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Pegpepam — Y cTaTTi po3risiiacTbes eJeKTPHYHUIT TPAHCIOPTHMIA 3aci, 3apsKaHHsA SIKOTr0 BiI0yBa€ThCsl HA KOXK-
Hilf 3ynuHNi, 0 A03BO/IsIE 3MEHINUTH MACOrafapUTHI MOKA3HUKHM CHCTEMH AKyMYJIOBaHHA i BapTicTh TpaHCIOPTHOro
3ac00y. AHATI3YEThCS PeKHUM CIHOKHBAHHA eJeKTPoeHeprili TPaHCMOPTHUM 3ac000M HA OCHOBi THNOBOI TaxorpaMu pyxy
€JIeKTPOTPAHCIOPTY, BU3HAYAEThCS 00cAT eHeprii, HeoOXiTHUI AJIsl pyXy TpaHcnmopTy Mixk 3ynunkamu. Ha ocHoBi po3pa-
XOBAHUX XapPaKTePHCTHK PYXYy AAIOTHCA pPeKOMeHJAlii 1010 o0MeskeHHSI MPHCKOPEHHsSI TPAHCMOPTHOro 3acody mia 4ac
HOro MpUCKOpeHHs. AHATI3YIOThCSI THII HAKONMYYBa4a eHeprii, MpHIaTHOro 1Js 3a0e3neyeHHs] HeOOXiHNX MBHIKICHHX

XapaKTEePHCTHK TA PO3PAXOBYETHCS EMHICTh CHCTEMH aKYMYJIIOBAaHHS eHepril.

Kniouosi cnosa — maxozpama pyxy; HOMYMHCHICIb; PeKYNepauia; EMHICHb AKYMYIAAMOpPA.

1. Bceryn

[ocTynoBe 3pocTaHHs KUIBKOCTI TPaHCIIOPTHUX 3a-
co6iB (T3) moripmrye ekomoriyauii (oH Ta HEraTUBHO
BIUTMBA€E Ha HABKOJIHIIIHE CEPEAOBHIIE Y BEIUKUX 1HIYyC-
TpianbHUX MicTaX. YacTKOBO BHPIIIUTH IO HpoOieMy
JIO3BOJISIE 3aMiHA TPOMAJICBKOTO TPAHCIIOPTY Ha JABUTY-
Hax BHYTPIIIHBOTO 3rOpaHHs Ha enektporpancropt|10].
CygacHi BHIM €JEKTPOTPAaHCIOPTY — Tponeiidycu
1 TpamBal MalOTb OOMEXEHY MOOIIBHICTD 1 TOTPEeOYIOTH
3HAYHUX KOIITIB [UIs OYyMiBHHUIITBA 1 MiATPpUMAHHS
iHpPACTPYKTYpH, TOMY HE MOXKYTb 3aMiHUTH JCTIICBITUI
B eKCIDTyaTaiii i 00CIyroByBaHHI TPAHCIIOPT — aBTOOYC.
HatomicTh icHyrodWi enekTpoOycH MaloTh 3HA4YHY Bap-
TiCTh, 3YMOBJIECHY BEIHKOI I[IHOI aKyMYJISITOPHOL
Oartapei, i TOMy HE MOXKYTh OyTHM MacoBO BIIPOBAaIKEHI
Y BEJTUKHUX MicTaX. Y IIbOMY BHIAJKY JOLJIBHO BUKOPH-
CTOBYBAaTH €NEKTPOOYCH 3 aKyMyJISTOpaMU HEBEIHUKOI
€MHOCTI, IO TMiI3aPSIKAIOTHCS Ha KOKHIN 3YITHHIII.

CrpykTypHa cxema enekTpoOyca  CKIAZaeThCS
3 HACTYITHHX €JIEMEHTIB, sIKi 300paxkeHi Ha puc. 1.

OcCHOBHA BiIMiHHICTB Ii€1 CXEMH BiJ CXEMH TPOJIEH-
0yca y BUCOKOBOJIbTHOMY aKyMYJISITOPi, 3aBASKU SIKOMY
MOYKJIUBE KUBJIEHHS TATOBOI CUCTEMU.

BopToBa Mepexa

Y

3apaaHuii NpucTpii Hggggs_o:gggq Tsroea cuctema
I Y
BopTtoBa
AkymynsTop anapaTypa

Puc. 1. CtpykTypHa cxeMa enekTpodyca

VY crarti aHami3yeThcs nmuKIorpamMa pyxy T3, Ta po3-
paxoByeThCsl 0OCST eHeprii, HeoOXIAHUN I Horo pyxy
Ha TEBHY BifcTaHb. Ha OCHOBI OTpMMAaHMX HaHUX OOW-
pa€eThCS THUIT Ta EMHICTh aKyMYJIATOPA, HEOOXiTHOTO JUIs
3a0e3MneveHHs] pyXy TPaHCIOPTHOTO 3ac00y.

