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NIABUIIEHHS E@EKTUBHOCTI EJJEKTPOTPAHCIIOPTHOI
CUCTEMU MICBKOI'O EJIEKTPUYHOI'O TPAHCITIOPTY HA
OCHOBI BUKOPUCTAHHSA HAKOIIMYYBAYIB EHEPTII

BiHHMIIBKM HAI[IOHATBHHUN TEXHIYHUH YHIBEPCUTET

Anomauin
3anpononosano Kpumepii NOPIGHANLHOI OYIHKU HAKONUYYBATbHUX NPUCMPOIB, HA OCHOBI AKUX BUKOHAHUL
OemanvHull  aMaNi3 — HAKONUYYeauie  eHepeli, Gusa6leHO  nepeeazu ma  HEOOMKU IX  BUKOPUCMAHHA 8

eNeKMPOMPAHCHOPMHOMY KOMIIEKCI, WO 8 NOOATbULOMY 003601UNb NIOBUUUMU eDEKNUGHICMb SUKOPUCTAHHS eHepeii
eNeKMPUYHUX 2ATbMYBAHb MICLKO20 eleKMPUUHO20 MPAHCHOPMY.

Kawu4oBi cioBa: Micbkuil e€NEKTPUYHHMI TPaHCIOPT, CHUCTEMAa €JEKTPOIIOCTAauYaHHs, HAKONW4YyBad EHeprii,
KOHTaKTHA Mepeka, TATOBUHN PEXUM, eIeKTPUYHE ralbMyBaHHS.

Abstract

The criteria of comparative estimation of storage devices, on the basis of which part-by-term analysis of energy
storages, were revealed, advantages and disadvantages of their use in electric transport-plexi, which in future will
allow to increase efficiency of energy use of electric braking of urban electric transport.

Keywords: city electric transport, power supply system, recovery, contact network, energy storage, traction mode,
dynamic braking.

Beryn

[MuTanns, moB'sI3aHe 31 3HIKEHHSAM CHEPrOBUTPAT IUIIXOM CTBOPEHHS BHCOKOTEXHOJIOTIYHUX 3pa3KiB
TPaHCMOPTHUX 3aco0iB Ta 3a0e3redeHHs] eHeproe@eKTUBHUX PEKUMIB 1X pOOOTH, € aKTyaJlbHUM JUIs
MICBKOT'O €IEKTPUYHOI0 TPAHCIIOPTY B IIJIOMY, JI¢ EHEpreTUyHa CKiajoBa B qanui yac gocsarae 30 ... 50 %
BiJ] 3arajlbHUX BUTPAT KOMYHAJIbHHX IMTiAPHEMCTB.

OnHuM 13 OCHOBHHX HAIPSIMKIB 3HIKCHHS €JIEKTPOCIIOKHMBAHHS MICHKOTO €IEKTPHYHOTO TPAHCIIOPTY €
MOBEPHEHHS ENeKTPUYHOI eHeprii B Mepexy abo mnepenada il B Hakonuuysau eHeprii (HE) mnpwm
CNeKTpUYHOMY TanmbMyBaHHI [2]. [Ipm Takomy ranmbMmyBaHHI TpamBail (TporeiOyc) MoXe BinjgaBaTH B
Mepexy 10 40% CroKuTol HUM €HEprii 3 OJHOYACHUM ICTOTHUM 3HHKCHHSIM 3HOCY MEXaHIYHHUX TaIbMIBHUX
HIPUCTPOIB.

Mera pobotu nonsrae y ¢popMyBaHHI KPUTEPIiB MOPIBHIBHOI OI[IHKH HAKONWYYBAIBHUX MPUCTPOIB Ta
MPOBENICHHS Ha iX OCHOBI JIETANBHOTO aHalli3y HaKONMUYyBauyiB CHEPrii 3 BUSBICHHIM HaHOUIbII
MEPCTIIEKTUBHUX 3 TIO3WIIM 3alpOIOHOBAHMUX KPUTEPIiB, a TaKOK BHSBICHHS MepeBar Ta HEMONIKIB iX
BHKOPHCTaHHS B €JIEKTPOTPAHCIIOPTHOMY KOMILJICKCI 3 METOI MiIBUIICHHS ©()EKTHBHOCTI BHUKOPHUCTAHHS
CHEprii eNeKTPUYHUX TalbMyBaHb EIEKTPOTEXHIYHOTO KOMILUIEKCY «CHCTEMa eIEKTPOIOCTAYaHHS —
SNEKTPOTPAHCIIOPT MICTa» i3 BpaxXyBaHHSIM OCOOIMBOCTEH UepryBaHHS PEXUMIB HOTO pOOOTH.

