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0 IMTAHHA EOEKTUBHOCTI BUKOPUCTAHHA
HAKOIIMYYBAYIB EHEPI'II B CUCTEMI TSATOBOI'O
EJIEKTPOIIOCTAYAHHA

BiHHMIIbKM HaI[IOHATBHUN TEXHIYHUHA YHIBEPCUTET

AHoTalifa

3anpononosano cmpykmypuy cxemy nepemeopeHb KiHemuuHoi i nomenyiinol enepeiti mpancnopmmozo 3acody 6
eNeKMPUYHy Npu 2aibMy6aHti, NOKA3aHi cnocobu ii nepepo3nodiny ma akymymo8anHs 3a 00NOMO20i0 Pi3HO20 pPOOy
HAKONUYYBAIbHUX NPUCTNPOIS, CHOpMOBaHi Kpumepii NOPIGHIbHOI OYIHKU HAKONUYYBAJbHUX NPUCPOL8, HA OCHOGI
SAKUX GUKOHAHULL OeMANbHULl AHANI3 HAKONUYY8auie enepeii, GusgieHO nepedazu ma HeOOMKU iX GUKOPUCMAHHS 6
eNeKMPOMPAHCHOPMHOMY KOMNIIEKCI, WO 8 NOOAIbULOMY O0360UNb NIOSUWUMU eDEKNUSHICMb BUKOPUCTAHHS eHepaii
eNeKMPUYHUX 2ATbMYBAHb MICLKO20 eleKMPUUHO20 MPAHCHOPMY.

KiarouoBi cjioBa: MIChKUI CIEKTPUYHUNA TPAHCIIOPT, CHCTEMa EIICKTPOIIOCTAYaHHS, HAKOIMYyBad EHEpTii,
KOHTaKTHA MEpexKa, TSATOBUM peKUM, eEKTPUYHE rajbMyBaHHS.

Abstracts

The structural scheme of transformations of the kinetic and potential energy of the vehicle in electric in braking,
shows methods for its redistribution and accumulation through various accumulation devices, formed criteria for
comparative evaluation of storage devices, based on which a detailed analysis of energy storage devices are executed,
the advantages and disadvantages of their use are identified. In an electric transport complex, which in the future will
increase the efficiency of energy use of electrical brakes of urban electric transport.

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

Beryn

Micekuii  enexkrpuunuii TpancnopT (MET) — ckiagoBa yacTMHAa €QMHOI TPAHCIOPTHOI CHCTEMH,
MpH3HAYCHA Ui TEPEeBE3CHHS TPOMAJTH TpaMBasMH, TpoJieiOycaMu, TOI3AaMHd METpOIONITEHY Ha
Mapupyrax (JiHisIX) BiJIIOBIHO JJO BUMOT XHUTTe3a0e3MeueHHs HACeIeHUX MyHKTIB [1].

AKXTyalbHUM TTUTAHHIM CBITOBOI €HEPTreTHKH € 3HUKCHHS eJIEKTPOCIIOKHMBAHHS BCIX €IEKTPONpUHMAYIB.
JlocuTh BaroMuM CIIO)KMBa4eM EJIeKTPHUYHOI EHeprii € MichbKuil enekTpuuHuii Tpancnopt [1]. Hlopoky B
CallOHW, HaNpUKIaJl, BIHHUIIBKOTO TPAaHCIOPTY 3arajlbHOr0 KOPHCTYBaHHS 3axoquTh mnoHax 170 wmuH.
nacaxupi. 70% 3 HUX MEPEBO3UTH MACAKUPCHKHIN EEKTPOTPAHCIIOPT.

[MuTanns, moB'sI3aHe 31 3HMKEHHSAM CHEPrOBUTPAT IUIIXOM CTBOPEHHS BHCOKOTEXHOJIOTIYHHX 3pPa3KiB
TPaHCMOPTHUX 3aco0iB Ta 3a0e3redeHHs] eHeproe@eKTUBHUX PEKUMIB 1X pPOOOTH, € aKTyaJlbHUM JUIs
MICBKOT'O €ICKTPUYHOI'0 TPAHCIIOPTY B LIJIOMY, J€ CHEpreTHYHa CKjiajoBa B Aanuii dac gocsrae 30 ... 50 %
BiJ] 3arajlbHUX BUTPAT KOMYHAJIbHHX IMTiAPHEMCTB.