II.  PO3PAXYHOK EHEPI'ETMYHUX ITOKA3HUKIB PYXY
TPAHCIIOPTHOI'O 3ACOBY

Cymapna cuina onopy F, sKa i€ Ha TPaHCHOPTHUH
3aci0, CKIAJaeThesl 3 CHIIM ONOpY KOYEHHIO Komic F,
oropy migitomy F,, oropy HoBiTps Fye Ta inepmii F; [1].
+F. (1

FZ = Fk +Fn +Fn06
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Cuna omopy KOYeHHsS 3alexuTh Bifg Macu 13 G,
1 KoedimieHTa KOYEHHS fi:

F, =G, f,. )

Cuna onopy migiiomy F, Bu3HauaeTbcss KyToM Haxu-
JIy JOPO>KHBOTO MOJIOTHA Ol

F, =G, -sin(a). 3)

Cuiia omopy TOBITpS BU3HAYA€THCS Koe(illieHTOM
aepopuHaMiyHoro omopy Cx, OINOPOM TOBITPS  Pros,
TUTOLIEIO TOTIEPEYHOrO TIEPEepi3y TPAHCIIOPTHOTO 3ac00y
S Ta MBUIKICTIO TPAHCIIOPTHOTO 3aC00Y V:

2

Fn06=0,5~Cx~S~pn08-V. @)

Cuna onopy po3roHy po3paxoByeTbCs SIK

Fi:me-a,

©)
Jie a — IIPUCKOPEHHS TPAHCIIOPTHOTO 3ac00y, me — eKBi-
BaJICHTHA Maca TPAaHCIIOPTHOrO 3aco0y 3 BpaxyBaHHAM
MOMEHTY iHepuii Baiy ABHUT'YHa i peaykropa[9].

PosrnsiHeMO THIIOBY Taxorpamy pyxy TPaHCIOPTHO-
ro 3aco0y, 300paxkeHy Ha puc. 2. 3TiIHO 3 TaXxOorpaMoro
T3 Mae Tpu peXKUMU PYXY:

®  DO3TiH 3 NOCTIHUM HPUCKOPEHHSM a;, A0 MaK-
CHUMAaJIbHOI IIBUAKOCTI Vmax;

®  PYX 3 HOCTIHOIO HIBHIKICTIO Umax;

° raJIbMYBAaHHA 3 MOCTIAHUM MPUCKOPCHHAM Ar.

g
= /
=
x ‘\“’
= t1 t2 13\
' g
0 t€:
Puc. 2. Taxorpama pyxy enekrpoOycy: tl - iHTepBai pO3roHy;

t2 - iHTepBaJI MOCTIMHOI MBUIKOCTI; t3 - IHTEpBaJI raJIbMyBaHHS

Cuna Tsru T3 F,, moBuHHA OyTH piBHOIO 200 Iepe-
BHUIIYBaTH CyMapHy cuily onopy Fs. BpaxoByioun enexk-
TPUYHI Ta MEXaHIYHI BTPaTH, SKi BPaXxOBYIOTHCS Koedi-
LiEHTAMHA KOPHCHOI Hii €JIeKTPUYHOI T Ta MEXaHI4HOI
YAaCTHH TSATOBOi YCTAHOBKH 1)y, CHJIA TSTU ABUTYHA MOXKE
OyTu 3anmcaHa Takx:

F.+F, +F + F;
-k Tn nos ’:KO+K1V2+K2a,
N (6)

m

Ko, Ki, K> — moctiiiHi koedimieHTH.

O6csr eneprii W, HeoOXiHUH IS IEpEMIIICHHS Ha
BiJcTaHb | KM 3TiZIHO 3 TaXxorpamor0 pyxy pO3paxoBy-
€TBCS SIK IHTErpall:

h
W= | F,dl. (7
4
Jlis TpboX iHTEpBaiB pyXy 00CAT eHeprii po3paxo-
BY€EThCS 32 GOPMYIIaMu:

2

®)
2
3
4K v 2a,8§
2 1”max \ %23
(10)

S2

3
+2K1a2 7 + K2a2S3,

ne Si, S», S3 — Bingcradi, ski npoxomuts T3, mpoTsarom
BIJIMIOBiTHOTO 1HTEPBAITY PYXY.

