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Summary
The article summarizes information on the current state and prospects for the use of electric mobile equip-
ment in agriculture, which is becoming increasingly relevant in our time. However, lithium mining and the
production of lithium-ion batteries (LIB) for it are labor-intensive and environmentally harmful processes.
The high rate of conversion of automotive and tractor equipment to electric drive may lead to a lithium
shortage on Earth. Technologies for processing spent LIBs, extracting lithium from them, and recycling
them are high cost and are under research.
Abstract

Introduction. In recent years, much attention has been paid to solving environmental problems associated
with the production, operation and disposal of vehicles. In this regard, electric transport is becoming popular
and its market is actively developing throughout the world. The emergence of electric tractors in the agricul-
tural industry is very important, the use of which is becoming increasingly relevant in our time, due to the
reduction in fuel costs and negative impacts on the environment. Object. The object of research is electric
mobile equipment. Materials and methods. The most substantiated a priori information on scientific deci-
sions in the area under consideration was used as the source material for the research. The research
methodology is based on collecting information, studying, analyzing and processing data. Results and
conclusion. Work on creating electric vehicles around the world has especially intensified over the past 10-
12 years. The energy source in them is lithium-ion batteries (LIB), in which the cathode includes lithium,
iron, manganese, cobalt and their compounds with phosphorus, oxygen; the electrolyte contains ethylene
carbonate, propylene carbonate, dimethyl carbonate and fluoroethylene carbonate. Lithium mining entails
inevitable environmental disruptions. During the production of LIBs, significant emissions into the
atmosphere occur, which are comparable to the production of traditional cars. The rapid pace of
electrification of automotive technology in the world can lead to a lithium shortage on Earth, which can be
partially solved by extracting lithium from used LIBs by recycling them, which will simultaneously solve the
issue of their disposal. To extract lithium from processing products, pyrometallurgy, hydrometallurgy, and
electrochemical extraction technologies are used, which are still under research. The massive conversion of
automotive and tractor equipment to electric drive should be implemented systematically and only after the
technologies for processing and disposal of used LIB have been improved. As an alternative to using LIB,
you can consider the technology of wireless transmission of electricity over a distance.
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YOK 62-83
ANEKTPUYECKAA MOBUITbHASA TEXHUKA B CEJTIbCKOM XO3ANCTBE:
MPOBJEMbI U NEPCMNEKTUBbI
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AkTyanbHocTb. B nocnegHue rogbl 6omblioe BHMMaHWe yOensieTcs PEeLUeHMIO SKOMOTMYEecKux
npo6nem, CBA3aHHbLIX C MPOU3BOACTBOM, SKCNyaTauneni u yTunusaumen TpaHCnopTHbIX cpeacTB. B cBAsu
C 9TUM 3NEKTPUYECKMIA TPAHCNOPT CTAHOBUTCS MOMYSSIPHbIM U €ro PbIHOK aKTUBHO Pa3BUBAETCA BO BCEM
Mupe. OYeHb BaXXHO MOSIBIEHME 3NIEKTPOTPAKTOPOB B arpONpPOMBILLIIEHHON OTpacnn, MPUMEHEHNE KOTOPbIX
cTaHoBUTCS Bce Gornee akTyanbHbIM B Halle BpeMsl, YTO OOBbACHAETCA CHUXEHWEM 3aTpaT Ha TOMMMBO U
HeraTMBHOrO BO3AEWCTBUSA Ha OKpyxarollyto cpeay. O6bekT. OOBbEKTOM UCCNEAOBaHUSA ABNAETCS SMeK-
Tpuyeckas mobunbHaa TexHuka. MaTtepuanbl u meToabl. B KayecTBe MCXOQHOrO MaTepuana Anst uccre-
[OBaHMSA MCMONb30Banu Hamboniee 0O6OCHOBAHHYIO anpuOpHY MHOPMaLMIO MO HAayYHbIM PELIEHUAM B
paccmaTtpuBaemon ccpepe. MeToamvka ncenegoBaHmst oCHoBaHa Ha cbope MHopMauum, U3ydeHun, aHanm-
3e 1 nepepaboTke gaHHbIX. Pe3ynbTaTthl M BbiBOAbl. PaboTbl MO CO34aHMI0 MalUMH Ha 3MEKTPUYECKON
TAre BO BCEM MUpPE OCOGEHHO akTMBM3UpOBanucCb 3a nocnegHue 10-12 net. VICTOYHMKOM SHEPrUM B HUX
cny>xaT NUTUA-NoHHble akkymynaTopbl (JIMA), B KOTOpbIX KaTog BKMOYaeT NNTUA, XKeneso, MapraHel, Ko-
BanbT 1 Ux coegmHeHus ¢ hocOpPOM, KUCITOPOAOM, B 3NIEKTPONMTE NPUCYTCTBYIOT STUNEHKAPOOHAaT, Npo-
nuneHkapboHaT, gumeTunkapboHat n dTopaTuneHkapboHat. [Jobblva nuTus Bne4veT 3a cobon Hensbex-
Hble HapyLleHusi COCTOSIHUSA OKpyxatowen cpebl. Mpu nponssogctee JIMA nmeoT MECTO CyLLEeCTBEHHbIE
BbIOPOCHI B aTMOCHEpPY, KOTOPbIE COMOCTaBUMbI C NMPOU3BOACTBOM TPAAMLIMOHHLIX aBTOMOOUNen. BypHble
TEMIMbl ANEKTpMdUKaL MM aBTOTPAKTOPHOM TEXHUKA B MUPE MOTYT MPMBECTU K AecbmnumTty nutusa Ha 3emne,
KOTOPbIAN YaCTUYHO MOXHO PELUUTb U3BMIEYEHMEM NUTUSA U3 oTpaboTaHHbIX JIMA nytem mx nepepaboTku,
YTO OOHOBPEMEHHO PELUMT BONPOC MUX yTunm3auun. ns n3BneyeHms nutmus n3 NnpoaykToB obpaboTkm npu-
MEHSOT TEXHOMNOTMWU NUPOMETaNNyprun, rmgpomMeTanypruy, 3NeKTPOXMMUYECKON 3KCTPaKuun, KOTOpble
noka HaxogdTcsa B CTaauMu uccnenoBaHus. MaccoBbii NepeBo aBTOTPAKTOPHOW TEXHWKW Ha arekTpuye-
CKMIN MpMBOA AOMKEH peanu3oBbliBaTbCA MaHOMEPHO M TOMbKO MOCHE COBEPLUEHCTBOBAHMS TEXHOMOIMMN
nepepaboTkm u ytunusaumm otpabotaHHbix JIMA. B kayecTBe anbTepHaTuBbl UCNONb3oBaHMsA JINA MOXHO
paccMoTpeTb TEXHOMOMM 6eCnpoBOAHOM NEpeaayn MeKTPO3HEPTMN HA PacCTOsIHME.

