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HaumnoHanbHbI TexHn4Yecknii yHrBepenTeT «XMW», XapbKoB

KOHLIENTYA/IbHbIV NMPOEKT CKOPOCTHOI'C NOABWMXHOIO COCTABA HA
OCHOBE NEPCIMNEKTUBHbBIX TEXHOJTIOI MW ANA XEJIE3HbIX AOPOI" YKPAVHbI

B paGoTe paccMOTpeHbI BONPOCHI CO3AaHUs NOABUYKHOIO COCTaBa Ha 6ase anekTponoesaa IKpl «TapnaH»:
MPEL/IOXKEH HOBbIV ABUraTeNb U ero CUCTEMA YNPaBAEHUS, NPOU3BEAEH PACYET MO HAK/IOHY Ky30Ba B KPUBbIX yua-
CTKax NyTH, a Tak>Ke paccCMOTPEHO NPUMEHEHWUE HAKOMUTeNeld 3Heprum 4ns JAaHHOTO 3NeK Tponoesaa.

KntoyeBble CnoBa: 3NeKTPONOE3A, 3NeKTPONOABMIKHON COCTaB, THArOBbIA MPUBOA, CUHXPOHHBIA TSroBbIiA
JBUraTeNb, CUCTEMA HaKNOHA Ky30Ba, HAKOMUTE/Nb 3HEPIUN.

BBegeHue

AKTyasnibHOCTb paboTbl. B HacToslee Bpems
6o/bllas YacTb MaccaXMponepeBo30K Ha TEpPUTOPUK
YKpauHbl OCYLLECTBNAETCA YKeNe3HOAOPOXKHLIM TpaHC-
nopToM. B 6onblueil cBOeli YaCTW MOABVKHON COCTaB
yCTapesn Kak MOpasibHO, TaK M TexHuyeckn. Onupascs
Ha TO, YTO YaCTb 3NEKTPUDULMPOBAHHBIX Y4YaCTKOB
paboTaeT Ha MOCTOSIHHOM TOKe, a YacTb Ha MepeMeH-
HOM, Hambosnee LenecoobpasHbIM OyaeT co3gaHue aBy-
CVUCTEMHOTO 3/1eKTPOnoe3za.

Mo ucteyeHmmn Bcex 4 net skcnnyataumm HRCS2
Ha >KeflesHbIX Joporax YKpauHbl, MOXeM CAefnatb Bbl-
BO/l, YTO OH CKOHCTPYWpOBaH /11 YYacTKOB C MWUHU-
Ma/IbHbIMU KPUBLIMWU NPOUAA NYTU, U UMEET HEKOTO-
pble KOHCTPYKLUMOHHbIE OCOGEHHOCTH, KOTOPbIE HE y4u-
ThIBaIOT WUCMONL30BaHNE AaHHOTO 3/1EKTPOMNOoe3aa B yc-
NOBUSX Hallero knMmara. OflHaKo CKOPOCTHbIE MokKasa-
TENIM BCE >XKe OCTalTCA Ha BbICOKOM YpoBHe. OKpl
«TapnaH» npomnssoacTea NMAO «KpHOKOBCKMIA BaroHoO-
cTpouTenbHbIn 3aBoa» (KBC3) yunThiBaeT BCE 0COOEH-
HOCTW 3KCMJyaTauuu 3/1eKTPOMOEe3[0B Ha XEene3HbIX
foporax YkKpauHbl [1]. OCHOBHble ero npevmMyLlecTsa
3aK/M0YatOTCS B HWU3KOW CTOMMOCTK, 6rarogaps npous-
BOZCTBEHHbIM MOLLHOCTAIM PAaCMo/IOXeHHbIM Ha Teppu-
TOPUM HALLE CTPaHbl, & TaK Xe NacCcaXvMpoBMECTUMO-
CTW, YTO Ha CErofHsLUHWIA [eHb ABNAETCH Of4HUM W3
KNtOYeBbIX (DAaKTOPOB, O4HAKO OH YCTynaeT B psafe no-
kasaTenein Hyundai Rotem. Mo3aTomy pa3paboTka KOH-
LIenTyasbHOro MPOeKTa CKOPOCTHOrO 3/1eKTponoessa
ABNAETCA aKTya/bHOW Hay4HO-TEXHMYECKO 3aaaqei.

Llenb paboTbl: co3faHWe KOHLEeNTyansHOoro npo-
eKTa HOBOTO 3/1IEKTPOMNoe3aa, Ha 6a3e CUHXPOHHOIO TH-
roBOro fApurarenst ¢ BO30OYX[EHWEM OT MOCTOAHHbIX
MarHuTOB, CUCTEMOI HaK/OHa Ky30Ba WM HaKOMUTENeMm
3Heprum.

0O630p 1 aHaNIN3
nocneaHnx AOCTKEHNA

MOCTOSIHHBIV POCT MACCAXMUPCKMX, MPUTOPOAHBIX
1 TPY30BbIX MEPEBO30K 0GYCMOB/EH TEM, UTO XKe/e3Ho-

[OPOXHbIE MEPEBO3KN ABNAIOTCS 6onee feLleBbiMy, MO
CPaBHEHWIO C ApYrMMU BUAAMU TPAHCMOPTa, a Takxke B
HEKOTOPbIX CTpaHax ABAAKTCA Pa3yMHON anbTepHaTu-
BOIN camonéTam unu aBToTpaHcnopTy [2].

BnepBble perynspHoe ABuvXeHWe BbICOKOCKOPOCT-
HbIX M0e340B Havanoch B 1964 rofy B AMNOHMM MO Npo-
ekTy CuHkaHcaH. B 1981 rogy noesga BCIIC cranm
KypcupoBaTtb 1 BO ®PpaHumK, a BCKope 60/bLUas YacTb
3anagHoin EBponbl, BKIKOYas gaxe OCTPOBHYO Benmko-
6puUTaHNIO, OKasasacb 00beAMHEHA B efUHYI0 BbICOKO-
CKOPOCTHYIO  >KEefle3HOAOPOXHYI0 CceTb. B Hauane
XXI BeKa MUPOBbLIM NIMAEPOM MO Pa3BUTUIO CETU BbICO-
KOCKOPOCTHbIX JIMHWIA, & TaKXe 3KCMyaTaHTOM MepBo-
ro pPerynsapHoro BbICOKOCKOPOCTHOro Marnesa cran
KuTaia.

