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Summary
The article presents the results of tests of gel batteries under various operating conditions: in the cold
at atemperature not exceeding -7.8 C°, and in the heat at a temperature within 22-24 C°. The results of
the study showed an increase in the reduction of vehicle operating time by 33% of the operating time
in temperature conditions of 22-24 C°.
Abstract

Introduction. The article is devoted to the study of the influence of climatic conditions on promising
electric transport vehicles used in the tasks of public utilities departments, parks and recreational areas,
aswell asin indoor warehouses and eco-farms. Object. Assessment of the actua indicators of the du-
ration of storage of the operating voltage of the battery under conditions of low temperature in com-
parison with an identical battery under favorable temperature conditions. Tests were carried out both
with and without load. M aterials and methods. When studying the operation of gel batteries under
various conditions of use, their ability to maintain voltage and electrical capacity was tested. Compara-
tive studies were carried out on the influence of ambient temperature on battery discharge in storage
mode and under load. The objects of research were 2 traction gel batteries. Results and conclusions.
The results of tests of gel batteries under various conditions of use are presented: in the cold at atem-
perature not exceeding -7.8 C° and in the heat at a temperature within 22-24 C°. Their ability to main-
tain voltage and electrical capacity was tested for compliance with the requirements of operation in
electric transport. An assessment of the actual indicators of the duration of storage of the operating
voltage of the battery in conditions of low temperature is given in comparison with an identical battery
in favorable temperature conditions: a reduction in the operating time of the vehicle by 33% of the
operating time under temperature conditions of 22-24 C°.
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YK 62-523.8
UCHBITAHUA PABOTOCIIOCOBHOCTHU AKKYMYJISATOPHBIX BATAPEA
JJIEKTPOITPUBOJA TPAHCIIOPTHOI'O CPEACTBA

K. C. Imutpues, mraowuil HayuHvlilti COMpyOHUK

DeodepanvHulll HAYUHbIU aepouHdceHepublil yenmp BUM
2. Mocksa, Poccuiickas @edepayust

AKTyanbHOCTb. CTaThsl MOCBSILIEHA U3YYECHUIO BIUSHUS KIIMMATUYECKUX YCIOBUM HA MEpPCIeK-
TUBHBIE JJIEKTPOTPAHCIIOPTHBIC MAIMHBI, TPUMEHSIONINECS B 3a/adaX BEIOMCTB KOMMYHAJIBHBIX XO-
3SIMCTB, TAPKOBBIX U PEKPEAIIMOHHBIX 30H, a TAKXKE B 3aKPBITHIX TIOMEIICHHUIX CKIa 0B U 3kodepm. Llean.
OrieHKa JISWCTBUTENBHBIX MTOKa3aTeeH MPOAODKATEIBPHOCTH COXPAHSICMOCTH Pa00Yero HaMpsHKCHUS aK-
KyMyJISITOpa B YCJIOBHSX TOHIWKEHHOH TEMIEpaTyphl B CPaBHEHHH C MICHTHYHBIM aKKyMYJISTOPOM TPH