Knouyeenie croea: anekmpuyeckasi MobUIbHas MexHUKa, umuli-UOHHbIe aKKyMyssmopbl, ymu-
fusayus mpaHcrnopmHbix cpedcme, mpaHcrnopmHbie cpedcmea.

Lintnposanme. ®agees W. B., YcneHcknii U. A., ®omuH C. 1., FOxuH W. A., Jlumapenko H. B., duntowwmn O. B.
OnekTpnyeckas MOOWMbHAs TEXHUKa B CENbCKOM XO3AWCTBE: Npobnembl U nepcnektmsbl. M3eecmuss HB
AVYK. 2024. 2(74). 366-376. DOI: 10.32786/2071-9485-2024-03-42.

ABTOpCKMﬁ BKnaa. Bce aBTOpbI, YKa3aHHble B HaCTOﬂLLI,eIZ cTaTbe, npuHuMmanmn HenocpeacTtBeHHoe y4yactue B npoee-
AeHnn VICCJ'Ie,D,OBaHMﬁ n o6pa60TKe NoNy4YeHHbIX OaHHbIX. Bce aBTOPbl O3HaKOMIEeHbl C NpeacTaBfieHHbIM OKOHYaTesb-
HbIM BapuaHTOM U 0ﬂ,06pI/IJ'IM ero.

KoHdnukT HTepecoB. ABTOpbI 3asiBNAOT 06 OTCYTCTBMU KOH(IMKTA MHTEPECOB.

BBepeHue. B nocnegHune rogbl Bce Bonblue BHUMAHUA yAeNsaeTcs peLleHnto akomornye-
CKMX MpobneM, CBSA3aHHbIX C MPOW3BOACTBOM, 3KCMMyaTauven v ytunmsaumen TPaHCMOPTHbIX
cpeacts [1, 2, 3]. B cBA3KN C 3TUM 3MeKTpUYECKNe TpPaHCMNOPTHbIE CPeAcTBa CTaHOBATCSA MOny-
NAPHBIMU N NX PbIHOK aKTUBHO pa3BmMBaEeTCs kak B Poccuu, Tak n B mmupe B Lenowm [4, 5, 6, 7, 8].

OuyeHb BaXXHO MPMMEHEHME 3NEKTPUYECKMX TPAKTOPOB B arporpoOMBbILLSIEHHONW OTpacnu
CTpaHbl, KOTOPOE CTAHOBMTCA Bce Goree akTyanbHbIM B Halle Bpems. DT TpaHCMNopTHbIE Cpea-
CTBa C anekTpu4eckmm asuratenem obecnevmBatoT He TONbKO CHIDKEHME 3aTpaT Ha TONMMBO, HO

367



*kkkk H3BECTHA +¥kxkk

HH>XXHEBOAXCKOI'O ArPOYHHBEPCHTETCKOI'O KOMIIAEKCA:
HAYKA H BBICIIEE NIPOPECCHOHAABHOE OBPA30BAHHE

N 3 (75), 2024

M MMET NoTeHumnan ansa CoKpaleHnsa HeraTMBHOro BO3LENCTBMSA Ha OKpyXatoLlyto cpeay [9, 10,
11, 12]. OHn npepcTaBnalT cOOON BN YCTOMYMBOIO U SKOMOMMYECKN YUCTOrO TpaHCMNopTa, YTo
O4YeHb BaXKHO Ansl CENbCKOro X035MCTBa, I4e COXpaHEHWE OKpyXatoLlen cpedbl 1 3abota o npu-
POLHbIX pecypcax siIBMATCA OQHMMU N3 OCHOBHbIX 3agad [13, 14, 15, 16].