B HacTosLee BpeMs Ha Tepputopun EBponsl 1 oc-
TabHOr0 MMpa HEOoCMopuUMbIMK NufepaMu B 061acTu
BbICOKOCKOPOCTHOIO  YKE/1Ie3HOJ0POXHOI0  BUKEHMS
asnaoTcs Anonuns, Kutaid, Kopes, MepmaHus, dpaH-
ums, Wtanua, LLBeiAuapmn, MMEHHO B 3TWX CTpaHax
MPUMEHAKOTCA BCE COBPEMEHHbIE JOCTUXKEHUS B 06n1ac-
T NTOKOMOTMBOCTPOEHNS U XKENE3HOAOPOXHON MHMDpa-
CTPYKTYpbI [2]. B OCHOBHOM BbICOKOCKOPOCTHbIE MOEe3-
[la NPUMEHAIOTCA [NA MNaccaXunponepeBo3OK, OAHAKO
CYLLECTBYIOT Pa3HOBMAHOCTW, NpefHa3HauYeHHble A/1S
rpysonepeBo3ok. Tak, (paHuy3ckas cnyxba La Poste
Ha npoTsxeHun 30 NeT NpMMeHsna cneumanbHble 3eK-
Tponoesga TGV, CnyXuBLUME A1 NEPEBO3KN NOYThI U
MOCbIMOK (UX 3KCM/lyaTauus 3aBepLleHa B UIOHE
2015 roga m3-3a COKpaTuBLUerocsi 06bEMa MOYTOBbLIX
OTnpaBfieHuin).

PaccMOTpUM  aKTyaslbHble  BbICOKOCKOPOCTHbIE
anekTponoesga cnegyrowmx mogened: AGV (Alstom,
®paHypsa), ICE-3  (Siemens, [epmaHus), E-6
Shinkansen (Kawasaki HI, finoHus).

AGV (npousHocuTcs «A-XKe-Be» oT p. Auto-
motrice a grande vitesse — «BbICOKOCKOPOCTHOI camo-
[BVKYLLIMIACA BarOH», puc. 1) — CKOPOCTHbIe noe3aa 4-ro
NnoKoneHns KomnaHum Alstom, KoTopble npegnonaraet-
CA MCNOMb30BaTh BO PpaHLMM BMECTO 3KCMNyaTupyo-
Lmxcs ceitvyac TGV. Ero 0CHOBHblE 0COGEHHOCTW: CUH-
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XpOHHbIVI aBuratenb HOBOro rnokosieHNUsA C NOCTOAHHbI-
MW MarHuTamu; ocoboe pacnosioXXeHne TesexxeK noes-
aa; yBenndeHue nokasartenein 6e3onacHoCTU [OBVOKEHUA
CO CHMKEHMEM KOJIMYECTBA TEJIEXKEK B MOE3E.

{3

Puc. 1. Onektponoesg AGV

Intercity-Express (aHrn. «MexXayropogHbiii  3Kc-
Mpecc», TaKke 13BeCTeH nof cokpalleHnem ICE, puc. 2)
— CeTb BbICOKOCKOPOCTHbIX MOE3[0B, B OCHOBHOM pac-
npocTpaHéHHas B NepmaHum, paspaboTaHHas KOMMaHU-
el Deutsche Bahn. CoBpeMeHHOe MOKO/EHNE M0e3a0B
Intercity-Express, ICE 3, pa3paboTaHbl KOHCOPLMYMOM
13 komnaHmin Siemens AG 1 Bombardier nog o6wmm
pykoBoacTBoM Siemens AG. Ero 0CHOBHble 0COGEHHO-
CTW: Hambosee BbICOKAsA MOLLHOCTb 3/1eKTponoe3aa no
Kputepusm (MOLLHOCTb — KOJIMYECTBO BarOHOB); Hau-
60/bLUas BMECTMMOCTb MacCaXUpoB (B OCHOBHOI CO-
CTaBHOCTW).

Puc. 2. Snektponoesg ICE3

E6 (puc. 3) — BbICOKOCKOPOCTHOI 3M1eKTPOMNOoe3y
MepeMeHHOro TOKa, 3KCMJyaTUPYIOLWMIACA Ha NUHUAX
TOXOKY M AKWUTa BbICOKOCKOPOCTHOM CETU SIMOHCKMX
XenesHbIX fopor CUHKaHC3H. O6CnyXmBaeT (hUpMeH-
HbIi CKOpOCTHOM noe3n Cynep Komauun. [Jo BHeApeHWs
anekTponoesga E6 Ha aTom e MapLupyTte paboTan no-
e3f Komauu, pasBmBaBLLMiA 275 KM/,

Puc. 3. Snektponoesp Shinkansen E6

BHegpeHne E6 N03BOMMMO YBEIMYUTL MaKCU-
Ma/lbHYH CKOPOCTb noe3aa Ao 320 KM/4. Ero 0CHOBHbIe
0COBEHHOCTU: Hambofbllee CpefiHee YCKOPeHWe; Hau-
BbICLUMIA MOKasaTeNb aspoAMHAMUYECKMX XapaKTepu-
CTUK B CBOEM K/acce; HanMuue YHWKasbHOro aspofu-
HaMW4yecKoro TopMo3sa.

PaccmoTpeB  3apybexkHble  BbICOKOCKOPOCTHbIE
3/1EKTPONOE3/a, MOXKHO CLeNiaTh BbIBOJ, YTO OHW UMEKT
BbICOKME CKOPOCTHblE U TEXHWYECKMEe MOKa3aTenum, Ho B
MOSIHOVM Mepe He MoAXOAAT ANS YCNOBUIA 3KcnyaTaumm
Ha Tepputopun YkpauHbl [3]. Mo3aToMy npeasioxHo
paccMOTPEeTb 3/1EKTPOMO0e3L, OTEUYECTBEHHOIO MPOU3BOA-
CTBa, C LENbI0 MOMCKa MaKCUMabHO MOAXOAALLEN, NOA
HaLLK ycnoBms, 6a30BOI MOAENN 31EKTPONoe3aa.