574



sdokkk H3BECTHS +xxkk

HH>XHEBOAXCKOIO ArPOYHHBEPCHTETCKOI'O KOMIIAEKCA:
HAYKA H BBICIIEE TIPOPECCHOHAABHOE OBPA30BAHHE

N 4 (72), 2023

ONarompusTHBIX TEMIIEPaTypHBIX YCIOBHUAX. VcTbITaHMs MPOBOJMINCH KaK C HATPYy3KOH, Tak u 0e3 Hee.
Mertonpbl. [Ipu nccnenoBannu paboOThI TelEBBIX aKKYMYJISITOPHBIX OaTapei Mpy pa3IMyHbIX YCIOBHSX UC-
TI0JIB30BAHUSI IPOBEPSUIMCH MX CHIOCOOHOCTh COXPAaHEHMs HANPSDKEHHS M 3JIEKTpoeMKocTH. beim mpoe-
JICHBI CPaBHUTEJIBHBIE HCCIIEA0BAHMS BIMSHUS TEMIIEpATyphl OKpyskarowiel cpensl Ha paspsn AKb B pe-
JKMME XpaHeHUs U MOA Harpy3koi. OObeKTaMy UCCIIeIOBAaHUH OBUTH BBIOpaHBI 2 TATOBBIX T'eJIEBBIX aKKY-
myisaropa. PesyabTatel. [IprBeneHsl pe3yabpTaThl UCIBITAHUN TENEBBIX aKKyMYJSITOPHBIX Oarapeil mpu
Pa3INYHBIX YCIOBHAX MCIOJIB30BaHUS: Ha XOJIOJE P TEMIIepaType, He npesbliatoieii -7,8 C° u B Teme
npH Temiiepatype B mpenenax 22-24 C°. IIpoBepsimch MX CIOCOOHOCTH COXPAaHEHHs HANPSHKEHHS U
ANIEKTPOEMKOCTH Ha COOTBETCTBHE TPEOOBaHMSIM IKCIUTyaTallMH B ANIEKTpoTpaHcHopTe. [laHa oueHka neii-
CTBUTEJIBHBIX ITOKAa3aTesNel IPOAOKUTEIBHOCTH COXPaHAEMOCTH pa00vero HampsHKeHUs aKKyMyJIITopa B
YCIIOBUSIX MOHWKEHHON TEMIIEpaTypbl B CPABHEHHM C HWAEHTHYHBIM aKKyMYJISITOPOM B OJaronpHUsITHBIX
TeMIepaTypHBIX YCIOBHSIX: YMEHBILICHHE BpeMEHH paboThl TPaHCIIOPTHOTO cpeacTBa Ha 33% OT BpeMeHH
PabOoTHI IIPY TEMITEPATYPHBIX yCIOBHAX B 22-24 C°.

Kniouesvie cnoea: axkymyniamopmuvie bamapeu, 21eKMpOnpusood mpaHcnOpmHbIX
cpedcmas, MpaHcnopmuble Cpeocmad, INeKmpompancnopm.

HurupoBanue. /Imutpues K. C. McnbiTanus paboTOCIIOCOOHOCTH aKKyMYJSITOPHBIX OaTapei diex-
TPONPUBOJA TPAHCIOPTHOTO cpenctBa. Mszsecmus HB AVK. 2023. 4(72). 574-583. DOI:
10.32786/2071-9485-2023-04-58.

ABTOpCKI/Iﬁ BRJIaI. ABTOp HACTOAIIECTO UCCICAOBAHUA IMPUHHUMAJ HEIIOCPCACTBECHHOC Y4AaCTUC B IIJIaHU-
POBaHNH, BBIIIOJIHCHUN WM aHAJIU3C JAHHOI'O HMCCICOOBAHUA. ABTOp HaCTOﬂLHefI CTaTb O3HAKOMMIICA H
0700pHI IPEICTAaBIEHHBIN OKOHYATEIbHBINA BApUAaHT.

KondaukTt untepecoB. ABTOp 3a4BISIET 00 OTCYTCTBUU KOH(IINKTA HHTEPECOB.

Benenue. [Io nanabiv PoccraTta 10515 TpaHCIOPTHBIX CpecTB B MOCKBE 10 3arpsi3He-
HUIO aTMoc(epHoro Bo3ayxa jnocturaer 85-90 % [1]. Taxke crnenyeT yuyuThIBaTh HIYMOBYIO
Harpy3Ky OT TPaHCIOPTHBIX CPEJACTB C JIBUraTelIEM BHYTPEHHETO CrOpaHus, KOTOpas OKa3bl-
Ba€T HETaTUBHOE BO3JCICTBUE Ha JIt0IeH. B HacTosee BpemMs IepCIEeKTUBHBIM HallpaBJICHU-
€M peIIEeHUs 3ajauyl TOBBIIIEHHS 3KOJIOIHYeCKON 0e30MacHOCTH B TOPOJICKOM cpesie cuuTaeT-
Csl IPUMEHEHUE JJIEKTPOTPAHCIOPTHBIX CPEACTB B 30HAX 3aCTPOMKH, NAPKOBBIX U PEKpealn-
OHHBIX 30HAX, a TAK)KE B 3aKPBITHIX MOMEMICHHUIX CKIa0B U 3kodepm. OaHako paboTa 3Jek-
TPOTPAHCIIOPTA B CIOKHBIX KIMMATUYECKUX YCIOBHUSX MOCKBBI U CXOKHUX TOPOJIOB MOXKET
crocoOCTBOBaTh OoJiee OBICTPOMY, YeM OBIJI CIIPOTHO3MPOBAH, pa3psily, a TaKXKe MOBBIIICH-
HOMY M3HOCY aKKyMYJISITOPHBIX OaTapei U ux jaerpaganuu. bbuin npoBeneHbl UCIBITAHUS aK-
KyMYJSTOPHBIX Oarapeil, MCIOIb3YIOIUXCS B TPAHCIIOPTHOM CPEACTBE, — IJIEKTPUUYECKUI
Ipy30BOM TpUIUKI. JJaHHOE TPaHCIOPTHOE CPEICTBO MPUMEHSETCS KOMMYHAJIBHBIMU CITYK-
6aMu, 0OCYKMBAIOIIMM TEPCOHAIIOM MapKOBBIX 30H, MAJbIMHM arponpeaupusTHsIMH, YIpaB-
JSTFOIIMUA KOMIIAHUSMHE KHUJIHITHBIX KOMIUICKCOB M MHOTHMU IpyriuMu [2-4].