Ho Bce nu 6e3onacHO Npu MCNonb30BaHWM INEKTPUHECKON MOOMMBHOM TEXHUKN? OCHOB-
HoW Npobnemon siBNseTcs UX yTunusaums. B HacTosiLee Bpemsa TEXHOMOrMsA yTunusauum Tpaau-
LIMOHHON MOBUNBbHOW TEXHWUKM pa3paboTaHa, a C yTunmnsaumen drnekTpuydeckon MoburbHON Tex-
HUKM NOKa He BCE ACHO, OCODEHHO MX NUTUM-UOHHLIX akkymynatopos (JIMA) [17, 18], copepxa-
LLNX Takne TOKCUYHbIE MeTannbl, Kak KobanbT, HUKENb N MapraHel, HEraTMBHO BAMAIOLWLME HA
oKkpyxatowyto cpegy [19, 20, 21].

B cBSI3M C BbILWEN3NOXEHHBIM UCCMEAOBaHNA B AaHHOM HanpaBfeHUU sIBNSOTCS aKTy-
anbHbIMU 1 BOCTPEOOBaHHBLIMMN.

Llenb uccnenosaHna — o606LweHne MHGoOpMaLmMmM No COBPEMEHHOMY COCTOSIHUIO U nep-
CMeKTMBaxX pasBUTUS SNEKTPUYECKON MOBUMBbHOM TEXHUKM B CESNTbCKOM XO3SANCTBE.

Matepuanbl u metoabl. OBBLEKTOM MUCCreNoBaHUSA SABNAETCH anekTpuyeckas Mobunb-
Has TexHuka. B kayecTBe MCxogHOro Martepuana ans uccnegoBaHWs Mcnonb3oBanu Haubonee
00OCHOBaHHYHO anprOpHY0 MHAOPMALMIO NO HayYHbIM PELLEHMAM B paccmaTpuBaemon ccepe.
MeToauka uccnegosaHusi B paboTe ocHOBaHa Ha cbope MHGopmMaLmm, N3y4eHnn, aHannse u ne-
pepaboTke AaHHbIX.

PesynbTaTthl n obcyxaeHue. Mo MHeHUo aBTopoB [1, 22, 23], napannensHoO ¢ paspa-
©oTkon TpakTOpoOB C ABUraTenamu BHyTpeHHero cropaHus (OBC) paspabaTtbiBanncb MalluHbI C
SNEKTPUYECKON TArOM B BUAE anekTponebenok n anekTpoTpakTopos. B cnyyae ¢ anektponebea-
Kov paboyasi MmallnHa nepefBuranacb rno nosito ¢ MOMOLLBK TPOCa, KOTOPLIN HamaTbiBanca Ha
6apabaH c anekTpoaBuraTenem, YCTaHOBIEHHbIN CTaLUMOHAPHO. ONEKTPOTPaKTOPbl B CPaBHEHWM
c anekTponebeakamu 6binv 6onee yHMBepcanbHbIMU U MAaHEBPEHHBIMM, NO3TOMY MX pa3paboTke
yaensnock 6onblie BHUMaHus [1, 22, 23].

HauunHas ¢ koHua 20-x go cepeavHbl 50-x rogos npotwunoro cronetua B Cosetckom Coto-
3e LWna UHTEHCMBHas paboTa No co3gaHuio anekTpoTpakTopoB (MnbuH B. B. OnekTpokapT ¢ ru-
©pnaHom cuctemon nuTaHusa cunoson yctaHosku / B. B. UnbuH, . B. ®agees // B cbopHuke: As-
TOMOOUIbHBIA TPAHCMOPT: SKChfyaTauud, cepBuC, NOAroToBka kagpoB. — Yebokcapbl, 2023. —
C. 42-47). Bbino pa3paboTaHo OKONO TPMALATM PasHbIX KOHCTPYKLMIA SNEKTPOTPaKTOPOB C NuTa-
Huem yepes kabenb. OgHaKo, BCe 3TN KOHCTPYKLUMM HE BblAep’Kanu UCMbITaHWUIA.

MepBbIn paboTocnocobHbI TpakTop Ha anekTpudeckon Tare BUM3-2 cosgaH npodecco-
pom Jluctosbim M. H. n ntxeHepom CteueHko B. . BoO Bcecoto3HOM Hay4HO-UCCren0BaTeNbCKOM
WHCTUTYTE MexaHu3auuu n anekTpudmnkaumm cenbckoro xossncrtea B 1937 roay [1]. TdaroBbin
anekTpoapuraTenb MOAKMKYaNca K 3MeKTPOCTaHUMM C MOMOLLbI0 TMOKOro kabens, KOTopbIn
HamaTbiBancsa Ha 6apabaH, pacnonoXeHHbIN Nog kanoToM. [Jna 3TOro TpakTop OocHallanca cre-
LManbHbIM MEXaHN3MOM M CTpernon (pUcyHok 1).

Pacxop anekTpoaHeprun Ha o6paboTky O4HOro rektapa no4ysbl B YCIIOBHOM UCHUCIIEHMU
pasHsancsa 45 kB1-y [1].