MuTTeEBa MOTYXKHICTD, SIKA CIIOXHUBAETHCS T3 MpoTs-
TOM pyXY, 3HaXOAWUTHCS SK MOXiJHA MO 4Yacy Bif OTpH-
MaHUX 3Ha4YeHb cHepriit Wi, W,, W3 Ha iHTepBanax:

dw,
1 33 2
Pl(t):7d =K0apt+K1apt +K2apt,
! (1
sz 3
Pz(t) =7=K0Umax + KzUmaX;
dW3 2
B(t) = ? = Ko (Omax + @0 + KjVmax (Opax a0 +
2
+K2a2 (Vpax T 9,1 + 2K1”max 2a, (Upyax t@,1) - (13)
a,t a,t
-(Umaxt + —2 )+ 2K1ae(vmax + aet)(umaxt + T)

Hns T3 3 Bucororo 2.5 M, WIMpHUHOIO 2.7 M, Macoro
11 1, pagiycom mmH koneca 0.372 M, MaKCHMaJIbHOIO
mBHAKicTIO 60 KM/TOJ Ta TaXOrpaMolo pyxy, HpencTaB-
JICHOIO Ha puC. 1, CKJIa/IoBI CHJIM ONOpY PYyXY, PO3paxo-
BaHi 3a Qopmynamu (2)-(5) MarTh Taki 3HAYEHHS:
F. = 1079.1 H, F, = 32373 H, Fus = 2,847,
Fi=12.602.1-a. 3anexHicTb MOTYXHOCTI BiX 4acy p(?),
o HeoOXimHa Uil pyXy B 3aJaHOMY IIBHIKICHOMY
PESKUMi 3 MAaKCUMAJIBHOIO IIBUJIKICTIO Umax = 60 KM/TOx
[I0Ka3aHo Ha puc. 3.

Ha puc. 3 mokazaHo 3aieXHICTh MOTYXKHOCTI BiX
Yyacy JHIIe Ha MAaKCHMAallbHIM IIBHAKOCTI, Tpadiku
moTy)XKHOCTeH jnsa mBuakocte 10-50 km/ron MaroTh
TaKy X camy 3aJIeXKHiCTb.

IMix gac posrony T3 Oyme BUTpayatm HaHOLIBLTY
MOTYXKHICTh. [IpH MOCTiiHINi TIBUAKOCTI CHIIH, SIKi HIOTH
Ha T3 OyayTe MeHIN, HIX Yy HOYaTKOBUH MOMEHT
qacy[6,7].
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P, BT

Vmax = 60 KM/TOI

Puc. 3. 3anexHicTh NOTYXKHOCTI, HeoOXinHol st pyxy T3, Bix gacy

P, Bt
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6)

Puc. 4. Lmocrpaiis npuHUXIY OOMEXCHHS HPHCKOPEHHS IIiJ dYac
PO3roHY: a) 3aJIeKHICTh IOTYKHOCTI BiJl 4acy, 0) 3aJIeXKHICTb IIPUCKO-
PEHHS Bif 4acy.

TABJIML 1
o, rpaj 18° 0° -18°
Vmax = 10 3.35-10’ 1.10-10° -3.13-107
KM/TOJ| Mok Mok Jx
Vmax = 20 3.35-10’ 1.17-10° -3.11-107
KM/TOJ| Mok Mok Jx
Vmax = 30 3.36-10’ 1.27-10° -3.10-107
KM/TOJ| Mok Mok Jx
Vmax = 40 3.38-10’ 1.40-10° -3.09-10’
KM/TOJ| Mok Mok Jx
Vmax = 50 3.39-10’ 1.54-10° -3.08-10’
KM/TOZL Jx Jx Jx
Vmax = 60 3.41-107 1.70-10° -3.06-10’
KM/TOJ| Mok Mok Jx

[Ipn raneMyBaHHI BiOYBa€eThCS NPOIEC pEKylepa-
1ii, TOOTO EeNeKTPOABUIYH OyAe BiJaBaTH EHEpPTiio
B Mepexy. 3 rpadikiB BHIHO, IO MOTYXHICTh MiJ 4ac
PO3TOHY 3HAYHO ORI, HiXK MPHU MOCTIHHINA MIBUAKOCTI
pyxy. ToMy Ha mpakTumi Ha BEJIMKHX IIBUAKOCTSIX
O0OMEXYIOTh TPHUCKOPEHHS, IO JO3BOJISE 3MEHIIUTH
TIIKOBI MOTY>KHOCTI[2] SIK TOKa3aHO Ha pHC. 4.