OnHUM 13 OCHOBHHMX HAIPSIMKIB 3HMKCHHS €JIEKTPOCIIOKHBAHHS MICBKOTO €JIeKTPHUYHOTO TPAHCIIOPTY €
MOBEPHEHHS eNeKTPUYHOI eHeprii B Mepexy abo mepemaua i1 B HakonuuyBau eHeprii (HE) mpwm
CNeKTpUYHOMY TanmbMyBaHHI [2]. [Ipu Takomy rambMmyBaHHI TpamBail (TporeiOyc) MoXe BingaBaTH B
Mepexy 10 40% CIIOKUTOT HUM eHeprii 3 0JHOYACHUM ICTOTHUM 3HW)KEHHSIM 3HOCY MEXaHIYHUX TaJIbMIBHUX
HIPUCTPOIB.

Mera pobotu nonsirae y GopMyBaHHI KpUTEpiiB MOPIBHSUILHOI OI[IHKH €()eKTHBHOCTI HAKOIMYYBaJIbHHX
MPHUCTPOIB Ta TPOBEACHHS Ha iX OCHOBI JETalbHOTO aHAII3y HAKOMWYYyBadiB EHeprii 3 BUSBICHHIM
HAMOLIBII MEePCIEeKTHBHUX 3 TIO3UIIH 3apONOHOBAHUX KPUTEPIiB, a TAKOX BHBIICHHS MepeBar Ta HEMOIIKIB
iX BUKOpPHCTaHHS B €IEKTPOTPAHCIIOPTHOMY KOMILIEKC] 3 METOFO TiIBUIIEHHS e)eKTUBHOCTI BUKOPUCTAHHS
CHEprii eNeKTPUYHUX TalbMyBaHb EIEKTPOTEXHIYHOTO KOMIUIEKCY «CHCTEMa eIEeKTPOIIOCTAYaHHS —
SNEKTPOTPAHCIIOPT MICTa» i3 BpaxXyBaHHSIM OCOOIMBOCTEH UepryBaHHS PEXKUMIB HOTO pPOOOTH.



Pe3yabTaTu 1ociaimkeHHs

Juis enekTpuikOBaHUX TPAHCIOPTHHUX 3aC00iB, 00'€THAHUX 3arajbHOI MEPEIKECIO KUBJICHHS (KOHTAKTHI
Mepexi TpaMBaiB, TPOJICHOYCIB, MOI3AIB METPO Ta €ICKTPONOI3/diB), aKTyaJbHOI € MpodJieMa MiABUIICHHS
e eKTUBHOCTI BHKOPUCTAHHSI €HEprii rajlbMyBaHHS 32 PaxyHOK BJOCKOHAJICHHS TPOIECY ENEKTPHUYHOTO
raJbMyBaHHs 3 TOBEPHEHHSM eHeprii B KoHTakTHy Mmepexy (KM) abo 3 momepenHiM HAKONMMYEHHSM 1
MOJAJIBIINM CIIO)KMBAHHSIM Ha CAMOMY TPaHCIIOPTHOMY 3aco0i.

3 METOI0 TMOJAANBIIOrO BUSBIEHHS OCOONWBOCTEH BHKOPUCTAHHS €HEprii ralibMyBaHHS Ha PHCYHKY |
MPHUBEACH]I CTATHUCTUYHI Tpadiku BUTpAT EHEprii Ha TATY Tpolieildyca Mo ImeperoHam.
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Puc. 1. Burparu eneprii Ha Tsry EPT

Hakomnuena enexktpopyxomumM tpancnoproM (EPT) mexaHiuHa eHepris IepeTBOPIOETHCS B €ICKTPUUHY,
MEpEelacThesl Yepe3 TArOBY MEpPEKy IHIIMM CIIOKUBadaM, B nepiry depry EPT, mpaiorouomy B TAroBoMy
pexumi (aktuBHomy EPT). Takum umnom, mpu pekynepanii EPT mpaitoe mapanensHo 3 pKepenamu
JKUBJICHHs. JlaHa 0cOOIMBICTh BU3HA4Yae yMoBU poboTu EPT mpu pexynepaTHBHOMY rajbMyBaHHI I CTBOPIOE
a0COJIIOTHO OCOOJIMBI YMOBH Il POOOTH CUCTEMH €ISKTpOorocTadanus [3].