B Havane 50-x rogos npowroro ctonetnsi B CoetckoMm Cotose 06bem aobblum HedhTn He
yAOBMETBOPSAN NOTPEOHOCTAM CTpaHbl B AN3ENbHOM TOMnmBe 1 6eH3nHe [24, 25], noaToMy anek-
TpndmrKaumsa CenbCKOXO3ANCTBEHHbLIX paboT B KOfxo3ax Obina akTyanbHOW M BOCTPEeOGOBaHHON.
Ha Hebonbwunx pekax coopyxanucbk M'OC: [aHkoBckas, KysbmuHckasi, Hoso-Hukonbckas, Pac-
cbinyxmHckas v gpyrue [26, 27]. B 1952 rogy Hadat Bbinyck anekTpoTpaktopa BVM3-2, npouns-
BegeHo 6onee 30 wTyk. C OCBOEHNEM HOBbIX MECTOPOXAEHWI U C yBeNnyeHnem obbema aobbl-
un HedpTn BOCTPeOOBAHHOCTL Pa3pabOoTKM INEKTPOTPaAKTOPOB CHM3MMacb M Bckope paboTbl B
9TOM HanpaBneHuun 6binn ceepHyTbl. OgHAKo Maesa NCNOMNb30BAHUS ANEKTPUHECKON MOBUNBHON
TEXHUKN B CENbCKOM XO3AWCTBE aKkTyanbHa W CerofHs, Tak Kak MapLlupyTbl U peXxumsbl paboThbl
TPaKTOPOB 3apaHee onpeaeneHbl 1 aNeKkTpudeckas TEXHWKA BNOSIHE MOXET 3aMEeHUTb TPaKTopbl
C omsenbHbIM asuratenem [28, 29].

PaboTbl N0 cO30aHUI0 MALLWH Ha 3MIEKTPUYECKON Tsre BO BCEM MUpPEe OCOBEHHO aKTMBU-
3upoBanuck 3a nocriegHve 10-12 net [30, 31, 32].
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PucyHok 1 — QnektpoTtpaktop BUMO-2:

1 — TAroBbIN aneKkTpoaBUraTens; 2 — anekTpoasuratenb ans 6apabaHa;3 — yCTponcTBO, NepeaaroLLee
3ANEKTPUYECKUI TOK K TATOBOMY arekTpoasuratento; 4 — 6apabaH; 5 — ponvk anst HanpaeneHus kabens no
6apabaHy; 6 — pblyaru ynpaeneHus; 7 — ctpena gnsa npyema kabens; 8 — kabenb
Figure 1 — Electric tractor VIME-2:

1 — traction motor; 2 — electric motor for the drum; 3 — device that transmits electric current to the traction
motor; 4 — drum; 5 — roller for guiding the cable along the drum; 6 — control levers; 7 — boom for receiving
cable; 8 — cable

Tak, B poccuickon komnaHmm MOBEL Ha ©6a3se Tpaktopa «benapyc-920» ckoHCTpympo-
BaH 3S1IEKTPOTPAKTOP, KOTOPbIA YKOMMEKTOBAH arekTpoaBuratenemM MowHocTbio 60 kBT u JIMA,
nmetowmm emkocTb 56 kB4 (MOBEL npogomxaet cobupate MHHOBALMOHHBINA 3NEKTPOTPaKTOP
Power Group (wordpress.com). https://rusipower.wordpress.com/2011/07/27/new/ (gata obpa-
weHusa: 16.02.2024)). B HacTosilLee BpeMs MMEETCA BO3MOXHOCTb WCMOMb30BaHUSA Ha 3TUX
TpaKTOpax OTEYECTBEHHOIO TArOBOrO 3MIEKTPUYECKOro AsuraTtens, paspaboTaHHOro KOMMaHuemn-
pe3vgeHTom CKOMNKOBO «AnpuopHble pelleHns mawwmnHy» (APM) n ycnewHo npoweallero sce Te-
cTbl. OCHOBHbIM 3aKa34MKOM anekTpodsuratenen ctaHeT Yebokcapckuin 3aBog CUMOBbLIX arpera-
TOB, KOTOPbLIV NflaHMpPYET MCNONb30BaTh MX AN NPOM3BOACTBA TPaKTOPOB U APYroN XO35IMCTBEH-
HOWN 3MNEKTPOTEXHMKN. DTOM e KOMMNaHNEN N KoMNaHNen « AKTMB TeXHO» cOo3aaH 3neKTpPOoTPaKkTop
KM «YHuBepcany», NnpoToTumnHble 06pasubl KOTOPOro NPOLLAW UCTbITaHUS.

AmepukaHcknm nponssoguTenem TpaktopoB Monarch Tractor cobpaH aBTOHOMHbIN 351EKTPO-
TpaKTop ¢ TexHonornen Smart ¢ gguratenem mowHocTbio 30 kBT (MnkoBas moLHocTb o 60 kBT).

MHugninckaa komnaHus Escorts Group paspabotana anektpuyeckuin Tpaktop Farmtrac
FT25G ¢ gsuratenem mowHocTbio 18,5 KBT 1 NpoaomkuTenbHOCTbI0 paboThl HA OAHOW 3apsaake
JTIMA po 5 yacos.

OnekTpuyecknii TpaktTop, cobpaHHbii B Typeukon komnanum ZY Electric Tractor, passu-
BaeT MowHoCTb okono 120 kBT n moxeT npopaboTaTb Ha ogHon 3apsgke JINMA okono 6 4yacoB B
3aBMCUMOCTM OT YCIOBUIN 3KCMNNyaTaumm.

Komnanus Sepp Knusel (LLBeriuapus) cepuinHo nponssoaunT anektpoTtpakTop Rigitrac SKE
40 Electric, ocHalwleHHbIn aBuratenem mMoLHocTbio 40 KBT (MakcumanbHas MoLlHOCTb Ao 64 kBT).

