMaJIbHOE 3HAUCHHE  CPEIHEKBAJPaTHYECKOE OTKIOHEHHE IIPE/CTaB-
k03 dULKEeHTa  WHTEHCUBHOCTH  KoyieOaHMH  JIeHBI B TaOuuue 2.
Tabnuna 2 — XapakTepUCTHKY CIIy9alHBIX BeIHMYHH mokaszareneir MOC ¢ DI1
ITapameTpsl
Mar. oxu- Tucniepeus Cp. xBap. Koado.
Hokasatem JlaHue OTKJI BapHaIuu
JluHelHast CKOPOCTH JIEBOTO KoJeca, [M/c] 1,489 0,092 0,303 0,203
Cuta Toka ¢assl A, [A] 16,891 79,165 8,897 0,527
Cuuia Toka ¢assl B, [A] 17,160 77,711 8,815 0,514
Cuuia Toka ¢assl C, [A] 17,613 86,792 9,316 0,529

AHanu3upys TabauIly 2 BUIHO, 9YTO CKOPOCTh
MOC B 1menoM paBHOMEpPHA. JTO MOKA3BIBAET W
K03((UINEHT BapHalliK, OLEHUBAIOINH OTHOCH-
TENBHBIM Pa30dpOC JaHHBIX OTHOCHTENBHO WX
CpEeIHEeTO 3HaueHMs (TI03BOJISISI CPaBHUTH PA3HO-
POAHOCTH HAOOPOB IAHHBIX C PA3HBIMH CPEAHUMHA
3HAYCHMUSIMH WIN eJUHULIAMH u3MepeHus). OxgHa-
KO CHJIa TOKa 1o (pa3aM B II€JIOM HOKa3bIBaeT BbI-
COKyI0 BapmabenpHOCTE. HecmoTpst Ha 370, 3Ha-
YUTETHHOHN pa3HUIIB MEXIY (ha3HBIMHA TOKaMH HE
BBISIBJIEHA, CJIEJI0BATEIbHO, IPOOJIeM B 0OMOTKax
cTaTopa UM POTOpa (MEXBHUTKOBOE 3aMBIKAHUE,
00pbIB (ha3bl WM HEPaBHOMEPHOE paclpesese-
HHE COIIPOTHBIIEHHS) He OOHapykeHo. HezHauu-
TeNbHBIE (IIYKTyallil HArpy3Kd Ha DIIEKTpHUYe-
CKYIO CHCTEMY HMMENH 3MH30AWYECKUH XapakTep
W HE OKa3alW ONIyTHMMOTO BIHSHHS BO BpeMs
MIPOBE/ICHUS OTBITOB.

W3meHeHne €MKOCTH aKKyMYJSTOPHBIX OaTa-
peil mpezncraBieHo Ha pucyHke 7. Ha pucynke

HarJsHO BHJHO, YTO €MKOCTh Oarapeil yMeHb-
IIaeTcs C YyBEIWYEHHEM KOJHMYECTBA OIBITOB
(Bpems dKCIUTyaTalu). YUYHUTHIBAs TO, YTO OJUH
OTBIT JJIWICSA He Ooiee 5 MUHYT, JIETKO ITOCUH-
TaTh 4YTO EMKOCTh Oarapeil oueHb OBICTPO pacxo-
nyeTcs. DTO SABISETCS OCHOBHBIM HEIOCTATKOM
NpUMEHEeHUs aBTOHOMHOTO DIT.

PucyHox 7 monTBepiKAaeT NpOBEICHHBIE pa-
Hee UCCIIeN0BaHMs, IAe mocie 85 MHUHYT IpoBe-
JICHHS OMbITAa, HAYMHAETCS YCKOPEHHOE CHUXeE-
HUE HANpsDKEHUS, CBSI3aHHOE C WCYEPIAHUEM
AKTUBHOH (peakIMOHHON) MacChl M POCTOM BHYT-
PEHHETO COTPOTHUBIEHUS, U yXKe mocie 95 MuHyT
nocturaercs mopor 400 B, mocne dero cucrema
ynpasneHus ortkmouaer AKDB, mnpenorspamas
rITyOOKuU paspsiz.