[Tix yac 3ailficHEHHS pEeKyNepaTUBHOTO TallbMyBaHHS Ha IUITHKaX KOHTakTHOI Mepexi (KM) 3'sBisieThes
pyXoMe JDKepeno eHeprii, sike po3BaHTaXye MiJCTAHIII i MiIBUIIYE HANPYTY TATOBOI MEPEXi, THM CaAMUM
MoKpalyod yMoBu podotu EPT, 1o 3HaXomuThCsl B TATOBOMY pexumi. HaiOinpll €KOHOMIYHMM INPHU
pekymeparii € Takuid pexuMm, NpH skoMmy Bcst BupoOneHa EPT eHeprist mepemaerbesi po3TalloOBaHOMY
Henogamk EPT, sikuit 3HaX0MUTHCS B PSKHUMI TATH, IIPOTE 1€ HE 3aBXKIU MOXKIIUBO |3, 4].

B sikocTi criokuBauiB MOKyTh CayxuTH iHmIi EPT, 1110 3HaX0AATHCSA B PEKHUMI TATH, a00 BIAMOBIIHUM
yuHOM o0JiagHaHi Tarosi mincranmii (TII), TUISTHKH KOHTAKTHOT MEpExi.

[opsin 3 pexyrnmepaTHBHUM MOXKIIHBE 3aCTOCYBAHHSI 1 pereHepaTHBHOTO TaJbMyBaHHS, KOJIH BHUpOOJIeHa
TATOBUM €JICKTPUYHUM JIBUTYHOM CEHEpris mepeposnoniisieTbes Ha camomy EPT [4, 5]. B mopiBHsHHI 3
PEKUMOM PEKYIEPAaTUBHOTO TallbMyBaHHS, JIO PEXKHUMY pEreHepaTHBHOTO TalbMyBaHHS BHUMOra II0
JONYCTHMOMY DPIBHIO HANpyrd B KOHTaKTHI Mepexi He mpem'sBiserbes. Lle o0yMOBIEHO MOXKIHUBICTIO
CTBOPEHHSI HAaKONMMYYBaJIbHOrO TPUCTPOIO, IO JO3BOJISIE aKyMYIIOBaTH eHeprito, Bupobneny TE]/,
BIIKIFOYEHUM BiJ] KOHTAKTHOI Mepexi [6].

Ha cyuacHomy erami po3BHTKY HaKOIMHYyBadi €HEprii 3HaXOMATh Bce OLTBII MIMPOKE 3aCTOCYBAHHS B
SNEeKTPOCHEPTeTUYHNX CUCTEMaX, aBTOHOMHUX T3, TpaHCIIOPTHUX cUCTEMax B mijioMy. Ha nymMKy ekcrnepTis,
3acToCcyBaHHs Hakonn4yBauiB Ha EPT 3aiumuThCs MepCcrneKTHBHUM HANPSMKOM PO3BUTKY B XXI CTOMITTI.
BukopucTtaHHs HAKONMUYyBadiB HA EIEKTPUYHOMY TPAHCIOPTI € e)EeKTUBHUM 3aXOJ0M MIOAO 3HUKECHHS
eHeproButpatr Ha pyx EPT, OCKiTbKM HaKOMMYYBaTH EHEPTil0 MPH EIEKTPUYHOMY TalbMyBaHHI MOYKHA
MPAaKTUYHO 3aBXK/IM 3 TOJAJBIINUM i BUKOPUCTAHHSIM.

B nanmit yac BimoMi pi3Hi TUIIM HAKOMUYYBadiB eHeprii: rimpoakymymioodi (I"A), moBiTpoakyMyo0Ui
(TTA), enexrpoximiuni (EX), emekrpomexaniuni (EM), MexaHiuHi, iHepIiliHi, €MHICHI, HaJIIpOBiIHI,



IHAYKTUBHI 1 T.A. JIJI1 HAOYHOCTI MOJAaHHS BapiaHTIB BUKOPUCTAHHS KIHETHMYHOI 1 MOTCHLIHHOT MEeXaHIuYHOT
eneprii EPT 3zanpornonoBana kiacudikaliifiHa CTpyKTypHa cXeMa, TIpe/ICTaBlieHa Ha PUCYHKY 1.