Hemeukas dmpma Fendt paspabotana anektpotpaktop €100 Vario, koTopbii ocHalleH 50-
knnoBatTHbIM guratenem un JIMA emkoctbio 100 kBT 4. TpakTop MoxeT 6e3 noasapsaku npopabo-
TaTb 00 NATK YacoB (TOIM-5 HOBLIX 9NEKTPOTPAKTOPOB, Y>Ke AOCTYMHbIX Ha pbiHke Nasllaxapb [d3eH
(dzen.ru) https://dzen.ru/a/YtbPJjjYKTxFub1X (gata obpawieHuns: 16.02.2024)).
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McTouHmMKOM 3Heprnm B Takmx Tpaktopax crniyxat JIMA [33, 34], B KOTOPbIX KaKabl KOM-
MOHEHT COAEPXUT BOnNbLUOE KOMMYECTBO XUMMUYECKMX 3MEMEHTOB (MpeumyLlecTBEHHO MeTar-
noB). B akTmBHOM cocTaBe kaToga ecTb NIMTUK, Xenes3o, mapraHeu, kobaneT (Li, Fe, Mn, Co) n ux
coeavHeHus ¢ dpoccpopom, kucnopogom [35]. B anektponute nuTUEBbLIX GaTtapen NpucyTCTBYHOT
aTuneHkapboHart, nponuneHkapboHat, aumeTunkapboHaTt n dpTopaTuneHkapooHar [36].

CoBpemeHHbIi JINA, roe aHoq n3rotaBnmBaeTcs M3 NonMaueTurneHa, a katog — U3 OKCu-
ba nutusa-kobanbTa, 6bin Bnepsble pa3paboTaH SANOHCKMM xmmukom Akupon EcuHo B 1983 rogy
(OnekTpomobunen Bce Oomnblie, HO Kak OOCTOAT Aena ¢ nepepaboTKoM akkymynsaTopoB?-: -
ttps://pikabu.ru/story/yelektromobiley_vse_bolshe_no_kak_obstoyat_dela_s_pererabotkoy_akku
mulyatorov_76926517?ysclid=Isolhj3aq2423610392 (aoata obpaiueHms: 16.02.2024)).

JIntnn asnaeTtcs cambiM NEMKMM MeTarnnoM, MUMeeT camyto HU3KYIO MIIOTHOCTbL cpean Me-
TannoB, He TOHET B BOAE, JaXe He TOHET B KepocuHe. B npupoae B cBOGOAHOM COCTOSIHUM 1n-
TWI MPaKTUYECKM HE BCTPEYAETCS, MOCKONbKY OYEHb aKTUBEH M Cpa3sy e BCTYNaeT B peakumio C
OpyrMMK BeLLleCcTBamMu, NO3TOMY Yalle BCTPEYaeTCs B COCTABE CONEBbIX OTIOXEHUN, TFIMH U MK-
HeparnoB. IMeHHO Mo 3Ton NpuynHe OH Bbin OTKPLIT Tonbko B 1817 roay.

KpynHenwunmn B Mupe npousBoguTensamu nutua asnsiotca Asctpanusa (54%), Yunu
(26%), Kntait (14%) n ApreHtuHa (6%) [37].

Hobblva nutns n npomasoacTso JINA ABNATCS TPYSOEMKMMM U 3KONOMMYECKN BpeaHbIMU
npoueccamu. Jutun AobbiBaeTca B MPOMBILINIEHHbIX MacliTabax M3 TpexX OCHOBHbIX MCTOYHUKOB:
COMnsHbIX pacconoB, boraton NMTNeM CrogyMEHOBOWN pyabl M OTAOXEHWI TBEPAbIX NOpoA. bonbLuyto
YacTb NUTUA cenvyac AOObIBAKOT M3 MOYB-COMOHYAKOB M CMECK COMeN, NOMyYeHHbIX BbiMapMBaHNEM
NOA3EMHbIX BOA, M COMneHbIX 03ep. Kaxabii metoq BnedeT 3a cobon onpedeneHHble Hen3bexXHbIe
HapyLLeHUs1 COCTOSIHMS OKpyxarowen cpedbl [37]. Hanpumep, ussnevyeHne u3 COmMsiHbIX paccosioB
sABNAETCA 0COBEHHO BOOOEMKUM METOAOM, MCNonb3ytowmm npumepHo 1900 TOHH BoAbl Anst Npous-
BOACTBA OAHOW TOHHbI NUTUS (JIUTU: 3a4eM HyxxeH, kak gobbiBaeTcs U xBatut nn ero Ham? URL:
habr.com/ru/company/selectel/blog/531298/ (aata obpalueHus: 16.02.2024)).

Mpun npoussoacTee JIMA MeT MECTO CyLLECTBEHHbIE BbIOpOCHI B aTMocdepy, KoTopble
COrnocTaB1Mbl C NPOM3BOACTBOM TPaAULMNOHHBLIX aBTOMOBUMNEN, BO-BTOPLIX, HEYTUNU3NPOBaAHHbIE
JINA, copgepxalime Takme TOKCMYHbIE MeTannbl, kKak KobanbT, HUKEMb U MapraHey, 3arpAsHsoT
NPUPOLHYIO cpeay.

CoepemeHHble JIMA umetoT okono 1000 UMKNOB 3apsagku-paspsagkv, Mocfie Yero OHM
DOIMKHbl OblTb YTMNM3MpPOBaHbI M 3aMeHeHbl Ha HoBble. B Poccuinckon depepaumm exerogHo
cnncbiBaeTcst okono 16-17 Teicsy TOHH oTpaboTaHHbIX JIMA Tonbko B ragkeTtax, He y4uTbiBas
aKKyMynaTopbl OT 3NeKTpoTpaHcnopTa. YyYeHble Bcero Mvpa paboTalT Haa yBenuyeHneM LuK-
noB 3apsaku-paspsagkm akkymynatopos Ao 10000 uuknoB, YTO CyLLECTBEHHO YBENUYUT CPOK UX
cnyx6bl (Jobblva nutus B Poccuun: TexHonorua gobblum metanna y HedTaHMKoB (e-plus.media).
https://e-plus.media/technologies/energichnyj-no-rasseyannyj-metall-kak-dobyvat-litij-zaodno-s-
uglevodorodami/?utm_source=yandex_direct&utm_medium=cpc&utm_campaign=energiia-stati
(naTa obpalyeHus: 16.02.2024)).