[IponeMoHCTpOBaHMI NPHHIMIT OOMEXKEHHS IIpHC-
KOPEHHS J03BOJISIE 3HAYHO 3MEHILIHUTH MOTYKHICTh TSTO-
Boi cucreMu, mo 3abe3neuye pyx T3.

III.  PO3PAXYHOK €MHOCTI CUCTEMHU
AKYMYJIIOBAHH S

Jis Toro, mo0 OLIHWTH €MHICTh aKyMyJIsTOpa
HEOOXITHO BU3HAYUTH CHEPTiI0, sSKa BUTPAYAETHCA HA
pyx T3 mix 3ynuHKamH, 1o rpadikaM IMOTYKHOCTEH 3a
¢dopmynoro (7) Oyiao po3paxoBaHO JaHi, sSKi HaBEHCHI
y Tebmumi 1. YMOBHO BBaKa€eThCs, IO BIACTaHb MiXK
3YIMHKAMU CKJIaJa€ OMuH KimoMetp. JlaHi momo eHeprii,
HEOOXiqHOI I TofoiaHHS BinctaHi T3 i pisHHUX
KYTiB HaXWIy JOPOXKHBOTO ITOJIOTHA (L HABEICHO Y Tal-
Jan 1.

Sk BUIHO 3 JaHWX HaBENEHWX y TaOmwuIl, oOcsT
HEeoOXiTHOI eHeprii CyTTEBO 3aJEXHTh BiJ KyTa HAXHITy
JIOPOXKHBOT0 MOKpUTTA[ 10].

[pormec 3apsmKaHAS 1 PO3PSAMKAHH aKyMYJISATOPIB
CUCTEMH MPOXOJUTH 3a AY:KE KOpOTKHH yac. Hac po3ps-
JOKaHHA fp BIATIOBiZae yacy pyxy T3 MiK 3ynuHKamH,
110 HE TIEPEBHUINYE 5 XBUIHH, /p < 5 XB, a 4ac 3apsi/DKaH-
HS f3 — TPHUBAJOCTI 3YIIMHKM — 1O OJHI€l XBWJINHH,
t3 < 1 xB. Slkmo oOpatu emHicTh akymynsitopa C, 3a
JTAaHUMH, HAaBEICHUMH y TaO. 1, po3psaHuil CTpyM aKy-
MmynaTopa cranoButume Ip = C / tp > 12C, 3apsiauit
ctpyM akymynastopa I3 = C/ t3 > 60C. Icayroui Tumm
XIMIYHHAX aKyMYJISTOPIiB HE 3[aTHI 3a0€311e4yBaTH TaKUX
3apsAIHUX 1 PO3PSITHHUX pexuMiB[3,4], TOMYy €MHICTh
TAaKUX aKyMYJISTOPIiB MOBMHHa OpaTHCh i3 3amacoM, Mo
HIBEJTIOE IIepeBary MpOIOHOBAHOI cucTeMu[§].

B nmanomy BUManKy SK el1eMEHT aKyMyTIOBaHHS CHe-
prii JOIIIIBHO BHUKOPUCTOBYBATH CYIEPKOHICHCATO-
pu[5]. €muicte C cucTeMH aKyMYNIOBaHHS PO3paxo-
BYETHCS [UIA Jiana3oHy poOOYNX HANPYT CHCTEMH EJeK-
tporpancniopty U = 400..600 B.

7
2w 2:3.41-10
5 5= 5 5= 341 @.
U, -U-. 600~ —-400
WUmax Ui  ( ) (14)
Po3paxoBaHa eMHiCTh CHCTEMH HAKONIMYEHHS €HEpril
Ha CyHepKOHAeHcaTopax 3a0e3nednts pyx T3 mpu max-
CHUMaJbHOMY KyTi MiIHOMY JOpPOXXHBOTO IIOJIOTHA,
a=18°

C=

BUCHOBKI

VY crarri 3anponionoBaHo T3 31 3MEHIIEHOIO €MHICTIO
aKyMyJATopa.

Po3paxoBano TsaroBi xapaktepucTuku T3 Ha OCHOBI
PIBHSHB pYXy 3 BpaxyBaHHSIM CHJI OIIOPY IIOBITpS Ta
koueHHs. OTpUMaHi TATOBI XapaKTEPUCTUKNA BHKOpHC-
TaHO JUIS PO3PaXyHKY YaCOBHX 3aJISKHOCTEH MOTYKHO-
cti TaroBoi cuctemMu T3 M pi3HUX MIBUIKOCTEH Ta
po3paxoBaHO 0OCST eHeprii, HEOOXITHWU UIT WOro
TiepeMilleHHs Ha 3a/laHy BiJICTaHb.