Ha pucynky 2 npuseneHo Taki nozHadeHHs: PO — pyxoma oqunuiist; HE — Hakonmuysay eneprii; [HE —
ribpuaanii HakonuuyBau eHeprii; MHE — wmexaniunmit HE; CMHE - cratmunuit MHE; IMHE —
muaamivanii MHE; TH — inepriiiauii Hakonuuysad; EMHE — enekrpoMexaHiuHUi HaKOMM4YyBad €HEPTii;
IMHE - inepuitino-mexaniuauit HE; TEII — tenmoBuii Mmexaniunuit nepersoptoady; THE — tennosuit HE;
TMII — rernnoBuit MexaHiuHUN TiepeTBoproBay; [H — iHBepTOp; [IEC — nepsunHa eHeprocucrema; [aaH —
innykTuBHAN HakonnvyBayu; [I[TH — monax npoigaukoBuii HakonmuuyBau; EXH — enekrpoxiMivHmid
HakornnuyBad; Ab — akymynstopHa Oatapes; €H — emnicHuit Hakonmuypau, KIIEIT — konpeHcaTtop
MOJBIMHOrO enekTpuyHoro npomapky (ionicropn); 'EXH — riOpuaHuii enekTpoxXiMiYHHH HAaKOMHYyBad;
I'AH - rigpoakymymroroui HakonuuyBadi; [IAH — moBiTpoakyMyior04i HaKOIUIyBayi.

KinernuHa Ta noreHuianbpHa eneprisa T3
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Puc. 2. CrpykrypHa cxema IepeTBOPeHHsI KiHeTH4YHOI 1 noTeHuiiHoi MexaniyHoi eneprii EPT npu ransmyBaHHi

Koxxen Tum HakonmuvyBadiB €Heprii Mae CBOI €HEPreTHYHI IMOKa3HUKH, PEKUMHU POOOTH, OCOOIMBOCTI
KOHCTPYKTHBHOI'O Ta CXEMOTEXHIYHOI'O0 BUKOHAHHS, 1110 BU3HAYAIOTh 00J1aCTi iX 3acTOCYBaHHs [7].

BripoBapkeHHsT HAaKOMMYyBalbHUX MpHcTpoiB Ha EPT BuMarae jeransHOro anaiizy BCiX OCHOBHUX BUJIIB
HAKONWYyBadiB 13 Bu3HaueHHsAM Turmy HE, ski B HalOUIbmIid Mipi 3aJ0BONBHSIOTH Oe€3iiui BHUMOT,
O00YMOBIICHHUX €KCIUTyaTallifHIMK TIOKa3HWKaM 1 MmapaMerpaM TPaHCHOPTHUX 3aco0iB. s mopiBHSIHHS
HAKOMWYyBayiB €HEprii 3 MO3MIliH BUKOPUCTAHHS iX Ha €JIEKTPHYHOMY TPAHCIOPTI c(hOPMYITIOEMO OCHOBHI



KpHTEpii, IKUM BOHH MTOBHHHI 3aI0BONILHSATH [7]:

- TUTOMa €HEePTrOEMHICTh, BUMIpIOBaHa B BT-ron/kr abo J[x/kr, sika BU3HaUae MacorabapuTHI MTOKa3HUKH
HAKOMWYYBILHOTO IPUCTPOIO;

- IATOMA BapTiCTh HAKOMMUYIYBAIBHOTO IIPUCTPOIO, sIKa 00YMOBITIOE KaIliTATOBKIIAICHHS;

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

- MIpale31aTHICTh B MIUPOKOMY Jiala30Hi TeMITepaTyp;

- IPOCTOTA 1 IOCTYIMHICTh TEXHIYHOT'O 00CITYTOBYBaHHS;

- yac 3apsity Hakonuaysaua ( BUOIp MPOBOAUTHCS BUXOASYM 3 yacy ranbMyBanHs EPT);

- 4ac i BETMYMHA BTPAT MpH 30epiranHi eHeprii;

- yac peBepcy MOTYKHOCTI — Yac, mporsaroM sikoro HE moxe OyTu mepeBeficHHN 3 peKMMY BHAadi B
PEKUM HAKOITMYCHHSI, 1 HABIAKH;

- MBHUJKICTh 1 ruOWHA po3psny (TMOMHA PO3PSLy JO3BOINISE 3HU3UTH BEIMYMHY MacorabapUTHHX
MOKA3HHKIB 1 BEIMYUHY «MEPTBOT'O 00'€EMY »);

- Oe3nevHicTh poOOTH;

- Bucokuit KK/l HakonmuayBaIsHOTO MPUCTPOIO.