3Kpl — ABYXCUCTEMHbI CKOPOCTHOI 31EKTPONO-
e3f, 6bl1 CNpoeKTMpoBaH W NOCTPOeH KpHOKOBCKMM
BaroHoCTpouTe/bHbIM 3aBogoM, B 2011-2012 rogax, ¢
NpUMeHeHNeM 060pPYA0BaHMS CNPOEKTUPOBAHHOTO BY-
3aMy YKpauHbl, a Takke N0 KOHCYNbTauuu esponeii-
CKMX MapTHEPOB. 80% KOMMMEKTYIOLNX N MaTepuanos
OTEYECTBEHHOr0 MPOM3BOACTBA. 3a CYET paboTbl no
[IBYXCUCTEMHOMY 3/1EKTPOMUTAHWIO, 3/1IEKTPOMOE3s, MO-
XKeT NMPUMEHATCS HA BCEX ANEKTPUPULUPOBAHHBIX Y4a-
CTKax YKpauHbl. [1oe3s nveeT B CBOEM cCOCTaBe 7 Mnpu-
LIeNHbIX 1 2 FONOBHbIX MOTOPHbIX BaroHa. OCo6eHHO-
CTbO AB/INETCHA MACCAXKMPCKOE OTAENEHVE B TOJIOBHbIX
BaroHax. KysoBa BaroHOB WM3roTOB/eHbl U3 HepiKaBeto-
wein ctann. KOHCTPyKUWsi BaroHOB Moe3ga B MOJIHOM
06bemMe COOTBETCTBYET TPebOBaHMAM CaHWUTaPHbLIX HOPM
Mo 3ProHOMMKE, MUKPOK/IMMATY, OCBELLEEHHOCTK, LLyMa 1
BMOpauUWii, a Takke TpeboBaHMAM MOXapHOI Ge3onacHo-
CTW Ha BCE OTAENOYHbIE U O6MMLIOBOYHbIE MaTepUasbl.
VIHTepbep CasoHa BbINOHEH U3 M3HOCOCTOMKMX, 3KONO-
rMYecKn YNCTbIX, TPYLAHOrOPHOUNX MaTEPUAsOB.

LleHa [ABYXCUCTEMHOrO CKOPOCTHOrO [eBATMBA-
FOHHOr0 3M1eKTPONOe3aa AN MEeXPernoHaibHbIX nepe-
BO30K npowussogctea KBC3 coctasnsetr 200 000 000
rpyseH ¢ HAC (166 667 000 rpueeH 6e3 HAC unm
7 700 000 gonnapoB CLUA). LleHa 6nvkaiiLero KoHKy-
peHta 3Kpl Ha YKpavHCKMX >Kene3HblX Joporax, Ko-
pevickoro HRCS2 coctanset 29 165 000 gonnapos
CLUA 6e3 HAC, a ¢ yyeTOM CTOMMOCTM 3amdacteil u
[IOKYMEHTOB, 06LLast CTOMMOCTb KOPECcKOro 3/1eKTpono-
e3ga cocrtasnget 30 700 000 gonnapos CLUA. 3710
36 840 000 pgonnapos CLLUA ¢ HAC npoTtus 7,7 MJH
fonnapos CLUA B KBC3.

PaccMOTpuUM  OCHOBHble  xapaktepuctukmn OKpl
«TapnaH» KoTopble npuBedeHbl B Tabn. 1. Ha anektpo-
noesfe YCTaHOB/IEHbl aCUHXPOHHble Asuratenn TMF
59-39-4 xapakTepuUCTMKN KOTOPOro NnpuseeHsb! B Tab.
2. JaHHbIl TUN gBUraTeneil ycTaHaBNMBAETCS Ha eBPO-
nenckmnx anekTponoesgax cepun: ED74 nonbCKuMx Xe-
ne3HbIx gopor 1 EJ 480 yelckmx XenesHblx Jopor.

[ns onTumanbHOro nof6opa MpoBefeM CpaBHU-
Te/bHbIA aHan3 TATOBLIX ABUraTeneli pasnnyHbIX TU-
MoB Peasn30BaHHbIX B 3MEKTPOMOABMXXHOM COCTaBe, U
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npuMeHnMbIX K IKpl [2-6]. Mpumem cnegytowme no-

- MOKa3aTeNn, XapakTepusylouive pabouyne CBOMW-

Kasare/nn, MNo3BOMAIOLLME KAUECTBEHHO OLIEHWTL pac-  CTBa,
CMaTprBaeMble TAroBble ABUraTeNN: - NOKa3aTe/h, XapakTepusytoLle HaLeXHOCTb U
- 3HepreTMYecKune NokasaTenu, PEMOHTONPUrOAHOCTb.
- Macco-rabapuTHble NoKasaTenw, CpaBHUTE/bHBIA aHanmn3 npuBedeH B Tabn. 3.
Tabnmua 1
XapakrepucTtukn SKpl «TapnaH»
MapameTp O603HaveHne
Pog Toka MepemeHHbI 25 KB, MOCTOAHHBI 3KB
LWnpuHa nyTtn 1520 mm
KOHCTPYKLUMOHHasA CKOPOCTb 200 Km/u
O6wwas anmMHa 9TM-BaroOHHOI0 3M1EeKTPoNoe3aa 230,0 m
JvHa npoMeXxXyTo4yHOro saroHa 26,696 m
LWnpuHa 3,420 m
ba3a BaroHa 190m
BbicoTa BaroHa 4,4 m
Matepwran o6LIMBKM Ky30Ba HepxaBetoLLas cTanb
Twun TArOBOro fBuraTens ACVHXPOHHbIV ABUraTenb
Cpok cny>«6bl BaroHoB 50 net
Konnyectso MeCT gns cuaeHus 612
KonnyecTso MeCT nepBoro knacca 128
KonnyecTso MeCT BTOPOro Knacca 370
KonnyecTso MecCT TpeTbero kKnacca 112
Tabnuua 2
XapakTepuCTUKN aCUHXPOHHOTO Asuratens TMF 59-39-4
MapameTp 0O603HaYeHNs
HomuHansHoe HanpsXeHve, B 398
MoluHocCTb, KBT 500
TOK AKOPA B 4aCOBOM pexume, A 885
YactorTa, Iy, 57
YacToTa BpalLeHus, 06/xB 1698
MakcuMmarnbHa YyacToTa BpalleHus, 06/MVH 5125
Tabnmua 3
ConocTaBrneHue pe3ynbTaToB aHann3a ABUraTenein pasHbix TUMOB
CWHXPOHHBIN ABW- | CUHXPOHHbIN ABU- | PeakTuBHO- | ABurartenb
KpuTepun ratefib C 3NeKTPo- | ratesb ¢ BO36YX- MHAYKUN- | c none-
MarHWTHbIM BO3- | [JE€HWeM OT MOCTO- |OHHbIA ABU-| PeyHbIM
6yXaeHneM AIHHbIX MarHMTOB ravesb nosiem
KoathumumeHT nonesHoro gencrauns + + + +
Macca v rabapuTsl - + * +
Y nenbHas MOLLHOCTb - + * +
Y [enbHbIA MOMEHT - + * +
Meperpy3o4Has crnocobHOCTbL + + + +
Mynbcauny MOMeHTa + + - -
B0O3MOXHOCTb paboThbl B aBaPUIMHbIX PEXNMaX + - + +
BO3MOXHOCTb 3/1EKTPUYECKOTO TOPMOXKEHNS + + * *
3NeKTPoOMarH1THas COBMeCTUMOCTb + + * *
HafeXHOCTb U pEMOHTONPUrO4HOCTb - + +
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Kak BugHO n3 Tabn. 3 Hambosee paLMOHanbHbIM
TUNOM TArOBbIX [Buratenieli AnA CKOPOCTHOrO MOABMX-
HOro COCTaBa fB/IIETCA - CUHXPOHHbIA fABuratenb C
BO30Y)XX/EHMEM OT MOCTOAAHHBIX MarHWTOB. CUHXPOH-
Hble JBWraTenu, KOTopble MO psgy MokasaTtenei npe-
BOCXO[JAT aCMHXPOHHbIE ABUraTesNn, 1 N0 MHEHUIO MHO-
rMX wuccnefoBatesieid, ABNAOTCA MEPCrneKTUBHbIMK, B
nocnegHee BpeMs NPUBEKAtOT K cebe BHMMaHWe nepe-
[0BbIX UHXEHePHbIX LeHTPOB, paboTatoLmx B 061acTm
3neKTpuYeckom Tarm [5, 6].