Marepuansl u meroasl. [Ipu uccnenoBanuu padbots! reneBbix AKb npu paznnyHbIx
YCIOBUAX WCIOJb30BAHUS MPOBEPSIIUCh HMX CIHOCOOHOCTH COXpPAHEHUS HAmNpsOKeHUs U
ANEKTPOEMKOCTH Ha COOTBETCTBHE TPEOOBAHUSM SKCIUTyaTalldd B AJIEKTpOTpaHcmopte [5].
bbun mpoBeneHbl CpaBHUTEIbHBIE HCCIEA0BAHNS BIUSHUS TeMIIepaTypbl OKpYyKarolen cpe-
nbl Ha pa3psn AKB B pexumMe XpaHeHUs U 1o Harpy3koi. OObeKTaMu HCClIeI0BaHUM ObUIH
BBIOpaHBI 2 TATOBBIX TejieBbiX akkymynaropa RuTrike 6-EVF-32 (tabmuua 1), Haxoagmuxcs
B HCIPAaBHOM TEXHUYECKOM COCTOSHUM U C HapabOTKON LMKINYECKOro peXHuMa pasz-
psii/3apsaa 3HaYUTENbHO MEHbIIEH, YKa3aHHON B TEXHUUYECKON JOKYMEHTAIMU U3enus [6].

ITpoBeneHune ucnplTaHuil ¢ Harpy3KOi MPOBOAMIIOCH B 2 3Talla, MpU KOTOPBIX HA BTO-
pOM dTarie NMPOBOJAWIACH OLIEHKA BOCCTAHOBIIEHUS HAIpPSKEHHs] aKKyMYIJIATOpHON Oatapen
nocjie KpaTKOBPEMEHHOTO CHATHUS Harpy3ku. Harpyska ocyiecTBisiiach 3a CUeT HMOJKIIIoYe-
HUSl YCTAaHOBKH, COCTOSILIEH M3 [BYX, Mapajule]bHO MOJKIIOYEHHBIX, TAJOI€HOBBIX JIaMII
HaKaJIUBaHUA MOIIHOCTHIO O 55 BT Kaxknas.
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Tabmuua 1 — OcHOBHBIE XapaKTEPUCTHKH aKKyMyJsiTopHO# 6atapen RuTrike 6-EV F-32
Table 1 — Main characteristics of the RuTrike 6-EVF-32 battery

RuTrike 6-EVF-32

Hasznauenne TsiroBwIit
Tu CBHUHIIOBO-KHCIIOTHBIM aKKyMYJISITOP CO
CHEIHAIbHBIM PEryJTHPOBOYHBIM KIIATAHOM
Pabouee nanpsoxenue, B 12
Emkocth, A4 32
Bec, kr 10
I'aGaputs JIXI1IxB, Mmm 266 x 76 x 170

PexxuM ucnbITaHM: OTCIEKMBAHUE ITOKA3aTENIeW caMmopaspsija 4epes3 3aMep Hamps-
xeHust AKb B MOpO3WIIbHOIM yCTaHOBKE U NpHU “KOMHATHOW~ TeMIepaType; OTCIIEKHUBAaHUE
nokazatenein paspsga depe3 3amep AKB B MOpO3uiIbHON yCTaHOBKE W TMpPH “‘KOMHATHOW
TEeMIepaType C MOAKIIOYEHHON Harpy3kol K kaxaomy. Ha pucynke 1 mpeacraBieHbl Kaapbl
ucnbeitanuii AKb nox narpyskoi. Cieyer OTMETUTh, YTO MYJbTUMETP HAaXOJUJICA B MOPO-
3WIBHOM KaMepe TOJIbKO BO BpeMsl 3aMepa, YTO HUKAK HE MOTJIO CKa3aThCs Ha yBEIMYCHUS
MOTPENIHOCTH €ro paboThI.