OcHoBHbIM noTpebutenem JIMA saBnaeTcs anekTpuveckuin TpaHcrnopT (pucyHok 2). Ha
OAVH 3nekTpomobunb pacxogyeTcs bonee 50 kr kapboHaTa nuTKs.

[onga anekTpomobunen B Mmpe noka eule He odYeHb Benuka, coctaBnaeTt okono 10%
oT obuwero napka aBTomobunen. OgHako anekTpugukaumss aBToTpakTOPHOW TEXHMKN MO BCe-
My MUpYy umaeT OypHbIMM Temnamu: paspabaTbiBaloTCA IMEKTPUYECKNE TPaKTopbl, TAraiu
(Tesla Semi, Nikola), pa3BosHblie rpy3osukn (Volkswagen e-Delivery, Mitsubishi e-Canter),
komnaHua Ford npegctaBuna anektpuyeckum aBtobyc Type A. B HeKoTOpbiXx eBponemncKux
CTpaHax KONMu4ecTBO MPOAaHHbIX 3nekTpoMmobuneln npesbiwaeT npogaxy o0Bbl4HbIX aBTOMO-
ounen c¢ [OBC (PblHOK anekTpokapoB B Uuudpax u B nocnegHux cpenkax. URL:
vc.ru/transport/199864-rynok-elektrokarov-v-cifrah-i-v-poslednih-sdelkah (gata ob6palieHus:
16.02.2024)). Bce a10 MOXxeT npuBecTu K gecmnunty nnutua Ha 3emne. CToumocTb kapboHaTta
nnuTUa Ha MMPOBOM pPbIHKE 3a nocrnegHue rogbl yBenuymnacb B 2-3 pasa u npogorkaeT no-
BbILLATLCS, YTO MOXET NPUBECTM K TOMY, YTO CpeAHEMY NOKyNnaTemnto f1eKTpoOMoOMUnnN CTaHyT
HEeLOCTYNHbIMM.
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Bo3HuKkaeT elle ooMH BOMPOC: XBaTUT N MUPOBBLIX 3amnacoB NMTUSA Ha NepeBOA BCEro
TpaHcrnopTa Ha anekTpuyeckyto Tary? B mupe cenyac okono 1,5 munnuapaa eanHuL TpaHcnopT-
HbIX cpeacTs [38], a pasBegaHHbIX 3anacoB NUTUs okosio 80 MUNNMOHOB TOHH [39], Toraa:

50 kr x 1500000000 ea. / 1000 =75000000 TOHH.

PucyHok 2 — JIMTUI-MOHHBIE akKyMYNSTOPbI HA aneKkTpoMobune
Figure 2 — Lithium-ion batteries on an electric vehicle

PacyeTbl NokasbIBatoT, YTO pa3BeaHHbIX MUPOBLIX 3aMacoB NUTUSA XBaTaeT NULLb A4S nepe-
BOAa CErofHsLLHEro MMPOBOro Napka aBToMobunen Ha anekTpudeckyto Tary. Jlutui asnseTca ogHUM
N3 OCHOBHbIX 3IEMEHTOB A1 U3rOTOBMNEHNST aKKyMYrATOPOB TereoHOB, HOYTOYKOB M SNEKTPOMO-
6unen. Ero Takke UCNONb3ytOT ANA MNONYYEHWS YHUKAmNbHbIX NErkMX CrraBoB B aBUALMOHHON Mpo-
MbILLITEHHOCTU U pakeToCTpoeHUn (qobaska NUTUA genaeT ux NnacTudHbIMK KU Gonee nerkumn), ansi
MOBbILLIEHMSA NPOYHOCTU M CTOMKOCTM CTanm K aTMocqepHOMY BO3OENCTBUIO, MPU NPOU3BOACTBE Of-
TUKU C LLUMPOKOKM CMEKTParnbHOW MOIOCOM MPOMnycKaHusi cBeTa, HebbloLlerocst ctekna, dapdopa, ke-
pamMuku (CHXaeT TemnepaTypy nnasfeHns), Npuy BbiNnaeke antoMUHUE U T.4.

Mpobnema gedmumta NMUTHUA YacTUYHO MOXET ObITh peLleHa U3BneYeHnem nnTua n3 otpabo-
TaHHbIX aKKyMYIATOPOB MyTeM MX nepepaboTku, YTO OOHOBPEMEHHO PELLNT BOMPOC X YTUNN3aLMN.