Kak nokasan onbIT CO3faHus Takux fBuraternei
pasnnyHbIX TMNOB [5, 6] (CMHXPOHHLINA ABUraTenb C
3/1EKTPOMArHUTHbIM BO36YX/EHWNEM, CUHXPOHHBbIV [BU-
rate/lb ¢ BO30YX[EHWEM OT MOCTOSAHHbIX MarHWTOB,
peaKTVBHO-VHAYKTOPHbIA ABUraTenb, ABUrateNib ¢ no-
nepeyHbIM NofeM), Kbl M3 TUNOB MMEET CBOM Npe-

Mtz i e s e Pl 57 e T

%, %,

MMYLLECTBEHHbIE 06/1aCTW NPUMEHEHNS B 3aBUCUMOCTM
0T Tvna NoABMXHOro cocTaBa U MoLHOCTH [7-14]. Pe-
eHVe 3afayn  MHOFOKPUTEPUANbHOW  ONTUMM3ALIMN
[OMKHO GasnpoBaTbCs Ha anpobupoBaHHOW 3adauu
aHanM3a, MO3BONAOLEr0 YCTaHOBUTb [OCTOBEPHYHO
3aBMCMMOCTb MEXAY KPUTEPUAMK OLEHKM U napameT-
pamu TSroBOro ABUraTens Npu HanoXeHHbIX OrpaHuye-
Husx [3].

Mo pesynbTaTaM MPOBEAEHHOrO aHanM3a Ans
JabHERLINX UCCNef0BaHWA BbIGPAH CUHXPOHHbIA ABU-
rateflb ¢ BO3GY)XJEHWEM OT MOCTOSHHbIX MarHUTOB
[5-22].

[ns pacyeTa TArOBOr0 CUHXPOHHOIO ABUraTens
Obln paspaboTaH NPOrpamMMHO-aNrOPUTMUYECKUIA KOM-
MnaeKc NMPOEKTMPOBaHUSA TAFOBOrO CUHXPOHHOIO ABMWra-
Tens ¢ BO30Y)KAEHWEM OT MOCTOSHHbIX MarHuToB[15-
18]. PesynbTaTbl pacyeTa napaMeTpoB TArOBOro ABWra-
TeNns npuBefeHs! B Tab. 4.
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Puc. 4. MepcneKTBHas CUCTEMA 3/IEKTPOMEXAHNYECKOT0 NPeo6bpasoBaHms 3HEPr v 3N1EKTPOMOABUXHOIO COCTaBa

Tabnuua 4

Pe3yanaTb| pacyeTa TAroBoro asuratesnsa

OCHOBHbIE XapaKTePUCTUKIN ABUraTens

HomuHabHas MOLLHOCTb 500 kBT
HomunHanbHas NnMHenHoe HanpsXXeHne 398,0B
HomuHanbHbI (a3HbIi TOK 803,7 A
yuncno a3 3

K1/, 8 HOMUHa/IbHOM peXxume 0,971
KoathpmumeHT MOLLIHOCTN B HOMUHA/TbHOM PeXnmMe 0,906
KoahpmumeHT MOLLIHOCTY B PEXXMME MaKCMMa/IbHO YacTOTbl BPALLEHNS 0,997
HomunHanbHas YacToTa BpalleHus 1698 06/MWH
MakcuManbHas 4acToTa BpalleHus 5125 06/ MWH
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OCHOBHbIM  HarpaBneHneM pasBUTUA TATOBOrO
[BUraTens 3MeKTPOMOABMXHOINO COCTaBa ABMSETCA
CHUXEHME 3aTPaT >KU3HEHHOTO LMKNa 31eKTPOABMXY-
wasa cuna (34C). 3atpaTbl XU3HEHHOTO LMK/A COCTOAT
M3 3aTpaTt Ha MPOW3BOACTBO TArOBOro fBUraTens u 3a-
TpaT Ha 3KcnayaTauuio. YUnTbiBas AANTeNbHbIA LyKa
aKcnayaTaumm 3N1eKTPOMNOABMXHOMO COCTaBa, 3aTparthbl
Ha ero npou3BOACTBO HECPaBHEHHO HWXe 3aTpaT Ha
akcnnyataumio. 103TOMY COBpPEMEHHble TeHAeHuuUn
pasBUTUSA TArOBOrO ABWUraTeNii CTPOSTCA Ha CHUKEHUM
3aTpaT Ha aKcnayaTaumio 3/1eKTPONoABUXHOIO COCTaBa.