a) 6)
Pucynok 1 — Mcnpitanne 00pa3ioB TeieBbIX aKKyMYJISITOPOB 10T HATPY3KOH B Pa3HBIX
TEMITEPATYPHBIX YCIOBUAX
a — ucneitanne AKb Ha coxpaHeHue QyHKIMOHAJIbHBIX XapaKTEPUCTHK B “KOMHATHBIX
TeMIIepaTypHbIX yciaoBusx; 6 — ucneitanue AKB Ha coxpanenne QyHKIIMOHATBHBIX XapaKTEPUCTHK B
na0opaTopHON MOPO3MIIBHON YCTaHOBKE
Figure 1 — Testing samples of gel batteries under load in different temperature conditions
a-— testing the battery for maintaining functional characteristics in “room” temperature conditions;
b — testing the battery for maintaining functional characteristics in alaboratory freezing unit

[lenp WcIBITAHWI: OIEHKA JIEMCTBUTENIBHBIX MOKAa3aTeJIed MPOJOJKUTEIBHOCTH CO-
XPaHAEMOCTH pabouero HaMpsHKEHUsT aKKyMYJISTOpa B YCIOBUAX MOHMKCHHOU TEMIIEPATypPhI
B CPaBHEHUU C UJCHTHYHBIM aKKYMYIISATOPOM IMPHU OJArONpUSTHBIX TEMIIEPATYPHBIX YCIOBHU-
sx. VlcripITaHus MPOBOMIIMCH KaK C Harpy3Ko#, Tak u 0e3 Hee.
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Wcneiranusa nposenensl B coorBerctBuu ¢ I'OCT P 52846-20. 07 “barapen akkymy-
JSITOPHBIC CBUHIIOBBIE TsATOBBIC. YacTh 1. OCHOBHBIE TPEOOBAHUS U METOJIBI UCTIBITAHHA.”

PesyabTaTsl M 00cy:xkaeHue. VcrnbiTanus mpoBeeHbl B JaOOPATOPHBIX YCIOBUSX C
MPUMEHEHHEM MOPO3HWIIbHOIM yCcTaHOBKH. TemrepaTypa Bo3ayXa B IMOMEIIEHUH J1a00paTOpUu
konebanack B npenenax 22 — 24 °C, remneparypa MOpO3WILHON yCcTaHOBKH: OT -7,8 10 -20,2 °C.
HcnbiTanuss akkyMyJIsiTOPOB Ha caMopaspsii.

OrneHka CIOCOOHOCTH aKKyMYJISITOPOB JIEpXKaTh 3apsij] MPOBOIWIACE H3MEPCHHEM
HanpspkeHus: MynbTuMeTpoM. [lo pesynbratam TaOnuibl 2 W MOITYYEHHBIX I'pauKOB camo-
pa3psia (PUCYHOK 2) MOXKHO CYAMTH O HECYILIECTBEHHOM BJIMSIHHM XOJIOJHBIX TEMIIEpaTyp Ha
aKKymyssiTop 0e3 Harpysku. Tak, 3a Bpemst UcTibITaHus 3a 19 yacoB HaOIOACHUHN pa3ps] ak-
KYMYJISITOPOB COCTaBHII: B XoJioamibHON Kamepe AUxonon = 0,06 B a akkymynsitopa B Ten-
noM nomemenun AUtermo= 0,01 B.

Tabnuua 2 — McnpiTaHne akKyMyJISITOPOB Ha CaMOpasps/l B pa3HbIX TEMIIEPATYPHBIX YCIOBHIX
Table 2 — Testing batteries for self-discharge under different temperature conditions

HcnbiTanus akkyMyJISITOPOB Ha caMoOpaspsiz

Hauansnoe nanpsokenne AKb: Uxomonx = 13,07 B; Utermo= 13,07 B

Bpewms, | Temnepatypa XOHOE HIBHOH Hanpsokenue, Uxonon, B | Hanpspkenue, Uterno, B
JacoB kamepsl, C
0 -15,1 13,07 13,07
1 -16,2 13,05 13,07
2 -15,8 13,04 13,07
3 -9,5 13,03 13,07
4 -10,5 13,02 13,07
5 -15,7 12,98 13,07
6 -10,3 13,02 13,07
7 -10,5 12,97 13,07
8 -16,4 12,93 13,07
9 -16,4 13,01 13,07
10 -18,0 13,01 13,07
11 -18,4 13,01 13,07
12 -9,7 13,01 13,07
13 -10,5 12,99 13,07
14 -16,5 12,97 13,06
15 -14,3 13,01 13,06
16 -13,6 13,01 13,06
17 -15,2 13,01 13,06
18 -17,0 13,00 13,06
19 -15,5 13,01 13,06