CocraBnsmomue MNOTEPh MOIMHOCTH JIBUTaA-
tens MOC mpencraBneHel B Tabmuie 3.
KoHCTpYKTHBHBIE W3MEHEHHs IIOKa3alH H3Me-
HEHHE MOIIHOCTHBIX MOTEPb.

Ta6mma 3 — CocTaBisioniue MOITHOCTHBIX ToTeph MOC

VCTOYHUKK MOIIHOCT- CpaBHeHHE MoKa3aTeneit
O06o3HaueHHe MBC ¢ IBC MBC ¢ D]1
HBIX TIOTEPh (18.4 #B1) (1 By
TpancMuccus Nimp 0,9 0,9
N, KBT 1.84 1,10
BykcoBanme s 0,92 0,92
Ns, KBT 1,325 0,792
Kadenue xoneca nr 0,788 0,821
Nj, kBt 2,663 2,163
/i 0,652 0,68
MOC B nienom N xBr 5898 1055

Ananuzupyst Tabmuny 3 BHAHO, YTO TOTEpH
MotrHoctH y MOC ¢ O/ cHusmnucs Ha 30,4% 3a
CUET CHWDKCHHs IOTEepb NPH Ka4eHHH Koyieca H
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O0IIMX TOTEph MOIIHOCTH NPH OYKCOBaHHH.
[loTepn MOIIHOCTHM Ha Ka4yeHHUE CHU3HIKCH MO
npuunHe cHmwkeHns maccsl MOC. Ilpum sTom 3a
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cuet 6onee Beicokoro KIIJ[ camoro D]] otHOCH-
tensHOo JIBC, mpousonuin u3MeHeHust (pyHKIHO-
HaIBHBIX Xapakrepuctuk MOC. Hampumep, mo-
JydeHHBIE 3HAYeHHs TATroBOH MomHocTH MOC,
TONBKO ¢ ydetoM TsaroBoro KIIJI (paccumranubie
mo ¢opmyine 10) mMEIOT CleAyromye 3HAYCHUS:
nass MOC ¢ IBC — Ny, = 11,99 kBt; nist MOC ¢
9] — N, = 7,48 xBT.

OKclepUMeHTAIbHBIE HCCIEeI0BaHUs JOKa3a-
1, yTo yctanoBka D] B cunoBom npuBoae MIC,
B3ameH /IBC, ynmydmaer ycnoBuii TpyIa onepaTo-
pa mo BuOpoO3ammTe, MPH 3TOM MaKCHMAalbHOE
3HaYeHHE KOX(PPUINEHTa MHTEHCHBHOCTU KOJIE-
Oanmit eaTpa macc MOC, cocraBisieT He Ooree
3,03 (nomyctumoe - He 6oee 4,0).

BeiBoabl. IIo uccnenoBaHusM, MOXKHO Clie-
JaTh CJIEIYIOIINE BBIBOABI:

1. 3amena JIBC ¢ MeXaHMYECKOH CHIIOBOH
nepenader Ha aBToMaTu3upoBaHHbIl Ol c
O/ He BbI3BaJIa 3HAYMUTEIBHBIX HM3MEHEHMH
(hyHKIMOHATBHBIX XapakTepucTuk MIOC Bo Bpe-
M TIOJIEBBIX MCITBITAHUIA;

2. OmpeneneHo, 4YTO  KOHCTPYKTHBHBIE

M3MCHEHHS YIy4IIAlOT YCIOBHUS TPyJa OINEepaTo-
pa, Tak Kak MakCHMaJbHOE 3HaYCHUE KOAPPHIIH-
€HTa MHTCHCHBHOCTH KOJICOAHMH COCTaBIISIET HE
6onee 3,03 (momyckaetcs - He 6oee 4,0).