Pacxofbl Ha 3Kcnnyataumio COCTOAT M3 3aTpaTt Ha
3Hepropecypcbl, HeobXxoAuMble AN paboTbl 3N1eKTPO-
MOABMXXHOI0 COCTaBa, M pacxofbl Ha 06CNYXMBaHUE U
PeMOHT. CUHXPOHHbIV ABWraTeNnb MMeeT 60/bLLIOE KO-
NINYeCTBO NPEUMYLLLECTB Mepes ApyrMu BUaMmn TAro-
BbIi gguratens (T/M), BBUAY NPOCTOTHI CBOEFO MCMOJ-
HEHWSA, U MUHUMaNbHBIX 3aTpaTax Ha PeMOHT Npu ero
aKcnnyarauum.

B HacTosllee BpeMs LUMPOKOE pacnpocTpaHeHue
NolyYnnn CUCTeMbl MUTAHUA TATOBOrO ABWUrarens Ha
ocHoBe (M) ¢ NPOMEXYTOUHbIM KOHTYPOM MOCTOSIH-
HOro HarnpsXeHus (puc. 4).

B kauecTBe BxofHOro npeobpasosarens ans 34C
MePeMEHHOr0 TOKa UCNOMb3yeTcs TpaHchopMaTop Cco-
BMECTHO C 4-(s npeobpasosatenem, ans 94C NocTosiH-
HOFO WMMY/bCHBIA PErynsTop HampshkeHus. 3afjava
BXOJHOro npeobpasosartensi - Npeobpa3oBaHue BXOAHO-
ro Hanps>keHus B CTabUNM3MPOBaHHOE MOCTOSAHHOE
HanpsHKeHe B MPOMEXYTOUHOM KOHTYpe.

MPOMEXYTOUHBIA KOHTYp NpefcTaBnseT cobol
CUCTEMY MACCUBHbIX U aKTUBHbIX (UILTPOB, 0becneymn-
BalOLLMX 3M1EKTPOMAarHUTHYH0 COBMECTUMOCTb CUCTEMbI
B Lie/IOM. B psife KOHCTPYKLMIA B MPOMEXYTOUHBIA KOH-
TYp BBEEHO [eNunTeflb HaNpPsXXeHNs, No3BONSET noce-
[l0BaTeNbHO BKNOYATh HECKONBKO BbIXOAHbIX M.

BbixogHoli npeobpasoBaTenib NpeacTaBiseT cobol
CUCTEMY MNUTAHUA W YNpaBNeHUs TAroBOro [ABurartens.
Ero Tvn 3aBucuT OT Twna TAroBOro Asuratend. [ns
aCYHXPOHHOIO [ABWraTefii U CUHXPOHHOIO ABuratens c
BO36Y>X/JeHMeM OT NMOCTOSAHHbIX MarHUTOB NPUMEHSAHOTCS
aBTOHOMHbIE WHBEPTOPbI HaNpPsHKeHWA peain3yoT Kak
PeXWM  PeryniupoBaHvWs  OAHOPas3oBOM  LUMPOTHO-
umnynbcHoin mogynauum (LLIAM) [1-4] Tak 1 pexxumsl
PerynupoBaHnst ¢ MPOCTPaHCTBEHHO-BEKTOPHON LLIVIM.
[ns nuTaHns kaxao m3 (a3 B, gsuratens ¢ nonepeuy-
HbIM ronem n AW, NpUMEHAITCA MOSYMOCTOBbIE WH-
BEpPTOpbl C OrpaHuWYeHWem Toka B (pase. MutaHve AO
OCYLLECTB/ISETCSA MO TPYMNMNOBOA, B OCHOBHOM, TeNeXeuy-
HOIA CXeme, MPW KOTOPOiA OT OAHOrO BbixogHoro MM mu-
TaloTCA BCe TAroBble Apurateny Tenexku (2 unm 3). Ans
OpYyrux TArOBbIX [JBWraTenei peanusyeTcs WHAMBMAY-
anbHOE NuTaHWe, OAWH BbIXOAHOM M NWUTaeT oguH TH-
roBbliA gpuratenb. [Na ynydlleHWs rapMOHUYECKOro
COCTaBa HarnpsXXeHWsi aCUHXPOHHOr0 TArOBOr0O ABMUrarte-
N9 B peXxnme ogHokpaTtHow LLIM [1-4] psgom aBTOpOB

npesnaraeTca napannenbHas paboTa HECKONbKUX aBTo-
HOMHbIX MHBEPTOPOB C 4YepefoBaHMeM (a3 Ha TArOBOM
npuratene [1-4].

Mpn NPYMEHEHNN CMHXPOHHOTO ABUraTens ¢ BO3-
6y>XJeHNeM OT NOCTOAHHbIX MarHUTOB BO3MOXHO TO/lb-
KO UHAMBMAYaNIbHOE BKOYEHWE BbIXOAHOIO Npeobpaso-
BaTeNs - OAWH NpeobpasoBaTesb - OAMH TATOBbIV ABWra-
Te/b. B KayecTBe MCXOAHOro npeobpasoBartens UCMosb-
3yeTCA aHa/I0MMYHBIV N0 CXEME MHBEPTOP HanpsHKeHWs,
KaK ¥ 1 aCMHXPOHHOIO TArOBOTO ABMraTens.

Takne TEXHWUYECKWE PELLEHUs MO3BOAAKT YHU(U-
uMpoBaTb KOHCTpyKumn 34C pasHOro pofga Toka u C
pasfIMuHbIMK TUMNamMm TAroBoro asuratend [7-10].