Koneunoe nanpsokenne AKb: Uxomnox = 13,01 B; Urerio= 13,06 B

Takum O6p8.30M, HUCXO[Ad U3 MOJYYCHHBIX XAPAKTCPUCTHUK MOBCACHUSA AKKYMYIIATOP-

HOU OaTtapeu, XpaHsIeiics Ha X0I0/1e, MOXKHO CIeNaTh BBIBOJ, YTO HEJUIMTEIbHOE XpaHEHHE
AIIEKTPOTPAHCHIOPTHBIX CPEJICTB BHE OTAIUIMBAEMOIO MOMEUICHHS] MPUEMJIEMO M HUKAaK He
BJIIMSIET Ha XapaKTEpUCTUKY OCTaTo4yHOro mnpoodera [7]. Taxxke cieqyer OTMETUTH TO, YTO IO-
CJIe IPOBEICHHBIX UCIIBITAHUM aKKYMYJIATOP U3 MOPO3UIbHON YCTAaHOBKHU IIPHU TEMIIEPAType B
20 C° nokazan 3HaueHue Hanpsbkenus B U = 13,5 B.
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HcnbiTanusa akKyMyJIATOPHBIX 0aTapeiil ¢ Harpy3Koii.

[TepBbIil ATan UCIIBITAHUA aKKyMYJISITOPOB C Harpy3Ko# 3aHs1 4 yaca (tabnuna 3). 3a
9TOT MEPHO] BpeMeHH Obllla MPOU3BE/ICHA OIICHKAa BPEMEHU pa3psa aKKyMyJISATOpOB B pas-
HBIX YCJIOBHSIX. Tak, akKyMyJISITOp B XOJIOAMIBHOM Kamepe pazpsiamiics 1o Uxomox = 5,1 B 3a
2 yaca 1 9 MUHYT. AKKyMYJISTOp B TEIUIOM NOMELIEHUU paspsauicsa 1o cxoxux Ureruio=
5.04 B 3a cpaBHuMO Oonbliee BpeMsi B 3 yaca | MuHyTy. Pa3psg akkyMynsiTOpoB MpecTaB-
aeH rpadukamu Ha pucyHke 3. [locie CHATHS HAarpy3Ku Uil aKKyMyJIITOpa U3 XOJOIMIBHON
KaMephl HalpsDKeHWE HAa MOMEHT CHSTHS Harpy3ku coctaBwio: Uxomon = 5,1 B, akkymyns-
Topa B TerioM noMmemenun: Utemno= 2.82 B, BpeMs BocctanoBienust Hanpspkerus 1t AKb
u3 xosoauapHOM kKameps! U uist AKB u3 tensoro nomemenus coctaBuio 50 MUHYT U 55 mu-
HYT COOTBETCTBEHHO.

awReme, B

Hpesan. yacon
Pucynok 2 — 3aBucumocts HanpsukeHus AKb 0e3 Harpy3ku oT BpeMeHu
Figure 2 — Dependence of battery voltage without load on time

Tabmura 3 — McnpiTanre akKyMyJIsSTOPOB Ha pa3psij aKKyMYyJIATOPOB C Harpy3KOi B pa3HBIX
TEMIICPATYPHBIX YCIIOBUAX
Table 3 — Battery discharge test with load under different temperature conditions

HcnbiTanue akkymMyJISITOPOB C Harpy3Kou

Hauanpaoe nanpspkerne AKb: Uxomox = 13,01 B; Urteruto= 13,07 B

Bpewms | Temneparypa xononuwisauka, C° | Hanpsbkenne, Uxomon, B | Hampsiokenune, Urernio, B
1 2 3 4
13:29 -19,1 13,01 13,07
13:30 -19,1 11,66 12,20
14:00 -17,4 11,57 12,07
14:30 -16,0 11,44 11,95
15:00 -18,8 11,27 11,78
15:30 -14,9 5,70 11,54
15:35 -20,2 517 11,53
15:40 -17,0 5,10 11,52
15:45 -16,1 10,50 11,39
15:50 -17,3 11,51 11,34
15:55 -15,2 11,70 11,27
16:00 -13,5 11,73 11,20
16:05 -14,5 11,79 11,09
16:10 -13,2 11,78 10,93
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OxoHyaHue Ta0IUIBI 3