3. BeisBieHo, uTo norepu MomHoctd y MOC
¢ O/ cumsuiuck Ha 30,4% 3a cueT yMEeHbIICHUS
MOTEPh MOIIHOCTH IIPH KadyeHWH Kojeca. JTO
MIPOM30IILIO B TOM HYHCIIE M 3a CUET OoJiee BHICO-
xoro KIIJ] camoro D/ (o otHomernwuio k JIBC),
YTO BBI3BAJIO 3HAYUTENBHBIC M3MEHECHUS IPYTHX
(yHKIMOHANBHBIX XapakTepucTik MOC Bo Bpe-
M3l [TOJIEBBIX MCIBITAHHH.

4. Jlns coBeplieHCTBOBaHMs (DYHKIHMOHAJb-
HBIX xapakrepuctuk MOC mo sHeproobecreye-
HUIO ¥ TI0 5HEeprodGQeKTUBHOCTU NPH JadbHEH-
1IEM OCBOEHHUM cepuitHoro mpoussoactsa MOC,
HEOOXOANMO COXPaHWTh NPHHIUINAIBHYIO CXe-
My 3JIEKTpOMeXaHW4ecKoW TpaHcmuccuu. OnHa-
KO, HeoOxonuMm BbIOOp Oosee ONTHMAaIbLHOMN
CXEMbl COEJMHEHUH C MUHHMMAJIbHBIM OMHYE-
CKUM COIPOTHBJIICHHMEM M IOJOOPOM HOBBIX
mutuitnonHslx AKB ¢ yBenndeHHOH yaenpHOMN
SHEPTrOEMKOCTHIO.
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EXPERIMENTAL STUDIES OF MOBILE POWER VEHICLE OF 0.6 TRACTION CLASS WITH AN
AUTONOMOUS ELECTRIC DRIVE
Z. A. Godzhaeyv, S. E. Senkevich, I. S. Alekseev, N. A. Maystrenko, S. Yu. Uyutov

Abstract. This article describes experimental field studies of a mobile power vehicle of 0.6 traction class with an au-
tonomous electric drive to evaluate its functional properties. The object of the study is a mobile power vehicle of 0.6 trac-
tion class based on a T-16 self-propelled chassis with an electric drive. Replacing the mechanical power transmission with
an internal combustion engine with an automated electric drive with an electric motor allowed us to change some charac-
teristics of mobile power vehicle. The objective of the study is to evaluate the functional properties of a mobile pow-
er vehicle of 0.6 traction class using an autonomous electric drive as the power plant through experimental field studies.
The field measurement site was a field cell of the educational and experimental farm of experimental station of Russian
State Agrarian University - Moscow Agricultural Academy named after K.A. Timiryazev. Experimental studies of the
mobile power vehicle motion modes (acceleration and steady-state modes), presented within the framework of this article,
were conducted against the background of cereal stubble. The stubble height was 0.12-0.15 m, soil moisture was 12-13%.
The test period was the summer (post-harvest) period of the year. The measurements were repeated three times, motion
speed of mobile power vehicle was 1.5 m/s. The results of the conducted studies showed a decrease in the operating weight
by an average of 300 kg, improved traction and dynamic performance. The relative changes in traction efficiency were
obtained for mobile power vehicle with an internal combustion engine of 0.652, for mobile power vehicle with an electric
drive - 0.680. The maximum value of mobile power vehicle’s center-of-mass oscillation intensity factor is no more than
3.03, with a maximum permissible value of 4.0. To improve mobile power vehicle’s energy supply and energy efficiency
during further development of vehicle serial production, the basic electromechanical transmission design must be main-
tained. However, a more optimal connection diagram with minimal ohmic resistance and the selection of new lithium-ion
batteries with increased capacity are necessary.

Key words: experimental studies, autonomous electric drive, electric motor, mobile power vehicle, tractor.

References

1. Khalilov MB, Abdulnatipov MB. [Study of a plowing unit]. Izvestiya Dagestanskogo GAU. 2022; 4(16). 308-312 p.
doi:10.52671/26867591 2022 4 308.

2. Riaz M, Mahmood MH, Ashraf MN. Experiments and CFD simulation of an air-conditioned tractor cabin for ther-
mal comfort of tractor operators in Pakistan. Heliyon. 2023; Vol.9 (12). doi: 10.1016/j.heliyon.2023.e23038.