OcHoBHE 3aBIaHHA BUOOpPY NpH TNPOEKTYBaHHI NpUiiMaya eHeprii JJs BIPOBA/DKEHHS B CHUCTEMY
TATOBOTO EJIEKTPOIIOCTaYaHHs Ta MiCIsl WOro po3MiiieHHs (TpaHchopMaTOpHA MiACTaHIisA, MbkdimzepHa
30Ha, JUIsTHKa KOoHTakTHOI Mepexi, EPT) mos'si3aHa i3 BCTaHOBJICHHSM IMOBIPHOCTI 30iriB akTiB TATH Ta
raibMyBaHHs. [3 BIPOBaKEHHSM YITKO HAJAro/PKEHOI CHUCTEMHU PEKYyNepaTUBHOrO TallbMyBaHHS Ha
MICBKOMY EIEKTPHYHOMY TPAHCIIOPTi BiZI0OYBATHMETHCSI 3MEHIICHHS CIIOXHBAHHS ENEKTPUYHOI eHeprii i3
CHCTEMH TIEPBHHHOTO EIEKTPONOCTauYaHHs, MiBUINCHHS HAAIHHOCTI CHCTEMH TATOBOT'O €JIEKTPONOCTaYaHHS
Ta yacy poOOTH 00JIaJIHaHHS 32 PaXyHOK 3HIKEHHSI e)EKTHBHOTO CTPYMY JiHii, 3HH)KEHHSI HAaBAaHTA)KCHHS B
TATOBIM Mepexki B MOMEHTH MYCKY TPaHCIOPTHUX 3aC00iB, 3HAYHE MiJIBUIIECHHS MPOITYCKHOI 3IATHOCTI JIiHiH,
MiZIBUIICHHS MaHEBPEHOCTI MICBKOTO TPAHCIIOPTY, 3HW)KEHHsI COOIBapTOCTI TPaHCIOPTHOI poOOTH 1, sIK
HACJIIJIOK, MiJBUIICHHS KOHKYPEHTO3JaTHOCTI TPosIeHOycCiB (TpaMBain).

BucHoBku

3anponoHOBaHO CTPYKTYPHY CXEMY IEepEeTBOPEHb KIHETHYHOI i OTEHIIIHHOI eHepriid TPaHCIOPTHOTO
3aco0y B CNEKTPUYHY MpH TajdbMyBaHHIi, MMOKa3aHI crocoOm ii mepepo3mojaily Ta aKyMyJIOBaHHS 3a
JIOTIOMOT'OI0  PI3HOTO POy HaKoMU4yBalbHUX mNpHcTpoiB. CdopmoBaHi KpuTepii NMOPIBHIIBHOI OIIIHKH
HaKOIMHUYyBaJIbHUX IPHUCTPOIB, HA OCHOBI SKUX BHUKOHAHHUM JCTaJlbHHM aHaJli3 HAKONHWYYBayiB EHEprii,
BUSIBIICHO TIEpeBard Ta HEJONIKH iX BHUKOPHUCTaHHA B ENEKTPOTPAHCIOPTHOMY Komiuiekci. [IpoBemeHo
JeTaNbHU aHami3 HaKONMUYyBadiB CHeprii 3 BHSBICHHAM HaWOUIBII TIEPCIEKTUBHUX 3 TIO3UILIH
3allpONOHOBAHUX KpUTEPiiB, a TakoK 3°sCyBaHHA IiepeBar Ta HEAONIKIB iX BHUKOPUCTaHHS B
CNIEKTPOTPAHCIIOPTHOMY ~KOMILUIEKCI 3 METOH IIJBHINCHHS e(pEKTUBHOCTI BHKOPHCTAHHS e€Hepril
CNEKTPUYHUX TalIbMyBaHb MiCBKOTO €JIEKTPHYHOT'O TPAHCIIOPTY.
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