1 2 3 4
16:15 -12,7 11,79 10,71
16:30 -14,1 11,84 5,04
16:40 -7,9 11,83 2,82
16:40 -7,9 11,83 5,80
16:55 -11,2 11,83 10,20
17.05 -14,2 11,86 11,20
17:35 -15,6 11,88 11,20

Koneunoe nanpspxkenne AKb 6e3 narpyskn: Uxonog = 11,88 B; Utermmo= 11,2 B

——
|
¥

rmss §
-

[ 1 1aza =2 1= kI L= = s
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Pucynok 3 — 3aBucumocts HanpspxeHust AKB ¢ Harpy3skoil oT BpeMeHu
Figure 3 — Dependence of battery voltage with load on time

Pa3znunia Bo Bpemenu padotel coctaBuia 33%. Mcxoas U3 momydyeHHBIX JaHHBIX MOXKHO
CYUTb O BPEMEHU PabOThI BCETO TPAHCIOPTHOI'O CPEACTBA MPH HU3KUX Temreparypax. [Ipober
TPaHCIIOPTHOTO CPE/ICTBA TAK)K€ YMEHBIIUTCSI KPATHO YMEHBIUIEHUIO BO3MOKHOCTU aKKyMYJIsi-
TOPHBIX Oarapeil Aepkath 3apsi. [lomydeHHbIe 3aBUCUMOCTH MO3BOJIAT TOYHEE OMPEIeTUTh POo-
Oer 2JIeKTPOTPaHCIOPTHOIO CPE/ICTBA, a TAK)XKE BIOCIEACTBUM OLIEHUTH Pa3psiyi aKKyMYJsSTOPOB
TI0J] Pa3JINYHON HAarpy3KOH, BbI3BAHHOM CONPOTUBIIEHHEM JABHXECHUIO TPAHCIIOPTHOIO CPEICTBA
[8-10]. [dst olieHKH MPUTOAHOCTH THITA AKKYMYJISITOPHBIX OaTapeid 3JeKTPOTPAHCIIOPTHOTO CPEel-
CTBa JJIs KJIMMATa ¢ HU3KUMM TEMIIEPAaTYypPHBIMU IOKA3aTesIMA OKpYXKaroOIEH Cpelbl y4EHbIMU
u3 Cankt-IlerepOyprckoro apXuTeKTypHO-CTPOUTENILHOTO YHUBEpCHTETa Oblla pa3paboTaHa Me-
TOZMKA BBIOOpA 3JIEKTPOXMMHUYECKOro Tuma akkymyistopa [11]. Takke Bompocs! aerpaianuu
AKKyMYJISITOPHBIX Oatapeil, MpUMEHSIOIIUXCSl B arpeCCUBHBIX YCIOBUSIX BHEIIHEH cpelbl, MOA-
HUManu aBropsl U3 BHTY: co3nana yHuBepcaipHas MIMUTAllMOHHAS MOJENb JUIS OLICHKU JIerpa-
JAINA aKKyMYJISITOPHBIX Oatapelt B miporiecce skcrutyaraiuu [12]. Corpymanku ®T'BHY OHAILL
BUM pabotanu Hag METOIMKAMHU OLIEHKH HOBBIX THIIOB TPAHCHOPTHBIX CPEICTB MpU pabote B
arponpoOMBIIUIEHHOM KOMILIEKCE, UX TPY/AbI TaKkKe MOJHUMAIN BONPOCH 3(h()EKTUBHOCTHU 3JIEK-
TPONPHUBOAA B TPAHCIIOPTHBIX U TATOBBIX cpencTrax [13], [14].