Pe3yabTaTtu nociaimkeHHs

[Tix gac 3nificHeHHs PEKyNepaTUBHOTO ralbMyBaHHsI Ha JUITHKAaX KOHTAaKTHOI Mepexi (KM) 3'aenserbest
pyXoMe JDKepeno eHeprii, sike po3BaHTaXye MiJCTAHIII i MiIBUIIYE HANPYTY TATOBOI MEPEXi, THM CaAMUM
mokpaiyodd yMoBu pobotu EPT, mo 3HaxomuThCcs B TArOBOMYy pekumi. HalOinbil eKOHOMIYHMM IIpH
pekymeparii € Takuid pexuMm, NpH skoMmy Bcst BupoOneHa EPT eHeprisi mepemaerbesi po3TalloOBaHOMY
Henogamk EPT, sikuit 3HaX0MUTHCS B PSKHUMI TATH, IIPOTE 1€ HE 3aBXKIU MOXKIIUBO |3, 4].

B sxocti crioxuBadiB MOXKyTh ciyxutd iHm EPT, mo 3HaXonsMThes B pEXUMI TATH, a00 BiAMOBITHIM
yuHOM o0JiagHaHi Tarosi mincranmii (TII), TUISTHKH KOHTAKTHOT MEpEexi.

[opsin 3 pexyrmepaTHBHUM MOXIIMBE 3aCTOCYBAHHSI 1 pereHepaTHBHOTO TajbMYyBaHHS, KOJIH BUpOOJIEHA
TATOBUM €JIEKTPUYHUM JIBUTYHOM CHEpris repeposnofuisieTbess Ha camomy EPT [4, 5]. B mopiBHsHHI 3



PEKUMOM PEKYIIEPATUBHOTO TalbMyBaHHS, JI0 PEKHMY pErcHepaTHBHOTO TaIbMyBaHHS BHUMOra II0
JONYCTHMOMY DIBHIO HANpyrdw B KOHTaKTHI Mepexi He mpem'sBiserbes. Lle o0yMOBIEHO MOXKIHUBICTIO
CTBOPEHHSI HAKOIMUYYBAJILHOTO MPUCTPOIO, IO JO3BOJIIE aKyMyllOBaTH eHeprito, Bupobneny TE]],
BIIKIFOYEHUM BiJ] KOHTAKTHOI Mepexi [6].

Ha cygacHomy erami po3BHTKY HaKOIMHYyBadi €HEprii 3HAXOIATh BCE OLIBII IIMPOKE 3aCTOCYBAaHHS B
CNEKTPOCHEPTeTUYHNX CUCTEMaX, aBTOHOMHUX T3, TpaHCIIOPTHUX cUCTEMaXx B miioMy. Ha qymMKy ekcrnepTis,
3acToCcyBaHHs Hakonn4yBadiB Ha EPT 3aiumuThCs MepCrneKTHBHUM HANpPSMKOM pO3BUTKY B XXI cTomitTi.
BukopucTtaHHs HAKOMUYyBadiB HA EIEKTPUYHOMY TPAHCIOPTI € e)EeKTUBHUM 3aXOJO0M MIOAO 3HUKECHHS
eHeproButpar Ha pyx EPT, OCKiTbKM HAaKOMMYYBATH €HEPTil0 TPHU EIEKTPHUYHOMY TalbMyBaHHI MOXKHA
MPAaKTUYHO 3aBXK/IM 3 TOJAJBIINUM 11l BUKOPUCTAHHSIM.