B otpaboTtaHHbix JIMA cogepxaHue kobanbTta coctasnset okorno 30%, megn — 7-12%,
nmTna — okono 2-3%, a octanbHOe — antoMUHUIA, rpaduT, NNacTKK, YTO MOXHO nepepaboTtatb 1
NMOBTOPHO Mcnonb3oBaTk B nponssoactee JIMA. Takum obpasom, Ansg nonyvyeHuss 1 TOHHbI NUTUS
Heobxoammo nepepabotatb 33-35 ToHH oTpaboTaHHbiX JIMA, a Ha nepBoHavanbHOE NPOU3BOA-
cTBO 1 TOHHbI nuTKA Tpebyetca 250 ToHH cnogymeHoBon pyabl unn 750 TOHH MWHEpanbHOro
paccona. B HacTosiee BpeMs, HECMOTPSA Ha yuepb 3KONOrM4eckon cpene OT HenpaBuIbHOM
yTunusauumn otpabotaHHblX JIMA M NOCTOSAHHLIA POCT NOTPebneHus nuTtus, nepepaboTke noa-
Bepraetca nuwb 10-15% oTpaboTaHHbLIX NUTUN-UOHHBLIX BaTapen, YTO O0BbACHAETCA HecoBep-
LLIEHCTBOM W JOPOroBM3HOM npouecca nx nepepabotku [40].

M3-3a CNoXHOCTN OTAENEHMSA NUTUA U OPYTMX KOMMOHEHTOB OT yrnakoBaHHON 6atapeun u
Opyr oT gpyra ytunuampyemyto 6atapeto nogsepratoT npegsaputensHon obpaboTtke ons otae-
NneHus NUTUNCcoaepXallero akTMBHOro matepmana (katoga, aHoga) ot nepudepunHbix Yacten
(nnactuka, nonuMmepa). 3atem NMTUIN XUMUYECKM OTAENSAKT OT aKTMBHbLIX MaTepuanos. Yem
Bonblue pasHbIX XMMUYECKNX SIEMEHTOB COAEMKUTCH B akKyMynaTope, TeM B6onblie nx Xmmu-
YeCKUX CBOMCTB U BO3MOXHbIX peakuuin NpUXoauMTCa yunTbiBaTb Npy yTunusauum n nepepabort-
ke JIMA [41].

MpeaBapuTenbHyto 06paboTky oTpaboTaHHbIX JIMA ocyllecTBNAOT MexXaHU4eckum cro-
cobom, C NOMOLLbIO pacTBOPUTENSA M C MOMOLLbIO KanbuuHa [41].

[na v3BneyeHnss NUTUS N3 NPOAYKTOB 0OpaboTKM NPUMEHSAT TEXHONOMMK NupomeTarn-
nyprum, rMapoMeTanyprim, aneKTpOXMMMUYECKON aKCTpakumm [41]. OgHako 3aTn MeToabl BCe elle
HaxoOdaTCcs B CTaauu uccrnegoBaHns. bonblIMHCTBO pa3paboTaHHbIX B HACTOsLEe BPeEMSA MeTo-
OO0B nepepaboTkn 3arpsasHSAT OKpyKalolLyo cpefy BpedHbIMU rasamu, obpasylolmMMncs npu
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TepMuyeckon obpaboTke NMUTUEBBLIX OTXOO0B, KUCNOTaMu, Lenovyamu u opraHn4yeckummn pactBo-
puTensiMu, UCMNofb3yemMbiMU AMs BblenaynBaHua. JTO TakkKe NPUBOAUT K AOMOMHUTENbHBIM
pacxogam, YTO MOBbIWAeT CTOMMOCTb nepepaboTku. Ecnv cTOMMOCTL NUTUSA, NoryYyaemoro u3s
py4bl UNK paccona HMxe CTOMMOCTU NUTKS, Noslyd4aemoro ot nepepaboTku oTpaboTaHHbIX baTa-
pewn, To nepepaboTka He ByaeT SKOHOMUYECKM LienecoobpasHon N XM3HECNOCOBHOMN.

MaccoBbili nepeBof aBTOTPAKTOPHON TEXHUKU Ha 3MEKTPUYECKYIO TAry npeacraBndeT
onpegeneHHyo oNacHOCTb ANSA OKpyXatollen cpedbl BCneacTBMe HeCOoBepLUEHHbIX TeXHOMOo-
rmn godblun NUTUNA, NpoussoacTea, nepepabotkm u ytunusauum JIMA. B kayecTtBe anbTepHa-
TnBbl ncnonb3oBaHusa JINA MOXHO paccMoTpeTb TeXHoMormm 6ecnpoBOgHON Nepenaymn anek-
TPO3HEPrMM Ha paccTosdHWe yrbTpa3ByKOBbIM CNOCOBOM, METOAOM 3fEKTPOMarHUTHON WH-
OYKUUK, METOOOM 9NEeKTPOCTaTUYECKON MHOYKLUUK, C NOMOLLbIO MUKPOBOMHOBOIO U3Ny4YeHus,
nasepHblM METOAOM, UCMOSIb3yA 3IIEKTPONPOBOANMOCTb 3EMIU, C NMOMOLLBLIO 3NEKTPUYECKOTO
pesoHaTopa.

Hukona Tecna, n3BecTHbIN hn3nMK cepbCKOro NPOUCXOXOEHUs, KOTopbii paboTan Hag
TexHonornen GecnpoBOgHON nepenadn dfeKTPOIHEPru, nucan, YTO ANEKTPUYECKYID SHEPruo
MOXHO nepeaaBaTh B NtoOy0 TOUKY 3EMHOrO Liapa, He UCnonb3ysa Anst 3Toro nposogos. OgHako
aKTUBHOE UCMOSMb30BaHUE MaLLVH C ABUraTensamu, paboTalowmmm Ha NPUPOLHbLIX SHEProHOCUTE-
nsAx, He No3BoNuIM 3TOMY NpeacKasaHuio peann3oBaTbCs.