Bropoii 3Tan ucnblTaHU ¢ HArpy3KO#l 3akifoyalics B TOM, YTO aKKyMYJISITOpHbIE Oa-
Tapeu He ObUIN JTOTOJIHUTENBHO 3apsHKEHBI U TeMIIepaTypa OKpYKarolle cpeibl He U3MEH -
Jlach € MEPBOTro ATala UcHblTaHuM ¢ Harpy3koi. [lociie peructpanun Ha KaKJI0M aKKyMYJIs-
TOpE YCTAaHOBHBIIMXCS 3HAUCHUN HampspkeHudd (Tabnuna 4) Oblla CHOBAa YCTaHOBIICHA
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Harpy3ka. BTopoll sTan MCHBITaHMN 3aHsUI 3HAYUTENBHO MEHBILIEE BPEMsI OTHOCHUTEIBHO
npenpiaymero srana — Bcero 30 MuHyT. Tak, akKyMyJsITOp B XOJIOJAWJIBHOW Kamepe paspsi-
nuics 1o Uxomon = 4,8 B 3a 15 MuUHYT. AKKYMYJISTOP B TETUIOM ITOMEIIEHUN Pa3PSINAIICS 10
Ureruio= 5,7 B 3a menbmiee Bpemst 11 MunyT. Pa3psa akkymynsiTopoB mpe/cTaBieH rpadpu-
kaMu Ha pucyHke 4. [locne CHATHS Harpys3ku JUisl aKKyMYJISITOpa M3 XOJIOAWUJIBHOW KaMepbl
BOCCTAHOBJIEHHE HAIIPSKEHMSI TIPOM3OIIIIO 3a TO KE BPEMsI, UTO M BPEMsI BOCCTAHOBJICHHUS aK-
KyMYJIATOpa U3 TEIJIOrO IMOMEIIECHHUs, OJHAKO KOHEYHAs Pa3HUIIA B OCTaBUIEMCs HANPSIKCHUU
u HayasibHOM Uil AKDB u3 xonoannbHON kKamepsl U TEIIoro nomMemienus cocrasuna — 0,05 u
0,1 B cooTBeTCTBEHHO.

Tabmuta 4 — PesynpraTs! ucnbitannii AKb Ha coxpanenne GpyHKIIMOHAIHHBIX XapaKTEPUCTHK B
Pa3HbIX TEMIEPATYPHBIX YCIOBUAX, HIOBTOPHOE MIPOBEACHUE UCIIBITAHUI
Table 4 — Results of testing the battery for maintaining functional characteristicsin different
temperature conditions, repeated testing

HcnbiTanue akkyMyJIATOPOB C HArpy3KOM

HauansHoe nanpsixenne AKB: Uxomon = 11,87 B; Ureruio= 11,15 B

Bpewms | Temmepatypa xonogunenuka, C° | Hampspkenne, Uxomon, B | Hampsokxerne, Uterio, B
11:40 -13,4 11,87 11,15

11:40 -13,4 11,27 11,13

11:50 -14,3 10,26 5,98

11:51 -9,8 10,24 57

11:51 -9,8 10,24 7,6

11:55 -16,2 4.8 10,7

11:55 -16,2 11,33 10,7

12:00 -13,2 11,8 111

12:10 -12 11,83 11,05

Koneunoe nampsokenne AKb 6e3 marpysku: Uxonon = 11,83 B; Urenmo= 11,05 B

= 1]

CunTEe Marpyand © AlG

Pucynox 4 — 3aucumocts HanpstxeHust AKD ¢ Harpyskoit ot BpemeHu. Bropoii atam skcriepruMenTa
Figure 4 — Dependence of battery voltage with load on time. Second stage of the experiment
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3akumouenne. [Ipu ouenke camopaspsna ooa AKbB, kak Temnblid, TaKk ¥ X0NOIHBIN, 3a 19 4a-
COB UCTIBITAHUN pa3psININCh MpakTuiecku oanHakoBo Ha 0,05 B (Pucynok 2). Ilpu onenke pasps-
na AKDB nox Harpy3koil Ipu OIHOBPEMEHHBIX 3aMepax B MOPO3WJIBHOM KamMepe U INpPU KOMHATHOU
TeMIepaType BbISICHUIOCH, 4To XoJoaHbii AKDB paspsikaercs OvicTpee Ha 2-3 yaca, HO IPU CHATUH
HarpyskKu 6I>ICTpee PEreHepupyCcTCd — BOCCTAHABJIMBACT YPOBCHDL 3apsjia NPAaKTUYCCKU 10 UCXOJHO-
ro — 11,9 B (Pucynok 4).

HpOBeI[eHHLIMI/I HUCIIBITAHUAMHU YCTAHOBJICHA 3aBUCHUMOCTH paspiaga aKKyMyjadaTopa OT
TEMIICPATYPHBIX yCJIOBI/IfI ux pa6OTLI. TaKme, HUCXO0OA U3 NOJYUYCHHBIX JaHHBIX, MOKHO IMOBOJAUTH
OIICHKY YMEHBIICHUS BpeMEeHH paboThl TPAaHCIOPTHOTrO cpenctBa Ha 33% mpu cpenHel Temmep a-
Type Bo3ayxa B -15 C°.