B nanmit yac BimoMi pi3Hi TUIIM HAKOMUYYBadiB eHeprii: rimpoakymymooui (I"A), moBiTpoakyMyo0Ui
(TTA), enexrpoximiuni (EX), emekrpomexaniuni (EM), MexaHiuHi, iHepIiliHi, €MHICHI, HaJIIpOBiIHI,
IHAYKTUBHI 1 T.A. JIJI1 HAOYHOCTI MOJaHHS BapiaHTIB BUKOPUCTAHHS KIHETHMYHOI 1 MOTCHLIHHOT MEeXaHIuYHOT
eneprii EPT 3zanpornonoBana kiacudikaliiifiHa CTpyKTypHa cXeMa, TIpe/ICTaBlieHa Ha PUCYHKY 1.
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Puc. 1. CrpykTypHa cxema [epeTBOPeHHs KiHeTU4YHOI 1 noTeHuiiHoi MexaniyHoi eneprii EPT npu ransmyBaHHi

Ha pucynky 1 npueneHo Taki noznauenus: PO — pyxoma oqunuiist; HE — Hakonmuysay eneprii; [HE —
ribpuaanii HakonwuyBau eHeprii; MHE — wmexaniunmit HE; CMHE — cratmunuit MHE; IMHE —
muaamivanii MHE; TH — inepniiiauii Hakonuuysau; EMHE — enekrpoMexaHiuHuil HaKOmM4YyBad €HEpTii;
IMHE - inepuiiino-mexaniuanii HE; TEII — teroBuii mexaniunuii nepersoproay; THE — terosuit HE;



TMII — rennoBuit Mexaniuyauii nieperBopioBay; [0 — iHBepTop; [IEC — nepBunHa eHeprocucrema; [aaH —
innykTuBHAN HakonuuyBad; [I[TH — monax npoigaukoBuii HakonmuuyBau; EXH — enekrpoxiMivHmiA
HakornnvyBad; Ab — akymynstopHa Oatapes; €H — emuicHuit Hakonmuypau, KIIEII — koHmeHcaTop
MOJBIMHOrO enekTpuyHoro npomapky (ionicropn); [EXH — ribpuaauii eleKTpoXiMiYHHNA HAaKOMHYyBad,
I'AH - rigpoakymymroroui HakonnuyBadi; [IAH — moBiTpoakyMyior04i HaKOIHIyBayi.

Koxxern Tun HakonmuvyBadiB €HEprii Mae CBOI €HEPreTUYHI IMOKa3HUKH, PEKUMHU POOOTH, OCOOIMBOCTI
KOHCTPYKTHBHOI'O Ta CXEMOTEXHIYHOI'O0 BUKOHAHHS, 1110 BU3HAYAIOTh 00J1aCTi iX 3acTOCyBaHHs [7].

Jnst mopiBHSIHHSA HaKOMMHMYYBA4iB €HEpril 3 TO3WIil BUKOPUCTAHHS iX Ha ENEKTPUYHOMY TPAHCIOPTI
cOpMyIILOBaHO OCHOBHI KPHUTEPIii, IKUM BOHH MTOBHHHI 33JI0BOJBHSITH [7]:

- TUTOMa €HEePTOEMHICTh, BUMIipIoBaHa B BT-ron/kr a6o J[x/kr, sika BU3HaUae MacorabapuTHI MOKa3HUKH
HAKOMUYYBILHOTO IPUCTPOIO;

- MIATOMA BapTiCTh HAKOMUYIYBAIBHOTO MPUCTPOIO, sIKa 00YMOBITIOE KaIliTATOBKIIAICHHS;

- IOBTOBIYHICTh, BUMIpIOBaHA 3araJIHIM YHCIIOM LIUKIIIB «3apsijl - po3psii» ad0 TEPMiHOM CITYKOU;

- MIpale31aTHICTh B IIUPOKOMY Jiala3oHi TeMITepaTyp;

- IPOCTOTA 1 IOCTYMHICTh TEXHIYHOTO 00CITYrOBYBaHHS;

- 4ac 3apsiy HakonuayBaua ( BUOIp MPOBOAUTHCS BUXOASYH 3 yacy ranbMyBaHHs EPT);

- 4ac i BeTMYMHA BTPAT MpH 30epiranHi eHeprii;

- yac peBepCy MOTYKHOCTI — 4ac, npotsaroM sikoro HE Moke OyTu mepeBeleHHI 3 PeXXUMY BUIadi B
PEKUM HAKOITMYCHHSI, i HABIAKH;

- MBUAKICTH 1 TMOMHA po3psiay (TIHOMHA PO3PSAy MO3BOJISIE 3HWU3WUTH BEIUYMHY MacorabapuTHHX
MOKA3HHKIB 1 BEIMYUHY «MEPTBOT'0 00'€EMY »);

- Oe3nevHicTh poOoTH;

- Bucokuit KK/l HakonmuayBaIsHOTO MPUCTPOIO.