MepBbIi B Mupe paguonpuemHuk A. lNonoea (1895 r.), 6ecnpoBogHoe 3apsaHOE yCTpown-
CTBO ONdA COTOBbIX TeNe(OHOB U ragxeToB KomnaHun Apple, 6ecnunoTHele neTaTenbHble anna-
paTtbl, paguoynpasnsemMble MalnHbl 1 T.MN. 40Ka3blBaOT BO3MOXHOCTL BecnpoBoaHOM nepeaayn
3Hepruu Ha paccTtosHue.

CambIn rnaBHbIN BONPOC M OQHOBPEMEHHO Npobriema 3TOM TEXHOMOrMK 3aKkryaeTcs B
OorpaHuyeHnn pacCcToAHUSA U MOLLIHOCTW Nepeaayun SHepruu.

3aknroyeHne. Ha oCHOBaHUM BbILLIEN3NOXEHHOTO MOXHO cAernaTb BbIBOA, YTO MacCoBbIv ne-
peBOA aBTOTPAKTOPHOW TEXHUKN Ha ANEKTPUYECKUA NPUBOA OOMKEH peanv3oBbiBaTbCA MaHOMEPHO
1 TONMbKo nocne pa3paboTky 6e3onacHbIX TexHONoOrMn obblun NUTKUA, NPON3BOACTBA, NepepaboTku u
yTunu3aumm otpaboTtaHHbix JINA, noTOMy 4YTO NpMMEHSIEMble B HACTOsLLEEe BPeMS TEXHOMOMMU 3KO-
HOMMYECKN HEA(PEKTMBHBI U MPeaCTaBnAT ONpeaeneHHYI0 ONacHOCTb OIS OKpY»KatoLwwen cpeabl.

Ha Haw B3rnsag, B kKa4ecTBe anbTepHaTyBbl Ucnornb3oBaHusa JIVMA kak MCTOYHMKA SHeprum ans
ANEKTPNYECKON MOBUNBHOM TEXHUKM MOXHO PacCMOTPEeTb TEXHONormM GecnpoBoAHOM nepedayn
ANEKTPOIHEPIUN Ha PaCCTOSTHUE.

Conclusions. Based on the above, we can conclude that the mass transfer of automotive
equipment to electric drive should be implemented systematically and only after the development of
safe technologies for lithium mining, production, processing and disposal of used LIB, because the
currently used technologies are not economically efficient and pose a certain danger to the environ-
ment. environment.

In our opinion, as an alternative to using LIBs as a source of energy for electric mobile equip-
ment, technologies for wireless transmission of electricity over a distance can be considered.
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Abstract

Introduction. Soy is a heat— and moisture-loving crop. Most of it is cultivated by irrigation, because to
obtain one ton of product, it is necessary to spend on average at least 3000 m3 of water. As for obtain-
ing sustainable harvests in the arid zones of the lower Volga region, water costs increase by 1.2...1.3
times to obtain the same volume of production. However, this crop is highly valued on world markets
for its high content of high protein, high yield, and the possibility of low-cost processing to obtain vari-
ous types and food products. Soy is a very common product in animal husbandry, especially in pig
farming. It is known that the best results in terms of yield and quality of soybean grain are achieved by
using mineral fertilizers. At the same time, 17-18% of fertilizers are lost due to their washing into the
lower layers of the soil. However, when cultivating soybeans under irrigation, it is necessary to take
into account that up to 20% of the costs for obtaining stable yields fall on the supply of irrigation water.
It is possible to reduce the cost of water and fertilizers in soybean cultivation by using hydrosorbents,
often called hydrogels. At the same time, given that hydrogel is a rather expensive product (up to 500
rubles per kilogram), it should be applied only in the row area and below the bottom of the seed groove
by 0.05 ...,06 m. Object. For the processing object, the technological process of sowing soybean
seeds under irrigation was selected simultaneously with the hydrogel section of the seeder equipped
with additional devices to reduce the cost of irrigation water by applying enriched hydrogel. Materials
and methods. For the research, the following were used: a section of a seeder equipped with a furrow
cutter and a side sealer and riggers for removing the dry soil layer, as well as measuring instruments;
recommended methods for conducting such experiments; the reliability of the experiments was deter-
mined using digital methods. Results and conclusions. To increase the efficiency of soybean cultiva-
tion in irrigation and reduce the cost of irrigation water, as well as fertilizers, special hydrosorbents are
used-hydrogel. Due to the physical characteristics of this substance, it accumulates a certain amount
of moisture in its volume, along with fertilizers dissolved in it, and then, as the volume of moisture in
the soil decreases, it transfers it through the root system to the plants themselves. To embed the hy-
drogel into the soil, a section of the seeder has been created, with a furrow cutter and a side seal
mounted on it. The section is protected by patent for invention No. 27322452. Studies related to the
oscillation of the coulter were carried out using sensors that transmit signals to an analog digital con-
verter (ADC) and then to a computer. The results were processed based on the recording of harmonic
oscillations and the obtained spectral density. Based on the data obtained, graphs are plotted for
changes in the resistance of the section as well as the angles of oscillation of the coulter depending on
the speed of movement. In particular, the limit values of the spring tension limits should not exceed
350 n/m, at a speed of 2.5 to 3.0 m/s, while the limits of the change in the force of turning the wick, "y"
are 40°...50° and the resistance force changes its values from 22H to 35H for each the section.

Keywords: seeder section, soybean seeds, hydrosorbent, harmonic vibrations, side seale
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