3. Shubin AS, Yashkov EA, Polikutina ES. [Research of technological parameters of a wheeled tractor as part of an
experimental rolling unit]. Evraziyskoe nauchnoe obedinenie. 2020; 4-2(62). 139-142 p.

4. Yang F, Liu Q, Chu H. Development and validation of sloped ground pressure prediction model for a tracked tractor
in hilly and mountainous environments. Soil and tillage research. 2024; Vol.241. 106135 p. doi: 10.1016/
j.still.2024.106135.

91 Becmuux Kazanckozo I'AY Ne 4(80) 2025



TEXHUYECKHUE HAYKH

5. Bulgakov V, Pascuzzi S, Nadykto V. Experimental study of the implement-and-tractor aggregate used for laying
tracks of permanent traffic lanes inside controlled traffic farming systems. Soil and tillage research. 2021; Vol.208. 104895
p. doi: 10.1016/j.stil1.2020.104895.

6. Cupera J, Portes P, Bauer F. Optimizing ploughing performance: the role of traction-control cylinder pressure on
tractor wheel load. Journal of Agriculture and Food Research. 2024; Vol.18. 101515 p. doi: 10.1016/j.jafr.2024.101515.

7. Mashkov SV, Ishkin PA, Avdeev DA. [Results of laboratory and field studies of KMP-14 modular trailed cultivator
with a rotary harrow]. Izvestiya Samarskoy gosudarstvennoy selskokhozyaystvennoy akademii. 2024; 3. 51-59 p. doi:
10.55170/1997-3225-2024-9-2-51-59.

8. Zavrazhnov Al, Orobinskiy VI, Belyaev AN. [Experimental studies of the turning dynamics of an integral universal
row-crop tractor]. Vestnik Voronezhskogo gosudarstvennogo agrarnogo universiteta. 2019; Vol.12. 2(61). 48-59 p. doi:
10.17238/issn2071-2243.2019.2.48.

9. Startsev AV, Romanov SV, Romanova GM. [Results of experimental studies to determine the coefficient of re-
sistance to self-movement of a machine-tractor unit]. Mezhdunarodnyy tekhniko-ekonomicheskiy zhurnal. 2021; 1. 79-85
p. doi: 10.34286/1995-4646-2021-76-1-79-85.

10. Wang L, Zhu J, Liu F. Algorithm and scale experiment of gyro-based tractor rollover control towards hilly farm-
land application. Computers and Electronics in Agriculture. 2024; Vol.220. 108925 p. doi: 10.1016/
j.compag.2024.108925.

11. Kucuksariyildiz H, Canli E, Carman K. Experimentally detected aerodynamic drag coefficient of the agricultural
tractor form considering effects of windshield angle and hood front shape. Energy. 2024; Vo0l.296. 131167 p. doi: 10.1016/
j.energy.2024.131167.

12. Sun J, Wang Z, Ding S. Adaptive disturbance observer-based fixed time nonsingular terminal sliding mode control
for path-tracking of unmanned agricultural tractors. Biosystems Engineering. 2024; Vol.246. 96-109 p. doi: 10.1016/
j.biosystemseng.2024.06.013.

13. Podrubalov MV, Klubnichkin EE, Bukhtoyarov LD. [Experimental studies of tractor load during forest crop
maintenance with different aggregation methods]. Lesotekhnicheskiy zhurnal. 2021; Vol.11. 4(44). 170-180 p. doi:
10.34220/issn.2222-7962/2021.4/15.

14. Nekhoroshev DD, Nekhoroshev DA, Popov AYu. [Determination of the average hook load of a tractor as part of a
machine-tractor unit during plowing]. Vestnik Kurganskoy GSKhA. 2023; 3(47). 75-81 p.

15.Jin Y, Li Y, He B. Mass estimation of tractor-semitrailer systems: an approach of dynamics and data fusion-driven
in real environments et al. Measurement. 2024; Vol.238. 115367 p. doi: 10.1016/j.measurement.2024.115367.