MpegnaraeTca  MOAEPHU3MPOBATL  KOHCTPYKLMIO
noesfa nyTem 060pyfoBaHNs ero MeEXaH13MOM Hak/loHa
Ky30Ba, KOTOpPbIn 06ecneunT yBennmyeHne CKopocTy npo-
XOX[IEHNS KPUBbIX Y4YaCTKOB pesibCoBOro mytu. O6 ag-
(DEKTMBHOCTV NPUMEHEHWUS TEXHONOTUW HAaK/OHA Ky30-
BOB [/19 CKOPOCTHOIO MacCaXXUPCKOro ABVXXEHWA CBUAe-
TeNbCTBYET YCMeLLHas aKcnayataums B 15 cTpaHax Mypa
6onee 60 TMNOB NOE30B, CO34aHHbIX 10 BeAyLIMMU MU-
POBbLIMM MPOU3BOAUTENAMMW. Kak CUNoBOW MpuBOS, cuc-
TEM HaK/IOHa Ky30BOB 3TUX MOE3[0B MCNO/b3YKTCA -
paBMYECKME, MHEBMATUYECKME W 3/IEKTPOMEXAHNYECKME
cuctembl [11]. TmppaBnuyeckas cuctema 3aBUCUT OT
NOrofHbIX YCOBWIA, 9KONOTMYECKM HECOBEpPLLEHHA 13-3a
BO3MOXXHOCTU YTEYEK, e KOHCTPYKLWS, SKCnyaTauus n
PEMOHT OTHOCUTE/IbHO CNOXHbIE; MHEBMATWNYeCKast CUC-
TemMa He 0becrneumBaeT [AO/MHKHOIM NPOM3BOANTENBHOCTH;
3MEKTPOMEXaHNYeCKas cuctema, bygyyn Hambonee nep-
CMEKTUBHOW, He 0becneynBaeT AO/MKHOIO YPOBHS 6e30-
MacHOCTW [ABWKEHWs BBMAY OTCYTCTBUS CamoBO3BpaTa
MeXaHM13Ma HaK/oHa.

Ha puc. 5 npvBeaeHbl NpUpPOAHbIE TArOBble XapaK-
TEPUCTUKN JBUraTens 37eKTPOMarHUTHOro Tuna, nony-
YeHHble Npy pa3nyHoin MPC B ero 06MOTKe, a Takxke
Harpy3odHasi KpuBasi, COOTBETCTBYHOLLAsA NPUHATLIM pac-
MO/MOXEHNIO JIMHEMHOTO [JBWraTens M KOHUrypauum
VCMO/THUTE/NBLHOTO MEXaHN3Ma.
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Puc. 5. XapakTepucTnkn mMexaHu3ma Hak/oHa Ky3oBsa
1 —Tarosas npy MPC B 06moTke 11000 A,

2 —1arosas npu MPC B 06moTKe 9000 A, 3 — TArosas

npu MPC B 06MoTKe 8000 A, 4 — Harpy3o4uHas Kpueas
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Kak BUAHO M3 PUCYHKa, Ha y4acTke paboyero xona
[Burartens, COOTBETCTBYIOLLEro paboyero 3asopa 28 -
44 MM, MarHUTOZBMXYLLAA cuna B 06MOTKe MOXET Mnof-
[LepxmBatbcsi Ha ypoBHe 11 KA, Ha ydactkax 0 - 28 u
44 - 105 MM TpebyeTcs CHMKeHMe BenmunHbl MPC ny-
TeM LUMPOTHO-UMMYNBLCHOIO PErynvMpoBaHMs no Momo-

LB MONYNPOBOAHMKOBOrO Npeobpas3oBaTenii 3Heprum
NpsAMOX0A0Boro Tuna [22, 23].

O6uwas cxema 3KuMaxa, 000PYAOBaHHOIO Mexa-
HW3MOM HaK/IOHa Ky30Ba Ha 6a3e SIMHEeHbIX 3/IEKTPOMe-
XaHWYeCcKnx npeobpasoBaTenieil sHeprum, npeactaBneHa
Ha puc. 6.

Puc. 6. KoHuenums KOMMNOHOBKM 3KMMaXa, OCHALLEHHOTO MeXaHU3MOM HaK/0Ha Ky30Ba:
1 — NpMBOA HaK/MOHa Ky30Ba Ha 6a3e IMHENHOr0 31EeKTPOMEXaHNYECKOro NpPeobpasoBaTens sHeprum,
2 — 3Hepro61oK, 3 — 6/I0KK CUMOBOI 3N1EKTPOHUKM, 4 — CKopocTeMep, 5 — akcenepomeTp / rmpockon,
6 — BbIMMCANTENBHBIA MOAYb (BK/HOUAs BbIMMUCAMTENb YA HAKNOHA, CXeMY YNpaBfieHns 6/10KaMy CUOBOA
3NEKTPOHMKM U KOHTPOSIIEP MOE3AHON LWNHBI), 7 — HAK/OHAETCA TOKOCHEMHWK, 8 — MHTEPEIC NOE3AHON LMHBI

MpegnaraeMas KOHUEMUMS KOMMOHOBKU 3KMMaXxa
aHafilormyHas akTMBHOW CUCTEME HaK/OHa Ky30BOB
FiatSIG «Swing» [13]. NHopmaums 0 CKOpoCTU [BU-
YKEHWS, MOMyYaeMbIil U3 CKOPOCTEMEPOB 4, MHGOpMaLys
0 GOKOBOM YCKOPEHWW, YTO NO3BOSISET OLEHWUTL paguyc
KpMBOM, a TaKke O MOAbEME HapY>XHOTO pefbca, Mony-
yaeMblii U3 aKkcesepomeTpa / rmpockomna 5, MocTynaeT Ha
BbIUMCIUTENbHBIA MOAYNMb 6. Ha OCHOBaHWM MONy4eH-
HbIX [aHHbIX, B MOLY/le NPOU3BOAMTCA pacyeT Heob6xo-
VMO0 yrfla Hak/loHa Ky30Ba C YY4eTOM BO3BbILUEHNS
HapY>XHOr 0 pefbca. B Tom cryyae, ecnv pacyeTHbI yron
NpeBbILLIaeT MaKCMMaibHO Peain30BaHO CUCTEMON 3Ha-
yeHus (7 °), Mogy/nb MPOM3BOAUT KOMaHZY Ha CHVDKEHME
CKOPOCTU ABUXKEHWS.

[N HaknoHa Ky30Ba Ha pacyeTHbI Yron, BblYmMC-
NTENbHBIA MOAYNb 6 POPMUPYET CUTHANBI YNPaBAeHMS,
MO MH(OPMALMOHHBIM LUMHAX MOAATCS Ha 610KM CUno-
BOIN 3NEKTPOHMKM 3, yNpaBnstoLLiMe nojayein sHeprum ot
3HEeprob/ioka 2 Ha MHEBMATUYECKME W 3/1EKTPOMEXaH!-
YECKME WCMOJHUTE/bHbIE MEXaHM3Mbl TeleXeK 1 n To-
KOKMPWEMHMKa 7, CMOCOBHOr0 HaKMoHATbCA. VHdopma-
LMA MO JOCTUIHYTOMY YI/ly Hak/OHa CHUMAETCs C Aar-
YMKOB Ha Ky30Be U MO MHOPMAaLMOHHBIM LUMHAX nepe-
[aeTca Ha 6/10KM CWUMOBOI 3NEKTPOHMKK. B cnydae Ha-

pyLUEHUSA (PYHKLMOHWUPOBAHWUSA MeXaHWU3ma, H(opMaLms
06 3TOM MepefaeTcs 0T 6/10KOB CUNOBO 3/1EKTPOHUKM Ha
BbIYMC/IUTENbHBIA MOAyMb 6. Ero nporpaMma npegy-
CMaTpUBAET, B 3aBUCUMOCTU OT YPOBHSI OMAacHOCTW, WA
orpaHuyeHne  (OYHKLUMOHAILHOCTU  MEXaHW3MOB, Wn
MOJIHOE UX OTK/HOUEHME MPY COOTBETCTBYHOLLEM CHIDKE-
HUW MaKCUMa/TbHOM CKOPOCTY [BVXKEHMS.