ITo monmy4eHHBIM AaHHBIM MOXKHO CYAWTH 00 M3MEHEHHH IMpolera 3JIeKTPOTPAaHCIIOPTHOTO
CpEIICTBA Ha ITOJIHOM 3apsjie aKKyMyJIATOpHBIX Oarapeid. [lonydeHHble 3aBucumocTH paspsga AKDB
OTHOCHUTCJIbHO TEMIICPATYPhI oxpyxcafomeﬁ CpCAbl MO3BOJIAT TAKKE CTPOUTH UMUTAIMOHHBIC MOJCIIN
paboTHI AIIEKTPOTPAHCIIOPTHOTO CPECTBA B PA3THMIHBIX KIIMMAaTHIECKUX YCIOBHUSX.

Conclusions. When assessing self-discharge, both batteries, both warm and cold, were dis-
charged amost equally by 0.05 V during 19 hours of testing (Figure 2). When assessing battery dis-
charge under load with simultaneous measurements in the freezer and at room temperature, it turned
out that a cold battery discharges faster by 2-3 hours, but when the load is removed, it regenerates
faster - restores the charge level amost to the original — 11.9V (Figure 4).

The tests carried out have established the dependence of battery discharge on the temperature
conditions of their operation. Also, based on the data obtained, it is possible to estimate a reduction in
vehicle operating time by 33% at an average air temperature of -15 C°.

Based on the data obtained, one can judge the change in the mileage of an electric vehicleon a
fully charged battery. The obtained dependences of the battery discharge relative to the ambient tem-
perature will also make it possible to build simulation models of the operation of an electric vehiclein
various climatic conditions.
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Abstract

Introduction. Self-propelled machinery plays an important role in agriculture, in particular crop pro-
duction. Each stage of the technological cycle for cultivating agricultural crops is associated with the
operation of genera-purpose (tractor, transport vehicles) and special-purpose equipment, which in
field conditions move across agricultural lands and dirt roads of various conditions. The ability of
equipment to operate in field conditions is determined by the bearing capacity of the supporting sur-
face and the terrain, and their greatest impact affects the operation of transport equipment, the main
mission of which is the timely and high-quality transportation of agricultural goods. One of the im-
portant conditions for the movement of transport equipment during field work is the condition of dirt
roads and their bearing capacity. One of the most difficult bases for the supporting surface for the
movement of automobile cargo vehiclesis dry bulk sand, when moving along which, significant slip-
ping of the loaded vehicle occurs or it gets completely stuck and further movement without external
force becomes impossible. In turn, the use of additional units of equipment to pull out a stuck vehicle
entails temporary losses, which reduces the quality of the transported cargo, as well as disrupts logis-
tics chains and generally reduces the efficiency of the enterprise.

One of the possible directions for solving this problem is the development and use of motor vehicles
with a combined mode of movement — rolling and walking, which allows, when driving on dirt roads
with sufficient load-bearing capacity, to move by rolling, and in areas where it is not enough to switch
to an dternative mode — walking functionally providing self-pulling. For the study, an experimental
vehicle was designed and technically implemented with the ability to choose a method of movement —
rolling or stepping. Object. The object of the study is the support patency of an experimental vehicle
on dry bulk sand. M aterials and methods. The reference cross-country ability of an experimental ve-
hicle on dry bulk sand was determined in the field by studying parameters — the amount of current
consumed by the engines, the distance traveled, the depth of the rut, the degree of soil compaction.
The parameters of the supporting cross-country ability on dry bulk sand were determined and a com-
parative analysis was made without using the originality of the technical solutions included in the de-
sign of the experimental vehicle, and with their use. Results and conclusions. An analysis of the re-
sults of field tests of an experimental vehicle on a base of dry bulk sand showed that: the maximum
load during rolling movement is less than 350 N, after which complete dipping occurs and the vehicle
gets stuck, in contrast to walking movement, which provides translational movement and is performed
up to aload of 500 N, the limitation of which is determined only by the strength indicators of structur-
al assemblies; the peak current consumption of the propulsion motors at aload of 350 N is 0.132 A,
while when moving by walking and aload of 500 N it is 0.130 A; the maximum rut depth when mov-
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