16. Kalwar A, Singh AP, Agarwal AK. Experimental study of fuel injection timing and exhaust gas recirculation for
combustion control in diethyl ether-diesel blend fuelled tractor engine. Fuel. 2024; Vol.371. 131930 p. doi: 10.1016/
j-fuel.2024.131930.

17. Bietresato M, Caligiuri C, Renzi M. Use of diesel-biodiesel-bioethanol blends in farm tractors: first results obtained
with a mixed experimental-numerical approach. Energy Procedia. 2019; Vol.158. 965-971 p. doi:10.1016/
j.egypro.2019.01.237.

18. Varlese C, Ferrara A, Hametner C. Experimental validation of a predictive energy management strategy for agricul-
tural fuel cell electric tractors. International Journal of Hydrogen Energy. 2024; Vol.77. 1-14 p. doi: 10.1016/
j-ijhydene.2024.06.097.

19. Li X, Liu M, Hu C. Parameters collaborative optimization design and innovation verification approach for fuel cell
distributed drive electric tractor. Energy. 2024; Vol.292. 130485 p. doi: 10.1016/j.energy.2024.130485.

20. Mattetti M, Davoli S, Maraldi M. Experimental characterization of front axle suspension systems for narrow-track
tractors. Biosystems Engineering. 2019; Vol.185. 45-55 p. doi: 10.1016/j.biosystemseng.2019.01.013.

21. Artemov AV, Shkolnykh AV, Ivannikov SM. Towards a methodology for experimental assessment of vehicle ma-
neuverability. Problems and prospects of design improvement of the domestic automobile industry]. Materialy Vse-
rossiyskoy nauchno-tekhnicheskoy konferentsii, Voronezh, 12 aprelya 2023 goda. Voronezh: Voronezhskiy gosudarstven-
nyy lesotekhnicheskiy universitet im. G.F.Morozova. 2023; 106-113 p. doi: 10.58168/AutIndustry2023_106-113.

22. Godzhaev ZA, Senkevich SE, Alekseev IS. [Mathematical modeling of dynamic processes of an agricultural mobile
power vehicle with an electric drive]. Agrarnaya nauka Evro-Severo-Vostoka. 2024; Vol.25. 1. 112-122 p. doi:
10.30766/2072-9081.2024.25.1.112-122.

23. Godzhaev ZA, Senkevich SE, Alekseev IS. [Justification for the selection of electromechanical transmission
parameters for 0.6-0.9 traction class tractor and coordination of traction characteristics]. Agroinzheneriya. 2023; Vol.25. 1.
63-70 p. doi:10.26897/2687-1149-2023-1-63-70.

Authors:
Godzhaev Zakhid Adygezal oglu — Doctor of Technical Sciences, Corresponding Member of the Russian Academy of
Sciences, Professor, Chairman of the Expert Council of the State Research Center of the Russian Federation,
e-mail: fic51@mail.ru
FSUE “NAMI”, Moscow, Russia.
Senkevich Sergey Evgenevich — Ph.D. of Technical Sciences, Associate Professor, Department of FN-7,
e-mail: senkevichse@bmstu.ru
Bauman Moscow State Technical University, Moscow, Russia.
Alekseev Ilya Sergeevich — an engineer of the Laboratory of Automated Drives for Agricultural Machinery,
e-mail: dreeddog@mail.ru
Federal Scientific Agroengineering Center VIM, Moscow, Russia.
Maystrenko Nikolay Aleksandrovich — Ph.D. of Technical Sciences, Associate Professor, Department of Machine and
Tractor Fleet Operation, e-mail: nmaystrenko@rgau-msha.ru
Russian State Agrarian University — Moscow Agricultural Academy named after K.A. Timiryazeva, Moscow, Russia.
Uyutov Sergey Yurevich — junior researcher of the Laboratory of Automated Drive of Agricultural Machinery,
e-mail: uyutovl0@mail.ru
Federal Scientific Agroengineering Center VIM, Moscow, Russia.

92 Becmuux Kazanckozo 'AY Ne 4(80) 2025