SxicHuid aHaNmi3 OTPUMAaHWUX MAaHUX 3aCBiIYUB, IO
JUTS TIOOYTOBH CUCTEMHU aKyMYIIOBaHHS JIOIUTBHO BUKO-
PHUCTOBYBAaTH CYIIEPKOHICHCATOPH 4epe3 Kpallli HaBaH-
TaXyBaJbHI XapaKTePUCTHKHA. PoO3paxoBaHO €MHICTh
Garapei cynepKoHAeHCaTopiB, o 3a0e3neuye pyx T3 Ha
3a/laHy BiACTaHb.
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Pegpepam — B cTaTbe paccMaTpuBaeTcs dJIeKTPUUecKOe TPAHCIIOPTHOE CPeICTBO, 3apPsIKa KOTOPOro MPOMCXOIUT Ha
Ka:K/10if 0CTaHOBKe, YTO MO3BOJISIET YMEHBIIUTH MAacCOradapuTHbIe MOKA3aTeIH CHCTeMbl AKKYMYJIMPOBAHHSI U CTOHU-
MOCTh TPAHCIOPTHOrO CPeACTBA. AHAJIU3UPYETCSl PeKMM MOTPedJIeHHs 3J1eKTPOIHePruH TPAHCMOPTHBLIM CPeCTBOM Ha
OCHOBE THIOBOI TaXO0rpaMMbl JBH:KeHHS 3J1eKTPOTPAHCIOPTA, onpee/isieTcsi 00beM YHepruu, Heo0XOAUMBIH Uil IBHAKe-
HHUSI TPAHCIOPTA Me:KAY ocTaHOBKaMH. Ha ocHOBe paccUMTAHHBIX XapaKTEPHCTHK JBUKEHUs AAIOTCSl PeKOMEHAAIMH N0
OrpaHMYeHHI0 YCKOPEeHHsI TPAHCIIOPTHOIO CPeACTBA BO BpeMsl ero YCKOPeHUsl. AHAJIM3HPYeTCsl THII HAKOMUTeJIsl JHepruu,
MPUTOIHOr0 151 o0ecnedyeHUus] He0OXOAMMBIX CKOPOCTHBIX XapaKTePHCTHK M PACCUMTHIBAETCS €MKOCTh CHCTEMbl aKKY-
MYJIHPOBAHHS JHEPTHH.

Knroueswvie cnosa — maxozpama; MOUWHOCmM by, peKynepauusy; eMKOCH b AKKymyaimopa.
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Abstract — Modern types of electric vehicles — trolley buses and trams have limited mobility and require significant
funds for the construction and maintenance of infrastructure, and therefore can not replace the as the cheaper in opera-
tion and maintenance transport. Instead, electric buses have a significant cost due to a high capacity electric accumulator,
and therefore can not be widely implemented in big cities. In this case it is advisable to use electric buses with small capac-
ity batteries, which are charged at each stop. In the article, the total resistance force of the vehicle is calculated, consisting
of the rolling resistance force, the lifting resistance and the air resistance and the engine inertia. The torque moment of the
vehicle must be equal to or exceed the total strength of the resistance forces. Based on the calculation of energy we can
conclude the: during acceleration, the vehicle will elaborate maximum power; at constant speed, the forces acting on the
vehicle will be smaller than during acceleration period; when braking, there is a process of energy recuperation i.e. re-
turning energy to electric network. From the time diagrams it is clear that the power during acceleration is much greater
than at constant speed. Therefore, in practice at high speeds it is proposed to limiting acceleration, which reduces peak
power. The demonstrated principle allows to significantly reduce the power of the traction system, which provides the
vehicle’s movement. In order to estimate the capacity of the batter it is necessary to determine the energy consumed on the
vehicle’s movement between the stops. It is assumed that the distance between the stops is one kilometer. Based on the
calculations it can be concluded that the amount of required energy is significantly dependent on the angle of inclination of
the road surface. The charge and discharge process of the battery system takes a short time. The discharge time corre-
sponds to the travel time of the vehicle between stops of no more than 5 minutes and the charging time — the duration of
the stop (up to one minute). Existing types of chemical accumulators can not provide such charge and discharge modes,
there fore the capacity of such accumulators should be taken with the reserve, which offsets the advantages of the pro-
posed system. In this case, as an element of energy accumulation it is expedient to use supercapacitors. Capacity C from
the accumulator system is calculated for the range of operating voltages of the electric transport syste U = 400...600 V.
The calculated capacity of the system if energy accumulation on supercapacitors will provide the vehicle’s movement at
the maximum lifting angle o = 18 degrees.
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