Ha ocHOBaHUW [aHHbIX O CKOPOCTN ABWXKEHWS Bbl-
YNCNUTENbHBIA MOAYNb 6 pacCuMTbIBaeT 3HaYeHue 3a-
[EPXKKM, BHOCVMOW B CUTHa/Ibl YMNPaB/ieHNs MexaHu3ma-
MW HakIoHa CrefytoLmX BaroHOB, Ha KOTOpble YKa3aH-
Hble CUTHaNbl MePesalTcs C MOMOLLLIO MOE3AHON WH-
(hOpPMaLMOHHOM LWHBI 8.

Takium 06pa3oM, MPeaoXeH KOHLENTYasbHbIiA
MPOEKT 3NEKTPOMEXAHUYECKOW CUCTEMbI [ HaKNOHA
Ky30Ba noesfa 3kpl «TapnaH». OnucaHbl OCHOBHbIE
COCTaB/AOLLME CUCTEMbI Hak/OHa. [locTpoeHa Mogenb
TENIeXKKN C KOMOMHMPOBAHHOW CUCTEMOW HaK/OHa Ky-
30Ba. [0Ny4eHO TATOBYIO WM Harpy3o4uHyH XapakTepu-
CTMKW MPeLN0OXKEHHOTO MexaHu3Mma. [okasaHo ygoBsne-
TBOPUTENLHOE X COOTBETCTBUE.

Vcnonb3oBaHve HaKoNUTENeln SHePrun, Kak B TAro-
BOW CETW, TaK M Ha MOABMXKHOM COCTaBE XKENE3HbIX f0-
por B MEepCreKTUBe ABMSETCA OAHUM U3 3(EKTUBHBIX

32



MWTaHHS ynpaeiHHSA B CKNaAHNX cMCTeMax

CPEeLCTB 3KOHOMMY 3HEPTETUYECKMX PECYPCOB W 3aLLUTbI
OKpy>KatoLLein cpeapl. 3 M3BECTHbIX Ha CErofHsLLIHUIA
[eHb YeTbIPeX TUMOB HAKOMUTENEW, MPUTOAHbIX ANS 3TUX
Lenein (aBYXCnoiiHble KOHAEHCATOPbI, SIMTUEBO-OHHbIE
aKKYMyNSTOPbl, MaxX0BWKW M CBEPXNPOBOAALLME MarHU-
Thbl), Ceiivac peann3oBaHbl N1LLb TPX NePBbIX Tuna. Mpu-
YeM, Ha OMbITHOM 06pasle CKOPOCTHOIO MOABVKHOIO
coCTaBa — TOMbKO WMHEPLMOHHOrO TWMa, NpeAcTaB/sto-
Lero coboit arperaT, KOTOPbIi COCTOMT M3 MaxOBMKa
LMNMHAPUYECKOT (hOPMbI, COYSIEHEHHOTO Ha OAHOM Bany
C 3NeKTPOMEXaHNYECKUM NPeoGpasoBaTesieM 3HepPrumn —
CYHXPOHHOI MaLLVHOIA.

[ns BbIGOPA PaLMOHaIbHOrO TUMNa HAKOMMUTENA C Lie-
Nbl0 ero paboTbl B COCTaBe TATOBOTO 3MEKTPONPUBOAA
COBPEMEHHOI0 CKOPOCTHOTO MOABMXXHOIO COCTaBa MpoBe-
[EM OLEHKY 1 CPaBHEHWE MPUMEHEHHBIX Ha CErOAHALLIHWIA
[ieHb HaKoMuTeNei No yaenbHbIM 3HEPTeTUYECKUM MOKa-
3aTensam. JTU NokasaTenn NpueedeHsb! B Tabn. 5.

Tabnuua 5
CpaBHeHMe YAeNbHbIX 3HEPreTUYECKUX NoKasaTenei
GOPTOBbIX HAKOMMTENEN ANs TpaHcrnopTa

Twn
3HaueHue VIHEPUMOHHbIN

EDLS | Li-I . MDS VDS

L1 L2
MIx/Kr 0,02 | 0,026| 0,03 | 0,037 0,08
MDx/m® 06 | 17,3 | 257 | 66,7 151
KBT/Kr 0,16 | 0,26 | 1,29 | 2,38 2,5
kBT/M® 54 173 | 536 | 4717 4273

AHanM3 NpUBEAEHHbIX B Tabn. 5 AaHHbIX MOKa3bl-
BaeT TO, YTO YAe/bHble BECOBble SHEPreTUYECKMe Noka-
3aTe/IN KOHAEHCATOPHBIX, 3MIEKTPOXUMUYECKMX W WHEP-
LIMOHHBbIX HaKOMUTENEeA MMEKT MPaKTUYeCKn OAWH Mo-
pALoK. UTO KacaeTcs yaenbHbIX 06beMHbIX 3HepreTuye-
CKMX MokasaTeneid, TO 3[eCb MHEPLMOHHBIE B HECKO/bKO
pa3 MpeBOCXOAAT Apyrve Tumbl. Takas e KapTuHa Ha-
6110aeTCS N C BECOBLIMU, a TaKKe 06BEMHBIMU Y/e/b-
HbIMM NOKa3aTeNSIMM MOLLHOCTK [24-28].