OcHoBHE 3aBIaHHA BUOOpPY NpPH MPOCKTYBaHHI MpUiiMaya eHeprii Ui BIPOBAaDKEHHS B CHUCTEMY
TATOBOTO ENEKTPONOCTAYaHHS Ta MiCI HOTO pO3MIIICHHS MOB's3aHa 13 BCTAHOBJICHHSM IMOBIpHOCTI 30iriB
aKTIB TATH Ta TaJbMyBaHHSA. [3 BOPOBAa/DKEHHSIM YiTKO HAJATOMKEHOI CHCTEMH PEKYIEepaTHBHOTO
ralbMyBaHHs Ha MICBKOMY €JIEKTPHYHOMY TPAHCIOPTI BiIOYBATHMEThCS 3MEHIICHHS CHOXXHBaHHS
CMIEKTPUYHOI CHEprii i3 CHUCTEeMHM IIEPBUHHOIO €JICKTPOIOCTAYaHHS, IIJBUIICHHS HAIIMHOCTI CHCTEMHU
TATOBOTO ENIEKTPONOCTAYaHHS Ta 4acy poOOTH OONaJHAHHS 332 PaxyHOK 3HWKEHHS e(pEKTHBHOTO CTPyMY
JiHI, 3HIKEHHS HABaHTa)XEHHS B TATOBIM Mepexi B MOMEHTH IYCKy TPaHCIOPTHUX 3aco0iB, 3HAYHE
MiZIBUIICHHS MPOIYCKHOI 3JaTHOCTI JIiHIN, MiJBUIIECHHS MaHEBPEHOCTI MICHKOTO TpPaHCIIOPTY, 3HIKEHHS
co0IBapTOCTI TPAHCIOPTHOI pPOOOTH 1, SK HACHIIOK, HIABHINEHHS KOHKYPEHTO3IATHOCTI TPOJIeHOYCiB
(TpamBaiB).

BucHoBku

CcdopmoBaHi OCHOBHI KpHTEpii MOPIBHSUIBHOI OIIHKM HaKOMMYYBAJIBHUX TMPHUCTPOIB, HA OCHOBI SIKUX
BUKOHAHUH JIeTAIbHUIA aHaJIi3 HAKOMMYyBayiB €Heprii, BUSABICHO MepeBaru Ta HEJOMIKH iX BUKOPHCTaHHS B
CNEKTPOTPAHCIIOPTHOMY KOMILJIEKCi. 3alpoloOHOBaHO CTPYKTYpHY CXEMY IepEeTBOPEHb KIiHETHYHOI 1
MOTEHIIIHHOI eHeprid TPaHCIOPTHOrO 3aco0y B ENEKTPUYHY IpH TalbMyBaHHI, IMOKa3aHi crocoOm ii
Mepepo3NOALUTy Ta aKyMYJIIOBaHHS 32 JIOTIOMOTOK PI3HOTO POy HAKOMUYYyBAIBHUX MPUCTPOIB. [IpoBeneHo
JeTaNbHUN aHaNi3 HaKONMWUYyBadiB €HEprii 3 BUSBJICHHAM HAWOUIBII TMEPCIEKTUBHUX 3 MO3HIIH
3allpONOHOBAHUX KpUTEPiiB, a TaKoK 3 sCyBaHHA TiepeBar Ta HEAOMIKIB I1X BHKOPDUCTaHHA B
CNIEKTPOTPAHCIIOPTHOMY KOMILUIEKCI 3 METOK IIJABHIINCHHS e(pEKTUBHOCTI BHKOPHCTAHHS EHepril
CNEKTPUYHUX TallbMyBaHb MiCBKOTO €JIEKTPHYHOT'O TPAHCIIOPTY.
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