3aBepluas 3TOT aHa/M3, MOXHO C YBEPEHHOCTbHIO
CKasaTb, YTO UHEPLMOHHbIE HAKOMUTENN 3HEPTUK CylLlle-
CTBEHHbIM 06pPa30oM MO CBOMM Y[e/bHbIM 3HepreTude-
CKAM M MOLLHOCTHbIM MOKa3aTensiM MPEBOCXOAAT KOH-
[IEHCATOPHbIE W 3NEKTPOXMMUYECKME HakonmuTenu. Mo-
3TOMY B Ka4ecTBe 6OPTOBOro HakonuTens Lenecoobpas-
HO MPUHSATbL MHEPLMOHHbIA HaKOMUTE/b 3HEPIUM C CUC-
TEMOIA 3/1EKTPOMEXaHNYECKOTO NPeobpasoBaHMs 3HEPTN
B BMe 00paLleHHON MallMHbl MOCTOSAHHOMO TOKa C BO3-
6yXJeHWeM OT MOCTOSIHHbIX MarHWUTOB W NOJYNPOBOS-
HWKOBbIM KOMMYTaTOPOM.

Takoro poga HakonuTenb paspabotaH B HTY
«XTMW» ansa Taroeoii ceT XapbKOBCKOro MeTponomTe-
Ha [28].

MpefioxkeHa cucTema ynpas/ieHUs, KOTopas Mpo-
rpaMMHO Peasin3yeT NepeToKn MOLLHOCTY B PEXXMME TAru
1 TOPMOXKEHMSA MOABWMXXHOIO COCTaBa Ha OCHOBaHWW /0-
TMYECKMX 3M1EMEHTOB. YTpaB/ieHNe OCYLLECTBNAETCA Ha
OCHOBaHWM 06paTHON CBA3M MO CKOPOCTW MOABMXKHOIO
COCTaBa C OrpaHUYeHNAIMU, HaKNabIBAEMbIMK Ha KO3(-
(hMUMeHT Npeobpa3oBaHWs NpepbIBaTes U KoahhULMeHT
n3meHeHms 34C CIMII HakonuTens.

Pe3ynbTaTbl peLLeHVs TECTOBOM 3afaun Mokasanu,
YTO 3PEKTUBHOCTL UCMONB30BAHWA HaKOMUTENS 3Hep-
MM JOCTaTOYHO BbICOKA - MPU BapbUPyeMbIX YCKOPEeHU-
ax B npegenax 0.55...0.28 m/c? OHa coCTaBnseT BeNNUM-
Hy 0.28...0.37. TakuMm 06pa3oM, UCMO/Mb30BaHUE HaKO-
nuTena faeT BO3MOXHOCTb C3KOHOMUTL B MpoLecce Top-
MOXeHWA-pa3roHa nopsaaka 40% aHepruw.

BbiBOAbI

MpoBegeH aHanUTUYeCKUii 0630p COBPEMEHHBIX
TEXHO/OMWIA NPUMEHSEMbIX Ha COBPEMEHHOM CKOPOCT-
HOM 3/1EKTPOMOABVKHOM COCTaBe 3KCMyaTUPYHOLLMIACS
Ha >kefie3Hblx goporax mupa. OtmeyeHo, 4yTo SKpl oTe-
YEeCTBEHHOIO MPOM3BOACTBA, MEPCNEKTUBHON KOHCTPYK-
LMeid Ang co3faHus CKOPOCTHOrO 3/eKTponoesga Ans
XenesHbIX Jopor Y KpavHbl.

MpoBefieH CpaBHUTESbHbIN aHaNN3 TArOBbIX ABUra-
Teneld pas/IMyHbIX TUMOB PeaIN30BaHHbLIX B 3/1IEKTPOMNOA-
BVMDKHOM COCTaBe, ¥ Bbl6paH CUHXPOHHbIA ABUratenb ¢
BO30Y>KEHWEM OT MOCTOAHHbLIX MarHUTOB, C HOMUHASIb-
Hol MoLHocTbio 500 kBT, n Kz, 0,971. MpeanoxeHo B
MEPCMNEKTUBHBIX KOHCTPYKLMAX 3N1EKTPOMOE3L0B NpuMe-
HATb 3MIEKTPOMEXaHWYECKWE CUCTEMbI /11 HAK/IOHa Ky-
30Ba. B KauecTBe 6OPTOBOr0 HaKOMUTENS MPUHAT UHEp-
LIMOHHbIA HAKOMUTENIb 3HEPIUM C CUCTEMOI 3NEKTPOME-
XaHW4eckoro npeobpasoBaHWs 3HepruM B BuUae obpa-
LLIEHHO/ MalLUMHbl MOCTOSAHHOIO TOKAa C BO3OY)XAEHUEM
OT MOCTOAHHbLIX MarHUTOB 1 MOJYNPOBOAHNKOBLIM KOM-
MYTaTOPOM, YTO MO3BO/NT 3KOHOMUTL 0 40% 3Heprum.
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KOHUENTYA/IbHUIA NMPOEKT LWBWAKICHOIO PYXOMOI'O CKNALY
HA OCHOBI MEPCNEKTUBHUX TEXHOMOI N A5 SANI3HULL YKPAIHU

P.LU. Hypwves

B po6oTi po3rnsHyTi NWTaHHS CTBOPEHHS PYXOMOr0 cKnagy Ha 6asi enekTponoizgn EKpl «TapnaH»: 3anponoHoBaHO
HOBWIN ABUTYH i A0r0 cMCTEMa ynpasniHHA, NPOBEAEHUNI PO3PaxyHOK 3a HAXUIOM Ky30Ba B KPMBUX AiNSHKAX KOMiT, a TakoXX po3r-
NSHYTO 3aCTOCYBaHHA HaKOMMU4YyBadiB eHeprii 4na AaHOro enekTponoisga.

Knto4oBi c/ioBa: enekTponoiss, eneKTPOpyxoMuiA CKnag, TATOBUIA NPUBIA, CUHXPOHHUIA TATOBUIA ABUTYH, CUCTEMA Haxuny

Ky30Ba, HaKonm4yBay eHeprii.

CONCEPTUAL PROJECT OF SPEED MOBILE COMPOSITION ON THE BASIS
OF PERSPECTIVE TECHNOLOGIES FOR RAILWAYS OF UKRAINE

R.Sh. Nuriev

The paper deals with the creation of the rolling stock on the basis of electric EKrl "Tarpan™: A new engine and its control
system calculated the tilt of the body in the curved sections of the path, and also considered the use of energy storage for the

electric trains.

Keywords: electric train, electric rolling stock, traction drive, synchronous traction motor, body tilt system, energy storage.
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